SAIIOMUHAIOIINE YCTPONUCTBA

[IpoekTpoBaHue CI0KHBIX HU(PPOBBIX YCTPOIMCTB HE 00XOAUTCS €3
MPUMEHEHUS 3aOMUHAIOLIUX YCTPOUCTB (3Y), KOTOpPBIE MOTYT COXPAHSTh
HU(PPOBYIO UHPOPMALIHIO.

JIns KpaTKOBPEMEHHOr0 XpaHEHUs WCMHOJb3YIOT PErucTphbl, COCTOs-
M€ U3 MHOKECTBA TPUITEPHBIX siyeek. Eciu HEoOXOAMMO AIUTENbHOE
BpeMsl XpaHUTh 00JIbiNe 00beMbl HHPOPMALIMK, TO HEOOXOAMMO HUCIOJIb-
30BaTh CMEIUAIBLHO MpeJHa3HAYeHHbIe ISl 3TOr0 YCTPOICTBA, B YACTHO-
cTH MHKpocxeMbl 3Y. DTO MO3BOJISET CYLIECTBEHHO YNPOCTUTH ammapar-
HYIO YaCThb JJIEKTPOHHBIX YCTPOMICTB.

Jlns ueneit xpanenusi uudpoBoil uHoOpMaIUu ceidac paspadboTaHo
OOJIBIIOE YUCIIO TEXHUYECKUX PELUCHUM, MPUYEM 3Ta 4acTh INEKTPOHUKU
OypHO pa3BWBAeTCs MO MyTH YBEIUYEHUS 00HEMOB MH(OpMALINU, YMEHb-
IEHUS radapuTOB YCTPOMCTB, MOBLILEHUS] HAJIEKHOCTH JOJITOBPEMEHHO-
ro xpanenusi (CD-aucku, Opesku u T.0m.).



SAITIOMHUHAIOIIHE YCTPONCTBA

YCT})DfIETEﬂ. [IPpCIHASHAYMCHHBIC /14 3a4IlIHCH. XPaHCHHA H BBITAYH JaHHBIX

B BHAE¢ LH(PPOBOrO KOJa.  HA3BIBAIOTCA INPPOELIMU  3ANOMUHAKOUIUMU
vempoticmeavu (3Y). Kaaccudukanua 3V MoxkeT OBITh NPOH3BEASHA MO PAIY
[IPH3HAKOB.

B 3aBHCHMOCTH OT Ha3HAUeHHA Pa3IHYAa0T:

onepamiiersie 3ANOMUHAIOU{IE vempoticmed (O3V).
IpeOHa3HAUYECHHEBIE 14 3alHCH. XpPaHEHHA H CUHTBIBAHHA JAHHBIX B
nmpomecce HX o0paboTrkm (B 3apyOekHOH IHTepaType OHH
o0o3HaugarTca kak RAM — Random Access Memory):

nocmoaxHsie 3anomuxaonue vempoiicmea (I113Y), npenHa3HaueHHBIE
1A XpaHEHHA H CYHTHIBAHHA HEH3MEHHBIX TAHHEIX. MPEIBAPHTEIBRHO
3AHOCHMBIX Ha 3Tale HX M[porpaMMHPOBAaHHA (B 3apyOeKHOH
matepatype [13V obo3nauaroted kak ROM — Read Only Memory).

B 3aBHCHMOCTH 0T cIioco0a DﬁpEIIJIEHHH K MaCCHBY JaHHEBIX Pa3/IHTAROT.

aopecHsie 3Y . B KOTOPBRIX OO0palleHHE K AYeHKaM MaMATH OPOHCXOIHT
Mo HX (PH3HYSCKHM aJpecaM. 3aJaBacMBIM B BHIE K0JIa ajJpeca:
accoyuamuersie 3Y. B KOTOPBIX MOHCK AYSEK HAMATH C MOCIEOVIOMIEH
BBIZIAYEH JTaHHBIX MPOH3BOIHTCA 110 HX COIEPKAHHI.



SAIIOMHHAIOIIHUE YCTPOMCTBA

OcHOBHBIMH V3T1aMH 3Y ABIANTCA ACMH@PATOp agpeca; MaTpHIA
MaMATH. COCTOAIIAA H3 OTAEIBHBIX 3allOMHHAKIIHX AYEEK. BBHIXOIHAA UaCTE.
00ECIEUnBaIIAad BHEIMHEE CONPAKCHHE H CXEMa VIPaBICHHA pPEeKHMAMH
padOTHl (3aMHCh, XPAHEHHE HIH CYHTHIBaHHE). OCHOBHBIMH IapaMeTpPaMH H
XapaKTEPHCTHKAMH 3V ABIAIOTCA:
- CIPYKTVpPHad  oOpraHMs3amud  MaMATH.,  Oompedendromad  eé
HH(QOPMALHOHHYI0 eMKocTh N = 2" x m. e n — pa3pagHOCTh agpeca,
a M - paspAIHOCTh XPAHHMBIX JaHHBIX HIH JTHHA CITIOBA.

- VPOBHH BXOIHBIX H BBRIXOJHBIX CHTHAZT0B., KOTOPBIE. KAaK IIPABHIIO.
MPHBOIATCA K cTagmapTHRIM vpoBHAM T TJI. KMOII mma 5CJI:

- HampAKEHHE [HTAHHA H TOKH IOTPeOlIeHHA B PasIHYHBEIX PEKHMAX

pPa0oTEHL:

- OBICTPOISHCTBHE. ONMPeAenAeMOe A4 Pa3IHIHEIX PEKHMOB PAOOTEL



THIIBI MUKPOCXEM 0O3Y¥

B MHKpOCXeMBbI ONepaTHBHEIX 3allOMHHAKIOHX yCTpolicTe (O3V) mHMOpMAaIMA MOKeT
OBITH 3allicaHa HEOTPAaHHYeHHOe YHCIO Pa3, OOHAKO OHA HCYe3aeT C OTKIHYeHHeM M TaHHA.

RAM (O3Y)

Puc. Knaccudukamma O3V

Cratuyeckme AMHaMHMyecKkue
0o croc oy XpaHeHHA JAaHHEIX

CymiecTBYeT [1Ba THIa MHEpocxeM O3V (cM. pHc.):

1. Cratudeckne O3Y (SRAM — Static RAM), B KOTOPBIX OCHOBOI 3aloMHHaROIEH A4eiikn
CITV3KHT TPHITeP Ha OUIIOIAPHBIX WIH MOJEBBIX TPAaH3HCTOPaX.

2. TuHamudeckne O3V (DRAM — Dynamic RAM), B HUX OCHOBOH 3alMOMHHAKIIHX A4eeK
ABIAOTCA KOHIEHCATOPBl, B KA4eCTBE KOHIEHCATOpPAa MCIONB3YHOTCA 3MeMeHTsl MOII
CTPYKTYp. Kak H3BeCTHO, KOHIEHCATOP HMeeT CBOMCTBO TepATh CBOMl 3apsall, MO3TOMY
nuHaMu4ecke O3V TpelGylT NOCTOAHHOH pereHepalMHd 3alHCcaHHOM HWHQOpMALHH, C
MEPHOOOM B HECKONBKO NIeCATKOB MC.

JuHaMudeckne O3V xapakTepuzyrooTcd HauOonbmiell HHGOPMALMOHHOH eMKOCTEIO,
IIO3TOMY HMEHHO OHH HCIONB3VIOTCA KAaK OCHOBHAA naMATe 3BM. JJOCTOHHCTEOM
cratTideckux O3V sgemdeTcAa 0olee BBICOKOE OBICTPONEHCTBHE, a THOHYHOH OONacTBRO
HCIIONIB30BaHHA — CXEMBI K3II-TIaMA TH.



THIIBI MUKPOCXEM O3¥

INuHamuyeckaa O3Y



CTATHYHUECKHE O3Y (SRAM)

B cratudeckHx O3V (SRAM) zammcaHHple OAHHBIE XpaHATCA 00 TeX IOp, IIOKa He
3aMMINYT HOBBIE MM He OTENIOYAT NHTaHHe. CTaTHYeCKYIH MaMATh OendT Ha CHHXPOHHVH H

ACHHXPOHHYI. ACHHXPOHHAA I@AMATE B I[EPCOHANBHBIX KOMIBHTEPAX ViEEe IOABHO He
HCIIONB3YeTCA., OHA Oblla BBRITECHEHA CHHXPOHHOH. SRAM — 3T0 o4deHB MOOHDHIIHPYEeMad

TEXHOIOIHA, CYIMECTBYCT MHOAKCCTBO €€ THIIOB, KOTOPBIE OTIHYAKTCH 3JNMERTPHYECKHMH H

APXUTEKTYPHBIMH 0COGeHHOCTAMH.

[TpuMeHeHHe CTATHYECKOM MaMSTH He OTPaHHYHBASTCH K3II-NIAMATBI) B IIePCOHANIbHBIX
KOMIIBIOTepax. CepBepsl, MapUIpyTH3aTOPEl, IMo0anbHele ceTH, RAID-MacCHERl, KOMMYTATOPEI

— BOT YCTPOIICTEA, Te HeoOXOOMMa BEICOKOCKOpOCcTHAA SRAM.
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CTATHYECKHE O3¥

Ap N CTpVKTYpHA4 CXeMa CTATH-

uyeckoro O3V IpHBeOeHA HA
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HIIH MATPHIEA MAMATH. COCTO-
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CTATHYECKHE O3¥

Curraa 3anuca WR (WR/RD=1, CS=0) mo3poieT 3anMcarsk JIOTHYECKHE
VPOBHH, NPHCYTCTEYIOINHE HAa HHGOPMALMOHHLEIX BXONAaX, BO BHYTPEHHIOK SUeHKy
O3V (RAM). Curmaa d4reHnss RD (WER/RD=0, CS=0) mno3eonsfeT BBIOATE
CONEp:KMMOE€ BHYTPeHHeH A4eHKH [aMATH Ha HHOOPMALMOHHEIE BBIXOIBI
MHEpPOCXeMBI. B TIpHBEIEHHOH Ha pHCYHKE CXEME HEBO3MOKHO OIHOBPEMEHHO
IPOM3BOOUTE OIEPALIHIO 3alIHCH H YTeHHA, HO O0BIYHO 3TO H He HYKHO.

Ha mpHBeneHHOI cXeMe HCIIONB3 VIOTCA CIeVIOIMHe COKpaIeHHA:

JOUIX, JITY — agpecHele OellHGpaTopsl CTPOK U CTONOIIOE;

®3C — dhopMHpPOBAaTENbh CUTHAIOR 3aIIHCH/CYHTEIBAHHA;

CV — cxema yIpaBneHHA:

DI. DO — mIHUHEI 3aIIHCcH H CYUTEIEAHHA COOTEETCTEEHHO.

KonkperHas sdeiika O3Y pei0HpaeTcda IpPH MOMOIIH JBOWYHOTO KOMAa — agpeca
AdedkH. O0peM naMATH O3Y (RAM) 3aBHCHT OT KOIHYECTBA A4eeK, CONEPKAIIHIECA B
Hel HIIH, YTO TO K€ caMoe, OT KOIIM4eCTBa apecHBIX IIPOBONOE. KONHYECTBO A4YeEK B
O3Y MOXKHO ONpPEeNeNHTh IO KOMHYeCTBY alpecHBIX IPOBOIOB, BO3BOOA . B CTEIEHb,
PABHVIO KOMHYeCTBY AIpeCHEIX BEIBOIOE B MHKPOCKEME.



CTATHYECKHE O3Y

Brieoa Beidopa kpHcTaL1a CS mMukpocxeM O3V mozpondeT 00BEIHHATE
HEeCKOIBKO MHKPOCXeM I8 VBelH4YeHHS obpeMa maMaTtH O3V, Takad cxeMa
IPHBENeHa Ha PHCYHKE HIDKE.
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CTATHYECKHE O3¥Y

Cratmdeckne O3V TpeGyOT A CBOET0 MNOCTPOeHHA OOJBIION IIOIIAIH
KpPHCTALIA, IO3TOMY HX €MKOCTE OTHOCHTENIBHO HeBelHKa. OHH IMPHMEHAKTCA A
IOCTPOEHHA  MHEPOKOHTPOJUIEPHBIX  CX€M  H3-3a  IIPOCTOTEI  TNOCTPOSHHA
MPUHOHIHAIBHOH CXeMBl H BO3MOXKHOCTH padOTaTh Ha CKOINb VYTOOHO HH3KHX
YaCTOTaX, BIUIOTE MO0 MOCTOAHHOIO Toka. Kpome Toro crarudeckne O3V
MpUMeHA0TCA A nocTpoeHua KOII-maMATH B YVHHBEPCAIBHBIX KOMIBIOTEpPax H3-34
BBICOKOTO OBICTPOHEHCTBHA cTaTHYeCcKoro O3V.

AdelKa cTATHYECKOH MAMATH COCTOHT TOMBKO H3 TPAH3UCTOPOE H aKTHUECKH
npeacTaeiaeT coboil RS-Tpurrep. TO eCTh TaKOe YCTPOIMCTBO, KOTOpoe GeCKOHEYHO
IOITO TIONAEPAKHBAeT CBOS COCTOAHHE IPH YCIOBHH HANH4YHA NMHTaHHA. COCTOAHHH
MO:keT OBITh IBA — BRICOKHI HIH HH3KHH YPOBEHE HAIPAKEHHA Ha BRIXOJIE.

