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NPEAUCIIOBUE

IIpenMeToM 1uHbpOBOK CXEMOTEXHHKH KaK HayYHO-TEXHHYECKOH
JHCIHNIKHE CYHTAECTCA HCCIeXOBaHME B pa3paboTka 2JEMEHTOB X Y3JIOB
(ycrpoiteTs) nudpoBbix cucreM. Opranusanyus B3aHMOAEHCTBHA YCTPOHCTB
B COCTABE CHCTEMHB, & IOTOMY H TEeMaTHKa MHKDPOIPOLECCOPHEIX
xoMnrextoB BHC B nenom x aToMy mpeaMery He oTHocsaTcA. Csoeobpasne
aTpHbyTOB H up‘nnuunoa MHKpPONpOLECCOPHOH TexHHKH TpebGyer ee
BbIACNEHHA B CAMOCTOSTENBHYIO NHCHHILIEHY. OcTaeTcs CXeMOTeXHHKa KaK
takoBas., OHa BOHpaeT B ceGf 3MEMEHTHl TOYHBIX 3HAHHH M NPHXAAXHOTO
HckyccTsa. ['OBOpA 0 €€ HeTCPMHHHPOBAHHBIX OCHOBAX, ABTOP HMEET B
BHAY He TOJBKO TEXHOJNOrHYecKHH 6a3uc, NMOHATHA M NPHHLUHIL, HO H
GH3HKO-TEOPETHYECKHE OCHOBHE: NPONECCH B IHQPPOBEIX CXeMaX, METOAsl
HX aHaNMu3a ¥ CHHTe3a.

Kuura npepcraBlifer CHCTEMaTH3aUHI0 M YacTHYHYI nepepaboTky
NpOBEPEHHKIX BpEMEHEM MaTepHanoB psaxga ydeOGHmHX mnocofufl amropa,
onyOnHKoBaHHEIX paHee, BMECTE ¢ NONOJHHTENBHBIM MaTepHanoM 10

6a30BBIM nuppoBrpM  MHKpocxeMaM. HeunsbexHmi#t  nparmaTH3M
COBPEMEHHOTO TeXHHYecKoro o6pa3soBaHMs NOJDKEH COYETaThCid C POCTOM
€ro TEeOpPEeTHKO-II03HABATENELHOTO YpoBHA B pamkax TpeGoBaHHi

yHuBepcuteTa. HeoOX0oIMMOCTP paccMOTPEHHS OCHOBONOJAralomHX H
TEOPETHYECKHX  BOIPOCOB B. HX HMCTOPHYECKOH PpeTpOCIEKTHBE, YydeTa
MOJB30BATENBCKHX  TeHAEHUUWH, MNEpeocMBICACHHs OCHOB IubpoBoH
CXEMOTeXHHKH KaK OJHOH H3 6a3’0oBBIX YHHBEPCHTETCKHX JHCUMILIHH
HanpaBnenusa 552800 wm cmenmmansroctH 220100 —~ TakoBR MOTHBEI
NpeANPHHATON CHCTEMaTH3aluuM.

Casp UHGPOBOH CXEMOTEXHHKH ¢ MMIYILCHOH TeXHHKOH HCTOpHKO-
GyHmaMeHTanbHa, O 4YeM HEpeRKo 3alLIBAT B INOCIejHee BpeMi.
ITosMaHMe  MMIYNBCHBIX  IPOLECCOB B  ITHHEHHHX  LeniXx H
MOy HPOBOXHHKOBBIX nepeKTIogaTenx ABnsgeTCA OCHOBOH
CXEeMOTEeXHHHYeckoro o6pasosanui. be3 3Toro TpyxHO YACHMTH QH3IMYECKHE
0coB6EeHHOCTH Nepefady CHIHANOB IO NIHHHMAM CBA3H UHPPOBBEIX YCTPOHCTB,
NpHYHHBl BOSHHKHOBEHHA 3aJlepXKeK B DJEMEHTAX, BIHAHHE HAIPY3KH HA HX
GricTpopeficTBREe, NABHHOOOPA3HOCTP HEKOTOPEIX MPONECCOB X T.A.
Paccranoska HYXHEIX aknmeHToB B ofmeob6pasoBaTensHOM  Kypce
3NIEKTPOTEXHHKH H ANEKTPOHHKH 3aTPYMHHBTENbHA, IToaToMy
nenecoo6pa3Ho KIACCHKY HMIIYTbCHOH TEXHHKH OTHECTH Ha IIpaBax



OH3MIECKHX OCHOB K JUCHANIHHE HHPPOBOH CXEMOTEXHHKH. DTa KIIaCCHKa
paccMaTpuBaercA B riase 1. .

Bropas rnaBa ofbenmHAeT MarepHal, KOTOPHIH MOXHO ONpEeNEeNHTh
KaK TexHOoJNorHWdecKkde OCHOBH IKudposoft cxemorexmuxn. Hayuarorcs
oco6ermmoctd Ommonspmmx, MOII, KMOII, H*JI- HHTErpasbHKIX
TexHONorrit. Jlaerca 3HAKOMCTBO ¢ 6a30BEIMH JIOTHIECKHMH MHKPOCXEMAMH
H nepekniovareasMH, ['naBel 3 B 4 IpelcTaBIAOT TEOPETAKO-NPHKIAIHEIE
OCHOBH. B rmaBe 3 wm3nararorcs OoOIMHE BONPOCKHI IPOEKTHPOBAHUSA
HHTErpAaNbHEIX JIOTHYECKHX CTPYKTYP. AHANM3HPYIOTCA NEPEXOTHBbIE
OpPOLECCH Ha JOTHKO-CTPYKTYPHOM YDOBHE, B IeNiX MNHTaHHA H
MEXCOeNHHeHHAX. PaccMaTpHBalOTCA  METONB  CHHTe3a  LHQPOBBIX
aBTOMaTOB B HHTerpaabHoM OaszHce ¢ yderoM nuHaMHkH. [nmasa 4
NOCBAIEHA MHKPOCXEMaM ¢ [OBBIIIEHHOX CTENEHBIO HHTETPAIIHH.
3HaudTeNIbHOE MECTO B HeH 3aHHMAlOT ONEePaNHOHHBIE MHKPOCXEMBI K
MHKPOCXEMEl NaMATH, HM3anaraloTcs 9SI€MEHTH TEOPHE MOIYNBHOTO
IPOEKTHPOBAHHA.

Taxam o6pa3oM, cpefE OCHOB LH(GPOBON CXEMOTEXHHKH BBILENISIOTCS
JBe BEeTBH: (PH3MKO-TEXHOJOTHYECKHE OCHOBHl H TEOPETHKO-NPHKIaJHEIE.
Hx w®3ydeHHMe Delnecoo0pa3HO NPOBOAHTE pa3fielbHO, B CMENXHBIX
cemecTpax. IIpm 5ToM BompoCH pa3paloTKH CHEXHATH3IHPOBAHHEIX
ycTpolicTs B 6asHce MHKpDOCXEM Mainoif, cpelHeH cCTeNeHH HHTErpamuM H
MHKPOCXEM DAaMATH BEHOCATCA Ha 3Tal KypCOBOrO MNPOEKTHPOBAHMA.
IIpeanonaraercd, 4TO HavaabHbIE TNPERCTAaBIEHHA O CHHTE3e UUPPOBEIX
aBTOMATOB, KOMOHHALMOHHKEYX H MOCIEJOBATENBHOCTHBIX CXE€M, HADPOBBIX
ONepallHOHHBIX Y3JIOB CTYREHT NoixydJaeT M3 OGolee paHHEro Kypca IO
TEOPETHYECKHM OCHOBAM  BHIYHCIHTENbHOH TexHHKH. ONHT ob6yweHus
cTynenToB Hampapnesus 552800 » cmemmansHOocTH 220100 B Kasamckom
TOCYyNapCTBEHHOM TeXHHM4eckoM yHmeepcureTe mM. A.H. Tynonesa (KAH)
NOKAa3BIBAET XOPOIIYIO KH3HECTHOCOOHOCTE TAKOTO MOAXOJA B COBPEMEHHEBIX
YCIOBHAX. :

ApTop rny6Goko mnpm3HaTeneH 4ix.- kop. PAH a.r.H., npodeccopy
B.K. Jleeuny u xadenpe wHPOpPMATHKH ¥ HHPOPMALHOHHO-YIPABISIOMMX
cucteM K@ MOUW (3as. xadempodt n.T.H., unpodeccop B.A.Benasun)
3a mojfepkxy nyGmukanum KHErg. Ee cBoeBpeMeHHasd  IOATOTOBKA

K eYaTH BO MHOIOM 00s3aHa NIOMOIIH CTYOCHTOB, KOTOPBIM HPHHOCHTCA
HCKpEHHAA 6naronapnocr5.

Aemop
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Fnasa 1

JAHEHHBIE HEDY H NEPEKJIIOYATEJH

CoppemenHas wnHppoBad cxemoTexHHka O6epeT cBO€ Hayano oT
MONYNPOBOXHUKOBON MMNYNBCHOM TeXHHKH. Be3ayCHOBHO, MHTErpanbHBIE
TEXHOJNOrHH BHOCAT CBOH OCOGEHHOCTH B ITOCTPOEHHE 3JIEMEHTOB H CXEM.
Ho 6asoBble DpHHUHOB BO MHOroM coxpaHsiorcda. Ilpomeccer B o6omx
clly4asX OCTalOTCHA HMIYIhCHBIMH, @ COEJHMHEHHS MEXOY O>JIeMEHTaMH
OpencTaBIAIOTCH NHHEeAHBIMH LENSMH ¢ eMKOCTAMH H HHIYKTHBHOCTAMH
au6o xax JNEHHEEle JNHHEE. EcTh M Opyras cTopoHa Bompoca. B
DONYNPOBONHHKOBOM TeXHHKe 6a30BEIM 2/1eMEHTOM ABIACTCH TPaH3HUCTOP,
a B HHTerpanbHOH — JOrwyeckuf osaeMedT. OTO 3aTPyJNHAET CTpOroe
aHAIATHYECKOE ONMMCAaHMe AMHAMHKH YCTpPOMCTB B IIOCIEJHEM cllyyae H
CKpaigslBaeT pAN NPHHUHOHATLHEIX MOMEHTOB. Bmecte ¢ TeM, HX
KayeCTBEHHBIH XapaKTep IpOfABIAETCH NOCTATOYHO BBINYKJO IPH aHAH3eE
Ha YpOBHE TpPAaH3HCTOPDHEIX aHanoroB. Hakonmel, TONbKO B CpaBHEHHH
MOXHO 0CO3HATh BCE NPEHMYLIeCTBA Nepexojga K HHTerpaabHoMy Gasucy.

TaxoBsl MoOTHUBH HawHoM rnaBsl. Ort6op MaTepuana nJs Hee
NpeacTaBiIfl onpeneneHHsle TpyagHocTH. C  OXHOH  CTOpOHHM -
ype3spyadigpid 06BeM HapaGoTOXK IO TOH WAaCTH COBPEMEHHOH TeOPMH
uenel, xoropas cCBsS3aHa ¢ HX AHAJNH30M H CHHTE3OM B IEPEXONHOM
pexuMe, <€ JApyrod - He MeHee OOWHpHHH MaTepwaml 10
[MONYTNPOBOAHHKOBRIM KJIOYaM, JOTHYECKHM O3JEMEHTaM, TPHUITEpaM H
reneparopamM HMIynscoB. M3 takoro w306unns Hago OBIIO OCTaBHTH
Malylo TONHMKY KaKk o6pa3oBATENbHYIO OCHOBY NOCHENYIOUIEr0 H3YUYEeHHA
aucnunnuasl. Hyxras sBri6opka nposenena mo marepmanam pabor [1,2].
KnaccHyHOCTh paccMaTpMBaEeMBIX BOIpPOCOB TO3BONHJIA COXPAaHHThH
BSubnuorpaduueckne CCHIIKM Ha OCHOBHBLIE IIEPBOMCTOYHUKH C YYETOM UX
NocneNHHX Nnepeusfanuf. DTO OTHOCHTCSH U K NOCHEAYIOMIUM [IaBaM.

§1.1.BBEJEHHME B AHAJIM3 UMITYJIbCHBIX ITPOLIECCOB

OnekTpHYECKHe mpoumecchl B JHHEHHOW UEHH  OIMCHIBAIOTCH
cucreMaMu  OORIKHOBEHHBIX  AM{pdepeHUMansHBIX  ypaBHeHHMH ¢
NOCTOAHHBIMM KodhduunenTamu. Haubonee ynoGHEIM MeTONOM peWlEeHHA
TaKHX YpaBHEHHH sABIAETCS METOX HCNONL3OBAHHA npeobpa3zoBanus
Jlanmaca [3] (omepauvonuniyt Meron). TIpw Hanu4yMM B peansHoH cxeme



CYN[ECTBEHHO HeJHHEHHHIX 3TeMEHTOB (IOJNYNPOBOJXHHKOBEIX IHOMAOB,
TPHOXOB ‘¥ T.X.) HHKX ee paBoThl ofBIYHO pasbGHBAOT HA PAX ITANOB, B
npefenax KaxJOro H3 KOTOPHIX € JOCTarTOYHOH INA HHXeHepHOH
NpPakTHKH TOYHOCTBIO CXEMY MOXHO c4uTaTs nuHelHoH. IlosTomy
ONepalHMOHHbIH METOX CIEZYET CYHMTATH OCHOBHBLIM METOLOM aHalH3a
HMIYNbCHHX Ipoueccos. Ha 6aize omnepauMOHHOTO METOXA pa3BHTHI
pasnHYHble NPUOTHXEHHEIE OUEHKH OCHOBHBIX NapaMeTpoB MNepeXOQHbIX
nponeccos [4-7].

Xagaxrepnc'm]ca QOEMH HMIOYIbCOB

C nmnoHaTHeM HMIOynbca OOBIYHO CBA3BIBAIOT INpPENCTABJIEHHE O
KpaTKOBpeMEHHOM CHI'Hajle, TOYHee O CHIHalle, BpeMa HeHCTBMA KOTOpOro
CpPaBHHMO C JNHTENbHOCTBI0 NEPEXOXHBIX NpPOLECCOB B ycTpoHcTme, rae
3TOT CcHruan uMeeT MecTo. COOTBETCTBEHHO B 3JEKTPOMEXaHHYECKHX
CHCTEMaX HMMIYNbCHEIM OKa3bIBAETCA CHIHaJ NPOIOJUKHTENBHOCTRIO 1O
HECKOJNBKHX CEKYHH, 2 B COBPEMCHHBIX O3JIEKTPOHHEIX — 10 JKECATKOB
Mukpocekysn. TakoMy ONpeNeNeHHIO HMIYJIbCa OTBEYAKT JABa THMNA
CHTHAJOB: BHJEOMMIYINbCHBIE M  pagHoHMIylbcuele. [locnenuue
NpeCTaBIAIOT coboit OTPE30K pamHoO4acTOTHBIX Kone6Ganuit,
MOAYIHPOBAHHEIX 10 AMINATYHAe BHIXEOMMNYNbcoM. B nmannHefimem
paccMaTpUBaeTCs TOJNBKO cIy4a¥ BHXEOWMOYNbCOB. B  peanbHBIX
ycnoBusx ¢bopma ux Moxer GBITh caMoif pasHoo6pasHOMN: nmpaMoyroneHasd,
TpeyrojipHad, TpameiueBHAHas, KoJokojnoobpasHas u Tt.n. OJHako BO
BCTpEYAOIIMXCA MpHIOXEeHHAX Haubomee KenaTrenbHO#  sBisgeTcs
npamoyronpHas ¢opma Mmuyinsca. [loaTromy rtakas ¢opMa HpHHHMaeTCHd
HaMH 3a OCHOBHYK H CUYHTaeTcs uHHOeanbHoM. Bce apyrue c¢opwmu
TOJIATa0TCA HCKaXEHHEIMH (10 CPaBHEHMIO C NPAMOYTOJNbHOM).

CoOTBETCTBEHHO NpPH aHalH3e pabOTE TOro HIH HHOrO0 HMIOYALCHOLO
aneMeHTa GynmeM BCerja CYHTaTh, YTO Ha €ro BXoJe AEHCTBYET MAEalbHO
npamoyroneHeld mMnynsc. O KkauecTBe ¢GYHKUMOHHPOBAHHS J3AeMEHTa
GyneM CYIHTB IO CTENEHH OTKJIOHEHHS GOPMBI HMIOYJbCa Ha BLIXOLE OT
HieansHOH. OTH OTKIOHEHHMA ABIAIOTCA CIENCTBHEM [IEPEXOMHBbIX
IpOLEeccOB, KOTOpHE BCEerjga HMEIOT MECTO B pealbHBIX CXeMax H3-3a
HaJdYHS B HUX PEAKTHBHEIX 3NIEMEHTOB H HHEPUHOHHOCTH HCHOJbL3YyeMbIX
3NeKTPOHHEIX Mpubopos. [IpHHATYI0 B HacTOAmEEe BPpeMs XapaKTEpPHCTHKY
GopMBl HMOyNbCa NPOMIMIOCTPUPYeM Ha OpuMepe o6o6menHoro
 HCKaXEHHOIr0 HMIynhca (MMIYNbca Ha BEIXOJE HEKOTOPOro ycTpoHcTpa),
mokasaHHoro Ha puc.l.l. BONBIIHHCTBO peanbHO BCTpeYAlOMAXCS Ha
NpaKkTHKe HMNYJNbCOB “BOUCEIBaeTcA” B 3Ty 06006meHHYIO (GOpMy npu
OTCYTCTBHH HIH HEKOTOPOM BHAOH3MEHEHHH (B 4ACTHOCTH, CIITAXHBAHMMU)
TeX WM HHBIX ee a/1eMeHTOB. HcXomHBIM MIaeanbHbIf uMnynsc (AMOylibe
Ha BXOJ€ TOro Xe YCTpOoHCTBa), ¢ KOTOPHIM IMPOH3BOLUTCA CpaBHEHHE,



I
1O xa3zan Ha puc.l.l. OyHKTUPOM. AMILIHTYNH M IMHTENBHOCTH 000MX
paccmarpnsaemmx HMIIYIbCOB A4 NPOCTOTH MOJAralOTCA PaBHBIMH.
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Puc. 1.1

Ha puc.1.1. o6o3nayeno:
a(t) — TOK HJIM HAmpsXeHHe;

t — Bpewms;

A — aMIIMTYJa UMIYIbCa;

™ - amnnuryna pei6poca Ha BepHIMHE HMITYNbCE;
Ih~ - aMmanTyXa MOCHEeMMIYNBCHOrO BHOpoca;
& — cnan BepUIMHH UMIYNBCA;

>, ¥,2Z,0 — HEKOTOPHE YCIOBHEIC YPOBHH OTCYETA;
ti»> to — BpeMeHa 3aJePKKH;

t4 — NIHTENBHOCTH NOJOKHTENBHOrO GPOHTA HMIYIIbCA;
tp — MIHTENBHOCTb OTPHNATENBHOrO GPOHTA HMNYNLCA,
t. — MIHTENHHOCTh HMIYNbCA;

L woe— BPEMs BOCCTAHOBJEHHS.

Heob6xonuMocTs BBEeJEeHHMS YCIOBHBIX YPOBHEeH oTcueTa CBx3aHa CO
crxenunouxodl paboTel peanpHBX ycTpodcTs. B Teuenwe BpeMeHH, MOKa
a(t)<xA, CHruan a(t) NpakTHYecKH He OKa3bhlBaeT BO3NEHCTBHA HA
1o crueyomyo cxemy. [103ToMy AIATENLHOCTH HMIyNbca H3MEpAOT Ha



YpOBHE X, a BeNMYHHY ¢, HIPHHHMAalT 34 X4paKTEPHCTHKY BPEMEHH
3allepKH BXOJHOro CHIHaja NpPH OPOXOXIEHHH 4epe3 paccMaTpuBaemoe
yctpoiicreo. Huorga 3agepxky cx{i;'nana (to) OTCYHMTBIBAIOT Ha ypOBHE VU,
oTnudHoM oT x. Yacto Gepyr v=0,5; x=0,1. [IpoMexXyToK BpeMeHH, B
TEYEHHE KOTOpPOro a(t) anre6pauyecky HapacTaeT OT 3HaYeHHs XA [0
BENHYHHBl YA, XapaKTepH3yeT AJTHTENbHOCTH YCTAHOBIEHHA CHIHalla Ha
BHIXOLE YCTpo#cTBa. XapaKTep YCTaHOBIEHHA MOXer OblTb CcamMblM
pasMHYHBIM, HADpHUMEp, ACHMITOTHYeCKoe NPUOIHIKEHME K €JHHMYHOMY
ypoBHio cHH3y. [TostoMy B ofmeM cayuae 0e3 BBENEHHSA YCHOBHOIO
YPOBHS OTCYeTa y BpeMs YCTAHOB/IEHHA OKAa3hIBAETCA HEONpEeNeHHBIM.
Haubonee wacrto npuHuMaT y=0,9. Benuwusa t{,, XapakTepH3yeT

IIATEIBHOCTS BOCCTAHOBJIEHHS HCXONHOrO COCTOAHHA CXEMBI IO
OKOHYAHWHM BO3JQeHCTBHUA BXOJHOro curuana. B o6meMm cnyuae crnenyroumui
HMIYIbC HAa BXOJ CXeMBI JOJUKEH MOCTYIHTh HE paHee, YeM 3aBEPLIEHO
BoccTaHOBNeHHE. IIpu HIMEpPERHH {,, o6uruno GepyT z=0,1h".

B nmanpHelmieM IpH IIPOYHX pAaBHEIX YCHOBHAX KaYyecTBO HMIYNhsca
OyneM CUMTaTh TeM BhIE, YeM MeHbINE BENHYHMHH ty, th, twe-h +h', 0.
Hna ueneff 3afepXKd CIEUHANbHO OroBAPUBAETCH TOYHOCTh MOJNYYEHHSN
3aJaHHOM BEIHYHHB! . B GoNbIIHHCTBe Xe cliydaeB 3ajepikka HMIYabca
ABNAETCS BPENHEIM NapaMeTPOM H e CTPEMATCA YMEeHbWHTH. [loMHMO
BBEHEHHEIX I1apaMETpPOB, B TOYHBIX MHPHIOKEHHAX YYHTHIBAXOT eue
4acTOTY H MHTEHCHBHOCTE 3aTyXaHHMs HAJTOXeHHBIX KoneGamuit [3]. B
ofmeM cnyyae HHTEpPBall BPEMEHH MEXAY MOMEHTOM NOABIEHHA
OYepeHOr0 HMIYJhca H HayaloOM OTCYETa KpaTeH HEKOTOpOH BenHuuHE
T, XOTOpYI0 1O aHANOrMK CO CHydYaeM peryispHodl MMNyIscHOH
NOCNEeNOBATENBHOCTH YCIHOBHO  Ha3HBAOT MNEPHOLOM  CJeJOBaHMsi

umnynscos. CoorBercrBerno F=1/T - gactora 1 N=T/t,~ cKBamHOCTE

HMIIYNBCOB.

CymHOCTE ONEpalHOHHOrO METOAE

Oyuxuun f(t) 1 F(p), caa3aHHbe NIPAMBIM

?f(t)e*"' dt = F(p)

H 06paTHRIM



-—lnﬂﬂ‘” e f(t) ,1>0;
ano-!aF(p)e dp = 0 ,t<0
npeobpazopanuaMu  Jlannaca, NPHHATO HA3kIBATE  COOTBETCTBEHHO
opurnHanom u usobpaxenneM. Hanmume 3TOH CBAIM GYNEM YCIOBHO
o6osnavats kak [8] f(t)=:F(p). Ilycte nausl wioBpakeHus KIS paga
DYHKUHH:
fi(t) =: Fi(p), £a(t) =: Fa(p),..., fu(t) =: Fa(p).

Torna u3 cBORCTBA NHHEHHOCTH ONpefe/IeHHbIX HHTErPAIOB CAEAYET, YTO
n n
RZ‘Ak fk(t)=3 kZ‘Aka(p)ﬁ

rae Aj, Ay, . A, ~ HEKOTODblE TOCTOAHHBIE BENHUMHE. YKakeM Aalee, YTO
ecan f(t)=F(p), ro [3]

£'(t) =: pE(p)-£(0), ;If (1)t =: ZF(p).

P

[lponnnocTpHpyeM HCNONb3OBAHHME ONEpPalHOHHOrO METOHa Ha
npMMepe cliyyas, KOrjga MCXOJHAs cHCTeMa HHTerpo-auddepeHunansHbIX
YpaBHeHMA nenu 3anHcaHa o MeToAy KOHTYpHHIX TokoB [8-10]. Torpa
JeBhle  HACTH MPHBENEHHBIX BHIE COOTBETCTBHA  HCYEpIBIBAIOT
BO3MOXHble BADHAHTH (OPMBI 3amMHCH Takux ypasHenu#. [lorpefyem,
4TO6B HCXOJHAA CHCTEMA XapaKTepu3oBasja NeHCTBUTENbHOE COCTOSHHME
cxeMbl B 11060# MOMEHT BpeMeHH. DTO O3Ha4yaeT B JAHHOM CJyvyae, YTO
HampsxeHHe Ha Jw6o# emkocrm C  choegyer 3andceBaTh B BHAE

I,
Uc(t)=Uc(O)+—é-j1(t)it. IIpuMeHss K KaXIOMY H3 HCXOAHBEIX ypasHeHHH
0

npaMoe npeobpasosanue Jlanmaca, NPUXOJAM K CHCTeMe JHHEHHBIX
anrefpanyecknx ypaBHeHHH OTHOCHTENBHO H30GpaxeHUH  HCKOMBIX
pennuns. [lpy TakoM Tepexoxe aBTOMaTH4yeckH OYHyT YUTEHB H
Ha4agbHble YCJIOBHA B HHIXYKTHBHOCTAX. M3 noaydeHHOH cHCTEMEI
HETPYJHO HalTH HckoMble H306paxkeHHs, a IO HHM - OpHIHHAMEH,
YNOBIETBOPAIOMHE BCEM HAYaNbHBIM YCIOBHAM, €CH TONBLKO 3TH YCIOBHA
Henporusopeynnsl  [3,10,11].Ananoruyno obcTouT Heno u  MpH
MCIIONb30BAHMH METOMAR Y3JOBBIX HaNpsKEHHH,

Ilepexon ot wW3o6paxkesum#i K OpHTrHHanaM MOXeT ObITb BBINONHEH
au6o ¢ MOMOWBI M3BECTHHIX GopMyn pasnoxeHus, NHGO HAa OCHOBAHHM
paspaGoraHubix Tabnuu coorsercTnrit [3,12]. ITpw 2TOM mMoONE3HO UMETHL B

1
BHAY TeopeMsl nogobus f(at)=:;F(p/a),a>0 ¥ 3aNa3nbIBaHuA



Tabnuua 1.1

F(p) f(t)
1 1(t)
P
T ~t/r
l+prt €
1
1-e™"
p(1+pr)
1
-3 t
p
1
1. (e-n _ e—n)’

B-a
a,B — BEMECTBEHHEIE H pasHbIe.

2. ™, '
a,B — BE(ECTBEHHbE H OJHHAKOBbIE.

1 .
3. Ee‘“‘smﬁt,
a,B — KOMIIIEKCHO-CONPSIKEHHEIE

(@=a-iB,s=a+jp).

1 1+ (0170 - 0,67%:)
1+ 1+ 270
p( pe')( PO;) 01,0,— BemecTBEHHEIE ¥ pasHbIe.
1+po; l—g’"g‘e'v"wg’—g’e‘“’,
p{L+poXi+p6) ' P

0:,02,0; — BemeCcTBEHHBIE U pa3Hble.

1 -——-l"-;(e"‘ - e‘,")+-—t“-e"‘,
FralGre | O

a,B — BEINECTBCHHBIC H pPa3HEIC,

F(p)e-pto=:{f(t—to) >ty
0 ’t<tu‘

HexoTophle #3 HCHONB3YEMBIX B 9TOH KHMIE COOTBETCTBHI
npusegeHsl B Tabn.1.1, roe 1(t) - equauuHas Gpynxnus,



l(t)- 1 ,t>0
_ “lo ,t<o.
Hpeanpasiit npﬂmoyronbnm'ﬁ HMIynse a(t) cBA3aH ¢ Helt COOTHOUIEHHEM
a(t):{A(t) <ty
0 Lt>t,
roe A(t)= A 1(t) - nepenag ammauTyol A.

Haubonee ynobno H300paxKeHus HCKOMBIX BENMYHH HAXONMTHL M3
JKBHBAJICHTHBIX OMEPAUHOHHBIX CXeM. BHEWHHMH HCTOYHHKAMH B HHX
CNyKaT H306paXKeHHs BHEMIHHX TOKOB H 9.4.C., & TAKXKE KOMNOJHHTENbHbIE
ONEpalHOHHBIE HCTOYHMKH, 06fA3aHHBIE CBOHM IOfABJIEHHEM HEHYIEBHIM
Ha4yanbHBIM  ycnoBMAM. Poap  MacCHBHBIX  3]€MEHTOB  MrpaloT
ONEepalMOHHEIE CONPOTHBNEHUA. [IpaBuia COCTABNEHHT 2THX CXEM MOXHO
YCMOTPETh M3 NMpeBayIero npumepa: '

1. O.x.c. HCTOYHHKOB HANpAKEHHs W TOKM HCTOUHHKOB TOKAa Kak
QyHKkImMH BpeMeHH 3aMeHAOTCa KX M3oOpaxenusMu no Jlammacy ¢
COXpaHEeHMeM HalpaBlIeHH CTPEIKH B CXeMHOM 0603HaYEHHH HCTOYHHKA.

2. AKTHBHOE conpoTHBReHMe R 3aMeHseTcs  ONEpPALHOHHBIM
CONpPOTHBIEHHEM, PABHEM Takxe R.

3. EMkocts C 3aMmeHseTCAa onmepauuOHHEIM conporuBieHuem 1/pC n
MOC/AeN0BATENbHO COEXUHEHHBIM C HUM MCTOYHHKOM ONepalHoHHOH 3.4.C.
UC(O)/p ¢ cOXpaHEeHMeM HAMpaBIeHHs Uc,(O) (cTpenka mpocTaBnseTcs OT
MHHYCa K NI0CY). .

4. UupyxTusHoCcTh L 3aMeHseTcs ONEpPalHOHHBIM CONPOTHBIEHHEM
pL u nmocnenosaTenbHO COEXMHEHHBIM C HHM HCTOUHHKOM ONEDAUMOHHOH
3.4.C. LiL(O), HanpasJIeHHEe KOTOPOH COBMAaNaeT ¢ HanpaB/leHHEM i,_(O).

[IpuMenss a»Ta nupasuna x wuenu (puc.1.2,a), NpHXOAMM X
JKBHBaNEeHTHON e onepanHoBHo# cxeme (puc.1.2,6).

DKBUBANECHTHBIE OMEPALHOHHBIE CXEMBl YHOBJETBOPAKT TEM Xe
3a4KOHaM, 4TO W KemHW, oOpasoBaHHBIE  TONBKO  aKTHBHBIMU
CONPOTHBIEHHAMH R npH ReHCTBHH B HHX INOCTOAHHBIX TOKOB H
nanpsxennd [10] (saxonsr Oma m Kupxroga). CnegoBarenbho, 34eCh
NpUMEHHMEl OCHOBHBIE METOIb AaHANM3a NoJO6GHEIX Lened (MeTOXB
KOHTYPHBIX TOKOB M Y3JOBBHIX HaNmpsXEHHH#), U COXPaHAWT CHIY
U3BECTHBIE TEOpeMBbl (HANOXEHHA, B3AMMHOCTH, 00 3KBHBANEHTHBIX
uctounukax) [8-10,13]. [HeranbHoe paccMOTpeHHE CXEMOTEXHHKH
omepalMOHHOrO MeToja YuTarens Haltmer B kuure [10]. Msl orpanyamuMcs
MHHHEMANBHO HEOGXOMHMBIMH CBENEHUSIMH.
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Pue. 1.2

B wactHoM cnywae, KOrma WMCIO Y3M0B B UENH DABHO HBYM,
CHIPABEIUIHBA HIBECTHAS HOPMYNA YINOBOro HANPIOKEHHH



£E6)V.()+31,6)
gyi (P)

3xece npeanmonaraercs, WTO MeXRY y3naMH 2 H | @meerca Boero K+&
napannensHux BeTBeH. M3 mux £ Bersed ¢ ucroummkamu Ttoka [;(p),

Uz (P) =

j=1,2,..,¢, n x Berselt c ucrounmxamu s.A.c. E (p), i=1,2,...x. Uepes
¥.(p) o6o3nauena cymmapuas ONepalHOHHAs NPOBOAMMOCTh i-H BETBH.

Morenunan ysana 1 cuumraerca paBHbiM Hyno. Co 3HAKOM ILIIOC GepyTcs
9.4.C. H TOKM, CTPENIKH B CXEMHOM 0603HAYEHHH KOTOPHIX HaNpaBleHH B
y3en 2.

B kausecTBe mpuMepa paccMoTpuM cxeMy (pmc.l.2,6). Jns Gonpiuei
obwHoCTH OyxeM cUHTATh, YTO MEKAY y3Nnamu 2 u | meHCTBYeT HCTOHMHHK
Toka I/p, kax moxazamo NMyHKTHpoM. Ompemenum Uz_l(p)L ITo dopmyne
Y3J10BOr0 HAIPAKEHUS HaXOHHUM

~Ua(0) 1 J{UCI(O)_Li (0)' 1 1
2 1L
j=—P Ri+1/pC, pL:+V/pC;+R: P
U2-|(p = 1 1 1 .
+—+
Ri+/pCi Ry PL:+V/pPC+Ra

CornacHo Teopeme 06 3KBHBANEHTHHIX HCTOYHHKAX 060 akTHBHBLR

onepaudoHHBH NBYXmOMWOCHHK I CO CTOPOHBI €ro 3aXHMOB a—a MOXHO

NpeacTaBUTE OXHON H3 SKBHBaNeHTHHIX cxeM (puc.1.2,B,r). 3necs E, (p) -
3.0.C. JKBHBAJEHTHOIO HCTOYHHKA HANpsXKEHH], paBHas Hanpﬂ)KeH'P[lO
XOJOCTOr0 X0Ja Ha 3axHMax a—a; Z,(p) — BHYTpeHHEE CONpPOTHBIEHHE
IKBMBAJEHTHOT0 MCTOYHHKA, PABHOE CONPOTHBICHHIO MEXAY 3aXKHMaMH
a-a NpH OTKJIIOYEeHHOH Harpysxe Z(p) H OTCYTCTBHH HCTOYHHKOB
9Heprud BHYTpH JI (BCE HCTOYHHKH HampsXeHAs 3aKOPOYEHRH], &
HCTOYHHMKH TOKA Pa3sOMKHYTBHI); I,(p):E,(p)/z,(p) — TOK 9KBHBAJleHTHOIO
HCTOYHHKA TOKA.

B kauecTBe NpHMepa Ha MCIIONB30BAHHE 3TOR TEOpEMBI HaHAeM
HanpsxeHue U,,,(p) B cxeme (puc.1.2,6). HacTh cxeMHl JleBee 3aXKKEMOB
a-a 3aMEHHM 3KBHUBANEHTHBIM HCTOYHHKOM HanpsxkeHHsA. [lapaMeTpsl ero
onpenenaTcs

E-Us(0) 1 I
Es(p)= p Ri+1/pC, P. V()= S SR S
Vs(p) Z:(p) R:'H/PCx

1 1
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Teneps yXe oThICKaHHE U,J,,(p) HE BLI3BIBACT 3ATPYRHEHHH,

Ananui yenelt ¢ IKCHDHEHUHATBHBIM HIMEHEHHCM

DKCNOHEHHATBHBIM HEIHIBAIOT CHIHANL BHAA
flt) =B+ *.
3pecs B u JI ~ HEKOTOPHE HNOCTOAHHBIE BENHYHHM, O - gocrosuuas
spemenn. Jlerko yGemnrocs, uro B=t(o), J{=f(0)-f(o) Coornercraenno

t{t) = f{od) ~{£{o0) - H{O)] . (1)
M ecnm  2aBesoMO  HIBECTHO, HTO TOKH HIM HANPSKCHHS B LM
HIMEUSWTCA JKCUOHEHIHANBHO, TO BLIPMKEHHA QAR HHX MOTYT OwblTb
JAMMCAHDBl CPa3’y NpH sHaHMK HavaabubiXx f(0) u craumonapumx {(«)
gaveHHil M nocToaHuOH BpeMeHH wenu 0.
OGosnawum A= | 1|, Ilpu J<0 umeeMm chayusit IKCnOHEHUHANhHO
BO3PACTAIOIIErO CHI'HANG
f(t)=(B~A)+a(t), at)=Al-e¢")
Cnyuwato >0 orsevaeTr dKcnoHeduHanbuo younaowui curuan
f(t)=B+b(t) blt)=Ae™.

JamMeuaeM, UTO TIPAPHK NPOHIBONLHOTO IKCHOHEHUMANBHOLO CHIHANR
nmojayuaercs w3 rpadguron a(t) mau b(t) (pue.1.3,a,6) nyreM cMeIEHH vCH
afenuce.

Haftnem pnurensuocty ¢pouron g H g, IKCHoHenT a(t) b(u),
wamepaa nx wa yposuax 0-0,9 u 1-0,1 coorsercraenno, Cornacuo (1.1)
NPOMENKYTOK BPEMEHH 3=, B Teuenue koroporo () wimensercs ot
wnauenus £(t) no yposus f(t,), panen

£

L=ty = 0fn - o
()

Fo) - F(0)

B wacraocTH, npu =0, ;=T UMeeM

OTcrona s paccMaTpPHBAEMOTO CHYIAN HONYHUHM
ty =ty = 0fnl0 =230,

[IpopexeM KacaTenpume X KpuBbiM a(t) 1 b(t) npu t=0. Ha puc.1.3,8,0
oun obosmavenm kak c(t) w d(t)., Jamerum, wro c(8)=A, d(0)=0, a
CKOPOCTH H3MEHEHHA CHruanon a(t) u b(t) nagawt ¢ pocrToM BPEMEHH.
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Teneps nno
0 upb(!) TIMe ogyepupen meton NpH6NHKEHHOr0 NOCTPOEHHSA rpaduKoB
a MO x3pecTuniM A, 6.

a alt)
! A
Qg.

W= C e} [R | wol 3L uillr
) |

EAD £ £ 00,
. -‘- 4 z

Puc. 1.3

Onpellexx™  Bug  uened ¢ SKCHOHEHHOHANbHBIM  H3MeHEHHEM.
IKCHOHEHUAAFY BHBA  CHrHAN  ABNSETCA  pellIeHHeM  CleJYIOUEero
nuddepeHuna JXBHOr0 ypaBHeHHS

of'(t)+f(t)=B.
EMy ynosileTB OpsiOT TOKM M Hanpsxeuus B cxemax (puc.l.3, s, r). Hnsa
nepaoft u3 Hux 0=RC, ans gpyro#i 0=L/R. HHble KOHTYPH ¢
TKCHOHEHUHATT B HBIM H3MeHeHMeM He wu3BecTHel. OTcroga crnegyert, 4TO
npouccen Ha  BeXone (aKTHBHAA HArpy3Ka) aHanH3HPYeMOif CXEME
IKCHOHERIMAJIBHE B TOM M TONBKO B TOM CIydYae, eCIH ee MOXHO
NPHBECTH K O JXHOMY H3 DacCMOTPEHHBIX KOHTYpoB. Hns 3Toro mcxonuas
uefk, BO-NEP B HX, XOMKHA COXepkaTh  OOHYHO NHMMEL pPEAKTHBHOCTH
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ONHOTO BMIa, BO-BTOPHIX, BCE BHEIIHHE TOKH H 3.4.C. B Held mpu t>0 He
IOJKHBI H3MEHATHCA M, B-TPETHHX, MOCJHE MCKIIOYEHHS BCEX HCTOUHHKOB
IHEPray Ienb NOIKHA AONyckaTh cBeleHHe ee K maccusHOMY RC man RL
KOHTYpPY, H3 XOTOpOro mo u3BecTHsIM R, C H L MOXHO cpa3sy ompexenuTh
NOCTOAHHYIO BPEMEHH.

§1.2.MMITY JIbCHBIE [IPOLIECCHI B JMHENHBIX HEIAX

[Ipocretimue uenn

I'maBHas 0coGeHHOCTHE MMIYJIBCHBIX NIPOLECCOB 3aKJNIOY4EeTCHs B TOM,
4yTo B oOmeM ciayvae 3a CYeT HAKOINJEHUS SHEPrHH B PEaKTHBHOCTAX
CHTHAJ Ha BEIXOJE LielH onpenenseTcs ee peakuHell He Ha OSHHOYHBIM
HMIYNIEC, & Ha IIOCJIeHOBAaTENBHOCTh HMMIYJBCOB H 3aBHCHT OT
CKBAXHOCTH. IT03TOMY 3HaHH MEPEXOXHBIX MPOIECCOB elle HeJOCTATOYHO
INs IOJIHOrO aHANW3a HMIYJIbLCHBIX NpoumeccoB B cxeMe. OjgHako npu
BBIIONHEHHH onpeaesIeHHBIX ycaoBHE MOXHO OrpaHMYHTHCH
pacCMOTpEHHEM peakinHd IeNd Ha Bo3NeHCTBHE ONHHOYHOrO MMOyJahca.
ITokaxkeM 3T0 Ha mpuMepe aByxaneMeHTHEX RC m RL nenei. ITo ycnosHIo
Ha BXOHe Uend [AelCTBYET MCTOYHHK NPAMOYrONbBHBIX HMIYILCOB
HanpsXeHHs Hunad Toka ¢ mnapamerpaMhn E, (I,) - amnaouryna, ty—
NNHTENBHOCTh, T — NepHon cleJOBaHHd HMIYJBCOB. DTO 3KBHBAJEHTHO
HaJlH9uo B cxeme kmioua K| (puc.1.4,a,6). Bo BpeMsa melcTBHS HMOynbca
KJII0Y HAXOIAMTCK B IOJIOXEHHH 1, 2 B NPOMEXYTKE MEXXY MMIYIbCaMH —

B nonoxeHuu 2. [Jlepuoy koMMyTauuy kino4da pasen T.

PaccMoTpuMm eMkocTHylo nens (pHuc.l.4,a) Ilycts B HCXOOHOM
cocTosuun emxocTh C monHOCThI0 paspsxeda (kmiody K; — B nonoxeunuy),
Torma, HauYMHAA C MOMEHTA 3aMBIKaHHA Kmo4da K|, IpoucxoauT 3apan

eMKOCTH

Uc(t)=Ei{l-¢™) @=RC .
Hanpsxesne Ha BEIXOOe [EIH

U:()=Ee”

npu  t,>2,30  (cmywat  yxopauwBamomeR  menmu)  HMeeT  BUX
IKCHOHeHIMANbHO cnajaromero aMmnynasca (puc.l.4,8) amnaurynoit E, u
IIHTENBHOCTBIO tyy = 2,30 <t,. B OpOMekKYTKEe MeXIy HMIYIbcaMu (KIIOUK,~
: B NOJOXEHHH 2) NPOHCXORHT pa3paAl OSHEPruH, HAKONNeHHOH B
3NMEKTPHYECKOM mone xoHAeHcaropa. IIpum 3ToM Ha coupoTuBaerHH R
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BEIZeNA€TCH aHANOMYHKIY MepBOMY MMIYNbC HANPAXKEHMS, HO O06paTHOH
nonspeocTH (OTpHUATENbHBIH BHGPOC), YTO HENMOCPEACTBEHHO BHITEKALT M
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H3 NPHHOMIA HaloXeHHs. Bpemsa, HeoOxomumoe [nsd pa3pala eMKOCTH,
ABNgETCS 3eCh BpeMeHeM BOCCTAHOBJEHHS MCXONHOTO COCTOAHHA CXEMBEI.
B AaHHOM chiydae th, =twn =2,30. Hanuune BpeMeHH BOCCTAHOBIEHHSA
ABNgETCH XapakTepHO#f OCOOEHHOCTHIO BCEX CXE€M, MCIONB3YIOMIMX
HaKONUTENH 3HEePTUH.

Ecan  t,<2,30 (cnyga#t paspenuTensHOH ILemH), To 3a BpeMs
OeHCTBHA BXOOHOrO HMIYJHCa eMKOCTH 3apAXaeTcs He NOJHOCTHIO

Uc(tul) =0F, =F (1 '*e"‘"'/o) <E.

Benuuuna & xa;ﬁaxrepmyer cmajl BepHIMHBl HMIYObCca H aMIUIHTYRY
oTpunaTensHoro BhiGpoca Ha BmIxoxe (puc.l.4,r). OHa ymeHbmaeTcs c
poctoM 6. OpxHaKC OZHOBPEMEHHO C OTHM YBEINHYHBAETCH  fyo-

IlocMOTpUM, 4TO IPOM3OHIET, eCH CIEAYIOWHA AMIOYNBC NOCTYIHT A0
OKOHYaHHS MOJHOIO paspsia eMKOCTH.
O6osmaunm uepes £ oTHeceHHoe k E, HanmpsxeHue, O KOTOpDOro

3apAXKaeTcs eMKOCTh IO OKOHYaHMH i-ro MMIynbca Ha BXOLe; g -—
OTHOCHTEeNbHOE HaNpsKeHHe HA EMKOCTH II0 OKOHYaHMM i-ro mepuona; {£}
u {g} - GeckoHedunme mocnenosaTensHocTH umcen &, &, &,.. u
£ &> E25--- 110 YCIIOBHIO B HCXOJHOM COCTOSHHH €MKOCTh paspsxKeHa, T.e.
£=0 u g=0. W3 dusugeckux coobpaxeHuk ACHO, 4TO |§\<1, |a|<1, T.e.
BHIOENEHHBIE [OCIENOBATENBHOCTH B  COBOKYNHOCTH  OrpaHH4eHsI.
AHanusupys [poleccsl 3apAla-pa3spAla €MKOCTH, NPHUXOJHUM K BBIBOLY,
4TO .
Ea—E=Ee™; gu—e=ee.

CnenoparensHO,

fimft., ~&[=0;  fim|e.—e|=0.

fim i

Ho rtorxa B cHNy M3BecTHOro nmpusHaka Komu nocnesosatensHoct {£] u
{e} cxomsTca k HexoTOpHIM npeaenaM £ M € COOTBETCTBEHHO.

Takum o6paszoM, B paccMaTpyBaeMOH IeNn# NIpu Bo3deHCTBHM Ha ee
BXOne perynxpx-xoﬁ nmnynbcnoﬁ nocnegoBaTeNbHOCTH DOJNXKEH
YCTAaHOBHTBCA CTAallHOHApHBIH pEXHM, XapakTepH3yeMelH TeM, UYTO
HalpAXEeHHI Ha €eMKOCTH B MOMEHTHI MOCTYIUIeHHA (OKOHYaHMA) KaXOAOro
OYEPEAHOro HMINYNhCa OKA3bIBAXOTCA OAHHAKOBBEIMH.

OnpenenuM Benuuunsl & ¥ €. BrosHe 0YeBHAHO, 4TO

E= 1—(1-'8)6_["'/6; €= E-,e-('r-—tun)/"_
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MoncTaBiss 04HO B APYroe, MOTYYHM

l_e-tul/e etw/® —1
- lve_rle H £€= e1'/6 -1 :

[Tocne pasnoxeHHs 3KCHOHEHT B pAL MaklOpeHa ¢*=1+x +.. HMEEM

H

§=€z%=ﬁ T <<6.

Cneposatensno, nmpu 0>>T B cramHOHapHOM peXHMe Ha eMKOCTH
co3JaeTcs MPUMEPHO MOCTOAHHOE HANpsKEHHE EBzE,/N. Ero HasplBaloT
HanpsikeHWeM [OHHAaMHYeCKOro cMemeHHs, H60 Ha BenHudAny Eg
MPOUCXONUT CMEIeHHe KAPTHHE HMIIYJIECOB Ha Bhlxone:_Uz(t)m U‘(t)-Eg.
Benuuuna cMemenus TeM Gonplue, 4eM MEHBUIE CKBAXHOCTE. IlOCKONBKY
RMHAMHYECKOe CMelleHNe BO3HHKAeT IpH YpesMepHo Gomswux 6, 10 ero
YCTPaHEHHI0 MOXET NOMOYb KOMMYTallHs# Harpys3kH ¢ noMomeio kawoda K,
(puc.l.4,a,IyHKTHP) B MOMEHT t =t . Takags KOMMyTallus NOPOHCXOZHT,

HanpHMep, npu WYHTHPOBAHHH Harpysku menouKoH 3
NOC/IENOBATENBHOTO COENMHEHHS [OHOJA M CONpPOTHBIEHHS. Bpems
BOCCTAHOBJIEHHA B  3TOM  cily4Yae  YMeHbluaetca.  AMIIHTYIA

OTPHLATENBHOrO BEIGpOCa HEM3MEHHA IIpK MIOGOM I.

AHaNOTHYHOE pacCMOTPEHHe MOXeT OBITH NPOBENEHO W OJA LENH C
WHIyKTHBHOCThIO (pHc.l.4,6). Eca o6osnaunts E, =RI, 0=L/R, To0
KapTHHA HMIYJBCOB Ha BhIXOHe oTBevaer puc.l1.4,8,r. Ecuu t, > 2,30, to
N0 OKOHYAHHM' HMIYNhca HAa BXOJe TOK B HHOYKTHBHOCTH iL(t",)=Il. B
npouecce paspAlia 3HEPrHH, HAKOIMJIEHHOH B MHAYKTHBHOCTH, HAa BRIXOJe
dbopmupyerca  oTpunartensHbI¥  BeIGpOC, AHANOTHYHBIA  MONE3HOMY
UMIYNbCY. BpeMs BOCCTAHOBNEHHSA th=2,30. B cnywae 0>>T nopo6Ho
npessIyeMy B HHAYKTHBHOCTH TOJMEPXKUBAETCA NIPAMEPHO NOCTOSHHEIN
TOK izz[[/N, KoTopeli o6ycnaBnuBaeT TMOABIEHME [JHAHAMHYECKOro

cMewenus mMnynscos Ha Beixode Eg=RI/N. KommyTauus Harpysku c
noMomsko knrod4a K, ymMeHbmaer B JaHHOM CiIydae TOJBKO AMIIHTYZRY
OoTpHUaTenbHOro BrGpoca. BpeMs e BOCCTAHOBNEHHA YBEIHYHBaeTCH 3a
CYeT pocTa NOCTOsSHHOM BpeMeHH. XapaKTepHO, YTO MJIA PacCMOTPeHHOH
MHAYKTUBHOH 1enM B CTAalUMOHAPHOM PpEXHME NIOMAaAH [OJIe3HOro
MMIYABCA W OTPHUATENBHOrO BHIGpOCa BCerna PaBHEL, Jawe OPH Halu4duH
KOMMYTaLHH HArpy3KH.
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BrusHue HEYUTEHHBIX NapaMeTPOB

PeanbHple LeNH CONEPXKAT Heyq'remme. paHee TaK Ha3blBaeMble
NapasHTHBIE MAapaMeTPHl — HCTOYHHKA, HAIPY3KH M CAMHX DPEaKTHBHEIX
3J€MeHTOB. 3T0 BHYTpPeHHee cdnporunneﬂne HCTOYHHKA, €MKOCTH
HarpyskH, paclIpeleXeHHble eMKOCTH KaTylmleX HMHIYKTHMBHOCTH H 1.4, B
NaHHOM pa3felle NOKashHBAEeTCS BIHAHHE HEKOTOPHIX H3 YKa3aHHBIX
napaMeTpoB Ha NOBeXEHHME TpocTeHmmx neneif INOpH  MMOYNbCHBEIX
BO3XEHCTBHAX. .

EMkxocTHas pens. M3 mpensinymero paccMoTpeHHs ciaenyert, uto RC
Hemb MOXeT OBITh MCHOJNB30BaHA B Ka4ecTBE pasfeldHTeNbHOH HenH Aas
HEHCKaXeHHOH mepefadd HMIYNbCOB OT HCTOYHMKA B HArpy3Ky, €clH
MOCTOSHHA® BpEeMeHH IeMd BO MHOIO pa3 MPeBBIINAET ANHTENBHOCTH
HMIynhca. YcraHoBKka pasteqHTenbHOR eMKOCTH oKasplBaeTcs
Heob6xoauMoft B cinyqae, Korjga HEMOCpeACTBEHHAA  HIH xne
MOTEHNHOMETpHYECKAT CBS3h MEKIY HCTOUYHMKOM ¥  Harpyskoif
neponyctuMa. Hampumep, KXoraa MMIOYIhCH B Harpyske [OJOKHEL
ne#cTBOBATH ¢ HHOrO MOTEHNHWAaNBHOrO YPOBHS, UeéM B MCTOUHHKe. Ta xe
camas Henb MoxeT GhITh HCHONb30BAHA M IJIA H3MEHEHHSA NJIHTENBHOCTH
uMOynscoB. Tak, npH t,>2,30 uMeem Ha BHIXOHE OCTPOKOHEHHLIH
HMIYNBC MOCTOSHHOM aMmIHTYR® E,=E; IAuTensHOCTHIO t,=2,30 <t,
(cayqait yxopouenmsa). B nwbom cnydae, eclH BBIXORHBIM CHITHAIOM
CYMTATh HalpsKeHHe Ha eMKOCTH, TO t,; NMpPEBHINAET t, Ha BpeMs pa3psana
EMKOCTH ty =ty +2,30 (pacmepsaomas mens). AMONTMTYH2 MUMIYIbCa Ha
seixofe E;=8FE| 3aBHCHT 3[[€Ch OT OTHOLIEHHSA t,,,/@.

PaccMoTpuM Onu3kui Kk peanpHOMy ciayyad ykopauuBallled uenu
(puc.1.5,a), rme R; — BHYTpPEeHHe COUpOTHBIeHHE HcTOYHHKa, C, -
napasuTHas eMKocTh HarpyskH. Ilo ycnoBuio emkocty C u C,
MepBOHAYaNbHO IONHOCTHIO paspsxensl. Ha sTame Bo3le#cTBHA BXOLHOTO
uMmnynsca (knoy Ky — B monoxenuu 1) monyyaem

A 1
U: =— . (1.3)
2(p) 0, (P'*’a)(P"'B)
3neck
E. CuRi
= ) = N =CR({l1 )
Trnrr O Teper, O (e m)

C

H TpH yl=%~.<,0,5; Y, = C £0,5 c TouHocThiO HE XYyXKE 7,5%
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a _.._.; B = (14)
& 0,
a 1 k'1 pl, |C U,
=T
2 K,
1
70 R = 6
H | |2
L]
&
2({).__%_
- 't/94
\/ "'lf/gz
\ ]
04 S \ - -
O 3 ™~ ~ \ ', t
% {8 238,
Puc. 1.5
CoorBercTBenno (tabn.1.1)
U.(t)= Ae (/0 = 0:). (1.5)
-3
0
IMapameTphl cHrHala Ha BeIXoxe (pHc.l.5, 6) onpexemarcs:
Zn—ei
t;=__1._.e_21.‘; E.=A e—t;/(,l; te ™ 230, (1.6)
0 8

PCSyJ‘IBTaTH npocdeTa no 3TUM Q)OPMYJI&M njg cay4das vy, =Y, =Y H pasHbX

Y npusemenst B ta6m.1.2, rae 6 =RC. Ha ocuosanum namnmx Tabnmusl

3aKNI04aeM, YTO yBeIHYeHHe Napa3HTHEIX MapaMeTpoB (pPOCT Y) NPUBOJHT
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K YMEHBINEHHI0O AaMINHTYZAH BBIXOZHOIO CHMTHala, YBEJNHYEHHIO €ro
OMHATENHHOCTH H 3ATATHBAHHIO IOJOXHTENbHOrOo GpPOHTa NpH Tex xe 0,
E,. Pesynsrar mnoiywaetcs JOCTaTOYHO ynénne’rnopmenhumm, ecnu
Y<0,2. TIpu v,#y, HAaHHHe TaGNHUE JOMXHB [JaBaTh MpPaBUIBHYKO

KadecTBEHHAYIO KapTHHY, €ClIH B3ATh Y =max (v,,Y,)-

Tabnuna 1.2
Y Ez/E| t;/e tuZ/e
0,5 0,416 0,37 4,6

0,33 [0.525 0,223 |3,83
0,25 |0,604 [0,155 |3,45
0,2 0,655 |0,113 |3,22
0,1 0,805 0,042 2,76

B paccMoTpeHHOM cllyuae KOMMYTallds Harpy3kH B MOMEHT t =t, C
nmoMompro xmioga K, oOKa3bsiBaeT BIHSHHE HE TOINBKO Ha BpeMs
BOCCTAHOBJEHHA HMCXONHOTO COCTOSHHHA CXeMBI, HO M Ha aMIUIHTYARY
obpatnoro Bm6poca. B cumy npHHUHMIIAa HaloOXeHHA Ha 3Tale
BOCCTAHOBIEHHA JOJXHB OBITh cnpaBeanuBel popmyns (1.5), (1.6) u
tabn.1.2, ecnm 3aMeHHTh B HHX E; Ha Egugp M ty; HA fh. 3a cueT
yMmedplmeHus R 37eck npoucXomuT yBenuuenue Y=max (y,,y,) H BO
CTONBKO e pa3s — cHuxenue 8. B urore okasmiBaerTcs, YTO E,.q <E; u
taoe < w2

INens ¢ MHAYKTHBHOCTBIO. Y4TeM BIHAHHE [apa3sHTHOH EMKOCTH
HArpy3KH Ha [OBeJeHHe paccMOTpeHHoOH paHee mpocTeffmeli wuyenu

(puc.1.4,6). Ilpm a3TOoM HMeeM Uenmbk pHc. 1.6,a ¢ mapalielbHbIM
koyefaTenbHEIM KOHTYpOM, KOTOpas HHTepecHa H cama 0o cebe.

O6Go3HauuM:

II{“=9|; RC=9,; I R=A; =a,

wlo

1
2

! 1
JL/C =p— BONHOBOE CONpPOTHBIEHHE; = (o~ 4YaCTOTa COOCTBEHHBIX
~JLC

xoneGaHHil KoHTypa. IIpM HyNEBBIX Ha4daJbHBIX YCIOBHAX Ha aTane
bopMHPOBaHMA MONE3HOrO HMIYNBCa Ha BBIXOJE MMOJy4YaeM BhIpaxKeHHe

A 1
Uz(P) 6:-(p__+a)(p+a)’
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6‘ Uz({')
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4__ : nose 5”"72 .
5 _umny _t/28,
e
s L
- g
-i‘./ZQz, 466,
-€e
Puc. 1.6

koTopoe He oTmuvaercs ot opmynm (1.3). Ecnu R <0,5p, pexum s
koHType anepuonuvecxuit (puc.1.6,6). Ilpn R<0,25p curman ma BExOze

onpenener ¢opmymamu (1.4), (1.5), (1.6). Cormacuo um NpH JaHHBIX
ILLuC ¢ ymeHsmeHueMm CONpPOTHBIEHHS R, INYHTHpPYIOWmETro KOHTYp,
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OPOACXOAHT CHHXECHHE aMIONIUTYABl HMILYIbCa HA BBIXOAE H YBEJIHYECHHE €ro

',unmenmdcm. Jns xpurugeckoro pexuma R=0,5p; a=B =$— H
: 2

A. ~14/29,

Uz (t)= —te .
62

[TapamMeTpEl HMIIYNBCa HA BEIXOJE B 3TOM cliyyae .
t;=ﬁ; Ez=0337 LP; tuz=4’9"/1—"_6' (1.7)

PeXHM B KOHTYpE CTAHOBHTCA KoJeGaTenbHHM, kKorna R > 0,5 p- Hpu

3TOM a=—1——jco,; B=-—1—+jm, o
2 2 2

Uz(t)= pl, e s 0,1, o = 0ol - o
Ha Bpixose mMeeM CHHYcOHJaNbHEIH CHIHAJ, aMIUIATY XA KOTOpOro y6uisaeT
cO BpeMeHeM IO 3KcmoHeHTe ¢! (puc.1.6,8). 3a mONe3HHIH UMIYIbC
06BIYHO NPHHHMAIOT NEPBYIO MOJYBOIHY CHHYycouasl. Torma
b4 n~/LC

1 1
tu = == i te=-——arctgB; E;=Lpep¥sh,
h ] :;1—-(12 w1 P

rue ﬁ = Afl= (12/(1 . Ecnn nmapaMeTphl KOHTYpa H HCTOYHHKA 3a[aHbl, TO NpH

(1.8)

mepexojie OT alepHOAHYECKOro Kk konebaTeNnpbHOMY PEXHMY MO MEpe pocTa
R OPOHCXOAHT yBENHYEHHE AMIUIHTYABI H YMEHbIIEHHE IJIHTEIbHOCTH
HMIynbca Ha BEIXOJe. B mnpenene npm R — « mnonyuaeM E,;=p],
ta=7/LC, t;=0,5t,,.

Ot KoneGaHuH, XOTOpEIE BO3HHMKAIOT MO OKOHYAHHH IONE3HOrO
HUMIy1bCa, MOXHO M36aBHThCA MYTEM KOMMYTALMH B MOMEHT t=t,
CONpOTHUBISHUA HArpPY3KM C NoMomblo kimroda K, (puc.l.6,a). Jlerko
MoKasaTh, 4YTO IA “CHIBHO” KonebaTeJbHOro pexuma ITOBEJeHHe LEINH,
HayMHag C MOMEHTa t=t,, MOXHO paccMaTpYBaTh KaK peaKUHIO TNpH
HYNeBSIX HayalbHBIX YCHOBHAX Ha Ilepeman TOKa ], OTpHLATENbHOH
nonsprocTd. IlosroMy, ecnm BHOpPATH (R||r)<0,5p, TO aMIIMTYAY H
LITUTENLHOCTD o6patrHoro  Bcnnecka  (pHc.1.6,B,MYHKTHpP)  MOXHO
ONpenenHuTs IO IOJYYeHHBIM paHee Jnd anepHOJHYECKOro pexuma
¢dopMynaM, DOACTABIAAL B HHX (R |r) Bmecto R.HesaBucHMO OT pexuma B
KOHTYpE AaHANOrH4YHAd KOMMYTAlHd HMEET MECTO M N0 OKOHYaHHH
BX0nHOro ummynsca. Kak mnpaBHJIO, NepexONHBIH npounecc B KOHTYpE,
BHI3BAHHBIK HaYalbHBIM BXOAHBIM IIEepenmajoM, K 3TOMY MOMEHTY Yyxe
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3aBeplieH, " napaMeTpsl obpaTHOro BH6poca onpeNeasoTes
paccMOTPEHHBIM criocoboMm.
OGBIYHO HA NpakTHKe OBIBAIOT 3aHaHbl BEIHUYMHE [,,E,,t.,R. Toraa

BbIGOp pexHuMa B KOHTYpe NOJHOCTHIO Onpemensercs 3HaueHueM E,. Eciu
E;<0,74R],, To pexum obssarensHo KoneGarensumit; npu E,20,74Rl, —
anepuonnyeckui (KoHeyHo, Bcerpa E,<RI). Ilpu saganueix I,t.,,R B
anepHoJMYECKOM pEeXHMeE JOCTHTAaeTC MaKCHMalbHOE 3HaueHHMe E, (MIH
MMHHMAJbHO Heob6xomumoe [, NMpH MAaHHBIX E,,t,,R ). DHepreTH4eckH

HagMeHee BBIrofieH KonebaTenbHBIH pexum. OQHAKO ero HCNONb3OBaHHE
MoxeT OBITh NPONHKTOBaHO TpeOyeMoil GOpMOH HMIyibca Ha BBHIXOAE HIH
e HEKOTOPHIMM YROOCTBAMY B pPeanu3alUy HernH.

HMnynscHelif Tpanchopmarop

JBe MarHMTOCBA3aHHBIE KATYIKH HHIYKTHBHOCTH IpH CpPaBHHTENbHO
Gonpwoit BENHYHHE HHIAYKTHBHOCTH (epBHYHON 06MOTKM) [, H OGNH3KOM K
enuHume 3HadeHuH Koddpduumenta cBasm k= M/.[,L,, TAE M-
B3aHMOHHIYKTHBHOCTS, obpasywoT HMIIYTBCHBIH tpanchopmarop
(puc.1.7,a). OGBIYHO KaTYWIKH HaMoTaHbl Ha obmwuit ¢deppoMarHHTHBIH
cepreyHuk. MHorga npuMeHAOT HECKONbKO BTOPUYHBIX o6MoTok. Ho ator
cnyqalfi He o6nazaer NpHHUMIIAANBHBIMH O0COOEHHOCTAMH M HAMK HE
paccMaTpHBaeTcs.

Jlo6oft  HEeCHMMETPHYHBIH  YETHIPEXIONIOCHHK MoxeT  OBITB
npexcTaBied JKBUBANEHTHOM oOnNepandoHHON cXxeMOH ¢ HAeanbHBIM
tTpancpopmaropom (puc.l.7,8) [8,10]. HesaBucumMo oT BHAA HCTOYHHKZ H
HArpy3K¥ TOKM M HAaOpsXeHHd Ha 3aXHMax HiealnbHoro TpaHcdopmartopa

CBA3aHBI COOTHOMIEHAEM
Une (0) _ 1u(P) _ | (1.9)
Uu(P) L ()

3pece n - Koa(pduuMEeHT TpaHchopMaUHH. OTO NOCTOAHHAs BETHYMHA,

MONOKUTENbHAA HIH OTpHIIaTENbHAL,

TlapameTpsl  HHTepecyIOIIero HAac 3KBHBANEHTa  HUMIIYJNbCHOIO
TpaHchopMaTOpa MOXKHO ~ YCTAHOBHTB, CONOCTABNASL €ro C JpyruMm
H3BECTHBIM 3KBUBaneHToM [8] ucxonnoi# cxemn (puc.1.7,6):

1
Z»(P)=P[ 1(1_K1)]=an; Zz(P)”P[L\KZ]=PLn; n=; i_z
1
[lpumsTo HasmBaTh: [, ~ HHOIYKTHBHOCTh pacCemBaHMs; L, -

HHAYKTHBHOCTh HAMArHMYMBaHus Tpancdopmaropa. O6r4HO Ha NpakTHKE
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]K|=D,99—-0,999. IHoatomy ¢ RocTaTodHOM TOYHOCTHIO L, =Li; ln}= /L1
L, =(0,002 - 0,02)1,,.

5 LM pl-M) )
L(P) Lr Iz(P)

}u((P) pM UZ(P)t

g Lo Ze)  nl 1 Latp)

tua(p) 2P o Uyp)

# o

¢ . 9 .

Tui U21 *U., . Uy

" s @ p
Puc. 1.7

VIMnynscHHIA TpaHchopMaTop NPOEKTHPYIOT TakHM ofpaszoMm, 4T06sI
LDENHUTENDs 7,— 7, HRaBal [pPHEMIEMble HCKaXEHHA BXOMHOrO CHrHaja.
IloaToMy mepegalomme CBOHCTBA paccMaTpHBaeMOH cXeMEl onpeleneHsl, B
OCHOBHOM, CBOWCTBAaMH HJIeaNbHOro TpaHcdopmaTopa. M3 cooTHomeHHs
(1.9) cnenyer:
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1.Curyganel Ha BXOAE€ M BBIXOJE HAeanbHOro TpaHcdopMaTopa
copnajalT no QopMe ~npu BO3IMOXKHOM H3IMEHEHMH Macwiraba H
nonsApHOCTH. B mocnemneMm cinydae NPHHATO FOBOPHThL 06 WHHBEPTUPOBAHUHM
BXOJHOTO curHana. CxeMHble 0603HAaYeHHR peaNbHOro TpaHchopMaropa
npu n>0 1 n<0 noxasass! Ha puc.1.7, r, O.

2.TloTepu  MOIHOCTH  BHYTPH  HAeaNbHOrO  TpaHcdopMaropa
OTCYTCTBYIOT.

3.CTpyKTypa  ero BXOIHOTO CONPOTHBIEHHS aHAaJOTHYHA
CONPOTHBJEHHIO Harpyskd. TONbKO BCE& €MKOCTH MepecuyHTHIBAKTCA BO
BXOJAHYIO LeNb YBEIHYEHHBIMH B n’ Ppa3, a BCE CONPOTHBIECHHI H
HHIYKTHBHOCTH — yMEHBIIEHHBIMH BO CTOJBLKO Xe pas.

4.Ecnd  CONPOTHBNEHHE  HArpy3KHu Z.= R, H  BHYTpeHHee
COMPOTHMBIEHME MCTOYHMKA Z, =R, HYHCTO aKTUBHBI, TO AMIUIHTYIAb

MMIIYJIBCOB Ha BXOA€ H BBIXOAE HAEAIIBbHOro Tpaﬂccbopma'ropa CBA3anbl

1
COOTHOWIEHHEM: EI=E"(-—+&nJ. Ipu 3amanHerx E, R, R, BeJHYHHa E,
n

"
MaKCHMalbHa, ECIH

n = nem = /Ru/Ri-
Jto  cnywyait cornacoBaHus HCTOYHHKA U Harpyskd. Torgma
Eu = Eune = 0,5E, nows -

5.1lpu sapgasHBXx E,R,R, noTpe6leHue MOIIHOCTH OT HCTOYHHKA
nagaeT 0o Mepe YMEHBIIEHUS N 3a CUET CHHXEHUA NoTeph Ha R,.

6.IlepeuynciaeHHble CBOHCTBA AAOT JOCTATOYHO MONHOE npeucranne}me
0 MpUMEHEHHAX HMIYyJbcHOro TpaHchopmaropa. HM3-3a orcyTcTBHA CBA3HM
0 MOCTOAHHOMY TOKY MEXIy BXONOM H BBEIXOOOM B HEM IOCTHraeTcs
LOMONHHTENbHO  pa3fieNieHMe  HCXOZHBIX  NOTeHLMAalbHBIX  ypoBHeiH
HCTOYHHUKA ¥ HATPY3KH.

B oskBHBaleHTHO¥ cxeMe 3aMelIeHHs pealbHOro Ttpancdopmaropa
Heo6XOOUMO YYecCTh MNONOJHHUTEJHLHO pacnpeneleHHbBIe €MKOCTH MeXIy
o6MOTKaMH M Ipyrue napasHTHBEIE €MKOCTH Tpancdopmatopa [14]. 3rto
nenaercs  06BLIYHO  BKIKYEHHEM  COCPEJOTOYEHHOM  eMKOocTH
napaljelbHO C IEMEHTOM 7Z,. B MTOre ANA LenHu nepenadnd WMIYNbCOB OT
MCTOYHHMKA B HArpy3Ky ¢ NOMOWILI0 HMITYJIECHOIO TpaHc(hopmaTopa HMeeM
JOCTATOYHO MONHYIO, NpHBENECHHYIO K HepBHYHOM of6MoTKeE,
3KBHBAJICHTHYIO CXEMY (puc.l._8,a). 3xech R:R../nz, u; = u../n .

Bynem cuMTaTh, 4TO 3HAYEHHE [, HACTONBKO BEIUKO, @ QJIHMTENLHOCTH

MONOXHUTENBHOTO (POHTA HMIIYThCa Ha BBIXOAE t; HACTONHKO MaJa, 4TO
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Puc. 1.8
TOX B HHIYKTHBHOCTH HaMarHMYMBaHHMS 3a BpeMA i, HIMeHAETCA
He3HauHTeNbHO. Torga B 3TOM IpPOMeXYTKe BETBh C MHAYKTHBHOCTBIO L, B
cxeMe (puc.l.8,a) HmpakTHYEeCKH pPa3OMKHYTa, M 3KBHBAJICHTHAA CXeMma

ynpomaercs (puc.1.8,6). Hanpskenne Ha BHIXO#e CXeMBl ofpasyercs
HalOXEeHHeM HA NOCTOAHHYIO COCTABIAIOMYIO (AMIUIMTYAY MMIyXhca)

E:=E; 1+& anepHOOHYecKoro MIH KonebaTelbHOro Inpoueccos B
R P P
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32BHCHMOCTH OT BEJHYHHBI &=0,5(§-&], rae p=+/L,/C. [pu o2l
p .

PEeXKHM aNepHOXHYIECKHH, ecliH o < I- pexuM xonebarensusii [15].
Ha puc.1.8,B npencrasiieHsl KpABEIE HapacTaHHA MMIYJhCa Ha BREIXOJE

Ayl pasmMYHMWX 3HaueHnHao. 3xecs 1=t/(21t./[3chn), ﬁ:/(l+%).

U3 npuseneHHEIX rpadMKOB BHIOHO, 4YTO MIHTENHHOCTH IIOJOXHTENBHOIO
bpoHTa NagaeT ¢ yMeHsUIeHUeM 0. PacueTsl xawt [15]:
335 \BL,Co» a=1;
ty=4 22BL,Co. @=07;
L7\BL,Co, a=04
Haunyvmum MoxHO cuMmrars ciny4ad 0=0,7, ubo 3gechb mnonyuaem
npueMiiemoe 3Hadende Bei6poca h*=0,04 npu cpaBHHTENbHO ManoM tg. [as

(1.10)

mo6eX o H f t; DaxaeT ¢ YMeHbIICHHEM NPOH3BedeHus L, C,-

Ha sTane dopMupoBaHMA BepIIHHBl UMIyIhCa HA BBIXOAE M IpH
BOCCTAHOBJIEHHAH HCXOJHOIO COCTOSHHA CXEMbl II0 OKOHYAHHH BXOJHOTO
CHrHAalia CKOPOCTH H3MEHEHMs TOKOB H HanpsKeHuH B Hell HesHauWTeNbHBI
0 CpaBHEHAX ¢ 3TanoM ¢QopmupoBanus ¢ponra. IlosTromy Ha
paccMaTpHBaeMBIX CTagMAX HaTHYHEM d1eMeHToB [,,Co B CXeme
(puc.1.8,a) MoxxHO npeHeGpedys, H DKBHBANECHTHAS CXeMa CBOJMTCH K HEIH
(puc.1.9,a). YIpamenas x Hell TeopeMy 06 3KBHBAJIEHTHOM HCTOYHHKE,
nonyvaeM cxemy (puc.1.9,6), xoTopas He OTIHYAEGTCH OT PACCMOTPEHHOH
paHee (puc.1.4,6). COOTBETCTBEHHO HANpXEHHE ul(t) H3MEHAETCH TaK, KaK
nokasaHo Ha puc.l.4,r. Toapko BmecTo E, CcHeIyeT MOOACTaBHTH
E.=1,R,=E,. Ocraercs cnpaseqIuBo# H GopMyna O craja BEpUIHHB § C
MOACTAHOBKOW B Hee @ =L./(R,- IR ) TpeGyemas BenuuuHa [,
onpeaenseTcs AOMYCTHMEIM 3HadyeHHeM &. CoXpaHAIOT CHIY U 3aMe4YaHHs B
OTHOIIEHHH HMHAMHYECKOIO CMEIEHH .

Bynem cumrars ANMTENHHOCTb OTPHUATENBHOro ¢pPOHTa HACTOJBKO
Mmanoif, 4ro 3a Bpemsa ero (GOpMHPOBAHHA TOK B MHOYKTHBHOCTH [, He
ycueer CymMecTBeHHO M3MeHuTBCea. Torma Ha 23Tane (GOPMHMPOBaHMSA
OTpHUATENbHOTO QPOHTA HMeeM IKBHBANEHTHYIO cXeMy (puc.1.9,8). Bersn
¢ HHAYKTHBHOCTBIO I, 3aMEeHEHa 3JeCh HCTOYHHKOM TOKa I:i,.(tul)'_'BEl/Ri'

HayvansHete YCIOBHA TaKOBBI:

i, (0)=1+E,( - 5)/R; uc(0)=E,(-3).
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Puc. 1.9

IlepeiizeM X 3KBHBaJeHTHOH omepaunHoHHOI cxeMe. [Ipeobpasyem ee u
BHOBb BO3BpPaTHMCA BO BpeMeHHY o6macTb. B urore monydyuM cxemy
(puc.1.9,r), rae

i (0)=g.(- 5)/R; uc(0)=g.(1-38).
B cuiy HpHHUMIIA HaJOXEHHX CHICHAX Ha BBIXOAe MOXHO PacCMATPHBATDH
3Jech Kak anrebpamyeckyio CcyMMy IBYX peakuuii: omHod ~ npu
KOPOTKO3aMKHYTOM BXO0J€ H HaJalbHBIX YCIOBHAX:
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'iL(0)=E2/R; uc(0)= E2, (1.1
H Jpyro#f — Ha BO3JCHCTBME OTpHIATENHHOro Iepenajaa -8E|(t) IpH TaKHX
HAYANLHEIX YCHOBHAXK:
iL(0)=-8E»/R; uc(0)=-3E,.
HeTpynHo 3aMeTHTH TOXAECTBEHHOCTH cxeM Ha pHc.l.9,r u puc.1.8,6,
a Taxxe TOT (akT, 4TO HavanbHbie ycnoBua (1.11) co3nalpTcs B pe3ynbraTe
BO3NeHCTBHA Ha cxXeMy Iepenana El(t). IlosToMy ONITBE-TAKH B CHIY
NPHHLMOA HaTOXEHHS NepBas H3 pacCMaTPHBaeMEBIX peaKIHH OKa3biBaeTCH
paBHOH E,~-u,(t), rme u,(t) — cursan ma seixome npu dopmHpoBaHHEK
nojgoxuTenbHoro ¢ponrra (puc.1.8,8). Bropas xe peakuus orsBevaeT
YCTAHOBHMBINEMYCS PEXHMY B CXeMe NpH HallHYHH Ha e€e BXOjJe CHTHAajla
_5E,(t). CnegoBarenpHO, OHA TOJNBKO CMEIIAET MEPBYIO pEaKLHIO BHH3 HA
BENHYHHY JE, 6e3 HaMeHeHHA ee OPMEL.
Ha puc.1.9,0 npencrasnena ofmas KapTHHAa HMMOyNbca Ha BBIXOJE,
NOCTPOEHHAs Ha OCHOBAHHH BHINIOJHEHHOrO aHallH3a, ONIA ciydas o<l.

HIIHHHLIC JTAHUH

B TOYHBIX NPHIIONKEKHAX AJIS AHCTAHIXHOHHOM Nepenavyu MMNYIbCOB OT
HCTOYHHKAa B Harpy3ky CclIeQyeT HCIIONb30BAaTh HEOJHODOAHBIE INHUHHH
nepefayd, BOMHOBOE CONPOTHBIEHHE KOTOPHIX H3MEHAETCA 110 AAHHE NHHHK
0 cheuualbHOMY 38KOHY, ONpelenseMOMY xapaKTepoMm Harpyskd [16].
Onsaxo B GONBIIHHCTBE NMPAKTHYECKHX CIy4aeB C AOCTATOYHOH TOYHOCTLIO
HAarpy3Ky MOXHO IO0JaraTh 9YHCTQ AKTHBHON H INpPHMEHATh IS Lenel
nepenaud oGbIYHEIE paXMOTeXHHYeckHe Kabemu, NpHOIUIKCHHBIM AHAIOTOM
KOTOPHIX ABIAIOTCA OJHOPOJNHBIE HAeanbHble NuHHHM. IlosTOoMy 3HaHHE
MMIYIBCHBIX TPOIIECCOB B TaKHX JIHHHAX HeoO6XOJHMO [J4 rpaMOTHOHR
opraHMsanud paboTel ¢ H3IMEPHTENBPHOH anmapaTypol H mHpaBHABHOHR
CTBIKOBKH MMMOYJBCHBIX YCTPOHCTB ¢ moMoubio kabene#. Kpome roro, npu
ONMpeJeNeHHBIX YCIOBHAX CO CTOPOHBI MCTOYHHKA M HArpy3kH HIeanbHas
OAHOPOXHAS NHHHUA OKa3blBAETCA TOYHEIM 3JIEMEHTOM (QOPMHDOBAHHA HJIH
3aepXKKH HMIYJIbCOB. 3HAHHE 3THX YCIOBMH MOJNE3HO NPH PENIEHHH 3a1a4H
CHHTe3a lened GopMHPOBAHHA ¥ 3a[EPHKKH.

HMnynbcHble mpouecckl B ONHOPOAHON upeanpHod nunuu. OTienbHbie
CTOPOHBI 3TOr0 BONpOCa JOBOJNBHO NoApo6HO paccmoTpeHsl B paborax
[8,14,17-19]. 3a wMmopens oOHOPOAHOH HACANBHON NHHHH OpPHHATA
feckoHeyHas uenHas cxema, B KOTOPOH yd4acTOK JHHMM HauHOA dx
3amMeHeH [-06pasHBIM 3BEHOM C HHAYKTHBHOCTBI I[,dX B NpONOIBHOM
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nnede g eMkocTeio (,dx — B momepednom (puc.l.10,a). 3mecs Le=L/¢ u
Co=C/{ ~ norounsie (OTHECeHHblE K €JHHHUIE IIHHEI) HHIYKTHBHOCTEH H
eMKOCTE; L— HHIYKTHBHOCTh HETIH, 06pA30BAHHON NPSAMBIM M OGPATHBIM

nposomamn; C — cyMMapHas eMKOCTs MeXAy Nposojamu; £ — OJHHA
NTHHKH.
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O6osnaunm dwepes u(x),i(x) HampsxeHHme u TOK B CedeHHH NHHHH,
HAaXONAWEMCs Ha paccTOSHMM X OT ee Hadaga. 3aMeTHM, 9TO HX
Heo6XoauMO CYHMTATH OMHOBPEMEHHO W OYHKUMAMH oT t. Jlna ywacrka
anudof dx (puc.1.10,a) umeem

dilx + dx . ou(x

ux +dx )= ulx)~Lodx —-(—at—~——); i(x + dx )= i(x)- Codx a(t)

VYerpemnas dx x Hymwo, B Ipejene molydaeM
du(x t) _ L 3i(x, 1) Bilx, t) _ e, ulx, t)
=~1L, =

ox a | ox at
[TepeitneM x uzobpakeHUAM
aU (p, al(p,
W), ~pLol(p, x); A X) 00 x).
dx ox

OTtcrona

aU(pX)

-p LoCoU(P,x) 0.

Pemenne atoro u.nd)tbcpeuuuanbﬂoro YpaBHEHMA:

Up. x)=Fi(p)e™ + F.(p)e™,
rpe s=p-1;Co, 8 BEIHYHHH F, (p) H F, (p) DOMKHB OBITE HAHIEHB H3
ycnoBuH B Havange u B konue nuHEM. COOTBETCTBEHHO

()= B0 ol ) -5, )]

pLy 0x
Ob6oznayus
\/— _X
QLO Co v’
Oy YHM

U, 1)=Fi(p)e P +Fa2(p)e’ ;
1(p, 7) = [F1(p)e " - F (p)em]g-

BennuuHbl v, p )74 T Ha3bIBaKOT COOTBETCTBECHHO CKOPOCTHIO

(1.12)

pacnpocTpaHeHus bpoHTa BOJIHBI, BOJIHOBBIM CONPOTHBIEHHEM
(compoTusnendeM JAis GpOHTAa BOJHEI) H BpPEMEHEM pPACIpPOCTPAHEHHA
GpOHTA BONHEI [0 YYacTKy JHHMYM INHHOK X (PNeKTpu4YecKoHd MAHHOM
oTpe3ka x). PU3UUECKUH CMBICH 3THX H NMOCIEAYIOMHX Ha3sBaHWH CTaHeT
SCHBIM M3 JaNbHeRurero.

Monoxum B ypapHennax (1.12) 1=0u 1=t,, TAe =4V -

alleKTpHYeckas ANMHa MMHuA. Boipasum U(p,0) u U(p,to) cornacuo cxeme
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(pnc'.l.lo,a). Pemas monyduBImIyIocs CHCTEMY paBEHCTB, HaliieM FI(P) "
F.(p). IMomcrasus ux B paBencrsa (1.12), OKOHYATENBHO MONYYHM
"P‘+ —p(2tr‘)
Ulpr) =5 Ui (p) S

1- MM, e 2P ’
(1.13)

e e 20)

I(p,7)= E" Ui (P)Tﬁ%;’q&:,
zp). \, _zk®)-p. \ _Zp)-p
P Czp) e’ T Z(p)+p

BenuauHel M, H M, Ha3bBaoT KO3QpGHUIHEHTAMH OTpaXeHUs OT Hayaja 4

rne

B=1+

KOHIA JIHHHH.

Ilo ycnoBuio Z;=R; u Z=R. Ilpu 3TtoM M,;, M, — BeINeCTBEHHHl H 1O
Monynw He Oonee enuHHunl. Torma npo6s 1/(1—M, Mle‘zf"u) MOXHO
paccMaTpHBaTH KaK CyMMy yObiBalomeil reoMeTpudYecKOd NpPOrpecCcHH co
3HaMeHaTeneM g =M, M;e 2P [18]:

TvrvRe e (VO R L VRS
IoncranoBxa B cooTHomeHue (1.13) naet

U(p, 1)= [—J'E(B)' & (MiMz)™ Rl Ly g g (MM e-p[zmn-']};

16 9)= S g e g (e v

Ecna M, =0, To HeoBxoguMo ucrons3osaTh (1.13).
OcymecTBHM  @Oepexol K  OpHrHHajnaM. YYHTHIBasg  TeopeMmy
3amas3fibIBaHHuA, UMEEM

u(tr)=For+ S i(te)=Fir- Siv (1.14)
3necs
1
ug =%(M1M2)‘ wlt= -1t +1)]; = -p*u ;
u = EM: (MM " wlt- 2t -] 1= -:;u”"

Bun  mony4eHHBIX  peIdeHHH  MO3BOJNAET  OATh  O4eHb  yARoOHyro
HHTEPNPETALHIO NPOLECCOB B IMHAM KaK pe3ybTaT HAaJOXEHHA MHOXKECTBa
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BONHOBBIX IpPOLECCOB, [ONYYAROIIMXCH BCIENCTBHE MHOTOKPATHBIX
oTpaxeHHN OT KoHNA ® Hadana xauuamEi [8,19]. Torma  craHOBATCA
NpaBOMEPHHIMH TIPHHATEIE HA3BAKHA ANA T,0,P M, M;-

Ha puc.1.10,6 moxasaH NMpHMep pacIpOCTPAHEHHs BJONGL JHHUM K-
napsl BONH (npsMoli H o6parro#i). Ecniu R = p (ciywal coriacosaHus), TO

M,=0 u
UG D)= 5UiG)e ™ e 1= 2ot B)e ™
Co0OTBETCTBEHHO '
u(t,1)=|13—u,(t-'r'); i(t,‘c)=éu|(t-‘t).

Curman B moboM cedeHMHM JIHMHHH INOBTOPAET 3J€Ch CHIHAl Ha BXOJAE C
3ajJepXKo#i Ha Bpema 1. B IMHHM Ha6MOJAeTCs MHIIb OXHA npsaMas BONHA.
OTpaxkeHHA OTCYTCTBYIOT.

Cornacro (1.14) m3MeBeHHe BO BpeMEHM CHTHala B NI060M cedeHHH
NHHHM TPOHCXOJHT cKaukooOpasHo. MOMEHTH NOSABJIEHHA CKa4koB
COBMAJAIOT € HajaJoM NPOXOXKAEHHA HYEPE3 paccMaTpHBaeMOE CEYEHHE
ouepexHO# npsamod unw obpatHo#d BoaHb. Ckaukd, o6sa3aHHBIE
OJIHOMMEHHBIM BONHAM, CHENYIOT uepe3 OJHHAKOBEIE NPOMEXYTKH, paBHBIE
BpeMeHH ABOiiHOro notera BONHB BXONb THHHH. Ha puc.l.11,a2 mokasans
rpadHKH HANpSIKEHHT B KOHIIE THHMM IS PAsHEX M; ¥ M,=-1 (R,=0) npn
BO3AEHCTBUH Ha BXOXe mepenana E,(t). B cnyyae M,=0 uMeeM TOUYHYIO
3aflep>KKy BXOJHOrO CHrHana Ha BpeMs t,. Ecnu xe M, #0, To curHan Ha
BEIXOJE NOJydaeTci MCKaXeHHBIM. CTENEeHh HCKaXKEHMH pacTeT 1o Mepe
npHGIHXKEeHHA }le Kk enwHuue. Ilepexoausie Ipoueccsl B Hadane

pa3OMKHYTOH Ha KOHIle THHHH NpexcTaBneHsl Ha puc.l.11,6. IIpu M,=0 Ha
R; Iojly4aeM HAeanbHO INPAMOYTONBHBIH HMIOYIbC  HalOpsXKEHHA
aMILIETYNOR E,=0,5E, H IOIHTENBHOCTBRH tu =2to. CTENeHh HCKaMeHHi
chOpMHPOBAHHOT0 HMIyIbCa PacTeT MpH |M1‘—> 1. Ta xe camasa KapTHHa
HaGmromaeTcs M N1 HANPSOKEHHS Ha BXOJAE KOPOTKO3aMKHYTOH Ha KOHIeE
nuHHE (M, = —1), ecnd 3Hak#H M, ® M, Ha puc.l.11,6 cMeHUTH Ha
oBpaTHEIe.

3aMeyaHHs 1O HCHONL3OBAHHIO PAOHOTEXHHUYECKUX kabeneif.
PangnoTeXHHUEeCKHE KOaKCHANbHEIE Kabenu B IepBOM NPUOIHKEHHH MOTYT

PaccMATPpHBATHCA KaK ONHOPOOHBIE HAEANIbHBIE JIHHHH C apaMeTpaMHu p t,.

'naBHOE BHHMaHUE OpPH HCIOJB30BAHHH kaGeneit ClIefYyeT YOCHATE BOIPOCY
HX COrJIaCOBAHHA C Harpyakoffr. TPH OCHOBHBIE CXEMBI HX BKIHYECHHSA
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nokasaHl Ha puc.l.12. Ilepras cxeMa OQCYIIECTBISAET HEHCKAXEHHYIO
nepenady (TOYHYI 3amepxky) BXOXHoro curuana. [lse gpyrux
NpeNCTAaBASIOT BO3MOXKHbBIE BAPHAHTH CXeM GopMHPOBaAHHA.

RL=.P o W= u‘({ "'Ea)

M
i
yd
-1
~

(%) ¢ Jto R=p
s

R

Puc. .12

O6HIYH0 [INTENEHOCTh IEPEAABAEMOT0 HMIYIBCA ty >>to. [IpH 3TOM
PaccornacopaHMe Ha HArpY304YHOM KOHIE NPHBOAHMT JNHGO K 3aTATHBAHHIO
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GpPOHTOB MMIyNbCa Ha BEIXO#e, NH60 K NOABIEHHIO 3aTyXaloUIHX
xoneGaHMH Ha BepIIMHe H II0 OKOHYaHHH uMmyibca (puc.l.11,a). Ilepuon
3THX KonebGamuH pased 4t,% Ecnm ke t, CpaBHEMA ¢ t,, TO
PaccornacoBaHue NPHBOJUT K NOABIEHHIO NOXHBIX HMIYIBCOB Ha BBIXOJE,
Kax MOKa3aHo IYHKTHPOM ANA caydas t,=2t, (puc.1.11,a). B saBucuMocTH
OT t, KaprdHa MoxeT OBTb camMo# pasnuuHod. Jlng yMeHbLIEHHH
HCKaxXeHHH lenecoobpasHO TPHMEHATE NONOJIHHMTENbHOE COTJAacOBaHHME Ha
Bxoje (puc.1.12,a, nynkTup) [14]. AHanoruyHele HCKaxXeHHs HabnoOQaTCA
U NpM NCmone30BaHMH kabenedl nna uene#t dopmuposanms (puc.1.12,6,8),
eclH HapyIIEHO cornacoBaHHe Ha Bxone (puc.1.11,6).

ITpuMeHeHHe OPOCTOrO 3KpaHHpoBaHHOTo kabens (Mapkupyercs PK-1,
PK-2 m T.n.) nns wupemedt 3amepkxx# H GopMHpoBaHWA CBA3AHO C
KOHCTDYKTHBHEIME TpynHocTaMH. Hnsa Hero v=200M/Mxc. Tak 4ro npH
to=1MKkc Tpebyercs xaGenp pmuuHod (=200M. IlosToMy 3amepxka cC
nOMOINBIO Takux Kabenedl ocymecTBAsETCA TONBKO NpH CO3JaHHH 0cobo
TOYHEIX X JOBONBHO TPOMO3JKHX H3IMEPHTENbHEIX ycTpolicTs. DTu kabenu
HMEIT Majloe BOJHOBOE conporHBieHHe (p=50+150 OM) H CHJIBHO
HArpyXaloT HCTOYHHK HMIIYJILCOB.

Jna ykasaHEBIX Denefl paspaGoTaHsl crenuanbHbie kKabeiaH, KOTOphle
XapaKTEPH3YIOTCS MeHblleHd CKOPOCTHIO pAcHpPOCTPAHEHHs CHTHalna H
NOBLIIIEHHAIM BOJHOBHIM conpoTHBAeHHeM [19]. OTo mOCTHrHyTO 3a CueT
yBEIIHYEHHA IOroHHOH HMHAYKTHBHOCTH KabGens. BHyTpennuit ero
NPOBOAHHK BEHIONHEH B BHXE CchOupaad. MapkupyloTcs TakHe kabenu:
PK3-1, PK3-2 ® T1.n. BpeMs 3alepxKH XOXOZHT 3pzeck no 0,5MKc/m,
p=400-+1000 OM. OnHaKo OHH CO3JalOT 3HAYHTEJIbHBIE HCKaXEHHA GOPMBEI
MMITyNbCa, 49TO OOBACHAETCS YMEHBINEHHEM MOTOHHOH HHIYKTHBHOCTH H
pocToM moTeph ¢ dacToTtoit [14].

IIpn 3HaunTenbHBIX QuuHaXx kabemedl Mapox PK akTHBHBIMH HOTEpAMH
B JHHHH YyXe InpeHeGperars Hexn3s. Hanuume noTeps nNpUBOAHT K
CymecTBEHHOMY ocnabieHnio CHrHana Ha BhIXOZe JNHHHUM nepenauu. Ilpm
R=p # R=0 aMmnaaTyxna HMOyIbCa B Harpyske E:=Ee™, rae

@=1,15-10° 1/m. Hna £=200m umeem E,=0,8E,. Ilpu f> 2MIu
k03¢ QUIHEHT 3aTyXaHHd o MHOBOIBHO OBICTpO pacTter ¢ uactoToi [19].
ITostromy 3a cuer Gomee cuIbHOTro ocnabneHHs BBICOKOYACTOTHBIX
COCTABIAIOIMHKX IPOHCXOOUT HE TONBKO CHHXEHMEe E,, HO H
JOMONHHUTENbHEE HCKaXEHHS dbopMbI HMITYNIBCA Ha BHIXONE, ECNH t,, <IMKC.
CrenmeHp HCKaXeHHH yBelHYHBaAeTcA IO Mepe YKOPOUEeHHMA HMIymbca.
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O6runo panuHa KaGesel nepenavd He NPEBBIIAET HECKOJIBKHX METPOB.
IMosToMy ¢ yKa3aHHBIMH MCKaXEHHSIMH MOXHO CYHTAThCS JIMIUb [pH
OMUTENBHOCTAX HMNYIBCOB B HE€CATHIE H COTHIE NOJH MHKPOCEKYHIBI.

I’ICK!CCTBGHHBIB JUHHY 3a0EPXKKH

OnHopoaHylo HAEANBHYI IIHHHYIO JIHHHIO C MapaMeTpaMH  p t

YCNOBHO p8306LCM Ha n OJHHAKOBBIX TakKk HAa3bIBAEMBEIX HCXOOHBIX
OTpPE3KOB. IToBenenue HCXOAHOro OTpe3Ka MOoIenupyercs 3BEHOM

puc.1.13,a {20]. Mapamerpsl 3Bena p=.L/C n 1,=vLC =t/n EMewT TOT

a o

JTUUUNU L

L Li—

Puc. 1.13

HE CMBICH, YTO H AN HMCXOXHOro orpeska. 3meck L W C- cyMmmapHbie
HHAYKTHBHOCTH M €MKOCTh TOI'0 H JApYroro, H3MepeHHBIE Ha HYIEBOi
yacrore. IloclemoBaTeNbHO COENHHAA n TaKHX 3BEHBEB, I[I0JyuaeM
ONHOPOJHYI0 HCKYCCTBEHHYI0 nuHuMIo 3agepxxu (MJ3). Tlpubnuxennsi
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XapakTep MOXENHMpPOBaHHA TpebyeT COrIacoBaHHA HE TOJIBKO Ha BEIXOXE, HO
H Ha BxoJe NHHHAH (R;=R,=p), YTOOB MOJYYHTH NpHEMJIEMEBIE HCKaXEHHA
MMIIYIBCa B HArpy3Ke IeHOH YMEHBINEHHA €ro aMIUIHTYIEl B IBa pasa. '

Ha pucyHke noxazaHsl HOpMHpOoBaHHBIe (06e3pasMepHble) 3JeMEHTHI
3BEHa, onpegenseMbie  k03QQuUIHEeHTAMH  HEKOTOPHIX  IONMHOMOB
PK(S)=1+s+azsl 2 P((S)=1+S+3252+B3 s’

~ - . 1
c.=2( ~'—’3); G,=2 c3=—(az—33~];
B2 B2 2 B2

HMcnone3yemas HOpMHPOBKa:
s=pt,/2; Gs)=2Z(s)/p-
COOTBETCTBEHHO peanbHEle 3Ha9eHHA 3JIEMEHTOB
1. 1.
Le=5T.wp; Co=5C.n/p-
2 2

IlpuBenenHas cxeMa OpHHATA 3a KAaHOHHYECKYI0 CXeMy mnpocTtefmero
KOppeKTHpOoBaHHOro 3BeHa [20]. Mcknroyas U3 Hee Te HIH MHBIE 3JIEMEHTHI
OyTeM HAaJIOKEHHS COOTBETCTBYIOWIHMX YCIOBHA Ha Ko3podHUMEHTH a;, b,
MOXHO TNOJNYYHTH pa3JHYHbIE BApHAHTH HMCKOMBIX Mogeneii. Hanpumep,
nojaras ;=0 ({,=0), npuxoguM kK T-MOCTOBOMY 3BeHy ¢
KoppekTHpylomei eMxocTbio [21, 22]. IIpuHHMMas RDOMOJNHHTENHHO a,=0
(C,=0), monyuaem sBeno Tuma “m” [14, 15, 19, 21, 23]. B mo6om ciyuae
YCIIOBHE a,B;-p:;=0 03HaUaeT OTCYTCTBHE KOPpEKTHpyHollel eMKOCTH (,, a
yclnoBHe  pl—py+3:;=0 -~ OTCYTCTBME B3aHMOMHAYKTHBHOCTH M .
PasnuyaloTcs  Clegylol[He TPH OCHOBHBIX BapHaHTa NPOCTEHIHX
KOPPEKTHPOBaHHEIX 3BeHheB: LC-3Bemo (&,=0; M =0); M-3seno ((,=0;
M = 0); MC-3gexno (G, #0; M =0). Bce onu onuH 3a OPYTHM ABIAIOTCH Kak
65 pesyIbTaTOM BBeJeHHA Bce Gojiee CIOXHOH KOPDPEKLHH B HCXOAHOE
3BeHo, cocTosmee u3 JBYX I[I-o6pasmsix LC-3BeHBEB, COEIHMHEHHBIX
KacKagHO.

ITpy M # 0 T-o6pa3sHag 49acTe 3B€HAa H3TOTOBJIAETCA B BHIE eTHHOHN

KATYWKH HHAYKTHBHOCTH ¢ orsogoM [14] (pmc.1.13,6). UnagykTuBHOCTD
KaTYWIKH Mexngy ee 3axumaM® [, =2[,. HHOYKTHBHOCTH Kaxio# ee
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MOJOBHHBI L,:L,—lMI (o6r19H0 M<0). IIpu 3aganubix L m M pasmepsl

KaTyIKH H 9Hclo BHTKOB W onpepensiores popMmynamu [14]

‘ 1—oka 102(1+0,46 %)L
?_____________________L e N W‘-‘Em-
0,46(4L"—- (in)
, L ¢

3neck L— B MkT'H; £ u d — oceBas ANMHA H BHYTPEHHHH JHAMETP HaMOTKH,
CM; n, — YHCIIO BHTKOB O6MOTXH Ha | CM JUIHHEBI KaTyMKH.

3HavyeHHst INEMEHTOB 3BEHBER, BBIUHCICHHBIE B COOTBETCTBHH C
HafigeHHBIME B [20] nmonmMHOMHANbHBIMH KOd(QODHLHEHTAMH, NPHBEAEHDBl B
tabn.1.3. Ina mnocTpoeHHbIXx Mojeneid 3Hayenne Bufpoca Ha BeplUMHE
NEpeXonHOd XapaKTEPHCTHKHM JIHHHH IPAaKTHYECKHM HE 3aBHUCHT OT HHCNa
3BEHBLEB.

Ta6bnuua 1.3
Tro o p P, gl oL .M
3BeHa ‘ c C [¢ L L
az B2 B3
LC 0,5 0,5 0,25 4,5 0,25 0 0,5 0
M 0,423 | 0,423 | 0,179 | 06,5774 | 0,2113 | 0 0,433 | 0,067
MC 0,4085 0,4085 | 0,1503 | 0,632 0,184 0,0102 | 0,4115 | 0,0885

, t
BenHYNHA 7, =~ C BEHICOKOM TOYHOCTBIO YAOBJIETBOPAET COOTHOMEHHIO
to

14 = Kon™°,
roe K, — xo3GQHIHEHT, 3aBUCAIMMA OT CIOKHOCTH 3BeHa. JTa (dopmyia
MCNIONB3yeTCAs HNA ONpefelNeHHs HeoOXOAMMOro 4YMcra 3BEHBEB IO
3a0agHOH 1,.

BpeMenHnble napaMeTphl pacCMaTpHMBAacMBIX MOMeneH NpPHBENEHE B
tabn.1.4 [20, 24]. Bo3MOXHO HEKOTOpOE yNydlIeHHe Pe3yIBTATOB B paMKax
TEX XKe CTpyKTyp. OxHako BEGpoc Bcerjga cpaBHUTeNbHC Bexuk. s
ULnOCTpaMM Ha puc.l.13,B noxaszaHbl OEPEeXOHbie XapaKTEPHCTHKH
nueufi Ha ocHoBe MC—3BenreB. IlogpoGHeIfl amalnH3 NepeXomHBIX
MpouEccoB B OJHOPOMXHBIX JTHHHAX 3aePXKKH HA OCHOBE 3BeHBEB THNA “m”
1 T-MOCTOBEIX 3BEHEEB ¢ KOPPEKTHpYIOMEH eMKOCTHIO Jad B paborax [20, 22, 23].
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Xgphkrepno, YITO pacueTHas 37EpHKKa ty JOCTUTAETCA BCeraa PUMEPHO Ha ypose 0,5
(puc. 1.13, B).

Tabnuna 1.4
Tun 3seHa Bri6poc K,
LC 0,22 0,76
M 0,15 0,5
MC 0,12 0,44

HanGonee mnonHoe o6GocHOBaHHE pPAcCMOTPEHHOTO IMOAXOAa K
nocTpoeHuo ogHopoaHuX MJI3 comepxurcs B pabore [25]. CymecTBenHOE
CHHXKEHHME aMIUTHTYZAB! BHOpoca (xo 0,02 — 0,03) npH HEM3IMEHHBIX T4, M I
LOCTHTaeTCs HCIONb30BAHHEM Tak HAa3bIBaeMBIX KOHIIEBBIX 3BEHBEB,
CHHTE3HpyeMBIX  ocofeiM  o6pasoMm  [26]. Munnariopusie  HJI3
OPOMBIIIJIEHHOT 0 H3rOTOBJEeHHA [27] BRINYCKAaKTCA B Koplycax, GMH3KHX
10 pasMepaM K KOpPHNycaM HHTErpalbHHX MHxpocxeM. Hanpumep, nuHus
JI3M~0,1-300 (0,1Mkc — sapgepxka, 300 OM —BOJHOBOE CONPOTHBIEHHE)

HMeeT TeOMeTpHUYeckyl JuHHy 23MM, nuEEa JI3M-0,2-600 - 32MMm,
JI3M-1,0-750 — 44MM. DTH NMHHH BHINOTHAIOTCS C OTBORAMH depes 50HC,
100HC 1 T.1O.

§1.3. TPAH3UCTOPHBLIE KJIIOYEBBIE CXEMBI

OcHoBHOH 3amauefl [panpHedINero paccMOTpPEHHSs B 3TOH riase
ABNIAETCH YACHEHHEe XapaKTepa MMNYIbCHEIX [POUECCOB B TPaH3UCTOpax H
nepexaoYaTelbHEX cXeMax (KJIIOYH, JTOTHYECKHE 3JIEMEHTHI H TPHITEDHI,
reHepaTOpEl HMIYNBCOB) Ha MX OCHOBE. BpeMeHHEBIE OUEHKH, NMONyYaeMpie
NpH TAaKOM pacCMOTPEHHH, HOJDKHBEI JOIYCKaTh IKCHEPUMEHTAlbHYIO
OpoBepKY B pealbHBIX YcloBHAX JabGopaTopHoro mpakTtukyMa. IloaTomy
OrpaHM4YHMCA HCIIONBb30BAHUEM CPaBHHTENBHO HH3KOYaCTOTHBIX
TPAaH3HCTOPOB, KOrjJa BJIMAHHE HX COOCTBEeHHOH WHEPUHMOHHOCTH Ha
npomecchl B cxeMax HanGollee CRIBHO M Xopolno Habnronaemo. Bribop tuma
TpaH3ucTopa (n-p-n HIH p-n-p) B JaHHOM clydae 0co60H ponu He HIpaeT.

CraTrudyeckHe M AUHaMHYecKHe napaMeTphl TDAH3NUCTOPOB

TpansucTop ABAAETCA CHCTEMOH IBYX B3aHMOJEGHCTBYIOWIHX p-n -
nepexonon (puc.l.14,a), KaxApld A3 KOTOPBEIX NMYyTEM HHXKEKUHH H3IMEHAET
KOHIEHTPAIMIO HEOCHOBHEIX HOCHTeNel 3apsaa B 6a3e H TeM CaMbIM BIMSET
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Ha TOK Apyroro nepexona. [ToaToMy TOK xonmexkTopa j, ABiserca GyHKiueH
3MHTTEPHOro Toka j, (Toka 6askl i,). Jing CTALHOHAPDHOTO peXHMa

L=leties le=aois+ Lo i‘=ﬁnie+(ﬁo+l)1w-

Puc. 1.14°

3necs q, M B, = ao/(l—-an) ~ CTAalHOHapHbIe KO3GhOUIHEHTH YyCHICHHS

no Toky B cxemax ¢ o6me# 6a3zo#t (OB) u o6mwum amurTepom (03). Obrruno
%=0,9+0,99, B,=10+100. ITapamerp ], — TemIOBOH TOK KOJJIEKTOpa,
onpejenseMbli KaK TOK Yepe3 KOMIEKTOpHBIH mnepexons mnpu obpaTHoM
CMeIeHHH Ha Nepexone Konnekrop-6aza M pasopBaHHOR Henu 3MHUTTEpA.
O6BIYHO [,, UMEET NOPAROK OT AECATHIX AoJieH JO eAHHHI MHKpoaMmmep.
VcnosHele 0603HaYeHHA TPHOAOB H IOJAPHOCTH HaNpsKeHMH Ha
3MekTpoAax npu pabore B AKTHBHOM pPEXHME TPaH3IHCTOPOB THMA p-n-p H
n-p-n MokasaHsl Ha puc.1.14,6,8.

Hcnonssosanne To# HAM HHOM CcHCTEMB NapaMeTpPOB TPaH3HCTOPA
3aBHCHT OT BBEIGopa ero skeusaneHTHOH cxembl [7]. Ha puc.l.14,r
npejcTaBieda ONHA M3 IMMPOKO PACIPOCTPaHEHHBIX IKBHBANCHTHBIX CXEM
TPAH3UCTOpa, BKIIOMeHHOro mo cxeme OD, npexcrasnsiomeffi Aas Hac
Haubonbmmit wHTepec. 3pmeck r; ~ OO6BEMHOe compoTHmRIeHHe Ga3agl,
rs230+200 Owm; r,=(pr/i,-—- COTNpPOTHBIEHHE OMHTTEpa, ¢ ~25MB -

TeMIepaTypHHHE mnoTenusan Tpuoga (mpu i,=5MA wumeem r.=5 Owm);
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Cas=TsfTe — HEGDY3HOHHAR eMKOCTh, YYHTHIBAIOINAs WHEPUHOHHOCTH
npoueccos B TpaH3ucTope [28]; 1:,,:1/(27&1‘,) — TIOCTOSHHad BpPEMEHH
kospdunuenta a (cxemsr OB);.f, — rpaHHUHAZ 9acTOTA, HA KOTOPOH
@=0,707 a,; C. — eMXOCTh KOJJEeKTOPHOTO Mepexonxa; r, H r. -
CONPOTHBJIEHHS YTEYKH Iepexolha KollekTop —~ 6asa H y4acTka KOJIJIEKTOp
~ 3MHTTep. B npnGanxeHHBIX pacueTax HanudueM C,, r, H r, MOXHO
npenebpeus.

Hs npuBegeHHOM cXeMbl BHIHO, YTO 3aBHCHMEIH TreHepaTop TOKa
0oU's/re, HEHCTBYIOM(ME B UEmH KOJNIEKTOPa, ONPENENAeTCs He BXOIHEIM
HampsAXeHHEeM us, a4 HampsKeHHeM u';, INPHIOXKEHHBIM MEXRY
Boo6paxkxaeMoif TOukOH &' BHYTPHM TpPaH3HCTOPAa H BEIBOAOM 3MHTTEpa.
Benuunna y’; Moxer GBITH OmpemelneHa, €CIH H3BECTHBL r; W BOJBT—
aMnepHas XapaKTEpHCTHKa nepexopa (Auoxa) 6asza — samurTep. OnHAaKo H
TO, W Apyroe uMeer Gonemoif pasbpoc ot obpasma kx ob6pasmy. Has
obmeryeHHss pacyeToB M OOECHEYEHHA B3aMMO3aMEHIEMOCTH TPHONOB B
HMITYABCHBIX cXxeMax [7] mociiegoBaTeIbHO CO BXOLOM TpaH3HCTOpa
06BI9HO BKIIOYAIOT JOMOJHHUTENBHOE COUNPOTHBIEHHE R,>>rs. 1orna
BXOAHOM 6a30BHH TOK is~us/Rs ONpEeNeNseTCA TONBKO BHENIHHMH
napaMeTpaMH CXeMBl, H ¢ HHM omepupoBath 6omee ynobno, deM ¢
HanpsKeHUEM u'y.

PaccMaTpuBaeMas 5KBHBaJeHTHasd CXE€Ma He YYHTBHIBAeT cleuHpHIHOM
nHGdYIHOHHOH 3aJepXKH t, NOABJIEHHS TOKA KOJUIEKTOPAa OTHOCHTENBLHO
Toka sMHTTepa [7]. Henmoxoe npubinxeHHe K pealbHOH 3aBHCHMOCTH
a(p) HMEET BAJ

a(p)* IK(P)____ %o e Pho.
Is(p) l+pTu

COOTBETCTBEHHO

Lp)__al) By
B p)= = =~ e Plo
°) Is(p) 1-a(p) 1+pr,
rae tp=(ﬁ°+1)(n,+t°) - moCTOssHHaA BpeMeHH Kodddunuenta P (cxemer O0).

3

[Ipenebperas 3anmasjgbIBAHMEM, IJIA NEPEXOXHOH XapaKTEPHCTHKH CXEMBI
O3 no Toky (aKTHBHEIH pexXuM) AMeeM

hgp (t) = Bu(l - e't/tﬁ), 5~ (ﬁo + 1)1,1 .
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3ToT pe3ynpTAaT coBHAagaeT ¢ ToXyuaeMbiM K3 cxemsr (puc.l.i4,r).
ITockoneky 3 >>1,, TO BpeMeHHble cBoHCcTBa cxeMBl OO MHOro Xyxe, dem
cxeMu OB.

PexxuM paboTsl TpaH3HCTOpa CHABHO BJIHAET Ha 3HAYEHHA €ro
napaMeTpoB. IIppumMep TOMy — 3aBHCHMOCTE ,OT i,. 3aBHCHT OT i,(i,) "
napamerp f;. JIng THOOBBIX TPHONOB MAaKCHMYM B, Aocrmraercis IMpH

ix=3+5MA, YBENHYHBAACh C POCTOM |u,. Tok koNIEKTOpa MPAKTHYECKH He

3aBHCHT OT HANDAKEHHA Ha Komlnekrope npH [u]z(3-4)p,. Emxocts

Cﬁ‘eCm/E/u, YMEHBIIAETCH C POCTOM |uﬁ| ( Cuz—~ €MKOCTD, H3MEPEHHAR NDH
u,=E ). Kax npasuno, 1, yMeHbmaercs ¢ pocToM |u, # i,. CHIBHO 3aBHCAT
napaMeTpel TPHOAA H OT TeMmeparTyphl. KosQpuuuenr B, c moseimueHuem

TeMmIepaTypsl OOBIYHO yBenHYHBaeTCA M YMEHLUIAETCS TOJNBKO B oblactu
BBICOKMX TeMIepaTyp. 3HaueHHe 1, TaKXe pacTeT C TOBBIMEHHEM
TemuepaTyphl. Tennopol TOK repMadMeBBIX TPaH3HCTOPOB yABaMBaeTCA C
pocToM TeMnepaTypst Ha kaxkpgsie 8-10°C. V KkpeMHHEBBIX TPHOLOB [4
yABaHBAETCS BCAKHH pas ¢ pPOCTOM TeMmmepaTypel Ha 5°C, ocraBajics B
paGoueM HHTEepBalle TEMIEPATYp HHXKE, YEM Y repMaHHeBbIX.

PasnuualoT TpaH3HCTOpPBl cruiaBHoro THna (AuddysHoHHbe) |
TpaH3ucTopel Cc gubdysHonHoH Gazolt (mpefidosme). B nepBEX
nepeMelmeHHe HEOCHOBHBIX HOCHTENEH B 6a3e NPOMCXOJAMT, B OCHOBHOM, 34
cuer gHdy3nn. HepaBHOMepHas KOHLEHTpaLHA npuMecel B ApeitdoBuix
TpHojax cosjnaer B 0Oaze COOGCTBEHHOE DJJIEKTPHYECKOE IONE, HTO
3HAYHTEJbHO YCKOpSET NepeMelleHHe HocHTeneH depes 6Gasy, koTopoe
HoCHT Teneps Apeddoreiit xapakTep. Bropoe HasBaHMEe ANA TaKHX TPHOLOB
obycnosneHo cneunduxol TexsHomorHu. [Io cpaBHEHMIO CO CIIJIABHBIMH

LpeiigoBble TPHOABl 06NAlAIOT MEHBWHMH To H OombmuMu f.
CpaBHHTENbHO Bemuka 3mech M 3amepxka t,~0,7T, (ams cnnaBmbIX

to=0,221,), 1 cTporo rosops, NpeHedperath e ykKe Helb3s.

XapakTepUCcTHKA OTKPBITOTO M 3aKPBITOro cocTOoAHHR kiaoya O3 [29

DneKTpOHHBIH KJIIOY OCYIIECTBIAET PasMBIKAHHE H 3aMBIKAHHE NENH
Harpy3kd NOJ BO3HEHCTBHEM YIPAaBIAIINHX BXOAHBIX CHTHaNOB (oO0bIYHO
ManoMomHEIX). KayecTBo kioda onpefenseTcs MaAeHHEM HaNpAXKeHHA Ha
HEM B 3aMKHYTOM COCTOSHMM, TOKOM YyTEYKH B PAa3OMKHYTOM ¥ CKOPOCTRIO
nepexona W3 OXHOrO COCTOSHHA B npyroe. Haumbonpmee npuMeHeHHE B
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HMOynbCHOR TexHMKe HaxomuT Kkmiod OB B cuiny MEHEEMalnbHOR noTpebHOM
MOMIHOCTH yIpaBifiomiero curaama. Ero monHas cxema B ciiydae aKTHBHOH
Harpy3k® Z,=R, (KO/IEKTOPHOE CONPOTHBICHHE) M HCNOAb3OBAHMA
TPHOJa p-n-p NpuBexeHa Ha puc.l.15,a. Yka3aHHsle HanpaBlIeHHUs TOKOB H

. 5 .
a s

Puc. 1.15

HaOpAXKEHMH npuMeM 3a mnojoxHrensHsie. IlpoBexmemM Ha ceMmeiictBe
CTATHYECKHX XapaKTepHCTHK TpHona (puc.l1.15,6) nuHumio Barpysxd. B
TOYKe A TPHOR 3amepT (PEXHM OTCEYKH), B TOYKE B - MONHOCTBIO OTKPHT
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(pexuM Hacemenus). IIpu j;>iy HONOXKeHHe paboueldl TOYKH MPaKTHHECKH
He u3aMensercs. Orpesox AB oTsewaer axTuBHOMY pexuMy. Ilo ycnoesuio
ynpapisiollee HanpsokeHHe NPHHHEMAET OJHO H3 [ABYX BO3MOMHBIX
3HAYEeHMH: orpnuaTenmoe Ea<0 — 1©0pH  OTKPHITOM  KIKYE H
TONOXMUTENbHOE Eg >0 — NPH 3aKPBRITOM,

Jns XapakTepHCTHKHM INPOLECCOB B DEXHME OTCEYKH BOCHONB3YEMCH
H3BECTHHIMH COOTHOIMEHHAMH

b W (orue/er 1) — M (eun/en - 1)

Lo (1—ao; 1-ao; (1.15)
de __E'_(e-us/wr -1)- (eux/(a\- - 1),

I l-oa: 1—-aa

3nech o — K03pPHUIHMEHT mepenayd mo Toky B cxeme OB npu MHBEpPCHOM
BKJIOYEHHH TpHOJZA, KOIZa KOJUIEKTOp BEICTYHAeT B pDOJNH 3MHTTEpa, a
9MHTTEP — B pPON® Komyexropa. O6muno ¢, <0,7 u [3,=q,/(1-a,)s 2-3<<f.
Oycrs um=Ee>>@,, [Ed
BEJMKH, TaK 4YTO NaJeHUeM HAaNpPIKEHHA HA HUX OT TOKOB 6aspl
KONNEKTOPa B PEXHMME OTCEYKH MOxHO npeHebpeus. Torma us=Eq, u.® B,
M NOCKONBKY a0, = oy, H3 cooTHOmeHu# (1.15) nonyuaem

o BB

l:'”"'[}"[xo:  Pliad I"E)Iwa lG‘la_lKN"IuO:

4TO0 OoTBeyaeT pexumy raybokxo#t orceukn. [lonaras y~Ea=0H

~[E.

>>@,, & CONPOTHBIEHHNE R, H R, He OHYEHb

U >>@,, #3 ypaBHenn#t (1.15) umeem .
™ BiLos i ™ (4B )ls is™—lu-
TakuM 06pa3oM, i, Ha rpaHHUeE OTCEYKH CYIWECTBEHHO yBEIMYMBAETCS
H MeHseT 3HaK, TOTHa KakKk j; OCTAeTCA NPaKTHYECKH HEH3IMEHHBIM.
CoOTBETCTBEHHO BO3PACTAET H i,. FI3MEHeHHA BCEX TpPeX TOKOB B pexuMme

OTCEYKM MJUIIOCTPHpYIOT KpHBBIE (pHc.l.15,8). Toukn 1 H 2 ompepensior
pexuM Tproga. [Ipu Rs=R's BCE ellle HMEET MECTO PEXHUM OTCeukH. Eciu
Xe Rg=R"s, TO TPHON NEPEXONHT B aKTHBHBIH pexuM, XOoTd 0 Eup>0 . Husx
pexuma rnyboxof oTceykH

Ea 215 Re+ (3= 4)o,,
rae m* —TenJaoBoH TOK NpHM MakcuMalbHoi paboued Temmeparype. Eciu
3TO YCJOBHE BHLIMIOXHEHO, TO 3aKphITHIi TPHOA MOXHO IpPeJCTABHTH
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3KBHBAJEHTHBIM HCTOYHHKOM TOKa [, AeHcTBymomHM Mexay 6azoit u
-KONNEKTOPOM (is~ ~Lo} ix ™ lw)-

PaccMoTpuM pexuM HaceHmesus (kiiod 3aMkHyT). ITo ycinoBuwo 3mech
Uy =B <0 5 |Ea|>> .3 [Ed
npaMoM HanpaBiaeHud (ues>0,us<0 ), ¥ HaNpOKeHHs Ha HHX He

>>,. B 3ToM pexnMe o6a nmepexona CMemeHsl B

NpEeBRINAXT HeckoNbkux ¢,.. Ilosromy TOkH j; ¥ i, 3ajJaHn BHewHeH
YaCThIO CXEMBbI

is  [Esll/Rs; ix *[Ed/Re=Iar>
La =Pl - TOK KoNNexkTOpa HachIMEHHs; [; — TOK 6a3zel HacemeHus. s
HACBIMIEHHOTO TpPHONA is2[s. Benuuuny S=is/[, Ha3ILIBAIOT CTENEHBI
HacemeHnHs. Ha  puc.1.15,r nOpuBegeHB  THIOBBIE  3aBHCHMOCTH
MEX3IeKTPOLHEIX HaNpsXeHHH HACHIIeHHOro TpHOZa oT S 0pH [,=10"1
(cnmomHble KpuBble) M I, =10"l¢ (mysxrup). Cormaceo rpaduxam npu

l.=10’1, Ha rpanuue Hacsmenus (S=1) uMeeM

us = usy = —6¢, =-0,15B; upe=0; U, =uu=-6¢ =-0,15B.
CpaBHHTENbHO MaJibleé 3HAYEHHS MEXDIEKTPONHBIX HalpsKeHUH
MO3BONAKOT CYHTATH HACHIMEHHBIH TpPaH3HCTOP 3KBHITOTEHUHANbHOH
o 1
Toukoit. Ilpu S—> lum|—>(prfn-. Hayunad or S=3+5, MeX3JIeKTpOOHbIE
[+ 7]
HANPAXKEHHA M3MEHAIOTCH] He3HAYHUTENBHO. BeNnHuMHBl y,4 H |uo..| nagampT ¢
POCTOM TEMIEepaTyphl B CHNY M3MEHEHHA [o. JNA KpeMHHEBBIX TPHOLOB, ¥
KOTOpPHIX TENNOBhHlE TOKH Ha IOPAXOK MEHbIIE, 4eM Y TIepMaHHEBhIX,
HaNpsXKEHHA Ha [Iepexofax monydaiorcs Gonbimne. 3HayenHe [ Ha IpaHHIeE

HachlleHHs Ha 30-40% MeHbIDEe, 4YeM B HOPMAalNbHOM YCHIIHTEIbBHOM
pexuMe, H60 OHO OTBeYaeT BEChMa MalbIM HANIPSKEHHAM U, = Uy, -

BpeMeHHple nponeccsl B knoye 0D

JocTaTo4HO CTpPOroe pacCMOTpeHHe 3TOr0 BONMPOCA MOXHO HAUTH B
paborax [7,30].B cBoeM H3MOXEHHUH MBI OYHEM NPHAEPKHUBATHCA METOLHKH,
3aHMCTBOBAHHON u3 kHHr [28,29], B34B 3a OCHOBY Tak HazbIBaeMbId MeTO]
3apsja.

[lns% BpeMEHHEIX MPONECCOB LNHTENBHOCTBIO Gomee 1, TOK 6a3bl is(t) u
3apsan B 6ase Q(t) CBA3AHAL MPHOIMKEHHEIM COOTHOMEHHEM:
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Q(t)+ LQ(t)= is (1), (1.16)
T

rae ic(t) Gepercs co cBOoMM 3HakoMm (puc.l.15,a), a 3ap5u.i" no. ceoeH

du3MyeckOd NpHpoe BCerxa HEOTPHUATENEH. B  aKTUBHOM pexuMe
JNONMOJHHTENBHO

ik(t)=;‘—q(t).

ITosToMy 3HaHMe Q(t) MTO3BONIAET ONpPENENUTh NAIHTEILHOCTH GpPOHTOB

TOKa KOIIEKTOpa (BpeMs MEpeKi0YeHHs CXeMbl). B MOMEHT 3aKpBIBAHHA
TpHo/a 3apan B 6a3ze cmapaeT Ao Hyns. [Ipu Z,=R, TPHOX oKasklBaerTcs HA
rpaHH HACHIIEHHA, Kak Toxbko Q(t)= Qp = L Ta & Igu 7y - TPHOX HachImEH

BCE BpeMs, MOKa Q(t)> Qrp. Bennuuny Qmﬂasmnawr FPAaHHYHBIM 3apAOM,
passocts  Q(t)- Q. =Qu(t) ~ mu3bsirouneiv 3apamom. Ilepeitns s

paBencTe (1.16) K H306pakeHHAM, NONYYHM ONEPALHOHHOE YpPAaBHEHHE
3apaja

Q(p)=20)+1s(p) (1.17)

Tﬁ:
1+ p1,

rae Q(0)- wauanbubi# 3apsn B 6ase. Orcrona HaxonsT Q(t) no M3BecTHBIM
ie(t) 1 Q(0)- .

[ToHATHE TpaHHYHOrO 3apsifia MOXHO O0606WHUTE K Ha chydai
MPOHIBONEHOK HATPY3KE B MEMH KONNeKTOPA. IIPH HACHUNEHHH U =Uu~0
ITostomy ompemenuM [,(t) xax Tok, mpoTexaowWui B memM HArpysKH mpH
BO3NEHCTBMM Ha Hee [epenaja HaNpKeHHA E,(t) ¥ HyTeBbIX HAUaMBHBIX
yenopnsx. COOTBETCTBEHHO rpaHMHBIH 3apil Q (t) = 1ala(t) » 1 camoe

obmee onpenenenue cocroanus Hacemenus: Q(t)> Q, (t). Uuorna seonsr

nonsrne Guxtusoro rtoka I(t)=Q(t)/r, [28]. B akTHBHOM pexuME
I(t)< I (t). Auna pexuma nachmenus I(t)> [, (t). Peamsusii ToOK
xonmextopa i, (t)=min[L,(t)1(t). Cnenammoe oBobmenue sBaAETCH
NpUGAHIKEHHBIM.

BepueMca k ciywaio kimoya O3 ¢ akTHBHOH Harpysxoil B uend
konnexropa (puc.1.15,a). Ilpomecc ero oTKpHBaHHS MOXHO pasfeNHTh Ha
ABe cragud: 1) GOpMHpOBAaHHE NONOXHTENbHOTO GPOHTA TOKA KOJJNEKTOpA
n 2) HakonneHue M36BITOYHOro 3apana B Gase. 3akphlBaHHe KIHOYa TAKKE
OpOMCXOLUT B JBa OdTama: 1) paccachiBaHMe HW3OBITOYHOro 3apsma H
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2) dopmu

poBaHue

- OTPHUATEJNBHOrO

¢poHTa

TOKa

KOJlJIeKropa.

ITepeuncnennsie aTaNs MIUIOCTPHPYIOT BpeMEHHElEe fuarpaMMsl (puc.1.16).

(o9

I&

0

“Ifz

) EE;Tﬁ

15

tws

Qltw) o

Qzp -

Ex

| Ly

Ue |

— tp |

Puec. 1.16

to

ITycTs B HCXOJHOM COCTOSHHHE TPHOX 3aKpPHIT (Q(0)=0), H B MOMEHT t=0

3aflaHa CTyYIeHbKa OTKpHBapmero 6a3oBoro Toka Is|=|E6|I/R52I5“. Torpa

cormacho (1.17) Q(p)=Iaw/pli+p7,) 1 Q(t)=Ing(1-e®). Yaurssaz, wro
Q(t.‘{,)—* Qrp, HMeeM
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rae § =lg/le > 1—cTanuonapHas creneds Haceimenus. [Ipu S=1, onpenenss
AMHTENBEHOCTD ¢poHTa Ha yposHe 0,9Q p+ TIOTyYAEM ty=2,31,. Bausuue C,
H to MOXHO  YYecTs, NOJXCTABIAAS  BMECTO T BEITHYHHY
(Bo+1)Xta+ to)+ C<R, H BBOIA 3aNepkKKy t, B Hauano MaMmenenus Q(t).
3peck C,~1,6C,.— ycpenHeHHas eMKOCTb KojiexTopa; (., — 3Hauenue C,
np# u,=E,. ITo oxoHYaHuH (GOPMHPOBAHHA NOJNOKHTENLHOro (poHTA i, H
u. TpaxTHYECKH He H3MeHsaoTca. 3apsan B Gasze mMpomoKaeT HapacTath,
CTpeMACh K CBOEMY CTRIHOHADHOMY 3HAYEHHIO [g1,, [OE T, — NOCTOSHHAA
BpEMEHH HAKOIUIeHMs. BenuuMmHa t,<r;, HO B NPHONMKEHHBIX pacueTrax
MOXHO NPHHATH t.~1p [28].

B MOMEHT t{, OKOHYaHHS OTKDBIBAWOIIEr0 CHUIHANA HA BXOH CXEMBI
MofaeTcs INOJOXKHTENbHOE YNpaBlfIOllee HanpsKeHHe F,. [lomaras
BXOJHOE COUPOTHBIEHHS TPHOAA Ha BCEM 3Tale 3aKphiBAHMS PaBHHIM 4,
uMeeM Ip~Eq/Rs. 3apan B 6ase HaumHaeT ymeHpmatsca (puc.l.16,6).
OpHako m[oKa TPHOX He BHIHIET M3 HACBIIEHHS, BENHYMHBI |, H u,
He U3MEHAITCH, DTOT ITAll HA3BIBAKOT cTaguell paccachlBaHUA H3GLITOYHOTO
sapafa B 6ase TPHOAA, & €ro ANMTENLHOCTh t, - BPEMEHEM DACCACHIBAHHA.
lonaras nocTosHHylo BpeMeHH paccachBaiHi a7, Q(0)= Qtw).
Q(-t,,)= Q,,» AHANOTHYHO NPEABIIYIMEMY IOy HM

1 — e twi/T0 )+

tp=rﬁ€nlm( e ) Icz. (1.19)
Iou + Is2 .

3Ta ¢opMyja cnpaBefdHBAa JMINL [pPH YCIOBMH, YTO 3aKpeiBarownil

6a30BBIM TOK CpaBHHTENbHO Mal. B cnyuae I“2>I“"(1+ﬁ|l3j HMeeM Tak

Ha3blBAEMOE DMHTTEpHOe paccackiBanue [29,30]. BenmuuHa t, monydaercs
3jech MeHblue, yeM mo popmyse (1.19).
Ha stane gopMuposanns otpunatensuoro pponta Q(0) =Q,, Q(t;)=0

te = 150 1+%:f , Ie>0. (1.20)

Ecan =0, T0 npu orcuere wua yposHe (,1Q, 3HaueHHe t3=2,37,.
B neHCTBHTENBHOCTH NMpoNece 3aKphlBAaHHA K/IOYa pasBHBAeTCs CIOXHee, a
BeNMYHHA t; OKaspiBaeTcs Gonpme. OnHAa U3 MPUYHH — BIHAHHE C, H fo.

Ero moxHO y4ecTh, Kax H paHee. OcHoBHas NpAYHHA — HENOCTOAHCTBO
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BXOJHOIO CONPOTHBIEHHK HA 3Tale 3aKpPHIBAHHSA. HaumHas ¢ HEKOTOPOLO
MOMEHTa OHO pe3Ko Bo3pacraeT, a TOK 6a3n yMeHblmaercs (puc.l.16,a,
MYHKTHP). DTO HPOUCXOJHUT TeM paHblue, 1eM fonpine .

W3 mosyyeHssix GOpMYyII CNENYET, YTO C POCTOM 5 YMEHBINAETCH ty M
yBenuuHpaeTca t,. C pocTOM [; yYMeHbWAKWTCAd t, H t,. PaccMoTpHM
npuMmep HY rpuopma. Ilycrs g=5mkc; t,=10Mkc; B=50; [3=Ia=IMA;
L.=5MA. Torga Ha ocHoBanmu Qopmyn (1.18), (1.19) u (1.20) nmoxyqaem
ty © ty = 0,5MKC; t,#3mxc.  Takum  ofpasoM, BiMsHHMe Iponecca

paccacplBaHHSI Ha CKOPOCTH NMEPEKIYECHHU] BEChbMa OILLYTHMO,

BBegCHKC KOPPEKTHPYIOMMUX 3NEMEHTOB

Jns noBriieHHA OBIcTpone#CTBHA KIOYa Lelecoo6pasHo HCKIIOYHTE
HacelmeHue (YMEHBIUUTE t,) NPH HEM3IMEHHO MANBIX t;,t;. DTO NOCTHIaeTCH
HE3HAYHTEJNbHBIM YCIOKHEHHEM CXEMBI. ‘

Knoa O3 ¢ yckopswpomeHd eMKocThlo. PaccMarpusaeMas cxema
npuBeneHa Ha pHc. 1.17,a. Bynem cumTaTth, 49TO BXOAHBIE HMMIIYJBCBHI
ANHTENBHOCTBIO  f,, MNOCTYNAT C HEKOTOPOro HEOTPHLATENBHOrO

MOTEHNHANBHOIO YPOBHA Fg 20, MOCTHras mnpH  CBOEM H3MEHEHHH
OTKpbLIBAKOIIEro NoTeHIHana Eg<0. [Tpu orcyTcTBHH eMKOCTH C H 5= I4
BENMYHHA t,=2,3T, 3HayHTeNbHa. YCTaHOBKA YCKOpSAIOWEH EMKOCTH
Io3BoJigeT INIPM TOM )K€ CTallHOHAapHOM OTKphIBAOmEM Toke 6ashl
CyLlecTBeHHO yBBICTPHTE IpOLECC OTKPHIBaHHA TpHopa. IlpuumHOH TOMY
asngercs Gonpmoil Tox Gazsl Ha aTane gopmuporanus gpoura (puc.1.17,6),
ofycnosnennnifi sapsgoM emkoctn C. Pa3pal eMKOCTH NO OKOHYaHHH
OTKpBIBAIOIIEro  CHrHajla INpPHBOAHT K  YBENHYEHHIO  HayalbHOIo
jakpelBalOmero Toka 06a3bl, Onaromaps d4emy yGBICTpAeTcs NpoLEcc
3aKpBIBAHUS TPHONA.

[IycTs B HCXONHOM COCTOSHHK TPHOJX 3aKphT. Ha 3Tane popMupoBanus
MTONIOKUTENBHOTO (QPOHTA 3KBHBANEHTHAs cXeMa 0a30BOW WENH OTBEYAEeT
pHc.1.17,8. HagansHoe HampsAXeHHE Ha EMKOCTH 'uc(0)=1,d,R5. ITpu 0 <<Ig
BJHAHHEM TOKA [, MOXHO npeHebGpeub. Torga cornacHo cxeme

d+pt e 1
Is(p) = 1§} i+ p7) U.(p) ImRsmp(l+pr')'
3nech
medBl L ocpy e R
Re+Ritrs Rs+Ri+r6
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R — BHYTpEHHee CONpPOTHBJIEHHE HCTOYHHKA; T'— IOCTOAHHAX BpEMEHH
6a3onoit Henu.

a Ee O
Ta0)
__1 l_g,_ KL Bux
Iy ¢
S e 0 Rj
Rs 15,
Ri

Puc. 1.17

Mycre 1§ =Is. Toraa

_ IG(P)Tﬁ _ 1+ pt
Q) l+pt, QW p(1+ pr’)(1+p't£)'
Jns XpUTHYECKOTO pexMMa, KOTAa 1=Tp, Q(t)=Q,1,(l—e"/")- 3neck Q=0 u
NpH OTCYETE Ha YpOBHE 0,9Qrp :
the = 2,37

B o6meM cnyuae cornacHo tabn.l.l
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T—1 e T—Tp .
Qt)= Q| l-——— e+ —Tem
‘[B"’t TB“"T

Kpussie Q(t) nns pasmsix T mokasaHsl Ha puc.l.17,r. Cuuraercs, 4To
H3MeHeHHE T O0O0f3aHO BAPHANMH eMKOCTBIO C [pPM HEW3IMEHHOM Rg-
BapuaHT <1, He IpeiaCTaBisfeT HHTepeca, HOO 34eCh t;>ty,. B ciayuae
™Tp
BT, T-1

-4n
3T T8

ty = < thep »

Y BEIHTPHII B ONHTENBHOCTH (pPOHTA IPH T—>00 COCTaBIdeT He Gonee 25%
Mo CpaBHEHMIO €O clydaeM T=57;. Il09TOMY HCIONB30BAHHE peXHMa

T> 575 ManospdexTusHO. C pOCTOM T YBENHYHBAETCH aMILTATYAa BEIGpoca
Ha KpHBOMH 3apsja M pacTeT BpeMs YCTAHOBIEHHS t, CTAllHOHAPHOTO 3apala
B Gase:
14
T—7T T—1
Quax ¥ ——Qps tmgn 10—= |, gy (121
T8~ T i T
3nagenne Q(t)= Q. BOCTHTaETCH TIPH t = 2,317
JIHTEeNbHOCTh BXOOHOrO MMNYyNbca ROJKHA GBITH HE MEHEe BpEMEHHM
3apAga yCKOpsoomed eMKOCTH! t, =2,3T. B NpOoTHBHOM cilyyae 3aMeJUIHTCH
Ipolecc 3aKpBIBaHMA TpHona. IlycTs t, CPABHHTENbHO  BEIHKA
(ta2t,>73). Torma anms mwoboro pexmuMa t,<ty, CAE 3HaKy paBEHCTBA
orBeyaeT Eg=0. IIpn 3amaBHO# BenuMumMHEe E; B pEXHUME T>T, 3HAYEHHE
ty<tpkp H MEHBINE BPEMEHH pa3pAma yckopawoume# emxoctH. [lo3ToMy B

MOMEHT 3aKpHIBAHHA TPHOJA HAa €eMKOCTH OCTAeTCid HEKOTOpPOE HANpPAKEHHE.
B nanppeitmeM oHO 6ymer ymeHbmaThcA ¢ GOMbIMOHR MOCTOAHHON BpPEMEHHM
T, H IpPH BHEICOKHMX 4acTOTAX CAEHOBAHHA MMIYNHCOB BO3MOXHO MOABIEHHE
IHHAMHYECKOro CMemeHHs Ha eMKOCTH IIoCcoM Ha 6asy, YTo NMpHBENeT K
yBennueHHIo t;. Ecnu xe t,,=2,37 — MHHHManbHA, TO QA T060r0 pexHMa
IIMTENBHOCTE  OTPHHIATENBHOTO  (poHTAa 3apsaa (BKI0Yas  BpeMs
paccachlBaHHs) paBHa BPeMEHH pa3psAla yCKOpAKIOIEH eMKOCTH

1§

cT
62

ts = tpap = T40| 1+ » Ee>0 (1.22)

H YBEIHYHBAETCA C POCTOM T, TaK YTO NMPH 1>13 H Ee =0 momyuaem ;> ;.
BricTpomeficTBHE CXEMEI pasyMHO OueHWBaTh mapametpom  max(),t;).

