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MPEANCIIOBUE

Llenp oTOM KHUTM — MOMOYb B M3YYEHUU OCHOB LM(PPOBON CXeMO-
TeXHUKU JI0OOOMy >XeJalollleMy — OT CTydeHTa A0 mpodeccuoHana.
ITpuyem peub B JaHHOM Ciiydae WIET HEe 0 (hM3MIECKUX OCHOBAX 3JICK-
TPOHUKM, HE O TEXHOJOTMU IPOU3BOICTBA SJEKTPOHHBIX KOMITOHEH-
TOB, He 00 32JIEKTPOHUKE WJIM CXEMOTEXHMKE BOOOIIEe, a UMEHHO O
LHU(PPOBOI CXEMOTEXHUKE C €€ CHeHM(PUIECKIMU OCOOEHHOCTSIMU.

B xHuUre paccMOTpeHBl MHOTME BaXKHBIE BOIPOCHI LIMMPOBOIA
CXEMOTEXHUKU, KOTOPBIM B JMTepaType OOBIMHO yAeJsIeTcs HeaocTa-
TOYHO BHUMaHMS. BHOUMO, aBTOpbl KHUT CUMTAIOT MX YEM-TO CaMO
co00ii pa3yMEIoUMCsl WJIM TI0JIaraloT, YTO YMUTATeM CaMU TOJIKHBI
copMyIMpoBaTh 3TU BOMPOCHI M CaMU K€ HAWTW Ha HMX OTBETHI.
B pesyabrare Hepenku ciydau, Korma JdaXe BBIMTYCKHUKUA WHCTUTYTOB
MO CIEUUaTbHOCTSIM, CBSI3aHHBIM C 3JIEKTPOHMKOWM, HE MOIYT CaMo-
CTOSITENIBHO pa3padoTaTh Oojiee WIM MEHee CJI0XHOE HeCTaHIapTHOE
uudpoBoe ycrtpoiictBo. Ilociae m3ydyeHus1 JaHHOW KHUTU 4YUTaTElb
OymeT 00JlaaTh HEOOXOMUMBIMU HaBBIKAMU ISl TIPOCKTUPOBAHUS KakK
MPOCTEMIINX y3JI0B, TaK M JOBOJBHO CJIOXHBIX YCTPOMCTB.

Knura HamucaHa cXarto, ITOCJIEeIOBaTebHO U JOCTYITHO U Tpe-
OyeT MUHMMAaJIBHOTO OOpalieHusl K IpYyruM MCTOYHMKaM. YacTh Mma-
Tepualia, TIPEeACTaBJIECHHOIO B HEl, HAaIllMCaHa Ha OCHOBE JIEKIIWI, YK-
TaeMbIX aBTopoM B MUDU.

KoHeuHo, B Takoil HEOOIBIIOW KHUTE HEBO3MOXHO PacCMOTPETh
BCE€ KOMITOHEHTHI LIM(MPOBOI SJIEKTPOHUKM U BCE TTPUEMBI TTPOEKTHUPO-
BaHUsT LIM(ppPoBOil cxemorexHuku. [Ipenronaraercs, YTO OHa CTaHET
MepBoOi B cepuu KHUT 110 1 poBoii cxeMoTexHuKe. B mociemyromnmx
KHUTaxX CepuM OyIyT pacCCMOTPEHBI, B YACTHOCTH, CJIEIYIOIINE TEMBI:

* CXEMOTEXHMKa YCTPONCTB Ha OCHOBE IPOrpaMMUPYEMOM JTOTHKMU;

* CXeMOTEXHUKa MUKPOIIPOIIECCOPHBIX YCTPOMCTB;

* CXEMOTEXHMKA YCTPOMCTB Ha OCHOBE MUKPOKOHTPOJIJIEPOB;

* CXEMOTEXHHUKa IMePCOHAIBHBIX KOMITBIOTEPOB;

* CXEMOTEXHMKa KOMITBIOTEPHBIX CUCTEM M3MEPEHUSI, KOHTPOJI U
yIpaBJIeHUS,;

* anmapaTHO-MPOTrpaMMHBIE CPEICTBA OTIAIKM M KOHTPOJISI LIUMDPOBHIX
YCTPOMUCTB;

* MporpaMMHbIE€ CPeICTBa IMPOSKTUPOBAHMUS TU(PPOBBIX YCTPOMCTB.

1O.B.HoBukoB
6 MIOHA 2001 T.



BBEAEHUE]

Iudposas a;meKTpoHMKA B HacTosIIee BpeMs Bce 0ojiee U 00jiee BhI-
TECHSIET TPaIMIMOHHYIO aHajorosyio. Bemyiue ¢hupmbl, pou3Bo-
JSIIIMe caMylo pa3Hylo 2JIEKTPOHHYIO amrapaTrypy, Bce 4Jalle 3asiB-
JISIIOT O TIOJIHOM Tepexofe Ha IMdpoByto TexHonoruto. I[IpuyeM 310
OTHOCUTCSI KaK K OBITOBOWM TexXHHWKEe (aymuo-, BHaeoalaparypa,
CpeICTBa CBSI3M), TaK M K MPodeCcCUOHATBLHON TeXHUKE (M3MEPUTEIIh-
Hasl, ynpapjsiolas anmnaparypa). CraBiine yXe MpUBBIYHBIMU TIEP-
COHaJIbHBIE KOMITBIOTEPHI TAKXKE ITOTHOCTHIO peaiM30BaHbl Ha OCHO-
Be LMppoBoil TexHoaoruu. Buaumo, B Onumkaliiiem Oymyllem I10ja-
HOCTBIO aHaJOTOBbIE YCTpOMCTBA OyIyT MPUMEHSIThCS TOJIBKO B TEX
peIKMX Caydasx, Korma TpeOyeTcsl IMOJIy4YuTb PEeKOpAHbIE 3HAUYCHUS
HEKOTOPBIX NTapaMeTPOB 3JIEKTPOHHBIX YCTPONCTB (Harmpumep, ObICT-
pOIEUCTBUS).

Mexny TeM JIUTepaTyphl, ITO3BOJISIONICH CaMOCTOSITEJIBHO H3Y-
YUTb OCHOBBI W TJIaBHBIE METOAbI LIM(MPOBON CXEMOTEXHMKHU, OCBO-
WUTh OCHOBHBIC NPAKTUUECKHE MPUEMBbI TTPOCKTUPOBAHUST IIU(POBHIX
YCTPOWCTB, SIBHO HEZOCTaTOYHO. KHUTM, KOTOpbIe IMPETEHAYIOT Ha
OCBellleHNUEe OCHOB LIM(MPOBOIl CXEMOTEXHUKHM, MOXHO pa3le/iuTh Ha
TpU OOJIBIINE TPYIIIIHI.

K mepBoii rpyrime oTHOCSATCS KHMIW, KOTOPBIE CTPEMSTCSI OXBa-
TUTH BCIO 2JIEKTPOHMKY B lieJoM (KaK LIMEMPOBYIO, TaK U aHAJIOIo-
By10). Takoil mIoOalbHBI MOIXOH HEW30eXKXHO IPUBOIUT K TOMY,
910 HUdpPOBasg CXEMOTEXHHMKA pacCMaTpUBAETCS uyepecuyp KpaTKo,
MMOBEPXHOCTHO. JlaXe caMble Jydlllde M3 KHUT 3TOW TPYIIbl Yaess-
10T 1M(POBOI 2JIEKTPOHUKE He 0ojiee YeTBepPTU CBOEro oObeMma.
Mexny TeM 1MdpoBas 3JEKTPOHUKA CYIIECTBEHHO OTIMYAETCS OT
aHaJIOTOBOM HE TOJBKO BUAOM UCITONb3yeMbIX CHUTHAJIOB, HO, YTO
caMoe TIJIaBHOe, IMpUeMaMy MPOSKTUPOBAHUSI, TPEOYEeMBbIM CTUJIEM
MBIIIUIEHUSI pa3paboTYrKa, MPUHLIMIAMU TTOCTPOEHMS CIOXKHBIX CHC-
TeM. JlaHHbIE KHUTY XOPOIIM B OCHOBHOM JUISI TTOBBILIIEHHST OOIIETO
YpOBHSI 00pa3oBaHMSI YuTaTessI, I cO3MaHUs oOilero Gasuca, Ha
KOTOPOM TOJIbKO M MOXKET BBIPACTU HACTOSIIUI CIICLIMATINCT, pa3pa-
OOTYMK 3JIEKTPOHHOI ammapaTyphl.

Ko BTOpOi1 rpymme OoTHOCSITCS KHWUTU, MOCBSIICHHBIE LU(PO-
BBIM MHUKpOCXeMaM M MX NPUMEHEHMIO. DTU KHUTU CTPEMSITCS
onucaTh Kak MOXHO 0OoJjiee MOAPOOHO BCce MMEIOIIMECS MHKPO-
CXeMBI, IMO3TOMY 00s3aTeIbHO CcoAepxXaT OOJIBIION CIIpaBOYHBIN
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Matepuan. OmHako B JI0OOOM cjydyae NMPUBOAMMBIE B HHUX CIIpa-
BOUHBIC JaHHbIE AaJleKO HE TOJIHBI U K TOMY Xe HeM30eXHO co-
JepxkaT OOJbIIoe KOJIUYECTBO OIMO0K. CHpaBOYHMKOB IO MUK-
pocxeMaM JOJKHO OBITh KaK MOXHO MEHbIIE, WU OHHU IJOJKHBI
OBbITb OYEHb MOAPOOHBIMM, MHAYE OHU IMPOCTO HE UMEIOT CMBICIA.
B uneane cipaBOYHMKM MOJKHBI BBIITYCKAThCS TOJBKO (hMpMaMu-
U3TOTOBUTEISIMUA MUKpPOCXeM. A MOMNBITKA BBECTU B KHUTY Jaxe
KpaTKue CIpaBOYHbIE JAHHBIG IO BCEM CYILIECTBYIOIIMM MUKPO-
cXeMaM He OCTaBJISIET JOCTAaTOYHO MECTa IJISl OMMCAHUs CaMOoro
[JIAaBHOTO — Pa3HOOOPa3HBIX NMPUMEHEHUU 3TUX MUKPOCXEM, Me-
ToJaM IPOEKTUPOBAHUS LIM(MPOBBIX Y3J10B U YCTPOMCTB HAa MX OC-
HoBe. [103TOMY KHUI'M 3TOW TPYMIbI TOASITCS OOBIYHO TOJBKO IS
MEPBUYHOIO 3HAKOMCTBA C TEMOM.

HaxoHell, TpeThsl TpyIlIia KHAT OMUCHIBAE€T TOTOBBIC LIM(POBEIC
YCTpOMCTBA pa3IMYHOTO Ha3zHaYeHUsI. B OCHOBHOM Takme KHUTHU
paccyuTaHbl Ha «paguoJilo0uTeIei», XOTS OOBIYHO HE COBCEM IIO-
HSITHO, YTO TIOApa3yMeBaeTcs oA 3TUM MoHsITueM. Cpenu Tex, KTo
Ha3bIBAlOT ce0sl pamuoiaoOUTEIMU, HEMaJo IPEeKpacHBIX paspa-
OOTYMKOB, a CcpeAud AUILJIOMUPOBAHHBIX IMPO(PECcCCUOHANIOB BCTpE-
YaroTCcsI Te, KTO HE MOXKET pa3paboTaTh Jaxke IMPOCTEHIIeH CXEMBEI.
Knuru sToii TpeTheil rpymiibl, Kak IMpaBUIO, He TOBOPSAT O TOM, KaK
pa3pabaTeiBaJINCh T€ WM MHBbIE YCTPOMCTBA, KaKue IMPUEMbI IPO-
eKTUPOBAHUS MPUMEHSIINCHh U TToueMy. IToaTromy oHU MoOryT cdop-
MHUpOBATh y HEMOATOTOBJICHHOI'O YMWTATeIsd MPUBBIUKY K Oe3MyM-
HOMY ITIOBTOPEHHMIO TOTOBBIX pPEIIEHUIN, HCIIOJb30BAHMIO I1a0JI0-
HOB. Hacrosiyio mojb3y AaHHbIE KHUTU MOTYT MPUHECTU TOJBKO
TOMY, Y KOT0O YK€ €CTh XOpOIllrii 0a30BbIi 3amac 3HAaHUM U YMEHUI
MO0 TIPOEKTUPOBAHUIO IIM(PPOBLIX YCTpocTB. Brmpouem, mist Takux
JMoJel 4yXXue CXeMbl He CIMIIKOM MHTEpPEeCHBI, OHM MOTYT IPOCK-
TUPOBaTh CBOMU.

K HemocTaTkaM MHOIMX CYIIECTBYIOIIMX KHMI MOXHO OTHECTHU
TaKXKe 4pe3MepHOe YBJIEYEHHE ONMCAHME TOHKOCTEW (DU3MYECKUX
TPOLIECCOB, JeXallluX B OCHOBE 1IU(POBOI 3JIEKTPOHUKU, 1 TTOAPOO-
HO€ pacCMOTpeHUEe OCOOEHHOCTEl TeXHOJIOTMM MUKpocxeM. KoHeu-
HO, BCE 9TO TOXE HYXHO, MOJIE3HO, MHTEPECHO, HO C CaMOM CXeMo-
TEXHUKOI CBSI3aHO HE XXECTKO, HE MpPSIMO M HE CJMILKOM CHUJIBHO.
Pazpaboruuk 1m¢poBoil anmaparypsl B MOAABJISIONIEM OOJIBIIMHCT-
Be CiIydyaeB pabOTaeT ¢ MUKPOCXeMaMU KaK C <«4E€PHBIM SIIIIUKOM»,
€My He CJIMIIKOM BaXXHO, YTO MPOUCXOAUT BHYTPU, KaK peasnu3yercs
Ta WM uHas GyHKIUST MUKpocXeMbl. Bumumo, 1enecoodpazHo ¢hu-
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3UKY TOJYNPOBOJHUKOB U TEXHOJOTUIO M3y4yaThb OTIAEIBHO OT CXE-
MOTEXHUKHU, TapajljIeibHO C HEU, 10 Hee WU Tocie Hee, YTOObl He
CMENIUBaTh ABE pa3IuyHble 00J1aCTh 3HAHUIA.

HaxkoHeu, ellie ofHUM HEAOCTAaTKOM KHUT O LIM(GPOBOM CXEMO-
TeXHUKE MOXHO Ha3BaTh CTPEMJICHME OXBaTUTh B OJHOU KHUTrE BCe
objacTi UU@POBOIl 3JIECKTPOHUKU: OT JIOTUUYECKMX 3JIEMEHTOB OO
KOMIIBIOTEPOB U NIPYTUX CJIOXHBIX JIEKTPOHHBIX cucTeM. B pesynb-
TaTe BCE BOMPOCHI PAaCcCMATPUBAIOTCS HEAOCTATOYHO TIYOOKO, W J0
MPaKTUKU pa3pabOTKU Aeja0 He noxoauT. K Tomy ke MpoeKkTupoBa-
HUE WHTEJUIEKTYaJIbHbIX YCTPOUCTB JOBOJIBHO CUJIBHO OTJIUYAETCS OT
MPOEKTUPOBAHUST YCTPOUCTB HaA XKECTKOW JIOTUKE. DTU HaIpaBICHUS
UUMPOBON CXEMOTEXHUKU TPEOYIOT NMPUMEHEHUSI COBEPIIEHHO pa3-
HBIX MOIXOJOB, M TO3TOMY HX IlieJlecoo0pa3HO paccMaTpuBaTh B
Pa3IMYHBIX KHUTAX.

JlaHHasi KHMTIa IIOCBSIIEHA caMbIM OCHOBaM LIM(POBOI CXeMO-
TeXHUKHU, ee a30yKe, ee OCHOBHBIM METOJaM, MOAX0IaM 1 MpUeMam.
OTuyre ee COCTOMT B TOM, YTO OHAa MOXET JaTh IMPEICTaBICHUE O
UUMPOBON CXEMOTEXHUKE Naxe TEeM YUTATesIsIM, KOTOpble WMEIOT
cliaboe mpeacTaBieHre 00 2JIeKTpOHUKE BooOIe. BrpoueM, 3T0 BO-
BCE HE O3HAYaeT, YTO KHUTa MOCBSIIEHA TOJIbKO CaMbIM OOLIUM, He-
KOHKpPETHBIM, OTBJICUeHHBIM BoIllpocaM. HaobGopoT, oHa mpu3BaHa
cchopMUpoBaTh AEUCTBUTEBHO XOPOUIEro MPOEKTUPOBIIMKA, CIIO-
COOHOTO CTPOUTH BHICOKO3((HEKTUBHBIE IMMPOBLIE CUCTEMBI CaMOM
Pa3IMYHON CJIOKHOCTU U YETKO TMpPEeACTaBJISIIONIEro cede B3auMo-
CBSI3b BCEX TPOIIECCOB B 3TUX CHUCTeMax CBepXy MoHuzy. KoHeuHo,
4YTOOBI CTaTh TAKUM KJIACCHBIM CHELMATUCTOM, HYXXHBI OIMpEAe/IeH-
HbIe CIMIOCOOHOCTH, Jaxe TajlaHT, HO CTPOUTh MpocTeilinue 1udpo-
BbI€ YCTPOMCTBA, MYCTh U HE ONTUMAJIbHbIE, HE YHUKAJIbHBIE, HO TO-
JIE3HbIE W BIIOJHE PabOTOCMOCOOHBIE, CMIOCOOEH IPAaKTUUYECKU Kax-
JIbIIA YeJIoBeK. XOTeJIOCh Obl HAJESAThCS, UTO JaHHAs KHUTA OKaXeT B
3TOM JeJie JeUCTBEHHYIO TTOMOIIIb.

Knura Hu B KoeM cilyyae He TpeTeHIyeT Ha TO, YTOObl 3aMEHUTh
cOo0OIt CIMPaBOYHUKU MO MUKPOCXEMaM, XOTSI B HEM U pa3bsICHSIOT-
csl GyHKIIMU MHOTUX MUKpocxeM. [JlaBHoe, yeMy yaejeHO BHUMa-
HUE — 3TO MPUMEHEHUE MUKPOCXEM ISl Pa3IUYHbIX 3a1a4 (MpudemM
KaK CTaHJApTHOE MpPUMEHEHUWEe, TaK M HE CTaHJApTHOE), a TakKXke
NpueMbl OO0bEIVHEHUSI, KOMOMHMPOBAHUS MUKPOCXEM, TTO3BOJISIIO-
1Me co3/aBaTh Pa3HOOOPa3HbIE y3JIbl, YCTPOWCTBA U CUCTEMBI.

Martepuana JaHHOM KHUIU IIPEACTaBIsSIeT cO00il TOT HEOOXOdM-
MbIi MUHUMYM 3HaHUM, KOTOPBIA HOJXKEH UMETh U KOTOPBIM J0JI-
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KE€H CBOOOOHO M aKTUBHO I10JIb30BAThCS KaXKIbl MpocheCcCUOHAIb-
HBI pazpaboTuuK LU(pPOBON amnmapartypsl. JItoOble apyrue, QOMON-
HUTEJIbHbIE 3HAHUSI, KOHEYHO €, HE MOBPEIIT, HO 3aMEHUTh CO00i1
TO, YTO UBJIOKEHO 3/1eCh, OHU HE CMOTYT.

Bo3moxHO, moaxo, mpeajiaraeMblii B JAaHHOW KHUTE, HECKOJIbKO
OTJIMYAETCSl OT OOLIEHPUHSTOr0. Bo3MOXHO Takke, 4TO MCIOJIb3ye-
MbIii HaOOp TEPMMHOB HE MOJHOCTHIO COBIANAET CO CTAaHAAPTHBIM
(oTeuecTBeHHbIE CTAHIAPTHI CIUINKOM 4acTo MeHstoTcs). Ho rimas-
HO€ — 3TO HAY4YUTh MPOEKTUPOBATh LIU(PPOBbIE YCTPOUCTBA U CUC-
TeMbI, a KaKue JIsI 3TOTO UCMOJb3YIOTCS MOAXOAbl U TEPMUHBI, Ha-
BEpHOE, HE CIUIIKOM MPUHLIMITUATBHO.

Knura nHamucaHa Ha OCHOBE MHOTOJIETHETO JIUYHOTO OIbITa aB-
Topa Mo pa3paboTke LM(PPOBLIX YCTPOMCTB, a TakKxKe Ha Oa3e Marte-
puajia y4yeOHBIX KYpPCOB, YMUTAa€MbIX aBTOPOM, JOLIEHTOM Kadeapsl
9JIEKTPOHUKU MOCKOBCKOTO WHXXEHEPHO-(U3UUECKOTO WHCTUTYTA
(MUD®N).

Heckoabko cioB 0 CTpyKType KHUTHU.

TlepBas rmaBa paccMaTpuUBaeT OCHOBOIIOJIATAIONIUE TPUHIIMUITBI
UG POBOY SJIEKTPOHUKU, 3HAKOMUT C TEPMUHOJIOTUE U OCHOBHBIMU
MpaBujaMu O(POPMIIEHUST CXEM.

I'1aBBI CO BTOpOI MO IIECTYIO IOCBSILEHBI OCHOBHBIM 0Oa30BBIM
3JIeMeHTaM IIU(POBBIX YCTPOUCTB, TUTIOBBIM U HECTAHAAPTHBIM CXe-
MaM MX BKItoYeHMs1. [IpakTuyecku Bce MPUBEIECHHBIE CXEMbl MPOBE-
pSUTUCh aBTOPOM Ha MpakTuke. MUKpPOCXeMbI OMUCAHbI HauMHAS C
CaMBbIX MPOCTEUINUX JOTUYECKUX JIEMEHTOB B MOPSIIKE YCIOXKHEHUS
yepe3 KOMOWHAI[MOHHbIE MUKPOCXEMbI, TPUTTEPhI, PETUCTPhI, CUET-
YUKW A0 MUKpocxeM mamsaTu. Kaxkmas riaBa BKJlOYaeT B ceOsl MHO-
>K€CTBO MPUMEPOB BKJIIOUEHUI MUKPOCXEM, KaK pacCMaTpUBAEMbIX B
JIAaHHOMU r1aBe, TaK U PAaCCMOTPEHHbBIX B MPEAbIAYIINX IJIaBax.

CenpMasi T1aBa CONEPXUT KpaTKUe CBENEHUS O LU(ppPO-aHaIoro-
BBIX U aHAJIOTO-1[M(POBBIX MTPeoOPA30BATEISIX U OCHOBHBIX METOAAX
MX BKJIIOUEHUSI B aHAJIOro-1u@poBbIX ycTpoiicTBax. be3 aTux cpeme-
HU KHUTa ObLIa Obl HETIOJIHA.

B BoCcbMOIl M1aBe MPUBOASATCS MPUMEPHl HECKOJBKUX CpPaBHU-
TEJIbHO CJIOXHBIX IMMPOBBIX YCTPOUCTB C MOAPOOHBIM OIMMCAHUEM
BCEX 3TAIoOB MPOEKTUPOBAHUS M MPUHLIUINOB pabOThl U B3auMOJEH-
CTBUSI BCeX y3J710B U MUKpocxeM. Llesb 3Toro He B TOM, YTOOBI YHTa-
Te/lb MOBTOPWI JAaHHBIE YCTPOMCTBAa, a B TOM, YTOObI Ha MpPaKTUKE

MOKa3aTh MPUEMbI TTPOEKTUPOBAHUSI, KOTOPbIE 3aTEM ITO3BOJISIT CTPO-
UTh JIIOOBIE Apyrrue LUu@pPOBBIE YCTPOMCTBA.
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B npunoxkeHun IpuBeAEHBI TAaOJMLBI MapaMeTPOB MUKPOCXEM,
TaOJIUIIBI OCHOBHBIX 0003HAUYCHUIT MUKPOCXEM U CUTHAJIOB, TAOJIULIbI
COOTBETCTBUSI OTEYECTBEHHBIX U 3apyOeXXHBIX MUKpOCXeM. B KoHIle
KHUTU UMEETCsI MOAPOOHBIN CI0Baph TEPMUHOB U COKpalleHUI IUd-
POBOI CXEMOTEXHUKMU.

B kHury He BOLLIM MaTepUaibl 110 OCHOBAM MMKPOIIPOLECCOP-
HOI TEeXHUKM, IO TPUHIUIIAM yCTPONCTBA M NPUMEHEHUS MMKPO-
KOHTPOJUIEPOB U MEPCOHATBHBIX KOMIBIOTEPOB, TI0 OCHOBAaM PabOTHI
¢ nporpammupyembiMu Mukpocxemamu (ITJIMC), mo meTogaM KOH-
TPOJISI ¥ OTJAAAKU LUMPOBBIX YCTPONCTB, a TaAKXKE MO MPOrpaMMHBIM
cpencTBaM, MNpeAHA3HAYEHHBIM [JIsI MPOSKTUPOBAHUS LUMPOBBIX
YCTPOMCTB M CUCTEM. Bce 3Tu BONpPOCH IUIAHUPYETCS PAacCMOTPETh
B APYTMX KHUIaX JAHHOU CEepUU.

I'maBal (I)I/IJIOCO(DI/I
NO®POBOM DJIEKTPOHUKU

ITycTh He myraet yuTatess CioBO «puiaocodusi» B Ha3BAaHUU TJIaBbl.
B nanHoM ciyyae MMEIOTCS B BUJY BCEroO JIMIIb IJIABHbIE MPUHIIUIIBI
MMPOBOI ITEKTPOHUKU U 0OOCHOBAHUE €€ TTPEUMYIIECTB.

[1.1. AHamor wiu tmdpa?

JI1s1 Havaia JaauM HECKOJIbKO 0a30BbIX OINpeneIeHUN.

Curnan — sto yobast ¢u3nueckas BeJMYMHA (Hampumep, TeM-
rneparypa, JaBJieHWE BO3Ayxa, WHTEHCUBHOCTh CBeTa, CWjia TOKa
U T. I.), U3MeHsoIasIcs co BpeMeHeM. MMeHHO Onaromapsi 3TOMy
W3MEHEHUIO BO BPEMEHM CUTHAJ MOXET HECTU B cebe KaKylo-TO MH-
dopManuio.

DIIeKTPUYECKHA CUTHAJI — 3TO BJIEKTpUYecKasl BeJimuynHa (Ha-
TpUMeEp, HaMpsKeHUE, TOK, MOIIHOCTh), U3MEHSIOIAsICS CO BpeMe-
HeM. Bcsi 37eKTpoHMKa B OCHOBHOM PabOTaeT ¢ 3JeKTPUYECKUMU
CUTHaJIaMU, XOTsI B TIOCJieqHEEe BpeMsi Bce OOJIblle MCIOIb3YIOTCS
CBETOBBIC CUTHAJIbl, KOTOPbIE MPEACTABISIOT COOOI M3MEHSIIOLIYIOCS
BO BPEMEHU MHTEHCUBHOCTh CBETA.

AHAJIOTOBBII CUTHAJ — 3TO CUTHAJ, KOTOPBIM MOXET MpPUHU-
MaTh JIIOOble 3HAUYEHUSI B OINPENEICHHbIX Mpeaesiax (Hampumep, Ha-
MpsSKEHWE MOXKET TUIABHO M3MEHSIThCS B Mpelesax OT HyJds 0 Jecs-
TU BOJIbT). YCTpoiicTBa, paboTamolue TOJbKO C aHAJIOTOBBIMU CUT-
HaJlaMU, Ha3bIBAIOTCSl aHAJIOTOBBIMU YCTPOMCTBAMU.

IIndposoii curnan — 3To CUTHaJI, KOTOPbI MOXET MPUHUMATh
TOJIBKO JBa 3Ha4YeHUs (MHOTrAa — TpU 3HaueHust). [lpudem paspele-
Hbl HEKOTOpbIE OTKJIOHEHMSsI OT 3TuUX 3HaueHuii (puc. 1.1). Hampu-
Mep, HalpsKeHWe MOXET NMpUHUMaTh ABa 3HadyeHwus: oT 0 go 0,5 B
(ypoBeHb HyJis) WM OT 2,5 10 5 B (ypoBeHb eIMHUIIBI). YCTPOICTBA,
paboTalollue UCKJIIOUYUTENbHO C IHU(pPOBBIMU CUTHAJIaMU, Ha3bIBa-
10TCS LIU(PPOBBIMU YCTPOUMCTBAMMU.
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B npupoac MpakTUu4eCKM BCE€ CUTHaJIbl aHAJIOTOBLIE, TO €CTb OHU
U3MEHSIIOTCSI HETPEPhIBHO B HEKOTOPBIX Mpeneiax. MMeHHO mo3aTo-
My MepBble 3JIEKTPOHHBIE YCTPOUMCTBAa ObUIM aHajgoroBbiMu. OHU
MpeoOpa3oBbIBAIM (PU3NYECKME BEIMYMHEI B IPONOPLIMOHAIbHEIE UM
HaInps2kK€HUE WM TOK, BBITIOJHAJIMW Had HUMU KaKME-TO OII€palluu U
3aTeM BBITIOJIHSIIM OOpaTHbIE TPeoOpa3oBaHus B (PU3MUYECKUE BeU-
yyHbl. Hampumep, rojoc yeaoBeka (KojiebaHHUs BO3AyXa) C IMOMOILBIO
MUKpodoHa MpeodpasyeTcsl B JIeKTpUIeCKUe KoyiebaHusl, 3aTeM 3TU
QJICKTPUYECKMUE CUTHAJIbI YCUJIMBAIOTCA 3JICKTPOHHBIM YCHUIIUTEIEM U
C TIOMOIIIbIO aKYCTUYEeCKOW CUCTeMBbI CHOBa MpeoOdpasyloTcsl B KoJie-
0aHUs Bo3ayxa, B 0ojiee CUJIbHBIN 3BYK.

Uy , U,

Puc. 1.1. DnekTpruecKne CUTHAJIBI: aHAJIOTOBBII (cieBa) U LMGbPOBOIA (CIipaBa).

OnHako aHaJOroBble CUTHAJbI U paboTamoliasi ¢ HUMU aHaJIOTO0-
Basd 3JICKTPOHUKA UMEIOT 60J1bIJ_ll/le HEAOCTAaTKM, CBsSI3aHHbBIC UMEHHO
C MPUPOJOI aHAJOTOBBIX CUTHAJIOB. Jlel0 B TOM, YTO aHAJOTOBBIE
CUTHAJIBI YYBCTBUTCJbHBI K ﬂCﬁCTBMlO BCC€BO3MOXKHBIX Iapa3vTHbIX
CUTHAJIOB — IIIYyMOB, HaBOJOK, momex. IllymMm — 3To BHyTpeHHUE
Xa0TUYECKHE cJlabble CUTHAJIBI JII0OOTO 3JEKTPOHHOTO YCTPOMCTBa
(MukpodoHa, TpaH3UCTOpa, pe3ucTtopa U T. A.). HaBoaku u mome-
XN — 3TO CUTHAJIbl, MPUXOAAIIME HAa DJIEKTPOHHYIO CUCTEMY M3BHE U
MCKaxalolllie TIOJIe3HbI CUTHAI (HampuMep; 3JeKTPOMAarHWTHbBIE
U3JTyYeHUs OT paauorepeaaTIMKOB WK TpaHC(HOPMATOPOB).

Bce onepannu, npou3BOAMMBIE 3J€KTPOHHBIMU yCTpPOMCTBa-
MM HaJ CUTHaJaMM, MOXHO YCJIOBHO pa3Ae/JUThb Ha TPU OOJbIINE
CPYIIIbL:

* 00paboTKa (11U mpeodpa3oBaHUE);
* Tiepenava;
* XpaHEHHE.
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Bo Bcex aTux ciiydasix MoOJie3HbIe CUTHAbl MCKaXXaroTcsl mapa-
3UTHBIMU CUTHaJaMu — IIyMaMu, MoMeXamu, HaBoakamu. Kpome
TOTO, TPU 00PabOTKE CUTHAJIOB (HAaMpUMEp, MpU YCUJIEHUU, (DUIBT-
pauuMu) eule Huckaxaerca MU MX (opMa Mu3-3a HECOBEPIUEHCT-
Ba, HEUJCATbHOCTU 3JIEKTPOHHBIX YCTPOMCTB. A Mpu TMepegaye Ha
OOJIbIIIME PACCTOSIHUS U MPU XPAaHEHUM CUTHAJbI K TOMY e ocjiab-
JISIIOTCA.

—

CurHan

MWWMW MW

UckaxxeHHBIN
CHUTHAI

Puc. 1.2. MUckaxeHure niyMaMu ¥ HaBOJKaMU aHaJOrOBOTO cUrHaja (cijesa) M Lud-
pOBOTrO CUTHaJia (cripana).

B ciayyae aHanoOroBBIX CHUTHAJIOB BCE 3TO CYIIECTBEHHO YXYI-
IIaeT TOJIe3HBIN CUTHaJI, TaK KaK BC€ €ro 3Ha4y€HMsA pa3pCUICHDbI
(puc. 1.2). ITostoMy Kaxmoe IpeoOpa3oBaHHUE, KaxkIoe IPOMEXY-
TOYHOE XpaHEeHUE, Kaxnas Tepenaya Mo Kabeawo unu apupy yxya-
IIaeT aHaJOTOBBIN CUTHaJI, HWHOIJa BIUIOTb JO €TrO0 ITOJIHOTO YHUY-
TOXKEHMUS. Hano ClI€ Y4Y€CTb, YTO BCE€ IIYMbI, ITOMEXN WM HaBOIKH
MPUHIMIIUAIBHO HE TOJMAI0TCS TOYHOMY pacyueTy, MO3TOMY /MOUHO
OInucaTh IOBEACHMUE JIOOBIX aHAJIOTOBBIX YCTPOMCTB aOCOIIOTHO He-
BO3MOXHO. K ToMy ke co BpeMeHeM IMapaMeTphbl BCeX aHaJIOrOBBIX
YCTPOMCTB U3MEHSIIOTCSI M3-3a CTAPEHUSI DJIEMEHTOB, TTO3TOMY Xapak-
TEPUCTUKU OTUX yCTpOfICTB HE OCTAlOTCs IMOCTOSAHHBIMU.

B oriiuuue ot aHanoroBbiX, LHUMPOBBIE CUTHAJBI, UMEIOIIUE BCE-
ro JBa pa3pelI€eHHbIX 3HAYE€HUS, 3allMILIEHbl OT ACHUCTBUS IIYMOB,
HaBOJOK U TIOMeX ropasfo Jjyuiie. Hebosblline OTKIOHEHUS! OT pa3-



16 T'nasa | R SR R

pEelIeHHBIX 3HAYeHWI HUKAK He UCKaXaloT LUMPOBOW CUTHA, Tak
KakK Bcerma CyIleCTBYIOT 30HbI IOMYyCTUMBIX OTKJIOHEHUU (puc. 1.2).
HMmeHHO mo3aToMy LMGPOBbIE CUTHAIBI AOMYCKaloT ropasfao Oosee
CJIOXKHYI0O M MHOIOCTYIEeHUYaTylo 00paboTKy, ropasmo Oojee IJu-
TeJibHOE XpaHeHue Oe3 MoTepb M Topaszno 0ojiee KaueCTBEHHYIO
nepegavyy, uyeM aHajoroBbie. K ToMmy ke moBelneHue LU(PPOBbIX
YCTPOUCTB Bcerma MOXHO aOCOJIOTHO TOYHO paccuuTaTb M Mpel-
ckazatb. LludpoBble ycTpoiicTBa ToOpa3no MeEHbIle TOJABEPKEHbI
CTapeHu10, TaK KakK HeOOJIbIIIOe M3MEHEHUE UX MapaMeTpPOB HUKAK
He oTpaxaeTcs Ha ux dyHkiuMoHupoBaHuu. Kpome Toro, umdpo-
Bble YCTpOMCTBa MpOIlle MPOEKTUPOBaTh U OTJaxuBaTh. [TOHSITHO,
YTO BCE 3TU MpeuMyllecTBa oOecreunBaloT OypHOe pa3BUTHE LMD-
POBOI 3JIEKTPOHUKH.

OpHako y uMGPOBBIX CUTHAJIOB €CThb M KPYIHBIM HEZOCTaTOK.
Jeno B TOM, YTO Ha KaXJIOM M3 CBOMX pa3pellleHHbIX YPOBHEU 1ud-
POBOI CUTHAJI OJKEH OCTaBaTbCs XOTSI Obl B TE€UEHME KaKOTo-TO
MWHUMaJIbHOTO BPEMEHHOrO0 WHTEpBajia, WHAye €ro HEBO3MOXHO
OyIeT pacro3HaTh. A aHAJOrOBBbIM CUTHAJ MOXET NMPUHUMATH Jiloboe
CBOE 3HaueHWe OeCKOHEeuHO Majioe Bpemsi. MOXHO cKa3aThb U MHaue:
aHAJIOTOBbIM CUTHAJI OTpejieJieH B HEMPepbIBHOM BpeMeHU (TO eCTh B
J110001 MOMEHT BpeMeHM), a LIMDPOBONl — B JNMCKPETHOM BpEeMEHU
(TO ecTb TONIBLKO B BbIJeJ€HHbIE MOMEHThI BpeMeHH). [ToaTomy Mak-
CUMaJIbHO JOCTMXXKMMOE OBICTPOJEHCTBUE aHAJIOTOBbIX YCTPOMCTB
Bcerma MPUHUUNUATLHO OoJiblle, YyeM IU(POBBIX YCTPOUCTB. AHa-
JIOTOBBIE YCTPOMCTBA MOIYT paboTaTh C 0OoJjiee OBbICTPO MEHSIONI-
MMCSl CUTHaJlaMU, YeM 1ubpoBbie. CKOpoCcTb 00paboTKU U Mepenaun
“HdOpMalIMKM aHAJIOTOBBIM YCTPOWCTBOM BCErga MOXET ObITh clie-
JlaHa BbIllIe, YeM CKOPOCTb ee 00paboTKM W Iepenayu HUdpOBbHIM
YCTPOMCTBOM.

Kpome Toro, undpoBoii curHan nepenaet MHGOPMALUIO TOJbKO
NIByMsI YPOBHSIMU U U3MEHEHMEM OJHOTO CBOErO YPOBHS Ha JIpYyroi,
a aHaJIOroBbIN MepenaeT MHGOPMALUIO €le U KaKAbIM TEKYIIUM
3HAYEHUEM CBOEro YPOBHS, TO €CTh OH 00Jiee eMKUM ¢ TOUKU 3peHUsI
nepeaauu uHdopmanuu. [oaToMy I mepegayum Toro oobema Mo-
Jie3HoW MHdOpMalIMK, KOTOPbIA COMEPXKUTCS B OJHOM aHAJIOrOBOM
CUTHaJIe, Yallle BCEro MPUXOAMTCS UCI0Ib30BaTh HECKOIBKO 1IMGpo-
BBIX CUTHAJIOB (OOLIYHO OT 4 10 16).

K TomMy Xe, Kak yxe oTMeuanoch, B MPUPOJE BCE CUTHAJIbI aHa-
JIOTOBBIE, TO €CTh [JISI TTpeoOpa3oBaHusl UX B LUGPOBbIE CUTHABI U
NI OOpaTHOTO Mpeodpa3oBaHus TpedyeTcsl MpUMEHeHre crielrallb-
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HOI ammapatypsl (aHaIOro-mu@poBhIX U IK(PPO-aHATIOTOBBIX IIPe00-
pazoBarenieif). Tak 4To HMYTO HE maeTcsd JapoM, M IUIaTa 3a IIpe-
UMYIIeCcTBa MTU(MPOBBIX YCTPOMCTB MOXKET TOPOM OKa3aThCs HEIPH-
eMJiIeMO OOJIbIIOMA.

1.2. Mogenu v ypOBHU HpeACTaBJICHUSI
LM POBLIX YCTPOUCTB

Bce umdpoBBIle YCTPOICTBA CTPOSATCS U3 JIOTMUECKUX MMKPOCXEM,
Kaxnmasi U3 KOTopbiX (puc. 1.3) 00s3aTeIbHO MMEET CIIEIYIOIIe BhI-
BOBI (MJIM, KaK MX €llle Ha3bIBAIOT B MMPOCTOPEYNU, HOXKKU):

* BBIBOJABI MUTAHUS: OOLINI (MM «3eMJIsT») M HATIPSDKEHUST TTATA-
HUS (B OOJBIIMHCTBE citydaeB +5 B wium +3,3 B), koTophle Ha
cxeMax OOBIYHO He TTOKa3bIBAIOTC;

* BBIBOIBI MJISI BXOAHBIX CUTHAJIOB (MU «BXOHbI»), Ha KOTOPHIE
MOCTYIAIOT BHEITHWE LIU(MPOBLIC CUTHAIBI;

* BBIBOIBI /IS BBIXOAHBIX CUTHAJIOB (MJIM «BBIXOIbI»), Ha KOTO-
pble BBIIAIOTCS LU(POBbIE CUTHAIIBI U3 CAMOM MUKPOCXEMBI.

f+5B

Bxoms BrDxonu

el I

BRI

J. Obmuii

Puc. 1.3. lludposas Mmukpocxema.

Kaxpmas Mukpocxema mpeoOpazyeT TeM WM WHBIM CITOCOOOM
MOCJIEIOBATEIbHOCTh BXOAHBIX CUTHAJIOB B TOC/IEHOBATENIbHOCTD
BBIXOAHBIX curHaoB. Crocob mpeoGpa3oBaHUsI Yallle BCETO OMUCHI-
BaeTcs WIM B BUIE TaOMUILI (TaK HA3bIBAEMOM TaOIUI[bI UCTMHHO-
CTW) WX B BUIE BPEMEHHBIX AMATPAMM, TO €CTh IpadUKOB 3aBUCH-
MOCTHU OT BpEMEHH BCEX CUTHAJIOB.

Bce umdpoBble MUKpPOCXeMBI paboOTalOT ¢ JJOTMYECKUMU CUTHA-
JIaMH, UMEIOLIMMU IBa pa3pellieHHbIX YPOBHSI HanpsskeHust. OnuH U3
STUX YPOBHEWM HA3BIBACTCS YPOBHEM, JIOTMYECKOM €IMHUIILI (MIIK
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eIMHUYHBIM YPOBHEM), a NPYroiAi — YpPOBHEM JIOTMYECKOIO HYJIS
(umu HyneBBIM ypoBHeM). Yallle BCero JOrmueckomy HYJIIO COOTBET-
CTBYET HU3KWM YpOBEHb HANpPSLKEHUs, a JIOTUYECKOW enuHuIle —
BBICOKMI YpPOBEHb HamNpsLKeHUs. B 3ToM ciydyae roBopsT, 4TO MpU-
HSITa «I0JIOXKUTEIbHAs Joruka». OMHaKO MpU Mepenadye CUTHAJIOB Ha
OOJIbIIIME PACCTOSIHUSI Y B CUCTEMHBIX IIMHAX MUKPOMPOIECCOPHBIX
CHUCTEM TOpPOI MCITOIB3YIOT M 00paTHOE TpeAcTaBieHue, Koraa Jio-
TMYECKOMY HYJIO COOTBETCTBYET HU3KMI YPOBEHb HaMpsDKEHUs, a
JIOTUYECKOU enMHMIe — BBICOKMI ypoBeHb. B 3TOM ciyyae roBopsit
00 «oTpuIIaTeIbHOI JIoTMKe». THOTrIa TOrMYecKril HyJIb KOTUPYETCS
TOJIOXKUTETbHBIM YPOBHEM HaNpsDKeHUsT (TOKa), a JIoThyecKasl eiau-
HMIIa — OTPULATEbHBIM YPOBHEM HampsikKeHus (Toka) WM Hao0o-
pot. EcTb 1 Gojiee cloXHBIE METOObI KOAMPOBAHUS JIOTUUECKUX HY-
neit n enuHul. Ho Mbl B OCHOBHOM OyIieM TOBOPUTH O TOJOXUTEIb-
HOW JIOTHKE.

Hnsa onucaHusi paboThl LIM(MPOBBIX YCTPOUCTB HCIOIb3YIOT ca-
MBI€ pa3jau4YHble MOAEIU, OTIMYAIOIIMECd IPYr OT Apyra CJIO0XKHO-
CThIO, TOYHOCTHIO, OOJBIIMM WIM MEHBIIMM Y4€TOM TOHKMX (pu3u-
yeckuX 3¢h¢GeKToB. B OCHOBHOM 3TM MOJEIU UCMOJB3YIOTCS IIpU
KOMITBIOTEPHBIX pacueTax 1M¢poBbIX cxeM. B Hacrosiee Bpems
CYIIIECTBYIOT KOMITbIOTEPHBIE TTPOrpaMMbl, KOTOPbI€ HE TOJIbKO pac-
CUUTHIBAIOT TOTOBBIE CXEMbI, HO CITOCOOHBI U TIPOEKTUPOBATH HOBBIE
CXeMBbI 110 (hopMaIM30BaHHBIM OMUCAHUSIM (PYHKIIUI, KOTOphIE TaH-
HO€ YCTPONCTBO JOJKHO BBIMOJHSTh. DTO HOBOJBHO YIOOHO, HO HU
OflHa MporpaMMa HUKOIJA He MOXKET CPaBHUTHCS ¢ 4yejgoBekoM. [lo-
HacToseMy 3GheKTUBHbIE, ONITUMU3UPOBAHHBIE 10 YKMCILY UCIOJIb-
3yeMbIX afrapaTypHbIX MOMYJIeil, HaKOHEIl, KPacuBbIe CXEMbl MOXET
pa3pabaThiBaTh TOJBKO YEJIOBEK, KOTOPBIM BCeraa MOAXOAUT K Mpo-
€KTUPOBAHUIO TBOPUYECKHU U UCIOIb3yeT OPUTUHAJIbHBIC UIICH.

Pazpaborunk 1m¢poBoii anmapaTyphl TOXE HCIIOJIb3yeT CBOCOO-
pa3Hble MOJENIN WIM, KakK ellle MOXHO CKa3aTh, pa3JIMYHble YPOBHU
npeacTaBiaeHus: UpoBbIX cxeM. Ho B oTiimyue oT KOMIIbIOTEpa Ye-
JIOBEK MOXET T'MOKO BBIOMpATh HYKHYI0 MOIEIb, €My Hamo TOJbKO
B3IJISTHYTh Ha CXEMy, YTOOBI TMOHSTh, A€ JOCTATOUYHO MpOCTeHIeit
MOJIESIN, a rae TpedyeTcs 0ojiee cnoXHas. To €CTh YeJIoBeK HUKOTAA
He OymeT menaTh JIMIIHEH, M30BITOYHON pabOTHl U, CICHOBATEIbHO,
He OymeT BHOCUTb IOIOJHUTEIbHBIX OIIMOOK, CBONCTBEHHBIX JIIO-
Oolt, maxxe camoii cioxkHoi, monenu. IIpaBma, mpocToTa LMMPOBBIX
YCTPOMCTB IO CPaBHEHUIO C aHAJIOTOBBIMU YCTPOMCTBAMU OOBIYHO
HE TaeT BO3MOXKXHOCTH CAEaTh Yepecuyp CEpbe3HbIe OLIMOKU.
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B mopaBnstoneM OONBIIMHCTBE CIydacB pa3paboOTYMKU HUPPO-
BBIX CXEM HCIOJB3YIOT TPU MOAEIH, TPU YPOBHS INpEACTABICHUS O
pabote HM(POBBIX YCTPOUCTB.

1. Jlormyeckast MOJEb.

2. Mogenb ¢ BpeMECHHBIMHU 3aepPKKaAMU.

3. Mogenb ¢ ydeToM aJIeKTpudeckux 3¢h¢heKToB (MIn 3JIEKTpH-
yecKasi MOJIEIIb).

OIBIT MOKAa3bIBAET, YTO TepBasi, MPOCTEUINasi MOJEIb OKa3hbiBa-
eTcsl moctaTouyHoi nmpuMepHo B 20% Bcex ciydaeB. OHa TpUMeHUMa
IJIsT BCeX HMU@POBBIX CXeM, pabOTAOIINX C HU3KOM CKOPOCTHIO, B KO-
TOPBIX OBICTPOJCHCTBYE HE NMPUHIUIIMANIBHO. [IpuBiIcdyeHUe BTOPOIi
MOJIE/IN, YUUTHIBAIONICH 3aIepKKKM CpabaThIBAaHUS JIOTUYECKMX DJIe-
MEHTOB, MO3BOJSET OXBATUTh 0KOJI0 80% Bcex BO3MOXHBIX cxeM. Ee
TIPYMEHEHUE HEeOO0XOIMMO JISI BCeX OBICTPOAEUCTBYIOIIMX YCTPOUCTB
U B Cllydyae OJHOBPEMEHHOIO M3MEHEHUS HECKOJBKMX BXOIHBIX
curHaiaoB. HakoHell, mo0OaBjaeHUE TpeThbell MOAEIN, YUYMTHIBAIOIICH
BXOIHBIC W BBIXOJIHBIC TOKW, BXOAHBIC U BBIXOIHbBIC COMPOTUBIICHUSI
M €MKOCTH DBJIEMEHTOB, II03BOJISIET IPOEKTUPOBATh IPAKTHUECKU
100% umdpoBbix cxeM. B mepBylo odepenb 3Ty TpeThbio MOAEIb Ha-
0 TIPUMEHSITh TPU OOBEAMHEHUN HECKOJIbKUX BXOIOB U BBIXOJIOB,
MIpY Mepeaade CUTHAJIOB Ha OOJIBIINE PACCTOSHUS U TIPU HETPaIULIM -
OHHOM BKJTIOUEHMU JIOTMYECKUX DJIEMEHTOB (C TIepeBOJOM MX B aHa-
JIOTOBBIN, B IMHEHHBIN PEXKUM).

Ta6auma 1.1. Tabnuia ICTUHHOCTY WHBEPTOpPA

Bxon Brixon
0 1
1 0

Hns uamocTpaliii padoThl MEPEeYUCIeHHBIX MOJENIe paccMoT-
puM paboTy caMOro MpPOCTEHIIero JOTMYecKoro 3jeMeHTa — WH-
BepTopa. MIHBepTOp M3MEHsIET (MHBEPTUPYET) JOTMYECKUII YPOBEHb
BXOJHOIO CHUTHaJIa Ha TIPOTUBOMOJIOXHBIN YPOBEHb BBIXOJAHOIO CHUT-
Hajla WY, KakK ellle TOBOPSAT, U3MEHSET IMOJSIPHOCTb JIOTUYECKOIO
curHana. Tabnauiia MICTUHHOCTU MHBepTopa (Taba. 1.1) anemeHTapHO
MpocTa, TaK KaK BO3MOXHBI TOJBKO JIBE CUTyallUW: HYJIb Ha BXOJE
uim eguHuia Ha Bxoae. Ha puc. 14 moka3aHo, Kak OyIeT BBITJISIETh
BBIXOIHOM CUTHAJ MHBEPTOpa IPU MCIIOJb30BAaHUU TPEX €ro Moje-
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Jei (Tpex YpoBHeW ero mpeacraBieHus). Takue rpaduku Jiorudye-
CKHX CHUTHAJIOB HAa3bIBAIOTCSI BPEMEHHBIMU AuarpaMMaMM, OHU TO-
3BOJISIIOT JIy4llle MOHSATh paboTy LIM(MPOBBIX CXEM.

Heunseprop
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Puc. 1.4. Tpu ypoBHS mpeacTaBiIeHUs HUMPPOBBIX YCTPOICTB.

W3 pucyHka BUIHO, YTO B MEPBOU, JOTMYECKOU, MOIETU CUUTA-
eTCsI, 4YTO DJIEMEHT cpabaTbiBaeT MTHOBEHHO, J1000€ H3MEHEeHUe
YPOBHSI BXOIHOTO CUTHaja cpasdy Xe, 0e3 BCSKOU 3alep>XKU MPUBO-
AT K UBMEHEHUIO YPOBHSI BBIXOMHOTO curHaia. Bo BTOpoil momenu
BBIXOJTHOU CHUTHaJI M3MEHSIETCSI C HEKOTOPOU 3alepXKOW OTHOCH-
TeJIbHO BXOAHOro. HakoHell, B TpeTbeli MOJENU BBIXOAHOW CHUTHAI
HE TOJBKO 3a[IepKMBAETCSI MO CPABHEHUIO C BXOAHBIM, HO U €T0 W3-
MEHEHME TTPOUCXOUT HE MTHOBEHHO, MPOLIECC CMEHbI YPOBHEN CUT-
Haja (WIK, Kak TOBODST, (pOHmM cueHansa) WMeeT KOHEUHYIO JIn-
TeibHOCTh. Kpome Toro, TpeTbss MOAEIb YUYUTHIBAET W3MEHEHUE
YPOBHEH JIOTUYECKUX CUTHAJIOB.

Ha npakTtuke pa3pa®oTumK, KakK MpaBWiIoO, B Hadajie MPOEKTUPO-
BaHUS TOJIB3YETCSI MCKIIOYMTEBHO TMEPBOU MOMEJbIO, a 3aTeM s
HEKOTOPbIX Y3JIOB MPUMEHsSIET BTOPYIO Mojelb Wiu (pexe) eule u
TpeTbio Monenb. [Ipu a3ToM mepBasi Mofeib HE TPEOyeT BOOOIIE HU-
Kakux LIMAOPOBBIX pAaCUETOB, IJISI HEE JOCTATOYHO TOJBKO 3HAHUE
TabJUIl UCTUHHOCTU WU aJTOPUTMOB (DYHKITMOHWPOBAHUS MUKPO-
cxeM. Bropas Mopens mpenmnosiaraeT pacuet (Mo CyTHM, CYMMUpPOBa-
HUE) BPEMEHHBIX 33/IEPXKEK JEMEHTOB Ha MyTHU MPOXOXIACHUST CUT-
HajioB (puc. 1.5). B pe3yiapTaTe 3TOro pacuera MOXET BBISICHUThCS,
YTO B CXEMY HY>KHO BHECTH U3MEHEHMUSI.

PacyeTsl 10 TpeTbheil Moaenu MOTYT OBITh Pa3IUYHBIMU, B TOM
YUCJIe U JOBOJBHO CIOXHBIMU, HO B OOJILIIIMHCTBE CIy4aeB OHU BCE-
TaKW CBOMASITCSI BCErO JIUIIb K CYMMUPOBAHUIO BXOAHBIX U BBIXO[I-
HBIX TOKOB JIOTMYECKUX 3JIeMeHTOB (puc. 1.6). B pesynbraTe sTHX
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Pacy€ToB MOXET BbIACHUTLCA, 4YTO Tpe6yeTc51 IIPUMEHEHUE MUKPO-
cXeM ¢ 0OoJjiee MOIIHBIMM BbIXOAAMU MW BKJIIOYEHUE JOMOJIHU-
TCJIbHBIX 3JICMCHTOB.

1 | Buxon

Bxog |1 L_1&<,_\_|—‘&

Caans
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tsa,u = tm 1+tm2+tm 3+tma

Puc. 1.5. CymmupoBaHue 3aepKeK 3JIeMEHTOB.
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Puc. 1.6. CyMmMupoBaHHE BXOIHBIX TOKOB 3JIEMEHTOB. R

TakuM obpa3zoM, MpoeKTUpOBaHUE ITU(DPOBBIX YCTPOUCTB MPUH-
[UMUATBHO OTJIMYAeTCs OT MPOEKTUPOBAHUSI AHAJIOTOBBIX YCT-
POVCTB, MpPU KOTOPOM CJIOXHBIE pacyeThl aOCOJIOTHO HEU30EKHHBI.
Pa3paboTunk 11 poBBIX YCTPOMCTB UMEET €0 TOJIBKO C JIOTUKOM,
C JIOTMYECKMMU CUTHAJIAMUA U C QJITOPUTMaMU pPaboOThl LUQPPOBBIX
MUKPOCXEM. A 4TO TIPOUCXOJUT BHYTPU ITUX MUKPOCXEM, IS HETO
MPaKTUYECKU HE UMEET 3HAUYEHUS.

CripaBoYHbIe TaHHBIE HAa HU(PPOBBIE MUKPOCXEMbI OOBIYHO CO-
Jiepxat 00JbIIoii HAaOOp MapaMeTpoB, KaXIbliA M3 KOTOPBIX MOXHO
OTHECTU K OJHOMY W3 TpeX TMEPEUMCICHHBIX YPOBHEU MpeacTaBie-
HUS, K ONHOW 13 TPEX MOJIEJICHA.

Hanpumep, Tabiuiia UCTUHHOCTM MUKPOCXEMBI (IUISI TPOCTBIX
MUKPOCXEM) WM OMUCAHWE alroputMa ee paboTel (mist Oosee
CJTOKHBIX MUKPOCXEM) OTHOCUTCS K TE€PBOMY, JIOTUYECKOMY YPOB-
Hio. [ToaToMy 3HaTh WX HAU3YCThb KaXIOMYy pa3pabOTYMKy HEO0OXO-
JIMMO B JIIOOOM ciIyyae.
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BenauuuHbl 3amepXkeK JOTMYECKUX CUTHAJIOB MEXIYy BXoAaMU U
BBIXOJJaMU OTHOCSITCSI KO BTOPOMY YPOBHIO TpeAcCTaBieHus. Tunud-
HbIC BEJIWYUHBI 3a€PKEK COCTABISIIOT OT EIWHUI[ HAHOCEKYH]I
(I HC = 10-° C) 10 OeCSITKOB HAHOCEKYHI. BeauuyuHbl 3amepxeK IJist
pa3HBIX MUKPOCXEM MOTYT ObITh Pa3IUYHBIMU, TO3TOMY B CIPaBOY-
HUKaX BCErJa YKa3blBAeTCs MaKCUMaIbHOE 3HaueHue 3anepxku. He-
00XOMMO TakXe MOMHUTb, UTO 3aep>KKa MPU Mepexoae BbIXOTHOTO
curHana u3 eguHulbl B Hyab(Tphl), kak nmpaBuiio, oTanyaeTcs ot 3a-
JIEPXKW TIpU TIEPEXOJie BBIXOAHOIO CUTHAJIA W3 HYIS B EOUHUILY
(t,m). Hanpumep, n1st onHoi U Toi ke Mukpocxemsl t, , < 11 Hc,
a tHL, < 8 HC. 3mech aHriauiickas OykBa P o3Hauyaer Propagation
(pactipoctpaneHnue), L o3Havaer Low (HM3KUIA ypOBEeHb CHUTHAJIA,
Hynb), a H — High (Bbicokuil ypoBeHb curHana, enunuia). Komuue-
CTBO BEJIUYMH 3aJEPKEK, OMPENCISIEMbIX CIIPABOYHUKOM IS MUK-
pOCXeMBbI, MOXET U3MEHSITHCS OT JABYX JO HECKOJbKUX JAECATKOB.

YPpOBHU BXOAHBIX U BBIXOJAHBIX TOKOB, a TaKXK€ YPOBHU BXOAHBIX
U BBIXOIHBIX HAMpPSDKEHUN OTHOCSATCS K TPEThEeMY YPOBHIO TIpen-
CTaBJICHUSI.

BxoaHoli TOK MUKpPOCXeMbI TIPU MPUXOJE Ha BXOJA JOTUYECKOTO
Hyns (1), Kak MpaBuiio, OTIUYAETCS OT BXOAHOTO TOKA MPU MPUXOJIE
Ha Bxoj jorndeckoil enuHuilel (lmr). Hampumep, I = —0,1 MA, a
1, = 20 MKA (cuMTaercst, 4TO IMOJOXUTENIbHbIA TOK BTEKAET BO BXOJ
MUKPOCXEMbI, a OTPULIATENIbHBIA — BBITEKAET U3 HEro). TOYHO Tak
K€ BBIXOMHOW TOK MUKPOCXEMBI TPU BbIAAYE JIOTUUECKOTO HYJISI
(IOL) moxeT oTnuuatbes (M OOBIMHO OTJIMYAETCSI) OT BBIXOJTHOTO TO-
Ka Ipu Bblgaue jornyeckoi eqHuubl (loH)- Hanpumep, st oqHON U
Toit xe Mukpocxemsl Ion < —0,4 MA, a I, < 8 MA (cuuTaercs, 4To
TOJIOKUTEbHBIN TOK BTEKAET B BBIXOA MUKPOCXEMBI, @ OTPULIATEIb-
HbII — BbITeKaeT U3 Hero). Hamo Takxke yyuTbhiBaTb, YTO pPa3HbIe
BXOZIBI M BBIXOAbl OJHOW U TOW XK€ MUKPOCXEMbI MOTYT UMETh pa3-
JINYHBIE BXOAHBIE U BHIXOJHbBIE TOKHU.

J11s1 BBIXOIHBIX HanpsixkeHuit torudeckoro HyiIst (UOL) M enuHu-
ust (U, ,, ) B crnpaBouHMKax 0OBIYHO 3aJalOTCS MPEAEIbHO AOIYCTU-
Mbl€ 3HAYEHWUSI TIPY 33JJaHHOI BEJTWYMHE BBIXOMIHOTO TOKa. [Ipu aToM
yeM OOJIbIlIe BBIXOJAHOM TOK, TEM MEHbIIE HalpsoKeHUE JIOTUMYECKOM
€IVHUIIBI U TeM OOoJIbllle HampsDKEHWE Jormuyeckoro Hyis. Hampu-
Mep, UOH > 2,5 B (upu lon < —04 MA), a U, < 0,5 B (nipu
IOL<8MA).

3agaroTcs B CHPABOYHUMKAX TakXe M MOMYCTUMBbIE YPOBHU BXOJI-
HBIX HAMpSKEHWIH, KOTOPbIE MUKPOCXEMa €Ile BOCIPUHUMAET Kak
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MpaBWIbHbIE JIOTUYECKHWE YPOBHU HYJIS M emuHulbl. Hampumep,
UIH > 2,0 B, UIL<0,8 B. Kak mpaBujio, BXOIHbIE HAIIPSKEHUS JIOTH -
YECKUX CUTHAJIOB HE JOJKHBI BBIXOAUTH 3a Mpeleibl HaIpsoKeHUs
MUTaHMUS.

B 00o3HaueHUsIX HampsKeHWN M TOKOB OykBa I o3Hauaet Input
(Bxom), 6ykBa O ozHauaeT Output (Bbixoa), L — Low (Hynb), a H —
High (equnuua).

K TpeTbeMy ypOBHIO MpeACTaBICHUs] OTHOCSTCS TakKXKe BeIU4u-
Hbl BHYTPEHHEW €MKOCTU BXOJOB MUKPOCXEMBbI (OOBIYHO OT €IMHMUIL
IO NEeCcSITKOB MuKodapaa) U AOMyCTUMAsl BEIMYUHA €MKOCTH, K KO-
TOPON MOXET MOMKITFOUATHCSI BBIXOJA MUKPOCXEMBI, TO €CTh €MKOCTb
Harpy3ku CL (mopsiaka 100 nd). Ormerum, uto 1 n® = 10~" .
Ha sToM e ypoBHE MpeAcTaBICHUS 3a0al0TCs MaKCUMAJbHO TOIyC-
TUMBIE BEJWYUHBI [JIUTEIBHOCTU TOJOXUTEIBHOTO (poHTa (tm)
u oTpuniarenbHoro ¢dpoHta (tHL) BxomHOro curHama, Hampumep
tHL. < 1,0mkc,tHL< 1,0 Mxc. To ecTh mipu GobLICi IJIATEIBHOCTH
Mepexojia BXOMHOTO CUTHAJIA U3 €IVUHUIIBI B HYJIb U U3 HYJSI B €OU-
HUILy MHUKpoOcXemMa MOXeT paboTaTb HEYCTOWYMBO, HEMpaBUJBHO,
HECTaHIapTHO.

K TpeThbeMy ypoBHIO MpeACTaBIeHUsS MOXHO OTHECTM TaKXe Ta-
KWe MapaMeTphl, Kak JOMYCTUMOE HaMpsiKeHUe MUTaHUsS MUKPOCXe-
Mbl (Ucc) M MakCUMalIbHBIA TOK, MOTPEOISIEMBbIA MUKPOCXEMOM
(Icc)- HampuMep, MoxeT ObITh 3aJaHO:

45B < U_<55B; Icc<100MA.

ITpu 3TOM MoOTpebsieMblii TOK Icc 3aBUCUT OT ypOBHElN BBIXOJ-
HbIX TOKOB MUKpocxeMbl [loH nIOL-OTH napameTpbl Haa0 yYUTHIBATh
MPU BBIOOPE UCTOYHUKA MMUTAHUS AJISI TPOCKTUPYEMOTO YCTPOMCTRA,
a Takke B TPOILIeCCe U3TOTOBJICHUSI MEYaTHBIX IJIaT MpU BhIOOpE 1IN-
PUHBI TOKOBEIYIIMX JOPOKEK.

HakoHen, K TpeTbeMy YPOBHIO OTHOCUTCS Psill ITapaMeTpoB, KO-
TOpBIE YaCcTO YIIOMUHAIOTCSI B IMTEPATYpE, HO HE BCETAa MPUBOMASITCS
B CITIPABOYHBIX TabIUIIAX:

» [lopoe cpabamvisanuss — YpPOBEHb BXOJHOTO HAaIpPsSDKEHUS,
BBIIIIE KOTOPOTO CUTHAJT BOCHPUHUMAETCSI KaK €IUHUIIA, & HU-
Xe — Kak HyJb. [{nsg Haubosee pacnpocTpaHeHHbIX TTJI Muk-
pocxeM OH mpuMepHo paBeH 1,3... 14 B.
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» [lomexo3aujuwennocms — TapamMeTp, XapakKTepU3YyIOUIUi Be-
JIMYUHY BXOJHOTO CHUTHaja ITOMEXM, HaKJaJbIBalOIerocsl Ha
BXOJAHOW CUTHAaJ, KOTOpbIA €11e HE MOXET U3MEHUThb COCTOSI-
HUE BBIXOIHBIX CUTHaJIOB. IlomMexo3alluIleHHOCTb OIpeaes-
ercs pazHulein Mexay HamnpsokeHuem UTHu moporom cpabaThi-
BaHUS (3TO ITOMEXO3ALIMIIEHHOCTh €AMHWYHOIO YpPOBHS), a
TakKe pasHMleill Mexay mnoporom cpabateiBaHust u UIL, (310
MMOMEX03aIUIIEHHOCTb HYJIEBOTO YPOBHSI).

Koagpdpuyuenm pazeemenenus — 4UCIO BXOIOB, KOTOPOE MO-
XET ObITh TOIKJIIOYEHO K JaHHOMY BBIXOLY 0€3 HapylleHUs
paboThl. DTOT IMapaMeTp OIpelesisieTcsl OTHOIIEHHWEM BBIXO-
HOTro ToKa K BxonqHoMmy. CTaHgapTHasi BeJIM4MHa KodhhULIMeH-
Ta pa3BeTBJEHMS TIPU UCIOJb30BAaHUM MUKPOCXEM OIHOTO TH-
na (omHo# cepum) paBHa 10.

Haepysounaa cnocobnocms — napameTp BbIXOJA, XapaKTepu-
3YIOIIUIA BEJIMYMHY BBIXOJHOTO TOKAa, KOTOPYIO MOXET BbIIATh
B HArpy3Ky [IaHHBIA BbIxon 0e3 HapylieHusi padboThl. Yaiie
BCEro Harpy3ouyHasl ClioCOOHOCTh MPSIMO CBsI3aHa ¢ Koadduiu-
€HTOM pa3BETBJCHUSI.

TakuM o0Opa3oM, OOJBIIMHCTBO CIIPABOYHBIX MapaMeTPOB MUK-
POCXEeMbI OTHOCSITCSI K TPEThEMY YPOBHIO TPEJACTaBIeHUs (K MOJEIN
C YYeTOM 3JieKTpudecKnx 3((HeKTOB), MOITOMY B OOJBIIUHCTBE CIIY-
yaeB (g0 80%) 3HATh UX TOYHBIE 3HAYEHUS] HAU3YCTh HE 00s3aTelb-
Ho. JlocTaTOYHO 3HaTh MPUMEPHbBIC TUTIOBbIE 3HAUYECHUST TTAPAMETPOB
JUTSL JTaHHOM CEpUU MUKPOCXEM.

[1.3. Bxonbl ¥ BbIXOAbI IMMPOBBIX MUKPOCXEM

XapaKTepuUCTUKU U TlapaMeTpbl BXOJOB U BBIXOAOB LIM(MPOBBIX MMK-
pocXeM OMPENESISIIOTCS TIpeXie BCEro TEXHOJOTMEM U CXEMOTEXHU-
KO BHYTPEHHEro CTpoeHUs1 MukpocxeM. Ho nias pazpabotunka
IUMPOBBIX YCTPOUCTB Jt00ass MHUKpPOCXeMa TPpenCTaBisieT coOoi
BCETO JIMILb <«4YEPHBINA SIIMK», BHYTPEHHOCTH KOTOPOrO 3HAaTh He
o0s13aTesibHO. EMy BaxkKHO TOJIBKO YETKO MPEACTABISATh cede, KakK Mo-
BeJIeT cebs1 Ta WM UHAs MUKPOCXEMa B TaHHOM KOHKPETHOM BKJIIO-
YeHUM, OyIeT JIM OHa IMPaBWILHO BBIIIOJHAThL TpeOyeMyl0 OT Hee
byHK1IUIO.
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HawubGonbliliee pacrnpocTpaHeHHE MOMYYMIA IBE TEXHOJIOTMU LU(-
POBBIX MUKPOCXEM:

 TTJ (TTL) u TTJWI (TTLS) — OGunosisipHasi TpaH3UCTOPHO-
TpaH3ucTopHas joruka u TTJ ¢ nmomamu HloTTKY;

« KMOIT (CMOS) — KOMIUIEMEHTapHbIe TPaH3UCTOPhI CO
CTPYKTYPOU «METaslI-OKUCE-TOTYTTPOBOIHUKY.

Uecc
]

) ;
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Puc. 1.7. BxonHoit 1 BbIxogHO# Kackanel Mukpocxem TTJILL.
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Puc. 1.8. BxonHoit u BbixonHo# Kackaasl Mukpocxem KMOITT.

PaznuyaroTcs oHM TUTNIAMU UCTOJIb3yEeMbIX TPAH3UCTOPOB U CXeE-
MOTEXHUYECKUMM PEIIEHUSIMU BHYTPEHHMX KacCKaJOB MUKPOCXEM.
OtMmeTuMm Takke, 4To MUkpocxeMbl KMOII noTpe0siioT 3HaUnUTe b-
HO MEHBIINUI TOK OT UCTOYHMKA MUTAHUsS, YEM TaKue K€ MUKPOCXe-
Mbl TTJI (unu TTIIIT), npaBaa, TOJbKO B CTATUYECKOM PEXUME WU
Ha HeOoibpIUX padoumx vactotax. Ha puc. 1.7 u 1.8 mokazaHbl
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MPUMEPbl CXEM BXOMHBIX M BBIXOJHBIX KacKalOB MUKPOCXEM, Bbl-
TMOJIHEHHBIX MO 3TUM TeXHOJIOTUsIM. [IOHSITHO, YTO TOYHBIA y4yeT
Bcex 3((PEKTOB B 3TUX CXeMax, BKIIIOYAIOIIMX B ceOS MHOXECTBO
TPaH3UCTOPOB, IMOAOB U PE3UCTOPOB, KpailHe CIIOXEeH, HO OOBIYHO
OH TIPOCTO HE HYXXEH Pa3paboTUMKy LU(PPOBBIX CXEM.

PaccMmoTpuM cHavania BXOJIbl MUKPOCXEM.

Ha nepBoM ypoBHE mpeacTaBiieHUs (JloTUYecKasi MOJENib) U Ha
BTOPOM YPOBHE TIPEACTABIACHUSI (MOJETb C BPEMEHHBIMU 3aJepKKa-
MM) O BXOJlaX MMKPOCXEM BOOOIIe HUYero 3HaTh He Hano. Bxon pac-
CMaTpUBaeTCsl Kak 0ECKOHEYHO OOJbIIIOE COMPOTUBICHUE, HUKAK HE
BIUSIIONIEE HA TTOAKITIOUEHHBIE K HEMY BbIxonbl. [IpaBma, konudect-
BO BXOJIOB, TMOJK/IIOYAEMbIX K OTHOMY BBIXOJIY, BJIMSIET Ha 3aJ€PXKKY
pacnpoCTpaHEeHUsI CUTHAJA, HO, KaK MPaBWJIO, HE3HAYUTENIbHO, IMO-
3TOMY 3TO BIUSIHUE YYUTHIBAECTCS PEAKO.

Jaxe Ha TpeTbeM YpOBHE TIPEACTAaBICHUS (DJIEKTpUUYECKas MO-
JieJib) B OOJBIIMHCTBE CJIy4aeB HE HANlO 3HATh O BHYTPEHHEM CTpOE-
HUU MMKPOCXEMBI, O CXEMOTEXHUKe BXOA0B. [IOCTaTOYHO CUUTATh,
YTO TIPU TIOlauy€ Ha BXOJl CUTHAJIAa JIOTUYECKOIO HYJSI U3 3TOTO BXOJa
BBITEKAET TOK, He npeBbimatonuii IHL,, a npu mogaye curHana poru-
YeCKOi eNMHUIIbI B 3TOT BXOJ BTEeKaeT TOK, He mpeBbilaroniuii 1TH.
A 111 TpaBWIBHOU JIOTUKKU PadOTBI MUKPOCXEMBI TOCTATOYHO, YTO-
Obl YPOBEHb HAMPSIKEHUSI BXOJAHOTO CUTHAJIA JIOTUYECKOTO HYJIsI ObLT
menbliie Ul L, aypoBeHb HaNpsiKeHUSI BXOMHOTO CUTHAJA JIOTUYECKOMN
enuHuLbI ObL1 00Jblie UTH

OcoObIM cilydyaeM SIBJSIETCSI CUTyallMsl, KOTJa KaKou-HUOYyIb
BXOJl HE TONKJIIOYEH HU K OJHOMY M3 BBIXOJOB, HU K OOIIEMY IPO-
BOAY, HU K IIIMHE NWUTaHMS (TaK Ha3bIBaeMbIil eucaujuii 6xod). UHO-
T71a BO3MOXHOCTU MUKPOCXEMBI UCITOJIb3YIOTCSI HE MOJHOCThIO, U Ha
HEKOTOpbIE BXOMAbI HE MOAAIOTCS CUTHaIbl. OgHAKO MPU 3TOM MUK-
pocxeMa MOXeT He paboTaTh WIN paboTaTh HECTAOWIBHO, TaK KaK €¢
MpaBWIbHOE BKJIIOUEHWE TMOAPA3yMEeBAaET HAJMYME Ha BCEX BXOAaX
JIOTUYECKUX YPOBHEU, MYyCTh NaXe U HEU3MEHHBIX. [loaToMy peko-
MEH/yeTCsl TOoAaBaTh Ha HEWCHOJIb3yEMbIC BXOJbI HAIpSKEHUE M-
TaHuss Mukpocxembl Ucc win MOAKIII0YATh UX K 0OIIeMy MPOBOIY
(3emJie) B 3aBUCUMOCTHU OT TOTO, KaKOW JIOTUYECKUU YypOBEHb HE-
ob6xoauMm Ha 3ToM Bxojae. Ho 1jisT HEKOTOPBIX cepuil MUKPOCXEM,
BBITIOJIHEHHBIX TI0 TexHojorun TTJI (Hanpumep, K155 unu KP531),
HEUCTIONb3yeMble BXOJAbl HAAO TMOAKIIOYATh K IIWHE MUTAHUSI HE
MPsIMO, a TOJBKO YEpPe3 pe3UucTop BeAWYnHON okono 1 kOwm (mocra-
TOYHO OJHOTO pe3ucropa Ha 20 BXOJ0B).
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Ha nenmonkmoueHHbIX Bxomax MukpocxeM TTJI dopmupyercs
HanpstkeHue okoyio 1,5—1,6 B, koTopoe MHOIA HA3bIBAIOT BUCSIYUM
noreHuuasioM. OOBIYHO 3TOT YPOBEHb BOCHPUHUMAETCS MUKPOCXE-
MOW KakK CUTHajl JIOTUYECKOW EIWHUIIbI, HO HAAESIThCS Ha 3TO HeE
crout. [loTeHiman, oOpas3yloluiics Ha HEMOIKIIOUYEHHBIX BXOIaX
mukpocxeM KMOII, MoXeT BOCHPUHUMATBHCSI MUKPOCXEMOU U Kak
JIOTUYECKUI HYJIb, W KaK JOoTUYecKasl eauHuIa. B 1o0om ciydae Bce
BXOJbl HaJ0 Kyda-TO MOAKJo4YaTh. HemoakitoueHHBIMU OIMyCKaeT-
cs1 ocTaBsATh TosIbKO Te BxoAbl (TTJI, a He KMOII), cocTosiHue ko-
TOPBIX B TAHHOM BKJIIOYEHUU MUKPOCXEMbI HE UMEET 3HAYEHUSI.

Brixoapl MUKpPOCXEM NPUHUIWIMUAIBHO OTJIMYAIOTCS OT BXOAOB
TE€M, YTO YYET NX OCOOEHHOCTE HEOOXOMUM /1aXe Ha MEPBOM U BTO-
POM YPOBHSIX MPEICTaBICHUSI.

CylIecTBYIOT TpU Pa3HOBUAHOCTM BBIXOAHBIX KacKaaoB, Cylle-
CTBEHHO Pa3IMYalolIMXCcs KakK Mo CBOMM XapaKTepUCTHUKAM, TaK U IO
001acTSIM IPUMEHEHUS:

* CTAHMAPTHBINA BBIXOJ WJIM BBIXOJ C IBYMSI COCTOSIHUSIMU (000-
3Havaetcs 2C, 2S wiu, pexe, TTJ, TTL);

* BBIXOJl C OTKPBITBIM KoJuieKTopoM (ob6o3Havaetcst OK, OC);

* BBIXOJ C TpeMsl COCTOSIHUSIMU WM (YTO TO XK€ caMoe) C BO3-
MOXHOCTBIO OTKII0UeHUs (o6o3Havaercs 3C, 35).

CrangapTHbiii Bbixon 2C MMeeT BCEro IBa COCTOSIHMS: JOruYe-
CKUIl HyJb W JIOTUYECKYIO €OWHUILY, IpU4eM 00a 3TUX COCTOSIHUS
aKTUBHBI, TO €CTh BBIXOAHbIE TOKU B 000uX 3TUX cocTtossHusx (IOL 1
IoH) Moryt mocrturaTh 3aMeTHBIX BeJMYMH. Ha mepBoM M BTOpOM
YPOBHSIX IPEICTaBACHUSI TaKON BBIXOA MOXHO CYMTATh COCTOSILIMM
M3 JBYX BBIKJIIOYATeNiell, KOTOpble 3aMbIKAIOTCSI II0 oOuepeau
(puc. 1.9), mpuyeM 3aMKHYTOMY BEPXHEMY BBIKITIOUATEIIO0 COOTBET-
CTBYeT JIOTMYEeCcKasl €AMHUIIA Ha BBIXOAE, a 3aMKHYTOMY HIDXKHEMY —
JIOTUYECKUIA HYJIb.

Brixong ¢ oTKpbIThIM KojuteKTopoM OK ToXe uMeeT ABa BO3-
MOXHBIX COCTOSIHUSI, HO TOJIbKO OJHO W3 HUX (COCTOSIHHE JIOTUYE-
CKOI'O HyJIsI) aKTUBHO, TO €CTh 00ecIieYMBacT OOJIbIION BTEKAIOLIWA
ToK IOL. BTOpoe cocTossHMe CBOAUTCS, MO CYTU, K TOMY, YTO BBIXOJ,
MOJIHOCTBIO OTKJIIOYAETCS OT IMPUCOCAMHEHHBIX K HEMY BXOJOB. DTO
COCTOSIHME MOXET MCIOJb30BaThCs B KAuyeCTBE JTOTMUYECKON eIUHU-
Lbl, HO IJisg 3Toro Mexay BbeixogoM OK u HamnpsckeHHeM IUTaHMS
HEeo0X0oAMMO IMOAKIIOUUTh Harpy3ouHblii pe3uctop R (Tak Ha3bIBaB-
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VPOBHSIX TIPENCTABICHHUS] TaKOW BBIXOI MOXKHO CYMTATh COCTOSIIIM
U3 OJHOro BbIKOUatens (puc. 1.9), 3aMKHYTOMY COCTOSIHUIO KOTO-
pOTO COOTBETCTBYET CHTHAJ JIOTUYECKOTO HYJISI, a pa30OMKHYTOMY —
OTKJTIOUEHHOE, TTacCCMBHOE cocTostHue. [IpaBma, OT BETWIMHBI pPe3u-
cTopa R 3aBUCHT BpeMsl TIepeKITIOYeHNS BBIXOAA U3 HYJISA B eIMHUILY,
YTO BAMSAET Ha 3amepXkKy tHL, HO TIpr 0GBIMHO MCITOJIB3YeMBIX HOMHU-
HajlaX pe3MCTOPOB 3TO HE CIIUIITKOM BaXXKHO.

Ucct UOC UOC I .

Broxog 2C Brixon 3C
Bixon OK

EZ

Puc. 1.9. Tpu Thna BeIX0A0B LU(MPOBBIX MUKPOCXEM.

Hakownen, Bbixoa ¢ TpeMs coctossHUsIMU 3C OYeHb MOXOX Ha
CTaHJAPTHBINA BBIXOA, HO K JABYM COCTOSIHUSIM NOOaBIsieTCS elle U
TpeTbe — TMACCHUBHOE, B KOTOPOM BBIXOI MOXHO CUWTaThb OTKJIIO-
YEeHHBIM OT Tocyeayloleir cxembl. Ha mepBoM U BTOPOM YPOBHSIX
MpeACTaBJIEHUSI TAKON BBIXOA MOXHO CUYUTAThb COCTOSIIUM W3 ABYX
nepekitovareneit (puc. 1.9), KOTopble MOTYT 3aMbIKAaThCSl MO OUYepe-
U, NaBasl JOTUYECKUI HYJIb M JIOTMYECKYI0 eIMHUILy, HO MOTYT, U
pa3MbIKaTbCsl OTHOBPEMEHHO. ODTO TPEeThe COCTOSIHUME HAa3bIBAETCS
Takke BBICOKOUMIIEAAHCHBIM WM Z-cocTosiHueM. Jlisi mepeBona
BBIXO/Ia B TPEThe Z-COCTOSIHUE MCMOJb3YeTCsl CIELMaTbHbIN YIpaB-
oyl Bxon, obo3HadaeMbelii OE (Output Enable — paspemnicHue
Beixona) mwinu EZ (Enable Z-state — pa3penieHue Z-COCTOSIHUSI, WU
TPETHEr0 COCTOSTHUS).

ITouemMy ke moMumo cTaHAapTHoro Bbixona (2C) ObLIM Mpenio-
keHsl eme aBa Tviia BeixomoB (OK u 3C)? [deno B TOM, YTO BHIXOMBI,
UMelolIe TTOMUMO aKTUBHBIX COCTOSIHUI €llle M MAaCCUBHOE COCTOSI-
HHUE, OYEHb YIOOHKI WISl O0beAMHEHUS UX MeXay coboil. Hampumep,
€CJIM Ha OJMH U TOT € BXOJ Haao IO ouyepenu MoJaBaTh CUTHAJBI C
nByX BbixomoB (puc. 1.10), To Beixomsl 2C Ij1s1 3TOTO He MOIXOIST, a
BoT Bbixonbsl OK 1 3C noaxondr.
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Puc. 1.10. O6benrHeHre BBHIXOOOB L(GPOBBIX MUKPOCXEM.

Ilpu ob6beamHeHMM OBYX Wi Gojiee BBIXOHOB 2C BITOJHE BO3-
MOXHA CHUTyallMis, TIPU KOTOPOM OIMH BBIXOI CTPEMHUTCS BBHIIATh
CHUTHAJl JIOTUYECKON eOWHWIIBI, a OPYroil — CHUTHaJ JIOTMYECKOTO
HyJs. JIeTKO 3aMeTUTh, YTO B STOM ClIydae depe3 BepXHUI 3aMKHY-
THI KJTIOY BBIXOZA, BBIHAIOIIETO eNWHUILY, W Yepe3 HIDKHHUM 3aMKHY-
THI KJTIOY BBIXONA, BBHITAIOIIETO HYJb, IOMAET HEIOIyCTUMO GOJb-
IO TOK KOPOTKOTO 3aMbIKaHU Ik3. DTo aBapWifHas CUTyalus, MpH
KOTOPO YpOBEHb IOJYYaeMOTO BBIXOTHOTO JIOTUYECKOTO CHUTHaja
TOYHO HEe OTmpeAesieH, OH MOXET BOCIPUHUMATBLCS IOCCTYIOITNM
BXOIIOM M KaK HYyJIb, M KaK ennHUIA. KOHGIMKTYIONNE BEIXOIBI MO-
TYT JaXke BBIUTU M3 CTPOSI, HapyIIMB paboTy MUKPOCXEM M CXEMBI B
IIEJIOM.

3aro B ciaydae obObemuHeHMS ABYX BbIXomoB OK Takoro KoH-
(IMKTa B MpUHITUTIE TIPOU30UTH He MoXeT. Jlaxke eciu KITioY OTHOTO
BBIXOJA 3aMKHYT, a JPYTOro pa3oMKHYT, aBapHiTHON CUTyalluu He
TIPOM30IeT, TaK KaK HEIOIyCTUMO OOJBIIIOrO TOKa He OymeT, a Ha
00BeIMHEHHOM BBEIXOIE OyIeT CHUTHAJ JIOTMYECKOTo Hymd. A TpH
00bemMHeHNU OBYX BBIXOmoB 3C aBapuifHasl CHUTYallusI XOTS M BO3-
MOXHa (ecu oba BBIXOIA OXHOBPEMEHHO HAXOMSTCS B aKTHBHOM
COCTOSTHUM), HO €€ JIETKO MOXHO TPEIOTBPAaTUTh, €CIM OPTaHM30-
BaTh CXeMy TaK, YTO B aKTMBHOM COCTOSTHMM BCerma OymeT Haxo-
IATHCST TOJIBKO OMWH U3 00beTIMHEHHBIX BEIX0H10B 3C.
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OObenMHEHNE BBIXOOOB ITM(MPOBBIX MHUKPOCXEM COBEPIIEHHO
HEOOXOIMMO TaKKe TpH IMMHHON (MJIM, KakK eIlle TOBOPSAT, MarmcT-
paJbHOM) OpraHM3alu CBSA3e MeXITy ITH(GPOBEIMH YCTPONCTBAMU.
IlInHHas opraHM3anns CBA3CH MMPUMEHSETCST, HallpuMep, B KOMITbIO-
Tepax, APYTruX MUKPOMpPOlecCOpHbIX cucteMax. CyTh ee CBOIUTCS K
CIIeMYIOIIEMY .

Verpoiterso 1 Verpoiictaoe 2

Verpoiictso 3 Yerpoiicrso 4

Puc. 1.11. Kitaccuueckast opraHM3aLus CBSI3C.

IIpu knaccudeckoit opraHm3aunu cBsa3eid (puc. 1.11) Bce curHa-
JIbl MEXIY YCTPONCTBAMU TepefaroTcs Mo CBOMM OTIEIbHbIM JIUHU-
aM (mmpoBonmam). Kaxmoe ycTpoiicTBO mepenaeT CBOM CUTHAJIbI BCEM
IPYTMM YCTPOWMCTBaM HE3aBUCUMO OT IPYruxX YCTpoilcTB. B aTom
cilydyae OObIYHO TOJIyyaeTcsl OYeHb MHOIO JIMHUI CBSI3U, K TOMY Xe
MpaBwia 0OMeHa CUTHaJaMU 10 3TUM JMHUS (MM MPOTOKOJIbI 0OMe-
Ha) Ype3BblYaliHO pa3HOOOPA3HHbI.

YcrpoiictBo 1 | YerpoiictBo 2 | YerpoiictBo 3 | YerpoiictBo 4

Puc. 1.12. lllunHast opraHn3anus CBS3Cid.

Ipu mmHHON opraHu3amy cBsa3e (puc. 1.12) Bce cUTHABI Me-
KTy YCTPOMCTBAMM TiepenaroTes MO0 OTHUM M TeM Ke JTUHHSAM (IIpo-
BOIaM), HO B pa3HBIE MOMEHTBI BpeMeHHU (3TO Ha3BIBAeTCS BpEeMEH-
HBIM MYJIBTUIUIEKCUPOBaHNEM). B pe3syibTare KOMWYECTBO JTWHUI
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CBSI3W PE3KO COKpalllaeTcsl, a MpaBujia OOMEHa CUrHajlaMu CYIIeCT-
BeHHO yrpoulatorcs. ['pynna quHui (CUTHAJIOB), UCIOIb3yeMasl He-
CKOJILKUMU YCTPOWCTBaMU, KaK pa3 M Ha3biBaeTcs 1UHOMN. [ToHSITHO,
YTO 0OBEAUHEHUE BBIXOJOB B 3TOM CJyyae COBEPILIEHHO HEeoOXOmM-
MO, Belb KaxIOoe€ YCTPONCTBO HOJIKHO MMETb BO3MOXHOCTb Bblaa-
BaThb CBOI cUrHaj Ha 001y JiMHKUI0. K HegocTaTkaM IIMHHOM opra-
HU3allMM OTHOCHUTCSI MpeXIe BCero HeBbicOKas (M0 CPaBHEHUIO C
KJIacCUYeCKOi CTPYKTYpOil CBs3eli) CKOpOCTh OOMEHa CUTHaJlaMU.
ITpu OpocThIX CTPYKTYpax CBSI3W IIMHHASI OpraHU3alusi MOXeT ObITh
U30BITOYHA.

Ho BepHeMcs K TUITaM BBIXOIOB HU(PPOBBIX MUKPOCXEM.

Ha Tperbem ypoBHe mpencTaBieHus (jeKTpuueckass MOJIesb)
HEoOXOAMMO YXe YUYUTbIBaTh, 4YTO BBIXOAHBIE KMouu (puc. 1.9)
MPEACTaBISIIOT CO00I He MpOCTbie TyMOJiephbl (KaK Ha MEPBbIX ABYX
YPOBHSIX TIPEACTABICHNsI), a TPAH3UCTOPHBIE KJIIOUU CO CBOUMU CIIe-
udbudeckumMu napamerpamu. OnHako B OOJBIIMHCTBE CIyyaeB I10C-
TaTOYHO 3HaTh, KaKOW TOK MOXET BbIAaTh JAHHBIA BBIXOI B COCTOSI-
Huax Jjorndeckoro Hynd (1, ) Y normueckoit enuHuus (Ion). Benu-
YUHBI 3TUX TOKOB HE JOJKHBI IMPEBbIIIATh CyMMbl TOKOB BCEX BXO-
JIOB, TTIOAKIIOUEHHBIX K JaHHOMY Bbixo#dy (coorBeTcTBeHHO IIL, 1 ITH).
KonnuectBo BX0A0B, KOTOpOE MOXHO MOAKIIOUNTH K OMHOMY BBIXO-
Iy, ompenensieT Kod(h@UIIMEHT DPa3BETBACHUS WM Harpy304YHYIO
CMOCOOHOCTh MUKpOCXeMbl. CyIIECTBYIOT MUKPOCXEMbI C OOBIYHOM
Harpy304HON CIMOCOOHOCTBIO M C TOBBIIIEHHOW HAarpy304HO#l cro-
cobHOCTBIO (OoblIe OOBIYHONI B ABa pa3a u 6osee). Beixomsr 3C,
KakK MpaBUJIO, UMEIOT MOBBILIEHHYI0 HAarpy304HYyl0 CIOCOOHOCTH (TO
eCTh obOecIieunBaloT OoJblIne BhIXoAHBIe TOKM). Beixomsl 2C u OK
MOTYT OBbIThb KaK C OOBIYHOW, TaK W C TMOBBIIIEHHON HArpy304HOM
CIIOCOOHOCTHIO.

Ha Ttperbem ypoBHe mnpencTaBieHus (3jeKTpuueckas MOJIesb)
HEOOXOMMMO TaKXKe YUMTHIBATh BblIaBAEMbIE BBIXOJIOM MUKPOCXEMbI
BEJMYMHBI BBIXOJHBIX HaNpsiKeHUit UOL U UOH. BbIXoAbl OK moryt
OBITH pacCUMTaHbl KaK Ha OObIYHOE BBIXOAHOE HAIpsSLKEHUE JToThye-
ckoii equauibl (UOH = Ucc = 5 B), Tak 11 Ha OBHIIIIEHHOE HaTIpsDKe-
Hue Joruyeckoit enuHuiibl (1o 30 B). B mocienHeM ciydyae BHelll-
HUI pe3ucTop 3Toro Bbixoda (cM. puc. 1.9) momkiatoyaercs K UCTOY-
HUKY TTOBBIIIIEHHOT'O HAMPSIXKEeHUS.

TonbKO B CIOXHBIX Cly4yasix, HallpMuMep Npu MepeBoje Joruue-
CKOTro 3JIeMeHTa B JIMHEeUHBbIN peXXuM 3a cYeT OOpaTHBIX CBSI3ei, Hy-
KEH y4eT APYTMX MapaMeTpOB BXOMHBIX M BBIXOOHBIX KackamoB. Ho
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B OTHUX PEAKHUX CIydyasiX ropasao IIpoue M HaJCXKHEC HEC CUUTATb HU-
9Yero camMoMy, a BOCHOJIb30BAaThCsl CTAHAAPTHBIMU CXeMaMU BKJTIOUE-
HUSI MUKDPOCXEM WM TOA00paTh PeXMMBbI PabdOThl M HOMMHAJIbI
BHEIITHUX 3JIEMEHTOB (PE3MCTOPOB, KOHAEHCATOPOB) HEMOCPEACT-
BEHHO Ha MakeTe IMPOEeKTUPYEeMOro ycTpoiictBa. B ormimume ot pac-
YeTOB TaKOM TMOAXOH JACT ITOJHYIO TapaHTHIO PabOTOCIIOCOOHOCTH
BBIOPAHHOTO PEIIEHUSI.

[1.4. OcHOBHBIE 00O3HAYEHUSI HA CXeMay

Hns uzo0paxeHusT 2JIEKTPOHHBIX YCTPOMCTB U MX Y3JIOB MPUMEHSIET-
Cs1 TPM OCHOBHBIX THUTIA CXEM:

* IIpUHLMMMAIbHAS CXeMa;
* CTPYKTYpHas CXeMma;
* (byHKIIMOHAJIbHAS CXEMa.

Paznuuarorcsa atu TpU BUga CX€M CBOMM Ha3HaA4Y€HHEM M, CaMOC€
rJIaBHOE, CTEIEeHBIO JeTalN3aluy U300pakeHUST YCTPOUCTB.

IIpuHuunuanpHass cxemMa — 3TO Haubojiee TOAPOOHAs cxema.
OHa 00s3aTeJIbHO TMOKAa3bIBa€T BCE MCIIOJb30BaHHBIE B YCTPOMCTBE
QJIEMCHTBI 1 BCE€ CBA3U MEXKIY HUMMU. Eciu cxema CTPOUTCSI Ha OC-
HOBE MMHMKPOCXEM, TO IOJIXKHBI OBITH ITOKAa3aHBbI HOMEpa BBIBOIOB
BCEX BXOOOB M BBIXOJOB 3THUX MUKPOCXEM. an/IHLlI/IHI/Ia.HbHaﬂ cxXema
JIOJKHA TIO3BOJISITH TOJTHOCTBIO BOCIIPOM3BECTH YCTpoiicTBo. O00-
3HAYCHMS TTPUHIIUMITMAIBHOM cXeMbl HanmboJiee XKeCTKO CTaHAapTH30-
BaHBI, OTKJIOHEHUS OT CTAHAapTOB HE PEKOMEHIYIOTCS.

CTpyKTypHasi cxema — 3TO HaMMeHee IoapoOHasi cxema. OHa
MpenHa3HaYeHa IS OTOOpakeHMs OOIel CTPYKTYpHI YCTPOMCTBA,
TO €CTh €r0 OCHOBHBIX OJIOKOB, Y3JIOB, YacTeii M TIJIaBHBIX CBs3eii
Mexay Humu. M3 CTpyKTYpHOI CXeMBbl IOJKHO OBITh MOHSTHO, 3a-
YeM HYXHO JaHHOE YCTPOMCTBO, M UTO OHO JIeJIaeT B OCHOBHBIX pe-
JKMMax paboThl, KaK B3aMMOIEHCTBYIOT ero dacTu. OO0o3HaueHUS
CTPYKTYPHOM CXE€MBI MOTYT OBITh JOBOJIbHO TPOU3BOJBHBIMU, XOTS
HEKOTOPKBIC O6LLlerI/IH$ITbIe IpaBUJia BCE-TaKU JIYYII€ BBINTOJTHATD.

DyHKIIMOHAJIBHASI CXeMa NpPEeACTaBIsIeT. CO00i TUOpUI CTPYK-
TYpHOI M TNpUHUMIIMAIBHON cxeM. HekoTopsle Hambosiee IMpoCThie
OJIOKM, Y3JIbl, YaCTH YCTPOMCTBA OTOOpakaloTcsl Ha Hel, Kak Ha
CTPYKTYPHOM CXEME€, a OCTAJIbHbIE — KaK Ha NMPUHUMUIUAAIBHON CXxe-
Me. DyHKIMOHAIBHAS CXeMa MO3BOJISIET TTOHSTh BCIO JIOTUKY PabOTHI
YCTpOMCTBa, BCE €ro OTIWYMS OT APYTUX MOJOOHBIX YCTPOMCTB, HO
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HE T03BOoJIsIeT 0e3 JOMOJTHUTENIbHON CaMOCTOSTETbHOM paboThl BOC-
MPOM3BECTU ITO YCTPOUCTBO. YUTO KacaeTcsi 0003HAYeHUM, UCITOJb-
3yeMbIX Ha (DYHKIIMOHAJbHBIX CXeMaxX, TO B YacCTH, MOKa3aHHON KakK
CTPYKTypa, OHM HE CTaHAapTU30BaHbI, 4 B YaCTH, MOKa3aHHOM, KaK
MPUHLIMITHAIbHAS CXEMa, OHU CTaHAapPTU30BaHBbI.

B TexHuyeckoil JOKyMEHTaLMK OO0s3aTeJIbHO MPUBOAUTCS CTPYK-
TypHasi win (pyHKIMOHAIbHASI CXeMa, a TakkKe 00s13aTeJIbHO TpPUH-
LMITAaJIbHAsI cxeMa. B HaydHBIX CTaThsIX M KHUTaX 4Yallle BCEro orpa-
HUYMBAIOTCSI CTPYKTYPHOU WM (PYHKIMOHAIBHOW CXEMOM, MTPUBOIS
TIPUHIIMITUATIBHBIE CXEMBbI TOJIbKO HEKOTOPBIX Y3JI0B.

A Temepb pacCMOTPUM OCHOBHBIC O0O3HAUYECHMSI, MCIIOIb3yeMbIe
Ha CXeMax.

Bce y3mbl, 0JI0KM, 9aCTH, 2JIEMEHTHI, MUKPOCXEMbI TTOKA3bIBAIOT-
¢Sl B BUJIE TIPSIMOYIOJIbHUKOB C COOTBETCTBYIOIIMMM HanmucsMu. Bee
CBSI3W MEXITYy HUMM, BCE TepelaBaeMble CHUTHAJIbl IMOKa3bIBAIOTCS B
BUIIe JTUHUMN, COCOUHSIONIMX 3TU IPSIMOYroJbHUKU. Bxombsl M BxO-
TIb1/BBIXOIBI HOJIKHBI OBITH PACIIOJIOXKEHBI Ha JIEBOM CTOPOHE MpPSIMO-
YTOJIbHUKA, BBIXOAbI — Ha IPaBOil CTOPOHE, XOTSI 3TO MPABWJIO YacTo
HapyllIalT, Koraa HeoOXOAUMO YIPOCTUTh PUCYHOK cXeMbl. BBIBOIBI
U CBSI3M MUTAHMSI, KaK IMPaBWIO, HE TTOKA3bIBAIOT, €CIM, KOHEYHO, He
WCTIONB3YIOTCSl HECTaHAAPTHBIC BKIIOYEHUS 3JIEMEHTOB CXEMBI. IDTO
camMble OOIIIMe TTpaBuiIa, Kacaroluecs JIOObIX CXeM.

IIpexne yem mepeiiTu K Oojiee YaCTHBIM IIpaBWiIaM, Hajao aTh
HECKOJIBKO OTIPELICIEHU.

ITosoKuTEMBbHBIA CUTHAJ (CUTHAI TTOJIOXKUTEIbHON MOJISIPHOC-
TH) — 3TO CUTHAJ, aKTUBHBIA YPOBEHb KOTOPOTO — JIOTMYECKasl
eIMHUIIA, TO €CThb. HyJIb — 3TO OTCYTCTBME CUTHaJla, €AWHUIIA —
curHan npuien (puc. 1.13).

TlonoxuTenbHEi CHIHAN

naccHpHbLt /AKTEBHEL

(uynesoii) /(eAuHmHLIE) YPORERE /' (irymemoit)
YpOBCHE YPOBEHE YpOBEHE
nepernii sagHuH oepenuuk saEui
(DONOXMTENLHELL) (OTPHITENEHEDE)  (OTpuUATEmHK)  (TOAOKHTENEHIN)
dpour {porr dpont dpoat

Puc. 1.13. DneMeHTH 1TM(pPOBOTO CUTHAJIA.

2 - 4589
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OTpunare/ibHblid CHTHAJ (CUTHaJ OTPUIIATEBLHONM MOJSIPHOC-
TU) — 3TO CUTHAJ, aKTUBHBIM YPOBEHb KOTOPOTO — JIOTMYECKUI
HyJIb, TO €CTb: €IMHULIA — 3TO OTCYTCTBUE CUTHAJIA, HYJb — CHUTHAI
npuiien (puc. 1.13).

AKTHBHBI YPOBEHb CUTHAJIA — 3TO YPOBEHb, COOTBETCTBYIO-
UM MPUXOAY CUTHAJA, TO €CTh BBIMOJHEHUIO 3TUM CUTHAJIOM COOT-
BETCTBYIOLLEN eMy (DYHKILIMU.

ITaccuBHBI YPOBEHb CUTHAJIA — 5TO yPOBEHBb, B KOTOPOM CUT-
HaJl He BBIMOJIHSET HUKAKOU (DYyHKIIVU.

NuBepTHpOBaHUe WM MHBEPCHUS CUTHAJIA — 3TO U3MEHEHUE
€ro MOJISIPHOCTH.

MuBepcHbIil BbIX0A — 3TO BBIXO[, BBbIAAIOIIWI CUTHAJI MHBEPC-
HOW MOJISIPHOCTH O CPABHEHUIO C BXOJHBIM CUTHAJIOM.

IIpsamMoii BBIXOI — 3TO BBIXOH, BBIJAIOLIMA CUTHaJI TaKOU Ke
MOJISIPHOCTH, KaKyl0 UMEET BXOAHOM cUTHaJ.

IMonoxuTeabHBIA (POHT CUTHANA — BTO MEPEXOo[] CUTHajla U3
HyJIs1 B €AVHULLY.

OTpunarenbHblii GpPoHT curHaaa (cmam) — 3TO TIEPexo]I CUT-
HaJla U3 eIMHULbI B HYJb.

Ilepennnii ¢ppoHT curHana — 3TO Mepexol CUTHajla U3 IMac-
CUBHOTO YPOBHSI B aKTUBHbBI YPOBEHbD.

3annuii PPOHT CUrHAJIA — ITO MEPEeXo] CUTHaIa U3 aKTUBHOTO
YPOBHSI B MIACCUBHBIN YPOBEHb.

TakToBblii CUTHAJ (MJIM CTPO0) — YIIPABISIONINI CUTHAJ, KO-
TOPBI ONpeaessieT MOMEHT BBIMIOJHEHUS DJIEMEHTOM WJIM Y3JIOM €ro
byHKIIMN.

IIMuna — rpynmna curHajgoB (MU COOTBETCTBYIOLIMX (PU3UYECKUX
JIMHUN TepeJayu 3TUX CHUTHAJIOB), OOBbEAMHEHHBIX IO KaKOMY-TO
npuHuuny. HanpuMep, HIMHON Ha3bIBalOT CUTHAJIbI, COOTBETCTBYIO-
1IMe BCEM pa3psilaM KaKoro-TO ABOMYHOTO KOJa.

st 0603HaYeHUS TOJSIPHOCTH CUTHAJIa Ha CXeMax MCITOJIb3yeT-
csl TIPOCTOE MPABUJIO: €CJIM CUTHAJ OTPUIIATEJIbHBIN, TO Tepen ero
Ha3BaHUEM CTaBUTCS 3HAK MMHYC, Hampumep, —WR umm —OE, wim
Ke (pexe) Han Ha3BaHMEM CHUTHajla cTaBUTCST 4epTa. Ecim Takumx
3HAKOB HET, TO CUTHAJ CYMTACTCS TMOJOXUTEIbHbIM. I Ha3BaHWIA
CHUTHAJIOB OOBIYHO WCIOJIB3YIOTCSI IATUHCKUE OYKBBI, MPEACTABIISIO-
e coboi cokpalieHus aHmmickux cioB. Hampumep, WR — cur-
Ha 3anucu (ot Write — mmcarh).
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HMuBepcust curHama ob6o3HayaeTcsi KPY>KOYKOM Ha MecTe BXOona
nau Bbixoga. CylIecTBYIOT MHBEPCHbBIE BXOIBI U MHBEPCHBIE BBIXOIBI
(puc. 1.14).

Ecnu kakasi-To MMKpocXeMa BBITIOJTHSIET (PYHKIMIO MO (hPOHTY
BXOJHOTO CUTHAaJIa, TO Ha MeCTe BXOIa CTaBUTCS Kocas uepTa (o
yrioM 45°), mpudeM HaKJIOH BIIPABO WJIM BJIEBO OIPEACISETCS TEM,
KaKoi (DPOHT — MOJOXUTEIbHBIA I OTPULATEbHBIA — UCITOIb-
3yeTcs B JaHHOM ciydae (puc. 1.14).

Mukpocxema
[Ipsimble BXOABI [IpsiMble BbIXOIIBI
] [
WHBepcHbIE BXOBI M HBepcHbIE BHIXOBI
LS Boixon 3C
¢ Bbixon OK

Bxon, paborarormii

IO MOJIOKUTETbBHOMY (DPOHTY
Bxon, paboraroiuit
M0 OTpULATeIbHOMY (DPOHTY

Puc. 1.14. O6o3HaueHNEe BXOJOB U BBIXOJOB.

Tun BbIXOma MUKPOCXEMBI TTOMEUYAETCs CIIEelIMaIbHbIM 3HAUKOM:
Bbixoa 3C — mepedyepKHYThIM poMOoM, a Bbixog OK — momuepkHy-
TeIM poMOOM (puc. 1.14). CtanmaptHbsiii Beixon (2C) HMKaK He IO-
MeyaeTcsl.

HakoHel, ecim y MUKpPOCXeMbl HEOOXOOMMO MOKa3aTb HEWH-
¢opMalIMOHHBIE BBIBOIIBI, TO €CTh BHIBOJABI, HE SIBJISIIOIIMECS HU JIO-
TMYECKUMU BXOJaMM, HU JIOTUYECKUMM BBIXOJAMM, TO TaKOW BBIBOI
ToMeyaeTcs KOChIM KpPeCTOM (IBe IEpIeHAMKYISIPHbIE JIMHUU TIOf
yriaom 45°). DTo Moryt ObIThb, HAllpMMEpP, BBIBOABI IJIsI IMOIKIIOYE-
HMSI BHEIIIHUX 2JIEMEHTOB (PE3UCTOPOB, KOHAEHCATOPOB) WU BBIBO-
Ibl IuTaHus (puc. 1.15).

B cxeMax Takxke MpeaycMaTpUBalOTCs crelMaibHble 00O3Haye-
HUs i e (puc. 1.16). Ha cTpyKTypHBIX M (YyHKIIMOHAJIBHBIX
cxeMmax IIMHBI 0003HAYaroTCs TOJCTHIMU JIMHUSAMU WU ABOWHBIMU
CTpeJKaMM, TIpUYeM KOJUYEeCTBO CUTHAIOB, BXOISIIMX B IIMHY, yKa-
3bIBAETCS PSIOM C KOCOI 4epTol, Inepecekaroiieil muHy. Ha mipun-
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LIUMHAAJIBbHBIX cXeMaX IIIMHA TOXe O00O03HadaeTcsl TOJICTOM JIMHUEH, a
BXOJISIINE B IIIMHY W BBIXOISIINAE M3 IIMHBI CUTHAJIBI ITOKA3bIBAIOTCS
B BUIE TEPICHINKYISIPHBIX K IIMHE TOHKUX JUHUN C YKa3aHUEM UX
HoMepa iy HasBanus (puc. 1.16). Ilpu mepemaye Mo IMMHE JBOMY-
HOIo KOJia HyMepalusi HaUMHAEeTCsl ¢ MJIAAIIEro pa3psaa Koaa.

I

Puc. 1.15. O6o3HaueHe HeMH(MOPMAIIMOHHBIX BHIBOJIOB.
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Puc. 1.16. OGo3HaueHUe IIUH.

IIpy u300pakeHUH MMKPOCXEM WCIIOJIB3YIOTCS COKpallleHHbIE
Ha3BaHUs BXOJOHBIX M BBIXOAHBIX CUTHAJIOB, OTpaXXarolmue MX (I)YHK-
1110, DTU Ha3BaHUS PACIOJaraloTcsl Ha PUCYHKE PSIIOM C COOTBET-
CTBYIOLIMM BBIBOAOM. Takke Ha M300pak€eHMU MMKDPOCXEM YyKa3bl-
BaeTCsl BBINOJHSEMasd UMM (YHKIUS (OOBIYHO B ILIEHTPE BBEPXY).
I/I3o6pa>1<eHMe MUKPOCXEMBbI MHOIJa OCJIAT Ha TPpU BEPTUKAJIBbHBIX
noJjisi. JleBoe 1mosie OTHOCUTCS K BXOAHBIM CHUTHAJIaM, IIpaBoe — K
BBIXOAHBIM CUTHajaM. B 1leHTpajibHOM I0Jie TTOMEIAloTCsl Ha3BaHUe
MMKPOCXeMbl M CUMBOJIbI €e ocoOeHHocTel. HeumHdbopmalnoHHbIe
BBIBOJBI MOTYT YKa3bIBaTbCsd KaK Ha JIEBOM, TaK M Ha ITpaBOM IIOJIC,
WHOTJA MX TOKa3bIBAIOT Ha BEpXHEW WJIM HMXXHEW CTOPOHE IpPsSIMO-
YTOoJbHMKA, M300paXxalolero MUKpocxemy.

B 1abn. 12 mpuBegeHB HEKOTOpBIE HAMOOJEe YacTO BCTpedalo-
muecss 0003HAYEHUSI CUTHAJIOB M DYHKIMI MUKpocxeM. MuKpocxe-
Ma B 1ieJIoM obo3HavaeTcs Ha cxeMax oOykBamu DD (oT aHmmiickoro
Digital — 1udpoBoii) ¢ COOTBETCTBYIOIIUM HOMEPOM, HaIpUMep
DDI1, DD20.1, DD38.2 (11ocjie TOYKM YKa3bIBaeTCsI HOMED dJIEeMEHTa
WU y3J1a BHYTPU MUKPOCXEMHBI).
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Taomma 1.2. HekoTopble 0603HaYeHUsI CUTHATOB Y MHKPOCXEM

O6o3HayeHue HazBanue Hasnauenue
& And Onement U
| Exclusive Or Anement Uckmoyatoiee UJIN
1 Or Anement UJIN
A Address AIlpecHbIe pa3psiibl
BF Buffer Bydep
C Clock TakrtoBblii curHai (cTpod)
CE Clock Enable Pa3zpernieHue TakTOBOro curHasia
CT Counter Cyetynk
CS Chip Select Bob160p MHKpOCXeMBbI
D Data Pa3psiabl naHHBIX, TaHHBIC
DC Decoder Hewmmdparop
EZ Enable Z-state PazpelieHue TpeTbero COCTOSIHUS
G Generator I'eneparop
I Input Bxon
1/0 Input/Output Bxon/Bbixon
OE Output Enable Paspenrenne Bbixoma
MS Multiplexer MynbTuIiekcop
Q Quit Beixox
R Reset Copoc (ycTaHOBKa B HYJIb)
RG Register Peructp
S Set YcTaHOBKA B €IMHUILY
SUM Summator CymMmaTop
T Trigger Tpurrep
TC Terminal Count OKoHuaHue cyeTa
Z Z-state TpeTbe cocTosiHME BbIXOZA

bonee nonHas Tabaviia 0003HAYEHU CUTHAJIOB U MUKPOCXEM, HC-
ITOJIB3YEMbBIX B ITPUHIMIINAJIbHBIX CXEMaX, ITPUBCICHA B an/IHO)KeHI/II/I.

[1.5. Cepuu impoBBIX MUKPOCXEM

B Hacrosiiee Bpemsi BBINYCKA€TCSl OTPOMHOE KOJIMYECTBO Pa3HOOO-
Pa3HbIX HMMPOBBIX MUKPOCXEM OT ITPOCTEUIIMX JIOTUYECKUX 3IEMEH-
TOB 10 CJIOXXHEWILIUX MPOLIECCOPOB, MUKPOKOHTPOJUIEPOB M CIelra-
mm3upoBaHHbIX BC (6oablINX MHTErpabHBIX MUKpPOCXeM). Boimyc-
KOM 1IM(hpOBBIX MUKPOCXEM 3aHMMAETCsI MHOXECTBO (hUpM Kak y Hac
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B CTpaHe, Tak M 3a pybexoM. [losTomy maxe KmaccuUKaLUs 3THX
MMKPOCXEM TPEeICTaBIsIeT CO00i JOBOJIBHO TPYAHYIO 3a1auy.

OnHako B KavecTBe Gasuca B LIMGPOBOM CXEMOTEXHHMKE ITPUHSITO
paccMaTpyBaTh KJIaCCUYECKMI HAbOp MMKPOCXEM MaJloi W CpemaHei
CTeNeH! MHTerpaliiy, B oCHOBe KoToporo jexat TTJI cepuu cemeiicTa
74, BBIMyCKaeMBbIe yKe HECKOJIbKO IECATWIICTHI PSaoM (UpM, HapH-
Mep amepukaHckoit pupmoit Texas Instruments (TIT). D1tu cepum BKIo-
4aloT B ce0sl (PYyHKIIMOHAIBHO TMOJIHBIN KOMILIEKT MUKPOCXeM, UCIIOJb-
3ysl KOTOPBIi MOXXHO CO3[aBaTh CaMble pa3HbIe LIUMPOBBIC YCTPOICTBA.
Jlaxe Mpy KOMITBIOTEPHOM MPOEKTUPOBAHUUA COBPEMEHHBIX CIIOXKHBIX
MHUKpPOCXeM ¢ TiporpamMmmupyemMoit torukoii (ITJIMC) npumensioTess Mo-
JIeIM TIPOCTEHIIINX MUKPOCXEM 3THX cepuii cemeiictBa 74. Ilpu stoM
pa3paboTUMK PUCYET Ha BKpaHe KOMITBIOTEpa CXeMY B IMPUBLIYHOM ISt
HEro SJIEMEHTHOM 0a3uce, a 3aTeM IporpaMma CO3[aeT TPOIIMBKY
TTJIM C, BBITTOTHSIONIYIO TPeOyeMyTo (DYHKIIHIO.

Kaxpast MukpocxeMa cepuii cemeiictBa 74 mMeeT cBoe 06GO3Ha-
YyeHHUe, U CUcTeMa 0003HAYEHUI OTEYECTBEHHBIX CEPUIl CYIIeCTBEH-
HO OTJIMYAETCS OT MPUHSITON 3a pyOeskoM. .

SIN 74 LS XX l\%T
Wnentudukarop Kon tuna
bupMbI Kopryca
TemmepatypHbIii Tur MUKpoCXeMBI
QIaria3oH (CEMEeMCTBO) Wnentudukarop

Kon cepun CIICIIMAJIbHOTO TUTIa

Puc. 1.17. Cuctema o6o3HayeHuit pupmel Texas Instruments.

B kxadectBe mpumepa pacCMOTPUM CHUCTeMy O0O3HaueHWI (up-
Mmbl Texas Instruments (puc. 1.17). I[TonHoe 0603HaYEHNE COCTOUT U3
IIECTU 3JIEMEHTOB:

1. Hpentudukartop ¢upmbl SN (mrs cepuii AC 1 ACT orcyTcTByer).
2. TewmrmepaTypHblii 1Mama3oH (TUIT CEMECTBA):
* 74 — KOMMepYecKne MHKPOCXeMbl (TeMIlepaTypa OKpYXKalo-
mei cpenbl migd OMMOMSIPHBIX MUKpocxeM — O..70°C, mig
n KMOIT mukpocxem 40...+85°C),
* 54 — MuUKpocxeMbl BOGHHOTO Ha3HaueHWs (TeMriepaTrypa OK-
pyKaromen Cpeabr 55...+125°C).
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3. Kox cepum (1o Tpex CMUMBOJIOB):

* OrcyrctByer — crangaptHas TTJI cepus.

* LS (Low Power Schottky) — Mmamomomnast cepus TTJILLL.

* S (Schottky) — cepust TTJILII.

* ALS (Advanced Schottky) — ymyumrennas cepus TTJIII.

* F (FAST) — OsicTpas cepus.

« HC (High Speed CMOS) — BricokockopocTtHast KMOII cepusi.

* HCT (High Speed CMOS with TTL inputs) — cepusg HC, cos-
MmecTtumas 1o Bxoay ¢ TTJI.

* AC (Advanced CMOS) — ynyuymennas cepuss KMOII.

* ACT (Advanced CMOS with TTL inputs) — cepus AC, cos-
Mmectumas 1o Bxony ¢ TTJI.

* BCT (BiCMOS Technology) — cepusa ¢ buKMOII TexHoio-
TUCU.

* ABT (Advanced BiCMOS Technology) — yiy4ieHHast cepust
¢ bBuKMOII texHonorueii.

« LVT (Low Voltage Technology) — cepusi ¢ HU3KMM Hamps-
>KeHUEM ITUTaHUsI.

HNnentudukarop crenuaibHoro Tuma (2 cuMMBOJIa) — MOXKET OT-
CYTCTBOBATb.

5. Twum muxpocxemsbl (OT AByx 1o 1ectu 1uudp). IlepeyeHb HEeKOTO-
PBIX TUIIOB MUKpOCXeM IipuBeacH B [IpunoxeHun.

6. Kox tuma xopmyca (0T OZHOTO IO ABYX CUMBOJIOB) — MOXKET OT-
cyrctBoBaTh. Hampumep, N — rmuractMaccoBblii koprryc DITL
(DIP), J — xepamuueckuii kopnyc DIL (DI1C), T — mnockuit
METATMYECKUI KOPITyC.

IMpnmepsr o6o3HaueHmit: SN74ALS373, SN74ACT7801, SN7400.

OrtedecTBeHHass cUCTeMa OOO3HAYEHWI MUKPOCXEM OTIMYAETCSI
OT PacCMOTPEHHOI MOBOJBLHO cymiecTBeHHO (puc. 1.18). OcHOBHBIE
5JIEMEHTHI 0003HAYEHUST CIIeIYIOIIue:

1. Byksa K o0603HayaeT MUKPOCXEMBI IIUPOKOTO TTPUMEHEHUSI, IJIst
MMKPOCXEM BOEHHOTO Ha3HAaYeHUsI OyKBa OTCYTCTBYET.

2. Twum Kopmyca MUKPOCXeMbI (OJUH CUMBOJI) — MOXET OTCYTCTBO-

Bath. Hampumep, P -— macTtMaccoBblif Kopriyc, M — Kepamuye-

CKUIi Kopiryc, b — GeckoprycHass MUKpocxeMa.

Homep cepnut MukpocxeM (OT TpeX J0 YeThIpex mudp).

4. ®OyHKIUSI MUKPOCXEMBI (IBe OYKBBHI).

(98]
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5. Homep mMuxpocxemsl (0T ogHOIi Ao Tpex uudp). Tadmua GyHK-
LIMIA 1 HOMEPOB MUKPOCXEM, a Takxke TabJMla UX COOTBETCTBUS
3apy0OekHbIM aHajoraM TMpuBeaeHbl B [1puioxeHnH.

I

ObnacTs

OPHMCHCHHNA
i Trm kopiyca
Homep cepun DyHKUAS MBEKPOCXEMH

Howep MukpocxeMur

Puc. 1.18. O603HaUYeHMNST OTEUECTBEHHBIX MUKDPOCXEM. R

ITpumepst o6o3HaueHmit: KP1533JIA3, KMS531MEL7, KP155411P47.

I'maBHOe JOCTOMHCTBO OTEYECTBEHHOW CHCTeMbl O0O3HAUeHU
COCTOUT B TOM, YTO MO OOO3HAYEHMIO MUKPOCXEMBI MOXHO JIETKO
MOHATh ee (yHKIMIO. 3aTo B cucTteMe obo3HaueHuit Texas Instru-
ments BUAEH TUI CEPUU C €0 OCOOEHHOCTSIMM.

Yewm oTimyaeTcsl ogHa cepusi OT Apyroi?

Ha nepBoM ypoBHe mpeicTaBiieHUs (JJorhyeckasi Moleb) CEpuu
He pasznuyaroTcsi HuueM. To ecTh OAMHaKOBbIE MUKPOCXEMbI Pa3HbIX
cepuii paboTaloT MO0 OMHUM M TeM Xe TabuiiaM UCTUHHOCTU, O O
HUM U TeM Xe airoputMaM. [lpaBaa, Hago y4yUTHIBaTh, YTO HEKOTO-
pble MUKPOCXeMbl UMEIOTCSI TOJIbKO B OHOW M3 CepHii, a HEKOTOPbIX
HET B HECKOJIbKUX CEPUSIX.

Ha BTOpOoM ypoBHE mNpeacTaBiieHUs] (MOJEdb C y4EeTOM  3afep-
KeK) CepyuM OTIMYAIOTCS BEJIWYMHON 3aJepXKM paclpoCcTpaHEeHUs
CUTHaJIa. DTO pa3inure MOXET ObITh TOBOJBHO CYIIECTBEHHbIM. [To-
9TOMY B T€X CXeMax, Tle BeJIMYMHa 33JepXKW MPUHIMIIMAIbHA, HAJI0
HCITOIb30BaTh MUKPOCXEMBI OoJsiee OBICTPBIX cepuii (Taba. 1.3).

Ha tpetbem ypoBHe mnpecTaBieHus1 (NeKTpuyeckasi MOIEb) CEpUM
pasauyaloTcsl BeJIMYMHAMU BXOJHBIX M BBIXOAHBIX TOKOB M HarlpsiKe-
HU, a TAKXe, YTO He MeHee BaXHO, TOKaMU MoTpedaeHus (Tabm. 1.3).
IMoatomy B Tex ycTpoiicTBax, Tjie 3TH MapaMeTpbl NMPUHLMITUAIbHbI,
HaZlo MPUMEHSITb MUKPOCXEMbI, 00eCIIeunBalolle, HallpuMep, HU3KUE
BXOJIHbIE TOKU, BBICOKME BBIXOJHbIE TOKW U MaJIoe MOTpebIeHue.

Cepusa K155 (SN74) — sro Hambojee crapasi cepusi, KOTopas
MOCTENEHHO CHUMETCS ¢ Mpou3BoAcTBa. OHa OTJIMYaeTCs He CIIUII-
KOM XOPOIIWMU TapaMeTpaMu IO CPaBHEHUIO C APYTUMU CEPUSIMU.
C aT0l1 KJIacCMYECKOil Cepuelt MPUHSITO CPAaBHUBAThH BCE OCTAJIbHBIE.
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Ta6imua 1.3. CpaBHeHne mapaMeTpOB OIMHAKOBBIX MMKPOCXEM B pa3HBIX CTaH-
JApTHBIX CepUsiX

KI155JIA3 K555J1A3 KP1533J1A3 KP1554J1A3
(SN7400N) (SN74LSO0N) (SN74ALS00N) (SN74ACO00N)

TPLH, HC 22 15 11 8,5

He Oosee

TPHL, He 15 15 8 7,0

He Oosee

bb MA -1,6 -0,4 -0,1 -0,001

He Oosee

1y, MA 0,04 0,02 0,02 0,001

He Oosee

0L, MA 16 8 15 86

He MeHee

loH, MA -0,4 -0,4 -0,4 -75

He MeHee

UOL.B 0,4 0,5 0,5 0,3

He Goee

uoH, B 2,4 2,7 2,5 4,4

He MeHee

Ice, MA 12 4,4 3 0,04

He Oosee

Cepust K555 (SN74LS) ormmmyaercst ot cepuu K155 manbiMu
BXOJIHBIMU TOKaMU U MEHbIIIEH MOTpeOasieMOl MOIIIHOCThIO (TOK IMO-
TpebieHnsT mout BTpoe MeHblle, 4eM y K155). ITo GwicTponeiict-
BHIO (110 BpeMeHaM 3alepKeK) oHa O0im3Ka K cepun K155.

Cepust KP531 (SN74S) ornyaercss BLICOKMM OBICTPOACIICTBUEM
(3amepXxKu nmpuMepHO B 3—4 pasza MeHblIe, 4yeM y cepun K155), HO
OOJNBIIMMH BXOTHBIMA TOKaMHu (Ha 25% OGombire, yeM y K155) u
OOJIBIIION MOTPeOIIEMOI MOIIMHOCTBIO (TOK IOTpeOJIeHUsI OOJIbIie
B MOJITOpa pa3a Mo cpaBHeHUIo ¢ cepueit K155).

Cepust KP1533 (SN74ALS) oTimyaeTcsl MOBBIIICHHBIM IIPUMEp-
HO BABoe I0 cpaBHeHHIo ¢ K155 OwicTpomeiicTBUEM M Majioi IO-
TpeOJisieMOli MOIIHOCTBIO (B 4YeThIpe pa3a MeHblne, yeM y K155).
BxonmHble TOKM elle MeHblle, yeM y cepun K555.

Cepusa KP1531 (SN74F) ortnuyaercst BEICOKMM OBICTPOIEHCTBH-
eM (Ha ypoBHe KP531), HO Majoii morpebisieMoil MOIIHOCTBIO.
BxonHble TOKM U TOK MOTpebIeHUs] MPUMEPHO BIBOE MEHbIIIE, YEM Y
cepuu K155.
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Cepus KP1554 (SN74AC) otnuyaeTcss OT BCeX IPEIBIIYIIAX
TeM, 4TO oHa BbinosiHeHa o KMOII-texHonoruu. [Mosromy oHa xa-
paKTepU3yeTcsl CBEPXMAJIbIMU BXOAHBIMM TOKAMU U CBEPXMaJIbIM
norpebjaeHreM MPU MaJlbIX pabouux JacToTax. 3alepKKu MPUMEpPHO
BIBOE MeHbIIIEe, yeM y cepun K155.

HauGonbiiMm pasHooOpa3veM HWMEIOIIMXCS MMKPOCXEM OTJIU-
yaforcs cepur K155 u KP1533, Haumensmum — cepuu KP1531 u
KP1554.

CrenyeT OTMETUTb, YTO TPUBEAEHHbIE 3eCh COOTHOILIEHUS IO
OBICTPOJENCTBUIO CTAHAAPTHBIX CEPU JOBOJILHO MPUOIU3UTETHHbBI
U BBITIOJIHSIIOTCSI HE JJIsI BCEX PasHOBUIHOCTENH MUKPOCXEM, MMeEI0-
IIMUXCSl B pa3HbIX cepusix. TOUHbIe 3HAYEHUS 3alepXKeK HeoOXOAMMO
HaXoOuThb B CIPAaBOYHUKAX, TPUYEM 3KeJaTeJbHO UCIOIb30BaTh
(upMeHHbBIE CTTpaBOYHbBIE MaTEPUAIIbI.

MuKpocxeMbl pa3HbIX Cepuii OOBIYHO JIETKO COMPSTaOTCS MeX-
Iy coboil, TO eCThb CHUTHAJbl C BBIXOJOB MUKPOCXEM OJHOW Cepuu
MOXHO CMeJIO MoJaBaTh Ha BXOAbl MUKpPOCXeM Apyroit cepuu. OmHO
U3 WCKJIIOUeHU — coenrHeHue BbixomoB TTJI MMKpocxeM co BXO-
mamu KMOIT mukpocxem cepun KP1554 (74AC). Ilpu takoM co-
eIMHEHUH HeOoOX0OUMO TIPUMEeHEeHUE pe3nucTopa HoMuHaiIoM 560 Om
MEXIy JUHUSIMM CUTHAJIa U HanpspkeHus: muTtaHus (puc. 1.19).

R Uce
560

TN KP1554

) | ov

Puc. 1.19. Conpsxenne mukpocxem TTJI u KP1554 (KMOIT).

ITpu BbIOOpPE TOW WMAM UHOW CEPUM MUKPOCXEM CIIeIyeT TakxkKe
YUUTHIBATh, YTO MUKPOCXEMbI MOIIHOW M ObIcTpoit cepuu KP531
CO3[aI0T BBICOKUI YPOBEHb MOMEX MO IIMHAM MUTaHUsI, a MUKPO-
CXeMbl MaJIOMOIITHOW cepur K555 Oo4eHb 4yBCTBUTENBHBI K TAKUM
nomexaMm. [lostomy ceputo KP531 pekomeHmyeTcss MCIIONIb30BaTh
TOJBKO B KpalHUX Ciydyasx, KOria HeoOXOAUMO TMOJY4YUTh OYEHb
BbICOKOE ObIcTponeilicTBue. He pekoMeHmyeTcs TakKe IMPUMEHSITb
B OJHOM U TOM X€ YCTPOMCTBE MOILIHBIE OBICTPOAECHCTBYIOLINE W
MaJIOMOIIIHbIE MUKPOCXEMBI.
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[1.6. Kopnyca 1imdpoBbIX MUKPOCXEM|

BonbIMHCTBO MUKPOCXEM MIMEIOT KOPITYC, TO €CTh IPSIMOYTOJBHBIN
KOHTeliHep (IJIaCTMAcCOBEIM, KepaMUYeCKUii, MeTaJUIoKepaMude-
CKHUi) ¢ MeTaUIMYeCKMMU BbIBodaMu (HoXKamu). I[IpemroxkeHo
MHOXECTBO pas3INIHBIX TUIIOB KOPIYCOB, HO HamMOOJbIIee pacIpo-
CTpaHEeHMe TTOJYIWIIN TBa OCHOBHBIX THUTIA!

» Kopnyc ¢ 1ByXpsiIHBIM BepPTUKAIbHBIM PAcIONOXEeHUEM BbIBOJIOB,
"anpumep: DIP (Dual In Line Package, Plastic) — miacTtMacco-
Bolii Kopiryc, DIC (Dual In Line Package, Ceramic) — kepammde-
ckuii Kopiyc. OOmiee HaaBaHMe IS TaKuX KopmycoB — DIL
(puc. 1.20). PaccrossHue mexnay BeIBogamu cocTaBisieT 0,1 mioiima
(2,54 MmM). PaccrostHue MeXmy psiiaMy BBEIBOAOB 3aBUCHUT OT KOJIM-
YecTBa BBIBOJIOB.

» Kopnyc ¢ AByXpsSiZTHBIM TJIOCKOCTHBIM PAacCITOJIOXKEHUEM BBIBOJOB,
"anpumep: FP (Flat-Package, Plastic) — macTMaccoBBIi TTOCKMiA
kopmyc, FPC (Flat-Package, Ceramic) — KepaMWYeCKW TIJIOCKUIA
kopmyc. O61iee Ha3BaHMe 1T Takux KopmycoB — Flat (puc. 1.20).
Paccrostnue mexmy BeiBomamm coctapisgeT 0,05 mioiima (1,27 mm)
wnu 0,025 mroiima (0,0628 Mm).

Koy

14 y
23

DIL Flat

Puc. 1.20. IIpumepsr koprycos DIL u Flat.

Homepa BBIBOIOB BceX KOPIYCOB CUMTAIOTCSI HAYMHAS C BHIBOJA,
MMOMEYEHHOrO KJII0YOM, IT0 HAIMpaBIEHUIO MPOTUB YAaCOBOM CTPENKU
(ecmu cMOTpeTh Ha MHUKpPOCXeMy CBepxy). KirouoM MOXET CITyKWUTh
BBIPE3 Ha OJHOI U3 CTOPOH KOPITyca MUKPOCXEMbI, TOYKA OKOJO Tep-
BOTO BBIBOAA WM yTOJIIeHUe mepBoro BeiBoga (puc. 1.20). Ilepsolid
BBIBOI MOXKET HAXOOUThCS B JIEBOM HIDKHEM YLy WIM B IIPaBOM
BEPXHEM YIJy (B 3aBUCMMOCTH OT TOTO, KaK IOBEPHYT KOpITyc). MuK-
pocxeMbl OOBIMHO UMEIOT CTAHIAPTHOE YMCJIO BBHIBOIOB U3 psna: 4, 8,
14, 16, 20, 24, 28,... Jlas MUKpOCXeM CTaHIAPTHBIX IU(PPOBBIX Cepuii
HCIIOIb3YIOTCI KOPITyca ¢ KOJIMYECTBOM BBIBOIOB HauMHasg ¢ 14.
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HasHaueHune Kaxmoro u3 BBIBOJOB MUKPOCXEMBI TTPUBOAMTCS B
CIPaBOYHUKAX [0 MUKPOCXeMaM, KOTOPBIX ceiiuac MMeeTCsl MHOXe-
ctBo. [IpaBna, jydille OpUEHTHPOBATLCS HA CIIPABOYHMKU, M3IaBae-
MbI€ HETIOCPEACTBEHHO (PMPMaMU-U3TOTOBUTEISIMU. B maHHOI KHUTE
Ha3HaueHUE BBIBOIOB MUKPOCXEM He TTPUBOIUTCSI.

OredyecTBEeHHbIE MUKPOCXEMBI BBINTYCKAIOTCS B KOpITycax,
oueHb nmoxoxmnx Ha DIL u Flat, Ho paccTostHuS MeXXOy WX BBIBOIA-
MW BBIYUCJISTIOTCSI 10 METPMUYECKOM IIKajle U MO3TOMY YyThb-UyTh
OTJIMYAIOTCI OT MPUHSITHIX 3a pyoexxom. Hampumep, 2,5 MM BMecTo
2,54 mMm, 1,25 mm Bmecto 1,27 MM u T. A. st KoprycoB ¢ MajibIM
YKuCIOM BBIBOAOB (10 20) 3TO HE CAMIIKOM CYIIECTBEHHO, HO IS
OOJIBIIMX KOPIYCOB PAcXOXIEeHWE B PACCTOSHUM MOXET CTaTh Cy-
IIEeCTBEHHBIM. B pesynbrare Ha TjaTy, pacCYMTaHHYIO Ha 3apy-
OeXXHbIe MUKPOCXEMBbI, HEIb3sl TOCTAaBUTh OTEYECTBEHHBIE MHUKPO-
CXeMBI U1 Ha00OPOT.

[1.7. IBonuyHOE KOMUpPOBaHN€

OauHOYHBIN HU(POBOI CUTHAI HE CIUIIKOM MHGOPMATUBEH, Belb
OH MOXET MPUHMUMATh TOJIBKO JBa 3HAYEHMS: HyJb U eauHuua. Ilo-
3TOMYy B TeX CJIydasiX, Korga HeoOXOomMMo IiepelaBaTh, 0OpabaThbi-
BaTh WIM XpaHUTh OONbIINE 00heMBI MH(GOPMAIIUN, OOBIYHO TTPUME-
HSIIOT HECKOJIbKO MapasuiebHbIX LUMPOBbIX cUrHaioB. [Ipu 3Tom
BCE 3TU CUTHAJIBI JOJIKHBI pacCMaTpUBaThCSl TOJbKO OJHOBPEMEHHO,
KaXIbIi U3 HUX TI0 OTIACIBHOCTH HE MMEET CMbIcia. B Takmx ciyya-
SIX TOBOPST O JBOMYHBIX KOIAX, TO €CThb O KoOJax, 0OpasoBaHHBIX
OU(GPOBEIMU (JTIOTMICCKUMU, TBOMYHBIMM) cUTHajdaMu. Kaxnprii m3
JIOTUMECKUX CUTHAJIOB, BXONSIIMX B KO, Ha3bIBaeTCS pPa3psiioM.
Yem GoJiblle pa3psaoB BXOOWUT B KO, TeM OOJIble 3HaUYECHUIA MOXET
MMPUHUMATD TaHHBIN KO/I.

JlecATHYHOE YHCIIO JIBOMYHOE YUCIIO
1 ST - 1011
><10?l (equHAILY) T—X2° (paspax 0)
X10' (mecsTiu) x2! (paspsan 1)
X10° (coTHE) -. x2% (paspsn 2)

x10° (Thicsan) x2* (paspsn 3)

Puc. 1.21. lecarnyHoe 11 ABOMYHOE KOTUPOBAHUE.
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B otmmume ot MpUBBIMHOTO 1T HAC HECATUIHOTO KOIUPOBAHUS UK~
Cell, TO €CTh KOJIa C OCHOBaHUEM AECATh, ITPU JBOMYHOM KOIUPOBAHUM B
OCHOBaHMM Kopa JiexXuT urciao nBa (puc. 1.21). To ectp kaxmas mudpa
Koja (KaxKIplii pa3psii) IBOMYHOIO KOJAa MOXET MPUHUMATh HE JeCSATh
3HaueHui (Kak B gecatnaHoM kome: 0, 1,2, 3, 4, 5, 6, 7, 8, 9), a Bcero
JIAIIB 1Ba 3HaYeHus — 0 1 1. A cucTeMa MO3ULIMOHHOM 3aiCcH OCTaeT-
¢S TaKOM 3Ke, TO eCTh CIpaBa MUIIETCST CaMbIil ML pas3psia, a cle-
Ba— caMmblif crapmmii. Ho ecnu B HecATUYHON CHCTEME BeC KaxKIOro
CJIeAYIOLIETO paspsiia B AeCATh pa3 OoJbllle Beca IPeAbIIyIIero pas3psi-
I1a, TO B ABOWYHOM cucTeMme (IIpU ABOMYHOM KOIWPOBAaHWM) — B 1Ba
paza. Kaxmplii pa3psia IBOMYHOTO Kofa Ha3bIBaeTCs 6umom (OT aHIJIi-
ckoro Binary Digit— agBondHOe 4MCIIO0).

Ta6auna 1.4. CooTBETCTBME YKCEN B ACCIATUYHON M JIBOMYHOM CHCTEMax

JecsituaHast JIBon4Hast [Hecsatuunas JIBouyHast
cucTeMa cucTeMa cucreMa cucrema
0 0 10 1010
1 1 11 1011
2 10 12 1100
3 11 13 1101
4 100 14 1110
5 101 15 1111
6 110 16 10000
7 111 17 10001
8 1000 18 10010
9 1001 19 10011

B Tabn. 14 moxa3aHO COOTBETCTBHME TEPBBIX ABaAIaTHA YKCET B
JNECATAYHOM M TBOUYHOU CUCTEMaXx.

W3 Tabauiiel BUAHO, YTO KOJIMYECTBO pa3psiioB ABOMYHOIO KOma,
TpebyeMoe ISl TpencTaBiIeHns Kaxaoro yuncia (kpome 0 u 1), 3Hauu-
TEJIbHO OOJIbIIE, YeM TpeOyeMoe KOJIMYECTBO DPa3psIoB JAECIATUIHOTO
koma. Hamnbonpliree 94ncino, KOTOpoe MOXKHO IPEACTaBUTDH 3-pa3psiiHbIM
KOJIOM, B JECATUYHON cucTeMe cocTaBisgieT 999, a B IBOMYHOM cHCTe-
Me — Bcero Jmiib 7 (111 B mBomyHoM Koze). B obOmiem ciydae 1m-pas-
PAMHOE JBOMYHOE YKCJIO MOXET MPUHUMATh 2" Pa3IMIHbIX 3HAYEHUIA, a
n-paspsiiHoe AecsatTnuHoe uuciao — 10" 3Hayenmit. Ilostomy 3ammch
OOJIBIIMX ABOMYHBIX YMCEJ (C KOJMYECTBOM Pa3psIOB OOJbIIIE TECITH)
CTAaHOBUTCS HE CIIUIIKOM YIOOHOA.
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J1st TOro 4TOOBI YIPOCTUTH 3allUCh NBOWYHBIX 4YuCe, Oblia
MpeioXeHa TaK Has3blBaeMasl IlleCTHamuarepudHasi cucrtema (16-
pu4yHOe KogupoBaHue). B 3Tom ciiydyae Bce IBOMYHBIC pa3psiibl pa3-
OMBalOTCS Ha TPYIINBI 110 YeThIpe pa3psifa (HauuWHas ¢ MJIAIIero), a
3aTeM yXe Kaxnas Ipynia KOIUpyeTcsl OHUM cuMBoyioM. Kaxmas
Takasl Trpymnria Ha3blBaeTcsl noaybaiimom (WA Hubbaom, mempadoil),
a aBe rpymnnbl (8 paspsimoB) — oOaimom. W3 tadn. 14 BUAHO, YTO
4-paspsiiHOE TBOMYHOE YMCIO MOXET NMpUHUMATh 16 pasHBIX 3Ha-
yeHuii (ot 0 mo 15). Ilostomy TpeOyemMoe 4YMCIO CHUMBOJIOB JIJIsI
IIeCTHAALATEPUIHOTO KOJa TOXe paBHO 16, OTKyma U MPOUCXOIUT
HazBaHMe Koma. B kauectBe mepBbix 10 cuMBOI0OB OepyTcsl LUMPHI
or 0 1o 9, a 3aTeM HUCIIOJB3YIOTCSI 6 HadaJIbHBLIX 3arjIaBHBIX OYKB
natuHckoro andasura: A, B, C, D, E, F.

Ta6muua 1.5. 16-puyHas cucreMa KOJUPOBaHUS

dunocodust inbpoBoit MEKTPOHUKN 47

Hs10T OyKBYy «h» unu «H» (ot anrnuiickoro Hexadecimal) B KoHIie
yucina. Hanmpumep, sammce A17F h ob6ozHawaer 16-puyHOEe 4MCIO
Al7F. 3nech Al mpeacTaBiseT coboil crapiivii 6aiT yuciaa, a 7F —
MJIagIIunii 0aiT uymcia. Bce dmceno (B Hallem ciyyae — AByXOaiiTo-
BO€) HA3bIBACTCS CL0BOM.

Jns mepeBoma 16-puYHOTO 4YMCIA B AECITUYHOE HEOOXOIMMO
YMHOXUTH 3HAUCHME MJIAIIIEro (HyJIeBOro) pas3psiia Ha CIUHUILY,
3HaueHHUe cieayloliero (ImepBoro) paspsaa Ha 16, BToporo paspsiga
Ha 256 (16”) u T. 1., a 3aTeM CJIOXUTb Bce MpousBeaeHus. Hampumep,
Bo3bMeM uuciio Al17F:

Al7TF=F+«16'+7+16'+1 - 16’+A + 16’=
=15 *1+7 *16+1*256+10%4096 =41343.

Ho kaxmomy crnenumanucty 1o 1ucdpoBoii ammaparype (paspa-
0OTUMKY, OIepaToOpy, PEMOHTHUKY, IMPOTPAMMMCTY U T. 1.) HEOOXO-
IMMO HaydMThCSl TaK Xe CBOOOJHO obOpaiiathes ¢ 16-pyuyHOi U JBO-
MYHOI cucTeMaMU, KaK U ¢ OOBIYHON ASCITUYHOM, YTOOBI HUKAKUX
MIEPEBOMIOB U3 CUCTEMBI B CUCTEMY HE TpeOOBaIOCH.

JlecsamuaHast 16-pryHast JlecsiruuHast 16-pryHast
cucreMa cucreMa cucreMa cucrema
0 0(0) 10 A (1010)
1 1(1) 11 B (1011)
2 2(10) 12 C (1100)
3 3(11) 13 D(1101)
4 4 (100) 14 E(1110)
5 5(101) 15 F(1111)
6 6(110) 16 10 (1 0000)
7 7(111) 17 11(10001)
8 8 (1000) 18 12(10010)
9 9(1001) 19 13(10011)

JIBOUYHOE YHCJIO:

16-puyHoe yncIo:

101000010111 1111

A

1

7

F

%_/

Crapmuit GaifT Mnagumiii 6aift - -

Ta6muua 1.6.8-puyHasi cucrema KOAMPOBaHMSI

JecsiruyHast 8-pryHast JecsiruyHast 8-pruHast

crcrema cHcTeMa crcteMa cucTeMa
0 0(0) 10 12(1 010)

1 1(1) 11 13(1011)

2 2(10) 12 14(1100)

3 3(11) 13 15(1101)

4 4(100) 14 16(1110)

5 5(101) 15 17(1 111)
6 6(110) 16 20(10 000)
7 7(111) 17 21(10001)
8 10(1000) 18 22(10 010)
9 11(1 001) 19 23(10011)

Puc. 1.22. IBonuHas U LeCTHaALIATepUYHAST 3aIMCh YUCIIA.

B Ta6n. 15 mpuBeneHbl NpUMEPhl  16-pUYHOTO KOIMPOBAHUSI
nepBbeix 20 yucen (B CKOOKax MpPUBEACHBI ABOMYHBIE YMCJa), a Ha
puc. 122 mokaszaH NpuMep 3aluchA ABOUYHOIO 4ucjiaa B 16-pryHOM
Buzae. g obo3HayeHust 16-puyHOro KOAMPOBAHUS MHOIAA IpUMe-

3HaYNUTETBHO pexe, YyeM 16-puuHOoe, MCIOJb3yeTCss BOChMEpUY-
HO€ KOIMPOBAaHUE, KOTOPOE CTPOUTCS IO TAKOMY XK€ MPUHIIUITY, YTO
n 16-puyHOe KOIMpPOBaHWE, HO NBOMYHBIE pa3psabl pa30oMBalOTCS Ha
IpyIILI IO Tpu paspsna. Kaxmgaa rpymnma (pa3psin Koja) 3ateM 000-
3HayaeTcs OAHUM cuMBosioM. Kaxnplii pas3psin 8-puyHOro Koma Mo-
JKeT MpUHKUMAaTh BoceMb 3Hauenwmii: 0, 1,2, 3, 4, 5, 6, 7 (tabn. 1.6).
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IToMuMoO paccMOTpPEHHBIX KOIOB CYIIIECTBYET TAKXe W TaK Ha3bl-
BaeMoe IBOMYHO-ICCATUYHOE MpeAcTaBieHue umcen. Kak u B 16-
PUYHOM KOJII¢, B TBOMYHO-AECCATUIHOM KOJE KakKIOMY paspsay Kona
COOTBETCTBYET YeThIpe ABOMYHBIX pa3psija, OJHAKO Kaxmas TpyrIa
U3 YEeThIPEeX IBOMYHBIX pa3psIoB MOXET NPUHMMAaTh He IIeCTHa-
IIlIaTh, a TOJbKO AECITh 3HAYCHUI, KOOUpyeMbIX cuMBojamu 0, 1,2,
3,4,5,6,7,8,9. To ecTb OIHOMY JECATUIHOMY pa3psily COOTBETCT-
BYET UeThIpe ABOMYHBIX pa3psiga. B pesynbraTe mosydaeTcs, 4TO Ha-
MUCaHUE YUCEeT B IBOMYHO-ACCITUIHOM KOJE HMUEM HE OTIMYaeTCs
OT HamucaHus B OOBIYHOM AECATUYHOM Kopae (tabm. 1.7), HO B pe-
aJIbHOCTU 3TO BCETO JIMIIb CIEUUATbHBIA IBOUYHBINA KO, KaXKIbIii
paspsii KOTOPOro MOXET NMPUHUMATh TOJBKO aBa 3HadyeHus: 0 u 1.
JIBOMYHO-IECSITUIHBINA KOA MHOTAA OYeHb yIO0OeH MIJIs OpraHu3alunu
JIeCITUIHBIX TU(GPOBLIX UHAUKATOPOB U TabJIo.

Ta6auua 1.7. [IBOUYHO-AECATUYHASI CUCTEMa KOAUPOBAaHUS

HecsatiyaHast JIBoMYHO-ECTHYHAS JlecaTnyuHas JIBOMIHO-AECSTUYHAST
cucteMa cucrema cucremMa cucrema
0 0(0) 10 10(10000)
1 1(1) 11 11 (1 0001)
2 2(10) 12 12(1 0010)
3 3(11) 13 13(1 OOH)
4 4(100) 14 14(1 0100)
5 5(101) 15 15(1 0101)
6 6(110) 16 16(1 OHO)
7 7(111) 17 17(1 0111)
8 8 (1000) 18 18(1 1000)
9 9(1001) 19 19(1 1001)

B nBonuHOM Kome Haj 4YMCIaMU MOXHO. TIPOJE/TbIBATh JIOOBIC
apudMeTHIecKre OoNepalyn: CIOXEHHE, BbIMUTAHUE, YMHOXEHUE,
JeJIeHHE.

PaccmoTpumM, Hampumep, ClI0XeHUE ABYX 4-pa3psiiHbIX ITBOMY-
HBIX yncen. Ilycte Hamo cinoxuth uncino 0111 (mecsaruunoe 7) m
1011 (mecaruanoe 11). CroxeHME DTHUX YMCENT HE CIOXHEE, 4YeM B
JIEeCATUYHOM MPEACTaBICHUMN:

+1 0 11 o' e dee
A\ wYeeee< NV fTeg/0 - s34V AN L e pe e e-ijvQ N s T, W

bl N eereeeee —\ = 10010 ST r KNV ok o S< UV s s M¥Wr >
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IIpu cnoxenum 0 m 0 momygaeMm 0, mipu ciroxkennun 1 u O moyya-
eMm 1, pu cioxenun 1 n 1 momydaem 0 m mepeHOC B CIIEIYIOIINIA
paspsan 1. Pesyasrar — 10010 (mecsaruanoe 18). Ilpu cnoxeHnum mo-
OBIX IBYX N-pa3psimHBIX ABOMYHBIX YUCEJ MOXKET IMOJYYUThCS T-pa3-
psimHoe v (T1+ 1)-pa3psgHoe YMCIIo.

Touno TaxK ke nmpon3Boantcsd BerauTanue. I[lycts n3 ymcma 10010
(18) namo BbruecTs wmciao 0111 (7). 3anmuchiBaeM 4mcia ¢ BhIpaBHU-
BaHWEM IO MJIAAIIEMy pa3psoy M BbIMUTAEM TOYHO TaK Xe, Kak B
cilydae IeCSITUIHON CHUCTEMBbI:

10010
— 011t

101

" TIpu Beruntanuu 0 u3 0 noayuaem 0, mpu BbuuTanuu 0 U3 1 mo-
aygaeM 1, ipm BerauTaHum 1 3 1 momaydaeM 0, mpu BeIAUTaHUA 1 U3
0 momygaem 1 m 3aeMm 1 B ciemyromieMm paspsae. Pesymasrar — 1011
(mecstmunoe 11).

ITpy BBIUMTAHUM BO3MOXHO MOJyYeHUE OTPUIIATEbHBIX YMCEII,
IMO3TOMY HEOOXOOMMO WCITOb30BaTh ABOMYHOE IPEACTABICHUE OT-
pULIATEILHBIX YUCE]L.

J1s1 OMHOBPEMEHHOTO MPEACTABICHUSI KaK JBOUYHBIX ITOJIOXKM-
TEJbHBIX, TAK U ABOWYHBIX OTPULATEIBHBIX YMCEJ Yallle BCEro HC-
MOJIb3yeTC TaK Ha3bIBaeMbIil JOIMOJIHUTENbHBIA Koa. OTpuiaTesb-
HbIE YMCJIa B 3TOM KOJ€ BBIPAXKAIOTCS TAKMM YUCIOM, KOTOpoe, Oy-
Iy9U CJIOXEHO C TOJOXWUTEIbHBIM YHUCJIOM TaKOM X€ BEJIMYMHBI,
JIacT B pe3ysbTaTe HyNb. i TOro 4ToObI MOJYYUTh OTPULIATEILHOE
YUCJI0, HYXKHO JOMOJHUTD A0 1 Kaxablil pa3psia TaKOTO Xe OO0 -
TEJLHOTO YKCJIa, TO €CTh 3aMEHUTh B €r0 TBOMYHOM KOJE BCE HYJIU
Ha eIUHULIBI U eIVHMIBI Ha HYJIW, U 3aTeM NpUOaBUTh K pe3ysibTa-
Ty 1. Hampumep, 3amuineM ABOMYHOE MpEACTAaBIEHUE 4YUCTIa -5 ¢
HUCTIOJIb30BaHWEM IOIMOJHUTEIBHOTO KoAa. JIBOMUHBINM KOI 4ucia 5
ectb 0101. 3amensieM Bo Bcex paspsnax 1 Ha 0 m 0 va 1: 1010. ITpn-
6aBmsgeM emmauny:. 1011. CymmmpyeMm pesynbTaT ¢ MCXOTHBIM YHMC-
qom: 1011 +0101 = 0000 (rmepeHOC B MATHIN pa3psia UTHOPUPYEM).

OTpulaTeIbHbIE YUCIIA B JIONOJHUTEIBHOM KOIE OTIMYAIOTCS OT
MOJIOXKUTEJbHBIX 3HAYEHWEM CTapllero paspsiia: eIWHWIA B CTapileM
paspsie onpeeiseT OTPULIATeIbHOE YMCIIO, a HyJIb — ITOJIOXUTETbHOE.

I[MomuMoO cTaHAAPTHBIX apU(PMETUISCKUX ONepalii B IBOUIHOMN
CHCTEME CUYUCIICHUS WCIIOJIb3YIOTCS W HEKOTOphbie crelupuiecKre
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orepaliy, HalpuMep CJIOKEHUE Mo MOAyio 2. DTo onepauus (000-
3HavaeTcs D) saBnsieTcs MOOMTOBOM, TO €CTh HUKAKMX IEPEHOCOB U3
pa3psiia B pa3psii M 3a€MOB B CTapllIMX paspsigax 3Iech He CYIIeCT-
ByeT. [IpaBuia cnoxeHus o moayio 2 ciaenytoue: O @ 0=0, 0 ©
1=1,1©0=1,1©1=0. Dra xe onepauusi Ha3bIBaeTCs QYHKII-
et Uckmouatomee MJIW. Hanpumep, mpocymMMupyeM Mo MOAYJIO 2
nBa gBondHbIX yncaa 0111 u 1011

o1

& 1011
Cpenu Ipyrux ITOOMTORRIX_ ONepaliii Haj JTBOMYHBIMU YHCIaMU

MOXHO OTMeTUTh (pyHKUMIOlMon dpynxkumo MJIN. ®yuxkuust W maer
B pe3y/JbTaTe €IUHUILy TOJbKO TOINA, KOTJAa COOTBETCTBYIOIIME OUTHI
JIByX UCXOTHBIX yrcesl 00a MMEIOT eAMHUYHOE 3HAaUYE€HUE, B TIPOTMBHOM
caydae pesyabtar — 0. @ynkiusa MM naetr B pesyibraTe eIMHUILLY
TOrAa, Korjga 3Ha4eHue XOTsI Obl OMHOTO M3 COOTBETCTBYIOIIMX OMTOB
HICXOMHBIX YMCE paBHO 1, B MPOTUBHOM ciydae pesynbraT — 0.

