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INPEIUCIIOBHE

MukpoanekTpoHHKa, 3a9BHBIIAA O cebe
B Hayaje 60-x romoB, cerogHs OKa3bIBaeT
pelijaiolliee BIMSHHe Ha TeXHHYECKOe Iepe-
BOOpY>XeHue BceX 00JacTel paguo3neKTpo-
HHUKH. 3a NpHMEpaMH XOOHTh RAJEKO HeT
HagOOGHOCTH. AHIOrOBble HHTerpajbHbIe
MHKpOCXEeMbI IIHPOKO H NPOYHO 3aKpernH-
JIMCh B paHOBeIIaTeIbHOM, Te/ileBH3HOHHOMH,
3BYKO3AMUCHIBaIOIIe# B BOCIPOH3BOASIIEH
annaparype, a JIOrTH4ecKHe, WiH UHEpOBbIe,
MHKPOCXeMbl 3aHSUIH JOMHHHpPYHOIlee N0JIO-
JKeHue B OonblIMX, MHHH- ¥ MEKpOOBM, B
YCTpoHCTBax aBTOMaTHYECKOro YNpaBiieHus
NpOM3BOACTBEHHLIMH IIPOLIECCAMH, ABHXKE-
HHEeM TpaHCHOPTa, B CTAaHKaX C YHCJIOBLIM
NpOrpaMMHLIM yrpaBiieHHeM, B annapatype
c60pa, NepepaGOTKH H XpaHEHHsl pa3/InIHOH
uHopManuy, B JpYTrux yCTpoHcTBax H HpH-
6opax mucdpoBol TexHuku. [Ina Hac yxke
CTaJIH NPHBLIYHBIMH 3JIEKTPOHHbIE Kacco-
Bble anmnapatbl, 6LICTPO H TOYHO NONCYHTLI-
BalIlHe CTOMMOCTh NOKYNOK B YHHBepca-
Max, Becbl ¢ IOHGPOBBLIM IpencTaBlieHHEM
pe3ysbTara B3BellMBAaHHSA MPOJYKTOB, aBTO-
MaTH3HPOBaHHbIe CHCTEeMbl  YIIpaBJICHHS
nponaked aBHa- H >KeJIe3HOLOPOXKHLIX 6H-
JIETOB, HapydHble 3JIeKTpOHHbIe 4Yachl,
MHKPOKAJILKYJIATOpbI, CTaBlIMe HpegMeTa-
MH INepBOH HEOOXOMMMOCTH HHXXEHepOB H
TeXHHKOB, 6yXrajJirTepoB, MHOIHX LIKOJbHH-
KOB.

IludpoBas TexHUKa—caMoOe INepcHeK-
THBHOE HalpaBjieHHe B COBPEMEHHOH 3JeK-
TpOHHKe, B HapogHOM xoO3siHicTBe. Be3 Hee
HEeMbICIHMBI nanbHeHui Hay4HO-
TexHudeckuif nporpecc, 3¢ dheKTHBHOCTD

yue6bl B 00meoOpa3oBaTesibHbIX IIKOJaX,
IITY, TexHukymaXx, MHCTHTYTaXx # YHHBep-
cutetax. Bpsim Jm HYXHO ROka3bIBaTh,
KaK@e OIpPOMHble BO3MOXHOCTH BHOCHT
uncpoBas TeXHHKa B pajuOMOGHTENbCKOE
TBOPYECTBO.

Ilesib KHUI'H — NO3HAKOMHTD €€ YHTaTe-
el ¢ HMPOBLIMH HHTErpaJbHLIMH MHKDPO-
cXeMaMH H HCHOJIb30BaHHEM HX B pa3HbIX
O CJIOXKHOCTH JMIOOHTeNbCKHX nmpH6Opax u
ycrpolicTBax H¢poBoi TexuukH. Ilpenno-
NaraeTcsi, YTO YHTATENH Yy>Xe 3HAKOMbI C
YCTPOHCTBOM M NPHHIHNIOM paboThl TpaH3H-
CTOpPOB, AHOAOB H HMEKOT HEKOTOPbIH ONBIT
KOHCTPYHPOBAHHA PagHOIIPHEMHOH H YCHJIH-
TEJILHOM anmapaTypbl, NO3TOMY MX OHNHCa-
HAe B KHHUre ONYI[eHO. I['1aBHBIM >xe ee
COMlep>KaHHeM SIBJIAIOTCA ONBIThI, IKCHEPH-
MeHTbI, KOTOpbIe, KaK MbI CYHTaeM, HO3BO-
JIAKOT Jiydille OCBOMTh NPAaKTHYECKYIO CTO-
POHY NpHMEHEHHs LUH(PPOBLIX MHKPOCXEM.

IIpn H3I0)K€eHHH HO3HABATEJLHBLIX CBe-
JeHHH ‘H CJOXXHOCTH NPaKTHYeCKHX pabor
Mbl ONHPAIHCL HAa ONBIT KPYXKOB pajiHo-
3/1eKTpOHHKH  CBepayIOBCKOH  06/1acTHOH
CTaHUMH IOHBIX T€XHHKOB. DTOT ONbLIT, Ha-
neemcs, MOXeET ObITh HpHEMJIEMbIM IJIs
KPY>KKOB IPYTHX BHEIIKOJBHBIX Yy4pexKie-
HHE u 06uleo6pa3oBaTeNbHBIX IIKOJI, 3aHH-
MAIOLIMXCSA OCBOEHHEM OCHOB IHMPOBOH
TeXHHKH.

OT3bIBbI O KHMIe HPOCHM HalpaBJIATH
no appecy: 101000, Mocksa, ITouramr, a/a
693, H3naTeabcTBO «PagHo M cBA3b», Mac-
coBas paguo6ubJHOTeKa.



YTO TAKOE IIM®POBASA MHUKPOCXEMA

CoBpemenHnass uucghpoBas HHTerpanbHAs
MHKpOCXeMa— 3TO MHHHATIODHBIN  3JIeK-
TPOHHBIH 6JIOK, cCOepXXalllHif B CBOEM KOp-
nyce TpaH3UCTOpbI, QHOABI, PE3UCTOPbI H
ApyrHe akTHBHble H HacCCHBHbIE 3JIEMEHTHI,
ofliee YHCIIO KOTOPBIX MOJXKET NOCTHraTh
HECKOJIbKHX NeCATKOB H JaXke COTeH Thl-
csy! B 3aBHCHMOCTH OT 4HC/a 3JieMEHTOB
pa3IH4alOT MHKPOCXeMbl Majloi CTeHeHH
HHTerpallHH, MHKPOCXeMbI cpejuell cTelleHu
HHTerpalud, 60nb1IHe HHTerpajibHble
MHKpOCXeMbl M CBepXx6OJiblliHe HHTErpab-
Hble MHKpOCXeMbl. MHKpocxembl Maoi
CTelleHH HMHTerpallHd MOTYT copep’KaTb g0
10—30, a cBepxGosblUiMe HHTErpajbHble
MHKpOcXeMbl 1o 100 Thic. M Gosee aKTHB-
HbIX H NACCHBHBIX 3JIEMEHTOB.

Onua mudpoBasd MHKpocxeMa MOXeET
BBINOJIHATL (YHKIMIO LeJoro 6noka u3Me-
PHTEIEHOTO MPHGOpa, MHKPOKAIBKYJISATOPA,
ycTpolicTBa aBTOMaTH4YeCKOro yIpaBJieHHS
MPOH3BONCTBEHHbIM MPOHECCOM, MHKpPOIPO-
eccopa, y3ja 3JIeKTpOHHOH BBLIMHC/IHTENb-
woit mammmsl (3BM). K npumepy, «Mexa-
HH3M» HApY4YHBIX 3JIEKTPOHHBIX 4acoOB, HH-
OUMIHPYIOIUHX TeKylllee BpeMs B 4Yacax,
MHHYTaX H CeKYHAaX, AHH HeneJH M MecCs-
ubl, pabotaronmii OJHOBPEMEHHO H Kak
ceKyHoMep, OynHWIbHHK, COCTOHT BCEro
JIMIIb U3 ONHOH clleHANBHO pa3pabGoTaHHOM
GONbIMOH  HMHTErpajlbHOM  MHKPOCXEMBbI.
Baaropgapsi uncgpoBbIM MHKpOCXeMaM COB-
peMeHHble KOMIIBIOTepbI, KaK BCe 4aile
CTaJid Ha3pBaTh OBM, NO cpaBHEHHIO CO
CBOMMH «NpenkamH» B 300 TbIC. pa3 MeHb-
me no pa3mMepaM, HO pab6oraloT B
10 ThIC. pa3 6bICTpEe, K TOMY >Ke HamexX-
Hee, H 3HeprHH HOTPebIAIOT 3HAYHTEJLHO
MeHblIe.

B oOcHOBY OmHCaHHA H JIOTHKH Heii-
CTBHA UHGPOBBIX MHKPOCXEM TMOJIOXKeHa
[BOHYHAA CHCTEMa CUYHCJICHHS, COCTOsSIIas
BCero M3 nByXx IMcp — eannunsl (1) u nyas
(0). Orciona H 0600IEeHHOEe Ha3BaHHE JIOTH-
YeCKHX 3JIeMeHTOB, MHTErpaJibHbIX MHMKpPO-
cXeM M co3naBaeMblx Ha HXx 6a3e BceBO3-
MO>HBIX npu6opoB H YCTPOUCTB—
mucdposble. 3TH ABe LHPHl TBOHYHON CH-
CTeMbl CUYHCJICHHS MO3BOJISIOT 3allTHCHIBATH
M «3alOMHHaTh» TPaKTHYECKH. MOOble YHC-

Hanpumep, 4HCiI0 25 NpHMBLIMHON Ham
HeCATHIHOM CHCTeMbl CUMCJICHHS, 3alHCaH-
HOe B JBOHYHOH CHCTeMe CYHCJICHHS, BbI-
raagur Tak: 11001. 3gecs kaxkpas no3HIHSA
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YHCna, KOTOpas MOXceT GbITh HpefCTaBJIeHa
B BHAE 3JIEKTPHYECKHX HMITYyJILCOB, COOT-
BETCTBYeT ORHOMY H3 JBYX JIOTHYECKHX
COCTOSTHHI — JIOTHYECKOH 1 HJH JIOTHYeCKO-
My 0. OcoGenno ynoGHO#H TaKas CHCTeMa
KONIMPOBaHHA HHpOPMalHH OKa3ajnach nJs
NporpaMMHpoBaRHsa U pa6orsl OBM.
OTHOCHTEJILHO 3JIEKTPHYECKHX CHIHa-
JIOB, HeCYUMX, Ty WIH HHYIO HHGPOBYIO
uH(OpMALHIO, JBOHYHAA CHCTEMa CUHCIIe-
HHs TaK)Xe COOTBETCTBYeT ABYM COCTOSHH-
AM HJH [BYM YCJIOBHBIM 3JIEKTPHYECKHM
YPOBHAM: BBICOKOMY, T. €. Gosiee HOJIOKH-
TeJIbHOMY, H HH3IKOMY —MeHee HOJIOXKH-
TeJIbHOMY, HYJEBOMY M HaXke OTpHIATesh-
HOMY HanpspDkeHHI0. ECJIH HanpsDKeHHe Bbl-
COKOrO YpOBHS pacCMaTpHBaTh KaK JIOTHYe-
CKYIO 1, a HampsDKeHHe HH3KOro YpOBHS —
Kak Jorudeckuii 0, TO Takyio JIOTHKY Ha3bl-
BalOT NOJOXHTenLHOH. IIpH oTpHIaTensHOM
JIOTHKe, Ha060pOT, HaNpsKeHHe BHICOKOrO
YPOBHA NpPHHHMAIOT 3a Jjorddeckuit 0, a
HHM3KOTO YDOBHS—3a JiOorHdeckyio 1. B
9TOH KHHre pacCMaTpHBAlOTCS TOJIBKO
MHKPOCXeMb! C HNOJIOKHTEJILHOH JIOTHKOH.
Ho Ha npakTHKe HeBO3MOXXHO BBIIIOJI-
HHTb YCJIOBHe, IPH KOTOPOM Obl Bce nudpo-
Bble CHrHajIbl MMeJIH ONHHAKOBble YPOBHH
HanpspkeHHsi. I103ToMy, YYATBIBasA BO3MOXK-
Hble NOHYCKH, CBOMCTBa nH(POBBIX MHKPO-
CXeM, 3JIeKTpHYECKHe HMITYJILChl, HeCylHe
HH(pOPMAIHIO, XapaKTepH3YIOT HEKOTOPbI-
MH HHTepBaJlaMH HanpsikeHHH. Tak, HanpH-
Mep, masa MHKpocxeM cepHit K155, K133
IS HH3KOTO YDOBHS, COOTBeTCTBYIOLLErO
JIorudeckoMy 0, NpHHATHI HANpPSDKEHHS CHI-
Hanoe ot 0 no 0,4 B, T. e. ue 6osee 0,4 B,
a BbBICOKOTrO, COOTBETCTBYIOLIEIO YPOBHIO
JIOTHYeCKOM 1,—He MeHee 2,4 B u He GoJee
HaNpsDKeHHsl, Ha KOTOpOe OHH paccYMTa-
Hbl,—5 B. Ins MHKpoOcXeM ApYTrHX cepuit
9TH rpaHHlbl YpoBHel HanpsDKeHHH MOryT
6bITb HECKOJILKO MEHBIIMMH HIH, HA060poT,
HECKOJIBKO OONbIIHMH, HO HEH3MEeHHBIMH
OAs1 NaRHOM cepHH IHGPOBBIX MHKPOCXEM.
OneITel, 3KCIIEPHMEHTHI, pa3jIHYHbIE
npu6opbl H YCTpOHCTBA, ONHCAHHBLIE B 3TOMH
KHHre, pacCYHTaHbl Ha HCHOJb30BaHHE
mukpocxeM cepun K155 manolf m cpennefi
CTeneHel HHTerpanud. MHKpocxeMbl HMeH-
HO 3TOH cepHH pagHoOOuUTeNH HauGosee
IMHPOKO HPHMEHSIOT B KOHCTPYHPYEMBbIX
HMMH reHepaTOpax, HIPOBHIX H CHIHAJIH3HPY-
IOIMX aBTOMATaX, 3JIeKTPOHHBIX Yacax, H3-



MepHTeJIbHBIX Npubopax, B TOM 4YHCJIE C
uHudPOBLIM OTCUYETOM Pe3YJIbTATOB H3Mepe-
Hus WIH BpeMeHd. [logo6uble ycTpoiicTBa 1
npubopbl HPENCTOMT KOHCTPYHpPOBaTbh H
BaM, B3sABILIHM B PYKH 3Ty KHHTY.

B cepmio K155 BxoguT oOkomo 100
MHKPOCXEM Pa3HbIX CTeNeHeH WHTerpalHH H
yHKIMOHAILHOTO Ha3HadYeHHA. JTO pas-
JUYHble TPUITepbl, CYEeTYHKH HMIYJIbCOB,
JIeJIMTeIH 4acTOThl, NpeoOpa3oBaTes LHg-
POBBLIX KOHOB, mewndpaTopsl H T. 8. OcHO-
BO# JKe MHOTHX H3 HHX CJy>KaT TaK Ha3bIBa-
eMble JIOTHYECKHE 3JIeMEHThl —
3JIeKTpOHHbIE YCTpOKCTBa, peanH3yroLue
npocreimne GyHkuau anrebpbl jgoruka. C
HAX H CcJegyeT HadaTb 3HaKOMCTBO C
YCTpOHCTBOM H paGoTOH IHEPOBLIX MHKPO-
cXxeM, ¢ OCHOBaMH UH(PPOBOH TeXHHMKH.

JIOTHYECKHE 3JIEMEHTBI
U HUX DJJIEKTPHYECKHE
AHAJIOTH

JIOrHYeCcKHX 3JIeMEHTOB, paboTarolmHX
KaK caMoCTosATe/bHble NIM@pOBble MHKPO-
cxemMbl MaJIOH cTelleHM HHTErpalHH M Kak
KOMIIOHEHTBhI MHKpOcxeM O6ojiee BbICOKOH
CTeNeHH HMHTerpaliHd, MOX>XHO HacYHTaTb
HecKOJILKO mecaTkoB. Ho 3pech MbI TOroBo-~
PHM JIHIb O YeThbipex H3 HAX — O JIOTHYe-
ckux anementax W, WJIH, HE, H-HE.
Oaementsl U, UJIH u HE.— ocHOBHBIE, 2
HU-HE sBnsercss koMOHHalHedl 3/1eMeHTOB
U u HE.

YT0 OpecTaBasioOT co00M 3TH «KHpIH-
YHKH» IHpPOBOA TeXHHKH, KaKoBa JIOTHKa
ux geicteua? Cpa3y yTOYHHM: HANpPAXKEHHS
or 0 mo 0,4 B, T. e. COOTBETCTBYIOLIHE
ypoBHIO Jorudeckoro 0, mMbl 6yneM Hasbl-
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Puc. 1. Jlormuecknii suement H:

a— ycJIoBHOe rpacuyeckoe o603HaueHHe; 6— ero
3JIEKTPHYECKHH amanor; 6— BpeMeHHble qHarpam-
Mbl; 2— Ta6/HIa HCTHHHOCTH paGoThI 3/1eMeHTa

BaTh HaNpspDKeHHeM HH3KOro YpOBHSA, a Ha-
npsbxeHusi 6osiee 2,4 B, cooTBeTcTBYIOIUHE
YPOBHIO JIOTHYECKOH 1,— Hanpsi>keHHeM Bbl-
COKOro ypoBHs. UMeHHO TakUMH YPOBHAMH
HaNpsAXXeHHH Ha BXOAE H BbIXOJE JIeMEeHTOB
u MHKpocxeMm cepud K155 npuHATO Xapak-
TepH30BaTh HX JIOrHYeCKHe COCTOSIHHMS H
pa6ory.

I'pacdhnyeckoe H3O6paXkeHHe JIOrHYe-
ckoro ajiemenTa M nmokasaHo Ha puc. 1, a.
Ero Yyc/OBHbIM CHMBOJIOM CIY>XHT 3HAaK
«&», CTOANIHNA BHYTPH NPSAMOYTOJIbHHKA: OH
3aMeHseT colo3 «HM» B aHIIMHCKOM S3bIKe.
CneBa—pBa (MOXeT 6bITh U 60JIblIIE) JIOTH-
YeCcKHX BXOga—X; H X, cllpaBa— BBIXOJ
y. Jlornka peHCTBUS J3JieMEHTa TaKoBa.
HanpsixeHde BLICOKOTO YPOBHS HOSABJISAETCA
Ha BbIXOME JIHIIb TOrJa, KOTAA CHIHAJIbI
Takoro »ke YpoBHsA 6yayT nopaHbl Ha Bce
ero BXOAbI.

Pa3obparbcs B JIOTHKE NEHCTBHS JIOTH-
YecKOoro 3sieMeHTa U HOMOXET ero 3Jjek-
TpHYecKH#t aHajor (puc. 1, 6), cocraBieH-
HbIH U3 HOCJIeNOBaTeJbHO COeHHEHHbIX HC-
ToyHuka nuTaHHa GB1 (Hanpumep, 6aTapen
3336J1), xHONOYHbIX Hepeksodyaresnes SB1,
SB2 mo60ii KOHCTPYKLHH H JIaMIIbl HAKaJIH-
Bauuss HL1 (MH3,5-0,26). Ilepexnoyaten
HMMHTHPYIOT 9JJIeKTpHYECKHe CHrHalIbl Ha
BXOfe aHaJIora, a HATH JlaMnbl HHAHLMpPYET
YPOBeHb CHrHajIa Ha BbIXxoge. PazoMxHyTOe
COCTOSIHHE KOHTaKTOB NepeKJlodYaTesiel co-
OTBETCTBYET HANpSIKEHHAM HH3KOrO YpPOB-
HsA, 3aMKHYyTOe — BbICOKOro ypoBHs. Iloka
KOHTAaKTh! KHONOK He 3aMKHYTBI (Ha o0oHMX
BXOAax JjleMeHTa HanpspDkeHHe HH3KOTro
YPOBHS), 3JIeKTpHYECKas [ellb aHaJora pa-
30MKHYTa H JlamMIla, eCTECTBEHHO, He TOPHT.
HeTpynHOo cpenaTh ApYrod BbIBOX: Jamma
HaKa/IHBaHHA Ha BbIXOJe aHajora dJieMeHTa
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Puc. 2. Jlormvecknlt anement HJIH, ero vexrpade-
elicTBES

CcKull AHANOr W DPHENHIT X
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H 3aropaetcst Torga 4 TOJILKO TOrga, Koraa
KoHTakThl KHomok SB1 u SB2 okaxyTtcs
3aMKHYTbIMH ONHOBpeMeHHO. B 3romM u
3aKJII0OYaeTCsl JIOTHYECKasl CBA3b MEXAY
BXOOHBIMH H BbIXOOHbLIM CHIHAaJIaMH 3JICMCH-
Ta U

Tenepb B3rasgHMTe Ha puc. 1, 6. Ha
HeM H300pakeHbl BpeMeHHBIe nHarpamMmbl
JIEKTPHYECKHX NpOHEecCOB, Ralollye JOCTO-
BepHOe NpejncTaBlieHHe O pabore JIOrHYe-
ckoro anemeHTa M. Ha Bxome x; CHreaa
nosiensieTca nepBbiM. Kak Tonbko nopaercs
TakoH >Ke CHTHAJ H HAa BXOI X,, TYT Xe
NOSIBJIIETCSl CHTHAJI H Ha BbIXOze y, KOTO-
pbIi cyllecTByeT JO TeX Nop, HOKa Ha
060oMX BXOgax HMEKOTCS CHTHabl, COOTBET-
CTBYIOILLHE HAIPSKEHHIO BHICOKOrO YPOBHS.

COCTOSIHHM H JIOTHYeCKOH CBA3H
MeXIY BXOAHLIMH H BbIXOJHBLIMH CHIHAJIa-
MH B anemeHTe W faeT mpencraBlieHHe Tak
Ha3blBaeMasi TabiHua HCTHHHOCTH (puc. 1,
2), HamOMHHaINas TabaMUy YMHOXEHHA.
I'nags Ha Hee, MOXHO CKa3aTh, YTO CHIHAJ
BBICOKOTO YpOBHs Ha BbIXOfe 3JIeMeHTa
6yner TOrna M TOJMBLKO TOTrAA, KOrga CHTHa-
JIbI TaKOro >ke YpOBHS HOSBATCA Ha OGOHX
ero Bxogax. Bo Bcex apyrux ciaydasx Ha
BbIXOfle ' 3JieMeHTa OyneT HanpsiKeHHe
HH3KOr0 YpOBHS.

YcnoBHbIE CHMBOJI JIOTHYECKOTO 3Jie-
menra HJIM—uudpa 1 BHYTpH mnpsAMO-
YronbHHKa (pHcC. 2, a). Y 3TOro ajieMeHTa,
KaKk H y anemeHTa M, MOXeT O6bIThb fBa H
6osbie BxogoB. CHrHan Ha BbIXoge Y,
COOTBETCTBYIOIIHH HAaNPsXKEHHIO BbLICOKOTO
YpOBHS, NOABJIAETCSA NPH MOJade TaKOro e
CHTHaJIa Ha BXOX X, HJIH Ha BXOX X,, HJIH
onHOBpeMeHHO Ha o6a Bxoma. Ytobbl y6e-
OHTbCA B TakoM JelicTBHH 3jiementa UJIH,
OpOoBenHTEe ONbLIT C €ro JIEKTPHYECKHM aHa-
gorom (puc. 2, 6). Jlamna HakaJHBaHHA
HL1 ="a BbIxome anajora 6yner 3aropaTbcs
BCSIKHH pa3, KOrjga OKaXKyTcs 3aMKHYTBIMH
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Puc. 3. Jlormwecknii snement HE, ero saexrpade-
CKHH aHajor W DpHENEN JeNCTBHA
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KOHTaKThl WIH KHOIKM SBI1, unu SB2, wm
OJIHOBpEeMeHHO 00enx (Bcex) KHOMOK.

3akpenuTh B NaMATH 3JIEKTpHYECKOe
CcBOHCTBO 3nemenTa MJIU nomoryT BpemeH-
Hble AHarpammsbl ero pa6orbl (puc. 2, ) U
TabJIHla HCTHHHOCTH (puC. 2, 2) JIOrH4Ye-
CKOH CBA3W MeXIy BXONHbIMH H BBIXORHBI-
MH CHI'HaJIaMH.

YcnoBHBI CHMBOJI JIOTHYECKOTO 3J1e-
meHTa HE —Toxe mudpa 1 B HpsAMOYross-
HuKe (puc. 3, a). Ho y Hero onHH Bxopn u
ronquH BbIxon. Heb6onbuioi Kpy>OK, KOTO-
pbIM Ha4YHHAETCs JIMHHA CBSI3H BbIXOJHOTO
CHTHAJIa, CHMBOJIM3HPYET JIOTHYECKOe OTpH-
LaHHe «He» Ha BbIXome 3jemeHTa. Ha A3bI-
Ke HH(POBOH TeXHHKH «He» O3HaYaeT, YTO
JaHHBIH 3/IeMEHT SBJISAETCS HHBEPTOPOM |
JIeKTPOHHBLIM YCTPORCTBOM, BLIXOJHOM CHI-
HaJI KOTOPOro HpOTHBOHOJIOKEH BXOJHOMY.
Hnade roeops, NokKa Ha ero Bxoge JeHCTBY-
eT CHrHaJl HH3KOTO YpOBHS, Ha BbIXOQe
TIpHCYTCTBYET CHIHAJI BLICOKOrO YpOBHS, H
Hao60poT.

OnekTpuieckuif aHamor 3nmeMeHTa HE
MOXXHO cobpaTh HO cxeme, HpHBeJeHHOH Ha
puc. 3, 6. JuexkrpomaruutHoe pese K1,
cpabaTbiBaolee NPpH HAHHOM HAINpsKeHHH
6ataped SB1, nomxHO ObITL C rpynnoit
HOPMaJIbHO 3aMKHYTbIX KOHTakToB. Iloka
KOHTaKTbl KHONKH SB1 pa3oMKHyTbI, 06-
MOTKa pesie 06ecTod4eHa, ero KOHTAKThI
K1.1 ocraioTcAa 3aMKHYThIMH H, CJIeOBa-
TeabHO, Jamna HL1 ropur. Ilpu HakaTHM
Ha KHOIIKY ee KOHTaKThl 3aMbIKAIOTCS, HMH-
THPYS HOsiBJIeHHe BXOQHOrO CHIHajla BBLICO-
KOTO YDOBHSI, B pe3ylbTaTe 4ero peJe
cpabarbiBaeT. Ero KOHTaKThbI, pa3MbIKasich,
pa3pbIBalOT HeNb NMHTaHuA jamnbl HL1 —
noracasi, OHa CHMBOJIM3HpYeT IOsiBJIeHHe Ha
BbIXO€ CHrHaJia HU3KOrO YpPOBHS.

Ilonpo6yiiTe HaYepTHTL CAMOCTOATEJb-
‘HO BpeMeHHble gquarpammbl paGoThI 3jleMeH-
ta HE ¥ cocraBurh TaGiHMUy HCTHHHOCTH
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Prc. 4. Jlorauecknii 31emeRT H-‘HE, €ro 3J1eKTpH-
vyeckmii aHANOr W UpHEIEN AelicTBHA



JIOTHYECKOH CBA3H MeXOY ero BXO#HbIM H
BBIXOAHBLIM CHTHAJIAMH — OHH HOJDKHBLI HO-
JIYYHATLCA TaKMMH ke, KakK NpHBefeHHbIe Ha
puc. 3, 6, 2.

Kak Mbl y>Xe TOBOpHIH, JIOTHYeCKHH
anemenr H-HE sABnserca KomOGuHanuei
anemeHToB M u HE. IlostomMy Ha ero
rpadudeckoM H3o0paxennu (puc. 4, a)
eCThb 3HaK «&» H HeGOJIBIIOH KpPY>KOK Ha
JIMHHH BBIXOXHOTO CHMTHajIa, CHMBOJIH3UDY-
IOL(HA JIOTHYeCKOe OTpHUaHHe. BpIxop
OOHH, a BXOQOB nBa H Goiblue.

Pazob6patbcs B NpHHIHANE JeHCTBUA Ta-
KOTO JIOTHYECKOro 3jieMeHTa nHudpoBoOi Tex-
HHKH BaM HOMOXeET ero 3JieKTpudecKHil
aHajor, cobpaHHbI MO cXxeMe Ha puc. 4, 6.
OnekTpomarauTHoe pesie K1, 6arapes GB1
u jamna HakaymBanusa HL1 Takne ke, kak B
arasore asementa HE. IlociienoBaTesbHO ©
06MOTKOH peJie BKJIIOYHTe 1Be KHONKH (SB1
u SB2), KOHTaKTbl KOTOpPbIX GyqyT HMHTH-
poBaTh BXxOmHble curHaibl. B mcxopHOM
COCTOSIHAM, KOrf@ KOHTaKThl KHOMOK pa-
30MKHYTHI, JilaMIla TOPHT, CHMBOJIH3UPYS
CHMIHaJI BHICOKOrO YpOBHS Ha BbIxome. Ha-
JKMHTE€ Ha OAHY H3 KHOHNOK BO BXORHOH
nenu. Kak Ha 3TO pearupyeT HHOHKaTOpHas
namna? OHa NpomoJKaeT ropeTb. A eciH
HaxxaTb 06e KHONKH? B 3aTom ciydyae ajek-
Tpu4YecKas neNb, o6pa3oBanHas OGarapeel
[IHTaHHA, OOMOTKOH pejie M KOHTAKTaMH

KHOHOK, OKa3bIBaeTCs 3aMKHYTOH, peJie
cpabarbiBaeT H ero KoHTakThl K1.1, pa3mbl-
KasiCh, pa3phbIBAlOT BTOPYIO Iielb aHAJIora —
JlaMna racHer.

OTH OnbIThl HO3BOJIAIOT CHEJaThb Bbl-
BOJ: NpH CHrHajle HHU3KOrO YpPOBHS Ha Of-
HOM HJIH Ha Bcex Bxopax 3yemenTa U-HE
(KOrga KOHTaKTbl BXOOHbIX KHONOK aHajiora
Pa3oOMKHYTbI) Ha BbIXoge NeHCTByeT CHrHaI
BBICOKOT'O YpOBHS, KOTOPbIH H3MEeBAETCSA Ha
CHTH&JI HH3KOrO YPOBHSI IIpH HOSIBJICHHH
TaKHX J>X€ CHIHaJIOB Ha BCe€X BXOoaax a3je-
MeHTa (KOHTaKThl KHONOK aHajiora 3aMKHY-
Thl). Taxkol BbIBOA HONTBEPIKIAeTCA Iuar-
pamMMaMH pa6oThl ¥ TabyMned HCTHHHOCTH,
HOKa3aHHbIMH Ha pHuC. 4, 6, 2.

Jlornyeckuit anemenr U-HE o6aanaer
elle OAHHM CYLIECTBEHHbIM CBOHCTBOM,
CYyTh KOTOPOrO 3aKJIIOYaeTcs B CJieny-
OIleM: eCJIH ero BXOnbl COSNHHHTH BMeCTe
¥ HopaTh Ha HHX CHrHAJI BbICOKOTO YpPOBHS,
Ha BbIXOne 3/IeMeHTa 6yneT CHrHaj HH3KOro
ypoBasi. U Hao60poT, npu nogade Ha 06hb-
eAHHEeHHbIH BXOJ CHrHaJla HU3KOro YPOBHS
Ha BbIXOJje JeMeHTa 6yneT CHrHaj BbICOKO-
ro ypoas. B atom cny4ae amement U-HE,
KaK, BepOATHO, Bbl Y>Ke NOTragajucCh, CTAHO-
BHTCA HHBEPTOPOM, T. €. JIOTHYECKHM 3jie-
mentom HE. 3710 cBoiicTBO asiemenTa U-HE
OYeHb LIHPOKO MCHOJIb3YeTCs B NpHGOpax U
ycTpolicTBax UMPOBOH TEXHHKH.

3HAKOMCTBO C LIM®POBON MHUKPOCXEMOH

B pa3nooGpa3ubix npubopax 4 ycTpOH-
cTBax UHpPOBOH TeXHHKH, KOHCTPYHpY-
eMbIX pagHoJOOHTeNsAMH, Haubosiee IUHPO-
KO HCHOJBb3yeTcss Mukpocxema K155JIA3. C
Hee, CUHMTaeM, H ClieqyeT HaYHHATh NPaKTH-
YecKoe 3HAKOMCTBO ¢ MHKPOCXeMaMM 3TOH
CEpHH. .

Buewnuit BHG ¥ ycJOBHOe, rpacdurde-
CKOe H300pakeHHEe MHKpPOCXeMbl HOKa3aHbl
Ha puc. 5. OHa npencraBnser cobol IUa-
CTMAacCOBBI KOpNyC NpAMOYroJjbHOH ¢op-
MbI C 14 IWIaCTHHYATHIMH BBIBOIAMH (HEKO-
TOpble MHKPOCXEMbI 3TOH CepHH HMEKT IO
16 BLIBOROB), PacHOJIOXKEHHbIMH BHOJIb 00e-

Memra 1

a)

Pac. 5. Boemmmii BEX u ycnoBHOe rpadageckoe
oGosnauenne muxpocxembi K155JIA3

HX [UIHHHBIX CTOPOH Kopnyca. CBepxy Ha
KOpHyce YCJIOBHBIH  KJIHOY — HeGonbIuas
Kpyrjas merka. OT Hee M BegeTcs Hymepa-
UHA BbBOHOB. Ec/H cMOTpeTh Ha MHKPO-
cXeMy CBepXy, TO OTCYHMTHIBATh BHIBOJbLI
HY>KHO IIPOTHB ABHXKEHHS 9acOBOH CTPEJIKH,
a ec/M CHH3y—TO HO 4YacoBOH CTpeJKe.
Takoe mnpaBWIO pacnpoCTpaHEeHO Ha Bce
MHKpocxeMbl cepun K155.

Yro >xe npeacraBaser cobod MHKpoO-
cxema K155JIA3? OHa COCTOMT H3 4YeTbIpex
Jiorudeckux anemeHToB 2U-HE, nuraoumx-
cA OT oO6mero HCTOYHHKA NOCTOSHHOrO
ToKa. KaXkjbIi ee JOrHYecKHH 3JieMeHT
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Puc. 6. Ipocrefimmii GJOK NHTAHHA MHKpPOCXeM
cepun K155



paboTaeT KaK caMOCTOsATeIbHasi MHKpOCXe-
Ma. BbigesuTh 3/1eMeHTHI HETpYyRHO HO HO-
Mepag® BHIBOJOB, INpPeICTaBJCHHbIM Ha CXe-
MaTHYECKOM HM306pa>keHHH MHKpOCXeMbI.
Tak, BXOOHble BbIBOAbI 1, 2 H BBIXOQHOH
BbIBOJ] 3 OTHOCATCS K OJHOMY H3 ee 3Je-
MEHTOB, BXOAHbIEC BRIBOALI 4, 5 H BHIXONHOH
6— KO BTOpOMy 3sieMeHTY H T. A. He 0603-
HayeHHbIEe HAa CXeMaTHYeCKOM H300pa>keHHH
MHKPOCXEMBl BbiBOObl 7 M 14 ciyxaT Jnjs
nofgayd NHTAaHHS Ha BCE 3JIEMEHTbI. JTH
BRIBOZIbI He NMPHHATO 0603Ha4YaTh Ha cXxeMax
MOTOMY, YTO 3JIeMEHTbI OObIYHO H300paka-
0T He CJIMTHO, KaK Ha pHc. 5, 6, a pa3jienb-
HO B pa3HbIX y4YacTKaxX NPHHUHIHAILHOH
3JIEKTpUYeCKOH cxeMbl ycTpoicTBa. llenn
XK€ NUTaHHs 3JIEMEHTOB OCTAKOTCA OOGLUHMH,
npuyeM aas MHKpocxembl K155JIA3 BbIBOJ
14 noykeH COENHHSATBCS C TOJIOXKHTEJb-
HBIM, a BBIBOJ] 7 —C OTpHLATeJbHbIM HOJIIO-
caMH MCTOYHHKA NHTAHMS.

Mukpocxema K155JIA3, kak H gpyrde
MHKPOCXEMbI 3TOH CEepHH, pacCuHMTaHa Ha
NHMTaHHe OT HCTOYHHKA MOCTOSHHOTO TOKa
Hanpsi>keHueM 5 B. M0XHO HCNOJIb30BaTh H
GaTapel0 rajbBaHHYECKHX 3JJIEMEHTOB C
meHbliuM Ha 0,5 B HanpsikeHHeM, HallpH-
mep Garapero 3336JI. Ho BO Bpemsi ONbITOB
ee HanpsbkeHHe Gyner eule 6oJsiee CHUXKAThb-
Cs, YTO, €CTECTBEHHO, CKaXXETCA Ha PEXXH-
Me palOThI MHKpOCXEMbI, a TIpH ONlpefAeeH-
HOH pa3spsaakKe GaTaped MHKpocxemMa B0OO-
e nepecrtaHer paborarb. [ToaTomy Xena-
TeNbHO MCIOJIb30BaTh GJIOK NMHTaHus, obec-
Ne4YUBaloMil cTabunbHOe HamnpsbkeHHe 5 B.

Takoii 610K NUTaHHUS MO>XHO coOpaTh,
HampuMep, N0 NpHBeNeHHOH Ha puc. 6 cxe-
Me. B HeM HCTOYHHKOM NOCTOSIHHOTO TOKa
GBI cayxart nBe 6atapen 3336J1, coequHeH-
Hble NocyenoBatenbHo. IIuTaHHe Ha MHKpO-
cXeMy MfofaeTcs uYepe3 crabWiIHM3aTOp Ha-
Npsi>keHusi, o0pa30BaHHbIH CTaGHIUTPOHOM

VD1, 6amnacTHeIM pe3HcTopoM R3 u pery-
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Puc. 7. MakeTnana naHeJb A5 ONbITHON nponepxn
pa6oTbl MHKpoOcxeM

8

NHpyromHuM Tpau3ucTopom VTI1. EmkocTth
3JIEKTPOJIMTHYECKOTo KoHpeHcaropa C1 mo-
xeT ObITh 20...50 MKk®D, a KepaMHYECKOro
HJIM CIOGAHOrO  KOHjeHcaropa C2—
0,033...0,047 Mx®.

Kak pa6oTaeT cTabuM3aTop HallpsiKe-
HHA Takoro 6Jioka NHTaHHS MHUKPOCXEMbi?
Pe3ucrop R3 u crabumutpon VD1 o6pa3y-
0T JeJMTesb HanpsbkeHHst GaTapen GBI1.
Hanpsxxenue, pefcTByrolliee Ha CTaGHIIMT-
pOHE, paBHO ero HamnpspHKeHHIO cTaGum3a-
nur (A crabwmrpona KC168A oHO co-
craBisier 5,6 B). HanpsikeHue, CHUMaemMoe
cOo cTabuniu3aTopa, 4epe3 MONCTPOEYHbLIH
pe3uctop R2 nopgaercs Ha 6Ga3y peryampy-
roulero Tpai3uctopa VT1 U OTKpLIBaET ero.
Yem Oonbllle Hanpsi>keHHe Ha 06ase 3TOro
TpaH3HCTOpa, TeM Gosblle OH OTKpbLIBaeT-
cs, TeM 6onblle HanpsbkeHHe Ha BbIXOme
cTabHIH3aTOpa H TOK B €r0 Harpy3ke.

Hanpsi>xenHe Ha BbIxofe 6JI0Ka, paBHOe
5 B, ycTaHaBauMBaiTe N0 KOHTPOJLHOMY
BOJIbLTMETPY HOCTOSHHOTO TOKa NOJCTpoOey-
HbIM (WIH TNepeMEHHbIM) pe3HcTOpoM R2.
Takoe HanpsikeHHe Ha Harpyske Oyper
NONIEPXKUBATLCA INPAKTHIECKH HeH3MeH-
HbIM TIpH CHHM)KEHHMH HAMpshkeHHs Garapeu
no 7...7,5 B.

Konpnencarop C 1 GiokupyeT nemns nu-
TaHHS MHKPOCXeMbl IO HH3IIMM 4acToTaM,
a C 2—mo BBICIIAM YacTOTaM 3JIEKTpHYe-
CKHX KOJIeGaHHMii, 4TO 3allHIaeT MHKpOCXe-
My OT BJIHAHHA Ha ee paboTy pa3iH4YHBIX
3JIEKTpUYecKHX ToMeX. Pesdctop R1 Heo6-
XOQUM ISt TOTO, YTOObI H NpH OTKIIOYEH-
HOH Harpy3kKe peryJHpyOUHi TpaH3HCTOp
crabuad3aTopa paboTan KaK YCHIHTENb
TOKa.

Maketnyro nasenb (pHc. 7,a), Heob6xo-
JHMYIO VI HpOBENEHHUs ONbITOB, POBEPKH
paboTocnocOGHOCTH NpOCTbIX NpHOGOPOB H
YCTPOHCTB, MOXHO CHeJilaTh M3 CTEKJIOTeK-
CTOJINTa, FeTHHAKCa HJIH APYroro JUCTOBOTO

Prc. 8. OubiT ¢ Jormveckam 3nemenrom 2H-HE



H30JALMOHHOTO  MaTrepuana  TOJIIHHOH
1,5...2 mm. B kpaliHeM ciayyae nogo#ayrt
XOpOLIo HpOKJeeHHasi ¢aHepa, OPrajur H
naxke kapToH. OpHeHTHPOBOYHbIE pa3Mephl
na”enun 80x120 mm. Bpoasr JUHHHBIX €€
CTOPOH YKpEeNHTe INpeaBapuTeNLHO OO6Jy-
JKE€HHbIe MeJHble TPOBOJHHUKH TOJIIHHOH
1,2...1,5 MM—o0HH 6YRYT BHLHIOJHATL pOJib
TOKOHECYIIHX IIHH MCTOYHHKA nuTaHusA. [lo
BceHl ocTaBLUeHCs IUIOLIaAH dYepe3 KaXKable
10 MM HacBep/JHTe OTBEPCTHS JHAaMETpPOM
0,8...1 MM, B KOTOpBIe IO Mepe HanoOHOCTH
OyneTe BCTaBJIATH y3KHE NOJIOCKH >KeCTH,
U30rHyThie Hanonobue nerens,— OHH OyayT
BPEMEHHBIMH ONOPHBLIMH TOYKAaMH BBIBOJOB
Pe3HCTOpPOB, KOHIEHCATOPOB, MOHTaXHBIX
npoBogHHKOB. CHH3y IO Yyrjam IHaHelH
[IPHKPENHTe HEBBLICOKHE HOXKH H TPHCTY-
na#Te K ONbITaM.

Mukpocxemy pa3MecTHTe B mo60oM Me-
CTe MaKeTHOH TIaHeNH BLHIBONaMH BHH3,
NIpeIBAPHTEJLHO OTOTHYB HMX Y3KHE KOHLbI
Tak, 4T00bl OHH TUIOTHO INpHJIErajH K INaHe-
. OTpe3KaMH MOHTaXKHOTrO NpoBOfda Bbi-
BOJ 14 MHKpOCXeMbl COEJHMHHTE C ILTIOCO-
BOH, a BbIBOJ] 7— C MHHYCOBOH («3a3eMJieH-
HO¥H») IIMHaMH THMTaHus (pHuc. 7, 6). Moui-
HOCThb MaIbsSHHK2 He [OJ/DKHAa INpeBbIIATh
40 BT, a NpogoOJKHTENLHOCTh Nalku —2 C.

IIpoBepHB Hage>XHOCThL M IPaBHJIb-
HOCTb NaHKH, a TakXe YOeQHMBIUHCh B OT-
CYTCTBHH 3aMbIKaHHst MeEXNAY BbIBOJaMH
MHKpPOCXEMbI, TOTKJIIOYHTE K [IHHAM HCTOU-
HHUK TIMTaHHA. BOJbTMETPOM NOCTOSHHOTO
TOKa C OTHOCHTE/IbHBIM BXOHBLIM COTNPOTHB-
JNeHHeM He MeHee 5 kKOM/B u3MmepbTe Ha-
npsi>KeHHst Ha BcCeX JIOTHYECKHX BbIBOaX
3J1eMeHTOB. [I11 3TOr0 OTpHUaTebHbIH 1LYl
BOJIETMETpa COeqHHHTEe C ofle# («3a3eM-
JIEHHOM») IIMHOH, a TMOJIOXKHTEJbHbIM I10-
O4YepeHO KOCHHTeCh BXOINHBIX BbIBOXOB 1,
2,4, 5,9, 10, 12, 13, a 3areM BBIXOAHBIX
BeiBOnos 3, 6, 8, 11. Ilpm HanpsKeHHH
HCTOYHHKa NMHTaHHA 5 B BobTMETP NOKEH
MoKa3aTb Ha BXOJHbBIX BbIBOJAX 3JIEMEHTOB
okoJio 1,4 B, a nHa BBIXOAHBLIX BhIBOJax —
okono 0,3 B. Ecnu 310 He Tak, 3HAYHT
MHKpOCXeMa HeHClpaBHa. .

OnbITHYIO NpOBEpPKY JIOTHKH AeHCTBHA
anemenToB 2M-HE MOXHO UOpOBORHMTL B
nmobom nopsanke. [IpeanonoXuM, peLIHid
Ha4yaThb C NEpBOrO 3jJeMeHTa (C BbIBONaMH
1—3). Torpna cHayaja OOHH H3 BXOJHbIX
BLIBOAOB, HallpiMep BBLIBOJA 2, COEHHHTE C
obieli MHHYCOBOH IIIHHOM HCTOYHHKa IHTa-
HHMS, a BbIBOX 1—cC IUIOCOBOH, HO dYepe3
pe3dcTop comporupiieHdeM 1...1,5 kOm (Ha
puc. 8, a—R1). K BbIXOOHOMY BbIBOJY
3 sneMeHTa NOAKIOYHMTE BOALTMeTp PU.
YTo moka3bIBaeT CTpeJiKa BOJIbTMETPA, BbI-
MOJHAIOIIEr0 B NaHHOM CJly4ae poJjib MHIH-
kaTopa? HanpskeHHe, paBHOe IIpUMepHO
3,5...4 B, T. e. COOTBEeTCTBYIOLIEE BbICOKO-
MY YPOBHIO HallpsDKeHHA.