HpHBCHCHHHC Pe3yABTATHE IOKAa3bIBAKOT, UYTO IPH BBICOKHX YacTOTax
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CNEeJOBAHMA HMIYILCOB HeNecoobpasHo HCIONb30BaTh KPHTHYECKHH pexum
B lenu Gaspl.

Panee nonaranoce, 4To I§ =1 . [lonyueHHsIe pe3ynbTaTEl COpaBeIIMBH
H B TOM Cjlyyae, KOrjga CTalHOHAapHBIA 3apsn B Gase npesenuaer Qnp- Ilpn

+

3TOM mOJ t, M t, CIelyeT INOHMMaTh obmee BpeMs HAKONNEHHA
CTAIlHOHAPHOTO 3apf/ia ¥ M3MEHEHHs 3apsla OT 3HAYEHMS Q(t.,l) N0 Hyns.
XapakTepHO, 49TO BENHYHHH t, M t, NPH (>7; HAKOrJZa HE NPERBLINAIOT
sHayerns  2,31'. Or1o ofycnaBnuBaeT 3G EeKTHBHOCTE HCIOJIB30BAHUA
paccMOTPEeHHOHR CXeMBI.

Bpegenue  nHenuneHuo#  obparHoit cpazn.  Cornacho (1.22)
HCIIONB30BAHHE pEXHMAa >, M YBEIMUEHHE CTAUMOHADHONH CTeneHH

HaCBIIEHUA S = Ig’,/l,,H (c pocTOM aMIIMTYIBl HMITYJNbCOB Ha BXOLE) MOXET

NPHBECTH K 3aTATHBAHMIO IpOUEcca 3aKphIBAHHA Tpuona. UYrobh 3TOro HE
CNyYHJIOCH, B CXEMY BBOAAT HENHHEHHYI0 06paTHYIO CBA3b C KOJNJIEKTOpPA Ha
Ga3y (puc.1.18).B gasHOM cnyuae cOmpOTHBIEHHEe R, pazGuBaeTCs Ha ABE
4acTH: R M I. BeaMuuHA r yOOBIETBOPSAET YCAOBHIO

Tap << I << R's» (1.23)
rae ¥, — YCPEeNHEHHOe NMpAMOE COmpoTHBIEHHE TpHona J[ B nuanaioHe
pOTEKAOIHX 4Yepes Hero TokoB [,~]". OOBIYHO MOXHO CUHTATh

=200+ 300 Om, Tak uro HeobxoxuMas BeNUUHHA r cocTapaser 1-2xOm.

Ex

b K e
—14-

.

- I
, in * )
Ri Rs 2
"“E.; ‘T‘E?
" [} n 5¢
&

llc

Puc. 1.18
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TlycTe B HCXORHOM COCTOAHHM TPHOX 3akpur. Torga y,~E, H AHOR
HAXOAHTCA MOX OOPATHEIM CMEI[EHHEM, T.. 3allepT. B TakoM MONONEHHH
OH OcTaercs Ha BCeM :dTame (GOPMHPOBAHHS MONOXKHTEIbHOro ¢poHTa. B
MoMeHT t=0 Ha BXOA CXéMHl OoJaeTcsd OTKphBalOUMi wummynsc. [lpu
t<2,31", moka B nemu Gaspl DpoTexkaeT 3HAYHTENbHBIH €MKOCTHBIR TOK,
OpoUecchl NPOMCXOAAT Kak ‘® B obbiuHOM Kmoue O3 ¢ yckopsomei
eMKOCTBIO, B0 CpaBHHTENbHO HeGonbIlasg yTeuKa Hepes AHOA B HHTEpBane
t;<t<2,3'c' ciabo BIHseT HA TOKH 6a3bl M KOJJEKTOpa. B MOMEHT BpeMeHH’
t=2,31" 3apan B 6a3ze paBeH MaKCHMAIbHOMY Qmw}—Qn.

T

Morennuans: 6assl M KOMIEKTOPa HACHINEHHOIO TPHOA IPHMEPHO
onuHakoBel. IlostoMy mpu t>23t B cmay (1.23) mourw Bech
craumonapHsiil BXONHOH TOK I ~|Eq|/Rs OyHeT OTBETBIATHCA Yepes HHOL,
Tak YTO TOK 6a3kl MpakTHYeCKH cnagaet no Hyns. [Tomaras Q(0)=Qw, ans
BPEMEHM YCTaHOBIEHHS t, CTAMOHAPHOro 3apana B 6aze HaXOMUM

tlwrpfni.
T
lpu 1 =27, uMeeMm t;~0,7t, BMecTOo mnoxywaemoro mo ¢opmyne (1.21)
3HAYEHUA 1~ 2,3T,.
B pmanpHelmeM B cXeMe [NOJKEH YCTAHOBHTBCA CTALHOHAPHBIH

pexuM, COOTBETCTBYIOIMA HAXOXHEHHIO TpHOJA Ha TpaHH ABKTHBHOMH
obnactH u Hachimenus. [Ipu aToM

1. 1
1§§=EIK=E(I‘H+IR); L=I1"-18; Lw=|Ed/Ru-
HOCIIC TONCTAHOBKH OKOHUYATEJIBHO
Lo+ 11 '
5 == M l+— |~ 19
Isi B+1 als B Is

rge S'=11°’/1GH << [3.CoOTBETCTBEHHO B CTAHOHAPHOM pexXHMEe H3GBITOUHBIH
sapax B Gase Tpuoja (IO CpaBHEHHIO C Q,,) MPAKTHYECKH OTCYTCTBYET. Tox
gepes mHOA [;=(S"-1)l,, 06ycnoBIen HeGOBIIMM NPEBEIIIEHHEM 3aPANA HAR

BENMHUYHHOHR 7,]. . Ha 3Tame 3axkpsiBaHHA TpHOIa XHOMX 3alepT M He BIHAET
Ha paboTy cXeMBal.
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§1.4. IOTUYECKHE 3JIEMEHTBI

JlorHyeCKMMH HAa3BIBAlOT 3JEMEHTHl C YHCIOM BXOXOB OOBIYHO He
MeHee OBYX, CHTHAJl Ha BHIXOJE KOTOPHEIX 3aBHCHT OT KOMOHHAIMM BXOAHEIX
CHTHAQJOB. OTH CHIHANB NPEACTaBIAOT BO3MOXKHLIE 3HAUEHHS JABOMUHOM
nepemenHo#. COOTBETCTBEHHO pPasNHYalOT CUTHAN eAMHHULl (curHan 1) ®
curgan wnyns (curmanm 0). Kaxaelf JOruveckuii 3JIEMEHT peaansyeT
HEKOTOpYIO NpOCTeHINYIO IepekniovyarelsHyro (yukuuio, IIpowsBonsHas
OYHKUHA peanH3yeTcs KOMOHMHauMeH npocrTeHIdX TOTHYECKHX 3TEMEHTOB,
onpejeNeHHbIM 0o0pa3oM  COeJHHEHHBIX [Ipyr ¢  zpyrom. Takyio
koMOHHANMIO HA3BIBAIOT JIOTMYecKo# cTpykTypo#. K uucny npocrefimux
OTHOCATCA JNOTHYECKHE 3JE€MEHTbl, CHTHAN €JHHULELI Ha BBIXOAE KOTOPHIX
MOABIAETCA JIPH HalHYHM : |) HYNeBOro BXONHOrO CHrHajza -
opHoBxonoBbiH snement HE (ambeprop); 2) curmana 1 xots 6el HAa OXHOM
u3 BXojos ~ snement WJIM; 3) curnana | ogHOBPEMEHHO Ha BCEX BXOHKAX —
aneMeHT U; 4) curunana 0 xora 6bl Ha ofHOM M3 BxOomoB— anemenT M-HE
(Ileddepa); 5) curnana 0 OTHOBpEMEHHO Ha BCEX  BXOAAX ~ DJIEMEHT
WUIH-HE (IInpca). Habopm (M, HE, WJIH}, {HU-HE}, {HUNH-HE}
06pa3yoT GYHKLHOHANBHO IONHEIE CHCTEMEl B TOM CMEICIE, 4TO Ji060# 13
HAX MOXeT OBITh MOPHHAT 34 OCHOBY IpPH CHHTE3¢ IPOH3BONBHOH
JIOTHYECKOH CTPYKTYPBHI.

PasnmyaroTcs NOTMYECKHE DJIEMEHTH H CTPYKTYphl NOTEHLHaNbHblE H
muHaMHuecKMe. B mepBEIX curHamamum 1 u 0 SBIAOTCA MOTEHUHANbHBIE
ypoBHH UJ; H U,. IIpu atom B cnyuae {,>UJ, (anreGpandecku) rOBOPAT O
CHCTEME [IOJOXHTENBHBIX  CHIHANoB, ecnu xe [ <, — 0 CHCTeMe
OTPHUATENbHBIX CHrHanoB. CBA3H MeXIY MOTEHUHAIbHBIMH 3JIEMEHTaMH B
CTPYKTYpe — PE3HCTHBHbIE HIM HenmocpeacTBeHusle. JnurTenbHocTh 1060
NaHHOW CHrHaiprHON KOMOMHALHH Ha HX BXOJaX He MeHee MaKCHMalbHOMH
3alEPXKKH B cTpyKType. [IpH3HAKOM COCTOSHUA B JHHAMHYECKOM 3NEMEHTE
ABNAETCA HAJIMYHE MIH OTCYTCTBHE HMIYJIbCa ONpelelieHHOH NMOJAPHOCTH.
JnuTensHOCTh HMIYJIbCa OrpaHHYeHa HHEPUHOHHOCTBIO ONHOIO 3JEMEHTa.
[IpasunpHOE GYHKLHOHHPOBAHHE CTPYKTYPHI ofecrnequpaeTcs
CHEUHaNbHBIM NOA60pOM TAKTOBEIX HMMINYnTscoB. CHCTEMaTH3MpPOBaHHOE
H3IOXEHHE BONpPOCOB, CBA3AHHBIX C I[IOCTPOEHHEM JHUHAMHYECKHX
IneMeHTOB, naHo B paGore [31]. Huxe paccMaTpuBaroTCs TONBKO DJIEMEHTDI
noreHuuansHoro tuna. OHE HaxonaAT wHaubonbmee INpHUMeHEeHHE B
HacTosmee BpeMs. K3ydaoTcs JHOLHBIE, TPaH3UCTOPHBIE H HHOAHO-
TpaH3HCTOpHbIe 3neMeHTHl. MlaeTci XpaTkoe 3HAKOMCTBO C NpOCTEHIIHM
NOTEHIHANBHEIM TPHTTEPOM.
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HOOHbBIC 3NSMEHTEL

OcHOBOM NOJYNPOBOAHMKOBOIO LHOXA ABIfeTCA p-n -nepexon. Ero
BOJbT-aMIEpHAs XapaKTEepPHCTHKAa Pe3KO acHMMeTpHYHA (puc.1.19,a). Hpu
HeKOTOpPOM 3HaYeHHH U, OOpaTHOro HAaImpSKEHHA BO3HHKaeT mpoboi
mepexoja, UTO COMPOBOXKAAETCA PE3KHM BO3pacTaHHeM o6paTHOro TOKa.
Jins Bcex OMOAOB XapakTepHa MHEPIMOHHOCTh. B ocHOBe ee nexuT npouece
HAKOLIEHHA H paccacklBaHHA 3apijfa HEOCHOBHHIX Hocurened B Gase.
BHEIIHUM I@pPOSBIEHHEM MHEPHHOHHOCTH CIYXHUT KOHEYHOCTh BPEMEHH
BOCCTAHOBJEHHS OGPATHOrO CONPOTHBIEHMA t, (pHC.1.19,6) u BpeMeHH
YCTaHOBIEHHSA NMPAMOrO COUPOTHBIEHMS t,. (puc.1.19,B) npu Bo3geicTBUM

Ha JHOJ 3aKphIBAOIIHX H OTKPHIBAIOIIHX II€pEenanosB.

a8
u
6 .
b u N
LanJ Lop e
0 t 0 | t
Uosp ——— —— o :
L : unp.unn—'—_"
inp
—] thoc =
0 ; IUnp o N
LSDC = — Unp""""' - _"'l .
. max 0 't ;
lodp T——— —— tycr b=

Puc. 1.19

HaganpHoe 3HAYEHHE r,, OOBIYHO HAMHOIO MEHBIIE, & r,— HAMHOIO
foNBIIe MX CTAIHOHADHBIX BETHYHH. 3HAYEHHE t, IIOYTH OJXHHAKOBO NS
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BCEX MMITYNHCHBIX JAHONOB H MaJo BIHAET Ha IPOHECCHl B peajbHBIX
cxemax. [IOMHMO t,, ¥ 1y, K YHCIY HMOYIBCHBIX [1apaMeTpPOB JHOIA

OTHOCAT €r0 €MKOCThH C‘1 npu 06PBTHOM CMEIICHHUN H 3apsil NepexKAoIeHns

t X
Q,,=‘ﬁmpdt (puc.1.19,6). 3mauenus t,, MOHOTOHHO, a Q, JnuHeHHO
0

YBENIHYHBATCSL € POCTOM j,. C MOBBIMIEHHEM vy, DPACTET AMINIATYJA
BpiGpoca o6paTHOTO (paccachBaoWIero) TOKA H  YMEHBHIIAETCH  fy-
JeranpHoe paccMoTperHe paGoThl HMITYIbCHBIX JHONOB naHo B [30,32].

Huonusie  NOTHYECKHE  BJEMEHTH  CTPOATCA 10  NPHHUMIY
napanelbHOro AMOAHOro orpasduensd. s yACHEHHMS CYIIHOCTH BOmpoca
paccMoTpuM  pafoTy  pmapajJieNbHOTO  JHOZHOTO  OrpaHHYUTeNs 1o
MAKCHMYMY NIDH HATH4YHH KBYX HEOJHHAaKOBHIX IIOPOTOBBIX YpoBHeR U', H
U" (prc.1.20,a). [Tyets U’y > U", H BHINONHEHB! YCIOBHA OTPAHHYEHHS MO
moboMy W3 ypopHel

E2> U'ni> Unis Top <SRz <<rosp- (1.24)
Torga K u,, HMEIOTCA ABE BO3MOXHOCTH: Wy 2 U’ JHOO 1y, <U'y. Econ
BEPHO NepBoe, TO 06a THONA OTKPHITH H
- E:8,+ (U'm + U'n\)gnp
gt zgnp ’
rae g,=1/Rs; g, =Vry. [lo yenosuio g,<<g,, a E;, Uy, U’y — BENHHHHB

Uaux

omHoro mopaaka. IIpa 3ToM yu. 0,5(U'n + U”w) < U'y» 9TO NpOTHBOPEYHT
ucxonuo# noceunke. OCTaeTCA €AMHCTBEHHOE: u,, < U’y . Ho Torxa mumon [
3aKpHIT H cornacHo (1.24) y,=U-

ITOT peaynbTaT AONMycKaeT cienylomee obobmeHue: B nmapaanensHOM
JHOOHOM OrpaHWYHTE]e N0 MaKCHMYMY € HECKONhKMMH HEOXHHAaKOBBIMH
MOPOTOBBIMH YPOBHAMHM, €CIHH BHINOJHEHBI YCIOBHS OTPAHHYEHHA IO
noboMy M3 HHX, TO HAaNpsXeHHe Ha BHIXOJe (HKCHpyeTci BCerma Ha
Haubonee oTpHIATEIHHOM H3 ypoBHeH, AHaJOrHYHO AOKa3kBaeTCs, 4TO B
cxeme (puc.1.20,6), ecnmn B <U'a<U'z B rop<<Ri<<rep, TO I, — 3a8KpHIT,
H, — OTKPBIT M y,,=U"y. 3HeCh YK€ OrpaHHUeHHe NPOHCXONMT Ha
Haubomee  nmonoxuTenbHOM M3  yposHe#. TloguepxHeM, uTO B
paccMOTPEHHBIX CXeMaxX OrpaHMYeHHe HacTYIAaeT 3a CYeT NMpOTeKaHHA TOKa
Yyepe3 COOTBETCTBYIOMWMH OTKpBITHH anox. ITpu »TOoM BCe Apyrue XHOIBI
3aKPBITHL.

OcymecTBEM  IIepexoi K  JHONHBIM  JIOTMYECKHM  3JIEeMEHTaM.
Paccma'rpunzix KIEMMBI IOAKNIOYEHHA [TOPOrOBEIX YpoBHEH Kak BXOJHEIE
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Puc. 1.20

3aKHMBI, Iepepucyem cxemsl (puc.1.20,2,6) B HECKONBKO HHOM BHJIe
(puc.1.20,8,r). ByneM c9HTarh, YTO CHTHAaABl Ha BXONAaX NPHHHMAIOT
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suauedHs U, ung U,. Iyers (J, < U, (cHCTEMa OTPULATENBHBIX CATHANOB) H
BBIMIOJIHEHB! YCIOBHSA OrPAHHYEHHUS ! i

E2>Ups Ei<Uyp; (1.25)

' Tap << Rig << Logp- (1.26)
Torpa cxema mna puc.1.20,8 sasusercs osnemenrom HMJIM, a cxema Ha
puc.1.20,r — anemenToM H. XapakTepHo, 4TO B CHCTEME I[OJIOMKHTEIbHBIX
CHTHANIOB MpPH BEHEIIONHEHHH COOTBETCTBYMOMHX yciaoBuH puc.l1.20,8
orBevaeT anementy M, a pwuc.1.20,r - WIH. B paneHedmeMm, xns
ONpENEeNeHHOCTH, B O3TOH TrIiaBe paccMaTpuBaeTci BCerja CHCTeMa
OTPHUATENBHBIX CHTHATOB.

Hepapenctpa (1.25) HazoBeM ycnoBdaMu ¢QHKcanwu. I[lpy  uX
BBITTOJIBEHUHK B CciyvYae . HAGANLHBIX  HCTOYHUKOB H  JMONOB

(Ri=r=0, res, —> ) Ha BhIXOHE dneMeHTa GyAeT 3abhHUKCHPOBAH HYXHBbIH
NOTEHYHANLHBIA ypoBeHs, ORHAKO B JeHCTBRTENBHOCTH R; H r,, KOHEUHHI.
Ilporekande TOKa OTKPHITOrO MAHOJA BHIBHBAET Ha HUX NaleHHe
HAalpAXXKEHHS ONpeleleHHOH IOJIPHOCTH, KOTOpOe TeM MeHbIIEe, YeM
«cHJIbHEe)» HepaBeHcTBO (1.26).

JAns konu4ecTBEHHOH OLEHKH HCKa)KEHHH o6paTHMCH K YHCJIOBOH ocH
(puec.1.20,n). CuHTaeM, 4YTO Ha BXOJAX JJeMeHTa PHCYTCTBYIOT
cTaHjapTHble HOTEeRmMansl [, ¥ [J,. CHrHalx Ha BHIXOZE NOJAraeMm
HEHCKaXXECHHBIM, €CITH

U2 U= AU=Up=10o(Uo~U); UM< U+AU=U+3a(Us = Uy)-
30ech ko, k1 — 38M38HHBIE KOO(GQHUMEHTH JONYCTHMBIX MCKANEHHH HYNS M
ENHHHUBL, 0 <K, <1. VYCIOBHA HeMCKaXXeHHOM Iepelayd CHCHANOB
nepenuuieM B BHIE

UomWZ o UG (1.27)

" <k
U—-1U Uo=Us

B snemenre WJIM kapTHHA pachpeneneHH# NOTEHLHENOB Ha BhIXOAE
COBHHYTA IO OCH HampskeHHH BBepx, a pus sneMmenra U — Buu3. [Tostomy B
anemente MJIH MoOryT BOBHHKHYTH HCKaXeHHS TONBKO cHrHana 1, a B
anemente M -~ Ttoneko curdHama 0. ChoenaHHbBUf BBIBOL He 3aBHCHT OT
NpUHATOM cHCTeMbl CHrHanos. Bmecrte ¢ ycioBdeM ¢QHKCADUM YCIOBHE
HEMCKaXeHHOH nepenayn CHrHama (HyNs MIM eluHANE) o6pasyeT cHCTeMY
ROCTAaTOYHBIX YCJIOBHA IpaBHAbHON! paboOThl IHOOHOrO 3JEMEHTA.

PaccMoTpuM Teneps clyyaif Harpy)KeHHOTO 3JIEMEHTA C IPOH3BOIbHBIM

upcaoM BxonoB. ITycts M- wmcno Bxomos aneMmenta H; N-— TOo xe ans
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anementa MJIA; R/u R! — BHYTpEeHHHE CONPOTHBIEHHS HCTOYHHKA N
curnanos 0 u 1. B ofmem cnydae R{# R). 3HadeHHe r,, BKIIOYEHO B R;.
Ananu3s HayngeM. ¢ anemenTa U (puc.1.20,e). 3nece

‘:= Elgl + Eugn

1
Eal gsl=i—=gl'+gn'

51 al
Venosue duxcauuu: E, <U,. HauGonpmee ocnabienune curHana 0 mmeer
MECTO HpH ero NOCTYNJIEHHH TOJHKO Ha ONHH H3 BXOmoB. Torxa OTKpPBIT
BCEro JNHIIE OJMH [OHON, M BHYTPEHHEe CONPOTHBIIEHME HCTOYHMKA, OT
KOTOpOro orGupaercsa TOK, ©  OKAa3BIBAGTCH MaKCHMaNnbHBIM.
CooTBeTcTBYIOIMas KBHBAJEGHTHAaA CXeMa npuBefeHa Ha puc.1.20,x. Jas
Hee

Uog? + Ul(M - 1)805,, + E318,1
Cornacro (1.27) uckoMO€ YCIOBHE 3alIHINETCH

(M_l)guﬁp + _Uo_igﬁl gal
Uo—U; <ko-

Ugux =

(M“l)gosp + g? + 8,
AHaNOrMYHOE pPacCMOTpPEHHE MOXHO IpOBecTH H s anementa WUIIH.
PacueTHEIE COOTHONIEHHAS 3/1eCh
—E:& B8,
g2

E)Z >U0’ g:l=g1+gn

(N—]'}goﬁp + =

Up— Uy

(N-U)goe, + 8+ £,

C YBCJIHYICHUEM HHCIIA BXOJXOB JJIEMEHTaA BOSpaCTaCT cyMMapHMﬁ TOK
YTEUYKH qepes 3aKprTBIe JAHOOBI, & NOTOMY — H CTECIEeHb HCKaXEHHA
curHana. OcoBeHHOCTH MNOBEfEHHMS JHONHBIX JIOTHYECKHX CTPYKTYp

paccmorpensl B [1]. JoMONHATENHO MOrYT GBITH PEKOMEHIOBAHBI paboThl
[33,34].

g)l

<k .

TpaH3¥CTOPHEIE 3TEMEHTRL

ITo npunnmny pmeHCTBHMS pasJMYalOT TPAHIUCTOPHBIE 3JIEMEHTH H
CTPYKTYPEI: ¢ DNEepeKNIOYeHHeM HANpPMKEeHHH, ¢ HenoCpeNCTBEHHEIMY
CBA3AMH, C IepeKNIodeHHeM TOoKOB. HuXe paccMaTpHBAaKTCA TOIBKO
3MeMeHTHl TNepBoif rpynnei. OHM CTPOATCE Ha OCHOBE Kii0OUYa 037¢

v
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yekopsiomeH  emxocTho. [TosroMy ux aHamxs anmapatHo OAOH30K
npenwaymeMy. 3HAKOMCTBO ¢ IPYTHMH rpyntiamu 6ymer nano B §2.1 cpasy
B HHTErpajbHOM BapHaHTe. [TaBHOE B NaHHOM M CIEAYIOINEM pa3lellax —
3TO BBISCHHTH, KaKOH JOrMYeCKHMY¥ THI HPesrouUTHTENeH B TOM HIH HHOM
ciyuae, M BHIABHTH HEKOTOphie ofmue 4YepTs! HOBEJEHUS JOTHUYECKHX
3JIEMEHTOB B COCTABE CTPYKTYPHI.

a

OgE, Ol

Puc. 1.21
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‘DileMeHTH ¢ IepeKiioucHHMeM Hampmkenuy. Kak u npexme, Gyxem
paccMaTpHBaTh 3JEMEHTEl OTPHLATENBHBIX CHrHamos, nonaras U, <U,.

Cxema wHBepropa (snement HE) mnoxasama ma pnc.l.21,a. "Hpu
IOCTYIIJIEHHH HA €ro BXOJA cHrHana (J, TPHOX 3aKphlBaeTCi M IOTEHIHA
BEIXOla (QHKCHpyeTcs Ha ypopHe U,. EnumEmusslt BXomHo# curuan
BLI3EIBAET Hackhlmenwe TpHoma. Ha Brixome nonysaeMm cHrHan Hyns
Us=Uw<0. Ilens cmemenus E-R cTaBUTCA A8 HaIeXKHOrO 3aKpBIBaAHHIL
TPHOZA NpPH HYJIEBOM BXOAHOM cHruane. Ilemoyka auoxHOH GuKCALMM
U, = [l CHYXHT Ans CTaHEAPTH3AUMH CHTHaTa | B yCHOBHAX nepeMeHHOM
HArpy3KH.

Hanee paccMaTpuBaeTcs ciywal, KOraa K BEIXOJY HaHHOTO HHBEpPTOpa

nogkaoyeno n (l<ns<k) Takux xe uHBepTropoB (puc.1.21,6). Vcnosme
3aKpEIBAHMA TPHOMAA 3aNAIIETCH

+Eg -1
UG,;«MZ@_‘;)@‘. (1.28)
g+8
Ycinosue @HKC&HHH noreHuuana KONIIEeKTOpa 3aKphiTOro0 TPHOAa HMEET BM I

E!gx+1:‘gx <
g, +Xg,
Jns HackimeHHOTO TpHona Us =0 .- [lo3TOMY ycnoBHe HACBIIEHHA TPHOMAA

U (1.29)

1
I§§=IU|Ig5—Eg=ﬁ——iE. 8. (1.30)

rze [, - MHHHEMalbHOe [ns [AHHOTO THOA TPHOJOB 3HaueHHe J.
Coornomenus (1.28) — (1.30) mo3BONSIOT BHIIOJHUTE CTATHYECKHH pacuder
CXEeMBI.

Cxema (puc.1.21,B) npexcraBusger snementT Uleddepa va M Bxopos.
Ecnu xoTs 6b1 OOHH H3 TPHOMOB B NOCJIENOBATENbHON LENH 3aKphiT (Ha €ro
BXOI NMoJaH cursan 0), To BCA LeNnb pa3opBaHa M CHTHAN Ha BHIXOLE paBeH
U,. Touasko npw Hanmumuuu cHIHana 1 ONHOBpEMEHHO Ha BCeX BXomax (sce
TPHOOB HACBIOIEHBI) [oJllydaeM Ha BeIxofe curean U,. IlycTh pexum B
CXeMe CTAUMOHapHEIN, H BCE TPHOIH HAXORATCS Ha IpPaHM HachlmeHHs. Jns
MPOCTOTH HanWYueM yTedkd B wensx R;—E, j=L,2,...,M, »spemenHo
npenebpexeM. ITapameTpsl BceX TPHOLOB cyMTaeM oJuHakoBmimMu. Torpa
Iej"Im/‘lj-l H

R5j=aJ-IRﬁl) j=1=25~"’M~ (131)
OnHako MJIA peallbHBIX 3HAUeHHA M u o, GOH3KHX K EAHHHIE, MOXKHO
NpuHATE Rg=Rs, Rj=R —~ ONWHAKOBRIMH 1JA BceX TpHONOB. I[loaToMy
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craTuyeckudt pacyer snementa U-HE Moxer 6piTh BRINONHEH O hopMyNIaM
(1.28) - (1.30) ¢ noxcTanoBKoil B HUX BMecTO U, BeNMHIHHB MU, -

CxeMa anementa Ilupca Ha N BXogoB noxasada Ha puc.1.21,r. Tpaoasl
BKJIOYEHB! 31iech napannensHo. IlosToMy curxan 0 Ha BhIXOJE MOABIAETCA
Npd HanHYMM cHrHana 1 xora 6s Ha onHOM M3 BxonoB. Mduxcanusg curyanat

Ha BBIXOJle HMEeT MECTO, €CJIM Bce TPHOAB 3aKphITH. OCO6EHHOCTHIO
CTATHYECKOr0 pacyera CXeMbl JI0 CPaBHEHHIO C HHBEPTOPOM sBIIseTcH
Heo6XONHMMOCTE MoAcTaHOBKH B dopmyny (1.29) BMmecro [n*cyMMapHOro
TOKA yTe4YKH KONIeKTopoB N 3aKphITHX TPHOLOB, paBHoro NI .

HanuM cpaBHHTENBHYI0 OUEHKY GuicTpomeiicTeug snemenToB HE, U-HE
(1), WIM-HE (T1). Tlpum stom Oylgem cuuTaTh: 1) CMeHAa CHrHaJbHBIX
NOTEHUHANOB HAa BXOJaX NPOMCXOAHT MIHOBEHHO; 2) pexXuM B 6a30BBIX
uenax — KpATH4eCKkUH, T.. 1=C;Ry=1p; 3) yTEUKa Yepe3 CONPOTHBICHHE R;
OTCYTCTBYeT; 4) BEeNHYHHBl Ry YROBAeTBOpAOT ycioBuio (1.31). Torpa
ANUTENBHOCTH q)imm:oa TOKA KOJJIEKTOPa B HHBEPTOPE trune)=the)=2,3 T,
rge v— nocTofsHHas BpeMend GaszoBolt uenu.

Ilycre M=2 u =na o6a Bxoza osnementa M-HE ogHoBpeMeHHO
nocrynatoT curuanst 1. Ilpa sTom

=01,

= 1u(p)—P
L:(P) Ioz(P}l + pra } p(l + p’[l)’ aﬁ )

1
1+pt'fl+pr,)

La (P) =l (P

CoOTBETCTBEHHO

e
= afl
,l+pTu Bﬁ\dp(

'
R« T—1T t"_'ta

Kpusas ix[(t) BrI6pocoB He HMeeT H acHMNTOTHYecku upubiuxaercs x

!
in(t)= M[l S —T-“——e"""J, % T,

ypoBuio |EJ/R.. IlosToMy BenmumHyi; cleiyeT ONpeieNiTh Ha yPOBHAX

0~ 0,9 . IMonaras ¢'>t, ¥ YYUTEIBAsA, 4TO BCerga ty >2,3T,, €CNH OTKPBITHIH
Tpuos B kackage OB HAXOMHMTCH Ha FPaHy HACHINIEHNS, HMEEM
Tr
tou) = t’!n(l 0

-1,

)z2,31’+rn=tg(ﬂﬁ)+n. (1.32)

BhINONHEHHBIH aHAlM3 COpaBelJHB B INPENNONOXEHHH, 4YT0 TpHOA T,
paGoTaeT B aKTHBHOM peXxHuMe. B JaHHOM ciiydae 5TO HEHCTBHTENBHO Tak,
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W60 3apAN eMKOCTH (,, BHI3BAHHEIH HM3MEHEHHEM TOKA iq(t)=i.(t),
NPOHCXOMHUT TOYHO 38 BPEMS th(m)-

Ho6Gasky =+, B dopmyne (1.32) npuMeM 3a OpPHEHTHPOBOHHYIO
XAPAKTEPUCTHKY YBENMYEHHS MJIHTENRHOCTH (pPOHTA, BHOCHMOrO B
anemenTe M-HE xaxpaslM BBHIISCTOSIMMM TPHOAOM. B Hrore umeem
CIEAYIOUYIO TPUGIHKEHHYIO OMEHKY: tyim ™ toius+(M—1)t,. Takum obpasom,
anemeHdT U-HE Gonee mHepUHOHEH, YeM HHBeprop. PasHuna teM cHIbHEE,
yem Gospme M. 3aMeTHM, HYTO BBOJX TPHOINOB B HAachIEHHE 3LeCh
HemonyctdM. B nHaubosnee TaKeIoOM ciydae, xorpza curran 0 mojaercs
TonbKO Ha 6azy Tpuoma T,, 3alepxKKa Hadaka WH3IMEHEHHS IOTeHIHana Ha
BBIXONE paBHAa CyYMMapHOMY BpeMeHM paccachiBaHHs BCeX TpPHOXOB.
PaccaceiBande Tpuona T; HauHHAaeTCAd ¢ MOMEHTa BEIXOHA Tpuoma T, U3
HACBIMIEHNS M MPOMCXOXHT C Oonbmoll NOCTOAHHON BpeMeHH 1;, MO0
XapakTep IpOLeCCa pacCacHBaHHA He 3ABHCHT OT GCXEMbl BKIIOYEHH
TpHOZXA.

JnmarensHocT (QPOHTOB HANDSOKEHHA HAa BBIXOJE 3IeMEeHTa [Mupca
3aBHCAT OT KOMOHHAUMH BXOJHBIX CHIHaloB. MHHHMAaNbHOE 3HAYEHHUE t4
nojyyaeTcs IpH ONHOBpeMEHHOM monaye cHrHajga | Ha Bce BXOJBI, KOTfa
CTaUMOHAPHAS CTENeHb HACBIEHHS KaXIOI'0 TPHOAA OKa3BIBAETCA paBHOIl
N. O6mee BpeMs yCTaHOBNEHHA CHTHana | Ha BHIXOHE t,=t,+l, OLHHAKOBO
8 mobom cnyvae, HO BeCa COCTABAAIOWIUX t, H t, MeHAoTca. Tak, ecnu B
HCXOMHOM COCTOAHMH N-1 TpHOHOB YX€ 3aKpBEITB, TO t,=t,. Ilpu
ONHOBPEMEHHOM 3aKPBIBAHHM BCEX TPHOMOB 3HAYHTENBHYIO JONIO t,
cocraBnsier t,. Kak 6e1 To HH 6plno, GeicTpomeiicTBue anemenTa [Inpca He
Xyxe, uem y ugBepropa. I[Tostomy cucrema {MJIH-HE} npennoururensuee
cucreMbl {I-HE }He TOMBKO C MO3MUMIL CTATHKH, HO U JHHAMHKH.

[lepexoansie Nporecckl B IENOYKE MHBEPTOPOB. PaccMOTPHUM LENOUKY
HHBEPTOPOB, B KoTOpo# Kaxk[IbIH HHBeprop pafoTaeT Ha n aHANOTHYHBIX
eMy oaneMeHToB, l1s<n<x (pwuc.1.21,a,6). Onpenenum mIIUTENLHOCTH
(QpOHTOB TOKa KOJNEKTOpPa B HEKOTOPOM NIPOMEXYTOYHOM HHBepTope. [ng
npocToThl GyzeM mojaraTh: 1) yTedka B LENH cCMeLIEHUs NpeHeGpexmuMo
Mana; 2) TPHOX B HHBEPTOPE-HCTOYHHKE IEpPEKIIYAeTCs MIHOBEHHO;
3) OTKpPBITBIA TPHON MCTOYHHMKA HAXONHTCS HA TIPAHH HACHILIEHHS,
4) o6veMHOE CONPOTUBIEHHE 6a3BI TPHOMA rs<<R,; 5) t=CRs=1p.

YuuTeIBag, UTO K HCTOYHHKY IIPHCOCXMHEHO N HHBEPTOPOB, INA
onpeneneHud OTKPHIBAIOIIEIO 6asoBoro ToKa Iss BBIIEIEHHOTO HHBEpPTOpPa
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MMCEM 3KBUBANEHTHYI0 cxeMy (puc.1.22,a). B nauyansHblif MOMEHT BPEMEHH
HanpsKende Ha cymMapHo# emxocT nC papro Hynto. [lostomy guon
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Puc. 1.22

3AKPHIT, U OTKPHIBAIOIIKH TOK 6a3bl CTPEMHUTCA K CTAUMOHAPHOH BeuuMHe
v Rl B

I:itla‘ 1 -
" R +;Ra aR«+ Ry
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C MOCTOAHHOH BpeMEHH

BOIOTE K0 MOMEHTA OTKDHIBAHAS JHOMIA
Q(t)=Q,(1~e™), Q=11

w(t)=E,(1-¢), E.=Rel
rae Q(t) - sapan B Gasze; y.(t) — Banpaxenue Ha 62a30BOH EMKOCTH.

1 ;
O6osmauum  y=U/E,. Ilo ycmosuio I§='B-E.gh=;Ul|g5- OTcrona
=yBR,. [Tocne momcTaHOBKH
n B _B
‘=f—; E.=|Ul——=; Q,=Q,
n+vyp n+yp "o+’
rae Q. =lat - rpasuuHelid 3apan. ITo ycnosuaMm craTHkd 0043aTENbLHO
B >1. CoorBetcTBenNO E,>|U|n Q,>Q,.
n+yp
dopMHUpOBaHME  [OJOXMTEILHOrO  (GpPOHTa  TOkd  KOJJIEKTOpa
3aKaHYHBAETCH OMHOBPEMEHHO C OTKphHIBaHHEM auozna (puc.l.22,8,r):
1
c =t =T fn———————, (1.33
R ,_n+yB )
p

C sToro MoMeHTa HacTynaer ¢ukcauds. Tok 6a3nl cpasy ke cnagaeT RO
3HaveHHd Ig. Hanepnefimrero HapacTaHus 3apsna B 0a3e He MPOUCXOIMT.
Tpuoa ocraercs Ha rpaHu HacelmeHus. Ha ocrnosanuu (1.33) 3akmoyaem,
4TO B LENOoYKe HHBEPTOPOB 3HAYE€HHE t;, YBEIHYHMBAETCA C POCTOM HHCI]A
BLIXONOB HHBEPTOpA, OOCTHras HNPHK N = K  CBOEro MakCHMAalbHOIO
3HaYeHHH.

PaccMoTpHM mpomecc 3aKkpelBaHHA TpHona. duUKcalHs npexpamaeTcs B
MOMEHT Hayana paspsia 0a3oBoit eMkocTH. Ilpu Hamux RAOOYMEHHAX LNk
KOJIIEKTOpa OTKPEITOrO TPHOZA B HCTOYHHKE DKBHUBAJEHTHA 3a3eMJIEHHOMY
conpoTuBieHuto R,. [lo3aToMy 3anuparomiuif Tok Ga3lel J;, BHILENEHHOrO
TpHona MoOXeT ObITh HafJeH H3 OKBUBANEHTHOH cxembl (puc.l.22,6).
[locToanHas BpeMeHH 6a30BOH LenH T ocTaeTcs npexHed. JIUTENbHOCTS
OTPHUATENBHOro (POHTA TOXa KOJJIEKTOpA t, OMpENeNHTCHA [OTYyUeHHOH

70



paHee ¢opMyJoH ANA clydas KpHTHUeCKore pexuma B 6a30Boif Uenu
kimoua O3 ¢ yckopsomel eMKOCThIO:

tp =237 =2,3t,——. (1.34)
+vB

Taxam o6pasoMm, B nemouke HHBEPTOPOB H 3HaYeHHe t, pacTeT ¢

n
n

yBenuueHdeM n. XapakTepHO, 4TO 34eCh BCErma f,>t,, Hub6o0 t,;<2,3r'
(puc.1.22,r). Hycts, ana npumepa, n<<yp, y=0,5. Torna u3 (1.33), (1.34)
uMeeM t,=1,4n1,, t;=4,6nt,.

[IpoananusupyeM BIHSHHE BEIMYHHH Y Ha GBICTPONEHCTBHE UEIOYKH
MHBEPTOpPOB, nonaras U, ¥ [, NOCTOAHHBIMH, t=7,. A3 NONYHYeHHEX HaMHU
dopmyn cnegyer, 4TO ¢ YMEeHBUIEHMEM Y 3HAUeHHe t, IaxaeT, a t,
pacrer. Ilpw 3TOM {i_{glt(;:m:.., {{glti,:&f&r,,. YkazaHHOE OOBCTOATENLCTBO
HMEET mpocToe (Qu3ndeckoe oOBACHEHHe. B HameM cilyvyae CHHXEHHE Y
BIeUeT 3a co6oif Bo3pacTaHHe IE,‘] H R, B oxuHakoBoe yHcao pas. C ogHOH

CTOPOHB, 3TO TPHBOAMT K yBejuuenwio T, a ¢ gpyrod — x poery I,.

[MocnenHee okaspiBaeT HaHGoNbLIee BIMAHHE Ha BENHUHHY ty (puc.l.22,r).

B npenene npu \E. » Ry—> 00 HMeeM Ha BXOJe TPHOXA MACANbHBIH HCTOUHMK
HUMIyabca TOKA I,,/N, YTO H ONpElenieT aCHMMOTOTHYECKHE 3HAHEHHA ty H
ty. W3 ycnosu#t cratmxm k<P(l-y). IlosToMy npelgenbHoe 3HAUEHHE K
YMEHbWIAETCA C pOCTOM Y. BnuAnue Harpyskm Ha GeicTpomeHcTBHE

dJIEMEHTa XapaKTepHO A NIOGBIX TEXHONOIHHM,

AnoaHO-TPaH3UCTOPHBIE IIEMEHTE

Huseprop MoxeT OBITH ¢ yclneXxoMm HCNONL30BaH B KOMOGHHANMH C
AMOIHBIMH 3nemMeHTamu, u6o cucrema (M, HJIIM, HE} ssaserca
dyHkunoHansHo nonHoM. IlpocreHwas u3 Takux koMOGunauwi HWJIM-HE
(M-HE) npepcrasnaer co6o# AMOZHO-TPaH3ACTOPHBIH 3nemenT Ilupca
(leddepa) u MoxeT OBITE B3ATE 32 OCHOBY NpPH CO3ZAHHH HPOU3BONBLHOMH
nMOruYecKkod CTPYKTYphl. B cHny npHcymux HM ocobenHocTel DuoaHO-
TPAH3UCTOPHEIE 3EMEHTEl COCTABJIAT OTHENBHYX TpPYNIY IOrHYecKHX
cxeM. B 3aBHCHMOCTH OT THNAa HHBEPTOPa pa3NMHYAlT ABA BHOA TAKHX
3JIEMEHTOB: C TEPEeKIIOYEeHMeM HanpsxeHuH M C HENOCDPENCTBEHHBIMH
cBa3saMu. KpaTko ocTaHOBHMcA Ha KaxnzoM u3 Hux. [ocraTouyHoe
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KOJNHMYECTBO [PHMEPOB IOCTPOEHHA THOXHO-TPAH3HCTODPHEIX 3JIEMEHTOB H
CTPYKTYP MOXHO HaiTH B KHHurax [28, 33, 34].

0

(o =]
N

=)

Wk

Puc. 1.23

DIEeMEHTHl ¢ NepexjioyeHHeM  HanpskeHud. Cxemsl JHOMHO-
TpaH3MCTOpHEIX  sneMmeHToB H-HE, HMIIM-HE ¢  nepekiwoueHHEM
HanpsOHk€HHH rokasaHsl Ha puc.l1.23,a,6. PaccMOTpHM CcHadana 31EMEHT
M-HE. Ilycte crammoHapHo XoT# OBl Ha OJHOM H3 BXONOB feHCTBYeET
curgan U,. Torna B HMCXOXHOM COCTOAHHMM TpHOZ 3aKphIT, eMKkocTh C
NONHOCTRIO pa3psixeHa. Ilpu nmocTynneHun Ha o6Ga BXoZa cHruana 1 rpuon
OTKpBIBAETCH  3apsiHBIM  TokoM eMmkxocTd C. Bxoansle  JHOABI
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neppoHayaNnbHO 3akphIThl. OHH OTKPBIBAJOTCA B MOMEHT, xorna u.=U,.
OpHOBpPEMEHHO NpeKpaaeTca 3apal EMKOCTH H H3IMEHEHHE OTKPHIBAIOUIEro
Toka 6a3nl. KapruHa amanoruysa HabmopaBmelcs paHee IJf LENOYKH
HHBEPTOPOB.

IycTs kK — MaKCHMAallbHO BO3MOXHOE€ YHCIO BBIXOXOB 3J€MeHTa B
cTpykType. IIpu HyneBOM CHIrHale Ha OJHOM BXOJE 3/EMEHT CTALLHOHAPHO

norpe6nxeT OT HMCTOYHHKA BXOJHBIX CHrHanoB TOK |E

g, [Iloatomy
pacueTHHIH TOK KONJEKTOpPA HACHIILEHHS B JAHHOM Cllyyae

In=|Egq, 8.=8.+ke. (1.35)
Bynem cuutarh, 4To ycnosHe (GHKCAUHMH B AMOXHOM sneMeHTe H Ha Bxone
CXEMBI BHITIONHEHO, T.€.

El( gl

& +8
Torna ycnoBue HachlEHHS TPHOOA

<U.

1
}W&~%=34&Mw

IMocnennue nse Gopmynsl BMecTe ¢ ycmoHem (1.28) 3akpeiBaHus TpHOXAA
IpY HYJIEBOM BXOXHOM CHTUHale IIONHOCTHIO ONpPeNeNITIOT CTAaTHKY CXEMBI,
W3 Hux, nonaras 7=U|/EK ¥ npenebperas ytedko# B uemm E-R, umeem

k<(-vB-g/e-

g &

O6osnauuM n'==2=g+=%, JlpumeM 1=CRs=1,. Bpems HapactaHus
g g
japsiga B 6ase 00 BENHYHRB! 1,[,, rae [, 3azano dopmynod (1.35),
OlIpeNeNuTCs
1 n'
ta=14n =1 . 1.36
TR T e (136)
B

Dta dopMmyna ananoruvra (1.33). Kak u B LenoYke HHBEPTOPOB, BXOJHBIE
OHOJBI OTKPBIBAIOTCA TOYHO B MOMEHT t;.

Haub6onee TsXeNbIM B CMBIC/IE CKOPOCTH 3aKPBIBAHHA TPHOMAA ABIAETCSH
ciy4alf, Korga CHrHajx HyNs MOCTYNaeT TONBKO HA OJHH BXO[, a DIEMEHT-
UCTOYHHK HMEeT MAaKCHMAaJbHOE HHCIO BHIXOXOB (NpPH 3TOM Ha BXOA
E.
3KBHBANEHTHOrO HCTOYHMKA M NOCTOSHHAd BpeMerH 0a30Boif uenu 3iaech
MakcuManbHbl, JIuTeNbHOCTh OTPHUATENBHOTO (pPOHTA 3apAfa;

3JeMEHTa 1OCTYNaeT TOK g), - M60 BHyYTpeHHee CONPOTHBIEHHE
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’

n
t¢—2,3t“m. (1.37),

Kak u B uaBeprope, ¢ pocroM k GpicTponefcTBue yxynmaercd. Oxnako
tbusnueckn#t CMBICT t; M t, B IO3HHOM Clydae HecKonbko uHoH. Ecnm
MONy4YeHHBbIE NS LEeNOYKH HHBEPTOPOB (GOPMYIIBI OTPaXKalH peanbHeId dakT
3aTArABaHHA GPOHTOB C POCTOM YHCIIa NOOKIIOYEHHH n, TO 34eCh HMEITCA
B BHIOY [IIHTENIBHOCTH (GPOHTOB 3apsga (He TOKAa KONIEKTOpa),
06yciOBIIEHHBIX pacYeTHHEIM 3Ha4YeHHEM K, a NOTOMY HEH3MEHHBIX MNpH
nmobex l<n<x. Ecnu n<k, TO TpHOX momajaer B HAaCLIIECHHE, H BPEMHA
HapacTaHUA TOKAa KOJJIEKTOpa HECKOJbKO MEHbINE t;, HadJeHHOro H3
(1.36). CymmapHoOe x& BpeMsl 3aKpbIBAaHHA TPHOIA OCTAeTCs HEH3MEHHBIM H
onpepeneso dopmynoit (1.37). Cnenmoparensro, GrIcTpOomeHCTBHE TaKHX
CXeM B YCIOBHAX IEpEeMEHHON Harpy3kM XyXe, YeM Y TPaH3HCTOPHBIX
CTPYXTYp C HepeKNoYeHHeM HanpsuokeHHH. 3aMeTHM, 4TO Bce IapaMeTphl
cxeMBl (K, ty, t3) YAydmamTcs, ecau R,—>o0. OgHako BHOOpP CAMIIKOM
GompmHX R, B HEHCTBHTENBHOCTH MOXET IHpPHBECTH K 3aTATHBAHHIO
(POHTOB 34 CYeT BIHAHHA eMKOCTH C,.

[Tpefizem x aHanusy ajgementa [Iupca (puc.1.23,6). Ilpu mocTynneHun
XO0Ts GBI Ha OJUH M3 BXOJOB CHTHana 1 COOTBETCTBYIOWHH LHOX OTKPHIT U
apoueccsl B 6a30BOH IENH aHANOTHYHEI IpOLECCaM B LeNOYKE HHBEPTOPOB.
Kak Tonbpko mnoTeHuHansl 0o6OHX BXOAOB OKa3hBAIOTCA pAaBHBEIMH U,
HayHpaeTca paspax Oasosod emxoctH C. Juomer 3akpriBarorcs, u6o
HANPSIKEHHE B TOYKE @ CTAHOBHTCH OTPHLATE/IbHBIM.

YcnosHe GUKCAHKM CHTHama 1 Ha BEIXOJE 2JIEMEHTa-HUCTOYHUKA HMEeT
BUL

E«8, T 1w <U.
g+ (g, +g)
Eklgk, M YCJIOBHE HACHILIEHHUSA
]

B naHHOM ciyuvae [, =

|U||g5 - Eg = Exlgx'

min
Otu popmynsr BMecTe ¢ (1.28) coyxaT AN CTATHYECKOrO pacueTa CXeMbl.
M3 nux, npenebperas TEIUIOBBIM TOKOM M yTedkol B uenu E-R, monywaewm
OrpaHMyeHHe Ha MaKCHMalbHOE THCJIO BLIXOXOB dJIeMEHTA '

eU1B o Re

1+llz R«
m

OHo nagaeT ¢ yMEHbIUIEHHEM R,.
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ITycts t=CR¢=1,. TOra ONHTENbHOCTS MOJIOXUTENBHOrO QpPOHTA TOKA
KOJUIEKTODA
1 n n
r=1'fn =1 Y=y l+—|
" L_nEBY T P na By m

VMensmenue R, 3KBHBANEHTHO B [aHHOM Cliyyae pocTy Y. A mOTOMY B

CHIly aHajgu3a, BEINOJHEHHOrO ANA HHBEPTOPA, OHO NIPHBOIHT K POCTY tj.
JUIHTENBHOCTh OTPHLUATENBHOTO (POHTA TOKA KOJUTEKTOPA
th=2,31,——
m+vp
najgaeT ¢ YyMEHbIUEHHEM m W HE 3aBHCHT oOT n. B ofwem cuywvae
6sicTponeficTeue (MJIHM-HE)-cxeM Xyxe, 4eM y TPaH3HCTOPHBIX CTPYKTYP €
nepexiaogesneM Hanpsokernd u y (M-HE)-cxem. ITo BennuuHe K OHH TakKe
yerynator snementaM lleddepa.
DJeMeHTHl ¢ HemocpenCTBEHHhIMH CBI3sMH. B anemenrte Illeddepa
(puc.1.23,8) mnorenuman 6aspl YCHNOBHO 3axkpelTroro Tpuoxa Oonee
OTpHUATENEH, YeM U, H3-3a NaleHHA HANpPIKEHHs Ha OTKPHITOM IHOIE.

ITosToMy B KayecTBE BXOMHBIX CIEXYeT HCHNONB3OBATH THOMBI C MAIBIM 1y
AN CPpEOHMX TOKOB, HallpHMeEp, INIOCKOCTHHE Juddy3uoHHbIe nquonst [32].
EcnH TpHON HCTOYHHUKA «3aKPHIT», TO BXONHOM HHON 3NEeMEHTa-HArpY3KH
TaKXe 3aKpbIT, M OTKpBIBAOIMHA TOok 6asel [q=

E.g, 3amaerca Gasosoi

nensio camoro snementa. [losToMy HonmycTUMBIH TOK YyTEHKHM «3aKpPBITOrO»
TPHOJA OTPAHMYABAETCA TOJLKO YCIOBHEM (QHMKCANMH CHrHana eXMHHIB Ha
BHIXOIE OKOHEYHOro 3JeMEHTa CTPYKTYPHI.

Ecnu TpPHMOA-MCTOYHHK HACBINIEH, TO BXOJHbIE MJHOABI HArpy3ok
OTKPHITE B PACYETHOE YCNOBHE HACHIIIEHHA HMEET BUJ

(g, +xg,)- (1.38)

S
|EK| g| 2 B'Eu

Orcrona nonyvyaem OrpaHHYEHHE Ha MAaKCHMalbHOE YHCJIO BBIXQOLOB
JJIeMEHTA

KSE—
S

& |

3xecs S -~ cTauMOHapHas CTeNeHb HAChILIEHHA. B  cxeme chejnyer
TPHMEHATE TPHOASI C BOIMOXKHO GONLIUEME [, MambIMH 7, Lo, IU,,.

Tpebyercs Bricokas cTabHIBHOCTS XapaKTEPHCTHK AHONOB H TPAH3HCTOPOB.
El
OTKpPHITHIH XWOX M BenHM4MHY S, Tax uwroOm cyMMapumift noTenuuan 6a3sl

ITpu pacuete 3nemeHTa HeobxonmmMo BEIGPaThE TOK [,=

g, depes
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YCHOBHO 3aKphiTOro TpHopa ofecneumnan momycTHMsi Tok yreuku. ITocne
atoro u3 yciaosma (1.38) HaxoauTcs R, H MPOBEpAETCH BHINONHEHHE
yenosus duxcanuu. Ipu Bpibope, Hampumep, nuona JI311A u Toka uepes
Hero mopsaka 0,IMA HMMeeM CcMEmEeHHE NOTEHUHANBHOrO YpOBHA Ha
BXONHBIX nuoxax [J, He Ooxnee 0,07B [32]. Ilycts S TakoBo, 4TO

Un=-0,08B. Torma us=Ua+U,2-0,15B ¥ Aand THIOOBLIX TPHOLOB
I, <10(B + ). Tax, B cayuae P=50, I,=2MKkA mHonydaem [,<IMA, d4To
ofpiuno Bronme npuemiemo. Ecmk ¥ <0,5, TO BenmuuHa [, MOXer
E.
BeNHYMHEl S mpuMenmoT cMemarpomuil auox O (puc.1.23,8,n0yHKTHD). OH

COCTABJATh, JO IOJOBHHBEI TOKa g, Hnga cHHXeHHs Heob6xomaumoi
nomxed o6nagars GomBIIMM r, ANS Manelx TokoB. TakoMmy tpefoBaHui0
OTBEYAKOT MIOCKOCTHBIE CIITAaBHBIE JHOMIBI, HanpuMep, auon J219 [32]. ITpu
HanmuauH [, HampsxeHHe Ha nepexone 6a3za-aMHTTEp «3aKpEITOro» TpHOAA
nagaer.

B osaemente Ilmpca (puc.l.23,r) B KauecTBe BXOJHEIX clenyer
HCIONB30BaTh IJIOCKOCTHRIE CIaBHBIe JgHOEB Mapok [J219 u pgp.,
obnajaromue CpaBHUTENbHO OONBINHM r, OJA ManeIX TOKoB. Torja npw

Toke yepes jpuox He MeHee 0,01MA (J,20,4B [32], uTo BHONEE HOCTATOUYHO
ONA co3faHAs Ha 6a3e TPHOAA 3aKphiBaloMIero MoTeHLHana, YclooBHe
3aKpbIBAHHA HMeeT BHI,

Eg, 2 NI" +1% -
3pecs ;" -~ MHUHHMaNBHBIH TOK AMOma, IIPH KOTOpOM *BCe elle
obecneunBaeTcs HeobXOAMMOE CMEUIEHHE I[OTEHUHANBHOTO  YpPOBHA
2 [ U

VcenoBde HachlUEHAS 3allHLIETCS

+(3~4)p, B cnywae S=1; N — 4HCIO BXONOB 3NMEMEHTA.

1 S
;IEx’gx—Egz?EEnlgx’ S=1. (1'39)

Orcioma
K< 1 A= Eg,

l.;.)\‘ E"gx
p

D710 orpaHHuYEHHE MEHee XecTkoe, ueM NI aneMenTa lleddepa. [Tosromy
ucrnons3oBanue cuctemsl {MJIM-HE} B manuoM ciy4ae NpemnmouTHTENbHEE,
Ho TpeGyercs RODONHUTENBHEIH HMCTOYHWK nOuTaHus E. VYuurwmpBas
HeCTaOMINBHOCTE BXONHBIX XapaKTepHCTHK TPHOZOB, NOpH pacdeTax B
yenosuu (1.39) cnenyer Baars S>1.
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Craruyeckxui TpUrrep

Tpurrep moxer 6pirs cosman Ha 6ase moGOro M3 pacCMOTPEHHBIX
pauee snementos HE, U-HE, HJIM-HE. OrpaguyuMcs KPaTKHM aHAIH3OM
ocobeHHOCcTEll MOCTPOEHHA TPHITEPOB Ha OCHOBE HHBEPTOPOB ¢
nepexloUYeHHeM HaupsKeHHH. DTOT THN TPHITEPOB AOCTATOYHO [OJNHO
paccMoTpeH B paGorax [29, 35, 36].

CpasHeHMe C WHBEDPTOPOM. PaccMaTpmBaeMas cxema MNpHBENEHA Ha
puc.1.24,a. Ona oOpazoBaHa [ABYMA HHBEPTODAMH, BBHIXON KaXKIOLO U3
KOTOpBIX 3aMKHYT Ha Bxong JApyroro. IlosroMy npH nOpaBHABHO
BHIIONHEHHOM CTATHYECKOM pacueTe HHBEpPTOpa, €CId ONMH M3 TPHOMOB
gachmeH, To Japyrofi o6s3atenpHo 3axpeiT. K Haobopor, 3akphiToe
COCTOsSHME OJHOTO TPHOJa BHI3EIBAaET HachlleHHe gpyroro. CnegoBaTelbHoO,
cxema ofnamaeT ABYyMsl YCTOHYMBBIMH COCTOSHHAMH. MOXHO, Hampumep,
CYHTATh BHIXOX P OpAMBIM BBIXOJOM 3neMeHTa (CHTHaJ Ha HEM OTBEUYaeT
uHpopManmuy, XpaHHMOH B Tpurrepe), a BBIXOA Q — UHBEPCHBIM.
K xaxzpomy Beixony nmoxkniodeno n anementos (HE, U-HE nmu6o MJIU-HE),
0<n<k-l.

CTayydOHAPHO CXeMa HAXONHUTCA B OLHOM H3 YCTOWYHBBIX COCTOSHHH.
Ecniu mo xakoit-nu6o upuunmHe ofa TpHOXa OJHOBPEMEHHO OKaXyTCH B
AKTHBHOM pEeXHME, TO 32 CYET IIOJIOXKHIEeNbHOH oOpaTHOH CBA3H B cXeMme
MPOUCXOOUT naBUHOOGpa3HBIH (pereHepaTHBHEIH) npouecc ee
mepeKkJIOYeHHs, Korxa mio6oe HavyanbHOE€ OTKJIOHEHHE TOKa HIH
HAOpsKEHHS ABNAETCA NpPHYHHOK eme OGompliero MH3MEHEHHS TOH ke
BENHYHHBl H B Ty Xe CTOpoHY. JlaBHHa — 3T0 DeCKOHEe4YHO HapacTaloWui
npouecc. KoHeuHas BenHYHHA (PHIHYECKOro ckayka oGBACHAETCS PeEaibHO
CYIIECTBYIOUHMH OrpaHUYEHHAMH. B TpHITepe NaBHHA 3aKaHYMBAETCA
0o6BIYHO B MOMEHT 3aKpbIBAHMS ONHOro M3 TpHOZoB. Yepes HekoTopoe
BpeMs Apyroil TPHOR OKa3hIBAETCA B HACLILIEHHH.

IlepexnioueHne TpUrrepa 43 OJHOIO YCTOHYHBOIO COCTOAHHA B ApYyroe
OCYIIECTBISETCH [IOX BO3MEHCTBHEM BHENIHErO0 CHIHAJNA, MONABAEMOIO B
ONHY H3 TOYEK cXeMbl. Bonpocsl opraHmsauud cxeMm sanycka 6ynyr
pPaccMOTpEHEl Jalee.

IIycts mo okoHYaHMM JaBHHB TpHOA T, 3akpnit. PopMHpoBaHHE
IONOXKHUTEIBHOTO (POHTAa TOKA KOJUIEKTOpa TpuoZa T, UPOHCXOAMT 3HeCh

T2K XKe, Kak ¥ B uHBeprope. OAHOBPEMEHHO 332 CYET 3apaja YCKOpAIIER
EMKOCTH GOPMHPYETCH OTPHUATENbHBIE QPOHT HANDKEHHI HA KOLIEKTOPE
tproga T,. Kax cneayeT U3 aHanmu3a HHBEpPTOpA, IpH BEIGOpEe 1=CRy=1; 062

npouecca 3aBepIialoTCs OJHOBPEMEHHO B MOMEHT HAacCTYNJNEHHS QHOIXHOMH
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¢uxcanuu Ha BeIxone Q. XapaKkTepHo, 4TO 3Tal PEreHEPATHBHOTO Ipoiecca
xparkoBpeMeHeHd. IToaToMy TpuoX T, 3aKpBIBA€TCA ropasfo paHblle, 4YeM
ero Ga3zoBas €MKOCTH ycleEeT 3aMeTHO pa3pagdThes. C paspsanoM ITOH
eMKOCTH, KOTOPBIH (akTHUeCKH OPOHCXOLHMT HA 3Tale OTKpPLIBaHHA T,,
06BIYHO  CBA3BIBAIOT IOJHOE YCTAHOBJNIEHHE HOBOI'O CTAUHOHAPHOIO
cocTOAHHA cXeMbl. Bpemsa pa3spaga B nepBoM NpHOIHXEHHH MOXHO
oneHHTs GOPMYNOH Ana t, B Uenouke wHBepropoB. Ecnum m=0, to t,,,~CR
[29]. Bonmee moapo6ro 08 ocob6eHHOCTHX [EPEXOAHBIX MPOLECCOB B
TPUITEPAX MOKHO Y3HATh H3 PEKOMEHJOBAHHLIX paHee KHHT.

AHanu3 pereHepaTHBHOro npouecca. Ha 3rtane pereHepamum TpPHITEp
MOMXHO pacCMaTpHBAaTh KaK JHHEHHBIH YCHIHTENb € NOMOXKHTENbHON
o6paTHOM CBA3BI0, MOCKONBKY 06a TpHona paoTalT 34eCh B AKTHBHOM
pexume. Jns aHajgH3a NpPONECCOB B TAKOM YCHJHTENE BOCHOJb3YyeMCH
METONOM, H310XKeHHBIM B pabore [14]. DnemenTs 0GpaTHON CBA3IM OTHecEM
Kk yenmurenio ¢ ¢ynxkuuelt nepegaun K(p). Hawansnoe cocrosume Tpurrepa
OyneM CcYHMTaTh CTAUHOHAPHEIM. TOrga Ha 2Tale pereHepaluMu HMeeM
CHTHallbHYI0 ONepauHoHHYI0 6mokx-cxemy tpurrepa (puc.1.24,6). 3mecs
1.(p) — BHewmmit curman (rox); F(p) u F(p) — curwanst (npupamesus
TOKOB) Ha BXOJ€ H BBIXOJE YCHJIHMTEAZ. D.A.C. HCTOUHHKOB ¥ HavallbHble
HANPAKEHNA HA EMKOCTSX BHYTPH CXeMbl PaBHBL HYNIO.

Mockonsky F:(p)=Fi(p)K(p) # Fi(p)=F:(p)+ Lu(p), o

Fip)= 1) (1.40)
1-X(p)
W YCIOBHEM BO3HHKHOBENHA NaBHHOOOpPA3HOro nmpouecca ABIAETCS HANHYHE
XoTs 6Bl OJHOrO KOPHA € NOJOXHTENbHOH BemecTBeHHOH dYacThi B
ypaBHEHHH 1~K(p)=0. B nporuBHOM ciiydae cxeMa paGoraer kak oGbIUHBIA
ycunutens, IlepexnloyeHHe ee BO3MOXHO, HO C TIOpa3sfo MeHblue
CKOPOCTBIO.

B nanpuefimenM ananuse 1) monaraem, 4TO ¢dHKCHpyIOIIHEe JHOIBI
3aKpPBITHI; 2) BXOXHOE CONPOTHBIEHHE OBOHX TPHOLOB CYHTAeM paBHBIM
Hymo (rs<<R,); 3) HanuuumeM lened cmemeHus npeHebperaeM (R>>rq);
4) BNMAHME HATPY3KH He y4yuThBaeM. COOTBETCTBYIOWas CHCHANbHAS
onepanMOHHAaA CXeMa TPHITepa Ha DJTaNe pereHepalldd [0Ka3aHa Ha
puc.1.24,8. CormnacHo cxeMe QYHKUHS NepenaydH IO TOKY YCHIHTeNs C

pa3oMKHYTOH nerneft o6paTHOH CBA3N
2

K(p)=| P2 | _cR,, a=1+Re, (1.41)

L+pty atpt |’ R,
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Ananus xopHell ypasHEHHS 1-K(p)=0 MoKa3bIBaE€T, 4TO HpH a<f
CKaYKH B CXeMe BO3HMKAT Beerpa. Ecnu xe a=f, To yclnopueM JTaBHHBI
ABNAETCH t1>Ty. IIpH NpPaBHIBHOM CTATHYECKOM pacyeTe HHBEpTOpa
Re=7BR,, v<l u a=1+yB<P. ITostomy ycnosue pereHepanuu 3Hech
BEINONHAETCS NaXe IPH OTCYTCTBHH ycxopsiomel emxoctu. Cnywait a2
xapakTepeH Ang Tpurrepos 0e3 avoaHo# QukcamuM Ha BeIXoxe. 3xech
Rs~fR, , # yCIOBHE pereHepaily UMeeT BUL

CRx>Tu-

PaccmoTpuM cnydafl mopmavyH 3amHpajomed CTymeHbKH TOKa I.K(t) Ha
6a3y mepBOHauaNbHO OTKpHITOro Tpuoxa T,. [To ycnopurw t=1;, a 3HAYEHHE
L. HACTONBKO BEIHKO, YTO pereHepalHs 3aKaHIHBAeTCA 3aKpelBaHHEM T,
KOrga TpHOA4 T, OTKpHIT . eme HenmonHocThio. Tok 6asel TpHoma T,
onpenenurcsa GopMmynoit (1.40). IIpupamenne Toka KoxnexrTopa T,

1(p)=—P—F.(p) =PI : .
I+pr, = pil +pT, il - K(p)]

YyureiBas (1.41), ansa Hamero cioydas rnojyiaem

(a+p‘t[3)2
p(l + ptBsz-rﬁ +2apt,+a’— |31)'

le (p)z ﬁI [}
Hepexon K OpHryHany naer

i (t) =PI, [;Tg_iﬁi + E—(:a;(;l-)ﬁe_'/tn +
+ p ot B -,
PN el

IOna 3Havenuit t DOpANKa 7, MOXHO OPPDaHHYHMTHCA B 3TOH (opmyle

NEpPBEIMH TpeMs HYICHAMH pa3loXeHHs (YHKOHH ¢ B pag Maxnopena.

B utore umeem
, t 1 ¢
m(t)“ﬁlu[““"'ﬁ]-
R

[Ipenebperas BTOpBIM 4IEHOM B CKOGKAX H YYHTHIBAS, UTO iﬂ(t,,")=1m,, s
BPEMEHH PEreHepalMH NoNydyaeMm
L

Tper ¥ Ta
ax
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AHanoruyHsA aHanM3 [OKa3kBaeT, YTO [PH NPEXHHUX JOMYMEHHSX TOK
KOJIeKTOpa Tpuona T, id(t)zO,SI“(t/ru)z, ¥ pereHepauuns NeHCTBHTENLHO
3aKaHUHBaeTCA 3aKkpbiBHHEM T, ecnd I, > 0,51,. B cnyuae [, =1, 3HadeHue
tpor®Ta H i;z(tw)w 0,51, . IIpu oTcyrcTBAM Oo6paTHON CBS3H M [, =I, Bpems
3aKpbIBaHHA T, TaKXe paBHO 1,. ChmemoBaTenbHO, OpH BGONBIIMX BXOZHBIX

TOKaX HANAYHE pEereHepalHH He HaeT 3aMeTHOro BBIMTPBILIA BO BpEMEHH
NEPEKIIIOUYCHHSA CXEMBI.

Ecnmu Ha Bxole HeHCTBYET NpAMOYTONBHEIH HMIYIBC TOKA i,x(t)
NMHTENBHOCTBIO { <tpr, TO H3MEHEHHE JIIOGOr0 TOKA BHYTPH CXEMBl B
HHTEepBale t{,<t<t, MOXHO PacCMaTpPHBATL KakK HAJOXEHHe DEaKUHH OT
ITOJIOMHTENBPHOr0 M OTPHUATENBHOrO  IepenajoB  BXOJHOLO  TOKa
OJMHAKOBOM aMMIMTYJsl, HO COBHHYTBIX IpPYr OTHOCHTENBHO [pyra Ha
BpeMA t,. B cnyyae a<P pemeHns ocranTcs GECKOHEYHO HAPACTAIOMHMH.
CrepoBaTenpHo, BENHYHHA , MOXET OBITH 34eChb HCYE3alOIme Mamoil.
ONHAEKO NpeKpalleHHe HMIYNbCA 3aMycka [0 OKOHYAHHSA pereHepantu
3aMelneT TpoUece ONPOKUABIBAHMS. Hanpumep, cKopocTs ,(t)
WIMEHEHHS TOKA i,(t) onpenenutes

- _,__l_ ! b, a-1 - ! ey
vz(t)-lxz(t)—m[z(ﬂ__aﬂ)et, —Bz—(a—l)ze /10_2([3+a~1)e K
CooTsercTBylomas el kpHBasd Hav4HHAETCH C HYNA NpH t=0 4 MOHOTOHHO
HAPACTAET, CTPeMACh K GECKOHEYHOCTH NpH t—>c. B paccMmaTpuBaemoMm
HHTEpBalie CKOPOCTh PEreHEPALHH PABHA PAIHOCTH v,(t)~ u,(t—t,), H KpHBas

cxopocTed MaeT HHKe KpHBOH q(t). YeM MeHmme t,, TeM MelneHHee
HapacTaeT pe3yJeTHpYlOWlas Kpusas ckopocted u Tem Goneme .
IToatoMy Becerna BeNMYMHA t, AOMKHA OHITH Gonbure t, (6oneme ,, eClIH

Ton = L)

OpraunsauMs sanycka. llenmn 3anmycka TpHITepa CTPOATCS TaKHM
ofpazoM, 4TOOB HCKIIOYMTH BAMAHME MCTOYHHMKA BXONHBIX CHTHAJOB Ha
GYHKUMOHMPOBAHKE TPHITEpPA BO BCEM BPEMEHHOM HHTEpBale, HCKIKYad
3Tamsl NOArOTOBKY (BBIBOAA 06OHMX TPHONOB CXEMbl B aKTHBHEIH PEXHM) H
pereHepamny. 3anycK TPHITEPa MOXHO MPOU3BECTH Kak o 6a3am, Taxk H Mo
KOJIEKTOPAM, KaK NONOXKHTENbHBIMHA, TaK H OTPHLATENLHEIME HMIYNbCAMHU.
Onnako HanGoupliee IPHMEHEHHE, B CHIIY €r0 BBICOKOH YyBCTBHTENbLHOCTH
K AMIUIMTYIE BXONHOrO CHrHana M yOmICTpenus Tpouecca paccaChlBaHHA
(npu B>B,,), HAXOZHT 3a0yCK MONOKHTENLHBIMH HMIOYTBCAMH [0 GazaM.
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PacemoTpenneM 3TOro ciay4as H OrpaiMyuMcia. bBonee mnoapo6uo ¢
PA3NKMYHBIME METOJaMH 38MyCKa MOXHO O3HAKOMHTHCA N0 KHHraM [34-36].

a __,___,i_a.gp.___.___l
a +||C.'_6x ) .A.z b I
{ I
— |
="
A |
Usy () yigup? L' Cal)
L_a(E, |
+ I
B
—_—— e e
b Ua
E o —
0 —1t
b Us ! l

|
!
HH~**r'“T‘—T”"“
\I\I
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OcHOBY CXeMHl 3alycka B HalleM Clly4ae COCTaBJAET TaK HasnpiBaeMasd
senTHNLHaA Auddepernupyromas uenoyka. OHa nokasana Ha pmc.l.25,a,
rae rymrs — BXOAHOe conpoTHBieHHe Tpurrepa. [mom [N urpaer poas
paspagHoro mAHoma. MCTOYHHMK E, CHYXHT AN OTKIYEHMI UENH 3amycKa
OT CXeMbl TpHITepa B CTAUHOHAPDHOM peXHMe. BpeMeHHbIe XHarpaMsl
HMIIYAHCOB B Pa3NHYHBIX TOYKaX CXeMHBI IToxa3aHkl Ha puc.1.25,6,8,T.

B HCXONHOM COCTOAHHH eMKOCTh C,, 3apAKEHA IO HampfKeHHs E, ¢
MONAPHOCTBIO, YKa3aHHOH Ha puc.1.25,a, w guwon ]I, 3akpeIiT. B nroboit
MOMEHT BpEMEHH HOTEHIMAaNl TOYKM § ug=u,+u., [AE u, — HANpIKEHHe Ha
eMKOCTH C,,. IIpH t=0 Ha BXOJX CXEMBI ITOCTYIAET IOJOXKHUTEABHBIH HMOYNbC
Ej
orxkphisaercs. Yepes Hero HayMHaeT INPOTEKATh 3aPAAHBIH TOK EMKOCTH.
B Touxax 6 u ¢ HaGMJATCA OCTPOKOHEYHEIE IOJIOKHTEIbHEIE HMIIYNbCH
(puc.1.25,8,r). Haunnas ¢ MOMeHTa t, = 2,3C, rn» CBAID MEXKAY HCTOUHHKOM

amnaatynod  E>[E|, u mockomeky us(0)=E-

>0, To gmonm [,

¥ TPUITEPOM MpPaKTHYECKH OTcyTCcTBYeT. Ilo OKOHYAHMH BXOZHOrO
HMOynsca eMmkoctes C, paspaxaercAs uyepe3 gHox [l HO HCXOAHOTrO
Hanpsxkedus B, (puc.1.25,a,8). OrTpuuarenbHbIf BCINECK Ha BHIXON He
npoxoauT, u6o auon I, 3sakpeIT.

TMonxniouyeHHe pPaccMOTPEHHOM cXeMbl 3alMycka K TPHrrepy IOKasaHo
na puc.l1.24,a. Tlox Bo3geHcTBHEM BXOJHOTO HMIYyNbca TPHOX T,
3akpbisaetTcs. UToGbl nepeBecTH cxemy B IDYTOE COCTOAHHE, HEOBXONUMO
nofaTh MNONOXKUTENnbHbIH MMnynsc Ha 6a3zy T, ¢ NOMOIMILID AHANOTHYHOM
HenoukH. 3TO CiydaH 3amycka mo pasmeinbHbIM BxojaM. CymecTsyer H Tak
HaszbiBaeMbld  CYETHBIH  3alycK, KOrja OTUPOXHARIBAHME  TpHITepa
NPOHCXOMHT BCAKHH pa3 NPH NOCTYNJEHHH HMIYJIbCa HAa ONHH H TOT XKe
Bxoi. llenp 3amycka pns 3TOro clywad JONONHeHa Ha puc.l.24,a
NYHKTHPOM.

OcraHOBMMCA HA cuyeTHOM 3amycke Gomnee noxgpo6ro. IlIycts B
HCXONHOM COCTOSHMHM T, HachllmeH, a T, 3akpbIT. COOTBETCTBEHHO €MKOCTh
C, paspsxeHna, a C, 3apmxeHa mo Hanpaxerus U,. B pesynerate
BO3NEHCTBHA BXOAHOrO MMIYynbca oba TpHoda 3akpeiTHl. ByaeMm cuHTaTh,
4YTO K MOMEHTY OKOHYAHUA CHIHAla 3amycka €MKOCTH He YCIEeNW 3aMeTHO
nepesapsaauTecs. Torga B 3TOT MOMEHT OTKphIBalomHH ToK Gasel Tpuona T,

Is: “‘Ex
HalpaBJEeHHOCTH, ONPOKHABIBAHUA CXEMbBl B CTOPOHY OTKPRIBAHHA Ta.

g, 1 TpHoAa T, - Io~|U|gs<<Is, 9T0 06yclaBaHBaET HEOGXONAUMYIO
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Ecnr amnnaTyna BXOLHOTO CHrHana CpaBHHTENBHQO BelMKa, TO
HaNpSKEHUsS Ha eMKOCTAX C, H C, MOTYT HAacTONBKO BRIPABHATLCA 33 Bpems
t,, 4TO KOHEYHas YCTAHOBKA CXEMEl B TO HIH HHOE COCTOAHHe Oyner
3aBHCETh OT ciydaiiHeix npudnd. [Ipm cimmxom crnabeix CHArHanax pasee
OTKPHITBIH TPHOX 32 BpEeMsA {, MOXET 3aKPBIThCA HENOJNHOCTBIO M TPHITED
BepHeTCd B HCXOXHoe cocrosHue, TakuM o6pa3oM, B Cnydae CHYETHOrO
3anycka CymiecTBYeT JOBOJNBHO y3kas ofnacTe BaAeXHOH paboTel Tpurrepa
Ha IIKaleé aMIUIMTY N BXOJHBIX CHIHANOB.

§1.5.PEJAKCALIMOHHBIE TEHEPATOPLL UMITVJIBCOB

PenaxkcalHoHHBIE TeHEPATOPHl UMIYILCOB (HMIH HPOCTO PENAKCATOPEI)
OTHOCATCA K yCTpoHcTBaM pereHepaTHBHOro THIa. dopMa HMNynLCOB HA
UX BhIXOoZe OOHYHO Gnm3ka XK NpsMoyronsHoH. BxoaHple CHIHalIBl B HHX
nu6o orcyrcTByioT (pexuM aBrTokonebaHuit), JauM60 HIrpalT pois
HAYANILHOrO TONYKA, KOTOPHIH NHIIE UPHBONHT B NeHCTBHME (BHYTPEHHHH
MeXaHu3M» CXeMbl M He BIHAeT Ha NanbHeHmu#i npomecc GopMMpoOBaHHSA
UMOYAsCcoB (kAywu# pexum). JIHTENsHOCTs WIH (M) DEPHOX CNEXOBAaHHA
HMIYIHCOB ONpeNeNsioTcd B HHUX BPEMEHEM CPaBHHTENbHO MEIJEHHOrO
nepesapsajfa CcHelMalbHBIX peaKTHBHOCTeH (pemakcalumoHHBIA npouecc).
B HexOTOpHIE MOMEHT HAYHHAIOT BBIOAHATHCA  YCIOBHA  JIaBHHBI.
BosHukaeT pereHepaTHBHbIH Mpolece IMepexosa CXeMsl B HOBOE COCTOSHHE.
DTO COCTOAHHE MOXKET OKA3aTheA YCTOHUHBBEIM HJIH BPEMEHHOYCTOHUMBEIM.
B nocnemgHeM cnydae BO3HHKAET HOBBIK MNONE3HBIH peakcanHOHHBIR
npouecc. EcTecTBEHHOE pa3BHTHE IPOUECCOB B aBTOKoNebGaTembHBIX
peliakcaTopaX BHOBb H BHOBL BO3BpAlIaeT CXEMY K HEKOTOPOMY HCXOAHOMY
COCTOSHHIO, B Ka4eCTBE KOTOPOro NpH OOBACHEHHH MOMXEeT GBITh B3ATO
moboe COCTOIHHE, ECITH OHO BHYTPEHHE HENPOTHBOPEYHBO.

CuMMeTpHYHBIH MyJIbTHBUOpATOD

PaccmaTpuBaemMas  cxema  (puc.1.26,a) paboraer B  pexume
aBTokoneGanuif. IlycTs B MCXOZHOM COCTOSHMM TpHOX T, Hacelmied, T,
3aKpBIT, €MKOCTh C, 34pMKEHa C YKa3aHHOH NONAPHOCTHRIO, (, paspsaxeHa
(ue=0). DTO cocTOSHHE HeNpOTHBOpeuYHBO, nGO 3aKphBaHMe Tpuoa T,
06yCNOBIIEHO HAaNpPKEHHEM 1y, , NPHIOKEHHBHIM Yepe3 HacBULMEHHBIA T,
(ua=0 ) Mexxy 6a3olt u aMHTTepoM T, MI0coM Ha 6Gasy. B csow ouepens,

HACBIL{EHHE TPHOAA T, BEI3BAHO 3apANHBIM TOKOM eMKOCTH C,. 3apsapm 3Toi
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eMKOCTH ompefnenser GopMHpOBaHHE OTPHLUATENHHOTO GPOHTA HANPAKEHHA
U, HA KOJUIEKTOpE TpHO#a T,:

U = U2 +ue ® U
3nech uga( — HanpskeHHe Ha Gasze HACHIMEHHOTO TpHOna T;.

Uy

Rez f’%z Rz ) umﬁvz T\KEK t
T
e | B A
@ P | I
by “ER—=
Uez 1y
? Ry ) ) Usz n‘lExl ’
SE—C\ 4D T y
Ex [ro Iiu(O) te tz )
I
. tp)’[pea tos
Puc. 1.26

[To wmepe paspaga eMkoCcTM (, YMEHbINAETCE  3aKpbiBaloinee
Hanpsxkenue Ha 6ase T,. B MoMeHT BpeMeHH, KOTHA y,=0, TpHOA T,
HAaYHHAET OTKpHIBaTheA. IIpHpalleHne TOKa ero KONIEKTOPa OTBETBILETCH
gyepes eMxocTh C, B 6a3y T, BEI3BBAA B HEM paccachiBaHHE H30BITOYHOTO
sapspa. [To okoHyaHMHM paccachiBaHHsS 00a TPHOJA OKAa3bBAXOTCH B
AKTHMBHOM pexuMe. 3aMblKaeTcs UeNh NOJOXKUTeNnsHO# obparHo#t cBA3M.
Perenepauus saBepinaercs sakpbiBanueM T,. Heckonbsko mosxe sapandbiM
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TOKOM €MKOCTM (; BBOAMTCA B HachlmeHue TpHon T, (popmupyercs
HONOXATENLHEIR  GpoHT 1yu,). Cxema oOka3elBaeTcs B COCTOAHHH,
CUMMETPDHYHOM NepBoHavalbHOMY. HoBBI HUKI IpoTexkaeT aHalOrWYHO.
[To ero OKOHYAHMH cXeMa IpPHAET B HcXoAHOe cocTosmue. CkasaHHOE
HINIOCTPUPYIOT BpEMEHHEle AuarpaMmel (puc.1.26,6).

TaxuM o6pasom, cxema o6nagaeT JBYMA BPEMEHHOYCTOHUMBHIMH
cocTOSHHUAMY. JINHTENBHOCTH KaXIOro H3 HuX (t, HIM t,) ompenensercs
BpEMEHEM pa3paga COOTBETCTBYIomel eMKOCTH. 3a 3TO BpeMa Aapyras
€MKOCTh JOJUKHA& YCHeTh MONHOCThIO 3apsaguThed. HMHade cHH3uTCH
aMILIMTYOa MMIyNbca Ha BbIxode. IJo OKOHYAHHMM 3apila €MKOCTH
HACHILIEHHOE COCTOAHHE OTKPBITOrO TpHOZa NOAJEPXHBAETCH TOKOM depes
conporuBnernue R (o6riuHO npuHHMamT R,=R:=R, Ra=Ru=R,). Ilpu

cnumkoM GonbwKx R Tpuox MoxeT BeIATYH U3 HachmeRHs. OTpHIATeRbHBIH
nepemnaj HANpSKeHdsA ¢ ero KomjuekTopa nepenaerca Ha 6asy 3akpuiToro
TPHOJA, BHI3BIBAA €ro NpexaeBpeMeHHoe oTKpeiBauue. Ecny xe R caumkom
Mano, To koneGaHHs B cxeMe MOrytr Boobmie He BO3HHKHYTH, H60 npu
BKTIOUEHHH CXeMBl 06a Tpuoma OKaxXyTcsd B 4Ype3MEpPHOM HACHILIEHHH.
IToatomy GepyT
R =y Re- (1.42)
[lpu wncrmonn3oBaHMM B cxeme xpeldhoBHIX TPHOXOB, obnamaromux
CPABHHTEIBHO HH3KMM HANPSIKEHHEM OPOGOK (lgwes) HDEPEXONA 3MHUTTED-
fa3a, B UenH 6a3 ycTaHABMMBAIOTCA OTKIIOYalomHe ITHORHE (puc.l.26,a;
nyuxTHp). Hanpsxenume cMemeHHs Es BHOMpawT K3 ycloOBHA
Unpos > Bs 2 [%Re + (3-4)p,. [Qnon, ceasanHbili ¢ 6230/ 3aKpEITOro TpHoAa, Ha
HayanbHOM O3Tane pa3pAja eMKOCTH BBIKJIOYEH. B ocTanpHOM cxema
paboTaeT 0GBIYHEIM 06pa3oM.
AHanu3 BpeMEHHBIX MPOIECCOB HAayHEM C MOMEHTAa, KOrHa yuu,=0 H

Tpuox T, HaYMHAET OTKPHBAThCA. TOK paspsna eMKocTH C;, PaBHBIH K

g, mnepekiniovaercs B Gasy T,. HauvaneHmeiii atan

3TOMY BpEMeHH |E,

HApaCTAHHSA TOKa KOJIeKTopa T, onpegenurcs dpopmynol

Io(p) = BlE. 2 ;ﬁ:l'p—;;)

ITo ycnosdio eMkocTs C, MHOJHOCTHIO 3apskeHa. OKBHBaNEHTHas
CHrHanbHasA oNepanuonmas cxema Gasopo¥t umenum Tpmoaa T, (puc.1.26,8)
ompenenser 3aKkpeiBalOMHA TOK Ga3sl’

86



- 02 _ 1 -
IGI(P)_,B'Ex’gm) |Ex|gp: 0:=R«C,
H 3apax B.6aze
)= Q](O)‘ Im(P)t

b 0 = K|
l+p’tﬂ [} Ql() Tﬁ‘E ‘g

Q](p

3TOro Tpuopna. I'Ipouecc paccachlBaHHA 3aBeplraeTci B MOMEHT t,, Korma

Ql(tp)= Q, = 1a|Ed g, - C yueTom (1.41) okoH4aTENEHO MOy YHM

tp ™ TaBBuin» 025> 15 >> 1,
VenopueM BO3HHKHOBEHHA pereHepalMu B cXeMe sBaseTcs [37]:
RKCI.Z >Tu‘ (143)
Bpemsa pereHepamHy NpH ZOCTATOYHO CHILHOM HepaBeHCTBE (1.43) to, = 1,.
3a 5TO BpEMA €MKOCTh (, He ycneeT 3aMeTHO 3apsauTbes. Torma

oTKpsIBalOIHE ToK 6asel TpHOAAa T, COCTaBHT ig =|E,

g,. Iloaromy mo
OKOHYaHMH pereHepanny

i (1) = BlE g, (1-e7/),
M DJMTENBHOCTH NOJOXHTENLHOro GpoHTa

th = Ta- (1.44)

JnurensHOCTh OTPHUATENBHOTO (GpoHTA (BpeMs 3apAla eMKOCTH) C y4eTOM
dopmyn (1.43) n (1.44)

tae = 2,3C R >> 1y

JnMTenbHOCTh BPEMEHHOYCTOHUUBOrO COCTOSHHA ONpelendercs H3
JKBHBAMeHTHOH cxembl paspsna emxoctd (puc.l.26,r) mno u3BecTHOH
dopMyne s nenel ¢ IKCNOHEHIHATLHEIM H3MeHeHneM (cM.§1.1)

Ue (°°)" Uc(o)

uc(°°)“ Uc(tl.z).

B pansom caydae u,(0)=-|E/~LR, uti)=0 32 BpeMs tu+ .
Edw/(2R(Ci2) [37].
Ipu R,Cy>> 1. MOXHO cYHTaTh Au.=0 ¥ u.(0)=|E|~ IR, Toraa

‘Ex' i ) RK]

[Ed+ 1o R
3HavyeHHd t, H {, YMEHBINAKTCA C POCTOM TEMOEpaTypel 3a cYer

ti2 = RCi2¢n

H3MEHEHHE HANpPAKEHHA Ha 3apsIKEHHOH eMKOCTH Au,~

tiz = RCi2 en(l +

BINAHUAA TEMNNoOBOro TOKa To- III[}I NOBHIIIECHH A TCMH&paT}’pHOﬁ
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ctabunpHOCTH ciuenyeT Oparth IE‘!>>I.<.,R- B stom cnyvae t,~0,7RC, #
MepHo] CIeNOBaHHMA HMIYILCOB T=t,+t2=0,7R(C.+C1). CornacHo (1.42) u
(1.43) T>1,4B,, 1. [IpH ;S t; CKBANKHOCTH HMIYJILCOB MynsTHBHOpaTOpa

Puc. 1.27
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N=T/ty=1+C,/C,. o ycnosumw 6onsmas eMkoCTh C, HNOJDKHa YCHETH
3apAAMThCA 3a BpeMs pa3paja MeHemel emxactn (. CrnemomarenbHo,
C,/Ci%0,3B,, u N<1+0,3B,,.

WMnynscsl Ha BBIXOAE pPacCMOTPEHHOro MYJNbTHBHOpaTOopa HMEIOT
CpaBHUTENBHO  GONBMYI  HJHTENBHOCTH  OTpHUATensHoro  (poOHTA.
CuuxeHHs t, MOXHO NOGHTBCA BKIIOUEHHEM B CXeMY OQHKCHDYHOLIHX
nuonoB  (puc.1.27,a), KOpPpexTHpYWOIUWX HHAYKTHBHOcTel (puc.l.27,B),
pasfeNHTENbHBIX AHOmoB  (puc.l.27,n), OMHTTEPHBIX I[OBTOpPHTENEH
(puc.1.27,e). B nepsoM crnywae 3apsj €MKOCTH NPEKPAIlAETCss B MOMEHT

bHKCaUHH TOTEHUHala KOJIIeKTopa Ha ypoBHe FE, (puc.l.27,6).
COOTBETCTBEHHO
1 Ecp
tp2 = R« Crafn—, y=—.
¢ -y Ee
Orpanudense Ha ckBaxHocTs N<1+08B../y, 7v<0,5,[29] - wMenee

HECTKOe, YeM B OCHOBHOMH cxeme.
He CTOMB 3¢ PEeKTHBHO HCMONb30BaHME KOPPEKTHPYIOWEH
HHIYKTHBHOCTH. Benwwmny [, cnemyer BoI6GHpaTs M3 YCIOBHA

KPHTHYECKOTO pexuma B Koutype (pwe.l.27,r): L.=CRY4 (R.=2p).
E.

foup (t)= IEK’EK(I + "2%]5"/20 , 8=1L.g,.

Bpema 3apana eMxocTH (BenM4MMY t;) HMINEM Ha YypPOBHE O,IIEKIg“.

B naunom cnyuae i,(0)=|EJg,,» uc(0)=0. O6biuneiM 06pazom nonyuaem

£
I'padpuueckoe peweHue paer ty =1,94R C, T.€. BKJIIOYEHHE [, NO3IBOJAET

CHM3HTh t, Bcero Ha 16%. Ho OXHOBDEMEHHO C TeM YCKOPAIOTCS NPOUECCH
paccachlBaHHA ¥ pereHepamnuy. ‘

B cxeMe (puc.1.27,1) NOTEHIMAN KOMAAEKTOPA 3AKPHIBAIOIIErocs TPHOMR
GeicTpo yMenbliaercia. CBA3aHHBIM ¢ HHM JHOI BKIOYeH B 06PaTHOM
HAaNpaBJeHWH X OTCOEJUHAET WeNh 3apsia eMKOCTH oT Bhixona. Tpuon
3aKpHIBAETCA NO OKOHYWAHMM perexepauuu. [looToMy smecs L=tp=t,.

/(R.IIR,)-
Coorserctsenno R=f_ (R.JIR.) ¥ N<I+0,3p,,R/(R,+R,). O6sruno
BeI6upaloTr  R,=R, [29]. Ilpu osrom N<1+0,150
MaKCHMAaJIbHOTO 3HAYEHHA CKBAXXHOCTH OrpaHHYHBAET NpHMEHeHHe TakoH
cxembl. OT ykazagHOro HepocraTka ceofonna cxema (puc.l.27.e). 3apsan

Bpemsa 3apana eMKoOCTH tup2 = 2,3R,Ci;. B panHOM cilyuae L..=|EK

YMeHblIeHHE

min *
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€MKOCTH NpPOHCXONHT 3AECH HEepe3 Malloe BEIXOXHOE CONPOTHBIAEHHE R,
IMUTTEPHOIO HOBTOpHATENA. Hoaromy tyz=2,3R,, Ciz u
N=< 1+0,3H;R,/Rm. Ha 3ranme paspsna €MKoCTH HOBTOpHTENs 3akphit. Ho
9TO DPAKTHYECKH HE BIHAET Ha 3Ha9eHHE f,,, 6CNH R,<<R.

} Us
W t
e Urs t
‘ L |ur(0)
LU:« . ¢
[Ur2(0)
Ue *l:ub

v ‘ Uk2

L{énb_ sanycka | Ex

Puc. 1.28

Krymp#t MyapTRBAGpPaTOD ¢ IMHTTEPHON CBI3BIO

Cxema (puc.1.28,a) .paboraer B xaywem pexume. Llens sanycka
OpTaHd3yeTcs KaKk M B TpHITepe. B HCXOIAHOM COCTOSHMH TpHOox T,
HACHIEH, ECIH

R‘=5min Ra- (1.45)
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IToreHunan ero anNexTponoOB

=~E~(8+gxz)_ (1.46)
g+gu2 +g)

Tpuox T, 38KPHIT, ECIH NOTEHUHAN er0 6a3bl 1,2 uy + (3-4)9, ,

T2

. ymax
= E«g —In . (1.47)
g +8g,
Tpn atoM emkocth C 3apsikeHa nocoM Ha 6a3y T, A0 HANpAXEHHA

uc(0)= un ~Ex~ToRu -

B MOMEHT DOCTYNUIEHHMA OTPHLATENBHOrO BXOJHOTO HMIYylbca
aMILTHTY oM E|>¥u,1] TprOA T, HauMHAaeT OTKpmiBaThcg. HapacTamme Toka
ero Ko/utexkropa ofycnaB/uMBaeT YMeHBIIEHHE OTKphIBalOWEro TOoKa Gassl
Tpuofa T,. ITo OKOHYaHWHM mpomecca paccachlBaHMA T, BXOJAT B
aKTHBHBIH pexuM. 3aMmbpikaeTcs Uenh INoNOXHTeNbHOH obpaTHOM CBA3M
yepe3 CONPOTHBIEHHE R, B LENH OMHTTEpOB. BpeMs pereHepauu, Kak #
pasee, MMeeT NOPANOK ,. PereHepalusa 3aBepllaeTcs 3aKphlBaHMEM TpPHOAA
T,. [To ee OKOHYAHMH NOMXEH NMPEKPATHTHCA M WMIYIHC Ha BBIXOAE LeNH
3anycka (MHade OH IOBJIHAET Ha [OanbHelliee NpPOTEKaHHE NPOLECCOB B
cxeme [29]). Ilpu 3ToM TpHoA T, OKAXKETCHA B HACBIIIEHHH, €CIU

1 1
i = |th|gg= [Ex‘unlgu; =—Txn1- (148)
Olmin Omin
38eCh uy, ~ MOTEHIUAT HACKIIEHHOTO TpUONa Ty,
e Ek(gl+gxl) (1.49)

g tegatg, e,
Heobx0aBMBIM YCIIOBHEM OTKpEIBAHHA T, 1o 6a3e ABNAETCH u, > up.

Hanpuedimee npoTeKaHHe MPOLUECCOB HIMIOCTPHPYIOT YNPOIUEHHEIE
spemeHnbie guarpaMMbl (puc.l.28,6). CocTosNHe, B KOTOpoe mepemna
cxeMa, ABIAAETCSA  BpeMEHHOycTOH4YMBHIM.  JINHTENsHOCTE  ero
onpenendeTcs BpeMeneM pa3pala eMKOCTH. B JaHHOM cnyuae

Ue(90) = By = un ~ Rlwo; e (tu)=0.

CoOTBETCTBEHHO
’EK - urzl ~ TR
[Ex - un|+ Lo R

u,,l cpaBHMTeNbHO Hesenuky. [ToaTomyt, #0,7CR.

ta= C[R + (R | Ri | R2 I R,)Jen| 1+

OGBIuHO R, |uﬂ[,
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B MomeHT t, TpHOX T, HadHHaeT OTKphiBaThcA. IloABREHHE TOKa i,
BHI3bIBAET POCT MafeHHs HANPKIKEHHS Ha CONPOTHBIEHHH R,. Kak Tombko
TpHox T, BHIMIET U3 HACHIIUEHHA, BO3HMKaeT HoBsas, JnaBuHa. [lo ee
OKOHYAHHM TPHOX T, 3akphiT, T, HacemeH. IlorHoe BOCCTaHOBIEHHE
HCXOJXHOT'O COCTONHMSA CXEMBI CBA32HO C 3apANOM eMKocTH C:

tue = 23C[Ru+ (R | RalIR.)]=2,3CR,,.

BeqHYUHY t,, MOKHO CHH3UTH TEMH X€ METONAMH, YTO U B CHMMETPHUHOM
MynbTHBHGpaTope. AHAIOTHYHO BHAOH3IMEHAETCS CXeMa M IpH
HCIONb30BAHKH APEi(OBEIX TPHOIOB.

3HaueHHe R,, OOBITHO BHIGHPAIOT H3 YCNOBHSA OTCYTCTBHA 3aMETHOrO
BIUAHMA €MKOCTH INepexoma KkoJuexktop — 6asa (, Tpuoma T, Ha
ATHTENsHOCTH (POHTOB HMmylsca Ha Beixome [29] R.=t/(2C.). Kax
MpaBHIO, NpPHM pacueTe OHIBAXOT 3aNaHBl BEJIHYHHH U, Ugs Uy. BrOJHE
YHOBIETBOPHTENBHEIM IpH E,=-(5-10)B MoxHO cyHTaTh BBIGOp u,,=-2B;

Ww=-1B; u,=-0,5B [29]. M3 (1.45) u (1.46) HMeeM R,=gmsRa—=—. Ha

x ~ Un

_uLzE.‘ ~ Url

ocuosanum (1.48) monyuaeM R, =Ra . Heo6xognmoe 3Hauenue R

un B« —Un
onpeneneno ycnosdem (1.45). Benmumusel R, #© R, MOXHO HafiTH H3
COBMECTHOTO peureHns ypaBHesH#t (1.47) u (1.49).

brokuHr-reHeparop

OcnopHas cxema OGnokuHr-regeparopa (puc.1.29,a) paboraer B
aBrokone6aTeslbHOM pexuMme. Ha 3tame pereHepanud HOJAOXKHTeNbHA
ofpaTHag CBA3b B CX€ME pealnu3yeTcd MHBEPCHBIM BKIOYeHMeM 6Ga3oBoH
o6MoTKH HMOynbcHOro TpaHcdopmaropa. Hns npocrorbi aHanusa Gynem
CYHTaTh, 4HYTO Harpy3ka [OAKIOYeHAa K KOJUJIEKTOPY TPHOAa uepes
pasgendTrensHyl  emkocts  C,. Moxer 6BTE  HCNONb30BaHA K
NONOJIHHTEeNbHas HarpysouHas o6MoTka tpancpopmaropa (puc.l.19,a,
nyHkTHp). Torxa B mOCHeRyXOIMUX BBIKIAAKaX NMOA R, CAEAyeT NMOHHMATh
nepecyYHTaHHOE CONPOTHBAEHHE Harpysku. llemndupyromas lenouyka Ha
BBIXOJE CTABHUTCH AN YMEHBINEHMS aMINMTYHABI OTpHUaTensHOro Bhifpoca,
KOTOpHH BO3IHUKAET Ha KOJIEKTOpE 3aKpPHITOr0o TPHONA B Npouecce paspsia
HHAYKTHBHOCTH HaMardM4uBaHusA TpaHchopmaTopa (cM.§1.2).
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Puc. 1.29

Bpemennsie mmarpavmel (puc.1.29,6) noscusior paGory cxembl. B

HCXOIHOM COCTOSHUM TPHOJ 3akpHIT. EMKocTs C 3apseHa mutocom Ha 6asy
10 HANpSXKEHAA

uc(0)=[E/n,
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rae m  — Ko3QPHIHEHT tpanchopmanun. Takoe COCTOAHHE
BpeMeHHOycroMuuBo. OHO OTBeYaeT may3e MEXAY HMOyJbCaMi.
JauTensHOCTh ero T, ONpelelseTcs CPABHMTENLHO MEANEHHEIM NPOUECCOM
paspaga emkxoctd. Ilpm a3ToM 0a3oByl0 06MOTKY MOXHO CHUMTATh
KOpOTKO3aMKHYTO#. COOTBETCTBEHHO

1 x
T.=RC¥¢n 1+——~—{F1|—-
‘ n B+ Rlw
Kak Tompko y,=0, TPMON HadYHMHAeT OTKpHBaTheci. Berymaer B

AeHCTBME TMOJOXHTeNAbHad ofparTHas cBA3h. Bo3HHMKaeT perenepauus. OHna
' 3aBepmIaeTCA B MOMEHT BXOJa Tpuoxa B HachimleHue. ITosTomMy B HaHHOM
.

CHYYae ty=tp, . MUHAMANLHOE 3HAYEHHE t; AONYYAETCA MPH BBIGOPE n=p,
[28]:

tn;min = 4,61u/nuw, Nopt = 4/ Ru/l's »
rae r; — o6beMHOe conporuBienne 6a3m.
Ha stane ¢opMEpoBsaHMs BepIIMHBEI MMIyJIsCa HIET Npolecc 3apsana
emkoctu C mopn me#icTBueM 3.1.¢. E,/n, pasBHBaeMoR Ha saxuMax GasoBoi
06MOTKH. 3apsaHEil TOK eMKOCTH OoNpefeldeT OTKPHBAOMMH TOK 6a3kl

_[Ed e
16=l3ap=, e, 8=Crs,
nrs

a HOTOMY H H3MeHeHHe QuUKTHBHOrO Ttoka (cM.§1.3; BpeMeHHbIE IPONECCH B
xmoue O3)

1 1 |Ex 917[] ~ ~1/8
I(t)=—Qft)=—— (em—e™). (1.50)
Ta T.Nrs Tp— 0
B cBoro ougepens, OSKBHBAJEHTHAf® Harpy3ka B KOJJIEKTOpHOH Uenw
(puc.1.29,r, L, — HHOIYKTHBHOCTh KOJNIEXTOpPHOH# o6MOTKM) obycnasnupaer

H3MEHEHHE BO BPEMEHH TOKa KONIEKTOpa HACHIMEHHA (CM. TaM xKe)

Ix.n(t)=|Exl( : e""°+~t~+3—-). (1.51)
n rs Lx Ru
B wmoMenr t,, xorxa I=I, (pHc.1.29,1), TpHOZ BEIXOZHT u3
HacHlIeHHs. 3aMejNseTcs HAPACTAHHE TOKA HaMArHHYMBAaHHA |,
tpachopMaTopa. COOTBETCTBEHHO YMEHBINAeTCA 3.J.C., pa3BMBaeMas Ha
KOJUIeKTOpHOH oOMoTke. BosHukaer HoBas nasuHa. K sToMy MOMeHTY
emkocTh C HOJKHA yCHeTh MOJHOCTBIO 3apARHTHCA. TOrma Mo OKOHYAHHH
pereHepalHM CXeMa BepHETCA K IMepBOHavampHOMY cocTosHHio. MHa
peipaxennit (1.50) u (1.51) nonyyaem
C T

1 R.
el =
nTﬂ Ln

ta ™ B 2,39St.<‘[‘).
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Ota dopmyna nonesHa IJIA KaYECTBEHHON OHEHKM BIMAHHA pPa3sIHYHBIX
KOMIIOHEHTOB CXEMEl Ha JJTHTENBHOCTh HMIOynbca. B o6meM cnyvae pacyer
MoxeT GBITH BHIIONHEH 10 METONHKEe, npenioxeHHod B pabore [29].
Pa3psn HHAYKTHBHOCTH NPAaKTHYECKH HE BIMAET, HA NPOLECCH B CXEME,
eCIH [IJIMTENbHOCTh BEIGpOoca (BpeMA BOCCTAHOBIEHHA) MeHbINE T,.

[Ipu pabore OGmOKMHr-reHeparopa B XAymeM pexuMe (puc.l.29,B)
conporusienne R momknowaerci K MCTOYHHKY 3aNHPAIOMEro HAalpsKeHHA
E. 3anyck ocymecTBiseTcs OTPHUATENBHLIMH HMIYIHCAMH, IMOAaBAEMBIMH
wa Gasy. Ilpouweccht mnpu (OPMHPOBAHMH BEPMIMHEL  AHANOTHYHE
paccMoTpeHHbIM, Ha 3Tane BOCCTAHOBICHHS TPOUCXOXMT GHICTPHIA paspan
€MKOCTH 4epe3 QHOAB! HmenH 3amycka. IIpe a3TOM BO3MOXHO BIHAHHE CXEMEI
Ha MCTOYHHK BXOJHBEIX CcHTHanoB. KpoMe Toro, Hanygyue KHOROB
3aTpyHJHAET DNpPOLECC pereHepandd [0 OKOHYaHMH (GOpMHpOBaHUA
umnynsca. OT  ykasaHHBEIX  HejocTaTkoB  cBofomHa  cxemMa ¢
«mepeTArdBalOmKEM» TpHomoM (puc.l.29.8, nyuxtup). Bonee moapoBHoe
3HAKOMCTBO ¢ OcofeHHOCTAMHM XIyuwero pexuma nawT paborw [28,36].
Tam e paccCMOTPEHE! M HEKOTOpbIE BAPHAHTHl CXeM GJIOKHHI-reHepaTopoB.

Bonpockl CHHXPOHW3ANMM

Nepuox  coberBenubx  koneGaHmit  penakcaropa  HecraGuued
BCNIEACTBHE OTKIOHEHHH NHTAIOWMX HaNpsxeHHH, paszbpoca mapameTpos
KOMIIOHEHTOB, H3MEHEHHSA 3THX NapaMeTPOB CO BpeMEHEM, B 3aBHCHMOCTH
oT TeMnepaTypsl B T.h. Jlnd DOBBINEHMA CTaGMNBHOCTH MCHONB3YIOT
BHEWIHIOIO CHHXpPOHH3auuio. JIOBONBHO IONHOE H3I0XKEHHE BONPOCOB
CHUHXDOHH3alMH CHrHaJaMHd pa3muuHoHd ¢opmbl naHo B pabore [14].
C OCHOBAMH TEOPHH CHHXPOHH3aIMH NO3HAKOMHMCS Ha IPHUMEpe CXeMbI
6noxuur-reseparopa (puc.1.29,a), Koraa OTpPHIATENbHbIE CHHXDOUMIYIbCHI
c amnnmy,uoﬁ E., nepuonoM T, H NpeHeOGpexHMO MaJoH RNHTENhHOCTHIO
nonawoTcs Ha 6asy Tpuoja. [IpH OTCYTCTBHH CHHXPOHMIIYNBCOB reHepaTop
paBoraer B pexume apTokonebawHH c nepuwomoM T,. ITo ycnosmio
ONHTENLHOCTh HMIYNBCOB TeHepaTopa Hcuesawwe Mana. Torga ¢
OOCTATOYHON [ns HawMx uneneff TOYHOCTBIO MOXHO CYHTaTh, 4YTO
Hanpskende Ha 0ase g H3MEHAETCA II0 IMI006pa3HOMY 32KOHY
(puc.1.30,a; nyskrrp). CKauky HMEIOT MECTO, KaK TOJBKO KpHBag 6a3oBoro
HAallpAXKEHHA IlepecexaeT HyneBod noporoem#f yposens. B MmoMenrt
NOCTYNMJEHMS CHHXPOMMIYNbCAa NOPOTOBHIMA YPOBEHb BO3pacTaeT Ha
BETHYHHY E.. COOTBETCTBEHHO nepHoj konebaHui

CHHXPOHH3MPOBAHHOIO penaxcaropa ornuuaercs ot T, (puc.1.30,a;
CIlOMHAs JIHHULA).

[IpakTH4yecky  HHTEpec  COCTABIAET  JTHIIE  ciyqad  T<T,.
PaccMOTpEHHEM 3TOrO Ciydas M OrpanMuMMcsa. Bennunny n=T/T, nazosem
KPaTHOCTEIO CHHXPOHM3aIHH. B pexuMe co6CTBEHHO CHHXPOHH3aLHM n=1.
Ipa n=2,3,... HuMeeM peXHUM JHeNeHMs YacTOTH. JJONONHHTENBHO
obosnawnm: E=T [Te; X=Eo/u.,(0). Ona wamero ciywas 0<&<l. Cuyuai
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A 21 He mpencraBnseT HHTepeca NNA aHanu3a, H0o 3neck 3aBemoMo m=l,
[ToatoMy B mansnefimem monaraem 0 <A <1.

@ s o sk,
Us(0) - = 1
'\\\ '\-/2!
Ee L NJ 1Ny
N
0 b vt
Te T T ’
At
<" n\
[ 1 \i\
1/2 n=1 : jl? 2\\\\
15 ' () - : t
] ' A0 A N I
13 1/2 1 it n 4 4
me E:!mln
Puc. 1.30

OcHoBHas  3aga4ya TEOPHH  CHHXPOHH3aUHH  3aKJK4aeTcix B
onpefeNeHHH MHOXeCTBa 3HadeHuil £ B QYHKIHH A, KOTOpOe OTBeuaer
CHHXPOHH3al¥¥ C 3ajaHHOM KpaTHOCTBEIO N. 3TO MHOXECTBO HAa3BIBAIOT
06nacThi0 CHHXpOHH3auWH. BepxmHrior & ¥ HHXKHIONO & CpaHHHE
HCKOMOTO MHOXECTB2 HAXOXHM M3 rpaduyeckHx noctpoeruit (puc.1.30,6):

/n , A<lnm
S =\ (1=A)(a-1) , A>Yn;
Ea={1-2)/n.

B o6mem cnywae HecraGuunHe kax &, Tak ¥ A. IToaTomy npu pacuerax
pabouyr TOUKY ciexyer BHIOHpaTh BHYTPH COOTBeTCTByOmeH obnacTu
cuuxpoHusanun (puc.1.30,8). PasMmepsl 067acCTH CYXalwTCA C pPOCTOM N,
AHanus mokaseisaer [19], 4ro npH BenHudHax HecTabunnHocTeld 8T =2%;
8].16(0):5%; 8T.=8E.=1% ycToHuuBasx CHHXPOHH3ALHUA BO3MOXHA JIMIUL 114
n <15. Bausadae KOHEYHOH LIHTETHHOCTH CHHXPOMMNYNBCOB NPOABIAETCA
B cyx)eHHH ofnacreldf CHHXpOHH3AIMH 3a CUET CABHIa BEPXHHX IpaHuu [14].

PacCMOTpeHHBIE TOJOXEHHA C HEKOTOPBIMH BHIOH3IMEHEHHAMM
NpUMeHMMBl ¥ I8 clydas CHHXPOHM3almMHM MyheTuBmOparopoB. 3neck
BO3MOXHA cTa6HNHU3aNHA He TONBKO NMEPHONA B L[ENOM, HO U JIMTeRbHOCTEH
OTAeNbHBIX BpEMEHHOYCTOWYMBEIX COCTOAHHUN.



Tnaga 2
HHTETPAJBHBIE TEXHOJOTHH

Kak u panee, K 4YHCIYy DpOCTEHMX MHepekmOYaTene® OTHOCATCS
KII0YH KaK TaKoBble, JOTHYECKHE O3NeMEHTBI, TPHITEPbl M TEHEPATOPEI
HMIYJIbCOB. PaccMaTpMBAIOTCA BONPOCKH], CBA3AHHBIE C HX NEPEBOJOM B
uHTerpansHplt Gasuc. Ilpy >TOM B KkayecTse MCXOLHBIX NPHHUMAIOTCH
OpHEHTHpBI, YCTAHOBJEHHbIE B IN.l!: NPEeANOYTHTENBHOCTH JOFHYECKOrO
6asuca {MJIM-HE} nns TpaH3HCTOpPHBIX 31eMEHTOB, {U-HE} ~ nnsa
JAMONHO-TPAH3HCTOPHBIX, BIMIHHE HArpYy3KH Ha GricTponedicTBHE SNMeMeHTa
u Tak janee. ['aBHOe BHHMaHHMeE YNENAETCS MHOrOOGDPA3HI0 MHTETPANbHBIX
TexHonoru#. 3a OCHOBY H3I0XEHHA B3ATH MaTepuansl [38]. 3HaKOMCTBO ¢
6a30BBIMH MHKpOCXeMaMH paeTca no [39,40].

MoxHO BELIETHTE JBa XapaKTEPHBIX NPH3HAKA HHTErpansHON CXeME]
(UC): KOHCTPYKTHUBHBIH — €€ KOMNOHEHTH OObEJUHEHBl BHYTPH MJIH Ha
NOBEPXHOCTH OOIMER MOMNOKKH, DIEKTPHYECKH COEQMHEHEl MeXAy coboif,
3akiodeHsl B Oo6mMHHK  KOpmyc M COCTaBNAIOT HepasjenuMoe Lenoe;
TEXHONOIMYECKHHA — BCE HJIH 4YacTh €e KOMIOHEHTOB CO3JAIOTCS B EOMHOM
TEXHOJNOrM4EeCKOM [pPOLECCE C HCNONb30BAHMEM TIPYNIOBEIX METOAOB
M3rOTOBNEHHA KOMIOHEHTOB M MEXKOMIOHEHTHEIX coeguHeHui. [lepexon
Ha MC no3BonsieT CHH3UTH JHEPronoTpebiieHne annapaTypsl, HOBBICUTH ee
HAAEeKHOCTH M GBICTPOJECHCTBHE IIpH OJHOBPEMEHHOM YMEHbIIEHHH
CTOHMOCTH, rabapuToB M Beca.

KOHCTPpYKTHBHO-TEXHOJIOTHYECKHE 0CODEHHOCTH PA3THYHBIX THIOB
UC peransuo paccMoTpenbl B paboTax [41-43]. HauGonbmee npuMeHeHKE B
HacTOsUlee BpeMs HaXxONAT MOHONHTHBIE nomynpoBoaHHKoBsle HC,
BHINONIHEH M bIe HA eAHHON KpeMHHeBo#H mognoxke. OGEYHO H3TOTABIHBAIOT
He orgensHele norudeckue MC, a cepuu uHQPOBBIX HHTErpanbHBIX CXEM.
Tpe6oBanue MHHUMH3AUHH CIOXKHOCTH (4Hcna Kopmycos HC)
sHepronorpebnenus uUHGPOBBIX YCTpoficTB ofycnaBiuBaeT HAIHYHME B
CepHH, T[OMHMO OCHOBHBIX JIOTHYECKMX, H DAAa JOTIOJHMTEJbHBIX
3JEMEHTOB. DTO PACWIHPHTENH BXOJLOB, CHEUHANbHbBIE MOIIHBIE 3IEMEHTBL,
YCHIHTENH MHIOHKALHA M Tak xanee. B cocTap CepHM BKIIOYAT TPHITEPHI
pasHBIX THMOB H Gonee cioxusle nupposele cxeMel. Ha dbyrkuuoHansubiit
COCTaB CEpHHM CHJIBHO BIMAET THIT HCIIOJB3YEMOro CTaHZApTHOrO Kopnyca,
YHCJIO ero BHELIHUX BHIBOJOB.
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B oro#f rnase jgaerca XapakTepucTHka Gunmonspueix HMC.
PaccMaTpHBalOTCS OCHOBHEIE THNB HHTErpaNbHEIX JIOTHYECKHX CXeM Ha
GumonspHEIX 7 MIH-TpaB3ncTopax, BKJIIOYAs 3HAKOMCTBO €
COOTBETCTBYIOMUMY CEPHHHEIMA MUKpocxeMamu. Oco6o BEIETEHBl cXEMbl
¢ HMHXKEKNHOHHBIM muTaHHeM. H3yvaioTca  CXeMBl  HHTErpalbHBIX
FEHEPATOPOB UMITYNLECOB H TPHITepoB. TepMuH "GHIONAPHBIA" OTHOCHTCH K
obrngnniM (He MJIT) TpaH3ucTOpaM, B KOTOPHIX BaXHYIO poNb HrparT oba
THIA HocHTeneH: NBIPKH W 3neKTpoHsl [29]. TpaH3HCTOPEI CO CTPYKTYpO#R
MeTanmi - JU3NeKTpuK -~ moxynposommuk (MJIAIL, mor MOII - ecnu
AH3JIEXTPHKOM  CIHYXHT OKHCEJ) OTHOCATCE K  kjaccy npubopos,
YNpaBadeMbIX sNekTpuyeckuM moneM (monessix). Mx pabora ocHoBana Ha
HCIOJAB30OBAHHH HOCHTENeHd OZHOrO 3HaKa: TONBKO JBIPOK HIH TONBKO
3JEXTPOHOB (YHHIIONAPHBIE TPAH3UCTOPHL).

§2.1. BUITOJIAPHBIE JIOT'MYECKHE KHC

ITpuusTeie ycnoBHo-rpadpudeckue obosznadenns (YI'O) npocreitmunx
JIOTHYECKHMX 3IeMeHTOB nokazaHsl Ha puc.2.l,a. Baswc {H, WUJIU, HE}
HaspiBaloT GynessiMm. bBasucsr {M-HE}, {MJIM-HE}~ yHuBepcansubiMu. Jns
HHTerpalbHEIX TeXHonorud onm HauGonee xapakTepHbl. OT HMCKpETHHIX
aHAJOroB HX OTHHYAaeT THI HCIONB3YEMOr0 TPaH3MCTOpPAa H cneuuduxa
BBOOUMBIX NapaMerpos. Ho HMeEHTCA H TaKHE D3JIEMEHTH, NPOTOTHIIH
KOTOPBIX QTCYTCTBYIOT.
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Xapaktepuctuka 6unonspusix UC [42,44]

- B uHTerpanbHEIX cxeMax OGRYHO HCIOAB3YIOT KpPEMHHEBBIE
nIaHdpHBIE TPAH3HCTOPHI N-p-n THna (puc.2.1,6; n* - cnoit ¢ moseImerHoOH
koHuenTpanued npamecei; Il - nognoxxa). Oy o61aaloT cuenMPHIHBIMH
XApAKTEPHCTHKAMH COOTBETCTBYIOUIHX AMCKPETHHX,aHAJOroB (Hanpumep,
GecxopnycHsti  TpaHsuctop KT324). K 0cobeHHOCTAM MHTerpanbHBIX
TPHOLOB CIEAYET OTHECTH CPaBHHTENLHO BBICOKHIH MOPOT 3alHpPaHHs 0o
6aze U"sn = 0,5 - 0,6 B, uu3ku#i MHBEpCHBIA K0YPPUUMEHT Nepesayu mo
Toky o; = 0,1 - 0,5 M3-3a aCUMMETPHM CTPYKTYpH! prc.2.1,6 u Gonbuoe
ofbeMHOE COMPOTHBJIEHHE Tena Koianekropa r, = 50-150 Owm. Ilepsoe
obneryaer CcO3JaHMe H CTHIKOBKY norndeckux HC B oTcyTcTBHE
CrenuanpHEIX HCTOYHHKOB Ha30B0T0 cMemeHus. BTopoe ¥ TpeTbhe NPHBOAAT
K yBEJHYEHHIO OCTATOYHOIO0 HANDPAMEHHI Ha KOJJIEKTOPE HACHIUEHHOTO
tpuoga Uxw = 0,2-0,4 B. 3HayeHHe r, MOXKHO CHH3UTHL JO emuuuun Om 3a
CYET HEKOTOPOro YCHOXHEHMS TexHomoruu. Ilo MexaHH3IMy JABHIKEHHS
HocuTeneH B 6aze BCe HETErpanlbHbIe TPAH3HCTOPH ABIAIOTC ApeAdOBEIMH.
OTo ofycnaBiMBaeT MX Malylo HHEPUHOHHOCTh M HeoGXOOUMOCTB YyyeTa
BAMAHUA  DA3HOrO  pOJA  NApa3sHTHEIX  eMKocTed  INpH  aHanuse
6eicTponeficTeus noruaeckux UC.

Kackax O3 (puc.2.2,a) ocTaeTcs OCHOBHOH KJIIOUEBOH cxemoil u B
uHTErpanbHOM  BapuadTe. CeMeHCTBO  BBIXOJNHBIX  XapakTepHCTHK
KpEMHHEBBIX [UIAHAPHBIX TPaH3UCTOPOB obnamaer BeepHOM CTPYKTYpoi
(puc.2.2,6). 3nauenue

1 I 1
] —] _ KH | ( _ k.H]
Ueu * Tenfx Hp’{lna, + n[1+(1 a,) 1, } In| 1 ————«BISI

CPapHMTENbHO BENHKO TNPH Majex «; W Gonpmux ry . OHO pacTeT ¢
yBenudeHueM g, M YMeHbUIEHMEM OTKphiBajomero Toka 6asel ;. [Jas
Iew =0 umeem Ugy= ¢r In(1/ o). Bxogmas xapaxrepucTHKa CXeMBbl B
pexuMe wHaceimeHus (puc.2.2,B) ¢ pocToM I¢, CHBHraeTcs BNpaBo.
Bennunna

Usn w(p,[lngﬁrlnﬁti‘—)—lﬂm]ﬂmrs
a, Ko
npu Ix.n > 4MA okasmiBaerca nopsaxa 0,8 B u Bblme.

Kax npasuno, B HC He HUpHMEHAIOT CHEUUANBHBIX HCTOYHHKOB
janupaoliero Hanpaxesus. IlodToMy 3aKpeITO€ COCTOSHHE TPHOAA
ycnosno. JonycTumoe 3HavyeHne Toxka yTeykH I"xq (puc.2.2,r) ompepenser
nopor 3akpeiBanus no 6ase

. Len(1-aa,)
Usn = 0r ln["——(;i-l—‘(:"’“+1:|.
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O6rsryno0 mpuaEMaloT I"«n = (0,01-0,03) Icy. Bemuwunnnr Uy, Ugy, U,
SABNIAIOTCS  OCHOBHBIMH  CTATHYECKHMH [apaMETPAMHM  TDAaH3HCTODPOB
nuadpossrx HC. OHM 3aBHCAT OT pexHMa paboTHl H TeMIepaTyphl.
Hanpsaxenus npo6od  mepexoxoB: KojlekropHoro -~ 20-50 B,
IMHTTEpHOrO—~ 5-7 B.
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Puc. 2.2

Cneundukofi BpeMeHHBIX TMpOLECCOB B HHTErPAJIbHOM KIIO4YE
ABIAETCA HaNlHYHe 3aJePXKKH BKIIOYeHHs 1)’ (pHc.2.2,1). DTO BHI3BAHO TEM,
470 3¢ PeKTHBHAA HHXKEKLHMA HEOCHOBHBIX HOCHTedeld u3 aMHTTepa B Oa3y
HMeeT MecTO Nume npu Uy 2 U;,. CoOTBETCTBEHHO:
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ty =(CK ’*’Ca)U;;n/[m .
3necy C¢x u C, — GapbepHrle eMKOCTH KOJNJIEKTODHOIO M IMHITEPHOIO
nepexogos. Jas (Ce + C3) = 10 nd; U, = 0,5 B; I;, = 0,2 MA monyuaem
t0=25 He. [AnutensHOCTh PPOHTA BKIIOYEHMS :
t = (1, +BR,C, + RKCH)lnl-_IT‘/-S—,
roe Cy — €MKOCTh Harpy3ku; S — CTAUHOHAPHAS CTENEHbL HACHIUIEHHS.
TuroBbLIE 3HAYEHHA: Tg= 10-200 He; PR, C, = 50-500 He.

3ajepikka BHIKIIOUEHHS 1) ONpefenena NPOUECcCOM PaCCachiBAHUS
I + I
ty =Ty In—2—%. ,
‘ Igy +1
SH B2
Is; ~3anuparomui ToK. JauTenbHOCTh GPOHTA BHIKIIOUEHHS

(8" = (5 + BRyCyc + ReCy )11 + 11y )
Ecnu eMKOCTh Harpy3ku CpaBHHTENBHO BEJIHKA, TO t“{,' =2,3RCy.

B xnacce Ounmonapueix MC MOXHO BHIENWTH CHENYIOLIME THIBL
OCHOBHBIX NOTMYECKHX CXeM: C HemocpencTBenHol cBassw (HCTI), c
pesucTuBrO# cBaspio (PCTJI), ¢ pesncTusHO-eMkoCcTHOH cBaspio (PECTJ),
pesucTaBHO-TpansucTopHeie  (PTJ), aguwomHo-tpansucropunie  (ITJI),
TpaH3HCcTOpHO-TpaH3ucropusle (TTJI), «cxembpl ¢  OGBEOHHEHHBIMH
smutrepamu (DCJI unu INTTJII - nepexniovarenu toka). Bece ony oTHOCATCH
K noreHuHanpHol cucreme snemesrtom. IlosToMmy okaspiBaercs yHXoGHBIM
BBECTH XA HHX 06o6meHHBle MmapaMeTphl: Ko3hdHUHEHT 06beMHHEHMS [0
BXoJy m; Ko3(pQMUMEHT pasBeTBIEHHA NO BBHIXOAY N; CpERHAA
norpe6nieMas MOIHOCTb Pcp; CPERHAS 3alepXKKa 1y¢p; CTATHUECKAS
OMEXOYCTOHYHBOCTH.

BenudurHaa m onpenenser MAKCHMAaNbHOE YHCIO BXONOB JIOTHYECKOMH
WUC. IlapaMeTp n — 3T0 MakCHManbHOE WYMCIO CXEM, AaHANOTHYHBIX
PACCMATPUBAEMOH, KOTOPHE MOryT OLHOBPEMEHHO TMOXKNIOYATHCS K ee
Beixopy. O6biugo m = 2~ 10; n = 4~ 25. Haubonbune 3HAYEHHS M H N
umeror JTJI-cxempl. [Ina GonpIIHHCTBA CXEM C POCTOM N CTaTH4eckas
[IOMEX0YCTORYHBOCTE MOHOTOHHO YMEHbIIAETCA, & t; ¢, PACTET.

B kaxaplif MOMEHT BpEMEHH DPHMEPHO NOJIOBHHA CXEM B LHPPOBOM
ycTpolcTBE OTKpBITA, 4 ApYras MOJOBHHA 3akphiTa. [losToMy nprHATA
ouenka Pe = 0,5 (P' + P"). Benwumma P' xapakTepM3yeT OTKpBITOE
cocTosuue cxempl, P" — 3axpeitoe. B OTJI- u TTJ-HUC Hago yuuTHIBATH
. NOTONHMTENLHO MOIIHOCTh Ha 3TANlEe NEPEKIIOYEHMA, 4TOo o6ycnapauBaeT
pocT Per ¢ uacToTOH. NorpebnieMas MOIMHOCTE ONpENENseT, MOMHMO
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BCEro mpovero, u Tennosof pexuM HC. Paspaborka Muxpomomusix HMC
npencTaBifeT coboH cepbesHyI0 HaY4YHO-TEXHHYECKYI0 NpobueMy.

Cpennss 3afepXka Ha JIeMeHT XapakTepusyerT OpicTpopeiicTsue
norugeckux MC. Ilo Toif e mpHYHHE, YTO W paHEe, €€ ONPENENsIOT KaK
tice = 0,5( t +t) ). 3mecs t H t§' ~ 3aJepKKH BKIIOYEHHS U BBHIKIIOYEHAS
anemenTta (puc.2.2,e—~ ONHH H3 BO3MOXHEIX METOZOB MX olieHkH). MHOrma
NpH ONeHKe cpelHel 3alepXKH NPHAXONUTCA YYHTHIBATh H NIHTEJNbHOCTH
(QpOHTa BKIIOYEHHS to HIIM BBIKTIOYEHHS ty. ECNM ¢~ YMCIIO JTOTHYECKHX .
ypoBHe#, TO OGBICTPOAEHCTBHE CXEMbl B LEJOM ONEHHBAIOT BeJHYHHON
qtyce. Tpe6oBanus 6picTpoNedcTBHA H MHHHMANBHOrO 3Hepronorpebnenus
NpOTHBOPEYUBEL.

CratHyeckad IIOMEXOYCTOHYHBOCTb XapaKTEpHU3yeT MaKCHMallbHOe
Hanpf)KeHHE  CTAaTHYECKOH  IIOMEXH, IXPH KOTOPOM  COXpaHsercs
paborocnocobnocTe cxeMbl B ycrpoiicrBe. CTaTHUYECKHMH HAa3bIBAIOT
MOMexH HEH3MEHHOH aMIUTHTYJkEl, BpeMs JeHCTBHA KOTOPBIX MHOr0 GoJbiue
IIHTENBHOCTH MEPEXONHBIX NpoleccoB B cxeme. OHH BO3HMKAIOT 32 cyer
najeHds HaNpsXKeHHd Ha  COCJHHHTENBbHBIX mnpoBojgHHkax. Haubonee
OMacHbl CTATHYECKHE IOMEXH o muHaM "3emas" 4 "muradue”. Pasnuuaior
OMEXOYCTORYHUBOCTE 3aKphITOW cxeMbl (Ha BHIXOAE JIOTHYecKas eNMHHIA)

M0 OTHOIIEHHIO K OTHHpAMWHM momexam (U5 ) H MOMeXOoycToHUYMBOCTH

OTKPBITOM CXeMBI -~ K 3aKphliBalomMM moMexaMm (U, ). Haumenee
momexoyctoHgusel (U~ = 0,2 - 0,4 B) 3CJI- m HCT/-cxewmsl.
MaxcumansHo# noMexoycTofiunBocThio (U~ = 0,8 - 1,2 B ) oBnanator
OTJ- u TTI-UC.

Jlorndeckne MC Ha GUDONApHBIX TPaH3HCTOPAX IO 0COBEHHOCTAM
(GYHKUHOHHPOBAHHA  MOXHO  YCIOBHO  pa3buTe Ha 2 rpynnsi:
1) rpansuctopusie HC; 2) ATJI- u TTJI-MC. DneMeHTBl NMEPBOH Ipymmel
seinonHAoT  Qyskuuro  HIJIW-HE, Btopo#t -~ dynkuwo HW-HE 8
NOJOXHUTENbROMH cucTeMe cureanos (cM.§1.4). IIpoo6pa3oM TpaH3HCTOPHBIX
norydeckux MC ABISIOTCE COOTBETCTBYIOIHE CXeMbl Ha HHCKPETHBIX
KOMIOHEHTAX: C MEpPEeKNIOYeHHEM HanpsKeHHH, ¢ HEmOCPEeACTBEHHBIMH
CBA3IMH, C MepexkjloYeHHeM TOKoB [l] M pe3sHCTHBHO-TPAH3HCTOPHBIE.
B MHTerpaJpHOM BapHaHTE OKa3blBAGTCA BO3MOXHBIM pPACCMAaTPHBATD
HCTJl-cxemer kak gacTHbeIH cnyyalkt PCTJI-cxem, a PECTJI-cxeMbl — Kak HX
nanpHefimee pa3puTHe. Il03TOMY MOXHO BBINEIHTR BCEro TPH XJjacca
tpansnctopreix MIC: PCTJI, 3CJI u PTJI. B npuMeHEHHH K MOHOIHTHBIM
UC PTJ/I-cxeMsl COCTaBAAKT JHIIB HCTOPHYECKYW UEHHOCTh. M
paccMaTpUBaeM HX B CBA3HM C H3YYEHHEM MaKOPHTapHBIX 3JE€MEHTOB.

ATI- u TTI-HC mo cBOMM XxapaKTepHCTHKaM OTHOCATCS K OAHOMY
knaccy Jorud4eckux aneMeHtoB. Onum 1) o6nagalor nOBBIUEHHOMH

102



CTaTHYECKOH NOMEXOYCTOHYHBOCTBIO, NMpHeMIeMHIM ObicTponeHCTBUEM H
.3HepronoTpebNeHHeM NpH CpaBHUTENsHO OONBIIMX 3HAYEHMAX m H N
2) B HHX HCIOJNB3YETCS MaJ0€ YHCIO PEe3UCTOpOB GONBIMHX HOMMHAJOB;
3) ux nmapaMeTphl cnabo  3aBHCAT OT HeCTabHIBHOCTH  BXOXHBIX
XapaKTepHCTHK TPHOAOB M MEHee YYBCTBHTEJBHBl K TEXHOJOIHYECKOMY
pasbpocy mapamMeTpoB komnoHeHToB, ueM B PCTJI-cxemax. TTJI-cxemsl
Heckonbko TexHomornunee [ATJI-cxem, uto pocturaercs 3amMeHod Bcel
COBOKYNHOCTH BXOHHBIX M cMemaroiux JHonoB (cM.§l1.4) onHEM
MHOTOIMHTTEPHBIM TpaHaucTopoM. CymecrByer 6oJbluoe paskHoobpasue
TeX H APYTrHX cXeM. MBI orpasmauMcs KpaTKUM 3HAKOMCTBOM C OCHOBHBIMH
BapHaHTaMH.

{5 {9 | 1} ir &

Puc. 2.3
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CXeMEI ¢ pe3ucTUBHBIMME cBa3smu [42.48.49]

B paccmarpuBaemMoit crpykrype (puc.2.3,a) mnonaraeMm 3JeMeHT-
HCTOYHHK 3aKpHIThIM. TOorxa xamnsiif H3 3JIeMEHTOB-Harpy3o0K OTKPBIT XOTH
6561 O OZHOMY BXOAY. 3aKphITOE COCTOAHHE CXEMbl ONPENCIHM YCIOBHEM:
[ =091,,x- 3mech I; - BEIXOMHOH TOK 3JeMEHTa Ha HOPOre 3aKpLIBAHHUSA;
Iyax — 3HAYEHHE 3TOr0 TOKA INIPH OTCYTCTBHH YTEYEK Yepe3 3aKphiThie
Tpuopsi. CornacHo cxeme

I‘r'_[:EK—Hﬂ;C.ﬂRK—UBH; mx = Ey - Ugy .
Ry +Rg/n Ry +Rg/n

Moncranoska maet Iy, =0,1(E, - Ug,)/(mR,). [opor 3axprBamus no Bxoxy ¢
yuetoM dopMynsr g Uy, (M. mpeasiaymuit pasmen)

. 1. . . OUE, -U 1 -ao,
Unxn‘:EIK'HRB"’Usn“Usn=‘Prln ( . 5‘“)( 0“1)

+1

ma; Iy Ry

COOTBETCTBEHHO IOMEXOYCTOMYMBOCTE CXEeMBI I10 OTHOWEHHIO K
oTkpblBatomel momexe U =U;,-Ug, mnamaer ¢ poctoM m u Ugy.
MuunuMallbHO Heo6XomMMas CTEHEHb HachIMERHA S,., ONpeneleHHas
yernosueM Ugyls s ~Ugulsoe = 0,103, cOCTaBASET S, =400,/Uj

Bemxuunna S, Jomkna ObTh ofecnedeHa B HaMxyJueHd cuTyalHw,
Korxa paccMaTpuBaeMbi Tpuon, Hanpumep T, (puc.2.3,a), BXOAHT B coCTaB
3JIEMEHTAa, OTKPBIBAEMOro TONILKO IO JHaHHOMY BXOHY, & BCe IpYTrHe
JeMEeHTBI-HArPY3KH OTKPHIBAlOTCA OZHOBpEMEHHO 1o BceM Bxomam. Ilpu
3TOM TOK KONJIEKTOpa HachlmeHHs TpHona T, MakcHMalneH, a BeIuduHnl Iy,
ans rpuomoB T, ..., T, wmuHHManbHel. COOTBETCTBEHHO BXOLHAaf
xapakTepucTuka Tpuona T, casuraercsa snpaso (puc.2.3,6). 3a cuer sTOro
HMEEeT MECTO HepaBHOMEpHOE paclpefeneHue Toka " Mexnay aneMeHTaMH-
Harpyskamd. OTkpeiBalOui 6a30BbIif TOK TpHOHa T, oxaselBaeTcs
MHUHHMAaJIbHBIM. JONONHHTENBHO ClEeNyeT CUHTATh, YTO HO LENK MHTaHHA
neficrByer ofmas 3akpelBatolragd nomexa Up IUIIOC HMHIMBHAYaNbHAaS
momexa o uenu aMurrepa (mwuHe "3emas") rpuona T,. Hanuune nocneauei
eme 6Gonee caBHraer xapakrepucruky T,. CyilecTByer HeKoTopoe
ONTHMAaNlBLHOE 3HAYEHHE R;#0, NPH KOTOPOM 3a CYET BRIPABHHUBAHHA TOKOB
Harpy3ok  JOCTHraeTcsi  MaKCHMalbHas  BeJIHYMHa  Kod(puuHeHTa
pa3BeTBIEHHUA IO BLIXOXY.