Bxon R s#ABmserca curHamoM cOpoca (BBICOKHH YpOBeHb 3TOTO CHIHala
IEPEBONHUT COCTOAHNHE A4YeHKH B HOIb), BXON S — CHIHAJN YCTAHOBKH (II€PEBOLMUT
cocToAHHEe TpuiTepa B 1). Ecimi Ha Bxomax R M S HH3KHH YPOBEHb HANPAKEHHA —
TPHITEP COXPAHAET CEOE TEKVIIee COCTOAHHE.



CraTrHyeckHne onepaTHBHbIE 3ANIOMHHAKIIHE YCTPOHCTBA

VT,,VT,, VI; u VI (MOII-Tpan3ucTopsl ¢ MHAYLUPOBAHHBIM KaHAJIOM
n-Tuna) paboTarOT B KJ/IHOYEBOM PEIKUME.

VT,, VI, (MOII-Tpan3ucTOpsl CO BCTPOEHHBIM KAHAJIOM KN-THIIA) BBINOJI-
HSIOT POJIb PE3UCTOPOB B TPUITEPHOI CXeMe, Tak Kak o00JiafaroT Ha4valibHOM
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Puc. CTPYKTYPHBIE CXEMbl TPHITEPHBIX AYEEK MaMATH HA
MOII-Tpan3uctopax (a) 1 Ha OUNOJIAPHBIX TpaH3uCcTOpax (6)



Pabora dueliku nmoAcHseTcsa TaOIUIlel UCTUHHOCTH

D Moremman | TToTeHIman A VT,
umHE Pl | mmmer P VT, VT; VT
XpaHeHHe |
Hy 714 0 0 0 | SaMpEITH | SAKPEIT  OTEPED
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Oy (lomodKy | (womowl, ofia
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CrarnyeckHe onepaTHBHbIC 3ANIOMHHAKIIHE YCTPOHCTBA

B pexume xpaHeHus: Ha aapecHou muHe — «HyJIb» (A=0), VT, u VTq
3aKpBITHI, A4eiika orcoequHeHa oT Py u Py, Ilpu 3TOM Ha pa3psaHbixX
muHax nmoteHuuan paseH 0, tak kak kmoun K| u Ky 3amkHyThI. IlycTh
B pexkuMe «XpaHeHue eauHulb» VT3 oTKpsIT, @ V15 — 3aKphIT, Tak Kak
noreHuuan 3ateopa Vs pasen noreHuuany croka Vs (310 moareepxke-
HUE MPUHATOrO MOJI0XKEHHs ). B pexume CUUThIBAHUS CHAYa/la HMITYJIbCOM
3apsAKAKOTCA 10 YPOBHA «1» pa3psannsie muHel Py, P, 3aTeM noaaercs
noreHuuasn «1» Ha aapecHyro mwuny (A=1), tpan3zucrop VT, oTkpbiBaercs
U TIOJKJIFOYAET P, K TOYKE yIpaBj€HUsT TPUTTEPOM (K CTOKY TpaH3HCTOpa
VT;) npu 3TOM OTKpBITBIA TpaH3ucTop V13 moak/iroyvaeTcs K pa3psaHoil
muHe Py, 3apsa, npucytcTBoBaBiIMi Ha Py, co3maer MMIyJIBC TOKa
B LIENH pa3psaHas wuHa — o0uas WnuHA Yepe3 OTKPLIThIE TPAH3UCTOPSI
VT,, VT;. Ilporekanue umiyJibca TOKa ABISAETCA NIPU3HAKOM CHUTHIBAHUS
«l» nns yCHIMTeNsA CYMTHIBAHHA, MOAKIHYEHHOINO K pa3psJaHbIM LIKHAM
(Ha cXeMe He [MoKa3aH ).



CraTH4ecKkHe onepaTHBHbIE 3ANIOMHHAKINHE YCTPOiicTBA

PexxuMm 3anucu: Hanpumep, npu 3anucu «0» Ha P, ycTraHaBiIuBaeTcs
«0», Ha Py — «1», T.e. kmou K1 pasmeikaercs, kirod KO — 3aMbikaeTcs.
JareM nogaercd «1» Ha mmHy A, VI u VI OTKphIBAOTCA U MOAKITHOYA-
FOT COOTBETCTBYIOLIKE 3JIeKTPO/ibl (CTOK Vg 1 3aTBOp V13) K noTeHuMany
«0O». VT35 3axkpsiBaeTcs, Hanps>KeHHUE HA €ro CTOKE yBEJIWYHUBAeTcs — OT-
KpbiBaerca Vs, nmpu 3ToMm 3akpeiBaercs U VI (Ha ero snekTpoaax Ha-
NPSHKEHUS CPpaBHUBAKOTCA). fA4yelika MpUHsSIA MOJOMKEHUE 3alUCaHHOIO
«O». CmeHa noreHuuana «l» agpecHoOd UIMHBI HA HYJIEBOW MOTEHLMAI
(yctaHoBka «0») mepeBOOUT AYEHKY B PEKHUM « XpaHEHHE HYJIA», TAK Kak
Tpan3uctopsel V1, VT orkmouarot sueiky ot Pyg 1 Py,

JanoMuHaLUi (cTaTudeckuid) 3neMeHT O3Y Ha OUMNOJIAPHBIX TpaH-
3ucTopax (puc. ©) Takke TmpencraBisier Co0O0W TPUITEPHYIO SYEHKY,
cOOpaHHYIO Ha JIBYX MHOTO3MHUTTEPHBIX TPAH3UCTOPAX C MEPEKPECTHBIMH
0a30BBIMH CBA3IMU. Pa3znuyHble coYeTaHHs YIPaBIISIOLIMX CUTHAIIOB, I10-
JaBaeMbIX Ha WHHBI Ay, Ay, Py, Py, TO3BONIAIOT yCTaHABINBATE PEIKUMBI
3aMUCH, XPAHEHUS U CYUTHLIBAHHUS.
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JUHAMMYHECKHE O3Y

[TpeHMYLIECTBO CTAaTHYEeCKOH aMATH — 3T0 Jolee BBICOKAA CKOPOCTH H OTCYICTBHE
HeOOXOOMMOCTH TIPOHM3BONHTEL IIPOLENYPY pereHepalMd, HO IIPH 3TOM CTaTHYecKad
MaMATeE OOpO:Ke, HMeeT Oolbliee 3HepronorTpelieHHe M OCONBIIVIO 3aHHMAaeMYHO
[omans. II03TOMY CTaTH4YecKad [aMATh [PHMeHAeTCA TaM, TIAe Heo0xXomouMo
MaKCHMANIbHOEe OBICTPONEIHCTBHe, a AHHAMHYecKadA maMATh (DRAM) HCIONB3Iyercs
TaM, rae TpeOyTCa MOOYIH IaMATH GOIbIIoro oopeMa.

ITamare THna DEAM ropasfo IHpe pacOpocTpaHeHa B BRIUHCIHTENLHOH TeXHHEKe
Omaromapd OBYM CBOHMM [OOCTOMHCTBaAM Iepen SRAM — [OemieeBHsHe H INIOTHOCTH
XpaHeHHA NAaHHBIX. DTH [OBe XapaKTepPHCTHEH OHHAMHYECKOH IMaMATH KOMIIEHCHPVIOT B
HEKOTOPOH CTENeHH €¢ HeJOCTATKH — HEeBBICOKOe OBICTPONEHCTBHE H HeOOXONMMOCTH B
IOCTOAHHOMH pereHepal il JaHHBIX.

Slgelika OUHAMHYECKOH NMaMATH COCTOHT H3 TPaH3HCTOPOB H KOHAeHcaropa. Ecim
KOHIEHCATOp 3apsAkeH — TO B Adelike XpaHHUTCS eOHHHIIA, eClH pa3pakeH — TO HOIb.
SdelKN PACTIONOKeHEl B MATPHIIAX M HMEHT CBOIl agpec, COCTOANIMI H3 HOMEPA CTPOKH
H HOMepa cTonOLa. 3apsAn KOHOeHCaTopa cOXpaHAeTca BeChMa OrpaHH4YeHHOE BpeMA — OH
paspsikaeTcd H3-3a HANHYHA TOKOB VYTeYKH, MO3TOMY TepHOOHYecKH HeoGXOmHMO
IPOBOOHTH NIPOLEAYPY pPereHepalii NaMATH, 9TO0EI He TIOTEPATH €€ CONEPKHMOE.



JInnamuaveckne O3Y

B munamudeckux O3Y uCnonb3yrT A4E€HKU NaMsTH, B KOTOPBIX YpO-
BeHb «1» unn «0» OTOXKIECTBIISACTCH C HAJTMYUEM UJIH OTCYTCTBHUEM 3apsa
KOHJIeHCAaTopa, 00pa30BaHHOIO CTPYKTYPOH TPAH3UCTOPOB MPU 0OpaTHBIX
CMEILeHHUAX. TaK Kak 3aps] He MOXKET JO0JIT0 XPAaHUTHLCH, CleyeT Mepuo-
IUYECKU TPOU3BOIUTh PEreHEepallui0 3apsIoB, YTO OCYIIECTBIISETCS CIie-
UAJIbHO OPraHU30BaHHBIM yIipaBjieHuem. [1o 3Toil npuyunHe I/ Takux
O3V HYKHO UMETh PEeKUMbI. XPaHEHHE, CYUTHIBAHUE, 3AMUCh U pereHepa-
uusg. OcHOBHOe OOCTOMHCTBO AuHamuueckux O3Y — Oonee BbIcOKasi UH-
(¢opmaliMOHHasi eMKOCTh (IO4TH B ueThipe pa3a). HemocraTok — ycioxkHe-
HUE YIIPaBJICHUs 13-3a HEOOXOAMMOCTH pereHepaluy.
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Puc. Tlpocreiitune siveliku namsatu guHamuyeckux O3V:
a — na MJII1- Tpanzucrope; & — Ha OMNONSPHOM COCTABHOM TPAH3HUCTOpE



Tqanamaveckne O3Y
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Puc. llpocrteiilune sueiiky namsatu guHaMudeckux O3Y:
a — na M/1I1- tpanzucrope; 6 — Ha OMNONAPHOM COCTABHOM TPAH3HCTOPE

[Ipocreiunii 3anOMUHAOLIUNA 371eMeHT auHamMudeckoro O3Y moxker
ObITh mocTpoeH Ha oaHoM MOII-tpan3uctope (puc.a). Hcnoman3yer-
csl 3apsan-paspsaa koHaeHcatopa émkocTeio < (), 1plF. Benuuuna npuparte-
HUS HanpsKeHus okasbiBaeTcs o4eHb manoid: 0,2 — 0,25 B. [lostomy 310
HAIPSDKEHHUE JO/DKHO OBITH XOpOLIO YCHJICHO — 3TO BJIEYET YCJIOKHEHUE
YCHJIMTENICH CYMThIBAHUA. [IpM CUMTBIBAHWMM TPOMCXOIUT pa3pyIICHUE
MH(pOpMALIHH, TIOITOMY €€ Ha/J0 BOCCTAHABIMBATh.



Jdanamuveckne O3Y

B cxeme puc. a 3anomuHanue «1» uwmm «0» — 3TO HAIUYUE WU
OTCYTCTBHE 3apsaa Ha koHaeHcarope C,. B pexume 3anucu cCursai, mo-
JaHHBIH HA aJIpecHYIO WHHY A, pa3petnaet goctym k C, (TpaH3ucTOp OT-
KpPBIT), 3apsa] ¢ pa3psaaHod wuHel P, nepexoautr Ha C, (Oonbiuid 3apsa
cuurtaercs «1», menbuii — «0»). B pexxume cuuteiBanus 3apsa ¢ C, ne-
pexoauT Ha eMKOCThb C,, (KOTOpas ABJIAETCS NapasUTHOH EMKOCTBIO pas3-

psnHoii mHbl), npudem C,, >> C, # paBHa HeckonbkuM pF. Takoe mo-
cTpoeHure mo3BojsieT nony4uth O3V, obGnanatoiiee 00:bII0H HHPOpMa-
LIUOHHOI EMKOCTBIO (HEcK0JIbKO MOWT), HO HEBBICOKOI HAZIEXKHOCTBIO.

JUts noctpoenuss auHamudeckux O3Y Ha OMMONISAPHBIX TPaH3UCTOpaX
UCIIOJIB3YETCS CleLUalbHas TEXHOJIOTHS, MPHU KOTOPOH HAa KpUCTaUIe
(GopmupyeTcs 3anOMUHAIOIINK 3JIEMEHT B BUJIE eMKOCTH KOJUIEKTOp — Oa-
3a CIABOGHHOro Tpau3ucropa (puc. 6). Bemuuuna émkoctn Cg —
okono I pF. B neproa XxpaHeHus «KOHIEHCATOP» XPaHUT MOIAHHBIH Ha He-
ro 3apsjl, a B peKUME CYMThIBAHUS — OTAAET €ro Ha Pa3psAAHYIO LIUHY.



