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INNPETUCIOBHUE

MHKpOaIeKTpOHHKA, 3asBHBLIAS O cele
B Havyale 60-X rojoB, ceromHsi OKa3bIBaeT
peLiaLice BJIMSIHHE HA TeXHHYECKOE Iepe-
BOOPY>KCHHE BCeX O0JIacTed pagHO3JIeKTpO-
HHUKH 3a OpHMepaMHM XOIHTh HAJEKO HeT
HafOOHOCTH. AHAIOTOBbIe MHTErpajibHbIE
MHKPOCXEMBI LIMPOKO H IIPOYHO 3aKpellH-
JIACB B PaJlHOBELIATE/IbHOH, TeJIeBU3HOHHOM,
3BYKO32IIUCBIBAOMIEH B BOCIPOU3BOAALICH
afmaparype, a JIOTHYeCKHe, WIH nud poBbie,
MHKPOCXE€MBI 3aH5IH JOMHHHPYIOLIee 1I0JI0-
KeHHE B OOJBLIMX, MHHH- H MUKpOOBM, B
YCTPOHCTBaxX aBTOMATHYECKOrO YIPABJICHHN
[IPOU3BOACTBEHHBIMHM [IPONIECCAMH, IBHXXE-
HHEM TpPAaHCIIOPTa, B CTAHKAX C YHCJIOBbLIM
[IPOTPAMMHBIM YIPaBJICHHEM, B almapaTrype
coopa, nepepabOTKH H XpaHeHHS pa3/IHIHOM
HHPOPMaIUH, B JPpYTHX YCTPOHCTBAX H opu-
Oopax pudpoBoli Texuuxu. s Hac yxKe
CTAJIH TOPHBBIYHLIMH JJIEKTPOHHBIE KaccCo-
Bbl€ anmaparsl, OBICTPO M TOYHO MOHACYHTHI-
BAIOLIHE CTOHMOCTE HOKYIIOK B YHHBEpCa-
MaXxX, BE€Cbl C NHQPPOBBIM MpPECTABICHHEM
pPE3yJibTaTa B3BESUIHBAHUS NPOAYKTOR, aBTO-
MaTH3HPOBaHHBIE CHCTEeMbI yIIpaBJie HHS
IpONa>keH aBHA- H XKeJIe3HOHOPOXKHBIX OH-
JICTOB, Hapy4Hble QJIGKTPOHHbIE Yachl,
MHKPOKaJIbKYJISTOPbI, CTaBLIHE OpenqMeTa-
MH MIepBOH HEOOXOAMMOCTH MHXXEHEpPOB H
TEXHHKOB, OyXranTepoB, MHOTHX IHIKOJIbHH-
KOR.

IlucpoBasi TexHHKAa-—caMoOe INepclek-
THBHOC HAIMIPABJICHHE B COBPEMEHUHOH 3jieK-
TPpOHHKE, B HApPOAHOM XO03sHcTBe. Be3 Hee
HEMBICJIMMbI HaabHEeHIIHIK HAaYYHO-
TeXHUYECKHI Mporpecc, 3hdeKTUBHOCTD

y4eObl B 00HIcOOpa3zoBaTe/IbHBIX HIKOJIax,
HTY, TexHHKyMax, MHCTHUTYTax H YHHBep-
CHTeTax. Bpsinm JH HYXHO JOKa3bIBaTh,
KaKHe OrpoOMHBIE BO3MOXHOCTH BHOCHT
UHGPOBast TEXHHKA B PaTHOMIOOHTENbCKOE
TBOPYECTBO

LlesIb KHUTH — MO3HAKOMHTE €€ YHTaTe-
JIeH ¢ nHUQPOBLIMH HHTErpabHBIMHK MHKPO-
CXeMaMH H HCIOOJb30BAaHHEM HX B Pa3HBIX
10 CJOXHOCTH JIIOOHTEJILCKHX MpHOOpax M
YCTpOHUCTBAX nHPPOBOH TeXHHKH. Ipenno-
NAracTcs, 4YTO YHTATE/H VXKe 3HAKOMBI C
YCTPOHCTBOM H IPHMIHIOM paGoThi TPaH3H-
CTOPOB, NHOHAOB H HMEIOT HEKOTOPLIH OIBIT
KOHCTPYHPOBaHUS PANHONPUEMHOH H yCHIIH-
TeJIbHOH almlapaTypbl, NO3TOMY HX OIHCA-
HHC B KHHre OIltyluieHO [JIaBHBIM Xe ee
CONCP2>KAHHEM SABJIAIOTCSA OIBITHI, IKCIICPHU-
MEHTBI, KOTOpbi€, KAK MbI CUHMTAEM, IIO3BO-
JAIOT JIyYLIE€ OCBOMUTL MPAKTHYECKYIO CTO-
POHY NpHMEHEeHHSt IHPPOBBLIX MHKPOCXEM.

IlpH M310XeHHH MTO3HABATE/ILHBIX CRE-
ACHHH H CJIOKHOCTH NPaKTHYECKHX paboT
MbI OIHPAJIMCh Ha OIBIT KPY)KKOB paHO-
JIEKTPOHUKH (CBEepuJIOBCKOH  00;1aCTHOI
CTAHIHH IOHBIX TE€XHHKOB JTOT OIBLIT, Ha-
ACEMCs, MOXET ObITb NOpHEMJIEMbIM IS
KPYXKKOB [PYIHX BHELIKOJbHBIX YUpeKe-
HHH ¥ 001eo0pa3oBaTebHbIX HIKON, 3aHH-
MaIOUUXCA OCBOSHHEM OCHOB pHdpPOBOM
TEXHHKH.

OT3bIBbI O KHHTE MPOCHM HAIIPABJISITh
no anpecy: 101000, Mocksa, ITouramT, a/st
693, usnartenbcTeo «Pagno M cesze», Mac-
COBasi pagHOOHOJIHOreKka.




YTO TAKOE IIH®PPOBAA MHKPOCXEMA

CoBpeMmeHHasi pucdpoBasi HHTerpaibHas
MHKPOCXE€Ma—3TO MHHHATIOPHBIH  3JIeK-
TPOHHBIM OJIOK, cOfep)KaliHi B CBOeM KOp-
IIyce TpaH3HCTOPbI, HHOABLI, PE3HCTOPHLI H
HpYrue aKTHBHbIC H IIACCHBHbIE 3JICMEHTbI,
olmice YHCJIO KOTOpBIX MOXeT NOCTHUraThb
HECKOJIbKHX HECATKOB H [a’>ke COTeH ThI-
cA4! B 3aBHCHMOCTH OT 4YHCA2 3JIeMEHTOB
pPasHYarwT MHUKpOCXeMbl MAJIOH CTelleHH
HHTETrpaiHi, MUKPOCXeMbI cpeiHel CTelleHH
HHTETpPaHH, OOonbHIHE HHTErpaJbHble
MHKPOCXeMbl H CBepXOOJblIHe HHTErpalkb-
HbIC€ MHKpOCXeMbl. MHKpoOcXxeMbl Masob
CTCIICHH HHTErpaiHi MOI YT cOmepskaTh 1O
10—30, a cBepxGosbUIHe HHTerpajbHble
MHKpocxeMbl 10 100 TbIc. H 00Jice aKTHB-
HbIX H NACCHBHbBIX 3JIEMEHTOB.

OnHa pHdbpoBass MHKpOCXeMa MOXKET
BBIIOJIHATE (PYHKUHIO 11e1oro 0J10Kka H3Me-
PHTEJILHOrO NpHOOpa, MHKPOKAJILKYJISTOpA,
YCTpOHCTBa, aBTOMATHIECKOr0 YIpaBJ/ICeHHS
IPOU3BOACTBEHHUBIM MIPONECCOM, MHKPOIPO-
eccopa, yvija JICKTPOHHOH BBIYHCIHTE -
HOH Mamvuael (OBM). K npumepy, «Mexa-
HH3M» Hapy4HbIX 3JIEKTPOHHBIX YacOB, HH-
AHIMpYIOIIHX TeKyIlieée BpeMs B 4acax,
MHHYTaX H CEeKYHIaX, JHH HeldeJIH H MecCsH-
ibl, paboTaloWMH OJHOBPEMEHHO H Kak
CEeKYHAOMep, OVIHILHHMK, COCTOHT BCero
JHIB H3 OJHOH crenHabHO pa3paboTaHHoOl
OOJIBIION  HMHTErpaJiIbHOH  MHKPOCXEMbI,
bnarogaps nucdpoBEIM MHKpOCXEeMaM COB-
PEMEHHbIE KOMIBIOTEpPbI, KaK BCE vYalile
CTaJlM Ha3biBaTeb OBM, 1o cpasrHeHHIO CO
CBOUMH «IIpeiiKaMu» B 300 ThIC. pa3 MeHb-
ure 1o paidmepaM, HO paboTaloT B
10 TeIC. pa3 ObICTpee, K TOMY >Ke HAajexK-
HEC, H 3SHeprHH NOTpeOJIIIOT 3HAYHTEILHO
MeHbIIIE.