[1.8. ®yHKIIMU HUDPOBBIX YCTPOKCTH

JIro6oe 1mdpoBoe yCTPOMCTBO OT CaMOro IIPOCTEHIETO IO CaMOro
CJIOKHOTO BCerma JeHCTBYeT IO OAHOMY M TOMY € TPUHIIUITY
(puc. 1.23). OHO NpUHUMAET BXOAHbIE CUTHAJIbI, BBIMOJHSIET UX 0Opa-
00TKy, Tiepenady, XpaHeHHe W BbIIACT BbIXOMHbIC CUTHAJBI. [1pu 3TOM
COBCEM He 00s13aTeNIbHO JII000e M3MEHEHME BXOIHBIX CUTHAJIOB IPU-
BOIUT K HEMENJICHHOMY W OJHO3HAYHOMY W3MEHEHMIO BBIXOAHBIX
CUTHAJIOB. Peakiinsi ycTpoiicTBa MOXET OBITh OYE€Hb CJIOXKHOM, OTJIO-
JKEHHOU MO BpEMEHU, HEOUEBUIHOM, HO CYTh OT 3TOTO HE MEHSETCS.

Bxomawe =——————> lIudporoe +> BEIXOJHME
mMdpoBRe ——————" yeTpolicTRe  ——————"> nudporke
CHTHATN ) (00paloTka,  |mem———r CHTHATH

XpaHEHUE,

BxonaHofi ATl nepenasa) ITARI Brxoanoi
AHAOTCREIH —» — o —aHANOrOBBIA
CHTH&T CHTHAN

Puc. 1.23. BxiroueHue 11udpoBOro yCcTpoucTaa.
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B kadecTBe BXOMHBIX CHUTHAJIOB HAILETO YCTPOMCTBA MOTYT BbI-
CTYIIaTh CUTHAJIbI C BBIXOAOB IPYIMX IU(PPOBBIX YCTPOMCTB, ¢ TyMO-
JIEPOB Y KJIABMII WU C HaTYUKOB (husmueckux BeauuuH. [Ipuyem B
TOCJeAHEM clyyae, KaK MpaBUJIO, HEOOXOAUMO OCYIIECTBISTh Mpe-
00pa3oBaHME BBIXOJHBIX AHAJOTOBBIX CHTHAJIOB JAaTYMKOB B IOTO-
K1 1IUPOBBIX KOI0B (puc. 1.24) ¢ momolipio aHajIoro-uudpoBbIX
npeodpazoBareneii (ALIIT). Hampumep, B cliyyae IepCOHaJILHOTO
KOMITbIOTEpa BXOAHBIMU CUTHAJIAMU SIBJISIIOTCSI CUTHAJbI C KJlaBUa-
Typbl, C HaTYUKOB TEepEeMEIeHUS MBIIIU, ¢ MUKpodoHa (IaBlieHUE
BO3yXa, TO €CTb 3BYK, IpeoOpa3yeTcsl B aHAJIOTOBBIN 3JIeKTpUYE-
CKMIi CUTHAJI, a 3aTeM — B LIM(POBBIC KOABI), M3 Kabess JIOKATbHOM
CeTU M T. 1.
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Puc. 1.24. Ananoro-uudpoBoe 1 11Mbpo-aHATIOroBoe MpeodpazoBaHUE.

BeixomHbple cUTHAJIBI IM@PPOBOTO YCTPOMCTBA MOTYT IIpeIHa3Ha-
yaTbCsl IJIsI TIOJa4Yu Ha Ipyrue LU@pOBbIe YCTPOMCTBa, M WHAWKA-
1y (Ha 3KpaHe MOHHMTOpa, Ha LIM(POBOM MHAUKATOpEe WU T.1I.), a
Takxke I (OpMUPOBAHUS (DU3UUECKUX BeJWdMH. [lpryemM B mo-
clIeMHEM cJlydae HeoOXOIMMO IIpeoOpa3oBBIBATh ITOTOKU KOIOB C
LIM(PPOBOTrO YCTPOUCTBA B HEIMPEPhIBHBIE (aHAJOTOBBIE) CUTHAJIBI
(puc. 124) c¢ momomplo UMOPO-aHATOTOBBEIX IIpeoOpa3oBaTecii
(OAIT) u B ¢u3mueckre BeIMUMHBIL. Harmpumep, B ciydae mepco-
HaJIBHOTO KOMIIBIOTepa BBIXOAHBIMU CUTHajaMU OYAyT CUTHaJbI,
1oIaBacMble KOMIThIOTEPOM Ha MPUHTEP, CUTHAIBI, MOYIIME Ha BU-
JIEOMOHUTOpP (aHAJIOTOBbIe WM IM(POBHIE), 3BYK, BOCIPOMU3BOIU-
MBIl TMHAMUKAMU KOMIIbIOTepa (ITOTOKU KOIOB C KOMITbIOTEpa Mpe-
00pa3yloTca B aHAJIOTOBBIM BJIEKTPUUYSCKUI CUTHAJ, KOTOPBIN 3aTeM
npeoOpa3yeTcsl B JaBJIEHUE BO3AyXa — 3BYK).

OnHo LMGPOBOE YCTPOMCTBO MOXET COCTOSITh M3 HECKOJBKUX
OoJiee TPOCTHIX LIMGPOBBIX YCTPOMCTB. YacTo 3TU cCoCTaBHbBIEC 3Je-
MEHTbl Ha3bIBalOT OJIOKAMU, MOMYISIMM, y3JdaMM, vacTsamu. Eciau
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00BEIMHSIETCSI HECKOJIbKO CIOXHBIX U(MPOBBIX YCTPOMCTB, TO TOBO-
pSIT yXe o UMMPOBBIX CUCTeMaX, KOMIUIEKCax, ycTaHOBKaX. Mbl B
OCHOBHOM OyJIeM UCIIOJIb30BaTh TEPMHMH <«YCTPOMCTBO» KakK 3aHU-
MarUIUN TPOMEXKYTOUHOE MOJIOKEHUE.

CBsI3b MeXIy BXOIHBIMM M BBIXOAHBIMU CHUTHAJIaMU MOXKET ObITh
JKECTKOM, HeM3MEHHOUN WM THMOKO M3MEHsIeMOil (TO eCTh IIporpaM-
Mupyemoii). To ecTb UbpoBOE YCTPOUCTBO MOXKET pabOTaTh IO Xe-
CTKOMY, pa3 M HaBCerJa YCTAaHOBJIEHHOMY aJITOPUTMY WU TIO TPO-
rpamMmupyeMomy airoputmy. Kak mpaBusio, mpu 3TOM BBITTOJTHSIETCS
OJIMH OYEHb MPOCTON MPUHIMM: 4YeM OOJblle BO3MOXHOCTEH ISt
W3MEHEHUSI CBSI3M BXOJHBIX W BBIXOMHBIX CUTHAJIOB, 4YeM OOJblie
BO3MOXHOCTEII MU3MEHEHUSI ajirOpUTMa padOThl, TEM MeJJIeHHee Oy-
et 1uudpoBoe ycTpoiicTBo. Peub B MaHHOM ciyyae, KOHEUYHO Xe,
WUJET O MPENeTbHO TOCTMKUMOM OBICTPONEUCTBUN.

MHuaue roBopsi, MpOCThIE YCTPOMCTBA C XKECTKOW JIOTUKOU pabo-
Thl BCEra MOTYT OBITh CHIENaHbl OBICTpEE MPOrpaMMUPYEMBbIX, THUO-
KUX YCTPOWCTB CO CJIOXHBIM aqrOpuTMOM paboThl. KecTkast joruka
Takke oOeclieuruBaeT Majblii 00beM ammapaTypbl (Majible ammapa-
TypHbIE 3aTpaTrhbl) IJIs peaju3aluy MPOCThIX (YHKIMU. 3aTO Mpo-
rpaMMUpyeMble, WHTEJJIEKTYalbHbIE YCTPOMCTBA 0OecreynBaloT 0o-
Jiee BBICOKYIO TMOKOCTh U MEHBIIYI0 CTOMMOCTb MPU HEOOXOIUMO-
CTU CJIOXXHOU 00pabOTKM MH(pOpMaLMU. A IJIsl pealn3aliu IIPOCThIX
(YHKIMI OHM YacTO OKa3bIBAIOTCSI M3OBITOYHO CAOXHBIMU. Tak 4To
BBIOOP MEXIY ABYMSI 3TUMM TUIIaMU LIU(PPOBBIX YCTPOUCTB 3aBUCUT
OT KOHKPETHOW peliaeMoi 3a1auu.

3HauYUTEIbHOE YUCIIO 33a4 MOXET ObITh pellIeHO KaK YUCTO ar-
MapaTHBIM IMyTeM (C TTOMOILBbIO YCTPOMCTB Ha XKECTKOU JIOTUKE), TaK
Y TIPOTpaMMHO-aIMapaTHbBIM IyTeM (C MOMOILBIO MPOTPAMMUPYEMbIX
yCTpoiicTB). B Takux ciydasx HalI0 CMOTpPETh, KaKue XapakTepuc-
TUKUA YCTPOMCTBA SIBJISIIOTCS CaMbIMU BaXXHBIMU: CKOPOCTb PabOTHI,
CTOUMOCTb, TMOKOCTbh, MPOCTOTA MPOCKTUPOBAHUS U T. 1., U B 3aBU-
CUMOCTH OT 3TOTO BBIOMpATh TO WIM WHOE pPEIIeHUE, TaK WM UHaye
rnepepacnpeaciasiT (PyHKUUU MEXIy MPOTpaMMHBIM OOecreYeHUuEeM
U arnmnapaTrypoii.

B nmaHHOI KHUTe OCHOBHOE€ BHMMaHHE OYICT YAEJIEHO YCTPOMCT-
BaM U y3jlaM C XECTKOW JOTUKOM paboThl. OgHAKO YsCHEHUE TIPUH-
LIMTIOB UX PabOThl U WX TPOEKTUPOBAHUSI MOXET 0Ka3aTh OOJIBIIYIO
MOMOIIb W TIPU CO3[aHUU TPOTPAMMUPYEMBIX, WHTEJJIEKTYaTbHBIX
YCTPOWCTB.

I'naBa2

INPUMEHEHHNE
JIOTNYECKHUX BJIEMEHTO

M3ydeHre 6a30BBIX 2JIEMEHTOB IIU(DPOBOI 3JTEKTPOHUKUA Mbl HAUHEM
¢ HauboJsiee TIPOCTHIX 3JIEMEHTOB, a 3aTeM OyleM paccMaTpuBaTh BCe
Ooonee cinoxHbie. IIpuMepbl MPUMEHEHMUST KaXIOro CJEAYIOLIEro
3JIeMEeHTa OyIyT ONUpaThCcsl HAa BCE 2JIEMEHTHI, PACCMOTPEHHBIE pa-
Hee. Takum oOpa3oM OyIyT IMOCTENEHHO AaHbI TJIaBHBIC MPUHIIUIIBI
MTOCTPOEHUS JOBOJILHO CJIOXHBIX IIU(PPOBBIX YCTPOICTB.

Jlornueckue aaeMeHThl (MM, KakK MX elle Ha3bIBalOT, BEHTUJIH,
gates) — 3To Haumbosiee MpocThie HU(PPOBbIE MUKPOCXeMbl. UMEHHO
B BTOM MPOCTOTE U COCTOUT MX OTJIMUME OT APYrux Mukpocxem. Kak
MPpaBWJIO, B OMHOM KOPITyCE MUKPOCXEMBI MOXET pacroJyiaraTbCsi OT
OIHOTO JI0 IIIECTU OAMHAKOBBIX JIOTUYECKUX 3JeMeHTOB. MHorma B
OJIHOM KOPITyC€ MOTYT pacrojiaraTbCsl U pa3Hble JOTUYECKUE 3Je-
MEHTHI.

OOBIYHO KaXIblii JIOTUUECKUI 3JIEMEHT UMEET HECKOJIbKO BXO-
JIOB (OT OOHOTO OO0 ABEHaAALATH) W oAuH Bhixold. IIpu 3TOM CBS3b
MEXIy BBIXOAHBIM CHUTHAJIOM M BXOAHBIMM CHUTHaJlaMu (Tabjuiia
UCTUHHOCTU) TpeneabHo IpocTa. Kaxxmoil KOMOMHALIMKM BXOIHBIX
CHUTHAJIOB 3JIEMEHTa COOTBETCTBYET YPOBEHb HYJISI WIM €IMHUIIBI Ha
ero Beixone. Hukakoil BHYTpeHHEl MaMsTH y JJOTMYECKUX dJIeMEeH-
TOB HET, MO3TOMY OHU OTHOCSITCS K TPYIIIe TaK Ha3bIBaeMbIX KOM-
OMHALIMOHHBIX MHUKpocxeM. Ho B oriuuyue oT 0ojiee CIOXKHBIX
KOMOMHALIMOHHBIX MHUKPOCXEM, paccMaTpyMBaeMbIX B CJEAYIOIICH
rjaBe, JIOTUYECKHUE 3JIEMEHThl MMEIOT BXOJAbI, KOTOpPbIE HE MOTYT
OBbITh pa3fesieHbl Ha TPYMIIbl, pa3iMyarolIrecss MO BBIMOJHSIEMbIM
UMU QYHKIUSIM.

I'maBHbIE JOCTOMHCTBA JJOTMYECKUX IJIEMEHTOB MO CPaBHEHMIO C
IpYTUMH 1IM(POBBIMU MMKPOCXEMaMM — 3TO MX BBICOKOE OBICTPO-
JIeiicTBre (Majble BpeMeHa 3aJepxkeK), a Takxke Majas MoTpeosisie-
Masi MOILITHOCTh (MaJjiblit TOK notpediaeHus ). [Toatomy B Tex ciayyasx,
Korga TpeOyemylo (yHKUIMIO MOXHO peaju30BaTh UCKIIOUUTEIBHO
Ha JIOTUYECKUX BJIEMEHTAaX, BCETJa MMEET CMbIC] MpOaHaIU3UpOBaTh
9TOT BapuaHT. HeaocTaTok JOrMYecKUX 3JEMEHTOB COCTOUT B TOM,
YTO Ha UX OCHOBE JOBOJBHO TPYOHO PEAIN30BaTh CKOJIbKO-HUOYIb
cnoxHble ¢GyHKUMU. [ToaTOMy yaille BCEro JOTMYECKUE BJIEMEHTHI
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WCIIOJIL3YIOTCSI TOJIBKO B KaueCTBe AOMOJHEHUSI K 6oJiee CIOXKHBIM, K
OoJjiee «yMHBIM» MHUKpocxeMaMm. WM J1000#i pa3paboOTYMK OOBIYHO
CTPEMUTCS HCITIOJb30BAaTh MX KaK MOXKHO MCHBIIC M KaK MOXHO p€-
xke. CyllecTByeT Aaxke MHEHHE, YTO MacCTEpPCTBO pa3paboTyrMKa 00-
pPaTHO MNPONMOPLHHNOHAJIBbHO KOJIMNYCCTBY HMCIIOJIB3YEMbIX MM JIOTMYC-
CKUX 35ieMeHTOB. OJHAaKO 3TO MHEHME BEPHO JaJIeKO He BCerma.

D.1. UHBepTODH] r

CaMBIil TIPOCTOM JIOTMYECKMI 2JIEMEHT — 3TO MHBepTOp (1ormye-
ckuit anemeHT HE, inverter), yxe ynmoMWHaBIINiCS B MEpBOI IJIaBe.
HMHBepTOp BBHIMOJIHSIET MPOCTEHIIYIO JOTUYECKYI0 (DYHKIIMIO — WH-
BEPTUPOBAHME, TO €CTh M3MEHEHME YPOBHS BXOJHOTO CHUTHaJla Ha
TPOTUBOIOJIOXHBINM. MHBEpTOp MMeeT BCero ONMH BXOI U OOWH BbI-
xon. Beixom mHBepropa Moxer ObiTh TMma 2C wm tuna OK. Ha
puc. 2.1. mokazaHbl YCJIOBHbIE 0003HaUYE€HUsI UHBEPTOpPA, IIPUHSITHIC Y
Hac 1 3a pyoexkoM, a B Tabj1. 2.1 mpeacTaBieHa TaOJIMIIa UICTUHHOCTHU
WHBEpTOpAa.

Ta6nauua 2.1. Tabauua MICTUHHOCTU MHBEPTOpPA > > L,
Bxon Brixon
0 |
1 0
1
> —
2C OK

Puc. 2.1. YcnoBHble 0603HaYeHMsI MHBEPTOPOB: 3apybexxHbie (MIOSIB) H oTeuecTBeH-
HbIe (CIpaBa). sed )

B ogHOM Kopryce MUKpOCXeMbl OOBIYHO OBIBAeT IIECTh MHBEP-
TopoB. OTeyecTBeHHOE 0003HAYEHHE MMKPOCXEM WHBEPTOPOB —
«JIH». ITpumeps: KP1533JIH1 (SN74ALS04) — mectb MHBEpPTO-
poB ¢ BbixonoM 2C, KP1533JIH2 (SN74ALS05) — miecTb MHBEPTO-
poB ¢ BeixogoM OK. CymiecTByIOT TakxKe MHBepTOpHI ¢ BhixogoM OK
1 C TIOBBIIIEHHBIM BBIXOAHBIM TOKOM (JIH4) 1 ¢ MOBBIILIEHHBIM BbI-
xonHbIM HanpspkeHnem (JIH3, JIHS). [Jnss mHBEpTOPOB C BBIXOAOM
OK HeoO0xoauMO BKJIIOYEHME BBIXOJAHOTO HArpy304HOIO pe3ucTopa
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pull-up. Ero MMHMMAaJIbHYIO BEJIMYMHY MOXHO pacCUMTaTh OYEeHb
nmpocto: R = U/IOL, tme U — HampsoKeHWE MCTOYHMKA IMTaHUS, K
KOTOPOMY IOIKJII04YaeTcsl pe3ucTop. OOBIUHO BEJMYMHA PEe3UCTOpa
BbIOMpaeTcs mopsiaka coreH OM — enuHull KOM.

JIBe OCHOBHbIE 00JaCTU NMPUMEHEHMUSI UHBEPTOPOB — 3TO U3Me-
HEeHUeE TOJISIPHOCTY CUTHala MU U3MEHEHME TOJIIPHOCTA (PpOHTA CUT-
Hana (puc. 2.2). To ecTh U3 MOJOXUTEILHOTO BXOJHOTO CUTHAJIA MH-
BEPTOp JeacT OTPULIATEIbHBINM BBIXOAHON CUTHAI M HA00OPOT, a U3
MOJIOKUTEILHOIO (PPOHTA BXOAHOTO CUTHAja — OTPULIATEIbHBIN
(GPOHT BBEIXOAHOTO CHMTHaja U HaoOopoT. Eme ogHO BaxkHOE MpHMe-
HEeHMe MHBepTOopa — Oydepusanusa curHaia (¢ MHBepcueit), To ecTh
yBeJIMYCHNE Harpy304HOH CITOCOOHOCTM CUTHayja. DTO OBIBAaeT HYXK-
HO B TOM CJIyyae, KOrjJa KaKoi-TO CUTHaJl Hamo mojaTh Ha MHOTO
BXOOO0OB, a BbIXOHHOﬁ TOK MCTOYHUKA CUTHAJIa HEJOCTATOYECH.

JL L 5 s

Puc. 2.2. VHBepcusi MOJSIPHOCTU CUTHAJIA MU WMHBEPCUSI MOJISIPHOCTH (HPOHTA CUT-
Hasa.

MMeHHO MHBEpTOp KaK HamOoJee MPOCTON 3JEMEHT vallle APYTUx
9JIEMEHTOB MCIMOJIb3yeTCsl B HeCTaHAAPTHBIX BKIoueHUsiX. Harmpumep,
MHBEPTOPhl OOBIYHO MPUMEHSIIOTCS B CXeMaxX TIe€HepaTopoB ITPSIMO-
YTOJIbHBIX UMITYJIBCOB (pHC. 2.3), BBIXOMHOM CUTHATI KOTOPBIX IMEPUOI-
YeCKU M3MEHSETCSI C HyJIEBOro YPOBHSI Ha €IMHUYHBINA U oOpaTHO. Bce
TIPUBEIEHHBIE CXEMBbI, KPOME CXEMbl 1, BBIMIOJHEHBI Ha 3JIeMEHTaX
K155JIH1, HO MoryT OBITh peaJiM30BaHbl M Ha MHBEPTOpaAx APYTUX
cepuil TIpM COOTBETCTBYIOIIIEM M3MEHEHWM HOMMHAJIOB PE3UCTOPOB.
Hanpumep, misg cepun K555 HOMMHANBI pe3UCTOPOB YBEINYMBAIOTCS
npuMepHo BTpoe. CxeMa d BoinojiHeHa Ha asemeHTax KP531JIH 1, Tak
KaK OHa TpeOyeT BHICOKOTO OBICTPONEUCTBUSI MHBEPTOPOB.

CxeMBl a, 6ueé TIpeaCTaBIsIIOT coboii o0buHEIe RC-reHepaTopsl,
XapakKTepUCTUKU KOTOPBIX (BBIXOAHYIO YacTOTy, MJIUTEIbHOCTb MM-
MyJibca) MOXHO paccyvMTaTh TOJBKO IMPpUOIU3UTENbHO. 151 cxeM a
1 6 TIpY YKa3aHHBIX HOMMHaJIax pe3ucTopa U KOHAeHcaTopa 4acToTa
reHepauuu coctaBuT mopsinka 100 kI, mis cxeMbl 8 — OKOJIO
I MI'u. DT cxeMbl PEKOMEHAYETCS MCIIOJb30BaTh TOJBKO B TeX
cllyJasix, KOrja yacToTa He CJIMIIKOM BaXkHa, a BakeH caM (akr re-
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Hepauuu. Eciu XXe ToYHOe 3HAYeHME YAaCTOThI NMPUHIUIHUAILHO, TO
PEKOMEH/IyeTCsl MCIOJIb30BaTh CXEMBI ¢ U 1, B KOTOPBIX YaCTOTA BbI-
XOIHOTO CUTHAJa OIMpenessieTCs] TOJIbKO XapaKTepuCTUKAaMM KBaplie-
Boro peszoHaropa. CxeMa ¢ UCIONIb3yeTcsl IJIsI KBaplLeBOIO pe30Ha-
Topa, paboTarIIero Ha rnepBoii (OCHOBHOI) rapMoHUKe. Beanuunny
€MKOCTH MOXHO OLIEHUTH I0 (popMyJie:

|7 C>1/(2RF),

A
rone F — ygacrota TeHepanunu. Cxema 0 IIPUMCHACTCA OJIsA TapMOHMU-

KOBBIX KBaplIEBBIX Pe30HATOPOB, pabOTAIONINX Ha YacTOTe, OOJNbIIeH
OCHOBHOI B 3, 5, 7 pa3 (9T0 OBIBaeT HYXXHO IUTSI 9acTOT TeHeparuu
Boimre 20 MI'm).

R1 300 R1 470 R2 470

. LB R
DD1.1 DDI 2 DDI 1 DDI 2 DDIL! [DDI2IDDA3
10H 10 -

H ct10H

a . 6 4

RI 47 R2 470 R1 330 R2 330

DDl 1 DD11
Z01 Cl
1]-10 DDI 2|DDL3 4 ML [I vho DD12
caz3ol  Lcaso

ZQl 10 MI'u
2 0

Puc. 2.3. CxeMbl TeHepaTOpOB MMITYJIbCOB Ha MHBEPTOpPAX.

HMHBepTOphI TaKKe MPUMEHSIOTCS B TE€X CIydasx, KOrJa HE0O0XO-
IUMO TIONIYYUTh 3aJePKKY CUTHAJA, MpaBaa, He3HAYUTEIbHYIO (OT 5
mo 100 we). Jug momydeHMs TaKoM 3amep:KKW ITOCIIeTOBaTEIbHO
BKJTIOYAETCS HYXKHOE KOJIMYECTBO WHBEPTOPOB (pucC. 2.4, BepXHsS
cxema). CymMMapHOe BpeMsl 3alep>XKW, HalpuMep, U 4eThipeX WH-
BEPTOPOB MOXHO OIIEHUTH 1O (PopMyJie:

t, =2t + 2t

PLH™
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Puc. 2.4. Vicnionb3oBaHre MHBEPTOPOB IS 3a€PKKU CUTHAJIA.

IMpaBoa, HYXXHO YYUTBHIBATb, YTO OOBIYHO pealbHbIC 3aIEPXKKH dJie-
MEHTOB OKAa3bIBalOTCS CYIIECTBEHHO MEHbIlEe (MHOTAA Jaxe BIBOE),
yeM TabJMYHbBIE 3HAYSHUS TTapaMeTpoB t,,, U t, . TO ecTb 0 TOUHOM
3HAYEHUU MOJyJyaeMoil 3alepXKU TOBOPUTb HE TIPUXOIUTCS, ee
MOXHO OIICHUTb TOJIbKO IIPUMEPHO.

JIsT 3amep>XKU CHTHAjJa MCIOJIBb3YIOTCS TakKKe KOHIECHCATOPbI
(puc. 2.4, nBe HzkHME cxeMbl). [Ipn 3TOM 3amep:kka BO3HMKAET M3-3a
MEJICHHOTO 3apsiia M paspsiia KoHIeHcaTtopa (HamnpsbKeHHe Ha KOH-
nmeHcatope — Uc). Cxema 6e3 pesucTopa (BHM3Y clieBa Ha PHCYHKE)
nIaeT 3amepkKy okojio 100 He. B cxeme ¢ pe3ucTopoM (BHHU3Y CIIpaBa
Ha PUCYHKE) HOMMHAII PE3UCTOPA IOJIKEH OBITh MOpsaKa coTeH OM.
Ho mipu BBEIGOpE TaKMX cXeM ¢ KOHIEHCATOpaMU HAIO YYMTHIBATh, YTO
HEKOTOphle cepuu MuKpocxeM (Hampumep, KP1533) mioxo paborator
C 3aTSHYTBIMU (DPOHTAMM BXOAHBIX CUTHaJIOB. KpoMe Toro, Hamo yum-
ThIBaTh, YTO KOJMYECTBO BPEMSI3aNAIOIIMX KOHIEHCATOPOB B cXeme 00-
paTHO TMPOIMOPLMOHAILHO YPOBHIO MacTepCTBa pa3paboTIMKa CXEMBI.

Bx. 1 E Bx. 3 . Uece
Bx.2 B Bx. 4 l Brix

Puc. 2.5. O6benuHeHue BBIXOAOB MHBepTOopoB ¢ OK dis peamuzanum QyHKIUM
WJIN-HE.

Hakomel, elie omHO NMPUMEHEHUE UHBEPTOPOB, HO TOJBKO C BBIXO-
mom OK, cocToWT B ITOCTpOEHMM Ha WX OCHOBE TaK HA3bIBAEMBIX Jie-
meHTOoB «IIpoBogHoro MJIW». [list 3TOro BeIXOObl HECKOJBKMX WUHBEP-
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TopoB ¢ BbixogaMu OK oObeIVHSIOTCSI 1 Yepe3 Pe3UuCTOp MPUCOSTUHS-
JOTCS K UCTOYHUKY MUTaHus (puc. 2.5). BeIxomoM cxembl SIBiIsieTcst 00b-
eIMHEHHbII BBIXOA BCEX 3JIEMEHTOB. Takasi KOHCTPYKIIUSI BBITIOJHSET
normaeckyio ¢pyakimio MJIM-HE, To ecth Ha BeIxoae OyaeT curHai Jio-
TMUYECKOM eIMHULIBI TOJILKO MPH HYJISAX Ha Bcex Bxomax. Ho o jormue-
CcKux (YHKIMSX TIoapoOHee OymeT paccka3aHo B paszaene 2.3.

B 3akimouyeHue pasgesia HalO OTMETUTb, YTO MHBEPCHUSI CUTHaJIa
MPUMEHSIETCS U BHYTPU OoJiee CIOXHBIX JIOTUYECKUX DJIEMEHTOB, a
TaKkkKe BHYTPM LM(GPOBBIX MMKPOCXEM, BBITTOJTHSIOIINUX CIOXHbBIC
GYHKIINN.

R.2. TToBTopuTeau U Oydhepsl

IMoBTOpuTeaN U Oydepsl OTIIMYAIOTCI OT MHBEPTOPOB TIPEXIE BCETO
TE€M, YTO OHU HE MHBEPTUPYIOT CUTHAJ (IIpaBia, CYLISCTBYIOT U MH-
BepTHpylomme Oydepsl). 3auyeM Xe TOrJa OHM HYXHBI? Bo-TiepBEIX,
OHHU BBITIOJHAIOT (QYHKIMIO YBEJIUUYEHUS] HArpy304HON CIIOCOGHOCTHU
CUTHAJIa, TO €CTh MO3BOJISIOT MOAAaBaTh OAWH CUTHAJI HA MHOTO BXO-
noB. st aroro uMerorcss Oydepbl ¢ MOBBIIIEHHBIM BBIXOAHBIM TO-
koM ¥ BbixomoM 2C, Hanmpumep JITI16 (mecth O6yhepHBIX TOBTOPU-
teneit). Bo-Bropeix, GonbMHCTBO OydhepoB mmerot Bbixon OK wim
3C, 4TO MO3BOJISIET MCIOJb30BaTh WX IJISI TIOJYyYeHUs] OBYHAIlpaB-
JICHHBIX JIMHUM WJIM JUISl MYJIBTUTIICKCUPOBAHUS CUTHAJIOB. [TosicHUM
MoApOOHEee 3TU TEPMUHBI.

Bx. Bem. Bx. Bemx. BEIX. Bx.

alerrarar—
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Puc. 2.6. JIByHanpaBieHHast IMHUS.

IMon odsynanpasnrenuvimu AuHuAMU TIOHWUMAIOTCS TaKWe JUHUU
(mpoBOIa), CUTHAJIBI IO KOTOPHIM MOTYT PacCHpOCTPaHSATLCA B IBYX
MMPOTUBOIIOJIOXHBIX HAIlpaBJeHMAX. B oTIMUME OT OmHOHAIpaBJICH-
HBIX JMHUI, KOTOPbIe UIYT OT OZHOTO BBIXOJA K OTHOMY WM He-
CKOJIBKMM BXOZaM, K JBYHaIlPaBJIEHHON JIMHUU MOTYT OZHOBPEMEH-
HO TMOAKJIIOYAThCS < HECKOJIBKO BBIXOJIOB M HECKOJBKO BXOJOB
(puc. 2.6). I[loHSATHO, YTO ABYyHANpPaBJICHHBbIC TUHUU MOTYT OpraHu-
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30BBIBAaTHCS TOBKO Ha ocHOBe BhIxomoB OK wmmu 3C. ITosTomy 1ou-
T Bce Oydepbl UMEIOT UMEHHO TaKHU€E BBIXOIBI.

Myavmunaexcupoéanuem Ha3bIBaeTCA Tiepenada pa3HBIX CHUTHA-
JIOB I10 OHMM M TeM Xe€ JUHUSAM B pa3Hble MOMEHTHI BpeMeHu. Oc-
HOBHas 1IeJIb MYJIbTUILIEKCUPOBAHMUSI COCTOMT B COKpAIlEeHUM OOIIe-
o KOJIMYECTBA COEAMHMTENBHBIX JIMHUNA. JIByHaIpaBjieHHas JMHUS
00s13aTeIbHO SBJISIETCS MYJIbTUTUIEKCMPOBAHHOM, a MYJIBTUIUIEKCH-
pOBaHHAas JIMHUSI MOXET ObITh KaK OJHOHAIIpaBJE€HHOM, TaK U JBY-
HarpasieHHo#i.  Ho B J1000M ciaydyae K Hell IPUCOEIMHSIETCS He-
CKOJIBKO BBIXOJIOB, TOJbKO OIMH M3 KOTOPBIX B KAaXXOblii MOMEHT
BpPEMEHU HAXOJUTCI B aKTMBHOM COCTOSIHMM. OcCTajibHble BBIXOAbI B
9TO BpeMsl OTKIIOYAIOTCS (TMEpeBOASATCS B IMACCUBHOE COCTOSIHME).
B omiinumne oT AByHaIpaBJeHHOM JIMHUM K MYJBTUIUIEKCUPOBAHHOM
JIMHUU, TTIOCTPOEHHOM Ha OCHOBE Oy(depoB, MOXET ObITh MOAKIIOYEH
BCErO JIMIIb OAMH BXOJ, HO 00g3aTeJIbHO HECKOJIBKO BbhIX0A0B ¢ OK
wi 3C (puc. 2.7). MyJIbTUIIEKCUPOBAaHHBIE TUHUM MOTYT CTPOUTh-
Cs He TOJIbKO Ha Oydepax, HO U Ha MUKPOCXEMaX MYJIbTUILJIEKCOPOB,
KOTOpPbIe OyIyT pacCMOTPEHHI B IJIaBe 3.

0 0 9

B, Berx. Brix. Bx.

Puc. 2.7. OnHoHamnpaBjieHHasl MyJIbTUILUIEKCUPOBaHHAs IMHUSI HA OCHOBE Oy(hepoB.

IIpumepom OydepoB ¢ BeixomoM OK gBigercs MuMKpocxema
JIIT17 (mmects OydepoB o OK). TouHo Tak Xe, Kak U B ClIydyae MH-
BepTopoB ¢ OK (cMm. puc. 2.5), Bbeixonbl HecKoJbKuX 0ydepoB ¢ OK
MOTYT OOBEIMHSATRLCS IJIs TToiydeHrs GyHKIMKn «MoHTaxkHoe U», To
€CTh Ha BBIXOJE OyIeT CHUTHAJ JIOTMYECKON EeIUHULIBI TOJBKO IpU
eIMHMIIaX Ha BcexX Bxomax (pmc. 2.8). To ecth peanmsyeTrcss MHOTO-
BXomoBoii aieMeHT U (cMm. pasgen 2.3).

Bydepsr ¢ Berxomom 3C TpencTaBieHBI TOPa3ao OONBITAM KON~
4yecTBOM MuKpocxeM, Hanpumep: JIII8, JIIT11, AIIS5, AIl6, AIll4.
DTt Oydepsl 00s3aTeIbHO MMEIOT yrpabisiomuii Bxon EZ (wm
OE), mepeBoasmuii BEIXOIBI B TPEThe, ITacCMBHOE cocTtossHue. Kak
MPaBUIIO, TPEThEMY COCTOSIHUIO COOTBETCTBYET €IWHUIIA HA 5TOM
BXOZIe, 2 aKTUBHOMY COCTOSIHUIO BBIXOJOB — HYJIb, TO €CThb CUTHAJI
EZ vuiMeet oTpuIaTeIBHYIO TTOJISIPHOCTb.
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Bx. 1 E Bx.3 . Uee
Bx.2 B Bx. 4 . Bax

Puc. 2.8. O6benuHeHue BbixoaoB 6ydepor ¢ OK.

Bydepbl ObIBalOT OMHOHAMPABICHHbIE WM JBYHAIpaBleHHbIE, C
WHBEpCUEl CUTHAJIOB WM 0e3 MHBEPCUM CUTHAJIOB, C YIIpaBJIeHHEM
BCEMU BBIXOJaMU OJHOBPEMEHHO WIM C YIpaBjeHUEM TpyInamu
BeIX0A0B. Bce 3T0 u ompedensieT OoJibllloe pa3HOOOpa3ue MMKPO-
cxeM 0ydepoB.

Ta6auma 2.2. Tabnua ucTuHHOCTU Oydepa 6e3 MHBepCUU
oq-

Bxon -EZ Boixon
0 0 0
1 0 1 T
0 1 3C
1 1 3C

ITpocTeiiiinM omHOHAMNpPaBAEeHHBIM OydepomM 0e3 MHBEPCUU SIB-
nsercs Mukpocxema JITI8 (uetkipe Oydepa ¢ Bbixomamu Tuna 3C u
pas3fenbHbIM yrpaBieHUueM). Kaxnaeiii M3 4detsipex OydepoB UMEeT
cBoii Bxoa paspemieHuss EZ. Tabauua MCTUHHOCTH Oydepa o4yeHb
npocta (Tabs. 2.2.): IpU HyJEBOM CHUTHajie Ha BXOJE YyIpaBIeHUS
BBIXOJ] TMOBTOPSIET BXOJ, a MPU E€AUHUYHOM — BBIXOJ OTKJIIOYEH.
DTy MHUKPOCXeMY yIOOHO MPUMEHSTh IJisi 00pabdOTKM OJUHOYHBIX
CUTHAJIOB, TO €CTh JJIs TOBTOPEHUsI BXOAHOTO CUTHAjIa C BO3MOXHO-
CThIO OTKJIIOUEHUS BBIXOJA.

< 1 4 — Bux.
Bx.—<9EZ

Puc. 2.9. IMpumenenue 6ydepa c Beixogom 3C B KauecTBe Oydepa ¢ OK.

OTu Xe Oydepbl MHOLIA YOOOHO HCIOJIb30BaTh IJIsI 3aMeIlCHUs
oydepoB ¢ BeixogoM OK (puc. 2.9). B atom ciayyae BXop ympaBiie-
HUST CIOYXXUT UH(pOpPMALIMOHHLIM BxoaoM. Ilpu Hyjae Ha BXoAe MbI
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MojyyaeM Hy/Ib Ha BBIXONE, a TPU SAUHUIE Ha BXOJAE — TPEThE CO-
CTOSTHHE Ha BBIXOJIE.

OueHb YacTo Hago OOpabaThiBaThb HE OAMHOYHBIC CHUTHAJBI, a
TPYIIbI CUTHAJIOB, HAalIPUMEpP CUTHAJbI, Mepeaallue MHOTOpa3psii-
Hble KoAbl. B 3TOM ciydae ymoOHO MPUMEHSITH Oy(dephl ¢ IpyIno-
BbIM YIIpaBJeHHEM, TO €CTh MMeEIOIMe OOUH BXOHd pa3pelucHus EZ
JUIST HECKOJIbKUX BbIXx0a0B. [IpnMepamMu MOTYT CIyXXUTh MHKpPOCXE-
Mol JITT11 (mecth OydepoB, pasnesieHHbIE Ha ABE TPYIIbL: YEThIpe U
IBa Oydepa, IS KaxXOoil M3 KOTOPBIX MMEETCSl CBOIl BXOH yIpaBie-
Hust) u AIlS (Bocemb Oy(depoB, paznesieHHbIe Ha ABE TPYMIIbI MO Ye-
Thipe Oydepa, Kaxaasi U3 KOTOPbIX UMEET CBOW BXO[ YIIPaBIEHUS).

Kozl . DD1.1 Koa 2 DD2.i
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DD1.2 DD22 Buson

Puc. 2.10. MynbTUIUIEKCUPOBaHNE JIBYX BXOIHBIX KOJOB C TIOMOIIbIO OydepoB ¢
BbixogoM 3C.

Ha puc. 2.10 mokazaH mnpuMep MyJIbTUIUIEKCUPOBAHUSI IBYX
BOCHMUPA3PSIIHBIX KOMOB C TOMOIIbIO ABYX MukpocxeM AIlS. On-
HOMMEHHBIE BBIXOAbl 00€MX MUKPOCXEM OOBEIMHEHBI MEXIy COOOA.
ITponyckaHue Ha BBIXOJ KaXIOro M3 JBYX BXOMHBIX KOMOB paspe-
1aeTcss CBOMM YyrpasisiioluMm curHaioMm (Ymop.l u Ynp.2), npudem
JIOJKEH OBbITh UCKJIIOYEH OJHOBPEMEHHBIN TMPUXOJA 3TUX ABYX CHUT-
HaJIOB, YTOOBI HE OBITIO KOH(IUKTOB Ha BbIXOAAX.

JByHamnpaBjieHHbIe Oydepbl B OTJIMUKME OT OJHOHAIPAaBICHHBIX
TO3BOJISIIOT MepefaBaTh CUTHAIBI B 000MX HarpabieHUsX. B 3aBucu-
MOCTM OT CHELMaJIbHOIO yIpaBisitonlero curHana T (apyroe o0o3Ha-
yeHre — BD) BXonbl MOTYT CTAaHOBUTBLCS BbIXOJAMU U HA0OOPOT___
BbIXO/bl Bxomamu. OOs3aTeIbHO UMEETCS U BXOJ YIPABJIECHUST TPETh-
UM cocTosiHueM EZ, KOTOphIii MOXET OTKJIIOYUTh KaK BXOJbl, TaK U
BBIXOJIbI.
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Puc. 2.11. BxioueHue nByHampaBieHHOTO Oydepa. -

Ha puc. 2.11 mis mpuMepa mnokKaszaH IBYHAIlpaBJICHHBIM Oydep
AII6, KOTOPBI MOXET TepeaaBaTh JaHHbIE MEXIy IBYMs IBYHAITpaB-
JIeHHbIMU 1MHaMu A 1 B B oboux HampaBiaeHusix. [Ipu enuHUIHOM
ypoBHe Ha ympasisonieM Bxone T (curHan Harmp.) maHHble Tiepena-
10TCSl M3 IIIMHBI A B IIMHY B, a nMpu HyJeBOM ypoBHe — U3 IIMHBI B B
mrHy A (tadna. 2.3). EnMHUYHBIA ypoBeHb Ha YIpPaBJISIOIIEM BXOJE
-EZ (curHan OTKII.) OTK/IIOYae€T MUKPOCXEMY OT OOEHUX IIIMH.

Tab6auia 2.3. Tabnuiia ICTUHHOCTH IBYHAIIpaBJIeHHOTO Oydepa

BxonT Bxon -EZ Orepatist
0 0 B—>A
1 0 A—>B
0 1 3C
1 1 3C

JIByHaIIpaBJieHHYIO Tepeaayy MOXHO OpraHM30BaTh M Ha OCHOBE
OfHOHaIpaBieHHbIX OydepoB. Ha puc. 2.12 mokaszaHo, Kak 3TO
MOXHO clejaTh Ha IByX Mukpocxemax AIlS. 3mech mpu HyJieBoMm
curHane Ymp.l wmHbopmalus OymeT mepenaBaThCsl ¢ IIMHBI A Ha
muHy B, a mpu HyneBoM curHajae Ha Bxoae Ymp.2 — c muHbI B Ha
muHy A. Ecim ob6a Bxoma Ynp.l u Ymp.2 HaxogdaTcss B eAMHUIHOM
COCTOSIHMM, TO IIMHBI A U B OTK/IIOUEHBI Ipyr OT Apyra, a Iomada
HyJel Ha o0a Bxoma Ynp.l u Ymop.2 moikHa OBITh MCKIIIOYEHA, MHa-
Yye COCTOsIHMEe 00enx IMH A n B Oymer He ompeneieHo.

MukpocxeMbl OyhepoB B OTE€UECTBEHHON cHCTeMe 0003HaueHU
UMeEIOT pa3HooOpa3Hbie 00o3HaueHus: JIH, JIIT, AIl, UIT (Harpumep
JIH6, JITI8, JIIT11, AIIS5, AII6, UI15, UI16), uro mopoit 3aTpyaHSIET
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ux Bb10Op. bydeps! ¢ 0ykBamu JIH nmelor uasepcuto, oydepnr All u
WII moryT OBITH ¢ MHBEpPCHUE, a MOTYT OBITh U Oe3 MHBepcuu. Bce
rmapaMeTpsl y 0ychepoB TO0BOJBHO OJM3KM, OTIMYME — B MHBEPCUHU, B
KOJIMYECTBE Pa3psfoB U B YIIPABJSIOIIMX CUTHAJIAX.
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Puc. 2.12. Opranuzanusi ABYHAIpaBJIeHHOW Tepeaayd C TTOMOIIBI0 OTHOHAIIpaB-
JIEHHBIX OyepoB.

BpemeHHble mapaMeTphl Oy(pepoB BKIIIOUAIOT MOMUMO 3adepKKU
CHUTHaja OT MH(pOPMALIMOHHOTO BX0oJa A0 MH(MOPMAIIMOHHOTO BbIXOJa
TakKe 3aep>KKU Tepexo/ia BbIX0Ia B TPEThE COCTOSIHHE U U3 TPEThETro
COCTOSIHMSI B aKTMBHOE€ COCTOSIHME (tPHZ, tpiz U tPZH, tPZL). BemuuuHbI
9TUX 33JepKeK OOBIYHO TTPUMEPHO BIBOE OOJIbIIIE, YeM BEJIUYMHbBI 3a-
JepXkKeK MeXTy MH(POPMAIMOHHBIM BXOIOM U BBIXOIOM.

Orkmmiouaembiit Beixon OydepoB (kak OK, Tak u 3C) Tpedyer
TIPUMEHEHMST Harpy30YHBIX PE3UCTOPOB. B MPOTMBHOM ciydae BXO,
TMOJAKIIOYEHHBIM K OTKJIIOUEHHOMY BBIXOMY, OKa3bIBaeTCs IOJBE-
IIEHHBIM, B pe3yJbTaTe Yero cxemMa MOXET paboTaThb HEYCTOWYMBO,
naBaTh coou. IlopkmoueHue pesuctopa B ciydae Bbixoma OK (pull
up) MPOM3BOIUTCS CTaHIAPTHBIM crocoboM (cMm. puc. 2.8). TouHO
TaK Xe MOXeT ObITh BKJIIOYEH pe3ucTop Mexmy BbixogoM 3C M IIu-
HoMl muTtanus (puc. 2.13), Toraa npu OTKIIOYEHHOM BBIXOJE Ha BXOJ
OymeT mocCTymaTh YpOBEHb JIOTUYECKOW enuHuIbl. OmHAaKO MOXKHO
BKJIIOUUTh M PE3UCTOP MEXITY BBIXOIOM M 3eMJIel, Torma Ipu OT-
KJIIOYEHHOM BBIXOJI€ Ha BXOJ OyAeT MOCTYIaTh CUTHAJI JJOTMYECKOIO
HyJs. TIpuMeHsieTcs TakkKe U BKIIOUYEHUE NBYX PE3UCTOPOB (pe3u-
CTUBHOTO JEJIUTEIISI), TP 3TOM HOMUHAJ (CONIPOTUBJICHUE) BepXHE-
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ro pesucropa (IIpUCOECAMHEHHOIO K IIWHE MUTaHUSI) OObIYHO BhIOM-
paetcsi B 2-3 pasa MEHbllle, YeM HUXHEro pe3ucTtopa (mpucoeny-
HEHHOTO K «3eMJIe»), a BeJIMUMHA COMPOTUBJICHUS ABYX Mapaljieb-
HO COEAMHEHHBIX pE3UCTOPOB BHIOMPAETCS pPaBHOW MPUMEPHO
100 Om. Hampumep, pe3ucTopbl MOIYyT UMeTb HOMUHaAbLI 240 OM u
120 Om, 360 Om u 130 Om. B maHHOM ciiyyae OTK/TIOUEHHBIN BBIXOJ
BOCIIPUHUMAETCS TPUCOEINMHEHHBIM K HEMY BXOJIOM KakK eIMHUIIA.

_ Ve
_ Rl
H Rl H | |r2

Puc. 2.13. BxmoueHue pe3nuctopoB Ha Beixone 0ydepon 3C.

Wnuorpa x BbixogaMm 3C pe3ucTOpbl HE MPUCOECIUHSIOT BOOOIIIE,
HO B 3TOM CJIlyyae HaJ0 OOECNeYuThb, YTOOBI TMOCIEAYIONIUIA BXOI
BocIlpuHuMan curHaa ¢ Bbixoga 3C (TO ecThb pearupoBajJl Ha HEro)
TOJIBKO TOT/AA, KOTJA BBIXOA HAXOAUTCS B AKTUBHOM COCTOSTHUM.
Muaue BO3MOXHBI cOOM W OTKa3bl B paboTe YCTpOKCTBA.

Puc. 2.14. IIpumeneHue 6ydepoB IIsI MHIUKALINH.

Ewe ogHo TUIIMYHOE IpUMEHEHUE Oy(depoB, CBSI3aHHOE C UX
OGONBIIMMM BBIXOAHBIMA TOKAMU — 3TO CBETOIMOIHAS WHIWKALIMS.
CpeTonMoabl MOTYT IOAK/IIOUAThCI K BbIXOAY OydhepoB ABYMsSI OC-
HOBHbIMU criocobamu (puc. 2.14). Ipu nepBoM U3 HUX (cIeBa Ha py-
CYHKE) cBeToauon roput, korga Ha Beixoge 3C wiu 2C curHan Jjo-
TMYECKOM eIVMHMIIBI, a IIpY BTOPOM (CIpaBa Ha pUCYHKE) — KOrna Ha
Boixoge OK curHaa jgormdeckoro Hysasl. CONpPOTUBICHUE PE3UCTOpa
BBIOMpAETCS MCXOMSl U3 XapaKTePUCTUK CBETOAMOJA, HO OOBIYHO CO-
crapsier nopsiaka 1 KOM.
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R.3.Jlornueckue snementsl U, U-HE, UJIW, UJIN-HE

Crenywmomas rpyrnmna MUKPOCXEM Ha IMYTU YCIOXHEHUS KOMITOHEH-
TOB LU(PPOBOI JTEKTPOHUKHU — ITO 3JEMEHTHI, BBITIOJHSIIONIME MPO-
creiiue gorndeckue GyHKuuU. OOBEANHSIET BCE 3TU DJIEMEHTHI TO,
YTO y HUX €CTh HECKOJIbKO pPagHONpagHsvix BXONOB (0T 2 mo 12) u
OWH BBIXOJ, CUTHAl Ha KOTOPOM OIMpenessieTcsl KoMOuHanuei
BXOJTHBIX CUTHAJIOB.

Cambie pacnpoCTpaHEHHbBIE JIOTUYECKUE (DYHKIIVU, BBITIOTHSIEMbIE
TaKUMU 3JeMeHTaMu, — 3T0 M (B OT€YeCTBEHHOI cuctemMe o0o3Haye-
Huit mukpocxeM — JIN), N-HE (obo3nauvaercsa JIA), NJIN (o6o3Haua-
ercs JUT) u WJIIN-HE (o6o3nauaetcs JUT). IMpucyrctBue ciosa HE B Ha-
3BAaHUM 3JIEMEHTAa 0003HAYAET TOJBKO OJHO — BCTPOCHHYIO WHBEPCUIO
curHaia. B MexmyHapomHoW cucTeMe OOO3HAYEHUI WCITONb3YIOTCS
cnenytome cokpatieHus: AND — dyukuusa U, NAND — dbyHkums
U-HE, OR — ¢yukuus UM, NOR — dyukuusa UIN-HE.

Hazpanue camux ¢pyukuuit 1 u MJIM roBoput o ToM, Ipyu KaKOM
YCJIOBUM Ha BXOAaX MOSIBJISIETCS CUTHAT Ha Bbixofe. [Ipu aToM BaxHO
TIOMHUTb, YTO P€Yb B JAHHOM CIJIy4ae WJET O MOJOXUTETbHOI JIOTHUKE,
0 TIOJIOKUTETbHBIX, EAMHUYHBIX CUTHAJIaX HA BXOJaX U Ha BBIXOE.

Ta6numa 2.4. Tabnuila UCTMHHOCTU NBYxBXOHOBbIX 3nemeHToB U, WM-HE, WUJIU,
WJIN-HE

Bxon 1 Bxon 2 Brixon Boixon Brixon Boixon
4 U-HE Win WIU-HE
0 0 0 1 0 1
0 1 0 1 1 0
1 0 0 1 1 0
1 1 1 0 1 0

OnemeHtT U hopMupyeT Ha BBIXOJE €IUHUILY TOTAA U TOJIBKO TO-
rJa, Korja Ha Bcex ero Bxojax (M Ha TMepBOM, M Ha BTOPOM, M Ha
TPETbEeM U T. J.) MPUCYTCTBYIOT eNUHUIIBI. Eciii peub uaet ob aie-
meHTe M-HE, TO Ha Bhixode ¢opMupyeTcsl HyJib, KOTJa Ha BCEX BXO-
nax enuHulbl (Tada. 2.4). ludpa nepen HazBaHKEeM (YHKUKWU FOBO-
pUT O KojuuyecTBe BxoAoB ayiemeHTa. Hampumep, SU-HE — 310
BOCBMMBXOA0BOI 371eMeHT M ¢ MHBepcuell Ha BbIXOJE.

BOnemeHnt UJIN dopmupyeT Ha BBIXOJE HYJb TOrAa U TOJBKO TO-
rga, Koraa XoTsi Obl Ha OJHOM M3 BXOJOB INPUCYTCTBYET €AMHMIIA
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(W1 Ha TIepBOM, WM HAa BTOPOM, WIM Ha TPEThEM U T. A.). DJIEMEHT
WJIN-HE naet Ha BbIXoA€ HyJb NPU HAaJIWYMU XOTS ObI HA OMHOM U3
BXomoB enuHULBLI (Ta6n. 2.4). Ilpumep obosnauenus: 4UJIM-HE —
YeThIpeXBXomoBoii aemeHT MJIM ¢ mHBepcueit Ha BBIXOZE.
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Puc. 2.15. O6o3nauenust anementoB U, U-HE, NJINU, NI -HE: 3apy6exHblie (cie-
Ba) ¥ OTEYECTBECHHBIC (CIIpaBa).

OteyecTBeHHbIE M 3apyOekHble 0OO3HAUEHUS Ha CXeMaxX IBYXBXO-
noBbix anmeMmenToB U, U-HE, NI, NI -HE moka3ans! Ha puc. 2.15.
Bce 3t anemenTh! ObIBatoT ¢ Beixogamu tta 2C, OK n 3C. B mocnen-
HEM ciydae 00s13aTeIbHO MMeeTCsl BXOM pa3pelieHus -EZ.

Hetpynno 3ametuth (cM. Taba. 2.4), 4yTo B ciydyae OTpUllaTelb-
HOM JIOTMKMW, MPU HYJEBBIX BXOMHBIX M BBIXOAHBIX CUTHaJax, 3Jie-
meHT U Bemonnser dynkuuio MJIM, To ecTh Ha BhIXome OymeT HY/Ib
B cjydyae, Korga XoTsd Obl Ha ONHOM M3 BXOAOB HYy/lb. A 2J€MEHT
WJIN npu oTpuLATEIbHON JOTUKE BhINOAHSAECT GyHKUMIO M, TO ecTh
Ha BbIxone OyleT HyJib TOJbKO TOTAa, KOrJa Ha BCeX BXoAax Ipu-
CYTCTBYIOT HYJU. A TaK Kak B peajlbHbIX DJIEKTPOHHBIX YCTPOMCTBAX
CUTHAJIbI MOTYT OBITh J1000H MOJSAPHOCTU (KaK IMOJOXUTEIbHbIE, TaK
U OTpULATENbHbIE), TO HAIO0 BCeraa o4yeHb aKKypaTHO BbIOMpATH
TpeOyeMblii B KaxIOM KOHKPETHOM ciydae sjeMeHT. OcobeHHO
BaXHO MOMHUTb 00 3TOM TOTrAa, KOrJa MOCieq0BaTeJIbHO COEIUHSI-
J0TCSI HECKOJIbKO Pa3HOUMEHHBIX JOTUYECKUX 3JIEMEHTOB € MHBEp-
cueil 1 6e3 Hee TS TTOJyYeHUSs! CJIOKHON (YyHKIIMH.

IToaToMy pa3paboTUMKy Jajieko He Bceraa yaobHO paccMaTpu-
Bath aneMeHThl U, U-HE, UJIN, UJIN-HE nMeHHO KaK BbITIOJIHSIO-
1€ YKa3aHHbIE B UX Ha3BaHWUM Jormyeckue yHkimu. MHorma ux
yaoOHee paccMaTpuBaTh KaK BJEMEHTBI. pa3pellieHus/3anpelieHus
WM cMelIMBaHus1/coBnaaeHus. Ho cHauama Mbl pacCMOTpPUM Cllydyau
peau3aly Ha 3TUX JIEMEHTaX MMEHHO JIOTUUeCKUX QYHKIIMHA.

Ha puc. 2.16 npuBemneHBI TpUMepPBI GOPMHUPOBAHKS JIeMEHTaAMU
BBIXOJHBIX CHUTHAJIOB Ha OCHOBaHUM TPeOYEeMbIX BPEMEHHbBIX Iua-
IrpaMM BXOIHBIX U BBIXOIHBIX CUTHAIOB. B ciyyae a BbIXOmHOM cur-
HaJl TOJXKEH OBITh PAaBEH €OWHWIE TPU OBYX CAWHWYHBIX BXOJTHBIX
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CMTHaaX, CliedoBaTelIbHO, HyXeH 3jeMeHT 2M. B ciyuyae 6 BbIxom-
HOIl CHUTHaJl HOJDKEH OBITh paBeH HYIIO, Korda XOTs Obl OOWH W3
BXOIHBIX CUTHAJIOB paBeH EIWHUIIE, CJIEMOBAaTEIbHO, TpeOyeTcs
anemeHT 2WUJIN-HE. HakoHel, B ciy4ae ¢ BBIXOIHOI CHUTHAJ ITOJI-
JKeH OBITh paBeH HYJIIO IIpA OTHOBPEMEHHOM IIpHUXOIe €OMHUIHOTO
curHana Bx.1, HyneBoro curHana Bx.2 m emmHuyHOTO curHaima Bx.3.
CrnenoBatenbHo, TpedyeTcsa anemeHT 3M-HE, mpuyem curnam Bx.2
HAllo IpeABapUTEIEHO IIPOMHBEPTUPOBATD.
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Puc. 2.16. [Ipumepsl npuMeHeHMsT 3eMeHTOoB Y m UJTN.

Jto0oli U3 JIOTMYECKUX 3JIEMEHTOB paccMaTpyuBaeMOM TpyMIIbl
MOXHO paccMaTpuBaTh Kak yIpaBJsieMblil MpomycKaTelb BXOJHOTO
curHaia (c MHBepcHel 1M 6e3 Hee).

Hanpumep, B ciaydae snementa 2M-HE oguH 13 BXOIOB MOXKHO
CYMTaTh WHGOPMAIMOHHBIM, a APYrol — ympasisiommM. B stom
clyyae TMpU eIUHUIE Ha YMPaBJSIONIEM BXOJE€ BBIXOAHOW CHUTHA
OyIeT paBeH MPOMHBEPTUPOBAHHOMY BXOJHOMY CUTHAy, a TIpU HYy-
Jie Ha yIpaBJisiiolleM BXOJe BbIXOAHOW CUTHaJl OyIeT MOCTOSIHHO pa-
BEH €IUHMIIE, TO €CTb MPOXOXIEHHE BXOJHOIO CHUTHajJa Oymer 3a-
npenieHo. AaeMeHTh 2M-HE ¢ Beixomom OK 4acTo MCIONB3YIOT
MMEHHO B KauecTBe yMnpaBisieMbIx OydepoB misi paboThl HAa MYJIBTH-
IJIEKCUPOBAHHYIO WJIU ABYHAMPABICHHYIO JUHUIO.

TouyHO TaK e B KauyecTBe 3JIeMEeHTa pa3pelleHUs/3anpelieHust
MoryT nipuMeHsThes aneMmeHTsl U, NI, NIIN-HE (puc. 2.17). Paz-
HMIA MEXIy 3JIeMEHTAaMU COCTOUT TOJIbKO B MOJISIPHOCTU YIpaB-
JISIIOILETO CUTHajla, B MHBEpCUM (WM ee OTCYTCTBHMM) BXOJHOTO CHUT-
Hajla, a TaKX€ B YPOBHE BBIXOJAHOTO CUTHaJA (HYJb WU €IWHUILIA)
MpHU 3aMpelieHny TPOXOXKAEHUSI BXOJHOTO CUTHAIA.
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Puc. 2.17. PaspemeHue/3amnpeiieHne TPOXOXICHUS CUTHAIOB Ha 3neMmeHTax U,
WU-HE, UJU, NIU-HE.
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Puc. 2.18. INossnenue muirHero hpoHTA TIPU 3aTIPEIICHUN BXOJHOTO CUTHAJIA.

IIpu ucnonb30BaHUM BJEMEHTOB pa3pelleHUs]/3alpelieHus] MO-
I'YT BO3HUKHYTbH NOIMOJHUTEIbHbIE MPOOJEMBbl B Cllyyae, KOrJga CUT-
HaJl C BBIXOJA 2JIEMEHTa WAET Ha BXOJ, pearupyromuil Ha (QpoHT
curHaja. B MOMEHT mepexoia U3 COCTOSTHUSI pa3pellieHUsT B COCTOSI-
HUE 3alpelieHns] U U3 COCTOSIHUS 3alpEellleHUs B COCTOSIHUE pa3pe-
IIEHUS] B BBIXOJHOM CHUTHAJIE MOXET MOSIBUTHCSI TOTMOJHUTEIbHbBIN
(pPOHT, HUKAK HE CBSI3aHHBIA C BXOAHBIM CUTHAJIOM (puc. 2.18).
YToObI 3TOr0 HE MPOU3OIILIO, HANO TMPUIEPKUBATHCS CJEIYIOIIETO
MPOCTOro TIpaBWJa: €CJIM BXOM pearupyer ~Ha ITOJOXUTEIbHBIN
(pPOHT, TO B COCTOSIHUM 3AIPEIICHUST HAa BBIXOJE JIEMEHTa JOJIKEeH
OBbITb HyJIb U HA00OPOT.

HMHuorna HeoOXoquMo peain3oBaTh (PYHKIIMIO CMEIIUBAHUS ABYX
CUTHAJIOB TOW WM WHOU MOJSIPHOCTU. TO €CTh BBIXOJHOU CUTHAI
JIOJIKEH BbIpabaThIBAaThCS KaK MPU MPUXOAE OMHOTO BXOAHOIO CUT-
HaJla, TaK U MPUXOJAE APYroro BXOAHOro curHaia. Eciu oba Bxox-
HBIX CHUTHaJIAa TOJOXWTEIbHbIE W BBIXOMHOW CUTHAT TOJOXUTEIb-
HBII, TO MBI UMeeM B uyucToM Bujae (yHkuuto MIINA, u Tpedyercs
aneMeHT 2NJIW. OnHako MpM OTpULIATEbHBIX BXOJHBIX CUTHAJaX U
OTPULIATEIbHOM BBIXOAHOM CHUTHAJIE [JISI TAKOTO € CMEUIMBAHUS
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MOHAIOOUTCsT yXe 3jeMeHT 2M. A ecliu IMOJSIPHOCTb BXOAHBIX CHUT-
HaJIOB HE COBMNAAaeT C HYXXHOM ITOJSIPHOCTBHIO BBIXOAHOIO CUTHaJa,
TO HYXXHBI yXe a7ieMeHThl ¢ uHBepcuel (M-HE npu nonoxuTenbHbIX
BoixogHbIX curHajiax u WMJIM-HE 1ipu oTpuuaTelbHbIX BBIXOTHBIX
curHanax). Ha puc. 2.19 nokaszaHbl BapuaHThl CMENIMBAHUST Ha pas-
HBIX dJIEMEHTaX.
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Puc. 2.19. Peanmn3anysi cMeIIMBaHUS IBYX CUTHAJIOB.
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Hakoneu, sanementsl U, U-HE, NJIN, NJIN-HE uHorna 6wiBaeT
yIOOHO paccMaTpuBaThb B KauyeCTBE CXEM COBIIAJCHUS Pa3IMYHBIX
curHajioB. To ecCTb BBIXOOHOI CUTHaJ HOJKEH BBIPAOAaThIBATHCS
TOorja, Kordga CUTHalIbl Ha BXOJaxX COBIAAAIOT (IIPUXOISAT OZHOBpPE-
MeHHO). Eciin ke coBmameHMs] HET, TO BBIXOAHOM CUTHAJ JOJIKEH
orcyrctBoBath. Ha puc. 2.20 mokazaHbl BapuaHThl TaKMX CXEM
COBITaJICHUSI Ha YeThIpeX pa3HBbIX 3jJeMeHTaxX. Pa3znmuyalorcs oHM
MOJIIPHOCTSIMU BXOJHBIX CUTHAJIOB, a TaKXK€ HAaJIUYMEM WA OTCYT-
CTBUEM WMHBEPCUM BBIXOAHOIO CHTHAJA.
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Puc. 2.20. Cxembl cOBIafIeHUS IBYX CUTHAJIOB.



70  I'nmaBa 2

PaccMoTpyM aBa mpuMepa COBMECTHOTO MCITOJIb30BaHUS BJie-
menToB U, U-HE, UJIU, NJIWU-HE (puc. 2.21).

6

Puc. 2.21. [Ipumepsl COBMECTHOTO UCITOIb30BaHUS 3JIEMEHTOB.

ITycTh HEOOXOAMMO CMeEIATh IBa CUTHAJIA, KaXIbIii U3 KOTOPBIX
MOKET OBITh pa3pellleH WK 3arnpelieH. [1ycTh MOIsSIpHOCTb BXOAHBIX
CUTHAJIOB M CUTHAJIOB pa3pellieHUs] TOJIOXKUTEIbHAsI, a BBIXOAHOM
CHUTHAJI TOJDKEH OBITh OTpUIIATeIbHBIM. B 3TOM ciyyae Hamo B3STh
JIBa ABYXBXOIOBBIX 3JieMeHTa M M cMelllaTh UX BBIXOAHBIE CUTHAJIBI
¢ moMo1ikio aByxBxomoBoro 3neMmeHTa UJIM-HE (a).

Ilycth HeoOXomMMO cMellaTh ABAa OTPULIATENIBHBIX CHUTHAla U
OIVH TIOJOXUTEIbHBIA CHUTHAJ, TIPUYEM pe3YJBTUPYIOIINIA CUTHAJ
MOXET OBbIThb pa3pelleH Wwid 3anpeiieH. [lonsipHocTh curHana pas-
pelieHUsT — OTpUIATeNIbHAsI, TOJISIPHOCTh BBIXOAHOTO CUTHAIa —
oTpulaTeabHas. i1 3TOro HyXXHO B3SITh TPEXBXOIOBOM 3JieMeHT U,
WHBEPTOP IJIsI OTPUIATEIIBHOTO BXOMHOTO CHUTHAJIA U JBYXBXOIOBOM
anemeHnt UJIHA (6).

Onementsl U, U-HE, NI, UJIIN-HE wmoryr mcnonb3oBaThes
TaKKe B KayeCcTBe MHBEPTOPOB WJIM MOBTOpUTENei (puc. 2.22), mis
Yero HeoOXOIUMO OOBESAMHWTh WX BXOABI WM HAa HEUCIIOJIb3yeMbIe
BXOJbI TIOJATh CHUTHAJ HYXHOTO ypOBHSI. BTopoe TipemmodyTuTelib-
Hee, TaK KaK 00beIUHEHNE BXOJAOB HE TOJIbKO YBEJIMYUBACT BXOIHOM
TOK, HO U HECKOJIbKO CHIIXAeT OBICTPOJCHCTBUE JIEMEHTOB.
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Puc. 2.23. O6bennHeHue mo Y BXOmIOB MUKPOCXEM.

Mo ¢pyskmum M gacTto 00BEAMHSIOTCS BXOIBI 0OJIee CITOXKHBIX
MuKkpocxeM. To ecTh Kakasi-To (OyHKIIMSI BBITIOJHSETCST TOJILKO TOTAA,
KOIJa Ha Bce O0beOAMHEHHBIE TIO W BXOABI IOCTYIMAIOT CUTHAJIBI
HYXHOU molsipHocTH. Yaie Bcero mo M oObeAMHSIIOTCSI BXOIBI BbI-
6opa MukpocxeMbl. CS U BXOIbl yIpaBlIeHUS TPETbUM COCTOSTHUEM
BeIxoga MUKpocxeMbl EZ. Ha puc. 2.23 nokazaHo Tpu IpuMepa Ta-
koro oobenuHeHus nmo M. Ilpu 3TOM Hago yYuThIBaTh, YTO HA MH-
BEpPCHBIC BXOIBI JUTSl BBITTOJHEHUS (DYHKUMUM JOJIKHBI TTOCTYIIaTh Hy-
JIeBbIe CUTHAJbl, a Ha NpSIMble BXOObl — EIMHWYHBIC CHUTHAJIBL.
IMpumepamu MoryT ciayxuthb MukpocxeMbl KP556PT4, KP556PTS5,
KP1533AI114, KP1533AI115.

Jlo cux 1op, paccmarpuBas snementsl MU, U-HE, UJIU, NJIU-
HE, MBI He BBIXOAWJIM 3a paMKU IIEPBOTO YPOBHSI MPEIACTaBICHUS
(Jiormyeckoit Mogesn). DTO BIIOJIHE JOMYCTUMO B TOM Cllydyae, Koraa
BXOJHBIE CHUTHAJbI 3JICMEHTOB HE MEHSIIOTCS OIHOBPEMEHHO WU
MOYTH OJHOBPEMEHHO, KOraa WX ()POHTHI pa3sHECEHBI BO BpEeMEHU
CylIecTBeHHO (OOJIbIIle, YeM Ha BpeMs 3ajepKKM 2jeMeHTa). [Ipm
OIHOBPEMEHHOM M3MEHEHUM BXOJHBIX CHTHAJIOB BCE OyIeT ropasio
CJIOXHee, HeoOXOIUMO TPUBJIEKATh BTOPOIi, a MHOTIA U TPETUIA ypo-
BEeHb IpeICTaBIeHUsI. B MOMEHT M3MEHEHUSI BXOIHBIX CUTHAIOB BhI-
XOJHOM CUTHAJI CTAHOBUTCSI HEOIpPeNeIeHHBIM, HECTaOMIbHBIM, HeE-
MpeAcKazyeMbiM. B pesyibTaTe 3TOro mpu HeNpaBUJIBHOM ITPOEKTH-
POBAaHUU MOXET He paboTaTh BCSA CIIOXKHAs cxeMa, LeJIblil Tprubop
WY Jaxe OoJibllas CUCTeMa.

Hanpumep, Bo3sMeM normueckuii amemenT 2M-HE. Ilycts Ha ero
BXOZbI TIPUXOAST CUTHAJIBI, U3MEHSIIOIINECS] OMHOBPEMEHHO, TIPUYEM
B TIpoTUBO(da3e, TO €CTh OAWH TEPEKIIIOUAETCST U3 HYJISI B €AUHMILY, a
JIPYrol — u3 eAMHULBI B HY/Ib. [1yCTh MO TeM WM UHBIM MPUYMHAM
(BcaemcTBUE Tepenayd Mo MpoBOJAM, BCIEACTBUE PAa3HBIX 3alepKeK
5JIEMEHTOB M T. [I.) OAWH M3 CUTHAJIOB YyTh-YyTh CIBUHYJICS BO Bpe-
MEHU OTHOCUTEJIbHO Apyroro (puc. 2.24). Ilpu 3ToM Ha ABYX BXoJax
B T€YeHME KPaTKOBPEMEHHOro Iepuoaa OyaeT MpHCYTCTBOBATH JBa
e¢IMHUYHBIX CUTHalla. B pe3ynbrare BBIXOJ HAYHET IMEPEKIIOYATHCS
U3 €IUHULBI B HyJIb. OH MOXET YCHEeTb MEPEKIIOUMThCI, U TOrIa
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copmupyercst KOpOTKHMIT MMIybc. OH MOXET He YCIeTh MepeKiIio-
YUTBCI, W TOTAa UMITyJIbca He OymeT. OH MoOXeT MHOTIAa ycreBaTh
MEePEeKITIOYUTHCS, a MHOTJA He YCIIeBaTh, ¥ TOTIA BBIXOTHON MMITYJIBC
TO OyIeT TOSIBIISIThCS, TO He OyleT. 31ech BCe 3aBUCHUT OT OBICTPO-
IEeWCTBUST SJIEMEHTa W BEJIMYUHBI 3amepXKu. [loclemHsst cuTyanus
HauOoJiee HEMPUATHA, TaK KaK MOXET BbI3BaTh HECTAOUJIbHYIO HEUC-
MPaBHOCTh, BBISBUTH KOTOPYIO KpaifHe CIIOXKHO.
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Puc. 2.24. Kopotkuii ummnyJibc Ha Bbixoze ainemenTa 2M-HE.

Ha aTame mpoekTupoBaHus CXeMBI OOPOTHCS C TAKMMM Tapa3uT-
HBIMU WMITYJIbCAMM JTOBOJIBHO IIPOCTO: JOCTATOYHO BHIOpATh TaKoe
CXEMOTEXHMYECKOE pellleHre, TP KOTOPOM BCSI JajbHEMImas cxema
MIPOCTO HE pearmpoBajia Obl HAa 3TU MMIIYJIbCHI, HallpuMep OTKJIIoYa-
JJach Ha HEKOTOpO€ BpeMs ITOCI€ WM3MEHEHUS BXOIHBIX CHUTHAJIOB
aieMeHTOB. TO ecTh HEeoOXOmMMO BPEMEHHOE COINIAaCOBaHUE, CHH-
XPOHU3ALMS PA3INIHBIX 3JIEMEHTOB CXEMBI.

B xauecTBe mpuMmepa pacCMOTPUM OIHO M3 CaMBIX pacIpocTpa-
HEHHBIX MNpUMMEHeHMId paccMaTpuBaeMbix 37emeHToB WM, HM-HE,
NN, NIN-HE — cenextupoBanne KojgoB. CyTh CeJeKTMPOBaHUS
cBOIUTCS K cienyroniemy. IlycTb nMeeTcs: HeKoTopas IIMHA, O KO-
TOpOI TIepenaloTcs Koabl. Heo0XoaMMo BEISIBUTD ITOSBJICHUE HA OTOM
IIMHE KaKOTO-TO OIpPEeNeIEeHHOrO KOaa, TO €CTh C(hOpMHUPOBATH BbI-
XOIHOM CHUTHAJI, COOTBETCTBYIOIINI TpeOyeMOMY. BXOTHOMY KOIy.

CxeMa, BBHITIOJHSIONMIAS TaKylo (QYHKIIMIO, JOBOJBHO IIPOCTa
(puc. 2.25). B ee ocHoBe — MHOroBxomoBhie 35eMeHTe M-HE. Tlpn
3TOM CHTHaJIbl, COOTBETCTBYIOIIME pa3psiiaM Koda, B KOTOPBIX
JIOJDKHBI OBITh €MVMHUIIBI, TToAaoTcs Ha Bxoawl 31emeHToB M-HE He-
MOCPENCTBEHHO. A CUTHAJIbI, COOTBETCTBYIOIIME pa3psimaM Koia, B
KOTOPBIX MOJDKHBI OBITh HYJIHM, ITOAAIOTCS Ha BXOABI 3jieMeHTOB M-
HE uyepe3 unBeptopnl. BoixogHbie curHaiabl a1emMeHToB M-HE o0be-
nuHsTCca ¢ nomoubto 3nemenTa MJIM-HE. B pesyabrare Ha BbIXO-
ne snementa UJIM-HE dopmupyercst curHam Beix.l B TOT MOMEHT,
KOIJa Ha BXONle¢ HMPUCYTCTBYET HYKHBIM KOJI.

Hpmeﬂe}me JIOTMYECKUX IJIEMEHTOB 73

Brix.2
r
. Bxomnoi
BXOAHO | ' .
‘Koa STR (R} (W] [l
Tl R
s piy ST I
[ ]
B [T

Puc.2.25. CenextupoBaHme KOA0B O CTPOOMPOBAHKEM.

OnHako B MOMEHT YCTAaHOBJICHUST HYXKHOTO KOJIa 1 B MOMEHT €T0
CHATHUSI BO3HMKAET TIEPUOI HEONPENeICHHOCTH, KOTI/a B BBIXOIHOM
CHTHaJIe MOTYT OBITh KOPOTKHE Mapa3uTHBIC UMITYJIbCHl. DTO CBSI3a-
HO KaK C HEOIHOBPEMEHHBIM ITPUXOI0M Pa3IUYHbBIX Pa3psIoOB, TaK 1
C BHYTPEHHUMMU 3a1epXXKaMy Halleil cxeMbl. bonee Toro, Koporkue
nmapasuTHbIC MMITYJIbCBl MOTYT BO3HMKATh Ha BBIXOAE WM B TOM CIIy-
yae, Korjaa J1io00i BXOOHOI KOJ MEHsSIETCsl Ha J1000# Ipyroil BXOIHOM
KO, TaXKe eC/IM 00a 3TUX Kojla He CEJIEKTUPYIOTCS Halreil cxemoil. To
€CTb JTI000e M3MEHEHME KO/Ia BCErha COIPOBOXKIAETCS TEePUOIOM He-
onpeaeaeHHOCTU B curHajie Broix. 1.

Kaxk xe noOouTbcst, 4TOOBI BBIXOMHON CHUTHAJI HE MMEN Tapa3uT-
HBIX UMITYJIbCOB, HE MMeEJI TIepHOIOB HeollpeaeaeHHoCcTu? s aToro
OOBIYHO HCITOJIB3YETCSI CTPOOMpPOBAaHME WIM TaKTMPOBaHUE Iiepema-
BaeMoro Koma. To ecTb TOMUMO KOJIa TlapajuleJIbHO C HUM IIepeaaeT-
csl cTpoOupylomnii iy TakTupyonmii curHan STR, 3amepkaHHBIN
BO BPEMEHU OTHOCHUTEJBHO KOJa. AKTMBHBIM 3TOT CUTHAJl CTAHOBUT-
cs TOorda, KOrja BCe IIPEAbIIyIIve IePeXOMHbIE IPOIIECChl yXKe 3a-
BEpIIEHBI, BCE pa3psabl KOda YCTAaHOBWUJIMCH B HYXHBIE YPOBHHM M
cxeMa, oOpabaTeiBaromiasg KO, TOXE 3aKOHUYMWJIa CBOIO paboTy.
A TIaCCMBHBIM 3TOT CHMTHaJI CTAHOBMTCS IO Hayajla HOBBIX IT€PEXO]I-
HBIX TIPOIIECCOB. DTO HA3BIBACTCS GA0NCEHHbLIM UUKAOM (TO €CThb B
HameMm ciaydae curHam STR BioxkeH B cUTHaiBI Koma). B pesynbra-
Te, €CIM MBI OyIeM paspeliaTb BBIXOMHO CUTHaJ Halleil CXeMBbI
Breix. 1 TakmM curHanoMm STR ¢ momompio snemenTa 2U-HE, To MBI
MOJyYMM CUTHaJI BbIX.2, CBOOODHBIN OT Mapa3WTHBIX WUMITYJIBCOB U
TePUOIOB HEOTIPEACICHHOCTH.

INonpobHee 0 cMHXpOHU3ALMU OyAeT paccKa3aHO B CIEOYIOIIUX
IJIaBaX KHUTH.
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Puc. 2.26. ®opMupoBarei KOPOTKUX UMIIYJIbCOB IO (PPOHTY BXOAHOIO CHUTHAJIA.

i

OpHako OBIBAIOT Cllydad, KOIJa yKa3zaHHasi OCOOCHHOCTb 3Jjie-
menToB U, U-HE, NN, NJIN-HE dopMupoBarh KOpOTKHE WM-
MyJAbChl TPU M3MEHEHUM BXOMHBIX CUTHAJIOB OKAa3bIBAC€TCSI OYECHb
nmosie3Hoit. Hampumep, HaM HeoOXoauMo chOpMUPOBATh KOPOTKMUIA
WMIYJIbC MO TOJOXHUTEIbHOMY WIM OTpUIATeIbHOMY (POHTY
MMeEIOIIeTrocsl curHajia. Torma 3TOT CUTHaJl MHBEPTUPYIOT, CIIEIU-
aJbHO 3aJepPXXMBAIOT C ITOMOIIBIO LIETIOYKU 3JIEMEHTOB WMJIM €MKO-
CTM Y TOAAIOT MCXOAHBINA CUTHAII U 3aAepXaHHBI CUTHAJI Ha BXOIbI
sneMeHTa (puc. 2.26).

WMnynbsc mo mojaoXuTeabHOMY (DPOHTY BXOOHOTO CUTHaja (op-
mupyetrca Ha snemenre 2 wim 2M-HE (a), a uMmmynsc 1mo orpuia-
TeJIbHOMY (DpOHTY BXOOHOTO CuUTHajiia — Ha anemeHrte 2MJIN umm
2UJIN-HE (6). Ecnn aneMeHT ¢ MHBEpCHUEl, TO BBIXOTHOM MMITYJIbC
OymeT OTpMIIATEeJIbHBIM, €CIU 0€3 MHBEPCHHU, TO TOJOXMTEIbLHBIM.
IIpu ykazaHHOIT Ha cXeMax BEJIWYMHE €MKOCTU IJIUTEIbHOCTh M-
myJibca moirydaercsa okojo 50 Hc. [l yBenmwueHUsT IIMTEIbHOCTH
HMMITyJIbCa Haa0 YBEJIIMYMBATh BEJIMYMHY €MKOCTU WIHM K€ KOJMYECT-
BO MHBEPTOPOB B LENU 3aAepKKU (IIPH 3TOM KOJIMYECTBO MHBEPTO-
POB 00513aTeIHHO TOJLKHO OBITh HEYETHBIM).

R.4. lormueckue sneMenTh Mckmouawonee MY

Onementol Mckmouaromee MJIN (mo-anrmuiicku — Exclusive-OR)
TaKKe MOXHO OBLIO OBl OTHECTH K MPOCTEHILMM 3JeMEHTaM, HO
¢YHKIIMS, BBITIOJHSIEMAas MMM HECKOJIBKO CJIOXHee, YeM B ciaydae
sneMedHTa I wim snementa MJIN. Bee Bxonbl 3imeMeHToB Uckio-
yaromiee MJIN paBHOIIpaBHBI, OMHAKO HU OIWH U3 BXOIOB HE MOXET
3a0JIOKMPOBATh JPYrMe BXONBI, YCTAHOBUB BBIXOJAHOW CHUTHAI K
YPOBHIO €IWHUIIBI WA HYJIsS.

Iox dyaxumeit Mckmogatromum MJIW monnmMaeTces ciemylomee:
eIVHUIIA Ha BBIXOAES MOSBISIETCS TOTAa, KOrda TOJBKO Ha OIHOM
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BXOJI€ TIPUCYTCTBYET eOVWHWIA. EcCIM eOMHUII Ha BXOMaX IBE WM
OoJIbllle, WIM €CJIM Ha BCEX BXOMaX HYJIM, TO Ha BBIXOAE OyIeT HYIb.
Tabnuia MCTMHHOCTM ABYXBXOMOBOTO sieMeHTa Mckimoyvaloiee
WJIN npuBenena Hioke (Tadi. 2.5). OGo3HaYeHUsI, IPUHSITHIE B OTe-
YeCTBEHHBIX 1 3apy0eXHBIX cxeMax, moKa3zaHbl Ha puc. 2.27. Han-
MMCh Ha OTEYECTBEHHOM o0O03HaYeHMU 3jeMeHTa Mckmoyvaloiee
NJIN «=1» Kak pa3 1 0003HaYaeT, YTO BBIAEISETCS CUTyallusl, KOraa
Ha BXOJIaX OIHA M TOJLKO OJHA eIMHUIIA.

Tabmupa 2.5. Tabnuua uctuHHOCTH n1eMenTa Uckimovaromee MU

Bxon 1 Bxon 2 Brixon
0 0 0
0 1 1
1 0 1
1 1 0

DnementoB Mckiouatomiee MJIM B cTaHmapTHBIX CEpUSIX He-
MHoOro. OTeyecTBEeHHBIE CepuHU IpeaiararoT MukpocxeMsl JIII5 (ue-
TBIpE IBYXBXOHOBBIX ayeMeHTa ¢ BeixogoMm 2C), JIJI3 n JITII 2, oTim-
qaromuecs oT JITIS Berxomom OK. CnmmkoM yxX crnenmdudeckast
(GYHKIIMS peann3yeTcs 3TUMU DJIEMEHTaMMU.

D-
Uckmoyaromee UWIU-HE jD_

Puc. 2.27. O6o3HaueHus snemeHToB Mckimouatomee MJIN: 3apybexHbie (cieBa) u
OTevyecTBeHHbIE (CITpaBa).

HUckmovaromee UJIN

C TOuKM 3peHMs MaTteMaTuku, 31eMeHT Mckmouatomee MJIN BEI-
MOJTHSIET OIlEpallMio TaK Ha3bIBAEMOIO CYMMHUPOBAHMS II0 MOIYIIO 2.
[TosToMy 3TH 3JI€MEHTHI TaKXKe Ha3bIBAIOTCS CyMMAaTOPaMM IO MOIYJIIO
nBa. Kak yxxe orMevanoch B IIpeblaylieii IaBe, 0003HauaeTcsd CyMMM-
poBaHUE IT0 MOIYJIO 2 3HAKOM IUIIOCA, 3aKJIIOYEHHOTO B KPYKOK.

OcHoBHOe TTpnMeHeHne direMeHToB Mckmouaromee MJIN, mpssmo
cienyloiee M3 TaOJIUIIBI MCTUHHOCTH, COCTOMT B CPaBHEHUM IBYX
BXOIHBIX CUTHAJIOB. B ciydae Korma Ha BXOAbI IPUXOISAT IBE €IU-
HUILIBI WIM JIBa HYIS (CUTHAJIBI COBIIAAAIOT), Ha BbIXome (hOPMMPYET-
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¢ HyIb (cM. Ta6a. 2.5). OOBIYHO TIpM TaKOM NMPUMEHEHWN Ha OOWH
BXOJ 3JIEMEHTA TTOJAETCSI TTIOCTOSIHHBINM YPOBEHb, ¢ KOTOPBIM CPaBHU-
BaeTCsd U3MEHSIIOIINIACS BO BPEMEHU CUTHAJ, NPUXOASIINAN Ha ApY-
roit Bxon. Ho 3HauMTenbHO Yallle ISl CPaBHEHUSI CUTHAJIOB U KOJOB
MPUMEHSIOTCSL CIieLMaIbHbIe MHUKPOCXEMbl KOMIIapaTOpOB KOIOB,
KOTOpBIE OYyIyT pacCMOTPEHBI B CJEAYIOIIEH TiaBe.

B kadecTtBe cymmaropa mo Momyiio 2 sjaeMeHT Mckiouarolee
MJIN ucnonb3yeTcsi Takke B TMapaliebHBIX W TOCIEeI0BATEIbHBIX
JIEJUTENISAX 0 MOIYIO 2. MpeAHA3HAYEHHBIX JJISI BHIYUCICHUS 1TUK-
JINYECKUX KOHTPOJIbHBIX cyMM. Ho mompo6GHO 3T cxeMbl OyayT pac-
CMOTpPEHHI B TJI. 8.

e BI:&. .

Puc. 2.28. daement Mckmouatomiee MJIN Kak ynpapisieMblii ”HBEPTOP.

Baxnoe nmpumenenme snemeHTOB Mckmouatomee MJINM — ym-
paBisieMblii mHBepTOp (pHc. 2.28). B aTOoM ciyyae onuH M3 BXOIOB
5JIeMEHTa MCIIOJIb3YeTCSl B KayecTBE YIPABISIONIETO, a Ha IpYrou
BXOJ DBJIEMEHTa TOCTyHaeT WHGOPMALMOHHBIN curHain. Eciau Ha
VIOpaBJISAoIIeM BXOAE SAWHMIIA, TO BXOTHOM CUTHAJI WHBEPTHpYETCH,
ecliM Xe HyJlb — He WHBepTupyeTcsa. Yailme Bcero ymnpabisiolIvid
CHUTHAJI 3a/1aeTCsI TTOCTOSTHHBIM YPOBHEM, OIpeIessisi peXkKuM paGOoThl
aJIeMeHTa, a MH(MOPMAIIMOHHBII CUTHANI SIBJISIETCS] UMITYJIbCHBIM. To
ectp anemeHT Uckmovatomee MJIM Moxer M3MEHSATh IMOJISIPHOCTH
BXOJHOT'O CUTHAaJla WM (POHTA, a MOXET U He M3MEHSTh B 3aBUCH-
MOCTHU OT YIPaBJISIOIIEro CUTHAA.

B ciyyae xorga mMeercs IBa CUTHajla OJWHAKOBOM MHOJSIPHOCTH
(TTOJTOXKUTENIbHBIE WM OTPULATEIbHBIC), M TIPU 3TOM WX OJZHOBpE-
MEHHBI mpuxon WucKiIodaercd, aneMeHT WMckmouaromee WMIINU
MOXET OBbITh WCIIOJIb30BaH [JIsI CMEIIMBAHUS 3TUX CUTHAJIOB
(puc. 2.29). Ilpu 110001i MOJIPHOCTA BXOIHBIX CUTHAJIOB BBIXOIHbBIC
CHUTHAJIBI 3JIeMEHTa OyAyT MOJIOKUTEIbHBIMU. [Ipu MONIOXUTETbHBIX
BXOOHBIX curHamax 3neMeHT Wckmouaromee MJIM Oynmer pabdorathb
Kak sneMmeHT 2MJIN, a mipu oTpMIaTENLHBIX BXOAHBIX CHTHAJIaX OH
oynet 3ameHATh 31eMeHT 2M-HE. Takme 3aMeHBI MOTYT OBITH ITO-
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JIE3HBI B TeX CIlIydasix, KOrJa B CXeMe OCTAIOTCSI HEMCITOJIb30BaHHBI-
MU HeKoTopble 31eMeHTH Mckmouaromee UJIN. TlpaBma, mpu aTom
Hago YYUTBIBATh, YTO 3aJepKKa PacHpOCTpaHEHWSI CUTHaja B 3Jie-
meHTe Mckimouaromee UM o0BIIHO HECKOTBEKO 00JIBINIE (TPUMEPHO
B 15 pasa), yem 3amepkKa pacIpOCTpaHEHUs] B IPOCTEHIINX 3Jie-
menrax U, U-HE, MJIN, UJTU-HE.

Bxl [ Bxl 1
Bx.? : :_‘— Bx.l T

it \ i :l Bm‘ Bx.2 1. [ |
B | Tl B2 e T

Puc. 2.29. ITpumeHenue anementa Uckmoyvaroinee MW mis cMemMBaHusS IBYX He-
OTHOBPEMEHHBIX CHTHAJIOB.

Eme omHo BaxHelilllee MpUMeHeHUE 3JieMeHTa Mckitouarolee
NI — dopmupoBaHre KOPOTKMX MMITYILCOB IO JTIOOOMY (PpPOHTY
BXomHoOro curHajna (puc. 2.30). B manHoM ciiydyae He BaxXXHO, I1OJIO-
JKUTEJbHbBIN (DPOHT BXOAHOTO CHTHAJA WJIM OTpULIATESIbHbBIN, Ha BbI-
X0Je BCe paBHO (POpMUPYETCS TOJOXKUTEIbHBIA UMITYJIbC. BxomHoi
CHUTHAJI 3alIepXXMBaeTcs C IMOMOIIBIO KOHAEHCATOpa WIM LIETIOUKU
5JIEMEHTOB, a 3aTeM WCXOOHbIM CHTHAI U ero 3afepskKaHHasi KOIUSI
nocTynaloT Ha Bxombl sneMeHTa Mckimogatomee MJIM. B obGenx
CXeMax B KayecTBe DJIEMEHTOB 3alepPXKHU UCIONb3YIOTC TaKxKe
nByxBxomoBble 2meMeHThl Mckimouatoriee MJIM B HemHBepTHpYIO-
IIeM BKJIIOYEHUM (Ha HEMCITOIb3yeMbIil BXOJ TOJaeTcsl HyIb). B pe-
3yJIbTaTe TAKOrO IIPeoOpa3oBaHMUS MOXHO TOBOPUTb 00 YIBOCHUU
YACTOTHI BXOJHOTO CHUTHAJIA, TAK KaK BBIXOJHbIC UMIYJIbCHI CICIYIOT
BIBOE 4Yallle, YeM BXOIHBIE.

Bx. Bk,

Puc. 2.30. BrigeneHue (ppoHTOB BXOAHOIO CHUTHaja C IMOMOILBIO 3meMeHTa Mckmo®
yarouiee MJIN. DX
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HaHHy0 ocobeHHOCTh 3j7eMeHTOoB Mckiwoudawumee MJIM Hanmo
YUYUTBIBATh B TOM CJlydae, Koraa Ha oba BXoJa 3JeMeHTa MOCTYIaloT
OJHOBPEMEHHO M3MEHSIOIIMECS CHUTHalbl. IIpu 3TOM Ha BbIXOIE
3JIEMEHTa BO3MOXHO IMOSBJIEHUE KOPOTKUX Mapa3sUTHBIX MMITYJIbCOB
o J1000My U3 (DPOHTOB BXOJHBIX CUTHAJIOB. VICKIIOUUTh UX BIUSI-
HUE Ha JaJbHEHIINYI0 CXeMy MOXHO, HallpuMep, ¢ IIOMOIIbIO CHUH-
XpPOHU3ALMHK, TTOAOOHOI PAaCCMOTPEHHOI B MpPEIbIAYILIEM pa3aeie.

R.5. C10XHBIE JJOTUYECKUE DIEMEHTBI

ITomumo HpOCTCfIHII/IX JIOTUYECKUX IBJIEMECHTOB, PAaCCMOTPCHHLIX B
OpeabIAymux pasacjiax, B CoCTaB CTaHIapTHbIX CepI/Iﬁ BXOOUT U HE-
CKOJIKO 00Jiee CJIOXKHBIX JIOTMYECKMX 3JIeMeHTOB. OHU npeacraB-
JISIIOT coboit HECJIOKHYIO KOMOWHAIMIO U3 HpOCTCfI].HHX JIOTMYECKUX
aneMeHTOB. OT 0oJjiee CI0XHBIX KOMOMHALIMOHHBIX MHKPOCXEM, KO-
TOPBIM 6y,E[CT IIOCBAIICHaA cjeayrouiasa rjiaBa, 3TU 3JEMEHTLI OTJIN-
YaloTCs UMEHHO OYE€BUIHOW CBOJUMOCTBIO K HpOCTefIH.IHM 3JIEMCH-
TaM. HOC—)TOMY B CIIpaBOYHMKax OOBIYHO Jaxe He IIPUBOIATCSA Tab-
JIMIBI MICTUHHOCTU 3TUX 3JIEMCHTOB.

Bx 1 —J&| 1 4 — Bx.1
Bx.2— Brix. Bx.2 Bux.

Bx3—f& B3
Bx.4 Bx 4

Puc. 2.31. Jlornueckuii anemeHT JIP1 1 ero skBuBajieHTHAs cxema,

JIPY - JIPD JIP11
~&1l_ —J&T]_ &]1
- -y

- ] &
— & 1
- - L
- :Iil 1

Puc. 2.32. [Mpumepsr toruyeckux 3emMeHToB JIP.

TunuuHbll OpUMeEp CJIOXHOro jormdyeckoro siaemeHta — JIPI.
B xopiyce MUKpOCXeMbI COASPXKUTCS JABa 2JIEMEHTa, KaXIblid U3 KOTO-
PBIX IPEACTaBIsIeT COO0M KOMOMHALIVIO M3 IBYX 3JeMeHTOB 2/ 1 ofiHO-
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ro anemenTa 2UJIN-HE (puc. 2.31). 1o TakoMy e TIPUHIIUITY CTPOSITCST
u apyrue mukpocxeMbl JIP. PazHuiia Mexiay HUMU TOTBKO B KOJIMYECTBE
anemMeHTOB M 1 B Kom4ecTBe BXOJOB 3TUX dieMeHToB (puc. 2.32). He-
kotopbie U3 mukpocxem JIP (JIP1, JIP3) moryckaioT NOAKITIOYEHUE K
CIelIMaJIbHBIM  BXOJaM MMKpocxeM pactuvputenieid JIJI, xoTst Takoe
pacupeHre MpUMEHSIETCs Ha MPaKTHKe JOBOJIBHO pefko. Mukpocxema
JIP10 ommmuaercs ot JIP9 Hamunem Bbixona OK.

Bl AfgfTlar - Bxl nfF1lar Bxlarfalilan, Bl Aalziilar
Pasp.iy| | [Bux. +Bm&. Brar| | [Bux. ‘ 1Bux.
Bx.2 n[zl Bx.2 n g & Bx.2 n [&]
Pasp.1 | [T} e N £ |
Yop. Pasp.1 Pazp.1
a o6 8 e
Puc. 2.33. Tlpumeps! ucnoab3oBaHus 3ineMeHTOB JIP1. < '

Ha puc. 2.33 npuBeaeHO HECKOIbKO IMMPUMEPOB HAan0O0J1ee TUITMYHBIX
npuMeHeHuit MmyukpocxeMbl JIP1. Camoe pacrpocTpaHEHHOE €€ MCHOJIb-
30BaHUE (@) COCTOUT B OPraHU3AIMU IBYXKAHATHLHOTO MYJIbTUILIEKCHU-
pPOBaHUsI, TO €CTh B TMEPEKITIOYEHUN CUTHATIOB C JIBYX BXOIOB Ha OIVH
BbixoA. [1py 3TOM OIMH U3 BXOAOB KaXA0ro M3 3eMeHToB 2M ucnonib-
3yeTcsl B KayecTBe MH(OPMAIMOHHOTO, a APYroil BXOI — B KauyecTBe
paspernatoiiero. BapuaHTt 3Toro BkimoueHus1 (0) — MCIHONIb30BAHUE Of-
HOTO YIPaBJISIIOIIETO BXOAAa MEPEKITIOUeHUsST KaHAJTOB U JOTOTHUTEb-
Horo uHBeprtopa. [lpu emuHWIle Ha YNpaBISIOIIEM BXOJAE padboTaeT
BEPXHUI KaHaJ, MpU HyJile — HWKHUIA. Ellle oquH BapuaHT UCIOJb30-
BaHus anemeHTa JIP1 (g) — cMmemmBaHue IBYyX OTPULIATETbHBIX BXOJ-
HBIX CUTHAJIOB C BO3MOXHOCTBIO pa3pelleHMsl/3arpeTa BbIXOMHOTO CUT-
Haya. HakoHell, TociiefHUI TTOKa3aHHBIM Ha PUCYHKE BapuaHT (2) —
CMENIMBaHUE JBYX TMOJOXUTEIbHBIX CUTHAIOB, OIWH U3 KOTOPBIX MO-
KT OBbITh pa3pellleH Wiy 3anpenieH. To ecTb Takoe 00beAMHEHUE B Ofl-
HoM ayieMeHTe ¢pyHKuuii Y1 u MJIW noBosibHO yaI0OHO.

Ha npyrux anemenrtax JIP MOXHO cTpouTh Oo0Jiee CIIOXKHBIE CXEMBI.
Hanpumep, snemenT JIP9 mo3BoJsieT MOCTPOUTh YeThIpEXKAHATBHBINA
MYJIbTUILIEKCOP, TaK KaK B €ro CTPYKTYpPY BXOMASIT YEThIPE BJIEMEHTA
N u snement 4UJIN-HE. OnHako B GONBIIMHCTBE CITy4aeB MPUMEHE-
HUe 371eMeHTOB JIP 1S MyJIBTUTIIEKCUPOBAHUST OKA3bIBAETCSI HE CIIMIII-
KOM YIOOHBIM, TaK KaK B CTAaHAAPTHBIX CEPUSIX UMEIOTCS CIielMalbHbIe
MUKPOCXEMBI MYJIETUIIIIEKCOPOB C 0oJiee YTOOHBIM YIIPABICHUEM.
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IIpn HeoOxommmocTr 31eMeHTHI JIP1 MOryT mMcmoip30BaThCsi B
KauectBe Ooiree TipocThix aneMenToB 2M-HE n 2UJIN-HE (puc. 2.34).
Onement 2UJIM-HE mnonydaercs mpu momapHOM OOBeTUHEHUU
BxogoB. DineMeHT 2U-HE monyyaeTcs 1mpy OTKIIIOYEHUN TTOJIOBUHEI
CXeMBbI IIyTeM IoJa4M Hyjleil Ha aBa Bxoma. [lpu XeJlaHMU MOXHO,
KOHEUHO, cBecTU 3jieMeHT JIP gaxke K MpoOCTOMY WHBEPTOPY, HO
9TO, HaBEpHOE, YXXe HEeIOIyCTUMAast pOCKOIIb.

2H-HE JHTH-HE
Bxl [Z[T] Bx.1 __[&[T1]
Bx2 | Brm. | Brix.
-EE Bx2 |z

Puc. 2.34. Wcnonn3oBanue 3jaemeHToB JIP B kauectBe anemeHToB 2M-HE un
2UJIN-HE.

K cnoXHBIM JIOTUYECKMM 3jieMeHTaM ToMUMo JIP MOXHO OTHe-
ctu Takxe n anemMeHTel M-HE ¢ Beixomom 3C (Hampumep, JIATT —
4U-HE, JIA19 — 121-HE). Mx MoxxHO paccMaTpuBaTh Kak KOMOM-
Hanuio oosraHoro 3neMeHTa M-HE m BRIXOmHOTO Oydepa ¢ BHIXOOOM
3C. Hamnume mOTOTHUTEIHFHOTO YITPaBIISIONiero Bxonga -EZ n BBIXO
3C co37al0T NMPUHLMITMAIBHO HOBBIE BO3MOXHOCTH TPUMEHEHMUS
STHUX 3JIeMeHTOB. Hampumep, MX MOXHO MCITOJIb30BaTh IS paGOThI
Ha MYJbTUIICKCUPOBAHHYIO WJIM [BYHAIIPaBJIEHHYIO JUHUWIO, TPU
3TOM OHH ele W BHITONHSIOT pyHkunio M-HE Ham BxomHBIMU cHT-
Hajmamu. Ho Ha mpaktmke 3HaumTespHO dYamie 3JjeMeHT JIA19 mc-
MOJB3YIOT KaK caMblii oObdHEIN 37eMeHT 12M-HE ¢ Beixomom 2C,
IJIST 4ero Ha yrpasisolmuii Bxon -EZ mocTosHHO ITomaeTcss CUrHail
JIOTUYECKOTO HYJISL.

Cpennu snemenTos U, UJIN, UJIIN-HE snemenTs! ¢ Beixomom 3C
OTCYTCTBYIOT.

R.6. Tpurrepsl HImutrd

Tpurrepsr llIMutra TIpencTaBiasioT cO00i crelM(pUISCKUE JIOTHIC-
CKHE 3JIEMEHTHI, CIeLIMaIbHO pacCUUTAaHHBbIE Ha PabOTy C BXOAHBIMU
aHaoOroBbIMU cuUrHaamMu. OHU NpeaHa3HaYeHBbI IJIs1 Tpeobpa3oBa-
HUSI BXOAHBIX aHAJOTOBBIX CUTHAJIOB B BBIXOIHBIC IIU(POBBIE CUTHA-
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sbl. TTosiBIeHME TaKMX MUKPOCXEM CBSI3aHO B IIEPBYIO OYepelb C He-
00XOIMMOCTBIO BOCCTAaHOBJIEHUSI (DOPMBI LMGPOBBIX CUTHAJIOB, MC-
KaXE€HHBIX B pe3yJbTaTe IPOXOXKIEHUS MO0 JUHUSM CBI3U. OPOHTHI
TaKMX CUTHAJIOB OKa3bIBAlOTCS IOJOTMMM, B pe3yjbTare 4ero opma
CHUTHAJIOB BMECTO NMPSIMOYIOJbHOI MOXET CTaTh OJIM3KOM K TPEYrojb-
HOM WIM CUMHycOMOajbHON. K TOMy e CUrHajbl, mnepegaBaeMble Ha
0OJIblIME PACCTOSIHUS, CHJIBHO MCKAaXalOTCd IIyMaMKM M ITOMEXaMH.
Hna BoccTaHOBAEHMS UX (OPMBI B MCXOOHOM BHIE M YCTpaHEHMS
BIMSIHUAS TIOMEX M IIYMOB KaK pa3 M IpeaHa3HayeHbl TPUITEPhI
Imurra.

Ha nepBoM M BTOpOM ypOBHSX IpeACTaBIeHUs (JJorMdeckast Mo-
IeJb M MOAEIb C BpEeMEHHBIMM 3amepkkamu) Tpurrepbl LlImwurra
MPEICTaBIAIOT CO00M OOBIYHbBIE JIOTMYECKME JIEMEHTHI, KOTOpPbIE C
OIpeAeIeHHOM 3aAePXKKOM paclpOCTpaHEHMUsI BBIMOJHSIIOT JIOrMYe-
CKYIO - (YHKLMIO Hal BXOAHbIMM LMbpoBbIMU curHaaamu. Ho Ha
TPeTbEM YPOBHE IPEACTABICHMUS MX OTJMYME OT OOBIYHBIX JIOTUYE-
CKMX DJIEMEHTOB OYE€Hb CYIIECTBEHHO.

| b Ugux
Uon Uon
Ustf oo e TL——' . UpLf - -- .
Unop . Ucc Uy, Unop2 Unopt Uoe Uy

Puc. 2.35. IlepemaTtouHble XapaKTepUCTUKM OOBIYHOIO MHBEpTOpa M TpUITEpa
[IImuTTa ¢ UHBEPCUEI.

Eciu noctpouTth rpadyK 3aBUCUMOCTH BBIXOMHOTO HAIIPSKEHUST
9JIeMEHTa OT BXOOHOro (TepelaTOUYHYIO0 XapaKTEePUCTUKY), TO IJIsI
Tpurrepa llIMutTa OH OyIeT ropazmo CiIOXHee, YeM i OOBIYHOTO
anemenTa (puc. 2.35).

B ciydae oOGBIYHOTO djieMeHTa C MHBEpPCHUEH (@) TpU BXOMHBIX
HANPSDKEHUAX HUXKE ONpPENENeHHOro mopora cpabateiBanua U,
BBIXOJHOIM CUTHAJI UMeeT BBICOKHI YpOBEHb, a TIPU BXOAHBIX HAIpsI-
XEeHMAX BbilIe 3T0ro0 mopora U, = — HU3KMi ypoBeHb. [lpn sTOM He
MMeeT 3HaUCHUsI, BO3pacTaeT BXOAHOE HaMpsSKeHUe WU YObIBacT.

A B caydae tpurrepa IlIMurra ¢ naBepcueii (0) MPUHIMITMAILHO
KakK pa3 HampaBjJeHUe M3MeHeHMsl curHana. [1pu Bo3pacTaHUU BXOJ-
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HOro CUTHaja OT HyJIsl 10 HamlpsDKeHUs MUTaHWS MOpor cpabaThiBa-
Hus oynet ogHuM (Unopl), a mpu yMEHBIIIEHUU CUTHAaJIa OT Harlpsixke-
HMsI TIMTAHKS 10 HyJs mopor cpabarbiBanust Oynet apyrum (U, 2),
npuyem U, 1 > Unop B pesynbrare Ha rpaduke obpasyercs CBOe-
obpa3Has meTis. BeixomHol cuUrHaj Kak Obl 3aIa3fablBaeT MePeKIio-
YyaTbCsl MPU BO3BpaTe BXOAHOTO CHUTHAJIa K UCXOAHOMY YPOBHIO. DTO
HasbIBaeTCca 3(pPeKToOM rucrepesnca (3ama3abIBaHus).

Hanuyue rucrepesurca mpuBOAUT K TOMY, YTO JIIOOO# IIIyM, JIto-
Oble TIOMEXM € aMILTUTYIOM, MeHbied Beaudunsl (U, - U ), oT-
cexkarorcs. A J1o0ble (DPOHTHI BXOJHOTO CUTHaza, JaXe caMble IOJI0-
rue, npeoOpas3yloTcss B KpyThle (hpOHTHI BBIXOAHOTO curHana. IjaB-
HOE€ — YTOOBbI aMIUIMTyAa BXOIHOTO CUTHaja Oblla OOJIbIlIeH, YeM
(U= U, Ha puc. 2.36 mokasaHo, Kak OyIeT pearupoBaTh Ha
CUTHAJI C MOJOTUMU (PPOHTAMHU U C LIyMaMU OOBIYHBI MHBEPTOP U
tpurrep llIMurra ¢ uHBEpCHUEit.

L sx
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Puc. 2.36. Peakuust Ha MCKaXeHHBII BXOJAHON CUTHaJI UHBEpTOpa (CleBa) U TpUrre-
pa llIMuTTa ¢ MHBepcueit (crpasa).

B cranmapTHble cepun HUMPOBBIX MUKPOCXEM BXOISAT TPUTTEPHI
IIImutra, npeacrapasionme codoil nuBepropsl (TJI2 — 6 uHBepTO-
poB), snemeHThl 2U-HE (TJ13 — 4 snemenTa) u aneMeHTsl 4M1-HE
(TJI1 — 2 snementa). IloporoBbie HaMpsKEHUs] COCTABJISIOT s
BCEX 9THX MHMKpocxem okono 1,7 B (U ) u okomno 0,9 B (U, ,)-
I'padpuueckoe obo3HaueHune tpurrepa LImMurra nmpeacrasiasseT coboit
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VIPOILIEHHOe M300paXeHue ero IepeaaTOYHON XapaKTepUCTUKU C
rucrepesncoM (puc. 2.37).

Haubonee pacrnpocTtpaneHHoOe IpuMeHeHue TpurrepoB IlImur-
Ta — 3T0 (opMUpOBaTe/b CUIHAjla HayaJlbHOro cOpoca Mo BKJIIOYe-
HUIO MTATAHUSI cXeMbl. HeoOXOmMMOCTh TaKoro curHajaa cOpoca BBI-
3BaHa TEM, 4YTO IIPpW BKIIOYEHMWUN TIMTAaHUSA BBIXOJHBIC CUI'HAJIbI
CJIOXKHBIX MUKPOCXEM, UMEIOIIMX BHYTPEHHIOI IaMATh (HAIIpUMeED,
PETUCTPOB, CYCTYMKOB) MOTYT IIPUHUMATH ITPOMU3BOJIbHBIC 3HAYCHUS,
YTO He Bcerma ynobHo. s mpuBeneHus X B HEOOXOIMMOE COCTOSI-
HuUe (Jalle BCero — JUIsI YCTAaHOBKM MX B HYy/Ib) KakK pa3 W IpU3BaH
CUTHAJI Ha9aJIbHOTO copoca.

pin =
2 I3 ]
ooom T

Puc. 2.37. Tpurreps! LlImuTra.

Cl
100 Mud®

Puc. 2.38. ®opmupoBpare/ib KMITYIbCca HAYATbHON YCTAHOBKM MO BKJI10Y € H K 10 -
IMMATAHUA.

Hnst hopMupoBaHMs CUTHaIa HAyaJlbHOTO cOpoca MCITOJIb3YeTCs
npoctass RC-1ienouka, mpuyeM KoHAeHcaTop Oepercss ¢ OOJbIIOi
eMKocThlo. HarmpstkeHre Ha KOHAEHcaTope MpU BKIIOUEHWMU IUTa-
HUSI HapacTaeT MeIJIeHHO, B pe3yJibTaTe 4ero Ha BBIXOAE TpUITepa
MmutTa hopMupyercs: MoaoXUTEIbHBIN UMIyabc (puc. 2.38). Uc-
TTOJIb30BaTh JIJISI 3TOTO OOBIYHBIN MHBEPTOP HE PEKOMEHAYETCS.

TouHo Tak e Tpurrepsbl LlIMUTTa peKOMeHIyeTCs MTPUMEHSITh BO
BCEX CIIy4yasix, KOTJa C MOMOIIBIO eMKOCTH (hOPMUPYETCS CUTHAN C
MMOJIOTUMU, 3aTSIHYTBIMU (poHTaMU. B oTianume OT OOBIYHBIX JIOTH-
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YeCKUX 3JIEeMeHTOB Tpurrepbl IlIMuTra Bcerma oOecIeuyMBaIOT Ha-
IeXHYI0 M cTabuibHylo paboty. [lpaBma, Hamo y4YUTHIBaTb, 4YTO
Tpurrepbl IIIMUTTa MMEIOT HECKOJIbKO OOJBIIYI0 3adepXKy, 4YeM
OOBIYHBIE JIOTUYECKHUE DIIEMEHTHI.

Eme omHo mpuMmeHeHne Tpurrepa IIIMuTra — moctpoeHHne reHe-
paTopoB MMITYJILCOB. B OT/IMUME OT reHepaTOpPOB Ha OOBIYHBIX MHBEP-
Topax (cM. pasaen 2.1) B JaHHOM cCiIydae cXema IOJIydaeTcsl ropasiao
MpolIe: HYXKEH BCETO JIMIIb OOWH MHBepTUpPYIoUuii Tpurrep LIMuTra,
OIMH Pe3UCTOp (C HOMMHAJIOM TTopsimka coteH OM) U OIUH KOHAEeHCa-
top (puc. 2.39). Ilpu 3TOM OYeHb yHOOHO, YTO KOHACHCATOP OXHUM
BBIBOZIOM IIPUCOEAMHEH K OOIIEMY MPOBOMAY, K «3eMJIe». DTO MO3BOJISI-
€T TIPUMEHSITh 3JIEKTPOJIUTUYECKIE KOHICHCATOPhI OOJIBIION €eMKOCTH,
a TakKe MepeMeHHbIe KOHIeHcaTophl. MCrob30BaHUe IBYXBXOIOBBIX
TpurrepoB IIIMUTTa JaeT BO3MOXHOCTD JIETKO pa3pellaTh WM 3arpe-
ATh TEHEPALMIO C TTOMOINbBI0 YIpaBisiomero curHaia Pasp. Ipu
YpOBHE JIOTMYECKOM eIMHMIILI Ha Bxole Pasp. reHepaumst uaer, Npu
YPOBHE JIOTUYECKOTO HYJIS TeHepalliy HET.

:l‘—} Pasp.

&Ir! { Brix,

- i .

Pasp. 1 Brrx. l | l | |
T

Puc. 2.39. YnpasisieMblii reHepaTtop Ha Tpurrepe IlImurra. i

R1

Hecranpapthbie tpurrepbl LLIIMUTTa MOXHO CTPOMTh TakKxXe Ha
OCHOBE CaMBbIX OOBIYHBIX JIOTMUECKUX 3JIEMEHTOB C OOpaTHOi CBSI-
3bl0 Uepe3 pe3ucTophl. [Ipu 3TOM TyTeM Moadopa HOMUHAIOB 3TUX
PE3UCTOPOB MOXKHO BBIOMpAThb 3HAUECHUSI MOPOTOBBLIX HAMPSIKEHUM
tpurrepa IlImMutra.

Jlrs mpumepa Ha puc. 2.40 1okasaHa cxema Tpurrepa IlImmrra
Ha MHBEpPTOpax, paboTaiolasi ¢ BXOOHBIMU CUTHAJIaMU, CUMMETPHY-
HBIMM OTHOCHUTEJIbHO HYJIEBOrO YpPOBHS. Takue CHUTHaJlbl MOTYT
ObITH, HAIIpUMeEp, B MepeaarolieM Kabene ¢ TpaHChOPMAaTOPHOI pas-
Bsi3Koii. B manHoM ciydae Tpurrep IIIMUTTa He TOJBKO ITO3BOJSICT
BOCCTAHOBUTb UCKaXEHHYIO (PopMy CUTHaja, HO elle W YCUJIUBACT
CUTHAJI, a TaKXXe CABWUTAEeT €ro YpOBHU O 3HAYEHUII CTaHIAPTHBIX
HYJIT M €IUHULIBI.
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Ho uamie Bcero BHoJIHE XBaTaeT BO3MOXKHOCTEH CTaHIAPTHBIX
TpurrepoB llIMuUTTa, KOTOpBle HE TPEOYIOT BKIIOYEHUS BHEIIHUX
5JIEMEHTOB M UMEIOT FrapaHTUPOBAHHBIE XapaKTEPUCTUKH.

DD1 K555JTH1

Puc. 2.40. Tpurrep IIIMuTTa, MOCTPOSHHBINM HAa OOBIYHBIX JIOTUYECKUX JIEMEHTAX.

Hakonen, nocienHee nmpuMeHeHue Tpurrepos IlIMutTa, KoTopoe
MBI 37IeCh pacCMOTPHMM, COCTOUT B TOJABJICHUM TaK HAa3bIBAEMOTIO
npebe3ra KOHTakToOB. JleJo B TOM, 4YTO JII0OOM MeXaHWYeCKUN KOH-
TakT (B KHOIKaxX, TyMOyepax, MepeKiIovaressix U T. 1.) He 3aMbIKa-
eTCsl U He pa3MbIKaeTcsl cpa3y, MTHOBeHHO. JIloboe 3aMbIKaHUEe U
pa3MbIKaHUE COIMPOBOXAAETCS HECKOJbKMMU OBICTPHIMM 3aMbIKa-
HUSIMM Y pa3MbIKAHUSIMH, TIPUBOISIIUMU K TIOSIBJICHUIO MTapa3uTHBIX
KOPOTKHUX HMMITYJIbCOB, KOTOPbIe MOTYT HApyIIUTh PabOTy HaibHE-
meit mmdponoit cxembl. Tpurrep Imurra ¢ RC-11emmoukoit Ha BXome
MO3BOJISIET YCTPAHUTD 3TOT 3 PeKT (puc. 2.41).

Uee

Bboix.
Bbix.

3amblkaHUe Pasmbikanue

3amblkaHUe PasMmbikanue

Puc. 2.41. /IpeGe3r KOHTAKTOB (BBEPXY) M €ro IOIaBJICHUE C TTOMOIIBIO TPUITepa
IImuTTa (BHU3Y).
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KoHnaeHcaTop 3apsikaercs W pa3psikaeTcsl JOBOJIbHO MEMJIEHHO,
B pe3yJbTaTe Yero KOpOTKHE UMITYJIbChl TTOAABISIOTCS U HE MPOXO-
IaT Ha Bbixon Tpurrepa IIIMutra. HomMuHam BepxHero mo cxeme
pe3ucTopa JOJKEH B JaHHOM cjiydae ObITh B 6-7 pa3 GoJibllie HO-
MMHaJla HUXXKHETO, YTOOBbl PE3UCTUBHBINM ACIUTETb TIPU 3aMKHYTOM
TyMOJiepe AaBajl Ha Bxoxae Tpurrepa IIIMuTTa ypoBEeHb JIOrMYECKOTO
HyJs1. COMPOTUBJICHUSI PE3UCTOPOB JOJKHBI OBITh MOPSIIKA COTEH
OM — eIWHUIl KiJIooM. EMKOCTh KOHIeHCAaTOpa MOXET BhIOMpPaThCs
B IIMPOKOM JMana3oHe M 3aBUCUT OT TOTO, KaKoBa IMPOAOIKUTEIb-
HOCTb JIpede3ra KOHTAaKTOB KOHKPETHOTO TymbJiepa.

I'naBa3

INPUMEHEHUE
IKOMBHWHAIINMOHHDbIX
MUKPOCXEM

KoMmOuHaIMoHHbBIE MUMKPOCXEMBI  BBITIOJHSIIOT 00Jiee  CJIOXKHbBIE
(GYHKIIMM, YeM TPOCThIE JIoTUYecKue 3eMeHThl. X Bxoasl o0beau-
HEHbI B (DYHKIIMOHAJIBHbBIE TPYIIBI U HE SIBJISIIOTCS MOJIHOCTBIO B3au-
Mo3aMeHseMbIMU. Hampumep, ao0ble ABa BXOJa JJIOTMYECKOTO dJie-
MeHTa I-HE coBepiiieHHO CITOKOHO MOXHO MOMEHSITh MECTAMU, OT
9TOTO BBIXOJHOM CUTHAJI HUKAK HE U3MEHUTCS, a JJIsI KOMOMHAIMOH-
HBIX MUKPOCXEM 3TO HEBO3MOXHO, TaK KaK y KaxIOro BXojia CBOS
oco0ast hyHKIIMS.

OO0beauHSIEeT KOMOMHAIIMOHHBIE MUKPOCXEMbI C JIOTMYECKUMU
3JIEMEHTaMU TO, YTO W T€ U JPYrue HE UMEIOT BHYTPEHHEU MamsTu.
To ecTb ypOBHU MX BBIXOJHBIX CUTHAJIOB BCErJa OJHO3HAYHO OIpe-
JIEJISTIOTCSL TEKYIIUMU YPOBHSIMU BXOAHBIX CUTHAJIOB U HUKAK HE CBSI-
3aHbI C TIPEABIIYIIIMMU 3HAYEHUSIMU BXOIHBIX CUTHaIOB. Jltoboe u3-
MEHEHME BXOJHBIX CUTHAJIOB 00513aTe/IbHO M3MEHSIET COCTOSTHUE BbI-
XOJTHBIX CUTHaJIOB. MEHHO MOATOMY JIOTUYECKUE 3JIEMEHThl MHOTIA
TakXKe Ha3bIBAlOT KOMOMHAIIMOHHBIMU MUKPOCXEMaMU B OTJIUYUE OT
MOCJIeOBAaTENbHBIX (WJIM TMOCJIEeI0BATeIbHOCTHBIX) MUKPOCXEM, KO-
TOpblE UMEIOT BHYTPEHHIOIO TaMSTh W YIPABISIOTCS HE YPOBHSIMU
BXOJHBIX CUTHAJIOB, a UX TMOCJEA0BATEIbHOCTSIMU.

Ctporo roBopsi, Bceé KOMOMHAIIMOHHbBIE MUKPOCXEMBI TTOCTPOESHBI
BHYTPU W3 MPOCTEHIIMNX JOTUUYECKUX JIEMEHTOB, U 3Ta UX BHYTPEH-
HSISI CTPYKTYpa 4acTo MPUBOIMUTCS B crpaBoyHMKax. Ho mist paspa-
O0oTurKa HUPOBON anmapaTypbl 3Ta UH(GOPMAIUsI OOBIYHO JUIIIHSS,
€My JIOCTaTOYHO 3HaTh TOJILKO TaOJUIy UCTUHHOCTU, TOJbKO MPUH-
LIMIT Mpeo0pa3oBaHusl BXOAHBIX CUTHAJIOB B BBIXOJHbBIEC, a TaKXKE Be-
JIMYUHBI 3a7epXKEeK MEXIy BXOAAMU U BBIXOJAMU U YPOBHU BXOITHBIX
U BBIXOAHBIX TOKOB W HampsbkeHWil. BHYTpeHHsIT e CTpyKTypa
BaXkHa JUIST pa3pabOTYMKOB MUKPOCXEM, a TakXe B TeX peayauIinmx
cllyJasix, KOrja Hajo MOCTPOUTh HOBYIO KOMOWHAIIMOHHYIO MWKPO-
CXeMY U3 MUKPOCXEM TPOCTHIX JIOTUYECKUX IJIEMEHTOB.

CocraB Habopa KOMOMHAIMOHHBIX MMKPOCXEM, BXOMSIIUX B
CTaHAApTHBIE CepuM, ObUI OMpenesieH UCXONs W3 HauboJsiee 4acTo
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BCTpeyaloluxcs 3amad. TpebOyemble IS 3TOro (YHKUUU pean3o-
BaHbl B KOMOMHAIIMOHHBIX MUKpOCXeMaxX Haubojiee ONTUMAaIbHO, C
MMHHMMAJIbHBIMU 3alepXKKaMA M MMHMMAJIbHBIM IOTpebIeHUEM
MOIIHOCTU. I103TOMY IBITAThCS IOBTOPUTH 3TY YK€ IIPOAEIaHHYIO
ofHaXAbl paboTy He crouT. Hamo mpocTto ymMeTh rpaMOTHO ITpUMeE-
HSITb TO, YTO UMEETCS.

B.1. demmdpatopsl 1 b paTopsbl

®OyHKUIMY aemndpaTopoB U IM(GPATOPOB MOHITHHI U3 UX Ha3BaHUI.
HemudpaTop mpeodpasyeT BXOAHON ABOUYHBINA KOI B HOMED BbI-
XOMHOIO CHUTHala (memudpupyer Koma), a udpaTtop IpeodpasyeT
HOMEpP BXOJHOTO CUTHAJla B BBIXOJAHOW MBOWYHBINA Koj (mudpyet
HOMEp BXOAHOro curHasna). KojJn4yecTBO BBIXOJAHBIX CUTHAJIOB (M CO-
OTBETCTBYIOIIMX UM BBIXOAOB) Aelindparopa U BXOAHBIX CUTHAJIOB
(M COOTBETCTBYIOIIMX UM BXOJAOB) MIMdpaTOpa paBHO KOJIUYECTBY
BO3MOXXHBIX COCTOSTHUI TBOMYHOTO Koja (BXOJHOTO Koja y Aetud-
paropa M BBIXOJHOTO Koja y Imucdparopa), TO €cTb 2, TAe h — pas-
PSIAHOCTH ABOMYHOTO Koaa (puc. 3.1). Mukpocxembl nenicbpaTropon
obozHauvarorcst Ha cxemax oykBamu DC (ot anmmmiickoro Decoder),
a Mukpocxemsl mudparopoB — CD (ot anrnuiickoro Coder).

m p——eBrrx. | Bx.1 cDh
He———eBE.2 Bx.2
——&-.- —--BI:D(3 Bx,3 "—-—" ﬂ .
Bx. xon . . Brx, KO/
———Bpx.2" Bx.2?

Puc. 3.1. ®ynkumu gemmudpatopa (ceBa) u mmdpartopa (crpana).

AKTHUBHBIM BCerIa SIBJISICTCS TOJIbKO OMWH BHIXOH AclIudparopa,
MpUYeM HOMEp 3TOrO BbIXoAa (M COOTBETCTBYIOIIETO €My CUTHAaja)
OJTHO3HAYHO OMpelessieTcs] BXOJHbIM KOAoM. BbIixomHoi Kon mimd-
patopa OJHO3HAYHO OIpeessieTCs HOMepPOM BXOIHOIO CUTHaja.

PaccMoTtpuM noapobHee pyHKIUIO aelrdpaTopa.

B cranpmapTHble cepuu BXOIAT neliugpatopbl Ha 4 BbIXOIA
(2 pa3psima BXomHOIo Koja), Ha 8 BhIXOAOB (3 pa3psiga BXOJHOIO KO-
Ja) 1 Ha 16 BeIxomoB (4 paspsiga BXOAHOro Koxa). OHU 0003HAYAIOT-
Csl COOTBETCTBEHHO. Kak 2-4, 3-8, 4-16. PaznuyaioTcsi MUKPOCXEMbI
nemdpaTopoB BXOJaMu YIHpaBieHUs (pa3pellieHMsi/3anpeTa Bbl-
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XOMHBIX CUTHAJIOB), a Takxke TuIloM Bbixoja: 2C win OK. BeixomHble
CUTHaJIbI BceX Aen(ppaTopoB UMEIOT OTPULIATENIBHYIO MOJISIPHOCTD.
Bxonpl, Ha KOTOpbIE MOCTYyNaeT BXOMHOW KO, HA3bIBAIOT 4acTO aj-
pecHeiMU BxogaMu. O0o3HayalT 3TU BxoAbl 1, 2, 4, 8, rae 4ucio
COOTBETCTBYET Becy ABOMYHOrO Koma (1 — muammmmii paspsnm, 2 —
clenytoluii paspsag uT. n.) uan AO, Al, A2, A3. B oTeyecTBEeHHBIX
CcepUsiXx MUKpOCXeMbI nelndpaTtopoB obo3HauvaroTcs OykBamu W]I.
Ha puc. 3.2 mokazaHbsl Tpu Haubojee TUMMUUYHBIE MUKPOCXEMBI Je-
mubpaTopoB.

DC () e
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Ee——— DC| o— —] ] DC 0 p— 1 g
—2 1 2 14 —12 3 e
r—ily p— —— e
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Puc. 3.2. Tlpumepsl MuKpocxeM aemncpaTopos.

Kon Ha Bxomax 1, 2, 4, 8 omnpenesieT HOMep aKTUBHOTO BBIXOJa
(Bxon 1 cOOTBETCTBYeT MIIAAIIeMy pas3psiny Koda, Bxod 8 — crap-
meMy paspsiiy kona). Bxonsr paspemienust Cl, C2, C3 o6bequHeHbI
no dyHkuuu U 1 nMmerot ykazaHHyI0 Ha pUCYHKE MOJISIPHOCTh. B Ka-
YecTBE MpuMepa HUXe MpUuBeIeHa Tabauila UCTUHHOCTU Jeinudpa-
Topa M7 (3-8) (taba. 3.1). CymectBylor u aemudpatopsl 4-10
(nampumep, MJ16), koTopble 06pabaThIBAIOT HE BCe BO3MOXKHBIE 16
COCTOSIHUIT BXOJHOIO KOJa, a TOJbKO mnepBbie 10 13 HUX.

IlepBble TpU CTPOKU TaOIUI[BI MCTUHHOCTU COOTBETCTBYIOT 3a-
TPETy BBIXOAHBIX CUTHANOB. Pa3penieHuneM BbIxoJa OyIeT equHUIA
Ha Bxone Cl u Hymu Ha Bxomax C2 u C3. CumBon «X» o0O3HayaeT
0e3pa3IMYHOe COCTOSTHUE JTaHHOTO Bxoja (HEeBaXKHO, HyJIb WU €IU-
Hula). HuxkHMEe BOoceMb CTPOK COOTBETCTBYIOT pa3pellieHUI0 BBIXOI-
HBIX cUTHaJioB. HoMep akTMBHOIO BbIXOJa (HA KOTOPOM (POpMUPY-
€TCsl HyJICBOI CUTHAJI) ompedeisieTcss KogoM Ha Bxomax 1,2,4, mipu-
yeM BxoA | COOTBETCTBYeT MJIaleMy paspsiiy koma, a Bxom 4 —
cTaplieMy paspsay Koja.
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Ta6nuua 3.1. Tabauua uctuHHOCcTU netundpatopa 3—8 (MA7)

Bxonbt Beixonbt
Cl -C2 -C3 4 2 1 0 1 2 3 4 5 6 7
0 X X X X X 1 1 1 1 1 1 1 1
X 1 X X X X 1 1 1 1 1 1 1 1
X X 1 X X X 1 1 1 1 1 1 1 1
1 0 0 0 0 0 0 1 1 1 1 1 1 1
1 0 0 0 0 1 1 0 1 1 1 1 1 1
1 0 0 0 1 0 1 1 0 1 1 1 1 1
1 0 0 0 1 1 1 1 1 0 1 1 1 1
1 0 0 1 0 0 1 1 1 1 0 1 1 1
1 0 0 1 0 1 1 1 1 1 1 0 1 1
1 0 0 1 1 0 1 1 1 1 1 1 0 1
1 0 0 1 1 1 1 1 1 1 1 1 1 0

HauGonee TunuuHoe MpUMEHEHUE JelIN(GPATOPOB COCTOUT
WMEHHO B Jen(GpPUPOBAaHUM BXOTHBIX KOIOB, Mpu 3ToM Bxoabl C
HUCTIONIB3YIOTCSA KaK CTpOOUMpYIOLIMe, yIpasisioniie curHaabl. Ho-
Mep aKTMBHOTO (TO €CThb HYJIEBOTO) BBIXOJHOTO CUTHaJla MOKa3biBa-
€T, KaKOW BXOIHOM KoJ rmocTyml. Eciu HyXXHo memndpoBaTh KOJ ¢
OOJBIIMM YKCIIOM pPa3psiioB, TO MOXHO OOBEAMHUTH HECKOJIbKO
MUMKpPOCXeM JemmndpaTopoB (MpuMep MoKa3aH Ha puc. 3.3).
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Puc. 3.3. YBenuueHue paspsinoB aelnvdparopa.

IIpu sTOM crapmme paspsabl KoIa IMOJAIOTCS Ha OCHOBHOM
nemrdpaTop, BBIXOABI KOTOPOTO  pa3pelialoT paboTy HECKOJIBKUX
JIOTIOJTHUTEIbHBIX geimndpaTopoB. Ha oOGbeguHEHHBIE BXOABI 3THX
JIOTIOJTHUTEJIbHBIX  AeIIU(PATOPOB IOAAIOTCA MJAALINAE  pa3psiabl
BXOIHOTO Koma. Mcmomp3ysl MSITh MMUKPOCXeM Jelm@paTopoB 2—4,
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MOXHO TIOJTyYMTh Aemndpatop 4-16, Kak MoKa3aHO Ha PUCYHKE (XOTS
JIy4iiie, KOHEYHO, B3STh TOTOBYIO MUKpOCXeMy). TOYHO Tak Xe Ha Jie-
BSITH MMKpOCXeMax 3—8 MOXHO peajn3oBaTh Aemndparop 6—64, a Ha
ceMHaaLaTi MuKpocxemax 4-16 — neumdparop 8-256.

Eme omHo pacmpocTpaHeHHOe IpUMEHeHUe Aelm@paTopoB —
cesiekius (BbIOOp) 3alaHHBIX BXOIHBIX KomoB. [losiBleHMe oTpulia-
TEJbHOTO CUTHAJIa Ha BBHIOpAaHHOM BbIXOHE Aelnvdparopa OymeT 03-
HauyaTh TMOCTYIUIEHWE Ha BXOJ MHTEPECYIOIIEero Hac Koga. B maHHOM
clydae yBEIMYMBATH UYMCIIO Pa3psiioB BXOJHOTO CEIEKTUPYEMOTO
KO/Ia ropasfo Ipole, 4eM B IpeabiayiieMm (cMm. puc. 3.3). Hampwu-
Mep, IBE MUKPOCXEMBI 4-16 MO3BOJSIOT CEIEKTUPOBaTh 8-pa3psi-
HbIM koI (puc. 3.4). B mpuMmepe Ha pucyHKe celekTtupyeTcss 16-pud-
Hu1ii ko 2A (mBowvHbli kox 0010 1010). ITpu atom omuH aemmdppa-
TOp.- PabOTaET C YeThIPbMSI MJIAAIIMMU pa3psaaMM Koaa, a Apyroi —
C/YeThIpbMs CTapiIMMU paspsigamu. OObeAUHSIOTCS AeIMdPaTOPhI
TaK, YTO OJMH W3 HUX paspelnaeT pabdoty apyroro mo Bxogam -Cl u
-C2. TlpumeHss MexaHWYECKHE TEepeKIodaTesIM BBIXOAOB AeInd-
paTtopoB (TymOJiepbl, MEPEMbIYKM), MOXHO JIETKO W3MEHSTh KO,

CEJICKTUPYEMBI JAHHOM CXEMOM. 124
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Puc. 3.4. CenextupoBaHue Kojaa Ha Aerudparopax.

Eme onHo BaxkHOe IIPUMCHCHHNEC I[eH.II/I(l)paTOpOB COCTOUT B IICPEC-
KOMMYTAallMM OAHOI'0 BXOOAHOI'0 CUMTHAJIa Ha HECKOJIbKO BbIXOJIO0B. I/IJ'[I/I,
KaK €II€ MOXKHO CKa3aTb, L[C]_HI/I(l)paTop B ITaHHOM CJIy4a€ BBICTYIIACT B
Ka4€CTBC ACMYJIbTUILTICKCOpa BXOAHbBIX CUIHAJIOB, KOTOpI:-IfI TIO3BOJIA-
€T pa3aC/iMTb BXOOHBIC CUTHAJIbI, IMPHUXOOAIINE B PA3HBIC MOMCHTBI
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BpeMEHH, Ha OIHY BXOIHYIO JUHMIO (MYJbTUILICKCUPOBAaHHBIE CUTHA-
nel). IIpu atom Bxoawl 1, 2, 4, 8 nemmdparopa UCMOIB3YIOTCS B Kaye-
CTBE YIPaBJISIONINX, aAPECHBIX, OMPEIeISIONINX, Ha KaKOW BBIXO Ie-
pecnaTh NpUINEIIINKA B JAHHBIE MOMEHT BXOMHOU curHan (puc. 3.5).
A caM cuTHaJ TopaeTcsl Ha omuH 13 BxonoB C U IMepechliacTcs Ha 3a-
JaHHBIN BbIXoA. Eciv y MMKpocXeMbl MMEETCSI HEeCKOJIBKO CTpPOOH-
pytomux BxomoB C, To octaBiurecss Bxoabl C MOXHO UCITONIb30BaTh B
KavyecTBe pa3pelraiolmx padboTty aemmdparopa.
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Puc. 3.5. BkmoyeHue aemmdparopa Kak 1eMyIbTUILIEKCOpa.

Kak u pnst mo0bIX Apyrux HU(MPOBBIX MUKPOCXEM, IS melud-
paTopoB HamboJiee KpUTUYHA CUTYaIMs OJHOBPEMEHHOIO WM IMOYTU
OIHOBPEMEHHOIO M3MEHEHUsSI BXOMHBIX cUrHaaoB. Hampumep, eciu
ctpoObl C IMOCTOSIHHO pa3pelaroT paboTy Aemu@paropa, TO B MO-
MEHT M3MEHEHMSI BXOIHOTO KOja Ha JIIoOOM BBIXOAe AelundpaTopa
MOTYT TOSIBUTHCSI Tapa3uTHbIE OTpHUIlATeIbHbIE KOPOTKWE WMITY/Ib-
Chl. DTO MOXET OBbITh CBSI3aHO KaK C HEOAHOBPEMEHHBIM BbICTABJIE-
HUEM DPa3psiioB Kojaa (M3-3a HECOBEPIIEHCTBAa MUKPOCXEM UCTOYHHU-
KOB KOJIa WJIM U3-3a pa3HbIX 3aJepKeK paclpoCTpaHEHUs 10 JUHUSIM
CBSI3U), TaK M C BHYTPEHHUMH 3aJepKKaMU CaMMX MUKPOCXEM Je-
1 paTopoB.
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PHC. 3.6. CtpobupoBaHKe BHIXOAHBIX CUTHANOB Aemudpartopa. ,
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IS MCKITIOYEeHUsI TaKUX TapasUTHBIX MMIYJIbCOB MOXHO TpPH-
MEHUTb CUHXPOHU3ALUIO C MOMOIIBIO CTPOOMPYIOIIMX CUTHAJIOB.
Hcnonb3yemslii qist aToro curHan C JoJiKeH HauWHAThCS nocae Te-
KYIIeTo M3MEHEHHUsI KOAa, a 3aKaHYMBATBLCSI IO CJICAYIOIIETO M3Me-
HeHUs Koja. To ecThb AOJKeH ObITh peaarn30BaH BJIOXEHHBINA ITMKI.
Ha puc. 3.6 moka3zaHo, KaK OyHeT BBIIJISAETh BBIXOJHOM CHUTHAJ Je-
mdparopa 6e3 cTpoOMPOBAHUS U CO CTPOOMPOBAHUEM.

Ha BropoM ypoBHe TmpeacraBieHus (MOIENb C BpPeMEHHBIMHU 3a-
JepXXKaMH1 ) Hy>KHO TakKe YUUTBIBATh TO, UTO 3alepKKU Aelrdparopa
OoJIblIe 3alepKeK MPOCTHIX JOTMUECKUX JIEMEHTOB: TIPUMEPHO BIBOE
JUIST BXOJHOTO KOJa M MPUMEPHO B ITOJITOpA pa3a sl CTPOOUPYIOIINX
BXOJOB. ECIM TOmBITaThCS 3aMEHUTH AeIn(paTop CXeMOi Ha JIoThde-
CKHUX 3JIEMEHTAaX, TO TaKOW Helmmdparop MOXyduTcs MemieHHee. Tod-
HBIE BEJIMYMHEI 3aJIepKeK MOKHO HAlTH B CITPABOYHUKAX.
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Puc. 3.7. [No3uumoHHas uHauKauus Ha aemdparope ¢ Boixogamu OK.

HemmudpaTopsl, umeronive Bbixonsl Tuma OK (M5, U 10),
YIOOHO MPUMEHSTh B CXeMaX IMO3WIIMOHHOW WHIMKAIUM Ha CBETO-
nnomax. Ha puc. 3.7 mpuBeneH npuMep peaan3alui MO3UIIUOHHOTO
WHOUKaTopa Ha Mukpocxeme W15, KoTopas mpeAcTaBisieT cOOOi
nBa neiudparopa 2—4 ¢ 06beIMHEHHBIMU BXOJaMM TSI MIOJa4u KO-
Ja U CTpoOaMu, TO3BOJISIOIIMMMU JIETKO CTPpOUTh Acumgparop 3-8.
ITpu 3TOM CcTapIuMii pa3psia Koaa BbIOMpaeT OauH U3 AelindpaTopoB
2-4 (HyJTb COOTBETCTBYET BEpXHEMYy IO cxeme Aemudparopy, a
eINHUIIA — HMXKHeMY). To ecTh B JTaHHOM CJlydae HOMEp TOpPSIIEero
CBeTOAMOJAa paBeH BXOJHOMY Komy aemmdparopa. Takasg MHIUKA-
1IM$1 HAa3bIBAETCS TO3ULIMOHHOM.

Boixonsl Mukpocxem nemmdparopoB ¢ OK MoOXHO 00beIUHSATH
MeXIy co0oit s peanuzauuu nposogHoro MIJIN (puc. 3.8.). Hyns Ha
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00beIMHEHHOM BBIXO/E OYAET Toraa, Koraa Xots: Obl Ha OJHOM U3 BbI-
XOJIOB BbIpabaThIBaeTCSl Hy/b. IIpM paBHOMEpPHOM ITOILIATOBOM Hapa-
IIMBaHUM BXOJHOIO Kojaa (HampuMmep, ¢ MOMOILBIO CYETYMKA) TAKOE
pelleHre To3BoJsIeT (hOPMUPOBATH JOBOJIBHO CJIOXHBIE ITOC/IEA0Ba-
TEJbHOCTU BBIXOAHBIX cUrHaoB. [lpaBra, Kaxmblil BeIXOA Aeuiudpa-
TOpa MOXET HCIIONIb30BAThCsl ISl TOJYYEHUS] TOJBKO OZHOIO BBIXOJ-
HOTO CUTHAja. DTO OrPaHUYUBAET BO3MOXKHOCTU TAKHUX CXEM.
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Puc. 3.8. O6bennHeHue BeIxomoB Aenmdparopos ¢ OK.

ITudpaTopsl NPUMEHSIIOTCS TOpa3ao pexe, yeM AeluppaTophl.
OTO CBsA3aHO C Oosee crieuudUUecKoil 00JIaCThIO MX MPUMEHEHMUS.
3HAYUTEILHO MEHBIIE U BHIOOp MUKPOCXeM IIM(PaTOPOB B CTaH-
JApTHBHIX cepMsX. B oTeuecTBEHHBIX cepMsX IIM(GpaTOpbl UMEIOT B
Ha3BaHuU OykBbl B.
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Puc. 3.9. MukpocxeMbl dpaTopos.

Ha puc. 3.9 mokazaHsl Jjist ipuMepa ABE MUKPOCXEMbI Mudpa-
topoB: MB1 u NB3. IlepBas umeeT 8 BXoaoB u 3 Bbixona (mudpa-
Top 8-3), a BTOopas — 9 BxomoB u 4 Beixona (mwudpatop 9-4). Bee
BXONIbl IMIU(PATOPOB WHBEPCHBIE (AKTUBHBIE BXOJHBIC CUTHAJIBI —
Hy/neBbie). Bce Bbixoabl MMGPaTOPOB TOXE WHBEPCHBIE, TO €CTb
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dopmupyercsi HBepcHbI KoA. Mukpocxema MB1 nmomumo 8 wuH-
(opMaIlMOHHBIX BXOAOB U 3 paspsioB BbixomgHoro koma (1, 2, 4)
WMEET UHBEPCHBIN BXon paspelneHust -El, BbIxonq mpusHaka mpuxoaa
noboro BxogHoro curHana -GS, a Takxke Bbixon nepeHoca -EO, mo-
3BOJISTIOIININ 0O0BEIUHSATh HECKOJBKO IMMU(MPATOPOB M1 YBEIUYCHUS
Pa3psSITHOCTH.

Tabnuna uctuHHOCcTH MmKdpaTtopa MBIl mnpuBeaeHa Huxe
(Taba. 3.2).

Ta6nuua 3.2. Tabnuia uctuHHocTH mudparopa MBI

Bxonpr Brixonbt
-El 0 1 2 3 4 5 6 7 -GS 4 2 1 -EO
1 X X X X X X X X 1 1 1 1 1
0 1 1 1 1 1 1 1 1 1 1 1 1 0
0 X X X X X X X 0 0 0 0 0 1
0 X X X X X X 0 1 0 0 0 1 1
0 X X X X X 0 1 1 0 0 1 0 1
0 X X X X 0 1 1 1 0 0 1 1 1
0 X X X 0 1 1 1 1 0 1 0 0 1
0 X X 0 1 1 1 1 1 0 1 0 1 1
0 X 0 1 1 1 1 1 1 0 1 1 0 1
0 0 1 1 1 1 1 1 1 0 1 1 1 1

W3 tabnuibl BUAHO, YTO Ha BbIxomax Koma 1, 2, 4 dopmupyercst
WHBEPCHBI ABOMYHBIA KOJ HOMEpPA BXOAHOW JMHUM, HA KOTOPBIA
MPUXOAUT OTPULIATENbHBIA BXOMHOW curHai. I[lpu ogHOBpeMEHHOM
MOCTYIUIEHUW HECKOJBbKUX BXOMHBIX CUTHATOB (hOPMUPYETCS BbI-
XOJTHOU KOJ, COOTBETCTBYIOIIUI BXOMY C HAMOOIBIINM HOMEPOM. To
€CTh CTaplive BXOJbl UMEIOT MPUOPUTET Tiepea miammumu. [losto-
My Takoi 1mm@paTop Ha3bIBaETCs MPUOPUTETHBIM. [Ipn oTCyTCTBUM
BXOIOHBIX CUTHAJOB (BTOpasi CTpOYKa TaOAULbI) (OPMUPYETCS BbI-
xonHo#t kox 111. Equnuunseii curHan -El (mepBast cTpouka) 3ampe-
maet paboty mudparopa (Bce BBIXOAHBIE CUTHAbI yCTAHABIUBAIOT-
cs B enuHully). Ha Beixoge -GS BbipabaThiBaeTCsl HyJIb MPU TTPUXOJIE
JII000TO BXOJHOTO CUTHAJIa, YTO TMO3BOJSIET, B YACTHOCTU, OTJIUYUTH
CUTyallMIO TIPUXOMa HYJIEBOTO BXOJHOTO CUTHAjda OT CUTyalluu OT-
CYTCTBUS JIIOOBIX BXOAHBIX cUrHanoB. Beixom -EO cTraHOBUTCS ak-
TUBHBIM (HYJIEBBIM) MPU OTCYTCTBUU BXOJHBIX CUTHAJIOB, HO MpPU
paspetieHU” paboTsl mudpaTopa curHaiom -EI.



96 T'nama 3

CraHmapTHOe TIpUMeHeHUe (pPaTOPOB COCTOUT B COKpAIlEeHUU
KoiuyecTBa curHajioB. Hampumep, B ciyyae mmdpatopa MUB1 uH-
¢dopMalsi 0 BOCbMU BXOIHBIX CUTHajJlaX CBOpauMBaeTCsl B TPU BbI-
XOIHBIX CHUTHaJla. DTO OYeHb YAOOHO, HampuMmep, MpU Iepegade
CUTHaJIOB Ha OoJjbline paccTosiHus. [IpaBna, BXOmHbIE CUTHaIbI He
JIOJKHBI TIpPUXOAUTHh omHOoBpeMeHHo. Ha pwuc. 3.10 moka3aHbl cTaH-
JapTHasl cxeMa BKJIIOYeHUs IudpaTtopa U BpeMEHHbIE THArpaMMbI
€ro paboTHI.
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Puc. 3J10. CranmapTHOe BKJIIOUYEHHMeE IrppaTopa. .

MuBepcust BBIXOAHOTO KOJAa MPUBOIUT K TOMY, YTO MPY TPUXOAE
HyJIEBOTO BXOJHOI'O CUTHajIa Ha BbIXoae (hOpMMpYETCsl He HyJIEBOM KO,
axon 111, To ectb 7. ToyHO TaK ke IpU MPUXOE, HAIPUMED, TPETHETO
BXOJHOTO CHUTHaJIa Ha BeIxone (opmupyercs kon 100, To ectb 4, a ipu
TIPUXOJIE MATOro BhIXOAHOTro curHaiga — Koxa 010, To ects 2.

Hanuuue y mmdpatopoB BxonoB -El u -EO no3Bonsietr yBeanuu-
BaTh KOJIMYECTBO BXOJOB M pa3psaoB IudpaTopa, IpaBaa, ¢ ITOMO-
IIBIO HOIIOJHUTEIBHBIX 3JIEMEHTOB Ha BhIxoge. Ha pmc. 3.11 moxka-
3aH MpUMEpP MocTpoeHus ImudpaTopa 16-4 Ha ABYX MUKpPOCXeMax
mucdparopoB B 1 u tpex anemenrtax 2U-HE (JIA3).
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Puc. 3.11. llludpatop 16—4 Ha aByx mmmdparopax 8—3.
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OnHOBpeMeHHOE WM MOYTH OJHOBPEMEHHOE M3MEHEHHE CUTHA-
JIOB Ha BXoje IudpaTopa MPUBOIUT K IMOSBICHUIO TIEPUOIOB HEOII-
penesleHHOCTH Ha BBIXOHaXx. BBIXOZHON KOI MOXET Ha KOpPOTKOE
BpeMsl NIpUHUMATh 3HAYeHME, HE COOTBETCTBYIOIIEE HU OJHOMY M3
BXOOHBIX CHUTHAJIOB. HOSTOMY B TEX CliydyadaX, Koraga BXOJHBLIC CHUT-
HaJIbl MOTYT MPUXOAUTh ONHOBPEMEHHO, HEOOXOAMMa CUHXPOHU3a-
LIMSI BBIXOMHOTO KOAa, HAIlpUMep, ¢ IMMOMOIIBIO pa3pellaroliero Cur-
Hana -EI, KoTopblii MOKEH HNPUXOAUTH TOJIBKO TOTIAa, KOTJa CO-
CTOSTHME HEOMPEIeIeHHOCTH YKe 3aKOHUMIIOCH.

3amepxKKa mumdpaTopa OT BXOla IO BBIXOJA KOJa IPUMEPHO B
MOJITOpa pa3a IMPEeBBIIIAeT 3aJepXKKY JIOIMUECKOro 3JIeMEeHTa, a 3a-
IepxKa no Bbixoma -GS — mpuMepHO B ABa pa3a Oosblie. TouyHEIS
BCJIMYUHBI 3aACPKEK MUKPOCXEM MOXKHO HalTu B CITpaBOYHMKax.

B.2. MyabTUIIEKCODBI

MynbTuruiekcopsl (aHrnuiickoe Multiplexer) mpegHa3HadYeHbI IS
MooYepeHOl TMepenadyd Ha OOWH BBIXOA OIHOTO M3 HECKOJbKMX
BXOIHBIX CUTHAJIOB, TO €CTh IJII MX MYyJbTUIUIeKcupoBaHus. Komu-
YECTBO MYJIbTUILIEKCUPYEMBIX BXOJOB HAa3bIBAETCS KOJIMYECTBOM
KaHaJIOB MYJIBTUILIEKCOpPA, a KOJIMYECTBO BBIXOJOB HA3bIBAETCS YMC-
JIOM pa3psiioB MyJbTUILIEKcopa. Hanpumep, 2-KaHanbHbIN 4-pa3psii-
HBI MYJBTUIUIEKCOP MMeeT 4 BbIXOlIa, Ha KaXIbIii M3 KOTOPBIX MO-
JKET mepenaBaTbCsl OMMH U3 ABYX BXOIHBIX CUTHAJIOB. A 4-KaHajib-
HBIM 2-pa3psiTHBIA MYJBTUIUIEKCOP MMEET 2 BbIXOMAa, Ha KaXIbli 13
KOTOPBIX MOXET MepeaaBaTbCs OOUH M3 YEeThIpeX BXOMHBIX CHTHa-
JoB. YKciio KaHAIOB MYJIBTUILJIEKCOPOB, BXOASIIMX B CTaHAAPTHbBIE
cepuM, cocTaBisieT oT 2 1o 16, a yucio pa3psinoB — oT 1 1o 4, npu-
yeM 4eM OoJbllle KaHaJoB HMMEET MYJbTUILIEKCOP, TEM MEHBIIE Y
HETO pa3psiaoB.

VYrpainenue paboToil MyIbTUILIEKCOpa (BRIOOp HOMEpa KaHaa)
OCYILECTBJISIETCS] C TOMOIIBI0O BXOAHOTO Koma anpeca. Hampumep,
U1 4-KaHaJbHOTO MYJbTUILIEKCOpAa HEOOXOOUM 2-pa3psiiHBbIA yIT-
paBIISIONINI (apecHBIid) Ko, a Ij1s1 16-KaHaJIbHOTO — 4-pa3psiIHbIii
kon. Paspsimbl koma obosHavarotrca 1, 2, 4, 8 wm AO, Al, A2, A3.
MynbTuriekcopsl 0biBatoT ¢ BbixonoM 2C u ¢ BbixonoM 3C. Brixo-
JIbI MYJIbTUILIEKCOPOB OBIBAIOT MPSIMBIMU M MHBEPCHBIMU. Boixon 3C
MO3BOJISIET OOBEAVHSATh BBIXOAbl MYJILTUILUIEKCOPOB C BBIXOJAMU
JIPYIUX MUKPOCXEM, a TakKXKe I10JydaTh ABYHAIlpaBI€HHbIE U MYJIb-
TUILJIEKCUPOBaHHbBIE TMHUU. HeKoTopble MUKPOCXEMbl MYJIbTUTLICK-

4 - 4589
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COpOB MMEIOT BX0oJ pa3pelueHusi/3anpera C (apyroe obo3HayeHue —
S), KOTOphIif TIpU 3alipeTe YCTaHABAMWBAET HA TPSIMOM BBIXOJE HYyJe-
BOU YPOBEHb.

Ha puc. 3.12 mokasaHbl s OpuMepa HECKOJbKO MUKPOCXEM
MYJIBTUTIJIEKCOPOB U3 COCTaBa CTaHAAPTHBIX cepuid. B oTeuecTBEeHHBIX
cepusiX MYJIbTUILIEKCOPHI MMEIOT Koa Tuma MukpocxeMbl KII. Ha
cXeMaxX MUKPOCXEMbI MYJIbTUIUIEKCOPOB 0003HayaTcsl OykBamu MS.
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Puc. 3.12. [TpuMepbl MUKPOCXEM MYJIBTUIIIIEKCOPOB.

Huxe B KauecTBe mpuMepa IpUBeAeHa TaOIMlLa MCTUHHOCTU
OIHOPA3PSIIHOIO 8-KaHAJIBHOTO MYJIbTUILIEKCOpa ¢ Bhixogamu 3C
(KI115) (ta6n. 3.3).

