Jlexnmsg Ne 17

NvnyabcHbie U HU(POBbIE YCTPOMCTBA

Bonpocs! geknuuu:

1. Tpurrep u MyIbTUBUOPATOP, UX CXEMbI U OCHOBHbBIE
XapaKTEePUCTUKHU

2. IlonsATHE O JIOTMYECKUX 3JIEMEHTaX U UHTErPAIbHbBIX
MHUKpOCXeMax

1. Tpurrep u MyJbTUBHOPATOP, UX CXEMBbI
1 OCHOBHbIE XapaKTEePUCTHUKHU

1.1. UMnvJbCHBIE VCTPOMCTBA ¢ YCTOMYMBBLIMH COCTOSTHUSIMH.
Tpurrepsl

YcerpolicTBo, oOnaaroiiee AByMsl CKOJIb YTOAHO JJIUTEIBHO YCTOWYUBBIMU
COCTOSIHUSIMU PABHOBECHSI U CIIOCOOHOCTBIO CKAaYKOM IMEPEKIII0YaThCS U3 OJIHOTO
COCTOSIHMS PABHOBECHS B JAPYro€ IOJ BO3JCHCTBUEM BHEIIHUX 3aMyCKAIOIMINX UM-
IyJIbCOB, HA3BIBAIOT TPUTTEPOM.

DneMeHTHON 0a30i ISl BBITIOJHEHUS TPUTTEPOB SBISICTCS DJICKTPOHHBIC
JIaMTIbl, OUTIOJISIPHBIC U TTOJIEBBIE TPAH3UCTOPHI, TYHHEIBHBIE U0 IbI, THOPUIHBIC U
VHTETPAIbHBIE MUKPOCXEMBI.

Tpurrepbl cocToAT U3 ABYX CEKIUMH, CBSI3aHHBIX MEXIy COOOM LensiMu 00-
patHo# cBsizu (puc.l,a u 6). bnaromaps Takod CBsi3U TPUTTEP B OMPEACICHHBIN
MIPOMEKYTOK BPEMEHU MOKET HAXOAUTHCS TOJBKO B OJHOM M3 JIBYX €ro yCTOWYH-
BBIX COCTOSIHUI (32 UCKIIFOUEHUEM KOPOTKHUX MHTEPBAJIOB BPEMEHH, OTHOCSIIUXCS
K MepeXoy TPUrrepa u3 OAHOr0 yCTOMUUBOTO COCTOSIHUSA B IPYTOE).

[lepexiroueHne Tpurrepa M3 OJHOTO YCTOMYMBOIO COCTOSIHUSL B JPYTO€
MIPOU3BOJUTCS C MTOMOIIBI) BHEIIHETO 3aITyCKAIOIIETO UMITYJIbCA YIIPABJICHHUS.

Paznuuue B cxemax TpurrepoB (puc.l,a u 0) 3aKI04aeTcsl B UMCIIE BXOAHBIX
LETEH 111 UMITYJIbCOB YIIPABIICHHUS.



Cl) 8) U Vi,
% h A A K
U&m% Bouxn 7] : kUhg : h .
%. 0 t ] &
Ut Ussz ? Uty r—
(4] t
. Lt ||
) 7 TP
U Uwre t
// i t
° b 1 Ubuns
i TR L
| l i I:mez U

Pucynoxk 1. Tpurrepsi:
a, 0 — CTPYKTYpBI; B, T — BpeMEHHBIC Tpaduku

VY Tpurrepa ¢ pazaenbHbIMU BXoJaMu (puc. 1,a) BXxoaHbIX 1enei nse. Yepes
KOKIYI0 U3 HUX MOOYEPENAHO MOCTYMAIT UMIYJIbCHI OJHOTO (MOJIOKHUTEIHHOIO)
3HaKa (CM.auarpaMmmel puc. 1,B).

VY tpurrepa ¢ obmum BxogaoMm (puc. 1,0) y o0eux cexumii oO1as BXOoHas
nenb. Yepes 3TOT BXOJA NOCIENOBATENBHO NOCTYNAKOT UMITYJIBCHI OJHOTO 3HAKa
(cMm.nuarpammsl puc.l,r).

Tpurrepsl ¢ pa3aenpHBIMHA BXOJAMHU NPHUMEHSIOTCS B PEJIIEMHOW TEXHUKE,
CHUCTEMax CBA3U U aBTOMAaTUYECKOTO PEryJIMPOBAHUS B KAUECTBE AJIEMEHTOB NaMs-
. Tpurrepsl ¢ oOHIMM BXOJOM NPUMEHSIOTCS MPEUMYIIECTBEHHO B IMGPOBOH
BBIYMCIIUTEIbHON TEXHUKE. Takue TPUITEPhl YacTO HA3bIBAIOT €IE€ TPUITEPHI CO
CYETHBIM BXOJOM.

B aBTOMaTM4eCKMX YCTPOMCTBAX M CUETHOW TEXHUKE NPUMEHSIOTCS TAKKE
CIIELMAaJIbHBIE TUIIBl TPUITEPOB: TUHAMUYECKHE, jK-TPUITEPHI U 1.