B oOcHOBY ONHCaHHst H JIOrHKH Jeii-
CTBHA [H@PPOBBIX MHUKPOCXEeM HOJIOXKeHA
ABOHYHAsE CHCTeMa CYHCJAEHHSH, COCTOALIAs
BCero u3 AByX nudp —enuHungs! (1) v HYIS
(0). Orcrona u 06001eHHOe HA3BaHHe JIOTH-
YECKHX 3JIEMEHTOB, HHTEIPAJbHBLIX MHKPO-
CXeM H cO3j1aBaeMbIX Ha ux 0ase BceBO3-
MOXHBIX , NpHOOPOB H  YCTpOHCTB—
upOoBble, ITH [Be nHPPHI HBOMYHOH CH-
CTEMBI CYHCJICHHS [DO3BOJIFIOT 3allHChIBATh
H «3allOMHHATL» IMIpakKTHYeCKH JHoOble 4YHC-
Ja. HanpuMep, uymcao 25 OpHUBLIYHON Ham
JCCATHYHOH CHCTeMbl CYMCJICHHS, 3allUCAH-
HO¢ B [BOHYHOH CHCTEME CUHCJICHHUH, BbI-
rnsapuT Tak: 11001, 3pechk kaknast mo3HHs

4

YHCJIa, KOTOpasi MO>XeT ObITh IpefCcTaBJicHA
B BHJ€ ICKTPHYECCKHX HMIYJILCOB, COOT-
BETCTBYET OIHOMY H3 [OBYX JIOTHYECKHX
COCTOAMKH — JIOTHYEeCKOH 1 MM JIoTHYecKo-
My 0. OcobeHHO ygoOHOH Takasi cHCcTeMa
KOJAHPOBaHHsA HH(POPMAIMH OKa3ajlach IJIs
IpOrpaMMHpOBaHus H paborbl 3BM.
OTHOCHTE/ILHO 3JIEKTPHYECKUX CHrHa-
JIOB, HeCYHIHX TY HIH HHVIO HbpOBYIO
HHPOpMaAHIO, IBOHYHASI CHCTEMA CYHCJIe-
HHA TakK>XXe COOTBETCTBYeT HBYM COCTOSHH-
AM WK ABYM YCJIOBHBIM 32JIGKTPHYECKHM
YPOBHAM: BBICOKOMY, T. €. 00Jlee ITOJIOXKH-
TeJIBHOMY, H HH3KOMY — MeHee [TOJIOXKH-
TCJALHOMY, HYJIEBOMY H JaXXe OTpHiaTeslb-
HOMY HallpspKeHHIO. EciM HanpspkeHHe Bbl-
COKOro ypOBHS pacCMaTpHBATh KaK JIOTHYe-
CKYI0 1, a HanpsbkeHHe HH3KOrO YpPOBHN——
Kak Jiorudeckui 0, TO TaKyIO JIOTHKY Ha3bl-
BalOT MOJIOKHTEJIBHOH, IIpH OTpHiaTe IHOR
JIOTHKe, Hao0OpOT, Hamnps >KeHHe BBLICOKOTO
YPOBHsI NPHHUMAIOT 3a JIOTHYeckui 0, a
HH3KOro YypoOBHA—3a JIOTHYecKyio [. B
3TOH KHHUre pacCMaTpHBalOTCH  TOJbKO
MHKPOCXEMbI C IOJIOXKHTEJILHOH JIOTHKOH.
Ho Ha npakTHke HEBO3MOXHO BbIIOJI-
HUTh YCJIOBHE, IIPH KOTOpOM ObI Bee pudpo-
Bble CHTHAJBI HMMEJH OJHHAKOBBIC YPOBHH
HalpsoKeHus. 1105ToMy, YYHTBIBast BO3MOXK-
HbIe HOIIYCKH, CBOUCTBA UHH(PPOBLIX MHKPO-
CX€M, JIEKTPHYECCKHE HMIIYJILChI, HECYIIHE
HH(POpMAILHIO, XapaKTepH3YIOT HEKOTOpPhbI-
MH HHTepBaJaMH HanpsbHxeHuH. Tak, panpu-
Mep, 1 MuUkpocxeM cepuit K155, Ki33
IJIA HH3KOrO YPOBHS, COOTBETCTBYIOLIETO
JorudyeckoMmy 0, IpHHSATHI HATIpSOKEHUS CHT-
HanoB oT 0 go 0,4°B, T. e. He Gosiee 0,4 B,
a BbICOKOTrO, COOTBETCTBYIOHIETO YPOBHIO
JIOTHYECKOH |,— He MeHee 2,4 B H He Gojlee
HAlpsOKCHHsA, Ha KOTOpOe OHH pacCcyHTa-
Hbl,—5 B. s MHKpOCXeM HPYrHX cepHii
9TH IpaHHibl YPOBHEH HalpPsI>KeHHH MOTYT
OBITh HECKOJIBKO MEHBIIHMH HIIH, HAa06OPOT,
HECKOJILKO OONbIIMMEH, HO HeH3MEHHBIMH
I OJAaHHOH CepHH IHGPOBBIX MHKPOCXEM.
OmnbIThI, 3KCHEPHMEHUTHI, pa3/IHYHbIE
IIpHOOpPEI H YCTPOHCTBA, OIMHCAHHbIE B 3TOH
KHHTe, pacCydMTaHbl Ha HCIOJIb30BaHHE
MHKpocXxeM cepur K155 Manoit ¥ cpepgmeii
cTelleHeH HHTerpanuu. MHKpoOcXxeMbl HMEH-
HO 3TOH CepHH pagHONIOOHTe/ M Haubosee
HIHPOKO IMPHMEHSIOT B KOHCTPYHPYEMbIX
UMH TeHepaToOpax, HTPOBbIX U CHTHAJIH3HPY-
IOHIHX aBTOMAaTax, JJIEKTpOHHBIX 4Yacax, H3-



MepuTeJbHbLIX HOpubopax, B TOM 4YHCIE C
LHHOPOBLIM OTCHETOM PE3YILTATOB H3IMEpE-
Hust WM Bpemend. Tlonobuble ycTpoHCcTBa B
npuOopsl NPEeACTOHT KOHCTPYHpPOBarTb H
BaM, B3sBIIHM B PYKH 3Ty KHHIY.

B cepunio K155 BxoaeTr okono 100
MHKpOCXeM Pa3HbIX CTENcHEH HHTErpalHu K
b YHKIHOHAJILHOIO Ha3HadeHHA. 3TO pa3-
NHYHbIe TpHITEpbl, CYETYHKH HMIYJIbCOB,
HEeNHTEeNH 4acToThl, NMpeobpa3oBaTend LHp-
pPOBBIX KOOOB, neniddparopel H T. 0. OcHO-
BOHM >Ke MHOIHX U3 HHX CHY>KaT TaK Ha3bIBa-
eMble JIOrHYeCKHE 3/1eMeHThI —
3JIeKTPOHHBIC YCTpOUCTBA, peaiH3yYHOLHe
npocredne oyakuan aarebpsl goruku. C
HUX H cCJeayer Ha4daTb 3HAKOMCTBO C
YCTPpOHCTBOM 4 paboTOH HMPPOBLIX MHKPO-
CXEM, ¢ OCHOBaMH LHQPPOBOH TEeXHHKH.

JIOTUYECKHE JJIEMEHTHBI
U HNUX 3IDJIEKTPUYECKHE
AHAJIOI'

Jlora4eckux 3JIeMEHTOB, padoTalolIKuX
KaK caMocrosteabHble [HAQPOBbIC MHKpPO-
CXeMbl MaJIOM CTeNeéHH HHTErpalHH H Kak
KOMIIOHEHThl MHKpocxeM Oosiee BbICOKOH
CTeNeHH HHTerpallHd, MO>KHO HaCc4HTaTh
HEeCKONALKO necsatkoB. Ho 3nech MBI ITOroBO-
PHM JIHIIb O 4YeTbIpex W3 HHX — O JIOTH4e-
ckux 3nemeHtax U, HUJIU, HE, H-HE.
Dnementsl U, UJIIK u HE— oCcHOBHEIC, a
U-HE spisercss KOMOHHAIIHEH 3JIeMEHTOB
H u HE.

Y10 npencTaBiastioT COO0H 3TH «KHPITH-
YUKH>» MPOBOH TEeXHMKH, KAaKOBa JIOTHKAa
ux pgeticrpua? Cpa3y yTOYHHM: HANPSKCHHASA
or 0 no 0,4 B, T. e. COOTBETCTBYIOIIHE
ypoBHIO JIorwdeckoro 0, Mbl 6yaemM Ha3bl-

Puc. 1. Jloraveckn# 3nement H:

a— yCJIOBHOE rpadpudeckoe o003HavYeHne; 6 —ero
3MEeKTPHYECKHH aHanor; 6é— BpeMeHHEIe quarpam-
Mbl; 2— T1ab/Ana HCTHHHOCTH paboThbl 3neMeHTa

BaTb HallpA>XeHHeM HH3KOro YpoBHA, a Ha-
npspKkeHus 6onee 2,4 B, cooTBercTBYIOHUE
YPOBHIO JIOTHYECKOH 1,— HalpA>KEHHEM Bbl-
coxoro yposus. IMeHHO TakuMH ypOBHAMH
HalNpsOKeHHH Ha BXOJe H BLIXO0Je 37IEMEHTOB
H MuKpocxem cepud K155 npmHsaTOo Xxapak-
TEepU30BaTh HX JIOTHYECKHE COCTOSHHA H
pabory.