Ta6muma 3.3. TabGnuiia UCTUHHOCTH 8-KaHAJILHOTO MYJIBTUIUIEKCOpa

Bxonpr Bbxozp!
4 2 1 -EZ Q -Q
X X X 1 z z
0 0 0 0 DO -DO
0 0 1 0 D1 -DI
0 1 0 0 D2 -D2
0 1 1 0 D3 -D3
1 0 0 0 D4 -D4
1 0 1 0 D5 -D5
1 1 0 0 D6 -D6
1 1 1 0 D7 -D7
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B Tabauue curHansl Ha Bxogax (...7 o6o3HaueHbl DO0...D7, Q —
MpsSIMOI BBIXOM, -QQ — WHBEPCHBIA BBIXOA, Z — TPEThE COCTOSTHUE
Bbixofa. Ilpu egunHuiie Ha Bxoie -EZ o00a BbIxoma HaxomsTcsl B
TpeTbeM cocTosiHuu. Ilpu Hysne Ha Bxone -EZ BbIXOmHOU cuTHaAT Ha
MPSIMOM BBIXOZIE TIOBTOPSIET COCTOSIHME BXOJHOIO CHUTHajla, HOMEp
KOTOPOIo 3adaeTcsl BXOAHBIM KoaoM Ha Bxomax 1, 2, 4. CurHan Ha
WHBEPCHOM BBIXOJE MPOTUBOTIONIOXEH IO TOJSIPHOCTU CUTHATY Ha
TPSIMOM BBIXO/IE.

Ha puc. 3.13 mpuBegeHa BpeMeHHasl nuarpamma paboThl 4-Ka-
HaJIbHOTO - MYJIbTUIUIEKCOpa. B 3aBUCMMOCTM OT BXOJHOTO KOAa Ha
BBIXOJ] TEpeNaeTcsi OMUH U3 YeThIpEeX BXOAHBIX cUrHaioB. [Ipu 3a-
TpelleHU padOThl HAa BBHIXONE YCTaHABIWBAETCSI HYJIEBOU CUTHa
BHE 3aBUCUMOCTU OT BXOJIHBIX CUTHAJIOB.
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Puc. 3.13. BpemeHHas nuarpamMma paboThl 4-KaHAJIBHOTO MYJIBTUILIEKCOpPA C pas-
pelIeHreM.

MukpocxeMbl MYJIbTUILUIEKCOPOB MOXHO OOBEAWHSTH NI yBe-
JIMYEHUST KoJM4ecTBa KaHaioB. Hampumep, nBa 8-KaHAJIBHBIX MYJib-
TUILIEKCOpa JIETKO O0BbEANHSIOTCS B 16-KaHAJIbHBIA C TOMOIIbIO MH-
BepTopa Ha Bxonax paspelieHus u snemeHta 2M-HE nng cMmemuBa-
HUSI BBIXOAHBIX curHayioB (puc. 3.14). Crapuuii pa3psia Koga Oyaer
MPU 3TOM BBIOMpPATh OJAWH U3 IBYX MYJIBTUILIEKCOPOB. TOYHO TaK ke
M3 JOBYX |6-KaHalIbHBIX MYJBTUIUIEKCOPOB MOXHO cejiaTh 32-
KaHaJabHBIA. Eciiu HY>XXHO 0oJblliee YMCJIO KaHAJIOB, TO HEOOXOIMMO
BMECTO MHBEPTOpA BKJIIOUYATh JelncpaTop, Ha KOTOPbIA MOJAIOTCS
cTapuive paspsiabl koxa. BeixogHble curHanbl Aemudparopa OyayT
BBIOMPATh OMH U3 MYJIBTUILIEKCOPOB.
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Puc. 3.14. O6berHEHUE MYJIBTUIIEKCOPOB TSI YBEJIMUEHUs KOJIMYECTBa KaHAJIOB.

CocTosIHUSI HEONpeaeIeHHOCTH, COMPOBOXKIAIOIINECS KOPOTKM-
MU TIapa3UTHBIMU MMITYJIbCAMHU, MOTYT BO3HUKATh Ha BBIXOIE MYJb-
TUTUIEKCOPOB TIPU TIOYTH OJAHOBPEMEHHOM W3MEHEHUU BXOIHBIX
CUTHAJIOB. 311eCh BO3MOXHBI JBE CUTyallMUd. Bo-mepBbIX, yrpaBisio-
U KOA MOXET TMEePeKIIOYUThCS cpasy Tocjie U3MEHEHUs Iepena-
BaeMOro B JaHHBIF MOMEHT Ha BBIXOJl BXOJAHOTO CUTHajJa WIM Cpa3y
nepea M3MeHEHUEM BXOMHOTO CHUTHajia, KOTOPBIM OyaeT mepenaBaTh
Ha BBIXOJ Clenyloliuii KoA. Bo-BTopbIx, cUrHaibl (pa3psiabl) yIpaB-
JISIIOLIET0 KOJa MOTYT MepeKIIouaThCsl He OMHOBPEMEHHO, YTO TpH-
BeleT K KpaTKOBPEMEHHON TIepenaye Ha BBIXOA BXOJHOTO CUTHAla,
HE COOTBETCTBYIOUIETO HM OJHOMY U3 3Ha4YeHWU Koma. B mgrobom
cllyyae B MOMEHT TepeKIIOUeHHs] KaHAJIOB CUTHAJl Ha BBIXOAE MYJIb-
TUILIEKCOpa He ompeaeseH (puc. 3.15).

T

yi
Brix, 0

Puc. 3.15. HSOHDC,ZLCJTCHHLIC COCTOSAHHMS Ha BbIXOAEC MYJIBTUILIECKCOpPA.

Yto0Obl M30€XaTh COCTOSHMS HEOMPEACICHHOCTH, JIy4llle BCEro
3a/JlaBaTh COCTOSIHWE YMPABJSIIOUIErO KOJa €lle 10 Hayaja paboThl
CXeMbI (IO MPUXOJa BXOAHBIX CHUTHAJIOB) U B NaJIbHEUIIIEM €ro He
MEHSTh. Eciiu XXe 3To HeBO3MOXHO, TO HE00X0AMMa CUHXPOHU3ALIKS,
CTpOOMpPOBaHNE BBIXOJHOTO CUTHAA, TO €CTh €r0 pa3pellieHue TOJb-
KO TOTJa, KOrja BCe MEPEeXOMHBIE MPOIECCHI, CBSI3aHHbIE C M3MEHE-
HUEM KOJa, YXe 3aKOHUuIuCh. [IpaBaa, OObIYHO MPUMEHSITh CTPO-
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OrpoBaHUE JOBOJIBHO HEMPOCTO, TaK KaK MYJbTUILIEKCODP, KaK IIpa-
BUJIO, NOJDXKEH 0e3 M3MeHeHU mepeaaBaTh 1000 BXOIHON CUTHAI.

3agep:KKM BBIXOJHOIO CUTHajJIa MYJbTUIUIEKCOpAa IO BXoAaM
yIpaBsiioliero (aapecHoro) Kojia NpMMEpPHO B JBa pa3a IpeBbIlIa-
10T 3aI€PXKHU JOTMYECKUX JIEMEHTOB, a 10 MHMOPMALIMOHHBIM BXO-
JaM — TPUMEPHO B IIOJTOpa pa3a. TouyHbIe BEIMYUHBI 3adepKeK
MOXHO HalTU B CIIPABOYHUKAX.

B.3. KommapaTtopbl KOI0H

MukpocxeMbl KOMITapatopoB komoB (aHmiuiickoe Comparator)
MIPUMEHSIIOTCSI IS CpaBHEHMS JIBYX BXOOHBIX KOJOB M BbIIayu Ha
BBIXOJIbI CUTHAJIOB O pe3yJbTaTax 3TOro cCpaBHeHMSI (O paBEeHCTBE
WM HepaBeHCTBe KonoB). Ha cxemax koMmmapaTopsl KOIOB 00O3Ha-
YaroTcsl IByMsI CUMBOJIaMU paBeHCTBa: «= =». Koj ThMma MUKpocxe-
MbI KOMIapaTopa Kojia B oTeuyecTBeHHbIX cepusix — CII.

ITpuMepoM MUKpOCXeMbl KOMIIapaTopa KOIOB MOXKET CIYXUTb
CIll — uyeTrblpexpa3psiiHbIA KOMIapaTop KOAOB, CPaBHUBAIOIIWIA
BEeJIMYMHBI KOJAOB UM BbIJAIOIIMI WH(MOPMALIMIO O TOM, KaKOW KOJ

A>B A>BiI— N
A=B A=Bf—— —1

A<B A<B

1101 11

AV Tum—om]wa—oy

LY '

Puc. 3.16. Yetsipexpa3psinHbiii KoMmapatop komoB CII (mBa BapuaHTa
0003HaYeHUS).

ITomMuMO BOCBMU BXOMOB JUIS CPAaBHUBAEMBIX KOJOB (JIBYX YETbI-
pexpa3psimHbix KomoB, obo3HauaeMbix AO..A3 u BO...B3) kommapaTop
CIT1 umeer Tpu ynpapJsTIONIMX BXoAa ISl HApalllMBaHUS Pa3psiTHOCTU
(A>B, A<B, A=B) u Tpu BbIXOJa Pe3yJbTUPYIOIIMX CUTHAIOB (A>B,
A<B, A=B). Jlng yno0cTBa Ha cxeMax YIIPaBJISTIOIIE BXOAbl U BBIXOIBI
WHOTIa 0003HAYAIOT MIPOCTO «>», «<» U «=». HyneBble pa3psasl KOIOB
(AO u BO) — mnaniue, Tpetbu paspsiabl (A3 u B3) — crapiiue.
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Taomuna 3.4. Tabnuia uctTuHHOCTH KoMmmnapaTtopa CIT1

Bxozbl cpaBHMBaeMBbIX KOIOB Bxonbl HapalmuBaHus Boixobt
A3,B3 A2,B2 Al,LBl AOBO |[A>B A<B A=B |[A>B A<B A=B
A3>B3 X X X X X X 1 0 0
A3<B3 X X X X X X 0 1 0
A3=B3 | A2>B2 X X X X X 1 0 0
A3=B3 | A2<B2 X X X X X 0 1 0
A3=B3 | A2=B2 | Al1>BI X X X X 1 0 0
A3=B3 | A2=B2 | AI<BI X X X X 0 1 0
A3=B3 | A2=B2 | Al=Bl1 |A0>B0| X X X 1 0 0
A3=B3 | A2=B2 | Al=Bl | A0O<BO | X X X 0 1 0
A3=B3 | A2=B2 | Al=Bl | A0=B0 1 0 0 1 0 0
A3=B3 | A2=B2 | Al=Bl | A0O=B0 0 1 0 0 1 0
A3=B3 | A2=B2 | Al=Bl |A0=B0 | X X 1 0 0 1
A3=B3 | A2=B2 | Al=Bl | AO=B0 1 1 0 0 0 0
A3=B3 | A2=B2 | Al=Bl |A0=B0 0 0 0 1 1 0

Tabnuiia ICTUHHOCTUA KoMIlapaTopa KofnoB (Tabj. 3.4) kaxeTcsl Ha
TIePBbIN B3IJISII JOBOJIBHO CIOXHOI, HO Ha CAaMOM JieJie BCe MPOCTO.

Ecnu ucnonb3yercss onMHOYHAs MUKpOCXeMa, TO I €€ IpaBWIb-
HOI pabOTHI JOCTATOYHO IMOAATh €IUHUILY Ha BXom A=B, a cocTosHMs
Bxon0B A<B 1 A>B He BaXXHBI: Ha HUX MOXHO TToAaTh KaK HyJIb, TaK 1
enuHuily. Ha3zHaueHMe BBIXONOB IMOHSATHO M3 WX Ha3BaHMS, a IOJSpP-
HOCTb BBIXOIHBIX CHUTHAJIOB TOJIOXHWTEbHAsA (aKTMBHBI YpPOBEHb —
eauHuIa). Ecmu MUKpocxeMbl KOMITapaTopoB KOIOB KacKaIWpyIOTCS
(oOBbeaMHSIOTCS) MJIST YBEMUYEHUST YKciia pa3psiioB CPaBHUBAEMbIX KO-
JIOB, TO BBIXOAHBIC CUTHAIBI MUKPOCXEMBI, 00pabaThIBAIOLICH MJIAdIIMe
pa3psiabl Koia, Hy>KHO TOAaTh Ha OJHOMMEHHbIE BXOAbl MUKPOCXEMBI,
oOpabarsIBaoIeil cTapiunre pa3psasl Koga (puc. 3.17).

3
=TRETIR =E
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—{ B0 —1 B0 BO
%— Bl — 3] B - Bl
—d{R2 —— B2 g——R2
& —|B% — - { E—B3
r A>B A>B A> A>B A>B A>Bl—A>H
A=H A= A=] A=B A= A=BI— A=B
E.»KB A<B A<B A<B A<B A<BP—A<B

Puc. 3.17. KackagupoBaHue KOMIIapaTOPOB KOIOB.
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B 3apyOexHble cTaHIApTHBIE CEPUM BXOISAT TakKKe U 8-pa3psii-
Hble KOMIIapaToOphbl, CpaBHUBAIOIIKME ABA KOAA IO BeJUYUHE (TO €CTh
HMEIOIINE BBIXOABI «=», «>» M «<»). [IpuMepoM MOXKET CIyKUTb
Mukpocxema SN74AS885.

OmHO U3 OCHOBHBIX NTPUMEHEHMI KOMIIapaTOPOB KOJOB COCTOUT
B CEJIEKTMPOBAaHUM BXONHBIX KOIOB. B 3TOM ciyyae mocTaTOuHO
NUMETDH Mmbopmaumo TOJBKO O COBIIAACHMNU KOAOB Ha BXOdaX KOM-
rmapaTopa, a He O COOTHOIICHMM WX BeJIUYMH. MHTepecymoomuii Hac
KOJIl (3TaJIOHHBII) IMOmaeTcsl Ha OAMH BXOHA KOMIapaTopa, a U3Me-
HSOIMACS Kon (BXOOHOI) — Ha Apyroit Bxon. Mcrionb3yercsl TOJb-
KO BBIXOH paBeHcTBa KogoB A=B. 11 mMomoOHBIX TPUMEHEHUI BBI-
MyCKAIOTCSI. U CIEeIUaTbHbIe KOMITApaTOpPhl, OMPEAS/ISIIOIINE TOJIBKO
COBITaZicHUe KOJ0B. [IpuMepaMu MOTYT CIYKUTb 8-pa3psimHble MMK-
pocxembl SN74AL1S520, SN74ALS521, DCI102A ¢dupmbr Dionics
(oreyectBeHHbINM aHamor — KPS559CK1), a Takxke 6-paspsgHasi MUK-
pocxema DM8136 ¢dupmbl National Semiconductors (oTeyecTBeH-
Hulil aHanor — KP559CK?2).
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Puc. 3.18. CenekrupoBaHue 16-pa3psiiHBIX KOIOB.

Ha puc. 3.18 mokazaHo npumeHeHue KommnapaTopoB SN74ALS521
JUTSI CEJIEKTUPOBaHUS 16-pa3psiiHBIX KOOoB. MHBEPCHBIN CUTHAT C BbI-
X0Ja TepBOM MUKPOCXEMbI ITOAACTCS HAa WHBEPCHBIA BXOH paspellle-
HMSI BTOPOM MMKPOCXEMBI, BBIXOJHOM CHUTHaJI KOTOPOH (OTpHIlIaTeshb-
HbII1) TOBOPUT O COBITaJIEHMH BXOJHOIO U 3TAJIOHHOI'O KOJOB.



HeornpeneneHHble COCTOSIHMSI Ha BBIXOJAX KOMITapaTOpOB KOIOB
MOTYT BO3HMKATh TPU JI0OOOM M3MEHEHUM JIFDOOTO U3 IBYX BXOIHBIX
KOMOB. DTO CBSI3aHO C HEOJHOBPEMEHHBIM M3MEHEHUEM pa3psiioB
konoB (puc. 3.19). Ha Bcex Brixomax kommnaparopa CIII moryr mo-
SIBJISITbCA KOPOTKUE TMapa3suTHble MMITYJIbChl. UTOOBI YCTPaHUTh MX
BJIMSIHUE Ha NaJIbHEHUIIYIO YacTh CXeMBbI, IIPUMEHSIETCSI CUHXPOHU3a-
s U cTpodbupoBaHue. Ho mist 3Toro Hago TOYHO 3HAThb MOMEHT M3-
MEHEHMSI BXOJHBIX KOJOB, UTO JaJIEKO HE BCeraa BO3MOXKHO.

Kma % ¥
exn

Bux. A>B, | F— 7y
A<B, A-B &

Puc. 3.19. HeonpeneneHHble COCTOSIHUSL Ha BBIXOAAX KOMIapaTopa Mpu M3MEHEHUU
BXOIHBIX KOIOB.

IIpu nmpuMeHeHMM KOMIIapaTOpOB HAAO TAaKXKEe YUMTHIBATb, UTO
MpY KacKaJupOBaHUM 3aIep>KKM MUKPOCXEM CYMMUPYIOTCSI, M1 00be-
JUHEHHBIN KOMITAapaToOp, COCTOSIINI U3 T MUKPOCXEM, OyHeT B IT pa3
MeJJIeHHEe OMMHOYHOrO. 3aaepXKu KOMIapaTOpOB KOMOB IO BXO-
JaM pa3psiioB KOAOB NMPUMEPHO BUETBEPO OOJIbIIE 3aMepKEK JIOTH-
YECKHUX BJIEMEHTOB, a IO BXOJAaM pPacCIIMPEHUS — IPUMEPHO BTPOE.
Tak 4TO 3TM MUKpPOCXEMBI JOBOJBHO MEIJICHHBIC IO CPAaBHEHMIO C
JIPYTUMM KOMOMHALIMOHHBIMUA MUKpPOCXeMaMH. TOYHBIE 3HAYEHUS
3aIEPXKEK MOKXHO HAWTHU B CIIPAaBOYHUKAX.
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Puc. 3.20. YMeHbllIeHHe 3aIepXKU MPU KaCKaaupPOBaHUM KOMITApaTOPOB.

Ecnu HaM BaxkeH TOJBKO (bakKT paBeHCTBAa WM HEpaBEHCTBa
BXOJHBIX KOAOB, TO YBEJMYUTH OBICTPOACHCTBUE TPU OOBEIMHEHUM
KOMITapaTOPOB MOXHO, €CJIW II0faBaTh MX BBIXOAHBIE CUTHAJIBI Ha
anemeHT U (puc. 3.20). B sToM ciygae cymMmapHasi 3aAepKKa CXeMBbl
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TIPEBBICUT 3aIePXKKY OJHOTO KOMITapaTopa BCEro JIMIIb Ha 3aIePXKKY
anemeHTa Y. Ilpu nmpuMeHEHUU KOMITAapaTOpOB C MHBEPCHBIM BBIXO-
moM (Hampumep, SN74ALS521) HyXHO HCIOIB30BaTh 3JEMEHT
MJIN ¢ HyXXHBIM YKMCJIOM BXOIOB.

ITpu HE0OXOAUMOCTU CpaBHEHHUSI KOAOB HE TOJIbKO Ha COBIAieE-
HMe, HO eIlle 1 110 BeJIMYMHE, TAKOTO ITPOCTOr0 pellieHUs He CYIIeCT-
ByeT. Ho 3Ta 3amaya BcTpedaercs ropasmo pexe.

B.4. CyMMaTODB

MukpocxeMbl cyMMaTOpoB (aHrnuiickoe Adder), Kak ciieayer U3 ux
Ha3BaHUsI, MpeIHa3HAYeHbI JJII CyMMUPOBAHUS IBYX BXOIHBIX IBO-
WYHBIX KOJAOB. TO eCTb BBIXOZHON KOI paBeH apudMeTHUeCKOM
CyMMe IBYX BXOIOHBIX KomoB. Hampumep, eciu oauH BXOTHOM KO
0111 (uucno 7), a Bropoit 0101 (umcio 5), TO cyMMapHBIli KO Ha
Boixone Oymer 1100 (12=7+5). CymMma nByX IBOMYHBIX YMCEN C YMUC-
JioM pa3psimoB N MoxeT uMeTh uncio paspsnoB (N+1). Hampumep,
npu cymmupoBanuu uncen 13 (1101) u 6 (0110) momyyaeTcst 9ucio
19(10011). IToaTOoMy KOJMYECTBO BBIXOIOB CyMMaTopa Ha €IUHUILY
OOJIBbIIIe KOMMYECTBA Pa3psiAoB BXOAHBIX KOHOB. DTOT HOITOJHUTEIIb-
HBIN (CTapIIvii) pa3psia Ha3bIBAETCSI BHIXOAOM IMepeHoca.

Ha cxemax cymmaTopsl o6o3Havatorcs 0ykBamu SM. B orteuect-
BEHHBIX CEepUsIX KOH, O0O3HAuYaloIIUii MUKPOCXEMY CyMMmaropa, —
M.

CyMMaropbl OBIBaIOT OMHOPA3PSIAHBIC (I CYMMMPOBAHUST JBYX
OMHOPA3PSIAHBIX YUCEN), ABYXpa3psimHbie (CyMMUDPYIOT ABYXpaspsii-
HBlE YMCJIa) U YeThIpexpaspsaHbie (CyMMUPYIOT YeThIpeXpa3psiIHbIe
yyrcaa). Yamge Bcero NpuMeHsI0T UMEHHO 4-pa3psiiHbie CYMMAaTOpPBbI.
Ha puc. 3.21 mokazaHbl misl mpuMepa 2-pa3psiiHblii U 4-pa3psiagHbIi
cymmatopel. Mukpocxema MUM6 otiaumuaercss ot MM3 ToibKo Tmmo-
BBIIIICHHBIM OBICTPOIEMCTBEM M HOMEpPaMM UCITOJIb3YEMBIX BBIBO-
JIOB MUKPOCXEMBI, (DYHKIIMS e BBITIOTHSIETCS Ta XKe camas.

IToMUMO BBIXOIHBIX pa3psiIOB CyMMBI M BBIXOJA MEepeHOoca CyM-
MaTOpbl UMEIOT BXOJH pacIiupeHusi (Ipyroe Ha3BaHUE —BXOJ Iepe-
Hoca) C misi 00beAMHEHUST HECKOJIBKHUX CYMMAaTOPOB C IIEJbIO yBeE-
JIMYEHMST pas3psmHOCTU. Eciy Ha 3TOT BXOA MPUXOAUT €AWHMIIA, TO
BBIXOJHAsI CyMMa YBEJWYMBACTCS HA EOUHUILY, €CIU K& IPUXOAUT
HyJIb, TO BBIXOJHAsl CymMMa He yBeauuyuBaercsl. Eciu mcrmonb3yeTcs
OoflHa MMKpOCXe€Ma cyMMmaTopa, To Ha ee Bxon pacuupeHusi C HeoO-
XOAMMO TIOaTh HYJb.
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Puc. 3.21. [Ipumepsl MUKPOCXEM CYMMAaTOPOB.

B kauectBe mpumepa HUXE MpUBEACHA TMOJHAs TabauIla UCTUH-
HOCTU 2-paspsiiHoro cymmaropa MM?2 (ta6a. 3.5). Kak BugHO u3
Tabauubl, BbixogHo# 3-paspsanbiii kom (P, S1, S0) paBeH cymme
BXOIHBIX 2-pa3psiaHbix KomoB (Al, AO) u (B1, B0), a Takxke curHa-
na C. HyneBble pa3psabl — MJajllive, MepBble paspsiabl — cTap-
mue. [TomHas Tabauiia UICTUHHOCTU 4-pa3psiTHOTO cyMMmaTopa OyaeT
Ype3MepHO 0OJIbIION, TO3TOMY OHA He TipuBoAuTcs. Ho cyTh paboThl
OCTaeTCs TOYHO TaKOM Xe, KaK U B cllyyae 2-pa3psiiHOTO cyMMaTopa.

Ta6muma 3.5. Tabnuia UCTUHHOCTH MMKPOCXEMBI 2-pa3psiiHOTO cymmaropa M2

Bxonst Boixoabt
C=0 C=1
Al A0 Bl BO p S1 SO p S1 SO
0 0 0 0 0 0 0 0 0 1
0 0 0 1 0 0 1 0 1 0
0 0 1 0 0 1 0 0 1 1
0 0 1 1 0 1 1 1 0 0
0 1 0 0 0 0 1 0 1 0
0 1 0 1 0 1 0 0 1 1
0 1 1 0 0 1 1 1 0 0
0 1 1 1 1 0 0 1 0 1
1 0 0 0 0 1 0 0 1 1
1 0 0 1 0 1 1 1 0 0
1 0 1 0 1 0 0 1 0 1
1 0 1 1 1 0 1 1 1 0
1 1 0 0 0 1 1 1 0 0
1 1 0 1 1 0 0 1 0 1
1 1 1 0 1 0 1 1 1 0
1 1 1 1 1 1 0 1 1 1
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CyMMaTopbsl MOTYT WCMOJb30BaThCs TAaKXKe JUISI CyMMUPOBAHUS
4yucel B OTPULIATENIBHOM JIOTMKE (KOorma JOTMYeCKOUl eMUHUIIE COOT-
BETCTBYET BJIEKTPUYECKUI HYJIb, 1 HA00OPOT JIOTUYECKOMY HYJIIO CO-
OTBETCTBYET 3JIEKTpuuecKas eauHuila). Ho B 3TOM cilydyae BXOZHOM
curHan nepeHoca C TakKe CTAHOBUTCS WHBEPCHBIM, MMO3TOMY TPU UC-
MOJIb30BaHUM OJHOW MUKpPOCXeMbI cymMMmaTopa Ha BxoJ C Hajo moaathb
SJIEKTPUYECKYIO SANHUILY (BBICOKMII YPOBEHb HampspkeHus ). MHBepce-
HBIM CTAaHOBUTCS W BBIXOIHOW CUTHAN TiepeHoca P, HU3Kuif ypoBeHb
HanpsDKeHUsI Ha HEM (3JIEKTPUYECKUI HyJTb) COOTBETCTBYET HATUYUIO
nepeHoca. To ecTh Mojiyyaercsi, 4YTO CyMMAaTop a0COIIFOTHO OJMHAKOBO
paboTaeT Kak ¢ MOJIOXKUTETbHOMI, TaK U C OTPULIATEIbHOU JTOTUKOMA.

Paccmotpum npumep. [lycTh HaM HaAO CIOXUTH ABa uucia 5 u 7
B OTpUIIATEIbHOM Joruke. Yuciay 5 B MOJOXUTETBLHOU JIOTUKE COOT-
BeTcTBYeT ABOMYHLINA Konx 0101, a B oTpuLaTeIbHOM JIOTUKE — KOJ
1010. Yucay 7 B MOJOXUTETbHOW JTIOTUKE COOTBETCTBYET JBOMYHBIN
kox 0111, a B orpunarenbHoii — kox 1000. Ilpu momave Ha BXxop
cymmaropa kogoB 1010 (mecsatuuyHoe yuciao 10 B MOJOXUTEIbHOM
qnorvke) u 1000 (mecsaTUYHOE YMCIO 8 B MOJIOKUTETBHON JIOTUKE)
noiyyaeM cymmy 10+8=18, Tto ectb kom 10010 B monoxuTenbHON’
snoruke. C yyeToMm BXoaHoro curHajia nepeHoca C=1 (To ecTb OTCYT-
CTBUE BXOJHOTO MEPEHOCA B OTPULIATETBbHOU JTIOTUKE) BBIXOAHOU KOJ
cymMmaTopa TMOJy4YuTcsl Ha enuHully Oosbiue: 18+1=19, To ectb
10011. Tlpu oTpuuaTenbHOU JOTMKE 3TO OyAEeT COOTBETCTBOBATH
yuciay 01100, To ectp 12 mpu OTCYTCTBUU BBIXOJAHOTO TEpeHOcaA.
B pesynbrate monyyunu: 5+7=12.

CyMMaTOp MOXKET BBIYUCISITHh HE TOJIBKO CyMMY, HO U Pa3HOCThb
BXOJTHBIX KOJIOB, TO €CTh paboTaTh BbluMTaTeneM. JIJIsi 3TOro BbIYU-
TaeMoe YKCJIO Haao MPOCTO MOpaspsiiHO MPOUHBEPTUPOBATH, a Ha
Bxon nepeHoca C mojgaTh eAMHUYHBINA curHAN (puc. 3.22).
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Puc. 3.22. Yerbipexpa3psiiHblii BbluMTaTelb Ha cymmaTope M6 1 unBepTopax
JIH1.
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Hanpumep, mycTb HaM Halo BBIYUCIWTH PA3HOCTb MEXIy YMC-
gom 11 (1011) u yucimom 5 (0101). MuBepTUpyeM MTOpa3psSAHO YUCIO
5 u nonyyaeM 1010, To ectb necsituuHoe 10. Cymmarop nmpu cymMmu-
poBanuu 11 u 10 mact 21, 1O ecth aBoMuHoe uuciao 10101. Ecnu
curHan C paBeH 1, To pesyabrar Oymer 10110. OtOGpacsiBaem cTap-
it paspsa (BeixogHoul curHan P) u momyyaem pasHocte OHO, To
ecThb 6.

Eme npumep. IlycTh HamO BBIYMCIUTH PA3HOCTh MEXIY YMCIOM
12 (1100) 1 yuciom 9 (1001). MuBepTUpYEM MOpa3psIAHO 9, TodyYa-
eM 0110, To ecthb gecarnuHoe 6. Haxomum cymmy 12 u 6, moaydaem
18, a ¢ yuerom C = 1 nmoisrydyaem 19, To ectb aBonuHoe 10011. B ue-
Thipex miaguiux paspsigax umeeM 0011, To ecth necsatTudHoe 3.

KackagupoBaTb cymMMmaTOpbl JJi  YBEJIWYEHMSI Pa3psSIHOCTU
oueHb mpocto. CUTrHaj ¢ BbIXOAA IepeHoca cyMmaTopa, oopadaThl-
BaloIllero MJIaJIIMe paspsiibl, HYXXHO TMoJaTh Ha BXOJ IepeHoca
cymMmaropa, obpabarbsiBatoliero crapuve paspsiabl (puc. 3.23). Ilpu
00benMHEHUU TpeX 4-pa3psiTHbIX CyMMAaTOpOB Tojydaercss 12-pas-
PSOHBINA CyMMAaToOp, UMEIOLIMNA TOMOJTHUTEAbHBIN 13 pa3psia (BbIXOM
nepeHoca P).

Kom A
Kon B SM[sg]. SM s Is_ SM
40| SM| g0 |4 40| SM| 50 AD
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Bl i to—
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Kon cyMMEl

Puc. 3.23. Kackaguposanue cymmatopoB UM6 mist yBennyeHust pa3psiTHOCTH.

HeomnpeneneHHble COCTOSIHMSI Ha BbIXOJAaX CymMMmaTopa MOTYT
BO3HUKATh TMpU JIOOOM W3MEHEHUM JI0O00r0 M3 BXOJHBIX KOJIOB
(puc. 3.24). BbIxomHOU KOJ CyMMBbI MOXET MPUHUMAaTh B TEUEHUE KO-
POTKOTO BPEMEHU 3HAYEHUS, HUKAK HE CBSI3AHHBIE C BXOJHBIMU KOJa-
MM, a Ha BBIXOJIE MEePEeHOCca MOIYT TOSIBJIIThCSI KOPOTKUE Mapa3sUTHBIC
WMIYJIbChl. DTO CBSI3AHO MPEXKJIE BCEr0 C HEOJHOBPEMEHHBIM U3MEHE-
HUEM DPa3psIIOB BXOAHBIX KOAOB. YUTOOBI M30€XaTh BIUSHUSI 3TUX He-
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OIpeJeJICHHBIX COCTOSIHUI Ha JaJbHEUIIYIO CXeMy, HEOOXOOUMO ITIpe-
JlyCMaTpVBaTh CUHXPOHU3AIMIO WIX CTPOOMPOBAHUE BBIXOIHBIX CUT-
HanoB. Ho st aToro Hano umeTh MHMOPMAIMI0O 0 MOMEHTaX U3MEHe-
HMSI BXOIHBIX KOJIOB, KOTOpasi UMEETCs JAJIEKO HE BCer/a.

Puc. 3.24. Heonpez[eneHHLIe COCTOsSIHMs Ha BBIXOJaX CymMmaropa Inpmu HU3MCHCHUUN
BXOIHBIX KOOOB.

3amepxku cymmaropa MM6 or BXOIOB [0 BBIXOJOB CYMMbI ITPU-
MEPHO BIABOE TMPEBBIIIAIOT 3aJEePXKKY JOTMUECKOro 3jIeMeHTa, a OT
BXOJIOB JIO BBIXO/a TMIepeHOca — MPUMEPHO B MOJTOPA pasa. 3alepKKu
cymmaropa MM3 Gombiie 3amepxek MM6 moutu Basoe. Ilostomy B
cxeMax, TI€ BaXHO OBICTPOAEHCTBUE, JIyYIlle KCIONb30BaTh MM6.
Oco0eHHO 3TO BaXKHO MPU KaCKaAWPOBAHUU [IJISI YBEJIUYEHUST pas3psili-
HOCTH, TaK KakK TaM 3aJepP>XK! OTACIbHBIX MUKPOCXEM CYMMUPYIOTCS.
TouHble BEJIMYMHBI 337ep>KeK MOXHO HATH B CITPaBOYHUKAX.

B.5. IIpeobpazoBareayu KOIOH

MuxkpocxeMbl Tipeobpa3zoBaTenieidi komoB (aHmimiickoe Converter)
CJIy>KaT aJjist HpeO6pa3OBaHl/lﬂ BXOAHBIX I1BOUMYHBIX KOJOB B BbBIXOJHbIC
ABOUYHO-IECATUYHBIC U HaO60pOT — BXOIHBIX ABOUYHO-ACCATUYHBIX
KOIOB B BbIXOJOHbLIC NIBOUYHLBIC. (023171 NCIIOJIB3YIOTCA JOBOJIBHO PEAKO,
TaK KaK IIPUMEHCHNE JBOUYHO-ACCATUYHBIX KOJOB OrpaHNMYCHO y31<0171
00J1aCTb10, HAMPUMEp, OHU MPUMEHSIIOTCSI B CXeMaX MHOTOPa3psiAHOM
JecaTudHoOr nHaukauuu. K Tomy ke mpu nMpaBWIbHOU OpraHu3aluu
CXeMbl 4aCTO MOXHO OOOWTHUCH 0e3 TpeoOpa3oBaHUsI B JBOUYHO-
JECATUYHBIN KOJ, HaIlpuMmep, BbIOMpash CUYETYMKHU, paboTaroliue B
ABOUYHO-OECATUYHOM KOIE€. Hpeo6pa3OBaHMe ABONYHO-IECATUYHOTO
KOJa B IBOMYHBIN BCTPEUAETCS €IE PEXKE.

Ha cxeMax MUKpocxeMbl Ipeodpa3oBaTesieil 0003HaYaroTCsT OyK-
BaMu X/Y. B oTeuyecTBEeHHBIX cepusiX MpeoOpa3oBaTead UMEIT 000-
3HaueHus [1P.
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Kpome Toro, Hamo ydecTb, UTO JIIOOBIC IpeoOpa3oBaHUs Iapai-
JIEJIHBIX KOJIOB, A€ CaMble 9K30TUYECKUE, MOTYT ObITh JIETKO pea-
JIM30BaHbl HA MUKPOCXEMaX MOCTOSTHHOW TMaMsITU HYXXHOTO 00bema.
OOBIUHO 3TO HAMHOIO yIoOHee, 4yeM OpaTb CTaHIAPTHBIE MUKpPO-
cXeMbl Ipeodpa3oBaTesieil KOIOB.

B cranmapTtHble cepuu BXOISAT IBE MUKPOCXEMbI MpeobpazoBa-
teseit kogos: [TP6 mis mpeo6Gpa3oBaHuUsT ABOMYHO-AECITUYHOTO KOIa
B nBonuHbIi U [TP7 nns mpeobpa3zoBaHusi JBOUYHOTO KOJa B ABOWY-
HO-JecITUYHBIN (puc. 3.25). O6e MukpocxeMbl UMeIOT Bbixoabl OK,
MO3TOMY K HUM HaJ0 MPUCOEAUHSITh HArPy30UHbIE PE3UCTOPHI BEIU-
yuHOU okojio 1 kKOM, HO [Jis ynoOCTBa B JaJIbHEUIIUX CXeMax 3TH
pe3ucTopbl He moKa3aHbl. O0e MHUKPOCXeMBI MMEIOT TaKXKe BXOJ
pa3peiieHust Bbixoga -EO, mpu HyJleBOM YpOBHE Ha KOTOPOM BcCe
BBIXO/Ibl AKTUBHBI, a TMPU EIVMHUYHOM — TIEPEXOMAT B COCTOSIHUE
equnuubl. [IpeoGpasosatens [1P6 uMeeT JOMONMHUTETBHBIE BBIXOIBI
A, B, C, He yyacTByoIlIMEe B OCHOBHOM IIpeoOpa3oBaHUM.

— XY 2 —
—il'y | = —2 %] 2=
8 §— —3| 0| =
—110 16— % 3

W1 32— S ) R 1 o

A= |
EC Cl— p—
I1P6

Puc. 3.25. Mukpocxembl ipeobpasoBaTesicii KOIOB.

TabMuUBIUICTUHHOCTUIIPEOOpa3oBaTeneinmpoctrl (Tabd.3.6.u
3.7). Hannpumep, IBOMYHO-AECATUYHBIN KOI Oe3 MIIaAlIero paspsia
Ha Bxone [1P6 mpeoGpasyercst B IBOMYHBIA Ko 0e3 MJaaliero pas-
psina Ha Beixome I'TP6. Muamiuuit paspsi He y4acTBYET B IIpeoOpaso-
BaHWUU, OH HETMIOCPEACTBEHHO MepeaaeTcs co Bxoaa Ha Bbixon. OmHa
mukpocxeMa [1P6 o6pabaTbiBaeT BXOOHBIE KOObI B AuariazoHe or O
(mBonuHoO-gecsaTuuHbIi kox 00 000) mo 39 (xkox 11 1001).

TouHo TaK ke IBOMYHBINM Koa 0e3 MJIAIIero pa3psga Ha BXOIE
ITP7 mpeobpa3yercss B IBOMYHO-ACCATUYHBIA KON 0€3 MIIaAIIero
pa3psina Ha Beixoge [TP7. Ogna mukpocxema ITP7 MoxeT oOpabaThi-
BaTb BXOJAHBIC Konbl B auarazoHe oT 0 (mBouunbiid kom 000000) mo
63 (kom 111111). Munaginure pa3psiibl BXOAHBIX KOIOB IepeaaroTCs
Ha BBIXOJ 0e3 00paboTKM B 00XOd MUKPOCXEMbI, TaK KaK OHU OIU-
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HAKOBbIE KaK B JIBOMYHOM, TaK U B JBOMYHO-AECITUYHOM KOAaX.
IpocTeiiire cxembl BKIIOYEHUSI OOWHOYHBIX MuKpocxeM I[IP6 u
I1P7 npuBeneHbl Ha puc. 3.26.

1 1 1 1

== =TT 3=

3—8 g [ 8 — -

10—31¢ 16—1¢ ¥ Ts ¢ 10F—=1b

20— 20 3232 33 12 20 p——1200
== I D

It
in F7
TiP6

Puc. 3.26. Ipocreiiiiee BKIIOYEHNE OIUHOUYHBIX Mpeobpasopateseil koga [1P6 u
[1P7.

Ta6nuna 3.6. Tabnuia ucTMHHOCTA TIpeodpasosaress [1P6

Bxonbt Brurxomst
-EO 20 10 8 4 2 32 16 8 4 2
1 X X X X X 1 1 1 1 1
0 0 0 0 0 0 0 0 0 0 0
0 0 0 0 0 1 0 0 0 0 1
0 0 0 0 1 0 0 0 0 1 0
0 0 0 0 1 1 0 0 0 1 1
0 0 0 1 0 0 0 0 1 0 0
0 0 1 0 0 0 0 0 1 0 1
0 0 1 0 0 1 0 0 1 1 0
0 0 1 0 1 0 0 0 1 1 1
0 0 1 0 1 1 0 1 0 0 0
0 0 1 1 0 0 0 1 0 0 1
0 1 0 0 0 0 0 1 0 1 0
0 1 0 0 0 1 0 1 0 1 1
0 1 0 0 1 0 0 1 1 0 0
0 1 0 0 1 1 0 1 1 0 1
0 1 0 1 0 0 0 1 1 1 0
0 1 1 0 0 0 0 1 1 1 1
0 1 1 0 0 1 1 0 0 0 0
0 1 1 0 1 0 1 0 0 0 1
0 1 1 0 1 1 1 0 0 1 0
0 1 1 1 0 0 1 0 0 1 1
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Taommua 3.7 Tabnuua uctuHHOCTU NipeoOpaszosaresst [1P7

Bxonpl BbIxombl
-EO 32 16 8 4 2 40 20 10 8 4 2
1 X X X X X 1 1 1 1 1 1
0 0 0 0 0 0 0 0 0 0 0 0
0 0 0 0 0 1 0 0 0 0 0 1
0 0 0 0 1 0 0 0 0 0 1 0
0 0 0 0 1 1 0 0 0 0 1 1
0 0 0 1 0 0 0 0 0 1 0 0
0 0 0 1 0 1 0 0 1 0 0 0
0 0 0 1 1 0 0 0 1 0 0 1
0 0 0 1 1 1 0 0 1 0 1 0
0 0 1 0 0 0 0 0 1 0 1 1
0 0 1 0 0 1 0 0 1 1 0 0
0 0 1 0 1 0 0 1 0 0 0 0
0 0 1 0 1 1 0 1 0 0 0 1
0 0 1 1 0 0 0 1 0 0 1 0
0 0 1 1 0 1 0 1 0 0 1 1
0 0 1 1 1 0 0 1 0 1 0 0
0 0 1 1 1 1 0 1 1 0 0 0
0 0 0 0 0 0 1 1 0 0 1
0 0 0 0 1 0 1 1 0 1 0
0 0 0 1 0 0 1 1 0 1 1
0 0 0 1 1 0 1 1 1 0 0
0 0 1 0 0 1 0 0 0 0 0
0 0 1 0 1 1 0 0 0 0 1
0 1 0 1 1 0 1 0 0 0 1 0
0 1 0 1 1 1 1 0 0 0 1 1
0 1 1 0 0 0 1 0 0 1 0 0
0 1 1 0 0 1 1 0 1 0 0 0
0 1 1 0 1 0 1 0 1 0 0 1
0 1 1 0 1 1 1 0 1 0 1 0
0 1 1 1 0 0 1 0 1 0 1 1
0 1 1 1 0 1 1 0 1 1 0 0
0 1 1 1 1 0 1 1 0 0 0 0
0 1 1 1 1 1 1 1 0 0 0 1

KackamupoBath npeodpa3soBarenu I[1P6 u T1P7 mig yBenuueHus
Pa3psITHOCTH TakXKe HecaoxHo. Mg mpeodpa3oBaHUsI JBOMYHO-
JIeCATUIHBIX KogoB OT 0 mo 99 mocrarouHo aByX MuKpocxem I1P6
(puc. 3.27), a nnsg mpeoOpa3oBaHUS ABOMYHBIX KomoB oT 0 mo 255
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TpedyeTcst Tpu MuUkpocxemol I1P7 (puc. 3.28). Ecnu Hamo mpeobpa-
30BBIBaTh JBOMYHO-IAECIATUYHBIE KOALI H0 999, To moHamoOutcs 6
Mukpocxem IIP6, a misg npeobpa3oBaHMsI ABOMYHBIX KOZOB g0 511
nmorpedyetrcst 4 mukpocxembl [IP7. Ha Bcex BbIXOmax MUKPOCXEM
HEeOoOXOIMMO BKJIIOYATh HATPY304HBIC PE3UCTOPHI.
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Puc. 3.27. [1peoGpa3oBaTeb ABOMYHO-ACCATUYHOrO Koaa oT 0 10 99 B ABOMYHBINA
KO[L.
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Puc. 3.28. IIpeobpasoBatesib 1BOMYHOro Koaa ot 0 10 255 B JBOMYHO-ACCSITUYHBIIA
KOJI.

Hammuve nonoiaHuTenbHbIX BhiXomoB A, B, C y Mukpocxembr ITP6
MTO3BOJISIET IMTPE0OPA30OBEIBATH IBOMYHO-IECATUYHBIN Ko oT 0 10 9 B Ko
npornomHeHus 1o 9 wim o 10 (puc. 3.29). To ecTb cyMMa BXOTHOTO U
BBIXOJHOTO KOJa B 3TOM CJIyyae paBHa cooTBeTcTBeHHO 9 mmu 10. Ha-
npuMep, MpU BXOIHOM Koje 6 Ha BBIXOAE CXeMbl a OyaeT Kox 3, a Ha
BBIXOZE CxeMBbI 0 -— Kom 4. B cxeme 6 npu BxomHoM Koxe () Ha BEIXOIE
Takke opmupyercs kon 0. Kak 1 Bce ocTaabHBIE BBIXOIBI MHUKPOCXE-
Mbl ITP6, Boixonbsl A, B, C numMetor tunn OK, mostoMy K HUM HEOOXOIMMO
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TIPUCOEIVHATh Harpy304HbIE PE3UCTOPHI, 151 yI0OCTBA HE IMOKa3aHHBIE
Ha cxeMe. Takue cXeMbl «IOMOTHUTENIEH» TIPUMEHSIIOTCS PEIKO, TTO3TO-
My O HUX YIIOMUHAIOT HE BO BCEX CIIPAaBOYHMKAX M YUeOHMKaX, HO MHO-
raa mogoOHble (PYHKIIMK ObIBAIOT JOBOJIBHO YIOOHBI.

IIPG
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Puc. 3.29. IIpeobpa3oBaTesn BXOAHOIO KoJIa B IOMOJHEHHUE A0 9 (a) U B JAOMOJIHE-
Hue 1o 10 (6).
3amepXKu TpeoOpa3oBaTesieii KOMOB IPUMEPHO BABOE IPEBOC-
XOIST 3aJepPXKKU JIOTUYECKUX DJIEMEHTOB. TOYHBIE BEJIMYMHBI 3a-
JIEPKEK MOXHO HAWTHU B CIIPABOYHUKAX.

B.6. OMHOBUOPATOPHI U FeHEPATOPHI

OnHOBUOpaTOpPEl M TeHEepaTOphl BOOOIIE-TO HEIb3S OTHECTH K
KOMOMHAIIMOHHBIM MHUKpocxeMaM. OHM 3aHUMAIOT ITPOMEXYTOU-
HOE TMOJOXEHHE MeXTy KOMOWHAIIMOHHBIMU MUKpPOCXEMaMu U
MHUKPOCXeMaMU C BHYTPeHHeil mamsiTbio. X BBIXOAHBIC CUTHAJIBI
HEe oOompeaesioTcss OAHO3HAaYHO BXOAHBIMM CUTHajJaMM, KakK y
KOMOMHAIIMOHHBIX MUKpocxeM. Ho B To e BpeMsI OHU M HE XpaHST
MH(OPMALIUIO IJTUTETbHOE BPEMSI.

OnHoBUOpaTOpsl (KIyIIME MYJIbTUBUOPATOPHI, AHTJIMIACKOE Ha-
3BaHne Monostable Multivibrator) mpeacTaBiasioT co00il MHUKpOCXe-
MBI, KOTOpbIE B OTBET Ha BXOAHOW CUTHaJ (JIOTMYECKUI YPOBEHb WU
GpoHT) (GOPMUPYIOT BBIXOOHOW MMITYALC 3aJaHHOM JUIMTEIHLHOCTH.
JIUTeIbHOCTh 3TOTO MMIYJIbCa ONpEenessieTcsl BHEIIHUMU BpeMsi-
3aJal0IIMMM PEe3UCTOpaMu U KOoHAeHcaTopaMu. To ecTb MOXHO
CUMTaTh, YTO Y OJMHOBUOPATOPOB €CTh BHYTPEHHSS MaMsTh, HO 3Ta
MaMsITh XpaHUT MHPOPMALIMIO O BXOOHOM CUTHAJIe CTPOTO 3allaHHOE
BpeMsI, a IMoToM MHpopManus ucyezaer. Ha cxeMax oqHOBUOPATOPHI
obozHayvatorcs oykBamu G 1.
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B cranpapTHBIE cepUM MUKPOCXEM BXOIST OXHOBHMOPATOPHI ABYX
OCHOBHBIX THUIIOB (OT€YeCTBEHHOE 00O3HAueHUE (PYHKIMU MHKPO-
cxembl — Al):

* OpHoBubOpartopsl 6e3 nepes3amycka (AI'l — OIMHOYHEBINA OTHOBUO-
patop, AI'4 — nBa omHOBMOpaTOpa B OMHOM KOpITyce);

* OgHoBUOpaTOpHl ¢ mepe3anyckoM (AI'3 — mBa ogHOBHMOpaTOpa B
OITHOM KOpIIyce).

Paznunia Mexay 3TUMU IBYMSI TUIIAaMU OJHOBMOPATOPOB WMJLIIO-
crpupyercs puc. 3.30. OnHOBHOpaTOp 0e3 mepe3alrycka He pearupy-
€T Ha BXOIHOM CUTHAJ I0 OKOHYAHUS CBOETO BBIXOTHOTO MMITYJIbCA.
OpHoBUOpaATOp € IMepe3alryCKOM HadyMHAeT OTCYST HOBOTO BPEMEHMU
BBIICPXKKHA Tc Ka>XIbIM HOBBIM BXOJIHbBIM CUTHAJIOM HE3aBUCUMO OT
TOr0, 3aKOHYMJIOCH JIU TIpeAbiaylliee BpeMsl BBIIECPXKKU. B ciaydae
Korga repuon Cja€aJoBaHMsA BXOAHBIX CUIHAJIOB MEHBIIEC BPEMCEHU
BBIIECPKKM T, BBIXOMHOM MMITYJIBC OJHOBHOpaTOpa C Iepe3amycKoM
He mnpepbiBaeTcsi. Eciu mepuon ciaemoBaHUs BXOTHBIX 3aITyCKAIOIIUX
MMITYJIbCOB OOJIbIIIC BpeMEHM BBIIEPKKM omHOBHOpaTopa T, To 00a
THUIIA OJHOBUOPATOPOB pabOTAIOT OJMHAKOBO.

Bx. [l N N Bx. || ﬂ}!]i

4 P
Bax A L ] B T
T T T -—T——I_‘

bea nepezarmrycka C nepesamycrom

C nepesamnyckoM
Puc. 3.30. [puHuun paGoTsel 0oNHOBUOPATOPOB Oe3 mepe3arycka U ¢ Mepe3anyckoM.
Ha puc. 3.31 nmpuBeneHbl 0003HAYeHUSI MUKPOCXEM OIHOBUOpa-
TOpPOB cTaHAapTHbIX cepuii. Mukpocxembl AI'3 u Al'4 oTimyarorcs
IpyT OT Jpyra ToJbKo TeM, uyTo AI'3 paboTaeT c mepe3amyckoMm, a
AT'4 — 06e3 mepesalrycka.

—4TE Gl | |
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ATl Al'3, A4

Puc. 3.31. MukpocxeMet 01HoBMOpaTOpOB.
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MukpocxeMbl MMEIOT BXOAbI 3aIlyckKa, oO0beaWHEHHbIe 10 U u
WJIN, nipsimble U MHBEPCHBIC BBIXOABI, a TAKXKE BBIBOABI JJIsSI TTOJ-
KJTIOYeHUSI BHEUIHMX BpeMs3aalolluX IHerneil (pe3ncTopoB U KOH-
JIeHCAaTOPOB). 3aITyCcKaloTCs Bce OMHOBUOPATOPHI 1O (DPOHTY pe3yJib-
TUPYIOIIETO BXOMHOro curHaja. Mcronb3oBaHHas JIOTMKAa OObemu-
HEHUs BXOJOB MMKPOCXEM ITO3BOJIIET OCYIISCTBUTh MX 3aITyCK Kak
MO TOJIOXUTEJIbHOMY, TaK U MO OTpUllaTeIbHOMY (DPOHTY BXOJHOTO
curHana (puc. 3.32 u 3.33).

L & 1|&
E:l &Gy Bx.—d:i Gl Bx. 3!
Bx—— TorT Jor1

Puc. 3.32. BapuaHtsl 3amycka ogHoBuOpatopa Al'l.

=& — & Hor.1 —{&]G1
Bx = Gl B > Gl _E"'_
Jor.1—%R Jor.1—9R Bx. =R

Puc. 3.33. BapuanTtsl 3amycka onHoBuOpaTopoB AI'3 u Al'4.

Ha Hencnonb3yemble BXOAbI MPU 3TOM HAOO MOJABATh CHUTHAJBI
JIOTUYECKOTO HYJIS WM JIOTUYECKON eAWHULBI. MOXHO TaKXke HC-
MOJIb30BaTh OCTAIOIIMECST BXOIBI JJI pa3pellieHusT WIM 3aIpeiieHs
BXOJHOTO 3aIyCKAaloIlEero CUTrHaja.

Onnosudpatopsel AI'3 m AI'4 mMeloT TakKe HOMOTHUTEIbHBIN
BXoJ cOpoca -R, jornmueckuii HyJb Ha KOTOPOM HE TOJBKO 3aripe-
IIAeT BBIPAOOTKY BBIXOAHOT'O CHUTHAJIa, HO W MPEeKpallaeT ero Aci-
ctBue. Bxoa -R MOXHO Takke MCHOJB30BaTh HJIsI 3amyckKa OIHO-
BHUOpaTopa.

Tabmuiubpl MCTUHHOCTA OJHOBHOPATOPOB TIPUBEIACHBI HIXKE
(tabm. 3.8 u 3.9). B 3TMx Tabimiax MHBEPCHBIS BXOMHbBIE CUTHAIBI 000-
3HaueHbI -A, -Al, -A2, TIpssMbIe BXOZHBIC CUTHAIBI 00O3HA4YeHHI B, a
MPSIMOI U MTHBEPCHBIM BBIXOAHbBIE CUTHAIBI — COOTBETCTBEHHO Q U -Q.

CraHmapTHOe BKJIIOUCHUE OJHOBUOPATOPOB MpeAronaraeT IomI-
KJTFOUEHME BHEIITHETO PEe3MCTOpa M BHEITHETO KOHAeHcaropa (puc. 3.34).
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Taomuua 3.8. Tabiuiia nICTUHHOCTH ogHOBUOpaTopa Al'l

Al B-ng;u B Q Bemxoagt Q
0 X 1 0 1
X 0 1 0 1
X X 0 0 1
i 1 X 0 1
1 1 1 J7L 1T
L i 1 4 L I
L L 1 J L I
0 X i J L -
X (1] g J L .y

Ta6muua 3.9. Tabauua nctuHHocTH ofHOBUOpaTtopoB Al'3 u ATl'4

2 B)EOA,‘!IH B Q Brxogu Q

0 X X 0 |

X 1 0 0 1

X X 0 0 i

1 0 I L 1T

1 T 1 J L g

I 0 1 J L 1T
e = A = 9
T RFC ;] Rep=-¢ —1R| [ref=C

REE?!E S s Am,m‘4:=|'-‘f"EEF
AT ATl
AT1 AT1

Puc. 3.34. CraHmapTHble CXeMbl BKJIIOUEHUSI OTHOBUOPATOPOB.

His omHoBuOpatopa AI'l AIUTETBHOCTh BBIXOAHOTO WMITYJIbCA
MOXHO o1eHuTh o gopmyre: T = 0,7RC. Dra ¢opmyna padoraet npu
BEJIMYMHE COMNPOTUBIIEHUSI pe3ucTtopa B mpenenax or 15 kOm mo
43 xOM. EMKOCTBE KOHIIEHCAaTOpa MOXET OBITh 110001, BHYTpM MmKpo-
CXEMbI UMEETCSI BHYTPEHHUI PE3UCTOP COMPOTUBJIIEHUEM OKOJIO 2 KOM,
MOIKITIOYEHHBI K BbIBOLY R, MO3TOMY MOXHO BKJIHOUaTh OJHOBUOpa-
TOp 6Ge3 BHEIIHEro Pe3rcTopa, MOIKIIoUYast BEIBOA R K IMHE mMUTaHMS.
IMoBTOPHBIIT 3aITyCK OAHOBHOpaTOpa HEBO3MOXEH Cpa3y IOCjIe OKOHYA-
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HMSI BBIXOIHOTO MMIYJIbCA, IO MOBTOPHOIO 3aIycka 00s13aTeIbHO JT0JI-
>XeH npoiTu uHrepBail t = C (eciu eMKOCTh U3MepsieTcsi B HaHodapa-
Jlax, TO BPeMEHHOW MHTEePBaI MOyYaeTcsi B MUKPOCEKYHIAX).

Hnsa onmHoBubpatopoB AIl3 u Al'4 miIuTenbHOCTH WMITyJIbCA
MOXHO oueHUTh o dpopmyie: T = 0,32C(R + 0,7), roe conpoTusJe-
HUE pe3rcTopa usmepsiercs: B kuiioomax. CoOnpoTUBIEHUE pe3nucTopa
MOXET HaxoauTbcsl B mpenenax oT 5,1 kOMm go 51 kOwm, eMKOCTb
KoHAeHcaTopa — Jwbas. Ilepesamyck omHOBUOpaTOpa BO3MOXEH
TOJBKO B TOM CJjlyyae, KOTJa WHTEpBajl MEXIy BXOAHBIMHU 3allycC-
KamlIuMu umityjibcaMu 0oJbiie 0,224C (ecii eMKOCTb U3MepsieTCs
B HaHO(apagax, TO BpeMEHHOI MHTepBaJl — B MUKPOCEKYH/AX).

Haubonee pacnpocTpaHeHHbIE MNPUMEHEHUSI OJHOBHUOPATOPOB
caenytomue (puc. 3.35):

a) YBCJIMYCHUEC TJIMTEJIbHOCTH BXOOAHOTO MMIIYJIbCa,

6) YMEHbBIICHUEC NJIUTCIBbHOCTHU BXOOHOI'O MMITYJIbCA,

B) JeJIEHWE YacTOTbl BXOJHOTO CUTHAJIA B 3alaHHOE YUCJIO Pas;

r) ¢hopMHUpOBaHUE CUTHAJA OTMOAIOIIE TOCIeA0BaTEIbHOCTH
BXOOHBIX HMMITYJIbCOB.

Hﬂﬂ YBEJIMYCHUA MW YMEHBIICHUA OJIUTCIbHOCTHU BXOJHOI'O CUT-
Haja (a U 6) Hago BCEro JIMIIb MOA00paTh COMPOTUBICHUE pe3UCTOpa
U €MKOCTh KOHJIIEHCAaTOpa, WCXOMAsS U3 TpeOyeMOW MJIUTETbHOCTU BbI-
XOJIHOIO CUTHajia. B 3ToM cilydae MOXHO HCHOJIb30BaTh OJHOBUOpPA-
TOp JIIOOOTr0 THUIIA: KaK C Iepe3ayCcKoM, TaK 1 0e3 repe3amnycka.
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Puc. 3.35. CranmapTHble TPUMEHEHMSI OMHOBUOPATOPOB.

):[.Hﬂ JCJICHNA 4aCTOTbl BXOJAHbLIX MMITYJIbCOB B 3aJaHHOE€ YMCJIO
pa3 (B) ucmojb3yeTcsl TOJIbKO OmHOBUOpaTop 0e3 mepesarycka. [1pu
3TOM HaJ0 BbIOpaTh TaKylO JUIMTEIBHOCTh BBIXOJHOIO CHTHAaJa, YTO-
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Obl OIHOBMOpATOp MPOMYCKald HYXHOE KOJMYSCTBO BXOJHBIX HM-
nynscoB. Hampumep, eciu TpeOyeTcs pa3aeauTh Ha 3 4acTOTy BXOM-
HBIX UMITYJICOB f, TO MJIUTEIbHOCTH BBIXOAHOTO CUTHAJAa OJHOBMO-
patopa Hago BbIOpaTh B mpenenax ot 2/fno 3/f INpu atom ogHOBUO-
patop OyaeT MpoIycKaThb ABa BXOAHBIX MMITYJIbca U3 KaXIbIX TpeX.

Hnst popMupoBaHus oruobarlieii BXogHOro curHajia (T) ucroiab-
3yeTcsl TOJBKO OZHOBUOpATOp C Iepe3aryckoM. I1pu 3ToM IIuTeIb-
HOCTb €Tr0 BBIXOJHOTO WMITyJbca JOJKHA OBbITh BBIOpaHa TaKoid,
YTOOBI KaXKIbIi CIECIYIOLIMI BXOOHOW CUTHaI Mepe3alycKajl OIHO-
BuOparop. Eciau yacToTa BXOOHOro curHaja paBHa f, To AIUTelNb-
HOCTb BBIXOJTHOTO CUTHAJIa OJHOBMOpATOpa JOJKHA ObITh HE MEHb-
me, yem 1A

Eue ogHO BaXXHOE NMpUMEHEHUE OJIHOBUOpAaTOpa COCTOMT B TO-
JaBJIeHUM Jpede3ra KOHTAKTOB KHOMKU. OmHOBUOpATOp C OOIBIITUM
BpeMEHEM BbIJACPXKHU (MOPsIIKA HECKOJIbKUX JAECSITBHIX M0l CeKyH-
JIbl) HaAEXHO MOJABJsET Mapa3uTHbIe UMIMYJIbChI, BO3HUKAIOIINE W3-
3a npebesra KOHTAaKTOB, U (opMUpyeT uaeabHble WUMITYJIbChl Ha
JII000e HaxaTthe KHOmKu (puc. 3.36).

Gl b Brx. Bx. N M

Puc. 3.36. Vcnonbs3oBaHue omHOBMOpaTopa IUIS TOAABICHUST Ipebe3ra KOHTaKTOB
KHOIIKU.

7151 3TOr0 MOXXHO MCMOJIb30BaTh KaK OJHOBUOpATOp C Tepe3aryc-
KOM, TaK M OJHOBHOpaTop Oe3 Iepe3alycka (Ha puUCyHKe). MoxHO
Takke TMoao0paTh BpeMsl BbIIEPXKKU TaK, YTO OMHOBUOpaTop OyneT
JlaBaTh OTUH UMITYJIbC TI0 HaXaTUIO KHOIKU, a APYTOil UMITYJIbC — 110
OTIyCKaHWIO KHOMKU. MIHOT/Ia 3TO ObIBaeT ynoOHee.

OnHoBUOpaTOPBl MOXHO TakKe MCIOJb30BaTh ISl MOCTPOCHUS
reHepaTopoB (MyJIbTUBMOPATOPOB) TMPSIMOYTOJIbHBIX WMITYJIbCOB C
Pa3IMYHBIMU 3HAYCHUSIMU JUTMTEIbHOCTU UMITYJIbCOB U Tay3bl MEX-
ny Humu. ITlpu aTOM 1Ba OHOBUOpPATOpPA 3aMBIKAIOTCS B KOJIBLIO TaK,
YTO KaXIbIil M3 HUX 3alyCKaeT APYroi Mmocjie OKOHYaHWs CBOETO BbI-
XogHoro umiyibca (puc. 3.37). OnuH omHOBUOpaTOp GOPMUPYET IJIM-
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TEJIBHOCTh MMITYJIbCA, a APYTOil OMpeAessieT may3y MeXIy WMITYIbca-
MH. M3MeHsIs1 HOMUHAITBI Pe3UCTOPOB Y KOHIEHCATOPOB, MOXHO TIONTY-
YUTh HYXXHBIC COOTHOILICHUS TJIUTEIBHOCTEN MMITYJIbCa U T1ay3bl.
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Puc. 3.37. I'eHepaTtop MMMYJILCOB Ha JABYX OIHOBHOpATOpaXx.

Takvm 00pa3oM, OJHOBUOPATOPHI JOBOJBLHO JIETKO IO3BOJISIIOT
pelath camble pa3Hbie 3aaaun. OnHaAKO, MPUMEHSISI OAHOBUOPATOPHI,
Haao Bcerga MOMHUTh, YTO JJUTEbHOCTh MX BBIXOAHBIX UMITYJIbCOB
HeJb3s 3aaTh OYeHb TOYHO, Belb OJHOBUOpPATOpP MMeEeT aHAJIOTOBbIE
nenu. Ha aiuTenbHOCTh BBIXOMHOTO UMITyJbCa OJAHOBUOpaTOpa
BJUSIIOT pa3dbpochl HOMMHAJIOB PE3UCTOPOB M KOHIEHCATOPOB, TEM-
rnepaTypa OKpyXalollleli cpefbl, CTapeHue 3JEMEHTOB, TOMEXU IO
LIeTsIM TUTaHus, Apyrue paktopsl. [ToaToMy npuMeHeHE OTHOBUO-
paTopoB Haao IO BO3MOXHOCTWM OTpaHUYMBATH TOJIbKO TEMU CIIy-
yassMU, KOTAa BpeMsl BbIAEPXKKW HAIO 3a/JaBaTh C HE CIUIIKOM BbICO-
KOM TOYHOCThIO (morpeirHocTh He MeHee 20-30%).

JI100y1o (yHKIIMI0O OMHOBUOpPATOpPa MOXKET BBITTOJTHUTH CUHXPOH=
HOE TaKTUPyeMOe YCTPOMCTBO (Ha OCHOBE KBaplieBOTO IeHepaTopa,
TPUTTEPOB, PETrUCTPOB, CUETYMKOB), MPUUYEM BBIMOJHUTH TOPa3lo
TOYHee U HaaexHee. I eMy He HYXXKHO HUKAKUX JOMOJHUTETbHbBIX
BpeMsI3aJalolX JIEMEHTOB (PE3UCTOPOB U KOHAeHcaTopoB). Komu-
YeCTBO OJHOBMOPATOpPOB, UCIIOJIb30BaHHBIX B CXeMe, Kak IpaBuJo,
00paTHO TMPOMOPIIMOHATILHO YPOBHIO MacTepcTBa pa3paboTunKa
3TOM CXEMBI.

3ajepXKu 3armycka OJIHOBMOPAaTOpPOB MPUMEPHO B JBA-TPU pasa
MPEBOCXOAST 3aAEPKKY JTOTUYECKOTO 3jieMeHTa. TOUHbIE BeJIUYMHbBI
3a/IepKeK MOXXHO HalTH B CIPaBOYHUKAX.

ITomMuMo oOAHOBUOPATOPOB B CTAHIAPTHBIE CEPUU BKIIOUEHbI
TakXe Crelau3upoOBaHHbIC reHepaTopsl (MyJIbTHBUOPATOPDI, aHT-
nuiickoe Multivibrator). Ob6o3HavatroTcsi oHM Ha cxemax OykBoi G.
B oTeuecTBeHHBIX CEpUsIX ITOT TUIT MUKPOCXEMbl KOAUpPYyeTcsl OyK-
Bamu I'T. Hanpumep, mukpocxema I'T1 npencrasisier coboii aBa re-
HepaTopa B OJJHOM KOpIIyce.
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MukpocxeMbl TeHEPATOPOB UCTOB3YIOT JOBOJIBHO PEIKO, 4allle
TMPUMEHSIIOT TEHEePaTOpbl Ha MHBEPTOpax WiW Ha Tpurrepax Imut-
Ta, OMUCAaHHBIE BO BTOPOUl raBe. OMHAKO B HEKOTOPBIX CIIydasix re-
Hepatopel IT1 He MOryT ObITh 3aMeHEHBI HUYeM. [leno B TOM, 4TO
OHU JIOMYCKAIOT M3MEHEHWE YacTOThl BBIXOAHBIX MMITYJIbCOB C MO-
MOIIIbIO YPOBHEW NBYX BXOMHBIX YMPABISAIONIMX HamnpspkeHuil. [lo-
3TOMY OHM Ha3bIBAIOTCSI TakKXKe <«Te€HepaTophl, YIpaBisieMble Harpsi-
xeHuem» win 'YH. DddekT uaMmeHeHus: 4acTOTbl MOXHO UCITOJb-
30BaTh, HAMpPUMEpP, B CHUCTEMax aBTOMOACTPOMKM yacToThl (AITY)
WIM B YCTPOMCTBAX ¢ 4yaCTOoTHOM Moay/suueir (YM).

CraHgapTHas cxeMa BkitodeHMs1 reHepatopa I'T1 mpuBeneHa Ha
puc. 3.38. T'eHepaTop WMeEET BBIBOMABI [IJIsI MOMKIIOYEHUSI BHEIIHETO
koHaeHcaTopa Cl u C2, K KOTOPbIM MOXHO TakKxXe MOJKI0YaTh
KBapLIEBbIIA PE30HATOP, HO MPU 3TOM YK€ HEJb3sl YIPaBIsATh 4acTO-
Toit. MmeeTcsa nBa Bxoda yrpasieHus yactotoil III m U2, a takxke
Bxoj, paspeieHusi -E, npu nmomaye Ha KOTOPbIH JJOTMYECKON eAUHU-
1Bl TeHepallvsl TIpeKpallaeTcsl U Ha Bbixoje F ycTaHaBnuBaercs enu-
HUIIA.
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Puc. 3.38. Cxema BxmtoueHus: renepatopa ['T'1.

Onun u3 BxonoB yrnpasieHus: (Ul) oObIYHO Ha3bIBaeTCs Auana-
30oHHbIM Wi U, a npyroili (U2) — BXOmOM yIIpaBieHUS YacTOTHI
nm U, Ilpu yBennuyeHun HanpspkeHust U, yacToTra yBeJMYMBaeTcH,
[IpY YBEJIUMYEHUU HampsKeHUs Ha Bxoae U , yacToTa yMEHBILUAETC.
PekoMeHayeMblii [uana3oH U3MEHEHUs HanpsikeHus U, cocTaBisieT
ot 2 1o 4,5 B, a nuanason usmeHenus U,— or 0 no 5 B. B 3aBucu-
MoOCTU OT HanpspkeHuss U, MeHseTcd Iuana3oH U3MEHEHUs 4aCTOThI
13-3a uaMeHenus HanpskeHusa U,. Hanpumep, npu U, = 2 B u usme-
Henuu U, ot 1 10 5 B yacToTa usmeHsieTcs npumepHo Ha 15%, a pu
U,= 4 B — npubnusuteabHO B 4 pasa.

Yacrora BbIXOAHOTO curHaia [Tl ompenensieTcss Takke BHENI-
HUM KOHAeHcaTopoM, Hampumep, npu U =U,,=2 B u npu C =
1 Mmx® yacrora 6ymer okono 100 I'u, a mpu C = 100 nd — mopsiaka
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10 MTI'u. MakcumallbHO BO3MOXHO€ 3HAaueHWE YacTOThl TeHepaTropa
coctapnsier okosio 80 MI'u. B cnpaBouHuKax MpuBOASTCS TpadukKu
3aBMCUMOCTM 4YacToThl BbixomHoro curHaia I'T'l or ypoBHeil ympas-
JISIIOLIMX HaMpsDKeHW 1 HOMMHAJIa BHELITHEro KoHaeHcaTtopa. OaHako
TOYHO ONpEeIeSUTh 3HAUeHUE YacTOThI MO 3TUM TpachrKaM HEBO3MOX-
HO, B JII0OOM ciyyae TpeOyeTcsi moAacTpoiika. K Tomy ke Haauuue B
CXeMe aHaJIOTOBBIX Y37I0B AejiaeT reHepatop ['T1 4yBCTBUTENBHBIM K
pa3bpocy HOMUHAJIOB KOHIEHCATOPOB, U3MEHEHUIO TeMIIepaTyphbl OK-
pyXatouieil cpebl, CTApEHUIO 3JIEMEHTOB, TToMeXaM 10 LieMsM MuTa-
HUS U K ApYyruM baktopam. VIMEHHO TMO3TOMY MCIOJb30BaHUE 3THUX
reHepaTopoB KpaliHe OrpaHUYEeHo.

U nocnennee. B mukpocxeme I'T'1 cymiecTByeT B3auMHOE BJIMSI-
HUe OBYX T€HepaTopoB IPYr Ha Ipyra, XOTd B HEl U NPUHATHL MEPEI
MO CHUKEHUIO 3TOTO BIUsHUS. [T0aTOMY HE peKOMEHAYeTCSl UCTOJb-
30BaTh OJHOBPEMEHHO JBa reHepaTropa OJHOW MUKPOCXEMbI B pe-
>KMMe TeHepalluy YacTOThI, YIIPaBJsieMOi HanpsiKeHUeM.

I'naBa 4
MPUMEHEHUE TPUITEPOB
M PETUCTPOB

Tpurrepbl U perucTpsl SBASIOTCA MPOCTEUIIMMU MpeACTaBUTENSI-
MU 1IU(DPOBBIX MUKPOCXEM, UMEIOIIMX BHYTPEHHIOO MaMsTh. Ec-
JIN BBIXOAHBIE CUTHAIBI JIOTUYECKUX DJIEMEHTOB U KOMOWHALIMOH-
HBIX MMKPOCXEM OJHO3HAYHO OINpenenstoTcsl UX TeKYyUIUMU
BXOIHBIMU CHUTHAJaMU, TO BBIXOJHbIE CUTHAJIbl MUKPOCXEM C
BHYTPpEHHEl TaMSTbIO 3aBUCIAT TakXke elle M OT TOro, Kakue
BXOJIHbI€ CUTHaJbl M B KaKOW MOCJeA0BATEeJIbHOCTU MOCTYIalu Ha
HUX B OpouuioM. TO eCTb OHM MOMHST MPEALICTOPUIO MOBEACHMS
cxeMbl. MIMEHHO MO3TOMY WX MpPUMEHEHHWE TO03BOJSIET CTPOUTH
ropasfo- 6ojiee CIOXHbIE M WMHTEJJIEKTyalbHble IHU(POBbIE YCT-
policTBa, 4eéM B ciyyae MPOCTEWIIMX MHUKpPOCXeM 0e3 MaMsTHu.
MukpocxeMbl C BHYTpEHHEl MaMsTbi0 Ha3bIBAlOTCS elle IMocie-
MOBaTeNbHBIMU WJIM TIOCJIeI0BaTEIbHOCTHBIMU B OTJIWYHUE OT
KOMOWHAIIMOHHBIX MUKPOCXEM.

Tpurrepbl ¥ perucTpbl COXpaHSIOT CBOIO MaMSATh TOJbKO O TeX
Top, MoKa Ha HUX MOJAEeTCsl HaIpsbkeHue MuTaHus. To ecTb ux ma-
MSITb OTHOCUTCS K TUIY OnepamugHol TaMsaTh (B OTJIMYMUE OT HO-
CMOAHHOU TIAMSITA U HNepenpocpamMmupyemoll NOCMOSHHOU TIaMSITH,
KOTOPBbIM OTKJIIOUEHME MUTAaHUS HE MelllaeT COXpaHsATb MHMOpMa-
uuio). Ilocie BBIKITIOUEHUS] TTMTAHUS U €0 TIOCJIEAYIOUIEro BKIOUe-
HUSI TPUITEPbl U PETUCTPHI MEPEXOASIT B CAyYailHOE COCTOSIHUE, TO
€CTb MX BBIXOJHbIE CUTHAJIbl MOTYT YCTAaHABIUBATLCA KaK K YPOBHIO
JIOTUYECKOW €IUHMIIbI, TAK U K YPOBHIO JJOTUYECKOTO HYJIsl. DTO He-
00XOMMO YYWUTHIBATh MPU MPOEKTUPOBAHUU CXEM.

BonblinM npeuMyIilecTBOM TPUTTEPOB M PETUCTPOB Meped ApY-
TMMU TUIIAMU MUKPOCXEM C MaMSIThIO SIBJISIETCSI UX MaKCUMaJbHO
BBICOKOE OBbICTpOAEICTBME (TO €CTh MUHMMAaJIbHbIe BpeMeHa 3aaep-
XeK cpabaTbhiBaHUSI U MaKCHMMAaJIbHO BBICOKAsl JOTMYCTMMasi pabouast
yactoTa). MMEHHO MO3TOMY TPUITEPHI M PETMCTPbl MHOTAA Ha3bIBa-
0T TakXke ceepxonepamuenoil TamsiTblo. OJHAKO HEIOCTaTKOM
TPUTTEPOB U PETUCTPOB SIBJISIETCS TO, YTO 00BEM WX BHYTPEHHEH ma-
MSITU OYE€Hb MaJl, OHM MOTYT XPaHUTb TOJbKO OTAEJIbHbIE CUTHAJIbI,
OUTHI (TPUTTEPHI) WIN OTAEIbHBIE KOIbI, 0aiiThI, CJIOBa (PETUCTPHI).
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Tpurrep MOXHO pacCMaTpuBaTh KaK OTHOPA3PSIHYIO STYCHKY
MaMsITU, a PETUCTP — KaK MHOTOPa3psAHYI0 SYEUKy IMaMsITH, CO-
CTOSIIIIYI0 M3 HECKOJIbKO TPUITEPOB, COCAMHEHHBIX MapaiieIbHO
(OOBIYHBIN, TApaICIBHBIN PETUCTP) WU TOCIEAOBATEIbHO (CIBH-
TOBBII PETUCTP WJIU, YTO TO KE CaMOe, PETUCTpP CABUTA).

#.1. Tpurrepsl

4.1.1. IIpyHoun padoTsl U PA3HOBUIHOCTH TPHUITEPOB

B ocHoBe mo6oro tpurrepa (anriuiickoe — Trigger unu Flip-Flop)
JIEKUT CXeMa M3 JBYX JOTMYECKUX 3JIEMEHTOB, KOTOpHIE OXBayeHBI
MMOJIOXXKUTEIbHBIMU OOPAaTHBIMU CBSI3SIMU (TO €CTh CUTHAJIBI C BBIXO-
OB TIOMAlOTCS Ha BXoAbl). B pesynbraTe MOOOOHOrO BKITIOUEHUS
cXeMa MOXXET HaXOAUThCS B OMHOM M3 JIBYX YCTOMYMBBIX COCTOSTHUIA,
MpUYEeM HAXOOUTHCS CKOJIb YTOAHO JOJTO, TIOKa Ha Hee MOoAaHO Ha-
MpsDKeHUE TTUTaHUS.

e me LN

Puc. 4.1. Cxema TpUTTepHOI TYCHKU.

IIpnMep Takoit cxembl (TaK Ha3bIBAEMOM TPUTTEPHON STIEHKM) Ha
nByx nByxBxonmoBbiX 3neMmeHTax WM-HE mnpencraBmen wa puc. 4.1.
Y cxeMBl ecTh ABa MHBEPCHBIX BXoja: -R — cOpoc (0T aHIMIACKOTO
Reset), u -S — ycraHoBKa (0T aHIIMICKOTO Set), a TakKe IBa BBIXO-
na: mpsMoit Beixoa Q M MHBEPCHBIN BBIXOH -Q.

Jna TmpaBWIBHONM pabOThl CXEMBI - OTPUIIATEIBHBIC HWMITYJIbCHI
IIOJDKHBI TTOCTYIIaTh HAa €€ BXOAbl He OJHOBpeMeHHO. [lpuxom mm-
mysbca Ha Bxofd -R mepeBoaut Bbixom -Q B COCTOSIHME €IWHUIIBI, a
TaK KaK CUTHaJ -S IPpU 3TOM €IMHWYHBINM, BBIXOA Q CTAHOBMTCS HY-
JIEBBIM. DTOT e curHan Q IMocTymaeT 1o Ier OOpaTHOM CBSI3M Ha
BXOI HIDKHEro sjeMeHTa. [loaTomy maxe IIociae OKOHYAHUS WMM-
myJibca Ha Bxone -R cocrosiHue cxeMbl He u3meHsieTcs (Ha Q ocraer-
cs HyJIb, Ha -Q ocTaercs equHuia). TOYHO Tak XXe MpU MPUXOIE UM-
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MyJIbca Ha BXOA -S BBIXOA mepexomuT Q B emuHUIly, a Bbixom -Q —
B Hy/lb. O0a 3TUX YCTOMYMBBIX COCTOSIHUSI TPUITEPHOM STYEHKM MO-
TYT COXPaHSTBCS CKOJIb YTOJAHO HOJIFO, NMOKa HE IPUIET OYepPEeaHOMN
BXOIHOW MMITYJIBC, TO €CTh CXeMa 00JaJaeT MaMsThIO.

Ecnu oba BXOOHBIX MMITYJIbCA IPUIYT CTPOTO OMHOBPEMEHHO, TO
B MOMEHT JIEMCTBMSI 9TUX MMILYJIbCOB Ha 000MX BBIXOHAX OYymyT emau-
HUYHBIE CUTHAJIBI, a TTOC€ OKOHYAHUS BXOJHBIX UMIYJIBCOB BBIXOIbI
ClIyJaliHbIM 00pa3oM. TOMNaayT B OMHO M3 JBYX YCTOMYMBBIX COCTOSI-
Huii. TOYHO Tak e CIydyaiiHbIM oOpa3oM OylaeT BhIOpAaHO OJHO M3
JIBYX YCTOMYMBBIX COCTOSHUI TPUITEPHOMU SYEMKU IIPU BKIIOYCHUU
nuTanus. BpeMeHHas guarpamMma paOOThl TPUITEPHOM SYEHMKU TTOKa-
3aHa Ha PUCYHKE.

Tabnma NCTHMHHOCTH CXEMBI IIpMBeaAeHa Hke (Taoin. 4.1),

Ta6muua 4.1. Tabiuia UICTUHHOCTY TPUTTEPHON STYEHKU

Bxonsl Boixonpl
R S Q -Q
0 1 0 1
1 0 1 0
1 1 bes usmenenus
0 0 He onpeneneHo

B craHpapTtHBIe cepuy LIMMPOBBIX MUKPOCXEM BXOIUT HECKOJIb-
KO TUITOB MUKPOCXEM TPUTTEPOB, pa3InJalolIixcsl METOAaMU yIpaB-
JICHUsI, a TaKXe BXOIHBIMU M BBIXOAHBIMU curHajamMu. Ha cxemax
TpUrrepbl 0603HavaTcsl 6ykBoii T. B oTeueCTBEHHBIX CEPUSIX MUK-
pocxeM TpurTepbl nMeroT HanMeHoBanue TB, TM u TP B 3aBucumo-
CcTU OT TuIia Tpurrepa. Hamnbosee pacrpocTpaHeHBI TPU TUIIA TPUT-
repoB (puc. 4.2):

* RS-tpurrep (o6o3nauaercsa TP) — camplii mpocToii, HO PENIKO MC-
MOJIb3YEMBIN TPUTTED (a);

* JK-tpurrep (o6o3Hauaetca TB) mMeer camoe cIIOKHOE yITpaBiie-
HUeE, TaKXKe MCITOJb3YeTCs JOBOJIBHO PeaKo (0);

* D-tpurrep (ob6o3Hauaercss TM) — Hambojee pacnpocTpaHESHHBIN
TUII TpUrrepa (B).
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Puc. 4.2. Tpurrepbl Tpex OCHOBHbBIX TUIIOB.

ITpumepom RS-Tpurrepa sisnsiercst mukpocxema TP2, B omHOM
KOpIyce KOTOpoi HaxoisTcsl uyerbipe RS-Tpurrepa. JIBa tpurrepa
MMEIOT TI0 oHOMY Bxomy -R u -S, a nBa Apyrux Tpurrepa — 1o of-
HoMy Bxony -R u 1o nBa Bxona -S1 u -S2, 00beAMHEHHBIX TTO QYHK-
uuu W. Bce Tpurrepbl UMEIOT TOJBKO O OAHOMY MPSIMOMY BBIXOZY.
RS-tpurrep npaktuyecku HUYEM HE OTJIMYAETCS MO CBOUM (DYHKIIU-
SIM OT TPUITEPHOM SYEMKU, pPacCMOTpPEHHOU paHee (cM. puc. 4.1).
OTpuliaTeibHBI UMITYJIbC Ha Bxoie -R mepebOpachiBaeT BbIXOA B
HyJIb, & OTPULATEIbHBIM UMIYJIbC Ha BXoAe -S (WM Ha JI000M U3
BXon0B -S1 u -S2) mepedOpackiBaeT BbIXOA B eAuHUIYY. OnHOBpEMEH-
Hble CUTHAJIBI HA Bxofax -R ¥ -S mepeBoasiT BBIXOJ B €AMHMUILY, a TTO-
c/ie OKOHYaHMSI MMITYJIbCOB TPUTTEP MOMaAaeT caydyallHbIM 00pa3oM
B OTHO M3 CBOUX YCTOUYMBBIX COCTOsSIHMI. Tabnulia MCTUHHOCTH
tpurrepa TP2 ¢ aBymst Bxogamu ycTaHOoBKM -Slu -S2 mpeacTaBieHa
Huxe (Tadn. 4.2).

Tabmuua 4.2. Tabauua uctuHHoctu RS-tpurrepa TP2

Bxoabt Boixon
-S1 -S2 -R Q
1 1 1 be3 u3meHeHust
X 0 1 1
0 X 1 1
1 1 0 0
0 0 He onpenenen
0 He onpenenex
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JK-Tpurrep 3HauMTENBHO CJIOXHEE II0 CBOEH CTPYKType, 4eM
RS-tpurrep. OH OTHOCUTCS K TaK Ha3bIBAEMbIM TaKTUPYEMBIM TPUT-
repaM, TO €CTb OH cpabaThIBaeT MO (DPOHTY TAKTOBOTO CUTHAaA.
ITpumMepoM MOXET CIyXUTbh TOKa3aHHas Ha puc. 4.2 MHMKpocxema
TB9, umeronias B ogHoM kopmyce nBa JK-tpurrepa co Bxogamu
copoca u yctaHoBku -R 1 -S. Bxonsl -R u -S paboraioT TouHO Tak
Xe, Kak U B RS-Tpurrepe, T0 €cTh oTpUlIaTEIbHBIN UMITYJIBC HA BXO-
ne -R ycranaBnuBaeT mpsiMOil BbIXOA B HyJib, @ UHBEPCHBIM — B
€IVHUILY, a OTPULIATEJIbHBI UMITYJIbC Ha BXOJE -S yCTaHaBJIMBaET
MPSIMOM BBIXOJ B €UHUIY, & UHBEPCHBI — B HYJIb.

OnHaKO COCTOSIHME TPUTTEpa MOXET ObITh U3BMEHEHO HE TOJIbKO
9TUMU CUTHAJIAMU, HO U CHUTHAJIaAMU Ha JBYX WUH(POPMALMOHHBIX
Bxogax J u K u cunxpocurHasiom C. IlepexiioueHue Tpurrepa B
9TOM CJlyyae MPOMCXOAUT MO OTpullaTesbHOMY (poHTy curHaia C
(o mepexoqy U3 €NVHUIIBI B HYJIb) B 3aBUCUMOCTU OT COCTOSTHUIA
curHajioB J u K. Ilpu enunuiie Ha Bxone J u Hysne Ha Bxoje K 1o
dponTy curHana C mpsiMOil BBIXOA YCTAaHABJIMBAETCS B EIUHUILY
(oOpaTHbIit — B Hy/b). IIpu Hyne Ha Bxoae J u equHuue Ha Bxoge K
no ¢poHTty curHaia C mpsIMOii BbIXOJ YCTaHABIMBAETCS B HYJb (00-
paTHbeIl — B eauHuily). [Ipyu eqMHUYHBIX YPOBHSIX HA 00OUX BXOJax
J u K o ¢pponty curdHana C Tpurrep MeHsieT COCTOSIHUE CBOMX BBbI-
XOJIOB Ha MTPOTUBOMOJIOKHBIE (3TO HA3BIBAETCS CYETHBIM PEXUMOM).

Ta6mua4.3. Ta6nuua uctuHHocT JK-Tpurrepa TB9

Bxoabt Beixoznbt

-S -R J K Q -Q

0 1 X X X 1 0

1 0 X X X 0 1

0 0 X X X He omnpenenero

1 1 1—>0 1 0 1 0

1 1 1—>0 0 1 0 1

1 1 1—>0 0 0 He nsmensiercsa

1 1 1—>0 1 1 MeHnsiercs Ha
MPOTUBOIIOIOXKHOE

1 1 1 X X He usmensercs

1 1 0 X X He usmensiercs

1 1 0—>1 X X He usmensiercs
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Bce 310 BumHO 13 Tabauiibl MCcTUHHOCTH Tpurrepa TB9 (tabm. 4.3)
W BpeMEHHOI IrarpaMMEbI ero padoTsl (puc. 4.3).
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Puc. 4.3. Bpemennas nuarpamma pab6otsl JK-tpurrepa TB9.

Haxownern, camplif pacripocTpaHeHHBIW D-Tpurrep 3aHUMaer,
MOXHO CKa3aTbh, ITPOMEXYTOUHOE IOJOXeHNEe MeXTy RS-tpurrepom
u JK-tpurrepom. Ilomumo oO1IMX /UISI BCEX TPUITEPOB BXOJOB YC-
TaHOBKHU M cOpoca -S u -R oH uMeeT oguH MHGOPMAIIMOHHBIN BXOT
D (Bxom maHHbIX) M omuH TakToBBI Bxom C. IlpumepoM Moxer
CITyXWTh TTOKa3aHHas Ha puc. 4.2 mukpocxeMa TM2, comepxaiast B
OITHOM KopITyce aBa D-Tpurrepa ¢ MpsSMBIMA M WHBEPCHBIMHM BBIXO-
TAMU.

Ta6mmua 4.4. Ta6muia uctuaHoct D-Tpurrepa TM2

Bxonbl Boixonbl
-S -R C D Q
0 1 X X 1 0
1 0 X X 0 1
0 0 X X He omnpeneneno
1 1 0—>1 1 1 0
1 1 0—>1 0 0 1
1 1 0 X He mensieTcst
1 1 1 X He mensieTcst
1 1 1=>0 X He mensiercst
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Puc. 4.4. BpemenHas nuarpamma pa6otsl D-tpurrepa TM2.

Taktupyercst Tpurrep (To €CThb M3MEHSET CBOE€ COCTOSIHME) II0
moJioxkuTebHOMY (poHTy curHaia C (1o ero mepexomy M3 HyIS B
eIVHUILY) B 3aBUCMMOCTH OT COCTOSIHMS Bxoaa maHHbIx D. Ecnim Ha
Bxome D enuHWYHBINA curHam, To 1Mo ¢poHTy curHajia C mpsiMOil BbI-
XOJl TPUITEepA YCTAaHABIMBAETCS B eNMHMILY (MHBEPCHBII — B HYJIb).
Ecmu xxe Ha Bxome D HymeBoit curHai, To 1Mo ¢gpoHTty curHama C
MPSIMOI BBIXOZ TPUTTE€pa YCTAaHABIMBAETCS B HyJb (MHBEPCHBIII — B
eTMHMLLY).

Tabmmma wuctuHHOCTM TpUrrepa TM2 mpencTaBiieHa BEIIIE
(Tabu. 4.4), a BpeMeHHas auarpaMmMa paboThl mokasaHa Ha puc. 4.4.

OcranoBnMcsT Ha padore D-tpurrepa 4yth moapoOHee, TaK Kak
OH Hau0oJiee 4acTo HCIoab3yeTcsa. Ilpu aTroM MHOrMe 3amedyaHwus,
BBICKAa3bIBa€MBIC 3MIeCh OTHOCHUTEIBbHO D-Tpurrepa, OyayT BepHB 1
IJIA OPYTUX TUIIOB TPUITECPOB.

IIpexnme Bcero oTMETUM, YTO BCe NMPUBEACHHBIE BPEMEHHbBIC THa-
rpaMMBbl OTHOCSTCS K II€PBOMY YPOBHIO MPEICTABICHUS, K YPOBHIO
snormyeckoii momenu. KoHeuyHO Xe, B peaJlbHOCTA BCE TPUITEPHI
MMEIOT BPEMEHHbIE 3alePXXKM YCTAHOBKM BBIXOMHBIX CUTHAJIOB, a
TaKKe TPEeIbSBIISIIOT OIpeAeeHHBIE BpPeMEHHbIE TpeOOBaHUSA K
BXOIHBIM CUTHajlaM, MPW HapylIeHWM KOTOPBIX JII0OOM Tpurrep Oy-
JIeT paboTaTh HEYCTOMYMBO WM Xe He OymeT padborarh BooOIIe. DTO
YUMTBHIBAETCS Ha BTOPOM YPOBHE IIpeACTaBieHUs (B MOICIM C Bpe-
MEHHBIMU 3a/IEPKKAMH ).

Hanpumep, Kak yXe oTMedanaoch, BXOAHbIE CUTHaIH -R u -S
HE MOJDKHBI IPUXOAUTh OJHOBPEMEHHO, MHA4Ye COCTOSIHUE TPUT-
repa OymeT HeollpeneleHHBIM. nuTenbHOCTh curHajaoB -R m -S
TakXe He JOJKHA OBITh CIMIIKOM Majoil, MHaYe TPUITEP MOXET
Ha HUX He cpearupoBaTh. CurHan -R moikeH HauYMHATHCS C OII-

5 — 4589
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penesieHHOM 3alepxXKoil Mmocjie OKOHYaHMs CUTHajla -S U Hao0o-
poT. B nmepBoM NMpUOIUXKEHUU MOXHO CUMTATh, YTO MUHUMAIbHO
JOMYyCTUMbIE BPEMEHHbIE WHTEPBAJIbl MEXAY BXOJHBIMU CUTHA-
JlaMU JOJKHBI paBHATbCSI |—2 3aaepKKaMm JIOTUYECKOTO BJIeMEH-
Ta COOTBETCTBYIOILIEN CEpUMU.

TouHO Tak ke He JO0JIKHA OBbITh CIAWIIKOM MaJIOW JJIUTEIbHOCTh
TakToBOro curHajsia C (Kak MOJIOXUTEJIbHOTO UMITYJIbca, TaK U OTPU-
1IaTeJIbHOTO MMITyJIbCa), MHAUe TPUITEP MOXET MEepeKIovyaThCs He-
YCTOMYMBO. DTO TpeOOBaHUE YHUBEPCAIbHO ST BCEX MUKPOCXEM,
cpabaThIBalOIUX 10 (DPOHTY BXOomAHOro curHajga. I[IpuHIMIIMATBHO
BaXHa U BeJIWYMHA BPEMEHHOTO CABUra (3aJepXKHU) MEXIy ycTa-
HOBJICHUEM cHUTHaia D u pabouuM (MOJIOXUTEIbHBIM) (POHTOM
curHaia C. DTOT CABUT TakXke HE NOJKEH ObITh CIMIIKOM MabIM.
He nomxeH ObITh 4pe3MEpPHO MaJIbIM W CIBUT MEXIYy OKOHYaHUEM
curHaioB -R u -S u pabounm ¢poHtoM curHana C. TloBblilieHHBIE
TpeOOBaHUST TIPEABSIBISIIOTCS TaKXKe K JJIUTEIbHOCTU (DpOHTA TaKTO-
Boro curHajia C, KoTopast He JOJKHA ObITh CIUIIKOM OOJbIION. DTO
TpeOOBaHNWE TakKKe YHUBEPCAIbHO IS BCEX MUKPOCXEM, cpadaThi-
BalOIIMX MO (PPOHTY BXOIHOTO CUTHAJIA.

OnHUM CJIOBOM, Y€M CJIOXXKHEee MUKpPOCXeMa, TeEM BaKHEe ISl Hee
CTAHOBSITCSI OTPAHUYEHMSI BTOPOTO YPOBHSI MPENCTaBICHMSI, TEM BbI-
e TpeboBaHUSI K pa3pabOTYMKy MO YYETy BPEMEHHBIX 3aJepXeK U
JIUTeAbHOCTe curHajgoB. IlpaBaa, TpeOGoBaHMSI 3TU HE CIUIIKOM
pa3HOOOpa3Hbl U HE CIUIIKOM XECTKU, TTO3TOMY, pa3 U HaBCErna yc-
BOMB WX, MOXHO TPOEKTUPOBATH JIIOObIE CXeMbl 0€3 TpyObIX OIIM-
6ok. Camoe ri1aBHOE, YTO HAlO 3allOMHUTh, COCTOUT B CJICIYIOLIEM:
HUMPOBbIE CXEMBI HE JIIOOST CIUMIIKOM KOPOTKUX BXOAHBIX CUTHAJIOB
W CJUIIKOM MaJIbIX 33JlepKEK MEXIYy BXOIHBIMM CUTHajaMH, (DyHK-
LIMOHAJIBHO CBSI3aHHBIMU MeXAay coboil. OpueHTUp 31ech OYEeHb
MPOCTOI — BEJIMYMHA 33J€PXKKHU JIOTUYECKOTo 3JIEMEHTa TaHHOMI ce-
puu. IToatomy st Gojiee OBICTPBIX CepUid OrpaHUYEHUST OYAyT Me-
Hee XECTKUMU, a Jyisl 0ojiee MeJICHHBIX Cepuit — 0oJiee XKeCTKUMU.

Heckonbko CIOB 0 BeJIMUMHAX 3a1ePKEK MUKPOCXEM TPUTTEPOB.

HecMoTpst Ha cBOIO JOCTATOYHO CJIOXHYIO BHYTPEHHIOIO CTPYK-
TYypy MUKPOCXEMbI TPUTTEPOB SIBISIOTCS OJHWMU U3 CaMbIX OBICT-
pbIX. 3agepxkKa cpabaTbIBaHUSI TPUITEpAa OOBIYHO HE MPEBbIIIACT
1,52 3amepskek Jormyeckoro ajiemMeHrta. [IprueM 3amepkKud MO BXO-
JaM -R u -S 4yTh MeHbllle, yeM mo TaktroBoMy Bxoay C. B Hekorto-
peIxX cepusix JK-Tpurrepbl HECKOJBKO ObICTpee, 4yeM D-Tpurrepnl, B
JIPYyruX — Hao0opoT. BaxHbiil mapameTp Tpurrepa — MakCUMallb-
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Hasl yactoTa TakToBoro curHajna C. s ee mpuOIU3UTEIbHON OLICH-
KU MOXHO IPUIAEPXKUBATLCS CIEIYIOLIETo IPOCTOro IpaBuja: Iepu-
o TakToBoro curHaja C He NOJKeH OBITh MEHbIe BeJTUMYMHbI 3a-
JIeP>KKU TepeKIIoYeHus1 Tpurrepa mo sxony C.

4.1.2. OcHOBHBIE CXeMbI BKJIIOYEHUSA TPUITEPOB

T'oBopst 006 00JIACTSIX TIPUMEHEHUSI TPUTTEPOB, MbI OyAeM paccMmar-
pUBaTh UCKIHOUYUTEIbHO D-TpUrrepsl, Tak Kak B OOJBIIMHCTBE CITy-
yaeB RS- u JK-tpurrepsl MoryT ObITh 3aMeHeHbI D-Tpurrepamu 06e3
YXYIILIEHUsT Kakux Obl TO HU ObLJIO MapaMeTpoB cxembl. [Tpumepsl
TaKoM 3aMeHBI IT0Ka3aHblI Ha puc. 4.5.

RS-tpurrep monyuaercst uz D-tpurrepa, eciu B D-Tpurrepe He
nucnosib3oBaTh Bxonbl C u D, Hampumep, cOeAUHUTH UX C OOIIUM
IpoBoaoM (a).
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Puc. 4.5. Bxmouenue D-tpurrepa mis 3amenbl RS-Tpurrepa.(a) n JK-tpurrepa B
CUETHOM pexuMe (0).

CrnoxHee obctouT aeiao ¢ 3ameHoir JK-tpurrepa, B KoTopom
MPEAYCMOTPEHO 0OJIbIIIE BO3MOXHOCTEN, yeM B D-tpurrepe. OgHako
00BbIYHO NBa MHGOPMAIMOHHBIX Bxoja sK-Tpurrepa He Tak yX U
HYXXHBI. A 4TO KacaeTcsl CYETHOIO peXuma, B KOTOPOM, ITOXKalyii,
HauOosiee yacto padoTatoT JK-Tpurrepol, To OH JIETKO peau3yeTcs
Ha D-tpurrepe B pe3yibrate o0beAUHEHUST NMHOOPMAIIMOHHOTO BXO-
na D ¢ unBepcHbIM BbixofoM (0). Tlpu 3ToM Mo KaXaomy MOJIOXKU-
TelbHOMY (poHTYy curHaia C Tpurrep OyneT MEHSTb CBOE COCTOSI-
HME Ha MPOTUBOIMOJIOXHOE: HYJIb Ha MPSIMOM BbIXOAE OyIeT cMme-
HATbCA eqUHUIIE U HaoOopoT. To ecTh YyacToTa BXOAHOIO CUTHAJIa
Tpurrepa OyIeT MeHbIlle YaCTOThl BXOJHOTO TakToBOoro curHaia C B
JiBa pasza.

OTMeTUM TakXke, 4TO JUISl peaju3allMd CYETHOTO peXuma yvaile
BCETO MCIOJb3YIOTCSI HE TPUTTEPHI, a CUYETUYUKU, KOTOpbIe OynyT pac-
CMOTpPEHBI B CJIEAYIOLIEH TiaBe.
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OCOOEHHOCTH TPUITEPOB OOYCIaBIMBAIOT Haubojee IIMPOKUM
JUara3oH CXEM MX BKIIOUCHUSA IJIA PCIICHUA CaMbIX Pa3HLBIX 3a1a4.

Hanpumep, ¢ nomoliisio Tpurrepa (JitobOro Tvuma) o4eHb MpoCTo
1 2hGdEKTUBHO pelaeTcs 3amaya yCTpaHEHUsT BIUSHUSI Apedesra
KOHTAaKTOB MeXaHMYeCKMX mepekiouareneit (puc. 4.6). Ilpasma B
JAHHOM cCJlydyae HeoOXoauMm TymoOJiep (MU KHOIKAa) C TpeMsl BBIBO-
JaMH, OAVH M3 KOTOPLIX IMOIIEPEMEHHO ITOJKIIOYACTCA K ABYM JIpPYy-
ruM. [lpu 3TOM TIepBBIM Xe OTpUIIATEIbHBIM UMITYJIbC Ha BXojae -R
nepedpachiBaeT TPUITEP B COCTOSIHUE HYJIsI, a MEPBbINA XK€ OTpulia-
TEJbHBII UMITYJILC Ha BXOAE -S — B COCTOsSIHME enuHulbl. Ilocie-
AYIOUINEC K€ MMITYJIbChl Ha 000ouxX 3TUX BXO4aX, BbI3ZBAHHBIC ,[lp66€3-
oM KOHTAaKTOB, VK€ HUKaK He BIUSIOT Ha Tpurrep. HukHee (1o pu-
CyHKy) IMOJIO2KEHUE BBIKJIIOYATEISI COOTBETCTBYET HYJIIO Ha BbLIXOAC
TpUTTEpa, a BepxHee — eIUHUILIE.

T

Jls

PUC. 4.6. [logaBneHue npebe3ra KOHTAKTOB BLIKITIOUATEIST C TIOMOIIBIO TPUTTEPa.
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OCHOBHOE MPUMEHEHUE TPUTTEPHl HAXOMAT B TeX CIydasx, KOria
Hato copMUpOBaTh CUTHAJ, JIUTEIbHOCTh KOTOPOTO COOTBETCTBY-
€T JUIMTEJIbHOCTU KAaKOW-TO BBITIOJHSIEMOUM omepalun, KakKoro-To
MPOAOJIXUTEILHOTO Tpollecca B cxeMe. BhIXOmHOI CUTHAJI TpuUrrepa
MPU 3TOM MOXET pa3pelllaTh 3TOT caMblii Mpolecc, a MOXeT MHDOP-
MMPOBATh OCTaJbHbIE Y3JIbI YCTPOMCTBA O TOM, YTO MPOLECC WUAET
(U, Kak TOBOPST, CIYXUTh ¢gaaeom mpoliecca). Hampumep, B cxe-
Me Ha puc. 4.7 B Hauaje mpoluecca (omnepauuu) no curHaiay Crapt
TpUrTep nepedpachiBaeTCs B €IUHUILY, a B KOHIIE IMpoilecca (omnepa-
uuun) no curHainy Ctor Tpurrep rnepedpachiBacTcsi 0OPaTHO B HYJIb.

ST Bk Crapr_¢§ i
1 L
Cron U

Crapr .[:)
LA !
Cron_r IR Brx. I—l

Puc. 4.7. Ucnonb3oBaHue TpUrrepa B Kayectse (hara rnpoiecca.

Jlor,1
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Hnst curHanoB CrapT u Cton MOXHO, KOHEYHO, HCIIOJb30BaTh
BXoAabl Tpurrepa -R um -S. OmHako OoJjiee MpaBWIbHBIM U YHUBEP-
caJIbHBIM pellieHreM OyneT Bbioop mapbl BxogoB C u -R wiu C u -S,
YTO MPEeAOTBPATUT HEOAHO3HAUYHOCTh MOBEACHUSI TpUTTepa MPU Ofl-
HoBpeMeHHOM mpuxone curHainoB Crapt u Cromn. Ecnu ucnonbsy-
1otcst Bxoasl C u -R, To Ha Bxom D Hamo mopaTh eAWMHUILY, a €CIIU
npuMeHsitoTcst Bxoasl C u -S, To Ha Bxoa D Hago momath Hyab. Ta-
KO€ pellieHUe YIOOHO ellle W TeM, YTO B KaueCTBe OJHOTO U3 CUTHA-
JioB CraptT 1 CTon MOXET BBICTYNATh HE YPOBEHb, a (ppoHT. UMeHHO
9TOT (PPOHT (B HY>XKHOW TMOJSIPHOCTH) M HAlO MOJATh B 3TOM Cilydyae
Ha TakToBbIX BXxon Tpurrepa C.

Bropasi  BaxHelimiass 00JacTb MPUMEHEHUsI TPUITEPOB — 3TO
CUHXPOHU3ALUS CUTHAJIOB.

Hanpumep, Tpurrep no3BoJisieT Hauboee MPOCTO U30aBUTHCS
OT MMapas3suUTHBIX KOPOTKUX HMITYJIbCOB Ha BbIXOJaX KOMOWHAIIM-
OHHBIX CXeM, BO3HUKAIOUIUX TPU TOYTU OJHOBPEMEHHOM H3MeE-
HEHWM HECKOJIbKMX BXOMHBIX CUTHaIOB (puc. 4.8). Jasa cuHXpo-
HU3alMKW B JAaHHOM cliyyae HEOOXOAUMMO WMETb CUHXPOCUTHAI
(cuHxpornepexo), COIMPOBOXAAIOUIUIA BXOAHBbIE WH(MOPMAIMOH-
HbIE€ CUTHaJbl (BXOJAHOUW KOJ) W 3aAepXaHHBbIA OTHOCUTEJIbHO MO-
MEHTa U3MEHEHUS 3TUX CUTHAJIOB Ha Bpems t,, Oosbliee 3amepxk-
KU KOMOMHAIIMOHHOW cxeMbl. [Ipu mojgaue 3Toro CUHXpPOUMITYJIb-
ca Ha Bxoa C Tpurrepa, a BbIXOJHOTO CUTHaJla KOMOWHAIIMOHHOM
Mukpocxembl (Bbix.1) Ha Bxom D Tpurrepa Ha BbIXOJE TpUTITepa
nosxyyaeM curHaa (Bbix.2), MOJTHOCTHIO CBOOOIHBINA OT Mapa3uT-
HBIX WMITYJIbCOB.

Bx. KO Konb. _B_h_l)_( 1

> cxema
I

Cunxpocuryan - _ Bh_l_x.2—l_!-_——_

Puc. 4.8. CuHXpoHU3aLMS C TIOMOINIBIO TPUTTEPA.
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bonee Toro, B ciyyae, Korga BXOOHOW KoJ KOMOMHALIMOHHON
CXeMbl U3MEHSIETCSI PeryjsipHO, MEePUOIUUYECKU, (DPOHT CUHXPOCUT-
HaJla MOXET Odaxe coBlagatTb ¢ MOMEHTOM M3MCHCHHSA BXOIHOI'O KO-
na (puc. 4.9).
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Puc. 4.9. CuHXpoHM3ALMsI C TIOMOILBIO TPUTTEpa TMPU MEPUOAUIECKOM U3MEHEHUU
BXOJITHOTO KOJa.

ITpu 3TOM 3a cueT KOHEYHOW BEJIMUYMHBI 33J€PXKKU KOMOMHALIM-
OHHOI cxembl curHayi Ha Bxoi C Tpurrepa OyaeT mocTynaTb paHb-
e, YeM HayHeT U3MEHSIThcsl curHaa Ha ero Bxone D. Ilostomy ma-
pasuTHbIE MMIYJbChl B TPUITEp He 3amuiuyTcs. IlpaBma, B 1aHHOM
cllyyae CUTHaJl Ha Bbixoge Tpurrepa (Brix.2) OymeT 3agepkaH Ha
MepuoJ clenoBaHusl BXOAHbIX KomoB T (WiM, 4TO TO XXe camoe, Ha
MepuoJ, CUHXPOCUTHAJA) OTHOCUTEIBHO BBIXOJHOTO CUTHajda KOM-
OnHanMOHHOM cxeMbl (Brix.1).

Ilpyu npoekTHpoBaHUM LIMGMPOBBIX CXeM, pabOTAOIIMX IO TaKTaM
€IMHOTO TAKTOBOTO TeHepaTopa, YaCTO BOZHMKAET HEOOXOAUMOCTb CHH-
XpOHU30BaTh C PabOTOIl CxeMbl KaKOi-TO BHEIIHUI curHald. To ecTh
TpebyeTcs 00eCeUnTh, YTOOBI ITOT CUTHAT (ACMHXPOHHBIN MO OTHOIIE=
HUIO KO BCEU OCTAJIbHOM CXeM€e) U3MEHSUICS TT0 TaKTaM TaKTOBOTO TE€He-
paTopa, Kak U BCe OCTaJbHbIe CUTHAJIbl CXeMbl (CTal Obl CUHXPOHHBIM
BCeli OCTaJIbHOI cxeMe). B 3ToM ToXke MOXET MoMoub TPUITEP.

Paccmotrpum camblii mpocrtoii mpumep. Ilycth HeoOxoauMo ¢
MOMOILIbIO BHEIIIHErO CUTHaja pa3pelliaTb W 3ampeliarh MpOoXoxkKie-
HUE CHUTHaJla HEMNpPEephIBHO pabOTAIOIIEro TaKTOBOTO TIeHepaTopa.
B cnyuae oobpryHoro RC-reHeparopa 3Ta 3agaya WHOTAA MOXKET ObITh
pellieHa TOBOJIbHO MPOCTO IMyTeM 3alycka U OCTaHOBKU TeHepaTopa
(cM. puc. 2.39). OnHako jgajeko He Bcerma AOITyCKaeTcs OCTaHaBIv-
BaThb pabOTy TaKTOBOTO reHepaTropa, OT KOTOPOro paboTaeT BCS CXe-
Ma. B ciydae ke KBapleBOro reHepatopa €ro OCTaHOBKA M 3amycK
BOOOIIIE HUKOTJA HE MCHOJb3YIOTCS, TaK KaK Takol reHepaTtop Ha-
YUHaeT paboTaTh MOCJIE pa3pelleHus € 3adepXKKOW, paBHOW He-
CKOJIbKMM TIeproJaM TaKTOBOM YaCTOTHI, MPUYEM KOJIUYECTBO 3TUX
MepUooB He MOCTOSIHHO. [To3TOMy OyeM cuuTaTh, YTO TaKTOBBIN
reHepatop paboTaeT MOCTOSIHHO, a IO BHEIIHEMY YIpaBJsIOleMy
CUTHaJTly Mbl OyIeM paspellaTh WU 3amnpeliaTb MPOXOXIECHUE €ro
BBIXOJHBIX UMITYJbCOB (puc. 4.10).
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Puc. 4.10; CuHXpOHM3a1IMsI CUTHAJIA Pa3pelIeHUs.

B mpocreitiiem ciayvae (@) A IponyCKaHUS W 3alpelieHUsT UM-
MyJIbCOB TaKTOBOTO TeHepaTopa I WMCHonb3yeTcsl JTOTMYEeCKUil aJe-
meHT 2U. TIpu 3TOM BIOJIHE BO3MOXHA CUTYallMsl MPOXOXAEHUs Ha
BBIXOJl CXEMbl UMIMYJIbCOB HEIMOJHOUW JUTUTEIbHOCTU WU JaXe Tpe-
JEJIbHO KOPOTKUX, HECTAOMIBbHO MOSIBJISIIOIINXCS WUMITYJIBCOB, KOTO-
pble MOTYT BHOCUTh HEOIPEIEIEHHOCTh B paOOTy OCTAJIbHOW CXEMBI.

ITpuMeHeHe CUHXPOHM3UPYIOIIETO Tpurrepa (6) obecriedynBaeT
MPOXOXIEHWE Ha BBIXOJA MPOIyCKalolero ajeMeHTa 21 Toabko uMm-
MyJIbCOB TIOJHOU IuTeNbHOCTU. Paspemaromuii CUTHaiI, MPOXOIs
yepes3 TPUITEP, KOTOPbIA TaKTUPYETCsl pa3peliaeMbIM CUTHAJIOM,
CTAHOBUTCS CUHXPOHHBIM C TaKTOBbIM CHUTHAJOM W TapaHTUPYET
MPOXOXIEHUE Ha BBIXOJ 0053aTEbHO IIEJIOTO KOJIUYECTBA TAKTOBBIX
WMITYJIBCOB, IIEJIOTO KOJIUYECTBA MEPUOOB TAKTOBOTO Te€HEpaTopa.

Tpurrepsl MO3BOJISIIOT TaAKXKE CTPOUTh JTUHUU 3aAEPXKKU 1UGPPO-
BBIX CUTHAJIOB, JJISI YETO HECKOJBKO TPUTTEPOB COEIUHSIETCSI B IO-
CNIeOBaTEIbHYIO I[IEMOYKY, MPUYEM BCE OHU TAKTUPYIOTCS E€AWHBIM
TakTOBbIM curHajom C. Takoe BKJIIOYeHHE TO3BOJSIET, HANpUMED,
OIHOBPEMEHHO o0OpabaTbhiBaTh KOMOWHAIIMOHHBIMM CXeMaMM He-
CKOJIbKO TIOCJIEAOBATENbHBIX BO BPEMEHU COCTOSIHUI KaKOTO-TO OJI-
HOTO CUTHAaJA.

B kauectBe npumepa Ha puc. 4.11 mpuBemeHa cxema, KOTopasi
BBIJICJISIET BO BXOJHOM CUTHAJIE TPEXTAKTOBYIO MOCJIEI0BATEIbHOCTh
010. Ienouka u3 Tpex Tpurrepo T1, T2 u T3, TakTUpyeMbIX €IM-
HBbIM CUHXPOCUTHAJIOM, 3allOMWHAET TPU ITOCIEAOBATEIbHBIX CO-
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CTOSIHUSI BXOJHOTO CUTrHaja. Hampumep, eciau Ha BbIXoje Tpurrepa
T2 Oyner 3apUKCUPOBAHO COCTOSTHUE BXOJHOTO CUTHasa B N-M Tak-
Te, TO Ha BbIxojae Tpurrepa T1 OymeT COCTOSIHME BXOJHOTO CUTHajIa
B TakTe (N+1), a Ha Beixome Tpurrepa T3 — B TakTe (N-1). N3-3a
KOHEYHOI BEJIWYMHBI 3aAEePXKKU MEPEeKIIOUeHUS] TPUITEPOB B Kaxk-
JIBIA CJIEMYIOUIUI TPUTTEP BXOAHOW CUTHAN OyIEeT TMepernuchiBaThCs
elle A0 TOro, KaK OH U3MEHUT CBOE 3HAUYEHUE BCJIEICTBUE MEPEKITIO-
YeHMS TIPeabIayllero Tpurrepa.
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Puc. 4.11. BoigeneHue 3-TaKTOBOIM IOCIIEHOBATEIBHOCTA TAKTOB BO BXOOHOM CHUT-

HalTTonaBast BHIXOQHBIE CUTHAILI TPUITEPOB (IPAMBIE WM UHBEPC-
HBIE B 3aBUCHMOCTH OT HY>XKHBIX yPOBHEH) Ha 3jieMeHT M ¢ Hy>KHBIM
YUCJIOM BXOIOB, MOXHO 3a(dMKCHPOBATh JIOOYIO TPEXTAKTOBYIO ITO-
CJIeI0BaTeIbHOCTh BO BXOAHOM cHuTHaje. JJis mpenoTBpalieHus mo-
SIBJICHUSI TIapa3UTHBIX UMITYJIbCOB B BBIXOIHOM CHTHajie (OHM BO3-
MOXHBI, TaK KaK BXOIHbIC CUTHAJIBI 2JIeMeHTa Y M3MEHSIOTCST TTOYTH
OIHOBPEMEHHO) TIPUMEHSIETCST BBIXOAHOM Tpurrep T, TaKTUpyeMbIit
TEM K¢ CaMbIM OOIIUM CUHXpocurHajgoMm. Ha Beixome Tpurrepa T
MoJly4aeM eIVMHUYHBIA CHUTHAJI, COOTBETCTBYIOIIMI MOCIEIOBATEIb-
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Hoctu 010 Bo BxomHOM curHajie. IIpaBaa, 3TOT BBIXOJHOM CHMIHaJ
OyaeT 3aJepXaH OTHOCHUTEJIbHO KOHIIA BBIACISIEMONM IOCaea0Ba-
TesibHocTu 010 Ha aBa TakTa.

KoHeuHo, mpyMeHeHWe TPUITEPOB HE OIPaHUYMBACTCS PACCMOT-
PEHHBIMU MHpUMEpaMM, Bce OOJACTU MX IMPUMEHEHUs TPYOHO daxe
MHEePeYUCIUTb. MBI XXe paCCMOTPUM 3[ECh €lle HECKOJbKO IIPUMEPOB
HCII0JIb30BaHUSI TPUTTEPOB.
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Puc. 4.12. ®opmupoBareb KOPOTKOTO UMITYJIbCA 1O (DPOHTY BXOJHOTO CUTHAJIA.

D-Tpurrep mo3BoJsSIET AOBOJBHO MPOCTO (hOPMUPOBATH BBIXOM-
HOWM KOPOTKHWI MMITYJbC MO (DPOHTY BXOAHOTrO curHaia. Jlas artoro
Jaxe He HYXXHO HUKakux Bpemsidamawoliux RC-nenouek. Jautesn-
HOCTb BBIXOTHOTO WMITYJIbCa OTpPEACIISIETCsS 3alep>XKOW cpabaThiBa-
HUsl Tpurrepa. PopMupoBaTeib KOPOTKOTO UMIYJbca MO TMOJOXKM-
TeJIbHOMY (POHTY BXOAHOro curHajga (puc. 4.12) odpasyeTcsa myTem
MOJa4u BBIXOJHOTO CUTHAJa TPUTTEpa Ha BXOJ cOpoca.

ITo nmonoxurenbHOMY (poHTy Ha Bxome C Tpurrep mnepedpachi-
BaeTCs B €NMHUILY, HO BBIXOJAHOU CHMTHAaJ TpUITepa MO Lenu obpar-
HOU CBSI3U TYT Xe€ cOpachiBaeT ero odpaTHO B Hyib. [Ipeumyiiect-
BOM JIaHHOM CXeMbl SIBJISIETCS TO, YTO TPUITEp MMeEeT KaK MpSIMOM,
TaK U WHBEPCHBIA BBIXOAbI, MO3TOMY MBI TIOJy4aeM KakK MOJIOXHU-
TEJIbHBIA KOPOTKWI UMITYJIbC, TaK U OTPULIATENIbHBINA. B HEKOTOpBIX
clyyasgXx B IIeTlb 3TOM OOpaTHOW CBSI3W HANO BKIIOYATh JOIMOJHU-
TeJbHBI WHBEPTOp IJIs YCTOMYMBOW paboOThl cxeMbl. Hampumep,
Tpurrepbl cepuu K155 He TpeOyloT MHBepTOpa, a TPUITEPHI CEpUU
KP1533 —TtpebyloT.

I[TpuMeHeHre TPUTTEPOB COBMECTHO C APYTMMM MUKpOCXeMaMu
4acTo MO3BOJISIET M30€XaTh MOSIBICHUSI Mapa3UTHBIX KOPOTKUX WUM-
MyJIbCOB, O0ECTIEYUTh HANIEKHYI0O W YBEpEHHYI0 pabory cxembl. Ha-
npumep, Ha puc. 4.13 mpeacTaBieHa cxema, pazanyaroniasi KOpoTKue
W IJIMHHBIE UMIYJIbCHI, TPUXOJSIIME Ha ee BXxod. Takas cxema Io-
3BOJISIET TIPUMEHSITh OJHY JUHUIO CBS3U JUISI Tepefayu NBYX CUTHa-
JIOB pa3HOTO Ha3HaYeHMsI, YTO ObIBAET OUEHb YIOOHO IPU CBSI3U YCT-
pOMCTB, HAXOJSIIMXCS Ha OOJBIIOM PACCTOSIHUMU.
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Puc. 4.13. Cxema pasnesieHUsI KOPOTKUX Y JUIMHHBIX BXOIHBIX UMITYJIbCOB.

Ha Bxon cxembl MOCTYIAIOT KOPOTKUE WMIYIbChl (JIJIUTEIbLHO-
CTBIO t) M JIMHHBIE MMIYJbCHI (JUIMTENBHOCTBIO t). KoHeuHo, Ha
nepeAalonieM KOHIE Hamo 00ecrednTh, YTOOBI 3T MMITYJIbChI (hop-
MMPOBAJIUCh MO OUepear U C He CIUIIKOM MAaJoil 3aJepKKOoil apyr
OTHOCcUTeNbHO apyra. Ha Beixome cxembl (hOpMUPYIOTCS JBa CUTHA-
Jla, OJWH U3 KOTOPHIX COOTBETCTBYET MPUXOLY KOPOTKOIO BXOZHOTO
UMITyJibca, a APYroil — MpUXOAy JJIMHHOTO BXOAHOT'O MMITYJIbCA.

Jnst pa3muueHus BXOOHBIX MMITYJILCOB MCITONB3YeTCSI OTHOBUO-
patop AI'l ¢ BpeMeHeM BBIIEPKKH t,, OOIBLIUM t, HO MEHBIIUM t .
I[IpuMeHeHe OMHOBMOpATOpa B JAHHOM Clly4yae ONpaBAaHO, TaK Kak
TpebyeMasi TOYHOCTh BPEMEHU BBIIEPKKU HEBBICOKA (CUMTaeM, 4TO
IJIATETbHOCTA MMITYJIBCOB Pa3IMyaloTCsl CYILIECTBEHHO). BhIXxomHble
CHUTHAJIBI CXeMBI (DOPMUPYIOTCSI C TIOMOIIBIO IBYX TPUITEPOB, a HE
MPOCTHIX JIBYXBXOJOBBIX JIOTMUECKUX DJIEMEHTOB, YTO IIOJHOCTHIO
HUCKJTIOUAET TTOSIBIIEHUE TTAapa3UTHBIX UMITYJIBCOB Ha (DPOHTAX.

IMpuHLUIT paboOThl CXeMbl SICEH W3 TPUBEICHHOW BpPEMEHHOM
nuarpaMMbl. OQHOBHOpATOp 3aIlycKaeTcsl 1o IepeaHeMy (pPOHTY
BXOJHOTO CUTHama. BwIxomHoii curHan Beix.1, COOTBETCTBYMOIIMIA
MPUXOAY JJIMHHOTO MMITYJIbCa, HAUMHACTCS IO 3agHeMY (DPOHTY UM-
MyJibca OJHOBHOpATOpa, a 3aKaHYMBAETCS MO OKOHYAHUIO IJTMHHOTO
BXOJHOTO MMITyJibca. BbIXOAHOI curHaim BrIX.2, COOTBETCTBYIOIIUIA
MPUXOAY BXOMIHOTO KOPOTKOTO MMILYJIbCA, HAYMHACTCS IO 3aTHEMY
(GPOHTY BXOJHOTO MMITY/IbCa, a 3aKAHYMBAETCS C OKOHYAHUEM M-
MyJibca OIHOBUOpAaTopa.

Tpurrepbl MOXHO TaKXe HMCITONb30BaTh IJIsI 0OpabOTKU MepHo-
IUYECKHUX TIOCIEeI0BATEIBHOCTEM  BXOOHBIX CHUTHaNoB. [Ipu sTOM
TPUTTEpP, TAKTUPYEMBIA KBAapLIEBBIM TE€HEPATOPOM, MOXET OUYEHb
TOYHO pa3iMyaTh YacTOThI CJAEAOBAHMS BXOMHBIX WMIIYJIbCOB, TO
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€CTb BBHITIOJHATh (DYHKIIMIO MpOCTeiiiiero nudposoro ¢wibrpa. Ta-
KH€ CXeMbl BBITOJHO OTJIMYAIOTCSI OT CXeM C OTHOBHOpaTOpaMu U
BpeMsizafatommMy RC-11enmouykamMu BO3MOXKHOCTBIO TTOJTHOCTBIO MH-
TEeTrpajbHOTO MCIOJHEHUS M OTCYTCTBMEM KaKoil Obl TO HU OBLIO Ha-
CTPOMKM.

IIpocreiimmit mpuMep TMOTOOHO 00PaObOTKM COCTOUT B (pOpPMU-
poBaHMM OruOamuLiel BXOAHOrO curHajga. To ecTb IIpyu NpPUXoAe
BXOIHOTO CHUTHajia 33aJaHHOM YaCTOThl BBIXOAHOW CHUTHalI MOJDKEH
OBITh paBeH eOWHUIIE, a IIPU OTCYTCTBUM BXOMHOIO CHUTHaJla — Hy-
mo. DT1a 3afava, KakK yKe oTMedanaoch (cM. puc. 3.35,2), MOXET OBbITh
pellleHa C IOMOIIbI0 OTHOBMOpaTopa c Iepe3arryckoMm (tuma Al'3).
OgHako TIpUMEHEHHME TPUITEPOB 3HAYMTEIBHO YBEIMYMBAET TOY-
HOCTb CpabaThIBaHUS W MO3BOJIIET padOTAaTh C YaCTOTaMM, OJIM3KUMU
K IpenebHBIM IUISI JAaHHOTO ThUIa TpurrepoB. CxeMa popMupoBaHUs
orubaroiieii COCTOMT BCETO JIUIIL U3 ABYX TPUITEPOB, TAKTUPYEMbBIX
BHEIIHUM cUHXpocurHanoMm (puc. 4.14). B manHOM ciy4yae mpenmno-
JIaraeTcsl, 4Tro 4YacTOThl BXOMHOTO CHMTHajJla M TaKTOBOTO CHTHaia
paBHBI MeXy COOOIA.
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Puc. 4.14. ®opMmupoBatesib CUTHAIA OrMbalOIIeii BXOAHOTO CUTHAIAa Ha TPUITEpax.

Tpurrepsl BKIIOUEHBI KaK ABYXTaKTHAsl JIMHUS 3aI€pPXKU C 00-
IIMM TaKTOBBIM cuUrHajgoM C U co cOpOCcOM BXOIHBIMU CUTHAJIAMMU.
CaMmblil TIepBbIii BXOAHON MMITYJILC TTOCIEI0BATEIBHOCTY NHUIIUUPY-
eT HayajJo JENCTBUS BBIXOOHOTO CUTHAla, TO €CTh MEepeKIoYecHUe
BBIXOJa B COCTOSIHME JIOTUYECKOM 1, a 3aKaHUYMBAETCS IEHCTBUE BBI-
XOIHOTO CHTHAJIa, TO €CTh BO3BpAT BBIXOAA B COCTOSIHUE JIOTUIECKO-
ro 0, dyepe3 1-2 mepuModa TAaKTOBOTO CHUTHAlla IIOCIE€ OKOHYAHUS
BXOIHOM TIOCJIEIOBATEIbHOCTU (B 3aBUCHMMOCTH OT BPEMEHHOTO
CIBUTA BXOTHOTO CUTHAJa OTHOCUTENIBHO TaKTOBOTro curHaia). Cxe-
Ma paboTaeT C BXOAHBIM CHTHAJIOM JIF00OM 4YacTOTHI, OOJbIIEH ITO-
JIOBUHBI 4YacTOThl TAKTOBOTO CHUTHala (HampuMmep, MNpH TaKTOBOM
yactore 10 MI' BXOZHOM CUTHAn AOJKEH MMETh 4acTOTy, OOJb-
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myo 5 MI'). To ectb 3a MOJOBUHY Mepuoja BXOAHON YacTOThl He
TOJDKHO TIPUXOMUTH OGOJIBIIE OMHOTO TIOJOXUTEIBHOTO (pOHTA TaK-
TOBOTO CUTHaJja.

Dr1oT ke (dopMupoBaresb Orubdarleil MOXHO MCHOJIb30BaTh B
0osiee CIOXHBIX cxeMaX. [IpuMepoM MOXeT CIIyKUTh (UIIBTP, KOTO-
PBIN TIO3BOJISIET Pa3leuTh ABE YAaCTOTHl BXOMHOTO CHUTHAJIa, MPOITYC-
TUTH OoOJlee BBICOKOYACTOTHBIM CHTHAT M OTCEYhb Oojiee HM3KOYac-
TOTHBIH (puc. 4.15).
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Puc. 4.15. ®unbtp 4151 MpOMycKaHWsi BHICOKOYACTOTHBIX CUTHAJIOB Ha TPUITEpax.

DuabTp COCTOUT M3 TpexX TPUITEPOB U djaeMeHTa 2M, paboTtaio-
IIEr0 B pEeXMME MPOIMYCKAHUS TMOJIOKUTEIbHBIX BXOIHBIX HMMITYJIb-
coB. JIBa Tpurrepa (JeBble Ha cXeme) oOpasylT (GopMupoBaTelsb
orubaromeii. TpeTuit (MpaBblii Ha CXeMe) TPUITEP BbIIAeT CUTHAI
MPONYCKaHUA B cjaydae, KOrma CUMrHaj orubarolleil HEelpepbIBEH, TO
€CTh KOIJa 4acToTa BXOJHOIO CHUIHajla COCTaBJISET OOJbIIE TOJOBU-
Hbl TaKTOBO#M 4acTOThl. ECiiM B MOMEHT Ipuxoga ITOJ0XUTEIHLHOTO
¢poHTa BXOAHOIO CUTHajla CUTHAJI Oorubaloiieil Ha BBIXOJE BTOPOrO
TPUITEPA HYJIEBOM, TO MPOMYCKAIOMINI CUTHAJ Ha BBIXOAE TPETHErO
TPUITEPA TAKXKE HYJIEBOM, M MMIYJIbCHI HE MPOXOAAT Ha BbIxod. Ilpu
3TOM IEPBBI BXOJHON MMITY/IbC MPOIYCKAEMOIO CUTHAJIa Ha BBHIXO[
He mnpoxoaut. llemoyka M3 OByX HMHBEPTOPOB KOMIIEHCHUDPYET 3a-
IIEpKKY cpabaThiBaHUSI TPETHErO TPUITEpA, OHA 3adepPXKMBAET BXOJ-
HOI CUTHAaJI Mepen nmojadyeil ero Ha BXO[ BBIXOJHOIO MPOIYCKarollle-
ro aiemenTa 2H.
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TakuMm obOpazoMm, GUIBTP HAAEXKHO MPOIYCKAeT BXOAHBIE CUTHA-
JIBI C 9aCTOTOM, OOJIbIIEi MOJIOBMHBI TAKTOBOM YaCTOTHI, M HaIEXKHO
3aJIeP>KUBAET CUTHAIBI C YaCTOTOM, MEHBIIEH YeTBepTH TaKTOBOM
gactoTel. Hampumep, npu takroBou yactore 10 MI'ty ¢pmisTp Oymer
MPOIyCKaThb CUTHAJbI € 4acToToil Bhime 5 MI1, m 3agepXuBarh
cUTHaIbI ¢ 9acToToil Hike 2,5 MI't. C yactoramMy BXOZHOIO CHTHa-
Jma ot 2,5 no 5 MI'm pabora ¢duimbrpa He OymeT cTabMIbHOM, OHa Oy-
JIeT 3aBHUCETb OT BPEMEHHOIO CIOBHWIA MEXIY BXOOHBIM CHTHAJIOM U
TaKTOBBIM CUTHAJIOM.

HakoHen, mocnemHsiss cxema Ha TpUITepaxX, KOTOPYIO MbI pac-
CMOTpUM, IIpeAHa3HadeHa ISl KOAMPOBAaHMUs BXOMHOTO CHTHala B
MaH4ecTepcKnii konm (mnm Kox Manuecrep-I1). DToT Kom 1mmpoko
WCITOJIB3YETCS IpH TIepeaade CUTHAJIIOB Ha OOJIBIIME PacCTOSTHUS, B
YaCTHOCTHU B JIOKAJTbHBIX CETSIX.
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Puc. 4.16. Manuectepexoe KoAHPOBaKIE.
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Puc. 4.17. KogupoBLIMK MaHYECTEPCKOTO KOJa Ha TPUTTEpax.

CyTh MaHYECTEPCKOTO KOIMPOBAHUSI WILTIOCTpUpyeTcs puc. 4.16.
BxomHoii curHall mpeAcTaBisieT co0Oil MOoC/IeAoBaTeIbHOCTh GUTOB
paBHOI IUTENbHOCTH. B Kaxaom TakTe TepenaeTcsi OMUMH OUT WH-
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dopManun. MaHYecTepCKUIT KOO 3aMeHSIET eNMHUYHBIM MH(pOpMa-
OMOHHBIA OWUT Ha OTpULIATSILHBIN ITepexol B IIEHTpe OUTOBOTO MH-
TepBaja, a HyJIeBOi MH(GOPMAIIMOHHBI OMT — Ha IOJIOXUTEIbHBII
Iepexo B IIeHTpe OMTOBOrO MHTepBaja. TakuM oOpa3oM, B LIEHTpE
KaxXJ0ro OMTOBOIO MHTEpBaJla CUTHAIA B MAHYECTEPCKOM KoJe O0sI-
3aTeJIbHO MMeeTCs (PPOHT (ITOJOXUTEIbHBI WJIM OTPUIIATEIbHBIN),
KOTOPBIA MOXET OBITh MCIIOJb30BaH IMPUEMHUKOM 3TOrO CHUTHaja
IJIST CMHXPOHM3AIMM ITIpHeMa KaXAaoro WH(GOPMAllMOHHOIO OuTa.
ITosTroMy MaHYECTEpPCKMII KOI Ha3bIBAETCS CAMOCHMHXPOHU3UPYIO-
IIUMCS KOJIOM.

Konmuposiuk (oH ke mmdparop) MaHdecTepckoro koaa (puc. 4.17)
BKJIIoYaeT B cebs aneMeHT Uckimouaromee MU, kotopslid, cobcT-
BEHHO, U IPOU3BOIUT KOAMPOBAaHUE, a TAKXKE TPU TPUTTepa I CUH-
xpoHuzaruu. OguH Tpurrep (JIEBBI Ha cxeMe) paboTaeT B CYSTHOM
pexuMe, e Y4acTOTy TAaKTOBOIO CMTHaja B nBa pa3a. OmuH Tpur-
rep (LIEHTpaJbHBIM) CHMHXPOHU3UPYET BXOAHON WH(MOPMAIMOHHBIN
CHTHaJI C TAKTOBBIM CUTHAJIOM IOJIOBMHHOI YacTOoThl. HakoHelr, 1mo-
clleqHUI, TpeTwii Tpurrep (IIpaBbiil) CHHXPOHU3UPYET BBHIXOTHOM
CHUTHAJI JJIs1 yCTpaHEHMsI B HEM Tapa3svMTHBIX KOPOTKUX MMITYJIECOB B
MOMEHTBI U3MEHEHUsT BXOAHOro curHaja. OH (uKCcHpyeT BBIXOTHOM
curHan snmeMmeHTa Mckmowatomee MJIW (yXe TroToBbIE MaHYeCTep-
CKMI1 KOI) Yepe3 YeTBepTh Ieproa Iocie M3MEHEHUS BXOIHOTO CHUT-
Hama Bxom 1 (mo orpuiatenbHOMY (POHTY MCXOIHOTO TaKTOBOTO
CHUTHaJIa).

#.2. Peructpsl

Peructpel (anrmmiickoe Register) mpencTaBisiior co0oil, MO CyTH,
HecKoJIbKo D-TpurrepoB (00bIMHO OT 4 10 16), COeAMHEHHBIX MEXIY
co0oif TeM WM WMHBIM criocoboM. [losToMy mpUHLMIIMAIBLHON pa3-
HUIBI MEXAYy HUMM U OTACIbHBIMM D-Tpurrepamu He CyIIECTBYET.
[IpaBma, TpUITEpHI, BXOISIINE B COCTaB PETMCTPOB, HE MMEIOT TaKO-
ro KOJMYECTBAa Pa3HOOOpA3HBIX YIPABISIONINX BXOIOB, KaK OIM-
HOYHBIC TPUITEPHI.

Ha cxemax peructpel obo3Hadaiorcsd OykBamu RG. B oreuect-
BEHHBIX CEpMSIX MUKPOCXEM PErmcTpaM COOTBETCTBYIOT OykBbl MP.
Bce perucrpsl gensrcs Ha ABe OoJibliike Tpynmbl (puc. 4.18):

* TTapaJUIeJIbHbIE PETUCTPDI;
* PETUCTPHI CIBUTA (MJTU CIBUTOBBIC PETUCTPHI)
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Puc. 4.18. CrpykTypa mapajiebHOro perucrpa (a) u CIBUroBOro peructpa (0).

CylIeCTBYIOT M PETUCTPHl IPYTUMX TUIIOB, HO OHU IPUMEHSIOTCS
ropasmo pexe, 4eM IapajjiebHble U CIBUTOBHIE, TaK KaK UMEIOT y3-
KOCIelalbHOe Ha3HAaYeHUE.

B mapamnenbHBIX perucTpax (@) KaXOblii M3 TPUITEPOB HMeEET
CBOI1 He3aBUCHMbII MH(MOpMalMoHHbI Bxox (D) u cBoif He3aBUCH-
MbIi MTH(MOPMALIMOHHBIH BbIX0oA. TakToBbie BXoanl (C) Bcex TPUITEPOB
COeMMHEHBI MeXay coboii. B pesymbrate mapaienbHBIA PETUCTP
MPEACTABISIET CO00 MHOTOPA3PSIAHBIN, MHOTOBXOIOBBII TPUITED.

B cuBuroBbIx peructpax (6) Bce TPUITEPHl COSMUHEHBI B ITOCIEIO-
BaTeJIPHYIO LIETTOYKY (BBIXOHI KaXKIOTO ITPEIOBIAYIIEro TPUITEpa COCIu-
HeH co BxogoM D crieayioliero Tpurrepa). TakToBbIe BXOABI BCEX TPUT-
repoB (C) oObemuHEHBI MeXHy co0oil. B pesynabrate Takoit Tpurrep
MOXKET PacCMaTPUBAaThLCS KaK JIMHYS 3a[eP>KKM, BXOMHON CUTHAJI KOTO-
poIi TIOC/IeOBaTe/IbHO TIEPEe3arChIBaeTCsI U3 TPUITEpa B TPUITEP IO
¢poHty TakToBoro curHana C. MHpopMalMoHHbBIE BXOObI M BBIXOIbI
TPUITEPOB MOTYT OBITh BHIBEACHBI HapyXy, a MOTYT U HE BBIBOIUTHCS B
3aBUCHMMOCTH OT (bYHKIIMH, BBITIOJTHSIEMOI PETUCTPOM.

[lapamienbHBle pervcTpel B CBOIO OYepedb HENISITCS Ha JBe
TPYIIIbL:

* PEerucTphl, cpabaThiBarolIMe MO (PPOHTY yIpapisioniero curnamna C
(MU TaKTUpYEeMbI€ PETUCTPHI);

* perucTpnl, cpadarbIBaloIIe MO YPOBHIO YIPABJISIONIET0 CUTHA-
na C (u1m cTpoOMpyeMble perrucTphl).

Yame Bcero B LM(MPOBBIX CXeMax HCIOJIB3YIOTCSI PETUCTPHI,
yrnpasisieMble (OPOHTOM (TO €CTh TAKTUPYEMbIE), OIHAKO U CTPOOU-
pyeMble perucTpbl UMEIOT CBOM KPYT 3a7ad, B KOTOPBIX UX HUYTO HE
MOXKET 3aMEHMWTh.
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4.2.1. Peructpsl, cpadaTbiBaoinue no ¢ppoHty

[MpuHIMNI ECTBUS PETUCTPOB, CpadaThIBAIOIINX MO (DPOHTY TAKTO-
BOTO CUTHAJa, HUYEM He OTJIMYaeTcs OT MPUHIUIIA AeiicTBust D-Ttpur-
repa. [lo momoxureabHOMy (pPOHTY TaKTOBOTO curHaia C KaXmablii 13
BBIXOIOB PErMCTpa YCTAHABIMBAETCSI B TOT YPOBEHb, KOTOPHIA OBLT B
9TOT MOMEHT Ha COOTBETCTBYIOIIEM JaHHOMY BbIXomy Bxome D, m
COXpaHseTCsI TaKOBBIM IO IPHUXOAa CIEAYIOIIETO IT0J0XUTEILHOTO
¢ponta curHana C. To ecTb eciiu TpUITEp 3alIOMUHAET OAVH CUTHAII
(omyH MBOMYHBINA pa3psil, OOUH OWT), TO PETUCTP 3alIOMMHAET Cpa3y
HecKoJbKo (4, 6, 8, 16) curHaioB (HECKOJBKO pPa3psiioB, OUTOB).
[lamaTh perucrpa CoOXpaHsSeTCs 10 MOMEHTa BBIKJIIOYEHUS MUTaHUSI
CXEMBI.

B cranmaptHbIe cepuM BXOOWUT HECKOJIbKO THUIIOB ITapaJlIeIbHBIX
perucTpoB, cpabatbiBaromux mo ¢gponty (puc. 4.19). Paznmmuaiorcs
OHM KOJMYECTBOM pa3psioB, HAaJIWIMEM WJIA OTCYTCTBHEM WHBEPC-
HBIX BBIXOJIOB, HAJIMYMEM WJIM OTCYTCTBHMEM Bxoma coOpoca (-R) mmm
paspemienus 3anucu (-WE), a Takke TUIIOM BBIXOIHBIX KacKaloB
(2C mmz 3C) 1 COOTBETCTBEHHO HAIMYMEM WJIM OTCYTCTBHEM BXOIa
paspemenus -EZ. MlHorma Ha cxemax TakToBBIM Bxon C o0o3HavaeT-
¢t WR — curHanm 3ammcu B peTucCTp.
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Puc. 4.19. TlapamienbHble perucTpbl CTaHAAPTHBIX CEpUii, CcpadaTHIBAIOIIME TIO
GpoHTY.

BoabIMHCTBO perucTpoB MMEIT BOCEMb pa3psaoB, TO €CTh 3a-
MOMWHAIOT onvH 0aiT nHdopmanuu. Peructp TMS8 B cripaBoyHMKAax
00OBIYHO HA3BIBAETCS CYETBepEeHHBIM D-Tpurrepom (OH M B HAMMEHO-
BaHMU HeceT OyKBbI TM), XOTSI OH BITOJTHE MOXET pacCMaTpUBaThCS
M KaK perucrp, Tak Kak TakToBbiil Bxog C u Bxom copoca -R y Bcex
YeTBIpEX TPUITEPOB OOBECAMHEHBI MEXIy COOOIL.
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Tabauipl UICTUHHOCTH PETUCTPOB OYE€Hb IIPOCTHI M HE OTIMYA-
[0TCSI TPUHILMITMAIBHO OT TaOaMIIbl UCTUHHOCTU D-Tpurrepos. OT-
JINYME OT TPUTTEPOB MOSBISIETCS TOJIBKO B ClIydae HaJIW4us y peru-
CTpa IOMOJHUTEIBHBIX YIIPABISIONIMX BXOAOB pa3pelleHUsT 3aIlluch
-WE u paspemieHus Boixona -EZ. B kauecTBe mpuMepoB HILKE IIpH-
BeleHBl TaOmMMObl MCTMHHOCTHA peructpa MP27 m permctpa UP37
(Tabm. 4.5. u 4.6 cooTBeTcTBEHHO). [10 Mepexomy TAKTOBOrO CUTHAJIA
C u3 0 B 1 (mOMOXUTENbHBIM (PPOHT) 00a perucTpa 3amuchiBalOT B
ce0s1 BXOIHYI0 MH(MOpMAaIIHIO.

TaGanua 4.5. Tabnuua petusdocty perucrpa HP27

Bxoaup Brixoast
-WE C D Q
0 O—>1 0 0
] 0—>1 1 1
0 0 X He Menserca
o 1 X He metneTca
i X X He menngten

TaGanua 4.6, Tabnnua McTHAHOCTH pervcrpa P37

Bxoan Burxongl
-EZ C D Q
0 0—=1 [t} 0
1) 01 1 1
0 ] X He meHreTCA
0 1 X He MenneTca
) X X z

Bce peructpnl, MMeIOLIME BBIXOA C TPEMSI COCTOSHMSIMM, 00ec-
MEeYMBAIOT MOBBIIIEHHYIO HArpy304HYIO CITOCOOHOCTh. 3aaepXKKa Iie-
PEKITIOUEHHSI PETUCTPOB TMPUMEPHO COOTBETCTBYET 3aJepKKe Iepe-
KJIIOUEHMSI TPUTTepOB. Bce BpeMeHHBbIE OrpaHUYEHUsI, HaKJIaIbIBae-
MBIe Ha BXOAHBIE CUTHAJbl B Cilydae TpUITepoB (cM. pasn. 4.1.1),
CIIpaBeUIMBLI M JUISI BXOAHBIX CUTHAJIOB peructpoB. Hampumep, He
OJXKHA OBITh CIMIIKOM MAajoi JUIMTENIbHOCTh curHaia C, a Takxke
He JOJDKHA OBbITh CIIMIIIKOM MAaJION 3amepyKKa MeXIy YCTaHOBJICHUEM



curHana D ¥ npuxoaoM mojoxkuTeabHoro ¢poHTta curHana C. MHa-
ye paboTa perucrpa MOXeT ObITh HEeCTaOWILHOU WM Jake Hempa-
BUJIbHOM.

OgHO M3 OCHOBHBIX MPUMEHEHMII PErMcTPOB COCTOUT B XpaHe-
HUM TpeOyeMOoro Koia B TeuyeHue HyxXHoro BpemeHu. Ecnu mias pa-
0OOTBI OCTaJbHON YacTW CXeMbl HEOOXOIMMO WMMETh BXOJHOU KO,
KOTOPBIM MOXKHO JIETKO M3MEHSTh, TO JJISI 9TOTO KakK pa3 IMOAXOIUT
pPETUCTp.

Ha puc. 4.20 mokazaHa TMIIMYHasI CxeMa BKJIIOUEHUSI perucTpa
IUIS XpaHEeHUWs KoJa M BpeMeHHasl nuarpaMma ero pabotel. Kon Ha
BXOJIe PErMCTpa MOXET M3MEHSITbCS IMPOU3BOJBHBIM O0pa3oM, HO B
TOT MOMEHT, KOIJia 3TOT KOl TPMHMMAaeT HEOOXOMMOe 3HaYeHUE, Ha
Bxon C Tpurrepa momaercsi CUHXpOCUTHANI (CTpOO), KOTOPHINA 3aru-
CBIBA€T KON B PErucTp. OTOT KOA OyIeT XpaHUTbCS B PErUCTpE IO
Tpuxoja cienymoiiero crpooda. Ilpuyem BaxkHO M TO, YTO BCE pa3psiabl
BBIXOJHOTO KOJa perucrpa OymayT MepeKIoyaThCsl OJHOBPEMEHHO Ja-
K€ B TOM Cilydyae, KOrja pa3psiibl BXOTHOTO Koja TMepeKIoualoTcsl He
ogHoBpeMeHHO. ['JTaBHOE, YTOOBI K MPUXOAY IOJIOKUTEIBHOTO (DpOHTA
cTtpoba (curHasia C) Bce paspsiibl BXOJHOTO KOAA MPUHSUIM HYXKHOE,
YCTOMYMBOE 3HAYECHUE.
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Puc. 4.20. XpaHeHne Kojia B MapajUieIbHOM PErucTpe.

Ewe omHo BaxkHelillee MpUMeHEeHNE PETUCTPOB CBA3aHO C 3allo-
MMHaHUEM HECKOJbKUX IOC/IeI0BaTeIbHBIX 3HAYCHUI W3MEHSIO-
IIErocsl BXOJHOTO Koja. DTO TMO3BOJSET, HAllpuMep, CpaBHUBAThb
Mpeabiayliee 3HaYeHUe Koaa C IOCJIEAYIOUIMM 3HayeHUEM 3TOTO
XK€ KoJa WJIM MPOU3BOAUTH apu(pMeTUYECKHe orepallMyd Ham He-
CKOJIbKMUMU TIOCJIEIOBATEIbHBIMU 3HAYEHUSIMU OTHOTO M TOTO K€
koma. To ecTb perucTp B HaHHOM cJiydae BBICTyNAaeT KakK 3JEMEHT
JIVHUU 3aJePXKU, XpaHSIIEH B ce0e¢ MCTOPUIO MOBEACHUSI BXOIHO-
ro Koja.
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Hnsa mpuMepa Ha puc. 4.21 moka3zaHa cxeMa BBIYMCIICHUS pa3HO-
CTU ABYX IOCJeAOBaTeIbHBIX 3HAYeHWM BXOAHOTo Koma. Takas 3a-
Jlada BO3HUKAET B YACTHOCTHU TP IUPPOBOii 00pabOTKe aHAJIOTOBBIX
curHasioB. [locienoBaTenbHble 3HAYEHUS] BXOTHOTO 4-pa3psiiHOTO
KOoJa COIPOBOXIAIOTCSI. TAKTOBBIM CHUTHAJIOM, IO TOJIOXUTEIbHOMY
(GpPOHTY KOTOPOro HMPOM3BOAMTCS 3allKMCh B JBa IOCJIEIOBATEIbLHO
BKJIFOUEHHBIX perrcTpa. Korma Ha Beixome peructpa RG1 mpucyrct-
ByeT N-¢ 3HaucHHE BXOIHOIrO Koma, Ha Beixoae peructpa RG2 Oymer
(N-1)-e 3HaueHue 3TOTO Xe KoAa.
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Puc. 4.21. CxeMa BbIYMCJIE€HMs Pa3HOCTU 3HAYEHU KOJOB B JIBYX IOCJENOBaTEIb-
HBIX TaKTax. £

IlonaBasg 3Tu nBa Koaa C BBIXOJOB PErMCTPOB Ha 4-pa3psiaHbIi
CyMMaTtop, BKJIIOYEHHBIM B pexXuMe BblYMTaHUs (CM. puc. 3.22), MbI
ToJlydyaeM Ha BBIXOJ€ CyMMaTropa KOl pa3HOCTU Mexmy N-M 3Haye-
HueMm M (N-1)-M 3HaueHneM. B maHHOM cilygae o4yeHb ymoOeH pe-
ructp TMS8, umermolmuii MHBepCHBbIE BBIXONBI. [JsT oOecreyeHUsI
CTPOTrO OJHOBPEMEHHOTO M3MEHEHHSI BBIXOJHBIX CUTHAJIOB CymMMa-
TOpa MOXHO BKJIIOYWTH IOMOJHUTENBHBIM BhIXogHOU peructp RG3,
TaKTUPYEMBIM TEM XK€ cCaMbIM OOIIMM TaKTOBbIM curHajioM. IlpaBna,
KOJl pa3HOCTH TIpY 3TOM OyIeT 3amepkaH Ha OAUH TakT.

Peructpsl Takke MIMPOKO MCITOIB3YIOTCS ISl OpraHu3aiuy KOH-
BeliepHOIT 00pabOTKU, MO3BOJISIIONIEH CYIIECTBEHHO MOBBICUTh TaK-
TOBYIO 4YacTOTy pa0OThl CXeMbl. YCKOpPEHHUE IPU 3TOM ITOCTUTAETCS



3a cyeT pacmapaliieIMBaHUSI PabOThl HECKOJBKUX MOCIEA0BATEIbHO
BKJTIOUEHHBIX Y3JIOB CXEMBI.

IlycTh, HampuMep, IMOCIEIOBATEIbHOCTb BXOMHBIX KOIOB, Clie-
IYIOIIMX ¢ MmepuoiaoM T, MOCTyImaeT Ha BXOH LIEMIOYKU U3 JIBYX y3-
JIOB, TIPOU3BOISIINX O0PabOTKY WM TpeoOpa3oBaHME 3TUX KOIOB
(puc. 4.22). Y3nbl 3TM MOIYT IPEACTABIATH CO00il KOMOMHAILIMOH-
HbIe MHUKPOCXEMBI (HampuMep CYMMAaTOpbl) WM 0ojice CIOXHBIE
YCTpOMCTBa, BKIIOUAIOIIME B CceOS MUKPOCXEMbl CUYETYMKOB WU
MMKPOCXeMBI MaMsITU. [JTaBHOE COCTOUT B TOM, UTO BBIXOIHbBIE CHUT-
HaJlbl 3TUX Y3JIOB BBICTABJISIIOTCS HE MTHOBEHHO, a B TeUeHUE KaKo-
TO-TO KOHEYHOTO BPEMEHM, BEIMUYMHA KOTOPOTO OIpeAe/IsIeTCs
BHYTPEHHUM CTpoeHueM y3ia. [lycTh 3amepkka yCTaAHOBJIEHUS BbI-
XOIHOTO KOJIa TIEPBOTO y3/1a paBHseTcs t,, a 3amepxkKa yCTaHOBIE-
HUS BBIXOTHOTO KOJa BTOPOTO y3ia cocTaBiseT t,. O4eBUIHO, 4TO
MepUoJ CJIeIOBaHUS BXOAHBIX KogoB T He JOJKeH OBITh MEHBbIIIE,
yeM CyMMa 3THX IBYX 3alepxKeK:

T > 1+t

MHave Kon Ha BBIXOIE LIEMOYKM MOXET HUKOIJIA He IIPUHATDb YCTOﬁ—
YHUBOTO 3HAYCHMA, TaK KaK HCpCXOZ[HbIﬁ Ipouece npeablaymero Tak-
Ta 6YI[CT CMEHATHCA TICPEXOAHBIM IIPOLCCCOM CJIICAYIOUMIETO TakKTa.
To ectp 6bICTpOZ[CI>iCTBH€ Y3JIOB HaKJIaabIBa€T XKECTKOC OrpaHUYC-
HHME Ha TAKTOBYIO 4aCTOTY.
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Puc. 4.22. Pa6ora nocienoBaTeIbHOM 1LIEMOYKN ABYX Y3JI0B.

OmHaKo MOXHO OOOMTH 3TO OrpaHMUYEHUE, €CIU BOCITOIb30BaTh-
csl IPUHLUAIIOM KOHBeliepa, 3aCTaBUTh Y3JIbl paboTaTh He MOC/eI0Ba-
TeJbHO, a TapajieJbHO. DTO JOCTUTaeTCsl BKIIOUEHUEM MEXIY y3-
JIAMU PETUCTPa, TAKTUPYEMOTO BXOOHBIM TaKTOBLIM cuTHayioM. Ele
OIMH PETUCTp LIeJeCOOOpa3HO BKIIOUMTH HA BXOAE BTOPOro y3ia,
YTO 00ECMEUUT MIUTEILHOCTh YCTOMYMBOIO KOJA Ha BBIXOJE BCETO
YCTPOMCTBA, PaBHYI JIUTENIBHOCTH IepUoAa TaKTOBOTO curHajga T
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(puc. 4.23). B pesynbTaTe orpaHUYeHHME Ha II€pUOI TaKTOBOI'O CHI-
HaJjla CTAaHOBUTCS OoJiee MATKUM: T He HOJKHO OBITh MEHbIIIE MaK-
CHUMaJIbHOM M3 IIBYyX BeJMYMH t, M t, C 1O0OaBJIEHMEM BPEMEHM 3a-
IepXKKU perucTpa:

T > max {t;.t:} + tpe.
To ecTb K cleaylomeMy (MpOHTY TAKTOBOTO CUTHANA JOJKEH 3aKOH-

YUTh CBOIO pabOTy caMbIii MEIJIEHHBI U3 y3JI0B, M TOLJA €ro BbI-
XOIHOM KON OyIeT 3amucaH B PETUCTP MPaBUJILHO.
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Puc. 4.23. KoHseiiepHast 06paboTKa ¢ TTOMOIIIbIO PETUCTPOB.