ITo cxemaM COWJIEHEHHs M COCTaBYy 3JIEMEHTOB, BXOASAIIMX B LENU 0OpaTHON
CBSI3U, PA3JINYAIOT TPUITEPHI:

a) C KOJJIEKTOPHO-0a30BOM CBSI3bIO, BBHIMOMHIEMON 00bI4HO ¢ R uiu R u C
AIIEMEHTAMM;

0) C SMUTTEPHOMU CBSI3bI0, BHIOIHAEMOI Ha COMTPOTUBIICHUSIX.

HaunOouee pacnpocTpaHEHHBIM TUIIOM TPUITEPA SABIISIETCS TPULTEP C KOJ
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JIEKTOPHO-0a30BOI 00OpaTHOM CBSI3BIO, B KOTOPYIO BXOST aKTUBHOE COIPO-
TUBJICHUE WM TAPAJICIFHO BKIFOYCHHBIC aKTHBHOE CONPOTUBIICHUE R U €MKOCTb
C. llpuHinuanbHas cXeMa TaKoro TPUITEpa C pa3zeibHBIMH BXOJAaMH U BHEIII-
HUM CMEIIIEHUEM MPUBEJCHA Ha PHC. 2 ¢ OOUIMM (CUETHBIM) BXOJOM M aBTOMATH-
YECKUM CMEIIICHUEM TPUBE/IcHa Ha PHC.3.

Pucynok 2. Cxema tpurrepa ¢ pa3febHbIMUA BXOIAMHU
Y BHEIIIHUM CMEILIEHHEM

Pucynok 3. Cxema Tpurrepa ¢ o0IuM (CYETHBIM) BXOJIaMH
Y aBTOMAaTUYECKUM CMEIICHUEM

B ycTpoiicTBe, coneprkaiieM MHOTO TPUTTEPOB, HE3AaBUCUMO OT TOTO, UMEIOT
JIV TPUTTEPHI pa3eabHbIC BXObI HIIA OOIIMIA BXOI, TPUMEHSIETCS 0OBIYHO HE3aBH-
cuMmoe cmernieHne (Eg), moaydaeMoe OT 00IIero BHENTHETO HCTOYHNUKA HAMPSKEHUS
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(puc.1.2). OHo sBrsIeTCS 00Jiee YKOHOMUYHBIM U 00€CIIeYnBaeT BMECTE C TeM 00-
Jiee BBICOKYIO HaJIeKHOCTh PabOThl TPUITEPA, TAK KaK HANPSHKEHHE CMEILECHUS He
3aBUCHUT B 3TOM Cllydyae OT BO3MOXKHBIX KOJI€OaHUI HANPSIYKEHUS B LIETIH MUTAHUSL.

B ciyuae, korna npoekTHUpPYOT YCTPOMCTBO C MallbIM KOJIMYECTBOM TPUITE-
pPOB, IPUMEHEHUE JIOMOTHUTEILHOIO UCTOUHUKA CMENIEHUS Eg SIBIIETCS HEBBITO1-
HbIM. BMecCTO HEro B cxemax TPUITEPOB UCIOJIb3YIOT aBTOMATHYECKOE CMELIEHNE.
C »TOl 1eNbI0 B OOIIYI0 SMUTTEPHYIO IIeTh TPAH3UCTOPOB BKIIOYAIOT pe3ucTop R,,
napajuieIbHO KOTOPOMY HOJKIOYEH KoHeHcarop C, (puc.3).

Tox smutTepa I,, npotekas 1o uenu: + E, (kopnyc) — pe3uctop R, — OTKPbI-
o1 TpaH3uctop VT1 unu VT2, pesucrop Ry uiu R, — Ey, CO3IAET HA PE3UCTOPE
R, manenue HanpsKEeHUs:

B g,

o

2 )

KOTOPOE U BBICTYIIAET B POJIM UCTOUHHUKA HANIPSDKEHHS CMEILICHHUS.

Kongencarop C, €MKOCTBIO HECKOJIBKO ThICSY NUKO(QApax CIyXUT i
oOecnieyeHust OCTossHCTBA U, B MOMEHT ONPOKUBIBAHUS TPUTTEPA.

Ilenu oOpatHbIX cBs3eil ¢ RC-3BE€HBSIMU, CBSI3bIBAIOLINE KOJIIEKTOP OJHOTO
TpaH3UCTOpa ¢ 0a30i JIpyroro, o0pasyloT 3aMKHYTYIO METJII0 OOpaTHOW CBS3H.
[TpuHIMNIHATBFHO MOXHO OBLJIO OTPAaHUYMTHCA BBEACHHUEM B 1M OOPATHBIX CBS-
3ei TOJBKO aKTHBHBIX conpoTuBieHud R1 u R2 (puc. 2), OQHAKO IIyHTHUPOBAaHUE
ux kongeHcatopoB Cl u C2 (puc. 3) obGecneunBaeT 3HAYUTEIBHOE MOBBIIICHHUE
CKOPOCTH JICUCTBHUS ITUX LIETIECH.

B o1HOM M3 yCTOMYMBBIX COCTOSHMM OJIMH M3 TPaH3UCTOPOB TpUITEpa 3a-
nepT, a IPyro OTKPBHIT.