OHE]]HIHBH[:IE JAIIOMHHAKIIHE }TCTl}ﬂﬁETBﬂ

OcHoBHoii Hegoctarok O3Y — pa3pyluenue uHdopmanuu npu CHATHH
HanpsokeHus nutanusa. OueBuaHbIN (M camblii HeA(pPEeKTUBHBIN) COCOD
MPeo0JIeHUus 3TOro HeaocTarka — coderanue O3Y U BCTPOGHHOM JUTHE-
BOI Oarapeilku B OJJHOM KOpIyce MUKpocXeMbl. OpUTrHHAJIbHEE BbITJISAUT
MCIOJIb30BaHUE «3alOMUHAIOIIUX KOHIEHCATOPOB», KOTOphIE CMOCOOHBI
COXPaHSATh 3JEKTPUYECKYIO MOJIIPU3ALMID TOCJIE CHATHUS MPHIIOKEHHOTO
3JIEKTPUYECKOr0 HampsbKeHUs (cerHeto — anektpuveckuit 3¢ dext). [Ipu
CMEHE HAIpPaBJICHUS] BEKTOpPA HAMPSIKEHHOCTH IMOJIS B TAKUX KOHJIEHCATO-
pax MEHSIETCSl HaNpaBJIeHUE 3JIEKTPUYECKON MOJIsIpU3alUu KpUcTajuIn4e-
CKOro BeilecTBa. KoHaeHcaTop nmpu 3TOM MMEET JiBa YCTOMYHUBBIX COCTOS-
HUS U JIBAa pa3/IMYHBIX MMOPOrOBBIX HAIPSKEHHUsS Mepexoja U3 OJHOro co-
CTOSIHUS B JApyroe u HaoOopoT. Takumu cBoiicTBamMu 00J1aar0T, HAMpPHU-
Mep, MJIEHKU LUpPKOHATa — TuTaHa — cBuHUA (PZT-kepamuka, € = 1200).
Henocratok — OrpaHM4eHHOE YHCIIO IUKJIOB Tepe3apsiku, (npubiin3u-
TEJIbHO ]Um]_IHI{HIDB). Aveiiky mamaTH C TakUM KOHIEHCATOPOM MOKHO

NpEACTABHTh TAK, KdK [MOKA3dHO HA PHUC. Am
111, ¥T |
Puc. CTpykTypHas cxema si4eHKH namsT LI | | | P
Ha OCHOBEC «3allOMHHAKOLLETOX EGH,EI,EHCEIT{J]JEE [ I s
[, = mmuHa MMOYILCHOTO BO30V#KAEHHS, A, — aNpecHas LIHHA 7




MoO3KHO Tak MOCTPOUTH CXEMBbI YIIPABICHUS, YTO MPU CHATHH MUTAHUS
KOHJIEHCATOp OyJeT Mojsspu30BaThCs TAaKUM 00pa3oM, 4TOOBI €ro COCTos-
HHUE COOTBETCTBOBAIIO COCTOSSHHIO 3allOMUHAIOILEH SYEHKH [0 OTKIIHo4e-
HUA nuTtaHusa. Bpems nongpuzauuu npumepHo 10 — 20 H.c., 4TO 3HA4YH-
TeJILHO MEHbIIIE BpEMEHH pa3pylleHus uH(opmaluu B TpUITEpE.

bonee nepcrnekTUBHBIMU SABJAOTCA 3Y, coueTarolnne B cede cBoicTBa
OBICTPOAEHCTBHS, KOMIIAKTHOCTH, TEXHOJIOTHYHOCTH, MPOCTOTHI YIIpasJie-
HUS TP O0ECNEYEHUH 3HEProHE3aBUCHUMOCTH, T.€. Hepa3pyLUCHUS WUH-
dopMaluu B YCIOBUSX UCHE3HOBEHUS HanpsikeHus nurtanusa. K takum 3Y
OTHOCSTCH, B yacTHOCTH, O3Y, Ha3biBaeMble B MEKIYHAPOJAHOM TEPMUHO-
norun FRAM, MRAM, PFRAM.

FRAM - 310 3Y ¢epposrnexktpuueckoro tuna, PFRAM — pa3HoBu-
HOCTh 3Y (eppo3eKTPUHecKoro TUMna, B KOTOPBIX MCHONB3YIOTCS TMOJIH-
MEpHbI€ (eppolrneKkTpuUeckue marepuanbl (TOHKHE TUIEHKH), obJanaro-
M€ CBOWCTBOM 00pa30BaHHUsA JMIIOJIEH B CBOCH CTPYKType. Y4acTKH
C OPUEHTHPOBAHHBIMH JUMOJAMH CITYKaT 3allOMUHAKOLIUMU 3JI€MEHTAMH
M B 3aBUCUMOCTH OT HaAMpaBJICHUS TOJSApH3AIMH XpaHAT OUTH HH(pOpMa-
uuu. Cnenyer 3amerutTb, 4To 3Y THna PFRAM mns noctpoenus O3Y
CYUTAKOTCA MEHEE IMEPCNEeKTUBHBIMHU BCJIEJICTBUE MX OTHOCHUTEJIBHO He-
0OJIBLIOrO OBICTPOAEHCTBHSA.

MRAM - 310 MarHuTope3ucTuBHbIe 3Y. B HUX 3anOMHHAKOIIUM 3J1e-
MEHTOM S$BJISIETCS Y4aCTOK MarHUTHOIO marepualia, CrocoOHbIA coxpa-
HATh MPUIAHHOE €MY COCTOSIHME HAMAarHMY€HHOCTH HE3aBHUCUMO OT HaJIH-
YUsl WJIM OTCYTCTBUS MUTAHUS CXEMBI.
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IlocTOosIHHbBbIE 3alIOMHHAIOIIIHE YCT1poO HCTBaA

[locrosiHabie  3anomuHarowme ycrpoiicra (I1I3Y) npenHazHa4veHsl
JUIsE XpaHeHus: WHQopMaluu, ocTaroileiics HeM3MEHHOI B TeYeHHe JIJTu-
TEJILHOIO0 BPEMEHH WJIH BCEr0 BPEMEHHU IKCIUTyaTalui YCTPOHCTBA.

B 3aBHCHMOCTH OT Ha3HAUeHHA pa3IHyarT caeayiomue THIE HC TI3V:

- nocmoanrvie 3V (I13Y mmn ROM) ¢ macCHBHONH MaTpHIeH MaMATH. B
KOTOPYK IJaHHBIE 3aHOCATCA OOHOKPATHO IMPH HX H3TOTOBIESHHH C
IIOMOINBK CIleruaapHOoro (Qoromadnona. Takme I3V HazwpIBarOTCA
MacoyHviMu U B PeXKHIMe XpaHeHH He MOTPeOIA0T IHEePIrHH.

- npoeparmupyvemvie I13V (ITII3Y mwmn PROM — Programmable ROM)
C BO3MOXKHOCTBK0 OJHOKPATHOTO IMPOTPAMMHPOBAHHA COAEPKHMOIO
MAaTPHIIEI TAMATH 3TeKTPHUYECKHM CIIOCOOOM:

- penpozpammupyvemvie 113V (PII3Y wiu EPROM — Erasable PROM) ¢
BO3MOKHOCTEI0O MHOTOKPATHOIO IMPOTrPaMMHPOBAHHA 3IEKTPHUESCKHUM
CIIOCOOOM H CTHpaHHEM OAHHEBIX 3JIEKTPHYSCKHM CIIOCOOOM HIH C
TIOMOIIER VIBTPa(QHOIETOBOr0 00TVUeHHA.

B ormumune ot O3Y Bce BHAB [I3Y., BKIWUad IMpeaBapHTEIBRHO
sarporpaMMmupoBadaeie  [III3Y u PII3Y., padoTaroT TOMRKO B pekKHMAax
XpaHeHHA H cuiTeiBaHUA. CTpyKTypa [I3Y mpome cTpyKTypEl O3Y.



ITocTosIHHBIE 3alIOMHHAKIIHE ¥cC TpDﬁCTBﬂ

JIITX

B>

111

cy

0
1
Martpuiia
IaMATH

~k

0 1 211—1»:

> JLTY
Pikﬂ *ﬂlk—l P’-n-l

Obmag cTpykTypa [13Y

DO



IlocTonHHBIC 3aNOMHHAIONIHE YCTPOiicTBA

B macounsix [13Y ucnons3yercs npocToil NpUHIMI MTPOrpaMMHpPOBa-
HUS: 3arOTOBKA MUKPOCXEMbI (KpUCTa/l1) (JOpMUPYETCS CO BCEMH COEJIH-
HEHUSAMHU MEXIY 3JIEMEHTAMH, a 3aTeM HEHY)KHbIe COCIUHEHUS JIMKBUIU-
PYHOTCS. DJIEMEHTOM CBS3M MOTYT OBITH JUO/IbI, TPAH3UCTOPHI, METAJLJIU-
YecKHe nepeMblukd U T.i. @parMeHT cTpyKTYphl q1uogHoro ROM(M) mno-
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Puc. CrpykTypHas cxema Maco4Horo auojaHoro I13Y

[Tpunuun npejacrasieHus uH(popManuu B Takux 3Y COCTOMT B TOM,
4yTO WHQOpMaIHs MPEACTABISAETCA B BUAE HAJIWYWs UJIM OTCYTCTBHS CO-
€IMHEHUS] MEXKIY IIWHAMU ajJpeca ¥ IIWHAMHU JaHHBIX.
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Puc. CrpykrypHas cxema maco4Horo auoasoro I13Y

Macounsie [13Y npumeHstoTcs st XpaHeHUss WHMOpMALMU, UMEHO-
e mUpoKuil Kpyr norpeduteneit. B vactHocTH, Maco4Hbie 3Y UCNONb-

3VIOT B KQ4eCTBE 3HAKOreHepaToOpoB KOAOB s OYKB pa3MYHbBIX aldaBu-
TOB, KaK TaOJIUILIbl TUTTOBBIX (DYHKIIMIT U T.1II.



[locTosiHHBIE 3aMOMHHAKIIHE YCTPOHCTBA

Jlpyrum BHIOM OJHOKpATHO mporpammupyemoro 3Y spasitorcs 3Y
tuna PROM. Mukpocxemst PROM nporpaMMHUpyrOTCSt yAQJICHUEM HIIH
CO3JaHUEM CIEeHHAIBHBIX Mepembiuek. [IpuHLIMI mporpaMMUpPOBAHUS T10-
X0 HA TAKOBOM i1 Maco4HbliX 3Y. B cTpykTypax ¢ njiaBKMMH MepeMbly-
KaMH TIpH TPOrpaMMHPOBAHUU JIMIIHUE TEPEMBIYKH VAAISAOTCA MyTEM
paciuiaBieHUss UMMYJIbCOM ToKa. llnaBkue nepeMsbidkH (MeTaUIUYecKue
WM MOJMKPUCTA/UTMYECKHE) BKIKOYAKOTCA B IENMHU JUOJ0B MM TpaH-
3UCTOPOB.

B HMCXOQHOM COCTOSHMM 3allOMHHAKOMIMI 3JIEMEHT XPaHUT JIOTHYe-
CKy10 eauHuULy. [Tocne pa3pyiieHus NepeMbIYKH 3aMOMHUHAKOIINI 3JIEMEHT
Oy1eT XpaHUTh JIOTHYECKUI HYIIb.

CxeMbl ¢ CO3/1aBaeMbIMU MEPEMbIYKAMU B KAY€CTBE UCXOIHBIX UMEHOT
HENpPOBOAALIME COEAMHHUTEIN B BUJIE IBYX BCTPEYHO BKJIFOYEHHBIX JIMOJI0B
nu00 TOHKOro au3jieKTpuveckoro cjos. [Ipum mporpamMMupoBaHuUM HM-
MyJIbCOM MOBBIIIEHHOTO HampsKeHUsT B MEPBOM Cllydyae MnpoOduBaeTcs
OOWH W3 OJUOIOB, @ BO BTOPOM — OUIJIEKTPHYECKHH CJIOH, MOCJIE 4YEro
B MeCTe Mpo00s BO3HUKAET MPOBOJSLIAS MIEPEMbIUKA.



IlocTosiHHbIE 3aMOMHHAKIIHE YCTPOHCTBA

Puc. CocrosiHue coeiMHEHHT 10 U nocsie NporpaMMHUpPOBaHUs]
B CTPYKTYpax ¢ YAIAEMbIMH H C03/1aBaEMbIMU NIEPEMbIYKAMU

[I3Y tuma ROM(M) u PROM nocne nporpamMmmupoBanus CTAHOBSTCS
IJ11 OTPeOUTENS TMOCTOSHHBIMUA B OYKBAJIBHOM CMBICIIE, TAK Kak H3Me-
HUTh UX COJIEP)KaHHE Hejlb3s. bojiee mMpokue BO3MOKHOCTH MPEI0OCTaB-
ot 113V, comep:kumoe KOTOPBIX MOXKET H3MEHSATh CaM I0Jb30BaTellb
C NOMOLIBI) ClleqUaIbHOro 00opyaoBanus (mporpammaropos). Pasnnya-
toT Heckonbko THNOB Takux [I3Y: EPROM, EEPROM, FLASH, B koto-
PBIX COJIEPIKUMOE MOXKET ObITh M3MEHEHO NMyTEeM CTUPaHHs CTAPOH WH-
(opmaruu 1 3amucH HOBOH.