To4HO TaK Xe MOXHO ITOCTPOUTHh KOHBelep Ha J1100oe KoJnue-
CTBO TIOCJIEI0BATEILHO BKIIIOUEHHBIX y3710B. KOoHEUHO, B pe3yibTare
BBEICHMSI KOHBeliepa MPOUCXOOUT 3aJepKKa BBIMOTHEHMS TTOJTHOM
(GYHKLIMU YCTPOMCTBA HA YUCJIO TAKTOB, PAaBHOE YMCIY BBEIECHHBIX
peructpoB. OmHAKO B TOM cllyyae, KOraa HeoOXoauMo o00pabaThl-
BaTh OOJIbIIME TTOCIEI0BATEILHOCTA BXOAHBIX KOIOB, 3Ta 3aiepiKKa
HabomaeTcsl TOBKO OOWH pa3 — B CaMOM Hayajie MociefoBaTelb-
HOCTH, a 3aTeM yKXe¢ OHA He UMeeT 3HAUeHUS.

Peructpbl MOTYT TakxXe TPUMEHSITLCS B COCTABE BBIYMCIIUTEIIEH,
BBITIONHSIS (DYHKIIMIO HAKOMUTENSI pe3ysibTaTa BbIUMCIEHUIA. B maH-
HOM cJlydae Mbl yXe HMMeeM Jelo ¢ 0oyiee CIOXHOI 00paGoTKOM
UHOpMAaLINY, YeM B CiIydyae YMCTO KOMOMHALIMOHHBIX cxeM. C Kax-
IBIM TaKTOM B PErucTpe OOHOBISIETCS COOCPXKHMMOE, SIBISIOIIEeCs
pe3yabTaTOM MaTeMaTU4eCKoi 00pabOTKM BXOITHOTO KOJA U pe3yJib-
TaTa MpeAbIAYIIET0 BhIYUCICHUS.
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Paccmorpum nBa mpuMepa cXeM TaKUX BBIYMCIUTENEH.

TlepBas cxema H3BeCTHA KaK HAKAaIUIMBAIOIIMA cymMMmaTop,
TIPUMEHSTIONINICS, HampuMep, B LU(MPOBBIX T'eHepaTopax aHajaoro-
BBIX CUTHaJOB. B camMoM Ha3BaHMM CXeMbl OTpaxeHa ee (hyHKIIUS:
OHa CyMMHUpYeT M HaKaruiMBaeT pe3yabTar. HakamauBamoiuii cym-
Marop (puc. 4.24) coCTOUT M3 CyMMaTropa M BBIXOJAHOIO PETUCTPA,
OXBaYeHHBIX OOPaTHOM CBSI3bIO.
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Puc. 4.24. CrpykTypa HakarulMBalolllero cyMmaropa.

Takum obOpa3oMm, Ha OAMH BXOJA CyMMaTopa IOHAeTCs KOA C BbI-
XOJIOB pErvcTpa, a Ha Ipyroil BXOI — BXOIHOW Koa. B pesymbraTe c
Ka>XIIbIM CJICAYIOIIUM (I)pOHTOM TaKTOBOI'oO CMrHajia B perucCTp 3alm-
CBIBA€TCsA KOJ CYMMbI BXOJHOI'O Koga C MNpEAbIAYIIHUM COACPKMMBIM
perucTpa, ¢ Ipenplaymieii cymmoi. Hampumep, ecnm BXOZHOI Ko
paBeH 3, a B perMCTpe 3arucaH Kom 6, TO B CJIEOYIOIIEM TaKTe B pe-
ructp OyneT 3amucaH kKox 9 (to ectb 6+3), B CilenylolleM TaKTe —
kon 12 (to ectb 9+3) u T. n. IlomydyaeTcsi, YTO Ha BBIXOJE HAKaIlJIM-
BaloIIeTO CymMMaTopa (popMHUpYeTCsSI paBHOMEPHO YBEIUYWBAIOIIMIA-
Cs ,Z[BOVI‘{Hblﬂ KO, 1 Imiar 9Toro yBeJIM4Y€HUsSA MOXKHO MEHSTD. B JOaH-
HOM cjy4dae yIOOHO NPUMEHSATh PEeTUCTP CO COpPOCOM, Hampumep
HP35.

OTMETUM TpU OCOOCHHOCTH HaKaIIMBaOLIETO CyMMaTopa.

Bo-mepBbiX, KOrjga BBIXOAHOW KOHI JOCTUraeT MaKCHMAaJIbHOM
BEJIMYUHBI (CTAHOBUTCSA OoJblIe 2II, TIe . — KOJUIECTBO pas3psioB
perucrpa), IPOUCXOIUT MEePEIOJTHEHNE CXeMbl U BO30OHOBJICHUE e¢
paboThl ¢ MUHUMMAaIBHBIX 3HaUeHU Koma. OMHAaKO COBCeM He 00s3a-
TEJbHO B CJIeAYyIOIIeM IIMKJe pabGoThl OyIyT TOBTOPEHBI Te XK€ 3Ha-
YeHUs KojJa, 4YTo 1 B mpeasiayiieM. Harmpumep, mycTs I paBHsieTcs 4,
TO €CTh MaKCHMaJbHOE YMCJIO Ha BBIXOJAE perucTtpa paBHo 1111 B
JIBOMYHOM Koie wiu 15 B mecatmyHoMm Kone. IlycTh BXOmHOM KO
paBeH 3. Torma mocie Ha4aJlbHOIO COpOcCa pPerucTpa BBIXOTHON KOI
Oymet Hapacrtath Tak: 0, 3, 6, 9, 12, 15, 2, 5, 8, 11, 14, 1, 4, ... B10
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TIPOMCXOIUT ITIOTOMY, YTO CyMMUpOBaHUe uncen 15 u 3 gact 18 umm
B aBomyHoM Kome 10010, a Tak Kak MBI pabdOTaecM TOJIbKO C MJIa-
IIMMU YeThIpbMs pa3psinamu, y Hac moxyuautcs: 0010 vau 2.

Bo-BTOpEIX, 0COOCHHOCTh HAKAILUIMBAIOIIEIO CYyMMAaTOpa COCTOUT
B TOM, YTO TpU OOJBIIMX 3HAYCHUSIX BXOAHOIO Koja (OOIBIINX ITO-
JIOBUHBI MaKCUMajJbHO BO3MOXKHON BEJIMYMHBI) OH MOXKET paccMmar-
pUBaThCcsl KaK HaKaIlJIMBAIOLIWI BbIUMTATeNb. IlycThb, Hampumep,
BXOIHOM Ko 4-paspsigHoro cymmaropa paseH 15 (1111 B aBondyHOM
Kone), a B peructpe 3anucaHo yucyio 13 (1011 B nBomyHOM KOIE).
B cinenyromemM TakTte B peructp 3anmuercs cymma 1101 + 1111 =
11100, a 6e3 crapuiero paspsina — 1100, To ectb 12. To ecTb BbI-
XOITHOM KO YMEHBIIMICS Ha CAUHMUILY.

Haxkownen, B TpeTbUX, COBCEM He 00s3aTeIbHO, YTOOBI IIar Ha-
pacTtaHusl BBIXOJHOTO KOJa HaKaIlJIMBaIOIIero cCyMMmaTopa ObUT Iie-
JeiM umciioMm (to ectb 0, 1, 2, 3, ...). Ecim B KayecTBe BBIXOJHOTO
Kofia OepyTcsl He BCe, a TOJbKO CTaplliMe pa3psiibl perucTpa, TO Iar
HapacTaHMUsI BIIOJTHE MOXET OBITH ApOOHBIM, Hampumep, 0,5, 1,25
win 3,75. He Bomemie B BEIXOOHOI KO pa3psiabl OyoyT MMETh BeC
2" (to ectb 0,5), 27 (1O ectb 0,25) u T. n. [IpaBaa pe3yabTaT cyM-
MUPOBAaHMSI B BBIXOAHOM Koje OyaeT MpeacTaBieH ¢ TOUHOCThIO J0
ueblx yrces. [1pyu aToM BO3MOXHA CUTyallvsl, KOTJIa B Te4eHUe He-
CKOJILKMX TaKTOB KON Ha BBIXOAE HE MEHSIETCsI, HallpuMep, IIpu
BXOomHOM Koze 0,5 BBIXOZHOI Koi OydeT MEHSITbCSI ONMH pa3 Ha ABa
TakTa, a Ipu BXogHOM Koae 0,25 — onuH pa3 Ha YeThIpe TaKTa.

Ha puc. 4.25 nokaszaHa cxema 8-pa3psiIHOTO HaKaIlJIMBAIOIIETO
cyMMaTopa Ha JIBYX MUKpocxeMax cymmaTopoB M6 u omHOM pe-
ructpe MP35. B kauecTBe BBIXOAHOIO KOJa MCIIOJB3YEeTCsI TOJIBKO 6
CTapIiuX pa3psaoB C BHIXOJA PETMCTpa, IIO3TOMY 3adaHUe Iara
TpUpAIIEHUST BO3MOXHO ¢ TOYHOCThIO no 0,25. MakcuManabHO BO3-
MOXHas 9acTOTa TaKTOBOTO CHMTHAaJla MOXET OBITb OImpeleieHa 0
dopmye:

T> tsum + trg.

rie T — mepuon TaKTOBOTO CUTHajia, t — — 3alepxka §-pa3psiiHOro
cymmartopa, a t,, — 3aiepxkKa perucrpa.

IMocnennuit mpuMep NMPUMEHEHUST PETUCTPOB, KOTOPBI MBI pac-
CMOTPUM, — 3TO BBIYMCIUTEb MAKCUMAJIBHOTO 3HAYEHUS BXOIHOTO
Kona. Takoil BBIYUCIUTENb, HATIpUMEP, MOXKET MPUMEHSITHCS B CXe-
Max 1IM(POBBIX OCUMILIOrpadoB sl U3MEPEHUsT aMIUTUTYIbl BXOM-
HOT'O aHaJIOTOBOI0 CHUTHAaJIA.
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Puc. 4.25. HakanauBawoinuii cymMMaTrop.

Ilycth MBI MMeEM IOCJIE€A0BAaTEIbHOCTh BXOAHBIX KOIOB, U HaM
HEOOXOIMO BBISIBUTh 9KCTPEMaTbHBIN (TO €CTh MAaKCUMAaJbHBIN WU
MMHUMAJIbHBIN) KO U3 BCEU 3TOU MocaeaoBaTEIbHOCTU. DTa 3a1avya
pelraeTcss NOBOJIbHO MPOCTO MyTEM IPUMEHEHUS KOoMIlaparopa KO-
JIOB U PETUCTPA, OXBAaYeHHBIX 00paTHOM CBs3bIO (puc. 4.26).
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Puc. 4.26. BoiuuciauTesib 5KCTPEMaJIbHOTO 3HAYEHUSI BXOJAHOTO KOJa.
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B manHOM cilygae ymoOHO MCIIOJNB30BaTh PETHCTP CO BXOIOM
pa3pemenus 3anucu (M1P27). B perucTtpe coxpaHsieTcsl KoM 3KCTpe-
MyMa (MakcUMyMa Wi MUHUMYMA), 8-pa3psIHbli KOMIIapaTop, CO-
craBlieHHBIN 13 AByx MuKpocxeM CII1, cpaBHUBaeT coaepXumoe
perucTpa U TeKylllee 3HaueHUe BXOAHOTO Koma. DinemMeHT Mckio-
yatoniee MJIN BbImOMHSET (hyHKIIUIO YIIPABISIEMOTO MHBEPTOpPA, BbI-
Oupast pexxMM BBIYKCJICHUS MaKcUMyMa (eIVMHUIA Ha YIIPaBISIOLIEM
BXOJIE) WM MUHUMYyMa (HyJIb -Ha YIpaBJISIOIIEM BXOJE).

HorycTuM, MBI BblUMCIsieM MakcuMmyM. Ilpu aToM 3amuch B pe-
TUCTP TEKYIIEro 3HAaYeHMUsS BXOJHOTO Koma OydeT IPOU3BOIUTHCS
TOJILKO B TOM' CJIydae, KOTaa 3TO TeKylllee 3HaueHue OoJibllle yucia,
cozpepxallerocsi B perucrpe. Ha BwIXoge «>» KomIlapaTopa KOIOB
OyIeT TOoTaa CUTHAJ JTOTUYECKOW €IWHUIIBI, a Ha BXOJAE pa3pelleHus
3anucu peructpa -WE — curHan jorudeckoro Hymss. Ecnu ke Te-
Kylllee 3Ha4YeHUE BXOMHOTO KOJIa MEHbIIEe KoJa, COmepXKalllerocsl B
perucTpe, 3anmuch He TTpousBoauTcs. ITocie okoHYaHKWST BXOTHOM ITO-
CJIeIOBATEIbHOCTU KOIOB (MJIU TTOCIe OKOHYaHUSI OTHOTO ee Tepro-
Ja TIpY TIEPUOINUYECKOI TTOCIeI0BaTeIbHOCTH) B PETUCTPe OCTAHET-
Csl MaKCUMaJIbHOE 3HAYeHHUe BXOIHOTO KOJa.

AHaJIOTMYHO BBIYUCIISIETCS U MWHHUMYM, TOJIbBKO B JaHHOM CJIy-
yae B perucTp OyJeT 3alMChIBaThCsl HE TOJBKO KO, MEHBIIMNA YMciIa
B pErucTpe, HO M KO, paBHBIM 3ToMy 4uciy. IToHSITHO, 4TO Ha KO-
HEYHBbIN PE3YyJabTaT BHIYUCICHUSA 3TO HUKAK HE IMOBJIUACT.

4.2.2. PerucTpsl, cpadaTbiBaloIye Mo YPOBHIO

ITapannenbHble peTMCTPHI, cpabaThIBaIOIIME MO YPOBHIO CTPOOU-
pylolllero curHaja (Miad, KakK MX ellle Ha3bIBaloT, PEeTMCTPhbI-3a-
1mesku, aHriauiickoe Latch), MoOXHO paccMmaTpuBaTh KaK HEKUI
rubpua Mexny oydbepoMm u peructpoMm. Korma curHaia Ha cTpoOu-
PYIOILLIEM BXOA€ E€IWHWYHBINA, TAKOW PErucTp IIPOIYCKAET 4Yepes
ceba BXomHbIE MH(MOPMAIMOHHBIE CHUTHaJBl, a KOIJa CTPOOHU-
PYIOIIMI CUTHAJT CTAaHOBUTCS paBEeH HYJIO, PETUCTP TEPEXOAUT B
PEeXUM XpaHEHHUSI MOCJIEeIHEro U3 IMPOMYyIIEHHBIX 3HAYCHUN BXOM-
HBIX CUTHAJIOB.

IIpuMmeHeHre TaKUX PEerMcTPOB CWJIBHO OTPpaHUYEHO, XOTS MHO-
IJa OHU NOBOJIbHO YHOOHBI. B HEKOTOpBIX cxeMax OHU MOTYT yC-
TMEIIHO 3aMEHSITh PETMCTpPhI, cpabaTbhiBaloliKe Mo (POHTY, a B IAPYy-
TMX cCXeMax UX MPUMEHEHHWE BMECTO PErMCTPOB, CpabdaThIBAIOIIMX I10
(bpoHTY,HENOITYCTMO.
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B craHmapTHBIX cepusiX MUKPOCXEM PErucTphl, cpabaTbiBaloliue
10 YPOBHIO, TIPEACTaBICHBI TOPa3a0 MEHbIIIE, YeM PEeTUCTphI, CpadaThi-
Batomue 1Mo ¢poHty. Ha puc. 4.27 B KauecTBe IPUMEPOB IMTOKA3AHBI
JIBE MUKPOCXEMBI 3TOro TuIa; 4-paspsigHoro peructpa TM7 u 8-pas-
psaHoro peructpa MP22. Crpobupylomne Bxoabl C Hepeako Ha
cxemax obOosHavaioT E (ot anriumiickoro Enable — paspeieHue)
JIJISI TOTO, YTOOBI HE MyTaTh UX C TAKTOBBIMU BXogamMu D-Tpurrepos.
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Puc. 4.27. Peructpsl, cpabaThiBamoIlKe MO YPOBHIO.

Muxkpocxemy TM7 (1 6imskyto K Heit TMS) yacTo Ha3bIBalOT Ha-
OOpPOM TPUITEPOB, HO €€ MOXHO paccMaTpvBaTh U Kak peructp. Muk-
pocxemMa COCTOUT U3 YEThIpEX TPUITEPOB, CTPOOUPYIOIINE BXOIbI KOTO-
pbix C coearHeHbI MOMapHO, TO €CTh MOXXHO TOBOPUTH O JBYX ABYXpa3-
psIIHBIX perucTpax-3amienkax. Bxoast C1 u C2 MuUKpocxeMbl yIpaBiisi-
10T KaXKIbIii IBYMS pa3psimaMu JaHHBIX. Bce Tpurrepbl IMEIOT Kak Mpsi-
MbIe, TaK M MHBEPCHBIC BBHIXOIBI, YTO MHOTMA O4eHb yaoOHo. Tabmauia
HWCTUHHOCTU MUKpocxembl TM7 nipuBeneHa Hipke (1adi. 4.7).

Ta6auua 4.7. Tabnuua uctuHHOCTU peructpa TM7

Bxonpl Brixonpl
D C Q -Q
0 1 0 1
1 1 1 0
0 0 He mensiercs
1 0 He MmeHsteTcst

IIpu emunuiie Ha Bxoae C BBIXOAHBIE CUTHAJIBI IMOBTOPSIIOT
BXOJIHBIE, TO €CTh PETMCTP pabOTaeT KaK OObIYHBIN Oydep ¢ mpsMbl-
MM U MHBEPCHBIMU Bbixofamu. IIpu Hysne Ha Bxome C Ha BbIXOJE pe-
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TUCTpPa MOCTOSTHHO XPaHUTCS Ta BXOAHask MH(GOopMaiysi, KoTopasi Obl-
Jla B MOMEHT IIpPUX0Ja oTpuliaTeabHOro ¢gponrta curHaga C. OmHako
TOBOpUTH, 4TO peructp TMT7 cpabarbiBaeT TI0 OTPULIATEIbHOMY
¢poHTy curHana C, HeBepHO, TaK KaK MH(MOpMAIMS Ha BBIXOIE Me-
HSETCS HE TOJBKO IO 3TOMY (DpOHTY, HO U B MOMEHT M3MEHEHMSI
BXOMHBIX cUTHaIOB ripu C = 1.

Peructp P22 ornuyaetrcst or TM7 Tem, 4TO MMeET BBIXOABI C
TpeMsI COCTOSTHUSIMU (M COOTBETCTBEHHO BXOJ pa3pellieHUsT BCEX BbI-
xo10B -EZ) u TeM, uTo BCeMM BOCEMbIO pa3psiiaMU yHpaBiseT OduH
crpooupyromuii curHan C. CyTth pabOTHI OT 3TOr0 HE M3MEHSIETCS.
Ilpu emmnune Ha Bxome C peructp paboTaeT Kak Oydep-
MMOBTOPUTEIb, a MPpU Hyne Ha Bxome C — XpaHUT Ty WH(POPMAIIUIO,
KoTopasi Obljla Ha BXOJI€ B MOMEHT OTpHIIaTeIbHOTO (hpoHTA CUTHAja
C. Boixons! y peructpa MP22 tonbko mpsimbie. Kak v Bce perucTphl
C TPeMsI COCTOSIHMSIMU Bbixopaa, peructp P22 mMeeTr mMoBbIIEHHYIO
Harpy30uHyio CIIOCOOHOCTh. TabOimiia UCTUHHOCTU peructpa MP22
IpuBeneHa Hke (Tadi. 4.8).

Ta6auua 4.8. Tabnuua uctuHHocTH peructpa P22

Bxonpl Brixon
-EZ C D Q
0 1 1 1
0 1 0 0
0 X He mensiercs
1 X X Z

BenuuuHbl 3aaepkeK TPUITEPOB, CpabaThIBAaIOIIUX IO YPOBHIO,
B 1,52 pa3za mpeBbIlIaOT 3aAepXKu D-TpurrepoB. s mpaBuiabHOM
pabOThl MUKPOCXEM MOJIOXUTEIbHBIM UMITyJbc Ha Bxoae C He moJi-
JKeH OBIThb CJIMIIKOM KOPOTKHMM, a 3aJepXKa MeXITy W3MEHEHHEeM
nHdopmaumu Ha Bxofe D u oTpuniarebHbIM (hpoHTOM curHajga C He
JIOJDKHA OBITh ciauiikKoM Mmanoit. MHdbopmaums Ha Bxoge D He moik-
Ha CJIMIIKOM OBICTPO CHMMATbCSl TOCJE OTpUIATEJILHOrO (hpoHTa
curHana C.

OcHOBHOE TTPUMEHEHUE PEeTUCTPa, CpadaTHIBAIOIIETO MO YPOBHIO
CTPOOUPYIOIIEro CUTHala, COCTOUT B 3alIOMMHAHUM Ha KaKoe-TO 3a-
JAaHHOE BpeMsI BXOJHOTO Koja, MpUYeM B OCTaJbHOE BpPEMs BBIXOI-
HOI KOJ perucrpa MOJIKEH ITOBTOPSTH BxomHo#t (puc. 4.28). Ctpo-
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oupyrommii curHaia C B 3TOM cliydae JOJKEeH OBbITh OTpUIIaTeIbHBIM
Ha BCe BpeMs 3allOMUHAHMs, W 3allOMUMHATLCA OymeT BXOMHOM Ko
perucTpa B MOMEHT OTpuIaTeNbHOro (IepeaHero) (poHTa cUrHa-
ma C. IlomoOHas yHKIIUS ObIBaeT, HaIIpuMep, HEOOXoaMMa TIpH TT0-
CTPOEHUH YCTPOMCTB COMpPSDKEHMS UISI KOMIIbIOTepoB. Perucrtp, mo
CyTH, IIPOIJIEBaeT BO BPEeMEHM HEOOXOAMMOE 3HAaYeHME BXOMTHOIO
KO/a, B OCTaJbHOE BpeMsl paboTast Kak IOBTOPUTEIb.
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Puc. 4.28. TlpomieHue AAWTEILHOCTM BXOJHOTO KOAAa C IIOMOIIBIO perucTpa-3£-'
LIEITKH.
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Puc. 4.29. Wcnonb3oBaHue peTMCTpa-3allleikKi JIsT 3aMEHbl PerucTpa, cpabarhbl-
BaloIIIETro Mo (PpOHTY.

B psime ciyyaeB pervMcTpbl JAHHOTO THIIA MOTYT YCHEITHO 3aMe-
HSITb PETUCTpPhI, cpabarbiBawolue Mo ¢pouty. Hanpumep, Takas 3a-
MeHa BO3MOXHA B Clly9ae HEOOXOIMMOCTHU 3alTOMUHAHUS BXOIXHOTO
koma mo curHamy C mo MOMeHTa Tpuxoaa cienyiomniero curHaiga C
(puc. 4.29).

Curnan C B ZaHHOM clydae JMOJDKEH ObITb KOPOTKWUM ITOJIOXKU-
TEJTBbHBIM WMITYJIbCOM, TIPHUYEM OH 00s3aTeTbHO IOJDKEH OBITH <«BJIO-
XKeH» B 3allTOMUHAEeMBII BXOTHOM KON, TO €CTh HAYMHATLCS HoC/1e
Havyayia (MOMEHTa YCTaHOBJIEHMsI) KOIa, a 3aKaHYMBaThCS 0o KOHIIA
(MOMeHTa CHSATHUSI) Koja (3TO TaK Ha3bIBAEMBIIl BIIOKEHHBIM ITUKJT).
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ITo nepearHeMy ¢ponTy curHana C perucTp mepeimeT B peXXuM Mpo-
IMyCKaHMUsI BXOOHOTO KOJa, a MO 3aJHEMY — B PEXXUM €ro XpaHeHUs.
[MosToMy 3amuchIBaeMBbIii KO Ha BBIXOJE PErUCTpa MOSIBUTCS IO T10-
JoXUTeNbHOMY GpoHTY curHama C, TO eCTh TOYHO TaK Xe€, Kak U B
cJydae perucrpa, cpabaThIBAIOMIEro Mo (GpoOHTY.

OnHako TTomoOHas 3aMeHa PerucTpa, cpadaThIBaroOIIero 1mo GpoH-
Ty, Ha PErucTp, cpabaThIBAIOIINIA 0 YPOBHIO, BO3MOXHA JAlIEKO He
Bcerga. HekoTopble cXeMbl B MPUHIIUIIE HE MOTYT paboTaTh C PETUCT-
pOM-3allleJIKOi JaXe IIpM O4YeHb KOPOTKOM curHaie Ha Bxome C.
IMpumepoMm MOXKET CIYXWThb yKe YITOMUHABIIASCS CXeMa HaKarliu-
BaIOILIETO CyMMaTopa, KOoTopasi paboTaeT MCKIIOYUTETbHO C PErucT-
poM, cpabarthIBalOIIMM 110 (POHTY. Benb Npy eIMHUYHOM CUTHAJIe Ha
Bxome C perucTp-3allieNika TYT Xe MepeiieT B COCTOSIHUE MpPOIyCKa-
HMS BXOJHOTO KOMa, W B pe3yJibTaTe 3aMKHETCs JIABUHOOOpa3Hasi 00-
paTHas CBsSI3b: KOJ C BBIXOAA PErvcTpa OyOeT CKIaIbIBaThCS CO BXOJ-
HBIM KOIOM OecKoHeuHoe 4ucio pa3 (puc. 4.30). Koneyno, mpu Ko-
POTKOM MMIyJibce Ha BXoge C 3TOT HeymnpaBisieMblil MpoLEece ObICTPO
MPEKPATUTCSI, HO UTO 3a MHMOPMALs B Pe3y/IbTaTe OCTAHETCS B Pery-
cTpe Toclie OKOHYaHus curHana C, TpeackasaTh HEBO3MOXHO.
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Puc. 4.30. JJaBuHoOOpa3Hasi 0OpaTHasi CBA3b B HAaKaILJIMBAIOIIEM CyMMaTOpe C perv-
CTPOM-3aLLIEJIKOM.

N takux CXEM, MMPpUHLUIINAJIbHO HE AOITyCKaroIMX NMpUMEHCHUA
perucrpa-3alicjikK1u, AOBOJBHO MHOTIO. HMmenHO IIO9TOMY IPUMECHE-
HHUE HMX CUJIBbHO OI'pPaHMYCHO, a BLIGOp MUKPOCXEM B CTaHAAPTHBIX
CEpUAX HEBCJIUK.

4.2.3. CaBuroBbie perucTpbl

PerncTpel cimBWra wmiaM CIBUTOBBIE PErUCTphl (aHTimMiickoe Shift
Register) mpenctaBasioT coboif, KaK yXe OTMeUYalioch, MOCJEHO0-
BaTeIbHO COCAWHEHHYI0 LEMOUKy TpUITepoB. OCHOBHON pexXuUM
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UX paboOThl — 3TO CABUT pas3psigoB Koja, 3alUCaHHOTO B 3TH
TPUTTEPHI, TO €CTh MO TAKTOBOMY CUTHAJy CONEPXKUMOE KaxXXIOro
MPEeabIAYIIEro TPUITEpa TMePENMUChIBAETCS B CIAEAYIOIIUN IO TMO-
pSOKY B Liermouke Tpurrep. Kop, xpaHsuuiics B peructpe, ¢ Kax-
IBIM TaKTOM CIOBUTAeTCS Ha OOWH pas3psii B CTOPOHY CTaplIUX
paspsaoB WK B CTOPOHY MJAIIIMX Pas3psiaoB, 4YTO U Jajo Ha3Ba-
HUE perucTpaM JaHHOTO THIIA.

C HasBaHUSMU HAIpaBlIeHWIA COBUTa B CABUTOBBIX PETHCTPAx
4yacTo BO3HUWKaeT IyTaHuua. CHBUT ObIBAaeT ABYX BUIOB: BIIPABO
(OCHOBHOI peXXUM, KOTOPBI €CTh y BCEX CIBUTOBBIX PETUCTPOB) M
BJIEBO (3TOT PEXUM €CTh TOJIHKO Y HEKOTOPBIX, PEBEPCUBHBIX CABU-
TOBBIX perucTpoB). HasBaHMS 3TH OTpakaloT BHYTPEHHIOK CTPYKTY-
py peructpoB casura (puc. 4.31) m mepe3anuch CUTHAJIOB IOCJIEI0-
BaTEJIbHO IO 1LIETIOYKe TPUITEepOB. IIpn 3TOM TpUITEpHI, BIOJHE €C-
TECTBEHHO, HyMEPYIOTCS ClieBa HampaBo, Hanpumep, ot 0 go 7 (mnm
oT 1 mo 8) mnsa 8-paspsmHbIX perucTpoB. B pesynbTate CIBUT WH-
¢dopMay perucTpoOM BIIPABO MPEICTABISIET COO0M CABUT B CTOPOHY
pa3psaoB, UMEIOIINX GONbIIME HOMEPA, a CABUT MH(GOPMAIIUKA pPeTu-
CTPOM BIIEBO — 3TO CABUT B CTOPOHY Pa3psiioB, UMEIOIINX MEHBIINE
HOMepa.

Cimar Bipano ,
C| T | rCT_| —~+¢| T | c|T
Bxoa—1D D D ——ree D
Takr
0 1 2 7

Puc. 4.31. HanpasjieHue cABUra B CIBUTOBBIX PETUCTPaXx.

OnHako, KaK U3BECTHO, B JTIOOOM TBOMYHOM UMCIIE CIIeBa PacIio-
JIOXXEHBI CTapilive pas3psiibl, a crpaBa — crapinne paspsasl. [loaro-
My CIOBUT ABOUYHOTO 4YHWCIa BIIPABO OYOET CABUTOM B CTOPOHY
MJIaJIINX Pa3psaoB, a CABUT BIEBO — CABUTOM B CTOPOHY CTapIIMX
pa3psmoB. DTO MPOTUBOpPEYNE He UYeil-TO 30U YMBICEN, TIPOCTO TaK
CIIOXWMJIOCh MCTOPUYECKU, U 00 BTOM HaJ0 MOMHWTH pa3pabOTIMKy
undpoBoit anmaparypsl.

B cranmaptHele cepun IUGPOBBIX MUKPOCXEM BXOAUT HECKOJb-
KO TUTIOB CIBUTOBBIX PETUCTPOB, OTJIMYAIOIINXCS BO3ZMOXHBIMU pe-
XKUMaMU paboThI, PEXXMMaMU 3aTTCH, YTEHUS U CIBUTA, a TaKXKe TH-
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noM BbIXOomHBIX KackamoB (2C mimu 3C). BoJbIIMHCTBO PEermucTpoB
CIOBUTAa MMeET BoceMb pa3psamoB. Ha puc. 4.32 mpencraBieHbl IS
TIprMepa YeThIpe TUTIa MUKPOCXEM PETHCTPOB CABUTA.
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Puc. 4.32. CaBuroBbie perucTphl.

Pernctp P8 — nHambosee mpocToit m3 peructpoB capura. OH
MIPENCTaBIsIeT CO00M 8-pa3psmHYIO JIMHUIO 3aIepPXKKU, TO €CTh MMEEeT
TOJIBKO OIWH MH(OPMALIMOHHBIM BXOI, Ha KOTOPBIA ITOHAeTCs IT0-
clenoBaTteibHasl caBuraeMast mHopMauus (TouHee, ABa Bxoaa, 00b-
eqnHeHHBIX no ¢GyHkumu 21), m BoceMb mapajuleJIbHBIX BBIXOMIOB.
CaBur B CTOPOHY BBIXOIOB CO CTApIIMMM HOMEpPaMU OCYIIECTBIISIET-
¢ mo mepenHeMmy (poHTY TakToBoro curHaima C. Mmeercs Takke
BXoJ copoca -R, 1o HyJleBoMy CUTHaTy Ha KOTOPOM BCE€ BBIXOIBI pe-
THUCTpa cOpachIBaIOTCS B HYJb. Tabianiia MCTUHHOCTH peructpa MUP8
npuBeneHa Hke (Tadi. 4.9).

Tabauua 4.9. Tabauua uCTUHHOCTU peructpa capura P8

Bxonbt Brixonbt
-R C DI D2 Q0 Ql Q7
0 X X X 0 0 0
1 0 X X He menstores
1 1 X X He mensiores
1 0—>1 1 1 1 Q0 Q6
1 0—>1 0 X 0 Q0 Q6
1 0—>1 X 0 0 Q0 Q6
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Peructp NP9 BhinonHser dyHkuuio, odpatHyio peructpy UPS.
Ecmu P8 mipeoOpasyer BXOAHYIO MOCEAOBATEIbHYIO MH(MOPMAIINIO
B BBIXOAHYIO MapajiienbHyio, To peructp MP9 mpeobpasyer Bxom-
HYIO0 MapajuleJIbHyl0 HMH(OpPMAIMI0O B BBIXOAHYIO IIOCJEIOBATEb-
Hyto. OIHaKO CyTb CABMTA HE MEHSETCs, ITpocTo B peructpe NP9 Bce
BHYTPEHHUE TPUTTEPbl UMEIOT BhIBEICHHbBIC TMapajlieJibHble BXOABI, 1
TOJIBKO OJIWH, TOCJIEIHUI TPUTTEP MMEET BBIXOH (IMIpUYeM Kak TIpsi-
MO, TaK U UHBEPCHBIIT). 3aliCh BXOAHOTO KOAA B PETUCTP IPOM3-
BOIUTCSI TI0 HyJIEBOMY cHUTHaiy Ha Bxome -WR. Casur ocyiecTtsisi-
eTcs TI0 TIOJIOXKUTEIBbHOMY (DPOHTY HA OJHOM M3 IBYX TaKTOBBIX
BxogoB Cl m C2, oobemmHeHHBIX 1o GyHkunm 2UJIN. Umeercs
Takke Bxon paciuvpeHuss DR, curHaja ¢ KOToporo B pexXuMme CAIBUTA
repe3anychbiBaeTCs B MIaOIINM pa3psi CABUTOBOro perucrpa. Taob-
i uctuHHoct peructpa MP9 npusenena Hike (tadi. 4.10).

Tabauua 4.10. Tabnuiua uctTuHHOCTH peructpa casura MP9

Bxonpt DyHkiyst
-WR Cl C2
0 X X [MapasutenbHas 3anuch
1 1 X XpaHeHue
1 X 1 XpaHeHune
1 0 0—>1 Capur
1 0—>1 0 Cnsur

Kak u Bce ocTtambHBIE COBUTOBEIC PETHCTPHI, peructpbl UP8 u
MPY nomyckamT KacKaavpoOBaHUE, TO €CTb COBMECTHOE BKIIIOUCHME
TS yBendeHus paspssaHoctr. Ha puc. 4.33 moka3aHo o0beaMHEHNE
Tpex peructpoB UPS, a Ha puc 4.34 — coBMeCTHOE BKITIOUEHHE TpeX
peructpoB UP9. B oGoux ciaydasix B peaysibprare OObEAMHEHMS I10-
nydaercst 24-pa3psaHblii caABUTOBBIM peructp. [lpu atom yBenmde-
HUE pa3psaIHOCTH HE MPUBOAUT K YBEJIWYECHMIO 3aJE€PKKM CIBUTA,
TaK KaK TaKTOBBIE BXOAbl BCEX HCIMOJB3YEMbIX PETHCTPOB OObEIU-
HSIOTCS TTapayuiesibHo. B ciydae peructpoB P8 BxomHoit mociaeno-
BaTeJNbHBIM KOJ IpeoOpal3yeTcss B 24-pa3psmHbIii BBIXOAHOM I1apaj-
nenpHbIM Kom. B caydae perucrpoB MP9 BxomHoit 24-pa3psimHblil
MmapajUleJIbHBI KO IIpeo0pa3yeTcss B BBIXOAHOM ITOCIEIOBATEIb-
HBIN KO/I.
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Pernctp UP 13 coemmusieT B cedbe Bo3MoxkHOCTH pervctpoB MP8 n
MP9. OH mMmeeT Kak BOCEMb BXOMOB IS ITAPAJUIEILHON 3aIlCH, TaK 1
COOTBETCTBYIOIIME MM BOCEMb BBIXOIOB MapaUle/IbHON WMHMOpMAaILUN.
CIOBUT OCYLLIECTBIISIETCSI 10 TTOJNIOXUTEIbHOMY (DPOHTY TAKTOBOTO CUT-
Haita C, pu4yeM CABUT -BO3MOXEH KaK B CTOPOHY CTaplIMX pa3psiioB
(BIIpaBo), TaK M B CTOPOHY MJIAAIIMX pa3psinoB (BieBo). [l HapaliBa-
HUS paspsigHocTi y peructpa MP 13 mMeroTcd mocienoBaTebHbIC MH-
dopmanmonHbie Bxoasl DR 1 DL, curHambI ¢ KOTOPBIX BBOAITCS COOT-
BETCTBEHHO B MUIANIIMIA M B CTapIuMii paspsiabl. [IpemycMorpeH copoc
BCeX BBIXOAOB PErvcTpa B HyJIb IO HYJEBOMY CUTHAITy Ha BXoze -R.
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Puc. 4.34. Coenunenue peructpos MP9 st yBenuueHust pa3psiiHOCTH.

Pexxmm paboter pernctpa WP 13 ompenensercss OByMST yrpaB-
oMy Bxogmamu SR u SL. Ilpu enmauie Ha Bxome SR m Hyne Ha
Bxome SL mo ¢poHty cmrHaga C TIpOUCXOOWT CIOBUT B CTOPOHY
crapmux paspsaoB. [1pm Hyire Ha Bxoge SR m egunanie Ha Bxome SL
mo ¢poHTy curHajga C MPOUCXOAUT CABUT B CTOPOHY MIIAIINX pa3-
psnoB. Ilpum oboMx egMHWYHBIX CUTHajax Ha Bxomax SR m SL mo

6 - 4589
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¢ponTy curHajga C mpoMCXOAUT IapajiesibHasl 3arpy3ka MHpopma-
uuu B peructp. Bce 310 BUIHO M3 TaOJMLBI UCTUHHOCTUA PErucTpa
MUPI13(BTabdn. 4.11).

OtMetum, uto peructp UP 13 mpuMeHsieTcs1 3aMETHO pexe, YeM
oonee mpocteie peructpel MP8 u NP9, Tak Kak 3agad, B KOTOPBIX
ObUTM OBl HY>XKHBI Bce BO3MOXXHOCTHU peructpa UP 13 He Tak yxX MHO-
ro, a ynpasjieHue paboroii peructpa MP 13 noBosibHO clloXXHOE.

Tabmmua 4.11. Tabnuua uctuHHoctu peructpa UP13

Bxompr DyHKIMS
C -R SR SL
X 0 X X Cbpoc
0—>1 1 1 0 Casur BIpaso
0—>1 1 0 1 CaBur BieBO
0—>1 1 0 0 XpaHeHue
0—>1 1 1 1 [MapannenbHast
3aIuch

HaxkoHeu, mocjiegHUil COBUIOBBIM PErMCTp, KOTOPBIM MBI pac-
cMOTpUM TtoapobHee, 310 peructp MP24. ITo cBouM BO3MOXKHOCTSIM
oH 0mm3ok K UP 13, ogHako ero riaaBHOM OCOOEHHOCTBIO SIBISIETCS
JIByHarpaBJieHHas MapajijiejibHasi IuHa JaHHbIX. To eCTh OAHU U Te
K€ BBIBOJbI MUKPOCXEMbI UCMOJB3YIOTCS Kak JJIsl Mapajule/IbHON 3a-
nucu MHOpMauMU B PErUCTP, TaK W JJIs1 MapauieIbHOTO YTEHUS
nHdopmauu u3 peructpa. [Ipu 3ToM AByHampaB€HHbBIE BbIBOIBI
JAHHBIX MMEIOT TOBBIIIEHHYI0O Harpy304HYIO CIIOCOOHOCTH. DTO MO-
3BOJISIET JIETKO compsiraTh peructp MP24 ¢ MHOropaspsitTHbIMU MUK-
pocxeMaMu TaMsITU U C JABYHampaBjJeHHBIMU Oydepamu. ITosaTomy
TIpUMEHSIETCS TaHHbBIU perucTtp vanie, yem MP13.

Peructp P24 obecrieunBaeT caBur nHGOpMalud B 00OUX Ha-
npasneHusix. UmeroTcst Bxoapl paciuupeHuss DR u DL, a Takke BbI-
xobl pacimpenust Q0 u Q7, 94To MO3BOJISET JIETKO HapallluBaTh pas-
psaHocTh. OTimyue BbixogoB Q0 m Q7 OT HyJIeBOro W CEAbMOIO
pa3psiioB JaHHBIX COCTOUT B ToM, uTo Q0 1 Q7 — omHOHampaBJjieH-
HbIE, TO €CTb B JIIOOOM pexXrMe pabOThl BBIAAIOT MH(MOPMALIUIO C
BBIXOJIOB BHYTPEHHUX TPUITEPOB MJIAMIIETO U CTapllero pa3psiaoB.
TaxkTupyetcst perucTp MmojaoXuTebHbIM (ppoHTOoM curHana C. Ilpe-
JIYCMOTpPEH cOpOC perrucTpa HyJeBbIM CUTHAJIOM Ha Bxoje -R.
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Pexxum paboThl MUKPOCXEMBI OMpeNessieTcsl CUrHajlaMu Ha
ynpasnsiomnx Bxogax SR u SL.

ITpu enunmyHoM curHasie Ha SR u HyjaeBoMm curHajie Ha SL 1o
MOJIOXKUTEIbHOMY (PpOHTY curHajga C MmpoucXomauT CABUT MHMOpMa-
LIMM BIPABO (B CTOPOHY Pa3psioB ¢ OOJBIIMMU HOMEpaMu). 3aruch B
pa3psia 0 Tpor3BOIUTCS TIPU 3TOM cO BXxoja paciiurpeHust DR.

ITpu enuHuyHOM curHajie Ha SL u HysneBoMm curHasie Ha SR 1o
MOJIOXUTENbHOMY (poHTYy curHaja C TpOUCXOOUT CIBUT WMHMOP-
MallMU BJIE€BO (B CTOPOHY Pa3psiioB C MEHBIIIUMKU HOMepaMu). 3anuch
B pa3psifl 7 MpOU3BOIMUTCSI TIPU 3TOM CO Bxofa paciiupenus: DL.

ITpu oboux Hysmsix Ha Bxogax SR u SL peructp nepexogut B pe-
XKUM XpaHeHMs1. Bo Bcex aTux ciydasix pas3psiibl JaHHBIX paboOTaroT
KaK BXOJ[ WY KaK BBIXOJ B 3aBUCUMOCTU OT CUTHaJIOB -EZ.

IIpu oGenx enuHuilax Ha Bxogax SR u SL mo mojgoxuTeabHOMY
¢poHTy C B perucTp 3aluChiBacTCs MapasIebHBINA KO, IpUYeM
pa3psiabl JaHHBIX MEPEXOISAT B COCTOSIHME TIpUeMa HE3aBUCUMO OT
curHajioB -EZ. Tabnuua uctuHHOCTU peructpa MP24 mpuBeneHa
Huxe (tabn. 4.12).

Ta6muua 4.12. Tabauua uctuHHoctu perucrtpa UP24

Bxonst DyHKIMS
-R C SR SL
0 X X X C6poc
1 0—>1 1 0 Casur BrpaBo
1 0—>1 0 1 CaBur BiIeBo
1 0—>1 1 1 [MapannenbHas 3anuch
1 X 0 0 XpaHeHue

O0benuHss aBa peructpa MP24, nerko monyduts 16-pa3psiaHbiii
CIIBUTOBBI PETUCTP C COXPAHEHUEM BCEX BO3MOXHOCTEH OIHOW
MukpocxeMbl (puc. 4.35). TouHo Tak Xe MOXHO OOBEOAUHSTH U
OoJiblliee KOJUYECTBO MUKPOCXEM.

I'maBHOE TIpUMEHEHUE BCEX PETUCTPOB CABUTA COCTOUT B Tpeodpa-
30BaHUU TapaJIeIbHOTO Kofa B MOCJIeIoBaTeIbHbIIA 1 Ha0060poT. Takoe
NpeoOpa3oBaHUe UCIIONB3YETCsI, HAIpUMED, MpY nepeaadye nHhopMmalum
Ha 0oJIbIlIMe pacCTosTHUS (B MH(OPMAIIMOHHBIX CETSIX), MPU 3aMCH UH-
dopMal Ha MarHWTHbIE HOCUTENIU, MPU paboOTe C TeJEBU3UOHHBIMU
MOHUTOpPaMU U € BUJEOKaMepaMu, a TAKXKE BO MHOTUX IPYTUX CIydasix.
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Puc. 4.35. O6bvenuneHne peructpoB MP24 nist yBenrueHus: pa3psaHOCTH.

B kauectBe TipuMepa Ha puc. 4.36 MmokazaHa IpoCTeHIas cxeMa
repenayn MGpoBoil WHPOPMAIIM B TOCIETOBATEIEHOM KOIE II0
IBYM JIMHUSIM: WHGOPMAITMOHHON M CHHXpOHU3yIomieil. Takas mepe-
Java TTO3BOJIIET COKPATUTh KOJMMIECTBO COCTMHUTEIBHBIX ITPOBOIOB,
a TakKke YIPOCTUTH 3aIlllATy TepemaBaeMbIX MAHHBIX OT IEWCTBHS
BHEITHUX 3JICKTPOMArHWTHBIX IIOMEX, TIpaBla, IIEHON CHIDKEHMS
CKOpOCTH TIepeaayn.
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Puc. 4.36. IlociemoBaTtenpHast Iiepefada MHOOPMALUK C ITOMOIIBIO PErMCTPOB
c/BMra.

Ha mepenatomemM KoHIle (cJieBa Ha PUCYHKE) C ITOMOIIBIO CIABH-
roBoro peructpa MP9 BxomHo# TapaienbHBIN 8-pa3psiTHBIA KOI
peobpa3yeTcs B TOCAeIOBATEIbHOCTD Pa3psIoB MaHHBIX, CIICTYIO-
IIUX C YaCTOTOM TaKTOBOIO cMrHayma. Ha mpmeMHOM KoHIIE (CIipaBa
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Ha PUCYHKE) C IIOMOIIbIO cABUTOBOro perucrpa NP8 sTta mocinenona-
TEJILHOCTb Pa3psiioB JaHHBIX CHOBA IMPeodpa3yeTcs B Iapalie/IbHbII
koxa. Oba perucrpa TaKTUPYIOTCSI OOTHUM M TeM Xe TaKTOBBIM CUTHA-
JIOM, KOTOPBIA IepemaeTcs IO JUHUM CBI3W IapajlieIbHO C IOCIe-
MOBaTEJbHOCTBIO MaHHBIX. IS yBeAMYEeHMSI HAAEXXHOCTU Mepeaayud
MHGOPMALIMOHHBIA CUTHAJI JOMOJHUTEIbHO 3alep>XXUBAETCI OTHOCU-
TeJIbHO (PPOHTA TAKTOBOIO CHTHAala C MOMOIIBIO 1IETIOYKM M3 IBYX
WHBEPTOPOB.

IlepBHIii OMT TIOCTEAOBATEILHOTO BXxoma (co Bxoma 7 perucrpa
MPY9) naumHaeT mepemaBaTbCs C HadajJoM CUTHaja 3ammcy -3ail.
Crenyromye pa3psiibl HEPeIaroTcs ¢ KaXIbIM CICIYIOIIUM ITOJI0XM-
TeJIbHBIM (ppoHTOM TakToBOoro curHama C. IlociemHum mepemaeTcs
curHan co Bxoma 0. B peructp MP8 pa3psabsl mociienoBaTeIbHOTO
KOZa 3alMChIBalOTCS B TOM K€ CaMOM IOpPsIIKE, B KAKOM OHU ObLIU B
peructpe MUP9. I1o okoHYaHUHU TIepenadn IepBhiil epeaaHHbIA CUT-
HaJl TAaHHBIX OKaXeTcs B pa3psae 7 IMHBI JaHHBIX peructpa P8, a
TOCJIEAHNI TIepedaHHbIil CUTHA JaHHBIX — B pa3psiae 0.

Caenyloniee IPpUMEHEHHUE CIBUIOBBIX PETHUCTPOB COCTOUT B
OpraHu3allMyM BCEBO3MOXHbLIX JUHUNA 3adepxKeK, OCOOCHHO HMe-
OIIMX 3HAYUTEIbHOE KOJMUYEeCTBO KacKamoB. C ITOMOIIBIO CIOBU-
TOBBIX PETUCTPOB MOXHO OOECIEYMTh 3adepXKKy JIO00ro BXOZHO-
ro CUrHajla Ha Hegoe 4yucio TakToB. IIpaBma, Hago YYUTHIBATb,
YTO JIMTEJILHOCTh BXOMHOTO CHUTHala (M JI00OTO ero 3JeMeHTa)
OyImeT TakxKe IepedaBaThbCs MO JMHUM 3aAePXKKH C TOYHOCTBIO OO
OOHOro TakTa. Takue JUHUMU 3aACPXKHA MOTIYT NPUMEHSTHCS IS
CpaBHEHMSI HECKOJIbKMX ITOCJIEAYIOIINX TaKTOB BXOJHOTO CHIHa-
Jia, OJ1s BBIMOJIHEHUS apu(METUYECKUX Oonepaluii ¢ HECKOJIbKUMU
TakTaMM BXOIHOTO CHUTHaja, I APYIrux NmomgoOHbix uesnei. Pabo-
Ta JWHUM 3aJepXKW Ha PperucTpe CIBUra WLIIOCTPUPYETCS
puc. 4.37.
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Puc. 4.37, JIupns 2aneps®n BCOTHOTO CHIHALA Ha PETHCTPE CABHIa.
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CaBUTOBbIE PETUCTPHl MOTYT TakKXke IPUMEHSTHCS M1 (hOpMU-
PpOBaHUSA HWMITYJIBCOB 3a£[aHHOI7I JJINTCJIBbHOCTU, IIpHUYEM TJIUTEIb-
HOCTb MMITYJIbCa MOXKET 3aJaBaTbCsd YIIPABIAIOIINM KOJOM, TO €CTb
OBITH TIpOrpaMMHO yripaBisiemoii. Ha puc. 4.38 mpuBegeHa BO3MOX-
Hasl cXema Takoro hopMUpOBaTes.
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Puc. 4.38. ®opmupoBateib UMITYJIbCOB C JJIMTEIBHOCTBIO, 3aJaBacMOl YIIPaBIIsIO-
1M KOIOM.

B ucxomHoMm cocTosiHuM (0 TpUXOoJa TMOJOXUTEIbHOro (hpoHTa
BXOJHOTO CHMTHaJIa) TPUITEp cOpOIleH B HyJb, Ha BCEX BbIXOAAX pe-
THCTpa CIBMTa HYJIM, Ha MHBEPCHOM BBIXOIE MYJIBTUILIEKCOpA €IH-
HMa. Ha MyJabTUITIEKCOp MOAaH YIPaBJSIONIUN KO, OMpeessiio-
IIUIA JUTMTEJIbHOCTh BBIXOZHOTO cUTrHaja. IIpu ToCTyruieHur I10J10-
KUTEJIBHOTO (ppOHTA BXOJHOTO CHUTHAJIa TPUITEp MepeOpachiBacTCsl B
COUHNLY (Ha‘{aJIO IIteICTBI/[?[ BBIXOOIHOTO I/IMHYHBCEI), N 3TOT €AUHUNY-
HBIi CUTHAJ HAuYMHAET IIOCJIEeI0BATEIbHO CIBUTAThCSI PETMCTPOM
CABUTA MO KaXIoMy (POHTY TAaKTOBOTO CHTHAJIA.

Ilycth ynpasnsiommit kox paBeH 5. Torma B TOT MOMEHT, Korja
Ha BBIXOAE 5 CIOBMIOBOTO PErvMCTpa IOSIBUTCS eAWHMIA, OHa OyIeT
nepemaHa Ha Bbixon MynbTuruiekcopa KI17 ¢ waBepcueit. Ilpu saTom
HyJICBOI cUTHaJ Ha BXoze -R Tpurrepa cOpoCUT TpUrrep B HyJib, YTO
COOTBETCTBYET OKOHYAHUIO JEHCTBUSI BBIXOAHOTO MMITYJIbCA.

Takum 00pa3oM, IJIUTEILHOCTH BBIXOZHOTO CUTHaja OyIeT OIl-
penensThCcsl YIPABISIONIUM KOgOoM. [TOrpemHocTh YCTaHOBKU 3TOM
JJINTCJIBHOCTU paBHAa OAHOMY II€EPMOAY TAaKTOBOI'O CHUIHala M 3aBH-
CUT OT BPEMCHHOIO CIBUIa MEXIY (I)pOHTOM BXOOJHOTO CHUTHajla "
¢poHTOM OJIMKaMIEro K HeMy TaKTOBOro MMITyjbca. Yem Ooblie
JUTUTEJIBHOCTh BBIXOJHOIO CHTHAjJa, TeM MEHbIIe OTHOCUTEIbHASI
MOrPElTHOCTh YCTAHOBKM €ro ToyHocTu. Hampumep, mpu ympas-
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nsomeM Koae O JIMTeNIbHOCTh BBIXOMHOTO CUTHAJIa MOXET OBITh OT
O mo T, rne T — mepuod TaKTOBOTO CUTHAJIa. A TIpU YIIPaBIISIOLIEM
Kone 7 AIMTEeNbHOCTb BbIXOHHOro curHaia oymer ot 7T mo 8T. Ilpwu
5TOM MBI HE YYMTBIBAEM 3aJep>KEK TPUITEPa, CABUTOBOIO PErUCTpa
N MYJBTUILIEKCOPA.

CIBUTOBBIE PETUCTPHI MOTYT TaKXKe HCIIOJb30BaThCs IS YMHO-
KEHUA U OCJICHHWsI ABOWYHBIX YMCEJ Ha 2n’ rape 1 — I1ejgo€ 4ucio,
6onbiiee Hyns. CIBUT IBOMYHOTO YMCjIa BIPaBO (B CTOPOHY MJiaj-
IINX pa3psioB) HA OOWH pa3psl paBHOCWICH nejieHHuio Ha 2. Cour
JBOMYHOI'O 4YHCJia BAEBO (B CTOPOHY CTapIliMX pa3psiioB) Ha OIWH
pa3psii paBHOCUJIEH YMHOXEHHUIO Ha 2. Jis TOro 4roOBl CIBUTOBHIN
perucTp YMHOXa W AW ABOUYHBIA KO, HAJ0 BCEro JIWIIb 3aIlk-
caTh 3TOT KOJ B PETUCTP U CABUHYTh €ro HYXXHOE KOJIMYECTBO pa3
BNpaBo uiu BiaeBo. Haubomee ynobeH njs atoro peructp UP13. Ipu
39TOM HE0OXOIMMO, YTOObI B OCBOOOMMBIIMECS Pa3psiibl BBOAUINUCH
Hy/I4, TO ecTh Ha Bxomabl paciupeHus DR u DL perucrpa HyXHO
T1oJaTb HYJICBbIC CUTI'HAJIBI.

Hakonen, mocienHee NMpUMeHEHWE CIBUTOBOTO PEeTHMCTpa, KOTO-
po€ MBI paCCMOTPUM, — 3TO T€HEPATOp CIy4alHOM I10CJIeI0BATEIb-
HOCTM CUTHAJIOB WJIM CJy4aiiHOM IocieqoBaTeIbHOCTH KoaoB. CTpo-
T'O TOBOPSI, TTOCJIENOBATEILHOCTH OYIYyT HE TIOJHOCTBIO CIIydaifHbIe, a
KBa3uCIydyailHble, TO €CThb OYyIyT MEepUOAUWYECKU TTOBTOPSITHCS, HO
MePUO. 3TOT AOBOJIBHO 00Jibinoii. CiydaliHble MOC/eI0BaTEIbHOCTH
CUTHAJIOB U KOJIOB IIMPOKO TPUMEHSIOTCS B TECTUPYIOIIEH armapa-
Type, B IeHepaTopax IIyMa, B JIJOTUYECKUX UTPOBBIX YCTPOMCTBAX.

3amaya COCTOMT B TOM, YTOOBI BBIXOJHOM CUTHAJ WJIM KOJ MEHSUI
CBO€ COCTOSIHUE CIy4YallHO (WJIM TOYTH cliydyaitHo). CurHaji maoJiKeH
cnydaitHo mepekiouatbes M3 0 B 1 m u3 1 B 0, a Koa mokKeH Ciry-
YaiiHO MPUHUMATh 3HaYeHUs 13 auamna3oHa ot 0 mo (2 -1), rme N —
Yucsio pa3psanoB Koma (Hampumep, oT 0 mo 255 mpu 8-paspsmHoM
kone). IlceBmociydaitHble MOCIEN0BATEIbHOCTA MMEIOT TO TMPEUMY-
IECTBO IMnepea UCTUHHO Cﬂy‘laf/’IHbIMI/I, 4YTO OHM IPECIACKaA3yEeMBbIC U
NNEpUOANYECCKHUE, HO B OTOM K€ M UX HEJOCTATOK.

CrpyKkTypa TeHepaTropa KBa3UCIyYyailHON TOCIen0BaTeIbHOCTU
Ha CIBUTOBOM perucTpe odeHb mpocta (puc. 4.39). OHa mpencranis-
€T co0Oil perucTp cABMUra ¢ IMapajjelbHbIMU BbIXOJaMu (HaImpuMmep,
MPS8), HecKonbko (MUHMMYM JiBa) BBIXOAHBIX CUTHAJIOB KOTOPOTO,
00BenMHEHHBI ¢ TToMoIIbIo neMeHTa Mckmouatoniee MJIN, ¢ Beixona
KOTOPOTO CHUTHAJl MOJAETCSI Ha BXOMA PETHCTpa, 3aMblKasi CXeMy B
KoJbllo. CxeMma TaKTUPYeTCs CUTHAJIOM C YyacToToi f,
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Puc. 4.39. CrpykTypa reHeparopa rnceBIociay4aiiHoOil Mocaea0BaTeIbHOCTHU.

Br16op HOMEpPOB pas3psaoB IS MOAKITIOUEHUST OOpaTHOM CBSI3U
TIpeICTaBIIsIeT cOO0M HEMPOCTYIO 3amady, HO CYIIECTBYIOT CIIpaBOY-
Hble TaOJMIIBI, B KOTOPHIX OHU TpuUBeAeHBI. B m000M ciydae omHa
13 TOYEK IMOJAKITIOUEHMSI — BBIXOH cTapliero paspsma. B ta6m. 4.13
MPUBEICHBI TOYKHU TTOAKIIOUEHUS OOpaTHON CBSI3W IUISI PETUCTPOB
CABUTA C Pa3HBIM KOJIMYECTBOM pa3psiioB N (HOMepa pa3psiaoB CUM-
TAIOTCS OT HYJISI).

Taomua 4 13. Touku NOAKITIOYEHUS] OOPATHOM CBSI3U

N 7 8 15 16 24 31

Boixompl 6,5 7,6, 14,13 15, 13, 23,22, 30, 17
4,2 12,10 21,16

£l

W3 1abnuubsl BUOHO, YTO BBITOAHEE OpaTh YMCIIO pa3psioB HE
KpaTtHoe 8, Hampumep, 7, 15 wmu 31. B aToMm ciyyae njist oOpaTHOI
CBSI3W MCIIOJIb3YIOTCSI BCETO JIMIIb JBa BBIXOAA, TO €CTh ITOCTATOUHO
OIHOTO ABYXBXomoBoro 3jeMeHTa Mckmouaromee UJIN.

Ilepron BBIXOOHOM TOC/IEAOBATEIbBHOCTA TeHEepaTopa COCTaBIIs-
er (2 -1) rakToB, rme N — KOJMYECTBO pa3psiioB PEryucTpa CIBUTA.
3a 5T0 BpeMsl KakIoe M3 BO3MOXHBIX 3HAUCHHWI BBIXOTHOTO KOJIa
(kpoMe omHOro) BcTpeuyaeTcsl onuH pa3. KoiuyecTBO eNWHUIL B BBI-
XOIHOM CUTHaJIe 0OJibllie KOJIMYECTBa HyJIeil Ha eIMHMILY.

Beixomnoit kox 000...0 mpencraBiasgeT cOOOM 3alpelleHHOE CO-
CTOSIHME, TaK KaK OH OJIOKMpYyeT paboTy reHepaTropa, BOCIIPOU3BOIS
caM cebst cHoBa U cHoBa. Ho B TO e BpeMs MOJyYUThCS TaKOW Hy-
JIEBOM KOJ MOXKET TOJIBKO caM M3 cebsl, MOSTOMY HOCTAaTOYHO obec-
[IEYUTD, ‘{T06bl €ro HE 6[)1}10 IMpY BKITIOYEHUWHU IMUTAHUSA CXEMBI.

YacToThl B CHEKTPEe BBIXOMHOIO CUTHaia OyayT ClieAoBaTh ¢ WH-
tepBanioM f, /(2"-1), a orubarolas CrieKTpa GyIeT MPaKTUYECKU IO~
CTOSIHHOM 10 4acToThl 0,25f, , TO ecTh LIyM OO 3TOI 4acTOTBI MOXHO
cuuTath OenbM (crag B3 1b npoucxonut Ha yacrote 0,45 f)).
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Puc. 4.40. 31-pa3psiiHblii TeHepaTop MCEBIOCIyYalliioil MocjienoBaTeIbHOCTH Ha
perucTpax CIHBHra.

Ha puc. 4.40 mokazaHa IpakThyeckas cxema reHeparopa ICeB-
MOoCIy4yaliHOM MOC/IenoBaTeIbHOCTM Ha 31-pa3psiTHOM CIBUTOBOM
pernctpe. O0paTHast CBSI3b ocyiiecTBisieTcsl ¢ BeixomoB 30 u 17 pe-
rucTpa 4epe3 OByxBxomoBoi sneMeHT Mckimouatomiee UM ¢ uH-
BepTopoM. M3-3a nmpuMeHeHMs MHBEPTOpa 3alpellleHHbIM COCTOSIHU-
eM reHeparopa sisercst koa 1111...1 (a He xox 000...0), KoTophIii
B JAaHHOM CJly4ae MCKJIIOYaeTCsl OYeHb MPOCTO — HayaJbHBIM COpO-
COM DpPETUCTPOB B HYJb IIPM BKIIOYCHUU TIUTAaHUA 110 CHUTHAJTy
-Copoc. I'enepatop BbIZAaeT KBa3WCIy4aliHYIO ITOCJIEHOBATEILHOCTH
31-pa3psimHBIX KOZOB CO BCEX BBIXOJOB PETMCTpa, a TaKXKe KBa3u-
CIyJaiiHyI0 TIOCJIeIOBAaTeIbHOCTh HYJIEM W eNWHUII Ha JI000M U3
BBIXOJIOB perucrpa. Takoil TeHepaTop MCIIOIb30Bala W3BECTHAs
¢upma Hewlett-Packard B cBoeM reHepaTope Iryma.



I'nasa 5
PUMEHEHUE CHETYNKOB

CueTyrKu TIPEICTABISIOT OOJiee BBICOKMI, YeM PETHUCTPhI, YPOBEHBb
CJIOKHOCTH HUMPOBLIX MUKPOCXEM, UMEIOLINX BHYTPEHHIOI TaMSITh.
XOTS B OCHOBE JIIOOOTO CUeTYMKa JiexkaT Te XK€ caMble TPUTITEPhI, KO-
TOpbIe O0PA3yIOT U PETHUCTPBI, HO B CUETYMKAX TPUITEPHI COCAMHEHBI
0oJiee CIIOXHBIMU CBSI3SIMU, B pe3yJibTaTe 4ero ux yHKIUU CIOXHEE,
1 Ha UX OCHOBE MOXHO CTPOUTH 00Jiee CJIOXHBIE YCTPOHCTBA, YeM Ha
peructpax. TOUHO TaK Xe, KaK U B CJydae PErMCTPOB, BHYTPEHHSISI
MaMsITh CYETYMKOB — OIepaTvBHasi, TO €CTh €€ COAEPKMMOE COXpa-
HSIETCSI TOJIBKO JIO TeX IOp, MOKa BKIIOYEHO NMUTaHue cxeMbl. C BBI-
KIIIOYCHUEM TIMTAHUS TaMSTh CTUpaeTCs, a MPU HOBOM BKIIIOYCHUU
MMATAHUST CXEMBI COIEPKMMOE TIaMSITU OyIeT TIPOU3BOJIbHBIM, CITyJaii-
HBIM, 3aBUCSIINM TOJbKO OT KOHKPETHON MUKPOCXEMBI, TO €CTh BBI-
XOIHbBIE CUTHAJIbI CYETYMKOB OYIyT MPOU3BOJIBHBIMMU.

Crormm B BXT ] WU
B B2 Bel] ] T
[ Bex.3 Bux.2 1
Bux.4 LIX_'___'-—-:_'_ ] I 1 T
Bex.3 t 1 1 [ \
Bex g1 1 1 'I_I_I-;_':'_i'_l_;_
Brotxon 001203 nolntiziislialis) o4l
Boix.3.
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Puc. 5.1. Pabora 4-pa3psitHOTO IBOMYHOTO CYETIMKA.

Kax criemyer M3 caMoro Ha3BaHUs, CUETYMKHU TpeAHA3HAYCHBI
JUISL cYeTa BXOAHBIX MMITYJTbCOB. TO €CThb C MPUXOAOM KaXJIOro HO-
BOIO0 BXOJHOIO MMIIYJIbCA TBOMYHBINA KOJ Ha BBLIXOJE CYETYMKA YBE-
JMYuBaeTcs (WIM yMeHblaeTcs) Ha eguHuiy (puc. 5.1). Cpabartbi-
BaTh CYETYMK MOXKET IO OTPMLIATEIbBHOMY (PPOHTY BXOTHOTO (TaKTO-
BOro) CUTHaJjIa (KaK Ha PUCYHKE) WJIW MO IOJIOXKUTEIbHOMY (DPOHTY
BXOJHOTO cUrHaja. Pexxum cuera oOecreurBaeTcsl MCIOJb30BaHUEM
BHYTPEHHUX TPUITEPOB, pabOTAIOMIMX B CYETHOM peXMME. BbIXOIbI
CYETYMKA MPEICTaBIISIIOT COOOM KaK pa3 BBIXOAbl 3TUX TPUITEPOB.
Kaxnprii BbIXOH CUETUMKA TPEACTaBIsieT cO0Oi paspsi IBOMYHOTO
KoJa, TIpPUYEM paspsisi, MepeKIIoUaloIIMiics Jaile Ipyrux (Imo Kax-
JIOMY BXOTHOMY HMMIIYJIbCY), OyIeT MIIAAIIMM, a pa3psia, HepeKiTio-
YaIOLIMICST pexXe APYTUX — CTapLIUM.
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CyeTynk MOXET paboTaTh Ha yBEIMUYEHHUE BBIXOIHOTO KOJa IIO
KaXXJIOMYy BXOJHOMY HMIIYJIbCY, 3TO OCHOBHOW pEXUM, MMEIOIIUI-
csl BO BCEX CYETYMKAaX, OH Ha3bIBaeTCsl PEXKMMOM MpPSIMOTO CYeTa.
CyeTynK MOXET Takxke pabdoTaTh Ha YMEHbBIIIEHWE BBIXOAHOIO Kojaa
MO KaXJIOMy BXOZHOMY MMIYJIbCY, 3TO peXUM OOpaTHOro WJIM WH-
BEPCHOIO cueTa, IPEAyCMOTPEHHBIM B CYETYMKAX, Ha3bIBAEMbIX
peBepcuBHBIMU. WMHBEPCHBI cueT ObIBaeT JOBOJBHO YyIOOEH B
cxeMmax, TIIe HeoOXOAMMO OTCUMTHIBATh 3aJaHHOE KOJIWYECTBO
BXOJIHBIX HMITYJIbCOB.

BoAbIIMHCTBO CYETUMKOB pabOTAIOT B OOBIYHOM JBOMYHOM KO-
ne, To ecTh cuutaiot oT 0 1o (2 - 1), rme N — uucio pa3psiioB BbI-
XOJIHOTO Koja cueTtdmka. Hampumep, 4-pa3psigHbIil CYETIMK B PEXU-
Me npsimoro cueta 0yaer cuuraTth oT 0 (kox 0000) no 15 (kom 1111),
a 8-paspsaoabii — ot 0 (kox 0000 0000) mo 255 (xom 1111 1111).
Ilocine MakcMMalbHOTO 3HAYeHUsI KOAA CYETYMK IO CJEAYIoIIeMY
BXOOHOMY HMITYJIbCY MepeKiodaeTcs: omnsaTh B 0, To ecTb paboraer
1o kpyry. Ecinu e cueT MHBEPCHBIM, TO CYETYMK CUMTAET A0 HYJIs, a
Jajblile MepexoauT K MakcuMaabHomy Komay 111... 1.

HMmMeroTcst TakKe TBOMYHO-IECATUUHBIE CYCTUMKH, TIpeAeIbHbIN
KO/l Ha BBIXOJIE KOTOPBIX HE IMPEBBIIIAET MAaKCUMaIbHOIO JBOMYHO-
JNECSITUYHOTO 4YKCiia, BO3MOXHOTO IIPY JaHHOM KOJIMYECTBE paspsi-
noB. Hampumep, 4-paspsmHblii IBOMYHO-IECITUYHBINA CUYETIMK B
pexume mpssmoro cuera Oymer cumrtath oT 0 (kom 0000) mo 9 (xom
1001), a 3atem cHoBa or 0 mo 9. A 8-pa3psgHBIii IBOWYHO-
JECATUYHbBIA cueTuynk Oymer cumtaTh oT 0 (kom 0000 0000) mo 99
(xkom 1001 1001). Ilpum wMHBEpCHOM cYEeTe IBOMYHO-ACCITUIHBIC
CUETYMKM CUMTAIOT 0 HYJs, a CO CJEAYIOIIUM BXOAHBIM MMITYJIb-
COM IepexoisiT K MaKCHUMaJbHO BO3MOXHOMY JIBOUYHO-AECATUY-
HOMY 4Huciy (TOo ecTh 9 mis 4-paspsimHoro cyetdymka, 99 mist 8-pas-
pSIIHOTO cYeTuyrKa). JIBOMYHO-IECITUYHBIE CUCTYMKM YIOOHBI, Ha-
MpUMep, TIPU OpraHU3alnu JeCITUIHON MHANKALIMU X BBIXOJIHOTO
kona. IIpuMeHSIOTCSI OHU ropas3io pexke OOBIYHBIX TBOMYHBIX CUET-
YUKOB.

Ilo ObICTpOAEHCTBUIO BCE CUETYMKHU IEIATCS Ha TpU OOoJIbIlIve
IPYIIIbL:

* aCMHXPOHHBIC (WJIM MOCAEA0BATEIbHbIC) CYCTINKM;

* CHHXPOHHBIE CUETUYMKHU C aCUHXPOHHBIM IEepeHOCOM (WU TMapai-
JIeJIbHBIE CUETYUKU C MOCJIeI0BaTEeIbHBIM IIEPEHOCOM);

* CHUHXpOHHbIE (WU Mapauie/ibHbIe) CYUETUYMKU.
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IMTpuHUIMTIMATBHBIE PA3IMYMST MEXITY 9TUMM TPYIIIaMU MPOSIBIISI-
I0TCSI TOJIBKO Ha BTOPOM YPOBHE TIPEACTaBICHMSI, HA YPOBHE MOJIEIU
C BpeMEHHBIMU 3aaepxkkaMu. [Ipudem OoJbllle BCEro pa3ivuydusl 3TU
TIPOSIBJISIIOTCS TIPU KacKaAWpOBaHUU cUeTYMKOB. HauOonbium Obl-
cTponeiicTBMeM 00J1afaloT CUHXPOHHBIE CYETYMKHA, HAMMEHBIIUM —
aCUHXPOHHbIE CUYETYMKHM, Haubojiee IIPOCTO YIIpaBiIsieMble Cpeau
npyrux. Kaxnass rpyrmna c4eTYMKOB MMEET CBOM 0O0JIacTU TMpUMEHe-
HUsI, HA KOTOPBIX Mbl 1 OCTAaHOBUMCSI.

5.1. ACHHXPOHHBIE CUETYUKH

ACHUHXpOHHBIE CYETYMKU CTpOsITCI U3 TpocToit 1ernouku JK-
TPUITEPOB, KaXIbIii U3 KOTOPBHIX pabdOTaeT B CUETHOM pexxume. Bbl-
XOJHOM CUTHAJ KaXXIOTOo TpUITEepa CIYKUT BXOAHBIM CUTHAJIOM JJIsI
cnenytomiero tpurrepa. IloatoMy Bce paspsiibl (BBIXOABI) aCHH-
XPOHHOTIO CYETYMKA MEePEeKII0YaloTCs MOCAeN0BaTebHO (OTCI0Aa Ha-
3BaHUE — IOCJIeq0BaTEIbHbIE CUETUYNKM), OAWH 3a IPYTMM, HadyWHas
C MJaAIIero U KoHyas crtapimuM. Kaxablil cienyonumii paspsn rme-
PeKJIIoYaeTcsl ¢ 3aAepKKOl OTHOCHUTENIbHO Mpenbiayiero (puc. 5.2),
TO €CTh, BOOOIIIE TOBOpsI, ACUHXPOHHO, HE OJIHOBPEMEHHO C BXO[I-
HBIM CUTHAQJIOM U C IPYTUMU pa3psaaMu.
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Puc. 5.2. BpemeHHast nuarpamMmma paGoThl 4-pa3psiTHOTO aCMHXPOHHOI'O CYeTYMKA.

Yem OoJbliie pa3psioB UMEET CUETUMK, TEM OOJbIIIEE BpeMsl eMy
TpeOyeTcsl Ha MOJTHOe TEePEKITIOYeHNE BCeX paspsioB. 3amepxkka Iie-
PEKITIOYEHUST KaXIOTO pa3psina MPUMEpPHO PaBHA 3alep>KKe TPUITE-
pa, a TMoJIHas 3aepKKa YCTAaHOBJIEHWS KoJda Ha BBIXOAE CUYeTYMKa
paBHa 3afepKKe OTHOTO pa3psiaa, YMHOXEHHON Ha YMCIIO pa3psiaoB
cyetuuka. Jlerko 3aMC€TUTb, YTO IIPU IIEPHUOAEC BXOAHOTO CHIHAJIa,
MEHBIIIEM TIOJIHOW 3alep>XKW YCTaHOBJICHHUS KoIa CuUeTyMKa, IIpa-
BWJIBHBIM KO Ha BBIXOAE CYETUYMKA IIPOCTO HE YCIIEET YCTAHOBUTHCH,
MOATOMY TaKasi CUTyalusl He WUMEET CMbICa. DTO HAKJIAJbIBaeT Xe-
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CTKH€ OrpaHWYEHUs Ha Tepuoj (4acTOTy) BXOAHOIO CUTHaja, IMpU-
YyeM YBEJIUMYEHUE, K IPUMEPY, BABOEC KOJUYECTBA pa3psaOB CUCTUMKA
aBTOMAaTUYECKM YMEHBIIAET BABOC MPEASIbHO AOMYCTUMYIO 4aCcTOTY
BXOJHOTO CHMTHaja.

Takum o0pa3oMm, ecim HaM HYy:Ke€H BBIXOTHOU KOJI aCMHXPOHHOTO
CYEeTYMKa, TO €CTh BCe €r0 BLIXOMHBIC CHUTHANBI (pa3psiibl) OMHOBpE-
MEHHO, TO IOJKHO BBITIOTHATBCS CJIenylollee HepaBeHCTBO:

T > Nt,,

rne T — mepuon BXOAHOTO curHajia, N — YHUCIO pa3psiioB CUETUYM-
Ka, t; — BpeMsl 3afepKKHU OIHOrO pa3psiia.

Hapo emie ydyecth, YTO 3a MEPMOJ BXOJHOTO CHUTHaja JOJKHO
YCIIETh cpaboTaTh YCTPOMCTBO (y3e), Ha KOTOPOE ITOCTYNAeT BbI-
XOIHOM KOj CYeTYMKa, MHavye CYETYMK IPOCTO HE HYXEH, MO3TOMY
orpaHMYeHNE Ha YacTOTy BXOIHOIO CHUTHaja OOBIYHO OBIBAacT elle
KeCTye.

B cocraBe cTaHmapTHBIX cepuii UMGPOBBIX MUKPOCXEM AaCHH-
XPOHHBIX CUETYMKOB HeMHoOro. B kadecTBe mpumepa Ha puc. 5.3.
MPpUBEIECHBl TPU U3 HUX: YEThIpeXpa3psAOHbIA TBOMYHO-IECITUIHBIN
cuetuuk ME2, yeThipexpa3psiaHblii fBonuHbIN cuetTyuk MES 1 Boch-
MUpa3psnHbIid 1BonYHBIN cueTynkK ME19 (oH XXe COIBOGHHBIN YeThI-
pexpa3psiTHbIN CUETUYMK).
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Puc. 5.3. ACMHXpOHHBIE CUETUYUKU CTAHAAPTHBIX CEPUA.

YV Bcex 3THX CYETUYMKOB YIIpaBJieHHWE pabOTOll OYeHb IIPOCTOE;
MMEIOTCS JIMIIb BXOIbl COpoca B HY/JIb WIM BXOAbl YCTAHOBKU B 9
(tonbko y ME2). Bce acMHXpOHHBIE CUETYMKU PabOTaIOT IO OTpUIIa-
TeJlbHOMY (bpOHTY BXomHoro curHaia C (wim, 4To TO XXe camoe, IO
3aaHeMy (POHTY MOJIOXKUTENBHOTO BXOAHOIO CUMTHama). Y BCeX Tpex
CUYCTYMKOB BBIJACJIICHBI [IBe HE3aBUCHMbIC YacTH, YTO YBEJIUYMBAET
BO3MOXHOCTH WX NpuMeHeHusa. [Ipu oObeIMHEHUM 3THX JIBYX Yac-
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Tei ToIydaeTcsl CYETYMK MAaKCHUMAaIbHON pa3psSaHOCTU. BbIxombl
CYETYMKOB 0003HavaroT Ha cxemax 0, 1, 2, 3, ... (kak HOMepa pa3psi-
OB BBIXOAHOI'O JIBOMYHOTO kKoma) mmu 1, 2, 4, 8, ... (Kak Beca Kax-
JIOTO pa3psifa IBOMYHOTO KOJa).

Cuerunk ME2 mmeer nBe wactu: omuH Tpurrep (Bxom Cl, BbI-
xon 1) u Tpu Tpurrepa (Bxox C2 u Boixomasl 2, 4, 8). Takum obGpazom,
OH COCTOMT U3 OJHOPA3PSIHOTO CYSTIYMKA U TPEXPas3psIIHOTO CUETUU-
Ka. OAMHOYHBIN TPUTTEP PabOTAET B OOBIMHOM CUYETHOM PEXUME, U3-
MEHSISI CBOE COCTOSIHUE T10 KaXKIOMY OTpULATeIbHOMY (DPOHTY CUTHA-
ma C1, TO ecTh OEIUT YacTOTY BXONHOTO curHaja Ha 2. Tpu ocraBs-
LIMXCS TPUITEPa BKIIIOUEHBI TaAKUM 00pa3oM, YTOOBI CUMTATH 1O 5, TO
€CTb JEIUTh BXOMHYIO YacToTy curHaja C2 Ha 5. Ilocne goctmxkeHms
kona 4 (to ects 100) Ha Bbixomax 2, 4 U 8 3TOT TpeXpa3psAHBIN CUET-
UMK TI0 CJICAYIONIIeMY OTpHIaTeabHOMY (poHTY curHajga C2 cOpachI-
BaeTcs B HyJb. B pesysbraTe mpu 00beAMHEHUM BbIXoga 1 MHUKpOCXe-
MBI co BxomoM C2 MBI TIofiydaeM 4-paspsimHbIii TBOMYHO-IECIATUYHBIIA
CUETYMK, OSSN YJacToTy BXomHoro curHama Cl wa 10, cOpachl-
BAIOIIUICS B HyJIb ITOCJI€ OTOCTMDKEHUS Ha Bhixomax 1, 2, 4, 8 xoma 9
(to ectp 1001) o orpuiaresbHOMY (bpoHTY curHana Cl.

Cuetynk ME2 mMeeT mBa BXoma acCMHXpPOHHOTO cOpoca B HYJIb
R1 1 R2, obbequHeHHBIX 0 GyHKIIMM M, a Takke IBa BXOAa ycTa-
HOBKM B 9 — S1 m S2, takke o0ObeaMHEHHBIX MO0 pyHKImMu U, npu-
YyeM YyCTaHOBKa B 9 OJOKMpYeT yCTaHOBKY B HYyJIb. Hamuume aTmx
BXOZOB cOpoca M YCTAaHOBKM IO3BOJISICT CTPOUTh Ha 0a3e cyeTyrKa
WUE2 nenutenm 49acToTBl ¢ pa3sHBIMU KO3(pduIIMeHTAMM ACICHUS.
IIpaBma, 3TOT CYETUMK UCITONB3YETCS TOBOJIBHO PEAKO, 3HAYMTEIBHO
pexe, yeM apyrue acuHxpoHHble cuetuyuku MES u ME19.

Tabmmua nctmHHOCTH acuHXxpoHHOTO cuetunka ME2 mpu coemm-
HeHHOM Bbixonme 1 um Bxome C2 (mpu 4-pa3psiTHOM BBIXOTHOM KOJIE)
npuBeneHa Hike (Tabi. 5.1), a COCTOSIHUS BBIXOIOB IIPU CUeTe
BXOJHBIX UMITYJIbCOB IO TaKTaM TNpeACTaBIeHbI B Tab. 5.2.

Cuyetynk MES Touno Tak xxe, kak 1 ME2, mMeeT nBe yactu: oguH
Tpurrep (OMHOPA3psIAHBIN cueTdrK) co BxomoM Cl u BeixomoMm 1 u
TPU TpuUrrepa (Tpexpas3psaHblii c4eTInK) co BxogoM C2 u BbIXOAaMM
2, 4, 8. Oba cuyeTynKa TBOMYHBIC, TO €CTh TICPBBIN CUMTACT IO IBYX,
a Bropoit — o 8. Ilpm oovenuHeHnM BXxoga C2 ¢ BeIXOHOM 1 moiry-
yaeTcsl 4-pa3psaHbIid IBOMYHBIA CUETYUK, cuMTarolmii 1o 16. Cuer
MMPOU3BOIUTCS TI0- OTPULIATEIBHOMY (DPOHTY BXOOHBIX curHajioB Cl
n C2. IlpemycMoTpeHa BO3MOXHOCTh COpoca cueTymka B HYIb IO
curHaiiaM R1 1 R2, o6bequreHHBIM o pyHKIMN U.
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Tabmua nctuaaoctn cuetunka MES npm coenmmuennu Bxoma C2
u Bxoma 1 (mpu 4-pa3psaHOM BBHIXOTHOM KOfAE) IpUBEACHA HIXKE
(Tabm. 5.3).

Ta6auma 5.1. Tabauia uctuHHOCTH cyeTyrka ME2

Bxoibl Beixoast
Cl R1 R2 S1 S2 8 4 2 1
X 1 1 0 X 0 0 0 0
X 1 1 X 0 0 0 0 0
X X X 1 1 1 0 0 1
1—>0 X 0 X 0 Cuer
1—>0 0 X 0 X Cuer
1—>0 0 X X 0 Cuer
1—>0 X 0 0 X Cuer

Tabmuna 5.2. CoctosiHusT BBIXOAOB cueTyrka ME2 mpu cyeTe BXOMHBIX MMITYJIbCOB

Takrt Bbix.8 Brix.4 Brix.2 Beix. 1
0 0 0 0 0

o = O —| O =| O = @ —

O [0 [N [on [ [ W o=
S = = ool |o oo |2
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Ta6muua 5.3. Ta6muia uctuHHocTn cyetynka MES

Bxombl Brixonsl
Cl R1 R2 8 4 2 1
X 1 1 0 0 0 0
1—>0 0 X Cuer
1—>0 X 0 Cuer
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Puc. 5.4. O6benuHeHue Tpex cueTynkoB UES s yBennueHns: pa3psiiHOCTH.

OO0benuusATh cueTunku MES niisg yBenmyeHust pa3psiiHOCTH (Kac-
KaJupoBaTh) OYeHb MPOCTO: BBIXOH 8 MpEABbIAYIIETO CYeTYMKA (BBI-
Jaoliero 6ojiee MJamlve pa3psiibl) HY)KHO COSAMHUTh CO BXOAOM
Cl1 crenyromiero cuetdynka (BBIJAIOIIETO OOJee CTapIine pa3psiibl).
Ha pwuc. 5.4 moka3zano coeauHeHue Tpex cuetamkoB MES misa momy-
yeHMsT 12-pa3psiIHOTO aCMHXPOHHOTO CUETYMKA CO COPOCOM B HYJIb.
TounHo Tak xXe MOXHO 00beAUHATL M cueTuynku ME2, mobasnsas mpu
9TOM BXOfbI OOIIEl YyCTAaHOBKM cyeTdymka B Kom 99...9. OmHako mipu
00beAMHEHN HAIO ITOMHHUTb, 4YTO H00aBJIEHHME KaXIOro HOBOTO
paspsiia yBeJW4YMBaeT OOLIYI0 3afepKKy IEepeKIIOUeHUST TOJyIeH-
HOro cYeTyrka. MHOropaspsigHbIi aCMHXPOHHBIA CUYETUYUK MOXKET
MMOJYYUTHCS HETTPUEMIIEMO MEIICHHBIM.

Cuetuuk ME19 MoxXHO cumTaTh CABOGHHBIM BapHaHTOM CUETIM-
ka ME5. On Bkimiouaer B cebs aBa MICHTUIHBIX HE3aBUCUMBIX JAPYT
OT JApyTa 4-pa3psmHbIX aCMHXPOHHBIX CUETYMKA, KaXKIbIi M3 KOTO-
PBIX MMeeT cBoit cueTHBINM Bxonm C m cBoif Bxom copoca R. CumraroT
o0a cyeTynMKka, BXOAMIIME B MUKPOCXEMYy, IIO0 OTPUIATE]TBHOMY
¢ponTy Ha cBoux Bxogax Cl1 m C2. COpacheIBaloTCSI OHM €IWHWYHEI-
MM CHTHaJJaMM Ha CBOMX Bxojax copoca R1 m R2.

Cyetyuku, Bxonsiue B Mukpocxemy MEL9, MoXHO MCTIOnb30-
BaTh CaMOCTOSATENIbHO, HO MOXHO U OOBEAVMHUTL WX IJISI TOJIyde-
HUS 8-pa3psgHOro aCMHXPOHHOIO CYeTYWKA ¢ BBIXomaMu 1, 2, 4, 8,
16, 32, 64, 128. g Takoro o0beNMHEHMS TOCTATOYHO COEIUHUTH
BBIXOJ 8 MEPBOTO CUETUYMKA CO CUETHBIM BxogoMm C2 BTOPOro cyer-
yuka. Eciu coenunuth nsa cyetunka MEL9 (puc. 5.5), To momy-
yuTCs yke 16-paspsaHblii aCUHXPOHHBIN ABOMYHBIN cueTyuk. [Ipu
5TOM BBIXOA 8 BTOPOTrO CUYETYMKA COCAUHSIETCS CO CUETHBIM BXO-
moMm Cl mepBoro cyeturika. OgHAKO M B JaHHOM cliydae KaxKIbIid
CleAyIOIIUi pa3ps TepekIodaeTcsa ¢ 3aIepXKOoil mocie Tepe-
KJTIOYEHUST TIPEABIIYIIETO.
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Puc. 5.5. O6beauHenue aByx cuetunkoB ME19 mis yBenuyeHus pa3psigHOCTH. .

OCHOBHOE TIPUMEHEHME ACMHXPOHHBIX CYETYMKOB COCTOMT B IIO-
CTPOEHMU BCEBO3MOXKHBIX JIEIUTENCH YaCTOThI, TO €CTh YCTPOWCTB, BbI-
JAIOIIMX BBIXOAHOM CHUTHAJ C YacTOTOH, B HECKOJIBKO pa3 MEHBIIIEH,
YeM YacTOTa BXOIHOrO CuTHaja. B maHHOM cirydae Hac MHTEpecyeT He
BBIXOMHOI KOJI CUETYMKaA, TO €CTh HE BCE €r0 pa3psabl OTHOBPEMEHHO, a
TOJIBKO OIMH Pa3psill, TO3TOMY B3aMHbBIC 3aepPXKKH OTICIbHBIX pa3psi-
JIOB HE WIPalOT POJM, TMOJHAS 3aaepKKa MEePeKITIOYeHMs] CUeTIYMKa He
uMmeeT 3HayeHus. Ilpocreimmii mpuMep AeauTessT 9YacTOThl Ha IBa —
9TO TPUITEP B CYETHOM PEXKMME WM CUETYMK, BBIXOMIHBIM CHTHAJIOM
KOTOPOTO SIBJISIETCST BBIXOJ IIEPBOT0, MIIAMIILIETO pa3psia.

ITpu mocTpoeHUM aeavTeel YaCTOTHl MHOTAA BaXKHa HE TOJIBKO
4acToTa BBIXOAHOTO CHUTHaJIa, HO M ero )opma, ero CKBaXKHOCTb, TO
€CTh OTHOILIICHWE Tepuoaa CAeAOBAHUS MMITYJIBCOB K IJIUTEIbHOCTH
9TUX HUMITYJIbCOB. B Takmx ciydasix yaine Bcero TpeOyeTcs: meaHdp,
TO eCTh LMMPOBOI CHUTHAJI CO CKBaXXHOCTBHIO, PaBHOW OBYM (IJIM-
TEJbHOCTb MMITYJIbCOB PaBHa UIMTEIBLHOCTH I1ay3bl MEXIy HHMH).
[Momyunts MeaHAp M3 JIOOOTO CUTHaA JOBOJBHO IIPOCTO: HAMO MC-
MOJIb30BaTh MOIMOJHUTEIbHBINA IEIUTENIb YaCTOThl Ha 2, TpaBaa Ipu
9TOM YacTOTa BBIXOJAHOTO CUTHajJa YMEHBIIIUTCS €Ille BIBOE.

[IpocTeiiimii ipuMep TaKOTO AEIUTEs YaCTOThI Ha ACCSATh IPH-
BeleH Ha puc. 5.6. B menureine ucnonb3oBaH cuetyuk ME2, y korto-
pOro OMHOPA3PSIAHBIM BHYTPEHHUM CUETYMK BKJIIOYEH ITOCTE TPEX-
pPa3psaHOrOo BHYTPEHHETO CUYETYMKA. Tpexpa3psaHbli CUeTUYMK METUT
YacTOTY BXOJHOTO CHUTHaja Ha 5, HO BBIXOAHBIE MMITYJbCHl MMEIOT
CKBaXXHOCTBb, HE paBHYIO IBYM (oHa paBHaA 5). OmHOpa3psSIIHBINA
CUETYMK JEJUT 4YacTOTy €lle BABOE M OMHOBPEMEHHO (hOPMUPYET
MeaHIp. 3amepXK1 MEPEKITIOYSHMS pa3psaoB CUeTIYMKa OTHOCUTEIb-
HO ZIPYT Ipyra Ha pUCyHKe He TMoKa3aHbl (IIPMMEHsIEM MEepPBBIA ypo-
BEHb IIPEACTaBICHUS, JOTUUYECKYIO MOJED).



178 TI'mama 5

s 1
Bxox | L%_ 1 B UG
S Box2 [ 1 LI
R2 Baxd « T ' 1« T g
] ] I ]
& an.s: : [ | : : t i‘“""i_:
81 3 T T 1 T 3 T T I 1 1
82 Bux._;_l_:__i_,_l_l_l_'l'ﬂ_nr
HE2 Takr 0, 1,2,3,4,5,6,7,8,9.10,

Puc. 5.6. lenutenb yactoThl Ha 10, BbIAAIOIIMIA MEAHIP.

MHorna Bo3HUMKaET 3amavya JAeJeHUsT YaCTOThl BXOJAHOIO CUTHaia
B IIPOM3BOJIbHOE YKciIo pa3 (He B 10 1 He B 2", 4TO JIerko obecreyn-
BaeTCsl caMOW CTPYKTYpOM CTaHIApTHBIX CYETYMKOB). B 3TOM ciyyae
MOXXHO OpraHu30BaTh COpPOC CYETYMKa IPU JOCTKEHUU UM Tpe-
OyeMoro Koja IyTeM BBeIeHHUsI OOpaTHBIX CBSI3EM.
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Takr 0,1,2:3,4,5,6,7,8,9,10,
Puc. 5.7. lenutenb 4acTOTHl Ha 9 ¢ 0OpaTHBIMU CBSI3SIMM.

Hanpumep, Ha puc. 5.7 1okazaH MpOCTEHIINNA JeIUTEIb YaCTOThI
Ha 9 Ha ocHoBe cuetunka MES. Tlpn mOCTMXKEHUM €ro BBIXOTHBIM
kogoM 3HadueHUsa 9 (To ectb 1001) cueTymMK aBTOMATUUYECKU COpaCHI-
BaeTcs B HyJIb 110 BxomaM R1 u R2, u cyer HaumHaeTcs cHoBa. B pe-
3yJIbTaTe YacTOTa BBIXOJHOTO CHUTHaia B 9 pa3 MEHbIIIE YacTOTHI
BXOOHOT'O CUTHAaJIa. Hpn OTOM CKBAXHOCTb BBIXOJHOI'O CHUT'Hala HE
paBHa AByM. BpeMeHHas auarpaMma IokaszaHa Ha pUCYHKe ISl Tiep-
BOTO YPOBHS TIpeacTaBiacHUs (0e3 ydeTa BPEMEHHBIX 3a1epKeK).

Ecnu B yucie, Ha KOTOpoe HamO JEIUTh YACTOTY OOJbIIe IBYX
enquHuU (Harmpumep, 15, To ects 1111, unu 13, To ects 1101), TO M
¢opMHUpOBaHMs CUTHaJIa cOpoca Hago MCIOIb30BaTh 3JeMeHTHl 2,
31 umu 41 nnst oObeOMHEHMST BCEX BBIXOJOB, PaBHBIX CIMHUIIC.
B pesynbrate MOXHO IMOCTPOUTH AEJUTENIb BXOAHOM YacCTOTHI B JIIO-
0oe unciio pa3 ot 2710 2 , tae N — 4ucJio pa3psiioB UCHOJIb3YeMOTO
cuerunka. IlpaBma, mpu opraHu3alny OOpaTHBIX CBSI3eH HAmO y4Iu-
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TBIBaTh OTpaHUYEHME Ha OBICTpOJECHCTBUE cueTunka. Bce paspsimbl,
WCIIOJIb3yeMble JUISI OOpaTHOM CBSI3M, HOJKHBI YCIIETh TIEPEKIIIO-
YUTBCS 3a OAVH TEePUOJ BXOIHOTO curHana. CKBaXXHOCTb BBIXOJHOTO
CUTHaJIa MOXET MPUHUMAaTh B TaHHOM CJIydae caMble pa3Hble 3Haue-
HMSI, HampuMep, BBIXOTHOM CHUTHAJl MOXET IIPEICTaBJIsITb COO0Oi
OYEeHb KOPOTKUE UMITYJIbCHI.

Ha acuHXpOHHBIX CYeTYMKAX MOKHO CTPOUTh TaKKe yIpaBlisieMble
JEJIATEeSTN YaCTOThl, TO €CTh TaKUe NEJIMTEN, BBIXOAHAs YacToTa KOTO-
PBIX ompenensieTcs ynpasisiioinmM komoM. Ha puc. 5.8 mokasan nenu-
TeJb Ha 211, Te n — 1enoe. BoceMupaspsanbiii cuetunk ME19 pabortaer
M0 BXOOHOMY CUTHA&JIy C TAaKTOBOW 4acToTOi f, a BbIXOZHOW §-BxO-
noBoii MybTuILiekcop KIT7 mepenaeT Ha BBIXOM CXeMbI OIMH U3 7 pa3-
PSIIOB CUETYMKA WJIW K€ BXOTHOM curHaji. BriOop HoMepa KaHaja Ipo-
V3BOIUTCSA BXOAHBIM YIPABISIOIMIMM 3-pa3psimHbIM KogoM. Harpumep,
npy TakToBoii yactore f, = 10 MI'L, To ecTb npu nepuoae BXOLHOIO
curHaia 100 He mepuoa BRIXOAHOTO CUTHajIa MOXeT cocTaBisth 100 Hc,
200 8¢, 400 Hc, 800 He, 1,6 MKc, 3,2 MKC, 6,4 MKC, 12,8 MKC.
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Puc. 5.8. YnpasnsieMblil 1euTeNb 4aCTOThl HA ACUHXPOHHOM CUETUMKE.

B MoMmeHT mepekiioueHus YIpaBiIsonIero Koia Ha BBIXOAE CXe-
MbI MOTYT TTOSIBUTBCSI HEXEJATEJIbHbIE KOPOTKME UMITYJIbCHI, TAK KaK
HUKAKOW CHHXPOHM3ALMHU YIPABJSIOLIETO KOIAa HE MPEAYCMOTPEHO.
IToaTomMy cxeMa nmoJKHa padoTaTh TaK: cHayajla 3aJaeTcsl BXOIHOM
VIIPaBJISIONMINM KO, a YXe IOTOM paspeliaeTcsl paboTa TOH CXeMBbl,
Ha KOTOpYIO TOCTymHaeT c(OpMUPOBAHHBIM Hallleil CXeMOH BBIXOMI-
HOI curHas. B aTOM ciyyae HuKakux mmpoosem He Oymer. He urparor
pOJIM B TAHHOM CJIy4yae U 3aepPXKHU TMEPEKIIOYEHUS PA3PSI0B CYET-
YyyKa, TaK KakK BCeraa MCIIOJIb3YeTCsl TOJIbKO OIMH ero paspsia. Iias-
HO€E, YTOOBI C 4acTOTOM f, mepekioyascs nepBblil pa3psia CUETYMUKA.
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KOHC‘{HO, NMPUMEHCHNEC aCMHXPOHHBIX CYETYMKOB HE OrpaHHU4mn-
BAa€TCd TOJIBKO OCIUTCISIMU YaCTOTHI. B cJIy4dyasdax, Korga BBICOKOI'O
OBICTPOICICTBUSI He TpeOyeTcsl, KOrjma IepexOoAHble IpoLiecChl Ha
BbIXOJaX CYETYMKA HEC MMCIOT 3HAYCHUIA (l'lpl/l HpaBMHbHOVI CHUHXPO-
Hl/l3a]_lI/II/I), ACMHXPOHHBIE CYCTYUMKHU BITOJHE MOTYT 3aMCHUTDH 60ﬂee
OBICTpbIE CHUHXPOHHBIC CUETYMKM. JloyisT TakMX 3amad COCTaBIIsIeT
okoiio 20% ot o011ero yucna.

ECJTI/I K€ BKIIOYUTH Ha BBIXOAC ACMHXPOHHOI'O CUYECTYHMKA BBIXOI-
HO# TapajuieNIbHBIN perucTp (puc. 5.9), To MOXHO OOECIIeUuTh Of-
HOBPEMEHHOC IEPEKITIOYCHUE BCEX BBIXOAHBIX paspgaaoB CUCTUYHMKA.
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Puc. 5.9. BxiroyeHue BBIXOITHOTO perucrtpa aJjisd OAHOBPEMEHHOI0 HNEePEeK/NOYCHUsA
pa3pAa10B BbIXOJHOI'O Koaa.

HanHast cxeMa OyneT paboTaTh MPaBWIbHO, €CJIU TEPUO CAea0-
BaHMA BXOJHbBLIX TaKTOBBIX MMITYJILCOB 6YB,CT 6OJTbU_[e, YEM BpPEM
YCTAHOBJICHUST BCEX pa3psiioB cueTynka (B HaIleM ciydae — 8-pas-
psaHoro cueryuka ME19). MHBepTOop HEoOXonuM, TakK KakK CUETUYUK
cpabaTbiBaeT IO OTpUIATSILHOMY (PPOHTY BXOMHOTO CHUILHaja, a
pEeTUcCTp — II0 TIOJIOKUTENbHOMY (POHTY. XOTsS HaHHOE pelIeHUE
yCTpaHsIeT TJIaBHBIM HEIOCTATOK aCMHXPOHHOIO CueTYrMkKa — HEeOoJ-
HOBPEMEHHOCTh YCTAHOBJICHUSI €0 BBIXOIHBIX Pa3psiioB, OJHAKO
BTOPOI HEAOCTATOK — OOJIbIasl 3a7epkKKa YCTAaHOBJICHMSI BBIXOIHO-
ro Koja — coxpaHsiercst. Ero ycrpaHUTh HEBO3MOXHO, MOXHO TOJIb-
KO TMepeiTn Ha apyrue, 6ojiee ObICTPbIe CYCTIMKU.

B 3akitoueHne JaHHOTO pasielia Hago0 OTMETUTh, YTO ACUHXPOH-
HbIE CYETYMKM, KaK U Apyrue [HU(dPOBBIE CXEMBbI, MPEABSBISIOT TPE-
0OBaHUS K JJIUTEILHOCTU BXOMHBIX cUTHAI0B. Hampumep, He 10K~
HBI OBITb CJIMIIKOM KOPOTKMMM CHUTHaJIbI Ha TaKTOBBIX BXOJaX WM Ha
BXomax cOpoca M yCTaHOBKM. He MOJIKHBI OBITH CIMIIKOM 3aTSHY-
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TbIMU (I)pOHTbI BXOOHBIX CUTHAJIOB. TakToBBlEe CUTHJIBI U CUTHAJbI
cOpoca He JOJDKHBI MPUXOAUTH CO CIUIIKOM MAaJbiMU 3alep>KKaMu
IPYyTr OTHOCUTEIBHO Apyra.

5.2. CUHXpOHHBIE CYETYNKH
C ACMHXPOHHBIM ITEPEHOCOM

CuHXpoHHBIe (WM TapajlyieJIbHbIe) CUETYMKU XapaKTepU3YIOTCS
TeM, YTO BCE WX pa3psiibl B IIpeAesiaX OJHOW MUKPOCXEMbl Iepe-
KJTIOYAIOTCS OMHOBPEMEHHO, MapasuleJIbHO. DTO JOCTUraeTcs Cyle-
CTBEHHBIM YCJIOXXHEHWEM BHYTPEHHEU CTPYKTYpPbl MUKPOCXEMbI I10
CPaBHEHUIO C IMPOCTHIMU aCUHXPOHHBIMM cueTuynKamu. B pesynbrare
TIOJTHAs 3a7epKKa MepeKTI0UEeHUsT CHHXPOHHOIO CYeTYMKA ITPUMEPHO
paBHa 3aJep>XKe OJHOTO TPUITEpa, TO €CThb CUHXPOHHBIE CUETYUKMU
ropasfo OBbICTpee aCMHXPOHHBIX, MPUYEM UX OBICTpOACHCTBUE HE
MagaeT ¢ POCTOM KOJMYECTBA Pa3psiioB BBIXOJHOTO Kojaa (KOHEYHO,
JIO OIpPENeIeHHBIX TIPEIEIOB).

Vrpasnenue paboToli CMHXPOHHOTO CUETYMKA ropaslo CIoXHee,
YyeM B CJlydaé aCMHXPOHHOIO CYeTYMKa, a KOJMUYECTBO pa3psiioB
CUHXPOHHBIX CYETYMKOB OOBIYHO HE MpeBbilIaeT yeThipex. [ToaTomy
CUHXPOHHBIE CYETYMKU HE BCErla MOTYT YCMEIIHO KOHKYPUPOBAaTh C
ACUHXPOHHBIMU CYETYMKaMM, OCOOEHHO MPM HEBBICOKUX TpeOoBa-
HUSIX K OBICTPONEMCTBUIO. 3aTO M BO3MOXHOCTENM Y CHHXPOHHBIX
CUETYMKOB, KakK IpaBujo, ropazao OoJjblle, 4YeM Yy aCMHXPOHHBIX,
HaIllpuMep, OHM O0EeCTevYrBaloOT MapasuliesibHYIO 3alKuch MHMOpMaLuu
B CUETYMK M MHBEPCHBIN PEXUM CUeTa.

s o0beAMHEHUSI HECKOJIbKUX CHMHXPOHHBIX CYETUYMKOB C lie-
JIbIO YBEJIMYEHUsI YKClIa WX pas3psuoB (WIS KacKaJaupoBaHUsI) UC-
TOJIb3YeTCsl CIelMabHbI BBIXOMHOW CHUTHaJ mepeHoca. B 3aBucu-
MOCTU OT MPUHIUMIOB (POPMUPOBAHMS STOTO CUTHAJIa TIepeHoca U OT
TIPUHIIMIIOB €r0 MCIOJIb30BaHUsI CUHXPOHHBIE (TTapajjieibHble) CUeT-
YUKW JEITCS Ha CYETYMKU C aCMHXPOHHBIM (TTOCJIEIO0BATEIbHBIM)
TEPEHOCOM U CUETUYMKU C CUHXPOHHBIM (TIapasuliesIbHbIM) ITIEPEHOCOM
(MY MTOJTHOCTBIO CUHXPOHHBIE CYETIMKU).

CUHXpOHHBIE CUETYMKM C ACMHXPOHHBIM II€PEHOCOM 3aHUMAIOT
TPOMEXYTOUHOE TMOJIOXKEHNE MO OBICTPOAECUCTBUIO MEXIY aCMHXPOH-
HBIMM CYETYMKAMM U TTOJTHOCTHIO CUHXPOHHBIMU CUETYMKAMU. YIIpaB-
JIeHUEe MX pabOTOM TpOoIle, YeM y CUHXPOHHBIX CYETYMKOB, HO CJIOXK-
Hee, YeM Y aCMHXPOHHBIX. PaboTaloT JaHHbIE CUETYUKM IO TTOJIOXKM-
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TeJlbHOMY (bpOHTY BXOAHOTO CMTHaja (MJIM, YTO TO Xe camoe, I10 3al-
HeMy (bpoHTY oTpuuaTeNbHOro curHaia). OCHOBHAsl CyTb UX PabOTHI
CBOIUTCSI K CJIEMYyIOIIEMY: BCE Pa3psiibl OJHOTO CUETYMKA TEPEeKITIo-
YaloTCsl OMHOBPEMEHHO, HO MPU KaCKaIUPOBAHUN CUETYMKOB KaKIIbIid
CIISAYIONINIM CUETYMK (JAIoIINii OoJiee CTapIlve pa3psiibl) MEepeKITio-
YaeTcsl ¢ 3aJep>KKON OTHOCUTEBbHO IMPEAbIAYIIEro cueTynKa (marolie-
ro 0ojiee Miamime pa3psiabl). To ecTh 3aaepKKa MePeKIIOYEHUST MHO-
ropaspsiTHOTO CYETYMKa YBEJIWUYMBAETCS B JAaHHOM CiIydae HE C Kax-
JIBIM HOBBIM Pa3psiioM (KakK y aCMHXPOHHBIX, CYETYNKOB), a C KaXKIOM
HOBOM (Harmpumep, 4-pa3psiTHON) MUKPOCXEMOI.

CurHal nepeHoca y 5TUX CUSTYMKOB IPU MPSIMOM cUeTe BbIpaba-
TBIBaeTCSl TOTJA, KOTJA BCE pa3psiibl paBHBI eAMHUIE (JOCTUTHYT
MaKCHMAaJIBHBIN KOJ) W KOTJa MPUXOIUT BXOAHON curHaji. [Tosromy
CUTHAJI TIepeHOoCca, TTOBTOPSIONINI BXOIHOM CUTHAJ, OyIeT 3aaep:KaH
OTHOCUTEIBLHO BXOJHOTO curHaia. I MMEHHO 3TOT cUTrHaj mepeHoca
HCTIONIB3YETCSl B KAUeCTBE BXOJHOTO IJISI CJAEAYIOIIETO CUeTYMKa Ipu
KackagupoBaHUU. To ecTb BXONHON CUTHaj BTOPOro CueTyMKa 3a-
Jiep>kaH OTHOCUTEIbHO BXOMAHOIO CUTHaja MEPBOro CYETYMKA, BXOI-
HOM CHUTHaJ TPEThEero CUeTYMKa 3aepxaH OTHOCUTEJbHO BXOIHOIO
CUTHajia BTOPOTO CUETYMKa U T. [I.

BpemenHast muarpamMa 4-pa3psiHOrO CHHXPOHHOIO CYETYMKa C
aCMHXPOHHBIM TIepeHOCOM MoKa3aHa Ha puc. 5.10. M3 pucyHka BUIHO,
YTO paspsiibl MEPEKTIOYaloTCs OAHOBPEMEHHO IO ITOJIOXUTEILHOMY
(pPOHTY BXOIHOIO CUMTHaia (C HEKOTOPOI 3aepXKKOi), a OTpULIATEIb-
HBI CHUTHaJ TIepeHoca TakKe 3aaepXkaH OTHOCUTEJIbHO BXOJHOIO OT-
pULIATeIbBHOTO UMIMyJibca. [IOHSTHO, YTO TEpeKIIoUeHUue pPa3psiIoB
cyeTyrka, paboTalollero ¢ 3TUM CUTHAJOM IIepeHOca B KayecTBe
BXOIHOTO, OYyIET MPOUCXOIUTh C JOIMOJHUTEIbHON 3aNePXKKOI OTHO-
CUTEJIbHO MEPEKITIOUeHHs pa3psAoB JaHHOTO CUeTYMKA.
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Puc. 5.10. BpemeHHas nuarpamma paboThl CHHXPOHHOTO CYETYMKA C aCMHXPOHHBIM
MEePEeHOCOM.
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IIpuMepamMy CMHXPOHHBIX CYETUMKOB C aCMHXPOHHBIM ITEPEHO-
COM MOTYT CJIYXWTh ABOMYHO-AECATHUYHBIA cuyeTunk ME6 m nBomy-
sl cyeTunk ME7 (puc. 5.11). OHM MOJHOCTHIO UACHTUYHBI IO CBO-
MM BO3MOXHOCTSIM M Ha3HAUYE€HUSIM BXOJOB U BBIXOIOB, HO TOJIBKO
cuetynk ME6 cumraer ot 0 10 9, a cuerunk ME7 — ot 0 no 15. O6Ga
CYeTYMKa PEBEPCUBHBIC, OOECMEYMBAIOT KaK MpsMON cyeT (1o TIo-
JIOXKUTEJIBHOMY (DPOHTY Ha BXoze +1), Tak u oOpaTHBIN cueT (I10 Io-
JIoXXUTeJIbHOMY (hpoHTY Ha Bxoae -1). Ilpu mpsMoM cueTe oTpuiia-
TeJbHBI CUTHAJ TepeHoca BbipabaThiBaeTcss Ha Bbeixoge >15 (MUE7)
nnn >9 (ME6). IIpn obpatHOM (MHBEPCHOM) CYETe OTPUILATEIbHbIMI
CUTHaJI TIepeHoca BbipabaThiBaeTcsl Ha BhIxome <0 Iocje JOoCTHXKe-
HUSI BBIXOAHBIM KomoM 3HaudeHus 0000. KMmeeTcsi BO3MOXKXHOCTh
cOpoca cyeT4MKa B HY/Ib TOJIOKMTEIBHBIM CUTHAJIOM Ha Bxone R, a
TakXe BO3MOXKHOCTbH MapaIeJIbHOM 3alliCU B CUETYMK KOJAA CO BXO-
noB D1, D2, D4, D8 mo orpuliaTeIbHOMY cUTHajy Ha Bxoge -WR.
IIpu nmapamnenpHOM 3anmMcy MHGOPMALIMM CYSTIMKM BeOyT ce0sl Kak
PeTUCTPHI-3aIleIKM, TO €CTh BBIXOOHOW KO CYETUYMKa ITOBTOPSET
BXOOHOM KoM, Toka Ha Bxoae -WR MNpuUCYTCTBYeT CUTHaj HYJIEBOIO
YPOBHSI.

+1 |[CT10] | = 1
p{ 3
R 8
04— =1
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Puc. 5.11. CuHXpOHHBIE CUETIMKH C aCUHXPOHHBIM TIEPEHOCOM.

Bxon mapamnenbHOI 3amMcu 0003HAyaeTcsl MHOINA Ha cxemMax
Takxke -L, -C, a BeIxogsl repeHoca obo3Hadarorcs Takke -CR u -BR.

Pexxumbl pabotel cuetunkoB ME6 u ME7 mnpeacrtaBieHbl B
Taba. 5.4.

ITocne cOpoca cueTYMK HAYMHACT CUYET II0 ITOJIOXKUTEIBHBIM
¢poHTaM Ha CUETHBIX BXOJax OT HyJjeBoro koga. Ilocne mapasienb-
HOW 3aIMCHU CYeT HauMHaeTCs OT YKclia, 3alMCaHHOro B cueTyuk. Ilo-
ciie nepenojHeHus cyetunka ME7 (moctwxkenus koma 1111) mpu nipsi-
MOM cueTe BbIpabaThIBacTCsl OTpULATEIbHBI CUTHA TepeHoca >15,
TIOBTOPSIIOLINI BXOAHOW OTpUIIaTeIbHBIM MMITYJIbC Ha Bxoae +1 c 3a-
nepxxkoii. ITocne noctxkeHus kKoma 0000 mpyu o6paTHOM cyeTe BbIpa-
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OaTbIBaeTCsl OTpULATE/IbHBII cUTrHan TiepeHoca <0, IOBTOPSIOLIMIA
BXOIHOI OTpULATEIbHbI UMIYJILC HA BxoJe -1 ¢ 3amepxxkoit. TouHo
Tak Xe paboraer u cuetyuk ME6, HO y Hero mepemnojiHEHUE OyIeT
BO3HMKATh B peXXKMME MPSIMOTO cueTa npu JoctvkeHuun koaa 1001.

Taommua 5.4. Tabnuna pexxuMoB paboTel cuetunkoB ME6 u ME7 .

Bxombt Pexxum paboTel
R -WR +1 -1
1 X X X C6poc B HyIb
0 0 X X [MapannenbHast 3amuch
0 1 1 1 XpaHeHue
0 1 0 0 XpaHeHue
0 1 0—>1 1 [Mpsimoit cuet
0 1 1 0—>1 OGpaTHbIli cueT

BxonHble CUTHaJIbI cyeTa, 3allMCU M cOpoca He JOJXKHBI OBITh
CIMIIKOM KOpOTKUMU. He momkeH ObITh CIAWIIKOM MajIbiM BPEMEH-
HOM CcABUT MeXIy curHajiamu Ha Bxogax DI — D8 u curHajiom 3a-
MYCU KaK B Hayajie UMITyJbca 3alucu, TaK U B €ro KOHIle (CUTHal
3anucu -WR J0K€H HayWHAThbCSl T10CJI€ YCTAaHOBJIEHUS BXOMHOTO
KoJia, a 3aKaHYMBATbCsI — O CHSTUSI BXOAHOTO KOMa).

Oo6benuHeHne cuetynkoB ME7 u ME6 mist yBemueHUsT pa3psigHO-
CTU (KacKaaupOBaHUE) OCYILIECTBISIETCS OUYEHb MPOCTO: HY>KHO BBIXO-
JIbl TIepeHoca MJIAMIIMX CYETUYMKOB (JAIOLIMX MJIAAIINE pa3psiabl Bbl-
XOJHOTO KOJa) COEIUHUTH CO CYETHBIMMU BXOJAMM CTapIlMX CYETIYM-
KOB (amIIMX CTapiliue pa3psabl BbIxogHoro kona). Ha puc. 5.12 mo-
KazaHa opraHuzainusi 12-pa3psiTHOro cueTyrka Ha Tpex MUKpOCXeMax
WE7. DTOT cueTyuK MOXET CUMTaThb KaK Ha yBeJMYeHue (mpsMoit
CUeT), TaK M Ha yMeHbllleHue (0OpaTHbIN c4yeT). Bo3MOXHBI Takske
cOpoc ¥ mapajutesibHasl 3alycCh B CYETYMKM BXOAHOTO Koja. Paspsmbl
KaXJ0ro CJAEAYIOIIero CYeTYMKa OYIyT IMepeKIodaTbcsl OJHOBPEMEH-
HO, HO C 3aJIeP>XKOI OTHOCUTEIBHO TePEeKIIOUEHUST Pa3psIioB MPeabl-
IYIIETO CYeTYMKA. TOYHO TaK XXe 00beTUHSIOTCS 1 cueTdnku ME6.

Eciu HeoO0XoauMo UCIOIb30BaTh BCE BBIXOMHBIE pa3psiibl MHO-
ropa3psiTHOTO CYETYMKAa OJHOBPEMEHHO (KaK eIUWHBI KOid), TO He-
00XOAMMO BBITIOJIHEHME CIEOYIOLIEro YCIOBUS:

T>(N-Dty, He . o oieen -
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rie T — nepuon BXOOHOTO curHaja, N — 4YuCJIO OOBbEeAMHEHHBIX
MMKPOCXEM CYETYMKOB, t,;, — BpeMd 3aLEPXKU IepeHOCa OIHOIO
cyeTyuka, t,. — BpeMs 3a0epXKU cyeTa (IMEePEeKIIOYEHUSI BBIXOIHOIO
KOJia) OHOTIO CYeT4YHrKa.

+ .
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Puc. 5.12. O6beaguHeHue cuetuynkoB ME7 st yBenmueHUs1 pa3psiiHOCTH.

IIpuMeHeHne CUMHXPOHHBIX CUETYMKOB C ACMHXPOHHBIM MEPEeHO-
COM OUYeHb MHOroo6pazHo. Hampumep, OHM MOTYT OEJUTh YacTOTY
BXOJHOIO CHUTHaJla, CYUTaTh BXOJHBbIE WMIIYJbChl, (HOPMUPOBATh
Mayku UMIMYJbCOB, UBMEPSTh AIUTEIbHOCTh BPpEMEHHOIO MHTEpBaJa,
(GopMUPOBaTh CUTHANBI 3aJJaHHON JJUTEIbHOCTU, U3MEPSTH YaCTOTY
BXOJHBIX MMITYJIbCOB, MOCJIEI0OBATEIbHO TMEpeKaoUYaTh BXOIHbIE U
BBIXOJHBIE KaHaJIbl, (POPMHUPOBATH CJIOXHBIE ITOCIEI0BATEIbHOCTU
CUTHAJIOB, Mepeduparh aapeca MaMsITU U MHoOToe Japyroe. Mbl pac-
CMOTPUM JIMIIb HECKOJIBbKO HanboJjiee TUITMYHBIX PUMEPOB.

B kauecTBe meauTesisl 4aCcTOThl BXOAHOI'O CUTHajda CUHXPOHHbBIE
CUETYMKU C aCUHXPOHHBIM MEPEHOCOM OUYE€Hb YI0OHbI, TaK KaK B HUX
COYETaeTCs CPaBHUTEIBHO BBICOKAasi CKOPOCTh PabOThl C JAOBOJBHO
MPOCTbIM YMpaBjieHUueM. YJIO0OHO TakxKe U TO, YTO Y HUX MMEETCS
pexuM obpaTHoro cuerta. Ha 3Tux cyeTyMKax MOXHO CTPOUTH ACIU-
TeAU YacTOThl C MPOU3BOJBHO MU3MEHSIEMBIM C TMOMOILbIO BXOJIHOTO
Kojga KoapdulmeHToM aeneHus. Takue OeJIuTear HaxomsT, HaIlpu-
Mep, LIMPOKOe MpUMEHEHHE B aHaJoro-uM@poBbIX cUCTeEMaX, pabdo-
TalOILIMX C aHAJOTOBLIMM CUTHAJaMU pa3HOM YacCTOTHI.

IlpocTeitiuunii npuMep 8-pa3psiAHOrO AEAUTENST YaCTOThl Ha CUET-
yukax ME7 noka3aH Ha puc. 5.13.

Ha Bxox cueTyukoB mogaeTcs 12-pa3psimiHbIA  yHpaBJsliOLIUiA
Ko, omnpeAeisiolunii Ko3¢pULIUEHT OeJIeHUs] BXOAHOM YacTOTHI.
OTOT KOA 3allMChiBaeTcs B CYETYMKU I10 cUTHajny nepeHoca <0
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crapiiero cuerynka. C 3TOro Kojma HauyMHaeTcsl 3aTeM CyYeT Ha
yMeHbllleHre. Korga cYeTYMKU OTCUMTAIOT KOJWYECTBO BXOJIHBIX
HMMITYJIbCOB, paBHOE BXOJAHOMY KOIy, CHOBa BbIPpA0OTAETCSl CUTHA
TepeHoca CTaplliero CYyeT4yMka M CHOBa 3allMIIeT BXOMHOW Kon B
cuetynku. KoadduumeHr aeneHus oynet paBeH (N+1) mpu BXomHOM
kone N. OtpuuarelbHbIA BBIXOAHON CUTHalI OyneT o ¢opme Io-
BTOPSATb BXOJHOM, HO C TIOJTHOM 3a[€PXKKOM MepeHoca, a €ro yacrora
OyneT MeHbllle 4yacToThl BxomHoro curHaia B (N+1) pas. Ilpu 12-
pa3psiIHOM BXOMHOM KOAE€ MaKCUMAaJbHBI KO3(MDMUIIMEHT OeaeHUs
coctaBut 4096, a MUHUMAaJIbHBIA — 1.

1,
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Puc. 5.13. Jlenurtenb 4acToThl ¢ KOIMDOUIMEHTOM IeIEHUS, 3aaBaEMbIM BXOIHBIM
KOZIOM.

Yr1ob6bl chopMyIMpoBaTh YCIOBUS TPaBWIbHON pabOTHI JaHHOTO
JIEIUTEIIST YacTOThl, HAlO TPEXAe BCEro OTMETUTh, YTO 3alMCh BXOM-
HOIo KoJa B CYECTYMKHU ITPOU3BOAUTCSI OTPpULATCIbHBIM YPOBHEM CHUI-
Hama -WR, To ecTb mepemHMM (PPOHTOM BXOJHOTO OTPHULIATEIHHOTO
HMMITYyJIbCa, a CYET IPOM3BOIUTCS TOJOXUTEIbHBIM (DPOHTOM CUTHAJA
-1, To ectb 3amHUM (PPOHTOM BXOIHOTO OTPHUIIATEIHLHOTO MMITYJIbCA.
Orcioga ciemyeT, 4TO BXOMHOM WMMITYJIbC JOJKEH OBITh JOCTaTOYHO
KOPOTKHUM. Ecin oH 3amuceiBaeT Koo B CYECTYMKH CBOUM IICPCOAHUM
(GpPOHTOM, OH yXe He JOKEH CBOMM 3aIHUM (DpOHTOM IMEpEKII0YaTh
cyeTyrMKM 1o Bxomy -1. ITo3ToMy IIUTEIBHOCTh BXOMXHOTO OTpHIIA-
TEJIbHOTO MMITYJIbca HE MOJIKHA TIPEBBIIIAaTh MMOJTHOTO BpeMEHU ITepe-
KJIIOUEeHUsI CYETYMKOB 1 3alMCU B HMX BXOAHOro Kona. B Hamem ciy-
yae 3TO TPHU 3aAePKKU TepeHoca 1 3aepXKKa 3aliCu B CUCTYUK.

Ecim gacToTa BXOOHOrO curHaja Oosbliast (Hampumep, OOJIbIine
10 MTI'11), To HOpMaJTbHAs JUIUTETBHOCTD BXOJHOTO CUTHAJIa TTOJTydaeTcsl
cama coboit. Ho yacToTa BXOOHOTO CUTHaJIa HE MOXET ObITh 1 CIIMIITKOM
Oospiioii. MHave B mpoliecce 3amdCU CUETYMK IIPOIYCTUT OOUH U3
BXOOHBIX HMMITYJIBCOB WJIN HJAaXXE€ HECKOJbKO. To ectb oT NnepeaHero
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(poHTa BXOTHOTO OTPULIATEIBHOIO CUTHAJA 10 3aiHero (hpoHTa cie-
JYIOIIETO BXOJHOTO OTPUIATEIBHOTO CHTHAJla JTOJBKHBI YCIeTh cpabo-
TaTh BCE CYETYMKU UM JNOJDKHA MPOM30MTH 3aIllMCh B CYETYMKU (CyMMap-
HOE BpeMsI 3a[IepXKKHU OITATh XK€ BKIIIOYUT B ce0sT CyMMY 3alepskeK repe-
HOCa BCEX CYETYMKOB M 3aIepKKy 3amrcH). To ecThb orpaHMYeHUsT Ha
BXOJIHYIO 4acTOTy OYJET TeM KecTde, YeM OOJIbIIe CYETYMKOB MbI O0b-
eIMHSIEM JUIS YBeJIMYeHUS KOJMYECTBa pa3psaoB. B maHHOM ciydae
Ba>kHO MME€HHO KOJIMYCCTBO ITPUMEHEHHBIX MUKPOCXEM, a HE KOJIMYECT-
BO VICITOJIb3YEMBIX Pa3psiioB, KaK Y ACMHXPOHHBIX CYETYMKOB.

s pellieHKsT 4acTO BCTpevalollieiics Ha MpakKTUKe 3aJadyu IOJI-
cyeTta KOoJMYECTBaA IIPpUIOCAIINX BXOOHBIX MMITYJIBCOB HGO6XO,£[I/IMO
BCEIo JIMIIb O6"beZ[I/IHI/ITb HECKOJIbBKO MUKPOCXEM CYETYUKOB C LICJIbIO
TOJIydeHUST TpeOyeMoro 4yucia paspsgoB. Hampumep, eciu Kojude-
CTBO BXOIHBIX MMIIYJILCOB HE IPEBBIIIACT 255, TO AOCTATOYHO ABYX
4-pa3psimHBIX CUSTIYMKOB, €CJIM OHO He Oouible 65535, To Hago 00b-
eIMHUTD YK€ YeThIpe 4-pa3psIHbIX cueTyuka. Tak Kak B 3TOM CIIy-
yae HAC MHTEPECYIOT BCE BBIXOJIHBIE Pa3psiAbl OMHOBPEMEHHO, HE00-
XOIMMO 00CeCIIeYNTh, YTOOBI 3a IEPHOM BXOAHBIX HMMIIYJIHLCOB IIEepe-
KJII0YaJIMCh BCE MUKPOCXEMBI CUETUMKOB.

O06ecreunTh OMHOBPEMEHHOCTh MEPEKITIOUEHMST BCEX BBIXOMHBIX
paspsaa0B CYETUYMKA ITPU CYETE BXOAHBIX MMITYJIbCOB MOXHO, KakK U B
cliyqya€ aCMHXPOHHBIX CYETYMKOB, 3a CYET BKIIOYCHHA BBIXOJIHOIO
MapajuieJIbHOTO perucTpa, cpabdareiBamollero no gpoHry (puc. 5.14).
JlaHHOe pellleHVe AOBOJIBHO YHMBEPCAJIBbHO, OHO MOXET MCITOJIb30-
BaTbCd B CaMBbIX pa3HBIX CUTyallMAX, KOoraga HGOGXOD,I/IM BECb BBLIXO/-
HOM Kon cueTuMka LeaukoM. Kom Ha BeIXone perucrpa OyaeT yaep-
XKHMBATbCAd B TECUYECHUE BCETO I€pruoaa BXOIHBIX MMITYJIbBCOB. I'[paBL[a,
6bICTpOﬂeI7ICTBI/IG CUETUUKA OT OTOT'O HE IMOBLIIIACTCA.
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Puc. 5.14. BkiitoueHue BBIXOAHOTO PETMCTPa Ul OMHOBPEMEHHOTO TEPEKIIOUeHUS
Pa3psiioB BBIXOTHOTO KOJa.
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Puc. 5.15. ®opmupoBaresib a4k U3 BOCBMU MUMITYJILCOB. 9:«B

®opMmupoBaHUe TAYKKU (TPYIITbI) BXOAHBIX UMITYJILCOB C 3alaH-
HBbIM KOJIMYECTBOM HMMITYJIbCOB — JOBOJIbHO pacCIIpoCTpaHCHHas 3a-
nadya. Hampumep, Takoe dopmMupoBaHre HEOOXOOMMO IPU OpraHu-
3alMu oOMeHa uHdopMalueil B IociiefoBaTeIbHOM Kojae. Eciu B
KayecTBe Mpeodpa3oBaTelisl MapalieJbHOTO KoJa B TocCieAoBaTe)b-
HBI UCTIOB3YeTCsl 8-pa3psiAHbI PErucTp CABUTA, TO €My B KauecTBe
CHUHXpOCHUTHaJ1a HCOGXO[[I/IMEI Imayka M3 BOCbMU MMITYJIBCOB. Cxema
¢dopmupoBartesisi TaKOW Mayku UMITYyJIbCOB MOKa3aHa Ha puc. 5.15, a
BpeMeHHas1 TrarpaMma ee paboTbl — Ha puc. 5.16.

Tencparop™]_L LML LML L L L
Crapr i 1 ) ) 1 1 ' !
1 T T T T T T T Y

O T T T

© l

Buxonl — I LI Ll M1 i
@

@

Puc. 5.16. BpemeHHast auarpamma paboTbl (pOpMUPOBATENS TAYKUA MMITYJILCOB.

ITo curnamy CrapT (IOJOXUTENbHBINA (POHT) MEpeKTI0UacTCs
TEePBBI TPUITEP, UCTIONB3YIOIIUICS misi cuHxpoHusauuu. [lo mep-
BOMY TOJIOXUTEJIbHOMY (DPOHTY TaKTOBOIO CUTHAJIa C TreHeparopa
TepeKIII0YaeTcsl BTOPOW TPUTTEP, Pa3pellialoiinii MPOoXoXaeHUe UM-
MyJIbCOB C TeHepaTopa Ha BbIxond uepe3 ajemeHT 2M-HE, a takxe
pa3pemapinii padoty cuetunka ME7.

ITocne Toro xkak Ha Beixoml cxeMbl MpOHAyT BOCEMb OTpPHILIA-
TEJIbHBIX MMITYJIbCOB, Ha BBIXOJE 8 cUeTYMKa BbIpAOOTAeTCsl €AUHU-
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11a, YTO MpHUBEAET K COpOCY B MCXOOHOE HYJIEBOE COCTOSTHME O0OMX
TPUTTEPOB (KOPOTKUM OTPUIIATEIbHBIM HMMITYJIbCOM Ha BbIXOZE
HUXHETo 1o pucyHKy sieMeHTa 2U-HE) 1 K 3anpeTy mpoxoxaeHust
WMITYJILCOB Ha Bbixoia. Pabora chopMupoBaTesisi BO30OOHOBUTCS TTOCTE
cnenytoiiero curHaiga Crapr.

Ha ocHoBe cueTurMKOB JAOBOJIBLHO MPOCTO CTPOUTH (hOopMUpOBATENU
BPEMEHHBIX MHTEPBAJIOB C UIMTEBHOCTHIO, 33aBA€MOIi BHEIITHUM KO-
noM. Taxkue ¢opmupoBaTeId HAXOOAT IIMPOKOE MPUMEHEHUE, HAIpU-
Mep, B Pa3IMYHbIX UBMEPUTETbHBIX YCTpoiicTBax. Tak Kak (hopMupoBa-
TeJlb BPEMEHHBIX WHTEPBAIOB OOBIYHO pabOTaeT ¢ KBapLEBbIM TaKTO-
BbIM T€HEpPaTOpPOM, BOBMOXHBI J1Ba MOIXOJA K €r0 IMTOCTPOSHUIO.

ITpu mepBOoM TMOIXONE BXOTHOI CTApTOBBIM WUMITYJIBC CUHXPOHU3M-
pyeTcsl ¢ TaKTOBBIM CUTHAJIOM, B PE3YJbTaTe YEero BBIXOTHOU MMITYJIbC
33JaHHOI JUITUTETBHOCTU MOXET HAayaThCsl HE cpa3y Mocje CTapTOBOTO
VMITYJIbCa, a Yepe3 KaKoe-TO BpeMsi, MEHbIIIee Mepruoaa TaKTOBOTO CHUT-
Hana. JIuTenbHOCTh (POPMHUPYEMOIro BPEMEHHOIO MHTEpBaja OyIeT B
9TOM CJiyyae abCOIIOTHO TOYHO M3BECTHA M OyHeT paBHA LIEJIOMY YUCITY
MEepPUOJOB TAKTOBOTO reHeparopa. IMeHHO Tak ObLIO CIEaHO B MIPEIbl-
JIYIIEe pacCMOTpeHHOM Hamu cxeMe (curHai Beixox 2 Ha puc. 5.15 kak
pa3 u oyneT ¢GopMUPYEMBIM CUTHAJIOM C 3aJaHHOM JIUTEIbHOCTBIO).

ITpu BTOpOM TOAXONE BBIXOMHOW WMIYJIbC 3aAaHHOW JTUTEb-
HOCTU HauyMHAaeTCsl cpasy IOocJie BXOJAHOTO CUTHAJa, HO JUTUTENb-
HOCTh €r0 MOXET OTJIWYaTbCcsl OT 3aJaHHOW Ha Kakoe-TO BpeMs,
MeHbllIee Tepuoja TaKTOBOro curHaia. MHorma ato Gosiee mpuem-
JieMoe pellieHue, 0OCOOEHHO TPU OOIBIIUX JUTUTETLHOCTIX BBIXOAHO-
TO CUTHajia, 3HAYMTEIbHO OOJIBIINX, YEM MEPUOJ TaKTOBOTO CUTHA-
na. Cxema chopMupoBatessi BpEMEHHOTO MHTepBajia, MOCTPOEHHOIO
B COOTBETCTBUU C 3TUM BTOPBIM MOAXOAOM, IOKa3aHa Ha puc. 5.17..j

il
Jlor.1
oo P L
!_1 —
o 4 5 — 4
s D1 8
Jlor.1 [T T y Bi g B2
| 1 T D4 D4
IR —1D8 D8]
d WER 154 W 1
— U4 ?: 04 q ! -
V7 HE7 HE7
1
Bxomrol ko i Brxon

Puc. 5.17. ®opmMmupoBaTeb BpeMEHHOTO WHTEpBaJa.
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PaGorta cxembl HauMHAaeTCs ¢ MOJaYd KOPOTKOTO OTPULIATE]IbHO-
ro ummnynbsca -Crapr. OH nepebpachiBaeT TPUTITEP, KOTOPbI pa3pe-
1IaeT paboTy CYETUMKOB CHSITMEM CHMIHajia MapajijieibHON 3amucu
-WR. Ilo orpuuareibHoMy (POHTY BXOJHOIO CHUTHAjla HAYMHACTCS
MOJIOXKUTEIbHBINA BBIXOAHOW CUTHAJ 3aJaHHOM IuTeabHOCTU. CyeT-
YUKW HAYMHAIOT CYMTATh Ha YMEHBIIEHUE KOja IO MOJIOKUTETbHbBIM
¢poHTaM TaKTOBOTO CUTHaja ¢ reHeparopa. Korma oHM TocuMTalOT
JI0 HyJs1, BblpabaThIBaeTCs CUTHaJI TepeHoca, MepedpachiBaloNIni
TPUTITEP B UCXOJHOE cocTosiHue. Pabora cxeMbl BO30OOHOBUTCS TIOCTE
cnenytoiiero curHana -Crapr.

Ecnu BxomHO# Kon paBeH 1, TO MJIUTEIbHOCTh BBIXOAHOIO CHUT-
Hana coctaBuT oT T mo 2T, rme T — mepuoa TaKTOBOrO CHUTHaJja.
Ecnu BxogHoii Kon paBeH N (1o 255), TO JJIUTENBHOCTb BBIXOAHOIO
curHana coctaBUT oT NT mo (N+1)T B 3aBUCMMOCTH OT MOMEHTa
MPUXO/la BXOJHOTO CUTHaJa MO OTHOUIEHUIO K TaKTOBOMY CHUTHATYy.
AOCOIOTHASI TIOTPEITHOCTh BBIAEPKKU JIUTEIbHOCTA BBIXOJHOTO
CUTHaJla B JIIOOOM cJlyyae He MpeBbIIIAeT Mepruoja TaKTOBOTO CUT-
Hama T.

DTy Xe caMylo CXeMy BITOJTHE MOXHO HMCIMOJIb30BaThb B T€X CIy-
yasx, Korga HeoOXOAUMO TOJYYUTh YOBIBAIOIIMK KOJ OT 3aJaHHOIO
yucna no Hyns. [Ipu aToM curHan ¢ BbIXola TpUTrrepa OYIET TOJbKO
BHYTPEHHUM CHUTHAJIOM CXEMBbI, @ BBIXOAHBIMU CUTHAJIAMU CXEMBbI
OyIyT BBIXOJHBIC Pa3psiibl CYETUMKOB.

Wnorpa ObIBaeT HeoOXOAMMO CGOPMUPOBATH UMITYJILC TpeOye-
MOl IJIMTEJIbHOCTU, HO OJHOBPEMEHHO MMEThb He YObIBalOIIUii, a
BO3pacTaloluil Koa (0T HyJIs OO0 3aJaHHOTO 3HayeHus ). B Takom
clyyae cxema MOJIydUTCsl HECKOJIbKO ciioxkHee. [IpuMep BO3MOXHO-
ro peuieHus: (opMUpOBATENs UMITYJIbCa 3aJaHHOW MIUTEIBHOCTHU
rokasaH Ha puc. 5.18.

ITo curnany CrapT (MOJOXUTENbHBINM (POHT) TepedpackiBa-
eTCsl JIEBbI MO PUCYHKY TPUITEP, KOTOPBIA HauMHAET (hOpMUPO-
BaTh BBIXOJHOW CHUTHajl M pas3pelraeT paboTy cueTuuka (CHUMas
curHan copoca R). CyeTuuk cuMTaeT Ha YBEJIMUYEHUE IO TMOJTOKMU-
TeJbHBIM (DpPOHTAM TAaKTOBOTO cUTHajga oT Hyasi. Korma Bwixop-
HOW KOJ CYeTYMKa JOCTUTaeT BEJIWYUHBI BXOJHOrO Koma, cpaba-
ThIBa€T TPaBbI MO PUCYHKY TPUITEpP, 3aBeplIAIONIMi Mpolecc
¢opMupoBaHUS BBIXOAHOro curHajga. CueTuyuk cOpachiBaeTcsl B
HYJb, TPaBbIif TPUTTEP IO CieAyloleMy (POHTY MoTanaeT B HC-
xogHoe cocTosiHve. HOBBIM LMK HayHETCSI ¢ TPUXOJIOM Clie-
aytoniero curHana Craprt.
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Puc. 5.18. ®@opmupoBareib UMITYJIbca 3aJaHHON JUTMTEILHOCTH (BapMaHT C Hapac-
TAOIUM KOJIOM).

Ecin BxogHOIM Kon paBeH 1, TO IJIUTEJbHOCTh BBIXOJIHOI'O CUTHA-
ja coctaBuT oT T go 2T, roe T — mepuon TaKTOBOIO CUTHajia reHepa-
Topa. Ecau BxomHo# Koa paBeH N, TO JJIMTEIbHOCTb BBIXOJIHOIO CHUT-
Haja OymeT paBHa oT NT go (N+1)T B 3aBUCMMOCTA OT BPEMEHHOTIO
casura Mexnay curHagom CTapT U TakTOBbIM CHUTHajoM. B jio0om
ciiyqae abCoJIIoTHasi MOTPELIHOCTh BPEMEHU BBIIEPKKU BBIXOTHOIO
CUTHaJIa He MPEBBICUT IMepHoJa TAKTOBOro curHaua T.

CyYeTyrKM TakKXKe IIMPOKO MPUMEHSIIOTCS B Pa3IMYHBIX U3MEPU-
TeNSIX JJIMTEJIbHOCTU BXOOHBIX CUTHAJOB. JIJIsI 9TOrO0 OHU OTCUMTHI-
BalOT MMITYJIbChl TAKTOBOTO KBaplieBOrO reHepaTopa B T€YEHUE M-
TEJIbHOCTU BXOJHOTO curHaia. [locjie OKOHYaHUsI BXOJIHOTO CUTHAJIa
B CUETUMKE OCTaeTCsI KOJ, MPOMOPLUNOHAIBHBIN IIUTEIbHOCTU 3TOTO
curHaia. [Ipumep mpakTU4YecKOil CXeMbl TaKOI'0 M3MEpPUTEss ITOKa-
3aH Ha puc. 5.19.
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Puc. 5.19. M3meputesb IINTEIBHOCTA BXOJHOTO CUTHAJIA.
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Puc. 5.20. BpemenHast nuarpamMma paboTbl U3MEPUTENS JAJIUTEIbHOCTU BXOJHOTO
CUTHaJa.

PaGoTa cxeMbl HauMHAETCSl MO KOPOTKOMY YIIPABJSIIOIIEMY WUM-
nysabcy CtapT, KOTOpbIif cOpachiBaeT CUETYMK B HYJIb U TIEPEBOAUT
BCIO CXEMY B pEXUM cyeTa, paspelasi IPOXOXIeHWe CUTHAJIa C TaK-
TOBOTO TreHeparopa Ha Bxof +1 cueTynka TpU TOJIOXKUTETbHOM
BXOMHOM curHajie. C HauaJloM BXOJHOTO CUTHaJla UMITYJIbChI C TeHe-
paropa MOCTYIaT Ha BXOM CYeTYMKA, U CUETYMK UX cuutaet. [Tocne
OKOHYAHUsI BXOJHOTO CUTHajJIa TMOCTYIJIEHWE HWMITYJbCOB Ha BXOJ
CcUeTYMKa TMpeKpallaeTcs, TPUrrep rnepedpachiBaeTCs B UCXOIHOE CO-
CTOSTHUE W COOOIaeT OTpUlaTeIbHbIM (DPOHTOM Ha CBOEM WMHBEPC-
HOM BBIXOJE€ O TOTOBHOCTU BBIXOOHOTO Koja (curHajl ['oTOBHOCTS).
PaGoTta cxeMbl BO30OHOBUTCSI TIO clieayiolieMy uMmyiabcy CrapT.
BpemenHasi nuarpamma paboThl M3MEPUTENST IJIUTEIbHOCTU BXOJTHO-
ro curHaja npuBeaeHa Ha puc. 5.20.

BoixogHoil konm N u3Meputenss CBsI3aH C JUIMTEIbHOCTBIO BXOJ-
HOTrO CUTHAaJIa t TIPOCTBIM COOTHOIIIEHUEM:

t=NT,

rne T — mepuon TakToBOro curHajia. AOCOMIOTHAsl MOTrPEIIHOCTb
U3MepeHus1 He TipeBbliliaeT BeanunHbl +T. [TosToMy Wisi yMeHblie-
HUSI OTHOCUTEJIbHOW IMOTPEITHOCTH U3MEPEHUsI HEOOXOIAUMO YBEIU-
YUBaTh YaCTOTY TAaKTOBOI'O IeHepaTopa W yBEJIUYUBATh Pa3psiAHOCTb
cyueTyuka.

CYeTurKu TakKe TPUMEHSIOTCS W JUIST M3MEPEHUs] 4YacTOThl
BXOJHOTO 1IM(DPOBOro CUTHANA.

YacTtoTy BXOAHOIO CUTHajla MOXHO WU3MEPUTh ABYMSI MyTSIMU:
KOCBEHHBIM, TO €CTh M3MEpPEHUEM Ieprojia BXOIHOIO curHajia (o
MPUHLIUITY, PACCMOTPEHHOMY TOJIBKO UYTO) M BBIYMCIEHUEM 3aTeM
yactothl (o Qopmyrne: f, = 1/T,) uiu xe NPIMbIM U3MEPEHUEM
yacToThl. [lepBbiii MeTOA TPeOYET BHIYUCICHUIN C TTOMOIIBIO KOMITb-
loTepa WKW MUKPOKOHTpOJJIepa, BTOPOW He TpedyeT HUKaKUX J0-
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MOJIHUTEIBHBIX BbIYUCICHUN. [1oaTOMY MBI pacCMOTpUM 31eCh pea-
JIN3alAI0 METONIA MPSIMOTO U3MEPEHUST YaCTOTHI.

B cooTrBercTBUUM C 3TUM METOAOM HEOOXOAUMO C(HOPMUPOBATH
BPEMEHHOE OKHO C 3a[JaHHOW JUIMTEIBHOCTHIO t,, B TEUEHUE KOTOPO-
o HaIO COCYUTATh KOJAMYecTBO N IEepUOAOB BXOAHOro curHajaa T
(puc. 5.21). B aToM ciaydae OyAeT BBIMOTHITHCS COOTHOLICHUE:

t,= NT wm =N/t

rae f — 3T0 yacToTra BxomHoro curHaja, paBHas 1/T. To ectb 4ac-
TOTa BXOJIHOI'O CUTHAaJIa IIporopuroHaibHa kony N, a KoadduiimeHt
MPONOPLUMOHAIBHOCTU paBeH I/to. Ecim, Hanpumep, BbIOpath t, =
I ¢, To xom N OyneT paBeH 4acTOT€ BXOIHOIO CUTHaja B Tepliax,
anipu to = 1 Mc koa N OymeT paBeH 4acTOTe BXOQHOTO CUTHaja B
KUJIoreplax.
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Puc. 5.21. Mi3mMepeHure 4acTOTHI BXOJAHOTO CUTHAJIA MPSIMBIM METOJIOM.

Ecnu niuTebHOCTh BPEMEHHOTO OKHAa — CTPOTO IMOCTOSIHHAS
BEJIMUYMHA, TO TMOTPEIIHOCTh M3MEPEHUsI YacTOThl OyAeT omperie-
JISITCSI TOJIBKO MOTPEIIHOCThIO Toncyeta kKoma N. AOcosoTHas
MOTPEUIHOCTh MojcueTa Kojga N He MPEBBICUT €AUHUIIbI, a OTHO-
CUTebHAsI TIOrpeliHOCTh He Oyaer 6ojiee 1/N. ToHSITHO, YTO AJISI
yBEJMYEHUSI TOUHOCTU U3MEPEHUS YacTOThl HaJO0 yBeauuuBaTh N,
TO €CThb HEOOXOAWMO YBEJIWYMBATHh AJIUTEIbHOCTh BPEMEHHOTO
okHa t,. OJHaKO NpU 3TOM aBTOMATUYECKU YBEJINUYMUBAETCS BPEMS
U3MepeHus.

CxeMa u3MepuTesisl 4acToThl (puc. 5.22) mpakTUYECKHd HE OTJIM-
YaeTcsl OT CXEMbl WM3MEPUTENs JJIMTEJIbHOCTU BXOMHOTO CUTHaja
(puc. 5.19). ToapKO B JTaHHOM CJIy4yae B KaueCTBE MU3MEPSIEMOIO CUT-
Hajla OyJeT UCIOJb30BaThCsl CUTHAJI BDEMEHHOTO OKHA, a B KauecTBe
TaKTOBOTO CUTHaJla — BXOAHOU curHai. [ns ¢popmMupoBaHusi curHa-
Jla BPEMEHHOTO OKHa MOXHO TPUMEHUTh cxeMy puc. 5.15 (curHan
Beixon 2), kotopass obecrnieuuBaeT MOCTOSIHHYIO JUIUTEIbHOCTh BbI-
XOJTHOTO CUTHaJa.

7 - 4589
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Puc. 5.22. VzMepuTtesib 4acTOThl BXOAHOTO CUTHAJIA MPSIMbIM METOIOM.

Euie omHo mumpoko pacnpocTpaHEeHHOE MPUMEHEHUE CUYETUM-
KOB — TIOCJIe0BaTeIbHOE MepeKIoUeHue (CKaHUpPOBAaHUE) He-
CKOJIBKUX YCTPOMCTB, Y3JI0B, MHAMKATOPOB, KaHAJIOB Iepeaauyu U
T. 1. UmMmeercss, Hanpumep, Ipylina YCTPOWCTB, KOTOPHIE MOJIKHBI
1O TeM WM WMHBIM MpUYMHaAM paboTaTh HE OMHOBPEMEHHO, a IO
oyepenu, Tak, YTO B KaXXAbIli MOMEHT aKTUBHBIM SIBJISIETCSI TOJbKO
OHO YCTPOHWCTBO, IpMYEM OuYepeab 3Ta 3aMKHyTa B KOJIbLIO, U
rnocjie MOCJAeAHETO YCTPOCTBa HauMHaeT pabotaTh nepsoe. Miu
K€ MMEETCS] HeCKOJbKO KaHAJIOB CBSI3U (BXOMHBIX WM BBIXOJHBIX
JIMHUIA), KOTOPbIE HAAO TaK Xe MO odyepeAar IMOAKIIYaTh K OJHO-
My BbIXOAy (MIpM BBIXOAHBIX KaHajax) WIM K OTHOMY Bxomy (Tpu
BXOAHBIX KaHajax).

Bo Bcex momoOHBIX cilyyasix OMpoc, NepeKIioYeHre, CKaHupoBa-
HUE MOXET IPOM3BOAUTH CUETYMK C HYXHBIM YMCJIOM pPa3psiioB.
CueTuuK ¢ YMCIOM pa3psaoB M MOXET obciyxuBaTh 2" yCTpOiicTB
(1nu KaHasoB).
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Puc. 5.23. Cxema nociiea0BaTeIbHOrO MepeKI0UYeHUs BBIXOAHBIX KaHAIOB. |,
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B kauecTBe TepBOrO IpHMepa pacCMOTPUM CXeMy IepeKiioue-
HMST BBIXOAHBIX KaHaioB (puc. 5.23). OHa mocjenoBaTe/bHO, 10 o4e-
peny, UMKINYECKM KOMMYTHPYET OAMH BXOMHOM CHUTHaJ Ha BOCEMb
BBIXOOOB, IJISI YEro MCIIOJB3YIOTCA CUYECTUMK, TaKTVIpyeMbIﬁ CHUTHAJIOM
3a/alo0llero reHeparopa, 1 AemudpaTop, paboTaloliuii B KauecTBe
JeMyJIbTUIIIeKcopa. KaXaplii M3 BBIXOJHBIX KaHAJIOB aKTHUBEH (TO
€CThb TOAKJIIOYEH) B TeUeHHWE OJHOTO IMepruoaa TaKTOBOTO CHUTHaia, a
3aTeM IacCUBEH (TO €CTh OTKJIIOYEH) B TEUEHME CEMU MEePUOI0B TaK-
ToBOro curHana. IlpemycMoTpeHa BO3MOXHOCTb HayaJlbHOTO cOGpoca
CXeMBI ¢ TTOMOIIbI0 curHajiaa Copoc.

Hcronb3yst JaHHYIO CXeMy, HaJ0 YYUTHIBaTh, YTO B MOMEHT IIe-
PEeKJIIoUeHUsT KaHaJOB MOXET McKaxaTbcsl (00pe3aTbCsl) BBIXOTHOM
curHail. ITo3roMy Jydlilie Bcero o0ecrneyrTh, YTOOBI BXOTHON CUTHAI
MIPUXOIMUJ TOJBKO TOTJA, KOTJa IMepeKIIoUeHUs] KaHAJIOB He MpPOU3-
BomuTcs. My Ha BpeMsl Tepemadyud BOOOIIE OCTAHABIMBATH IPOLECC
mepebopa KaHAJOB MyTeM 3alpeTa IPOXOXKIECHUS WMITYJIbCOB C Te-
HepaTopa Ha BXOJ CUETYMKA, a IMOCJIe OKOHUYAHWS mepeiadyd CHOBa
paspelniarh IMocjie0BaTe/IbHbIN Tepedop KaHaIoB.
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Puc. 5.24. Cxema mnocienoBaTeJbHOTO NEPEKIIOYEHHUS BXOLHBIX KaHANOB.

Bropoit mpumep, KOTOpbIii MBI pacCMOTPUM, 3TO CXeMa, pe-
maroiass oO0paTHyIO 3amadyy — TepeKIoYeHNe BXOTHBIX KaHaJIoB
(puc. 5.24). JlanHas cxema mocjeaoBaTeIbHO, MUKINYECKHU TepenacT
OOIVH 13 BOCbMU BXOIHBIX CHUTHAJIOB Ha BbLIXOI. Kak u B npeabIay-
IeM ciiydyae, repedop KaHaJloOB OCYIIECTBISIETCS CUYETUYMKOM, TaKTH-
pYeMBIM CHUTHAJIOM C TeHepatopa. HemocpeacTBeHHO KOMMYyTALIMS
CUTHAJIOB IIPOMU3BOJUTCA MYJIBTUIIICKCOPOM, Ha aApPCCHBIE BXOIbI
KOTOPOTrO TMOJAIOTCA TPU paspsiga cuyeryuka. [IpemycMoTpeHa BO3-
MOHOCTh Ha4yaJIbHOTO cOpoca CxeMbl ¢ MoMolilbio curHaiga Copoc.
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B MOMeHT mepeKiioueHUsT KaHaJoOB 3eCh TaKXKe BO3MOXHO MC-
KaxkeHue (obpe3aHUe) KOMMYTUPYEMBIX cUTHainoB. [lostomy kena-
TEJbHO OOECIeYnTh TepeJayy CUTHAJIOB B MOMEHT, KOTAa MepeKIio-
YeHUs KaHajoB HeT. MM Xe Hamo ocTaHaBIMBAThH Mpoliece rmepedo-
pa KaHaJloB Ha BpeMs IpHeMa CUTHaja U3 BhIOpAaHHOro KaHajia Iy-
TeM 3arpeTa MPOXOXKICHUS TAKTOBBIX UMITYJIbCOB Ha BXOJ CUETYMKA,
a 3aTeM CHOBa 3aITyCKaTh Mepebop KaHaJoB.

Eue ogHo mpuMeHeHMe CYETUYMKOB M3 3TOM XKe 00JIaCTH COCTOUT
B OpPTaHU3allM1 TaK Ha3bIBAeMOI JMHAMUYECCKO MHIWKALINH.