3aTeM HM3MepbTe BOJLTMETPOM Hamnpsi-
JKeHHe Ha BXOAHOM BbIBone 1. H 3pech, Kak

YRHJUTE, TOXE BLICOKHH YpPOBEHb HallpsbKe-
musi. OTCrofa BbLIBON: KOTJa Ha OXHOM U3
BxonoB anemeHTa 2U-HE BBICOKMH ypOBeHb
Hallpsi>KeHHs, a Ha [JpyroM HHU3KHH, Ha
BbIXoje OyJeT BHICOKHH ypOBEHb HanpsiKe-
Husi. UHave roBopsi, 3JieMEHT HaXOOQHTCA B
€IHHHYHOM COCTOSIHHH,

Tenepr W BXOQHOH BLIBOX 2 3JIeMEHTa
COEJJHHHTE Yepe3 PEe3UCTOP CONpPOTHBJICHH-
em 1...1,5 kOM C mnocoBoll UIMHOH, a
NMpOBOJIOYHOH  TepeMbIYKOH —C o6iei
(puc. 8, 0). U3mMepbTe Halps>kKeHHe Ha Bbl-
XonHoM BbiBojge. Ha HeMm, Kak M B npebiny-
LieM ciaydvae, GygeT BBLICOKHH YpOBEHb Ha-
npsxkeHust. Crenst 3a ¢TpesKOH HHIHKATO-
pa, YAQIMTEe TINPOBOJIOYHYIO TEepPEMbBIUKY,
4yTOo6bI H Ha BTOPOM BXOJ€ 3JIEMEHTa MO-
SIBHJICS BbICOKMH ypOBEHb HalpspKEHHS.
Y10 pHKCHpPYET BOJLTMETP Ha BBIXOMe 3Jie-
menra? HanpsikeHne okono 0,3 B, T. e.
COOTBETCTBYIOILEE HU3KOMY YPOBHIO. Die-
MeHT, CJIe0BaTeNbHO, U3 eJHHHYHOro cOo-
CTOSIHHSI TIEPEKJIIOYMIICA B HYJIEBOE.

Toii *e NPOBOJIOYHOH HEepeMbIYKOH 3a-
MKHHTE TNepBbii BXOjx Ha OOWyl0 IUHHY
HMCTOYHHMKA NHTaHHsi. Ha BbIXOJe NpH 3TOM
Cpa3y NOSIBUTCS BBICOKHH ypOBEHb Hanps-
XKeHHsi. A ecad O60H U3 BXONHBIX BbIBO-
OB IEpHONMYECKH 3aMblKaTh Ha OOLIYIO
LIMHY NHUTaHHsA, KaKk Obl HMMTHpYs TOAa4vy
Ha Hero HanpsiKeHHsi HM3KOro yposus? C
TaKOM 7K€ 4aCTOTOM CJieJOBaHHs% Ha BbIXOJe
27eMeHTa OyayT HOSBIATbCHA 3JIEKTpUYe-
CKHE MMIYJbLCbI H KonebaTbCs CTpesKa
MOKJIIOYEeHHOro K Hemy BoabTMerpa. [1po-
BepbTe 3TO OHBITHBIM IYTEM.

O 4YeM roBOpSAT TpOBeJeHHbIe ONBITHI?
OHH NOATBEPXNAIOT JIOTHKY JeHCTBUS dJe-
menta HU-HE, npoBepeHHyio paHee Ha ero
3JIEKTPHYECKOM aHajiore: NpH Nopgaye Ha-
Nipsi>)KeHHsI BBICOKOTO- ypOBHs1 Ha of6a Bxofa
Ha BbIXOJ€ 3JIEMEHTA TIOSBJISETCS HaNpsKe-
HHE HH3KOro YpOBHS HJIM, FOBOps HHaue,
37IEeMEHT M3 €MHHYHOTO COCTOSIHHS TepeK-
NIOYAETCA B HYJIEBOE.

Eme oOnMH ONbIT: OTKIIOYHTE o06a
BXOAHLIX BBIBOJA 3JieMeHTa OT APYIHX Je-
Tajeli W TpPOBOJAHHKOB. YTO Tenmepb Ha
Bbixoe? HH3KHE ypoBeHb Hanpsi>KEHHS.
Tak M JOJOKHO ObITh, MOTOMY UTO HENOJ-
KJIIOYEHHE BXOMHBIX BHIBOJOB paBHO3HAYHO
nojavye Ha HHX BBICOKOI'O YPOBHSI HalpsiKe-
HHSL H, CJIe[JOBaTe/JbHO, YCTAaHOBKE 3JIeMEH-
Ta B HyJieBOoe cocTtosinue. He 3abriBaiire 06
9TOH OCOOEHHOCTH JIOTHYECKHX 3JIEMEHTOB.

Cnenyiomui  OMbIT — NpoOBepKa  Jeii-
CTBHsA TOTO >X€ JIOTMYeCKOro anemeHrta 2U-
HE npd BKJIOYEHHH er0 UHBEPTOpOM, T. €.
kak asemeHT HE. 3amkHHTe Mexay coO0H
00a BXOOHBIX BbIBOJa M dYepe3 pe3HCTOp
conpoTHusieHdeM 1...1,5 kOM coeguHHATE UX
C IUIOCOBO#M IIHHOH HMCTOYHHKA IHTaHHS
(puc. 8, 6). YUTo mnokKa3biBaeT BOJETMETD,
MONKJIIOYEHHBIN K BbIXOAy 3sieMeHTa? Hus-
kil yposeHb HampspkeHusa. He oTkimoyas
pe3ucTopa OT 3TOH IIHHBI, 3aMKHHTE 00B-



eMHEHHbIH BXOJ Ha MHHYCOBYIO LIHHY (HO-
Ka3aHO LUTPHXOBOH JIMHHEH) H O{HOBpeMEH-
HO MpOCJIEAHTe 3a peaKLHeH CTPeJKH BOJb-
TMeTpa. OHa NOKa)keT BLICOKHH ypOBeHb
HanpsikeHus. Takum o6pa3om, Bbi yGenH-
Techb, 4YTO CHTHa1 Ha BbIXOfe HHBEpTOpa
Bcerga NpOTHBOHOJIOXKEH BXOOHOMY.

ITpoBenuTe MOROGHBLIE ONBITHI C APYTH-

MH JIOTHYECKHMH 3JIeMEHTaMH MHKDOCXEMbI
K155JIA3 u cpenaiiTe COOTBETCTBYIOILIHE
BBIBOJIbI.

IIpepBemM Ha HeKOTOpPOe BpeMsi OMbBITHI,
4To6bl OTBETHTH Ha BONPOC: YTO BHYTPH
Jorgyeckoro anementa 2H-HE?

Jlo cuHx nop Mbl pacCMaTpHBaJIH 3TOT
JIOTHYECKHH 3/IeMEHT KaK HeKHUH «4epHbIH
AUHK» C ABYMS BXOJaMiI M OfHHM BbIXO-
noM. Tenepp 3arisiHeM BHYTpb 2JieMEHTa H
MO3HAKOMHMCS C €ro 3JIeKTPOHHOH «Ha4YyHH-
Koi» (puc. 9). OH COCTOHT H3 HeThIpex
TPaH3HCTOPOB CTPYKTYDbl n-p-n, TpeXx OH-
OfOB H NATH pe3ucTtopos. (CBA3b MEXAY
TPaH3HCTOpaMH HenocpejicTBeHHas. Pe3su-
ctop Ry, noka3aHHbIH LITPHXOBbIMH JIMHH-
SIMH, CHMBOJIH3HDYET HArpys3ky, HOOKJIIO-
YEeHHYI0 K BbIXOjy aaemeHta. Ilogo6Hble
3JIeKTpOHHbIE YCTPOHCTB2 UHPPOBOH TeXHH-
KH Ha3bIBAIOT MHKPOCXEMaMH TpaH3HCTOp-
HO-TpaH3UCTOPHOH JIOTHKH HJM, COKpalle-
Ho, TTJI. IloroMy dYTO BXOfgHasA JIOTHKa
OCYIIECTBISETCA TPAH3HCTOpPOM (nepBasi
6yksa T), a ycuiieHHe M HHBEPCHS — TaKXe
TpaH3HCTOpaMH (BTOopas Gykea T). ,

Bxonuo#i Tpau3ucrop VTI1, BKIIO4YeH-
HbI MO cxeme C oOulelt 6Ga30#, NBYXIMHT-
TepHbIH, NpHYEM 3IMHTTEPbI COENUHEHbI C
OOIIHM TIPOBOJOM TMHTAHHA 4Yepe3 AHOAbI
VD1, VD2-—0HH 3alHI[alOT TPaH3HCTOP
OT CJy4YalHOro noOHagaHus Ha 3IMHMTTEphI
HalpsKeHUs] OTPHLATEJbHOH TNOJAPHOCTH.
Tpau3suctop VT2 ob6pa3yeT yCHIHTeIbHbIH
Kackaj C JBYMsl Harpy3kKaMH: 3MHTTEpHOH
(pe3uctop R3) H KOJUIeKTOpHOH (pe3H-
ctop R2). CuamaeMble ¢ HHX NpPOTHBOGA3-
HbI€ CHTHAJbI (MPOTHBOMOJIOXHBIE IO ypPOB-
HIO —eC/IH Ha KOJUIEKTOPe BBLICOKHH YpoO-
BeHb HaNpPSDKEHHs!, HA IMHTTEpe — HH3KHIA)

Prc. 9. Cxema Jormveckoro 3Jjemenra 2H-HE
mHKpocxembl K155JIA3
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nocTynaroT Ha 6a3bl TpaH3HcTOpoB VT3 u
VT4 BeixogHOro kackaga. Takum o6pa3om,
BbIXOAHbIE TPAH3HUCTOpPLI BO BpeMs paboThI
BCerfa HaXOAATCA B NPOTHBONOJIOXKHBIX CO-
CTOSIHMSIX — OHH 3aKpbIT, & BTOpOH B 3TO
BpeMs OTKpbLIT. 3TOMy CHOCOGCTBYyeT H
nuox VD3.

Ilpn Hasmuuu Ha opHOM WM 06oHX
BXOaX 3JIeMeHTa HaNpsKEeHHA HH3KOro
YPOBHs1 (HanpuMep, NHpPH COEAHHEHHH HX C
oOmMM MpPOBOOM MCTOYHHKA HHTAHHSA),
TpaH3ucTOp VT1 OTKPLIT H HacbllleH, TpaH-
suctopbl VT2 n VT4 3aKpbIThi, @2 TpaH3H-
ctop VT3 BbIXOGHOrO Kackafa OTKpbIT M
yepe3 Hero, guony VD3 u Harpy3ky R,
TedeT TOK. B Tom xe ciydae, korna Ha o6a
Bxoxa 6yneT nogaH BLICOKHH ypOBEHL Halpsi-
xeHus, Tpad3ucTtop VT1 3akpoercs, a TpaH-
3uctopbl VI2 u VT4 oTkpororcss M Tem
caMbIM 3aKkporoT Tpausuctop V3. Ilpu aTom
TOK 4Yepe3 Harpy3Ky HpaKTHYeCKH IIpeKpa-
THTCA, TaK KaK 3JieMeHT NpHMeT HyJjieBoe
COCTOsIHHE.

HuA3ku# ypoBeHb Hanpsi>KeHHS Ha Bbl-
XOzle JIOTHYeCKOTO 3JieMeHTa paBeH Hamps-
JKEHHIO Ha KOJUIEKTOpE OTKPLITOTO TpaH3H-
cropa VT4 u me npeBbinaer 0,4 B. Bbico-
KHil ke ypoBeHb HaNpsDKeHHs Ha BbIXome
JIOTHYECKOro 3JieMeHTa (Kormga TpaH3HCTOp
VT4 .3akpbIT) OTJIMYAETCA OT HaNpsDKEHHSA
HMCTOYHHKa NHTaHHA Ha 3HadeHHe NajgeHHs
HanpsKeHds Ha TpaH3ucTtope VT3 u guone
VD3 u cocTaBasieT He meHee 2,4 B. dakTH-
YeCKH iKe JIOTHYeCKHe YPOBHH HH3KOro H
BBICOKOTO Hanpsi)KeHHH Ha BbIXOHe dJIeMeH-
Ta 3aBHCAT OT CONpPOTHBJIEHHA HArpy3KH H
moryT O6wITb B npegenax 0,1...0,15 u
3,5...3,9 B cOOTBETCTBEHHO.

Ilepexon 3jemeHTa H3 €JUHHYHOTO CO-
CTOSIHHA B HYJIeBO€ TMPOHCXONHT CKaukoo06-
pa3HO NpH mogade Ha ero BXOAbI HAINpsiXKe-
HHA Okosio 1,2 B, Ha3biBaeMOro mnoporo-
BbIM.

IIpopomxuM ONbITHI C MHKpPOCXEMOH
KI155JIA3.

ABTOKOJIEBATEJIBHBIN
MYJIbTUBUBPATOP

CxeMa BO3MOXKHOTO BapHaHTa aBTOKO-
nebateabHOro mMyabTHBUGpaTOpa NMpHBegeHa
Ha puc. 10, a. Ona no/KHa HallOMHHTh BaM
OOIEH3BECTHYK) CXEMY CHMMETpHYHOTO
MynbTHBHOpaTOpa Ha ABYX TpPaH3HCTOpaXx.
Ho 3pech ¢yHKUMIO aKTHBHbIX 3JIEMEHTOB
MYJLTHBHOPATOpa BBLIIOJHSIOT JIOTHYECKHE
anementsl 2U-HE, BKIOYeHHbIe HHBEPTO-
pamu. Brnarogapsa HOJIOXXHTEIbHbIM OOpat-
HbIM CBSI3SIM MeXIY BbIXOJOM 3J€MeHTa
DDI1.2 u Bxonom DDI1.1, a Takxe BbIXO-
nom ssementa DDI1.1 u Bxomom DDI1.2,
co3naBaeMbiMH KoHueHcartopamu Cl u C2,
yCTPOMCTBO BO36YyXHaeTcsi M reHepHpyeT
3JIEKTpHYECKHe UMNyJbcbl. YacTora ciaeno-
BaHUsS TeHEpHUPYEMbIX HMITYJIbCOB 3aBHCHT
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Puc. 10. OmbIT ¢ aBTOKONE6ATELABIM MYJbTHBHGPAaTOpOM Ha Jormdeckmx viemenTax 2H-HE

OT HOMHMHAJIOB YKa3aHHBIX KOHIEHCATOPOB H
pe3ucTopoB R1 u R2.

Yro6bl CMOHTHpOBAaTb TaKOH MYyJIbTH-
BHOpaTOp Ha MaKeTHOH MaHesH, HanO JHIIb
MOAKJIIOYHTh K COOTBETCTBYIOLHM BLIBOZAM
MHKPOCXEMbI 3TH KOHJE€HCATOphl H pe3HCTO-
pbl (cM. pHc. 1, 6). IIpoBepbTe MOHTaX —
HeT JH OIHO0K —H 0CO6EeHHO BHHMATEJbLHO
MOJIAPHOCTb BKJIIOYEHHA 3JI€KTPOJHTHYE-
CKHX KOHAeHcaTopoB. Ilogkilo4yHTe K Ma-
KETHOH IaHeJM HCTOYHHK MHTaHHA, a K
BbIXOAY BTOpPOro JIOTHYECKOrO 3JIEMEHTa —
BOJIbTMETp. UTO NMOKa3bIBAET CTPEJIKA BOIb-
T™MeTpa? HanpsikeHHe NOCTOSHHOroO TOKa,
TepHOOHYECKH, IpHMEpHO 30 pa3 B MHHYTY,
Bo3pacTalollee A0 BbICOKOIO YpOBHS H TaK
JKe pe3KO YMEHbIHaIoLeecs K0 HapsKeHHs
HH3KOro ypoBHs. MyJibTHBHOpaTOp, clego-
BaTeJIbHO, FEeHEPHPYET HMIYJIbChl C YacTo-
Toi cnegoBaHHs okoso 0,5 I'm.

3aTeM MOAKJIOYHTE BOJLTMETp Hapal-
JNieJIbHO BbIXOoAy HepBoro 3jeMenta. OH
6yaeT (DHKCHpOBAaTbh HEPEXOAbI JIOFHYECKO-
ro 23JieMeHTa H3 HYJIEBOIO COCTOAHHA B
eJIHHHYHOE, H HaobopoT, C TOH ke YacTo-
TOH, YTO H B NpeAbIAYIIEM ciiydae. 3HAaYHT,
H C 3TOro BbIXOfa MOXXHO CHHMATb 3JieK-
TpHYECKHE HMIIYJIbCbI, HO [0 OTHOLIEHHIO K
HMIIyJIbcaM Ha BbIXOJ€ BTOPOro 3J€MEHTa
OHH 6yOyT cOBHHYTbI HO ¢a3e Ha 180°.

KakKHe 3KCIepHMEHTbl MO>XKHO HpOBe-
CTH ¢ ONLITHbIM MYJILTHBHOpPaTOpOM TaKorQ
BapuaHTa? Ilpexpae Bcero nomnpobyiite on-
HOBpEMEHHO YBEJIMYHTb €MKOCTH O6GOHX
KOHIEHCAaTOpOB, HAl[pHMEP B [Ba pa3a, MoA-
KJII0Yasi apajulesibHO HM TakHe jKe KOHJeH-
caTophl, a 3aTe€M 3aMEHHTb HX KOH[EHCATO-
pamH emkocTbio mo 100...200 mx®. B nep-
BQM ciiydae 4acTOTa CJIEOBaHHS HMITYJib-
COB JOJDKHa YMEHbIIAaTbCA, BO BTOPOM —
YBEJIHYHBATLCA.

MO>XHO H3MEHATb €MKOCTb JIHIIb Of-
HOro KoHpeHcatopa, Hanpumep Cl. 3to0
H3MEHHT He TOJIbKO 4YacTOTY, HO H COOTHO-
1lleHHE IJIHTEJILHOCTH HMIYJbCOB H Iay3
MéEXNy HHMH— MYJIbTHBHOpATOp CTaHeT He-
CHMMETPHYHBIM.

)

KoHaeHcaTopbl MOTYT GbITh €MKOCTBIO
nmo 1...5 mxd. Torga yacTtoTra reHEpHpY-
€MbIX HMIYJILCOB BO3pacTeT NPHMEPHO HO
500...1000 I'm. 31O y>xe 3BYKOBasi 4acToTa,
H CTpeJIKa BOJIbTMETpa H3-3a CBOeH HHepOH-
OHHOCTH HE€ CMOXET CpearHpoBaTb Ha Hee.
YTto6bl B 3TOM ciiyyae ybeqHTbcsi B pabore
MyJIbTHBHOpaTOpa, K €ro BbIXORY HYXHO
OAKJIIOYHTL Yepe3 KOHAEHCATOp €MKOCTLIO
0,01....0,015 Mx® ronosHble TejedOHbLI—B
HHX YCJIBIIIHTE 3BYK CpelHel TOHalIbHOCTH.
3aMeHHB Tellepb OJHH H3 NOCTOSIHHBIX pe-
3HCTOPOB TIEPEMEHHLIM TAaKOIO ’K€ HOMHHA-
na, Bbl CMOXeTe B HEKOTOPLIX Hpelesax
MJIABHO H3MEHATb YacTOTYy IeHEPHpYEMbIX
MMITYJIbCOB, @ 3HAaYHT H TOHANLHOCTbL 3ByKa
B TesedoHax.

He HCKIIOYEHO, 4TO COOpaHHBIA BaMH
ONbITHbIH MYJILTHBHOpaTOop paboTaer Hey-
CTOHYHBO, He BO30Yy>XHaeTcs HOCJie 3aMeHbl
netaned NpH MOHHXKEHHOM HaMpsKEHHH HC-
TOYHHKA NHTAHHA. [IpHYHHA TOMYy — HeEKO-
TOpasi KPHTHYHOCTb HOMHHAJIOB PE3HCTOPOB

‘Ha BXOJ€ JIOrHYeCKHX J3JICMCHTOB H3-3a

OCOGEHHOCTEH SMHTTEPHOIO BXOJa MHKpO-
cxem TTIJI.

CyTb 3THX OCOGEHHOCTEH 3aKJIOYAETCA
B cjenyoillem. Pe3HcTop Ha BXOAE JIOrHYe-
CKOro 2jieMeHTa, oO6pa3ylollero OgHO H3
mied  MyJbTHBHOpaTOpa,  OKa3bIBaeTCs
BKJIIOYEHHBIM B 3MHTTEPHYIO liellb BXOZHOIO
TpaH3HCTOpa, 3JIeMeHTa MHKpocxembl. Tok
IMHTTEpaA CO3JaeT Ha HeM NajeHHE Hanps-
JKEHHsl, 3aKpblBalolllee 3TOT TPaH3HCTOP.
IIpH cpaBHHTENbHO OOJBLIIOM COINPOTHBIIC-
HHH BXOJHOro °  pe3HCTOpa (6ostee
2,2...2,5 xOmM) naneHHe HaNpsKEHHA Ha HEM
CTOJIb 3HAYMTEJbHO, YTO TPaH3HCTOP NpaK-
THYECKH HE pearHpyeT Ha BXOJHOH CHrHal.
H HaobopoT, NpH Manom COIPOTHBJICHHH
pesncropa (ue Gosee 600...760 Om) Bxon-
HOH TPaH3HCTOp 2JIEMEHTa BCE Bpems
OTKpLIT H HachlleH H, CJeJ0BaTeNbHO,
OKa3bIBa€TCS HEYNpaBJifeMbIM BXOAHBLIMH
CHrHaJIaMH.

Takum o6pa3om, AJisi HaneXHOH pabo-
Tbl MyJbTHBHGpaTOpa TaKOro BapHaHTa COIl-
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POTHBJIEHHSI BXOJHBIX PE€3HCTOPOB JIOTHYE-
CKHX 3JIEMEHTOB JOJIKHBI O6BITh B MIpedesiax
800 OM...2,2 kOM. COOTBETCTBYIOLHM ITOA-
6OpOM 3THX PE3HCTOPOB MOXHO BOOGHTHCA
ycToiiuHBOH pabGoThl  MyJbTHBHOpaTOpa.
Kpome TOro, HyXXHO IHOMHHTbL, 4YTO Ha
paboTy MynbLTHBHOpaTOpa BIHSAIOT pa3bpoc
IapaMeTpOB MHKPOCXEM, HeCTaGHIBHOCTD
HalmpsKeHHA HCTOYHHKA NHTaHHS, 3HaYH-

TenbHble H3MEHEHHs TEMIIEPAaTypPhl OKpYyKa-

oweil cpeabl.

Bosee cTabuiieH B pa6oTe MYJILTHBHO-
paTop Ha Tpex JIOTHYECKHX 3jieMeRTax 6e3
PE3HCTOpOB Ha HX BXxojgax, coGpaHHbIHR,
HallpEMep, MO CXeMme, INpPHBedeHHOH Ha
pHc. 11, a. Bce ero 3neMeHTbl BKJIIOYEHbI
HHBEPTOpDAaMH H COeJHHEHLI MexXJy coGoii
MocneaoBaTesibHO. BpeMsa3apamomylo  ue-
MOYKY, ONpede/AIOIIyI0 4YacTOTy TreHepa-
uHH, ob6pasylor koHaeHcatop Cl H pesH-
ctop RI1.

Jletann Takoro BapHaHTa aBTOKosicba-
TENLHOrO MYJIbTHBHGpaTOpa CMOHTHpYHTE
Ha MakeTHOH madesH (puc. 11 6). Ha Helt
2Ke pa3MeCTHTe H JeTalH HHIHkaTopa pabo-
Thl MYJIbTHBHOpaTOpa, NMOKa3aHHbIe Ha na-
HeqH cnpaBa. Tpansuctop VT1 HHaHKaTOpa
(pHc. 11, 6), nHTalOUMICA OT TOro e HC-
TOYHHKA, YTO M MHKpocxema, paboTaer B
pEXHME TMepeK/IIOYeHHS KaK 3JIeKTPOHHbIA
xmoy. Korpa anemedt DDI1.3 mMyabTHBHG-
pPaTOpa HaXOOAHTCH B €QHHHYHOM COCTOSIHHH
(ManpsikeHHe Ha ero BbIXOJI€ COOTBETCTBYET
BbICOKOMY YPOBHIO), TPaH3HCTOP OTKDBIT H
namna Hakanupanus HL 1 B ero kosurekTop-
HoM yenu ropur. IIpH nepexone 3neMeHTa B
HyJIEBOE COCTOsHMe Namna racHer. ITo cse-
YeHHIO CHFHAJIbHOH Jlamnbl 6yaeTe CyauTh O
YacTtoTe H [JIMTEIHLHOCTH TIE€HEPHPYEMBIX
MMIyJIbcOB. BrpoueM, HHIHUHPOBAaTbL CO-

1 67 500mn 258
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CTOSTHHE JIIOGOTO H3 3JIEMEHTOB MYJIbTHBHO-
paTopa MOXHO H C IOMOIIBIO BOJILTMETPA
MMOCTOAHHOTO TOKAa, KaK 3TO JeJIaJii B Olbl-
Tax C NEPBBIM MYJIbTHBHOPAaTOPOM.

IIpoBepHB MOHTaXX, BKJIIOYHTE IIHTa-
HHe. MyJabTHBHOpaTOp cpa3y e Ha4yHeT
FeHEpHPOBaTh 3JIEKTPHYECKHE HMIYJIbChI, O
yeM OyneT CBHIETENLCTBOBATHL MEPHONHYE-
CKH BCHbIXHBAIOW|asi CHTHaJIbHAS JiaMIa.
ITopcuwnTalite, ckonbKo 6yaeT BCOBLINIEK 3a
MHHYTY. JJo/xkHO GbITh mpHMepHO 60. Ecin
3TO TakK, 3HAYHT, YacTOTa CJedOBaHHS HM-
nyJabcoB MyabTHBHOpaTopa paBHa 1 I'y.

ITopxmoynTe MapauleIbHO KOHOEHCa-
Topy C1 BTOpO# KOHAEHCAaTOp TakoH Xe
eMKOCTH. YacToTa HMIOyJIbCOB AOJDKHA
YMEHBIIHTECS NMpHMEPHO BABoe. Takoro xe
H3MEHEHHSA 4YacTOTbl HMNYJIbCOB MOXHO JR0-
OHTbCS YBEJIHYEHHEM COINPOTHBJIEHHA pPE3H-
cropa. IIpoBepbTe 3TO, a 3aTeM 3aMEHHTe
PE3HCTOP IE€pEeMEHHbIM C HOMHHAIbHbIM
conporupneHuem 1,5...1,8 kOm. Teneps,
NMoJib3yACh TOJLKO 3THM PE3HCTOPOM, Bbl
CMOJXKETe IUIABHO H3MEHATb YACTOTY MYJIb-
THBHOpaTopa B mpenenax 0,5...20 I'u. Hau-
6Gosburast yactoTa O6ygeT B TOM cCliydae,
KOrjia CONpPOTHRJIEHHE PE3HCTOPA OKaXXETCH
NOJIHOCTBIO BLIBEACHO, T. €. BBIBOALI 8 H 1, 2
MOYTH HAKOPOTKO 3aMKHYTBHIMH.

A ecsH eMKOCTb KOHAeHcaTopa OymeT
1 Mx®? B TakoM ciy4ae TOJNBKO NepEMEH-
HbIM Pe3HCTOPOM YIacTCS H3MEHATb 4acTo-
Ty MyJbLTHBHGpaTOpa npHmepHo ot 300 I'g
o 10 xI'y. Yto6bl y6equThest B paGoTOCIIO-
COBHOCTH MYJILTHBHOpaTOpa, CBETOBOH HH-
IHKATOp Tenepb NPHOETCS 3aMEHHTb aKy-
CTHYECKHM — FOJIOBHLIMH TeJsie(hOHAMH HIIH
KallCIoJIeM OT HHX.

KakoB nipHHIMNR paboThl Takoro BapH-
aHTa aBTOKOJiebaTeJIbHOTO MYJIbTHBHOpPATO-
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Puc. 11. My xbTHBRGpaTOp HR Tpex 3Jje-
menTax 2H-HE B ombiThl ¢ HEM



pa? BepHeMcs K ero NpHHIMIHANLHOH cxe-
me (cM. pHc. 11, a@). Ilocre BKIIOYEHHA
MHTaHASA KaKOH-TO H3 JIOTHYECKHX 3JIEeMEH-
TOB IIepBbIM IPHMET OJHO H3 JBYX BO3MOXK-
HbIX COCTOSIHHH H T€M caMbIM IIOBJHMAET Ha
COCTOSIHHE JpyrHx 3sieMeHTOB. IlpemmoJio-
KHM, 4TO 3TO Gyaer 3siemeHT DD1.2 —oH
NIEPBbIM OKa3aJIC B €AHHUYHOM COCTOSIHHH.
CHrHan BBICOKOTO YpOBHA 4epe3 He3aps-
JKEHHBIH KOHjieHCaTop HepejaeTcs C €ro
BbIXo#a Ha BXxopg 3neMeHta DDI.1, B pe-
3yJIbTaTe 4ero 3TOT 3JieMeHT INepeleT B
HyJIeBO€ COCTosHHe. B TakoMm >xe cocro-
SIHHH OKa3biBaeTcs H 3jeMeHT DDI1.3, moc-
KOJbKY Ha €ro BXOJax BhICOKHH ypoBeHbL
HanpsikeHHs. Takoe NOAOXKEHHE HEYCTOH-
YHBO, TaK KaK Ha BbIxofe 3JieMeHTa DDI1.3
B 3TO BpeMs BBLICOKMH YPOBEHb Halpsixe-
HHs, KOTOpbIH NOCTENEHHO YMEHLUIAETCA 3a
cdeT 3apAnKH KoHaeHcatropa Cl uyepe3 pe-
3ucTop R1 H BbIXOOHOH Kackaj 3JieMeHTa
DD1.3. Kak TOJbKO OHO CTaHET paBHbIM
IIOPOrOBOMY, 3TOT 3JIEMEHT NEpPEKIIOYHTCS
B €QUHHYHOE COCTOSHHE, a 3JIEMEHT
DDI1.2—B HyneBoe. Tenepb KOHAEHCATOpP
HayHET IHepe3aps’KaTbCA Yepe3 3IJIEMEHT
DD1.3 (Ha ero BeIXofe B 3TO BpeMs Halps-
>KEHHE BBICOKOrO YpPOBHs), pe3HcTop Rl H
anemeHT DDI1.2. Bckope HanpsikeHHE Ha
BXOJl€ HEPBOrO 3JIEMEHTA MPEBBICHT HOPOro-
BOE€, H BCE 3JIEMEHTbI HepeKJI04YaTcad B
MPOTHBOMOJIOXKHbIE COCTOsHUSA. Tak popMH-
PYIOTCA 3JIEKTPHYECKHE HMITYJIbChI Ha Bbl-
XOfe Halero MyJbTHBHGpaTOpa — BhIBOZE
8 anementa DDI1.3. BnpoueMm, reHepHpY-
eMble MMITYJIbChI MOJKHO CHHMAaTh H C BbIBO-
Jga 6—BeIxona a3nemedTa DDI1.2 MynbTH-
BHOpaToOpa. .

Teneps, pa3obpaBUIHCh B paboTe Tpex-
3JIEMEHTHOr0 MyJILbTHBHOpAaTOpa, HCKIIOYH-
Te H3 Hero 3yiemeHT DD1.3 U NepexIrOYATE
NpaBeIil (IO CXxeMe) BBIBOJ PE3HCTOpa Ha
BbIXOJl NEPBOrO 3JIeMeHTa, KaK MOKa3aHo Ha
pHc. 12. MyanTHBHGpaTOop CTal RBYX3Je-
MeHTHBIM. IIOAKIIOYHB K ero BLIXOAY CBe-
TOBOH HHAMKATOp, Bbl Y6emHTeCh, 4YTO 4a-
CTOTa IeHepHPYEMbIX HMIYJBCOB OCTanach
npexHeii— 1 I'm. Kak H B mnpeabIayliux
ONBITHBIX MYJBTHBHOpaTOpax, oOHa OyneTr
M3MEHATLCA MPH YCTaHOBKE JeTaNeH OpYrHx
HOMHHAJIOB.

Kak pa6GoTaeT Tako# BapHaHT reHepa-
TOpa HMIYJIbcOB? [IpHHIMNHAIBHO TaK K€,
KaKk TpexaJieMeHTHpIH. Korna, K mpHMmepy,
asieMeHT DD1.1 HaxogHTCs B €QHHHYHOM
COCTOSIHHH, a 3JemeHT DD1.2 B HyJieBOM,
xoHpeHcatop Cl 3apspbxaercsl depe3 pe3H-
ctop Rl, BbIxopg mepBoro 3jieMeHTa H Bbl-
xof BToporo. Kak ToibKO Halpsi>KeHHe Ha
BXOfe MEpPBOro 3JIEMEATa NOCTHTHET MOpo-
roporo, o6Ga 3JieMEHTa MepeKJIoYaloTcs B
MPOTHBOMOJIOXKHbIE COCTOSIHHS H KOHJEHCa-
TOPp HAYHET pa3psXKaTbCA Yepe3 BLIXORHYIO
ellb BTOPOro 3JIEMEHTa, PE3HCTOp H BbI-
XOOHYIO Lenb IlepBoro 3jiemeHTa. Korpa
HaNpsA>KEHHEe Ha BXOAe HEpBOro 3JeMEHTa
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Puc. 12. BapEasT My sTHBHOpaTOpa Ha JBYX 3Jie-
menrax 2H-HE )

CHHM3HTCA 10 NOPOTrOBOrQ, 3JI€MEHTh! BHOBH
NIEPEKIIOYaTCA B NPOTHBOMHOJIOXKHOE COCTO-
SIHHE.

Hapgo cka3aTb, YTO Cpe€JH MHKPOCXEM
KI155JIA3 nonapaloTcsi TakHe, JIOTHYECKHE
3JIEMEHTb! KOTOPLIX HEROCTATOYHO YCTOM-
4YHBO paGOTaIOT B ABYX3JIEMEHTHOM MYJIbTH-
BHOGpaTOope. B TakHx ciydasix HNPHXORHTCH
MeXAy BXOOOM MepBOro 3jJeMeHTa H 00IHM
MPOBOJHHKOM HCTOYHHKA MHTaHHA BKIIO-
4aTh pe3HCTOp COIIPOTHBJIEHHEM
1,2...2 xOM (Ha puc. 12 noka3aH HITPHXO-
BbIMH juHHSAMH R2). OH co3gaer Ha Bxoge
3JIeMEeHTa MOCTOSAHHOE HanpsHKeHHe, OJm3-
KOe K IOpOroBOMY, 4TO O6JieryaeT 3amycK H
yciaoBuss pabGoThl  MyJLTHBRHOpaTOpa B
LIEJIOM.

TakHe BapHaHTbl MYJIbTHBHOpaTOpa
HIHPOKO HCHONB3YIOT B IHMGPOBOii TeXHHKE
RIS TEeHEPHPOBaHHA HMIIYJIbCOB pa3JjIHYHOMN
4acTOThl H RAJIHTEJbHOCTH. OHM GyOyT H B
KOHCTPYHPYEMbIX BaMH YCTpPOHCTBax Ha Jio-
ruyeckux nemeHtax 2U-HE.

A celfyac—eme 06 OXHOM BapHaHTe
reHepaTropa H3 «cemelcTBa» MYJLTHBHGpa-
TOPOB.

KIVIIUM MYJIBTUBUEBPA-
TOP

Tak Ha3bIBAlOT I'€HEPATOP OJHHOYHBIX
HMIYJbCOB. IIpH KpaTKOBpEeMEHHOM CHIHa-
JIe Ha BXol€ OH (POPMHPYET 3JIEKTPHYECKHH
HMITyJIbC NpPSIMOYroNIbHOH (pOpMBI  BIOJIHE
onpefeNeHHOR JMTENbHOCTH (OHa He 3aBH-
CHT OT JJIMTEJIbHOCTH BXORHOrO, T. €. 3aly-
CKalolIero, HMIyJibca), Iocje 4ero nepexo-
IHT B >KAYLUIHH pexXHM H He paboraeT 1o
pHXOAa  CJeAylomero  3amycKalollero
CHrHaJsA.

CxeMy MNpOCTeHIlero >XAyLIero MyJb-
THBHGpaTopa Bbl BHAHTe Ha pHC. 13, a. B
HEM TaK>XKe€ JBa JIOTHYECKHX 3JIEMEHTa, HO
MepBbIf H3 HHX HCIOJNL3YETCA MO CBOEMY
npsAMOMYy Ha3Ha4yeHHIO —Kak 3jiemeHT 2H-
HE, a propo#f kak HHBepTOp. KHOmo4YHbmt
BBIKJIOYaTeMh SBl BeINOMHAET (YHKIHIO
JaTYAKa 3alyCKaIOU[HX CHTHamoB. UTOOBI
reHepHpyeMble HMITYJILCI MOKHO GbLIO HH-
JQMIAPOBATh BONLTMETPOM IOCTOSHHOIO TO-
Ka, CBEeTORMOAOM MJIH HHbLIM M[OROGHBIM
CpaBHMTEJIbHO HHEPLHOHHbIM NPHOGOPOM,
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Puc. 13. Onbrrenil xaymmi My sTHBHGpaTOp (2) H BpeMeHHElE JHArpaMMbI (6), H/LIOCTPHDPYIOIIHE €ro

eMKOCTh KOoHeHcaTopa Cl pomkHa ObITh He
meHee 500 mx®P, a CONPOTHBIIEHHE PE3HCTO-
pa R1—1...1,5 kOM. MoxHo o6oliTHCh Ge3
BbIKMIOYaTens SB1, HMHTHPYS CHIHan Oart-
YHKa 3aMbIKaHHEM OTPE€3KOM MOHTaXXHOrO
NIpOBOJa BbIBOJa | MepBOro 3JieMEHTa Ha
o0lIyI0 HIMHY HHTaHHS MHKPOCXEMbI.

CMOHTHPOBaB MY JIbTHBHOpaTOp H
‘BKJIIOYMB [HMTAHHE, Cpa3y >X€ H3MepbTe
HanpsOKEeHHs Ha BXOAAaX H BBIXOAAX 3JIEMEH-
ToB. Ha BXongHOM BBIBOJE 2 HEPBOro 3Jg-
MeHTa H BBIXOOE€ BTOpPOro 3JieMeHTa OHO
IOJDKHO COOTBETCTBOBATH BBLICOKOMY YpOB-
HIO Hamps’KeHHSA, a Ha BbIXOJE HEPBOrO
3JIeMEATa H BXOJaxX BTOPOro— HH3KOMY
ypoBHIo. CiiefoBaTesIbHO, B JKQYIIEM PEXKH-
Me NepBblft 3JIeMEHT HaXOOHTCH B HYJIEBOM
COCTOSIHHH, a BTOpPOH—B €IHHHYHOM.

3aTeM NOAKJIOYHTE BOJILTMETD K Bbl-
XORYy BTOpOro 3JjieMeHTa H, HabJogas 3a
CTpeJIKOH HHIHKATOpa, KpaTKOBPEMEHHO 3a-
MKHHTe KOHTaKTh! BbIKTIOYaTens SB1. Kak
Ha 3TO pearHpyeT H3MepHTeJbHbIE npHGop?
Ero crTpenka pe3ko OTKJIOHAETCHA BJIEBO
MOYTH OO HYJIEBOH OTMeTKH IUKanbl, a
NIPUMEPHO Yepe3 2 C TaK JKe pe3Ko BO3Bpa-
maeTcss B HCxopHoe nonoxkeHHe. IIpu6op
¢$HKCHpYeT MOsABJICHHE HMMYJbca OTPHUA-
TENbHOH NOJAPHOCTH. A cBerogHon? OH
CBETHTCS BO BpeMsl HMIyJbca. IIoBTOpHTE
ONBIT HECKOJIbKO pa3— 3¢ddekT 6yaer ToT
xe.

ITogxmoyHTe Napaule]ibHO KOHAEHCa-
TOpY elle OfHH —eMKOCThIo 1000 MKP —H
MOBTOPHTE ONbBIT. JJIMTENBbHOCTh MMIYJIBCA
YBEJIHYHTCA IIOYTH BTpoe. 3aMeHHTE pe3H-
CTOpbl NEPEMEHHBIM CONPOTHBJIEHHEM OKO-
a0 2 XOM (Ho He Gonee 2,2 kOm). Teneps,
MOJIb3yACh TOJBKO 3THM PpPe3HCTOPOM, BbI
CMO>KeTe B HEKOTOPbLIX Mpefeax H3MEHSATH
IUIMTENBHOCTb FEHEPHPYEMBIX HMIYJIBCOB.
Ho npH ero conpoTHBiieHHH MeHee 100 Om
MyJIBLTHBHOpaTOp nepecTaHeT paboTaThb.

BbIBO HanpalIHBaeTCsA caM: JJIHTEJIb-
HOCTb OAHHOYHBIX HMINYJILCOB JKAYIIErO
MyJbTHBHOpaTopa O6yaer Tem 6osbllle, yem
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60Jibllle EMKOCTb BpeMs3aJalolLlero KOHJeH-
catopa Cl H conpoTuBieHHe pe3ucTopa R1.
IIpH HeGOJNBLIOH €MKOCTH KOHIeHcaTopa H
MaJIoM COHPOTHBJIEHHH Pe3HCTOpa HMIYJib-
Cbl CTAHOBATCA CTOJIb KOPOTKHMH, YTO HH-
RHKATOpbl, KOTOPbIMM Bbl TOJNbL3YETECD,
OKa3bIBalOTCA HecnocoGHbIMH Ha HHX pe-
arupoBaThb.

Pa3obpaTbcd B CYIIHOCTH REHCTBHA
XKAYIWEro MyJbTHBHGpaTOopa MOMOIYT Bpe-
MeHHEle [HarpaMMbl, MIpHBEJA€HHblE Ha
pHc. 13, 6. ITockombKy B >KAYIIEM peXXHMeE
BXOZHOH BBIBOJ | mepBOro 3sieMeHTa HH C
4YeM He COeAHHEH (KOHTaKTbl KHOMOYHOIro
BBIKJIIOYATENA Pa30OMKHYThI), 3TO 2KBHBa-
JIEHTHO HofadYe Ha €ro BXOA BbICOKOIO
ypoOBHs HamnpsikeHusa. Ho Ha BbIXoje HepBO-
IO 3JIeMEeHTa HH3KHH YpOBEHb HalpSAXKEHHS.
Ha Bxonme BToporo 3neMeHTa Tak>Ke HH3KHH
YPOBEHb HalpsXKEHHs, TaK Kak HajeHHe
Hampsi>KeHHST Ha Ppe3HCTOpe, CO3JXaBaeMoe
BXOAHLIM TOKOM 3JIeMEHTa, YIEp>KHBaeT
BXOZHOH TPaH3HCTOp 3JIEMEHTA B 3aKPLITOM
COCTOSSHHH. BLICOKHH ’Ke ypOBeHbL Hanps-
JKEHHA Ha BBIXOJI€ 3TOro 3JIEMEHTa MOoAaep-
>KHBaeT HEPBbIH 3JIEMEHT B HYJIEBOM COCTO-
SAHHH.
ITopaHHbI# Ha BXORHOH BbIBOX 1 3amy-
CKaloMi HMIYJIbC OTPHOATENLHOH HOJAp-
HOCTH (T 35,; Ha BEpXHEM rpadHKe) Neperinio-
YaeT MepBbIH 3JIEMEHT B €QUHHYHOE COCTO-
sinHe. Co3spalompiica B 2TOT MOMeHT (tp)
CKa4yOK MOJIOXKHTENLHOrO HaNps’KEHHS Ha
€ro BbIxoJe HepenaeTcs dyepe3 KOHIEHCATOp
Ha BXOJbl BTOPOIO 3JIEMEHTa H IepeKJoya-
€T €ro H3 €XHHHYHOTO COCTOSIHHA B HyJle-
Boe. Takoe COCTOSIHHE 3JIEMEHTOB COXpaHs;-
eTCs H IOoCJie OKOHYaHHA OeHCTBHA 3amy-
CKalolIero HMNyJibca.

C MOMeEHTa HOSIBJIEHHS MNOJIOXKHTEILHO-
ro HMINYJIbCa Ha BbIXOAE IEPBOro 3JIEMEHTa
HAYHHAET  3apsAXKaTbCA  KOHOEHCcaTop —
4Yepe3 BBIXOQHOH Kackaj NepBOro 3JIEMEHTA
H pe3rcrop. ITo Mepe 3apsaKH KOHOEHCATO-
pa HampsKeHHe Ha pe3HcTope HapaeT. Kak
TOJIbKO OHO CHH3HTCSA JO MOPOroBOro, BTO-



poH 3JIEMEHT NEPEKJIIOYHTCS B €IHHHYHOE
COCTOsIHHe, a NepBLIH —B HyJieBoe. Tenepb
KOHleHcaTop ObICTPO pa3psARHTCA dYepes
BBIXORHOH KacKaj IepBOro 3JieMEHTa H
BXOZHOE€ CONPOTHBJICHHE BTOpPOro 3JICMEHTA,
H YCTPOHCTBO OKaXkeTCs B OXKAYILIEM
PpeKHMe.

IIpH NpoBedeHHH OMBLITOB .H 3KCIEpH-
MEHTOB C >XXAYIHM MYJIbTHBHOPATOPOM y4H-
ThbIBalTe, 4YTO AJIA HOPMaNbHOH ero paboThl
JJIHTENILHOCTh  3alyCKaloOLIero HMIyJibca
IO/DKHA ObIThb MEHbILE NJIHTENLHOCTH (op-
MHpPYEMOro HMIyJbca.