IlocTosiHABIE 3amOMHHAOIIHE YCTPOHCTBA

B 3Y tuna EPROM ctupaHnue BeinojiHgeTCs yABTPaUOIETOBBIM 00-
JIY4eHHEM KPUCTA/IIa B CHELMAIbHBIX YCTPOMCTBAX, MO3TOMY HAa PYCCKOM
s3bike Takue [13Y Hocar Ha3zeanue PII3Y-YO®. B 3Y tuna EEPROM crti-
paHue MPOM3BOJAUTCS JIEKTPUYECKUM CUTHAJIOM, TIO3TOMY PYCCKOE Ha3Ba-
Hue takux mukpocxem — PII3Y-DC (penporpammupyemoe 13V ¢ anek-
TpuueckuMm ctupanuem), nubo ICIII3Y (anexTpudecku ctupaemoe mnpo-
rpammupyemoe 113Y). 3anuce B EPROM u EEPROM npoussoautcs
JNEKTpU4YeckuM curasioMm. (Cneayer 3ameTuTh, 4YTO MHUKpocxembl EE-
PROM 103BOJIAIOT OCYLIECTBUTh WX MPOrpaMMHUpPOBAHHE, HE HW3bIMas
MHUKDPOCXEMY U3 YCTPOHCTBA, B KOTOPOM OHHU MCIOJIB3YHOTCS.

Omu-namars (3Y tuna FLASH) no ocHOBHBIM npUHIMIIaM padoThl

MoAo0Ha pacCMOTPEHHBIM BhIlIe 3Y. 3aNOMUHAKOLIUE JIEMEHThI MaMSITH
FLASH nonoGuel npumensiemsiMm B EPROM u EEPROM, Ho 3V Tuna

FLASH uMeIOT CTPYKTYpHBIE ¥ TEXHOJIIOTHYECKHE OCOOCHHOCTH, CYLIECT-
BEHHO yJIy4LIaroLIxe o0Lie CBOCTBA penporpaMMipyemsix 3Y .



IlocTossHABIE 3aMIOMHHAIOLIHE YCTPOiicTBA

B PII3Y Hocutenem uHpopMaiuu (3anoMUHAIOIIUM 3JIEMEHTOM) $IB-
nsercs MOII-Tpan3ucTop, MO3TOMY HUCHOJB3YKOTCSA JIBA BHAA 3allOMH-
HAIOLIHUX 3JIEMEHTOB Ha:

— MOl I-tpan3ucropax ¢ miasatorum 3atsopom (B PII3Y-YO®),

— MHOII (MH/IIT)-tpan3ucropax (B PII3Y-3C).

3a cuer 3Toro odecrnevYnBaeTcs BO3MOKHOCTh HEOJHOKPATHOM 3aMlUCH
u cuutbiBaHus uHGopmauuu. PII3Y cnocoOGHBEI kK MHOTOKpaTHOMY (OT 25
no 10000 pa3) nepenporpamMmmupoBaHuto 0e3 norepu padboTocnocoOOHOCTH.

ITO NOCTUrAETCS MPUMEHEHUEM «YIPABIISIEMBIX MEPEMbIYEK», (DYHK-
uuu KotopbiX BeIMONHAOT MHOII-Tpan3ucropel u Tpansuctopsl n-MOII

C IJIABAIOLIMM 3aTBOPOM C WCIOJB30BAHUEM MEXaHW3Ma JIaBHHHOW WH-
xekuuu 3apsaga (JIM3MOID).



Buael ctpykryp snementoB namatu PII3Y — cTtpykrypsl TpaH3ucTo-
pos tuna MHOII (MH/IIT) u JIM3MOII npeacrtasneHsbl Ha puc.

Puc. Crpykrypa 1 yclioBHbIe 0003Ha4eHHs 110JIEBLIX TPAH3HCTOPOB:

a —tiuna MHOIIL, 6 — ¢ apymsa 3arBopaMi (1aBaIOLINMM H VIIPABISIOLLNAM )

B paccmarpuBaeMbiX CTPYKTypax MpoLEcC NpOorpaMMHUPOBAHHUSA — 3TO
3aHeCEHUE 3apsa noj 3arsop. s atoro, HanpumMep, B TpaH3UCTOpax TH-
na p-MOII mexay 3aTBOpPOM U MOIJIOKKON JAETCA UMITYJIBC HAMPSIKEHUS
OoTpuuaTe/ibHON nojasgpHocTH ¢ ammmTyaoi 30 — 40 B. Ilpu stom nox
NEHUCTBUEM CHJIBHOTO 3JIEKTPUYECKOrO MOJIS 3JIEKTPOHBI IMPEOJ0JEBa0T
ToHKHI cioit  S10, u ckanauBarTed Y rpaHuisl cinos Si;N,. Hakonnen-
HbIH 3aps CHH)KaeT MOPOroBO€ HANpPSAXKEHHE OTKPBITHSA TPaH3UCTOpa,
CHUJKAsl CONPOTHBJICHUE KaHAlla MEXJy UCTOKOM M cTokoMm. Hanmuuue 3a-
psijia 1MoJ 3aTBOPOM COOTBETCTBYET COCTOSHUIO JIoruyeckoi «1». Jloruye-
ckoMy «(0» COOTBETCTBYET COCTOSIHUE TpPaH3UCTOpa 0e3 3apsiia B JIM3JICK-
TPUKE MO/ 3aTBOpPOM. /L1 Toro, 4ToOBI 3TOr0 JOCTUTHYTH IOJAKOT HA 3a-
TBOP UMIMYJILC MOJIOKUTEIBHON MOMSpHOCTH ¢ aMmmyiuTya0i (30 — 40) B.



PeskuMbl TporpaMMUpOBaHUs U CTHPAHUSI MOMKHO OCYILECTBUTH C MO-
MOILIBIO HAMPSIKEHUS OJJHOM nmosisspHOCTH (oTpuuarensHoi s p-MHOII,
nosiokutenbHoi g n-MHOII). B 3tom ciydae vcnons3yeTcs ABJICHHE
JIABUHHOH MHKEKLUH 3JIEKTPOHOB 0] 3aTBOP, KOTOpas IMPOUCXOIHUT, ec-
m (o p-MHOII) k ucToKy M CTOKY MPUIOKUTE UMITYJIBC OTPHULIATENb-

Horo HanpsokeHus (30 —40) B, a 3aTBOp U MOUIOKKY COEIUHUTD C KOPITY-
coM. B pe3ynberare anexkTpudeckoro npodosi Nepexoa0B UCTOK-MOJI0KKA
U CTOK-MOUIOKKA TMPOUCXOIUT JIABHHHOE PA3MHOMKEHHUE 3JIEKTPOHOB
U UHXKEKLIUS HEKOTOPBIX U3 HUX, 00J1a/1at0IUX I0CTaTOYHOM YHEprueii, Ha
rpaHUIly MEXAY CIIOAMH JU3JIEKTpUKa. B pe3yibTare MpOUCXOAUT «3a-
[MUCh €IMHULBIY, T.€. CHUIJKEHHE TOPOTOBOT0 HAMPSIKEHHUS OTKPLITUS TPaH-
suctopa. s cTHpaHus J0CTaTOYHO MOAATh UMIYJLC OTPULATEIBHOTO
HanpsHKeHUs: Ha 3aTBOP. [Ipu 3TOM 371€KTPOHBI BHITECHSIOTCS B TIOATOKKY,
YTO BBI3BIBAECT YBEJIMYEHUE MOJYJIS MOPOTOBOrO HAMPSKEHUS OTKPBITHS
TpaH3UCTOpa (BO3ZHUKAET COCTOSHHUE JIOTHYECKOro «0»).

B pejicume cyumwvigania Ha 3aTBOpP MOAAIOT HANPSKEHHE, 3HAYCHHE
KOTOPOTO JIEXKHUT MEXIY JABYMS MOPOrOBBIMU YpoBHAMU. Eciu B 3anomu-
HAOWUIMH 371eMEHT ObLIa 3amucaHa Jioruueckas «1», TpaH3UCTOp OTKPOET-
Csl, €CJTH JJorH4eckuid «0» — HeT.



Bapuant »snementa namatu (211) mo crpykrype JIM3MOII ¢ nBoii-
HbIM 3aTBOpoM (puc. 6) mnpexacrasiaser codoil n-MOII-tpan3ucrop,
y KOTOpOro B MO/A3aTBOpHOI ob6iactu ausnektpuka Si0O> cdopmupoBaHa
o0JlacTh M3 MeTa/lla WIH MOJMUKPUCTAUIMYECKOrO KPEeMHHUs — «IlJlaBaro-
wuin» 3arsop (113).

B pexume npocpammuposanue Ha YNPaBISIOUIUNA 3aTBOpP, HMCTOK
M CTOK MOJar0T HanpskeHue (21 — 25) B nonoxkuTensHON MOJSAPHOCTH,
B o0parHO CMELIEHHBIX p—n-Nepexoax BO3HUKAET IMPOLECC JIABUHHOIO
pa3MHOKEHHUsT HOCHUTEJEil 3apsJa M 4acTb JJIEKTPOHOB HMHIKEKTHUPYETCS
B 113. B pe3synerare HakomneHnus Ha 13 orpuuarensHoro 3apsjaa nepejaa-
TOYHasl XapakTepUCTHKA TPaH3UCTOpa CMeLlaercs B 00J1acTb BBICOKOIO
[IOPOroBOrO HAMNpPSAKEHUs (IOPOrOBOE HAMPSAKEHUE OTKPBLITUS TPAH3ZUCTO-
pa YBEIUYHMBAETCs ), YTO COOTBETCTBYET 3aMUCH JIoru4eckoro «0».

B pexume cmupanue NpoOUCXOAWT BBITECHEHHWE 3apsja U3 00JiacTH
[13: B PII3Y-DC — sanekrpuueckum curajiom, B PII3Y-Y® — ¢ nomouiso
oOy4yeHus ynbsTpaduoseToBsiMu ydyaMu. B nepBoM ciiydae UMIyJI5COM
[OJIOYKUTENIBHOIO HAIpsKEHUs, [0JaBaeMblM Ha YIIPaBIISAOLIMI 3aTBOp,
CHUMAIOT 3aps] 3JiekTpoHOB ¢ 113, BoccTaHaBnuBas HU3KHUHA YPOBEHB I10-
pOroBOT0 HAMPSIKEHUS, YTO COOTBETCTBYET COCTOSIHUIO JIOTUYECKOH «1».
B crpykrypax PII3Y-Y® npu o0iydeHUH 3JIEKTPOHBI paccachbiBarOTCH
c II3 B nmomioxkKy BCleACTBHE YCUJIEHHUS TEIJIOBOIO JBUIKEHHS 3a CHET
YHEPruM, MOJY4eHHOH OT ucTouHuKa Y@ usnyueHus. Pexum cuumsieanue
ocyluecTsisercs Takxke, kak B D11 nva MHOII-cTpykTypax.

Pexum xpawmenue oOecnedyMBaETCs OTCYTCTBHEM  HalPSIKEHHH HaA
anekTpoaax I ¢ Tem, 4To0OBI MCKJIHOYHMTH paccachbiBaHUE 3apsa, UMEIO-
Lerocst B JAM3JIEKTpU4ecKoil cpene. Bpems coxpaHeHus 3apsijia sl HEKO-
TOPBIX CXEM COCTaBJIAET OT HECKOJIbKUX THICAY HACOB JI0 HECKOJIbKHX JIET.
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Puc. YcnoBHble 0003Hau€HUs MOCTOSIHHBIX 3alIOMUHAIOIIMX YCTPOMCTB:
a — macouHoe I13Y; 6 — «npoxuraemoe» 113V ¢ — penporpammupyemoe [13Y
CO CTHpaHHEM YIbTPA(HONETOBBIM H3TY4EHHEM;

2 —I13¥ ¢ anexkTpu4eckum cTupanue



Ha BbIxoze Mukpocxembl MOTYT ObIThb W300pak€Hbl APyrue 3HAuKy,
yKa3bIBaKOLIME THI BbIxoaa 3V

@— BBIXOJI C 3-M COCTOSIHUEM,

Q — BBIXO/IHBIE LEMH UMEIOT OTKPBIThINA KOJIIEKTOP;
() — BBIXOJHbIE LIETTH UMEFOT OTKPBIThIH IMHUTTEP.
OO003HaueHNs CUTHAIOB U BBIBOJOB MUKPOCXeM 3Y HMEIOT Cleylo-
LIIUH CMBICI:
Ay —A, — 0003HauCHKE APECHBIX BXOJI0B, HOMEP COOTBETCTBYET pa3-
paay JABOMYHOIO KOJA B aIPECHOM KOI0BOM CJIOBE;
DI, DO — o0o3Ha4eHue BbIBOOB BX0/A U BbIX0/1a JAHHBIX,
DIO, — DIO, - o6o3HaueHue BBIBOAOB, KOTOPBIE MOTYT OBITh JHOO
BXOAAMH, JIMOO BBIXOAAMH JIAHHBIX, HOMEP COOTBETCTBYET pPa3psAAy JBO-
UYHOTO KO/Ia B BBIXOJHOM KOZIOBOM CJIOBE,

CS — BbIOOP MUKPOCXEMBI, PR — curuan mporpaMMupOBaHus;
WR/RD - curuan 3anuch (C4uThiBaHUE), Upg — HAMPSIKEHHE TPOrPAMMUPOBAHMUS;
RAS — c1pob aapeca cTpok; RD — curnan cunTbiBaHUs (YTEHHS),

CAS — ctpo0 ampeca cTon10110B; ER — curnan crupaHus.