CyTb IMHAMUYECKON MHAMKALMU COCTOUT B clienyomieM. Eciu
HUCIIOIb3YeTCsT TabJI0 M3 HECKOJbKUX WHAMKATOPOB (OAMHOYHBIX
CBETOIMOJ0B, CBETOAMOIHBIX CEMUCETMEHTHBIX UHANKATOPOB, CBe-
TOAMOMIHBIX MATPUYHBIX MHIAUKATOPOB U T. 1I.), TO COBCEM He 00sI-
3aTeJIbHO, YTOOBI BCE 3TU MHAUKATOPHI TOPEIU MOCTOSHHO, OJTHO-
BpeMeHHO. MOXHO 3aXuraTh UX IO OYepeAu, YTO CYLIECTBEHHO
COKPATHUT MOTpebJIsieMblil Bcell cxeMoil ToK nmutaHus. Hampumep,
eClIM B KaXIblii MOMEHT BPEMEHM TOPUT TOJbKO OIWH MHIMKATOP
U3 UMEIOLIUXCS BOCBMU, TO TOK MOTPeOJICHUS] MHANKATOPOB COKpa-
TUTCSI B BOCEMb pa3. YUMTHIBasl, YTO KaXIbIii CBETSIIUICS CBETO-
IVOI TpeOyeT ToKa mopsiaka 1—5 MA, Tako#l ITOOXOI MOXET JIaTh
OOJIBIIION BBIMTPHIII, OCOOEHHO B CJlIy4ae MATPUYHBIX MHIWKATO-
pPOB, COAEpPXalllMX HECKOJBKO JECSITKOB CBETOAUMOAOB. A MHEpII-
OHHOCTb 4YeJIOBEYECKOTO TIJla3a MPUBOAUT K TOMY, UTO BCIBILIKU
cBeTa ¢ 4gactoToil Oompire 20 I'n BocmpmHMMAIOTCS KakK HETpe-
pBIBHOE CBedyeHMe. Tak 4TO TpU JOCTATOYHOM 4YacToTe mepebopa
WHAMKATOPOB IJIa3dy He OyleT 3aMETHO IOC/IeI0BATEIbHOE MX BKIIO-
YeHMUe.

Ha puc. 5.25 nipuBeneH nmpuMmep cXeMbl TMHAMWYESCKOW WHIM-
KalliM Ha BOCbMM MHAMKatopax. g IMmociemoBaTeibHOTO Tiepe-
6opa MHIMKATOPOB IMPUMEHSIETCS CYETYMK, COCIWUHEHHBIM C me-
murdpaTopoM. BBIXOAHBIE CUTHANBI AellvdbpaTopa UCIOIb3YIOTCS
B KauecTBE CHMTHAJIOB pa3pellieHUs CBEUCHUS IS WHIUKATOPOB.
YacToTa curHajla TakKTOBOTO TeHepaTopa, C KOTOpbIM paboTaeT
CYETYMK, JOJKHA COCTaBaAATh He MeHee 160 T, 4ToObI KaXKablid
WHIWKATOP 3aropascs He pexe, 9yeM ¢ yactoroit 20 I'u. ITpu satom
HEJIb3sT TaKKe BBIOMPATh CIMIIKOM OOJIBIIYIO YaCTOTY TAaKTOBOIO
reHepaTopa, Tak KaK B MOMEHTHI IEPEeKIIOYEeHUSI TOK IOoTpebJie-
HUSI MUKPOCXEM CUJIBHO BO3pacTaeT M3-3a Mapa3suTHBIX eMKOCTEH,
U pu OGOJBIION YacTOoTe Bech 3(P(PeKT CHUXKEHUS TOTpebeHUs
MOXET COMTH Ha HET.
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Puc. 5.25. Cxema nMHaMU4YECKOW MHAUKAIIMM Ha BOCbMU MHOUKaTopax.

CyeTyUKM 4acTO MCITOJbL3YIOT TaKXKe I OpraHu3aldi BCEBO3-
MOXHBIX TaliMEpOB, YaCOB, TO €CTh CXEM CY€Ta BPEMEHU, BBIXOIHOMN
KOJI, KOTOPBIX HEOOXOIMMO BpeMs OT BpeMEHM 4YuTath. [ 3T0r0 Ha
BXOJI, CUETYMKA ITOJAETCSI CUTHa 00pa3lioBOi YaCTOThI ¢ KBaplEeBOIroO
redeparopa. IIpu 3ToM BO3HUKAET cienyollas npobdsiema. Eciu yre-
HUe MPOMCXOAUT B TOT MOMEHT, KOIJa CYETUYMKMU IEPEKIIIOYAIOTCS,
TO.C BBIXOJOB CUETYMKOB MOXET ObITb CUMTAH CJIy4ailHbI KO, KO-
TOPBLA HE COOTBETCTBYET HU NPEIbIAYILIEMY YCTAHOBUBIIEMYCS 3Ha-
YEHMIO, HU ITOCJIEAYIOLIEMY YCTAHOBUBILIEMYCSI 3HaUYeHUI0. MOXHO,
KOHEYHO, Ha BpeMs YTE€HMs KOJa OCTAHOBUTH CYET, HO TOIAA XOJ Ya-
COB CcOOBETCS.
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Puc. 5.26. Cxema TaiiMepa ¢ YTEHHEM BBIXOIHOTO KOJa.

ITpumep peleHMst JTaHHOM POOJIEMbI PUBEAEH Ha puc. 5.26. 31ech
BBIXOIHOM KOJ CYEeTUYMKA Ha KaXKIOM TaKTe 3alMChIBAETCS B BBHIXOMHOM
perucTp ¢ paspemreHueM 3amvicn MP27. A B MoMeHT uTeHUs Kona (Tipnu
MTOJIOKUTEJIbHOM cHrHame YTeHue) 3amuch B PETUCTP 3allpellacTcs.
B pesynbrate B TeueHMe BCei IIMTENBHOCTU cUTHada UTeHHe BBIXOJ-
HOI KOJ CXeMbl OyJIeT HEM3MEHHBIM, XOTSI CYETYMK OyIeT MPOJoJIKATh
cuMTaTh 6€3 BCAKUX TTOMEX, U XOJ YaCOB He COObETCSI.
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HMurepecHass ocobeHHOCTh cueTunkoB ME£6 u ME7 coctouT B
TOM, YTO OHMU MOTIYT pa6OTaTb H€ TOJIbBKO B PEXHMME CU€Ta, HO U B
PEKUME IMOBTOPUTEJISAI BXOAHBLIX CHUTHAJIOB JaHHBIX. B PEXUME Ma-
paJiieIbHOM 3aliCU B CYETUMK TIPY HYJIEBOM CUTHaje Ha Bxojae -WR
BBIXOJAHBbBIEC CUTHAJIbI CUETUYMKA 6y,[LYT ITIOBTOPATH JII00blE U3MEHEHUS
BXOIOHBIX CUTHAJIOB JAaHHBIX, TO €CTb CUETUUK pa60TaeT Mo CyTHu Kak
perucTp, cpadaThIBalOLIMI IO YPOBHIO CTPOOUPYIOIIErO CHUTHAlIA.
B psine cnyyaeB Takasi 0COOEHHOCTh OY€Hb YIOOHA, TaK KaK OHa Io-
3BOJISIET CYLIECTBEHHO YIPOCTUTH amliaparypy.
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Puc. 5.27. BapuaHTBhl MyJbTUTJIEKCUPOBAHUS BBIXOMHOTO KOJa CYETUYMKA C MpPUME-
HEHUEM MyJIbTUIIEKcopa (a) u 6e3 Hero (6).

IIyctb, HanpuMep, HEOOXOIMMO BbIIABATh HA BXOJ CXEMbI OIUH U3
JIBYX BXOIHBIX KOJIOB: KOJ CO CYETYMKa, WM KOI C perucrpa (To ecThb
TpebyeTcsl MyJIbTUIIEKCUPOBAHUE JBYX KOJAOB). DTy 3amady MOXHO
pelluThb, TPUMEHSISI OBYXKAaHAJIbHBIM MyJbTUILIEKCOp (puc. 5.27.a), a
MOXHO PELIUTh MPOIle — TMoAaBasi KOJl ¢ perucTpa Ha BXOAbl JaHHBIX
CUECTYMKaA U IIEPEBOIS B HY)KHI)IIL/'I MOMCHT CYETUYMK B PEXMM IapaljiCjib-
Hoi1 3armucu (puc. 5.27,6). B oboux ciydasx repekiiioyeHre KouoB, Io-
JTaBa€MbIX Ha BBIXOJ CXEMbI, MPOU3BoAMTCSI curHajioMm Ymp. IlIpasna, Bo
BTOPOM CJIydae CUETYMK BO30OHOBJISIET CBOI1 CUeT (IMOCJIe CHSITUS CUT-
HaJja 3armcu -WR) ¢ kofa, 3anuicaHHoro B peructp. Eciu 310 Herpuem-
JIEMO, TO MOXHO BOCIIOJIb30BaThCsl BXOIOM cOpoca cueTurka B HyJib R.

M B 3akitoueHUe JaHHOTO pasjiefia Mbl PacCMOTPUM JiBe OoJiee
CJIOKHBIE CXeMbl Ha OCHOBE CUETYMKOB. DTO TeHEepaTop MpsSMOYTojib-
HbIX UMITYJILCOB C U3MEHSIEeMOI YacTOTOU U JJINTCIIbHOCTBIO MMITYJIb-
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ca U OBICTPOACHCTBYIOIIMI BBICOKOTOYHBIN M3MEPUTEIb YacCTOTHI
BXOJIHOTO CHUTHaJIa ¢ OOJBIIMM IUANa30HOM U3MEPSIEMbIX YaCTOT.

T'eHepanusi MPSIMOYTOJIbHBIX UMITYJIbCOB — 3TO JOBOJIbBHO 4acTo
BCTpeyYalolasicsl 3aiada, B YaCTHOCTUM IpPU pa3paboTKe, OTJIaaKe,
TECTUPOBAaHUM 3JICKTPOHHOU ammapaTypbl. OT reHepaTtopa MpsMO-
YTOJIbHBIX WMITYJILCOB < TpeOyeTcsl BblIaya WMIYJIbCOB 3adaHHOMN
JUTUTEJIbHOCTU TIpU 3aJaHHOU May3e MeXIy UMITyJIbcaMu (Mv, 4TO
TO Xe camoe, (popMUpPOBaAaHUE UMITYJIHCOB 3aJaHHOU JUTUTEILHOCTU U
4acTOThl clienoBaHusI). ZKejgaTelbHO, YTOOBI OMAIMa30H W3MEHEHUS
JUTUTEJIbHOCTA WMITYJIbCOB U TIay3 MEXAy HUMU ObLT KakK MOXKHO
mupe. ZKelaTeJlbHO Takke, YTOOBl ObUI IIPEAYCMOTPEH PEXUM Pa3o-
BOTO 3amycka (T0 €CTh OCTAaHOBKa T'eHEepalMu Mocjie OKOHYaHUS Ofi-
HOTO BBIXOJHOTO WMMITYJIbCAa) U aBTOMATMYECKOIo 3aIycka (TO eCTb
reHepauusi TMePUOAMYECKON TOCIe0BaTeIbHOCTH WMITYJIbCOB JI0
MpUXoJa BHEITHEW KOMaH/bl OCTAHOBKM).

Ipennaraemasi 3nech cxeMa reHepaTopa He TpPEeTeHIyeT, KOHeu-
HO, Ha PEKOpAHbIE XapaKTePUCTUKU, HO OHA BIIOJHE MOXET CTaTh
peajlbHbIM yIOOHBIM WHCTPYMEHTOM JUIsI pa3paboTuvka Hu@poBoit
ammapaTtypbl, OCOOEHHO €CJM YyIpaBJeHUE TeHEePaTOpoOM MOPYYUTh
KOMIBIOTEPY C YCTAHOBJIEHHOW HAa HEM Pa3BUTON CEPBUMCHOM ympaB-
JIsIoIe mporpammoii. biaromapst cBoeil MPOCTOTe M HATJISIIHOCTU
cXeMa 3Ta MOXET CIYXXUTh 00pas3lioM IS pa3paboTKu OoJiee CI0XK-
HBIX TEHEPaTOPOB UMITYJIbCOB, HAIIPUMEDP, UMEIOIINX 00Jiee BHICOKOE
OBICTPOJEUCTBYE, OOJIBIINI JAUana3oH W3MEHEHMS JJIMTEIbHOCTU
WMITYJIbCOB M WX YaCTOThI, 00€CTIEYMBAIOIINX TEHEPAIUIO WUMITYJb-
COB C pa3HOI aMILJIMTYION U MOJSIPHOCTHIO.

B ocHoBe reneparopa (puc. 5.28) — nBa 16-pa3psaHbIX CUETYH-
Ka, BBIMOJIHEHHBIX Ha ocHOBe MukpocxeM ME7. OauH U3 aTux cyer-
YUKOB (HMKHUI Ha CXEME€) OTCUMUTHIBAET JJIUTEIbHOCTh BBIXOJHOTO
UMITyJIbCca, APYroil (BepXHUU Ha cXemMe) — OTCUUTHIBACT JJIUTENIb-
HOCTh may3bl. KoJbl NIUTETbHOCTM WMMITyJbca W Tiay3bl TOAAIOTCS
COOTBETCTBEHHO Ha BXOJbI TaHHBIX BEPXHETO U HUXHErOo CYETUYUKOB
(3TH KOABl MOTYT XpaHUThCSI, HallpUMep, B PErucTpax, He MOKa3aH-
HbIX Ha cxeme). CYeTYMKM UMIYJbca U May3bl pabOTalOT MO ouepe-
A, YTO OTIPEACISIETCsS YINPABISIONIMMU CUTHAJIaMU Ha MX BXOJax
napajuiesibHoOi 3anmucu -WR, KOTopble TakKe 3alpeliamT MPoXOoX-
JIEHUE Ha BXOJbl -1 TAKTOBBIX UMIIYJIbCOB C TMOMOIIbBIO 3JIEMEHTOB
2U-HE. Dtu ynpapasioliue CUTHaIbl MOCTYIAIOT ¢ MPSMOTro U WUH-
BEPCHOTO BbIXOA0B Tpurrepa TM2, Ha Bxonbl -R u -S Kotoporo mno-
JAIOTCSI CUTHAIBI TepeHoca ¢ BeIXoaoB <0 000MX CUETUMKOB.
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Puc. 5.28. CueTyuku IUITUTENBHOCTH UMIYJbCA W Tay3bl Ul reHeparopa MpsMo-
YTOJIbHBIX MMITYJIbCOB.

B pesyibrare, Korma OmyMH CUETYMK CUMTAET, APYTOl HAXOOUTCS B
peXuMe Mapajule]IbHOM 3aIiMcu M He cuuTtaet. [lociie Toro Kak cumTaro-
Ui CYSTIYMK JOCUUTAET A0 HYJISI, OH NepeOPOCUT BBIXOJHOM TPUITED,
KOTOPHIA TepeBelieT 3TOT CYSTIYMK B COCTOSIHUE TMapayjie/IbHOM 3ali-
CH, 3aMpeTUT MOCTYIUIEHWE Ha €r0 BXOJ TAaKTOBBIX MMITYJLCOB M pa3-
peUInT CYUTaTh APYroMy cuyeTdyurky. OmrcaHHas TOC/en0oBaTeIbHOCTh
JNEWCTBUI MOBTOPUTCST yKe i1 apyroro cuetunika. M aToT mporiecc
OyIeT MOBTOPSITHCS O TeX TOp, ToKa pa3pellieHa reHepaiusl.

B nmaHHOM ciydae cMeIO MOXHO OJHOBPEMEHHO HCIOJIb30BaTh
Kak Bxon -R, Tak m Bxom -S Tpurrepa, Tak Kak CUTHaJIbl, MPUXOJIS-
1Me Ha HUX, TApaHTUPOBAHHO pa3HeceHbl BO BpeMeHM. CHUTHal ¢
MPSIMOTO BBIXOAA TPUITEPA CIYKUT BBIXOJHBIM CHTHAJIOM BCEro Te-
HepaTopa B 1iesioM. PaspeliaeTcst reHepalus MOJOXUTEIbHBIM CUT-
HanoMm Pa3p. Korma renepamus 3anpemieHa (HysiaeBoit curHan Pasp.)
TpUITEp COpOIEH B HyJb Mo BXoay -R, m o0a cueTumka HaxomsaTcs
B COCTOSIHUM MapajieJibHO# 3amucu. IlosToMy reHepaTop Bcerma
HaunHaeT paboTy ¢ OTpabOTKM May3bl 3aJaHHON MJIUTEIbHOCTH, a
MMOTOM OTpabaTHIBAET BBIXOMHON MMITYJIbC 3adaHHOU IIMTEIBHOCTH.

CdopMynupyeM yCJIOBUS MPABWILHON paOdOThI JAHHOM CXEMBI.

Bo-miepBhIX, Kak M B cydae yIpaBiIsieMOrO IEIUTENs] YacTOTHI
(cM. puc. 5.13), mepeBoa CUETIMKOB M3 peKMMa cueTa B PEKUM ITa-
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paJiIeIbHOM 3aIlMCU OCYIIECTBISIETCS TepeaHUM (OTpULIaTeIbHBIM)
(pOHTOM TAKTOBOTO OTPUIIATE]HLHOTO MMITYJIbCA, a CUET MPOU3BO-
OUATCST 3aHUM (TIOJIOXXUTEIbHBIM) (DPOHTOM OTPUIIATEIBHOIO TaK-
ToBOro ummyibca. [loaToMy oOTpuUIIaTEebHBIA TaKTOBBI WMITYJIBC
JIOJIKEH OBITh JOCTATOYHO KOPOTKMM. OIMH M TOT XXE& TaKTOBBIM
UMITYJIbC HE JOJDKEH CBOMM IEepeaHMM (DPOHTOM MEHSTh PEeXUM
CUETYMKOB, a 3aJHMM (PPOHTOM IEpPEKII0YaTh CYETYMKU IO BXOIY
-1. JIMMTeTbHOCTh TAKTOBOTO OTPUIIATEIBHOTO MMITYJIbCca HE JOJIK-
Ha MpPeBbIIATh MMOJHOTO BPEMEHU IMEPEeKITIOUEHUST PEXUMOB CUETYM-
KOB, BKJIIOYAIOIIETO B ce0sl YeThIpe 3aIep>KKU MepeHoca CYETIMKOB,
3aIepKKY TIePEeKIIOUYEHNSI BBIXOJHOTO TpUITEpa U 3alepXKKy IJie-
MeHToB 2U u 21-HE.

Bo-BTOpBIX, 4YacToTa TaKTOBOrO CHUTHajla HE JOJDKHA OBITh
CJIMIIIKOM OOJIBIIION, YTOOBI 3a BpeMs MEepeKTIoUeHUsT PeXMMOB Ha
BXOH -1 He MpuILe ellle OAWH IOJOXUTEIbHbIM (DPOHT TAKTOBOTO
curHaja. Maaye 310T (ppoHT OymeT morepssH. To ecTh OT MOMEHTa
OTpUILIATEJIbHOTO (DpOHTA TAKTOBOTO MMITyJIbca O MOMEHTa IO0JIO-
SKUTEIbHOTO (DpOHTA CJIEAYIONIErO0 TaKTOBOIO MMITYJIbca CcXema
JIOJKHA YCTETh IIOJHOCTBhIO 3aKOHYMUThH IIEPEKITIOYeHUE PEXMMOB
CUETYMKOB.

Ilycth, Hampumep, Mbl XOTUM BbIOpaThb MaKCHUMAaJbHYIO TaKTO-
Byto yacrory 10 MI'y (mepuon T, = 100 Hc). [TocMoTpuM, MOXHO 11
HCIIO0JIb30BaTh MUKpOCcXeMbl cueTunKoB cepuu KP1533. Jins cueryu-
koB KP1533ME7 3anepxkka curHajia repeHoca COCTaBIISIET He OoJiee
18 Hc. s deThIpeX MMKPOCXEM 3aJepkKa IlepeHOca COCTaBUT
72 Hc. Torma Ha cymMMmy 3a7epXeK Tpurrepa, ajnemeHTa 21 u ane-
MmeHTa 2U-HE ocraetcst He Oosnee 28 Hc. CremoBaTelbHO, €CJIUM MBI
BO3BMEM OTHU DBJIEMEHTHI M3 0oJjiee OBICTPBIX cepuil (Hampumep,
KP531 mmm KP1531), MBI JIETKO YIOBJIETBOPUM 3TO TPeOOBaHME.

IIpy BenmuuHe Koma umImyiabca N JIMTEIBHOCTh UMIMydbca Tu
coctaBuT (N+1) * Tr. IIpu BenmmuuHe Kona 1may3sl M IJIMTEIbHOCTh
nay3sl T, cocraButr (M+1) < T,. Ilepuon BBIXOIHBIX MMIYJIBCOB
Teeix Oyner paBeH (M+N+2) * Trt. Kogst M u N MoryT npuHMMaTh
s3HayeHus ot 0 go 65535. To ecTb MMHUMAaJIbHAS ITUTEIIBHOCTh UM-
MmyJibca U nay3bl paBHa T,, MakcHMasbHas JJIMTEJIBHOCTb MMITYJIbCA
U may3sl paBHa 65536 T,, MUHMMaibHas UTMTEIBHOCTb Teprona
BBIXOJHOro curHaja pasHa 2T,, a MakcumanbHas — 131072 T..
Hanpumep, npu takroBoit yactore 10 MI'T MakcuMalbHBIN TepUOLT
BBIXOJHOTO curHaja Oymer paBeH 13,1072 mMc, a MUHUMAIBbHBIA —
200 Hc.
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st pacimpeHust Trarna3oHa U3MEHEHUsT TIepro/ia BbIXOIHOTO CUT-
Hajla MOXHO TPUMEHUTH YTIPaBJISIEMbIi JEJIUTEb TAKTOBOW YaCTOTHI.
Hpyroii BO3MOXHBII MyTh — HapalllMBaHUE Pa3psSTHOCTU CUETYUKOB —
MPUBOAUT K CHUXKEHUIO MAaKCUMAJIBHO JOIYCTUMOI TaKTOBOI YacTOTHI,
TaK Kak 00s13aTeIbHO BbI3bIBACT YBEJIMUEHUE 3a/IEPXKEK TEPEKITIOUCHUS
cyetynkoB. K ToMy Xe, Kak MpaBWiio, HET HEOOXOMMMOCTH 3alaBaThb
JUIMTETbHOCTh TIEpUOJa BBIXOMHOTO CUTHAa, CKaXeM, B | CeKyHHIy C
abcommoTHOM morpentHocThio 100 HC (OTHOCUTENBHAST TIOTPEIIHOCTh —
ICT’). Topa3no BaxHee 00ECTEYNTh CTAOMIBLHOCTb YacTOThI U MepUosa
BBIXOJHOTO curHaia. [ToaToMy mpUMeHeHUe YIMpaBIsIEMOro AETUTENs
YacTOThl TAKTOBOTO CHUTHAJIa HE YXYAIIAeT XapaKTepUCTUK reHeparopa.
Cxema ympaBieHUsI T€HEPaTOpOM MPSIMOYTOJIbHBIX UMITYJILCOB C JEIN-
TeJieM 4acTOThI TTI0Ka3aHa Ha puc. 5.29.
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Puc. 5.29. Cxema ynpaBiieHUSI U JIeJUTEIb 4aCTOTHI [UIsi TeHepaTopa MpsSIMOYrojib-
HBIX UMITYJIbCOB.

Henutesib 4acTOThl paboTaeT ¢ KBapleBbIM TEHEPATOPOM C YacTO-
toit 10 MI'l 1 BKJIIOYaeT B cebs Tpu JeauTenss Ha 16 Ha cyeTYMKax
ME7. Ha Bbixon MynbTUIIeKcopa (curHas TakT) MpOXOAUT ONUH U3
curHayioB ¢ nepuogoM 100 He, 1,6 Mxc, 25,6 mkc, 409,6 mkc. au-
TEJIbHOCTh CUTHaIa TakT He TPEeBbIIACT MOJOBUHBI MepUoaa CUTHAJIA
¢ vacrotoi 10 MI', To ecth 50 HC, UTO OobOecrneynBaeT MPaBWIBHYIO
paboTy CYETYMKOB MMITyJIbca U May3bl (cM. puc. 5.28). Beibop TakTo-
BOI YaCTOThI OCYLIECTBIISIETCS 2-pa3psiiHBIM KO/IoM YacToThl. [Ipu 3a-
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TpeTe TeHepaluu BCe CUETYMKU COPAChIBAIOTCSL B HY/b, 3TO YBEJIUUYU-
BaeT TOYHOCTh MPUBSI3KM MOMEHTa Hayajla TeHepali K MOMEHTY TO-
JlaYv KOMaH/Ibl Ha HAYaJIi0 TeHepaluu.

CxeMa yrpaBjieHUsI TEHEPAaTOPOM MPSIMOYTOJIbHBIX WMITYJIbCOB,
TakKe IMOoKazaHHas Ha puc. 5.29, BKIo4yaeT B cebs1 nBa TpuUrrepa
TM2 u nornueckuii ajgement 21 (JIN1).

JIeBbIil MO PUCYHKY TPUTTEP BbIpabaThHIBAET CUTHAN pa3pelleHus]
reHepauuu Pa3p. B 3TOT Tpurrep HeoOXOOMMO 3aIucaTh €IMHUILY
JUISL pa3pellieHus] TeHepalluu W Hy/b JUISI OCTAHOBKW TeHEepaluu.
3anuch B Tpurrep BXogHoro curHana ['ed./Cton mpou3BOmUTCS Tie-
peaHuM ppoHTOM curHaaa CTpo0.

ITpaBblii 10 PUCYHKY TPUTTEP CIIY>KUT JIJISI OPTaHU3alMUA Pa30BO-
ro 3arycka reHepartopa. [lepekiioyeHue pexxrma pa3oBOrO WIM aB-
TOMAaTUYECKOTO - 3aIlycKa TMPOU3BOJUTCS YIPABJISIONIUM CUTHAJIOM
Pa3./-ABr. TIlpu aBTOMaTMUecKOM 3allycke (HyJb Ha BXOJIE
Pa3./ABT.) maHHBII Tpurrep He paOoOTaeT, OH BCerja HaXOOUTCS B
HYJIEBOM COCTOSIHUM U JAeT YPOBEHb JIOTMYECKOW €IUHUIIBI Ha CBO-
eM MHBepcHOM Bbixone. [Ipu pa3zoBoM 3arycke (eQWHUIIA HA BXOJE
Pa3./-ABT.) mpaBblii TpUrrep TEpPeXOAUT B pabouyuii pekuM cpasy
rocje Hayvajla reHepaluu (mosoxuTteslbHblit curHan Pasp.). Tlocne
OKOHYAHUSI TeHEepallMy TEePBOTO BBIXOJIHOTO WMITYJIbCa Ha WHBEPC-
HOM BBIXOJIe TeHepaTopa (MHBEPCHBIN BBIXOJ TpUrrepa Ha puc. 5.28)
TIOSIBJISIETCS]  TIOJIOXKUTEbHBIN Tepenaa, KOTOpbIi TepedpachiBaeT
MpaBblii Tpurrep Ha puc. 5.29. B pe3syiabTaTe OH CBOMM BBIXOIHBIM
CUTHAJIOM cOpachIBaeT JIEBbI TPUITEP, YTO MPUBOJUT K OCTAHOBKE
reHepauMu (Tak Kak curHaji Pasp. craHoBuTcsl HyseBbiM). Ilocrne
9TOr0 CXeMa CHOBa TOTOBa K Pa30BOMY 3aIlyCKy TeHepauuu. Bpe-
MEHHBIE JUarpaMMbl pabOThl CXEMbl B peXXMMaxX aBTOMAaTUYE€CKOTO U
pa30BoOro 3aIyckKa nokasaHbl Ha puc. 5.30.
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Puc. 5.30. Pexumbl paboThl reHepaTopa MMITYJICOB: aBTOMaTMUYeCKWii (a) W paso-
BbllA (0).

ACHUHXPOHHOCTb (HE3aBUCUMOCTb) MOMEHTA TPUXOJa KOMAaH[bI
Ha HayaJlo Mepelayy U CUTHala 33alollero KBapLUEeBOro reHepaTtopa
MPUBOIUT K TOMY, YTO JJIMTEJIBHOCTb TEPBON TMay3bl MOXET OKa-
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3aTbcsl Ha 100 HC MeHbIIIe, YeM OHa 3afJaHa KoIoM may3bl. Ho 310 He
CJIMIIIKOM CYIIECTBEHHO, TaK KaK ropasio BaxHee IIUTeJIbHOCTb
BBIXOJTHOTO MMITyJIbca. Bce mocnenyroiye MMITYJIbChl U Tay3bl BbI-
JEPXKUBAIOTCS TOYHO.

AOCOJTIOTHAsI TOTPEIIHOCTh YCTAHOBKU JJIUTEIBHOCTEN UMITYJTb-
ca Tu u may3sl u Tn cocTaBsieT MOJOBUHY MEepUOa TAKTOBOTO CUT-
Haja TT. OTHOCUTENbHAs! TMOrPEUIHOCTh YCTAHOBKU 3THUX BEJUYUH
coctapisietT cootBeTrcTBeHHO 0,5/N 1 0,5/M. TloHATHO, YTO TIpU Ma-
JbIX BenyrnHax N 1 M morpeirHoctb OyaeT 0oJblioi (B mpeaeine —
naxe 50%). Ho npu GONbIINX BETWYMHAX TJIATEILHOCTENR UMITYIbCA
M Tay3bl OTHOCHUTEJIbHAsI MOrpelrHocTh He mpesbimaeT 0,5/4096, To
ectb 0,012%.

Takum obOpa3oM, pacCCMOTPEHHBIN TeHEpPaTOp MOXET (POpMUPO-
BaThb UMIMYJbCHl IUTeNbHOCThIO OoT 100 HC ¢ may3oil MexXay uM-
nyabcamMmu oT 100 Hc. MakcuMmajlbHO BO3MOXHASI IJIMTEIbHOCTD
uMmyabca cocrasister 2'° ¢ 22 ¢ 100 He = 26,84 c. Takoii e Mo-
KeT ObITh U Tay3a. [IpaBaa oTHOLIEHUE MJIUTEIbHOCTU MMITYJIbCa K
JUTUTEILHOCTU Tay3bl (MW JAJIMTEbHOCTU May3bl K JIUTEIbHOCTHU
UMITyJIbca) He MOKET MpeBblath 65536. BennumHa meprona BbI-
XOJHOTO CUTHaJIa TeHepaTopa MOXKET AOCTUraTh 53,69 c.

Tenepb pacCMOTPUM BTOPYIO CXEMY.

3agaya M3MEpPEeHUs YaCTOThl CJIEAOBAHUSI BXOMHBIX MPSIMOYTOJIb-
HBIX UMITYJIbCOB TakK€ 4YacTO BCTpeYaeTcsl KaK B YUCTO IU(DPOBBIX
cucTeMax, Tak U B aHajoro-uudpoBbix cucremax. Kak yxe yrmomu-
HaJIOCh, CYILECTBYET JIBAa TPAAULIMOHHBIX METO/Aa U3MEPEHMS 4acTo-
Thl (puc. 5.31): oguH MeTOn IIpearoJiaraeT usMepeHue mnepuoaa TBx
MyTeM IOJCYETa TAKTOBBIX MMIIYJIbCOB C IepuogoM T, B TedeHue
T, x 1 nanbHeiilee BblYKMCIEHUE YAcTOTHI 1O dopmyde: FBX = 1/Tex
(a), a gpyroit Merod mpsiMo M3aMepsieT dactoty fBX myrem moacuera
BXOJIHBIX MMIIYJIbCOB B T€YEHUE BPEMEHHOIO OKHa t, (6).

OTHocuUTeNbHAsl TOTPENIHOCTh U TOFO W APYTOrO METoAa He
npeBbilaer BeuuuHbl 1/N, tme N — ToJIyueHHBIII B pe3yjabTaTe
nojcueta kofA. ITOHSITHO, YTO TIEPBBIA METOMA NAeT XOPOIIYI0 TOY-
HOCTb TOJIBKO IiJIsI HU3KUX 4acToT fBX (To ecth mist 6onbiiux TBXu
COOTBEeTCTBEHHO Oousblinx N). BTopoil MeTon gaeTr XOpollyl To4d-
HOCTb TOJIBKO ISt Oosbiiux 4actoT fBX wim B ciiydae OOJIbIIOTO
BPEMEHHOIO OKHa t, (To ecTb 1151 6ospminx N). B nepsom ciyyae
JUIST YBETUYEHUSL  TOUHOCTU HEOOXOAUMO YBEJIUYMBATh TAKTOBYIO
4acTOTy, BO BTOPOM cJlyyae — yBEJIUYUBATh JJIUTEIBHOCTb Bpe-
MEHHOTO OKHa.
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Puc. 5.31. MeTonbl u3MepeHUsI YacTOThI: yepe3 Mepuon (a), Tpsimoii (6) 1 KoMou-
HUPOBAHHBIN (8).

BpeMsi u3MepeHUsT 4acTOThl MO TIEPBOMY METOAY COCTaBJISIET
Tex- IS BTOpOro MeTo/la OHO TOCTOSIHHO W PaBHO JJIMTEIbHOCTU
BPEMEHHOTI'0O OKHa to.

IHosTtoMy XeaTeIbHO OBUIO OBl COSAMHUTH JOCTOMHCTBA OOOMX
MeToloB, 4ToObl yacTtoTa fBX n3mepsiyiace Obl JOCTATOYHO OBICTPO U
C 3aJaHHOM TOYHOCTBIO (C MOTPELIHOCThIO, HE MEHBIIICH 3aJaHHOIA).
OTO BO3MOXHO TMPU UCIMOJb30BAHUM KOMOWHUPOBAHHOIO METOJa
(puc. 5.31,B). IIpu mJaHHOM MeTOAE MMITYJIbChl TAKTOBOI YacCTOTHI C
nepuonoM T, mnoacuuThiBalOTCS B TeyeHME M IOJHBIX NEPUOLOB
BXOAHOTO cUTHa1a. [Ipu 3TOM KOJIMYECTBO COCYMTAHHBIX UMITYJILCOB
N omnpeaeyisieT TOYHOCTh U3MEPEHUST (OTHOCUTEIbHASI MTOTPEIIHOCTh
He mpeBbimaeT 1/N). 3HaUUT, HEOOXOAMMO OOECIEeYUTh, YTOOBI N
OBLIO 1OCTATOYHO OOJIbIIIMM, Harpumep, pu N>100 oTHocuTenbHas
MOrPEIIHOCTL He MpeBuICUT 1%, a ipu N>1000 oHa OymeT MeHbIIIE
0,1%. OGecrnednTh JOCTATOYHYIO BEJIMYMHY N MOXHO MPOCTHIM BbI-
0opom uunciaa M.

Henoctatok maHHOro KOMOWHMPOBAHHOTO METOJA COCTOUT B
TOM, YTO U3MEPEHHOE 3HAYE€HUE YaCTOThl HEOOXOAUMO BBIYUCIISITH.
Tak kak mpu 3ToM MeTole BBINMOJHsIETCS paBeHCTBO: MTBx = NTT,
ciienoBareibHo, f, = M/(NTT). OmHako MpU MCHOJIb30BAHUU
KOMITbIOTEpPA WJIM MUKPOKOHTpOJIJIepa TaKoe BBIYUCIEHUE He
MpeacTaBasgeT 0co00Oro Tpylda. 3aTo JaHHBIM KOMOWHMPOBAHHBIN
METOJl TIO3BOJISIET U3MEPSITh YACTOTY BXOJHOIO CUTHaja B IIUPO-
KOM Juarna3oHe OBbICTPO W C 3aJaHHOU TO4YHOCThbIO. [loaTOoMy MBI
MOJAPOOHO PAacCMOTPUM TMPAKTUYECKYIO peaTu3aluio UMEHHO 3TO-
ro MeToja.
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Puc. 5.32. CyeTynku U3MepuTesisi YaCTOTHI BXOIMHOTO CUTHAJA.

B ocHoBe cxemMbl U3MepUTENsl YacTOThl 110 KOMOMHUPOBAHHOMY
Metony (puc. 5.32) — aBa 16-pa3psmHbBIX CUETYMKA HA OCHOBE MUK-
pocxem ME7, omHOBpeMEeHHO pabOTaIOIIUX B peXXUMe MPSMOro cye-
Ta. Ha TakTOBBIIf BXOJ OJHOTO CUeTYMKA (BEpXHETo Ha cXeMe) Ioja-
eTCsl U3MepsieMblii curHai M3M., Ha TaKTOBBIM BXOA BTOPOTrO (HMXK-
HETO Ha CXeMe) CYeTYMKa — TAaKTOBbI CUTHaJ 0Opa3loBOM 4aCTOThI
Taxrt. BbixogHble KOAbl 000UX CUETYMKOB (cooTBeTCTBEHHO M u N)
WCTOJIB3YIOTCSl TIOCJIE OKOHYAHUSI U3MEPEHMUST JIJIs BBIYMCIEHUST 3Ha-
YeHUsI YaCTOThl BXOJHOTO CUTHAJIA.

Pabota cyeTunKoB pa3peliaeTcsl OTpUIIATEIbHBIM CUTHaJIOM -Pa3zp.
1o (poHTy (Hampumep, IMOJOXUTETbHOMY) BxoaHoro curHana. ITocie
OKOHYaHUSI M3MEPEHHUsI 0 TaKOMY ke (PpPOHTY BXOIHOIO CHTHaja To-
cryruienue curHaioB M3m. u Takr 3anpeinaercst. To ecTh cueT mpous-
BOJIUTCSI B TEYEHUE 1IEJIOT0 YKCIIa IEPUOI0B BXOIHOTO CUTHAJIA.

Boixon Cron (MOJIOXUTENbHBI (POHT) TOBOPUT O TOM, UTO
koa N OCTUT IOCTaTOYHOU BeIWYMHBI (B HauieM ciaydae —8192),
U, cleJoBaTeIbHO, MOXHO OCTaHABAUBATh U3MEPEHME (HO TOJIBKO IO
OomxaiiieMy (poHTY BXOOHOro curHaja). To ectb kog N B KOHILEe
U3MepeHus OyneT He MeHee 8192, M MO3TOMY MOrPEelIHOCTh U3Mepe-
HMST 9aCTOTBI BXOIHOTO cMTHaa He rpeBbIcuT 1/8192 nm 0,012%.

Hns 1mpaBUJIBHONM pabOThl CXEMbl YacTOTAa BXOJHOIO CHUTHaIa
JoJkHa ObITh He Oosee TakToBoil yacTorel f, = 1/TT 1 He MeHee
fx/65536. Eciu oHa OymeT CAMIIKOM MaJIOi, TO HACTYIIMT IepeIo-
HEHUEe HIDKHETro cueTdyuka (BbIpaboTaeTcsl curHaa mepeHoca -Ilep.2).
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Ecnu e oHa OydeT CIMIIKOM OOJIbIION, TO HACTYIUT IEPEIIOTHEHUE
BEpXHEro cueryuka (BbipaboTaeTcsl curHail rnepeHoca -Ilep.1). Hampu-
Mep, Mpu TakToBOM 4yactore 10°MI'l M3MepsieMasi 4yacToTa BXOJHOTO
CUTHAJIa MOXET HaxOAUThes B mpeaenax or 152,6 'y go 10 MI'w.

TlomHoe BpeMsi u3MepeHUsl OyIeT M3MEHSIThCSI B TIpefesiax oOT
8192T, mo (8192T, + 2T x)- OnuH nepuon T,x MOXET NMPUOABIIATLCA K
BPEMEHU M3MEPEHUsI M3-32 TOTO, YTO MOC/E pa3pellieHus] U3MEPEeHUs
CcYeT HauMHAeTCsl He cpasy, a TOJbKO C MPUXOIOM (pOHTA BXOAHOTO
curHana. Bropoit nepuon T, MOXeT NMpUOABIIATLCS 33 CUET TOTO, YTO
CYeT 3aKaHYMBAETCSI HE Cpa3y Mocje OOCTIKeHUsI KoAoM N BeTUYUHBI
8192, a TOJIBLKO C TPUXOAOM HYXXHOIO (ITOJIOKUTEIBHOIO) (poHTa
BXOJTHOTO CHTHaIa. MakcuMaibHOe BpeMsi UBMEPEHUST B JTI00OM Citydae
He TipeBbImaeT 65536TT ans Bcex M3MepsieMbIX 4acToT.
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Puc. 5.33. HeJ’[HTeJ’IL YaCTOTbl U CXEMa yIpaBJICHUS OJId UBMEPUTEIS 4aCTOThl BXO/I-
HOro CurHaja.

JIJis yBeIMYeHUsI rara3oHa U3MepsieMbIX 4acTOT MOXHO TpUMe-
HUTH MPEABAPUTENIBHBIN YIpaBIIsIeMbIi JeIUTeb 4acToThl (puc. 5.33).
OH obecnieunBaeT BHIOOp MEePUO TAKTOBOrO curHaia u3 psuga: 100 He,
400 nc, 1,6 MKc, 6,4 MKc 1 25,6 MKC C MOMOIIBIO Kofa TakTa. B pe-
3yJbTaTe MPUMEHEHUSI 3TOrO NEJUTENS] TTPU MUHUMAJIbHON TaKTOBOM
YaCcTOTe BO3MOXKHO M3MEpPEHUe YaCTOThl BXoAHOro curHajia ao 0,6 I'i.
EcrecTBeHHO, TMepexod Ha KaXIblil CIeQyIOINi quana3oH U3MepsiB-
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MBIX YaCTOT MOXET YBEJIMUWUTb BpeMsi U3MepeHUus B 4 pasa, HO TOY-
HOCTh U3MEPEHMSI B JTIOOOM CITydae OCTaHETCsI TTPEKHEI.

Cxema ympaBjieHUs] U3MEpUTeSIeM YacTOThl, TaKXKe IMOKa3aHHas
Ha puc. 5.33, BKIIOUYaeT B ceOs1 LIEMOYKY M3 YeThIpeX IMOCjeI0Ba-
TeJIbHO cpadaThiBatoniux TpurrepoB (TM2). Ilepen Havyasiom u3Me-
pEHUsI BCe 3TU TPUITEPhI COpACHIBAIOTCS B HYJIb curHajioMm -Copoc.

IlepBblii TpUrrep nepedpachbiBacTCsl B AWHUILY 1O CUTHATY Ha-
yana uaMmepeHus: Crapt (mojoxurteabHblit ppoHT). Ilpu 3TOM pas-
peuaeTcsl MPOXOXAeHUE MOACYUTHIBAEMbIX UMITYJIbCOB M3M. u Takr
Ha BXOJIl CYETYMKOB puc. 5.32. OgHOBpeMEeHHO pa3peliaercsi padbora
BTOPOTO TpHUTTEpa.

Bropoii Tpurrep nepedpacbiBaeTcsl B €IUHUILY IO TTOJOXUTETHHO-
My (DPOHTY BXOJHOTO CUTHaIA. TeM caMbIM OH C IMOMOIIBIO CUTHAJA CO
CBOEr0 MHBEPCHOTO BbIXOAA pa3pelnaer padboTy CYETYMKOB (CUTHAI
-Pa3p.). OgHOBpeMeHHO pa3peliaeTcs padboTa TPeThero TpUrrepa.

Tperuit Tpurrep nepedpachiBaeTcsl B eAMHUILY N0 curHaity Cromn
(To ectb mpu nocTuxkeHun KomoM N yuciaa 8§192). OH paspelaeT pa-
00Ty 4EeTBEpPTOro TpUITepa.

HakoHell, yeTBepThIii TpUTITep MepedOpachIiBAeTCsS MO TOJ0XU-
TeJbHOMY (POHTY BXOIHOTO CUTHAjla M CUTHAJIOM CO CBOETrO0 WH-
BEPCHOTO BbIXOJa cOpachiBaeT TepBblii Tpurrep. IlocTynieHue cur-
HajioB M3M. u TakT mpekpaiaetrcsi. BbIxogHOW CUTHaAJI Y€TBEPTOro
TpUITEepa CIYXUT (aroM rOoTOBHOCTU BBIXOAHBIX KOJ0B N u M,
KOTOpble HEOOXOIMMO MPOYUTATh IS MajlbHEMIIETO BBIYMCISHUS
yacToThl. [lepen HOBBIM U3MepeHUEM Hano noaath curHaia Copoc.

Kpome yeTbipex ympapIsiOLIMX TPUITEPOB B CXEMY YIIpaBICHUS
BBEJICHBI ellle JBa TpuUITepa (CrpaBa Ha PUCYHKe), BBIXOAHBIE CUTHA-
JIBI KOTOPBIX CIIyKaT (pylaramu MeperoiHEeHUs] U MoKa3bIBaloT Mocse
OKOHYaHUS U3MEPEHUs, TTPABWIBHO JIM cpabOTall UBMEPUTEb YacTo-
Tol. [lepen HauaaoM M3MepeHUsI 00a 3TU TPUITEpPa COPAChIBAIOTCS T10
curHaity Copoc. Ecnu yacTtoTa BXOAHOTO CUTHAa B HYXXHBIX Tpejie-
Jax, To oba Tpurrepa ocraHyTrcsl B HyJje. Ecian yacTtoTa BXOZHOTO
CUTHajla OYeHb OOJIbIlIAsl, TO cpaboTaeT BepXHUII TO PUCYHKY TpHUT-
rep Mo BXogHoMYy curHaiy nepeHoca Ilep.l (cMm. puc. 5.32) u BblmacT
cUTHaJ YBell., TOBOPAIIUA O TOM, YTO HalO IMOIHSTH YaCTOTY TaKTO-
BOro curHajia (ecim 3To BO3MOXHO). Eciam ke yacTtoTa BXOZHOIO
CHUTHAJIa CJIMIIIKOM Majia, TO cpaboTaeT HUXKHUMI TI0 PUCYHKY TPUTTEP
MO0 BXOAHOMY curHaiy mnepeHoca Ilep.2 (cMm. puc. 5.32) u BbIIACT
CUTHaJ YMEH., TOBODSIIMI O TOM, YTO HajA0 YMEHBIIUTb YacTOTy
TaKTOBOTO CHUTHaia (€CJIM BO3MOXKHO).
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5.3. CUHXPOHHBIE CYETUYUKH

CuHxpoHHbIe (WM Mapajule/ibHble) CYSTUYMKU TPENCTaBISIIOT CO00i
HauboJjiee OBICTPOIASHCTBYIONIYIO Pa3HOBMAHOCTHL cyYeTYMKOB. Ha-
palMBaHue MX Pa3psSAHOCTU TPU COOMIONCHUU OMpeaeJeHHBbIX YC-
JIOBUI HE MPUBOAUT K YBEJIWYEHUIO IMOJHON 3alepKKU cpabaThiBa-
Hus. To ecTb MOXHO CUuTaTrb, YTO UMEHHO CUMHXPOHHBIC CUYCTYMKH
paboTaloT Kak uiealibHble CUECTUMKM, BCE Pa3psiibl KOTOPBIX cpaba-
THIBAIOT OJHOBPEMEHHO, IapajlieibHO. 3aJepxKKa cpabaThIBaHUSI
cyeTyrMKa B 3TOM Cllyyae MPUMEPHO paBHA 3aJepXKKe cpadaThiBaHUS
onHoro Tpurrepa. JlocTuraercss Takoe ObICTPOJEUCTBUE CYILIECTBEH-
HbIM YCJIOXXHEHUEM BHYTPEHHEW CTPYKTYPbl MUKPOCXEMBI.

BMmecTe ¢ Tem HEOOCTAaTKOM CHHXPOHHBIX CUETUYMKOB ABJISACTCA
Oosiee CJIOXKHOE YIpaBjleHHE UX pabOTOil MO CpaBHEHUIO C aCUH-
XPOHHbBIMM CYE€TYMKAMM MU C CHUHXPOHHBIMMU CUYETYMKAMMU C aCHH-
XPOHHBIM TIepeHOCOM. [103TOMY CMHXpPOHHBIE CUETYMKHU 11eJIecO00-
Pa3HO MPUMEHSTh TOJBKO B TEX CJIy4asix, KOraa AEWCTBUTEIBHO Tpe-
OyeTcsl OueHb BBICOKOE OBICTPOIENCTBHE, OYEHBb BBICOKASI CKOPOCTH
MepeKoueHusT pa3psaoB. MHave ycioXHEHUE CXeMbl YIpaBJIeHUs
MOXET OBITb HE OIpaBIaHO.
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Puc. 5.34. Bpemennast nuarpamma paboTbl CUHXPOHHBIX JBOUYHBIX CUETYUKOB.

BpemenHast nuarpamma paboThl CHHXPOHHOTO cyeTurka (puc. 5.34)
OTJINYAeTCsl OT BPEMEHHOU AuarpaMMbl CUHXPOHHOTO CYETYMKA C
ACMHXPOHHBIM IIEPEHOCOM CIIOCOO00M (hOPMUPOBAHUSI CUTHAJIA TIepe-
HOCa, MCIOJIb3yeMOTO TPY KacKaJWupPOBAHUU CUETYMKOB JIJISI YBEJIU-
yeHust pazpsinHocTu. CurHan nepeHoca CR (ot anriuiickoro Carry)
BbIpabaThIBAaETCS B JAHHOM CJlyyae TOIJa, KOTJa BCE BBIXOJbI CYET-
YMKa YCTaHABJIWUBAIOTCSI B €AUHUILY (TIpU MPSIMOM CueTe) WA B HYJb
(mpu oOpaTHOM, UHBEPCHOM cueTe). BXOJHOU TaKTOBBIN CUTHAI B
00pa3oBaHNM CUTHAJIa TIEpEeHOCca MTPU 3TOM HE YYacTBYeT.

i
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IIpu xackagyupoBaHUU (COBMECTHOM BKIIIOUEHUU IJIST YBEIUUYC-
HUSI pa3psiTHOCTH), HANpUMEpP, OBYX CUETUMKOB TaKTOBBIC Bxombl C
000X CUETYMKOB OOBEOIMHSIIOTCS, a CUTHAJI IIepeHoca IIepBOTO
cueTynka momaeTcss Ha Bxonm paspemieHust cuyeta (ECT) Broporo
cuerynka. B pesynbprare BTOpOM CUETYMK OyHeT CUMTATh KaxKIbIi
IIeCTHAALATHIA BXOJHOM TaKTOBBIM MMITYJIbC (TaK KaK OH OydeT
cpabaThIBaTh TOJBKO TIPU TIEpeHOCe OT IepBOro cueryunka). Beixom-
HbIe€ CUTHAJIBI BTOPOTO CYETYMKA OYAyT MEepeKIiodaThbesl Mo (POHTY
00IIIeTO TAKTOBOIO CUTHAJIa OJHOBPEMEHHO C BBIXOJHBIMHM CHUTHAaJIa-
MM TIEpPBOTO CUETYMKA. YCJIOBUEM ITPaBUJIBHON pabOTHI OymeT B JaH-
HOM CJIydae cieaylolliee: 3a Mepuoj TAKTOBOTO CUTHaja JOJIKEH yc-
MeTh BBIpAOOTAThCSI CUTHAJ MepeHoca IIePBOro CYeTIMKA.

—Jor e 1— ] | —{p1 [cT2[ 1
—Ip2 2= 1/ LY —m 2
—p1 i— ps i— —]D4 i
—Ibs 8 — —Ips 8 — —Ips g
—JFcR — ECR
—ECT e — 8
— —t - —C

WE — — e
:ﬁ{ CRL— WR CR Uhmui

WE10 (ME9) MEIL3 (MEL2) WE17(VE16)

Puc. 5.35. CuHXpOHHBIE CYETYMKM CTAHAAPTHBIX CEPUIi.

B cranmapTHBIE cepuM MUKPOCXEM BXOAST HECKOJIbKO pasHO-
BUIHOCTEH CUHXPOHHBIX (TapaJlyIeJIbHBIX) CYeTIMKOB (puc. 5.35).
Paznuuarorcst oHM crmocoOoM cyeTa (OABOWMYHBIE WJIM JTBOMYHO-
JIEeCSITUYHbBIC, PEBEPCUBHbBIC WM HE PEBEPCUBHBIC), YIPABISIOMMMU
curHaiamMu (HaJU4YMeM WIM OTCYTCTBMEM cHMTHaja cOpoca). Bce
CYCTUYMKU CUUTAIOT IO TOJIOXHUTETbHOMY (PPOHTY TaKTOBOTO CUTHA-
J1a, Bce nMeroT Bbixoa nepeHoca CR u BXoabl paciiupeHust 1Jisi Kac-
KagupoBaHusl. Bce cUeTYMKM MMEIOT BO3MOXHOCTbH HapajuiebHOMN
3anucy nHQOpMaIu.

Cueryuku ME9 u ME10 ommyaloresl ApYyr OT Apyra TOJBKO TEM,
yto ME9 — nBomuno-nmecsaruunbii, a UEI0 — nBomuHbIii. Mukpo-
CXeMbl MMEIOT BXOJ aCMHXPOHHOro cbpoca -R, mo HyjeBoMy ypoB-
HIO Ha KOTOPOM BCE BBIXOIBI CUeTYMKA cOpachiBalOTCsA B HyJb. Cuer
(TOJIBKO TIPSIMOIA) TPOM3BOAUTCS IO MOJOXUTEIbHOMY (DPOHTY Ha
takToBoM Bxome C. IlapamrenpHas 3amych OCYIIECTBJSIETCSI CHH-
XPOHHO, TIO TOJIOXUTEIbHOMY (bpOHTY Ha TakToBOM Bxoae C mpu
YCTAHOBJICHHOM B HYJIb CUTHaIe pa3pelneHus 3anucu -EWR. Curna-
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ael ECR (Enable Carry — paspemienue nepeHoca) u ECT (Enable
Count — paspellleHHe cYeTa) WCIOJb3YIOTCS TP KacKaaupoBaHUU
MUKPOCXEM. Pa3H1/1ua MCXAYy 9TUMH CUTHaJlaMH B TOM, 4YTO CUIHaJll
ECR He Tonpko 3ampemaetr cueT, Kak curHan ECT, Ho emie m 3a-
npeniaeT BeIpabOTKy curHama mnepeHoca CR. Cuer umer npu emu-
HUYHBIX curHajax Ha 06oux Bxogax ECT u ECT u npu enmHUYHOM
curHaie Ha Bxone -EWR. TlonoxurenpHblii curHan mepeHoca CR
BpraGaTbIBaeTCH TP MaKCUMaJIbHO BO3MOXXHOM KOJI€ Ha BbIXOJax
cueturka (15 mg UE10 u 9 nnst ME9) u npu MojoXUTETbHOM CUT-
Hane Ha BXxoge ECR. Pexumsl padotel cuetunkoB ME9 u ME10
TpeAcTaBjiIeHbl B Ta0MI. 5.5.

Ta6auma 5.5. Pexxumer pa6otsl cyerunkoB ME9 u ME10

Bxonbt Pexum
-R -EWR ECR ECT C
0 X X X X Copoc
1 0 X X 0—>1 [MapasienbHast 3armch
1 1 0 X X XpaHeHue
1 1 X 0 X XpaHeHue
1 1 1 1 0—>1 [psimoii cuer

Cuetuuku ME12 (nBouuHO-mecsiTuuHbiil) 1 ME13 (1BOMYHBII)
ommyatorcs or ME9 u ME10 Tem, yTo OHU peBepcHUBHBIC, TO €CTh
JIOITyCKAIOT KakK TpsSMOi, TaK U obpaTHbI cyeT. Kpome Toro, y Hux
HECKOJIBKO Apyroe ympapieHue. CUMTAIOT OHU TakKe IO TMOJIOXKU-
TeJIbHOMY (DpOHTY TakToBOro curHaja C Ipyd HyJIEBOM YpPOBHE Ha
Bxone paspemreHust cueta ECT. IlpsMoit cdeT ocyliecTBasIeTcs Ipu
HyJIEBOM YpOBHe Ha Bxofe ymnpasienuss U/D, oOpaTHbIif — MpU enu-
Hu4yHOM ypoBHe Ha Bxoxe U/D. IlepexiodyeHue ypoBHEN Ha BXOJax
U/D u ECT pomyckaetcsi TOJbKO MpU MOJIOXKUTEILHOM CUTHAJIE Ha
takToBOM Bxoae C. Copoc cuetunkoB ME12 u ME13 B Hynb He mpe-
JYCMOTPEH, 3aTO MMEETCsSI BO3MOXHOCTh aCMHXPOHHON Mapajiesb-
HOW 3amucu MH@OpMalUMK IO HYJIEBOMY YPOBHIO CHTHaja Mapai-
JiebHOM 3amucu -WR.

ITonoxuTenbHbIli CUTHAJ Ha BBIXOAE MapaylyieIbHOIO IepeHoca
CR mnosiBisieTcsl mMpu JOCTMKEHUM MaKCHMMayibHOro koma (15 mis
HME13 u 9 nna UE12) npu nipsMoM cyeTe WIM TIPU TOCTWKEHUM Hy-
JIEBOTO Koda Mpu oOpaTHOM (MHBepcHOM) cuere. MMmeercs Takxke
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BBIXO/I TIOCJIEAOBATEIbHOIO IepeHoca P, oTpuliaTeIbHBII UMITYJIbC
Ha KOTOPOM BBIpabaThIBaeTCs MpHU MOJI0XUTeTbHOM curHajge CR u
MMOBTOPSIET OTPUIATEIbHBII UMITYJIbC Ha TAKTOBOM Bxoxae C (aHalio-
TMYHO PAaCCMOTPEHHBIM paHee cuetunkam ME6 u UE7).

Pexumer paborer cuetumkoB ME12 m PIE 13 mpencraBieHBI
B Tab. 5.6.

Tab6auna 5.6. Pexxuumbl pabotsl cyetynkoB ME12 u ME13

Bxonpt Pexum
-WR U/D -ECR C
0 X X X [MapannenbHast 3anuch
1 X 1 X XpaHeHue
1 0 0 0—>1 [psimoii cuet
1 1 0 0—>1 OOpaTHbIii cueT

Muxkpocxembl ME16 (mBouuHO-gecsITMYHBINA cueTuynk) u ME17
(IBOMYHBINA CYETIMK) OTIMYAIOTCS OT PaCCMOTPEHHBIX CHMHXPOHHOM
napajieJIbHOM 3amuchlo Mo (PPOHTY TakKToBOro curHajga C, BO3MOXK-
HOCTBIO IIPSIMOTO M OOPaTHOTO cueTa M OTCYTCTBHMEM CHUTHaja cOpo-
ca B HYJIb.

CpabarsiBator cuetunku ME16 u ME17 mo monoxureabHOMY
¢ponry TakroBoro curHama C. Ilpu HyJeBOM ypoBHE Ha BXOIe
paspemenus 3amucu -EWR 1o ¢ponty curnana C B cUeTYUK 3amu-
chiBaeTcsl MHpopmanus co BxonoB gaHHeix D1, D2, D4, D8. Ilpn
eIMHUYHOM ypoBHe Ha Bxoge -EWR mo monoxurenbHOMY (PpoHTY
curHasa C mpoucxomuT cueT. HampamieHue cuera OIpenensieTcs
BxogoMm U/D: mpu enmHUIIE Ha 3TOM BXOJE CUYET IIPSIMOM, IpHU Hy-
e — oOparHblii. MIMeloTcsa nBa Bxoja pacIIMpeHMs: BXOH paspe-
menns cueta -ECT u Bxon paspemienus mepenoca -ECR. Pasnnaa-
I0TCS 3TM aBa Bxona TeM, yto curHan -ECR He TombpKo 3ampermiaer
cueT, Kak curHan -ECT, Ho ellle m 3ampeniaeT BhIpaOOTKY CHUTHaja
nepeHoca. Ilepexkmouenue ypoBHeit Ha Bxogax U/D, -ECT u -ECR
HaJ0 IPOM3BOAUTH TOJBKO IIPU €AWHWYHOM YpPOBHE Ha TaKTOBOM
Bxoze C.

OrpunarensHbiii curHan nepeHoca -CR (cMHXpOHHBINM) BhIpaba-
TBHIBA€TCS TPU TOCTMKEHWM Ha BBIXOAAX CYETYMKA MaKCHUMAaIbHOIO
koma (15 mnst UE7 v 9 nns ME16) mipu mpssMoM cueTe WU HyJle-
BOTro Koja Ipyi 00paTHOM CYETe.
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Pexumbr pa6otsl cyetunkoB ME16 u WME17 npuseneHbl B
Tabna. 5.7.

Ta6mua 5.7. Pexxumbl pa6otbl cuetankoB ME16 u ME17

Bxoapl Pexxum
-EWR U/D -ECT -ECR C
0 X X X 0—>1 [MapasienbHas 3anuch
1 1 0 0 0—>1 Ipsimoii cuer
1 0 0 0 0—>1 OO0patHbIi cueT
1 X 1 X X XpaHeHue
1 X X 1 X XpaHeHue

Bo3moxxHOCTM mpuUMeHEHMsS CHHXPOHHBIX (MapaUleIbHBIX)
CUETYMKOB OYEeHb IMMPOKM. JlocTaTOYHO cKa3aTh, YTO OHM 0e3
BCIKMX MpoOJEeM MOTYT 3aMEHMTh BO BCEX CXeMaX KaK acHH-
XpPOHHBIEC (ITOCemOBaTeAbHbIE) CUYETYMKUA, TaK M CHUHXPOHHBIE
CUETYMKM C AaCHMHXPOHHBIM (MOCJIeIOBAaTEIbHBIM) IIEPEHOCOM.
I[Ipr HEOOXOMMMOCTM IOOCTMIKEHHUS MaKCHUMaJIbHOTO OBICTpOIEii-
CTBUSI OHM HMMEIOT OOJIbIIINME IIPEUMMYINECTBA 1O CPaBHEHUIO CO
BCEMM IPYTMMU CYETYMKaMM. KX BBIXOJHOU KOO yCTaHaBJIMBAaET-
Ccsl OMHOBPEMEHHO IIpM JI000M KOJHUYECTBE Pa3psmoB Oe3 Impume-
HEHUS TOMOJHUTEIbHBIX BBIXOAHBIX PETHCTPOB (KOTOpHIE Tpebo-
BaJIMCh B ClIydae aCMHXPOHHBIX CYETYMKOB M CHMHXPOHHBIX CYET-
YUKOB C ACUHXPOHHBIM IIEPEHOCOM).

MbI paccMOTPUM 31IeCh BCErO HECKOJBKO CXEeM, WILIIOCTPHUPYIO-
IIMX XapaKTepHbIe 0COOEHHOCTH MMEHHO CMHXPOHHBIX CUETUYNKOB.

CHauajia OCTAaHOBMMCSI Ha METONIAaX KacKaaupOBaHUS CYETIMKOB.
B ornuuue oT Opyrux TUIIOB CUETYMKOB CHUHXPOHHBIE CUETYUKH
MOXHO COEIMHSATHh Pa3IMYHBIMUA CIIOCOO0aMU, IpUYEM CII0COO CO-
eIMHEHUS pa3ddyeH IS Pa3HOTO KOJWYecTBa MMKpocxeM. B kaue-
CTBe IIpuMepa Bo3bMeM MuKpocxeMbl ME17.

I[Ipn oObeAMHEHUM OBYX CUETYMKOB (pHUC. 5.36) HUKAKUX MPO-
OyleM He BO3HHMKaeT: Bbixonm nepeHoca -CR Mmianirero cuerymka co-
eIMHSIETCS CO BXOIOM pa3pelleHus cuera crapiiero cueryrka -ECT.
Ha Bxomer -ECR 000mx c4eTYMKOB momaeTcst HyJIeBOM YpOBEeHb. YC-
JIOBUE TIPaBWJIBHOM paOOTHI OyAET MPOCTHIM U JIETKO BBIIIOJHUMBIM:
nepuon TakroBoro curHajga C He JOJDKeH OBITh MEHbIIE, YeM 3a-
IepxXKa BeIpaboTKu curHana nepeHoca CR.
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Puc. 5.36. O6benunHeHue aByx cuetuukos ME17.

[pyn oOBeIMHEHN TPEX CUSTINKOB CUTYAITHsI HECKOIBKO YCITOXKHSI-
etcs (puc. 5.37). CurHan ¢ BBIXOI TIepeHOca TTepBOTO CYETIMKA TTOACT-
cs1 Ha BXombl -ECT BTOpOTO M TpeThero cYeT4ymKoB. CUTHAN ¢ BBIXOI
IepeHoca BTOPOTO cYeTYrKa Tomaetcss Ha Bxon -ECR Tpethero cuerdm-
Ka. B pesynbrate TpeTuit c4eT4MK OymeT CYMTATh TOJBKO TOTAA, KOTrma
AMeeTCs TIepeHOC Kak y TIepBOro CYETYMKA, TaK M Y BTOPOTO CUCTUMKA.
Ha pucyHke m1st IpocTOTH He ITOKAa3aHO TTOIKTIOYeHIE BXOIHBIX U BbI-
XOIHBIX CUTHAJIOB, HE YJIACTBYIOIIMX B KACKaTUPOBAHMM.
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Puc. 5.37. O6benuHeHue Tpex cuetuynkoB UE17.

YcoBue TIpaBMIIBHON PaGOTHL CXeMBI OCTAeTCS TEM 3Ke, U4TO U B
cilydae IOBYX CYCTYMKOB: IEpHMOA TakKToBoro curHaia C He JOKeH
OBITH MEHBIIIEe 3aIepPXKN BBIpaOOTKM curHajia nepeHoca CR.

Ipu o6vemHeHNN YeThIpeX (1 60Jiee) CISTINKOB YK€ BO3HMKA-
eT TIpobyieMa, TaK KaK y CTapiIdX CYeTYMKOB HE OCTaeTcs CBOOOI-
HBIX YIIPABJSIOIINX BXOMOB JUIST COOMPAaHMUST BCEX CUTHAJIOB IEePEHO-
ca Ooee MJIamIIMX CYeTYMKOB. [103TOMY B JaHHOM Clydae MCITONb-
3yeTcsl CITocoOHOCTh BXxomHOro curHan -ECR 3amperiars BBEIXOTHOM
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curHan mepeHoca -CR (puc. 5.38). Ha ueTBepThIli M mocienyoolme
CYCTYMKHU TIOHAIOTCSA YK€ He CHTHAJBI IepeHOoca CO BCeX IPeIbImy-
X CYETINKOB, a TOJBKO C TIEPBOrO U ¢ mpenpimymero. Ha pucynke
IUTS TIPOCTOTHI HE TIOKa3aHO IONKIIOYEHME BXOIOB M BBIXOIOB, He
VYaCTBYIOIINX HEMTOCPEACTBEHHO B KAaCKaInMpPOBaHWM.
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Puc. 5.38. O6bvenunenue yeroipex cueTunukoB UE17.

IIpu TakoM BKIIIOYEHMHU INPOMCXOMMUT YK€ HaKaIUIMBaHHE 3alep-
XKeK CHUTHAJIOB IlepeHoca. MaKcHMalabHOM 3amepxKKa OymeT mIs CUr-
Haja IepeHoca BTOPOTO CUETYMKA. YCIIOBUE MPaBUJIBHOII pabOThI
BCEX CUETYMKOB OyIeT clieayollee: Ileproi TakToBoro curHama C
HE IOJDKEH OBITh MEHBIIIE, YeM MaKCHMMaJIbHas CyMMapHasl 3aJepxKKa
CHTHAJIOB IIepeHoca OO0 BXxoJa ITociemaHero cuyeryuka. Ilpm oObemu-
HEHMM YETHIPEX CUYCTUMKOB B 3TY MAKCHUMAJIbHYIO 3aICPXKKY BXOISAT
3amepxkka curHajga mnepeHoca -CR  MHKpocXeMbl OTHOCHUTEIBLHO
¢ponta curHana C u 3agepxkka curtajia nepeHoca -CR oTHocurenb-
Ho curHaja -ECR. Ilpu oObenHeHUM IISITU CYETUYMKOB TOOABUTCS
ellle ogHa 3a7epXKa curHana nepeHoca -CR oTHOCHTENIbHO CUTHana
-ECR u 1. 1. I[loaToMy ¢ yBeIuueHHMEM KOJIMYECTBA OOBEOMHSIEMBIX
CUYETYMKOB OyIeT CHMXKAThCS JOITyCTHMAasl TaKTOBasl 4acTOTa.

IIpy HeoOXOOMMOCTHM OObEOVHEHUS OOJBIIOr0 KOJIMYEeCTBa
CYETYMKOB (OOJIBIIETO YETBhIPEX) MOXHO M30eXaThb HAKOIUICHUS
CYMMAapHOI 3aepXKW IIepeHoca, BKIIOYMB Ha BXOHaX CTapIInx
cuetunkoB -ECT normueckue snemeHTsl MJIM ¢ HyXHBIM 4UCIIOM
BXOIOB. DTHU 3JIEMEHTHI JOJDKHEI COOMpaTh BCe CUTHAJBI IIEpeHOca C
Oosiee MTAmIIMX CYETYMKOB, TO €CTh Ha MX BBIXOJAaX TOJKEH OBITh
HyJIb Torma, korga curHaiabl -CR Bcex mpemplaylinx CYETYMKOB Hy-
nesble. [Ipu 3ToM, mpaBma, B CyMMapHYIO 3alepXKy IlepeHoca, KO-
TOpasl He JOJDKHA IPEeBHIIATh IIeproaa TakToBoro curHaiza C, BoOI-
IyT 3aep>XKU 3TUX caMbIX aeMeHToB NJIN.
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B nm060oM ciyyae mpu BBITIOJIHEHUM YCJIOBUSI TPaBUJIBHOU pabo-
TBl CUETYMKOB cxeMa OymeT paboTaTh KaK MIEaJbHBI CYETYUK, TO
€CTb BCE Pa3psiibl MHOTOKACKAIHOTO CYeTYMKa OyIyT MepeKoyaThb-
¢sl OMHOBPEMEHHO.

A Terepb PacCMOTPUM HEKOTOPHIE CXeMbl Ha OCHOBE CUHXPOH-
HbIX CYETYMKOB.

YnpasnsgeMblil JeauTeNlb 4acTOThl ¢ KO3(PPULMEHTOM TIepecyeTa,
3aJaBa€MbIM BXOJHBIM KOIOM, pEaIM3yeTCsl Ha CHUHXPOHHBIX CUET-
yyKax J0oBoJbHO Ipocto (puc. 5.39). Curnan mnepeHoca -CR crap-
IIero CcuyeTyMKa IoJaeTcsl Ha BXoH paspelieHus: 3amucu -EWR.
CueTunky paboTaloT B pexxume obparHoro cuera (Ha Bxon U/D mo-
JaH CUTHAJ JJOTMYECKOTO HYJIS).

Bxonnoit
KOJ[ D] {CT2{ 1 D1 [CT2| 1 D1 [CT2| 1
D2 2 D2 2 D2 2
D4 4 D4 4 D4 4
D3 8 D3 ] D8 8
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E E E
in U\g&l CR! UV.-%!I CR! I 1}”.’1?)1 BH%?.E
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Puc. 5.39. YmpasisieMblii TeUTeNTb YaCTOTHI.

Ilpu mocTukeHMU BCEMU CUETYMKAMU HYJIEBOTO Koja BbIpaba-
ThIBaeTCs curHan nepeHoca -CR, mepeBoasiuii CHETYMKUA B PEXUM
MapajuieIbHOI 3alMCU BXOAHOTO YIpapJsiioniero kogaa. Creayommum
TOJIOXKUTENbHBIM (DPOHTOM TaKTOBOro curHaiga C BXOZHOW Koj 3a-
MUCHIBAETCS B CYETUMKU. DTO MPUBOIUT K HOBOMY LIMKIYy cyeTa OT
BXOJTHOTO KOJa 0 HYJIs.

KoapduuueHt nepecyera geaurtesiss 4actoThl paBeH (N+1), roe
N — BXOOHOI KOI, KOTOPBIA MOXET MPUHUMATH 3HaYeHUs OT 1 1o
(2" — 1), Tme m — KOJIMYECTBO PaspsiaoB Koaa. YCJIOBUE MPaBUIBLHOM
paboThI AEJUTENS] YACTOThI CIAEAYIONIEe: MEePUOol TAKTOBOTO CUTHaja
HE JOJDKEH OBbITh MEHbIlle TMOMHOW 3alepKKu mepeHoca. [dnurenb-
HOCTh BBIXOJHOTO CUTHaja JAEJIUTEssI YacTOThl paBHA MEpPUOIY TaK-
TOBOW 4YaCTOTHI.

Crenyromas cxemMa — (GopMuUpoBaTe/b BPEMEHHOIO WMHTEpBaja
3aJlaHHOI JTUTENbHOCTU (puC. 5.40) meMOHCTpUpYeT, KaK Hago UC-
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I1OJIb30BAaTh BbIXO[lHOﬁ CHUTrHaJl TI€pE€HOCa CHMHXPOHHBIX CUYETYMKOB
MpY HEOOXOAVMMOCTU OpTraHM3alMU Pa30BOro (He IMepuogUYECKOro)
LIMKJIa PaOOTHI.
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Puc. 5.40. ®opmupoBaTesb MHTEpBajia 3aaHHOU IJIUTEIBHOCTH.

Pabora chopmupoBatesnsi HaUMHAETCSI TI0 KOPOTKOMY OTPUILIATENb-
HOMY uMmIysbcey -CrapT, nepeOpachiBaloIleMy YIPaBISIONINI TPUTTED
B eNVHUIYY W HauMHAIOUIEMY BbIXOAHON curHad. [lojoxXuTelbHbIi
CUTHAJl C BBIXOAA TPUITEPA IMEPEBOAMT 8-paspsiiHbIA CUHXPOHHBII
CYETYMK M3 pekruMa MapajjieJIbHOM 3aIlCHh BXOTHOTO KOAAa B PEXUM
cyeta (1o Bxomxy -EWR). Cder Ha yMeHbIIEHWE UIET IO TOJIOXKUTETb-
HbIM (DpOHTAM TaKTOBOTO CUTHaja ¢ reHepatopa. Korma cueTymk moc-
YUTaeT A0 HYJSl, CJASHYIOIIUM TOJOXUTEbHBIM (DPOHTOM TaKTOBOTO
CUTHaJIa HyJeBoil curHaji repeHoca -CR OymeT 3amucaH B TpuUrrep.
Tem cambiM OyeT 3aBeplilieH BBIXOMHOW CUTHAJI, a CUETYMK OyneT me-
peBelieH B PeXXUM TapajuiebHol 3anucu. Cremyomnmii UK padoThl
dopmupoBaresisi HAUHETCs o curHaty -Crapr.

B nanHOM ciyyae Tpurrep, oopabaThIBalOIIMi CUTHAJI TIepeHoca
paboTaeT CUMHXPOHHO CO CUETYMKaMU, TaK KaK TaKTUPYETCS TEM Ke
(TTONMOXUTENbHBIM) (PPOHTOM €IWMHOTO TAaKTOBOTro curHana. lnu-
TEJLHOCTb BBIXOJHOTO CUTHajla OylaeT HaXOOWUTbCS B WHTEpBaje OT
NT nmo (N+1)T, tne T — nmepuoa TaKTOBOTO CUTHaJIa C reHeparopa, a
N — BxoaHoii koxa ot 0 mo 255.

IMTocMoTpuM, Kak Ha CUHXPOHHBIX CYETYMKAX MOXHO MOCTPOUTh
reHepaTrop TPSIMOYTOJBbHBIX HWMIIYJbCOB C PETyIUpPyeMbIMU /M-
TEJLHOCTBIO UMITYJIbCAa U JJIUTEIBbHOCTBIO T1ay3bl, KOTOPBIA ObLT pac-
CMOTpeH B IpeapiayiieM pasgeine (cMm. puc. 5.28 u 5.29). bynem
OPUEHTHPOBATbCS Ha JOCTUXKEHHWE MaKCUMaJIbHOTO OBICTPOIACHCT-
BHUSI, TO €CTb Ha MAaKCUMAaJIbHO BO3MOXHYIO TAKTOBYIO 4acTOTY.
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CxeMa yrpaBiieHUsI OyIeT Majo OTJIMYaThCs OT CXeMbl puc. 5.29,
MO3TOMY MBI OCTAHOBUMCS TOJIBKO Ha CXeM€ CYETYMKOB MMIYJIbCa U
nay3bl. BeiOepeM pa3psmgHOCTb OOOMX 3THUX CYETYMKOB paBHOM 16.
Torma cxema CUETYMKOB HMMIIyJbca M Tay3el (puc. 5.41) Oymer
BKJIIOYATh B ce0s1 BoceMb MUKpocxeM cueTdynkoB ME17 u BeIXOomHOM
TpurTep, a takke jJormueckue snmeMeHTHl 4UJIM-HE mng ymenbie-
HUS 3a7epKeK nepeHoca. B gaHHoOM ciiyyae oyeHb ynooHo Opathb JK-
TPUITEP, TaK KaK OH MMEET JABa MH(MOPMAIIMOHHBIX BXOJa M TaKTO-
BbII BXO..
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Puc. 5.41. CuHXpOHHbBIE CYETYMKM HMMITYJIbCa M Hay3bl ISl T€HEepaTopa IpsIMO-
YTOJIbHBIX UMITYJIbCOB.

Tpurrep TakTUpyeTCsl OTpUIATEAbHBIM (PpoHTOM curHama C, a
CYETYMKHU — TOJOXUTEIbHBIM (PPOHTOM, MTO3TOMY IJIsI 0OCCIIeYeHUS
CUHXPOHHOI pabOThl BCEW CXEMbI IO OTHOMY (POHTY TAKTOBOTO
CHUTHaJa curHan Ha Bxon C TpHITepa MoJaeTcs uyepe3 UHBEPTOp.

CyTb paboTHl CXeMBI OCTaeTCs IMpeXHei: 16-pa3psaHble cYeTYM-
KA WMMITylIbca W May3bl pabOTalOT IO OdYepeau, 4YTO OIMpeAeisieTcs
YOPaBISIOIIUMU CUTHaJlaMKA € BBIXOAOB TpuUrrepa (IpsSIMOTO U WH-
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BepcHOro). CYeTYMKM CYMTAIOT Ha YMEHbIIEHNE (B PeXMME MHBEPC-
HOTO cYeTa) OT Koja, IMapajjieIbHO 3alIMCaHHOIO B HUX, 10 HYJIS.

Ho Hauana pabothsl (curHaim Pa3p. HyjeBoit) oba cueTdyrKa Haxo-
IISITCSI B COCTOSIHMM TapaUleJIbHOM 3allMCU W 3aIlICHIBAIOT B C€0ST KO
uMITyJbca M Tay3sl. [locie mpuxoma MOJIOXMTENBHOTO CUTHaIa pas3-
pelieHus reHepanuy Pasp. HaumMHaeT cueT BepXHUM Ha CXeMe CYeT-
YUK (CYETUYMK T1ay3Bl).

Korma cuyeTymk may3bl OJOCUMTBIBAET OO HYJIS, €r0 CUTHAN IIie-
peHoca 3aluchIBaeTCsI B TpUITEp 10 Bxomy J m mepeOpachiBaeT BbI-
X0l TPUITEPAa B €IMHUILY, YTO IIEPEBOAMT CUETYMK I1ay3bl M3 CO-
CTOSIHMSI CYeTa B COCTOSIHME ITapallIeJIbHOM 3allMCHh M 3allpelaeT
MOCTYIUICHUSI CUTHaia Ha Bxoxa J. OMHOBpEMEHHO MEPEXOAUT B CO-
CTOSIHME CY€Ta HMKHUII Ha CXeMe CYETYMK (CYSTIMK HMITYJIbCa),
KOTOpHIM, B CBOIO oOdYepedb AOCYMTAB OO HYJIsI, IepeOpachiBaeT
Tpurrep B HyJb o Bxomy K. DToT mpolecc mepruoanyecky ImoBTO-
psieTcsi, moKa paspellieHa TeHepauus (TO ecTb curHana Pasp. moso-
SKUTEJTBHBII ).

CdopmymupyeM ycaoBHSI IPaBUJIbHON pabOTHI CXEMBI.

Bo-nepBrix, 3a mepuoa TaKTOBOTO CHTHaIa JOJLKEH YCIETh IOJI-
HOCTBIO cpaboTaTh 16-pa3psimHbIi CYETUYMK, BHITTOJHEHHBIM Ha YeThI-
peX MUKPOCXeMaxX CMHXPOHHBIX CYETYMKOB. TO €CTh CMTHAI Ha BXO-
el -ECR 1 -ECT mocieaHero cyeTdmKa JOJDKHBI YCIIETh TTPUIATHA IO
caenyioiiero ¢GppoHTa TAKTOBOIO CUTHAJIA.

Bo-BTOpHIX, 32 Mepmoa TaKTOBOIO CHMTHaJa JOJDKHA YCIIETh Cpa-
Oorarp nerovyka u3 uHBepTopa (JIH1), rpurrepa (TB11) 1 anmemeHTa
21 (JIN1). D10 Gosee MIrkKoe TpeOOBaHME, YeM IIPEAbIIyINee, eCu,
KOHEYHO, B3SITh MIEPEYMCIICHHBIE JIEMEHTHI U3 OBICTPOIACHCTBYIOIINX
cepmit KP531 womm KP1531.

PaccMmoTrpeHHBIN mepexon Ha CMHXPOHHBIE CUETYMKU ITO3BOJISIET
MOBBICUTH MAaKCHMMAaJIbHYI0 YacTOTy TaKTOBOI'O CHMTHAaJla TeHepaTopa
MPSIMOYTOJIBHBIX MMITYJIbCOB MO MeHbIeil Mepe BaBoe (1o 20 MI'm)
110 CPAaBHEHMIO CO CXEMOM Ha CHMHXPOHHBIX CYETYMKAX C ACHMHXPOH-
HBIM TIEPEHOCOM.

Hakonen, mocnemHee INpUMeHEHHWE CHMHXPOHHBIX CUYETYUKOB,
KOTOpPO€ MBI PAacCCMOTPHUM, CBSI3aHO C WX BO3MOXHOCTBIO I1apa-
JIEJIbHOM 3aIMcH 1Mo (POHTY TaKTOBOTO CUTHaia. To eCThb B pexXu-
M€ TMapajUIeIbHOM 3alMiCy CYETIMK IPEACTaBIISIET COOOM pPEeTHCTp,
cpabaTeiBaOIIMii MO (DPOHTY TAKTOBOIO CUTrHaja. biaromaps aToit
0COOEHHOCTH, IPU OOBEAMHEHUM HECKOJbKUX CUYETYMKOB MX BBI-
XOJIHBIE KOABI MOXHO ITOCJIEI0BAaTEIbHO CUMTHIBATH C BBIXOMOB IT0-
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CJIEIHEro B LieNoYKe, cTapliero cuetyuka (puc. 5.42). CyeTyuku B
JaHHOM cJiydae 00pa3yloT CBO€OOpa3HbIi MHOTOPa3pSIAHBINA CIBU-
TOBBII PETUCTP.

PexxuM paboThl cXeMbl OIpeAesieTCs] YIPABISIOMNM CUTHATIOM
Cuet/Cnpur. [Tpu BbICOKOM ypOBHE 3TOr0 CUTHaja CUETYMKM HaXo-
JATCSI B peXXUMe MpsiMOro cueta o ¢ppoHTy curHana Takr. [Tpu Hus-
KOM YpDOBHE CUTHaja CUETYMKU TMEPEXOMSIT B PEXUM IOCIeNoBa-
TEJILHOTO cyeTa 12-pa3psiiHOrO CcYeTYMKa 4Yepe3 YeThlpe paspsiia
MPaBOro Ha cxeMe cyeTdyrka. [IepBbIM YHTAETCSI COCTOSIHUE CTapllie-
ro CcyeT4YuKa, mocjeqHuM — wmiaguiero. CHOBUT BBIXOAHOTO Koja
MPOUCXOAUT MO TOJOXUTEIbHOMY (PPOHTY TaKTOBOTO curHana. [lo-
clie TPeX UMITYJIbCOB TaKTOBOTO CUTHAJIa BO BCE TPU CUETYMKA OKa-
3bIBAETCS 3aMMCAHHBIM HYJEBOW KOJ, TO €CTh CX€Ma T'OTOBA K PEXU-
My OpPSIMOTO CYETa.

D1 [CT2[ | D1 JCT2l | D1 |CT2] 1]
D2 2 D2 2 D2 2 - Burxonsot
D4 4 D4 4 D4 4 kog
D8 8 DR 8 D8 8
ECR —4ECR ECR
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—t C —1C — C
— 4 — E
= e B s
|_ HEL7 REL7 |_ WUEL7
Taxr " Torl
Cuericapur

Puc. 5.42. TlocinemoBaTelibHOE YTEHMWE BBIXOLHOIO KoJa MHoroxkackagHoro Cuyer-
4yyKa,
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SO Tt
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Puc. 5.43. [NocaemoBateibHAsT 3aITMCh B CYETIMKU MCXOTHOTO COCTOSTHUS.
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M TouHO Takasi Xe TocyiefoBaTe/ibHas Tiepe3anuch MH(GopMalum
M3 CYETUYMKA B CUETUMK TMO3BOJISIET C TMOMOIIBIO 4-pa3psiiHbIX BXOM-
HBIX KOJIOB 3aMucaTh UCXOMHOE COCTOSTHUE HECKOJIbKUX IMOCiea0Ba-
TEJbHO COSAMHEHHBIX CUETYMKOB (pucC. 5.43).

Ilepen HavyasoM pabOThI cxeMa TEPEeBOAUTCS B COCTOSIHUE Tla-
pajUleJIbHOM 3aMmucy HyJeBbIM ypoBHeM curHaia Cuet/3anuch. [lpu
9TOM 4-pa3psiiHbIe KOJbI, KOTOPbIe HAI0 3amrcaTh BO BCE CUETUMKH,
MO ouepenu MOMAIOTCS Ha BXOMA MepBOro (MJajllIero) cyeTyuka u
CABUTAIOTCSL IO HAMpPaBJICHUIO K CTapuieMy CUYETYMKY IO TOJIOXKM-
TeJbHOMY (pOHTY TakToBOoro curHasa C. Jlng 3amucu Bcex Tpex
CYETYMKOB HEOOXOAMMO IMOAAaTh TPU TAKTOBBIX MMITYJbCA MOIPSIIL.
ITpuyeM mepBbIM HaNO 3aMUChIBaTh KO, MpeIHAa3HAYeHHbINA s
crapiiero (IpaBOro Ha cxeme) cyeTyuka, a MOCJAeIHUM — KO,
MpeTHa3HAYEHHBIM I MITAAIIEro (JIEBOro Ha CXeMe) CUeTdrKa.
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NPUMEHEHMUE
NKPOCXEM ITAMAT

MukpocxeMbl TaMATH (WIA TMPOCTO IaMSTh, WM 3allOMUHAIOLINE
ycTpoiictBa — 3Y, aHmmiickoe — Memory) IpeacTaBIsIIOT coOoi
IpyMHITy elle 0ojiee CIOXHBIX HUPPOBLIX MUKPOCXEM MO CPaBHEHUIO
C MHUKpOCXeMaMM, pacCMOTpeHHBIMU paHee. IlaMsTb — 3TO Bcerma
OYEHb CJIOXXHAsl CTPYKTypa, BKJIIOYAloliasi B ceOs1 MHOXECTBO 3Jie-
MeHTOB. IlpaBma, BHYTpEHHSSI CTPYKTypa IIaMSITU peryjsipHas,
OOJIBLIMHCTBO 3JIEMEHTOB OJWHAKOBbBIE, CBSI3U MEXIY SJIeMEHTaMu
CPaBHUTEJIBHO MPOCThIE, MO3TOMY (DYHKIIMU, BBIMOJHSIEMbIE MUKPO-
cXeMaMU TaMSITU, He CJUIIKOM CJIOXKHBIE.

IMTamMsTh, Kak ¥ clieAyeT U3 ee Ha3BaHWSI, MpeAHa3HaueHa ISl 3a-
IMMOMMHAHUSI, XpPaHEHMUSI KAaKUX-TO MAacCHUBOB WMHGOPMALIMU, IIPOILEe
roBOpsI, HAOOPOB, TaOJML, Tpyln UMOPOBLIX KomoB. Kaxawiit kom
XpaHUTCS B OTHEJIIBHOM 3JIEMEHTE IaMSTH, Ha3bIBAEMOM SIYEKOM
namsiti. OcHoOBHas (yHKIMST OO0 MaMsTU KakK pa3 U COCTOUT B
BbIIau€ 3TUX KOJOB Ha BBIXOAbI MMKPOCXEMBI 10 BHELIHEMY 3aIlpo-
cy. A OCHOBHOI1 MapaMeTp IaMsITU — 3TO €€ 00BbeM, TO €CTh KOJIM-
YeCTBO KOJOB, KOTOpPbIE MOTYT B HEil XpaHUThCS, U Pa3psSaHOCTDH
3TUX KOJOB.

Hdnsg obo3HaueHUs] KOJUYECTBa sYEEK IMaMSITU MCIIOJb3YIOTCS
clefylouye crneuraibHble eMUHULIBI U3MEPEHUS:

« 1K — at0 1024, T0 ectb 2"’ (4nTaeTcs «KUIO-» WM <«Ka-»), TPHU-
MEPHO PaBHO OJHOM ThICSIYE;

« IM — at0 1048576, T0o ecTh 2* (4uTaeTcs «Mera-»), MPUMEPHO
pPaBHO OJHOMY MWJIJIMOHY;

« 1T — 310 1073741824, T0 ecthb 2* (YNTAETCS «IUra-»), MPUMEPHO
PaBHO OIHOMY MWJLIMApAy.

ITpuHIIMIT opraHU3alMyU MaMSTU 3alUChIBACTCSl CJAEAYIOLIUM O00-
pa3oM: CHayaja MUIIETCSl KOJWYECTBO sSYeeK, a 3aTeM uYepe3 3Hak
YMHOXEHMST (KOCOM KpecT) MUILETCS pa3psiAHOCTh Koja, XpaHsIie-
rocst B ooHoi stueitke. Hampumep, opranmsanms mamstu 64K x 8 o3-
Havaer, yTo maMsaTh umeeT 64K (To ectb 65536) sueexk M Kaxmas
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syeiika — BochbMUpa3psiiHasi. A opraHuzauus rnamsaty 4M X 1 o3Ha-
yaeT, 4To mamsTh umeeT 4M (1o ectb 4194304) siueek, mpuyeM Ka-
Xaast s;tueiika MMeeT Bcero oauH paspsid. OOumit oobeM namsaTu u3-
MepsieTcst B Oaiitax (kwiobaitax — Koaiit, Mmeradaiitax — MOaiT,
rurabaiitax — I['6aifT) win B Outax (kwiodbutax — Kourt, merabu-
Tax — Mour, ruraburax — I'OuT).

B 3aBucuMocTH OT criocoba 3aHeceHus (3anvcu) uHdopMaluu 1
OT crocoba XpaHeHUs1 UH(hOPMAIIMM MUKPOCXEMbI MaMSITA pasaesi-
I0TCSI Ha CJIEYIOINEe OCHOBHBIE TUTIBI:

* IloctosiHHas mamate (I13Y — mocTosiHHOe 3amoMuHarollee YCT-
porictBo, ROM — Read Only Memory — mnamMsaTh TOJBKO s
4YTeHUsI), B KOTOPYI0 MHGbOPMAaLMsS 3aHOCUTCS OJWH pa3 Ha 3Tare
W3TOTOBJICHUS] MUKpOCXeMbl. Takas TamsITh Ha3bIBaeTCs €Il Ma-
couHbM T13Y. Undopmanusi B maMaTH HE TPOMaAaeT Mpu BbIKITIO-
YEHWU ee MUTAHMS, TI03TOMY €€ €Il Ha3bIBaloT IHEPrOHEe3aBUCH-
MOV MaMSTHIO.

ITporpammupyemasi mocrosiHHas namsath (ITI13Y — nporpammu-
pyemoe I13Y, PROM — Programmable ROM), B KoTopyi WH-
dopmalysi MOXeT 3aHOCUThCSI TTOJIb30BaTEIeM C MOMOIIbIO CHeIH-
aJlbHBIX METONOB (OrpaHUYeHHOe uwucio pas). WHdopmauus B
[ITI3Y Toxe He mpomnagaeT MpU BHIKIIOUYEHUU €€ MUTAHUS, TO €CThb
OHa TakXe SHEeproHe3aBUCUMasl.

OnepatuBHas namsath (O3Y — omnepaTMBHOE 3allOMUHAIOIIEE YCT-
poiictBo, RAM — Random Access Memory — mamMsiTb ¢ MpPOM3-
BOJIBHBIM JIOCTYIIOM), 3allUCh MH(OPMALMIO B KOTOpPYI HauboJjee
MpOCTa U MOXKET MPOU3BOAUTHCS TOJIB30BATEJIEM CKOJBKO YTOJHO
pa3 Ha MPOTSKEHUM BCETO CpoKa CIy>XKO0bl MUKpocxeMbl. UHGop-
Malusl B IaMsITU MPOIafaeT MPU BBIKJIIOUEHUHU €€ TTUTaHUS.

CylleCTByeT MHOXECTBO TPOMEXYTOUYHBIX THUIIOB MaMsTH, a TaK-
XK€ MHOXECTBO ITOATUIIOB, HO YKa3aHHbIE THUIIBI caMble TIJIaBHBIE,
MPUHLMITAAIBHO OTJIMYAIOLIMeCs] YT OT Apyra. XOTsl pa3HUIIA MeX-
ny TI3Y u TITI3Y ¢ Touku 3peHust pa3paboTyvka LU(PPOBBIX YCT-
POICTB, Kak TMpaBWIO, HEe TaK yX BEJIMKA, HO B OTAEJIbHBIX CIydasix,
HarpuMmep, TpU MCIOJIb30BAHMM TaK Ha3bIBaeMoi (IBLI-TIaMSITH
(flash-memory), mnpencrapisioieii coboit IITI3Y ¢ MHOrokpaTtHbIM
BJICKTPUYECKMM CTUpAHUEM U Mepe3anuchio MHGOpMallMU, 3Ta pa3Hu-
11a AeMCTBUTENIBHO Upe3BblYaiiHO BakHa. MOXHO CUMTaTh, YTO (DJIAIII-
MaMsITh 3aHUMAET MPOMeEXYyTouHOoe mnojoxenue mexmy O3Y u T13Y.
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Puc. 6.1. Mukpocxembl mamsatu: 13V (a), O3Y ¢ aByHanpaBieHHON IIMHON JaH-
HbIX (0), O3Y ¢ pa3nenbHBIMU IIMHAMK BXOTHBIX U BBIXOJIHBIX JAHHBIX (8).

B oOmem ciydae nobas MUKpocxema MaMsITU UMEET CIeIyto-
ye MHQOPMALIMOHHBIE BRIBOAKI (puc. 6.1):

* AnpecHble BbIBOABI (BXOOHKIE), 0Opasylolllye IIMHY aapeca Iamsi-
™. Koja Ha ampecHbIX JMHUSAX MNPEACTaBIsieT cOOOW IBOMYHbBIMN
HOMep sSIYeiKU MaMsITU, K KOTOPOI MpOUCXOAUT obpallieHue B JaH-
HbIT MOMeHT. KonuecTBo aipeCHBIX pa3psiIoB OMpPenessieT Kolu-
YECTBO siY€eK MaMSITH: TIPU KOJIUYECTBE aJPECHBIX Pa3psiioB M KO-
JINYECTBO STYEEK MaMSITH PaBHO 2 7.

* BbIBOJBI MaHHBIX (BBIXOAHBIE), 0Opa3yIoIIUe IIUHY JAHHBIX MaMsi-
4. Ko Ha TMHUSIX TaHHBIX MPEJCTABISIET COOOU COMEePKUMOE TOM
STYEKU MaMsITU, K KOTOPOU MPOU3BOAUTCS OOpallleHWe B JaHHBIA
mMomeHT. KonmdyecTBo paspsigoB JaHHBIX OMPENEISieT KOJIUYECTBO
pa3psiioB BCeX siUeeK MamMsTh (0OBIMHO OHO OBIBACT paBHBIM 1, 4,
8, 16). Kak mpaBmio, BBIXOAbl AAHHBLIX MMEIOT TUI BBIXOJHOIO
kackaga OK wiu 3C.

* B ciyyae onepaTuBHOI MamMsTU MOMUMO BBIXOIHOM IITWHBI JAHHBIX
MOXET OBITh €lle U OTIEeIbHas BXOAHAs IIIWHA JAHHBIX, Ha KOTO-
pyI0 TIoIaeTcst KOJ, 3alUChIBAEMBbIN B BBIOPAHHYIO STYEUKY MaMSITH.
Jpyroii BO3MOXHBIA BapUaHT — COBMEIIEHUE BXOJHOU U BBIXOM-
HOW IIIMH NaHHBIX, TO €CTh ABYHAMpAaBJICHHAs IIIMHA JAHHBIX, Ha-
npaBjieHue Mepeaadyd UHGOPMAMKU IO KOTOPOU OMpenessieTcs
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YIPaBISIOMUMUA CUTHAJTaMU. JIByHampaBieHHas IIMHA TPUMEHSI-
eTcsi OOBIYHO TIPU MCIMOJb30BaHUU 4-pa3psiiHON IIIWHBI JAaHHBIX
WY IIWH TaHHBIX enle 0oblIell pa3psaIHOCTH,

* Vopasnsionre BbIBOJbBI (BXOMHBIE), KOTOPbIE OMPENEISIOT PEXUM
paboThl MUKPOCXEMBbI. B OOJBIIMHCTBE CAyYaeB y MaMsITU UMEETCS
BXOJl BbIOOpa MUKpocxeMbl CS (MX MOXET ObITh HECKOJIBKO, 00be-
JUHEHHBIX 0 pyHKuMU M). YV onepaTuBHON maMsITH Takxke 00s13a-
TEJIbHO €CTh BXOJ 3anmucyu WR, aKTUBHBII ypOBeHb CUTHAJIa HAa KO-
TOPOM TIEPEBOIUT MUKPOCXEMY B PEXUM 3AIUCH.

Mpbl B aHHOU miaBe HEe OyneM, KOHEYHO, M3y4aTh BCE BO3MOX-
HbIE Pa3HOBUIHOCTA MUKPOCXEM TTAMSITU, JIJIsI 3TOTO HE XBATUT LIEJION
kHuru. K ToMy Xe 5Ta nH(popmaius CoaepKUTCsI B MHOTOYMCIEHHBIX
crpaBoYHUKaX. MUAKPOCXEMBI MAMSITU BBITYCKAIOTCS AeCSITKaMU (hrpM
BO BCEM MUpE, MO3TOMY Naxe MEPEUUCTUTh BCE UX HE CIUIIKOM IpO-
CTO, HE TOBOPS YK€ O TOM, YTOOBI TTOAPOOHO paccMaTpUBaTh WX OCO-
OCHHOCTA U MapaMmeTpbl. MBI BCEro JIMIIb PACCMOTPUM pa3IUYHbIC
CXEMbl BKIIIQUEHUSI TUMUYHBIX MUKPOCXEM TIAMSITU ISl PEIIeHMUS
HauboJiee pacrpOCTPAHEHHBIX 3a/lay, a TaKXKe METOIbl MPOEKTUPO-
BaHUs HEKOTOPBIX Y3JIOB M YCTPOWCTB Ha OCHOBE MUKPOCXEM MaMsi-
TU. UMEHHO 3TO UMeEeT HeMOCPEACTBEHHOE OTHOIIIEHUE K 1IU(ppoBoii
cxemMoTexHuke. M MMEHHO CMOoCOObI BKIIIOUEHUSI MUKPOCXEM Majo
3aBUCSIT OT XapaKTePHBIX OCOOEHHOCTEU TON WM MHOW MUKPOCXEMBbI
TOW WJIN UHOU (PUPMBI.

6.1. [TocTossHHAs mamsTH

B nanHOM paznesie Mbl He OyJaeM TOBOPUTh O (HJIBII-NAaMATH, TaK Kak
00J1acTh €€ MPUMEHEHUS MOKa HE CJIMIIKOM IIMpoKa. Mbl OrpaHUYUM-
cs1 ToJibKo Mukpocxemamu I13Y u II13Y, nndopmarus B KOTOpbIe 3a-
HOCUTCSI pa3 W HaBcerna (Ha 3Tane M3TOTOBJIEHUSI WIM XE€ CaMUM
nojib3oBateneM). MbI Takxke He OylIeM paccMaTpuBaTh 3[€Ch OCOOEH-
HOCTU o0opymoBaHus a1 nporpammupoBanus III13Y (tak Ha3biBae-
MBIX TIPOTPaMMATOPOB), TPUHIIUIBI UX TOCTPOCHUSI U UCTIOb30BaHUS,
9TO OTHeNbHAsl OosbInas TeMa. Mbl OyleM CUMTaTh, YTO Hy>KHAash HaMm
nHGopMaLusa MoxeT ObITh 3anucaHa B [13Y wiu I1I13Y, a korda, Kak,
KakuM CIIOCOOOM OHa OyJIeT 3arucaHa, HaM He CIIUIINKOM BaXHO. Bce
9TU AOIYILIEHUS TIO3BOJIIT HAM COCPEAOTOYUTHCS UMEHHO Ha CXeMO-
TEXHUKE y3JI0B U ycTpoiicTB Ha ocHoBe 13V u T3V (st mpocToTs
OyneM HasbIBaTh UX B JajibHeieM mnpocto I13Y).

8 - 4589
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YnowmsHem 3nech Tonabko, uto T3V nensrcs Ha penporpamMmMmu-
pyemble unu nepenporpammupyembie [13Y (PII3Y, EPROM —
Erasable Programmable ROM), To ecth gomyckaroiine CTUpaHue U
nepe3anuch UHGOPMAIMM, U OJHOKPATHO mporpammupyembie 113Y.
B cBotwo ouepenp PII3Y nensitrcsa na 13V, uHbopMaiys B KOTOPbIX
ctupaetcst anekrpuyeckumu curHaiamu (EEPROM — Electrically
Erasable Programmable ROM), u Ha T13Y, uHdbopmaius B KOTOPbIX
cTupaercsl yabTpaduoIeTOBbIM M3TYyYEHMEM 4Yepe3 CreluaibHOe Tpo-
3payHOE OKOIIKO B KopIityce MHKpocxeMbl (codoctBeHHO EPROM —
Erasable Programmable ROM). 3anuch uHbopManuu B JIOObIE
TITI3Y npousBOaUTCSI C MOMOIIBIO MONAYX OTNPEAEIEHHBIX MOCAen0-
BaTeJIbHOCTE! 2JIEKTPUUECKUX CUTHAJIOB (KaK MpPaBUJIO, TOBBIIICH-
HOTO HaIpsKeHMS) Ha BBIBOABI MUKPOCXEMBI.

DOupMaMU-NPOU3BOANUTENSIMUA LIUMDPOBBIX MUKPOCXEM BBITyCKa-
eTcsl Hemajo caMblx pasHooOpasHbix 13V u IIII3Y. Paznuuarotcs
MMKPOCXEMbI TTOCTOSIHHOW MaMsTU pa3HbIM 00beMoM (0T 32 6ailT no
8 MbaiiT u 0OoJjiee), pa3HOil opraHuzalueil (OOBIYHO KOJMYECTBO
paspsiioB AaHHBIX ObiBaeT 4, 8 wim 16), crocoGamMu yrpaBlIeHHS
(Ha3HAYeHWEM YTIPABJSIONIMX CUTHAIOB), TUTIAMU BBIXOAHBIX KacKa-
noB (06bryHO0 OK mim 3C), pa3HbIM ObICTponeiicTBUEM (OOBIYHO 3a-
JIep>KKa COCTaBJISIET OT €AMHUIL 10 COTeH HaHoceKyH1). Ho cyTh Bcex
mukpocxeM T3V ocraercss onHOI U TOI Xe: MMeeTcs IIMHA aapeca,
Ha KOTOpYIO Haa0 MOoAaBaTh KOJ aapeca HY>XHOW SYEWKU IaMSITH,
MMeeTcs IIIMHA TaHHBIX, Ha KOTOPYIO BBIIAETCs KOI, 3allMCaHHBIN B
azpecyeMoil siueiike, U UMEIOTCSI BXOIbI YIIpaBJieHUsI, KOTOpbIe pas-
pelialoT WiIM 3alpenialT Bblgadyy WHOOpMalMU U3 aJpecyeMoi
STYeKW Ha IIMHY TaHHBIX.

Ha puc. 6.2 npeacraBieHbl O IIpUMepa HECKOJILKO IPOCTEN-
X U TUTTMYHBIX MUKPOCXEM MOCTOSIHHOM MaMSITH.

Muxkpocxema K155PE3 (anamor — N8223N) mpencrtaBisieT co-
0oit ogHoKpaTHO TiporpammupyemMoe I1I13Y ¢ opranuzaumeit 32x8.
HcxomHoe cocrosiHue (MO MpOrpaMMMpPOBaHUSI) — BcCe OUTHI BCex
syeek HyJeBble. IS mporpaMMUpoBaHuUs « (3anucu UHGOpPMAIIN)
WCIIOJIb3YeTCsl CIelMaIbHbIN MporpaMMarop, TMOAAIIM Ha pa3psi-
JIbl JAaHHBIX UMITYJIbChI BBICOKOTO HAIpsKeHUs. THUI BBIXOAHBIX Kac-
KaJiIoB — OTKPBITBIIA KOJUIEKTOpP, TO €CTh 00s513aTeIbHO HAa0 BKIIIO-
YyaTh Ha BBIXOJAX PE3UCTOPHI, MOACOEAMHEHHbIC K IIMHE MUTAHUS.
Nwmeercst oguu ynpapisiiomuit Bxog -CS, npu TMOJ0XUTETHLHOM
YpOBHE CUTHaJla Ha KOTOPOM Ha BCEX BBIXOJAaX YCTaHABIMBAIOTCS
EIVHULIBI.
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Puc. 6.2. Ipumepsl Mukpocxem IT13Y oTeyecTBEHHOrO MPOM3BOICTBA.

Muxkpocxema KP556PT4 (ananor — 13601) — 3T0 Takke OmHO-
KpaTHO MporpaMMupyemMasli TOCTOSIHHasl TaMsTh C OpraHuzaluei
256 X 4. HcxomHoe cocrosiHME (IO IMPOrpaMMHUpPOBAHMSI) — BCE
OUTHI Bcex siueeK HyJeBble. Tum BeIxOAHbIX KackagoB — OK. JIBa
ynpasisiiomnx Bxoga -CS1 u -CS2 obbeauHeHbl 1o npuHiuny U,
TO €CTh ISl pa3pelieHus: paboTbl MUKPOCXEMBbI (JUIS1 TIepeBOa BbI-
XOJIOB B aKTUBHOE COCTOSIHHME) 00a 3TW CUTHaja JOJIKHBI ObITh HY-
JieBbiMU. JIIst 3anmucu MHGOpPMAllMUd B MUKPOCXEMY MCIIOJb3yeTCs
MporpamMmmarop.

Mukpocxema KP556PT18 (anaior — HM76161) takke siBisieT-
cs1 ogHOKpaTHO mporpammupyembiM TITI3Y 1 uMeer opraHuzainuio
2K x 8. Tun BbIxogoB Mukpocxembl — 3C. MMewTcss Tpu yIpaB-
JISIIOIIMX BXOJA: OOMH WHBEpcHBIM -CSI1, nBa Apyrux — mnpsiMble
CS2 u CS3, o6benuHeHHbIX 1o ¢GyHKIMU M. Bbrxonsl naHHBIX Tiepe-
XOJAT B aKTUBHOE COCTOSIHUE MPU HyJeBoM ypoBHe Ha -CS1 u mpu
enquHYHBIX ypoBHSIX Ha CS2 u CS3. Eciu BXxoabl ynpaBjieHUs! UC-
TOJIBL3YIOTCS JIs MIOJIayy YIIPABJISIIOIIUX CUTHAIOB (TO €CTh BBIXOJbI
MOTYT TIEPEXOJAUTh B TPEThE COCTOSIHME), TO Ha BBIXOAAX HAJAO
BKJTIOYaTh HArpy304HbI€ PE3UCTOPHI, MOAKIIOUEHHbIC K IIMHE MUTa-
Husi. HMcxomHoe COCTOSIHME MHUKPOCXeMbl (10 MporpaMMUpPOBa-
HUSI) -— BCE OUTHI BCEX STUEEK eAUHUYHBIE.

Hakonew, mukpocxema K573P®8 (anamor — 127256) — st10
npumep namsatu PII3Y c yabTpaduoneTroBsIM CTUpaHUEM WH-
dopmaiuu. YToObl mepenporpaMMupoBaTh MaMsiTh, HEOOXOAUMO
€e CTepeTh, IUJISI Yero B TeUYeHUE HEKOTOPOTro BpeMeHU (O0OBIYHO
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HECKOJIbKO MMHYT) HaJo 00JydyaTb MMKPOCXEMY 4Yepe3 OKOIIKO B
Kopryce yabTpadUuoJeTOBBIM U3JIyYeHHEeM (MOXHO MCIOJb30BaTh
MEIULIMHCKUI KBapleBblii o0aydatenb). CrepTasi MHMKpocxeMa
UMeeT BCce OUTHI YCTAHOBJICHHBIC B €IMHUIY. 3aTeM IIPOBOMUTCS
npoleaypa 3alucu ¢ MOMOIIBIO IMporpaMMaropa, HEeCKOJbKO OT-
JIMYAOLIErocss OT MPOorpaMMaTOpOB OJHOKPATHO IMpOrpaMMHpye-
MBIX MHUKpocxeM. Ympapiswiuue Bxoabl -CS u -CE poykHBI
OBITh YCTAHOBJIEHBI B HYJIb JJIsS MepeBOAa BBIXOAOB MMKPOCXEMBI
B akTuBHOe cocTosiHue. MmeeTrcs cmeuumanbHbiit Bxonx UPR s
MoJayd MNpOoTrpaMMUPYIOILIEr0 BBICOKOTO HampsKEHUs, Ha KOTO-
pBHIfA MpU YTEHUU MHGOPMALIMM U3 MHUKPOCXEMbl HaAdO IOJaBaTh
HaInpsDKeHue MmuTaHus. Tumn BeIXOAHBIX KackanoB — 3C. Mukpo-
CXeMBbl BTOro THUMNA caMble MEIJICHHBIE, HX 3aJCPXKU Ccamble
OoJblIue.

OCHOBHbBIE BpeMEHHbIE XapaKTepuUCTUKU MukpocxeM I13Y — a10
JIB€ BEJIWYUHBI 3aJepXKU. 3ajepXkKa BBIOOPKU ajpeca MamsiTh ___
39TO BpeMsI OT YCTAHOBKM BXOJHOTO KOfa ajpeca A0 YCTAHOBKM BbI-
XOJTHOTO KOJa HaHHBbIX. 3alepKKa BBIOOPKU MUKPOCXEMBbI — 3TO
BpeMsl OT YCTAHOBKM aKTHMBHOTO pa3peulaloliero Yrnpapisiouero
curHaina CS [0 yCTaHOBKM BBIXOJAHOTO KOJAa NAaHHBIX MaMsTU. 3a-
Jiep>KKa BbIOOPKM MHUKPOCXEMbI OOBIYHO B HECKOJbKO pa3 MEHbIIIe
3aJIEpP>XKU BBIOOPKU ajipeca.

Copepxkumoe T13Y oObIYHO M300paxaeTcsi B BUAE CIEeLMaAIbHOMN
TaOUIIbI, Ha3bIBAEMOI KapToli MPOIIMBKY NMaMsTu. B Tabnuie nmoka-
3bIBAETCS CONEPKMMOE BCEX STYEEK MaMSITH, TIPUYEM B KaxIIOW CTPO-
Ke 3aIliChIBaeTCs comepxumoe 16 (wim 32) rmocieaoBaTebHO WAY-
mux (Mpu HapacTaHWM Koja anpeca) siueek nmamsatu. [1pu aToM, Kak
MPaBUIIO, UCTIOIb3YeTCS 16-pUYHOE KOAMPOBAHHUE.

IMpumep xaptor npoimBku [13Y ¢ opranuzanmeit 256 X 8 moka-
3aH B Tabia. 6.1 (Bce OUTHI Bcex sTY€EeK CUMTAIOTCS YCTaHOBIEHHBIMU
B enuHuIly). [loab30BaThbes TabauLet oueHb ITpocTo. Hampumep, mis
TOT0, YTOOBI TTOCMOTPETh COAEPKMUMOE STUYCUKI TTAMSITH C 16-pHUIHBIM
agpecoMm 8A, HaIO B3SITb CTPOKY Tabaullbl ¢ HoMepoMm 80 u crojberr
TaOJUIBI C HOMEepOM A (maHHas siyeiika B TaOJMILIe BbIAEICHA XUP-
HBIM HIPUGTOM).

JIiooble MukpocxeMbl I13Y j1erko MoXXHO BKJIIOYATh TaK, YTOOBI
YMEHbBIIATh WU YBEJIWYMBATh KOJIWYECTBO AAPECHBIX pPa3psiioB, TO
€CTh YMEHbIIIATh UM YBEJIWYMBATh KOJUYECTBO MCITOJIb3YEMBbIX STUE-
ek mamMsaTu. M To u npyroe 4acto TpebyeTcsl MpU MOCTPOSHUU CXEM
HU(POBBIX YCTPOUCTB.

[MpumeHeHrEe MUKpOCXeM maMsat 229

Tabnuua (>.1. IpuMep KapTH IpomuBKu 13V

ap-| O 112] 3] 4 5/6 748 9|A|B|C|D]J|E]|F
pec

00 | F¥' | FF | FF | F¥ | FF | FF | FF | FF | FF | FF | FF | FF | FF | FF | FF | FF

10 | FF | FF | FF | FF | FF | FF | FF | FF | FF | FF | FF | FF | FF | FF' | FF | FF

20 | ¥F¥' | FF | FF | FF | FF | FF | FF | FF | FF | FF | FF | FF | FF | FF | FF | FF

30 | FF | FF | FF | FF | FF | FF | FF | FF' | FF | FF | FF | FF | FF | FF | FF | FF

40 | F¥ | FF | FF | FF | FF | FF | FF | FEF | FF | FF | FF | FF | FF | FF | FF | FF

50 | FF | FF | FF | FF | FF | FF | FF | FF | FF | FF' | FF | FF | FF | FF | FF | FF

60 | F¥' | ¥F | FF | FF | FF | FE | FF | FF | FF | FF | FF | FF | FF | FF | FF | FF

70 | FF | FF | FF. | FF | FF | FF| FF | FF | FF | FF | FF | FF | FF | FF | FF | FF

80 | F¥' | F¥' | F¥ | FF | FF | FF' | FF | FF | FF | FF | FF | FF | FF | FF | FF | FF

90 | FF' | F¥' | F¥' | FF | FF | FF | FF | FF | FF | FF | FF | FF | FF | FF | FF | FF

AO | FF | FF | FF | F¥' | FF | FF | FF | FF | FF | FF | FF | FF | FF | FF | FF | FF

BO | FF | FF | FF | FF | FF | FF | FF | FF | FF | FF | FF | FF | FF | FF | FF | FF

co | FF | FE |FF | FF | FF | FF | FF | FF | FF | FF | FF | FF | FF | FF | FF | FF

DO | FF | FF | FF | FF | FF | FF | FF | FF | FF | FF | FF | FF | FF | FF | FF | FF

EO | FF | FF | FF | FF | FF | FF | FF | FF | FF | FF | FF | FF | FF | FF | FF | FF

FO | FF |FF | FF | FF | FF | FF | FF | FF | FF | FF | FF | FF | FF | FF | FF | FF

A0 IPROMIDO—A
Kox anpeca 1 b 2 [llHia NaHHEIX
A DI—1
red I 1T
D
8 b
A8
A9
Il
——pC5]
‘Vnpasneare cs2|
——|C83 KP556PT18

Puc. 6.3. YMeHbIlIeHNE KOJIMYECTBA aApeCHbBIX pa3psaaos [13Y.

JJ1st yMEHBILIEHUST KOJIMYECTBA alpeCHBIX Pa3psiioB HEOOXOAMMO
Ha HY>XKHO€ YMCJIO CTapIlMX aJpeCHBIX BXOIOB MOAATh HYJIEBbIC CUT-
Hanbl. Kaxaplii OTKIIOUEHHBI TaKUM O0pa3oM aapecHBIN pas3psig
yMeHbIIaeT KoandecTBo stueek [13Y Basoe. Hampumep, Ha puc. 6.3
MoKa3aHoO, KaK M3 MHUKpocxeMbl ¢ opraHuzanueit 2K X 8 cpenatb
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Mukpocxemy 512 x 8. JIBa crapiiux paspsiia agpeca MaMsITU OTKJIIO-
YeHbl (Ha HUX TMOJaHbI HyJeBble cuUrHaibl). Mcmosib3oBaThesi OymayT
TOJIBKO MJIaJIIMe (BepXHUE B TaOJUIE MPOIIUBKU) 512 s4yeek mamsi-
TW, ¥ TOJbKO WX Hamo Oyner mporpammupoBaTh. KoHeuHO, ropasno
JIydilie Moa00paTh MUKPOCXEMY UMEHHO C TEM KOJWYECTBOM sueek,
KOTOpOE€ JEWCTBUTEILHO HEOOXOAMMO B JAHHOW CXeMe, HO 3TOo, K
COXaJIeHUI0, BOBMOXHO HE BCEerna.

Anpec
1o [PROM[Do—4| H L _Tao [PROMIDG
=AY shaAlidi=
ij: A3 D3 4 Ba3 D34
Ad Ad
v 2
AT | EAT|
—$CS1 C51
C 4C52
s r KP556PT4 KP556PT4
L 1".0 [FROM{D-
s
1 n ;|
T3 |DC ?:'.l —ﬁ
allk i
Lie =y
C51
(52
KP556PT4 Jaunse

Puc. 6.4, YBenuueHue KoinvecTBa anpecHbIx paspsiioB [13Y ¢ momoribio nenmvb-
patopa.

3agaya yBeJIMYEHUS KOJIWYECTBAa aApecHbIX paszpsigo [13Y
BCTPEYAETCS 3HAYMTEIbHO Yallle 3aJayd YMEHbIIEHUS KOJIUYeCcTBa
aJpecHbIX pa3psiioB. B pesynbTare TaKoro yBEJIWYEHMSI BO3pacTaeT
oobeM T13Y, oObeMBbI OTAEIBHBIX MUKPOCXEM .CyMMUpYIOTCs. s
YBEJIMYEHUST aPECHBIX Pa3psiioB OOBIMHO MPUMEHSIOTCS MUKPOCXE-
MBI gerrudparopos (puc. 6.4). Mnamginve paspsiibl IIWHBI agpeca
TPpU 3TOM TIOAAIOTCS HAa OObEIMHEHHBIC alpECHbIE BXOJbI BCEX MMK-
pocxeM, a cTaplliue — Ha YIpaBJsiolue (aApecHbie) BXOIbl Oe-
mudpatopa. BeixomHble cUrHaIbl Aelin¢paTopa pa3peliaroT padoTy
BCerja TOJbKO OMHOU MHUKpOCXeMbl MamsiTh. B pesyiabraTe Ha 00-
IIyl0 IIUHY HaHHbIX Bcex 13V BbimaeT cBoio MHMOpPMALMIO TOJBKO
onHa mMukpocxema. Ha pucyHke s IpoCTOThl HE MOKa3aHbl BBIXO-
HbI€ PE3UCTOPHI C Pa3psIOB JaHHBIX HA IIWHY MUTAaHUS, MOAKIIIOUE-

[MpumeHenvie Mukpocxem namsitu 231

HHME KOTOPBIX Yallle BCero HeoOXOAMMO, TaK KaK THIT BBIXOIOB JaH-
HbIx MukpocxeM [13Y — ato OK wnu 3C.

B pesynbrate momobHoro oobeauHeHusi mMukpocxeM I[13Y mo-
JKET YBEJIMYUTBHCSI BpeMsl BLIOOPKM ajpeca IMOJYyYEHHOTO eIMHOTO
I13Y. B manHoM ciydae (cM. puc. 6.4) oHO Oyaer paBHO MaKCHU-
MaJIbHOU U3 ABYX BEJWYMH: BPEMEHHU BBIOOPKU ajpeca OAHOW MUK-
pocxeMbl U CyMMBI ABYX 3alepKeK: 3alepXKu Aelnudparopa v 3a-
JIEP>KKU BBIOOPKU MUKpocxeMbl [13Y.

Ecnu Hano o0beNMHUTH JBE MMKPOCXEMbI (TO €CThb NOOaBUThb
BCEro OAWH pPa3psill apeCHOW IIWHBI), TO MOXHO OOOWUTHUCH Oe3 Je-
mudparopa, nonasas Ha Bxon -CS ogHOI MUKPOCXeMBbI TIPSIMOK J10-
MOJTHUTEJIbHBIMA CUTHAI aapeca, a Ha Bxon -CS mpyroii MHKpocxe-
M bl — 3TOT Xe cUrHaj ¢ uHBepcueir. [lpumeHeHue aeimdparopa
3—8 mo3BonsieT 00beAUHUTL 8§ MuKpocxeM I13V (mobaButTh Tpu am-
pPECHBIX pa3psiga), a mpuMeHeHue nemmdpatopa 4—16 mobGasisieT
YeThIpe aIpPEecHBIX paspsiga, oobenuHss 16 mukpocxem [13Y.

Yacro BO3HMKAET TaKXe 3aJaya yBeJWYeHUs] KOJIMYecTBa paspsi-
JIOB MaHHBIX. JIJis 3TOro HEOOXOAMMO BCEro JIMIIb OOBEIVUHUTH OfI-
HOMMEHHBIE aJpecHble BXOAbl HYXXHOTO KOJIMYECTBA MUKPOCXEM
T3V, a Beixons! gaHHbIX [13Y He 0OBeAUHSIOTCS, a 00Pa3yIOT KO C
OoJbIIMM 4YuCIOM pa3psinoB. Hampumep, npu oObeAMHEHUM TaKUM
o0pa3oM IByX MUKpocxeM ¢ opraHusauueit 8K x 8§ MOXHO MOJIy4uThb
I13Y ¢ opranuzauneit 8K X 16.

6.1.1. II3Y Kak yHuBepcaJbHAA KOMOMHAIIMOHHAS MHKPOCXEMA

OgHO U3 caMbIX pacOpOCTPaHEGHHBIX TIPUMEHEHUN MMKPOCXEM
13V — 3ameHa UMM CIOXHBIX KOMOMHALIMOHHBIX cxeM. Takoe pe-
IIEHWE TMO3BOJISIET CYILIECTBEHHO YIPOCTUTh ITPOSKTUPYEMOE YCT-
POWCTBO U CHM3UTh KOJMUYECTBO HCMOJb3YEeMbIX KOMOWHAIIMOHHBIX
MHMKpPOCXEM, a TaKxK€ MHOITA YMEHBIIUTh MOTPeOIsIeMbIid TOK U YBE-
JIMYUTHh OBICTPOIEICTBUE CXEMBI.

CyTh mpemjiaraeMoro TMoaxoja CBOAUTCS K chleaytoiieMmy. Eciau
paccMaTpuBaTh aApecHble BXoabl MHUKpocxeMbl I13Y Kak Bxombl
KOMOMHAILIMOHHON CXEeMBI, a pa3psibl JaHHBIX — KaK BBIXOAbI 3TOM
KOMOMHALIMOHHOM CXEeMBI, TO MOXHO c(hOpMHUPOBaTh A/00yI0 Tpe-
OyeMylo TaOJMIy WCTUHHOCTU HAHHON KOMOMHALIMOHHOI CXEMBbI.
st 9TOro BCEro JIMIb HAj0 COCTaBUTh Tabnuily mnpomuBku 113V,
COOTBETCTBYIOIIYIO HYXHOUW Tabuile UCTUHHOCTU. B sTOM ciydae
HE HaJ0 HU IMOAO0UPATH JIOTUYECKUE 3JIEMEHTBI, HA ONTUMU3NPOBATh
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WX COEIUHEHUsI, HU IyMaTh O TOM, MOXHO Ji1 BOOOIIE MOCTPOUTH
TpeOyeMyl0o KOMOWHAIMOHHYIO CXEMY M3 CTAaHIAPTHBIX MUKPOCXEM.
BaxxHo TOJBKO, YTOOBI KOJMYECTBO TPeOyeMbIX BXOJOB HE TIPEBbI-
1IaJI0 KOJIW4YecTBa aapecHbIX pa3psanoB I13Y, a konuuecTtBo Tpedye-
MBIX BBIXOJIOB HE TIPEBBIIIAIO PAa3PsIAHOCTU MKUHBI JaHHbIX [13Y.

3 1y 1
Bxoanoii kon 1 ) - - Hxon
: LEL—- : - L Buxog 2
i_[ :{ E — T - Bumxon 3
5 5 r
I_B_ I_B_ H—Buxo,u 4
-Pasp, T
~Crpob 1
-C1po6 2.0

Puc. 6.5. IIpuMep KOMOMHAILIMOHHOI cxeMbl, 3aMeHsaeMoii Ha [13Y.

B kayecTBe mpuMepa pacCMOTPUM JTOBOJIBHO CJIOXHYIO KOMOU-
HalIMOHHYIO cxemy (puc. 6.5), MMEIOIIyI0 BOCEMb BXOIOB U YeThIpe
BbIxofa. DyHKIINUS CXeMbl CBOAUTCS K ciienytouiemy. IlIpexne Bcero
OHa PACIO3HaET Ba Pa3IMYHbIX S-pa3psaHbIX BXOAHbIX kKoma (11001
u 10011) B ciiyyae, Korma Ha BXoJe pa3pelueHust -Pasp. mpucyTcTBy-
€T HyJieBO# curHail. A npu npuxonae curHaioB -Ctpod 1 u -Ctpob 2
CcXeMa BBIIaeT Ha BBIXON OTpULIATEJbHbIE MMIYIbChl. [Ipyuyem mep-
BbIli BBIXOJHOW CUTHAJ BbIpadaThIBAETCSI B Cilyyae, KOTIa BXOAHOM
kon paBeH 11001 u mpumen curHan -CrtpoO 1, BTOpoil BBIXOZHOI
CUTHaJl —- TIpU TOM K€ KOJE, HO II0 BXOAHOMY curHamy =Crtpob 2.
TpeTuit M 4YeTBEepTHI BBIXOAHBIE CUTHAJIbI BbIPaOATHIBAIOTCSI IIPU
BxogHoM kozae 10011 u mpu mpuxone COOTBETCTBEHHO YIPaBIsIO-
mux curHanoB -Ctpod 1 u -Ctpod 2. To ecTb joruka padoThl 10-
BOJILHO CJIOXHAasi, U pa3HOOOPa3HbIX JIOTUYECKUX DJIEMEHTOB TpeOy-
eTcsl HeMaJo.

Ho Bcio 3Ty cXeMy MOXHO 3aMEHUTh BCETO JIMIIb OJHOW MUKpPO-
cxeMoit 113V, nanpumep tuna PT4, nmeronieii 8 agpecHBIX BXOIOB U
4 BpIxoma OaHHBIX (puc. 6.6). I1pu 3TOoM ISTh pa3psiioB BXOIHOIO
Kojda TojawTcsa Ha muiaamme paspsanl aapeca 113V (A0...A4), Bxon-
Hoi curHan -Pa3p. — Ha aapecHbiit Bxoa AS, curHain -Ctpob 1 — Ha
Bxox A6, curnan -Crpo6 2 — Ha Bxof A7. Muagiuuii pasps JaH-
HbeIX Tamsatd D0 ucmonb3yeTcs IJis MEpBOr0 BBIXOAHOTO CHUTHAA,
D1 — gna BTOpoOro BBIXOOHOTO cUTHama, D2 — miIst TpeTbero BbI-
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XOIHOro curHaja, D3 — [ 4yeTBepTOro BBIXOJHOIO CHUTHaIA.
Muxkpocxema 13V Bcerna BbiOpaHa (ynpasistouie curHaisl -CS1 u
-CS2 — wnyneBbie). Ha BbIxomax JaHHBIX ITaMSTU BKJIIOUEHBI pe3u-
CTOpBI, TaK KaK TUM BBIXOMOB MUKpocxembl PT4 — OK.

s, +SBH||||||
Bxonnoil 1oa 1 PROM|D 3L Brxoa 1

A

ALl ¢ B d A Buxon 2

AS D2 L. Broxoa 3

A3 D3 A Brxoa 4
R Ad
Pazp. & A3
-Crpob 1 T AO
C1pot 2 A

bCSY

ECSZ KP556PT4

Puc. 6.6. Brimouenue I3Y mist 3aMeHBl KOMOMHALIMOHHOM CXEMBI, IMOKa3aHHOM Ha!
puc. 6.5. j

CocraBuM Kapty npoiiuBky I13Y. AKTUBHBIC BBIXOZHBIC CUTHA-
JIbI — HYJIeBble, a MACCUBHbIE — €IWMHUYHbIE. 3HAYUT, B OOJBIINH-
crBe sueek I13Y Oymyr 3ammcanbl Koiabl F (To ecTh BCe BBIXOAHBIC
CUTHAJIBI TTACCUBHBI). AKTMBHOMY (HYJI€BOMY) MEPBOMY BBIXOJIHOMY
CUTHAJTy TIpU TIACCUBHBIX OCTAJIbHBIX OYHET COOTBETCTBOBAThH JBO-
WuHbIA Kon gaHHbIX 1110 (16-puunblii Kog — E), akTMBHOMY BTO-
pPOMY BBIXOJHOMY CHUTHaJly OYIET COOTBETCTBOBATh JIBOWYHBINA KOJ
1101 (16-puunblii — D), aKTUBHOMY TPeTbeMY BBIXOAHOMY CHTHA-
iy — nBonvHbd koa 1011 (wnu B), akTMBHOMY 4eTBEPTOMY BBIXOII-
HOMy curHaily — nBoudHblii kox 0111 (unmu 7). To ecTh TOJIBKO CO-
JIEPKMMOE YeThIpeX siueeK MamsITh OyneT oTindatbest oT F.

Hanpumep, xox E Oynmer 3amucaH B sSlUENKY C TaKUM aJpecoM,
3HAUEHMSI MSATU MIAAIIUX pa3psiaoB Kotoporo (A0..A4) paBHBI ce-
JnekTupyemMomMy BxogHomy Koay 11001, paspsina AS — Hymo (cur-
Haja -Pa3p. aktuBeH), paspsga A6 — nHymo (curHan -Ctpo6 1 akrtu-
BeH) W paspsaa A7 — enunuue (curHan -Ctpod 2 maccuBeH). To
eCTh TojiydaeM IBOMYHBIN Kom ampeca 10011001 (vim B 16-pruHOM
kone 99). TouHo Tak ke kon D Oymer 3amucaH B S'UEHKY C alpecoM
01011001 (to ectp l16-puuHoe 59), kom B — B sueiiky ¢ agpecom
10010011 (to ectb 93), a xom 7 — B stueiiky ¢ aapecom 01010011
(to ectb 53). IMonyuuBiiasics kapta npomuBku [13Y npuBeneHa B
Tab6a. 6.2. OHa MOJIHOCTBIO COBIAAET C TabJUIeld UCTUHHOCTU 3a-
MEHSIEMOI KOMOMHAIIUOHHOM CXEMBI.
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Ta6muma 6.2. Kapra npommsku [13VY m1st 3aMeHbBI KOMOMHALIMOHHOM CXeMb

An- 0| 1|2|3|4|5/6|7|8]9 A|B|C|D|E]|F
pec

00 F/ F|F|F|F|F|F|F| F|F|F|F|F|F|F|F
10 F|F|F| F| F|F|F|F|F|F|F|F|F|F|F|F
20 F|F|F|F|F|F|F|F|F|F|F|F|F|F|F|F
30 F|F|F | F|F|F|F|F|F|F|F|F|F|F|F|F
40 F|F|F|F|F|F|F|F|F|F|F|F|F|F|F|F
50 F|\F|F| 7|/ F|F|F|F|F|D|F|F|F|F|F|F
60 F|F|F|F | F|F| F|F|F|F|F|F|F|F|F]|F
70 F/F|F|F|F|F| F| F|F|F|F|F|F|F|F|F
80 F/F|F|F|F|F|F| F|F|F|F|F|F|F|F|F
90 F|F|F|B|F|F|F|F|F|E|F|F|F|F|F]|F
AO F|F|F |F|F|F|F|F|F|F|F|F|F|F|F|F
BO F|F|F|F|F|F|F|F|F|F|F|F|F|F|F|F
(€0) F|F|F|F|F|F|F|F|F|F|F|F|F|F|F|F
DO F|F|F| F|F|F|F|F|F|F|F|F|F|F|F|F
EO F|F|F|F|F|F|F|F|F|F|F|F|F|F|F|F
FO F|F|F|F|F|F|F|F|F|F|F|F|F|F|F|F

MoxeTr nokazaTbCsl, YTO TaKO€ MCIOJb30BAHUE MUKPOCXEMBbI
T13Y yepecuyp pacTouuTesbHO, U30BITOYHO, HO 3TO He Tak. ['opaszno
BaXKHee, YTO CXeMa CWIbHO ympomaercs. Eciu ke B3siTh KOMOUHA-
IIMOHHYIO CXeMy C 0oJiee CI0XHOW TabJWIEeil MCTUHHOCTU, TO BO3-
moxHocTu T13Y 6ynyT ucnonb3oBaHbl monHee. K ToMy ke OGoibiioe
JIOCTOMHCTBO TaKOTO PEIIEHUSI COCTOUT B TOM, UTO TIPU HEOOXOmu-
MOCTU U3MEHEHUS JIOTUKN padOThl KOMOMHALIMOHHOU CXeMBbl TTOTpe-
OyeTcst Bcero nuillb nepemnpoinvpka [13Y, a He npoekTHpoBaHUE HO-
BOW CXeMbl U3 JJOTMYECKHUX djeMeHToB. 3anepxka [13Y npu 3ameHe
KOMOMHAIIMOHHOM CXEMBI JII000I CJI0XKHOCTU OCTAeTCs OJHOI U TOI
XK€, OHa paBHa 3alepXKe BbIOOPKU anpeca mukpocxembl [13Y. Tlpu
CJIOXXHOI 3aMeHgeMoil koMOuHammoHHoOu cxeMe [13Y Moxer oka-
3aThCs Taxe ObIcTpee.

OnHako ucronb3oBaHue [13Y p1d 3aMeHbl KOMOMHAILIMOHHBIX
CXeM MMEET U CBOU JIOBOJIBHO CEPbe3HbIE HEeOOoCTaTKU. Jlejgo B TOM,
yto MUKpocxeMsl [13V eue 6oJiblie, 4eM KOMOMHAIIMOHHBIE MUKPO-
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CXEeMbl, YyBCTBUTEJIbHbI K MOMEHTY M3MEHECHUSI BXOJHBIX CUTHAIOB
(ampecHbix paszpsinoB). Ha Beixomax maHHbBIX MuKpocxem [13Y mpu
JII000M U3MEHEHUM BXOMHOTO KOMa ajpeca MOTYT MOSIBISIThCS KO-
pOTKHE Tapa3uTHble UMMYIbChl. [109TOMY JTyullie BCEro UCMOJIb30-
Batb 13V s 3aMeHbl KOMOWMHAIIMOHHBIX CXEM, KOTOpbIe pabOTal0T
B CTaTUYECKOM PEXWME, U B KOTOPBIX KOPOTKHUE UMITYJbChl HE UME-
10T 3HAYEHUS.

MoxXHO TakxXe MPUMEHSITh METOAbl CUHXPOHU3ALMUU BBIXOJHBIX
curHaioB [13Y (puc. 6.7) ¢ TMOMOINBIO YIPABISIOMNX CHTHAJIOB
BbIOOpa MukpocxeMbl CS (a) WK Xe C TTOMONIbI0O BBIXOJHBIX TPUT-
repoB U peructpoB (6). CyTb CUHXPOHU3ALUWUU COCTOUT B TOM, UTO
BbIXoJHBIe curHaiel [13Y Hago paspeuiath win (GUKCUPOBATh C
TMOMOIIbI0 CUHXPOCHUIHAJIAa TOJIbKO TOT/NA, KOTAa BCE TEPEXOAHbIC
MPOILECChl BHYTPU MUKPOCXEMBbI, BbI3BAHHbBIE CMEHOU KOJa aapeca,
YK€ 3aKOHUYWJINCh, U TIapa3UTHbIE MMITYJbChl HAa BbIXOJAX TapaHTU-
POBAaHHO OTCYTCTBYIOT.
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Puc. 6.7. Metoasl CMHXpOHU3ALMHU BBIXOOHBIX cUTHaNOB [13Y ¢ momMomibio curHajia
CS (a) n BeixogHoro peructpa (0).

Mukpocxemsl I13Y MoryT 3aMeHsITh COOOIt JIr0Oble KOMOMHALIM-
OHHbIE MUKPOCXEMbI: AeludpaTopsl, MOPAaTOPbl, KOMIapaToOphbl
KOJIOB, CYMMAaTOpbl, MYJIbTUILIEKCOPHI, TMpeodpa3oBaTed KOJIOB
uT. . OnHako MpM MOJOOHOI 3aMeHe Bcerma CTOMT IoayMaTh, He
JIydlle JIM UCITOJb30BaTh yXX€ FOTOBbIE MUKPOCXEMbI, YEM W3TOTaB-
JuBaTh HoBble (mporpammupoBath I13Y). Mukpocxemsl I13Y moryr
0Ka3aTbCsl MEJIEHHee CTaHIAPTHBIX KOMOMHALIMOHHBIX MUKPOCXEM
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1 MOTPeOJISITh 00BN TOK TUuTaHus. K ToMy e OHUM MOTYT moTpe-
0oBaTh MCIOJB30BAHMST BBIXOJHBIX PE3WCTOPOB, €CJIM MUKPOCXEMBbI
nmeroT Beixonbl OK win mpu ucrojib3oBaHuU BXxomoB CS y MUKpO-
cxeMm ¢ Boixogamu 3C. Hpyroe aeno, Koraa 13V BeimosHsieT GyHK-
LIMI0, OTJIMYAIONIYIOCS OT (PYHKLUMU CTAaHIAPTHOM KOMOMHALIMOHHOM
MUKpocxeMbl. [Ipocteiinii npumep — aemmdparop ¢ MOJOXU-
TEeJIbHBIMM, a HE C OTPULIATEJIbHBIMU (KaK B CTAHAAPTHBIX CEPUSIX)
AKTUBHBIMU BBIXOJHBIMU CUTHAJaAMU.

B o6uieM ciyuae T13Y mMoxHO paccMmaTpuBaTh Kak IIpeodpa3oBa-
TeJIb BXOJHOTO Koja (KoJa aapeca) B BBIXOOHON KoJ (KOA JaHHBIX)
IO MPOU3BOJBLHOMY 3aKOHY, 3aJaBaeéMOMY Pa3padOTYMKOM. DTO II0-
3BOJISIET HE TOJIbKO TMpeoOpa3oBbIBaTh JAPYTr B JApyra pasjudyHbie
CTaHIAPTHBIC KOMbI, HO M BBIMIOJHSITH MHOXECTBO IPYTUX (PYHKIIUIA,
HarpuMep ucnob3oBaTh [13Y kak mpocTeiInnii TaAOJIMYHBIA BEIYMC-
autenb. s 3Toro Hamo Ha anpecHble paspsabl [13Y momath kop
BXOJTHOTO YHucJia (aprymMeHTa), a Ha BbIXOJaX pa3psiioB JaHHBIX IO-
JIYYUTHh KO BBbIXOMHOTO umucia (pyHkuuu). Takolt TaOIWUYHBIA BbI-
YUCJIUTE/Ib UMEET OUYEHb BBHICOKOE OBICTPOJEUCTBUE MO CPAaBHEHUIO C
JIPYTUMM THUIIAaMU BBIYUCIUTENE (BpeMsl BBIUMCIEHMST (DYyHKIUU
paBHO 3anepxkKe BeIOOpKU aapeca [13Y).

B kauectBe mpocTeiiliiero MpuMepa pacCMOTPUM BBIYMCIUTEND
IUIsT  BO3BENEHWSI B KBaapar 4-pa3psiTHOTO JIBOMYHOTO 4YHCIa
(puc. 6.8). Beruucauresb BeinmogaHeH Ha Mukpocxeme [13Y tuma PE3,
y KOTOPOTO MCIOJIb30BaHbl YETHIPE pa3psifia ajpeca U BOCEMb pa3psi-
OB NaHHbIX. OH TMO3BOJISIET TMOJy4YaThb JBOUYHBIE KOl KBaIpaTOB
JI00BIX yKcen B auanazoHe ot 0 (uau B nBondyHoM koge 0000, B 16-
puyHoM Komae 0) mo 15 (uam B gBowdyHoM kome 1111, B 16-pudHOM
kozae F), xoroprele mpuHUMalIOT 3HaYeHUs1 oT 0 (MUJIM B IBOMYHOM KO-
nae 00000000, B 16-pumunom — 00) mo 225 (win B IBOUYHOM KOJE
11100001, B 16-puunom —E1).
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Puc. 6.8. Boruncivrenb KBaipaToB BXOTHBIX YHMCEI.
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Kapra npowmmsku I13Y Beraucautenss KBagparos (tadm. 6.3) Oy-
JIET OYE€Hb MPOCTAa: KOJA JAHHBIX B KAXIOW SYEWKe paBeH KBaApaTy
KoJa ajpeca 3TOW sueiiku. Mcrmosm3yeTcs Bcero 16 stueex maMsaTu,
COIEPKUMOE OCTAIbHBIX 16 sTdeek He MMeeT 3Ha4eHUs (4TO 0003Ha-
yeHO B TaOnuie XX).

Taomma 6.3. Kapra npomuBky [13Y-BerMuUcINTEIST KBAaAPaTOB

Ampec | 0 | 1 |2 |34 |5|6|7/8|9|A|B|C|D|E F
00 00 |01 |04 109 | 10| 19|24 |31 |40 |51 |64 |79 |90 |A9 | C4 | El
10 XX | XX XX XX [ XX XX [ XX | XX | XX | XX | XX [ XX | XX | XX | XX [ XX

Ha rtakoit xxe TouHO cxeMe (puc. 6.8) MOXHO caejaaTh U BbIYMC-
JITEJIb KBagpaTOB B ABOMYHO-IECATUYHOM Koae. B 3Tom ciyyae Oy-
JIET UCTOIb30BAHO BCETO JIUILb NECITh sTueeK nmamstu ¢ aapecamu OT
0 10 9, a B siueiikax OydyT 3amucaHbl UX KBaapatsl oT 0 o 81.

Henocrarok nto6oro tabiumyHoro Bbruuciauresast Ha [13Y — a1o
HEOOXOAMMOCTh YBEJIMUEHUS] BIBOE TpeOyeMoro obbeMa MaMsITh
MNP yBEJIWYEHUN DPa3psIAHOCTU BXOAHOTO 4uciaa Ha eauHuiyy. Ha-
npuMep, npu 8-pa3psiIHbIX BXOJAHBIX yuciax Tpebyercs I13Y c ko-
JIMYECTBOM stueeK 256, mpu 16-pa3psiaHbIX BXOOHBIX ynciaax — [13Y
¢ KonmmdyecTBOM stdeek 64K, a mpu 32-pa3psmHBIX BXOOHBIX YKC-
nax— II3Y c¢ konuuectBom siueek 4I. Takue Oosiblliie OOBEMBI
OYeHb TPYJHO peaanM30BaTh Ha CEPUMHO BBITYCKAEMBIX MUKPOCXE-
Max. [TosTomy TabnmuHble BeruucauTean Ha [13Y oObIMHO CTposTCS
TOJIBKO IIJIS1 pa3psIIHOCTH BXOMHBIX 4Kcesl He Gosee 16.

OnHo u3 Haubosiee pacrpocTpaHeHHbIX MpuMmeHeHui T13Y kak
npeoOpa3oBaresiss KOIOB — 3TO MOCTPOEHUE Ha WX OCHOBE BCEBO3-
MOXHBIX MHIMKATOPOB, OTOOpaXKaloIIUX HA 3KpaHe OYKBBI U LIUQPHI.
T3V B nanHOM ciy4yae mepeBOAUT Ko (HoMep) OYKBbI WK LIUMPHI B
ee nzobpaxeHue. KoHeuHo, B JaHHOM ciydae 3aMeHUTb I13Y koMm-
OMHAIIMOHHOI CXEeMOI COBEpPIICHHO HEBO3MOXHO, TaK KaKk OYKB U
1P OYeHb MHOTO, a WX N300pakeHUsI OYEHb Pa3HOOOPA3HHI.

IMpocteiimumit npumep ganHoro npumeHeHus [M3Y — ato ympas-
JIeHWE 3HAKOBbIM CEMUCETMEHTHBIM WHIMKATOPOM, 3HAKOMBIM BCEM
MO KaJIbKYJISITOPaM, KaCCOBBIM arraparaM, 3JIEKTPOHHBIM YacaM, Be-
caM u T. 1. B ceMucerMeHTHBIX WHIMWKATOpax M300pakeHUe BCexX
uudp ot 0 10 9 cTpoOUTCST BCEro U3 CeMU CErMEHTOB (OTPE3KOB JIU-
Huit) (puc. 6.9).

S
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Puc. 6.9. [IenmmudpaTop 3HAKOBOTO CeMUCETMEHTHOTO MHAMKaTopa Ha [13Y.

AJIC321B

Yr1o0bl 0TOOpa3nTh B BUAe LUGbPHI 4-pa3psiAHbIA TBOUYHBIA KO,
HaJI0 3TOT KOJ Mpeodpa3oBaTh B 7-pa3psiAHbINA KO, KaXKIOMY pa3psi-
Jly KOTOPOTo OyIEeT COOTBETCTBOBATh OJWH CErMEHT MHauKaTtopa. To
ectb kKomy 0000 mOOMKHO COOTBETCTBOBAaTh M300pakeHUE HYIS
(6 cerMeHTOB, pACHOJOXEHHBIX MO MepumeTpy), a komy 0001 —
n300paKeHre eIUHULIBI (JiBa MPaBbIX BEPTUKAIbHBIX cerMeHTa). s
TOBBIIIEHUS] YHUBEPCATbHOCTU WHIMKATOpA YIOOHO AOTMOJIHUTH Je-
cATh LMGp ellle U IIeCThbio OyKBaMU, UCITOJB3YIOIIMMUCS B 16-pyd-
HoMm koxe (A, B, C, D, E, F). CeMb cerMeHTOB MHAMKATOpPA ITO3BO-
JISIIOT cAenaTh U 3TO, MpaBaa, M300paXeHuss OYKB IIPU 3TOM IOJIyda-
I0TCSI HE CJIMIITKOM Ka4eCTBEHHBIMU.

I13V tuna PE3, ucnons3yeMoe B KauecTBe AclungpaTopa MHIN-=
KaTtopa, UMeeT 4 BXoma M 7 BBIXOAOB (CTapluMii pa3psa agpeca U
cTaplIuil pa3psii JaHHBIX He ucTob3ytorces). Kapta npouiusku [13Y
npuBeneHa B Tabn. 6.4. HyneBoit curHan Ha KaXaIoM U3 BBIXOAOB
JaHHbIX T13Y 3axuraeT cooTBETCTBYIOLIMK €My CETMEHT.

Ta6mma 6.4. Kapra npomusku [13Y mis nenmmdpatopa 3HAKOBOTO MHAMKATOPA

Ampec | 0 | 1 |23 /4 |5|6|7|8|9|A|/BlCc|DI|EI|F
00 40 179 124 130 |19 |12]02 |78 |00 10 |08 | 03 46 | 21 | 06 |OE
10 1XX XX XX |XX XX XX | XX | XX XX | XX XX XX XX XX XK |xx

I13VY mno3Bojsior Takke (popMHpOBaThL U 00Jiee CIOXHBIE H30-
OpaxeHust OykKB U Lu¢pp — MaTpuyHble. Takue M300paKeHUsT UC-
TOJIb3YIOTCS, HalpuMep, B Tabjio TuMa «Oeryiasi cTpoka», Ha 9Kpa-
HaX MOHMTOPOB, B OOJbIIMX pekiaaMHbIXx Tabjso. Kaxmas Oyksa.
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uudpa, Apyroil 3HaK pacrojaraetcs B JaHHOM Cllyyae Ha TIpsIMO-
YTOJIbHOM MaTpUIlIe, Ha3bIBAEMOM 3HAKOMECTOM U COCTOSIIEH U3 He-
CKOJIBKMX CTPOK " HECKOJbKUX CTO.H6HOB TOYEYHbIX JJIEMEHTOB
U300paxeHus, KOTOpbIE MOTYT 3aXWTaThCsl HE3aBUCUMO JApPYr OT
npyra. YeM OoJibllie CTPOK M CTOJIOIIOB B 3HAKOMECTEe, TeM OoJiee Ka-
YeCTBEHHOE M300pakeHue OykKB U HMU(PP MOXHO MOJy4yUTh. MUHU-
MaJIbHO BO3MOXKHbBIN pa3Mep 3HaKOMecTa — S5 CTOJIOIOB Ha 7 CTPOK,
TO €CTh BCEro 35 3JIeMEHTOB U300paKeHMUsI.

I13Y B maHHOM cilyyae COOEpKUT B cebe MHpopMaluio 00 U30-
OpaXeHUsSIX BCEX BO3MOXHBIX OyKB M HUMpP (0OBIMHO 3TOT HaOOp
BKJIIOYaeT B cebs 256 cumBsosioB). Ho Beixomnoit kon I13Y nmeer
MaJIO pa3psiioB, MO3TOMY KaXIbl TakKoi KO, COOTBETCTBYIOLIMMA
OOHOMY ajapecy, IpeAcTaBisieT ceboil MH(popMalnio 00 M300paxe-
HUU HE LEJIOr0 CMMBOJA, a TOJbKO OIHOM €ro CTpOKM (WIX CTOJI0-
1a). Mugopmauus o uejsoMm cuMBoiie 3aHuMaeT B 13V cronbko stue-
€K, CKOJIbKO B M300paxkeHWM CHMBOJIA HUMEETCS CTOJIOLIOB (MU
cTpok). Tlpumep MaTpuuyHoro 3HakoreHepaTopa Ha I3V mpuBeneH
Hapuc.6.10.
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Puc. 6.10. Marpuunslii 3HakoreHeparop Ha I13Y.

B nmaHHOM cilydyae HCIIOJIb3yeTcsl 3HAKOMECTHasi MaTpulia u3 8
cTpok U 8 crtonbuoB. B kaxmyio sueiiky I13Y 3amucheiBaeTcst Koo
M300paxkeHusT OOHOM M3 8 CTpOoK omHOro u3 256 cuMBojioB. M306pa-
JKEHUE OJHOTr0 CUMBOJIAa 3aHMMaeT § Tociea0BaTeIbHO pPAcIoJio-
KeHHBIX siueeK B [13VY. JIns OykB u Lugp IpaBbiii cTONI0E1 3HAKOME-
CcTa He MCIOJIb3YETCsl, OH CIIYXXUT JJISI OTIAeJeHUSI 3HAKOB APYr OT
apyra. OH MOXET W WCIIOJb30BaThCsl B Cllydae CIEeLMaJbHBIX (Ha-
npumep, rpadpuyeckux) CUMBOJIOB. B ciiyyae MaTpU4YHOTO CBETONU-
OJHOTO MHAMKATOpa Iepedop CTPOK MOXKET OCYIISCTBISIThCS 3-pas-
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PSIOIHBIM CUETYMKOM C AemudpaTopoM 3—8 Ha ero Bbixode. B ciy-
Yyae TeJIEBU3MOHHOTO MOHWTOpA Mepedop CTPOK OCYIIECTBISIETCSI C
TIOMOII[bIO TEHEPATOPa BEPTUKATBHOU pa3BepTKU U300pakeHUs .

CocraBieHue KapThl IpoluuBKM Takoro II3Y Hempocto, oHO
OOBIYHO TIPOM3BOAUTCSI C TIOMOIIBIO CIEIUATBbHBIX MPOrpaMM Ha
koMnbloTepe. Ho mpuHumn cocrasieHust npocT. Hampumep, ecnu
aKTUBHOMY (3a%CKEHHOMY) 3JIEMEHTY W300paK€HUsi COOTBETCTBYET
€IUHWYHBIA CUTHAJ, TO JUISl HYJIEBOU CTpPOKM cUMBOJIa «M», moka-
3aHHOro Ha pucyHke, B 13V Hamo 3anucats 10000010, mas mepBoit
crpoku — kon 11000110, mist Bropoii — kom 10101010, nnsa Tpets-
eit—10010010 uT. m.

6.1.2. I13Y B reHepaTopax MMILYJIbCHBIX MOCJIEA0OBATEILHOCTEH

Crenywonee BaxHeiiee npuMmeHenne [13Y — 3To mocTtpoeHue re-
HEPaTOpPOB CJOXKHBIX IMOCIEI0BaTEIbHOCTE LU(PPOBBIX UMIYJIbCOB.
Takue reHepaToOpbl LIMPOKO MCIOJB3YIOTCSI B CaMbIX Pa3HbIX HU3Me-
pUTEIbHBIX CUCTEMaX, B YCTPOMCTBaX aBTOMATMKU, B TEJIEBU3MOH-
HBIX CHCTeMaX, B CXeMax YIpaBJeHUs JUHEHHBIMUA WIM MaTpUYHBI-
MM UHAUKATOPAMU U T. 1.

3agaya B JaHHOM cCjydae CTaBUTCS cleayrolnuM obpazom. HeoO-
XOIUMO C(OPMUPOBATh MOCIEI0BATEIbHOCTh M3 HECKOJbKUX CUTHa-
JIOB Pa3IMYHON IJIUTEIbHOCTU, CABUHYTHIX OTHOCUTEIbHO APYT Apyra
Ha pa3JIMYHbIe BpeMEHHbIC MHTepBabl. [Ipuyem IocieqoBaTeIbHOCTh
3Ta MOXKET OBITh KaK Pa30BOil (OMHOKPATHO HAYMHAIOIIEIICS IO BHEII-
HEMY CUTHaJIy), TaK U IIepUOANYECKO, HEIPEPHIBHO MOBTOPSIIOILICIACS.
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Puc. 6.11. Tlpumep cTpyKTypbl TeHepaTopa IIOC/IEIOBAaTEbHOCTE CUTHAJIOB Ha
M3y.

Hawnbonee pacnpocTpaHeHHasl CTPYKTypa reHepaTropa MOCeno-
BaTeIbHOCTEI BBIXOMHBIX CUTHaNOB Ha [13Y BKItouaeT B cebs Tak-
TOBBII TeHEpaTOp HYXXHOW YacCTOThbI, CYETUYUK C TPEOYEMBIM UHCIIOM
paspsinos, I13Y u BeixomHoi peructp (puc. 6.11). CyeTunk mepe6u-
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paet agpeca I13VY, I13Y nocnenoBaTenbHO BbIIA€T HA BBIXOIbBI JaH-
HBIX BCE 3allMCaHHbIe B HEro Koabl. BHIXOMHOI perucTp, TaKTUpye-
MBIl TeM e TaKTOBBIM CUTHAJIOM, UYTO W CYETUYMK, CIYKUT IJISI Ipe-
JOTBpAIEHUS TOSIBJICHUS B BBIXOAHBIX CUI'HAjaxX IMapa3sUTHBIX WUM-
MYJIbCOB U IJisI 00ecCIieueHUsT OMHOBPEMEHHOIO MEepeKIIOUeHUsT BeeX
BBIXOAHBIX CHUTHAJIOB (4YTO OCOOCHHO BaXHO B cllyyae, KOrga MC-
MOJIb3YIOTCS HECKOJIbKO IapajieIbHO BKIIOYEHHBIX MHKPOCXEM
T3V nnst yBenuueHUsL pa3psAHOCTU MWHBI JTAHHBIX).

Buxeas, | T LT 7 1
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Puc. 6.12. BpemenHasi nuarpamma (hOpMUPYEMBIX BBIXOIHBIX CUTHAJIOB.