KakHe mpakTHYecKHe NpPHMEHEHHS MO-
’KeT HaHTH MyJLTHBHOPATOp HA JIOTHYECKHX
aneMenTax mmkpocxembl K155/1A37

O TIPAKTHYECKOM HC-
ITOJIbB30OBAHHWH JIOTUYE-
CKHX DJIEMEHTOB

Ha4HeM ¢ aBTOKOJI€6aTENILHOIO MYJb-
THBHOpaTOopa. SBASAACh YCTPOMCTBOM YHH-
BepCaIbHbIM, OH MOXET HAHTH pa3Hoo6pa3s-
HOe INpHMeHeHHe. Bo3bmeM, K mpHMepy,
MyJIbTHBHOpaTOp Ha Tpex JIOTHYECKHX 3Jie-
MeHTax. Byay4H CMOHTHPOBaHHbIM BMECTE
C TPaH3HCTOPHbIM HHOHKAaTOpPOM MO CXeMe
Ha pHC. 11, OH CTaHOBHTCA IeHEpPaTOPOM
CBETOBBIX HMNYJILCOB, KOTOPbIH MOXHO HC-
M0JIb30BaTh ANA MojenH maska. EcnH TpaH-
3MCcTOp OymeT cpefHeH HiaH GONbILOH MOI-
HocTH, Hanpumep KT801, B ero KoJUIeKTOp-
HyI0 Iieflb MOJHO BKJIOYHTb HECKOJILKO
COEHHEHHbIX MapajUIeJIbHO MHHHATIOPHLIX
JlaMIl HaKaHBaHHA — OHH YKpacAT He6GOJb-
LIYI0O HOBOrOQHIOIO €JIKY.

EciH eMKOCTb KOHJEHCATOpa MYJIbTH-
BubGpaTtopa 6yger 1 Mxd, a HOCTOAHHbIH
pe3ucTop R1—HepeMeHHBIM, CONPOTHBIIE-
uueM 1,5 win 2,2 kOM, TO MONYYHTCH reHe-
paTop KosebGaHHil 3BYKOBOH 4aCTOThI, IpH-
rOogHbLIH 1)1 NPOBEPKH paboTOCIOCOOHOCTH
TpaKTOB pafHOBELIATENLHbLIX IPHEMHHKOB,
yCHJIMTeJIeH 3BYKOBOH 4YaCTOTBI.

K BbIXO@Y Takoro yCTpOHMCTBa MOXHO
NOAKJIIOYHTL TenedoHHbI Kancioms JOM-
4M WIH TPaH3HCTOPHbIH HHIHKATOp, HO C
AHHAMHYECKOH FOJIOBKOH B KOJUIEKTOPHOM
uermn. ITony4dHTcs 3BYKOBO# resepatop, Ko-
TOpPbIH MOXKHO HCHONb30BaTh B KadecTBe
KBApPTHPHOrO 3BOHKA WIH NPHMEHHTb [JIA
H3y4YeHHs HNpHeMa Ha CJayx TenerpadHo#
a30ykH. B nepBoM BapHaHTe IHTaHHE FeHe-
paTopa MOKHO MOJaBaTh dYepe3 3BOHKOBYIO
KHOMNKY, BO BTOPOM —udepe3 KOHTaKThbl Te-
serpacpHoro kpo4a. YacToTy reHepHpy-
CMbIX HMHOYJILCOB B npeAenax 800...1000 I'y,
COOTBETCTBYIOIYIO 3BYKY CpeHEH TOHalIb-
HOCTH, YCTaHAaBJIHBAlOT IlepEMEHHLIM pE3H-
CTOpPOM HIH NonbopoM 3aMeHSAIOLIEro €ro
[IOCTOAHHOrO pe3HCTOopa.

Cneayiommii NIpHMep HCHOb30BaHHA
MyJIbTHBHOpaTOpa —reHepaTop  IpepbIBH-
CTOrOo 3BYKOBOro cHraana (puc. 14). Om
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Puc. 14. Cxema reHepaTopa HIpepbIBHCTOIO 3BYKO-
BOr0 CHIHAJIA&

COCTOHT H3 JBYX B3aHMOCBA3aHHbIX MYJIb-
THBHGPAaTOPOB, BBINOJHEHHbLIX Ha JIOrHYe-
CKHX 9JIeMEHTaxX OJHOH MHKPOCXEMbI
KI155]IA3. MynbTHBHOpaTOp Ha 3JIEeMEHTax
DDI1.3 u DDI1.4 reHepupyeT KoneGaHHsA
yacTtoToH okono 1000 'y, KoTopble npeo6-
pa3ywoTcs Kancwosem [IBM-4m (BF1) B
3ByK. Ho 3BYK NpepbIBHCTBIH, IOTOMY 4YTO
paboTo#i 3TOro MyJpTHBHOpaTOpa YnpaBiis-
€T Jpyroi—Ha JIOTHYECKHX 3JIeMEHTax
DD1.1 u DDI1.2. OH reHepHpyeT TaKTOBble
HMIIYJIbCbI ¢ YacTOTOH CJIefOBaHHS OKOJIO
1 Ty. TenedoH 3BYYHT JHMIOL B Te MPOMe-
JKYTKH BPEMEHH, KOrja Ha BbIXOJleé TaKTOBO-
ro reHeparopa MNOSIBJASETCS BBICOKHH ypo-
BeHb HanpsikeHHs. JMTeNbHOCTb 3BYKO-
BbIX CHTHAJIOB MOXHO H3MEHSTb NOx60poM
xoHgeHcaropa Cl H pe3sucrtopa Rl, a Bbico-
Ty 3ByKa—mogbopom koHgeHcaropa C2 H
pe3ucropa R2.

XKnymmit MyasTHBHGpATOp, HOMHOJIHEH-
HbIH CBETOBBIM CHTHAJIH3aTOpOM (pHC. 15),
MO’KET CTaThb OCHOBOH HIPDOBOro aBTOMaTta
HJIM aTTpakuuoHa. Hampumep, aTTpakimoHa
MO YCJIOBHbIM Ha3BaHHeM «IloracH cBeuy».
CaM aTTpakIHOH — 3TO MaKeT ropsiieH cpe-
4YH Ha AojcTaBke. EcimM CHIBHO HORYTh Ha
CBedy, TO 3aMacKHpOBaHHasA B e€e «(DHTUIE»
Jamna HakanuBaHHA HL1 pospxHa morac-
HYTb, a CIYCTA HEKOTOpOe BpeMsi— BHOBb
3aropeThCcA.

«CekpeT» aTTpaKilHOHAa B TOM, 4YTO
CTEHKa MOJCTAaBKH 3a CBeYOH — Jierkasi Hell-
po3payHasl TKaHb, Ha OOpaTHOH CTOpOHe
KOTOPOH HaNpOTHB «(HTHISI» CBEYH YKpem-
JIEHa HeGoNblIas XKeCTAHaAsA IUIACTHHKA. 3TO
KOHTaKT HaTyHKa-Bbikmodartesnss SAl. Ha
pacCTOAAHHH 3...5 MM OT Hee pacHOJIOXKEH
KOHell OTpe3Ka TOJICTOTrO NPOBOAa — BTOpPOH
KOHTAaKT BbIKNOYaTenss. CHibHasg CTpys
BO3JyXxa HpOorH6aeT TKaHEBYIO CTEHKY KO-
POOKH, H KOHTAKTb! BBLIKJIIOYATEJIS 3aMbIKa-
1oTcs. Ha BbIxome >KAyLIero MyJibTHBHGpa-
TOpa NOSBIAETCA HMNYJIbC OTPHIATENLHOH
TMONAPHOCTH, KOTOpbIH 3aKpbIBAe€T TPaH3H-
CTOp H FacHT Jamily.

Jpyroii npuMep BO3MOX>XHOIO HCHOJIb-
30BaHHA TaKOro aBTOMaTa—THp [JIA
«CTpeJibObl» TEHHMCHBIM MSYOM. «A6s04-
KOM» MHILIEHH CJIYXKHMT MeTalIH4ecKas IUia-
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Puc. 15. CxemMa HrpoBoro aBTOMAaTa

cTHHKA auamerpom 80...100 MM, Haxopgsila-
SICSL Ha HeGOJIbILIOM PACCTOSHHH OT BTOPOro
KOHTakTa. [Ipy TOYHOM moONagaHHH B «s6-
JIOYKO» KOHTAKTbl KpAaTKOBPEMEHHO 3aMbl-
KalOTCsl H CHTHanbHas JaMila racHer. Ho
MOXKHO caeJyiaTb TaK, YTOObI JJaMAa HHIHKa-
TOpa, Hao60pOT, NpH TOYHOM HONafaHHH B
nenb 3axKHrajlacb. B aTOM ciyyae Hano
JIMIIbL 1A MHBHKATOpa HCHOJbL30BaTh TPaH-
3HCTOp CTPYKTYpbl p-n-p, HallpHMep CepHH
I1213, ¥ H3MEHHTbL NOJIAPHOCTb MOIKJIKOYe-
HHSI BBLIBOJOB €ro 3MHTTEpa H KOJUIEKTOpa,
Kak Moka3aHo Ha pHc. 15, 6. Ilpn atom
pe3ucTopa B 6a30BOH LeNH TpaH3HCTOpa
MOXeT He O6bITh.

XKnyusii MynabTHBHOpPAaTOp MpefcTaB-
JsAeT HHTepeC H KaK reHepaTop OXHHOYHbLIX
HMIIYJICOB A1 HIPOBEPKH paGoTOCHOCOGHO-
CTH NpHOGOPOB H YCTPOHCTB LHPOBOH Tex-
HHKH, O 4Y€éM Mbl [OTOBOPHM 4YyTb HO3Ke€.
Ceifyac Xe NpHBeleM ellle HECKOJLKO IpPH-
MepOB NMPaKTHYECKOro IpHMEHEHHS aBTOKO-
nebareJbHOro MyJIbTHBHOpaTOpa B pajgHo-
MOGHTEeNbCKHX KOHCTPYKIHSIX.

Ha puc. 16 nmoka3zana cxeMa npocTei-
IIEro H3MEpHTEILHOro npubopa-npo6GHHKA,
C NOMOWILIO KOTOPOrO MOXKHO IIpOBEpHThL
Ka4yecTBO JIEKTPHYECKHX KOHTAKTOB MOHTa-
’Ka, BBIKJIIOYATEJA, LeIOCTh KaTyIIKH KoJle-
6aTeIbBHOr0 KOHTYpa, HCIPaBHOCTb AHOAA,
KayecTBO KOHJeHcaTopa, .p-n Hepexofa
TpaH3HcTOpa. Ero ocHoBa — CHMMETPHYHbIH
MynbTHBHOpaTOop Ha ajemMeHTax DDI.1 u
DD1.2, reHepHpYIOLIHi HMIYJILChI C YacTo-
TOH cuaegopanusa okoso 1 kI'y. Muaukaro-
poM npobHHKa ciry>xaT cBeToguoa HIL 1 nwm
BBICOKOOMHbIE TOJIOBHbIE Tesie(pOHbI THIA

TOH-1, TOH-2 nim T3I'-1, nogKIOYeHHbIE
K ABYXrHe3fHo# po3eTke XS1. Ulynsl XAl u
XA2 BbLUIOJHSIIOT POJIb KOHTAaKTOB CBOEOG-
pa3HOro BLIKJIIOYATEJIS, Yepe3 KOTOpbIH Ha
MHKpOCXEMY MNOJAeTCsA OTPHUATEIbHOE Ha-
npsi>KeHHe HCTOouHHKa nuranHus GBIl. Iloka
mynbl He 3aMKHYTbl MeXXQy cOOOH, Iemnb
MUTAaHUS pa30pBaHa U MYJILTHBHOpAaTOp He
pa6oTaeT. EciM mynamMu KOCHYTbCS KOHLOB
MPOBOAHHKA HJIH BbIBOAOB KATYIIKH HHAYK-
THBHOCTH, 4Yepe3 HHX Lellb NHTAHHS MHKpO-
CXeMbl OKaXKeTCS 3aMKHYTOH M MYJIbTHBHG-
paTop HadyHeT reHepHpOBaTh JIeKTPHYECKHE
KoJle6aHUS 3BYKOBOIf 4acTOoTbl. IIpH BbICO-
KOM YPOBHe HAaIIpSI>)KEHHST Ha BbIXOJHOM
BbIBOJie 6 MyJILTHBHOpaTOpa CBETORHOA OY-
JeT 3aKUraThCs, a MPH HU3KOM — FaCHYTh.
A TaK KakK 4acToTa FeHepHpYeMbIX HMILYJIb-
COB JIOCTaTOYHO BBLICOKasi, Ijla3 He 3aMeua-
€T MHIFaHHH CBETOQHOAA— OH CBETHTCS KakK
6b1 HenpepbIBHO. ECIIH, OHAKO, B NIPOBeps-
eMOM HpOBOIAHHKe WIH B KaTylIKe OGpbIB,
TO HH CBeYeHHSI CBETOJHORA, HH 3ByKa B
TenedoHax He Gyger.

Y1o6bl MNPOBEPHTHL MOJYNPOBOHHKO-
BbIH JHOJ, K ero BBIBOgAM IOAKJIIOYAIOT
IyTbl MPOGHHKA, CHavalla B OQHOH HOJsAp-
HOCTH, a 3aTeM, NOMEHSIB MeCTaMH, B [ApYy-
roii. Ilpu ogHOM NOAKJIIOYEHHH, KOrAa JHON

OTHOCHTCJIbHO HCTOYHHKA HHTAaHHS OKa3bl- -

BaeTCs BKJIIOYEHHbIM B NpPSIMOM HalpaBile-
HHH, CBETOBOH H 3BYKOROH CHIHAJIbI JOJIK-
HbI ObITH, a NpH 0OpaTHOM — HeT. IlosBe-
HHe CHrHAJIOB NPH JIO000H MOJSPHOCTH NOg-
KJIIOYeHHs] NpOGHHKA YKaXkeT Ha TEIUIOBOM
npo6oii p-n Nepexofa AHOAA.

AHaJIOTHYHO TIPOBEPSAIOT HCAPABHOCTH
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KOJUIEKTOPHBLIX H 3MHTTePHBIX p-n Hepexo-
JIOB TPaH3HCTOpPOB,
IMHUTTEP — KOJUIEKTOP.

HcnpaBHOCTL KOHIEHCATOPOB MPOBEPSA-
10T Ha Npo6GoH (3aMblKaHHe OOKJIAOK) IO
OTCYTCTBHIO CBETOBOrO (MJIH 3BYKOBOYO)
CHrHana IpH KacaHHH HX BLIBOJOB LyHaMH
npo6Huka. IIpH npoBepke 3JIEKTPOJIHTHYE-
CKOro KOHJeHCaTopa B MOMEHT HOAKJIIOYe-
HHsl K ero BbIBOjIaM IIYIIOB NPOGHHKA MOTyT
MOSIBJIATBCA  KPaTKOBPEMEHHBIH 3BYKOBOH
CHIrHal H BCHbIIIKAa CBETOXHOAA, KOTOpblE
BbI3bIBAET TOK*3apAAKH KOHIEHCATOpa. OTH
CHTH&JIBI TeM 3Ha4YuTeNbHee, YeM OoOJble
€MKOCTb NpPOBEPAEMOrO 3JIEKTPOJHTHYECKO-
ro KOHEHCATOopa.

HMCTOYHHKOM NHTaHHA TaKOro H3MepH-
TEJILHOTO NpOOHHKA MOXKET CHYXHThL barta-
pes 3336J]1 MM TpH rajabBaHHYECKHX 3Jie-
MmeHTa 316, 332, coelHHeHHbIE HOCJIENOBa-
TEJIbHO.

Ha sornveckux anemenrax 2H-HE
MO’XHO NOCTPOHTbL HNPOCTOH FeHepaTop KO-
nebaHuit 3BykoBOH 4acToThl (34Y) H paguo-
yacTtoThl (PU) njis nNpoBEpKH TpaKTOB pa-
JAHOBeI{aTeabHbIX NMPHeMHHKOB. IIpHMepom
MOXKET CJIy>KHTb NpHOOp, cxemMa KOTOpOoro
moka3zaHa Ha pHc. 17. Ero reHepatopom
KoJieGaHHH 3BYKOBOH 4acTOTbI  (OKOJIO
1 k') cayxuT mynLTHBHOpaTop Ha aJe-
meHTax DD1.3 u DD1.4. I'eHepupyeMble HM
KoJie6anus yepe3 HHBepTOop DD2.2, KOHO€EH-
catop CS u ree3no XS2 «3U» ¢ nmomouso
L{yna, BCTABJIAEMOro B 3TO FHe3[0, HOfaeT-
Cs Ha BXOJ NPOBEPSAEMOIO YCHJIHTeNis 3BY-
KOBOH HacTOThI.

I'edepaTop Kosie6aHMii pagHOYaCTOThI
o6pa3yloT Jorudeckde 3azemeHTbl DDI.1,
DDI1.2, katymka L1 u xonpeHcatopb! Cl,
C2. YacToTta ero kosiebaHHH onpepensercs
B OCHOBHOM HHIYKTHBHOCTbLIO KaTyIUKH 1.1

a TaKXXe HX Y'UaCTKH R

CA KOHJEHCATOpOM HEPEMEHHOH €MKOCTH
Cl.

OnemedT DD2.1 BbmosHsAET GYHKUHIO
CMECHTENBLHOrO Kackapa npubopa. Ha ero
BXOQHOH BbIBOX 1 MOCTYHalOT KOJieGaHHSA
pajHO4YacTOTbl, a Ha BXOf 2— KOJI€OaHHS
3BYKOBOH 9acTOThl. B pe3ysnbTare Ha BbIXO-
e anemeHTa GOPMHpPYeTCA HMIYJIbCHbIA
CHTHAl pajgHO4YacTOThl, MOJYJIHPOBAHHbLIH
KONe6aHHAMH 3BYKOBOH 4yacToThl. Yepes
KoHpeHcaTop C4 H rHe3go XS1 «PY» ero
IOfAIOT Ha BXOJ PagHOYAaCTOTHOrO TpakKTa
(MM OHOrO H3 €ro KackajoB) HpOBEpPAEMO-
ro NpHeMHHKA.

Karymky L1 xoHTypa reHepaTropa pa-
QHOYACTOThI MOJXKHO HaMOTaTb Ha Kapkace
JHameTpoM 8...9 MM C OTpe3KOoM (eppHTO-
BOro cTepxHa mapkd M600HM BHyTpH.
Yro6sl npo6bHHK pabGoTan B JAHana3’oOHe
3...7 MT'y, Ha Tako# Kapkac Hajo HaMOTaTh
50—55 BuTkOB npomoga I19B-2 0,2...0,3. B
Ka4YeCcTBE KOHAEHcaTopa NepeMEHHOH eMKO-
ctH (Cl) MOXHO HCHOJIb30BaTh MOACTPOEY-
HbI#l KoHgeHcatop THna KIIK-1.

KOHCTPYKIIHA TaKOro H3MEPHTENLHO-
ro reHeparopa-npoGHHKa — NPOH3BOJIbHASA.
Jlsisi ero NMHUTaHHA >KeJIaTEJbHO HCHOJb30-
BaTh HCTOYHHK CTaGHJILHOrO HaNpsDKEeHHS
5 B, HO MOXHO H GaTapero 3336J1.

H eme ogHH NpHMEp HPaKTHYECKOTO
HCHOJIL30BAHHA  JIOTHYECKHX  9JIEMEHTOB
IHPPOBLIX . MEKpocxeM —urpa «Ilepenpa-
Ba». B OCHOBy coaepkaHHS 3ITOH HIrpbI
NOJIOXKeHa CTapHHHAs JIOTHYECKas 3ajaya o
BOJIKe, KO3€ H KalycTe, KOTOPbIX IE€pPEBO3-
4YHK Jo/kKeH Ge3 MOTepb HepenpaBHTb Ha
NPOTHBONOJIOXKHbIH Geper pekd. Ho noagka
TaK Majla, YTO KpOMe CaMOro HepeBO34YHKa
OHa MOXKET BMECTHTb OJHOTO BOJIKAa, HIH
Ko3y, WM Kanycty. OcTaBiaATb >Ke Ha
Gepery BoJIKa C KO30H WIH KO3y ¢ KalyCTOH

# B HeOONLIIHX MpefesiaX MOXKET H3MEHSTh- HeJib3s — 0653aTeIbHO 6ynyT  NOTEpH.
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Be360one3HeHHO MOXXHO OCTaBHTb BMeCTe
TOJILKO BOnKa ¢ Kanyctoii. Kak B Tako#
CHTYallHH [OJDKeH NOCTYNHTh MepeBO3YHK?

Hns pelleHHst 3TOH 3agadyH pagHOIIO-
6utenh U. CuHenbHHKOB H3 KanuuHuHrpana
TIpeAIOKHJI HIPOBO€ 3JIEKTPOHHOE YCTPOH-
CTBO Ha JorHyeckux 3semeHtax 2H-HE u
3U-HE, npHHUHIHANBHYIO CXE€MY KOTOpOro
Bbl BHAHTe Ha pHc. 18. IlepekmoyarenssMud
SA1—SA4 urpamoiquii OCYIHECTBISAET «Ile-
PeBO3Ky» INAcCa>KHPOB Ha HPOTHBOHOJIOXK-
Hbli Geper pekH. Tak, HanpHMep, eCJii OH
CYHTaeT, 4YTO HepBOii uepe3 peKy MOJKKa
6bITh HepellpaBiieHa KO3a, OH IepEeBOAHT
BHH3 (10 CXE€Me) PYYKH IllepeKiioyarenci
SA2 «Ko3a» u SAl «IlepeBo3uuk». ITojo-
JKeHHE pYyYeK HepekyodaTesieli 0TOGpaxka-
IOT CHTYallHH, CJIOXKHBIIHeCS B [JaHHBIH
MOMEHT Ha HepenpaBe. OnemeHtbl DDI.1,
DD1.2 3U-HE) u DD2.1, DD2.2 o6pa3yoT
JIOTHYECKHH y3eJsi, (POpPMHPYIOLIHH CHrHan
OIIHGOYHOrO XOAa, NMPH KOTOPOM BO3HHKAET
oflacHas cMTyallsi Ha OJHOM H3 OeperoB
PEKH (BOJIK MOXET ChelTh KO3y, a KO3a—
Kanycty). O ponyueHHOH OwHOKe CHTHAJIH-
3upyI0T cBeroguoanl HL1 u HL2, kaxnabii
H3 KOTOPbIX paciloyIo>KeH Ha cBoeM Oepery,
H 3BYKOBOH CHT'Hal, CO3IaBaeMbIi qHHaMH-
YyecKoO# roysioBkoit BAI.

Kak pa6oTaeT TakoH HIpoBOH aBTO-
Mar? B HCXOTHOM COCTOAHHH, KOrga Bce
«[acCaXxHpbl» H MEPEeBO3YHK HAaXOAATCS Ha
oaHOM Oepery peKH, 4YTO COOTBETCTBYET
MOKa3aHHbIM Ha CXeMe TOJIOKEHHAM IlepeK-
moyareneii SA1—SA4 (M BKIIOYEHO IHTA-
HHe), Ha Bbrixoaax anemeHToB DD1.1, DD1.2
u DD2.1 jormdeckoro y3na [geHCTBYIOT
BbICOKHE YPOBHH HAIpSI’)KEHHS H, ClIefoBa-
TeNLHO, CBeTOOHOAbI He CBETATCS, a Ha
BbIXOf€e O3jiemeHTa DD2.2 —HH3KHH ypo-

MOJIOKeHHAM Hepekitodartesed. IIpH BxiIio-
YeHHH NHTaHHA KHOMKOH SB1 «IlepenpaBa».
Ha Bxome 2 anemeHta DDI1.1 u Bxome 3
anemeHdTa DDI1.2, SBASIOIUUXCSA JIOTHYECKH-
mu 3nemenTamH 3U-HE (orimyarorcs or
anemedToB 2WU-HE JmHmb Tem, 4YTO OHH
TPeXBXOMOBbIE), a Tak>Xe Ha OBOHX BXOgax
asemeHTa DD2.1 BO3HHKAIOT HH3KHE YpPOB-
HH HanpsbkeHHA. A anas anementoB 2H-HE
u 3U-HE 3Toro gocTato4yHo, 4ToObl Ha HX
BbIXOax MOSIBHJICSH BBICOKHH ypOBEeHb Ha-
npsxkendss. O6a Bxopga 3yiemeHta DD2.2 B
3TO BpeMsl OCTAaIOTCsl CBOGONHBIMH, HA HHX,
CeJOBATEJIbHO, BLICOKHME YPOBHH HampsKe-
HHs, & Ha BbIXojfie 8, a 3HAYMT M Ha BXoge 5
anemenTa DD1.2, ¢ KOTOpbIM OH COEIHHEH,
HHU3KHMI YpPOBEHb HAMNpSI>KEHHUS.
Ipénnonoxxum, 4YTO HrpalOIHA Tep-
BbIM XO[IOM MlepenpaBiisieT Ha Apyro# Geper
Ko3y. [IJis 3TOro OH JOJKeH NMepeBecTH B
Ipyroe MoJIOXKeHHe pYyYKH HepekyodaTesei
SA2, SAl u Haxathb kHomky SBI1. IIpu
3TOM Ha BbIXOHaX BCEX YeThIpex 3JIEMEHTOB
JIOTHYECKOro y3Jia 6yAyT, KaKk H B HCXO[-
HOM COCTOSIHHH, TAaKHe >X€ YPOBHH Hamps-
KEHHSI, U HH OJHH H3 CBeTOJHONOB He
3arOpUTCA. A €eC/M HONbITaTbCA MEPBbIM
mepeéBecTH BoAka? B TakoMm ciiyyae mepek-
movaresb SA3 co3gact Ha Bxofe 9 sj1eMeH-
Ta DD2.2 HM3KHH YpOBeHb HAMpsKEHHS, B
pe3yibTaTe Yero Ha ero BbIXORe H BXoje S
anemenTra DDI1.2 HOSIBHTCS BBICOKHH ypO-
BEHb HamnpspkeHHs. CHrHaa Takoro e
ypOoBHS OygeT H Ha [BYX APYTHX BXOZax
anementa DDI1.2, Tak KaK OHH OKaXKYyTCs
CBOGOAHLIMH, YTO PaBHO3HA4YyHO HOHade Ha
HHX BBICOKOrO Hampsi)KeHHS, Ha ero BbIxofe
6 MOABHTCS HH3KHH YPOBEHb HANPSXKEHHSA,
KOTOpbIH 3axkeT cBetoguon HIL2 — cHrHan
OMACHOM CHUTyauuu (ocTaBuiasics Ha Gepery

BeHb. B 3TOM HeTpyaHO yOGeguTbcsa MO KO3a MOXeT CheCTb Kamycry!). A CBETOH-
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og HLI1, naxogsmmiics Ha Apyrom Gepery
PEKH, ropeTh He OyaeT, Tak Kak B 3TO
BpeMsi Ha Bxofe 13 anemenra DDI1.1 nepek-
mo4yaTtensb SAl co3gacT HH3KHH ypOBeHbL
HaNpsKeHNA.

C BbIxonoB anemerTopDDI1.1 u DD1.2
CHrHaJl OHaCHOH CHTYallHH HOJAaeTCA TaKxKe
Ha Bxoanl 9 H 10 ajgemeHTa DDI1.3. Ilpn
MOSIBJIEHHH Ha OXHOM H3 HHX HH3KOrO ypOB-
HS HalpsKEHHsI Ha BbIXOAE 3JIEMEHTA HAYH-
HaeT JeHCTBOBaTh HaNpsKEHHE BLICOKOrO
YPOBHA, KOTOpPO€E 3allycKaeT MyJIbTHBHOpa-
TOp, coOpaHHbIi Ha 3JjeMeHTax DD2.3 H
DD2.4. C BbIxopa MyabTHBHOpaTOpa reHe-
pHpyeMble HM Kojie6aHHS 4YacTOTOH OKOJIO
500 'y moctymaioT Ha 6a3y TpaH3HCTOpa
VTI1, BKIIOYEHHOTO 3MHMTTEPHbIM HOBTOpH-
TejieM, M ronioBkoii BA1 npeo6pasyiorcs B
TPeBOXKHbBJ 3ByKOBOii cHraan. Ilepexmoya-
TeneM SAS 3BYKOBYIO CHTHaJIM3alMiO, OMO-
BeIIAIONIy10 06 olHOKe B PellleHHH 3alayH,
HE3aBHCHMO OT TOro, Ha KakoM H3 6eperoB
BO3HHKJIA ONAcHasl CHTYyalHs, MOXHO OT-
KJIIOYHTh, OCTaBHB JIHIIb CBETOBYIO CHrHa-
JIM3AUHIO.

Pe3uctop RS BbLINOJHAET posib OrPaHH-
4HTeNss ToKa 6a3bl TpaH3sicropa VT1. Ye-
pe3 pe3HcTop R3 Ha HeHCHOsb3yeMblii BXOnR
11 anementa DDI.3 nogaercs BBICOKHH

CHFHQIH3AllHH OT pa3JIH4YHbIX 3JieKTpHYe-
cKHx nomex. IlogcTpoeyHbIM pe3HCTOpOM
R6, BrIOYEHHBIM B KOJUIEKTOPHYIO liellb
TPaH3HCTOpa, YCTAHABIMBAIOT JKeJIaTesib-
HYI0 IPOMKOCTh 3BY4YaHHS roJioBkH BAI.

IdeTasd HrpoBOro aBTOMaTa, KpoOMe'
2JIEMEHTOB KOMMYTALHH, CBETOQHORZOB H
JHHAMHYECKOH TIOJIOBKH, MOXHO CMOHTHpO-
paTb Ha T[eYaTHOA ImnaTe pa3MepaMH
70x25 MM (pHc. 19, a) u pa3MecCTHTb ee B
IUIOCKOM [UIaCTMAacCOBOM HJIH HM3rOTOBJIEH-
HOM H3 ¢aHepbl KOpilyCe pa3MepaMH IHpH-
MepHO 120x90x50 MM (pHc. 19, 6). Ha
nepegdHell CTeHKe KoOphyca NOJDKeH ObITh
PHCYHOK PEKH, BHOJIb pycJia KOTOpOH YK-
peiuieHbl Nepexinoyatesu SAl—SA4, a Ha
IIPOTHBOMOJIOXKHBIX Geperax — CBETOQHOb!
HL1 u HL2. 3pech ke HaxomATCA INepeK-
mo4arenb SAS u kHonka SB1 «Ilepemnpa-
pa». [lepexmodaterms SA1—SAS Tuna M1-
1 umn Ttym6rneppl TB2-1, kHomka SB1—
tina KMI1-1. TuHamMuyeckas rojioBka BAI
MOIIHOCTbIO 0,1...0,25 BT, HalpHMep
0,25I'1-10. MCTOYHHKOM MHTAHHA MOXeET
CNY>XHTb ABYXIIOJYIIEpPHOAHbIA BLIIPAMH-
TeJib C BbIXOZHBLIM HaNpsiXeHHeM 5 B wmm
6aTtapes 3336J1.

Ilepenq HayanoM peluieHHs 3anadd BCE
[IEPEKIIIOYATENH JOJDKHBI GbITh B HCXOJHOM

YPOBEHb HANPSXKEHHA, YTO 3aIMINAET Y3eJ  IOJIOKEHHH, COOTBETCTBYIOLIEM CHTYAl[HH,
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Korga BCe <«IIACCa>KHpbl» H HePeBO3YHK
HaxogATCs Ha OgHOM Oepery pekH. 3arem
HAYHHAIOT MNepenpaBy Ha ApPYrod Oeper —
CTaBAT PYYKH COOTBETCTBYIOLIHX IEPEKIIIO-
yaTesieH TaK, YTOObI OHH GbUIH HANPaBJIEHbI
B cropoHy Oepera. Kyga AOJDKHA IUIBITh
NofKa, U, HakaB Ha KHonky «[lepenpaBa»,
NpoBepPAIOT NMPaBWILHOCTL Xoma. Eciu mpH
3TOM MOSBJAETCH CBETOBOH HJIH 3BYKOBOH
curHal OLIHOKH, XOJ CHHMTaeTCsH HeBep-
HLIM — HaJ0 HCKAaTh APYro# BapuaHT penie-
HAA 3ajjadH.

YTob6bl y6equThCs B NPaBHJILHOH paGo-
Te MrpoOBOro aBTOMATA, HANO 3HATk XOTS Obl
OfHMH BAapH2HT pelleHHs! JIOTHYEeCKOH 3afa-
yH. O Moxer ObiTh TakuMm. CHavana nepe-
BOJYMK ilepenpapiseT Ha OpYyroH Oeper
KO3y. 3aTem BO3BpalgaeTcss oOpaTHO U 3a-
Oupaetr kanycty. Ha papyrom 6epery oH
OCT4BJIsIET KamycTy H 3ubupaer ko3y. Ile-
peilpaBHR OOpAaTHO KO3y, calkaerT R Ji0AKy
BOJIKA H MEepeBO3HT €ro K Kamycre, 110CJe
yero Bo3Bpamaeicss H 3abupaeT ko3y. Ta-
KHM 00pa3cM, 3ajyayda periaercss 3a ceMb
X0708. MoryT 6biTh # Jpyrke BapHaHTHI
peLicHUA 3afayvd.

BJIOK ITUTAHHA C TI'EHE-
PATOPAMH HUMITYJIBCOB

TIpogos/okuresibHbIe ONBLITLI H 3KCIIEpH-
MEHTBI C YCTPOHCTBaMH Ha 1HQPOBbIX
MHKpPOCXEMaXx, pa3roBOp O KOTOpbIX erge
Bnepenu, TpebyoT 060Jlee «eMKOro» ‘mo
cpapHeHHIO C Garapeed 3336JI HCTOYHMK2
nuTaHusA. BbIxom 3mech HampallHBaeTCs
cam — HY>KHO BOCHOIL30BAThCA 3J€KTPOOC-
BeTHTEJIbHOH CeTBI0 H cOoOpaTs CcTaGuIu3n-
POBaHHLIH HCTOYHHK [UTAHHA C peryJIHpY-
€MbIM BBIXOOHBIM HAIIPpSAXKECHHEM. A JJIA
NPOBEPKH  pabOTOCNOCOGHOCTH MHKPOCXEM
GYHKUHOHANBLHOrO HA3HAYEHH, KaK, HallpH-
Mep, TPHITSPOB, pa3iHYHBIX CYCTYHKOB,
newrndparopos, cienyet 106aBHTh K GJIOKY
[IUTAHUS HCIBITATENlbHbIE TeHEPATCPhl HM-
AyJIbCOB pa3/IMYHOH AJTHTENbHOCTH H 4acTo-
Thbl CJIeAOBaHHs. BOT Tako# KOMOKHHPOBaH-
HbIA MPHOOP MBI H TMpeajlaraeM CKOHCTpY-
HpOBaThb [JIsi JanbHeHIlNed MpaKTHYeCKOA
pa6orbl ¢ uHdpPOBOIl TEeXHHKOH.

Cxema npu6opa nokaszaHa Ha pHc. 20).
Tpaucdopmarop T1 noHHKAET ceTeBOe Ha-
npsxedne o 9...10 B D10 HanpsikeHHe,
cHuMaemMoc ¢ 06MoTKH II, BbimpsMisercs
muogaMH VDI1—VD4, BKIIOYEHHbIMH IO
mocToBO#H cxeme. KonaeHcaTop C1 criaxu-
BaeT MyJbCAanUH BbINPAMIEHHOrO HampsKe-
nHus. [TocTosiHHOe HampsixeHHe C KOHHEHCa-
Topa Cl nocTymnaer gajiee Ha Ba CTaOHJIH-
3artopa.

OpuH M3 cTaGUIK3aTOPOB BLIMPSMIICH-
HOTrO HaNpsIXKEHHS, BbINOJHEHHbIH Ha CTaGH-
JHTpOoHe VD5 U peryJHpyIOIeM TpaH3UCTO-
pe VTI, ucnonb3yeTcs Ajsi MUTAHHS rede-
PaTopOB HCNBITATENBHBIX HMIYJLCOB. [py-

20

ro¥ craGHiIH3aTop coOpaH Ha CTaGHIHTPOHE
VD6 u Tpan3uctope VT2. BbixogHOoe Ha-
Npsi)KeHHE 3TOI0 CTabwiM3aTopa mogaeTcs
Ha rHe3ga XS2 u XS3, K KOTOprIM B
fajbHeHIIeM OyaeTe MOAKIIOYATh ONbITHbLIE
apubopsl U ycTpoiicTBa. [lpuyeM ero Bbl-
XO[HOe HAaNpsKEHHE MOXHO IUIABHO H3Me-
HSTb IepeMeHHLIM pe3ucTopoM R4 mpumep-
HO or 0 mo 6 B. Kpome TOoro, B arom
cTabUNM3aTOpe YCTAHOBJEHa siYeHKa 3alu-
Thl PEryJIPYIOILEr0 TPAH3HCTOPa H BbIPS-
MHTeJIS OT NEeperpy30K B Cliydae KOpOTKOIro
3aMbIKaHHA B LEIH Harpy3KH — OHA COCTaB-
JleHa U3 pe3ucropa RS u tpansucropa VT3.
IToka ToOkK, moTpeGJisieMbli Harpy3koi, He
MPEBbIUIAET JOMYCTHMOIO, NafgeHHe Hampsi-
JKEHMsI Ha pe3HcTope RS MeHbllle Hanpsixke-
1M OTKpbIBaHus TpaH3ucropa VT3. Kak
TOJILKO MaJieHHe HAMPsIKEHHs HA pe3ucTope
pocturdet 0,6...0,7 B, Tpau3suctop VT3 or-
KpOETCS H CBOHM MaIbIM CONPOTHBJIEHHEM
yyacTka KOJUIEKTOP-IMHTTEDP 3allyHTHPYET
cTabumrpod VD6. Tlpu 3TOM peryiupy-
ot rpau3dncrop VT2 okaxercs 3aKkpbl-
ThIM, OTYEro TOK BO BHEILHEH IeH CTAGH-
Jan3aropa pes3ko ynager ao 10...15 MA.

Ha Bbixoge BTOpOro crabGwim3aTopa
YCTaHOBJIEH CTpeJOYHbIdH uHauKatop PA1,
KOTOpbIli COBMECTHO C pe3HCTOpOM R6 06-
pa3yeT BOJLTMETP HOCTOSIHHOrO ToKa. Ecau
repexniodaTenb SA2 HaXOJHTCH B MOKAa3aH-
HOM Ha CXeMe IIOJIO)KEHHH, HHIHKATOPOM
MOJKHO KOHTPOJIHpOBAaTh BBIXOAHOe HAaNps-
J)KeHHe cTabmwin3aTtopa. Korma. »e nepek-
JI0YaTenb CTaBAT B MOJOXeHHe «H3M.»,
BOJIbTMETP OKAa3bIBAaeTCsA MOAKJIIOYEHHBIM K
ree3gam XS u XS3. CoeguHsis NMpOBOAKH-
KaMH 3TH rHe3[a C BbIBOJaMH PaGOTarOLIHX
MHKpPOCX€M, MOJXHO KOHTPOJHpPOBaTh 3JIEK-
TPHYECKOE COCTOSIHHE JIOTHYECKHX 3JIeMEH-
7T0B. AHQJIOTHYHO BOJILTMETP MOXHO HC-
MOJIb30BaTh OJIS KOHTPOJIsi HalNpsiKeHHH B
LensiX KOHCTPYHPYEMBIX YCTPOHCTB.

Tenepb 06 HCIHBLITATENLHLIX TeHEpaTo-
pax. DTO 3HaKOMbi€ BaM MY.JIbTHBHOPATOpPLI
Ha MHKpocxeMax. Tak, HanpuMep, Ha 3Je-
MeHnrax DDI.1 u DDI.2 cobpar >uymuii
MysbTHBHOpaTop. IIpH KpaTKOBpeMeHHOM
3aMbIKaHHH KOHTaKTOB KHOnku SB1 «3am.»
oH GOpMHPYET UMITYIbC OTPHIEATENLHOM MO-
JIIPHOCTH H AJIMTENBHOCTBIO okono 0.5 c.
Ho ero 3anyckaiomasi 1enb HECKOJIbKO OT-
JHYaeTcs OT MOJOGHOH UemH >KAyLero
MYJbTHBHOPaTOpa, 3HAaKOMOIO BaM IO CXe-
Me Ha puc. |13 a,—oOHa JONOJIHEHA pe3HCTO-
pamu R7, R8 u xoHgeHcaropom C6. Yto 3TO
naetr? Takas nenb oGecreydBaeT KOPOTKHH
3allyCKaIOWMHA HMIYJILC MYJbTHBHOpaTOpa
HE3aBHCHMO OT JUIMTEbHOCTH HAaXKaTHA Ha
KHONKYy SB1 «3an.».

Yepe3 nepexioyarenb SA3 u reesga
XS3, XS4 uMnynabc OTpHULATENLHOMH MOJISp-
HOCTH, C(POPMHPOBAHHBIH KAYIIHM MYJIbTH-
BHOPaTOpPOM, MOAAKOT HAa BXO[ HCNLITHIBa-
eMOH MHKpOCXeMbl WM HYXXHOIO Kackajga
ycTpoiictBa. Cmetoguon HL1 uHguuupyer



¥4

A8 4 v~
vri Kol ¥z — =
ATIISE 201 702 AT8I5A £S5 45 (npof) X2, e
T Wz 57 | F
7 +,
€ whom 0, Haag £
FUI 457 542
Q | I R” H
3 I ‘ 00~ a
N
&« cr ws B =, 52 e s
o] 9 &4 100831 DomnA ¢
SA1 1000 sn =158 168 A g‘ 22 | SOmRx
wilamanienue MK
XPI . Coms™ - el =08 X7 ,
¥ a7 /24
I l ez amozs—~Y 01, D02 KIS50A3
| ?
8 500mxx68
7 s
- RIT 260 03 Vimn 2158

2013 014 nyzr 022 702.3 2
g ) 7 2 4 :
/A 144 142 J | 9 i 71_XS5 <
. Yacmoma —
AIZ 430 RIa*470 "
A !,.ﬂ:' e e
Ve
' —

Puac. 20. Cxema cereBore GJ0Ka IHTAHMA T FeHEPATOPAMA HCNLITATENLELX HMIYJILCOB



MOsIBJICHHE HMITYJbca H €ro IJIHTeJIbHOCTD.

EciM nopBHXHBIH KOHTaKT MNEPEeKJIIO-
yateiad SA3 nepeBecTH B HH>KHee (IO cxe-
Me) MoJIoXKeHHe, K rHe3ny XS4 mojkiroda-
eTcA MYJbTHBHOpaTOp, COOpaHHBIH Ha 3Je-
mentax DDI1.3, DD1.4, DD2.1. OH BeIpa6a-
TBIBAET HMNYJILChI IOJOXKHUTEJBHOH MOJAp-
HOCTH, NJIMTEJBLHOCThL H YacTOTy CJIeOBa-
HHSI KOTOPBIX MOXXHO B HEKOTOpBIX Mpepe-
JaX H3MEHATh MEepeMEHHbIM PEe3HCTOPOM
R11 «YHacToTta».

Bbl, HaBepHOEe, 3aMETHJIH, YTO, B OTJIH-
4yHe OT MOAOOHOro MyJIbTHBHOpaTOopa, pac-
CMOTPEHHOro paHee (Mo cxeme Ha pHc. 11,
a), HocJeRoBaTeNbHO ¢ KoHmeHcatopom C8
BKJIOYeH pe3suctop R13. Xors, B mpuHuHile,
TaKOro pe3HCTOpa MOXET H He ObITh, BKJIO-
YeHHe ero XeJarejibHo. [leo B TOM, 4TO B
Ha4yaJIbHbI MOMEHT 3apAfKH KOHIeHcaTopa
6ONBIIOH €MKOCTH B €ro HelH BO3HHKaeT
MIrHOBEHHBIH TOK 3HA4HMTEJbHOH CHJIBI, CLO-
COGHBIif BHIBECTH H3 CTPOSA BBIXOXHOH TpaH-
3UCTOp JIOTHYECKOro 2jiemMeHTa. Pesuctop
)K€ CHEepXHBaeT CKa4YOK TOKa, NpeJoTBpa-
asA neperpys3kKy TpaH3HCTOpa.

Y106l MOXHO OLLIO KOHTPOJHPOBAaTh
paboTy BTOpOro TeHepaTopa, K HEMY IOJ-
KJIIOYeH BCHOMOTaTejbHbIA MYyJIbTHBUOpa-
TOp, cOOGpaHHBI# Ha 3JjemeHtax DD2.2—
DD2.4. T'eHepupyemble HM HMIYJbChI 4Ya-
croroii  800...1000 'y mocrymaior depe3s
pa3beM XS5 Ha rosoBHble TejieQHBI. 3BYK
B TeJe(poHaX OyJeT Jmilb Torfa, Korga Ha
BeiBOR 10 snementa DD2.3 moctynaeTr BbI-
COKHil YpOBEeHb HAIIpA>KEHHS C KOHTPOJHpY-
emMoro reHeparopa (c BbiBoga 11 3anemeHTa
DD1.4).

B kayecTBe MOHHIXKAIOLErO MOXHO HC-
noab30BaTh JIHOOOH TpaHcgopMmaTop Molu-
HOcTeIO 10...15 BT ¢ Hanpsi)keHHeM Ha BTO-
pu4HO#t o6MmoTke 9...10 B. Ilogmoiiner, K
OpHMepY, BBIXOFAOH TpaHcGOpMaTop Kaj-
poBO#l pa3BepTKH TeseBu3opa TBK-70J12
wm TBK-110J12. TIpH camMOCTOATEIbLROM

H3roTOBJIEHHH TpaHCc(popMaTopa NOHALO6HT-
cs marauronposoy II20x25 wm I20x30.
O6motka I gomkHa copepxars 2100—2200
BHTKOB NpoBopga I19B-1 0,12...0,14, o6moT-
ka II1—95—100 BUTKOB npoBOMa TaKo# e
MapkH, HO JuameTpom 0.8...1 mm.