I'padbnyieckoe mn3oOpaxxeHHe JOrmve-
CKOro anemeHrta M nokaszaHo Ha puc. 1, a.
Ero yciaoBHbBIM CHMBOJIOM CJIVYXXHT 3HaK
«&», CTOAUIHNA BHYTPH NpAMOYI'OJIbHHKA: OH
3aMCHAET COI03 «H».
CneBa — nBa (MOXeT ObITH H 60JIbLIIE) JIOTH-
YeCKHUX BXOga-—X; H X,, cOpaBa— BbIXON
y. JIoruka peHCTBHSA SJEMEHTa TakKoBa.
Hanpsa>xeHne BLICOKOIO YPOBHI NOABJISETCS
Ha BbIXOO€ JHMIIL TOrna, KOTna CHIHAJIbI
TAaKOTO e ypOBHA OyayTr nmogaHbl Ha BCE
ero BXOjbl.

Pa3o0parbcst B JIOTHKe JeHCTBHA JIOTH-
YeCKOT0o 3sieMeHTa M NMOMOXKET €ro 3Jiek-
TpuiecKHil ananor (puc. 1, 6), cocrTaBieH-
HblH H3 NOCAEHOBATENbHO COCOHHEHHLIX HC-
TouHuka nuradda GB1 (manpmmep, 6atapeu
3336JI), xHono4uHbIX Hepeksnovarened SBI,
SB2 m060# KOHCTPYKUHM 4 JaMIIbl HAKA/IH-
Banusa HIL.1 (MH3,5-0,26). Ilepekmodarens
HMHTHPYVIOT 3JICKTpHYECKHe CHIHajJbl Ha
BXOJle aHaJora, 4 HUTh JIaMINIbl HHIHLHPYET
ypOBe€Hb CHrHaJIa Ha BbIXoge. PasoMKHYyTOe
COCTOSHHE KOHTAKTOB HNepeKjrovarene co-
OTBETCTBYET HANPAXEHHSIM HH3KOrO YpOB-
HSA, 3aMKHyToe — BBICOKOro ypoBHs. Iloka
KOHTAKTbl KHONIOK HE¢ 3aMKHYTBI (Ha o0oHX
BXORaX 3JIEMEHTa HalpsKeHHEe HH3KOro
YPOBHs), 3JIEKTPHUECKasi ellb aHaaora pa-
30MKHYTAa U JlaMila, €CTECTBEHHO, HE T'ODHT.
HerpynHO cpenath apyroif BLIBON: JaMIa
HAKAJIMBAHHA Ha BbIXOJQe aHaJOora 3jieMeHTa

Prc. 2. Jlormvecku# snemenr HWIH, ero iexkrpade-
CKEii AHAAOr W NpHRDAN AclcTBESR



M 3aropaercs TOrjpa M TOJBKO TOTHa, KOrHa
KOHTakTbl KHOMOK SB1 M SB2 okaxyrcs
3AMKHYTBIMH O#HOBpeMeHHO. B 32TOM H
3aKMOYaeTCsA JIOTHYECKAast CBS3b MEXIY
BXOOHBIMH H BBIXOJHBIM CHTHAJIAMH 3JIeMcH-
Ta H.

Tenepb B3rasAHMTe Ha puc. 1, 6. Ha
HeM H300pa>keHbl BpeMeHHBIe OHArPAMMbI
QJICKTPHYECCKHX IPONECcoB, HAIOHHe HOCTO-
BEPHOE 1IpejcTaB/iecHHe O paboTe JIOrHde-
CKOro asiemenTa M. Ha Bxope x; curhHan
HOABJISIeTCA NepBbIM. Kak TOILKO mopaeTcs
TAKOH JK€ CHTHAJ M Ha BXOH X,, TYT Ke
[IOARISACTCH CHTHAA M HA BBIXO[e Y, KOTO-
PBIH CyHieCTBYeT [0 TeX [Op, IIOKa Ha
ODOHX BXOH2X HMEIOTCSH CHIHAaJIbI, COOTBET-
CTBYIOUIHE HANPSAKEHHIO BBHICOKOro ypOBHSA.

O COCTOSSHHM M JIOrHYeckOl CBSI3H
MEXKIY BXONHBIMH H BBbIXOHHbIMH CHI'HAJIA-
MH B 3JIeMeHTe M paeT mpencrasiieHHe Tak
Ha3biBaeMast TalbJMia HCTHHHOCTH (pHcC. 1,
2), HalOMHHAKWOIIas Tab/HMyy YMHOMKEHHS.
I'nags Ha Hee, MOJKHO CKa3aTbh, YTO CHIHAJ
BBICOKOr0 VpOBHH Ha BbBIXOHe 3J/IeMeHTa
OyneT Torna M TOJLKO TOrHa, KOrna CHIHa-
JIBI TAKOro >Ke€ YPOBHs MOABSATCH Ha O0OHX
€ro BxOnax. Bo Bcex apyrux ciydasx Ha
BbIXOHe 3JieMeHTa OyneT HamnpsKeHHE
HH3KOro YpOBHA.

YcIOBHBIH CHMBOA JIOTHYECKOro 3Jie-
MeHTa MM —pyudpa 1 BHYTPH DpsiMo-
YrojbHHKA (PHC. 2, a). Y 3TOro 3jJeMeHTa,
Kak H y ayieMeHTa M, MO>xeT ObITh 1Ba
Oosblre BXOpoOB. CHrHAalm Ha BbIXOHE V,
COOTBETCTBYIOUIHH HAIIPAKECHHUIO BBICOKOTO
YPOBH:, NNOABJISICTCA IIpH IIOJa4ye TaKoro e
CHI'HAJIla Ha BXOH X, HJIM Ha BXOJ X,, HJIH
OAHOBpEeMEHHO Ha o00a Bxoja. UTtobb1 ybe-
AUTBCSA B TAaKOM HeHCTBHH ajeMeHnTa UJIU,
IIPpOBEUTE OMNBIT C €ro 3JeKTPHUYECKUM aHa-
JoroM (puc. 2, 6). Jlamna HaxaJIUBAHKS
HIL1 Ha BbIxOfe aHanora 6yueT 3aropaTbes
BCAKHH pa3, KOrja OKaXKyTCH 3aMKHYTBIMH
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Pnc. 3. Jlorawecknii sanemenr HE, ero 3NteKTpHYe-
CKHH AHAJOI H MPHHIHN HeHCTBHSA
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KOHTAKThbl WJIM KHOOKH SBI, mau SB2, unu
ONHOBPEMEHHO O0eHX (BceX) KHOIOK.

3aKpelluTh B JIAMSATH 3JIEKTPHYECKOE
CBOHCTBO 3sieMeHTa WJIN momoryT BpemeH-
Hble JHarpaMMsbl el o paboTel (puc. 2, 8) u
TaQJIMna HCTHHHOCTH (pHC. 2, 2) JIOrHYe-
CKOH CBA3H ME>XAY BXOJHLIMH M BbIXOHHbI-
MH CHI'HaJaMH.

YcaoBHBI CHMBOJ JIOTHYECKOrO 3jie-
MeHTa HE — Toxxe pudpa 1 B npsaMoyron-
HUKe (pHC. 3, a). Ho y Hero ofuH BXOZ H
OpuH BbIXOA. Heboabwioli Kpy>xok, KOTO-
PbIM HAYHHACTCH JIHHUA CBS3H BBIXONHOIO
CHI'HAJNa, CHMBOJIH3HPYET JIOrHYECKOe OTPH-
IIaHHE «He€» Ha BbIXOje 3JjieMeHTa. Ha s3bI-
Ke pHGppOBOH TEeXHHKH «He» 03HayaeT, YTO
HaHHbIM 3JIEMEHT SBJISIeTCH HHBEPTOPOM —-
3JIEKTPOHHBLIM YCTPOHCTBOM, BBIXOHHOH CHI-
HaJI KOTOPOro NpOTHBOMOJIOXKEH BXOHHOMY.
Huave roBops, noka Ha ero Bxojie neHcTBY-
€T CHrHaJ HH3KOro ypOBHS, HAa BbIXOHe
NPHCYTCTBYET CHIHAJl BBICOKOrQ YPOBHS, H
HaoBoporT.