Linppo-ananorossie npeobpasosarenu

Hasnaucnue u BuABI undpo-anaioroBeix npeodpazoparteicii. Lndpo-aHanoroseny
npeobpazobatenem (LIAII) masuiBaercsa 3neKTpOHHOE YCTPOHCTBO, MpeaHa3HayeHHOg
ans npeobpazosanud uudposoil uudopmauuu B ananoropyo. OHH HCMONB3YIOTCA g
GopMUPOBAHKMA CHIHANA B BHIE HANPSAKEHHA MIH TOKA, QYHKUHOHANLHO CBA3ZAHHOIQ
¢ ynpasnsomwmy kogoMm. B SonsluMacTse cnyyaes 37a (yHKUHOHANBHAA 3aBUCHMOCTE
apngercd nuHeiroil, Hanbonee yacto LIAIT ucnonsayioTest A1d conpsaKeHHs yCTPOHCTs
nHpoBoi 06pabOTKH CHIHAIOB C CHCTEMAMH, padOoTAIONMMH C AHATIOTOBBIMH CHIHAITA-
mu. Kpome aroro, LIAII ucnonb3yioTcs B KayecTBe y3noB 0OpaTHOH CBA3H B aHAJIOTO-
UHpPOBLX MpeobpazoBaTensx U B ycrpolicTpax cpaBHeHHA ITH(QPOBLIX BEMHYHH C aHa-
JNOTOBBIMH,.

O6nactu npumenenua LIAIT nocratouno wHpokd. OHU NPUMEHAIOTCE B CHCTEMAx
nepefayd JaHHBIX, B H3MEPHTENIBHEIX MPHOOPax H UCNBITATENBHBIX YCTAHOBKAX, B CHH-
TE3dTOPAX HATIPAKEHWA M TeHEPATOpax CIOKHBIX (YHKUMiA, WA GopMHpOBaHHS H300-
pakeHHH Ha JKpaHe NHCIUIeEB H Jp.

Cxemnl LAIT mokHO KnacCHGHIMpOBATE MO PazHYHBIM MPHIHAKAM: MPHHIIHITY
NEHCTRHA, BHIY BHIXOJHOrO CHrHANA, NONAPHOCTH BHIXOMHOrO CHIHAIA, 3NeMEHTHOH Dase
u ap. o npunuuny geficTeud Haubonllee pacnpoctpanedde nonyqyund LIAIL cnenyro-
[IHX BUIOB. CO CIOKEHHEM TOKOB, C A€NEHHEM HANPAKEHHA H CO CIIOKEHHEM HalpsKe-
HHi. B MUKPO3NEKTpOHHOM HCMIOJHEHHH NPHMEHAIOTCH TONBKO TMEpBRIE 1Ba THIIA.



[lo Buny BuixonHoro curHana LIAIL genAT Ha 1Ba BHaa: C TOKOBEIM BHIXOOM H
BRIXOJIOM [0 Hanpsxeuuio. dng npeobpazopaHud srixogHoro toka LIALL B Hampsxe-
HHe OOBIYHO HCMONB3YIOTCH OMepaivouHbe YCHinuTend. [1o nonspHOCTH BEIXOAHOTO
curdana ANl npuiidro pendTek Ha ofHonoNAPHLIE H IBYXIONAPHLIE.

Ynpasnstonmit ko, nogasaembtit Ha BXol LIAIL, MoxeT ObITE pasnuyHbIM: 1BOHY-
HEIM, IBOUYHO-ECATUYHEIM, ['ped, yHUTApHLIM H ap. Kpome Toro, pasnHyHLIMH MOTYT
OBITL M YPOBHHM NOTHYECKHX CHIHanos 1a Bxoge LIAIL

[Mpu popMuposatiy BexogHoro Hanpskedus LAl nox mecreruem ynpasisiome-
ro Koja 00bYHO UCNONB3YIOTCA HCTOYHHKH ONOPHOTO HANpsKelnd. B 3aBUCHMOCTH OT
BHOa WCTOYHHKA onopHoro HanmpsxeHud LIAILl pensaTt Ha gBe rpynnol: ¢ NMOCTOAHHBIM
ONOPHLIM HAMPLKEHHEM M C H3MEHAIOnMMCS ONopHLIM HanpskenueM. Kpowme sroro,
LAl fnensiT mo OCHOBHBIM XapaKTEpUCTHKaM: KOJHYECTBY paspanoB, ObicTponei-
CTBHIO, TOYHOCTH MpeodpazoBaHud, noTpednsieMoH MOIIHOCTH,

Ocnosusie napamerpor LIATL Bee MapaMeTphl LIAIl MokwHo pa3menuThL Ha JIBE
CPYNIBL CTATHYECKHE W nuHammuyeckre. K mamtxepmm napamerpam LIAIL oTHoCAT:
pa3pemanmyo crnocodioCTs, MOrpelHocTs Npeodpa3oBaHus, THANA30H 3HAYEHHH B
XOJIHOTO CHTHANA, XapaKTEPHCTHKH YIPABIAIONIEr0 Koid, CMENIEHHe HyNEeBOro ypoBHA
H HeKOTOphIe Ipyrue.

K nunamwgeckum noxaszatensM LIAIl mpHHATO OTHOCHMTH: BpEMS YCTAHOBNIEHHSA
BBIXOJIHOTO CHIHAIA, NpeaenbpHyIo YacToTy npeobpa3oBaHus, AHHAMHYECKYIO morpeu-
1OCTb.



Paspewarowas chocobrocme I{AI] onpefeniaeTcd KaK BelWyKHHa, 0OpaTHad MaKCu-
MaJIBHOMY KOJIMYECTBY Ipajalliil BLIXOQHOTO CHrHajia, Tax, HanpuMep, eciau paspera-
jonrast cnocobHocTs LAIT coctasnger 107, To 3T0 o3nHAYaeT, YTO MAKCUMAILHOE YHCIO
rpajalHit BEIXOAHOro curHaia pasHo 10°. MHorma paspemaonryio crocobuocts []AI
OLIEHMBAIOT BBIXOJHBIM HANPSKEHHEM IPH M3MEHEHHHM BXOJHOrO KOZA HA €IMHHIY
MITaAIIero paspaja, T.e. warom KpaHToBaHuA. OueBumno, yTo yeM GolNbllle pazpsg-
nHocTk LIAII, Tem BhilllE ero paspellaonias CrocoOHOCTE.

HorpemHocts npeobpasosanus LIAIL npunsto aenuts Ha puddepeHnuansuyo u
norpelIHoCTs HefuHenHocTH. C pocToM Koza Ha Bxofe I1AII pacter u BrXomHOE Hanps-
JKEHHWE, OHAKO MpPH YBENWYEHHH HANPSKEHUA MOIYT OBITH OTKIOHEHHS OT JNHHeHHOM
3ABHCUMOCTH. [lozpeiunocmplo neauneiiinochiu Ha3blBalOT MAKCHMAaIllbHOE OTKJIOHEHHE BbI-
XOMHOTO HanpshKEHUS OT HAeaIbHOH NPAMOH BO BCEM JUanasolle npeodpa3oBamus,

Hugpheperyuansiion noepewnniocmeio Ha3plBaIOT MaKCHMANIBHOE OTKIOHEHHE OT JIH-
HeHHOCTH I ABYX CMEKHBHIX 3HAYeHHWH BXOJHOro Koja.

Hanpsicenue cmewenus 1yns ONpenensercs BHXOMHBIM HanpsSKeHHeM NMPH BXOJ-
HOM KO/I€, COOTBETCTBVIOIIEM HylIeBOMY 3HAYEHMIO,

BPEMH yemanoeiaenus IF,;T — 3T0 HHTEPBAN BPEMEHH OT MOIAYH BXOIHOIO KOoaa 10
BXOK/IEHUS BBIXOAHOTO CMrHa/1a B 3afaHHBIE MPEAENDI, ONpEneNsIeMble TIOTPELIHOCTHIO.

Makcumanonas wacmoma npeobpasoéanus — Haubonpuias yactoTa JUCKpPETH3a-
uuH, npu Kotopoii Bce napameTprl LIAIT cooTBeTCTBYIOT 3aqaHHBIM 3HAYEHHUAM.



Ilo cosokynHocTH napamerpoB LIAIl mpuusATo QenWThL Ha TpH CPyMIbl OBLIErO
NpUMEHEHUA, NpEUH3HOHHEIE U ObicTponeHcTByIoNMe. buicmpodeiicmayiowue 11ATT
HMeloT BpeMs ycraHoBneHuss meHellne 100uce. K npeyusuonnviyn otHocar LIATI, umeio-
nMe norpellHocTs HenuHelHoctu MmeHee 0,1%.

Mpunuunesr nocrpoenud LIATL. CymecTByer HecKoJNIBKO cxeM, ABJIAOmUXCH 6a3oit
IS [oCTPoeHUst MHOTrUX pasHoBuaHocTel LIATIL cooTsercTByronero knacca. nst dop-
MHMPOBAHHSA COOTBETCTBYIONHX YPOBHEH BBIXOIHOrO HANPMKeHWA (MM TOKa) K BRIXOAY
LIAII nmogxnroyaercs HeoOXOQuMoe KONMYECTBO OMOPHBIX CUrHanoB E,, E, ...E, (wiu
TokoB [, [,...1,), nmubo yCTaHaBNUBAIOT COOTBETCTBYIO[E€EC MUCKPETHOE 3HAYEeHUE
koadduumenra genenus K, K. K, Bxonwoii ko
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Puc. ¥Ynpoutenuas cxema [TAIl 'xg A{g Al\ S_T

C CYMMHPOBAHHEM TOKOB "
R, | U
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Tax, HanpuMep, eclIH BXOJHOH KOJ ABNAETCH JIBOHYHBLIM, TO PE3YIbTHPYIOIMMUH TOK
OIpejlensAeTcad BLIpaKeHHEM:
L=1(b 2" + 52"+ . +5,2"=1,N,
Fle n — YyuHCIO ABOWYHBIX pa3paigoB BXogHoro Ttoka, N — n-paspsagHoe LIIHEIJF'*E'“B‘E‘E
ClomBo,



BxoaHoH KoJ

Puc. ¥Ynpouwenunas cxema AT
€ CYMMMpPOBAHHEM HANPMKEHMI

Tak, nanpumep, U1 BXOIHOTO ABOMYHOIO KOJAa BBIXOIHOE HaNpsKeHHe ONpenens-
eTca no gopmysie

Us= U = U (b, 27! +1122"*2+ - +b,,2']): Uy N.

BxogHoi xoa

Puc. Vnpouwennas cxema [TATI ' b, b,
C ACHCHHEM HAMpPAKEeHH i
L
| S, ‘ S ‘
BeixomHOe HANpsKEHHE I CXEMBEI, -

. , R .
NpHBeeHHOH Ha pHC., onpenensercs C E, " R;
thopmyJion _ EgR,

Unix™ B R,,

rae Ry — pe3yibTHPYIOLlee CONPOTHUBJIEHHE ycTaHaBIHBaeMOE MPH NMOMOMM KIoYei
S1, 53...5, KOTOpBIE YOPABSIOTCA BXOJHBIM KOIOM.
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Puc. Cxema [1AIl co cnomeHueM TOKOB |1a peiMCTHBHOH Marpuue tHna R—2R (a)
M CTPYKTYpPA PEIHCTHBHOH MaTpuusl (6)




Hanpskenue Ha BBIXOTE OMNEPALMORHOTO YCHIHTENS ONPEENSeTC BhipaKeHHeM

U= s (b 27 +0,22 4+, 20)=20y (1)

riie b,=1, ecni KMoY S; HAXOMHMTICH B MONOKEHHH, NPU KOTOPOM TOK MPOTEKAET Ha
HHBEPTHPYIOUHH Bxoa OV, u b;=0, ecnu KMoy S; HaXOMUTCA B TONOKEHNH, TIPH KOTO-
poM TOK NpoTeKaeT B OOMIMH BBIBOM, N1 — YMCIO Pa3pagoB NMPeodpa3oBaTels.

MaxcnmansHoe 3HaYeHHE BHIXOIHOrO HANMPSKEHUA (T, €, HAMPSKEHHE B KOHEYHO
TOYKE [THAMa30HA) HMEET MECTO NMPH BCeX b;=1 u onpegensercd no opmyre:

EoRy(1-27" ) EqR
Unmmax WR m-h

rie i — 1ar KBAHTOBAHH, T. €. IpHPAIICHHE BHIXOJHOI O HaNPSACHUA NMPH H3IMCHEHHYH
BXO/IHOI'O KOJa Ha eqHHHLY MIaILIero paspsia:

_EgR
h- EJIRM.