YToObl MOBBICUTH CTATUYECKYIO YCTOWUYMBOCTH TPUITEpA MPU BO3MOMKHBIX
KOJIEOAHUSX HAMPSHKEHUS MMUTAHUS U TeMIIepaTyphbl OKPYXKAIOLIeil cpebl, OTKPHI-
TBII TPAH3UCTOP HAXOJUTCS B PEXKUME HACHILICHUSI.

HanexxHoe 3amupaHue BTOPOro TpaH3UCTOpa 00ECIEUHBAETCS TEM, YTO €ro
0a3e cooOIaeTcs MOJOKUTENbHBIN MOTEHIMAN 10 OTHOLIEHUIO K 3MUTTEpy. B
CXEME pHUC. 2 3TO TOCTUraeTCsl IPUCOECIUHEHNEM 0a3bl Uepe3 CONPOTUBIIEHHUE Ry 1
HOJIOKUTEIBHOMY IOJIOCY UCTOYHUKY CMEIEHUsl Es, OTPULATENBbHBIN MOIIC KO-
TOPOTO 3a3eMJIEH (WIN COEAMHEH C KOPIYCOM) TakK e, KaK U SMUTTEPhl TPAH3U-
ctopoB VT1, VT2. A cxeme puc.3, kak ObIJIO CKa3aHO BHIIIIE, — 33 CUET aBTOMATH-
YECKOI'0 CMEIIEHUs, CO3aBaeMOr0 HanpspkeHueM Ha R, u C,.
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1.2. UMnyJbLCHOE VCTPOWCTBO ¢ BPEMEHHO VCTOWYUBLIMY COCTOSTHUSMHA.

MyJLTHBHOPATOP

VMIynbCHBIE YCTPOUCTBA C BPEMEHHO YCTOWYMBBIMU COCTOSIHUSIMU SIBJISIFOT-
Csl TeHEepaTOpaMy peNakCallMOHHBIX (Pa3pbIBHBIX) 3JEKTPUUECKUX KOJeOaHUM, ma-
pamMeTpbl KOTOPBIX M 4acTOTa CJIEAOBAaHUS MOTYT U3MEHATHCA B IIMPOKUX IpEe-
nax.

Oco0eHHO YacTO BCTPEYAIOMIMMHCS PENAKCALIMOHHBIMUA T€HEpaTopamMHu BO
MHOTHUX 3JIEKTPOHHBIX YCTPONCTBaX SIBJISIOTCA MYJbTUBUOPATOPHI U T'€HEPATOPHI
nu1000pa3HoOro HarpsbKeHus. PaccMoTpuM MyIbTUBUOpATOP.

MynpTuBUOpPaTOp — 3TO MHOTOYACTOTHBIM M€HEPATOP peIaKCALUOH-
HBIX AJIEKTPUYECKUX KoJIeOaHM, popma KOTOPBIX OJM3Ka K MpsAMOYrojabHO. OH
COCTOMT U3 JIBYX YCHJIMUTEIbHBIX JIEMEHTOB, OXBAaYCHHBIX MOJOKUTENBHON 00paT-
HOU CBSI3bI0. Y CHJIMTENIBHBIE 3JIEMEHTHI BBIIOJHAKOTCS HA AJIEKTPOHHBIX JIamMax,
OUMOJSIPHBIX WJIM TOJEBBIX TPAH3UCTOPAX, MHTErPAIBHBIX MHUKpPOCXEMaX, TYH-
HEJBbHBIX JUOJIaX U APYTUX Npudopax.

TunuuHas cxema MyJbTUBMOpaTOpa Ha OMIOJSPHBIX TPAH3UCTOpPAX IpPUBE-
JIeHa Ha puc. 4,a.

MynbTuBHUOpPATOp MpEACTaBIsSeT COOOW ABYXKACKAJHbBIN YCUIMTENb C Mepe-
KpPECTHOM MOJIOKUTEIbHON 00paTHOM CBS3bIO, OCYLIECTBIISIEMOI Yepe3 KOHJIEHCA-
topsl C1 u C2. Kongencarop Cl coenunser 0a3y tpansucropa VT2 ¢ KOIEKTO-
pom Tpanzuctopa VT1, Bropoii C2 BKItoueH Mexay 0azoit Tpansucrtopa VT1 u
KOJUJIEKTOpPOM TpaH3uctopa VT2.

Unys, Uxe T

\.Jk \Cdm

paspao

t

Pucynok 4. MynbstuBuOparop:
a — cxeMa; 0 — BpeMEHHBIC JUarpaMMbl, TIOSICHSIOIIHNE €T0 padoTy



CMelieHre TPaH3UCTOPOB OTPHUIIATEIBHBIM HaIpsKEHUEM (BBIOOp pabodei
TOYKH), TI0JIaBacMbIM Ha 0a3bl TPAH3UCTOPOB, OCYIICCTBIICTCS Yepe3 PE3UCTOPHI
R2 u R3.