ONEKTrpHYecKHH aHanor ajeMenta HE
MOXXKHO ¢cODOpaTh 10 cxeMe, NIPHBEHEeHHOH HA
puc. 3, 6. OnekTpoMarHuTHOe  pejne KI,
cpabaThipaloniee NPH JAHHOM HANPSOKEHHH
baraper SBI1, no/mkHo 6bITE ¢ rpymmo
HOPMaJILHO 3aMKHYTBIX KOHTAKTOB. I1OKa
KOHTAKTb! KHONOKH SB1 pa3oMKHYTbHI, 00-
MOTKa peJjle 00ecTOYEHa, ero KOHTAKTbI
K1.1 ocTaiorcs 3aMKHYTBIMH M, CJIEHOBa-
1eabHO, Jamna HI1 ropur. TIpu HakaTuH
Ha KHOIIKY €€ KOHTakThb! 3aMbIKAIOTCH, HMH-
THPYA NOABJIEHHE BXONHOIO CHrHajga BbICO-
KOTO YypOBHSI, B pe3yJjbTaTe dYero pelle
cpabaTbiBaeT. Ero KOHTaKThI, pPa3MbIKasiCh,
pa3pbIBAOT Lellb MHTAHHA JiaMibi HIL1 —
oracasi, OHa CHMBOJIM3HPYET MHOsip/IeHHe HA
BBIXOJI¢ CHTHAJIAa HH3KOTO YpPOBHA.

IonpoOyliTe HAYEPTUTL CaAMOCTOSTEIb-
HO BpeMeHHbIE JHarpaMmsbl paboThbl 3JIeMeH-
Ta HE #® cocraputh TabsMuy HCTHHHOCTH

Puc. 4. Jorageckmi saemenr H-HE, ero sxexrpu-
YCCKHH aHaJIOr M NPHHOHN JeHCTBHA



JIOTHYECKOH CBSI3H MEXAY €ro BXOOHBIM H
BBIXOAHBIM CHIHAJIAMH — OHH HOJIKHBI I10O-
JYUHTBCA TAaKHMH JKe, KaK [IpHBeqeHHULIE HA
pHuc. 3, g, .

Kak MbI yxxe roBOpu/M, JOTrHYeCKHE
aneMeHT MHM-HE sBastercst xoMOuuapuei
asleMeHTOB W u HE. IloaroMy Ha ero
rpacuYeckOM H300pakeHHH (pHC. 4, a)
€CTh 3HaK «&» M HeOOJILHIOH KpY>KOK Ha
JIMHHHM BbIXOAHOTO CHrHaja, CHMBOJIH3HDY-
IOIHH  JIOTHYECKOEe OTrpupdanue. BbIxon
OIHH, a BXOJOB ABa H 0OJIbLIE.

Pa3o0paTecst B npHHIHIIEe HeHCTBUA Ta-
KOro JIOTHYECKOTO JjileMeHTa nHdpOBOH Tex-
HUKH BaM MOMOXET €ro 3JIeKTpHYECKHH
aHaJIOr, coOpaHHbIH MO cCXeMe Ha pHC. 4, 0.
IdnexTpoMmarauTaoe peje K1, 6atapes GBI
H JaMna HakaauBanust H1.] Takue >xe, kax B
aHanore ajeMeHTa HE. ITocienoBaTeIbHO C
OOMOTKOH peJie BKIIOYHTE iBe KHONKH (SB1
H SB2), KOHTaKTbl KOTOPBIX OVAYT HMHTH-
poBaThk BXOJHBIE CHrHajabl. B HCXOOHOM
COCTOSIHHHM, KOTAA KOHTaKTbhl KHOIIOK pa-
30MKHYTbI, JIaMIIa TOPHUT, CHMBOJIM3HPYSH
CHTHAJl BLICOKOIO YpOBHSA Ha Bbixone. Ha-
JKMHTe Ha OAHY M3 KHOIOK BO BXOJHOH
penH. Kak Ha 2TO pearupyeT HHIHKATOpHas
JdaMna? OHa ODpOAO/DKAET ropeTek. A eciM
Ha)xaTb 00e KHONKH? B 3TOM cily4yae 3JIek-
TPHYEeCKast uenb, o0pa3zoBaHHass OaTapeecH
IIUTaHHA, OOMOTKOH pejie H KOHTAKTaMH

KHOIIOK, OKa3bIBAcTCH 3aMKHYTOH, peJle
cpabaTbIBacT H ero KOHTaKTHI K1.1, pa3Mbl-
KasiCb, pa3pbIBalOT BTOPVIO pjellh AaHAJIOTA —
JlaMIIa racHeT.

ITH ONBITHlI HO3BOJISIOT CAenaTh Bbi-
BOHA: IIPH CHTHAJIE HH3KOro YpOBHS Ha OJ-
HOM HJIH Ha BCeX BxOnax ajieMehnTa HU-HE
(korga KOHTAKTh!I BXOAHBIX KHOIIOK aHAJIOra
Pa30OMKHYTBI) Ha BbIXOHEe AeHcTBYeT CHrHAJ
BBICOKOI'O YPOBHA, KOTOPbLIH H3MEHSCTCH HAa
CHTHAJI HH3KOrO YpPOBHS IMpH HNOSBJICHMH
TaKHX JK€ CHIHAJIOB HA BCeX BXO@ax 3Jie-
MeHT2 (KOHTaKThl KHOMOK AHAJIOra 3aMKHY-
Tbl). TakOl BBIBOA NOATBEp>KOacTCs JHAT-
paMMaMH paboOTe! H TabsHpeH HCTHHHOCTH,
DOKa3aHUBIMH Ha PHC. 4, 4, 2.

Jorudeckuii anement U-HE ob6sagaer
¢lje OAHHM CYIHECTBEHHLIM CBOHCTBOM,
CYTb KOTOpPOro 3aKjJio4aeTcss B CJeqy-
IOLIEM: €CJIH ero BXOHbl COeNHHUTL BMeECTeE
H NOfaTh Ha HUX CHTHAJ BBICOKOTO YPOBHHA,
Ha BBIXOJie 3JiIeMeHTa OyaeT CHruajg HH3KOTO
ypoBHA. 1 HaO0OpOT, npu nogade ua o0h-
€JHHEHHBIH BXOJ CHTHaJla HH3KOrQ YPOBHH
Ha BbLIXOJE JIEMEHTa OyaeT CHIrHaJl BbICOKO-
ro yposus. B atomMm cay4yae astemenT U-HE,
KaK, BEpOATHO, BbI yo>Ke JOTraJaJHCh, CTAHO-
BHTCHA HHBEPTOPOM, T. €. JIOTHYECKHM 3Jjle-
MedTOM HE. DT0 cBOlicTBO 3neMenTa H-HE
OYeHb WHPOKO HCIIOJNB3YETCA B NpHOOpax H
YCTPOHUCTBax pHPpOBOH TeXHHKH.

3HAKOMCTBO C ILIU®POBOU MUKPOCXEMOH

B pa3HooOpa3HbIx npubopax H yCTpOii-
CTBax pHQPPOBOH TEXHHKH, KOHCTpYHPY-
€MbIX pagHOMIOOHUTeNsIMH, HAHOOJIee HIHPO-
KO HCIOJb3yeTcss MUKpoOcxeMma K155JIA3. C
Hee, CYMTaeM, H cjejjyeT HaYHHATh IIpaKTH-
4eCKO€ 3HAKOMCTBO C MHKPOCXeMaMH 3TOH
CEepHH.

BHelIHHH BHI H YCJOBHOe rpadude-
CKOe H300parkeHHe MHKPOCXEMbI MOKa3aHbI
Ha puc. 5. OHa mnpejcTabBiseT coboi ILIa-
CTMACCOBBIH KOPIIYC NOPSMOYTOJILHOH dop-
MbI ¢ 14 mmacTHHYATHIMH BBIBOHAMH (HEKO-
TOpbleé MHKPOCXEMbI 3TOH CepHH HMEIOT IIO
16 BRIBOHOB), pacloJIOKEHHBIMH BHOJIb 0be-

Puc. 5. Baemnu# BHA M YCJIOBHOe rpaduieckoe

obo3naveHHe MuKpocxembl K1557IA3

HX JJHHHBIX CTOpOH kopryca. Ceepxy Ha
KOpryce  VYCJOBHBLIH KIHOY — HeBoIbulas
Kpyrjiast MeTKa. OT Hee H BefeTcH HyMepa-
A BbIBOAOB. Ecnu cMOTpeTh Ha MHKPO-
CXEMY CBepXy, TO OTCYHTLIBATH BbIBOJbI
HYJKHO NPOTHB JBH)KCHUSA YACOBOM CTpEJIKH,
a €C/M CHH3Y-—TO II0 4aCOBOH CTpeJIKe.
TakOe DpaBHIO pacOpOCTpaHeHO Ha Bce
MHKpocxeMbl cepun K155,

Uto xe mpencraensteT co60H MHKPO-
cxeMa K155/IA3? OHa COCTOHT H3 YeThIpeX
JIOTHYeCKUX 3JieMeHTOB 2-HE, nuTaomux-
CA OT OOIlero HCTOYHHKA [OCTOSHHOTO
TOKa. KaXiablii ee JIOTHYeCKHH 32JIeMEUT