Paccmorpum npumep. IlycTh He0OXOAMMO HENpepbIBHO (GOpMU-
poBaTh MEPUOAUYECKYIO MOCIEI0BATEIbHOCTh U3 IIIECTU BBIXOIHBIX
CHUTHAJIOB B COOTBETCTBMM C BPeMEHHOI muarpammoii puc. 6.12. Ilo-
JIYYUTh TaKylo MOCAEN0BAaTEIbHOCTh MOXHO, KOHEUHO, C MOMOIIbIO
KOMOWHAIIMOHHBIX CXEM, BKJIIOUEHHBIX Ha BBIXOJE CUYETYMKA WIU C
TMOMOIIBI0 MHOXECTBa OJHOBMOPATOPOB, 3aMyCKaroUIUMX APYT Ipyra,
HO U TO U OPYIOE€ PELIEHUE Yepecuyp 'POMO3AKO M CJIOXHO KakK B
MpPOEKTUPOBAaHUM, TaK U B HacTpolike. [IpumeHeHue xe [13Y 3Hauu-
TeJbHO yMpoluaeT 3amady. JlocTaTOUHO MPOBECTU HECJOXHbIE pac-
YeThl U COCTaBUTb KapTy IpowuBku I13Y.

PacyeTsl cBOASITCS K CEAYIOIIEMY.

ITpexne Bcero omnpenensieM MUHUMAIbHO BO3MOXHYIO TaKTOBYIO
4acToTy (C Ledblo MUHUMM3AIUU Tpedyemoro oobema [13Y). ns
3TOTO HalO BBIACIUTh MaKCMMAaJbHbIA BPEeMEHHOW MHTepBal (IMC-
KpPET BPEMEHM), KOTOPBIA YKJIaAbIBAETCS 1I€JIOE YMCIO pa3 BO BCe
BPEMEHHBIE CIBWTH, 33J€pPXKW, [JIUTEbHOCTU TpedyeMoil aua-
rpaMMbl. B HaleM cityyae 3TOT AUCKPET paBeH OMHOMY JACJICHUIO TI0
ocu BpemeHu. Hanmpumep, ecnu JIMTENBHOCTh 3TOTO EJICHUST paBHA
250 HC, TO ¥ Iepuod TaKTOBOIO CUTHajla Hamo BbIOUpath 250 He, TO
€CTh TaKToBasl yacToTa OyaeT paBHa 4 MI'. MoXHO, KOHEUYHO, BbI-
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OopaTth eec u KpatHoii 4 MI'u, nanpumep 8§ MI'u, 12 MTI'u, HO Torma
moTpedyeTcst BABOS WiIM BTpoe Oobiuii oobeM [13Y. Ecau 6p1 Ham
Hago OblI0 (hOpMUPOBATh TOJBKO TPM BepxHUX curHaia (Bwixom O,
Boixon 1, Beixon 2), To mepuoi TaKTOBOM YaCTOThI MOXXHO OBLIO Obl
Opatb BABoe Oouibiiie (B Haiiem mnpumepe — 500 Hc), Tak Kak s
9TUX CUTHAJIOB BCE IIUTEIBHOCTU KPaTHBI IBYM JEJCHUSIM.

Bropoii pacuer cBomMUTCS K OMNpeAesieHHI0O KOJMYEeCTBa s4eeK U
pazpsinHoctu T13Y. IllecTh BBIXOAHBIX CUTHAJIOB CXEMbl TpeOYIOT
1mecTu pa3psimoB maHHBIX [13Y. JIuTenbHOCTh TTOC/IENOBATEIBHOCTHU
paBHa 20 TaktaMm (uau 14 B 16-pu4HOM KOf€), TO €CTh He paBHa 2",
TO3TOMY CYETYMK TPUAETCS cOpachiBaTh B HyJb 4yepe3 Kaxmaeie 20
TaKTOB, JUISI Yero IIOTpedyeTcs elle OnuH pas3psia gaHHbeix [13Y.
Hroro norpedyercs 7 paspsimoB. A mis nepedopa 20 TakToB Imociie-
JI0BaTeJIbHOCTU TIOTpebyeTcsl S-pa3psIHblil cueTumK, Tak Kak 2' = 16
(HemocTaTo4yHO), a 2 = 32 (HOCTATOYHO). 3HAYUT, Pa3PSIHOCTD IIIH-
Hbl aapeca [13Y takke nmomkHa ObITh HE MEeHee IISITU, TO €CTh MUHU-
MaJibHBbIe TpeboBaHus K opranm3auuu [13Y — st10 32 X 8, 3HA4MT,
nopoiaeT Mmukpocxema I13Y tuma PE3.

Haxkownen, Tpetuii pacuer KacaeTcsl YCJIOBUI TPaBUIHHON pado-
Thl cxeMbl. ['eHepaTop IocienoBaTeILHOCTA OyaeT paborarh Ipa-
BWIbHO, €CJIM 3a MEepuoJ TaKTOBOIO CHUTHaja YCIMeElT cpaboTaTh
cuetynk 1 I13Y. To ecTth cymMma 3amepXKH MOJTHOTO MEPEKITIOUSHUST
cueTyMKa M 3amepXKu BeiOOpku ampeca 13V He momkHa MpeBBIIATH
Teproia TAKTOBOTO CHUTHAJIA.
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Puc. 6.13. IlepBbiii BapuaHT CXeMbl TeHEpaTOpa IMOC/IEI0BATEILHOCTY CHTHAJIOB Ha
I13Yy.

Takum o0pa3oM, OOWH M3 BO3MOXKHBIX BapUAHTOB CXEMBI IeHe-
patopa IOCJed0BaTeIbHOCTY UMITYJIbCcOB (puc. 6.13) OymeT BKIIO-
YyaTh B ce0S TaKTOBBLIA T€HEpaTOp, ISTUPA3PSIIHBIN CYSTIYMK Ha OC-
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HoBe ME19, T13VY tuna K155PE3 u 8-pa3psiiHblii BHIXOAHOW pEeTUCTp
NP27. Tak KaK cUeTYMK CpadaThIBacT IO OTPULIATCILHOMY (DPOHTY
TaKTOBOTO CHUTHaJIa, a PETUCTP — IO MOJOXUTEIbHOMY (DPOHTY TaK-
TOBOTO CHUTHaJIa, HEOOXOIMMO BKIIOUYMTH MHBepTOp. Ha cxeme mis
MPOCTOTHl HE ITOKAa3aHBI PEe3UCTOPHI Ha BhIXomax maHHBIX Thma OK
MuKpocxembl [13V.

M3 cxeMbl BUAHO, YTO CYIIECTBYET €Illle OMHO OOIOJHUTEIbHOE
YCJIOBUE TIPaBUJILHOM pabOThI, CBSI3aHHOE C MCMOJIb30BAaHUEM CUTHA-
J1a copoca. 3a repro TaKTOBOTO CUTHAJIAa TOJKEH YCIIeTh cpaboTaTh
peructp (3anucarh B cebst curHaa copoca ¢ Beixoga [13Y), moikeH
cOpocuThCs cYETUMK M nojikHO Bbimath kon I13Y. To ecth cymma
3a7epKeK perucTpa, coOpoca cueTdynka M BBIOOpPKU ampeca I13Y He
JIOJDKHA TIPEBBIIIATh Meproa TaKTOBOIO CUTHAaJa.

Teneps coctaBuM Kapty niporuBku 113V, g aToro chopMupyem
TabJIMILy 3HAYEHUI BCEX CEMU BBIXOIHBIX CUTHAJIOB BO BCEX ABAALIATU
pabounx TakTax IeHepaTopa IocjieaoBaTebHOCTel (Tadi. 6.5). 3Ha-
YEHUSI 1IIeCTU BBIXOAHBIX curHayioB (Beixom O ... Beixon 5) Mbl Hemo-
CpeACTBEHHO OepeM U3 TpeOyeMoil BpeMEHHOHR auarpaMMbl (CM.
puc. 6.12). XoTs 5T CUTHAJIBI OYIyT NPUXOAUTHh Ha BBHIXOA CXEMBI C
3aepKKOM Ha OMMH TaKT U3-3a HAIMIMS BBIXOMHOTO PETUCTpa, HO TIPU
TeprYoANYECKOll paboTe TreHepaTropa ITOCIeI0BaTeIbHOCTA 3TO HeE
MMeeT HUKAKOTO 3HAYeHMUSI.

Cenpmoii curHan (Beixon 6) mcrnosib3yeTcss B KadecTBe cOpoca
cyeTynMKa, OH paBeH HYJII0 OT HyJeBOro Takrta go 18 (B 16-puuHOM
Kome — 12) TakTa M paBeH eOUHUIIC B IOCJAETHEM NEBSTHAIIIATOM
takte (B 16-pryHoM Kome — 13). DTUM eIUMHWUYHBIM CUTHAJIOM
CUETYMK OyHeT cOpachiBaThCS B HYJIb, TO €CTh pabOTa CXEMHBI IIOCIIe
19 TakTa OyneT BO3OOHOBIISITHCS C HYJIEBOTO TaKTa.

ITycte Ham TpeOyeTcst Oojiee BBICOKOE OBICTPOIEHCTBUE CXEMBI.
Hampumep, nepuon TakTOBOro TeHepaTopa HOOJIKEeH OBITh paBeH
100 HC 1 maxe MeHbIIe. B 3TOM ciydyae acCMHXPOHHBIN CUETYMK THTIA
HME19 yxe He TNomoiaeT u3-3a CBOETO HU3KOTO OBICTPOIEHCTBUSI.
Hano ucnonb3oBath S-pa3psaHblii CUHXPOHHBIN cueT4yuk. MoxHO,
KOHEYHO, BKIIIOYUTH JBE MUKPOCXEMBI 4-pa3psiTHBIX CUCTIMKOB THUIIA
HMEI17, HO MOXXHO O0OHTHUCH M OTHUM 4-pa3psiTHBIM CUYCTINKOM, €CIIU
3aJIEVICTBOBATh OCTaBIIMICS CBOOOAHBIM BbIXOn maHHbIX I13Y u oc-
TaBIIMIICS CBOOOAHBIM paspsa peructpa (puc. 6.14). Ilpu sTtom 0e3
BCSIKOTO yIepOa Iy OBICTPOIEHCTBUS MOXKHO MCITOJIb30BaTh CHH-
XPOHHBIN CYETUYMK C aCUHXpOHHBIM nepeHocoM ME7, Tak Kak HyxXHa
BCEro oJJHa MUKPOCXEMa CUeTYMKa.
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Ta6muma 6.5. Kapra npomusku I13Y reHepatopa mocjieaoBaTelbHOCTA CUTHAJIOB

Takr | Bpix.6 | Boix.5 | Beix.4 | Beix.3 | Boix.2 | Beix.1 | Bex.O Kon
(ampec) (maHHBIE)
0 0 0 1 1 1 1 1 IF
1 0 0 1 0 1 1 1 17
2 0 0 1 0 1 1 0 16
3 0 0 1 0 1 1 0 16
4 0 0 0 0 1 0 0 04
5 0 1 0 0 1 0 0 24
6 0 0 0 0 0 0 1 01
7 0 1 0 0 0 0 1 21
8 0 1 0 0 0 1 1 23
9 0 1 0 0 0 1 1 23
A 0 1 0 0 1 1 0 26
B 0 1 0 0 1 1 0 26
C 0 1 0 0 1 0 0 24
D 0 0 0 0 1 0 0 04
E 0 1 0 0 0 0 1 21
F 0 0 0 0 0 0 1 01
10 0 0 1 0 0 1 1 13
11 0 0 1 0 0 1 1 13
12 0 0 1 0 1 1 1 17
13 1 0 1 1 1 1 1 SE
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Puc. 6.14. Bropoii BapuaHT cxeMbl Te€HepaTopa MOCIeI0BaTeIbHOCTH ¢ 4-pa3psi-
HBIM CUHXPOHHBIM cueTdyukoMm UE7.

[TpuMeHeHHe MUKPOCXeM TaMsITu 245

Kapta npomueku I13Y reHepatopa Mmociea0BaTeIbHOCTEH OCTa-
eTCsI TOH Xe caMoii, YTO M B MPEAbIAYIIEM cliydae, HO J0OaBIISICTCS
onuH (ceabMoii) paspsa muHb naHHbIX [13Y. 3HayeHue atoro pas-
psiia JOJKHO OBITh PaBHO HY/IIO B ISTHAALATU TaKTaX C HYJIEBOTO
mo 14 (E B 16-puuyHOM KOme), B 4eThbipex TakTax ¢ 15 (F B 16-puu-
HOM Koae) mo 18 (12 B 16-puuHOM KOI€) ero 3HadyeHue AOJIKHO
OBITh paBHBIM eIMHUIIE (KOI MaHHBIX yBeauuutcs Ha 80), a B mo-
cinenHeM 19 Takre (13 B 16-puyHOM KOme) — CHOBa HyIo. B pe-
gynabTaTe ampeca I13Y Oymytr mepedupartbest or 0 mo 15 (crapiumi
paspsim aapeca — HyJieBoOl), 3ateM oT 16 g0 19 (B crapiiem paspsiae
azpeca eIMHULIA, a CYETINK MTOCIIe TTePETIOTHEHUS] CUNTAET C HYJIST), a
3aTeM CHOBa OT HYJIEBOTO aapeca (CUETYMK COPOCUTCS CUTHAIOM
Beixon 6, a crapiumii pa3psia aapeca maMsTH CTaHET HyJleBbIM). [1o-
Jydaromiasicss B pe3yibTaTe Kapta mnpomwmBku [13Y mpuBeneHa B
Taba. 6.6.

Ta6muma 6.6. Kapra npomimsku T13Y m1s1 BapraHTa cXeMBbl TeHepaTopa MocjenoBa-
TEJIbHOCTUA HMMITYJIBCOB

Amec | 0 | 1 |2 |3 |4]|5]6 |78 |9|A|B|C|D|JE|F
00 |IF |17 |16 | 16|04 |24 |01 |21 |23 |23 |26 |26 |24 |04 |21 |81
10 [93]93]97 | 5F | XX | XX | XX | XX [XX | XX [ XX | XX | XX | XX | XX | XX

KoneyHo, pacCMOTpeHHBII MpUMEp AOBOJBHO IIPOCT, IIPU MC-
nons3oBannu [13Y Oosblllero o0beMa TeHepHUpyeMbIe MOCICIOBA-
TEJIbHOCTA CUTHAJIOB MOTYT OBITh TOpa3no CI0XKHEe pacCCMOTPEHHOI,
W BBIXOIHBIX CUTHAJIOB MOXET OBITH OOJbIIE, HO CYTh OCTaeTCS
npexHeit: [13Y Bbimaer m100BIE MOCIETOBATEIHLHOCTH BBIXOMHBIX
CUTHAJIOB MMHMMAaJIbHBIMU cpeacTBaMu. [IpryeM reHepupyeMbie 11o-
CJIeIOBAaTEIbHOCT MOXKHO JOBOJBHO TIPOCTO M3MEHSTb, 3aMEHSIS
[13Y Ha MMKpPOCXEMBI C APYToii KapTOoil IIPOIIMBKM.

6.1.3. MukponporpaMmMHbie aBToMaTthl Ha II3Y

Hcnonb3oBaHre MUKPOMPOrpaMMHBLIX aBTOMATOB — 3TO CJEIYIO-
LM LIar 10 MyTU YCIOXHEHUST «MHTEJIIEKTa» LUPPoBbIX cxeM. Ha
OCHOBE MUKPOIIPOIPAMMHBIX aBTOMATOB MOXHO CTPOMTb YCTPOIi-
CTBa, KOTOpbie PabOTalOT MO JOBOJBHO CJIOXHBIM aJlrOpUTMaM,
BBITIOJTHSIIOT pa3jInyHble (PYHKLIUU, OMNpeaeisieMble BXOTHBIMU CHUT-
HaJlaMH, BBIOAIOT CIIOXKHBIE MOCIEA0BATEIbBHOCTY BBIXOIHBIX CUTHA-
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soB. Ilpu atoM anaroput™m paboTbl MUKPOIPOrPAMMHOIO aBToMaTa
MOKET OBITh JIETKO M3MEHeH 3aMeHol npommBky [13Y.

B omnume ot paccMaTpuBaBIIMXCSl paHee YCTPOMCTB Ha «KECTKON»
JIOTHKE, TIPUHLIMIT PpabOThl KOTOPHIX OMHO3HAYHO OTpPeessieTCs] MCTIONb-
3yeMbIMU 3JIEMEHTaMU M CIIOCOOOM UX COCAMHEHMSI, MMKPOITPOrpaMM-
Hble aBTOMAThl C TIOMOIIIBIO OJHOM U TOM XX€ CXeMbl MOTYT BBITIOJHSTh
camble pa3Hble (PYHKIMU. TO eCTh OHU ropasno 0oJiee ruOKue, YeM cxe-
Mbl Ha <«KecTKoil» jioruke. K ToMy e NpOeKTUpOBaTb MUKPOIIPO-
rpaMMHbI€ aBTOMAThI C TOUKM 3PEHUsI CXEMOTEXHUKU JOBOJIBHO MPOCTO.
Henocratkom 11060ro MUKpOIPOrpaMMHOTO aBTOMaTa IO CPaBHEHUIO
CO CXeMaMH Ha «KECTKOI» JIOTUKE SIBJISIETCS] MEHbIIlee TpeieIbHOe Obl-
CTpOJEICTBYE U HEOOXOAMMOCTb COCTaBAeHUsT KapThl npoiurBku [13Y ¢
MUKPOITPOrpaMMaMu, 4acTO JOBOJBHO CIIOXKHBIMU.

HauGonee pacnpocTpaHeHHass CTPYKTypa MUKPOIIPOTpaMMHOTO
aBToMata (puc. 6.15) BKMOYaeT B ceOs BCEro JIMINb TPH 3JIEMEHTA:
I13Y, peructp, cpadaTbIBaOIIMii IT0 (DPOHTY, ¥ TAKTOBBII TEHEPATOP.

Bxoankie curyam
ROM l L. rRG | L
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Puc. 6.15. CrpykTypa MHKPOIIPOTPAMMHOIO aBTOMATA.

I13Y umeer (L+M) agpecHbIX pa3psaoB U N pa3psaaoB JaHHBIX.
Peructp ucnonb3yercsa ¢ KoaudectBoM paspsimoB (N+L). Paspsiab
naHHbix [13Y 3anuchiBalOTCS B PETMETP MO MOJOXUTEIbHOMY (DPOH-
Ty TaKTOBOTO CUTHaja TeHepaTopa. YacTh 3Tux paspsaoB (M) wuc-
MoJjib3yeTcs Ijs1 obpasoBaHust aapeca I13Y, mpyras gacte (N-M)
CAYXUT 111 (hOPMUPOBAHUSI BBIXOAHBIX CUTHANOB. BXomHble cuUrHa-
Jbl (L) mocTymaroT Ha BXOAbl PETUCTPA U MCMOJb3YIOTCS COBMECTHO
C 94acThI0 BBIXOOHBIX paspsinoB I13Y mig monyyenus aapeca I[13Y.

CxeMa pabotaeT cieaylomuM o00pa3oM. B kaxmom takre [13Y
BbIIAET KOJ JaHHBIX, T€M CaMbIM OIpenessisi He TOJIbKO COCTOSIHUE
BBIXOAHBIX CUTHAJIOB cXeMbl, HO U aapec [13Y, KoTopblil ycTaHOBUT-
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¢l B cleaylolieM TakTe (Tocjie CIEAYIOLIErO. IMOJOXUTEIbHOTO
¢poHTa TakTOBOTO curHaia). Ha aToT ciemyroluii agpec BIUSIOT
TakXe W BXOAHbIe CUTHasbl. TO ecTh B OTIMYME OT hOopMUpOBATEs
MOCJEN0BaTEIbHOCTA CUTHAJIOB, PACCMOTPEHHOTO B TMpPENbIAYyIeM
pasnene, B JaHHOM Cllydae aapeca MOTYT IepeOuparbcsi He TOJbKO
MocJenoBaTeibHO (C TMOMOIIBIO CYeTYMKA), HO U B MPOU3BOJBLHOM
nopsiake, onpenensieMoM npouuskoit [13Y, Ha3pIBaeMoli MUKPOIIPO-
TPaMMOW.

YcnoBueM mpaBWIBHONM paOOTBEI CXeMBI OymeT ciemyloiee. 3a
ONMH TEepUOA TaKTOBOTO CHUTHaja JOJIKHBI ycleTh cpaboTaTh pe-
ructp u [13Y. To ecTb cymma 3alepXKW perucTpa M 3aJep>XKu Bbl-
6opku agpeca 113V He moikHa MpeBbIIaTh Meproaa TAKTOBOTO CUT-
Hasa. OTMETUM TakXke, YTO BXOIHbIE CUTHAJIbI MUKPONPOrPaMMHOTO
aBTOMaTa HeJb3sl MOoJaBaTh HEMOCPENCTBEHHO Ha aJpEeCHbIE BXOJbI
[13Y (Ge3 perucrpa), Tak KakK WX aCUHXPOHHOE (110 OTHOIICHMIO K
TaKTOBOMY CUTHaJly) M3MEHEHWE MOXeT BbI3BaTb MEPEeXOAHbIN Mpo-
liecc Ha BbIxofax AaHHBIX [13Y MMEHHO B TOT MOMEHT, KOIJa BbI-
xofaHble curHaiel [13Y 3anuceiBaloTcsi B peructp. B pesyibTare B
pEerucTp MOXET 3alucaThCsl HeBepHas MHMOpMalMsi, 4TO HapyLIUT
paboty Bceil cxeMbl. Perucrtp ke CHHXpPOHU3UPYET WU3MEHEHUS
BXOJHBIX CHUTHAJOB C TAKTOBBIM CHUTHAJIOM, B pe3yJbTaTe 4Yero Bce
paspsinbl koma aapeca I13Y MeHsieTcsi OnIHOBPEMEHHO — IO TMOJO-
KUTEJILHOMY (DPOHTY TakKTOBOro curHaja. Peructp momkeH o0si3a-
TeJIbHO cpabaThIBaTh MO (PPOHTY, UCIOJb30BAHUE PETUCTPa-3allETKU
He JOIycKaeTcs, TaK KaK OH MOXEeT BbI3BaTb JABUHOOOPa3HBIN Me-
PEXOMHBIN Mmpoliecc.

Bo3MmoxxHOCTM Takoif TIPOCTOM CXeMbl OKa3bIBaIOTCSI OYEHb
6onpiiiMu. HampumMep, MUKpONIpOrpaMMHBII aBTOMAT MOXET Bblaa-
BaThb TMOCJEJ0BATEIbBHOCTH BBIXOIHBIX CUTHAJIOB B OTBET Ha Ompese-
JICHHOEe U3MEHEHUE BXOJHbIX CUTHAJIOB. OH MOXET TaKXe BPEeMEHHO
OCTaHOBUTb BbIAYy BBIXOAHBIX CUTHAJIOB 1O TIPUXOJA BXOAHBIX
curHajioB. OH MOXeT aHaJIM3UPOBATh JUIMTEJbHOCTh BXOAHOTO CMT-
Hajla 1 B 3aBUCMMOCTHM OT Hee BblJaBaTb T€ WIM WHbIE BBIXOAHBIC
curHajibl. OH MOXET Takke U MHOTO€ JpYroe.

CdhopmynupyeM HECKOJbKO 3JIeMEHTapHbIX (DYHKIIW, U3 KOTO-
PBIX MOTYT CKJIaJbIBAThCSI aJITOPUTMBI PaOOThI MUKPOIIPOTPaMMHOTO
aBroMmaTa (puc. 6.16).

1. ITocnemoBaTenbHbIN Nepedop ampecoB I13Y (Hampumep, mjisg BbI-
a4y MOCJeA0BATEIbHOCTU BBIXOIHBIX CUTHAJIOB).
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2. Ilepuognueckoe MOBTOpPeHME MOCeAoBaTeIbHOCTH anpecoB I13Y
(HarpuMep, I TIOBTOPEHUST TOCJIEAOBATEIbHOCTU BBIXOMHBIX
CUTHAJIOB).

3. OcraHoBka B kakoM-To anpece 13V (Hampumep, Il OXUAaHUS
M3MEHEHMSI BXOTHOTO CUTHAJa).

4. BpeMeHHOE OTKJIIOYEHME peaklMu Ha BXOJHbIE CUTHAJbI (HaIrlpu-
Mep, JJISI TOTO, YTOObI 3aKOHUUTh OTPAOOTKY peaKlIMU Ha Ipeabl-
Jyliiee M3MEHEHWE BXOMHBIX CUTHAJIOB). OTa (DYHKIIMS Ha PUCYH-
Ke He IToKa3aHa.

NN NN - A A Vet et V. o
2 Aznpeca [I3Y S Anpeca I3Y
6
TAL Sh A 40 V'& -
8 Appeca [13¥
Anpeca [13Y

Puc. 6.16. DnemeHTapHble (YHKLMM MUKPOINPOTPAMMHOTO aBTOMATa: MOCJIeI0Ba-
TeJIbHBII TIepedop (@), UMKINYecKoe MOBTOPeHME (6) U OCTaHOBKa (B).
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Puc. 6.17. [Ipumep npakTuyeckoi cxeMbl MUKpOTIporpaMMHoOro aBromata Ha I13Y. |

B xauectBe mnpumepa pacCMOTPUM BBIITOJHEHUE HEKOTOPHIX
9JIEMEHTApHBIX (DYHKIWM MUKPOIPOrpaMMHBIM aBTOMAaTOM, ITOKa-
3aHHBIM Ha puc. 6.17.

I13Y umeer opranmzanuio 64 X 8 (3T0 MOTYT OBITh, HapUMeED,
nBe Mukpocxembl PE3 mnm omna mukpocxema PT18), KommdecTBo
pa3psiIoB PerucTpa paBHO ASCITH (HAIpuMep, 3TO MOXKET OBITh IBE
MukpocxemMbl MUP27). CxeMa uMeeT Ba BXOAHBIX CHUTHala U YEThIPE
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BBIXONHBIX CUTHajia. Takas opraHu3alus MUKPOIPOTPAMMHOIO aB-
TOMaTa Xopollla TeM, 4YTO €ro MHKpoIlporpamma (To ecThb Kapra
npomuBky [13Y) oueHb HarIsSIAHA, JIETKO COCTABJISIETCS] Y UMTAETCS.

BoixonHbie paspsiabl naHHbiX 13V mensitcs Ha aBe rpynmsl o 4
CUTHaJIa: MJIAIIINe MAYT Ha oOpa3oBaHMe ciemyroiero ampeca 13V,
cTapiye oOpa3yloT YeThIpe BBIXOAHBIX CHUTHaia. BXomHble CUTHAJIBI
TOCTYIAIOT (Yepe3 perucTp) Ha aBa crapiuux paspsaa ampeca I13VY.
Eciu mb1 n306pazum kapty mnpoiuuBku [13Y B mpuBBYHOM TSI Hac
BUIe TAOJIUIIBI M3 YETBIPEX CTPOK U 16 cTo010B (Tabi. 6.7), To B 3TOM
TabuIe OyayT HAIISIIHO BUOHBI KAaK COCTOSTHME KaXKIOTo M3 BHYT-
PEHHMX CUTHAJIOB, TaK W PEaKIIMs CXeMbl Ha JII0O0OOK BXOIHOM CUTHA,
a TaKkXKe COCTOSTHMSI BCEX BBIXOIHBIX CUTHAJIOB B KaXXJIOM TaKTe.

Taomuma 6.7. Kapra nipormmiku [13Y 64 x 8 111 MUKpPOTIPOrpaMMHOTO aBTOMAata

Ampec | O 1|2 |3 |4 |5|6|7|8|9|A|B|C|D|E]|F

00 FE | F¥' | FF | FF | FF | FF | FF | FF | FF | FF' | FF | FF | FF | FF | FF | FF

10 FF | FF | FF | FF | FF | FF | FF | FF | FF | FF | FF | FF | FF | FF | FF | FF

20 FF | FF | FF | F¥ | FF | FF | FF | FF | FF | FF | FF | FF | FEF | FF' | FF | FF

30 FF | FF | FF | FF | FF | FF | FF | FF | FF' | FF | FF | FF | FF | FF | FF | FF

IIpesxne Bcero, Jerko 3aMeTUTh, UTO BBIOOP TOM MJIM MHOU CTPO-
K/ TaOJMIbl TPOU3BOAUTCS CTApLIMMU pas3psiaMud Kojaa aapeca
I13Y, To ecTb BXOOHBIMU CHUTHaJaMM MHUKPOIIPOrPaMMHOIO aBTOMa-
Ta. TakuM o0Opa3oM, J1000e M3MEHEHUE BXOOHBIX CUTHAJIOB ITPHUBO-
JIUT K TIepeXoy B KapTe IMPOIIMBKU Ha APYyrylo cTpoky. Hampumep,
crpoka 00 OymeT COOTBETCTBOBAaTb HYJIEBHIM BXOMHBIM CHUTHAJIaM
MUKPOIIPOrPAMMHOIO aBTOMara, a crpoka 30 — eIMHWYHBIM BXOJ-
HBIM CHUTHAaJIaM.

Terepb MOCMOTPUM Ha CTPYKTYpY 8-pa3psiiHOrO Kojaa JaHHBIX
I13V. Mnanmme 4eTwipe paspsia 3TOro Komga (IIpaBblit, MIIadIINAR
3HaK 16-pMyHOro Koja B TaOJIMIE) COOTBETCTBYIOT YEThIPEM MJlaj-
muM paspsizam koma aapeca [13Y. Crapime yeTbipe paspsiza Koia
naHHbix [13Y (neBblii, crapiiuii 3HaK 16-puyHOro Koma B TabJulle)
COOTBETCTBYIOT YEeTBHIPEM BBIXOJHBIM CHUTHAJIaM MUKPOIIPOrPaMMHO-
ro aBToMara. To ecTb HENOCPEeICTBEHHO MO 16-pUYHOMY KOmy HaH-
HBIX M3 TabJMIBI MOXHO CKa3aTh, BO-TIEPBBIX, KaKUM OydeT cie-
nytonuii aapec I13Y, u BoO-BTOpBIX, KAKUMU OYyAyT BBIXOAHBIE CHUT-
HaJlbl aBTOMarta B CJIEAYIOIIEM TaKTe.
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PaccmotpuM nipuMep MUKpoIriporpamMMbl (Tabu. 6.8), peanusyio-
IIEel HEKOTOPbIE 2JIeMEHTapHbIe (DYHKIIUU.

Tabauua 6.8. [Ipumep MUKpoMporpaMMbl [Ulsi CXxeMbl Ha 3uc. 6.17

Ampec | 0 | 1 [ 23|45 |6|7|8|9 A B|C|D|E]|F
00 11]22|33|44 |55 |66 |77 |88 |99 |AA |BB |CC | DD|EE|FF |00
10 1112213344 |55|66 |77 |8 |99 |55 |BB|CEC|DD|EE|FF| 00

20 10|21 32(43 |54 |65|76 |87 |98 |A9|BA |€B |DC | ED|FE | OF
30 10| 20 | 30 | 40 | 50 | 60 | 70 | 80 | 90 | AO | BO | CO | DO | EO | FO | 00

BepxHusist (HyneBasi) cTpoka TabaUIbI T€MOHCTPUPYET ITOCTENO0-
BaTeJIbHBIN TIepe0op aapecoB TMaMATH TPU HYJIEBBIX BXOMHBIX CHT-
Hanax. [lycTh, HanmpuMep, aBToMaT HaxoauTcsl B aapece 00. B stueii-
Ke ¢ ampecoM 00 ykasaH cienmyromuii agpec 1 (Miamimumii 3Hak 16-
puyHOTO Koja 11), To ecTh B CleAyloleM TaKTe aBTOMAT MepeiacT B
ampec 01 (cumTaeMm, YTO BXOHHBIC CUTHAJBI OCTAIOTCS HYJIEBBIMU).
W3 ampeca 01 aBTomat nepeiiner B anpec 02, Tak KaK B siueiike c an-
pecoM 01 ykazan crnenmyromuii agpec 2. TouyHo Tak ke u3 ampeca 02
aBToMat nepeliger B agpec 03 u Tak manee go aapeca OF, B kotopoMm
yKasaH cienyomuii agpec 0, To eCTb B CIIEAYIOIIEM TaKTe aBTOMAT
cHoBa BepHeTcs B agpec 00. 3areM LMK ITOC/IEIOBATEILHOTO IIPO-
XOXIIEHUSI allpecoB IEepBOM CTPOKU TMOBTOPUTCS (€CIM, KOHEYHO,
BXOJHBIC CUTHAJIBI OCTaHYTCSl HYJIEeBbIMU). UeThIpe BBIXOTHBIX CHTI-
Hajla aBTOMarTa B JAHHOM CJIyyae ITOBTOPSIIOT KOJ CIIECAYIOIIEro ai-
peca, TO eCTb MOJIOOHO 4-pa3psimHOMY JBOMYHOMY CUETYUKY BBIIAIOT
MOCTETIEHHO HApaCTAIOIIUI KOI.

Bropas cBepxy (mepBasi) cTpoKa TaOJMIIbl JEMOHCTPUPYET LIUK-
JINYeCKOe MOBTOPeHUe rpynmbl TakToB. Ecim, Hanpumep, pabota Ha-
yuHaetcs ¢ aapeca 10, TO MUKpOIIPOrpaMMHBIN aBTOMAT TOCJIeI0Ba-
TeJIbHO OyneT nepebupath aapeca 10, 11, 12, 13, 14, 15, 16, 17, 18,
19, a 3aTteM BepHeTcs B anmpec 15 M OymeT HMOCTOSHHO ITOBTOPSTH
rpyminy aapecoB 15, 16, 17, 18, 19. B maHHOM citydae Mbl CUMTaeM,
YTO BXOAHOW curHaja Bx.l ITOCTOSSHHO paBeH €IWHUIIC, a BXOMTHOM
curHai Bx.2 MOCTOSIHHO paBeH HYJIIO, YTO M COOTBETCTBYET BTOPOI
CBEpPXY CTPOKE TaOJIMUIIBI.

IMTocMoTpuM Temephb, YTO OYIEeT deiaTh aBTOMAT, €CJIM BXOMHOI
curHai Bx.2 mocTossHHO paBeH HYJII0, a BXOOHOM curHain Bx. 1 MeHs-
€T CBOE COCTOSIHME € HY/ISI HAa eIMHUIYY M oOpaTHO. Takoe Imepexiio-
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YeHUE BXOMAHBIX CUTHAJIOB MPUBOAUT K MEPEXOAY MeEXITy HYyJEBOU M
TepBOii CTpOKaMM TaOJMIIBI ¢ MUKpOIIporpaMmolii. Jlomyctum, aBTo-
Mat HaumHaeT padoty ¢ agpeca 00 (curHam Bx. 1 paseH Hymo). Unoer
MOC/IeIOBaTEIbHBIN Mepedop aapecoB HYJIEeBOM CTpokH. Jlaxke eciu B
Te4eHHUE TIEPBBIX NEBITU TAKTOB cUTHalI Bx.1 OymeT MeHSITbCS, Ha
BBIXOJHBIX CUTHAJIaX aBTOMarTa 3TO HMKAaK HE OTpa3uTCs, TaK KakK KO-
Ibl TIEPBBIX NIEBSITH -AApECOB B HYJIEBOM U TIEPBOM CTPOKAX IOJIHO-
CThIO coBnanamT. I103TOMYy MOXHO cKa3aTh, YTO B 3TUX MEPBBIX Je-
BSITU TaKTaxX Mbl OTKJIIOUUJIM peakilMio HaIllero aBToMaTa Ha BXOI-
Hoil curHaiL Bx.1 3a cueT myOGnmpoBaHUSI KOIOB.

JlomycTuM Terephb, YTO M3HAYaJbHO HYJIEBOM BXOTHOW CHUTHAJ
Bx.1 cran paBeH enunHuile B aapece 0A u majiee He MeHsIeTCsS. DTO
MpUBENIET K TOMY, 4To BMecTo anpeca 0B aBromar mepeiiner B ampec
1B. 3areMm on mporinet anpeca 1C...1F, nepeiinet B anpec 10, moiiger
no ampeca 19 um HauHer moBTOPSATH UK 15...19. Ecnm xe, Hampu-
Mep, B aapece 18 curHan Bx. 1 cHOBa cTaHeT paBeH HYIIO, TO BMECTO
agpeca 19 aBromar momnazneT B aapec 09 m manee OymeT BBINOTHSTH
MMKpPOIIPOrpaMMy HYJIEBOI CTPOKHU.

Tpetbst cBepxy (BTOpasi) cTpoka TaOJMIIbI, KOTOpas COOTBETCT-
ByeT BXOOHBIM curHajaM Bx.1 = 0, Bx.2 = 1, nmoka3siBaeT Impumep
OCTAaHOBKM aBTOMAara B KaXIOM alpece M OXHIaHWe IPUXOaa BXOMA-
Horo curHajia. Hampumep, aBTomar Haxomutcs B amgpece 23. Cre-
IYIOIIMM aapecoM B Koje JaHHOM sueliky ykazaH 3. 3HAuMT, eCciu
BXOIHbBIC CUTHAJBI OCTAIOTCSI HEM3MEHHBIMHM, TO aBTOMAT IepeiaeT
OITSITh Xe B anpec 23 u OyIeT ocTaBaThCsl B HEM TocTosiHHO. Ho ecnu
BXOIHOU curHain Bx.2 craHeT paBHBIM HYyJIIO, aBTOMAT TepeineT B
anapec 03 ¥ HayHeT BBIMOJHITH MUKPOIIPOTPAaMMY HYJIEBOI CTPOKM.
To ecThb mepeKkiIIoUeHe BXOAHOIO curHajiga Bx.2 u3 Hyns B eAUMHUILY
Mpy HyJeBOM ypoBHe Bx. 1 ocTaHaBiIMBaeT BBHIMOJHEHHE MUKPOIIPO-
rpaMMbl HYJI€BOI CTPOKM HO OOpaTHOIO Mepexoja BXOAHOIO CUTHa-
na Bx.2 B HyJIb.

HakoHen HIKHSIST (TPEThsI) CTpOKa TaOIUIIbI AEMOHCTPUPYET Ie-
pexon u3 JIo00ro ampeca CTpOKM B HYJIEBOM aJpec 3TOM XKe CTPOKH.
IlycTb, HarpuMep, BBHITIOJIHSAETCS MUKPOITPOTpaMMa HYJIEBOM CTPOKU
(Bx. 1 u Bx.2 — HyneBble) u B aapece 06 00a BXOOHBIX CUTHAJIA TIe-
pexXoIsT B equHUIly. ABTOMAT momaaaet B aapec 37, a U3 HEro — B
anpec 30, Tae ¥ ocTaeTcsl MOCTOSIHHO 10 M3MEHEHWSI BXOIHBIX CHUT-
HayioB. Eciu 3aTeM 00a BXOIHBIX CUTHajlla CHOBa CTaHYT HYJIEBBIMU,
TO aBTOMAT IiepeiineT B aapec 00 M HaYHET CHOBA BBIITOJHSTH MUK-
poIporpaMMy HyJI€BO CTPOKU TaOJIMIIBI.
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MHuorna ObiBaeT HEOOXOOMMO TIEPEBECTU aBTOMAT B KaKOU-TO
ornpeneseHHbI aapec. Beap mpu BKIIOYEHUM MUTAHUSI B PErMCTpe
MOXKET OKa3aTbCsl MPOM3BOJIbHBIN KoA. JIJIsi Takoit MHUIIMATU3ALUU
aBTOMaTa MOXHO, HaIllpUMEpP, WCIOJb30BaTh PETUCTP, UMEIOUIUN
BX0J] cOpoca -R, Ha KOTOpBIi MojgaeTcsi BHEITHUI CUTHAM, U TOTAA 10
39TOMY CUTHaJIy aBTOMaT MomnajeT B HyJeBo aapec. Ho MoxHo moii-
T W JPYTUM IIyTEM: COCTaBUTbh MUKPOIPOTpaMMy TakuUM OOpas3om,
YTO aBTOMAT TPHU BKJIIOYEHUM MUTAHUS CaM TMEepeuaeT 3a HECKOJbKO
TaKTOB B HY>XHbII agpec HE3aBUCUMO OT TOTO, B KaKOU alpec OH Io-
naJj Mpy BKJIIOYEHUW MUTAHUSI.

PaccMoTpuM Temepbp mnpuMep MPOEKTUPOBAHUS TMPOCTEUIIEro
MMKPOIPOrpaMMHOI'O aBTOMaTa.

ITycts HaM HeoOxoauMO (POPMUPOBATH C TTOMOIIBIO MUKPOIPO-
IrPaMMHOTO aBTOMara IOCJEA0BATEIbHOCTh U3 TPEX BBIXOJHBIX CUT-
HAJIOB B OTBET Ha MOJIOKUTENbHBIN (DPOHT OJHOTO BXOJHOTO CUTHA-
na (puc. 6.18).

Boa __ § T T U LC i

Brxon | [t e R | r
Brxon 2 | e )
Brixon 3 | L |

Puc. 6.18. [luarpamma paGoThbl MTPOEKTUPYEMOTO MUKPOIIPOrPAMMHOIO aBTOMATa.

Bropoit BbIXOJHOW CUTHAN «BJIOXEH» B TMEPBbIA, a TPETUM BbI-
XOJTHOU CUTHal <«BJIOXXeH» BO BTOpoit. Ilpuuem mo Tex mMop, Moka
JIaHHas TOCJEeN0BATEbHOCTh HE 3aKOHYUTCS, BXOIHOW CUTHAI MO-
KEeT TIPOU3BOJIBHO MEHSITh CBOE COCTOSIHME, Ha padoTe CXeMbI 3TO
HUKaK HE JOJDKHO CKa3bIBaThCsl. A MOCjie OKOHYaHMSI TaHHOU mocJie-
JIOBATEJIbHOCTU MUKPOIIPOIPAMMHBIA aBTOMAT CHOBA JOJIXKEH XAaTh
TOJIOXKUTETBLHOTO (PPOHTA BXOAHOIO CUTHAJAa M HAaYyMHATh MO HEMY
BBIPAOOTKY HOBOI MOCJENOBATEIbHOCTH.

Bce BpeMeHHBIE COBUTM B BBIXOJHOW ITOCJIeIOBaTeIbHOCTU (t)
TPUMEM JIJISI TIPOCTOThI OJIMHAKOBBIMU U paBHbIMU | MKc. DTO 3Ha-
YUTEIBHO 00JieryaeT BhIOOP TaKTOBOW YAacCTOThl MUKPOMPOTPAaMMHO-
ro aBTOMaTa, OHa JOJKHa ObITb paBHON 1 MI'1 (mepuom 1 MKc).
B aTOoM ciyyae mosHasi nMHa TeHEpPUpPYeMOW MOCJeq0BaTeIbHOCTH
COCTaBUT BCero 6 TakTOB (OOWH TaKT COOTBETCTBYET IEPEXOAY BCEX
BBIXOJHBIX CUTHAJIOB B €AUHUILY).
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Jns opMUpOBaHUST 6-TAKTOBOM IOCIIEAOBATEILHOCTH HEOOXO-
nuMo He MeHee 3 aapecHbix pa3psiaoB [13Y (tak kak 2 =4, a2 = §).
Ewme onuH paspsn agpeca I13Y morpebyercst Iji1 BXOZHOIO CUTHAaja
cxeMbl. MToro Heobxoaumo 4 anpecHbIX paspsaa [13Y.

Hns hopMupoBaHUsl TPEX BBIXOIHBIX CUTHAJIOB TpeOyeTcsl TpU
pa3psiga ganHbeix T13Y. Eme tpu paspsima maHHbix [13Y HyxxHO [oi1s
3a/laHusl CIEAYIOIIETO aapeca Mpu OTpabOTKe BBIXOAHON TMOCiIen0Ba-
TebHOCTU. VITOro HEOOXOaUMO 1IeCTh pa3psnoB naHHbIX [13Y.

ITocuutaeM TpeOyeMyi0 pa3psiAHOCTD BBIXOJAHOTO pETUCTpa.
13V BblmaeT miecTh pa3psigoB JaHHBIX. KMMeeTcs oauH BXOOHOM
curHajl. IToro peructp AoKeH (pUKCHUpOBaTh 7 CUTHAJIOB, 3HAUUT,
OH JIOJIKEH OBITh 7-pa3psiAHbIM.

Brog ————
PROM 0 [RG|0
Al Y
A3 N ——— 3 3
D 4 4 B 3
Mo b— 13| 1§ Bron 2
1 My D& 6 & Brxon 1
U - DA L 7
K155PE3 Ii C
Ceneparo L WEHPZT

Puc. 6.19. CripoeKTHpOBaHHBI MUKPOIIPOTPAMMHBII aBTOMAT.

Wrtak, Bce pacyeThl 3aKOHYeHHBI. IloydeHHast cxemMa MUKPOIIPO-
rpaMMHOIO aBTOMaTa MpuBedeHa Ha puc. 6.19. OHa BKJIIOYaeT B ce-
0s1 TaKTOBBIN reHepatop ¢ yactoroit 1 MI'u, mukpocxemy I3V Ttuna
PE3, y koTopoli He MCHOoJb3yeTCsl OAWH pa3psiA agpeca U ABa paspsi-
Ja JaHHBIX, a Takxke 8-paspsaHbiii peructp MP27, y kotoporo He
WCTOJIb3YeTCsl OAWH paspsia. s MpocToThl Ha pUCYHKE HE MoKasa-
HbI pe3UCTOpbl Ha BbixoAax AaHHbIX Tuna OK mukpocxemsl 13V,

Tenepr HeE0OXOAMMO COCTAaBUTh MMKPOIIPOrpaMMy IJisl CIIPOEK-
TUpOBaHHOW cxembl. OHa MOJKHA BKJIIOYATh B ceOsl OXUAaHUE TIO-
JIOKUTEJIbHOTO (DPOHTA BXOAHOTO CUTHaja, OTPabOTKy MocCjenoBa-
TEJIbHOCTU BBIXOJHBIX CUTHAJIOB C BPEMEHHBIM OTKIIIOUEHUEM BXO[-
HOTO CUTHajla, OXWJIAHWE HYJEBOTO YPOBHSI BXOJHOTO CHUTHaJIa U
Tepexo]] Ha HOBOE OXMWIAaHWE TMOJIOKUTEbHOTO (hpoHTA BXOMHOTO
curHasia. [lomyyeHHass MuKporporpaMma C HEOOXOAMMBIMU KOM-
MEHTapUsIMU TpeacTaBieHa B Tabi. 6.9.
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Ta6auua 6.9. MukporiporpaMma [ijist CIipOeKTUPOBAHHOIO aBTOMAaTa

Anpec [13Y Hannsie [13Y .
Kon| Bxon| Manubie | Boix.1| Boeix.2| Beix.3| Ci. axped Kon Komerrmapiit
0 0 |0/00 1 1 1 | 0] 0] 0] 38| Oxumanue nonox. ¢ponta Bx.
8 1 ]0j0]0 0 ! I ] 0jo 1)1 [puines MoIOXKUTENbHBIA
9 1 10|01 0 0 1 0| 1) 0| OA| ¢}poHT BXOIHOTO CHTHAJA.
A 1 o] 1]o0 0 0 0 |0| 1] 1] 03| Orpaborka nocnenoBarenb-
B L o1l 1 0 0 | 1ol ol oc| Hoctu. Bxonxoii curnan
c| 1 [1]olo] o 1 I | 1]o]| 1] p| Pererermmmme
D 1 110] 1 1 1 1 110| 1| 3D| Oxunanue Bx.= 0
1 0 |0|0]1 0 0 1 | 0] 1]0]| OA|Bx. crax paBeH HYJIIO JO OKOH-
2 0 1{0 0 0 0 0|1]1]03 |yaHus mocnenoBaTebHOCTH
3 0 |01l 0 0 1 110]|0]|o0OC
4 0 1100 0 1 1 000 | 18 |[Mepexon Ha oxunaHue GpoHTa
5 0 11011 1 1 1 010 |0 |38 [[lepexon Ha oxunaHue GPOHTA
6 0 [1]1]0 ! ! L 0101038 He ucnionb3yemble sueiku
7 0 1111 1 1 1 0101(0 |38
E 1 1110 1 1 1 010|0 |38
F 1 111 1 1 1 010 (0 |38

OTKIIIOYEHUE PeaKlMy Ha BXOMHOM CHUTHAJ HOCTUTAETCSI B MUK-
porporpamMme 3a cueT AyOJUpOBaHUS y4acTKa OTPAOOTKHU BBIXOTHOM
MOCJIeIOBAaTeIbHOCTY TIPY BXOAHOM CHUTHAJIE, PAaBHOM HYJIIO, W IIpHU
BXOIHOM CHTHaJle, paBHOM eauHule. Eciu B KOHIIe BBIXOTHOMW IO-
CJICIOBaTEIbHOCTY BXOMHOM CUTHAJ paBeH €IWHUIIE, TO CXeMa OXU-
JlaeT CHauaja Iepexoja BXOAHOTO CHUTHaja B Hy/Ib (OTpUIATENBbHBIM
(poHT), a 3aTeM yXKe KIET MOJOXUTEIBHOro (hpOHTa BXOIHOTO CUT-
Hajma. Eciim B KOHIIE TOC/IENOBATEbHOCTA BXOAHOW CHTHAJ paBeH
HYJIIO, TO CXeMa cpa3sy Xe TepeXOIuT Ha OXWAAHUE IOJIOXUTEIbHO-
ro (ppoHTa BXOJHOTO CUTHAJIA.

Bce Heucrnonb3dyeMble MMKPOMPOTPAMMHBIM aBTOMATOM sdeii-
KU 3aIl0JHEHBl KOMaHJIaMU Tepexofa B HauyaJbHOE COCTOSIHUE CXe-
MbI C TTACCUBHBIMU (€AMHUYHBIMM) BBIXOOHBIMU CHTHajaMu. Takoe
pelllieHre oOecIeunBaeT IMpaBWIbHOE Hadajao paboThl MUKPOIPO-
rPaMMHOTO aBTOMaTa TpH J060M HauyaJbHOM aapece (IpU JIFOOOM
HavaJlbHOM Kone B peructpe). HauanbHblii cOpoc aBTOMAaTa He MC-
MOJIb3yeTCS.
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IMocnemHuit MUKpOTpOrpaMMHBIM aBTOMAT, KOTOPBIA MBI pac-
CMOTPUM B JAHHOM pasziejie, MpeaHasHavyeH il memmdpanuu (me-
KOAMpOBaHMsI) IociaemaoBaTeIbHOro Koma Manuectep-I1, mnpume-
HSIIOIIETOoCs ISl TIOC/AeA0BaTEIbHOM Mepeaayn JaHHBIX Ha OOJIbIIne
pacCTOSIHMSI, B YaCTHOCTHU B JIOKAJBbHBIX CETSIX. DTOT KOM yX€ YIIO-
MHHajIcs B TiaBe 4 (cM. puc. 4.16 u 4.17). Tam GblT paccCMOTpeH
KOIMpoBIINK Koga Manuectep-I1.

Jemucdpanust (1eKoAMpoOBaHNE) 3TOr0 Koia ropasfao CJIOXHEe
kogupoBaHust (puc. 6.20). OHa TpeOyeT BBIIEICHUS <«IPaBUJIb-
HBIX», THQOPMALIMOHHBIX (DPOHTOB B CepearMHE OMTOBBIX MHTEP-
BaJIOB (ITOMEYEHBbl HA PMCYHKE KPYyXKaMHM) M OTCEUYCHHUE <«Helpa-
BUJIbHBIX» (DPOHTOB MEXIY OWTOBBIMU WHTEpBajaMM (ITIOMEYEHBI
Ha pUCYHKe KpecTukamm). s 3TOro Hamo mocie mepBoro (MH-
dopMaMoHHOro) (poHTa B TeuyeHME BpeMeHHoro, mHrepBaia 0,75T
HE pearvpoBaTh Ha MpUXoAsdire (GpOHTHI BXOAHOIO CHUTHaua, a 3a-
TeM CHOBa 00pabaThIBaTh OO0 TMPpUXOASIIINH (DPOHT, CHOBA BHI-
nmepxuBaTth uHTepBan 0,75T w 1. n. Ilpm Tmpuxome «IIpaBUIILHBIX»,
MHGOPMAIIMOHHBIX (POHTOB (B cepenrHe OWTOBBIX MHTEPBAJIOB)

HeoO0XxomuMo (OpMHUPOBATh BHIXOAHBIC CHUHXPOCUTHAJIBI, 10 KOTO-
peIM uKcupyeTcs (B peructpe) mH(pOpMalMs U3 CUTHAJla B KOIE
Manuecrep-I1.

]
10
o T
bt -
Manuecrep-IL

Basper peakitny E ﬁﬁjﬁmg{l—t

1
Cunuxpocurnan {C) |'| : 1] : || : " : ||. : _n : M| :
Omﬁmman(}")__:__| 1 ) 1 i

Manuecrep-11

3anpeT peakiuu
CunxpocurHai (C)

OrubGatomas (P)
Puc. 6.20. IlekoagupoBaHue koma Manudectep-I1.

Mbl BUIMM, YTO QJITOPUTM JAEKOIMPOBAHMS ITOBOJBHO CJIOXKEH.
Ero MoxxHO, KOHEYHO, BBIITOJIHMUTH C ITOMOIIBIO OJHOBHMOPATOPOB 1
TpurrepoB. Ho MOXHO BOCITOJIb30BaThCS 1 MUKPOIIPOTrPAMMHBIM aB-
TOMAaTOM, KOTODPBIM B OTJAWYME OT OXHOBMOparopa He TpeOyeT Ha-
CTPOIKM, HE YYBCTBUTEJIEH K IIOMEXaM M TaKTUPYETCSI CHUTHAJIOM
KBapIIeBOIO TeHepaTopa.

CxeMa Takoro MUKpPOINpPOrpaMMHOro aBTomara (puc. 6.21) oyeHb
npocrta, oHa BkmiodaeT B cedg I13Y tuma PE3, peructp MP27 n
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TaKTOBBII T€HEpaToOp C 4acTOTOl, B 8 pa3 MpeBbIIIAIOLICH YacTOTY
npuxojaa 6utoB B koae Manuectep-I1. Hanpumep, npu njiuTenabHO-
CTU OUTOBOTO MHTepBajga 1 MKC (CKOpPOCTb nepeaayu UHpopMaluu
1 Mowur/c) yactoTa TeHepaTopa OOJKHA ObITh paBHON & MI.
Cxema TpakTMYEeCKU HE OTJIMYAeTCsl OT CXEMbI, PACCMOTPEHHON B

MpeabIAYIIEM MPUMEpPe, XOTS BBITIOJHsIEMasl el (hyHKIUSI ropasio
CJIOXXHEE.

Bxoxn

2 oFROM RG

A ] D] ? ?

A2 2 2 2

Y= |

M — 3 $T Coxpocrrman (RxC)

nh L D7 [ 7] 7} — Rannue (RxD)
KI55PE3 ¢
WE
P27

Puc. 6.21. MukponporpaMMHBIil aBTOMAT TSI IeKOoAUpoBaHus Kona Mandectep-I1.

ITomumMo cuHxpocurHana (ero oosrdHO 0o603HavyaroT RxC wiu C)
MMKPOMPOTrpaMMHBII aBTOMAT BBIJAET TakKe CUTHaJI orubaroiei
nHdopmanronHoro mnakera (P), To ecTb cUrHaji, aKTUBHBIN TIPU Ha-
JIMYMU Tiepenadyr uHdopmaluuu B Koae Manuectep-I1 v maccuBHBIN
MPU OTCYTCTBUU Tepemadn uHdopmaimu (cM. puc. 6.20). Curnan C
(RxC) ctpobupyet 3anuch curHaia gaHHbix RxD, mpeacrasisiolnie-
ro coboil mpocTo BxomHOW curHai B kome Manuectep-I1, mporry-
LIEHHBIA Yepe3 perucTp.

Mgl He OyaeM MHOApPOOHO paccMaTpUBaTh COCTABICHUE MUKPO-
MporpaMMbl TSl AeKoaupoBaHus Koga Mandectep-II, Tak kak 3TO
3aHsUIO OBl CAMIIKOM MHOTO MecTa. JIoCTaTouHO TOJIbKO BHUMATEJb-
HO M3y4uTh Taba. 6.10, comepxXKallyid MHKPOIIPOrpaMMy ¢ KOMMEH-
TapusiMy, 4YTOOBI TIOHSITh, YTO B HEU MPUCYTCTBYIOT U OTKJIIOUEHUE
p€akummn Ha BXOﬂHOﬁ CUTI'HaJI, U BbIAEP>KKa BPEMCHHbIX MHTEPBaJIOB
(3amepxkka), U mepexodbl B 3adaHHBIC aapeca, W OCTAHOBKU IS
OXHNaaHus IMOJOXKUTEJIbHOI'O N OTpMHaTeﬂbHOFO(prHTOB BXOOHOTO
CHUTHAaJA.
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Tab6muua 6.10. MukpomnporpamMma aekomupoBaHusi Koma Manuectep-I1 (curHan
RxC o603HaueH B Tabmuie C).

Anpec T3y Hanneie [MIM3Y
Bx | Anpec

KommeHTapuii
p (Cren. ampec

010

3anep>KKa N OXKUAAHUE ITOJOKHUTECITb-
HOro (bDOHTa BXOIHOIO CUrHajia

Castre P 1 oXXugaHve BXOTHOTO CUTHAIA

BricraBnenne RxC u mepexon Ha 00-
pabOTKy MOJIOXUTETbHOTO (DpoHTa
BXOJTHOTO CUTHaJIa

Cuartue RxC u 3amepkKa ¢ OTKIIIOUE-
HUEM BXOJIa

—lo|lolo|lo|lc|lo|loco|lo |0 || |@ |

INepexon Ha OXXMIAHME TTOJIOKUTEIHHOTO (PPOHTA

Cusarue RxC 1 3amepXKa ¢ OTKIIIOue-

HUEM BXOJa

[Nepexon Ha OXXMIAHKE OTPULIATEILHOTO (hpOHTA

.—-O._.O.—-O.—-.—-O.—-O.—-O.—AO.—-O.—-OO'—-O

3anep>KKa N OXUAAHUE OTpULATE/Ib-
HOro (bDOHTa BXOIHOI'0O CUTrHajla

Castrie P U oXXuiaHve BXOTHOTO CUTHAIa

BricraBienne RxC u mepexonm Ha 00-
pabOTKy OTpUIIATEILHOTO (PPOHTA
BXOIHOTO CHTHAJIa
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b.2. OnepaTuBHASI NAMSITH

OcHoBHOe ominyue ornepatuBHoi mamMsaTH (RAM) oT mocTosiHHOM
(ROM) cocTouT B BO3MOXHOCTH OTEPAaTUBHOTO M3MEHEHUSI CONEep-
KMMOTO BCEX STYeeK MaMsITU C TMOMOIIbIO JOTIOJTHUTEIBLHOTO yIpaB-
gsomero curHaiga 3anucu WR. Kaxnas sdeiika orepaTMBHOMN
{cmamuueckoil) MaMsITU MpPeACTaBsieT cO0Oi, MO CyTU, PETUCTp U3
TPUITEPHBIX STUYE€EK, B KOTOPHIA MOXET ObITh 3anucaHa WH(opMaius
1 U3 KOTOPOTO MOXHO MH(MOpPMAIUIO YUTaTh. BbIOOp TOTO MU MHO-
ro perucrpa (Tol WM WHON STYEUKU TAaMSITU) MPOU3BOIUTCS C TO-
MOIIIbIO KoJa aapeca namsatu. [1oaToMy Mpu BBIKJIIOYEHUM MUTAHUS
BCs1 MH(MOpMAaLIUS U3 OIlepaTUBHOM MaMsTHU MpolanaeT (CTupaercs), a
MPU BKJIIOYEHUM MUTaHUSI UHGOPMAIlUs B ONIEPaTUBHOU MaMsITU MO-
KET OBbITh MTPOU3BOJILHOM.

OTMETUM, YTO CYUIECTBYET TaKXe €lle OAHAa Pa3HOBUIHOCTb
OTEepaTUBHON TaMsITU, TaK Ha3biBaeMasli duHamuueckas (B OTIUYUE
OT CTaTUYECKOI), B KOTOPOUl MH(bOpMaIUs XpaHUTCS HE B peTUCTpax
(He B TpUITEpHBIX slUeiiKax), a B BUJE 3apsiia Ha KOHJEHCcaTopax.
OTa MaMsITh OTJIMYaeTcsl 00jee HU3KON CTOMMOCTBIO, MEHBIINM OBbI-
CTPOCHCTBUEM U HEOOXOMUMOCTBIO peryisipHoil pereHepauuu (Re-
fresh — ocBexxeHue) nHboOpMalMKu B Hell (Tak KaKk KOHAEHCATOPhI CO
BpeMeHeM paspsikawmoTcs). O0macTb NMpUMEHEHMSI JTUHAMUYEeCKOM
MaMsITH TOpa3lo yXKe, YeM CTaTUYECKOW, B OCHOBHOM OHA MPUMEHS -
eTcs B KayecTBe CUCTEMHOI OTNEepaTUBHON MaMsATU KOMIIBIOTEPOB,
rIe cooOpaXeHWs CTOMMOCTU BBIXOISIT Ha MepBbii wiaH. [losTomy
3/1eCb Mbl O Hell TOBOpUTh He OymeM. XOTs MHOTHE OCOOCHHOCTU
WCTIOJIb30BAHUST CTATUYECKOU MaMsTU OTHOCSITCSI U K AMHAMUYECKOU
TaMsITHU.

Bo Bcex paccMOTpeHHbBIX B MPEAbIAYLIEM pa3iesie cXemax MOCTo-
SIHHasi MaMsITb B TIPUHIIUMIIE MOXET ObITh 3aMEHEHA OMepaTUBHOM,
TOJIbKO KapTy MPOIIMBKY B JAHHOM CJIy4yae IPUIETCSl 3aluchiBaTh B
MaMsITh KaXIbliA pa3 3aHOBO TMOCJE BKJIIOYEHUs] MUTaHUSI. TOYHO Tak
>K€ MHOTO€ M3 CKa3aHHOTO B JAaHHOM pasjiesie Mpo ONEepaTMBHYIO Ma-
MSITh CIIPaBEJIUBO U JJISI TTOCTOSTHHOW [MaMsITU, HO TOJIbKO MH(bOpMa-
LIMIO B TIOCTOSTHHOW TMaMSITU MEHSATh HEBO3MOXHO. OIHAKO CYIIECTBY-
10T Takke U crelu@uyeckue 006JacTu TIPUMEHEHUST ONepaTUBHON Ma-
MSITH, KOTOPBIM U OYZIET yJeJeHO 31eCh 0c000e BHUMAHMUE.

Kak yxe oTmedanoch, orepaTvBHas TamMmsiThb ObIBaeT ABYX OC-
HOBHBIX BUJOB: C pa3ie]bHbIMU IIMHAMU BXOAHBIX U BBIXOIHBIX
JAaHHBIX (B OCHOBHOM, 3TO OJHOpAa3psiiHasl MaMsiTh) U C IBYHAIpaB-
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JICHHOU (COBMEIIIEHHOW) IIMHOM BXOAHBIX M BBIXOAHBIX JaHHBIX (3TO
MHOTOpa3psiiHas mamsTh). HekoTropele npocTeiiie npuMepbl MUK-
pocXeM MaMsTH 000OMX 3THX BUIOB IPUBEIEHBI Ha puc. 6.22. Bbixo-
Ibl TAaHHBIX MUKpocxeM MmaMsTy umeroT Tun OK (10BOJBHO peako)
nmu 3C. Ynpapisiolye CUurHajibl — 3TO CUTHAJ BbIOOpa MUKpPOCXe-
Mbl CS (MHOrIa Ux HECKOJbKO), curHai 3anvucu WR (00bIYHO OTpU-
LiaTeJIbHbIA) 1 WHOTAA curHai paspeuieHus Boixona OE.
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K155PY7 4cs, KP541PY2 0
KMI32PV10 HM62256

Puc. 6.22. [1pumepsl Mukpocxem crarnyeckux O3Y.

Mukpocxema ornepatuBHoit mnamsata  KI155PY7  (anamor —
F9342APC) umeet opranuzauuio 1K X 1 u pazgenbHble BXOTHOU U
BBIXOJHOW CHUTHaJIbl JaHHBIX. Beixom mukpocxembl — Tuma 3C.
Ynpapienue pabdoOTOl MUKPOCXEMbl TPOU3BOAUTCS ABYMSI YIpaB-
nsonmmu curHanamu -CS u -WR. Pexxumbl paGoThl MUKPOCXEMbI
MpuBeaeHbI B Ta0I. 6.11.

Tabmua 6.11. Pexxumbl paboThl onepatuBHoii namsitu K155PY7

Bxombl 1 BBIXOIBI Pexxum paboTsl
-CS -WR A0...A9 DI DO
1 X X X 3C XpaneHue
0 0 Anpec 0 3C 3arnics 0
0 0 Anpec 1 3C 3anics |
0 1 Anpec X JlaHHble YUrenue
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Mukpocxema KM132PV10 otnuuaercs ot K155PY7 B ocHoB-
HOM OosibliuM 00beMoM (opranusauuss 64K X 1) u HecKoJbKO
MEHBIIUM OBbICTpoJelicTBUeM. HazHaueHue yrpaBisiioNMX CUTHAIOB
1 Tabaula peXXMMOB pabOThl Y 3TUX MUKPOCXEM COBMAAAIOT.

Tabmmua 6.12. Pexxumbl pabotsl onepartuBHoil namstu KP541PY2

Bxobl 1 BBIXOIbBI Pexxum paboTbt
-CS -WR A0...A9 DIO0...DIO3
1 X X 3C XpaHeHue
0 0 Anpec 0 3anuch 0
0 0 Anpec 1 3anuco 1
0 1 Anpec Yuraemble 1aHHbIE Yrenune

Muxkpocxema KP541PY2 (ananor — IM71471-3) oTHocuTCs K
JPYTroil pa3HOBUJHOCTM MUKPOCXEM MaMsTU. Y Hee 4YeThbipe JABYHA-
MpaBJeHHBIX BhIBOAA AaHHBIX TuIa 3C. Ympapisioniye CUTHAJBI T
xe cambie: -CS m -WR. Tabauua pexxumMoB paboThl (Tabi. 6.12)
TakKe MOoXOXa Ha TaOJULy IS OJHOpPa3psSIHBIX MUKpocxeM. I[JaB-
HO€ OTJIMYME COCTOMT B TOM, UYTO B pEeXMME 3alUCu Ha BXO-
JlaX/BhIXOJaX JAHHBIX IMPUCYTCTBYET 3alMchiBacMast MH(OpMAaLus.

Mukpocxema HM62256 ¢upmsr  Hitachi  otmimnyaercss ot
KP541PY2 npexne Bcero opranusainueit (32K x 8) u ynpabisifoniu-
MM curHajlamu (noGaBiyieH curHai paspeureHus Boixoga -OE). Korma
9TOT CUTHAJl MaccuBeH (paBeH EAWHMUIIE), BXOIbI/BBIXOMBI JTaHHBIX
MUKpOCXeMbl HaxoasiTcsl B cocTosHuM 3C He3aBUCHMMO OT peknmMma
paboThl. BBeneHMe MOIOJHUTENIBLHOTO CHUTHaja IIO3BOJISIET OoJjiee
I'MOKO YIIpaBJIATh paboToit MUKpocxeMbl. K ToMy e OOBIYHO B IMO-
JTOOHBIX MUKpOCXeMax IpHu IaccuBHOM curHaie -CS (paBHOM enu-
HUIIC) 3HAYUTEJIbHO YMEHbBIIAETCS MOTpedisieMast MOIIHOCTb.

B HacTosiiiee BpeMsi MMeEETCs OTPOMHBIM BBIOOP MUKPOCXEM
MaMsSITU C pa3HbBIM 00BEMOM (OT HECKOJBKUX OAWT A0 HECKOJIbKHUX
MerabaifT), ¢ pasHbIM KOJUUYECTBOM paspsmoB (00wuHO 1, 4, 8, 16
pa3psiioB), C pa3HbIMU METOJaMU YIPABICHUS, C Pa3HbIM MOTPeO-
JIEHUEM U OBbICTpoJeiicTBHEM. B KaxXaoM KOHKPETHOM cjydae Hamao
Moa0UpaTh ONTUMAJIbHYIO MaMsTh, B HAuWOOJbIlIE CTEMEHU yI0B-
JIETBOPSIIONIYIO TPEOOBAHUAM pellaeMoit 3a1auu.

Tabnuiel peXXMMOB. PadOThL (TaOIUIIBI UCTUHHOCTU) MUKPOCXEM
MaMsITU He MAIOT JOCTAaTOYHO WMH(OpMaLUU IS UX MPAKTUYECKOro
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WCTIOIb30BaHUS. [T MUKpOCXeM TaMsITU OYeHb BaKHbl BPEMEHHBIE
napaMmeTpbl (3alepXKM CUTHAJIOB OTHOCHUTEJILHO NpYyr Ipyra) u
TOPSIIOK BBICTABICHUSI W CHSITUSI CUTHAJIOB ajapeca, JaHHBIX U
ynpasiieHus. Bcio 3Ty mHbopManuio aaloT BpeMEHHbIE Tuarpam-
MbI LIUKJIOB 3alIUCU B MaMSITh U UTeHUS (CUUTHIBAHUS) U3 MAMSITH,
MPUBOAMMBIE B clipaBoYHUKax. CaMbie IIaBHbIE BpEeMEHHBbIE Ta-
paMeTpbl ONIEPaTUBHOW MaMSITU CAEAylolue:

* BpeMsi BbIOOpPKHM ajpeca (3amepxKka MeXIy MU3MEHEHUEM ajpeca U’
Bblauell TaHHBIX);

* BpeMsl BBIOOPKM MUKPOCXEMBbI (3aepKKa BbIIa4W JAHHBIX MO BbI-
craBieHUIo curHana -CS);

* MUHUMaJIbHas JUIUTEIbHOCTh CUTHAJIA 3anucu-WR;

* MUHUMaJIbHAS JJIUTEIBHOCThL curHaia -CS.

Bcero e konmM4yecTBO BPEMEHHBIX MapaMETPOB MOXET JOCTU-
raTh JBYX-TpeX N€CSITKOB, HO Mbl He OyaeM MOJpoOHO OCTaHaBIU-
BaThCsl Ha 3TOM, TaK Kak BCS TMOAOOHasi WHGbOpMalus UMEeTcs B
MHOTOUYUCJIEHHBIX CIPAaBOYHUKAX. XapaKTEepHbIE BEIUYUHBI BCEX
BPEMEHHBIX MMapaMeTPOB MaMSITHU COCTABJSIET OT €AUHUIL U AaXe N0-
Jiell HAaHOCEKYH/I 10 IeCSITKOB HAHOCEKYH]I.

TunuuHble BpeMEHHbIE AMArpaMMbl LIUKJIOB 3alUMCA W YTEHUS
npuBeneHbl Ha puc. 6.23. KoHKpeTHBIe BpeMeHHbIEe TUarpaMMBbl TS
KaXXIIOro TUIIa MaMsITU MOXHO HalTU B CIIpaBOYHUKAX.

A Ampec '8 A__ Y Aapec &
— —
s /S s/

Di JaHHEE DO JanHbe
a 7]

Puc. 6.23. TunuuHble BpeMEHHbIE TUarpaMMbl 3alucu B MaMsITh (a) M UTEHUS] U3
namsitu (6).

Hnst 3anucy uHGOpMalMy B MTaMsITh HaJ0 BBICTaBUTh KOJ aapeca
Ha aJpeCHBIX BXOJAaX, BBICTABUTh KOJ 3alMCBhIBAEMbIX B 3TOT aApec
JAHHBIX Ha BXOJaX JAaHHBIX, MOJaTh CUTHaI 3anmucu -WR u mopath
curHai Beioopa MukpocxeMbl -CS. TTopsiioK BbICTaBIEHUS] CUTHAIOB
MOXET OBbITh Pa3TUYHBIM, OH MOXET ObITh CYIIIECTBEHHBIM WJIW He-
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CYILLIECTBEHHBIM (HaNpuMep, MOXHO BBICTaBISATh WM cHuUMaTh -CS
paHblIe Wi Mo3Xe BbicTaBaeHUs wind cHATUS -WR). CoOGcTBeHHO
3aluch OOBIYHO MpousBoAUTCSl curHajioM -WR win -CS, npuuem
JAHHbIE JOJKHBI YIEPXKUBATLCSI B TeUeHUe Bcero curHaia -WR (mimn
-CS) u 3amaHHOE BpeMsI IOCJIe €ro OKOHYAHMSI.

Curhan -CS y HEKOTOPBIX MHUKPOCXEM IaMsSITH JOIYyCKaeTcs
MOANEPXKUBATh AKTUBHBIM (HYJEBBIM) UISI BCEX 3alMChIBAEMbIX aj-
pecoB W MpU 3TOM MoAaBaThb UMITYJAbChl -WR 1l Kaxaoro ampeca.
ToyHO Tak k€ Y HEKOTOPbIX MUKPOCXEM JOIMYyCKAaeTCsl MOAepPKU-
BaThb aKTUBHBIM (HYJIEeBbIM) CUTHa 3anucu -WR, HO TIpu 3TOM Tona-
BaTh UMITYJIbCHI -CS.

B ciyyae MukpocxeM MaMmsITH C JBYyHaIlpaBJ€HHOMN IIMHOW JaH-
HBIX HEOOXOIMMO HCIOJIb30BaTh MCTOYHUK 3aMMChIBAEMBbIX JaHHBIX
¢ BbixonoM 3C miu OK, 4yToObI n30exxaTh KOHGIMKTA JaHHBIX, 3aM1-
ChIBa€MbIX B MaMSTh C JaHHBIMU, BblJaBaeMbIMU U3 MaMSITU B pexXu-
M€ YTEeHUS.

st yTeHUs: MH(pOPMAIIMK U3 TIaMSITU Hallo BbICTABUTh KOJ ajpe-
ca yuTaemoi ssueiiku u nmogath curHajibl -CS u -OE (eciiv oH UMeeT-
cs1). CurHan -WR B mpolecce YTeHMSI TOJXKEH OCTaBaThCsl MacCUB-
HbIM (paBHBIM eAuWHMIIE). B HEKOTOphIX MHKpocxeMax MmamsaTu (Ha-
3bIBaeMbIX Hemakmupyemovimu, Hanpumep KI155PY7, KP541PY2,
HM62256) MOXHO nepkaTh aKTUBHBIM (HyJIeBbIM) curHan -CS mrst
BCEX 4YMTaeMbIX aiapecoB. B apyrux MwukpocxeMax (Ha3bIBa@MbIX
makmupyemsimu, Hanipumep, KM132PY10, K537PY8) Heobxonumo
nojaBath CBOM UMmmynabc -CS misg Kaxmaoro yuraemoro anpeca. Ilo-
HSITHO, YTO HETaKTUPYEMble MUKPOCXEMbI TOpa3fgo yIoOHEee B MpU-
MEHEHUU, YeM TaKTUPYEMBbIE.

MukpocxeMbl OMEpPaTUBHOU MaMSITU MOBOJBHO 4YacTO 00benu-
HSIIOTCSl ISl YBEJMUYEHMS] Pa3psiAHOCTU JAaHHBIX WA Pa3psiAHOCTH
aapeca.

Ha pwuc. 6.24 mnokazaHo OOBbEAMHEHUE YETBIPEX MUKPOCXEM
K155PY7 nnst momyyenust mamsitu ¢ opranuzanueit 1K x 4. TouHo tak
XK€ MOTYT ObITh OOBEAWHEHBI M MUKPOCXEMBI C JBYHAIIPABIECHHOM
IIMHOM NaHHBIX. HampuMep, U3 4eTbipex MUKPOCXEM TMaMsTU C opra-
Huzanueit 1K X 4 MOXHO MoIyuynTh NaMaTh ¢ opranusanueii 1K x 16.

Jns yBeIWYEHUs KOJMYECTBA QAPECHBIX Pa3psiiOB UCIOJIb3YIOT-
¢ Te ke MeToabl, 4to 1 B cirydae [13Y (cm. puc. 6.4). Eciu o6benn-
HSIIOTCSI BCETO JIBE€ MMKPOCXEMbI MaMsTH, TO MOXHO OOOWTUCH 06e3
MpUMEHEHUs JennbpaTopoB, BHIOUPAIOIINX OAHY U3 OOBEAWHSIE-
MBIX MUKPOCXEM. P
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Puc. 6.24. O0beauHEHNE MUKPOCXEM TIAMSITH IIJIST YBEJIMUEHUS Pa3psTHOCTU IIMHBI

JaHHBIX.
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Jaunsie '

Puc. 6.25. O0benHeHE MUKPOCXEM TMAMSITH JIJIST YBEIMUEHUS PA3PSIHOCTU TITUHBI
azipeca.

Ha puc. 6.25 mokasaH BapuMaHT CXeMbl OObEIUHEHUS IBYX MUK-
pocxem HM62256 nist rmonydeHust maMsTi ¢ opranuzanuein 64K X 8.
JIONOIHUTENbHBINA CTApIIMI aApecHbI pa3psia YIpaBiseT MPOXOX-
neHueM curHaia -CS Ha ogHy M3 MMKpocxeM (IpU HYJIeBOM yYpOBHE
Ha JOTOJIHUTEIBHOM aapecHoM paspsjae curHaa -CS npoxomut Ha
JIEBYIO TI0O PUCYHKY MHUKPOCXeMy, MpU E€IMHUYHOM YypOBHE — Ha
MPaByl0 MUKPOCXEMY).
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MHTepecHOll 0COOEHHOCTHIO MUKPOCXEM OINEpaTUBHON MaMSITH
SIBJISIETCS BO3MOXHOCTh MPOU3BOJIBHOTO U3MEHEHMS! MOpsiIKa CUTHA-
JIOB aIpECHBIX Pa3psaoB 0e3 BCAKUX MOCHEACTBUIN ISl (DYHKIIMOHM-
poBaHus mamaTu. Hampumep, curHai, mocrtymnarmoiumii Ha pa3psa AO
MOXHO C T€M Ke YCIIeXOM IMoaaBaTh Ha A7, CUTHaJI, IPUXOOSIIUNA Ha
A7 nopaBatb Ha A3, curHai, npuxoisiuit Ha A3 momaBaTh Ha Al0Q
U T. . Jleao B TOM, 4To UH(MOPMALIUS B ONEPaTUBHYIO MaMsITh 3amy-
CBIBAETCS TI0 TEM K€ caMbIM aJipecaM, MO KOTOPBIM ITOTOM W UMTaeT-
cs1. M mepecTtaHOBKa aapecHBIX pa3psiioB U3MEHSIET TOJIbLKO HOMEDP
STYeIKU, B KOTOPYIO 3alMChIBaeTCsl MH(pOopMaIvs U U3 KOTOPOii 3aTeM
yuTaeTcs oTa Xe MHdopmaius. Takas B3auMO3aMEHSIEMOCThb aJipec-
HBIX BXOJOB OIEPATMBHON MaMsITHU ObIBaeT IMOJIE3HOU MpU MPOEKTH-
pOBaHUM Pa3BOAKM MevaTHbIX TaT. B ciaydae T13Y 3To mpaBuio He
paboraeTt, Tak Kak Tam uHpopmauus B 13V 3amucaHa pa3 u HaBce-
r1a, W YATaThb €e Halo MO TeM 3Ke aapecaM, IO KOTOPBIM ee paHee
3arnucaiu.

6.2.1. O3Y nj1g BpeMeHHOro xpaHeHusi uHgopManyu

I'maBHOE TIpUMEHEHWE MUKPOCXEM OTNEpaTUBHON MaMSITU, HEMOCpPe.-
CTBEHHO CJIEAyIOllee U3 €€ Ha3BaHUs, — 3TO BPEMEHHOE XPaHEHUE
undpoBoil MHGOPMAIUU, BCEBO3MOXHBIX MacCCMBOB KOJOB, TaOJIMII
JAHHBIX, OMUHOYHBIX yKcea u T. A. Lleab Takoro xpaHeHus: uHOOP-
MallMi COCTOUT B TOM, YTOOBI B JIIOOOV MOMEHT UMETh BO3MOXHOCTh
OBICTPO €e MPOoYMTaTh ISl JajIbHEHIeld 00padoTKU, 3aMucu B HEpP-
roHe3zaBucumyto namsth (B [13Y, Ha MarHUTHbIE HOCUTEIIN) WU IS
JIPYTOTO UCIOJIb30BaHUs. 3anucaHHasi B OMEpPaTUBHYIO MaMsITh U He-
MpoYuTaHHas 3areM WHMOpMalus He UMEET CMbICHA, TaK Kak Tpu
BBIKJTIOYEHU U TTUTaHUsI OHAa 6€3BO3BPATHO TPOIIAJIET.

To ecTb BpeMeHHOE XpaHEHWE Mpearnojiaraet, 4ro K MaMsTh
MMEETCsI BO3MOXHOCTh JOCTyINa OT KaKOro-TO YCTPOWCTBA WU OT
KaKOM-TO Npyroll 4acTW CXEMbI KaK<C omepalueil 3amucu, Tak U C
orepaieit yteHust (CUYMThiBaHUs). B 3aBUCUMOCTHU OT TOTO, B KaKOM
TOPSIIKE MOXKET 3aMUChIBATHCS WJIM YUTAThCSl MHMOpMalLIUs, CyIIecT-
BYIOT ABe paszHoBuaHoctn O3V:

* O3V c napaijieabHbIM WK IPOU3BOJBbHBIM JOCTYIIOM (3TO HaubO-
Jiee YHUBEpCajbHasl CXema);

- O3y )c rocJieoBaTeIbHBIM IOCTYIIOM (3TO OoJjiee crneLuduyeckas
cxema).
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IMapayinenbHbIl WM TPOM3BOJIBHBINA AOCTYN Hauboyiee MPOCT U
00BIYHO He TpeOyeT HUKAKMX JOTOJHUTEIbHBIX 2JIEMEHTOB, TaK Kak
VMEHHO Ha 3TOT PEXUM HEMOCPEACTBEHHO PACCUUTAHbI MUKPOCXEMBbI
namMsatu. B aToMm pexuMe MOXHO 3alMChIBaTh MH(POPMALIUIO B JII000
agpec O3Y u yutath MHpopMauuio u3 Jwodoro agpeca O3Y B mpous-
BOJILHOM Topsiake. OmaHaKo MapauiefibHbI JOCTyN TpeOyeT dhopMu-
POBaHUSI JTOBOJBHO CJIOXHBIX TOC/IEA0BATEIbHOCTE BCEX BXOIHBIX
cUTHaJIOB maMsITu. To ecTth WISl 3amucu MHOOpMALMU HEOOXOAUMO
chopMUpOBaTh KOJ aapeca 3allMChIBAeMOI SIMEHMKU U TOJBKO IIOTOM
Mo/aTh JaHHBIE, COMPOBOXIaeMble YITPABISIOIIMMU curHaiamu -CS u
-WR (cM. puc. 6.23). TouyHO Tak e HeOOXOOMMO MOAABaTh ITOJIHBIA
KOJl ajipeca YMTaeMoOi sSUeKU TpU Orepalury YTeHUs. DTOT pexXum
JIOCTyTIA Yallle BCEro MPUMEHSIETCS B KOMIbIOTEpaxX U KOHTpOJUIEpax,
TAe CaMbIMU TIJIaBHBIMU (PaKTopamMu SIBJISIIOTCSI YHUBEPCATBHOCTh U
TMOKOCTh UCIOIb30BaHUS MAMSITH TSI CAMBIX Pa3HbBIX LIeJIEi.

IMocnenoBaTenbHBIN IOCTYN K MaMsITH Tpenrnojaraer 0osiee mpo-
CTOI MopsIIOK OOIIEHUsT ¢ TTaMsThlo. B 3TOM ciyyae He Halo 3a/1aBaTh
KO/ afgpeca 3alyCcbiBA€MO WJIM YMTAEMOM STYEMKHU, TaK KakK aapec mna-
MsTU (hOpMUpYETCsT CxeMoil aBToMatuuecku. st 3amucu nHdopMma-
LIMM HAJ0 BCEro JIWIIb TMOAaTh KOJ 3alMChIBAEMbIX JaHHBIX U COMPO-
BOIUTH €ro cTpoOoM 3anucu. JIist ureHus: nHGpOpMalluyi Halo MOAaTh
CTpPOO YTEHMS Y TMOJYYUTh YUTAEMble JaHHbIE. ABTOMaTUYECKOE 3aa-
HME aapeca MpU 3TOM OCYIIECTBISIETCSI BHYTPEHHUMM CUETYMKAMU,
MEHSIIOIIUMU CBOE COCTOSTHUE IO KaXIOMy OOpallleHWI0 K MaMsITH.
Hamnpumep, aecsTh mocieaoBaTeIbHbIX [IUKIIOB 3aMUCH 3aIUIIYT WH-
dopmalrio B JeCATh MOCIEI0BATEIbHO PACTIONOXEHHBIX STYeeK Mmamsi-
™. HegocTaTok Takoro moaxoia OYeBUIEH: Mbl HE UMEEM BO3MOXKHO-
CTU 3aMuChIBaTh WIM YWTATh STYEHKU C TPOU3BOJBHBIMU aapecamMu B
JII000M mopsiaKe. 3aTo CYIIECTBEHHO YIPOIIACTCS U YCKOPSIETCS IPo-
Leaypa oOMeHa ¢ MaMsIThio (3aluch U YTeHue). Mbl OyaeM B JaHHOM
paznesie paccMaTpuBaTh UMEHHO 3TOT TUIT AMSITU, 3TOT TUI JOCTYyIIA.

MoOXHO BBIIETUTh TPU OCHOBHBIX TUIIA ONEPATUBHOU MaMSITH C

MMOoCJI€A0BaTCJIbHBIM JOCTYIIOM!

* MaMsITh TUIA «MepBblid Bomen — mepBbiit Boimen» (FIFO, First
In — First Out);

* MaMsTh Mara3uHHOro, CTEKOBOIO THMa, paboTaloliasl Mo MPUHIIUITY
«riocienHuii Bomien — mepBbiid Boimea» (LIFO, Last In — First
Out);

¢ NaMATb JJ1d XpaHEHUA MAaCCUBOB JaHHBIX.
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JBa mepBBIX TUIA MaMSITU MOAPA3yMeBalOT BO3MOXHOCTb 4Ye-
peloBaHUs omepanuii 3aUcu U YTeHUsl B nmamsTu. [lpu aTom ma-
MaTh FIFO BblmaeTr yuTaeMbie TaHHBICE B TOM X MOPSIAKE, B KO-
TOpOM OHU ObUTM 3amucaHbl, a mamsiaTh LIFO — BbigaeTr uyutae-
Mbl€ JaHHbIE B MOpPsAKE, OOpaTHOM TOMY, B KOTOPOM OHM OBbLIU
3anucanbl B namsTh. [lamare FIFO MoXHO cpaBHUTH CO CIBUIO-
BbIM PErMCTPOM, Ha BBIXOJE€ KOTOPOTrO JaHHbIE TMOSIBISIOTCS B
TOM K€ TIOpSIIKE, B KOTOPOM OHM OBLIM B HEro 3amucaHbl. A ma-
MiaTh LIFO 0OBIYHO cpaBHMBAIOT C Mara3uHoOM ISl TOJayu Ma-
TPOHOB B aBTOMAaTe WJU MUCTOJIETE, B KOTOPOM IEPBBIM BbIIAETCS
MaTpPOH, BCTABJIEHHBIM B Mara3uH nocjenHuM. [lamMsaTh ¢ mpuHIK-
noM LIFO wucnonb3yeTcss B 4aCTHOCTM B KoMIbioTepax (CTeK),
rJe OHa XpaHUT MHGOpPMALUIO O MapaMeTpax MporpaMM MU MOI-
MporpaMMm.

Hnst mamsitu FIFO TpeOyeTcst xpaHeHre OBYX KOMOB aapeca (ai-
pec sl 3anucy U aapec it uyTteHus ), pis namsatu LIFO noctatouHo
OIHOTO KOja anapeca.

XpaHeHWe MacCUBOB B MaMsATU TMpearojiaraeT, 4yTo cHadajia B
MaMsITh 3alUCHIBACTCS LIEJIMKOM OOJIBIIION MacCUB JaHHBIX, a TIOTOM
9TOT K€ MAacCHUB LIEJIMKOM YWTAETCS U3 MaMsTU. DTa MaMsTh TakKxke
MOXeT ObITh ycTpoeHa 1o nByMm npuHuumnam (FIFO u LIFO). B nep-
BoM ciydae (FIFO) 3anucaHHBIII MacCUB YUTAETCSI B TOM K€ MOPSII-
Ke, 4To M ObUI 3amucaH, Bo BropoMm ciaydae (LIFO) — B mpotuBomo-
JIOXXHOM TIOpsiiKe (HauuHasi ¢ KOHIa). B oboux aTux ciayyasx st
0o01IeHUsT C TIaMSIThIO TpeOyeTcsl XpaHUTh TOJILKO OJWH KOJ ampeca
TaMsITH.

PaccMoTprM HECKOJIBKO TMPHUMEPOB CXeM, peaiu3yIolIux Iepe-
YUCJICHHBIC TUITBI TIAMSITU C TIOCJIEAOBATEbHBIM TOCTYITOM.

Ha puc. 6.26 npencraBieHa (GpyHKLMOHAIbHAS CXeMa IMaMSTH TH-
nma FIFO Ha Mukpocxemax ¢ pa3nesibHbIMUA IIMHAMM BXOJHBIX U BbI-
XOIHBIX JaHHBIX. AJpeca MaMmsITU 3aJal0TCS IBYMS CUETYMKAMU —
CYETUYMKOM 3aIMCU U CYETUMKOM UTEHUS, BBIXOIHBIE KOJIBI KOTOPBIX
MYJIBTUTIJIEKCUPYIOTCSI ¢ TMOMOIIBIO 2-KaHAJIbHOTO MYJIBTUILIEKCOpA.
3anuch MaHHBIX OCYIIECTBISIETCS MO CTPoOy 3amucu -3ar., 4TeHue
JAHHBIX — MO CcTpoOy uteHus -UT. CBouM 3agHUM (DPOHTOM CUTHAJ
-3amn. mepexJIIoyaeT CYETUYMK 3aMUCH, a 3aaHuil (PpoHT curHaga -Yr.
MepeKIIoyaeT CUeTYMK UTeHMs. B pesyabraTe Kaxpas clieayronias
3aIUCh OCYILECTBIISIETCS B CACAYIOUIMI MO MOPSIOKY alpec MaMsITH.
TouHO Tak Xe Kaxmoe cieaylliee YTeHUe MPOU3BOAUTCS U3 Clie-
JYIOIIIero Mo MOPSIAKY aapeca MaMsTH.
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Puc. 6.26. ®yukumoHanbHas cxema namsatu tumna FIFO.

Ilepen HauajoM paboThl HEOOXOAMMO COPOCUTH CYETYUKU B
Hy1b curHajiom Copoc. Ipu oTcyTcTBUU oIepaluii 3alUCU U YTSHUS
MaMSITh HAXOAUTCSI B COCTOSIHMU 4YTeHUs (curHaj -WR paBeH equHU-
11€), a Ha agpecHbIe BXOJbI MaMsSITU MOAAETCS KO alpeca 3aIlucu CO
cuetynka 3anucu. [Ipu nmomade crpoba 3amucu -3arm. MPOU3BOAUTCS
3aMKUCh BXOAHBIX JAHHBIX 1O aJpecy M3 cUYeTuyMKa 3amvcu. BxogHbie
(3anuceiBaeMbie) JaHHBIE MOJKHBI BBICTABJISITbCS paHbIlIe Havaiaa
curHaja -3arm., a 3aKaH4MBaTbhcs Tocjie curHaia -3am. I[lpu mogaue
cTpoba uteHMs -UYT. MyJAbTUIUIEKCOpP TMEpeKIIIoYaeTcsl Ha mepenavy
ajpeca YTeHUs, MU Ha BBIXOJIE TaMSATU TOSIBIIseTCS] MHpopMalus,
CUMThIBaeMasi M3 ajpeca UYTeHUS, 3aJaBaeMOTO CUETYMKOM YUTECHUSI.
JefcTBUTEIbHBIMM BBIXOAHBIC (YUTacMble) AJaHHbIE OyIyT MO 3ai-
HeMy (MOJIOKUTEJIbHOMY) (PpOHTY curHaia -4r.

3anuch HAYMHAETCS C HYJEBOTO ajapeca MaMsITh U MPOU3BOIUTCS
IO TOCJIe0BAaTEIbHO HapacTalolMM aapecaM. TOYHO Tak ke YTeHUue
HauMHaAETCs C HYJEBOTO ajpeca MaMsITU U MPOU3BOAUTCS IO TOCe-
JIOBaTe/IbHO HapacTatolmuM aapecam. Onepauuu 3almyicu U 4YTEHUS
MOTYT 4epenoBaTbcsl. BpeMeHHble nuarpamMMmbl IIMKJIOB 3alucu U
YTEeHUS ITOKa3aHbl Ha puc. 6.27.

B xauecTBe CUETUMKOB MOXHO UCHOJIb30BaTh HY’KHOE KOJIUYECT-
Bo mukpocxeM ME7, B kauecTBe MyJbTUILIEKCOPA — MMKPOCXEMbI
KIIIT, B kauectBe nmamsatu — KI155PY7 unm nmo0bie apyrue HeTak-
TUPYEMble MUKPOCXEMBI ITaMSITU C pa3ldejbHbIMU IMMHAMU BXOIHBIX

M BBIXOOHBIX JaHHBIX.
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Puc. F6l Z) BpeMeHHBIe TUarpaMMbl IMKJIOB 3amucy (a) v yTeHus (0) Ui TaMsITh
TUIIA

YcnoBus mnpaBWwIbHOI pabOThI CXeMbl ciaenylolue. JauTelb-
HOCTb CUT'HaJIa —331’[. HE OOJIXKHa 6bITb MCHbLIIC MUHUMAJIBHO OOITyC-
TUMOM JJIUTECJIIbHOCTU CUTHAaJIa -WR IaMsTu. I[.HI/ITCJH)HOCTI) CUTrHaJia
-Ur. He moikHA OBITh MEHBIIE CYMMBbI 3aJ€PXKU TEePEeKTIOUCHUSs
MYJIBTUIIJIEKCOpPA M 3alepXXKW BBIOOPKU aapeca mamsitu. l[lepuon
clliefOBaHMsl CUTHaja -3all. He JOJDKEH OBbITh MEHBIe CYMMbI 3a-
JEPXKKU MEPEKITIOUYCHUSA CYETUMKA 3allMCU U JJIMTCJIbHOCTU CHUIHaJia
-3an. Ilepuon ciaegoBaHusl curHajga -UT. He MOJDKEH ObITh MEHBIIE
CYMMBI 3aI€PKKU TIEPECKIIOYCHNA CYHETUYMKA YTCHUA U JJIUTCIbHOCTU
curHaia -Yr.

®OyukiyoHaasHas cxema mamatu tuna LIFO (puc. 6.28) mpoiie
Mo cTpykType, yeM cxema mnamsatu FIFO, Tak Kak oHa comepXKuT
TOJIbKO OAVH CYETYUK U HE TpeOyeT MyJbTUIUIEKCUpOBaHMUsA. B maH-
HOM CJIy4ae CUMTaeM, 4YTO HMCIOJb3yeTCsl MaMsATb C IBYyHAIlpaBJeH-
HOW IIMHON BXOTHBIX/BBIXOMAHBIX JaHHBIX.
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Puc. 6.28. ®ynkunoHaabHas cxema ramsru tuma LIFO.
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CueTuuk agpeca HEOOXOAUM PEBEPCUBHBIN, C pa3fAebHBIMU TaK-
TOBBIMHM BXOJaMU MPSMOro um odpaTHoro cyera (Hampumep, MET7).
Ilocne mpoBegeHMs] LUKIA 3alMMCUM MO 3amgHeMy (DPOHTY CUTHaJIa
-3amn. CYeTYMK YBEJIMYMBAET CBOM BBIXOJHOU KOJ (aapec MmaMsTv) Ha
enquHully. Ilepen mpoBeneHreM LIMKIIA YTEHUS MO TepeaHeMy (pOH-
Ty curHaja -YT. CUeTYMK yMEHBILIaeT CBOIl BBIXOAHOM KOA Ha eau-
Huly. Takasi opraHu3aius nepedopa aipecoB MO3BOJSIET OPraHU30-
BaTh YTEHHE M3 MaMSITU B IOPSIAKE, OOpaTHOM MOPSAKY 3alucu B
MaMsITh.

Hanpumep, mycTb McxogHoe cocTosiHue cuetunka 2. Ilycth MBI
MPOW3BOAUM TPU 1IMKJIA 3alUCU: TIEPBBIM — B ajpec 2, BTOpPOW — B
agpec 3, Tpetuii — B aapec 4. Ilocie TpeTbero LMKIA 3alUCU CUYET-
yuk OydeT BbIAaBaThb Kon 5. 3aTeM IIpoBeleM TpU LMKJIAa YTCHUS:
NepBblii — U3 anpeca 4 (mepen YTEHUEM aJpec YMEHbIIWICS Ha
eIVHUILY), BTOpoil — M3 ajapeca 3, Tpetuil — u3 aapeca 2. Ilocne
TPEThETO LKA YTEHUSI CUETYMK OyneT BblAaBaTh Kom 2. Mbl BepHY-
JIUCh B UCXOJHOE COCTOSIHUE, MPOYUTAB 3alMCaHHYI0 WHGMOPMAIUIO
B 0OpaTHOM TIOpsIIKeE.

HMcxomHoe cocTossHME cyeTdyrKa B JJAHHOW CXeMe BOOOIEe-TO He
CJIMIIIKOM BaXXHO, TaK KaK He BaXKeH TEKYIIUH aapec MamsiTh, B KO-
TOPBIN MPOU3BOIUTCSI 3aMMUCh U U3 KOTOPOTO MOTOM TPOU3BOAUTCS
yreHue. OmgHako B ciydyae, KOTJa WCIOJIb3yeTCsl HadalbHBIN COpOC
CueTyMKa B HyJieBoe cocTossHue (mo curHaiay COpoc), MOXHO d0-
BOJILHO MPOCTO OPraHM30BaTh KOHTPOJb 3a MEPEMOJHEHUEM MaMSITH
LIFO u3-3a cIMIIKOM OOJIBIIOTO KOJUYECTBA 3alIMCAHHON B Hee MH-
dopmaruu. JIsI KOHTPOJISI TMEPEeroJHEHUSI MOXHO MCIIOJb30BaTh
BBIXOJIHOM CUTHAJI MIepeHoca cTapiiero cuetyuka (>15).

BpeMeHHble auarpaMMbl LIMKJIOB 3alUCU M UYTEHUSI IPUBEICHBI
Ha puc. 6.29.

Bx. naH:x Jaumete X -Yr. \ {

-3an._\_/— Burrx, }131-1.
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Anpec  Amp=5 ¥ Amp=6 Agpec Amp=6 § Aap.=5
a 6

Puc. 6.29. BpemeHHbIe muarpaMMbl IIUKIIOB 3amucH (a) v yTeHus (0) UIS TTaMsITh
tuna LIFO.
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B uuxiie 3anucu mo curHaay -3all. OTKPBbIBA€TCS BXOAHOI Oy-
dep AII5S u BxomHble (3amuchIBaeMbie) JaHHbBIE TOCTYIAIOT Ha
BXOJIbl/BbIXOJbI TaMsATU. OTHOBPEMEHHO IO 3TOMY Xe CHUTHAIy
-3amn. nmaMmsTh MEPEeXOAUT B PEeXUM 3anmucu. B pesyabraTe B TEKy-
UK agpec MaMsITU 3alUChIBAIOTCS BXOAHbBIE JaHHBIE, MOCJE YEro
agpec yBeJIMYMBAETCS Ha €AWHUIYy. BXomHble JaHHbBIE MOJKHBI Ha-
YUHAThCS O Hayaja CUrHaja -3afl. M 3aKaHYMBaThCs TIOCJE €ro
OKOHYaHWUSI.

B nukne yreHust mo curHainy -Urt. agpec yMeHbIIaeTCs Ha €u-
HUILy, TIOCJIE YEro OTKpbIBaeTcsl BhixogHOU Oydep AILS, Bbigatonimii
Ha BBIXOJ] CXeMbI UMTaeMyI0 U3 namsaTu uHdopmaiuio. [TpumeHeHue
BBIXOJHOTO Oydepa He 00s3aTelbHO, OAHAKO OH TMpPeJOTBpallaeT
MPOXOXIEHWE Ha IIUHY BBIXOAHBIX JaHHBIX WH(MOPMAIUU, 3aMUChI-
BaeMOli B MaMsTh B LIMKJE 3alUCU. BBIXOAHBIE JaHHbIE IEHCTBU-
TeJIbHBI TI0 3aHeMYy (PpOHTY curHaia -4r.

YcnoBus mpaBuibHOI pPaOOTHI CXeMbl ciaeayolue. JauTelb-
HOCTb CHUTHAaJa 3allMCU JOJKHA OBITh HE MEHbIIe MMHUMAaJIbHO J0-
MMyCTUMOMN IauTeabHOCTU curHajia -WR mamsaru. Ilepuon ciemosa-
HUSI CUTHAJIOB -3aIl. He IOJDKEH ObITh MEHbIIE CyMMbl BpEMEHU Cpa-
OaTbIBaHUSI CYETYMKOB M JJIUTEJIBHOCTM CUrHada -3arm. JiuTtenb-
HOCTb CUTHaja YTEHMSI OOJDKHA OBITh HE MEHee CYMMBI BpeMEHU
cpabaTbIBaHUSI CUETYMKA, BPEMEHM BBIOOPKM aapeca IaMsaTh U 3a-
JIepXKKU BbIxogHOro Oydepa maHHbIX. [lepuon cienoBaHUsI CUTHAIOB
-Ut. Takke He IOJIKEH OBITb MEHbIle 3TOi e cymMbl. Ilamath
JIOJIKHA OBbITh HeTakTUpyeMoii, HanpuMep KP541PY2.

HakoHel, TpeTuii TUII MaMSATH IJid BPEMEHHOI'O XpaHEHMsI JaH-
HbIX — IaMsTh JJISI XpaHEHMSI MacCUBOB JaHHBIX. PaccMoTpum Ba-
puaHT cxembl Takoit mamatu tuna FIFO (puc. 6.30).
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PHUC. 6.30. dyHKuMOHAbHAS cXeMa HaMSITH 1T XpaHEHUsT MACCUBOB TAHHBIX.
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Anpeca maMsITM B JaHHOM cJiy4yae 3aJaloTcsl OMHUM €IMHCTBEH-
HBIM CYETYMKOM, KOTOPBIA pabOTaeT B PEXMME TOJBKO IMPSIMOTO
cueta. Ilepem HayajgoM pabOThI HEOOXOAMMO COPOCUTH CYETUYMK
(curHan CoOpoc). 3areM MOpPOM3BOAMTCS 3allCh MacCHMBa JaHHBIX.
ITpu 3TOM TOCHE KaXXAO0ro IUKJIA 3aMUCU MO 3aAHEMYy (hPOHTY CHUT-
Hajila -3ar. BbIXOJAHOW KOJ CYETYMKA YBEIWYMBAECTCSI Ha EOUHULLY.
Ilocne oxkoHYaHUST 3alMCU BCEro MaccuBa CHOBA HaJAO0 COPOCUTH
cyeTyuK B HyJib (curHan COpoc), a 3aTeM MPOM3BOAUTH UTEHUE Mac-
cHMBa, HaYMHasl ¢ Hy/neBoro aapeca. [Ipu 3ToMm mocie Kaxaoro 1mukia
YTeHUs O 3agHeMy (DPOHTY curHaia -UT. BBIXOAHOW KOM cYeTYMKa
MO-TIpeXXHEMY YBEJIMYMBACTCSI Ha eduHully. B pesynbrate MaccuB
JIAaHHBIX YUTAETCS B TOM Ke& TOpSAKE, B KaKOM W ObLT 3alucaH.
KoHTponb 3a MIMHON 3aMMChIBAEMOT0 M YUTAEMOIO MacCUBOB BO3-
JlaraeTcsl Ha BHEIIHEE MO OTHOLIEHUIO K MPUBEJIECHHOU CXeMme YCT-
POWCTBO.

Hnsi - maHHOW CXeMbl MOJIKHA WCIOJb30BaThCsl HETaKTHUpyeMast
namsith (Harmpumep, KP541PY?2) ¢ nByHampaBieHHON IUHOW BXOI-
HBIX/BBIXOMHbBIX JaHHBbIX. CuMTaeM, 4TO JaHHBIC MOJAIOTCS Ha CXeMY
W YUATAIOTCS U3 CXEMbI TakKXKe IO JBYHAIPaBJIEHHOU IIMHE MaHHBIX.
Mexny maMmsTbio UM OTOW IIMHOW BKIIIOYAETCS JIBYHAIpaBIE€HHbIN
oydep (tuna AIl6), KOTOPBIF MOXET MOHATOOUTELCS, HATIPUMED, IS
obecrieyeHUs1 OOJIBIIOTO BBIXOAHOIO TOKA M Majoro BXOMZHOIO TOKa
CO CTOPOHBI BHEIIHEH ABYHAIPaBJI€HHOW IIWHBI JAHHBIX (3TO THU-
MUYHAs CUTYalUsl TIPA TTOCTPOEHUN MUKPOIPOLIECCOPHBIX U KOMITb-
I0TepHBIX cucTeM). Bydep 3TOT OTKphIBaeTCsl Ha mepeaavyy JaHHBIX B
MaMsITh MO cUrHaiy -3am. (curHaa -EZ cTaHOBUTCS paBHBIM HYJIIO,
curHast T TakKe HYJIEBOU) U OTKPBIBACTCS IJISI YTEHMSI JAHHBIX U3
naMsITi 1o curHainy -Yrt. (curHan -EZ cTaHOBUTCSI paBHBIM HYJIIO,
curHai T paBeH eAUHULIE).

YcnoBust mpaBWIbHOM pPabOTBHl CXeMbl cieayoolue. Jaurennb-
HOCTb CUTHAJIa 3alMCH -3al. JOJKHa ObITh HE MeHEee MMHUMAIbHOMN
IIUTeAbHOCTH curHaja -WR mamaTtu. BxomHble (3amuchiBacMbIe)
JAaHHbIEC MOJKHBI HAaUYMHATHCS IO Havyajla CUTHajia -3afl., a 3aKaH4Yu-
BaThCsl ITIOCJIE OKOHYaHMsSI CUTHaja -3am. JIuTelbHOCTh CHUTHaIa
yteHus -YUT. He J0JKHA OBITh MEHBIIE CYMMBI 3aiepKKu Oydepa u
BpEMEHU BBIOOPKU afpeca mamMmsTU. [{eCTBUTENbHBIMU YUTaeMble
JaHHbIE OydyT IO 3agHeMy (poHTY curHaia -Ut. 3a mepuoj ciemo-
BaHUs CUTHaIOB -3am. u -UT. cxema JoJKHA YCIeBaTh BBIMIOJIHUTH
orepaluio 3afMMcu U YTEHUsI COOTBETCTBEHHO, KPOME TOTO JOJIKEH
YCHETh MOJIHOCTHIO MEPEKITIOYNTHCSI CUETYMK alipeca MaMsITU.



272 TnaBab

6.2.2. O3Y kak uHopMauuoOHHbIi 0ydep

Bropoe BaxHeliliee nMpruMeHEHUE MUKPOCXEM OMEpaTUBHOU TMaMsITU
COCTOWUT B OpraHU3alluM Pa3HOOOpa3HbIX MH(MOPMAIMOHHBIX Oyde-
poOB, TO ecThb OydepHON MaMSITU IJisI MPOMEXYTOYHOIO XpaHCHMUS
JaHHbIX, II€p€aaBacMbIX MECXIY ABYMS yCTpOﬁCTBaMM Win Cucrte-
MaMu. CyTb UH(pOPMALIMOHHOTO Oy(depa COCTOUT B CACAYIOLIEM: IIe-
penarolee YCTpOMCTBO 3aIllMChIBaeT IepeJaBaeMble NTaHHBIE B Oy-
dep, a MpUHUMaIOIIEe YCTPOMCTBO YMTAET IPUHMMAaeMble JaHHbIE U3

oydepa (puc. 6.31).

Verpoiicrso 1 Bygepnas
PO Sy Yerpoiicrso 2

Puc. 6.31. BxitoueHue 6ydepHOIi TamMsITH.

Takoe NpPOMEXYTOUYHOE XpaHEHHWE TO3BOJISIET JYYIlle COIJIaco-
BaTb PabOTy YCTPONCTB, YYaCTBYIOIIUX B OOMeHE JaHHBIMHU, ITOBBI-
CUTb VX HE3aBUCHUMOCTb APYI OT Apyra, COIIacoBaTb CKOPOCTH IIe-
peanayu 1 rnmpueMa JaHHbBbIX.

IlycTth, Hampumep, B KadyecTBE IIEPBOr0 YCTPOMCTBA BBHICTYMAET
KOMIIBIOTEP, a B KauyecTBe BTOPOro — Kabejb JIOKaJbHOW CETH.
KommnbioTepy 3HauMTEIbHO yOOOHEE BblAABaTh JAHHBIE CO CKOPO-
CTBbIO, OIpelessieMOli ero COOCTBEHHBIM OBICTPOACICTBHEM, HO B
JIOKaJIbHYIO CE€Th HAJO TepeaaBaTh TaHHBIE CO CTPOTO OINpeaeIeHHON’
CKOpOCTBIO, 3371aBaeMOii CTaHIapTOM Ha ceTh (Hampumep, 100 Mourt/c).
Kpome Toro, KoMmnbloTep MO BO3MOXKXHOCTU HE NOJIXKEH OTBJIEKAThCS
Ha KOHTPOJb 3a TEKYIIMM COCTOSITHHUEM CETH, 3a €€ 3aHSITOCThIO U
ocBoboxneHueMm. IloaTomy OydepHas mamsaTh B JAaHHOM cjydae
HeoOxonuMa. Ml TOYHO Tak e OHa HyXHa TpU IMpUEMe JAaHHBIX U3
JIOKAJbHOM CETH B KOMIIbIOTED.

I'maBHOe oTimuue OydepHON MaMsATH OT MaMSITU JJisI BpeMEH-
HOTO XpaHeHUs WHGOpPMalUU, PACCMOTPEHHOW B MPEAbIIYIIEM
pasnesie, COCTOUT B TOM, 4TO K MH(poOpMalmoHHOMY Oydepy Bcerma
MMEIOT JOCTYIl HE OJHO BHEIIHEe YCTPOMCTBO, a ABa (MJIM Jaxe
6osee). M3-3a 3TOro MHOIIA CYLIECTBEHHO YCJIOXHSIETCS KaK cxeMa
3aJlaHUST agpeca MMKPOCXeMBbI MaMSITH, TaK U CXeMa pas3iejieHUs
IIOTOKOB OAaHHBIX (3aHl/lCLIBa€MBIX B IIaMsThb U YUTAEMbIX U3 IIa-

MSITH).
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" Bydepran
Vi 1 - DY®Pep %
cTpoiicTBo cTpolteTro 2

Puc. 6.32. IByHanpaBIeHHbII NHOOPMALIMOHHBII Oydep.

MudopmanmonHbie Oydepbl ObIBaIOT OJHOHAIMPABICHHBIMU
(BXOAHBIMM WV BBIXOAHBIMU) U JABYHAIPABJIEHHBIMU (TO €CTh BXOM-
HBIMU Y BBIXOJHBIMM OIHOBpeEMeHHO — puc. 6.32). Hampumep, Oy-
¢epHasi maMmsTh CETEBOTO ajarnTepa JABYHAIpaBeHHasl, TaK KaK OHa
Oydepupyer Kak MHGpOpPMAIIUIO, TIepeJaBacMyio B CETh U3 KOMIIbIO-
Tepa, Tak U MHGMOPMALIUIO, TIPUHUMAEMYIO U3 CETU B KOMIIBIOTED.
JByHamnpaBJieHHbIe Oydepbl Bcerga CiOXHee IMPOeKTUPOBaTh U3-3a
0OJIBIIIETO KOJIMYECTBA MOTOKOB JaHHBIX.

WudbopmatimonHsie Oydepbl MOTYT obecreyrBaTh TepUogUYe-
CKMI 00MeH MeXIy YCTPOMCTBaMU WU HENPEePbIBHBIM OOMEH MeX-
ny Humm. Ilpumepom Oydepa c HENPEphIBHBIM PEXUMOM OOMEHa
MOXKET CITY>KWUTh KOHTPOJUIEp BUACOMOHUTOpA, MHGOpMAIUS U3 KO-
TOPOTO TOCTOSIHHO BBIAAETCS Ha BUIEOMOHUTOP, HO MOXET U3Me-
HSTBCS 110 MHULIMATUBE KOMITbIOTEpA.

MudopmanimonHsie 0ydepbl ¢ MepruoguueckKuM pekuMoM oOMe-
Ha MOTYT ObITh OopraHu3oBaHbl 110 Tuny FIFO wiu no tumy LIFO.

B ciayyae FIFO maccuB maHHBIX YMTAETCSl U3 TMaMSITU OOHUM YCT-
POMCTBOM B TOM € TTOPSIIKE, B KAKOM OH ObUT 3allMCaH B MaMSITh JIpY-
TMM YCTPOMCTBOM. BBbIMycKaloTcsl naxe CrelnuaibHble MUKPOCXEMbI
ObicTponeiicTBytolleli OygepHoit mamsatu tuna FIFO, xotopble He
WMEIOT afpeCcHOl IIWHBI U TPEJACTABISIOT COOOM, IO CYyTH, MHOTopas-
PSITHBINA CIBUTOBBIM peructp. B ominuue OT OOBIMHONM MMKPOCXEMBbI
CABUTOBOTO PETUCTpA, TJ€ YWTaTh BABUTAEMYIO0 WMH(MOPMAIIUIO MOXKHO
TOJIBKO TOT/Ia, KOTIa OHA TTPOJBUHETCS 110 BCEM SlYeiiKaM pervucTpa, WH-
dopmanuio ¢ BeixogoB 0ydepa FIFO MoxXHO HauMHATh YUTATh C BBIXO-
JIOB Cpasy e Iocje TOro, Kak OHa Havajla 3alvChIBaThCs B €r0 BXOJIbI.
Ho mb1 OymeM paccMaTpuBaTh 3[€Ch TOJIBKO Oydepbl Ha OOBIYHBIX, Tpa-
JULIMOHHBIX MUKPOCXEMax MaMsITH Kak 0oJiee YHUBEPCAIbHbIE.

B ciryuae nHdopmanmonHoro oydepa LIFO maccuB maHHBIX YM-
TaeTcsl U3 MaMsITU B TOPSIAKE, TTPOTUBOTIONIOXHOM TOMY, B KOTOPOM
OH ObLI 3amucaH B NaMsaTh. Takoe pellleHre WHOIIA MO3BOJISIeT MPo-
1€ OPraHM30BaTh CXEMY Mepedopa aapecoB MaMsITH.

To ecTb pazHOOOpazue MHGOPMALMOHHBIX OydepoB orpoMHO. MbI
K€ pacCMOTPUM 3[IECh BCETO TPU MpUMepa cxeM OydepHOI maMsITH.
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IlepBast cxema — 3TO IpOCTEHMIINI OQHOHAIIPAaBJICHHBIN Oydep ¢
MEPUOANYECKUM pexkuMoM obomeHa no npuHuuny FIFO (puc. 6.33).
OnHO YCTpPOMCTBO 3aluchiBaeT MHGpopMaluio B Oydep, Ha Apyroe
YCTPOMCTBO BbInaercs: nHgopmanuio u3 oydepa. Ilamate Bcerma 3a-
MUCBIBACTCS TTOJTHOCTBIO, TIO BCEM ajipecaM, U YMUTAeTCsl Takxke ToJI-
HocThlo. CTpoO 3amucu -3aIl. IOCTyIaeT B pexkuMe 3aIlllCU ¢ 4acTo-
TOU, HEOOXOAMMOU ISl 3aMucu, CTpoO uTeHus -YT. moctymaer mpu
YTEHUU C YaCTOTOM, HeoOxoauMoii ajs1 yTeHus. IIIMHBI JaHHBIX A5
3allMCu M YT€HUA B IIaMATH B CJIyda€, ITOKa3aHHOM Ha pPUCYHKE, OT-
JeJbHbIC.
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Puc. 6.33. OgHoHarpasieHHbIi Oydep Turna FIFO.
' TIpm Takux ycjaoBHUSX HEOOXOAMM BCETO JIMILbL OIWH CYETUYMK IS
nepebdopa agpecoB MaMsTH, IIPUYEM CUCTYMK, PaOOTAIONIU TOJbKO B
pexXuMe MpSIMOTO cUYeTa M MMEIOLIMI BXOA HauyajJbHOIO cOpoca B HYJIb.

Ilepen HauaioM paOOTHI YCTPOMCTBO, MPOU3BOISILIEE 3alucCh B
MmaMsiTh, cOpachIiBaeT CUYETYMK B HyJb curHajioM -COpoc M ycTaHaB-
JIMBAeT PeXVM 3allMCU B IaMsITh, IlepedpackiBasi B HYJb YIIPaBJIsIO-
Wi Tpurrep (€AMHUIIA HA UHBEPCHOM BBIXOJIE). 3aTeM HauWHaeTCs
MpolLieCC 3alMCU: 3allKiChiBaeMble NaHHbBIE ITOCTYMalOT C OJHOHAa-
MpaBjiecHHOro BxomHoro oydepa (AIIS) u 3amuceiBaloTCcsl B MaMSITh
curHajioM -3aIl., KOTOpPBIi CBOMM 3aTHUM (DPOHTOM MEepeKIoUacT
anpeca namsaTu. [lomHas mpolieaypa 3amucu BKJIOYaeT B ceds
CTOJIbKO IUKJIOB 3aMUCH, CKOJIBKO MMEETCSl SI4YEeeK y UCITOJIb3yeMOM

nmaMsITH. - —® ® ! > ese ® @ F*_*%'"

[IpumeHeHUe MUKpocxeM namsiTu 275

IMocyie okoHYaHMST TIPOLIEYPhl 3aTUCU YCTPOMCTBO, TTPOU3BOAUB-
1Iee 3aruch, pa3pelraeT YTeHue U3 maMsTh, YCTaHABIMBAs B €IUHUILLY
TPUTTEP MOJIOXKUTENbHBIM (DpoHTOM curHana Ilyck (Hyab Ha WHBEpC-
HoM Bbixofe). Ilpu 3TOM paspeliaercsi MpoxoxiaeHue curHaia -4r.
Anlpeca maMsITH MEePeKII0YaloTcs o 3aaHeMy (poHTY curHaua -4r., u
10 3TOMY X€ (PpOHTY JaHHbIC, YATAEMbIE U3 TIaMSITH, (PUKCUPYIOTCS B
BBIXOJHOM PErucTpe, cpabdarbiBaroiieM 1o ppoHTy (Hanpumep UP27).
BbixonHO# peructp BBIMOJHSIET IBE (PYHKIIMU: OH HE MPOITyCKaeT Ha
BBIXOJI TaHHbIE, 3aMKChiBaeMble B MaMsTh (1o curHainy -WE 3amnperia-
eTcsl 3aluch B TPUITEP), a TakKKe oOecIieyrBacT OJHOBPEMEHHOCTH
M3MEHEHUsI BCeX pa3psiioB YMTaeMbIX JaHHBIX. BbixogHas uHbopma-
LIMSI M3-3a 3TOTO PErMCcTpa 3alepKUBAETCsl HAa OJWH MEPUOJ, CUTHasIa
-Ur., 4TO HeoOXOOMMMO y4uThIBaThb. Eciu B34Th PEerucTp co BXOAOM
cOpoca B HyJib, TO MOXHO clieJlaTh, YTOOBI MPU TIPOLIENype 3alCHU B
MaMsITh Ha BBIXOJIE CXEMbI ObLT HYJIEBOI KOJI.

Ilocie okoHYaHUST YTEHMSI BCEro oObeMa TMaMsITU BbipadaThiBa-
eTcsl CUTHaJI MepeHoca cyeTuuka -P, KOTopblii cHOBa NepeBOAUT BCIO
CXeMy B peXWM 3allucH, cOpachiBasi TPUITEpP B HyJb (€IWHUIIA Ha
WHBEPCHOM BbIXon€e). [locie aToro 3amuchiBalolliee BHEIIHEE YCT-
POVICTBO CHOBa MOXET HAUMHATh MPOLIEAYPY 3alMUCU B MaMSITh.

YcnoBus mpaBusIbHOM pabOThI cXeMbl cienytolnue. JdauTennb-
HOCTb CHUTHajia -3amf. He J0JKHa ObITh MEHee MUHUMAJIbHOW -
TenbHOCTU curHasa -WR mamsitu. [lepuon ciemoBaHWsI CUTHAJIOB
-3arm. He J0JIKEeH ObITh MEHbIIIE CyMMBbI JUIMTEIbHOCTU CUTHAIA -3arl.
1 3aJepXKU MEepeKItoueHus cuetyuka. I[lepron ciemoBaHusl cUTHaA-
JioB -UT. He HOJXeH ObITh MEHbBIIIE CyMMbl BPEMEHU BBIOOPKU ajpe-
ca MaMsTU W 3aepXKU TepeKItodeHust cuetuyrka. [lamsaTh mojkHa
ObITh HeTakTUpyeMol (Hampumep, KP541PY2).

bonee crnoxHylo CTpyKTypy MMeEeT ABYHAIlpaBJIeHHBIN Oydep ¢
nepuonnyeckum pexxumom odomena tumna LIFO. OH mo3BosisieT BbI-
JlaBaTh U MPUHUMATh MACCUBBI JAHHBIX MPOU3BOJIBHON JJIMHBI (2 HE
(GUKCHUPOBaHHOM IJIMHBI, KaK B TIPEIbIAYILIEM ciIydae) ¢ 3aJaHHOM
ckopocThlo. Takas 3ajaya BOZHMKAET B YAaCTHOCTU TMPU MPOEKTUPO-
BaHWUM afarTepoB JIOKAIbHBIX ceTeil. HecMoTpst Ha To, 4TO JaHHbIE
yuTalTcs U3 Oydepa B mopsiike, oOpaTHOM TOMY, B KOTOPOM OHU
ObLTM 3amucaHbl B Oydep, pu odOMeHe nHdopmanueit Mexiay AByMs
OydepamMu 3TO HUKAaK He CKa3bIBaeTCsl.

ITycth, Hanpumep, ycTpoicTBO 1 mepenaer uH(oOpMaLIUIO B yCT-
pOMCTBO 2, a B KayeCTBE IPOMEXKYTOYHOIO YCTPOMCTBa (YCTPOMCT-
BO 3) BBICTYIaeT Kabenb cetu (puc. 6.34).
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Yerpoiicrso 1 Bydep 1
(LIFO)

YcrpoiictBo 3

(kabenb ceTn)
YeTpoiicTso 2 bydep 2
(LIFO)

Puc. 6.34. O6MeH Mexmy AByMsl yCTpoiicTBaMu depe3 nBa Oydepa tuma LIFO.

VYcerpoiictBo 1 3anmckiBaeT B Oydpep 1 MaccuB B MPSIMOM TOPSIII-
ke, Oydep 1 BbIHAET 3TOT MacCUB B YCTPOMCTBO 3 (C€Th) B OOpaTHOM
nopsike, oydep 2 mpMHUMAEeT MAaCCHB M3 CETH B OOPATHOM ITOPSIIKE,
a YCTPOMCTBO 2 YMTAeT MPUHATYI0 MH(OpPMALUIO OMSATh Xe B Mps-
MoM Topsiake. To ecTh unTaeTcss MHGOpPMAIIUS B TOM Xe TOpSAKe, B
KaKoOM OHa M 3aIMchiBajach. To Xe caMoe MPOUCXOAUT U TIpU Iepe-
nmade MH(GOpPMAIUM M3 YCTPOHCTBA 2 B yCTPOHCTBO 1.
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Puc. 6.35. [IByHamnpasineHHbiit 0ydep tuma LIFO.

Cxema Oydepa LIFO (puc. 6.35) BkitodaeT B ceOs1 TOMUMO Ma-
MSTU W JIBYHaIIpaBIeHHOTO Oydepa peBEepCHUBHBINA CYETYMK (THUIA
WE7) u peBepcuBHbBII perucTp casura (tuna MP24), cryxammii mist
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MpeoOpa3oBaHusl TapajlleJIbHOIO KOIA B TMOCJeIOBATEIbHBINA TPy
repefaye B CETh M IOCIEIOBATEILHOIO KoJa B MapallIeIbHBIN TP
nprueMe u3 ceTu. PexxmMbl paOoThl Oydepa 3agatoTcst IByMST TPUTTE-
paMu, OOVUH M3 KOTOPHIX pa3pelaeT pexXuM repeaadd B ceTh, a ApY-
roif — peXuM IpueMa M3 CeTH.

Ilepen HauajgoM paboOTHI 00a TpUITepa COpPOIIEHBI B HYJb, CUET-
YUK TakKke cOpollleH B HyIb curHasioMm COpoc. CHavama B maMmsTh
3alMChIBaeTCs IMepedaBaeMblili B CETh MACCUB JaHHBIX. 3aIlMCh IPO-
W3BOAMTCSL CUTHAJIOM -3arl., 3agHMi (POHT KOTOPOTO YBEJIUYMBAET
BBIXOIHOM KOJ cUeTuMKa (aapec MaMsTh) Ha equHuiy. [locie okoH-
YaHMS 3alMCHA MaccuBa CUTHaJioM Pasp.mep. paspeliaercs Iepeaaya
MaccuBa B CeThb. B pexume mepegaum Mo CUTHaIy cTpoba mepenayu
(TxC) mepebuparoTCcs agpeca maMsITU B 0OpaTHOM MOPSIAKe (CYSTIMK
paboTaeT B pexkrMe 00paTHOro cuera). JlaHHbIe, YuTaeMble U3 IaMsi-
T, 3alUCHIBAIOTCS B CIOBMTOBBI DPETUCTP W BBIIAIOTCI B CETh
B mocyenoBareabHOM kome (TxD). Ilocime Toro kak cYeT4mKk m0-
CYUTACT IO HYJISI, BbhIpabaThiBaeTCs cUrHal nepeHoca <0, KOTOpPBIi
cOpachiBaeT B HyJb TPUITep Iepemauyd. To ecTb B CeTb BhIIaeTCs
BeCh MAaCCHUB, 3allMCAHHBIA B MaMsITb, HE3aBUCUMO OT €r0 JJIMHBI,
MpUYEM MAaCCUB BBIIACTCSI B 0OPaTHOM TTOPSIIKE.

B pexume mpuema mHGpOpPMALMM M3 CETH 3aITMCHIBACTCS €IM-
HUIIA B TPUITEP pa3pelieHMs nprema no curHaiay Pasp.mp. [Tpunu-
MaeMble U3 CETM JaHHBIE B TOciegoBaTelbHOM Kome RxD 3amuchi-
BalOTCS B CIABUTOBBIM PETrMCTP, a U3 HEro yxe B IapajieIbLHOM
Koje — B NaMsITb. 3amuCh MHPOU3BOIMUTCS IO CUTHANy CTpoba
npueMa RxC, 3aiHUM (DPOHTOM KOTOPOTO TMEPeKITI0YaeTCs CUCTUMK,
paboralolnii B pexume HMHBepcHoro cyeta. [locie oOKOHYaHUS
npuema no curHainy «Koner mpuema» cOpachIBaeTcsl TPUTITEP pas-
pemieHust mpueMa. [lociae 3TOro NMpoU3BOAUTCS YTeHUE MHMOpMa-
LMY U3 TaMITU Mo curHamy -Yrt. 3agHUM (PpPOHTOM 3TOrO CUTrHaja
MepeKIoyaeTcsl CYeTYMK, paboTaloluii B pEXUME MPSIMOIO CYETa.
To ecTh MaccUB YUTAETCA B MOpSAKE, OOPATHOM TOMY, B KOTOPOM
OH MpPUIIET U3 CETHU.

YcioBusl IpaBUIBLHOM pabOThl JAHHON CXEMBl aHAJIOTMYHBI TEM,
yTo OBLIM CGOPMYIMPOBAHBI IJISI TPEABIAYIINX PACCMOTPEHHBIX
cxeM OydepoB. CurHaIBI CTPOOOB 3aIMCHA U YTEHUS ITOJKHBI MMETh
TaKylo IJIUTEIbHOCTh, YTOOBI OCYIIECTBISATh COOTBETCTBEHHO 3aIliCh
B MMaMSTh M YTeHHUe U3 maMsaTu. [lepuona ciaenoBaHUSI 3TUX CUTHAJIOB
JIOJKeH OBbITh TaKWM, YTOOBI YCIIEBaJld ITPOM3BOAMUTHCS OIEepalvu
3alMCH U YTCHUSI, a TAKXKE YCIeBajl MePeKII0UaThCs CUSTUUK.
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Haxonen, nocnemHsist cxema, KOTOPYIO Mbl paCCMOTPUM, 3TO Oy-
dep ¢ HempepbIBHBIM pexXUMOM paboThl. TO €CThb C OOHUM M3 YCT-
poCTB Takol Oydep obILIAETCSI HEMPEPBIBHO, a C APYTUM — TOJIBKO
B MOMEHT OOpaIlleHUsI CO CTOPOHBI 3TOrO YCTpOiicTBa. B maHHOM
cilydae yXe HeoOXOOMMO MMETh IBa CUETYMKA ajpeca MaMsITH, BbI-
XOIHBIE KOABI KOTOPHIX HAI0 MYIbTUILIEKCUPOBATh C ITOMOIIBIO
MYJIBTUIIIEKCOPA.

IMpumeM [UTst TIPOCTOTHI, YTO Oy(dep OMHOHATIPABIEHHLINA U Iepe-
MAIOMINIA, TO €CTh OJHO YCTPOMCTBO TOJBKO 3aITMCHIBAET B ITAMSIThH
nHpopmanunio (B HYXHbIE MOMEHTHI), a Ha JPYyroe YCTPOMCTBO IO-
CTOSIHHO BBIZAETCS YMTaeMasl M3 BCEX IOAPSI aapecoB MaMATH WH-
dopmanust (puc. 6.36).
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Puc. 6.36. Iepenaroiuii 6ydep ¢ HEMPEPHIBHBIM PEKUMOM PaBOTHI.

C4eTyuK YTEHUSI HEMPEPHLIBHO IMEpeOUpPAET aapeca MaMAaTH C Jac-
TOTOM TaKOBOro reHeparopa. Yuraemasg M3 ImaMsaTd MHOOpMALUs 3a-
MUCHIBAETCSI B BBIXOOHOM PErMCTp M BBIAAETCS Ha BbIxoA. B MoMeHT
3aIlMCU 110 CUTHAITY -3all. MYyJIbTUIUIEKCOD MOMAET Ha aapeCHbIE BXOIbI
MaMsATH BBIXOAHOM Koj cyeTyuka 3anucu. Ha mamare momaercs cur-
Hal -WR, BJIOXeHHBI B cUTHaN -3am. (OH HauyMHAaeTCs Iocje Havyaia
curHaja -3all. ¥ 3aKaHYMBAETCS paHbllle CUTHaJIA -3a1l.). DTO JOCTUTa-
eTcd TIpUMEHEHVEM LIETTIOUKU 13 ABYX MHBEPTOPOB U 3eMeHTa 2U-HE.
Takag mocienoBaTeIbHOCTh CUTHAJIOB IO3BOJISIET 3allMCaTh B MaMSITh
BXOJHbIE TaHHBIE MO aIPecy 3allUCU CO CYETYMKA 3allMCh U He U3Me-
HSITb COAEPKMMOE JYEEK MaMSITU C IPYTUMU aJpecaMi.
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Ilepen HayaaoM 3ammcy B IaMsITh CYETYMK 3aITMCHA COpachIiBaeTCs
B Hyi1b mo curHainy Copoc. Ilocne kaxmoil orepanuy 3alvcy 110
3agHeMy (PpOHTY CHMTHaja -3all. KOJ Ha BBIXOAE CUeTYMKa 3aIucu
YBEJIMYMBAETCS Ha €AWHUIYY. 10 €CTh IS 3amucu MH(OpMaluu BO
BCE SYCHKM MaMSITH HEOOXOAMMO COPOCHUTH CYETYMK U IPOU3BECTHU
CTOJIbKO IIMKJIOB 3aITMCH, CKOJIBKO STY€EK UMEETCS B TTAMSITH.

YcioBusi mpaBWIBHOM pabOThl cXeMbl cieayiomue. CUYeTInKU
JIOJDKHBI - OBITh. CUHXPOHHBIMU 711 OBICTpOro IiepekioueHus. Ila-
MSTh JHOJDKHA OBITh HETAaKTHpyeMmass M C pa3feJbHBIMM BXOAAMU U
BBIXOJaMM JAaHHBIX. EMKOCTH KOHAeHcaTopa MOJKHA OBITh TaKOM,
4YTOOBI (pOopMUpPYEeMBbIii UMIYIbC -WR MMeNl TOCTaTOYHYIO UIMTEIb-
HOCTh ISl 3anMcy MHGOPMAIUM B IMaMsITh. 3a BpeMs ACHCTBUS CUT-
Hanma -3a1. JOJDKEeH YCIEeTb cpaboTaTh MYJBTUILUIEKCOP M JOJDKHA 3a-
nucatbesa MH(popMays B maMsITh. BBIXOZHOI perucTp mOoKeH cpa-
OaTeiBaTh 110 (pOHTY. JIIUTENBPHOCTH IEpHOoJa TaKTOBOTO CHUTHAJIA
JIOJDKHA OBITh HE MEHbIIE CYMMBI 3a7epXKKM BBIOOPKM ajpeca Imamsi-
TH W 3aepXKHN TEePEeKIIOUeHUs CYeTYMKa YTEeHHUs. 3a BpeMs IeMCT-
BUSI CUTHana -3all. IOJKHA yCIeTh 3aIlmcaTbes MH(opMauus B Iia-
MSITh, U JOJDKEH MEPEKIIOUNTHCS CUETUYMK 3aITMCH.

HenocraTok nmpuBeneHHO# opraHu3anum 0ydepa COCTOUT B TOM,
YTO TP IIPOBEICHUM IIMKJIA 3alIMCH B IAMSTh Ha BBIXOIE CXEMBbI Oy-
IeT He Ta uH(pOpMalLMs, KOTopas MOJDKHA YWTAThbCS M3 IaMSITH B
IaHHBIII MOMEHT. [IpeomoieTh 3TOT HEAOCTATOK MOXHO ABYMS IIy-
TSIMU.

[lepBBlii MyTh COCTOUT B OCYIISCTBJACHMU 3aIllCM B IIaMSTh
TOJIBKO B T€ MOMEHTHI, KOIJIa BbIXOmHas MHpopMamus Oydepa He
BaxkHa. Hampumep, ecinu peub uaer o Oydepe KOHTpoJUiepa BUIEO-
MOHHUTOpPA, TO 3aluCh B MaMATh MOXKHO IIPOM3BOIUTH TOJBKO BO
BpeMsl KaIpoOBOIO TacsIllero MMIyJIbca, KOTaa Ha 9KpaHe HUYEro He
oTobpaxkaeTcs.

Bropoii mmyte Gosee ciaoxeH. OH COCTOMT B TOM, UTOOBI pasie-
JINTHh BO BPEMEHHM 3aIliCh B IMaMATh M YTeHHE U3 naMmsatu. Hampumep,
B IIEpBOIi MOJIOBMHE TaKTa (TO €CTh IIepHOJia TAKTOBOTO I'eHepaTopa)
MIPOU3BOAUTCS 3aIMCh B MaMsITh (€CJIU €CTh BHEIIHWI CUTHAJ 3aIlu-
CcH), a BO BTOPO IOJIOBMHE TaKTa BCETAa IPOM3BOAMUTCS UYTCHUE WMH-
dopMalMy M3 MaMSITU U 3aIlMCh €€ B BBIXOAHOU peructp. CooTBeT-
CTBEHHO MYJBTUILUIEKCOP B TEPBOM IIOJIOBMHE IIepuoaa IoJaeT Ha
agpecHbIe BXONBI IMAMSTH aApec 3aluCH, a BO BTOPOK ITOJIOBUMHE —
angpec ureHus. BpeMeHHYIO NpPUBSI3KY MOMEHTA 3aIllMCU K OJIvKaii-
IIeil TepBOM IIOJIOBMHE TaKTa MOXHO OCYIIECTBUTH C ITOMOIIBIO
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MUKpOTIpOrpaMMHOTO aBToMara. [Ipu TakoMm penieHuu 3amnuch B Ma-
MSITh MOXHO MPOU3BOAUTH B JTI000I MOMEHT 0€3 MCKaXeHUs YuTae-
MOi1 MH(pOpMaLMM, OJHAKO CYILIECTBEHHO (MUHUMYM BIBOE) BO3pac-
TalOT TPEOOBaHUS K OBICTPOACUCTBUIO BCEX MUKPOCXEM.

6.2.3. Yiayumenue napamerpos O3y

IIpu npuMeHeHUM omepaTUBHON IMaMSTH YacTO BCTAaeT 3adaya yiayd-
IICHUST ee XapaKTepUCTUK. O COBMECTHOM BKJIIOYEHUM HECKOJBbKUX
MUKPOCXEM C LIeJIbI0 YBEJIUUCHUST Pa3psIAHOCTU IIUHBI agpeca U ILIM-
HBI JaHHBIX YK€ TOBOPUJIOCH. 3/IE€Ch XK€ Mbl OCTAHOBMMCSI Ha 3aJade
MOBBILLICHUSI OBICTPOASHCTBUS TAMSITU, TO €CTb YBEJIMYCHUS IIpe-
JIeJIbHOM TaKTOBOI Y4aCTOTHI, C KOTOPOIl MOXHO 3amuchiBaTh UHMOP-
MallMIO B MaMSTh U YUTATh UH(MOPMALIMIO U3 AMSITHU.

HagepHoe, camMoe pacnpocTpaHeHHOE U CaMOe MPOCTOE pPEeIleHUE,
TO3BOJISIIONIEE MOBLICUTH OBICTPOACCTBUE IMAMSITH, COCTOUT B IIpUME-
HEHUM CIOBUIOBBIX perucTpoB. CIOBUIOBBIC PETMCTPHI BCErJa HMMEIOT
CYILIECTBEHHO OoJiblliee OBICTPOACIHCTBUE, YeM IlaMsiTh, TaK KaK OHU
MMEIOT ropaszao OoJiee TPOCTYIO CTPYKTypy. HacToTa ciemoBaHMSI Tak-
TOBBIX MMITYJIbCOB 3TUX PETMCTPOB MOXET JOCTUTaTh AECSITKOB U COTEH
Merarepil, Torjaa Kak namMsarh ¢ TAKUMM TlapaMeTpaMy HaliTU TPYIHO.

VYBenuueHue ObICTPOACHCTBUS MaMSITU HOCTUTAETCS C MOMOIIBIO
CIBUTOBBIX PETUCTPOB OYEHB IIPOCTO: YMEHBIIIEHUE B HECKOIBKO pa3
Pa3psIAHOCTY LIMHBI JaHHBIX MAMSITU ITO3BOJISIET BO CTOJBKO Xe pa3
YBEJIMYUTD YACTOTY 3allMCH MH(OPMALMU B MAMSITh WM YTEHUS] MH-
dopMaLy U3 TTaMSITH.

Hanpumep, eciu HeoOxoauMo B 8 pa3 YBEJIMYUTH YACTOTY yTe-
HUSI MHGOPMALIMKU U3 MaMSITH, TO Hag0 COCIUHUTh HY>KHOE KOJIU4Ye-
CTBO MHUKPOCXEM IMaMSITU IJISI YBEJIWUCHUS Pa3pPSIAHOCTU IIMHBI JaH-
HBIX B 8 pas3, a 3aTeM IPUMEHUTb Ha BBIXOHJAX JAaHHBIX CXEMY
(puc. 6.37) Ha OCHOBE 8-pa3psiIHOTO PErrucTpa CABUTA. 8-pas3psyIHBIA
KO, YUTaeMbIii M3 TaMSITU, 3alMChIBACTCS B CIBUIOBBIN PErucTp,
a 3aTeM CABUTaeTcs CeMb pa3 C 4YacTOTOH, B 8 pa3 OoJjblieil, yeM
yacTtoTa omnpoca ImamsTu. M 3amuchk U CABUT MPOU3BOISITCS OTHUM
TaKTOBBIM CHMTHAJIOM C TeHepaTopa. BoceMb TaKTOBBIX MMITYJIbLCOB
OTCUMTHIBAIOTCSI CUHXPOHHBIM cUYETYMKOM. [Jisi ympaBiieHUs pabo-
Toll peructpa casura npumeHeH aneMeHT 3UJIM-HE, Boiparomimii
MOJIOXKUTEIbHBI UMIYJILC B TedyeHue IepBoil 18 mepuoma ompoca
MaMSITU. DTOT XK€ CUTHAJI UCIOJb3YETCsSl KaK CTpOO UTCHUS U3 Iamsi-
TU (CBOUM 3aHUM (DPOHTOM OH TIEPEKITIOUYAET aapeca MaMsITH).
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Puc. 6.37. YBenu4eHue 4acTOThl YTEHUST THHOPMALIMHU.

Ilpu HEOOXOAMMOCTH YBEJIMUYEHUS YacTOThl 3allUCU B IaMSITh
OJIHOTO CABUTOBOTO pErucTpa HeaocTaTo4yHo. Jlejqo B TOM, YTO WH-
dopmariusi B MaMsATh 3aMUChIBACTCSI HE MO (PPOHTY CUTHaANA, a IO
YPOBHIO, TO €CTh 3amuchiBacMasi MHMPOpMaIUs JOJKHA COXPAHSITHCS
Ha BXONE TaMsITU oIrpeaeieHHoe Bpemsi. [loaToMy Koa ¢ BbIXona
CIBUTOBOTO pPErvcTpa HEoOXOMMMO TIepel 3aluchio B MaMsITh Mepe-
MUcaTh B TMapaJlyieJIbHbI PEerucTp, rae OH OyIeT 3aTeM XpaHUTHCS B
T€UEHUE BCEro Mepuojia 3anvcu B MaMsTh.

Cxema, mokaszaHHass Ha puc. 6.38, yCKoOpsieT 4acToTy 3amucHu B
mamsTh B 4 pasa.
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Puc. 6.38. YBenuueHue yacToTsl 3arnucu nHGOpMaluu.

B naHHOM cilyyae B KauecTBE PETMCTpa CABUIA yIOOHO HCIMOJIb-
30BaTh OOBIYHBIN MapaUleJIbHBII PErucTp, cpadaTbiBAlOIIUN 10
(GPOHTY, Y KOTOPOTO BBIXOAbI TPEX Pa3psAOB COEAUMHEHBI CO BXOAa-



282 TI'naBa 6

MU cienyloiux pas3psaoB. Ilpu 3ToM U3 omHOro 8-paspsiiHOro pe-
rUcTpa Mbl ITOJy4YaeM ABa 4-pa3psiIHbIX perucTpa ciapura. BxomHas
2-pa3psgaHas mHoOpMalMs 3aIllMChIBACTCSI B 3TU IBa 4-pa3psmHBIX
perucrTpa cIBura, 3aTeM IIepelMChIBAETCS B IlapajUleJIbHbI pe-
TUCTP M TOJIBKO IIOTOM 3allMChIBaeTCd B maMsTh. I oTcyeTa 4e-
TBIPEX MMIIYJILCOB TAKTOBOI'O reHepaTopa IpUMEHEH 2-pa3psaHblid
cueTyuK Ha AByX JK-Tpurrepax, BK/IIOYEHHBIX B CYETHOM DPeEXUME,
YTO IT03BOJISIET HECKOJIBKO MOBBICUTL OLICTPOAECHCTBUE IO CpaBHE-
HUIO CO CTaHJAPTHBIMM MHUKpOcXeMaMK cuyeTdukKoB. CHUIHajl C BbI-
X0Jla BTOPOIrO TpMUITEpa 3amuchiBaeT MH(OpMaLMIO B Mapajuieib-
HBIIl PETUCTP, a TaKXKe MCIIOJb3YETCS B KadyecTBe CTpoOa 3allucu B
naMsTh 3arl.

Bonbiioit HemOCTaTOK ONEPAaTHMBHOI IMaMATU COCTOMT B TOM,
yTo MH(OpPMAaLIUs, 3allMcaHHas B Hee, Mcue3aeT MPU BBIKIIOYECHUN
UCTOYHUKA NMUTaHUsI. [103TOMY 4acTo MCIOMb3YeTCsT TOMOTHUTEIb-
HBIII UICTOYHUK TMTAHUS (rajibBaHUYeCKas GaTapest WU aKKyMYyJIsi-
TOp), KOTOPHIA TUTAeT TNPU BBLIKIIOYEHUM MCTOYHUKA ITUTAHMSI
TOJBKO MHUKPOCXEMbl TMaMsATH. B maHHOM cilydyae oOueHb YIOOHBI
mukpocxeMbl O3V, BemoaHeHHBIe MO0 KMOII texnomormm, TOK
MOTPe6ICHUST KOTOPBIX B CTATMYECKOM pexkuMe (IIpU HeU3MEHHBIX
BXOIHBIX M BBIXOOHBIX CHUTHajaxX) O4YeHb Masl (TOpsIIKA CIWMHUIL
MHUKpoaMmIiep). B pesyibrare mosydaercs Tak Ha3bIlBaeMasl SHEPro-
He3aBUCUMasl OIepaTUBHAS IMaMsTh, COIEPXKMUMOE KOTOPOM MOXET
JIETKO TIepe3aIlunchiBaThCsl, HO HE MPOMNAaAacT MNP BBIKIIOUCHUU TTH-
TaHus, Kak B [13Y.

Cxema sHeproHezaBucuMoit mamsitu (puc. 6.39) n1oBOJIBHO MpO-
cTa, XOTSI ¥ UMEET Psil HEOUeBUIHBIX OCOOCHHOCTEI.
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Puc. 6.39. DHeproHeszaBucuMasl orepaTuBHasi NaMsITh.
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Jleno B TOM, 4TO yIpaBisiomie CUTHAIBI mamsati -WR n -CS
WMEIOT aKTMBHBIM HU3KUM YPOBEHb, a MPU BHIKIIOYCHUM MUTAHUS
BCE BXOJHBIE CUTHAJIBI TAaMSITHU, ©CTECTBEHHO, CTaHYT HYJIEBHIMMU.
DTO NpuUBEIET K UCKAXEHUIO 3allMCAHHON B IMaMsITh UH(MOPMAIUMN.
IMosToMy HEOOXOAUMO 00ECITEeYNUTh, YTOOBI MPH BHIKJIIOYECHUM TTATA-
HUs curHaibl Ha Bxomax -WR u -CS ObUIM MMAacCCHBHBIMHM, TO €CTb
WMEIN yYpOBEHb JOTMYECKONW eTWHUILBL. [ 3TOro OOGBIYHO HC-
MOJIB3YIOTCS JIOTUYECKKE 3JIeMeHThI ¢ Bhixogamu OK, Harpy3ouHbie
PE3UCTOPbl KOTOPHIX IMPUCOCIAUHSIOTCS He K MporanamlieMy Ha-
npsokeHnio nmutanus mamsatu U, . a K COXpaHSoIIeMycsl Harmpsi-
>keHuto nutaHust namsata U - J{nsg nonyyenust HanpsikeHust U
HUCIIOJIB3yeTCs MPOCTasl cxema Ha ABYX Avojax (JIydlle OpaTh AMOIbI
IoTTKM ¢ MEHBIIUM TaJicHUEM HaMpSKeHMS), KOTopas nmepeaacT Ha
Beixon U _  HampsokeHue uctouHuka rmuraHuss U (eciw muTaHue
BKJTIOYCHO) WJIM HAIIpSKEHME OT TaJlbBaHWMYecKoi Oatapenm 3—4,5 B
(ecmu mMTaHWE BBHIKJIOUYEHO).

J1s1 GoJbliieit rapaHTUM OT MpoIagaHus UH(GOPMALUK BO BpeMs
TEPEXOOHBIX MPOIIeCCOB (IIpU TOCTeneHHOM Hapactanuu U u mpu
IMOCTEIIEHHOM €ro YMEHBIIEHNH) HEOOXOIMMO YIIPABJISATh IMPOXOXK-
neHveMm curHasioB WR 1 CS Ha mamsaTh ¢ ITOMOIIBIO YIIPABJISIONIETO
curHasa Copoc. DTOT CUTHAJI paBeH HY/MO NMpu HanpsbkeHust U, Me-
Hee 4,7—4,8 B m paBeH emuHMIIE TIpW HOPMAJBbHOM HAIIPSKEHUN
U, = 5 B (BpeMeHHas auarpamMma NpuBeIeHA Ha PUCYHKE). UB pe-
3yJIbTaTe TAKOTO PEILICHUSI MaMsITh OTKJIIOYAeTCS OT OCTalIbHOM cXe-
MBI TIPM HEOOCTATOYHOM HamNpsDkeHMM TuTaHus (curHambel -WR u
-CS paBHBI e€OWHUIIE) U TIOOKIIOYAETCA K OCTAlIbHON cxeme Ipu
HOpPMAaJIbHOM HaIpsKeHUM TUTaHUS.

B 3akitoueHre JaHHOM TJIaBbl HaO OTMETUTh, YTO B HEll CO3Ha-
TEJbHO HE PaCCMOTPEHA OJHA M3 BaXXHEMIIIMX 00JIacTeil TPUMEHEHUSI
MMKPOCXeM TIaMSITU (KaK MOCTOSIHHOM, TaK M ONEepaTUBHOI) — MUK-
POIPOLIECCOPHBIE CUCTEMBI U KOMITbIOTEPHBIE CUCTEMEI. Jlelo B TOM,
YTO TOBOPUTH O TIPUMEHEHUU TMaMATH B 3TOH 00JACTH HEBO3MOXHO
0e3 U3JI0KEHUSI OCHOB MMKPOIIPOLIECCOPHOM M KOMITBIOTEPHOM CXe-
MOTEXHMKH, a 3TO OTHe/IbHAsI OOJbIAsl TeMa, TpeOyrollas CIeiu-
ajgpHON KHUTU. K TOMy Xe M3yuyeHHe METONOB BKIIIOUCHMS TaMSTH,
KOTOpbIE PAaCCMOTPEHBI B JAHHOM TyiaBe, MO3BOJISICT B JajbHEHUIIIEM
JIOBOJIbHO JIETKO TOHSITh MPUHLMITBI TIPUMEHEHUS TaMSITU B JTIOOBIX
BO3MOXHBIX OOJIACTSIX.
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INPUMEHEHUE
NKPOCXEM HAII 1 AIL

Kak yxxe oTrMeuanoch B MepBOii IJ1aBe, U(PPO-aHATIOTOBEIE ITpeodpa-
3oBarenu (LAII, DAC — Digital-to-Analog Converter) u aHanaoro-
uudpossie mpeodopaszoBatenu (AL, ADC —Analog-to-Digital
Converter) m1aBHbIM 00pa3oM MPUMEHSIIOTCS [JISI COMPSDKEHUS -
POBBIX YCTPOMCTB U CUCTEM C BHEIIHWMHU aHAJOTOBBIMU CUTHAJaMMU,
¢ peanbHBIM MUpoM. IIpu 3Tom ALIIT mpeoOpa3yeT aHAIOTrOBBIE CUT-
HaJIbl BO BXOAHBIE HU(POBbIE CUTHAIBI, MOCTyMamwIMe Ha 1uppo-
BbI€ YCTPOMCTBA IS JajbHelei oopadoTku uin xpaHeHust, a LIATT
npeoOpa3yeT BBIXOAHbIE HU(POBbIE CUTHAIBI IIU(MPOBBIX YCTPOUCTB
B aHAJIOTOBBIC CUTHANBI (cM. puc. 1.23).

LAIT u ALIIT mpuMeHSIOTCSI B U3MEPUTENBLHON TeXHUKEe (IIUdpo-
Bble ocluIIorpacdbl, BOJILTMETPhI, T€HEPATOPbl CUTHAJIOB M T. 1I.), B
OBITOBOI arnmapaType (TeJeBU30pbl, My3bIKaJbHbIC IIEHTPHI, aBTOMO-
OuJIbHAsl 2JEKTPOHUKA U T. 1.), B KOMIBIOTEPHOI TeXHUKE (BBOI U
BBIBOJI 3ByKa B KOMIIbIOTEPAX, BUIEOMOHUTOPHI, TIPUHTEPHI U T. 1.), B
MEIUILIMHCKON TEXHUKE, B PalUOJOKAIIMOHHBIX YCTPOWCTBAX, B TeJe-
¢oHuM 1 BO MHOTUX Ipyrux objiactsx. [Ipu atom npumeHenue LIATT
1 ALII mocTossHHO pacHivMpsieTcsl o Mepe Iepexoja OT aHaJOTOBBIX
YCTPOUCTB K IM(MPOBBIM YCTPOMCTBAM.

B xauectBe HHAIT 1 ALIIT 0oObIYHO MPUMEHSIIOTCS CIIelMaIn3u-
pPOBaHHbIE MUKPOCXEMBbI, BBIIYCKaeMble MHOTMMU OTE€UYECTBEHHBIMU
1 3apyO0ekHbIMU (hUpMaMu.

Cpa3sy ke Hajo OTMETUTb, YTO IS IpaMOTHOTO U Ipocdeccuo-
HajbHOTO uctojib3oBaHus MukpocxeM LHHATIT n ALII coBepieHHO He
JOCTAaTOYHO 3HAHMSI HU(PPOBOM CXEMOTEXHUKU. DTU MUKPOCXEMBI
OTHOCSTCS K aHaJIoTro-UM(MPOBLEIM, II03TOMY OHH TpeOyIOT Takxke
3HAHUSI AHAJIOTOBOM CXEMOTEXHUKM, CYLIECTBEHHO OTIMYalolieiics
ot uudposoit. Ilpaktuueckoe nmpumeHeHue LAIT u ALIT tpebyet
pacueTa aHaJOrOBBIX IIEMel, yueTa MHOTOYMCAEHHBIX MOTPEIIHO-
creit TmpeoOpa3oBaHUs (KaK CTAaTMISCKMX, TaK U JTMHAMUYECKMX),
3HAHUS XapaKTepPUCTUK U OCOOEHHOCTEN aHaJIOrOBbIX MUKPOCXEeM (B
TePBYIO OYepe/lb OMNEepPallMOHHbBIX YCUIUTENIel) U MHOTOIO JIPyroro,
YTO JajieKO BBIXOMUT 3a paMKU 3Toil KHUTU. CyIlIecTByeT OOLIMpHasI
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JuTepaTypa, CHelMaJbHO MOCBSIIEHHAd MMEHHO BOMpOcaM IpUMeHe-
Hust AIT u ALII. IlosToMy B maHHOM TJ1aBe MBI He OyaeM TOBOPHUTH O
CHCLII/I(I)I/IKC BbI60pa U NIpUHOUIIAX BKIIOYCHUA KOHKPETHBIX MHUKPO-
cxeM LAIT u AIII, MBI OyoeM paccMaTpuBaTh TOJbKO OCHOBHBIE OCO-
o6enHoctu MetonoB coemuHeHus LIAIT u AIIT ¢ uudpoBEIMU y3MaMu.
Hac Oymer B mepBylo ouepedb MHTEPECOBATh OpraHU3alus IU(PPOBHIX
y3J10B, MpeaHa3HaueHHBIX 1 coenuHenust ¢ LIAIT u ALIII.