Jins yscHEHHS B3TOr0 BONpOCAa HCIONb3yeM KYCOYHO-NHHEHHYIO
ANMNPOKCHMAIMIO BXOJHHIX XapaKTepucTuk Tpuojos T,, ..., T, (puc.2.3,6).
OGo3HauYHM: Ey =By ~Ugus E;(=0,9-(EK—UB‘H-U;,). ITpu HaJHYHH
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sakpsiBarouiedi  moMexu  Bemmumda [ =E[(Re+Ro/n);  Leuae = Ex/Ry -
[Tonarasa R; >> r, nmMeeM :
[gRy +E =lpR+Ey; I +(n-1l, =1,

Orciona
le. 1. g 1.
Iy, =;[In ~(n-1) AE/Rs]“‘;In ~E/Rg; Iy =‘n-(1n + AE/Rl)zHIn'
ITo ycnoBuIO
4 3E
Syan = BaanI s M snmax =ﬁmu[;—:"5“'5‘),
rae & =Ey/E; 8E=sE/ES; p=R,/R,. 1 notomy npeaenbHO NONYCTHMOE

S T -
VA e APl

Monaras  dy/dp=0, MOAYYBEM  p=pyy =AVBE(yE, ~vBE). Ilpu sToMm

N= Ny = A,(\/E:—-JZ'BE)I. Ecau 8E—0, T0 M pyrr =0 (cayvadt HCTJ-cxem), a
Ny —> ExA, . OBBIYHO Py = 3 ~5. XapakTepHo, YTO BENHYMHA N CHHXAETCA C
pocromM m, Uy W ymMeHbIueHHEM Eg.

KpaTtko xocHeMca ocofeHHOCTeN NEPEXOXHBIX [pPOUECCOB B
PCTJI-cxemax Ha nmpuMepe IENOYKH H3 Tpex aineMentos (puc.2.3,s,r). Ilo
ycnosuio Tpuox T, 3akpeiBaeTca MrHoBeHHo. Torma mpoueccr B 6a30Boil
nenu tpHoaa T, omnpeneneHsl IKBHBANEHTHOH cxemol (puc.2.3,m). 3mech
Cy, — pacmpefelieHHas eMKOCTb pesuctopa R; ma mommoxky ("semiwo").

3agepxka srimouenns T, onpepnenexa hopmynoi

o ~Oln =Ry (mCy +nCpq)+(nRy +R;JCy +Cy).

R

EK - Us.n
DTa 3aJepXKa pacTeT ¢ yBelHueHHeM R; . Amamormyso o6ctouT Aeno ¢
napamMerpamMu  ty ® ty . IlpuMenesue n<n,,, KOrga R;<pyRe,

cnocoGCTRYeT yNyuileHu1o OBICTPONXEHCTBHS M3-3a yMeHbIeHHs Ry, Cy H
camoro n. O6sryHO BEIGMpaOT p=04-06.

IMepexox k PECTIJI-cxeMaMm II03BONAET YBETHYHTh Harpy30yHYIO
cmocoBHOCTE MNpH  3amaHHOM  OsicTpojeicTBMm  nHOO, COXPaHHMB
HEeH3MEHHBIM N, PACUIHPHTH JOMYCKH Ha pa3fpoc BXOMHBIX XapaKTepHCTHK
TPHOLOB W YBEJHYHTH TPOUEHT BHIXOA FONHBIX CXEM. 34eCh NPHHHMAIOT
p=pPoyr ¥ WIYHTHPYIOT Rz eMKOCTBIO ONpeJeNeHHON BeHYMHBL,

B PCTJ, xak ¥ Bo mMHorux HUC, usmendercs nonsprocTs 6a3oBoro
TOKa Ha oTane 3akpbiBauusa (puc.2.3, r) [49]. B pawmoMm caywae 3TO
o6pacuHsercds TeM, YTO B KolNekTopHo# uenw Tpuoma T, meiicTByer
reHeparop Toka I, =pl;, xoTopei#t "BeITArMBaeT" HOCHTENH M3 Gasnl TpUOLa
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T;, mockonbky HaupsiKeHue Ha 6Gaze Hacemenunoro T, Goabme, yeM Ha
xonnexrope rpuona T, (prc.2.3,e; Uyy >Uy). B cuny npuHnuna HanoxeHus

—Re B j
Iy ~ 15—, nRK+RB—IB[I )

[ostoMy I;;<0 mpeE n<B-p, YTO BCerga MMeeT Mecro. Bemmunmua ) =t,

onpexnenseTcs 0ObITHBIM 06pa3oM. CpeHsA 3a[epPXKKa t,ep =0,5 (t‘," +l0 -1,
OpoHT BHKIOYEHUA * He y4UHTHBaeTcs, ub6o B PCTJl-cxemax oH
dopMHpYETCA NPAKTHUYECKH OJHOBPEMEHHO C 3aZepPXCKOH BKIIOYEHHA
NOCHEeNYIOMWEro SMEMEHTA.

QCJH- u PTJl-cxemsr [42.45.51]

OCJl-cxema (pHc.2.4,a) paGoraer MO NPHHUUIY NEPEKIIOYEHHS
NpaKTHYEeCKH HensMeHHoro toka I, [1] u peanusyer mo cBoeMy HHBEPCHOMY
BeIxogy (Brix.1) dymxumo HIHW-HE, a no mpamomy Bsrixoxy (Bwix.2)
¢yrxuuio UJIM. OHa OTHOCHTCA K KlIaccy CBEepXGEICTPONEHCTBYIOMX CXEM
C OTHOCHTENBLHO BBICOKMM  3HepromnorpebreHueMm, o6yCIOBIEHHEIM
NpHMEHEHHEM 3MHUTTEDHBIX HOBTOpHTelnel. Manas BenHYHHA 4,
obecneynBaerca: 1) HCKIIOYEHHEM  peXUMa  HACHILEHHS  TPHOJOB;
2) HCIONB30BAHHEM OSMHTTEPHBIX IOBTOpPHTeNeH, YCKOPSIOMHUX [pouece
3apsia €MKOCTH HAarpys3kd; 3) orpaHH9YeHHeM JOTHYECKOro Iepernana
noteHnuanos AU, 4To oBycnaBIHBAaeT CPaBHHTENBbHO OBICTpHIM mepesapan
HapasdTHBIX eMKOCTeH CXeMBl NpHeMlieMo GONBIMHME TOKAMMU.

Hanpsxenue Ha nepexone 6aza —amutrep Tpansnctopa Ty (Ty)

E, oc(l—aoci)
Rl o

Uz = ¢rln

cMemaeT  [OTEHOHAnBl  BRIXOJOB OO  HYXHOH  BENHYHHBI,  4TO
IPHHUMIIMANBHO HEOOXOANMO AN CTHIKOBKH 3JIeMEHTOB Apyr ¢ gpyrom [1].
ITockomeKy B CTaTHYECKOM pPEXHME BXOJHOE CONPOTHBIEHHME CXEMBI
0Ka3hIBaeTcd MHOro GoMbine BBIXOXHOIO, TO e€ KOdDPHUHEHT pasBeTBIeHHS
O BHIXOJY AOCTATOYHO BenHK (06b14HO n>25). OpHako no coobpaxeHusM
GrICTPOAEHCTBHSA 3HAYEHHA N M M OFPaHHYHBAIOT [0 3 - 4,

Cywmecteylomue Mopudpurxanmuu IDCJI-cxeM pasnuvapwTcs clocoboM
MONy4YeHHs OIOPHOro HampsiKeHHs E,, MecToM YyCTaHOBKH 3MHTTEPHbIX
noBTOpHTENEH (C LENbI0O YMEHBIIGHHS tycp MX HHOIJA BKIIOHAKT Ha BXOLaX
CXEMBI), HAIHYHEM HJIH OTCYTCTBHEM OOpaTHEIX ¢BA3eH, BBEREHHE KOTOPLIX
NPHBOLHT K IIOBBINEHHIO NOMEXOYCTOHYHBOCTH ieHOH pocTa cpenHei
3afgepkku. JanpHeHITHM paspuTHeM DCJI-cxeM ABNAKOTCS TaK HA3KIBAEMBIE
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MHOTOSpYCHEIE Nepekmtoyarenn Ttoxa [50], o6naparomue XOpOMIHMM

JOTHYECKHMH BO3IMOXHOCTAMM.

ZEx

|~ Bbix2

Puc. 2.4

OrpannyuMcss KpPaTKHM 3HAKOMCTBOM € OCOGEHHOCTAMM CTATHKH
cxemsl pue. 2.4,a, IToreHumMansl Ha BXOLaX M BBIXOJAX 3MEMEHT4 NOJIKHEI
H3MEHATHCA OTHOCHTENBHO ONMOpHOro ypoBHf E, Ha Benwuuuy =0,5.U
(puc.2.4,6). lllupuna nepexonsoit obmacti aU,=439¢,. CraTuyeckas

107



MOMEX0YyCTONYMBOCTH Uy ~Up =05 (aU=-aUp), Ycnosue OTCYTCTBHSA
ﬂacsimeanx (U 20) nns orkperroro Tpuona T, (T% y wee s Tw)
E, - 054U+ Uy 2E, +0,5U.
CooTBeTcTBEHHO HeobxoaHMOE cuciﬁeﬂae Uy 24U, Otciona
Ee =B, +058U+ Uz 2y + 154U .
Pa3sMax CHrHanbHEBIX [IOTEHIHANOB

R
sU=al,Ry =-E‘<-(E0 ~Ugs)e, EBy>>al.
0

3rece Uzs ~ HanpsKeHHe HAa DMHTTEPHOM Iepexone OTKpHToro tpuoxa T,
(T, T, ..., T,). B mononuruerx UC monyck Ha OTHOIMEHHE COMPOTHBIEHUMH
(Ho He Ha WX aGCONIOTHBHIE BENHYHHBI) MOXET OBITH JOCTATOYHO Mal.
B stom cMmeicne DCJI-cxeMpl BRITOAHO oTnHuarorcs or apyrux HC. Tok
qgepe3 oTkpeITEIH TpHoA T, (T, ..., T.) HOJKER EpEBHIIATE MHHHMAIBHO
nonycrumoe 3Hadenue Lo (oly/m2Imip), onpegensemoe mnpueMieMoit
BenwdHHON B mam GeicTponeficTeHeM [1].

IlpuBeneHnble BhHIpaXeHHa nossonswr Haita E, R, Rx 1o
H3BECTHBIM 3HadeHHAM aU (AnNA4 KpeMHHEBHIX TUIaHApPHBIX TPHOLOB
aU~08B), Iuw, Uzs # E(. Conporusnenume R, BHIOGHDPAWT M3 YCIOBHA
NONy4YEHMS MHMHHMAaNbHOH 3afepXKH MNpH 3aXaHHOH MouwHocTH P. Ha

JNEMEHT
R, ~ 21;"‘5“ (1+yTac/Cy).

ce

3necs Cy ~ NONHas €MKOCTh, MOAKIIOYEHHas K KONJNEKTOpaM TPHOHOB

TuT:...;Ta; Cy ~ €MKOCTH Harpy3kH OSMHTTEpPHBIX IOBTOpUTENEH.
CyumecTBYET CBA3b MeXAY BeNHIHHOR R, (MIH MOIMHOCTLIO) H UMITYJIbCHOMR
OMEX0YCTOHYHBOCTHEI0 CXEMBI MO OTHOUWEHHIO K NEPEXPECTHBHIM ITOMEexaM
(cM. §3.2). ITostomy BenmumHa R, He Mo/mkHa GBITH YpE3MEpPHO BeENHKA.
IIpumep 3Hawenuii: m = 3; n = 4; t,, <8HC; P, <35 MBT; aU=08 B;
Ec«= 5,4 B; E, =4,2 B; R¢=260 Om; Rq = 1,2 kOM; R, = 2,4 xOm.

IMepeitnem x PTJl-cxemam (puc.2.4,8). Ilpu ToM ¥XKe onpeneneHdu
nopora sakpsiBanmd, 910 ¥ B PCTJI-MC, B nannoM cnydyae gonmyckaercs B m
pas Gonbllee 3HAYeHHE TOKA yTeukHd Il ;. I[03TOMY NOMEXOycTOHYHBOCTE
CXeMHl IO OTHOUIEHHIO K OTKPHIBAaIOLIel noMexe okaspiBaeTcs shime, Kax u
8 PCTII, sennunna S, =40p,/U;,. ['maBHo#l oco6ennocteio PTJI-cxeMul
ABJNAETCA HalHYHE YTEYEeK MeXJY BXOXaMH, Ha KOTOpPHIE [OJAHBl pasHble
noTenuuansl, OTkpwiBalomuil Tok 6Gasel [; Tpuoma MUHUMAaleH, ecid
BHICOKHH MOTEHUMAN IIOCTYyNaeT NUIIL HA ONMH M3 BXoJoB. ToK KonnekTopa
OTKPBITOH CXeMB MaKCHMAaleH, KOrga BCE 31eMEHTBI-HAIPY3IKH OTKpPBITH
(mo apyruM Bxonam). COOTBETCTBEHHO YCJIOBHE HACHIIIEHHA:
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0’9(EK -Uy “Us,u) _ (m- 1)(Us.n "UK,H) _ M(Ex =Uga + Ugy - UK.H)
Ry +Ry/n R; B Ry R;/n '
Tonaras dl;/8p=0, HAXOAMM, YTO Npu BriGope

|z

n
K \[0,911(EK ~Up '“Us.u)/(m“ 1)(Um1 - UK.H) -1
TPHOA B YKa3aHHOH CHTYalHHd OTKDHIBAETCH MaKCHMANBHBIM TOKOM. JTO
3HAYEHHE [ YBEJHYMBAETCA C POCTOM N0 H m, COCTAaBAAd B THIOBBIX
BapHaHTax 4 ~ 5. M3-3a cpaBHuTENnbHO Gonbimux Ry ¥ BIHAHUS yTeuek o
sxonam PTJ- cxemsl yctynmaioT PCTJI mo m M tyc, NpH TeX %e n H P,
3neck OCHOBHOH KOMMOHEHT — pesHcTop. DTO 3aTpYyNHseT peanu3aLuio
PTJI-cxem B MoHONHTHOM BapHanTe., OHH Haubonee npHeMIeMB 14
ruOpHAHO-TINIEHOYHON TEXHONOIHH.

3amena BeIXogHoro uuseprTopa B PTJI-cxeme nmepexirodareneM Toka
(puc.2.4,r) MO3BONAKET CO3NATH MAXOPUTAPHLIA anement (MD) IITPJI- Tuna.
MaXopHTapHbHIM Ha3bIBAETCA JIOIHYECKHA 3JeMEeHT, CHIHAl Ha BbhIXOKLE
KOTOpPOro NPHHHMAET 3HAYEHHE, COBRAJAINee CO 3HAYEHHUEM CHIHANOB Ha
GONBIWHMHCTBE BXOJOB. MD OTIHYAIOTCA MHOBLIMEHHON YCTOHYMBOCTBIO K
OAMHOYHBLIM c6OfM, Tak Kak Ha HX BXOAb mnogaeTcs wW3GnITOYHAN
nupopmauns. HMcnonp3oBanMe MaxopuTapHoro 6asMca B HEKOTOPBIX
cliyyasX IO3BONAET CTPOMTh y3asl OBM ¢ MeHBIWUM KONHUECTBOM
o6opynoBaHus, YeM HR OCHOBE OObIYHBIX NIOTHUECKHX TEMEHTOB.

Morenunan Gaswnl Tpuona T, (puc.2.4,r) B CTAHOBAPHOM DPEXHME

p=

~

1 m
Ug =;Z‘Um » Ry <<PR,.

YcnoBHA NpaBHAbHOrO0 QYHKUMOHMPOBaHHMA cxeMbl: Ug >E, +05U,, ecuu
BHICOKHH MOTEHIMA] MOZAETCH HA OONBIIHMHCTBO BXOROB, B Uy <E, - 05U -
B nporusuoM cnyuae. O6osnaunM: Uy ~ noTennuan Gassr tpuopa T, npu

HaIMYHH BBICOKHX NOTEHUHATOB Ha K BXOZaX,
x =0, 1, ..., m. YuareiBas, 4T0 Upyj=Ey+0,5aU, u3 opmyns nna Uy
nojsyyaeM
m -2k E, -aU/(2m), k=(m-1)/2;
Ug = Eo ~ —— ol =
2m E, +aU/(2m), k=(m+1)/2.

CooTBercTBeHHO HeoGXxoquMas BeHuUnHa AU>m-aU,.

Cratuueckas nomexoycroftumsocts Uy =05(aU/m-aU,) mamaer c
poctoM m. [loBblmenne aU JOCTHraercs BKJIIOMEHHEM Ha BBIXOJAX CXEMBEI
CMEINAWIMX AHONOB JHGO MCIONB30BAHHEM CHOXKHBIX OMHTTEPHBIX
noBTOpUTENER TNpPH COOTBETCTBYOWEM yBemuwuenuu Ex. Ilpmruunmnansuo
BO3MOXHO ¢034aTh MaxopHTapHbllt sneMent TITPJI- Tuna Ha naTe W gaxe
ceMb BXOJOB.
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OHOAHO-TPAHIUCTOPHEIE exeMpl [42.51]

OcHoBHOH BapHaHT ATI-UC (puc.2.5,a) HAIIOMHHAET
COOTBETCTBYIOmMMH JHCKpeTHH amamor (cMm. §l.4). VYcramoBka paByx
nuopos cMemenus O, 1 J[; MO3BONAET YBENUYHTH MOPOr 3aKPhIBAHHS CXEMBI
W CTATHYECKYIO IIOMEXOYCTOHYHMBOCTH 1O OTHOMIEHHIO K OTKPBIBAKOIIHM
nomexaM. ECIM MeXIy HEMH MOXKIIYHTH Ielb ¢ HOBOH rpynmo#t BXonoB
(puc.2.5,a, OYHKTHp), TO MOJNYYeHHEIH TaKMM 06pa3oM 3NEMEHT pealH3yer
pyuxnuio HM-HIIU-HE. TpeGosaHus K BXOAHBEIM JAMOJAaM # JAHOJA&M
cMmemeHus pa3nugHbl. IlepBhie H3 HAX NOJKHE o6najnaTh ManslM TIPSIMBIM
nagesyeM HanpsxeHas Uy, [LOIf CpeXHMX TOKOB H MajibiM BpEeMeHEM
BOCCTAHOBJIGHHS tgoc O6paTHOTO comporuBaeHus. Jpyrue -~ cpaBHHTENLEO
GoNBIIMM NafeHHeM HANpPSKEeHHUS [Jg ManblX TOKOB H 6ONBMIHMM thac.
IMocneguee wHeobxomumo, H60 dYepes HHONB CMENEHHS IpOTEKaeT
sanupalomuil Tok 6a3sl TpHoxa Ha 3Tame paccaceiBanHsi. Hcmons3omanue
pa3sHbIX BApHAHTOB IHONHOIO BKJIOYEHHS HHTErPANBHRX TPaH3HCTOPOB
[103BOJISET PEANH30BATh MCKOMbIE XApaAKTEPHCTHKH.
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Llenouxa E, - R, onpenenser pexuM paborn amomos I, u I, B
sakpeiTod cxeme. Hanuuue pesucTopa R, NPHHLIHOHANBHO HEOGXORMMO:
[Ipy ero OTCYTCTBMM TPYRHO MORYYHTh HYXHYIO BEIMUMHY CMEUECHHS
Ugy 2 Ugy +Uge + U - Uy . A THroBbix 3uauennt Uy = 0,8 B; Uy = 1,6 B;
Ugnw = 0,3 B; Ugp= 0,6 B umeem U, = 1,1 B. [TomexoycTofiquBocTs 110
OTHOWIEHHIO K 3aKkphiBaroumeil nomexe Upw~E,-U, -U;, onpexenena
BennunHo# E. B Moxer OHTH cHenana gocTarouHo Gombmoit. Yciosue
MOJIHOTO 3amupaHud TpHoja Uy <0 Jnerxo obecmeuyHBaeTcs NpH HATHYHUH
ucrounuka E,. Bes mnero cxema paborocmocofua B Gosmee y3akoM
TEMIIEpaTYpPHOM OHana3oHe, BeIHYHHA t)' =t, pacTeT [49].

Koapdpunuent o6beIMHEHRs O BXOLY M OTPaHHYEH 3JeCh TONBKO
Tpe6oBanueM OHICTPOAEHCTBHA (C POCTOM M YBENHYHBAETCA CyMMapHas
napasHTHAZ eMKOCTh cxeMbl). KosQ¢uumeHT pasBeTBNeHHs no BHIXOLY
onpenensercs, kak o6bMHO, YCIIOBHEM HACHIIIEHHS -

E ~Un-Usy Usy+E 3%(&_’_“&)
Rl RZ Bn\m RK Rl '

Orcrona n=A!(1—}“/x)'Rl/(XRK)’ rae ﬂAl =Bmm/sm.‘.,! 1=E,/Eg,

x:[Umn»Um,+(U“+E,)R,/R2]/EK' 3HaYeHHE N YBENMYHBAETCH C POCTOM

E«, xu R«/R,. MaxcuMambHai BeldudHa Ry OrpaHM4YeHa ycJOBHEM
3aKpHIBAHMA BXONHBIX [JHONOB CXEM-HArpy30K B MOMEHT Hayana
¢opMHpoBaHHS (POHTA BHIKIIOMEHHA dJIEMEHTa-HCTOYHMKA. IIpu asToM
tyep = 0.5(t1 +t + tg‘). Brrcrponeticraue cXeMBEl oHpexeseTcs
HHEPUMOHHOCTHIO TPHONA, BPEMEHEM BOCCTAHOBIEHHS BXOIAHLIX AHOLOB H
CKOPOCTBIO Iepe3apsaaa [apasHTHLIX eMKOCTel., ' »

Ecnn ywecTp pazfpoc mapaMeTpoB KOMIIOHEHTOB H TEMIIEPATyPHBLH
Iuanasod paloTel, TO ANA [OCTPOEHHA PACCMOTPEHHON CXEMB mpH n > §
notpebyroTcst TpaHaucTopel ¢ B> 90 [45], uTo peamn3oBaTh TPYAHO.
TpeGopanne K BenuyuHe P CHHXKAIOT MyTEM YCTAHOBKM BMecTo anona M,
TPAH3MCTOPE B TPHOJHOM BKIOYeHHH. Takas (ABYXTpHOZHad) cxeMa
peannsyeTcs B TEX K& YCNOBHAX mpu n = 6 ¢ B,, = 10. HansneHwero
yAyHIIEHHS XApaKTEPUCTHK CXeMbl JOOUBAIOTCA BKIIQUEHHEM YCKOPAIOLIMX
KOHIEGHCATOPOB M (QHUKCHPYIOWMX [JHONOB (HEHACHINIEHHAas CXema),
nepexonoM K CXeMaM C perylNHpYyeMHIM IOporoM M ¢ 0OpaTHEIMH CBA3AMHE
[42]. Kax mnpasumo, mia ocHosHOH cxemsl (puc.2.5,a) n = 4 — 6.
B HeHachlIEHHOH cxeme ¢ ABYMs TpHogamu n = 10~ 12,

Wuorga neobxopuMbl cxeMmbl ¢ n = 20— 25, mpenHa3HayeHHble AN
paboTsl Ha BONBIIYIO eMKOCTHYIO HArpysky 6€3 3HaYMTENBHOro yBelHUeHHs
tycr (MOLIHBIE CXEMBI). B KauecTBE TAKHX CXEM OOBIYHO HMCIIONB3YIOT CXEMBI
CO CIOXHBEIM HHBepTOpoM (pmc.2.5,6). Hus BxmiodenHolf cxems! Tpuoa T,
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oTkpHT, T, BacsimeH, Tpuoxn T, u T, 3akpmiTe, 60 Uy, -U,, ~ Uy, <2U;,.
B BBIKTIOYEeHHOM COCTOSHHH cxemsl TpHomel T, m T, 3akpwter, T, u T,
pafoTaroT B axKTHBHOM peXuMe, o6pa3sys CHOXHBIH 3MHTTEpPHbIH
nosTopHurens. EMxocTh HArpy3KH GeICcTpO 3apsxaercid OGONBIIMM TOKOM
| . =ﬁ3ﬁ,(EK—2U,w)/R,. Pesuctop R, CHYXHT IOJA OrpaBHMYEHHS BEIHYMHLI
liux. YacTo BMecTo Tpuojga T, B nens 3MHTTepa Tpuoha T, BKIOYawT
NONONHUTENbHEH cMewmaromuif nuox. XapaxTepHo# OCODEHHOCTHIO CXEMBI
ABNSETCA HalWYHe KPaTKOBPEMEHHOTO MOIMHOro HMIyJibca "CKkBO3HOro".
Toka uyepe3 tpuoiasl T; u T, nmpu ee MepeKNOUYEHHH. DTO 3KBHBAJNEHTHO
BO3HHKHOBEHHI MMNOYJbCHON ITOMEXH MO HENH MHTAHUA H NPHBOAHT K
pocty cpenHe#l moTpebingemol  MOmMHOCTH ¢ 4acToToif. Bpews
paccachiBanug Tpuoga T, MpakTHYECKH HE BIMAET HA CPEAHIO 3aJepPKKY.

Maxoputapasie JTJI-cxeMpl CPaBHHTENbHO MPOCTO peanu3yloTCcs
NAWG PH YHciae BXomoB m = 3 (puc.2.5,8). B obmeM cnywae cinenyer
opranu3osats C™" (ymucno coueTand¥ u3 m mo (m+1)/2) rpynn BXOIOB ¢
nanpHeHmuM obwvesuHenueM 3Tux rpynn no HIJIM. Cxema Moxer
COfepXaTh Kak IpPOCTOH, TAaK M CHOXHBIE HHBEpPTOP. OcCOBeHHOCTHIO
3JleMeHTa fABIAeTCS Pe3KOe BO3PACTAHHE CTENEHH HACHIIIEHHA OTKPBITOrO
TPHOJA IIpH MOCTYINEHHH BHICOKHMX MOTeHUuaxos 6onee yem Ha (m+1)/2
BXOJOB. DTO IMOBHII&ET HHEPUHOHHOCTh CXEMBl, IOCKOJBLKY OTKpPBITOE
cocTosHue onpenenserca no Hauxyxpwe caryanud. Kax u B JITPJI-cxemax,
HHBEPTOp MOXeT OBITH 3aMeHEH TepeKNJyaTeleM TOKa. 31eCh NOABIAIOTCS
CBOM OCOBGEHHOCTH B 3IEKTPHYECKOM (GYHKIHOHHPOBAHHM BXOMHOM Lemu
aneMeHTa. OHM CBS3aHBI C ManbIM PasMaXOM CHIHalbHLIX HNOTEHUHANOB U
GoNbmHUM BXOIHBIM CONPOTHBIEHHeM nepexnouarens. [py noxave Ha ofHH
H3 BXOJOB [NOCTOAHHOrO HH3KOro (BBICOKOro) MOTEHIHANA 3JIEMEHT
(puc.2.5,8) peanusyer mo Apyrum BxozaM o¢yukuuio H-HE (MJIU-HE).
B 3TOM cCMblCIe OH YHHBepcaneH. AHaJOrHYHBIM 06pasoM Ha ocCHoOBe
5-BXOZOBOrO JJIEMEHTa ¢ XBYMA BXOJaMH HAcTPOWKH MOXHO pealu3oBaTh
060 13 npocTeAmUX 3~-BXOAOBEIX 2JEMEHTOB.

TpaH3NCTOPHO-TPAH3HMCTOPHBIE cXeMBl [42, 44, 47]

Brnepsrle nogsusmuch B 1963 r., TTJII-AC yxe B 1969 r. npepsouinn
no o6eemy Bemycka B CIIIA Bce mpyrme Tumsl MHKpocxeMm. B 1971 r.
sunyck cxem TTJI coctaBunm 40% ot o6mero o6bemMa NpOU3IBOLUMBIX B
CHIA norunuecknx UC Ha GUIONApHBIX TpaH3HcTOpax. B Hacrosuwee BpeMs
3ToT THI GunonspHex MC ABNA€TCA OCHOBHBIM.

Tlepsrie obpasuet TTJI-MIC, seimyckaBmwuecs B 1963 — 1964 rr.,
comepxanu mnpoctoii uHBeprop (pHuc.2.6,a). COBOKYMHOCTH IMHTTEPHBIX
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NepPexof0oB MHOTO3MUTTEpHOro Tpamsumcropa (MO3T) T, sBemonHAeT
dynkuuio sxoaubix guonos JATJ-cxem. Ero KOJ‘II[EKTO'pHLIﬁ TIEpexo] HrpaeT
pons OHONAa CMemeHHs. Takas saMeHa NpHBENa XK YMeHBIIEHHIO MI0LI&HH,
3aHUMaeMOH 3leMEHTOM Ha TOJYNPOBOAHHKOBOM KpHcTamie, (pocTy -
CTENERH KHTErPAUMH) K TOBBIMEHHIO TEXHONOIMYHOCTH cXeMbl. Ilpu
onunHakoBo#  morpebnaeMoid  mMomHoecTH  mpocredfmas  TTJI-cxema
obecrieyunaer Gonee Bricokoe GricrpomeiictBue, wem PCTJI- u [TJI-UC.
B To e BpeMsi OHa MMEeT HEBBICOKYK Harpy3ouHyw crnocobuoctb (n =
=3~ 4) H CPaBHHTENBHO HH3KYK moMexoyctoduusocts (U = 0,2~ 0,3 B).
Campiit mpocTo#f cnocof MOBBIMIEHHA MOMEXOYCTOHYHBOCTH — BKJIIOUEHHE
muona B GasoByr Hemnb TpHoma T, (puc.2.6,a, nysxTup). Ho npu sTom
yxynmaerca O6picTponeficTBHe, Mcnons3oBaHHe CXeMbl CO  CIIOXKHBIM
HHBEpTOpOM (pHc.2.6,6) mosBomseT yBenuyurTh Uj, N H CHHU3ATH 1jcp.
IToaToMy Takas cxeMa HaxoguT cefivac Haubonbllee npuMeHeHHE H
CYHTAETCH OCHOBHOH.

a 5 Ex
fy s Ry
r- Ta
Bx1 } A
- To
@
m # Ti

Puc. 2.6

Ecny xota 6s Ha ONHOM H3 BXOJOB NPOCTEHNIEro 3jIeMEHTA
(puc.2.6,a) nedicrsyeT HM3KME noTeHnManm, TO TOK [z oTBeTBasercd, B
OCHOBHOM, 4Yepe3 COQTBETCTBYIOIIMH 3MHTTepHBIH mnepexon. Ilpu sTom
norenuuan Uy, ~0,/B<2U;, u mepexonst 6asa - xommektop Ty u Gasa -
smutTep T, NpPaKTHYECKH 3aKpLIThl, XOTA H CMEWEHH B OPAMOM
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HampaBleHHH. EcCIM OoQHOBpeMEHHO Ha BCE BXOXASI NOCTYNAET BBHICOKHM
NOTeHUHan, To Bendyuda Uy HauuHaeT HoBbmarhéd. Ilpu Uy, ~12B
HacTyIlaeT OrpaHHYeHHEe B POCTE 3TOro HANpPSKEHHUS, TAK KaK OTKphIBAETCH
xonnexrTopHei#k mepexox Ty # aMuTTepHHH mepexox T,. XapaktepHo, 4To
HE3aBHCHMO OT COCTOAHMS CXEMBl HanpsXeHMe Mexay Oasoli u
KOJIeKTOpoM TpHOJa Ty INpPakTHYECKH HEH3MEHHO M  COCTaBIfeT
0,6— 0,8 B. 3To obecneunBaeT MUHHMAIBHO HeoOXOOMMOE cCMeELlEHHE ANs
BHIKIIOUEHHOH cxemsl. IllupuHa nepexonHo# o6nacTH, B KOTOPOH BRIXOAHOE
HanpsOKeHHe pe3xo MeHnsercs, cocrannser 0,3 B.

OrnuuutenbHas o0cOGeHHOCTh 3JIEMEHTa COCTOHMT B TOM, YTO
sanupanue Tpuona T, mporcxoxut B Gojee 61arONPHATHBIX YyCIOBHAX, 4eM
B [ATJ-cxeme. B mnepexomHoMm mnpouecce 3apan H3 Oasel Tpuoma T,
"BRITATHBaETCA" TOKOM KoOJUIeKTOpa TpHoLa Ty , KOTOPHIH HMeeT B HAaHHOM
ciyyae J[AOCTaTOYHyw BenwuyuHy [45]. B cBasM ¢ 3TUM oTnajaer
Heo6XOQUMOCTh B ycraHoBke pemoukm E; - R, (cMm. puc.2.5,a) B GasoBoit
uend Tpuoga T,, 970 o6nerdaeT TEXHONOTHYECKHH NpoUecc H3rOTOBIEHHS
CXEMB H YMEHBIIAET IAPA3HTHYIO EMKOCTh CO CTOPOHE! 6a3sl.

BrIsSCHUM MPHYMHE YXYIIIEHHS CTATHYECKHX NapaMeTpoB dJIeMeHTa
mo cpasHenuio ¢ JTJI-MC. Ilpw HamMymy Ha BCEX BXOJaX BBICOKHX
noTeHuuanos (puc.2.6,B) Bce TpaH3HCTOPHEIE CTPYKTYpsl MOT paboraroT B
HHBEPCHOM aKTHBHOM pexuMe. Tok xomnexkropa Ty (OTKphiBarowWwMi ToK
6a3sr Tpuonda T,) I}(=(1+ﬁiz)l',;~l'5, u6o unHBepcHBIH KO3QPHUUEHT nepenauu
MOT B; ~0,01. CyMMapHbI# BXOJHOH TOK YTEUKH OTKPBITOH cXeMBl Ip, =p,l;
bonpme, yem B JOTJI-MC, 9TO HECKOJNBKO CHHXaeT NOMEXO0YCTOHYMBOCTE
CcXeMBbl 10 OTHOLIEHHIO K 3aKphIBalollel noMexe.

Ecnu HE3KHH MOTEHIMal [OOJAaeTCs JHIIE Ha OJHH H3 BXOROB
(puc.2.6,r), TO COOTBETCTBYIOINA% eMy TpaH3MCTOpHAs cTpykrypa MOT
paboraer B pexuMe HacwhiuleHus (Bly >>-I, ~0). Bce gpyrue mo-npexHemy
ocTaloTcs B HHBepcHOH akTHBHOH o6nacTH. IIpm 3TOM MX IMHTTEpH MO
OTHOLIEHHIO K MepBOMY HrpajT pois "COBOKYIHOIo KomnekTopa", Tak 4ro
3nechs acn=(m—1)aai/(1—aai)w(m—l)ai, o, ~— HMHBEPCHEIN
koap@HUHEHT Tmepefayd OFHOH TpaH3UCTOPHOK CTpyKTypel MDOT.
BenuuwHa o, ~(01-02)/m. Ilockomsky xe I, =I,+I;, To nocue

8x0 *

[, =gl

NOACTAaHOBKH HMeeM I, =I;/(1-ac,,).
IMonaras Iy~I;~E /R, 3alHCEIBaeM ycIOBHE HachmeHua Tpuoga T, B
BHIE

_}_E_I__Smin(_}g_,<_+ n 1:]
R, Bmin Ry l-og R/’
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Orcrona n=[A,—R,/(xRK)](l—aCB), rae A, =B../Sw x=E/E,. ClegopaTenpHo,
Hanu4yue napasUTHOM CBA3M MEXIY TPAH3MCTOPHBIMH cTpykTypamMH MOT B
npocrot TTJ[-cxeMe NPHBOXHT K CHMXEHHIO n Ha 10— 20% O cpaBHEHHIO
¢ OATJI-UC. CpaBHHTeNbHO HHM3Ka H BenHuuHa Uj=Up -UN, -U.,, rae
Uy =ornl/a;) —~ HanpsxeHue MEeXJY KOJJEeKTOPOM H 3MHTTEpPOM
HachumenHoH cTpykTypsl MOT; Uy~ To ke ans tpuoga T,.

IloMex0ycTORYHBOCTE O OTHOMEHHIO K OTMHpalOIel nomexe H
k03QQULUHEHT Pa3BETBNECHHS 0 BHIXOLY YBEIHUHBAOTCL B cxeMe pHc.2.6,0
3a CueT HMCHONB3OBAHHA nByx tpamsucropos T, w T, Ilpm HopMmansHOH
TEMIIEPATYPE ¥ HOMHUHANLHOM HANpPSOKEHHN nHTamus E, = 5 B penuuuHa
U ~1B; Up~1,6-2B. B guanasome temmepatyp oT -60°C mo +125°C u
Ec=4,5 B 3unauenne Uy 206B. IIpr >ToM THnOBOe 3nauenue n = 10.
Pabora cxeMsl aHamoruyxa paccMoTpeHHo# pasnee ATJI-MC co ciioxHBIM
uupepropom. Bmecro tpuoma T, ncronssyercs nuon [,

B GricTpodedicTByIomMAX CXEMaxX yCTaHABIMBAOT AHOAH [, KOTOpHIE
OTPAHHYHBAIOT AMIUIHTYXY BXOOHBIX OTPHIATENbHBIX HMIYJIHCOB [MOMEXH.
OTH noOMeXH BO3HHKAIOT H3-3a2 OTpameHui B JIMHHAX cBA3uw (cM. §3.2).
Bonswve oOTpHIATENbHBIE BBIGPOCHL HANPAXKEHHS MOIYT MpPHBECTH K
NpeBBIIEH A0 NOMYCTUMEIX 3HaYeHHH Toka I, (puc.2.6,r) 1 k npo6oo Toro
nepexona, Ha KOTOPH¥ MPH 3TOM TmoAAeTCA BLHICOKHH moOTEeHIHAN.
[Mapamerpsl 3akpsiToro anemenra: Uy, =24-43B npn Uy, =12-17B u
Ex=5B; Ry =R, =5-10 kOm; Ry =100-8000m.

Hmeerca 6onemoe pasHoobpasue Moxuduxanuit TTJI-cxem co
clIOXHBIM HHBepTOpoM. Cpesy HUX 0c060€e MOJOXKEHHE 3aHMMAIOT CXEMBI €
TpeMs COCTOSHHAMM., B mpoctelfmem ciydae Tperse (GespasnuyHoe KO
BXOAHBIM CHrHAlaM) COCTOSHHE BBIXOHA O0ecHedYHBAaeTCs BKIIOYEHHEM B
cxeMy TpadsMcTopa T, (pmc.2.6,6, nyuxTHp). Ilpy nopmaue Ha
OTKIIOYAOmMUA BXOJ X HH3KOro moTeHnuana TpHoA T, 3aKkpeIT H cXeMma
paboraer o6piuyHbBIM o6Gpasom. Ecnu Ha BXOX X II0OJaH BBICOKHI NOTeHUMAN,
1o Ha Gazax TpHomoB T, m T, ycTaHaBIHBAETCA HH3IKOE HANpAKEHHE. DTH
TPHOOL 3aKpBITH, M CXeMa OTKIIOYEeHa OT HArpy3KM IpH J0GBIX
KOMOHMHAIMAX BXOJHBIX CHIHANOB.

Heo6xoauMocTh MCIONB30BaAHMA NOXOOHEIX CXEM BbI3BAHA TeM, YTO
o6brynpie TTJI-MC co ClOXHBIM HHBEPTOPOM HeNb3s OGBEXHHATH I10
BHIXOlaM H3-3a MOJyvawroueics NpH 3TOM HEONPEJENEHHOCTH JIOMHYECKOro
COCTOAHHSA BEIXOO& M BO3MOXHOr0 "paspymieHHS" MHKPOCXEMBI, Tak Kak
tpuomel Ty, T; B auon [ He paccuMTaHbl Ha MJTHTENHHOE MpOTEKAHHE
3HAYMTENBHEIX TOKOB. A Takoe oO6beqHHEHHE NPHXOAMTCH BOLINONHATL B
pAle chyuyaeB, HanpHMep, IpH CO3ZaHHH UHQPOBEIX ycTpoilcTs ¢
MarucTpanbHoOM CTPYKTYpo#, Koraa MHOXKeCTBO cxeM paboraer Ha ofmyio
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THHAIO nepenaud. bBomee noxpoGHoe 3HAKOMCTBO €O CHENHanbHOH
opranmsanueil Berxoxos MC paetcsa B craenyiomem naparpade.

§2.2. BA3OBBIE JIOTHYECKHUE MUKPOCXEMDI TTJI

OrtoT naparpad UpecnenyeT cyry6o mparmartugeckue uenu. IIpexae
BCEro MOSCHSeTCH, NOYeMY B HHTETPANBHBIX CTPYKTYPax He NPUMEHSIOTCH
CHeuHanbHble MEpHl NS CTAHNAPTH3ALMH CHIHANBHLIX MNOTEHUHANOB (CM.
Ha3zHadeHHe GHKCHpPYHWAX nuojoB B §1.4). C 3Tof nenpto BBOAHMTCA B
paccMOTpeHHe  aMIUIMTYZHO-epefaToyHas  xapakrepucTHka  (AIIX)
aneMeHTa. [[pHHIANAANEHOE NONOXKeHHe O cTabunu3anuu pabouux rouex B
HernoyKax HHTEIpalbHEIX 53deMeHTOB, AIIX KOTOpBIX YIOBIETBOPAIOT
onmpeneneHHbIM Tpe6oBaHHAM, GBIIO BIepBhle ycTaHoBIeHo B.K. Jlesuuum
[39]. Amnanuz AIIX mo3BonseT BBECTH BaXHOE MNOHATHE HOpora
KBaHTOBaHHS %4 YTOYHHTH omnpeneneHue cTaTH4eCKOH
noMexoycroliuuBocTH. [laeTcs 3HaKOMCTBO ¢ OCOGEHHOCTAMH BXOAHBIX H
BEIXOJHBIX XapakTepHCTHK MuKpocxeM TTJI, uTo6bi ySACHHTH HOCIAEACTBHA
neperpy3kH sneMmeHToB. H3ydaloTcs BapHaHTH NOCTpOeHHS CepHHHBIX
snemeRTOB TTJI. AHanu3HpyeTcs BIHAHHE HAIPY3KH H COCTOAHMH BXONOB
Ha ux paborocnocobHocTe. IIpuMmenseMble 0Go3HAYEHHs 1A NApaMeTpoB
OTKPEITOTO H  3aKpHITOr0 3JEMEHTOB HECKOJBKO  OTAHMYAKTCA  OT
HCIONB30OBAHHBIX paHee.

DIeKTPHYECKHE XApPaKTEPHCTHICH

Jns  nonb3oBaTend  MHTerpalbHas  MHKPOCXEMa  TNpPEJCTABISET
HeJeNHMBIH  KOMIOHeHT  HMGpPOBOro  YCTpoHCTBa co CBOHMH
GYHKUHOHANBHEIMH %4 3JeKTPHYECKHMHU XapaKTepHCTHKAMH.
QyHKUHOHANBHAS XapaKTEPHCTHKA BKJIIOYAECT CNEUHM(HKALHIO BBHIBOAOB H
GyHKIHOHANLHOE ONHCaHHE, KOTOPOE MOXET OBITH pasznuuebiM: Grok-
cxemsl, Tabnuner, cucreMsl Gynerrsix ¢pyuknui (CB®) m npyrume, Cucrema
SNEKTPUYECKHX XapaKTepHCTHK HNOMKHA OBITh yao6HA I NPaKTHYECKOro
HCIIONB30BaHUA, B YACTHOCTH, - INA ONpeNeNeHHs pacCMOTpeHHbIXx B §2.1
0600 eHHBIX CTATHYECKHX NapaMeTpoB. BriGop Tako#H cHeTeMB C caMoro
Hayajna OBIT  HeOJHO3HAaYeH H  CIHEeJaH B [pPOUEcce  pasBHTHH
MHKpOCXEMOTEXHHKH. OTO aMIIHTYIHO-NEpejaToYHas XapaKTepHCTHKA

Upgx = f(Ugy), Bxomvax  xapaxktTepucTHKa Iax=¢@(Ugy) H  BHIXOAHAA

xapakTepHCTHKA Uy =w(lsux). TIpHHATEIE HOJOKATENBHBIE HANpPABAEHHS
TOKOB U HaIlpsXeHHH Ha BXOZC M BEIXOJe dJIeMeHTa MOKa3aHbl Ha pyuc.2.7,a.
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~Ilo ycnosuio gormueckue dsnementhl (JID) paboraror B cocrase
CTpykTYpHi (pHc.2.7,6), roe Kaxnblii 3jeMeHT Harpyked Ha k = l..pn
AHANOrHYHEIX M MMEET M0 m BXoxob. IIpw 3ToM jmokHA ofecmeumBaThcs
npaBunbHas 06paboTka HHQOPMaNUH NHOOGEIM 3JEMEHTOM HE3aBHCHMO OT
MEcTa ero pacmoloXKeHHs M ycnoBHH Harpysxu (cm. §1.4). ITocnenmuee
03HavyaeT CTaHZapTH3AUMI0 I[OTEHLHAJIOB BO BCEX BHYTPEHHHUX TOYKax
cXeMBl, Tak 4To6wl Bcerfa U,2UM, U,sU™ (puc.2.7,8). 3navenus UM u
Ug™ oTBeualoT paboTre 3MeMEHTa B KIIOYEBOM PEXHME. )

AMILTHTYAHOQ-TIepeJaToOdHas XapaKTepUCTHKA. IToxaxewM, qT0
CTaHIAPTH3AUHA CHTHAJbHEIX HOTEHIHAIOB BCErga HMEET MECTO B LENOYKe
anemeHTOB (puc.2.7,r), AIIX KOTOpBIX yRXOBNETBOPSET TpebOBAHUAM!

1. Hanuyme pABYX CpaBHHTENBHO IOJOrMX YYacTKOB H OAHOrO
KpyToro, rue nudpepeHHnanbHbIH KO3OPHUHEHT yCHIEHHA
dUBblx
dUpgy

2. Ipamas enuauysoro ycuneHus Upuyx = Unx NiepecexaeT Bce TpH
ydacTka. - ‘

PaccMoTpuM cHadana ciydvait HeumnBeprupytomux JID (puc.2.7,n).
AGcnuccy TOYKH IepecedeHHs NpAMOH eIHHHYHOIO YCHREHHS C KPYTBIM
Y9acTKOM ~HasoBeM moporom KkpaHToBaHHMs Uy, IlpuBenenHnoe
reOMeTpHYEeCKOe IIOCTPOEHHE MOKa3bIBaeT, 4To eclaH Ugy > Uy, To pabovas

K= >1.

TOYKa B LENH YCTaHOBHTCA B nonoxeHHe B. Ecnu xe Uy, <Ug,, TO— B AL
H sto mpowusojizer Tem GricTpee, ueM OGonblue IUBXI—U,@,]. AHanoru4soe
OCTpOEHHE MOKET OBITh NPOBENEHO H JJIA CIydas HHBEPTHPYIOILEro
anemenTa (puc.2.7,e). B urore npuxem K BEIBOOY, 4TO pabouyde TOUKH
BHYTPEHHHX 37EMEHTOB LENH ONpEeRendioTcs Kak TOUKH nepeceweHus AIIX
¢ ee 3epKaJbHBIM OTOOpaK€HHEM OTHOCHTENBHO INPAMOK EIMHHYHOTO-
ycuneunus. IMeHHo ator cnyya#t xapakrepen una TTJI-HUC.

ITo ycnmosuaM cTaTHxH pabodas Touka He JMAOJIKHA BBIXOAMTH Ha
kpyToii yuactox AIIX. IlosToMy nomycTHMBIE 3HAYEHMs OTKpLIBAIOMEH U
3aKphIBaIOIIEH MOMeX, NeHCTBYIOIMHX ITOCIENOBATENLHO CO BXOIOM,

U:=U,-U,; U;=U, -U,.
3nayenus U, u U, oTBeqator ToykaM nepernba AIIX. C yyeToM BO3MOXKHBIX
HecTaGHIBHOCTEH H BAHAHHSA HArPY3KH TOYKH b M a YCIIOBHO mepeMmeIyaoT
Ha [ONOTHE YJacTKH — B noloxeHHs b' u a' coormercrBenno (puc.2.7,e).
ITox U, 1 U, NOHHMAIOT UX IPEeNEeNsHO TONYCTHMBIE 3HaueHus— U™ u U™,
KonkpeTHO oroBapupaioT i BeJHYHHH Uy B TOYkax b' u a'.

Bxopnas ¥ BeixoxHas xapakrepuctHky TTJI-MC (ux BHI) nmokasaubi
Ha puc.2.7,%,3. B COBOKYNHOCTH OHH INO3BOJAIT ONPENENHTh peajbHYyI0
Harpy304Hy}X CIOCOGHOCTH 3JIeMeHTa H pexXHM paboThl JNHHHH CBA3H
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(cum. §3.5). Tak xak JID npencraBiser co6oil MHOrOKOMIOHEHTHYIO CXEMY H
B KaXJOM COCTOSHHMH AaKTHBH3HMPYIOTCA paslNHYHble KOMIIOHEHTBHI, TO
BLIXOQHBIE XAPAKTEPHCTHKH NNS COCTOAHHA | u 0 (37MEMEHT 3aKphIT H

OTKPBIT) CHHMAIOTCA I10-0TAEIbHOCTH. ‘

Cornacuo puc.2.7,6 ans moboro smeMeHTa CTPYKTYPBL gy =—klgy,
a Upux 27eMeHTa-HCTOYHWKA paBHO Uyyx sIeMeHTOB-Harpysok. IlostoMmy
paboune Touxkm B m A (puc.2.7,e) onpenensioTcs HaNOKEHHEM Ha
BHIXONHBIE  XAapaKTEpHCTHKH HHBEPCHOH  BXOJHOH  XapaKTepHCTHKH,
macmrabupoBanHoM mo Toky B k pa3. CoOTBETCTBYWOIHE TOYKH
nepeceyeHHs MOJDKHBI JIeXKaTk BHE ypoBHs U™ M HuXe ypopHs U™
(puc.2.7,3). OTH YpOBHH ONPENENAIOT CNPABOYHBEIE 3HAYEHHS BBIXOLHBIX
TOKOB ligux, lopux. BXomeble TokH Iisx, Iisx HaXOMATCA MmO BXOHHOH
XapaKTepucTHKe puc.2.7,x. YxazaHHble TOKM, Kak M 3Havedmus UM, U™,
OTHOCATCH K YHCJYy CTATHYECKHX MapaMeTpos JID.

Harpysoynas crnoco6HOCTh JneMeHTa (3Ha4YeHHe 1n) OIpejeNeHa
YyCIOBHAMH: Uy, > UM, Upae <US™. O68I4HO NP Kk > n B NepBylo ouepes
HapylaeTcid MOCNeNHee YCIOBHE. ITO IOATBEPKAAET NPABOMEPHOCTH
chenanHoro panee BuiBoma (cM. § 1.4, 2.1), 4TO 3HaueHHE N OrPAHHUEHO
rTpeGoBaHueM  HachllleHHA  TpaH3HcTOpa B muBeprope. CormaacHo

OpeABIAyweMy
n = min [ ) .

B nansHeifmem upgexcsl 0 B 1 TN TOKOB YKa3BIBAIOTCSA CBEPXY.
XapaxTepHCTHKA YPOBHSA TeXHONoruy [52]. BaxHo# xapakTepHCTHKOH
mo6oro tuna HMC sgeaserca sHeprus (pa6ora) mepekmioveHHs P =P-ty..

I [BLIX

I‘lBX

I(mblx

>
IOBK

[Ipy H3MepeHHHM MOIIHOCTH B MBT, 3alepkKH — B HC BeNM4HHA P,
BeIpaxaeTca B MuKomxoynax (rfx).

Huepumonrnocts cospemeHHnx MC onpenenserca, B OCHOBHOM,
BpeMeHeM mepesapajga  napasuTHuX emkocTed. Ilostomy JID Moxno
npuGMHXEHHO NpeJcTaBHTh Ge3bIHEPUHOHHBIM 3neMeHTOoM ¢ RC-mensio Ha
BEIX0Je (pHc.2.7,a). ConpoTupnenue Rpyx €CTH BHIXONHOE COMPOTHBIEHHE
JI9 u comporusnenue LeneH cBA3K, a emxocTh C CKNansBaeTca M3
€MKOCTH HArpy3KH, eMKOCTH cofcTreHHbIX nenel JIO u eMKOCTH MOHTAXA.

B npouecce nepesapsjia eMKOCTH 3aTpayKkBaeTCA SHEPTAs

W=CU2,
rae U ~— noruyeckuit nepenaf CHrHanbHHEX mnoresunanos. Ecmm JIO
nepexigoyaercs ¢ uyacrorolt F, To 3Heprus, 3aTpaynBaeMas B EIHHHUY
BpEMEHH, T.€. NOTpebnaeMas ¥M MOMHOCTE,

P=CUF/2.
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MakcuMallpHas 9acToTa, C KOTODOH MOXET IEpexIovaThCid 3IEMEHT,
onpeneneHa ero cpexHell 3ajepxKKoi '

Fr = kx/tzlcp .
3mecs k, ~ HexkoTOpHI# DOCTOAHHHIA nna mamHoro JID kospduuuenrt.
OxoHyaTensHo

Pt, ., = kCU.
Benuuuns k, C, U HeusMeHHB! A4 KaHHON TEXHONOrHH, T.¢. IPOU3BENEHHE
Py, ReHCTBATENPHO XapaKTEPH3YyeT TEXHOJOTHYECKHH ypOBEHb.

ITo sToMy mapaMerpy B HacTOSIIee BpPeMs NMPOBOAAT OUEHKY YPOBHA
pPasBuTHAA UHPPOBOH MHUKPOIIEKTPOHHKH H CPAaBHEHHE PA3MHUYHBIX THIOB
HC. CosepmeHcTBOBaHHE TEXHONOTHH CBA3AHO C YMEHBIUIEHHEM pa3MEpoB
3JIEMeHTa Ha IIOJYIPOBOJAHHKOBOM KpHcTamine (co cHumxenueM C). [lpu
3TOM 3Heprus mnepeknwoyeHHs nagaer (co 100 nfx B 1970 r. mo 1 nllx u
MeHee). JInsa 3agaHHON MOIMHOCTH, pacceHBaeMOH Ha KpHCTaile, CHHXEHHE
P, nozBsonsier NHGO YBEJHYHTh CTEIIEHb HHTErpanMH K, NpH HEH3MEHHOi
tice, MHGO CHH3HTH tic, Npu ToOH ke K,. Ho MoXHO nocTpouts
MAaloOMOINHYI0 MHKpOCXeMy ¢ npexHuMH K;, tic. O6pmuHO cTenens
HHTErpaly®y oOIpeneNsercs KaK [HCIO IKBHBANECHTHBIX 2-BXOJOBBIX
BeHTHJIEH Ha kpucTanre (cM. §3.1).

[TpoBeneHHOE pacCMOTpeHHE YYHTHIBAET TONBKO AHHAMHYECKYIO
MOIIHOCTh, MOTpeGnAfieMyr B Ipouecce MepekNoYeHHA. MowHOCTL B
CTATHKE pacXogyercs MO cymecTBy OGecrmomesHo, U ee chaeayer
MHBHUMH3HpoBaTh, Haubonee coBepmeHHH B 3ToM cMbicie KMOII-HC
(oM. §2.4).

BapHaHTH MHKPOCXEM

OTeuecTBEHHON NpPOMBIMIEHHOCTRK  BBIYCKAa€TCs pAn  cephit
HC-TTJI. Cpenu uux HauGonee pacnpocTpaHens! (Tabn.2.1):

Tabnnuya 2.1

Cepus tace, Per,

HC MBT

K155, KM155 10 10
K531 3 20
K555, KMS555 10 2
KP1531 3 4
KP1533 2

MHKpOCXEMBl CpefHEro OBIicTpodeHcTBHA M 3Hepromorpebnerus — K155,
KM155; 6mcrponeicrsyromue ¢ guosamu Llorkw — K531, KP1531;
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manoMomusie ¢ guomamu IHortkm -~ K555, KMS555, KP1533. Bcee oHH
paGoTAOT OT HCTOUYHHKA MHTaHMA E, = +5 B (B pansueiimem Bmecro Ei
HCIIONB3YETCA MPHHATOE NIA MHKpocxeM ofGosHauende Ey) M COBMECTHMBL
Apyr ¢ APYroM mo curHanbHbeiM yposHam U,, U,. Cepuu KMI155, KM555
BHIIYCKAIOTCA B KEPAMHYECKOM KOpHyce CO IUTHPLKOBHIMHM BHIBOAAMH. Bce
Ipyrae~ B IJIaCTMacCCOBOM KOpIycCe.

Iepexon IloTkw (Ha3BaH Tak 10 HMEHH HEMEUKOr0 YUEHOro)
npeAcTaBnseT co6od KOHTAKT MeTanna C MOJYNPOBOZHMKOM N-THIA CO
cnaboit koHUeHTpanHeH npamecedt. [IpaMoe MageHHE HAPAKEHHUS HA TAKOM
Juoje CYUECTBEHHO MeEHBINE, 9eM HAa MHTerpalbHOM p-n  Nepexoje
(puc. 2.8,a) u cocrasnser 0,3 - 0,4 B. Ero coGcTBeHHAas MHEPUMOHHOCTD
BechMa Mala.

Tpansuctop ¢ puomoM Ilorkw, mam upocro tpansucrop LUoTku
TEXHOJOTHYHO peanusyer unxeio knoda OO ¢ HenuHelHoH 06paTHOI CBA3BIO
(cM. §1.3). C ato#i penpio 6a30BbIf CHOH MeTannU3anUK HAHOCHTCA Ha
MOBEPXHOCTh KpHCTajNa C [MEpPeKPLITHEM ydacTka p-n  [epexoja
Gasa - konnextop (puc.2.8,6). CpaBHUTENbHO Manoe rn, Auona Illorku
nossonser obofiTuce Ge3 pesucropa B uenu 6Gasel (puc.2.8,8). [Ipu atom
HCKIIOYaeTCs HACHIIEHME TPAH3HCTOPAa, YMEHBIIAETCS BpeMA I KH3HH
HEOCHOBHBIX HOCHTeNeH B ero 6ase M B KOHEYHOM HTOTe CYECTBEHHO
cHmxaerca pabora mepexkmoweHus 3JeMeHTa. YCIOBHOE  CXeMHOe
o6osnavenune Tpansucropa UloTku nmokasaHo Ha puc.2.8,8 cnpasa.

Basossiit noruueckuit snement HM-HE. (0603HaueHHe NMpH MapKHPOBKE

JIA) cepun K155 nokasan Ha puc.2.8,r. OH oTnHuaeTcs OT paHee
paccMoTpeHHoro (cMm. pHc.2.6,6) HanmuMeM KOPpEeKTHpYIOWEH wenux B
smuTTepe Tpuona T.. Ilpu 3axpuitom T, Tpuonx T, Takke 3aKpbiT H BXOAHOE
conporuBinesne T, Benuxo. [Toaromy TpamsucTop T, HAaYHET OTKpPBIBATHCH
npu GoableM HapsAXKEHHH Ha BXoAe cXxeMbl. COOTBETCTBEHHO Touka "b" Ha
AllX pume. 2.7,e cmecturca Bnpaso. I[lomoxernde Toykm "a" ocTaercs
MpakTHYECKH HEH3IMEHHBIM, Tak Kak npu oTkpeTelx T, m T, cxema BenmeT
ceGs  o6piyHBIM  oOGpasoM. XapakTepHCTHKAa  okaspiBaeTcs  Gomee
OpAMOYTOJbHOM, YTO NPHBOAMT K POCTY pealbHOH MOMEXOYCTORYHBOCTH.

Onement U-WJIHU-HE  (oGosmauenue - JIP)  peanusyercs
noaxnoyedneM x TouxkaMm "k" m "3" (puc.2.8,r) HOMORHHMTENBHOH IpyIMIIBL
BxonoB (puc.2.8,x). ocraToyno XoTa 6B Ha OXHY H3 IPYNI BXOLOB NOJATH
BHICOKME MOTeHUMankl, YyTobsl monyuuts curHan 0 Ha BeIXxoze. Bo Bcex
opyrux caydasx T, saxpeir. Takolf aneMeHT, peanusys Gonee CIOKHYIO
mepexnovaTenbHy0 QyHkuHio, obnazaeT MPUMEpHO 3alepKKo# a/meMeHTa
HU-HE. B oroM cMeicne  ucnons3osaHue  Gasmca  H-HIJIM-HE
upennoytutTensro. JneMent HJIM-HE (o6osmavenue - JIE) monywaercs,
€cnd B KaXJAOH Ipynme OCTaBHTE II0 OJHOMY BXOQIY.
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Uupeprop (oGosznagenne - JIH) peanusyercs xak OOHOBXOMOBBIH
snemerT M-HE. HMMeloTcs H chneusanpHble MUKPOCXEMBl pacLiMpHTenei
K155JI11,3 (#a 4 u 8 BXOHOB), BHINONHEHHBIX HO cXeMe pHc.2.8,4. OHH
NOAKNIOYAIOTCA K BHEIHHM BHIBOAAM "K" 1 "3" mukpocxem KI155JIP1,3,4.
TIpH 3TOM COTNACHO TEXHWYECKHM YCNOBHSM CyMMapHBIH k03 PHIHEHT
obvennnenns mo WM He momxen npessimars 8.

Ilnpuna 30HE NepeKNOYeHHs dlMeMeHTOB cepud K155 cocrasnser
npumepro 0,3B: U, ~13B, U, =~1,6B (cM.puc.2.7,e). Cneuuduunyio AITX
umeror oanementst HE, H-HE wmxpocxem KI155TJI1-3 (puc.2.8.e),
naspiBaeMele TpurrepamMd IlIMurta. B HUX 1§pHCYTCTBYET BHYTpEeHHAS
noJoXHTENbHaa obpaTHad cBA3k, Gmaromaps wemy AIIX uMeeT BuA MeTiH
rucrepesuca ¢ mupuHOH mernu 0,8B. DTo 3HAYMTENBHO NOBBILIAET
noMexoycrofunBocrs. TakHe MHKPOCXeMbl IMHPOKO HCIIONB3YyKOTCA B
KAa4YeCTBE MAaruCTPalbHEIX NPHEMHHKOB (cM. §3.2).

B manomommno¥ cepum K555  OGmarojaps  HCIIOJNB30BAHKIO
TpaHsucTopoB HM gnuogoB IlloTkM ymamocs coxpaHHTs OblcTpofeiicTBHE
cepur K155 npu ceuwxeHmn osHepromorpeGreHHs B 5 pas. OTMeTHM
ocobennocTH Gasosoro anementa cepuu K555 (puc.2.8,%) B CpaBHEHHH ¢
cepuelt K531.

1. Tpansucrop T, 3amenen c6opxoit w3 nuogos IoTku.

2. TloMHMO yBENMYEHMs HOMHHANA DE3UCTOPOB, CHHMKKEHHE
3HepronoTpebNenns JOCTHIHYTO NOAKIIOYEHHEM pesucropa R, He K IMIHHE
"semis", a X BHIXOAY. .

3. Beenen muon M, mns yckopeHus nponecca orkpsizanus T,. [loka
eMKocTh Cy 3apskeHa, OTKPBIBAIOWIMA TOK 6a3kl 3TOro TPHOLA BENHK, Tak
xak.T, paGoraer B pexxuMe IMHTTEPHOrO MOBTOPHTENA.

Hduonmas nmormka Ha BXOoXe Hcnone3yerca u B Haubojee
nepcnekTuBHBIXx cepusx KP1531, 1533. [HononHuTENbHOE CHHMXKEHHME P
HOCTHPHYTO 3a c4eT yMeHbumeHus Ij,. Ha puc.2.8,3 npencrasnena BxojaHas
4acTh 6a30BOro ajneMeHTa cejmﬂ KP1533. B ocrajapHOM cXeMa MOBTOpPAET
puc.2.8,%x. B paHHOM clydae pe3sucTOp R, 3aMeHeH KOCTATOYHO CIOXKHOM
nenso. ECnM XoTa 6Bl HAa OZHOM BXOJe NeHCTBYET HM3KMW [OTEHIHAT, TO
T" npakTHYeckH 3aKkpHT ¥ 5, Man. JIpH HanWYMK Ha BCEX BXOAAX BBHICOKHX
noreHnpuanos tpuox T" BXOAHT B HachlUeHHe H obecneyHBaeT HYXHBIH
OTKpHIBAK KM TOK 6a3sl T,. 3HAYHTENBHBIH BXOJHOM TOK MPOTEKaeT TEneph
TONBKO B IHHAMHKe. DTO [O3BOJNAET CHHU3MTh HOMHHAJL PE3IUCTOPOB, T.C.
NOBBICHTE GeicTpoAeicTBHE Ge3 yBennyeHus sHepronotpebrenus. B cepuio
KP1533 (m Tompko B Hee) BKIIOYEHH 3-BXONOBEIE MaXOpHTAPHEBIE
anementsl JII3 (Tpu anemenTa B Kopmyce)[136].
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Ana cpaBresus B Tabn.2.2 mnpHBeJeHH CTaTHYECKHE NapaMeTphbl
aneMentos cepuit KI55 m KP1533. CraTHueckoe TOKOMOTpeGieHHe
ajMeMeHTa NpH NepeXxole OT OJHOH CepHH X HNPYroH CHUXAETCH: Mis
cocrossHua 0 - ot 22MA g0 3 MA, nns coctosHus 1 - or 8MA no 0,85MA.
BehnumHa xe n ysenngusaerca ¢ 10 xo 20. XapakTepHo, 4TO HONYCTHMOE
3Ha4eHHe HANpSOKEHHS CTATHYeCKOH IIOMEXH OrpaHH4YHBaeTci B 0GOMX
cayqasx 0,4B.

Tabnuua 2.2
BxonHsre mapaMeTpsl Brixonueie napameTpht
Cepus | 1§, | U | ROy, | Thx,| UthR] Ra ) LR USM): Ra| Th| U] Riu
MA | B |xOMm |MA| B [xOM! MA| B | Om ([MA| B | Om
K155 0,61 08 1 [004] 2 —w{ 16 | 04 | 10 [-041 24} 15
KP1533 | 0,2 { 0,8 - 1002 2 - 4 | 04 - 1-0,4125 -

Bansgnue HATPY3KH H COCTOSIHHH BXOIOB

Bece UC TTJI coBMeCTHMBI ApPYr ¢ APYroM IO JOTHYECKHM YPOBHAM.
Opnnako ©X BXOXHBIE W BHIXOJHEIE TOKOBHIE IlapaMeTphl MOryT GbiTh
HeoJUHAKOBH. [[03TOMY IPH COBMECTHOH paboTe 3IEMEHTOB Pa3HBIX CepHit
Tpe6oBaHUA 1O HATPY3Ke ONPENEHCHBl YCIOBHAMH

Iguxz}:llgxi' > ’Iauxlzzl:m' (2.1)
i 4

3mecs HHIEKCH i, ] OTHOCATCA K 3leMeHTaM-HarpysakaM. [ HeH3MeHHOH
KOHOHTypalns "MCTOYHHK - HArpy3ka" 4Hcla clJaraeMbiXx B NPaBBIX 4acTax
IpHBEefEeHHEIX HepaBeHCTB MOI'YT paanu4aThcd. [Ipuumna B crenywomem.

Tlycts Harpyskoi asasiorcs sneMenTs M-HE. HekoTopreie BXxoast 2THX
3MEMEHTOB MOTYT OKasarThcsA HezaneHcTBOBaHHBIMHM. HHMKakHX JOruyeckux
HapylUIeHHH He NpoM30HAET, e€COM HX OCTABHTh MPOCTO ¢BOBOLHBIMHM, Tak
KaK 3TO JNOTMYecKHd 3KBHBAJE€HTHO HeHCTBMIO Ha HHX cHrHana 1. Ho moxHo
H IOJaTh Cpasy Ha HECKONhKO BXOMOB HEKOTOPYI JIOTHYECKYIO
nepeMenuylo. OnpeleNeHHe CYMMAapHOro BXOJHOrO TOK4a B IOC/EIHEM
clyyae 3aBHCHT OT 3HAaueHuit 3TOH mnepemennoM, [dns curwana | Tokm
0o6BbeqHHEHHHX BXONOB cyMMEpYoTcs (cM. §2.1, pasmen "TTIJI-UC"), uro
MOXeT MpHBeCTH K Neperpyske ucrounuka. Ho mpu nelictBuu 0 umeem
HECKOJIBKO NAapalnielbHO BKIIOYEHHBX H OTKPBITHIX IMHTTEPHBIX EPeXonoB
Tpuona Ty, KOTOPHlE pasfensioT oGmuM Tok I, ~E,/R,. Ero Bexnuuna He
3aBMCHT OT 4uHcia ofbeJuHAEMBIX BXOJOB. IJTO CymecTBeHHo, u6o
3HayeHHe 5, OGBIYHO XOCTATOYHO BEIHKO.

B Tabmumue 2.3 npuBexeHH 3HAYEHHS COCTaBJAIOMIMX TOKOB [jd
cxeMBl, B KOTOpOH BXOOH KaXJOro O3JNEMEHTa-Harpysku oO0BbeIHHEHbI.
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HerpynHo BumeTs, uTo ycinoBus Gamanca TokoB (2.1) B XaHHOM cayuae
BHNONHAWTCA. C yBenHdYeHHeM HAPYSKH OHH MOTYT 6HITH HapylmeHEl.

Tabnuua 2.3
DNeMEHT-UCTOYHHK ONeMeHTH -Harpy3KH
l‘r)amx ’ I;mx ) Yucno ngz N :3:\(2 »
Tun MA MA Tun BXONOB MA MA
KS31JIH1 1 2x1 0,05x1
K555J1A3 4 -0,4 K155J1A4 3 -1,6x1 0,04 x3
K555]1A1 4 0,36x 1 0,02x4

Jlns  MOBBULEHHA  HArpY304HO#  CIOCOGHOCTH  3leMEHTa-UCTOYHUMKA
ponyckaerci OObeNMHEHHE BBIXOXOB AByX JID, Haxomfmuxcss B OOHOM
Kopuyce, NP YCIOBHHM OOBEIHHEHUS COOTBETCTBYIOWHK BXOJOB. DTO AaeT
yBeNHYEeHHE BBIXOOHBIX TOKOB 3JeMeHTa IpHMepHo B 1,9 pa3. Brmixonh
paznokopuycHuX JID o6beIMHATE HeNb3s H3-3a BOIMOXKHON pachaszupoBKH
BXOMHEIX CHIHANOB M CBA3AaHHBIX C 3THM HENpHsaTHocTe#d (cM. cnen.
pasgen). .

OcTaBnATh HEHUCHONb3yeMBIE BXOIBI MHKpOcxeM "BHCAYHMH" HE
pexoMeHayercs. OTO NPHBONWT K HAKOIIEHMIO 3apafoB B ofnactax
COOTBETCTBYIOIHX 3MUTTEPOB, UTO yXyAmaer ObICTpomeHcTBHE 3JieMeHTa.
Ina ofecneuenus "crekanus" 3apanoB crOOONHEIE BXOJABI MOAKITOHAT K
E, wepes pesucrop ! xkOM. Opmun pesmcrop obcnyxmpaer no 20 rtakux
BxonoB. Ha neucnonssyemsle Bxonast anementos UJIU-HE cnenyer momars
HU3KHH MOTEHI KA.

PaccMOTpHMM  BITMAHHE  eGMKOCTH  Harpysku, IlpuBomumele B
COpaBOYHHKAaX BPEMEHHBlE NapaMeTpbl 3IEMEHTA TapaHTHPYIOTCA AU
suayeHuR C, <C, .. Benuumna C,; 3aBUCHT OT CepHU. VXYNWEHHE
kpyTH3Hbl GpoHTOB npH C,>Cy cocraBaser B TTJI-HC npumepuo
0,05 se/nd - gng t° u 0,1 He/nd — mus ty. PocT tycp—- 0,05 He/nd. Jpyroe
orpanuueHue Ha C, cBA3aHO ¢ oGecmewenmem HagexHol paboret MC B
coctaBe ycTpoiicTBa. Ecnu 3navenne Cy 6nu3Ko X OpeRenbHOMY Cynpsg, TO
¢ pOCTOM 4YacTOTBl CHHXKAeTCH HArpy3ouHas CHOCOGHOCTh 3TEMEHTA
(NpEXORMTCA YUHTHIBATH COCTAaBIAKIMYIO TOKa INepe3apana eMKOCTH),
nomexoycroiuusocts (paccmorpenHsii B §1.2 2ddexT AHHAMHUYECKOTO
CMEUIeHMA), YBETHUMBAETCH BIMIHHE HMIOYILCHRIX mnomex (cm. §3.5) n
suepronorpebnenne. 3HaueHus Cur M Cygpen AN 3IEMEHTOB PasHBEIX cepui
npusenensl B Tabu. 2.4.

BonpmuncTBo Mukpocxem TTJI KPHTHYHO K ANUTENBHOCTH GPOHTOB
BXONHOrO CHTHaka. B npexenax 30HBI MEPEKIOYEHHA (TOYHEE, ~ MEXKAY
yposHamu Uy = 0,8B u U, = 2B) aneMeHT paboTaeT B peXUMe YCHIEHHA.

125



Tabnuua 2.4

. Cepus Cur, Cunren 13%5x
o® nd HC
K155 15 200 150
K555 15 150 150
K531, KP1531 15 4 150 100
KP1533 50 200 1000

IIpn >ToM Hanuume mo6oH mnapasuTHo# oOpaTHON cB#3U (4epe3 wuemu
MHTAHHA, MEXCOENUHEHUH U yepe3 napasHTHbIE EMKOCTH CAMOIO 3JIEMEHTa)
MOJKET BBI3BATH HEXKENATETbHYIO I'eHEPAUMIO, €CHH typy >tyc,. YBEIHYECHUE
topx MPHBOMMT ¥ K Gojlee ANMTEILHOMY MPOTEKAHHIO CKBO3HOTO TOKa, T.e.
K pocTy 3Hepronorpebaerus. IIpenenbHO NONMYCTHMbIE 3HAYEHHS typy NS
pPa3HBIX cepHil ykasausl B Tabn.2.4. Hns yny4meHnHs ¢GHpOHTOB BXOIHOro
curgana mcmone3ywT TpHrrepst IlIMETAa. DnE€MEHTH € OTKPBITHIM
KOJIIEKTOPOM (CM. ClIeJ. pa3jiesl) HEKPHTHYHEI K top, .

CHCHHaIIBHaX QpraHy3aliug BEIXONOB

OpanM u3 OCHOBOIIOJIAraloMX OIS COBpeMeHHOH
MHKDONPOLECCOpPHON TEXHHKH ABJIAETCHA TAK Ha3hiBaeMbIH MarvcTpanbHbIH
NPHHIHI, KOrJa MHOXECTBO YCTPOHCTB IOAKM0YarTcd k obwel mnue
(OLII) ceoMMH BHIXOHAMH HIM BXogmaMu. IIpH 3TOM BBIXOXHBIE 3JE€MEHTH
ONHHX ycTpoicTs aBnsiorcs nepenaryuxamu (IIPI), a BxoaHble neMEHTH
Jpyrux — npuemaukamu (ITPM). B xaxAbii MOMEHT BpEMEHH AaKTHBEH
TONBKO OJHH 1eperaTyHk. Ho 0ObeJHHEHHE BBIXOJNOB aKTUBHOTLO M
naccuBHoro axemenToB TTJI co ClOXKHBIM HHBEPTOPOM HEAOMYCTHMO H3-3a
BO3MOXHOI'O  MJNMTENBHOrO0  NPOTEKAaBMA  CPAaBHHTENbHO  OONpIUMX
"ckBO3HBIX" TOKOB (pHc.2.9,a), 0 yeM yXe roBopuiock panee (cM.§2.1).
TloaToMy B MOAOGHBEIX CHAyYasx NPHUMEHAIOTCA 3JMEMEHTHl CO CHNELHANbLHON
opraHusauueil BBIXOZOB: C OTKPHITEIM KonnekropoM (OK) u ma Tpu
coctoanusd BeIxoga~ 0, 1 ¥ Z (BpICOKOHMNENAHCHOE COCTOSHME), Be3 Hux
HEMBICIIIMO M NOCTPOCHHE HHTErPaNbHEIX MHKPOCXEM NaMATH (CM. ri.4).

DneMeHTHl ¢ OTKPEITHM KoanekTopoM (puc.2.9,6) TpebyIoT yeTanoBKH
BHEIIHETO pesHcTopa R. OXHH H3 JNOrHYECKHX BXONOB Jelaercs
ynpapnsromum EI (enable input — sxonm paspemeHus). nf axTHBHOrO
sneMenra EI:=1, gns maccusuoro — EI:=0, O6bYHO TaxHe 3JeMEHTH
peanusyloT Gysxuuio U-HE (K155JIA7,8 u npyrue). Uspenxa~ W-UJIH-HE
(K531J1P10).
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IIpn Boibope BenuudHH R momxHBl 6BITH y4TEeHEl JonmyckH Ha Eg
(o6rumo AE,=#05B) M Ha CHTHANLHbIE NOTEHLHATEHL. Hyéﬂ, Ha OUI
zeiicrayer curuan 1 (puc.2.9,8). Torxa

‘ Ep [Ny +n, [ JR2 U™ (2.2)
Hdns carnana 0 (puc.2.9,r) uMeeM
Ep ~ I + (N = DI3y — I3 JRS U™ (2.3)
Ha ocuHoBanuu (2.2) u (2.3) monyvaem
Ep-UP" R, Ea-UR™
NILT +n1ILx o Igblx +(N”1)I8'r "nolgx '
Ilpunsreie o6o3uavenns: N - YHCIO BIEMEHTOB-NIEPEAATYHKOB; N, H Ny—
YHC/Ia BXOJZOB-IPHEMHHKOB Mg cHrHanoB 1 u 0, ¢ yueToM obbennueHus
BXxofos. CornacHo npeisgymeMy B o6IeM caydae n, zny; Iy ¥ [, —~Toku
yTeUKH 3JeMeHToB-NepenaTdyukos npu gedcrsum Ha OLI carmanos | u 0.
Bennuuna I}, cymecrsenna. Tak, s MuxpocxeMsl K155JIA8 I, ~025MA.

(2.4)

Pacdernoe smauenue Iy, 0.

IBycTopoHHee orpaHHueHue (2.4) oKka3eiBaeTCs  JOCTaTOYHO
"wecrkum". Hanpumep, ecnu Beixoas I[IPJ] peanusoBalbl Ha JBYX
mukpocxeMax K155JIA8 (N=8), a sxoxnst [IPM — Ha onoBHHE MHKPOCXEMBbI
K155JIA3 ¢ obpenuHerHnMY BXxogaMu (n,=4, n,=2), ro 0,38kOM SR <1,1xOm.
3uavende R nenecooGpasno BHOHPATH BO3MOXXHO MANBIM, YTOGH MONYUHTE
npuemieMmoe GeictpomeficrBue. Jna obmeryenusa pacdera R paspaboranm
creydanbHble Tabnuusl 1 HoMorpaMMel [39,40].

Nomumo paborst Ha OII, anemeHTs OK MHPOKO NpUMEHAOTCS O
MOAKIIOYEHHS MHAMKATOpOB, o6MoTok peine [39] uw nmus peanusanuu
dynxnuu "nposoguoe U" ("mMonTaxuHoe MJITH")

' f=)_<l—x;&;;)_<:=xlx2vx,x4.
[locnenHee HOCTUraeTcs NPOCTHIM OOBEIHHEHHEM BBIXOJOB DJIEMEHTOB.
B touxe obvennHeHHs Habmonaerca "mpuopurer 0", T.e. meHcTBUTENBHO
peanmsyercs "upopojpHoe H". B gamHOM cilydae He CyWeCTBYeT
NPAHIMOAANLHEIX Orpanudeduii Ha kodhdunuenT obvennnenus no MIIH,
KaK 3TO HMEET MECTO IIpY HCIIOJB30BaHHH paclIuMpHTeneH.

DIeMEHTHL HA TPH COCTOAHUA Bhixona. OHM pa3spaboTaHbl CieUHANLHO
nng paborel Ha OIIl. Bes mux coBpeMeéHHas MHKXPONPOUECCOPHAA TEXHMKA
HeMblcliMMa. B JaHHOM cnyuae DPHMEHACTCA  CHeLHalbHBIA  BXOJX
axTHBH3aIMH 21eMenTa OE (output enable — paspemenme Bmixoxa). [lpu
OE=0 sneMeHT akTHBeH. Ero nepeBoJ B [NACCHBHOE cocToAHHE Z
ocymecTBiseTcs mopaselr OE=1. Bcepum K155 Tpu cocTosHHA BBIXOAa
HMeloT Mukpocxemsl JIH6 (unBeptoprr); JIII8, 10 wm 11 (6ydepHuse
yennurenn); UII6 u 7 (uByHanpaBieHHblE IIMHHEBIE ycHmurenu — JHIIY).
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B ApyrHX CepHAX TaKMe BLIXOBI OPTraHW30BAHLI H 1N pSIAa MHKPOCXEM
MYJNBTHILIEKCODOB M PErHCTPOB (CcM. rii.4). Bpems nepexona B cocTosHue Z
CpPaBHHUTENBHO BEJIHKO M COCTABISET He MeHee 2t3.cp.

CaM [NpHHUMN aKTHBH3ALMH JJNeMeHTa OBl YyXe IOoKalaH paHee
(cM.puc.2.6,6). OcraeTcs YACHHTBD HeKoTopele feTand. ChenaeM 2TO Ha
npuMepe uuBepropa KI155/THG (puc.2.9,x; BHH3Y NOK43aHO HCIONb3yeMoe
unoraa YI'O rakoro anementa). [Iycts OE=1. Ecin Ha BXoxe ~ noraueckui
0, To TpHon T, 3aKpHIT H BONPOCOB He BO3HHKaeT. Ho eciiu - soruueckasn 1,
TO NPOTEKaHHE OTKpEIBalomero Toka 6a3sl Tpuona T,, Kazanocs 6bl, LOMKHO
BLI3BATH MAJEHHE HanNpsKeHHs Ha R,, T.e. oTkpeiBanue T,. OnHako 3TOroO He
MPOHCXOAHT, TaK Kak TOK I B JaHHOM CIy4Yae OTBETBNJETCA 4Yepe3s
Bonee HHU3KOOMHYIO IeNb: OTKPHITHIH KONIexTOpHBIH mepexox T, -
maceimennstd T, (puc.2.9,n; nynxtup). Ilostomy Ttpmon T, ocraercs
3aKPHITHIM.

H eme opuH BOmpoc: KaK OKBHUBAJNEHTHO NPEACTABHTL BhIXO]
3MeMeHTa B COCTOAHMH Z? CONPOTHBIEHUS YTEUKH 3aKpHITHIX Kkiroued T, u
T; npuMepHO OJMHAKOBE M COCTABJAAOT COTHH KOM, 4TO oTpaxaer
puc.2.9,e. OH naer HCKOMBIA OTBeT. BHIXOAHOH TOK MaCCHBHOIO 3JEMEHTA
3aBHCHT OT morenumana OLIL: I, ,=+0,04MA, 1j,,=-0,04MA. Ycinosue
Gananca Tokos no OUL

Toux 2 (N = Dlgyxz + nolys  Toux 2 (N =Dlgyy, + 0yl
CMbICA HCIIONB30BaHHBIX 0003HaYeHNUH ~ IpeXHHUH.

Npuuruun JHIIY mupoxo HCMNONB3yercsi B MHKPONPOLECCOPHOH
TeXHHKE [JI3 W3MEHEHHs HalpaBleHHA nepefnadd curHanos no OII. IIpw
3TOM OJIHO M TO e yCTPOHCTBO B pasHble MOMEHTH BpEMEHH MOXeT GHIThb
PO wnu IIPM. [Mycts JHIIY ycranosnen Mmexny abomedtamMu A u B
(puc.2.9,%). Mpn OE=0 uMeeMm nepexauy A-»B. B cayuae OE=1~ B—oA.
Huoraa BBOAAT JOMONHHTENbHBIH ynpaBiasiomull cHrHan jius oGpeiBa CBA3H
mexny cropoxwamd A u B. B cepunm KI55(555) uMeroTcs MHKpPOCXEMbl
JOHILY: ¢ nusepcueit — UII6(AII6) u 6es unBepcun - MII7(AIN7). Kaxnas
U3 HEX BK/I}J0YaeT [0 JeThlpe KaHana cBa3M ¢ obwum ynpasnenuem. Cocras
JOHIOY cepuw KP1533 Gonee o6mupen. Cpead HHX HMeEOTCA X
8-xananpHBIE.

§2.3. TPUITEPH ¥ TEHEPATOPBHI UMITYJILCOB TTJI

CospeMennble mOpeicTaBleHHs 06 OpraHM3alM¥ TPUITEPOB K
penakcaropos 8 Gasuce normueckux MC cnoxunuce B Hayane 70-x ropos.
WUmenno Torga GBUTH IPEeXNOXKEHB MPAKTHYECKH BCE H3BECTHEIE celvac
cxembl. MHOrooGpasue ¢XeM HMHTErpanbHBHIX TPUITEPOB M MOAXOJOB K HX
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CHHTe3y oTpaxeno B pabGorax [36,49,52-57] m ppyrux. CyTs Tak
Ha3bIBAEMOro JSBPHCTHYECKOro MOAXO0Ja packphita B [57]. ' Bonpochl
dbopManu3amuK HpOUERYpPH CHHTE3a OTpaxeHs B [53,64]. Ho OHH
€CTeCTBEHHO "BhITEKarOT" M3 o6mero moaxoha K CHHTesy UMQpPOBBIX
aBTOMATOB, PACCMaTpUBAEMOT0 B §3.3, ¥ MOTOMY 3XeCh He 3aTParHBAIOTCH.
IpexmoyTenne OTHAETCA IOKA IBPHCTHKE, 9TO BIOJNHE ONpaBLaHO. ITO
KacaeTci ¥ TeHepaTOpoB HMOyNbcoB. CpeJH NEPBOHCTOYHHKOB IO
HUC-reneparopaM MOXHO BHAENHTH [36,58-63]. M3anoxenue crpouTcs MO
matepranam [38]. Ilpu 3ToM CHEUMANBHBIX CCBIIOK Ha yKa3aHHbIe
HCTOUHHKH HE JenaeTcs, 3a MCKIIOYEHHEeM pefkHx ciyuaes., CrpaBKH [0
CepUHHBIM MHKPOCXEMaM TPHITEPOB H I€HEepaTopoB OepyTcs, Kak H paHee,
u3 [39,40].

QOGobumenne NOHATUA TPUITEPHOH cXeMBI

PaccmoTpeHde cTarmdeckoro tpurrepa B §1.4 6bi10 BLHIMOJHEHO ¢
KJIACCHYECKHX MO3HIUH HMIOYNbCcHOH TexHHKH. [To cymecTBy OHM TPaKTYIOT
Tpurrep kak "cmyckoBylo cxeMmy" [14], AIIX koropolt umeer
ructepesucHudt xapaktep (cM. puc.2.8,e). Ilo mocTHXeHHM BXOJHLIM
CHTHalOM moporossix 3HadeHu# U, mnu U, npomcxoauT naBuHoobGpaszHoe
NepeKJIOYeHHEe CXEMBl B TO HIH HHOoe cocrtosHHMe. Takoff moaxon Xopoumo
pacKkpblBaeT CTATHKY M JMHaMHKy "sgpa" cXxeMbl, HO He, JaeT peuenTyphl
HajexxHO# opraHu3anHH 3anycka, ocobeHHO — B CYETHOM pEXHME,
[puusgras B 1HGpoBON TEXHHKE JTOTHYECKAas TPAKTOBKA NOHATHUA TPHrrepa
TMKBHOHPYET YKasaHHBIE HeEJOCTATOK H OOBEKTHBHO NPHBOIMT K
NOCTATOYHO CJOXHBIM uU#dpoBeM cxemaM. CTporuif aHanus IHHAMHKH
TAKHX CXeM 3aTpyXHHTeNeH. [l03TOMY NPHXOLUTCA 3KCTPANONHMpOBATDH
NPHHIUIHANEHOE NOJNIOXEHHE 0 PEreHepaTHBHOM XapaKTepe NMEepeKIIoueHH
Tpurrepa Ha cxeMsbl 1060 crnoxHocTH. MHavye TpyAHO MOHATH, HAIpUMED,
noyeMy CHTHajJBl YCTaHOBKH HMHTErpajbHOro TpHIrepa Moryt O6oiTh
JOCTATOYHO KOPOTKHMH.

Ipocreiimue O6uctabGuinbHBIe fYeHKH CTPOATCA HAa OCHOBE HBYX
snementos H-HE (puc.2.10,a) nu6o HIIHU-HE (puc.2.10,8). Hx YTO
MoKa3aHbl Ha COOTBETCTBYIOIMHMX pHcyHKax cnpaBa. OHM Ha3BIBAIOTCH
aCHHXDOHHEIMH RS-TpHIrepaMH ¢ MHBEPCHBIM H NOPAMBIM YOpaBlieHHEM
cooTBeTCTBeHHO. IlpuHsThie 0o603HavyeHHA: S (set) — BXOX YCTAHOBKH;
R (reset) ~ Bxox c6poca; Q — mpaMoit BEIXOH; Q — WHBEPCHBIH. B ciyuae

HHBEPCHOTO YNpPAaBNEHHS AKTHBEH JIOTHYECKHH HyJNs Ha BXome: SR=01 ~
yctanoska 1; 10— ycranoska 0. [Ins npsMoro— noruueckas eIHHHIA:
SR = 10— ycranoska 1; 01~ ycradoska 0. 3uavenue curuana Ha Beixope Q

oTBe4aeT cocTOSHHIO Tpurrepa. Ecnu (Q) i (Q)—~ Nordueckne mepeMeHHble
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(bynxuun), To paseHcTBo (Q)=(Q) CHPaBEANTMBO TONLKO ANA YCTOMUHBBIX
cOCTOAHHMH TpHrrepa.

. BSR |
B Q300 01 1110 |

=
00{11f11]11]11}
o1joDjoD 11} 11]!
11]o0]o1{d D10
10{lo)N11]11}10)

2 SR

00 01 11 10
T ool11]01J00[ 10
01{0D|oD] 00]00
11{00]00] 0000
10{@0) 00]00}10)

Puc, 2.10

PaccMOTpHM 3TOT BONPOC Heckonsko noxppoGuee. Ha pucyHkax
2.10,6,r OpencTaBieHsl  Tak Ha3kIBaeMele  TabIuIIbLl COCTOSAHUH
COOTBETCTBYIOMNX Ayeek. Brixonnse curmansl Q M Q Mo mensam obpaTHok
CBA3H NONANOTCA HAa BXOABl INEMEHTOB, T.e. MOTYT TPaKTOBAThCA M Kak
nepeMenHbie, W Kak Gyakuuu. Mx 3nauenws xax nepeMeHHBIX 0603HavaioT
(koaupyoT) CTpokH Tabnuu. 3HauyeHHsA TeX Xe CHIHAJOB, HO YXe Kak
OGynxunit npocrasnsiotca B Kknerkax Ttabaumuer. [lomHoe cocToanue
TPHITEPa, OIpelelNseMoe BEKTOPOM <S,R,Q,6>, YCTOHYHBO, €CIH
COmEepXKHMOE KIETKH COBINANaeT C KOHOM CTPOKd. Takoe CcoCTOAHHE
BhIgenserca B Tabnuue ckobxamu.

[Iycte sAvelixa HaXOQHTCA B HEKOTOPOM YCTOHYMBOM IONHOM
cocTogHuU. Torga npM U3IMEHEHHH BXOMHBIX CHIHAJIOB (§, R wunu S, R) B
cxeMe BO3HHKAeT INEepeXoaHeld npomecc, MNepeBOAAIMH ee B HOBOE
yCTOHYHBOE MONHOE COCTOAHHME, BO3IMOXHO, - H4epe3 psf HeYCTOHUUBBIX.
IpoTekanue 3TOro mpouecca Jerko NpocieldTh 00 Tafnuue, eclu yyecTs,
4TO H3MEHEHHE BhIXOJa HeNOoCPeJCTBEHHO mepegaeTcs Ha Bxond. Kaxpmas u3
NMOCTPOEHHBIX TablHy COXEPKHUT M0 5 nmonnslX ycToHuuBeIX cocTognu#. Ho
ecnu uoxkmo0uMTh cnydad SR = 11 (SR=00), To 3TO He NPOTHBOPEUMT
BucTabuiapHOCTH sueHxu, ubo ee BHYTpeHHee COCTOAHHE oOIpenengerci
TONBKO BEKTOPOM <Q,Q>: QQ =10~ cocToanue 1; 01~ coctoanue 0.

Cnywa#t SR = 00 (SR=11) oTBeuaeT pexuMy XpaHeHHS (BIOKHPOBKa
Auefikn). CTAUHOHAPHO B 3TOM pEXHUMeE TPHITEP HAXOJHTCA B ONHOM H3
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OBYX CBOHX YCTOHYMBBIX BHYTpeHHHX cocTosaHui — 0 unu 1. Tako# BeIBOX
HEMOCPEACTBEHHO CIeNyeT M3 BBIABIEHHOTO paHee QakTa CTAHAAPTH3AUHHK
CHTHalbHBIX NMOTEHIHANIOB B LEMNOYKE OAHOTHIOHEIX 3neMeHTOB (cM. §2.2).
JelicTBHTENHHO, HaIHYME NONOKHTENbHOH o6paTHOM CBA3M ITO3BONAET
paccMatrpuBaTh OGucTabHnbHYH fd9eiky kak OGeCKOHEYHY LENouKky
9NMeMEeHTOB. OOHOBpeMeHHAad aKTHBH3AaLHA 060MX HHOOPMALHOHHBIX
BxonoB RS-tpurrepa (SR=11 nu6o SR=00) HemonycTuMa W3-3a JOTHUECKOH
HEIIpeACKa3yeMOCTH €€ IOCIEAYIIIEro COCTOAHHA B DPEXHME XPAHEHHA.
3pece Bce OGymer 3aBHCETh OT COOTHOIIEHHA 3afiepXeK DIEMEHTOB
(cm. §3.2).

KaHoHHueckoe IpejcTaBiieHde TPUrrepHodl cxempl. B uudposoi
TEXHHKE TPUITEPOM HA3BIBAIOT CXEMY € HEKOTOPHIM MHOMXKECTBOM BXOJOB
[=<Xx,, X,,...> H, KaK NpaBuNO, IByMA BBIXOJAMH — OpAMBIM Q ¥ HHBEPCHBLIM

Q. B uacTHmX clIy9asXx OZHH M3 BHIXOLOB MOXeET OTCYTCTBOBATD.
HonyckawTcs ciefylolHe pexuMbl paboThl 3TOH cxeMbl:
1. YeraHoBKa HYJIEBOIO COCTOAHHA.
2. YcTaHOBKA eXHHHYHOIO COCTOAHHA.
3. H3MeHeHHE COCTOSHUS.
4. CoxpaHeHHE COCTOSHHA (PEXKHUM XpaHEHHA).
Kaxpomy pexuMy oTBedaer nelcTBHE ONpeleNeHHOH MOCHeN0BATENbHOCTH
BXOJHBIX HaGopoB. B KOHKPETHBIX CXeMaX HEKOTOpble M3 PEOKUMOB 1-3
MOT'YT OTCYTCTBOBATb.
ITycTs, HampuMep, Bce 4 pexuMa HMEIT MECTO, @ HHHIHHPYIOLHE HX
BXOIHbIE NMOCIENOBATEIBHOCTH TAKOBBI!
I=<x,%,x;,>= xx0-010-011-010 - pexum I,
xx0 - 100 - 101 - 100 - pexum 2;
xx0 - 110-111-110 - pexum 3;
xx0 - xx0 - xx0 - ... - pexum 4.
3oecs cuMBoNoM "x" o6osHauaerca Oe3pasnMYHOE COCTOSAHHE BXOMA.
B 3ToM mpuMepe MOXHO BRIJEIHTH IBE TPYIINBI BXOJOB: HHPOpMALIHOHHbIE—
X;, X; H YOpaBIfIOmMHE — X,. [lepexsnioyeHne TPUITepa MOXKeET INPOHU30HTH
TONBKO npu NOCTYIIEHHH UMIIyJbCa Ha ynpasnsomuit
(cuuxporusupyromuit) Bxox. IIpu atom xomGuuaums x,x, = 01 orTmewaer
yCcTaHOBKe HyNs, 10— ycTaHOBKe €IRMHHLEI, 11~ M3MEHEHHIO COCTOSMHHA HA
nporusomonoxHoe. [elictBHe mo60H BXOJHOM TOCIEXOBATENBLHOCTH
3aBepIraeTci NEepexoloM K pexXHMy XpaHeHHs. DTO XapakTepHo.
CormacHo oNpeReNeHHIO TPHITEP MOXeT OHITH IpescTaBieH OXHON H3
KaHOHH4YEeCKHX Onok-cxem (pmc.2.11,a,6). 3mecs BSA —~ O6ucrabunsuas
aqefika, YC - ympamnsromas cxeMa, OC — uenu o6paTHoit cBA3M.
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bucrabunpHasg sdeiixa (BHYTpeHHAS naMaTh) HeoOXoxHMa OJI pealM3alluy
peXHMa XpaHEeHHA.
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Vupasnsiomas cxeMa CIYXHUT AIf BEIpaGOTKH CATHANOB BO3GYXIEHHS
S, R (S, R) B COOTBETCTBUH C JIOTMKO# (QYHKUHOHMPOBAHHA TpPHIrepa.
Lleny o6paTHOM CBA3M HEOBXOMUMEL NS peanusauuu pexuma 3. [lpu atom,
yTo6bl  CHATL  OrpaHHYeHHe  Ha  MaKCHMalbHYI  INHTENBHOCTH
cuaxpoumnyinsca (CH), » cocrap YC mBogar eme oxHy BS - ocHopHymO
M (master) B JomoNHEHHe K  paHee BBENeHHOH — BCIOMOraTeJbHOH
S (slave). Takyio cxemy HaseiBarOT MS-Tpurrepom [36,56], unu Tpurrepom
¢ XBOHHOH MaMATHIO (ABYXCTYHNEHYATHIM).

Iluxkn paGorer MS-tpurrepa pasbusaeTcds Ha [Ba [OJYyTaKTa:
akTuBHHH (ects CH) u xpanenns ("er CH). B akTuBHOM mnonyTrakte
tTpurrep M pearHpyeT Ha BXOJHOE Bo3JeicTBHE, a TpuUrrep S 6I0KMpPOBaH.
B nonyrakTe XpaHeHus OnokHpyercs Tpurrep M, H ero cocTosHue
nepenaercs Tpurrepy S. OO6bIYHO (QYHKLUMOHHpPOBaHHE UHGPOBBIX
ycTpoHCcTB OpraHH3yeTcs TaKUM obpasoM, 49T0 COCTOSHHUS
HHGOpPMallHOHHBIX BXOMOB TPHITepa QOPMHPYIOTCA B PEXHME XPAHEHHA H
HEH3MEHHB B aKTHBHOM nojyrakte. [IpH 5TOM B 3aBHCHMOCTH OT
NONAPHOCTH CHHXPOCHTHANA COCTOSHHE BBHIXOHA MOXKET MEHATHCA IIO cpesy
unn 1o ¢pouty CH. CoOoTBETCTBEHHO TOBOPAT O JHHAMHYECKOM
ylOpaBieHHH no GpoHTY uau no cpesy (puc.2.11,B; DpHHATas CHMBOJIMKA
VI'O mns o6o3HayeHds Toro U apyroro). B omnocrynenyarsix cxemax (YC
He cogepxur BSI) ynpaBneHdHe Bcerjga NOTeHUHalbHOe — IpsMoe nubo
uaBepcHoe (puc.2.11,r).

Pa3HOBHMIHOCTH TPHITEPHBIX CXeM. B 0CHOBHOM, COBpEMEHHEBIE
TPHUITEPHI HCIONB3YIOT  BHEIIHK CHHXPOHH3AIIHIO. HarnsaHas
MHTEpNpeTauus abcTpakTHOrO MOHATHSA TAKTa JIA CNydaeB MONOKHTENbHBIX
u orpunarensinix CH npgama ma puc.2.1l,me. IIpy mnoTeHuHaNbHOM
yNpaBlieHHH NepeKII0UeHHe TPHITEPd NMPOUCXOAHT Cpasy MO IOCTYNNEHHHU
CH. TeMm =He MeHee, BXOZHble HHGOPMALMOHHBIE CHI'HANbl JOJKHBI
0CTaBaThbCs HEH3MEHHBIMH BIUIOTh IO €ro OKOHYAHHA. DTO HeoGX0oZHMO,
HaOpHMep, ANA pealu3aluy Haed "samenku" (cMm. ganee). BoiGop ycnoBHo#
CpaHHLBl ABYX TAKTOB ONMHAKOB [ NHHAMHYECKOrO0 H NOTEHLHalbHOro
ynpaBleHUH. ACHHXDOHHBIE TPHITEPhl 'MEHEE paclpoCTpaHeHsl. B HHX
mepexox K CIERYHUEeMY TakTy CBA3aH C HM3MEHEHHeM BXOJHOro Habopa
(npumep BJSI). [Jlanmee paccMaTpHBAalOTCAd MCKIIOYHMTEIBHO CHHXPOHHBIE
TpUrrepel. Bompockl acHHXPOHHOTO (YHKIMOHHPOBAHHA H3JATAlOTCH B
ria.3.

Tpurrepsi, Jnf KOTOPHIX PEXHM 3 OTCYTCTBYET, BBILENAIOTCH B ONHY
rpynay. 3to RS- u D (DV)-Tpurrepsr. B ogHoCTYneHYaTOM BapHaHTE OHH
npegensHo mnpocTsl (puc.2.11,%,3). BaxHBIM [N MHKPOCXEMOTEXHHKH
npeaMymecTsoM D-rpurrepa nepen RS-TpHrrepom ssisercs Halvuue
BCEro JHMIUL ONHOro HHGOPMAIMOHHOr0 BX0oJa (2T0 MO3BONAET B KOpIyce ¢
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JNaHHBIM YHCJIOM BBIBOXOB pa3MeCTHTh Oonblue Tpurrepos). CurHan Ha
Bpixofe B TakTe "k+1" noBTopser 3gech BXOAHOM cHrHam B rtakte "k":
Q“'=D*. TTosToMy Tako#l TPUITEP YACTO HA3LIBAIOT HAEMEHTOM 3AKEPIKKH
Ha TakT. Ho B IaHHOM Cllyyae HMEETCs B BUIY HE 3JIEKTPHYECKAd 3afepPKKa
(cm. §1.2), a nornyeckas rpaHuua Mexnay Ttakramu. Wusorpa Bxon C
0603HaYaroT KaK V ¢ BBEJIEHHEM MOHATHA ACHHXPOHHOro DV-tpurrepa, niu
"samenku": 10 OKOHYAHMM pa3pelarIlero HMIOynsca V B TpHITEpE
NPOUCXOAHUT "3alleNKHBaHHe" HHOOPMALHH, NOAAHHO paHee Ha BXOL.

OThensHYI0 TpPynnmy COCTABNAIOT TPHUITEPH, B KOTOPBIX DPEXKHM 3
umeeT MecTo. D10 Tpurrepsl THna T w JK. T-Tpurrep O CYUETHBIM BXOLOM
T paboraer B pexumax 3 u 4. ITpu 2ToM BCAKHH pa3s, KOTHA K TPHXOLY
ouepennoro CH 3snauenne T=], BHyTpeHHEe COCTOSHME TPHITEPA MEHAETCS
Ha nporuBonmonoxkunoe. Ha  Bpemenrnx  guarpammax  puc.2.11l,u
IIpeAcTaBleH clydali NHHAMHYecKOro ynpabneHus no cpesy CH. B JK-
tpurrepe Bxon J moxmoGen Bxomy S s RS-rpurrepe, a Bxox K noxoben
sxony R. Ortnuyme B Tom, uto mna JK-tpurrepa uabop JK=11 ssasercs
paspeweyssiM. TIpy  3ToM  cOCTOfHME  Tpurrepa  MeHseTcH  Ha
nporusononoxHoe. [Tonarag J = K = T, nonywaem T-tpurrep. Ecmu J =
K =R u JK=11, ro umeem RS-rpurrep. B cnyyae ] = D u K =
npaxoguM x D-Tpurrepy.

Takum ofpaszoM, ecTs BCe ocHoBaHHs cuurtars JK-Tpurrep
YHHBEPCANBHEIM. Bo-nepBeiX, B TOM CMbIC/e, YTO B HEM PEANH3yIOTCA Bee 4
pexuma. Bo-BTOpHIX, MOTOMY 4TO MpOCTOH BHeWHe#d KOMMYyTauuel ero
MOXHO HACTPOHTR Ha peanusanuio GyHKuuM Apyrux Tpurrepos. 3pech
eCTECTBEHEH BOIIPOC: 3ayeM ajanTEpoBaTh  CTOJNb CHOXHYIO
OBYXCTYIEHYATYIO CXEMY K BHIIONHEHHK (YHKLUH, KOTOpBIE MOrYT OblTh
peanuzosaHnl Gonee OpOCTHIMH  TpurrepaMu? lemo B TOM, 4TO
MCIONB30BaHME OJHOCTYNEeHUaTsXx RS- u D-Tpurrepos B omnepaLHOHHLIX
ycTpoHcTBAaX OKa3blBaeTCsd 3aTPYAHHTENBHBIM. PaccMOTpHM, HaIpuMEp,
CIBUTOBLIH perucTp puc.2.11,x. Mycrs ero Ha4aJbHOE
coctosune Q,Q,Q,=010, Ha »BXox mnopaercs X = | M JJIUTEIBHOCTH
CHHXDOHMIYIbCa 1;St.<$2ty, I'Ae t; — 3amepxika Tpurrepa. Torza mo
okouyanuy CH  BMecTo mpaBmabHoro QQ,Q,=101 MoOXceM TONYYHUTb

Q,Q,Q;=110.

Bor nouemy MS-nmocTpoenne mone3Ho s Jo0Oro THMA TpHITepa.
[pu atom D-rpurrep oxasplBaeTCi 4YacTHYHO YHHBEpCalnbHBIM, HOO
BBefeHHe oOpaTHoM cBA3M (myHkTHp BHH3Y puc.2.1l,k; TT osnavaer
IOBYXCTYIEHYATOCT) HEPEBONHT €ro B PEXKHM 3 CO 3HAYEHHMEM YCIOBHOIO
pxoa T = 1. CoBpeMeHHBIE TPHITEPHEIE MHKPOCXEMBl BBINYCKAIOTCA, B
OCHOBHOM, HBYX THHNOB — JK m D. Bce OHM CHHXpOHHBIE, ACHHXPOHHBIH

S,
D
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OPHHIHUI peagu3oBaH NHIB B Mukpocxemax K(KM)555TP2 w KP1533TP2
tana RS. Ouu npuMmeHAOTCS B XKavecTBe BSI AN MOCTPOEHMS TPHUITEPHBIX
CXeM, KOTOPEIX HeT B CEpHHHBIX BapHaHTaX.
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Mukpocxempl JK- 1 D-TpHrrepos

: Mukpocxempr JK-Tpurrepos coxepxar | nu6o 2, a D-tpurrepos - 2, 4
‘w maxe 6 Tpurrepos B kopnyce. Beero B cepusx TTJI umeercs 6 Tumos
mepBHIX M 5 THIOB BTOPEIX. HHXe paccMaTpHBAIOTCS JNHINE HEKOTOPEIE W3
HHX.

Ipenmer paccmorpenus. OCHOBHOe BHHMaHHe B 9STOM pasjene
ylenseTcs NMPHHUMNAM NOoCTpoeHuA Tpurrepos Tamos TB1, TB1S (JK) u
TM2 (D). Tlepsrie nBa THIA KMEIOTCK ToNbKo B cepun K155 (TB15 - eme u
B cepun KP1533), Tpernit - npakTHueckn Bo Bcex cepuax TTJI. Jloruueckas
crpykrypa TB1 (omum JK-Tpurrep B Kopnyce, cO CIIOXHOH BXOZHOKM
JIOTHKOH) pasHbBIMH aBTOPAaMH TPaxkTyeTcs HeoauHakoBo. Hampumep, B [39]
yTBEpKAaeTCs Hanuyuwe B cxeme uuHBepcum no C. Tor xe Tpurrep
paccmaTpuBaercs B [40] kak cxema ¢ 3ampemaliMy CBA3AMH [53,56,57].
DKCIIepHMEHTH T10Ka3bIBAIOT, YTO AEHACTBHTENLHAS pealu3alHs OTIHYAeTCs
otT npuBejgenHsx B [39,40]. Kax 6m TO HH OblNO, HpepcTaBisercs
nenecoo6pasHeIM paccMoTpeTh 06a ykasanHHX crnocoba. Mukpocxema TM2
(2 Tpurrepa B Kopmyce) — 3TO OJHa M3 HauGosee yHNauHBIX TPUITEPHBIX
MukpocxeM. Mnes ee mocTpoeHMa HCnoNs30BaHa M B Tpurrepe TB15 (Takxe
2 Tpurrepa B Kopmyce).

YT'O paccMarpHBaeMblX TPUITEpoB NnokasaHsl Ha pHc.2.12,a. Tpurrep
TB! mMmeerT muHaMHyeckoe ynpasieHue no cpedy, a TM2 u TBI5 - no
dpouty CH. Ha Bxoas S u R nopjaloTcs CHrHANLL aCHHXPOHHOH YCTAHOBKH.
OTH CHrHalkl MMeKT Haupsicluuit npuopurer. Ilosd ACHHXPOHHOTO H
cuHXpoHHOro ynpasneuu#t B YI'O paspenemsl. Cumponuka &J u &K
03HAYaeT KOHBIOHKTHBHOE 06BEeTHHENHE COOTBETCTBYIOMHMX BXOJOB: J:/i\Ii

u K=AK;, ie{l3}. XapakTepHO, 4YTO HEKOTOpble &BTOPH T0AAralT
1

tpurrepst TM2 n TB15 opHocrynenuarsiMd, YOeNHTENbHBIM AOBOAOM
HPOTHB TAKOrO MHEHHA ABIAETCH JOTHYECKAs 3KBHBANEHTHOCTH CTPYKTYpBI
TM2 npu D=Q cxeme ¢ 3anpemaomuny cBassmu [55].

Kanonuueckue npexncrasiaenus JK-rpurrepos. B xauecTse TpHUITEPOB
M 1 S poifepeM acHMHXPOHHBIE RS-TpHITEpsl C MHBEPCHBIM YIpaBlCHHEM.
OyHkuuY BO3GYXmeHns S ¥ R OCHOBHOTO TpHITepa M ompemenatcs H3
Tabmuue Ha puc.2.12,6

§=1Q; R=KQ.

JlBa BO3MOXHHIX BapHaHTa GNOKMPOBKH TpHITEpa S BO Bpems AeHcreua CH
nokasansl Ha puc.2.12,8. B pepxHeM BapHaHTe B KayecTBE CHIHAJIOB
6roKkMpOBKH Mcnmods3yercds MmBepcus C. B HEXHeM ~  CHTHAaJB
BO36yxaeHHs S W R Tpurrepa M (rak HaspiBaeMas CXeMa C
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3anpemaroiME CBA3AME). PaHee yXe roBOpHIOCh, 4TO obe 3TH cXxeMbl B
PaBHOH Mepe MPEeTEHIYIOT Ha npeAacTaBuTenscTeo B TB1.

Ho ectb eme opuH BapuaHT. OH CcB06OJEH OT HENOCTATKOB,
npucymuax nepsbeiM aAByM (cM. §3.4). CyTs ero COCTOHT B CHEXYIOWIEM.
BrnoxupoBka tpurrepa S mnpm C = 1 MoxeT OHTB HOCTHrHYTa B CXeMe
puc.2.12,r (BBepxy). dng 3ToH cxemsl

Q=(QuvOQ=Q,QvCQ; Q=(QuvOR=Q.QvCQ.
CoorsercrByromas peamusanus JK-tpurrepa B 6asmce HW-WJIWU-HE
nokasaga BHH3Y pHc.2.12,r BMECTe C LEeNnsMHM aCHHXPOHHOH yCTaHOBKH II0

curganaM Sac, Rac. IlofuepkHeM, 4TO Takas ycTaHOBKa obs3aTenbHa B
oboux Tpurrepax— M u S.

Hpurnune  pocrpoenus TM2, TBI15. 3a ocHOBY pacCMOTpeHHS
BO3bMEM ONHOCTYyNeHyaThlif mpoToTun D-tpurrepa (puc.2.12,m; aneMeHTHl
1-4). HenocraTrox ero HCIOJNb30BAHHA B aHaluM3HpoBaBIIeHCs paHee cXxeMme
casurosoro perucrpa (puc.2.11,K) cocTouT B TOM, 4T0o curHan D (¢ Brixona
NpejplIyUiero TPUITEpa) MOXET M3MEHHThCA BO BpeMs HeHcTBUA
cugxpocuruana C  OAUTENbHOCTBIO tc. IloaToMy ecTs omacHoCTh
nosToprHoro (omuOOYHOro) nepexNrOueHus tpurrepa. [ CHUXEHHA
KPUTHYHOCTH perdcTpa K BeNHYHHE (2* npomaguM curHan D me

HENOCPEeJCTBEHHO Ha 3JEMEHT 4, a yepe3s JBa NPOMEXYTOYHAIX HHBEpTOpPA —
31eMeHTBl 5 H 6. UTOGH MOIHOCTBIO YCTPaHHTh OTPaHHYEHHE Ha (2™,
opraHM3yeM cBoeoGpasznele "samenku" (puc.2.12,8; OYHKTHPHbLIE CBA3H
MeXOy aneMenraMu 3, 5 1 4, 6).

Wpes cocToHT B cnenymmeM. ITycts D~ unpopMaUMOHHbBIA CHrHa,
nJefcTBylomui Ha Bxome B MoMmeHT ¢porra CH. Toria no OKOHYAaHHH
NEPEeXOAHBIX INPOHECCOB HA BHIXONAX 3JIEMEHTOB 3-6 HCXODHOM CcXeMBI
YCTAHOBATCA CHIHAJB, [OKa3’aHHele Ha pucyHke. ONHOBPEMEHHO, INpH
BBENCHHH IYHKTHPHBIX OOpaTHRIX cBasel, cpabotaror "samenxku": Ha
sneMeHTax 3, 5 (mpu D = 0) nubo Ha snemenrax 4, 6 (mpu D = 1)
JaneHefimue H3MeHEHHA BXOJHOro cHrHana D Be O6yayr BIuMATH Ha
COCTOAHHE TpHUrrepa, NOKa HE IOCTYIHT OYepeXHOH MONOXHTENbHBIH
nepenag CH.

Taxum o6pasoMm, "uHTepBan npospaysHocTH" (YYBCTBUTENBHOCTH
TPUIrepa KO BXOSHBIM H3MEHEHMAM) 3aHUMAeT AHIL HeGONBINYI0 YACTh
TakTa B IpaBoli okpecTHocTH ¢poHta CH. Pasmep 3TOH OKPECTHOCTH
ompefeneH 3afepXKoH nepekmodeHHs sneMmentos 3 u 4. [lonyuennas
cXeMa HONONHEHa [eNnsMH acHHXPDOHHOM ycTaHOBKH. B TakoM Buae oHa
BIIOJIHE O0TBeYaeT Tpurrepy TM2.

Peanusanua TB15 mcmonesyer TOoT e npHHUMN. B naHHOM ciyuae
Bxoxn D moruyeckn onpenened rabirueit Ha puc.2.12,6 (cM. cronbeu D).
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D=JQVvKQ.

CooTBercrayromas TPaHCHOPMALHA dIEMEHTA 5 BH/ENEHA NYHKTHPOM
BHH3Y puc.2.12,n1. B ocTankHOM cXxema nosropser TM2.

3amevaHus 1mo Npyrum MukpocxeMawm.. JK-tpurreps:t Tuma TB6,
TB9-11 Takke ucmonb3yloT ABYXCTyNeHYaThift npunnnn. Ho tpurrep M xak
TaKOBOH B HuUX oTcyTcTByeT. Bo Bpems peltcteus CU Tpurrep S (BA)
cornacio cBoeMy cTatycy OGmokuposan. Ilpu a3ToM Jana  Hero
BrlpalaTeiBalOTCA  TPABHIbHBIE  CHTHamel  BO3ByXJAeHus. Braromaps
HHEPUHOHHOCTH 3JEMEHTOB 3TH CHTHANB COXPAHSIOTCA HEH3IMEHHBLIMH TpH
nepekniogennu b, a 3aTeM cTaHOBATCH maccHBHBIMH. B pame tunos (3o
kacaercs u D-TpHrrepa) HCHONb3yeTCs IHIIL ONMH BXOH ACHHXPOHHOM
ycTaHOBKH (Suc THE60 Rac). [IpH 3TOM Apyroif BXOX nojaraeTcs maccHBHEIM.
B HexoTopeIX MHKpocxeMax D-TpHUITepoB HeT UHBEPCHHIX BBIXONOB JHGO
ucnonbiyerca obwee ynpasnendHe. Mukpocxemsl TMS5,7  aBasoTcs
ONHOCTYNEHYATHIMH ¢ HOTEHNHMANBHBIM yrpaBlieHdeM. OHM NpeACTaBIAOT
HabOoPHI 3ameNox.

Ipocrelimue perakcaTopsl

Ipumenenue nuHeHpix UC (YCHIUTENBHBIX HIM KTIOYEBBIX KACKANOB
C PpPE3HCTHBHO-EMKOCTHBIMM CBA3iMH) B KOMOMHAUMH C "HaBeCHBIMH"
KOMIOHeHTaMH (KOHZEHCATOpPaMH, HMIYIbCHBIME TpaHcdOpMaToOpamu)
IT03BOJIAET peaNu30BaTh OOBIYHBIE CXEMBl MYNBLTHBHOGPATOPOB H GJIOKHHI-
renepatopos [58]. B uudposoit annmaparype mnpeamouTeHHe OTHAKOT
norgdeckuM MC. TeHeparopsl HMIOYNLCOB Ha HX OCHOBE 0o6NagamwT
onpelneneHHofi cneuHpuKoi.

Kanonnyeckue cxempl. Cpenu HC-reHepaTopoB NpHHATO pa3nuvarsd
dbopmuposarTen "KOPOTKHX" HMIYNBCOB HO HPOHTY U Cpe3y BXOMHOTO
CHI'HAnma H pellakcaTopsl B IKAYWEM M apTOKoje6aTeJbHOM pexHMaXx.
Kanonnueckne cxemel ¢opMmuposareneit (puc.2.13,a — mno QpoHTy;
puc.2,13,6 - no cpesy) CODEPKaT MHBEPTOP — 3MEMEHT 1 M BRIXONHOM
aneMenT U-HE (MJINU-HE) ~ snement 2. [TocmemosaTenbHO C
MHBEPTOPOM BKIIOYAIOT 3NeMeHT 3adepxxy D. B wactHom ciaywae 3TO
LenovKa M3 YeTHOTO YHCIa HHBEpPTOPOB, COGNMHEHHBIX KAacKaJHO.
HINHTEeNBHOCTD HMIYJILCA Ha BHIXOJE tyy = {3 cp + 1y, THE tycp U to— 3aAEPKKH
uuBepTOpa M snementa D. 3ampixanueM "xonsua" (puc.2.13,a, DYHKTHP)
MOJy4al0T CXEMY aBTOTeHepaTopa, CKBAXHOCTh HMIYNIbCOB KQTOporo N =2.

®dyuxndio aneMmenta D Moxer BuomonHaTe RC-uens (puc.2.13,s,r).
B HcxomHoM COCTOSHMH 37eMEHT 2 3aKkphiT, eMmkoecth C  3apsikeHa,
Uq(0)=Up,x (3mecs H panee wucnonb3oBanel o6ospavenms §2.1). Ilpu
HaJMYMH BXOJHOIO nepenana d3IeMeHT 2 oTKphiBaeTcs. HauunaeTcs paspan
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Puc. 2.13

eMKkocTH. DOPMHPOBAHHE HMUYNHCA HA BHIXOLE 3aBepliacTCA, KAK TONBKO
Ug = Upyy- CoOTBeTCTBEHHO

t,, = CRin o = Ue(®) R
H2 - »

Uax,n -—UC(OO)’ UC(CO)= Eﬂ R+R| ’
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€C/IH ANMTENbHOCTh BXOMHOTO MMIYJIBCA 1, 21,,. BenyunHa R orpapuyeHa
CBEPXY YC/JOBHEM 3aKpPhlBAHMA OJJNEMEHTa 2 [0 OKOHYUAHHH pa3pind
emMKogTH: Ug(e) <Upyy, T €. R<R,/(En/U',,xn—1).

B cxemax xnymux penakcaropos (pmc.2.13,1,e) mnepsosauajibHO
3JIeMeHT | 3aKpHIT, 3eMEHT 2 OTKPHT, eMKOCTh C mpakTuuecky paspsiKeHa
(B neHCTBUTENBHOCTH Ha HeH WMeEETCH HEKOTOpOe HauanbHOe HaNpsIKEeHHE
o6paTtHol mosaprocTH). OTpHUIATenbHBIH BXOAHON UMOYNLC MNepeBOAHT
CXeMY BO BpPEMEHHOYCTOHYHBOE COCTOAHHE, [IJHTENBHOCTH KOTOPOro
onpenenseTcs OpoueccoM 3apAna  eMkocTH. [lo  yCHOBHIO  ty, <tys-
B npoTHBHOM ciyyae HMEEM asanor pPaccMOTPEHHOrO0 paHee
(hopMHpPOBATENA HEPEreHEPATHBHOTO THIA.

Hna cxeMsl ¢ 3a3eMIEHHBIM conpoTHBIeHueM R (puc.2.13,n)

. U +Uc(0) R R .
tyy = C(Riyy + R) I~ =F, ——
2 = C(Ryyy +R) n[ U R+ Ry |’ Uc(0) =E, R+R, <Upgp

BennunHa 10X 3HAKOM JNorapudma JoJxHA OBITh 6GONblle eXHHHIEI
(ycnoBde OTKpBIBAHHA 3leMeHTa | B MOMEHT Havana GOpMHpOBAHHS
HMIIY/bCa Ha BEIX0Je). DTO HaKNaAbIBAET NONOJHHTENBHOE OrPaHHUYEHHE HA
R cuusy. Tak 4ro 3nech
RBNX Rl
T T <R< ; .
[Unux + Uc(o)]/Uax.u =1 Eq/Upen ~1

B cxewme (puc.2.13,¢e)

En‘Uc(O)
EH"U.BXI!
BoccTaHOBIEHHE HCXORHOTO COCTOAHHA CBA3aHO ¢ OBICTPBIM pa3psanOM
eMKOCTH yepe3 oTKpuThH auon .

AHalIOTHYHO IIOCTpOGHA M cxeMa aBToreseparopa (puc.2.13,x).
[lycTs B HCXOJHOM COCTOSHHMM 3JIeMEHT | 3aKpBIT, 2JMEMEHT 2 OTKPLIT,
emxocte C, paspsxena, C, 3apaxeHa. BeicTphiff paspan emxoctH C,
npoucxoduT wuepes oTkphIThIH muox M. Tlo wmepe sapanma emxoctu C,
yMeHblHaeTcs MoTeHuMan Bxoma smemenrta 2. Ipu Uy, =U, B cXxeme
BO3HHKAET pereHepamu. CooTBETCTBEHHO JIUTENLHOCTH
BPEMEHHOYCTOHYHBEIX COCTOSHHH onpenensloTea aHaNOrM4HO
ONUTENBHOCTH HMITyasca B cxeme (puc.2.13,x) mpH Tex ke OrpaHHYEHHAX
Ha BenuunHy R.

Ilyers C,>C,. Torpa Gonemas emxocts C, HoMWKHA YCHETEH
paspAOuThCs 3a BpeMd 3apana MenpweH. [ToaToMy MakCUMaNIbHOE 3HAYEHHE

ty = C(RJIR)In » Ue(0) = By = Upye < Uper-

CKBAaXHOCTH N, =1+4(C,/C,)  3aBMCHT 0T BbIGOpa AHOZOB W HE MpEBBILUAET

max

obmuyno 20 [58). Jna HCKMIOYEHHS COCTOSHHA, Korga oba sneMeHTa
3aKpHITEL U 06€ eMKOCTH 3apsAXeHH, BBOAAT aaeMeHTH 3 B 4 (puc.2.13,k,
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nyukTup; kiarwoy K ~ B monoxenuu 2). Hanudame uX rapaHtapyeT B
YKa3aHHOHW CHTyaluH NPHHYNHUTEJIbHOE OTKPHIBAHHE 3JIEMEHTa 2 Ha BpeMs
paspsna emxoctd C, ¥ mansHeiiliee HOPMANLHOE MPOTEKAHHME MPOUECCOR B
cxeMe.

B »toM cmpiciie Gonee yfadHa cxema aBToreHeparopa (puc.2.13,3)
[63] ua ocuose TTJI-MC "c oTkphITEIM KoanekrtopoM". IlycTte B McXOOHOM
COCTOSHHMM 3JIEMEHTHL 3 H 2 3aKpBITEI, 3NeMeHT | OTkpeIT, emkocTs C
paspsixeHa. B mpouecce ee 3apsna, Kak TONbkKO Ug=Upye,, dIeMeHT 2
HayMHAeT  OTKPHIBAThCA. PereHepaTHBHEIH  mpouecc  3aBepmaeTcs
3akpeiBaHeM oajiemeHTa 1. HoBoe BpeMeHHOYCTOHYHBOE cocTOsHHE
cTabHNU3HpYeT MOTEHUHAN BXOAa 3JIEMEHTa 3 MPHMEPHO Ha ypoBHE Uy,
MOCKOMBKY O3TOT 3JeMeHT BMecTe ¢ eMkocTeio C  obpasyer 3jecs
KOMITEHCALHOHHBIA reHeparop JIUH (nuHelHO H3MEHAIOIErocs
HanmpsAXeHHA) ¢ oTpHuaTensHol obpaTtHoit ceassio [2]. Ilpoucxomut

nuHe#AHBIH  pa3psl  €MKOCTH TOKOM (Ep=Upxn) /R, OuepenHoe
nepexioYeHAe uMeeT MecTo NpH U, =0. COOTBETCTBEHHO
E Ugxn
t, ~CR In0—=%—; t, =xCR,—20—
! Ep-Uskn Eq ~Usgn

PaboTy cxeMBl HIIOCTPUPYIOT BpeMeHHEIe fuarpaMmsl (puc.2.13,u).

HUC-reneparoper ¢ _6ucrabunenol guefikof. B npomecce 3zapsnma
BpeMs3ajalomeii €MKOCTH B cxemax pHc.2.13,1,5 NPOHCXOAHT HapacTaHHe
BEPIIMHBl HMIYNbCa HAa BBIXOJE, K KOTOPOMY 3Ta ©MKOCTh MOJKIIOUeHa.
HcnonpzoBanne 6ucTabunbHOR sfYelikH NDO3BONAET MNONYYHTH Ha 060HUX
BEIXOJAX pellakcaTopa MpPAMOYrOJNbHBIe HMMIYJAsChl. HX amnuTenbrocts
OmpeneNAeTcs MOMEHTAMH IOCTYTUIEHHA COOTBETCTBYIOWIMX NOTEHUHANOB
Ha ycTaHOBOYHble BXoAsl tpurrepa T (puc.2.14,8,r). B xmymem
pelakcaTope OJHH M3 3THX CHIHANOB IOJAETCA HENOCPENCTBEHHO CO BXOOa
ycrpoiicTa, Apyrod GOpMHpYeTCs CeUMalbHbIM TOTHYECKHM (IIOPOTOBLIM)
37€MEHTOM BHYTPH CaMOH CXEMBl II0 OKOHYAaHHH B HeH penaxcalHOHHOIO
npouecca. bBucTabuiabHBIE A4YeHKH IPHMEHAT MK B [pOCTEHINMX
fespeMKOCTHBIX QopMHpoBaTensax (puc.2.14,a,6). Ux pons ceonguTcsa 3mecs
K YMEGHBOIEHHIO YHCIA HCIIOJNB3YEMBIX 3JeMEHTOB [pPH TOH Keé BeJlH4YHHe
ty, =3t , 9TO H paHee (cM. puc.2.13,a,6).

B cxeme xaymero penakcaropa (puc.2.14,B) mnpu OTCYTCTBHH
BXOXHOTO (OTPHIATENBHOr0) HMIYJNbCA 3TEMEHT 3 OTKpPHIT, 3MEMEHTH | H
2 3akphITH, eMkocTs C paspaxena. C NOCTymJieHHeM BXOJHOrO CHTHala
aneMeHT 3 W auon [ 3aKkpeIBAalOTCH, dMeMEeHT 2 oTKphiT. Hauunaerca sapag
emkocTH C uepes mepexonx sMUTTED - 6aza MOT snementa 1. Kak Tonpko
Us(t)=Upyn, TMPOMCXOZHT HOBOE IEPEKTIOYEHHE CXEMBI, €CIU K ITOMY
MOMEHTY BXOZHOH HMIYJNbC 3aBepIIeH (B IPOTHBHOM cly4ae BIIOTH 0O
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Puc. 2.14

OKOHYAHHA BXOHHOro CHIHanma Ha O0GOHX BBIXOZAX MMEEM BHICOKHE
MOTEHUHANILHBIE YPOBHH). A TOTOMY

ty, =CR, l“[(En =Up)/(Ep = Upyp )], by <ty
3nech U“ ~ HalpsHKeHHEe Ha OTKPLITOM LHOJe. BoccTaHoBNeHHE HCXQOHOIrO

COCTOSHHSA CBA3aHO ¢ GBICTPBIM pas3psaoM eMKOCTH 4epe3 auoi X u Maloe
BBIXOJJHOE CONPOTHBIEHHE OTKpHITOro ameMmenta 3. [Ina craGundsauuu
BEJIMYHHBl t,, BKJIIOYAIOT CPAaBHUTENILHO HH3KOOMHYIO Uemb 3apsia
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(puc.2.14,8, myHKTHDP; R <<Ry =R,). [Ipn 3ToM HOBas NOCTOSHHAX BpeMeHH

pasHa CR.

ABTOKONEOATENBHEH  pexHM peanus3yeTcs  MEepexoxoM K
cuMMeTpruHoit cxeme (puc.2.14,r). Ilycth B HCXOZHOM COCTOSHHK
7eMEeHTHl 2 H 4 OTKpHITH, O3JeMEHTHl 3 H | 3aKkpeiTH, eMKocTh C,

paspaxeHa, C, aapsxenHa. OTKpHITOE COCTOSHHE 2JEMEHTA 4 CKOPOTEYHO
(puc.2.14,1). Ono 3aBepaercs ¢ GbICTpBIM paspsagoM eMkocTH C, depes
Majoe BHIXOJHOE COIPOTHBIECHHE OTKpEITOro aneMenta 2. Llenr 3zapsana
emkoctH C, Ta Xxe, 4T0 ¥ paHee. IIpu U, =U,,, HAYHHAETCH lIEPEKIIOYECHUE
CXeMBl B HOBOC BpeMEHHOYCTOHYHBOe cocTosHHe. lanpHelmne npoueccs
NpoTeKalT aHalornyHo (puc.2.14,x). Benuaunn

t,2 =CyRI[(By = Up) /(B = Upg)} R<<R,.
Kax u panmee (cMm. puc.2.13,%), BO3MOXHO yCTOHYHBOE COCTOSHHE, KOIrZa

06e eMKOCTH 3apsUKEeHBl, a dJMeMeHThl 2 H 3 3akpuiTel. JNa ero UCKIIOYEHHS
CXeMy JONOJHSIOT 3eMeHTOM 5 (puc.2.14,r, MyHKTHD).

MPIKQOCXCMI)I TEHepaTOpOB UMIYNBLCOB

IMpuMeneHde CNeqUHAaNbHBIX MHKPOCXEM XAYWIHX TEHEpaTopos
[I03BONAET  YCTPaHHTh  OrPaHHYEHHA, CBOHCTBEHHBIE  NpoOCTEeHIIHM
penakcaropaM: [o BhpIGOpY BHeIIHero pesucropa R; MO AJIHMTENBHOCTH
BXOJHOTO HMIYJbca; HAKOHEI, — 0 JOTHYECKHM BO3MOXHOCTAM. B cepuu
K155 umerorcss gse Takme Makpocxembi: Al w A3 ¢ OOHHMM M ABYMs
reHepaTtopami B xopuyce (B cepun KP1533 ~ tonsko AI'3). Hx YT'O BMecTte
¢ YCIIOBHAMH ['E€HepallHH HMIOYIbca Ha BhIXOJe NMOKa3aHw Ha puc.2.15,a,6.
Crpenka, HanpaBleHHAs BBEPX, 03HAYAET MOJOXKHUTENLHBIA MEpena, BHH3 ~
OTpHUATENBHHE. [uHaMHUeckoe YhpapleHHe o6yclaBlMBaeT OTCYTCTBHE
BIHMAHHMA JIUTEIBHOCTH BXOJHBIX MMIYIGCOB Ha QYHKIMOHHPOBaHHE
redepaTopoB. /[ macCHBHEIX cxeM Q=0, 6:1.

Bxonn C. u RC, aBOg0TCA HemorwveckumH, K HUM IOoOKIOYaioTcs
BpeMasagaomue kKoMmoHeHTs! C H - R. OpHEHTHPOBOYHBIC 3HAYEHHY
JITHTENBHOCTEH reHePHPYEMBIX HMITYNIECOB

0,7CR - mma Al'l;

u “{0,45CR - s AT3.
YTOUHEHHI0O  pacyeTOB  NOMOraeT  MCIIOJNB30BaHHE HOMOTPaMM,
npuBegeHHEX B [39, 40]. Auanasons 3HaveHuii: C~ ot 10nd no 10mMxQP;
R~ or 2 no 40 xOwm; t, ~ ot 30uHc no 0,28¢c, CrabuasHOCTS HIHUTENBHOCTH
MMIYJIBCOB BhIIlE, YeM B KaHOHHYeCKHX cxeMax Ge3 BS, us-3a orcyrcrsus

BIHAHAL Upyys Ry
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Puc. 2.15

Joruveckue BO3IMOKHOCTH MuKpocxemsl AI'3 Bbeume, wem AIl.
Bo-mepsrix, GopMHApOBaHHE HMIYIhCA HA BEIXOAE MOXET GBITH NpekpaleHo
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moxayell oTpHIaTensHOro HMImynsca cbpoca Ha Bxox R (puc.2.15,8).
Bo-BTOpHIX, ANMTENLHOCTH TEHEPHPYEMOIO HMIYJBCAa MOXHO YBENHYHTH
NOBTOPHOMW mnofxaved HMMmyJdbca 3alycka B MOMEHT Tt<t, (puc.2.15,r).
HakoHen, cxema aBroremeparopa peamusyercs Ha OJXHOM kopmyce AI3.
PucyHnok 2.15,8 HIIIOCTPHPYeET OLMH M3 TPeX BO3MOXHBIX CHOCO60B Takoi
peanu3aluy.

NpeanonoxuTenbHele BAPHAHTBI NOCTPOEHHS MHKpocxeMm AI'l, AT3
noxasawel Ha pHc.2.15,e. OcHOBY ycTpoiicTBa cocrtasiser D-tpurrep,
nopo6ueiit Tpurrepy TM2. Curman CHHXPOHH3aUMM (OPMHpPYETCs BHYTpH
CXeMH 3amepxkod curHana D Ha BpeMs MOCHEHOBATENBHOTO NEepexNioueH s
aneMeHToB 5 u 6 (puc.2.12,n), T.e. ty=2t;,. Bpemsasanaromas uens R-C
OTKNyaeTcs OT Tpurrepa guozoM /[l mox nmedcTBHEM IONOKHTENLHOrO
nepenaga mo Bxoxy D. UtoBel yBenH4YHTh 3HavyeHue R, (B cpaBHeHHu ¢
KAHOHHYECKHMH CXeMaMH), Lelb 3apifia €MKOCTH OTHeJIeHa COCTaBHbIM
SMHTTEPHBIM NoBTOpHTeneM Ha TpHomax T, m T, oT BXxoaa HHBepTopa,
GOpPMHUPYIOIEro CHrHajl aCHHXpOHHOTO cBpoca Tpurrepa. Ilpu sTom

p En"Uax.n
4TO onpelendeT 3HaYeHUA I H R,

K rToukam E u F B MukpocxemMe AI'3 NOXKIIOYEHHI BRIXOIBI
cnenuajgbHeXx  dopMHpoBaTemed IS pealNH3alMHd  BO3MOXHOCTeif,
moxasagHeIX Ha pHc.2.15,8,r. B 4acTHOCTH, HeHCTBHE KPaTKOBPEMEHHOTO
OTPHNATEARHOTO HMIY1bca R HHHIMANH3ADPYET IOONONHHTENHHYIO wLeNb
GricTporo paspana emkocTH Ge3 cOpoca Tpurrepa. [Tocne yero KowmescaTop
HAYHHAaeT BHOBL 3apAXaThCA, T.6. TMPOHUCXOMHT IOBTOPHBIH 3anyck
nponecca renepanu. CHMBON Q osmawaer Beixos ¢ OK. Cumpon [
orBeyaer Tpurrepy IlMura.

.