X Owlb 14 KI55/7AF

X O618. 7 KI5574F

Purc. 6. Ilpocrelimmii GJOK NHTAHHA MHKPOCXEM

cepun K155



paboTaeT KaKk caMOCTOSATE/ILHAA MHKpOCXe-
Ma. BbigeuTh 23/71eMeHThI HETPYHHO IO HO-
MEpaM BbIBOJOB, IMIpefCcTaBJICHHBIM HAa CXe-
MaTHYCCKOM H300pakKeHHH MHKpPOCXEMBI,
Tak, Bxommble BbLIBOJBLI 1, 2 M BBIXOHAHOH
BbIBOJ 3 OTHOCATCH K OHHOMY H3 ee 3Je-
MCHTOB, BXOJiHbl¢ BbIBOAbI 4, 5 H BBIXOHOH
6 — KO BTOpOMY aJleMeHTY u T. 1. He 0603-
HaYCHHBIEC Ha CXeMaTHYeCKOM H300pa keHHH
MHKpOCXeMbl BhLIBOABI 7 M 14 ciay>xaT O
IofadHd INUTAHHWS Ha BCe JJIEMEHThI. OTH
BbIBOJABI He NPHHATO 0003HAa4YaTh HA cxeMax
[IOTOMY, 4YTO JIeMeHThbI OObIYHO H300paka-
IOT HE CJIMTHO, Kak Ha pUC. 5, 6, a pasjuelib-
HO B pa3HbIX YYacTKax IIPHHIHIHAJILHOH
QJICKTPHYECKOU CXeMbl YCTpolicTBa. Ilenu
K€ IUTAHHS JIEMEHTOB OCTAIOTCs OOLIAMH,
npuieM g muxkpocxeMbl K155J1A3 BrIBOA
14 pomxen COEHHHATBCH C MOJIOXKHTEIb-
HbIM, & BbIBOJ 7-—C OTpHpaTe/IbHbIM OJHO-
CaMH HMCTOYHHKA IIHTAHHAA.

Muxpocxema K155JIA3, kak u gpyrue
MHKPOCXEMbBI 3TOH CEpHH, PACCYHTAHA HA
IHTaHHe OT HCTOYHHKA MOCTOSHHOTO TOKa
HarpspkeHueM 5 B. MoxxHO HCIOJIB30BaTh H
OaTapero rajgbBaHHYECKHX 2JIEMEHTOB C
MeHbIIHM Ha 0,5 B HanpsokeHHEeM, HalpH-
Mep Oatapero 3336J1. Ho BO BpeMst ONbITOB
€e HallpsoxeHHe OypeT euje 6ojlee CHHXKATh-
Cs, YTO, €CTEeCTBEHHO, CKaXKeTCH Ha pPerKH-
Me paboThl MHUKPOCXeMbI, a IIpH onpeieJIeH-
HOH pa3spsinke GaTaped MHKpOCXeMa BOOO-
Lie nepecTaneT pabortare. IIoaTomMy xena-
TEJIbHO HCIIOJIb30BaTh OJIOK NUTaHuA, 00ec-
eYHBAIOIIKH cTaOWIbHOEe HalpspKeHue 5 B.

TakoH OnOK NHTaHHS MOXXHO coOpaTh,
HanpHMep, IO OpHBEJIeHHOH HAa pHC. 6 cXxe-
Me. B HeM UCTOYHHKOM [IOCTOSHHOTO TOKA
GBI ciayxar ase 6aTapeu 3336J1, coenunen-
Hble MOCjienoBaTenbHO. IIHTanHe Ha MHKpPO-
CXeMy MonaeTcss depe3 cTabHIM3aTOp Ha-
NpsDKEHHUSE, OOpa30BaHHBIA CTaGHINTPOHOM
VD1, bamnacTHbM pe3ucTopoM R3 u pery-

PHc. 7. Makernas nanenb s ONbITHOMN NPOBEPKH
patoThl MEKpOCXeM
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JIUPYIOHIMM TpaH3uCcTOpOM VT1. EMKoOCTh
ANMEKTPOJIMTHYECKOrO KOHueHcaTopa C1 Mo-
xeT Obrth 20...50 MkP, a KepaMHYeCcKOro
WM  CIOAAHOTO  KOHjaeHcaropa (2—
0,033...0,047 Mx®.

Kak pabGoraer crabumm3aTop Hanpsbke-
HHA Takoro OJIOKA NMTAHHS MHKPOCXEMbI?
Pesuctop R3 u crabwmtpon VD] o6pa3y-
IOT JeJiMTe b HanpsokeHHst OGaTapeu GBI.
HanpsixenHe, pelcTByiomee Ha cTabHIHT-
POHE, PAaBHO €ro HalpsKeHHIO CTa0UJIH 3a-
uuH (o crabwmrpona KC168A oo co-
cTapjsgeT 5,6 B). HanpsixkeHue, cHUMaeMoe
CO CTaGH/IM3aTOopa, 4Yepe3 MDOACTPOCYHBIH
pe3HcTOp R2Z2 mopaerca Ha 6a3y perympy-
IOHIeTO TpaH3KCTOpa V1 M OTKpbIBaeT ero.
HeMm Oosplie Hanpsoxkenuwe Ha 6aze 3TOTO
TPAaH3UCTOPa, TEM OOJIblIE OH OTKpPbIBaET-
Cs, TeM Oouiblile HaANpsKeHHE Ha BBIXOAE
CTabMJIH3aTOpa U TOK B €rO -HAIpY 3Ke.

Hanpsoxenue Ha BbIxoge 6JI0Ka, paBHOE
5 B, ycTaHaBnuBaHTe 0O KOHTPOJILHOMY
BOJIETMETPY TIOCTOAHHOTO TOK2a MOLCTpOeY-
HbIM (HJIH [epeMCcHHbIM) pe3ucTopoMm R2.
TakOe HanpsOKeHHE Ha Harpyske Oyner
ODONUCP’KUBATECA I[PAKTHYECKH HeH3MeH-
HbIM IIPH CHH)KCHHH HalpsKeHHs OaTapeu
no-7...7,5 B.

Kongencarop C 1 610kupyeT pens IH-
TaHHUsZ MHKPOCXEMbI II0 HU3LIHM YacToTaM,
a C 2—mo BBLICHIMM 4YacTOTaM 3JIeKTpHYe-
CKHX KOJIeOaHHH, 4TO 3amiHIaeT MHKPOCXe-
My OT BJIMAHHS Ha ee paloOTy paszIHYHbIX
JJIEKTPHYECCKHX nOMex. Pesuctop R1 mHeob-
XOHHM JIJIA TOrO, YTOObI H MIPH OTKJIIOYEH-
HOH Harpyske peryJIMpyIOHIHH TpaH3HCTOp
cTabunu3aTopa paboTan Kak YCHIHTENb
TOKA.

MakeTHyio nmanenb (puc. 7,a), He0BXO-
AHMYIO IUJIsE IPOBEINECHUS OMNBITOB, IIPOBEPKH
pP200TOCHOCOOHOCTH HPOCTHIX NPHOOPOB U
YCTPOHCTB, MOXXHO creJlaTh H3 CTeKJIOTeK-
CTOJIMTa, reTHHAKCA WJIH JAPYroro JIMCTOBOTO

+56
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Puc. 8. OnsiT ¢ normvecknM 3jiemenTtom 2U-HE



H3OJIMHOHHOTO  MaTepHana  TOJJIIHHOH
1,5...2 Mm. B kpaliHeM cily4yae TOOOHAYT
XOpouIo MpokJeeHHas caHepa, OprajJuT H
naxxe kapToH. OpHEHTHPOBOYHbIE pa3Mephbl
naHes 80x%120 MM. Braosb [JIMHHBIX €€
CTOpPOH YyKpenuTe IpefBapUTeJIbHO O00iy-
JKEHHbIE MefHble MPOBOJHUKH TOJIHMIHHOU
1,2...1,5 MM— OHH OVYAYT BBIIOJHATE pPOJIb
TOKOHECVIIHX HIMH HCTOYHHKa nuTanus. I1o
BCeH OCTaBHLICHCH IUIOLIANH Yepe3 KaXIble
10 MM HaCBepJIHTe OTBEPCTHA JHAMETpPOM
0,8...1 MM, B KOTOpblIe IO Mepe HajlOOHOCTH
Oynere BCTaBAATh y3KHE MHOJIOCKH >KECTH,
H3OrHYThIe Hanoaobue nerejb,— OHH OyOYyT
BpeMEHHBIMH OIIOPHBIMH TOYKAaMHK BBIBOJOB
PE3HCTOPOB, KOHAEHCATOpOB, MOHTa>XHbIX
opoBOAHHKOB. CHH3Y 10O YyrjaM IIaHEJH
[IpUKpENHTe HEBBICOKHE HOXXKH H IIPHCTY-
[IaiTe K ONbITaM.