[7.1. Tpumenenue HATI

B o6mem cinygyae mukpocxeMy LAIT MOXHO TpeACTaBUTH B BUIE
omoka (puc. 7.1), UMeIOIIEro HECKOJIBKO LIM(PPOBBIX BXOJ0B U ONWH
aHaJIOTOBBII BXOJI, @ TaKXK€ aHAJOTOBBINM BBHIXOI.

DO DAC
Ladposoii kon N | D1 Roc—

BrixOZHOS HATIPAXKEHHE
([fg) {BRIXOAHOMH TOK)
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Puc. 7.1. Mukpocxema LIAII.

Ha umdpossie Bxombl LIAIT momaercss n-paspsoHbiii Kom N, Ha
AHAJIOTOBBIM BXOI — omnopHoe HampsbkeHue U (apyroe pacrpocTpa-
HeHHOe 00o3HayeHWe — UREF)- BbIXOJHbIM CUTHaJIOM SIBJISIETCSI Ha-
npsekenne U, (opyroe ob6osHaueHne — Uo) wiam TOK 1BBIX (Opyroe
obosHmueHne — b). Ilpu 3TOM BBIXOIHOIM TOK WJIM BBIXOJHOE Ha-
MPSDKEHUE TTPOMOPILIMOHAIBHBI BXOMHOMY KOMY W OIOPHOMY Harpsi-
KeHU10. 1T HEKOTOPBIX MUKPOCXEM OIOPHOE HaIpsDKeHUE TOJLKHO
MMEThb CTPOTO 3alaHHbI YPOBEHb, JUISI APYTYX AOMYCKAETCS MEHSITb
€ro 3HaueHMuE B IIMPOKMUX Ipeaesiax, B TOM YUCJIe U U3MEHSTh €ro Io-
JIIPHOCTH (TTOJIOXKUTEBHYIO Ha OTpHULIaTesibHYI0 1 HaoOoport). LIAIT ¢
OOJIBIIIMM AMATIa30HOM M3MEHEHUsI OTIOPHOIO HaNpsDKeHWsT Ha3bIBaeT-
cs ymHoxaromuM LATI, Tak Kak ero MOXHO JIETKO MCIIOIb30BaTh IS
YMHOXEHMST BXOJHOTO KOJa Ha JIlo0oe OMopHOe HalpsKEHUE.

Kpome mHpopManimoHHBIX curHajioB MuUKpocxeMbl LIAIT tpeOy-
10T TakKe TMOAKIIOYEHUST OJHOTO WIM JBYX MCTOUYHUKOB IMUTAHUS U
obmero mposoga. O6bryHO HMGpoBeie Bxoasl LIAIT obecneunBaroT
COBMECTMMOCTb CO CTaHAApPTHBIMU BbixogamMu MukpocxeM TTJI.
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B cayuae, xorma LIAIT mMeeT TOKOBBIN BBIXOH, €r0 BBIXOZHOI
TOK OOBIYHO IpeoOpa3yeTcsl B BBHIXOAHOE HAIPsSKEHUE C MOMOIIbIO
BHEIITHETO OMEepalMOHHOro ycuiauTesss u BctpoeHHoro B LIAIT pesu-
ctopa Roc, oiuH M3 BBIBOJOB KOTOPOI'O BBHIBEAECH Ha BHEUIHWI BbI-
BoA MMKpocxeMbl (puc. 7.2). IToaToMy, ecii HE OroBOpPeHO HMHOE,
MBI OyIeM B HaJbHEWIIEM CUYMTATh, YTO BhIXomHoM curHan LIAIT —
HarnpsikeHue Uo

D) | DAC
KozN | D! Roc
n : I, Uperx
[D(n-1)
UO]'[- UREF

Puc. 7.2. TIpeobpa3oBanue BeixonHoro Toka LIAIT B BEIXOAHOE HampsKeHMeE. ;.

CyTp npeobpa3oBaHUSI BXOAHOTIO LIM(PPOBOro Koia B BBIXOTHOM
aHaJIOTOBBIN CUTHAJI IOBOJBHO Tpocta. OHAa COCTOUT B CyMMMpPOBa-
HUU HECKOJIbKUX TOKOB (IO YMCITy pa3psiioB BXOAHOIO Koja), Kax-
IbI TIOCNIEAYIOIINI U3 KOTOPBIX BIBOE OOJbIIe Mpeabiayiiero. s
MOJIyYeHUST TUX TOKOB HCIOJB3YIOTCS WM TPaH3UCTOPHBIE MCTOU-
HUKU TOKAa WM PE3UCTUBHBIC MATPUILIBI, KOMMYTUpPYEMble TpaH3M-
CTOPHBIMU KJTIOUAMH.

B xauecTBe mpuMepa Ha puc. 7.3 mokaszaHa cxeMa peajau3aiuu
4-paspsimHoro (m = 4) mudpo-aHAJIOroBOro mnpeodopazoBaHUS Ha
OCHOBe pe3ucTuBHOU MaTpuubl R-2R u xiioueit (B peajibHOCTHU
WCITOJNIb3YIOTCS KJIIOYM Ha OCHOBe TpaH3ucTopoB). IIpaBoMy Imo-
JIOXKEHUIO KJII0Ya COOTBETCTBYET €IMHUIIA B JaHHOM pa3psle BXOI-
Horo koga N (pazpsasl D0...D3). OnepaliioHHBINA YCUIMTEIbh MOXKET
OBITh Kak BCTpoeHHBIM (B ciydae IIAIl ¢ BbIXOAOM IO Harmpsixke-
HUI0), TaK 1 BHeITHUM (B ciydae LIATIT ¢ BEIXOIOM I10 TOKY).

IlepBriM (caMBIM JIEBBIM Ha CXEMe) KIIOYOM KOMMYTHUPYETCS
TOK BeJMYMHOW UREF/2R, BTOpBIM KJIOYOM — TOK U, F/4R,
TpeTbUM KiiouoM — Tok U,../8R, 4eTBepTHIM KIIOYOM — TOK
U,./16R. To ecTb TOKM, KOMMYTHUpPYEMbIE COCEIHUMU KIIOYaMHU,
pa3auyamTCcsa BABOE, KaK M Beca pa3psiioB IBOMYHOTO Koaa. Tokwu,
KOMMYTHUpYEeMbIe BCEMM KIIIOYaMU, CYMMMPYIOTCS M TIpeoOpas3yroT-
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Csl B BBIXOJHOE HAMpPSDKEHUE C TMOMOIIBIO ONMEPallMOHHOTO YCUJIU-
Tenst ¢ conpotuBieHneM Roc = R B menm orpunarenbHOil oOpat-
HOM CBSI3U.

IIpu mpaBoM IMOJIOKEHMM KaXIOTO Kitoya (emMHUIIA B COOTBET-
cTBylollleM paspsine BxomHoro koga IIAIT) Tok, KOMMYyTUpYyeMBbIii
9TUM KJIIOYOM, MOCTYIaeT Ha cymMMupoBaHue. [Ipu jieBoM mojoxe-
HUM KJoya (HyJIb B COOTBETCTBYIOIIEM paspsiie BXOAHOIO Kona
LAIT) ToK, KOMMYTUPYEMBI 3TUM KJIIOUOM, HE IOCTyMaeT Ha CyM-
MUpOBaHMUE.

1 1 1
Ue U | yUee gl
| I | S— | I
R R R

2R 2R 2R 2R | [2R

Roc =R

D3 D2 D1 Bo

Puc. 7.3. 4-pa3psiniHoe 1udpo-aHaaIoropoe mpeodpa3oBaHue.

CyMmMapHbIii TOK 10 OT Bcex KiItoueil co3maeT Ha BBIXOAE olepa-
uroHHoro ycunuress HanpsbkeHre Uo = IoRoc = IoR- To ecTb Bkian
MEPBOTO KJItova (CTapIiero pa3psina Koua) B BBIXOMHOE HaIpsLKeHUE
cocrasisieT U, F/2, Broporo — UREF/4, Tpetbero — U,../8, uer-
BepToro — U, F/16. Takum obpa3om, ipu BxonHoMm kone N = 0000
BBIXOJHOE HaIpsIKeHUE CXeMBbI OyleT HYJIEBbIM, a TIPY BXOTHOM KO-
ne N = 1111 oHo Oynet paBHO -15U . F/16.

B oGmiem cinydae BeixomHoe Hampstkenue LHAIT mpu Roc = R Oy-
JIET CBSA3aHO CO BXOMHBIM KOJIOM N U OTIOPHBIM HaIpsDKEHHEM
rpocToit (popmynoii:

Usggix = N » Ugge 27,
rIe M — KOJIMYECTBO Pa3psloB BXOAHOTO Koja. 3HAK MMHYC MOJYy-

yaeTcsl M3-3a MHBEPCUM CHUTHaja ONepallMOHHBIM YCHJIMTENIEM. DTy
CBSI3b WJUTIOCTPUPYET TakKe Tadm. 7.1.
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Ta6muua 7.1. Tabnuna npeodpazoBanus LIAIT B omHOTIONSIPHOM peXuMe

Bxoaxois kon N Brixoauoe Hanpaxesue Upgix
000...000 0
000...001 -2 Ugsr
100..000 27 Urer
111..111 ={1-2™" Uprr

Hekotopsie mukpocxembl LAIT npemycMaTpuBaloT BO3MOX-
HOCTb paboThl B OUIOJISIPHOM PEXUME, MPU KOTOPOM BBIXOJHOE Ha-
NpsiKeHUEe U3MEHSIETCSl He OT HyJst 1o UREF, a ot -UREF JIO +U,,F-
ITpu 3ToM BhixogHo# curHan LIATT UBBIX yMHOXaeTcss Ha 2 U CABU-
raercst Ha BesnunHy U, .. CBa3b Mexay BXOAHBIM KOAOM N U BbI-
XOJHBIM HampsKeHueM UBBIX OyIeT cliedyIoLeii:

U, ix=U,, (I-N«2'-").

DTy cuTyaluio wWullocTpupyeT Taba. 7.2. Takoe OMIIONsIpHOE
npeobpa3oBaHue TIPU BO3MOXHOCTY CMEHBI 3HAKa OIMOPHOIO HaIlpsi-
KEHMA HA3bIBACTCA TAKXKE YCTBIPEXKBaAPaHTHBIM YMHOXCHUEM (TO
€CTb U OIIOPHOEC HAIIPAXKEHUE, U BbIXOAHOEC HAIIPSKEHUE MOI'YT 6I)ITb
B JaHHOM CJiyya€ KakK IMOJIOKUTCJIbHBIMHU, TaK 1 OTpI/lLLaTC.HbeIMI/I).

Ta6muua 7.2. Tabnuia npeodbpazosanus LIATT B 6umosnsipHoM pekume

Bxonuoif xoq N Brixoanoe Hanpasetue Uppix
0040...000 Urer
OH...1t 27" Ursr
100...000 0
111111 - (1-2"" Uper

Mukpocxembl LIAII, mMmeroimecss Ha pbIHKE, pa3M4aloTCs KO-
JIMYECTBOM pa3psiioB (OT 8 mo 24), BeIUUYUHON 3aJepKKU Mpeodpa-
30BaHUs (OT €AUHUI] HAHOCEKYH/I 10 €AWHUI] MUKPOCEKYH]I), TOIMyC-
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TUMOU BEJIMUYMHOW OMOPHOTO HAIpPSLKEHUs] (OOBIMHO — EeIMHMIIBI
BOJIbT), BEJIMYMHAMU TMOTPEITHOCTEN Mpeobpa3oBaHusi U APYTUMU
napaMeTpamMu. Pa3ianyaloTcsi OHM TaKXkKe TEXHOJIOTUEH M3TOTOBICHUS
U OCOOEHHOCTSIMU BHYTPEHHEU CTPYKTYPhI, UTO HEPEAKO HAKJIAbl-
BaeT OrpaHMYEHUs Ha WX ucHoiab3oBaHue. I[loaTomMy BbBIOMpATH
MukpocxeMmy ATl mjisi KOHKPETHOTO MPUMEHEHUS HEOOXOOUMO C
WCITOJIb30BaHWEM IOJPOOHOI CIPaBOYHOU WH(MOpPMAILIUK, TIPeno-
cTaBjsieMoll (hUpMaMU-U3TOTOBUTEISIMU. MBI Xe OyaeM TOBOPUTH
TOJIBKO 00 oOIux npuHuumax BkioueHus LIAIT B uudpossie cxe-
MbI 0€3 yueTa X YaCTHBIX OCOOEHHOCTEM.

MHuorna 6piBaeT HEOOXOAMMO YMEHBIIUTh KOJWYECTBO Pa3psiioB
LAII. [Ins 3TOro Haao MojgaTh CUTHAIBI JJOTMYECKOTO HYJISI Ha HYX-
Hoe uucio Miaaumx paspsaoB LHAIT (Ho HMKaK He cTapuiux paspsi-
noB). Ha puc. 7.4 nokazaHo, kak u3 10-paspsoHoro LIAIT moxHO
cnenath 8-paspsinubiii LIATI, mogaB Hyau Ha ABa MJAAIIUX pa3psia.
VYBenuueHue konmuecTBa paspsnoB LIAIT mpencrasiaseT coboil ro-
pa3go OoJiee CIOXHYIO 3agady, TPEOYIOIIYIO TMOCTPOCHMST CJIOXKHBIX
aHAJIOTOBBIX CXEM, MO3TOMY OHO BCTpeUaeTcs JOBOJBHO PEIKO, 3HA-
YUTEJIBbHO IPOIIE MOM00paTh MUKPOCXEMY C HYXXHBIM WU C OOJb-
IIKM, YeM HYXKHO, KOJIMYECTBOM Pa3psiIOB.

Bxonnoii xo 0 Ipac
omorsea] LY
3 Brxommoe HanpakeRHe
P 4 Uy
: ;
[
7 7
3 8
9
OnopHOe HaNpkeHne L

Puc. 7.4. Ymenblenue paspsimHocTu LIATT.

OcHoBHoe npumeHeHre mukpocxeM LIAIT coctouT B nmosydyeHUU
aHaJOTOBOTO CUTHajla U3 TIOCJHEN0BAaTEIbHOCTU IU(POBBIX KOAOB
(puc. 7.5). Kak mpaBuio, Koabl mojawoTcsa Ha Bxombl LIAIT yepes
napajule/ibHbIiA PEerucTp, 4TO IMO3BOJSIET OOECIEeYUTh OJHOBPEMEH-
HOCTb M3MEHEHUSI Bcex pas3psigoB BxogHoro koma LIAIL. Ilpu Heon-
HOBPEMEHHOM W3MEHEHUM pa3psiloB BXOJHOTO KOJa Ha BBIXOHE
HAIT nmosiBasitoTcsl 0OJibIIME KOPOTKME WMITYJILChl HATPSKEHUS,
YPOBHU KOTOPBIX HE COOTBETCTBYIOT HU OJHOMY M3 KOJOB.

10 - 4589
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OnopHoe HaNPAKEHHE Unx

Puc. 7.5. [IpeoOpa3oBaHue ITOCAEI0BATEILHOCTH KOJOB B BBIXOQHOE HAMIPSIKEHUE.

OpHako Jaxe MpU OJHOBPEMEHHOM WU3MEHEHUU BCeX Pa3psiioB
BxogHoro kona LIAIT ypoBeHb HampsiKeHUs, COOTBETCTBYIOIIUI MO-
JAaHHOMY KOJly, YCTaHaBJIMBAETCS HE Cpa3y, a 3a BpPeMsl yCTaHOBJIE-
Hus LHAIT t ., 4TO CBSI3aHO C HEUECAIBHOCTBIO BHYTPEHHUX JIEMEH-
toB LIAII. BbixomHoit Tok LIAII, KaKk NpaBWIO, YCTAaHABIMBAETCS
3HAUYUTEIbHO OBICTPEE BBIXOAHOTO HAMPSDKEHUS, TaK KaK OH HE 3a-
BUCUT OT WHEPUMOHHOCTU OIEepalMoHHOro ycunurtens. [IoHSTHO,
4YTO ycioBue mpaBuiibHOM pabotel LIAIT cocTouT B TOM, 4TOOBI ITU-
TEJIbHOCTh COXPAaHEHUSI BXOJHOTO KoJa ObLIa OOJIbIE, YEM BpPEMSI
ycraHoseHust LIAIL t ., WHAa4Ye BBIXOIHOW CUTHAT HE yCIeeT IpH-
HSITb 3HAUEHWE, COOTBETCTBYIOIEE BXOAHOMY KOJY.

Ecnu nomasathk koanl Ha Bxon LIAII peako, To mpuBeaeHHas Ha
puc. 7.5 cxema MOXET UCMOJIb30BaThCs, HATIPUMED, B yIIPaBIsSIEMOM
WCTOYHUKE MUTAHUsSI, BBIXOMHOE HaMpsDKEHUE KOTOPOTO 3alaeTcs
BXOJAHBIM KoaoM. [lpaBma, mpu 3TOM HeoOXOAMMO ellle 00ecreyrThb
OOJIBIIION BBIXOJHOU TOK MCTOYHWKA MUTAHUSI, TPUMEHUB BHELIHUNI
YCUJIUTENb TOKA.

Ecau xe nmopaBath koAbl Ha BxoAd LIAIT ¢ BbICOKOI 4acTOTOl, TO
MOXHO TIOJIyYUTh TeHepaTop (OH XE CHUHTE3aTOp) aHAJOTOBBIX CUT-
HaJIOB TIPOU3BOJILHON (popMbI. B 3TOM cilydae KOabl, TOCTyMHarolme
Ha IIAII, Ha3bIBalOT KOJaMu BBIOOPOK (TO €CTh MTHOBEHHBIX 3HaYe-
HUI1) TeHEPUPYEMOTO aHAJIOTOBOIO CUTHAJIA.

B mpocreiiiiem ciydae B KadecTBE MCTOYHWKA BXOMHBIX KOJOB
LATT MOXHO MCITOJIb30BaTh OOBIYHBIN IBOMYHBIN cYeTIHK (puc. 7.6).
BeixogHoe Hanpskenue LIATT Oyaer Bo3pacTtaTe Mpy 3TOM Ha BEJIM-
yuHy 2~UREF ¢ KaXIbIM TaKTOBBIM MMITYJbCOM, (OPMUPYS TTUI000-
pa3HbIe BBIXOAHBIE CUTHAJIBI aMITIUTYA0U UREF- JIMTUTEbHOCTh KaX-
JIOW CTYyMEeHbKW paBHA MEPUOLY TAKTOBOTO reHepatopa T, a mepuon
BCETo BHIXOJHOrO curHaja paseH 2'T. KonuyecTBo cTyneHeK B Me-
pHoJie BBEIXOAHOTO curHaa pasHo 2". Eciiu B TaHHOM cxeMe UCIOJb-
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30BaThb CUHXPOHHbIE CYETUMKU C CUHXPOHHBIM MEPEHOCOM, TO BXOM-
Hoit peructp LHHAIT He HyxXeH, Tak KakK BCe pas3psidbl cueTYyMKa Iepe-
KJIIOYalOTCsl OMHOBpeMeHHO. EciM Xe MCIoab3YyI0TCsl aCUHXPOHHbIE
CUETYMKU WU CUHXPOHHBIE CYETYMKM C aCUMHXPOHHBIM MEPEHOCOM,
10 BxogHolt peructp LIAIT HeoOxomuM.

CT2 DAC

i

Teneparop C

1o

- U

Lty

Puc. 7.6. Teneparop mui006pa3HOro aHaJIOrOBOIO CUTHAJIA

Ecnu xe Hamo ¢opMupoBaTh aHAJOrOBbIE CUTHAJIbI IPOU3BOJIb-
HOI1 (opMHbI (CMHYCOUAAIbHBIC, KOJIOKOJO0Opa3HbIE, IIIYMOBbIE, TPE-
YILOJIbHBIC, UMIYJIbCHBIC U T. 1.), TO B Ka4yeCTBE MCTOYHMKA KOMIOB,
noctynaomux Ha HHAII, Heo6XonMMO MCIOJb30BaTh MaMsITh, pado-
TaIUIYyI0 B pexXuMe ureHus (puc. 7.7).

ROM RG DAC
(RAM)
DO et n_ . iy e

b .U“-'__ User
-Hr;

Puc. 7.7. T'enepaliys CUrHaJIOB ITPOM3BOJIbHOM (POPMEL.

Eciau mamsatb nmoctosiHHasi, TO HA00p (OPM I'eHEPUPYEMBIX CUT-
HaJIOB 3a/maetcs pa3 W Hascerma. Ecnu Xe mamsiTh onepaTuBHAs, TO
CTPOUTCS OMHOHAMPABJIEHHbBIN WH(POPMALIMOHHBIN Oydep ¢ mepuo-
JUYECKUM PEXUMOM pabOThI, YTO TMO3BOJUT 3aMUCHIBATh B TMaMSITh
KOMBI JJIsSI TE€HEpallMd CaMbIX Pa3HbIX CUTHAJIOB. B obomx ciyyasx
BxonHoi peructp LHAII HeoOxonuM, nH(pOpMaLKsl B HETO 3aIllMChiBa-
€TCs1 CTPOOOM UTEHUS U3 TaMSITH.

Kak u B mpeawimyiueM ciydae, BbixogHoit curHan LIAIT Oymer
COCTOSTh U3 CTYIIEHEK, BbIcOoTa KOTOphIX KpaTHa 2".UREF Amrmiuty-

10*
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Jla BBIXOJHOTO CUTHaJIa He MpeBbiliaeT UREF- ECJIM ajapeca MaMsITH
NepeduparoTcss CYETYMKOM, TO TIEPUOJ BBIXOJHOTO aHaJIOTOBOIO
curHana paseH 2mT, rne T — mepuoj TaKTOBOTO CUTHAJIa UYTEHUS U3
naMsatu -YT., a m — KOJIMYECTBO aIpPECHBIX PA3psIIOB MaMSITH.

Upux, xon N
A=l t-—=-~ - Kogp 111...111
Ui, N
1
' :Kon 000...000
i T o t, HOMEp K0Aa i
i T Tk t, HoMep Koja i

Puc. 7.8. BeruncneHue KomoB BBIOOPOK MTEPUOINYECKOTO CUTHAA. '

Ecnu Hano BBIYMCIUTDL KOOI BHIOOPOK ISl TEHEPALIMU KaKOTO-TO
MepUOINYECKOr0 CUTHaIa, TO HEOOXOAWMO €ro TepUoJ pa3laeauTb
Ha 2" yacTeil M BBIMMCIUTB COOTBETCTByIOIIME 2" 3HAUEHUIT 3TOro
curHana L. 3aTtem Hago mepecyuTaTh 3HAYEHUs CUTHAJIA B KOMABI MO
dopmyie: N; = 2'Uj/A, rme A — aMIUIMTyJa CUTHaja, U B3dTh OJIU-
Xalllee 1ejgoe 3HayeHue koaa. HysneBoe 3HaueHue curHaiga JaacT
rpu 3toM HyJseBoit kox 000...000, MakcuManbHOE 3HAaUCHUE CUTHAaJa
(paBHOe amrumMTyae A) macT MakcuMajabHbIM kom 111...111. B pe-
'3ynbrate momauu 3Tux KogoB Ha LIAIT ¢ nepuomom T Oyner reHepu-
pOBaThCsl AHAJIOTOBBIN CUTHANT TpeOyemoil (OopMbl C aMILTUTYIOM,
paBHOI1 UREF, U C niepuonom Tebix = 2"'T. TIpumep Takoro Belumciie-
HUSI IPOWLITIOCTPUPOBAH puc. 7.8.

ITogpobHee 3amaya IPOSKTUPOBAHUSI TeHepaTOpa aHaJOrOBBIX
CUTHAJIOB IIPOU3BOJIbHOM (POpMBI OyIeT pacCMOTpeHa B CleAyiolleit
TJIaBe.

IIpeoOpazoBaHue LIMGPOBLIX KOJOB B aHAJIOTOBBIA CUTHAT —
9TO HE €AUHCTBeHHOe NpuMeHeHue MukpocxeM IIATI. Onu moryt
TaKXKe MCIOJb30BaThCs IJISI YIpaBIsIeMON OOpPAaOOTKM aHaJOTOBBIX
CUTHAJIOB, HAMpUMep JJIs1 YCUJIEHUs 1 ociabjeHUsI aHAJIOTOBBIX CUT-
HAJIOB B 3aJaHHOE€ 4uciIo pa3. s 3Toro Jyyiie BCEro MOIXOASIT
ymHoxawiue [[AIl, koTopble [OOMyCKalOT W3MEHEHWE YPOBHS
OIMOPHOTO HAMpsKeHUs! B IIUPOKUX TIpefiesiax, B TOM YUCJIe U C U3-
MeHeHueM ero 3Haka. Takux muxkpocxeM LIAIT Beimyckaercst ceituac
JIOCTaTOYHO MHOIO C pa3HbIM OBICTPONEUCTBUEM U C pPa3HbIM KOJU-
YeCTBOM pa3psiIoB BXOAHOTO KOJa.
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Camas mpocreiilliasi cxema — 3To UMPPOBOM aTTeHI0AaTOp (OCia-
OuTeb) aHaJIOroBOro curHaia (puc. 7.9), 4acto MpUMEHsIEMbII JUIs
PETYJIMPOBKUA aMIUIUTYAbl BBIXOAHOTO CUTHAJIA FeHeparopa Ha OCHO-
Be LIATI.

RG DAC
Koa N

D Uy

5‘\
£

Crpob

N\ =T

Puc. 7.9. AtreHroarop aHaioroBoro curHaia Ha LIAII.

Cxema TpakTMUYEeCKM HUYEM He OTJIMYaeTCsl OT CXeMbl Ha
puc. 7.5. Ho ecTpb nBa BaXXHBIX OTJMYHUS: BMECTO ITOCTOSIHHOIO
OITOPHOTO HANPSIKEHUS TIOJAETCsl TIEPEMEHHbBIM aHAJIOTOBBII CUTHAJ,
a [AIT noskeH ObITH 00s513aTeIbHO YMHOXAIOIIWM. BbIXoqHOU cur-
HaJI CBSI3aH CO BXOMHBIM IPOCTOM (hOpMYIIOIt:

Uppx = -Upx * N +27,

TO €CTh BBIXOJHOW CUTHAJ TMPOIOPLMOHAIEH BXOAHOMY (C MHBEPCU-
eil), a KO3 PULIMEHT IPOMOPLUOHATIBHOCTU OIPEALISCTCS BXOAHBIM
urdpoBsiM KogoM N. KoadduiireHT mponopioHaIbHOCTHA U3MEHSI -
eTcsl B JAaHHOM cCJiydae OT HYJSl U TOYTH 10 €AWHUIIBI C 111aroM, paB-
HBIM 2~",

Bxonnoii peructp LAIl B maHHOM cilydyae Takke HEOOXOIUM,
TaK Kak Mpyu HEOMHOBPEMEHHOM TEPEKIIOYEHUN Pa3psiioB BXOAHOIO
kona Ha BbixogHoOW curHan LIAIT mMoryT HakmaambIBaThCsl KOPOTKME
WMITYJIbChI 3HAYUTEbHOW aMITIUTYyAbl. TpeOoBaHUs K OBICTPOIEUCT-
Buto LIAIl (x BenMuMHE €ro BpeMEHU YCTAHOBJIEHUS) B JAHHOM
BKJIIOUEHUU HE CIUIIKOM BBICOKHM, TaK KaK aMILIATYAY BBIXOAHOIO
curHaja oObIYHO TpeOyeTcsl MEHSITh HeyacTo. A 4acToTa BXOIHOTO
aHaJIOrOBOI0 CUTHaJIa MOXET OBITh JTOBOJBHO OOJIBIIION, OHAa HUKAK
He CBsi3aHa ¢ BpeMeHeM yctaHosieHus LAIL.

CymectByeT Takxke cxema BKiIodyeHMs1 LIAII, KoTopyio MOXHO
WCTOJIb30BaTh KaK YIpPaBJISIEMbI YCUIUTEIb aHAJIOTOBOTO CUTHAJIA
¢ KO3 GUILIMEHTOM YCUJIEHUs, 3aJaBaeéMbiM BXOAHBIM KomaoM N
(puc.7.10).
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Puc. 7.10. YnpaBnsieMblil yCHJIUTENTb BXOAHOTO CUTHAJIA.

B atom ciyuae BeixomgHoit Tok LIATT paBen BenuunHe UBx/Roc, a
TaK KaK B KAYECTBE OMOPHOTO HAMPSIKEHUST UCTIOIb3YETCSI BBIXOTHOE
HaIpsKeHWE, TO TOJyYaeTcsl, YTO BBIXOJHOE HAMpsDKeHUE CBSI3aHO
CO BXOAHOI (popMyJIOii:

Uspix = =Upx* 2N,

TO €CThb KO3(h(PUIIUEHT MPONOPLUUOHATBHOCTU MEXIY BBIXOJHBIM U
BXOJHBIM HaMpsiKeHUsIMU 00paTHO TiporiopioHaiieH kony N. Kon N
MOXKET MEHSThCA B 3TOM ciydyae oT 1 1o (2"- 1), 4To coOTBeTCTBYET
K03(DPULIUEHTY YCUIEHUS OT IPUMepHO eauHuLbl 1o 2. Hanpumep,
npu 10-paspsagHom LAIT koadhduUIMeHT yCUJIeHUST CXEMbl MOXKET
nocturath 1024,

Kak u B mpeabimyiieM ciydae, CKOpocTh nepekiaoueHust LIAIT
HE OYEeHb BaKHa, TaK KaK KO3(PGULUMEHT YCUIEHUS OOBIYHO HE Tpe-
OyeTcs MepeKIIoyaTh CIUIIKOM 4yacTo. Ha cxeme sl IpOCTOTHI He
nmokaszaH BxomHoi peructp LAII, KOoTopslii OISTH e HEOOXOmUM,
4YTOOBI 00ECIEYNTh OJHOBPEMEHHOCTh TMEPEKIIOUEHUSI BCEX paspsi-
JIOB BXOJHOTO KOJa.

Hcnonb3yst mocienoBaTeIbHOE BKJIIOYEHME CxeM puc. 7.9 u
puc. 7.10, MoxxHO obecrieunTh MPUBEACHUE K CTAaHAAPTHOMY YPOB-
HIO BXOJHOTO HaTNpsIKEHUs, U3MEHSIEMOTO B OY€Hb IIUPOKHUX Ipe-
nenax (puc. 7.11). Takas 3amaya 4acTO BCTpedaeTcs B aHaJIOIO-
uudposbix cucteMax. KoadduineHT nepenauu Bcelr cxeMbl OyaeT
paBeH OTHOIIEHMIO BXOAHBIX KOm0B oboux LIAIT N/M u Moxer
OBITh YCTAaHOBJIEH C BBICOKOI TOYHOCTBIO Kak B nuarnazoHe oT 0 10
1 (arTeHioaTop), Tak M B aAuamna3zoHe oT 1 mo 2m (ycunurtenab). Ha
cXeMe He MoKa3aHbl BXOAHbIe perucrpbl odoux LIAIIl, HO oHM Tak-
K€ HYXHBI.
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DAC DAC
Koa N Roc KegM R
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Puc. 7.11. TlocnenoBareibHOE BKIIIOYEHME aTTCHIOAaTopa U yCUITUTEJIA.

Hakonen, mocneaHsisi cxeMa ¢ mpuMeHeHueM LIATT, koTopyto Mbl
paccMOTpUM, — 3TO CXeMa C/ABUIa aHAJIOrOBOrO CUTHaja Ha BeJU-
YUHy, 3aJaBaeMylo BXOIHbIM IM(poBbIM KoaoM. CHBUT TpeacTaB-
JIsieT co0Ooii, MO CYTH, CJIOXEHHUE aHAJIOIOBOTO CUTHajla C MOCTOSIH-
HbIM HampsbKeHWeM. Takasl 3amaya JOBOJIbHO 4YacTO BCTpeyaeTcs B
aHaJIOro-UUMPOBBIX CUCTEMAX.

DAC
Koa N | Rec R,
s Yt (R R
° U,
AVAY
Uap R
a——y U
REF Um(

Puc. 7.12. Cxema ynpaBJsieMOTO CIBUTA aHAJIOTOBOTO CHUTHAJIA.
T.

Cxema capura (puc. 7.12) BKiIo4yaeT B ceOs1 IpeoOpa3oBaTesib
KM(GPOBOTO KO/IA B BHIXOAHOE HAMpPSIKEHNWE W aHAJIOTOBBIM CymMMaTop
Ha OIepallMOHHOM YycuiauTeje. BeluunHa HampsokeHUS CABUTA
BXOJHOTO CUTHaJIa OyaeT paBHa UREF ¢ 2-" * N. Tak Kak IpUMEHSIIOT-
csl JIBa WHBEPTUPYIOIIMX OIEPAallMOHHBIX YCWJIMTENSI, WHBEPCUU
BXOJTHOTO CHUTHAJIa Ha BBIXOJE B TAaHHOM ciiyyae He Oymer. Eciu Hy-
JKEH KakK TMOJIOXUTEIbHBIN, TaK U OTpULATebHbBINM CABUT, TO HEOOXO-
numo ripuMeHsITh LIATT ¢ GUMoasIpHbIM BBIXOAHBIM CUTHAJIOM.

[7.2. TTpumenenue ALLTT|

Muxkpocxembl ALIIT BBIMOJHSIOT DYHKIIMIO, MPSIMO MTPOTUBOIIOIOX-
Hyto dyHkiuu ATl — npeoOpa3yloT BXOIHOW aHAJIOTOBBINM CUTHA
B IOCJIENOBATEIbHOCTb LHUMPOBLIX KOAOB. B o0lleM ciayyae MHKpPO-
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cxeMy ALIIT MoOXHO TIpeAcTaBUTh B BUAE 0JIOKA, MMEIOLIETO OAWH
aHAJIOTOBBIM BXOI, OJWH WJIM JBa BXOJa IUISI MOJA4YM OMOPHOTro (00-
pa3LOBOr0) HAIpPSDKEHUsI, a TakKe LMMPOBbIE BBIXOIBI JUISI BbIIAYU
KOJia, COOTBETCTBYIOIIETO TEKYIleMy 3HAYeHUIO aHaJOTOBOTO CUT-
Hana (puc. 7.13).

ADC g(l}
BxojHoe HampasccHue U . Lindposoii xon' M
1 H Z
Oy D(Il-!)

e Uker RDY ToToRHOCTER
Takroswii curtan (somen mpeobpasoramms)
Pazpenrenue paboru ELK Ugct—

\.S (TN p—

Puc. 7.13. Mukpocxema ALITT.

Yacro mukpocxema ALIIl umeeT Takke BXOAbI IS MOAAYU TaK-
toBoro curHana CLK, curHana paspemieHust pa6otel CS u BbIxop
s Beimaun curHajga RDY, ykasbiBarolllero Ha TOTOBHOCTH BBIXOZ-
Horo uu@poBoro Kkoga. Ha Mukpocxemy momgaercsi OAHO WIM ABa IH-
Taromux HamnpstkeHus. B nenom mukpocxemsl ALIIT ciioxHee, yem
MmukpocxeMbl LHAII, ux pazHooOpa3ue 3aMeTHO OOJIbIlIE, W ITO3TOMY
chopMyIMpPOBaTh ISl HUX O01IME TTPUHIUIBI PUMEHEHUS CIOXHEE.

OmnopHoe HanpsikeHue ALITT 3amaeT nuana3oH BXOIHOIO HAIIpsi-
KEHHUSI, B KOTOPOM IIPOU3BOAMTCS IIpeoOpa3oBaHue. OHO MOXET
OBbITh TIOCTOSIHHBIM WJIM K€ JIOMYyCKaTh W3MEHEHHUE B HEKOTOPBIX
npenenax. WMHorma mpeaycmarpuBaercss nomaya Ha ALIT aByx
OTOPHBIX HANpPSDKEHU ¢ pasHbIMU 3Hakamu, Torna ALLIT cnmocobeH
paboTaTh KakK ¢ MOJOXWUTEIbHBIMU, TaK U C OTPULIATEIbHBIMU BXO[I-
HbIMU HATIPSIKEHUSIMU.,

BoixomgHoii udposBoit koa N (m-pa3psiiHbIi) OJHO3HAYHO COOT-
BETCTBYET YPOBHIO BXOJHOIO HamnpsikeHusi. Koa MoXeT mpuHUMAaTh
2" 3naueHuit, To ectb ALIIT MoxeT pasiauyarh 2" ypoBHENH BXOJHOIO
HanpspkeHusl. KojimuecTBO pa3psiioB BBIXOMAHOTO Koja M TpeAcTaB-
JIsieT coboil BaxkHeliyo xapakrepuctuky ALITI. B MomMeHT roTtos-
HOCTU BBIXOJHOTO KOJa BBIJAETCS CUTHaJl OKOHYAHUS Tpeodpa3oBa-
Husi RDY, mo KoTopoMy BHelIHee YCTPOUCTBO MOXKET uuTaTh Ko N.

VYnpasasercsa padora ALIT rakTtoBeiM curHaioM CLK, KoTophbIi
3aJlaeT 4acTOTy TMpPeoOpa3oBaHUS, TO €CThb YAaCTOTY BBbIJAYU BBIXO[-
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HbIX KOomoB. IIpenenbHasi TakTOBasl 4acTOTa — BTOPOW BaxKHeUIIUiA
napametp ALITT. B HekoTOpbIXx MUKpOCXEMaX UMEETCS] BCTPOSHHBIN
TreHepaTop TAaKTOBBIX CUTHAJIOB, MOATOMY K WX BbIBOJAM TOAKITIOYA-
eTcsl KBaplEeBbIll reHepaTop WM KOHJIEHCATOp, 3aJalollMil 4acTOTy
npeodpazoBanusi. CurHan CS paspelact paboTy MUKPOCXEMBI.
BolnmyckaeTcss MHOXECTBO caMbIX pPa3HOOOPa3HbIX MUKPOCXEM
ALITI, pazauuarolIuxcsi CKOPOCThIO paboThl (YacToTa Ipeobdpa3oBa-
HUS OT COTEH KWIOTEPIL] 10 COTEH METrarepil), pa3psaHOCTbIO (0T 6 10
24), momyCTUMBIMM THMalla30HAaMU BXOMHOTO CUTHajla, BEIWYUMHAMU
TOTPENTHOCTE, YPOBHSIMU MUTAIOIIUX HAMPSIKEHUI, METOJaMU BbI-
Jladyy BBIXOMHOTO ~Koda (TapasulesibHbIA WX TMOCeI0BaTeIbHbIN),
JpYruMu mapamerpamu. OObIYHO MUKPOCXEMbI C OOJBIIUM KOJIUYe-
CTBOM pa3psiioB MUMEIOT HEBHICOKOE OBICTpOACHCTBUE, a HauboJiee
OBICTPOJEHUCTBYIONIME MUKPOCXEMbl UMEIOT HEOOJIbIIOE YUCIO pa3-
psaoB. O6nacTs mpuMeHeHus o060t Mukpocxembl ALLIT Bo MHOTOM
OIPEEIISIETCS] MCIOJb30BAaHHBIM B HEU TMPUHIIMIIOM Tpeobpa3oBa-
HUSI, TIO3TOMY HEOOXOAMMO 3HaTb OCOOCHHOCTU 3TUX IPUHIIUIIOB.
Hns Beibopa u ucnonb3oBaHuss ALIIT HeoOXomumo TMOIb30BaTHCS
MOAPOOHBIMU CITPABOYHBIMU JAHHBIMU OT (DUPMBI-TTPOU3BOAUTEIS.

U-

Brix. Us

= .
Q_-—o 1
Baix. l|

Puc. 7.14. Komnaparop HanpspKeHusl.

B kauectBe 06azoBoro 3jeMeHTta Jwoboro ALl ucnonws3yercs
KoMITapatop HampspkeHust (puc. 7.14), KOTOpbIii CpaBHUBaeT Ba
BXOJHBIX aHAJIOIOBBLIX HAIPSDKEHUSI U B 3aBUCMMOCTH OT pe3yJibTaTa
CpaBHEHMsI BBIIAET BBIXOJHOM LIM(MPOBOI CUTHAT HYJIb WA €IUHU-
1y. Kommnaparop paboraeT ¢ OOJbIIMM OMAIIa30HOM BXOMHBIX Ha-
MPSDKEHU M MMeeT BBICOKOE ObICTpoIeicTBUE (3adepxkKa IMopsiaKa
€IVHUIL] HAHOCEKYH/I).

CyliecTByeT ABa OCHOBHBIX IpuHIuNa moctpoeHust ALIL: mo-
clieloBaTeIbHBINM U TapauIeIbHBIN.

B nocnenoBatensHoM AIIIl BxomHOe HaIpsDKeHUE IMOCISAOBa-
TeJIbHO CpPaBHMBAETCS OJHUM €AMHCTBEHHBIM KOMIIapaTOpPOM C He-
CKOJIbKMMU 3TaJJOHHBIMM YPOBHSIMU HAIIPSIKEHUSI, U B 3aBUCUMOCTHU
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OT pe3yJIbTaTOB 3TOr0 CpaBHEHUs (OPMUPYETCsS BBIXOJHOW KO/I.
Hawubonriiee pacnpoctpanenue noxydrau ALl Ha ocHoBe Tak Ha-
3bIBAEMOTO PETHUCTPA ITOCIeAOBATEIbHBIX IIpHOIIKeHuil (puc. 7.15).

n, -
~ Bremxoppoit kog N
UBX_ Perucrp DAC
U NOCAEA0BATEALHEIX U,
1Y npHbmEKeHR |—— Upge _’

TFaxronrlii cHrnan

Onopaoe HANpaXKeHHE U 3

U
Uuﬁ—* - =
Uny FUper T6Urer !

|
1

1 1
[}
‘%Um ! : '
] 1 1
Takrt 1 Takr2 ! Takr3 ! Takrd
Ll 1 T
Dai=1, Dpp=03 Dys=1, Dye=1] 't

Puc. 7.15. ALl nocnenoBaTeIbHOIO THUIIA.

BxonHoe HampsikeHue TMojaeTcss Ha BXOJ KomIlapaTopa, Ha Apy-
roil BXOJ KOTOPOTO TOMAEeTCsl CTYMeHYaTo M3MEHsIolleecss BO Bpe-
MEHU 3TaJIOHHOE HamnpsikeHue. BbIXomHOM curHain KoMmmnapaTopa mo-
JlaeTCsl Ha BXOJ PerucTpa mocjiefoBaTebHbIX MPUOIUKEHUM, TaKTH-
pPYEMOro BHEIIHWM TaKTOBBIM CHUTHAJOM. BBIXOZHOI Kom peructpa
MHoCJaeA0BaTeIbHbIX NPUOIKeHniA mmoctynaeT Ha LIAII, koTopoe u3
OTOPHOTO HAaMpsiKeHUs1 (hOpMUpPYeT MeHsIolleecss 3TaJOHHOe Ha-
MpsEKEeHUeE.

Pervctp mocienoBatebHbIX TPUOIMKEHUI paboTaeT TaK, YTo B
3aBUCUMOCTHM OT pe3yJibTaTa MpeAbIaylIero CpaBHEHMSI BbIOMpaeTcs
cleyIolIMil ypOBeHb ATAJIOHHOTO HAMpPSIKEHUSI 1O CIAeAyIoIIeMy
aJITOPUTMY:

* B mepBoM TakTe BXONHOW CHTHAJI CPaBHUBAETCSA C TIOJOBUHOM
OITOPHOTO HATIPSKEHUS.

+ Ecam BXOmHOI CHTHAJI MEHBIIE TIOJIOBUHBI OTIOPHOTO HATIPSIKEHUS,
TO Ha CJIeAYIOIIeM TaKTe OH CPaBHUBAETCSI C YETBEPTHIO OTMIOPHOTO
HanpsckeHUsT (TO eCTh IIOJIOBHHA OMOPHOTO HATPSTDKEHUS YMEHbBb-
maeTcss Ha 4eTBepTh). OOMHOBPEMEHHO B PETHCTP IOCIEIOBATEIb-
HBIX TIPUOVDKEHUI 3alUCHIBACTCS CTApIINN pa3psd BBIXOTHOTO
KoJla, paBHBIN HYITIO.
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» Eciu Xe BxomHOU curHai 6oJibliie TIOJIOBUHBI OMTOPHOTO HaIpsiKe-
HMSI, TO Ha BTOPOM TaKTe€ OH CpaBHUBAaeTcCs ¢ 3/4 OMOpPHOro Ha-
MpsKeHus1 (TO ecTh MOJIOBMHA yBeJUuMBaeTcsl Ha 4eTBepTb). On-
HOBPEMEHHO B PETUCTp MOCJeAOBaTeIbHbIX MPUOIUXKEHUIH 3amu-
CBIBAETCS CTApUINiA pa3psili BBIXOJHOTO KO/a, PaBHbIN eIUHULIE.

» 3areM 9Ta MOC/IEIOBATENIbHOCTh CPABHEHUI MOBTOPSIETCSI HYXKHOE
YHCIO pa3 C YMEHbIIEHMEM Ha KaXIOM TaKTe BIBOE CTYIEHU W3-
MEHEeHUs1 STaJlOHHOTO HampsXeHus (Ha TpeTbeM TakTe — 1/8
OITOPHOTO HAMpPSKEHUs, Ha yeTBepToM — 1/16 u T. 1.). B pesynb-
TaTe OMOPHOE HAaMpsDKeHWe B KaXIOM TakTe MpuoamxKaercs K
BXOIHOMY HampsixkeHuto. Bcero npeobpasoBaHue 3aHUMaeT I Tak-
TOB. B mocjienHeM TakTe BbIUMCSETCS MIAIIINAN pa3psia

[ToHsITHO, YTO 3TOT MpoliecC TOBOJIBLHO MEMJEHHBIN, TpebyeT
HECKOJIbKMX TaKTOB, MPUYeM B TeUeHUE KaxXIOro TaKTa JOJIKHBI
yCIeTh CpaboTaTh KOMIIapaTop, PETUCTP IOCied0oBaTeNbHbIX MpPU-
ommkenuii u 1IAII ¢ BeixogoMm mo HampstkeHuio. Iloatomy mocnieno-
BatesibHble ALITT moBOIBHO MelyieHHbIe, UMEIOT CPaBHUTEIbHO OO0JIb-
10€e BpeMsl peodpa3oBaHMs Y MaIyIO YacTOTy ITpeoOpa3oBaHMsl.

Bropoii Tun ALIIT, ALIIT mapamiensHoro tvma, paboraer mo 6osee
MpOCTOMY MPUHIMITY. Bce pa3psiibl BBIXOTHOTO KOMA BBIUMCISIIOTCS B
HUX OJHOBPEMEHHO (MapajjieibHO), MO3TOMY OHM ropasio ObICTpee,
yeMm nocienoBaTenbHble ALLIL. IlpaBma, oHM TpeOYIOT NMpPUMEHEHUS
GOJIBIIOTO KoMdecTBa KomnapaTopos (2" - 1), 4To BBI3bIBAET YUCTO
TEXHOJIOTUYECKUE TPYAHOCTU TIPU OOJBIIOM KOJMYECTBE Pa3psIoB
(narpumep, mipu 12-paspsimaom AL Tpebyercst 4095 KoMITapaTopoB).

Cxema takoro ALIIT (puc. 7.16) BKIouaeT B ceOsl pe3UCTUBHBIN
nenutenb U3 2" OIMHAKOBBIX PE3UCTOPOB, KOTOPBII JEIUT OMOPHOE
HanpsbkeHue Ha (2" - 1) ypoBHeit.

BxonHoe HamnpsikeHre CpaBHUBAETCS ¢ TTOMOIIbIO KOMITapaTOpOB
C YPOBHSIMM, (POpMUPYEMBIMU JeIUTeIeM HanpsDkeHUsl. BbIxomHble
CUTHaJIbl KOMMapaTopoB ¢ MOMOIIIbIO HKGpaTopa MpeodpasyroTcs: B
n-pas3psaHbIii ABoMuHbIM Kon. IlludpaTop BblmaeT Ha BbIXOA HOMED
MocjenHero U3 cpaboTaBIIMX (TO €CTh BBIOABLIMX CUTHAI JIOTMYe-
CKOIl emMHUIIBI) KOMITapatopoB. Hanpumep, B ciyyae 3-pa3psimiHOTO
AIIIT (Ha pucyHKe) IIpA BeIMYMHE BXOOHOTO HampsokeHust oT 0 1o
1/8 omopHoro HampsckeHUs BeixogHo Kop OyaeT 000, mpu BXOZHOM
HaIpsoKeHu oT 1/8 mo 2/8 omopHOro HampsDKeHHsi cpaboTaeT mep-
BbIlA KOMITapaTop, YTO JacT BeixogHoi kom 001, mpu BXOOHOM Ha-
NpsoKeHU oT 2/8 1o 3/8 omopHOro HaIpsKeHMsT cpabOTaloT KOMITa-
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patopsl 1 u 2, yto mact BeixogHo# kon 010, u 1. n. IIpouecc mpeod-
pa3oBaHus mpoucxoauT B mapasuieabHoM ALIIT oyeHb ObicTpo, MHO-
3TOMY 4YacToTa MpeoOpa3oBaHUSI MOXKET JOCTUTaTh COTEH Merarepil.

g

U >J
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Puc. 7.16. 3-paspsanbiii ALITT napaiiensHoro TUMA.

Jns moBeilieHust ObicTpoaeiicTBUsl B napaiesbHoM AIIIT mHo-
[J1a IPUMEHSETCS KOHBEMEPHBIN MPUHIIUIL: BBIXOAHOU KOJ KOoMIlapa-
TOPOB 3amuchbiBaeTcst B (2" — 1)-pa3psiIiHbIi MMapaiiebHbIA PerucTp,
MMOKa3aHHBIA Ha pucyHKe 7.16. BeIxomHoil Kop ImmdpaTopa TakXKe
3aMMChIBAE€TCS B N-pa3psiiHbIA MapauiebHbiil peructp. Oda peruct-
pa B 9TOM cJlyyae TaKTUPYIOTCS OTHUM M TE€M K€ TaKTOBBIM CUTHa-
JIoM. DTO CHUXAET TpeOOoBaHUSI K OBICTPOJAEICTBUIO KOMIIAPATOPOB 1
mudparopa. Ilpasna, BeixongHoit kon AL 3agepxxuBaercst u3-3a Ta-
KVX PETUCTPOB Ha JBa MeproAa TaKOBOW YacCTOTHI.

I'pomMo3aKocTh CTPYKTypbl mapajieabHoro ALIIl mpuBomut K
ToMy, 4yTo B HekoTtopbix ATl mpumeHsieTcsi cMelIaHHBIN Tapa-
JIeTbHO-TOCJIE0BATEIbHBIN MPUHIMIL. DTO HECKOJIBKO CHUXAET ObI-
ctpoaeiicteue nomooHoro ALIIT mo cpaBHEHMIO C OOBIYHBIM Mapai-
nenbHbIM ALITI, HO 3aTO MO3BOJSET MOAYYUTH OOJIBIIOE YMCIIO pa3-
PSIIOB, HE YBEJIMUMBAs KOJIMYECTBO KOMITaApaTopos a0 2"-1.

Hnst Toro ytoo6sl ALIIT mr060ro TUIa paboTaa ¢ MCIOJIb30BaHUEM
BCEX CBOMX BO3MOXHOCTEI, HEOOXOAMMO OOECIICUUTh COIJIACOBaHUE
Jrana3oHa U3MEHEHUsI BXOJAHOTO aHaJOTOBOIO CUTHaja C JOMYCTU-
MbIM JMaNa30HOM (AMHAMUYECKMM OUala30HOM) BXOMHOIO Harpsi-
KeHust ALITI.
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Urer (Urer1)

0(Urer2) 1

6 eV
Puc. 7.17. CooTHOIlIEHUE BXOAHOTO CUTHAJa U AMHaMu4deckoro auarnasona ALITT.

Ha puc. 7.17 nmoxkazaHO 4yeTbIpe BO3MOXHBIX CJIyyasi COOTHOIIIE-
Hus nuHaMudeckoro auamnazoHa ALLIT (ot 0 ;o UREF WIM OT UREFI no
UREF2) M BXOIHOIO curHaia. B ciayyasix @ u 6 BXOOHON CHMIHaJ
MEHbIIe JMHAMWUEeCKOro auaraszoHa, moatomy ALIIT 6yner padorath
MpaBUJIbHO, HO HE OyIeT MCIOIb30BaTh BCEX CBOMX BO3MOXKHOCTEM.
B cnydae e BXOOHOI CUTHAJ CJIUIIKOM OOJIBIION, ITO3TOMY YacTh €0
3HAa4YCHU He OyneT nmpeobpa3oBaHa. TojbKo B ciayyae e AL meiict-
BUTEJIBLHO OyIeT paboTaTh Kak N-pa3psyiHbIl U OyaeT mpeodpa3oBbI-
BaTh BCE 3HAYEHMSsI BXOAHOIO curHaia. JlJisi coracoBaHusi BXOIHOTO
CUTHajla ¢ AuHaMuyeckuM auanazoHoMm ALl MoxXHO TpUMEHSTh
YCUJIUTENU, aTTEHI0ATOPbI, CXEMbI CIBUTa. B HEKOTOpBIX Cilydasix
COIIaCOBAaHUE MOXET OBbITh JOCTUTHYTO TMPOCTHIM BHIOOPOM BEJIU-
YUH OTMIOPHBIX HAMIPSIKEHUA.

Wnorpa ObiBaeT HEOOXOOUMO YMEHBIINUTh KOJIMYECTBO Pa3psiioB
AIITI. B atom ciiydyae Hy»kKHO€ KOJUYECTBO MJIAAIIUX Pa3psIIOB BbI-
XOJTHOTO KOJia MUKPOCXEMBbI MpOocTo He ucrnonbdyercsi. Ha puc. 7.18
nokaszaHo ucnoab3oBaHue 10-paspssmHoro AILIIT B kauyectBe 8-pas-
pSIIHOTO.

ADC 3(13 — Brixoaroii ko
Bxopmoee HaNpIKEHHS g%
U

D4

DS

33
OnopHoe HANpAUKeHHe Ukrer 33
TakroBLLil cl—n'ugnom CLK RDY T'oToBHOCTE
Paspemenne pa cs (xoHEIL Apeodpazobalia)

Puc. 7.18. YMeHblIeHUE KOTMYECTBA pa3psiioB BeixomHoro koma ALLTT.
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OOpartHas 3amadya — yBeauueHue paspsigHoctd AL — BcTpe-
yaeTcsl vaie. CylecTBYeT psii TUITMYHBIX CXEMOTEXHUYECKUX pe-
IICHUI MO0 00beAMHEHUIO HeCKOJIbKMX MUKpocxeM ALIIT mis yBenu-
YeHUS KOJIMYECTBA Pa3psiioB BBIXOAHOIO KOAA, HO OOJBIIUHCTBO
9TUX pEeUIeHU TpeOyeT CIOXHBIX PacyeToB PE3YJIbTUPYIOIIMX IMO-
TPEIIHOCTEN TMpeoOpa3oBaHUsI W TMPUMEHEHMSI aHAJIOTOBBIX Y3JIOB.
Mpb1 He OyneM ux 3aech paccMarpuBaTh. OTMETUM TOJBKO, YTO TIpU
BO3HUKHOBEHWU 33Jaul YBEJIWYEHMST Pa3psiTHOCTU HAI0 TIpeXIe
BCETO TOMBITAThCS HAWTU MUKPOCXEMY C HYXHBIM KOJMYECTBOM
pa3psiioB U TOJBKO MOTOM paccMaTpyMBaTh BO3MOXHOCTU OObEIUHE-
HUST HeCKOIbKUX MukpocxeM ALLTIT.

PaccMoTpUM HECKOJIbKO TUNUYHBIX cxeM BKIrodeHust ALITT, uc-
MOJIb3YEMbBIX B aHAJIOTO-IIU(POBBIX CUCTEMAX.

ADC ==
T L= _Brx,
Bx.cwrman D A>B 8 (npesbmuenue nopora)
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Puc. 7.19. ®ukcarop MpeBbIIIEHNsT BXOAHBIM CUTHAJIOM YCTAHOBJIEHHOTO MOpOra.

Ilepas cxema (puc. 7.19) nmpemHasHaueHa sl UKcallUd MO-
MEHTa TIPEBBIIIEHUs] BXOIHBIM AHAJIOTOBBIM CHUTHAJIOM 33JaHHOIO
MOPOTroBOTO HampstkeHusl. Cxema BbIpaOaThiBa€T BBIXOAHOW CUTHA
(TIOJIOXXUTENbHBIN (DpOHT) TOrAa, KOraa BXOMHOM aHAJOrOBBIM CHUT-
HaJl CTAHOBUTCS OOJIbIIIE YCTAHOBJIEHHOTO YPOBHS, TIPUYEM YPOBEHb
9TOT 3aiaeTcsl HMPPOBBIM KomoM nopora. Kona mopora cpaBHUBaeTcst
¢ BeIXOOHBIMU Kogamu ALIIT ¢ moMollbl MUKPOCXEMbBI KOMIIapaTo-
pa koi0B. BbIXomHOW curHan koMmapaTopa KOAOB 3alMChIBAETCS B
tpurrep no curHany RDY c ALIT, yTo mo3BoJisIeT UCKIIOYUTD BIIMSI-
HUE KOPOTKMX UMITYJIbCOB, BO3HUKAIOIIMX Ha BBIXOAE KOMIapaTopa
B MOMEHT M3MEHEHUsI BXOIHBIX KONOB. [IpruMeHeHue 3Toro Tpurrepa
3aJIEP>XUBAET BBIXOMAHOW CUTHA Ha OMUH TaKT.

MoxeT nokasatbesl, yTo nipuMeHeHue ALLIT B maHHOM ciiydae He
ornpaBAaHHO, U30bITOYHO. HoO Hamo ydyuThiBaTh, YTO B aHAJIOTO-
uugpoBbix cucteMax AL, mpeoOpa3ymoolunii BXOAHOW CUTHAI B I10-

[Mpumenenmne mukpocxem LIAIT u ALITT 303

CNIeIOBATEIbHOCTh KOMIOB, KaK MPaBWJIO, YKE€ €CTh, MO3TOMY IOIOJI-
HutenbHoro AIIIl He TpeOyercsi, HOCTAaTOYHO TOJBKO BKIIOYUTH
KOMITIapaTop KOAOB U TPUTTEP.

AIIIT Takxxe NpUMEHSIETCSI B CXeMaX BBIUMCJICHUSI aMIUIUTYIbI
BXOJHOTO aHaJIOTOBOro curHana. st Takoro BBIYMCICHUSI MOXKHO
WCMOJIb30BaTh YK€ PACCMOTPEHHYIO CXEMY BBIYUCIUTENST DKCTpe-
MaJIbHOTO 3HAYEHNs BXOMHOTO Koja (cMm. puc. 4.26). B kadectBe uc-
TOYHMKA TOCJIEAOBAaTEILHOCT BXOMHBIX KOJIOB B JAaHHOM Cilydae
BeicTynaeTALLIT (puc. 7.20).

ADC RG == Kon sy
Brcursan) D g B
A
RDY c
2WE
P27 crl

Puc. 7.20. Beruucnurens aMIUIUTYAbl aHAJIOrOBOI'O0 CUTHaJIA.

B peructp co BXoA0oM pa3pelieHus 3arvcy 3aruchiBaeTCsT KO/ C BbI-
xoga ALIT mo curHany RDY B ToM cilydyae, eciau Tekylllee 3HaYeHME
Kofa OoJbllle 3HAYEHUsS KONIa, 3alMCaHHOTO paHee B PErucTp.
B pesynbrate yxe mocjie OIHOTO Mepruoja BXOAHOTO CUTHaJa B PETUCT-
pe OyIeT Ko aMIUIMTY/Abl BXOIHOIO CUTHaJIa. 3a Mepuoj nMpeodpa3oBa-
Hust ALITT momKHBI yCIieTh ¢cpaboTaTh KOMITApaTOp KOJOB U PETUCTP.

Ecnu Takoil BBIYMCIUTENb aMILIUTYIbI BXOJHOIO CHUTHajda MC-
TOJIb3YyeTCSl B COCTaBE CIOXHOW aHajoro-uu¢poBoil cucteMe, B KO-
Topoil yxe mpucyrctByer AILIIl, HempepblBHO IpeoOpa3yroliuit
BXOIHOW CHUTHAJ B KOJbI, TO HOMOJHUTEIBHO TPEOYIOTCSI TOJBKO
UG POBbIE MUKPOCXEMBI: KOMMApaTop KOJAOB U PETHUCTP.

HaubGonee yacTto BcTpeuaroiieecs: ucrojb3doBanue AL — srto
npeoOpa3oBaHKUe BXOJHOTO CUTHAja B MOTOK KOAOB, MPUYEM KOJbI
9TU OOBIYHO 3alUCHIBAIOTCS B OydepHyo mamsith. B maHHOM ciyyae
HauOoJjiee MOAXOMSIIUM SIBISIETCSl OHOHAMpaBieHHbI Oydep c Tme-
pUOAMYECKUM peXrMOM paboThl. To ecTh cHauaja B Oy(hepHyo MHa-
MSITh 3aHOCUTCSI MAaCCUB KOJIOB BIOOPOK BXOJHOTO CUTHaJA, a 3aTeM
9TOT MAacCUB YUTaeTCsl JJIs1 JajibHelieil oopadbotku. MIMeHHO Tak,
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HallpuMep, CTPOUTCSl LMMPOBOM ocuuuiorpad, mperHa3HaYeHHBIN
JUTST HAOJTIOJCHUSI aHAJIOTOBBIX CUTHAJIOB Ha 9KpaHe.

Cxema BkmoueHus ALLIT B aTom ciaydae mokaszaHa Ha puc. 7.21.
B kauecTtBe cTpoba 3amucu B Oy(epHYIO MaMATh MCIOIb3YETCS CUT-
Han RDY ¢ AILII. IMoxgpoOHee opraHmzainuio Oydepa MBI yXKe pac-
CMaTpUBAJIM B TMPEABIAYIIECH TJIaBe.

ADC RAM

Bx.curnan I b Bl PO Brxoanoi xoj

RDY —|
3an.

Puc. 7.21. BxmoueHue OydepHON NaMsTH AJIsi 3allOMUHAHUSI KOIOB € BBIXOIOB
AILLIT.

KoHeuHo, B peajibHbIX aHAJIOrO-LIM(MPOBLIX YCTPOMCTBaX BCE TIO-
pas3oo ciaoxkHee, B HUX TPeOYIOTCS CXeMbl CMHXPOHM3ALIMM Tpoliecca
3aIlMCU CO BXOMHBIM CHUTHAJIOM, CXEMbI IpelBapUTeIbHON 00paboTKU
aHaJIOTOBOTO CUTHaJIa, HO CyTh OCTaeTcs TOM ke — OydepHasi mamsTh,
3arMchiBalollasl IMOCIeNoBaTeIbHOCTh KOmoB ¢ Bbixoma AIITL. Yem
0oJibllle O0BEM TaMsITH, TeM OOJbIIUI (PparMeHT BXOAHOTO aHAJIOI0-
BOro CUrdHajia OHa MOXET 3alITOMHUTbD. HaanMep, €CJIN IaMsITh UMECT
opranuzanuio 64K X 8 u pa6oraet ¢ 8-paspsmubiM AT, To mpu yac-
Tote npeodpaszoBanust ALIIT 10 MI'n Oydep cMmoxeT XpaHUTh B cebe
¢dparMeHT aHaAJIOTOBOIO CUTHaJa JIJIUTEIbHOCThIO 6,5536 Mc.

Haxkonel, mocienHsisi cxeMa, KOTOpYIO Mbl pacCMOTpuM (puc. 7.22),
MMO3BOJISIET BABOE MOBBICUTH ObIcTpomeiictBue ALIII, TouHee, mox-
HSITh BIBOE YacTOTY 3aIllUCU KOIOB BBIOOPOK BXOOHOIO CHUTHAja B
OydepHy0 NMaMsITh.

Wnes cxembl oueHb TpocTta: ncmoinb3yered asa ALLIT u gBa Oydepa,
KOTOpBIE pabOTAIOT MO OYepeIr, HaTIpuMep, YeTHbIe BHIOOPKU BXOIHOTO
curHana oopadatsiBaeT onvH ALITT co cBoumM Oydepom, a HeyeTHbIE —
npyroit ALIIT co cBoum Oydepom. B pesynbrare 3aroMrHaHuEe KOOOB
BXOJHOTO CHMTHaJla OCYIIECTBIISIETCSA C YAaCTOTOM BABOE OOJIbIIIEC YACTOTHI
npeodpaszoBanus Kaxnoro n3 ALIIT. Hanpumep, ecim xaxkmpiii ALLIT
Kaxaplii Oydep pabotaroT ¢ yactotoir 10 MI'1, To pe3yabTUpyoias
yacToTa MpeodpazoBaHust coctaBuT 20 M.
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ADC1 RAMI
. I} 1
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Puc. 7.22. YBenmuyeHue BIBOE YACTOThl MPeoOpa30BaHMsI BXOIHOIO CHUTHaja C IO-
Motiibio 18yx ALIT ¢ 6ydepamu.

TakroBele curHansl AT u curHanet RDY Ha Beixomax ALIT
JOJIKHBI OBITH CABMHYTHI OMUH OTHOCHUTEJIBHO JIPYrOro Ha IMOJOBUHY
Ieprona TaKTOBOTO CUTrHama. UTeHue 3aperucTpupoOBaHHBIX KOIOB
13 00oux OydepoB TaKKe JOKHO ObITh OPTaHU30BAaHO IO OYEPEIU:
TEepBBIN KOJ YWUTAeTCs U3 TIepBOro Oydepa, BTOpoii — M3 BTOPOTO,
TPETU — OISITh M3 MEPBOTO, YETBEPThIi — U3 BTOPOro u T. A. O0b-
eM oboux OydepoB B maHHOM ciydyae cKJaabiBaeTcs. Hampumep,
Npy opraHu3auuu Kaxmporo oydepa 64K X 8 pesynbTupylomuii oy-
¢ep Oyner umeTh opranusanuio 128K x 8.

IMonb3ysich 3TUM Xe TTPUHIIUIIOM, MOXHO TOBBICUTH YacTOTY 00-
paboTku BxomHoro curHaja ¢ momoinsio ALl He ToabpKO BOBOE, HO
1 BTpOE, B YeThIpe pa3a u T. . HeobXxonuMo TOJbKO cOrjacoBaTh BO
BpEMEHHU pabOTy COOTBETCTBEHHO TpeX, yeThipex u T. A. ALIII, y xa-
JKI0TO M3 KOTOPBIX AOJIKHA OBITh CBOSI OyhepHast maMsTh.

Iomumo ymomsiHyThix 3aech ALITT mocnenoBarenbHO M Mapaiiesib-
HOro TUTOB cyliecTBYIOT emie 1 ALIIl ¢ mpoMeXyTouHbIM TIpeoopa3o-
BaHUEeM. B HMX BXOQHOI1 aHaJIOTOBBIN CUTHAJ C ITOMOIIbIO aHAJIOTOBOTO
MHTErpaTropa Ipeoodpa3yeTcss BO BPEeMEHHOM WHTEepBal MEXIy LMppo-
BBIMM MMITYJIbCAMU WJIM B YAaCTOTY CJI€AOBAHUST L(PPOBBIX UMITYJILCOB.
BrixonHoit 11ncpoBoii KO, COOTBETCTBYIOLIMI BXOTHOMY aHAJIOTOBOMY
curHainy GopMupyeTrcsi B pesyJbTaTe M3MEpPEeHUs! IJIMTEIbHOCTH Bpe-
MEHHOTO MHTEpBaJla WM YaCTOTHI CJICHOBAHMUS MMIIYJILCOB (puc. 7.23).
Ecmu mncnone3yercss BbIxomHast yactora, To Takoi ALIIT HaswiBaercs
«1peoOpa3oBareieM HarpsckeHue—yacrora» (ITHY).
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[Mpeotpasorarens
HANDAXESHUR B HACTOTY Hamepnrens
HIn B0 BpeMeHHol BPEMEHHOTO WHTEPBANA
. Ugx MHTEpPBAR Tax {qacToThI)

P
[{ . Broxometd moa N

Bue. 7.23. ALIIT ¢ npomMeXyTOYHbIM MPeodpa3oBaHUEM. I

Taxoil moaxon MO3BOJISIET C IOMOIIBIO CPABHUTENBHO MPOCTHIX
anrapaTHbBIX CPEACTB TOJYYUTh BBICOKYIO TOYHOCTH IpeodOpa3oBa-
HUSI, HE 3aBUCSIIYI0 OT MHOTMX ITapaMeTPOB MCMOJIb3YeMbIX KOMIIO-
HEHTOB M OT XapaKTEepUCTUK OKpyxkaroiieil cpenbl. M3mepeHue Bpe-
MEHHBIX MHTEPBAJIOB M YacCTOTHI CJIENOBAaHUS MMITYJIbCOB OCYIIECTB-
JISIeTCsl TIPOCTEHIIMMU LTU(PPOBBIMUA CXeMaMM, MPUMEPbl KOTOPbIX
TIpUBEACHBI B I1aBe 5. I3MepeHust 3T MOTYT OCYIIECTBIISITHCS C BbI-
COKOM TOYHOCTBIO BCJEACTBHE TOTO, YTO CYIIECTBYET OYE€Hb XOPO-
I BPeMEHHOU 3TajloH — KBapleBblii reHepaTtop. OTMETHM, 4YTO
nocrouHcTtBoM ITHY sBnsieTcst Takske BO3MOXKHOCTB ITPOCTOM Tepe-
Jla4yM ero BBIXOAHOIO 1IM(POBOrO CUrHajla Ha OOMBIINE PACCTOSTHUSL.

B koHule raBBl Hago elle pa3 OTMETUTb, YTO TMPUBEICHHbIE
3/1€Ch CXEMbI CUJILHO YIIPOIIEHbI, [UISI UX MPAaKTUYECKON pean3alluu
HEOOXOAMMO 3HaHUE HE TOJbKO LM(POBON CXEMOTEXHUKHU, HO W
aHaJIOTOBOM M aHAJOTo-LIM(MPPOBOI CXEMOTEXHUKM, a TakxKe 3HaHME
ocobeHHocTel KOHKpeTHBIX MuKpocxeM LIAIT u ALLII, uro He sIBS-
eTcs TpeaMeToM aaHHOW KHuru. OmHako pacCMOTPEHHBIE 3leCh
KJIto4YeBble MpuHLMIBL ucroiab3oBaHust LIAIT u ALTI u ux coBMecT-
HOTO BKJIIOUEHHUS ¢ LM@PPOBBIMU CXeMaMM OyAyT ITOJIE3HHI JI000MY
pa3paboOTUYUKYy.

I'naBa 8
ITPUMEPBI PABPABOTKU
NPPOBBIX YCTPOWICT

B mnpenpiaymiux riaBax ObUIM pacCMOTPEHBI 0a30BbI€ 3JIEMEHTHI
HUMPOBOM CXEMOTEXHUKHN W MPOCTEUIIIE MPUEMBI ITPOEKTUPOBAHUSI
y3JIOB Ha MX ocHOBe. Ho 11 pa3pabOTKM CIIOXHBIX YCTPOHCTB U
CUCTEM BCEX 3TUX 3HAHUU TOPOM OKA3bIBAETCI HEAOCTATOYHO.

YT00OBI €O31aTh CIIOXHOE YCTPOMCTBO, HEOOXOIMMO €Ile Bja-
JE€Th IpueMaMn CHUCTEMOTCXHUKHU, TO €CTb YMETb Ha OCHOBAaHUU
aHanmu3a QYHKIMI, KOTOpPhIE JOJDKHO BBIMIOJHATH YCTPOUCTBO B 1ie-
JIOM, CIIPOSKTUPOBATh €r0 CTPYKTYpY, C(HOPMYJIUPOBATh MPUHIIMU-
ITbl B3aMMOJECTBUS Y3JIOB, YETKO OMpEIEIUTh BCe 3amadyu, KOTO-
pbI€ TOJEKEH pellaTh KaXXAbIi M3 y3JI0B, BRIPA0OTAaTh TPeOOBAHUS K
OTIEIbHBIM y3JIaM. Bo3MOXHO, B pe3yjbTaTe BCeX 3TUX IIIaroB Oy-
IeT M3MEHeHa cama IlepBOoHadajJbHas 3amada, OymyT Iiepedopmy-
JIMPOBaHbl TPEOOBaHUS K CO3MaBa€MOMY YCTPOMCTBY, €ro MECTY B
cucTeMe, NMPUHLUIIAM €ro B3aUMOIECUMCTBUSA C JPYTMMMU YCTPOMCT-
BaMu. M TOIBKO TTOTOM, MOCJe BCeil 3TOM IpenBapuTeIbHON pado-
TBI YK€ MOXHO IEpPeXOAUTh K pa3pabdOTKe Y3JI0B, COOCTBEHHO K
CXEMOTEXHUKE.

ITpueMbl cucTeMOTeXHUKU CHOpMYIUpoBaTh, (GopManin3oBaTh,
OIKCaTh, AaXe MEPEUUCTUTh TOPA3I0 CAOXKHEE, YeM MPUEMbl CXeMO-
TeXHUKU. Jla ¥ TTOIB3bI OT TaKo (popMaM3allMi 3a4acTyl0 HEMHOTO.
IIpoexTpoBaHUe CIOXHOIO, HaAeXHO padoTaromero LU@poBOro
YCTPOMCTBA C MUHUMAIBHBIMU alllaparypHbIMU 3aTpaTaMU CPOIHU
HUCKYCCTBY U TpeOyeT OIpeaeSieHHbIX CIOCOOHOCTEM, Jaxe TajaHTa
pa3paboruynka. HayuyuTh 3TOMy npakTHuecKuM HEBO3MOXHO. boiee
TOTO, IIOIIbITKA HAYYUTb CUCTEMOTCXHMKE MOXKET HaXE IPUHECTU
Bpel, TaK KaK OrpaHWYMT TBOPYECKHE CITOCOOHOCTH pa3paboTyrKa
HECKOJIbKUMMU KECTKMUMU CTaHAAPTHBIMU aJITOPUTMaMHU.

OnHako MOXHO T0Ka3aThb HECKOJBKO IPOCTEHMIINX MPUMEPOB
pa3paboTKM, MPOJEMOHCTPUPOBAThH TOCIEI0BATEIBHOCTD 11aroB, KO-
TOpble HEOOXOOWMBI MPU TMPOEKTUPOBAHUM, KOTOPbIE MOTYT BCTpe-
TUTBCSI B TIpOLieCCe CO3MaHUSI YCTPOMCTB HEKOTOPBIX pacIpoCTpa-
HEeHHBIX TUIOB. Mcxonst m3 3THMX MPUMEPOB pa3pabOTYMK MOXKET B
JajbHEIIeM TONpoOoBaTh MO aHAJIOTUU CO3/IaTh YTO-TO CBOE, OoJjiee
WM MEHee COBepIIIeHHOE, HO 00s13aTe/IbHO paboTOCIIOCOOHOE.
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INosToMy B maHHOM IJIaBe KaK pa3 ¥ OyayT MOAPOOHO paccMOTpe-
HBl HECKOJIBKO TIPOCTBIX IPUMEPOB IMPOSKTUPOBAHUS CPaBHUTEIBHO
CJIOXKHBIX YCTPOMCTB Ha BCeX 3Tarax. OT aHalM3a pellaeMOoi 3amadu
IO CO3MAHUST TMOJHOM MPUHIUITAAIBHON cxeMbl. [IprMepsl 3TH, KO-
HEYHO, HE OTPaXKaloT M MaIOil JOJM BCEX pealbHO BCTPEYAIOLIUXCS
3a7a4, HO OTHOCATCS K Pa3IMIHBIM KilaccaM IIUMPOBBIX YCTPOMCTB.

8.1. Pa3paboTka KJ1aBUaTyphl

Paznmuunbie KnaBUATyphl C OOJIBIIMM KOJUYECTBOM KJaBUII (KHO-
MOK) IIMPOKO MCIOJIb3YIOTCS B LU(POBBIX CUCTEMAaX: B KOMIIbIOTE-
pax, KOHTpOJIJIepax, U3MEPUTETbHBIX MPUOOpPaX, B ObITOBON TEXHU-
ke. OcHOBHas 3amaya 000U KiIaBUATyphl JOBOJBHO TPOCTA: OHA
IOJKHA TIpY JTI0OOM HaXaTUM Ha KJIABUINY BbIIaBaTh KOJ HOMepa
9TOl KJIaBUILIW U CUTHAI (bjlara HaXaTusl KJIaBUIIU (CTPOO 3TOro Ko-
na). [MomyduB 3TOT curHan ara, BHEIIHEE YCTPOMCTBO YUTAET KOI
HaXaTol KJIaBUIIW U MPEANPUHUMAET TpeOyeMble NeiCTBUS.

I'maBHast 3amaya TIpU TIPOEKTUPOBAHWUM KJIABUATYPhl COCTOUT B
MMHUMU3ALMU alfapaTypHbIX 3aTpaT U B OOECMEeYeHWU HaaeKHOro
cpabatbiBaHUs B 000U cutyaruu. CyliecTBYET Macca CXEeMOTEXHU-
YECKMX DPEeLeHU 3TON 3aJauud, OT MPUMUTUBHBIX IO CJOXHEWIIUX.
KnaBuatypsl MoOryt ObITh MEXaHWYECKMMU, KBA3WCEHCOPHBIMU WA
CEHCOPHBIMU, KJIaBUATYpbl MOTYT WMETh XECTKYIO JIOTMKY paOOThI
WY ObITh MHTEJUIEKTYAIbHBIMU, JaXe JOIMYCKaTh MepernporpaMMupo-
BaHue. MBI OymeM B KadyecTBe MpUMeEpa paccMaTpuBaThb camylo IMPO-
CTYI0 MEXaHUYECKYIO KJIAaBUATYPY C XXECTKOW JTOTUKOW padOTHI.

KonnuecTBo KJIaBUIIl TTOJTHOPA3MEPHOU KJIaBUATYpPhl KOMIIBIOTE-
pa MpeBbIIIAET COTHIO, MO3TOMY Mbl OyAeM MpPOEKTUPOBATh KilaBUa-
Typy Ha MakKCHMMaJlbHO€ KOJWYECTBO KJaBuiil, paBHoe 128. Ecrtect-
BEHHO, KJIaBMaTypa OJKHA WMETh 3allUTy OT Apede3ra MexaHude-
CKMX KOHTaKTOB U JOJIKHA KOPPEKTHO 00padaThiBaTh CUTYAIIUIO Ofi-
HOBPEMEHHOTO HaxaTusi HeCKOJIbKuX Kiasull. [IpumeM, Hampumep,
YTO MPU OJHOBPEMEHHOM HaXKaTWW HECKOJIbKUX KJIABUII KJIaBUATypa
JIOJKHA BbIAABaTh KO TOJbKO OJHOUW M3 Hux. [lpumeM Takxke, 4ToO
MaKCUMaJIbHO BO3MOXHBIA TEMIT HAXKaTWsl KJIABUII HAa KJIaBUAType
HE JOJIKEH TpeBbiiath 20 HaxaTuil B CEKyHAY (3TO JOBOJbHO MHO-
ro). Takum o00pa3oM, OCHOBHBbIE TpPeOOBAHUSI K IMPOEKTUPYEMOMY
YCTPOUCTBY copmyaupoBaHbl. HauHeMm pa3paboTKy.

OueHb yacTo ymOOHBIM U 3(P(PEKTUBHBIM TTPUEMOM pPa3pabOTKU
SIBJISIETCSI HA4ajlo pa3pabOTKU YCTPOMCTBA «C KOHIA». To ecTh Mpo-
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€KTUPOBAHWE HAYMHAETCSI, UCXOMsl U3 TPEOyeMOro pe3yibTara, W3
T€X CUTHAJOB, KOTOpbIE YCTPOWCTBO MOJDKHO BbIAaBaThb BOBHE U
MpUHUMATh U3BHE. Y TOJBbKO B KOHIIE MMPOEKTUPOBAHUS pa3padaThi-
BaeTCsl Ta 4YacThb YCTPOWCTBA, KOTOpPasl BBIMOJTHSIET TpeOyeMyro
dynkuuto. Takoit TMOAXOA TapaHTUPYET, 4YTO pa3paboTaHHOE YCT-
POVICTBO HE OyIEeT 4pe3MepHO U30BITOUYHBIM, HE OyIeT JeiaTh HUYe-
TO JIMIIHETO, a TaKXX€ TO, YTO OHO KOPPEKTHO OyIeT B3aMMOJECHCT-
BOBaTh C JPYTMMM YCTPOUCTBAMU U CUCTEMaMU. DTOT MPUHLIMIT MPO-
E€KTUPOBAaHUS HE YHUBEPCAJIEH, TOPOW BBIAEPXATh €r0 B TEUCHUE
BCEro mpoiiecca pa3padoTKu TPyJHO, HO MOMPoOOBaTh €ro MpumMe-
HUTH K JT000OMY YCTPOMCTBY HUKOT/IA HE MOMEIIIAET.

B Hamem ciydyae HEOOXOAMMO CHayajlia OIMPEACTUThCS, YTO
JIOJKHA BbIIAaBaTh BOBHE KiaBuatypa. OOBIYHO 3TO 3aAaeTCsl TEXHU-
YeCcKUM 3aJaHWEM, HO Mbl MPUMEM, YTO Hallla KJIaBUaTypa AOJKHA
BBIIABaTh 7-pa3psiIHbIA TBOWYHBI HOMEp HaXaToil KJIaBUINM (Tak
Kak 2’ = 128) 1 cOnpoBOXAATb €ro MOJOKUTEIbHBIM CUTHAIOM (hia-
ra Haxatus. CurHaa ¢jara ¥ KOJ KJIABUIIW AOJIKHBI COXPAHSIThCS
JIO TeX Top, TTOKa HaxkaTa KJaBuIlla. 3a 3TO BpeMs (HECKOJbKO MWJI-
JIMCEKYHJI) BHEIIIHEE YCTPOMCTBO JOJKHO YCIETh MPOAHATU3UPOBATH
CUTHAJT (para U MPOYUTATh BBIXOAHOW KON KiaBUaTypbl. OOBIMHO
JlaHHOE TpeOOBaHUE SIBJISIETCSI HE CJIUILIKOM XECTKHM.

AJNbTEpHATUBHOE pEIIeHWEe — COXPAaHEHWE KOlla HaXXaToW Kia-
BUIIIM U CUTHaIA (piara 10 MOMEHTA YTEHUSI BBIXOMTHOTO KOJa BHEIII-
HUM YCTPOMCTBOM — KOHEUYHO Xe, CHUXaeT TpeOoBaHUE K ObICTPO-
NEWCTBUIO YMUTAIOLIETO BHEIIHETO YCTPOWCTBAa, OMHAKO OHO MOXET
MPUBECTH K TOMY, YTO HEKOTOpPbIE HaXaTHsl KJIaBUII OCTaHyTcsl 0e3
peakuuu, He OyayT o0padoTaHBbI.

HeobxonnMo Takxke OMNMpeAeauThes, Kak KiaBuaTypa OyaeT Bec-
TU ce0s1 TPY OMHOBPEMEHHOM HaXXaTUM HECKOJIbKMX KiaBuil. Hau-
0oJiee CIIOXHBIE, NHTEJUIEKTyaJIbHbIE KJIaBUATYyphl BBIIAIOT MOCIEA0-
BaTebHO KONbl BCEX HAXaThIX KJIABWII, 3alIOMUHAs UX B OydepHOi
namsati. Ho Mbl mpuMeM, 4TO KJlaBMaTypa JAOJKHA BbIAABATh TOJBKO
KOl OHOM M3 OZHOBPEMEHHO HaXaThIX KJaBUII (IEpBOK MO ycTa-
HOBJICHHOMY TMOpsIAKY). HaxaTtusi BceX OCTalbHBIX KJIaBUIII OJIHO-
BPEMEHHO C TaHHOW KJIaBUILIe TPOCTO UTHOPUPYIOTCS.

ITpu NpoeKTUpPOBAHNK MEXaHWUYECKOW KITABUATYpPhl BAKHO PEIUTh,
Kak OyzmeT oOpabaThIBaThCsl HEM30EXKHO MPUCYTCTBYIOIIMIA apede3r me-
XaHMUYECKMX KOHTAKTOB KiaBuil. Ero MoxHo 00pabaTbiBaTh Kak BHYTpY
KJIaBUATYpPbl, TaK U BHE €€ (TO €CTh MEPEHECTU 3Ty (DYHKIIMIO HA BHEIII-
Hee ycTpolicTBo). Ob0a 3TUX MOAX0Ia MMEIOT CBOM IpeumyllectBa. Ho
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Hallla KJlaBuaTypa OyneT oOpabaThiBaTh JApeOe3r KOHTAKTOB CaMOCTOSI-
TenbHO. [IpuHIIMIT 00pabOTKKM BHIOMpaeM OYEeHBb IIPOCTON: IEpBOE 3a-
(I)I/IKCI/IpOBaHHOC 3aMbIKaAHME€ KOHTAKTOB KJIABUIIIM CUYUTACTCA HAYAJIOM
HaXaTnsi, a KOHCI HaXXaTus OIpECACIISICTCA TOra, KOIJa KOHTAKThbI 6y—
OYT pa30OMKHYTBI B TCUEHHNE 3aJaHHOI'O MHTEpBaJia BDEMCHMN.

B pesynbraTe BpeMeHHas nuarpaMma pabOOTHI pa3pabaThIBacMOi
KJIaBUATYpbl MOXET OBITh YIPOIIEHHO IpeAcTaBieHa B Buae puc. 8.1.
3nech curHan (ara HauMHaeTcs NMpu (PuKcaluu €IUMHUYHOTO CHUT-
HaJla ¢ KJaBUIIM (3TO MOXET ObIThb KaK BO BpeMs npebe3ra, Tak U
nocje ero okoHuyaHus). Ilocne BwicTaBieHus uara ukcupyercs
BBIXOMHOM Koj KiaBuiu. Ilociie oTmycKaHus KJIaBUIIM (HYJIEBOM
CHTHaJI), Yyepe3 BpeMsl 3afepxkKu [, , CHUMaeTcsl curHan ¢Jara. Bpe-
MS 3aJepXKU NOJDKHO OBITH 3aBeIOMO OOJIbllIe BpeMEHM Jpede3ra
KOHTAaKTOB. BbIXO,Z[HOVI KOI MOXKET COXPaHATHCA ITOCJIE OTITYCKaHUS
KJIABUIIIU JIO CJICAYIOIIETO HAXAaTHsI, a MOXET U CHUMAaThCSI.

' Hawarue

Knasrma : Ornyckanme
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Brx, xox X Koz Haxaroii knarmum

Puc. 8.1. BpemeHHasi nuarpamma paboTbl KJ1aBUaTyphl.

HanpHeiimass pa3paboTKa HEBO3MOXHa 0e3 BbIOOpa IMPUHIIMIIA
Mpeodpa3oBaHUsl CUTHAJIOB OT HaXaTWsl KJIABWII B KOJI HOMepa Ha-
XKaToU KJIaBUILIU.

ITpocTeiilinM MmyTeM IOCTPOEHHUS MOJOOHOro IMpeodpa3oBaTes
SIBJISIETCSI MCTIOIb30BaHNE IIPUOPUTETHRIX IIN(PPaTOpoB (puc. 8.2).

Kaxpgass xmaBuIa gaeT CBOM JIOTMYECKWIT CUTHaJ, CUTHAJIBI OT
BCEX KJIAaBUII MpeoOpa3yloTcst u@paTopoM B KOI, HOMepa KJIaBUIIIN.
OnHaKo TaKo¥ MPOCTEUINNI TTOIX0I XOPOII TOJIBKO MPU HEOOJBIIIOM
KoJInyecTBe KiaaBuil (o 8 win 1o 16), Tak Kak IMpy OOJIBIIOM KOJIM-
YeCTBE BXOJOB TPUOPUTETHHIA IMIM(pPaTOp MoaydYaeTcsl JOBOJBHO
CJIOKHBIM. npl/l MaJIOM KOJHUYECTBE KJIaBUIII L[pe6e3r KOHTAKTOB
00BIYHO YCTpaHSIETCSI OTHACNBHO IS KaXIOM KIIABUIIU C TTOMOIIBIO
RS-Tpurrepa (kak 9T0 IMoxKa3zaHO Ha PUCYHKeE). DTO pelIeHHE IIPO-
CTO€, HO TpeOyrollee OOJBIINX allllapaTypHBIX 3aTpar.
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HpyruM myTeM MOCTpOoeHUs mpeoOpa3oBaTessl SIBISETCS UCTIONb-
30BaHME TaK Ha3blBAEMOW KOMMYTALlMOHHOW MAaTpPULIbI, COCTOSTHUE
KOTOPOI MEpUOANYECKM OMpalIMBaeTCsl ¢ YaCTOTOM TaKTOBOI'O I'eHe-
patopa. KommyTalimoHHasi MaTpulia MpeACTaBisieT coOoii aBe Tpyr-
IThl TIEPECEKAIOIINXCSI TTPOBOJIHUKOB (CTPOKM M CTOJIOLIBI), BO BCEX
roykax rnepeceyeHMs] KOTOPbIX HaXoAsdTcs KiaaBuiiud. B maHHoM ciry-
yae Kaxpaas KJaBuIllla He (OpMUpPYET CBOEro OTIEIbHOIO JIOTMYEe-
CKOro CHUTHajia, a TOJIbKO KOMMYTUpPYET (COEAMHSIET) OJHY U3 CTPOK
MaTpULbl C OMHUM U3 €€ CTOJIOLIOB.

HaubGonee yHuUBepcanbHasl cxemMa IpeoOpas3oBaTtessi, Jerko Ha-
painmBaeMasi U 1OCTaTOYHO TIpocTasi, MpuBeAcHa Ha puc. 8.3.

S0 nonn

e ==t B e

F4 P O o I

‘_y’-l lJ‘q_r'P' bas r.P" '_T'- l‘y-

e 2 2 . U 0 1 2

CT2 4x MS

Teneparop C 2 -I-Llraokme

44
A

A _Homep naxaro xnasimm

Puc. 8.3. [Ipeobpa3oBartesib ¢ ONPOCOM BCEX KIIABUIIL.
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7151 orpoca KOMMYTAaLIMOHHOM MaTpPHIIBI MCIIOJIB3YeTCsS CUETUHK,
TaKTUpYeMBbIii TeHepaTopoM. Crapiine pa3psiabl CYeTYUKA HMCIIOJb-
3YIOTCSI JIJIST BBIOOpA OJHOM M3 CTPOK MATPHULBI C MOMOIIBIO AeIind-
paTopa (Ha BBIOPAHHYIO CTPOKY ITOCTYMAeT CUTHANl JIOTMUYECKOIro Hy-
Jis, Ha HEBBIOPAHHYIO — CHUTHAJ JIOTUYECKOM eIWHMIbI). Maniime
paspsiabl cYeTYMKA MCIIONB3YIOTCS IS OMpOca CTOJOI0B MAaTPULBI C
IMOMOILBIO MynbTHIUIEKCOpPa. CUTHaJ ¢ OIpalldBaeMoOro CToJoIa
MOAAaeTCs Ha BBIXOJ MYJIBTUILIEKCOpa. [IpM3HaKoM HaxaTus KiiaBH-
LU SIBJISIETCS HYJIEBOM CUTHAJ Ha BBIXOIE MYJIbTUIUIEKCOpa. B aToT
MOMEHT Ha BBIXOJAaxX CYETYMKa TMPUCYTCTBYET KOI HOMEpa HaxkaTou
Ki1aBuIIKd. Takasi cxema JIETKO TO3BOJISIET CTPOUTH KIIABMATYphl Ha
00JIbIIOE KOJMMYECTBO KIaBUII (m0 256, KaK Ha PUCYHKE, M Jaxe
OoJibllie), OJHAKO OHA TpPeOyeT JOBOJBHO OOJBIIOrO BPEMEHM MIJIst
MOJTHOTO OIPOCa KIIABMATYPhl (TaK KaK KOJMYECTBO TAKTOB OIpoOCa
PaBHO TTOJIHOMY KOJIUYECTBY KJIABUIII).

CoBMellleHNE ABYX PACCMOTPEHHBIX MOAXOIOB MO3BOJSIET CTPO-
WUTh JOCTATOYHO OOJIBIIME KJIaBUATYphl C MaJlbIMU armapaTypHbIMA
3aTpaTaMM U MallbIM BpeMEHEM OITlpoca.

I[Ipu TakoM KOMOMHMpOBaHHOM MeTone (puc. 8.4) Takke uc-
MOJIb3yeTCss KOMMYTAllMOHHASI MaTpUlla C KJIABUIIIAMU Ha BCeX Iepe-
CEUYEHHUSIX CTPOK U CTOJIGLIOB, HO OIMpAlIMBaOTCS HE BCe KIABUILIU IO
odepeau, a TOJBKO CTPOKM (MJIM CTONOLBI) MaTpuubl. s orpoca,
KakK ¥ B NPeIbIOyILIeM clydae, MPUMEHSIOTCS TeHepaTop, CYeTYMK U
nmemudparop. IojgoxkeHne Xe HAXaTol KIABUIIM B CTpOKe (WM B
cToyiblie) ompeneisieTcss ¢ MmoMolnplo mudpaTopa. Kon Haxaroit
KJIaBUIIM 00OpasyeTcsi U3 BBIXOJHOTO KOJa CueTdyMKa (CTapliue pas-
psnBl) ¥ KOJa ¢ BbIxomaa ImdpaTopa (MIaaiime pa3psiabl).

B namem ciyyae kinaBmaTypa MMeeT 128 KiraBWII, TO €CTh KOM-
MyTallMOHHAs MaTpHUIia JOJDKHA COCTOSITh M3 16 CTPOK, ompalirBae-
MbIx gemmndpatopom 4—16 (MUA3), u 8 cTOAOIOB, CUTHAIBI C KOTO-
pbix obOpabarbeiBaoTcs mmdparopom 8—3 (MB1). Cuetyuk momkeH
umeTh 4 paspsaa (ME7). Otu 4 padpsna 1 3 pa3psiga ¢ Beixoaa mud-
paTopa IamyT 7-paspsOHBIA HOMEp HaXaToil KiaBUINM. I[lomHbIi
LIMKJI OMpoca KJIaBUATypbl OyIdeT 3aHUMATh 16 TakTOB reHepaTopa
(o yucny cTpok). [lpM3HaKOM HaXaTus OOHOM W3 KiIaBUII OymeT
OTPHIATENbHBIN cUTHANT Ha BuIxoge -GS mmdparopa. Ecinu Haxaro
HECKOJIbKO KJIaBMII B Pa3HBIX CTPOKaX, TO 00pabaThIBaThCs OymeT Ta
KJIaBHIlla, CTPOKa KOTOpOil OGymeT ompolileHa mnepBoit. Eciu Haxato
HECKOJIBKO KJIaBHUII B OMHOI CTPOKe, TO IIKM(bpaTOp BBIAACT KO Kila-
BUIIIM, COOTBETCTBYIOIIEH Oo0JbIIeMy HOMepy Bxoda. Hamo Takke
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VYUTBIBaTh, YTo ImmMdpaTop MB1 BBImaeT MHBepCHBIN HOMEpP BXOna,
Ha KOTOPHII MpHUIIET HYJIEBOM CUTHAJI, 3Ta OCOOEHHOCTh MOXET TI0-
TpeGOBaTh TTPUMEHEHMS TPEeX BBIXOMHBIX WHBEPTOPOB (HAa PUCYHKE
HE MMOKa3aHbl).
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Puc. 8.4. IIpeoGpa3oBaresb ¢ ONMPOCOM CTPOK KJIABHIIL.

OneHnM, Kakoi AOJDKHA OBITh YacTOTa TaKTOBOTO TeHepaTopa.
MbI TIpUHSIM, YTO MaKCHMMalbHasi CKOPOCTh Haxatust paBHa 20 pa3 B
cekyHmy. 3HauuT, 3a 1/20 ceKyHObl Hago yCIeTh ONPOCHUTh BCIO Kila-
BHATypy, TO ecTb Bce 16 ctpok. Takum o6pa3oM, MHUHUMAJILHO J0-
MyCTMMas TaKToBas yacTtoTa coctasisger 16 ¢ 20 = 320 I'u. Ho Hano
3aJI0OXUTh W 3armac Ha o0paboTKy apede3ra KOHTakToB. Iloatomy
IpUMEM TaKTOBYIO 4acTtoTy ompoca paBHoif 400 I'm. Ona MoxeT
OBITh 1 OOJIBIIIE, HO YPE3MEPHO YBEIMUYMBATH €€ (HAIpUMEp, BBIIIE
1 xI'1) He cTOMT, TaK KakK Mpu OBICTPOM MEPEKIIOUEHN MUKPOCXEM
YBEJIMYUBAETCS TOTPeOsseMblid cxeMoil ToK. [loHsTHO, YTO reHepa-
TOp JOJDKEH OBITh HE KBapleBbIM, TaK KaK KBaplIeBbIE PEe30HATOPHI
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Ha HM3KKWE YacCTOThl HE BBIMYCKAIOTCS, a JEJIUTEIb YacTOThl PE3KO
yCJIOXHUT cxeMmy. K Tomy e TouHasl BblIIEpKKa 4acTOThl TeHepaTo-
pa B JaHHOM CJIy4yae COBEPIIIEHHO HE HyXXHa.

BoixonHoii curHan -Haxkartue, KOHEYHO Xe, OyIeT UMeTh KOPOT-
KHWe Mapa3suTHble UMIYJIbChl. Bo-TIepBbIX, OHM OYyIyT BO3HUKATh W3-
3a gpebe3ra KOHTAKTOB HaXaToll B JaHHBIK MOMEHT KjIaBMIIM. Bo-
BTOPBIX, OHW MOTYT BO3HUKAThb M3-3a TEPEXOMHBIX IPOLIECCOB MPU
MEepPeKTIOYEHUN CUeTYMKa U neinudpaTopa. DTU Tapa3uTHbIE UM-
MyJbChl HAIO0 UCKJIIOYATh.

YToOBl HCKITIOYUTH JEWCTBUME TapasUTHBIX WMIYJIbCOB M3-3a
TEePEeXOAHBIX MPOLIECCOB MPU MEPEKITIOUEHUN CUEeTUYMKA U Aeiud-
paTtopa, IOCTaTOYHO TPUMEHUTh CTPOOMPOBAHUE WJIM TaKTUPOBa-
Hue curHana -HaxaTue B cepequHe KaxI0ro TaKTOBOTO MHTEpBasa.
711 3TOro U3 cXeMbl Ipeodpa3oBaTe/is Hag0 BBIBECTU CUTHAI - TakT.

HckioueHre KOPOTKMX BBIXOAHBIX MMITYJbCOB H3-3a Apebdesra
KOHTaKTOB KjaBulll cjoxHee. IIpexjae Bcero, Ha BpeMsl HaxKaTusi
KJIaBUIIU 11€JIeCO00Pa3HO OCTAHOBUThH OIPOC CTPOK C TTOMOIIIBIO
curHasiia -3amper. 3aTeM Haao o0OpaboTath curHain -Haxartue mno
MPUHLIMITY, TTOKa3aHHOMY Ha puc. 8.1. byneM cuurtarh, 4To TIpU Ape-
0e3re KOHTaKTOB JJIUTEJIbHOCTh KPAaTKOBPEMEHHOTO Pa3MbIKAHUST HE
MPEBBIIIAECT MepUoia TAKTOBOTO reHeparopa (2,5 MC MpU TaKTOBOM
yacrore 400 I'm). Torma 3agepkka OKOHYAHUSI CUTHaa (yara Haxa-
s (cM. puc. 8.1) JoKHA ObITh HE MEHEe OJHOrO IMepuoja TaKTo-
Boro curHaia. {ist BeIpabOTKY 3aep>KKW MOXKHO MCIOJIb30BaTh lie-
MOYKY TPUTTEPOB, TAKTUPYEMbIX CUTHAJIOM -TaKT.

Cxema BbIPaOOTKM BBIXOJHBIX CUTHAJIOB KJIaBUATyphl MpHUBeacHa
Ha puc. 8.5.

Ues ST+ 4T L I 15 TrRGIo 7 Bax. wox
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Puc. 8.5. Cxema BbIpaOOTKM BBIXOAHBIX CUTHAJIOB KJIAaBUATYPBI.
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WMuBepcHbIil Bbixoa Tpurrepa T1 mnepexkioyaeTcs B COCTOSTHUE
Jjjornyeckoil 1 B cepeauMHe TaKTOBOIO MHTEpBajia (MO TMOJOXUTETb-
HOMy (bpOHTY curHajna -TakT), ecnu curHan -Haxatue — HyIeBOM.
CBoOUM BBIXOAHBIM cUTHayioM Tpurrep T1 mepeOpachiBaeT B ¢AUHUILY
Tpurrep T2, KOTOpBIN yXe HUKAaK He CBS3aH ¢ curHajioM -Haxkartue,
He pearMpyeT HM Ha KaKoil ApeOe3r 3TOro curHaja. BeixomHoii cur-
Hajl Tpurrepa T2 ucmosb3yeTcsl B KauecTBe cUTHajia pjiara HaxaTus
Ki1aBuatypbl. MHBEpPCHBIN cUTHaL € BbIxoAa Tpurrepa T2 McCmonb3y-
€TCsl B Ka4eCTBE CUTHaJa -3arpeT, OCTaHaBIMBAIOLIETO OMPOC CTPOK
KJIaBUATYPHI.

Llenouka tpurrepoB T3 u T4, Ttaktupyemasi curHajiom -TakT,
CIIYXKUT JUISl 3afIEp>KKUA CHSITUSI CUTHaIa iara Tiocjie OTIYCKaHMS
Ki1aBUIIU (Kordga curHaja -HaxaTue cTaHOBUTCS paBHBIM €IMHUIIC).
Ilocne ycraHoBKU (hiara B €AMHUILY CUTHA (yiara HaYMHAET 3amu-
ChIBaThCs 10 (pOHTY curHaia -TakT B Tpurrepsl T3 u T4, HO TOJIBKO
B TOM Cjlyyae, Korga curHaid -HaxaTtwe ycTaHOBJ€H B EAUHMILY.
B pesynbraTe Ha MHBEPCHOM BbIXOAE Tpurrepa T4 TMOSBUTCS CUTHAJ
JIOTUYECKOTO HyJISI MPU €IMHWYHOM 3HauyeHuu curHaia -Haxartue B
MOMEHTBI JBYX TMOCJE€I0BATEIbHBIX MOJOXUTEIbHBIX (DPOHTOB CUT-
Hana -Takt. CurHai ¢ Beixona T4 cOpacbkiBaeT curHaji ¢iara B HyJib,
ToCJie Yero BCs cXeMa MEepexXOduT B UCXOJHOE COCTOSIHUE U KIAET
ClIeyIOIEero HyJeBoro curHana -Haxarue.

Eciu kparkoBpeMeHHOE pa3MbIKaHUE IIpU JIpede3re KOHTAKTOB
KJIaBUIII IJIATCS Oosiee 2,5 MC, TO MOXHO YBEJIWYUTH KOJUUECTBO
TPUTTEPOB B MocyenoBaresibHou 1ernouyke (T3 u T4), uro mpuBeneT K
YBEJIMYEHUIO 3a/IEP>KKU CHSTHUSI CUTHasa ¢jlara Ha 1IeJI0e YMCIIO TaK-
TOB TeHepaTopa.

Takum oOpa3zom, cxema IOJHOCThIO pa3padoraHa. OTMETUM, UTO
HU3Kasi TAKTOBAsl 4acCTOTa PadOThI CXEMBbI MO3BOJISIET HAM HE paccyu-
THIBaTh 3aJ€PXKEeK MUKPOCXEM, TO €CTh HCMOJIb30BaTh TOJBKO TMep-
BBl YpOBEHb MPEACTABICHUS, JIOTMYECKYI0 Monesb. A 3(MQdEKTHI,
CBSI3aHHBIE C MEPEXOAHBIMU TIpOLIECCAMU TPU MEPEKITIOYEHUN MUK-
pocCXeM, Mbl YCTpaHUJIN, 00ECIeYMB BPEMEHHOU CABUT MEXIy TaK-
TOBBIMU CUTHaJaMM CXeMbl Tipeobpaszosaressi (puc. 8.4) U cxembl
BBIPAOOTKM BBIXOJHBIX CUTHAJIOB (pucC. 8.5) Ha TMOJOBUHY Mepuona
reHepaTopa. HoMuHambel Bcex pe3ncTOpoB, MPUMEHEHHBIX B CXeMe,
JIOJDKHBI OBITh 0K0JIO 1 KOM.
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B.2. Pa3paboTKa BBLIYMCIUTENS KOHTPOJIbHOW CYMMBb]

PaznuyHble KOHTPOJIbHBIE CYMMBI IIIMPOKO MPUMEHSIIOTCS B LIUGPO-
BBIX YCTPOMCTBaX M CUCTeMax JUIsd KOHTPOJISI MPaBUJIBHOCTA XpaHe-
HMSI WIKM Tiepenaynd maccuBoB MHbopmauuu. CyTb 3TOro MeToja
KOHTPOJISI TIPOCTa: K XpaHMMOMY WIM TepeaaBaeMoMy MHGopMaly-
OHHOMY MAaCCHBY TPUCOCIMHSIETCS HEOONbIIOW KOHTPOJBHBIN KOI
(oObruHO OoT 1 paspsima mo 32 pas3psanoB), B KOTOPOM B CBEPHYTOM
BUJIE COAEPXKUTCSI uH(bopMalust 000 BceM MaccuBe. [Ipu ureHUM umu
MOJIyYEHUU 3TOTO0 MaccuBa elle pa3 BBIYUCISETCS TOT XK€ CaMblii
KOHTPOJIBHBI KON MO TOMY Xe& camMoMy airoput™my. Eciau stoT
BHOBb BBIUMCIICHHBIN KOJ paBeH TOMY KOy, KOTOpBIA ObLT Tpucoe-
JVHEH K MacCUBY, TO CUMTAETCS, YTO MACCUB COXpAaHEH WU TepelaH
0e3 ommbok. Jloruka 3aech cienyroniasi: KOHTPOJIbHBIM KOA (OH Xe
KOHTpOJIbHAsI CyMMa) ropa3lio MeHbIlle KOHTPOJUPYEMOIO MacCUBa,
MO3TOMY BEPOSITHOCTb MCKaXKEHUSI KOHTPOJBHOM CYyMMBbI TOpasio
MEHBIIIE, YeM BEpOSITHOCTh MCKaXkeHUs1 MaccuBa. Eciu ke nckassarcs
KaK MacCHB, TaK M KOHTPOJIbHAsI CyMMa, TO BEPOSITHOCTb TOTO, YTO
9TU UCKaKeHUSI He OyIyT 3aMeueHbl MpY MOBTOPHOM MOJACYETE KOH-
TPOJIbHOI CyMMBI, KpaitHe mana. CyliecTByeT, MpaBaa, BEPOSITHOCTD,
4YTO MacCuB OymeT MCKaxkeH B HECKOJbKMX MeCTaX TaKUM 00pas3oM,
YTO KOHTPOJIbHAsI CYyMMa OT 3THX MCKaXXeHWN HMKaK He M3MEHMTCS,
HO Takasl BEpOSTHOCTb TaKXe OObIYHO Maia.

KoHTposibHBIE CyMMBI MPUMEHSIOTCS TIPU XpaHEHUU NaHHBIX B
naMsTu (ornepaTUBHON M TIOCTOSIHHOM), MPU XpaHEHUU AaHHBIX Ha
MarHUTHBIX HOCUTEJISIX (OUCKaX, JIEHTaX), B JIOKAJbHbBIX U IJ1I00ATb-
HBIX CeTsX Tepenayn nHgopMamuu. [1py MCnonb30BaHUM KOHTPOJIb-
HOU CyMMOIi JUIsT 3alllUThl XpaHUMOU MH(bOPMAIUM MOXHO yCTaHO-
BUTb HaJWYMe WJIM OTCYTCTBUE TOBPEXICHUI TaHHOTO -MaccuBa
(daitma, cexkropa Ha aucke). IIpu KCIMOJB30BAaHUM KOHTPOJIbHOM
CYMMBI JIJTSI 3allIUTHI TIepeaBaeMoil 1o ceTu MHMPOpMaluy TPUEMHUK
MOXeT MoTpeboBaTh OT IepenaTyrMka IMOBTOPHOM Tlepenayd McKa-
JKEHHOTO MaccuBa.

CyliecTByeT MHOXECTBO CIIOCOOOB BBIYMCICHUSI KOHTPOJBHOM
CYMMBI, pa3IMYaloIINXCsl CTETICHbIO CJIOXHOCTU BBIYMCICHUS] U Ha-
JIeKHOCTBIO BhISIBJICHUS olIM0oK. Ho Hamubobliee pacipocTpaHeHUe
MOJIyYUJI B HACTOSIILIEE BpeMsl TaK HasblBaeMblii «LIMKIWYECKUI Me-
TOon KOHTpoJisg 1o  m3obitouHocT» min CRC (Cyclic Redundancy
Check), mpu KOTOpOM NpPUMEHSETCSI LUKJINYECKass KOHTPOJbHas
CYMMA. .. oy
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Bbrumcnsiercss LUKIMYecKash KOHTPOJbHAs CyMMa TakKuM oOpa-
30M. Becb MaccuB mHpopMaluu paccMaTpuBaeTcss Kak ogHO N-pas-
psiiHOE JBOMYHOE 4yuciio, rae N — KOJIW4ecTBO OUT BO Bcex OaidTax
MaccuBa. 111 BEIYMCIEHUS KOHTPOJbHOU CyMMBI 3T0 N-pa3psiiHoe
YUCJIO JIEJUTCS Ha HEKOTOPOE TMOCTOSIHHOE YUCIO (TTOJIMHOM), BbI-
OpaHHOE CIellMaibHbIM 00pa3oM (HO JETUTCS HEe MPOCTO, a MO MO-
oyiao 2). YacTHOE OT 3TOro AeJeHUsT OTOpachiBaeTCsl, a OCTaTOK Kak
pa3 ¥ UCTOJIb3YeTCsl B KaueCTBE KOHTPOJBHOUN CYMMBI.

Mbl He Oyaem yrayonsiTbcsi B MaTreMaTU4ecKoe OOOCHOBaHUE
aToro Metona. VIHTepecyoluecs 4YMTATEIM MOTYT OOpaTUThCS K
crneLuagbHOM JTUTepaType. 3AeCh K€ MBI OTMETHUM TOJIBKO, YTO JaH-
HBIIi METOJ BBISIBISIET OAMHOYHBIE OIIMOKUA B MAacCUBe C BEPOSITHO-
cteio 100%, a a000e Apyroe KOJWYECTBO OLIMOOK C BEPOSTHOCTHIO,
npuMepHo paBHOK (1—2~"), Tme M — KOJMYECTBO paspsiioB KOH-
TPOJIbHO CyMMBI (3TO BEPHO TOJBKO MPHU YCJIOBUM, 4TO N ropasio
OoJbllle 11, YTO, BIPOYEM, ITOUYTH Bcerma BhIMOJIHsIeTes ). Hampumep,
mpu IT = 8 maHHast BeposiTHOCTh coctaBuT 0,996, mist m = 16 oHa Oy-
net paBHa 0,999985, a st m = 32 ona 6yzmer 0,9999999997672. To
€CTb TMOYTH BCE OIIMOKU OYIYT BBISIBISTHCS.

A Terepb KpaTKO TMOSICHUM, YTO TaKoe NeJieHUEe TOo MOAylio 2.
Ilycts MaccuB (MOC/IEI0OBATEIbHOCTh OUT) WMMEET CIEMYIOLIUN BUI:
101111001110 (mns mpocTOThl OepeM HEOOBIIYI0 Pa3psIAHOCTD).
B xauectBe nenutenss (Ha3bIBa€MOro OOBIYHO MOJMHOMOM) BO3bMEM
yucyio 10011. Kak oHo BeiOupaeTcss? OHO OOKHO ASIUTHCS MO MOIY-
10 2 0e3 ocTaTKa TOJIBKO Ha €IUHUIYY M caMO Ha cebsl (To eCTb 3TO
JIOJIKHO OBITh IMPOCTOE YMCJIO B CMBICIIC AeJICHUS T10 MoayJio 2). Pa3-
PSITHOCTD TIOJIMHOMA OepeTcsl Ha eAuMHUIy OoJbllasi, yeM Tpedyemast
Pa3psITHOCTh KOHTPOJIbHOM CyMMBbI (OCTaTKa OT AejieHus ). Tak, 4ToObl
MOJYYUTh 8-pa3psiIHbIii OCTAaTOK (8-pa3psiIHYI0 KOHTPOJIBHYIO CyM-
My), Halo OpaTh 9-pa3psiiHbIi MOJMHOM. B HailleM cilyyae MOJMHOM
5-paspsimHbIN, cliefoBaTe/bHO, OCTaTOK OyaeT 4-pa3psimHbiid. st
MOJTy4eHH sl 8-pa3psIHOrO OCTaTKa MOXKHO MCITOJIb30BaTh, HapUMeED,
nmosmaoM 1 0001 1101 wmm 11D B 16-puuHoM Koze.

JeneHre Mo MOIY/IIO 2 MPOU3BOAUTCS TOUHO TaK Xe, KaK U MpU-
BBIYHOE TSI HAC JeJIEHUE «B CTOJIOMK» (pUC. 8.6), HO BMECTO BBIYMTA-
HUST B TAHHOM CJTy4ae WCIIOJIb3yeTCsl TTOpa3psiAHOE CIOXEHUE 0 MO-
Y0 2, TO €CTh KaXIblii pe3yJIbTUPYIOLIUI OUT MpencTaBisieT coOoit
dyukimio Uckmouaroniee MJIM oT cooTBeTCTBYIONIMX OUTOB ciarae-
MbIX. YacTHOE OT JieJieHrs] HacC He MHTepecyeT, a OCTAaTOK, paBHBIN B
Haiiem nipumepe 1000, 1 OyaeT UMKIIMYECKOM KOHTPOJIBHON CYyMMOIA.
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Puc. 8.6. Brrunicienue LMKINUeCKOil KOHTPOIbHON CyMMBI.

Kak mnpakTuyecku peaid3oBaTh BBIYMCIAEHME BSTOr0 OCTaTKa
(KoHTpOJIbHOI cyMMBbI)? MOXHO chejaaTh 3TO IO MPUBEIEHHOMY
3/1eCh MPUHIIUITY JIeJIEHUSI B CTOJIOWK (armapaTHO WK MPOrPaMMHO).
Ho B 11000M ciiydyae 3TO AOBOJIBHO TPOMO3JKO M MEMJIEHHO. YCKO-
PUTD TIPOLIECC BBIUUCIECHUSI MOXHO, BOCITOJIb30BaBIIUCH TAOJIUYHBIM
MeTonoM. JIjist 3Toro cocraBiseTcst TabIKila Yrcea pasMmepoM 2" X T,
rae 0 — pas3psiAHOCTb KOHTPOJbHOUW CyMMbl. [IpMHUIMIT BBIYUCICHUS
yycesa B Tabaule odeHb IMpocT (Tadm. 8.1).

Taomma 8.1. Tabnuua mst TaOJIMYHOTO METOAA BBIYMCICHUSI IUKINYECKON KOH-
TPOJILHOI CyMMBbI

Aapec B rafnane Janngie 8 TaGmaug (ancna)

o 0

1 OcTaToK OT fenekna wucna 1 (000 0000 va nonuHoM

2 OcTatok ot aenenya gucna 10 6000 0000 Ha noAnHON
3 OcTarok or aenenin wucaa 11 (000 000G xa noamHoM
4 Ocratok o1 geneHnd viena 100 0000 0000 xa noanHoM
5 " Octatox oT Aenenna uicna 101 G000 0000 Ha roAHHOM

255 Octatok or acnernn aucaa [111 1111 0000 0000 Ha nonuHOM

Yucna npeacTapiisiioT cO00M OCTaTOK OT AEJIEHUS 110 MOIYJIO 2
qyucsa ¢ M KOHEYHBIMU HyJISIMU (B HallleM mpuMepe I = 8) U ¢ I Ha-
YaJIbHBIMM pa3psiiaMy, paBHBIMU HOMeEpY uucia (ero aapecy) B Tab-
nuie. [eneHue MpPOW3BOAUTCS HA BbIOpAHHBIN MOJWUHOM (B HallleM
ciyyae — 9-pa3psnHbiit). Tabauiia BHIYMCASICTCSI OOUH pa3 U Xpa-
HUTCs Ha nqucke wiu B T13Y.
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AJITOPUTM BBIUMCJICHUSI KOHTPOJIBHOW CYMMbI C TIOMOIIBIO 3TOM
TaOJMLBI CACAyIOLIUNA (paccMaTpuBaeM cliydait m = 8). bepeM mep-
BbIli OaliT Halero nHGoOpMalMOHHOTO MaccuBa. PaccmarpuBaem ero
Kak aapec B Tabnuie (HoMmep uucia). bepeM u3 TaOGAULIBI YUCTO C
MOJyYeHHBIM HOMepoM — mosryyaeM octatok Ol. bepem Bropoit
0aliT MaccuBa U CKJIaibiBaeM ero no moayio 2 ¢ octatkom Ol Tlo-
JIy4eHHOE YMCJIO MCIOJIb3YeM Kak aapec B Tadoiuue. ITo aTtomy ampe-
cy BbIOMpaeM u3 Tabsuibl ocratok O,. bepeM Tperunii 6aiiT Maccusa,
CKJIa[bIBAEM €ro Mo Momymo 2 ¢ octatkoM O, Mcrnosb3ys 3TO 4uc-
JIO KaK.aapec B Tabjmliie, BhIOMpaeM M3 Hee ocTaToK O3 M Tak IIpo-
JIoJKaeM A0  MocyienHero Oaiita maccuBa. EcTecTBeHHO, 3TO Oyner
ropaszio ObICTpee, YeM BBIUMCIIEHUE «B CTOJOUK».

e —— e 1 ] "
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Puc. 8.7. TlapanienbHblil BBIUMCIUTENb 8-pa3psiIHON HMKIMYECKOH KOHTPOJIbHOM
cymmbl Ha [13VY.

J1s1 peanu3aliiyd 3TOro0 ajropuTMa ¢ MOMOIIbIO [IU(POBBIX CXEM
Tpebyercs TobKo 13V ¢ opranuszanueit 2°n X 1 (256 X 8 mipu 8-pas-
PSITHOM KOHTPOJIBHOW CyMMeE), nN-pa3psiIHbIA PETUCTP U T 3JIEMEHTOB
Ucxmouatomee MJIN (puc. 8.7). B TI3VY 3anocutcs tabiuia Ipo-
MEXYTOUHBIX OCTaTKOB (Ta0i. 8.1), Ha BXOH; CXeMBbI IOJAIOTCS OOUH
3a APYrMM OalThl MacCHBa, COIPOBOXIAaeMbie CTPOOOM. AIpecoM
II3Y cayxuT cymMma Mo MOIYJIO 2 BXOOHBIX JAHHBIX U COAEPKUMO-
TO BBIXOJHOTO PETUCTpPa, B KOTOPBII MO CUTHaAIy cTpoOa 3aruchiBa-
ercs BoixogHoi koxa I13Y. Ilepen HauasioM BBIYMCIEHUSI COCTOSIHUE
peructpa oboHynsiercs. [Tocie oKoHYaHMST BCETO MacCuBa B PETUCTpe
o0pasyeTcsl [UKJInYecKkasi KOHTPOJIbHAsI CyMMa.

HepnocTtatok naHHOU cXeMbl MapaJiIeIbHOTO BBIYUCIUTENST O4Ye-
BUJIEH: B CJyyae OOJIBIIOrO Yucia pa3psiioB KOHTPOJILHOW CyMMBbI
TpebyeTcs odeHb Gosbliioii 0ovem [13Y (64K X 16 mis 16-paspsia-
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Hoii cymmbl U 41" X 32 pna 32-paspsiaiHoii cyMwmbl). IlosToMy oHa
MPUMEHSIETCSI CPABHUTEIBHO PENKO. 3aTO MapasuiebHbIA BbIYUCIU-
Tellb 00JafaeT BBICOKMM ObICTponeiicTBUEM (OaiiThl MOTYT MOCTY-
MaTth ¢ MEPUOIOM, PaBHBIM CyMMe 3allepXKKM BBIXOAHOIO PErucTpa,
BpemeHU BbIOOpKU anpeca 13V u 3agepxku snemeHta Mckimoyaro-
mee MJIN).

J1s1 MHOTOPa3psIMHON KOHTPOJIBHOW CyMMBbI Yallle TPUMEHSIETCS
JIPYTO#l TIOAXON — BBIYKUCIEHUE B MOCJIEI0BATEIbHOM KOJE, MPU KO-
TOPOM Ha BBIYMCJIUTEIb MACCUB JAHHBIX MOCTYMAET MOCJIEeI0BATEb-
HO, 6uT 3a 6utoMm. IlocnenoBaTebHBI BBIYUCIUTENb KOHTPOJIbHOMU
CYMMBI TPEICTABIISIET COOOW CABUTOBBINM PETUCTP C OOPATHBIMU CBSI-
3MU OT HEKOTOPBIX Pa3psiIOB Yepe3 CyMMAaTophbl MO Moayaw 2 (To
ectb aneMeHThl Mckmovatomee MJIN). [TomHoe KonuyecTBO paspsi-
JIOB PEruCcTpa CABUTA JOJDKHO OBITh PABHO Pa3psSiIHOCTU BBIUMCIISIC-
MOW KOHTPOJIbHOM CyMMBbI (MJIM, UTO TO e caMoe, ObITh Ha EAUHMILY
MEHBIIIE Pa3pSIAHOCTU KCIOIb3yeMOro MOJIMHOMA). MecTo BKIIIOYe-
HUSI OOpaTHBIX CBSI3ell OJHO3HAUHO OIpeaessieTcsl BHIOpaHHBIM T10-
JIMHOMOM. DTO O4YeHb MOXOXe Ha reHepaTop KBas3ucCIy4yalHOM Io-
crnefpoBaTeibHOCTU (cM. paszzaen 4.2.3).

KonuyecTBO ToueKk BKIIOUEHUSI OOPATHOW CBSI3U OTIPENEISIeT-
CSl KOJIMYECTBOM E€IWHUIL B MOJIMHOME (EAWHUIIA B MJIQAIIEM pa3-
psiie He YYUTHIBAeTCsI), a HOMEpa Pas3psiioB CABUTOBOTO PETUCT-
pa, ¢ KOTOPBIX OEpyTCsl CUTHAIBI OOpAaTHOW CBSI3U, OMPEAEISIIOTCS
HOMEpaMu €AWHUYHBIX pa3psoB B Kole moiauHoma. B orauuue
OT TeHepaTopa KBa3UCIY4YallHOTO CHUTHaJla B NaHHOM CJy4yae He-
obxonuMo cMmemath o pyHkuuu Mcknwoyvaromee UM He ToabKo
CUTHaJIbl OOpaTHOI CBSI3W, HO W BXOJHOW CHUTHAJ JaHHBIX B IO-
CJIeIOBAaTEIbHOM KOJE.

Ha puc. 8.8 mpuseaeH mpuMep Mociea0BaTeIbHOIO BBIYUCIUTE-
71 16-paspsaHON IIUKINIECKOM KOHTPOJIBHON CYMMBI TIPY BBIOpaH-
HoM mrosimHOMe 1 0001 0000 0010 0001 wmmm 11021 B 16-pudHOoM
koze (pekomeHganuss MKKTT V.41). Tak kak B KoJie OJIMHOMA TPU
eIuHMLBI (0e3 MJIaIIIero paspsnaa), HeoOXOAMMO B3SITh TPU TOUYKU
BKJIIOUEHUST 00paTHOM cBsi3u. [Tpu 3TOM HOMEpa pa3psiioB CABUTOBO-
TO PErucTpa, K KOTOPBIM TMOAKIIIOYAIOTCS 0OpaTHBIE CBSI3U, OIpEe-
JISTIOTCSI TIOJIOXKEHUEM EAWHWYHBIX OMTOB B mojinHoMe. [lepen Hava-
JIOM pabOThl CABUIOBBIN PETUCTP HEOOXOAWMO COpPOCUTH B HYJIb
(curHan -Copoc). butsel MaccuBa JOJXHBI COMPOBOXIAATHCS CUTHA-
oM ctpoba. Ilocne oKOHYaHUSI MaccuBa B pErucTpe OyneT LUKIIU-
yecKast KOHTPOJIbHas CyMMa.
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Puc. 8.8. [IlociemoBaTeNbHBIN BBIYUCIUTENL 16-pa3psmHOil LMKIMYECKON KOH-
TPOJILHOM CYMMBI Ha PETMCTPE CIABUIA.

MoxeT 1okaszaTbCsl, YTO TaKOU IIOCIeIOBATEJbHbBII BbIUMCIM-
TEJb HEe CAUIIKOM yI00eH 13-3a TOro, UYTO JaHHbIE MAacCHUBa JOJKHBI
MoAaBaThCs Ha HEro B moclienoBaTelbHOM Koje. OnHako MMEHHO B
MOCJAEA0BATEeIbHOM KOJ€E IepelaroTcsl JaHHble B MH(pOPMAaLIMOHHBIX
CeTsIX, U B IOCJeI0BaTeIbHOM KOJE 3alUChIBAlOTCS JaHHbIE Ha Mar-
HUTHbIe HOocutelu. [1o3TOMy BO BceX MOAOOHBIX CIydasx IOCIIEIO0-
BaTeJIbHbIE BBIYMCAUTEN MOAXOIASIT UASATBHO.

Ilepuon mocTymuieHUsT OMTOB MacCHBa Ha ITOCJeIOBaTEIbHbINA
BBIUMCJIMTENb HE JOJKEH ObITh MEHBIIE CYMMBI 3aJep>KKM perucrpa
capura u anemeHToB Mckmouaromee MJIM. B utore mpenenbHas
CKOPOCTb BBIYMCJICHUS LUKIMYECKO KOHTPOJIbHON CYMMBI OKa3bl-
BaeTCsl 3HAYMTEIbHO MEHbIIEH, YeM B cjydae MHapasjiebHOIO BbI-
YUCITATENSI. DTO TaKKe HEJOCTATOK JaHHOTO METOAA BBIYMCIIEHMSI.

8.3. Pa3paboTKa JOrMYECKOTro aHAIM3aTopa

Jlornyeckuii aHaNIM3aTOp — 3TO KOHTPOJIBHO-U3MEPUTEIbHBIN TPU-
0op, TMpemHa3HAYECHHBIN IJi1 3amoMUHaHus ((puKcaunu) v mocie-
JIYIOIIEro aHanu3a (HampuMmep, MPOCMOTpa Ha 3KPaHE) BPEMEHHBIX
JayarpamMM OOJIbIIOTO KOJWuyecTBa LM(POBLIX CUTHAIOB. Jlornueckue
aHaAJIU3aTOPbl KCIIONB3YIOTCSI MPU AUHAMUYECKOW OTIAIKe pa3ind-
HbBIX HU(MPOBBIX YCTPONUCTB U CUCTEM, a TakKe MPU KOHTPOJIE UX pa-
60Tbl. COBEpIIEHHO HE3aMEHUMBI JIOTUYECKUE aHAIU3aTOpPhl TPU
pa3paboTKe M OTIaAKe pa3IUYHBbIX MUKPOIPOIIECCOPHBIX CUCTEM,
KOHTPOJIJIEPOB, KOMITBIOTEPOB, NI MCMOJB3YETCS OOJIbIIOE KOIUYe-
CTBO MHOTOPA3PSIAHBIX IMUH IUGPOBBIX CUTHAIOB. IMEHHO JorMye-
CKME aHaJIN3aTopbl TMO3BOJSIOT Pa3pabOTYUKY YBUIETh TE BpPEMEH-

-4589
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HbIE THarpaMMBbl, KOTOPbIE OH PUCYET Ha Oymare MpU MPOeKTUPOBA-
HUW CBOETO yCTPOWCTBA, MPUYEM YBUJAETh UX B PEATHHOM MaclITade
BPEMEHU, TO €CTh ITOCMOTPETh, KaK pabOTaeT YCTPOWCTBO HA CBOEH
HOpPMaJIbHOM paboyeil CKOpOCTH.

Jlornueckuii aHaNIM3aTop MO CBOEMY HAa3HAYEHUIO OJM30K K OC-
muuiorpady, Tak Kak OH TakKXKe TO3BOJSIET HAOMIOMaTh Ha 3KpaHe
BPEMEHHBIE OUAarpaMMbl cUTHaIoB. Ho cyliecTByIOT M CyllleCTBEH-
Hble OTJINYMS JIOTUYECKOTO aHajau3aTopa OT OObIYHOro (He 1udpo-
BOro) ocuusuiorpada:

+ Jlormueckuii aHaIM3aTOp paboTaeT TONBKO ¢ MUMPOBLIMU, TO €CTh
IIBYXyPOBHEBBIMH (peXXe TPEXypOBHEBBHIMHM) CUTHAJIAMU, a OCIIMII-
Jorpad — ¢ aHAJOTOBBIMM CHUTHAJaMH, MUMEIONIUMU OeCKOHEYHO
0O0JIBIIIOE YHCIIO pa3pelleHHBIX YPOBHEN;

+ Jlormyecknii aHaIM3aTOp WMEET OONBINOE KOJWISCTBO BXOTHBIX
JIMHUM (0OBIYHO OT 16 MO 64), TO €CTh MO3BOJSIOT OMHOBPEMEHHO
(uKkcrpoBaTh MHOXECTBO BXOTHBIX CHTHAJOB, a OCITMJLIOTPadbI
OOBIYHO TIO3BOJISTIOT OMHOBPEMEHHO YBUAETH He Oojiee YeThIpeX
BXOIHBIX CUTHAJIOB.

+ Jlormyeckmii aHanM3aTop paboTaeT B peXMMe OMHOKPATHOTO 3a-

IIOMWHAHUS BPEMEHHBIX AUarpamMM (KakK 3allOMHHAIONIANA OCIIHII-

smorpad). To ecTh aHAMM3aTOp 3alIOMHHAET COCTOSTHHUSI BXOTHBIX

CHUTHAJIOB B TeUEHME 3aJaHHOTO BpeMeHU (Ha3bIBAeMOTO OKHOM

pPETHCTpAIlNM), a 3aTeM ITaeT BO3MOXKHOCTh aHAJIM3UPOBaTh 3a(uK-

CHpOBaHHBIe TociiemoBatelbHOCTH. Octmyuiorpad e paboTaer

OOBIYHO B PEeXMMeE HEINPEpBIBHOW Pa3BEepPTKH, TO €CTh OH He 3aIto-

MHHaeT GOpMbI BXOTHOTO CHTHAJIa M TTO3BOJISIET HAOMOIaTh TOJb-

KO TTOBTOPSIOIIMECS, TTEPUOINISCKIIEe CUTHAITEI.

Jlorn4eckuii aHAIM3aTOp MPETyCMaTPUBAeT BO3MOXHOCTh TaK Ha-

3BIBAEMOI MPEAITYCKOBOM pervcTpaui. Jta BO3MOXHOCTD TIpemy-

cMaTpuBaeTcs M B IIMMPOBEIX ocIIorpadax, HO €e HeT B aHaJo-

TOBBIX ocImIIiorpadax.

PaccmoTpum noapoOHee, 4To Takoe MPeanycKoBasi perucTpanms.

IIpoliecc perucTpalliv BXOAHBIX CUTHAJIOB (WJIM OTOOpPaKeHUS
HUX Ha 3KpaHe B 0ObIYHOM ocuujiorpade) Bcerna J0JKeH ObITh MpH-
BSI3aH K KaKOMY-TO MOMEHTY BpeMEHU, K KaKOMY-TO BHEIIHEMY CO-
OBITHIO, Ha3bIBaEMOMY 3aIlyCKoM. MHauye pa3oOpaTtbcsi B OTOOpa-
>KaeMbIX CUTHajlax OyaeT COBeplIeHHO HeBo3MoxHo. Hampumep, B
ocuuorpagax MOMEHTOM 3amycka OObIYHO SIBJSIETCSI MOMEHT Mpe-
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BBILLIEHUSI BXOAHBIM HCCJIENyeMbIM CUTHAJIOM YCTaHOBJIEHHOTO I1O-
pora. CuUrHajom 3arycka MOXeT CIYXUTh U CHelMaTbHbI BHEIIHUI
CUHXPOHU3UPYIOLIUI cuTHaI. B jlormueckux aHaiM3aTopax B Kaue-
CTBE 3aIlycka OObIYHO MCITONIb3YeTCs] MOMEHT MOSIBJIEHMSI Ha BXOJaX
3aIaHHOTO YPOBHSI WJIY 3aJaHHOW MOCAEA0BAaTEeIbHOCT OAHOTO WU
HECKOJIbKMX BXOJHbBIX CUTHAJIOB.

B o006bruHBIX ocmuiiorpadax oTodpaxeHue (POpMbI BXOITHOIO
curHaja (Wi BXOAHBIX CUTHAJIOB) HAYyMHAeTCs B MOMEHT 3aIlycka,
TO €CTh Ha 3KPaHe BUIHO TOJBKO TO, UTO MPOUCXOAWIO CO BXOAHBI-
MM CUTHaJaMU nocie MOMEHTA 3amycka. Takasi perucrpauusi MOXeT
ObITh Ha3BaHa MOCJEMyCcKOBO. MOXHO TakXke cKa3aTb, YTO TOYKa
3amycka Bcerna HaxoOWTCsl B Hayajle OKHa peructpaiuu (puc. 8.9).

OxHO perueTpanm ——=

Tlopor

By
Usxi y

Ugxa

=\ MomeHT 3amycka
« MoMmeHT 3armycka

Puc. 8.9. INocnemnyckoBasi perucTpaiivisi B aHaJOTOBBIX OocIMIorpadax.

B normueckux ananmmzaTopax (M1 B LM(POBBIX ocHuLiorpadax)
CYHIECTBYET BO3MOXKHOCTb YBUICTL U 33(1)I/IKCI/Ip0BaTL HE TOJIBKO TO,
4TO OBUIO HOCAE 3alyCcka, HO €1I€ U TO, YTO MNPOUCXOAUIIO B TCUHCHUEC
OMpeACJICHHOTO BpEMEHU Jdo MOM€EHTa 3alryCcka. NmeHHO 3Ta pErucT-
panysda 10 MOMEHTA 3aIllyCKa M Ha3bIBa€TCA HpCHHYCKOBOfI perucrpa-
LMEN. B sTom CcJIydya€ TO4YKa 3aIryCKa MOXKET HaXOOUThCA WU B Hadalic,
¥ B cepedrHe, U B KOHIIe okHa perucTtpauuu (puc. 8.10). ITonsiTHO,
YTO TaKasi BOBMOXHOCTH OYE€Hb y/:[o6Ha, TaK Kak, BBI6I/Ipa$I BCIIMYNHY
JJIINTEIBbHOCTU HpeHHYCKOBOﬁ perucrtpaiivv, MOXHO YBUICTL T€ CO-
6HTI/IH, BpEMCHHAasA INMPUBA3KA K Haydajly KOTOPLIX 3aTpyJHCHa MJIN
MOMPOCTY HEBO3MOXHa. JauTenpHOCTh (INIyOMHA) IIpeAITyCKOBOit
perucTpallui MOXKET OBITh IIOCTOSHHON (HampuMmep, paBHOM IIOJIO-
BUHE IJIUTEJIbHOCTH OKHA PErMCTpali) WIKM IepeMEHHOU (TO eCTh
3aJaBaTbCd ITI0JIB30BATCJIEM B IIp€AcjaxX OT HYJIA OO TIOJTHOM I -
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TEeJIbHOCTU OKHa peructpanuu). [lpu mepemMeHHON MIyOWHE Mpen-
MyCKOBOI perucTpaiiMy ToYKa 3amycka MOXeT pacriojlaraTbCs B JIIO-
0ol TOUKe OKHa pEerucTpalud — OT €ro Havaja A0 ero KOHIa.

f———————  OxHO pericrpauiy ———n|
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Puc. 8.10. IpenrmyckoBasi perucTpaiusi B JIOTUYECKUX aHAIM3aTopax M LM(PpPOBBIX
ocuuiutorpacdax.

C TOYKM 3peHUSI CXEMOTEXHUKM, JOTMYSCKUI aHaIM3aToOp IIpeld-
CTaBJIsIeT €000l OBICTPOACHCTBYIOLIYIO Oy(hepHYI0 ONepaTUBHYIO
MaMsiTh, pabOTAILIYIO0 B MEPUOANYECKOM pexkuMe. bydep 3ToT of-
HoOHarpaBjieHHbIN. To ecTh cHauaja B Oy(pepHyI0 NaMsITh ¢ OOIBILION
TaKTOBOW 4YacCTOTOM IOCAEN0BAaTEIbHO 3aIlUChIBAIOTCS COCTOSIHUS
HECKOJIbKUX BXOAHBIX CUTHAJIOB, a 3aTeM 3Ta MH(MOpMAaLIUS MOCISHO0-
BaTeJIbHO umMTaeTcs u3 Oydepa. Takum obOpaszom, agpeca OydepHOit
nmaMAaT MOryT HCpGGl/lpaTbCH OJHUM M TEM XK€ CYCTYMKOM KaK B pEC-
KMMe 3alucy, Tak U B pexume uyreHus. CTpykTypa Takux OygepoB
yKe paccMaTpuBasiach B pasaeinie 6.2.2.

I'maBHBIE OCOOEHHOCTM JIOTMUECKOTIO aHajau3aTopa Mo CpaBHe-
HUIO CO CTaHJAPTHOU CTPYKTypoii uMH@opmalimoHHOro Oydepa Ha
OCHOBE ONepPaTUBHON MaMSTH CJIeMyIoIIue:

* 0OJIBIIOE YMCIIO Pa3psiIoB IIWHBI JAaHHBIX (TO €CTh BXOJHBIX CUT-
HaJIOB, KAHAJIOB PETUCTPAllUU aHAJIM3AaTOPA);

* HEeoOXOAUMOCTh ObOecrieyeHUsT pexXuMa TMpeanycKoBOW perucrpa-
11U,

* HEOOXOAMMOCTb BPEMEHHOI MPUBS3KU TMpollecca PperucTpanuu
(3anmucu B maMsiTh) K COCTOSIHUSIM BXOIHBIX CUTHANOB (o0ecrieue-
HUE 3aIlycKa).
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IlepBast U3 3TUX OCOOEHHOCTE! TMPUBOAUT K TOMY, YTO JaHHbBIC
MpU YTEHUU MPUXOAUTCS CUMTHIBATH HE BCE Cpasy, a 1o ouepeau
(ocobeHHO TIpu uuciie pa3psaaoB 6obiie 32). OObIUHO AaHHBIE Tpe-
OyeTrcs uynTaTh Mo 8 wiu no 16 pa3psmoB. B pesynbrare yCIoOXHSET-
csl Ta 4YacTh cXxeMbl OydepHOUl MaMsiTh, KOTopasi OTBeYaeT 3a YTeHUE
JAHHBIX.

Bropass 0COOEHHOCTH TpeOYyeT CYIIECTBEHHOIO YCJIOXHEHUS
CXeMbl CUeTYMKa, Iepeduparolero aapeca oydhepHoit mamsiTu.

HakoHew, TpeThsl OCOOEHHOCTh TPEOYET YCIOXHEHUS CXEMBbI
yIpaBjieHUs paboToil MH(MOpMaIMOHHOIO Oydepa.

Jlornyeckue aHaaU3aTOPHI AESTCS Ha CUHXPOHHbBIE (MJIM aHaU-
3aTOPHBI JIOTUYECKUX COCTOSTHUI) M aCUMHXPOHHBIE (WJIM aHAJIU3aTOPbI
BpeMEeHHBIX nuarpamMm). CUHXpOHHBIE aHaIM3aTOpbl pabOTAOT OT
TaKTOBOTO TeHepaTropa MCCIeayeMOoil cXeMbl U (DUKCUPYIOT TOJIBKO
BpEMEHHbBIC CIBUTY, KpaTHbBIE €T0 MepUody, a CIeI0BaTeIbHO, BbISIB-
JISTIOT TOJIBKO HapyllIeHUsI B JIOTUKE pabOThI CXeMbl. ACMHXPOHHBIE
aHaju3aTopbl pabOTalOT OT COOCTBEHHOTO BHYTPEHHErO TaKTOBOTO
reHeparopa, MO3TOMY OHHU TO3BOJISIIOT M3MEPSITh aOCOJIIOTHBIE 3HA-
YeHUsI BPEMEHHbBIX CABUTOB MEXIY CUTHAJaMU M MOTYT BBISIBIISITh
OIIMOKU M3-3a HEIMPAaBUJBbHO PACCUUTAHHBIX 3aJEPXKeEK, U3-32 €MKO-
CTHBIX 3(PeKTOB U T. . OHU OOBIYHO JIeJIAI0TCsI Topa3fgo OoJiee ObI-
CTPBIMU, YeM CUHXPOHHBIC aHAIU3aTOPbl (PAaCCUMTHIBAIOTCSI Ha Mpe-
JIeJIbHO BO3MOXHYIO YacTOTy perucrpauuu). B umeane jorudeckuii
aHaJM3aTop JOJDKEH obecrieurBaTh 00a 3THM pexuma paboThl, TO
ecTh paboTaTh Kak OT CBOEr0 BHYTPEHHEro TaKTOBOTO reHeparopa C
pa3HBIMM TAaKTOBBIMU YacTOTAaMU, TaK U OT BHEIIHETO TaKTOBOTO
curHaiia. To ecThb TaKTOBBIN TeHEpaTOp aHajIu3aTopa JOJIKEH OBbITh
TakXe JOCTAaTOYHO CJIOXKHBIM.

CdhopMyaupyeM UCXOAHBIE TaHHBIC JJI MPOSKTUPOBAHUS JIOTH-
YecKOro aHajauszatopa. B JaHHOM cilyyae HaM BaxKHO HE TMOJYYUTb
PEeKOpAHbIE XapaKTepUCTUKU, a BCEro JIWIIb MPOAEMOHCTPUPOBATH
TIPUHILIUIIBI pa3pabOTKX MOAOOHBIX CXeM Ha OCHOBE OydhepHOl mamsi-
Tu. [lycTh KOMMYECTBO BXOAHBIX JMHUIN aHanu3aTopa (KaHaJIOB pe-
TUCTpallu) paBHO 32, KOJUYECTBO PETUCTPUPYEMBIX COCTOSTHUN —
4096, mMakcuMasibHasi TakTtoBas yacrota — 10 MI'L, TakTOBBIA Te-
HEPaTOpP — BHYTPEHHUI C U3MEHSIEMOM YaCTOTOW WM BHEIIHWA, 3a-
MyCK — TI0 TIOJOXUTEJIbHOMY WIM OTpULIATeIbHOMY (DPOHTY (CHH-
XpoTrepexoay) Ha OAHOW U3 8§ BXOAHBIX JUHUWM, TIIyOMHA MPEIITyCKO-
BOW peructpauuy — 3ajaeTcsi mporpamMmMHo. bygem Takke cuuTarh,
YTO JAHHbIE U3 MAMSITU YUTAIOTCSI TOPUUSIMU TTO § pa3psioB.
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Takum obpazom, OycdepHas omepaTUBHAsI MaMsITh aHaJIU3aTOpa
JnomkHa uMeTb 00beM 128 Kout npu opranuzauuu 4K X 32. TTomu-
MO OIEPaTUBHON MaMsTU aHaIW3aToOp JOJDKEH BKJIIOYaTh B CeOs
CUETYUK IS mepebopa aJpecoB C KOJMYECTBOM pa3psiioB He Me-
Hee 12. B cTpyKType aHanuM3aTtopa JOJKEH OBITh TaKXKe BHYTPEHHUM
TAKTOBBIN T€HEPATOpP C MPOTrPaMMHO U3MEHSIEMOWM YacTOTOU U BO3-
MO>KHOCTBIO TIOAKJTIOUEHUsI BHEIITHETO TAKTOBOTO curHayia. HakoHell,
HEoOXOJMMO HaJM4YMe CXeMbl 3alycka aHajau3aropa, KoTopas Oymaer
BBIOUPATH OAHY U3 8 BXOJHbBIX JMHUN U MOJSIPHOCTh CUHXPOTIEPEXO-
Ja (MOJIOKUTEJIbHBINA WIN OTpULIATeIbHBINA (DPOHT).

ITamsTh 11€1I€CO00Pa3HO BBHITIOJHUTHL HA MHOTOPA3PSIAHBIX MUK-
pocxemax O3Y (w1 CHUXEHUS KoJumyecTBa MUKpocxeM). Tpebo-
BaHUSI K OBICTPOJNECUCTBUIO TAMSITU B JAaHHOM CJIy4ae HE CIUIIKOM
BBICOKM (TIpM MaKCHUMaibHOU TakToBOU yactoTe 10 MI'1l B TeueHue
100 He HEOOXOAMMO YCHETh MEPEKIIOYUTh CYETUYUK aAPECOB U 3aIlU-
catb BxonHyto uHbopMauio B O3Y). MukpocxeM naMsiTv, Croco0-
HBIX 00ECIIeYNUTh TaKYl0 CKOPOCTh PabOTHI, TOCTATOYHO MHOTO.

OT cueTynKa ajgpecoB MaMsITU TPeOyeTCs MaKCUMaJIbHOE ObICT-
porneiicTBre (MOXHO B3sITh, HAllPUMEpP, MMKPOCXEMbl CHUHXPOHHBIX
cuetunkoB KP531ME17, xoTopbie JOCTAaTOYHO JIETKO KacKaaupylOT-
cs 6e3 morepu ObicTponeiicTBusi). Kpome mpocroro mepebdopa aape-
COB CUETYUK JIOJDKEH Takke obecreyuBaTh TPEAINYCKOBYIO DPErMCT-
pauuio. OCTaHOBMMCSI HAa 3TOM HECKOJIbKO MOJpoOHee.

Sarmyex Ocranobxa
{4096 —N) anpecos 4095
or— t T
r\ - 3amuck u yrenue ", "
----------------- e e o o e e o o -

Puc. 8.11. Opranuszauusi pearnyckoBoi perucTpauuu.

751 Toro 4ToObl peaqn30oBaTh MPEANYCKOBYIO PETUCTpalUIo, He-
00X0AMMO O0ECIeunTh, HEMpPEePHIBHYIO TMepe3anuch Mo Kpyry co-
JepxXumoro OydepHOil naMmsaATH OO0 MOMEHTa IIpuxXoja 3amycka
(puc.8.11).

To ectb nociie 3anucu nociueaHero 4095 anpeca Hago 3aMUChI-
BaTh MH(MOpPMALIMIO N0 HYJIEeBOMY anpecy. Eciu Mbl BbIOMpaem Iiiy-
OMHY TIPEAITyCKOBOM perucTtpanuud N TaKTOB, TO Hag0 OCTaHOBUTh
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peructparuio dyepe3 (4096-N) TakToB MOCIE MOMEHTA IPUXOAa 3a-
nycka. ITociae ocTaHOBKM perucTpaiuyd Halo CYMTBHIBATh COAEPXKM-
MOe TIaMsITU, HauMHasi ¢ TOYKM OCTAaHOBKHU, C MepedopoM ajJpecoB B
TOM X€ cCaMOM HampaBJeHWM, 4TO W Tpu peructpauuu. [IpoBens
4096 omnepaluii YTEHUS COAEPKUMOTO TMAMSITH, MBI IMOJYYUM MH-
¢dopMalnIo O COCTOSSHUU BXOOHBIX CUTHAJIOB B TeueHHEe N TaKTOB 10
3amycka u (4096-N) TakToB ITOCJ€E 3alycKa, TO €CTh MOMEHTY IpU-
XoJla 3almycka OyJeT COOTBETCTBOBAaTh COAEPXKMMOE aapeca MaMsTH,
cyutaHHoro N-M.

OnHako Bce MPOM30UAET UMEHHO TaKUM OOpa3oM TOJIbKO B TOM
clydae, eclid OT MOMEHTa Havajla perucTpalyu A0 MOMEHTa MPUXo-
Jla 3amycka JIOTMIecKUuid aHaiu3aTop ycneeT 3adukcupoBaTh N Tak-
ToB. MHaue, ocraHoBMB peructpanuio yepes (4096-N), Mbl He Tepe-
MUIIeM BCIO MaMsTh, U B YaCTWU €ro aapecoB OyIeT HaXOZUTbCS
npeapiayias uHpopmalus. YToObl M30eXaTh 3TOTO, HANO 3aIlIPETUTh
peakiMio Ha 3alycK B TeueHue N TaKTOB IOC/e Hayajga perucrpa-
uuK- (BblIEpXKaThb CBOEOOpa3HOE «MEpTBOE» BpeMs). A 4uTo OyIer,
ec/ii 3aIyCcK MPUAET B TeYeHUEe 3TOr0 CaMOro «MEepPTBOTO» BpeMe-
Hu? Eciu uccienyemblii mpoliecc MNEPUOAUYECKU (TO €cThb Bce
BXOJIHBIC CUTHAJIbl MOBTOPSIIOTCSI UYepe3 KaKoe-TO BpeMsi), TO aHaJu-
3aTOp CpearupyeT Ha CJIEOYIOIIMi 3aIycK TMOCjie OKOHYAaHUST «MepT-
BOro» BpeMeHUu. Ecim Xe uccienyeMblii polecc OMHOKPATHbIN, He
MOBTOPSIIOIIMICS, TO HAJAO HAayaTh MPOLIECC PETrUCTpalluy 3aBEIOMO
paHblile (Ha «MepTBOE» BpeMs WX OOJbIIE), YeM HAYHETCS u3ydae-
MBIl TIpoliecc (HampuMmep, eclid Mbl UCCJIelyeM CTapT KOMIbloTepa
ITPpU BKIIIOYCHU U HI/ITaHl/lH).

B pesynbpTaTe cyYeTUYMKM aHaJIM3aToOpa JOJDKHBI oOecIieyuBaTh
BPEMEHHYIO TMarpamMMy, Moka3aHHylo Ha puc. 8.12.

Perucrpanus (Per)
Paspemmenue 3aITycKka :-—————N Lo ' {4096 —N) TakTon
{P3) ' '
3amyck E
! - P W o Em E W W
i 11111 |11

Puc. 8.12. Bpemennasi nuarpamma paboThbl CYETUUKOB JIOTUYECKOTO AHAIM3ATOpA.
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AlIlpeca maMsATH HAYMHAIOT TepedupaThcsl ¢ HAYyajJoM pPEerucTpa-
unu. B Teuenne N TakToOB Iociie Havajla perMCcTpalliyi peakius Ha
3aIlycK 3arpelaercs, a 3aTteM paspeiraercs. Yepes (4096-N) takToB
rocJjie MpUXoJa 3amycka perucTpalusl mpeKpaiiaeTcs.

OTMeTHM, YTO TOYHO TaK XK€ MOXKET OBITh pean30BaHa IPeIITyCcKO-
Basl peructpauus B mmgpoBoM ociuniorpage. Ilo cpaBHeHMIO C JIOTH-
YECKMM aHAJIM3aTOPOM B CXeMY Hamo OyIeT m100aBUTh TOJIBKO ONWH WU
Heckosibko ALITT 1 HeKoTopble apyrue 1udpo-aHaIoroBbIie Y3JIbl.

CHpoeKkTupyeM CcXxeMy CYETYHMKOB, peaju3yIollyl0 IpUBEIcH-
HYI0 BpEMEHHYIO TUarpammy.

CyeTyuK, Tepedupalolnii aapeca naMsTv, JOJDKeH ObITh 12-pas-
PAIHBIM, Tak Kak 2'> = 4096. Bo BpeMsl perucTpaluy oH 10JKEH pa-
60TaTh B HEMPEPBHIBHOM PEXUME, pean3ysl MOCTOSHHYIO Tepe3anich
1o Kpyry Bceil OydepHoit mamsiTu. Ha 3TOT XXe cueTYuK MOXHO BO3-
JIOXUTh (DYHKIUIO OTcyeTa «MepTBoro» BpemeHu (N TaktoB). Ho
9TOT XK€ CYETYMK He MOXeT OTcuMThiBaTh eimle U (4096-N) TakToB
rmocjie MpUXoda 3aIlycKa, TaK KakK 3aIllyCK MOXET MPUNTU B JIIo0oe
MOMEHT I10CJIe OKOHYaHUSI «MEPTBOrO» BpeMeHU. it 3Toro moHa-
TOOUTCS yKe OAPYroil CYeTInK, TIpudeM Takke 12-pas3psimHbIi.

DTOT BTOpPO# CYETYMK JOJKEH HAYMHATH pabOoTy TOJIBKO TOCIEe
Mpuxoja 3amycka (o curHainy PaspereHue 3amycka) M IOJIKEH OT-
cunthiBaTh Bcero (4096-N) TakToB, Mocjie Yero 3aBeplliaTh perucr-
pamuo. To ecTh ToydaeTcst, YTO JOTMUECKMI aHAIM3aTOp HAYMHAET
perucTpalrio Mo BHEIIHEMY YIIPaBISIOIeMy CUTHAITY, a 3aKaHYMBa-
eT aBroMaTtnuecku uepe3 (4096-N) TakToB mocie 3amycka, O 4eM
JIOJIKEH cOoo0IIaTh BOBHE CUTHAJ hjlara OKOHYaHUsI PErUCTPaLu.

TakuM o0Opa3om, oauH 12-pa3psiAHbI CUETUYUK JOJKEH OTCUU-
ThIBaThb N TakTOB, a Ipyroi 12-pa3psiAHbIil CUETYUK JOJLKEH OTCUM-
ThiBaTh (4096-N) TakToB. Ilpole Bcero opraHM30BaTh TaKOW pe-
KMM, eClIM B 00a CYeTYMKa 3alMChiBaTh 10 Hadajia paboTel kog N u
3a/1aTh MEPBOMY CUYETYMKY WHBEPCHBIN PEeXMM CUeTa, a BTOPOMY —
MpsIMOM pexXuMm cueta. IlepeGop agpecoB MaMsITU TEPBBIM CUETUM-
KOM HauHeTcs ¢ agpeca N M OyaeT MPOMCXOOUTh Ha yMEHBILIEHUE
(a He Ha yBenMYeHMe, Kak Ha puc. 8.11), omHaKo ajst paboTel 6ydep-
HOW MMaMSITH 3TO He UMeeT HUKAKOTro 3HAaUeHHS.