§2.4. CXEMBI HA MJII-TPAH3HUCTOPAX

Peur B namnoM cmyyae unet o0 MOII- u KMOII-rexnonoruax. Tepmun
MJIT coxpaner B oTeuecTBeHHOR peTpocnekTHBe [66]. Texnoaorus MOII
KaK TaKOBaj OXBATHIBAET BeCh QYHKIHOHANBHEIH AHANA30H MHTECPANBHBIX
muxpocxeM. [Ipu 3ToM TepcnexkTuBHas Texuonorus n-MOIT ucnonssyercs
TONBKO B MHKpPOCXeMaXx  IaMATH Gonpux o6BpeMoB H B
muxponpoueccopasix BHMC. MukpocxeMsl ¢ Mano# # cpeijHel cTemeHbIo
HHTETpallHM H3TOTABIHBAKTCA HCKIIOYHTENsHO no p-MOII -TexHONOruu co
CpaBHHTeNbHO HHU3KAM ObicTponeficTBuem (K161 - oama w3 naubonee
PasBUTHX cepu#). OHM  KOHCTPYKTHBHO NpPOCTBI, TEXHOJOTHYHEI,
LONYCKAalOT IIOBEIMEHHE CTENEHH MHTEerpaldH, HO HAaXoNAT ceHyac
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orpaHMYeHHOE NpHMeEHEHHe (B OCHOBHOM, B ObITOBON TexHuke). TeMm He
MeHee, CHayama JaeTci 3HAKOMCTBO HMEHHO ¢ rexHoxoruel p-MOIIL. DTo
Xxopomo, nonvyepkusaer npeumymecrsa KMOII-rexHoxoruw, KoTopas
HENpPEpPHIBHO Pa3BUBAETCA, KaK # TexHosmorus n-MOII. Paccmarpusaetcs
cuenuduka kmouedr KMOII, 6GasoBele noruvgeckue MHKPOCKEMBI H
Tpurrepsl. M3yuenne o6edX mepcHeKTHBHBIX TEXHOJNOIHH NPOLOIIKAETCT B
rn.4.

O6was XxapakTepUCTHKA

3a OCHOBY NpH pPAacCMOTPeHHH XapakTepucTuk MJIIT-TpaH3ucTOpOB
B3sTel MaTepHansl pabornt [29], MIAII-knroueil H JIOrHYECKHX IJIEMEHTOB -
pabor [65, 66].

Xapakrtepucruxn MJIII-TpansucTopos. HauGonbiiee IpuMeHeHHE B
HacTosuiee BpeMs HaxoxatT MJIII-TpamsncTopsl ¢ HHAYUHPOBAHHBIM
kadanoM (puc.2.16,a, xanan p-tuna). Ipu Hanpsokenuw Ha saTBope (3)
U, 20 npoBOaHMOCTE Mexnay uctokoM (M) u croxom (C) orcyrcrByer, H60
oud o6pazyror BMecte ¢ mnopnoxkol (IT) BCTpeuHO BKIIOYEHHBiE p-n
nepexonsl. IIpH 3TOM TOX YTEYKH CTOKA He IpeBBlaeT OOGBIYHO EJHHHL
HaHoamnep. B mnrepsane 0>U,>U, (rme U,=-(25-4)B —~ mnoporosoe
HanmpsyKeHHe Ha 3aTBOpe) moja HeHcTBMEM  3NEKTPHYECKOro  Mojd
[POMCXONUT HAKOIUIEHHE B KaHAJIE NMONOMHTENbHO 3apAXeHHBIX AbIpoK. Kak
Tonbko U, =U,, liBe 06MaCTH P-THNA OKA3BBAKOTCA COSIMHEHHBIMHM APYr C

OpYroM HOCPENCTBOM HHBEPCHOHHOTO CJI0A C IPOBORHMOCTLIO p-THIa,
cnyxamero kananoM. [Tossaserca 1ok cToka I.. Hanuune nmonoxurensHoro
cMelleHHs Ha nopaoxke U,>0 2KBUBANEHTHO POCTY IOpPOTOBOro
HanpsxKenus. Bxopnoe conporusienne MJII-tpansucTopa co CTODPOHBI
aatpopa cocrtanger 10'2 — 10" OM mesaBmcHMO 0T BeNMYHHB H
nonsapyocth Us.
Ha kpyTOM y4YacTKe BOJbT-aMIEpHOH xapakTepHcTHKH (puc.2.16,8) B

NMepBOM NPHONMKEHHH

1o = b[(U, = Up)Ug -05U2], Up =0.
3pech b=0,1-0,5MA/B* - ynensHas KpyTH3Ha, Bennunna

Ry =1/[ale 18U, =1/6[U, - Uy|

Ha3blBa€TCA CONpOTHBIEHMeM kaHana. O6BYHO R,=1-5xOm. Ha rpaduie
MeXIy KpyThIM M monoruM ydyacTkamMM BAX, onpefenenunol yclioBHEM
8l./9U,=0, wHanpsaxenne Ug =U,~U;. CoOTBETCTBEHHO YpaBHEHME
10JI0roro y4acTKa

1o =0,50(U; = Up)?, [Uc|2[U, =y
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Puc. 2.16

KpyTtusna BAX Ha 3TOM y4acTke
S=alg/8Uy = b(U, - U,) =/2bl; =1/R,.

HOna cospemennsix MJIII-tpausucropos S = 0,2 —1 MA/B npu Toke
[ = 02~1MA. OcTaTouHOE HANPMKEHHE HA CTOKE OTKPBITOrO KNI0Ya
(puc.2.16,6,r) IUC.HI=ICR°. B noruyeckmx 3feMeHTax IUC_H|<|U9[. [Tostomy
1. £02-0,5mMA. Manple paGoune TOKH (UpM 3HAYMTEABHBIX Hepenanax
HaIpsOKEHHSA) ABJIAIOTCH Opu4HHOH CpPaBHUTENBHO HHM3KOTr0
GricTponeiicteus MJIII-aneMeHTOB, ONMpeNieNaeMoro BpeMeHeM repesapana
napasuTHsIX eMkocTelf. CoGeTBenHas mHepnuoHHOCTs MIIT-TpansucTopos
npexebpexuMo Mana.

OcHOBHBIE KIIOYeBEIe CXeMBI. B cxeMe xnioua ¢ oBIMM HCTOKOM
(puc.2.16,6) xoHmeHcaTop C, CHMBOJNM3HPYET HAIHYME NAapasHTHEIX
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emxoctedl. [Ipu U; = 0 rtpamaucTop 3axpuit, u=Ec. [IpaxTHyecku cpasy ¢
MOMEHTa MOCTYIUJIEHUA OTPHLATENBHOrO BXOLHOIO HMIYJIbCa BBIBOJ CTOKA
MOXHO MpPEJCTABHTh FeHEpPaToOpoM Toka I =0,5b(U,~U,)?. Pa6ouas Touxa
CXEMBl CKAa4YkOM I[IEepexXomHT B mnoaoxeHwe 2 (puc.2.16,r). Bpems ee
MepeMeIEHHA 10 MONOroMy y4acTky 2 - 3 )
- Cyal,, - 2CHlEC —Ul|
= I b(Uy - Uy)* °
CpaBHHTENbHO Mano. JInMTeNsHOCTh GPOHTA BKIIOYEHHS ONpeHensercs, B
OCHOBHOM, ABHXeHHeM pabouelt TOUKM IO KPYTOMY ydactky BAX (yuacrok
3-4).
[Tpere6peras TOKOM HarpyskH, UMeeM
CyU'(V) = b[(U, - Up)u(t) - 0,50 1)
Pemenune 3Toro Henune#Horo AudpepeHHANBHOI0 YpaBHEHHS
w(t) =20, (1+eV"), 1=C,/S.
Otcloma tf ~29t. YyeT TOKa HArDY3KH He BHOCHT 3aMETHOH IONpPAaBKH B

U =U,-U,,

nojly4yeHHBIH pe3ynbTar. BpeMs BRIKIIOYEHHA ONpeNeNseTcs 3apiajoM
eMKocTH: ty =23R.Cy>>ty. O6pruno Re = 50~ 100 xOm.

PaccMoTpennas cxema HeynobHa ANt HHTETPANBLHONO MCHONHEHMS U3~
3a HaNHYHA BBICOKOOMHOro pesucropa R.. Bmecto nero B MJII-MC
BKIiovaloT TpansncTop T, (puc.2.16,e). Ilpn aTOM pasznHvaloT xBa chyuas:

1) 3aTBOp HArpy304HOTo XOMIOHEHTA NOAKIIOYEH K HCTOUHMKY E.
(KkJII0Y ¢ HENHHEHHDBIM PE3HCTOPOM);

2) HCMONBAYETCA  HONONHMTENBHE  MCTOUHMK  |Equl>[Ec|+[Us]
(puc.2.16,e, OyHKTHP)~ KXY C KBaSHITHHEAHBIM PEIUCTOPOM.

B oboux cayuadx Ha 3aTane BITIOUEHHA NPOHCXOJMT paspall eMKOCTH
Cy uepes ynpapiaswowui Tpawsucrop T, (akTHBHBIH koMmoneHT). Kak u
panee, ty =291, 1,=C,/S,. Beikioyenne xaxAoH cxevpl npoTekaeT mo-
csoeMy. B mepsom cnyuyae TpaHsucrtop T, pabdTaer Hi IONOrOM Y' 1CTKE
ceoero ceMmeficrsa BAX (puc.2.16,8,r, TYHKTHP), M YPaBHEHHE 3.pa/a
EMKOCTH

CuU' (1) =0,5b,[E¢ - u(t) - Ugy |
Ero pewenue
u(t) = (Eq = Ut/ (t+21,),
roe T, =Cy/Sy, S, =byEc~Uy|. CoorTBeTcTBEHHO t) =181, CPaBHATENbHO
BeNuKO. XapakTEepHO, 4YTO HANpHKEHME HAa BHIXOJE 3AKPBITOH CXeMbl
U =E¢-Up,.

Bo BTOpOM cnydae HAarpy3o4HhH KOMIOHEHT pafoTaer Ha KPYTOM

yuactke cBoux BAX (puc.2.16,8,r, wrpux-nyuxTup). Ilpm stom tpuon T,
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BCeria OTKPHIT Ho 3arBopy, U =E,. Ero skBHBalleHTHOE CONPOTHBIIEHHE
yMeHbmaeTcs. 3apsAf €MKOCTH IpoHcxonuT Gomee GBICTPO, NMMTENBHOCTH
dpouTra

o T 92-19m)

¢ " 1-m 2-Llm °’

Ec

ECM_Uoz ’
BapRUPOBATE BETMYMHOM ty B npedenax oT 221, (m-»0) Ao 187, (m—1). .

rie m= 1,=C4/S;, S, =b,|Eqy ~Uy|. BeiGopoM Ecy MoxHO

TMosrimenue GrcTpomedcTBHs KocThraercs weHol pocra lcy u  [Ug,l.
B uHTErpannHOM BapHaHTe modnoxka T, 0643aTenbHO 3azeMufAeTcs, 4TO
skBuBalieHTHO pocTy Uq,, a moToMy H t) .

PanukanpHOR Mepod MOBHUIEHHS OBICTPOAGHCTBHA H YMEHbIIEHHS
snepronorpebrenus MIAII-MC apnseTca mepexol K KIIOYEBBIM CXeMaM Ha
OCHOBE TPaH3HCTOPOB AONONHAIOMKX THIOB NpoBoaMMocte#t (puc.2.16,x;
T, uMeeT Kanan n-tuna). [lpu BeiGope max(]U,,,l,U.,,)<|E|<]U‘,,|+U,,2 tpron T, B
nponecce BKIIOYEHHS CXeMBl 3aKpoeTcs paHpme, 4deM ortkpoercas T,
AnanoruaHo H Jns npouecca Beikarovenua (T, 3axpde’rcx paHplue, ueMm
otkpoerca T,). [TosToMy nmpoTekaHHe "CKBO3HBIX" TOKOB yepe3 TpHoabl T, u
T, HckmioYeHO, W MOIIHOCTP B CXEME pacXoAyeTrcs TOJBKO Ha JTane
MEPEeXOHHEIX MPOIECCOB, CBA3AHKEIX C II€pe3apsaLoM INapa3HTHBIX EMKOCTeil.
B nanHoM ciyyae B cHIY "CHMMETPHH" CXEMBI ti‘ =291, TOro e nopsaaka,

uTO Wty

Joruyeckne snemenTnl. OcuoBoit MIII-HUC sBnsaeTcs aneMeHT THIIA
WNHU-HE (puc.2.17,a) B OTpHUATENLHOH cCHCTEMe CHIHANOB. MaKcHMalbHoe
HCIIOJNB30BaHHe IIOMAAH KpHCTalla JOCTHTaeTcs NIyTeM o6beauHHeHHA
IR Py3HOHHEIX o06gacTed CTOKOB BCEX YNPABIAKIIMX TPAH3UCTOPOB.
Haubonpiee 3nadgenue |U'mx[ HMEEeT MecTO TIIpH  BO3LEMCTBHH
OTKPHIBAIOUIEr0 CHTHANA TONBKO Ha OoOMH M3 Bxomos. ITopor oTkpniBanus
cxeMsl 110 BXOAY Upyn =Upyyn + Uy ONpefenen ycnoBreM paboThl aKTHBHOIO
kommonenta (T,) Ha rpaHHUEe KpYTOro H I[IONOroro ydvacTrkos ero BAX.
ITlpupaBHHEBas N 3TOr0 cly4yas TOKHM AaKTHBHOro d Harpysounoro (T,)
TPaH3HCTOPOB, IIOJyYaeM

O’Sbl(Ulnx.n - Um)l =0,5b,(E - U;Jhxx.n - Uoz)z .

Orecrofa Ugyy = Uy, —aUy s Ugyen =~aUj . Bennuuna Uy =

E - Uy|/(vb, 75, +1)
XapaKTepH3yeT UIKPHHY mepexofHoi o6nactu. OHa nazaer ¢ pocToM b, /b,.

[ToMeXoyCTOHYHBOCTD CXEMEI
Un =|UOI|—IU‘Bmxn| =]Ua|[~ aUgs
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U ”‘U;abxx] "IUtax‘n’=}E| —(onJ +|U02]+ AUH).
Yenosue Up”>0 HaknalkBaeT IBYXCTOPOHHEe OFpaHWYGHHE Ha

Benuyuny E
[Una| +1Ua(1+ Vb, 78;) > Bl > [Up |+ [Ug (1 +./6, 757

Cxema pa6orocnocobua, ecmm by>b,. M3 yemosus Up=U; nonyuaem
E=2U, +U,. Torna
aUg =2Uy /(6 70, +1);
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Uy~ =[Uqg|(fo, 705 = /(b 7b, +1).
IIp HcHonp30BaHMHM HONOJHSIOLIAX TpaH3ucTOpoB cxemnl MIIU-HE
(puc.2.17,r) u WU-HE oxgnotundsl. ITo3aroMy npuMmeHsoT oba BapuaHTa,
VBenuueHWe uucna BXOJOB Ha eNHHHLY BcAkHMil pa3 TpefyeT 3gecs
BBEJEHHs OBYX TPaH3UCTOPOB: ONHOrO ~ B IENb yNpaBIEHHA, APYIoro — B
Lenbs Harpy3KH.

Cxemsl MIII-tpurrepoB ¢ pasfeNbHBIM 3allyCKOM CTpPOATCA INYyTEM
"mepexpecTHOro" coemunenus Asyx osnementos HJIH-HE (puc.2.17,6,x). -
Ilycts B HCXOOHOM CcOCTOSHHM TpaH3ucTop T, 3akpeit, T, OTKpHT
(puc.2.17,6). Torma npu mnozade Ha 3aTBop TpHona T, (Bxom A)
OTKpBIBAKOLIEr0 CHIHAma STOT TPHOHL IMYHTHPYeT CTOKOBYI  UeNb
Tpamsuctopa T,, 4TO NPHBOXHT K 3aKpeiBanuiw T, H oTkpeiBaHuoo T,
OyepexHo#l nepebpoc TpUIrrepa OCYIIECTBIAETCH nojadell OTPHUATENBHOTO
HMIyJIbCa Ha BXoA B.

Bonee ClOXHE CXeMBl CHETHOro 3amycka. B ogHOM H3 BapHaHTOB
(puc.2.17,8) wucnoip3yerca BpeMeHHOE 3aNOMHHaHHe HHGOPMaUHH Ha
BXomHo# emkoctu. Tpausucropsr T,, T, T, T, obpasyrwr coberBenno
Tpurrep. Tpuomst T, u T, HrpalOT pOJE 3IEeMEHTOB mamaTH, T¢ u T,
ynpasnsioT nepebpocom Tpurrepa. CHrean T - mBOMYHBIA CHrHal Ha
CYETHOM BXOZe, T - €ro HHBEPCHOE 3HAYEHHE.

B ucxoxsom coctosuuu T=0, T=1. Ecnu npu 3rom tpmon T, 3AKpPBIT
(T, oTKpHIT), TO BXOJHas# eMKOCTb TpHoza T, 3apsokeHa 4depe3 OTKPBITH
Tpansuctop T, no HanpsxeHud U, =Up,,, 9TO NPHBOXHT K OTKphIBaHHIO T,
no 3arBopy. COOTBETCTBEHHO B MOMEHT MNOCTYILIEHHS OTPHIATENBHOIO
cuetHoro ummnynsca (T=1) unems Ts; ~ T, okaspiBaeTcs nposBoisuei,
TpUrrep ONpOKHHETCH. IIo OKOHYAHHH BXOJHOI'O CHIHANa OTKPOETCH TPHOL
T;. u TaK ganee. CxeMa KpHTHYHA K ANIMTENBHOCTH CYETHOTrO HMIIYJhca.

Basoppie mukpocxemur KMOII [40]

Pacmudposka rtepmuna KMOII -~  kommiaemedrapHas  mapa
MOII-TpaH3HCcTOpPOB HONOJIHAIOMHUX THIIOB MpOBOAUMOCTEH
(cM. puc.2.16,n). Kak Owo ycTaHOBIEHO paHee, Takas napa obpasyer
OmcTponeHcTBYIOmMUA  HHBEPTOp ¢  MalbkIM  3Hepromorpebiexuem.
IMonsipHocTs  HampsXeHHs  OUTaHUA B MHKpocxemax KMOIl -~
nonoxurenbHas. Ilostromy 3gecs, kxak u B TTIH-HUC, wnpumsara
NONTOXHUTENbHAs  CHCTeMa  CHTHajnoB.  COOTBETCTBEHHO  MeEHsAeTcH
xaHoHH4Yeckoe npencrasneHde KMOII-mapsr (pmc.2.18,a) u ycnoBue
npamoyronapHocTH ee AIIX (puc.2.18,6)

max(Uononz’) <Ep <Uy +|Uoz‘ s
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NpH ' BLIIONHEHHH KOTOporo o6a TpHoma He MOrYT OBITs OTKPBHITH
onHoBpeMeHHo. Torjga TOK OT HCTOYHHKA NOTpebnseTcs TONBKO B npouecce
sapana kxonpencaropa Cy. DHepronoTpebnerne B CTaTHKE NPaKTHYECKH
oTcyTcTByeT. HeT ® CKBO3SHHX TOKOB. Opuako ' 10 coobpaxeHHAM
GeicTpomeHcTBHA 3HaYeHHE Ey cTpeMaTca yBEAHUHTS.

Ceoeobpaszne KMOII-TeXHOJOIHH COCTOMHT B HAJHYHH Hapaay C
n-NOANOXKOH Tak HaspiBaeMoro p-kapMmasa (puc.2.18,8), TOAKMOUEHHOT'O K
HU3KOMY OOTeHuHany. Ha BxoxaXx MHKpPOCXEM YCTaHaBIHBAIOT 3AIUMTHBLIE -
crabunuTponn (puc.2.18,a; myHkTHp) BO H3GexaHue npobos TOHKOIO
okHcHoro cios (rtommuHo# ~IMmixM) SiO; mon nelicTBHEM CTATHYECKOTro
anexTpuyecTBa. OHO HaKamIuBaeTcs Ha o0KnaJkax KOHAEHCATOpa "3aTBOp -
NOBEPXHOCTb MOANOXKH" eMkocThio C = 5.15nd. HNocraroued zapsag Q s
1uKyn, 4To6H pa3BUTH HaNpsKeHHe Ha KoHmeHcarope U=Q/C B 100 B
u 6onee. IlosToMy B OTCyTCTBHE cHeHHanbHBIX Mep npobGod moxer
NpOH30HTH OT NPOCTOr0 CONPHKOCHOBEHHA 3aTBOPA ¢ HABNEKTPHIOBAHHON
MOBEPXHOCTHIO. .

Bo wu3bexaHue 3NeKTPOCTATHYECKHX HABOJOK BXOLBl MHKpPOCXeM
KMOII ve goiuxHel ocTaBaTbes cobonueiMu, Mx cnepyer monaknovyars (kax
i B TTJI) X HCTOYHMKY NHMTaHHA depe3 pe3ucropsl yreuxH. Hamo usberats
clIydyafiHBIX 3aMBIKaHMH BRIXOJOB Ha NPOBOJ NHTAHHA MJH 3eMISHOMN, YTOGE!
NpPeNOTBPATHTh paspylleHHe MHKpocxeMbl. i 3amuThl OT JUIHTENBHOLO
NpOTeKaHKs 3HAYUTENBHBIX CKBO3HBIX TOKOB HEXb3S COEAMHATH BBIXOLbI
0OBIYHEIX 3JeMEHTOB HellocpenacTBeHHO. Ecau TpeGyercs mnapaiiensuoe
COENHHEHHE BXONOB K BBIXOJOB SJIEMEHTOB, O3TH 3MEMEHTH JOJDKHLI
pacmonaraThCs B OJHOM Koprnyce. HHade H3-3a BAHAHHMA NEPEXOMHBIX
npoueccoB B NHHHAX cBA3H (cM.§3.2) BO3IMOXKEH Npensl Iy LIHi BapuauT.

Mo cBoHM QyHKUHOHANBHBIM BO3MOXHOCTAM cocTaB cepuii KMOIT
npubamxaercs xk TTJI. Ilepeeie MmuxpocxeMbt KMOII (cepus K176) Guinu
LOCTaTOYHO HHU3KOBONBTHBIMH (Ey=9B), 4TO ONpPERENANOCH HaNpsKeHHeM

npo6os p-xapMaHa. B Gonee mosgumx cepuax K561, 564 snauenme E™

Sy

6p110 MOBEIEHO A0 15 B, uTo npuseno x pocry 6sicrponeiicrsus. Tak, nns
sneMenToB cepud K561 BenwuuHa tyq ~50mc (150 He - B cnywae E, =5B)
upH Pc, B cTatuke okono 0,4MxBt. Ha cpegHiolo 3agepxKy CHIBHO BiMseT
CONpPOTHBIEHHE KaHana. B Hacrosumiee BpeMs NOCTHIHYTBLI 3HaueHHd R, B
corhn OM. [ng mepcnexTHBHEIX TexHonorud HCMOS (H - ot high -
BHICOKOKAYECTBEHHBIN) t,, =10—15uc, yTo. cpaBuumMo ¢ TTJI.

[TocnenauM  pocTHXeHHeM  oredecTBeHHOW  KMOII-texHonoruu
asasercs  cepus  KPI1554 [136] (3apyGexmmifi aHanor -  cepus
74ACxxx "FACT" ¢upmer NATIONAL, CHIA). Mukpocxemsl 2TOH cepuu
o6nagaroT BBICOKHM GRICTPOIEHCTBHEM (tyc, =3,5Hc), HH3KOM moTpebasemoi
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MOLIHOCTBEK) M NOBBIIEHHORH Harpy3ounold cmocobHocThio. Ilo BceMm
YKa3aHHBIM NapaMeTpaM OHM IPEBOCXONAT COOTBETCTBYIOL{HE MHKPOCXEMBI
TTH cepuu KP1533. .

Jlornyeckne MHMKPOCXEMBI ¥ _TPHUITEDH. Oc"iloay BCEX UHQPOBBIX
MHKkpocxem KMOII cocrasasior 3 anementa : M-HE (puc.2.18,r),
WIH-HE (puc.2.18,8) ¥ xoMMyTanuounsii xnrou KK (puc.2.18,e). C ero
TOMOIIBIO peanu3yeTcs BEIXOX H& TPH COCTOAHME M ~ obnervaercs
MOCTpOeHHe JABYXCTYMEHYATHIX TPHUITEPHEIX cXeM. B  ycrpoiicTee
puc.2.18,e, ecnu OE ~ Beicokud notennman (BII), To ofmmit BHIXOX
COEHHEH ¢ BHIXOJAOM HHBepTOpa yepes Tpuonsl T, ( Ha Bxoxe ~BII) nubo T,
(sa Bxone — wum3kuit norenuman HIT). B cnywae OE ~ HIT xanan
pa3mbikaercs (cBA3h MEXAY BXOLOM M BBIXOAOM otTcyTcTsyer). Ha
puc.2.18,e cnpaBa nokaszaHa Ta ke cXeMa C IOXYepkUBaHUeM napadasHOCTH
ynpasienus KK. Kinwod 3aMKHYT, €cliu BepXHHH ynpaBusoluil curaan— 1,
a4 HHXHHH - 0. ATpTepHATHBHBIH BapHaHT OTBEeYaeT pa30MKHYTOMY KIKOUY.

Homeunxnarypa mukpocxem JIA u JIE - npuMepHO Ta Xe, 4TO H B
cepusx TTJI. Kak u ram, sneMmentst V-HE MoOryr BHIIONHATBCA [0 THIY
rpurrepa IlMura (npuMmep MukpocxeMmbl KS561TJI1). Brixonwl 3neMeHTOB
nmocie KK MoxHO HemocpencTBeHHo nopkmwouars kx O, Tpu cocrosHHus
BBIXONA HMeeT Hanpumep, MHkpocxema KS561JIH1 (6 wunBepropoB B
xopmyce). [Huns npeobpa3oBaHus  ypoBHed  CNyx)aT  cleLHalbHBIE
mukpocxemsr: ot KMOIT x TTJI- K17611V1-5, K561JTH2; ot TTJ x KMOTI~

K564I1Y6 (Ha TpH COCTOAHHA).

B cocras cepuit KMOIT pxmouvers 3 supa tpurrepos: RS-, D-, JK-
(runer — TP, TM, TB). Muxpocxema K561TP2 conepxHT 4 acHHXPOHHLIX
RS-Tpurrepa ¢ BHIXOAaMH Ha TPH COCTOAHHS. CHIHaI paspelleHHs BHIXOAA
OE ~ o6wu#t ang scex tpurrepos. Mukpocxemsl K176TM1,2 umeroT no ABa
D-tpurrepa B xopmnyce. CTpyxTypHas cxeMa ORHOro Tpurrepa TM2
moxasana Ha puc.2.18,x. Ilepexmouenue BeIXOHa -~ 110 (QPOHTY
cHMHXpocHruana. MakcuManbHasd TakroBas gacrora— 5 MI'n, MUHHManbHas
anarensHocts CH ~ 100 e (mas  muxpocxemsr KP1554TM2 -
coorsercTBento 150 MI'm u 5 wuc). Muxpocxema K561TM3 — »ato
OZHOCTYMEHYATAN CXeMa C MOTeHUHANbHBM ynpasnerueM (4 D-tpurrepa s
kopuyce). B cocrase K176(561)TB1 - nBa nezarucuMbeix JK-Tpurrepa c
IMHAMHYECKHM ynpapieHuem mo ¢poury CH. Kaxnaslf Tpurrep umeer
BXOABl acuuXpoHHofi ycramosku S m R. [Jns KS561TB1: F, =3Mlq,
12 =170 ue. B cepuro KP1554 sxmiouens Tparreps TB9, TB1S, TM2, TM8,
TM9. Ux nunaMH9ecKue napaMeTpsl NPEMEPHO OXHHAKOBEL.
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§2.5. CXEMEI C HHXEKIITUOHHBIM ITUTAHHUEM

HarencusHoe paspurae KMOIT-TEXHONOIMH CO3HAeT Cepbe3HYI0
KOHKYpEHIIHIO o TTJI-UC mo poctHxuMOMY OGricTpomelcTBHIO  IPH
3HAYATENLHOM BEIHIpsite B 3Hepromnorpebnendu. Ilonydenume cpenuelt
3agepXKH Ha 3JeMeHT Medee 10 Hc - yxe He mpobmema ans KMOII-HC.
Brixon H3 nojoxedus paspaborumku TTJI-HC wmyr mHa OYTH
cosepmencteopanns TTJII-texuomoruit (¢ numomamum Ilortxm) [52]
KapauHanbpHOe  pemleHHe - IpobieMpl  BBDKHBAEMOCTH  GHIONAPHBIX
TEXHOJOTHH B LeloM ROnroe BpeMs BHAENH B CO3JaHHH OHEProeMKHX
MHKpocxeM HaHocekyHIHoro naanasona (OCJI-MC) 1 MEKDOMOUIHEIX CXEM,
6nuskux mo 6eicrponeidictBuio kK TTJI (cxeMBl ¢ HHXKEKIHOHHBIM MHMTAHHEM-
- Y%JI). DTo momioca GHMONAPHBIX TEXHONOTHH.

0O6a nomwoca gocratoyHo pasBuThl. Hanpumep, DCJl-cepus K500
uMeetT 48 mogudukaunuit Mukpocxem. Cepus K1500 srnrouaer 32 Ha3BaHUA
cy6uanocexkyururx UC. Mukponpoueccopusiit kommnekc ICJI-BUC K1800-
- 8 THHOB MHKpocxeM. Bemieck npomsillliieHHOro HHTepeca x DCJI-HIC
Habmogalics y Hac B cTpade B Konue 70-x ~ Hayane 80-x rojgos. Kak 6b1 TO
Hd 6p10 B GynymeM, caM NPHHUHI NEPEKIIOYEHHMA TOKOB HEH3MEHHO
3HagyuM. CXeMBl C [OBBINIEHHOHW CTENEHBIO HHTErpalHHd - H3HAYANBHAA
opuentaums Texmomormiir H2JI. Ilpumepamm oreuectsensnx MZJI-BUC
ABIAIOTCA ceMeiicTBa Mukponponeccopos KP582, 584. Ilpuuummnsr 1ZC0)|
33HHMAIOT OTAENbHYIO HHIIY B TEXHONOTHHECKOH KIACCHQHKALMH H TIOTOMY
ofs3aTenbHBl  [Js  H3ydeHHs. [lepCHeKTHBB pacIHpeHds cdepbl UX
HCIONB30BAHHA COXPAHANTCA.

IlepBsie narTeHTH H NYONHKALHH [O CXEMaM C HHXEKLHOHHBIM
nutandem, nia M2l (uHTerpanbHas HHXEKIHOHHAA JOTHKA)-CXEMAaM
nosBunucek B 1971r. [IpuHaToe NNA 3THX CXeM Ha3BaHHe 0GYyClOBIEHO TEM,
4To HeoGxoxuMas ANid NpeoGpasoBaHMA CHIHANOB BIEKTPHYECKAs HHEPIrHA
BBOOHTCA B HHX HHXeKIdeHd HeocHOBHBIX HocuTened. Hosuanma wux
KOHCTPYKIMH CBf3aHa C TOABJIEHHEM B CTPYKType OHOONAPHOIO

TPaH3HCTOPA HHXEKTOpa H HEeCKONbKHX KOJIeKTopoB. Ilocaennee
NPHBOAMT K YMEHBINEHHIO B LudpoBEIX cxeMmax TpebGyeMoro uMcna
TPaH3UCTOPOB, BHYTPHCXEMHBIX COeIHHeHHI u MU0 AN H

NONYNpOBOAHHKOBOrO  kpucramna, OcobenHocTH  H2JI-cXeMOTEXHHKK
BBI3BaHbI NOOKIIYEHUEM HCTOYHHKA OHTaAaHHA K HHXEKTOpPY,
BO3MOXHOCTBIO MCHOJB30BaHHA [Nd YNpaBJCHHA, MOMHMO Lenyu 6a3ml,
HEXXEKTOpPa H KOJIEeKTOpoB. DTH HOBIIECTBa B Ipexeilax TPAZHUHMOHHOMN
TEXHONOTHHM INO3BOJHIH Oolee YeM HAa MOPANOK YBEIMYHTL CTEleHb
HHTErPallMH, 3HAYHTEIBHO YIyYIIHT OCHOBHEIE 3EKTPUMECKHE apaMeTpbl
6unonapueix HC H 0XHOBPEMEHHO CHH3UTH HX CTOHMOCTb.
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Wsyuenne M Jl-cxeMm HayHeM C Ka4eCTBEHHOrO ONHCAHHA NPHHIMANA
HX HeHCTBHA, CPABHUTENBHBX OLEHOK M NepeyHs BOIMOKHBIX NpEMEHEHHH,
JoBONbHO HeTaNpHO DPACCMOTDHM XapakTEPHCTHKM MHOTO3JEKTPOXHOTO
GHIONAPHOrO TPAH3UCTOPE M ero paboTy B peXuMe NEPeKToUeHud.
Haxonen, NO3HAKOMHMCE ¢  OCOBEHHOCTAMH  (QYHKIMOHHPOBAHHS
JOTHYECKHX  OJNEMEHTOB M  TpoeKTHpoBaHmsa nudpossx BHC ¢
HHOKEKUMOHHBIM NHTaHneM. HiajioxeHne Befercs IO MaTepuanam pabors
[671.
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HQHHHHH gex«“lcmpm, CPaBHUTENbHBIE OUCHKH M NMPUMEHEHHA

PaccMOTPEM OXHY H3 NpPOCTeRMIHX KOHCTPYKUHMH [IIaHADHOTO
TPaH3HUCTOPa ¢ HHXKEKIMOHHEIM NHTaHueM (puc.2.19,a). OHa npeacrasnser
coB0oM YeTHIPEXCIOHHYIO CTPYKTYPY Pi-1,-p,-N; -THNA, B KOTOPOH MOXHO
BBINENHTH ABa TPaH3HCTOpA: n-p-n ¥ p-n-p. B TpaH3HCTOpE p-n-p HHXEKTOP
(H) urpaet pons aMuTTepa. [lepexon n,-p, Ha3bIBAIOT 3MHUTTEPHBIM, Py-N;—
KOJLIEKTODHEIM, P,-n, — HHXeXTOpHHIM. O603HauuM depes o H g,
HOpPManbHBEIH H WHBepCHHH KOdOGHUMEHTH Iepefavd n-p-n TPaH3HCTOPa,
@, 1 a,,~ COOTBETCTBYIONIHE IIapaMeTphl p-n-p TPaH3HCTOpA.

IMycTs 3MuTTEp 3a3eMJEH, K HHXEKTOpPY INOJKIIOYEH BHENIHHH
nerounuk JIOC  ykazanuo# monsprHocTH (pHc.2.19,6), wene Hasu
pasoMkHyTa knogoM II. Torma M3 HHXKEKTOPA B IMHTTEP HHIKEKTHPYIOTCS
OBIpKH. DOMHTTEpHBI! MepexoJ TakXe CMeIaeTcs B NpAMOM HaNpaBicHHH,
YTO BBLI3LIBAET HMHXEKIHIO 3JEKTpPOHOB M3 s3MuTrTepa B 6Gasy. TpaHaucTOp
OKa3bIBAETCS B HACHIMEHHH, €CIHH TOK HArPY3KH KOJJIEKTOpPa CPaBHHUTENBHO
Hegenuk. IIpn atoM Uy =@rln(l/ay). Ecou p,-6asy coenunnTs xmiovom Il ¢
IMHUTTEPOM, TO HHXEKWUHS 3MEKTPOHOB B §a3y NpeKpaTHTCA H TOK B UENH
Gasnl I; =o,l,. TpaH3UCTOp NEPEXOTUT B AKTHBHBIH PEXHM Ha CPaHHUUE C
pexxuMoM OoTceykd. Ero BHIXOXHOE CONPOTHBJIEHHE PE3KO YBEIHYMBAETCH.
IMpoBegeHHOe pacCMOTPEHHE MO3BOJNAET MpPeJACTABHTH TPaH3HMCTOpP ¢
HHXEKUHMOHHLIM  NHTAaHHeM  OKBHBaJeHTHOW  cxeMol  (puc.2.19,B),
conepiallel reHepaTop Toka B uenu 6a3sl Ip = a,ly.

B nemoyxe aHaJOTHYHBIX CTPYKTYp € OOWIHM HMHXEKTOPOM H
smutrepoM (puc.2.19,r,n) tprox T,, wems 6a3sl KOTOPOro pa3zoMKHYTa,
HaxoAHTCA B pexkume HachlmeHHs. IloatoMy Iy =Ir, Uyy =Upy, =0, H TPHOL
T, 3akpeit. Hanpsaxenne Uy, =U;,;~06B, 4ro xapakrepHo nng
NpsiMOCMEIIEHHOro Nepexoxa B KPeMHMEBHIX TpansucTopax mpu T = 20°C.
Tpuon T; HacslleH, MOCKONBKY LeNb ero 6a3nl npakTHueckH obopsaHa K
Tak fanee. Eciu xe Uy, = 0, TO COCTOAHHA BCeX TPHONOB H3IMEHAIOTCA Ha
HpPOTHBOIIOJOXKHEIE. Taxum obpasom, paccMoTpeHHas nenovka
TPaH3UCTOPOB INpeAcTaBiieT cO60H MOCNEeIOBATENBHOCTh KJIIOUEBBIX CXEM,
3aMKHYTO€ H Pa30MKHYTOE COCTOAHHSA KOTOPBIX YepelyloTcs. XapakTepHo,
4YTO KaXABIH TPAH3MCTOP BHINONHAET QYHKIHIO HHBepTOpa 6e3 Kakux-mubo
JONONHUTENBHBIX KOMITOHEHTOB. OnemeHT WUIIHU-HE cosmaercs
o0beIHHEHHEM KONJIEKTOPOB HECKOJBKHX TpaH3ucTopos. Ilpocreifuiui
Tpurrep MoxkeT OwnTh oBGpazoBaH  COeNMHEHHMEM  IBYX  TPHOIOB
IIepeKpeCTHHIME CBA3IMH.

CxeMBl € HHXEKIHOHHBIM INHTaHMeM QYHKIHOHHPYIOT IpPaBHIbHO,
ecnu obecrneyeHo NpAMOE CMELIEHHe HHXEKTOpHOTo mepexopa. [loatomy

158



nocratroyno BeibpaTe E=0,6-1B. IlepeximodeHHe CXeMBl M3 OJHOIO
COCTOSHHSA B JPYro€ Majo BIMAET Ha BENHYHHY DHTAKOWIEro TOKA (B J4HHOM
cnydae — CyMMapHOro Toka wWEXeKkTopa). MZJI-MC HeKpHTHUHBL K
H3MEHEHHIO TOKA WHTaHWA B WIHPOKHX npefenax. Ero ysenuuemnue
MPUBORAHT JHWIb K BO3PACTAHUIO NOTpeGnAeMONl MOIMHOCTH H IOBHINEHHIO
GricTpOnEHCTBHA.

Jlns cornacoBaHHs BXOAHBIX M BBEIXOXHEIX xapakrepucrux MJI-HUC
¢ naubonee pacnpocrpanennsiMu HC, B mepByro ouepessr -~ TTJ,
NpeayCMaTPUBAETCA HCIONB30OBAHHE CIIENHANbLHBIX COITACYIOUIHX CXEM.
Ba3za WMHKEKIHOHHOTO TPAH3HCTOPa MOXKeT ObiTh HENOCPEeNCTBEHHO
nopknwyena K Bexoxy TTJI-MC ¢ oTKpeITHIM KounekTopoM. OmHako
enaTh 3TO HeLelecoobpasHo, Tak kak noMexoyctohumsocts MAJI-MC
Mana, a Ha BHEHIHHX BBEIBOJA&X CXEMBbl YPOBEHb [IOMEX 3HAYHTENBHO BBIINE,
4eM BO BHYTpeHHHX uensx. Kpome rtoro, yxynmaercs ¥ GnlcTpoaeicTBRE,
nockonbky np# sekmodeHun TTJ-HMC ¢ orkpeiTeiM KomnexTopom ee
OTHOCHTeNbHO Oonpmas BEIXONHAS EMKOCTh 3apsKAETCHA CPAaBHHTENBHO
mamsiM  TokoM I, TloaToMy DnpHMeHAIT, HalpuUMep, TakKyK CXeMy
cornacoBaHus no Bxoxy (pHc.2.19,e). OHa BBHINOTHAETCS HA OJHOM
kpucranre ¢ MAJI-UC.

B opno#l 43 BO3MOXHBIX CXEM COrIacoBaHHA NO Bhixoay (puc.2.19,x)
BXOOHOM TpaH3ucTop T, UMeeT HHXKeKUHOHHOe nuTanue. Ho In,>1, roe Tok
Ir, sABAfEeTCA mapaMeTpOM BBEIXOXHOro TpaHaucTopa T, H2J1-UC. ATo
HeobxoauMo Ang monydeHus TpefyemMoro Toka ynpasiienus TtpuomoMm T..
Ecnu or pased 0,1-1MA, to TpaHsuctop T, He B COCTOAHUH 0BecCHEUHTDH
HeofxoxuMoe ycuneHne no Toky (mopsgka 100, Tax kak oOBuHO
- Ir=1-10mMxA). Torga Ha BXOJe cormacyiomed cXeMbl CTABAT HECKOIbKO
TPaH3HCTOPOB ¢  HHXEKOHOHHHIM IIHTAHHEM ¢  HOCJIEL0BAaTEeNbLHO
Bo3pacTarmumMu I

IMepeiineM K CpaBHHTENbHEIM OumeHKaM. HM2Jl-CXeMBI OTMMYAIOTCA OT
apyrux tunos OGunonspepx MC MakcuManbHOH NIOTHOCTBIO YHAKOBKH
(6omee 300 Bent/MM?) W CTENEeHbIO HETErpauuu (nopsaxa 10* senTniel Ha
KpHCTA); MHHUMaNbHBIMH HalnpsmxkenueM nuranua (0,5 - 0,9 B), paboroit
nepexnouedus (Peptsce = 0,02 - InJx) u norpe6aseMoll MOMWHOCTBIO
(Mmenee 10 uBT/BEeHT); nNpPOCTOTOH TEXHOJOrMH M  KOHCTPYKUHMH
(B UACTHOCTH, OTCYTCTBHEM BEICOKOOMHBIX DE3HCTOPOB, MHHHMAILHBIM
YHCIIOM KOMIIOHEHTOB " MexKCcoeJHHEHH I Ha BEHTHIB);
paborocnocobHocTeio B GonpumioM AuanasoHe rtemneparyp (ot ~60 mo
+125°C). Iormueckwe H*JI-cTpyxTyphl 0GBIMHO He copepxar HOpYrux
3JIEMEHTOB, KpOME MHOTO3JIEKTPOSHBIX TPAH3MCTOPOB, H CTPOATCA IO
NPHHIHIY CX€M C HEDOCPEACTBEHHBIMHA CBA3SAMH.
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- iaMeHss TOK MHTaHHS, MOXEM B IIMPOKHX mpenenax (J0 HECKOJNBKHX
NOPANKOB) PeryjJHpoBaTh NOTpebIieMyl MOIMHOCTE H ORHICTPOJEHCTBHE
U?Jl-cxeM Ges Hapymenus ux paGoTocmocobHocTH. IlosToMy HcKITIOUaeTcs
Heo6xonuMOCTS pa3paboTku HECKOJBKHX cxeMm OIMHAKOBOTO
GYHKIIHOHANEHOrO Ha3HAaYeHHA, HO ¢ pasHelM GpicTpomeficTBHEM, YTO
XapakrepHo, HaupuMep, ana TTJI-HC. Opxnaxo OHH HMEIOT MEHbIuge
6bicTponelicTBue 1o cpaBHeHHI0 co ckopocTHERIMM TTJI- u BCI-HC u
OTHOCATCA K KIACCY CXeM CcpegHero OmcCTpomeHcTBHA (MHHHMANBHOE .
tyep 25-10mc). ,

IIo cpaBuennto ¢ MJII-MC cxeMBl ¢ HHXEKUHOHHBIM IHTaHHEM
HMEIT MEeHbIIYIo paboTy mepexnaoderus U noTpebisieMyo MOWMHOCTE (B 3-
‘10 pas), Gonsmee GricTpomeiicTBHe (B 2-5 pa3), Npolle cornacyorcs c
TTH- u ATHN-UC, wMoryT Zare OONbIIME BLIXOXHBIE TOKH, AONYCKAIOT
BO3MOXHOCTh CO3/IaHHA Ha ONHON IacTHHe NHHEWHBIX H NUQPOBBIX CXeM.
B HHX OTCYTCTBYIOT MMIYJHCH IOMEX IO LENAM NMHTAHHA, BO3HHKAIOLHE
npu nepexmodenny MC Ha momonmsiomux MIII-rpamauctopax. M*JI-UC
ceolicTBeHeH GoJlee BEHICOKMH OAHana3oH pa6o4YHX TEMIEpATyp, MOBBIIEHHAS
pajHauMoOHHAsd CTOMKOCTh M SKCIIyaTaUHMOHHag HamexHocTh. ONHaKo OHM
ycrynawT MAI-UC no creneHu wHTEerpanuy (IpUEMEpHO B 2 pa3a) H HMEIOT
Gonee BrIcOKyI0 cTouMOcTh (B 5-10 pas). IloaroMy HX BHeIpeHHE B pslie
cilydaes 3ajepxuBaerT koukypeHuus ¢ MIII-BHUC, npoH3BOACTBO KOTOPHIX
GBLI0 XOpOMO OCBOEHO MHOTHMH (QHpMaMH eme OO MOABJEHHS MEpBbIX
c000ImeHH 0 CXeMaX ¢ HHXXEKLHOHHBIM HTAHHEM.

HauGonbmub 3¢¢exT OT NpHUMEHEHHA HHXKEKIHOHHOrO NHTaHHUA
OOCTATAeTCA IPH CO3MaHHH CIIOXKHBIX BBIYHCIHTEIBHBIX YCTPOHCTB ¢
BEICOKOW CTEMEeHBI HHTErpalMH. B HacTosmee BpeMs 3a pyGexowm
BHUTYCKAIOT Clenytomue TR U2JI-BHC: MHKpPOIpOIecCOpsl (paspaIHOCTs
4-16, pnurensHOCTs HUKNA okono 100 Hc); 3V ¢ npousBonbHOHN BEIGOPKOH
(emxocTe 1-16 x6utr, Bpemsa obpamenus nopsgka 100 Hc); noruyeckue
cxeMbl; BUC nns kanbKynsToOpOB, H3MEpHTENbHON anmmapaTypsl (WHGPOBLIX
BOJIBTMETPOB, ocuuinorpadon), nepupepuiinex ycrpoicrs IBM, ananoro-
nubpoBrx H nuppo-aHamorosblx mnpeobpasopateneli; umdpossie BUC
BOGHHOH H  KOCMHYECKOH annaparypsl, OBLITOBOM  3MEKTPOHHKH
(panHONpPHEMHHKOB, TEJIEBH30POB, 3JEKTPOHHBIX 4YacoB) M Ap. Bo3mMoxHO
NpHMeHeHHe HHKEKIHOHHOrO THTaNuA B THHeAHbIX cxeMax u MITI-KC.

XaQaKTCQHCTHKH MHOTO3JEXTPONHOrO 6H110![${QHOF0 TPAH3UCTOpAa

Kak mpasuno, » U*JI-UC TPAH3UCTOPHl BKIIOYAITCA No cxeme 0D,
Tox wHXekTopa I, 3afaH BHeWHel Uens0. BXOAHbIE yNpaBlAIOIIHE
CHTHAJNEl NMOJAOTCH B Ienb 6a3bl MIH OJHOTO U3 KOJIEKTOpPOB. BeIxonumie
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CHIHANbl CHHMAIOTCA C OCTANbHBIX KoNlekTOopoB. I[lapaMeTpnl 3TuX
CHIHANOB MOXHO ONpeNeNHTh W3 aHalH3a YNPOIWEHHOro TPHOLHOrO
3KBHBaJeHTa (COAEpXKaWero BCEro JHIL TPH MEKTpOHa: MHTTep, 6aza u
KOJUIEKTOP) MHOrO3NEKTPOJHOro TpaHsucTopa. [lox 3KBHBANEHTHOCTHIO
NOHHMAETCAd B JaHHOM cJlyYae COBNafEeHHE BHEUIHHUX OJJIEKTPHYECKHX
XapaKTepHCTHK mo I-my xomtekTtopy, / = 1, 2, .., v (v - 4ucno
KOJIEKTOPOB).
Craruxa. Tok 6a3bl TAKOrO 3KBHBANIEHTA

Liskas =IE+°‘qu""(]"an)zlx,:ls‘*’lr’ j# L
=l

Ero sxkBHBaneHTHbIE HOpMaNbHbIH KOd)OUUHEHT YCHIEHHS H TENNOBOH TOK
IMHTTEPHOIO Nepexoia

= A SIS 0 T S . TR
l-o,00,, ~(v=Do,a,, =7 0T ko 20
DxsuBaNeHTHBIH KO3QQHUMEHT yculeHns B cxeme O
_ Ty, o @,
. Tl-a =vey (Ve (- oy - a0

Ecnm nis BCeX v KONNEKTOPHLIX IEPEXOHOB HMEET MEeCTO AKTHBHBIIH
pexnM, T0 I, =Pl;oq;, BCC l;,p, ONMHAKOBE H

Tokn, =I5 + 0Ly + (v =11 =0, )Blg g, -
COOTBETCTBEHHO
a,

= + ol = >
IK] BV(IE al H)’ [Sv ,l_m'_uzah

Jns pexxuma HachbIIUEHHA CTpaBelIuBLl GOpMYIH

I +(1-a, M)
strlzq’{m[igm : s +1, v=l
Iy
1 Lgokas + (1=0y ),
U =@y In—+ ¢, In BIKB ! Li
x T &y ! Lyoxwe —Txi /B
Tak, B nenouke (puc.2.19,r) v=1, Lja=Ix=l;. lonaras o, =099; B=2;
¢, =25uB; 1. =10"1,, umeem U;, ~480mMB; U, ~18vB. TakoBel B JaHHOM

cliyqae BLICOKHMH 4 HH3KMH TOrHYECKHE YPOBHH.
U3 puipaxenus ansg Uy, CIegyeT, uTo ¢ pOCTOM CYMMAapHOro TOXa

}:I” (c ysenmuenueM I;a¢e,) BesuuuHa Uyy, yMeHswaetcs (pacter
»

CTeneHb HACBhIUEHHA), XOTs BHEWHHH Tok Oaswl I; m TOK I, ocTaloTCA
HEH3MEHHBIMH. YCIOBHE HACBHINIEHHA 1O /[~My KOJNEXTOPY Igym, 21, /B
MoxeT OBITh HapymeHO, €cHH B OOHH (MIM HECKONBKO) H3 COCEIHHX
KOJEKTOPOB 3aJaTh BhITeKalomue TOKK (I <0) HOCTAaTOYHOH BETHYHHEL
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Tak, Opd v=2 TpaH3UCTOpP MO l-My KONNEKTOpY OKAasklBAETCA HA rpaHu
HACHIIIEHMA, €CITH '
_ Leraly =L, /B
K27 l—d.‘l N
O6u9HO o, ~1. ITo3TOMY ynpaBieHHe 1O KoynekTopam TpebyeT Goabuinx
TOKOB.

Vyer  B3amMONEHCTBHA  COCGJHHX  KOJJIEKTOPOB  3a  CUeT
TPAaH3UCTOPHOTO 3¢ (PeKTa BHOCHT CyIMecTBEHHEIE IONPABKH B IPHBENCHHBIE -
dopMynsl. JomMONHATENBHO MOJE3HO ydecTh, 4To B ciiyyae BUC uepes onun
06ImHH HHXKEKTOp 3ajJaeTCi TOK IHTAaHHA B rpynny u3 Goxpworo wucma N
TpaH3ucTopoB. CyMMapHbI# Ko3QOhHHHMEHT YCHJIEHHS TOKa HHXeKTopa
Na, = 0,6-0,9. Opmako KO03QQHIHEHT YCHNEHHMA JJIA KaXAOH 6asml
o, = (0,6~ 0,9)/N oka3piBaeTcA MajibiM. [IpH 3TOM MOXHO CUHTATE Q0 ~0.
Kpome Toro, o, = 1. A noTomy B JaHHOM cnyuae f, =f.

Hunamuxa. [Ipy aHanuse NEepeXONHBIX NMpoumeccoB B cxemax 0D c
MEXEKLUHOHHBIM IHTAHHEM HMCHONB3YIOT MPHHATYIO HNA OGBIYHBEIX KIIOYel
O3 MeToauKy W H3BecTHEIe QOPMYBl C NOACTAHOBKOH B HUX NapaMeTpoB
3KBHBalleHTa. IJOCTOAHHAZ BpeMEHM T, XapakTepu3yeT CKOpOCTh

H3MEHEHHA TOoKa KOJIJIEKTOpa B AaKTHBHOM peXHMe IIPH YIPABJIECHHH 10
6aze. B clly4dae YIOpaBJIeHUMA IO HHXEKTOPY RNIHTEJIBHOCTbL MNEPEXONHBIX
NpOUECCOB YBEJIHYHBAETCA, TaK KakK 3KBHBAJIEHTHBIH TOK 6a3bl HapacTraeT He
CKaYyKOM, a MOCTENEeHHO C INOCTOAHHOH BpEMEHH T,, CpaBHHMO#H ¢ Ty

ITo3TOMy 3KBHBaNEHTHAA IOCTOAHHAS BPEMEHHM 3[ECh Ty, z,hgng >1,. Ilpu
YOpaBIEHHH MO KOMIEKTOPY Ty =T,(l-0o )<<, CooTBeTCTBYOLIKE

NOCTOAHHBIC BPEMEHH HA 3Tale paccachblBaHUA

. [ i,
Teac ®%ps Teack ®VTeac T T2 3 Tpack ® Tpie

TakuM o6pazom, IIpH yIpaBleHUH 110 KOMIEKTOPY XOTH M TpebyrTes
GonpmMe TOKH, HO IJNHTENLHOCTh INEPEXONHBIX MpPOLECCOB [0JyYaeTcs
manod.  EMKOCTH  SMHTTEPHEIX  NepexoJoB  JKBHBANEHTHOro M
MHOTOS/IEKTPOXHOTO TPaH3HCTOPOB COBNAZAKT. EMKOCTh KOIIEKTOPHOrO
Iepexona 3KBMBAJNEHTA paBHA CYMMe eMKOocTed BCeX KOMJIEKTOPHBIX
IepexoLoB MHOTO3NeKTPOJHOrO TPaH3MCTOpa. XapaKTEepHO, YTO t, pacreT

nponopuuoHansHo v. IloaToMy ¢ yBemWueHHeM YMCla KONIEKTOPOB
ObICTpONEHCTBHE TPAaH3HCTOpPA yXyXawaercs. BoT NpaKTHYECKHe MpHUMeEpE!
3HaYeHUH MapaMeTpoB HIKEKIHOHHEIX TPaH3MCTOPOB, HCHOJb3YEMEBIX B
f4edKax mamaTtu: P=2,5-5; a,; =(3-4,6)107; Na, = 0,5 - 0,93; 7, =11-20uc;
T, =12-20Hc; yCpejHEHHBHIE €MKOCTH OMHTTEPHOrO M KONIEKTOPHOrO
nepexonos pasust 0,25 u 0,3 nd cooTBeTCTBEHHO.
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Unendxd
U

Uo i 0
0 U / UF)U( Uex
Uae (K9 UM(K«‘:)
B Eé__gux 2 X1X2
[%___ 2 2T Ta Ts Ta
K3 3 X4

Ir Ir Ir Ir

U a=10*
A M/i' Sp=3

=] 2

0 0,5 Lx

5 u%‘

Us

Puc. 2.20

B kawecTBe HIMIOCTPAHH pPacCMOTPHM II€PEXOOHBbIE IPOLECCH B
MHOroKoJIeKTOpHOM Kkawoue OD ¢ pesmcTHBHON Harpyskol (puc.2.20, a).
Takoe BKNIOUEHHE YACTO HCIONb3YeTCs B BEIXOAHBIX Kackanax M2JI-cxem
B cay4ae, Korna MHOFOBHCKTpOﬂHbIﬁ TPaH3HCTOP MNPHMEHAETCA Kak
otnenbHBIM npubop. IIyeTh Ry, = Ry, = ... = Ry, = Ry, I; ~ OTKpHIBAIOUMIE,
I~ 3akpriBaromuit Toxu 6aswr (cnyvaif ynpasnenus no 6aze). Torga Bpems
paccachBaHHA

»IBI 3B T IEZ IKB
by =Toac lnma Lew =B
3necn
Lgyokn = Lgy + ol + (v =D - Mgy
Tpaoke = =Ipy + 0Ly + (v-D(l—a; Mgy
[lopcTanoBKa AAeT:
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Iy +1g
I —aly 1w /By

B cnyuae ympaBieHHS IO KOJNIEKTOPY, KOorga v = 2, BHCWHHH
6a3oBniit Tok Iy = 0, a2 TOK 2-ro KOJJEKTOpPa CKayKOM MEHAETCH OT HYNsS A0
3HaYeHHd Iy, < 0, npu pacuere t, CIEAYeT NPHHATH

tp=Tpcln

Tgoe =% us Tho =@aly ‘(l‘an)‘lxz’so

¢ 3aMeHo# 1, Ha 1,,. [IpH OTKPBIBAHHM TPAH3UCTOPA MO UEIH HHKEKTOPA

pack *
(axTHBHBIH pexuM, [;=0) B H3BECTHOH dopmyie
ty =(14 +|3RKCK)IHY—_I*I“—'-—TB'
B1 KH
BeNMYMHBl T,, B, lq CHNEAYET 3aMEHHTh COOTBETCTBEHHO Ha Ty, f,,

Ijiow =1, U Tak panee.

Jlornueckye 3neMeHThl

OCHOBOH [OCTPOEHHA LIHGPOBBIX CXEM € HHXEKIHOHHBIM [HTAHHEM
cnyxut anement HWJIHA-HE. [Ipu HcHONp30BaHMM OAHOKOJANEKTOPHHIX
TPAaH3UCTOPOB 6a3hl HECKOJNBKHX NMPHGOPOB NMOAKIIIOYAKTCA K KOJIEKTOPY
npexsigymero. B aroMm ciayyae, xak ® B PCTJI-MC, owmyrumo BnusHue
COBHra BXOQHBEIX XapaKTePHCTHK OTKPHITBIX HALPY30UHBIX TPAH3HCTOPOB,
€ClM o, CPaBHHTENLHO HEBENMKO., OTO  BIMAHHE  HMCKIIOYaeTCs
NpUMEHEHHUEM MHOIOKOJIIEKTOPHEIX TPaH3HCTOPOB, KOrZA €  KaXIbIM
KOJUIEKTOPOM cBS3aH JIHIIL OXHH Harpysoudslfi kommorent. Ho riasuoe,
4TO faeT yBelHYeHHEe v, - BO3IMOXHOCTb peanusaundu GyHkuun M nyrem
npocToro o6beJHHEHHS BBIXOMOB JJEMEHTOB INPH YCIIOBHH COXpaHEHHS
HHIUBHIYaNbHBIX 3HaYeHHH BBIXOZOB (IO APYrHM Koanektopam). MMenHo
3TO H CO3HaeT YCIOBHA I KOMNAKTHOH peanusanumn M’J-crpykryp. Hx
0COBEHHOCTRIO, TAKHM 00pa3oM, ABAACTCA OTCYTCTBHE COCHHHEHHH Mexay
AByMs M Gonee 6azaMH.

OToensHO B3ATHIR v-KOJJIEKTOPHBIH TPaH3HCTOpP C M BBIBOAAMH OT
6a3sr oxa3ssBaeTcs dneMentom M-HE ¢ kKoo pHUHeHTOM 00BEIMHEHUS O
BX0oAy m H Ko03$UImHEHTOM pasBeTBNEHHA no Bhixoay v. Ilpumep
YCIOBHOr0 0003H29€HHA MHOILOKONJIEKTOPHOrO TpaH3MCTOpa MAs clyvas
m=v=3 nokasaH Ha pHC.2.20,B. EcoH BXOIHBIE CHIHaNbl NMOCTYNAIOT HA
HEro OT BHEIIHHMX CXEM, TO HeobXOAMMa dNeKTpuyeckas pa3Biizka BXOJOB
npy peanusauud ¢ynkuum M. DTo JOCTHraeTcs BBEHNEHHEM B CXEMY
HOMOJHHUTENBHO 2m OMHOKOJNEKTOPHBIX TPAH3UCTOPOB (puc.2.20,r, cayuvai

m=2, X\,X;= xvxy).
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Cratuweckue napamerpsi. I[lycts v=1. Ilpu stom HJl-cxemn
crpoatcs monobuo oferuneiv HCTI-HUC. IlepemaTouHasi XapaKTepHCTHKA
AeMenTa WIN-HE no wanpsxenuro (puc.2.20,6) U, =fU;), rae U; —
noTeHuuan 6a3kl OQHOTO H3 TPaH3HCTOPOB, HAXONUTCH B NPEANONOKEHHH,
YTO HA OCTalbHBIE BXOJABl 2JEMEHTA MOMAHBI HM3KHE IOTHYECKHE YPOBHH H
COOTBETCTBYIOMIME MM TPAHIUCTOPHI 3aKpbiThl. [IpH TAKOM COYETAHHH
BXOAHBIX CHIHANOB B KONNEKTODHOH Ienu OTKpPLITOrO TPaH3HCTOpa
npoTekarT BXxOAHBE TOKH (I;) BceX n Harpy3o4HBIX KOMIOHEHTOB, H
CTENeHDb €ro HACHIMEHHS Sy MUHHMANkHA (HAaUXyIoas CATYalus).

Hckoman dhyHkuus onpeneneHa BrpaKeHHeM

e =g faeth e 1 -]

rae S, =f/n; a=ﬁlr/xmer/[(l—a)I,,]. OT 3HayeHu#i S, W a 3aBHCHUT BHI
nepenatounoft xapaxrepucturu {puc.2.20,1,e). Ha rpaduxe (puc.2.20,6)
yka3aHel ToukH Jiorgdyeckoro 0 (motennuan U,), noruueckot 1 (morenuuan
U}, rpamuusl HaceimenMs (S = 1) H  eINHHHYHOTO  YCHJIEHHS
K, K ([dUgyy /dUgy|=1). Tlpr Uy =Up 0 Gopmyna paet Uy =U, ~o, In(l /1,).
B ciyuae Uy =Upy=U, #MmeeM Up~U, ~¢ (S, +1). Ecam Uy =U,, T0
cTeNeHh HACHIEHUA paBHa S,, w60 3mech Iy =1, =Splsy (gy=nl;) #
UK=Uo=(pTln[Sn/(S"-])]. IIpurumas 3a Kkpurepufi paGoTocnmocob6HOCTH
9J1IEMEHTa HajllHYHe Ha XapaKTepHCcTHKE Y4wacTka, rnie IdU,,m/dUBXIM,
noxyvaem ycioBue a>8. YdeT TexHoNoruueckoro pasfpoca napaMeTpoB H
HeflcTBHA TOMeX HaeT ayy =(1-3)10". Ina pansmx B, [, BENHUHHA Ay
onpelenser MakcuMalnsHy pabouylo Temuneparypy. )

[Mpu amamuse craTudeckod momexoycroiiumsoctn o6wrynpix MC B
Ka4yecTBe I'PaHHLl HX 3aKPBITOIO H OTKPHITOrO COCTOSHHH 4acTO MIPHHHMAIOT
TOUKHM eHMHKHAHOro younewus K! w K). U?J-UC uMelT CpPaBHUTENBHO
HH3KHMe 3HaueHus Uy, U, . OcobenHo 310 OoTHOCHTCA K Uy, NOCKONBKY
nepejgaTounas XapaKTePHCTHKA pe3K0 ACHMMETPHYHA OTHOCHTENBHO
CepeIHHbI 30HL NepeknoyeHud (Touka S = 1). Bennuuna

Uji = Ugy (K}) = Upy (Kg) = 0 In(S /4),

TAK YTO [Js BBIIONHEHHMS ycnosus Up >0 TpefyeTcsa HepealbHO BBICOKAg
CTENEeHb HACHIEHUA S, >4.

bBonee ToYHBE 3HAYEHHA NOMEXOYCTOHYHBOCTH MOXHO BBIMHCIHTh 110
TOYKAM ENMHHYHOTO  YCHNEHHMA HABYX IOCIEJOBATENbHO COENUHEHHBIX
aneMmenTon (puc.2.20,%; K- wucao xackanos). Ilpu sToM

Up, = U (K}) = Upg (K}) = 97 InSy 5

S
Uy =UHX(K§)"UBHX(K:)= Uy =20, ]n‘/S—E-I .
n
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IIpakTHYecKkH HOCTHXHMEIE 3HAYEHNA Sy B HaUXYALIEM ciiydae He 6onee 2,

ToatoMy U; <@q.

IIapameTp Ug B OeHCTBUTENIBHOCTH  HE XapaKTepHiyerT
OMEXOyCTOMYMBOCTG, HM60  HOTeHIMan  Ga3bl  OTKPBITOH  CXeMbl
onpenenseTcs TokoMm Ir caMmoro snemenra. bonee 06BEKTHBHOH B JaHHOM
cnyuae ABNAETCH OLEHKA IOMEXQYCTOHIHBOCTR IO TOKY. Bennunna

I =1:(1-Sp).
C poctoM uHclia Harpy3ok 3Ha4deHus Up, I yMEHBIIAIOTES H3-3a CHHIKCHHA
S;- Ofa omM 3aBHCAT OT TOKa HHXekTopa. Belem KO3 HLHEHTE
nomexoycroituusocTd Ky=UL/U, u K;:I;/Ir. Ecnu  norpebosars
paBenctBa Ki =K;=K;, TO MOXHO BBIYHCIHTh MHHHMMAJILHO AOMYCTHMOE
3HayeHHE P
Bzn(l+Kyp)=n, K;<01-02.

[IpuBefeHHbie BBIPAXEHHS JIA IEePENaTOUHOH XBPaKTEPHCTHKM,
NOMEXOycTOHYHBOCTH M KOdQhHUMEeHTA  YCHIEHHA  MOryT  OBITh
HCIIONB3OBAHbl H AN CXeM Ha MHOTOKOMIeKTOpPHBIX TpaHsucropax. Ilpu
3TOM CJI€YeT CHHTaTh n=1.

OnuTeNsHOCTh NEPEeXOXHBIX NPOLECCOB B CXeMaX € HHMEKUHOHHBIM
NHTAHHEM 3aBHCHT OT BENHYHMHE Toka Huxexrtopa. [Tpm maneix Iy snavenue
tyce ONpENENAETCS IHPOLECCOM Iepesapsifa eMKOCTeH 1epexoson u
MexcoefHHeHHH., OTCYTCTBHE pPE3MCTOPOB K  CBA3AHHBIX ¢  HUMH
napasuTHBIX eMkocrelf o6ycmaBiMBaeT 3HAYHTENBHOE  yMeHbUIEHHE
sagepxkn B M°JI-cxeMaX mo cpaBHeHuio ¢ Gnuskumu k Hum PCTJ- u
HCTII-HUC ﬁpn Tex ke Tokax nuranus. C poctrom I, BesHURHA ¢
ymenpmaeTcs. IIpw Gonemux Iy ocHOBHOH BXmam B CPEAHION 3AMEPHKKY
BHOCHT HpOLeCC pacCaChIBaHHUA.

B ofmeM caydae ty, =05(t,+t,). Ecmw g >>t, (Iy wman), To0

3aBUCHMOCTE o =f(Pp) — runepbonmueckasts, a paborTa NepexyIOUEeHHS
Poplicy HE 3aBHCHT OT MOUIHOCTH Py, M OMNpENENsercs TONLKO E€MKOCTIAMMH
nepexonoB H MexcoenquHeHumH. Tox nuTanusa cmaGo BHHMseT Ha BpeMs
paccaceiBanns. [Toatomy mpHm t; <<t, (Iy Benuk) ¢ pocroMm norpebuasemoi
MOIIHOCTH BENHYHHA 1, =0,5t, 0CTaeTcs NpPaKTHYECKH HEHU3MeHHOH, a
paboTa mepeKNIOYEHHA YBeNMHYHBaeTcd. B 3TOM clydae ¢ pPOCTOM n
yMeHbIIaeTcs BeIKMoYaomui §a30BbIf TOK Iy =Bl —nl)/n=[(S,~1) u

OelcTponeiicTBHE dIeMEHTa yXYALIAeTCA,
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[IpoeKTUPOBAHUE CHOXKHBIX CXEM

OnuoM H3 OCHOBHBIX 3aJla4 NPOEKTHPOBAHHA HHPOBOrO yCTPOHCTBA
¢ HHKEKUMOHHBIM NWTAHHEM ABIAETCE CO3NAHHE ero byHKIHOHATBHOH
CXeMbl Ha MHOTOKOJIEKTOPHBIX TPaH3UCTOpaX. IDTA CXeMa Olpenenfer
YHCIO TPAHIUCTOPOB M MX KONJEKTOPOB, CBA3M MEXAY OJIEKTpPOLaMH
PasHBIX TPAH3HUCTOPOB M C BHEUIHHMH BbIBOLaMH. OT Hee NEPEXONAT K
(YHKUHOHANBHO-TOONOrHYECKOH  CXeMe, B  KOTOpPOH  yKasmBaeTcs
B3aHMHOE DACHONOXKEHHE TPAHIUCTOPOB MeXAY cOoGOH M OTHOCHTENBHO
WHXEKTOPOB.

B xauectse ucxomHo# Gepercs QyHKIMOHANBHAS cxeMa YCTPOHCTBA B
6asuce HIJIM-HE. Kaxusif ee a2/eMEHT [peNCTAaBNAETCE 3IKBHBANEHTHOM
CXeMOH Ha OJHOKONITEKTOPHBIX TPAHIUCTOPAX. 3aTeM BCe TPAHIHUCTOPHI CO
CBA3AHHBIMH Ga3zaMH 06BENHHAOTCI B MHOTOKOJ/UIEKTODHEIE TPAH3HCTOPEL.
YHeno  uX  KONNEKTOPOB pPAaBHO HHCAY COERMHEeHHBIX 6a3. Ofuee
KOJHYECTBO TPAH3MCTOPOB B CXEMe PABHO YHCIY BXOLOB BCEX 3IEMEHTOB
WUIIH-HE 3a spiuetom ymcna csszell mMexny 6asamu. [TocnenoBaTeNbHOCTh

npeobpasosanmii N ciydaw  DOMYCYMMaTopa  (y=xVX: VX V)
HILTIOCTPUPYIOT PHCYHKH (puc.2.21,a,6,8). OkoHuaTelbHas
(hYHKUHMOHANBHO-TOMONOrHYECKas CXeMa umMeeT BHA puc.2.21, r.

DTan coOCTaBNEHHS DJKBHBANEHTHOH CXeMBI Ha OIHOKOJIIEKTOPHBIX
TPAaH3HCTOPAX MOXHO HCKIKYHTE NYTEM OTOXIECTBJICHHA CBA3aMHBIX
BXOHOB JJIEMEHTOB HCXORHOH (QYHKUHOHanbHOM cxeMbl. MoxHo ofoiiTy u
nepBBId  HTan, BHUTOAHAS HCKOMYID peanH3allHi0 HENOCPEJCTBEHHO IO
JaNAHHOH GyHKUMOHaNBHOH  3aBHcHMocTH  (puc.2.21,1.e; TpUMED

nemwHGpaTopa Ha 3 BXOAA; ¥, =XiVXiVXi, Yy =X, VX2 VK, Yo=K VR VX e
Cy Yy=X v v ). [IpH 3TOM 4HCIO KONTEKTOPOB KaXJAOTO TPaH3MCTOpa
paBHO KPaTHOCTH MCIOJNLIOBAHHA B CXEMe TMOCTyIawuero Ha ero Gasy
curiana  (omwoce 1, ecnn  HeoGxogmMo GOpMHpOBaHHE  OTOENbHBIX
unpepcuit). KoayuecTBO K€  CaMHX  TPaH3HCTOPOB  onpegensercs
CYMMapHBIM YHCJIOM BXOOHBIX H MPOMEXYTOYHBIX CHIHAIOB B CTPYKTYDE.
XapakTepHo, 4TO B pPACCMOTPEHHOM NpHMepe AewlHdpaTopa Iepexon K
MHOTOKOJITEKTOPHLIM ~ NpuHBopaM  cokpamaeT  HeoOXoguMoe  dYHCIO
TpaH3ucTopos ¢ 27 no 6.
3aMeTuM, UYTO AHANOTHYHBIE pE3YNbTaThl MOXKHO IONYYHMTb H C
HEeCKOALKO MHBIX (OpPMANBHBIX MO3MUMH, eclhM K HCXONHOH dopmyne
(3anucanHol B 6azuce MJIM-HE) npHMEeHHTH NPAaBHNO HHBEPCHH. B uTOTE
umeeM nepexos k 6asucy {W, HE, U-HE}. Kawnwmit us snementos HE,
U-HE 3aMeHgeTcss  MHOIrOKOJUIEKTOPHBIM  TPaH3HCTODPOM, qHCI0
KONNEKTOpPOB Korc;poro onpeliesieHo Harpyskoi snemenTta. OyHkuus M
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peanusyeTca MNpPOCTHIM O0OBEIHHEHHEM TNpPOBOSHMKOB. Ecax BHEmHHHR
CHTHAJ NOMAETCA HAa BXOJBI Ny 3AEMEHTOB, TO CIeNYET BBITONHKTH Pa3BA3KY
BXOXOB C [TQMOMIbIO HOMOIHHUTENBHOIO MHOrOKOIJIEKTOPHOTO TpaH3MCTOpa,
y KOToporo"'v’= np. Jns ycrpaHeHus nojydaiomelcs OPH 3TOM HHBEPCHM
UCIIONB3YIOT, N0 HEOOXOAUMOCTH, elle OJHH BXOZHOH TpaH3uctop. Tak, nus
IooycyMMaTopa HMeeM y=mﬁ. BeimosHAS yKa3aHHbIE NpOLEAYpBI,
noxyvaeM yxe usBecTHEIH pesynerar (puc.2.21,8).
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Inasa 3
JOTHYECKHE ONEIIM U ABTOMATHI

OCHOBHEIM npenMeTOM [aHHOH TJaBbl ABIAETCA AHANH3 M CHHTE3
JIOTHYECKUX Henedl B NEPeXOAHOM peXHME BO B3AMMOCBA3M C© TeOpueit
ABTOMATOB M NOCHENOBATENLHOCTHBIX cXeM. IIOHATHe NOTHYecKOH WemH,
T.¢. UenH K3 norduyeckux MC, BBOAUTCA 0O AHANOTHH C HOHATHEM
JAMHEHHOHN NenH. B m06o# JNEKTPUIECKOH Henn UMEIOT MECTO NepeXofHble
npoueccsl. Ho ecnu B NMHEHHBIX LENAX 3TH NMPONECCH BIHAIT TONBKO Ha
MCKaXeHHUs (B ACTHOCTH, Ha 3alepXKy) [epenaBaeMOTO HMIYyIbca,
TO B TOTHYECKHX OHM MOTYT IpPHBECTH €Ile H K JIOTHYEeCKHM omubkam
o6paboTku HHpopManuH. DTO 06YCIABIHEAET BAKHOCTE PACCMATPHBAEMBIX
BOINPOCOB  Ans npaxkThyeckux ueneH. IlpeapapurensHo H3narawTcs
HeKoTOpble oOIMHe BOMPOCH POEKTHPOBAHHA JIOTHYECKHX  Lemeif.
PaccmoTpenHe B uenom semerca mo MatepuanaM pabor [38, 39, 64, 68]
€O CCBUIKAMM H& OCHOBHBIE NMEPBONCTOYHUKH,

§3.1. OBLIHME BOITPOCHI [IPOEKTHUPOBAHMSA

Cpenu MHOXeCTBa [pPHKNaQHBEX BONPOCOB B 3TOM liaparpade
BBHIAENAIOTCA CHeAylouwHe. Bo-mepBhix, npoleaypa HEIOCpPeICTBEHHOrO
nmepexona OT nepekinioyaTensHol cxemm B OynesoMm Ga3suce Kk cxeme
B OJIHOM M3 YHHBepcalbHbeIX 6a3HcoB, xapakTepHeIX nas norudeckux HC.
Bo-BTOpPBIX, pa3rpy3ka 3JeMeHTOB 0 BbIXozaM H Bxozam. Koe-uTo mo
JToMy nDoBOAY O6biro yxe ckasaHo pasee. [anmee, — 3sddexTuBHOCTD
NOBBIUEHHA CTeneHH WHTerpauuyd. HakoHelw, — 0COBEHHOCTH MOCTPOEHHSA
CHCTEM CHHXPOHH3aUMHA HHPPOBEIX YCTPOHCTB.

[Tepexon x yHuBepcanbsHomy 6azucy [69. 70]

OYHKIHOHUPOBAHNE NOTHUECKOH cxeMbl o6sYHO 3ajaercs Tabauuer
CMIHANOB, rjxe KaxZoMy Habopy BXOHZHEIX CHIHAJOB  OTBEYaeT
ompepenennpf Habop cHrHanoB Ha BeXOAax. Hemocpencrsenno u3 3Toft
TaGauusl MOryT 6bITh HaHXEeHB! JBe KAHOHHYECKHE (POPMBI aHANTUTHYECKOH
3aNMMCH ABOMYHBIX Qynkumi, peamusyembrx cxemoit: CIIH® (cosepireHnas
AM3BIOHKTHBHAS  HopMansHas dQopma) u  CKH®  (comepumenHas
KOHBIOHKTHBHAad HopManbHas popma). CAH® (CKH®) - 310 AH3BIOHKIHA
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(KOHBIOHKIHA) BCEBO3IMOXHEIX IONHBIX, T.6. BKIOYalOWUX B ceba Bce
NepeMeHHElE HIM HX OTPHUIAHHMA, KOHBIOHKUHMHA (AH3BIOHKNHH), paBHBEIX |
(0) ma Tom xe unaGope, uro H cama ¢ynknus. Kanomuueckme Gopms
[O3BONSIOT CHHTEIUPOBATh HCKOMYIO cxemy B 6asuce {W, UJIW, HE}. Has
ee YOpPOINEeHHA MOXHO HCIONb30BATh H3BECTHbIE 3aKOHOMEpPHOCTH OyneBoil
anre6pel.

CNOXHOCTh  JIOTHYECKOH  CXEeMBl NPHHATO XapakTepH30BaTh
CYMMAapHBIM YHCJIIOM BXOJOB COCTaBIAARMIHX 31eMeHToB. OHO TeM MEHhblue,
yeM “xopoue” ¢QyHKUHS, peanHsyemad cxemoH. 3aZaya MHHHMH3aLMK
GYHKIMH D0 KPHTEPUIO MEHUMaNBHOCTH Hucna 6yks B ee JIH® HaseiBaeTcs
KaHOHHMYecKOHM 3amauelt MuHHMH3anmruH. Ee ToyHoe pemenue faer
npumedesue anroputma Kpafiga. Paspaboran M panl “MalIHHHBIX”
anropuTMoB (Hampumep, Merton 3akpesckoro [71] m Pora), KoToprie
NO3BONSAIOT MOMHOCTBIO (GopManui3oBaTh JeficTBHA Ha BceX osramnax
MHHHMH3ALHH H AaBTOMATH3HPOBATh TEM CAMBIM [POLECC MOIYyYeHHUs
MEHEManbHEIX dopM Ha OBM. [JansHeimee yupomenue QyHKUHH
HOCTHraeTcs MOCTPOEHHEM HX CKOGOUHEIX (OPM MIH NPUMEHEHHEM METOla
¢yHKkmHOHanbHOH gexoMno3uuuH. IIpy CHHTE3e MHOTOBBIXOMHBIX CXeM
HCIIONB3YIOT METOJEI COBMECTHOM MHHHMH3aUHA QYHKUKH.

Viao6HM OpakTHYECKHM OPHEMOM MHHHMH3anMH B cMbicie Kpalna
I YHClia mepeMeHHbIX M <5 sBngeTcs ucrnonb3oBanue xapt Kapuno. Kapra
3allOJHAETCA aHATOIHYHO HCXOAHOH TaGnune curnanos. Ludpa 1 craButcs
B KleTKe, oTBedarome# Habopy, Ha KOTOPOM 3HAYeHHE QYHKUHH paBHO .
3nagenne 0 obrruno me orMeuaerca. Konmposka HabopoB TakoBa, 4YTO
COCe[HHE CTPOKH H CTOJGUB OTIHMYAXTCA 3HAYEHHEM TONBKO OJHOM
nepemenHod (puc. 3.l,a-r, cnyyai M=4). B aToM cMbBIcIe COCEIXHHMH
0Ka3LIBAIOTCS HE TONBKO [BE CMEXHBIE KJIETKH, HO M KJIETKH B Hayajme M
KOHIE CTPOK WiH cronbuos, ITpormecc MHHHMH3AUHH OCHOBAH Ha TOM, YTO
CIHO, BKJIOYAKOINas  BCEBO3MOXHEIE KOMOUHA KK NepeMeuHeIX,
ToxxecTBeHHO paBHa 1. [Ipumep:

X5 VEL VX, vxx, =1,

ITycts K, u K, — KOHBIOHKUMH 118 ABYX cocenHHx Habopos; K, — ux
of6mas gacts. Torma K, = Kox;, K, = K% (x; — oHa H3 NIepeMeHHBIX) U
K, vK, =K (xvx)=K, Taxam obpaszomM, anrebpamueckoe obbenumHenue
IBYX cocefHHMX kneTtok (puc. 3.1,a) DO3BOJAET MCKIIOYHTL OIHY
MepeMEeHHY0. YeTHIpe KIETKH, Kakjaas H3 KOTOPBIX ABIAETCA CoCenHeH
K IByM IpPYTHM, HMET naBe o6lIHMe nepeMeHHbIE, a4 JBE OCTallbHble
BCTpEHaloTCAd BO BCEBO3MOXHEIX KoM6uHanuax. I[losTtoMy npu ux
o6benunenur (puc. 3.1,6) wuckiI04arOTCAd Ccpasy JBE IepeMeHHBbIE.
O6senunenne BOCEMH KxeTok (puc.3.1,B), Kaxkgad U3 KOTOPHIX COCENACTBYET
C TPeMsA OPYTHMH, [I03BONIAET HCKIIOUYHTE TPH NMEPEMEHHBIE.
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Puc. 3.1

3ananHas QYHKLIHS MOXET HMETh HECKOJIBKO BAPHAHTOB MOKPHITHA -
(o6brenunenni). Hano cymers BEIGpPAaTh TOT H3 HHUX, KOTOpBI# OTBevaer
MHHMManbHOH ¢opme. B paccmaTpusaemom npumepe (puc. 3.1,r)

z2=XX, VXV xX,.
O6BenHHAL AHANOrHYHBIM 06pPA30M TIYCThIE KIETKH KapThl, MOJIYIHM
Z = XX, %, V 5,XX, VXX,
Orcropa MunuMansiax KHO
z=E=FvE VL) EH Ve VENEVE v,

dna HHTErpanbHBIX cxeM XapaKTepHO HCIONb30BAHHE
yHuBepcanbHoro 6Gasuca. K memy Moxso nepelity or JH® umn KHQ,
NpUMEHsS NpaBuno xsoinoro orpuuanus. JHO® naer peanusanmo B G6asuce
{H-HE}:

2= =%F VEL VEX, =2, BE, %X,
KH® -  6asuce {HJIU-HE}:
z=(R VG V)& v VE)E VE V) =R VE VE)V(G Ve VE) V(R VE VE)
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(AHBEPCHS TEpeMeHHON peaNHmsyeTca Kak X=xx=xvx). CxeMHO Takoi
nepexo) oO3HagaeT NpPOCTYK 3aMeHY sJneMmeHTOoB OyneBa Gasuca Ha
COOTBETCTBYOIIHi yHHBepcanbub# onemedT (pHc. 3.1,n). Ilpouecc
B3auMoo6paTtuM. [Toaromy mepexonm or MuHHEManbHbBX JH® una KHO
K yHuBepcanbHOoMy 6a3ncy coxXpaHfeT MHHHMAIBHOCTE CTPYKTYpPHI
B YKa3aHHOM pPaHHEE CMEICIeE.

Ornpasngsacs or JH® (KH®), MOXHO IONYYHTE peEald3alHI0 WU
B 6asuce {HMJIU-HE} ({HU-HE}), Geps 3a OCHOBY HHBEPCHIO HCXOMHOH-
¢yaxkoun  (puc. 3.1,e). 3TO Becerga CONPOBOXKJAETCS HHBEpCHEH
nepeMeHHBIX (o6o6menue Illennona). IlepeBox cxeMbl B YHHBepcanbHBIH
6asuc myTeM MpoCTOMH 3aMeHBI JIIEMEHTOB BO3MOXEH JHINB B cilydae, KOria
B HCXOOHOH CTpYKType oOT YpOBHA Kk ypoBHI »siaementst W, HIIH
Yepenylorcs H dHcio ypoBHe# uwernoe. (K ypoBHI0 0 OTHOCHM BHEIUIHHE
BXOJBl CXEMBHl. DJIeMEeHTH YpOBHA 1 CBA3aHBl II0 CBOHM BXONaM TOJBKO C
yposHeM 0, sieMeHTH ypoBH# 2 — c BeIXonaMH ypoBHe# 0, | u t.n.) Ilpun
HEBBINOAHEHHH I3THX YCJIOBHH IONOXEHHE HCIPABIAIOT YCIOBHBIM
BKIIOWEHHEeM B pa3speIBEl COENHHHTENBHEIX JNHHME (ramM, rze 3To
Heo6x0QUMO) OXHOBXOHOBEIX 3nemMeHnToB W (MJIHM), uro npum mnepexone
SKBHBAJIEHTHO BBEJEHHIO HHBepTOopoB. Brenpenmne TTJI- m MAII-UC
o6ycnosmno wHTepec Kk Gasmcy {U-UIM-HE} u nmpyram 6asmcam.
IIpobneMbl cHHTE3a ITOTHYECKHX CXEM B CIOXKHEIX 6asucax coenuduunsl
[72].

Hemansif  @HTepec  ANS  MHKPOCXEMOTEXHHKH  NpeNcTaplIseT
HCIIONB30BaHHEe MaxxopHTapHOro 6asmca. Bee npocreitmue dynkumu Moryr
OBITH peanH3oOBaHH Ha OCHOBE ONHOIO MaXOPHTAapHOrO »3JeMeHTa ¢
3MEKTPOHHOH mepecTpoiikoif. JleHcTBHTENBHO, MaXOpHTapHas QYHKUIHA
Tpex nepeMeHHBIX (CHMBOJ # 03HadaeT MaXOPHTAPHYIO ONEPalHIO)

M(x,, x,, X,) = %%, vV X, V X6, =X, # X, # X,
ee OTpHUaHHE
M(xnxz’xa)z;’?]#fz#fl=M(i:ufz’fa)-
Otcrona

x X, =M(x, x,00=M(&E, 5,15 xvx =Mk, x.1)=ME, %,0)

X X, =M(x, %,0=M(F, %,1); xvx, =My, 1,1)=MZ, %,0).

Heo6xoxuMOCTh HHBEPCHH CHIHAJOB Ha BXONAX OTCYTCTBYET IpH
HCIIOJIb30BAHHHA YHHBEPCANbHOIO MAaXXOPHTAPHOrO 3JMEMEHTA ¢ NPAMBIM H
MHBepCHBIM  BEIXojJaMM. Ilepexox k MaxopurapHomMy 6Oasmcy  Haer
3KOHOMHIO B 060pYNOBaHMH, €CIH pealu3yeMmble (YHKLHA OTHOCATCA
K KJIacCy MAaXOpDHTapHBIX (He cOJepXaT B Ka9ecTBE apryMeHTOB KOHCTAaHT
0 u 1). IIpumep:

x (X, VE VE)VLEX, = M(x,x,%,,%,X,) .
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H3secTHsl npasuna KOMOIAKTHOTO npencTaBIeH s mo6oit
nepekio4areNbHol QYRKUMH B MaXOpHTApHOM GasHce (¢ HCHONB3IOBAHHEM
xouctant 0 u 1) [51]. IlpuMepsl MOCTPOEHHS MAXOPHTAPHEIX BIEMEHTOB
6vimu nanel B §2.1 (cm. PTJI- u JTJ-UC). B

Paarpysxa anementos [70]

CymectByer nBa cmocoba pasrpyskdm NOrudueckHX 3IEMEHTOB IO
BEIXOAAM (TI0 KO3 HHIMEHTY PA3BETBICHAA n):

1) BBeeHHe pa3BA3BIBAIOMMX ychiauTened YV (puc. 3.2.a) Ha ABYX
snementax H-HE (MJIM-HE), coenunennpIX KacKagHo;

2) ny6nMpOBAHME MEPErPYKEHHHX 3NEMERTOB (puc. 3.2,6).
Ecmu n,— Tpebyemas Harpy3ouHas crnoco6HOCTh i-IEMEHTa, TO JJlS METOXA
ycunutened nxzn, 2(n-n)(n-1) B Heo6XonMMOe 3HadYeHwe n2.[n,. H3-3a
YBENIHYEHHs 4HCla YpoBHe# nojgobmas pasrpyska NPHBORHT K pOCTY
3a0€PXKKH CXeMbl B HeloM. YCcTaHOBKA NyGJHPYROIIHX 3JIEMEHTOB YHCIOM
£2n/n  COXDAHAET HEH3MEHHOH 3alepXKy, HO MOXET IpPHBECTH
K meperpy3ske 3JIeMEHTOB, COSNHHEHHBIX C HX BXoAaMu. MHOTKa NpHMEHSIOT
KOMOHHMPOBaHHBIH BapHAaHT: CHayana nybnupopaHue, 3aTeM
“pasMHOXEHHE”  BHIXOMOB ¢  NOMOINLIO  YCHIWTENeH, Tak  9TO
nfzun, z(n —nl)/(n—l)‘unéﬁx?f. Ilpn 3ToM B psje cly4aes ynaercs NONYYHTH
ONTHMAaNbHbIH BADHAHT 10 YHCIY BBOAHMEBIX 2] EMEHTOB.

PaccMmotpuM npouenypy ny6aumpopanssa nozpobuee. [IpoHyMepyem
BCe OJJIEMEHTBl HCXOJHOH cXxeMnl no mopasky or 1 mo r. Ilyers ¢-
xonuyecTso aybne# i-anemenrta, a KoaddunHeHT C,= 1, ecnu BHXOA
i-oneMeHTa COeJHHEH CO BXOHOM j-ro, u C,= 0 - B IPOTHBHOM ciydyae.

Torma UMeeM OrpaHHYEHHA

YEC, snt, i=12,.,r.

el
Bennyuyel ¢, MOXHO HalTH no MTepanuoHHok dopmyne
r
k-
e =Y akC, /n.
1% .
3pech Jo[~ Gamxaiimee uenoe, Gonbilee HIH paBHOe o ¢ —3HayeHue £, Ha
k-mare urepanun, £= 1, MrepaTHBHEIL pouecc OKOHYEH, eclu £'=¢¢ nng

Bcex i,
Meton Bcerpna maeT pemeHHe Npu a>m. QNA n<m npouecc MoOXer
pacxouutsca. B npumepe (puc. 3.2,8) nmonaraeM n=n,=n, = 2. Torga

aneMeHT 4 neperpyxeH. HcxoMble BeJTHYHHE
6" =14 £ =1AL 67 =IAL 47 =1+ 2L

Ha mare k=1 nonyuaem ¢, =£,=¢, =1, ¢ =2 (puc. 3.2,r).
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Puc. 3.2

Heo6xonuMoCcTh pasrpysky 3J1eMeHTOB o BxoaaM (o koszdgduuuedry
o6beAMHEHHA M) MOXHO YYECTh Ha 3aKTIOYHTENBHOM ATare MUHUMH3IAUHH
npu o6pasoBaHuH ckoGouHbX dopM. PaccMoTpuMm cny4qait m=2, IIlycts

2= XXX, V XX, XX V X, XX XX, v X XX, X,
[locnemoBATETsHO BEIHOCA 32 CKOGKH 06mMe UNeHsl KOHBIOHKIMME, HMeeM
z = x, {Fyx v B[, %, v B (6, % v x,x0)]),

4TO JAaeT MCKOMYIO peanusaunuio (puc. 3.2,1).
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B o6memM ciydae onMcaHHas OpoHeNypa NPHMEHHMA JIHME K OTHAENbHBIM
rpynnaM koHboHKnuHE HexoxwoH TH®. Ecim Hz ogda napa KOHBIOHKIIHI
He CONEpPXHMT OGMHX UNEHOB, TO CHAYANA BRINONHAIT TPYNIHPOBKY IO
WJIH, a 3aTem — BHIHeceHHe 3a CKOOKM BHYTPH OTHENBHBIX KOHBIOHKIHI.
ABTOMAaTH3alHg NOHCKA pewleHus ¢ npuMeHerneM DBM ocymecrsiasercs
Ha OCHOBE CIEUHANBHOTO anropHTMa. YacTH4HAs pasrpyska N0 m MOXKET
6HITE  JOCTHIHYTAa B IIpoUecce TAaK HaseiBaeMOH (QYHKUHOHANBHOM
JMEKOMIIO3HIIFH.

Moprpienue creneny putTerpanuy [731

[IpuHUHIHANBHEIM OTTHYHEM Oonbuinx wHTerpanbusix cxem (BUC) ot
06brunsix HC aBisgercd cpaBHHTENBHAS CIOXKHOCTH BHIIOTHIEMBIX HMH
GyBXHHE M, XaK CllegCTBHe, BHYTPEHHSS B3aHMOCBA3b COCTABJIAIOLIMX
3]EMEHTOB Ha IONYNPOBOXHUKOBOM KpHcTamie. CyMMapHOe HYHCIO BXONOB
M »THX 3/1eMEHTOB omnpeiedseT CTeneHp HHTerpauny K= M /2, Tt.e.
KonHuecTBO “sxBHBameHTHBIx ' BenTHne# (OB) ma kpumcramne. Ecnm
K <100, rtakume cxembl OTHOCAT K cpepHemacmrabueim (CHC). Ilo
onpenenenuio cobersenno BUC umeror K 2 100.

Begymue ¢pupmel-niarorosutent UC nayann paspaborkn BUC B 1966-
1967rr, TloBeleHHWE  YPOBHS  MHTErpPalMH  pemaeT psAX  BaXHEIX
cxeMoTexXHHYeckux npobneM. OfiHA M3 HHX - NpobiaeMa MeXCOeTHHEHHH.
Ipy cozpaHHH CHONKHBLIX UHQPOBBIX cHcTeM #3 mpocthix UC mnpuxoputcs
npuberaTe Kk MHOTOCHOHHOMY ‘neqamo‘My monTaxy. [Ipomecc ero
HAHECEHHWA OTJIHYAETCA CIOXKHOCTHIO IPOH3BOACTBA, HEOOXOAMMOCTHIO
npuMeHenns OBM ma Bcex CTaausx paspaGoTKH, M3rOTOBJEHHS - H
xoHTponst. Hamnvme Gonpmoro YHCIa CIOEB NPHBOIMT K 3HAYHTETLHOMY
Gpaky. [ToaTOMYy CTOHMOCTH neYaTHOH NNATHL MOXET O0Ka3aThed MHOro
fonsme cromMo¢TH Bcex MC, Ha Heit pacmonoxenmnix. Jlis BHC
xapaktepHo Bbicokoe oTHomenne K/T, rge T — ofumiee uMcIO BLIBOZLOB
kopnyca. COOTBETCTBEHHO KOJHYECTBO BHENIHHX COENUHEHHN OpH
ucnone3opanuy BHUC ¥ panmonansHo#l OpraHM3allHe CTPYKTYPH yHaercs
CHH3HTh B JecATKH pa3. TeM caMBIM HCKIHO9aeTcs HeOoGXOLAMOCTD
B HCNONB3OBAHMH MHOTOCTORHEIX MEYATHBIX NIAT,

[Tpumenenne BUC nosponsder ynyymIMTh OCHOBHEIE XapaKTEpHCTHKH
UEPOBBIX CHCTEM: IHEpPreTHYeCKHe, BPEMEHHBIE, CTOMMOCTHEIE H ApYTHE.
BOT HEKOTOPBIG IPHYMHBI ¥ (HaKThl,

l. O6benunenne paBoTa)olMX JAPYr Ha JApYra 3JIEMEHTOB B OJHOM
KpHCTanje 3aMeTHO yMeHpmAET mpoussenenne Ff .. Tax, ms

manomomusix JATJI-FIC aocTHrayT BEIMIPBUN B 2 pasa.
2. Ipu nepexone k BHMC 3a cyeT COKpameHHs ANHHB MEKITCMEHTHBIX
cBA3eH CpelHAA 3alepHKa HA COSHUHEHMAX CHHKASTCH BO MHOTO pa3.
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3. H3roToBineHHE B eIHHOM TEXHOJOTHYECKOM [MpOLECCce CIOXHOIO
QYHKIHOHANBHOIO Y3712 [O3BONSET HPOBOJHTh HAHNYYIIYIO ONTHMH3ALHIO
ero MapaMeTpoB, TaK KaK BEAETCS pacdeT He OTHENLHEIX DIEeMEHTOB, a y3ia
B IeJioM.

4. O6beIuHEHHE  BIEMEHTOB B BUC  mpo3sBonsger  CHU3MTH
BOCHPHHEMYHBOCTS Y3JI0B K BHEIIHHM ITOMEXaM H YMEHBIUHTL MEPEKPECTHBIE
HaBOJKM MeXIy CHCHAJIbHBIMH MHHaMu (cM. §3.2).

5. C nepexonoM x BHUC cHHXaeTCs CTOMMOCTE KOMHOHEHTOB. 2TO.
o6ycIoBNEHO  NPOrpeccoM  TEXHOJOTMH, NO3BOJSIONIHM  YBEIHYHTH
[UIOTHOCTh YIaKOBKM KOMIIOHEHTOB Ha KpHcTalne H BeIxohd roauslx HMC,
YCTPAaHMTE OMEpalHi0 pa3pe3aHHs nnacTHH Ha Mansie MC, yMmenmmuTh
cyMMapHbIi 06beM MOHTaXHO-cGOPOYHBIX paboT Hald KPHCTANIAMM.

6. Te xe Qaxropsl crocobCTBYIOT H pOCTY HAJEXHOCTH annapaTyphl
Ha ocHose BHMC. HanexxHOCTh IOBHBINIAETCS M 34 CYET 3aMeHbl OBBIUHBIX
NnasHeIX COeJHHeHUH MeTalTH3anuel Ha caMO} [ITacTHHE KPEMHH.

ITpusenem HekoTophle panubie [S6], Tunuunas TTJI-CHUC paccensaer
momnocTh Xo 600 MBT npu cpennelt 3apmepxxe mopanka 30 He (cnyuait
qeThIpex JIOTHYecKHX YpoBHel). B nmepecyere Ha ONMH BEHTUNbL 3TO nHaeT
coorBercTBeHHo 6 MBT ® 8 Hc (ana obeumx TTJI-UC xapaxrepHbl
uudper: 20 MBt u 10 Hc). IldrukpatHoe (8 cpenHeM) yBenuueuue
YPOBHS HHTETrPallHH COKPATHIIO KOJHYECTBO BHEIIHHMX CBi3eH B UAGPOBBIX
ctpykrypax Ha 80%. Ha 30-50% cHu3HIachk CTOHMOCTh MHKpPOCXEM
B NlepecyeTe Ha OJJHH BEHTHIb.

IMpoextuposanue bMC BbI3bIBAET OMpeACHEHHbIE TPYAHOCTH, Npexne
BCEro, ¢ IOABOJOM MHTAHHA, CO3XAHHEM MHOIOCIOHHBIX BHYTPHCXEMHEIX
COCAHHEHHH, CcOrnacoBaHMEM  CHIHAlBHBIX  [IMH, HeHTpanusauuei
MMEPEKPECTHBIX CBA3EH , OTBONOM TeIlNa, NOLAEPXKAHHEM HAJEKHOCTH H
seixona rogueix BUC Ha ypopHe obbiannix MC. C yenoxHendeM QyHKIHH,
BBITOJIHAEMbBIX MHKPOCXEMOH, PACTET TPYROEMKOCTh paboT 10 COCTABIECHHIO
IporpaMM HCHBITAHMA cXeM, 00beM CAMHX NpPOrpaMM, a MOTOMY — H BpeMs
HCHBITAHHH H CIOXHOCTh H3MEpPHTENbHOro o6opynonanus. B obuem cayyae
POCT CTENEHH HHTErpalM¥ NPHBOLHT K Bce OGonblieldl creuwanusamny
Mmonpyneil, Tak uro ucnonpizoBaHme BMC MoxeT okas3aThci HEHLOCTATOHHO
sQdexTuBHEIM. HenmoxuMm BBIXOIOM M3 3aTPYRHCHHS HABIASTCH BBITYCK
MHKPOCXeM B BuJe 6a30BEIX KPHCTANIOB C H3TOTOBIEHHBIMH HA HHX, HO He
COeNHHEHHBIMH MEXIY coboif anemeHTamu (Metox nmonysakasumx HC [43]).
Tpebyemple coenuuenus (HacTpoifka MOJYNA) BBIMONHAOTCA MO0 3aKaly
pa3paboTUHKa Ha 3aKJIOYHTENLHOM dTalle TeXHOJNOTHYECKOro npouecca.

B HacTosmee BpeMs HMETCA pasBUThIE CHCTEMBI
2aBTOMATH3HPOBAHHOIO NPOEKTHPOBAHHA, KOTOPEIE MO3BOJAIOT Pa3IMECTHTh
B ORHOM  KpHcTamne noay3akasHo##t BHMC  gocraroyHo  CHOXHBIE
CHEIHATH3APOBAHHbBIE CXEMEL. Eme coBceM HeJaBHO Cepbe3HbIE
MEPCHEKTHBE B 3TOM CMEBICNE HMENM TaK Ha3kBaeMble MaTpuunnie BHUC
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[39]. Ceituac npennouTeHne oTRaeTcs KpHCTanIaM I1muc
(nporpaMMupyeMpie JNOTHYECKHE MHTErpalpHele cxembl). Crenuanbubie
BONPOCE CXEMOTEXHHKH MOAYNeH ¢ MOBBIMIEHHON CTENEeHBX) HHTErPALHH
obcyxnaroTes B ri. 4.

HocTpoenne cucreM CHHXPOHU3AUMH

B npouecce ¢pyHKUHOHHPOBaHHA UHPPOBOrO YCTPOKCTBA MPOKUCXOIUT
HeNpepeIBHBIH O6MeH WHpopMamuel Mexay OTAENBHBLIMH ero 6J0KaMu no
Mepe 3aBepmeHuA o6paboTkH B KaXAOM H3 HHX. B HacTosamee BpeMs
NPHMEHAIOT NPEUMYMIECTBEHHO  CUHRXPOHHBIH  cnoco6  opraHM3anuy
B3aUMO/EHCTBHUSA, IPH KOTOPOM CBA3h BO BPEMeHH [POUECCOB B Pa3sNHUYHBIX
Gnoxax oGecuevynBaeTcs €NMHON CHCTeMOM CHHXDOHH3ALMM, OJHO- WIH
MHorocdasno#. B nocneanem cayyvae nepHoa cineJOBaHHS CHHXPOUMIYILCOB
(CH) pasupix $a3 0ONHHAKOB M PABCH JHTENLHOCTH LHKIA CHHXPOHH3ALHH
T,. Camu xe CH cRBHHYTH KpPyr OTHOCHTENBHO Hpyra B Npefenax LHKia.

Hcnons3opanne MHoOroQasHod CHHXPOHH3ALMM  [O3BOJSET CHM3UTE
KPUTHYHOCTE  ycTpoifcts  k pasfpocy mapamerpor CH, uudposnix
INEMEHTOB ¥ JNHHUN CBA3M MEXAY HHMH. B HEKOTOPHIX ciydasx 3TO MOXET
NPHBECTH M K pocTy OmlcTpomelcTBus ycrpolcrsa B uenom. Cocras
CHCTEMBI CHHXDOHU3AUHMH: safarou i rexHepaTrop (37), cxema
dbopMuposanus pabounx ¢as, cxeMa pacnpefeseHus CHHXPOCUTHANOB.

Bagajomud reneparop. B kadectse 3apaiomma u0biYHO OPHMEHSKOT
reHeparopsl  kBapueBsie [40] m Ha auHMsx samepxkxu (JI3). 3rto
06ycnoBneno MOBBIUECHHBIMH Tpe6OBAHHAMHM K CTaOMNBHOCTH HWACTOTHl H
mnarensroctd CH. Ho MoryT 6T HCTIONB30BAHEl H PACCMOTPEHHBIE paHee
MHKpOCXeMBl  renepatopoB (cM. §2.3). Haubompmyro crabunpHOCTE
ofecmeuBalOT  KBapueBble  reHepartopsl.  OJHAKO  peryjupoBaHue
BPEMEHHBIX APAMETPOB B HUX 3aTPYRHeHO. VX NpHMeHeHUE YacCTO CBAIAHQ
¢ HCHOJb30BAHMEM xendTened wacrorel. JOCTATOYHO NpPOCTHIE CXEMHBIE
pelmeHHs ¢ IUMPOKMMH BO3MOMKHOCTAMH PETYNHPOBKH MOYHO IOJYYHTH
B reHepatopax Ha JI3. [Ipx JONMycTHMOCTH PErylnpoBOK 3aJE€PXKH ¢ LIaroM
50 uc moryr 6bITh Henons3osansl JI3 ¢ orBogamMu Mapox JI3M - 0,1/0,2/0,5
- 300/600 (cMm. §1.2).

[TpocTeitras cxeMa TakKoro reHepaTopa NpHBeJeHa Ha puc. 3.3,a.
CuMBoyioM * -1 0G03HAYEH DIEMEHT 3afepKKH. BpemenHBle mMapaMeTphl’
CXeMBI ' )

T,=2(+L+T); L™ t,+ 7).

ITponece  GOpMHpOBAHHA  HMIYNLCOB  HIIIOCTPHPYIOT ~ BPEMEHHBIE
nuarpamMmbl Ha puc. 3.3,a cnpasa. IIpunareie o6o3Havenus : Ti (i=1,2)-
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Cxema dopmupopanus paGounx das CHHXpOCHrHanoB. OG6BIYHO 3TO
HENUTENE YACTOTHI, PEaNH3OBAHHBIA B BHJAe KOJbLEBOTO CYETYHKA, ILIIOC
xomMGuHanuonnas cxema (KC) ans  dopmuposanus CH HYXHBIX
ANHTENBHOCTEH M BpeMEHHOTO moNoxeHus (puc. 3.3, 6). Ha pucynke: RG ~
cnBurosbrit perucrp, SI (sequential input) — ero mocnemoBaTenbHEIN BXOZX;
Ci ~ CHHXpouMmmynbchl ¢aser i, M -~ u4ncio Ga3 CHHXPOHH3AUHH.

PaspsisHocTts konsuesoro cuetyuka N onpenenser Tu = NTy. MunuMansHas

An¥TensHocts CH rl’l‘;m = T,. Cepun C1,C2,... popmupywrcs B KC

cbopkodt mo WUJIM HecKOMBKHX cOCeNHMX BhIXOJOB RG. TeM caMBM
00€CNeYHBaOTCS HYXKHBIA CHBMT ® JIHMTENBHOCTh HMIYIbCOB KAXIOMH
CHHXPOCEpHH.

HenocraTok  npuBeHeHHOW  CXeMBl — [0Teps  NpPaBHJIBHOTO
QYHKUHOHHpPOBaHMS B pesynbraTe c6osa. Pa3 Bo3umkmas omubka
CYIIECTBYET HeOTrpaHH4YeHHO Joaro. JInd ycTpaHeHHS ITOro HejoCTaTKa
NPHMEHSIOT CIIEeHANbHBIE KOJAbIIEBble PETHCTPEI C BOCCTAHOBIEHHEM [IOC/E
c6osa [52]. B ciywae aByx(pasHo# CHHXPOHH3ALMH cXeMa (GOpPMHPOBaHHA
pabounx  ¢as npemensmo  npocta  (puc. 3.3,8). HMcmons3opamue
NMHAMUYECKOro ynpasneHMs TpurrepoM no cpesy CH mns moxasaHHOR
CXeMBl NpuHuunuansuo. IlosBneHne MOXKHBIX HMIYJILCOB Ha BBIXOLE CXEMBI
NPHBOAHT K HapyweHHl0 paboTocnocoOHOCTH CHHXPOHH3MPYEMOTO €lo
ycTpoiicTBa.

Cxemd pacnpejiefieHusi CHHXDOCHIHANOB JOMxHAa obecneyuBaTsb
TpefyeMyl0 Harpy304Hyio CIOCOOHOCTb MO KaxjoH cHExpocepur. O6suHO
3TC nupaMupaneHas cxeMa (puc. 3.3, r). B ysmax mHpaMHObl CTaBATCA
NMOBTOPUTENH, 060o3HaueHHble HA PHCYHKE KpyXKaMH. H3-3a ecTeCTBEHHOrO
pasfpoca 3allepkeK COeHHUTENbHBIX MTMHUA H TOAKIIOYEHHS KOMIIOHEHTOB
yeTpoHcTBa Ha pasHbIX “YPOBHAX Harpy3ok” BO3HHKAIOT pacdasupoBKH
CHHXPOCHTHANOB OJHON W TOH e cepuM. OTH pacha3HPOBKHM ONACHEL, T.E.
MOTYT [TPHBECTH K HEBEpHOMY (pYHKIHOHHPOBAHHIO YCTPOHCTRA.

Jnst ux ycrpadeHHMs B KaXIYH BETBb Nepel 3NeMEHTOM-Harpyskof
BKJIIOYAKOT 3JEMEHT peryaupyeModt samepxxu. B camoll ynanenno# BeTBH
3anepixka MuHuManbHa, Pacrmonoxenune CH B 3ToH BeTBM NpHHHMAKT 32
stanod. C uuM cosMmemwawT CH roif xe ¢aszpl BO BCEX JHPYTHX BETBAX
nopcTpoitkoit 3agepxex. Uro6sl 06MErYUTH MPONEAYPY, HA BXOABl GIOKOB
MONAl0T TONbKO 6a30Byl0 CHHXpocepuio ¢ nmepHomoM T,. Hyxusie paboune

CHHXPOCHTHans QopMupyIoTCE B camoM Gioke. IIpw aTOM ROCTATOUHO
cha3supoBaTh OCHOBHYIO CEPHIO.

Opranuzauns  JIOMWAroBoro pexuma. Tako# pexuM HCIOAB3yeTCA NI
OTINAfKH ycTpodicTBa M pa3paGoTaHHBIX Jus Hero mporpamm. Ilpu
BBUTONHEHMH KaxXZoro mara Ha ynpasnsioomu# sxon VYIIP sagarwomero
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regepatopa maoogaeTcs C’I’p06 HNNATEIEHOCTHIO T;{ OT CHECUHANBHOrQ

reHepaTopa OfuHOYHEX uMnyascos ("OM). Bosmoxnas peanusamus ['OH
[oka3’aHa Ha bac, 3.3, &. DTOT reHepaTop BHJAET OAMH HMIYJBC IpH
HaxaTHH kHonku “IIAI”. C noMomsio Ttpurrepa T yCTpaHsercs Tak
HalsBaeMelll “Ipebesr xOHTaKTOB” [39], KOTOpHH HpHBOJAMT K HeHCTIBHIO
Ha Bxoae (Bx) popMupoBaTens HeXOIYCTHMO “3alIyMIIEHHOTO” nepenaia.

§3.2. IEPEXOIHBIE NNPOLIECCHI B LIETIAX [TMTAHHUA
U MEXCOEIVMHEHUAX

PaccmaTrpuBaeMble  IIpoOLecchl  BAMAIOT  HA  KOHCTPYKTOpCKO-
TEXHONOTHYECKHe penieHHs He MeHee (H paxe 6onee), 4eMm Ha
cXeMOTeXHWUeckue. I[I03TOMY OCHOBHas lenb JaHHOro mnaparpada -
YACHEHHE MEXaHH3MOB BO3HHKHOBEHHA HMNIYNACHBIX MOMEX H XapakTepa ux
BoanefcTBAS Ha (QYHKUMOHHpOBaHME ycTpoHcTna. [lo BonpocaM CHHIXXeHHA
YPOBHA 3THX IOMeX OrpaHHYHMCA KPATKHMH CIPAaBKaMH H HEKOTOPBIMH
[IpaXTHYECKHMH pekoMeHnnauusmu. Ho cHavana o6CcyquM HCTOKH NpoGneMs
B LICIOM.

IIpo6Gnema yMOyapcHOH MOMEXOYCTOHYHBOCTH

Hanpsoxkenue  cratudeckod  nomexn B coBpemenHmx HC  me
npesslIlaeT, kKak nOpasuno, 50 — 100 MB [42]. TIloaroMy ocHOBHYIO
OMACHOCTE COCTABASAIOT KPaTKOBpPEeMEHHbIE (comszMepHMpIe no
JHTENBHOCTH € t;o) HMIYJNBCHEIE IIOMEXM, AMILIMTYAa KOTOPBIX MOXET

3HAYMTENBHO NpEBHIMAaTh BeNHYHHY Uy unu U;. UMnynbcHble MOMEXH 110
LensM HHTAHHA MOLABIAIOT MyTEM YCTAHOBKHM Ha KAXIOM IedaTHOH mjare
GHABTPOBBIX KOHJAEHCATOpOB JIOCTATOYHOM €MKOCTH. ITomexu
HEeIIOCPEeACTBEHHO Ha BXOAAaX 3NEMEHTOB MOTYT GBITh  BLI3BaHbI
TMepexoNHEIMH TpOlleccaMH BHYTpPM caMoro nudposoro ycrpo#crsa
(BHyTpEHHHE IOMexH) au60 HaBoAKaMM OT ONH3KO pacloONOXKEHHBIX
MOIUHKIX YCTPOHCTB (BHelMHHe IoMexH). Bremmue mnomexnm o6BYHO
YCTPaHSIOT cooTBeTcTBylomel sxpaanposkod. IlpoGnemy umnynscuoi
nomexoycroiunsoctH uudpoBeix HMC cBa3biBaioT, rnaBHbBIM ofpazoM, ¢
BHYTpeHHHMH TmioMexamu [41,42,74 - 78]. K HMM OTHOCATCA IOMEXH,
BO3HMKAIONIHE H3-32 PACCOTTAaCOBAHKSA H HEOJHOPOHMHOCTEH B NHHHUAX CBA3H
MEXJy 3IeMEeHTAMH, H TaK Ha3BBAeMEIE IIePeKPEeCTHRIE NOMEXH.

O6riYyHO BONHOBOE CONPOTHBIEHHE JHHHE CBA3H Mexay MHC
cocrabniaer 50 — 120 Om. Hannuue paccormacoBaHHi ¥ HEOXHOpPOIHOCTEMH
NPHBOMHT K HOSABJIEHHIO JOXHBIX CHIHANOB, 3aTATMBaHHUIO (QPOHTOB WM
Kk nepenanpsokenuaMm B MC. [na Bocnpou3BeNeHHMA KapTHHBI HCKaMeHHU
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B KaXIOM KOHKPETHOM cJiyyae MoxeT OBITP HCIONB30BaH rpapuueckuit
mero] Bepxepona [78], yuuTmBaromuil peanbHbie BXOLHBIE H BBIXOIHBIE
XApaKTEPHCTHKH MHKpOCXeM. BNHAHHe TakHX MOMEX CYIECTBEHHO JMIIb
IPH EKTPHUYECKOH IJIMHE NHHHH (IS COBPEMEHHBIX HHTErpaibpHBIX NJjar

OHA COCTABNAET INpPHMEPHO 5HC/M), CDaBHHMOH ¢ ¢, OCHOBHBIMHU

ciiocofamu Bopebrl ¢ HAMA sBamwoTes [42]:
1) yMEHbINEHHE JNMHBE COCAHHUTENBHBIX THHUH;
2) paspaboTka ChmeLMANbHBIX CXeM [JIA BO3OYKIOEHHH JUHME CcBA3H,
COTJIACOBAHHAIX C IIHHHEH B MOGOM CBOEM JIOrHYECKOM COCTONHHHE;
3) HCMONB30BAHHE B KAYECTBE HATPY3IKH CXeM ¢ [OBBIIUEHHOM
CTaTHYECKOH MOMEXOYCTORYHBOCTBIO;

4) ynyvlleHHe HMITYIbCHOH MOMEXO0YCTOHYMBOCTH CAMHX SNIEMEHTOB.

XapaxkTepHo, 9TO 4yBCTBHTeNbHOCTh MC K MMINynbcaM MOMEXH TeM
Bhilze, ueM Gojblie GHCTPONEACTBHE 37AEMEHTa M YeM CHibHee BIHAHME
HecTabuNpHOCTER NHUTAHHA, HACPY3KH M TEXHONOrwveckoro pasbpoca
napaMeTpoB  KOMIIOHEHTOB HAa BeNHYHHY f,,. Cuegyer usberars
npumenenns  MC ¢ BeicTposeficTBHEM, HAMHOrO  TPEBBIUANIIHM
Heo6xXoAHMOE.

IMepexon k uxdppoeiM HC cBaA3aH CO 3HAYMTENbHBIM TOBLILIEHHEM
GpICTPOREHCTBHA M  yBeJMYEHHEM NNOTHOCTH KOMIOHOBKH 3J1€MEHTOB.
IMocnegHee NMPHBENO K CYMECTBEHHOMY YMEHBIICHHIO PAacCTOAHMHA Memay
CUrHaJIbHBIMH NPOBONHHKAMU. IIpH 9TOM CpelH BHYTPECHHHX TIOMEX pe3ko
BO3PACTAET PONIb HABOLOK 38 CYET NEePEKPRCTHLIX CBA3EH MEXAY COCEOHUMH
IMHUAMM, VIHTEHCHMBHOCTH TAaKMX MOMeX 3aBHCHT or Tuma WC u Buma
MexcoeanHenu#t. Jeranbuplft ananus 1 MHOroofpasHe KapTHH HCKaXKeHHH
UMOYILCOBR, IICPE]aBAEMBIX 0 CBA3AHHLIM JHHHAM, IPEACTABIEHL B KHHMTE
[76]. 3a ocHOBY HAYANLHOTO 3HAKOMCTBA C MEPEKPECTHLIMH MOMEXaMH
Bo3bMeM  MaTepmansl  paborer  [77]. Ima  OLEHKH  HMOYJbCHOM
[IOMEXOYCTORUHBOCTH B JAHHOM ciiyyae ynoGHBIM NOKasaTeleM ABJsETCH
npenenbHO  JONYCTHMAS  JJIHHA  MOHTAXKHBIX  COCJMHEHHH  Mewny
snemeHTaMK. (JHA OKAa3bIBAGTCA 3HAYHTENBHO MEHBIIE, YEM ITO BLITEKAET,
HalpuMep, u3 TpebOBAaHMS NONYHYEHHMI MpPHEMIEMOH 3aXepXKM CHrCHANA
B TMHHAX NEepesavdH. ‘

[TycTh ABe NHHHHM NEPENavH pPaclnoNOXEHHl CTONL OIH3KO, YTO NMPH
Hanuuyud nepenana Hanpsokenus AU mauw toxka Al B omHOM M3 HEHX
(curxanbHas JOWHHA) 3a cueT eMKOCTHOH (C,) HIM MarHHTHOH (M)

cBsizefl MexAy HHMHM B Apyrod nWHuHM (BOCNpPHHHMawIIed) HABOXUTCA
CHrHan, KOTOPBIH MOXET NMPHBECTH K JOXKHOMY MEpEeXNIOYEHHIO dJIEMEHTA-
Harpysku B 3TOH  nHHHH.  Benuuuns Ceg W M.,  TIpEMEpPHO

NpONOPUHONANBHBl KJNHHE NHHHH H COCTABNAOT B ycinosuax HC oxono
10n®/m u IMx['/M. Yepes fy 0603HAYHM JNUTENBHOCTh THHEAPU3OBAHHOTO

(GpOHTA HANPSOKEHAS WIH TOKA B CHTHANBHON THHHH.
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JIo)xHOe cpabaTHIBAHHE OTCYTCTBYeT, €cJH 3apal Cg,AU (mromanp
HMIYIsCa TOKA Yepe3 eMKOCTh Cgg), MepelNaBaeMblil B BOCHPHHUMAIOLIYIO
THHUIO, HE [PEBHINAET 3apsJ NEePeKIIOYeHHS (), JIOTHYECKOro 3JeMEeHTa
(cmyuait emkocTHOM HaBoAKY), NH6GO eciu HaBoaumad B Hed BJIC Moo ALty

e Gojlee KOMycTHMOH AaMIUIATYAB HOMEXH U, (cnydail HHAYKTHBHOH
HaBoAKH). COOTBETCTBEHHO AJA KPUTHYECKOH MIMHBI JHHHH MONydaeM
Lo =10"0, /AU; £, =10°Uz, /Al
B cnyuae, xorpa fex, ¥ {yxp ORHOTO NOPANKA, pe3ylNbTHPYIOLIAA
BENHYHHA {,, OLEHHBAETCA NOCTATOYHO cloxHO. Eciu e pasHuna Mexny
HHMU CPaBHHUTEJNBHO BEIHKA, TO Ly = min(le e, sy ip) -

OOBIYHO  BOCIPHHHMAIOIIAS  JIHHMA  OKPYXeHA  HECKONbKHMH
MOHTaXHBIMH INIpoBogaMH. Ilpm 3ToM 3a cyeT CYMMHPOBaHHS HaBOJAOK
3HAYEHHE fy, YMEHBIIAETCA. Jns d9@cna 0poBOJOB B XIyTe As8

cnpasennuBa ouenka cuusy % =(03-05)¢,. PasMmemenue MoOHTaxa

B HeMoCpeACTEeHHOH GIH30CTH OT MPOBOJAUIEH ITOBEPXHOCTH MO3BONSET
YBENHUHTH fy, B 2-2,5 pasa. JlomycTHMas QNHHAZ MEXCOeAHHeHHH XOMKHA

GbITH MEHBUIE KPHTHYECKOH B 2 pa3a.
IlpuseneM onenky 4is AByX THmoB HC:
1) OTJ (8 cmysae t3=10nc; AU=3B; Al=I5MA; Q,=90nKn) -

Lop=3M; Lypp=aM;  £;=0,9M ¥ Z(,{;)=0.43M;

2) OCJI (s cnywae t,=5uc; AU=0,3B; AI=5MA; y,=0,1B; Q,=12nKn)
— Loy =AM; =005 £, =0,IM 1 L5 =(4-5)cm.

DTH OUEHKY XOPOMIO COBHAJAIT C MOJTYUYEHHBIMH 3KCNEPHMEHTANLHO.
Honycrumas pnnuHa MexcoennHeHHH B PCTJI-cxemax Bonbuie, ueMm s
AT u D3CJl-cxem [79]. OcHOBHYIO pONb HIpalOT 30eCh EMKOCTHBIE
HaBOAKHM. MeToaHxa  TNPOEKTHPOBARHHA  MEKCXEMHBIX  COEJMHEHUH
sneMeHnToB TTJ 1 3CJI paccMoTpena B MoHorpaduu [74]. Jansueitmasn
JeTali3alHd BOMPOCOB HMIYNBbCHOH IOMEXOyCTOMYHBOCTH CTPOHMTCA Ha
martepuane [39]. PaccMoTpeHHe npono‘amcx Ha IpuMepe Uened CBA3IM U
nutaHus  37eMeHTOR TTJI CO CNOHBIM HHBEPTOPOM H YMEPEHHLIMH
MOXa3aTeNAMH WO GeicTponedcTBmIO: (5=10HC, fy,,=15uc. Takue cxemul

3aHUMAKT IPOMEXYTOYHOE HOJI0XKEHHE Mexnmy CpPaBHHTENBLHO
HH3KOYACTOTHBIMH CX€MaMH, HONYyCKalOWHMH OOBIUHBIH NpPOBOJHON MM
neyaTHBIH MOHTAaX Ha [JBYXCTOPDOHHHX INIATaX, U BbICOKOYACTOTHBIMH
CXeMaMH, KOTOpbleé TpebyloT NPHMEHEHHI NOJNHOCTBIO HIH YACTHYHO
9KpaHHPOBaHHEIX JNHHUK Hepefaud ¢ KOHTPOXHPYEMBIM BONHOBBIM
compoTHBlIeHHeM. DBuauanwe JHHHMH CcBA3M Ha JMHAMHMKY LHQPOBBIX
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YCTpOMCTB CTAHOBHTCH 3aMETHBIM, KOrAa 3aJepiKKa B COGAMHEHUAX HeE
menee 0,1 tgh- Ilpu noroHHOMN 3ajepxKe NTHHHH SHC/M H t¢,=10uc 3TO NAaer

£> 20cM. [Ing WHH NHTAHAS OPHEHTHPHI UHEBIE,

INoMexyu 0T OOGPATHEIX TOKOB

B npouecce mepexnodenus anmementoB TTJI B coctaBe ycTpoifcTsa
UMEIOT MECTO 3HAYHTENbHbIC Iepemnaxbl TOKOB [0 WHHAM “3emius” (obmas
IHHA) # “NUTaHHe”. DT0 NPHBOIUT K BO3SHMKHOBEHUIO Ha MHIYKTHBHOCTAX
IHH ~ HMIYIBCOB  moMeX  (9.4.C. CAMOMHAYKIMH)  [JIUTEILHOCTHIO
t4>CPABHUMOR C 15, Hx ammnnTyza B nepecueTe KO BXOXaM  JIPYTHX

3MeMEHTOB MOXET [MPEBLICHTh MONYCTHMOe 3Hayenuwe U,~. TepMmud
“noMexa oT oOpaTHEIX TOKOB” 0OycloOBlIEH TeM, 4YTO HanpaBIEHHE
npoTekaHHs DTHX TOKOB MO OJHOH H3 WIHH Bcerja IPOTHBOIOJONHO
HaNpaBleHHIO TOKAa B CHTHAJBHOW JHHHH MEXIYy 3eMeHTAMH HCTOYHMKA H
HarpysKkH.

OcoByr OMacHOCTh NPEACTABAAIOT MOMEXH, F€HEpHUPYEMBble B MIHHAX
NpH NPOTEKAHHMM IO HHUM CKBO3HBIX TOKOB [,pe,; {(cM. §2.1). 3nauenus
I xgos AOCTHIAIOT HecATKOB MA, COOTBETCTBEHHO BENHKH M aMIIHTYHBI
noMex. JIo3TOMY, HECMOTPA Ha HX MaNylo JUIMTENBHOCTH (IpHMepHO 6 HC
s cepuit K155, 555), OHM MOrYT BEI3BATh JIOWKHBIC [MEPEKI0YEHUA
TPHrepHBIX CXxeM B cocTaBe ycTpokcrsa. Kpome Toro, neictsue [,
NPHBOJNUT K YBENHUEHHIO MJIHTENBHOCTH CYMMapHOH IOMEXH 10 WHHE
nUTaHuA (CM. Hanee). ‘

PaccMOTpHM MEXaHH3M BO3HHKHOBEHHSI IOMeXH 0T OBpaTHBIX TOKOB
no wuHe “zemas” (puc. 3.4,a). IlycTs aneMeHT-HCTOUHHK | MakcHManbHO
HAarpyxeH W nepekyiovaerci H3 cocTofHuf | B cocrosuue 0. Torpa
(cnyyait cepun K155) B Teuenne 10Hc (rd,) TOK 4Yepe3 HHIYKTHBHOCTB L,

e

obweH IIMHBI JOJKEH YBENWYHTLCA IpHMEepHO Ha 16MA (n=10).
JONONHATENRHO HALO Yy4eCTh TOK paspsia Mapa3sHTHOH €MKOCTH Harpys3ku
C,. Cymmapnoe npHpameHnue oB6paTHOro ToKa (Ioﬁp) npu cundasnoM
MepexsoYeHHH 5-6 MaKCHMalbHO HAIDYXKEHHBIX 3JeMEHTOB COCTABHT He
menee 100MA. Ero mamenenue 6ynem cuurarh nuHeHHBIM (pHC. 3.4,3;
crnpasa).

Ecnun norouras HHAYKTHBHOCTE muHB 3HI/cM (3TO npoctaTodHo
Manoe 3HAYeHHE), a JIIeMEHT-MCTOUHHMK MOAKIIOUYeH k obweH wmuue Ha
paccrossHuu I, =10cM 0T “HCTHHHOR 3eMnu” pazsema mnarsl, To L, =30l
H aMILUIHTYAa HaBeJeHHOH MOMeXH.

Uotp = Lulogp ! 1p =30-107°100:1073/10-107% = 0.35.
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Puc. 3.4

Ona 6nuska k gonyctamomy ans TTJ-HC srauenuio U:,“"=0,4B. He#cTue

Takol#fi MOMEXH HM3MEHSeT AaMIIHTYIHO-NEePeJaTOYHYIO XapaKTEePHCTHKY
(AITX) oanmementa 3 (puc. 3.4, 6; nysxkrup). M ecin oH HaXOUHTCH
B cocTosHUM 0, TO Ha ero BEIXOJAe GyJeT reHepHpOBATHCA MOMQKHTENbHDI I

UMIYNbC TOMeXH Uy, BIUHAHHE Ke MMOyTbca Uy, Ha caM aieMeHt 3

3BHBAJIEHTHO AEHCTBHIO HA e€ro BXOJe HMIIyneca orpﬂua'rem:uoﬁ ITOMEeXH

Unou-

IToMexa or O6GpaTHEIX TOKOB IO IIMHE NHTAHHA BO3HHKAET, eCIH
neMeHT | MepeKIoYaeTcs M3 coCTosHMs 0 B cocrosmHe 1. 3xech yxe Hajgo
YYHATHIBATE TONBKO 3apsAXHbIH Tokx koHAeHcaropa C, (puc. 3.4, a) u
rebopmanuw AIIX osnemenra 3 npu  ymeHseHHH £, (puc. 3.4,B;
NyHKTHP). EcliM 5TOT 3/ieMEHT HaXOXHTCA B COCTOSHMH |, TO HA €ro BRIXOXE
reHepUpyeTcs OTPUUATEAPHBIH UMIYNBEC TMOMEXHK aMIIHTY ROR Uy, -
B naHHOM chydyae BIHMsSHHe HaBeJeHHOH noMexw 1O IMHHE OHTAHMS
JKBHBAJIEHTHO HEHCTBHIO Ha BXOJE BJIEMEHTa 3 MONOXMTEeNbHOH nmomexu

aMunHTYROHR Uy, .
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IpoTexkaHMe HMMIYNBCOB CKBO3HOTO TOKA JNaeT HHTErpHPOBAaHHEIH
adoexr (puc. 3.4, r; myuktHp). IIpy oToM, ecnu smeMeHT 3 HaxXOmHUTCH
B cocTosHHM 0, To Ha ero Bxone (Beixope) Oyner AeHCTBOBATH HMIYIIBC
orpunarensHod (momoxurensHoM) mnomexu. Ecam ke - B1, TO-
nonoxHTensHo# (oTpHuarensroi), CKBO3HOH TOK NPOTEKAaeT NIPH Mepexole
anementa | u3 cocrosHua O B cocTosHHe 1, KOrxa HAET IpOUECC
paccacblBaHHS B TpHoje T, (cM. puc. 2.6, 6). 3aTeM 3HaYeHHE Iogp MO mHHE

NMTAHHA TANaeT A0 BEJHYHMHBI 3apANHOTO TOKA KOHAeHcaTopa Cy, a 1o
oGme# muHe ~ Ko Hyns. ITo3TOMY JUIMTENHHOCTH CYMMApHOIrO CHIHala
OMEXH, MPHBEIEHHOR KO BXOAY 3JIEMEHTa 3, 3aBHCHT OT COCTOSHHS 3TOr0
anemenTa. OHa MakCHMalbHa, €CIH YMEMEHT HAXOLHTCH B COCTOSHHH 1, H
MOXET NPEBLICHTh 3HAYEHUE 3.y,

OcuoBHOH Mepo#t Gopslbl ¢ pacCMOTPEHHBIMH MOMEXaMHM SBISETCS
yMeHplIeHHe CcOOCTBEHHON MHAYKTHBHOCTH IIRH 3€MIH W [HTaHMA.
Haunyqmum  pemieHMeM  ABAAETCS  HMCNOJB30BAHHE KAK  MHHEMYM
YETRIPEXCAOWHBIX MEYATHRIX AT, KOTJa MO 3TH IWIHHEL OTBOAATCA [Ba
OTHENBHBIX METAJUIM3HPOBAHBIX CJH0A., B cnyyae ABYXCTOPOHHHMX MaaT
YKa3aHHbIE WIHHBl CNEAYeT OeiaTh BO3IMOXKHO Golee MHUPOKUMH (YIpH 3TOM
L, napaer), a MeXHAy WMHHAMH BOIM3M 3JIEMEHTOB YCTAHABIUBATH
KOHIEHCATOPHl BBICOKOYACTOTHOM pasBA3Kd [N YCTPAHEHHsS BIUAHHA
CKBO3HBIX TOKOB.

[Ipn nocTaTounHO# €MKOCTH 3THX KOHIEGHCATOPAH UPOTEKAHHE yepel
HUX [ig0; (MHHYS L, ) HE BBLI3BIBAET 3aMETHBIX H3IMEHEHHH NHTaHHA H

AoTeHUMana 3eMAd Ans anemedTta 3. KoHxeHcaTopbl JOMKHBI BBITh
6e3bIHIYKUHOHHBIME (KEPAMHUECKUMH MM TAHTANOBLIMH), & MJIHHbI HX
BEIBOJOB — MHHHMalbHbIMH. OGBIYHO YCTaHAaBNHBAIOT OJHH KOHHEHCATOP
emrocTrio 0,047 Mx® Ha rpynny H3 5-10 61H3KOPACIIONOKEHHBIX KOPIYCOB
mansix MC. [JomonsuTenbHo BONM3M pasbeMa NIaThl yCTaHABIHBAKOT
3MeKTPOAMTHUECKHE KOHILeHcaTOphl (43 pacyera 1 Mx®d Ha OLHY rpymmy)
Oa GNOKHPOBAHHMA HHM3KOYACTOTHBIX ITOMEX, NMPOHHKAIOWIMUX B ycTpOHCTBO
10 UENIM MUTAHHSA.

TlepexpecTHbie NOMEXH

IlpuBeneHHOE paHee NpeABAPHTENBHOE PACCMOTPEHHE IEpeKpecTHBIX
MoMex MMEJNo Ledblo NaTh CPaBHUTENbHBIE OLEHKH KPHTHYECKHX JNHH
MEXCOSAMHEHHMA [JIA pasJIM4HBIX TexsoJorui. B sToM pasmene Bompoc
neranusyercs npuMenHutenpHo k TTJI-MC. Kak 6mmmo yxe oTMedeHo,
[EePeKPECTHRIE IMOMEXH BOIHHKAIOT B PE3YJNbTATE 3IEKTPOMACHHTHOIO
B3aUMONeHCTBHA COCEHHX NHHUH nepefayu CHTHANOB. DTH NMOMEXH BHOCAT
OCHOBHOM Bxnan B o6muil yposens moMex HQpoBeIx ycrpoicrs TTII. Hx
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3HAYHTENbHOE BIHSHHE oéycnosneuo BBICOKOH IMAOTHOCTBI KOMIIOHOBKH
CXEMHBIX Monynei’x, BBEICOKOOMHOCTBEIO CX€M Ha nepenarpiueM H IPpHEMHOM
KOHIAaxX JMHHUH CBA3H Opr nepenade o HHM CHI'Hanla 1, CpaBHHTEIBHO

Mano¥ XIHTENbHOCTEI0 QPOHTOB HAaNpsKeHAH (t(’;)) H TOKOB (r“#).

B nndpossix ycrpoficrsax TTII nma nHene#t nepenadu CHIHANOB
HCIONB3YIOT KOaKCcHanbHbie Kabenu, TIIOCKHE BHICOKOYACTOTHhie Kabemu,
BUTHIE I@apsl (cKpyTka, OGudHIAp), OXMHOYUHBIE INPOBONA H TNEYATHEIE
nposoaHuki. JIMHUM cBA3M B BHAe KoakcHaneHoro kaGens (cM. §1.2) ne
CO3JAX0T NepexpecTHhX moMex Graronaps xopomed sxpaguposke. CaMuiMy
IPOCTBIMHM M JEUIEBBIMM THHUIMH CBA3H ABJIAITCE OMHHOUHBIE NpoBoaa. Ho
OHM co3palT W HawboNee BHICOKMH YpPOBEHb IepeKpPECTHHIX MOMeX.
[ToaTOoMy HMX ANHHA He JoJDKHA NpeBBImaTh 25-30 cM.

Dd¢exrT BIaUMONEHCTBUA [O-PAa3HOMY IPOABASETCS B CPABHHUTENLHO

KOPOTKHX NUHHUAX 3JeKTpAdYecKod nnuHOH He Gonee 0,2tq5 (apu td)==10uc

uMeeM ouenky £ < 40cM) ¥ B NHHHAX ¢ yJBOeHHOH 3amepxxoii Gonee '

(£ > 1m). IlepBrii coyuail xapakTepeH NIA COSNMHEHHH Ha neyaTHoH nnare.
3Keck OCHOBHOE BIIMAHHME OKAa3hBAKT pACHPENENEHHBIE PEaKTHBHOCTH
nuHuiA. BTopo#t -~ pmis MexOmouyHMX CBA3eH, rae MOMMHHMDPYET BOJHOBO
XapaKTep pacHpoCTPaHEHHs CHIHAJNOB BIONb JHHUH. DTO OTpa)kaercs Ha
HoNyyYaeMBIX OIleHKax.

Mexcoenynenns Ha peyaTHod nuarte. Mexanusm BO3HHKHOBEHUS
nepekpecTHEIX @OMeX B JaHHOM clyyae oTeedaeT puc. 3.5,a. [lycrs
B HeKOTOpbIH MOMEHT Ha BhIXOoJe D3JeMeHTa } dopMupyeTca nepemnaj
HanpsKeHHUs, INeperaBaeMbli depes JIMHHIO CBA3M (AKTHBHYIO JMHHIO) Ha
BXOJ 3NeMEeHTa 2 M APYTMX 3JEMEHTOB HATPY3KM OOIIHM YHCIOM »,.
[To ycnosuio B 6nusnexamed NnUHUH (HACCHBHOH, BOCIPHHHMAIWEI)
[eHCTBYeT cTauuoHapHbIH noruyeckuil morennuan — Beicokuit (BII) unu
uuskuit  (HII). B oroit nuAEWM a3neMeHT 4 ABIASETCA HMCTOYHMKOM,
a a1eMeHT 3~ Harpysko#. O6uiee YHCIO 3NEMEHTOB HAIPY3KH PaBHO 7, .