MukpocxeMy pasMecTHTE B JIOOOM Me-
CTe MAaKETHOH I[IaHeJIH BbIBOJAMH BHH3,
[IpeiBapUTEIbHO OTOTHYB HX Y3KHE KOHIBI
TakK, 9YTOObI OHH IUIOTHO IIpHJICTraJlH K IIaHe-
n. OTpe3xkaMH MOHTA)XHOroO IMpoBOAa BbI-
BOA 14 MHUKpPOCXeMbI COECIHHHTE C IUTIIOCO-
BOH, a BBIBOL 7 —C MHHYCOBOH («3a3E€MJICH-
HOH») HmMHaMH DHTaHus (puc. 7, 6). Moul-
HOCTL MHAJNLSHHKA He JOJDKHA IIpEeBbIUATH
40 BT, a npofoDKHTENLHOCTh DAk —2 C.

ITpoBepHB HAHEXKHOCTH H [OPaBHIIb-
HOCTh DAUKH, a Takxxe yOeaHuBIIHMCL B OT-
CYTCTBHH 3aMbIKAHMS MeEXIY BbIBOHAMH
MHKPOCXeMbI, NOJKIIOYUTE K INHHAM HCTOY-
HUK OHTaHus, BonbTMeTpOM MTOCTOSAHHOIO
TOKA ¢ OTHOCHTEJIBHBIM BXOJHbIM COIIPOTHB-
JegHeM He MelHee 5 kOM/B mH3MepbTe Ha-
OpsPKEeHHST Ha BCeX JIOrHY€CKHX BBIBOHAX
3JIeMeHTOB. [[Jist 3TOro OTpHparejbHbIA VIl
BONLTMETpa cOefHHHTe Cc O0ieH («3a3eM-
JICHHOH») MHHOH, a IOJNOXXHTEJbHbLIM IIO-
ouepeHO KOCHHTECh BXOJHBIX BBIBOLOB 1,
2,4, 5,9, 10, 12, 13, a 3aTeM BBIXOJHBIX
BpIBONKOB 3, 6, 8, 11. Ilpu HanpspOKeHHH
HCTOYHHKA NHUTAaHHA 5 B BOJILTMETP JOJIKEH
10KAa3aTh Ha BXOJHBIX BBIBOHAX 3JICMEHTOB
okoJi0 1,4 B, a Ha BBIXOIHBIX BbIBOJAX —
okomo 0,3 B. Eciau 3TO He Tak, 3HAYUT
MHKpOCXeMa HeHCIpaBHA.

OUBITHYIO TPOBEPKY JIOTHKH HEHCTBHHA
anemenToB 2H-HE MOXHO I[pOBOIHTE B
moboM nopsanke. IlpenqnosiookuM, pelIHH
HaYaTh C I[epBOro 3JIeMEHTa (C BBIBOHAMH
1—3). Torga cHavana OOHH K3 BXOIHBIX
BLIBOHOB, HallpHMep BbIBOJ 2, COSHHMHHTE C
o01eli MHHYCOBOH HIMHOH HCTOYHHKA IHTA-
HHMSI, 2 BBIBOJ | —C ILUTIOCOBOH, HO dYepe3
pe3ucTop conpoTHBaerueM 1...1,5 KOM (Ha
puc. 8, a—R1). K BBIXOGHOMY BBIBOQY
3 aJleMeHTa NOOAKMIOYHTe BOIbTMeTp PU.
YUTo moka3sbiBaeT cTpesiKa BOJILTMETpAa, Bbi-
IOJIHAIOHIEro B JAaHHOM cJjIy4yae pOJib HHIH-
KaTopa? HanpsikeHHe, paBHOE IMIPHMEPHO
3,5...4 B, T. e. cOOTBeTCTBYIOI[€C BLICOKO-
MY YPOBHIO HaIlpsKEHHS.

3areM H3MepbTe BOJILTMECTPOM HAIpPH-
KeHHe Ha BXOAHOM BhiBoge 1. M 3pech, Kak

YBHIHTE, TO>Xe BBICOKHH YPOBEHb HalpsKe-
aust. OTclONna BBIBOA: KOrjga Ha OJHOM H3
BxonoB anemenTa 2H-HE BbICOKHH YpPOBEHbB
HalpsDKEeHHs:, a Ha JpyroM HH3KHH, Ha
BhIXOHe OyneT BBICOKHMH YpPOBEHBb HallpsiKe-
HusA. UHaye roBOps, JIEMEHT HaXOOHUTCH B
ENTHHHYHOM COCTOSHHH.

Teneph M BXORHOH BbIBOA 2 3JIEMEHTA
COeNHHHUTE 4Yepe3 pe3UCTOp COMPOTHBIICHH-
eM 1...1,5 kOM ¢ mwrnocOBOH UIIHHOH, a
OpOBOJIOYHOH  HepeMbIYKOH—cC  0O0mmeH
(puc. 8, 6). H3MmepbTe HaNpsKEHHE Ha BbI-
XOnHOM BbIBOJe. Ha HeM, Kak H B nIpelbIAY-
HieM cliydae, OyjgeT BBICOKHH YPOBEHb Ha-
npsokennsa. Crenst 3a CTPeNKOH HHIAHKATO-
pa, yaamuTe [IPOBOJIOYHYI) [EPEMBIYKY,
yTOoOBI M HAa BTOPOM BXOH€ JJIEMEHT2 IIO-
SIBHJICH BBICOKHH VpOBEHb HallpsO>KeHHS.
UTto buUKCHpYET BOJABTMETP Ha BLIXOHE 3JI€-
meunTa? Hanpsoxeune okono 0,3 B, T. e.
COOTBETCTBVIOLIEE HH3KOMY YpPOBHIO. JJle-
MEHT, cJIeOBaTe/IbHO, H3 €OHHHYHOro CO-
CTOSHHA MIePEeKIIOYHJICH B HYJIEBOE.

Toli >xe OpOBOMOYHOH IepeMbIYKOH 3a-
MKHHTe [epBbIii BXxOj Ha OOHIVIO HIHHY
HCTOYHHKA NHTaHusA. Ha BbIXOje NIPpH 3TOM
cpa3y HNOSIBUTCSH BBICOKMH YpOBEeHb Halpsi-
skeHHst. A ecsi mMOOOH H3 BXOJHBIX BbIBO-
HOB MEPHOHMYECKH 3aMbIKaThb Ha 00mylo
IIMHY THTaHHsA, Kak Obl HMHUTHPYS NOja4y
HAa Hero Hanps>KeHHs HH3KOro ypoBHHA? C
TAaKOH >Ke YacTOTOH CJieJOBAaHHsA Ha BLIXOJC
3jleMeHTa OynyT HNOABNATHECHA 3JIEKTpHYC-
CKHEe HMIVJIBCBI H KOjJeDaThCA CTpejKa
DONKMIOYEHHOrO K HeMy BOJbTMeTpa. 1Ipo-
BepbTe 3TO ONBLITHBIM IIYTEM.

O 4deM roOBOpPSAT MpoBelieHHbIE OIbIThHI?
OHH TOATBEPSKNAIOT JIOHKY HACHCTBHSA 3JIC-
MeuTa HU-HE, npOBepeHHYIO paHee Ha €ro
JIEKTPHYECKOM aHajiore: IOpH MOHa4Ye Ha-
OpsHKeHHsT BBICOKOT'O YPOBHs Ha 00a BXOopa
Ha BbIXOJE 2JIeMEeHTa MOABJACTCHA HaANPsKE-
HHe HH3KOro YpOBHS HJIH, TOBOpsS HHAYE,
3JIEMEHT M3 €IUHHYHOTO COCTOSHHA IIEPEK-
JII04aeTCsi B HYJIEBOE.

Eme OHHH OHBIT. OTKIIOYHTe O0a
BXONHBIX BBLIBOJia 3JIeMeHTa OT JpYTHX Je-
TaledH W I[POBOAHHKOB. YUTO Telepb Ha
BbIxOne? Hu3KUH ypOBeHb HAIIPsI>KCHHA.
Tak U NOJDKHO ObITh, MOTOMY YTO HEMOA-
KJIOYEHHEe BXOHHBIX BbIBOOOB PaBHO3HAYHO
I0ga4Ye Ha HHX BBICOKOro ypOBHA HallpsfAKe-
HHS H, CJIeqOBaTeJIbHO, YCTAaHOBKE 3IJICMCH-
Ta B HyJIeBOe cocTosiiHe. He 3a0bIBaiiTe 00
3TON OCOOEHHOCTH JIOTHYECKHX 3JICMCHTOB.

Creqyomui OIbIT — IpoBepKa  JieH-
CTBHS TOrO >Ke JIorudyeckoro ajemenra 2H-
HE mnOpH BKJIKYEHHH €ro HHBEpTOPOM, T. €.
kak aneMenT HE. 3aMkHHTe Mexnpy cOOOH
oba BXOOHBIX BbIBOJA H Yepe3 PpPe3HCTOP
conpoTHBJIcHHeM 1...1,5 KOM CcOeJHHHTE HX
C IUFOCOBOH HIMHOH MCTOYHHKa NHTAHHSA
(puc. 8, ). Uro mnoxasbiBacT BOJBTMEID,
OONKIOYEHHBIH K BBIXOAY aneMenTa? HH3-
KHH ypoBeHh HanpspkeHHs. He OTKMOYad
pe3ucTopa OT 3TOH LIMHBI, 3aMKHHTC o0Bb-
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¢IHHEHHBIH BXOJ{ Ha MHHYCOBYIO LIMHY (1IO-
Kd433HO HITPHXOBOM JIHHHEH) H OHHOBpEMEH-
HO NpOCJIeAHTE 3a peaKIHeH CTPeJIKH BOJIb-
TMeTpa. OHa DOKa)keT BbICOKHH YpOBeHb
HanpsDKeHUA. TaxkuM 06paszoM, Ber yOenu-
TeChb, 4YTO CHITHaJl Ha BbIXOJi€¢ HHBEpTOpa
BCerfa IMpOTHBOMIIOJIOXKEH BXOJHOMY.