MynbTHBHOPATOP HA3BIBAETCS CUMMETPUYHBIM, €CIM TPAH3UCTOPHI UMEIOT
OJIMHAKOBBIE IMAPAMETPHI U BBITIOJHSIOTCS YCIIOBUS:

MynbTuBHOpaTOp pabOTaeT B CIEAYIONINX OCHOBHBIX PEXKHUMAaX: aBTOKOJIC-
OaTtenmbHOM, JKIyIIeM, CHHXpOHH3anuu. PaccMoTpum paboTy CHMMETPUYHOTO
MyJIBTUBHOpATOpa B aBTOKOJeOaTenbHOM pekume. [Ipomecc pabGoTel reneparTopa
MOSICHSIETCS. BpEMEHHBIMU JHarpaMMaMH, TIPeICTaBJICHHBIMU Ha puc. 4,0.

[TycTh BKITIOYEHHE WCTOYHUKA MHUTAHUS MYJIHTHBHOpATOpa MPOUCXOIUT B

momeHT I = [, . Korma oquH U3 TpaH3ucTopoB (¢ 6ojiee OTPHUIIATSILHBIM TOTCH-

nuasoM Ha 0ase), Hanpumep VT1, oTkpseiT, a BTOpor VT2 3amept, TO B 3TOT MO-
MEHT BpeMeHHu koHaeHcatop Cl 3apspkeH, a C2 — paspsikeH. Jlanee nmpoucXoauT
pa3psn konaeHcatopa Cl mpernMyIecTBEHHO Yyepe3 pe3nucTop R3, HCTOYHUK MUTA-
HUs U DMUATTEP-KOJUIEKTOPHBIN MEPEXO0] OTKPBITOro Tpansucropa VT1. Hanpsoke-

Hue Ha koHjeHcatope Cl, a cinemoBarenbHO, U Ha 0a3e (Ug, ) Tpansuctopa VT2

yOBbIBaeT MO 3KCIOHEHTE, U KOTJa MOTEHIMan 0a3bl TPaH3UCTOPA CTaHET PaBHBIM
NOTEHLUATY OTIHUPAHUs, MPOUCXOAUT U3MEHEHUE COCTOSHHUS MYJIbTHBHOpaTOpa:
tpan3uctop VT2 ornupaercs, a VT1 3anupaerca. [Ipoiecc nepexkintodeHus: TpaH-
3UCTOPOB MPOUCXOAUT JTABUHOOOPA3HO, TaK KaK IMOJIOKUTEIbHOE U3MEHEHHE TO-
TEHIIMala Ha KOJJIEKTope TpaH3ucropa VT2 nepenaercsa yepe3 eMKOCTh KOHIEHCa-
Topa C2 Ha 6a3y Tpansuctopa VT1 u yckopser ero 3anupanue. Hanpsxkenue Ha
koHaeHcaTopax Cl u C2 He MOTYT U3MEHSTHCSI CKAYKOM, TaK KaK JUIsl U3MEHEHUS
ATUX HANpsOHKEHUH TpeOyeTcs BpeMmsi, OmpeAesieMOi MOCTOSHHBIMH BPEMEHH 3a-
pama 7, = R,C| upaspama 7, = R,C, .

3apsa kongeHcaropa Cl mpoucxXoAuT MO LENU: IUIFOC UCTOYHUKA NMUTaHUS,
AMUTTEP-0a30BBIM MEPEX0J]l OTKPBITOro TpaH3zuctopa VT2, pesucrop R1, MunHyc
UCTOYHUKA nuTaHus. Pa3psan konaeHcaropa C2 OCyHIECTBIIAETCS MO LEHHU: IUIIOC
oOKkJajgKka KOHAEHcaTopa, pe3uctop K2, WCTOYHUK MUTAHUS, DMHUTTEP-
KOJUIEKTOPHBII NEpEeXo] OTKphITOro Tpansuctopa VT2. Bpems 3apsiga KoHAEHCA-
Topa C1 MeHbllle BpeMeHU paspsana KoHaeHcaropa C2, Tak Kak R, << R, (3apsn
MIPOUCXOIUT OBICTpEE pa3psiaa).
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[Tocne ompokuabIBaHUS MYJILTUBHOPATOP OCTAETCS B TAKOM COCTOSIHUHU IO
TE€X MOp, MOKa CHOBA HE OTKpoeTcs 3amepThiid TpaHzuctop VT1 B pesynbrare

YMEHbILICHUsI HaNpsKeHUsl Ha KoHaeHcatope C2, a cienoBaTelbHO, Ha 0aze Ug
Tpan3uctopa VT1.
Taxum 006pazoM, MPOUCXOTUT TEHEPUPOBAHNE UMITYJICOB HAMPSKEHUS U

u U, , CHOIMAaEMbIX C KOJUIEKTOPOB TpaH3ucTtopoB VT1 u VT2. dopma 3TUX UM-

MyJbCOB OJM3Ka K MPSAMOYTOJbHONU. BbicOTa MMIYIbCOB MPUMEPHO paBHA HaMpsi-
YKEHHIO UCTOYHUKA UTaHuA .
B cummeTpuyHOM MyNbTUBHOpATOpE ATUTENBHOCTH UMITYJIBCOB f, OMpere-