Tpau3uctopsl VI1 u VT3 —moGele u3
cepun KT315, a VT2-—mo6oit H3 cepHH
KT815, KT817, I1702. Crabwmatpon VD5
XKeJjlaTeJIbHO Mofo6paTh C TaKHM HampsDKe-
HHeM cTaGWM3alMH, YTOObI BHIXOJHOE Ha-
Npsi>KeHHe MepBOro crabwimsaropa (Ha BblI-
Bogax pe3ucTopa R2) 6bUIO B Hpepesax
4,75...5,25 B. CTaGWIHTpOH VD6 —
KC168A, KC168B mnu KCI170A. ITepemen-
Hble PEe3HCTOPBI — JIOOOro THHA, MOCTOSH-
uple — MJIT-0,25 u npoBosounbii (RS).
Konpencaroppl C3 n C5—kepamuyeckue,
octanpHble — K50-6. Hupgukarop PAI— |
MHKpoamllepmeTp THHa M24 wnu M494, |
pacCYHTAHHBIH HA TOK MOJHOTO OTKJIOHEHHSA
crpesku 100...300 MA. ConpoTHBlieHHE pe-
3ucTopa R6 [OJXKHO OBITH TaKHM, YTOOBI
CTpeJIKa HHAMKAaTOpa OTKJOHSJIAaCh Ha KO-
HEYHOEe [leJIeHHe IUKaJbl NHpH BbIGPaHHOM
npepesie H3MePAEMOro HANP>KEHHA — 6 HIH
10 B. Csetopuon moxer Obih AJI102 ¢
6ykBeHHbIMH HHAekcaMu A, B, I' (kpacHoro
CBEYEHHA) HIH B (3eJleHOro CBeYeHHS).
BrIkmioyaTesM M NepeKJIoYaTeiM — 060k
KOHCTpyKnuu, Hannpumep KM-1 (SB1), MT1
(SA2, SA3), TB2-1 (SAIl).

Heranu BROIpAMHTEA H CTaOWIHM3aTo-
pOB yROOHO CMOHTHpOBaTh Ha oOLieH Mia-
Te, KOTOPYIO 3aT€M YCTaHOBHTE B Kopnyce
npubopa. MOHTaXX — IIPOH3BOJILHBIH, MO-
3TOMy d4YepTeiKa IUIaThl He MpPHBOJHM.

Jlns MOHTaXka reHepaTopoOB HNPHTOTOBb-
Te miarty pa3mepamu 90x40 mm (puc. 21) u3
a1060ro HM30JISIJHOHHOTO MaTepuaja.
MHukpocxeMs!I H pyrHe QeTalH pa3mernaiite
C ORHOH CTOPOHBI ILIAThI, a HX BBIBOABI,
nponylleHHble 4Yepe3 MpOCBepJeHHblEe B
IUlaTe OTBEPCTHA, COERHHANHTE OTpe3KaMH
MOHTa>KHOTO MPOBOJAa C JAPYrodl CTOpPOHBI
TLIaThl.

PexomeHnyem npugep>XUBaTbCs TaKOro
MOpALKa MOHTaXa W MPOBEPKH paGoTOCHO-
cob6HOCTH reHepaTopoB. CHayasa pa3mMecTH-
Te Ha IUIaTe MHKPOCXEMBI, COEHHHTE MEX-
Iy co60i ORHOMMEHHbIE BLIBOLLI MHTAHHSA
(7 u 14) ¥ mopaiiTe Ha HHX Halps>EHHE.
H3meprsTe BOJILTMETPOM HOCTOSHHOIO TOKa
HaANpA>KEHHUs] HA BXOHAHBIX H BBLIXOJHBLIX BBI-
BORAX JIOTHYECKHX 3JIEMEHTOB, 4YTOObI ybe-
RHTBCSA B pabOTOCNOCOOHOCTH MHKpPOCXEM.

X SBI Vi vTi(3) KSAZ  NKISS

Prc. 21. lnata remepaToOpoB HCMBITATEHLHBIX HMITY.ILCOB
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3areM, OTKIIOYHB HMCTOYHHMK ITHTAHHS,
CMOHTHPYHTE TOJBKO >KAYINHH MYJIbTHBHO-
parop. 3mech Xe, Ha IUIaTe, pa3MECTHTE
BPeMEHHO CBETOJHOJ C pe3HcTopoM R10 u
NOAKIOYHTE (o cxeme) BBIBOJ
pe3ucTopa K BbiBofy 6 3nemenra DD1.2.
BK/IIOYHTe NMHTAHHE H KPAaTKOBPEMEHHO 3a-
MKHHTe BbIBOJ 1 anementa DDI1.1 Ha o6mmi
NPOBOJ, HCTOYHHKaA NHTaHHsA. CBeTOmHON,
BCbIXHBasi, OyleT CHrHAJHM3HPOBaThk O MO-
ABJICHHH Ha BBIXOJE€ MYJIbTHBHOpaTopa OfH-
HOYHOro HMITyJIbca OTPHIATEJLHOH MoJsip-
HocTd. IlpH ykazaHHRIX Ha CxeMeé HOMMHa-
jJax KoHAeHcaropa C7 u pesucropa R9
JUTHTENILHOCTE MMITYJIbCa (BCHBIIIKH CBETO-
IHOma) MOJoKHA OeIThH okoyo 0,5 ¢. IMon6o-
poM pe3ucTopa R9 niMTEIBHOCT, HMIYJIbCa
MO>XHO YMEHBIIATh HIH, HaoGOpOT, yBEJH-
yHTb. HO €ro conpoTHBJIEHHE HE JOJDKHO
6biTh Gosbiie 1,8 kOM, HHauye 3jEMEHT
DD1.2 okaxeTcs B HYJIEBOM COCTOSIHHH (Ha
BbIBOZle 6 GyleT HH3KMH ypOBEHL HaHpsKe-
HHS) H CBeTOqHOJ OyneT ropeTh NOCTOAHHO.

Jlanee MOHTHpPYHTe reHepaTOp Ha 3Je-
mentax DD1.3, DD1.4, DD2.1. K ero BbIXo-
ny (BeBOR 3 anemeHnta DD2.1) mogxyncyHTe
CBETORHOIOHBLIN MHOHKaTOp. ECIH OLMGOK B
MOHTaxXke He OyHmer, cpa3y e nocje BKJO-
YeHHS MHTaHHA CBETONHOJ Ha4yHeT MHIaThb C
4acTOTOH reHepupyeMbIX HMIYJbcoB. Hau-
6ospIasl IMTENLHOCTh HMIYJIBLCOB (OKOJIO
2 ¢) no/mKHa 6bLITE Npu KpaiiHeM OpaBoM (@O
cXeMe) MNOJNOXKEeHHH [BHXKa MepeMeHHOro
pe3ucropa- R11, EpeMeHHO NOANasiHHOrO K
OeTansAM reHeparopa, Hammewelast (OKOJIO
0,1 c)—npu kpaifHeM JeBoM, T. €. HpH
HaHMEHBIIEM COINPOTHBIICHAH 3TOI'0 pe3H-
cropa. '

CrenyiowHii 3Tal — MOHTAX reHeparTo-
pa Ha anementax DD2.2—DD2.4. BuiBog
10 anementa DD2.3 coeqHBHTe BPEMEHHO C
BBIBOZIOM 9, 4YTOOBI MpeBPaTHTh €ro B HH-
BepTop. PYHKIHIO HHAUKATOpa pabGOTkI 3TO-

ro reHepaTopa MOJDKHBI BLUIONHATH TOJOB-

Hble TesedOoHbl, BKIICUYEHHbIe MEXXAY BBLIBO-
nom 11 anementa DD2.4 m o6miM npoBo-
JXOM HCTOYHMKa muraHusA. Ilocne BKIIOYe-
HHS [HMTaHHA B TejepoHaX [O/DKEH Ho-
SIBHTBCA T'POMKHH 3BYyK cpelqHel TOHAJILHO-
ctH. HaH6GoJlee NpHATHYIO HO BallleMy >Ke-
JIaHHIO TOHANLHOCTH HETPYHHO YCTAHOBHTH
nop6opom pesncropa R14.

Ilocne artoro BeBOX 10 3nemenTa
DD2.3 oTK/IIOYHTE OT BhIBOXE 9 M COCIHHH-
Te ¢ BbIXogoM 3yemeHta DDI1.4. Teneps
TéJIe(OHb] JOJDKHBI 3BY4YaTh NPEPBLIBHCTO, C
4acTOTOH INyJnbcaimii BTOpOTO reHepaTropa.

. Ocraercs Ppa3sMeCTHTh IaThl C gerans-*

MH BHYTPH Kophlyca npu6Gopa (puc. 22) nox-
XOJSIIHX pa3sMepoB, a Ha JHLEBOH CTeHKe
KOpIIyca YKPENHTb BBIKJIIOYaTe/b [MHTAHHSA,
nepeKIiOYaTe M, KHOMNKY 3amyckKa, Iepe-
MeHHble DE3HCTOpbl, CBETOJHOXN, CTPeIoY-
HbIii HHEMKaToOp, FHe3ia H pa3beM. llepixka-
TeJb NPEROXPAHHATENS C NpefoXpaHHTeeM
YCTaHOBHTe Ha 3ajHedl CTeHKe KOophyca.

Puc. 22. Buennmii BHA 6/10Ka OHTAHHA C TeHEPATO-
PaMH HCUBITATEILHBIX HMIY.JILCOB

CoequuuB 11aThl MexXIOy coboM ¥ ¢
JeTaJsiMH Ha KOpHycCe, OKOHYaTeJbHO Mpo-
BepbTe paboTOCIIOCOGHOCTh 6J10Ka NMHTaHH:
M reHepaTOpOB HCIMBITATEJbHBIX HMITYJIBCOB.

MIPOCTON YACTOTOMEP

Ha 6a3se TOALKO ONHOH MHKPOCXEMLI
KI155J]IA3, Hcnonb3ys Bce ee JoOTrH4ecKHe
anemeHTh! 2U-HE, MO>XHO HOCTpOUTH CpaB-
HUTEJiIbHO LIPOCTOH MPHOOp, CHOCOGHBIH H3-
MepSTh YacTOTY NEPEMEHHOTO HAMPA>KEHHS
npEMepHo oT 20 I'y go 20 xI'm. BxomHeiM
SJIEMEHTOM TAaKOr0 HIMEPHTEILHOI'O MpHEO-
pa kosieGaHHil 3BYKOBOH 4YacTOTBHI CIIY>KHT
Tpurrep llImMuTTa — ycTpolicTBO, mNpeobpa-
3ylollee MORaBaeMoOe Ha ero BXoJ| MepeMeH-
HOe HallpsDKeHHE CUHYCOHIAJIBHON (DOPMBI'B
2/IeKTpHYECKHE HMITYJIbChI TaKoH ke 4acTo-
TeI. Be3 Takoro mpeoGpa30BaHHA aHAJIOro-
BOrO CHTHajia JIOTMYECKHE 3JIEMSHThI pabo-
TaTh He Oyayrt, npudem tpurrep lImmita
«cpabarpiBaeT» MpH ONpefcJeHHOH aMILTH-
TyAe BXOAHOro curHana. EciM oHa MeHblle

. IOpOroBOro 3Ha4YeHHs, HMITYJIbCHOI'O CHTHa-

Jla Ha BbIXOJe TpUITepa He Oyner.

Hauynem ¢ omblTa.

Tparrep WImurra. ITonp3ysAcs cxemoit.
MOKa3aHHOM Ha puc. 23, 4, CMOHTHpYHTe Ha
maKeTHOH maHemu Mukpocxemy KI155JIA3,
BKJIJOYHB B paGoTy TOJILKO JBa €e JIorHde-
CKHX O9JeMeHTa. 3gech ®Ke, Ha MaHEeJH,
pa3mectHTe Gatapen GB1 u GB2, cocras-
JIeHHble M3 dYeThIpeX TaJbBaHHYECKHX 3Jie-
meHTOB 332 wnm 316, u nmepeMeHHbIH pe3u-
crop Rl conporuBnennem- 1,5 wim 2,2 kOM
(xenareabHO ¢ GYHKIHOHAILHONH XapakTe-
PUCTHKOH A — nuueiiHo#). BriBogbl 6ara-
pedl mojKiIO4alTe K pe3sHCTOPY TOJNBLKO Ha
BpeMs ONbITOB.

BKJIOYATEe MMTaHHE MHKPOCXEMbl H MO
BOJILTMETPY MOCTOSHHOrO TOKa YCTAHOBHTE

la o}
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Puc. 23. Onsrrusit Tparrep lIMurTa B rpaduke, HimocTpRpyiomMe ero pabory

RBHXXOK MEepeMeHHOr0 pe3HucTopa B TaKoe
IIOJIOXKeHHe, MpH KOTOpOM Ha JIEBOM, IO
cxeMe, BbIBOAe pe3HcTOpa R2, smasiomem-
cA BxopoM tpurrepa llimurTta, Gynet Hyne-
Boe HampsbkeHue. IIpn 3TOM 2jeMeHT
DDI.1 okaxerci B €JUHHYHOM COCTO-~
SHUH — Ha €ro BBIXOJHOM BBIBOjJe 3 Oyner
HalpsKeHHe BBICOKOrO YPOBHS, a JIEMEHT
DDI1.2—B HyneBoM. TaxoBO HCXOfHOe cO-
CTOsIHHE 3JIEMEHTOB 3TOro TPHIrrepa.

Teneps BONLTMETP HOCTOAHHOIO TOKA
NOAKJIIOYHTe K BbIXORY 3nementa DDI1.2 u,
BHHMaTeNbHO Habyionas 3a ero CTPeJKOH,
Ha4YWHalTEe IUTaBHO MepeMeIaTh JABHXXOK Me-
PEMEHHOIO pe3ucTopa B CTOPOHY BEpXHEro,
Mo cxeme, BbIBOZA, a 3aTeM, HE OCTAHaBJIH-
Basicb, B OOpaTHYK) CTOPOHY — IO HHIKHEro
BBIBOI@, Jajlee —A0 BepXHero M T. 1. Uto
npu 3TOM (HKCHpYeT BoabTmeTp? Ilepn-
ofindYecKkoe nepekmodeHne anemenra DD1.2
H3 HYJEBOTO COCTOSIHHA B €AHHHYHOE, T. €.,
HHade roBOps, MOsBJICHHE Ha BBIXOAE TpHI-
repa UMIYJIbCOB HOJIOXKHTENLHOH MONAPHO-
CTH. :

Birnsuurte Ha rpacHku 6 H 6 Ha TOM
e pHC. 23, KOTOpble HUIIOCTPHPYIOT pabo-
Ty Tpurrepa. IlepemellienneM OBUXKKa Nepe-
MEHHOroO pe3HCTOpa H3 ORHOro KpaHHero
MOJOXKEHHA| B IPYTOe Bbl HMHTHPOBAJH MO-
Rady Ha BXOJ ONBITHOI'O YCTPOHCTBa Hepe-
MEHHOT0  HAlpsSXeHHA CHHYCOHOAILHOH
cdopmbl (cM. puc. 23,6) amMOauTynoH Hxo
3 B. Tloka HanpsiKeHHE TONOXHTENLHOM
MONYBONHBEI 3TOrO0 CHTHAJNA ObLIO MeHbIle
noporosoro (V ,op1), YCTPOHCTBO coXpaHs-
JI0 MCXOJHOe cOocTosiHHe. [IpH MOCTHXXEeHHH
K€ MOpOroBOro Hanpsi>)KeHHs, paBHOTO MpH-
mepHO 1,7 B (B MoMeHT t;), oba snemMeHTa
MepeKJIOYHIHCE B NPOTHBOMONOXKHBIE CO-
CTOSHHS1 H Ha BbIXOje Tpurrepa (BoiBox 6
anemeHTa DD1.2) mosBWIOCH Hallps>KeHHe
BBICOKOTO YpOBHA. [lajmbHelilllee MOBBIILIE-
HHE MOJIOXXHTENLHOrO HaMpsDKEHHA HAa BXO-
€ H¢ H3MEHHJIO 3TOrO COCTOSIHHS SJeMeH-
TOB TpHrrepa. A BOT NpH NepeMelieHUH
OBHXXKa B OOpaTHYIO CTOpOHY, KOrja Ha-
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npspKeHHe Ha BXOJe TpHITepa CHH3WIOCh
npumepuno po 0,5 B (MomeHT t,), oba 3ae-
MeHTa HepeKJIIOYHWIHCE B MepBOHAYAILHOE
cocrosinne. Ha BbIXoume TpuITepa BHOBb
HOSBHJICSI BBICOKHI YPOBEHb HAIpPSDKEHHA.

OTpuuaTesnbHas MOJYBONHA HE U3MEHH-
na 3TOro COCTOSHHA 3JIEMEHTOB, o6pa3y-
omux tpurrep llIMuTTa, NockonsKy. oka3a-
Jach 3aMKHYTOH Ha OOIuuit MPOBOXHHR HC-
TOYHHKA MHTAHUS Yepe3 BHYTPEeHHHE JHOIBI
BXOOHOH nenmu snemeura DDI.1.

Ilpu cnepymrouieii MONOXKHTENLHOH MO-
NYBOJIHE BXOJHOTO HEPEMEHHOrO HalpsiKe-
HHSA Ha BBIXOJE TpHITEPA CHOpPMHpYeETCs
BTOPOH MMIYNBLC MOJOXHTENBHOH MOJNSAPHO-
CTH (MOMEHTHBI t3 H ty).

IToBTOpPHTE 3TOT ONBIT HECKONBKO pa3
U MO0 MOKa3aHMAM BOJBTMETPOB, MOAKJIIO-
YeHHBIX KO BXOJY M BBIXOAYy TpHITepa,
HOCTPOHTe Trpa@uKH, XapaKTepH3YIOIlHe
ero pabory. OHH JOJKHBI MONYYHTHLCA Ta-
KMMH >X€, KaKk M Te, YTO Ha rpagpuKax
puc. 23. [IBa pa3HbIX HO YpPOBHIO HOpora
cpabaThIBaHHA 3JIEMEHTOB — Haubonee Xa-
pakTepHast ocOGeHHOCThL Tpurrepa llIMuTTa.

HpuAnunEanbHas cxema MpenjaraeMo-
ro I/ NOBTOPeHHS 4acTOTOMepa NpHBele-
Ha Ha puc. 24. JlorndeckHe 3NeMEHTbI
DDI1.1, DDI1.2 u pe3ucropsl R1 —R3 obpa-
3yior tpurrep lllmurra, a gBa Apyrux sne-
MEeHTa TOM xe MHKPOCXEMBI —
topMHpOBaTeNbL €ro BLIXOXHBIX HMIYJILCOB,
OT YacCTOThI CJCIOBaHHs KOTOpBIX 3aBHCAT
noka3aHHA MHKpoamnepMeTrpa PAl. bBe3s
¢opmupoBaTeia NpuGOp He AAcT JOCTOBEp-
HBIX pe3yJIbTaTOB H3MEpPEHHA, MOTOMY YTO
IJIHTENIbHOCTh HMINYJLCOB Ha BBIXONE TpPHMI-
repa 3aBUCHT OT 4YacCTOThl BXOAHOIO H3Me-
psAEMOro MepeMeHHOrO HAlpsDKEeHHA.

Kongencatrop Cl—pa3genuTenbHbli.
ITponyckast NMIMPOKYI0O HOJIOCY KOJeGaHHIH
3BYKOBOH 4YacTOThI, OH IperpaxkgaeT MyThb
HOCTOSHHOH COCTaBAAIOMEH HCTOYHHKA CHI- .
Hasa. [lmog VD2 3ambikaeT Ha OOGLIMH
OpOBOA IelHd MUTAHHA OTPHUATENbHbIE MO-
JNYBONHB] HaNpsiKeHHS (B NpHHOMIE 3TOro
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Puc. 24. Ilpurnunuanbras cxeMa MpocTeifliero 4acToToMepa

JIMOXa MOXeT H He OBbITh, MOCKOJbKY ero
(YHKIHIO CNOCOOHBI BBUTOJHATH BHYTPEH-
HHE AHOALI Ha BXxoje 3aeMeHra DDI1.1),
auon VD1 orpaHHyHuBaeT aMIuIMTyAy HOJIO-
JKHUTEJNBHBIX TIIONYBOJH, NOCTYNHBIIHX Ha
BXO[bl NEpPBOTO 3J€MeHTa, Ha YpOBHe Ha-
MpsSIXXEeHHS UCTOYHHKA THTaBHA.

C BbIxoga Tpurrepa (BbIBoj 6 3j1€eMeH-
ta DD1.2) uMiyibCchl NONOXKHTEILHOH MO-
JIAPHOCTH MOCTYNaloT Ha BXOj (pOpMHpOBa-
Tesisi. Paboraer dopMHpoBarenb Tak. JJe-
meHT DD1.3 BxJIlOYeH HHBEPTOpPOM, a
DD1.4 ucnonn3yercst IO CBOeMy MNpSIMOMY
HA3BHAYEHHIO —KaK JIOTHYECKHH 3JIEMEHT
2HU-HE. Kak TOJBKO Ha BXOfe (PpOPMHpOBa-
Tensa (BeiBogkl 9, 10 snementa DDI1.3)
NOSIBJSAETCHA HANpPSXKEHHE HHU3KOro YpOBHSA,
anemenT DDI1.3 nepexsiroyaeTcs B €UHHY-
HOE€ COCTOSHHE H Yepe3 Hero H pesuctop R4
3apsKaeTcss ONHH H3 KoHpeHcaTopoB C2 —
C4. o Mepe 3apsAAKH KOHJEHcaTopa l0JIo-
>)KHTeJbHOe Hanps>KeHue Ha BbiBome 13 sne-
meHTa DD1.4 noBbllIaeTcss g0 BBICOKOTO
ypoBHS. Ho 3TOT 37eMeHT ocTaercs B
€/JHHHYHOM . COCTOSIHHH, TaK KaK Ha BTOPOM
ero BXOLHOM BBIBOfE 12, KaKk H Ha BbIXOpge
Tpurrepa [lIMuTTa, HH3KHIt ypOBeHb HaNps-
>keHHsl. B TaKOM peXXHMe depe3 MHKpoOaM-
llepMeTp NMpOTeKaeT He3Ha4HTeJIbHbIH TOK.

Kak TOABKO Ha BbIXofe TpHITepa
[lIMuTTa NOSIBASIETCA HANpsi>KeHHE BBLICOKO-
ro ypoBHs, sjeMeHT DDI1.4 nepextoyaeTcs
B HyJIeBOE€ COCTOSHHE H Yepe3 MHKpoamIiep-
MeTp HAaYHHAET MpOTEKaTh 3HAYHTENbHbIH
Tok. OnHOBpeMeHHO 3neMeHT DD1.3 mepek-
JNI04YaeTcsa B HyJleBOe COCTOSIHHE, H KOHAEH-
caTop (hbOpMHpOBAaTeNsl HadyuHAeT pasps-
xaTbesi. Korga Hanmpsi>K€HHE Ha HEM CHH-
3UTCA A0 IloporoBoro, ajemest DDI1.4
BHOBb MEPEKIIIOUUTCS B eqHHHYHOE COCTO-
saue. Takum o6pa3oM, Ha BbIXOme (HOPMH-
poBareis IOSBJISETCS HMIYJIbC OTpHUA-
TeJLHOH MNOJAPHOCTH (CM. puc. 23,2), B
TeYeHHe KOTOpOro depe3 MHKpoamnepMeTp
NpOTEKaeT TOK, 3HAYHTEJILHO OOJIBIIMH, YeM
HavyanbHbIH. Yron OTKJIOHEHHS CTpPEJIKH
MHKpOaMmepmeTpa NpolopOHOHAJIEH 4acTo-
T€ CJIeOOBaHHS HMIYJBLCOB: YeM OHa 6OJIb-

me, TeM Ha OOJNbIIHII Yrojl OTKJICHAETCS
cTpeJIKa.

OMuTeNbHOCTE HMIYJBCOB HA BhIXOJE
¢opMHpOBaTeJisi onpenensieTcs MPOXOIXKH-
TeNbHOCTbIO Ppa3pSAKH BKJIIOYEHHOTO Bpe-
Msa3ajgaroiero KoHjaencaropa (C2, C3 wim
C4) no HanpsiKeHHA cpabaThIBaHHs 3JIEMEH-
Tta DD1.4. YeMm MeHblle e€ro eMKOCTh, TEM
KOpo4Ye HMIYyJbC, TeM OOJBIIYI0 4YacToTy
BXOZHOrO CMTHajIa MOXHO H3MepHTh. Tak, ¢
BpeMsi3ajapliuM KoHpeHcaTopoM C2 eMko-
cThio 0,2 Mk® npuGop cnocobeH H3MepsSTh
4actToTy KOjIeGaHHH# OpPHEHTHPOBOYHO OT 20
no 200 I'u, ¢ koagencatopoM C3 eMKOCTBIO
0,02 Mx®P— ot 200 no 2000 T, ¢ KOHJEHCa-
Topom C4 emkocTeio 2000 n®—ot 2 po
20 kI'u. IlomcTpoedYHbIMH  pE3HCTOPaMH
RS5—R7 crTpenky MHKpoaMiepMeTpa ycCTa-
HaBJIHBAlOT Ha KOHEYHYIO OTMETKY LIKaJbl,
COOTBETCTBYIOIYIO HauGoJblIeH H3Mepsi-
eMOH 4YacTOTe€ COOTBETCTBYIOILEIO HOAMH-
ana3oHa. MHHHMaJIbLHBIH ypOBEHBL NepeMeH-
HOTO HaNnpsiKEHHS, 4aCTOTY KOTOPOTO MOX-
HO HM3MepHuTh, okoao 1,5 B.

Elte pa3 npoaHaIH3HPYHTe rpapHKH
Ha pHc. 23, 49TOObl 3aKpelNHTb B HaMsATH
NpUHIHN paboThl YacTOTOMepa, a 3aTeM
IONOJHUTE onbiTHbIH Tpurrep Ilmutrra me-
TaJISIMH BXOJHOH Lenu u (pOopMHpOBaATEJis H
HCHbITaliTe YCTPOHCTBO B A€HCTBHH HA Ma-
KeTHOH maHesM. Ha 3TO BpeMs IepeKioda-
Teab noxquana3oHoB He HYX€eH —
BpeMs3afalolliuil KOHJEHCAaTop, HallpHMep
C2, MOXHO MOJKJIOYHTE HENOCPENCTBEHHO
K BbBogy 13 anementa DD1.4, a B pens
MHKpOaMIlepMeTpa BKJIIOYHTH OJHH H3 MOJ-
CTPOEUYHBIX PE3HCTOPOB W/IH MNOCTOSHHBIH
pe3ucTop compoTHBAeHHeM 2,2...3,3 kOm.
Muxpoamnepmerp PA]l Ha TOK HOJHOro
OTKJIOHEHHS cTpeaku 100 MKA Takoi Xe,
KaK B CETEBOM OJIOKE€ MHTAHHS.

HanaxwuBanwe. 3aKOHYMB  MOHTaX,
BKJIIOUHTE MCTOUYHHK MHTAHHA H nojaire Ha
BXOfHbIe BbIBOABI 1, 2 mepBOro 3jeMeHTa
Tpurrepa IlIMuTTa HMOYJBCHI NOJNOXKHTEH-
HOH MOJSPHOCTH. WX HMCTOYHHKOM MOXET
ObITh OMHCAHHBIH BhIIIEe T€HEPATOD HCHbBITa-
TeJIbHbIX UMIYJICOB HJIM ApYro# aHaJoruy-
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HbIH reHeparop. JacToTy cCJleJOBAHHS HM-
MyJbCOB YCTAHOBHTE MHHHMAJbHYIO. Ilpu
9TOM CTpeJiKa MHKpoaMlepMeTpa JOJIKHA
pe3KO OTKJIOHSITECH HAa HEKOTODPBIH Yron H
BO3BpallaThCA K HYJIEBOH OTMETKe LIKAJIBI,
yto 6yJeT CBHIETEJbCTBOBaThH O paboroc-
MOCOBGHOCTH YacToTomepa. Ecim ke MHKpPO-
amIlepMeTp He pearHpyeT Ha BXONHble HM-
nyJjabCbl, OpUAETCA MORO6paTh TOYHEE pe3H-
ctop R2: ero conpoTHBJieHHEe MOXeT ObITh

1,8 mo 5,1 xOm.

JNlanee mopalite Ha BXOR npuGopa (de-
pe3 koHuencarop Cl) mepeMeHHOe Hamps-
xeHue 3...5 B ¢ mowmwkamwllero ceTeBoro
TpaHcgpopmaropa. Tenepb cTpejiKa MHKpPO-
aMIiepMeTpa [OJIKHA OTKJIOHHTHCA Ha HEKO-
TOPBIH YroJl, COOTBeTCTBYIOUIMH dYacToTe
50 Tu. Hopkmounre NapajUiejibHO BpeMsi-
3ajiarollleMy KOHOEHCATOpy elle OJXHH TaKOH
)Ke WM 6osplied eMKOCTH. YTroa OTKJIOHE-
HHSI CTPEJIKH YBEJIMYHTCH.

ToyHo TaK >Xe MOXXHO HCHBITATh
YCTPOHCTBO Ha BTOpPOM H TPeThbeM MNONIH-
ana3oHaX H3MepeHHS, HO MpH BXOIHBIX
CHrHAJIaX COOTBETCTBYIOMIHX YacTOT.

IMocne 3TOro Jpetaylm 4acToToMepa
MOXHO HepeHecTH ¢ MaKeTHoM naHenun Ha
MOHTA)XXHYIO IUIaTy H YKpEeNHTh Ha Hel
MOACTPOeYHbIe PE3UCTOPBI RS—R7
(pHC. 25), a mIaTy yKpenHTL B Kophyce,
KOHCTPYKLIHA KOTOPOro MoXer ObIThb Ipo-
u3BosbHast. Koupencaropesl C2 u C3 co-
CTaBJIeHb] H3 OBYX KOHAEHCATOPOB KaXKAbli,
a C4 u3 tpex. Ha /mnesoli cTtenke xopmyca
Pa3MECTHTe MHKpOaMIIEpMETP, IepeKioda-
TeJb MOJAHANIa30HOB (HAllpUMep, raJIeTHbIH
3II3H wm npyroli ¢ OByMsl CeKIHMAMH Ha
TPH MNOJIOKEHHS), BXOHHbIe rHesna (XSI,
XS2) umH 3a>KuMBI.

Bnpouyem, BO3MOXHO H Apyroe KoH-
CTPYKTHBHOE pellleHHe: IUIaTy 4acToToMepa
MO>KHO BCTPOHMThL B KOpIyC 0yioKa HHTAHHS
H ero e MHKpOaMIlepMEeTp HCIOJbL30BaTh

IPH H3MEPEHHH YacTOThl 3JIEKTPHYECKHX
KoJsieGanHui.
llIkana 4acToTomMepa—o6wiasgs  aas
h

BceX HOJHANa30HOB H3MEpeHHS W MPaKTH-
YeCcKH paBHOMepHas. [103TOMy HAIO TOJBLKO
onpeje/IiTh HadaJIbHYIO H KOHEeYHYIO FpaHH-
Ibl IIKaJbl MPHMEHHTEILHO K OHHOMY H3
HHUX — K mofgpguana3oHy «20...200 I'y», moc-
Jle 4yero NOJOrHaThb IMOJ Hee TPAaHHMIBI Ya-
CTOT JBYX IpyruX NOJNIHANAa30HOB H3Mepe-
HHs. B panpHelimeM nOpu mHepeKIIOYEHHH
npubopa Ha nopgguamasoH «200...2000 I'u»
pe3yJbTaT U3MepeHHH, CYHTAHHBIA MO ILIKa-
e, 6ynere ymMHQXKath Ha 10, a mpu u3mepe-
HHM B Hofjuana3one «2...20 kI'u» —Ha 100.

TexHHKa rpaJyHpoBKH TakoBa. Ilepek-
mod4aTeib SAl ycTaHOBHTE B HOJOXKeHHe
H3MepeHHS B nonguama3one «20...200 Iu»,
IBHXOK INOACTPOEeYHOro pesucropa R5—B
M0JI0>KeHHe HaHOOJBIIErO COMPOTHBICHHA H
noxgaiTe Ha BXOJ YacTOTOMepa OT 3BYKOBO-
ro reHeparopa, Hanpumep I13-33, curman
yactoroff 20 I'm Hampsokenuem 1,5...2 B.

CpenaiiTe Ha LIKajie OTMETKY, COOTBETCTBY-
IOIIYIO YIJy OTKJIOHEHHS CTPENKH MHKpPO-
aMriepMerpa. 3aTeM 3BYKOBOH reHepaTop
nepecTpoiTe Ha 4actoty 200 I'uy u mogcrpo-
e4HBbIM pe3ucTOpoM R5 ycraHOBuTE CTpeliKy
npubopa Ha KOHEYHYK) OTMETKY IIKaJjbl.
Tlocne aroro mo curHajam 3BYKOBOIO reHe-
paTtopa cpejaiiTe Ha IIKajle OTMETKH, COOT-
BeTCcTByIOIHe 4YacToTtam 30, 40, SO u T. 1.
o 190 I'u. Io3xe 3TH YYacCTKH IIKAJIbI
pa3jiejMTe ellle Ha HECKOJIBLKO YacTel, Kax-
nas H3 KOTOPbIX OYHET COOTBETCTBOBATh
YHCJIEHHOMY 3Ha4eHHIO 4YacTOThl H3Meps-
eMoro CHrHaja.

3aremM dYacToTOMep MNEepeKIOYATE Ha
BTOpOH HOAMHANAa30H H3MepeHHH, Mojaiite
Ha ero BXoj curHaia 4dacroro 2000 I'y u
MOACTPOEYHBLIM pe3uCcTOpoM R6 ycTaHOBHTE
CTpeJIKY MHKpOAaMIEpMETpa Ha KOHEYHYIO
OTMeTKy MKanel. Ilocjie 3Toro Ha BXOn
npubopa nHopjalite OT reHepaTopa CHIHA
yactoroit 200 I'u. IIpu aTtOoM cTpeska
MHKpOaMHepMeTpa MOJDKHA YCTAHOBHTBbCA
NPOTHB HAYaJIbHOH OTMETKM IIKaJIkI, COOT-
BeTcTBYyIolUleH 4acTtoTe 20 'y mepBoro mog-
JHana3oHa. ToyHee yCTaHOBHMTHL ee Ha 3Ty
HCXORHYI0O OTMETKY IIKalbhl MOXHO 3aMe-
HOH koHfeHcaTopa C3 HWIH MOOKIIOYEHHEM
napajUleJIbHO €My BTOpPQro KOHAEHCATOpa,
HECKOJILKO YBeJHYHBAIOIIEro HX 06myIo
€MKOCTb.

AHaJIOTHYHO MNOAroHARTE MOJ LIKaTy
MHKpOaMmIiepMeTpa IpaHHIbLI TPETHEro Mom-
JHana3oHa H3mepsieMbix 4dactot 2...20 xI'u.

BoamoxxHo, mnpenensl H3MEpeHHS 4Ya-
CTOThI Ha MOAAHANAa30HAX MOJYyYaTrcs HHBIE,
MJIH Bhl 3aXOTHTe H3MEHHTh HX. [lenalite
aTO nonﬁopom BpeMsA3aJaloLIHX KOHOEeHCa-
TopoB C2—C

Y.rlytmlen.ue 9YBCTBHTEJILHOCTH. A MO-
JKeT ObITh BBl MOXEJaeTe€ MOBLICHTL 4yB-
CTBHTeJILHOCTBL 4acToToMepa? B Takom ciay-
yae OpocTedlinil 4acTOTOMEp NpPHAETCA HO-
NOJIHUTE YCHJIHTeJleM BXOJHOLO CHrHaja,
HCHOJb3yA JJisl 3TOro, HalpHMEp, aHAJIOro-
Bylo MHkpocxemy KIIS8YIIII' (puc. 26).
3Tta MuKpocxema - NpefcTaBisgeT CoBoi
TpeXKacKaJHbIil yCHIHMTeJb AJS BHOeOKaHa-
JIOB TeJIEBH3HOHHBLIX IPHEMHHKOB, 06sajIa-

+58

ld/ KNIRgsnmr
44 Wm‘ 08

I KXo l2
7717

¢z
]J—Wﬂﬁkl/ﬂﬁ

Puc. 26. Ycpmmrenb, NoBbOnalomuii qys-
CTBHTEILHOCTh HPOCTEHINero JacroToMe-
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omHEA  60JBIUHM K03 (HIMEHTOM yCcHJie-
uus. Ee xopnyc ¢ 14 BbIBOofaMH TakKoH e,
kaKk y MHKpocxeMbl K155JIA3, HO MO/0KH-
TeJIbHOE HaNps>XKeHHe HCTOYHHKA MNHTaHHA
MOJAIOT HA BBIBOJ 7, a OTpHLATEJbLHOE — Ha
BbIBoA 14. C TakHM ycCHJMTeJeM 4yBCTBH-
TEJBHOCTh YaCTOTOMEepa YBEJIHYHTCA HO
30...50 mB.

Kone6anust H3MepAEMOH 4acTOThI MO-
ryT 6bITh CHHYCOHAAILHBIMH, MPAMOYIOJIb-
HBIMH, MHJI00Opa3HBIMH — JIIOOBIMH. Yepe3
koHfeHcarop Cl OHH MOCTYNAalOT Ha BXOJ,
(Be1BOJ 3) MHKpOocxeMbl DA, ycumBaroTcs
H fanee 4epe3 BLIXOJHOM BhiBOx 10 (coenm-

TPHITEPHI

TpurrepaMud Ha3bIBaIOT 3JE€KTPOHHbIE
YCTPOMCTBAa C ABYMs YCTOHYHMBBIMH 3JI€K-
TpUYECKHMH COCTOAHHAMH. IleperIodeHue
TpHITEpa H3 OLHOrO0 YCTOHYHBOIO COCTO-
AHUSL B JApYyroe HPOHCXONHUT MOJ| BO3jeH-
CTBHEM BXOIHBIX HMIIyJbcoB. Kaxxpomy H3
IBYX COCTOAHHH TpHITepa COOTBETCTBYET
CBOH (PHKCHPOBAHHBIH YPOBEHb BBIXOJHOIrO
HaMpsDKEHHsA, YTO B BBLIYHCIHTEJILHOH TeX-
HHK€e IIHPOKO HCHOJIb3YeTCA JJIA XpaHeHHS
nHppoBol HuHpopmanuu. B cBoo oyepenn
TPUITEPbl HABIAIOTCS OCHOBOH CYETYHKOB
HMITYyIbCOB, JeJIHTeJIel 4acTOThl, Aellugppa-
TOPOB H MHOFHX [PYTHX IH(PPOBBIX MMKpPO-
cxem (PYHKUHOHAILHOrO Ha3HaYEHHA.

B mobutensckoit 1HUGpOBOH TeXHHKe
. NMPUMEHAIOTCA NPEHMYIIIECTBEHHO TaK Ha3bl-
Baemble RS-, D- u JK-tpurrepsl. Uro fipen-
CTaBJIAIOT COOOH 3TH JIOTHYECKHE YCTpPOIi-
CTBa, KaKOBbl HX 3JIeKTPHYECKHe CBOHCTBa
H IOPHHIOHOBI OeHCTBUSA?

Haynem c RS-Tpurrepa—camoro mpo-
CTOro M3 «ceMeHCTBa» TPHITEPOB.
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HEHHbIi ¢ BbIBOJIOM 9) H KoHgeHcatop C3
nogalTcA Ha BXojJ Tpurrepa IlImurra 4a-
crtotomepa. KoHpeHncarop C2 ycrtpanser
BHYTPEHHIOIO OTpHMLATEJbHYID OOpaTHyIO
CBA3b, OCAAGJIAIONIYIO YCHJIHTEIbHBIE CBOMH-
CTBa MHKPOCXEMBI.

HOuone! VDI, VD2 u pesuctop Rl
(puc. 24) Teneph MOXHO YRaJIdTh, a Ha HX
MecTe CMOHTHpPOBATh MHKPOCXEMY H JONOJ-
HUTeJIbHBIE 2JIEKTPOJHTHYECKHEe KOHIEeHCa-

- Topbl. Mukpocxemy K118YIIII' MmoxHO 3a-

merHTh Ha K118YII1B wm K118YII1A. Ho
B 9TOM CJIy4ae YYBCTBHTEJNLHOCTh YacTOTO-
Mepa HEeCKONBKO yXYIIUHTCH.

RS-TPUITEP

Cpa3y >Xe yTOYHHM: B CEepHH MHKpO-
cxem K155 RS-TpurrepoB HeT, HX OGBLIYHO
COCTaBJISIIOT H3 JIOTHYECKHX 3JIEMEHTOB, Ha-
npumep asemeHToB 2U-HE MHKpOCXeMbl
KI155JTIA3. Cxemy Takoro BapuaHTa RS-
TpHITepa Bbl Bugure Ha pHuc. 27, a. Ero
obpa3syior naBa anementa 2U-HE ¢ nepekpe-
CTHBIMH OOPaTHBIMM CBA3SIMH MeXAY HX
BXOJAaMH H BbIXOZaMu. Y TpuITepa JBa
HE3aBHCHMbIX BXOJla H CTOJIBKO XK€ BBIXO-
noB. IlepBeli BXOoj—BbIBOA 1 3JemMeHTa
DD1.1, Bropoii —BbIBOR 5 2aementa DD1.2,
a BBIXOJbI — COOTBETCTBEHHO BBIBOABI 3 H 6
9THX 3JIEMEHTOB.

Yto6r1 gy4yllle pa3obpaTbcsi B pabore
Hamiero RS-tpurrepa, cMOHTHpyHTe MOKa-
3aHHble HA cCXeMe JeTaJH Ha MaKeTHOH
MaHeM H NpPOBeUTe HECKOJBKO ONBITOB.
BMecTo CBeTORHOAOB, HHRHLIHPYIOIIHX CO-
CTOAHUS TPHITEpa, MOXHO MHCIOJIb30BATh
3HaKOMble BaM TPaH3UCTOPHblE HHIHKATO-
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Puc. 27. Oobrrasii RS-TparTep
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pbl C JnamMnamMM HaKajJHBaHHA. HuaHuupo-
BaTh COCTOSIHHS 3JIeMEHTOB TpHITepa HeT-
PYAHO H C NOMOMIBLIO BOJIbLTMETpa MOCTOSH-
HOro TOKa, MOAKJIOYasi ero NomepeMeHHo K
BBIXOZaM 3JIeMeHTOB. BMecTO XKHOMOYHBIX
BhIKITIOYaTeNled 6e3 (pHKCAllHH MOXHO MC-
NMoJb30BaTh OTPe3KH MOHTAXKHOro MpoBoOJa,
KOTOPBIMH OyJleTe HMHTHpPOBaTh HOAadyy Ha
BXOJbI TpHITepa HaNpsKeHHe OTPHIATEJIb-
HOH NOJIIPHOCTH.

CBepHB MOHT&XX ONBITHOIO TpHITEpa C
ero cxemMod M yGeQHBIUHCH B OTCYTCTBHM
OMHOOK, B HAJeXHOCTH MNaeK, BKIIOYHTE
nuranne. Cpa3y e JOJDKeH 3aropeTbes
ojuH u3 cBeroguonoB. IIpenmonoxxum, 3T0
O6ynet cBeromuon HL1. 3HaudT, nepBuIM B
eJHHHYHOM COCTOSIHHH OKa3aJiCsi 3JIEMEHT
DD1.1, 4ro noaTBepJHT H BOJNLTMETP, NOJ-
KJIIOYEeHHBIR K ero BbIXOQHOMY BBIBORY
3 —31ech JOJHKHO ObITh HaNpSAXKEHHE BHICO-
KOro ypoBHf. H3MepbTe HampspKeHHe Ha
BbIxoge Oonementa DDIL1.2—3gece Gygmer
HH3KHH ypOBeHb, MO3TOMY cBeropuon HL2
U He TOPHT.

3anucaB pe3ynbTaThl KH3MepeHHH, 3a-
MKHHTE KpaTKOBpPEMEHHO KOHTAKThi KHOMNKH
SB1. Yro wu3smenuwnocs? Huuero. [o-
npe>XHeMy TrOpPHT ToOJbKO cBeromuox HL1.
A eciMm KpaTKOBpeMEeHHO HaXaThb KHOIKY
SB2? Cpa3y xe noracHeT cBeroguon HL1 u
3aropurcsi HL2. Tenepr snement DDI.1
OyneT B HyJeBOM coCTosiHMH, a DD1.2—B
eJHHHYHOM. B TakoM COCTOSIHHH 3JIeMEHTbI
MOTYT HaXOQUTHCHA CKOJILKO YTOJHO BpeMe-
HH— 0 TeX MOp, NOKa He BBIKJIOYAT NHTa-
HHe. Ho cTGHT eme pa3 HaXkaTh KHOIKY
SB1—wu ajieMeHTB] NepeKIodaTrca B NpOTH-
BOITOJIOXKHOE COCTOSAHHE.

IIpoananu3upyeM paboTy ONBITHOrO
tpurrepa. IIpu BKJIIOYEHHH NHTAHHS ONHMH
H3 ero JOTMYEeCKHX 3JIEMEHTOB HepBbIM
oKasajcsi B HYJEBOM COCTOsiHHH. [lony-
cTuM, 3TO0 6bL1 3anemMeHT DDI1.2. B aror
MOMEHT, CJIe[IOBATEJLHO, H Ha BXONHOM
BeIBOfie 2 3sieMeHnTa DD1.1, coefHHEHHOM C
BbIBOgOM 6 3anemeHta DDI1.2, mosBWioCh
HalpsiKeHHe HH3KOro YpOBHA, KOTOpoe
YCTAHOBHJIO 3JIEMEHT B €JUHHYHOE COCTO-
AHKe — 3aropejicss ceeroguon HL1. Umura-
oHA MOJa4YH HMIOYJhCa OTPHLATEJLHOH MO-
JSIPHOCTH Ha BXOQHOM BBIBOJ 1 sneMeHTa
DDI1.1 (xnomkoii, SB1) He MOrna H3MeHHTH
ero cocTosHHe, MOCKONBKY B 3TO BpeMst Ha
BTOPOM €ro BXOJHOM BBIBOJe YXe ObLl
HU3KHH YpPOBEHb HANpS>XKEHHUA.