Hanuume wMaruuTHOo# (M g) u emkocTHOH (Cpe) cBasedl mexny
NHHHAMH o06ycnaBnuBaeT MOABIEHHE B MACCHBHOH JIHHMHM HaBeIEHHLIX
3.1.c. McgdIF/dt u Toxa CgedU,/dt. 3pecs U, u IF=n,, ~ HanpaxeHune u
TOK B aKTHBHON JMHHMH, [, — BXOAHOH TOX ee eIMHHMUHON Harpysku. [Ipu
3TOM CyYMMapHas I[IOMexa Ha BXONaX 3JEMEHTOB HArpy3kH ITacCHBHON
AMHHM MaKCHMalbHa B clydae BCTPEYHOr0 BKIIOHEHHA JIWHUH, Kak
noxaszano Ha puc. 3.5,a. [[ns rakoro Bxno4eHus o6e HaBOAKY (eMKOCTHAS I
MarHMTHAag) Ha JIEBOM (Harpy30YHOM) KOHIIE NACCHBHON JNHHHH CHHOA3IHLI
(puc. 3.5, 6), T.e, cKIaABIBAIOTCA.

Tlomaras ¢GppoHTH NHHEHHEMH, ITONyYaeM:
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O6rrun0 ‘;b =0,SI;). Hanpumep, IpH MONOKHUTENBHOM Iepenajge HanpsKeHUs

ua sxone aneMenta TTJI smurTepusif nepexon tpuoga 7, (oM. puc. 2.6,6)
3aKpoeTcs A0 OKOHYAHHA (GOpPMHpoBaHHA 3TOro mepemana. Hns cpemHux
3HaYeHH R Crgl My=0,1 n®/ul’; U,1,=2 kOm HMEeM
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ve juM =0,IR /n,, TAe Ry, - B Om. IloaTOMY BIHAHHE EMKOCTHOMH
nom’ ~ nom abix ’ :

HAaBOJKH MaKCHManbHO, KOrAa B HaccHBHOH nuuMu peHcrayer BII, a
HArpy3Ka B AKTHBHON ITHHHH MMUHHMAaNbHA.

JlonmonHuTENbHEIE BHIBOAB! H3 MOJYIEHHBEIX BEPaKEeHHH:

1)cyMMapHas nmomexa MakcuManbHa NpH n,=1 ¥ n,= n (UpenenbHas
HArpY3KAa aKTHBHON JHHHH);

2) aMIUIMTYA2a OTpHUATENbHOH MEPEeKPECTHOH NOMEXH 3HAYHUTENbHO
NpeBHIIAeT AMINUTYLY NoRoxHTenbHOH. IlepBas HMeeT MecTo Ipu .
oTpuuaTensHom mnepemage U, W BIl naccusmol nuuuu. Bropas - npm
nonoxATensHoM nepenage U, u HII maccupHo#t nunun. [Hedctsurenso,
B mepBOM ciydae R —>oo, Rl =100-200 Owm, 3HaueHHA r(’}) uw

8x 6bIX ¢

CpaBHMTENbHO Manbl. Bo BTOpoM ~ R3x=1KOM, Rgbzx=15"30 Om,

fy OTHOCHTENbHO Benuko. Ho 3TO He o03HAYaeT, 4TO NONOKHTEIBHYIO
moMexy MOXHO He yudToiBaTh. Mukpocxembl TTJI k melt nauGonee
JYBCTBHTEIBHBEI; -

3) aMONHTYOR ITOMEX PACTYT ¢ YBEJIHYEHHEM HNHH NUHHH, ubo C,; u
M g IPONMOPUHOHANBHEL JUIHHE.

Ins cHHXXEHHA aMIIHTYN NEPEKPEeCTHHIX [OMEX Ha MevyaTHOH miate
nenecoofpasHa SKpaHUPOBKA [eYaTHBEIX NPOBOAHMKOB (pHC. 3.5,8).
KOoHCTpYKU¥A HA PUCYHKE OTBEHAET HECHMMETPHYHOH NOJIOCKOBOH NHHHK.
3mece W u t — MUpPHHA M TOJNIUHHA [IEYATHOrO MPOBOAHHKA, S -
pacCTOSIHHE MeXIy IByMs NpoBoAHHKaMM, H - ronmuua AudnexTpukxa.
3uavenus H mensrorcs or 0,75 go 2,5 mM. Ilpu stom ang W=0,5 MM u

t << W BOJIHOBOE CONPOTHBIICHHE NHHHM Z; ysenuumsaerca or 80 no
125 OM, a noronHas eMkocth Cy cHmxaercs or 0,7 xo 0,4 nd/cm.

C ymenpmennem H, T.e. c¢ ysenuyeHmemM (; M YyMEHbIIEHHEM Z,

oTHomeHue nomexa/curuan (K) namaer (puc. 3.5, B; BHHM3Y). To xe - ¢
pocToM S.

A”anorguHelii 30 QpexkT gocTMraeTca BBeIEHHEM  “3eMisHOro”
IpoBOAHMKA IHpuHO# 3W Mexny KByMs curHanbHeiMH. IIpu 3TOM BiHAHHe
MepeKpecTHHX [IOMeX YMEHbINAETCH B HECKONBKO pa3, eCIH paccTOsMHHe
mexny npoBogHukaMu S=W. ITonocKkoBEle THHHH CHHXPOHH3AIHH KOJIKHEL
6bITH YIAaNeHbl OT HHGOPMAIHOHHBIX NHHHMH H OT NMHHE CHHXPOCHTHANOB
npyrax (a3 Ha paccTosHHe He MeHee 2,5 MM. CHrHanbHbIE MPOBOJHHKU
B CMEXHBIX CIOAX pasMemaroT mox yrinom 90° min 45°, Orpanmvenus Ha
IJIHHBl NapanlieNbHBIX [e9aTHBIX NPOBOXHHKOB WHpHHOH W=0,5-1,5 MM
6e3 oxpama gna MC K155, 555 npusemensnt B ra6naue Ha puc. 3.5,z
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HonyckaeTcs ysenuyenne HopM Ha 40%. Jins noOJOCKOBBIX NTUHUM 3HAYEHUA
{yp MEHHHMYM B JIBa pasa BHIIeE.

Mexbnounple cBszu (puc. 3.5,0). B caywae £>1m Heo6xoaHMO
YUHTBIBATE BOJHOOGpa3HEIH XapakTep nepenayd CHrHafga BLOJAb KAXIOH M3

B3aMMONEHCTBYIOMKX JIMHHH ¢  BOJNHOBEIM  COMNpPOTHBIEHHEM 7,
(cM. §1.2) n mexpy mumn. Ilpm stoM ppa 6nuM3anexamuxX CHTHAIBHBIX
NPOBONHMKA  Takxke 00pasylT [JIHHHYIO  JIWHHIO ¢  BOJHOBBIM
CONpPOTHBIEHHEM Z.. CHrHan, mepegasaeMblf Nno BepxHelt (akTHBHO)
JHHHH, CO3/aeT IEePEeKPEeCTHYI0 NOMeXy B HMXHeW (IacCHMBHOK) JIMHHH
4epes COMPOTHBIEHHE Z,,.

AMNDIUTYAbl MEPenafos HANPAKEHHH B 0GEHX JMHHAK NpU nepepave
nepsoi mpsmoft  BoiHel (cM. §1.2) Moryr OmITE onpejgencHsl M3
3KBHBAJIEHTHBIX CXeM pHc. 3.5,e

U P LN/
U./IA = UDI R ZO ’ U./lfl - 2 UJM Z + Zu "
blx Dl ce
3neck yUHTHIBAETCA, YTO KAXAOE CEHYEHHE JIMHHH NelUT ee Ha JBe YaCTH H
nobas M3 HUX HMEET BOJHOBOE conpoTuBieHne Z,. [losToMy npu nepepaue
BOMHBl U3 ONHOW JHHHH B JPYTYIO CONPOTHBIEHHUS HCTOYHHMKA M HATPY3KH
paBHBI Z,/2.

[MTockoneky Beerga Rex >>Z,, TO IMEET MecTo mnojHoe cHH(asHoe

D3
OTpaxeHne l'IOCTyIIHBLIIeﬁ BOJIHBI B Harpyske naccHBHOM®  THHHH, T.e.

Ugyps =2Upp . Ana oTpruerenssoro nepenaga Up, xorza Remxm << Z,,
OTHOCHTENbHAA AMIUIHTY A IOMEXH
U ZZ
K:ﬁ’-‘-’ll:: 7 ZG)Z > z(l+ch/Z“)".
+ +Z
o Ry AN gt 20

[Tomexa MakcHManbHa, KOTHA JUHAM PaCHONIOMEHBl BIU3KO APYT K APYTrY,
1o Ha GonpumioM paccrosruM OT obweH mumel. Ilpun atom Z,, Mano, a Z,

BEJTHKO.

HanpuMep, ecim fgBa IpoBOJa IHAMETPOM |MM pacloONOXKEHBl Ha
paccrosHuu 0,8MM apyr or zpyra ® 20 MM OT 3eMJISAHOTO OpOBOXA,
10 Z,=200 Om wu Z, =80 Om. Ilpu stom K=0,7, wro ans TTJ-HUC
coBeplIeHO Hempuemiemo. Ecniw B TOM Ke NpHMepe CHIHAnbHble
DPOBOJHHKK OTCTOAT OT obmiel mmusr Ha 1 MM, T0 Zo = 50 Om u Zcp = 125 Ow,
Te. K = 0,28, Dro Takke upeamepHo. Jng JABYx BuTHIX Nap (CKpyTKa
CHTHaNbHOW NHHHM C 3eMISHOH), pacnoNoWeHHBX pagoM, Z,=80 Ow,
Z:y=400 OmM u K=0,16, uro npuemnemo ans scex TTJI-UC.

B3auMHOe  BRMSHME BHTHIX Iap Moxer OwiTh  ocnabneno
JOMONMHUTENBHBIM JKpaHHPOBAHMEM (IBa 3EMJSHBIX IIPOBOJA B CKPYTKE).
Torga ypoBeHb NEpPEKPeCTHBIX NOMEX 0Ka3blBAETCH NPUMEPHO TEM XK€, 4YTO
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H B cIywyae KoaxcHansHoro kabexs. Ho BHTHe mapel memesie M ynobHee
B 9KcIryaranan., OHE NPHMEHAOTCS H IS peaNd3aldd JHHHHE CBA3M
niuHOK oT 20cM mo IM.

Iomexu paccornacopanuit

Ilepenaya CcHrHANOB IO JHHHAM CBA3M MEXKAY KOMIIOHEHTaMH .
uH(ppoBOro ycTpoHcTBa HPOHCXONHT C IOrOHHOM 3azepxko# T,=5Hc/M.
U ecnmu  BBIXOZHOE CONPOTHBIIEHHE IepenaTyuka Zy, M BXOAHOE
CONpPOTHBICHHE NpUEMHHKA Zy OTIHYAIOTCA OT BONHOBOI'O COMNPOTHBIEHHS
nuHAE Z,, TO mpomecc B M06OM CedeHHH IHHHH MOXHO TPAKTOBATH KAK
anre6paMveckyl0 CyMMy MHOXECTBA BOJNH, INpAMBIX K o6paTHRIX,
npomeXIIMX K paccMaTpHBaeMOMY MOMEHTY BpeMeHH fdepes JaHHOe
cevenne (cm. §1.2). IIpu stom i~ofparHas BONHA pacCcMATPHBAETCH Kax
pesyNbTAT OTPaXeHHA i—NpsAMOH BOJHEL OT KOHNIA NHHHHE C KO3bPHIUEHTOM
otpaxenss M,= (Zy—Z,)/(Zyt+Z,). Ananorudsno i-npaMas sonna (i = 2,3,...)
ecTs pesyawrar orpaxenus (i —1)-o6paTHOH BOJHH 0T Hadala JHHHM C
kosppunmenTom orpaxenus M,=(Zy, - Z,)/(Zu+Z,). B nanvuedmem Bce
CONpOTHBIEHHSA NOJIaraoTes cyry6o aKTHBHEIMH. 3anepxka
(snekTpudeckas ANHHA) IHHMH t,=7,f. Ilpn nelcTBHH Ha BXOJXe IHHHU
JTOrHYECKOro Iepenaja HampsAXeHHe B N060d ee Touxe Mensercs
ckagkoo6pa3Ho wepes IPOMEXKYTKH BpeMeHH 2t, (cM. puc. [.11).

Coennuenns Ha nedaTHolf njarte. B cTauMOHADHOM pexXuMe NHHHSA
npefcTaBiseT cobolt 3apsKeHHYK eMKocTh. IloaToMy cranmosapumit BIT
Ha BBIXOAe JuMHMH U™ =EZ,/(Zy+Zy). 3nece E - aMILUTHTY DA
MONOXKHTENBHOTO TNepemaja Ha BeIXoLe HcTouHuka. [Jna HC TTJI
XapaKTepeH anepHONMIeCKHH Ipolecc YCTaHOBIGHHs Ha dponte U,
(cM. pHc. 1.11). B ganHOM cnywae Zy — o, Zy, =150 OM > Z, u moboe
OTpameHHe NPOHCXONHT cHHdasmo (M,=1, M,>0). Hanporus, npn
$OopMHPOBAHHH Cpe3a NpoLecc HenpeMeHHO KoneGarenbHm. 3xecs yxke
Zy=1K>> Z, (M, > 1), a Zy =15 Om < Z; (M,<0). AMInuTyzna mepsoro
OTPHIATENHHOr0 BHOGPOCA MO OKOHYAHHH IONE3HOTO MMIIYIbCA KOCTHraeT
2B, 49To ONAaCHO [ JHEPTETHKH M HAZEKHOCTH CXEMbl NpPHEMHMKA
(cM. §2.1). CoBCcTBEHEO IMOMEXY INpPENCTABIAET BTOPOM IMOMOKHTENbHDIH
Bei6poc. Ero ammnmryna moxer npeseicuts 0,4 B (pernamenTHpopamHOe
nng TTII-MC spavenne U}).

Hpeamrnas mnepemasa uMeeT wMecto npr Zy = Z, (crydaid
COrNIaCOBAaHHUA). B ycmoBHAX IeYaTHOH IIaTh corjacosaHue
IPAKTKYECKH HEBO3MOXHO, H6O BOJHOBOE CONPOTHBICHME EYATHRIX THHKH
6musko x50 OM. Ilomkniogende cOrmacyiomero PE3UCTOpPa TAKOIQ
HOMHHANa K ofmell muHe HemomycTHMO cHIXaeT US™ . Ero saMblkalHe Ha
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IMHY  NHTAHHA  Ype3MEpHO  YBeJMYHBAET TOK [0, MHKDOCXEMBI
nepepatynaka. ONHAKO OTCYTCTBHE COTJIACOBAHHS Ha NeyaTHOR. ninaTe Ans
TTJI-UC wne onacHo. [AMHBI [EYATHBIX HPOBOXHHKOB HE IIPEBHIIUAIOT
30 cM. IToaToMy ANMHTENBHOCTH INOXHBIX nmnyniéon He MoryT 6uiTh Gonee
3nc. Takme ocuunnsume B TTI-UC dunsTpyrores (cTporo roBops, 3TO
crnpaBeRNHBO TONbKO mnx cepuit K155, 555). Kpome rtoro, ycranoska Ha
BXOOaX MHKpOCXeM “aHTH3BOHHBIX” nuomoB (cM. puc. 2.6,6; 2.8,r)
OPUBOMHT K 3HAYHTENBHOMY YMEHBIIGHHIO HX aMIiuTyasl. HekoTopoe
3KBHMBANIEHTHOE “3aTArHBaHHe” (QPOHTOB NpH 3TOM Bce xe Habmomaercs.
Ho peanpuple mnorepwm OblicTpomeHcTBus H3-3a paccoriacoBanuil Ha
nevyaTHOH mnate He npesbimalor 1 0%, uTo BnonHe npHeMiaeMo.

HecornacoBsaunsle MexOmouusie cpsau. [nsg aHanusa HckameHui
CPaBHUTENbHO “INHHHREIX” Imepeixau cHrHanos Mexay HWC mHpoko
NpHMeHseTca Tak Ha3mBaeMblf  Mmerton bBepxepona. Paccmarpusas
npocTeAmuK cnywai mepemauu (puc. 3.6,a), 3ToT (QpaHUy3CKUH ydeHBIH
YCTaHOBHUN chelywuiee npasuno. Pabouyio Touky, Koropas onpenémer
pexuM B Hauaje (KOHIE) JHHMHM CBA3H B MOMEHT CKauka HaNpKeHHs,
MOXHO HAHTH KaK TOUKY HEepecevdeHHs XapaKkTepUCTHKH C HaKIOHoM ~1/Z,
(1/Zy) n nuuuM ¢ HaknoHoM 1/Z, (~1/Z,), nposenennodt us pabouedl TOUKH
B KOHIe (Havane) NTHHHH B MOMEHT NpefbLYNero ckayka (puc. 3.6,6).
Ha  pucyske  npegpcrabnen  cnydait  Zy, Zy <Z, (cpaBHuM ¢
COOTBETCTBYIOHIEH BpeMennol auarpamMmoll va puc. 1.11,a).

Ha sto#t ocHose 6pin pa3BuT npubminKeHHBIH rpaduveckuil Meron
aHanu3a NepexoJHBIX [POLECCOB B JHHHAX: CBA3H UHM(GpPOBOro ycTpoHcTha,
[O3BONAIOIMMH YUeCTs HENHHEHHOCTh BXOJHBIX ¥ BBIXOJXHLIX XapaKTepHCTHK
MHKpocxeM. [IpoBeneM NMOCTPOEHHE ML NHHHHE CBA3M MEXKXY dIEMEHTAMH
TTJI (puc.3.6,8). Ilpu sToM BMecTO npsMo# ¢ HakmoHoM -1/Z, Hamgo
PACCMATPUBATL BHIXOZHYIO XapAaKTEPHCTHKY NepeaTuuka (anmement 1), a
BMECTO NpAMOH ¢ HakjioHOM 1/Z, — MHBEPTHPOBAHHYIO IO TOky (cM. § 2.2)
BXOAHYIO XapaKTepHCTHKY NpHeMHHKa (sneMeHT 2). Cuyuan nepenau
¢dpoHTa M cpe3a NokasaHbl Ha puc. 3.6,r,X COOTBETCTBEHHO,

HauxyfmuM nnisg nepenadu (QpoHTa ABIAETCs Clydal CpaBHHTENBHO
mansix Z,. Ilpd 3ToM yMeHbIIaeTCs aMINIMTyNa DepBoif npaMoll BOJHEL,
pacTer YHCIO OTpaXeHHH, a IIOTOMY M O3KBHBaJeHTHOe “3aTarupaHue”
¢GbponToR HanpsOkeHMH Ha BXoje M BHIXOJe NUHHH. [lns mepenmauu cpesa,
nanpoTus, Hapbonee omacerm crydall GoNpmMHX Z, M3-3a pPOCTa aMIIHTYX
NepBOro OTPHUATENBHOrO M  BTOPOro NOJOXKHTENLHOre BHOGPOCOB.
JIODONHHTENBHO HEO6X0JHMO YUHTHIBATE CHEAYIOLIEE,

[Ipu Zo> Ry, (3TO MOXET UMETh MECTO IpH MEXOIOYHBIX Mepefavax
ONMHOYHBIMM INpoBoLaM¥ Ge3 JKPaHHPOBKH) [NpPOLECC YCTAHOBIEHHS
¢bpoHTa Takxke koueGarTenpHbId. BEOpocel Ha BeplIMHE IT€pelaBaéMOro
HMIYJIbCa  MOTYT TPHBECTH K POCTY  TIEPEKPECTHBIX  MMOMEX M
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K HepeHanpsKeHUsM Ha BXoae snemenTta 2. Ecnm ke Z, CAHIIKOM Mano,
TO pacTeT aMIIMTYJa NOMEXH OT 06PAaTHOrO TOKA MO wuHe "3eMus” npu
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nepenade cpesza. TpeGosannio “sonotoit cepemuun” (Z,=100 Owm)
YROBIETBOPSIOT BUTHIE Naphl H KoakcuansHble kabenu.

[Mpumenenue HEeCOrJIacoBaHHkIX JIMHHA Jonyckaercs ans
MexcoeduHeHHH nnuHoM He OGonee 1 M. Ecmu £>IM u cornacosauue
3aTPYRHEHO, TO B KAYECTBE NpHeMHHKa (3neMeHT 2) ucnonssyior HC ¢
NOBHIMEHHOH CTATUYECKOH MOMEXOYCTOMYHBOCTbIO - TpHrrepsl LIMHTA
(cM. §2.2). Pucynox 3.6,e HINIOCTpHpYET Npoliecc BOCCTAHOBIECHHA
HHGOpMALMH Ha Beixone yHBepTopa 1/6 K155TJI2 U3 nckakeHHOro CUruana
Ha BBRIXOJEe HecornacosaHHoH nuuun, O6o3mauvenus U,, U, oTseuaroT
puc.2.8,e. Hanu4une mnonoxuTeAbHOH OOpaTHOW cBA3HM B MpHEMHHKE
0BecrneyyBaeT BEICOKYIO KPYTH3IHY GPOHTOB HOPMHUPYEMBIX UMIIYJbCOB.

Beenenue cornacosanudg. [Ipu anunax mexcoeaunenuit or 1 mo 3m
IPUMEHAIOT I[OC/ENOBAaTENbHOE COrNACOBAHHE Ha Nepejalon(eM KOHLe ¢
NOMOIBIO JIOMOJHHTENBHOTO compoTuBieHds R, (puc. 3.6,%). Ero
BEJNHYHHA B cymMme ¢ Rj,  RomxkHa ObTb  Gnu3ka K BOJTHOBOMY
conpoTHBIeHHI0 nuHuH. Tak, ecnu Z,=100 Om, 1o BuGupawor R,=82 Owm.
[Tpu 3TOM yJAYHIIAIOTCH YC/IOBHA Mepenavu cpesza umaynbea, Konebauns
nocine EHMIyabca NPaKTHYECKH OTCYTCTBYIOT, TaK Kak B JUHMH NeHCTBYIOT
TONBKO NepBad npsmas u nepsas obparHas BonHbl. QIHAKO YCHIMBAKTCH
MCKaXEHUs NPH nepefade GppoHTa.

[IpuuuHa B TOM, YTO YBENHUEHHE Z), NPHBOAHT k pocTy 3 heKTHBHOH
3afepKKkn nmepenaun (GpoHTA, M3MepeHHol Ha yposue 0.5, po 3t, (cayuai
Riw>200 OmM). Ananoruunas 3afepkka (OPMHUPOBAHHS CpPe3d HMIYibld
B Hayane NMHAH CTAaHOBHTCH paBHOH 2t,. C TakuM 3ama3fbiBaHHEM
MOJYHYAKT  CHCHAN  3JEMEHTH-MPHEMHUKH, pa3sMelleHHple B Havaje
IUIMHHOrO coearHenns. Haxouew, npu cranuonaphoM 5, =16 Ma u R; = 82 Om
snavenne  Ug™ =Uyzy +13 B, uro memomyctumo. Tpefyercs yMeHBUIHTS
Iy B0 3MA, T.e. pa3pelidTh MOAKIIOUMEHHE K JIHHHUK He 6onee RBYX
371€MEHTOB-MPHEMHHKOB.

[Ipu nnunax Gonee 3M neperadya CHUTHAJIOB OCYLIECTBIIAETCS C
[IOMOILBIO creuuanbHBIX MOIIHEIX 3MEMEHTOB - xaBenbHbIxX
(Marncrpannubpix) yeunutene#t (6ydepusix HMC), crnocobupix paborath Ha
JMHHK C NapajuleNbHbIM COrjlacoOBaHHEM HA HAIPY30UHOM KoHue. Taxkoi
crnoco6 ofecreuuBaeT MHHUMANbHBIE HCKAXKEHHS NpH Nepenayax Kak
(poura, Tak H cpesa. B xayectse BydepHrx MC NPHMEHAOT MHKPOCXEMBI
K155JA6, K531JIA13 u ap. ¢ noBulmeHHoH HArpy3ouHo# cmocoBHOCTLIO.
Ha puc. 3.6,3 mokasaH npumep Takoro coeguHeHus. Ilpn Z,=100 Owm
BuiGupatoT R}=150 Om, RZ=470 Owm, ( Ri|| RI|| R}, =Z,). B sTol cxeme
Tox I, nepexarunka npessimaer 30MA. Jna paborh Ha kabenb ¢ Z,= 50 +
+75 OM 6onee npuroansl Maxpocxemsl K155JJE6 u K53 1JIA16II, koTopsie
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ofecneynBalOT B Harpy3ke cranuoHapeel BII 2B npu NoaxMIO4YeHHH
corxacymolerocs pesucropa 50 OM x obme# mune. ’

§3.3. IEPEXOJHBIE ITPOLECCHI
HA JIOTHKO-CTPYKTYPHOM YPOBHE

HeoBxoZumuIM YCNOBHEM peanu3anuM IDHOPOBBIM YCTPOHCTBOM
3a{aHHOro anropHTMa ABAAETCH NpaBHABHOCTE NOTHYECKOro
GYHKUHOHUDOBAHUA Beex ero 6mokosB. OOHH M3 HHX OTHOCATCA K Kjaccy
KOMOHHAMOHHEIX CcXeM. JIlpyrme — K Kiaccy IMOCNeNd0BATENPHOCTHBIX,
IIpoTexaHue NepeXOJHBIX NPOLIECCOB B HAPOBHIX CXEMAaX KAXKAOro kjacca
cneunduuno. Yuer ocofeHHOCTel HMHAMHKA CXeM - BaxHbI# ¢takTop
CTPYKTYDPHOIO IIPOEKTHPOBAHHUS no pesyiasTaTam JOTHYECKOro
(abcTpakTHOr0) CHHTE3A. '

Jlro6as nudpoBas cxema BBIIONHAET Npeocbpa3oBaHMe ABOMYHOIO
BxogHoro nHaGopa x* = <X,,...,Xx>* B BEIXOHmHOH Habop z' = <z,,...,z,>%
3mecy k — HoMmep TakTa, N M M — 4HCNO BXOHOB H BBIXOXOB CXEMBIL.
B obmeM cnywae z* = f(x°, x',..., x¥), T.e. CHTHaIBl Ha BBIXOJAX B JaHHOM
TAaKTe ONpeNeNsfoTCs BXONHBIM INpPOLECCOM B LENOM, OT HAaYalbHOro
MOMeHTa 10 paccmaTpHBaeMmoro. Takue cXeMBl Ha3bIBAIOT MHOTOTAKTHBIMH,
HJIM MOCIEXOBATENbHOCTHEIMH. JAf OXHOTAKTHBIX, HIA KOMOHMHARHOKHBIX
cxem z* = f(x¥), k=0,1,... MHOroTakTHOCTE CXEMBl NOApa3yMmeBaer
HanmnyMe B Heff BHyYTpeHHeH DaMATH COCTOAHHMA. AHANIMTHYECKHM 3TO
BBIpaxaeTcs ciaedyrolnM cbpasom:

z8=G(x5 vy E (e, v,
roe y* = <y,...y«>* - HaGop BHYTpEeHHHX [NEpeMEeHHBX (CHTHaNoB
cocTosHuKH) B TakTe k.

a J‘z" ' d Ta“

ke g RYG | XK__.....,‘ K yk ()

yr-! | Y1 ()

cu
Puc. 3.7

HapoMBuM, 4TO B CHHXPOHHBIX CXeMax TakThl k W k-l paszmensiores
nofaved curxpoumnynsca (CH), B acHHXPOHHBIX — MOMEHTOM H3MEHEHUS
sxogHoro Habopa. KoMOMHaNHOHHBIE CXEMB 0O CYTH aCHHXDOHHEL
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PaccMoTpeHHble paHHee TPHITepPh ~ OpoCTedIuHe MpeJCTaBUTEeNH
MHOrOTaKTHBIX cxeM. OOBIYHO OHH HCIIONB3YIOTCA [JIA MOCTPOEHHT NAMATH
cocTosHMit Gonee CNOXKHBIX cXeM. KaHOHHuUecKHe IpejNCTaBIEHHA
NOCHE{OBATENLHOCTHEIX CXEM MOKA3aHbl Ha pHC. 3.7 (a — CHEXPOHHBIH
BapHaHT, ciy4ad omHO(Ga3HOH CHHXPOHH3AaUMH; 6 ~ aCHHXPOHHBIH). 3xech
KC - xoMbunauuonuas cxema; RGX,Y — cooTBeTcTBYIOmIHE pErHCTDHI.
B cxeme puc. 3.7,6 npunaro pasnmyats Habope y* (YY) ® y*' (y)
B puHaMuke. C momoBHON cHTyaumedi MBl  yXe BCTpPEYAaNHCh MNpH
pAcCMOTPEHHH TPHITEPHHX CXeM (cM. puc. 2.10).

Ha mnepsrllf B3rnsix AaCHHXPOHHEIH NOAXOJ [JOJKEH NPHBOIUTH
K YOpOUIEHHIO peamnsanuu ycTpoiictsa. Ho kaxymascs npocroTa
acuaxporHoH cxemst (pmc. 3.7,6) obmanumBa. Cneuuduxa HEpeXOAHBIX
npoueccoB TpebyeT BBEJEHHA B CXeMY MOIOJNHHTEILHBIX KOMIIOHEHTOB,
B YACTHOCTH, — ACHHXDOHHBIX PErHCTPOB ANf GOpMHpPOBAHHA CHIHAIOB
COCTOAHHMH. CasspBas c ACHHXPOHHOCTHIO BO3MOMKHBIH poct
GpicTponeHCTBHA YCTPOHCTBA, NMPHXONHTCA M3BICKMBATE KAKYIO-TO 3aMEHY
MHoropasHoll CHHXpOHH3anu¥. Tak NOSBHIMCL CXEMBl C, CHIHAIaMH
3aBepIIeHHUs, anepdonudeckue, anu cxeMel Mionnepa [80-82]. DT cxemnl
JoctaTouHo cioxHe. Kak 6b TO HE 6buT0, H3yueHHe ocoGeHHOCTEH

MOBeNEHHs  ACHHXPOHHHX CXeM — 3TO HeoOXOMMMBIH  dAeMEeHT
CXeMOTEXHHMYECKOro oGpasoBaHus.
- BeaycnosHo, CHHXPOHHOMY MPHHIKITY OpraHu3auHu

dbyHkunoHMpoBaHHA ycTpoHcTs oTmaerca npepnouteHue. Ho B MoMeHTH
nepeknoueHuH mobag cxeMa BeleT ceba kak acHHXpoHHad., Bo3HMKalOWUK
NpH 3TOM PHCK c6Od MOXKET NpPOABMATHCS IDH HEKOTOPOM COYETAHHH
3afepikeK OJMEeMeHTOB H coejuHeHH#. ' Kpome Toro, mcmonbp3oBaHue
ACHHXPOHHBIX IOJIXOJOB NpPH pealH3alMH CHHXPOHHBIX CXEM MOXET HaTh
cepresnsblit addexr (cM. § 3.5). I[losToMy BCe BHHMaHHEe B JaHHOM
naparpagde ynejaserci IMHAMHKE ACHHXDOHHBIX CXEM, 3HAKOMCTBO ¢
KOTOpOH sBNAETCH OCHOBOH CHHTE3a MOGBIX NHUPPOBEIX CXEM B IIEPEXONHOM
pexHMe.

Hanee xounxperusupyerca npobieMa COCTA3BHHH IPHMEHUTEIBHO
K KOMOWHAIIHOHHEIM W NOCIEJOBATENBHOCTHRIM cxeMaM, PopMHpyeTes pAl
yTBEpKIEHUH B TeopeM, [O3BOJAIIHX  CYZIHTH 0 HANUYMH
KOMOMHAIMOHHBIX COCTH3aHAH NO BHAY CXEM HIH peanu3yeMbIX HMH
JOTHYECKHMX BRIpaXeHuH. Bce mokxasaTenscTBa onymeHsl. PaccMaTpuBaloTCs
METOAB HMCCIEJOBAHHA MEPEeXOJHBIX IPOIECCOB B TeX ¥ IPYrHX CXeMmax.
[Ipn 3TOM NpeanovYTEHHEe OTHAETCS CTPOrOMY aHANHTHYECKOMY NOAXOMIY.
Wsnaraiores CTPYKTYpDHEIE MeTOoIbl YCTpPaHeHHA cOCTA3aHUNA
B ACHHXPOHHBIX cXeMax.
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Komﬁauaguouume COCTA3AHHUA

MHepLUOHHOCTL DJEMEHTOB BIMSET HEe TONBKO Ha GRICTPOZEHCTBHE
CTPYKTYPBI, HO H Ha XapakKTep NPOTEKAHHA B HEH NEPEXOMHBIX NMPOLECCOB.
ITpu cmene BXxomHoro HaGopa CHIHANBl Ha OTAENBHBIE BXOIBI 3TeMEHTOB
KOMGHHALHOHHOR CXEMBl MOCTYMAKT B OBWEM CliyYae HEOAHOBPEMEHHO
(cocTA3aHHA  CHIHANOB) M3-32 pPasHHOB B “JUIMHAX nyre#”  ux
pacupocrpanenns. Takue cOCTASaHHA omacHEl (MOTYT BBI3BATh HEBEpHOE
QYHKUMOHHDPOBaHHE  yCTPOHCTBA B LENOM), €CHM  OHM  [pPHBOAAT .
K IOSBIEHHIO KDATKOBPEMEHHBIX JIOXHBIX HMIYNbLCOB HAa BHIXOXE,

a b
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B xavecTBe MNNIOCTPAUMH PACCMOTPHM HpOLBHKEHHE rHGOpMa UK
B 5-ypoBHeBOH cxeme (puc. 3.8,a) IO MHKpPOTAKTaM npd 3ajaHHOH cMeHe
Bxonuelx Habopos (puc. 3.8,6; k ~ HOMEp TaKTa, | ~ HOMEpP MHKDPOTaKTa
BHYTPH HRaunnoro rakra) [70]. 3anmepxxu Bcex 3J1eMEHTOB ToJaraeM
ONMHAKOBEIMH M paBHBIMH At. II03TOMYy M HIMTENBHOCTh MHKPOTAKTA
(spema  o6paGoTkm cHrHanmoB onHmM yposHeM) cocTasnser At. Ha
OocHOBaHMM  Tabnuuel  (puc. 3.8,6) gemaeM  BHBOA O  HAMHYHH
KPAaTKOBPEMEHHEIX OMNOOK IPH Nepexone cOCTOAHMA BHXoAa 3 1 B 0. Do
ABIACTCA CHENCTBHEM TOSBJIEHHA NOXHOTO HMIOynsca (cursana 0) mHa
BBIXONE DNEMEHTA 5.

2-yposnennie W-UNH-cxemp [81]. PaccMoTpuM cHawana ciyuaii,
Korga B KaXIbIH MOMEHT BPEMEHH JONYCTHMBI M3MEHEHHS TONLKO OJHOTO
BXONHOro CHrHajsa M K MOMEHTY O3TOrO H3MEHEHMs cXeMa HaXONHTCA
B CTALLHOHAPHOM cocTOAHHH. IIycTs nBa BXOAHBIX HaGopa I, u I, asnaoTcs
COCeAHMMM NO nepeMeHHOH X;. BymeM roBopuTh, YTo KoMOuHanMOHHAs
cxema, pealHsyiomas Q)ymcumo f(1), conepxur ma mepexome I, — [,
cratuyeckoe 0(1)-cocrasanmme, ecam f(I,) = f(1,)=0(1) u Bo3MOXHO
NOSBJIEHHE HA BHIXONE KPAaTKOBPeMEHHOro curuana 1(0), H ZEHAMHYecKoe
cocrszanue, ecnu f(I,) = f(I,) # BOIMOXKHO TpexkpaTHOe H3MEHEHHE BEIXOJA
3a BpeMs nepexona.

CripaBeAlTUBbl YTBEPKHAEHHS:

- Cxema cojepxuT AHHaAMH4Yeckoe unu 0-cocTA3aHWe TOTHA H TONBKO
TOrAa, KOTNA CYImEecTBYET pealH3yeMas HeKOTOpnM osiaemeHToM H
KOWBIOHKIME, BKIIOUAIOMAN X; ¥ X, 2 BCe OcTanbHbie e¢ Oyknbl paBHH | Ha
ofonx nabopax. )

-~ Cxema COfepXkMT l-cOCTA3aHME TOrHa 4 TONbKO TOTKA, KOrja He
CYWEeCTBYET KOHBIOHKIUHA, MMEIOIHX 3HadeHue | Ha oboux Habopax.

TakuM  o6pazoM, o6eiyHax  npomenypa  moxydenus  JHO
¢ BHIOJIHEHHEM Bcex “ckieek” Ha kapre KapHo (BHABIEHHEM BCEX
NPOCTBIX MMIUIMKAHT) TapaHTHPYET OTCYTCTBHE NROGHX KOMOHHAUMOHHBIX
coctasanuit B 2-yposnesolt HM-HJIH-cxeme npu yCIOBHH OJHOBPEMEHHOTO
W3MEHEHUA TONHKO OJHOrO BXOHA. ’ V

B npumMepe (puc.3.8,8) umeem 0-cocrszanue Ha mepexome 100 — 110
# l-cocrazanue ua nepexone 010 — 000. JloxHple HMIYALCH HOABIAAIOTCA,
ecnn 3amepxxy D, u D; cpaBHHTENBHO BENHKH. DTO MOTYT GBITE 33XEPKKH
KaK B MHBEpTOpax, Tak M B coeguHenmax. Cxema (puc.3.8,r) conmepXHT
AMHaMHYeckoe cocTs3amde Ha nepexofe 100 — 110. KomeGamus umeroT
mecro npu D, > D, Besycnosno, cxemHas peamH3alHd KOHBIOHKIHH,
B KOTOpLIE MepeMeHHas X; BXOIHT B IPAMOM H HHBEPCHOM BHJAX,
a6cypana. ONHAKO TAKHME KOHBIOBKUHH MOCYT NOABHTHCA B pe3ynbrare
npusenenus x JJH® npoM3BoNbHEX JOTHIECKHX BHIPakKEeHHH, KaK 3TO GyneT
0Ka3aHo fanee.
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llepeiineM k ciy4ar OJHOBpEeMEHHOro u3MeHeHus JnABYX u Gonee
BXOOHBIX CHrHanoB. [lpd ' 3TOM pasiuHyalOT [Ba BHAAZ CTAaTHYECKHX
cocTsA3aHKi:*.  QYHKIHOHAIBHEIE, Korjga ONacHOCTH NOABJIEGHH S
KpPaTKOBPEMEHHBIX MMIIYNBCOB Ha BBIXOJE HeNb3s YCTPAHUTh JOIHYECKHM
NyTeM H3-3a COCTA3aHMH MeXJY BXONHBIMH CHIHAlaMH, M JIOTHYECKHeE,
ecniH »3TO cpenatrh MoxHo. Hanpumep, g tabmnuusl Ha puc. 3.8,1
byHKUMOHANBHbIE |-COCTA3AHHA HMEIT MECTO Ha [epexomax a — ¢ o
a — B. Ha nepexone a — d naliroopaeTcs normyeckoe l-cocTA3aHHe, Ha
nepexoge e — f — noruyeckoe O-coctosnue. [lepexonsr € - hue — g
HITIOCTpUpYoT QyHKIHoHanbHble 0-cocTA3aHUA.

CrpaBe)IHBbl yTBEPKICHHUA:

~ DYHKUHOHANLHOE COCTA3aHHE HMEET MECTO NPH BXOLHOM lepexone
p —» g Torga ¥ TONbBKO Torxa, korga Ha kapre Kapuo cymecTsyer myTh
MHHUMAaJBHOH ORHHBL OT P K g, BIOJNB KOTOPOrO B3HaueHHE QYHKIUHH
MeHsaeTcs 6onee oJHOro pasa.

~ CxeMa ¢Bo60JHa OT NOTHYECKHX COCTA3aHMH, €CIH pealH3yeMble ee
3eMeHTaMid M KOHBIOHKLHH OTBEYAaIOT NPOCTHIM HMMIUIMKaHTaM 3afaHHOH
bYHKIHH.

— CxeMa CONEpKUT JOTHUECKOE ]-cOCTA3aHHEe TOTIA M TOJILKO TOTAA,
KOCDa CYUEeCTBYEeT HEKOTOPbIH MNPOCTOH MMIUTMKAHT GYHKUHMH, He
IpencTaBIEHHBIH HH ONHOH M3 peanu3yeMblx B Hell KOHBIOHKUHH.

—~ CxeMa COOEpKHT joruyeckoe 0-cocTa3aHHe TOTAA W TOJNBLKO TOra,
KOTHa AJNA HexkoTOpoH mapel BXxoxHbIX Habopor [, u [, Takux, uto
f(1,)=£(1,)=0, cymecTtsyer peanusyemas d1eMedHTOM M KOHBIOHKLMS, He
uMerwas 6yks, paBHeix 0 Ha I, # I, B KOTOpYt0 MeHAIOWUECS TepeMeHHbIe
BXOHAT B NPAMOM ¥ HHBEPCHOM BHIaX.

Hccnemosanue  JIMHAMHYECKHMX  COCTA3aHHH B DJAHHOM  ciryuae
ycnoxusercs. B tabnuue na puc. 3.8,1 nmepexolsl g — i, g —> a BBI3BLIBAIOT
IHHAMHUYECKHe (QYHKUHMOHaNbHBIE COCTA3aHHA. J[HHAMHYECKOe CcoCTA3aHue
MOXET BO3HHKHYTh K Ha nepexoge d — e, ecau Bo wusbexanue
l-cocTsa3anus Ha nepexome i — k (j — c) BBemeH MPOCTOH MMILIHKAHT
BCD (BCD) w 3aflepXKa peanu3ylouero ero asneMedta M cpaBHUTENBHO
Benuka. bojee pacnpocTpaHEHHBIH THID AHEAMHYECKHX COCTA3AHHM
o6ycIoBiIeH HaJHYHEM KOHBIOHKIHH, CONEpPXALIHX HEKOTOPLIE NEPEMEHHbIE
BMECTE C UX OTPUUAHHAMH.

Cxempl npoussonsnoro suna [81]. ChopMynupyeM TeopeMbl, KOTOpbIE
MOryT OBITb NPHMEHEHBl K aHAAH3yY M CHHTE3y CXEM B NPOH3BOJbHBIX
Gasucax C pasNUYHEIM YHCIOM JOI'HYECKHX YPOBHEH.

Teopema 3.1. Ecnu npeoGpasoBaTh  3ajaHHOE  JIOTHYECKOE
seipaxende F mpounsponsHOro BHOa x BhipaxeHuto G B JH® ¢ momolsio
accoUHATHBHOro, OHCTpHOYTHBHOrO 3aKOHOB H npaBunia ge Mopraua,
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TO cXeMmaM, coorreTcTBylomUM F i G, NPUCYIUH ONHU M Te XKe cTaTUYEeCKHe
COCTA3AHMA.

DTa TeopeMa faeT KJIIOY K aHANH3y MHOTOYpPOBHEBHIX CXe€M Ha

BO3HHKHOBEHHE B HHX CTATHHYECKHX cocTsa3anui. Tak, u3
F=4 (BvCO)v(AvB)(BvC) D

IocNe pacKpbiTHs CKoGoK MONYYHM

G=4BvACvABDv ACDvBCDv BBD.
CooTBeTCTBYIOMAN 2-yPOBHEBAS CXEMA CONEPHT COrNACHO Teopeme 3.1 Te
Ke CTATHUECKME COCTA3aHMA, 9TO M Hexomuas. ITo kapre Kapmo (puc.
J.8,e) ycTaHaBIMBAaeM HaJM4YHe |-COCTA3aHMA Ha nepexone 01011101,
raK KaK HeT Npoctoro uMnuukanta BCD. Bo3MOXHE B MHOTOYMCTEHHALE
(pYHKUHOHANBHBIE COCTA3AHNA,

Teopema 3.2, Ecnu ans 3afaHHOTO BhIpaXKeHus F MpOH3BONLHOTO BUIa
MOCTPOHTEL BhipaxeHue G, HCOOML3YS TONBKO Mpasuiio pne Mopranua,
ACCOUMATHBHBIN 3aKOH, BEIHECeHHe OOWIMX MHOXHTENeH 3a ckobku (HO He
packpeiTHe CKO60K) M npeobpazoBanus Bufa AVAB—A u AvAB—AVB,
To cxeMa, oreevaromas G, 6ymer cBoGogHAa 0T KOMOGHHAUHOHHBIX
COCTA3aHMH, KOTOphIE HEBO3MOXHEl B CXEMe, COOTBETCTBYyIOmEH F.

OTa Teopema HaeT MPaBHIO Npeo6pa3oBaHMs KOMGHHANHOHHBIX CXEM
Ges BpefeHHs HOBBIX cocTaAsaHuil. Bepuemca k npumepy (puc. 3.8,m).
BuinuueM Bce mpoCThie HMIUIHKAHTH

F=ACvBCDvBCDv 4BCDv ABCD.
[locne Bpinecenus 3a ckoBKA H MpUMEHEHHs npaBuia ne Moprana nmeeM
G= C(] vBDv EB)\/ AE(BD v Eﬁ),
UTO JlaeT corflacHo Teopeme 3.2 KOMNAKTHYIO peand3aluio 6e3 JIorH4ecKHx
COCTA3ZAHMR, ’

JINst BHIABIEHHS DHHAMHYECKHMX COCTSA3aHHi Kaxxoi 6yKBe HCXOLHOrO
BoipaXCeHHS  OGyHeM  TpPUIKCHIBATh  YHCIOBBIE  HHJEKCH B IOpAIKE
soipacTanunn, Tax, u3

F = ABv BC(Av D)v[(Av D)Ev B)CD)
nonyvaem
F=dBvBCA v D) (A v DYE v BYC"D?).
llne onumakopble OYKBbl C pPa3HBIMH MHIEKCAMH OTBEYAlOT pasiHYHLIM
nyTaM pacnpocrpaueﬂnﬂ'cnrﬂanon B CXeMe OT JAaHHOrO BXOJa K BRIXOZY.

[Ipu paccMOTpeHHH NEPeXofa MEXIY NBYMS BXONHHIMH HaGopamu I, H
[, (e obs3arenbHo cocennumy) 6ynem pasmuuars: fo- u fi-6yKkBHI, paBHbIE
coorsercTBenHo 0 u 1 na o6oux naGopax: C,- u C,-6ykBEl, HIMEHAIOHECS
coorBercTRenno u3 | B 0 W u3 0 B | Ha nepexone.l, — [,

Teopema 3.3. Ilycts 3amannoif cXeme OTBeYaeT BBIPaXEHUE F,
peanusylomee dyuxuuro (1) taxyto, uré 1(I,)=0 u f(I.)=1, 1 nycts G ecTs
npencrasienne F B JH®, mogydenHoe myTeM NPHIHCHIBAHHA HHICGKCOB
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6yxkaM BbIpaxeHdus F u packpbIiTHs CKOGOX C NpPHMEHEHMEM NpaBHia Xe
Moprada. IIpu 3TOM JHHaMHYECKOe COCTA3aHHE BO3MOXHO Ha mepexone
I,— I, Torma ¥ TOXBKO TOrZA, KOrga CymecTByeT KoHBIOHKUHA K, He
copepxamas f,-6yks, HO BKIIOYawINas Mo MeHsmeH Mepe mo onHoit Co- n
C,-6ykBe, Takas, 4To mobas Apyras KOHBIOHKUHA, paBHas | Ha Habope I,
. COXepXHKT He MeHee ofnol C,-6ykBrl, He BXogame# B K;.

DTa TeopeMa DNpPHUMEHHMAa I BBISBICHHA BCEX JTHHAMHYECKHX
COCTA3aHHH Ha Ilepexofax C H3MEHEeHHeM JI0GOro 4Hcia BXOAHBIX
nepemenHblx. Ilpomomxum wavarei#  npuMep. IlpuMenss npasuno
e Moprasa 0 ZuCTpHOY THBHBIH 3aKOH, MIONYYUM

G=ABVEC AL vECD Y AE°C' v AE D v DE°C v D*E* D v BC v B D7,
Jus nepexoxa ¢ M3MeHeHMeM OAHOH BXOXHOH nepemeHHOH B kauecTe K,
MOXET BEICTYNATEH TOJBKO D'E°D™ | a H3MeHATHCA — TONBKO D. IIpu sTtom E ~
f,-6yksa. [To ycnosuro f(1,)=0. ITycts D=0 na HaGope I,. Torma B - f,-6yxna
(B°D?=0), A - f-6yksa (AE°D?=0). Tlocne ymamenus 6yks,
3aQMKCUpPOBAHHEIX B OOHOM 3HaYeHHH Ha ofouwx maGopax mnepexona,
nonyuam G=C'D*vD'CvD'D?, Ecmm C — f,-6yksa, umeem G =D'v D'D?,
IIpa aTOoM cornacHO teopeme 3.3 OHHAMMYECKOE COCTA3AHME HEBO3MOXHO.
B cnyqsae C - f,-6ykBa nonywaem G=D'vD'D?, H YCNOBHA TEOPEMH
BBLIIONHEHBI.

Hrax, Ha nepexome 10101 — 10111 BO3MOXHO JOHHAMHYECKOE
coctasanue. PaccMmorpum Temeps mepexon 00000 — 00101, 3peck nmeem

G=C'vE'C"vE, rtax uro Bponu K, Moxer BmcTYymate Ttonabko E°CV.
YcnoBHA TeOpeMBl He BRIIOMHAIOTCA. A BoT Ha mepexoae 00000 — 11001,
korpa G = A'B*v A"E° v B", IuHaMHAYecKoe cocTA3aHkie BO3MOXHO,

I/ICCHGQOBaHHC NEepexXONHBIX NPOIECCOB

TpynoeMKocTs BBISABJIEHMA cocTA3aHMH aenaet MOJIe3HBIM
MOJEJHpOBaHHe IIEpeXOXHBIX npoueccoB Ha IBM. Heobxonumyro nns atoro
(hopMaNH3aLMI0 IPOUEAYPH AaeT HCIONb30BAHHE ANTOPUTMA aCHHXPOHHOIO
coGBITHHHAOTO MOJENHPOBAHHA, NpeXIoKEeHHOTO B pabore [83].
IlpuMenenne MeToJa OrpaHHYEHHO YCJOBHEM paBEHCTBA 3aJEpXKeK
3MeMEHTOB. B ofmem ciyuae 3amepxKH HOCAT cayualiHbelif Xapakrep.
ITosTomy Gomee ymoGHEI Te METONBI, KOTOPHIE IO3BOJAIOT (HKCHPOBATDL
HaTHYHE COCTA3aHHH BHE 3aBHCHMOCTH OT BeXHYHH 3azepxek. K HuM
OTHOCHTCA METOJ TpOHUYHOro Mopxexuwposarusa [70, 81]. Opuako oH
NO3BONAET KOHCTATHPOBATH NHIb (GaKkT cOCTA3aHMN, HHYEro He ropops ob
uX NpHYHHAX K TeM boxee o cmocobax ycTpaHeHHH.

Jna monydenus DOJHON KapPTHHBE BO3MOXHBIX BAPHAHTOB BPEMEHHBIX
nponeccoB B KOMOHHAIMOHHEIX CXeMaxX B YyCIIOBHAX pa3fpoca BeNHYMH
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3alepKEK HCIIONB3YIOT aHAMTHYECKOe ONHCAHHE IIEpeXOQHOro mnpouyecca ¢
noMomelo  onepanui  GeckoHewHO3HauHOW  (HenpephIBHOH)  JIOTHKH,
NpUMEHAEMbIX K MCUHCJEHHIO He COCTOSHHH ycTpoilicTBa, a MOMEHTOB
u3MeHeHHH B HeM curHanos [84, 85]. ITpu stom cxauok 0 — | B MOMEHT o
o6osHawaioT Kak 1, ckayok 1 — 0 B MoMeHT P - xak ()’ﬁ, HMIYAbC — Kak
1, O’ﬂ nny 1(w,B), naysy — kax O'a l'ﬂ uny 0(a,fB). Ecnu npouecec coxepXur
HECKOJNbKO MMITYNbCOB M I1ay3, TO MOMEHTHE H3MEHEHHl YKa3bIBAIOTCA JIHLIb

ONHH pas. Hanpnmep, OaB 1yoavy=0(aﬁ, 1= avy). ITocTossHHBIH cHruan

0(1) TpakTyeTcs KaKk HMNynbe (rnaysa) HyleBoll anurensrocTtu: 0 = (o, o),
1=0(B, B). Onepauns NHM3BIOHKUHM ONpefensercs kak o v B = max(a, B),
KOHBIOHKUHA & A B = afl =min(a, B).

ITpouenypa OTHICKAHMS IIEPEXONHOro mpolecca B KOMOHHALHOHHOMN
cXeMe Ipy cMeHe BXOAHOro Hafopa COCTOHT B CleyIOIIeM.

1. 3aMeHa KaXJAOro pealbHOrO0 3NMEMEHTA COOTBETCTBYIOUWHM HIAEANbHBIM
(6e3bIHEPUHOHHBIM) H HOCIENOBATENLHO BKIIOUEHHBIM ¢ HHM 2JIEMEHTOM
3aJePKKH.

2. llpencraBiiende KaXJOro HHeanbHOro 1% (eHTAa DKBUBAJEHTHOH cXxemoil
B 6yneBoM Gazuce.

3. YnopsanodyeHue NONyYeHHON cXeMbl IO YPOBHAM.

4. BpluHcaeHHE MEePEXOLHOT0 npouecca Ha BBIXOLE HyTeM
MOCNEeAOBATENbHBIX MONCTAHOBOK,

Jns pewmeHds 3aJayd TaKHM METOZOM QOCTATOYHO YMETbh HaXOJLHTh
peakuHH >JeMeHTa 3aJepHKH, HHBepTopa H 2-BXOLOBbIX 3leMeHTOB M,
WJIH Ba npou3BOAbBHBIE CTYIIEHYAThIE BO3AeHCTBHA BUIA

x(/)=a(a,,az)£(—,a,)...5m (@ a,),
roe ae{0, 1}, & -~ orpuuanue a, @, =a NpH M YETHOM H &, =7, ecik m
HeueTHo. [Tpouecc Ha BLIXOHE MEMEHTA 3a/lePXKKH
z(t) = x(t), = a(a, T, 1) A (-, 0t B ( Qo FT, Ot 1),
rie T~ Belwurina saxepxxu. Jns uHBepropa
() =x() =T (a,ay)a(~ay) ... 8y, (@pps Tn) s

T. €. IPOLECC HA BBIXOJE IONYy4AeTCs H3 BXOLHOIM'0 3aMEHOH MMIYNbCOB Ha

nay3sl M Iay3 Ha UMITYJIbChl B T€X X€ BPEMEHHbIX HHTEpBalax.

He cTonp mNpoCTO BBHIMHMCIMTh PEAKLHH MACANbHBIX 2-BXOHLOBBIX
snementoB M, MJIM. Ecnu oluMH M3 BXOZHBIX CHIHANOB, Hampumep x(t),
UMEET BMJ OJHHOYHOH CTYNeHH, a Hpyro# y(t) CONEPXHT CPABHHTENbHO
HeGoNbUIOE YHCIO HMIYNBCOB H Iay3, TO MEPEeXOJHbIH Imponecc Ha BBIXOIE
z(t) HaxomuTCcA NyTeM mnoxHoro nepefopa BcCeX BO3MOXKHBIX BAPHAHTOB
B3aHMHOTO pPACHOJIOKEHHS MOMEHTOB H3MEHEHHs CHIHaloB (npaMoi
meron). OTHenbHO 3alMChIBaeTCs peakuus And kaxjporo cinydas, O6uiee
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BLIpRXKEHHE [OJyd4aercs IMyTeM OOBENMHEHHN 4YacTHBIX PpeEWEHHH ¢
TIOMOUIBIO ONEpanyil GeCKOHeYHO3HAYHON IOTHKH,

IIyeTs, nnsa npumep"‘a, x()=1, u y(t)=0%. Torna
Ka, B), as<p;

z(r)=x(r)Ay(f>=lix“Olf’={o=1(a @, azp.

OxoHuaTENbHO HAXONUM
1, A0y =la, av B).
B cnyuae x(1)=0,, () =01, HMeeM
0B, r) asf<y;
() =x@)vy(t) =0, v O3l =4 O 7), [FBsa<y;
1=0(a, @), azy>p.

Of6belHHEHNE YACTHEIX pelmIeHUH faeT
O'EVO:‘,I;, =0av g, avy).

HaijigeHHsle TakuM cnocofOM BO3MOXHBIE BapHaHThl pPEakuMi nns
cnyvast, korma y(t) comepxuT He O6osee OLHOrO HMNyabca (nay3si)
npuseneHsl B Tabnuue 3.1,a.

Peaxuuu 2-BxofoBbix dnemMentop M(MJIH) nwa BxomHble Bo3nedcTBUs ¢
GONBIIMM YHCIOM HM3MEHEHHE CHrHaza MOXHO BBIYMCIHTE METONOM
nekomuosunuu. Onpenexense o6mHUX YCNOBHH, B KOTOPHIX BO3IMOXHa
NEKOMITO3SKHUMA, M cTporoe oGocHoBaHME MeToga paunl B pabGore [84].
CormacHo eMy OOHO M3 [BYX BXONHBIX BozjgefcTBHH, Hanpumep x(t),
pa3fuBaeTcs Ha JABa CNENYIOWMX APYr 3a HpyroM Gonee npocThix X (i) u
X,(t), Tak 4yTo6Bl MEpBRIH W3 HHX 3aKaHYMBAJICA H3MEHEHHEM CHIHala BHAA
0, (I,) m x(t) = x,(t)xs(t). 3aTeM HaXOAATCA PeAKUMH deMeHTa Z,(t) H Z,(t)
Ha nmapsl BospedcTBHE {X,(t), y(t)} 1 {x(t), y(t)} coorBercTBeHHo. Ecnu
z,(t) u z,(t) He mepecekaloTcis BO BPEMEHH, TO IMOJHAA pPeaKLHUd dJIeMeHTa
z(t)= z,(t)z:(t).

B kauecTBe npHMepa HafiieM mepexXolHBI Tpouecc Ha BLIXOMLE
anementa M mpu x(t) = 0, 15, y(t) = 1,0y, [punumaem x,(t) = 0, X (t)=1,.
Cornacno tabnuue 3.1,a HAXOOHUM

5(t) =0, ALOy =lay,ad); () =1, AL0; = (v y,fv )

Mockonsky B v y 2 f > o = af, TO NPOUECCHl HE NEPECEKAIOTCH H MEKIY
HAMH D0MKHA 6biTh nay3a. COOTBETCTBEHHO

O:,}”,, ALOy = Way,ad) 0= A v y) (-G v I)
[Tpu Tex xe Bo3geHcTBHAX Ha BeIxoxax snemeHra WJIM pasGusars cnenyer
curean y(t). AHaAJOrHYHO NOJydaeMm

0,15 v 1,05 = O(ezy, By) (=, v 6) O(—, B v 8).
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IlocTpoennsie TakuM o6pasom rpapuxs (rabm. 3.1.6) xopowo
WILTIOCTPUPYIOT YCIOKHEHHE NEPEXOAHOro mnpouecca B KOMOHHaUHOHHOf
cxeme 0T YPOBHA K YPOBHIO.
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CocTsA3aHHUA B NOCNENOBATENBHOCTHRIX CXEMAX

B ¢BA3x c npobnemoi cocTA3aHHMH B aCHHXPOHHBIX
NOCHEeNOBaTENbHOCTHRIX cXxeMax OyneM paccMaTpHBaTh, B OCHOBHOM,
cnyuad H3MeHeHHs OJHoro Bxoja. JToT cnywadh naumGonee BaxeH Ui
nansHefmero (cM. §3.5). [Ipd Takoil cMeHe BXOJHMBIX COCTOAHMH (Mexnay
coceqHuMyu HaBopaMH) [paBUIbHOE NOrHYeckoe (YHKUHOHHDPOBAHHE
MHOrOTAKTHOM CXeMbl MOTYT HAapyWHTh CTATHYECKHE W CYIUECTBEHHKIE
coctsazanusa  [69]. Ecnu mepexol K HOBOMY COCTOSHMIO CXEMBI CBA3aH ¢
H3MEHEeHHeM JByX H 0ollee BHYTPEHHHX INEPEMEHHBIX, TO COCTA3AHHUSI
CHTHaNOB OOpaTHOM CBS3M MOIYT OKa3aThCs KpHTUYeckKHMH [69, 81]. Ot1 ux
ucxoja OyfeT 3aBUCETh KOHEYHOE COCTOAHHUE CXEMBI.

B naHHOM pasjene [M0Ka3bIBAIOTCA MEXaHU3MBl BOIHMKHOBEHHS ITHX
cocTasaHui, MeToasl HX yCTpPaHEHMs NAOTCA B 3aKJIIOYHTENBHOM pasjielie
naparpada u B §3.4.

CraTHYeCKHE COCTA3AHHA MOTYT BO3HHKHYTh B Clydyae, KOTLA CMeHa
BXOAHBIX HaGOpOB HE MOONXKHA IMPHUBONMTE K M3MEHEHHIO BHYTpPEHHEH
nepeMeHHOM. Pedp B JaHHOM clydYae HIAET O BAMAHHH KOMOMHALMOHHBIX
cocTasaHu# Ha GYHKIHOHHPOBAHHE CXeM C OOPaTHBIMH CBA3AMM.

B cxeme  (puc. 3.9,a)  Y=xxxy=xviny.  CooTBeTcTBYIOUIEE
ofpeannenune noxaiano Ha kapre Kapro. Obosmauum yepes AT, H At
sagepxKH demedToB ! u 2. IlycTe cHawana x,x, = 10. Torna Y(0) = 1 u
npu cMeHne sxonHoro HaGopa Ha x,x, = 11 BoaMoxeH nepexon B omubouyHoe
coctoaHne Y = 0, ecnn At, > At,. KapTuna adanoruvuna nabmogaeMoit npu
OpraHH3alldi¥ CYETHOrO 3amycka B mpocTelureM Tpurrepe M3  IABYX
uHBepTOpoB (cM. §1.4).

OnuuM 43  MeTonoB Oopb6Gbl €O CTATHYECKHMM  COCTA3AHUAMM
ABNAETCA BKJIIOUEHME B LEeNH o6paTHOH CBA3M JONMONHHTETBHOH 3afepIKKH
(puc. 3.9,a; nyHkTup). OnmacHocTh c608 MOXHO YCTPaHHUThL B JAHHOM
cnydae M 3KBUBAMEHTHBIM NpeobpasoBanneM cxeMbl (puc. 3.9,6; Y=%,vxy)
nyTeM BBIMOJHEHHS BCex “ckmeexk” Ha kapre KapHo, Tax utolni cMmeHa
BXOJOB C COXpPAaHEHHEM CHTrHala o6parHO# CBA3M NPOHCXOHMNIA Beerja
BHYTpH HEKOTOporo mokpsiTHs (pwc.3.9,6; wrpuxoska). Eciaum nepexon
K OYepefHOMY TakTy CBA3aH C M3MEHEHHEM HECKONLKHX BXOINHBIX CHTHAJIOB
1460 Ha Nepexoge MEHAETCA HECKONBKO BHYTPEHHUX NEpPeMeHHBIX (npu
NOCTOAHCTBE  paccMaTp¥BaeMoH), TO CTaTHYeckHe  KOMOGHHALHOHHDIE
cocTa3aHua MOryT OblTh (yHKkUHOHAampRbIMU. [Ipu 3TOM Ans ycTpaHeuus
BO3MOXHBEIX omHbokx B paboTe noclrenoBaTeNbHOCTHOH CXEMBI OCTRETCH
UCIONb30BATH NHUIIL 3TEMEHTH 3a0EPKKH.

CYWIECTBEHHbIE COCTAZAHMA MMEIOT MECTO B Cllyuae, KOra hepenaua
H3MEHEHHUS BHYTpeHHe#d mnepemenHol (curmana o6parHo#t  cBH3M)
K HEKOTOPOMY 3JIEMEHTY CTPYKTYPBI MPOMCXORUT GpicTpee, yeM nepenaua
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‘M3MEHEHHA BXOAHOrO CHIHana. 3Mech BHOBL BCTpeYaeMcs €O CHeUHBHIHEIM
INs cxeM ¢ OOpaTHBIMH CBA3SMH [pOABAEHHEM (QYHKUHOHAIEHBIX
KOMOMHAIMOHHBIX COCTA3aHHM MeXIy X- H Yy-CHrHamaMmu. Bo3MOxcHbIH
sbdexT TaxoB, Kak ecid 6Bl cxeMa IIepeKJIoYallach M3 HHOr0 HCXOAHOIO
BHYTPEHHETO COCTOAHHI,

PaccMoTtpum npuMmep (puc. 3.9,B). 3mech Y, =xy viy, Lh=xy viy,
CoorpercrByomas Tabnuua cocrosHuit (puc. 3.9,n) npencrasnser coboif
kapty Kapuo, B KaxJoii kleTke KOTOpOH yKa3zan oOnpeneNeHHbIH
dyuknuonansusiit Habop Y, Y., Ecam on coBnagaer ¢ Habopowm
nepeMeHHBIX y,y, AAS JaHHOH KIETKH, TO COCTOSAHHE YCTOHUYMBO.
B mpoTUBHOM ciy4ae OHO HEYyCTOHYHMBO, M HTEpalHOHHAf MpouelAypa
nepeMellaeT CXeMy B HEKOTOPOE JPYFo€ COCTOAHHE HPH HEHUIMEHHOM
BXOOHOM cHrHage (puc. 3.9,e; 3HaxoM “+” TOMEYEHB YCTOHHMBbLIE
COCTOSAHMSA, TOYKOH — HEYyCTOHUMBEIE; CTPENKAMU YKa3aHbl NEPEMEUIEHHA H3
HeyCTOHYHMBEIX COCTOAHMH NNA HaIlero npHMepa).

Cornacno TIPABUJIY AHTEPA [69,81] cymecTBeHHBIE COCTS3aHMi
UMEKT MECTO JIMIUL B cliyuae, ecnd B Tadnuue HaHJeHO Takoe HCXOMHOe
coctosinie Y(0) u Tako#l BXOAHOH CHrHal X,, YTO TPH NOCIENOBATENbHBIX
H3MEHEHHA X; (NMpH MOCTOAHCTBE CHIHANOB Ha JPYCHX BX0Jax) MPHBOMAT
cXeMy K COCTOSHHIO, OTJIHYHOMY OT TOTO, B KAKOM OHa okazajlach nocnae
NEPBOTO H3MEHEHHA X, VMeHHO >TO W HabjoZaeTcs B HalleM npuMepe
(puc. 3.9,e).

KoukperusupyeM O0COBEHHOCTH MEPEXOAHBIX TMPOUECCOB B cXeMe
(puc. 3.9,B; ¢akT NOBBIEHHO# WHEPUHOHHOCTH O3JIEMEHTa 2 oTMeueH
BBEeHMEM YCIOBHOR 3amepxkH -~ WyHkrHp). IlycTs 3samepxxu Beex
J/eMeHTOB, KpOME BTOpPOTO, OZHHAKOBBl W paBHBL At. B HcxouHom
cocTosiuud x = 0 U y,y,= 00. Pe3syneraTsl HTEPaUMOHHOTO MOJEIHPOBAHHI
10 MHKPOTAKTaM MOKa3bIBAIOT, YTO [P CMEHE BXOJHOrO CHTHANa Ha X = |

npaBMnAbHAaA KoMBHHauua y,y, = 01 ycTaHaBIHBaeTCi B KOHEUHOM HTOre
nuwmes B cayvyae At, = At unuw 2At. Ecaum Ar, = 3At, BO3HHKaeT
xoneBatensHbl npoyecc y,y,= 00 — 11 — 00 —... Ilpu A1, = 44t

(pue.3.9,r) u Gonee HMeeT MecTO OIUGOUHEI Mepexon B COCTOSIHUE Y,Y,; =
=1 0. [IpuyHHa TOMY — MOABNEHHE KPATKOBPEMEHHOIO JIOXKHOrO cHrHana | ua
BBIXOME 3JEMeHTa 4, K KOTOPOMY H3MEHEHHE Y, nepefaeTrcs GuicTpee, HeM
H3MEHEHHE X,

KpHruYeckue cOCTA3aHUS BHIABIAIOTCA HENOCPEACTBEHHO no Tabnnue
coctossHHH. OHH UMEIOT MECTO, KOrAa COMEepXHUMOe KIEeTKH OTIHYAeTCH OT
coorBeTcTBYlolero eff Habopa BHYTpEHHHX NepeMEeHHBIX AByMa u Gonee
KOMIIOHEHTaMH, TaK YTO BO3MOXEH IepeXxoh OT HaHHOIO HEYCTOWYHBOrO
B pa3zHbIe YCTOHUHBEIE COCTOAHKA. B npuMepe (pHc. 3.9,%, 3; 14 MOJHOTH
KapTuHBI B cToNbue X,x; = 00 BrIAeNeH WTPUXOBKOH KonebaTenbHBIM LHKI)
[69] kpuTHUecKHe COCTA3AHUA BO3HHUKAIOT B cTonbuax x,x; = 11 (sepx) u 10
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(Hm3). CocTA3aHHA, BbI3BAHHBLIE OJHOBPEMEHHBIM M3MEHEHHEM HECKONbLKHX
BHYTPEHHMX [EPEMEHHBIX, MOTYT OKa3aTbCs H HEKPHTHHECKHMH, ECHH
KOHEYHOE YCTOHYHBOE COCTOAHHE EAMHCTBEHHO,— CTONOURI XX, = 11 (Hu3)
u 10 (pepx). Takue COCTA3anHA BNHAIT JIHUL Ha XAPAKTEp npoTekaHus H
NUTENBHOCTS  IIepeXofHoro  npomecca. KpHTHYeCKHE  COCTA3aHUA
YCTpaHAKTCHA HA ITaNe KOAMPOBAHHMA COCTOAHHHN aBTomarta (cM. §3.4).

AHallTUTHYECKOE MCCNENOBANME

OpHo#t U3 3amay aHalM3a JHHAMMKH MepeKNIoYeHHs MHOTOTaKTHEIX
ACHHXPOHHBIX CXEM SsBNAETCA ONMpefeleHHe YCHOBHH Ha 3agepXKH
3M€MEHTOB, NPH BBLINOJHEHHY KOTOPBIX PEAKIHA CXEMBl HA 3aJaHHYI0O CMEHY
BXOIHBEIX HAOOPOB MMEET TY HIH HHYIO dopMy. McKkomble yClnOBHA HaXOAAT
[84] ©xax  pe3synnTar peuUleHHSs  CHCTEM  JIOTHYECKHMX  yPaBHEHHH
OTHOCHTEJIbHO BPEMEHHBIX IIPOLECCOB C HCNOJb30BAHHEM ONepauui
GeckoHeuHo3nauHoH noruxH. Ilpw 3ToM dopmMa BXOAHBIX M BLIXOMHBIX
IIPOLECCOB  CYHTAETCH  H3BECTHOH C  TOYHOCTBIO JO  MOMEHTOB
nepeKIIoueHuH.

a 5
X z 2
BF=¢
S
XZ r—' 1
:]C»L — Z
X3 X ’-—‘&8
& -
I 2 | X
w
0
4
Puc. 3.10

B KkauecTBe [pHMMEPA BLIMONHMM aHanus 1is cxems! (puc. 3.10,a; B,
Y, 6, ... — 3amepXKH COOTBETCTBYIOUIHX anementos) [84]. ITycrs

Xl(r)=0’a, X, = 1, X, = 0. IleppornavansHo X .X,X, = 110, y= 1.

W3 cxemur:
{[X’T(T)[, A Xz(t)/\m}, AYWg VXD g A X2(O) A X3() A YD v

VXA 0 A K0, o)™ YO
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[paBunsHOe KOHEUHOE COCTOAHME )= 1.
HalipeM ycnosHe OTCYTCTBHA JIOKHBIX MMIYIbCOB Ha BHIXOUE,
nonoxus (1) = 1. Iloxcranonka gaer

Iy v0 ]

a+Pro a+o'Q =l

Hcenonssys usBecTHble pesynsTaTsl (eM. Tabn. 3.1, a), umeem
{0[(a+m),(cz+ca)v(::x+/?+a)]}(/J =1,

4TO CchnpasefNuBo NpH @2 f+0. DTo u ecTh uckomoe ycnosue. OHO
03HaYaeT, UYTO TOHKM MEXQy CHIHalaMu y (NpHIUIEAWHM 10 uenH

X,-5-1) u y}(l‘[OCTyHHBmHM OT X, uepes 3MeMeHT 3) NOJOKEH BBIUCPATh

nepssiit U3 HuX. [lo?TOMY B CXeMy IOJIE3HO BKIIOYHTL JONOJHHTENbLHYIO
3amepxKy (puc. 3.10, a; IYHKTHP).
OnpenenuM Teneph yCNOBHE JIOXKHOTO NepeknlOYeHHs BHIA y(t)=0‘v.

WcxonHoe ypaBHeHHe NaeT

[, 50, Vo, . ]

0!
a+f a+w !

o~ v
Cornacuo rabnuue 1.l,a moxydasm )
Olla+o),(@+o)v(a+p+a)] 1[-(l@+o)via+f+o)vv+o) }(a =0;,.

OTci04a UMEEM Takie BOIMOKHOCTH:
a+rao={a+o)vi@+pf+o) (@a+ro)vie+rpro)vivro)=v-p
nu6o
a+v=v-p; (@+a)via+ f+o)=(a+ro)vie+pf+ro)viv+o)

Heproiif cnyvail abcypaeH, NMOCKOJNBKY HMEET MECTO NpH oS-,

Jna npyroro BapHaHTa IoNydaem
(@+o)via+rf+o)za+a+p+o

Otcwona pzw+e. HHBIMM croBaMHd, cOCTA3aHHA Ha BXOOE 3neMeHTa |
Mex Ay cHreanamu Z (npomemmuMm nyTe X,- 5) U Y (NOCTYNMBILIHUM 10O
uenu o6paTHo#t cRA3M X,- 3 - 4) HOJOKeH BBIHIPaTh nociheauuit u3 Hux. Ipu

! v
3TOM y(’)=0a+a)+¢‘ XapakTepHo, YTO YCTAHOBKZ [AOMOJIHMTENbHOMN

3a0epXKH B LENH o0paTHOH cBA3HM (POCT @) He rapaHTUPYET OTCYTCTBUS
JOMCHBIX HMITYNHCOB Ha BBIXOJE.

PaccMoTpHM B 3aKkNIOYeHHE WHPOKO MNPUMEHAEMYI0 Ha MNpaKTHKe
cxemy acuExpoHHoro T-tpurrepa (puc. 3.10,6, BapuaHT HCHOOJNbL30BAHMA
mukpocxeMbl K155TM2). IlokaxeM, 4To 3Ta cxeMa HEKpHTHUYHA K pasfpocy
BEJIMYHH 3aJepXeK 31eMEHTOB, H ONpEJENUM MOMEHThl H3IMEeHEHHUH
cocTossHu# Beixonos., IIpm BriGope dopMel HckoMBIX pemenuit Gynem
YYHTHIBATh HK3BECTHBIE 0CO6EHHOCTHM GYHKIMOHHMPOBAHHA TaKOH CXeMBl
(cM. §2.3). Cornacuo puc. 3.10,6:
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YO =x0)A YOlg vUD}es
20)= (X @y Yl A 20)s v XAV AXO v VD gy s
Ul)= (U XA KOV YD gy v ZW0)ys
we)=(x()a YN v Z0s.
IlycTh : ’
x(t)= L, Wwh)=0, z(r):l‘or, um=1, Yy =0.

HpH ITOM HCXOoHafd CHCTCMR pPaBEHCTB NOCNEA0OBATENBHO RaeT

0=0; llo‘:[llcr+6\/l:z+y]w=1’[(a+d’)/\(a;r)]+(1) ;
L=y, v0,l, = (Olo@+y)vall,; 0. =0 ;.
Orcrona
o=[(c+d)ala+y)+w, oza+y, e=0+8.
COOTBETCTBEHHO o=a+y+tw H MaKCHManbHas JANBTENbHOCTD

NEPEXOAHOro Mponecea Ty, =E=a+y+w+5.
[TocKoNMbKY CXeMa MO CYTH ABYXCTYMeHUaTas, TO €e NepexmioueHue
npu X()=0p TNPOMCXONMT 3aBEXOMO NPABHIBLHO, M AHANH3 3TOTO Clyuas

J1€TKO BLITOMHHTE HEIIOCPEACTBEHHO IO CXeMe.
[TycTe TEMEPH

.\’(t):lzz, wi)=ly, 2()=0y, UM =1, Y@ =1.
[/[CXOHHaH CHCTEeMa paBeHCTB JaeT
L=l 4 5 v 03)s = {04, (@ + B)v A},
0 = {10, p AOL ) VI AL AD, ]}, =
= {0l s pyao)ss Vi@V Ay (avav@s f)+rltes

'

1’,1 =1c+r]; 1’5 =[1’a+ﬂV1la]d‘ =1E(a+ﬁ)/\o}+d'
M3 mepsoro pasencrTsa cienyer A2a+ /3. [1o3ToMy Ha OCHOBAHHH APYTHX
ypaBHEHHH] monyvaem

o={la+PHrocl+d+o=a+f+d+0, cza+pf;

A=c+n; e=[la+fiac]+d=a+f+d=0-w.
Tak 4To M 37€Ch HHKAKMX YCJNOBHH Ha BEJHYHHB 3alepiKEK 3JIEMEHTOB He
naknagelBaeTca. B pannom cnywae r =A=a+B+5+w+7.

Yerpadenue cocTa3aHni

KomM6uHauHOHHBIE __cXeMBl, PacCMOTpMM ciay4dal  peanusaunuu
dynkuuit  f(x,%2,%,) B JH®, xorga cocTA3aHMs MeXIDYy BXOAHBIMH
curnanaMu orcyrcrsyior. Torgma c6oH Ha BHIXOJE BO3HHKAIT TOJBKO
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BclencTsue pasBpoca BeNHWYMH 3alepKEeK OSNEeMEHTOB W  MOTyT GbiThb
YCTPAHEHB! JIOTHKO-CTPYKTYPHRIM nyTtem. I[lo ycrnoBuio mnepeMeHHbBle Ha
BXOJHl CXEMBl [OCTYMAIOT NHINE B MPAMOM BHIE (MHBEPCHH MOJYHAIOTCA
BHYTpPH CaMOM CXeMEI).

a:

Puc. 3.11

Cyrs nmomxoma 3akmiodaerca B cnexyromeMm  [80).  Jloxnme
NMEepeKIIOUEHHA B 3neMeHTe I BO3IMOXHBI, €CNM ONHH NEpEeMEHHBIe
Nojal0TCAd Ha ero BXOXbI B IPAMOM, & NpPYrHE — B HHBepcHOM Buue. Tak,
B cxeme (puc. 3.11,a) cbo#t Buma 0 — 1 - 0 MOXKET HMETHL MECTO Ha mepexole
X X, =00-—11. [ina ycTpanenus Takux c60eB npeanaraeTcs HCNONb30BATE

“ycToluuBel#t” sneMenT Y (puce3.11,6), peanusyromull npeobpaszoBanue

a g [~ |-
xx k=x0x kX " v x, %,
o, X, o0;=0;
e X i= i U !
A / {Xi, O'l'-"—-l.

HOCKOJ’IBK}’ COCTHA3aHNuA BO3HHKAKOT H3-3a HalHu4Yusd HHBEpPTOpPOB,

TO KOHBIOHKUHE BUAa X,.X, WIM X, X, =X,v..vX, peamnsyorcs

OGBIYHEIM 66paaoM.

B snemente WJIH Boamoxusr Tonpko cbonm Bupa | — 0 — 1. YUroful
MCKIIOYUTh HX BIHAHHE, HA BEIXOLE CXeMBI ycTaHaBauBaeTcst RS-Tpurrep ¢
NpAMBIM YIpaBieHHEeM, KOTOPHIH He pearHpyeT HA NOCTYIUIEHHE JIOXKHBIX
Hyne# mo ero Bxogam (cM. §2.3). Pyuxuuu Bo3Gyxmenus Tpurrepa: S = f,
R =7. Tlpumep peanniaum QyHKIHH f=X]:Y_'3‘v:‘.(_,X2 nokasaH Ha
puc. 3.11,B.

YeTpaHeHde CYMECTREHHBIX COCTA3ANMN AOCTHUIAETCS AHANOTHUYUHLIM
o6pazom. IlycTs XpHTHYECKHE COCTA3AHMS OTCYTCTBYIOT, B JIOGOH MOMEHT
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BPEMEHH MOXET H3MEHATHCA JHIIb ONMH BXOHNHOW CHIHam, 3alepXKKH
B MIpOBOAax MnpeHeOpexHUMo Manbl, NepeMeHHbple X; MoJarTcs Ha BXOAK

cXeMbl TOABKO B npsiMoMm BHIe. PaccMaTpuBaeMbiit moaxon [81]

a WiXz ‘ X4 X2 GO X1X2

YYa 00 01 11 40 Y400 .01, {1 10 YUNOQ 04 41 1

%(1) 5 ;\lfz{f (f %9 L 0014'1;] g
: P R e g ) Y I A

14 [ [T \& [~ i1 |0 A RN EEER

fo P I2T® 4o {‘F”i‘ 1 T

R I PR S T
‘j::lf_.&l;:t Y, %ng ks %12 :EA;L__:jﬁ
T TP T
g, (k) iytked) SCK) R_{k) g;
il o |
);;:ﬂi;ﬂ o ‘ e P —jﬁ
=il

- OO
e ]

X2a—&As X2 Ay
lih 'AZ o ld‘ld
A X &
X4X L - - Y4
1X2 Ja l -

Puc. 3.12
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NpOHITIOCTPUPYEM Ha NpaMepe cxeMbl (puc. 3.12,6) ¢ CYmECTBEHHLIMH
cocTasanusMu (puc. 3.12, a).

TlycTh cXeMa HAaxOZUTCA B YCTOMYMBOM  IOJHOM  COCTOAHHY
X X, Y, =1111 u mnepemeHHas X, MeHseTCR U3 I 0. Torga BeIXox

aneMeHTa A3 ycraHaBnusaerca B 0. Ecnm 3anepxkxa HHBeEpTOpa ans
NONyYeHHs X, NOCTATOYHO  BEJNHKA, TO H3MEHEHHE  BHYTpeHHel
mepeMEHHOH V), MONET NOCTHTHYTh BXONZ JJEMEHTA A paHblle, HeMm

CTAHET paBHBIM | CUTHAN X, Ha BXOIE 2IeMeHTA A;. IIpH 3TOM HaMeHenue
), mposBHTCA B y3ne Y paHblue, ueM H3MeHeHHEe X;. Cxema Bener cefbs
Tak, Kak ecim 6kl ee cocrosuue MeHsanock ¢ [III ma ITI0 (puc. 3.12, a;
OyHKTHpHBIH mepexon). B xoneunoMm HTore cxema npujer B cocToanue 1000
(puc. 3.12,a; nynkrup) amecro 1010.

Yro6si u36aBHTHCA OT HEBEPHOro GYHKUHOHHPOBAHHA, 3aMEHHM
kaxaeli anemedT W norudyeckof cxemoif, peanusyromed Ty xe QyHKUHIO,
tak uTo6sl X-BXOOB He CcOmepXanM X;, a H3MEHEHHA )Y—BXOAO0B
HpOABJSNHCE B Y-IlOJIocaX 03Xe H3MeHEHHH X-Bxomos. OTH ycioBus
MoryT GBITH YHROBJIETBOPEHBI IPH HCUOJB30BAHHHM TakK HasbiBaemoit [80]
WIIN-HE/H~napHoit dakTOopH3aluK:

XXX X V1V = XV v Xy vV VNV VX Xy

Eit orBeyaeT cocrasHoi anmeMeHT (pHc. 3.12,B), IpUMEHEHHE KOTOPOTO AAET
cxemy (puc. 3.12,r). B aToH cxeme Ha paccMaTpHBAEMOM I[E€PEXOJE BCe
6Maromosy4Ho, €clH 3afepXKH JIEMEHTOB TMEPBOro YpPOBHA TPHMEpPHO
onuHakoBsl. OgHAKO B CIydYae, KOTIa 3al€PXKKa 3NeMEHTa 45 CPaBHHTENLHO
BelHKa, HMeeM TNpexHHH BapHaHT (QyHKUHOHUpoBaHua. Tak urto
npeJOTBPAaTHB HapyWeHHE HA ONHOM YPOBHE, MBI [EPEHEC]HH ero Ha
Opyrofi.

C aHanoruyHo#t cuTyanuel Mbl yxe BCTPEYaAHCh B KOMOHHALMOHHEIX
cxemax. Kak u TaM, H3 3aTpyRHEHHs MOXHO BBIHTH, ecmu ans
GbopMHpPOBAaHHMA  CHIHANOB  BHYTPEHHHMX  MEpPEeMEHHBIX  HCIONb30BATH
RS-tpurrepel ¢ npamsiM ynpabnendeM. @yukuuu S u R Haxomarcs no
tabnunaM Bo3zbyxnewu#t (puc. 3.12,e), KoTOophle nonaydarTcs H3 Taduuu
cocTrosHuit (puc. 3.12,a) cornacHo npasuny (puc. 3.12,x). B paunom
cnyvae

Si=d1XaY: R =X X )

S2=X1 X33 Ry =Xa Yy v K1 X))
OxoHYaTeNbHO MMEeM peanu3aluio puc. 3,12,5%k. 3aMeTHM, 4YTO IipH
HCHO/Ib30BAHHH PACCMOTPEHHOr0 Merona He 06A3aTENbHO pealM30BBIBATH
BCE INpPOCTHIE HMINIHKAHTBI, MNOCKOJBKY He Hajgo Goporbcs ¢
l-cocTA3aHUAMH.
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Heo6xonuMocTh B QakTOpH3aUHH OTNAZAET, €CHH ANI NONYYEeHHS
napadasHbiX CHIHalOB Ha BXOLAaX IPHUMEHEHBl aCHHXPOHHBIE D-TpHITEepbl
na snemenrax MJIM-HE (puc. 3.12,3) [80]. Torna 3anepxuBalmrcs TONLKO
BXOHble M3MeHeHHs us 0 B 1 (kax ans X, Tak W ang X ). [Toaromy
e{MHCTBEHHO BO3MOXHBIA BHA c6oax 0 - 1 - 0 mna anementos U
OTCYTCTBYET. B 0CTanbHOM UIOAXOM OCTaeTcs NpexHuM. B namHOoM cnydae
BMeCTO 371eMeHTOB K, peanusylomux UMIIMKAHTH QYHRIMH BO3GYXKACHHS,
H BBHIXOAHBIX Tpurrepos Ha osnementax HMJIM - HE MoxHO HCIONB30BaTh
Tpurrepsl Ha anemedTax W - MJIM — HE, uTo cocTasnser onpeneneHHble
yno6ersa (eM. §2.2).

Peanusanuu ¢ sneMedtamu 3ajgepxiu [81]. I[lpu orcyrcrBuy
KPUTHYECKHX COCTA3aHMH npobreMa coCTA3aHUM B LeIOM peInaeTcs

a 6 X _ 0 L ]Y%Ys
y P 4,002 ,00]000
M 3,01 [(2),00 |00 1
Y (3,04} 4 01|01 14
5,40 |(&),0{ | 010
(3,101 6,10 110
ISR ICRIAEEE
@141 8,144 1101
1 ,000(8),441100
8 X1 X2 2 UyU0s0,

00 04 14 40 |Y.Y2 0000 1000 omo 0010 0001
4),0]2,13,0(4,41]00 (#4),~ 1), 0 |2 ,1(5)0 i
5,112),16),0 (7,001 <42) 5,4 12), 1| 0| ‘,
(5), 1 (8),0-19 ,0 10,04 4 (13),~ |3, 4 {80 {9 0 [0, o
1,018 ,019,0|@, 1110 W, =11 018,0ka) 0w, 1
3 e L==0
X Kip Ui Y C—=T
Xz 23 3 L{M2 [A, o

B3 ,
Xm Xmp ~L1 D
—  AC
AC ;
__JAn
U T
— C:O
Puc. 3.13
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BBEJEHHEM B uend o6paTHOH CBA3M 3aNepXKKH D HOCTATOYHOH BENHUHHBL
BynmeM pasnmuaTh 3aepXKy COBEepHIEHHYH, KoTopas npeobpasyeT BXOAHOMR
cur"an Y= f(t) B BEIXOJHOR CHIHAX Y=/ (-D), u uHepuUHaNbHYIO0, KOTOpas
BRINONHsAET QYHKUHIO “YHCTON” 3a/lepX KU NUIb B Cly4yae, ecliu 3a BpemMa D
He TMNPOMCXOAHWT HOBOro wu3MeHeHHs Y. Jlnd OOHOH M3 BO3MOMCHEIX
peanusauuit MHepuHanbHoil samepxkd (puc. 3.13,a) D -~ oanemenr
cOBepIIEHHON 3afepXkku, M - MaXOpHTAapHBIA >leMeHT. Bxopmsle
MMIYNbCH ANHTENBHOCTBX MeHpme D Ha BLHIXOJL HE MNpPOXONAT, eciu
BPEMEHHOH MNPOMEXYTOK MEXAy COCEJHHMH HMIYNbCaMH He MeHee D,
B nepBoM mpuGIHKEHHH B KAYECTBE JMEMEHTOB HHEPUHANLHOH 32€pKKH
MOKHO HCMONb30BaTh JIMHHUH 3aJI€PKKH NIPOMBIIUIEHHOTO H3rOTOBNEHHS.
TlycTs 3/eMEHTH  3a0€pPXKH  HHEPUHANBHOTO  THNA  BKJIOYEHD
B KaXAyH BeTBb OGpaTHO# CBA3M ¥ B Kaxab# Beixoa. [lo ycmosuio
KPUTHUECKHE COCTA3AHHA B CXEME OTCYTCTBYWT. BeNHUHHBL dy H d, -

COOTBETCTBEHHO MAKCHUMAJBbHBIH M MHUHHMAalbHBIH HHTEPBANBl BpEMEHH,
Heo6XOAMMBble LA NOJYyYeHHS pPeaKlHH KOMOMHAUMOHHOH HACTH CXEeMBl Ha
no6oe usMeHeHue BxojHoro HaGopa. Torapa mpu OTCYTCTBHM COCTA3ZAHMI
MEXAY BXOOHEIMM CHrHanaMu BblGOp 3ajgepxku D mwboro snementa
3aJePKKH U3 yCIIOBHS Dzdy —d, rapaHTHpYeT npaBuibHOE
(bYHKIIHOHHPOBAHHE CXEMBL.

HeicTBHTENbHO, H3-32 KOMOHHANHOHHBIX COCTA3aHMH BXxonHoe
U3MeHEeHHe MOXET BBI3BATH NOABNEHHE HA HEKOTOPBIX Z~ M Y-BBIXOJaX
COBOKYNHOCTEH JIOXKHBIX HMIYNAbCOB, KOTOphle OyAyT OT(HHIBTPOBAHLI
JMeMEHTAMH  MHEpLUMANbHOHR  3alepxkH.  M3MeHeHue  BHYTpPEHHEro
cocToAHuA Gyner nmepenaBaThbCd Ha y—BXOHAbI TOJIBKO [10C]€ TOro, Kak Ha
Bcex Y—BBIX0JaX NMpOSBUJIOCH BXOLHOE H3MEHEHHE (OCYIIECTBJIEH Nepexol
B cton6en Tabnuiel, OTMEUYEHHBIH HOBBIM BXOAHBIM HaGopom). Tem caMmbiM
yCTpaHsieTcst BIMAHHE CYIMECTBEHHBIX cocTazanmi. Cnycra Bpemsa D no
OKOHYAHUH NMOCNEJHETO ¥ — U3MEHEHHS MOXET MOCTYNMThL HOBBHIH BXOIHOM
Habop.

Ecnn xoMGHHAUMOHHBIE COCTA3AHHA OTCYTCTBYIOT, TO HHEpLHAalbHbIE
3a[epXKH MOMHO 3aMEHUTh Ha COBEpIUEHHBIE, A 3aJEPKHM Ha BLIXOIAX
HCKMIOYHTL. JleTanpHeilt  aHanu3  TaGnuuel  MEPEXOJOB  IO3BOJSIET
MHHHMM3HPOBATh HHCIO 3JIEMEHTOB 3amepxkH. Tak, nana Ttabuuum
(puc. 3.13,6; komel cocTosHMH 3aMeHeHBl HX HoMepamHu. Ilpu oTOM
B KaXmoH xnerke Tabmuusl mocne 3amATod yKazaHbl COOTBETCTBYIOU(HE
3HAQYEHHJ BHIXOLOB), XOTA Ha KaXJOM JIepexone HMEIT Mecro
CYWECTBEHHbE COCTA3aHHMA, MOCTATOYHO BKIIOYHTbL 3akepXKy JHIWb
B Lens Vj.

KocHeMcs peanu3anui, OONYyCKalOmHX OJHOBPEMEHHOE H3MEHEHHE
HECKOJNLKMX BXOOHBIX nepeMeHHEIX. IlycTe B cxeme, orsevalowel Tabnune
(puc. 3.13, B), npu HayanbHOM cOCTOAHMH (1) OZHOBPEMEHHO MEHSIOTCA
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o6a Bxoma. IIpu 3TOM BMECTO NPABHIBHOTO YCTOHYMBOro cocTosHHA (3)
MOMCHO TONY4YHUTh coOcTOsHHe (6) unu (9), ecnd ONHO H3IMEHEHHE
3aMa3AbIBaeT OTHOCUTENBHO APYroro Nu6o ecnu u3-3a HANHUYUA NapasHTHBIX
3aflepKeK I3TH H3IMEHEHHA MPOABIAIOTCS B HEKOTOPHIX Y3/aX CXEMBl Kak
HEONHOBpEMEHHBIE.

Mycts D — 3amepxka neTtny o6paTHOM cBA3U, H OWHOOYHbBIE CHIHAM,
COOTBETCTBYIOIIHE HEYCTOHYMUBBEIM COCTOAHMAM 2 HJIH 4, COXPAHAIOTCH
B y3jlax Y Hnd Y, B TeueHHe BpeMeHHM d,>D. Torxa cxema HuKoOrga He
NOCTHIHET MNpaBHIbHOro cocTosHus (3). Ecnm B netne ofpaTtHo# cBA3M
YCTAHOBJIEHBl D3JEMEHTHl COBEPINEHHOH 3alepiKu, MAf KOTOPHIX D>d,,

To 6yAYT NPOHCXOAHTh KoJleGaHHsg MeXIYy YCTOMUHMBERIMH cocTosHHAMM (3)
u (6) nu6o (3) u (9), noxa He U3IMEHHTCA BXOJHOH Habop. [ToaTomMy B uemax
o6paTHOH CBA3M CHENYET CTaBHTh OSJIEMEHTH HHEPUMANbHOH 3aNepMHKH.
Y1o6Bl  HMCKNIOYMTbL INOSIBIEHHE JOXHBIX HMIYILCOB HA  BBIXOME,
AHAJOrHYHBIE 3JIEMEHTBl HANO BBECTH B Ka)XKAYIO BEIXONHYH BETBb.

Ecnu rabnuna mepexofoB COMEPHNKHT CPABHHTENLHO MHOFO CTPOK H
Majgo ctonbuon, To Honee ynobGHBIM OKas3pIBAETCS HMCHOJB3OBaHHE “6GioKa
HCTOUHHMKA” — CXEMbl, KOTOpas mpeiBapuTenbHo o6paGaTbiBaeT BXOLHBIE
curuwanel. Hpes meroma 3akniowaercs B caepywoweM. JoGaBuseMm
x 3aRaHHOM TaBGnuue (puc. 3.13,B) onuH ycToiuuseiil cronbey (puc. 3.13,r)
H 33HOBO KOJHpPYEM BXOJHBIE COCTOSHHSA YHHTAPHBIM KOLOM, MpHIIHCARB
HyfleBoi Habop HomomHMTenbHOMY cTOnNGUY. BXoJbl cXeMBl HOIKIIOUAEM
x 6noky HCTOYHHKA, KOTOPBbI B YCTAHOBHBIUEMCS COCTOSIHHH
BOCHPOH3BOAUT CHIHAN | TONBKO HA OJHOM CBOEM BBIXOLE,

Cpasy mnocne nwb6oro usMeHeHHs X-BXOHNOB Ha Boixonxe Onoka
HCTOYHHKA TosBiseTcs HyneBoH V-Halop, KkoTopulii coxpansercs B
TeueHne BpeMeHH D szamepxkH 6noxa. [To OKOHYAHHH ITOrO HHTEpBana Ha
BeIxoge Ginoka uMeeM | B HYXHOH no3HunH. CyI(ECTBEHHBIX COCTA3aHMIH
B DAHHOM Cly4ae He BO3HHKAET, TAK KaK KaXIbIH repexon npeobpasyercs
B MOCNEJOBATENLHOCTE ABYX NEPEXOJOB, OMHH 43 KOTOPBIX HAYHHAETCH,
Jpyroft 3aKkaHYUBAETCA B yCTOH4YHBOM cTonbIE.

B onHo#i u3 peanusanuit 61oka ucrounuka (puc. 3.13,x) moruveckas

m
cxema JIC peanuzyeT 1O CBOHM BHXONaM (YHKIHM V,=/\,X7"'X;',j’, roe
"

/\X:’"= I Ha i-m BxomHoM Habope. IIpuMep mocTpoeHHs Gnoka 3afepiKH

el
B3 ¢ omsuM aneMeHTOM 3alepXKH noxasaH Ha puc. 3.13,e. Ha Brixogax
3Toro 6a0Ka (CXeMbl) YCTAHOBIEHB! MYJNBTHILIEKCOPE!, KOTOPblE PEANH3YIOT

pynxumo ¥, = Y,CvyC.

Cxema ofnajaer nuib OJHHM YCTOHYMBEIM COCTOSHMEM, KOTHa BCE
Y, =Y, (ecnu xoTa 66l A4 OXHOTO i BeIXOA ), #Y;, T0 C = 1 ¥ npoucxoaut

HYXHas ycraHoska spixona). Ilpu stom C = 0. Ha Beixone 4; peanuszyercs
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cyMMa mo Monymwo 2 sHaueHud V, H Y. Hyxnas ycTaHOBKa BBIXOJOB

IPOUCXONUT Yepes BpeMa D nocne cmenst BxojgHoro Habopa. [To ncreuenun
ele OXHOro HHTepBana D Bce MyNbTHIIEKCOPH BynyT 3a6MOKMPOBAaHBI
(curman C wmamenurcs ¢ | ma 0). B cxeme NONYCTHMO ONHOBpEMEHHOE
n3Medende nwpoboro uucna BxomoB. IlycTs caMblif “OBICTPRIA” M3 Hux
MeHseTr csBoe cocrosnHe npH ¢/ = 0. Torma B wHTepsane D < ¢ < 2D
3afepxkKa B CXeMe OTCYTCTBYET, T.€. H3IMEHEHHH BXOIOB B 2TOM HHTEpBane
OBITE HE TOJKHO.

§3.4. DJIEMEHTBI CHUHTE3A LIM®POBLIX ABTOMATOB

[Ipn paccMOTpeHHH BONPOCOB peanusalHH UHGPOBBIX aBTOMATOB
(mocTpoeHUs  MOCNEeNOBATENBHOCTHBIX  CX€M) BBIASIAOT  JBa  BHIA
TEXHONOrHH: acCHEXPOHHbIe ¥ CHHXPOHHbIE. B MepBeIX nepexon OT ORHOrO
TaKTa K ApYFOMY IPOHCXORHT B MOMEHT CMEHbI BXOJHOrO
HHdopManHoHHoro Habopa. Bo BTOPHX ~— B MOMEHT NOCTYNNEHHHA
oyepelHOTO CHHXpocurHana. JlroGoH aBTOMAT QOMYCKAET CHHXPOHHYIO
peanusannio (BO3MOXHEIE HCKIOYEHHS 31eCh HE pacCMaTpHBAlOTCH),
ACHHXPOHHYIO — TOJNBKO HeKOTOpHIe (TaK Ha3blBaeMBIE aCHHXPOHHBIE
aBroMaTsl). [ToHATHSA aBTOMaTa H peanuiylomeld ero cxemsl — 3TO pa3zHblie
noHATHA. MX Henp3a OTOXKRECTBAATE.

B nanHoMm maparpade H3y4yaloTcs BOIPOCH CHHTE3a aBTOMATOB (He
cxeM) xak MareMmarTHdeckod abcrpakuuu. Hac 6Gyner MHTepecoBaTh, Kak
IMOCTPOUTh KOMNAKTHYI Tabnuuy nepexoxos asrtomata (o6bI4HO aBTOMAT
oTOXIOEecTBAsETCA ¢ ero Ttabnuueid) MO  HCXOLHOMY  OINHUCAHHIO
GbyHKUHOHHPOBAHUS NPOEKTHPYEMOTo ycTpoffcTBa, KOPPEKTHO 3afaHHOMY
MpOH3BONBHBIM 06pasoM. DTOT BaXHBIA IMi NPakTHKH ciaydadt Tpefyer
crnenMansHOro paccMoTpeHHs. CMBICT KOPPEKTHOCTH H  KOMHNAKTHOCTH
Gynetr mnoscHen panee. [lo3HaKOMHMMCS M ¢ PAasNIUYHBIMH METOHAMH
KOJUPOBAHHSA COCTOAHMH ACHHXPOHHOro asToMara. Takue aBTOMAThHI
HHTEpEecHBl TEM, YTO AONycKaioT peanusanuio 6ez cocrazanuit (cM. §3.5).
PaccmoTpenne mnposogurTcs no  MarepuanaMm  [64,68] ¢ ykazaHuem
MepBOMCTOYHHKOB.

Tpuana opoexTHpOBaHHUA

TIpomecc mnpoeKTHPOBAaHHA UHPPOBOrO YCTPOHCTBA CBA3BIBAETCS
TpUajO#: HCXOJHoe 3agaHHe (MOCTeJOBATENbHOCTHBIH  andaBUTHBIH
oneparop) — abcTpakTHbifl aBTOMAT (MHTErpHpoBaHHbId abcTpakTHBIR 06pas
OpOEKTHUPYEMOR CHCTEMBI) — TOCHENOBATENBHOCTHAA cxeMa (pealu3auus
apToMara). B HaHROM ciydae QnepaTop CHCTeMBb! 3axaH Tpohko# {X, Z, L}.
3nece L - orobpaxenwe {I,} = {0}, r = 1,2,..., MHoOXecrBa
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BXOXHBIX clToB [, = (x'~..-x*-..-x!), B0  wmmoxecTBoO BEIXOJHBIX
O = (' —mzf - 5%, Habopu xf=(ray)t 1 2% =(zy)t, ke@d), -
6yxBer BxomHoro X M BHXOLHOTO Z andaBuTOB, X; H z;e {0,1}, k -
HOMep TakTa, £~ gnuna cnosa.

Oco6eHHOCTS paccMATPHBAEMOro allaBHTHOTO OMEPATOpPA B TOM, 4TO
orobpaxenue L cauraercs gbroMaTHEIM [87], T.e.

- L ogHo3nauno,

- L coxpaHser QInMHY ClOBa,

- o6nacTe onpemeneHus L BMecTe ¢ moGEIM IpHHANNEKAMMM eif
BXOJHBIM CIXOBOM COJNEPIHT H BCE HaYalbHEIE OTPE3KH ITOTO CIOBA,

- L mepeBoguT no6oH HawankHBIA OTPE30K BXOMHOTO CJOBA M3
ofNacTH CBOEro OmpejefeHHA B HATANBHLIE OTPE3OK TOW Xe MJIMHBL Ha
BBIXOXE.

B cuny oarex ycumoBul mns  3agamHoro orofpaxeHus Bcerga
cymectsyer afcTpakTmuiff apromat Bupma [87]: {X, Z, S, s, M, ¢}. 3mecs
S - MuoxecTBO (He 06A3aTENBHO KOHEYHOE) BHYTPEHHHX COCTONHHE
$=1,2,...; spe S ~ HayanbHOE BHYTPEHHEE COCTOAHHE; 1| H { — (QYHKUHH
HepexofoB M BHIXOJOB, 3afaHHbie Tabnuuel nepexonos,

B nanpHelimem paccMaTpuBaeTCS HCKIIOYHTENLHO CIydal KOHEYHOIO
(T.€. ¢ KOHEYHBIM HYHCIOM BHYTPEHHMX COCTOSHMH) aBToMaTa Mumnu. Ipu
3TOM CTPOKM TabnHubl NMEpeXoN0B OTMEYAIOTCHs CHUMBONAMM BHYTPEHHHX
cocrosnu#t s¥!

, 4 cTonbusl — 3HAYEHHAMH BXOHOB x*. B Kaxnoi KJeTke
TaGnunbl ciaeBa o6o3HavyaeTcs CHEeAYIOLee COCTOAHME s"=77 (xk, s"'l),

yepes 3aljATYI0 clpaBa — 3HaYeHHE BBIXOJA z"=g(x", sl‘"). Bomnpoc o
BpifOpe BayanbHOrO COCTOAHHMA aBTOMara ofCyXIaeTcs B CleRYIOILEM
pasnene.

3aMeTHM, 4YTO MBI He HaKlaJgbBaeM HHKaKHX OrpaHHYeHMH Ha A3BIK
3afaHysd, T.e. Ha TO, KakuM obpasom 3ajgaHo oTobpaxenue L. B rakux
ycloBusAX, echd obnacte onpeneneHus orobpaxenus OGeckoHeyHa W,
CHeNOBATENBHO, IJMHA BXOJHOH NOCNELOBATENEHOCTH HE OrpaHHYEHa,
To npofiieMa pacrmo3HaBaHHS NpPESCTaBUMOCTH [ KOHEYHHIM 2BTOMAaTOM
(TonbKo  ITOT  chydait DpencTaBAseT  HHTepec  JIA  IPaKTHKH)
aNropuTMudeckd HepaspemuMa [88]. OMHAKO 3TO HE TOMXKHO Hac ocobeHHo
BOJIHOBATh, €C/IH KakHM-TO cmocofoM Takoif aBTOMaT Bce Xe yJaercs
noctpouts. Ocraerca HaHTH nogxoaamui crnoco6. OH HENIPEMEHHO JOJIKEH
BKJNIOYATH 2JEMEHTH JIBDHCTHKH. YCIOBHA aBTOMATHOCTH OTOGpakXeHHA
ONpeAeNA0T NOCTeN0BaTeNbHOCTHRY andaBuTHEIR omeparop. Ho onu He
COLepXAaT MHeH, KoTopags MOXET OHTbH BONIOMEHA B KOHCTPYKTHBHOM
merone. Ina paspaboTKH MOAX0AA K CHHTE3y aBTOMara 110 HepopMalnbHOMY
3aflaHMIO TaKas MIed HYXHaA.
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Aﬁci‘pamﬂmﬁ aBTOMAT M T[OCJENOBATEJBHOCTHAS CXeMa - [Be
B3aMMOCBA3AHHBIE KOMIIOHEHTH CHHTE3a B JaHHOM cllydae. ABTOMAT — 3TO,
npexie BCEro, MeTOJ IOCTPOGHHs HMHTErpHpPOBaHHOro abcTpakTHOro
ofpasa cuHTe3sHpyemoro ycrpoiicrea. IlocmenoBaTeabHOCTHas cXeMma
onpenenseTrcs KaKk KOHCTPYKTHBHOE TPHELHHCTBO  MAaTeMaTHYECKHX
METOMOB, JOrHKO-CTPYKTYDHBIX HpHEMOB H crnocoba peanusauun. IToT
cnocob 3agaer Grok-cxemy H ocoGeHHOCTH ynpabienus. OH mpHHEUMaeTCH
332 OCHOBY KJIacCHUGHKAUMH Pa3sIMUHBIX CXEM. MareMaTHYecKHe METOobl
OXBATHIBAIOT afanTalio TaGiHUbl MepexXoJ0B aBTOMAaTa NPHMEHHTENLHO
k BpIGpanHOMY cmocofy peanu3audu (NPHHUHOMANBHOCTh 3TOr0 MOMEHTA
fyner acHa w3 HaibHeHlrero), KOJHpPOBAaHHE  COCTOAHMI  Ttabnmuuml,
T.e. 3aMeHy S = y(s) =<y ..yp>, yge {0, 1}, nonyuenue u
muaaMu3anuw CB®. HMi3BecTHBIH HabOp IOrHKO-CTPYKTYPHBIX HPHEMOB
nocTtatoyHo obmupeH (cM. § 3.3).

Cxema ydTaeTcs peanusyeMol, ecnu puck cbos B Helt oTcyTcTByerT.
PemreHne npobieMbl pPEanH3yeMOCTH CBA3KLIBAETCA C MOHCKOM JIOTHKO-
CTpYKTYPHBIX H MaTeMaTHYeCKHX METOJOB YCTPAHEHHA COCTA3AHUN
(Mx BIMAHUA) NPH HEH3MEHHOM crnocobe pealH3alHy.

Otobpaxerne L HazoBeM ACHHXDOHHBIM, e€cIH and nwobeix
NONYCTHMBEIX T ¥ k U3 I, = O, cnenyer '

@ b= =2, = @ g {2 -2, n =120,
T.e. N~KpaTHOE NOBTOpeHHE Kk-BXOJa BEI3EHIBAET TAaK0E M€ [OBTOPEHHE
Kk~BBIXOJa C COXpaHEHMEM COOTBETCTBHA B LenoM. MIHBIMHM clioBaMH, eciyu
HEH3MEHHOCTh BX0Ja B COCEJHHX TAKTaX ACCOLMHPYETCH C NMPOUOJDKEHUEM
TaKTa.

Moxuro mokasaTe [89], 4TO aCHHXPOHHBIM OTOOPANKEHHAM OTBEYANT
TabNMLBl, B KOTOPHIX MEPEXOf B KaXJOM TakTe 3aBepliaeTcs YCTOHYHBBIM
cocrosigeM. Takue Tabnuuel 6yneM Ha3biBaTh ACHHXPOHHBIMH. s Hux

n (xn(xs)) = n (x9); (3.1

¢ (xnxs)) = ¢ (x,9). (3.2)

[MonyepkHeM, 4YTO MNOHATHE ACHHXPOHHOH TabGHmHUBI HE AaCCOLHHPYyeTCS
co crnoco60M peayu3alHH, HAIHYHEM HIH OTCYTCTBHEM CHHXPOHU3ALHH.

Ecnu 3agaHHOoe oToOpaxeHHe L JomyckaeT IOBTOpEHHE BXOJOB

B cocelHUX TakTaXx 0e3 coXxpaHeHMs 3Ha4YeHMH BHIXOHA, TO NOJyyaemas

Tabnupa He sABNAETCS acHHXpoHHOH. Bymem HaswmBare Takyio Ttabnuuy

CHHXDOHHOM, HMesA B BHAY, YTO OHA MCKJI}OYAET ACHHXPOHHYIO PCallM3aUHIO

yerpodictBa (cM. puc. 3.7,6). Hakowen, ecaum 3agaHHoe oToGpaxeHue

Boo6Ime He HONMYyCKaeT MOBTOPEHHMH BXOLOB B COCEJHHMX TAKTaX, TO PABHO

ecTecTBEeHHEl 06a BapwaHTa TabMHUBI — CHHXPOHHEBIH W aCHHXPOHHBIH, HGO

HEMCIIONB3YEMOE BCErXa MOXHO JOONPENENHTh IIPOH3BONBHBIM 06pazoMm.

[IpH HanW4YBH adbTEPHATHBBI M MOBBIMIEHHEIX TPeGOBAHMAX K HANEKHOCTH
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NpOEKTHPYEMOrQ YcTpoiicTBa BbBOp ACHHXPOHHOrO BapuaHTa TaGIHIb
Nepexo0B MOXET OKa3aThCAd NPEANOUTHTENbHBIM. [IpHYnHEl 3TOro 6ymyT
OTMEYEHEBI B CHeAYIOMEeM pa3fene. ;.

CunTtes o HedopManbHoMy 3ananuw (90

AGcTpakTHas TEOpUA aBTOMATOB B €€ COBPEMEHHOM BHJE B OCHOBHOM
chopmupoBanace B 50 - 60-e rogel. JlocTaTOYHOE NpexcTaBlIEHHE O
pasBHTBHIX METOJAX CHHTE3a KOHEYHBIX aBTOMATOB JaeT yxe o63op [91].
CpellH 3THX METONOB TMO-NPEeXHEMY TEOpPETHYECKH 3IHAYUM MeTOo[
perynsapHelx BhIpaxeHuH, passuTeii B.M. [nymkoseiM [87]. Ero
NpaKTHYeCKOe  HCHONb30BaHWE 3aTPYNHEHO NpPHUMEHEeHHeM  NpaBHia
noayMHeHHs  Mect. Hexoropoe o6nerdenue BHOCHT rpacdHueckas
HHTeprnperanud Merona, nokasaynas O.I1. KysuenoswsiM B [88] u mo3mnee
ycosepmeHcTBopanHad A.H. MenuxossiM [92], un ee anre6padueckoe
pazeutHe (M.A. Cnupax [93]). MeHee H3BECTHBI Apyrue MeTOIBI:
ucuncnenus npepuxato (B.A.  Tpaxrenbpor [94]), npUMHTHBHO-
pexypcuBHBIX Qynkuuit (A. Hepu [95]), nonelt Tanya (I'p. Moucun [96]).

HOna Bcex ykasaHHBIX METONOB XAPAKTEPHO MCIIOJL30BAHHE Y3KOrO
A3bIKA 3a/aHMH: PEryNAPHBIX BhIpAXEeHHH, NMpefHKaTHOro  T.X. BMecTe ¢
TeM, HCXOJHOE omucaHHe  IIPOEKTHPYEMOro ycTpoficTBa  Kak
FHIOTETHYECKOro HPORYKTA pealiM3aliii HEKOTOPOro aBTOMara OOBLIYHO He
dopmanuzoBano. OnHO 3agaerT oToOpaxeHHE 3aJaHHOrO0 MHOXECTBA
BXOAHBIX nochejoBarensHoCTed B BhIXOAHBIe, Ecnu ofnacth onpeneleHus
otobpaxenHii 6eckoHevwHa, TO onucaHue Heobxomumo pexkypcusHo. JlioGoi
H3bpaHHLil crnoco6 pekypcHBHOro onucanus orofpaxenuit HasbiBaeTcs
A3bikoM 3ananusg [88]. OtcyrcrsBue QopManM3allMH O3HAYAET, UTO H3bIK
3afaHus 4pesMepHo wupok. Ilpn 3ToM, kak GBlIO yXe OTMEYeHO paHee,
npo6ieMsl pacno3HaBaHUs NPEeNCTABMMOCTH 3alaHHs KOHEYHEIM ABTOMATOM
H CaMoro CHHTe3a TaKoro aBTOMAaTa AaJrOPHTMHYECKH HepaspelwHMBl.
CyxeHue sA3plka 3afaHuii cHAMaeT YyKasaHHble npobdiaemnl. OpHaKo
MPaKTHYECKOE [PHMEHEHHE TAKMX A3BIKOB HEPENKO CBA3AHO C [1EPEHOCOM
3aTPYNHEHUHR “C TOro, KTO CHHTE3HpPYET 4BTOMAT, Ha TOro, KTO BHAaET
3aaHMe Ha cuHTe3” [88].

TIpHHUKHNHANBHAS BO3MOXHOCThL PA3’BHTHI YHHBEPCAJLHEIX MOAXO0L0B
K CHHTE3Y KOHeYHbIX aBTOMATOB [0 HEe(OPMATLHOMY 3aJaHUIO CBA3BIBACTCS
C BBEINEHHEM B NpOUEAYPY CHHTE3a 3JeMEHTOB 3BpHCTHKH. B paborax
[69,81,97] maHO MHOXECTBO NPHUMEPOB HCIONL30BAHHA OJHOI0 M3 TAKHX
MOAXOOOB MANA CMHTE3a ACHHXPOHHBIX aBToMaToB. Iloaxon B LeJOM
HEETePMHHHUPOBAH, 4YTO BhI3HIBAET ONpeleNeHHEBle TPYMIHOCTH €ro
NpakTHYECKOro npuMeHeHHA. M3pecTHRIA auxkeTHHIA monxox [98] aTux
TpyAHOcTel He cHEMaeT. PaccMaTpuBaeMbliff [HOAXOL HE TONBLKO CYXaer
061acTh 3IBPHCTHKH, HO M JOCTATOYHO [pPOABIAET €€ B OGBACHHTENBHOM
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nnaHe. JToAX0X OpPHEHTHPOBAH Ha MOCTPOCHHE YHHBEPCAIBHBIX NHANOrOBHIX
chcTeM abCcTpakTHOrO CHHTE3a.

Wcxoxnne npepnocsirku. YacTs Heo6XOOMMEIX onpenelneHn#t Gruna
JaHa paHee HpH paccmorpeﬂﬁk TpHaxsl mpoekTHpoBaHuf. TaMm xe 6wuro
OTMedeHo, 9T0 pelueHMe 3ajaud cHHTe3a GyneT HCKaThCA B BHIE aBTOMATa
Munn, 3anarHoro rabunuei nepexonop ONpeNeNeHHOro BHAA.

Visepxnenue 3.1. Ecaum aproMar MHuJNH CHHTE3MPOBAH TaKHM
o6paszom, uTo nepexon B nMoboe ero cocTogHue sk IPOUCXOTHT TONBKO NMpPH

OJHOM 3HAYeHHM BHIXOAA z*, TO KaX[J0e COCTONHME aBTOMATA MOXET OBITh
cHenUUIUPOBAHO HEKOTOPOH rpynmo 31eMeHTOB COORITHS, OTMEeYEeHHOro
COOTBETCTBYIOIIMM 3HAYEHHEM BHIX0JA.

koo

Jina poxazarenncTBa BBeAeM pspa obosnauenud. Ilycts z° = z -
HEeXoTopoe 3HAYEeHHE BEIXoHa. BIenuM MHOXecTBO Q° oONpeneleHHbIX

OOJHBIX COCTOAHHIM a';, p = l...t, Takoe, 4yT0 AN MOGOro M3 HHX QYHKUMA
BHIXOAA ;(a;) = z. ByjeM TOBODHTb, YTO MHOXECTBO O° OTMeyeHO

3HadYeHMeM BHXOAa z. BEmommenne ycmosma {s¥7, x*}e Q7 osmavaer
HacTymnerus co6eirus [87] R,, oTMedenHOro TeM Xxe 3HadeHHeM. B rakoM

cmeicne QF npencraBiseT B aBToMaTe R,. IIpH 3TOM [is pasHBIX 3HadeHHi
pEIXON2 Z € {a, ¢} nepecevenne 0°NQ° =0,a = &.
O6o3nayuM uepes S% = {5y}, U= 1..W S t, MHOXKECTBO pa3sIH4HBIX

CNEeAYIOIMX COCTOSHHHA s o= Sy HA MHOXECTBE MOJHBIX COCTOAHHH %,

PaszofpeM Q° Ha nmoAMHONECTBa g, TakHe, 4TO n(a;) = Sy, a;e q5 -

[lo ycnosuro u S°NS* = 0, a # ¢, T.e. mepexoJ asroMara B awGoe
COCTOSIHHE Sy € $% takKe O3HayaeT HacTymieHHe coBmITHS R,. B aTom
cMbicHe H S? npeAcTaBnseT Ry, HO YyXe TpPaH3IHTHBHO!: Rz——>Qz~—>SZ.

Bcmny gf—sy kKakpmoe sye S Moxer GuTh cHenudunmposano
HEKOTOpOH rpynnoit aNeMeHTOB COGRITHA R,. YTBepxAeHHE JOKA3aHO.
Cocras rpynnsl orpanudnm TpeboBanueM, uroGsl mepexon B moboe
Sy TPOHMCXONHI TONBKO NPH OJHOM H3IMEHEHMHM BXOHa X = <X ..xp>.
Hanpumep, x; x;, = 01-10. Ho xaxasi#i mepexol B aBTOMAaTe BBIIOJHIETCH
IpH HEeKOTOpOM H3MEHEHHH BXoJa. HeH3MEHHOCTH BXOAa B COCENHHX
TaKTaX MOXHO paccMAaTpHMBaTh KaK KOHCTaHTHOe H3MeHenme. IloaTomy
ykasanHoe TpebGoBanue o3HauaeT He Gonee TOro, YTO NOJHOE COCTOSHHE,
B KOTOPOM aBTOMAaT OKashHBaeTci Iocle nepexoia B moboe BHYTpeHHee

cOCTOAHHME, BCErxa ENHHCTBENHO. B naHHOM cnyvae ¢ukcupyercs He

romsko x¥, mo w x*7'. Bro mmkak mHe cymaer xmacc paccMaTpHBaeMBIX
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oToOpakeHHH M OTBe4aeT TaK Ha3bIBAEMBIM NEPBHYHEIM TabrHuaM
nepexonos [69]. :

ITycTe CHHTE3 aBTOMaTa BBIIOAHEH HMEHHO TakHM ofpasom, T.e.
Nepexos B KaXAOE ero COCTOSHHE NMPOHCXOAUT JIUIIb NpH OXHOM 3HAYSHHH
BBIXOZAa M OXHOM H3MeHeHHM Bxoja. Torpa, eciH yHxacTcs KaKHM-TO
cnocoGoM BBIPA3MTh B TEPMHHAX [apaMeTpoB 3aJaHUs MHOXECTBO
cocrosrmit 7!, us KOTOPHIX BBIIIOJHAETCA NEepexoj B JaHHOE COCTOfAHHE,
T.6. KaK-TO [POMHIEKCHDOBATH H3MEHEHHE BXO0Ja, TO YCIOBHMS nepexona
OynyYT DONHOCTBIO ONpENeNeHsl HCXOAHBIM onMcaHHeM. TeMm caMuiM noGoe
cocTostHMe BhIenseTcs (cmeuddUuuEpyercs) CpeaH MHOXECTBA COCTOAHHM
aBTomMara. OTo aHanu3. Ho aHanoOTHYHBIM [yTeM MOXHO peIuTh |
ofpaTHyo 3ajady, T.e. 3aflauy cHHresa. CHavana — cnennpUUHUpPOBATH BCe
COCTOSHMS CHHTE3MPYEMOro aBTOMAaTa COrJacHo HedopManbHOMY 3aJaHHIO.
3aTeM ~ OpraHu3oBaTh NEPEXONbI MEXAY BBIIENEHHBIMH COCTOSHHAMH.
B panpHefimeM mnpouecc Takol cnenupHKanMM HaspBAETCA pPAIMETKOH
COCTOAHMI, a BTOPOH 3Tan — HCHBITAHHEM COCTOAHHMH,

B cOOTBETCTBHH C NMpexbIAYIIHM ONpENeNHM BHYTDEHHEE COCTOAHHME,
HIH [OPOCTO COCTOSHHE aBTOMaTa Kak o06BeKkT, crneudUIHpOBaHHBIH
koprexeM <var X, z, MHIEKC>. Cyrp pa3sMeTKH COCTOHMT B ONpEIENICHHH
nepeuyns cneuuduxanui. PasMerxa HaseiBaeTcs [QJIHOM, €clTH ITOT
nepeveHb YYMTHIBAET BCE YCIOBUA 3alaHHA. ATpubyTsl xoprexeil
Ha3pIBaloTCA HAKTOpaMH MOMHOTE! pasMeTky rpynn 1, 2, 3 cooTBeTCTBEHHO.
KopTex B uenoM He TONBKO CHEMHPUUMPYET COCTOAHHE ABTOMATA, HO H
onpejenseT IMOJHOE COCTOSHHE, B KOTOPOM aBTOMAT OKAa3BIBAEGTCA IIPH
nepexofe B JaHHOE BHYTPEHHEE COCTOAHHE. D10 [OJHOE COCTOAHHE
Ha3plBaeTCHA COCTOSHHEM PA3METKH.

Kax 6buto orMeweHo pasee, atpudyr HMHIEKC napamerpuuecku

YUHTHIBAET MHOKECTBO cocTosnmit s571, u3 KOTOPbIX BbIITOJHAETCS MEPexol
‘B cieuMpHUMpyeMoe coctosHHe. B obmem caywae aToT atpubyr -
MHOTOKOMIOHEHTHBIH BekTop., Ero onpenenenue kak pa3 H  BHOCHT
2MEMEHTHI IBPUCTHKH B paccMaTpuBaeMslit moaxon. ITo csoedt cyTu HHAEKC-

3TO 3HAYEHHE HEKOTOpHIX MNapaMeTpoB (IPH3HAKOB), 3aJaBAEMBIX
HCXOJHBIM ONMCAHHEM HENOCPENCTBEHHO /aH60 [ONy4aeMbiX H3 HErO
DefyKTHBHO., TaKMMH INpH3HaKaMuw MOTYT OBITh, HampHMep, YETHOCTb
HOMEpa TakTa, KPaTHOCTh HM3MEHEHHs HEKOTOpOH BXONHOH mepeMeHHON,
NposgBNeHHE KAaKHX-TO YHCJOBBIX, CHHTAKCHYECKHX H HpPYIHX CcBO#CTB
BXOJHOTO KOJAa B IIpolecce IOCIeHOBAaTENLHEIX MEPEXO0JOB HA MHOMECTRE
6yks Bxomuoro andasara. OCHOBHAd TPYAHOCTb B JAHHOM cly4ae — He
TOJNBKO B ONpPENENIEHHH COCTaBa HMHAEKCA, HO H B YCTAHOBIEHMM MpPaBHl
H3IMEHEHUS cnenH(HUHpYIIHX KopTexel (IpaBun cleNloBaHKMA) Ha JTane
HCIBITAHU.
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HcxonHoe ONMCAaHHME II0JiaraeTCd KOPPEKTHEIM. DTO O3HAYAET, YTO
nonydaemas M3 HEro IOJHad pa3MeTka [OJDkHA OBITh IPABHUIBHOM.
Pasmerxa Ha3elBaeTCs NMPABHILHOH, €CIH BMECTe C MPAaBHJIAMH CIENOBANHA
oHa ofecmeynBaeT 3aMKHYTocTh HOKperTHA [81]. MHBIMH CIlOBAMH, eCIy
OpPH MCMLITAHUH HE BOSHHKAET HEONPENENEHHOCTH CIEeNyIOMEro COCTOAHMA
HIM 3HAYEHHA BHIXOAAa. B HpPOTHBHOM clyyae paaMeTKa MO 3aBEIOMO
KOPPEKTHOMY 3aaHuI0 omHGoYHa U ee HeoOXOAUMO OTKOPPEKTHPOBATD.

Croco6 nonydeHHs DONHON Pa3METKH NEpedHCIeHHeM BCEBOIMOKHEIX
3JHAadeHHH CHeUHQUUUMPYIOIIHX KOpTexed HaspBaeTcs KAaHOHHYECKHM
cnocobom monHOM pasmerTku. ITodyuaeMas npu 3TOM pa3MeTKa Yalle BCEro
aBisercs m3beroynod. [TomHas pasMeTka HasblBaeTCH KOMIAKTHOM, ecnu
YHCI0 COCTOSHHH aBTOMaTa GIH3IK0 K MUHAMAIBHOMY.

Ianbueitmeil 3ajgaweifl sToro maparpada ABNAETCS HIIOCTpayms
chopMYNHPOBAHHEIX NOJNOXEHHH HAa KOHKPETHHIX NMpUMepax H PacKpBITHE.
Ha O3TOH OCHOBE YHHBEpPCAaJLHOIO NOJXO#Aa K CHHTe3y aBTOMATOB,
CHHXPOHHBIX M ACHHXPOHHEIX, IO HedopMmalbHOMY 3amamuio. Cuuraercs,
YTO OHO 3aBENOMO  YIOBJIETBOPAET YCNOBHAM  aBTOMaTHOCTH U
KOppekTHOCTH. OCHOBHOe BHHMAaHHE YHENACTCA ~MOJIYYEHHIO MOJNHOH
KOMOaKTHOH  pasmeTku. IlpaBHia clneJOBAHHA Kak TaxkoBble He
dopMupywTcs. OXHaKO HOApasyMeBaeTcs, YTO OHH BCEria MOrYT bOuiTh
HaliileHpl [0 HCXONHOMY omHcanHio. YacTs mpHMEpOB aJaNTHPOBAHA H3
[69]. B oTmensHHI Knacc BBIAENEHH 3aJaHHA, KOTODLIM OTBEYAKOT
apToMaTsl ¢ nabupuaramMu. Omnpegenenne nabupHHTa  HECKOJbLKO
oTiMYaeTcs OT npHHATOro B [88] m OyneT naHO B COOTBETCTBYIOWIEM
pasgene. Jlas KpaTKOCTH TakHe 3afaHHs Ha3BaHBl 3aJaHusIMM ¢

NaGUpHHTAMMH.
Vcnosamcs 0 HexoTOphix ofo3nauenusax. Mismenesue X; m3 0 Bl

mokassiBaercs kak X;T, a w3 1 B O — xax X;J. 3amuce X;I roBopur 0
NpoH3BONBHOM H3MeHeHHH X;. Ilox X;§ moxpasymeBaercs ABYKpaTHOE
u3IMeHEeHHEe X; B COCeIHMX TakTax. Eciu 3HadeHne X; OespasnuuHo,
TO B MO3KUKH X; CTAaBHTCA TNpoYepK. Ycmosue XX, = -0 o3unagaer

melicTBHE BXOLHOro cyoBa anuHbl 1 (crargyeckas pasMerka). Ho wrorna no
KOHTEKCTY Ta 3Ke 3amMchk NomyckaeT mio6oe MH3MEeHeHHEe X, BKIIouas

KOHCTAaHTHOE. 3amuck X;X, =T0 roBopMT 0 HeHCTBMM BXONHOTO cloBa

00 - 10 mnuner 2 (guHampyeckas pasMerka). COCTOAHHA pazMETKH, T.e.
IONHBIE  COCTOAHHS  IepexoJa B clenuUUHpYyeMble  COCTOAHHA,
B 3alOJHEHHBIX aCHHXPOHHBIX TablMHIlax BHIAENAIOTCA KPYTIBIMH CKOGKaMHu.
PaccmarpuBaeMblil IOAXON K CHHTE3Y aBTOMATOB IO He(pOpMalbHOMY
3afaHH0 hopMynHupyeTcs crenyromuM obpasoMm.
1. BrnoiHsercs 1onHasd pasMeTka cocTosuuit aproMata, [Ipn sTom nns
K&XAOTO COCTOSHUA chOpaBa OT CHHTe3upyeMod TabaMuel mnepexonos
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YKa3KBAETCA CHCUHOHUHAPYIOMHKE €ro KOpTeX COrlJacHO HCXOJHOMY
Omncanuio. ORHOBPEMEHHO B ACHHXDOHHOM  BapHaHTE  OIpeNelAlTCH
3HAYEHMA QYHKUME mEpEXOOB M BHXOJOB ANA COCTOAHMA  pasMeTku
(B NaHHOM cnyuae 5TH COCTOAHMA YCTOHYHBH). B CHHXDOHHOM BapHaHTE
yKa3zaHHEIE 3HaYeHHA H3HaYalbHO He ONpeeNieHEl. ITosromy
B COOTBETCTBYIOMME  KIeTKM  Tabaume  cTaBATcs  mpouepku. OHH
NOONPENENAIOTCA NPH KONBITAHHKE COCTOSHHH.

2. IlpoBONATCK MCHBITAHMA COCTOAHHMH DAa3METKH HA JONYCTHMELE
H3MCHEHHA BXojoB. IlonyJyaeMhe DpH 3TOM NEPEXOABl ONpeRENAWOTCS
BBEJACHHOM paimMeTkoW M TNpaBANaMH CIeJOBaHHS COMJIACHO 3aaHMIo.
OnHOBpEMEHHO TIpOBEpAETCA MPABHABHOCTb pazveTKH. IIpH HeoGXOAHMOCTH
pasMerka KoppexTupyercs. McnpTaHus MOBTOPAIOTCS.

3. OcymecTBasercs Mepexoq K MONHOH KOMNAKTHOH paamerke. Ilpu
3TOM MOTYT OHITH HCNONK30BAHK KaK PasBATHE CMOCOGH MuHHMu3anuu [81],
TAK H ClleUHANbHEE NIPUEMBl, DACCMATPUBAEMEIE Jallee.

B ciayuae Tak HashBaeMBIX omOpeneNeHHbIX cofptui [83, 91, 99]
BBIXOJ 3aBMCHT TONBKO OT 3aKIIOYHTENLHOTO OTpPE3Ka BXOHOTO CHOBA
anuausl He 6omee q. Kaxnoe 3HadeHHe BEIXOLZ 2 OTMEYAET HEKOTOPYIO
KOHEUHYIO COBOKYNHOCTbL 4, TakHx oTpe3koB. ITostomy MHoOxkecTBO {47},
I'e z NpHHUMAET BCEBO3MOXHBIE 3HAUEHHS, ABAAETCH DEIIEHWEM 3aHaiH
MONMHOH  pasMeTkH  KaHOHMYecKHM  cmocoGoM. B maHmoM  ciyuae
crexuHUHPYIOMUE KOpTEX npexcrasaser co6odl cOBOKYNMHOCTE 3HaYeHHH
IBYX aTPHOYTOB — DHIXOKA Z M 3IeMeHTa ;. OXHAKO. 3TOT KOPTeX MOXKHO
NPHBECTH K YCTAHOBNEHHOMY dopmaTy, eclH B KadyecTBe HHIeKca
HCNONb30BaTh HACHTH(HKATOP HAYANBHBIX YJAaCTKOB YKa3aHHEIX OTPE3KOB.

Bosspamasces x Bonpocy o BeGOpe HadalbHBIX COCTOSHHI aBTOMAaTOB
(cM. npexplnymuit pasmen), 3aMeTHM, 9TO 3aJaHHE ONpeXeleHHBIX
cobniTHH He (QuKcUpyeT 3HaueHHH BHIXOJa B TAKTaX k = 1..q-1.
[ToaToMy, 4TOGB COXpaHHTh ABTOMATHOCTh OTOOpaXXeHHMS B LENOM, Hajo
nr60 cneuHanbHO OTOBOPHTh B HCXOXHOM 3aJaHHH PEaKIMI0 BEIXOJa B 3THX
TakTax, JH60 YCIOBHO CBA3aTh TOT HIM HHOK BEIGOp HadampHOIO
COCTOSHMA Cpeid MHOXECTBa COCTOAHHH aBTOMaTa ¢ TOH MAM HHOH
“npemplcTopuel” uponecca. HeoxgHo3HayHOCTh BHGOpa B mOCIEeqHEM
cllydae BJMSET Ha HayaabHBle YYACTKH BHIXOOHEIX CJIOB. AHajoruyHas
CHTYaldsi HMeeT MeCTO W [IJs NpPOH3BONBHEIX OToOpaxenuit. Hanexo He
BCErja peKypCHBHOE 3afilaHHe OJHO3HAYHO ONpefeNseT BHIGOP HawalbHOrO
COCTOAHMA.

Kanosnuyeckut cnoco6 InoOnHON pasMeTKH ITOACHMM Ha TakoM

npumepe. IlycTs (lez)k = (xlx2>k—3 M TPH Tepexofie K OUepeiHOMY TAKTY

BCErna MEHSeTCH 3HAYEHHE ONHOro (M TOJNBKO OJHOro) BXxoma. B nanHOM
cnyyae no6oe M3 4 COCTOAHMA BXOHa JOCTHTaeTCH 2 BXOAHBIMH
nepexogamu. Hanpumep, x XX, = 0l Benyr XX; = {1 nu6o 071. JroGomy
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IONYCTHMOMY BXOJHOMY M3MEHEHHIO OTBEYAIOT 2 COCTOAHHA BhIXoda. Tak,
oAz XXy = 41 BeIXOR 212y = 00 yan 11. X mo6oMy H3 3THX COCTOSHHIH
BEJYT NBa OYTH JUIHHEL 4: X)Xy = 00v1ii-01-11-01 nu6o 00v11-10-11-01
(monuepkHYTH 3HayeHHs HHAEKcA NYTH). PazMeTka ¢ y4eToM BCex
yKka3aHHBIX PAKTOPOB AaeT 4x2x2x2 =32 COCTOAHMA M ABIKETCA MONHOH.
IleficTBUTENLHO, TOT K€ PE3YNBTAT MOXHO MNOJYYHTE NPOCTBIM
repeyHc/ieHHeM BCEX paspelleHHBIX BXOAHBIX CIOB MNWHE 4, KOTOpEHIE
06pa3ysoT B JAHHOM clydyae MHOXeCTBO { A;}. IlycTh pasMeTka BbINONHEHA
HMEHHO TakuM crnocoBom. B paccmaTpHBaeMoM (parMeHTe pasMeTKH
HCNBITAHUS Pa3MEUeHHBIX COCTOSHHH ANA MNEPBOro M3 HaHOEHHBIX myTek
BaT ZjZ, = 01 u mna sroporo - 10, 4TO OTBEYAET REHCTBHIO BXONHBIX

c¢cnoB 01 ~11-01-00vilml10-11-01-00v1l coorBercTreenno. Ho mus
n1060ro H3 HHX 10 YCIOBHIO BBIIEJIEHBl CBOH COCTOAHHUA PasMETKH.

Ilpouecc  TOCTPOEHHA  KOMMNAKTHOH  pa3MeTKH  CBA3BIBAETCH
C BHIIONIHEHHEM CHENYIOIIMX ONepaliui.