IlIpoBenHTe IOOOHBIE OUBITLHI C ApPYIrH-
MH JIOTHYECKHMH 3JIEMEHTaMH MHKPOCXEMbI
K155]IA3 u cphenaiiTe cOOTBETCTBYIOLIHE
BBIBOJBI.

IIpepBeM Ha HeKOTOpOE BpeMst OMbITHI,
9TOOB! OTBETHTH Ha BOIPOC: YTO BHYTPH
JOru4eckoro anemMenra 2H-HE?

HO cHX DOop Mbl paccMaTpHBAJH 3TOT
JOTHYECCKHH 3IJIeMEeHT KakK HeKHH «YepHBIH
SAMHK» C JIBYMS BXOAAMH KM OOHHM BbIXO-
aoM. Tenepb 3arjisiueM BHYTPb 3JIeMEHTA H
[IO3HAKOMHMCH C €rQ 3JIeKTPOHHOH «HAYHH-
KOH» (pHc. 9). OH COCTOMT M3 4YeTbIpex
TPaH3HCTOPOB CTPYKTYpbl K-p-n, Tpex IH-
OIOB M IATH Pe3HCTOpPOB. (UBA3b MEXQVY
TPaH3HCTOpaMH HenocpencTBeHHass. PesH-
cTop Ry, DOKA3aHHBIA HITPHXOBLIMH JIHHH-
SIMH, CHMBOJIM3HpYET HaArpys3kKy, HOOIKJIIO-
YeHHYIO K BbIXOny aJieMeHTa. ITonoOHBIE
AIEKTPOHHLIE YCTPOUCTBA IH¢PpOBOH TeXHHU-
KH Ha3bIBAIOT MHKPOCXeMaMH TpaH3HCTOp-
HO-TPaH3UCTOPHOH JIOTHKH MJIH, COKpatile-
Ho, TTJI. HoTtomy 4TtO BXOJ{HasA JIOTHKA
OCYHIECTBASACTCA TPaH3HCTOPOM (IlepBasi
OykBa T), a ycuneHHe M MHBEpPCHS — TAKKe
TpaH3HCTOpaMu (BTopast OvkBa T).

BxogHoi Ttpan3ucrop VT, Britoden-
HbIH 10 cxeMe c OOmiel 6a30H, HBYX3MHT-
TEPHBIH, MNpPHYEM 3IMHTTEPblI COCHHHEHBI C
OOLIMM [IpOBOAOM IIMTAHHS Yepe3 HHOAbI
VD1, VD2—0HH 3alHImaoT TPaH3HuCTOP
OT CNYyYaHHOTO MONAgaHUSs HA IMHTTEPbI
Halps>KeHUS OTPHNATENBHON MNONSIPHOCTH.
Tpauzucrop VT2 obpa3yeT yCHIHWTeNAbHbIH
KackaJl C OBYMS Harpyi3KaMH: 3MHTTEpHOH
(pe3ucTop R3) M KOMNEKTOpHOH (pe3H-
cTop R2). CHHMaeMble ¢ HHX NpPOTHUBOdA3-
Hble CHIrHaJbl (IpOTHBOIIQJOXKHBIE IO YPOB-
HIO—eCJIH Ha KOJUIEKTOpe BBICOKHH YpoO-
BCHb HAMNPsDKEHHS, HA 3MHTTEpE — HU3KHH)

Puc. 9. Cxema Jnormueckoro 3sxementra 2U-HE
vHKpocxembl K155/IA3
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IOCTYIaloT Ha 0a3bl TpaH3HCTOpoB VT3 u
VT4 BeixogHOro kackaga. TakuM obpazom,
BbIXOJlHbIe TPAaH3HCTOpPb!I BO BpeMs paboThl
BCerja HaxOgATCst B NPOTHBOIIOJIOXKHBIX CO-
CTOAHHAX — OOHH 3aKpbIT, 2 BTOPOH B 3TO
BpeMst OTKpBIT. IJTOMY cIOCOOCTBYET H
nuon VD3.

IIpy HaMyuM Ha OOHOM WJIH OGOMX
BXOaX OQJIEMEHTa HaNps)KeHHS HU3KOTO
YPOBHS (HampuMep, NPH COCJUHEHHH HX C
OOHM [IPOBOHOM HCTOYHHKA IIMTAHHs),
TpaH3UCTOp VT1 OTKpBLIT U HaChIIIiEH, TpaH-
3UCTOpBI VIZ2 M VT4 3akpbIThl, a TpaH3H-
cTop VT3 BBIXOOGHOrO Kackaja OTKPBLIT H
gepe3 Hero, auony VD3 wu Harpysky R,
Te4eT TOK. B TOM e caydae, KOrga Ha 00a
BXOAa OyieT noqaH BbICOKHH ypOBEeHb HATIIp si-
JKCHHUsA, TpaH3UCTOp VT 3aKkpoeTrcs, a TpaH-
3UCTOpeI VI2 U VT4 OTKpOIOTCH M TeM
CaMbIM 32KpOIOT Tpau3ucTop VT3. I1pu saToMm
TOK 4Y€pe3 Harpy3Ky MpakTHYECKH IIpeKpa-
THUTCS, TaK KaK 3JIEMEHT OpHMeT HYJIEBOe
COCTOSHHE.

HHu3K¥MH ypOBeHb HaIps KEHHS HA BbI-
XOJlie¢ JIOrHYeCKOTrO JJIeMEeHTa paBeH Hamnps-
JXKCHHIO Ha KOJUIEKTOpe OTKPbHITOrO TPaH3H-
ctopa VT4 u He npesbimiaeT 0,4 B. Brico-
KHH )K€ YpOBEHb HAIPSOKEHHS Ha BBIXOJE
JIOTHYECKOTO 3JleMeHTa (KOorjma TpaH3HCTOp
VT4 3aKkpbIT) OTIMYAETCS OT HAlpsKEeHHUS
HCTOYHHKA MNHTAHKHS HAa 3HAYeHHe NafgcHHUH
HanpsoKeHHA Ha TpaH3ucTope VT3 M gHope
VD3 u cocraBnsier He MeHee 2,4 B. dakTu-
YEeCKH J>Ke JIOTHYECKHE VPOBHH HH3KOro M
BBICOKOr0 HaOpsAKeHHH HAa BBIXOHE 3JIEMEH-
T2 3aBHCAT OT COIIPOTHUBJECHHS HArpy3KH H
MOryT ObiTeb B mOpegenax 0,1...0,15 u
3,5...3,9 B cOOTBETCTBEHHO.

Hepexon a/1eMeHTa H3 eqHHUYHOTO CO-
CTOAHHS B HYJICBOE NPOHCXOHHUT CKAYKO0O-
Pa3HO IpH Mojavye Ha ero BXOAbI HallpsKe-
HUA OKO0JO 1,2 B, Ha3bIBaeMOro mnoporo-
BBIM.

ITpooJkuM  OnBITBI ¢ MHKPOCXEMOM
K155/1A3.

ABTOKOJEBATEJILHBIN
MYJIBTUBUBPATOP

CxeMa BO3MOXKHOro BapHaHTa aBTOKO-
J1e0aTeJIbHOTO MyJbTHBHOpATOpa NpUBeneHa
Ha pHuc. 10, a. OHa gO/DKHA HAIOMHHTH BaM
ODLICH3BECTHYIO CXEMY CUMMETPHYHOTO
MYJIbTHBHOpaTOpa Ha JBYX TpaH3HCTOpPAax.
Ho 3pech YHKOHIO aKTHBHBIX 3JIEMEHTOB
MYJIbTHBHOpATOpa BBIIOJIHAIOT JIOrHYeCKHe
asieMeHThl 2U-HE, BxmoYeHHbIe HHBEPTO-
pamMH. bJiarogaps HOJIOXXHTEJbHbIM OOpar-
HbIM CBA3AM MCEOKAY BbBIXOAOM 3JIeMEHTa
DD1.2 u BxogoM DDI1.1, a Takxe BbIXQ-
noM ayieMeHTa DDI1.1 u Bxomom DD1.2,
co3naBaeMbIMH KOHAeHcaTopamu Cl u C2,
YCTPOHCTBO BO30YXNaeTCH H reHEepHpYeT
JICKTPHYECCKHE HMIIYJIbChI. YacToTa cieno-
BaHHS TEHEPUPYEMBIX HMIIYJLCOB 3aBUCUI
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Prc. 10. OnpiT ¢ aBTOKONE62TENBLHBIM MY/JILbTHBHOPATOPOM HAa JOTHYECKHX iemeHTax 2H-HE

OT HOMHHAJIOB YKa3aHHbIX KOHIEHCATOPOB U
pe3sucropoeB R1 u R2.