JeTCa BpEMEHEM pa3psia KOHJeHcaTopa 7,. M3 hopMyJibl SKCIIOHEHTBI

—t./ _
u =El"" =E "%

C s

OMMCHIBAIOUIEH U3MEHEHHE HANPsLKeHUs paspsana KonaeHcatopa C 0T Ha4aJIbHOTO
sHaueHus Ugyaq = EK 70 TIOPOTOBOTO HAmpsyKEHUs Ha 0asze TpaH3HCTOpA

U nopor » IPU KOTOPOM CpabaThIBa€T TPAH3UCTOP, MOXKHO OHPEAEIUTH IJIUTEIb-

HOCTb UMITYJIbCa
t =R.Cln2~0,7R.C

JUTMTENbHOCTh MEepUOoia CIEJOBAHUS UMITYJIbCOB CUMMETPUYHOTO MYJIbTH-
BUOparopa

I'=27,~0,7R,C .

YacToTa kojebaHui MyJIbTHBHOpAaTOpa MOXKET OBITH OINpejesieHa Mpuou-
xerno 1o popmye f =1/T .

PerynupoBka IIUTENBHOCTH HMMIYJbCA #; OCYIIECTBIISIETCS W3MEHEHUEM
3HAYCHUN

R2 = R3 = R6 nwm Cl=C2=C , T.€. IOCTOSIHHOW BPEMEHM pa3psi-
na

T, =R;-C .

Henocrarkamu MysiasTHBHOpaTopa, codpanHoro no cxeme (puc.l.4,a), saBis-

I0TCS Majiasi KpyTu3Ha (POHTA UMITYJIbCa, OOYCIIOBICHHAS BpeMEHEM 3apsiga KOH-



8

nencatopa C depe3 pe3ucTop R,; HEOOJbIIas CKBAKHOCTh MPSIMOYTOJIBHBIX HM-
nyascos Q =T/t =2.

Cxema wmynbTHBHOpaTOpa, paboTaromero B KIYIOIEM PpEXKHUME
(CKayui MyJIbTUBHOPATOP HA3BIBAIOT €llé OJHOBUOpaTOpOM), OTJIMYA-
eTcst OT OOBIYHOTO TEM, UYTO OJUH M3 KOHAEHCATOpoB, Hampumep C2, B cxeMme Ha
puc. 4,a 3aMEHEH PE3UCTOPOM, a TAK)KE CICJIaH BHEUTHUHN BBIBOJ 0a3bl TPAH3UCTO-
pa VTI.

Koymmit MynbTHBHOpaTOp MpeaHa3HaueH i (HOPMHUPOBAHMS UMITYIIHLCOB
HANPSDKEHUST TIPSIMOYTOJIBHON (OPMBI MO/ BO3/IEHCTBHUEM BHEIIHETO (3aITyCKaro-

IIEr0) HAMPSHKEHUsT U, .

Kyt MyasTUBHOpATOpP CaMOCTOSITENTbHO HE BO30yxaaerca. [lpu otcyT-
CTBUM BXOJHOI'O CUTHaja OH HAaXOJIUTCS B COCTOSHUU YCTONYMBOIO PaBHOBECHUS
(OOMH TpaH3UCTOP OTKPBIT, Apyroi 3akpsIT). Ilogadeil Ha BXOJ BHEUIHETO HM-
NyJbCa HANPSDKEHUS OCYLIECTBIIETCA ONPOKHJIBIBAHUE KIYIIEro MYJIbTHBHOpa-
Ttopa. [lo ucTeueHun BpeMeHH, HEOOXOIMMOIo Ha pas3psn konaeHcaropa Cl,
MYJIBTUBUOPATOp, BO3BPAILAACH B UCXOAHOE COCTOSIHHE, BBIIAET UMITYJIbC MPSMO-
yroyibHON ¢GopMbl. C MOMOIIBIO KAYIIETO MYJIbTHBHOpATOpa MOXKHO 3a/€pKaThb
UMIYyJIsC Ha TpeOyemoe Bpemsa. HoBbIil 3amyckaromuii UMIYJIbC MOAAETCA Yepes
BpeMsi, HEOOXOAUMOE JI1 BOCCTAHOBJICHUS KAYIIET0 MyJlIbTHUBHOpaTOpa, T.€. AJis
3apsiga kouaencaropa Cl.

B pexxumMe CHHXpOHHU3aLUU MyIbTUBUOpATOp OyAET MEPEXOAUTD U3
OJIHOTO YCTOMUYMBOTO COCTOSIHMSI B JIpYro€ He IOJ BIMSHUEM COOCTBEHHBIX Iapa-
METpPOB, a MOJ BO3ACHCTBHEM BHEIIHUX CHUHXPOHU3UPYIOUIUX HMIYIbCOB. Jlis
yCTOHYHMBOW pPabOTBHl MYJIbTHBHOpaTOpa MEPUOJA €ro COOCTBEHHBIX KOJeOaHUM
JOJKEH OBITh HECKOJIBKO OOJIbIle MepHoja MOBTOPEHUS CHHXPOHHU3UPYIOLINX
UMITYJIbCOB.