1. Hcknrouenue H3 ycJOBHH pasMETKH HEKOTODPHIX (HaKTOPOB HIIH HX
OTHENBbHBIX mnpofsienufl. EciM npH 3TOM pa3MeTKa OCTAaeTcd IMOJHOM,
TO HeKoyaeMbli QakTop (ero mposABJEHHE) CYHTAETCS HECYIECTBEHHDIM.
Uckmrodenne cyuwecTBeHHoro daxropa (NpoABICHHA) MOXET I[PHBECTH
K MOTepe He TONBKO NOJHOTB, HO M TNPaBHABHOCTH pPAa3sMETKH.
B cHHXpOHHOM BapuaHTe pAacCMOTpPEHHOTrO 3ajaHuA ¢akTop TpyNmel 2
HecyilecTBeHeH. [JosToMy ANA MONHOR pasMEeTKH JOCTATOUHO MEPEUHCANTD
BCE NONYCTHMBIe BXOJAHBIE cToBa MIuHB 3 (a He 4, kak padee). Takux cnos
Bcero 16, T.e. YHCIO COCTOAHHN TaBIHIBl COKpAlaeTCs BABOE.

2. O6beNUHEHHE HECKOMLKHX NpOSABIeHHH HdaHHOro dakTopa MWIH
rpynner daktopos. Hanpumep, mamenenns X; T m X; = | (xoHcTanTHOE)

MoryT 65ITh 06BbEAHMHEHEBI, €CJIH 3alaHHE 3TO AONYCKAET, OOIIHM KOHEYHLIM
suayeHneM X; = 1. Msmeneuns X;T u X;{ - B onHo mBycroponnee X;J.

BceBo3MOXHBIE H3MEHEHHS xi BKJAKOYass KOHCTaHTHBIE, - B OJJHO

rno6ansroe X;- . O6renuHenne Haj rpymmoit ¢axTOpOB BHIMONHAETCHA KAk

OU3BIOHKIHA TPOABIEHHH IPYNNEl B LIENIOM.

Tlouck KOMIAKTHOH pa3MeTKH IyTeM HCKIoYeHHH H obbenuHeHHR
Tpebyer paspaborku cuneuuansHo® npomenypel. Ho Bcerga moxmo
NpHMEHHTh KaHOHHYECKHH cmocob mnonHoH pasMeTkd ¢ panbHelueh
MHHHUMU3aUHeH nonydeHHoH Tabnuusl. [ns yscHeHHS CcYTH BOmpoca
paccMOTPHM Psf IIPHMEpPOB.

Ipumep 3.1 (puc 3.14). VerpoiicTso ¢ 2 BXogaMu H 2 BBIXOJAMH
Takoe, 4TO:

1) X T nubo Xy 1 natoT 212,=10 unu 01 COOTBETCTBEHHO;

2) x;4 (i=1, 2) 1u60 HEM3MEHHOCTh BXO/JA COXPAHAIOT BBIXOJ;
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3) B KaXJOM TakTe JONYCTHMO H3IMEHEHME JIMWb OQHOrO BXona.
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Puc. 3.14

IIpaBuyio 2 B 3TOM IpHMeEpEe pa3pellaeT TONbKO ACHHXPOHHbIH

-

papuant Tabnunpl. GakTopsl rpynnsl 3 orcyrersytor, CornacHo npasuay 3
iMeeM Bcero 12 nposBieHu# Qaktopa rpynnel 1. M3 HEX 4 ofnHO3HAYHO
onpenensiior BpixoA no npasuny 1. [TosToMy, eCliM HCKIIOYUTh H3 PA3METKH

8 Apyrmx npossieHu#l, To mckmouaercs W daxTop rpymnei 2

{puc. 3.14.a). Ha  puc. 3.14,6 npencrapieH QparMeHT npouecca
uenmTanuil. [Tonnoe coctognue {2, 11} spasercs ycroHuumseim. Ilonuoe
cocTosnue |2, U} Takxke BeIGHpaerca ycroluuseiM ¢ Z;Z; = 10. Ilpu 37oM

u3MeHeHHe Bxoga X; X, = 01 « 11 npu skl = COXpAaHAET 3HAYEHHE
ppixoga, kak u Tpebyercsa. ChneXylUMM COCTOSHHEM MM MOJHBIX
cocrosumit {2, 00} u {2, 10} momxmo GeiTh o6s3arensno |. Muage Gyner
HAapyIIeHO MpaBHIO nepexoxa no X, 1.

[lokasamHoe YCNOXHeHHe aHalu3a OOGYCJOBIGHO HENONHOTOH
KOMINAakTHOW pasmerkm puc. 3.14,a. OHa He YYUTHIBAeT NPaBHIO
coXpaHeHHa BhIXOXa MO X;| M caMux 3HadeHuil BEIXOJa, 4TO B JAHHOM

cllyyae CYIIECTBEHHO, XOTA H OCTAeTCA MPaBHIbLHOM. Hcrnonp3oBanye
nonHOM pasMeTkH pHC. 3.14,r penaeT npouecc HCNHITAaHMR BrONHE
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pymHHmM. Tocne MuHEMH3auuu Ttabmuusr (puc. 3.14,r; ob6semuHenune
COCTOAHHI IOKa3aHO MYHKTHPOM) I[oOJlydaeM HpPeXHHH pe3ynbrar
(puc. 3.14,8). K memy Benyr oOmenunenus puc.3.14,x, coxpaHmowmue
CcBOHCTBO WONHOTH pa3MeTKu. XapakTepHO, YTO CEMaHTHKAa Tako#H
pasMeTKH COBEPIIEHHO HHAfA NPH HEH3MEHHOM pesybTaTe.

Ipumep 3.2 (pue. 3.15). B aToM nmpumepe MpaBHIa IepeKOJHPOBKH
samanel Ta6numamu Ha puc. 3.15,a-B. 3mech YXe BO3MOXEH TOJBKO
CHHXpOHHBIH BapuaHT TabNHIE NEpexoloB, Tak kaK NOBTOPEHHE BXoJa
B COCeNHMX TakTax He BCEraa coxpaHser BbIxon. HawaneHoe cocTosiHHe
enuHCTBeHHO. [TogBasercs GakTop rpynnsl 3 — 3HAYEHHE UETHOCTH HOMepa
rakta. MakTops rpynn 1 H 3 oxHO3HAYUHO ONIpeRensaoT Bhixod. [losTomy
QakTop rpynne 2 HecymecTBeHeH. Ob6benuHeHMe H3IMEHEHMH BXxona ¢
ONMHAKOBEIM KOHEYHBIM 3HA4YEHHEM [JaeT CTaTHYECKYI  pa3sMerTKy
puc. 3.15,r. ocTpoennas tabauna (puc. 3.15,4) AONYCKaeT MHHAMH3ALHIO
(puc. 3.15,e).

5 Soge  ED b
0 {1
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{ DO 4 100710
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N =
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3 [— O,IHell | 3|24L 4,04 3 [2,41[4.00
4 —] ll yer L 4[3,00/5.40 4 (2.40]1,00
5 | mev 5(2:40 400
Puc. 3.15

Opumep 3.3 (puc. 3.16). YcrpoficTBo Ha 2 BXOAa M | BRIXOX Takoe,
YTO!

1) soixon Z T npu X § nubo X, T. Mraue Z HeHIMEHEH;

2) B KX JOM TaKTe JOINYCTHMO H3MEHEeHHe TOJbKO OJHOrO BX0JIa;
3) 3HaueHHA BXOJOB B COCENHMX TAKTAX PA3TMUYHEL.

B sTomM npuMepe BHOBb NosBniercs (GakrTop rPynns 3 — KPaTHOCTH
u3MeHeHHs BXoXa X;. Ho Temeppb OH HeCYmIECTBEHEH, TaK Kak

aBTOMATHYECKH YYHMTBIBAETCA IPH HMCNOBITAaHHM cocTosHui. HamnpoTus,
bakrop rpynne 2 okaspiBaetcs cyuecrtseHHsiM. CornacHo mpasuiam 2 u 3
umMeem Bcero 8 mnpossneHu# ¢akrtopa rpynnmel 1. ITonmeiTka KOMIaKTHOH
pasMeTKM CHHXPOHHOH TaGnuusi Ba puc. 3.16,a yBeHuanack yCIexXoM.
ITyte#i k Tako pa3MeTKke B aCHHXpDOHHOM  BAapHaHTe HeT, eclH
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OrpaHHYHTLCA 0OBEJHHEHHAMH 10 GakTopy rpynnsl . OgHaKO MOJyYeHHAS
acdHxpoHHas Tabnnuma Ha puc. 3.16,6 MHHHMH3HpYeTCS HO pa3MepoB

CHHXPOHHOH.

g &k 2L § Xk sk
gk~ 00 04 14 40 X4 Xal Z sk-t 00 01 {14 40 xiXd2
{ |24 76,481 ]2.1 bolo =t [l T —Ta. | 1o
2 4.0]50[7,0]/40 OH 2 [(2.0041.0] - 13.0) V51
316,44 d[4,118,9 “!_0_ 1“3 (2, 4] [16.1 |(3.0) 1\ 0
4 [50(30(3.0(70 N b4 [4,0]___li5.0l(4) o
516.4/6:4(3.0/1,0 ;_o_ —5 4041500 [8.4 [—— 10
6505014, 2.1 Ot,i I —6 (9,00(6,1)|7 0] — *11\
7 [1,0(3.0[8 184 o he? (16,4 (7. 0)tkA 10
8(2,1]44]2.0]|720 ‘fn L8150 [(g,1)]43.0 f 11
—2 (9.0)[12,4 |___|3.0 Vi
I 10 [lo ) [14.0 | —— 4.1 O—"
Pt Mo fue 070 || ~ 10
12 [9.0 62, 0] 8.1 [ 1!‘
—3 [1,.0[___116.1]63,0) V_Q
[ —14 {24 [ ——[15,0 [(14:4) 1,_!4
leys [—__[5,0 (45,044 H_O_
Lve [__[6.4 [16.0[43.0] '/t
Puc. 3.16

Mpumep 3.4 (puc. 3.17). VYcrpolictBo Ha 2 BXOna

3arnoMuHaeT YHCHIO MOCTYNHMBIIMX HMIOYJIBLCOB xl, HO He Gonee 3. Kaxcuprit

1 BBIXOX

MoCHenYRWHHE HMIyIbC X, BBYHTRET M3 3TOr0 4HCIa ENHHHLY M
Gopmupyer Ha Beixoge Z OTBETHHIH HMIYNbhe, €CIM  pe3yNnTarT
ueorpuuarened. [To ycmosuio X Xy =11, ofa BXO#a HE MOTYT MEHATHCA
onHoBpeMeHHo. IIpM OTCYTCTBMH BXOIHBIX HMMIYNIbCOB YCTPOHCTBO
coXpaHseT C¢Bo¢ cocTosHHe, BEXom Z = 0. B cUHXpOHHOM BapHaHTe
yCTpoHCTBA KOXKABIA HMIYIbC 3aHHMAET OJHH TAKT, B aCHHXPOHHOM MOXKET

JJIHTBCH HECKONbKO TAKTOB.
CornacHo 3aJaHHI0 MOXHO HCKJIIOYHTHL M3 PacCcMOTPEHKS B Npouecce

pa3sMeTKH Bce OTpeskd BxomHsix cinoe 00 - 00 - ... Ilpu aTom ocTaroTcs
BCEBO3MOXHBIE HTEpPATHBHBIE LENOYKH BHAA
n m
e
=== =L —.~I-..; n,me{0,1,.}.
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3necs fl u [, - HemenuMbie SIeMEHTHl UENOUEK, Iy =00 -10-00 u
Ip =00 -01 - 00. JIro6as wenoyka MOXKET HAYMHATBCA H 3aKAHUHBATHCA KaK

3/eMeHTOM [{, TaKk H 3JEMEHTOM I;.

0f) Z=
\®2=1

Sk-lx 00 0d {1{ 10 X'lezlﬂ«l
b (4,03 2,0 50|00 (0. |

L. e | e
X s v B e L e
A mresp e o ey
|0 _l_o__ ' ,—5‘ 4'0 s | o— (5|0) %0 : J1 [
2120 {44 |— 3.0 L6 [ 4,0 (6.4 — 0 1
% (30|24 |[—|40]2 7 [(20)] 6.4 4(4.0 00 1o |
4034 |—|k0 |3 rEjm0l—|—]@O 40 2
& = Lg [7,0[(a) — o 1|
0 [[9,4 |  [110]00 ;43|
L4 [10,0]—] oo |y

- Puc.3.17

Beenem ¢akTop HakomieHHd, HHAekc KoToporo 0 s/ <3 papen
qHCNy  HMIOYABCOB  Xj, 3anomMHHaemMoMy yctpoictBom. [unamuky
H3MEHEHHS 1 H BIHMAHHE Fj Ha QYHKNHOHHPOBAHHE aBTOMATA NOSCHAET
rpadg puc. 3.17,a. IIpx nomHOH pasMerke [IA KaXAOro [ONYCTHMOrO
3HaYeHHs 7 cielyeT 3adMKCHPOBATh 3 W3MEeHeHMA BXxona. [Ipa 43 HHX
(10 1 01) oTBewarOT MEepBEIM BXOAHBIM MMepexojam B f] " iz, tpeThe (00)~
KOHEUHOMY COCTOSHHIO BXOXa B 3THX O5neMeHTax. Hamno yuects, uTo
3HayeHne ¥ = 0 HeJOoCTHXHMO npu X; X;=10, a 7 =3 - npn X; X = 07.
Kpome toro, ecnmm #=0, TO BO3MOXHE 2 3HAYEHHs BHIXOAA MpH
Xy X, =01 :Z=0wuZ=1. [loctpoennas mo TakoH pasMerke aCHHXPOHHAZA
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tabnuna MuHuMH3HpyeTca Jgo 7 ctpok (puc. 3.17,6). B cuuxpoHHOM
BapHaHTe nmojyuaeM 4 cTpoxu (puc. 3.17, B).

[IpoBeneHHoe paccMOTPEHHE JIO3BONIAET CHOPMYIHPOBATH JOCTATOYHO
06mWHd NOZXOX K MOCTPOEHHIO NMOJNHOH KOMMAKTHOH pasMeTkM Ans aro6o#
TabIuIbl—~ CHHXPOHHO! HIH ACHHXPOHHOM:

1. M3 aHanu3a 3afaHus BBIABIAIOTCS BCe (PAKTOPH NOJTHOTE pa3MeTKH.

2. UckoyaloTes HecylecTBeHHbIe (aKTophl.

3. Ctpourcs pepeBo  pasMerkd. [Ipw  oTomM  BOGaM3M  xopHA
PAHXKHPYIOTCA BepIUHHBl CO 3HAUEHHAMH ¢aKkTopoB rpynosl 3. 3arteM
CIIENYIOT BEPLIMHBI CO 3HAYEHHMAMH BEIXONOB. JIMCTHAM mepeBa OTBEHAIOT
niMeHeHus Bxonos. Jllo6o# nyTh B epeBe OT KOpPHS JO HEKOTOPOTO JIHCTA
BblENIAET ONpEeJeIEHHOE COCTOAHHE Pa3MEeTKH.

4. U3 nocrpoensoro  TaxuMm  ofpasoM  gepeBa  HCKIIOYAIOT
HepeaJM3yeMble TYTH, CBA3aHHBIE ¢ HEJOCTHXHMBIMH BEpUIMHAMHU
(nHCTHAMHU).

5. Buimonusitorcs 00beNHHEHHA Ha MHOXECTBe JHCTheB M BeTBeft,
HCXONAIIHX M3 KaXnoH BEepPUIMHBI, NPONBUIrasch B NOPANKE pPaHXHPOBKH
BEPUIMH K KOPHIO Jiepesa,

CymecTByeT NPHHUHIHANbHAY BO3MOXKHOCTH AaBTOMATH3AUHHM TAaKOH
npouenypsl B pexume auamora. Ilpm 3ToM mo 1.5 [JOCTAaTOYHO
orpaHuYK¥ThECY 0o0beNMHEHMEM Ha MHOXECTBE JIMCTHEB, €CJH BCE
yCTOHYMBEIE COCTOAHHA B N0OOH CTpOKE aCHHXPOHHOH Tabmuubl AOJDKHBI
¥MeTb ONMHAKOBLIE 3HAYEHMA BhIXOAd. DTO BaxHbIH mi1 C-acHHXPOHHBIX
cxem (cM. §3.5) cayyvai.

3agapus ¢ nabupuyramu [90]

Ins 3apnanuit ¢ nabupunrtamu o6s3aTenpH0 Hanuuue GakTopa pexuma,
160 3afaeTca noBeNeHHE aBTOMAaTa Kax B NaGHpHHTe, TaK M BHe ero. OTH
JaJAHMS XapaKTepHBl AJI1 TaK Ha3blBAGMBbIX YCTPOHCTB TPUICEPHOrO THIA.
OHM HHTEpeCHBI TEM, 4TO AOMNYCKAOT CpPaBHUTENBHO GBICTpoE M
OJHO3HAUNGE 'NCTPOEHHE KOMIIAKTHON pasMeTKH IS pexXHMa jabupHHTA.

OnpenenuM NabUPHUHT Kak MHOXECTBO COCTOSHME C HEH3MEHHBIM
3HaYEeHHeM BBIXOAA, B KOTOpoM aBToMar mpedbiBaeT JO TeX Iop, Moka He
HACTYNHT OLHO H3 onpenenedHeix cobpiTuif. Kax ToaBKO 3TO cmyuHTCs,
aBToMat BeiBogHTes W3 naGupurTa. Cocrosnue BXoma B naGuUpHHT
npunanaexut nabupusTy. CocTofHHMe BeIXONA W3 naGHpHHTA HAXOHUTCA
sue ero. U to, u gpyroe He 0633aTEIbHO eAHHCTBEHHO.

Hcnonbays tepmuHonoruio [69], 6yaeM HasmiBaTh I‘[paBHJILHbIMM BCE
co6BITHA, KOTOpbIe BHIBOJAT aBTOMAT H3 jabupuura. HazoBem Hupekcom

MecTa k} HOPAOKOBBIK HOMEp A-MecTa, 3aHHMAEMOro KOHEHHbLIM

COCTOAHHEM [HAaHHOr0 BXOJNHOTO H3MEHEHHSA Bi-OTpCSKE NnpaBUHbHOIO
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j-coBriTHsA. 3aMeTHM, 4TO BBEJEHHOE MOHATHE OTIMYAETCH OT M3BECTHOrO
(87] ¢ Tem xe HazBammeM. B cnyyae, KOrga HEKOTOPhIH HHAEKC MOXET
NPOABHTAECS TONBKO BMECTE C PANOM ADYTHX, B YCIOBHH pasMeTKH Gynem
YYHTBIBATH HApAAY C OCHOBHHIM MHJEKCOM H Bce comyTcTByromue. Ilpu
3TOM HMHIEKC MecTa 3aMeHseTcd HeQopMATHPOBAHHBIM BEKTODOM MHJEKCA

<kl>.
j

TIycTh, HANpHMED, 3aNAHBL 2 MPaBHNBHBIX COOBITHA:

{(00-01-11), (10-11-01-11)}; {(00-10-00-01), (00-01-10)}.
[epBoMy H3 3THX COGBITHH HpunHmEM 3HadeHHe j=1, BTOpoMy ~ j=2.
AHATOrHYHO ONpemeNuM 3Ha4eHHsd i ANA sneMeHTOB cobmrmit, Torma ans

5
pxofHOro m3menemds 07T wumeeM BekTOps HMHEEeKCOB <2! 23>

<2 22 4l>, u6o mHmexcH 2l m 2} B3auMoCBA3aHBL, 4 HHIEKC 4,

[pOABAAETCSA TONBKO BMECTE C ABYMS NMpeAbaymuMH. TakoH 3aBHCUMOCTH
se Habmonaercs npy uameHenud T1. 3gech HaZo MO OTAENBHOCTH YYecTh

B IIpOIlecCe pasMeTKH 2 MHIEKCcA MecTa - 3} " 412.

JlocTaTOYHO OYEBMIHBI ClIEAYIOUWME NpPaBHIa KOMIAKTHOH pasMeTKH
COCTOSHHH NMabupHHTA.

1. MHOXECTBO HHAEKCOB A moboroe KOHCTAHTHOrO H3IMEHEHHSA
BXOZa, NIOMHMO y4YeTa KOHCTAHTHBIX MEPEXON0B B 3MEMEHTaX MPaBHIbHBIX
coBBITHH, BKIIOYAET HHIOEKCHI BCEX COOTBETCTBYHIMHX [-Mmecr, a npu
OTCYTCTBMH TaKOBBIX -~ HYNEBOH HHIEKC, KOTOpHH mpHIHCHIBaETCA
cocrosHHIO OnyxAaHHs B naGHpPHHTE, eclH OHO uMeeT Mecto. Hynesas
HHIEKCALMA XapaKTepHa U U COCTOAHHH Bxona B NaGHPHHT, €CIH OHH He
oTMmeueHsl HukakMM I-mectoM. Tak, B mpexHem npumepe nana 00 umeem
<y B>, ana 01 - ¢, 11 -0, 10 -1},

2. bnyxnague B mabHpHHTE e€CTB HE YTO MHOE Kak noTeps
NpaBUNBHOrO NYyTH, KoTopas Oyner 3aQHKCHPOBAHA Ha 7JTane HCMBITaHHH
MepexXoNOM K HEKOTOPOMY COCTOSHHIO C HYJEBBIM HHAeKcoM. BnyxpaHue
3aBeplaeTCs C HayaloM OJHOrO M3 NpaBHIbHEIX cobniTui. [Tockonsky mo
YCIOBHMI0O HH OJHO H3 COCTOAHHMH C HYJEBBIM HHIEKCOM HE OTMEYEeHO
HHUKaKdEM I-MecTOM, BCe TaKkH€ COCTOAHHA MOryT OBITh OOBEUHHEHBI.
B paccmaTpuBaeMOM IpHMepe 3TO COCTOSAHHKSA C oOTMeTKaMK Bxoxos 01 u 11,

3. O6GbeaWHEHHIO TONNENXAT TOJNBKO COCTOAHHA C OIMHAKOBEIMH
BeKTOpamMM HHAexkcoB. Kak uckmouyenHe MOryT ObiTh OGBeAUHEHE
COCTOSIHHA C ONMHAKOBBIMH (qi—k)-MecTaMH Ha COBHOAJAKIMIHX KOHEYHBIX
y4acTKax i-oTpe3koB IJIHHOH ¢, npM naHHOM j. B Tom xe npumepe
o6benuustores cocrosuus {11 3} u {T1, 47}, O6venunenue {01, 2} u
{41,3}} m™orno 65 COCTOATECA TOMBKO B OTCYTCTBHE COGBITHA 2.
B neACTBUTENBHOCTH MHAeKC 2! GQUIYpHPYeT NpH pa3METKe B COCTaBe
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pexTopa <2 2>, u obwvemmpurs {0T, <20 22>} ¢ ({1, 3!} OGsuo 6w

oHIubKoit.
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Puc. 3.18

B npouecce HcnbTaHH| nepexonsl B Tabinue GUKCHPYIOTCA ¢ yUETOM
H3MeHeHHH uHueKkcoB MecT, [Ipy 5TOM OTKIOHEHHE OT BEIOPAHHOrO MyTH He
o6a3arensHo o3HayaeT Havano Onyxzanuit. OHO MoXxeT paTe Iepexol
K HeKkoTOpOMY I-MecTy, BHOBBH IIPOABHTH HaualbHBIH YYacTOK YKe
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NpOHIZEHHOro MyTH, 9To GyNeT 03HadaTh BO3BPAT K OLHOMY M3 MPENBIAYIHX
cocrosuuil, MH60 NPOJOIKHTE APYTrodl MyTh, KOTOPHIH HMEET C IEePBbIM
06muil HayanbHBIH Y4acTOK.

TlepeiineM kK paccMOTpeHHK npumepoB. Kaxcaslli BekTOp HHAEKCaA, 32
HCKIIOUeHHEM HylneBoro, 6yaeM HOKa3biBaTh B MPOUECCE pasMETKH TOIbKO
ONUH pa3 INpu IEpBOM ero nosBiIeHHH. TeMm caMbiM aBTOMATHYECKH
MCKJIYAIOTCA M3 YCIOBHH pa3sMETKM BCE APYTHE H3IMEHEHHS BXONOB C TeM
Ke BEKTOPOM HHJEKCA.

Ilpumep 3.5 (puc. 3.18). Yerpodictso Ha 2 Bxoma # 1 BHIXOA C ABYMSA
naGHpHHTAMK TAaKOE, 9TO:

1) BBIXOA W3 OQHOTO NaBHPHHTA SABISETCS BXOJOM B APYTOH;

2) nns nabupunta | sxadense z = 0. Beixox u3 nabupHHTA | NPOHCXOAUT
no mactymnenuu cobsitus {i, 1,}, rae

I=00-01{~00-10, [,=00-10-~01-11;

3) nns nabupunta 2 3HadeHue z = |. Brixox u3 mabupHHTA 2 NPOHCXORUT

1o HacTymienun cobutua {i;, 1,}, e
I,=00~-11-10-01, I, =i,

Pasmerka cocToaHui nabupunToB | M 2 rnokasana Ha puc. 3.18,a,6
coorsercTBenno. Coburtuio {i,, I,} npucsoeno smawenue j = 1, ana {i,, i,
npuuaTe j = 0. HoMepa cocTOSHUE s OTBEYAOT NMOCTPOCHHBIM TaGaHLAM
nepexonos puc. 3.18,B, ANd CHHXPOHHOTO H ACHHXPOHHOI'O BApPHAHTOB.
Bce cocrosHma BXONOB B NoOoH naGMpHHT HMMEWT HyneBoH HHIEKC ¥
notoMy ofsepunsiorcda. Ho Torma mno ycnoBu | JOMXKHBL  BbITh
oObeNHHEHE H BCE COCTOAHHS BBIXOJOB M3 Kaxporo nabupHHTa.
B npouecce HCHbITAHUH Mepexoi H3 MOAHOro cocTosHUA {5, 01} momkeH
paccMaTpHBaThCH KaK pesynsTar meHcTBus BTOpoil OykBel oTpeska [, T.e.
unTH B cocTosHMe 4, a He B 1. Unmcmo COCTOAHHHK CHHXPOHHOH W
ACHHXPOHHOMN TabJHIl OTHHAKORBO.

[pumep 3.6 (puc. 3.19). Yerpo#icTso Ha 2 Bxoxa W 2 BbIXoJa Takoe,
YTO:

1) BBIXOX <Z; Z,> MOBTOPAET BXOJ <X, X;>, €CIM X, X; # 1] ¥ Halinen nyTs u3
nabupunTta nocne sxognoro usMenenns TT ;

2) BHe nabupHHTa, €CIK X, X, = 11, TO coXpaHseTcs Npebayliee 3HAYEHHE
BBIXOJA;

3) ecnum x, x; =TT, 10 z, 2, = 00. ITo cocTosnHKE BEIXOAA COXpaHAETCH, MbKA
Ha OJHOM M3 BXOJOB HE NMPOABUTCA U3MeEHEHHe X, = 1-0-1, ve{l, 2},
Raomee ycranosky z, 7. Hameuefimee pyHKUHOHHpOBaHue ycTpoHcTBa
onpenenseTcs nNpapuiaMu 1 u 2;

4) COCTOAHHA BXONOB B COCEIHHX TAKTaX pPasJHUHbI.
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Puc. 3.19

PasmeTka cocTosuu¥t BHe nabupuuTa (MHmeKc pexuma R = 1) me
BhI3plBAET TpynHOocTeH. [ng nabupmura (R = 2) uMeeM 2 UpaBHIBHAIX
COGEITHS, OTMEYEHHIX 3HAYCHHAMH 2,2, = 10 (j =1) u 01 (j =2):

{(1-) = (0-) = (1)} m {(-1) - (-0) - (-1)}.



®axTHyeckoe 3HaveHHe i HecymecTBeHHO. [lo ycnmoBuio 4 cocTosiHHe
6ayXIaHUA KaK TakoBO€ oTCYTCTByeT. IIyTH B mabMpuHTE HIIIOCTPHPYET
puc. 3.19,a. KoMnakTHas pasMeTka cocTOSHHH aGHpHHTA NpeacTaBneHa Ha
puc. 3.19,6. CormacHo 3ajgaHHio myts 11 — 00 BHIBOAHT H3 NaBHpHHTa.
IMoxazanHoe 06HeNHHEHHE APYTHX BHIXOJOB 0GYCIOBIEHO O0COGEHHOCTAMMU
pexuma 1. CkxobkxaMH Ha puc. 3.19,B BblgeneHBl MOJIHBIE COCTOSHHA
aCHHXPOHHOH Tabnuue, KOTOpEIE ocralTca HE3aNOJHEHHBIMH
B CHEXpPOHHOM BapuaHTe. PasMephl 06euX TabNHUI OXMHAKOBBI.

Takum o6pazoM, (axkTopoM rpymnnel 3 ansd nabupuuTa ABOAETCH
BEKTOpP HMHJEeKCa. 3HaueHHs TOJbKO 3TOr0 BEKTOPA OHpENelNsioT pasMeTKy.
Pdaktopsl rpynn 2 © 1 B TaHHOM CJlyyae HeCYL(eCTBEHHBI.

O6cyxnmenue. [lpunnunuansHas  O0COOEHHOCTH  PAaCCMOTPEHHOTO
nonxoga COCTOHT B TOM, UYTO YXe Ha O3Tane HaualbHOH crnemudurauuu
BHYTPEHHMX COCTOSHHI aBTOMAara YCIOBHA [IEPEXOJa B KAXAOE H3 HHX
OUpeensioTCs MOMHOCTBIO H ONHOBPEMEHHO INA BCEX COCTOAHuH. DTo
[O3BONAET HEe TONBKO cpasy y4ecTh (GakT CHHXPOHHOCTH  HIHM
ACHHXDOHHOCTH TabnHUBl, HO H cJenaTh e€¢ jJalbHelulee NOCTPOEHMHE
[NOCTAaTO4YHO  pPYyTHHHBEIM. TeM  caMbIM  cO3JalOTcAd  HeoOXOoAHMMBIE
OPEeAnOCHIIKH K CO3XaHMI0  YHHBEPCAIbHBIX  THANOrOBBIX cHCTEM
aBCTPaKTHOrO CHHTe3a. bonee Toro, Qs OTHENBHBIX THIOB 3alaHHK MOXeET
6LITH  HOCTHIHYTA IIONHAs AlNTOPHTMH3ALHA MNPOULENYPBl IONYy4eHHS
KOMNakTHO# pasmeTku. [IpuMep TOMY —~ 3alaHHA ¢ NabUPHHTAMHA.

B oGweM cnyyae pasHula B pasMEpax CHHXPOHHBIX M ACHHXPOHHBIX
Tabaun MoXeT 6hITh 3HAYHTENbHOH. OXHAKO 3TO HE CINENYET CBA3LIBATH
CO CPABHHTENbHOH OLEHKOH CIOXHOCTH pealu3allud, ecnd TpeboBaHus
K HafeXHOCTH ycTpoicTBa [OCTaTO4YHO BBICOKH. Tem O6onmee 4TO, Kak
YCTAHOBJIE€HO, ACHHXPOHHOCTh HE  BCerga  BeJeT K YXYAWEHHIO
MHHHMU3AIHH.

MuguMusanug Tabaun oepexonon [81]

Hznaraemsiit mogxol X MHHHMH3AUDHH TaGmHIl DEpEeXONOB NPUMEHHM
KaK K CHHXDOHHBIM, Tak M K acHHXpoHHeIM TabmnuaM. Paccmorpenue
npoBeneM CHavaja ANi CHHXPOHHOro ciy4yas, H60 3TO oxa3blBaeTcs MpolleE.
3aTeM OTMETHM 0COBEHHOCTH aCHHXPOHHOTO.

HaxoxpeHue CcOBMecCTHMBIX MHOXecTB. Meton B ueinoM Oylem
HIUTIOCTPHPOBATh Ha NpUMepe CHHXpOHHOH Tabnuusl (puc. 3.20,a; mpouepk
03Ha4yaeT HeolpejelleHHOe cocTosHue). Jia manHoro Bxoxa I W mayaneHoro
cocTosHHuA S, ofpa3yromux nonHoe coctosuue s — I, uepes N(s, I) n z(s, I)
0603HAYHM COOTBETCTBEHHO CleAylollee COCTOAHHEe M BhipaGarniBaeMbIil
BBIXOL.

BBeneM psanx onpeneneHuit.
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Onpegenenne 3.1. Cocrosune s, TaGNHUBLL A NOKDPBIBAET COCTOAHHE
Sy TaGnHUEl B, ecny miA BCAKOH KOHEYHOH BXOAHOH NOCIEeNOBATENbHOCTH
BLIXOHAHAS [OCIENOBATENBLHOCTh, MONyYaeMas 1Mo A H3 §,, COBIANAET C
BBIXOQHON NMOCNENOBATENLHOCTHIO, NOMyUaeMoi no B u3 s,, Bcody, roe oHa
onpejeseHa.

Onpeneneuue 3.2, Tabnuua A moxpeiBaer Tabnuuy B, ecnu kaxioe
COCTOSHME B B (luKpblBaeTCa XOTA OB ONHHM COCTOAHHEM H3 A. B cnydae,
xorna ¥ B mokpeisaer A, o6e TabIHULl IKBHBAIEHTHEL.

Onpenenenne 3.3. COBMECTHMBIMH HA3BIBAKTCA COCTOAHHSA, KOTOPHIE
NOKPBIBAIOTCS OAHOH M TOH Ke CTPOKOH HEKOTOPOH TaGMuukl. MHOXKeCTBO
TaKHX COCTOAHMM HA3BIBAETCA COBMECTHMBIM MHOMXECTBOM.

3agaya MUHMHMH3AaLHH TaGmHUBl MEpeXoAoB COCTOMT B HaXOXAEHHH
npyro¥ TabaMuUBl ¢ MHHHMAaJbHBIM HYHCIOM CTpOK, MOKpBIBAIOILEH
ucxonHyro. KioueBBIM MOMEHTOM B [pOLeCCe MHHHMH3ALHM ABJLETCH
onpeleNeHHe MHOXECTB COBMECTHMBIX COCTOSHMIA. HeofxoguMoe ycnosne
COBMECTHMOCTH ABYX CTPOK COCTOHT B ToM, 4T0o6l B Tex cTonbuax, rae oba
BBIXOMHBIX CHI'HANA ONpeeNeHsl, OHM Oblin onuHakossl. Ho oTo yenonue ne
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ABNAETCA HOCTATOYHBIM. Tak, B TaGnuue (puc. 3.20,a) mapa cTpok | m 3
COBMECTMME! 11O BEIXOHaM. OHAKO B LEJIOM OHH HECOBMECTHMBI, OCKONbKY
HECOBMECTHMBI II0 BHIXOJAaM ITOpOXIAEMBIE JTOH mTapod COCTOAHMA
N(1, D) =2 u N(3, D) = 5.

[pouenypa 3.1. HaxoxgeHue HECOBMECTHMBIX [18p COCTONHHHA
B TabMHue NepexomoB.

1. BrimEcars BCe Iaphbl, HECOBMECTHMBIE 10 BEIXOAAM.
2. TlpurracaTh K HUM BCE [Maphl, HX NOpOXKAAIIKeE.
3. [ToBTOPATH MYHKT 2, 10K HE NMEPeCcTAHYT MOABIATHCA HOBBIE NApPHL.

B nameM npuMepe Ha mare | npossagerca nmapa 25. Ilosropss
omepanmuy wwara 2, fo6GaBaseM K CIIMCKY HECOBMECTHMBIX Nap cHayalla napy
13, 3ateM 15 u 24. Bce pnpyrve napel cocrosHui (12,14,23,34,35,45)
COBMECTHMBL.

Ins ofneryeHus npouefyphl ¢TpOAT KapThl map. Ctonbusl H CTPOKH
KapTel OTMEHYEHbl CHMBONaMH cocToaHui. Kaxpgo mnape cocrosanui
ONHO3HAYHO OTBeuyaeT ONpefeNeHHas KNeTka KapThl. Eciou paHHas napa
COCTOSHHH HECOBMECTHMAa [0 BBIXOZAM, TO B COOTBETCTBYIOIIYIO KIETKY
3agocuTcs cuMmBon “x”. JMHaye B ij-KNETKY 3aHOCATCA BCE TAapH,
nopoxraeMsle napof ij. Jpa cocTOAHUS, KOTOPbIE COBMECTHMBI MO BHIXORAM
H He MOPOXIAKT APYrHX Iap, CoBMecTHMBI. OnpeleneHHas UMM KIETKa
0CTaeTCA HE3allONHEHHOM.

IMpouenypa HavyuHaeTcs ¢ “X”-kneTok. Bce KNETKH, cofepialune HX
KOOpJMHATBI, TakKiKe OTMeyawTcs 3HaAKoM “x”. McxomHele KIeTKH
HCKIKYATCI K3 JafbHefmero pacCMOTPeHHs MYTEM HX BTOPUUYHOMH
OTMETKH. AMHaJOTHYHO IIOCTYNAIT C BHOBL OTMEYEHHBIMH KJETKAMH.
[Tpouecc moBTOpsAeTCHA, NMOKA HE NMEPECTAHYT MOABMATECA HOBLIE OTMETKH.
[TonHOCTBK OTMEHWEHHAs KapTa HasbiBaeTcAd kapToff QHHanbHBIX nap. Boe
HEOTMEYEHHEIE KJIETKH B Hell OTBeYaloT COBMECTHMBIM mapaM. B Hamem
npuMepe npouexypa HaumHaerca ¢ 25-knetkm (puc. 3.20,6). Kax u
ClIeN0BaNO OXHOATh, MHOKECTBO COBMECTHMBIX HAp B JAHHOM Cclydae —
{12, 14, 23, 34, 35, 45}.

[TepefineM Kk onpenenendl BCEX MHOKECTB CORMECTHUMBIX COCTOAHHIL.
3aMeTHM, 4TO €CJIM MHOXECTBN S COBMECTHMN, TO COBMECTHMO H soboe
noaMHOXecTBOo M3 S. BepHo u ofparHoe. OnpemnenuM MaKCHManbHOE
coBMecTHMOe MHOXecTBO (MC-mHOXecTBO) ans  [HaHuoit  TabGadiusl
NepexXoN0B KaX Takoe COBMECTHMOE MHOMXECTBO, KOTODOE HE ABAAETCH
HOAMHOXECTBOM HHKAKOFO APYroro COBMECTHMOTO MHOXECTBA.

Mpouenypa 3.2. Haxoxnmenme MC-MHOXKECTB 110 COBOKYMHOCTH
COBMECTHMBIX Hap.

1. BknrouaeM B CIHCOK COBMECTHMBIX MHOXECTB (C-CHHCOK) IAapBhI,
PacHoNoXeHHBle B NEPBOM cnpasa ctonbune kapTel QUHANBHBIX Hap,
B KOTOpPOM HMeeTcH [o kpaitnell Mepe onHa KkineTka 6e3 “x”,
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2. IBuxemcs BinesBo, cronben 3a cronbuom. Ilycrs S, — MHOXecCTBO
COCTOAHHH, KOTOPBIM OTBeUalT kjaeTka 6e3 “x” B i-cronbue. “[TepecexaeM”
S, ¢ KaXABIM HIEHOM TEKYINEero c-cIHcKa, JoGaBisd BCAKHH pas K ITOMY
CIHCKY MHOXECTBO, KOTOpoe sABAAeTcs OOBENMHEHHEM COCTOSAHHS 1 H
COCTOSHHH mnepecedyeHHs. 3aTeM yHaNseM M3 C-COMCKA HWOBTOpSIOUIHECS
Y/ieHBl U TE€, KOTOPHIE COXEpPXKATCs B NPYTrHX uneHax. HakoHey, Bxirouaem
B C-CHMCOK Maphl, o6pa3oBaHHbIe COCTOSHHEM | M COCTOAHHIMH H3 S, He
BOWIENIIUMH paHee B crHcok. M rTax qis Bcex cToabuos.

3. OxoHvaTenbHbIH c-CNHCOK U [-37IeMEHTHBIE MHOXKECTBA COCTOAHUH,
He CcogepXallHXcs B CIHCKe, O06pa3yloT HCKOMYI0 COBOKYNHOCTb
MC-MHOMXECTB.

[Ons wamero npuMepa uMmeem (puc. 3.20,6):
1-if war; c={45}.

S,=45; c={345}.
S.=3; c={345, 23}.
S,=24; c={345, 23, 12, 14}.

Boszuukaer Bompoc: MOXHO JNM 1m0 nio6oH  COBOKYMHOCTH
MC-MHOXecTB, BbHIOpAaHHOH Tak, 4TO OHA MOKpHIBAET BCE MHONKECTBA
cocTogHUMN HMcXonHOH TaGMMUbI, MOCTPOUTH MHUHHMH3HPOBaHHYK Tabnuuy
nepexoxoB? OkaseiBaercs, dYTO B obleM ciaydae Hens3s. Tak, ecnu
B paccMaTpHBaeMoM  npuMepe  BoIGpaTh B Ka4ecTBE  NOKPBIBAKIUMX
muoxecTBa 12 u 345, To npunem x tTabnuue (puc. 3.20,8), rae caenymouue
cocTosHHA B KyneTkax 1 - A, 2 — B, 1 — C He moryr GmITh onpefencHsl,
MOCKONABKY mapbl 23 u 14 McxoiHoM TaBMHUBl He MOKPBIBAIOTCA HHKAKOM
cTpokoit HoBO#. B maHHOM cnyuae HeOGXOOHMO HCIONB30BATHL [ONHYIO
copokynHocTh MC-muoxecTB. B utore momywaem rtabmuuy (puc. 3.20,r),
TIe cleNyIollye COCTOSHHA He BCerna onpeseSe bl OflHO3HAYHO.

[locTpoenue mMunuManeHol tabmuun. IMTokpeiBalomwas Tabnuua MOXKET
ObITh NMOCTPOEHA JTHIIb 110 TAKOH COBOKYMHOCTH COBMECTHMBEIX MHOXKECTB,
B KOTOpOH ) Kaxxgas CTPOKAa HCXOAHOH TabiuUBl MOKPBIBAETCH XOTA Obl
OJIHMM M3 HHX; 2) COROKYHHOCThL “3aMKHYTAa” B 10M cMkicie, uTo nrodoe
MHOXECTBO  CIPOK, IIOpOXJaeMoe BCAKHM  MHOXECTBOM K3  3TOH
COBOKYMHOCTH, SBJISETCA NMOAMHOXECTBOM XOTA OBl ONHOrO MHOXECTBa H3
3Tofi  coBokynHocTH. [lockonbxy oTuM TpeGOBaHHAM YHOBIETBOPSET
coBoKynmHocTh BceX MOC-MHOXECTB, TO MX UHCIO SABIAETCA BepxHel
rpaHHieH Ans YMcNa CTPOK MHHMMAalNbHOH nokpeiBaromed tabauusl. OnHako
4acTO OHO MPEBHILIAET YHCIO CTPOK HCXOAHOM.

3agaya MUHMMM3aUMH Tabnuy  NepexoioB  CBOAHMTICS  Telepb
K HAXOXKIEHMIO 3aMKHYTOM COBOKYNHOCTH COBMECTHMBIX MHOXECTB
(e ofA3aTeNbHO MAKCHMAlIBHBIX), [OKPBIBAIOUIEH BCE COCTOAHHA H
HUMeomed MHHEMAIbHOE YHCAO MHOXECTB. Takyio COBOKYNMHOCTh HA3LIBAKT
MHHHMAaNbHBIM 3aMKHYTHIM NOKPBITHEM.
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He cymecTsyeT NpocToro 3¢ (HEKTHBHOIrO airOpHTMa HAXOMKHEHHS
TAKOro NOKPBLITHA B ofmeM cnydae. 3a OCHOBY NpH IBPHCTHYECKOM MOMCKE
MOXeT GBITh B3AT rpad NOPOXKAEHHH ONHHX 2-3NEMEHTHBIX COBMECTHMBIX
MHOXECTB ADYTHMH, KOTOPBIA CTpOMTCA no xapTe QUHalbHEIX nap. B Hem
Kaxcpas COBMECTHMas Iiapa INpefCTaBNfeTCA BEPLIHHOM, OT KoTopo#
HampaBiena Ayra K opoxpaeMol eto mape. Tak, A Hawero npumepa rpad
umeer BuA (puc. 3.20,1). Cosoxynrocts {12,23,45} moxpLIBaeT BCE CTPOKH
HCXORHOH Tabnuubl H ABagercs 3amkHyTOl (0b6pasyer 3aMKHYTBEIH nyTh Ha
rpade). ITosToMy oHa MOXKeT OBITH B3ATA 32 OCHOBY MPH MHHHMH3AUHH.
B uTOTE MOJFyYaeM MEHHMaNbHY 3-cTpodnyio Tabnuny (puc. 3.20,€).

PaccmoTpum eme oxuH npumMep (puc. 3.21,a). Mcnons3ys npouenypel
3.1 u 3.2, HaxomuM coBokymHocTh MC-MHOXecTB c={45789, 25789, 1258,
23789, 1238, 4569, 2569, 1256, 2369, 1236}. Ilpu noctpoenun rpada
nopoxaeHuii yureno: 1) ecay Ha rpade uMeeTcd 3aMKHYTBHIH UMK, q U T —
BXOJ M BBLIXOHN M3 WHKIa, TO HH(pOpPMALHs O COBMECTHMBIX Mapax,
nopoXAaeMbiX Mapol ¢, He 3aBHCHT OT TOr0, ¢ KAKMMM BEPIUMHAMH LHKNA
CBA3aHBl BXOJ M BBIXOH, H OT NMOpAKA CAEZOBAHUA 3THX BEPWHH; 2) eclu
AaHHadi Napa NOPOXNAET JPYTYK KOCBEHHO (uepe3 JApYyrde mapel) H
HENOCPEACTBEHHO, TO IPAMYK  CBA3b  MEXAY  COOTBETCTBYIOIHMHU
BepmiMHaMH B rpade Moxuo y6paTh, Tak Kak OHa HE HECET HHKAKOMH
NOMONHUTENbHOH HHGOPMAHH O IOPOKAEHHAX.

HauHeM DOMCK ¢ MHOMXECTBA 25, NOCKONBKY C HUM CBSI3aHbl IBa LHKJa
Ha rpade U 3TO MHOXECTBO HE HMeeT MOpOXIEHHH. IIpHCOENMHHM K HeMy
netmo {18, 13, 38}. OOGnvenwHHM ee B COBMECTHMOE MHOXecTBo 138,
KOTOpOE He MOpOoXKIAeT HHBIX nap, kpome 25. OcTanoch NOKPhITh COCTOAHUA
4, 6, 7, 9. IMosromy uwiar, ceA3aHHBIH ¢ BolGopoM MHoXecTsa 49, He
NOpOXAAIOLIEro HOBBIX T1ap, ABAfAeTCA yaauHbIM. B uTOore nonyuaem
pewenye u3 nate crpok {138, 25, 49, 6, 7}, xoTopoe yHOBIETBOPSET
YCHOBHAM ILONHOTE M 3aMKHYTOCTH.

HonycTuMbl Takue NONBITKH HanbHeHINHX obOveguHenuit: {25,6} —
256, {25,7} — 257, {49, 6} — 469, {49, 7} — 479. M3 nux naubonee
yAadHa HoclefHsf, H6O OHa CBA3aHA C NOPOXCZEHHEM BCEFO JIMUIB ABYX
HOBBIX MHOXecTB: 126 (merms {12, 26, 16}) u 23. Ho muoxectso 176
nokpeiBaeT crpoky 6. Tak 4T0 BeINONHEHHOEe OGBLENHHEHME BHOBL jaeT
5-37eMEHTHOE HOKPBITHE {138, 25,479, 126, 23}.

IoneitaeMcs Teneps obveaunuts {138,23}-—->1238. Ilpu sToMm
nopoxpaerci MHOXecTBo 56. Hosoe nokpeitue {1238, 25, 479, 126, 56}
MHHHMH3HpYeTcs jgo  {126,479,1238,256}, nmockonsky {25, 56}
ofbenunsrorcs B 256 6e3 nocuencTsnii. [lonyyenHoe pemiense M3 yeTsipex
CTPOK ABAAETCA MHHHMANBbHBEIM. BO BCAKOM ciyyae 2-CTPOMHOU TabIHIbl
(eguHcTBEHHas BOo3MOXKBocTh — {1236, 45789}) ne cywectsyer. Urorosas
MUHHMH3KMpOBaHHAs Tabnuia nepexonos uMeeT BHE (puc. 3.21,8).
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Co3panue 3¢ (eKTHBHOrO AanropuTMa MHHHMH3AOUH OKAa3BIBAETCH
BO3MOXHBIM [N MONHOCTBIO ONpefeNeHHBX Tabnuu., 3MeCh OTHOMIEHHS
MOKPBIBAEMOCTH M COBMECTHMOCTH COCTOSHHH CTAHOBATCA OTHOIUCHHMAMH
SKBHBANEHTHOCTH. OTO O3HayaeT, HYTO MHOXECTBO COCTOAHHH TaKo#H
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TabaKIBl MOXKHO pa3GHTh Ha B3aHMOHENEPECEKAKUIHECSs MOJMHOKECTBA,
BCE COCTOAHMSA KaXJOr0 H3 KOTOPHIX 3KBHBaJleHTHH. Takue MOAMHOXeECTBA
aBnsgorcs MC-MHOoXecTBaMu. VX COBOKYNHOCTh 06pasyeT eNMHCTBEHHOE
MHUHMMAaNbLHOE 3aMKHyTOe NMoKpbiTHEe. OKO OaeT pelueHHe ¢ MHHAMAalbHBIM
4HCIOM CTPOK, KOTOPOE ENHHCTBEHHO C TOYHOCTRIO N0 mepeobozHayeHus
CTPOK.

Hponexnypa 3.3. MUHHEMU3aLHA TOJHOCTBIO ONPEAETEHHLIX TabNHLL.

1. HafiTu  2-aneMeHTHBIE  COBMECTHMBIE  MHOXECTBa, Kak U
B npouenype 3.1.

2. Ha#itu cosoxkynHocts MC-MHOXECTB.

2.1. B xayecTse IepPBOro MC-MHOXECTBA BEINTHCATH MHOXECTBO,
comepxaniee CTpPOKy 1 M BCE COBMECTHMble C HeH COCTOAHMA,
oTMevqalolue KIeTKkH 6e3 “x” cronbua 1 xaprsl GHHATLHBIX Map.

2.2. [loBropsaeM mywxt 2.1 mns ctonbuos 2, 3 M Tak janee, moka sce
cocTOsHHSA He GylyT BXOHRHMTBH B xakoe-nu60 u3 MC-MHOXeECTB.

3.1lo 3aMxHYTOMY  WOKPBHITHIO,  COAepXalleMy  [OJy4YeHHbIE
MC-MHOXECTB4, MOCTPOMTH MHHHMH3IHPOBaHHYI0 TabJHIy I[1€peXonoB
06BIyHBIM 0BpazoM.

DTy npouelypy HINIOCTpHpYeT npuMep (puc. 3.21,r).

Ocob6eHHOCTH aCHHXPOHHOTQ cnyyas. Mpu PacCMOTPEHHH
ACHHXPOHHBIX TabNML YYHMTHIBAETCH JHIIbL CMEHa COCTOAHHH BRIXONOB
6e30THOCHTENBHO K Kako#-nuGo mkane BpeMmenu. Orpanuunmcs naubonee
NMPOCTBIM W BaXHBIM  AIA  OpakTuku  caydaeM  OMB-¢yHxuum
(c ORHOKpPaTHBIM HM3MEHEHHEM BEIXOAHBIX CHTHAIOB Ha obom nepexone).

Opouenypa 3.4. [Ipeo6pazopanue OMB-TabiHul B CTAHLAPTHYIO
tbopmy.

IMycTs u - "HeycTolHuHBOE cocTosHHe B cTonbue I, a s — ycroiuusoe
COCTOsIHHE, JOCTHXHMOE H3 U IIpY HeusMeHHOM Bxoxe I. Torpa

1) nomoxuts N(u, I) =s;

2) momoxuts z(u, 1) = z(s, I).

Hcnone3oBanue 3ToH npouesypsl NpH  (QakTHYECKH HEH3MEHHOM
(OYHKIHOHHDOBAHHH aBTOMaTa CO34AET MONONHMTENbHBIE BO3MOMHOCTH
MHHHMH3aUMy (puc. 3.21,n,e), KOTOpas MPOBONMTCA C TJIpUMEHEHHEM
ONMCAHHBIX DaHHEe IPOUENYp Kk cTaHjapTHOH (opme HcxomHOH Tabhuubl.
3ameTHM, YTO B PACCMOTPEHHOM MOAXOMLE K CHHTE3y aBTOMATa [OJlydaercs
HMEHHO Takas gopma.

Komuposauue cocTosuui [81]

[TpOTHBOrOHOYHOE KOAMPOBAHHE COCTOAHHE AaBTOMATA BO3MOXHO
TOABKO NI aCHHXPOHHBIX Tabauun. Cpexum wu3sBecTHoro MHorooGpasus
MeTonos [69, 70, 80, 81, 86] BeIAeNnsI0OTCS OCHOBHEIE,
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Hexoropeie moaxopnt. B o6meM ciyyae 3ajgavya KOMHPOBAHHA H3
YCHOBUS OTCYTCTBHA KPHTHYECKHX COCTH3aHHN He MOXeT ObpITh peliena,
CCNH KaxIOH CpOKe NpPHIMCHIBAGTCA €AMHCTBEHHOE Y-COCTOAHHE H NMoboH
nepexos MeXAy CTPOKAaMH BEINONHAETCS HENOCpeNCTBEHHO (MHHYH Apyruc
CTPOKH). B CBA3K C 9THM MOXHO BBIJENUTH CleAyiOlHe ABa ITONX0AA.

1. KongnpoBaHue co CBA3AHHBIME CTPOYHBIMH MHOXECTBAMH.

2. KognpoBaHHe ¢ COBMECTHBIM HCIIONIB30BAHHEM CTPOK.

OnpenenuM cBsS3aHHOE CTPOYHOE MHOKECTBO R, Kak MHOXECTBO
y-COCTOSSHHH, MPHIHCAHHBIX CTPOKE | TaGNHIBI IepeXonoB, TaAKOe 4T0

- HMKAKOe Y-COCTOSNHHE He BXOJHUT Golee yeM B OJHO MHOMXECTBO;

- KOrfia cXeMa HAXOJMTCA B Y-COCTOSHMM w3 R, H Bxoaom apusercs L,
seixonoM Gynmer z(i, I));

- ECNIH S Mt — Yy-COCTOSHHA HaHHOTO R;, To MeiKAy HHMH CYUECTBYCT
“nyTs” yepes pAf MOMAPHO COCEAHHX COCTOSHUH B R ;

- ecn B TabnMue uMeeTcH OBA3ATENbHLIA Tepexod OT CTPOKH i
K cTpoke k, To MHOxecTBa R, mw R, — coceguue B TOM CMblcHe, MTO
HEKOTOPOE COCTOAHHE M3 R, ABNSETCE COCEAHUM HEKOTOPOMY COCTOAHHMIO H3
R,.

Tax, B npumepe (puc.3.22,a) 3agaya  KOAMPOBAHHA  Tpemd
y-NEpEMEHHBIMH peliaeTcs BBeLeHHeM 2-3]1eMEHTHBIX MHOXecTB R, n R,
4TO Od4eT KOAMpoBaHHYI tabnuuy (puc. 3.22,6). B obumem ciayuae meron
TpeGyeT BBENEHHS YPE3IMEPHOro YHCNA BHYTPEHHUX NEPEMEHHLIX,

KopupoBaHue ¢ COBMECTHLIM HCMONB30BAHHEM CTPOK B HTOM CMbICIC
Bonee oaddexTHBHOo. C xaxpoit crpokoit 6ymem CRA3LIBATE  TEHEph
eJHHCTBEHHOE Y-COCTOAHHE. BBeneM NPOMEXYTOUHDLIE COCTOAHMA, KOTOPLIL
HCIIONB3YeM I8 OpraHH3alMy [epexonoB MEXAY CTPOKAMH,  Y-COCTOAMIY
KOTOpBIX He ABNA0OTCA coceamuMu. [lpuw »ToM  oHHO W TO K¢
NPOMEXYTOUHOE COCTOAHHE MOXET “pa3BA3LIBATE” NEPEXOALL  MEWILY
pa3HeIMH  mapaMu  cTpok. [Ilo onpexeneHHIo KAMNKAOMY YCTOHUHBOMY
COCTOAHUI ¢ — | OTBeYaeT MHOXECTBO MPENUMIECTBEHHMKOB, COMACpIALLee
BCE Te CTPOKM, KOTOphle B cronbue | HMEOT g B KayecTBe CJICAYIOULEry
COCTOSHHS.

MnniocTpauuio  MeToma  XaiHM  Ha  KOHKPETHOM npumepe
(puc. 3.22,8). MoxHO mOKa3aTh, 4TO B JAaHHOM CJlyHuae HE CYMECTBYeT
BapHaHTa KONMPOBAHHMA TPEMA NEPEMEHHBIMH, OCHOBAHHOrO HA CTPOYHMBIX
MHOXKeCTBaX. Jng 9TOro JOCTaroO4HO pPACCMOTPETh  COBOKYNHOCTDL
nepexogoB 1 ~2, 1 -4, 1-5,2~5un 4 ~ 5, nonaras R, = {I, la}. Ilpu
COBMECTHOM JX€ HCIIOAb30BaHUM CTPOK TAKOE pemeHHe HalTH MOXIO,

Beinumem MHOXeCcTBa NpefmecTBEHHHKOB no cronbuam
(omHO3MEMEHTHBIE MHOKECTBA ONYINEHHI).

A: (2, 1), (3, 4, 6) > (4, 6), ecnu npunsaTs N(3, A)= 4,
B: (3, 4), (5, 1), (6, 7).
C: (1, 4), (2, 5), (7, 3).
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D: (1, 6), (4, 5), (7, 2). .
Ilo ycnosuio (TpH y-IHEPEMEHHBIX) MOXHO BBECTH JHIIb  ORHY
DOMONHATENBHYI0 CTPOKY o. IlocKonsky cTpoka I NpHHAIJIEXHT 4YeThipeM
MHOXKECTBAM NpEeSIIeCTBEHHAUKOB, €€ COCTOSHHE HOIKHO GBITh COCENHHM C
o (puc. 3.22,8). Koguposannas TaGnuua umeet BA (puc. 3.22,r).

a A B C D 5
([mol2,0]molm,0 - A B C D s
213,0((2),0 {1,0(,0 \__/({a).O 2,0 {ta),0}(a)0 0o
343,004 ,1 {1,0]4,0 18 ((16)01ia,0|(18),01(8)0{ 10 O

4 U 3 (30 f4a t |16,0[18,011 40
aTsTEl | st 4apB80lkal 48,0 (ha)0]1 1 4
ha 81Ty, 46 F (G8)118,0 4811160 [&20[1 O 1
I 4 5 "
Ya
2
A B CD 949295
4 ),0(1).0(£,0(6,0/0 0 0
211,0(2,015,0/2,0/0 1 0
314,014,0(3)01310[1 1 {
416,014,040/ o,0 (1 0 4
3/(510/4.0](5),0((5,00 1 4
6/(6)0(?, 0 |(6),0/(61,0[ 1 0 0
7|(?,1],0{3,0/2,0(4 1 Q
« ~|4,0]4,0{5,0]0 0 1
oc
Y4
T [5
234 |Tys

Puc. 3.22

Hokasano, uyro Tabnuua (puc. 3.22,1) oTBedaeT YHUBEPCANBLHOMY
KONHPOBAHHX C COBMECTHBIM  HCHOJNB30BaHUEM CTPOK  YETHIPbMI
nepeMeHHBIMH, NpUrogHOMY g Beex OMB-rabnuu ¢ 8 cocroanuamu, Hus
KaXxxnoro cronbua TakoH Tabnuu sl MOXHO HCIONB30BATHL
HENPOTUBOPeYUBHIM 0Opazom 8 “HenpHNMCaHHBIX” COCTOAHMH B KauecTBe
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COBMECTHO HCIIONB3YEMBIX CTPOK H NOCTPOMTb C HX MOMOLIBIO [EPEXOMdbl
MEXJy BCEMH HECOCEIHHMH COCTOSHHAMM. [IpH KOAMpOBAHHUH ¢
HCIIONB30BAHHEM CTPOYHBIX MHOXECTB B JaHHOM ciydyae rtpefyercs 5
MepeMEHHBIX. OBPHCTHYECKHM  IyTeM HalaeHo YHHBEpCanpHOE
kopupoBanue Ina Bcex OMB-rabnuum ¢ 12 cpokaMH, Hcnombsymmee 5
nepeMeHHBIX (pre. 3.22,¢). [lng 5-cTpodHBIX TaGnHL BO3MOXHO KOMIAKTHOE
KOAHPOBAHHE C MOMOLIBIO TPEX MepeMeHHbIX (pHe. 3.22,x).

Konmposanme c ONHOTaKTHRIMH _nepexojamu. Ecnu xomupoBaHHe
BLINIOJIHEHO TakuM obpa3om, uro awobolt mepexon peanu3yercs 3a OAUH TakT
(Bo3MOXHO, 4Yepe3  HeKOTOphie  "Heagpecyemble”  NpPOMEXYTOYHBIE
cocTosiHus), oo HaszpiBaeTcs OTII-koamposanuem. anee paccMaTpuBaeTcs
cnyvait  oxnosnaunoro OTIT (OOTII)-xomupoBaHus (kaxIo# cTpoke
NPHIKHCHIBAETCS CIMHCTBEHHOE Y-COCTOSHHE), HPH KOTOPOM ROIYCKAKTCH
TepexXonsl ¢ H3MEHEHHEM 3Ha4eHHH HeCKONBKHX BHYTPEHHHX MEPEMEHHBIX,
HO 6€3 KPHTHYECKHX COCTA3AHUM.

IIycTs B HeKOTOpOM cronbue Tabmuusl uMmeeTcs nmepexon i — j. Ecnu
nabopsl y' Hm y' ornmyalorcs Gonee weM OOHOW mnepemeHHOoH, Tak 4TO
nokpeiBaromui ux marepsan T(y', y') = T(i, j} comepxuT He MeHee ABYX
NPOYEPKOB, TO B TEYEHHE Iepexoja CXeMa MOXeT NpoiTH uepes no6oe
cocTosHue nepexomnoro Muoxecrsa T(i,]j). ITosromy Bo wusBexauue
KPUTHYECKHX COCTA3aHUN mNpM HanwuHu B TOM xe crtonbue Jpyroro
nepexona k-»m # j Mmuoxectsa T(i, j) u T(k, m) nepecexkarbcs He JOKHBL
ChopmynupoBanHoe TpeGoBaHHE JEXHT B OCHOBE pAcCCMaTpUBAEMOTro
Mmetona Tpeicu. )

Mycrs U u V ~ Hemepecexawoiuecs MOOMHOXECTBA CTPOK TabiHLbI
nepexojnos. OnpexenuM guxotomMuio (ot dichotomy ~ geneuue kiacca Ha
ABa IPOTHBOMOCTABNSIEMBIX APYT APYTY MOJKIAcCA) KAK HEYNOPAAOUEHHYIO
napy (U, V). [lna nanuoit napel nepexogoBi = ju k—->m (i#k,j#m)
cBsi3aHHOM muxoToMuel HazoseM napy (U, V), roe U = {i, j} u V = {k, m}.
ByneM 3anmceiBaTh ee kak (ij, km). B BBIpOXKIEHHBIX cllydasx [OTydacMm
auxoroMuy (i, km) mpr i = j, (ij, k) nas k = m nmubo (i, k),xorma i = j u
k =m. BymeM TroBOpHTb, UTO BHYTPEHHSHS NEpEeMeBHAf Yy, IOKpLIBAeET
puxotomuto (U, V),ecan y; = 0 gna kaxnporo coctosuus u3 U uy, = 1 nas
KaXJIOro coctosHus u3 V (unu HaoGopoT).

Teopema 3.4. Kopmposanwe OHMB-Tabnuusl sABISeTCS HPHIOAHBIM
OOTII-kogupoBaHKHeM TOrKa M TOJNBKO TOTHAA, KOTAE IS KaXLOH mapsl
nepexomoB i = j H k — m, EMEOMUX MECTO B ORHOM H TOM Xe cronbue, ¥
TakHX 4TO j # m, cBg3aHHas nuxoTomus (ij, km) mokpeiBaeTcs no xpafneit
Mepe OgHOH y-mepeMeHHOR B 3TOM KOAHPOBaHHMH.

W3 TeopeMBl cliefyeT, YTO MOCJE NMONYHYeHHA MHOKECTBA HHXOTOMHI
gns  pasdo#t OMB-tTaGnmumer 3apadya  COCTOMT B TAKOM IPHIMChIBAHHMHK
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3HAYeHHH y-IepEMEHHbIX, YTOGLH TNOKPBITE KakIBH BIEMEHT 3TOro
MHOXECTB2 [PH yCIOBHH MHHHMANLHOCTH YHMCIa IEPEMEHHBIX.

[puHIANHATEHASL BOIMOKHOCTS MHHMMH3ALMHA BRITEKAET, HANpUMep,
u3 Toro pakra, yro ecnu U ¢ U* u Vg V* (npu aToM GyneM roBOpHUTH, UTO
muxoromus (U*, V*) moxpbiBaeT JHXOTOMHIO (U, V)), To (U, V) moxHO He
BKJIOYATH B COHCOK  JHXOTOMHHM, TOCKONbKY BCiKasg INepeMeHHad,
nokprBapomas (U*, V*), [olKHA MOKPHIBATE M (U, V). Tak, eciu i — j
eCTh MMEPEeXON B HEKOTOpOM CTONGUe, TO HE HAZO pACCMATPHUBATE Iepexon
j— j BTom xe cronbume. [amee, W3 CIHCKa MOXET B6BITh  yHnaneHa
muxoroMmua (i, km), mopoxpaeMas B HEKOTOpOM CTONOUE, €C/IM B APYTOM
cronbue mopoxpaercs guxoromus (ij, km).

Jlas MINIOCTPALHMM BBENGHHBIX NOHATHH M HAMETKH MNOC/IEAyIOLie
nponexypsl KOAHPOBAHHA PaccMOTpHM TabiaHuy (puc. 3.23,a). Bce mnaphn
nepexonoB cToabna A JalOT HENOKPEIBAEMEIE NUXOTOMHH (1, 23), (1,45) n
(23, 45). CronGeun B mopoxnaer 10 muxoromu#t Braa (i, j), MOKXpeIBAEMBIX
MUXOTOMHAME u3 apyrux crtonbuos. Cronben C nobaBuseT AHXOTOMMH
(14,25) u (34, 25), cronben D - puxoromurwo (15, 34). Tax 4TO BIOJIHE
ouesnges sapuanT OOTII-KOZHPOBAHHA 6+ EPEMEHHBIMH.

a b6
G A B C D 6 o AR
1]4),0[@),014,015,0 de 111
213,012),0,015,0 Bc 1] 4
3((3),0 |30 (4,0 {(3),0 QB 1| 4
415,14 (4),0)4),013,0 ad 1 1
5{),1 [(5,012,0 |(5),0 acl 1 1
a¥| 1 1
>
a 2
£.23] 4 A B € D Yy
X |[23,1] 8 {11¢),0{¢1),014,015,010 1 1
T et 2/3,/0/(2),0((2),0{5,0(0 4 0
4 3((3),0((3,0|4,0!®,0]1 4 0
e Bl 8
x all Ball #E 15 8 wl = | =40130(1 Y
X | % %. [2534] g(i g-i - 1/:8 g.g 0 06
bd x| % ® ‘[15.3“1 3 ' U | 10
Puc. 3.23
OJIHB.KO BO3MOXHA nanbﬂeﬁmaﬂ MUHHMU3AMA, NDOCKONBKY

B HalifeHHOM CHHCKe HMEIOTCA COBMECTHMBIE Napbl AMXOTOMHH, KOTOpbBIE
MOryT GBITH NOKPEITEI ofHOW y-mepemensoi. Hanpumep, mapsl (1, 45) u
(23, 45), (14, 25) u (34, 25). Jina xaxjpo# TakoH mapsl MOXHO MOCTPOHTD
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MOKPHIBAOIYI0 UX auxoToMHuio (muxoromus (134, 25) ans napw (14, 25) u
(34, 25)). 3apgaua cBOZHTCA K ONpEJeNeHHI0 MHHHMANBHON COBOKYNHOCTH
OMXOTOMMM, TakoH 4TO., KaxJad [JHXOTOMHS H3 HCXOOQHOTO CHHCKA
[IOKPBHIBAETCS MO KpalHEH Mepe OOHOK NHXOTOMHEH K3 3TOH COBOKYMHOCTH.
3neck MOXHO YBHUJETh HEKOTOPYIO aHAlOrHIO ¢ 3ajgadyed HaXOMAEHAS
MC-muoxecTs. OmHako 3Ta aHanorua HenojHas. Tak, TPH HUXOTOMHH
(1,23), (1, 45) m (23, 45) nmonapHo coBMmeCTHMH. Ho He cymecTByer
JHXOTOMHH, HX NMOKpbIBAIOIIE.

Hcnonb3opanue NPHBENEHHBLIX pdHEE pe3yNbTATOB BO3MOXKHO, €CIH
paccMaTpuBaTh ynopamodeHHsle guxoromuu [U, V] wuam [V, U] ¢
bHKCUpPOBAHHBIMEH JEeBBIMH W NPaBbLIMM MHOXecTBaMM. JIBe Takue
AHXOTOMUMM CUHTAIOTCA COBMECTHMBIMH, €C/ld HHKAKoe COCTOsHHE (CTPOKA)
He COAEPXHTCS B JIEBOM MHOXECTBE ONHOH JQMXOTOMHH U TpPaBOM
MHOXKECTBE APyrok. MHOXECTBO YyNOpPAJOUEHHAIX AHXOTOMHI MOKPBIBAETCA
HEKOTOpPO#H ynopajoyeHHOH IHXOTOMHEH NHLIbL B Clydae, eCiH JEeMEeHTHl
3TOr0  MHOXECTBA [NONApHO COBMECTHMBL. Temeps MOXHO  HafiTi
MC-MHOXKECTBAa pacCMOTpPEHHBIM paHee METOAOM H BuIOpaTh H3 HUX
MHHHMANBHYIO IOKDPAIBAIOIIYIO COBOKYIHOCTh [ WHCXOAHOr0 CHHCKA.
[TocnegHee cBOOMTCA K 3afadye MHUHMMANLHOTO MOKPBITH, TOCKOILKY
JUXOTOMHH HE HMEIT MOPOXKIAEHUH.

O0BveM HeoB6XORHMBIX BHIMMCIEHHH TO3BONAET COKPATHTE

Teopema 3.5. Ilycrs Q ~ mONHOE MHOXKECTBO YNOPAXOYEHHBIX
auxoToMuit (Brurouarmee see nmapwh {[U, V], [V, Ul}). Hns sekorToporo
COCTOSHMA § I[OMETHM B Q HNMXOTOMHH, HMEIOWME § B CBOMX INEBLIX
MHOXecTBax JIN0O He comepiKalIve S HM B KAKOM M3 cBOMX MHoxecTB. Toraa
MHHHMaJIBHYIO IMOKpPBIBAKOIIYI0 COBOKYNHOCTE MC-MHOXKECTB MOXKHO HaHTH,
paccmaTpHuBas NHIIE NOMEYECHHBIE JHXOTOMHH.

B HameM npuMepe yNadHbIM OKa3dbiBaeTcs BHIGOpP § = 5, IOCKOJBKY
cocTOosHME S5 BXoAuT B HauGonbmee wyucno jguxoroMuit. Cormacuo
TeopeMme 3.5 JOCTAaTOYHO [POAHANM3HPOBATL MHOXKECTBO AUXOTOMUH
{[45, 1], [45, 23], [25,14], [25, 34], [15, 34]; [1, 23], [23, 1]}. Ctpoum nng
Hero xapTy nap (puc. 3.23,6; KIETKH, OTBEYAIOUME HECOBMECTHMBIM Napam,
noMeueHsl 3HakoM “x”). HMasecTHwM ofpazoM Haxonum MC-MHOXecTBa:
ef, de, bc, &b, 8d, ac, af. Crpoum tabnuuy mokpertuit (puc. 3.23,8). Uz nee
HaXxoMHM JBe MHHHMaJbHBIE COBOKYIHOCTH {ef,bc,Ed} H {de‘bc,at‘}. ITepsoe
pelieHye HaeT NOKpelBaolxHe auxoroMuu [125, 34], [45, 123] u [235, ‘14].
ITlo uuM cTpoum Tabnuuy mepexogoB (puc. 3.23,r), rae mepexols
B COCTOSAHMA O, O, M O; MOI'YT HMETh MECTO TOJNBKO H3-32 COCTA3aHHH.
B cron6ue A, HanpuMep, o, W O; IPHHALNEKAT MHOXecTBY T(4, 5) =- 0 -,

HToroM npoBeNeHHOro pacCMOTPEHHA ABAAETCH

Iponenypa 3.5. Haxoxnenne OOTII-kogHpPOBAHHS C MHHMMANBLHBIM
qucIoM y-nepemenubix ang OWB-rabmun (npouenypa Tpeficu).
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1. Ina kaxporo cronbua uaitu auxoromuu (ij, km), j # m. M3
MONYYEHHOTO CIIHCKA HCKIIOYHTh MOKPHIBAEMBlE JHXOTOMHH.

2. Bri6pars cocrosHHe S, BCcTpedalpomeecs Haubonee  4acTo
B HaliieHHOH COBOKYIIHOCTH OHXOTOMMH. O6pasoBaTh CIHCOK
YIOPANOUEHHBIX JHXOTOMMIH: AN HHXOTOMHME 6e3 5 B COHCOK BKJIIOYHTE
COOTBETCTBYIOUME UM NApBl YHNOPAXOYEHHEIX NHXOTOMMI; HJIA OCTambHBEIX
OMXOTOMHHE BHI6paTh [0 OLHOMY SJEMEHTY Napbl, COXEPXAUIEMY S B JIEBOM
MHOXECTBE.

3.Tfo xapre nap Hajitu MC-MHOXECTB2, COOTBETCTBYIOWIME
YUOPANOYEHHBIM JHXOTOMHAM. ‘

4. Tlo Ttabnauue HailTH MHHHUMalbHYIO IOKPHIBAIOWYIO COBOKYMHOCTH
MC-MHOXKECTB.

5.Beps mnoodepeqHo of6beqUHEHHMS BCceX JIEBHIX M BCEX MpAaBBIX
MHOXECTB A8 Kacgoro MC-MHOXecTBa 3TO# COBOXYNHOCTH, HAHTH CNHCOK
NOKPHIBAUIHX IHXOTOMHUH.

6. IlocTpouTe MaTpHIy TIEPEXOMOB, MNPHNHCAB MOKPLIBAIOUIYIO
y-MepeMeHHY0 KaxJoil W3 HaloeHHBIX JuxoToMuit. B xawmom cronbue I
0As KaXIOTro nepexoja i — j paity Muoxkectso T(i, j) 1 BBECTH B MaTpHuUy
IOTMOJHHUTENbHBIE CTPOKH NI  KaXJOro M3 IEPEXOMHBIX COCTOSHHH
o, € T(i,j), momoxus N(o,, [) = N(i, I) u z(a,, I) = z(i, I).

Ecix B JUXOTOMHM OTCYTCTBYIOT HEKOTODBIE CTPOKM (Hampumep,
auxoroMus [12, 456] nmasx  6-cTpouHofi  TabmMubl), TO 3HAueHMe
IHOKpHIBAKOIEH NepeMeHHOH B 3TUX CTpOKaX (cTpoka 3 B HalueM npuMepe)
npoussonpHo ([12, 456] nmokpeiBaeTcs AuxoToMuaMm [123,456] u
[12, 3456]).

§ 3.5. ICEBJOACHMHXPOHHBIE CXEMBI [89, 100]

HauGonbmee MPUMEHEHHE B HACTOAIEE BPEMA HAXOAAT CHHXPOHHbIE
TEXHONOTHH C MCIIONb30BaHHEM OXHO(pAa3sHOH CHHXPOHM3ALHK B npejenax
6moka. Kmaccuyeckas cxeMa [POEKTHPOBAHMA NHPPOBOro ycrpoiicTna
HCIONB3YeT NPAMOH NOAXOX K pealH3alMH HCXONHOH Tabmuubl mepexojos
aBToMaTa ¢ BBINE/ICHHEM CHHXPOHHOro peructpa coctosuuf. IIpu sTOM
B Cly4ae CHHXPOHHOH TabGnHubl, eclM namATh COCTOAHHH uMeeT
CTaTHYeCKOE  YNpaBlEeHHe, TO BOSHHKAET  ONAacHOCTb  COCTA3aAHMH
HEYyCTOHYHBBIX COCTOAHHH Ha nepexonax. ACHHXPOHHOCTEL Tabnuuel nenaet
peanu3antio MeHee KPHTHYHOH K BpEMEHHBIM napaMeTpam
CHHXPOCHTHANOB. ‘

Ecnu ynpasieHHe OMHAMHYECKOE, TO B Cllyyae CHHXPOHHON Tabmunbl
BCe e ocTaeTcAd pHCK cbos, ob6A3aHHBIR nOoKamsHOH pacdasuposke
CHHXPOCHIHanOB  (cM. gajee) Ha  TepexomaXx € KPHTHYECKHUMH
COCTA32HMAMU. Pa3BHTHIE  METOAB IPOTHBOTOHOYHOrO KOZHPOBAHHUS
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NPHMEHHMBEl TONBKO K ACHMHXPOHHHIM Tabnunam. Kak mokasaHo B 3TOM
naparpade, Hcmons3oBaHHe TakKHX TaGiHL [OpH YCIOBHH [IpaBHIBHOTO
KOAHPOBAHUA C yCTpaHEHHEM CTATHYECKHUX COCTA3AHUN HOJHOCTHIO pemaer
npoGneMy cocTazamuit Ans npaMoil peann3auHd CHHXPOHHBIX cxeM. Ho
CHHTE3MPOBATH ABTOMAT ACHHXPOHHBIM YHaeTCs NaleKo He BCeria.

Hanee peus wupeT HCKIIOYHTENHHO O CHHXPOHHLIX ycTpoHcTBax.
Pewenune 3afayu mocTPOEHHS BHICOKOHANEKHEIX ycTpolicTB ¢ omHOdasHoiH
CHHXPOHHW3aLMeH, HEKPUTHYHEIX K pa3fpocy 3alepXex 3/EMEHTOB H
K pacha3upoBKe CHHXPOCHTHANOB, HINETCA HA CTHKE ACKHXDOHHOH M
CHUXPOHHOH TEXHOJOTHH B KITAacCe TAK HA3LIBAEMBIX I1CEBHOACHHXPOHHEIX
nocjenoBarTe/ibHbIx cxeM. VIX NMpMHLMOHANBHCH o0coBeHHOCTBIO FBNAETCH
OTCYTCTBHE SBHO BLIPaXXEHHOIO CHHXPOHHOTO DErHcTpa COCTOSHHE. DTO
MOXKeT 110TpeboBaTh COOTBETCTBYIOWEH ANANTAUMH WCXOAHON TabIHLB
NEepEeX0J0OB M BJIHUAET HA NPOUECC JIOFHKO-CTPYKTYPHOrO CHHTE3a.

B nansom naparpage NpHBOAMTCH KnaccuduKauug
NCEBAOACHMHXPOHHBIX CXeM. AHAaIM3MpYIOTCS MX cBo#icTBa. Ilpu aToM
ocoBoe BuuManue obpamaercd Ha C-aCHHXpOHHBle cxeMbl. DopMyIHpyeTCa
METOJ MOCTPOEHMs AN HUX CHeUManbHbIX Tabnuu nepexomos. Ha ochose
aHAJHM3a pPEeAaNH3yeMOCTH M OLEHOK CIIOXHOCTH [IOJly4yaeMbiX CXeM
ppraensierca nojaxnace C-acCHHXPOHHBIX PErHCTPOBBIX CXeM kak HauGonee
[EePCIEKTHBHLIX CpefH pacCMaTPpHBAEMBIX IICEBJOACHHXPOHHBEIX CXEM.
[IpoBomuTcs ero conmocTamiieHHE C TNPAMBIM CHOCO6OM Ha TpPEAMET
BLIABJIEHHS OMNpPENeNeHHBIX IPEHMYLIECTB ORAHOTO Iepel APYTHM. AHamu3
NPOBOMMUTCA C YYETOM TaK Ha3bIBAGMBIX aCCOLHHPOBAHHBIX 3aJEPKEK.

Cnocofpl pealu3alid CHHXPOHHBIX CXeM

3a ocHOBY pa3BUTHA NpPHHHMAaeTcs NPAMOH crocol peanusaumui
CHHXPOHHOH  [OCNENOBAaTENIEHOCTHON CcXeMBl B clydae omHo(asHOH
cuHXpoHu3auMH (puc. 3.24, a). Kax 6eiio oTMedeHo paHee, 3TOT crnocol
moxer ofecreyurs HagexHoe GQYHKUHOHHPOBAHHE YCTpOHCTBA, ecid
McxonHas taGapMua nepexoNoB AacCHHXpOHHA. Jnd CHHXPOHHEIX Tabnuu
TakuX rapadTuil pares yxe Henssf. Ha pucynke: RG X, Y, Z - peructps
BXOMHOHN, BHyTpeHHel naMaTH H BeIxoxHOH; KC~ xoMOHHALHOHHAA CXEMA.
Pernctp RG X #Meer mnpsaMoe NOTEHUHalbHOE YOpaBjieHHe. Perucrphl
RG Y, Z~ gunaMyyecKoe yrnpapleHue 110 cpe3y cuHxpocuruana C.

HeobxoaMMOCTs AHHAMKYECKOrO YNpPaBNEHHS B JaHHOM crydae
08ycnoBnena ABYMS MPHYHHAMH. BO-mepBEIX, NpH HEBHITONHEHUH yCIOBHHA
(3.1), (3.2) ¥ DOTeHUHMAalbHOM YIpaBIeHHH CXeMa B NpPHHIUIE
nepaforocnoco6ua. Bo-BTOPEIX, COCTA3aHHMS CTATHYECKOro THHA H
KPUTHYECKHE MOTYT COXPAaHATHCS H B CIyuae aCHHXPOHHOH TaGmuubl, eciy
He TIPHHATH Mephl K HX ycTpaHeHuio. [Ip 9TOM HHHAMHYECKOE yIpaBieHHe
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YMEHBIIAET BEPOATHOCTE NPOABACHHSL, HO HE MCKIIOYAET MPUCYWMH cXeme
puck cos. '

Q
RGX| yxk k {RGZ
X =2 % —z
KC Hm._d
o YELARBY | et
...-(3
(R
§ Hau e
R6X | xk 2k [REZ L
R N ) AC4 L
X e P Hk“ Uk - Z
i K
¢ Hau [yer, 2 Hau, et
X =D 2 frez 2t =
] A2 |y | BT a3 [
E—j Q‘D T L
elT!
Lo
Puc. 3.24

" Tlo YCHOBHIO H3MeHeHHe Bxopga X 3aBepuiaeTcst IO MHOCTYNNEHHHA
CHHXDOCHTHATA. HDSTOMY Ka4YeCTBO peaau3alHu 3aBHcHMOcTEH

k k k-1, k b k-l
Ye=n(xt, Yyt ¥ =4ty

B CXeMe pHc. I,a MOXET 6HTH BHNONHE YIOOBACTBODHTENLHBIM, €CJIH PHCK
c60s4 HE NPOABAAETCH H MAPAMETPHE CHHXPOCHTHANOB

t<t S Lol >ty AT, 25y (3.3)

3;xecs Tc H tc ~ NEepHoA CHEeAOBAHMA H JNUTENBHOCTH CHHXPOMMNYIEBCOB,

rGx,y,z = 3AREPKKA COOTBETCTBYIOMEro perucrpa; f ., —3anepxxa KC; 1,

BpeMa mOoArotoBkH peructpos RG Z,Y;A7, — BpemeHnoll HHTEpBaN
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M3MEHEHHH KOMIIOHEHT BXOJHOTI'O BEKTOpA MpH MEpeXxojfe K CIeAyUEMY
TAKTY.

KpurepueM kadecTBa peaNH3al¥M CYHTAETCA PEANHIYEMOCTH CXEMBI
3agaHHoro 6plCTpONEHCTBHA MPH MHUHHMAlbHOH CINOXHOCTH, OLEHHBaEeMOit
onpexeNeHHHIM obpazoM. JOT0 NOXpa3zyMeBaeT HalM4YHe  KakKo#-To
ankTEpHAaTUBLl NpAMOMY cnocoby peanusanud. B xadecTBe TakoH
albTEPHATHBLEI PACCMATPHBAETCS KJJAacC NCEBAOACHHXPOHHBIX CXEM.

[lceBpoacHHXpPOHHLIMHE Ha3blBAOTCA CHHXDOHHbBIE
MOCNEeN0BATENBHOCTHbBIE CXEMBI pHE. 3.24,6-r c onHodasHOH

CHHXpPOHH3aUMeH! ¥ OTWHAMHYECKHM YNpaBNEeHHEM, B KOTOPBIX CHHXPOHHBIH
PEerncTp COCTOSHHH OTCYTCTBYeT, 4 (YHKIMH TepexoaoB H BHIXOAOB
peasu3ylOTcs acHHXpOoHHOH cxemoit AC (paccMmaTpusBaeMoH BMecTe C
nenpto obparHolt cBa3u). B knacce TakHx cxeM:

- cxema pHc. 3.24,6 ¢ aBHO BeIpaXceHHbIMH pernctpaMi RG X u RG Z
HA3BIBACTCA ACHHXPOHHON PEerHCcTPOBOH;

- cxeMa puc. 3.24,B ¢ sBHO BbIpaxeHHBIM peructpoM RGZ
BKJIIOWEHHEM CHIHAla CHHXPOHM3ALHH B YUCNO BX0A0B AC (COBMEINEHHEM
B AC dynxuuit RG X) nassiBaerca C-aCHHXDPOHHON perucrposoi;

- cxema puc. 3.24,r ¢ cosmemenreM B AC dynxunfi RGX n RGZ
HaspiBaeTcss C-acHHXpPOHHOH 6e3perdcTpoBOR M paccMaTpHBaeTCs  Kax
obobieHHe MOHATHA TPHITEPHBIX CXEM C JHHAMHYECKHM YNpPABICHHEM.

B nannHefmeM INOHATHE AaBTOMATa AacCoUMMpyeTcs ¢ Tabnuuel
nepexonos. CoorBercTBeHHO OylgeM TOBOPHTB O CHHXPOHHBIX H
aCHHXPOHHBIX aBroMarax. HeTpyaHo .3aMeTHTb, HTO AaCUHXPOHHAH
perucTposas peanu3alnus BO3IMOXKHA TONBKO JJIA ACHHXPOHHOrO aBTOMATa.
Kak Gynmer mokxazano pmanee, C-acHHXPOHHBIE pealH3aUMH BO3MQOXKHBI HE
TOMLKO [JIA ACHHXPOHHBIX, HO H [JIf CHHXPOHHBIX aBTOMaToB. B 2TOM
naparpade M3garaloTCs METOMAbI CHHTE3a TNCEBAOACMHXPOHHBIX CXEM H
LAaeTCs UX CPAaBHHUTENbHBIA aHANU3,

ACHHXpOHHAA DELUCTPOBAS CXEeMa

Bxoa cuHXpouu3anuu B TabiaHlle NEPeXoRoB A  ACHHXPOHHOH
pPErHCTPOBOM cxembl puc. 3.24,6 yuuThiBaThCA He MoxkeT. Jo KOOMpOBAHHUA
sTa Tabmuua cosnagaer ¢ HCXOmHOM aBToMaTHOH TabGnumei, Koropasd
HenpeMeHHO NOJMXHa GBITh acHHXpoHHON. OGparHo, mis Takod Tabanul
BCEraa MOXHO JIOCTPOMTH HalBaHHyH0 cxeMmy. Ho Torza acHHXpOHHOCTB
aBTOMaTa  SABNAETCS  HEOGXOZMUMBIM . H  [JOCTATOYHBIM  YCIOBHEM
CYWiecTBOBAHHA 3TOM cxembl (He off3aTenbHO peanusyemoit). Boegem s
Hee pax orpaHuueHuH.

Orpanuuenve 3.1. UHEpUMOHHOCTE 3ME€MEHTOB CXEMbl YUYHTHIBAETCH
3a1epKKOf H3MEHEH s HX BEIXOXOB, Pazbpoc 3agepxkex:
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Tonax <2Tmnin 1 (3.4)

rue Tmax )24 Tmin*MaKCPIMa)ILHaﬂ H MHHHMAaNbHaA 3aJEPXKH DJJIEMEHTOB.

3anepxKH B COeIHHEHHAX oTCYTCTBYI0OT. DddexT koHewHo# AnuTEensHOCTH
dbpoHTa He yuuTeBaeTci. BO BpeMs HeHCTBMA CHBXPOHUMIYJIbCa BXOMUBI
cXeM IonaralTca HeM3MEeHHbIMH. ITapaMeTprl CHHXPOCHIHANOB

>ty tmt e +tg, To—t >l +aT, . (3.5)
3pecs m =1, 2, ...~ YHCIO BHYTPEHHHX TAKTOB cXeMbl. [0 KORUPOBaHHUI C
OHOTAKTHBIMH nepexogamMu (cM. §3.4) 3HaYeHue m=1. ITpu

HCMONB30BAHHM MHOTOTAKTHBIX KOAMPOBAHUH (B YACTHOCTH, C COBMECTHDLIM
HCIIONb30BaHHEM CTPOK) m>1.

Orpaupuenpe 3.2. KoMOGuHalLlMOHHAd wacTe  CXEMBl MPELCTaBAAET
coboit 2-yposHenylo peanu3anuio JHO, Ileperpyska mo BXoxaM 3JeMEHTOB
[MepBOro ypoBHA OTcyTcTByer. Ileperpysxa mno BBEIXOAAaM YyCTpaHseTcs
Ny6nMpOBaHHEM 31eMEHTOB.

Orpapnuenue 3.3. Konuposanue BHYTpPeHHHX COCTOSHHH CXeMbl
BBIMTONIHEHO H3 YCJIOBUSA OTCYTCTBHMA KPUTHYECKHX COCTA3AHHUM.

Orpanuyenue 3.4, Permcrp RGX  crpourtes Ha  OCHOBe
D-tpurrepos puc. 3.25,a. [Jnga QopMHpPOBAaHHA CHIHANOB COCTOAHHIM
HCNOAB3YIOTCH acuHxpoHHble RS-tpurrepel puc. 3.25,6 B cocrae AC
(pMCYHOK IOIIONHHTENbHO OTpaxaeT crneunduxy GOpMHPOBAHHA QYHKIHH
BO30YXHEHHS ¥ YCTAHOBKYM HAYANbHOIrO COCTOSHHA CXEMBI).

3aMeTuM, 4TO0 CGHOpPMYNHpPOBAHHBIE  OTpPaHHYEHHA  ABAKIOTCH
LOCTATOYHO OOMMMM IS BCEro kjacca NCEBNOACHHXPOHHBIX CXEM, 3d
HCKJIoOUeHHeM ycnoBuH (3.4), (3.5) H HEKOTOpDBEIX YaCTHBIX MOMEHTOB,
KOTOpEIE B HanbHeHmeM BCAKMH  pa3s OroBapHBaIOTCA. B cBoei
COBOKYIHOCTH 3TH OTPAHHMYEHHS NO3BONJIOT CBECTH 3a7a4yy NOCTPOCHHS
acHMHXpOHHOH perucrTpoBoli cxembl Oe3 cocTa3aHMH K M3BECTHOH 3agaue
2-ypoBHEBOH peanu3alHM ACHHXPOHHOH CXeMBl C HCIIOAb30BAHHEM
CTPYKTYPHBIX METOKOB yCTPaHEHHS cOCTA3aHHH (cM.§3.3).

[puusaTeli B orpaHuveHuu 3.1 cmoco6 yweTa HMHEPUHOHHOCTH
3MEeMEHTOB M coejWHeduH#  aHanmuTHYeckw  ygmoben  mus  uesneii
mopmenupoBaHus [84]. BruinonHenue ycnoBHa (3.4) MOJXeT BBhI3BaTh
HauboNpluHe 3aTPYAHEHHS, CBA3AHHBIE, B YACTHOCTH, C HeOOXOINHMOCTLIO
BLIpABHMBAHUsS Harpysok no BeixogamM RGX . TpeGomanue oTcyTcTBHSA
neperpysok IO BXOJaM D3JIEMEHTOB INepBOro ypoBHa (orpanuyenue 3.2)
B3aHMOCBA3aHO ¢ ycinoBHeM (3.4). B npoTHBHOM ciy4ae INpHIIOoCh 6ol
3aMEHHUTH 3TO YycloBHe eme Gosee xecTkuM. J[lod9TOMY mpaxTHYeckoe
HCIIONB30BAHME PACCMATPUMBAEMOTrO NOAX0MAa NMPH OPHEHTHUpE Ha cepuinbie
MHKPOCXEMBl  OTPAHHYHBAETCS  CIydYaeM CPAaBHHTENBHO  HECJOXHBIX
ycrpoiicrs [39].




ﬁycr T

R < R

&

V Rq,

3

Sy L 3
S 2
Xi& }_——1 &
[) L,;i“*r ]
Puc. 3.25

Beimonuenue  ycmoBHs  (3.5) mcimowaer puck  c6os  IpH
nepekIOYeHHH BhIXOHHOro perucrpa. Ilosatomy RGZ moxeT HMETH
noteHuuanbHoe yupasnenue (f; = 0) ¥ BCe BHMUMAaBME CIenyeT YHENIUTh

HCKJIIOYEHHIO ONMAacCHBIX COCTA3AHUH B ynpaanmomeﬁ YacTH CXEMBI.
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B coorBeTcTBHM ¢ Knaccupukanued §3.3 OGymem pasnmuuare 4 THna
TaKHX cocTs3aHui. Cpegu HHUX COCTH3AHHA [0 BXOAAM H CYIIECTBEHHBlE
COCTA3aHMA INPHHUUIHANGHO IPHCYUIH TNOCIENOBATENBLHOCTHOH GyHKUHH
[81]. Pucx c6os cTaTHYeckoro THNA W KPHTHYECKHE COCTA3AHUSA
YCTaHABJIHBAIOTCH [0 UTOraM KomupoBaHHs. Ho Bce OHH NpOABAAIOTCA KaK
CJEeNCTBHE COCTA3aHHH B KOMOMHANMOHHON cXeMe C IOJIHBIM BXOJHBIM
COCTOSHMEM <X, Y> M BBIXOAOM y, nonydaemod um3 AC ofpsiBoMm ueneil
o6patHo#l cBaA3M. B aTol cxeme omacHm#l and AC kpaTkoBpeMeHHBIH c60H
moJnkeH OGBITH HCKIOYEH Ha NoboM nepexone

<xk“1,yk‘l> — <xk,yk> = <xk,n(xk,yk“l)>.

Crnenuduxa AC cyxaeT obracTe aHanusa:

1. Ha n1060M yka3aHHOM mepexoje COCTA3aHMS MEXIY CHIHalaMy
BHYTPEHHUX TIEpEMEHHBIX YUHMTHIBATECA HE JOJKHEL B cuiy orpanuuenus 3
3TH cocTa3anud A4 AC He KPHTHYHEL.

2. He npeacTaBAsiOT ONACHOCTH M COCTA3AHHA MEXIY BXOIOM X. H
COCTOSHMEM Yy , eclnu u3MeHeHwe x mpossnsercs B AC padbuwe, dveM
uamenenne y. Takue cOCTA3aHUA He cymecTrennsl Ans AC.

IIpuMeHUTENBHO K MOJYy4YeHHOH XoMOHHAUMOHHOH cxeme cienyer
FOBOPHTE YXe 0 JHHaMUYeCKHX H cTaTHdeckux 0- unu l-cocTtasanuax. [Ipu
BBIIOJIHEHUH orpaHuyenuli 1-3 ucnons3zoanue D-rpurrepos puc. 3.25,2
A1a GOPMMPOBAHMS  BXOLOB  TOJHOCTBIO  MCKIOYAIOT  OMAaCHble
nuHaMudeckne # O-cocTA3aHus. DTH COCTA3AHUN ABAAIOTCA CJHENCTRHEM
c6os Ha epBOM YpoBHe — ycjoBHoM ypoBHe M. [Tpoasnenue 1-coctaszanuii
06513aHO TOJIBKO BTOPOMY YPOBHIO~ ycnopHoMy yposHio MJIM. MIpumenenne
RS-tpurrepos puc. 3.25,6 ang QOpPMHPOBBHHA CHUTHANOB COCTOAHHI
HCKIfOYaeT l-cocTazanus. Jy6nupoBaHHe BBIXOZIOB TPHITEPOB
puc. 3.25,a,6 u pa3srpyska IO BXOJaM O3JIEMEHTOB BTOPOr0 YPOBHS He
BHI3BIBAKT pHcka c6os. [TosTomy cripaBennuBo

Yreepxaenue 3.2. Ecnu otobpakenue L aCHHXPOHHO H BBINOJNHEHBI
orpanuyenus 3.1-3.4, To ACHHXPOHHAN PErUCTPOBAs CXEMa peanHsyema.

_ [Tokaxem, 4To B maHHOM cny4yae c6oH Ha nepsoM YpOBHE
geficTBUTERbHO HckmodeH. Taxko# cBoH BO3MONEH Ha nepexonax

11
ag = 0] ¢——>10, xorna naMenenue B 0 OOHOro H3 BXOJOB 3aJEpPXKMBAETCH
(puc. 3.25, B). B KauecTBe CHIHANOB @ M B MOTYT BBRICTYNATh BXOOBI X; H

X;, HX HHBEPCHH nubo opHa H3 BHYTPEHHHX NEPEMEHHBIX yl] HllH €¢

_]’
HHBepcHA. Puck c60s HCKIIOYEH, €CAH H3MEHEHME OJHOro M3 BXOIOB
KOHBIOHKTOpa B 0 NpPOMCXORHMT BCerZa paHblle, 4eM H3MeHEHHe [ApYyroro
Bxona B 1.

[To ycmoBui0 BXOXNHBIE H3IMEHEHHWS 3aBepLIAalOTCH N0 TNOCTYHNEHUWS

CHHXPOHMIIYNbCA, BpCMeHHO DOJOXHM, 4YTO 3aJ€pKKH BCEX DJIEMEHTOB
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CXeMbl ORMHAKOBR M paBHel 7. Torma mnpdH HalMYHH Ha BXOAAX
D-tpurrepos BuAaa puc. 3.25,a qns BxonHoro nepenana B 0 monyuaem
v - 27 "
x=l—0, x=0—"->1
(cuHTaeTCsA, YTO CHHXPOHMNYnbe nocTynaer npH t=0). [Ing nepenana 8 1

H=lets0, x=0—251.
[ToaTromy npu BeInoNHeHHH ycnosus (3.4) cGo#f Ha nepBoM YypoOBHe,
08ycoBIeHHBIR COCTABAHHAMHE BXONOB, HCKIIIOYEH.
ITo TO# e mNpHYHHE Ha 3TOM YpPOBHE OTCYTCTBYIOT M
(GYHKUHOHANBHEbIE  COCTA3AHHA  MEXIAY  BXOZAMH H  BHYTPEHHHMH
nepeMeHHbIMH. OnacHocTh Morna 6bl BOSHHKHYTL TOJNBKO B ciayyae, Koria

g l-o
H3MEHEHHE yq‘fs 1, o, € {0, 1}, Br3BaHO HOBBIM 3HAYEHHEM x; ' JH6O

Apyroii BxonHoH nepeMeHHO# (MM ee HHBEPCHH), W 3alJepxKa Ha MYTH

o o
HIMEHEHUSA yq‘? B | MeHblle, YeM 3ajepxka ycTaHosKu B 0 curnana x;*

(=3
(puc. 3.25, r). Ons dopMupoBaHus yq‘? TpefyeTcs Kak MHHHUMYM OJMH

JOTMONHUTENbHBIK 3neMenT. B Hauxymme#d cuTyalnuu, KOTrxa H3MEHEHHE
a, Gj
yq‘l Bb[3BAHO MEPEKIIOYEHHEM BXOAA X, | # i, MHHHAMAIbHAA JANEPKKA

M3MEHEHHUS BHYTpeHHe# mnepeMenHOH paBHa 27T TOrjga Kak

min»
o.r
MaKCUMajbHAd 3alepika u3MeHenHa X;' B0 paBHa Ty, Otciona

BLITEKAET CINpPAaBEIJIMBOCTh CKA3aHHOIO.

[TocTpoenue Tabuuu nepexonon C-aCHHXPOHHBIX CXEM

Hexonno#t i mocTpoeHns C-acHHXPOHHBIX TabnWl —sBiseTcs
MHHUMHM3HpOBaHHAs TabnMuUa NEpexo)oB ABTOMATA — CHHXPOHHOFO HJH
aciHxpoHHoro. Ilpennaraemslf Meton anaropurmuued. OH coxpaHseT
CBOMCTBO MHMHMMaJbHOCTH Tabnuusl B nponecce ee npeobpasoBanus.
MeTon ocHOBaH Ha TOM, 4T0 anig C-acHHXPOHHBIX CXEM XapakKTeépHO
MCIONB30BAHUE CHIHANA CHHXPOHH3ALUMHM KaKk SOTOMHHTENBHOrO BX0OJa
ACHHXPOHHON CXEMBI, peanusyioiel HoXooHYK aBTOMATHYIO Tabnuuy. Tem
caMbiM Kax/blif TAKT pasfelisercs Ha ABa nonyrtakra, [IepBoMy monyTrakTty
oTBeYyaeT u3MeHeHHe cHHXpocHrHana M3 O B l; BTopomy— u3 | B 0. Ilpu
3TOM KaX Al Iepexop HcXoZHoH Tabnunel npeolpasyerca B IBa Nepexond
C-acuHxpoHHO#. CQOpMYNHPOBAaHHEIA METON HCKIIOYAET MOABIEHHE
JHITHHX COCTOAHMH NpH npeolpa3oBaHHu.

ACHHXpPOHHEBIA aBTOMAT. B ciyuae, Korjga Bce ycTOHUHBEIE COCTOSHUA
n060# cTpokH  HcxomHOH TabMHIB HMMEIOT  OAMHAKOBLIE  3HAYEHHA
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BEIXaAa, C-acHHXpOHHas Tabnuua pETHCTPOBOH CXEMBI Mnoaydaercs
npocreiM poGapnenuem K HcexogHo# rtabnuue (puc. 3.26, a) neBo#
yocroiiuneo#d wact anx C = 0 (pmc. 3.26, 6). [Ipasas uwacts (C = 1)
IOBTOpAET MCXOAHYI0 Tabnumy. Ilepexomsl ¢ H3MEHEHHEM BHYTPEHHETO
NPOMCXOMAT TONbKO B mnpaBod yacTH C-aCHHXPOHHOMN

COCTOSAHHA
Tabaunel.

t ‘ gk zk

gkt 00 04 {1 {0
{ l2,014,0}4071,0
2 ]2,0/14,0[41,0]3.0
3020 (4.0] 4130
412,004.0] &4 (1,0

gk 00 04 44 40 )l 00 04 414 0
4|40j4.001,0]40[201]1.0]1.0 )
212,0(2,0{2,0|2,0|120(1,0({410]30
303003003030 20}10}44] 30
4144140144 ]06.10 2014,0]4 1140

NG £=0 0=4

g¢iN_00 0f 44 {0 JJ00 04 4{ 40

Loltol1.0{¢ 0 2,0]t.0[4.0{4,0

212012.0]2,0l20/ 20404030

3|30 !3,0|3,0]»0]20/[410(50]3,0

AL A (4. A 1404 |64 ][54 |54 (41|51

5{2,0(1.0[4&, 1 [1,0]5.{]51]50]|51
Puc. 3.26

Ilpy HanHyuyp B HEKOTOPOH CTpOKE HCXOOHOH TabaHIUB yCTORUMBBIX
COCTOAHHMH C pa3zHBIMM 3HA4YEHHMAMH BBIXOHAA (pHc. 3.27,a) Takyl CTPOKY
HeoGXoAWMO cHauana HpoayGnUpoBaTh IO dYMCNY S3HaYeHMH BmIXO4A
B YKa3aHHBIX COCTOAHHAX, OpPraHM30BaB HYXHBIE I[EpPEXOABl MEXAY
IyG6mnAsMH M COOTBETCTBEHHO OTKOpPDEKTHpOBaB Tabamny B LEJOM
(puc. 3.27,6; nmyGnu cBsf3aHbl COEJUHMTENBHBIMM nuHHAMH). [lpn 3rTom
B KQXJOM Jy6lie COXpaHSIOTCS BCe HEYCTOWUHBBHIE COCTOAHUA HMCXOLHOW
cTpoxu. 3areM mocTpoende C-acHHXpOHHOH TabaKHULI BLINONHAETCH, KAk H

panee (puc. 3.27,8).
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Xk K €=0 C=1  [shed
s*N_A B D g\ A B DJ|A B D

t14,0(4.0[4.0 4 (1olt.0]v0fv.0l1.0]4.0
2 |14,0] 2,0 | — 2 124424 ]—)4,0]2,4]—
3130[21]60] 3 {30(30]30/3.0]/2.1]6.0
4130|4440 4 (4,0]4.0]4.0]3,0]8.4 [4.0
5|50 44|70 5 [30][s5.0]s5.0] 508,170
6150/ 64160 6 160[6.0|6.050]3.1]60
?l70]6,4]?0 ?({n0|7.0|70[70[91]|70

8 (8.4 [8.4(8,4]30[8.414.0

g [9,719. 1 ]a.1]5. 09160

§ 2

[sK2H . ce0 e=1  [ek.gk

xk X
skiN_A B D  4IN_A B D gy A B D
{4 [1.0]1,0]4,0 { 401404 0]40][4.0]40
2 402, 4]— 2 |24 {24 |—104 {24 | —
3(3,0(21{]|60 3130(30(30(3.0(100]6.0
413,0) 84140 4 14,0)40]40013.004.0]4.0
5|5.0(84 |70 550]50{s0{5.0]/1.0{70
6/5.0/9,1(6.0 6(60]60]6.050]120]|60
7170{94 |70 7 170(r0[7n0(70i42,0{70
83,084 |40 8 18,4 )8,4 |8, 4144, 8,1 ]44.4
9|5.0]9.4[60 9 {94 (94194 42.4]9.4 121
0 [1.0]24 | —110,1{40.0{—
1 13,0 8.4 (4044, 4[44.0[11,4
12 |5,0]9.1] 6,012,442, 01424
Puc. 3.27

[TocTpoenne’ Tabnuy nepexonoB C-aCHHXPOHHBIX Ge3perHCTpPORBIX
cXeM MMeeT NOIOJHHUTENbHYI0 cnenupuky. OHa obycnoriesa TpeGopaHuEM
H3MEHEHHUA BBIX0OJA 10 Cpe3y CHHXPOCHTHAna.

|. BrigensioTca BHYTpeHHHME COCTOAHMSA, NEPEXOABl M3 KOTOPHIX He
COMPOBOXKAAIOTCS H3MeHeHweM BbIXoZa. Jns TakHX COCTOSHME CTPOKH
C-acHHXpoHHOM Tabnuupl 3anonusercs o6m9HBIM o6pasom (cTtpoku 1, 2
puc. 3.26,6 u crpoka 1 puc.3.27,8).

2. Jas peanusalluH TNepexoloB C H3MEHEHHEM BBIXORXA BBOAATCA
HoBble cocTOosHMA, Kaxnbii Takol mepexoj BHINONHAETCA B ABA 3Tamna.
B npaso#t wacTu TaGIHUB — B OXHO W3 HOBBIX COCTOAHHH, 6e3 H3IMEHEHHS
BLIX0Ja. B neBo# yacTH — B NpeANHCAHHOE HCXONHOH Tabnuued cocTosHHE,
¢ W3MeHeHHeM BEIXona. IIpw »ToM odepenHOe HOBOE COCTOAHHE BBOJUTCA
TONILKO MPH HEBO3MOXHOCTH ITOBTOPHOTO HCIIONB30BAHHA YKe BBENECHHBIX

panee, B pacCMOTpeHHBIX NpPHMeEpax H3MEHEHHA KOCHyTca cTpok 3 H 4
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puc. 3.26,6, crpox 2-9 puc. 3.27,8. IlomyuenHnle TaGmHUBl NEpeXonos
Tmoka3asel Ha puc. 3.26,8 1 3.27,r COOTBETCTBEHHO.

CunxpoHHbI#l _ anToMar. Tabnupa nepexosmoB  C-acHHXpOHHO#H
PErNCTPOBOH CXEMBI ITONYYAETCHA C YYETOM CNEAYIOWHX coobpaxenuit.

1. ITepexonsl B HEYCTOWUYHBEIE COCTOAHHA BCErJa pealHlyIOTCH uepes
NOTMONHUTENbHblE COCTOAHHS aHaloTHuHO npepbigymemy. Ho  dakr
H3MEHEHH S BBIXOJA TEHePh YK€ HE HIPAeT POJIH.

2. Ecnu nepexoj B HEKOTOPOE HEyCTOHUMBOE COCTOSHHE NN NAHHOIO
BXOINA TPOHCXOTMT NpPH pA3HEIX 3HAYEHHAX BBHIXOLA, TO CTPOKY C ITHM
cocTOosHMEM HeoOXONHMO cHadana npoay6aMpoBaTh MO YHCIY YKa3aHHBIX
3Hayenufi. Ho B paHHOM clyuae OpPraHU3OBBIBATE MEPEXOABI  MENJY
AyOAAMH He HYXCHO.

3. Tlepexon B ycTOHYWBOE COCTOSIHME, KOIJa BBIXOJ COBTamgaer ¢
YCTOMYMBEIM 3HAYEHHEM, BHITIONHAETCS HENMOCPEJCTBEHHO B NpaBol uacTH
TaGaHIEL.

4. Ecnu Ha mepexofe B yCTONYHBOE COCTOAHHE BBIXOH OTAHYALTCHA OT
YCTOHYHMBOIrO 3Ha4YeHHs, TO KOHEYHOE BHYTPEHHEE COCTOAHHE Iepexola
ny6nupyercs aHamoruguso m.2. Ilpu 3TOM neBas ycToHuMBag monycTpoka
ny6nuKkaTa MMeEeT TO Xe 3HavdeHMe BHIXOAA, 4TO M Ha mnepexone. [Ipamas
noiycTpoka noBTopsier opHruHal. OpraHH3alMs CaMOro Nepexona TaKoBa.
CHayana B npasodl  wacTH  Tabnuuel  BHIONHAETCA nepexoxn
B NONOJIHUTENBHOE COCTOAHHE. 3aTeM B IeBOH dYacTH OCYIIECTBAAETCS
nepexof M3 3TOrO COCTOSHUS B YCTOMUHBYIO monycTpoky ny6iukara.

[Tonxon B uejsoM uanloCTpUpyoT puc.3.28 (npasuna nmn.l,2) u
puc. 3.29 (npaBuia nmn.3,4), Ha KOTOPKIX MMOKa3aHbl wcXxomusle (pHc.3.28.a u
puc. 3.29,a) rabauus u coorsercTByomne #M C-acunxponnsie (puc.3.28.6
4 puc 3.29,6) onns perucTpoBoH cxembl. Jy6mukaTel cBA3aHB ¢
OPHTHHANaMH COEIMHHTENbHBIMH THHUAMH,

Kak ®  panee, B 6e3perucTPoOBOM BapHaHTe DOABASIOTCS
NOMONHHTENRHBIE COCTOSHMA Ha IIEPEX0Nax ¢ HW3MEHEHHEM BBIXOMA.
IIpeo6pasoBanusle TabIHUEl AJI4 DTOro ciayuas nokasadel Ha puc 3.28,8 u
3.29,8 cooTBeTcTBeHHO. IIpaBuno Ay6IUpOBAHHA MHOTrOYCTOMUHBRIX CTPOK
C pasHBIMH 3HAYEHHIMH BHIXOJA ABNAETCH OOMMM M He 3aBHCHT HHM OT BUIA
aBTOMaTa (CHHXPOHHBIM HNM ACHHXPOHHEBIA), HM OT BApHAHTA pealH3alHK
(peructpoBas unu Gesperuacrpopas).

ComocTapiigHue pasMepoB Ttabmuu. CpaBHXTenbHAS OLEHKA
pasMepoOB DA3NHUHBIX TaGmHl MepexoNoB, KOTOPEIE MOTYT GBITE MOIYUEHb
ORf OMHOTO H TOr0o € 3aJaHHA, NpOBeNcHAa HA MHOXECTBE NPHMEPOB
HCXOAHBIX 3aJaHHH Pa3sHBIX THMIOB, HONYCKAIUIHX albTepPHATHBY Bhifopa
aBTOMara - CHHXPOHHOrO MJH acHHXpoHHoro. COOTBETCTBEHHO [iis
Kaxgoro npuMepa Oputo mocTpoeHo no Apa BapHaHTa C-acHMHXPOHHBIX
tabnul  DepexonoB  perucTpoBHIX  cxeM. Pasmepsr  aTux  Tabnuu
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conmocTaBieHbl Mexny cofol M ¢ pasMepaMH HCXOAHbIX TaG/HLl MEPEXONOB
B Tabn. 3.2.

a
<k sk, 2
) Q {
112,00]3,40
2 {414 .04
3(4.10(4.00
4 {2,00]3,44
&
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G140 | 4401 8.00144,11 4 ) 4,10) 4,401114,40) 41,10
505.04]504] 800 810 51 5.04] 604]l2.04] 12,04
616,414 641][10,10{10.00 61 6,44 6,44)] 13,441 4B.44
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8|2.00]|340)l 200 810 8| 2,00 3,10]] 800] §.00
9|7 441501) 9.44] 904 9| 7,44 504} 9,00] 9.00
10 | 4.40]4,00]i 10.10]10,00 10| 4401 1,00 10.¢0| 10,40
H [—] 6141 || ——[11:41 14 2,00( 644 ][ 14,401 14,40
42 2,00) 3,103 12,04 ] 12,00
3] 4,40 | (,00] 43,44 {4341
i | 2,00 641 || {440 14,44
Puc. 3.28

HerpyaHo BHJETb, 4YTO INpP¥ HANKUHH YKa3aHHOHK anpTepHATHBE!
pasMepbl HCXOAHBIX ACHHXPOHHBIX Tal/IHL BCerga HE MEHDBLUE pasMepoB
CUHXPOHHBIX. [IpH 5TOM pasHuua B pasMepax MoOxeT OBTh HOBOJABLHO
suayuTensHoi (3agamus Ne 12-15). Ho mng C-acHHXpOHHBIX Tafiuu, 3a
penxuM uckitouenneMm (3azamus MNe3,15), xapruna oGpatHad. B aToMm
CMBICTe ACHHXPOHHEIH BEIGOP NPEATIOYTHTENEH.

C-aCHHXPOHHbBIE CXEMBI

Ilepexon x C-acHHXPOHHBIM cXemaM cBA3al ¢ npeofpazoBannen
McxogHo#t apromarHo$ TaBmuubl, Kaxk OpI0  moxazano, alropHTM
npeo6pasoBaHKs  3aBHCHT OT THMa apToMara (CHHXPOHHMHH  HIH
aCMHXPOHHBIN) M OT BHIa caMOH  cxeMmel (perucTpoBas  HMIH
GesperucrpoBas). ODTO OKa3kplBaeT BIMAHHE H HA  pealH3yeMocTh
NONy4aeMOR CXeMBEI.
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Pyuc. 3.29

ACHHXpPOHHBIH aBTOoMar. B maHHOM cnydae wucxoaHas Tabnuua
nepexonos Jnd C-acHHXPOHHOH perucTpoBodf cxeMsl (cM. puc. 3.24,B)
ABNAETCS ACHHXPOHHOH Tabnuued. Ho ara Tabnuua uMeeT CyWECTBEHHYIO
0CO0CHHOCTb: BCE& YCTOHHUUBBIE TIONHBIE COCTOAHHMA B J0GOA crpoxe
Tabnuubl AOMKHBI MMETh OJHO M TO K€ 3HavYeHHE BBIXOAA. Eciau ykazaHuoe
YCIOBHE HE BERINOJHAETCA, HeoOXOOMMO cHavyama npeobpasosars Tabauuy
K HY)HOMY BHIY (CM. IpeabtAymuit pasgen). ITo HECKOMBKO OrpaHHYMBAET
BO3MOKHOCTH MHHHMH3AUKH HCXOXHOH TabmHusl H BMecTe ¢ TeM obneruaer
CaM MMpOLECC MUHHUMH3ALMH, O YEM YK€ TOBOPHIOCH B § 3.4.

Kak 6»ut0 mokaszaHo paHee, TaGnuna nepexofoB and C-acHHXPOHHBIX
perucTpoBBIX cxeM (cM. puc. 3.24,8) ornH4YaeTcs OT  MCXOMHOH
aCHHXPOHHOH TabnULLEL, yHOBIEeTBOpAOIEH cQOpMYTHPOBAHHOMY
tpeboBannio, HanHuHeM NeBOH ycroHumBoi yactu upuw C = 0. Ilpasas
yacts (C=1) nopTopaeT ucxomHyr Tabnugy. Ilo  yCNOBHIO  BXOAMBIE
HHQOpMALHOHHbIE CHUrHanel  BO BpeMa HeHCTBHR CHHXPOHMIYAbCa
HeusmeHHBl. Ha kampaoM nepexome MeHAETCS TONbKO 3HAYEHHE BXOJAa
cuaXpoHu3anuy. IToaToMy cocTg3anus 1o sxonmaM orcytctsyior. Cornacho
npasuny Anrepa (cm. § 3.3) B cxeMe HET M CYIECTBEHHBIX COCTH3AHMH
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(cM. puc.3.26,6 u 3.27,8). Ilpu ucnonb3oBaHHH TpUrTepoB puc. 3.25,6 ans

GOpMHPOBAHHA CHIHANOB COCTOSHHE COCTA3aHHMA CTATHYECKOTro THIA
B CXEME HE NpPOABJIAOTCA.
Tabnnua 3.2
CpaBHHTENbHAS OLEHKA Pa3MepoB Tabuany mepexoxon
YuCNo COCTOAHHN MHHKMHUIHPOBaHHOH TaBaru bl
Homep C-cHHXpOHHOH Hcexomnoit
3MW AcHHXpOHHBIH | CHHXPOHHBIH ACHHXPOH CuHXpOH -
aBTOMAT apTOMAT HEI# aBToMaT | Wbl aBTOMAT

1 4 4 4 4

2 7 9 7 7

3 16 12 8 8

4 10 10 10 10

5 12 15 12 12

6 4 7 3 2

7 4 5 4 3

8 6 8 6 4

9 9 10 7 4

10 10 12 10 7

11 11 13 11 8

12 12 12 12 4

13 16 16 12 4

14 12 14 12 4

15 16 13 16 6

Takum  obpasoM, B ciyuae  [pPapUNBHOro  KOAMPOBAHHMA  C
ynpasasiouedf 9acThi0 CXeMmbl Bce 3apegomo Gaarononyuno. OpnHako
B OTNMYHE OT ACHHXPOHHOrO PErHCTPOBOrO BapuaHTa MepeKovYeHue

BHIXOJOB CXEMbl MOXET NMPOUCXOLHTL B YCAOBUAX MPOTEKAHHMS MEPEXOLHOTO
npouecca 1o sBeixonam perucrpa RGZ (sropo# nomyrakt). OT Takoro pucka
MOXHO H30aBUTHCA BBHINOJHEHHEM BceX CKIeeK M0 INYTAM BTOPOTO
nonytakTy ua xapre KapHo ans BbixogoB. Kpome Toro, npe McHnolb3oBaHHH
RGZ ¢ noTesuHalsHbBIM yrnpaBieHHeM HeoOXOLMMO MPOBECTH BCE CKIEHKM
N0 BBIXOLAM MAS KaXZOro YyCTOHYHBOrO COCTOAHMS neBO¥ wacTH Tabnuusi
(puc. 3.26,6; 3.27,8).

[pupeseHHble JOBOABI M03BONAIOT CHOPMYITHPOBATE

Yreepxaenpue 3.3, Ecnmn  orofpaxenue L ACHHXPOHHO,
yAOBETBOpeHo ycnopne (3.5) .M KONMPOBAHHE IIPABHNBHO, HCIONL3YIOTCH
TPUITEPBI puc. 3.25,6 ans gopMupoBaHus y, H BHINOJHEHB BCE
ykazaHHble ckieHkn B Tabmuue BEixog0B, TO C-aCHHXPOHHAA PErHcTPOBAL
cxema peanusyeMa.

YTOYHUM MOHATHE NpPABHILHOIO KOLHPOBAHMS B JaHHOM ciyyae. ITO
YyTOUHEHHE  KacaeTcs  I[IPOMEXYTOUHBIX  HEYCTOHYMBBIX  COCTOAHHH,
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NOSABISIOMMUXCA B Opollecce KoAupoBaHHs. Puc. 3.30 mnnocTtpupyer
KOLUpPOBaHWE C COBMECTHBIM HCIOJB30BAHMEM CTPOK Ha [pHMepe
puc. 3.18,r. 3xecy «, B, ¥, 6~ NpoMeXYTOYHEIE COCTOAHHSA, BBEJAECHHEIE AN
OpTraHW3allHH [epexonoB Ges KPHTHYECKHX COCTASAHHH. 3aMETHM, 4HTO
nepexox 10 — 1 B cronbue 01 Ttabnuusl puc. 3.18,r BLIMONHAETCA TeMeph
kak 10 - a - B — 1, To ecTh 32 3 BHYTpeHHHX TakTa. Pan mepexopmoB —
NBYXTaKTHBle. YacTh M3 HHX BBHIIONHSeTCS depe3 “ITATHBIE” COCTOAHHUSA
taGnyusl. Hanpumep, nepexon 12 — 8 mcronbue 00 puc. 3.18r
npeoBpasyercs B 12 — 11 — 8. B panHOM chnydae 4HCIO BHYTPEHHUX
TakToB m = 3. Conoctasinenue ycaoBuil (3.3) u (3.5) rOBOPHUT O CHUXEHHH
ObICTpOREHCTBUA CXEMBl, HCIIONB3YylomeH Takoe KOOAHPOBAHHE, B CPAaBHEHHH

C ONpAMBIM IIOAXOAOM K peajH3allu{ apTOMaTa. o

Yiy:

) 00 01 11 10
00 2 5 7 8
[ 3 )] 1 12
11 10 4 3 9
10 ¥ ) 6 8

Puc. 3.30

CyTb yTOUHEHHS 3aKIIIOYaeTCA B CleaylomeM. B ciydyae KOOMpPOBaHHA
C COBMECTHBIM HCIIOIL30BAHHEM . CTPOK J€Bas 4acTh C-acuHxpouHoi
Tabnuubl NepexonoB A TNPOMENKYTOYHBIX HEYCTOHYHUBBIX COCTOAHHH,
MOABNSAIOWIMXCS B NpoOLecce  KOAHPOBAHHMA, [HO/MKHA  OBITE  TaKKe
HEYCTOWYHBOH H COOTBETCTBEHHO (IO BXOJaM) MOBTOPATE [paByIo.
B cniyyae KOZMpOBaHMS ¢ ONHOTAKTHBIMHM  IIEpexXoJaMH . CHEJaHHOe
YTOYHEHHE CIIpaBeIMBO [N HeaXpecyeMBbIX IPOMEKYTOYHBIX COCTOAHHK M,

3ameTHM, 4TO peanusanui KOMOMHAIHMOHHOH YacTH CXEMBI OCTAETCH
mo-npexueMmy 2-yposHesoit (tunma H-HJIM), HO Temepp — ¢ BO3IMOXHOH
Uemove4YHOH pasrpy3koff o BXOJaM 3IEMEHTOB MEPBOr0 YPOBHA.
Orpanudenue 3.1, 3a ucknouenwem yciaosus (3.4), coxpamsercs. Ho
B OTJIHYME  OT  YTBEPXAEHHs 3.2  BHINOJHEHHE  BCeX  YCJOBMA
yTBepxJaeHds 3.3 He BBI3BIBAET TpyAHOCTeil. Bmecre ¢ TeM, OTMEYECHHBLIE
paHee OrpaHMYeHHA MHHHMH3aOHH M  HeoOXOXHMOCTH  BBIABIEHHSA
JOMONHATENBHBIX NPOCTHIX HMIUIMKAHT I (QYHKLHAM BBIXOXOB MOTYT
NPHYBECTH K HEKOTOPOMY YCJIOXXKHEHHIO CXeMbl B CPaBHEHMH C ACHHXPOHHBIM
perucTpoBhM BaphHaHTOM. Ho o910 BHonHe mnpHemieMas Irara  3a
[OBEINICHHE HAJEXKHOCTH yCTpOHCTBa.
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B C-acuHXpoHHEIX Oe3perucTpoBblX cXemax pHc. 3.24,r HET ABHO
BBIPAXEHHOrO BRIXOAHOTO perucrpa. TpeGopaHue w3MeHeHHS BBIXONA IO
cpe3y CHHXPOMMIYJbCa yuuThIBaeTcs caMmoill rtabnuueil mepexonos. 31O
IPUBOOHT K NOABIEHHIO B TabJIHIE HOBBIX COCTOAHHI W NEPEXOLOB B ee
neBoit yactH (puc. 3.26,8 wu 3.27,r). B urore BHOBb BO3HMKAET OIACHOCTH
CYWIECTBEHHEIX COCTA3AHMH, KOTOpas HCKAoYaeTcs BBefeHuem Tpurrepa T
(puc. 3.24,r), BHINONHEHHOTo To cxeMe puc. 3.25,8. Ilpu oaTom
orpanuuenns 3.1 — 3.4 coxpaHAOTCA ¢ TOM pasHuMIeR, 4TO HIMEHAKTCA
tpeGoBaHUA K [TapaMeTpaM CHHXPOCHTHana:

min(T, - t. t,) > t; + mt,, (3.5
rae ty — 3anepxka rtpurrepa T, u peructp RG X ue Boinenen. Kpome toro,
OCTAKTCS B CHIE BCE CHEJAHHBIC IS NpEeAbAYUed CXeMbl 3aMeyYaHus
OTHOCHTEJILHO BLISBIIEHHA IPOCTBIX HMILIMKAHT B TaGNHILE BBIXOLOB.

Yreepxjgeune 3.4, C-acuHxpoHHas Ge3perncTpoBas  cxema
peanuzyeMa, €cCJM  BBITONHEHBI C  Y4eTOM CHEJIaHHBIX KOPPEKTHB
orpanuueHuss 3.1 — 3.4 H yuTeHB 3aMeYaHH’ N0 BHIABJIEHHIO IPOCTHX
UMIUIMKAHT B Taauue  seixomos. Ilpw  9ToM, ecmd  OTCYTCTBYeT
HeoBX0JHWMOCTh pa3srpy3Kkd BeIXOJOB Tpurrepa T, to ycnosue (3.4)
B OrpaHHYeHHHu 3.1 cHuMaeTcs.

[TopuepKHEM, YTO B 3TOM YTBEPKAEHHH THI aBToMaTa (CHHXPOHHBLI
WITH ACHHXPOHHBIH) He oroBapuBaeTcs. KpoMe TOro, yxaszbiBaeTcs YCIOBHe,
NpH BBIITOJHEHHH KOTOPOro IojydaemMas cXxeMa HekpuTuuHa K pasbpocy
3afepxkex anemeHToB. Ho Hano uMeTsh B BUAY, uTO TpeGoBaHue OTCYTCTBHUS
Neperpy3ok Mo BXOJAaM 3MEMEHTOB MEPBOT0 YPOBHA COXPAHAETCA B JTOBOM
cnydae. DTo ABAAETCA JOCTATOUHO CEPhE3HBIM OrPAHHUYEHHEM PeasH3allHy.

CuHXpoHHBIH aBTOMaT. B HaHHOM cilyuyae acHHXPOHHON perucTpoBo
peannH3aluMM He cylecTByer. Bo BBeJEeHHOM Kjlacce CXeM CBOHCTBOM
ofwHocTH obnanawTt Toabko C-acHHXpOHHBIE peanu3anuM. [[ng HUX Bcerna
MOXHO CHENaTth TaK, YTO YCTOHYHBBIE BHYTPEHHHE COCTOAHHS B KAXKIOM H3
LBYX nonyTaktoB 6ynyT pasmumudsl. Tem caMbeiM cHuMaertcs TpefoBaHue
ACHHXPOHHOCTH HMcXOMHOH Tabnuusl. [Ipw 9TOM pasHMLAa B OMHaMHKe
noBeNeHMA OGouX BapHaHTOB C-acHHXPOHHBIX CXEM HCYE3aeT, TaK Kak
HOBBIE COCTUXHHA MOABAAIOTCA TENEph H B PETMCTPOBOM BApHAHTE
(puc. 3.28, 3.29). A noroMy M 3mecs NpHAeTcs BBecTH Tpurrep T
(puc. 3.24,8, NYHKTHP) W BCE [IPYrHe OTpaHHYEHHA, KacCaBIUHECH paHHee’
TONbKO Ge3perucTpoBblXx cxeM. HWHBIMH CIOBaMM, yTBepxaende 3.4
pacnpocTpanseTcs Teneph Ha 06a Tuna C-aCHHXPOHHBIX CXEM.

CpaBHHTENbHAS OUEHKA _CHOoXHOCTH. Ouenka HpOBOJHTCA Ha
MHOXecTBe npuMepos puc.3.18, 3.26, 3.28, 3.29. 3ameTum, 4TO NMpUMEpH
puc. 3.26, 3.29 npencTaBnAOT OJHO 3aJaRMe, AOIYyCKaromee albTepPHATHBY
BhiGopa BapuaHTa aBToMara. CIOXHOCTB CXeMbl OLEHHBAETCA MO
CYMMapHOMY YMCIy BXOIOB COCTaBJIAIONIMX €€ 3JeMEHTOB (YABOEHHOE
YHCHO DKBUBAJEHTHEIX 2-BXOHOBBIX BeHTHJeH OB ma xpuctanne). Taxo#
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KpUTEepHH OpHEHTHpPOBAH HAa HCHOJNB30BaHMe 3axaiublix BHC. Omnenka
CNOXKHOCTH HCEBAOACHMHXPOHHBIX CXeM XaerTcs ANA CAyyad NPHMEHEHHA
KOMIAKTHOTO METOJa KOAHMPOBAHHSA C COBMECTHBIM HCNONB30BAHHEM CTPOK. "
CBoficTBEHHOE €MY YBeJMYEHHEe 4YHCIAa BHYTPEHHHX TaKTOB CXEMBI
cuHTaeTCH NOTYCTHMBIM. B BapuanTte npAMO#R peanusanumn
IpPOTHBOrOHOYHOE KOJHPOBAHNE H YCTPAaHEHHME CTATHYECKUX COCTA3AHHN He
BBIITOEAIOTCH.

Bo Bcex mMpHMepax HCNONb3yeTcs 2-yposHeBas peanusauus [JH® Ges.
pasrpy3ok aaemeHToB. s mocrpoeHus perkctpoB RGZ u RGY cxemnl
puc. 3.24,a NpUMEHSAIOTCS KOMNaKTHble D-Tpurrepsl ananoruyneie 1/2 TM2
(cM. §2.3) ¢ BKNOYEHHEM HHBEpPTOpPa Ha BXOJEe CHHXPOHH3aLMH. PerucTpel
RGZ acuuxpoHurlXx H C-acCHHXPOHHBIX DPErHCTPOBBIX CXEM CTpOSTCA Ha
OCHOBE TPHUITEpoB pHc.3.25,a C JONOJHATENBHBIM HHBEPTOPOM Ha BRIXONE
C. Bce chopMynHpoBaHHBIE paHee OTpaHH4YeHusn ynopiaersopsaiorca. Ilpu
9TOM YUYHMTHBAETCS HEOOXOHHMOCTh obecneyeHHs ENHHHYHOH HArpy3KkH
CO CTOPOHBI BXOHOB CXeMbl. IlonydeHHBIE B TAKHX NpPEAIOJOKEHHAX
3gayeHHs TokasaTens DB IAs pa3NTHYHBIX HCCNENOBAHHEIX BapHaHTOB
yka3aHsl B Tabn. 3.3.

Ta6nuua 3.3
HoxazaTend CAOKHOCTH PA3AHYHBIX CXEM
2 9B

C-acun- | C-acuu-

ABTOMAT Mpumep [MTpamas ACMHXPOHHAA | XDPOHHAsl | XPOHHAA

peanu3launs | permcrposas | peruct- | Gesperuc-

posas TpOBAas

ACHHXpOH b Puc.3.26 91 63 65 129
Puc.3.18 298 268 282 271
Cunxpoms Puc.3.29 81 - 109 111
Puc.3. 28 77 - 226 225

IOns acHHXPOHHBIX aBTOMAaTOB B O6OMX paccCMOTPEHHBIX NpPHMeEpax
NpH nepexole K NCeBIOACHHXPOHHEIM peanusanusM 6e3 yBeIHUeHHs THCla
BHYTPEHHHX IIepEMEHHBIX (Takoe YBENHYEHHE HMEEeT MEeCTO B NpHMEpe
pHc. 3.26; Ge3perHcTpOBHIH BapHAHT) MONYYEHO YMEHBUIEHHE CIIOXHOCTH
cxeMbl. DTOT QakT JONycKaeT npueMieMoe obbsICHEHUE. B nByx npyrux
paccMOTpPEHHBIX TpuMepax (cioyda# CHHXPOHHOIO aBTOMAra) MNepexon
K C-acMHXDOHHBIM CXE€MaM CBf3aH C YBEIHYEHHEM 4YHCla BHYTPEHHHX
HepeMeHHBIX H IOTOMY — C DOCTOM CJOXHOCTH B CPAaBHEHHH C TNpAMOH
peanuszanueit. OcoGeHHO pe3ko 3TO MPOABNAETCA OPH HECKONBKHX BBIXOHAX
(puc. 3.28), w60 KaxZOe COCTOAHHE MCXONHOK TabnMubl NPAXOLMTCA
ay6ndpoBaTh MO YHCHY BO3MOXKHBIX 3HA9eHMH BEIXOHNA, H BBOAATCA
JOTIONHHTENbHEIE COCTOSHHA, Heo6xoauMEIe ons peanusanuu
C-acHHXPOHHHX NPHHUHNOB. B nmpuMepe puc. 3.28 nokasaTendb CNOXKHOCTH
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yXyAllaeTcs MOpuMepHo B 3 pa3a. PasHuna Mexny PperucTpoBofi H
Ge3perucTpoBOodl peanu3alMiMHM NPAKTHYECKH HCYe3aeT KaK [0 AMHAMHKE
IPOLECCOB, TAK U I10 CIOMHOCTH CXEMBI,

Takum oBpazsoMm, MO8 aCHHXPOHHBIX OTOBpaxeHudl OOCTOMHCTBA
C-acHHXpOHHOH  perucTpoBO  peanu3alMH  HECOMHEHHB. B cnyuae
CHHXPOHHBIX aBTOMaTOB 06a BapuanTa C-aCHHXPOHHHBEIX CXeM MOrYT GBITh
HCMONB30BAHKl MPHMEPHO ¢ ONHHAKOBOH oddexTHBHOCTHRIO, OpHAKO
JIOBONILHO cepbe3Hoe TpebGoBaHHE OTCYTCTBHA IEperpy3ok IO BXOXaM
3/1€MEHTOB MEPBOro YPOBHA, JXKejlaeMas HEKPHTHYHOCTH K 3ajepkKaM
3J€MEHTOB H IIOBEIMIEHHAs CIOXHOCTHL MNpU HBYX H 0Ooflee BhIXOMAX
3ATPYRHAIOT HX NPAKTHYECKOE UCINOMb30BAHUE.

ConocTaBieHHe ¢ NpsMOH peanusanuei

Kak ycTaHoBIEHO paHee, ACHHXPOHHOCTH aBTOMATHOTO OTOGpameHMS
MO3BOJIAET BBIAENHTh peanu3yeMblii NONKIACC CPABHUTENBHO HECTOXKHBIX
(npu ymepeHHsIX Tpe6oBaHHAX K GLICTpOAEHCTBHIO W OUpPaHMYEHMH uMC/IA
BBIXOJIOB) MCEBJOACHHXDOHHBIX [OCHEIOBATENbHBIX CXEM, HA3BAHHLIX
C-aCHHXPOHHBIMH PErHCTPOBBIMH, HEKPHTHYHBIX K 3a/lepXKaM 3JIEMEHTOB.
llonHoe wucknovenue pucka cb60f gocTHraeTcs B HHX  eIMHBIMU H
LOCTATOYHO MPOCTHIMH JIOTHKO-CTPYKTYPHBIMH NpUEMaM¥ HE3ABHCHMO OT
CIIOKHOCTH YCTPOHCTBA. B 3TOM cMbIC/Ie aCHHXPOHHBIE PETHCTPOBBIC CXEMBI
NpaKTHYEeCKH HEKOHKYpeHTOcnocoOusl, OHM NpeAcTaBAAIOT, B OCHOBHOM,
METOROJNOTHYECKHH HHTEPEC, XOTA H MOLYT MPUMEHATHCA B OTAENbHbIX
clydasx, KOrAa OTpexeNsIomuM aBujercs Tpe6oBaHHE MHHHManbHOH
CIIOHOCTH,

Besperncrpossle peanusaliy OKa3bIBAIOTCS eNHHCTBEHHO
NpHeMJIeMbIMH 0Ji1 COBPEMEHHBIX Tpurrepos. OnHako B ofmem ciiyyae 1o
BCEM mapaMeTpaM peTHCTPOBBI BapHaHT He Xyxke Ge3perucTpoBoro.
[loaTomMy najiee pacCcMAaTPHBAIOTCS  HCKMIOUHTENbHO C-acHHXpPOHHBIE
perucrponbie cxembl puc. 3.31,a. MMEHHO OHH CONOCTABAAIOTCA C MPSIMBIM
nmoaxonom pu.3.31,6. Tak 9T0 MHOXECTBO THIOB, HAa KOTOPOM HIIETCH
HaWJIyUllee pelicHHue, CyXKaeTCs 10 ABYX MpeACTaBHTENeH.