Kak crnenyer u3 opmynst (1), seixogHoe Hanpsxenue LIATI 3aBicHT He TONMBKO
OT BXOTHOr0 Kofd N, HO W OT HanpskeHud £y onopHOro WCTo4YHUKA, ECIH TONYCTUHTS,
4TO HanpsKeHue £, MeHAeTCH, TO BRIXOHOE Hanpskerne []ATT 6y1eT nponopuyuoHais-
HO NPOU3BEEIUIO IBYX BEIMYMH: BXOMHOr0 Kojla M HANpKeHUs, MONAHHOrO Ha BXOJ
onopHoro curtana, B ceasu ¢ aTuM Takue LIATl 06pIYHO HA3BIBAIOT MEPEMHOXKAIONIH-
MU. B uHTErpambHex MuKpocxemax mepeMHokaiommx LIATT MCTOYHHK omopHOTro
HANPAAKCHUA OTCYTCTBYET, HO UMEETCH BXOJ VIS €ro IOIKITIOUEHHS.



Puc. Cxema I1AIT

CO CIIOMEHHEM TOKOB HA
Bxonuo# xKon

MATpHLEC B3BellleHHBIX PEIHCTOPORB

TOK, MPpOTEKAIONIWA B CONPOTUBIEHHH R, Oylmer pasell

. Eobi g, npu b,=0,
T Raten T | 20 =
Ry-n> ipu b;=1.

Pe3ynsTHPYIOLIMHA TOK OMPEIeTAETCS CYMMOH
H E # . .E
=) L=3) b2 =g (52" +...+b,2°.
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Lngpo-ananorossie npeobpasoBarenu

Bxoanofi koa

Koadduumen1 nepemayd Kaxaoro 3seHa
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Puc. Cxema ATl ¢ napannensibIMH

SM JeMTHTeIaMH HalipAXKeHHA
I i .

Taxo#t LIAII uerecoobpasiio MpHMEHATH MpH YIpaBJeHHH YHHTAPHBIM KOJOM i

HEOOBILOH pa3pAAHOCTH

LIAIL



Buasi ananoro-uuposnix npeobpazosaraneii W ux ocofeHHOCTH. AHanoro-uug-
poBsie npeodpaszobatenu (ALIIT) npeacrasingior coboit YCTPOHUCTBa, npegHazHauYeHHbIE
715 NpeoOpa30BaHUs 3NeKTPHYECKUX BEMHUHH (HANpsoKeHus, TOKa, MOILHOCTH, COMpo-
THBIICHHSA, eMKOCTH H Ap.) B uudporoil xoi. Haubonee 4yacro BXommoil BeTHUMHOIl
ABIACTCA HaNpsbkeHWe. Bee Apyrue senmumHe! neped mojauedt Ha taxoit ALITT HYKHO
MPEABAPHTENLHO MpeoOpa3oBeiBaTh B Hampsikenue. OaHako Ha MPakTUKE HaXOJAT
[pUMCHEHNE TakKe NPeodpa3oBaTe/id, HAMPUMEDP, CONPOTHBIICHHS HIIH EMKOCTH B UG-
POBOH Koj 0€3 mpoMeXyToYHOro mpeobpa3zoBaHus B HanpskeHue. OBOBIMHO 3TO mO-
3BOJIACT YMEHBIIHTD MOTPEINHOCTE Mpeodpa3oBaHus, HO YCHOKHAET MPOEKTHPOBAHHE
npeoOpazoBaTens U ero usrorosieHue. [locnegHes ofbscHIeTCS TeM, 4YTO cepuiHbIe
NpOMBIIICHHBIE MAKpocxembl ALLIT mpeanasnayensr Tonbko 114 pabors! ¢ HampsKe-
HueM. [losTomy B gansheiimeM 6yayT paccMOTpPeHBI TOMBKO npeobpazoBaTeny Hamps-
KeHHA B nH(poBoit Ko,

B ofmem ciyyae HanpsbkeHue XapakTepU3yeTCss ero MIHOBEHIBIM 3HAYCHUEM u(1).
OnHaxo U1 OLEHKHM HAnpsKeHHs MOKHO TaikKe MOTb30BAThCd ero CPeHUM 3a BBbI-
OpaHHBIH MpoMexyTox Bpemenn T 3HaueHHEM:

|
U,=U= ?l \u(t)dt.
0

B cBa3u ¢ 3tum Bee tunnr ALIIT Moxiio pasjienuTh Ha gBe rpynnel; AL mraosen-
HBIX 3HaYeHUH HanpskeHus u ALIIT cpeaHux smaueHmit HanpsokeHua. Tax xax omepa-
LKA yCpeAHEHH NperionaraeT HHTErpHPOBaHHE MIHOBEHHOTO 3HAYCHHS HanmpsHKeHH,
T0 ALIIT cpeHuX 3HAaYeHHUH 4acTO HA3BLIBAIOT HHTET PHPYIOIHMH.



B ocHOBe AMCKpeTH3ALHH CHTHAJIOB JIEKHT TIPHHLHNHAIEHAS BO3MOMKHOCTD MPE-
CTaB/IEHHA WX B BHJEC B3BEIUEHHBIX CYMM:

w()=) a, f(0),

rie d, — HeKoTopble Ko3Q®dUIMEHTH HIH OTCYETHI, XapaKTepH3YIOWHe HCXOIHBIH
CMTHAZ B JMUCKPETHBIE MOMEHTHI BpemeHH, f({) — uHabop 3leMeHTapHBIX QYHKIMH,
HCTOJIB3YEMBIX MPH BOCCTAHOBIIEHNA CHTHalla MO ero oTcYeTaMm.

Huckperuszanua OeiBaeT paBHOMepHad H HepaBHomepHad. [Ipu paBHoOMepHOH auc-
KpETH3alMK nepHoj otcdeToB T ocTaeTcs MOCTOAHHBIM, a NpH HepaBHOMEPHOH —
nepHo MokeT WiMeHsATheda. HepaBHoMepHas guckpeTH3anma Yaue Beero o0ycnoslieHa

CKOPOCTEID H3MEHCHHMA CHTHAIA H MOTOMY HA3BIBACTCH H,EI,HHTHBHGH.
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Puc. XapakTepucTHKA MpeallbBHOTO KBaHTOBAHMA (2) H rpadMKk HIMEHEHHR NMOTPELIHOCTH
KBaHTOBaHHUR (O)



Buixonuoii seruunnoi ALIIT ABnsgercda uu@poBoH Ko, T. €. MOCHenoBaTeNnbHOCTD
qudp, C MOMOIIBI0 KOTOPOH MpeacTaBNAIOTCA AMCKPETHBIC KAHTOBAHHBIC BEHUTHHEL
B ALITT ucrmonb3yroT YeThipe OCHOBHBIX THIIA KOJOB: HaTypalbHBIH JBOHYHBIN, 1CC-
THYHBIH, TBOMYHO-NECATHYHBIN ¥ Kox I'ped. Kpome 3Toro, AIIIl, npenHa3HauyeHHbIE
U1 BBIBOJA HH(OPMALIWA B 1eCATHYHOM KOJIE, BHUIAKT HA CBOEM BBIXO/E CHCIHATTHIH-
pOBaHHbI KON U1 YIpaB/eHHs CeMHCETMEHTHBIMH HHIHKaTOPAMH.

Bomnpumuacreo AL pabotaroT ¢ BeIXoa0oM B HAaTypajibHOM JABOMYHOM KOJE, TPH
KOTOPOM KaXJOMY TONOKHTENBHOMY 4ucny NV CTABATCA B COOTBETCTBHE KON

{bl} =bl b? o *bm
rjie b; paBHBI HYJIIO MM equHune. [IpH 3ToM NomoXuTeIbHOE YHCIO B IBOHYHOM KOJE
HMeeT BHI

N=§Ibf2""'=f312"" +b,27%+ ... +b,2".

Tako# KOJ MPHHATO HA3bIBATh MPAMBIM: €T0 KpaHHHH NpaBeiii paspsaj ABIdeTcd Miaf-
muM, a Kpaiihmil neBelii — crapmm. [IpaMoil kof npurojed JHUb A% paboThI
C OMHONONAPHBIMA cHTHATaMH. [To/HBIH THana3oH npeobpasyeMoro curHaia paseH 2,
a N,,.,=2"-1.



K cratuyeckuM xapaxrepuctuxam AL otHocat: abconmroTHbie 3naveHus u nonsp-
HOCTH BXOJHBIX CHIHAJIOB, BXOJHOE COIPOTHBIEHHE, 3HAYEHHA U NMOIAPHOCTH BBIXOJ-
HBIX CHTHAJ10B, BRIXOHOE CONMPOTHB/ICHHE, 3HAYCHHA HanpPAKElIMid H TOKOB HCTOYHHKOR
[IHTAHHA, KOJHYCCTBO [OBOHYHBIX HIH JEeCATHYHBIX pa3panoB BRIXOJHOTO Kojaa,
MOrPellTHOCTH NMpeoOpa30BaHHA MOCTOAHHOTO Hanpskenud ¥ ap. K auHaMuueckum ma-
pamerpaM ALII oTHocaT: Bpems mpeo6pazoBanud, MakCHMaTbHYIO YacTOTY JIHCKPETH-
3allHH, anepTypHOE BpeMA, THHAMHYECKYIO IMOrpPEIIHOCTL H ap.

PaccmoTpuM HexoTOpble H3 3THX mapameTpos 6ojee Moapobiio. OcHoBHOI Xapak-
repuctixoin ALIII asnsietcst ero paspewaiowas cnocobrocms, KOTOPYIO TPUHATO OMpe-
RendTh BEIMYMHOM, oOpaTHOM MaxkcMManbHOMY YHCIYy KOZOBBIX KkKoMOMHaumi Ha
Brixone ALIIL Pa3spemaromyio criocoGHOCTS MOKHO BBIpAXaTh B MPOLEHTAX, B KOMHYe-
CTBE Pa3spAN0B HIIH B OTHOCHTeNbHBIX eaquHunax. Hampumep, 10-paspanusrit ALITT ume-
erT paspematomyio crocobuocts (1024)"=107°=0,1%. Ecnu nampskenue mxansl 1
raxoro AUII pasuo 10 B, To abcomoTHoe 3uadenue paspeluaroneii cmocobHoCTH 6y/1eT
okojio 10MB.

PeansHoe 3HaueHue pa3pelaronied CocoOHOCTH OTMYAEeTCA OT PACUeTHOro H3-3a
norpemnocted  AIIL Tounocts ALl onpenenserca 3mavenuamu abcomoTHON
MOTPEIIHOCTH, AN PepeHIHAILHON 0 HHTErpaNbHOH HenHHeliocTH. AGCOMOTHYIO 10-
rpetrnocte AL ompemensiorT B koledHol Touke XapakTepHCTHKH Npeobpa3oBaHud,
MO3TOMY €¢ ODOBIYHO Ha3bIBAIOT MOIPENTHOCTRIO MOJHON LIKA/bl U U3MEPAIOT B eHHH-
Hax MJIaflIero paipdana.



IIpununnst nocrpoenns ALIIL Bee tunsl ucnonszyeMmeix AL mMoxHo paznenuts
Mo MpH3HAKY H3MepAeMOoro 3HAYeHHA HANPSKEHHS Ha [ABE IPYIMIbL AT MrHOBeHHBIX
snauenmii nanpsxeuns u AIIL cpenmux 3Haueund HampskeHus (MHTErpPHPYIOLIHE
AUIT). Buauane ozuaxommumca ¢ ALIIL, koTopble NO3BOAAIOT ONPEACIATH KO MIHOBEH-
Horo 3HadyeHHd HANpAKEHHA, a 3aTEM PaCCMOTPHM HHTErPHPYIOUIHE AULII u ocobeuno-

CTH MX HCIOJIB30BAHHA.
ALITT menogennpix 3nauenuii MOXHO Pa3fIeNIHTh HA CIEAYIOIUIHE OCHOBHBIE BHIBI: IOC-

nenoBaTelbHOTO cdeTa, MOCHeNoBaTeNbLHOro MpHOMINKEHH, MapallielibHbIE, Mapalienb-

HO-TIOCHEeIoBaTeIbHble H ¢ MPOMEXyTOYHBIM Ipeobpa3oBaHHeM B WHTEPBAJl BPEMEHH.
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Puc. Crpykrypnas cxema ALITT nmocnenoBarensHoro cuera (a) ¥ rpadHkH mpouecca
npeobpazosanna (6)



CrpyxTypuas cxeMa AI[Il nocredogamenviozo cyema COJEPKHT KOMITAparTop,
MPH TOMOIIH KOTOPOTO BHITONHACTCA CPABHEHHE BXOJAHOTO HANpPHKEHHA C
HampskeHueM oOpaTHoM cea3u. Ha mpAMoH BXoa XoMmapaTopda NOCTymaeT
BXOJHOH CHMTHAN U,, @ HA HHBEPTHPYIOWMI —— HanpskeHpe us oOpaTHOH
cBsizu. Pabora npeo6pasosatend Hauunaercs ¢ mpuxogom ummyisca «LIYCK» ot cxe-
MBI yIpaBlIeHHs (Ha pHCYHKE OHa He I0Ka3aHa), KOTOpBIH 3aMbIKAaeT K04 S. Yepes
3AMKHYTBIH KTI0Y S HMITYJIbCBI U; OT IeHepaTopa TaKTOBbIX HMITY/IBCOB MOCTYNANOT Ha
CYeTYHK, KOTOPHIH ynpasiger paborolt UHQPO-aHAIOroBOTO Npeodpa3oBaATEA (LTAII).
B pesynbTaTe MOC/IEAOBATENLHOTO YBEHUCHAS BHIXOAHOIO KOJia CeTyHKa [N mpoHCxo-
IUT MOCIeIOBATENPHOE CTYMEHYATOE yBEIHYeHHe BhIXOXHOrO Hanpskenus us LIAIL