B pexxume cMHXpOHUM3alKMU MYJIbTUBHOpPATOP UCIIONB3YETCS JIsl COIJIacoBa-
HUSl OJTHOBPEMEHHOI pabOThl HECKOJBKUX DJIEKTPOHHBIX YCTPOMCTB, a TAKKe IJIs
JIEJIEHUS] YaCTOThl CUTHAJIOB.

2. IloHsiTHE O JJOrHYECKHX IJIEMEHTAX
H MHTEIrpaJJbHbIX MUKPOCXEMaX

2.1. Jlornyeckue 3JeMeHThI

JUid noazep:KaHus peXUMOB TEXHOJIOTMUYECKHUX MPOLECCOB M PELIEHUs COo-
BPEMEHHBIX 33Ja4 M0 YCKOPEHHIO HAayYHO-TEXHUYECKOTO Mporpecca HeoOXOoAuMO
IPUHUMATh OIpPEACIICHHbIE PELIEHUS B 3aBUCHMOCTH OT KOHKPETHBIX YCJIOBUHU.
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Hanuuue wumu OTCYTCTBHUE OMPEAEICHHOTO YCJIOBHUSI MOXHO OTOXIECTBIATH C
HaJJMYUMEM WM OTCYTCTBUEM HANPSIKEHUS DJIEKTPUYECKOIO CHUTHAJIA PA3JIMYHOIO
ypoBHs. Vcnonb3yst JOruyeckue 3JIeMEHThI, MOKHO TpeOdyeMoe pelieHre ocylle-
CTBUTD MPHU MOMOIIH JIOTHYECKUX YCTPOMCTB, B KOTOPBIX IMOJIe3HAsI HHPOpMALUS O
MPUHSATOM PENICHUH TPEACTABISCTCS B BUE MU(PPOBOTO JBOMYHOTO Koaa. B aTmx
YCTPOMCTBAX JIOTUUECKHE AJIIEMEHTHI Yallle BCETO CTPOSIT Ha 0a3e AJIEKTPOHHBIX
npuOopoB, paboTAOMIUX B KIOYEBOM pexume. [103ToMy CUTHambI, HECYyIue Mo-
JIe3HYI0 HH(POPMAIHIO, MPUHUMAIOT TOJIBKO JBa 3HaUYCHMS: “0” — JIOTUYECKUIN HYIIb
u “1” — mormyeckas eIMHUIIA, COOTBETCTBYIOIIUE JIBYM COCTOSIHUSIM 3JIEKTPOHHOTO
KJIFOYA.

Teopus yTBep:kaaeT, 4To JIJIsl BHIIOJIHEHUSI OCHOBHBIX JIOTHYECKHX Mpeolpa-
30BaHUM JI0CTAaTOYHO HMETh TPU JIOTMUYECKUX BJIEMEHTA, KOTOPHIE BBIMOJHSIIOT
onepanuu: Jorudeckoe orpuianue (Jiorudeckoe HE), nornueckoe cioxenue (Jo-
ruyeckoe MJIN) u nornueckoe ymHoxxeHue (ioruueckoe M).

Ucnions3ys anementsl HE, NJIW, Y u ux pa3nuuHbie KOMOWMHAITUN, MOKHO
COCTaBHUTh CKOJIb YTOJHO CJIOXKHBIE JJOTUUECKNE YCTPOUCTBA, HAIIPUMED, CUETUUKHU
UMITYJIbCOB, CyMMAaTOpBbI, 010ku nmamsaTu DBM, pacnpenenutenn CUTHAIOB U JIpY-
M€ YCTPOMCTBA.

B kadectBe nneMeHTHON 0a3bl JOTUYECKUX DJIEMEHTOB MCIIOIB3YIOTCS AJICK-
TPOHHBIE JIAMIIbI, JJICKTPOMEXAHUYECKHUE peEJie, MOTYNPOBOJIHUKOBBIC AHOIBI U
TPaH3UCTOPHI, MHTETPATHHBIE MUKPOCXEMBI M UX PA3TMYHbIE KOMOWHAITUH.

HauGosnpiiee pacnpocTpaHeHUE TOMYUUITN JTJOTHIECKUE AIEMEHTHI Ha OCHO-
BE UHTETPaIbHBIX, TMOPUIHBIX U OOJBIIMX UHTETPAIbHBIX MUKpocxeM. OHu o0a-
JAI0T TaKUMHM BAKHBIMHU MPEUMYIIECTBAMHU, KaK BBICOKHE OBICTpOACHCTBUE U
HAJIe)KHOCTb, MaJIbI PACX0/]] IHEPTUH, Majible 00beM U rabapuThl YCTPOUCTB.

PaccmoTpum JIormdeckue 3IEMEHTHI, BBINOJHEHHBIE HA OCHOBE TPaH3UCTO-
pOB.