CurHaj TepeHoca MepBOro CYeTYMKa IMOSBUTCS depe3 N TaKTOB
MOoCJIe Hayajla perucTpaluu. DTOT CUTHA JOJDKEH pa3pellaTh OXKUIa-
Hue 3amycka (curHaa P3 Ha puc. 8.12). Korma ke NMpuUXOAuT 3amyck,
TO pa3spelaeTcsl padboTa BTOPOrO CUeTYMKA, HAYMHAIOIIETO CYUTATh C
koma N Ha yBeaumueHuMe. B pesynprare curHaja mepeHoca BTOPOTO
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cueTyrka mosiButcs depe3 (4096-N) TakToB Mocje Hayaja ero pabdo-
TBl. DTOT CUTHAJI TOJKEH OCTAHOBUTH MPOIIECC PETCTPALIUN.

ITocie OKOHYAaHUSA PETUCTPALIUU JOJKEH HauaThCes MpoLece uTe-
HUS U3 maMsTu. [Ipy 3ToOM NepBBI CYETIMK JOKEH MepedupaTh ai-
peca maMsTH 1o CTPoOY YTEHMsI B TOM K€ HaIlpaBJI€HUM, YTO U IIpU
3anmucu (TO ecTh B  pexXuMme MHBepcHoro cuera). 4096 mociienoBa-
TEJIBbHO INPOMU3BCACHHBIX ITHUKIOB YTCHHA ITO3BOJINUT HeperaTb BCE
4096 agpecoB IaMaATH, IpyuyeM Ha N-M LIHMKJIEe YTeHUs OymeT Ipodu-
TaH TaKT, B KOTOPOM IIPOU3O0IIIe]T 3aITyCK.

CxemMa CYETYMKOB JIOTMYECKOTO aHajau3aTropa, pealn3ylomasi
OINMCAHHBIN aJIrOPUTM, TIpUBeIeHa Ha puc. 8.13.
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Puc. 8.13. CxeMa c4eTYMKOB JIOTMUYECKOTO aHaJIM3aTopa.
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HBa 12-pa3psimHbIX CUETYMKA PealM30BaHbl Ha IIECTU MUKPOCXE-
Max UE17. TlepBblif cyeTyrK (BEpXHUI Ha cxeMe) paboTaeT B pexkxrume
WHBEPCHOTO CYeTa, BTOPO (HMXKHUM Ha cXeMe) — B pexkuMe TPSIMOTO
cuera. Ilepen HayasoMm pa®OTHI B 00a CYETYMKA MO BHEIIHEMY CUTHa-
sy -3an. 3anuckiBaeTcs kon N. ITpudem 3HaueHUsT YEThIpEX MJIAAIINX
pa3psaoB  12-paspsimHoro koma N paBHBI HYJIIO, a 3allMChIBAIOTCS
TOJBKO 8 cTaplIuX pa3psiaoB. DTO MPUBOAUT K TOMY, YTO TIJIyOMHa
MPEANYCKOBOM PEeriucTpaliii MOXKET 3aJaBaThCsl ¢ TOYHOCTBHIO 10 16
TaKTOB M NMPUHMMAThH 3HadyeHus us psaga: 0, 16, 32, 48, 64,..., 4080.
IIpu 3amucu Ha Bxombl cueTunkoB -EWR u C moctymnaioT oTpulia-
TeJIbHbIe CUTHaIbI, Mpudem curHaa -EWR 3agepxaH oTHocUTEIbHO
curHana C Ha ABYX MHBEpTOpax U (MpU HEOOXOAMMOCTH) Ha KOHJEH-
carope. B pe3ynbraTte nojoxuTesbHbli (GpOHT curHaia C MpUuxoauT To-
raa, korga curHaa -EWR paBeH Hymo, 4To 1 TpeOyeTcs IJ1s1 3allUCH.

Ha Bxon C 000uXx CUETYMKOB MOTYT MIPUXOIUTH €Ille JBa CUTHA-
Ja: cTpob uTeHus U3 namsiti -YT. u TakToBbIi curHan Takr. CurHan
TaxkT NMpUXOaUT TIPU PEerucTpaluu (B pexXuMe 3alicy B MaMsTh), a
curHai -Yr. mocTynaeT npu YTEHUU U3 MaMSITU 3apeTUCTPUPOBaHHOMN
nHbOpMaIUN.

ITocne Toro kak B 00a cueTuynka 3amucaH koa N HeoOXOIMMO
HayaTh PETUCTPALMIO MO BHelNIHeMy curHaiy -CrapT. DTOT cUTHaI
cOpachlBaeT B HyJIb TPUITEPbl | M 2 W yCTaHABIMBAET B €OUHUILY
Tpurrep 3. BeIXomHOI curHam Tpurrepa 3 paspeliaeT perucTpauuio
(curnan Per. Ha puc. 8.12), To ecTb pa3pellacT NPOXOXISHUE TaAKTO-
BbIX UMITYJIbCOB Ha BXOAbI cueTYMKOoB C. DTO MPUBOAUT K TOMY, UTO
HauMHAeT pabOTy MEPBbI CUETYMK, a BTOPOMY CUETYMKY pabora 3a-
nipeiaetcst mo Bxony -ECT BBIXOTHBIM CUTHAJIOM TpUITepa 2.

IlepBblil CYETYMK, BBIXOAHOW KOJA KOTOPOTO MCIOJb3YETCS Kak
afpec MaMmsiTh, OTCUYUTHIBAET N TaKTOB B UHBEPCHOM PEXUME U BbI-
pabarbiBaeT curHai nepeHoca -CR. DToOT curHain mnepedpachiBacT B
enquHully Tpurrep 1. 3aTeM NeEpBbIid CUETYUK TPOAOIKAECT MEepedu-
path ajpeca MaMmsTU IO KPyry, a 3aluch HyJeil B Tpurrep 1 3ampe-
maercst anemeHToM 2M-HE Ha Bxome Tpurrepa. BbhixonHo# curHan
Tpurrepa 1 (curHan P3 Ha puc. 8.12) pa3pelaet paboTy Tpurrepa 2
U TeM caMbIM pa3pelllaeT peakilMio CXeMbl Ha CUTHaJ 3alycka 3a-
MycK (IMOJIOXUTEIbHBIN (PPOHT).

CurHan 3amyck nepedpachiBaeT B €IMHUILY TPUTTEp 2, pa3peliast
paboty BTrOporo cueryuka. IlepBblii cueTYMK B 3TO BpeMsl MPOIOJ-
JKaeT CYUTaTh. BTOpoit cueTYMK HAaYMHAET CBOI cueT ¢ koma N, moc-
YUTBIBAET B PeXUME NpsiMoro cyera 10 4096 U CBOMM CUTHAJIOM Tie-
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peHoca -CR mepebpacbiBaeT B HyJb Tpurrep 3. OTo MPUBOAUT K 3a-
MpeTy MOCTYIUIEHUs] TAKTOBBIX UMITYJIbCOB Ha BXoJ C CUETUMKOB M K
OCTaHOBKE pervucTpaluu.

IToce aTOr0 MOXET HauaThCsl YTEHUE 3aITMCAHHOM MH(OPMAIIUK TI0
ctpoby -Ut. Ilo 3amHemy (MOJOXUTENBHOMY) (DPOHTY 3TOrO CUTHaja
TEPBBIA cYeTYMK OyneT mepeduparh aapeca MaMsThd B UHBEPCHOM pe-
xrMe. BTopoii cyeTynk TakxkKe OydeT cuMTaTh, HO 3TO HE MMEeT HUKa-
Koro 3HaueHus1. [locie 4096 LIUKIIOB YTeHMST BCST MH(OPMALIUST U3 TIaMsI-
1 OyleT MpoyuTaHa, U cxeMa OyIeT roToBa K HOBOUM perucTpalui.

IepeiineM Temepb K TMPOSKTUPOBAHUIO IPYIMX Y3JIOB JIOTMYe-
CKOTO aHaJIM3aTopa.

Kak yXe oTMeuanoch, TaKTOBBIIi CHUTHaJ aHAJIM3aTOpa MOXET
OBITh KaK BHYTPEHHMM (OT BHYTPEHHEIro TaKTOBOTO IreHepaTopa), Tak
Y BHEIIHUM (OT UccleayeMoil cxembl). JIJisi MOBBINIEHUSI YHUBEP-
CaJIbBHOCTU aHaJu3aTopa leecoo0pa3Ho 00ecneynTh ero paboTy Ha
HECKOJIbKMX TaKTOBBIX YacTOTaX. bosblline 4acToThl OYayT MCIMOJIb-
30BaThcsl NI aHaAJM3a OBICTPBIX MPOLIECCOB, a Majible YacTOThl —
JUTSL aHAJIu3a JUIMTENIbHBIX TIpolieccoB. TakToBasi 4acToTa He JOJIKHA
TPy 3TOM MPUHUMATh CIUIIKOM MHOTO 3HauyeHuii. BmosjHe mocra-
TOYHO Psifia HECKOJBbKUX YacTOT, pa3inyalolIixcsl BABOE.
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R2 8 n
Buewnnii taxr (BTC) HE19 %
s |

Kog pmbopa Taxra -E
Kon BbIOOpa TakTa

Puc. 8.14. TakToBbIif reHepaTOp JIOTUYECKOTO aHAIU3aTOpa.

ITpumep cxemMbl TAKTOBOTO TeHepaTopa JUIsl TOTMYECKOTro aHalu-
3aTopa IpuBelIeH Ha puc. 8.14.

TaxkToBbI TeHepaTOp aHaJIM3aTopa BBIMIOJHEH Ha KBaplIEBOM Te-
Hepartope, 6-paspsmHoM cueturke (ME19) un 8-kaHaTbHOM MYyJIBTHUIT-
nexkcope (KIT7). OH MoXeT BblAaBaTh Ha BBIXOJ Psi TAKTOBBIX yac-
TOT, pasnuualommxcs B 2 pasa (mepuox 100, 200, 400, 800, 1600,



332 TImnaBa 8

3200, 6400 ne) mau BHewHuit TakToBbIM curHas BTC. To ecth oH
MO3BOJISIET PeIM30BaTh KaK CUHXPOHHbIM, TaK U AaCUHXPOHHBIN pe-
XXMM paboThl Jiornueckoro aHaiuzatopa. CUeTyruk MOXET ObITh
npumMeHeH acuHxpoHHbIM (ME19), Tak Kak KaXablid €ro BBIXOI UC-
MOJIB3YETCS CaMOCTOSITEIbHO, HE3aBUCUMO OT Apyrux. Beibop KaHa-
Jla MyJAbTUIUIEKCOpa (TO €CTh BMJA TaKTOBOTO CUTHAaja) OCYIIECTB-
JisieTcst 3-pa3psiiHbIM KOJIOM BbIOOpa TakTa, mpuyeM koa 111 Oymer
COOTBETCTBOBAaTh BHEIIIHEMY TaKTOBOMY CHUTHAIy.
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Puc. 8.15. Cxema 3amycka JOrmueckoro aHajausaTopa.

Cxema 3amycka aHaju3aTopa JOJDKHa obOeclieyrMBaTh BHIOOpP IIO-
JIOXUTEJILHOTO WM OTPULATEJILHOTO (poHTa (CHHXpOIlepexoaa) Ha
OfHOW W3 8 BXOJHBIX JUHUU aHaIM3aTopa. BBIXOIHBIM CUTHAJIOM
3aIrycKa SIBJISIETCS TTOJIOXKUTENbHBIM (DpoHT (cM. puc. 8.13). Ias BbI-
0opa OJHOTO M3 BOCbMM BXOJHBIX CHUTHAJIOB YIOOHO MCHOJIb30BaTh
8-kaHaybHbIE MynbTUIIEKCOp (KII17), a mis BbIOOpa TMOJSIPHOCTU
repexojila MOXXHO MpuMeHUTh asieMeHT Mckmouatouiee MJIN, Bxio-
YeHHBIN B pexXuMe yrnpasisieMoro uHeepTopa. CxeMa 3amycka Toy-
yaeTcss odyeHb TpocToil (puc. 8.15). Beibop BXOmHOrO curHanga, Mo
KOTOPOMY OYIIeT MPOU3BOIMTHCS 3AMYCK, OCYIICCTBISIETCS 3-pa3psia-
HBIM YIIPABJISIIOIIMM KOJIOM BbIOOpa CUHXPOJUMHNU. BbiOOp mojsip-
HOCTU TIepexoja MPOU3BOAMUTCS BHEIIHUM CUTHAJIIOM BbIOOpA MOJSIP-
HOCTM, TIpMYEM €IWHHWIIA Ha BTOM BXOJE COOTBETCTBYET OTpUIlIa-
TeJIbHOMY (DPOHTY, a HYIb —- TOJOXUTEIbHOMY (DPOHTY.

HakoHen, mocnegHuil y3es JIOTUYECKOTO aHajiu3aTopa — 3TO
namsTh ¢ 0ydepamu gaHHbIX. [laMSITh J0JKHA UMETh OpraHU3aIUIo
4K X 32, mist yero MmpUAETCs MCIOJIb30BaTh 4 MUKPOCXEMbI, TaK KakK
OOBIYHO MUKPOCXEMbI OMEPATUBHON MaMSTU ObIBAIOT 8-pa3psiTHbIC.
MIuHa maHHBIX TaKMX MUKPOCXEM JBYHarpaBieHHas, MO3TOMY Tpe-
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OyeTcst mpuMeHeHue OydepoB sl JaHHbIX. [laMsaTh mpoikHa pabo-
TaThb B PEXMME 3alUCU MPU PETUCTPALMU U B PeXUME UYTEHUS TIpU
YTeHUM WHGhOPMAIUU, 3apeTUCTPUPOBAHHOM JIOTUYECKUM aHaIu3a-
TopoM. 751 ympoIleHUsT CXeMbl 11eJIECOO0pa3HO MCIOJIb30BaTh He-
TaKTUPYeMble MUKPOCXEMbI MaMSITH.

B pexume 3anucu curHam -CS mamsaTu TOKEH MPEACTaBIIsITh
co0oil oTpullaTeibHbIe UMITYJIBChl Ha KaXK/bli aapec MaMsTH, a CUT-
Hal -WR 10keH ObITh TTOCTOSIHHO aKTUBHBIM (HyJIeBbIM). XOTSI He-
KOTOpble MMKpocxeMbl mamsatu (Hampumep, KP541PY2) moryr 3a-
MUCHIBaTh MH(MOPMAIIMIO U TIPY MOCTOSIHHBIX HYJIEBBIX YPOBHSIX 000-
nx curHajioB -CS u -WR 1ipy M3MeHEHUN TOJBKO aapecoB MaMsITHU.
Hcnonb3oBaHMe TaKMX MUKPOCXEM ellle 0ojiee yIpoIaeT cXemy.

B pexume uteHusi curHai -CS nokeH ObITh TTOCTOSTHHO aKTUB-
HbIM (HyJIeBbIM), a curHaj -WR [0Jk€H OBbITh TMOCTOSIHHO paBeH
eaquHuile. CMeHa yuTaemMoil WHdoOpMauuu OyaeT MTPOU3BOAUTHCS
TOJILKO CMEHOW agpecoB MaMsTH.

Hng uyteHus1 nHGOPMALIMKM U3 MaMITU MOPLUSIMHU T10 8 pa3psiioB
HaJao MPUMEHUTh YeThipe 8-pa3psiIHBIX OJHOHAMpPaBIeHHbIX Oydepa
(turia AITS). Kaxnpiit u3 HUX OyIeT OTKPbhIBATbCSI CBOMM CTPOOOM
YTeHUS] W BblJaBaTh Ha OOIIYIO0 8§-pa3psiHYI0 IIWHY HAaHHBIX IO
8 pa3psiIoB uMTaeMoi U3 mamsiTu uHpopMaluu. Takum oOpa3oM, Ha
yTeHue 32 pa3psiioB M3 OJHOTO ajpeca MaMsTu MOTPeOyeTcsl YeThipe
LMKJIa YTeHUs] U3 JIoruyeckoro aHajusaropa. CmeHa ajapeca mamsiTu
JIOJKHA TIPOUCXOAUTH MOCJE TOCAEAHEro U3 3TUX YEThIpeX LUKIIOB
yteHus. To ecTb IS YTeHUSI Bcero oObeMa MaMsITU IoTpedyeTcs
16384 LMKJIOB YTEHUS 1O 8 Pa3psIOB U3 JOTHYECKOTO aHAIMU3aTOPA.

ITomumo Oydepa uTeHUsT HEOOXOAUMO MPUMEHUTHh TAKXKE BXOM-
HoW 32-pa3psifHblii Oycdep, KOTOpbIA OymeT MpomycKaTh BXOJHbBIE
(perucTpupyembie) CUTHAJIbI B TIaMSITh B PEXUME PErucTpaliu u Oy-
JIET 3aKpbIBaThCsl MOCJIe OKOHYaHMsI peructpanuu. HazHaueHue 3To-
ro Oydepa cCOCTOUT B TOM, UYTOOBI HE BblaBaTh HAa BXOAHbIE JIMHUU
JIOTUYECKOTO aHajIu3aTopa YMTAaeMyI0 M3 MaMsITU IO JBYHarpaBJieH-
HOI IIMHE JaHHBIX MHGOpMaILUio. DTOT Oydep TakkKe MOXKHO I10-
CTPOUTh Ha MUKPOCXEMaxX OJHOHAMpaBieHHbIX OydepoB Tumna AIlS.

B pesynbTaTe cxemMa mamMsTH JIOTUYECKOTO aHajM3aropa OyaeT
MMeTh BUII, MTOKa3aHHBIA Ha puc. 8.16.

OObeiMHEHWE YeThIpeX MUKPOCXEM TaMsITU MPOU3BOAUTCS
CTaHAAPTHBIM 00pa3oM: OOBEIUHSIIOTCS OJHOUMEHHBIE pa3psiabl a-
peca, curHaibl -CS u -WR Bcex mukpocxem. Ha Bxoanl -CS nonaet-
Csl CUTHaJI, paBHBIM HYNIO MPU OTCYTCTBUU perucTpauuu (HyJeBOW



334 TI'nmaBa 8

curHan Per.) u paBHbBIA UHBEPCHOMY TaKTOBOMY CUTHAJy TMPU PEeTU-
cTpauuu (TO €CTh OTPULIATEIBHOMY WMITYJIbCY Ha KaXXAbli aapec
naMsTH). MUHUMaIbHAsS JIUTEJIbHOCTh MMITyJIbca -WR paBHa B pe-
KMMeE 3allMCU TMOJIOBMHE Tepuoja TaKTOBOTO CUTHajda C 4acTOTOU
10 MT'u, To ecth 50 He, MO3TOMY MaMSITh JOJKHA yCIIeBaTh 3a 3TO
BpeMs 3anucaTth nHpopmanuo. Ha Bxoasl -WR mogaeTcst cursain
-Per., paBHBII HY/IIO NIPU PErMCTpallM U €IUHULE TIPU OTCYTCTBUU
peructpanuu. Eciv maMsTh MOXET 3alUChiBaTh WH(OPMALIMIO MPpU
MOCTOSTHHBIX HyJeBbIX curHaiax -CS u -WR, to Ha Bxop -CS MoXHO
TOCTOSIHHO MOJaTh HYJIEBOU yPOBEHb.
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Puc. 8.16. Cxema nmaMsITH JIOTUIECKOTO aHAIM3aTOpPA.
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Yeteipe MukpocxeMbl AIl5 BxomHoro Oydepa (crpaBa Mo pu-
CYHKY) YTPaBJISIOTCSI CUTHAJIOM -Per., TO ecTh OHM OTKpPBIBAIOTCS Ha
BCE BpeMsl PETUCTpALIMU U 3aKpbIBAIOTCs, KOrJa PerucTpaluy HeT.

Yerbipe MukpocxeMbl AIlS Oydepa uTeHUS] OTKpPBIBAIOTCS Ha
yTeHre (BBLAAIOT 8-pa3psiiHble YWTAaeMble aHHbIE) KaxXaash CBOU
crpoboM uteHus: -Yr.1 ... =Ut.4. IIpu 3tom curHan -Ur.4 (ero 3an-
HUI (POHT) UCHOIB3YETCS IJIs1 TEPEKIIOUEHUS CUETYMKOB aapeca
naMmsiTi Tpyu yTeHuu (cM. curHain -Yrt. Ha puc. 8.13). g yreHus
nH(opMaLIMK U3 OTHOTO aapeca MaMsTU HaJao MOCJeI0BaTeIbHO TO-
Jath curHanel -Yt.1 ... -UT.4, mociie yero agpec MepeKIIOYUTCs Ha
CJICTYIOIUIA.

B «kavecTBe CHMHXPOJWHMI [JIs 3allycka aHaiau3aTopa (CM.
puc. 8.15) Mcnoyb3yoTCs BOCEMb pa3psiioB JaHHBIX MamsiTu. B pe-
XKMMe PEeTruCTpallMd Ha HUX MPUXOIAT 8 BXOMHBIX CUTHAJOB JIOTMYE-
CKOro aHajM3aTopa.

Takum obpa3zoM, cxema JIOTUYECKOro aHajiu3aTopa CIPOEKTUPO-
BaHa IMOJHOCThIO.

Chopmynupyem Terepb IOPSAOK YIPaBICHUSI 3TOM CXEMOIA.
VrpapnsaTh eit MOXET, HallpUMep, KOMITbIOTEP WIM KOHTPOJIIEP, KO-
TOpBI OymeT oToOpaxkaTh, 0OpadaThiBaTh U XpaHUTh 3apeTrUCTPUPO-
BaHHbIE MOCJIEA0BATEILHOCTU BXOJIHBIX CUTHAJIOB.

Tlepen HayamoM perucTpalliu HEOOXOAMMO 3aMucaTh B CUETUU-
KU aHajmu3aTopa Koi N (KOJMYECTBO TAKTOB MPEAITYCKOBOU pPEerucT-
paiuu) mo curHaiy 3anucu -3ar. (cMm. puc. 8.13). Heobxonumo Tak-
K€ YCTAaHOBUTH 7-pa3psiTHbINA yIPaBSIOMIMI KO/, KOTOPBIN Ompene-
JIUT pexXuM paboThl aHaiu3aTopa. Tpu paspsia 3TOro Koja 3aJaloT
TUII TaKTOBOI'O CUTHaja aHaiu3aTopa (cMm. puc. 8.14). Tpu paspsiga
BBIOMPAIOT HOMEpP BXOJHOIO CUTHaja (M3 BOCBMU BO3MOXHBIX),
(GpPOHT Ha KOTOPOM OYAET CIAYKUTb 3allyCKOM, a MOCJICHHUIA Celb-
MOt pa3psili ONPEACIUT MOJSIPHOCTh 3TOro (PpoHTa, CUHXpOIepexoaa
(cMm. puc. 8.15). Ilociae 3TOro MOXHO HAYMHATh PETUCTPALIUMIO ITI0
curHaity -Crapt (cMm. puc. 8.13). AHanuzaTop OTCUMTAET «MEPTBOE»
BpeMsi, 3apUKCUpPYeT MPUXOA CHHXpoIlepexoda (3almycK) U OCTaHO-
BUT PETUCTPALIUIO Yepe3 HY>KHOE KOJUYECTBO TAKTOB IOC/E 3amycKa.
¥Y3HaTh O TOM, YTO perucTpanus 3aBeplIniach, MOXHO UCXOAS U3
aHanu3a curHana Per. (cM. puc. 8.13). 3aTreM MOXHO HayMHATh 4Te-
HUe u3 OydepHol MaMmsTh aHaiauzaTopa 1o ctpodam -Yt.1 ... -Ur4

(cM. puc. 8.16). Korma undopmarus u3 Bcex 4096 agpecoB maMsaTu
OyleT mpouyMTaHa, aHAJIM3aTOp CHOBA OyJeT rOTOB K pPerucTpalvu.



336 I'nmama 8

8.4. Pa3zpaboTKa reHepaTopa aHAJOTOBBIX CUTHAJIOH

udpossie reHepaTopsl (MM, KaK MX €I11e Ha3bIBAlOT, CUHTE3aTOPHI)
aHAJIOTOBBIX CUTHAJIOB MPOU3BOJIBHOM (DOPMBI YAaCTO MCIIOJIb3YIOTCS
MpU OTJIAAKE Pa3IUYHBIX aHAJOTOBBIX U AHAJOTrO-LU(POBBIX YCT-
poiictB u cucteM. OHU TO3BOJISIIOT HE TOJHKO TMOJYUYUTh CUTHAJIBI
pa3HbIX CTAaHIAPTHBIX M HECTAaHIAPTHBIX (OPM, HO U OOECITEYUTH
BBICOKYIO TOYHOCTb 3aJaHMUSl aMIUIUTYyIbl M YaCTOTHI CHUTHAja, He
JIIOCTUKMMbIE B Cllydae OOBIYHBIX aHAJIOTOBBIX TeHepaTtopoB. Llud-
POBBIE TeHEpaToOphl PabOTaIOT OOBIYHO IO YIPABICHUEM KOMITbIO-
TEpOB WM KOHTPOJUIEPOB, UTO OOYC/IaBIMBAeT OOJbIIME YIOOCTBA
MOJIb30BaTe/ ISl U IIMPOKHE BO3MOXHOCTH IO 3aJaHUI0 pasHOooOpas-
HBIX (DOPM CUTHAJIOB U MO UX XPaHEHMUIO.

Mgl GymeM paspabaThiBaTh JOBOJIBHO IPOCTOI TeHEpaTop, pac-
CYMTAHHBI Ha 3BYKOBOM [WAaNa3oH 4YacTOT BBIXOJHOTO CHUTHasa
20 I'ry ... 20 xI'ox (mepmon ot 50 mxc no 50 mc). I'eHepaTop mokeH
dopMupoBaTh CUTHAJIBI IIPOU3BOJIBHON (DOPMBI C aMIUIMTYIOM, 3a1a-
BaeMoOIi YIpaBISIOIIUM KoaoM. ['eHepaTtop AOJIKeH paboTaTh B pe-
XMME aBTOMAaTUYeCKOM (ITepUOoANYEcKOoii) TeHepalluy, a TAKXKe B pe-
KM€ pa30BOM TeHepalluy ¢ OCTAHOBKOM TeHepaluy IT0CJIe OKOHYa-
HUSI ONHOrO IepUoJa BHIXOJHOTO CHUTHala. YTpaBjieHUe paboToi
reHepaTopa IOJKHO OBITh IMOJTHOCTBIO LHU(MPOBBIM.

OTMETUM, YTO B PEAIbHOCTU CHUTHAJIBLI CIIOXHOU (OpPMBI, Kak
MpaBWIO, OBIBAIOT HU3KOYACTOTHBIMU. OHM BCTpeYaroTCs, HaIpu-
Mep, TIpY BUOPOMCIIBITAHUSX, B MEIMIIMHCKOM TeXHUKE, B ceiicMuUe-
CKO TeXHUKE M T. . BBICOKOYACTOTHBIE CUTHAJIBI OOBIYHO MMEIOT
JIOBOJILHO TIPOCTYIO (hopMy, Hammpumep, CUHycouaaiabHyo. [1oaTomy
Halll MPOCTOM TeHEepaTop, PaCCUMTAHHBI HAa HEBBICOKHE YaCTOTHI,
Oymer, TeM He MeHee, YIOBJIETBOPSTh TPEOOBAHUSIM JOBOJHHO M-
POKOTO CIIEKTpa MPUMEHEHUIA.

Pa3paboTky reHepaTopa Mbl HauHEM «C KOHIA», TO €CTb C TOTO
BBIXOJHOTO CUTHAJIa, KOTOPBI OH JOJKEeH (DOPMUPOBATH.

Kak yxe ormedanock B 1maBe 7 (cM. pasmen 7.1), BBEIXOOHOM
curHan LAIT ULAIT npencraBnsier coboil CTyIeHYaTylo (YHKIIWIO,
KOTOPYIO MOKHO TIPEICTaBUTh B BHAC CYMMBL MICATbHOTO («IJIagKO-
ro») aHaJIOroBoro curHaja UBBIX M TIMJI000Pa3HOT0 CUTHAJIA TTOMEXU
Unowm (puc. 8.17).

CurnHan noMmexu 1IroM MMeeT OCHOBHYIO YacTOTY, PaBHYIO yac-
TOTE TIOCTYIUICHUSI BXOOHBIX KomoB Ha LAII. Jlng crinaxxwmBaHus
CTyIeHeK BeixogHoro curHajia ATl u npubnkeHnst ero K uaealb-
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HOMy curHaiy UBBIX MOXHO TPHUMEHUTb TMPOCTO aHAJIOTOBBIM
duabTp Huskoit yacrotel (PHY), KOTOpBIl HOMKEH CYLIECTBEHHO
0CJIabISATh CUTHANl TIOMEXHW, HO HE OCIa0JIsATh IOJIE3HBIN BBIXOTHOM
CUTHAJ TeHepaTopa. B mpumepe Ha puc. 8.17 9acTrora ITOJIE3HOTO
curHaja B 16 pa3 MeHbIle YaCTOTHI CUTHAJa TOMEXU, MO3TOMY 3Ta
3amavya (UIBTpAlUU He CIWIIKOM cjioxXHa. OOHAaKO OT reHepaTopa
CUTHAJIOB MTPOM3BOJBHOM (POPMBI MOXET IMOHATOOUTHCS CUHTE3 BbI-
XOIHBIX CUTHAJIOB C KPYThIMM (DpOHTaAMU (HAIIpUMEp, MPSIMOYTOJIb-
HBIX WM TUI000pa3HbIX CUTHANOB). B sTOM ciyyae mpumeHeHUe
TaKOTO BBIXOJHOTO (DMIIBTPAa HU3KOM YaCTOThI MOXKET UCKA3UTh BbI-
XOIHBIC CUTHAJbI, 3aTSIHYB MX (QpoHTHL. I[loaTomy LienecoobGpas3HO
MpeAyCMOTPETh [IBa BbIXOAA IeHepaTopa: OJWH C HHU3KOYACTOTHOM
dunsTpanyeit, a gpyroi 6e3 Hee.

o

Usar

Puc. 8.17. HudpoBas reHepaliisi aHaJIOTOBOI'O CUTHAJIA.

IMomMuMo MIbTpa HU3KOM YaCTOTHI BBHIXOIHOM y3e] TeHepaTopa
CHUTHAJIOB JOJDKEH COIepXKaTh CXeMy 3aJlaHUs aMIUIMTYIbl BBIXOTHO-
ro curHaja. B ciy4yae WMCIIOb30BaHUS OMNEPATMBHOW MaMSTH JUIS
XpaHEHUsI KOJOB BBIOOPOK BBIXOJHOTO CHTHAlla cXeMa 3aJaHus aM-
IUTATYIBI MOXET U OTCYTCTBOBaTh. [1pu 3TOM B MaMsSTh HEOOXOIUMO
3aHOCUTH KOJbI BHIOOPOK CUTHAja C HYXXHOU aMIuTynoi. OmHako
TaKoi MOJIXOMI HE CIMIIKOM yIoOeH, TaK KaK OH TpeOyeT mepecueTa
BCEX KOIOB BBIOOPOK MJISI KaXXIO HOBOM aMIUIMTYIbl CUTHAJIa BbI-
OpanHoii (opmbl. ['opazgo ynobOHee caenaTh Tak, 4TOObI B MaMSTH
BCETIa XpaHUJIUCh KOIbI BLIOOPOK CHUTHala C MaKCUMaJbHO BO3-
MOXHOM aMIUIMTynoi, a BbIxogHOM curHanm ¢ LIAIT ocmabmsncs
yIpaBIsieMbIM aTTEHI0ATOPOM B HYXKHOE KOJIMYECTBO pa3s.
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B pesyiabTare cxema BBIXOZHOTO y3Jila TeHepaTopa aHaJIOTOBBIX
CUTHAJIOB OyIeT BK/IIOYaTh B ce0sl ellle U yIpaBJseMblid aTTeHI0aTop,
paccMoTpeHHBIN B pasnene 7.1 (puc. 8.18).
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Puc. 8.18. Cxema BBIXOIHOTO y3/1a TeHepaTopa.

Konp aMimTyae

AHAJIOTOBBIN (PUABTP HU3KMX YACTOT JOJDKEH UMETh KO hUIIN-
eHT Tepenayn B TI0JI0Ce TIPOITyCKaHUSI, PaBHBIN eqWHUIIE, U 9aCTOTY
cpesa, obecrieunBamIyo 3GhEKTUBHOE TOMABIEHUE CUTHAJ TTOME-
xu. Tum cxembl GWIBTpA W €TO MOPSIOK HE CIUIIKOM BaXHBI. Jtst
ymoOCTBa TOb30BaTeNsl 1EJIecO00pa3Ho chenaTh (GUIBTP HEWHBEP-
TUPYIOIIMM, YTOOBI BBIXOMHBIE CUTHAJIBI Ha OOOMX BBIXOIAxX TeHepa-
Topa (UBbIXI M UBBIX2) ObUIM OHOW TOJSIPHOCTH. ATTEHIOATOP
yIpaBIsieTCss 8-pa3psaHbIM KOMOM aMIUIMTYABI, YTO OOECredYrBaeT
koa(dumeHT meneHust curHaiza ot 1/256 mo 1. Ecim ammiuryna
ncxomHoro curHaia Umam paBHa 10 B, To ammiurtyma BBIXOZHOTO
curHana (UBbixI W UBbIX2) MOXeT OBITH 3alaHa C TOYHOCTHIO OKOJIO
40 MB. VYBenuueHue pa3psSAHOCTH KOAa aMIUIMTYIBl ITOTPEOOBAIO
OBl IPUHSTHUS CTHEUMATBHBIX MEp, TaK KaK CIWIIKOM MaJibie aHajlo-
TOBbIE CUTHAJbl CHUJIBHO MCKaXaloTCs IIyMaMy W TIOMEXaMHU 1O Iie-
nsaM nutaHus. LIAIT HeoGxonuMo MpUMEHSITb YMHOXAIOIIWK ¢ Ou-
TOJIIPHBIM BBIXOJIOM, UYTOOBI 0OpabaTHIBaTh KakK IOJOXKUTEIbHBIE,
TaK U OTPUIIATEJIbHBIE BBIXOIHBIE CUTHAJIBI.

Tenepp TepexoquM K MPOEKTUPOBAHUIO COOCTBEHHO MHM(POBOIA
YacTU reHeparopa.

Kak yxe ormeyanoch B pazaesne 7.1, OCHOBHOU y3ea reHeparopa
JIOJKEH TIPENCTaBIsITh cO00il OyhepHyIO OmnepaTUBHYIO MMaMSTh C
MEPUOANYECKUM pPEeXUMOM paboTrsl. [Ipnyem Oydep aTOT momkeH
ObITh OJHOHAaIMpaBJeHHbIM. [lepea HayanoMm paboTel B Oydep 3aHO-
CUTCSI MAaCCUB KOJOB BHIOOPOK CMHTE3MPYEMOTO CUTHAJIA, a BO BpeMs
paboTHI TeHepaTopa aapeca MaMsATh OIPAIIMBAIOTCSI B HY>KHOM TeM-
e, W BBIXOAHBIE KOabl mamMsiTu Tofgatorcst Ha LIATL, dopmupyrommii
aHaJOroBbIM CHUTHAX ULAN- [TpobGieMa COCTOUT B BbIOOpPE HYXKHOTO
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o0beMa MaMsITU U B CIlocoOe Tepedopa aapecoB st odecrneyeHUs
HYXXHOUW YacCTOTHI BBIXOMHOTO CHUTHaIa. [lamMsaTh MOXeT TakXke OBITh
nocrosguuoi (I13Y), ecnmn HeoOxognMo (OPMUPOBATE OTHY WM HE-
CKOJIBKO TIOCTOSTHHBIX (hOpM CUTHAJIOB. B 3TOoM ciyyae omepanmst 3a-
MUCU B MaMsIThb UCKJIOYAeTCsl, HO MpobieMa BbiOopa crocoba mepe-
0opa aJpecoB TTaMSITA OCTAETCH.

CylecTByeT iIBa OCHOBHBIX criocoba Tiepebopa anpecoB MaMsTh
reHeparopa aHaAJIOTOBBIX CUTHAJIOB, KaXJIbIii M3 KOTOPBIX WMEET
CBOM JIOCTOMHCTBA W HEIOCTATKM.

[TepBBlii, MpOCTEHILINI CITOCOO MpeaycMaTpuBaeT nepedop aape-
COB TIAaMSITH T€HEeparopa ¢ MOMOIIBI0 OOBIYHOTO JBOMYHOTO CUETUYU-
ka. B maHHOM ciydae ompainmuMBaloTCsl BCe ampeca TaMsITA TTOAPSIL.
MN3MmeHeHre 4acTOThl aHAJOTOBOTO BBIXOJHOTO CHUTHAJIa TeHeparopa
TMPOU3BOUTCS C TIOMOIIBIO M3MEHEHMS TaKTOBOW YAaCTOTHI 3TOTO
CUETYMKA, IIJISI Yero MCITOIBb3YeTCsI TOT WM WHOU ympaBJsieMbIid Je-
JINTEJIb YacTOThI OIIOPHOTO KBaplieBoro TreHeparopa (puc. 8.19).
YacToTa BBIXOMHOTO CUTHajla OyIeT OMpENessIThCS TPU TaKoOM pe-
meHnu no ¢opmyne: f,, = fr/(2'N), tme fr — vacrora 3amaroiero
KBaplIeBOTO TeHepaTopa, N — YIpaBIISIONINAIN KO NETUTENST 9acTOTHI,
M — Pa3psITHOCTh CUeTYMKa (Pa3psIHOCTD IMIMHBI aapeca maMsiTH).

ilh fr [Vopasmsemwii .fr='f1§[l: Tamars U,
TnouwmEst ma
Teneparop i JeHTens caerm 1A DE={ HAI ‘“"‘f
4aCTOTH BEIX

Kon sacrotet N
Kon yacTtorer N

Puc. 8.19. Onpoc naMaTi ¢ TOMOIIBIO JBOMYHOIO CUETUYMKA.

[maBHOE MOCTOMHCTBO MAHHOTO TOMIXOAA COCTOWT B TOM, YTO
MPU W3MEHEHWM YacTOTHl BBIXOMHOTO CUTHAJIa HE MEHSETCS TOY-
HOCTb BOCIpOM3BeAeHUST (hOPMBI BBIXOAHOTO cWTHama. Beap ToY-
HOCTb BOCTIpOM3BeNeHMs (POPMBI aHAJIOTOBOTO CUTHaJIa 3aBUCUT B
TEPBYIO OUYepeab OT KOJMYEeCTBA BHIOOPOK, TPUXOMSIIIIAXCS HA TIePU-
OJ1 BBIXOJJHOTO CUTHAaJa, a B JAHHOM CJIy4ae OHO TOCTOSTHHO W PaBHO
KOJIMYECTBY aapecoB namsaTu. Hampumep, ecau mamath umeer 1K
aJlpecoB, TO BBIXOMHOUW CHUTHAN TpU JIO00N yacToTe OyaeT 3ama-
BaThcs ¢ momombio 1024 Toyek, oH Bcerma Oymetr umeth 1024 cry-
TIEHBKM.
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OngHako JaHHOE pellieHHe MMeeT U cepbe3Hble HemocTtaTku. Oc-
HOBHOI1 €r0 HeIOCTaTOK COCTOMT B TOM, YTO YacTOTa CHUTHAJIa IIOME-
X1 B JAaHHOM CJIydae MpsIMO IIPOITIOPLIMOHAJIbHA YAaCTOTE BBIXOTHOTO
aHaJIOTOBOIO CUTHAJja reHepaTopa (OHa OOJIbIIE YACTOThI BBIXOTHOTO
CHTHaja BO CTOJIbKO pa3, CKOJBbKO aapecoB mMmeeT mamsTh). Hampu-
Mep, npu 1K agpecoB mamsaT yactora curHaja noMexu B 1024 pas
OOJIbIIIE YAaCTOTHI BBHIXOAHOIO curHaia. M mpu m3aMeHEHMH 4acTOTHI
BeixogHoro curHaia B 1000 pa3 takke B 1000 pa3 OymeT M3MEHSIThCS
yacTtoTa curHaia nomexu. OTuIbTpoBaTh TaKyio ITOMEXy IepeMeH-
HOU 4acCTOTBI YPE3BBIYAHO TPYAHO, €CIU HE HEBO3MOXHO, TaK KakK
TpeOyeTcsl TIpUMeHeHne (WIbTpa C YaCTOTOM cpe3a, M3MEHSIEMOil B
0YEeHb IIMPOKUX TIpeaesiax.

Jlpyroit cyliecTBeHHBII HEOOCTAaTOK JAHHOIO METOIA CBsSI3aH C
BBICOKMMH TpeboBaHMSIMU K ObIcTponeiictBuio LIAIT. Hampuwmep,
eclii MaKCUMaJibHasl 9acToTa BBIXOJIHOIO aHAaJOrOBOTO CHUTHajia Te-
HepaTopa mopkHa ObiTh 20 kI, a mamare mmeer 1K agpecos, To
LAIT momkeH ycrieBaTh paboTaTh ¢ yactoroit 6omee 20 MI1i, To
eCThb UMeTh BpeMsl yctaHoBieHus: MeHee 50 Hc. Ilpum Oonbireit gac-
TOTE BBIXOJHOTO CUTHaja M Mpu OoyblieM o0beMe IaMsITH TpeboBa-
Hua K osictponeiictBuio LIAIT Oymyr emte Beie. M ¢ Takoii ke CKo-
POCTBHIO MOKHA paboTaTh OydepHas ImaMmsTh, TO €CTh TPeOOBaHUS K
OBICTPOJAEUCTBUIO TTAMSITY TaKXKE BEJIMKMU.

Bropoit Bo3MOXHBII crioco0 Iepebopa agpecoB MaMsITH T€Hepa-
TOpa aHAJIOTOBBIX CHUTHAJIOB COCTOMT B IPUMEHEHMHM HaKallIMBalO-
IIETO cCyMMaropa ¢ IIepeMeHHBIM I1aroM cymmupoBaHus (puc. 8.20).

dy
fr Rarannuearotprii Tlamars U
Teneparop cymmatop ——lA D=/} LAN —f-
BEIX

fl

Koa wacrora M
If

Konx yactrorer' M

Puc. 8.20. Ompoc maMsiTé ¢ ITOMOIIBI0 HaKarIMBaIOIEro cyMmmMaTopa.

B mamsiTh, KaK ¥ B MpEAbIOyIIeM ciydae, 3aHOCUTCS MacCHB KO-
OB BEIOOPOK Iepuoaa TpedyemMoro curiana. Ho npu reHepauuu or-
palIMBalOTCs He BCe aapeca MaMSTH MOAPSI, a TOJIbKO ampeca ¢ Iia-
TOM, 3aJaBaeéMbIM BXOIHBIM KOJOM HaKaILJIMBAIOLIEro cymmaTopa M
(cM. pasmen 4.2.1). Yem Oojplile 3TOT IIar, TeM OBICTpee OyaeT
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MPOiiJIeH BeCh 00bEM ITaMSITU M TeM OOJIbIle OymeT 4acToTa BBIXOM-
HOTO CUrHajia reHeparopa. M cOOTBETCTBEHHO, YeM MeEHbIIe IIar,
TeM OOJIbIlIe BpEeMEHM ITOTpeOyeTCsl Ha OIpPOC BCEX aApecoB MaMSITH,
TeM MEHBIIIe OyIeT 4acTOTa BBIXOJHOTO CUT'HAjia TeHeparopa.

[Tpu n3MeHeHUU IIara ONpoca MaMsITA M3MEHSIETCS U KOJIMYECT-
BO BHIOOPOK Ha IIEPUMOJ BBIXOMHOIO CUTHANA, YTO IPUBOAUT K U3MeE-
HEHMIO TOYHOCTHM BOCIIpOM3BeleHMsI (popmbl curHaja. KoamdecTBo
BeIOOpPOK K Ha meproa BBHIXOOHOTO CHUTHAaJa BBIYMCISIETCS 1O (op-
myne: K = 2n/M, tme n — KOJIMYECTBO pa3psooB ajpeca IaMsITH,
M — ympapngiommii KOoa HaKaIIMBaIoOIEro cymMmaropa. A dacroTa
BBIXOJHOTO aHAaJIOTOBOTO CHUTHAaJIa oIlpeaensieTcs (popmysoii: fBeIx =
fr M /2n, tme fr — 9acToTa 3amaloIiero KBaplieBoro reHeparopa. To
€CTh BBIXOIHASL 9acTOTa MPSMO ITPOIOPLMOHAIbHA YIIPABIISIONIEMY KO-
my M, a He 0OpaTHO MpOITOPIMOHANIBHA, KaK B IIPEABIIYIIEM CIydJae.

I'maBHOE HOCTOMHCTBO MAaHHOTO IIOAXOAA COCTOMT B TOM, 4YTO
CUTHAJl TIOMEXM Ha BBIXOAE BCerma MMeeT ONHY M Ty K€ YacToTy,
PaBHYIO YacTOTe 3aJalollero KBaplieBOro reHeparopa fr, He3aBUCH-
MO OT YacCTOThI BBIXOZHOIO aHaJIOroBoro curHama. Ilostomy Takyro
IIOMEXY JIETKO OT(WILTPOBAaTh, HUKAKOM MEPECTPOMKM YaCTOTHI Ccpe-
3a (wIbTpa He TpedyeTcs.

JIpyroe BaxkHOE€ TOCTOMHCTBO JAHHOIO PEIICHUSI COCTOUT B TOM,
YTO IO Mepe POCTa YacCTOTHhl BBIXOJHOTO CHUI'HAaja Te€HepaTop caM
MIPONOPIMOHAILHO YMEHBIIIAET KOJWYECTBO BHIOOPOK HA IIEPUOI
BBIXOJHOTO CHUTHaJla, IIO3TOMY TpeOOBaHMSI K OBICTPOIEHCTBUIO
LAII, dbopMupyloliero BbIXOAHON CHUTHAJI, HE CIMIIKOM XKECTKHE.
LAIT MoxeT ObITh B HECKOJIbKO pa3 0oJjiee MeAJIEeHHBbIM, YeEM B Ipe-
IBIAYIIEM Cllydae, IpM TaKOil K€ MaKCHMMaJbHOM BBIXOTHOM 4acTO-
Te. Unu, MOXHO cKa3aTb M Tak, npu ToM xe camoM LIAIT renepatop
MOXET BBbIIaBaTh BBIXOMHBIE CUTHAJIBI C Tropasno 0ojiee BBICOKOit
yacTtoToil. TOUHO TaK Xe CHMXAIOTCS U TpeOOBaHMSI K OBICTPOIEHCT-
BUIO TTaMATU. DTO MPUBOIUT K TOMY, YTO 00BbEM MIaMITU B JaHHOM
cliydae MOXET OBITh ropa3fo OOJIbIlle, YeM B IPEABIIYIIEM.

Ho Hudto He maercs mapoM, IO3TOMY JHaHHBII METOI MMEET U Cy-
IIeCTBEHHBIN HemocTaToK. C pOCTOM YacTOTHI BHIXOIHOTO CUTHAJIA €r0
dopMa OymeT TmepemaBaThbCcs Bce Oosiee Tpy0dO, CTYIIEHBKM OYyIyT Bce
6ompmre. Ha puc. 8.21 mpuBenmeH mpuMep BOCTIPOM3BeIecHUS (POPMBI
CHHYCOUIATBHOIO CUTHAJIA, 3alIMCAaHHOTO B ITaMsaTh 00beMoM 32K X 8
IIJIST ABYX pa3HBIX IIAaroB HapalidBaHus aapeca M (KOJIMYeCTBO BBIOO-
pok Ha niepuon K = 16 u K = 48). [1oHSITHO, YTO TOYHOCTh BOCIIPOU3-
BeleHUsT (DOPMBI CHUTHAJla CMJIbHO 3aBUCHUT OT Koma M. BTo MoxXer
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TIPUBECTH K TOMY, 9TO HEKOTOphIe ()parMeHTHl CHUTHAJIOB CIOXKHOM
(opMBI MOTYT OBITH TIpOTTyIIeHEI. K ToMy ke B ciTydae, Koraa KoJmJe-
CTBO BBIOOPOK Ha MEpPUOI BBIXOTHOTO CUTHaja K He paBHO Iiemomy
YUCITy, TIEpUOObI BHIXOMHOTO CUTHAIA OYOyT HECKOJBKO OTIMJIATHCS
OIWH OT Ipyroro. HeckKoipKo cMATYaeT 3TOT HEIOCTATOK YKe YITOMH-
HaBIleecsl 0OCTOSITEBCTBO, YTO B TIPUPOIE CUTHAIBI CIIOXHON (POPMBI
0OBIYHO HU3KOYACTOTHBIC, a UIMEHHO HU3KOYACTOTHBIE CHUTHAIBI BOC-
TIPOU3BOISTCS TIPU JAHHOM MeToIe HanboJiee TOUHO.

Kon
BRIGOPKA

255

1
1
|
1
2K Anpec
aMATH

3

Puc. 8.21. Onpoc mamsiTu ¢ pasHbIMU IaraMu (KOJIMYECTBO BbIOOPOK Ha IEPHO
K=16u K=48). i

Hcxonst n3 Bcex 3TUX COOOpaKeHWi, OCTaHABIMBAEM CBOI BBI-
0Op UMEHHO Ha 3TOM, BTOPOM METOJIE.

IIpumMem miIs ganbHEIIEro MpOeKTUPOBAHMSI, YTO MUHUMAIbHOE
KOJIMYECTBO BHIOOPOK HAa IMEPHOI BBIXOMHOTO CHIHaja OyaeT paBHO
32, a MakcuMMaJbHOe OyIeT paBHO KOJIMYECTBY aapecoB IamsaTu. Tak
KaK OT reHeparopa TpebyeTcsl OOJIBIION AUAITa30H BBIXOTHBIX YAaCTOT
(qacToTel MOTyT pasznuyatbcs B 1000 pa3), o0ObeM HaMSITU OOKEH
ObITh OOJbIIMM. EciM MMHMMaIbHOE KOJMYECTBO BBIOOPOK Ha Iie-
puon paBHO 32, TO MaKCHMaJIbHOE KOJIMYECTBO BEIOOPOK Ha IEPUOI
notpedyeTcs B ThICSI4y pa3 6osbiie, To ecTth 32000. [ToaTomy Komm-
YeCTBO aApecoB MaMsTH He HOJZKHO ObiTh MeHbine 32000. Bo3pMem
maMsITh ¢ KOJIMYECTBOM aapecoB, paBHBIM 32K.

KonuyecTBo pa3psAmoB HaHHBIX TaMSITH, OIpPEAeSIolee TOd-
HOCTb 3aJaHusl BEAMYMHBI BEIOOPOK BBEIXOAHOTO CHUTHAJIa, HE CTOUT
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OpaTh cauiikoM OosblinM. Beab Ha opMupyembliii aHaJIOTOBBIM
cUrHai OyayT HaKJIaablBaTbesl MOMEXM OT LKU(POBO YacTU CXEMBI,
MO3TOMY UYpe3MEPHO TOUHOE 3alaHK€ BEJIMUYMH BBIOOPOK BBIXOJHOTO
CUTHaJa OKaXeTcsl MOMpocTy U3NUIIHUM. [ToaTomMy BbibepeM Komu-
YECTBO Pa3psIOB JaHHBIX MaMSITU PaBHbIM 8, TO ecTb MaMmsTh OyaeT
nMeTh opranm3auuio 32K x 8.

CripoeKTUpyeM HakKallJMBaolWii cymMMaTop MJis TreHepaTopa
aHaJIOTOBBIX CUTHAJIOB.

Kak yxe oTMeuyanoch, 4acTOTa BBIXOIHOTO aHAJIOrOBOI'O CUTHaJa
MPSIMO “TIPOTIOPIIMOHAJIbHA YIIPABJISIIOIIEMY KOy HaKaIlJWBaIOLIErO
cymmaTtopa M. AGCOJIOTHAsl MOTPEIIHOCTh YCTAHOBKM YacTOThI CO-
craBut 0,5/M. TloaTomy Ml MaJIbIX YACTOT MOTPELTHOCTh YCTAHOBKU
YacTOThl OyaeT MakcuMmaiabHo. Hampumep, ecnu kogy M = 1 Oymer
cOOTBeTCTBOBAaTh yactoTa 20 ', To cheayiollee pa3pellieHHOe 3Ha-
yeHue yactotsl Oyaet paBHO 40 I'n (mpu M = 2). BTO He CIULLIKOM
yA0OHO, XOpOIIO Obl MMETh TOYHOCTb YCTAHOBKM YacTOThl HE HUXeE
x0Ts1 661 10% BO BceM 4acTOTHOM AmWama3oHe. Bo3bMmeM, HarpuMmep,
a0COJIIOTHYIO TOTrPeIIHOCTh YCTaHOBKM 4acToThl 0,5 T'u. 3Haywur,
npu M = 1 reHepatop HoJXKeH BblaaBaTh yacTtoTy 1 I'l. Takue HM3-
KW€ 4acTOThbl Mbl MOXEM IIPOCTO HE€ HCMOJb30BaTh, 3aTO 4acToTa
20 I'u (mpu M = 20) Gymer MMeTh TOYHOCTh YCTaHOBKU 2,5%. Pa3-
pellleHHble 3HayeHust 4yacToT BOAM3M 20 [ cocTaBSIT MpU 3TOM
19 I'm, 20 I, 21 T

BribepeM Teneph BeJIUUMHY TAKTOBOW YacTOThl HaKaruIMBalollle-
ro cymMmaropa (To eCThb YacTOThl 3aJalollero KBaplieBOro reHeparo-
pa). MakcuMajbHasi 4acToTa BBIXOJAHOTO CHMTHajla Halllero reHepa-
Topa JoJikHa ObITh paBHa 20 kI, mpu 3TOM Ha MepuoAd BBIXOIHOTO
CUTHaJIa JOJXKHO MpuxoauTbess 32 BbIOOpKM. To ecTh TakToBas
yacToTa HaKalUIMBaKOIIEro cymMMaropa JoJKHa ObITb He MeHee
20 kI « 32 = 640 xI'm. BeiGepeMm ¢ 3amacoM TaKTOBYIO YacTOTY
paBHoif 1 MI'. MakcuManbHasi 4acToTa BBIXOJHOTO aHAJIOTOBOTO
curHajia ipu 32 BbIOOpKAax Ha mepuon OydeT Mpu 3TOM COCTaBJISAThH
1 MT'u/32 = 31,25 xI'm.

KonuuectBo paspsiioB HaKaIlJIMBAWOIIETO CymMMaTopa HTOJIKHO
OBITh TAKWM, YTOOBI OH OOECTIEYMBAN BECh BEIOPAHHBIN YaCTOTHBINA qra-
na3oH. HetpyaHo moacyuTaTh, 4To HaM moTpedyercst 20-pa3psiaHblit
HaKaIuBamolmii cymmarop (tak kKak 2*° = 1048576), To ecTb Ipu
TakTOBO# yactore 1 MI'I MUHUMAJBHBIN TIEPUOJ BBIXOJHOIO CUTHA-
nma coctaBuT 1048576 TakTOB WM 4yTh 0OJice OOHOM CEKYHIbI, 4YTO
MPUMEPHO COOTBETCTBYET YacTOTe BhIxogHOro curHaga 1 I'i.
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Ecin ucrnionb3oBath 4-pa3psiiHble MUKPOCXEMBI TMOJHBIX CyMMa-
topoB (MM3 unu UM6), to s noctpoeHust 20-pa3psigHOTO CyMMa-
Topa MOTpebyeTcsl 5 MUKpocxeM CyMMaropoB. s 3alToMMHAHUS
BBIXOAHOTO KOJa CyMMAaTOpOB Hamo OyIeT MCIOJb30BaTh TPU MMK-
pocxXeMbl 8-pa3psaHBIX PErUCTPOB, MPUYEM PETUCTPhI 3TU ITOJKHBI
OBITH co BxomoM cbpoca (HarmpuMep MP35) mis magansHOTO cOpoca
HaKaIuIMBaIIIero cyMMaTopa.

IMonyuymBinasics B WUTOre CXeMa HaKarUIMBAaIOIIETo cymMmaTopa
npuBeneHa Ha puc. 8.22. B kauecTBe TAaKTOBOIO CHUTHAJIa B PEXUME
reHepalMy OHa MCIIONIB3YeT CMTHAJ C KBaplieBOTO TeHepaTopa vac-
toroii 1 MI'1 (pa3pematomuii curHan ['eH.), a B pexXuMe 3amnucu B
maMsITh KOJOB BHIOOPOK — CTpOO 3amucu B mamsath -3amn. Ha Bxombr
ajgpeca MaMsITU TOAAIOTCS CUTHANBI 15 cTapIIMX BBIXOTHBIX paspsi-
OB HaKaIIMBAIOIIETO cyMMaropa, a 5 MJIaAIIUX pa3psiioB Hakar-
JIMBAIOILIEr0 cymMMaTopa He ucrojb3ytorcsd. Kon yacrorel M mopa-
eTcsd Ha 15 MITagIIMX BXOIHBIX Pa3psiIOB HAKAIUIMBAIOIIETO CYM-
Maropa, a Ha cTapliie 5 paspsiioB IMOJAaHbI HYJIEeBble CUTHAJIBL.
B pesyabrare npu mMakcuMagibHOM Koge M = 32767 HakanauBaio-
MM CyMMaTop OymeT mepemnosHsIThesd 3a 32 TakTa (BBIXOAHAS 4yac-
tora 31,25 xI'a), a mpu MuHUManbHOM Kojge M = 1 — 3a 1048576
TakTOB (BBIXOMHAS yacTtoTa okojo 1 I'm).

Ilepen HauajnoM 3amucH B MaMATh HAKAIUIMBAIOIIUM CyMMaTop
IOoJKeH ObITh cOpormreH B Hyinb curHasom -Copoc HC. Bo Bpems
3aMMCU B TAaMSTh KaXAblii CTpoO 3amucy -3all. JOJKEH YBeJIUYH-
BaTh Ha ¢AMHMILY ajpec MaMsITH, TTO3TOMY KO Y4acTOThl M JHOJKeH
OBbITh YCTAHOBJIEH B JAHHOM peXHUME PaBHBIM 32 (IBOWYHBINA KOI
100000).

YcioBusl TpaBUJIbHOM pabOThl HAKAIUIMBAIOIIEro  CyMMAaropa
clenyonie. 3a TEepUOd CUTHala TaKTOBOTO TeHepaTtopa HOJIKHBI
ycreTh ¢cpaboTaTh PErUCTp U cymmaTop. B Haliem ciydae 3To yciio-
BHUE JOBOJBHO JIETKO BBHITIOJHSIETCS, TaK KaK IepHOJ CUTHAaJIa TaK-
TOBOTro reHeparopa 1 Mkc. Ho mipu mocTtpoeHnu 6oiee BhICOKOUYAC-
TOTHBIX T€HEPAaTOPOB AHAJIOTOBBIX CUTHAJNIOB TpeOyeTcst Oojiee BbI-
COKasl TaKTOBasl 4yacTOTa, U MPU ITOM MOXKET yXKe CKa3aTbCs HaKo-
IUIEHWE 3aJiepXeK TepeHoca MSITH MUKPOCcXeM cymMmaTopoB. [lpu
TakKTOBOM dYactoTe Oombme 10 MII 3TO yXe MOXET BHI3BaTh
OoJpiIve TpoOseMbl. TOYHO TaK K€ 3a MepHoJ CIeIOBaHUS CTPO-
0O0B 3amucu B maMsTU -3am. JOJDKHBI ycIieBaTh CpabaTbhIBaTh pe-
TUCTP U CYMMAaTOphl. DTO YCIOBHE OOBIYHO 3HAUYUTEIBHO IPOIIE
BBITIOJTHUTh, YeM TePBOE.
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Puc. 8.22. HakaruiMBalouuii cymmarop reHeparopa aHaJOrOBbIX CUTHAJIOB.

IMTocMoTpuM, Kakoil OydeT yacToTa CHUTHaja TOMEXW, U Kakoi
IOJKHA OBITh YacTOTAa Cpe3a BBIXOJHOTO aHaJIOrOBOrO HU3KOYac-
ToTHOrO makTpa (cM. puc. 8.18). Ilpu ympaBisgiomneM Koje J9acTo-
Tl M OoJibllle MJIM paBHOM 32 KaXXIblil TaKTOBBI WMITYJIBC OymeT
BBI3BIBATh M3MEHEeHUEe aapeca naMsaTh. [losTomMy yacToTra moMexu
OyIeT paBHa 4acTOTe TaKTOBOTro reHepatopa (1 MI'm). Dto cooTBeT-
CTBYET YaCTOTE BBIXOZHOTO cHMTHaja, Oosbineit 32 I'm. OmHako Ham
Hago 00eCTeYnTh HUXKHIOK YaCTOTy BBIXOJHOTO aHaJIOrOBOIO CUT-
Hasa 20 I'o.
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Ecau kon yactorel M OyaeT JiexkaTh B mpedenax ot 16 go 31, to
agpec ImaMsaTH OyleT U3MEHSIThCS HE pexe OJHOrO pa3a Ha JBa TaKTa
TaKTOBOTO reHepaTopa. Yacrora momexu OymeT He meHee 500 kI'w.
To ecTh MpHM YaCcTOTE BBIXOAHOIO CUTrHaia, Goiblieit 16 I'l, yactora
curHajga noMmexu Oyaer B mpenenax ot 500 xI'u mo 1 MI'u. Mak-
cuUMajibHasl 4acToTa BBIXOJHOIO aHaJOTOBOIO CHUIHajla paBHa
31,25 xI'u. 3HauwT, 4yacTtoTa cpe3a (UIbTpa MOKHA OBITH TaKOM,
4YTOOBI CUJIBHO OCJIA0JISITh YacToThl, OoJbiiue 500 kI, HO He MCKa-
KaThb 4acToThl, MeHbluue 31,25 kI, DT 4acTOThl pa3aindyaroTcsl B
16 pa3, mo3TOMy (PUILTP MOCTPOUTH HE CIIUIIKOM CJIOXKHO.

B pesyabTaTe MBI mojiydyaeMm, 4YTO BbIOpaHHas cXeMa HaKaIllM-
BalOILIETO0 CyMMaTopa OOecIeuYMBaeT OUamna3oH YacTOT BBIXOJHOIO
aHajioroBoro curHaga ot 16 I'p go 31,25 kI, mpuyeM MOrpeirHocTb
YCTaHOBKM 4acTOThl cocTapisgeT 0,5 'l Bo BceM 4aCTOTHOM Auaras3o-
He. KonnuecTBo BBHIOOPOK CHTHajla Ha Mepuod OyaeT M3MEHSIThCS OT
32 Ha BepxHEM Kpal 4YacTOTHOro auamnasoHa no 32K Ha HuKHeM
Kpal0 4acTOTHOI'O Auara3oHa. DTO BIOJHE YIOBJIETBOPSET TpeboBa-
HUSIM K TeHepaTopy, copMyIMpOBaHHBIM B Havyajle JaHHOIO pa3zeia.

IlepexonuM Tenepb K MPOCKTUPOBAHUIO CXEMbI YIIPABICHUS IS
reHepaTopa aHaJ0TOBBIX CUTHAJIOB.

Cxema yIpaBjieHUSI TeHepaTopa JOoJKHa oOecreyuBaTh JIBa pe-
KMMa pabOThl: PEXXUM 3allMCH B IaMTh U pexXuM reHepanuu. [Ipu-
yeM reHepalusi MOXeT ObITh KaK aBTOMaThyecKas (mepruoandeckas),
TaK ¥ pa3oBasi. DTU pexKMMbl peaIM3YIOTCsI IIPOCTOM CXeMOM Ha JABYX
Tpurrepax (puc. 8.23).

Ij—'ﬂ—' 1 L Ten.
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Puc. 8.23. Cxema ynpasiieHUs IJ1s1 TeéHEpaToOpa aHAJIOTOBBIX CUTHAJIOB.

TlepBolii (JIEBBI Ha CXEME) TPUTTEP CIYXKUT JJISI pa3pelieHUsT WIK
3anpeleHust reuepanuu. ITo BHenHeMy curHany CTpo6 (MOJI0XUTEb-
HBI (PPOHT) B HErO 3aMKCHIBAETCS] €AVHUILIA IS PA3peIlCHUsT TeHepa-
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MW WIX HYJIb JJIs1 3ampelleHus reHepaiuu. BoixomHoi curHam [eH.
WCTIOJIBb3YETCs ISl pa3pellieHusI TAKTOBbIX UMITYJILCOB HaKaIUIMBAIOIIE-
ro cymmaropa (cM. puc. 8.22) U [Isl YNpaBiIeHUs] OCTaIbHOW YacThIO
cxeMsbl. [lepen HauasioM pabOThI TeéHEpaTopa 3TOT TPUTTEp cOpachIBaeT-
csl B HyJIb BHEIITHUM CUTHATIOM HavyasibHOTO cobpoca -Copoc.

Bropoii (mpaBeiii Ha CXeMe) TPUITEP CIAYXKWUT MJIsi OpraHu3aliu
pexXrMa pa3oBOro 3amycka re”Heparopa. [Ipu 3ampere reHepanuu 3TOT
TpUrrep cOpolI€H B HYJIb CATHaIOM [eH. (eAWHUIIa HA WHBEPCHOM
BbIxoze). Ilpu pa3spellieHUN TeHepaluu 3TOT TPUTTEP CPAOATHIBAET MO
oTpUlIATeIbHOMY. (DPOHTY Ha CTaplieM paspsiie HaKaruIMBaloIIETo
cymmaropa (curHan Ct.P. co cxembl Ha puc. 8.22), To ecTb MO mepe-
TMOJTHEHUIO HAKAIJIMBAIOIIEr0 CYyMMAaTopa, BO3HUKAIOIIEMY ITOCIe
OKOHYaHUsI OJHOrO TepUofa aHAJOroBOTO cUrHaiga. Eciyu BHEIIHWA
yHOpaBsOIING curHan Pas./-ABT. ycTaHOBJEH B HyJb (aBTOMaThye-
CKUI 3aIlyCcK), TO HUYEro He IMPOMCXOAUT, TPUITEP OCTaeTcs COpo-
weHHbIM. Ecnu ke BHelIHuii curHan Pas./-ABT. ycTaHOBJIEH B €MMHU-
1y (pa3oBbIil 3aMycK), TO MOC/Ie OKOHYAHUSI OJHOTO MepUoia BBIXO -
HOTO aHAJIOTOBOT0 CHUTHAJIa TeHEepaTopa BTOPOU TpUTTEp MEPeOpOCUT-
Csl B eQMHUILY (HYJTb HA WHBEPCHOM BBIXOJE) U COPOCUT TEM CaMbIM
MepBbIi TPUTTED, 3ATTPETUB T'eHEepalMIo. Y3HaTh 00 3TOM MOXHO, aHa-
mu3upys uar reHepanuu — curHain [eH. {1s1 HOBOro paspenieHust
reHepaluy HaJo CHOBA 3aMucaTh €AMHMILY B TIEPBBIN TPUTTED.

HakoHen, mocnegHuii y3el TeHeparopa AaHAJOTOBBIX CUTHa-
0B — 310 namath ¢ HHATI.

IIpexne Bcero Hamgo obecrieuuTb, 4ToObl LIAIL, dopmupyrommii
BBIOOPKM aHAJOTOBOr0 CUTHajIA MO KOJAaM W3 MaMsITH, BbIIaBal Kak
MOJIOXKUTENbHBIE, TAK U OTPULIATENIbHBIE CUTHAIbI, TO €CTh ObUT OU-
MOJSIPHBIM. DTO CYLIECTBEHHO TMOBBICUT YHUBEPCAILHOCTb TeHepa-
topa. HHAII mokeH (popMUpoOBaTh BHIXOAHOE HAIlpsiKeHUE (a HEe BbI-
XOJTHOU TOK), YTO TMO3BOJUT O0Jiee MPOCTO 00padaThiBaTh BBIXOJHOM
CUTHAJI BBIXOAHBIM y3JI0M (cm. puc. 8.18). TpeboBaHMsI K OBICTPO-
neiictuto LIATT B Haillem ciydae HEBEJIMKW: KOJAbI BCETIA MOCTYyMa-
IOT Ha Hero ¢ nmepuoaoM B 1 MKc, 3HauuT, 3a 310 Bpems LIAII moi-
K€H yCHEeTh YCTAHOBUTH CBOE BbIXOAHOE HampstkeHue. Takux LIATT
CYIIIECTBYET JOBOJBHO MHOTO.

OnopHoe HamnpsbkeHue LHAIT ynoOHo BbiOMparh paBHbIM 10 B,
YTO 00ECHeuymuT pa3Max BhIXOOHOIro curHaua ot -10 B go +10 B. Ilpu
9TOM IIar U3MEHEHUsI BBIXOAHOIO CHTHaja (MUHUMAaJbHO BO3MOX-
Hasl BbICOTa cTymeHbKH) coctaBuT 20 B / 256, To ecth okoso 80 MB.
Ho 310 TONBKO 171 cUrHajaa MakcumajabHoi ammummtyasl 10 B. Eciau
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JKe TpeOyeTcsl reHepalust curHajia ¢ ammummTyno 1 B (ocnmaGieHue
BBIXOIHBIM aTTeH0aTopoM B 10 pa3), TO IIar U3BMEHEHUST BBIXOAHOTO
curHana oymer okojo 8 MB.

Bxonmnoii xox LHAIT (To ecTh BBIXOOHOI KOm OythepHOI MMamsITH)
JOJKEH (DUMKCHUPOBAThCS B MapaUIeIbHOM PETHCTpPE, YTOOBI BCe paspsi-
IIbI 3TOTO Koja rnojaBaauch Ha Bxoabl LIAIT omHoBpeMeHHO. B MOMeHT
OoTCyTcTBUS TeHepaumy Ha BbeIxoge LIAIT momkHO OBITH HyJIeBOEe Ha-
MpsDKeHUe, TT0O3TOMY JAHHBIA PErucTp AODKEH MMETh BXOA cOpoca, Ha
KOTOpbIl Tiofaetcs curHan ['eH. OgHAaKO HAaIO YYUTHIBATh, UTO TIPU OU-
rosisipHoM Bbixone LIATT Hy/eBOMY YpOBHIO BBIXOZHOTO CUTHAIA COOT-
BercTByeT He HyneBoi kKox 00000000, a kox 10000000 (c emmHuMICi B
crapuieM paspsae). [1oaToMy perucTp Jo/KeH cOpachiBaThCsl HE B HYJIb,
a mmeHHO B coctoguame 10000000. ITpu 3TOM ITPOCTO MTOCTABUTH JOITOJ-
HUTENIBHBI MHBEPTOpP Ha CTapIIWiA paspsil KOAa Helb3sl, TaK KakK OH
BHECET 3a[epXKy, M CTaplIMii pa3psn Koma OyldeT YCTaHaBIMBATHCS
MO3Ke OCTAJbHBIX Pa3psiioB, YTO MOXET BbI3BATb HEIOMYCTUMO OOJIb-
1Ie BBIOPOCHI BBIXOAHOTO HarpsbkeHus. [103ToMy 3TOT BXOmHOHM pe-
rvctp LIAIT gomkeH MMeTh Kak MpsIMble, TAK U WHBEPCHBIE BBIXOIBI
(narmpumep, TMS8), mpuyemM Bce paspsiabl KpoMe CTapiiero Hamo Oparth ¢
MPSIMBIX BBIXOIOB PETHCTPA, a CTAPIIUIA Pa3psil — ¢ MHBEPCHOTO BBIXO-
Ia. DTo 0becIeynT OJHOBPEMEHHOE M3MEHEHHE BCeX paspsiioB KOja.
Jns1 KoMIieHcalMy MTHBEPCUM CTapIero paspsida Haao JOTIOJIHUTEIHLHO
MMPOMHBEPTUPOBATh CUTHAJI CTApIIETo pa3psiga Ha BXOIAE PErHCTpA.

IMamMsaTh BBIOOPOK CUTHAJIa 11€JIeCO00pa3HO MCIOJIb30BaTh MHO-
TrOpa3psiiHYIO0 C COBMEILEHHON BXOMHOW W BBIXOAHOWM ITMHAMU JaH-
HBIX, YTO MO3BOJIMT YIIPOCTUTh CXeMy. MUKpPOCXeMbl ¢ OpraHu3ally-
et 32K X 8 BrImyckatoTcst MHOTUMH pupMamu. [lamMaTs mydine Opath
HETAKTUPYEMYI0, YTOOBI B peXXUMe YTeHMS (ITpU TreHepaluu) MOXHO
ObLJIO TIOCTOSTHHO MonaBaTh Ha BXofd -CS cUTHa JIOTMYECKOro HYJIS.
BricTpozaeiicTBUe MaMsITU He CIMIIKOM KPUTUYHO, TaK Kak Iepebop
afpecoB IPOUCXOIUT MOBOJBLHO MEIJICHHO. -3a Tepuoja TaKTOBOTO
curHaima (1 MKC) B peXmMe UYTeHMSI JOJKCH YCITeTh cpaboTaTh pe-
TUCTP HAKAIUIMBAIOIIEr0 CyMMAaTopa, W MaMsITh ITOJKHA YCIETh BbI-
IIaTh YATAaeMbIi KOJ (C 3aIepKKOil BEIOOPKHM ampeca).

CoBMellieHHas IIMHA BXOMHBIX/BBIXOMHBIX JaHHBIX ITaMITH TpeOyeT
MPpUMEHEeHNST OMHOHAIIPaBIEHHOTO BXOMHOro Oydepa (Hampumep, AllS),
yepe3 KOTOPBI B peskMMe 3alucy Ha MaMsITh OyIyT IOmaBaThCsl 3ariu-
ChIBaeMbIe B TNMaMSIThb KOIbI BBIOOPOK T€HEpHpyeMoro curHama. bydep
JTOJDKEH OTKPBIBATHCSI TEM K€ CUTHAJIOM, KOTOPBIM TOAaeTCsl Ha BXOI
-WR mamsatu. Bo Bpemst reHepatm Oydep T0mKeH OBITh 3aKPHIT.
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B pesynprare cxema OydeprHoit namatu ¢ LIAII mos rereparopa
aHaJIOTOBBIX CUTHAJIOB OyIeT BBHINISIAETh TaK, KaK ITOKa3aHO Ha
puc. 8.24.
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Puc. 8.24. Iamare u LHAII reHepaTopa aHaJIOTOBBIX CUTHAJIOB.

Ilepen HauagoMm pabOTHI B MaMATh JOJIKHBI OBITh 3aITMCAHBI KO-
IIBI BBIOOPOK (8-paspsimHast mmHa 3arm.gaH.) mo cTpo0y -3am. JlaHHble
JIOJDKHBI BBICTAaBJISATBCS 10 Hadaja CTpoOa M CHMMAThCSI TOCNE eTO
okoHYaHMs. Bo Bpemst cTpoba 3amucu -3am. NaMsTh MEPEXOIUT B
pexnM 3armch (curHan -WR), a 0ydep oTtkpreiBaeTes (curHansl -EZ1
u -EZ2). 3a cuer 3agepxku Oydepa 3anmuchiBaeMble JaHHBIE CHUMA-
I0TCSI CO BXOAOB JAHHBIX MAMSITH MO3XKe, YeM 3aKaHYMBAETCSI CUTHAJ
-3am. IloaToMy maHHBIEe 3alUCBLIBAIOTCS B MaMsTh. [lo oKOHUaHUU
curHaja -3am. IPOMCXOIMT CMeHa aapeca maMsath (cMm. puc. 8.22).
Bcero nomxHo ObITh TIpoBeneHO 32K IIMKIIOB 3amucu I TTOJTHOTO
3aIOJIHEHUS TTAMSITH.

Korma naumnHaercs reHepaums (curHan ['eH.), ampeca maMsTu
nepeOupaloTcsl HaKaIllJIMBAIOLIIMM CYMMAaTOpOM, a YuTaeMmasl U3 HMX
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nHdoOpMalUs 3aMuCchiBaeTcsl 1Mo curHaimy TakT (cMm. puc. 8.22) B
8-pazpsaHbIil peructp (nBe MukpocxeMbl TMS8), a 3aTemM mocTymnaet
Ha Bxonabl LIAII. B pesynbTaTe Bblgauya BHIOOPOK BBIXOJHOTO CUTHa-
ga (U, ) 3amepXuBaeTcsl Ha OOWUH TaKT OTHOCUTEIBHO MOMEHTA
YTEHUS U3 TTaMSITH, HO 3Ta 3ajepkKa, KakK MpaBWJIo, HE UMeeT HUKa-
Koro 3HaueHus1. [Tocie OKOHUaHMST TeHepaluu perucTp copachiBaeT-
cs1 B coctossare 10000000, cooTBETCTBYIOIIEE HYJIO BBIXOTHOTO CUT-
Hama U , - Tak Kak Mo CUrHajgy HadaJbHOro copoca -Co6poc (cM.
puc. 8.23) reHepalus 3ampelraeTcs, Ha BBIXOAE TeHepaTopa B 3TOT
MOMEHT Takke OyIeT HyJieBoe HallpsLKeHUe.

TakuM 06pa3omM, cxema reHepaTopa aHaJOTOBBIX CUTHAJIOB TOJI-
HOCTBIO CITPOEKTUPOBAHA.

ChopmynmupyeM Temepb IOCICIOBATEILHOCTb OEHCTBUI, KOTO-
pble Hallo MPEANTPUHUMATSH TSI YIIpaBJIeHHUsT paboToi TeHepaTopa.

[Tocne BKITIOYEHUS] TIMUTAHUST HAIO TMOAATh CUTHAJI HAYaJbHOTO
copoca -Copoc (cMm. puc. 8.23), KOTOpBI 3alpeTUT TeHepalnio u
0o0ecTieunT HyJIeBOM YpOBEHb BBIXOIHOTO HAIpsKEHUs TeHeparopa.

3aTeM HeoOXOAMMO 3armucaTh B TTaMsTh MAacCUB KOJOB BBIOOPOK
curHaja Tpebyemoit ¢dopmbl. [T 3TOro KOa 4acTOThl HajIo 3aiaTh
paBHBIM 32 M cOPOCUTH HAKaIUTMBAIOIIWI CyMMaTOp B HYJIb CUTHa-
nom -CopocHC. Ilocime 3TOro Hamo TPOM3BOAUTH TOCHEI0BATEIb-
Hylo 3amuch Bcex 32K KOmOB MO IMMHE 3anmuChIBAeMbIX HaHHBIX
3arm.maH., COMpOBOXAas UX CTpoOaMM 3amrcu -3arl.

[Tocne okoHYAaHUS 3amUCH B TaMsATh MOXHO 3aIlycKaTh reHepa-
LIMI0, HO TIepe/l HayajJoM TeHepaluyu Haao cCOpOCUTh HaKaIlJIWBalo-
muii cymmaTtop curHajgoM -CopocHC, 3amaTh pexxmM 3amycKa TeHe-
paumu (pa3oBbIii WM aBTOMATUYECKMiT), a TaKXKe YCTaHOBHMThH KOI
HYXXHOU BBIXOAHOW 4YacToTel (cM. puc. 8.22 u 8.23). Kpome Toro,
Hamo 3amaTh KOA aMIUIMTYObl BBIXOMHOTO CHTHAT (cM. pmc. 8.18).
ITocie aTOro Hamo mMomaTh ITOJIOKMTEIBHEIN cUTHai Pa3sp./-3amp. u
COTIPOBOINTH €ro cTpodoM (cMm. pmc. 8.23). Ecim Hamo ocTaHOBUTH
aBTOMAaTUYECKYIO TeHepalllio, TO Hall0 YCTAHOBUTH HYJIEBOM CUTHAJ
Pa3p./-3anp. u compoBoauth e€ro crpodbom. Eciu ke reHepamus pa-
30Bast, TO y3HATh O TOM, TPOJOJIKACTCS OHA WU yXe 3aKOHYMIACh,
MOXHO Ha OCHOBaHMM aHaiu3a curHaia ['eH. (cMm. puc. 8.23).

B 3akifoueHre OTMETUM, 4YTO YyIpaBlieHUe pa3pabOTaHHBIM Te-
HEepaToOpoOM aHaJIOFOBBIX CUTHAJIOB JIy4Ille BO3JIOXUTH Ha KOMIThIOTED
WA YIPaBJSTIOUINI WHTEJJIEKTYyaTbHbI KOHTPOJIJIEP, YTO CYIIECT-
BEHHO YIPOCTUT pabOTy C HUAM.

INPNJIOXEHUE

MUKPOCXEMUBI,
APAMETPbBI, CUT'HAJIb

Ta6muna I11. OcHOBHBIE TapaMeTPhl IUPPOBBIX MUKPOCXEM

O6o3HavyeHue

HApyroe
0003HaueHue

[Tapamerp

JonycTtuMasl eMKOCTb Harpy3ku

MakcuMmaibHasi 4acTOTa MEPeKITIOYCHUS
TpUrrepa

Toxk norpedseHus

BxonHoii Tok

BoixonHoii Tok

BxoaHOI TOK HU3KOTO YPOBHS

BxomHO# TOK BBICOKOTO YPOBHSI

BbIX0OIHOI TOK HU3KOIO YPOBHSI

BpIX0HOIT TOK BBICOKOTO YPOBHSI

JnvtenbHOCTh POHTA CUTHAJIA MPU NIEepexoe
13 HU3KOTO YPOBHSI B BHICOKMIA

JnutenbHOCTh POHTA CUTHAJIA MPU NIEpexoe
13 BBICOKOTO YPOBHSI B HU3KMIA

Bpemst 3a1ep>KKM MPU MepeXosie U3 HU3KOro
YPOBH$ B BbICOKUI

Bpemst 3aepxkKy pU Mepexojie U3 BbICOKOro
YPOBHS B HU3KU A

Bpemst 3aiepKK1 MpH Mepexoe U3 TPEThero
COCTOSIHMSI B HU3KUi1 YpOBEHb

Bpemst 3aiepXXKHU NP MEpexolie U3 TPEThero
COCTOSIHMSI B BBICOKM I YPOBEHb

Hanpsixxenue nuranus

BxonHoe HanpsikeHre HU3KOTo yPOBHsI

BxonHoe HanpsixeHue BbICOKOTO YPOBHSI

BrIxonHOe HanpsiKeHNe HU3KOTO YPOBHS

BrIxonHOE HanpsikeHUe BBICOKOTO YPOBHSI
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Taomma [12. OyHKIIMOHATBFHOE Ha3HaYeHUE ITUGPOBBIX MUKPOCXEM CTaHIAPTHBIX

[Mpunoxenue 353

Taomuua I12. [TponomkeHme

cepuit
0O603Ha- Ananor Dynkums
HCHUC SN74
ATl 121 OnHoBubpaTop 6e3 repesarycka
A3 123 J1Ba ogHOBUOpaTOpa C IMepe3anyckom
AT4 221 JlBa onHOBUGpaTOpa 6Ge3 Tepesamnycka
All3 240 JBa 4-paspsanbix 6ydepa ¢ 3C u uHBepcueit
ATlT4 241 I Ba 4-paspsimHbix Oydepa ¢ 3C
ATIS 244 JBa 4-paspsinHbix 6ydepa ¢ 3C
AIl6 245 8-paspsaHblii AByHanpasieHHbII Oydep ¢ 3C
ATI9 640 8-paspsiHbIil [BYHanpasieHHblii Oydep ¢ 3C
AIl0 640 8-pa3psiiHblit AByHanpasieHHbI 6ydep ¢ 3C 1 mHBepcueit
All14 465 8-paspsinnblii 6ydep ¢ 3C
ATl15 466 8-paspsinHblii 6ydbep ¢ 3C u nHBepcueit
ATT16 643 8-paspsiaHblii Oydep ¢ 3C
All20 646 8-paspsinHblii AByHarpaBieHHbI Oydep ¢ pernctpom u ¢ 3C
BAI 226 Cxema CONpsKEeHUs! ¢ MarucTpaibio
BXI1 630 16-paspsiqHasi cxeMa KOHTpOJIsI 10 Koy XeMMUHTa
IT1 124 JIBa reHepatopa, yIpaBsieMbIX HAMPSKEHUEM
UBI 148 TMpuopuTeTHHIil Mdparop 8-3
UB3 147 TMpuoputeTHbiii wndparop 9-4
nal 14 JIBOUYHO-ECATUYHBIA emnpaTop ¢ BBICOKOBOIBTHBIM
BBIXOZIOM
501 ] 154 JNewndpatop 4-16
na4 155 CaBoeHHBII gemdparop 2-4
nas 156 JBa nemmudparopa 2-4 ¢ OK
nne 42 JIBOMYHO-JeCcATUYHBI AemndpaTtop 3-8
na7 138 Heuwndparop 3-8
naio 145 JIBon4HO-eCITUYHBIN nemndparop 3-8 ¢ 6oabInM
BBIXOJIHBIM TOKOM
naia 139 IBa nemudparopa 2-4
naig 247 Jeumdparop 1BOUIHO-AECATUYHOTO KO/Ia B KOI,
CEeMMCErMEeHTHOTO MHANKATOpa
HE2 90 4-pa3psIHbIi IBOMYHO-AECATUYHBIN CUETUNK
UE4 92 CueTyunK-aeauTeNb Ha 12
HES 93 4-pa3psIHbIiA IBOUYHBINA CYETYNK
HE6 192 4-pa3psiTHbI PeBEPCUBHBIN IBONYHO-IECATUYHBIN CUSTINK

O6o3Ha- Anayor DyHK1UA
YyeHue SN74
HUE7 193 4-pa3psiTHBIN PEBEPCUBHBIN TBOMYHBIN CUSTINK
NE8 97 JlennTe b 4acTOThl C IepeMeHHBIM KO3 GUILIMEHTOM JeJIeHUsI
UE9 160 4-pa3psiTHBIE CUHXPOHHBIN JBOMYHO-IECSTUYHBIA CUYETUYMK C
ACMHXPOHHBIM COPOCOM
HUEIL0 161 4-pa3psiTHBINE CHHXPOHHBIN ABOMYHBIN CUYETYMK C ACHHXPOH-
HBIM cOpocoM
WUEH 162 4-pa3psiiHbli IBOMYHO-IECSTUYHBIA CUYETYMK C CHMHXPOHHBIM
cOpocoM
UEI12 190 4-pa3psiTHBIE CMHXPOHHBIN PEBEPCUBHBIN NIECSTUYHBIN CcueT-
YUK
HUEI3 191 4-pa3psiHBI CHHXPOHHBINM PEBEPCUBHBINM TBOMYHBIN CUETUMK
HUEH 196 CueTyuK-IenuTeNb Ha 2 U Ha 5
UEILS5 197 4-pa3psiTHBINE ACMHXPOHHBIM CUETYMK C TPEABApUTENILHON yC-
TaHOBKOI1
UEIL6 168 4-pa3psiTHBIE CUHXPOHHBIN JBOMYHO-IECATUYHBIA CYETYUMK C
NapauleIbHON 3arpy3Koit
HUE17 169 4-pa3psiTHBIE CUHXPOHHBINM JABOMYHBIM CUETYMK C Tapajuiesb-
HOW 3arpy3Koii
HUEI8 163 4-pa3psimHBIN TBOMYHBINM CYSTYUK C CUHXPOHHBIM COPOCOM
UEI9 393 CnBOEHHBIN 4-pa3psimHbI TBOUYHBIN CUSTINK
HE20 390 J1Ba IBOMYHO-JECATUYHBIX CYETYMKA CO COPOCOM
Ml 80 1 -pa3psiAHbIii TTOJMHBINH CyMMaTop
M2 82 2-pa3psiIHbIN TTOHBIM CyMMaTop
M3 83 4-pa3psiHbIiA TIOMHBIN CyMMaTop
M5 183 4-pa3psiAHbII TOMHBII CyMMAaTOp ¢ YCKOPEHHBIM NIEPEHOCOM
M6 283 4-pa3psitHBIiA TOJMHBINA CYMMaTOP C YCKOPEHHBIM ITEPEHOCOM
nm7 385 4-pa3psiTHBIN CyMMaTOp-BBIYUTATENb
HI 180 8-paspsimHasi cxema KOHTPOJISI YeTHOCTU
I3 181 AJTY mist nByx 4-pa3psiTHBIX CJIOB
nri4 182 4-paspsiiHasi cxeMa YCKOPEHHOTO TepeHoca
HII5 280 9-paspsiiHasi cxema KOHTPOJISI YeTHOCTHU
WII6 242 JIByHanpaB/ieHHbII 4-pa3psiaHblil Oydep ¢ MHBepcueit
nti7 243 JIByHanpaBieHHBbI 4-pa3psiaHbiii Oydep
unsg " 261 IMapastenbHblil yMHOXUTENb 2 X4 paspsiia
UI9 384 8-pa3psiiHBIN TIOC/IeIOBATEIbHO-TTAPAJJIEIbHbII YMHOXUTETh
HP1 95 4-pa3psiTHBIN ABYHATIPABICHHBIN CIBUTOBBIN PETUCTD

12 - 4589
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Ta6aununa I[12. [TponosikeHue

O603Ha- AHasor OyHKIMSA
4YeHue SN74
UPS 164 8-paspsiIHbINA CIBUTOBBI PErMCTP C TIOCIEAOBATEIbHBIM BXO-
JIOM Y TapaJUIeIbHBIMU BBIXOJAMU
UP9 165 8-paspsiIHbIA CABUTOBBI PErMCTP C MapajlieIbHBIMM BXOIaMU
M TIOCJIEIOBATEIbHBIM BBIXOIOM
HP10 166 8-pa3psiIHbIA CABUTOBBIN PETUCTD
HPI11 194 4-pa3psIHbBIA 2-HalpaBIeHHBIA CIBUTOBBIN PETUCTD
P12 195 4-pa3psiaHbIi 2-HaIpaBIeHHBIN CIBUTOBBII PErUCTp
WPI13 198 8-pa3psiIHbIil CIBUTOBBIN PETUCTD
HP15 173 4-paspsiaHblii peructp ¢ 3C
UP16 295 ‘;—Cpa3pﬂ£[HbI]71 PEBEPCUBHBII CIBUTOBBIN PETUCTP C BBIXOAAMM
nP22 373 8-paspsiiHblit perucTp-3ateska ¢ 3C
1P23 374 8-paspsiaHblii peructp ¢ 3C
UP24 299 8-pa3psiTHBIl IBYHAIIPaBJICHHbBIN PEeBEPCUBHBIN CABUIOBBINA pe-
ructp ¢ 3C
P25 395 4-pa3psaHbIA CIBUTOBBIN peructp ¢ 3C
HP26 670 Peructpossiit daitn 4 x 4 ¢ 3C
P27 377 8-pa3psiTHBII PETUCTD C pa3pelieHrueM 3arcu
P29 323 8-pa3psimHbIil cIBUTOBBIN peructp ¢ 3C
HP30 259 8-paspsIIHBIA PETUCTp XpaHEeHUs ¢ aapecalueit
P32 170 Peructposblii daiin 4 x 4 ¢ OK
nP33 573 8-paspsiiHblil OydepHbIil peructp
P34 873 JIBa 4-pa3psimHbIx peructpa ¢ 3C
P35 273 8-paspsiTHBIA PETUCTP CO COPOCOM
P37 574 8-paspsianblii peructp ¢ 3C
P38 874 [Ba 4-paspsimHbIx peructpa ¢ 3C
P40 533 8-paspsiaHbIi peructp-3amieika ¢ 3C u uHBepcuei
NP41 534 8-paspsianblii peructp ¢ 3C u MHBEpcUet
KIT1 150 16-KaHaAJIbHBI MYJIBTUILIEKCOD
KI12 153 CnBOCHHBI 4-KaHATbHBINM MYJIBTUILUIEKCOD
KII5 152 8-KaHaJIbHBII MYJIBTUILIIEKCOP
KI17 151 8-KaHAJTbHBIA MYJBTUILICKCOP CO CTPOOMPOBAHUEM
KII11 257 4-pa3psaHbIil 2-KaHAJIBHBIN MysbTUIIIEKCOp ¢ 3C
KIT12 253 2-pa3psiAHbIil 4-KaHAIBHBI MYJIbTUTUIEKCOD

O603Ha- Anasor DyHKIHS

YEHUEC SN74

KIT13 298 4-pa3psiaHbIil  2-KaHAJbHBI MYJIBTUILUIEKCOP CO CTPOOMpOBa-
HUEeM

KIT14 258 4-pa3psiiHbIi 2-KaHaIbHBIN MyabTuILiekcop ¢ 3C ¢ uHBepcueit

KIT15 251 8-KkaHaIbHBIN MynbTUILIEKCOpP ¢ 3C

KI116 157 4-pa3psiHbIiA 2-KaHAJIBHBI MYJIBTUILIEKCOD

KIT17 353 2-pa3psiaHblil 4-KaHaubHBIN MysbTHILIEKCOp ¢ 3C U MHBEpcueit

KIT18 158 4-pa3psiTHBIN 2-KaHAIBHBIA MYJIBTUIUIEKCOP ¢ MHBEpCUEi

KIT19 352 2-pa3psiAHbIil 4-KaHAJTBHBIN MYJIBTUTUIEKCOP C MHBEPCHUEH

JIAIL 20 [lBa nornuyeckux snemenra 4M-HE

JIA2 30 Jlornueckwuii anement 8U-HE

JIA3 00 Yerbipe ornueckux anemenra 2U-HE

JIA4 10 Tpu nornueckux anemeHra 3U-HE

JIA6 40 JBa nornueckux snemeHTa 4M-HE ¢ MOBBIIIEHHBIM BBIXOJHBIM
TOKOM

JIA7 22 JBa normyeckux 3nemeHta 4M-HE ¢ OK u MOBBbIIIEHHBIM BbI-
XOIHBIM TOKOM

JIA8 01 Yersipe nornyeckux anemenra 2M-HE ¢ OK

JIA9 03 Yersipe nornueckux anemenra 2M-HE ¢ OK

JIAIO 12 Tpu nornueckux anementa 3U-HE ¢ OK

JIA11 26 Yeroipe nornyeckux anemeHtra 2M-HE ¢ OK ¥ mNOBBILIEHHBIM
BBIXOJIHBIM HarpsiKeHUEM

JIA12 37 Yersipe sornueckux snemeHTa 2M-HE ¢ MOBBIIIEHHBIM BBIXOII-
HBIM TOKOM

JTATT 38 Yetbipe sorndyeckux aneMmeHta 2M-HE ¢ OK u moBbIIIeHHBIM
BBIXOJHBIM TOKOM

JIA16 140 IBa noruyeckux snemeHTa 4U-HE s pabGotsl Ha JMHMIO
50 Om

JIA19 134 Jlornueckwuit anement 12M-HE c pa3perieHuem

JIA21 1000 Yersipe sornueckux snemeHTa 2M-HE ¢ MOBBIIEHHBIM BBIXO.I-
HBIM TOKOM

JIA22 1020 JBa nornueckux sneMmeHTa 4M-HE ¢ MOBBIIIEHHBIM BBIXOJHBIM
TOKOM

JIA23 1003 Yetbipe sorndyeckux anmeMeHTa 2M-HE ¢ OK u moBBIIIICHHBIM
BBIXOJIHBIM TOKOM

JIA24 1010 Tpu nornyeckux ameMeHTa 3M-HE ¢ MOBbIIIEHHBIM BBIXOIHBIM

TOKOM

12%
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DyHKuUS
4yeHue SN74
Ja1 60 IBa 4-BXx0m0BbIX paciiupuress no UJIIA
JIEL 02 Yerbipe noruyeckux snementa 2UJIM-HE
JIE2 23 JBa noruyeckux snementa 4UJIN-HE co crpobupoBanuem
JIE3 25 [Ba nornveckux annementa 4UJIM-HE co cTtpobupoBanunem
JIE4 27 Tpu noruveckux anemenra SUJIN-HE
JIES 28 Yerbipe nornueckux anemeHTa 2UJIN-HE ¢ noBbIlIeHHBIM BbI-
XOIHBIM TOKOM
JIE6 128 Yetbipe norudeckux snementa 2UJIN-HE ¢ noBblIlIEHHBIM Bbl-
XOIHBIM TOKOM
JIE7 260 JBa nornueckux anementa SUJIN-HE
JIn1 08 YeTbipe noruyeckux asemeHra 21
JIn2 09 Yerbipe noruyeckux anemeHta 2M ¢ OK
JIN3 11 Tpu nornyeckux anemeHta 3U
JIn4 15 Tpu noruueckux anemenrta 31 ¢ OK
JIN6 21 JIBa ornyeckux anemeHTa 41
JUT1 32 Yerbipe noruyeckux anemenra 2MJIN
JU13 136 YeTblpe IBYXBXOHOBBIX JIOTMYECKMX 3jleMeHTa Mckiouaroiee
WJIN ¢ OK
JIH1 04 Illects MHBEpTOPOB
JIH2 05 [lects nuBepTOpoB ¢ OK
JIH3 06 Ilects unBepTropoB ¢ OK U TOBBIIIEHHBIM BBIXOIHBIM HaIpsi-
SKEHUEM
JTH4 07 Iectp GydepHbix anementoB ¢ OK
JIH5 16 Ilects nuBepropoB ¢ OK ¥ MOBBILIEHHBIM BBIXOAHBIM Harpsi-
SKeHHEeM
JIH6 366 Iects nuBepropoB ¢ 3C U ¢ ynpaBieHEM
Jir4 17 [ects Gydepubix amemeHToB ¢ OK M TMOBBIILIEHHBIM BbBIXOI-
HBIM HaIpsDKeHUEM
JIIs 86 YeThipe IBYXBXOOBBIX JIOTMYECKMX 3JEMeHTa Vckimoyaroniee
Wi
JI8 125 Yetbipe OydepHbix 3jemMeHTa ¢ 3C M pasiebHBIM yIpaBie-
HUEM
JIT19 07 Illectp GydepHbIXx 271eMeHTOB ¢ OK M MOBBIIIEHHBIM BBIXOM-
HBIM HaIpsDKeHIeM
JIT10 365 [ects OydepHbIX 21emMeHTOB ¢ 3C
JII11 367 [Hectb Gydephbix anemeHToB ¢ 3C
JITT12 136 YeTblpe IBYXBXOIOBbIX JIOTMYECKUX 3JieMeHTa Mckioyaroliee

NI cOK

Tadauua 1E. [Tponomkenue
0603Ha- Amnaror OyHKIHS
yeHue SN74
JITI16 1034 [ecTb 6ydepoB ¢ MOBBILIEHHBIM BBIXOIHBIM TOKOM
JIr7 1035 [ects 6ydepos ¢ OK ¥ MOBBIIEHHBIM BBIXOJHBIM TOKOM
JIP1 50 Ba snemenra 2-2U-2UJIN-HE
JIP3 53 Onemenr 2-2-2-3 1-4WJIN-HE
JIP4 55 Onement 4-4U-2UJIN-HE
JIP9 64 Onement 2-4-2-3U-UJIN-HE
JIP10 65 Bnemenr 2-4-2-3U-UJIN-HE ¢ OK
JP11 51 Onementsl 2-21-2NJIN-HE u 2-3U-2UJINU-HE
P13 54 Dnement 3-2-2-3U-4UJIN-HE
P 184 TpeoGpa3zoBaTesib ABOMYHO-AECATUYHOTO KOIA B ABOMYHBIIA
TIP7 185 IpeoGpa3oBaresib JBOMYHOTO KOAA B IBOMYHO-ICCATUUHBII
PIT1 170 Peructposoe 3V 4x4
PI13 172 Peructposoe 3V 8 x 2 ¢ OK
PVI 81 O3V c opranuzaiueit 4x4
PY2 89 O3Y ¢ opranumzauueit 16x4
PY3 84 O3Y 4 x 4 ¢ 10MOJHUTENILHBIMU BXOAMU 3aITUCU
PV5 130 O3V ¢ opranusanmeii 256 x 1
PVY9 289 O3V ¢ opranusauueii 16x4
PV10 225 O3V c opranuzaiueii 16x4
CIll 85 4-pa3psiIHbIA KOMITapaTop KOIOB
TB1 72 JK-tpurrep ¢ snementom 31 Ha Bxone
TB6 107 [Ba JK-Tpurrepa
TB9 112 lBa JK-tpurrepa
TB10 113 lBa JK-tpurrepa
TBI11 114 JIBa JK-tpurrepa
TBI15 109 lBa JK-tpurrepa
TI1 13 MBa tpurrepa LlImutTa ¢ MHBepcueit u anementom 41 Ha Bxone
T2 14 Iects Tpurrepos LIMutTa ¢ MHBEpCHeit
T13 132 Yerwipe Tpurrepa IlImurra ¢ uHBepcueil u anementoM 2U Ha
BXOJE
™2 74 J1Ba D-Tpurrepa ¢ NpsIMbIMUA ¥ MHBEPCHBIMU BBbIXOZAMU
™5 77 Yerbipe D-Tpurrepa Tuna «3aienka»
™7 75 Yerbipe D-Tpurrepa Tumna «3aiueiaka» ¢ TpsIMbIMM U MHBEpC-
HBIMU BBIXOAMU
T™S 175 Yerbipe D-Tpurrepa ¢ mpsIMbIMU ¥ MHBEPCHBIMU BBIXOJaMU
T™M9 174 Iects D-TpurrepoB ¢ OOLIMM CHMHXPOBXOIOM
TP2 279 JBa DS-Tpurrepa
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Howmep O6o3Have- Howmep O06o3Haue Howmep O06o03Haue-
SN74 Hue SN74 Hue SN74 Hue
00 JIA3 51 JIP11 130 PY5
01 JIA8 53 JIP3 132 TJ3
02 JIE1 54 JIP13 134 JIA19
03 JIA9 55 JIP4 136 13
04 JIH1 60 JIA1 136 JI112
05 JTH2 64 JIP9 138 naz
06 JIH3 65 JIP10 139 nai4
07 JIH4 72 TB1 140 JIA16
07 JIT19 74 ™2 141 Wai
08 JIN1 75 ™7 145 naio
09 Jn2 77 TM5 147 HB3
10 JIA4 80 Ml 148 NBI
11 JIN3 81 PY1 150 KIT1
12 JIA10 82 nm2 151 KI17
13 T 83 nms3 152 KIT5
14 TJ14 84 PYy3 153 KIT2
15 N4 85 CIT1 154 nas
16 JIHS 86 JITTS 155 njia
17 JIT14 89 PYy2 156 nas
20 JIAL 90 WE2 157 KII116
21 JIn6 92 WE4 158 KIT18
22 JIA7 93 WES 160 HE9
23 JIE2 95 NP1 161 HE10
25 JIE3 97 ME8 162 HEI
26 JATI 107 TB6 163 HE18
27 JIE4 109 TBIS 164 HP8
28 JIES 112 TB9 165 NP9
30 JIA2 113 TBI10 166 HP10
32 JUT1 114 TBI11 168 HEL6
37 JTA12 121 ATl 169 HEL7
38 JIA13 123 AT'3 170 P32
40 JIA6 124 ITl 170 PI11
42 Wae 125 JITI8 172 PI13
50 JIP1 128 JIE6 173 HPI15

Howmep O6Go3Haue- Howmep O6o3Have- Howmep O6o3Haye-
SN74 Hue SN74 e SN74 Hue
174 T™M9 245 ATl6 384 W19
175 ™8 247 a8 385 15059
180 Ul 251 KII15 390 WE20
181 WTI3 253 KIT12 393 HE19
182 nri4 257 KIT11 395 P25
183 M35 258 KIT14 465 Alll4
184 T1P6 259 NP30 466 AIl15
185 MP7 260 JIE7 533 WP40
190 HE12 261 WII8 534 WP41
191 HE13 273 nP35 573 nP33
192 WE6 279 TP2 574 HP37
193 WE7 280 U115 630 BX1
194 WPII 283 M6 639 AITY
195 nP12 289 PY9 640 AJI10
196 WEH 295 HPI16 643 ATI16
197 HEIL5 298 KI113 646 ATI20
198 WPI13 299 VP24 670 P26
221 AT4 323 P29 873 P34
225 PY10 352 KIT19 874 HP38
226 BAI 353 KI117 1000 JIA21
240 AIl3 365 JITI10 1003 JIA23
241 ATl4 366 JTH6 1010 JTA24
242 WII6 367 JITI11 1020 JIA22
243 ur7 373 nP22 1034 JIT116
244 AIIS 374 nP23 1035 JII7
377 np27
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MUKPOCXEM
0O603Have- HasBanue Hasnauenue
Cepuu SN74 OrevecTBEeHHbIE CEPUU Hue
74 ] KM155 1 Or Bnement UJIN
74 ... N K155 1,2,4,8... | — Bx0s1b61/BbIXO/IBI Pa3psiOB Koza
74AC ... N KP1554 A Address AnpecHble pa3psiabl
74ALS ... N KP1533 A0.A1,... — Pa3psiibl BXOOHOTO/BBIXOAHOTO Kola A
74F .. N KP1531 =B Parity Bxox wnu BeIxon paBeHCTBA KOIoB A 1 B
74H ... N K131 A>B, A<B — Bxoab! unu BbIXOABI CpaBHEHMsI KOOB A 1 B
74L...N K134 A, B, C,.. | — Bxonb! 1 BBIXOIBI PA3IMYHOTO Ha3HAYEHMUST
74LS ...J KMS555 ADC Analog-to-Digital Amnanoro-uudpoBoii npeobpazosatein, ALITT
741S ... N K555 Converter
74S ... ] KM531 ALU Arithmetic Logic Unit | Apu(MeTHIeCKO-IOrMYECKOe YCTPOICTBO
74S .. N KP531 BO, Bl,.,, — Pa3zpsinbl BXOIHOTO/BBIXOAHOTO Kozia B
BF Buffer bydep
Ta6muua I15. O603HaYeHYsI CUTHAJIOB U MUKPOCXEM BR Borro 3aem
Clock TakTOBbIl cUTHAM (CTPOO), CUTHAT pa3pelieHusT
0O6o3Haue-
- HasBanue Haznauenue Carr Bxon mepeHoca
& And Dnement U C Capacitor INoaxnioyeHne BHENTHETO KOHAEHCATOpa
=1 Exclusive Or Bnement Uckmouaomee UIN CD Coder Hludparop
+1 — BXOJI CueTa HA yBeTHuCHUE CE Clock Enable Paspenienune TakToBOrO CHUTHaIA
-1 — BXOIl CUETA HA YMEHBIICHNE CE Chip Enable Paspemienue paboTbl MUKPOCXEMBL
<> — JIByHATIPABTEHHAS TIepeata CEP Count Enable Parallel Bxon mapasienbHOrO HapalllMBaHUS Pa3psaHO-
CTU CYETUYUKOB
<—> - JIByHanpaBJeHHbINA CIBUAT -
CET Count Enable Trickle Bxon HapammBaHuMsI pPa3psSITHOCTA CUETYMKOB
< — Bxox pacuivpeHusi cyMMaTopa «MeHbIIe» («TPIOKOBBIi1»)
<0 — IlepeHoc (3aeM) cyeTyMKa MPU UHBEPCHOM CLK Clock TakToBbIil BxOI
cyeTe (Ha yMCHBIIICHUE)
CLR Clear OuuncTka, copoc
> — Bxon pacimpeHusi cyMmmaTopa «0oJblie»
CPU Central Processor Unit | LleHTpanbHbLi mpoueccop
>9 — ITepenoc 4-pa3psiiHOro ABOMYHO-AECATUUHOTO
CYETYUKA TIPU MPSIMOM CcUeTe CR Carr Ilepenoc
>15 _ ITepeHoc 4-pa3psIHOTO TBOMYHOTO CYETUYMKA CRU Carry lock ahead Unit CxeMa yCKOpPEeHHOro IepeHoca
MpH MPSIMOM CueTe
CT Counter CueTunk
= — Bxox paciiMpeHusi cyMmMaropa «paBHO»
CT10 2/10 Counter JIBOMYHO-AECATUYHBII CUETUUK
0, 1,2,3,... Homepa BXOOHBIX MJIM BBIXOAHBIX Pa3psiioB Koaa
. CT2 Binary Counter JIBOMYHBIN CUETUMK
ov — OO61muit BBIBOA
CT2/10 2/10 Counter JIBOMYHO-JAECSTUYHBINA CUETUUK
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O603Haye- HasBanue Hasnauenue
HYe
CS Chip Select Bbi6op MUKpOCXeMbl
D Data Paspsinbl JaHHBIX, TaHHbBIE
DAC Digital-to-Analog Lundpo-aHanorosslii mpeodpasosarenb, LIATT
Converter
DC Decoder Hemmdparop
DI Data Input BxonHble naHHBIE
DIO Data Input/Output BxonHble/BbIXOHBIE TaHHBIE
DL Data Left Bxo IaHHBIX [JISI CIBUIA BJIEBO
DO Data Output BbixonHble TaHHbBIE
DP Data Parallel [MapannenbHble JaHHbIE
DR Data Right Bxon maHHBIX U cABUTA BIIPABO
DS Data Serial INocnenoBarenbHble JaHHbIE
D/U Down/Up IepexiroueHre HampaBIeHHs CUeTa CYCTIYMKOB
E Enable Paspemnienue
EC Enable Count Pa3pewenue cuera
ECR Enable Can- Paspenienue nepeHoca
ECT Enable Count Paspenienue cuera
El Enable Input Paspenienue Bxona
EIO Enable Input/Output Pa3peuienne BXozma u BbIXOAA
EO Enable Output Paspenienue Beixona
EP Enable P Pa3pewenne nepeHoca
EWR Enable Write Paspeuienue 3anucu
EZ Enable Z-state Pa3peiienne TpeTbero COCTOSHMS
G Generator I'eneparop
Gl Generator OnHOBHOpPATOp
I Input Bxon,
1/0 Input/Output Bxon/Boixon
J — Bxon 3anucu Hynst B JK-tpurrepe
K — Bxon 3amvicu envuuibl B JK-Tpurrepe
L Load 3arpyska, 3anuch
LOAD Load 3arpyska, 3armch
LSB Least Significant Bit Moamimmvii 3HaYaImii pa3psi

0O603Have- Hassanue Haznauenue
HUe
M2 — Cxema KOHTPOJISI YeTHOCTHU
MS Multiplexer MyneTHIIEKCOP
MSB Most Significant Bit Crapiuuit 3Hayalmii paspsia
MUX Multiplexer MynbsTuriekcop
(0] Output Boixon
OE Output Enable Paspeuienue Boixona
P - Boixon mepeHoca
PE Parallel Enable PaspeiieHue napauienbHON 3arpy3Ku
PROM Programmable ROM IIporpamMmupyemast oCTOsIHHAsT TaMSITh
P/S Parallel/Serial He[zelonoqeﬂne TapaJuIe/IbHbII/TIOC/IeI0BATE b~
HBII PeXUM
Q Quit Brixon
R Reset C6poc (ycTaHOBKa B HYJIb)
R Resistor [MoxkimoyeHe BHEITHETO pe3nucTopa
RAM Random Access OneparuBHasi namstb, O3Y
Memory
RC Resistor/Capacitor IMonximoyeHre BHEIIHEIO PEe3UCTOpa U KOHIEH-
caropa
RD Read YreHue
RE Read Enable Pazpelienue uteHust
RG Register Peructp
ROM Read Only Memory [MocrostHHas mamsiTh, [13Y
R/W Read/Write Yrenue/3anuch
S Set YcraHOBKa B eIVHULLY
S Strobe Crpobupyrommii curHan
SO, S1,... Bxonpl ycTaHOBKU pexyuMa
SO, S1,... Sum Pa3psiabl BBIXOIHOTO KO CYMMBI
SE Set Enable Pasperenne ycTaHOBKH
SEMO Set Mode YcraHoBKa pexkuma
SL Shift Left Casur BIEeBO
SM Summater CymMmaTop
SR Synchronous Reset CHHXpOHHBbII cOpoc
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O6o03Haue- Haszsanue
- Haznauenue
SR Shift Right CIBUT BITPaBo
SUM Sumraater Cymmarop
SYN Synchro CuHXpOCUTHAT
T Trigger Tpurrep
TC Terminal Count OKOHYaHUE cUeTa
U Up/Down TepektioueHre HaMpaBlIeHNs CUeTa CYeTINKOB
Ucc — Hanpspkenue nutanust
v — Bxonpl yrnpaBieHusi paboToii
WE Write Enable Paspewenue sanucu
WR Write 3anuch
XY - IpeobGpasoBaresb KOLOB
z Z-state TpeTbe COCTOSIHME BBLIXOIA

10.

11.

12.
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CJIOBAPD
TEPMMHOB 1 COKPAIIIEHUT

2S (2-States Output) — BBIXOJ C JBYMSI aKTUBHBIMU COCTOSIIIMMM,
2C, cranpaptHblil Beixog TTJI.

3S (3-States Output) — BbIxOa ¢ TpeMsi cocTosiHUsIMU, 3C.

Adder — cymmarop.

AND — noruueckas ¢pynkuust WM.

AC (Alternating Current) — riepeMeHHBII TOK.

ALU (Arithmetic and Logic Unit) — AJIY, apudmeTuko-ioru-
YEeCKOE YCTPOMCTBO.

ADC (Analog-to-Digital Converter) — ALIII, ananoro-1udpoBoii
npeoOpa3oBaTeb.

ASCII (American Standard Code for Information Interchan-
ge) — CTaHJapTHBI aMepUKaHCKMI Koi oOMEHa CHMBOJIBHOM
MHbOpMaIIUEd.

BCD (Binary-Coded Decimal) — 1BOMYHO-IECATUYHBIN KO,

BiCMOS (Bipolar Complementary Metal-Oxide-Semiconduc-
tor) — OUMOJSIPHO-MOJIEBas TEXHOJIOTUSI M3TOTOBJICHUSI MUK~
pocxeM, coueTallass Ha OZHOM KpUCTaie OUIIONSpHBIE U
KMOII cTpyKTypHI.

Buffer — 6ydep.

Bus — 1mmHa, MarucTpaib.

CAS (Column-Address Select) — curHan BbpIOOpa ampeca CTOJIOLA
(B MUKpOCxeMaxX TMHAMUYECKOU MmaMsITH).

Chip—Mukpocxema, yurl.

Clear — oumncTka, cOpoC B HYJb.

Clock — TakTOBBIl, TAKTUPYIOIIUI CUTHAIL.

CMOS (Complementary Metal-Oxide-Semiconductor) — Kom-
riemeHTapHast MOII rexnonorust (KMOIT).

Coder (encoder) — mmdparop, Koaep.

Comparator — KoMmIiapaTop.

Converter — rpeoopa3oBarteib.

CRC (Cyclic Redundancy Check) — nmukinyeckuiit U30bITOUHBIA
KOHTPOJIb, METOJ BBIYMCICHUS LMKIMYECKON KOHTPOJIBHOM
CYMMBI 1 caMa 3Ta CyMMa.

Counter — cyeT4HK.
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DAC (Digital-to-Analog Converter) — LIAIT, indpo-aHamoroBblii
npeoOpa3oBaTeb.

DC (Direct Current) — mocTOSTHHBIN TOK.

Decoder — nemmdparop, nexomep.

Delay — 3anep:xkka.

DIC (Dual In-line Ceramic package) — KepaMHU4eCKUil KOPITyC
MUKpocxembl Tuma DIL.

DIL (Dual In-Line package) — KOpIlyC MUKPOCXEMBI C IBYXPSI/I-
HBIM BEPTUKAJBHBIM PACIIOJIOXKEHUEM BBIBOIOB.

DIMM (Dual In-Line Memory Module) — Moayib HaMsITH C IBY-
CTOPOHHHUM PACITOJIOKEHUEM BBIBOJOB.

DIP (Dual In-line Plastic package) — macTMaccoBbIii KOpITyC
MuKpocxembl Tuna DIL.

DIP Switches — wajnorabapuTHble BBIKJIIOYATSIN, CMOHTHPOBAH-
Hble B Kopityce Turia DIP.

DRAM (Dynamic RAM)— nunamuueckoe O3Y.

Driver — BbIXOmHOI Oyep, npaiiBep.

EEPROM (Electrically Erasable Programmable ROM) — T13VY
C BJIEKTPUYECKUM CTUPAHUEM U BO3MOXKXHOCTBIO ITPOrpaMMUPO-
BaHUSI.

EPROM (Erasable Programmable ROM) — I13Y¥ co ctupaHuem
(ynpTpadnoIeTOBBIM M3TyYeHUEM) U Tepe3anuchio MHGOpMa-
uuu (PI13Y).

Female — pazbwem-poseTka, rHE3/0.

FIFO (First In, First Out) — «mepBbIM BoIllel — MEPBbBIM BbI-
1Iejl», oIuH 13 crocoboB opranm3auuu O3Y ¢ mociaenoBarelb-
HBIM JTOCTYITOM.

Flash memory — pasHoBunHocts namsitu EEPROM, xapakrtepu-
3yIOIIAsiCsl BBICOKOM €MKOCTbIO, MaJlbiIM ITOTpeOJIeHueM U
OOJIBIIUM JIOIMYCTUMBIM KOJMYECTBOM IIMKIJIOB IIepe3anycH,
(hI31I-TaMSITB.

Flip-flop — tpurrep.

Gate — JTOrMYECKUIA 3JIEMEHT, BEHTUJIb.

GND (Ground) — oO1iuii MPOBOJ CXEMBbI, «3EMJISI».

H (High) — BBICOKMI1 ypoBeHb CUTHaja, €AMHUYHBIA YPOBEHb MPU
MOJIOKUTEJIbHOM JIOTUKE.

IC (Integrated Circuit) — nHTerpaibHass Mukpocxema, MC.

Inverter — uHBepTOD.

I/O (Input/Output) — BBOn/BBIBON (B/B), BXOH/BBIXOM.
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Jumper — cbeMHasi mepeMbluKa, COEOUHSIONIAs INThIpEBblE KOH-
TaKkThl Ha TUIaTe, IKaMmIep.

L (Low) — HU3KMI1 ypOBeHb CUrHaja, HYJeBOW ypOBEHb IPU IMOJIO-
>KUTEJILHOW JIOTUKE.

Latch — Tpurrep (perucTp) THUMa «3alleiaKar.

LCD (Liquid Crystal Display) — XWOKOKpUCTaUIMYECKUI THC-
TUIEW, UHAUKATOP.

Line driver — nmpaiiBep nuHuu, 6ydep.

LSB (Least Significant Bit) — Muammmii 3Havammii 6ut (B Oalite

WIM CJIOBE).

LSI (Large Scale Integration) — OoJjblllasg MHTerpaJbHasl cxeMa,
BUC.

LVT (Low-Voltage Technology) — HHM3KOBOJBTHASI TEXHOJIOTMSI

MUKpoOcXeM (HampsokeHue nutanus 3,3 B).

Male — pa3beM-BWIKa, IITEKEP.

Master — Bemylee, IJTaBHOE YCTPOMCTBO, y4acTBYIOIlee B OOMeHeE
nHbOpMaIInei, 3a1aTINK.

Monostable multivibrator — Xaymuii MyJIbTUBHOpPATOp, OMHO-
BUOparop.

MSB (Most Significant Bit) — crapmmii 3Hadammii out (B Oaiite
WIM CJIOBE).

Multiplexer — MYJIbTUILIEKCOP.

Multivibrator — MyIbTUBUOpPATOP.

NAND — nornueckas ¢pynxkuusa M-HE.

Noninverter — IMOBTOPUTEb.

NOR — norunueckas ¢pynakuus UJIN-HE.

NVRAM (Non-Volatile RAM) — sHeprone3aBucumoe O3V, co-
XpaHsitoliee MTHGOPMALUIO TTPU OTKJIIOUEHU N TTUTaHUSI.

OC (Open-Collector Output) — BBIXOJ MUKPOCXEMBI C OTKPHITHIM
KOJLJIEKTOPOM.

OR — nornueckast pynakuus UIIN.

PAL (Programmable Array Logic) — Tporpammupyemasl JIorude-
ckag matpuua, [TJIM.

Parity — 4yeTHOCTb, Iapurer.

Plug — pa3beM Tuma BUJIKA.

Preset — mpenBapuTenbHasi yCTaHOBKA.

PROM (Programmable. ROM) — mnporpammupyemoe I13VY,
MI13Y.

Pull-up Resistor — Harpy304HbIi Pe3UCTOP, BKIIOYACMBIA MEXIY
BBIXOIOM MUKPOCXEMbI U IITMHOW MUTAHMSI.
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RAM (Random Access Memory) — omepaTUBHOE 3allOMMHArOIIee
ycTpoiictBo, O3VY.

RAS (Row-Address Select) — curHam BbIOOpa ampeca CTPOKM (B
MMKpPOCXEMax TMHAMUUYECKON TTaMSITH ).

Receiver — nmpueMHMK, BXxogHOI Oydep.

Refresh — perenepanus (B IMHAMWYECKON ITaMSITH).

Register — peructp.

Reset — curHajg ycTaHOBKM MUKPOCXeMbl WJIM YCTPOWCTBA B HyJe-
BOE WUJIM MCXOOHOE COCTOSIHUE.

ROM (Read-Only Memory) — IOCTOSIHHOE 3allOMHUHAIOIIEE YCT-
poricTBo, T13Y.

RxC (Received Clock) — npuHMMaeMblii CHHXpOCHUTHA.

RxD (Received Data) — nmpuHMMaeMble JaHHBIE.

Schmitt trigger — Tpurrep IlImwurra.

SDRAM (Synchronous Dynamic RAM) — cHHXpOHHOE IMHAMHU-
yeckoe O3Y.

Set — curHajg ycTaHOBKM BbIXO/a B €MMHUYHOE COCTOSTHHUE.

SIMM (Single In-Line Memory Module) — Monynb mamsiTv ¢ Of-
HOPSITHBIM PacrojioXeHWEeM BbIBOIOB.

SIP (Single In-line Package) — Kopmyc MHKPOCXEMEI C OTHOPSII-
HBIM PacrojioXXeHUeM BbIBOAOB.

Slave — Begomoe, MacCUBHOE YCTPONCTBO, y4yacTBYIOllee B OOMeHe
uHpopMaleit, ICTIOTHUTENb.

Slot — 1IeneBoil pa3beM ISl MOAKIIOUEHUS MeYaTHbIX IJIaT C pa3b-
€MOM B BUJIE MeYaTHbIX POBOAHUKOB, CJIOT.

Socket — KOHTakTUpylolllee YCTPOMCTBO ISl YCTAaHOBKU MUKPO-
CXeM Ha TUIaTy, COKeT.

SRAM (Static RAM) — cratuueckoe O3YV.

Strobe — cTpoOuUpyIOIINii CUTHAJ, CTPOO.

Terminator — OKOHEYHOe corjacyllilee yCTPONCTBO Ha JUHUM
CBsI3U (OOBIYHO — PE3UCTOP).

TI, TII (Texas Instruments Inc.) — aMepukaHckas ¢pupMa, OIMH
U3 BemyIIMX MPOM3BoAMTENeN LHU(MPOBLIX MUKPOCXeM MaJloll 1
cpenHelt cTerneHu MHTerpalvu.

TR (Terminate Resistor) — Harpy3o4yHblil pe3uCTOp ST JIMHUU
CBSI3U.

Transceiver — mpuemMorniepeaaTyuk, TpaHCUBED, IBYHAIpaBIeHHbBIN
oydep.

Transmitter — mepemaTyuk, BBIXOOHOI Oydep.
Trigger — Tpurrep.
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TTL (Transistor-Transistor Logic) — TpaH3MCTOPHO-TPaH3UCTOP-
Has (ounonsgpHas) soruka, TTJI.

TTLS (Transistor-Transistor Logic Schottky) — Tpan3ucropHo-
Tpan3ucropHag jornka lllortkm, TTJILL.

TxC (Transmitted Clock) — nepenaBaemMbIii CUHXPOCUTHAJI.

TxD (Transmitted Data) — niepenaBaeMbie TaHHBIE.

V — nanpsxenue (Voltage), BoabsT (Volt).

VLSI (Very Large Scale Integration) — cBepxOoibliias MHTE-
rpainbHas cxema (CBUC).

Waveform — ¢dopma curHaia.

Z. (Z-state) — TpeTbe (BBHICOKOMMIIETAHCHOE) COCTOSIHUE BBIXOIA
MUKPOCXEMBI.

ZIF (Zero Insertion Force) — pazpeM MM COKET C HYJIEBBIM YCH-
JINEM BCTaBKMU.

2C — BBIXOH C ABYMSI aKTUBHBIMM COCTOSIHUSIMU (HYJIb M €AWHUIIA),
crangaptHeIii TTJI-COBMECTUMBIN BBIXOI,.

3C — BBIXOJ C TpeMSI COCTOSIHUSMMU ([Ba aKTUBHBIX: HYJIb M €IWHU-
11a, TPEThe — MACCUBHOE, OTKJIIOYEHHOE), a TAKXKE CaMO TPEThE
COCTOSIHME BBIXOJA B OTJIMYME OT IBYX aKTHUBHBIX COCTOSIHUIA.

Anpec — 3aKOAMPOBAHHBLI HOMED, OIPEAC/ISIONINIA, Kyaa Iepena-
ercs nHdopMals Wi OTKy/Ia OHa TPUHUMAETCS.

AKTHBHBIIA ypPOBE€Hb CHTHAJIa — YPOBEHb, COOTBETCTBYIOIIMNIA
MPUXOMy, HAJIMYMIO CUTHA/lA, TO €CThb BHIITOJHEHUIO 3TUM CHI-
HaJIOM COOTBETCTBYIOIIEH eMy (hyHKIIUM.

AJIY — apudmeruko-norndeckoe ycrpoictBo (ALU).

AITY — aBTOMaTMYecKasl MOACTPOMKA YaCTOTHI.

ACHHXPOHHBII CHMTHAJI — CHUTHAaJI, HE MPUBSI3aHHbBIN IO BPEMEHU K
BHYTPEHHUM TIPOIIECCAM CXE€MbI, HE CHMHXPOHMU30BaHHBIM CO
CXEMOM.

ACHHXpOHHBII (IOCJIeT0BATENbHBIA) CYETYMK — CUYCTUYUK, BBI-
XOIHBIE Pa3psabl KOTOPOTO MEPEeKIIOYar0TCs 110 OYepenu, Ha-
YuHas ¢ MJIAAIIEro.

AIIII — ananoro-mucpoBoit mpeodpaszoBatenb (ADC), mpeoGpa-
3YIOIIMI BEJIUYMHY BXOTHOIO aHAJIOTOBOIO CHUTHAaja B BBIXOI-
HOM M pOBOI KO,

Baiir — rpynma IBOMYHBIX pa3psioB, OMTOB (Kak IpaBujIo, 8 OUT),
coepxarias Kakoi-To KOJI.
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BunoaspHblii CMTHAJ — CUTHAJI, KOTOPBI MOXKET OBITh KaK ITOJIO-
KUTEJbHBIM, TaK U OTPULIATEIbHBIM.

bur (ot anria. Binary Digit — nBowYHOe YHCJI0) — eaMHUIIA TBO-
WYHOM MHMOpMALINU, pa3psia IBOMYHOTO KoJa, TPUHUMAIOIIUIA
3HaueHus 0 u 1.

BUC — 6onbuias nHaTerpanbHas cxema (LSI).

BBoa JaHHBIX — TO K€, YTO YTCHUE, CYUThIBAHUE, IIPUEM.

Bunka (mrTekep) — 4acTh pa3beMa, KOHTAKThl KOTOPOTO BXOIST B
KOHTaKThI pO3STKM (THE3a).

BbIBOaJaHHBIX — TOKE, UTO 3aITMCh, ITepeIaya.

BbiBOABI MMKpPOCXEMBI — MeTaJUIMYeCKHEe KOHTAKTBhI Ha KOpITyce
MUMKPOCXEMbBI JIJIT BXOOHBIX Y BBIXOIHBIX CHUTHAJIOB, TMOIKIIIO-
YeHUS BHEIIHMX 3JIEMEHTOB U IMOAAYU MUTAHUSL.

Bpemennasa amarpaMmMa — rpaduKky 3aBUCUMOCTH OT BpPEMEHU
BXOAHBIX M BBIXOJHBIX CHUTHAJIOB LIM(MPOBOTO YCTPONCTBA B
pPa3IMYHBIX peXUMax paboTHI.

BbiGopka — MrHOBeHHOE 3HAaYeHHWE aHAJIOrOBOIO CHUTHaja, KOTO-
pOMY CTaBUTCSI B COOTBETCTBHE LIM(MDPOBOIA KOJI.

I'mra- (I') — npucrasKa a8 0603HaYeHus: MuuMapaa, 10° .

JlanHble — TiepefaBacMasi B 3aKOIMPOBAHHOM BuUae LudpoBas WH-
dopmanus.

JIBOMYHASI CHCTEMA CYMCIIEHHSA — CUCTEMAa CUYMCIICHUS 110 MOy -
JII0 IBa, B KOTOPOH paspsabl uucia KoaupywTcs 0 wmm 1 u
MPEACTABISIOT CO00M CTeneHH Yucia 2.

JIByHanpaBjeHHas JuaMA (IIAHA) — JUHUS (IIMHA), IO KOTOPOI
CHUTHAJIBI MOTYT TiepeaBaThcs B 000MX HaIpaBiaeHMSX (IO oue-
penn).

Jemmdpanmusa — mpeoOpa3oBaHMe BXOOHOIO IBOMYHOTO KoJa B
HOMep BBIXOIHOTO CUTHasAa.

JIOpOXKKH — TIPOBOIHUKM Ha TIOBEPXHOCTHM II€YATHOM IIIATBI, IJISI
rnepeaadyy CUTHAJIOB U TTOAaYX MUTAHUSL.

EnyHuYHbIi CHTHAJ — TO XK€, YTO MOJOXKUTEIbHBI CUTHAJI.

3agepxKa — BPEMEHHOM CABUT MEXAY BXOOHBIM M BBIXOJHBIM
CUTHAJIaMU YCTPOMCTBA, Y3714, MUKPOCXEMBI.

3aanamii ppoHT curHaja (cnam) — repexo/] CurHajaa u3 akTUBHOTO
YPOBHSI B ITACCUBHBIA.

3amenka — TPUTTEpP WU PETUCTP, CTPOOMPYEMBIil YPOBHEM CHUTHA-
JIa ¥ TIPOITyCKAOIINIA BXOAHOM CUTHANI HA BBIXOA ITPU aKTUBHOM
VIIPABJISIONIEM CUTHaJE (CTpooe).

3¥Y — 3anmoMMHalONIee YCTPOMCTBO, MaMSITh.
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Nmnynbe — cpaBHUTENbHO KOPOTKMI CUTHAI.

MuBepcHbIii BbIX0J, — BBIXOJI, BBINAIOIIMI CUTHA MHBEPCHOI MO-
JISPHOCTH TIO CPABHEHUIO CO BXOAHBIM CUTHAJIOM.

HWHBepTHpPOBaHUE WIM UHBEPCUS CUTHAJIA — M3MEHEHUE MOoJsap-
HOCTHU CUTHaJa.

HNutepdeiic -— cornameHre o6 odMeHe MeXny SJIeKTPOHHBIMU YCT-
poiictBaMM. BxitouaeT B ceOs TpeOGOBaHUSI IO 3JIEKTPUUYECKO-
My, JIOTUYECKOMY M KOHCTPYKTUBHOMY COIIPSDKEHUIO YCT-
pOMCTB.

NC — unterpanpHas mukpocxema, UMC (IC), yum.

Kabenb — ouMH WM HECKOJBKO MPOBOJOB B OOIIEil 00070uYKe, UC-
MoJb3yeMble IJIsl TiepeJayu CUTHAJIOB.

Kapra — »31eKTpoHHOE YyCTpPOMCTBO, BBIMIOJHEHHOE Ha Te4aTHOM
Jare.

K3 — kopoTkoe 3aMmbIKaHUeE.

Kuno- (k) — npucraBka aisi 0603HayeHus Thicsiuu, 10°.

KMOII — xommmeMenTapHas texHonorus MOIT (CMOS).

Kon — wuHdbopmanus, mnepenaBaeMasi HECKOJbKMMU JBOMYHBIMU
paspsiiaMu, OUTamu.

KoHTakTHBIE MIIOMIAAKM — TIPOBOJHMKM Ha TOBEPXHOCTU Tleyar-
HOW TUIaThl, K KOTOPBIM MPUITaUBAIOTCS BBIBOJAbI MUKPOCXEM.

KoaddunuenT pa3BerBieHHMss — 4YMCJIO BXOIOB, KOTOPOE MOXET
OBITh MOJKIIIOYEHO K JaHHOMY BbIXOMy O€3 HapylleHWs €ro pa-
60Tbl. OmpenensieTcsl OTHOLIEHWEM BBIXOJHOTO TOKa K BXOZHO-
My. CraHmapTHasi BeJMuMHA KoadduimeHra pa3BeTBiAeHUs MpU
HCMOb30BaHUM MUKPOCXEM OfiHOM cepuu paBHa 10.

JIunua (IMHUS CBA3M) — TIPOBOJHUK (DJIEKTPUUYECKUI WU OMNTO-
BOJIOKOHHBIN), TTepeaarollnii CUTHAIL.

Meanap — curHajl cO CKBaXHOCTbIO, PaBHOW IBYM, TO €CTb AJM-
TEJTbHOCTh WMIIYJIbCOB paBHA IMTEIBHOCTH = TAY3bl MEXIy
HUMU.

Mera- (M) — npucTaBKa 11 0003HaueHus MuuinoHa, 10°.

Mukpo- (MK) — mpucTaBKa IJIsi 0003HAYeHUS] OJHOW MWITMOHHOM

nomu, 107

Muum- (M) — TpUCTaBKa ISl 0003HAYEHUS! OTHOMN THICSIYHOM MO-
mm, 107,

MOII — mnonynmpOBOIHMKOBAsT TEXHONIOTHMS HAa OCHOBE TIOJEBBIX
TPaH3HUCTOPOB THUIIA <«METAlI — OKWCEN — MOIYIPOBOIHUK»
(MOS).
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MyJabTHILUIEKCHPOBaHME — Tiepelada pa3inYyHbIX CUTHAJIOB MO
OIHOW JTMHUM (LLIMHE) B pa3Hble MOMEHTHI BPEMEHU.

Harpy3ouynas cmocoOHOCTh — TapaMeTp BbIXOAAa MUKPOCXEMBI,
XapaKTePU3YIOIIUIA BEJTMYMHY BBIXOMHOTO TOKa, KOTOPYIO MO-
>KET BbIIATh B HArpy3Ky JaHHBIA BBIXOH 03 HapyllleHHs ero
paboThl. Yaile Bcero Harpy3ouHasi CIioCOOHOCTb TPSIMO CBsi3a-
Ha ¢ Ko3(hdUILMEHTOM pa3BeTBAEHMUS.

Hano- (M) — mpucrtaBka aasg 00O3HAYEHUS] OAHOM MWIIMAPAHOMN
nomu, 107,

HyneBoii curnai — To e, YTO OTpULATeIbHbIN CUTHAI.

OOpatHasa cBsi3pb — Iiepefaya CUTHajIa WIM €ro 4acTu C BbIXoda
CXEMbI Ha ee BXOIl UJIU OJMH U3 €€ BXOIOB.

OOpaTHblii (MHBEPCHBII) CYeT — CYET HA YMEHbIIIEHUE BbIXOIHO-
ro Koja.

03Y — omnepaTuBHOE 3allOMMHAalOlEe YCTPONCTBO, OIMepaTUBHAS
namiath (RAM).

OK — BbIXOJ C OTKPBITHIM KOJUIEKTOPOM.

OnopHoe HanpszKeHHMe — HampspKeHUe 3TaJIOHHOTO YPOBHSI, € KO-
TOPBIM CpaBHUBaeTcs1 BxomHoi curHan (B ALIT), uau u3 Koto-
poro ¢opmupyercsa BbixogHoil curHan (B LIAIT).

OTpunaTejibHasi JIOTHKA — CUCTeMa CUTHAJIOB, B KOTOPOW JIOTH-
YECKOM eNMHUIIe COOTBETCTBYET HM3KUI YpOBEHb HAIMpPSKEHUS,
a JIOTUYECKOMY HYJII0 — BBICOKHUIA.

OTpunaTeabHblii CHMTHAJ (CUTHaJI OTpULIATEIbHON MOJISPHOCTH,
HyJI€BOM CUTHaJ) — CUTHAJ, aKTMBHBIA YPOBEHb KOTOPOTO —
JIOTUYecKuit Hysb. To ecTb emMHUIIa — 3TO OTCYTCTBHME CUTHA-
Jla, Hylb — CUTHaJ TpUILe.

OrpunateibHbiid (GPPpoHT cUrHada (cnaa) — repexo]l CurHaaa mu3
eIVHULIBI (M3 BBICOKOTO YPOBHSI) B HYJIb (B HU3KUI YPOBEHD).

ITaccuBHBI ypoBeHb CUIHAJA — YPOBEHb, B KOTOPOM CUTHAaJl He
BBITIOJTHSIET HUKAKOHN (DyHKIIUM.

Ilepenan (mepexom) curHaja — TIepeKJIIOYEHUE CUTHAA U3 HYJS
B €NMHUILY WIKU U3 €AUHULIBI B HYJb, TO € YTO (DPOHT CUTHAJIA.

Ilepennuii ¢ppoHT cMrHaja — Tiepexol CUTHaja U3 MAacCUBHOTO
YPOBHS B aKTUBHBbIA.

II3Y — mocTosiHHOE 3aloMUHAaIlee YCTPOHCTBO, MOCTOSIHHASI Ma-
MaTh (ROM).

IIuko- (m) — mnpucraBka WIS O0O3HAYEHUS] OMHOM TPUJUIMOHHOMN
nomu, 1077,
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IINIMC — nporpamMupyeMasi JIorM4ecKasl WHTeTrpajibHasi MMKPO-
cxema.

IIJIM — nporpammupyemas jtorndeckas marpuiia (PAL).

ITorpemHocTh a0COMOTHAS — PAa3HOCTb MEXIYy M3MEPEHHOI Be-
JIMYMHONM M €€ WCTUHHBIM 3HauyeHHeM (IIOTPeIIHOCTh M3Me-
peHUs); pa3HOCTb MEXIy CHOPMUPOBAHHOM BEIMYMHON U
TpeOyeMBbIM €€ 3HaueHUeM (IIOrpelIHOCTh (DOPMHUPOBAHUS, TO-
TPEIIHOCTh BOCIIPOU3BEACHMS).

IlorpemHOCTh OTHOCHUTEJIbHASE — OTHOIIIEHWE aOCOJIOTHOM IIO-
TPEIIHOCTH K TpeOyeMoMy (MJIM MCTMHHOMY) 3HAa4Y€HUIO MTaHHOM
BeJIMYMHEL. YacTo n3MepsieTcs B IIPOLICHTaX.

ITonoxuTenbHast JIOTMKA — CHUCTEMa CUTHAJOB, B KOTOPOIl JIOTH-
YeCKOil eIMHMIIE COOTBETCTBYET BBICOKMI YPOBEHb HAIpsDKE-
HUSI, a JOTUYECKOMY HYJII0 — HU3KUIA.

ITonokuTeNbHBIIA CUrHAJM (CUTHAJ ITOJIOXMTEILHOUW ITOJISIPHOCTH,
€IMHUYHBIM CUTHAJI) — CHUTHaJ, aKTMBHBII YPOBEHb KOTOPO-
ro — Jjorumyeckas eaumHuIia. To ecTh Hylb — 3TO OTCYTCTBHUE
CMTHaJa, €IMHMUIIA — CUTHAJI IIPUIIIET.

ITonoxurenbusblii ¢GpoHT curHaja (WM mpocTo (PpoHT) — Iepe-
XOJIl CUTHaJIa U3 HyJis1 (M3 HU3KOTO YPOBHS) B eAMHUILY (B BBICO-
KU1 yPOBEHB).

ITonsipHOCTH CHTHAJIA — YPOBEHb CUTHAJIA, COOTBETCTBYIOLIUI €TI0
akTUBHOCTHU. I1oJIOXUTENbHOM MOJSIPHOCTA COOTBETCTBYET aK-
TUBHBI €OWHWYHBIA CUTHAJI, OTPULIATEbHON ITOJSIPHOCTA —
AKTUBHBIA HYJIEBOW CUTHAII.

ITomexn — mapasuTHBIE CHUTHAJIBI, HaKJIaIbIBaloIIuecs Ha MHGOP-
MallMOHHBIE CHUTHaJIbl M MCcKaxamwliue ux. Ilomexu Moryr
HAaBOAUTHCA M3BHE (2JIEKTPOMAarHUTHBIM IIOJIEM), a TaKXKe
BO3HMKATh B IEIISIX TUTAHUS.

IToMexo3amMIIEHHOCTh — IIapaMeTp, XapaKTePU3YIOMMil BeIu-
YYHY BXOMHOTO CHUTHajla IIOMEX!, KOTOPHINA eIle He MOXKET
M3MEHHUTb COCTOSIHME BBIXOOHBIX CUTHajoB. Ompenensercs
pasHuueil Mexay HanpsixkeHueM U, W moporoM cpadaThiBa-
HUs (ITOMEeXO03alIuIeHHOCTh €IMHUIHOTO YPOBHS), a TaKXke
pasHuLENd Mexay noporoM cpabareiBanus u U, . (momexosa-
IIUIIEHHOCTh HYJIEBOTO YPOBHS).

ITopor cpaGaTeiBaHMsi — YPOBEHb BXOJHOIO HAIIPSI>KEHWUS, BHIIIE
KOTOPOTO CHTHAJl BOCIIPMHMMAETCS KaK eIMHMIIA, a HIDKEe —
Kak Hynb. Jdmg TTJI Mmuxpocxem oH ripuMepHo paBeH 1,3... 14 B.

IIII3Y — nporpammupyemoe I13Y (PROM).
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IIpyHmunuanbHas cxemMa — HauOoJiee MoapoOHas cxeMa 3JeK-
TPOHHOTIO YCTPOMCTBA C YKa3aHHMEM BCEX BJIEMEHTOB, CBS3Ei,
BXOIIOB M BBHIXOJIOB, BBIMOJHEHHAS B COOTBETCTBMM CO CTaHAAp-
TOM.

IIporokon — TmOpsHOK OOMEHAa CUTHAJaMM MeEXOy LIU(pOBEIMUI
YCTPOMCTBAMMU.

IIpsmoii BBIXOA — BBIXOM, BBIAAIOLIMII CHUTHAT ITOJIOXUTEIbHOMN
MOJIIPHOCTH.

IIpsamoii cyer — cueT Ha yBeIUYCHUE BHIXOIHOTO KOMa.

Pa3paaHocTh (Koa, IHMHBI) — KOJWYECTBO ABOWYHBIX pa3psiioB
KOlla WK KOJMYeCTBO LIMGPOBBIX CUTHAIOB /ISl TIepenayu Koja
I10 IIIMHE.

Pa3zbem — pazpeMHOE KOHTAKTHUPYIOIIEe YCTPONCTBO M3 ABYX Yac-
Teil (po3eTKa W BWJIKA), CyXKallee I Iepeaadyd CUTHAJIOB U
MMUTAaHMS SJIEKTPOHHBIX CXEM.

PeBepcuBHBIA CYETYHK — CUYETUYMK, pabOTAIONIMII KaK B pexXuMe
MPSIMOTO CYeTa, TaK M B peXMMe 0oO0paTHOTO (MHBEPCHOTO)
cuera.

Perenepammsi — TIeproOIMYECKOE BOCCTAHOBJIICHME, OCBEXKEHUE
nH(bOpPMaIK, 3alIUCAaHHON B TMHAMUYECKYIO TaMSITh.

Pozerka (rHe3m0) — 4YacThb pa3beMa, B KOHTAKTHl KOTOPOIO BXOMST
KOHTAaKTHI BWIKM (IITEKEpa).

PII3Y — penporpammupyemoe I13Y (EPROM), nHdopmalis B Ko-
TOPOM CTHpPAETCsl YIbTPa(prOJICTOBBIM M3IYyYEHHMEM U MOXET
OBITH 3amycaHa BHOBb.

CBUC — cBepx6onbinas uHterpanbHas cxema (VLSI).

CnoBo (aBomuHoe) — rpynrma 6ut (o6braHO 16, 32 unu 64 6uta),
cocTosIas 13 HECKOJIbKUX OaifT.

CuHxpoHu3anusi — oOecreuyeHne COrNTacOBaHHOW BO BpEMEHM pa-
OOTHI HECKOJIBKUX YCTPOMCTB, HAIlpUMep, 10 00IleMy TaKTOBO-
My CUTHaIYy.

CuvHXpOHHBIN (MapajlieIbHblii) CYETYHMK — CUETUMK, BCE pa3psi-
Bl KOTOPOTO TMEPEKIIOYaloTC OJHOBPEMEHHO, CHHXPOHHO C
TAKTOBBIM CUTHAJIOM

CHHXpPOCHIHAJ — TO XK€, YTO TAKTOBBII CUTHAJ.

CKBaXHOCTb — OTHOIIIEHWE TMepHoda CJAeIOBAHUS WMITYJIbLCOB K
IJTUTEIbHOCTU 3TUX MMITYJIbCOB.

Coker (Socket) — TO Xe, 4TO KOJOIKA, KOHTAKTUPYIOIIee yCTPOIi-
CTBO-THE3[0, B KOTOPOE YCTAHABIMBAETCS MUKPOCXEMa C BO3-
MOXHOCTBIO IIPOCTOM €€ 3aMeHHBI.
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Cnan curHana — To Xe, 4TO 3aAHUN (PpoHT curHaia (0OOBIYHO —
OTpULATEJIbHBIN (PPOHT).

Ctpo6 (cTpoOHpYyIOIIMiA CUTHAJI) — YIIPABJISIOLINIT CUTHAJI, KOTO-
pbIii CBOMM YpOBHEM OIpelesieT MOMEHT BBITIOJIHEHUs 3Jie-
MEHTOM WIM Y3JIoM ero ¢yHKuuu. B 0ojee o0mieM cMbicie
CTpOO — 3TO 000K CHUHXPOHU3UPYIOIIUIA CUTHAJI, TAaKTOBBII
CUTHAJL.

CtpoOupoBanMe — coIJlacOBaHHW€ BO BpeMeHU pabOThl Y3J10B U
YCTPOMCTB ¢ MTOMOIIbIO CTpoOa.

CTpykTypHasi cxemMa — YIMpPOIIEHHasl cXeMa 3JIEKTPOHHOTO YCT-
poicTBa, MOKa3biBalolasi TOJbKO OCHOBHbIE Y3JIbl M BaxKHEi-
1€ CBSI3W MEXIy HUMMU.

CxemMa — BJIEKTPOHHBIN y3eJl, YCTPOWCTBO, a TakKXe WX M300paxe-
HUE Ha yepTexe.

TakT — TO X€ YTO TaKTOBBI/i CUTHaJ, a TaKXe Mepuol TaKTOBOTO
CUTHaJA.

TakToBblii CUTHAN — YMNPABISIONIMI CUTHAJ, KOTOPBIA CBOWUM
(GpoHTOM ompenensieT MOMEHT BBIMOJHEHUS] 3JeMEHTOM WU
y37oM ero ¢yHKuuu. MHorma To Xe, 4YTO U CTPOOUPYIOIIMHI
CUTHAJL.

Tepa- (T) — npucTtaBka sl 0603HaYeHUs TpwuiMoHa, 107,

Terpana (mosyoaiiT, HN00.1) — rpyrnra 1u3 4eThIpeX OUT, KOTUpye-
Masl OTHMM CHUMBOJIOM B 16-pHYHOI CHCTEME CUMCICHUS.

TouHocTh — MoOKazaTesb OJU30CTH (YHKIIMOHUPOBAHUSI JaHHOTO
YCTpOHCTBA K Maeany, OObIYHO M3MepsIeTCs C MOMOIIbIO BeIu-
YHHbBI TOTPEIIHOCTH.

TTJI — TpaH3UCTOPHO-TPAH3UCTOPHAsA JIOTUKA U COOTBETCTBYIOIIAS
eil moyrnpoBogHuKoBas TexHojorust (TTL).

TTJII — texnonorust TTJI ¢ muomamu ortkm (TTLS). Xapakre-
pusyeTcsl 6ojiee BBICOKMM OBICTPOACHCTBMEM MpPU TON Xe TOo-
TpebJisieMOlt MOILIIHOCTH.

¥Y3en — 4YacTh 3JIEKTPOHHOTO YCTPOMCTBA, BBHIMOTHSIONMAS YETKO
BBIIEJICHHYIO (YHKIWIO WIN HECKOJIbKO = B3aMMOCBSI3aHHBIX
byHKIMIA.

YerpoiicTBo (371eKTpoHHOE) — YHKIIMOHAIBHO (a MHOTHAA M KOH-
CTPYKTUBHO) 3aKOHYEHHAs 3JIEKTPOHHAS CXeMa.

®mpm-navare (Flash Memory) — pasnosugHocte PII3Y ¢ amek-
TPUIECKUM CTHpaHHEeM WH(MOPMAIIMK U BO3MOXHOCTHIO MHOTO-
KpaTHOM TTepe3articH.
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®DpoHT CUrHAJIa — MEepexo] CUTHaJIA U3 HYJS B €OUHUILY WIM U3
€IVHUIILI B HYJIb, MHOTAA B 00Jiee Y3KOM 3HAYEHUU «MepeaHUt
MOJIOXKUTEbHBIN (GPOHT».

DyYHKIMOHATILHAA CXe€Ma — He CJMIIKOM IOJpOoOHasi cxema 3JeK-
TPOHHOTO YCTPOMCTBA, MOKa3bIBaollasi MOAPOOHO TOJIBKO CXe-
MBIl OTAEJbHBIX, TPUHIMIINAIBHO BaXXHBIX Y3JI0B YCTPOMCTRBA.

IDAII — umdpo-aHamoroBeiil Ipeodpaszosatenb (DAC), mpeobpa-
3YIOLIMIA BXOJHOW HU(POBON KOI B BEIWYMHY aHaJIOrOBOTO
CUTHajia (TOKa WJIM HAIPSDKEHMS ).

Ilemoyka — TIOCAEmOBaTEIbHOE COEAMHEHUE HECKOJbKMX Y3JI0B
(MM yCTPOMCTB), MPU KOTOPOM BBIXOIbI MpEAbIAYIIETO Y3/a
COEMMHSIIOTCSL CO BXOJAaMM TOC/IeAyIoNero y3na. Takxke 1ernou-
KOI HasbIBAIOT J11000€ COeNMHEHNE BJIEKTPOHHBIX KOMITOHEHTOB
(manpumep, RC nenouka, LC-nenouka).

Iukn — mocienoBaTebHOCTh OOMeHa CUTHaJlaMU, B TeUeHHe KO-
TOPOTO BBITIOJHSIETCS TOJBKO OHA OTepariusi.

Yun — TO XKe, YTO MHTeTpanbHast Mukpocxema, UMC.

IMuna — rpynmna CUTHAJIbHBIX JUHUNA, OObEAMHEHHBIX MO KaKOMY-
TO NPUHLMITY, HalpuMep, IIMHOW Ha3bIBAIOT CUTHAJIbI, COOT-
BETCTBYIOIIIME BCEM pa3psilaM KaKoro-To JABOMYHOTO Koja
(1mMHa JaHHBIX, IWHA aapeca). MHorma MIMHON Ha3bIBAIOT TaK-
K€ TPOBOA TUTaHUsSl («IlIMHA TUTaHUS») W OOIIMA MPOBOL
(«1IMHA 3eMIIN»).

IMudppamus — mnpeoOpasoBaHUe HOMeEpa MPUXOISIIET0 BXOJHOTO
CHUTHAJIa B BBIXOJAHON NBOUYHBIN KOI.

Adgeiika (MamMATH) — BJE€MEHT MaMsITH (OAHOPA3PSAHBIN WU MHO-
ropaspsiiHbIiA), KOTOPBIA CIYXUT IJIs XpaHeHUsI WH(opMaliu-
OHHOTO KOJia U MOXET ObITb BbIOpaH C MOMOIIBIO KoJa ajapeca
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DTOT y4eOHUK MO BJIEKTPOHUKE SIBISIETCSI OHO-
BPEMEHHO MAJIEHbKOM 3HUMKJIONEIUEH: 31eCh
CcKa3zaHO 000 BCeM MOHEMHOTY, HO TaK, YTO CyTb
CTAaHOBUTCS SICHA JlaXe YeJIOBEKY, COBEPILEHHO
HEOCBEJOMJIEHHOMY B 3JIEKTPOHUKE.

KHura oxBaTbiBaeT camblii IIMPOKMIA Auaria-
30H: OT 2JIEMEHTAPHbBIX MOHATUN 10 (DYHKIMOHUPOBAHUS CIIOXK-
HBIX B3JIEKTPOHHBIX CXeM M CUCTEM, BKJIIOYasl pagvo U TeJeBUie-
HUe, UU(POBbIE U MUKPOIPOLIECCOPHBIE CUCTEMbI, YCUJIUTEIH,
TeHepaTopbl U CUYETYMKU. MHOTOUMCIIEHHbIE YIPaKHEHUS U 3a-
Jlauyu CIMOCOOCTBYIOT HAlEXKHOMY YCBOEHHUIO Marepuaia.

i1 CTyIEHTOB TEXHUKYMOB U BY30B C TEXHUYECKUM YKIIO-
HOM, a TaKxXe WX TperojaBaresieil B Ka4eCTBE OCHOBbBI Kypca JieK-
Mt mo anekTpoHuke. Kpome Toro, ata KHMra mociy>XUT XOpo-
LIMM TIOACTIOPbEM TOMY, KTO XOYET MO3HAKOMMTBCS C 3JIEKTPO-
HUKOI 0e3 OOJBIIMX 3aTpaT BPEMEHU.

Xoposuy I1., Xum Y. NCKYCCITBO CXEMO-
TEXHUKW. W3n. 6: Ilep. ¢ anmt. - 704 ¢, wi.

IonynsapHast MoHorpadusi M3BECTHBIX aMepu-
KaHCKMX CIELMAIMCTOB COYETaeT B cede OJHO-
BPEMEHHO CIIPaBOYHUK U yuyeOHUK. ComepxKut
OMNUCaHKE CaMOro ILIMPOKOIO CHEKTpa 3JeKT-
POHHBIX CX€M, HayMHasi C 3JIEMEHTOB CXeM U
KOHYasi OMepalMOHHBIMU YCUJIUTEISIMU, TIpe-
LIM3MOHHBIMU CXeMaMH, MaJIOLIYMSILIeH arna-
paTypoil u npeobpazoBaTeasiMu MHopMaiuu. I[lpuBeneHbl Hau-
Oosiee MHTEpECHbIE TEXHUYECKHME PEelIeHUs, a TakXke aHaJIu3upy-
I0TCS1 OIIMOKM pa3paboTYMKOB ammapaTypbl: BHUMaHUE YUTATENsI
COCpEeJOTOYMBAETCS Ha TOHKHUX acleKTaX MpPOeKTUPOBAHUS U
TIPYMEHEHUS] 3JIEKTPOHHBIX CXEM.

Hns cnenuanucToB B 00JAaCTH 3JIEKTPOHUKM, aBTOMATHKMU,
BBIUMC/IUTENIbHOM TEXHUKU, a TaKXe CTYIEHTOB COOTBETCTBYIO-
LIMX CIIEUUABHOCTEN.
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