[Tutauue LIAIT BeinonHAeTcd oT HCTOYHHKA OMOPHOrO HampsKEHHA Uy

Korga Beixomuoe Hampsxenue LAII cpasuAeTcsa ¢ BXOAHBIM HampsikKeHuewm, Ipo-
H30lieT MepekiloueHHe KoMIaparopa H IO ero BBIXOJAHOMY CHIHATY «CTOII» pa-
30MkHeTcd kM4 S. B pesynpraTe HMIY/IChl OT PeHepaTopa MEPECTaHYT MOCTyNaTh
Ha BXoJ CYeTYHKA. BBIXOJHON KOJ, COOTBETCTBYIOWUHWH PABEHCTBY Uy =Us, CHHMACTCA

C BRIXOHOTO perucTpa CHeTHHKA,
M3 rpadukoBs, HILTIOCTPHPYIOMIHX npoecc HpEDﬁpESGE&HHH HATIPSOKEHHUA B HH(PPOBOH
KOjI, BUAHO, YTO BpeMd Mpe0oOpa3oBaHuA MepeMEHHOE H 3aBHCUT OT YpOBHS BXOJHOrO
curiana, [lpyu duciie ABOMYHBIX paspsAmoB CYETUHKA, PaBHOM N, W TepHOeE
CNeAOBAHUA CUETHBIX HMIIY/IbCOB T MaKCHMalbHOE Bpems Mpeobpa3zoBaHHA MOKHO

OMpEAENHTS 1O Qopmyne: . =(2"-1NT
np A& T '
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Crpykryphas cxema ALLT mocnenoBatensioro npubmixends (a), rpaguxn npouecca
npeoBpazoBanua (6) M gHAIPaMMa MOCNeN0BATENPHOCTH NEpexonos naa Tpexpaspansoro ALII (s)




[To cpaBHenuto co cxemoii AL nocmegosatensHoro cyera B cxeme. ALl

TOCTIEIOBATENLHOTO TIpHOIMXEHHS CHellaHO OJHO CYILECTBEHHOE H3MEHEHHE —

BMECTO CUETYMKA BBeJeH perdHcTp nocnegosarensHoro mpudmuxkenus (PIIII).
JTO M3MEHHIIO ANTOPHTM YPaBHOBELIMBAHHA M COKPATHIIO Bpems npeoOpasoBaHus,

B ocuose pabornt AIII ¢ PITIT nexur npuHIMn AMXOTOMHH, T. . MOCIeA0BATE/Ib-
HOTO CpaBHEHHS TMpeodpa3zyeMOTo HANPSKEHHS Uy, ¢ 1/2, 1/4, 1/8 u T. 1. BO3MOXKHOTO
MaKCHUMaJIbHOTO ero 3uayenus U,. 310 no3sonser M n-paspsagHoro AL BemomHuTs
BeCh Ipomece NpeobpazoBaHus 3a n NMOCHEIOBATENbHBIX mAroB Mpubmmkenus (ute-
panuit) BmecTo (2'°') mpH HCIO/IB30BAHHHM MOCIEAOBATEIBHOTO CYETA M MONYYUTEH

CyliecTBeHHbI BhIMrphil B OwicTpofeiicTBuu. [Tockonsky Ha xaXaom wiare Ipo-

W3BOMWTCA OMNpefe/icHHE 3HAYeHHS OJHOTO paspsjd, HaYMHAs CO CTapluero, TO TaKOH
ALIIT yacro naswBatoT AL mopaspaauoro ypasHoselnsanus. [Ipu nepBom cpaBHE-
HHY Omipefendercd — OOliblie HIIH MeHBbILE HanpsKeHHE u,,, YeM U, /2. Ha cnefyolieM
Ware onpe/ensercs, B KaKoil 4eTBEpTH AUATIA30HA HAXOMUTCH Uy, Kakmblii MocIesyro-

M ar BABOE CykaeT 00MacTh BO3MOXKHOIO pe3yJIbTara.

[Tpu xax/I0M ware CpaBHEHHS KOMIapaTop GQOPMHPYET HMITYIIbChI, COOTBETCTBYIO-
He cOCTOAHHIO «Bonpiue-MeHple» (1 unu 0), ynpaBIfiolHe perHCTpOM MOCIeR0Ba-

TENBHBIX MPHOIHKEHHH.
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Puc. Crpyxrypras cxema napannensnoro ALT



CrpyxTypHas cXema napamnensiozo AI{IT npuBeficHa Ha puc. [IpeoOpa3zosa-
TeNp OCyILeCTB/IAeT OQHOBpEMEHHOE KBAHTOBAHHE BXOQHOIO CHTHANA Uy C IOMOILIBIO

Habopa KOMIApaTopoB, BKIIOYEHHBIX MApa/LieNbHO HCTOYHHKY CHIHana. [Toporonrie
YPOBHH KOMNApPAaTOPOB YCTAHOBIEHBI C MOMOILBIO PE3SHCTHBHOTO JENUTENS B COOTBET-
CTBHM C MCNOJIB3YeMOW MIKaNOH KBaHToBaHuA. [1pu momaue Ha BXOJHI KOMIIapaToOpOB
CHTHAJIA U, HAa UX BBIXOAAX MOJYYHM KBAHTOBAHHBIH CHIHAIN, MPEICTABICHHbI B VHHU-

TapHOM KOJIE.

A npeobpasoBarist YHUTAPHOTO KOIA B IBOMYHBIH (v JIBOMYHO-/IeCATHYHBIN)
HCTIOJIB3YIOT XOAMpYIOWMii npeobpasopatens. [Ipu pabote B ABOHUHOM Kofle BCe pesu-
CTOPBIL IEIMTE/IS HMEIOT OMHAKOBhIC CONPOTHBJEHUS R. Bpems npeobpazosanus Taxo-
ro npeobpa3zopaTells COCTABISAET OUH TAKT, T. €. T,,=T. apamiensusie npeobpazopa-
TEIH ABAAIOTCA B HACTOAIIEE BPEMS CAMBIMH OBICTPHIMU M MOTYT paboTaTh ¢ 4acTOTOM
muckperusaimy cpbime 100 MI'n, [ins nonyuenus Gosee mwupokoit monocs! Npomnycka-
HHSL KOMIIApPAaTOPhbl OOBIYHO Jeal0oT CTPOOUPYEMBIMH.

HenuTens oONOPHOTO HAaNpsKEHHS NpeicTaBiseT coboil HadoOp HH3KOOMHBIX
PE3UCTOPOB € CONpoTHBIEHHEM oko:10 1 OM. [lo BeBony «Koppexius» BosMoxkHo npo-
BEACHNE KOPPEKLUHH HANPSKEHUA CMEIEHHS HYJIEBOTO yPOBHS Ha BXOJE, @ 110 BBIBOAY
Uonz — abCOIOTHOR MOTPENIHOCTH MPeoOpa3oBAHUA B KOHEYHOI Touke mxansl. Homi-
HaJIbHBIC 3HAYEHWs OMOPHBIX HAMpPAKEHHH WMeloT 3Havenus: U,,=-0,075...0B, u
Upp==2,1...-1,9 B. Tunosas 3amepkxa cpabaThiBaHHA KOMIAPATOPOB OKONO 7 HC,



CTpykTypHas cxeMa nocaedosamenso-napaienviiozo AIJIT NpHBeNeHa Ha PHC.
Takoit ALIIl paboTtaeT B HecKONIBKO TakToB. B mepsom TakTe AL npeobpasyer crap-
II.?}'[HE Eaapﬂnm BXOIHOTO HAMPSKEHUA Uy B LA(POBOH KON (HA CXeMe 3TO paspsmbl
2°...2°). 3aTeM BO BTOPOM TaKTe 3TH Paspadbl mpeobpasyiores ¢ momompsio LIATL
B HAMPSKEHHE, KOTOPOE BRIYMTAETCH W3 BXOIXHOTrO CHTHAIIA B BBIMHTAIONIEM YCTPOHCTBE
BY. B tperbem TakTe AILIII2 mpeobpasyeT monyvyeHHYIO PasHOCTb B KOI MIIA/IIHX
pa3psIOB BXOHOTO HAMPSKEHUS Uyy.

Takue npeoOpa3oBaTeId XapaKTePU3YETCs MEHBIIUM OBICTPOAEHCTBHEM IO CpaB-
HEHHIO C MAapajUIeNbHBIMU, HO UMEIOT Meliblilee YHclIo Kommapatopos. Tak, HanpuiMep,
st 6-TH paspsaroro napamwiensHoro Al neodxomkmo 64 komnapaTopa, a I noc-
nenosaTelsHo-nMapamiensHoro AL — Beero 16.

Konuuectso kackagoB B Takux ALIII moxer ObITh YBeNHYEHO, MIO3TOMY OHH YacTo
HA3BIBAIOTCH MHOTOKACKAJHBIMH HJIH KOHBeiepHbIMH. BrixomHo#t xon Taxux AILLTI
npencTanisger coboit cymmy kogoB N=N,+N,+N;+..., BeipabaThiBaeMbiX OTHETbHBIMH

KdCKalaMH.
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Puc. CTpyKTYpHaA cxema napaiensHo-rocaeiosarensioro ALLTI



K ALIIT MrHOBeHHBIX 3HAYEHHI TaKXKe oTHOCATCS HekoTopsie THIBI ALIIT ¢ Bpems-
UMIYIBCHBIM Npeofpa3osanneM. Crpykrypras cxema Takoro AIIIl npuseseHa Ha
puc.a B ocHoBy paboTsi 3TOro mpeoOpa3oBaTensd MOJIOKEH METOMN Npeodpa3oBaHUA
BXOIHOTO NAMPSKEHHs! BO BpeMeHHOH uHTepBai. ['padukn npoliecca Npeobpa3oBaHus

npuBeieHbl Ha puc.0
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Puc. Crpyktypuas cxema AT BpeMA-uMNyAsCHOro npeobpazosanus (a) u rpaduku npouecca
npecbpaiosanua ()



ALII cocTouT U3 reHeparopa JHHeliHO-M3MeHstomerocs Hanpskenus IJIMH, asyx
kommnaparopoB K1 u K2, ¢oopmuposaTens JIMTEIBHOCTH HMIyNbca T, F¢HEpAaTOPa TaK-
TOBBIX MMIY/JIBCOB M CYETUYHKA, C BBIXOJIA KOTOPOTO CHUMAETCA KO Npeobpa3oBaHHOTO
Hanpsoxkedusd. [lepBeIit uMnynbe 4, GoOpMHPYETCS NPH CPaBHEHHWH HANPDKEHUS U, C
HAMpPSHKEHHUEM Uy, @ BTOPOH MMIYILC 43 (JOPMUPYETCS MPH TOCTHKEHHH HANPSKEHHEM
u, 11yesoro ypoBHs. Brictponeitcreue Takux AlLIl nepenuko: Bpems npeodpasoBaHus
B nyymiem cnyyae cocrabisger 20...50 Mxc.

Vpapuenue, onucriparoniee pabory AL, MoXHO oNpedenuTs ciaexyromum obpa-
som. Hanpsokenne u,, BeipabateiBaeMoe I'JIMH, nmeer BUT:

u,=U,—kt
roe k -— KpyTH3Ha MHJI000PAa3HOTO HAMpPIKEHUS.
MoMeHTH! BpEMEHH 1, U ¢; cpabaTpiBanud xomrapatopoB K1 n K2 onpenensroTcs
no (opmye: — U,

JuTensHOCTh HMIYIILCA OTPENEIUM KAK PA3HOCTh T, = ty—1,= U,/ k. KomudecTBo UMITyIIb-
COB, NOACYMTAHHBIX CYETYHKOM, PaBHO 3
N -ﬂl Ty

rae fy — 4acToTa TAKTOBOro reHeparopa.



AL cpeaunx 3uauenuii nanpsekenuss (HHTerpHPYIONHiT AII) mMoxHO pasmenuTs
Ha Clle[yIolHe OCHOBHBIE BHIBI C BPeMSA-HMMNY/ILCHRIM NpeobpasoBaHHeM, ¢ YACTOTHO-
HMIYIHCHBIM TPe0bpasoBaHUEM W CO CTATHCTHYECKHM yepenHenieM. Hanbonsiee pac-
MpOCTpaHeHHe MOAYYHIH NepBhie ABe rpynmsl ALL.
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CrpyxTypHast cxema uHTerpupytomero AL ¢ BpEMA-HMITY/ILCHBIM [Ipeobpa3opa-
HHEM TNpuBeneHa Ha puc. . PaBoTy 3TOH cXeMBI MoOXHO pa3menuTs Ha TPH TaKTa.
B mepBoM TakTe MpoM3BOAMTCS 3apAd MHTETPATOpPA, BO BTOPOM — €ro pa3psm, a B
TPETHEM KOPPEKLHA HYIEBOTO yPOBHS HHTerpaTopa. I'paduku, WimocTpupylome pa-
6oty AlLIll, npuBeneHs! Ha puc. 6.