Korga e KpaTKOBpPEMEHHO HajXKaslH
KHONKy SB2, Ha cBOGOHBIH BXOR 5 a/1eMeH-
Ta DD1.2 mocTymun HMOYJbC OTPHIATEJIb-
Ho#l nonspHocTH. [lepexsioyasch B eIHHHY-
HO€ COCTOSHHE, 3TOT 3JIEMEHT HaNpAKEHH-
€M BBICOKOT0 YpOBHS, MOABHBIIHMCSA Ha €ro
BbIXOJe, Hepexmoums anemeHT DDI1.1 B
HyJneBoe cocTosiHue. [lepexyloueHHe 3TOro
3/leMeHTa B HyJIeBOE€ COCTOSHHE OKa3aJioch
BO3MO>HBIM, TaK KaK B 3TOT MOMEHT BXOX
1 ObLI pa30OMKHYT, YTO paBHO3HaYHO IOHa-
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4Ye Ha Hero HalpsKeHHsI BHICOKOrO YpOBHS.

Tak, noodepemHO HaXXHMas KHOMNKH
BXORHBIX Ienell, MOXHO NepeKIIoYaTh
TPHITEp H3 OJHOrO YCTOMYHBOro COCTOSHHS
B JIpyroe M TeM CaMbIM YHOPaBJISAThL pa3jiHy-
HbIMH NpHOOPaMH H YCTpOHCTBaMH LH(PPO-
BOH TEeXHHMKH, MNOJK/IOYEHHBIMH K e€ro
BBIXOJIaM.

Jlorudyeckoe cocrosanue RS-Tpurrepa
XapaKTepH3YIOT YpOBHEM CHIHA/la Ha €ro
TaKk Ha3biBaéMOM MpSMOM BbIXOe, 0003Ha-
YyaeMOM JIaTHHCKOH OykBoi Q. B onbrTHOM
Tpurrepe ero Q-BbIXONOM ABJAETCH BBLIBOJ
3 mHKpocxembl. EcyH 3fiech BhICOKHH ypo-
BEHb HaANpS)KeHHA, 3HAYHT, TPUITEp B Lie-
JIOM HaXOIHUTCH B €JHHUYHOM COCTOSHHH, a
eC/M HHU3KHH YpOBEHb-—B HYJIEBOM.

IIpn equUHHYHOM COCTOSHHH TpHITepa
Ha ero BTOPOM BBIXOHe OyjneT HampsA>KEHHE
HHM3KOrO YpOBHS, a MNpH HYJE€BOM COCTO-
SHHH — BBICOKOro ypoBHA. Bor mouemy
3TOT BbIXOJ 0603HA4alOT TaKkoi >xe GyKBOH,
HO C epTOYKOH BBepxy — Q. 4TO 03HavaeT
HHBEPCHBIH.

BxonHol BbIBOJ, Yepe3 KOTOpBIH TpHr-
rep YCTAHABIHMBAIOT B €JHHHYHOE COCTO-
sHHe, 0003Ha4yaloT OyKBOH S (HavajbHas
OykBa aHrimiickoro Set— ycTtaHoBKa). [Ipy-
roi >xXe BXONHOHM BBIBOJ, 4Yepe3 KOTOpPBIH
TPHITEp NepeKJIoYaloT B HyJIeBOe COCTO-
sinpe, obo3HavaloTr OykBoii R (oT cioBa
Reset—Bo3Bpar). CnenoBaTreNbHO, B ONBIT-
HOM TPHITepe BBIBOI 1 MHKPOCXeMBI MOXKHO
CYHTaTh S-BXOJOM, a BBIBOJ 5— R-BXoqOM.

Ctporo roBops, BXogs! S H R onbITHO-
ro Tpurrepa Hajgo Obl HCaThb C YepTOYKaMH
BBepXY, TaK KaK MNOJIPHOCTh HMNYJBLCOB,
nmofaBaeMbIX Ha HHX MJISA MepeKJIOYeHHS
TpHITEepa H3 OJHOIO COCTOSHHMSA B Opyroe,
orpunarensHasi. OHHM, cJlefOBaTeNbHO, HH-
BepcHele, T. €. S u R, a RS-Tpurrep Takoro
BapHaHTa — ACHHXPOHHBIH C YCTaHOBOYHbBI-
MH BXOJaMH.

CoCTOAHHS TpHITEpa B 3aBHCHMOCTH
OT BXOJHBIX CHTHAJIOB HWUTIOCTPHpYeT Tab-
nMoa Ha pHc. 27, 6. O 4eM OHa MOXeET
paccka3ats? Ecnu Ha ob6a Bxopga Tpurrepa
NORaTh HANpAXeHHsl HH3KOrO YpOBHS, Ha-
NMpHMEpP HaXXaB OJHOBPEMEHHO 06e KHONKH,
Ha 0GOHX ero BeIXofgax OynyT HampsDKEHHS
BBICOKOIro ypoBHA. Takoe cocTOsHHE TpHI-
repa MPOTHBOPEYHT JIOTHKE €ro JeHCTBHs,
MO3TOMY MOJZOGHOE CO4YeTaHHe CHITHAIOB
HNPHHATO CYHTATh HEQONMYCTHMBIM.

CoyeraHue Hamps>KeHHH  HH3KOro
YPOBHSI Ha S-BXOIe M BBICOKOIO YpOBHS Ha
R-Bxome HpPHBOOHMT TpHITEP B €JUHHYHOE
COCTOSIHHE, a MPOTHBOMOJIOXKHOE COYETAHHE
YPOBHeH HaNpsDKeHHsA—B HyJeBoe. Ilpu
HOsIBJIEeHHH K€ Ha OGOMX BXOHax HampsKe-
HHA BBLICOKOro ypoBHA (noru4eckoi 1) He
H3MEHAETCA COCTOSAHHE TpHIrrepa—Ha 3TO
YKa3pIBalOT KPECTHKH B Talimle.

IIpoBephTe MNpaKTHYECKH CHpaBe/IH-
BocTh Tabimnpl. [Togady Ha BXOZbI HMAYJIb-
COB, COOTBETCTBYIOLIHX BBICOKOMY yPOBHIO

b
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HalpsDKeHHA, HMHTHPYHTE pa3MbIKaHHEM
KOHTaKToB KHomok SB1, SB2.
RS-tpurrepsl HauboJsiee IIHPOKO HC-
HOJIL3YIOT B KadeCTBe s4YeeK XPaHeHHS
nuppoBOi HHPOPMALHH, T. €. KaK 3JIeMeH-
Tbl namsTd. OHH HaXOOST NpUMEHEHHe B
Pa3MYHBIX pagHOMIOOUTEILCKHX NPHOOpax,
2JIEKTPOHHBIX aBTOMaTax. BoT ojHa Hu3
MpakTHYECKHX KOHCTPYKIHH.

HUI'POBOM ABTOMAT HA
RS-TPUITEPAX

OH COCTOHMT H3 4eThIpeX MocjefoBa-
TEJILHO COEHHEHHBIX RS-TpurrepoB
(puc. 28, a), o6pa30BaHHLIX JIOTHYECKHMH
anemenTamH 2HU-HE 1ByX MHKpoOcxem
KI155]IA3, cBeTOmMOOHBIX HHIHKATOPOB
HL1 u HL2, KHONOYHOTO BBIKJIIOYATEJIS
SB1 u d4YeTblpex Trpynn 3aMbIKAIOLHXCA
KOHTAKTOB, 0603Ha4eHHBIX Ha CXeMe B BHJIE
BeIKIOYaTtenedi SA1—SA4. 3apgaya wurpa-
I0Lero — BO3MOXHO ObICTpee 3aXedb CBe-
Topuox HL2 «PuHHII» MOC/IeNOBATEJbHBIM
3aMbIKaHHeM KOHTakToB SAl, SA2 u T. 1.
Ho cpenats 3T0, kxak BbI yBHAHTE MO3Xe,
He TaK MHpOCTO.

ABTomat paboraer Tak. IToka KOHTak-
Tbl KHONKH SB1 «Ilyck» 3aMKHyTBI, BCe
TPHITEpbI HAXONATCA B HYJIEBOM COCTOSHHH
M _HHOHKaTOphbl He cBeTATCsH. IIpn pa3mbika-
HHH KOHTAaKTOB ITyCKOBOH KHOIKH 3a)KHra-
erca ceerogHon HL1, cHrHanH3Hpys O Ha-
yaje Hrpbl. Ho TpHITEpPBI MpOHOJXKAIOT
COXpaHAThb HyJieBoe cocTosuue. Ilocaenosa-
TEJIbHOE KPaTKOBpEMEHHOe 3aMbIKaHHE KOH-
TaKTOB BbIKJIOYaTeNeH MpHBOXHUT K MepeK-
JIIOYEHHIO B €[JHHUYHOE COCTOSIHHE MepBOro
Tpurrepa (npu 3tom cBeTopguox HLI1 rac-
HET), a 3aTeM ocTabHbIX. OQHOBpEMEHHO C

nepeKkillioYeHueM  MOCJeNHero  TpHITepa
BcObIXHBaeT cBetopuon HL2, u3Bemas o
NpaBHILHOM BBINOJHEHHH 3afaHHS.

CoCTOAHHS TPHITEPOB aBTOMaTa, KOTO-
pble¢ OHH HNpHHHAMAIOT IIpH HAXaTHH Ha
KHONKY NYCKa H MpaBHILHOM BLINOJIHEHHH
3aflaHUsl, MOXHO HPOCJENHTE MO TabJMLe,
npHBeJleHHOH Ha puc. 28, 6. Korga mycko-
BYI0 KHOINKY OTHYCKalOT H €€ KOHTaKThI
BHOBb 3aMBIKalOTCA, TPHITephbl MMEepeKII0Ya-
I0TCSI B HYJEBOE€ COCTOSHHE, CBETORHON
HL2 racuer.

Bonellylo d4acth pgeraneli urposoro
aBTOMaTa MOJXXHO CMOHTHpOBaTh Ha IUIaTe
TaK, Kak NoKa3aHo Ha pHuc. 29, a, 6. ITycko-
Bas KHonka SB1— ¢ BO3BpaToM NOBTOPHBIM
HaxxatHeM. Ilopoiimer, HafipuMep, KHOHMOY-
HbIi BBIKJIIIOYATENb, HCHOJbL3YyEMBIH B Ha-
CTOJIBHBIX JaMmnaxX, WIH JBYXIO3HIHOHHLIH
Tym6iep. KOHCTpyKiHs KOHTaKToB SAl—
SA4 3aBHCHT OT HIPbI, B KOTOpOoH Gynere
HCOOABb30BaTh aBToMaT. EC/IM 3TO Hrpa c
YCJIOBHBLIM Ha3BaHHEM «3aKaTH ILIapHK», TO
KOHTaKTbhl MOrYT MNpeNcTaBJIAThL coGoll Mme-
TaUIHYeCKHe IUIACTHHKH, NPHKPEIUICHHbIE K
KpBILKEe KOPOOKH MOJ 4YEThIpbMSI OTBEPCTH-
amMH B Hel (puc. 29, 6). Cama kopobka
Kpyraasi, fuametpom 200...300 MM ¢ GopTH-
KOM, 4TOOb! IHapHK He BbICKAKHBAaJ H3 Hee.

Hep>xa kopoOKy B pyKax H MOKa4HBasi
€e H3 CTOpPOHbl B CTOpPOHY, HIpaloLmit
NOJDKEH 3aKaTHTh MeTAUIHYeCKMH ImapHK
nuamerpom 15...20 MM B OTBEepCTHSI B TO#
MOCAeNoBaTEILHOCTH, KOTOpas: 0603Ha4YeHa
Ha KpbIIIKe (3TO HrpOBOE MO0JE) CTPEJKAMH.
Ilonagass B OTBepCTHE, ILNApPHK 3aMbiKaeT
co00if KOHTAKTBI H TEM CaMbIM [OJaeT
HMITyJILC Ha BXOJl COOTBETCTBYIOLIErO TpPHI-
repa.

DJIEKTPOHHYIO «HAYHHKY» BMeCTE C HC-
TOYHHKOM mnHTaHusA (GaTtapes 3336JI) Hago
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Puc. 28. Cxema mrpoBoro aBroMara Ha RS-Tparrepax
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Puc. 29. MonTaxk MrpoBOre apromarta

pa3MecTHTh BHYTpH KOPOOKH Tak, 4TOObI
OblT JOCTYN K IIYCKOBOH KHOomke SB1
6bit  BHIOHBI cBeroguonbl. He 3abynbre
ele MOCTaBHTL B Lenb MHTaloUledl GaTtapen
BBIKJTIOYATEJb,

IIBa TaKHX YCTPOHCTBA, 3allyCKaeMbIX
oOuieli KHONKOH Ha BBIHOCHOM MyJjlbTe YII-
paByieHHsi, MO3BOMST [ABYM HIpaiOUUM CO-
CTS3aThCH B JIOBKOCTH 3aKaThIBaHHA LIApH-
Ka B 3aJaHHOH MMOC./1e0BaTEILHOCTH.

[pyro# npuMep BO3MOXHOIO NpHMeHe-
HUSI HrpoOBOr0 aBTOMaTa— THP AJSA CKOPO-
CTHOH «CTpeNbObl» 10 YeThbIpeM MHILIEHSM
TEHHHCHBIMH MsavyamH. Kaxpoil Muiuennio
CJIY>KHMT MOJBELIEHHAS KeCTsHas NiIacTHHKA
nuamerpoM 60...80 MM, H30JHpPOBaHHasi OT
Haxopsilueidca 3a HCH, Bropas Takas Xe
miactudka. [IpH TOYHOM nonajgaHud MSYOM
[TACTHHKH KPaTKOBPEMEHHO 3aMbIKalOTCS H
COOTBETCTBYIOWIHH UM TPHITEp NepeKJova-
ercsa B eHHH4HOe cocTosinne. [lobGexnaer
KOMaHia, KOTOpas MEeHBIIHM 4HCJIOM 6po-
IIEHHbIX MsUeld [Opa3HT B ONpefeJeHHOH
MOC/IEIOBATEIbHOCTH BCE MHUILIEHH.

MOXHO, KOHEYHO, IPHAYMATh U JIpyTrHe
BO3MOXKHbI¢ TpHMEHEHHSA aBToMaTra Ha RS-

TpUITEpax.
RS-tpurrep, B pabote KOTOpOro Bbl.
HajleeMcsi, pa3obpaiuch, NepeKI0YaeTCs

H3 OJHOrO YCTOHYHBOrO COCTOSHHS B JApY-
roe, T. €. NMPOTHBOMOJOXKHOE Mpeabinyliue-
My, cpa3y e nocjie W3MCHeHHsl ypOBHeH
CHrHaja Ha ero Bxojie. [lono6uble TpHrre-
Pbl Ha3bIBAIOT aCHHXPOHBLIMU C YCTaHOBOY-
HBIMH BXOJIaMH, NPOCTBLIMH HIH OOBIYHBIMHU
OnHaKo B NMPHOOpPax M yCTPOHCTBAX yucpo-
BOH TEXHHKH 4allle HCIOJIb3YIOT CHHXPOH-

Hble TpUITEPbl C pACHIHPEHHOH JIOrHKoO#i
nelicTeusi, Hanpumep D-Tpurrepsbl.

D-TPUITEP

H3 HeckoJbKHX pa3HOBHAHOCTEH D-
TPHITEPOB MHKpocxeM cepud K155 wnaun-
6oJbIIeH MOMYISIPHOCTLIO Yy PagHOMIOGHTe-
Jledl TOJb3YIOTCS TPHITEPhI MHKPOCXEMbI
KI155TM2 (puc. 30, a). B neii gBa D-tpur-
repa, CBS3aHHbIX MeXJy Cco0oi obuei
[eNbIO MUTaHUsI, HO paboTaloIKUX HE3aBHCH-
MO O[HH OT Jpyroro. Y KaXXaoro H3 HHX
YyeThIpe JIOrHYeCKHX BXOJa H JBa BbIXOJa —
NpsiMoH ¥ uHBepcHbIA. Bxong D—Bxop npH-

eMa uudposoit uadopmanuu, a C-— BXoja
707 KIS5TM2
757 pr2z
_.H RIT |5 —Lls |7
i ¥/ _2_. V/] 5
_J] IA 2 - A
_4. s LTIz
7
— R T
7z % Can 7912
Y/4 A —elr g
I8 TL AR 8
a) )
Puc. 30. Ycnousle rpadgHUccKHe 060 macnnn
D-1pmirepos

4



+58

X Bd. 16 707 y/

<,—->5 + (6wh 2) — L
s81 [/ ”‘,’7‘?’ ’7”” 7 ’;’2 rowt7 oo % 3
L L A S L NN T N N N AN g
Elps HLI-HLT | -
Jin Als ANN02E i ; z

i 4 KI-R%  (puif.5) !
ALT H2 "

~ | i K3

-4 | [ [
/A (0w8.6) F

%y T Is st
g)

% %

Pac. 31. Onbrrel ¢ D-tprrrepama Makpocxemel K155TM2

TAaKTOBBIX HMITYJIbCOB CHHXpOHHM3allHH, HC-
TOYHHKOM KOTOPBIX OGBIYHO CIYXKHT reHe-
paTop NpAMOYTOJLHBIX HMITYLCOB. ITo BXO-
naMm R u S D-tpurrep paboTaeT Tak ke, Kak
RS-tpHrrep: npu nopave Ha Bxon R Hamps-
JKEHUS HHU3KOro ypoBHs D-Tpurrep ycrtanas-
JIMBA€TCSI B HYJIEBOE COCTOSHHE, Ha BXOH
S—B egunnyHoe. Ilo Bxomam D u C oH
MOXeT (GYHKIMOHHPOBATh KaK s4YeHKa ma-
MSATH MPHHATOH HHPOpMAIMH WIH KaK TpHI-
rep cO CYeTHBIM BXOJOM.

D-tpurrepbl Mukpocxembr K155TM2 na
NPHHIHOHANBHBIX CXeMax YCTPOHCTB pHb-
POBOH TEXHHKH H3006pa>kaloT OGBIYHO He
CJIMTHO, Kak Ha puc. 30, a, a pa3neibHO B
pa3JMyYHBbIX YyyacTKax cxeMm (puc. 30, 6).
Ilpn 3TOM poOmMycKaeTcs He MOKa3biBaTh
BBIBOJbI, KOTOpbIE B YCTPOHCTBE HE HCIIOJb-
3yI0TCA. OTHX NpaBun OyneM NpHIepKH-
BaTbCSA H MbI.

IIpenyaraeM HECKONBKO ONBITOB H 3K-
CIIEpHMEHTOB, KOTOpbie IIOMOTYT OCMBIC-
JIMTH JIOTHKY ReHcTBuA D-Tpurrepa B pa3-
HBIX pe>XHMax paboThl.

Muxkpocxemy K155TM2 pazmecTHTe Ha
MaKeTHOM MaHe/H, COeJHHHMTe BBIBOJ 14 ¢
IUTIOCOBOH, a BBIBOJI 7 ¢ MHHYCOBOH INMHAMH
HCTOYHHKa NHTaHust. K BhIBOZaM mpsMoro u
HMHBEPCHOTO BBIXOJOB JI060ro u3 ee D-Tpur-
repop, HampHMep K BbiBOgaM 5 H 6
(puc. 31, a), NOOKJIIOYHTE CBETONHOJHbIE
(MM TPaH3HCTOpPHBIE C JIAMIIAMH HAKaJIHBA-
HHS B KOJUIGKTOPHBIX HeNsAX) HHIHKATOpBI,
IO CBEYEHHMIO KOTOpHIX OyOeTe CYOHTbL O
JIOTHYECKOM COCTOSIHHH TpHrrepa. Takoit
K€ HHIHKATOp NMOOKJIIOYHMTE H K BHIBOZY 3.
ITo cBeyeHHIO 3TOro HHAHKaTOpa OyneTe
Ha6aIogaTh 3a NOSBJICHHEM H JHTEBHO-
CTbIO TaKTOBBIX HMITyJbCOB CHHXPOHH3a-
nud. Ha naHenmm cMOHTHpyHTe Tak)Ke KHO-
MOYHbIH BhIKJHOYaTesnb SB1 u pe3ucrop R4,
HO Kk BXony D BbiBOm 2 Tpurrepa 3Ty Henb
MOKA He TOoOKJIoYaiTe.

Brutounte uctouynuk nurtaHus. Cpa3sy
KE JIOJDKEH 34ropeThCsl OJJHH H3 BbIXOOHBIX
HHJuKatopoB. Eciu 310  cBetomuon HL3,
3HAYHT TPUITEp MPHHSI €IHHHYHOE COCTO-

32

AHue, a ecaiu HL2 —wuynesoe. Tenepn mo-
OYepeHO KpPaTKOBPEMEHHO 3aMKHMTE Hec-
KOJILKO pa3 BbiBoabI 1 H 4 BXogoB R u S Ha
obuyo muHy Henu NHTaHusA, Takod onbIT
Bac y6eouT, 4TO NO 3THM BXxoaaMm D-tpurrep
pabotaeT Tak e, Kak RS-tpurrep.

Ianee TNOANKJIIOYHTE K BbiBOOY 2 HH-
dopmanHonnoro Bxoga D pesuctop R4 ¢
KHOIMOYHbIM BbIKKOYaTeneM SB1. 3anuiun-
Te HaYaJbHOE COCTOSIHHE TPHITEpa, a 3aTeM
HECKONBLKO pa3 MNOApsi HaXXMHTE KHOTIKY.
Kak Ha 310 pearupyeT TpHrrep? Hukak —
NPONOJXKAET ropeTb TOT XK€ HHAHKATOP.

KpaTkoBpeMeHHBIM CO€HHEHHEM BXO-
ga R mau S ¢ oOmed IMHOH NHTaHHA
TepeKJIl0YHTe TPHITEp B NPYroe YCTOHYH-
BO€ COCTOSHHE€ H BHOBb HECKOJIBKO pa3
HaxMuTe KHOMKY SBl. M Temepp, Kak
BHAHTE, TpUITep He pearupyeT Ha BXOIHbIE
CHIrHANbi. DTO MPOHCXOQHUT NMOTOMY, YTO Ha
Bxoa C He NOCTYNAlOT CHHXPOHH3HPYIOIIHE
HMITYJIbChI TTONOXHTENBHOH MOJIAPHOCTH.

Jlnst onbITHOH MNpoOBepkH D-Tpurrepa
HCTOYHUKOM TAKTOBBIX CHIHAJIOB CHHXPOHH-
3alHH MO>KET CJIY)KHTb I'€HEepaTop HCIbITa-
TeNbHbIX HMIYJIbCOB IIEPEMEHHOM YacTOThI,
o KOTOPOM  paccKa3piBajlOCh  Bbillle
(cM. pHc. 20). CoequHHTE €ro BbIXO[ C Bbi-
BogoM 3 Bxoma C Tpurrepa, yCTaHOBHTE
HaHOONBIIYIO OIHTENLHOCTh FeHEPHPYEMbIX
HMIYJbCOB H, BKJIIOYHB NHTaHHE, CJCAHTE
3a MOBEJECHHEM BXOIHOIO H BBIXOOHBIX HH-
nHKaTopoB. EcnH 0 3TOro TpHIrep Haxo-
OHTCS B HYJE€BOM COCTOSIHHMM, a KOHTaKTbI
KHONKH SBl O6bLmM pa3oOMKHYTBI, TO MO
¢GpoHTY nepBOro e ummyJibca Ha Bxoge C
TPHITEp NOJDKEH NEPEKIIOYATLCSA B eHHHY-
HOE COCTOSIHHE H HE pearMpoBaTh Ha MOCJie-
OYIOU{He TaKToBble HMNyJbchbl. Ho cTéHT
Ha)XKaTh HAa KHONKY, YTOOBI MopmaTh HA HH-
($OpMaInHOHHBIA BXOA CHIHAJ HH3KOrO YpPOB-
HS, H Tpurrep no ¢pPoOHTY OYepeHOro
TAKTOBOTO HMITYJIbCA TYT K€ NEPEKII0UHTCSH
B NPOTHBOIIOJIOXHOE COCTOSIHHE.

Pa6oty D-Tpurrepa B TakOM peXKHMe
HIUTIOCTPUPYIOT rpaduKH, NpHBEJIEHHbIE HA
puc. 31, 6. CuutaeM, 4yTO B Hayane OHLITA,
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Puc. 33. Yenonnoe rpagrueckoe 0603naqenne JK-

Tpurrepa K155TB1

OnsbiTHyi0 npoBepky JK-Tpurrepa se-
OUTE HA MAKEeTHOH NaHeJd B TaKOM IOpsif-
ke. Mukpocxemy KI155TB1 coepunuTe C
COOTBETCTBYIOIUHMH [IHHAMH HCTOYHHKA
nuTaHudg, a K BbiBogy 12 Bxoga C H
BbiBOTaM 8 W 6 NpsSMOro H HHBEPCHOIO
BBIXOAOB 1IOAKJIIOYHTE CBETONHONHbIC (HJIH
TPaH3UCTOpPHbIE) HHIHKATOpbl (pHC. 34, a).
HHAUUUpOBAaTL  JIOTHYECKHE  COCTOSIHHSA
TPHITEPA MOXHO, KOHEYHO, BOJIBTMETPOM
NOCTOSIHHOIO TOKA, HO 3TO MEeHee HarJIAHO.

Brmounte mnuranue. Cpa3y xe Jo-
JIXKEH 3aropeTbCs OfHH H3 BbIXONHBIX HHIH-
K4TOPOB. 3aMKHHTE KpaTKOBPEMEHHO Ha
o6LIYI0 WHHY BbLIBOA 2, 3aTreM BbIBOJ 13,
nanee cHoBa BuiBOO 2 W T. 4. Ilpu srom
BbLIXOHbLIE HHIMKATOPb! JOJKHBI TIOOYEpen-
HO 3a)XHMraTbCs H racHyTbh. Tak BbI NpOBe-
pute paborocnocobHocTs JK-TpHIrrepa.

Jlanee ucnpIThbIBaliTe TPHITEP B PEXKH-
Me CdeTa BXOOHBIX HMIYJbCcOB. s atoro
o6 bequHnuTe BbIBOAbI Beex BxonoB J u K u
depe3 pe3ucTop R4, noka3zaHHbIH Ha pHC.
34. ¢ WTPUXOBBIMH JIMHHSMH, COEOHHHTE
WX C MAKOCOBOH IIHHOH HCTOYHHKA MHTAHHA,
uyTOOBI NMOJIATh HA HHUX HalNpsIKEHHE BHICOKO-

+58 X 8816 23/
D1 KIS§T57 P
ReIf 20AT T Ko7
7
& 84 y//24
J
¢
& ~
P 54 HLI-HL3
ul AN1025
P
LI HL2 HLT
£2 RI RI-R&
"

ro ypoBHsi. BipoueM, Kak Bbl yXe 3Haere,
pe3uctop R4 HeobsaA3aTenen—Ha 00begu-
HeHHbIX Bxogax J u K, ecsH HX OCTaBHTH
cBOGONHBIMH, OyneT Hanps>KeHHe BbICOKOrO
yposHs. Ha Bxon C nopaiite oT reHeparopa
CEPHIO HMIYJILCOB GOMBLIOH MIHTENLHOCTH
H TI0 MOMEHTaM 3a>KHTaHHs H JJIHTeJIbHOCTH
CBEUYEHHS HHAHKATOPOB NOCTPOiiTe rpaduKu
paborbl Tpurrepa B Takom pexkume. OHH
JOJDKHbI TIOTYYHTBCA TaKMMH >Ke, YTO Ha
pHc. 34, 6. HeTpynHO 3aMeTHTb, 4YTO 3TH
rpadHKH CXOXXH C rpadHKaMH CUYeTHOro
D-tpurrepa (cM. puc. 32, 6), TOJAbKO CIOBH-
HYThl BIPaBO Ha IJIMTENBbHOCTDH OIHOIO HM-
nyabca. CoBur 310T o6BSICHAETCA TEM, YTO
D-rpurrep H3MeHSE€T CBOE COCTOSHHE Ha
NpOTHBONONIOXHOEe 1O d¢poury, a JK-
TPHITEp—1II0 CMNajy BXOQHOrO HMILYJIbCa.
KoHeuHbli e pe3yJbTaT OfUHAKOB: TPHITED
JNEJHT 4YacTOTy BXOJHBIX HMITYyJILCOB Ha 2.
3anoMHHTEe OCHOBHbIe cBolcrBa JK-
Tpurrepa. IlpH HanpsH>KeHHH BBICOKOrO
ypoBHS Ha Bcex Bxopax J u K oH paGoraer
KaK TPHITEp CO CYETHHIM BXOAOM, T. €. 1O
crnajgy KaXkjoro NMOJIOXKHTENLHOrO UMIYbCa
Ha TakToBOM Bxoze C MeHsIeT CBOe JIOruye-
CKOE COCTOSIHME Ha MpOTHBOMOJIOXKHOEe, Ec-
M XoTst 661 Ha OMHOM BXofe J U Ha OJHOM
Bxone K omHOBpeMeHHO pneHCTBYET HAlps-
* >KeHHE HH3KOro YpoBHs, TO TIpH Mopave Ha
pxon C HMIYJIbCOB COCTOSHHME TPHITEpa HE
MeHseTcA. B TOM xe ciydae, eC/iH Ha Bcex
Bxofiax J BBICOKHH ypOBeHb HANpsDKEHHS, a
xorA O6b1 Ha ogHOM Bxoge K-— HH3KHH, TO
no cnany TOJIOKHTENBHOrO HMIyJbca Ha
Bxofe C TpHrrep ycTaHaBiIMBAaeTCS B €H-
HHYHOE COCTOSHHE HE3aBHCHMO OT CBOEro
npenbigyiiero cocrosiuus. Eciu xorsa 6wl
Ha OfHOM Bxofe J HHU3KHH ypOBeHb Halps-
JKE€HUsI, a Ha Bcex Bxogax K -—BBICOKHH, TO
no cnagy umnyiasca Ha Bxoge C Tpurrep
YCTaHARIUBAETCS B HYJIEBOE COCTOSHHE.
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TPHAITEPHI B KJIIOYEBBIX H CYETHBIX YCTPOMCTBAX

IIpn KoHCTpYHMpOBaHHHM HOpHGOPOB H
YCTPOHCTB 1HbPOBOH TeXHHKH, HANpPHMED
pa3sJMYHbIX 10 Ha3HAYEHHIO AaBTOMATOB,
KOMMYTaTOpOB 3JICKTPHYECKHX Hernel, B all-
napatype NHCTAHIHOHHOI'O YNpaBJIeHHS MO-
JAEeNSAMH pafHOMOGHTEM O4YeHb IIIHPOKO HC-
noms3yoT D- u JK-Tpurrepsi, paboTaonjue
B pe>XHMe cyeTa MMIYJbcoB. [nsa aToro Ha
CYETHBIH BXOA TPHITEpAa MOAAIOT HMIYJIbCHI
MOJIOXKHTENBHOH MOJIAPHOCTH, MepeKJIoYa-
[OIMe TPHITEp H3 OQHOrO JIOTHYECKOro
COCTOSIHHSA B Jpyroe, a OH, B CBOIO oOde-
penb, CBOHMH BBIXOJHbIMH CHFHaNnaMH KOM-
MYTHpYeT ApYTHE 3JeKTpHYeCKHe HelH.

B npuHUHMnNe ynpaBiasTh TaKuM KOMMY-
TaTOpPOM MOXKHO C MOMOIIBIO 060ro mexa-
HHYECKOTO HEPEKIII0YATEsA, HAIpHMEDP KHO-
NOYHOro HWJIH Tymbiepa, HO 06s3aTeNbHO
Yyepe3 NONOJHHTENLHOE YCTPOHCTBO, YCTpa-
HSWOIlee TaK Ha3biBaeMbii «qpebe3r» KOH-
TaKTOB, a TakKXXe npegycMmaTpHBasi Apyrue
MeEpbl, NpeaoTBpalllaloliHe JIOXKHbie Cpaba-
THIBAHHS TPHITEPOB OT pa3/IMYHbIX 3JJIeK-
TPHYECKHX MOMeEX.

IIpexpe Bcero—u4ro Takoe «gpebesr»
KOHTakTOB? Tak Ha3piBalOT napa3HTHBIH
3JieKTpHYecKHH 3¢ deKT, NpOoABISIOIHI ce-
65 B MOMEHT CONpPHKOCHOBEHHS NOBEPXHO-
CTeH KOHTaKTOB MEXaHHYECKOro MNepeKJIlo-
yaTesd. CyTh 3TOro sIBJieHHS 3aKJIIOYaeTcs
B TOM, 4YTO B 3TOT MOMEHT B HenH, B
KOTOPYIO KOHTaKThl BKJIIOYEHbI, BO3HHKaeT
CepHsl HMIYJLCOB [JIHTeJILHOCTBIO OKOJIO
MHJUTHCeKYHIBI. OHH-TO H NPHBOAAT K JIOXK-
HbIM cpabaTbiBaHHSIM TpHrrepa H, CJieoBa-
TeJIbHO, HapyIeHHIO ero paboThl.

ycTpaHeHHs1 ape6e3ra KOHTAaKTOB
OOBIMHO BBOAAT JONOJIHHTEJIbHBIH RS-
TpHITEp, COCTABJICHHBIH U3 JBYX 3JIeMEHTOB
2U-HE. Ha puc. 35 Takoii RS-Tpurrep 06-
pa3ywT 3nementsl DD1.1 u DD1.2 muxpo-
cxeMbl KI155JIA3. B HCXOBHOM COCTOSIHHH
TpHITEpa Ha €ro NpsAMOM BbiXOo@e (BBLIBOJ

Kol 14 DO D02+
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Puc. 35. Kmodenoe ycrpoiictBo ¢ RS-Tprrrepom Ha
Bxone

3)+— Hanps>KeHHe BbICOKOIrO YpOBHSI, Ha HH-
BepCHOM — HH3KOoro. CueTHbift D-Tpurrep
DD2.1 B 3TO BpeMsl COXpaHseT COCTOsIHHE,
B KOTOPOM OH OKa3ajiC B MOMEHT BKJIIOYe-
HHS HCTOYHHKA nuTaHus. [IpH HakaTHH Ha
KHOTMKY SB1 ee [ONBHXHBIA KOHTAaKT
MHOrOKpaTHO KacaeTrcsl OpYyroro, Hemnoj-
BH)KHOTO KOHTAaKTa, BbI3bIBast CEPHIO HM-
nyybcoB. IlepBbiii ke HMIYJIbC CepUH Tlepe-
kmoyaeT RS-Tpurrep B HyJeBOE€ COCTO-
SHHE H HHKakoH nocrenywonil npebesr
KOHTaKTOB YK€ He H3MeHHMT ero. B 3ToTr
MOMEHT Ha “ero HHBEPCHOM BhIXO[e BO3HH-
KaeT CKAYOK HaIpsi>KEHHs IOJOKHTEJIbHOH
NOJISIPHOCTH, TOH  OeHCTBHEM KOTOPOro
cyeTHbii D-Tpurrep DD2.1 H3iMeHsieT CBOe
JIOTHYECKOE COCTOSIHHE Ha NPOTHUBONOJIOX-
Hoe. IIpH oTnmyckaHuH KHONKH Ha BXOpx |
anementa DDI.1 BHOBL nogmaeTcs HH3KHE
YpOBeHb HanpsKeHHs H RS-tpurrep nepek-
JI0YaeTcs B HCXOMHOe cocTosinue. CUeTHhIN
ke D-TpHIrep MOKET BEpHYTbCH B HCXO[-
HO€ COCTOSIHHE JIMIUB TIPH IOBTOPHOM HaXKa-
THH Ha KHonmky SBI.

Ceeroguonbl HIL1 u HL2 nossoasior
BH3yanbHO HaOMIOOaTh 3a COCTOSHHSIMH H
paboTol TPHITEPOB H NeJaTh COOTBETCTBY-
omue BbiBoabi. Kuonka SB2 nossonsier
ycTaHaB/JHBaTh D-Tpurrep B HyJeBOe COCTO-
SIHHE, a YNpaBJSIOLIHE CHIHanbl MOXKHO
CHHMAaThb C JMO60ro H3 BBIXOAOB TpHITepa
(BHIBOOBI 5 H 6).

B TaKoM ycTpoHCTBe MOXKeET, KOHEYHO,
pa6orarh H cueTHbiH JK-TpHrrep.

3auem Hyx)eH koHfeHcaTop Cl, 6710KH-
pyouHi nenb nNuTaHus Tpurrepos? Ieno B
TOM, YTO TPHITEpbI, KaK, BOpPOYeM, MHOIHe
Apyrne MHKpocxeMbl cepun K155, Becbma
YYBCTBHTEJIBHLI K pa3IHYHLIM 3JIeKTPHYE-
cKkHM noMexaMm. EciH, K npuMepy, KOCHYTh-
CS METAJUIHYECKHM NPEAMETOM MOHTA>KHOIO
MpPOBOJHHKA, B HENSX YCTPOHCTBA MOABATCH
HMIYJIbCHbIE TIOMEXH, CNIOCOOHbIE H3MEHATH
cocTosiuMe Tpurrepos. KoHpgeHcatop e,
6JIOKMpYIOUIHH Hellb NUTaHUs, 3ail{HiLaeT
TpUrrepbl OT NOAOGHBIX MOMeEX.

3anoMHHTe Ha Oyayniee: OJIS HameXx-
HOM paboThi YyCTPOHCTB NHEPOBOH TEXHHUKH
Ha HMX IUIATax MeXXAy INPOBONHHKAMH HENH
MUTAHHA HEOOXONHMO YCTaHaBJIMBaTh 10
OfHOMY OJIOKHPpOBOYHOMY KOHIEHCATUpY
emxkocThio 0,033...0,047 Mk® Ha KaAjbLe
[Be-TPH MHKPOCXEMbI, paclonaras Hx paB
HOMEpPHO CpEeIH MHKDPOCXEM.

HCTOYHHKOM TNOMEXH MOXET CTaTb H
HEHCHONb3yeMbI BXOAHOH BbBIBOJ MHKPO-
CXeMbl, TAK KaK B HEM TOXX€ MOrYT HaBoO-
IHMTbCA HOapa3uTHbIE 3JIEKTPHUECKHE HM-
nyascbl. Tako#f BXon MHKpoOCxembl Ijesieco-
o6pa3Ho BOOOINE HH K YeMYy He MOJIKIIIO-
YaTh, OCTABHB €0 CHOGOAHLIM, WIH k.1
IIaTe MOANAsATh K KOHTAKTHOH Na0ilajke
MHHHMaIBHBIX pa3MepoB, K KOTOpOH he



MOAKJIIOYEHb KaKHe-THOO JpyrHe IpoBOa-
Hukd. Heucnons3yembie J-Bxonnl JK-
TPHITEPOB MOXHO MOJKIIOYATh K HX HHBEp-
CHbIM BbixofaMm, a K-BXogbl—K NpSMbIM
BbIXOaM. MO>KHO TakiKe HEHCIOJb3yeMBle
BXOAbl TIONKJIOYHTH K BbIXOZHOMY BBIBOAY
HEHCIIOJIb3yeMOro JIOTHYECKOro 3JIeMeHTa
H-HE, coenuHHB ero BXoab! ¢ OOILHM.
mpoBogoM uHenu nuTaHuA. Kpome Toro,
HEHCIIOJIb3YeMble BXObl MHKPOCXEM MOXKHO
00 beIMHATh H NMOJKIIOYATh HX K IUIIOCOBO-
My NpOBOOHHKY HMCTOYHHKA IMHTaHHMA uepe3
pe3HCTOp conpoTHBeHHeM 1...10 kKOwm.

CoBeplLIEHHO HENONYCTHMO MOAKJIIO-
YaThb K BXOY MHKPOCXEMbI IPOBOIHHK,
KOTOpbii BO Bpemsa paboThl YCTpOHCTBa
MOJKeT OKa3aThCsl HEMOJKIIOUEHHbIM K BbI-
X0y HCTOYHHKAa YNPaBAsIOUEro CHrHana,
HalnpuMep B CJIyYae YIpaBJIC€HHS YCTpOH-
CTBOM C NOMOINBIO TYyMOJiepa WM KHOMOY-
HOro mnepexywyarenss. HYtobel npenorsBpa-
THTh IIOMEXH, TAaKHe TNPOBONHHKHM 006s13a-
TEJBHO HAJM0 MOAKIIYATh K IUIKOCOBOMY
MPOBOAHHUKY HEMH MHTAHHA Yepe3 pe3HCTop
conpotuBieHrem 1...10 xkOmM.

IMepexogM K ONHCAHHMIO HECKOJIBKHX
MPOCTHIX KOHCTPYKIMH, B KOTOPBIX HCIIOJb-
3yIOTCA 3HAKOMbIE BaM MHKPOCXEMBI.

KPACHBIV U
3EJIEHBII?

Tak yc/IOBHO MOXKHO Ha3BaThb HIPOBOH
aBTOMAaT, cXeMa KOTOpOro mpHBedeHa Ha
pHc. 36. Ero o6pa3yyoT reHeparop IpsiMO-
YrOJbHbIX HMIYJIbCOB Ha JIOrHYECKHX 3Jle-
MeHTax -DD1.1 u DD1.2, BKIIOYEHHBIX HH-
BepTOopaMmH, cyeTHbI JK-tpurrep DD2 u
TpaH3ucTopbl VT1 U VT2 ¢ namnamMu Haka-
muBanus HL1 ® HL2 B KOJIEKTOPHBIX
nersix. bamton opHOH M3 jlaMT HaKaJTHBa-
HUsI OKpalleH B KpacHbli IHBeT, 6aJUIoH
Opyroi—B 3eJIleHbIH.
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Pnc. 36. Cxema urposoro aproMara «KpacHbId A
3eJieHbIii»
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Kak pa6oraer Tako#t aBTOMaT 4 KaKoBa
3afaya HMrpalomux? IToka KOHTakThI KHOIM-
ki SBl He 3aMKHyTBI, reHepaTop Bbipaba-
ThiBaeT HMIYJIbChl, YacTOTa CJIeJOBAHHS
KOTOpBIX OINpeAesieTcss B OCHOBHOM KOH-
nencatopom Cl. Ero eMKOCTb MOXeET GbITh
B mpefenax 1000 nd... 1 Mmxd. Umnynabchi
noctynatoT Ha Bxon C JK-tpurrepa DD2, u
CBOHMH CIIaJaMH H3MEHSIOT €ro COCTOSIHHE
Ha NpOTHBOMOJOXKHOe. YacToTa H3MEHEHHA
ypOBHEH Hallpsi>KeHHsl Ha BBIXOHAX TPHITEpa
BOBOE MeHbIIe 4YacTOThI reHepaTopa.

B npoMexxyTKH BpeMeHM, KOrga Ha
NpSIMOM BLIXOJle TpHITepa (BbiBOR 8) MosB-
JsieTcsl HanpsiKEeHHe BBLICOKOrO YpOBHS, TO
OTKpbiBaeTcs TpaH3ucTop VT1 u 3aropaert-
ca nmamna HL1. Tpausuctop VT2 B 3t0
BpeMsl 3aKpbiT, NOCKOJbKY Ha ero 0Oase
HH3KHH YpoBeHb HampspkeHHs. Ilpu Hamps-
JKEHHH BBICOKOIO YPOBHS Ha HHBEPCHOM
BbIxofme (BbIBOA 6) TpuITepa 3TOT TpaH3H-
‘CTOp OTKpBIBAa€TCS H 3aropaercst Jamia
HL2 B ero kosektopHoi mnenn. TpaH3H-
crop xe VTI B 910 BpeMs 3aKkpbiBaeTcs, H
namma HL1 raceer. M Tak npH KaXXaom
nepHoje HMNYJbLCOB I'€HEpaTOpa.

Ilpu yka3aHHOW Ha CXeMe €MKOCTH
KOHJIeHCaTOpa YacTOTa OTKpBLIBAaHHS TpaH-
3ucTopoB He meHee 1 kI'y. I[ToaTtomy HHTH
Hakayjia obeux namn cBeTsTcs Tyckyo. Ho
CTOUT HaKaTh Ha kHonky SB1 u TeM caMbIM
3aMKHYTh HakopoTKo koHpeHcatop Cl, kak
reHepauusi HMIYJbCOB IHpekpaTHTcs. Ilpu
3TOM OJHAa H3 JIaMO HAKaJIMBaHHS COBCEM
racHeT, a Apyrasi, Ha00OpOT, CBETHTCH sp-
ye. A BOT KakKas H3 HHX—KpacHas HIH
3eneHast — 6y eT ropeTh IOCJIE€ HAKATHA Ha
KHONKY, 3apaHee CKa3aThb Helb3s, BeAb 3TO
3aBHCHT OT JIOTHYECKOrO COCTOSIHHSA, B KO-
TOpPOM OKa&KETCSA TPHITep B MOMEHT CpbiBa
reHepaiui. MOXHO TOJIBKO ragaTh, YTO,
COGCTBEHHO, H NOJDKHB! JA€JATh HrpalolljHe
nepeyi HaxaTHeM KHONKH reHepaTopa.

I[No6eguTteneM CUMTAETCS TOT, KTO NpH
paBHOM 4YHCJIE HAOKATHH Ha KHOIKY, CKaXkKeM
aBapmath, Oosbllee YHMCIO pa3 yragaer
[BeTa TCOPSIIHX JaMn T[OCHe OCTAHOBKH
reHepaTopa.

Mo>xHO 14 JK-TpHrrep Takoro HrpoBo-
ro apToMaTa 3aMeHUTb CYETHbIM D-Tpurre-
pom? KoHe4yHO, MOXHO, HAalO TOJBKO €ero
Bxon D coeauHHTh ¢ HHBEPCHBIM BBIXOIOM.