Jlornueckuit snement HE (puc. 5). Tpansucrop B cxeme puc. 5,a
paboTaeT Kak OJJEKTPOHHBIM KiM04. [Ipm OTCYyTCTBMM BXOAHOTO CHTHAaJIa

(U, = 0) rpamsucrop 3axpeir 1 Ha ero Beixome U, * —E, ,1e. U, >0,



Pucynox. 5. Jlornueckuui aniement HE:
a — cxema; 0 — yCIOBHOE 0003HAYCHHUE

Ecnu Ha BX0J TpaH3MCcTOpa mojaHo orpuuarensnoe Hanpsxenue (U, < 0), To

OH OTKpoOeTcs ¥ u3MeHuTcs Hanpsokenue Ha Beixone (U, = 0). Ycnosno npu-
HATO HU3KUH YPOBEHb BXOJHOI'O U BBIXOJHOTO HANPSKEHUM OTOKIECTBIISTH C JIO-
TUYECKOM enuHULIeH “1”, a BBICOKUI YPOBEHB — C JOTHYECKUM HyJieM “0”. MoHO
MPEANOJIOKUATE 00paTHOE OTOXACCTBICHNUE (HU3KUA YPOBEHBb HampspkeHus — 07,
BbICOKMI — “17). Dnement HE peanusyer noruueckoe OTpUIIAHUE — HHBEP -
cut — wunu onepaunto HE. MuBepcust 0003HauaeT MCTUHHOCTH OJTHOTO CYXJIE-

HHUA U JIO)KHOCTH APYroro. 9Ty OIICpalMIO 3aIIMCHIBAIOT TAK: ) = X, YTO O3HAYACT:

y ectb HE x. OTpunianne equHuIbpl paBHO HYIHO (1= 0)u, Haobopor, (0 =1). IIpu
OTPUIATEILHOM UMITYJLCHOM CHTHAJIE HAa BXOJle “1” TpaH3UCTOp OTKpPOETCA, Ha
BBIXOJI€ MOsIBUTCS curHan “0” (1 HaoOopoT, mpu mojaade Ha Bxona “0” Ha BBIXOJIE
oyner “17). DnemenT HE n3MeHseT mOSIPHOCTh BXOJHOTO CUTHaNa (MMITYJIbC Ha
BBIXOJIE UMEET MPOTUBOIOJIOKHYIO MOJSIPHOCTh MO CPABHEHUIO C BXOAHBIM HMM-
yJIbCOM).

YcaosHoe ob6o3Hauenue rnementa HE mokazano Ha puc. 5,0.

Jlornueckurt »snement WIA (puc.6). B wucxogHom co-
crossuun Tpansuctopsl VT1, VT2, VT3 (puc. 6,a) 3amnepTbl MOJOKUTEIbHBIM

Haps’KCHUCM HMCTOYHHKA CMCIICHHA EGB . Tak kak TPaH3HUCTOPbI BKIIFOYCHBI

NapaJUIeIbHO W BBIXOJAHOW CHUTHAJI CHUMAETCA C pe3ucropa R,, BKIIOYEHHOIO
B LIEIIb DMUTTEPOB, TO CUTHAJI HA BBIXOJAE MOABISETCS INPU IOJA4Y€ OJHOTO
U3 TpeX OTPULATENbHBIX CHUTHAJIOB,  IOCTYHNAKOLIMX HAa BXOABl (X, X, X3)
anementa WUJIN. IIpu 3TOM BBIXOJHOW CHUTHAJl HE UMHBEPTUPYETCS, T.€. COBIIALAACT
no Qasze ¢ BXoAHbIM curHasioM. llpu momaue “1” Ha BBIXOJE MOSBUTCS TAKKE
“1”. Dnement MJIM ocylecTBISET JOTMYECKOE CIIOKEHUE BXOJHBIX CUTHAJIOB.
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Pucynok. 6. Jlornueckuii s3nement NJIN:
a — cxema; 0 — ycioBHOe 0003HauUEHHE

Oty omnepanuio, HalpuMep, ISl TPEX CUTHAJIOB 3aIHCBIBAIOT TAK:

V=EXVLVG =X +X+X
YTO O3HAYaeT: CUTHAJI Ha BBIXOJIE IOSIBISETCS, €CIM IOJAaH CHTHaJ XOTS OBl Ha
OJIMH U3 TPeX BXOJIOB. YcloOBHOE 0Oo3HaueHue sneMenta MJIM mokazaHo Ha puc.

6,0. Jlormueckuii snemeHt MJIM MOXeT OCYHIECTBIISITh JIOTHYECKOE CIIOKEHUE
JBYX M 00Jiee BXOJHBIX CUTHAJIOB, T.€.

V=X VX, V.. VX, =X +X, +..+X,

JJoruueckuin anement MU (puc. 7). HanpsokeHue Ha BBIXOE CXEMBI
puc. 6,a MOSBUTCS TOJIBKO B TOM CJIydae, €ClIM Ha BCE BXOJBI (X U X;) JIOTUYECKOTO
AJIEMEHTA MOJAHbl OTPULIATENIbHBIE CUTHAJIBI. B HCXOAHOM COCTOSIHUM TPaH3UCTO-
pel VT1 n VT2 3anepThl NONOKUTEIbHBIM HAIPSKEHUEM HCTOYHUKA CMEILEHUS

Ess. Eciu Ha o7HOM BXOJE CHTHAN OTCYTCTBYET, TO BBIXOJHON CHIHAN TaKke
OyzeT oTcyTcTBOBaTh (OyAET 3amepT OJMH U3 TPAH3UCTOPOB). DneMeHT W BbITION-
HSIET JJOTHYECKOEe YMHOXKEHUE. J{Jisl ABYX BXO/IOB 3Ty ONEPAIMIO 3aMUCHIBAIOT TaK:

V=X NAXy =X, 0 X,
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Pucynox 7. Jlornueckuii snement U:
a — cxema; 0 — ycioBHOe 0003HaYeHHE

BrixonHol curHan y paBeH “1” mpu 0JHOBPEMEHHOM MOCTYIIJIEHUHM CUTHAJIA
“1” Ha nBa BXOAA.