B nepsoM TakTe, uMeromeM QUKCHPOBAHHYIO IUTUTENRHOCTE T, 3aMKHYT Koy S1,
d OCTAIILHBIE KTIOYH Pa3sOMKHYTBI. B 3TOM cilydae BXO[HOE HaNpSUKeHHe u,, Yepe3 3aM-
KHYTBIH KoY S1 ¥ collpotiBieHue R, 3apskaeT eMKocth C, HHTErpaTopa U BRIXOHOE
HANPAAKCHUE PACTET JIMHEHHO BO BPEMEHH, KaK MoKa3aHo Ha puc. 6. K KoHuy HH-
TepBalia T, HalpsKeHHe Ha BHIXOZE HHTfrpaTnpa Oyner pasHO

0
ul{?}.}=kguudf=k?},U“,
0

rie k”'=R,C) — nocTosHHas BpeMeHH HuTerpatopa, U, — cpefiee 3HaYCHHE BXOXHO-
TO HaNPSOKEHHA: T
U,=Ti'\u,dt.
4
Bo BTOpOM TakTe mpoucxoauT pazpsn HHTerpaTopa. [1pu aToM B 3aBHCHMocTH OT
TPeOYeMoil MOJAPHOCTH HCTOUHHKA ONIOPHOTO HATIPSKEHUS 3aMBIKAeTCH OIUH U3 KO-
qed 52 wim S3. Paspsyt uHTerpaTopa MPOUCXOOUT C MOCTOAHHONH CKOPOCTBIO, KOTopas
HE 3ABUCHT OT HAKOIUIEHHOTO B MHTErPATOPE 3apsjia, MOITOMY C yBelNHYeHUeM HaKoll-
ACHHOro 3apana BpeMA paspsna Takke ysemnuuBaercs. Kowmer paspsaa unterpatopa
(rkcHpyeTcs koMnapatopoM K, mocie Yero xioy S2 (v S3) pasmpIKkaeTcy.



[TockonbKy Haualo pa3psana onpefelsieT cXeMa ynpaBiieHWs, a KOHeI -— KoMIapa-
TOp, TO JUIMTE]BHOCTh pa3psifla HHTErpaTopa MOKHO ONPEACIHTE IO dhopmye:

Ty o To
u(Ty)-k\U,,d1=0, otkyna kT,U,=kU,T, wm T.=g, Us.

YTO CBUOETEALCTBYET, O NPOMOPIHOHANLHOCTH HHTepBana 7T, cpemHemy 3HAUCHHIO
BXOHOTO HanpsukeHust U,,. 3allonHeHue uHTeppaja 7, CUETHBIMH HUMIYJIHCAMH, IO
CTVIAIOMIMMHM OT CXEMBI VIIDapleHHs, Mo3BoiasfeT HaWTH uHciaooil kox N, =T, /.

K nocronnctBaM uHrerpupyronmx AL cnenyer oTHecrn mx BBICOKYIO MOMeXo03a-
IMIEHHOCTs. ECIH Ha BXOAHONM CHrHan HanoXeHa TapMOHWYECKAs MMOMEXa, To np1
PaBEHCTBC NEpHoJa MOMEXH BpeMeHH 3apafa uHrerpatopa 7T,=7, cpenHee 3HayeHM
[TOMEXH X KOHIlY HHTEpBAJIa HHTECrPHPOBAHUA OY/IET PaBHO HYIIO, KaK [OKA3aHO MITPH
XoBOH MMHUEH HAa puc. 6. CryvaiiHble MOMEXH U LIYMbBI TakKXKe oCaabasioTes HHTer
pHpOBaHUEM, XOTHS H B MEHBIUEH CTENeHH.

Ha TpeTbem sTane npoH3BoAMTCS KOPPEKUMA HYIEBOrO YPOBHSA uHTerpatopa. s
9TOTO 3aMEIKAIOTCA KIIIOUH 5S4 1 S35, a ocTalbHbIe KIIOYH pa3MbIKaloTcL. Tak kak BXO;
WHTErpaToOpa 4epe3 CONPOTUBIEHHE R, coefnHeH ¢ obuwell mmioii, To xoHmencatop C.
Yepe3 3aMKHYTHIH KoY S5 3apstkaercs 10 HalpfKeHUs oIMGKH, KOTOpOE MocJie pas
MBIKaHUA Kkoved S4 1 S5 BRIYMTaeTCy M3 BXOAHOTO CHTHAIA.

K nenocratkam taxux uHTerpupyiommx ALIIT oTHocuTcs [IpeXKae BCEro CpaBHH:
TeJIbHO HEBRICOKOE ObicTponedcTere. Kpome aToro, mpu meperpyske AL 6ombmmm
BXOZHBIM CHIHA/IOM NPOMCXOAMT Nepesapsy WHTErpupyloulero Koupencaropa Cj, mo-
ITOMY HNOCIe CHATHA NEPErpy3Ku B TeyeHune HeckonbkuX wiwios ALIIT 6yxer paboraTe
C DONBIION MOTrPEIHOCTERIO.



Apyrim tunom uHTerpupyronmx AL senstores A1[I7 ¢ YACHIOMILO-UMRY b CIBIM
npeobpasoseanuem, NPUHUKI paboTel KOTOPHIX OCHOBAH HA NpeIBapHTENBHOM Mpeobpa-
30BaHHH BXOMHOTO HaNpPSKEHWA B NPOMNOPHHOHAIBHYIO €MY YACTOTY CIEIOBAHUA HM-
NyIBCOB, KOTOpPAsA 3aTeM H3MEpsAeTCH 3a (GUKCHpOBaHHBII WHTepBal BpemeHu. Ilocime
MOACYUETa YHCIA WMMYILCOB pPE3YILTAT BHIJAeTCd B BHAE LM(POBOro 3IKBHUBANIEHTA

BXOHOI'O HAIpSKEHH.

CrpyxtypHas cxema AL{Il ¢ 4acTOTHO-UMITYJILCHBIM npeobpaszoBaHueM NpusegeHa
Ha puc. @. OCHOBHBIM 3BEHOM B 3TOH cXeme sBseTCA NpeoGpazoBaTeNh HANpSKe-
wus B qactoty (IIHY). [Tpu nmomoum ITHY BXomHoe Hanpsxkemie npeodbpasyercAd B
4acTOTy WMNYJIBCOB, NpPH 3ToM f=ki,,. UNCI0 UMIYILCOB, MOMCYMTAIIHEIX CYETUHKOM
3a BhHIOpaHHEIN HHTepBall BpeMenu T, onpemnessercs chopmynoii
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Puc. Crpyktypuaa cxema AL ¢ vacToTHO-MMNVILCHEIM npeobpasopanuem (a) u rpapuxn
npouecca npeodpazoBauus (6)



Mpaduki mpouecca npeobpasosanust AL ¢ YaCTOTHO-HMITYJIECHEIM npeobpaso-
CafHeM NpHBeNieHs! Ha puc. 6. TlpeobpasosaTenh HANPUKEHWA B HaCTOTY MOXKET
GBITH TIOCTPOEH HA PA3TMYHEIX MPHHLMIAX, OXHAKO OT €ro XapakTepHCTHKH npeobpa-
;0BAHHs 3aBUCAT CBOHCTBA ALUIT. HorpemHocts [THY npakTnyeck NOTHOCTBIO BXO-
qUT B TOTPELIHOCTD AL B cea3u ¢ 5THM Hauboree 4acTo B aneme [THY B Taxux
AL ucnonb3yeTes npeobpa3zoBaTenh ¢ UMITYIbCHON OOpaTHOH CBA3BIO, CXEMA KOTO-

poro MPUBEIEHA 11a pHC.
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Puc. Crpykrypsas cxema npeofpajoBaTe]s HANPAKeHUA B HACTOTY C HMmyIsCHO# oBpaTHOH
caa3Lio (a) u rpadukn ero paborw (6)



[THY ¢ uMmyascHoil oOpaTHOMH CBA3I0 COCTOMT W3 BXOAHOTO [IOBTOPHTENA HANPS-
«eHHs, HHTErpaTopa i KOMIapaTopa, yIpasAomero reHepaTopoM HMIYI5COB B LCNH
oOpaTHOMN CBA3H MHTErpaTopa. 3apaa koHgeHcatopa C, MHTErpaTOpa OCYLIECTBIISETCH
pXOIHBIM HaNpSAKCHHEM U,,, a paspal NpOU3BOAUTCH HMITYJIECOM C NMOCTOSHHOUW BOJIBT-
ceKYIIHOM TIONAbIO. Eciu BXOMHOE HampsukeHHe HMEET OTPHLATENBHYIO MOJAp-
HOCTB, TO HMITYJIECHI TEHEPATOPa JOKHBI OBITE MONOKUTENBHEIMU H HaobopoT. Moxk-
1o TOKa3aTh, YTO 4acToTa MMITY/ILCOB IPSMO NMPONOPUHOHAIIEHA BXOAHOMY HalpsKe-
quro. Hanpskenne Ha BBIXOJE MHTErpaTopa JHMHEHHO PACTET, X0 TeX MOp MOKa HE
CpaBHAETCS € OMOPHBIM HANPKEHHEM U, Ha npAMoM BXofe Kommapartopa K.
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B nociie/iHee speMs B ca3i WnpokuM nprmenerreM AL B pasmnyHbX cucTeMax
cbopa u 06paboTKi HHPOPMALKH MOABUINCE HOBBIC THIIBI npeobpazoBaTtenielt ¢ ymyu-
nrenieiMH xapaktepuctikamu, K nx wncny otHocsres: AL ¢ curMa-genbra Moay -
TopoM, AL 65ICTPOro HHTErPHPOBAHUS 1 KOHBEHEPHDIE AIII.



CrpykrypHas cxema ALIT ¢ cuzma-Oenvma modyasmopos NPUBENCHA HA PUC.
[To cyTH, 3To Ha3BaHHE OTpakaeT [Ba MPOLECCA: HHTErpHPOBAaHHE 3a MAJIOE BPEMA
CHIOKEHHE DE3yNbTATOB HHTErpHpOBaHHs. BBIXOMHBIM CHIHAJIOM TaKOTO MOIYIATOpA
ABsETCS yYacTtoTa MMmnynbcoB. CxeMa Taxoro AlLIIl Bo mHorom cosmamaer ¢ ALIT
C 4aCTOTHO-UMITYNbCHONH obpaTHOit cBa3bio. B aTom ALl Taxke NMpoM3BOMAMTCS KOM-
neHcalus 3apsjga, HaKOIIEHHOTO B MHTErPaTope, & BMECTO WMIIYABCHOTO TEHEPATOpa
ucnonesyerca opHopaspsagubld LIAII ¢ xomnapaTopoM Ha BXofe.
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Puc. CrpyktypHas cxeMa AL ¢ curMa-nensta MoaymaTopoM



CrpykrypHas cxeMa A L{IT bvicmpozo unmezpuposanus (puc. ) TipeficTaBifer coboi
uarerpupyrommit AT ¢ BpeMs-MMNynbCHBIM — mpeobpa3soBaHHEM, B KOTOPOM
pa3pfjl MHTerpaTopa BBINOJNHAETCA YCKOPEHHBIM 00pa3oM: BHadalle [0 HEKOTOPOTo
3HayeHus £ BBIXOQHOI'O HalpsLKeHHs OT Donblloro HanpskeHus paspama U, (ipu 3a-
MBIKaHHH KIoua S2), a 3aTeM oT Manoro U, Rs/(Ry+ R;) (npu 3aMbixanuyu xmioua S3).
Taxo# mponecc paspsaaa nmoxox Ha paboTy ckopocTHoro nudra. Mexmay sTakaMu oOH
JIBUKETCS OBICTPO, @ MPH MOJAXOME K OCTAHOBKE PE3KO 3aMeUIseT CKOpOCTb. B Takux
ALIII coxpalaeTcs BpeMs paspsaa WHTErpaTopa M YBEJIMYHBAETCH TOUHOCTH KOMIIApPH-
pOBaHHA B KOHIle pa3pfia

a) R2

ﬁ) A

Hl(Tu)
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Puc. Crpykrypas cxema ALIIT GeicTporo MHTerpupoBaHHs (a) # rpauk paspiina uHTerparTopd (6)



CrpykTypHas cXeMa xouseiepuozo AL[II npupemena Ha puc. Ototr AL
NpencTaBlIseT coDOH CTPYKTYPY, NogobHYI0 NapannensHo-nocnegopatensiomy AILIIL,
HO C YBETUYEHHBIM YHCIOM KacKaloB. [ XpaHeHMA MTrHOBEHHBIX 3HAUeHWH Hamps-
KEHHA B KaXKJIOM KacKaje HMCMONB3YIOTCA YCTPOHCTBA BBIOOPKM M XpaHeHHA HH(Op-
manud YBXI1 ... YBX3. Breuuraomue ycrpoiicta BY1...BY3 ofpasyior pa3sHocTs
HaNpsKeHWH, Noulekamyo npeobpazoBanuio B cledyiomeM xackane. Bee AILIIL...
ALII4 napannensHble  uMeloT HeDonbllioe uHCNIO paspanos (0be4HO He Honblie

YETHIPEX).

BY 1 BY2 BX1 BY3

s Or

ALITT3 LIAILS ALT4

ALLLLT LAITI AlLIT2 LIATTZ
—
I‘“ lwz N3 N4
Koppes THpYIMIAR [10rHKa \‘

U

BrixogAme PErHCTps
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Brixon xoga

Puc. Crpykrypuas cxema xouseiiepioro ALLLL
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