OCHOBHOH XapakTEPHCTHKOH TOro MIH HHOro MOAXONAa SABIAETCSH
peanu3yeMocTh fnonyvyaemoif CXeMEl, T.e. oTcyTcTBHe B HeH puckos chos
1160 LOCTHNHMOCTh Peanu3yeMocTH (pHck c60d ecTh, HO HE NPOABAAETCH)
B YCHOBHUAX TIPAKTHKH. AHAIH3 pEanM3yeMOCTH B MOCHEAHEM CMBIC/E
nHermonon 6e3 ywera 3ajepixex B coeaMHeHHaX. Jlng mpaMoro moaxona
TakoW aHanu3 BoofIle HEBO3IMOXEH, €CIHH He YYHTHIBAThE BIHAHHE
pachasHpoBKM CHHXPOCHI'HAIOB, TMOJABAaEMBIX HA pa3jiHyYHBEIE TPHUITEpBI
perucrpa cocrosuuit. JIo CHX mTOp 3alePXKH B COSAHHEHHMAX HaMH He
yuntbiBanucs. OHH NposABNA0TCA NHOO B 3KBHBANCHTHOM pOCTE 3ajepiKex
9J1EMEHTOB, MU0 AHANOrMYHO BKIIOYEHHIO TNOBTOPHTENEH Ha MX BXOAAX.
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ConocTapneHue pasnHYHBIX CroC0GOB  peanusanud TMPOBOAHTCA IO
OTHeNbHOCTH [JI CJIyYaeB CHHXPOHHOrO M d4CHHXPOHHOrO aBTOMATOB.
CrenanHble BBIBOXEI TOATBEPXIEHH MOJENHPOBAHHEM HAa KOHKPETHBIX
npHMepax.
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Puc. 3.31

ACHHXDOHHBIH aBTOMAT. [IycTh KOOMpPOBaHHE NPABKILHO M pUCK c6os
CTaTHYECKOro THNA YycTpaHeH. IIpH MpaBHIBHOM KOIHPOBAaHHMH 3TOrO
BCErZa MOXHO HOGHMTHCA JIOTMYECKHM INyTeM, BEISBHB BCE IMpPOCThiE
UMIUTHKAHTH BHYTPH NepexOofHBIX MHOxecTB (cM.§3.4). Toraa nmokanbnas
pacda3upoBKA CHHXPOCHTHANOB NS NPAMOH peanusaunu He onacHa. Hubix
npuduH c6oes 3nech GHIT He MoxeT. C-aCHHXPOHHAd PErMcTpoBas cxema
B JaHHOM Cly4a€ 3aBeJOMO CBOGOZHA OT CYUIECTBEHHBIX COCTA3AHHMHE M
IOTOMY HEKDHTHYHA K 3a4epPXKKaM B COETHHEHHAK.
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Taxum ofpaszom, ecnu ucxogHas Tabnuila NepexONOB AcUHXPOHHA,
TO 06e CXEMbl peagu3yembl B ONMHAKOBOH crenend. OpnHako npamas
pealH3alud NONYCcKaeT  TONBKO  KOJAHPOBAHHA C  OJHOTAKTHBIMH
nepexogaMu. Jng C-aCHHXPOHHBIX CXeM IPHMEHMMBl H MHOTOTAKTHBIC
KOJMPOBAHHMA, KOTOphie pnaroT OGosee npocThle cxeMul. I[loaToMy npH
YMEpPEHHBIX TpeGoBaHHAX k GwicTponmeiicTBuio BeiGop C-acuHxponHOH
peanu3alMu B NaHHOM Clly4yae IIPENNOYTHTENEH, €CIH KOJHPOBaHHE
okaspiBaeTca OGonee koMnakTHbIM. CHenaHHas OroBopka YHHTHIBAET
BO3MOXKHOE NY6NHpOBaHHME CTPOK HCXOAHOH TabmHUBl epexojoB.
MakcHManbHbIH BBIMTPBIIL B CAOKHOCTH CXeMbl 00ecreuydBaeT KoJHPOBaHHE
C COBMECTHBIM HCHONbB30BAHMEM CTPOK. Ero npumeHeHwme 3aTpynHeHo
OTCYTCTBHEM ENHMHOTO anropuT™Ma s JMo6oro uucina BHYTPEHHHX
COCTOAHHH.

Cunxponnstd _ asromar. IlpaMoit unomxom B JaHHOM  ciiyuae
HepeanHsyeM (B CTPOroM  CMbICIe) M3-3a  HaJH4YHA  COCTH3aHHIl
HEYCTOHYHBBIX  COCTOAHMH, KDHTHYECKHX H  CTATHYECKOro  THMA.
[IpoTuBOronouHOE KOAMPOBaHME 30eCh HENpHMeHHMO. B ycrnosusx
pacha3vpoOBKH CHHXPOCHTHAJIOB HCKIIOYEHHE HeXesaTelbHbIX NposBNeHH il
ITHX cocTA3aHMH TpefyeT TmAaTenbHOR KOPPEKTHPOBKH CXEMEl B Ipoluecce
ee UHAUBHAYANbHOR oTnmagkH. IIpi OpHEHTALMH HA TEXHOJOIHIO 3aKa3HBLIX
bYC BO3MOXHOCTH TAaKOH OTNIAAKH OTPAHHYEHEL.

C-aCHHXPOHHBIM cxeMmaM B aHHOM cnyuae CBOACTBEHHDI
cywecTBerHple cocrasanua. IlosTomy, pmaxe Ges yuera 3ajgepiex
B COEIMHEHHAX, peajn3yeMOCThb TAaKHX CXeM MOCTUraeTcs HpH JOBOJIbHO
HKECTKUX OrpaHuUeHHax (CM. mpeibtywnii nogpasnen). Cpeau HUX cilejpyer
ocofio  BBIAEGNMTE JBa YCIIOBHA, BHINONHEHHE KOTOPBIX HpPaKTHUECKH
naubonee satpyauero. IlepBoe H3 HHX Kacaercs gonycTHMoro paifpoca
3a/lepKEK 3IEeMEHTOB;, BTOPOE -~ OTCYTCTBHS MNEpPerpy3’ok [0 BXOHaM
2MEMEHTOB MMEPBOrO YpPOBHS KOMOGWHalMOHHON cxemn B coctase AC. Ho
BBIXOJ M3 YKA3AHHOIO 3aTPYNHEHHSA UMEETCA.

ITeppoe ycnoBHe MOXET OLITh CHATO HEKOTCOPHIM H3IMEHEHHEM CXEMBI
pasMHOXEH ] CHHXPOCHTHanoB Ha ocHoBe tpurrepa T (puc. 3.31,a,B).
Panee mpofineMa pasrpy3ku No BXoJaM pelnanach nyTeM JyOGnHpoBaHHS
anementos., Ilpw 3TOoM npenmonaranoch, uTO BHXOAE ayGnaeft e
ofvenunensl. QOngHaxo Takoe oOBENMHEHHME HOMYCTHMO, ecnH ny6nu
pacrionoxeuns: B ogHoM  kopnyce (cm.§ 2.2). Torma cuumaercs
orpanduenue (3.4) Ha pazbpoc szajgepxuex 3nemenToB. Ecnm  Heob6xomnuma
pasrpy’ka 1O BXOJAAM, TO CHIHAIH CHHXpoHH3auuu (C umu C) u
BHYTPEHHHX TNepeMEeHHBIX CleJyeT [0JaBaTh Ha BXOJABl  OJHOTO
xoHbloHKkTOpa  (asanmorus ¢ HMIJIH-HE/M-napuofi  daktopusauuen
(cM. §3.3)). OTO CHHMaET BTOpOE YCIOBHE,

Taxum o6pasoM, IpH OTCYTCTBHH BIHAHHA 3afepKEK B COEJAHHEHHAX
peanu3yeMocTs C-aCHHXPOHHBIX CXeM JOCTHXHMA H B CIIy4yae CHHXPOHHOTO
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aBTomMaTta. Ho nepen okOHYATENsHRIM BbIGOPOM TOro HJIH MHOrO cnocofa
peanu3alMM YMeCTHO NPOAHAJIH3UPOBAaTh, KAKOH M3 HHX MeHee KPUTHUYEH
K 33JlepPKKAM B COSNUHEHHAX (pacgasupoBKke CHHXPOCHIHANOB) B YCIOBHAX
KOHKPETHOU TeXHOSMOTKH. [IpHuMHa B TOM, 4TO OpAMaf peandsaudsa [aer,
KaK [paBUO, 3Ha4YHUTeNbHO Gonee mpocTyrlo cxemy. OrpaHuyuM aHaiu3
cxemamu TTII,

AccouMHpPOBaHHbIE 3aIePXKKH. AHANH3 NMPOBOAMTCA L/ MAaNOMOILHBIX
UC TTJ cpenuero GeicTpopeHcTBHA. 3ajepkka MOBTOpHTENEH Ha BXojax -
3JMEMEHTOB ACCOLMHPYETCH ¢ KOHEYHOH NIUTENbHOCTBIO cpesa I, (dpouta

tp) cunxpocuruanos (C win C), DeHCTBYIOIMHX B CXEME. DTa 3aJepxKa
MpHHUMAETCA PaBHOHR /4 (/y) B IPEANOIOKEHHH, YTO MOPOrH NEPEKNIOYEH S

Up pasnHYHBIX 3JEMEHTOB CXEMbl MPOHM3BOJBHO paCHpejesieHbl 10 BCeMy
JOTHYECKOMY TNepenajy CHPHAIBHBX [DOTEHUHAT0B. Takoe nponymeHue
3aBefoMO H36bTOouno. Ho 3TO Nuius YCHIHT NOCTOBEPHOCTH MONYHEHHBIX
BLIBOJOB, €CJIH PEe3yNbTAT aHalH3a BIAHAHHA aCCOUMUPOBAHHBIX 3afepiKex
GyneT OTpHUATENBHBIM.

3Ha4yeHHA lepH tp MOKHO HafTH ¢ Y4eTOM HONYCTHMOH eMKOCTH
Harpy3kH M BBIXOJHBIX COIPOTHBIEHHH 2neMeHTOB. Ilns paccMmarpubaeMoi
TEXHOJOTHH IPH MaKCHMaTbHOH Harpy3ke Ha 3JeMEHT THNOBbIE 3HAYECHHA

Cy, =20 o®, RS, = 10 Om, Rl = 150 OM, cpemuss  sauepxka
anementa t =10 nc [39]. [Toatomy to, = 0,5 HE, (5 =T HC, T.e. ;<< T H
p < T 3aMeTum, 4TO B ofmeM ciydyae 3afepkkH B coeguHeHusx CBHUC

MOTYT NpeBBIIATh 3afAepPXKKH eMeHToB [101].

IMpu C-acHHXPOHHOH peanH3aAUMH CHHXPOHHOIO aBTOMATa ONACHOCTH
NpOABNEHUS CYUIECTBEHHBIX COCTA3aHHH MOXKET BO3HHKHYTH, TONBKO €ClH
ty > 21. K TakoMy BIBOAY MOXHO NPHATH C yHeTOM peajibHOH 3amepiKH
hopMHpOBAHMA eNUMHUYHBIX 3HAYEHHH CHrHANOB BHYTPEHHHX HNEpEMEHHbBIX
B cxemMe pHc. 3.31,a (cM. mpepsipymuit paspen). Tax, moaenupoBanue
nepexoma 3 — 5 B tabnuue Ha puc. 3.24,6 npy XX, =11, C =0 — | u

HaJIMYHH AaCCONMHPOBAHHON 3aJEPXKH ! suenu C (puc. 3.31, B)

p
rnokaseiBaeT OWUOKy, ecnu tep > 41, Ho pns TTJI-TeXHONOTrHUM COTrNacHO
npeiBfymeMy 1, << 1. [losToMy  acCOUMMpOBaHHblE  3AaNEPKKH
B COEZMHEHHUAX HE BIHAIOT Ha peanusyeMocts C-acuuxponustx cxem TTJL.
B cB43HM C NpAMBIM IOOXOXOM DPACCMOTPHM OpraHM3aulMio perucrpa
cocTosHMHA ¢ ofmuM HHBepTOopoMm no Bxomy C (pmc. 3.32, a), npuHsTYy!O,
HampuMep, B MHKpocxeMe perrctpa K155HUP1 (cm. § 4.3). Yurem BrusHue
KOHeYHOH AMHTENBHOCTH (POHTA 1y CHIHANA C nocnme umsepropa. Ilycts

TPUIrephl T; ¥ 7; AMEIOT pasHble NOPOTH NMepexnoyenus u Uy >U,;. Torga
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M3IMEHEHHE }; MOMET BbI3BaTh (OPMHpOBAHHE HOBOrO 3Ha4eHH V)
npexae, YeM MepeKSIYHTCS TPHIrep T;, NPH HEU3IMEHHOM BXojge X, ecliH
tp AOCTATOMHO BemWxko. B uTore Gymer  3aQHKCHPOBAHO  HEBEPHOE

coctosnue (mpumep mepexona 2 - 3 B tabnune Ha puc. 3.29, a npH
XXy = 10). Onnako pna cxem TTII 15 < 1, T.e. 1, BCerja 3HAUMTENLHO

MeHbLIE CYMMapHOro BpEMeHH nepeknioueHus T; W Qopmuposanus V.

[Toatomy ACCOLMHpOBaHHAN 3allepXKa B UeNnHd CHHXPOHHU3ALUMM KaK TakoBasd
TakK)Xe He onacHa,
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Puc. 3.32

VyeT npoueccoB B TpUITepHbx cxemax. IIOMHMO acCOmHMPOBAHHBIX
3a[epKeK B COCIMHEHHAX, C NOKaNpHOH pachasHpoBKOH CHHXPOCUTHANOB
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BylneM CBA3BBATH MHOXECTBO NPHYHH, KOTOpDhIE HMEIOT TE Xe CIEICTBHA,
49TO W (PakT HEOTHOBPEMEHHOCTH BOCHPHATHS CHHXPOCHTHANA PA’IHYHBIMH
TpUIrepaMH pEerdcTpa COCTOAHHM. B OCHOBHOM, 3TH HNPHYHHBl CKpPHITBH:
B caMHUX TPHITepHBIX cxemax. Paccmorpum Tte cxembl TTJI-tpurrepos,
KOTOpKIE B HACTOALIEe BPEMSA IPUMEHSIOTCA Hanbonee MUPOKO.

IIycrs B peructpe puc. 3.32,a HCOONB30BAHEI TPHUITEPLl THNA
K155TM2 puc. 3.32,6. Omm cpoGomuel oT puckos c6os, uHMEWOT
MHHHMANBHYI0 3aIepXKy H3MeHeHusa Beixoxa 2t [64]. Tlpum npexuux
yenosuax pachasdpoBKa CHHXPOCHTHANOB B PErHCTPE accOUHHMpOBaHa
Tenepk c 3aflepxKKoi tp+T 6TOKHPOBKH HHGQOPMALHOHHOH

YYBCTBHTENBHOCTH TPHUIrepa 7, OTHOCHTENBHO HavYana IMepeTIOveHus
Tpurrepa T;. 3anmepxka ¢opmupoanus B KC curnana y, onementom

H-UNHU-HE pasra 1. IToatomMy mnpu pas6poce 3afepXeK JJEMEHTOB CXeMBI
B UETOM OT Ty, A0 Ty, OMACHOCTb 3aXBATA JIOKHOTO COCTOSHHS PEANLHO
CYMIECTBYET, €CIIH

19+ Trnax > 3 Trnin - (3.6)

TpaxToBKa NPHYHH pacPasHpOBKH B PErHCTpax Ha OCHOBE TPHITEpPOB
pHc. 3.32,8B Ges umBepcun no Bxomay C Heckonbko unas. Cam mo cefe
TakoH TpHITEP TIPEeACTABNAET OAHY H3 BO3MOXHBEIX C-aCHHXPOHHBIX
f6e3perucTpoBBIX peanH3anui  CHHXDOHHOrO  aBToMaTta (ncxonHoi
tabnuusl nepexonos JK-Tpurrepa) Ha 2 BHYTpeHHHX cocTosnus [64]. ITpu
NOCTPOGHHM CXEMBl TPHITEpa HCNONB30BaH CHENHANbHBIA  JOTHKO-
CTPYKTYPHBI HpHeM YCTPAaHEHHs CyIIeCTBEHHBIX cocTsa3agmit. ITosromy,
KaK H paHee, MEpeKJIIOYEHHE CaMOro TPHITEpa MPOUCXOLHT 33ABEJOMO
opaBunbHo. JlokaneHas pacdasupoBKa CHHXPOCHTHANOB B [aHHOM ciydae
aCCOUHHPYETCS ¢ BO3MOMHBIM MPOABIEHHEM JHHAMHYECKHX COCTA3aHHH B
koMOHHALHOHHOK cxeMe npu H3MeHenuu C u3z 0 B | BCAEACTBHE
HEONHOBPEMEHHOCTH NEpeKNouenus Beixonos peructpa RG X (puc. 3.31,6)
W HATHYHA HHBepTOpOB Ha Bxogax KC.

IlycTe, HampuMep, NMepBOHauanbHO B cxeme puc. 3.32,8 JK = 00,
y=0 ¥ C IOCTYyNNeHHEM CHHXPOCHTHama Ha Bxojae J uMeerT mecTo
nepexogHel# npoumecc: I = 0-1-0-1. [nMHTENBHOCTH HMIyTbca H [ay3sl
B 3TOM IIpOIECCE 3aBHCAT OT paszbpoca 3anepxek snementoB RG X u KC.
H ecin YKa3aHHBIE [JIHTEIBHOCTH He MeHee 2T, TO nNpH HeHCTBHHU
UMIylIhca TPOH3OHAET NepekNIoYeHHe IEepBOH CTYNEHH TpuUITepa, a BO
BpeMs May3ibl YCHeeT H3MEHHThCA 3HAYEHHe ero BmXoxa y u3 1 B 0.
B uTore MOryT MpOABHTHCA I0OblE M3 YNOMAHYTHIX paHee COCTA3AHUA —
KPHTHYECKHE, HEYCTOHYHBEIX COCTOAHMHA, cTaTHYECKHE.

BmecTo HCHMONB3OBAHUA 3aANpelaloWHX cBA3el GIOKMPOBKY BTOpPOH
CTYNeHH Tpurrepa puc. 3.32,B yacTo peanssylor curmanom C. ITpu stom
BIHAHHE J0KadsHOX pac43MpoBKH  CBA3BIBAETCA C  NPOSABIEHHEM

268



CYWIECTBEHHBIX COCTA3aHUA B caMoM TPHITEPE, KOTrfa 3aJepXKa WHBepTopa
no C cpaBHuTenbHO BenHKa. EciH, Kak H NPH HCHONB3OBAHHK TpHITrepa
puc. 3.32,6, Mg cXeMB B 1eJIOM BBINONHEHO (3.6), TO H3MEHEHHE BHIXOA
n060ro TpUITEPa PErHCTPa COCTOSHHH Moxer upousoltu npu C = 1.
IlocnencTBus npexuue. HempHATHOCTH MOTYT CHYYHTLCS M NO cpesy
CHHXPOCHMTHaNa, eCl¥ NpUMeHeHa o6plyHai pa3rpyska Ha ABYX HHBEpTOpax
no obwecxeMuomy Bxoly C. Torsa nepseIM B cxeMe M3MEHHTCH CHrHAM C.
Ho ycnosue owmnbku To Xxe.

Taxkum ofpazoM, HANA CHHXPOHHOTO BapHaHTAa HH OAMH U3
pPaccMOTPEHHBIX TPHITEPOB NPAKTHYECKH He 00ECHeuYMBAET peajH3yeMoCTh
MOCNef0BATEbHOCTHOM CXeMBI, TonyyaeMolt npaMeiM crrocoBom. [Ipu 3ToM
onacHocTs pacgaiuposku B cxemax TTJI Bnonne peansma. Yro6hl
HCIIPABUTDL NOJioXKeHue, HeobxonumMo peructp RGX puc. 3.31,6 pacwupuTs
no obmwero Bxonuoro perucrpa RGI ¢ nuHaMudeckHM YHpaBieHuem M0
(pOHTY CHHXPOCMTHaNa, ¢ nojaveit Ha Hero curHanoB x H y (ot RGY) u

CO ChEMOM HE TONEKO xk, HO H yk'l. Toraa B mo6off MOMEHT BpeMEHH

ofpaTHas CBA3b B CXEME Pa3OMKHYTa M pHck cGos orcyTcTByeT. Boupoc -
B PHEMIIEMOCTH TaKOI0 YCJIOKHEHHS CXeMBI,
PesynpTaTel NpPOBEAEHHOTO aHANM3a COXPAHAIOT CHAY M B Cliyuae,

Korjga 3aJepXKH B COCNHMHEHHMAX 3HAYHTE/IbHBI, €CIH MoK T(p H T(.‘p

NMOHMMATL 3aJep)XK# nepenad poHTa M cpela cunxpocurnana. IIpu sToM
ofe peanuszauuu He cBobonuel oT pucka cGos. Ho npamoit moxxon Gonee
KpuTH4eH Ge3 BBENEHHA BTOPOrO perucTpa COCTOAHHMH.

O6cyxmenne. CormacHo NpOBENEHHOMY aHAIM3y, ECAM HCXOAHOE
3aflaHie JOINYCKAET albTEpHATHBY BhGopa aBTOMaTa (CHHXPOHHOIO HJIH
ACHHXPOHHOr0) W TpeboBaHWA K HALEWHOCTH YCTpOHCTBA BBICOKH,
TO NpeRIIOYTEHHE CIeNyeT OTAATh ACHHXPOHHOMY BapHaHTy. [Ipm 3TOM
C-acuHHXpoHHBIA cnocob MoxeT obecneuuTs G6oNee NMPOCTYIO PealH3aAUMI0
ycTpoHcTBa ¢ yMepeHHBIM OnicTponeficTBuem O&naromapst 3KOHOMHOMY
konHpopanuio. IIpsmas peanusalus ¢ OPOTHBOIOHOYHBIM KONHPOBAHHEM H
YCTPAHEHHEM COCTA3AHMH CTATHYECKOrO THIA MOXET 0KasdaThcs npoie AJis
GplicTpoNeHCTBYIOIUX YCTPOMUCTB, KOTAa MpPHEMIEMO TOJLKO OJHOTAKTHOE
xoguposanue. Ho peficTBMTENbHAs KapTHHA 3aBHCHT OT OcoOeHHoCTeH
KOHKPETHOTro 3ajfaHusd, [[03TOMY, BEIIONHSA [IPOSKTHPOBAHME, HAJO BCAKUH
pas CoOmoCTAaBJIATh Pe3ynbTaThl 060HX NOAXOMOB.

B cnyuae CHHXpPOHHEIX aBTOMATOB peanusyemocts cxem TTJI o6riuHO
JocTHXKUMa Tonbko mns C-acmuxpoHroro crnocoba. IlpaMas peanuszauus
B JIAHHOM Cly4vae, KakK NpaBHIO, HaMHOro npome. OIHAKO OHAa KPHTHYHA
K JlokanbHOH pacga3zupoBKe CHHXPOCHIHANIOB, ONACHOCTL KOTOpOH# BHONHE
peansHa. IloaroMy nmpeamouTeHHe chaexyer orxaTh C-acHHXPOHHOMY
cnocoby. Brpifop Meroda kooupoBaHMi OyNeT 3aBHCETh OT Tpebopadui
K GeicTpopeficTeuio. CpaemawHplfi BHIBOL [AONUYCKAGT HCKIIOYEHHE, €CJH
HCHOMB3YOTCS Ba PErHcTpPa COCTOAHKM.
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Tnasa 4

CTPYKTYPHBLIE MOAYJIH

MoIyabHOCTE CTPYKTYpPHl LHMpoBoro ycrpodictsa — meobxonumoe
ycloBHE MOBBIIUGHHS CTENEHN yHTerpaluu. Paznenenue Mmonyned sa CUC u
co6ersenno BUC unn CBUC (cBepxBHC) He yuHTHIBAET BO3MOXHYIO [MpH
3TOM KadeCTBEHHYI0 TPaHC(HODMANHIO MOHATHA 3JEMEHTA! OT 3JEeMEHTa
(dparMeHTa) CTPYKTYPHl K 3MEMEHTY CHCTEMBI, T.6. K OpraHU30BaHHOH
COBOKYIHOCTH ¢dparMeHTapHBIX  CTPYKTYP. Yrobet MOAYEpPKHYTh
NPHHUMIHAIBHBE OTJHYMA B COOTBETCTBYIOMHX MOAXOHAX K MOAYIHLHOMY
NpoeKTUPOBaHHIO, OyNeM PasiHYyaTh MOJYJH CTPYKTYDHBIE H CHCTEMHDBLE.

CucTeMHBIH TMOAXO0A AaCCOLHHMPYETCd ¢ IWHPOKAM NpPHMEHEHHEM
MHKpPOMpOLECCOPHBIX KoMIekTos BMC # o3HAa9aeT KOPEHHOE H3IMEHEHHE
BO  B3rAsffgaX Ha  OpoexTHpoBaHHe. Ho  3To  OTHOCHTCA  yxe
K CHCTEMOTEXHHKE, KOTOpas HaMHK He pacCMaTPHBAETCS.

Ilpy HCHONB30BAHHH CTPYKTYpPHOTO mojaxona nepesos Ha BHC
yerpoiicTs, paspaGoTaHHEIX paHee B Gasuce maneix HC, Beinonusercs
nyteM pazfHeHMs HCXOAHOH CTPYKTYphl Ha MHOMECTBO B3aHMOCBA3ZAHMHBIX
6nokos (Mogyne#t) {82,102-105]. Ilpu 3TOM MUHUMH3HPYETCA HHCIO THIIOR,
CyMMapHOe  KONHYECTBO  Moaylned W cBa3ed  Mexay HHMH ¢
YHOOBJIETBOPEHHEM OrpPaHMYEHHH HAa CTEmeHb MHTErpalMH, TONOJNOIHIO
MONY/sA ¥ YMCIO ero BHeWHMX BaBofoB. HanGonee nmpocro 3To cuenarn
B PETYJIAPHBIX CTPYKTYPaX C MOBTOPNIOWIHMHCH QparMeHTaMt ¥ CBA3SAMH.

B o6wem cnysae pewexHue npoGnemb pazbHeHHE ABAseTCA JIHWL
MepBBIM 3TaOM MOAYJNBHOr0 MPOEKTHPOBAHHA, KOTOPHIH NPHBOJMT
k moasnenuio pana cneu.BMC. Mx wumcno coxpamaerca nyrtemM HaKpbITHA
neckonpkux TUnos BHC ogHMM MHOroQyHKIHOHANLHBIM MOIYJIEM,
NnepecTpaMBAEMBbIM  HA  BBIMOJHEHHE OMpeleleHHol  Gyuxuun. DTo
IOCTHraeTcA IeHo# BBeJeHUs pomonHMTenbHOH u36GbITouHOCTH. Echu
YCTPOHCTBO HE OYEHb CIOXKHO, TO €r0 MOXKHO PEaNH3I0BATE Ha HECKOJNBKHX
kpucrannax BHC (B mnpemene — Ha ogpHom) Oes nepecrpoilkm. s
JOCTATOYHO CHOXKHBIX YCTPOHCTB CQOPMYNHPOBAHHBIH MOLXOX NPUMEHHM
TONBKO K OTHOCHTENBHO PETYISPHEIM HX YaCTIM.

B mactosmee BpeMs Goliee pacHpOoCTpaHeHa U3HAYANBHAL OpPHEHTALHS
Ha T[pHMEHEHHME CEpHEHRIX MHKPOCXeM ¢ TIOBBIIGHHOH cTemeHbio
HHTECPALHA: MHKDOCXEM MNAaMATH, CYETYHKOB, PErHCTPOB, apU(MeTHKOo-
JOTHYECKHX 6/I0KOB, NeWHGPATOPOB, MYABTHIIEKCOpOB K Ap. Ocrapmascs
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yacTh cxeMbl (OGBIYHO 3TO HEKOTOpasA YNpaBlsoUas 4acTh) peanusyercs Ha
maneix HC nubo ¢ npumenenHHeM nofysakasHelx Moayned BHC.
HcnonawszoBaHue MHOTOQYHKIHOHAIBHbBIX cew.BUC HeofXxonuMO
OrpaHHYEeHO H3-3a CIOXHOCTEH POEKTHPOBAHHA H H3OTOBIEHUA.

DneMeHTH TEOPHH MOAYJBHBIX CTPYKTYp paccMarpusawtcs B § 4.1.
OuH HaxoAAT oTpaxeHue B paspaboTkax CcepHHHBIX MHKpPOCXeM H
[IpHHUKIOB MX HCHONb30BaHMA. Perynspusauns cxemsl LenecoofpazHa H
npu ee orobpaxenmnm nHa kpuctann BHC ¢ npuMeneHueMm CHCTeM
aBTOMATH3HPOBAHHOrO NpOEKTHpoBauHs. He Bce u3maraeMsle METOXLb
HalWJIA 10Ka NpaKTHYECKOE NPHMEHEHHe. HO OHH BaXKHB! B HCTOPHYECKOI
PETPOCMEKTHBE M KaK COCTaBHAs UacTh CXEMOTEXHHYECKOH KYIbTYPBI.
Hpyrue naparpagm raapsl (§4.2-4.5) mocBsINEeHB H3YUEHHIO CEPHEHBIX
OnepalHOHHBIX MHKPOCXEM C IIO3HUHMHA NOJB30BATENIA H MUKPOCXEM HAMATH.
Bonpocst mocTpoedna  ONOKOB  nmaMATH  JOCTAaTOYHBIX O6BEMOB  C
HeobxonumeiM uuTepdercom [106,107] OoTHOCATCA K YMCHY CHCTEMHBIX H
3ech He oBCymAATCA,

PaccmoTpenue B UEJIOM CTpoHTCH Ha MaTepualle pabor
[39, 40, 64, 106]. IIpu >TOM, Kax M paHee, COXPAHEHB! CCHUIKH Ha OCHOBHBIE
NepBOHCTOYHHKH,

§4.1. DJIEMEHTEL TEOPUH MO VJIbHBIX CTPYKTVP

B sTom naparpage gaeTcs 3HAKOMCTBO ¢ NPHHUHIAMH [OCTPOEHHS
MHOrO(QYHKUHOHANBHLIX JIOTHYeCKMX Moxyined (M®M). Hanaraworcs
BONPOCHl MOJAYNBHOTO CHHTE3A MOC/IELOBATENBHOCTHBIX CXEM, CHHXPOHHBIX
H ACHHXPOHHBIX. HiyuaroTcs BO3MOXHOCTH peryjaspusaluy
KOMOMHALMOHHEBIX CXEM H OMEPALUHOHHBIX CTPYKTYD.

MuorodyHKIMOHANBHBIE JOTMYECKHE MOAYIIH

M®OM moxuo kraccudpuuuposars [108-112]:

1) no GpyHKUHOHAIBLHEIM BO3MOXHOCTAM ~ Ha MOLYJH YHHBEpcalbHblE, AN
peanu3aumm OIpeeNeHHOT O Knacca 6yneBBIX byHxuuit,
CTeLHaNTH3MPOBAHKEIE;

2) mo BHAY HAcTpOMKM ~— HacTpoHka TeXHOJOrHYeckas, MOHTAXHAS,
JoryuecKas;

3) no cnocofy KONMpPOBAHHMA HAacTpoe4HOH HHGOPMALHMHM — C MPOCTHIM,
CNOMHBIM HJIM MOCNEJOBATENLHEIM KOJAMH HACTPOHKH.

YnpaBneHue MOAYJAEM BBIMOINHAETCE TNyTeM (HKCAUHHM HEKOTOPBIX
BXO/JOB MNOCTOAHHBLIMH I[OTEHLHANaMH, [EPECTAHOBKOH MEepeMEHHBIX Ha
BXojax, oGbeNMHEHHeM HEeKOTODBIX BXOJOB, 3AHECEHHEM HH(OPMAUHUH
B HACTPOEYHYIO NaMATh ¥ nAp. B0O3MOXHO HCIIONB30RAHHE pPa3NHYHBIX
KOMOUHAIMA THX METONOB,



Janee paccmarpuBaercs clydalfl yHHBEpCAlTbHEIX MOAYJEH C ONHHM
BhixomoM. Haubonsmuif npakTHYeckHH HHTEpec mnpejcraBniiot MOM
co MHOTHMH BBIXomaMu. OIMH M3 [NOAXONOB K UX CHHTE3Y MoJpa3yMeBaer
oBbenHHEHHE B OMHOM KOpPIOyCe HECKONIBKHX ORHOBBIXOAHBIX MOM ¢
o6mumMy HHGOPMAUHOHHEIME H paszdelbHBIMH HacTPOEYHBIMH BXOIaMH.
Ilpu Apyrux HOAXOAAX MOLYIM CTPOATCA IO NPHHLIHMNY TpurrepHoro O3V
[111], nporpammupyemoro II3Y wunH mnporpaMMupyeMo# JNoru4eckoi
Matpuusl  IIJIM (monysakasusie BHC). Mukpocxemsr II3Y u  I1JIM
OTHOCATCH K WHCIY MOAyJe# ¢ TexHonoruyecko# HacTpolikoid. Onm Bynyr
paccMoTpeHrs! B § 4.5,

YHuBepcanbHblE MOOYJIH. HsBecTHE pasnuuHbIe OO X0 bl
K NIPOEKTHPOBAHUIO YHHBepcalbHeX MOM. B ogHOM npeanaraioTcs
pasIUYHEE CTPYKTYpPHI, pealH3yIONIHe HEKOTOpBIH (Mnu nonHbi) Habop
KOHBIOHKIHE OT m TepeMeHHbIX. M3 HHX € NOMOLWBI HAcTPpOHKH
Bei6upalorcs TpeSyemere [108, 111]. Ipyroi MeTon 3aKi04YaeTca B IOHCKE
“Haubosee 3¢ dexTHBHBIX” GYHKUHHE OT YMciaa NepeMeHHBIX, 6onpuiero m
[109]. K aTo¥ QyHKUHH DPHMEHSIOTCE BCE HONYCTHMBIE BHIBI HACTPOHKH.
B urore nonyuaercs MHOXecTBO (QYHKUHH m nepeMenHelx. HMcnonesys
Tako# NOIXOJ, YIAaNoCh CHHTE3MpPOBATH “IONHBIE” MOAYAHM ¢ m < 5
[108, 109]. Emle om¥H NOAXOX CBA3aH ¢ IOMCKOM ONTHMAalbHBIX pa3bueHu#
BCEX KOHBIOHKIMH m IepeMeHHHIX Ha rpYNnsl H BepaboTKOH HEKOTOpEBIX
BCIIOMOTATENbHBIX QYHKIHH Ha TOMOMHUTENBHBIX BBIXOAAX, MOAKIIOUAEMbIX
ko BxogaMm [82]. PaspaboraH cHCTeMaTHYeCKMH METON CHHTE3a TaKHX
Monyne# gns moboro m.

Ianee paccMoTpeHue Bemercs no [82, 108]. Ilycte A, B, C,
(nmubo a,,a,,.,a,) — Bxomsl MO®M; Z,,Z,,..,Zy = €ro BBIXOABL;, X,Xj,Xgy

(m £ M) — BxoaHsle HHGOPMALMOHHBIE CHIHANBL ¥,,Y,»Y,(q = M - m) ~
curganel  HacTpoHkH. CTpyxkTypa MOZYJS 3ajaHa COBOKYIHOCTLIO
onpenendromux ¢GyHkouid Bxogos Z.= f (A, B, C,..), x= 1,2,...,N.
KonxpeTtnas ¢GyHKUHSA, UM pealu3yeMas, 3aBHCHT OH 3HaYeHHU CHrHanoB
HACTPORKH ¥ MOPAAKA NONKMIOYEHHS CHTHANOB X,, ¥, KO BXOLAM MORYIS,

Ecnu y, €{0, 1, x|,...,x,}, TAKYI0 HACTPOHKY Ha3bIBAIOT HOPMAIBHOM.
B cnywaey, €{0,1} roBopsT o pmpocro¥f HacTpoiixe. BXxoxsl HacTpoiku
IPOH3BOJIBHEL, KOrAa NJId HACTPOHKH MOryT GBITh HCIONIB30BaHbl NI0GLIE (
3 M sxomos, nubo dukcHpopanpl. OGBIYHO (UKCHPOBAHHAS HACTPOHKA
ABJAAETCA ONHOBPEMEHHO H NpocTol. HacTpofika Mo NpOH3BOIIBHEIM BXOLAM
MoxeT OBITP Kak IPOCTOH, Tak © HopMansHo#. HanGonsmwumu
GYHKIHOHANBHBIME BO3MOXHOCTAMH o6najaeT HOpMajibHad HacTpodka mo
MPOH3BONBEHBIM BXOLAM.

Kon o¢ukcuposarHoif HacTpoikm MoXeT OblTh KOMOHHHDYIOMIUM
(MHOrOMO3MIMOHHEIM) HIIH BBIEENMIOWUM (OXHONO3HUMOHHEIM). B neprom
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q
cnysae Z,= V fyy,, rae { f;} — Muoxectso 6azosmx ¢pynxumii. Taxolh xon
J=i

NpeanoyYTHTENEH, KOTJAa HEOBXOAMMO MOXYYHTE MHOTO  (GYHKUMH,
cocToflinx M3 HeGompuioro wxcira OXMHAKOBBIX KOHBIOHKUMM. [Ipumep:
Z=ABCv ABD v ABE v ABF. 3necs A, B —~ HHQOpMalHOHHEIE BXOJIEL;
C, D, E, F - Bxons! macTpolixu; A B, AB, AB, AB - Gazosble pyHKIHH.

Ilp¥  HMCHONB30BAHMM  ONHOMO3HLUKOHHOIO  KOXa, T.e.  EClH
zZ,= yj; Yi-Yy, KaXAYI0 6a3oByr Gyuxumro f Beigenaser q = ]Jlog,v[ -
paspanHbifl kopn. OO6GHYHO ero NUpHUMEHSIOT, KOTHa MOAYAL peanusyer
cpaBHHTeBHO HeGonpmol criucok dyukuuid. [Ipumep:

Z=ABCDEvV(AvBvC)DEv(ABCvABCvABC)DEv ABCDE.
3pece D, E -~ BXoabl HACTPOHKH.

Hcrnonssobanune dHKCUpOBaHHOMH HAacTpOHKH COBEpIIEHHO
Heo6x0NUMO, €CNH OZMH H TOT XK€ MOIYJIb [OJUKEH MEHSTh CBOE
¢byHkuHoHMpoBaHHE B mpouecce pabGoTel  cTpyKTyphl. [Ipou3sonpHas
HacTpoHKa 3TOro He HOMyCKaer.

Monayas, kKoTopbiit peanuiyer Bce 2° QyHKUME OT m mepeMEHHBIX,
HA3BIBAETCA TNpeJe/NbHO YHHBepcanbHhIM., Ero CHHTE3 Npu HCIONb30BAHHH
koMOuHHpyrOmIEero KOJja duxcuponanHoit HacTpOMKH CBOAMTCSH
K 06pa3oBaHHio 2" TMOAHBX  KOHBIOHKHWH, KaxA0H H3  KOTOPLIX
npuuMdceiBaeTca crol curman mHacrpoHku. IToatomy 3gece M = 2"+ m.
[Tepexos K NpOH3BOJABHBIM BXOJAM HACTPOHKH mpH m>2 [03BosIsET
cokpatuTe M Gonee yeM BiaBoe. QopManbHBle METOMBl CHHTE3a TaKHX
Moaynei noka HeusBecTHol. Ho ang cpaBuTenbHO HEOOIbUWIHX M HX CXEMBbI
HalJdeHBl IBPHCTHUECCKH.

Tak, npu m = 2 3neMeHT MoxeT OBITE 3a1aH QyHKUHER

Z=ABCv ABCvBCDv BCD vACDvACD.
B rabnuue (puc. 4.1,a) ykasaHml HACTPOHKH 3TOr0 MOIYJS -JHWbL [Js
ORHOTO TIPEJACTABHTENN KaMKAOro Knacca peanusyembix Oyuxunit. Bee
ApyTHE GyHKUHE  MOTYT  OuiTh KONYHEHBl  COOTBETCTBYIOMMM
OTONIAECTRIEHHMEM BXONOB H HHQOPMANMOHHBIX CHIRaNos, Hanuuue ctpokus
TaGJaHUBl NO3BOJAET peanu3oBaTs Mobyo GYHKUHIO ¢ m >2, HCHONb3YS
MakcuMyM 2"'— | TaKUX DJIEMEHTOB.
IMycte, Ana npumepa,
Z=x,xzx,x, v 'i&zx,x“ V§1X1;Jx4vx,;zx3;4 v X,X2;1;4 Vx,;:;;i'-q v?&&;;,.
ITocnenoBaTenbHO 3aNHCEIBAEM
Z= XaX, V XX KgT XXX, VXX, %0 VX XaXs V XiXaXs;
Xe= XiX, V XiXg3 Ky T XiXy)  Xg= XX,V XiXa.
CooTBeTcTBYIOWME 3THM QYHKUMAM HacTpolkm ykasansl B Tabnuue Ha
puc. 4.1,6. Hckomas crpykTypa (puc. 4.1,8) copepXuT 5 2N1€MeHTOB.
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a .
|, |Hacmpodra , Hacmpodka | W aqcc
’ TaTalcp] frace Pyuud | ITR o] | pymwaud
1 B ABDVvABD 1 0]01 (AD
2 C{ABCVABRC 12 010 |AB
3 (A ACDVACDVACD 13|10 { BD
410 BCDVBAEDVBLD b |1 0 |ACVAD
ABD v ABD v ABDvABD- =~ R
5 ! 1
1] - ADvAB 50 0 |BCvBC
6 { |ABCv ABC v ARC vABC|16(1| 0 (Dv{DvCD
7 1 ACDvACDVACDVACD|M?| |1|0] |ADVADVAD
8 {| |ABDvABDVABDVABD|18 |4 | |4 BDv &D vBD
BCDVBEDV BCD v
I veeoveed 9] [O] |1|A
ABC vABC vABCv =
10 AT Raeonee 10 |1 1€
> )
Nane-lHacmpodka [puu-| X —{A *—{A
Meuma Teilemy ea | BR 4 YR 2
i Y435 0| Xe| Z 0—1 le—HD
2 W%t (%] X5 | w17 ’lxb——A Tl
3 [X3]%2| 0| Xs| X6 1 —1B B B Z
3[ %7 9 ot 5 0— ¢ 3 0— o =
4 XX/ D]0 ] X% 0—D D D
5 %] 1|%| 0] X8 X3 Y6
Puc. 4.1

EcTecTBEHHEIM TpeboBaHHEM  NPH  MOLYJIbBHOM BBLITIOJIHEH HH
YHHBEPCANbHBIX CTPYKTYD, NpefHa3HaYeHHBIX ans peanusaumny
MPOH3BONBHEIX GYHKHMH 3aJaHHOTO YHCAA TMEPeMEeHHBIX, SBJIACTCH
MHHUMH3ANKHA CYMMAapHOrO KOJHYecTBa BHIBOAOB. IDTO KAacaeTCA Kak
OTHENBHO B3ATOTO 6a30BOr0 MOAYNA, TAK H CTPYKTYpHl B nenoM. Opun u3
MOAXOHZOB CBA3aH C HCIONs30BaHMeM Jexomnoszuuun Ulennoma. Tax
npeleNpHO YHHBEpCaNbHHH MOXYTs Ha TpH mepeMensnie (puc. 4.2,a)
MOJNy4YyaeTCs M3 Pa3sIOKEHHA

f(x,%5,%,) = xix2 fo (%) V xax, Vo, () vV oxXa fio(%3) voxxy fi (%),
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3nech octaTouHas QyHKHHA S (x,)e {0, 1, x,, x5} ecTh pe3ynpTar

NOLCTAHOBKH B {( X, X;,X,) SHAUCHHH X, = q|, x,= o, (o€ {0,1}).

a % Y Le S VRN A
RGN TN I A
- :I yeis ’
H n fao {
Jcoo ; -— ;
fo4 & : i i
™ — — :
f10 & ' ; ; |
L | 1 l
I — |
L L B
e = |
b )
= 45 {4~ A
. HacmpouKa Ya 22T
0z
‘ATETCIolElFTalmlT] v uus | o593t |
0101 CDEFGHI 134____':;‘[1‘7
1| ol ADEFGHLI| o
2 0|1 ABEFGHI 1,.%543
5 04 ABCFGHT| *ends o4
4 0 ABEDGHI| 4257
5 0|1 ABCDEHI s
6 O[] [ABEDEFT] wid]
7 0[4[ABEDEFG| Ywg—gs 3H
Xg-':'(-‘-:?
2 9
Ha cmpouka
ATBTC D EF e H]T] Py uus
1|xs|%210 [0 | 0[O0 1 |%3|%Xg| X3 %5 X7 Rs
2 .x1 3(4 .Xs Jm X“ D D 4 X's quhisxzb_(u.lns
31%e| Xg| Xa|Xisl O |1 | %] X2 | Xa Xe X2 X4 X6 X8 Xg Xio

Puc. 4.2
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Mono6Hpi#i MODyNbL BKIIOYEH, HaNpHMeEp, B COCTAB HMHTErpanbHOl
cepun K155 B kauecTBe MynsTHnnekcopa 4—»1. AHanoOry4yHas TeXHHKa
NEeKOMIOSHIMHM MOXeT GBTh HCHONb30OBAHA MM PEANH3ALUMH MOIYNS Ha
no6oe gmcno mepemermsix m. Ilpu atoM Tpebyercs Bcero 2" + m -1
BHIBONOB M, B TO BpeMms Kak B Cllyuae HCIIONb3OBAHHUA KOMOMHHPYIOUIErO
Kona QUKCHPOBAHHOH HacTpOHKH 3HaveHHe M = 2"+ m, T.¢. CYMECTBEHHO
BbILIE.

EciM n -~ YHCNO [EpPEeMEHHBIX YHHBEPCAIBHOH  CTPYKTYpHI,
TO BO3MOJXXHAa €€ JPEeBOBHHAA peaNHu3alud C 2"' + n-1 BBOJAMH Ha OCHOBE
MoxyneH, y koTopslx m < n. Hanpumep, Ang HEUeTHBIX n H m = 3 HCKOMas
CTPYKTYpa MONydaeTcst U3 pasNokeHHs V

f(Xyser X,) = XiX2 fop (Xyaeees %) Voo VX (X 00e0s X, ).
Kaxpas GyHKUHS foo,(X,,...,X,) 3aTeM “pacKpbIBaeTca” 4epes x, H x,.
Taxoif mpolecc HOBTOpSeTCA LO TEX MOpP, IOKa HE OCTAHETCA €NHHCTBEHHAN
nepemeHHad x,. Ha puc. 4.2,6 1ag npuMep pealu3alMy ANg ciydas n = 5.

IIpenesbHO YHHBEpPCANBHBIE 3NEMEHTHI TPYIHO BBIIONHUMBI IIpH
fonpmHUX 3HAYEHHUSAX M. BRIXOAOM H3 MONOXKEHHS HABISETCS MOCTPOEHHE
YHUBEPCANBHBIX MOXYJNeH, pealnu3yIOMuX NH3BIOHKUMH JIOOBIX I MONHBIX
KOHBIOHKUHE OT m nepeMmeHHbx. Tpe6yemMas (QYHKUHMA CHHTE3HpyeTCH
HyTeM OPOCTOro 06beXMHEHH BHIXOJOB HECKOILKHX JNIEMEHTOB.

PaccMoTpum caydait r = 1. Obumee 9HCIO NOJHBIX KOHBIOHKUHHE OT m
nepeMEeHHBIX C pasNUYHbIM YHCIOM OTPHLAHHMH cocrasiser v = m + 1.
Mo3TOMYy NpH MCHOJAB3OBAHHH BBIJENAIOMIEr0o KOAa HACTPOHKH 3neMeuT

m
onpenenen ¢yuxumed Z = V aj.ajap.a,,,. 3LECh aj.a, ~ KOHBIOHKUMSA,
=0

uMewmas i OTpHUAaHHH; a,,..4,, — KOHBIOHKIHA, ONpeaensemMas ABOHUYHBIM

m+q
3KBHUBANEHTOM 4YMcia i ; 3HaueHHe q = ]log,v[. Hanpumep, Ina m = 7 umeem
Z= ABCDEFGF{?KV KBCDEFGﬁIK v KECDEFGF{IE v

v ABCDEFGHIKv ABCDEFGHIK.
ViopomieHse CTPYKTYphl H YMEHbIIEHHME YHCIA BBIBOJOB MOZYJs
DOCTHIalTCA NPOK3BOJBHBIM BEIGOPOM BXONOB HacTpoHku. Onpenensoiast
mee!
=L
byHKIIHA TakKoro sjieMeHTa Z= 'V an.ayia,,.a,,. Hacrpolika ua
jul
peanH3alHMI0O KOHBIOHKUHH C | OTPHUNAHHUAMH OCYyWECTBAseTCH nomaved
CHIHaNoOB a,, =0,a,,=1. Talc B coyvyae m-= 7

MuoxecTBo HacTpoex ykazano B Tabnune (puc. 4.2,8).
B kauecTBe IpuMepa peannsyem rpymcnmo

Z = X, XXXy V DiXaXexuXuksV XX X, XeXsXoXio = Z,VZ,VZ,.
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3anuchiBAEM KAXAYH KOHBIOHKUHIO B obuiem Bune

Z=ABCDEHI(C=D=E=0); Z,= ABCDEFI (F=0);
z,= ABCDGHI.

1o onpenenser HeoOXONHMEIE HAaCTPOHKH (puc. 4.2,r) H CXeMmy
(puc. 4.2,1).

MoayibpHpie peanH3alil NOCHEAOBATENBHOCTHBIX CXEM

Wcxomuoil ang peanusanuu asnfercs Tabnuua nepexonos abromara.
[lpu  5TOM B JaBHCHMOCTH OT BHAa Tabnuuel (CHHXpOHHAA HIH
ACHHXPOHHAA) HCHONBIYIOTCA PAIHBIE [TOAXO/LL.

0 112

31210

21111

413|0

41 4 |1

b 9 Yo Ys Y4 Ys

[60 ld( 60 r&n___lds ,1 O ] 1 O D

200001004 |1

Ll 341|010

bo ’——@rrg__}_ NENEREEERE
[l N

Puc. 4.3

Cunxponusle cxembr [82]. Jio6o#t cumxponssi#t apromar Mypa ¢
ONHMM NBOMYHBIM BXOLOM MOXET 6bIThH peanu3oBal Ha OCHOBe 3-BXOLOBOIO
moayns (puc. 4.3,a; D~ 2neMeHT 3alepKKH Ha TakT). BRIXOAHOH curuain
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moxyns B Takre (k+1) ompeneneH BXORHBIMH CHTHanaMM B K-TakTe Kak Y=
=ab,v ab,¥ MpeNCTABIAET OGHY M3 BHYTPEHHHX NepeMeHHBIX. Bxoasl a Beex
MOIyme# CTPYKTYpHl COGNMHAIOTCA ¢ BHEMHHM BXOLOM X. Bxonsl byu b
KaXJEOro MOAYAA m, COEJHHAITCA C BBIXOJOM HEKOTOPOro MOAYNA
(BO3MOXHO, camMoro m,) nu6o ¢ koHcTaHTOH 0 mam 1.

[IycTh BHIXOX MOLYHAS m,3afacT BHYTPEHHIOI MEpPEMEHHYI y,= Z
(BBHIXOA CXEMBI), a ero BXOHBl b,H b, MONCOENHHEHB! K BHIXONAM Molynei
m, ¥ m;, ONPeeNIAMHNM COOTBETCTBEHHO BHYTPEHHHE NEPEMEHHBIE y,H
y;. Torma vy,(y,) = | nna BCeX COCTOAHHH, CAEAYIOLIEMY COCTOAHHIO
KoTopelx B cTonbue x = 0 (1) orBevaer 3nawenue y,= |. Bxoas m, u m,
onpenensloTes  aHamorwynwo. W Tak  pganee, 1moka  HE  MCUE3HeT

HeoBX0THMOCTh BO BBEJEHHM HOBBIX MOAYJCH.
Onpenenum noHaTHe Ij-npemmectsenanka N™'(q,,1)) cocTosnus q, kax

MHOXECTBO COCTOAHMH, JNS KOTOPBIX CHENYIOWMM COCTOAHKEM B cTonbueE I
ABAAETCA ¢;. AHAIOTHYHO Ij-mMpenmecTBEHHHKOM N"(Q.,Ij) MHOXECTBa

cocToauui Q; sBiasercs MHOXKECTBO COCTOSHHMH, CNENYIOIHE COCTOAHUSA

KOTOpHIX B cTonbue I; npunannexar Q;.

Hponenypa 4.1. Peanuzanus CHHXPOHHBIX cXeM Mypa M ¢ onHum
JBOHYHBIM BXOJOM H BBIXOJOM.

I. CrpouM HanpaBieHHBIH rpad), BEpIWIHHAMH KOTOPOIrO SBIAIOTCH
NOOMHOMKECTBA COCTOSHHH M, a pefpa OTBEHAIOT CBA3AM NPEALUCCTBOBAHUSA
MEX Y HHMH.

1.1. HayanoHOH Ha30BeM BEPWIHHY, KOTOpAasd COOTBETCTBYET COCTOAHHAM M
co 3HaueHueM BrIXoZa Z=| (KOJZOM BEPUIMHBl ABAAETCA IepeyeHb
COCTOAHUH).

1.2. OnpenenseM BepIIHMHB nns MHoxecTB 0 (1) -npexmecTBEHHHKOB
HavyalpHOH BEPIIHHBLI U COENHHAEM MX C Helo pebpamu, 0603HAYEHHBIMH
nudpo# 0 (1).

1.3. AHanoru4so InocTynaeM ¢ KaXOOH BHOBb BBEINEHHON BeplIUHOM,
[TocTpoenue rpada 3aKaHYMBAETCH, KOLAQ MPESLUECTBEHHHKAMHM
OKa3BIBAIOTCH YK€ HMEKIMeCs BEPIIHHEL.

2. BeimonHAEM MEPEXON OT MOCTPOEHHOro rpada K peamusauun M Ha

ocHoBe mopyneit (puc. 4.3,a).

2.1. Kaxxpan BeplIHHa rpada 3aMeHAETCAS MOJIYIIEM.

2.2. Pe6bpa, moMmedeHHble nubpodt 0 (1), 3aMeHAIOTCA COENAMHEHHEM C

BHIBOZAMHA b, (b') MOJyNs, COOTBETCTBYIOIEr0 BEPIIHHE, B KOTOPYIO
3TH pebpa HapaBIEHBI,
2.3. Bepmuna, oTBeyarollas MHOXECTBY BCEX COCTOSHHMHA, (eClH OHA ecThb
Ha rpade) 3aMeHAeTca KOHCTaHToH 1, a mycToe MHOXecTso ~ 0.
.4. BxomHo# CHIHan X MoJaeTcs Ha BRIBOJBI & BCEX MOXAYIeH.

2
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Tak, nns cuAxpoHHO#N Tabnuusl nepexonos (puc.4.3,6) mepperfl war
npouenypsl gaer rpad (puc.4.3,B), koTopelf 3arem Mpeobpasyercs
B MOJYJbHYH peann3auunto (puc.4.3,r). ER oTBeyaeT KojgupoBaHUE
coctosHull (puc.4.3,n). -

[Ipn HcmONB30BAaHHH PacCMOTPEHHOH NpOLEXYpsl BepxHell rpaHHLEH
yncna Mopynel, TpeGyeMBIX IS pealH3alMd aBTOMAaTa C N COCTOSHHAMH,
asnserca 2"~ 2. B cnyv¥ae MHOTOBBIXOXHOH CTPYKTYpH! war 1.1 npoueRypsl
MOBTOPAETCA MJIA KaXJOTro BhIXOZA.

Monyne (puc. 4.3,a) MOXHO HCIIONB30BATH H NPH peanH3alud CXEM
Munu. 3DTo cBA3aHO ¢ He3HaduTeNbHOH Moaumdukauuedd npouenypsl.
Beixopnas BepudHa rpada nmomedaercs 6ykBod Z. CooTBeTcTByHOUIHe ¢H
BXo4bl b, (b)) COENMHAOTCA ¢ BbIXOXAMKM MOAYyIell, OTBEUAIOLIMX
MOAMHOXECTBAM COCTOAHHME, KkoTopble pmatoT Z = | opu x = 0 (I)
B ocransHOM mpoueiypa OCTaeTCs HEH3IMEHHOIL.

C yBenuyeHueM YHCNA BXOLOB CTPYKTYPBI CXEMa MOAYJNs HECKO/bKO
usMensercs (puc.4.4,a). Iloctpoerne rpada u MopynbHAas pealu3alHs
BBITONHAIOTCH AHANOTHYHO npexbIAymeMy. Tonexo BMECTO
0 (1)-npenmecTBeHHUKA HCIIONb3yeTCs Gonee obuee MOHSATHE
lj-npenmecrsennnka (0<j < 25-1).

Yucno monyne#t, HeoGXOXHMBIX A4 peanu3aluu CTPYKTYpPhl, MONHO
CHMAUTbL NYTEM YCNOXHEHHS cxeMmbl moayns (puc.4.4,6). MHorosxonosbiil
BApHAHT MOJYIS CTPOMTCSH, KAk W paHee. PaccMOTpHM cnydail aproMaTta ¢
ONHHM BXOZOM H BBIXOLOM. BEIBOABI a Bcex MOAyJieH COEAHHSIOTCH
co BxofoM X. CHTHam Ha BBIXOJEe MOAYJNS paBeH | Torja ¥ ToJbKO TOTIA.
korga x =0 u b, =1 aubo x =1 u b,=1 (i =1,2,...,r). B nanwom cny4ae
npouesypa MOLZHGHIHPYETCT CACAYIOWHM 06pasom.

Mycte Q — MHOXecTBO Beex cocTosHuil aproMara. Pasgesum Q na r
Gnokos Qi, Q2,...,Qr, KaXABIH H3 KOTOPHEIX HMeeT MakCHMyM |n/t|
COCTOAHHH (n — 4YHCJO COCTOSAHMI cxeMbl B LesioM). BrixonHoit monyins
m,OTBEYAET NOJMHOXKECTBY COCTOAHHH co 3HaueHuem Z = 1, Jduna nero
HaxoaaTcs nepecevueHus 0- u l-mpegmecTseHHHKOB ¢ Qi, Q2,...,Qr. D10
onpenessieT MOAYJH, KOTOpPble JOJDKHBI COEOHHATHCH C BRIBOLAMH by H b,
mMomynsa m,. Ilpouenypa nosropsieTcs AJS KaXIOro BHOBb HalJeHHOTO
MORYAs DO TeX [Op, NoKa He HCYe3HeT HEOOXOXHMOCTE BO BBEHEHHH
Kakux-mub0 HOBBIX IOJMHOXECTB COCTOSHMH. Bepxueli rpanuuefi uucuna
Moynelt Tpu Taxo# peammsanmm ssasercs 1+ r(2Ml-1). Bra rpanmua wme
3aBMCHT OT YHCIIa BXOJOB.

ITycts TpeGyercsa peanusoBaTh CHHXPOHHYIO Tabnuuy (puc. 4.4,8) ¢
Hcrmons3oBaHHEM MoAayned Ha S BxomoB (r = 2). 3a OcHOBY BO3bMEM
pa3buenne (123, 456). ITockombky cocroaHua 3,4 u 6 onpenpenswQr
sHayedue Z=1, orMeyvaeM BHIXOJHOW Monyns HoMepoM 346. [ns MHOXecTBa
{346} 0- u l-npenumecTBEeHHHKAMM HABJIAIOTCA CooTBeTcTBeHHO {156} M
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{2456}, Ux nepeceuenus ¢ {123} u {456} nator {1}, {56} u {2}, {456}.
Onpegenss 0- u 1-mpenmecTBEeHHHKH 3THX NOAMHOXKECTB M HaXxoas HX
nepeceyeHus ¢ JBymsa OiokaMi pasGHEHMs, MNONY4YaeM [OMONHHTENBHO
noaMuomectsa {4},{3} u {6}. IosTopenne mpouenypsl nobasnser {5}.
ITponecc 3apepmaercs, NOCKONABKY TPENLIECTBEHHHKOM COCTOSHHA 5
ABJISETCA COCTOAHME 2, KoTOpoe OBUIO yXe BBeNeHO paHee. B gaHHOM
cnyvae Tpebyerca 9 Monynei# (puc.4.4,r).

a X‘I |%2"|XK o o}
Aw b
- Bz Y
Bos
Bor
Boi
gm 1
b
l';'" _‘gnl 2
Bo
b 00 b 40—
Bra bz
go.
2
L o w2
bo2 5 | Boa 6 Bia
1} Bll
bz Bz
g0|
5':455
B2
Puc. 4.4

280



XapaktepHo, 4ro npu BeiGope pasbuenus (135, 246) nonydnm
CTPYKTYpY, comepxamyio 10 monyneii. Takum o6pasom, peanusauus 34ech
HE SBNAETCH €NHHCTBEHHOH. DTO OTIHYAET pPACCMOTpPEHHBIE MOAYJNH OT
Mpeasl Ay LI HX. B

JexoMno3uuys acuHXpOHHBIX cxeM [81]. BeneM psax oupenenedui.

- Pa3zfnenueM Ha MHOXECTBE COCTOAHHH SABIAETCA CPYNNMPOBKA
COCTOSIHHH B HEIepeceKalolHecs NOJMHOXKECTBa, HalbiBaeMele GrokaMu,
TaKk 4TO KAaXJ0€ COCTOAHHE MNpPHHAJANEKHT B TOYHOCTH OHHOMY O6noky.
HanpuMmep, o = (156, 2, 38, 47) ecte pasbuenHe 4eTHpbMA GnokaMu Ha
MHOoxecTBe {1,...,8}. 3anuch a = b (o ypapauBsaeT a u b ) o3HauaeT, 4TO

COCTOSIHHA a ¥ b HaxoAATCH B OXHOM M TOM e Gioke pasbuenus o.
Pazbuenne Ha onHOZINeMEeHTHhie 6ioxH HazpBaercsa O-pazbuenuem. Ecau
3a[laH0 OJHO3HAYHOE KOAHMPOBAaHHE TabJMIILI MEPEXOoN0B, TO ¢ KAKIAOH
BHYTpeHHeH riepeMeHHON y, MOXHO ONHO3HAYHO CBA3aTh 2-610YHOE
pazbueHMe p, TaKoe, 4YTO JJIA BCEX COCTOsSHHUH oxmHoro Gnoka y= 0, a
B Ipyrom y, =I.

- ITpounssenenuem ol asnsetcs pazbueHHe, KOTOpPoe ypaBHUBaeT a H b
TOrJa H TOJBKO TOTAR, korga oba pasbuenus o u B ypasuusator a u b. Tax,
(1356, 24, 78) (1236, 45, 78) = (136, 78, 2, 4, 5). EcH y,,¥s,eesYu—
y-MepeMeHHble OJHO3HAYHOrO KOLMpPOBAHHA MNA JaHHOH TaBnuusl,

m
t0 []p,=0 (® npormsHoM cnyuae Kax MHUHEMYM 2 crtpokn OymyT

1=l
3aKOAHPOBAHBl OJMHAKOBO).
- Paz6ueHus o M B HA COCTOSHHAX HEKOTOPOH TaGaMUBl TIEpPEeXOLOB

obpasytoT mapy paszbuennii P(a, B), ecnu mnsg kaxporo sxona [u xamnoi
nmapel COCTOAHMI p H q TakdXx 4YTO p=q, CHEAYIOUIHE COCTONHHS
a

N(p, f) = N(q, i). Tak, nas cuEXpouHON Tabauus (puc.4.5,a) pasbuenus o=

= (14,235) u B = (15,234) o6pasyior napy pasbueHui.

- Paszbuenue o odnamaer cBodCTBOM NONCTaAHOBKM, xorma P(a, o)
ects napa pasGueHuit. B npuBefeHHOH Tabriuue TakHM CBOACTBOM
obnapaer pasGuenne (12, 3, 45).

Teopema 4.1. Ecnu gns nexoropoit OMB-rabmuusr T napa P(o, o)
ecTh napa pasGueHHH, TO CYIMECTBYET MHOXKECTBO Y-NEpEMEHHBIX ¢, TAKOE,

yro [[p;= @, u mpurommoe OOTII-xoguposanme amst T Takoe, 4TO
y,aq,
Ve = Si(x0).
PaccMoTpuM ciiyualt mapannensHOH nexoMno3uuun (puc 4.5,6), korna
Kaxnas H3 B3aUMOHe3aBHCHMBIX cxeM C, # C, nepegaer BHIXOAHOH



koM6uHauuoHHOH cxeme JIC HHPOPMALHIO O CBOEM BHYTpPEHHEM
COCTOAHHH.

a A B C ) -
1 [4 1375 G 1
2 15|34 X5 AC &
3151213
L2 4|4 0 .
5111412 2
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6 Xy Xy, 00 01 44 40 Y,
00 D4 4 10 Y% s [MTOT 27210 (43)
1 [,07m),0]4,0[2,010000 2 L@ 1 @@ 1 (245)
21(2,0]3.0((2),0((2,014 4140
33,4(3,0]40] -~ o104 g Y249344
LI,01 — |)0(50 11104 1 [BYTMT 34 looo (1)
51(5),1141,0{ = |15),0]1 0 {1 2 12| 3 @) |1 40 (2
31333 4 (101 (34
it =104 (5)
e %]
il
Cy ANCF—o0 Z
X o I
% X
X 2 0 1 $le
0 1 Y'Y\ 1 [T2] 00 (2%)
1 @,0 50]000 0 213 2] DA (45)
212)0(4,0|00 1 { 2G4 11 (67)
3|(311{5,0{00 4 0 L] 10 (89)
lassits %
6,0 |(5,,00 1 A4,
g(ﬁ),ﬂ 8,004 4 4 000 004 014 0164440 14404 400 Y344
712,019,014 1 0 0 AT TO =T33 3T73]0037
812,048,0]4 04 4 oY ()] ([T @) 4| 4 |11 (368)
9/3,0§9.0]1 01 0 3322 [(3)]G](3]3)](3)]10(359
Gl =f A ] = =] =W &0 (4)
Puc. 4.5

Teopema 4.2. OVIB-Tabnuuy nepexoqoB MOMKHO pPEalM3OBaTh B BHLC
napajgienbHOd JEKOMIO3HUHKE H3 IBYX CXEM ,TaK YTO KaXIOMY COCTOAHHIO
TaBaHUbl Mepexonos OyaeT oTBEYaTh ENMHCTBEHHAs Mapa COCTOAHMH 3ITHX
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cXeM, TOra ¥ TONbLKO TOTA&, KOrAa CyulecTByeT napa pasbueHud o, 4 a,
co cBOHCTBOM MOACTAHOBKH TaKHX, 4TO a,a,= 0.

Paccmorpum npumep (puc. 4.5,8). Ilapa « = (13,245) wu
a,= (1,2,34,5) sensiorcs pasbuenusMu co cpoficTBOM moncrtanosku. Ilpu
oM o, a,= 0, Tak 4YTO ycnmoeus TeopeMbl 4.2 BpimonHeHsl. CornacHo
TeopeMe 4.1 MOXHO MOCTPOMTH OTHe/bHble TabNHLbLI HEPEX0/OB ANA CXeM
C, (puc. 4.5,r) u C, (puc. 4.5,x). Crpokn sTux Tabiuu oTseyarT Grokam
pasfuenuit o, u a,. Tenepb nyTeM MOCTPOEHHA MPHUrONHBLIX KOAMPOBaHHH
ona xawnpod rtabnunel (nokasad cnywafi OOTII-kommpoBsanms) MOKHO
cuHTE3HpoBaTh Tpebyemble cxeMbl. BHXONHas Jloruyeckas  cxema
onpefenseT MOJHOE BHYTPEHHEE COCTOAHHE M CHUI'HAN HA BBHIXOLE Kak
dyukuuio coctosuuit cxem C, u C,.

Tax, ecnn CjHaxomHTCst B cocTOostHMH 2, a C; — B COCTOAHHH 3,
TO NMOJHOE BHYTDEHHEE COCTOSHHE ONpENENEHO NepeceyeHueM OMoKoB 245
¥ 34, paBHbIM 4. QaKTHYECKas KONHPOBKA HCXONHOM Tabnmus npuseneHa
Ha pHe. 4.5,8. Ona apaserca npurogusiM OOTII-koaHpOBaHKHEM, TOCKOIBKY
a0 = 0.

ITocnenoBaTenbHas pekoMmmosuuus (puc. 4.5,e), xorna cxema C,
ronyyaeT HOTONHHTENbHYW HHbopmauuio ot C,, HakJIaawBaeT Ha
HCXOOHYI0 Tabnuny MeHee xecTkHe TpeGoBaHUY, YeM napannenbHas.

Teopema 4.3. OMB-Tabnuua nepexonos T MoxeT 6LITh peaNw3oBaHa
B BUJE ITOCNEROBATENLHON NEKOMIO3HUHHE H3 JIBYX CXeM TakuM oGpasom,
YTO KAXJOMY COCTOSHHIO H3 T OfHO3HAYHO COOTBETCTBYET mapa COCTOAHHMH
3THX CXeM, TOrAa H TOJNBKO TOrA4, KOrga cylecTByer pasfuenue
CO CBOHCTBOM [10ACTaHOBKH. D10 pasdueHue poigenser cxemy Cy. Cxema Gy
MOKPbIBAET JHXOTOMHH, KOTOPBlE OCTAIHCH HEMOKPHITHIMY cXemoil Cy.

PaccmoTpum npumep (puc. 4.5,x). Pasbuenue o; = (123,45,67,89)
obnagaer cBOHCTBOM moxcTaHoBKH. IlodTomy cormacuo TteopeMe 4.1
nonyuaem tabauuy nnsa C, (puc. 4.5,3) ¢ npurogusiMm OOTII-xoaupoBanuem
AByMs nepeMeHHbIMH. Beero B nexonno#t rabnune (puc. 4.5,x) npu OOTII-
KOLMPOBAHHH cliefyeT MokpbiTh Takue auxoTomuu: (1,28), (1,39), (1.47),
(1,56), (28,39), (28,47), (28,56), (39,47), (39,56), (47,56); (15,24),
(15,68), (15,79), (24,68), (24,79), (24,35), (35,68), (35,79), (68,79).
B nannoMm ciyuae p; = (12345,6789), p2 = (12389,4567). Tak ut0 ocTal0TCA
HEMOKPLITHIMHU IHXOTOMUH (1,28), (1,39), (28,39), (47,56),
(15,24), (68,79), (24,35).

IlpuMeHss Kk HuM upouenypy TpelicH, momydaeM MUHHMANbHBIA
Ha6op MOKpbIBaOKX AuxoTOMuit (147,235689) = py u (13579,2468) = p..
Teneps MOXHO mocTpouth Tabmmuy nna C, (puwe. 4.5,u). Ee cTpokH
oTBevaloT 6rokaM pasbueHus p;ps = (17,268,359,4), a BxonaMu ABAAIOTCH
X, Y1, Y2. Knetkd sro#l Tabanust 3aMOMHSIOTCS IYTeM NOCHeL0BATENBHOTO
paccMOTpEeHHsS BceX T[epexoJoB B HCXoaHo# Tabnuue. [lpu odroMm
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YYATHIBAETCH, UYTO M3MEHEHHS B Y, Y2 MOrYT NPOHCXOAMTb KaK [0, TaK K
nmocie u3MeHeHUH B ¥i, Y4. OkoHeunas cxema JIC cHHTe3MpYyeTCq COrnacHo
Tabnuue (puc.4.5,%) ¢ y4eTOM HAaHAEHHOro KOXMPOBAHHA.

Onuopoanste cetu [112]

OnHoponuble CeTH COHEpXaT KOHEYHOE YHCJO0 OAHHAKOBBIX
(B ofweM cnywae  IEpecTpaHBaeMBIX)  3NEMEHTOB M peany3yoT
ONpeNeNeHHYI0 JIOTHYECKYIO QYHKIHIO TpH JXaHHOW HacTpo#ke. Ilo
HAaNpaBMeHHOCTH CBsidedl pasnguvarOT CETH OJHO- M [BYCTODOHHHE.
OnuoMepHnie ceTH OOBIYHO Ha3bIBAIOT LENOYKAMH, IBYMEpDHbiE -~
pemweTkaMH. Bce BXOABI M BEIXOJOBl 3JI€EMEHTA CETH MOXHO pPa3feNHTbh Ha
MexoneMeHTHBIE (B menouykax — GokoBele) u BHemuHe. Cpenn mocnemgHux
BHIAENAIOT HMHPOPMAUMOHHBIE ¥  HacTpoeunele Bxoae. Cern u3
HEHacTPaHBAEMBIX OJI€MEHTOB YaCTO OTHOCAT K HTepaTHBHBIM. Ecinu
HeKoTOopas nepeMeHHas IIOJaeTca B LENOYKEe HA BXONBL HECKONBKHX
3€EMEHTOB, TAKHE CETH Ha3bIBAIOT MOBTOPHBIMH.

OgHoMepHBIE peanu3anuy. byAeM CYHTATB, YTO HA BHEUIHHE
HHQOpPMAUHOHHEE BXOLBl KaXAOT0 3JEMEHTAa CETH I[ONAETCHA JHIUL OAHA
nepemenHas. Ero BHeIURHe BBIXOAB B ZAHHOM Clly4ae HECYUWECTBEHHBL.
Paccmorpum cnywyat  OJHOKaHalkHBIX  OECIOBTOPHBIX  ceTeid U3
HacTpauBaeMBbIX 3jieMeHTOB (pHc. 4.6,a). Ecou AONYyCTHTE noJauy Ha BXOJbI
HHBepCcHH MepeMeHHBIX, TO MOXHO MCIONbL30BaTh 2JIEMEHT, KOTOpPBIH mnph
COOTBETCTBYIOIEH HACTpOHKe peanH3yeTr OlHY U3 TpeX onepauuit: A, v, @
(cymma no wmeaynie 2). Takxue ceTH 4acTO Ha3bIBAKT MaHTPOBCKHMHU
kackagaMu. OHH [MO3BOJAKT PeaNH30BaTh AAJEKO HE BCAKYI JNIOTHYECKYIO

bynxuuro.
Teopema 4.4. Jlna toro, utoBer Qymxuus f(x,,....,x,) Komycxana
nexoMmozuuuwo f(Xxi,...,Xa) = F(Xi, g(X1,..,Xi,Xis1,.0.5X0)) OTHOCHTENBHO

nepeMeHHoM x; upH Fe{ v, A, @}, Heo6X0aHMO M NOCTATOYHO, UYTO6L 0aHA
u3 octaTounerx Gynkunit f(x; = 1) unm f(x; = 0) oOpamanace B KOHCTAHTY
nu6o f(xi=1) = £(x; = 0).
JlokasaTenbCTBO TEOPEMB! BhITeKaeT U3 pasnoxedns ennoua
(X)X, ) = X, 1, = 1) v X, £(x, =0).

Buj DeKOMIO3WUHM ONpeReleH 3HAYeHNAMHU OCTaTOYHBIX QyHKUMA

x,f(x, =1), f(x; =0)=0;

Xf(x, =0), fx, =1)=0;

f=14x; vi(x, =1), f(x; =0)=1;
x, vi(x, =0), f(x, =1)=1;
x, ®f(x, =0) =x, Df(x, =1), f{x, =0) =F(x, =1).
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CuHTes BeleTcs OT BhIXOLA CXeMBbl MNOCIEJOBATENbHBIM HCKIOYEHHEM
nepemeHHbX. [Topsaaok Bui6opa mepeMenHbix GespasnuveH.
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I'Iglmep 4.1. peanu3oBarh d)yHKumo

f= X3X6VX X3X6 VX XX xa\/x mx,xavxn( Xy XsXavX X2X3XgV

VX2X3X4Xs VX1IX2X3X Xy,

B manHoM cnywae HM OJHa M3 OCTAaTO4YHEIX OYHKUWA He sABiseTcs
nocTOAHHOH BenuwuHo#. Ycenosue f(x; = 1) = f(xi = 0) BrmonHseTcs npu
= 3. [TosToMy
f=x, ®f(x, =0), f{x; =0)=X4 VX X2Xs5 VX2X4X5 V X1 X2X,Xs.
Mockonsxky f(x3=0,%xs=1)=1, 10 f(Xx3 =0) = x5 v f(x3 = 0,x4 = 0).
H nanee:
f(x, =0,x, =0) = Xaf(x; =0,x4 =0,x, =0); f(x; =0,%, =0,%; =0) =x; ® (X, v X4).

Hckomas peanusauus uMeer BHI (puc. 4.6,6).

Ecnu 3apmannas  (yHKOMA He  MoxeT OBITE  mpelcTraBlieHa
6ecrioBTOPHOH CETHIO, YTO BBIACHACTCS HAa HEKOTOPOM IIAre pacCMOTPEHHOM
NpoUenNyphl, TO Ha4WHAas C OSTOro IIara, CIHEAYeT HCKaTh IOBTOPHYIO
peanH3ayHK© OCTAaTOYHOH QYHKUWH, IONb3YyACh passioxeHneM Puna

f(x1,...,%a) = f(x; = 0)@(xi(f(xi = 0) &f(x; = 1)))

]

HIH

fl

f(X1,...,%a) = f(x; = 1)@(x (f(x; = 0) ®f(x; = 1)),
cpapefnuBeIM A Job6oH dynkuum. Torna mepeMeHHYIO X, MOXHO
HCKNIOYHTE, €CIH OJHa 3 ocTaroumbix QyHkuui f(x; = 0) unu f(x, =
IpefcTaBHMMa B BHOE CYMMBI 1O MOAYJNI0 2 CBOMX NEPEMEHHBIX.
B nporuBHOM cAyuae 3ajaHHas (QYHKUHA HE peanH3yeTcs NOBTOPHOM
ceTsro. Just daxTa peanusyeMocTH HEBaXHO, ¢ Kakofl nepemenHoH
HaYHHATh NPOLECC.
ﬂ_p_m@p_ﬂ Peanuzosats cbyuxumo
f=XiX2X1X4 VX1 X2 X, X VXXX X, VX, X2X,X, V XiXy XX, .
Hu oana u3 NnepeMeHHBIX He HCKAYaeTcs OGecnoBTopHOMH ceThio. ITo Puny
MOKHO HCKIIOUHTD X4l

f(X, =1) = X1 X2 X, VX X5 Xg VK, X2 VKIX X = XOX BX;.
[MockOIBKY f(x, =0)=XiX2X,, TO

;A(f(xd =0)€9f(x‘=1))=§4[§zx,v§|x3v?fizvx,x3§:]=§4g,(xl,xz,x,).

Hanee:

g,(x3=0)=§|§zvxlxz=§|€Bx1; g‘(x,=1)=;1v;:.
Hakower,

x5 (0 =0) B g, (x; =) =x;(x, v x;),

4TO 3aKII0YaeT HCKOMYIO peanusanuio (puc. 4.6,8).

BecrnioBTopHas ceTh AN PYHKUHMH N MepeMEHHbIX CONEPXKUT TOUHO n-]
anemeHT. IlodToMy mpo6nemMbl MMHUMH3AUMM B JaHHOM clydae He
cymecTByeT. s MOBTOPHBEIX ceTefl oHa UMeeT MecTo. HauMeHbluee yuciao
37€MEHTOB B HHX He mpepbimaer (n® + n ~ 4)/2, CpaBHUM GYHKUHOHATLHbIE
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BO3MOXKHOCTH 06eHX Lenouek. B ONHH KIacc 3KBHBANEHTHOCTH 0GBEXHHHM
(QYHKUHMH, MOjgydYaeMble H3 TpeNcTaBUTENA KJIacca BCEMH MBICIHMbBIMHE
nepecTaHOBKAMM M HHBEPCHSAMH INepeMeHHbX. Uucio Takux Ki1accos
GYHKUHA n nepeMeHHBIX, pealH3yeMBIX MaHTPOBCKMMHM KackagaMH H
MOBTOPHBIMKM ceTAMH, o6o3znayuM depes M(n) u T(n). Crnpaseniupa
rabnuua (puc. 4.6,r).

YHHBEPCANbHOCTHIO 06Mafa0T JMIUL [OBTOPHBIE CETH C YHCIOM
foxosbIx kaHanoB Gomee oaHoro. PaccMoTpHM chyuvalt 2-kaHalpHOH CETH.
[lycts ee snmemeHT (puc. 4.6,1) peanusyer miobyio mapy dyukuHii Tpex
nepemenunix  fi(X,y,y2) ¥ fa(x,y1,¥2). Toroa mnpoussonbHas GQYHKUHA
YeThlpeX I[ePEMEHHBIX INPENCTaBHMa CEeThIO H3 JBYX TaKHX 2JEeMEHTOB
(puc. 4.6,e). JIByxxaHanbHas CeTh O0Ka3blBAETCH YHHBEpCAJbHOH M MpH
MeHee XEeCTKMX TPeGOBaHHAX K 3MEMENTY, KOoraa

fle{Xyl-EY;al}afz E{XYI"Y:~EY|V)’2J1}~
[Ip¥ 3ToM MOXHO TOCHENOBATENbHO (OPMHUpPOBATH COCTABIAIOIUHE
KOHBIOHKIMHM Ha BeXode f; (HMXHHA kanan), a BepxHHH Kanan
HCMONbB30BaTh NNIA NocTenenHoro obpasosanus JH® 3agaHHol QYHKIHH.
Tax, QyHKUHA f=xX,VXX,X, DEATH3YeTCA CXEMOH (puc. 4.6, x). Yucno
3MEMEHTOB B MOKOGHBIX ceTAX He NO/KHO OpeshimaTs n2"', DTo oueHka
peamusanuu no LUlennony.

Jlyymne pe3yneTaTel MoryT ObITh NOJYHEHBI HpH HCHOJBIOBAHHH
pasnoxeHHs Puja, ecnu cHATh orpaHudyenus Ha dynxkuun ) u fi. Tax,
mo6ast QyHKLHS MATH MEPEMEHHBIX NPENCTABMMA B BUIE

(X e X g ) = 8 (s X ) B X5 (% Xy ) = hy (X0 X)) @ X hy (%)X ) @ x by (x, x )@

B % x, 0y (X5, %) D X, (X) 0 Xy)
roe g u h; — HexkoTopele (YHKIMH 4YeTHIPEX M JABYX INEPEMEHHBIX.
CootBercrBylomas peannzauus (puc. 4.6,3) HMEET MHHHMAaNbHOE HHCIL
sneMeHTOB. HakonyieHue B BepXHeM KaHane Bejercs 1o Mouymwo 2.
OYHKUHA g2 peanHsyercs [LBYyMs OJJleMeHTAMH, KaK [0Ka3aHo paiee.
BepxHAs oueHKa ANif YHCIA DNEMEHTOB TaKOH CeTH

N(n) £ N(n-1) + (n-1)2"",
JTo ouenkxa no Puay. CpasHeune pesynbTaTtoB o6eux OLEHOK [aHo
B Tabnuue (puc. 4.6,u).

JsyMepuplit _cnydali. PaccMOTpuM OOMH M3 BO3MOXHEIX NOAXONOB
K CHMTE3y pELIETOK M3 3-BXONOBLIX MaXXOPHTAPHLIX 3jemedToB, Cxema
(puc. 4.6,x) sBAseTCH YHMBEPCANbHOM CTPYKTYPOA NS ABYX NMEpPEeMEHHLIX,
TaK KaK

f =((1#21#O)#l#f,)#((l#-)zu#O)#O#fo)#x, =xf, v x,f, .
DToi cxeMe OTBevYaeT MaTpHla BHEIIHHUX BXOJ0B
B/

S X




PemeTka pasmepom 3x3 ¢ MaTpHUe#
X1 £ X2
f X2 fio
;2 f0| Xy
peanu3yer by tbysKuHIO Tpex nepeMeHHBIX
f=;z;1fm v XiXofy v X Xafj v XX, E, -
Martpruy a4 n = 4 MOXHO NOCTPOHTh H3 ABYX MaTpHU ang n = 3,
HallpHMep, TaKHM crocobom

xi | X2 fh xa
3 x5 | t}_oo L T
fo 1 % fy X
o f x|k ko x,
Ipu stoM f= V  x°%,"x,"f, AHATOrMYHO MOMHO MOCTPOHTbL MATPHILY

(050, 999 "

Ha moboe n = k w3 aAByx Marpuy aas n = k —1. Ecau h, — yncno cTpok, o, ~
yucno cToNGIOB MaTpHUBl N NMepeMeHHbiX, To0 hy = w3 = 3 u B cnyyae n>3
BEIHYHHB Ny = @n. + I, @, = 2h,.1.

HepocTaTkoM pacCMOTPEHHBIX pEIIETOK SBISETCA CPABHUTENLHO
GonplIoe YMCAO BHEWHHX BXoLOB (M uMcno 3nemeHToB). Ero MokuO
CHU3IUTH [yTEM YBENHUEHHA NOTHMYECKUX Bo3MoxHOCTeH aneMenta. OnHod
H3 TIONBITOK SBIseTCS NpPHMEHEHHE YHHBepcanpHoro (mans n = 2)
3-BXONOBOrO 3/7eMEHTa, peanusynmnero Gyukumioo f=xf,vxif,, rne f; —
Gokoso#, f; — BepxHuil Bxojpl. Pemerka 2Xx2 M3 TaKMX JJIEMEHTOB
(puc. 4.6,1) NO3BONILET peanu30oBaTh NIOOYI QYHKUHIO TpeX NepeMeHHBIX.
Pewerka 4x4 sBasercs yHHBEpCaAbHOH ANg cayvas n =4 o Tak ganee.

OnepauHOHHBIE CPEbL

Onepanuonuas cpena npexcrasiseT cobBoft  MaTpuuy namsaTi
orpaHdueHHoro ofseMa C pacnpelneneHHOH NOrMKoH, MNpeNHAZHAYCHHYIO
ONig napajiielbHOHW peandsalMd 3aZaHHOIO MHOXECTBA MNpPOUERyp Haf
NpeABAPUTENLHO 3aHECCHHBHIM B Hee MACCHBOM JaHHBIX. bojee TodHoe
HA3BAHME TAKHX CPEX — OMNEPAlHOHHBIE [OTHKO-3AMOMHUHAIOMME CPEALI
(JI3C). Hctoku Teopuu JI3C BocxomaT k paboram [113-116]. HacTuuuas
dopManusands npouecca uX cuHTeza paHa B [64,117,118]. Dro amsasercs
NpegMETOM Hallero Kparkoro 3HakoMcTBa ¢ HHMH. [lepcnexTunot
npumenenns JI3C npnl pemreHuy  3ajay  Heymcioso#h  obpaborku
HuopMaluy paccMOTpeHsl B paborax [107,117-122].

Hoaxon  k cuHreay. Onpegenum  omepanuonnylo  JI3C  kak
HTEPAaTHBHYIO [IBYMEpHYIO CTpYKTypy (puc. 4.7), KoTopas peamusyer
3agaHHOE MHOXECTBO [pOUENyp HE3aBHCHMO OT pPa3MEepoB Cpefkl
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(i=1.2,....m; j = 1,2,...,n). DnemenT (j,i) cpensl comep)uT suelKy HamsTH
ansa xpanenus I 6urta ucxonno# undopmMauuy U aBTOMaTHYI0 9aCTh.

|- oli
NG !
I L > ——
!
\ K
| Fi- N |
| . J',L"1 TPC-! A‘,i- \?i d"‘:_ﬂ — _1
1
$; N\ 2 X
i - =
1
|
| | | !
| | o o1
Puc. 4.7

IMpusHaky o, P; ABnA0TCA 06WMMH Ans i-cTonbua H j-cTpokd. Ouu
MOTYT BBITOJHATH (YHKUMH HACTPO#KH, MacKHpoBaHHMA, paspellenus
CYMTBIBAHMS HIM 3alMCH, UYHCIOBBIX pa3psiioB, pe3yNbTaToOB aHAMMKIL
cofepKuMoro crpok unu cronbuos M T.40. B ofumem caywae BHewHHE
CHIHAJBI VICMEHTA CYTh MHOrokomnosentusie HaGopwe. Harnpumep,
o= (o' o ... ¥ ). Bmxoaw snemenra (j,i) sBnA0TCH ABTOMATHBIMH
GYHKUMAMH BXOJOB H COACPKHMOTO a;, AMEHKH HaMATH. DAEMEHTHl MOrYyT
UMETh M OTHeNbHble BhIXONbl. JomyckaeTcs KOMMYTauHs WHH TO KpasMm
cpenst (puc. 4.7; nyHKTHP).

«O6paMiteryey cpelbl COCTABMAIOT TPYMINLl PErHCTPOB, B KOTOpPHIE
[OMEILAOTCA HCXONHble HaHHBle (NPH3HAKH), MackH H  KOHEUHbIE
pesynpTarThl. B HHUX MOXET BHINOJHATLCA M AONOMHHTENbHAS JOTHYECKASR
o6paborka HHGOPMALHKH.

CyTs H3jIaraeMoro IMoAXOfa K CHHTE3y ONepalHOHHBIX JIOFHKO-
3aNOMHHAIOIEX Cpel 3aKjio4YaeTcs B cleayiouweM. B xoHeunom wurToOre
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3agada cuuteza JISC nna peanusanun 3aganHoro HaGopa mpouenyp
CBOIOHMTCA K ONpeNeNeHHI0 CTPYKTYPHl cBsA3€eH, CXeMBl 3JeMeHTa H 3HAYeHUH
CHIHalnoOB Ha rpaHuuax cpeapl. OCHOBHOE 3aTPpYAHEHHE CBA3AHO ¢ TEM, HTO
HEH3BECTHA  CTaHAApTHAs  pemenTtypa  (GOPMYJIHPOBKH  alrOPHTMOB
BBINONHEHNA npouexyp Ha ocHose JI3C. B atom cMmeicne nmwo6off moaxon
k cunrte3y JI3C B uexom 3BpucTHYeH. Ho ecad anToputM npHeMIeMo
chopMyTHPOBAH H CBI3M OIpEeNeNeHbl, TO JanbHeHIWHH npouecc cHHTE3a
XO0poImo dopMmanuzyercs myTeM HCIOJb30BaHMA Merona
MOAMGHIHUPOBAHHBIX TaGMHL NEPEXOLOB, pPa3BUTOTO MEePBOHAUANBHO
[IPUMEHHUTENLHO K ONHOMEPHBIM HTEPATHBHBIM cucTeMaM[112].

Tlo onpenenenuto B JI3C BRINONHSAETCSA NOCAENOBATENIbHO-OAHOTHITHAS
obpaGoTka oneMeHTOB HHGOpPMAUMH 1O- CTpOKaM H/unu  cToabuam.
Monobuyw uHTepnperaunio gonyckaiotT [112,116] onepanuy nmoucka uucna
B OJHOPDOXHOM HHGOPMAIIHOHHOM MacCHBE MO 3ajgaHHoMmy HaGopy
NPU3HAKOB, PACMO3HABAHMA KakUX-nHGO CROHCTB Takoro Maccusa u
npeofpailoBaHus KOAOB (CyMMHpOBaHHS, cABHros u T.A.). [To3tomy
JNOCTATOYHBIM YCIOBHEM pEaNH3yeMOCTH HPOHM3BOJBHOH NpoueRnyphl Ha
ocHose JI3C sBnOseTcs BO3MOXHOCTE (OPMYNHPOBKH allOpPHTMA €€
BHIMIOJTHEHHUA B TEPMMHAX BBIJIENIEHHOTO KjIacca onepauuii.

ITycTs Takoe YCITOBHE BBHIMOJIHEHO. Torga CHHTE3Mpyercs CBOA cpeja
INg  KaxJoH M3 HelepeceKalHXCH  aJrOpUTMHYECKMX KOMITOHEHT
(omepaun#) nmyreM ee HHTEpNpPETAUHH NPHUMEHHUTENBHO K HCIOJIB30BAHHIO
JI3C coBMecTHO ¢ MeTOROM MOAM(UUHPOBaHHLIX Tabnuu nepexonos. [Nocae
4ero opramusyercs Nubo enHHAA mepecTpaMBaeMas cpefa oOGbefHHEHHEM
BCeX cocTaBasomux, nubo cosgaerca obpabareiBalOWM#  MaccHB U3
HECKONBKHUX CNEellHalH3HPOBAHHBIX CPEN.

[Ranee paetcs wIOCTpauHs cGOpMyNTHPOBAHHOrO TMOAX0JAa Ha
MpuMepax CTPYKTYp MHGOPMAIHOHHOIO MOMCKA H MHHHMH3auuu Gynennix
Oynxuuit. 3aMeTHM, YTO MeTOJ MOIHGHIUMPOBAHHBIX TabnHL Nepexosnos
no3BoiasgeT  OMHCarb  HOBeJeHHe  kak  KOMOHHAUNHMOHHEIX, TaKk H
MoCel0BATENLHOCTHBIX HTEPAaTHBHBIX CHCTEM. B mocnemuem cnyvae Ha
JTane peanM3allMy 3JTEMEHTa 1o Takod rabnuue B uenb obpaTHOH cBs3H
Heo6XOOUMO BKJIIOYATh CHHXPOHHBIE D-Tpurrepsl (37eMEeHTHl 3af€PKKXH Ha
TAKT), DO OZHOMY Ha KaXAYK BHYTPEHHIO NepeMeHHY0. TeMm caMbim
NOCTaTOYHO TIIPOCTO pemaercs M npobiemMa HauanbHOH YCTaHOBKH
aBroMara. ['paHuyHBIf HaGop geHcTByeT mocTOAHHO. TakTsl pazmensioTcs
nonaueil CHHXpPOUMIYNbCOB Ha  D-TpHrrep.

Ipumep nepecrtpaupaeMo#t cpepsl moucka. Ilpw cTpykTypHO#H
06paboTrke HHPOPMALMOHHEIX MACCHBOB HaufoNee 4YacTo BCTpPEYANOTCA
3afayd YNOPANOYEHHA 3NMEMEHTOB HHdOpManuu (COpTHPOBKA), MOHCKA MO
3aflaHHOMY MpPH3HAaKy WIH COBOKYIIHOCTH TPH3HAKOB (acCOUHATHBHLIH
MOHCK), BBIZENEHHS BCEX OJIEMEHTOB, Oompmux (MEHBIIHX) 3aJaHHOTO
NpH3HaKa HIH pPaclONOKEHHBIX B ONMpeNeneHHBIX rpadunax u t.4. [116]. Hx
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anmapaTHas peanu3auuda Ha ocHoBe JI3C MoXeT #aTs pe3koe MOBBILIEHHE
GBICTpOnEHCTBHS O CPABHEHHIO C TPOTPAMMHBIMH METOAAMH.

PaccMOTpHM CHHTE3 IepecTPauBaeMOi cpelsl, KOTopas peanHsyer
MOHCK MHHUMANbHBIX (MaKCHMaNbHBIX) YHcel HHPOPMAUHOHHOrO MACCHBA;
paBHBIX 3aflaHHOMY, OGONBIIMX HJIH MEHBLIHX 3aJaHHOro, OmmKaiwero
fonbwero (MeHbWIEro) MO OTHOIIEHHMIO K 3agaHHoMy. [ToHck MaKCHMyMa
pPaBHOCHIIEH MOHCKY MHHHAMYyMa cpenH oBpaTHLEIX KONOB 4ycesl MAacCHBa.
Brnxkakiwee Gonbliee — MUHUMAJBHBIHE 3IEMEHT CpPeNH BCeX UHCEN,
npesbimamuX  3agandoe.  [lostoMy  uckomas cpema  SBIAETCH
cyneprmoszuuneit mByx JI3C. OpmHa M3 HUX [ETHT MaccHB Ha TpH
NOAMHOXECTBA YHCEN — PaBHBIX, OONBIIHX U MEHBIUMX 3amaHHoro. Jlpyras
OTBLICKHBAET MUHUMANbHBIH 31eMEHT MAcCcHBa.

Hdenenue maccHBa Ha TPM YaCTH BHINOJNHAETCH [0 CleAyIOLIeMy
anroputMy. IloHck BemeTcs cieBa HampaBo (co cTapwux paspsanos). Ecau
Ha npenbplayule HTEpauM¥ CTPOKA OTHECEHa K MOAMHOXecTBaM ‘> HIH
“<” 1o o6paboTka i-6MTa He BHOCHT H3MeHeHHUH B pesynprar. Ecnu panee
cTpoka Oblla BKIIOHEHA B NOAMHOXKECTBO “=", TO pe3yjbTaT i-HTepallUH
onpepenseTcs COOTHOMEHHeM  Mexny o' u a), (Mexaxy i-paspagamu
[[pU3HAKA M YHCJIa B j-CTPOKE).

Bokossie Bxonsl dlementa (puc. 4.8, a) ¢i,€{S¢,S,,S,}. Habopsl
So, S, S2 oTBewalOT cliyMasMm, korga nesas (110 OTHOLIEHHIO K i-paspsany)
yacTh YWcaa pasHa, Goypllle HJIM MeHblle JieBOH vacTH npusuaka. Toraa
npaBsliil  BBIXOJ IJEMEHTa onpenened MoOupuUHpoBaHHOH TabnuuekH
nepexonos (puc. 4.8,6). Brimonuss xomupoBky cocTosHuii (puc.4.8.B),
nonyuaeM KoanpoBanHyo Tabnuuy (puc.4.8,r). H3 aro#t tabauus:

(/’\‘ "‘¢.l-| Val‘ a,..a:n (/)lz =¢7;2<| Vu:—";i-i;;t-l .
[panuunbie CHIHANE @y’ = (% = 0,

Chopmynupyem anropurM noucka MuHumyma., Kak u npexae, nouck
pefercs co crapiuux paspanos. [lpm aHanuse i-6HTa j-cTpoka ocTaBiAeTCA
BO MHOXECTBE MHHHMMalbHBIX 4ucen, ecnn a;, = 0. B cnywae a,; = | ara
CTPOKA MCKJI0OYaeTcs M3 pacCMOTPEHMAs TONLKO TOTAa, Korma Ang
BhiienesHoro na  (i-1)-HTepauuu MHoXecTBe He Bce ag; = 1 (1 £k £ n).

Bxonbl anementa  (puc. 4.8,1) Takossl. Curuan ¢’y = 1, eciau nesas
yacTh 4YMCAA INPHHALNEKHT MHOXECTBY MHHHMANBHBIX JE€BBIX 4YacTel
maccusa. Muaue ., = 0. Curnan &., = |, eciu Ha MNOAMHOXECTBE
MHHHMaJbHLIX NEBLIX WacTell csepxy oT anementa (j,i) Bce ay, = 1 (k < j).
Wnaue &,., = 0, Carnan o’ = &,

MonuduuupoBaHHbie TaGMHUB NEPEXOHOB AN [PABOro H HHXHErO
BEIXOHOB (pHc. 4.8,e,X) AalOT:

- N -3
?’AJ =a,0), valpl; };, =a .k, v&)»l(‘)hl'

['panuuHBIe CHrHANB Oy = & = 1.
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O6benuHaa HallleHHbIE pEUWIEHMA, TONyyaeM CXeMy DJJIeMeHTa
uckoMoil cpensl (puc. 4.8,3). 3uavenwe BBIXOAAa ¢ =(auval)plp;. Curnan

B = o@um', ecin Benercs momck 6namxafimero Gomsumero, u B, = | rnpu
nomcke MHHHMYMa. B o6onx atux caywasx o' = &, Jlng apyrux suiuos
npouenyp 3Havenus B’ ¥ o’ GespainuaHb,

Mo curuany pazpelienus 3aMNHCH B' =1 YHC0
o= (o' o ®n') 33HOCHTCH MOPa3pARHO B j-cTpoKy. CUHTHIBaHME
uHbOpMalHK U3 [-CTPOKH pealu3yeTcs TakOH HacTpoRKoil:

Eo. =1, @ 0=1, (p"m =0(=.
[Tpu »rom &,, = a;,. Tax 9TO cHEUHANBHOr0 CHIHana paspetcHus
CUMTLIBAHUS HE Tpebyercs,

MarpHua n; X m; 43 TAKHX JEMEHTOB uMeer M = 8n| + 4m, BHEUIHHX
BEIBOAOB. JJonONHUTENbHO HEOOXOAHMO YUECTh ABA BHIBOJA NOAKIIOUEHHS
WHH «3eMns» M «nuTanue». [TodToMy B xopnyce BUC Ha 40 BHIBONOB
pasmewmatwTcs 10 37eMEHTOB CHHTE3HPOBAHHOMN cpensl (Matpuua 2 x 5).

3ajgaya MUHHMAABHOrO MOKPHITHA. ANNapardoe pelernHe »ToH 3ajaun
MoxeT OBITh HCHONL30BAHO HE TONBKO Uil  yCKOpEHHs mpouecca
MHHUMH3aUHH ByneBblXx QYHKIUHA, HO H NPH MOHCKEe MHHHEMalNsHOTo HaBopa
TecTOB AnNA  oOHMapyXeHus HEMCHpaBHOCTeH JNOrHYecKkHX  CXeM H
OUarHocTHYeckux TecToB [123]. AmManmordvHele 3ajayd BO3ZHHKAIOT [PH
ONTHUMANbHOM KOJAMPOBAHHH MuKpoonepauui [124], npn MUHMMH3AUHH X
KOLHPOBAHHH ABTOMATHBIX TaGnuu.

Hexonuoit nHpopMaumed  ABASETCH  MMINIMKaHTHas MaTpula
Hexoropo#t 6ynesoit dynkunn. CTPOKH MATPHILBI OTMEYAKTCS IMEMEHTAMMU
MHOXKECTBA HMIUIHKAHT Aag dtol yHxkuuu. CronbuaM CoOTBETCTBYIOT
yneMeHTh MHOXKecTsa M' HaBopoB NMepeMeHHBIX, HA KOTOPBIX 3HAYECHHE
(Gyuknuu pasro 1. Ha nepeceuenrn cTpoxu ¥ cronfua CTaBHTCS eAMHMLLA,
eCcn¥ NaHHas WMIUNIHKAHTa ITOKpBLIBAET cOOTBeTcTBYOWMMH HaGop. 3amaua
COCTOMT B ONpENCNEHHH MHHHMANbHOIO MOAMHONECTBA HMONMKAHNT,
KOTOpBIE B COROKYIHOCTH NOKpBIBalOT M',

[Mpu6.#» HHO Ty 3afauy MOXHO PEWHTh cienylouum obpasom |71}
B HexonHoi  Marpuule HaxoauTcs cronben ¢ MUHHMANBHBIM  HHCIIOM
eannui. Ecnu Takux cronbuos Heckonbko, Geperca mioboit. M3 crpok,
KOTOpble OTMEUEHBl EAHHMUAMH HaineHHOro cTonbua, BeIAEIAETCH CTPOKA
C MAKCHMANBHBIM YHCJIOM eXMHHML. EcNH TAKHX CTPOK HeCKONbKo, OGepercy
no6as. CooTBeTCTBYIOWAS e¥f HMIMKAHTA BBOAUTCA B pemenne. CTonbunl,
O0TMeYeHHble ENHHUDAMH 3TOH CTPOKH, HCKJIIOYAITCS M3 AalbHeHumiero
paccmorpenus. Ilpouecc mosrTopsercs RO Tex mop, noka He Gynyr
HCKJIIOYEHBl BCE CTOJOUBI.

[IpenycMoTpHM B HCXOJAHON MaTpuue X, MACKHDOBAHME Pa3spAMOB IO
ropusonTtanu (Macka MX = ||m,||) u Beprukanu (Macka MY = {im,|{). Torna
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NPHMEHHUTENBHO K Hcnonas3opBanuwo JI3C BosMoxHa Takas GopMyitMpoBka
aNropuTMa MOHCKAa MHHHMAIBHOIO MOKPBITHA.
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1. MX: ={| 1 || (enuHKHYHAY MATPHLA CTPOKA).

2. IMouck cronbua ¢ MHHHMANBEHBIM KOJMYECTBOM ENHMHHI. ECHH
pe3ynsTaT HeoNHO3HayeH, Oeperca nepssiit cnaesa. [lycts aTo Oymer
cronben X,

3. GopmHpOBaHME BEPTHKANbHOM Macku, MY: = X,

4, TIoucK CTPOKHA ¢ MAKCHMANbHBIM YMCIOM eAMHML. Ecnu pesynbTar
HeonHO3HAuYeH, OepeTcsa nepsas ceepxy. ITycTs 310 6ymet crpoka X,

5. Kon (orMevarowas UMILIHKaHTa) CTPOKH X,' BBONMTCS B peWEHHE.

6. GopMHpOBaHME  TFOpU3OHTanbHON  macku, MX:= MX & X!
(onepal Ky BHIMONHATCS Opa3IpALHO).,

7. Ecnu MX # || 0 ||, uara x n. 2, Huaue KOHEILL

Peanusauus BceX NYHKTOB ajJrOpHTMA, HCKJIOYas MOYHKTB 2 W 4,
BronHe oueBMaHa. Jnd oTeicKaHHA cTonbUa ¢ MHHHMAILHBIM 4HHCIIOM
ennHuIl ByleM 3aYEepKHBATEL B KAXKIOM TaKTe N0 OAHOH eXHHHNE BO BCex
HelaMmackupoBauneix cronbuax. TakoMy mnogxony oTBedaeT 3AEMEHT
(puc. 4.9,a). Mg 0aHO3HAYHOH MHIOMKALMK pe3ynbTaTa B KakgoM cTonbue
NpUMeHSeM JONONHATENbHBH (n+1)-oneMenT ¢ Ge3pasiHuHBIM 3HAYCHHEM
Qperi. B HCKOMOM cTONGHE 3TOT DJMEMEHT «BBIMEDKHYT» (HepeseieH
B cocTofane B) panwme, weMm B apyrux cronbuax. OmHoBpeMeHHO
npexpamaeTcs NocTyn1eHie CHHXPOUMITYIbCOB.

CTpoka HONONHHTENLHBIX JleMenToB ofpalyer ofpamieHde cpejs
cuuzy (puc. 4.9,x). [ns peanu3auuy NPHOPUTETHOrS OHPOCA 3ITOH CTPOKH
cnega curuanoM Ty anementy (n + 1, i) npugaerca koMGUHALMOHHAA YACTh
(pnc.4.9,6). Curuan E,., = S, mosBisercs Ha BHIXOHE nepBoro cliena
«BBLIMEPKHYTOrO» JAOMONHUTENBHOTO JIeMEHTA. '

ITouck CTPOKH € MaxKCHMalbHBIM YHCJIOM eEXHHHIl BbITOIHACTCS
ananornuHo. Ho Tenepb B KaX/IOM TaKTe BBIMEPKHBAEM MO OLHOMY HYJIO BO
BCeX  HE3JAMACKHPOBaHHBIX  crTpokax  (puc. 4.9,8). [Tocrynmenne
CHHXPOUMIIYILCOB  NpEKpamaercs, Kak  TONbKO  JONONHMTENbHIH
(m+1)-amemMeHnT X018 6Bl OHOH M3 CTPOK «BBIYEPKHYTH.

Cronbenl MONOMHUTENBHLIX 3J1eMeHTOB 0Bpasyer obpaMieHue cpeisl
cripapa  (puc. +.9.x). TlpuopureTnsit onpoc sroro cronfua csepxy
CHIHATOM Sp peanusyercs CreuHatbHoH koMOMHAUHMOHHONW mNpHCTaBKO
(puc. 4.9.1r) k onementy (j, m+1). Buensercs cTpoka, Ha BBIXOJE KOTOPOIl
CHUTHAN Qi = T\,

Curnanet Sy u Ty mo kpasMm cpexsl JeHCTBYIOT MOCTOSHHO.
[TeppoHauyansHO Bce IMEMEHTH YCTAHOBIEHB B cocTroanne A. Marpuua X,
CONEPHT HBA CIOA JJIEMEHTOB ((BePXHHH» H GHHICHHHE») cO cBOMMH
cuuxpocuraanamu (C, u C,). Kaxaslt 2ieMeHT «BEpXHEro clos» oTBEYaeT
tabnuue (puc.4.9,a). Ilyete A = § = Ty = 0, B = 8§, = T, =1. Us
konupoBanno# Tabauusl (puc. 4.9,1) umeeMm: I;j=§J_,va“3r,; y,=m,E,,,
CooTBETCTBEHHO NOJy4aeM CXeMY «BepXHero» sjemeHTa (puc. 4.9,e).
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CxeMa 3/leMEHTAa «HWXHero cios» aHamor#uHa (c nepeobosHadeHHEM
CUTHAJIOB ¥ MOJAdeil HA BXOX CHTHANA a).
Hanwume D-Tpurrepa B JOMOMHUTENbHOM  diaemeHTe  (n+l, i)

He0643aTebHO, TOCKONBKY NMPABHIBHOE 3HAYEHHE Yorri = mE monywaercs
cpady 10 BblYepKHBAHMM HHXHEH eOHHHMLBl B cTonbue (Hanuuue
nocnenyIOMMX HEBEIYEPKHYTHIX HyNeH octaBnser 3Havenue & = &, = 0).

C yuetom Tabnuumt (puc. 4.9,6) umeem cxemy (puc. 4.9,3), rue
Q0= Qi V Yurlis Epyy = Yau @iy DNEMEHT (j, m+1) ananoruden.

§4.2. MUKPOCXEMbI KOMBMHAITMOHHOT O THUITA

MukpocxeMsl, paccMaTpHBaeMble B 9TOM H clelylowleMm naparpadax,
OTHOCATCS K 4Ydcly  omepalHoHHRIX. OHH  CHELHANHIUPOBAHbLL  HQ
BBIMTONIHEHHE KAKOH-TO OJAHOH HAOM Kkiacca onepauuil. Jonycxaior
macwraGHpoBanme, T.6. HapalHBaHHe pa3pigHOCTH o06pabarpiBaeMoro
OBOHYHOT'O KOJa HYTEM COOTBETCTBYIOWIEro KacKaJHPOBaHHA  HIH
MOCTpPOEHUA IMHPAMUIANbHBIX CTPYKTYp. PaccMoTpenue BeneTcs ¢ nMosuuni
noap3oBaTtens. [IpeanofiaraeTcs TEOpPeTHYECKOE 3HAKOMCTBO YHTATENS ¢
omepalHOHHBIMH y3namu OBM u3 npemeiaymux  kKypcos. OcuosHoe
BHHMMaHHe yxensercs Texsoaoruu TTJI. Ilo muxkpocxemam KMOII palorca
KpaTtkue crnpasku. HMsnoxesHme crTpoMTca Ha Matepdane [39,40] c
npHanevenneM [136].

B nanHOM naparpade H3YyUalTCA MHKPOCXEMBI AJlY
(apudMeTHIECKOE—-NTOrHYECKOE YCTPORCTBO), YCKOPEHHS I[EPEHOCOB [pH
OBOHYHOM CJIOXKEHHM, KOHTPOJAS JBOHYHOLO KOJA HA YETHOCThL HIIH
HEUETHOCTb  YHC/NA  EIHHHU, REeWHPPaTopoB H  MYJbTHILUICEKCOPOB.
[Tonp3oBaTenbckHe aTpHOYTBI TAKOBBI: Ha3HAYEHHE MHKPOCXEM, HX
ycnosHo-rpadgudeckue ob6osraueHus (YI'Q), crneuuduxauus BHIBOLOB,
ocofeHHOCTH GYHKUHOHHPOBAHUA U IPHMEHEHH.

AQKQ}_MGTH‘[CCKHE MHKPOCXEMBIL

K uncry apudMeTHUecKHX OTHOCATCS MMKPOCXEMbl cyMMmatopos SM
(muemonuka YI'0O) - K155 MM1,2,3, K555 HUM6,7;, nepeMHOKHTEN -
K555 HMII19; AJIY -~ K155 HII3; yckopeHus nepeuocos - K155 HII4.
Muxpocxema K155 HMI! -~ ogsopaspsmdslfi OB cymmaTop c
NOMONHUTENbHOH  BXOAHOH  moruko#. Mukpocxema K155 M2 -
nByxpaspanusii cymmaTtop. Mukpocxemsr K155 MUM3 u K555 HUM6 -
uernipexpaspsgueie. Ilpu srom K155 HM3 uMeeT BHYTpeHHIOIO cXeMy
YCKOpEHHS TepeHoCcOoB (rpynmoBod neperoc). Mukpocxemsl K555 UM7 u
K555 HII9 ceoeobpa3nel u OGBYHO HCHONB3ywTCs copMecTHO. Cpenn
nepeyHCcleHHbIX Haubonblree NPUMEHEHHE B HACTOsAIIEE BpeMs HaXOMAT
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mMukpocxemsl AJIY H yckopenusa nepexocos. OHM H3ydaloTcd janee. 2TH
MHKpOCXeMBl HMeloTcs B B cepHuH KP1533.

Cocras apudmeruvyeckux MukpocxeM KMOIT snaunmtensno Gennee.
OTo ueThipexpaspanueie cymmarop UMI (K176, 561, 564) u xomnaparop -
cxema cpapHenus MII2 (K561, 564), mukpocxemnr AJIY UII3 (K564) u
yckopenua nepenocos  MIT4  (K564). Tlo cBouM (yHKUHMOHAIBHBIM
BO3MOKHOCTAM JBE NOCHENHHE MHKPOCXEMBI NMOAOGHEI COOTBETCTBYIOIINM
muxpocxemaM TTJI. B cepun KP1554 apupmernueckie MHKpocxeMBl ITOKA
OTCYTCTBYIOT.

Muxpocxema K155 HI13. DTo uerslpexpaspsanoe cxopoctHoe AJIY.
Ono Moxet paboTaTh B ABYX PEeXHMaX, BBINONHAL 16 noruueckux aubo 16
apuMETHUECKHX onmepaUuii. Jns MonyqeHHs MAKCHMANbHOTO
BeicTponeficTaHA npH apupMeTHueckoH oOpaoTke B MOmyme HMeeTCH
BHYTPEHHASl CXEMA YCKODEHHS IE€DPEHOCOB (IEPEHOCH BO BCe pa3psilbl
GopmupyroTcs napaanensHo). Jloruyeckas ofpaBorka noxpazyMeBaer
BLINOMHEHHE NOGHTOBBIX omnepauni wajy napoit omepangos. Bceero Mowker
Gu1Th 16 pasmHYHLIX onepanuit Takoro tHna. B 9ToM cMeicnie AJIY sBiaeTcs
npefeNbHO YHHBEpCANbHLIM JIOTHYECKHM MOAyJeM Ha ABe [epeMeHHbIE
B KAXJAOM M3 4eThiPEX HEe3aBHCHMBIX paspsagos. Crporo rosops,
BBIMOJHAIOTCA TONBKO [ABE apHGMETHYSCKHE ONEPALHH - CHOKEHHE HIH
BbIYHTAHHE C BO3MOXKHBEIM jgoBaBireHueM WM BLIYHTAHHEM eXHHHLLL.
Bapuauuu AOCTHralOTCAd TE€M, UTO ONEPAHAAMH MOTYT BhICTYNATh HE TOJLKO
caMM BXOAHBIE KOAB, HO M HMX NOBHTOBbIE HHBEPCHH, KOHBIOHKIIHH,
JOH3BLIOHKUHH H T '

Mukpocxema BeIMONHEHa B Xopnyce Ha 24 seisona. Ee YI'O nokazano
wa puc. 4.10,a. Tabnuua dysxumonuposanus - wa puc. 4.10,6.
CreuHpUKaLUs BEIBOLOB:
<A3,...,A0>, <B3,...,B0> — Bxonsl onepaunos A, B;
C, ~ MHBEpCHBIH BXOX MEPEHOCA B MAALIUME pa3pan;

<8§,,.,8y> — CHI'Hallbl HACTPOHKH HA BBIMOJIHEHHE TOH WM MHOH QYHKIIHH

JIAHHOr0 TUNA;
M (mode cuawul) — curnan sHactpoiiku Ha apudmeruveckuit (M=0) wunu
noruyeckuit (M=1) Tun Qynkuun;
< F3,...,FO > — Boixonsl pe3ynpTara;
C... — MHBEPCHLIH BHIXOJ MEPEHOCA H3 CTAPUIErO paspsana;
G u P — BBIXOMBl reHEpPAlHM M pacnpocTpaHeHHEe nepeHoca. Cnyxar Ans
TOAKJIIOUEHHA MHKPOCXEMB! YCKOPEHHSA [EPEHOCOB.
K ~ BBIXOJ KOMIApaTopa ¢ OTKPHITBIM KOJIEKTOPOM.
[Tpu pasencrBe onepanics (A=B) 3suauenne K=I1, ecam AJlY
paoTaeT B pexuMe BrluMTAHHA U C, =0 (-1 npescrapnsercs kax 1111). [Jns
TOro X€ pexuMa eume OJMH pe3yNbTaT CPABHEHHSA JaeT 3HAYEHHE CHUTHAaja

C,. (puc. 4.10, B; pepxuas Tabmiua). B a1oM nerko yGeautsca Ha mpuMepax,
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3aMEHAS  OTEpaLMI0 BHIYMTAHMA ClOXKeHueM O0OpaTHBIX KonoB. Hapammpanue
PaspsAHOCTH  ONEPAHLOB  BBIMOIHAETCA  KAacKaIHpOBAaHHEM MHukpocxeM AJTY
cornacHo puc. 4.10, r (cayuail noC/IeOBATENIBHBIX 1EDEHOCOB). BHIXOIB! X H ¥ AAKOT
pesynsTtaTsl cpasHeHus (puc. 4.10, B; Tabmuua pau3y).

Ananns rabuuiel QYHKIHOHHPOBaHHA AJIY BRI3BIBAET €CTECTBEHHBIH
BOIpoOC: Hem BBI3BAHO BBElEHHE MHOMXeCTBa KOMGHHH})OBZ\HIU:IX
APHPMETHKO-NOPHUECKHX  OMEpaudi  (OHH  JOCTATOMHO OJK3IOTHUHMI)?
PasyMublfi  orTBeT COCTOHT B TOM, 4TO pa3paGoTYMKH MHKDPOCXEMb
CTPEMHUITHCEH ofecrneunTs ee JIO'HYECKYIO YHHBEPCANBHOCTS.
A ¢ apHdMeTHKOR - KaK yX nodyuyuioch. ['nasHoe B Tom, uto AJY
NO3BOAAECT BBLIMOJHHTL OUEpallHH anreﬁpawlecxom CJIOXKEHHSA B [IpIAMOM
(A+B; JHAKM  OflepaHNOB  OJHHakoBel), obpatHoM  (A-B-1)
JonosuuTenbHoM (A-B) kosax npu coorsercrsylouel oprauusanME Uenei
Hepenoca yerpoiiersa B LeioM,

Murkpocxema K155 WIT4.  Oxsa  oxema  yckopeHHs — NEpeHOCOB
(puc. 4.10, n ~ ee YI'O) obcnyxupaer 4 xopmyca AJIY, croco6erays
OJHOBPEMEHHOMY (OPMHDOBAHMIO MEPEHOCOB HA BXOAAX BCEX  TeTpaj
16-paspagnore cymMaropa, HaunHas co Bropolt (puc. 4.10, e). Brixox nepenoca
OTACNBHOTO Kopryca AJTY

Con =GV PC, .

Ilna Mmukpocxemsl HUI14:

Cury = G1VPICaoy = Caraz = Can;
Cuor = G2V B2Chuy = Coas = Cos.
uech BTOPOR HIKHHH HHAEKC Mocle 3ansTol o3HavaeT HOMEp Kopryca
AJlY.

Bee (pydrUMH NEpeHocoB (POPMHPYIOTCH 2-YPOBHEBBIMH CXEMaMH
(r.¢. mapamienniio) ¢ 3anepxkod 13 HC  OTHOCHTENBHO MOMEHTOB
gocTynjenus  curuanos  G,P. DOTH  cHrHansl reHepUpYIOTCS BCEMH
TETPAMAMH QAHOBPEMEHHO, TAK Kak 3aBHCAT TO.bKO OT 3HaueHHuit GHTOB
enaraeMex (1o e or Co). Jus noBoi Terpanbl

P=POVPI'VP2VPY, P'=AB, je{03)
G=G3{PIvGAPYVGI'PIVGO)} G'=A VB,
GopMuposande curtansos P u G npomcxomHT ¢ 3anepxxoi 12 ne
OTHOCHTENILHO MOMCHTA TOCTYIUICHMA cnaraeMplX. JBe Apyrue 3alepixk
B AJIY: oty =24ne, 1, =12uc. Ipn 3TOM, €CNH K MOMEHTY NOCTYINNEHHS

curuana  Co  dopmupopanue curuanos G u P 3aBepweno, To
ymeHblaetrcs go 12 uc.
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C yueTOM CHENAaHHBIX 3aMeYaHUi [ONy4aeM CHeIYIONIYH OUEHKY AJA
BpeMEHHM  BBHIMOJHEHHSN  ONEPAlHHd  CHONKEHHA B PACCMATPHBAEMOM
ycrpoiicTse

ty =tgp + U +12nc=12Hc +13ne+12Hc =37 He.
L 7GR T Cenany,e

X,
Jdns 16-paspagnoro AJIY ¢ nocnenoBaTenpHbIME TEPEHOCAMH MeXIy

TETPajaMH HMEeM
tgn =3t; ,, +12Hc=3-12Hc+]12HC =48 He.

Tax yto npumenenune UII4 B naHHOM clydae NaeT yCKOpPEHHE IPUMEPHO Ha
25% (tgcHuxaercs B 1,3 pas).
32-pa3pAAHBIE CYMMaTOp CTPOMTCA M3 ABYX TAKHX CEKUHH CO CBA3DBIO
o curnany Cie. ITpH aTOM
ty =lgp+2t; L +12 ne = 62 He.

XY
B nocnenosarenbHOM — BapHaHTe  tpp =7t  +12mc=96mc, T.c. apdexr
yckopesHs ysenuyuBaercs Jo 35% (tycHuxaercs B 1,5 pasa). Dddexr ot
aHANOTHYHOrO IOCTpoeHHs 64-pazpanmHoro AJIY  cocrabmser 40%
(tsymensmaercs B 1,7 pas). JanpHeHmero Ccepse3HOro IMOBBILIEHHA
spdexTa or npuMeHeHHs Mukpocxem HII4 ¢ pocToM paspANHOCTH OXHMUATL
He MPHXOTHTCA.

OnHako, eciu B 64-pa3pfifHOM BapHaHTE HCHONBL30BATH NpexHHe 4
CEKLHH, HO NEpPEeHOCHl MeXIy HHMHM OpPraHH30BBLIBATE NAPAJUIENbLHO C
noMowkoo MHKpocxembl MII4 Bropoit crynenm (puc. 4.10, e; nymkrtup),
TO MONYYHM yckopeHHe B 3 pasa (63 uc mportus 192 Hc). B pnanuom cayuvae
curnaner P, 1 G, na sxonasl GRP sTOopo#l crynenu noparoTes ¢ Bex0a08 G H

P nepBolf. 3HauyeHHs OTHX BBIXOJOB OTBEYAIOT IPHBEACHHBIM paHee
dopmynam 1 P u G, B KOTOPBIX WTpHXH onymenbl. [TloacTanoBroll MOXHO
M0Ka3aTh, YTO CHTHAAE Carc, Cavy, Cw: Ha BEIXOJaXx GRP BTOpoO#t cTynenu
JEeHCTBHTENBHO SABNAIOTCA NPAaBHABHBIMM CHIHANaAMHM Ha BXOjax [epeHoca
COOTBETCTBYIOUHX CEKIIUH.

Takum o6pasom, HauGonpwui 3QQexkT OoT NPUMEHEHHA MHKPOCXEM
HIT4 pmocTHraeTcs HpH NOCTPOEHHH MHOTOCTYNEHHATBIX CXCM YCKODEHHS
HepPeHOCOoB MHOTOpaspAXHLIX AJTY.

MuKkpocxeMpl KOHTPONSA

~HauGonee pacnpocTpaneHHBIM CHOCOGOM KOHTPONS MPABHNLHOCTH
BHICOKOCKODPOCTHBIX Nepefay HHOGOPMAUUH N0 JHHHAM CBA3H sBJseTcH
MpoBEpPKa  COXPAHEHHMA  YeTHOCTH  (HEYETHOCTH)  YHCAa  GNHHML
nepenaBaeMoro kKona. Takas NMpoBepKa HasbIBaeTCHd KOHTpOJeM NapHTeTa.
Ona no3sonser 06HApPYXHTh OOHHOYHEIE OWHKOKH, YTO BNOJHE XOCTATOUHO
BO MHOPHX cly4asX. KOHTpONb BBINONHAETCH ¢ MOMOIILIO CHENHANBLHBIX
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Mnkpocxem npoBepkd Ha weTHOCTh. B cepusix TTJ 3T0 MHKPOCXEMBI
K155 MI12, K531 HIISIL, KP1533 HIIS.B cepuax KMOIT -K561 CAL,
K564 CA1 (12-pazpannasn), KP1554 HII5 (9-paspannas).
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Mukpocxema KIS5S5UII2. Dto 8-pazpsapueiii Monyns. Ero VYI'O
nokasano Ha pHc. 4.11,a. MrxpocxeMa HMeeT HBa BXOHA YNpABJIEHHA
(pazpewmenus): uerHeslt EE (even enable) u neuernnit OE (odd enable).
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s ueneit nposepku Hcmoab3yercs napadasnas KOMOMHALHA CHUIHANOB Ha
3TuX BXxomax (puc. 4.11,6). Eciu cymma equHul NPOBEPAEMOTo Kojga 4eTHa,
1o koM6uHauus <TE,YO> CHrHANOB Ha BHIXONaX COBIAXAET CO BXOAHOM.
B HeueTHOM BapuaHTe ~ NPOTHBOIOIOXKHA.

TMocnenosaTensHoe coenrHenne N Takux MHkpocxem (puc. 4.11,8)
NO3BONSET MPOBEPHTh Ha YeTHocTs 8N-paspagHoe ciaopo. Hng atoro Ha
ynpaBasomue BXOoAb Moayns 1 mopaercs xomGumanus <EE,OE> = 10.
Ecnu cyMMa eJHHHI B CIOBe YeTHa, TO Ha BEIXo#aX Moayns N nosasisercs
<YEXO> = 10. B npotusHoM cinydae — 01. B 3ToM MoxHO ybGenuThcs
nyTeM mpoBepkH Bcex 2V xOMOWHALHE YeTHocTe# oTHenbHBIX GaltTos. [Be
Takde nposepkyd s N = 4 mpoBeneusl Ha puc. 4.11,r,4.

IIpu kouTpode mnepexay JAng Kaxaoro nepenapaemoro Oajita
B MCTOYHMKE (opMUpyeTcs MNEBSATHIH (KOHTponbHBINH) paspsn KP. On
cHMMaeTcs B BeIXoda LEMukpocxembel K155 HMII2 m Takxe mepenaercs.
B npueMHHKE KOHTPOJLHBIH paspsa moctynaer Ha BXoA EE ananmoruynoi
MuKkpocxembl. CHrHal Ha ee BTOPOM ynpasnsomem sxone OE:= KP. Ecnu
fafiT nmepenaH MpaBHJIBHO, TO Ha BBIXOAaX IJTOH MHKpPOCXeMBl Bceerga
<YEY0> = 10. B cny4yae ognHOYHOM omubku — 01.

Mukpocxemnl gemudpaTopos

HanoMHHM, 4TO JemHGpPaTopoM Ha3biBaloT KOMOMHAUHOHHYIO CXEMY
Ha M BxogoB M 2MBHXOZOB (HYMepyeMblX B HATYpalbHOM NOpPALKE -
0,1,..., 2"") rakyiw, 4TO B N106OH MOMEHT BpeMEHH B AaKTHBHOM COCTOSHMU
(370 MoxkeT GuiTh 0 HIH 1) HAXOMHUTCA TONLKO OJHH BBIXOA, HOMep (aapec)
KOTOpPOro ONpeneNer BXOTHEIM KOIOM.

B cocTas pasmuunbix cepudt TTJI Bxonur Bcero 7 THIOB MHKPOCXEM
nemwrnpparopos. IDTH THOB  pasNHYaOTCs MO0 YHCAY JdewndpaTopos
B xopnyce (1 wmy 2), Mo 4YHCIY aApEecHBIX BXOJOB B Kax /oM gewHdpaTope
(2,3 unu 4), no ¢dopMary ajJpecHOro Koxa (LBOMYHBIH HAM ABOHYHO-
mecatuumelit). Hanpumep, B Muxpocxeme K155 W1 (xapaxrtepucruxa -
{1, 4, 2/10}) nemudpyrotca Toibko yucna or 0 mo 9 (10 smxoxmos). Ilpu
noxaye Ha alpecHb# Bxonm umcen or 10 xo 15 cocTosHMSA BCEX BEIXOLOB —
MacCUBHBIE.

Muxpocxema K155 UJ3. Ee xapaktepuctuka — {1, 4, 2}, YI'O - ua
puc. 4.11,e. OcoBeHHOCTH MHKPOCXEMBI:

1) uaBepcHeie BRIxOnBl (akTUBHBIA 0). Takas opraHu3alMs BBHIXONOB
B npakTuke npuMeHeHHs DC coBMecTHO ¢ MHKpOCXeMaMH APYTHX THIOB
0Ka3bpIBAETCA HPEeANOUTHTENBHOI;

2) HanHMHYHE IBYX MHBEDPCHEIX BXOMOB ympaBnenus (paspemenns) EO u El,

AxruBusauss DC MoXeT NpoH3oHTH Tonbko mpu EO= Ei= 0. Oty
BXOIbI MCIIONB3YIOTCA AN HapallMBaHUs pa3psANHOCTH axpeca (puc, 4.11,e;
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BHH3Y — npumMep peanusauuu DC na 5 Bxonos), cTpobupoBanus agpecHbIX
Bxo4oB W aus tpaHchopmauuun DC B gemyawTHIUlekcop. B mocienHEM
cyyae ajpec onpefensieT HOMED BLIXONHOIO KaHasna, Ha KOTOpbIA GynyT
NnocTynarTh B [OCHEHOBATEABHOM KOJE NaHHbIE ¢ HHGOPMAIHOHHOrO BXOAA
El (umu E0).

Oemudparoper  KMOITI. DOro wMuxpocxemm K561 (176) WAL,
KP1554 U114, K564 WJS5. IlocnenHss ~ [OCTATOYHO  CcJOXHA,
npejHazHayeHa onsa paboTel HA KHAKOKPHCTANIHYEeCKHA CeMUcerMeHTHBIH
uuaukatop. Mukpocxema ML (ee VIO nokazano na puc. 4.11,K)
NpUMeEHsAeTCsd  KaKk B JABOHYHO-INECATHYHOM, Tak M B OKTAJIbHOM
(BoCbMHpPHUYHOM) BapuaHTax. B nocnenHem cnyvae BXoabl <A2,...,A0> —
appecHsle, Bxol A3 - ynpaBliulomu#i. AkTHBM3auus Takoro DC umeeT
mecto npu A3:=0. Beixousl <F9, F8> ne ucrnonssyworcs. Ha puc. 4.11,5%
BHM3Y AaH NpHMep NOCTpoeHHs ABouyHoro DC Ha 4 Bxolla Ha OCHOBE ABYX
mukpocxem MJI1. Xapaxtepuctuka Mukpocxembr 14 ~ {2, 2, 2}.

[puopurernbie mudpaTopbl pewatoT 3anady, obpatuyio DC. Ilpn
AKTHBH3AUHH ONHOLO HJIH HECKOJbKHX M3 2™ BXOJOB Ha ero M BrIXomAaX
nosBasercs [ABOHYHBIH KOX, oTBevalomud HanbonbuIEMY H3I HOMEPOB
B036YXAEHHBIX BXOJOB. MMeHHO Tax (DYHKIMOHHMPYIOT MHKpOCXeMBbl
K555 UBI, 3.

MuKpocXeMEl MYIBTHIIIEKCODOB

Tlo onpeneneHHIo MyIbTHINIEKCOP (KOMMYTATOpP BXOMHBIX KAHANOB) —

sTo xoMmBHHanMOHHAN cxemMa Ha M BxomoB n 1 Beixox. Ilpu sTOM
M= m+2", rme m - PpaspAnHOCT: ajapeca, 2"~ 4YHCJI0 BXOAHBIX
KOMMYTHPYEMBIX KaHANOB ¢ HaTypanbHo# mymepaumedt (0,1,..., 2™). Koxa

ajpeca omnpenenseT HOMep WHQPOPMAUMOHHOTO KaHaia, KOTOpPHI HOJDKEH
BBITH MOAKIIOHUEH K BHIXOLY.

Beero B cocraBe cepuit TTJI uMeercs Gosee 11 tunos muxpocxem MS
(muemonuwra  YI['O  MynsTHmiIekcopa). Wuorona OHH  Ha3BIBAIOTCS
cegexTopan i i+ TbTHINEKCOPAMH., DTH MHKPOCXEMbl paliMyaloTes IO
UHCNYy BXONHBIX KAaHANOB, HAJIMUYMEM WIH OTCYTCTBHEM napadas’sHoro
BhIXO#a JUBO cueuHansHbIX BXOZOB paipelleHHd. BrIxonbl HexkoTopmx MS
MMEIOT TPH COCTOAHMA ANA Opranusauuy paboTsl Ha o0WLYI0 WHHY.

Muxkpocxema K155 KI2. Ee YI'O nmoxasano Ha puc. 4.12,a. 310 2
YeTBIPEXBXOJOBbLIX MYJbTHIJIEKCOpa, HMelomMe oOmMe BXoXb ajgpeca
<Al, A0>. Kaxastit u3 MS (“a” u “c”) umeer cBolf BXOJ paspeleHHs |
cBodl  BeIxon. Jlpd OTCYTCTBMH paspelleHns BeIXxon naccused (0).
“UlraTHoe” NMpHMEHeHHe TAKOH MHKPOCXEMBl — KOMMYTalHs 2-paspaAlHbIX
NAHHBIX ¢ 4YeThipex HanpaBieHWH. PaspAIHOCTh IepenaBaeMoro kona
pacTer ¢ yBeHYEHHEM UHC/Ia HCROMb3YEMBIX KOPIIYCOB.
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PocT uHCNa KOMMYTHPYEMEIX KAHANOB MOCNENOBATENALHON Mepeiavn
HaHHBIX CBA3aH C [OCTPOEHHEM MHOrospycHbix cxeM. [Ipu aToM xamablii
HOBBIH spYyC COREXHT B 4 pa3a Gonpmie aKTHBHEIX MS, 4em cocenHui
cupaBa. Ha puc. 4.12,6 gana peanusaunusd 16-xaHanbHOro KOMMYTaTopa
B 6asuce KII2. Ilo komy anpeca B mepBoM (NeBoM) spyce BBIGHpalOTCA
cpasy 4 xaHana: i, i+4, i+8, i+12 (ie{0,3}). Berxomuo#t MS cenekTupyer u3
HUX eNMHCTBeHHbIH. [IpuBenenHas cxeMa MOXeT ObITh HCIIONbL30BaHA H ANA
peanusaidd MpOM3BOABHOH OyneBoH (YHKUMM OT UATH [EPEMEHHBIX
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(X5,-.., X1). IIpu 3TOM Ha anpecHble BXOXbl CleAyeT NOAaTh NEepeMeHHble
JEKOMIIO3HUMH (X,,..X ), @ Ha BXOJIbl KaHAJOB — OCTATOYHBIE (QYHKLHH
(cM. § 4.1; puc. 4.2,6).

Opyrue MS TTJ. Cam no cebe 1 MS KII2 (mynsrHmiexcop 4->1)
ABJIAETCA YHHBEpPCANbHBIM NOrHYeckHM MoayneM (YJIM) na 3 nepeMeHHbIE,
Ero cxema orBeuaeT puc. 4.2,a. AHamornudio MS 8->1 ~ sro VJIM wa 4
nepeMenHele (Mukpocxemsl K155 KIIS5,7;K555 KIT1S5; KP1533 KII7,15).
Mynbtunnekcop 161 (npumep KI155KIIl) - Ha 5 nepemenumx. ¥YI'O
mukpocxemsl K155 KIT7 nokasano ma puc. 4.12,8. ITapadasHocTs BeIX0xa
COXpaHfeTCad H NPH OTCYTCTBHH paspemeHus. Tperhe COCTOSHHE BHIXOHA
uMerT Mukpocxemel KIT 11, 12, 14, 15 (cepun K531, 555; KP1533),

KomMyTaTopst KMOITI. [TprHUHTHANBHBIM OTIHYHEM
KMOTI-texnonorun ot nwbolt npyroi sAsnsercs NyallbHOCThL HJi Hee
NOHATHH “MYNbTHIUIEKcOP” ®  “AeMynbTHIUIekcop” DT1o o06bacHAeTCH
JBYHanpaBJIeHHOCTBIO NEpeiayH CHTHANOB Yepe3 KOMMYTALHOHHbIE KIIOUH
KK (cMm. § 2.4), xoropble HCHONB3YIOTCS B KAa4eCTBE 3JEKTPOHHBIX
xoHTakTOB KOoMMyTaTopoB KMOII. Ha puc. 4.12,r nokazan npHHUHN
opraHu3zanuu Mukpocxemsl KS61KII2 na 8 BXOAHBIX (BBIXOMHBIX) KAKANOB U
1 seixox (Bxox). Kawcnwrit Beixog DC ynpasnsger coorsercTBywowmmuM KK,
ConpoTtupneHse BKJIIOUEHHOro xaHana R, =0,5.25KOm mpu E, =5B. Ecnn

ke E =15B, To R;=130.2800m. Ilpm oTOM t,,$30HC. Muxpocxema

K56 1KIIl umeer HexoTopele ocobenHoctd. B cepun KP1554 umeercs 6
THnos MS - Ha 2 u 4 sxona.