MOJEJIB CBETO®OPA

Oror aBToMaT (puc. 37, a), KOTOpbI#
MO>KET CTaTh MNOJIE3HbIM JI€MOHCTPaUMOH-
HBIM TIOCOOHEM NpH TIpYMIOBOM H3Y4YE€HHH
NMpaBW JOPOXKHOIO NBHXKEHHS, COCTOHT M3
reHepaTopa HMMIYJBCOB Ha 3JleMEHTax
DD1.1—DD1.3, cuyerHoro JK-rpHrrepa
DD2, +tpanzuctropos VT1—VT3, paGora-
IOIIHX B KJIIOYEBOM pE>XXHMe, H CHIHaJIbHbIX
gamn  HakanuBahus HL1—HL3. Ilser
BKJIOYEHHOro CHrHana csetodopa onpene-
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Pac. 37. Cxema Monean cBerogopa (8) A Tabimana cocrosamsi (6), ALTIOCTPHPYOINAA NPHHIEN ero paGors!

JISIETCA JIOTHYECKHMH COCTOSHMSIMH IIpOMe-
XKYTOUYHBIX 3siemeHTOB DDI1.4, DD3.1—
DD3.3, 4To MOXHO NpOCHEeqHTh M0 Tabiu-
ue, NpHBeaeHHON Ha puc. 37, 6.
IIpeanono>xuM, 4TO B MOMEHT, C KOTO-
poro Mbl HAYHHAEM aHAJM3HpPOBAaTh paboTy
aBToMarta, aneMeHT DD1.4 u Tpurrep DD2
HaxogATCA B  €NHHHYHOM  COCTOSIHHH
(BepxHsiA cTpoka Tabimubi). B ato Bpems
cocTosiHHe anementa DD3.3 HyneBoe, TpaH-
3uctop VT3 OTKpHIT H, CJIE€NOBaTENbHO,
roput namna HL3 3eneHoro usera. DnemeH-
Tbl k¢ DD3.1 u DD3.2 HaxonsATcs B e€qH-
HHYHOM COCTOSIHHH, TpaH3ucTOopbl VTI u
VT2 3akpbithl H jgamnbl HLL1 1 HL2 B nx
KOJUIEKTOpHBIX Hensix He ropsaT. Ilo cmagy
HMIyJIbca Ha Bbixoge aneMeHTa DD1.4
Tpurrep DD2 nepekioyaeTcss B HyJ€BOe
COCTOSIHHE (BTOpasd CTpoka Tabiuubi). B
3TOT MOMEHT Ha ero npsMOM BbIXofe (Bbi-
BoA 8) HOSIBUTCS HalpSIXKEHHE HH3KOro
ypom-mii (noruyecku# 0), a Ha HHBEPCHOM
(Bblson,§6)—sblcokoro ypoBHs  (JIorHye-
ckas 1){ Ilpu atom anement DD3.3 okasbi-
BAeTCSA 'B €QHHHYHOM COCTOSIHMH, TPaH3H-
crop VT3 3akpbiBaeTcsi H racHeT Jjamma
HL3, uo 3aropaercsa nmamna HL1 kpacHoro

nBeTa, TaK Kak Tenepb a3nement DD3.1
OyneT B HYJIEBOM COCTOSIHHH, a TPaH3HCTOD
VT1—3B otkpeiToM. Jlamma HL2 B 3TO
BpeMsi He TOpHT, IOTOMY 4YTO 3JIEMEHT
DD3.2 HaXOqHMTCSA B €AHHUYHOM COCTOSHHH.

DpOHT OYepeHOr0 HMITyJIbCa HA BBIXO-
ne anementa DDI1.4 He H3MEHSAET JIOTHYe-
CKHX COCTOSIHHH TpHITEpa H 3JIEMEHTOB
mukpocxembl DD3. Ilo cmapny e 3Toro
HMIyJIbca TPHITEp NEPEKIIOYAETCANS HyJIe-
BO€ COCTOsSIHHEe, 3JieMeHT DD3.1 ToXe B
HyJeBoe, a anemeHTbl DD3.2 u DD3.3 B
equHHYHOe (BTOpas cTpoka Tabmaubl). IIpn
aToM Jsamna HI3 3ejeHOoro curHana racHeTt
M 3aropaercsa namna HI.1 kpacHoro curaa-
na. Ilo coagy cnepgyiouwiero MMmyJjbca, Imo-
cTynapmero or reHeparopa Ha Bxox C
TpHrrepa depe3 HHBepTOop DD1.4, TpHrrep u
anemeHThl DD3.1, DD3.2 oKa3biBalOTCA B
HYJIEBOM COCTOSIHHH, a 371eMeHT DD3.3 cox-
DAHAET ENHHHYHOE COCTOSHHE (TpeThs
cTpoka Ta6munpl). Teneph 3aropaercs nam-
na HL2 >xenToro CHrHalza M HpOROJDKAaeT
ropeth ysamMna HL1 kpacHoro curnana. Ilo
cnany cjaenyromero Hmmyibca gamnsi HIL1
H HL2 racHyT H BHOBb 3aropaeTcs Jjamia
HL3 3enenoro usera. Co cnepyromiero 3a
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HHM HMIIYJIbCa LHKJ paboThI MOJEH CBETO-
¢dopa noBTOpPAETCS. .

HCTOYHHKOM NHTAHHA TaKoOro aBTOMa-
Ta MOryr ObITb BBLIIPAMHTeNL, OaTapes
3336J1 wiH TpH-4eTbipe 2jieMeHTa 343, co-
eUHEHHble MOCJIeNOBAaTENbHO; €ro TpaH3H-
cTopbl—cepud I'T402 wm I'T403 ¢ mo6bimM
6YKBEHHBIM HHIEKCOM. PYHKIHIO IEKTPOH-
HbIX KJIOYeH MOryT TaK>Ke BBIMOJHSATH Ma-
JIOMOUHbBIE  p-n-p  TPaH3HCTOpbI CepHi
MI139—MII42, I'T308, HO TOorma CHrHalb-
ubie gamnbl HL1 —HL3 pomkHbl 6bITH Ha
MeHBIIMH TOK Hakana, HalnpuMep JlaMilbi
MH2,5-0,06. =~

ABTOMAT CBETOBBIX
3PPEKTOB

B nonynsipHOH pajHOTEXHHYECKOH JIH-
TepaType OIHMCAaHO HEMaJ0 aBTOMATOB Ha
MHKpOCXeMaX, MO3BOJSIOIHX CO031aBaTh
pa3JiHyHbie CBETOBBble 3 eKThI NI YKpa-
[IEeHHs HOBOrOJHHX €JIOK, HJUIIOMHHAITHH
JIEKOPaTHBHbIX MAacOK, aTTpakuuoHoB. Oc-
HOBa TaKHX aBTOMaTOB—Te J>X€ TpHITEphI,
yIpaBJisieMble, KaK H B MOJeJH cBeTodopa,
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HMIIYJILCAMH TaKTOBBIX reHepatopoB. Ile-
PEKII0YAACHh M3 OQHOrO JIOTHYECKOrO COCTO-
SHHSA B JpYyroe, TPUITEPbl BHIXOMHBIMH CHI-
HaJIaMH YNIPABJIAIOT HEMSIMH THTaHMSA Hec-
KOJIKHX JIaMIl HaKaJHBaHUsA (HJIM THpJSHI),
KOTOpbIe H CO30AIOT 3aflyMaHHbIE CBETOBBIE
3¢hbeKTsI.

IpennaraeM [Jisi OUBITHOH TIPOBEPKH
npocToif aBroMar, co3parouHi  3¢pdekT
«berymass Tenb» (pHc. 38, a). OH COCTOHT
H3 reHepaTopa HMIIYJIbCOB Ha 3JIEMEHTax
DDI1.1 u DDI1.2, cuyerHbix D-tpurrepos
DD2.1 u DD2.2, nOrH4ecKMX 3JIEMEHTOB
2HU-HE mukpocxembi DD3 u TpaH3HCTOpOB
VT1I—VT4 ¢ jammamMe  HakaHBaHHS
HL1—HL4 B xomnekTopubix memsx. Ioa-
CTPOEYHBIM (HJIH TIEPEMEHHBIM) pe3HCTOPOM
R1 MOXHO IUTaBHO H3MEHATH YacTOTY TaK-
TOBOro reHepatopa B npegenax 1...2 I'm.

Tpurreppt  Mukpocxembl  K155TM2
(DD2), coeguHeHHbie MeXAy co0o# moce-
IOBaTeNbHO, 006pa3ylOT ABOHYHBIH CUYETYHK
HMMIYJIbCOB, MNOCTYNAKINHX Ha €ro Bxopj OT
reHepatopa. B MTOre Ha BhIXOZe MHEpPBOro
TpHIrrepa 4aCcTOTa MMMYJIbCOB OKa3bIBAE€TCS
MeHblIeH BABOe, a Ha BbIXO#E BTOPOro—
BYeTBepo. JremeHThl 2H-HE MHkpocxembi
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Prc. 38. ApTomar, cosnaiomuii 3¢peKT «Gerymas Tenb», A rpadHKH, NOACHAIONIHE NPHHIHAT ero JeHCTBHA
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DD3, pa6orajoude kak pemmdpaTophl JIO-
I'MUECKHX COCTOSIHHM TPHITEpOB CYETYHKA,
(hOPMHpPYIOT CHIHAJbI, BKJIIOYAIOIHE B Ol
penesieHHOM MOpsAfgKe JIAaMNbl HAKaJMBaHHS,
Jlamna HL1, nanpumep, 3aropaetrcsl JHMILb
TOrga, Korga Ha Bbixofe amemeHta DD3.1
(BBIBOM 3) MOSABJAETCA HAlpSXKEHHE BLICO-
KOr0 YpOBHS, KOTOpO€ OTKpbIBaeT TpaH3H-
ctop VT1. B TakoM COCTOSIHHH 3TOT JIOI'H-
YeCKHH 3JIEMEHT MOXET 0Ka3aThCA TOJIBKO
TIpH HH3KOM YpOBHE HAIpsKEHHS HA OHOM
H3 ero BXOHOB, T. €. B Te IPOMEXYTKH
BpeMEHH, KOrja OJHH H3 TPHITEpPOB Haxo-
OHTCA B HyJileBoM cocTosiHMH. Korpa ke
o06a Tpurrepa HaxoasITCA B €QHHHYHOM CO-
CTOSIHHH, Ha Bbixope ajiemeHta DD3.1 6y-
€T HanpsOKEHHE HU3KOrQ YpOBHS, TPaH3H-
crop VT1 okaxercA 3akpbIThbiM, a JlaMia
HL1 —norameHHOH.

PaboTy aBTOMATa B HEJIOM NpoaHasM-
3upyeM TI0 rpacdHkKaM, OPHBENEHHBIM Ha
pHc. 38, 6. CuuraeM, 4YTO B HaAYaIbLHBIH
MOMEHT I0OC/e BKIIOYEHHUS NHTaHusi D-TpHr-
repbl cYeTYHKa OKa3aJHCh B HYJIEBOM CO-
ctosHMH. CriepoBartesibHO, 3aropaHch JIaM-
npi HL1—HL3, noToMy 4YTO B 3TO BpeMs
Ha BBIXOAHBIX BbIBOAax 3, 6 u 8 amemeHTOB
MHKpOcXeMbl DD3 nosiBHIHMCH HalpsOKeHHS
BBICOKOIO YpOBHSI, KOTOpbI€ OTKphUIH TpaH-
3ucTopbl VI1—VT3.

IlepBbifi MMNYJILC reHepaTOpa CBOHM
¢pouToM mnepewnoywn Tpurrep DD2.1 B
enHHH4YHOe cocTosiHHe. Cpa3y e nepexJio-
YHWICSA B aHAJIIOTHYHOE COCTOSIHHE H TPHITEp
DD2.2. IToatomy namma HL1 noracna (Ha
BbIBOe 3 anemenra DD3.1 nosBwics HH3-
KH# ypOBeHb HalpsDKEHHS) H 3aropesach

CYETYHMKH HMIIYJIbCOB

CYeTYHKH HMITYJIbCOB SIBJISIOTCSA HEOTb-
eMJIEMBIMH  Y3IaMH  MHKPOIIPOHECCOPOB,
MHKPOKAJILKY IATOPOB, 3JIEKTPOHHBIX 4acoOB,
TaliMepoB, YaCTOTOMEPOB H MHOTHX IPYIHX
ycTpoHCTB nubpoBof TexHHKH. OCHOBY HX
COCTABJISIIOT TPHITEPHI CO CYETHBIM BXOHLOM.
ITo moruke aeficTBHsi H (DYHKIHOHAILHOMY
Ha3HAYeHHIO CYETYHKH HMIYJIHCOB MOApa3-
NeJSIIOT Ha IHGPOBbie CYETYHKH H CYETUH-
ku-nemmrend. [lepsble OGHLIYHO Ha3BIBAIOT
POCTO CYETYHKAMH, E BTOpbIE —
IEJHTEJSIMA.

IIpocTeiimmm oqHOpa3psANHbIM CYETYH-
KOM HMIyJibcoB siBifercst JK-Ttpurrep win
D-tpurrep, paGoTaromuii B CYETHOM peEXH-

me. OH cyHTaeT BXOZHbie HMRYJIbCHI MO °

MOJ YO 2—KaXJbli HMIIYJILC TIEPEKII0Ya-
€T TPHITep B MPOTHBOIOJOXHOE COCTOSHHE.
OnuH TpHITEp CYMTAET OO OXHOro, IBa
MOC/IEAOBATEIbHO COERMHEHHBIX TpHITrepa
CYHTalOT [0 TpeX, N TPHITEpOB—aO0 2"—1
HMIYIbCOB. Pesyibrar cuera GoOpMHDY-
€TCsI B 3alaHHOM KoOJe, KOTOpPHIH MOXKET

namna HL4 (ua BeiBoge 11 anementa DD3.4
NMOSIBWICSA BbICOKHH ypOBEHb HampsDKEeHHS).
BTopo#i HMIyJIbC @EPEKJIOYHJI TPHITEP
DD2.1 B HyneBoe coctosHHe (TpHrrep
DD2.2 octancs B eguHH4YHOM). Tenephb rac-
et namna HL2, a octanbsHbie ropst. Tpe-
THI HMITYJIBC IepeKJII0YaeT nepBbii TpHITEP
B eAHHHYHOE COCTOSIHHE, a BTOpDOH—B HY-
nepoe. 3HayHT, racHer Jnamma HL3, a
ocTanbHble ropaTr. IIpH 4eTBepTOM HMITYJIb-
ce 0ba TpHrrepa CYeTYHKa OKa3bIBalOTGH B
HYJIEBOM COCTOSHMH H racHer jamna HIL4.

Haunnas ¢ nsaroro (3ateM ¢ JeBSATOrO,
TpUHANHATOro H T. [.) HMIYJbca, MOSIBISA-
IOIErocs Ha BXOJ€ ABOHYHOIO CYeTYMKa,
ONHACaHHBIA IHKJ paGoThi aBTOMaTa NOBTO-
psetrcsi. M ecid 5aMabl pacriofiO>KeHbI FHp-
JISITHAOM, racHyume Jamibl 6yayT co3naBaTh
acdekT «beryiiel TeHH».

C TakMM aBTOMAaTOM MOJXHO IOJYYHThH
H apdekT «berymero OrHs», €CIH MexXay
BbIxoaMH 3JeMeHToB DD3.1—DD3.4 H co-
OTBETCTBYIOIIMMH MM OrPaHHYHMTEILHBLIMH
pe3ucTopaMH R2— RS BKJIIOYHTHL HHBEPTO-
paMH 3JIEMEHTHI ellle OJHOH MHKpPOCXeMbI
KI155J1A3 (nogo6uo anementy DD1.3). Tor-
na IpH KaxKAOM IHKJe paGoThl aBTOMaTa
cTaHeT BCNbIXHBaTh JHMIIbL OfHAa JlaMIla H
cBer Oymer «GexxaTh» no rupysiHge. Cxo-
pocTh TepeMeIleHHs cBeTa TeM GoJlblle,
YyeM Bbillle YacTOTa TAKTOBOTO reHepaTopa.

OdpdexT «beryimuii OroHb» MOXKHO IO-
JIYYUTH TaKXKe TpH HCIOJIb30BAHHH B aBTO-
maTe p-n-p TpPaH3HCTOPOB, HAllpHMep, Ce-
pud KT361 unn MII42, BKIIOYHB HX TaK XKe,
Kak B Mopnenu cBetodopa (cMm. puc. 37, a).

XpaHUTbCA B [aMATH CYETYHKA HIH ObITh
CUYMTAHHBIM JAPYTHM YCTPOHCTBOM HH(pO-
BOH TEXHHKH — JellIn(paTopoM.

Ha puc. 39, a npuBeaena cxeMa Tpex-
pa3psifHOro ABOHYHOrO CYETYHKA HMITYJIh-
coB. CMOHTHpYHTe ero Ha MaKkeTHOH NaHesH
H K NpSAMBIM BBIXOJaM TPHITEPOB MOAKJIIO-
YHTe CBETONHONHBIE (HIH TPaH3HCTOPHbBIE —
C NaMnofl HaKaJIMBaHHSA) HMHIHKATOpbI, KaK
aTo penaymm panee. Ilopaiite Ha BXxon cuet-
YHKa OT HCHOBITATENILHOrO reHepaTopa ce-
pHIO HMIIYJIbCOB C YacTOTOH ClieqOBaHHs
1...2 'y M N0 CBETOBbIM CHrHAJIaM HHIHKAa-
TOpOB NOCTpOiTe rpacdHKkH paboThl cYETYH-
Ka.

Ecnu B HaYaJlbHbIH MOMEHT BCe TPHITE-
Pbl CYeTYHKA HAXOJHJIHCh B HYJIEBOM COCTO-
SHHH (MOJXXHO YCTaHOBHTH KHOIIOYHBHIM Bbi-
kmodarenrem SB1 «Yer. O», mopaBas Ha
R-Bxogbl TpHITEpOB HAIpsI)KEHHE HH3KOIO
YPOBHS), TO MO clay NEPBOro HMIYJLCa
(puc. 39, 6) tpurrep DD1 nepexiatounTcs B
€AHHHYHOE COCTOSSHHE —HA €ro npsMoM
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Puc. 39. Tpexpa3pagsbif JBOHYHBIN CYETYHK AM-
AYJIHCOB

BBIXOJl€ IIOSIBHTCS BBICOKHH ypOBeHb Halps-
xenust (puc. 39, ¢). Bropo# ummynbc me-
pexnoynT Tpurrep DD1 B HyneBoe cocTo-
siHde, a Tpurrep DD2—B  enuHH4YHOE
(puc. 39, 2). Ilo cnapy TpeTbero UMIyJbca
Tpurrepsl DD1 1 DD2 okaXyTcs B €qHHHY-
HOM COCTOsIHHH, a Tpurrep DD3 Bce eme
6yner B HyJeBoM. YeTBepThii HMITYJIbC
MIepeKJIIOYHT IIEpBbIE NBA TPHITEpa B HyJie-
BOE COCTOSIHHE, a4 TpPETHH—B €THHHYHOE
(puc. 39, 3). BOocbMOH HMIyJIbC TEPEKJItO-
YHT BCce TPHITEpbl B HYJIEBOE COCTOSIHHE,
HA4YHETCS CaefYIOuMid IUKI paboThl cueT-
YHKa HMIIYJILCOB.,

H3yuas rpacduxu, HeTpyaIHO 3aMeTHTb,
YTO KaXK/bli CTapiuuH pa3psg cYeT4YHKa
OTJIHYAETCS OT MJIAJIIErO YABOEHHBIM YHC-
JIOM HMIIYJbCOB cuera. Tak, mepHOm HM-
MyJbCOB HAa BBIXOfAE TIEPBOIO TpHITEpa B
2 pasa GoJblue NEPHONA BXONHBIX HMIYJIb-
COB, Ha BbIXOJI€ BTOpOro Tpurrepa—B 4 pa-
3a, Ha BbIXOHE TpeThero TpHITEpa—B
8 pa3. ['oBops A3bIKOM HH(PPOBOH TEXHHKH,
TakoH c4yeTYHK paboTaeT B BECOBOM Kone

1-2-4. 3nech MOm TEPMHHOM «BEC» HMEETCS
B BHAY 0O6BbeM HHPOpManMH, IMIpHHSTOH
CYETYHKOM NOCjIe YCTAaHOBKH €r0 TPHITEPOB
B €IHHH4YHOe cOocTOosiHMe. B ycrpolicTBax M
npuQopax Hu¢pOBOH TEXHHKH HaHOOJIbILEE
pacnpécTpaHeHHe TONYYHIH YeThbipexpas-
PSAOHbIC CYETYHKH HMIYJILCOB, paGoTalommue
B BeCcOBOM kope 1-2-4-8.

CYeTYMKU-NETTUTESIH, HIH, KaK Mbl yXKe
FOBOPHJIH, NPOCTO [AENHMTENH, CYHTAIOT
BXOJHbIE HMITYJIbChI IO HEKOTOPOro 3anaBa-
eMOoro Koa¢hGUIHEHTOM cYeTa COCTOSHMSA, a
3ateM ¢OpMUPYIOT CHrHajn cbpoca Tpurre-
pOB B HYJIEBO€ COCTOSIHHE, BHOBb HAYHHAIOT
cYeT BXOOHBIX HMIYJbCOB OO 3aaBaeMoOro
ko3¢ dunHeHTa cyeTa H T. 1.

Onsa npumepa Ha puc. 40 moka3zaHbl
cxemMa u rpacdHkH paboTel [esUTeNs C
KO3 PHIHEHTOM, cueTa 5, NOCTPOEHHOro Ha
JK-Tpurrepax. 3pech y>Xe H3BECTHBIH BaM
Tpexpa3psaHbli NBOHYHBIH CHETYHK JOIOJI-
HeH JIorHYecKHM 9inementom 2H-HE
(DD4.1), xoTopblii H 3agaer KO3¢pHIHEHT
cuera 5. I[Ipoucxopur 3to Tak. IIpu mepBbIX
4yeThbIpeX BXONHBIX HMIIyJbcaX (IOcje ycTa-
HOBKH TPHITEPOB B HYJIEBO€ COCTOSIHHE
kHonko#t SB1 «¥Ycr. 0») ycrpoicTBo pa6o-
TaeT Kak OObIYHBIH JBOMYHBIA CYETYHK
UMIyJIbCOB. [IpH 3TOM Ha OQHOM HJIH O6OHX
BXO/IaX JJIeMeHTa NeHCTBYyeT HH3KHH YpoO-
BEHb HATIPSKEHHMSA, TI03TOMY JIEMEHT Haxo-
OUTCA B egquHMYHOM coctosuuu. Ilo cmapy
e MSTOro HMIMYJibCa Ha TPSAMbIX BBIXOJax
MEPBOrd H TpPEThEro TPHITEPOB, a 3HAYMT, H
Ha BXxojax 3jieMeHTa DD4.1, nossaseTcs
BbICOKHH ypOBeHb HANPSKEHHS, TNEpEKIo-
YalOIHH 3TOT JIOTHYECKHH 3JIEMEHT B HyJie-
BO€ COCTOSIHHE. B 3TOT MOMEHT Ha BbIXoje
aeMeHTa POPMHpPYETCH KOPOTKHH HMITYJIbC
OTPHLATE/JbHOH TOJSAPHOCTH, KOTOPBIH Tie-
penaeTcst Ha R-BXon TpHITepOB H NepeKIo-
4YaeT HX B HCXOJHOe HyJieBoe cocTosinue. C
3TOr0 MOMEHTa HAuHHAETCA CJIeNYIOMmHH
HHKI paboThl CYETYHKA,

Pezuctop R1 u nguon VDI, BBegeHHbie
B TAKOH BapHaHT CuYe€TYHKa, HEOOXOMHMbI
1A TOro, 4ToObl HCKJIIOYHTH 3aMbIKaHHE
BbiXona anemeHTa DD4.1 Ha obumii mpoBon
HCTOYHHKA THTAHHS.
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Puc. 41. Ycaobuvle rpagmyeckue 0603HAYEHHA
cyerunxos K155HE1 n K155HE2

IleficTBHe TaKOro CYeTYHKa-AeHTes s
MOXKETe NpOBepHTH, NonaBas Ha Bxon C
nepBOro €ro TPHITEPa HMIYJIbChl, CIEOY-
onHe ¢ 4actoTol 1...2 I'l H NOOKJIIOYHB K
BeiBOY 8 Tpurrepa DD3 cBeTOBOH HHIHKa-
TOp.
Ha mpakTHKe (PYHKOHH CYETYHKOB H
JNeJuTeNIed BBITOJHSAIOT CIeNHANLHO pa3pa-
6OTaHHble MHKPOCXEMb! INOBBILIEHHOH cTe-
neHH HHTerpauuu. B cepun K155, Hanpu-
mep, 310 cuetunkd KI5SHEl, KISSHE2,
KI155UE4 u pp. B paguomo6HTeNIbCKHX
paszpaboTkax Haubosiee HIMPOKO HCIIOJNb3Y-
wrcs cyerunkn KI1SSHE1 u KI155ME2.
YcnosHbie  rpacduyeckHe  H306paXkeHHS
3THX CYETUYHKOB C HyMepanueH HX BbIBOJOB
1oKa3aHbl Ha pHC. 41.

Mukpocxema KI155HEl (puc. 41, a)
ABNAETCA [EKAJHbIM CUYETYHKOM HMITYJIb-
CcOB, T. €. cueTyHkoM 1o 10. CueTynk obpa-
3yIOT YeThbipe TPHUITepa, YCTAaHOBKY HX B
HYJIEBOE COCTOSIHHE OCYHIECTBJLIIOT Iopa-
Yyed HaNpsDKEHUS BBICOKOTO YPOBHSI ONHOB-
peMeHHO Ha o6Ga Bxopga R (BwiBOgb! | M 2),
ob6beanHeHHbIe 110 cxeMe ayeMeHTa M (ye-
JIOBHBIH CHMBOJI «&»). CueTHblE HMILYJILChI,
KOTOpbIe JOJDKHBI 6bITh OTPHIATENBHOH TO-
JIAPHOCTH, MOXKHO TIOfaBaTh Ha COEJHHEH-
Hble BMecTe BXxoabli C (BbiBOObl 8 H 9),
TakXe O6beHHEHHBbIE 110 CXeMe 3JIeMeHTa
M, uiu Ha OUH H3 HHUX, €CJIH B 3TO BpeMs
Ha BTOpOM BXoe OyneT BBICOKHH ypOBEHb
HanpsokeHus. [Ipy Kax[IoM JecsTOM HM-
myJbCe Ha BbIXOHOe CYeTYHKA (POpPMHpYETCS
pPaBHBIH €My' MO [JHMTEILHOCTH HMIIYJbC
OTpHIATEILHOH MOJISAPHOCTH, XapaKTepH3y-
o 06beM NPHHATOH HHGOPMAaLHH.

Mukpocxema KISS5UE2 (puc. 41, 6)—
NBOHYHO-TECATHYHBIH  YeThbIpexpa3psmHbIH
cueT4HK. B HeH Takke weThlpe TpHrrepa,
HO OJHH M3 HHMX HMeeT oTaenbHbie Bxox Cl
(BbiBOT 14) M mpsmoii Beixop (BbiBox 12), a
OCTa/IbHbI€ TPHITEPbl COENHHEHLI MEXAY
coboli Tak, 4TO OOpa3yIoT HeJUTenb Ha 5.
IIpu coenuneHHH BhIXOAA MEPBOro TpHIrepa
co BxogqoM C2 (BeiBOA 1) HENMOUYKH OCTANb-
HbIX TPHITEPOB MHKpPOCXE€Ma CTaHOBHTCS
neautesneM Ha 10, pa6GoralomuM B Kojae
1-2-4-8, 4TO H CHMBOJIH3HpPYIOT HH)PHI B
npaBoil KOJIOHKe rpacguyeckoro u3obpaxe-
HHSI MHKpOCX€MbI. [IJ11 YCTAaHOBKH TpHMITeE-

POB CUYETYHKA B HYJIEBOE COCTOSSHHE TIOHAIOT
Ha o06a Bxoma R (BbiBOgbl 6 W 7) cHrHan
BBICOKOI'O YpOBHS.

IBa o6benuHeHHbIX R-Bxona v yeThbipe
pa3aesIbHbIX BBIXOAA MHKPOCXEMBI MO3BOJIA-
10T 6€3 NONMOJHHTENBHBIX JIOHYECKHX 3Jie-
MEHTOB CTPOHMTBH JEJMTEeIH 4YacTOThl C pa3-
JIMYHBIMH KO3¢hIHUHEHTaMH [eJIEHHS — OT 2
no 10. Tak, ecsin COeOUHHTH MeXxay co6GoH
BeiBoppl 12 w1, 9 u 2, 8 u 3, TO
ko3¢pduuuent cuera 6yuer 6, a IpH COenHU-
HEHHH BbiBOROB 12 1 1, 11, 2 u 3 koaddu-
HHEHT cuyeTa cTaHeT 8. DTa OCOGEHHOCTh
MHKDPOCXEMbI MO3BONISAET HCNOJIL30BaTh €€ U
KaK [BOHYHBIH CYETUYHK, H KaK CYETYHK-
[ eJIMTeb.

BJIOK 1IA®POBOHM HHIH-
KALIAU

OtoT BaxkHeHINMH y3en HpHGOpOB H
ycTpoHCTB ¢ nudpoBOi HHAMKANHEH pe-
3yJbTaTa cueTa HMHYJILCOB, JIEKTPHYECKHX
H3MepeHHH [eslecoobpa3Ho paccMaTpUBaTh
COBMECTHO C JBOHYHBIM CueTYyHKOM. IIpH-
MEPOM MOXET CJIY>XHTb YCTPOHCTBO, CXemMa
KOTOpOro 1npHBeAeHa Ha pHc. 42. JleBas
4acTh CXEMbl—I'€HEPATOp, SBIISIOUIHHCS B
JaHHOM cJyyae HCTOYHHKOM HMITYJIECOB.
Hanee cnenyror cuetuuk K155SHE2 (DD2) ¢
k03¢pPuuuenTom nepecyera 10 (coemHHeHbI
BbiBOgbl 1 W 12) u mukpocxema KI155H]I1
(DD3) ¢ ra3opa3psaHbiM HHIHKaTOPOM
HHS8-2 (HG1), obpa3youne 610k 1udppoBo-
ro oToGpa>xeHHsA JIOTHMECKOrOo COCTOSHHMS
CYeTUHKa.

Mukpocxema KIS5SH][] unpencraBaseT
o060l JBOHYHO-IECATHYHBIH aemndpaTop,
pacCUYHTaHHbLIH Ha COBMECTHYIO paboty ¢
BBICOKOBOJIbTHBIM HH(PPOBLIM ra3opa3psa-
HBIM HHHKaTOPOM. Y Hero 4YeThIpe agpec-
HbIX BXOJa, KOTOpbi€ NMOAKIIOYAlOT Hemoc-
PEACTBEHHO K BbIXOJaM cyeTyuka, paborta-
OUEro B BeCOBOM Kkojie 1-2-4-8, U pHecsathb
BBIXO/IOB, KOTOpbI€ COENHHAIOT C KaTolaMH
nudpoBoro ungukatopa. Hewundparop npe-
o6pa3yeT BbIXOQHbIE CHIHAJbl CUETYHKA B
CHrHaNbl KOHJa NECATHYHOM CHCTEMbI CYHC-
JIEHHS, KOTOpbI€ 3a>KHraloT COOTBETCTBY-
01IMe KaTonbl-IHGPbl WHIUKATOPA.

MOHTaXX M ONBITHYIO NpPOBEpPKY HAeTa-
JIed M yCTpOHMCTBa B L{€JIOM BEOUTE B TaKOH
mocjegoBaTenbHocTH. CHayana yKpenuTe
Ha MakeTHOM IaTe TOJBKO ra3opaspsmHbIH
unnukatop HHS8-2 (uwmu HH-14, HO ero
HOKOJIEBKa — HHasl), NMpenBapHTEILHO HaJeB
Ha ee MPOBOJIOYHbIE BBIBOABI H3OJHPYIOIIHE
Tpy6ouku. Psagom pa3mecture nuom VDI,
BbITOJHAIOUIHA (PYHKIHIO OXHOIOIYIIEPHON-
HOrO BBIIPSIMHTENS, NMUTAIOUIET0 aHOAHYIO
Henb HHAWKATOpa, H pe3ucTop R2, orpaHH-
YHBAlOUIMH TOK B 3TOH HenH. MICTOYHHKOM
nepeMeHHOro HanpspkeHus 150...200 B mo-
xeT ObIThb BTOpHYHass OOMOTKa CeTeBOro
TpaHcdopmaTopa 6710Ka IMTHTAHHS JIAMIIOBO-

as
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Puc. 42. Bnox madpoBolt HEIHKAIME HMITY.JIHCOB

ro pagHOBEWIATeJbHOrO NpHeMHHKa. OpuH
H3 BbIBOJOB OOMOTKH MOOKIIOYHTE K aHOAY
[HOAA, a K JpyroMy BBLIBOAY mNoANasite
OTpe30K NpOoBOJa B PE3HHOBOM HIH NOJIHBH-
HHJIXJIOPHAHOH H3oasauun. CBoGOnHBIH KO-
Hell MpOBOAA 3a4YMCTHTE OT H3OJALHH H,
BKJIIOYHB TpaHCGOpPMATOp B 3JIEKTPOCETD,
KacaiiTecb HM noouepefHO BbiBOnoB 11, 1,
2—10 uaguxkaropa. IIpH 3TOM OOJDKHBI HH-
nuuEpoBaTh mueppsl 0, 1, 2—9. Ilpu kaca-
HHH BbIBOAAa 8 BCHBIXHET HEHCNOJb3yeMbIi
3HaK 3ansaToii. [IpoBepky MPOBOOHTE C OCO-
60 OCTOPOXXHOCTbIO, 4TOObI He MNONAacTh
MOJ BBICOKOE HanpsDKEHHE.

3areM Ha MaKeTHOH MaHeNH CMOHTH-
pyiite gemmgparop K155U1 (DD3) u co-
€[JHHHUTE ero BbIXOAHKIE BbIBOIBI C COOTBET-
CTBYIOILIIHMH BbIBOOaMH HHOHKaTopa. Ilomy-
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YATCH OAHOPa3pAAHbIA 670K HHGPOBOH HH-
AMKanWd. BKIOYHTE HCTOYHMKH TNHTAaHHUA
(IOCTOAHHOTO H TEPEMEHHOI0 TOKOB) H,
cobmonass OCTOPOXHOCTh, nonaire Ha Bce
uyeTbipe, COEJUHEHHbIE BMeECTEe, BXOJHbBIE
BBIBOIbI JelHdpaTopa HAPSKEHAE HH3KO-
ro ypopHs. B HMHRUKaTOpe NOJKHA 3aro-
petbcsa mugpa 0. danee Takoi e CHIHAI
nopalite NOOYEPENHO HA COSJUHEHHbIEC MEX-
ny co6o# BeBOALI 4, TH 6,4, Tu3; 4u7;
4, 6 13;4u6;4u3;4,7,6u3;7u6.
Hencno.nwyemue BBIBOJ|bI oc-ranmm're CBO-
GONHBIMH, YTO IKBHBAJICHTHO MNOfade Ha
HHX Hanpsi)KeHHsS BbICOKOro ypoBHA. B arto
BPeMs JIOJDKHBI HHAHHHPOBATHCA MOCIENO-
BaTesbHO Hdpel OT 1 o 9.

Tak, UMHTHPYS KOJ, NOJaBaeMbId Ha
ajpecHble BXofbl HNemudpaTopa, Bbl HCHbI-

Puc. 43. MosTakHan IwiaTa
HIPOBOTO aBTOMATa «Yranaii
9HCI0»



1ieTe B JEHCTBHH 6JIOK UHGPOBOi HMHIHKA-
11HH.

Teneps CMOHTHpPYiTE Ha ILIaTe CYeT-
unk K155UE2 (DD2), cOelHHHTE €ro BbIXO-
JIbl C COOTBETCTBYIOIUMH AJIPECHbIMH BXO-
fAamH pemngparopa H nopaite Ha Bxop Cl
CYeTYHKA CHrHaJ1 OT reHepaTopa Ha 3jIeMeH-
tax DDI1.1—DDI1.3. YacTora ciegoBaHHsA
HMNYJIbCOB MOXeT ObITh 1...3 I'm. Yrto mo-
ka3piBaeT uHgukatop? Iludper or 0 go 9,
HO 3axKHrampommpecs noodepeano. Tak H
NOJDKHO ObITh: ONHOPAa3PANHbIA CUYETYHK
HMIYJIbCOB CYHTAET O 9, NEePENnoHACTCA H
TYT e HayHHaeT ¢ (0 NepecUYHTHIBATH CJie-
NYIOIYIO CEPHIO BXOAHBIX HMITYJIbCOB.

UTPOBOV1 ABTOMAT
«YTAIAU YHUCJIO»

ITonyuuBIIHHCS ONHOPAa3pANHbIA CcYeT-
YUK ¢ OJIOKOM HHAHKALHH H reHepaTopoM
HMIYIbCOB MOJKHO IPEBPAaTHTb B HIPOBOM
aBTOMAaT C YCJIOBHbIM Ha3BaHHeM «Yraja#

PEJIE BBIJIEP)KKH BPEMEHH

Pene BpeMEHH, Ha3bIBaeMble TaKXe
TaMepaMH, NpeJHa3HA4YaloTCH A BKIIO-
YEeHHS H aBTOMaTHYE€CKOro BbIKJIIOYEHHS IH-
TaHHS Pa3/MYHbIX 3JE€KTPONPHOOpPOB 4Yepe3
3apaHee YCTAHOBJICHHYIO BBIIEPXKKY BpeMe-
HH. Takue 37€KTPOHHBIC aBTOMaTbi HauboO-
Jiee ITHPOKO HCNOJIb3YIOTCS NPH ¢oToneya-
TH, [JIA BKJIOYEHHS Ha OlpelleIeHHOe Bpe-
Ms OBITOBOH TEXHHKH, NHTaloIlelcs oOT
3JIEKTPOOCBETHTEJIBHOH CETH, YTO HCKJIIOYa-
€T JIMIIHHA pacxoj 3JIEKTPOSHEPrHH.

IlpensaraemMoe pejie BpeMeHH Ha 3Ha-
KOMbIX BaM UH}POBBIX MHKpOCXeMaXx IHTa-
€TCs OT CEeTH NIEPEMEHHOIO TOKa H NO3BOJIA-
€T YCTaHAB/HBATb TaKHE BBIAEPXKKH BpeMe-
HH TpeXx noapguana3onoB: ot 0,05 mo 12,5 ¢
yepe3 kaxjabie 0,.5c¢; or 0,5 mo 127,5¢
yepe3 0,5c¢; or 0,5 mo 127,5 MU uepe3
0,5 MmuH. TOYHOCTb BBIIEP>KKH BpEMEHH 3a-
BHCHT OT CTaGHJIBHOCTH 4acToTbl TOKa
3JIEKTPOOCBETHTE/IbHOH CETH.

IIpuHnUNHaNbHAsE CXEMa peJie BpeMeHH
nokaszana Ha puc. 44. He cumras 6Joka
NMHTaHHsA, ero o6pa3yoT cjaeqyIolHe OCHOB- *
Hble y3Jbl: (pOpMHPOBaTEIb HMIIYJIbCOB, JA€-
JIHTEL-bOpMHPOBATEb 006pa3noBbIX
HHTEpBAJIOB BpeMEHH, paboyHi CYETYHK HM-
nyabcoB, paewmH¢parop, ynpaeasoouee H
ynpaeisieMoe ycTpodcrsa. M3 BocbMH
MHKpOCXeM, paboTaioliHX B HeM, NATb—
CYETYHKH.

dopmMHpoBaTeb HMNYJbCOB NPeCTaB-
nsier coboit Tpurrep llIMuTTa, COGpaHHbHH
Ha_ aneMentax DDI1.1 u DDI.2. Yepe3
koHpeHcatop Cl1 u pesuctop R1 Ha ero

yuca0». A 3TOro AOCTaTOYHO 3aMEHHTb
3JIeKTpOHTHYecKHH konpencarop Cl reme-
paropa HMIYJbCOB KepaMHYECKHM HJH Oy-
Ma>KHBIM KOHJ€HCAaTOpOM €MKOCTbIO
0,068...0,1 MK® ¥ NOAKJIIOYHTL K HEMY KHO-
NOYHbIA BBIKIOYaTeab SB1, noka3zaHHbIH
Ha pHC. 42 IITPHXOBbLIMH JHHHSMH. Herann
HIpOBOrO aBTOMaTa MOXXHO CMOHTHPOBaThb
Ha IJiaTe pa3MepamH npuMepHo 100x50 mm
(puc. 43) M3 MOGOro H3OJAUHOHHOIO Mare-
pHUajna, NpHAep>KHBasiCb CXeMbl Ha pHC. 42.

Kak paboraeT Takoii aBTOMaT U KakoBa
3aja4a HIparolux?

IToka kHomka BbIKO4Yarens SB1 He
HaXXaTa, reHepaTop BbIpabaThIBaeT HMITYJIb-
Chl CpaBHHTEJBHO OGOJBINOH YacTOTHI H,
€CTECTBEHHO, uu@pbl HHIHKATOpa NPaKTH-
YyecKH He mnpocMmaTtpHBatorcs. Ilociae Toro
KaK KaXX[IblH H3 HrpalolHX Ha30BeT 3ara-
JaHHyI0 1H¢py or 0 g0 9, BeuywHi urpy
HaXuMaeT KHonky. KoseGanusi renepaTopa
CpbIBAIOTCA, H B HHIHKATOpE BbICBEYHBAET-
cs ciay4vaiiHasi uudpa. BpiMrpbisaetr TOT.
KTO yragaeT GoJjbllle IHGp, CKaxXeM, U3
10 monsITOK.

-

BXOJl NMOAAETCH HMIYJbCHOE HaNpsXKeHHE
yacroroii 100 'y, cHHMaeMoe c BbIxofa
IBYXINOJIYIIEPHOOHOrO BbINpsiMuTeasn VD4
©JI0Ka NUTaHHsA pejie BpeMeHH. B pe3ynbra-
Te Ha Bbixoje Tpurrepa IlImurTra (BBIBOA
6 anemeHTa DDI1.2 ¢dopMupyioTcss npsmMo-
yroasHble UMNyJbcbl YyactoTod 100 I'u, ko-
TOpbi€ NOCTYNAIOT Ha BXOJ YeThIPEXCTYNEH-
HOro penMrens-¢opMHpoBaTeis 00pa3no-
BbIX HHTEpBaJIOB BpeMeHH. MHKpocxeMma
DD2 penHT 4acTtoTy BXOJHBIX HMIYJIbCOB
Ha 10, mukpocxema DD3—eme Ha 10,
MHKpocxema DD4—nHa 6 M MHKpOCcxeMa
DDS5—euwe wa 10. BoiGop 3THx 06pa3suo-
BBIX YacCTOT, COOTBETCTBYIOIIHX O0Opa3no-
BbIM HHTepBanaM BpemeHH 0,1 c, lc u
1 MMH, OCYINECTBJISETCH NepeKodaTeieM
SA1 «MHOXHTEIb».

Paboynii c4eTYHK HMIYJBCOB, INOCTY-
NAKIIHX OT Je/JHTeNsA-(POPMHPOBATEIS 00-
pa3io0BbIX HHTEPBAJIOB BPEMEHH, 06pa3yioT
cueTuydki DD6 u DD7, coeqHHEHHbIE MEX-
oy co6oii mnocienosarebHo. C BBIXONOB
3THX MHKPOCXEM HMNYJbChl Yepe3 TyMOile-
pbl SA2—SA9 «Bbinepxka» NOCTYyNalOT Ha
BXOnbl MHKpocxembl DDS8, npencrasis-
fomeii coboil BOCBMHBXOJOBBIH JIOrHYeCKHHA
anemenT SU-HE. B onuchkiBaeMoM npubope
OH BBINOJIHSET (YyHKUHIO AemngpaTopa—
yPOBeHb HH3KOrO HanpspKEHHs Ha €ro Bbl-
XOofe, CJy>XXalHH CUrHaJIOM OKOHYaHHS Bbl-
JIEP>KKH BpPeMEHH, NOABJISAETCS JHIIb TOrAa,
Korja Ha BceX ero BXxomax OyayT Halpsixke-
HHS BbICOKOTO ypDOBHS.

Heo6xoqumylo AJMTENbLHOCTbL BbIAEP-
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Prc. 44. lpHEHNBAILERA CXEMA pejie BLIIEPHKKH BpeMeHH
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Puc. 45. MoHTaxKHAA ILIATA pene BpeMeHR



JXKeK yCTaHaBJMBAIOT NepeiynovaTenem SAl
4 TyMmbJiepaMH (MJIH KHONIOYHBIMH BBIKJIIOYA-
Tensmu ¢ uxcanuedi) SA2—SA7. Tak,
HANpHUMep, YTOObI AJHTEJIBLHOCTh BbIIE€PKKH
6ei1a 1,6 ¢, nepexymouartenb SAl Hago
YCTAaHOBHTb B MNOJIOXeHHe «X0,1 c» H 3a-
MKHYTBb KOHTAKThI TymOGiepa SA7
0,1x16=1,6 c). Kak TOoJpk0 Ha BXxom 6
neuMgparopa NOCTYIUT C BBIXOOHOrO BbI-
Boma 9 cuerunka DD7 HMNyjbc NOJIOXH-
TeJbHOH NOJAPHOCTH (B 3TO BpeMsi Bce
Opyrde BXOOHbI€ BBIBOABI MHKPOCXEMbI
DD8 cBOGOaHBI, YTO paBHO3HAYHO Mofjaye
Ha HHUX HaNpsOKEHHs BBICOKOrO YpPOBHSA), Ha
BBIXOJJHOM BbiBOolle 8 pnemu¢ppatopa DD8
NOSIBUTCS HANpsDKeHHe HH3KOro YpOBHS,
KOTOpOe uepe3 YIpaBjsiollee YCTPOHCTBO
OCTaHOBHT pabGoOTy pejie BpeMEHH.