YcnoBHoe o6o3HaueHne snemeHTa M ¢ AByMsi BXOJaMu TIOKa3aHO Ha pUC.
7,06. Dnementsl VI MOTYT UMETh J1Ba 1 O0OJiee BXOJIOB 1 OJIUH BBIXO/I.

2.2. llousiTie 00 MHTEIrPAJTLHBIX MHKPOCXEMAaX

Nurterpanpuas mukpocxema (MUMC) — MUKPORIEKTPOHHOE U3JEIHNE, COCTO-
sI1ee U3 MHOKECTBA CBSI3aHHBIX MACCUBHBLIX M aKTUBHBIX 2JIEMEHTOB, 00BhEIMHEH-
HBIX B KPHUCTa/UI€ WJIM Ha MOJJIOKKE, UMEIOIIUX BBICOKYIO IUIOTHOCTh YHaKOBKHU
ATUX D3JEMEHTOB, BBITIOJHSIONIMX OMPEICICHHYI0 (YHKIMIO TpeoO0pa3oBaHus U
00pabOTKH CUTHAJIOB.

WNHuTterpanus — 370 00beIMHEHNE MHOKECTBA 3JIEMEHTOB.

ITo Texnonorum nsrorosiaeHuss UMC OnIBaroT:

- OJIYTIPOBOIHUKOBBIE;

- IJICHOYHBIE,

- THOpUAHbBIE (COBMEIICHHBIE).

[TonynpoBOJHUKOBBIE — BCE DJIEMEHTHI U MEXKDJIEMEHTHEBIC COCIMHCHUS

(SiO, — nacTUHBI - WIN p-THUIA) BBHITIOJHEHBI B 00bEME U Ha MOBEPXHOCTH MOTY-
NMpOBOIHKMKA. VIMEIOT BBICOKYIO CTeneHb MHTerpauud > 10° 3m/cM’, BBICOKYIO
HaJIe)KHOCTb,

I1neHOoYHbIE — BCE JIEMEHThl U MEKIIEMEHTHBIE COCIUHEHUS BBIIIOJHEHBI B
BUJIE MJICHOK ToKompoBoasauux. OCHOBOM sBIIsIETCS MOAJIOKKA U3 candupa, Kepa-
MUKU WIH CTEKJIa, HA KOTOPOl (POPMHUPYIOTCS MaCCUBHBIE U AKTUBHBIEC AJIEMEHTHI,
U30JISILIMOHHBIEC MTPOCTIOWKH M COSAMHUTEIbHBIC MPOBOJHUKN B BHUJIE TOHKHUX IIJie-
HOK. ImeroT Goubiioit pazdopoc mapametrpoB. TexHonorus emie He oTpadboTaHa.
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Cosmemniennbie (rudbpuanbie) UMC. CoBMemaoT CBOMCTBa MOIYIPOBOIHU-

KOBBIX U TieHOUHbIX UMC. B 00beMe momynpoBOHNKA CO3/IAaI0TCSl BCE aKTUBHBIC
AJIEMEHTHI, a 3aTeM Ha MOBEPXHOCTH (POPMUPYIOTCS U3 TJICHOK IMACCHUBHBIE JJie-
MEHTBI U 3JIeMeHTHbIe coeuHeHus. B rubpuaasix UMC HeKoTOpble KOMIIOHEHTHI
MPUCOEAUHAIOTCA U3BHE, Hanpumep C unu L.
Ocnoenvwie 3n1emenmovt HMC

Kopnyc — wacte koHcTpykuuun MMC, koTtopas 3amuiiaer KpUCTaul OT
BHEIIIHETO BO3ICUCTBUS U COSIMHEHHUS C BHCIITHUMU ICTISIMM.

[MTomnoxka UMC (1u1ata) — 3aroToBKa JJIs M3TOTOBJIEHUS HA HEU DJIEMEHTOB

U COETUHEHUMN.
IlIpocmote u cnoxycnvie UMC
XapakTepusyrTcsl OKa3aTeIeM, HA3bIBAEMbIM CTETIEHBIO MHTETPAllUU — KO-

JIMYCCTBOM JJICMCHTOB Ha KPHUCTAJLJIC UJIM B KOPITYCC
Kk =1gN

rac N — 4HCJIO PIEMEHTOB U KOMIIOHEHTOB

1 creneus — 10 10 pieMeHTOB manbsie UMC
2 crenedb — 10 100 aimemMeHTOB manbsie UMC

3 crenens — 101-1000 >nemeHTOB cpennne UMC
4-5 crenens — 1001-10000 snemenTOB BKC

6 crenenb — > 10000 snemeHTOB ceepx BKC