IlpuMepoM KOMMYTaTOpPOB KaK TAaKOBRIX ABJSIOTCA MHKPOCXEMBI
K176 KT1, K561 KT3. Onu umeroT no 4 xauana, KoTopsie MOTYT OblThb
pasoMKHYTBl nu60  3aMKHYTBl. B kawpmoM kaHane - cpoii KK
MHOUBHAYansHbIM yrpaBneHdeM. B KT3 xiou gsoiinolt (onnosurusii). Ero
0coGEeHHOCTE B TOM, UTO BXOJX Pa30MKHYTOro kasana sasemuasercd. s

KTl conporusiaenne R, =5000m, t,,=10.25nc. B KT3 3uauenue
R, =800u.
Bee KOMMYTATOpBI KMOTI obnananT He TOJBKO

NBYHANpPaBAeHHOCTBIO, HO H CIIOCOBGROCTBIO NPONYCKaTh Kak UHGPOBHIE, TAK
W aHamorosbie curHanel. [locnenmee 06BACHAETCH TeM, UTO BXOIHOE
conpotusiedne  npuemHuka KMOII R, >>R,, a cobcrBennas

UHEPUHOHHOCTL KOMMYTAaTOpa CPAaBHUTENRHO Majia.

§4.3. MUKPOCXEMBI C TPUITEPHOU ITAMATLIO

Jto HauBonee mnpefcTaBuTENbHAS CDPYINA MHKPOCXEM CO cpelHeh
cremenbio uHTerpanuy. B pasanunnix cepusx TTJI (KMOIT) umeerca Gonee
20 (10) Ttumos MukpocxeM perHcTpos H 16 (12) THNOB MUKpOCXeM
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cueryukoB. Peructper TTJI w KMOII BxaiodeHbl B CTPYKTYPY MHOIHX
mukpocxeM O3V 'y I3V pns xpaHeHHs KOAA ajpeca, BXOAHBIX M BRIXOJHBIX
HanHbiXx. OHH BXOZAT K B COCTAB MHKDPONPONECCOPHEIX kommuektoB BHC
B KayecTBe perucrpos obmero wuassauenus (POH), mHoropexumubix
6ydepurix perucrpos (MBP), Tak HazpiBaeMBIX ITOPTOB BBOJAA-BBIBOJAA H IP.
MnkpocxeMsl perucTpoBhix 3Y ¢ npou3BoNbHOH BEIGOPKOH NO3BONAOT
anpecoBaTh BCE CBOHM PErHCTPHl M 06paTHTHCA K JI060MY M3 HHX ANS 3a0HCH
HIH CYUTHIBAHHA HHPOPMALHH.

B nanHom naparpade gaercis 6a3oBoe 3HAKOMCTBO ¢ MHKDOCXEMaMH
PerucTpoB, cueTyukoB #u perncrposoli mnamatd TTJI. Muoroo6pasue
npuMeHeHHH perucTpoB B MUKPONPOLECCOPHOH TEXHUKE HE 3aTparuBaeTrcs.
Kakx u padee, paccMOTpeHHe BeJeTCs C MOJNL30BATENBCKMX nosuuui. Ilo
mukpocxemaM KMOII garoTcs MHIIE KpaTKHE CIPaBKH.

MukpocxeMbl PELHCTPOB

HamoMHEM, 49T0 perscrp — »5TO JHHe#dka K3 psajga TpPHITEPOB,
HCmONb3yeMass HANIA NOCIeXOBaTENbHOr0 HAKOMNIEHHA, NPOMEXYTOYHOIO
XpaHeHWs M CHBHUra JAHHEIX. BBOAN BHEWIHHE IIEPEMBIYKH, MOXHO
HACTPOHTH MHKPOCXEMY CIBHIOBOTO PETHCTpPa Ha BHINONHEHHE GYyHKUHH
genutenell 4acToTel. OGBIYHO TPHUITrephl BHYTPH MHMKPOCXEMB! COEIHHEHBI
IOC/HeJ0BaTeNbHO: BBIXOX NpENbIAYIEero 3aMKHYT HAa BXO/J HOCHEAYIOLero.
Bce rtpurrepsl - HeobxonuMo JAByxcTymeHuaTeie (cM. §2.3.). MHx
CHHXpOBXONB 3amapannenedsl. [lpu 3ToM nociegoBaTenbHBIH  KOI,
nogapaeMsi Ha HHQOPMAUMOHHBIE BXOIBI NEPBOr0 TPHIrepa, MOTAKTHO
MpOABUIrAETCA [0 LENOYKEe TPHITEpPOB CTAapIMMH (MIAJWIHMH) pa3psiaMu
srneped. Ecnu n— paspfsOHOCTh PErucTpa, TO YEPE3 N TAKTOB C BhIX0A0B Qj,
i = 0..(n-1), moxer GBITh NPOYHTAH COOTBETCTBYIOMHMH NapannenbHbiil
KoJ. AHAJOTHYHO MMPOABHIAETCA IO PErHCTPY MHOTOpAa3pafHOE CIOBO.

Pa3sHOBHIHOCTH MHKpOCXeM perucTpoB. [IpocTeffimnit perucrp umeer
ONHH BXOX M OAMH BhIXoia. Obfa — mocnenopaTenbHble. Bxon ynpasnexus
TaKXKe EeTHHCTBEHHBIH — TakTOBEIH. B Gosee CIOXKHBIE CXEMBI BBOAATCK:
JONMONHUTENsHAS JIOPMKa, BXOABl MAPANNENbHOHd 3arpy3kH NaHHBIX H
CreUHalbHbIH BXOJX paspemieHud Takoi sarpysku — WE (write enable), uiu
PE (parallel enable). Manpueifmee ycnoxHeHHe CBA3aHO C BBEJEHHEM
JIOTHKH [1apajiIeqsHOro oTobpaxkenus Ha BmXomax Q; COCTOAHHS perucrpa
B uesoM. Torga mocine 3amONHEHHS DETHCTPa NMYTEM I[OCHELOBATENBHOIO
nu6o mapannensHOro BBOJAA MO CHTHaNy paspemeHus urenus ER (enable
read) MPoHCXORHT HYXHOe oTobpamenue. Ecniw ER maccwBeH, TO BLIXOJh
NepeBOAATCA B TpeThe cocTofHMe. Takas OpraHU3amMsi XapaKTepHa [p!l
pa6oTe perdcTpa Ha 06IIYIO IIHHY.

COBMI B peTHCTpPEe MOXET OCYLIECTBJATHCA KaK BIPaBO, TaK H BJIEBO.
[Ipn 3TOM BBOXMTCH NOMONHHTENbHHIH yNpaBIAI(MA BXxox pesepca Nubo
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HCIOAB3YETCS BHEUIHSS KOMMYTalUus (cM. nanee — Muxpocxema K155HP1),
Muorpa wumeercs cnenmansHelf  Bxox c6poca. Ho om Moxer H
orcyrcTBoBaTh. [Ilapamnenenas 3arpyska u  cGpoc Moryr OHTH
CHHXPOHHBIMH HJIM 2CHHXPOHHBIMH. BXOHbl M BBIXOBl — NpAMBIMH THOO
HHBepCHBIMH. Mukpocxembl MBP uMeOT cnemuuuHyio oprasu3alHio
(npumepst 8-pa3paNHBIX ~ YHHBEpCANbHBIX  peructpos  KS31HUP24,
KP15331P24), xoTopas nanee He paccMaTpHBaeTcs.

Hanb6onee nomynapusl 4-, 8- u 12-paspaansie peructpsl. [IpHMepsl
perucTpoBbiXx Mukpocxem KMOII: KS61HMP9 -~ uernipexpaspanassrif
nocnenopartenbHo-napannensusii peructp; K561MP6 — BochMHpaspaRHEIH
yHHBepCaNbLHBIA NBYHANPABIEHHBIH MHUHHBIH PrucTp ¢ NOCNeN0BaTENbHbIM
H rnapajniejbHbIMH  BhixofaMH; KS564MP13 -~ 12-paspaausiit perucrp
CTELHANBHOIO HAa3HAYECHHSA, HCIONbIYEMBIH MPH [OCTPOEHHH AHANOrO-
undposbix npeobpazosarenedr (ALIT); KP1554HMP47 - 18-paspanusiii
CABHTOBBIH pervcTp. MuxpocxeMsl peructpos cepun KP1554, B ocHOBHOM,
8-paspannsie (7 THIOB).

Peructper cepunm KI155. B oartoft cepunm uMeroTca deThpe THNA
mMukpocxem peructpos: WPl — ueTelpexpaspsaHblii CABMIOBHIH perucrp;
UP13 - yunusepcanbHeil BOCBMHpPA3pARHLIA perucrp cmsura; WP15 -
YeThipeXpa3pAAHLIA napanaenpHslH perucTp 6e3 cABMra C BBRIXOAOM Ha
obmywo wuny. [Ipegnasgaden ans npoMexyrouHodt Gydepusalun HaHHBIX;
HP17 — 12-pa3psanuplii perucTp crnenHansHoro HasHavedus. Henonssyercs
copmectHo ¢ I[ATT (umdpo-asanoroBriMy npeobpazopaTensaMu) H
KOMIapaTopaMH,

B xavecTsBe 1npAMEpa pPacCMOTPHM  NOJBL30BATENbCKHE  ACTIEKTHI
mukpocxemsl K155HPI. Ee YI'O nokazano ua puc.4.13,a. Peructp umeer
nocnegoBaTeNbHbIA BXoX HaHHeX SI (sequential input); napannenpusie
sxoael <D3,...,D0> u Berxonsr <Q3,...,Q0>; yupasnswwue sxoasl PE, Cl,
c2.

Bxon paspewredua unapannensHolt sarpysku PE cnyxur nns seifopa
pexuma pa6otel peructpa. Ecnu PE = 1, To paspewaercs pabora no
takrosoMy Bxony C2. Ilpm 3Tom no cpesy C2 mpoHCXOOHT napajielnbHas
sarpyska AaHHBIX co Bxonos <D3,...,D0>. B cnywae PE = 0 paspewaeTtcs
pabora mo TtakTtoBoMmy Bxoxyy Cl. Torma mo cpesy Cl umeer mecro
nocnenoBaTenbHoOe 3aHeceHHe (CABHMI MaHHBIX BNOpapo co sxona SI ), Tak
yto Q0 : = SI, Ql : =Q0, Q2 : =Ql, Q3 : = Q2. Bo usbexanne omuboxK,
B MOMEHT H3MeHeHHs PE CHHXpOUMIYNBCH! NOMKHB OTCYTCTBOBATD.

CHBUI' HNaHHBIX [0 PETHCTPY BIEBO oprasulyercs BHelHedl
kommyTtauueii: Q3—D2, Q2—D1, Ql—-DO0. HyxHsi CcHBAT NPOUCXOAMT
npu PE = | no cpeay C2. [lns HapamMBaHHi pa3paXHOCTH CHBHUIrOBOro
perncrpa Heob6xonuMo BeIXoX Q3 npexbiayliedl MHKPOCXEMBl COENMHHTL
co exogoM SI mocnenyrowes, a Baxon QO mocnenyrome#t — co sxonom D3



npensinymeii. IIposoas mapaielbHYI0 3arpy3Ky TaKOTO PErucTpa, CBA3M
Tuna Q;—D;., cnenyer pa3soMKHYTb. -
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Puc. 4.13

KoMMyTupys BBIXOZB MHKPOCXEMBI uepe3 HHBepTop Ha Bxol Sl
(puc4.13,6), MOXHO OCYWIECTBHThL AeNeHHe dacToTel Ha 2, 4,6, 8. Ilpu
ONHOBpPeMEHHOH KoMMyTauuu Ha Bxox SI uepes smement HU-HE abyx
BBHIXOHOB B napax <Q0,Q1> - <QI1,Q2> - <Q2,Q3> (puc. 4.13,8) nonyuaem
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penutend Ha 3 — 5 ~ 7. BpeMeHHBIe AHArpaMMBbl ANA Clly4aes jgeneHus Ha 4
H 5 NOKa3aHbl BHH3Y COOTBETCTBYIOUHX PHCYHKOB.

MHKpoCXeMBbl CHETYHKOB

HanoMuuM, 4TO Jpyroe HasBaHHe MU CUYETYHKOB - OENHTENH
gyacToTsl. Ecaw koadduuuedt pemenus paseH 2", Takue CYETUHKM
Ha3BIBAKOT ABOWYHBIMH. OHH MOTYT OLITh IOCTPOEHB! H3 N TPHITEPOB.
Torga n — paspsifHOCTh cueTuMka. [IHamasoH mpencraBEMBIX uyHcel — oT 0
no 2™'. Ecnu penenme ocymecTBAAeTCs IO OCHOBaHHIO 10, To uMeeM
fecATHYHbIe cyeTYHKH. BasoBo# suelkoit nng Hux asnsercs Goslee cnoxHoe
B CPABHEHHH C TpHrrepoM obpasoBaHWe - HeTBIpeXpaspsiHblil ABOMYHO-
gecsaTHyHBt cueTdux. OH COOEPXUT ¢ TpUrrepa ¥ JNONONHUTENbHBIE
NMOrMYecKHe DIIEMEHTHl A HCKINHEHUs NUIMHUX cocrosuuit. Haxonpst
MpMMEHEHHE M CYETYHKH 110 ocHoBaHHw 3, 5 ® t1.n. Cuer MOXer
MPOBOAMTLCH B HATPABNEHHH YBEIHYECHHS HJH YMEHbIUEHHS CONEpPKHMOro
CHeTUHKA.

Pa3HOBMAHOCTH _MHUKDPOCXEM _CHETHYHKOB. PaccMoTpuM cHavana
muoroobpasue cuerunxos TTJI. HanbGonee yno6HsIM OKkazanoch BLINYCKATH
YETBIPEXTPUITEPHBIE MMKPOCKEMBI B ABYX BAPHAHTAX: [BOHYHOM W
necatuanoM. I[pumepsr Taknx nap: ME7 - UE6, HE17 - HE16. Ilepeele
sapuanTel  cuertuukon (ME2,4,5,14) penamuce ¢ mociiefoBaTenbHBIMU
nmepeHocaMi. HX HHOrAa Ha3bIBAKT ACUHXPOHHBIMH, HIIH CUETYHKAMH
nynscauui. B fonee no3nHUX BapHaHTax Ans MOBBILEHUS GhicTpoaeHcTBUS
MepeHochl BO BCE pAa3psjbl MHKPOCXeMBl OPraHH30BAHBl [(1apalllleNbHO.
Takpe cYETUMKH HA3BIBAIOTCH CHHXPOHHBIMH., 3HAUEHHA pa3psAloB Ha HX
BLIXOAAX (OPMHPYIOTCS ONHOBPEMEHHO H CHHXPOHHO ¢  TaKTOBLIMH
HMIYJBCAMH.

Hanuyde  BHYTPEHHUX  JJIeMEHTOB  YNpaBIEHHA  NO3BOJAET
OpraHM3OBaTh  pepepcHBHpE CUET, TORABAA TOT MINH HHOH JorudeckHil
MOTEHLUHAA HA COOTBETCTBYIOIUMH BXOA. Y HEKOTOPHIX CUETYHKOB TAKTOBBIE
BXOABl HA YBENHUYCHHME H HA yMeHblIeHHe — pasfelibhble. COHpoc HMaHHBIX
CYETUHMKA Y OJHHX MHKPOCXGM ACHHXPOHHBIHM, y APYTMX — CHHXPOHHBIH,
HauanpHag 3arpy3ka HaHHBIX BHIOAHAeTCS nu60 1O CHEUMANBHOMY
YCTAHOBOYHOMY CHIHANY, KOTOpBIH ONOKMDYET TPOXOXKAEHHE CYETHBIX
nmnynscos (KI155HUE7,6), nu6o no nepBoMy TakTOBOMY HMMIYJbCy MOCHE
noxayu cursana paspemenns sanucu (KISSHE9). B neppoMm ciyyae nMeeM
ACHHXPOHHYIO 3arpysKy, BO BTOPOM — CHHXPOHHYIO.

B cepun K155 umeercs 7 THmoB MHKpocxeM cueTunkos: ME2,4-9.
Kosdpuuuent neneHus B HEKOTOPHIX W3 HHMX nepeMenunifi. On sapucur ot
Koxa, naGpammoro ua sxomax ynpasnerus (HMES8), mubo or sneumneit
koMmytrauuy  (ME2,4,5). Cueryux HE8 - 310  cuauucTBeHHAad
IUeCTUTPHITEPHAS  MHKPOCXEMa ¢  MAaKCHMAambHBIM  KOIQQHUHEHTOM
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nepecueTa 64, B XKOTOpPOH HMeeTcs TONBKO OAMH BHXoA. [amee 6BynyT
PacCMOTpEHH BONPOCHL MCHONB30BaHHMs MHKpocxem ME7 (mBonunbli
cuetynk) B HME9 (necsTuuHell cuergnk). OHA NPHMEHAIOTCA NOCTATOYHO
mupoxo. B cepun KP1533 ~ 11 THDOB MHKPOCXEM CHETYHKOB, M BCE OHM
4-paspsanHEBIE.

OTMeTHEM o0coGeHHOCTH HekoTOpbsix Mukpocxem KMOIIL. Cuerunku
K5611E8,9 wumeror npemudposasnsie BeXxOAs (10 wu 8 Brixonos
cooTBercTBeHHo)., Cuerumxku K561HE11,14 —  deThpexpaspsauubie
peBepcHBHEIe. IMEOTCS CYeTYHKH aCHHXPOHHbBIE, CHHXPOHHEIE, ABOHYHbIE,
necsTHUYHBlE (B OCHOBHOM, - deThipexTpHrrepusie). Ho ecTs U 14-paspannas
mukpocxema — K561HME16. Bce cuerumku cepuum KP1554 (5 rtumos) -~
4-paspAnHbIE,

MuxpocxemMa KI155UE7. Ee VIO -~ Ha pHc.4.13,r. OTto
YeTHIpEXPa3pANHEIH NBOHYHBIA CIETYHK CHHXpOHHOrO Trma. Hampasienue
cyeTa ONpelenserci TeM, Ha Kako#f M3 CYETHBIX BXOJOB — Cy (UP) mnu

Cp (DOWN) — mofaercs OTpPHLATENbHBIH CHHXPOHMIYNsC. Ilpu >TOM Ha
OpYroM CYeTHOM BXOXe INOAJEPKHBAETCA BHICOKHH [OTEHUMANLHBIA
yposens (BY). Hanmmune uunpopmamuonsnx Bxomos <D3.D0> n
YNpPaBIAOOIEro BX0Ja PE ITO3BOJSET NMPEAYCTAHOBKY B IIPEJ(ENaX eMKOCTH
CYETYHMKA 1O OTPUIATENBHOMY HMIyJscy PE (HOPMANbHO PE - BY). Ilpu
3TOM NpOXOXAeHHe CYETHBIX HMNyIbcoB Grmoxupyerca. C6poc cweruuka ~
acHHXpOHHHHE mo BY Ha BxoZe R He3aBHCHMO OT COCTOAHMH BXojOB
FE,Cu, Co.

Berxoakl TCu M TCp HAa3blBAIOT BBIXOKAMH OKOHGaHMA CueTa
(sbIxomaMu mepenoca), npsmoro # o6partHoro. Ecnu HauanbHOe cocTosHMe
CYETYHKA — HyIeBoe (ENMHHYHOE), TO OTPHUATENBHBIA UMIyNbe TCu (TCo)
nosropaer 16-i umnynsc Cu(Co) ¢ 3agepxxoi 26uc. HapamuBanue
pa3pALHOCTH CUETYHKA BBINONHAETCA KacKajHPOBAHMEM HECKOJLKHX
mHKpocxeM. IIpH 3TOM CHHXPOHMIYJBCH MON3ITCA Ha ONMH M3 CYETHBIX
BXON0B HEpBOH MHKPOCKEMBI, a BEIXOIEI EPEHOCOB KaXAO0H mpemblnyiueit
MHKPOCXEMEl COOTBETCTBEHHO [OJAOTCS Ha CYETHBIE BXOIBI TOCHeRyIome.
Bxogn PE u R mns Bcex MukpocxeM — ofmue. M3-3a 3aiepixek NepeHocos
TaKoH CYETYMK B [[€TOM OKa3EIBAETCS ACHHXPOHHEBIM.

Mukpocxema K155HUE9 (puc.4.13,n). DTo CHHXPOHHBIA JecCATHUHBIH
CYETYMK C BO3MOXKHOCTBIO CHHXDOHHOH UNpPEeNyCTAHOBKH NpPH HH3KOM
notenguansHom yposue (HY) Ha Bxone PE B mo6oe coctosiume o1 0 g0 9 u
acHHXpOHHEM c6pocom — o HY ua sxoge R. Kaxk u pamee, >T0T BXOR
uMeeT HAaWBBICIUME NpHopmTeT. 3aTeM cllefyer BXoA PE. Yupasnsiouine
sxogsl CEP (mapamnensHoro paspelleHMs Opu xackanuposaHuu) u CET
(Tax HasbpIBaeMBIH “TPIOKOBBIA” ) — HauMeHee NPHOPHTETHR. CueT uier
TONBKO B MPAMOM Hanpasinenuw npu BY uxa Bxogax PE, CEP, CET.
CueTHBIE HMIYNBCH — oOTpHuaTensHble, HMmnynsc nepeHoca TC -
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nonoxuTenbuel. On dopmupyercs (¢ HEKOTOpOH 3amepxKOoR) no GpouTy
nessitoro CH n 3aBeplnaercsa (¢ Toff xe 3agepxKoil) mo ¢GpoHTY HAECATOro
CH. B 3ToM npHHUHNHANBHOE OTAHYME QYyHKOHOHMpOBaHMs cueTuuka MEQ
or HE6, B xoTopoMm OTPHUATENbHBIA  HMILYIbC TCu nosTOpPAET
(c 3amepxxkol) pecarsi cueTHeH uMnynsc Cu. CxeMa (OpPMHpOBaHHA
curnana TC noxasana Ha puc.4.13,n cnpasa.

VkasagHas 0COGEHHOCTL [03BOJsAET CTPOMTh Ha ocHoBe HE9
CUHXPOHHBlE MHOrOAEKagHble cueTYHKH (puc.4.13,e). B oTnuuue orT
pacCMOTPEHHOro  paHee  MHOTOpa3psJHOro  JBOMMHOrO  CYETUMKA
CHHXPOHMITYJIBCHI MOAAIOTCA ONHOBPEMEHHO Ha CYETHEIE BXOJbl BCeX AEKan.
CHHXPOHHOCTh HYHKUHOHHPOBAHNS o0ecneuyraeTcs B JaHHOM Cliyuae TeM,
yro uMmnynsc TC Ha BBIXOJE NaHHOH JleKaibl 3aBepuiaercs HECKOIBKO
Mo3Xe TOr0 MMIYIhCa CHHXPOHH3ALMH, OT KOTOporo gomxna cpalorars
COCEAHAA clipaBa MHKpocxeMa. JTO BCEraa HMEeT MeCTO, ECIH YHCIO NeKal
N € Tu/ts.p.+1. 3mecs T¢ — nmepuon CH, t, o, — 3amepxka anementa M pus
tdopmuposanus TC. MakcuManbHag yacToTa cueTa ANS HeThIpeXAEKaJHOM
cxeMbl coctasaseT 25MI .

MukpocxeMbl peructpoBoit namgry [106]

K pervctpoBeiM  3Y OTHOCAT MHOTOpPErHCTPOBBIE MHKDPOCKEMBI C
BO3MOXHOCTbIO afpecaluy Jo6oro perHcrpa MO HTEHHIO HIH 3a0HCH
(naMsTh ¢ TIPOM3BOJNBHBIM  JOCTyNoM) JsubO OpraHH3auHM [aMiTH
marasusHoro tHna (tuna FIFO - "mepBpIM npuluen — IMepBbIM BLILEN™).
[TapamMeTpnl paccMaTpUBEEMbBIX Jajiee MHKpocxeM ykasase B Tabnm, 4.1
O6o3navenus Ttabauupl: N — 4YMCIO PETHCTPOB B MHKPOCXEMeE; N ~— HX
paspsgBOCTh; tyypew) — JAJHTENBHOCTh LHKIA (MHTEPBAN BPEMEHH),
B TeUeHHE KOTOPOro  BLIMOMHSETCH OXHA ONepalus  3anHCH  HIA
cuuteiBanust; TTJI (KMOII)-3 o6o3nauaer BbHIXOA Ha TPH COCTORHHUSA;
TTHIN - texnonorus TTJ ¢ nnomamu WoTxu.

TaGnuua 4.1
Tun Nxn tuanten) Pror Tun Texuonrusg
MUKPOCXEMBI HC MBT BHIXOJ 8

KP1802UP1 16x4 55 9290 TTI-3 TTJIL
KP555UP26 4x4 43 250 TTa-3 TTHIL
K561HP11 8§x4 450 4 KMOIT KMOII
K561H1P12 4x4 6000 3 KMOII-3 KMOI1
K1002HUP1 32x8 500 20 KMOII-3 KMOTII

Mukpocxema KP1802HPI. 3ro nmByxazpecHoe perucrposoe 3Y
eMkocThio 16 x 4 6ur. CTpykTypa MHKpPOCXEMEl ITOKaszaHa Ha puc.4.l4,a.
Ona Bknroyaet MaTpuuy u3 16 perncrpos (RG) mo 4 paspana xaxnasii; nsa
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HE3aBHCHMEIX yCTpOHCTBa BBOAA/BEIBOAA (4-paspanHsie kanaubl A u C); xBa
4-BXOJOBBIX ,uemmbpampa agpeca peructpa (DC) m pBa ycrpoiicrsa
ynpa’hnennx (YY) - no ogromy DC u YV ma xaxaelf kaHan. Bxoxer u
BBIXONBL JaHHBIX No6oro xanana coememenst (DIO - data input/output).
Kananer moctpoensr mo tumy JHIUY .(cM.§2.2) ¢ BmxogaMu Ha TpH
COCTOAHHS, O YEM FOBOPHT CHMBON 9.

a 5 o1
VTRA_Q\J\J i - 4x4|D0
CEy (A DIO0, . 3 0
AW -
AOx _ 0| Mar-|0 R — 0 !
ADe| | Puya | '] 3 e — 1 2 —
LA Lo kA= —qVE -
A3A Ib] RG 3 HAA _...AOR
16* 41 [Ka- -4
0 0 ~q0E
Ae—pe 1) NS .
] ] ' ] [} 1 0 et
A3e _((_:L———cs 3 . DI 10,
_ LY P —1 0| RG .
RDc -9yy T 5|84
T 110 3 -
wg,. —d l
E—Ez - (0) Q __Ag'\ .
= 5 3 |-
AR
21 r i ) ' 10 =K e
D 0 R 1] — 2 .
. RG -~ - 4RG  - RG . AS‘/ [.J -
LMl o A -2 - 43D X s .
. L (¥ Do, =
| L 1 vt e 3
Y
I WE
T —-
WR RD OE ER
Puc. 4.14

VIpapnaomue CHIHATB KAHAIOB: RD (read) -.utenme; WR(write) -
3anmuck; CE - paspemenie ofmena. Ilpu CE=1 BeIXx0Xbpl KaHaKoB HaXOMATCA
B TPETBEM COCTOAHHMH, ONOKHPYETCS HE TOJBKO YTEHHE, HO H 3alHCh.
Kanane pasgenaior obmee anpecHoe npoctpasctio. Hanuune xpyx rpymnn
aJpeCcoB  I03BOJAET ONHOBPEMEHHO OODATHTBCA K ABYM Ppa3IHIHBIM
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perHcTpaM MAaTpPHIbI, BoiMoxHble NpH 3TOM ONECPAUHH: 3anuch/YTEHHE 1O
0MHOMY HIIH CPaly 1o ofOHM KaHajaM; CUHTBIBAHME mo ONHOMY KaHaly ¢
0HOBPEMEHHOH 3AMTHCHIO 10 ApyroMy.

Jnst MOCTPOCHUA NAMATH C YHCIOM XPaHHMBIX cnos M 2 N
neobxonumo B3ATL JM/N[ (6nuxafimee x M/N Gonpuwee nenoe) TAKHX
MHKPOCXEM. Hapamusanue o6nema NaMATH 1o N peimonusieTcs ¢
HCNONB3OBAKHMEM HX BXxogos CE, kak 2To xemaercy MpH  yBENMYEHHH
paspaanocti anpeca DC (cM. §4.2). Ilpu atoM Bee npyrie onmonmmenmere
BBIBOJBL COCTABJNAIOUIMX MHKpPOCXeM o6befuuaoTes. PocT no HHCY
paspanoB (10 N)  JOCTHraeTes oBLeaMHeHHeM pcex OMHOHMEHHBIX
ynpasasiowHx (BKiaouas CE) # anpecuux bxogos, Hudopmannontere
poiBogbl DIO He obbenuusiores.

Muxpocxema KSSSHPI6  (puc. 4.14.6 -~ ee YT'O) sxnrovaer
4 peructpa 1o 4 paspana kaxapit. Ilpenycmorpena pasgensuas azpecanus
perucTpos npH sanuew (AWO, 1) M npum cuuTeBaruu (ARO, 1), 3anuce
nidopmanus  co sxonos DI 0-3 npoucxoupur no CHIHANY paspelienns
WE = 0. Ilpn WE=1 H0CTYU K perscTpaM Ang sanucy JAKPBIT, AHANOTHYHO
npu cunrhibanun. Eeam OF = |, 1o Beixomm HAXO@ATCH B TpeTbeM
COCTONHHMH. ANPECYA PA3HLIE PELHCTPLI, MOKHO OlMOBPEMEHHO 3aNUCHIBAT
M CYMTBIBATE JlaHHLIE., PCXHMY XpaneHHs OTBEHAIOT 1HAYeHHS WE=QOE=1.
Jajgaua  HapammBanug  o6BEMOB  MAMATH  pemIaeTCs  aNamorHuHO
HpelbLIyeMy .

Mukpocxema KS61HPI1 (puc.d.14,8). Do verpoiferso mamsite ¢
xapakTepucTHKOH N x n = 8 x 4. HMeeT oMHOKAHANLH b i BBOA (3aIHMCL) M
KBYXKaHAJIBHBIA BhBOA (MTCHHE). Anpeca uTeHHS no kamanam A # C
3aJa10TCK pa3fenLHo. Ynpasiesue — AMHAMHYECKOE 10 Gpoury curnana
CE. Pexcitmbl paGoThi: 3anucs 1o agpecy AW, cuuTesanue 1o ONHOMY HWJlH
ognoBpemenno uo asym (AR n ARy) anpecam: Xpauenne HHGOPMALHH,
[Ipu sanucu agpec AW nonaercs Ha BCe TPH rpytns QIPECHBIX BXOJOB.
[pn cunrnisanun na AW josxua gelcrsopars Hyjxesax xomGuHALKA.
Hapawunanne obvema nmamarth 110 N IPOUCXONHT o6wemmHenneM Boex
ORHOMMEHHLIX BXONOB COCTABIAIOWHX MHUKPOCXEM M KOMMYyTauHed ux
BBIXOAOB Yeped MynbTHINekcop. Mukpocxema KS561HP12 B otnuuue ot
paccMOTPEHHOH MMEeT BLIXOABI HA TPH COCTOAHMA.

Muxpocxema K1002HP1. Crpykrypa 2Tolt MHKpPOCXeMBl IMoKa3aHa Ha
puc.4.14,r. Ouna npepcrannger coGoll 3V Mara3uHnoro THma eMKOCTBIO
32x8  6Gur.  Permerpsl  coejpuueun B II0CIEOBATENBHYIO  [eNb.
3anuceipaemas  MHQOPMANMS  YIOCTYNAET Ha  BXogel  manumx RGL.
CunTeiBAHHE NaHHBIX NPOMCXOUMT ¢ BEIXOZOB RG32. Sanmcannmiit GafTt
4BTOMATHYECKH CHBHIAeTCA B HepBLIH  cnpasa  csoBoaumit  perucrp,
OTMEUeHHbIH yKazarenem ouepenu. Ilpu kaXaoM cunThBanuM ouepens
nepeMelaeTes Ha OMHY NO3HUMI0 BIHPaBo. COOTBETCTBEHHO MeHSETCH U




ykasarens. C6poc ouepenu (yxasarens nokassisaer Ha RG32, 1.e. ouepens
IycTa) MPOUCXOAUT IO CHUTHANY cTHpaHHi ER=1.

3amuce npoHcxoxuT no curiany WR=1. CoobmeHueM 0 roTOBHOCTH
MHKpPOCXEMBl INPHHATL NS 3alucH odepeAHoH GalT CHyXHT nossneHuwe
curnana WE=1. ITo ¢poury WR Beixox WE:=0. Kak TonbK0 3anuceiBaeMbIit
GaiiT GyneT IOMElleH B KOHEl OYepelH C MOCHeNYIOIHM JeKPEMEHTOM
ykasarens, sHoBs WE:=1, [To 3anonHerHnio ouepeau WE:=0.,

CuHuTHBaHHE BBIIONHAeTCS npH OE = 0 mno curdany RD=I,
Coofmwenne O TOTOBHOCTH BBHIXOJA K CUMTHIBAHHIO odYepenHoro Oalira
bopMupyer cursan OEl =1. Ilo ¢pornty RD BeIXOA OEl:=0 u
BOCCTaHaBIUBAaeTCsd B | mocne BHyTpeHHero cisura. Ecnu ouepenb nycra,
to OE1 = 0. Curuan OE=1 nepesogur BuIXOoAsl HaHHBIX ¥ OEl B Tperbe
cocrogune. [Ipu 3ToM Bxox RD 610KkMpyeTcsa, BO3MOMXHA TOJBLKO 3aIHCh.

Peructpobsle 3Y MarasHHHOro THIA NPHMEHAKTCS ANA OPraHM3aulHH
nepenad uHGOpMAUMH MeEXIY ACHHXPOHHO pafoTalOMMMH ycTpolicTBamHu.
Heo6xomumMoe cornacoBaHHMe JOCTHIaeTcid TEM, YTO 3allHCh H CUHTBIBAHME
MOTYT TIPOBOJHTHCA B NaHHOM CJy4ae pPasHOBPEMEHHO IpH COXPAHEHHH
nopsnka caenosaHus OalrtoB panHex. CymecTBYET NpPHHUHMNHANbHAA
BO3MOXHOCTh HapamuBadus ofsemoB Takux 3Y no N u n nyrem
MaTPpHYHOTO OGBEeJHHEHHSI MHKPOCXEM,

§ 4.4. MUKPOCXEMbl OTIEPATUBHOM ITAMSITH

B coBpeMeHHBIX UU(GPOBBIX CHCTEMax B 3aBHCHMOCTH  OT  HX
HaszHAYeHHs NaMaTh 3auuMaeT oT 40 nmo 70% Bcero ofopynoBaHusi U BO
MHOIrOM ONpenelfseT TEeXHHYECKHE XapaKTEPHCTHKH CHCTEMbl B LeEJOM.
Oneparupsaas naMaTk (O3VY) ornmwaercs or nocrosHuo# (II3Y) rem, uto
JOMYCKaeT H3MEHEHHE CBOEro CONEPXHMOTO B IIPOLECCE HENPEPBIBHOTO
(YHKUHOHHPOBAHMA  CHCTEMBI. PacCMOTpeHHBIE paHee  MHKPOCXEeMBbI
perucTpoBoft naMATH OOGBYHO HCHONB3YIOTCA B KadecTBe OydepHoro
cpepxoneparusroro 3V (CO3VY) nebGonbmoH eMKOCTH Al COrNAcCOBAaHHS
paGoTsl cpaBHHTENbHO MeAneHHo#d rmasBuod mamsaru (O3VY, II3Y) u Gosnee
OBICTPOTO HCIOIHHTENBHOTO ycTpoiicTBa (poileccopa) B COCTABE CUCTEMBI,

TTossnenne nepseix pabor mo MC nmamaTH orHocHTes k 1965-1967
rogaM. Brepsrie Ounonsaproe O3Y emxoctsio 1M GalT 6nin0 peann3oBaro
B cepeanHne 60-x ana cucremsl ILLIAC IV. Bpemsa umkia Takod namaTu
cocrauno 200 mc, yro Gonee ueM Ha NOPAJOK MEHbIIEe CpeJHero
pe3ynpTaTa TOTO BPpEMEHHU NIpH 3HAYHTENbHO Gonbuem (npumepHo B 30 pa3s)
o6beme O3Y. BriIM HCIIONB30OBAaHEl 64 MOLYJIA MaMATH €MKOCThIO 64K Gaitr
KaxAbpiH Ha ocHoBe 256-6uToBeix MC mamsatn. C TexX NOp HOCTHTHYTHI
3HAYHTENbHBIE YCIeXd B 06macTy pa3paboTKH M MPOU3BONCTBA KPHCTANIOB
O3V u II3V.
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Paccmorpennniit 8 §4.3 npuHuun macmrabuposaHug (HapaliHBaHHA
o6breM0B naMATH) gonyckaer o6o6IIeHHe HRa BCE MHKPOCXEMBEI 3Y. Yrobu
FOBBICHTE  paspsafHocTs, o6pasyoT cy6Moayins M3 HYXHOTO HHCIA
MHKpOCXeM, OOBeOHHAS BCe HX ONHOMMEHHBIE  BBIBOJABI, KPOME
HHOOPMALHOHHBIX. JINg yBeNHUEHHs YKC/ia XpAHUMBIX CJIOB COSAMHSAIOT BCC
ONHOHMEHHBIE BBIBOAB cybOMoXysnedf, KpoMe BXONOB HX HHHLHAJH3ALHH
(crystal select — €S). BrGop TOro wiIH HHOrO cy6MOAYNA OCYIECTBIAETCH C
TOMOIBIO JAemudparopa, HA BXOJBL KOTOPOr0 NOCTYMANT CTapliHe
paspanel  ajgpeca. Takyl OpraHH3aldi0 MOAYJNSA DaMATH Ha3bIBaOT
CTpaHU4YHOH, a cy6Moaynb — CTpaHUUEH.

Mioboit Grox 3V BxuwoyvaeT paAx MOAyJNed naMaTH, KOHTPOJUIED
(ycTpOHCTBO ynpaBieHHs), 6ypepHBIe pErucTphl U MArHCTPAJIbHBIE TIPHEMO-
nepesaTyHKM (ANA  CONpAXEHHMSs N0 Harpyske ¢ IGHHAMH ajlpecoB H
nauneix). Ipu npoexTupoBanud 3Y He06X0MMMO YYHTHIBATH IPHHATLI THI
vHTep(elica, Ho Bce 3TO OTHOCHTCA K MHKPONpPOUECCOPHON TeXHHKE (CM.,
nanpumep, [107]) u manee He paccmaTpueaeTcA. B nanHoM naparpahe u
§4.5 orpaHHYHMCS 3HAKOMCTBOM C Ga30BBIMH MHKpocxemamu O3Y u [13Y H
C HEKOTOPHIMH OCOOGEHHOCTSAMH HX MCIONB30BAHHA. PaccMoTpedHHe
nposeneM Ha ocHobe [106] c npuBredyeneM NONONHUTENBHBIX HCTOYHHKOB,

CucreMa napaMeTpoB ¥ MHEMOHHKY MHKDOCXEM AMATH

OcuoBHbiMH napamerpaMu BHC namsatu siBAsSOTCSA: HHGOPMALHOHHAA
eMkocTh N X n (4HCIO CIOB X UHCIO pa3psioB), OsicTpodeHcTBHE (tusnicn),
suepronorpeSnenue. Mpumensemsie Texnonornu: TTJI, DCI, W, MOIT,
KMOII. WudopMmaunonnas emkocTh konebaercs or 64 mo IM 6ur.
HnurensHocts uukna — or 10 go 4000 uc. DHepronorpebuenue - ot 0,02
no 1,1 Bt (n paxe no 1,8 BT — s MEKpocXeM perucTpoBbix 3VY).

B ynpaBiieHnH  MHKpOCXeMO#l  maMATH O6LIYHO  3aNeHCTROBAIILY
HECKOJIbKO curHanos. [losroMy, Hapaly ¢ tuswes, OTOBApPHBRIOTUA
NOTMONHHTENbHbIE BpeMeHHblEe [apaMeTpsl: JJIHTEeNBHOCTH  OTAENIbUbIX
yNPaBlfIOMHX HMIYNbCOB, BPEMEHHBIE CHBHIH MEXIY HHMH, BpeM:
BEIOOPKH ts, mepuOg pereHepaluu Tper (ANA MHKPOCXEM AMHAMHYECKOH
naMATH) ® Op. BpeMs BBIGOPKHM — 3TO MHTEpBan BpeMEHH MeX Iy rmoaave
HAa BXOX MHKpDOCXeMBl CHIHaja  paspelleHHs  CUHTHIBAHHA  (HJIH
pPABHOUEHHOTO €My CHrHana) H TNoly4YeHHeM NaHHBIX Ha Boixome. [lepuon
pereHepanyy ONpefeNnseT MAKCHMaNbHEIH HHTEPBAN BpEMEHH MEXAY ABYMH
ofpameHuAMH DO KaXIOMY aipecy Xl BOCCTAHOBNEHHS XpanmtMoOH
HHbopMaUHH.

B ¥I'O wMHoroofpasus THIOB MHKPOCXEM MNAMSTH HCHONLIYIOTCH
CnefyOIHe MHEMOHHKH!

RAM - craruueckoe O3Y;
RAMD - ngunamuueckoe O3V,



RG - perucrpoBoe O3V (cMm. § 4.3 );

ROM — macounoe [13VY (MII3VY);

PROM - I3V ¢ amexTpuyeckuM nporpammupoBanuem (III3Y);

PLM — nporpammupyemas noruveckas marpuua (ITJIM);

EPROM - penporpammupyemoe II3Y (PII3V).

Heo6xomuMele NOACHEHHS NPHHATOR 34eCh W Oanee TEPMHHONOIHH GymyT
LaHBl IPH 3HAKOMCTBE C COOTBETCTBYIOINMMH MUKDOCXEMaMH.

CrnoBaps MHEMOHHK BHIBOJOB, HCIOJB30BAaHHBEIH IIPH pacCMOTPEHHH
MHKDPOCXEM pETrMCTPOBON maMsTH, OyJNeT HENpephIBHO MONOJHATHCSH
B mMpomecce 3TOro 3HakoMcTBa. CuMmBoil ¢ o6o03HawyaeT BBIXOOB C
OTKPHITHIMH  KojulektopamMu. CrneuuwanbHas  OpraHu3alis  BBIXOJOB
MHMKpPOCXE€M mNaMATH oOyclnoBleHa HeOOXONUMOCTRIO HX  O6beAHHEHHS
B MOAYyNM. BBIX0OX aKTHBEH TONbLKO IpH 4YTeHMH. B pexume zanucu winu
XpaHeHHss OH HaXOJHTCS B TPeTheM cocTOsSHHM Z (Brixox THna ¢) nubo
B eAHHKUYHOM ( BBIXOXA Tuma £ ). DT0 M03BOJILeT O6BEAHHATL BXOL M BBIXOJ
¢ o6pa3oBaHMEM MNBYHANpPABICHHOH INHHBI BBOJA/BRIBOAA. B HEKOTOPHIX
MHKpOCXEMax Takoe 00beXHHEHHE BBIOJHEHO BHYTPH HHX caMHX (BBIBOIBI
DIO - ¢M. muxpocxemy KP1802HMP] B §4.3).

BONBMMHCTBO HHTETpaJIbHBIX CepHi HMeeT ONHOPONHBIA cocTas
muxpocxem 3Y. Hampumep, cepun K541 (MNI-TTJD) u K537 (KMOTII) -
ronbko RAM; cepus K565 (n-MOII) — tonsko RAMD; cepusa K556 (TTJI) —
tonsko PROM u PLM; 1ceppm K573 (JIN3MOII) — tonsko EPROM. Ilpu
MapKMPOBKE MHKPOCXEM NaMATH BCJel 32 HOMEPOM CEPHH HAYT ABE BYKBBI,
ofo3gavatomue THI MUKpocxemsl: PY — O3Y, PE ~ MII3VY, PT - III3Y uawu
M, PP - PII3Y ¢ o»nexkTpuyeckMM cTupanHunem, PO -~ PII3Y ¢
ynetpadHoneToBsIM cTHpaHdeM, HP -~ perucrposoe 3V. [anee B 3TOM
naparpage paccMaTpHBAKTCA TOJNBKO MUKpocxeMbl O3V, BBIIONHEHHBIE 110
pa3HBIM TEXHOIOTHAM.

Texnonorus TTJI

I[To o2Tol TEXHONOTMM  H3TOTABIMBAIOTCA  MHKpocxeMsl O3V
CTAaTHYECKOro THIA, B xagecTBe aieMeHTa MaMATH I8 HHX HCIONb3YeTCs
CTaTUYECKNH TPHUITEP C HENOCPEeACTBEHHEIMH  CBA3AMH, NONOGHBIH
paccmMoTrpenHomy B §1.4. HaubGonee npencTraBUTeNbHOH sABIAETCA CepHs
K541 (texuonorus UXJI-TTI). ITapaMeTpEl MUKPOCXEM TOM CEPHHU:
Nxn=4Kx 1 (PY1),1Kx 4 (PVY2), 8K x 1 (PY3.1-3.4), 16K x 1 (PY3):
twaniew = 100 ... 170 Hc;

Pror = 0,3 0,5 BT;
BBIXO/JBl —~ H& TPH COCTOSHHUS.

¥YI'O mukpocxemsl K541PV] npusenesHo Ha puc. 4.15,a; rabnuua ee
GyHKUMOHHpOBaHMS — Ha puc. 4.15,6 (cuMBONOM « X » ofo3HawaeTcs
fe3pa3nMIHOE COCTOAHHE BXOAA).
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Ocobennoctu nocrpoenus Muxpocxem O3Y TTJI paccmorpum Ha
npumepe muxpocxeMbl K155PYS5S ( N x n = 256 x 1; tz = 60 Hc; Poor =
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. =0,7B1 ) [39]. OTo oxHa u3 MEepPBEIX MHAKPOCXEM pPacCMATPHMBAEMOro THIIA.
Ee ¥YTO orseyaer puc. 4.15,8. TaGnuna QYHKIHOHUPOBAHUA — NPEMCHSIA.
Tonbko B pexxdMax XpaHeHHS M 3a0HCH BMECTO COCTOAHHA Z HMeeM Ha
BBIXOJE CHTHAN 1.

Jlormuyeckas cTpykTypa MHKpocxeMil KI155PY5 nokasawa Ha
puc. 4.15,r. Honusift agpec A = <A7, ... ,A0> pazOuBaeTcs Ha JBe 4acTH:
AX = <A3,...,A0> u AY = <A7, ... ,A4>. Kaxgas yacTe Jemudppupyercs
otnensuo. Ilo anpecy AX prifupaeTcs oJHAa CTPOKa MATpHUIM namaTh MII,
mo azxpecy AY -~ onun crtonBen. AKXKTHBH3aLHS CTPOoXK u cTonbuos
ocymecTBasercs uepes unocpeactso dopmuposareneir @ u ycunurened
cuuThIBaHKA / 3anucu YC / 3 COOTBETCTBEHHO.

Bri6pannas crpoxa conepxut 16 I (anemenros namatu). Ho
ONepalWH YTeHHS WM 3alHCH NPOBOAATCS TONBKO ¢ OXHHM M3 atux OII,
ompeneneHHsIM appecoM crtonbua. Haaumaume Tpex BXxonos Bribopa
KpHCcTanila (a§l, E§2, CS3) nosponser HapacTHTE 00BbeM naMaTH po 2048
ciioB 6e3 HCIONB30BAHUS JONOMHHTENRHOrO Jewndparopa.

Curnan paspemenus pemudparopos OE = CS§ axrtusen, ecnu
BXOAHBIE YNPAaBIAIOIIKUE CHIHAJB CSI=CS2= 0, a CS3 = 1. B pexunme
XpaHeHHA KpHCTaNN He BHGpaH (5§=1, OE = 0) u serxon DO =1. Cornacuo
cxeMe npu sanucy takxe DO = 1. Ilpn ureanun DO ompenenserca cMrHaaom
C BBIXOJa COOTBeTCTBYlomero ¥ C.

BpeMeHHEIE AuarpaMMbl MHKPOCXEMBl B peXuMaX HTEHHS M 3alucH
nokasaHsl Ha puc. 4.15K,3. BenuuuHa t. onpejeneHa mnpoueccaMu
Jeurdppanuy agpeca M BKIIOYEHUS BBIXOAHBIX LeneH Bribpannoro DI Tlpu
3aMHCH HeOGXO0QUMO HCKIKYHTE pajpylleHHe HHPOpMaLHH B HEBLIGPaHHbIX
3I1, xoTopble MOTYT JIOXHO HHHUHATM3UPOBATHCA B [EPEXOJHOM mpolecce
nemuppanun. [TosToMy cursgan W/R MOJaeTCA C HEKOTOPOH 3afepXKKOH t) U
CHMMAeTCS Ha BpeMs t; paHbIUE N0 OTHOWIEHHIO K CHTHaY C§.

Qnement _pmamatu  TTJI  (puc. 4.15,1) npexncrasaser coboit
CTATHYECKHH TpHITEp Ha JBYX3MHTTEPHBIX TpPaH3HCTOpaX. DMUTTeph 2
MOAKMIOYEHE! kK BHYTpeHHeH wHHe Ber6opku HIB (ot DCX), a smurrepst 1 -
K BHYTPeHHe#l muHe paspama pamdHex P «0» wnw WP «l».
OKBMBaNeHTHai cxema §a30BO-3MHTTEPHBIX LeNed HACBLIMEHHOro TpHOIA
B craruxe (puc. 4.15,e) mosBonseT YysACHHTBE ocobeHuoctH paborst DII
(cM. §2.4).

B pexuMe XpaHeHHs noTeHuHan WHHB BeIGOPKH Uws < Uwpio.
[TosToMy TOK HAaCHIIEHHOro TPaH3MCTOpPa 3aMblkaeTcs 4yepes 31 Ha [UB, a
3IT orxmouen ot IIP1,0. BeiGopka IIT ocymectBasercs nonaveit BII na
LIB. Mpu 3toM Uuws > Uuwpl.o © TOK HACHILEHHOrO TPHOLA MEPEKNIOUAETCH
B OMUTTED |, MOBHIIAA NOTEHLHAl COOTBETCTBYIOIIEH pa3pafHON NMUHHH
B CIywae 4YTeHHs (BXONHOE CONPOTHBJEHHE [PHEMHHKA B JHHHH
CPaBHHTENBHO  BENHKO). YCHIHTENb CYHTHIBAHHA, cobpanHblll ' no
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napaasHol cxeme, pearHpyer Ha M3MeHeHHe pasHocTH noreHunanos Uupt -
Uuwpo ¥ GpopMHEpPYeT aflekBaTHBIH JOrHYEeCKHR TOTEHIHAT HA CBOEM BhIXOHE.

B pexxuMe 3amucH, MOMHMO MOJAauY¥ HMIyNbca BLIGOPKH, HA MHHAX
Pl wn PO ycTaHABAWBAKTCA NOTEHUIMANB, .HEOOXOZMMBIE JIA
nepexnoyenua Ol B HYXHOE COCTOAHME. DTH NMOTEHUHANB (OPMHPYIOTC
yCUITMTENEM 3allHCH C MalbIM BBIXOAHBIM CONpOTHBAeHHeM. IIycTs,
HanpuMmep, np¥ xparenmm 1 tpuwon T, HaceimeH, T, 3akpweir. Tornma
yCTaHOBKE  eXMHHYHOro cocrogHus Ol  oTBeyaeT COOTHOMEHHE:
Uus > Uupt > Uupo. Ecirt Uupt < Uupo, TO IPOHCXONUT YCTAHOBKA HY A,

Texnonorus KMOIT

Haubonee pazBuThiM (QYHKUHOHANBHLIM COCTaBOM MHUKpocxeMm O3Y
KMOIT o6nanaer cepus KS537. Omna Bknmoyaer 15 Moanduxauui
MHKpPOCXeM, KOTOpble pasnugaroTcs HHpopmanuonHo#t emkoctrio (1K x 1;
4K x 1; 1Kx 4; 2Kx 8), O6sicTponeiicTBMeM, THNOM Kopmyca,
cneundukauueif BeBOmOB M T.A. Jiusd 3TOH CEPHHM B LENOM XapaKTEpHBI:
enuHoe E; = 5 B, TTJI-ypoBHH BXOIHBIX M BBIXONHEIX CHTHANOB, BHIXOMIBI
Ha TPH COCTOSHMA, Bricokas monyctumas Cu 2 200 nd, orcyTcTBHEe NOTEPh
HHQOpMAUUK XpH cHWKeHHH En. mo 2-3 B. HaubGonee «CKOPOCTHBHIMH»
apnasoTcd MEkpocxeMbl K537PVI14 ( N x n = 4K x |} tuawes = 110 HC) u
K3537PV10 (N x n = 2K x 8; tuawes = 180 uc). [To cBoemy GricTponeiicTBHIO
oHH  Gmmsxku  x O3Y-TTJI, wumes  3HayHTenbHO  Goyee  HH3KOE
snepronorpebnerne. 2To 06ycnaBAHBAET HX MEPCOEKTHBHOCTh  ANA

NpHMeHeHHH B ycTpoiicTBax c CYWECTBEHHO OrpaHH4YeHHBIMH
JHEpropecypcamH.
Mukpocxemst CTATHYECKHX o3y HMEIOT, B OCHOBHOM,

OJHOPa3pAAHYI0 OpraHusanuio. Ee NPUHUMUNBI SBIAOTCH HLOCTATOHUHO
o6mumu. [TosToMy pacCMOTpeHHE B NJaHHOM pa3fiene HayHeM C OJHOH H3
HauGomee paHHHX M NpOCTHIX MuKpocxeM K561 (564) PY2. IlpuHUHILI
MOCTPOEHHST MHKPOCXEM C MHOTOpa3psJHOH opraHdsanueif nokaxem Ha
npuMepe MmukpocxeMbel K537PV 8.

Muxkpocxema K561 (564) PY2. Ee yro " Tabnuua
PyHKUHOHHpOBAHYUS NpHBeNeHH Ha puc. 4.16,a. [TapaMeTpsl MHKPOCXEMBI:
N xn =256 x I; tuswes = 800 Hc; En = 6...12 B; Puor = 0,15 Bt. Ona
BKNI0YaeT (puc. 4.16,6) BrIMONHEHHble HAa eXUMHOM KPHCTANNEe KPEeMHHA
Matpuny namsata MII, nemmbpartops koxa agpeca ctpok DCX u cTonbuos
DCY, xnoun Bei6opa cronbuos KBCB u ycrpoiicTso BBoga / susosa YBB.

Martpuna  mamaTre  cogepxuTt 256 DI, pacnonoxeHHBX  Ha
nepeceyenuax 16 crpok # 16 cronbuos. Kaxppit DI — craTuveckuit
rpurrep (cM. §2.4) ¢ mapada3HbIMH COBMEINEHHBIMH BXOHaMH / BEIXOAAMH
(puc. 4.16,8). KurouepiMu tpuomaMu Ts u Te TpHITEp COEAHHEH ¢
paspsagubiMu muHamu IIPO,1. Ilpn oTcyTcTBHH cHTHana BeIGOPKH CTPOKH
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(ua UIB ~ HII) 3Ty TpHOXHI 3aKPBITBI H TPHITEP U30JHPOBAH OT Pa3spAAHBIX
JNHHuR (peXHM XpaHEHHS ).
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Ilo ycnoBHio, ecnM TpHITED HaXOIWTCH B €QHHHYHOM COCTOSHMUH,
to rpuoxsl Ty ¥ T4 oTkpwITH, T; 1 Tj 3akpeiTel. B pexumax CUHTBIBAHMA H
sanucH ua UIB mopaercs BIT (Ts u T¢ orxpeiTel). Ilpy qTeHHH eXMHHUBI
umeem: ILIPO ~ HII, HIP1 ~ BII, camu pa3psadsie JHHHH HaXoZATCA
B BHICOKOOMHOM COCTOSMHHH (CM. NpenslAywui pasnen). Te sxe moTeHNHANb
JeHCTBYIOT Ha PaspsAHBIX JHHHAX H NPH 3anucH eXMHHNbl. Ho Temepsh yxke
OHH CO3JaIOTCA OT HH3KOOMHOrO BHEINHEro MCTOYHHKA. B pexume
XPaHEeHHs 3HepronoTpebenHe MUKPOCXEMbl NTpeHeGpexRuMO Maslo.

Tapa xnroueit TO u T1 (puc. 4.16,6) pribupator cronbeu. Knwun VTO
u VT1 ceasmBaior MII ¢ YBB B pexumax uTeHHd ¥ 3anucu. HanpasneHue
nepegaun HHPOpPMALKK onpelensercs curuanom W/R.

YerpofictBo BBona/BmiBoja (puc. 4.16,I') CTpOHTCS Ha OCHOBE
MHBEPTOPOB C TPEMS COCTOAHHAMM BBIXOAA. Paspemaloline cUTHAIbI

V=CSvW/R, V'=CSvW/R,
Ha puc. 4.16,n npuBenena cxema oaxoro kanana. Museprop Ha tpaonax Ty,
T, nonmonHen ABYMS KiIO4YeBeiMH TpaHducTopamu Ts, T4 Ilpn V=0 artn
TpaH3ucTopbl (o06a) 3akprITE. Tak peanH3yeTcs TpeThe COCTOSHHE BhIXOAA
B NAaHHOM Cllydae.

Mukpocxema K3537PV8. (puc. 4.17,a -~ ee VYIO wu rtabnuua
(GpyHknMoHHpoBaHHA) MMeeT mapamerpe: N x n = 2K x §;
tysnes =350...530 He; t, = 200... 400 He; Pyor = 0,2 Br. B pexuMe xpaHeHHs
norpe6iseMas OT HCTOYHHKA MOIMHOCTL CHHXxaeTcs Gonee yem B 1000 pas.
Mukpocxema HMeeT 06beNHHEHHBIE BXOABI/BhIXoAb DIO u crneunanbHbIH

curHam paspemenns BbixomaOE. Hanmudwe 3TOro CHrHajma NO3BOJAET
3aNpeTHTh BBIBOJ HHGDOPMANHKH B DEXXUME CUMTHIBAHNA: NPH OE =1 BBIXOXBI
nepeBONATCS B COCTOAHME Z.

Miukpocxema Bkawouaer (puc.4.17,6) wmarpuuy namate (MII)
co 128x128 DII, perucrphl u gemudparopsl koga agpeca cTpok (RGX u
DCX) u cronb6uos (RGY u DCY), ycunurenu cuursisanns/3anucu (YC/3),
ycrpolicTBo ynpasneHus (YY) m ycTtpoitctBo BBOma/BeiBona (YBB).
Martpuua pa36uta Ha 8 cexuuit no 128x16 DIl B xaxpoit. UeTslpe Mnagmux -
paspana agpeca <A3-A0> BpIGHpAKT MO OZHOMY CcTONOLY OXHOBPEMEHHO
BO BCEX CEKLHAX H KOMMYTHpPYIOT ux ¢ YBB,

Texnonorus n-MOII

ITo 3Toff TeXHOJOrHH H3rOTaBIMBAIOTCA MHKPOCXEMBI CTATHYECKHX U
munamuyeckux O3Y. Cratuveckuil BapuadT npexncrtaBnager cepus Ki32,
nuHamMuyeckuii - cepua K565. Ileppas u3 STHX cepuil BiaovaeT 13
paznoBugHocTed Mukpocxem. Hnsa scex uux: E, = 5B; TTJ-yposHu Ha

BBIXOMAaX ¥ BXOJaX; BBIXOABI HAa TPH COCTOSHMA; CATHANBl YIpaBIeHUA — C.S‘,
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cBoell CTpYKType OHHM BIOM3KkM MHKpocxemaM namsTH cepuit K561 m K537,
ofnafgaldT  CpaABHHTENBHO  BhicOKHM  OnicTpogmeiicTBueM. Hanpumep,
muxpocxema K132PVY6 (16K x 1) uMeeT tyypeq = 75 HC npR Py = 0,44 Br.
[TapameTpel MuxpocxeMbel K132PV10 (64K x 1) naxce HeCKONbKO jydIlIe.

Houarue nupamudeckoro Q3Y., B ocuose paborsl aneMeHTa
OUHAMHYIECKOH NMaMATH JIEXUT MPHHIUI XpaHEHHUS NXBOMYHOH HHGbOpMALUH
B BHje 3apama Ha emkocTH. Conporuenenue yreuku MOII-rpansucropa
IOCTATOUYHO BEIHKO (1012 .. 1ot Onm). IToaToMy HAKOMJIEHHBIH HA €MKOCTH
3apal COXpaHAeTcs He MeHee 2 Mc NpH TeMmepartype He Oolee 100°C.
QOnuaxo TpebyeTcs nepuonHUecKas pereHepauus XpaHHUMBIX JTaHHBIX
(BOCCTAHOBIEHHE 3apsAla Ha 3alOMHHAOWNEH eMKOocTH) ¢ 4acToTOoi He
menee 500 To npu DOMOIUM CHeuHaNbHBIX CXeM. BMecte ¢ TeM,
B CpaBHEHHM CoO craTHueckuMH O3Y cHuxaeTcs snepromorpebnenue n
3HAYMTENBHO ynpomaerca cxema 31, ITociennee NO3BOJNIAET [OBLICHTH
CTENEHb HHTErPRIIH.

Texnonmorus n-MOII  aBnsercss OCHOBHOH  JUI  W3TOTOBIEHHSN
MHMKPOCXEM JAHHaMHuecKoH mnamaTH. IloTenuwansHo ona ofecmeumsaet
MAaKCHMYM ObiCTpOjeHCTBUA, YPOBHA HHTErpalHH K BPEMEHH COXPAaHEHHS
japsafia  (MHHHMYM TOKOB yTeukM). DTH MHKPOCXEMBl HMEIOT piaj
ocoberHnocTeH, CYHECTBEHHO OTJHMYAKIMX HX OT MMUKPOCXEM CTATHUECKHX
O3V MyJIbTHIIEKCHPOBAHHE aAPECHOTr0 Koja, Bojlee CIIOXHbIE BpEMEHHBIE
JMarpaMMBel CHrHAllOB yTpaBjeHus, pereHepauus xpaHumoit uadopmauun,
CpaBHHUTENbHO GOJIBIIOE HHCIO KOHTPONMPYEMBIX BPEMEHHBIX TapaMeTpoR.
Bee »T0 3HauMTEABHO YCHOXKHSAET NPOEKTHpOBaHHe guHaMuueckux O3VY.
M Bce ke ykalaHHBIE paHee JOCTOMHCTBA CHENAallH HX OCHOBHBIM BHIOM
riaBHoO# mamaTH coBpeMenHelx DBM.

Cepust K565 conmepikHT, 3a HCKIOUeHHeM cambix nepsbix (PY1,3) n
camelx rrocrenuux (PYS8, 9) Bapuanros, 14 pa3sHOBHIHOCTEl MHKpoOcXeM
auHamudeckux O3Y ¢ napaMeTpamu:

Nxn=16Kx1, 32Kx1,64K x 1, 256K x [;
=230 .. 460 Hc;

lu mi/em

E,=5B:
Bxobl ¥ Beixonsl — TTJI u TTJI-3 cooTseTcTBEHHO;
Puor = 120 ... 350 MBr npu o6pamenun u 20 ... 35 MBT npu XpaHeHHH;

s = 4 MA, wro oNpeHeNseT HArpy30YHYI0 crnocoBHOCTh MHUKPOCXEM
B cratuke (cM. §2.2). To e amavenue 1%,, xapakTepHo M JUIs
MHKpocxeM craTHueckoit mamarty KMOIT u u-MOII. Ho tam ponyckaercs
cyuecTBeHo Gonblias eMKOCTHAS HArpy3Kka - B COTHH md,

PazsuTHe MHKpPOCXEM IOHHAMMYECKOH maMsiTH CBA3BIBAETCH ¢
NOBBILIEHMEM YPOBHS HMHTErpanun (rak, MHxkpocxema K565PV9 umeer
N x n = IM x 1), poctoM GEICTponeHCTBUS H COBMELICHHEM B OLHOM
KPHCTaNIe HAKOMHTENs C YCTpOHCTBOM peredepanuu (Tdk HasbiBaeMoe
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kBasucraTuaeckoe O3Y). DieMeHTHl BCTPOEHHOH CHCTEMEl PEreHepanuu
IPHCYTCTBYIOT B Mukpocxeme K565PV7. Dro nemaer BO3IMOXKHBIM ANA Hee
PEXHM aBTOpPEereHepalHH.

Miuxkpocxema _K565PYV5. Omna AOCTATOYHO  paclpocTpaHeHa
B HacTosmee BpeMs. Hmeer 8 wmommdrkanmii. OCHOBHBIE BapHaHTH
uabopmanuonnoit emxkocty — 64K x 1 m 16K x 1. Ha puc. 4.17,8

npencraBneds! YI'O u rabnuna ¢yHKHHOHMPOBAHM [ MEPBOTO BApHAHTA,
KOTOpeI paccMaTpHBaeTcs Jalee. BpemeHHBle JIHArpaMMBl CHIHANOB
B pEXXHMax 3amHCH W CYHTHIBAaHMS [OKasaHe Ha puc. 4.17,r,n
COOTBETCTBEHHO.

IMpu  ofpameHHH K MHKpOCcXeMe  JNs  3andcud  HHbopmanuu
HeoBXOAHMO MOCNEeN0BATENLHO HONATh:

1. Kox anpeca crpok <A7,...,A0>,

2. OgHOBpeMEHHO ¢ HHM HIH C  HEKOTOPOH  3aiepKKOi
(He HOPMEpYeTCA) — CHIHAN RAS, IO cpe3y KOTOPOTO 3aIlefKHBAETCH afpec
CTPOKH.

3. 3aTeM ¢ HODMHDOBaHHOMN 3alep)XKoH Ha BpeMi yJepXaHWd ajpeca
CTPOK OTHOCHTENBHO cpe3a RAS nopaercs Kon appeca cTonbuos
<Al5,...,A8>. ‘

4. Nanee yepe3 HOPMUPOBAHHOE BpPeMS YCTAHOBJIEHHT 3TOrO ajpeca—

curnan CAS TIo ero cpeay 3amenkusaeTca agpec cTonbua.
5. K MmoMenTy nomaum xoja agpeca cronbuos Ha Bxon DI noctymaer

lanuchiBaeMblii 6UT HHQOpManuu, KoTopsli curuatom W/R mpn mammunu

CAS =0 ¢uxcupyercs Ha BXOLHOM TPHITEpE-3aleNKe.
6. 3anuch HONKHA yCHETh 3aBEPLIMTHCH B TeYeHHe AeHCTBHS

uMmnynsca RAS, Mexay OBYMs COCENHMMH HMMYTbCAMM JOMKHA GBITH
BBIAEPKAHA Iay3a, HeoGXoaMMas IUIA BOCCTAHOBJEHHA COCTOSHMSI
BHYTPEHHHX Leneld MHKPOCXEMBI.

B ToM xe mopsaaKe HOJKHBI ObITh MOJAHBI ajpecHble H YyNpapifloumue

curuansl npe cyureBanun (W/R = 1) -~ puc. 4.17, n. Bpemeunas
ouarpamMma Qs peXXHMa pereHepalMH BKIIOHAET TOMLKO cHrHanel RAS u
Koja ajpeca crpokn  <A7,...,,A0>. Tak uyrto RAS- 310 curnan

HHHLUHMANH3A0HE  MHKpPOCXeMBl  (AHAllOTHYMeH  CHrHAly Cs BeIbOpa
kpucTamna). [Tonnbifl mepedyeHs KOHTPONMHPYEMBIX BPEMEHHBIX IapamMeTpoB
nuHaMmudeckoro O3V BriarodaeT Oonee HecATKa HAUMEeHOBaHuUH,
VYnpomenHnas cTpykTypa Kkpucramna PVYS (64K x 1) orseuaer
puc. 4.18,a. Cravana Ha BXOABl A NONAKOTCH BOCEMb MIALLIMX Pa3psioB
agpeca <A7,...,A0>, KOTOpbIE€ 3allOMHHAIOTCA BO BHYTPEHHEM aJpPECHOM
RGX no cpesy RAS. 3aTeM Ha 3TH THHHUH NOCTYNAKT BOCEML CTApUIHX
paspanos anpeca <Al1S,...,A8>. Oun puxcupyiorcs no cpesy CAS B RGY.
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Curuanom RAS ctpoGupyercs u YBB. Matpuna namaru MIT cogepxur 128

cTpok w512

cTonbuoBs.

TMosromy daxTudeckn AX=<A6,...,A0> u

AY=<A15,...,A7> Paspan A7 3anomunaerca B RGX, mo gemuppupyercs
B DCY sBmMmectre ¢ cogepxuMeiM RGY. Takas opragusanus Ho3Bojiser
YCKOPHUTD IIOCTPOUHYIO PEr¢Hepaiiuio MUEKPOCKeMsl B nenoM (cM. fanee).
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Puc. 4.18

Cxema 311 sMecTe ¢ pparMeHTaMu uenel CUMTHIBAHUA H YNpPaBICHHA
3anuchlo nmoxazaga ma puc. 4.18,6. B cocrap 3II Bxomut koupencarop C
emkocThio 0,1 — 0,2 n® u Tpan3ucTop T. XapaKTepHo, 4TO 3aNOMHHAKOUAL
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€MKOCTh HE peamH3yeTcs CHEeNHaNbHO. DTO MmapasuTHas eMKOCTh MEXAY
“BHCAYMM” HMCTOKOM H NOMJOXKOH. JONMONHHTENbHBIE KOMIOHEHTD
pucynka: YC — ycunurtenb cydTeIBaHuA; Ty B Ty — kxnrodu A4 3a0aHusg Ha
wuHe cuuTbiBanus IIC HeoGxomuMblx B nmpouecce paGoThl NOTEHIHANBHBIX
yposueit; C, — pacnpeneieHHas emkocTh muHbl. 3rauenue C,/C 2 100,
tak kak IIC cBaswmiBaer DIl MHoxectBa crpok; U3 - paspsgHas mHHa
sanucy; Y«O0» B Y«l» — JUHHM YCTaHOBKHM HYIEBOrO0 W EAHHHYHOrO
3HayeHu# norenunana IIC. ‘

CuuTtsiBande npoBoxuTca B ABa srana. CHawana C, 3apaxaercs no E,
yepes tpuon T; (Ha V«1» — BIT). 3atem na 1B nonaercs mosnoXuTenbHbli
umnynse BeifopkH. IIpu 3Ttom Tpuon T B DIT oTkphiBaeTcs, HANPAKEHHUS HA
emkoctax C u C, BoipaBHUBaOTCA. M3MeHenue notennuana munsl LHC

AUy = (Ea~ Ue(0)) C /7 (C+Cy) = 0,01 (Eq~ Uec(0))
makcumanbio npu Uy (0) = OB (xpanenne 0). 3vayennme AU, = 50 MB,
4TO [JOCTATOYHO [N mepekiarovedus OanawcHoro ycunutens B YC,
3aMeTHM, UYTO CUYHTBIBAHHE HYISs TMPOHCXOMUT B HAHHOM ciaydae ¢
paspyuieHneM HHPOpPMaLHH.

IIpu samucu 0 o6a xonpencatopa — C, 1 C pa3psxaloTcs depes TpUon
T, (V"0", IIB ~ BIT). B cnyuyae 3anucu 1 3TH KOHJEHCATOPHI 3apsIKATCH
yepes Tpuok Ty (YV"1", IUB - BIT) no E,.

bonee pmeTansHOe, HEM paHEe, NpeAcTaBlenHe 06 opraHulauuu
OYHKUHOHHPOBAHHSA MMKPOCXEMBI [AaeT €e CTHJIM30BAHHAs JIOMHKO-
cTpyKTypHas cxema (puc. 4.18, B) [52]. B 3To#i cxeme:

RG - BHYTpeHHHIl perucTp HIA NPOMENKYTOYHOrQ XPaHEHHs COCTOSHHIL

BbI6paHHON CTPOKH;

K1 - BXOnHOH NeMyIbTHILIEKCOP;

K2 — BBIXOAHOH MYNBTHIIIEKCOP;

YC ~ ycunurtenu cHHThIBaHUA (CTpobHpYyeMbIe);
VY3 - ycunurenn sanucu (ctpobupyemere).

To cpesy RAS (paspemenue ofpainenus) BrpaGaTbiBacTcs cepus H3
nsatu crpof-umnynscos (pHc. 4.18,8; BHU3Y):

I - dopmuposanue BIl Ha auuuruM Y«l» (puc. 4.18, 6) ans HavalbHOro
3apana emxoctd Cy;

2 — paspemenne nogauu BII Ha oxny u3 IUB;

3 - crpobuporanue YC pns nopaspsagHof sanmcu B RG comepxumoro
BeIGpanHOi #3 MIT cTpoKH;

4 - crpofupoBanHe 3amMCH HM3BHe B BblGpanublit  pazpsx  RG

(CAS =0,W/R =0) nubo uTenus Gura M3 sTOoro paspsaga (CAS = 0,
WIR =1);

5 — crpobHpoBaHHe NoOpaspaAnHOR 3amucH comepxumoro RG B peilpannyio
cTpory MII.



Takum obpa3zoM, Kak IPH YTEHHH, TaK ¥ [pPH 3a0UCH HMEET MECTO
perenepauns Bribpannoit cTpoku. Ho ecnu ob6pamenus Kk HeKOoTopo# cTpoke

HET  JOCTaTO4YHO JOnro, TO ee HeoB6XonuMo pereHepupoBaTh
npudyauTenbuo. [lonaras ty,.. = 200 Hc, ans BpeMEHH HENPEPBIBHOMH
pereHepaunn 128 crpok noayzaem 25,6 wMkc << Tp = 2 wme.

CnenoBaTensHo, pereHepallHss 3aHHMaeT npuMepHo 1,3% or obwero
BpeMeHM paboThl NMaMATH, T.e, Majlo BAHAET Ha ee OBICTpONEHCTBHE.
PaszM4HBlE  pEeXHMBI  pEereHepalMHM  OpPraHU3ywTCd ¢ [OMOUIBIO
CrelHallbHOr0 KOHTpOIEpa AHHaMHueckol namsatu [106,107].

§4.5. MUKPOCXEMBI [TOCTOSIHHOM ITAMSATH

OcnosueiMu  TpeGosanusMu « [I3Y  gBagiorcs: HepaspylaeMocTb
XpaHHMOH HHQOpPMAUHH M DHEDPrOHE3aBHCHMOCTL, T.€. CHOCOGHOCTH
COXpaHATh MHGOPMANKIO NPH OTKIOUEeHHH NuTaHus. [I3Y MoryT paboraTe
B IBYX peXHMaX: XpaHeHMe H CUHThIBaHHe. JIO3TOMY OCHOBHBIM
BpEMEHHBIM [apaMeTpoM  HNA HHX sBAfeTcs BpeMs BeIGOpkH 1,. Bee
muxpocxemsl [13Y uMerotr MHoropaspaanyio oprakusauuio N x n, n>1.

Mo cmocofy nporpaMMHpOBAaHHSL, T.e. 3alMCcH  UHOpManum,
mukpocxemsl [13Y nogpaspensroTcs Ha 3 rpymmbl:

1) macounste [I3Y (MII3Y, ROM). OnHokpaTHO INpOrpaMMHpPYIOTCS
H3roTOBHTENEM IO cnocoby 3akazHoro doromabnona {Macku);

2) anexrtpuueckd nporpaMMupyemuie 13V (TIII3Y, PROM). OnHokpaTHO
NPOrpaMMHPYIOTCA NMOJb30BATENEM 110 CMOCOBY HMEpPeXKHTaHUd IIaBKHX
mepeMeltdex Ha KpUCTalle;

3) penporpaMMHpyeMbie 3y (PIT3Y, EPROM). MHoOTroKpaTHO
NMporpaMMHpPYIOTCA NONL30BATENIEM.

[TpuHuun szanoMuHanus uRdopManuu B cnyvae [MII3Y uamocTpupyeT
puc. 4.19.a. Ha xpucrTanie, mOCTABISIEMOM MOJB30BATENIO, CONEPIKATCT BCE
INEMEHTHI cBs3M  (MEpPeMBIMKH U3 HHUXPOMa, MONHKPHCTANIHIECKOrO
KpeMHHS © Jp.) MeXJIy CJOBapHBIMM H paspsInHbiMK JHHHAMH. [lpu
NporpaMMHPOBAHEKM B pa3pafe, rae AoJkeH ObiTh 3anucan 0, mepeMbluka
pa3dpywaercs. Ha pucyHke XaH OpHMep 3amMcH Tpex ciios: suefika 0 - 101,
suefika [ — 010 u sueiixa 2 ~ 01]. Paspymednas nepeMbiyka OTMEYEHA
cumBosom “x". Ilepenava curnana or B k LIP o6sryno conpopoxaaercs
ero yCHJIEHHEeM, AN YE€ro [OC/AeJOBATENbHO C NepeMbIYKOH BKArOUaeTcs
akTHBHBIH anement. Ha mo6ofi IOP Beinonusercs ofvenunenne no MJIU.
[TosToMy aneMeHT CBS3H AOJDKEH KaK MUHHEMYM COLepXaTh AHON (Mokasas
IYHKTHPOM Ha pHc. 4.19, a).

B MII3Y nporpaMMHpoBaHHE OCYLIECTBIsIiETCS HE pajpylleHHEM
HEHYXXHBIX, a HaOpOTHB, CO3AAHMEM HYXHBIX mepembidex. Takas
TeEXHONOrU ofecrnevyuBaeT TMOBBILIEHHYIO HaleXHOCThb 3anucu. Ho oua
IpHMEHSETCS TOJNbKO [PH H3TOTOBIEHHHM AOCTATOYHO KPYHHBIX NapTvH
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opHotunueix I3V (¢ onmmo#t m Toil %ke sanucagHofi mudopmanueir), ubo
niroroBnesdEe Qoromabionos — IOBOABHO AOpPOrocTOSIMA TNpolece.
Yro6m sanporpammuposarte PII3V, wmago mpensapuTenbHo CTEpPETH
3anucaHHEyo paHee UHpopmanuio. To H XPYroe AOCTATOTHO cnennHUHO,
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B sTom iraparpade naercs 3HAKOMCTBO ¢ HPENCTABHTENAMH BCEX TpeX
rpynn mukpocxem [I3V. Paccmarpusaercs OpraHdszalld MHKpoOCXeM H
noleioBarensckue  acnekTw. HeoBxonumoe  BHHMaHMe  yAeNAeTCH
HETPAAUIHOHHBEIM puMeHernam 13V nna
I) sBocnponigegeHUS QYHKIHOHATBHBIX 3aBUCHMOCTEH;

2) BeilONHEHUS apudMeTHUECKHX JeficTBHIl;

3) peanuzanuM MOrdYecKUX npeodpazoparenei.

B cBA3H ¢ noclieNHHM NPHMEHEHHEM BBENEH 3aKJIIOYHTENbHBIA pasien,
NOCBAIEHHBIH NpOrpaMMHApPYeMBIM JlorHYecKHM marpuuam (I1JIM).

Magcounsie [13Y

Mukpocxemsr MII3Y (ROM) usrorasnusatores no TTJ -, MOIT- u
KMOII-TexnonornsaM ¢ uHpoOpMaUHOHHO# eMkocTbio o 1K no IM 6ut. Hx
paspsaiHocTh ~ oT 4 go 16, Bpixoas — TTJI-OK (¢ oTKkpbITEIM KOMIEKTOPOM)
mbo TTJI-3. Homenxnarypa ROM pocrartoudHo Benmuka ¥ HOCTOAHHO
pacrer. 3anecenuyo B ROM undopMauumw B TeXHHYECKOH AOKYMEHTaLHKM
HA3BIBAIOT «NPOWHABKOHK». BONBMIMHCTBO MHUKpOCXEM HMEET CTaHjapTHbBIE
apomnsky. Ho HMEOTCS H MHKPOCXEMBI, IPOMUBKA KOTOPBIX BBHIUIOJHAECTCH
H3FOTOBUTENEM IO CHENHaJLHEIM Kapram 3akasa. K TakoBsIM OTHOCHTCH,
nanpumep, mukpocxemsl K1801PEL u KI1809PE! (N x n = 4K x 16).

CranapTHhie HPOIUHBKH JOCTATOWHO CTEPEOTHNHEL. BOT HekoTophle
IPUMEpBL:

K155PE21...24 - OyxBwnl pycckoro, JATHHCKOTO andapuTOB,
apuMeTHUECKHE 3HAKH H LH(PLI;

KP555PE4 — cumsonsl kona o6mMena undopmauneit KOH 2-8;

KSO5SPE3 (pasusie wMonuukaumu) - Oyksbel, 3HaKH H  UHPH,
ko3ppuuuenTs GpicTporo npeobpazopanng Pypbe, 3HAUCHUSL CHHYCOB
U KBaJapaToB;

KP568PE2 (pasubie MomMbuKauuu) — OyKsbl, 3HAKM M LHOPHE, CHMBOJBI
Mex TyHapondbX Tenerpadupix xoxos Nel w5, xomoBsie TabaMuml,
3HAY K CHHYCOB, acceMBriep B pelakTop TeKCTOB;

KP1610PEI (8 moauduxauuit) — nporpammnoe ofecrnedenne MUKPODBM
«Hcxpan,

Muxpocxemsr K155PE21-24. Mx YI'O nokasano na puc. 4.19,8. D10
onuu u3 naunbonee panuux Muxpocxem MII3Y. Tem He menee, no cpoei
CTPYKTYpE OHHM JQOCTATOHHO [PENCTABHTENBHL INd Bcero kiaacca ROM.
Mukpocxema PE21 copepxur 6yxsst pycckoro andasura, PE22 -
natudckoro, PE23 — apudpmeruyeckne 3naku 0 uudpsl, PE24 — nononuenus
pasnuuHpX cuUMBoNoB (oM. hanee). ITapameTpel 3THX MHxpocxem: N x n=
=256 x 4; t, = 30H¢; Phor = 650 MBT; Tun srixona — TTJI-OK.

OTMmeTHM 0COBEHHOCTH HMX CTpykTypsl  (puc. 4.19,6). Martpuua
namati MI1 comepxuT 32 m-amurrepHbix Tpansucropa T,, m=32. Basel T,
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of6pasyror cTpoku Marpuusi, OHM DoxkiodeHs Kk BeiBogam DCX.
KomnounenTts! aapeca nogarwrcs Ha DCX mapadasHo dyepes GopMHpoBaTessb
FX. Kosaextopsl Becex T, coenunedsl ¢ muHOH nuTaHud. DMuTTEpH nubo
CBA3aHBl ¢ Pa3paAHOH WHHON (B RaHHOM paspsiae sanucana 1), nubo ne
cBsg3aHel (3amucan 0). CooTBeTcTByWIUas MJIOCTpauMs Oyner paaHa
B clejyloeM pasjene Ha npumepe ITII3V.

Paspanuele mHHB pasfgeneHsl Ha 4 rpynmel mo 8 nuHME B Kaxio#.
Cenexropnl rpynn SELi, i = 1...4, npenctaBnsoT coboit HaGopwl Kio4eH,
yrpasaseMpix ¢ shixomnos DCY. Jlw6oii cenexktop BEOHUpaeT U3 8§ BXONHBIX
JTHHHE ONHY ¥ KOMMYTHDYET €€ Ha BBIXOJ uepe3 cTpobupyeMblit ycuiuTens
cunrtsiBanug YC. Axtupusanus scex YC OpOUCXOOUT NpH CSl = €S2 = 0.

B cpoeit coBoxynmHocTH MHKpocxeMnl K155PE21-24  ofpasyior
reHepaTop CHMBOJOB Ha 96 3HakoB ¢Qopmara 7x5 Touek. Boiamoxuas
peanu3allds TAKOrO TreHepaTopa npejacrasiieHa Ha pHc.4.19,r (Buewnue
pe3HcTOpH He MOKa3aHel). B maHHOM cnydae Kox aigpeca pazbuBaercd Ha
TpH dacTH: <AZ...A0>, <A7..A3> u <A9 A8>. [Ipa cTapmux paspaia
BEISHpAOT MHKpocXeMy W pononHstomuit  Bexon PE 24 (uepes
mynerumiekcop KII2). Pazpsger A7-A3 onpefensroT BHI CHMBONA M3
HaBopa cMMBONOB BEIOPaHHOH MHKpocxembl. Mnammue pa3paibl BbULENAIOT
ctpoky cumBona. CurHansl ¢ BrxogoB V1-V5 moctynmamor Ha ycTpo#icTso
0TOBpaKeHH. ’

Tak, npu <A9 A8> = 01 BeIxox PopMHpyeTcs MHKpocxeMoit PE21 u
BriBogom DO2 mukpocxemsr PE24, B coorBercTBUMM ¢ Tabnuuell NpomuBKH
mukpocxemMsl PE21 npm <A7..A3> = <0...0> H [OOCJIEHOBATENLHOM
nepefope KoMOuHanui <A2...A0> BpEMEHHAA COBOKYIHOCTD
yupaBisiiomux cureEanoB V1-V5 orseqaer 6ykse KO (puc.4.19,1). Hynesas
koMmbuBauus <A2...A0> He HCNIONB3IYETCH.

Hexoroprie tenapennuu. [Hns BMC namsaTH B uemoM XxapakrepHa
ycroluuBas TEHIEHIHA K MX GYHKIHOHAILHOMY YCHOMHEH IO,
B yacTHocTH, B cTpyKTYpyY MHKpocxeM ROM BcrpauBaioT uuTtepdeiicHbie
y3nel NS WX CONPAXEHHA CO cTaHJapTHoH  wMarucrtpansio. Tak,
muakpocxemsl K1801PE1 u KI1809PE1 umelor BcTpOeHHBIH KOHTpoOJsep
IT3VY. Muxpocxemsr K596PE2 (64Kx16) u K563PE2 (32Kx8) — BcTpoennsie
CXeMpl CAMOKOHTPOJS M  HCIHpPAaBJIEHHA OJHHOYHBIX OMIMHOOK IIpH
cupTelBannu. Hanbonee nepcnexkTuBHOM cyutaercs trexuonorus KMOIT kak
HauMmeHee sHeproemkada. Hanpumep, Pp,r antx mukpocxemsl K563PE2
(KMOIT) B 50 paz meHbIme 3HepronorpeSiaeHdst MukpocxeMbl K596PE2
(TTJI) npr mpaxkTHHYECKH OJXMHAKOBOM GbICTpOAeHCTBHM. B M3roToBNEHMU
KMOII-muxpocxem II3Y DOCTHIHYTH 3HAYHTENbHEIE YCIEXH,



[porpammupyvemeie N3V

Bonswurereo PROM  wsrorasnusaercs no TTJIIU-TexHOMOI'HH.
Benymee nojoxende 3aHumaeT cepHst K556. Ona BkiIoyaeT MHKPOCXEMEI
eMKocThio o 64K 6ut (PT16) ¢ 4- u 8-paspsmmolt opramusauHed,
ts=45...85 Hc, Paor = 0,6...1 Br. Cepus KMOIT (K1623) umeer Gonee
nuskoe OpicTponeficTaue. Tak, ans mukpocxemsl K1623PT1: N x n = 2K x8,
te = 200 HC.

Muxpocxema K3556PT4 (puc. 4.20,a — ee YT O) umeeT mapaMeTphl:
N x n = 256x4; t« = 70 uc; Puor = 690 MBT: Boixon TTJI-OK. CtpykTypa
muxpocxeMbl nomo6ua KI155PE21-24, 3a MCKJIOUeHMEM BBIXOMHBLIX Lened
(puc. 4.20,6). dopmuposarenn 3anncd F  paspemaroTcst B peXHME
nporpamMmupoBanus nogaued BIT wua CS2. [Ipu >TOM OHH WYHTHPYWOT
(6noxupylOT) ycuauTend cuuThiBaHus YC. Bulfop kpucTanna B pexuMe
o6siunoro ¢ynxunonnposanust [I3V (xpaHeHue-uTeHue) ocymecTsiaseTCs
no CS1=CS2 = 0. 3mavenne CS2= 0 6noknpyeT GOPMHPOBATENH, W OHH He
BIUAIOT Ha paboTy CXEMBL.

Veunurenn YC — weBeprHpyomue. [103TOMy HanMuyue nepeMBIYKY
orseuaer 3amucu 0, ee orcyrcrBHe — sandcu 1. Kpucrann nocrasisercs
[10b30BATENIO € 3aNHChI0 0 BO BCEX CJIOBAX M paspsafax. ¥ BCEX MHKPOCXEM
cepun K556 nepemblukn - u3  uuxpoma (B cepuu K541 - U3
NOMHKPHCTAIHYECKOTO KpeMHHA). IIpeanpHATHE-HITOTOBHTENL QCTABAAET
3a  cofoit  npaso mocraBasTh MHkpocxemsl [TI[I3Y ¢ wuavaneHO#H
undopmane B HEKOTOPOM uMCIE sueeKk naMsTH (06bluHo He Bosee 4).
[puunHo# MOryt OBITH HCHBITAHHA MHKPOCXEM Ha NPOFpaMMHpYyeMOCTb
npu WX Beycke. fueliku ¢ uHawansno# undopmauweit ykassBarTCA
B CONPOBOAUTECIIBHOM NOKyMEHTE,

Ynpouennas cxema kpucranna K3556PT4  [125] npusemena Ha
puc. 4.20,8. Martpuua namary MIT umeer opraumsaumo 32 x 32 6ur. OHa
conepxuT 32 m-IMHTTEpPHBIX Tpan3uctopos MDTi, m = 32. Baza MOTI
ofpazyer CTPOKY MATPHIL M3 BOCHMH 4-pa3paiHBEIX CJIOB. DMHTTEPEI
KAOKKOH cipopn pasgeiensl Ha 4 rpynnel 1o 8 6ur. CenexkTop (KJAIOYH
To...T7) BeibupaeT B Kaxio# rpynne o oaHoMy IMutrepy. JIrobyw rpymiy
oGenyxusaer colt YC (8-sxomoBpit aneMent U-HE ¢ ponosnsurensHbiM
noruveckuM BxogoM CS1 ) u cso#t F (Tw, j e€{03}), ynpapasemslit
curuanom CS2.

B pewuMe cynTeiBanua CSI=CS2 = 0. Ilpu atoM Bce Twy 3aKpHITHL
Curnan Ha BeIGpaHnOR knowom Tk (ke{07}) paspsgHOd NHHHK KaXKAOH
rpynisl HHBEPTHPYETCA H NepejaeTcAs Ha BLIXOA. EcNH B HaHHOM paspsle
sBeI6parHoro ciosa 3andcad O (nmepembluKa wena), TO HA NHHHH HeifcTByeT
BIT ¢ seixoga DCX. B cayuae paspywenHoit rnepembiyxy (3anucu 1) — HIT
(morenuKan HacsiweHHoro Tk).



a . g ._s{ (%3] _
4.9 oM e —
—az]| ¥ "D%
~d €81 0~ 48 F vC F
© . o) 5
—q 052 3 | (Y] 1 . ;‘—'J
D0 YO '3
b
s A
O'—Df——‘—:f\*-——-‘\ /""——"""“"a
] N MaT §
:DC)( s‘_ J ;\/ E
’ n
g . e
e : 1 Csd D0
|
;T‘-] =0
% 3
ol..r
€32
7
M3
0 5] 0 T
R .
Ncrpodicran
2 PoPMLIPD- AQ PROM ) KOHTPOAS
Barens : 1K DO e »-RE 03K
agpeca. A7 e D

Puc. 4.20
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cume aTh OS] (YC 3a0J0KHpOBaH), XOTA B peanbHoll cXeMme 3To He Tak.
B ko kABIH  MOMEHT BPEMEHH TPOTPAMMHPYETCs TOJBKO OHH pa3spsi
BHIOpanHO o crosa. HecnegoBatenbocTh JIedcTBHI rakoBa:
. Ha anpecauic BXOJE MUKPOCXEMEI HOAACTCS anpec sitdefKH NaMATH.
2. Beixon DO roro 3ap-iia, vne HALO paspyIuHTh NepeMblMKy (3amdcarh 1),
3a3EMIAACTCA.
3. Ha sBwiBOabl L, Cs2 KOMMYTHDY "TCH  TOJOXKHTENbHbI MMNYNbC
HanpsoxkeHus amnnutyno# 10,14 B u . rurensHocrsio 100.,.300 we.
ycTh, nHanpaMep, TpebyeTcs paszpyIUUTh NEepPeMBIYKY, BbUL . JCHHYIO
Ha puc. 4.20,B nynxktupom (agpec A = <0>, Boixox — DO 0). [T ckoabky
DO 0 s3asemnuen, 10 Bce 3MHUTTEPBl Two obecTodeHbl (TOK low OTBe ) BASETC
B end Kosulektopa ~ ¢M. §1.4) u Tw ne cosznaer ganeHus HaUpsmKeHUS Hi
pesucrope R. TloaToMy uepes BLUIENEHHYK) MEPeMbIYKY [POTEKAaeT TOK
20...30 MA, xoropblit 3ampikaetca uepes Ty, [lepembluka pacmaasasercs.
Tpanzuctopel Twi ~ Tw cO31aI0T mafleHHA HAaNPAXKeHHI HA Tpex APYrHx
pesncTopax, csaszanHeix ¢ To. ITodTOMYy cOOTBeTCTBYIOWIME IMUTTEPHBIE
nepexonsl BeiGpaHHOW AuedKH 34KpBITB, M NEPEeMBLIYKH B UX IMHTTEpax
coxpaHsioTcs, Bce apyrue nepeMblukd BhIGpaHHO# cTpokw MII ocrawores
LeJBIMH, TAK KAK OHHM CBA3AHBI C 3aKPBLITHIMU Kmouamy T — T,

Oco6eHHOCTH peanbHOH CXeMbl TPOSIBASIOTCA B TOM, YTO [IPH 3alHCH
| B HekoTOpbIH pa3pal COOTBETCTBYIOWHH BBIXOJ HaN0 OCTABAATH
CBOOGOXHBIM, & BCE APYIHE CIEAYET 343eMIIATh. Y HEKOTOPBIX MHKPOCXEM,
B yacTHocTH ~— KS556PTS wm PTI17 (512x8), umMmeeTcs choeluanbHbIR
(tte stornueckuif) suiBon Uy JUIA MOOAYN HANPSAIKEHUS NPOTPAMMHUPOBAHHA.
B pexmHMe CUHTBIBAHHS DTOT BBIBOJL HE 3a4eiiCTBOBAH,

TexHuKa _ OpPOrpaMMHMpPOBAHHL Texuuueckue cpencTBa U
BBUIONHEHHS  TOH  onepauMu  JOCTATOYHO [POCTBI H  MOrYT OBITh
MArOTOBJIEHLl  caMHM  nonesoparteneM. [lpocreitmmit  nporpammatop
npepctasien ua puc, 4.20, r. OH GyHKUHOHNpYeT cleryowum o6pazom.

Ha sTane noAroToBKH MHKPOCXEMY IPOBEPsIOT Ha Hamnuue 0 BO BCex
DI1, monamas ua anpecusle Bxoabl <A7...A0> Bce agpecHme HaGopsl H
KOHTPOI: 2OCTOAHHA BLIXOAOB YyCTpoficTBoM XorTpoua. Ilpw 3TOM
kioud SAL ... SA4 pasomkuytsl, pene Pl oGecToueHo, ero KOHTaKTh
K1.1 ... KI.3 waxopsaTcgd B riokas’aHHbIX Ha pucyuxe cocrtosHuax. [lo
OKOHYAHHH  KOHTPOJAS  BLIXOAB  MHKPOCXEMBI  3a3&MJIAIOT  KJIIOYAMHU
SAl ... SA4. Yupargswowne sxoxsl CSl, CS2 no-npexHeMy COSNHHEHBI ¢
KOpPHYCOM.

Ha oranme nporpamMMHpoBaHHd KONOM azapeca BeIOHpaloT sueHKy
naMaTH. 3aTeM pa3MBIKAlOT K04 TOI0 BLIXOJA, KOTOPOMY MPHHAMIEKHT
nporpammupyemsiii D11 (B Hero wago 3anucath 1), K 3aMycKalOT reHepaTop
oNHHOUHBIX uMnyiscoB ['OHM. Pene P1, nepex/iw4yHB CBOM KOHTAKTDI
KI1.1-X1.3, xoMmyrupyer Ha BmiBonsl €S2, Uc (En) u pHemnero Eu




nHanpspxenne 12,5 B. [Ipoxuranue mnepeMblyeK MNPOBORUTCA MO ONHOMH
MOCNeXOBATENEHO BO BpPEMEHH, 4YTOOBl HE HApYyMIWTH TEMIEpaTypHbIH
PEXHUM MHKPOCXEMBI.

Cepuiino BeimyckatoTcs nporpamMmaropst AVIIIL, 815, Y3I1-80 n np.
AKTHBHO pa3pabaThiBalOTCS BCTPOEHHBHIE CpPeACTBA TPOrpaMMHPOBaHUS,
OpHEHTHpPOBAHHbIE HA KOHKpeTHble MHKPoOBM. IlepcrnekTHBHBIM ABISETCH
HalnpaBieHde CO3MaHUA YHHBEPCanbHBIX MpPOrpaMMaTopoOB [jid  BCeX
mukpocxeMm ITIT3VY wu PII3Y, cnocobuniXx k OGeICTpOH MepeHacTpoiike IIpH
uaMeHendd Tuna MukpodIBM. Ilpouecc nporpaMMHUpOBaHHS B IE€JOM
JOCTAaTOYHO TPYHJOEMOK.

Bo-nepBhiX, MO OKOHYAHHHU 3AlMCH CICAYET MPOBEPHTH COCTOSAHHI
BCEX sfueeK NaMATH K MPH HeoOXOAHMOCTH NOBTOPHTE MPOrpaMMUpPOBAHHE.
Takas Heo6XOOMMOCTH BIOJHE BEpOATHA, TakK Kak [pedNpHATHE-
U3TOTOBHTENb TapaHTHPYET HAaAEXHOE MPOrpaMMHUPOBAHHME TOJLKO HacTH
BBIyCKAEMBIX MHMKpOCXeM. OITY YacTb OroOBapMBAOT B TEXHHYECKHX
yenosuax (TY) kosddHuHeHTOM HNporpaMMHpPOBAHHUA, 3HAUEHUA KOTOPOToO
LIS pa3HbIX THIIOB MHKpocxeM MeHstores oT 0,3 xo 0,9. Tak, ans K556PT4
o paped 0,65. Dro o3HawaeT, 4To M3 100 MHKpPOCXEM, MOABEPTHYTLIX
NpOrpaMMHpPOBAHHKIG, TOJBKO Yy 65 rapaHTHpPOBaHa [PABHIIbHAN 3alHChL
HHGOpMAaIHHU.

Bo-BTOpHEIX, HaJ0  YYMTBIBATH  BO3MOXHOCTbH BOCCTAHOBJIEHHSA
MpoBoJAmIed MepeMBIYKH CO BpEMEHEM H3-3a ABAEHHUA KMHIPallHH HOHOBY.
Yrtobbl BBEISIBHTbH cnabsle (B YKa3aHHOM CMBICITE) MeCTa
B 3aIpOrpaMMHpPOBAHHOH MHKpPOCXeMe, €e T[ONABEepraroT 3JAeKTPOTEPMO-
TPEHUPOBKE (HCKYCCTBEHHOMY «CTAPEHHIO») B TeyeHHe He MeHee 168 vacon
npu temmepaTtype 125°C ¢ mocneayiouiHM NONHBIM KOHTponeM. B cnyuae
HapyWeHHA 3alHCH MOBTODPSIOT UMKJ [POrpaMMHPOBAHHA M TPEHUPOBKY.
Ipu MOBTOPHOM HapYWEHHH MHKpOcxeMy GpakyioT.

Bonee HameXHBIM ABJIAETCA NMPOrPAaMMHUPOBAHME MYTEM ITOAAYU CEPHH
HMITYJILCOB (1000 HMIYNbCOB H 6onee) LNHTEIBLHOCTBLIO
25...50 Mxc xaxzslff co ckBaxHocTe0 10 H BpeMeéHeM HapacTaHHs
0,3...3 mxc. Taxoff pexuHM Tpebyer YCNOXHEHHS CXEMBl HporpamMmaropd.
YcTaHOBNEHO, HYTO €CHM NPOXHUTraHHE MNPOHCXONHT MNOX JAeHCTBHEM
MMIIYIbCA C KPYTBIM QPOHTOM, TO OHO HOCHUT XapakTep MHUKpPOB3pbIBA ¢
MHTEHCHBHOH OKHCIHTENbHOH peaxuued Ha Kpasx paspbiBa. B rakom
cayuae  BEPOATHOCTh  BOCCTAHOBNEGHHMS  NEPEMBIYKH CYWECTBEHHO
yMmenpmaeTcs. DQHeKT BOCCTAHOBNEHHS M10CHIE NEPEKUTAHUA [IPAKTHUECKH
OTCYTCTBYET IJI MepeMbIYeK M3 YOJHKPHCTANIHYECKOI'O KPEeMHHS (cepHs
K541). TpeHupoBKY 3amporpaMMHpPOBaHHBIX MHKPOCXEM C TAKHMHU
nepeMbplYKaMH MOXKHO HE ITPOBOJHTE.



Penporpammupyemsie I3V

Muxpocxemnt PII3Y cnocobHsl k MHOTOoKpaTHoMY (ot 10 mo 10 TIC.)
MEPENpPOrpaMMHPOBAHHIO  CAMHM  [1ONIb30BAaTelieM. OTO JOCTHraeTCA
lipumereraneM DI co cBOACTBAMU «YNpaBNAEMBIX NepeMblueky. DYHKIHH
TAKHX  nepeMblyeK  BBIMOIHAKT TPAH3HCTOPBL €O CTPYKTypoit MHOII
(meramn Al ~ uurpup xpemuns SigN4 -~ oxHcen KpeMHHSA Si0, -
ntosrynposoguuk Si) 1 MOIl-Tpan3ucTopel ¢ niasaiowuM 3atsopom (I13) -
co cTpyxTypoit IM3MOIIL. B nmocnegHuX UCNONb30BaH MEXAHH3M JIABHHHOMN
HHXKEKIHY 3apsja.

Juementel  namatu. Crpyktypa MHOI  (puc. 4.21,a) mumeer
ABYCIHOHHBIR AM3AEKTPHK TON 3aTBOPOM. BepxHuit cnoit dopmupyercs na
HHUTPHJI2 KPCMHKA, HUKHHHE — W3 OKUC/Ia KpeMHEA. TONIHHA HUKHETO 104
JIATHTENLHO MEHbLIE, YEM BEPXHErO.

Ecnn Ha 3aTBOpP OTHOCHTENBHO NOMJNOXKH MOAATH ITONOMHTENHHI
uMnyase ammiurynod 30...40 B, To nmox neHCTBHEM INMeKTPHYECKOrO MOJS
NIEKTPOHB! NPHOBPETAT AOCTATOYHYIO IHEPTHIO, YTOOBl NMPOKTH TOHKMH
AM2IEKTPHUYECKMHE CIOH QO TrpaHWubl pasjgena JABYX OHAJIEKTPHKOB.
Hakonnenuelf wa 3TOH rpaHmUe 3apfl 5MeKTPOHOB CHHXAET [1OPOTOBOE
HANIPSOKEHHE M CMEWAeT HepefaTOYHYH XapakTEepHCTHKY TPaH3HCTOpa
BJEBO, YTO oTBeuaeT 3anucH 1| (puc. 4.21,6). HOns 3anuchn 0 ua 3aTBop
OJAIOT OTpHUATENBHBIA HMNYJbC TOH ke aMmmaarynsl. Ilpa  3ToM
WIEKTPOHBI BLITECHSIOTCA B MOMJIOKKY, INepefaTodyHas XapakTepHCTHKA
CMCIHIAETCA BMNpaBo (NMPOLECC KCTHPAHHAN), ‘

IlporpammupoBanue (noKanpHas 3anuck 1) u cTHpande (Maccosas
janues 0)  MOXKHO  OCYWECTBHTL HMIYJIbCAMH OAHOH MONAPHOCTH:
orpruarensrolt - gas p-MHOIIL, nomoxutenssoft ~ nna n-MHOIIL Tak,
B cayuae  p-MHOII, eciw Ha HCTOK H CTOK [0JaThb OTPHLATENbHbIH
uMnynesc amisutygolt 30...40 B, a 3aTBop W TOMIOKKY COEOHHHMThL C
xopriycoM, To Haburogaerca ciepylowee. B pelynsrTaTe 31€KTPHYECKOro
upofos uepexonos U - IT u C — Il npoHcXOoANT NaBHHHOE Pa3sMHOXEHHE
VIEKTPOHOL W DKEKUMS HEKOTOPHIX M3 HHUX (TaK Ha3blBAEMBIX «TOPAUHXY,
r.e. ofjajalomgx HOCTATOMHOR 3Hepraeid) Ha rpaHduy MEKIY CIOAMH
AUEKTPUKOB, CTHPAHHE OCYLIECTBASETCH MO-TPEXHEMY.

B pexume cunteiBanus (puc. 4.21,8) Ha muue subopxu IUBi
neitcrpyer uanpsxenne Ue, Taxoe 4T [Un| < |Uw| < |Uno|. Ecnr B 311
tauucana 1, To TpUOR oTKpoeTcd, no paspaasolt mune PUIj npotexaeT Tok.
Hiuave TpHoJi 3aKpBIT, ¥ TOK OTCYTCTBYET.

Crpykrypa JIM3MOIT (puc. 4.21,r) npeacrasnser cobo#t n-MOII
[pad3MCcTOp, Yy  KOTOporo B NoA3aTBopHOM  guanmextpuxe  SiO2
cOpMHpOBAHA M3CJNHpOBAHHAN NpoBOAAWAs o6macTh W3 MeTalia HIH
HOJMKPHCTANIMUECKOrO  KpeMHHA, DTOT BTOPOH 3aTBOP  HA3BIBAKT
“naaBatouuM’.
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BOIHHMKAET MPOLECC NABUHHOrO Pa3MHOWEHHs HOCHTeNeH 3apsaxa, W 4acThk
2eKkTpoHoB HHxekTHpyeT Ha II3. Hakonjenuwsdi na II3 orpHuartenbHbiit
3apsill CMEIAaeT MNepelaToOYHY0 XapaKTEePUCTHKY BOPABO, YTO OTBEYaeT
zanucu 0. CynreiBanue — kak 1 B MHOIT.

Crupanne 3anucaHHodt uHbopMmauuu (maccosas 3anuce 1), T.e.
seiTecHeHHe 3apana ¢ I13, Moxer GbITh BHITONHEHO B JAHHOM clydae ABYMA
criocobaMu:

1) snexTpuueckum  (PII3Y-BC) ~ nposadedl noJoXHTENLHOTO
UMIYIbCa Ha 3aTBOp. AHAJOIHYHBIH CcHOCOO NPHMEHAIOT B CTPYKTYpax
MHOIT: :

2) - yasrpaduosneroBeiM (YD) obayuennem  (PII3V-Vd) -
EKTPOHEL paccacwBatores ¢ 13 B nomnomky B peiynbraTe yeuaenus
TEMJIOBOrO JABMKCHUSA 1OJL AeicTeuem YD-obnyueHus.

B pexume xpadenus ofecneyHBalOT OTCYTCTBME Hamnpsxkcuuil Ha
JIEKTpOAAX DI, 4T0BB HCKJIHOYHTE paccachiBaHHe 3apajna
B AMDJIEKTPUUYECKOH cpele. TeopeTuueckoe BpeMs CoXpaHeHus sapsna —
corHu seT. IIpakTHueckoe — OT HECKOJBKMX THICSY YaCOB 0 HECKOJBKHX
ner,

XapakTepHCTHKA MHKpocxeM. [locToMnCTBOM MHKpocxeM rpymisl DC
(MHOIT w  JIUM3MOII)  sBaseTcss  3HAYHTENLHOE  YMHCAO  LHKJOB
nepenporpammuposanud (a0 10 rteie.).  [TodromMy oOHM  wupoko
HCMONB3YIOTCS B KavecTBe BeTpoeHHbix [I3Y ¢ wacto wu3Mensemoi
uHpopmanneid. TapauTHiiHplii  cpox  coxpaHeHHa HHOOPMaUHM INIpH
OTKJIIOUEHHH MUTAHUS COCTABIACT OT 3 THIC. HACOB A0 5 JeT.

Mukpocxemsr  p~-MHOIT  (KP558PP1; KPi60IPP1,3)  wumerwor
CpaBHUTENBHO HH3Koe OwmicrponpelicTsue (t» = 1,6...5 MKc), BhicOKOE
HanpsxkeHue nporpammuposadHus (Upr = -30...-40 B), tpebywor nBa
uerounuka nutaHus (5 B u ~12 B). Mukpoexemm n-MHOIT (KP558PP2,3;
K1611PP1) umeror t, = 0,3...0,4 mxc, Upp = 22 B u eguncreennoe E, = 3B,
HX npuMeHeHHE NPenOUYTHTENRHO,

PaccmoTpum npumep Mukpocxembl KP1601PP3 (puc. 4.21,1 — ee YI'O
H YCNOBMA peaju3allyy pasjHYHbLIX PEXMMOB) ¢ nmapaMerpaM: Nxn =
NDK x 8; tu = 1,6 Mke; Pnor = 850 MBT; E;y 2 =5, <12 B; Upg = -36 B;
CyMMapHoOe BpeMs IpOorpaMMHpoBaHHd K cTHpaus — 40c¢ u 0,2c¢
COOTBETCTBEHHO. DTa MHKPOCXEMa HMEET CTPYKTYPY, AQHaJIOTHYHYIO
cTpyKType Mukpocxemsl K537PV8 (cm, puc. 4.17,6). Ho oma comepxur
JONMONHHTENbHBIE (YHKIHOHAALHEIE Y31Ll JUI4 peagu3aildid  pPexuMos
CTHPaHUs M NPOrpaMMHPOBAHHA NOX AeHCTBHEM JOTHYECKHX CHIHAJIOB ER
¥ PR.

" Tlo oxowvaHmu cTHpamud Bsce OI1 wuaxomarca B cocTosuuu OU.
B pexuMe CTHPAHWA CHTHANBl Ha aAPECHBIX M HHGOPMAUHOHHBIX BXOHAX
Geapasnuunpl. JdonyckaeTcs H MOCTpOYHOE cTupaHHe. OHO OTIMHAETCA OT
MacCOBOT0 3HaueHHMeM PR= 0, HanuyueM Ha spiBogax DIO yposua 1, a Ha
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BeIBogax <A10...A4> - agpeca cTupaeMoil cTpokd. Bpems cTdpanus
npexnee. B pexume nporpaMMmHpoBaHMs Ha BeiBoanl DIO " nmomaercs
sanucoiBaeMblit 6afiT, Ha ajgpecHbie BXOAH — Koji ajpeca. B pexume
cudThIBaHUA Ha BHBOJ Upr koMMyTHPYIOT Ejz = -12 B,

I'pynna mukpocxem PII3V-V® npeacrasnena cepued K573. O6mum
HEJJOCTATKOM TaKMX MHKPOCXeM SBIAETCA Maloe YHCIO UHKIOB
nepenporpammupoBanus (or 10 xo 100), yro obycnosaeHo OLICTphIM
«cTapeHHeM» AudexTpuka noxn nefictBueM Y®d-obGnaydeHus, U BplcOKas
dyBCTBHTENBHOCTh K OCBelleHHfo. Ho O/ HHX XapaKTepHbl CPaBHHTENbHO
Manoe te < 0,45 Mxc, [HelleBW3HAa W  JOCTYNHOCTh, Oonbwas
HHGOpManHOHHAA €eMKOCTh (Tak, i Mukpocxemsl KS573P®9 napamerp
N xn= 128K x 8).

Haubonee CIOXHOR CTPYKTYpo#dl ¥ WHPOKMMH (YHKUHOHANbHBIMU
BO3MOXKHOCTAMM ofnanaer Mmukpocxema KS573P®3 (emxocTh ~ 4K x 16;
HOMYyCTHMOE 4YHCIIO LHKIOB mepenporpaMMmupoBanns — 10). Ona nwmeer
BCTpPOEHHEIE nHTEepdeicHbIe cpencTBa ofecnevueHus obmenos
CO CTaHAapTHOW Marucrpanbro. JocTaTodwHo yROOGHA ANA HCIO/B3OBAHMA
MHKpOCXEMa K573P®5 (puc. 4.21,e). Ee napaMeTphl:
N xn=2Kx 8; ts = 0,45 MKc; Pnor = 580 MBT1; E;, = 5 B; UHCNO HHK/IOB
nepenporpaMMHpoBaHus — 16. B pexuMe sammcH Ha Bxoy CS nomaercs
[TONOKHTENbHBIH HMITYJIBC TOrHYECKOH e AHMHHIIBL.

Yrofpl peaqu3oBaTh CTUpPaHHE, MHKpocxemy Y@ wuspnexalorT H3
KOHTAKTHOrO ycTpo#CTBa, 3aMBIKAaIOT BCE €€ BHIBOJBI MONOCKOH (osbru u
[MOMemWamT NOA HCTOYHHK Y@-obnyuenus Ha paccTosHHu 2,5c¢cM ¢
ofecmeueHdem o6xyBa MuUKpOocxeMbl. Bpems crtupanus — 30...60 mun.
CTdpaHHe MOXHO NPOBONHTH H 6e3 HU3BIEYEeHHd MHKpOcXeMbl. Torga nano
OTKIOYNT, E, M mogauy BCEX BXONHBIX CHIHANOB. THIOBBIE HCTOYHHKH
Y®-06ayyeHua: DYroBsie pTYTHBIE JaMnbl 1460 naMmbl ¢ mapaMd pryTH
B kBapueBslx Ganmomax (JPT-200, 375; IOB-8, 60 u np.). Hanydenue
npoHHkaeT K Kpucramty PII3V uepes mpo3pauHoe OKHO B KphILIKE Kopuyca.

HeTpanunuonusie npumenenns [13VY [52]

TpannunonHas tpaxroska II3Y xak ycrpoiicTBa MOCTOAHHON MaMATH
ofycrnoBneHa ORNHO3HAYHOCTHI peanv3allMd UM TPHYHHHO-CIELNCTBEHHON
3aBHCHMOCTU:  ajpec -—» afpecyeMoe cnoso. Ho HHuTO He Mewaer
paccMaTpHBaTh ajpec KaK 3HAYEHHE HEKOTOpPOro  BeECTBEHHOro
apryMmenTa (BEKTOpa apryMeHTOB), & CUMTAHHOE IO 3TOMY ajpecy CJIOBO -
KaKk COOTBETCTByromee 3HaueHde ¢yHkuud. Crone Xe mnpaBoMepHa
HHTEpHpeTauds ajpeca kaxk Habopa ABOHYHBIX MEPEMEHHBIX, &
CONEpPXHMOro agpecyeMoH sAveHKH — KaK COBOKYIHOCTH 3HAYeHHH
HexkoTopoi CB® Ha »TtoM HabGope. Orciona BbITEKAST NPHHUHIHANbHAS
BO3MOXHOCTh HETPAaJHUHOHEBLIX (He KaKk YCcTpoHcTBa NaMaTH) NpHMeHeHHH
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[13Y nna peanusauud TabMHUHBIX METONOB BBLIYHCICHHH H JOTHYECKHX
npeobpa3osaHuid.

Peanuzaums taBamunpix _meronon. Panee yxe ToBOpHIOCH O
pacnpoctpadHeHnoctd B MII3Y  cTaHaapTHBIX  [OpPOWMBOK  3HAYEHHIt
2JIeMEHTApHBIX (QYHKOHMH: CHHYCOB, KBaapaToB W Jp. Peannsauua tabnuu
crueudanbHbix  GyHkumii  tpebyer  npumedenus IITI3Y. ITostomy
B panbHe#meM peds uperT Tonsko o PROM. Ecain M u N - paspsanoctH
apryMenTa ¥ QyHKUMH (MX HBOMYHBIX NpeAcTaBieHWil), TO HeobOxoguMas
uudopmannonuas eMxocts [I13VY (ero obvem) V = N-2M Gur. IIpn M=N=10
(4To OTBEYaeT NOrpeWwHOCTH npejacraBieHus nadHeix 0,1%, xapakTepHoit
Uil aHaloroBnx ycrpoiicTs) umeem V = 10K 6ur. II3VY rtakoro ofnema
Jerko MoskeT ObITh peanu3oBano wa opuoMm kpueramiae. s M=N=l6
TpebyeMbli 06veM [I3Y cocrasur 1M Our. 3jech yxe OIHOKOPUYCHOC
ucrnoyiHerue II3Y MoxeT BHI3RATL CePbE3HbIE TPYTHOCTH.

C yBenuuendeM uucna apryMmeutTon Q 3Hauenue V = N-29M Geictpo
pacrer. Ilpmw  »tomM  “umcro”  Tabnuuimbe  MeTONbl  NPAKTHUECKH
HEIIPHMEHHMBI. BMecTo HHX HCronn3yores tafiidHo-anropyTMHYecKHe
MeTO/Lbl, KOrZa 3aNOMHHANITCA JIMIUL Y3JOBble 3HaveHus (QYHKUUH, a BCe
MPOMEXKYTOUHBIE 3HAYEHHS BLIUHCIAIOTCS 110 CPABHHUTENBHO HECIOMHBIM
anropurMaM. K uncny npocrefliMX OTHOCHTCS METOA KYCOUHO-THHeHHOH
annpokcuManuu. CyTh €ro 3aKnio4aeTcs B CleAyIOleM.

O6o3nauum:

X, — KoopauHara (agpec) i-ys3na;
h =X, — X, - [ar annpokcKMauKH;
Af(x,) — npupameHne QYHKUHH B HHTEPBANE [X,, X,.,].

[Tycrs 3naueHue x TaKOBO, 4TO

X=X, +AX&[x,.x,,]. (4.1)
Torna HHTEPNONALHOHHOE 3HAYEHHE QYHKLHH
. . o AX

t(x):t(x|)+A1(xl)—~~}~, (4.2
1

[To ycnoBWI0 BCe BeJIMYUHBI NPENCTABJIEHL B ABOHYHOM  BHIUC.

B 4acTHOCTH, X = ay....2,8....8, e a, (jeloM-1}) - 0 mudo 1.

r— paspanrocts Ax. Cornacuo (4.1)
Xi = aM.,...a,O...O: Ax = a,.q...ag.

Jns sapaHua X, BIOAHE JOCTATOUHO M-r NBOHMHBIX paspaaoB anpeca, 4To
MO3BOJISIET 3HAUMTENBHO YMEHLIIHTL HeoOXxoxuMeli o6vem namatu I[I3VY.
Yerpoficrso seiuncnenuit f(x) umo dopmyne (4.2) mpexncrasiieHo Ha
puc. 4.22,a. Ero 6eicTpofeftcTBHe MOXKET GBITL NOBOJBHO BBICOKHM, &CNH
cymmatop (SM) u ymMuroxuTenb (X) HMEIOT MaNbie 3aJePIKKH.

B xauecTBe npuMepa peanusalHd (QYHKUMH HECKOJBKHX ApryMeHToB
PaccMOTPHM TabNMUUHO-ANTOPHTMHY ECKH I YMHOXHTEND (A xB)
8-paspsiouerx onepannos A u B, Paspandoctes npoussexenus - 6.
Heobxonumeti o6vem I3Y npu cyry6o ra6nuunom nogxone pasen 1M Gut.
McnonssyeMm npencraBienus:

A=Ay + A =a,..840...0 + a;...a,
B=DBy+ By =D0bs..b40...0 + bs...by.
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Puc. 4.22
Torna

AxB=AyB, +A By +AyB +A B,
KomnowmenTtsl Ay, By kak wacta aznpecos [I3YV  onmosmauuo
onpeXeneHBl  BEKTOpaMH  <a,...a,>,<b,..b;>. O6beM maMaATH  Npu
YMHOKEHHM IBYX 4-paspsfspix orepapgos V =82 = 2'' = 2K Gur..
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CyMMmapHblii obneM namsatu 4eThIpEX TaKUX MEepeMHOXHTeNel paBeH
8K 6ur, urto B 128 pas menpme, ueM TpeBosanocsh pamee. Brok-cxema
YMHOX¥HTENS B uejpoM (puc. 4.22,6) nocTpoeHa c  ywyetoM “Becos”
UpoHiBeNeHHH Ha Beixomax otaensusix TI3Y. Ipomueka Bcex I3V
olHakoBa. BpeMa yMHOKEHHUS t, = t,+4t, Tde t, — BpeMa B6IGopks PROM.

113Y  xax  jorsyeckuit npeobpaiopaTenb. KaxaoMy 3HAYEHHIO
ajppecHoro koma A, = <xy...x,> Ha Bxoge [13Y orseyaer cBos muHa
Bulbopkn IUB; (cBos BmGpannas sdelixa namstu). Beero umeem 2%

sHateHni, T.e. ie{12"}. Dr1o oTBedYaeT NMONHOMY ACWHQPATOpPY, KOTOPHIH

M
(OpPMHPYET BCEBO3IMOKHbBIE [1OJNHBIE KOHBIOHKUHUK K, =Ax ", g,€{0,1}, ot M
)=l

JIBOHYHBIX IEPEMEHHBIX X, ... Xy. Ha xaxaoil paspuanHod nuHuM maTpulbl
MAMATH PEANU3yeTCH JMHIBIOHKUHA TeX KOHBIOHKUUH, KOTOpbie CBA3aHKI
NepeMBINKAME ¢ JaHHol nuHuel, T.e. Hekoropad Oymesa Qymxuus f,
re{I,N).

Ho toraa DC Moxno paccMaTpuBaTh Kak MATPHUY KOHBIOHKUMA M1,
MIT ~ wax martpuny guswronxuuit M2, a [13Y B uenom - xak ycTpoilcTso
2-yposuesol peanusauun sanadHodt CH®. Ocobennocrts Mmatpuusi M2
B JAHHOM Cllyyae COCTOMT B TOM, 4TO B KaXIbIH MOMEHT BpeMeHH MOXET
6uITh  aKTHBHBIM TOJNBKO OHMH BXol mwboro ee Au3BIOHKTOpA, ITO
ofiycnosneno npomuskoi B IT3Y nonnolt (HeMHHEMH3HPOBAHKOK) TAGMHLKI
ueruHHocry CBO, Briwuas uw Te CTPOKM TabMUUBI, HA KOTOPBIX 3HAYEHHS
BCeX (GYHKUMHE pABHBI HYIO.

CooTrBeTcTBYIOWAN HHTEPNpeTauus CTPYKTYPBI 3y KaxK
noruvecxoro npeobpasoBarena npeacrabiaera Ha puc. 4.22,8. O6sruno CEO
OT 3HAUYHTENbHOro uwucna nepeMeHHBIx (10 u OGonee) 3amawTes Ha
OFPAHMUEHHOM YHClIe BXOXHBIX HaGopoB (HE [OJHOCTBIO ONpejeNeHHbe
CLd), [Tosromy Gonpuias gacTb s4yeek NaMATH He OyLET HCMONB30BAThCH.
Ho u torpa peanusanus CB® Ha ocuose TI3YV MoxeT oxazaThci MmeHee
MEProeMKoi (e roBops yxe 0 KOMIAKTHOCTH), Y€M B Cllyyae NPUMEHEHHI
MHKPOCXEM C Malloil CTeneHbld HHTErpaldH, Raxe [pH KoddQuUHEHTE
ucrnonbs3opanng ue Gonee 0,1.

Tlockonbky  sioruyeckue  npeoGpasopatenu  (koMOHHALMOHHBIE
cXeMBl) BXOMAT B COCTAB NOCNEZOBATEILHOCTHHIX cxeM, TO [I3Y MoryT
fbITh MCNONB3OBAHE M OPH “IpAMOK” peanmsauun aBToMaToB (pHe. 4.22,T;
peructpst RGX,Z u uenu wavansHoll ycranoBkd RGY He nokasaHbl).
B nauHoM cnywae anpec sueixy II3Y uMeeT JBe KOMIOHEHThL A=<x'y"'>.
ComepXuMoe fUelKH MAMATH Takxe AeTMTCA Ha fBe wactTw: DO = <z'y*>.
[Tonromy Tpebyemsit of6vem namarn [I3Y  pasen 2% x (N+L).
[TpakTHYECKYIO 6e3b136BITOYHOCTD peanusalHy JOCHYECKHX
npeofpasoparenedt obecneynsaer mepexon ot I3V x [JIM.

IEEOFQRMMHQYGMBIE JOTHYEeCcKHe MAaTPUIBI

TexugyecKkue  HIEH, KOTOpHle JIETHH B OCHOBY  HOCTPOCHHA
nporpaMMHpyeMslx norudeckux marpuu (ITJIM, PLM), TakoBbi:
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1) Tpanmchopmauus wmatpuusl M1 (puc. 4.22,8) B 4acCTHUYHBIH
Jemuadparop, peanHsyloOmWUi 3ajaHHOE TOAMHOXECTBO (MOLIHOCTBHIO
q << 2¥) EMIUTHKAHT OT M DepeMeHHEIX;

2) paspelieHHe ONHOBPEMEHHOH aKTHBHM3alMH B MaTpHue M2 moboro
gucia sBXonos sneMentos MJIH (B npemenax q).

Ha s3blKe NOTrHKH 3TO O3Ha4aeT Hcxomuoe npencrasicuane CBD wHe
B BHOe TabiHue MCTHHHOCTH, a B coxpamennod JH®. Ilonyyenue
nocjegHedl CBA3aHO ¢ MCHONb30BAHAEM pa3BHTOrO aniapaTta COBMECTHOM
muagMuzanan CB® [70,71]. Ilepexon ot I3V k IIJIM naer suauurensHoe
CHHXXEHWE HEeoO6XONMMON CTeleHH HHTEerpali# M >Hepromorpebnenus mus
nauueix M u N.

[Iposoas amanoruwm IIJIM ¢ Moaynem HaMsTH, CIEAYET CHUTATh, 4TO
KaxaoMy azpecy (BxoaHoMmy HabGopy) PLM moryT OTBeuYaTh HECKOIBKO
BO3BYXAEHHBIX JUHHH CBI3HM Mexay maTrpHuaMu M1 u M2 (B cokpawenHoH
ITH® HecKONbKO MMNNHMKAHT ONHOBPEMEHHO MOLYT MPHHUMATh €JMHHUHBIE
3nauends). HHBIMH cloBaMmu, axpecyemas duedka namsatd  ITJIM
npencraBiseT coGodl MHOMKECTBO TMOABAYIEEK, COLEPKHUMOE KOTOPBIX
YUTAETCH IOPA3PSAAHO AHUIBIOHKTHBHO. MHOXECTBA NOABAYEEK ANA Pa3HBIX
apecoB MOIyT mepecekaThcd, H60 ONHA H T4 K€ HEMONHAA KOHBIOHKUHA
MOXeT HpHHHMATEH EIHHHYHOE 3HAYEHHE Ha Pa3’sHbIX BXONHLIX Habopax,

XapaKTEepUCTHKA _ MHKDPOCXEM TIIM. 3a ux CTPYKTYPHYIO
XapaKkTepHCTHKY npHHsita TpoHka {M, g, N}. IlporpaMmMupoBanue MoseT
ObiTb MacOYHBIM (upumMep MHKpocxembl DM7575/76 dupme National -
{20, 94, 24}) nu6o asnexrpudeckuM (Muxpocxema 825100/101 dupmMmsl
Signetics - {16,48,8}; oTeuecTsenHnit anamor -~ KSS6PTI/PT2).
[IpHHUHITHATEHO BO3MOXHO co3fgaHue W penporpaMmupyemsix ITJIM [126].
B cayuae ITJIM nporpammupoBanuie mopnexar obe matpuusl — M1 u M2,
Ha puc. 4.23,a nana yupomenHas unmwoctpauus TTJ-trexsonorun ITJIM ¢
97eKTPHYECKUM NPOrpaMMHPOBAHHEM Ha KOHKPETHOM IPHMEpE.

B atom npumepe peanusyercs Ch®:

{f =x,;<_;vx~,xz; f=x%1 fi=xx; f,=0}.
3aganno#t CB® ormedaroT nBe GazoBeie KOoHWBIOHKIHH: K, =X x,; K, =xX,.
Yepes I,* Ha pucynke o6o3HaueH MyTh MPOTEKAHHA PACINABAAOUETO TOKA

B M1, uepes I, — B M2. Jinst nporpammuposanus M1 HeO6XONHMO mOAATL
NUTAHHE Ha OJHMH M3 KOHBIOHKTOPOB M TIOCNENOBATENbHO COGXMHHTL ¢

KOPIYCOM T€ BXOHEL X, &{x,x}, A1 KOTOPHIX HAXO PACMNABHTE NMEPEMBIYKH
(BeIxoner — cBoBonHeie). IlporpaMmuposanue M2 cBsaszaHo ¢ BeiSopom
KOHBIOHKTOPA M COEJHHEHHEM C KOPNYyCOM HYXHOro BhIXOONa (BXONbI -
csobonHEIe).

Muxpocxema K556PT2 (puc. 4.23,6 — ee YI'O) uMeeT BLIXOABl Ha TpH
cocrosgus  (TTJI-3), PTl - ¢ OK. [nz ofeux MUKpocXeM:
t; =70...80 Bc; Pror = 850...950 MBT; Bxon PR (moruueckuit) ~ pazpewenue
nporpaMMHpOBaHHA; CTPyKTYpa oTBevaeT pHc. 4.23,8 [106]. Perucrtpn
RG2 um RG! - anpecusle d¢opmuposarenn. OnHu  (QUKCHPYIOT ajipec
KOHBIOHKTOpA, 3afiaBaeMblil HpH NporpaMMHpoBaHud MaTpuuy M1 u M2 no
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BXOAHBIM H BBIXOAHBIM NHHHsM cooTBeTcTBeHHO, DCRP - gemudparop s
3aJaHHA HaNpsKeHUs NMUTAHMA Ha BHIOpaHHBIH KOHBIOHKTOp. YHCIO TOUEK
KOMMYTALHH, KOTOPOE XAPAKTEPH3YET TPYAOEMKOCTh NMPOrpaMMHPOBAHHI,
paBHO B JaHHOM cnyuae 1920 (1536 — nna M1 u 384 — nna M2).

Q En;’x
I —
Xy g
Yog % 54
X2 g 5,
% ¢;§3
¥ 4
En?fr T i
;x I
a
I
T
M4
§ g PR
6 t 12 ! 12 ¥ 6
&= RG2=~DCPR l<r— RG] fr
: 10 12 [
— A{S 0 - ~l e - 32 y
—q OE : A 1 N OE
__DR ? — ’y48 D
8 \/
M2 lars M A -
8 pols)
Puc. 4.23

Bonpocekl ucnonn3osanus. C nossnenneM nepeux [TJIM [127] sonpocsl
MX MHPOKOr0 NMPHMEHEHHU NN pealu3allMu MOLYIbHBIX CTPYKTYD cpa3sy ke
MpHUBIEKNAM BHUMaHHe uccaenosareneit, C 3THMH BOMPOCAMH CBAILIBANOCEH

pelIeHHe CIeAYIOMHMX 3amay:

343



fy

4
S

-

M ¢
M ™

M
M

OE
©OE
OE
OE

AcC

Puc. 4.24

-

Tl~oooocoococooc oo Tl-ococoocococ

-

“wlooccoocoooccocoooo “coccocooco
qlo~coococococoocooo wjo~ccoocaoccoco
a3
Hllooc~~cococeocooo wloo—~oocooo
mfaOOOOlllOOOOOO GLITIO OO —— O OO C
BflOOOOOOOllIOOO wioocoo o —~—~00O

Moo ocoooc o000 ~—~0 Sfioccocococoo—o
D) [
wlocooooocooocooo o —~ rlooocoooc oo~
HXd‘LOll..lOl.al-~ X410.I.I.OH]__
== 1 © i |~ Wil —o 1l o=t =~
sz__OlllnulOlO,l R R E R R
Al 11 1ol ~o e e e Wit i1eolo———

£
S—~NmTrnonsae 2 TN %m34579ﬂ.u
-

o «

HIO Ot O OO D D~ O — ~leoco oo olo

“loocooocooocoooc oo oo oo oo o o|lo
oo ~ooo—~ococo—~coo—~o o —~ o o o olo
e-

Hellooo~o~oooco~o~oo0 wio o — o o olo
mﬂOOOOl]OlOlOIlOOO oo o~ ool
BQOOOOOOIIOOIIOIOI Wiloo o o —~ oo

IO OO OO OCODO et = O D oo oo —|—

WO OO OO0 OO — oo oo ool

- <
AR O~ O~ O r O OO~ O —~D —~ XJlOll_ 1

-

Hxloco 00— —00 ~—0 O —m— E I S RE R (i

“ N
Elt|locococor~—n~ococoo~~—m ®loo oo oolo

HICO DO OO D O mi vt et vt s et E2J0 I T TR NP, S

o
O~ FnOo~oa S NNt N S 2 woo S~

Ry

Xy




1) npaMoe npeoﬁpasonauﬁe TabNuNBl [epexoj o8B aBTOMATA HIH safaHHON
CBE® B marpuum ITJIM [128,129];

2) mpnnaMuszanas CB® npumenurensHo k ITJIM [129-131];

3) KONMpPOBAaHHE COCTOAHHY ACHHXDOHHBIX aBTOMATOB, PpEaNH3YEMEBIX
s [TJIM [132];

4) nexoMmuosunus CB® ma muomecrse MuxpocxeM IIJIM ¢ orpaHHYeHHBIMH
xapakTepucTukamu [52,133,134]

H pAA OPYTHX.

B wacTHOCTH, npoBeaeHHBIE HMCCHENOBAHWS NOKA3aNH CPaBHHTENBHYIO
s@dpexTuBHOCT,  Wcenouab3oBanua IIJIM  nmpu  peanmsammm  HAMATH
mukpoxomann ([IMK) [64,135]. D3rto yuwnrmBsaercs NHpR NOCTPOEHHH
IIMK cospemenHpx MEKponpoueccopos. M Bee we npakTuyeckull muTepec
k uccnenopanuam B ofnacty [LJIM  m macroguiee BpeMs 3HAYHUTENBHO
cHu3wicH. [lpuunnoli ABWNOCL PA3BHTHE HOBHRIX TEXHONOTHHA MaTpHYHBIX
BUC (MABUC) u nporpaMMHPYeMBIX JOTHYeCKHX WHTErpalbHBIX CXeM
(ITJIHAC), wu3ydeuHe KOTOPBIX OTHOCHTCH K KYpCy AaBTOMAaTH3ALHUH
npoekTHpoBaHusd. ITo3ToMy Hajnee OrpaHUMHMCH KpPATKMM 3HAKOMCTBOM €
BOTIPOCAMH CTPYKTYPHOrO CHHTE3a nomqecmx npeo6pasoparenei Ha
mukpocxemax [TJIM [133].

Ecnn HeobxommMoe WHCIO KOHBIOHKUHA NpeBBlIaeT ¢, TO HCXOXHAA
rabanna pasfuBaeTcs Ha BECKONBKO NOATAGML, Kamaas H3 KOTOPBIX
cogepxuT He Gomee q crTpok. Ilycts, Hampumep, sanana rabiaunma Ha
puc. 4.24,a. Ee wMuHaMHE3aUHA jaer nporpaMmuylo Ttabauny IIJIM
(puc. 4.24,6; npouepx o3Hawaer 0e3pasiHYHOE COCTOSHHE BXOMA).
BeInoNHAsS CerMeHTHpOBaHME MocHelHel Mo 3HAYCHWAM NepeMeHHOH Xo,
qHeno  Ge3pasnmHyYHBIX  COCTOAHME KoTOpOH B Tabmume MHHHMANBHO,
nonydaem xse noxrabnuns (puc. 4.24,8,r). Kaxnas H3 HHX peanusyercs Ha
croed ITJIM (puc. 4.24,x).

TpounuHoe npemcTaBleHHe TIEPEMEHHBIX B nporpaMmHoOl Tabiauue
(x,€{0,1,-}) naer nonnyw HHGOPMARHIO NI POTPAMMHPOBAHKA MaTpPHIbL
M1: 3navyenue 0 — OTCYTCTBHE MOJAYH X; HA BXOX COOTBETCTBYHUIETO
KOHBIOHKTOpa (paspymleHHe MepeMblyxd i Xi); | -He mogaercs X3
NpoYepK —~ HE NOJNAETCH HH TO, HYU Apyroe (pa3pyumieHHe oDeHX nepeMbluex).
Moprabnuua BHIXOROB WHGOpMATHBHA IS NPOrpaMMHDPOBAHHA MATPHUIlbI
M2: spauenne 0 — OTCYTCTBHE CBA3H C COOTBETCTBYIOU[HM KOHBIOHKTOPOM
(paspyurenme mepeMuaku); 1 — COXpaHEHHE NCPEMBINKM.

Ecnu uucno peanusyeMmsx ¢yexnu#t npessimaer N, TO HONONB3YIOT
HECKONBKO I0-pasHoMy 3anporpaMMuposBaHanx I[IJIM ¢ o6senuHeHHEM
COOTBETCTBYIOIHX BXOHOB H pasfeNbHRIMHU BeXOJaMu. bonee CnoxHOR
ABJNAETCA 3a0AYa MEKOMNO3MUMH MO BXOJKHHIM MEpPEeMEHHBIM, KOrja WHX
qneino My npessimaer M. CradpapTanlff HOAXOm [HaeT ONHOMEPHYIO
peanusanyio ¢ npexBAapUTENBHHMM Hemudparopom (pue. 4.24,e; cayyai
My = 18, M=16), [Ipi 3TOM HCIONL3YETCA PACCMOTPEHHMI paHee MeTOn
cermedrannyu. Halignens u Goxee skoHOMHUIHEe (10 qucay xopnycon [1JIM)
pemenus [52,134].
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JIP Ne 020678 ot 09.12.97

®opmar 60x84 1/16. Bymara odceTnas. Ileuats odceTnas.
ITey. n.22,0Vcn. neu. n.20,46. Ven. xp.-orT. 20,46, Vu.-u3g. n. 20,7.
Tupax 500, 3akas J4/A 23,

Haparensctro Kasanckoro TOCYXapCTBEHHOI'0 TEXHHYECKOro yHUBEpCUTETA

Tunorpadus MsnarenscTea KazaHCKOro rocyjapCcTBEHHOrO TEXHHYECKOTO
YHHBEPCHTETA
420111 Kasans, K.Mapkca, 10.