DYHKUHIO YCTPOHCTBA yNpaBJieHHS Bbl-
11ojHseT RS-TpHrrep, coGpaHHbIH Ha 3ne-
menrax DD1.3 u DD1.4. IIpu HaxkaTHH Ha
kHoOtky SBI1 «Ilyck» TpHITEp yCTaHABJIHBA-
€TCA B eJHHHYHOE COCTOSIHHE — Ha ero Ips-
MOM BBIXOJle MOSIBJIAETCSA HAlpsDKEHHE Bbi-
COKOro YpOBHSI, KOTOpOe uYepe3 pe3HCTOp
R6 otkpbiBaeT Tpanductop VTI1, Bxonsiuid
B HCIOJIHHTEJIBHOE YCTPOHCTBO. B pe3yinb-
TaTe cpabaTbiBaeT 3JIECKTPOMAarHHTHOE peJie
K1, KoTOpOoe CBOMMH KOHTakTamH (Ha cXxeme
He II0Ka3aHbl) BKJIIOYAeT 3JIEKTPONpHOOP.
ORHOBpEMEHHO HamNpsDKEHHE HH3KOro ypoB-
HS HHBEPCHOrO BBIXOJa TpHITepa BoO3AeH-
cTByeT Ha R-BXOgbI BCe€X CYETYHKOB H
ycTaHaB/iHBaeT HX B HCXORHoe pabouee
cocrostnne. C 3TOro MOMEHTa HAYHHAETCS
OTCYET AJMTEJbHOCTH BBHIEPXKKH BpEeMEHH.
Ecnu, k mnpHMmepy, 3aMKHYThl KOHTAaKTbl
TyMGiepa SA7, a mnepexynouatesab SAl
YCTaHOBJIeH B II0JIOXKeHHe «X 1 c», TO Yepe3
16 ¢ Ha BmiBOme 8 MHKpocxembl DD8 mo-
SIBHTCH HaNpsiKeHHe HH3KOro YpoBHs, KOTO-
poe nepeKyoYHT RS-TpHITEpP B HyJeBOe
cocTosiHKe, oT4yero Tpan3ucrop VTl 3akpo-
eTcsl, 3jJeKTpoMariutHoe pejie K1 ornyctur
H CBOMMH KOHTAKTaMH OTKJIIOMHT Harpys3Ky
pejie BpEMEHH OT 3JIEKTPOCETH.

Boobme xe TymOaepbi SA2—SA9
«MHOXHTeNsA» NO3BOJAIOT  3HAYHTEIBHO
pacliMpuThs [OUHANa3oH BbIgepXXeK BPEMEHH
or 0,05 c po 127,5 MuH. Hamnpumep, npH
yCTAHOBKe IlepekJiiouatensi SA1 B mosoxe-
HHe «X1 C» H OJHOBpPEMEHHOM 3aMbIKaHHH
KOHTaKTOB TyMbiepoB SA3, SA4 u SAS
IJIMTETBHOCTh BbIJlep>KKH 6yaeT 7 ¢, a NpH
YCTaHOBKe INepeiunoyatesas SA1 B nosjoxe-
HHe «] MHH» H 3aMbIKAHHH KOHTAaKTOB BCEX
TymGiepos SA2 — SA9 Bbiep>kKa COCTaBHT
127,5 mun. Ho, Kak nokaspiBaeT NpaKTHKa

HH®POBOM YACTOTOMEP

KoHcTpyHpOBaHHe 3TOr0 H3MEpHTEJb-
HOI'0 npubopa (pHc. 46) NO/DKHO CTaTh AJs
Bac 0000OIneHHEM, CBeleHHEeM BOEIHHO H

46

N0JIb30BaHUSI NMOJOOHBIM NPHGOPOM, O6BIY-
HO OfIHOTO H3 BOCBMH TyMG6JiepoB GbIBaeT
JOCTaTOYHO AJiA BbIGOpa HeO6XOOUMOH BbI-
IIEP>XXKH BpEMEHH.

$opMHpOBaTeIb HMIIYJBLCOB C JICJIHTE-
neM-popMHpOBaTeieM OOpa3lOBbIX HHTEp-
BaJIOB BpEMeHH, paGoyHMd CYEeTYHK C Je-
mwHdpaTOpoM, TPHITEP YNpABJICHHS H TPaH-
3uctop VT1 c 3jeKTpoMarHHTHBIM pesie Kl
MO>XHO CMOHTHpPOBaTb Ha oOfHOM o6mel
mwate (puc. 45), a 60K IMMTAHUS —Ha Npy-
roil Iiarte, 4YTO NO3BOJIMT HaHGoOJiee pany-
OHaJbHO pa3MECTHTb HX B [OAXOASIEM
rOTOBOM HJIH caMOfeNbHOM Kopnyce. Ilpu-
MEpPOM MOHTa)Ka H JaHHBIX CETEBOro TpaH-
ccopMaTopa BHIIPSAMHUTE/ISI MOXKET CJIYKHTh
6JI0K MATAHHA ONMHCHIBAEMOro HHXKe LHPO-
BOro wvactroromepa. Boobume >xe npu6op
MOXKHO IMMTaTh OT paHee CKOHCTPYHPOBaH-
Horo 610ka mataRHsA (cM. puc. 20). Hapo
TOJIBKO MEXAY €ro BBIIPAMHTEIBHBIM MO-
ctoM VDI —VD4 u ¢(uabTpyOIHM KOH-
nencatopom C1 BKIIOYHTB AHOA cepHH 11226
(kak Ha pHC. 44) c moOObIM OYKBEHHbIM
HHIEKCOM.

Bce TyMOnepbi H nepewmouatens SAl
«MHOXHTEIb» pa3MelaiTe Ha JHUEeBOH
CTeHKe Kopnyca peJjie BpeMeHH H creialTte
BO3JI¢ HHX COOTBETCTBYIOLIHE HAANHUCH DYyH-
KUHOHAJIBHOIO Ha3HAYeHHS.

JuekTpomarHuTHOe pene K1  Tuma
P2C-47 (macnoptr  P®4.500.409 wm
P®4.500.419) 160 apyroe aHaJOrH4YHOE,
HaJexHO cpa6aThiBaollee OT HCTOYHHKA
MMOCTOSHHOI'O TOKa HanpsikeuwHem 10...12 B.

MOHTaX feTaneli Ha IUIATE MOXET
ObITH KaK [eYaTHbIM, TaK H IPOBOJIOY-
HbIM — BC€ 3aBHCHT OT HMEIOLIHXCA MaTepH-
aJI0B M ONbITa MOHTaXHBIX pa6ot. IIpoBon-
HHKH lelleli TUTaHASI MHKPOCXEM [1eJIeco00-
pa3HO pa3MeCTHTh Ha IUIaTeé CO CTOPOHBI
pa3MelieHass (YCTAaHOBKH) MHKpPOCXEM (Ha
puc. 45 0603HaueHbl HENpepbIBHbIMH JIHHH-
SIMH, NepeCceKalONHMH lTleYaTHbIe MTPOBOIHH-
KH), YTO NIpH MTEYaTHOM MOHTa)XXe€ YMEHBIIUT
YHCJIO HeH36eXXHbIX IepeMblueK, a TNpH
NPOBOJIOYHOM — H30aBHT OT CJIy4aHHBIX CO-
€OHHEHHH MOHTAaXKHbIX NMPOBONHHKOB B Me-
CTax lepeceYeHHsl.

Ecmu peTamd NpefBapHTEJbHO NpOBe-
pPEeHbI H MOHT)X BBIIOJHEH TOYHO MO IIPHH-
UHNHANBLHONH cXeMe, peJjie BpeMeHH HacTpoH-
KH He Tpebyer. IlpoBepuTh ke pa6oTocno-
COOHOCTb OTHAE/ILHBIX Y3JI0B MOXHO C IO-
MOIIBIO 3HAKOMbIX BaM CBETOIHONHOIO HIH
TPaH3HCTOPHOrOo MpOGHMKAa H BOJBTMETpa
MOCTOSIHHOI'O TOKa.

MpaKTHYeCKHM MpHMEHECHHEM 3HaHMH H Ha-
BBIKOB IO OCHOBaM UH(POBOH TEXHHKH.
ITpu60op NO3BOJIHT H3MEPSATh CHHYCOHAAJIb-
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Prc. 46. BEemnmii BHX nH@poOBOro 4acroromepa

Hble TFapMOHHYECKHE H HMIYJIbCHBIE 3JI€K-
TPHYECKHE KOJIeOaHHA YaCTOTOH OT e€IHHHI
repu po 10 MI'u u ammumatygoi ot 0,15 go
10 B, a Takyke cUMTaTh HMIYJbChl CHrHAJA.

CTpyKTypHas cxeMa ONHCBHIBA€MOro 4a-
CTOTOMepa noka3aHa Ha pHc. 47. Ero obpa-
3yI0T: (POpMHPOBATE/Ib HMIYJILCOB CHIHAJa
H3MepsieMOH 4acToThl, 6JIOK 06pa3noBbiX
YacTOT, 3JIEKTPOHHBIH KJIOY, [IBOHYHO-
JNECATHYHBIA CYETYHK HMIIYJbCOB, O6JIOK
nu¢poBOH HHIHKANWH H  yHOpaBisiollee
ycTpoiicTBo. IluTaeTcs 4acTOTOMeEp OT CETH
IlepeMeHHOro Toka HamnpsixeHHeM 220 B ue-
pe3 ABYXNONyNEPHOAHBIA BBLIIPAMHTEbL CO
cTaGUIH3aTOPOM BBIIPAMIIEHHOTO HalpsiKe-
Hus (Ha puc. 47 He NOKa3aHbI).

JleiicTBHe npuOOpa OCHOBaHO Ha H3Me-
PEHHH YHCJIa HMIYJIbCOB B T€YE€HHE Ompefe-
JIEHHOTO0 — 0Gpa3oBOro — HHTepBana Bpe-
meHn. Hccnenyemblii curEan nopaipT Ha
BXOJ ¢pOpMHpOBATest HMNYJILCHOIO Hanpsi-
xeHusi. Ha ero Bbixome ¢opMHpPYOTCS
3JIEKTPHYECKHE KOJIEOAHUA NPAMOYroJbHOH
¢opMBI, COOTBETCTBYIOL[HE YacTOTe BXOA-
HOIO CHIHaNa, KOTOpble NOCTYNAalT Ha
3anekTpoHHbll xmou. Croga ke uyepe3 yn-
paBjsiloniee  yCTPOHCTBO, OTKpBIBaollee
KJIIOY Ha OlpelleJIeHHOE BpeMsi, NOCTYNaloT
H, HMITyJIbChI 00pa3noBOH uacToThl. B pe-
3yJbTaTe Ha BbIXOJle IEKTPOHHOIO KJII0Ya
NOSIBJITIOTCSL NMAa4YKH HMIIYJbCOB, KOTOpble
Jajee CIEAyIOT K IBOHYHO-IECATHUHOMY
CYETYHKY. JIoruyeckoe COCTOSIHHE JBOMYHO-
NECATHYHOIO CYETYHKA, B KOTOPOM OH OKa-
3aJICA NOCJie 3aKpbIBaHHS KJKO4Ya, OTOOpa-
xaeT 60K mugpoBoil HHIHKAIHH, paboTa-
IOUIHH B TeYeHHe BPEMEHH, ONpeNe/IAeMOro
YIPaBJIAIOIHM YCTPOHCTBOM.

B pexxuMe cuyeTa UMNYJIBCOB YNpaBJis-
omee yCTpOHCTBO GJIOKHpYET HCTOYHHK 00-
pa3uoBbIX 4YacTOT, JIBOHYHO-NECSATHYHBIH
CYETUHK BeJeT HeNpepbIBHBIA cyeT MOCTY-
NUBIOHX HaA €ro BXOJA HMIYJbCOB, a OJIOK
nu¢hpoBOH HHAHKAIHH OTOOpa)kaer pe3yib-
TaT cuera.

Hpaanunnanbaas cxema 4YacTOTOMEpa
noka3aHa Ha pHc. 48. MHoOrue y3jbl B HEM
BaM yxke 3HaKoMbl. JIoaTomy paccMOTpHM
6oJiee MOAPOOHO JIHILL HOBBIE HENH H Y3JIbI
npubopa.

$PopMHpOBaTEIb HMITYJIbCHOrO Hampsi-
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Puc. 47. CTpykTypHas cXema dacToTomepa

>KEHHs NpefICTaBISIET COBOH YCIOXHEHHbIH
Tpurrep HIMHTTa, COOpaHHbIA HA MHKpPOCXE-
me KISSJIO1 (DD1). Pe3uctrop RI orpann-
ypBaeT BXOOHOH TOK, a aHon VDI 3amuma-
eT MHKpOCXeMy OT MepenagoB BXOAHOIO
HaNpsOKCHUST OTPHUATEJIBHOH TOJIAPHOCTH.
ITon6opom pe3uctopa R3 ycranaBamsaior
HIDKHHHE (HaHMEHBLUHH) npenes1 HanpsiKeHHs
BXOAHOrO CHrHajA.

C sbixoga c¢opmupoBaress (sbIBom 9
muKpocxembl DD1) HMNy/ibChbl NPSIMOYTOJIb-
HO# OpMBI NOCTYNAIOT HA OAHH U3 BXOLOB
jorgyeckoro snemeHta DDI11.1, BbpInosHsA-
omero ¢yHKIUHIO 3JIEKTPOHHOIO KJro4a.

B 6s0k 06pa3moBBIX YacTOT BXONSAT:
resepatop Ha 3jnementax DD2.1--DD2.3,
YacToTa HMIYJBCOB KOTOPOLO CTal0HIH3H-
poBaHa KBapueBbiM pe3oHatopoM ZQl, u
CEMHCTYNEHHbI JeauTe» YacToThbl HA
mukpocxemax DD3—DD9. Yacrora KBap-
1eBOro pe3oHaropa pasHa 8 MI'n, moaromy
mukpocxema K1SSUES (DD3) nepBoii cry-
NIeHH JeJIHTesiss BKJIIOYeHAa TaK, 4YToObl ya-
CTOTa reHepaTopa Heawiach Ha 8. B pe-
3yJIbTaTe YacToOTa HMIYJILCOB HA ee BbIXOAe
(spiBOom 11) Oymer 1 MI'm. Muxpocxema
Kaxxgod nocjenyioillel CTyneHH [OeJUT 4a-
crory Ha 10. Takum o06pa3om, 4yacToTa
HMIIYJILCOB Ha BbIXOJe MHKpocxemsl DD4
paBHa 100 xI'u, Ha BBIXOA€ MHKpPOCXeMbl
DD5—10 xI'i, na Beixone DD6—1 kI'n, Ha
sbixoge DD7—100 'y, Ha BbIxoge DD8—
10 'y ¥ Ha BBIXOJAE BCEro AesmTens (BbIBOA
5 mukpocxembl DD9)—1 I'p.

YuacTok H3MepsAeMbIX YacTOT yCTaHaB-
JMBAKOT nepeksmoyartesieM SA1 «[Iuana3on».
B kpafinem npaBoM (IO cXeMe) NOJIOXKEHHH
3TOro  InepexjloyarTesss  TpeXpa3psaHbIi
610Kk HHPPOBOH HHAHKAUHH (PHKCHpYET 4a-
crory mpo 1 xI'y (992 I'm), BO BTOPOM OT
Hero nosnoxxenud—po 10 kI'y (9999 (o), B
TpeTheM — o 100 kI'y (99 999 I'y) u nanee
ao 1 MI'm (999 xI'n), no 10 MI'y
(9,999 MI'n). s 6ojiee TOYHOro onpene-
JIEHMSI 9acTOThI CHIHAJIA NPHXOJUTCS BBIOH-
paTh INepeKyioyYarejieM COOTBETCTBYIOUIHH
nmopHana3oH H3MEPEHHs, IIOCTENEHHO Nepe-
XOOAT OT 6o0Jjiee BBICOKOYAaCTOTHOIO Yyua-
cTKka K HH3KouyacToTHoMmy. Tak, Hanpumep,
yTOOBI H3MEPHTh YacTOTY 3BYKOBOrO reHe-
paTopa, Halo YCTAaHOBHTb IepeKJoYaTesb

47
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Pac. 49. I'padBKH, ALHOCTPHAPY-
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cHayasa B nojoxeure «X10 xkI'y», a 3arem
NepeBOIUTh €ro B CTOPOHY MEHBIIHX 06pa3-
HOBbIX YaCToOT.

Ynpasnsioiee YyCTpoOHCTBO, pabory
KOTOPOro HJUIIOCTPHPYIOT rpadukHd, NpHBE-
JIEHHbie Ha puc. 49, cocTOUT U3 D-TpHrTe-
poB DD10.1 « DDI10.2, mukpocxemsl DDI0,
uuBepropos DDI11.3, DDI11.4 u TpaH3HCTO-
pa VT, 0o6pa3yloiux yCJOXHEHHbIH XAY-
umiét  MyabTtAaBHOpatop. Ha Bxog C D-
Tpurrepa DDI10.] noctynaroT HMNyjabChl C
Oioka 0Opa3yoBbIX YacToT (puc. 49, a). Ilo
¢pouty umnynsca ,06pa3uoOBOH YacTOTHI,
YCTAHOBJIEHHOH  mMepexjouyareneM  SAl,
3TOT TpHITEp, paGoOTaIOUHH B pexxHME cue-
Ta Ha 2. NepeKJIIoYaeTCsd B ENHHHYHOE
COCTOsiHHE (puC. 49. 6) H Hanps>KeHHEM
BBICOKOI'O YpOBfisi HA NMPAMOM BBIXOJE (BbI-
BOJ S) OTKpBbIBaeT 3JIEKTPOHHBLIH K04
DDI1.1. C 3T0r0 MOMEHTa HMNYJbChl Ha-
NPSI)KEHHS H3MEPSEMOH 4acTOThI NPOXONSAT
yepes  IJEKTPOHHBIH  KJIHOY, HHBEPTOP
DDI!1 2 u moctynaroT HeNOCPEICTBEHHO Ha
Bxon C1 (BbiBox 14) cuetyuka DDI12. Ilo
$pOHTY CNeAyIOIEro HMNYJbca TpHITEpP
DD19.]1 npHHHMaeT UCXOJHOE COCTOSHHE H
NEepeKII0YaeT B €IHHHYHOE COCTOSHHE TPHI-
rep DDI10.2 (puc. 49, ¢). B cBoio ouepenn
Tpurrep DD10.2 HH3KHM ypOBHEM Hanpsike-
HHsl Ha HHBEPCHOM BbIXOje (BbIBOA 8) 6J10-
KHPYET BXOA YNpaBJsAOLIEero ycTpoicTBa OT
BO3IEHCTBHS HMNYNLCOB 00pa3ifoBOil 4Ya-
CTOTbI, a BbICOKHM YpOBHEM HaNpsDKEHMS
HA TpPAMOM BbIXOJe (BbIBOA 9) 3amyckaeT
KAYIHH MyJIbTHBHOpATOp. 3JIEKTPOHHBIN
KJIIOY 3aKpbIBaeTCs HaNpsKCHHEM HH3KOro
YpOBHS Ha TNPAMOM BbIXOJ€ TpHITEpa
DD19.1. HaudHaeTcs MHAHKALUA YHCIIA HUM-

S50

NyJbCOB B INayKe, NOCTYNHBUIHX Ha BXOM
JABOHYHO-IECATHYHOrO CHETYHKA.

C nosiBjieHHEeM HanpsKEHHS BBICOKOTO
YPOBHSL Ha INIpAMOM BBIXOJl€ TpPHITepa
DD10.2 uepe3 pe3ncTop RS HauuHaeT 3aps-
xarbca koHpencarop C3. Ilo mepe ero
3apANKH  YBEJIHUYHMBAETCH IOJIOXKHTEBHOE
HanpsokeHHe Ha ©Oa3ze Tpamsucropa VT1
(puc. 49, 2). Kak TOJBKO OHO JOCTHTHET
npuMepHo 0,6 B, TpaH3HCTOp OTKpPBIBAacTCH,
HanpspKEeHHEe Ha KOJUIEKTOpe YMeHbIIaeTCs
moutd go O (puc. 49, 3). Ilossaswuieecs
Nnpd 3TOM Ha BbIXofe 3JjeMeHTra DDI].3
HanpspKeHHE BLICOKOTO YPOBHA BO3IEHCTBY-
eT Ha sxoabl RO Mukpocxem DDI12, DD14 u
DDI16, B pe3ynabrare 4Yero JIBOHYHO-
HeCATHYHBbIA CYETYUK HMITYJILCOB cOpachiBa-
€TCsl B HyJIeBO€ COCTOSIHHE, OT4Yero pe3ylb-
TaT H3MepeHHs Ipekpauaercsa. OpHOBpe-
MEHHO HanpsiKeHHe HH3KOro YpOBHS, IO-
sBHBLIEECS KOPOTKHM HMIIYJIbCOM Ha BBIBO-
ne 11 uusepropa DDI11.4 (puc. 49, e), ne-
pexiouaer Ttpurrep DDI10.2 u xpymuii
MYJIbTHBHOpPATOp B HCXOAHOE COCTOSIHHE U
kougeHcarop C3 paspspkaeTrcst uyepe3 AHOJI
VD2 u anement DD10.2. C nossnenHeM Ha
Bxofme tpurrepa DDI10.1 oyepenHOro Hm-
nyabca oOpa3noBOM 4YacTOTbl HAaYHHAETCS
CAeAYIOIHH UK paboThl NPHGOpa B peXKH-
Me H3MepeHHs (pHC. 49, o).

Cuetyuk DDI12, pemmucgparop DD13 u
rasopa3psjHbii udposoit uHgHkatop HG1
00pa3yioT MIAIUyI0 CHYETHYIO CTyNeHb Ya-
croroMepa. Ilocienyouise cueTHbIe CTYyIe-
HH Ha3BIBAlOT CTapIIHMH. B 3aKkOHYeHHOH
KOHCTPYKIHH  4aCTOTOMepa  HHIHKATOp
HG1 —kpa¥iinuii cnipasa, BJIEBO OT Hero
caenyior unaukaropsl HG2 u HG3. Ilep-
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Puc. 50. Cxema 6J0Ka NMATAHAN

BhIi H3 HHX BBICBEYHBAET EIHHHUbI, BTO-
pOH—[IeCATKH, TPETHH—COTHH YacToT
JaHHOTO TMOARAHANa30HA H3MEpPeHHS, BbI-
OpaHHOro nepexyrouareiem SAL,

Yr1o6bl 4YacTOTOMEp NepeBECTH B pe-
JKHM HeNpepbIBHOIO CYe€Ta HMIIYJIBCOB, Ile-
pexmoyatenb SA2 yCTaHABIMBAIOT B 10JO-
xende «Cuer». B 3TOM ciydae TpHITEp
DDI10.1 mo Bxomy S nepexkovaercss B
€IHHHYHOE COCTOSIHHE—Ha €ro MpsMoM
BBIXOle eHCTBYeT HampsDKeHHE BBICOKOI'O
ypoBHA. IIpH 3TOM 3JIEKTPOHHBIN KJIIOY
DDI11.1 oka3piBaeTcs OTKpbITbIM H Yepe3
Hero Ha BXOJ| JBOHYHO-AECATHYHOIO CYeET-
YHKa HENpepbIBHO MOCTYNAIOT HMIYJIbChI
BXOAHOro curHana. IlokasaHus cyeT4YHka B
3TOM cJlyyae NpeKpalalTCs NPH HaXaTHH
Ha KHomky SB1 «C6poc».

Biok nutanus yactoroMepa (puc. 50)
o6pa3yioT ceTesoil Tpancdopmatop TI,
OBYXNOJYNepHOOHbIH BbINpAMHTENp VD3,
xougencarop C9, cria>XuBalOIHH NyJbca-
IIMH BBHIPAMJIEHHOI'O HANPSDKEHHSA, H CTa0H-
JIH3aTOp HaNpsXKEHHs Ha CTaGHJIMTPOHe
VD5 u Tpau3uctope VT2. Konpaencatop
C10 ma BbIXOfe CTaGHIH3aTOpa [ ONOJIHH-
TENbHO CIJIaXKHBAET NMyJILCAlHH BbIIPAMIEH-
Horo HampspxkeHusi. Konpencatop Cll1 (kak
H KoHpeHcaTropbl C4—C8 npubopa) 610kH-
pyeT MHKpOCXEMbl YacTOTOMEpa MO UENH
nuTaHusa, pe3HcTop R16 mopmepxkuBaeT pe-
KHM CTaGHJIM3aTopa NPH OTKIIOYEHHOH OT
Hero Harpy3ke.

Hanpsokenne o6motky III Tpancgop-
maTopa (oxoso 200...220 B) nopaercs uepe3
nuon DV4 B nend NMHTaHHS aHONHBIX uemlei

Puc. SI1.
npuGopa

Kopnyc

5t
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Prc. 52. Pasmemenne 610k0B B gerasneli mE(POBOro 4acToTOMepa B KOpIyce

ra3opa3paaHbix 1H¢POBLIX HHIHKATOPOB
YacTOTOMepa.

Konctpyxums. C BHEUIHHM BHJOM Ya-
CTOTOMepa BbI yxe 3HakoMmbl. Ero xopmnyc
(puc. 51) cocrour u3 aAByx II-06pa3subIx
yacTel, COTHYTBIX H3 MSAIKOIO JIHCTOBOIO
OIOpalOMHHUA ToAmuMHOH 2 MM. Hipkuss
YacTh BbIIONHAET YHKIHIO Cc6OPOYHOrO
mwaccu. B ee nepenueii creHke, sABIsiomeH-
CA JIMIEBOH NaHesbi0 MpHOOpA, BHITHICHO
NpSAMOYTOJIbHOE OTBEPCTHE, NPHKPbIBAEMOE
cliepeJiH IUIAaCTHHKOH KpacHOro opraHu4e-
CKOTO CTeKJIa, Yepe3 KOTOpoe BHIHBI ra3o-
pa3psHble HHOHKaTopbl. CnipaBa OT HEro —
OTBEPCTHS IJIA KpeIUIEHHSI BXOTHOFO BbICO-
KOYaCcTOTHOro paszbema XS1, nepekioyare-
st SA1 Ha naTh nosoXeHu#, TyMGiepa SA2
«H3mepenne-cuer» H KHONMKH SB1 «C6poc».
TpH oTBepcTHs Ha  3aliHEH CTEeHKe CJIYXKAaT
IJIA BRIKJHOYaTess THTaHus SA3, apMaTyphbl
miaBkoro mnpepoxpanurenss FUl: u BBoAa
ceTeBOro mHypa. BepxHiol  YacTh—
KpbIHIKY — [IPHBEPTHIBAIOT BHHTaMH M3 k
IIOPAIOMHHUEBBIM  YTOJIKaM, [pHKJICIIaH-
HbIM K HIaCCH BROJIb GOKOBBIX CTOPpOH. CHU3Y
K IIacCH MPHKPEIUICHbl PE3HHOBBIE HOXKH.

Monrax. JleTaylt 4acTOTOMepa CMOH-
THPOBaHbI HA YeThIpeX MeYaTHbIX IUIaTax H3
¢$OBTHPOBAHHOTO CTEKJIOTEKCTOJIHTA TOJI-
IHHHON 2 MM, NPeACTaBISIOMHAX coboli pyH-

52

KIHOHAILHO 3aKOHYeHHble OJIOKH NMpHO6Opa.
Pa3MenieHde IIaT H APYTHX AeTane# yacto-
TOMepa B KOpnyce ITOKasaHO Ha pHC. 52.
IInarbl BUHTaMH C ra#ikamMe yKpeIUIeHbI Ha
IUTaCTHHe JIHCTOBOTO IUIaCTHKA, a OHa—Ha
nHe maccH. CoeqHHeHHsA MeXOy IUIaTaMH H
APYTHMH J€TaJsiIMH NpHGOpa BbIIOJHEHBI
rHGKHMH TIpOBONHHKAMH B HAJ€>XXHOH H30-
JISATMH.

IlepBbiM MOHTHpPY#HTE H HCNBITHIBalTe
6Jiok nuTaEusa. Ero BHemiHW#i BHY H NeyaT-
Has MJIaTa CO CXeMO# pa3MellueHHs neTaneit
nokasanel Ha pHc. 53. CereBo#t Tpancdop-
maTop T1 camofmenbHbIN, BLITOJHEH HA Mar-
suTonposofie 1ILJ120x32. O6morka I, pac-
CYHTaHHAs Ha HanpspkeHue cetH 220 B,
comepxHT 1650 BuTKOB mposoaa I19B-1 0,1,
anoguasa o6MoTka III— 1500 BATKOB Takoro
xe npoBoga, obmorka II—55 BHTKOB mpo-
Boga II3B-1 0,47. Boobmie e g 6Jioka
NHTAHHS MOXKHO HCNO/b30BaTh NOAXOMA-
it roToBalil TpaHCGHOPMATOP MOIUHOCTBHIO
6onee 7...8 Br, obecne it Ha 06-
motke II mepemenHoe Hanpsokenue 8...10 B
IIpH TOKe Harpy3ku He Menee 0,5 A, Ha
o6morke III — okosio 200 B mpH TOoKe He
MeHee 10 MA.

Perymupyionmii Tpan3ucrop VT2 cra-
OHmM3aTopa HaNpsDKeHMsI yKpeIUuleH Ha I'-
o0Opa3HOil  JlopanioMHHHEeBOH IUIacCTHHKeE
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pa3mepoM 50X50 H TOJILHHOH 2 MM, BBI-
noJHsIoNeH (PYHKLUHIO TeII00TBOAa. BriBo-
abl 6a3bl M IMHTTEpa TPaH3HCTOpa MPOIy-
[IeHbl Yepe3 OTBEpCTHA B IJlaTe H IIpHIla-
SHbl HENOCPENCTBEHHO K COOTBETCTBYIOLIUM
MeYaTHbIM MNPOBOAHHKAM. JJIEKTPHYECKHH
KOHTaKT KOJUIEKTOpa TPaH3HCTOpa C BbIIPs-
MHTeJIbubIM Gr0koM VD3 ocymiecTBiieH ye-
pe3 ero TeIIooTBOJ, KpeleXHble BHHTbI C
rafikaMd H ¢oJbLry NIaThl.

CBepHB MOHTaX CoO cxeMo# Giioka (cM
PHC. 50), MOAKMOYHTE K BBIXOAY CTabHIIH-
3aTopa HalpsKeHHs JKBHBAJIEHT Harpys-
KH— pe3ucTop conporHBieHueM 10...12 Om

s)

Ha MOIIHOCTL paccessHus 5 Br. IToakiioys-
Te O6GAOK K CeTH M TYT e H3MepbTe
HaNps)XEHHE Ha pe3HCTOpEe —OHO NOJDKHO
ObITh B npenenax 4,75...5,25 B. Bonee To4-
HO 3TO HalpsDKEHHE MOXXHO YCTaHOBHTh
moa6opom craGwmMTpoHa VDS5. OcrtaBbTe
670K BKJIHOYEHHLIM Ha 1,5...2 4. 3a 3rTo
BpEMsl DEryJHPYIOIIHA TPaH3HCTOp MOXXET
HarpeTbcs o 60...70° C, Ho HalpsikeHHe Ha
Harpy3ke JOJIKHO OCTaBaThCA NMPaKTHIECKH
HeH3MeHHbIM. Tak Bbl HcobiTaere 670K
IIHTAHHSA NIpH paGoTe B YCJIOBHAX, GJIH3KHX
K peaJIbHbIM.

CueTyuK HMITYJLCOB H GJ0K 1ubpoBOi
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Pac. 54. Ilnara cYeTYHKA HMIYJAbCOB € G6ia0KOM
nHdposoll rEGOpMAIHE
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HHOHKAllHH CMOHTHpPOBaHbl Ha OQHOH O6-
el gnare pasmepom 100x80 mm (pHuc.54).
IInHbl nenn NHTAHHA pa3MeleHbl Ha Ia-
T€ CO CTOPOHBI MHKPOCXEM, 4YTO II03BOJIH-
10 OBOHTHCH JHINL [BYMS IPOBOJOYHBIMH
NepeMbIYKaMH B MeCTax IMepecedeHHs Iie-
nei cueruynkos DD12, DD14, DD16. K atum
e LIHHaM NpHNasHbl GJIOKHPOBOYHbBIE KOH-
neucatopsl C7 u C8. BeiBozbl razopa3psj-
'HBIX HMHOHKATOPOB MpOMYIIEHbl uYepe3 OT-
BEpCTHSA B IUIaTe H MpHMNAsiHbl K TOKOHECY-
. IHM MIJIOIAAKaM, KOTOpbIE 3aTeM COeqHHe-
HBI OTpe3KaMH MOHTaXXHOro MPOBOJA C CO-
OTBETCTBYIOLIHMH HM BBIXOJaMH JelIH¢pa-
topoB DDI13, DDI5S u DDI7 (uro6nl He
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YCJIOXKHSATb 3CKH3a IUIaThl, 3TH COeAHHEHHS
Ha pHC. 54 He mMoKa3aHbI).

TwareabHo MPOBEPHB MOHTAX H Hafe-
JKHOCTb NaeK, COeJHHMTe IUIaTy ¢ 6JIOKOM
MHTAHUS H, COGJII0Jas OCTOPOXKHOCTDL, NOJ-
KJIIOuHTe OJIOK K ceTH. MHOHKATOpBI JOJXK-
HbI BHICBEUHBATb HYJH. ECIH Tenepb oGIIHHA
npoBOAHHK RO-BXOHOB CYETYHKOB, KOTOPBIH
IOJKEH COCOHHATLCS C BLIBOAOM 8 3JieMEH-
Ta DDI11.3 ycrpoiictBa ynpasneHHs, 3a-
MKHYTb BpeMeHHO Ha «3a3eMJICHHBIH» mpo-
BoiHHK H Ha Bxox CI (BbiBox 14) cyeTyHKa
DDI12 nmogarhb OT HCNBITAaTEILHOrO reHepa-
TOpa HMIYJbCbI, CleIYIOIHEe C YacTOTOH
mosTopeHus 1...3 I'y, aToT y3en yacrorome-



Prc. 55. Baok o6pasmoBhIX HacToT

o0

KNy-"58

75

Ha+"58 b

pa Oymer pa6GoTarb B peXXHMe cHYeTa HM-
nyascoB: uHarkarop HG1 craHeT BbICBEYH-
parb eguuuupl, HG2 —gecarxn, a HG3 —
COTHH HMNyjbcoB. IMocne 999 ummysbcoB
Ha HHAHKATOpaX BLICBETATCA HYJIIH H Ha-
YHETCA CYET CHEAYHOILIEro UHKJIA HUMIYJb-
COB.

B cjy4yae HEMoJagoK B 3TOM y3Jje -

nppBepAiTe W HCNBIThIBAHTE KaX[bld pas-
pAx O6J0Ka HMHAHKAIHH pa3fe]bHO ¢ 1o-
MOLILI0O HHOMKATOPOB WM, 4YTO Jyd4ile,
3JIEKTPOHHOrO OoCUHJLIOrpaca.

Ilanee  MOHTHpPy#Te H HCHLIThIBaliTe
6J10K 00pa3ioBbIX YacToT (pHc. 55). B HeM,

N
N SA7
9

KakK H B 6JioKe HH(POBOH HHIUKALHH, IIIHHbI
MUTaHKA H GJIOKHPOBOYHBIE KOHIEHCATOPHI
pa3MellleHbl Ha IUIaTe€ CO CTOPOHBI MHKpO-
CXeM.

ITocne npoBepkH MOHTaxa nogaiite Ha
IUMHBl TIHTAHHWA 3TOro 6JIOKa HaNpspHKeHHe
S B H, I0OJL3YACh CBETONHOAHBIM WJIH TPaH-
3HCTOpPHbIM HHIHKAaTOPOM, MNPOBEPLTE €ro
paborocnoco6HOCTL. TIpH  MOAKJIIOYEHHH
HHAHKaTOpa K BbIXORY MHKpocxeMbl DD9
OH JQDKEeH MHrarb ¢ vacroroi 1 T'mu, k
BbIXoAy MHKpocxembl DD8-—c yactoToH
10 'y, a x BeIXOgy DD7-—c w4actoToH
100 I'y (ma ryia3 He3aMeTHO). 3aTeM CMIHa-

-



Jbl C BBIXOHOB 3THX MHKpPOCXEM IMofgaiTe
nooyepenno Ha Bxong Cl cyerunka DDI2
6noka uubpoBod HugHKauuu. Pa6oras B
peXHMe cuera, OH Oyaer HHIHUMPOBATL
YHCJIO HMITYJILCOB, MOCTYNAIOIMIHX HAa HETO C
BBIXOJJOB TpeX cTyneHeH pgesmtens. Ecmm
Bce OyaeT TaK, MOXXHO CYHTaTb, 4YTO H
reHeparop Gyioka 06pa3noBbIX 4acToT pabo-
TaeT HCHpPaBHO.

dopmupoBaTeb HMAYJIbCHOrO Hamnps-
JKEHHsI, 3IJEKTPOHHLIK KIIOY H YCTPOHCTBO
yIIpaBJICHHS CMOHTHPOBaHbl Ha OJHOH 06-
meil miare (puc. 56). Hcmbiranwe storo
y3Jla 4acTOTOMEpa HaYHHaHTe C MPOBEPKH
paboToCnoCO6GHOCTH ¢(HOPMHPOBATEN HM-
MyJbCOB CHrHaja H3MepsieMOH YacTOThbI
COBMECTHO C JJPYTHMH y3JIaMH H 3JIeMeHTa-
Mu npHGopa. [lis aroro Bxog S (BeIBOp 4)
TpHrrepa DD10.1 BpeMeHHO coegHHHTE C
«3a3eMJICHHbIM» MPOBONHHKOM (YTO PaBHO3-

Ha4YHO YCTaHOBKe Nepekynodareyns SA2 B
nonoxeHue «Cuer»), BBIBOE 6 HHBepTOpa
DDI11.2—c BeiBogoMm 14 Bxoga C1 cyeTryH-
Kka DDI12 u nopaiite Ha pazbem XS1 curHan
c BbIxoga MuKpocxembl DD9 Gioka oGpas-
1OBbIX yacToT. MHAHKATOpPHl JOJKHBI BbI-
CBEYHBATh MOCJICAOBaTENLHO 1Hppbl oT 1
no 999. Ilpu wacrore umnyiabcoB 10 I'u,
CHHMaeMbIX C BbIXofga MHKpocxembl DDS,
CKOPOCTb CYeTa HMITyJIbCOB Bo3pacTtaeT B 10
pas.

3areM NpOBOJHHK, COSHHHSIOWNA BXOX
S Tpurrepa DDI10.1 ¢ «3a3eMJeHHOH» IIH-
HOH MHUTaHHA, ygamHTe (YTO COOTBETCTBYET
YCTaHOBKe Mepekynodarensa SA2 B mojoxe-
HHe «H3mepenne»), BBIBOI 8 HHBEpTOpa
DDI11.3 coenHHHTe ¢ LIHHOH cGpoca cuyeT-
yukoB DDI12, DD14, DDI16 (npeaBapHTenb-
HO yNaJHB NepeMbIYKy, KOTOPOH 3Ty UIHHY
paHee 3aMBIKAJH ‘Ha «3a3eMJIEHHBIH» 0po-

Prc. 56. Ilnara ¢opmupoBaTens HMIy/ILCHOIO Ha-
NpsAXKeHAsA H YCTPOHCTBA yNpABJIHHA
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nojHuk), Bxom C (BbiBog 3) Tpurrepa
DD10.1 coeqHHUTE HEMOCPEACTBEHHO C BbI-
x00M 6y10Ka 06pa3lOBbIX 4acToT (BLIBOA 5
DD9), yTO paBHO3HAaYHO YCTAaHOBKE IIE€pEeK-
modatens SAl B mnonoxenuwe «xX1 I'», u
OHOBpEMEHHO ¢ pa3zbeMoM XS1. Tenepnb
unguxkarop HG1 GyneT nmepHOgHYECKH, MpH-
mepHo uepe3 1,5...2 ¢ (B 3aBHCHMOCTH OT
IUIHTEJIbHOCTH  3apSAAKH  BpeMsA3aJaloliero
koHgeHcaropa C3), BbicBeuHBath HHGPY |
(I Tny).

Ilpu coegHHEeHHH pa3beMa C BBIXOHOM
mukpocxembl DD8 Gioka oOGpa3noBbIX 4a-
cror uHmukaropsl HG1 u HG2 poskHbI
BoicBeuyuBaTh yHciao 10 (10 T'm). Eciau xe
pa3beM COEJHHHTbL C BbIXOJOM MHKpOCXe-
mbl DD7, uHgHKaTOpbl CTAaHYT BLICBEYHBATDH
yuciao 100 (100 I'w).

Hocne aroro nogaiite Ha BXOA 4YacTo-
ToMepa MepeMeHHOe HallpsKEeHHEe CETH, No-
HHDKEHHOe TpaHcgopMaropom jo 1...3 B,—
HHOHKaTOpbl 3acuKCHpYIOT YacTtory 50 I'n.

Hocne ucnbiTaHuss 6M0KOB 4acTOTOME-
pa MpHKpEenHUTe IUIaThl K IJIaCTHHE JIHCTOBO-
O reTHHakca (MOXXHO TEKCTOJIHTA WH ApY-
roro H30JALHOHHOrO MaTepHasa) B COOTBET-
CTBHH C pHC. 52, a IUIaCTHHY YKpelHTe Ha
nHe maccu. CoeguHMTe MIaTbl MEXAY CO-
60if H c OpPYrHMH JeTaJIAMH 4YacTOTOMepa,
YCTAHOBJICHHBIMH Ha JHIEBOH H 3anHed
CTEHKaX WIAaCCH, MHOTO>HJILHBIMH MOHTaXX-
HBbIMH IIPOBOJAHHKAMH B ITOJIHBHHHIXJIODH]-
HOH H3OJISALMH.

OKoOHYaTeJIbHO MpoBepbTe paboTy NpH-
6opa B pexumax «Cuer» H «H3MepeHHEe».
HcTOYHHKAMH CHTHaJIa MO-MPEXXHEMY MOrYT
CJIY>KMTh HMOYJLCBHI, CHHMaeMble C pa3HbIX
CTymeHel penuTeNns 6yoka o006pa3noBbIX
4acToT.

Kakue H3MEHEHHS, JOIMOJIHEHHS MOX-
HO BHeCTH B HMpoBoOii uacToTOMep?

HauneM c ¢opMupoBaTesss HMIYJILCHO-
ro HampspDKeHHS, OT KOTOPOro B SHAYHTEJb-
HOH CTEelleHH 3aBHCAT YYBCTBHTEJILHOCThL H
YeTKOCTh paboThl H3MEPHTENLHOro Mpubopa
B LEJOM. MOXeT CIy4YHTbCs, YTO B BallleM
PacCIOpsi)KEHHH HE OKaXXETCA MHKPOCXEMBI
K155]11, npeacrasisiomeil coboil gBa ue-
THIPEXBXOJOBbIX pacmHpurens mo HIIH,

|62 || 8047mx

KOTOpble BO BXOJHOM OJioOKe 4acTOTOMepa
paGoTalOT B TPHUITEPHOM peXume. OTy
MHKPOCXEMY MOJXXHO 3aMEHHTb OJHHM H3
Tpurrepos lImurta Mukpocxemsl KI155TJI1,
€CNH JIOMOJIHHTL €ro OAHOTPAH3HCTOPHBIM
YCHJIMTeNbHLIM KackaloM. be3 mnpenBaph-
TENLHOTO YCHJICHHS HaNpsi)KeHHs H3Mepsi-
€MOH 4acTOTbl YyBCTBHTEJBLHOCTb YacCTOTO-
Mepa OyneT Xyxe, 4eM ¢ ¢opMupoBaTenem
Ha MHKpocxeme KI1SSJII1.

CxeMy TaKoro BapHaHTa BXOJHOIO
6JI0Ka 4aCTOTOMEpa Bbl BHIHTE Ha pHC. 57.
IMepemeHHOe Hanpsi>KeHHe H3MepsieMOH ya-
cTOTHI 4epe3 pe3ucTop Rl H KoHAeHcaTop
Cl1 nopaercs Ha 6a3y TpaH3ucTtopa VTI
YCHJMTENLHOrO Kackaja, a ¢ ero Harpy3ou-
Horo pesuctopa R4 —Ha Bxon TpHrrepa
IImurra DDI1.1. ®opMHpyeMble TPHITEPOM
MMIybCBI, 9acTOTa CJIEHOBAaHHSA KOTOPBIX
COOTBETCTBYET 4ACTOTE€ BXOAHOrO CHrHaja,
CHHMAIOTCS C €ro BBLIXOAHOro BbiBoja 6 H
Janee IOCTYNMAOT Ha BXOJHOH BbIBOO 2
ajeKTpoHHOro kmoua DDI1.1 ynpaas-
IOIIIETO YCTPOHCTBA YacTOTOMEpa.

KakoBa ponb kpeMHHEeBOro guoja VDI
H pe3Hcropa R1 Ha Bxoge npubopa? Huon
OrpaHHYHBAET OTPHUATEJILHOE HalpsiKeHHe
Ha 3MHTTEPHOM IIepexojie TpaH3HCTOopa.
IMoka Hamnpsi>KeHHE BXOJHOIrO CHrHaja He
npessbliiaer 0,6...0,7 B, AHOO NpakTHYECKH
3aKpBIT H He OKa3bIBaeT HHKAKOTroO BIHAHHSA
Ha paboTy TpaH3HCTOpa KaK YCHJIHMTEJIS.
Koraa ke aMIUIMTyAa H3MEpSieMOro CHTHa-
JIa OKa3bIBaéTCs 60JbLIE 3TOro MOpOroBoro
HAMpsDKEHHs, THOA NPH OTPHUATENbHBIX [10-
JIyllepHOgaX OTKpBLIBAETCA H TaKHM o0pa3om
nogaep>KHBaeT Ha 6a3e TpaH3HCTOpa Halps-
XeHHe, He npesblmalomee 0,7...0,8 B. A
pe3uctop Rl npejgorBpaiaer nporeKaHHe
Yyepe3 OUOH OINACHOrO AJsA HEro ToKa NpH
BXOJHOM CHrHaJle MOBBIUIEHHOrO HAIlpsiKe-
HHSA.

Kongencarop C2 GiOKMpyeT YCHIH-
TeJLHBIH Kackaj H MHKpoOcXeMy ¢opMHpo-
BaTess M0 UENH [HTaHHA.

HanaxuBanue c¢opMupoBarens cBo-
aurcsa K mopbGopy pesucropa R2. JJo6uBa-
I0TCs, YyTOOBl Ha KOJUIEKTOpE TPaH3HCTOpa
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Prc. 57. ®opmupoBarens MMIYJILCHOr0 Hanpspkedds Ha Tpmrrepe Himmrra Mmxpocxembr K155TJI1
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(OTHOCHTENLHO o0Lero nNpoBofa) 6bLUIO Ha-
npsixenue 2,5...3 B.

YyBCTBHTEJILHOCTb 4acTOTOMEpa C Ta-
KM ¢opMHpOBaTeIeM HMITYJIbCHOTO Halpsi-
xeHuss 6yger He MeHee 50 MB, 4To Gojee
yeM Ha MOPAHOK Jydllie, YeM ¢ popMHpPOBa-
TeseM Ha MHKpocxeme K155JI101.

CxeMa pgpyroro BapHaHTa ¢OpMHpoOBa-
TesA, 06eCIeYHBAIOIETO YACTOTOMEPY INpH-
MEpPHO TaKylo k€ YYBCTBHTEJIbHOCTbH, ITOKa-
3aHa Ha pHc. 58. Ero BxogHas nenbs H
YCHJIHTEJIb —TaKHe e, KAk B (hOpMHpOBa-
TeJie MpeAbIRyIIero BapHaHTa. A (yHKIHIO
caMoro ¢opMHpOBAaTeJIi HMIYJBCHOTO Ha-
MpsKeHHST H3 YCHJIEHHOTO CHTHaja BBINOJ-
Hser TpHrrep LlIMuTTa Ha JIOTHYECKHX 3Jle-
Mentax DDI.1 u DDI1.2 MHKpocXxeMbl
K155/IA3. IonoGHuii TpHrrep IlImmrra
y’Ke HCMNOJIb30BaJIcA BaMH B IPOCTOM 4acTo-
TOMepe CO CTpeJlOYHbIM HHIMKATOPOM Ha
Bbixoge (cM. puc. 24). Huseprop DDI1.3
yayumaeT ¢opMy HMNYJILCOB, NMOJaBacMbIX
Ha BXOJA 3JIEKTPOHHOro KJlloYa ycTpolicTBa
yfpaB/ieHHs.

Hrak, ewe ABa BO3MOXHbBIX BapHaHTa
¢opMHpOBaTeia HMMIYJbLCHOrO HamNpsKe-
HHsl, OTJIHYAIOUIHXCH OAHH OT JPYyroro Hc-
oNb3yeMbIMH B HHX MHKPOCXEMaMH, HO
NPaKTHYECKH OJHHAKOBBIX IO YYBCTBHTEJb-
HocTH. Ha KakoM H3 HHX OCTaHOBHTLCH,
eciH He OKaxeTcs MuKpocxeMbl K155J11
H, KpOMe TOro, NnoXejaere YJy4YLUHTb 4YyB-
CTBHTEJILHOCTb YacToToMepa? PellHTh 3TOT
*BOIPOC MOJKHO OIIBITHBIM NyTEM: HCIBITATh
B pabore o06a BapHaHTa H MOHTHPOBaTb TOT
H3 HHX, C KOTOpbIM 4acToToMep paboraeTr
yerye. BbiGopy MoXeT MOMOYbL 3JIE€K-
TpOHHBIH ocywLiorpacgp, Ha 3KpaHe KOTOpO-
ro MOXHO Hab/nojgaTb ¢(OpMHpyeMble HM-
nynscel. IlpepmouyreHue creayeT oraaTh
¢dopmupoBaresnio, ¢ppoHTHI H cllajbl BbIXOA-
HBIX UMIYJLCOB KOTOPOTro Kpy4e, HMeloUHe
OJHHAKOBbIE JJIHTEJIBHOCTH CAMHX HMIIYJIb-
COB M May3 MeXOy HHMH.

Moxer cnyuMThbCcsi, YTO NpH H3Mepe-
HHH 4acTOTbl Gojiee HECKOJIBKHX KHJOrepL
OynyT HabI0JaTbCA MEPUAHHS CBETALIHXCS
mM¢p HHAHKATOPOB H, KpoMe TOoro, npHGop
HHorga OygeT moka3blBaTh B J[Ba pa3sa

GoJblyI0 4acToTy. B 4eM OPHYHMHBI 3THX
SIBJICHHH H KaK HX YCTpaHHTb, €CJIH, KOHeY-
HO, OHH HaGJIIOJAI0OTCsA B roTOBOM YacTOTO-
Mepe HWIH NOSABATCA No3xe?

B omHcaHHOM 4YacToTOMepe BpeMs HH-
JIMKallHH pe3yJbTaTa H3MEPECHHS 3aBHCHT OT
nosioXeHHst Nepekxynouyareass SAl «[nrama-
30H». IIpH YacToTe TaKTOBBIX HMIIYJIbCOB
6onee 1 kI'y, mocTynawommux or 610Kka 06-
pa3loBbIX YacTOT HAa BXOJ YNPABJAIOIIEro
ycTpo#icTtBa, KoHAeHcatop C3 He Bcerja
ycrieBaeT MOJHOCTBIO pa3pAHTLCA 3a Bpe-
MsI MEXIY ABYMSI COCEIHHMH HMITYJIbCaMH,
H3-32 Yero IpH cienyiolieM LOHKJIE paGoTbl
OH HayHHaeT 3apsiKaThCs C 6ojiee BHICOKO-
ro HalpsDKeHHs Ha HeM. B pe3syibrare
BpeMsI HHAHKAOHH (CM. pHC. 49, @ H OKx)
YMEHbIIAETCA H CBeYeHHe HHIHKATOPOB Ha-
YHHAECT Mepuarhb.

M puuyua BTOPOTO SABJICHHSA —
HEKOTOpasi HeCTaGHILHOCTh KOHEYHOH NJIH-
TEJIBLHOCTH CHIHaja «c6poc» (cM. pHc. 49,¢)
ycTpo#icTBa ynmpaBjieHHS B HCXOJHOE COCTO-
siHue. ITo ¢ppoHTY 3TOro MMmyJsibca TpHrrep
DD10.2 mepexmoyacTca B HyJEBOE COCTO-
siHHe H HampsbKeHHe BBLICOKOro ypOBHS Ha
€ro HHBepCHOM BbIXOHe (BbIBOX 8) pa3pera-
et pabory tpurrepa DD10.1. H eciH TakToO-
BbIH HMMIIYJIbC OOpa3loBOM YacTOTHI MOCTY-
meaT Ha BXog C 3TOro TpHrrepa B MPOMEXY-
TOK BpPEeMEHH, Korjga cHrHaja cbpoca ele He
3aKOHYHJICA, TO TpHrrep DD10.1 nepekito-
YHTCA B €JHHHYHOE COCTOSIHHE, HauHeTCs
CcYeT BXOAHBLIX MMIYJBCOB, Ha YTO TPHITEp
DDI10.2 cBoeBpeMeHHO He cpearupyer, Tak
KaK [ocje Takoro mHKJIa paGoThbl CHrHaja
cbpoca He Oymer. B HTOre HHEHKATOpbl
6yRYT HKCHpPOBAaTE CYMMY 4YacCTOT H3Me-
PEHHOTO CHTHaJa H [I0Ka3aHWA «BHEIUIaHO-
BOrOo» NHKJa paboTbl  yOpaBjsioNIero
ycTpoiicTsa.

O6a 3TH HegoCTaTKa HETPYQHO yCTpa-
HHUThL BBelecHHEM B YCTPOMCTBO YIpaBJIeHHS
eure ogHoro D-tpurrepa, DDI10.1', Bbige-
JIEHHOro Ha pHC. 59 YTOJIEHHbIMH JIHHH-
AMH. B TakoM ciiydae ¢ MOsIBJICHHEM CHTHa-
na «cObpoc» pabora TpHrrepa DDI10.1 emue
3anpenieHa HalpsDKeHHEM HH3KOro ypOBHSA,
NMOCTYNAIOIIHM Ha ero Bxoid R ¢ Boixoaa
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Puc. 58. Cxema ¢opMHpoOBaTeNs HMIYJBLCHOIO HANDSOKEHHS HA JIOTWICCKHX 3JIeMEHTaX MHKPOCXeMbI

KI155J1A3
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Puc. 59. Cxema ycTpoiicTB yIpaBjeHHA ¢ JOHOXHHTEIbHbIM D-TpHrrepom

Tpurrepa DDI10.1'. Pa3spelieHue Ha ero
paboTy maeT HONOJHHTENBHBIH TPHrrep Mo
OKOHYaHHH HMNYJILCA, NMPHXOASNIEro HA ero
Bxoa C. IlepHon cnenqoBaHHS 3THX HMITYJb-
COB JOJDKeH OBbITh TaKHM, 94TOObI BO BpeMs
nay3 Mexxay HHMH KoHgeHcaTop C3 ycneBan
MOJIHOCTBIO pa3psAgHThCs. JTa 3ajada pe-
maeTcs mnopaveir Ha Bxox C TpHrrepa
DDI10.1' uMnynabcoB 4acTOTOH CeAOBaHHSA
10 'y, cHMMaeMbIX C BbIBoAa 5 cYeTYHKa
DD8 Gyioka o6pa3loBbIX 4acTOT.

Brok uucdpoBol HHAMKAIMH 4YacTOTO-
Mepa TpexpaspsgHbli, YTO, KOHEYHO, CO3-
[aeT HEKOTOopble HeymoGCTBa MOJb30BaHHS
npH6GOpOM, O YeM MBI YK€ FOBOPDHJIM paHee.
Ho Tak chenaHo HCKJIIOYHTENLHO C LieNbIo

YNpOLICHUS, YMEHbIIEHHsI YHCJia HCIOJb3Y-
€MbIX MHKPOCXEM H 3HAaKOBBbIX HHIHKAaTO-
poB. YToGbl H3MepHTENLHBIH NpHOOp cTaa
yeTblpexpa3psaAHbIM, €ro Hajo IOIOJHHTL
KOMILIEKTOM MHKpPOCXEM H HHIHKATOpOM,
COOTBETCTBYIOIIHM KOMIUIEKTY AeTaslel of-
HOTO pa3psjia, KaKk NOKa3aHo Ha CXeMe pHC.
60. Cueryuk DDIS8, geumgpparop DDI9 u
uagukarop HG4, oGpasylomme yeTBepThbl
pa3psa (Teniepb oH Gyaer craplied cueTHOH
CTYIIeHbI0 H B KOHCTPYKIHH HaxoJHTLCS
KpalHHM JIEBbIM), COENHHAIOT MeXIy coboi
TaKk ’Ke, KaK JAeTajJH ApYrHX pa3psjioB.
Bxoa C1 (BbIBOA 14) cueTYHKA 3TOro pa3ps-
a COEAHHAKT ¢ BbIXxogoM 8 (BbIBom 11)
cuetunka DD16 TpeThero pa3spsiga, a ero
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Puc. 60. Cxema aononasTenbHol cuerHoli cTynen 6n0Kka HH(QPOBOH HEAHMKAIHM
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Bxoa RO (BbIBOJ 2) —C aHAJIOTHYHLIMH BXO-
JaMH BCceX APYTHX CYETYHKOB OJIOKQ HHIH-
kamnuu. [Turanue Ha aHox uHgukaropa HG4
OJAI0T, KaK H Ha aHOAbl APYTrHX HHOHKATO-
pOB, dYepe3 OrpaHHUHTENLHBIA pe3HCcTOp
R15 Takoro >xe HOMHHaja.

Ilpu >xenaHHH M HAJIHYHH JeTaslei
610K HH$POBOH HHEMKALMH MOXXHO JOIOJ-
HHTb ellle OJHOH CYETHOH CTYNEHbIO —
naTol. Ho, xak mnoka3biBaeT paXHOJIIOGH-
TeJIbCKAA IpaKTHKa, B 3TOM OCOGOH Heol-
XOAUMOCTH HeT.

Crnenyomi BONpPOC, KOTOPBIA MBI
NpeIBHIHM: KaKHe 3HAKOBble HHIHKATOPBI,
kpoMe HH-8-2, nogoiinyTr ans yacrorome-
pa? JIioOble Apyrue HHAHKATOPLI TIEIOMIErO
pa3psina, Hanpumep UH-2, UH-14, HUH-16.
Hago ToOnbko npH MOHTaXKe YYHTBHIBATH
COOTBETCTRYIOIIYIO HM LIOKOJIEBKY. Pacnos-
HaTb K€ WIH YTOUHHTb LOKOJIEBKY HCIIOJb-
3yeMOoro- HHOHKATOpa HETPYAHO ONBLITHBIM

nyTeM, NOJaBasi Ha BBLIBOABI €ro 3/JeKTPO- .

OB IOCTOSIHHOE WJIH IMyJbCHpYylollee Ha-
npsikeHne 150...200 B (yepe3 orpaHH4H-
TEJILHBIH pe3HCTOp COIpOTHBJICHHEM
33...47 kOm). 3a ucxoguvlit ygoGHO npH-
HSITh BBLIBOJ aHOAa— OH XOpOLIO IMpOCMart-
pHBaeTCs Yepe3 CTEKJIHHbIH Ga/LIOH HHOH-
karopa. CoeJHHMB C HHM IUIIOCOBOH IIpO-
BOJAHMK HCTOYHHKA HAMpS)XEHHs, OTPHIA-
TeJbHBIM MPOBOJHHKOM HCTOYHMKA Kacal-
Tech mnoodepeJHO Ipyrux BbiBogoB. Ilpu
9TOM OYJAYT CBETHTbCA WU(pbI, COOTBET-
CTBYIOIIHE IIOKOJIEBKE IPOBEPAESMOro HHIH-
Karopa.

U eme oaMH BOMpPOC, KacalolMics
BbIOGOpa KBapleBOro pe3oHaropa. IeHepa-
TOp OJ0Ka 06pa3LoBbIX YaCTOT — «Cepjle»
4acTOTOMEpPa, OT PHTMHYHOCTH KOTOpOTO
3aBHCHT TOYHOCTh H3MepeHmii. IToaTromy
ero pabora CcTaOMJIH3HpYeTCH KBaplieBbIM
pe3oHaTopoM. B mpuHIHNE, 4acTOTy reHe-
paTropa MOXHO CTaGHJIH3HPOBaTb, HAaIlpPH-
Mep, 4acTOTOH MEepeMEHHOTO HalpPsKEeHHS
3JIEKTPOOCBETHTE/ILHOH ceTH (KaK 3TO cjhe-
JIAHO B OIMHCAHHOM BBINIE pejie BPEMEHH).
Ho oHa, K coxaleHHiO, B pa3HOoe Bpems

CYTOK MoOXeT oTiaH4arbcs oT 50 I'm Ha
0,5...1 Tu. CooTBeTcTBEHHO OyaeTr «mna-
BaTb» YacTOTAa reHepaTopa H, CjejoBaTe/b-
HO, NOTpeliHOCTL H3MepeHuil. B pe3yibTare
HppOBOH YACTOTOMEP YTPAaTHT CBOH JO-
CTAaTOYHO BBLICOKHE KayecTBa.

Bot nmoueMy 6e3 pe3oHaropa He 06oii-

THCb. A KaK ObIThb, ec/lM pe3oHaTopa Ha
yactoty 8 MI'ly, HCNOABL30BAaHHOTO B OMNH-
CaHHOM 4acToTomepe, HeT? Iloporiger Jio-
6ol apyroii kBapueBblii pe3oHaTop. KoHeu- -
HO, JIy4Yllle HCIOJb30BaTh pE30HATOp Ha
yactotry 1 MI'1[, noTOMY 4YTO B 3TOM CJly4yae
oTnagaer HajoOHOCTL B MHKpocxemMe DD3
[IepBOH CTYNEHH JenuTe/sl, M CHrHajl ¢
BbIXOZIa reHepaTopa MO’KHO MoOAarb cpa3y
Ha BXo# MHKpocxeMbl DD4. TlogoiigeT Tak-
JKe KBapleBbli pe3oHaTop Ha 4YacToTy
100 kI'y—Torga MOXHO HCKJIIOYHTL H
mukpocxemy DD4. B o6GoHx ciayyasx AesH-
Tesap O0Ka o6pa3noBbIX YacTOT YIIPOCTHT-
cA. .
A ecnHM H TaKHX KBapleBbIX pe3OHaTo-
poB Het? Torma Hcnonb3yiTe n10Go# Apy-
roifi ¢ pesoHaHcHoil uacroroi or 0,1 pmo
10 MI'u. Bor koHkpeTHbI# npumep. Homy-
CTHM, €eCTb pe30HaTOop Ha YacToTy
1,96 MTI'u (1960 xI'u). B TakoM ciayyae pe-
JHTENb O Uesioro KpaTHoro yucia 10 xI'y
MOJKHO MQCTPOHTbL IO CXeMe, NpHBEgeHHOH
Ha puc. 61. Cam reHeparop ocTaercsi Ge3
H3MEHEHHH. Ero YacToTYy, paBHYIO
1960 xI'u, JK-Tpurrep 2, a cueruynxs DD2 u
DD3 coBmecTHO ¢ MHKpocxemod DD4 je-
aut Ha K155JIA1 (nBa JNOrHYecKHX 3JEeMEH-
Tta 4U-HE) pononaduTensHo elle Ha 98
(2x7x7). B pe3yabTaTe Ha BBIXOEe Tpex
CTyneHel jenHTess OPMHPYIOTCS HMIYJIb-
cbl yactotod 10 k', KOoTOpLle Hago noga-
BaTb HENOCPEJCTBEHHO Ha BXOH S MHKpO-
cxempl DD6 penHTenss KOHCTpYHpyeMoOro
4acTOTOMepa.

Kak BHAHTe, MpH HCNOJIb30BAHHH NMpaK-
THYECKH JIIOGOro KBaplUEeBOTO Ppe30oHaropa
HaJo JIMUIL H3MEHHTL MOCTPOEHHE MEpPBbIX™
CTylleHeH [ejuTens 4YacToThl." B 3TomM BaMm
IOMOXET COOTBETCTBYIOIAas CIIpaBOYHAs

JIHTepaTypa. o
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JJIEKTPOHHBIE YACHI 3 OETAJIEM PAITHOKOHCTPYKTOPA

HOna  paaHomoOHTene#l, HHTepecy-
IOIHXCS (HGPPOBOK TEXHHKON H >KEJIAIHMIHX
HA MNpaKTHKe NO3HAKOMHTLCA € OOJIBLIMMH
HHTErpaIbHEIMH  MHKPOCXEMaMH, HEKOTO-
pble NPOMBIIIEHHbIE TPENNPHATHS CTPaHbI
BBINYycKalOT Habophl geTasnel A caMoCTo-
ATeJNbHOH COOpPKH 3JIEKTPOHHBIX YacoB B
mobuTtensckux ycnoBusix. C ogHHM H3 Ta-
KHX pafjHOKOHCTPYKTOPOB, Ha3BaHHBLIX 3a-
BOJOM-H3rOTOBHTEJIEM  KOHCTPYKTOPCKHM
HabopoM «3DJIEKTPOHHMKa-1», Mbl M XOTHM
MO3HAKOMHTb Bac B 3TOM 3aKJIIOYHTEJILHOM
pa3gejie KHHTH.

3HaKOMCTBO C YCTPOHCTBOM H paGoToili .

3JIEKTPOHHBIX 4YacoB, KOTOpble MOXHO cO6-
paTb H3 TaKoro pagHOKOHCTPYKTOpa, Ha-
YyHeM C HX (pYHKIMOHAILHOH CXeMbl, H300-
paxkeHHO# Ha puc. 62. OcHoBo# yacoB
CcHyHAT 6oJiblIasi HHTErpajibHasi MHKpOCXe-
*mMa DD (Ha puc. 62 o6BejeHa UITPHX-
NyHKTHPHLIMH  JIHHHAMH), cojepKauias
6JIOK OIOPHOH 4acTOThl KBaplEBOro reHe-
paropa G H ollepaTHBHOE ycTpo#HctBo OV,
K KOTOpO# HOAKJIIOYAIT LH(PPOBbIE HHOH-
karopbl HG1—HG4, 610K ynpasieHHs 4a-
caMH BY u akycTrAyeckuii ipeobpa3oBarenb
HA. IlIpeo6pa3oBarenr Hanpsoxkenus ITH
BHELTHEro HCTOYHHKA IOCTOSHHOTO TOKa
ofecrieynBaeT IHTAHHEM BCE 3JIEMEHTHI
Y4acoB.

Byiok oOnopHOH 4acToThl KBapLEBOro
reHeparopa 4acoB IO CBoeMY . ¢(pYHKIH-
OHAJILHOMY Ha3HaYeHHIO aHaJorHYeH 6J0KY
06pa3uoBbIX YacTOT OMHCAHHOIO BbIIIE pe-
Jjle BpeMeHH. A OIllepaTHBHOE YCTPOHCTBO,

ynpaBisioinee UH(pPOBLIMH HHAHKATOPAMH, -

obecneunBaeT paboTy 3IJIEKTPOHHBLIX YacoB
KaK CeKyHmoMepa u OyqHILHHKA.

B KOHCTPYKTOpCKHE HaGop «3DJeKTpo-
HHKa-1» BXOFAT: MHOro¢yHKIHOHAILHAS
HHTerpajbHas MHKpocxemMa KA1016XJ11
(mmu 4YB-32), xBapueBbli pesonarop PK-
729A-17BY, nbe3okepaMAYeCKHH 3BOHOK

Tana 3I1-1, uucdpossie nugukaropsl HB-3A

(wm HB-6), neuatHas IUIaTa, KHOIIOYHbLIE
BeikJnovarem II2K, Pe3HCTOpbI, KOHAEHCa-
TOpbl H JpyrHe HeoOXOfHMble JeTamH H
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Pac. 62. CTpykTypHAs cXeMa 3JEKTPOHHBIX 98COB °

matepuansl. O6GmagaTtemo HaGopa Hamo
TOJBKO pa3o0paTbCc B Ha3HAUYEHHH Y3JIOB U
3JIEMEHTOB YacoB, CMOHTHpOBATb AeTaJlH Ha
IJlaTe H [0 CBOEMY BKYCy cieJiaTb KOpITycC
ajass HuX. HCTOYHHKOM [IHTaHHS MOXET
CNY>XHTh aKKYMYJIATOpPHas Garapes Hamnpsi-
xeHHeM 12 B (ecsmu 4yackl npejnonaraercs
YCTAaHOBHTL B aBTOMOOHJIE) HIH BLHIPAMH-
TeJib C TAKHM K€ BLIXOJHBIM HANps>KEHHEM
nocTosiHHOro Toka. IloTpe6/isieMblii TOK OT
HCTOYHHKa Halpsi>keHHeM 12 B He mpeBbl-
maer 200 MA. TOYHOCTL XOfa YacoB He
XyXe *1 ¢ B CyTKH.

IpuHUMNHAILHAS cXeMa 4YacoB npm;e-
geHa Ha pHc. 63. HCTOYHHKOM NHMTaHHSA
MHKpocxeMbl DDI1 cayxHur crabuin3aTop
Hanpsi>XeHHsi, 00pa30BaHHBIA CTaGHJIHTPO-
HoM VDI u tpan3ucropoM VT1. CraGunu-
3HPOBaHHOE HanpskeHHe 15 B nogaercs Ha
ee BBIBOABI 15 u 12. OBumM BBLIBOJOM MO
LM MHTaHHSA MHKPOCXEM SBJISAETCSA BbIBOJ
12. YacTora xBapueBoro pesonaropa ZQ1, a
3HAYHT M reHepaTopa OIIOPHOH 4YacTOThI,
paBHa 32 768 I'n. DneMeHTaMH JeJIHTEA,
BXOASAIIHMH B MHKPDOCXEMY, OHa JICJIHTCA [0
1 I'u, 4To cooTBercTBYeT 1 c. KHONOYHBIE
BeIKtoYaTesm SB1—SB5S of6pa3syior 6710k
YIpaBJICHUsl  ONEPAaTHBHBIM  YCTPONUCTBOM
MHKpOCXEMbI, KOTOpoe 00GecneynBaeT JHHA-
MHYECKHH pe>kuM pabGoTbl HH(POBbIX HHIH-
karopos HG1 —HG4.

Hunukarop UB-3 npexacrabiseT coGoif
SJIEKTPOHHYIO JlaMIly C KaTOJOM NpAMOro
Hakaja (BbIBOAbI 7, 8), BOCEMBIO aHONAMH C
OTAENbHBIMH BbIBOgaMH (1—6, 10 u 11) n
obmel ynpabysowe cerkoit (BriBog 9).
CeMb aHONOB BLIIOJNHEHbI B BHAE Y3KHX
TOJIOCOK, oﬁpaayxoumx CTATH30BaHHYIO
uuppy 8 a BOCbLMOH—B BHJe TOYKH. AHO-
Il MOKPBITHI TOHKHM CJIOEM JIIOMHHOGOpa.
IIpu nojave NOJOKHTENLHOTO HANPSKEHHS
Ha CETKY H 3JIeMEHTBbI-aHOAbl HHAHKATOpA
MeXy KaToJOM M aHOJaMH BO3HHKaeT
OTOK 3JIEKTPOHOB, BbI3LIBAIOIHH CBEYEHHE,
moMHHOodoOpa.

B uyacax OJHOHMEHHblE 3JIEMEHTbI-
aHoABbI H(POBBIX 3HAKOB BCEX HHAHKATOPOB
COEHHEHbI MeXAy COo60H H MOgKJIOYEeHbI K
COOTBETCTBYIOHIAM BbIBOKAM MHKPOCXEMBI.
Ha Hux B onpejieieHHble MOMEHTbI C ollepa-
THBHOTO YCTPOHCTBa MOHAeTCs 3aKOQUpO-
BaHHBIA CHrHaj, CHHTE3HPYIOMHNA OJHH H3
aleMeHTOB uHGp. OQHOBpEMEHHO Ha CETKH
HHAHKATOpOB MOJAaeTCs YNpaBJIAIOMMH CHr-
Hajl. B pe3yabTaTe ONHOBpEeMEHHOro BO3-
JIeHCTBHSA CHTHAJIOB KOHAa H YINpaBJIIONIEro
Ha HHIHKATOpax BbICBEYHBAIOTCSA UH(PBI OT
0 no 9. Hupuxaropsl HG1 u HG2 BricBeuH-
BaioT yackl, a HG3 — HG4 — MuuyThI TEKy-
glero BpeMeHH. 3HaK TOYKH BO BTOPOM
HHOMKaTOpe, OTAENAIOIHA 3HAYeHHA YacoB
OT MHHYT, TOPHT [IOCTOSIHHO. AHaJIOrHYHbIe
3HAaKH B OCTaJbHbIX HHIHKATOpax He HC-
MOJIb3YIOTCA.
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Puc. 63. [IpEAnMIManbHan CXEMA SBCKTPOHHLIX 4ACOB
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Haskatuem Ha kHONKy SB1 «K» 610Ka
yIpaBJieHHS KOPPEKTHPYIOT NOKa3aHHE HH-
IHMKATOPAaMH TEKYIIET0 BPEMEHH H BpPEMEHH
aBTOMATHYECKOTO BKJIIOYEHHA 3BYKOBOrO
cHriasia O6ynunbHuka. Kuonkod SBS «Y»
YCTaHABJIMBAIOT dYachl, a KHonkod SB4
«M» — MHHYTBI TeKyulero BpeMeHd. KHom-
Ka SB1 «C» cny>HTr nasi mepeBofia 4acoB B
PeXHUM cYeTa CEKYHJ TeKYIIEro BpeMeHH H
Ha paboOTy Kak CeKyHHOMepa C HYJEBBIX
3HayeHHHl BpemeHH. KHomko#t SB3 «b»
BKJIIOYAIOT OJKAYINHH peXxXuM OymHIbHHKA,
npH COBNAJieHHH INIpEeIBAPHTENIbHO YCTaHOB-
JIEHHOTO M TeKyllero BpeMeHH Ibe30Kepa-
mHYecKHd 3B0HOK HA1, nmomkiloYeHHbIH K
BbIBOOY 10 MHKpOCXeMbI, H3aeT 3BYKOBOMH
cursai yacrorol okosio 2 kI'n. IMomcTpoey-
HbIM KoHmeHcatopoM Cl, BxomslIMM B
KBapueBbIH 'eHEPATOP, MOXKHO KOPPEKTHPO-
BaTb TOYHOCTb «XO#a» YacoB.

Huty Hakajia 3HAKOBbIX HMHIMKAaTOPOB
pACCYMTAHbl Ha MNHTAHHE HaNps>KeHHEM
0,85...1,15 B npu Tore 45...55 MA kaxpas.
B uyacax OHM COeJHHEHbl NapajuleJbHO H
NHTAIOTCS OT HCTOYHHKA HalpsDKEHHEM
12 B uyepe3 racsamui pe3ucrop R18. demH-
Tesab HanpsokeHHss R16R17 u nByxaHOQHBIH
crabwmTpoH VD2 00pa3yloT cpenHIon
TOYKY HHTeH HaKajla, OTHOCHTEJNbHO KOTO-
poOH Ha aHONbl ¥ CETKH HHOHKATOpPOB MOJa-
eTca (4epe3 pesucropbl R4—R15) oTpuna-
TenbHOE HANpsiKeHHEe, CHHMaeMoOe C BbIXONa

BBINPAMHUTENS MNpeoOpa3oBaress Hanpsxe-
HHS, YCTpaHsSIOLlee MepUaHHe BbIKJIOYa-
eMbIX 3JIEMEHTOB WHIHUHUPYIOIHUXCA 1UPp.

Tpauccopmarop TS1 u TpaH3UCTOpHI
VT2, VT3 06pa3yiOoT OBYXTaKTHBIH Npeos-
pa3oBaTesib IOCTOSHHOIQ HaIlpsi>)KEHHUs BHe-
[IHETO0 HCTOYHHKA NHTAHHS B NEpeMEHHOE
HalpsKeHde 4acToToH okosyo 2 kI'y. Orpu-
garenbHOEe HANps)KeHHe BHEIIHEro HCTOYHH-
Ka IOJaeTCA HENOCPENCTBEHHO Ha 3MHTTE-
pbl TPaH3UCTOPOB, a NOJIOXKHTEJILHOE — Ha
KOJUIeKTOpbl Yepe3 o6MoTkH 111 u [V Tpan-
copmaropa TS1. HampsikeHHe, CHHMa-
eMoe ¢ pe3ucTopa R20 menurenss R19R20,
yepe3 o6MoTKH I M II nmomaercs Ha 6a3bl
TPaH3HCTOPOB, CO3MAaeT Ha HHX IOJIOXH-
TeJibHOe (OTHOCHTEILHO 3MUTTEPOB) CMellle-
HHE H TeM CaMbIM 00eCleYHBaeT 3amyck
npeoGpa3oBarensi. B pe3yibrare neficTBHs
NOJIOKHTENLHOH  OTPHUATENLHOH  CBA3M
MEXY KOJUIEKTOPHBIMH H 6a30BbIMHM LENs-
MH TPaH3HCTOPOB YCTPOHCTBO BO36yXKmaeT-
cs. Ilpu srom B 06mMOTKe V TpaHchopmaTo-
pa HaBOAMTCH IEepEeMEHHOE Halps>KeHHe
npAMOYTOJbHOH (pOpMBI, KOTOPOE BbINPSM-
nsgercs guonaMu VD3 — VD6, BKIIIOYEHHBI-
MH 110 MOCTOBOH cXxeme, H Hajee CTaOWiIH-

. 3upyeTcsi ctabmwimurpoHoM VDI H TpaH3H-

cropom VTI.
BHelunui BHI 4acOB, CMOHTHPOBAaHHbIX
HAa [EYaTHOH InaTe, MOKa3aH Ha pHcC. §4.
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Puc. 64. MonrTazk aeraneifi 1acos Ha miare
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Ha miare co CTOpOHBI HeTaleH yCTaHOBJIEHbI
IIOTIOJIHUTE IbHBIE MPOBOJIOYHbIE NTEPEMbIYKH
(11 mer.), COEJHHSOIHe NevaTHble [IPOBOJ-
HHKH. Pezucropbl R4—R15 cMOHTHpPOBaHbBI
B BEPTHKAJBHOM IOJIOXKeHHH. X BepxHHe
BBIBOZLI COEJJHHEHbI OTPE3KOM MOHTa>XHOI0
IIPOBOJA, KOTOpBIH NpuIasiH K KOHTaKTHOH
HJIolfajKe 11eYaTHOro MpoOBOJHHKA, HAYILEro
x anouam aronoB VD2 u VD4, nByxaHogHO-
My’ c1abuymMTpoHy VD2 u (4epe3 mpoBOJIOY-
HYIO NepPeMbIUKY) K KOJLUIEKTOPY peryJipy-
ouero Tpansucropa VTI1 crabunu3aropa
HuIpsKEHHs. YTOOB! NpeNOTBPATUTD COE/IH-
HEHHS BbIBOIOB HHIHKATOPOB MeXy co0oil,
HAa HHX HaJeTbhl OTPE3KH H3OJISIHOHHOH
1pyOku. [Ton xBapueBblii pe30HATOpP MOAJIO-
JKEH4 TEeKCTOJMTOBas wwaHba (BXOOUT B
Habop).

MarHuTolpoBOOM  TpaHCOpMaTOpa
TS1 npeobpa3oBaTesis HANPAXXEHHs CIIYXKHT
¢eppuTOBOE KOJbo M200HM THIOpa3Mepa
K16x10x4,5 (BxoguT B Hab6op). O6MOTKH 1
d II conepxar no 20 putkos, III 1 IV—mo
65 BHTKOB, 00MOTKa V — 225 BHTKOB IPOBO-
na II9B-2 0,14. Ha cxeMe Hayajla OGMOTOK
0b603HayeHbl TouykamHu. IIpoBosa 0OB6MOTOK
I—IV yxnagbplBalOT Ha TEJO KOJbLa B
OINHOM HANpaBJICHHH, IIPH 3TOoM ob6MoTka II
IOJKHa ObITh NPOJOJDKEHHEM OOMOTKH I, a
obmorka IV —npogomxenueM obmortku I11.

Yro6b! H36eXKaTh BCTPEYHOro BKIIIOYE-
HHA OOMOTOK, KaXnylo mapy obomorok (I u
II, IIT u IV) pekoMeHAyeTCs HaMaTbIBaTh
OJHHM OTpe3KOM IIpOBOfla COOTBETCTBY-
fouled NJIMHEI, CJIOKEHHBIM BJBOE, a IMOcJe
HAMOTKH pa3pe3aTh U COeJHHHTb €ro YacTH
Tak, 4robbl OfHa M3 OOMOTOK ObLia IpO-
JOJKEHHEM BTOpOH. MecTo coenHHEHHS
Oyner OTBOAOM OT cepenuHbl NOCJENOBa-
TEJIbHO COefMHEHHOHW mnapbl O6MOTOK (I
o6moTok I u IT—orBop 4, nns o6morok 111
H IV—orBoa 7).

Cuayana ¢eppUTOBOE KOJBLIO IO BCe-
My guaMmeTpy OGEpHHTE MOJIOCKOH JIaKOTKa-
HH LUMPMHOH S5 MM, 3aKpenmdTe e€e KOHern
kjeeM B®-2 n, noab3ysch MpOBOJIOYHBLIM
YeJJHOKOM, HamoTaiite nposox o6MoToK I u
II. 3arem 0OepHHTEe MX NMOJOCKOH JIAKOTKa-
Hy H HaMmotadTe o6MoTkH III u IV. Iocnen-
HHM HamaTbIBaiiTe MNpoBOy OOMOTKH V.

IIpenBaputennbHO0 06GepHHTE JIAKOTKAaHBIO
npenbiayue O6MOTKH, a IMOTOM H OOGMOT-
Ky V.

T'oToBbIli TpaHc¢OpMaTOp 3aKpenHTe
Ha nnate kjeemM B®-2 (ucmosb3oBaTh njs
KpellJIeHHs MeTaJlIi4eCKHe CKOObl, XOMYTbI
HIH IUIWIBKH Hejib3s) M IpuIasiiTe ero
BBIBOIBI K COOTBETCTBYIOLIHM TOKOHECY-
LIMM KOHTAKTHBIM IUTOMAJKaM ILIaThl.

MuKpocxeMy MOHTHpYHTe Ha IUIaT€ B
MOCJIEAHIO OYepenb, NPHHHMAsA IPH 3TOM
Mepbl, HCKJIIOYalomye BO3MOXHBIH BBIXOJ
ee U3 CTpOA M3-3a INONajaHUsA Ha BbIBOAbI
3JeKTPOCTATHYECKOr0 3apsjaa, Meperpesa
BO Bpems mna#kuH. UrToObl He [ONYCTHTHL
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CIy4aiHOro npo6Os MHKpPOCXEMbI CTaTHYe-
CKHM 3JIEKTPHYECTBOM, Ha0, YTOObI 3JIEK-
TpHYEeCKHEe MOTEHIHAILI MOHTAXKHOH ILIATHI,
nasUylbHHKa M Tejla CcaMOr0 MOHTa>KHHKA
ObLIM OOWHAKOBbIMH. i1 3TOr0 Ha IUIa-
CTMAaCCOBYIO (WM JEpEeBAHHYIO) PYYKY Ha-
SIIbHUKA HAMaTbIBAlOT HECKOJBKO BHTKOB
HEU30JIMpOBAHHOTO MPOBOJA WM YKpeILIsi-
JOT Ha HeH >XeCTAHYIO IUIACTHHKY 4 4Yepe3
pe3ucTop comnporusienrem 100...200 kOm
COEeIMHAIOT (MIPOBOJ MJIM ILUIACTHHKY) C JKa-
JIOM #H BCEMH JIpPYTHMH METALTHYECKHMH
YacTAMH NasuibHUKa. [Ipu MOHTaX<e cBO6GO.-
HOHM pYKOH cJielyeT JaepXaTbCsi 3a TOKOHe-
CyluHi TMpOBOJHUK ITHTAHHSA MOHTaXXHOH
mIaThl. JyMTEeNbHOCTb KacaHus MasiIbHHKOM
KaXKJOrO BHIBOJA MHKPOCXEMbI HE JOJDKHA
npeBbIIaTh 3 ¢, a caM NasIbHUK B 3TO
BpeMsi JOJDKEH ObITh OTKJIIOYEH OT CETH.
HesbinoyiHeHHe 3THX B OOLIEM-TO HECJIOX-
HbIX TpeGOBaHHH MOXeT Mary6HO cKa3aTbCsi
Ha MHKpOCXEMe.

3aKOHYHB MOHTaX, TUIATEJbHO CBEPb-
Te €ro C NPUHIHIMHAIBHON CXeMO# 4Yacos,
MeTaJUIMYeCKOH HIrJIOH WIH YHCTOH Oe3Bop-
COBOH MaTepHeH yJNadTe C MeYaTHOM ILia-
Thbl Tpsi3b, OCTATKH (bJIOCa, KaleabKu Npu-
oA MEXJY TOKOHECYIIHMH I€4aTHBIMH
NMPOBOJHHKAMHM H IUIOIIAJKAMH H TOJILKO
1ocJjie 3TOro MOAKJIIOYaHTe K HacaM HCTOY-
HUK THMTaHHs. BHEIHHM HCTOYHHKOM ITHTa-
HHAS MOXeT ObITb IPAaKTHYECKH JIHOOOH
IBYXMOJYIIePHOAHBIH BbIIPSAMHTENIL C BbI-
XONHRIM Halps>KeHHEM OKoyio 12 B mnpu
TOKe Harpy3ku He meHee 200 MA. MoXHO
HCIIOJIb30BaTh, HAIPUMeED, BBIMPAMHTEIbL Ce-
Teporo Osoka nuraHds (cM. puc. 20), CHH-
Masi Hallpsi>KeHHE HEMOCPENCTBEHHO C €ro
¢unbTpylouero Kougencaropa Cl.

Cpa3y e mnoclie NMOLK/IOYEHHS] BHe-
IUHETO HMCTOYHHMKA ITHTAHHS B HHAHKATOpax
OO/DKHBI TOSABHTbCA CJiydyakHble pHQpbI,
YTO SABJIAETCA NPH3HAKOM paboTOCIOCOGHO-
ctu d4acoB. [l OOHyJeHHS M 3amyckKa
YacOB HAl0 OJfHOBPEMEHHO HAXXaTh KHONKH
SB1 «K» u SB2 «C», a 3areM OTXaTb
KHONKy «K». C 3T0Or0 MOMeHTa HaYHHAETCSH
OTCYET CEeKyHJ — 4achl paboTaloT Kak ce-
KyHgomep. Jlasee HafO OTXKATh KHONKY «C»
M OJIHOBPEMEHHbIM WJIH pa3lejibHbIM HaXKa-
THeM Ha KHOOKH SBS «Y», SB4 «M» ycra-
HOBHTh Ha HMHAMKATOpaX 4acbl H MHMHYTBI
TeKyllero BpeMeHd. EciH 1mocse 3Toro cHo-
Ba Ha)XXaTh KHOMKY «C», HHOWUKATOpbI OyAyT
MOKAa3bIBaTh CEKYHIbl TEKYIEr0 BpPEMEHH.

Y10o6bl YCTAHOBHTH BpeMsl IOf1ayH 3BY-
KOBOro curiayia (6yauJbpHHKA), HEOOXOOUMO
HaxxaTb KHONKY SB3 «B», moouyepeqHbIM
Ha)KaTHeM KHOMNOK «Y» u «M» yCcTaHOBHTH
Ha 6JI0KE HHAHKATOPOB 3TO BPEMS H OTXKaTh
kHonKy «B». Tlpu coBmajeHHWHM TeKyIIero
BpEMEHH CO 3HAYEHHEM YCTAHOBJIEHHOTO J0-
JDKeH BKJIIOYHThCS MpepbIBUCTHIH CHrHAI
OyIWILHMKA, OTKJIIOYHTH KOTOpPBIH MOXHO
HaXXaTHEM HAa KHOMNKY «bB».



Ilns ucnonb30BaHUS 4acoB B KAaYeCTBE
CEeKyHIOMEpa HY)XHO NPH HaXaToH KHOMNKe
«C» HaXKaTh H TYT € OTXaTh KHONKY «K».
Ho npu 3TOM NpoOHCXORHT cO6poc TEeKYIero
BpemeHd. Ero 3HauyeHHe BOCCTaHABJIMBAIOT
KHonKamMH «U» H «M».

MoO>KeT CHAYYHTBCSA, YTO CBETSLIHECSH
uugpsl B HHAMKaTOpax OyAyT Mepuarb, a
nbe30KepaMHYeCKHH 3BOHOK H3[aBaTh Hell-
pekpalaomuecss 6GecriopsifoYyHble 3BYKH.
ITpuyuHa TOMY — BO3OYI>KI€HHE MHKpOCXE-
Mbl. YTO6bI YCTPAHHMTL 3TO SBJIEHHE, HARO0
UeNb NMHTAHHSA MHKPOCXeMbl 3a6JIOKHpOBaThb
KepaMHYEeCKHM KOHJEHCAaTOPOM €eMKOCTBIO
0,047 unu 0,068 MK®P, BKJIIOYHB €ro Mexmny
BbIBOIaMH 12 H 1S WiM mapajuieIbHO BbBIXO-
Ay cTabuinM3aTopa Hanpsi>KeHHA (Ha puc. 63
MOKa3aHHbIH [ITPHXOBbIMH JIMHHAMH KOH-
nencarop C7).

U eme oguH HE3HAYHUTENIbHbIH Hemo-
CTaTOK 6bL1 3aMeyeH B paboTe CMOHTHPO-
BaHHbIX HAMH 44COB H3 pajJJHOKOHCTPYKTOpa

CIHCOK JiuTepaTypbl

«JJIEKTPOHHKa-1» — 3aMeTHbIH Ha CJIYX Hel-
pepbIBalOmMHCS  3BYK  HEBKJIIOYEHHOIO
Mbe 30KEPAMHYECKOr0 3BOHKa. IlpuymHa —
HEJOCTATOYHOE CIJIAXXHBaHHE MyJIbCallvH
TOKa Ha BBIXOJE [BYXNOJIyNEPHOOHOrO BbI-
npsmutens VD3 —VD6. [lns ero ycrpane-
HUSA Hano 3JIeKTPONMTHYECKHIH KOHQEHCATOp
C3 3aMeHHTb WIH NOKJIFOYHThH Napallleb-
HO €My KOHIEHCATOp €MKOCTBIO 5...10 MK®
Ha HOMHHAJIbHOE Halpsi)keHHe He MeHee
50 B.

Eciu B nporiecce 3KCILIyaTauuMd 4achl
OynyT «yberarb» HIM, HaobGOpOT, «OTCTd-
BaTb», CKOPPEKTHPOBATh HMX <«XOH» MOXHO
MO CTPOMKOH 4acTOThbl reHepaTOpa KOHOEH-
caropom Cl1.

KoHcTpykimsa ¢yTnspa 4acoB IMpOH3-
BoJsibHasi. [IpsAMOyrosibHOE OTBEpCTHE B €ro
JHMIEBOH CTeHKe, 4Yepe3 KOTOpOe BHAHBI
HHMKATOPbI, XXeJIATEJIbHO MPUKPBITH Opra-
HHYECKHM CTEKJIOM WIH IUIEHKOH CHHETO
M/ 3€JIEHOrO IBETa.
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