YToObl CMOHTHpPORATH TAKOH MYJbTH-
BHOpaTOp HAa MAKEeTHOH NaHesH, HAO JIHUIbL
HOIKJKOYHTE K COOTRE FCTBYIOIIMM BbIROLAM
MHKPOCXE€MbI 3TH KOHIEHCATOPbl H PE3HUCTO-
pbl {cM. puc. 1, 6). IIposephrTe MOHTAK —
HET JIH OUIHOOK — U O0COOEHHO BHUMATEILHO
HOJSIPHOCTh  BKJIOUEHHS SJEKTPOJIATUYE-
CKHX KOHAeHcaTopoR. [lopximrouure Kk Ma-
KE€THOH HaHeNH HCTOYHHK IHHTAHHUSA, a K
BbIXOY BTOPOrQ JIOTHYECKOro 3JIEMEHTA —
BOJbTMETPp. YUTO mOKa3bIiBAET CTpEJIKA BOJIb-
TMeTpa? HalpsskeHHe HNOCTOSHHOrO TOKA,
HEPHONHUIECCKH, NPHMEPHO 30 pa3 B MHHYTY,
BO3pacTarwllee N0 BLICOKOrO YPOBHS U Tak
’)K€ pE€3KO YMEUBUIAIOINEECH IO HANPSIKEHUA
HU3KOro ypOBHA. MYJILTHRHOpATOp, CJIElO-
BAaT€IbHO, F€HEPHPYET HMMNYIILChl C YacTO-
TOM caenoBaHusa okoso 0,5 I

3areM NOHKIIOUHTE BOJILTMETD MapaJl-
JIETBHO BBIXONY HepBOoro siaeMmeura. OH
Ovner (UKCHpPOBATh Nepexonbl JOTHYECKO-
ro 3JieMEHTa H3 HYJIEBOro COCTOSHHS B
ENUHHYHOE, H HAoOOpOT, ¢ TOH XK€ JacTo-
TOH, YTO H B HpeubIAVILEM Cjydae. SHAUMT,
H C 3TOro BbIXOHAa MOMHO CHHMATHL 3JIEK-
TPHIECKHE HMIYJIbLCbI, HO ITO OTHOHUIECHHIO K
HMHOYJbCaM Ha BbIXOHE€ BTOPOro 3JjeMeHTa
OHHM OynyT cuBHHYTHI o ¢asze ua 180°.

Kakue skcnepHMeHTbhI MOKHO HpORe-
CTH C ONBITHbIM MYJbLTHBHOPATODOM TAKOro
BapuaHTa? IIpexyne Bcero nmonpoOyiite of-
HOBPDEMEHHO VBEJHYHTL €EMKOCTH OOOHX
KOHIIEHCATOPOB, HAIIpUMED B JiBa pa3’a, Noj-
KJIovasa napajjlenbHO HM TakHe K€ KOHIEeH-
caTopbl, 2 3aTE€M 3aMEHHTL HX KOHJEHCATO-
paMH eMkocThio 1o 100...200 Mxd®. B nep-
BOM Cly4Yae 4YacToTa CHA€JOBAHUS HMIYJb-
COB JOJIDKHA YMEHLUIATLCS, BO BTOPOM —
YBEJMUHBATLCA.

MO’KHO H3MEHATHL €MKOCTL JIHHIL Of-
HOro KoHaeHcaropa, Hampumep C1. 3ro
H3MEHHUT HE TOJIbKO YaCTOTY, HO H COOTHO-
HIEHHE JJIHTEJLHOCTH HMHYJLCOB H Hay3
MEXXIY HHMH -— MYJIbTHRHOPATOpP CTAHET He-
CHMMETPHYIHBIM.

KoHneHcaTopbl MOTYT ObITh €MKOCTBIO
mo 1...5 Mmx®. Torpma wacrora reHepHpy-
€MbIX HMIYJIbCOB BO3pacTe€T HPHMEPHO IO
500...1000 I'y. 3to y>xe 3BYKOBass 4acToTA,
U CTpeJIKa BOJLTMETpA H3-3a CBOECH HHEpLH-
OHHOCTH HE€ CMOJKET CpeardpoBaTh Ha HeEe.
YTo0bI B 3TOM cnydae yOeqHTbLCS B pabore
MYJIbTHBHOpaTopa, K ero BBIXOHY HYXKHO
HOJIKJIFOYHTL Y€pe3 KOHACHCATOP €MKOCTLIO
0,01....0,015 Mxd rosoBHble TenedOHbI— B
HHX YCJBIIIUTE 3BRYK CpenHeH TOHAJILHOCTH.
3aMeHHMB Tellepb OJHH H3 HMOCTOSHHBLIX pe-
3UCTOPOB HNEpEeMEHHbIM TAKOI0 >K€ HOMHHA-
Jla, Bbl CMOJXETE B HEKOTOPBIX Hpenenax
HJABHO H3MEHATb YaCTOTY TIE€HEPHPYEMBIX
UMHOYJILCOB, & 3HAYHT U TOHAJILHOCTb 3BYKA
B TenedoHax.

He ucknaroueno, 4ro coOpaHHblii BaMu
ONBITHBIM MYJbTHRHOpaTop paboTraer ‘Hey-
CTOMYHBO, HE BO36YKHaercs Hnocjie 3aMeHbI
neTajeHd NpH MOHHXXEHHOM Halps>KEeHHH HC-
TOYHHKA NUTaHusl. [Ipudyuna ToMy — HeEKO-
TOpasi KPpHTHYHOCTb HOMHHAJIOB PE3HCTOPOR
Ha BXOJ¢ JIOTHYECCKHX 3JIEMECHTOR H3L3a
OCOOEHHOCTEH 3MHUTTEPHOIO BXOHA MHKPO-
cxem TTJL

CyThb 3THX OCOOEHHOCTEH 3aKIFOUYAETCS
B caenyooineM. Pe3HucTop Ha BXole JIOrHye-
CKOro osjeMeHTa, OOpa3yroilero OLHO H3
nned  MyJbTHRHOparopa, OKa3bIBAETCH
BKJIHOYEHHBIM B 3MHTTE€PHYIO IIeNb BXOJHOrO
TPAH3HCTOpa 3JeMeHTa MHKpOcXeMbl. TOK
IMHTTEPA CO3JJa€T HA HEM HajeHHe Hanpsi-
XKCHHA, 3aKpbIRAIOINEE STOT TPaH3HCTOP.
Ilpu cpaBuuTEeNnsHO GOJBHIOM CONPOTHBJIE-
HHH BXOIHOrO pe3ucropa (bonee
2,2...2,5 xOM) nageHue Hanps>KeHHs Ha HEM
CTOJIb 3HAMHUTENBHO, YTO TPAH3HCTOp HpaK-
THYECKH He pearupyeTt Ha BXOIHOM CHIHAJL.
H wnaobopor, npu MajoM COHPOTHBJICHUH
pesucropa (e Oonee 600...700 Om) BXOf-
HOH TpaH3HCTOp JJiIeMeHTa BC€ BpeMs
OTKPbBIT H HacCbHHEH H, CJEIOBATENLHO,
OKa3bIBACTCSA HEYNpaBJAsSE€MbIM BXOIHbBIMH
CHIHAJIAMH. )

Takum o6pasoMm, gns HagesxHOH pado-
Thl MYJLTHBHOpATOpA TAKOrO RapHaHTA COMH-
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POTHBJIEHUS BXONHUBIX PE3UCTOPOB JIOTHYe-
CKHX 3JIEMEHTOR JOJIKHBI OBbITh B Npefenax
800 OM...2,2 kOM. COOTBETCTBYIOILUM HO-
OOpOM 3THX PE3HUCTOPOB MOXKHO HOOHTHCA
YCTOHYHRBOM  paboThl MYJBTHBHOparopa.
KpoMe TOro, HY>XHO HOMHHThB, 4YTO Ha
paboTy MyJbTHRHOpATOpa BJIHSIIOT pa3Opoc
napaMeTpoOB MHKpPOCXeM, HecTaOHJILHOCTH
HANpSAXKEHHS HCTOYHHKA HHTAHHUS, 3HaYH-
Te/IbHbIE H3MEHEHHSA TEMIlepaTyphl OKpy Ka-
oImen cpenkl.

bonee crabunen B paboTe MyILTHBHO-
paTop Ha TpeX JNOTHYeCKHX 3neMeHTax 0e3
PE3HCTOPOBR Ha HX BXoJax, coOOpaHHbli,
HallpuMep, HO cXeMe, IIpHBeNeHHOH Ha
pHc. 11, a. Bce ero aneMeuThl BKJIIOUYEHBI
HHBEPTOpPAaMH H COC€HHHEHbI MeXXJV coOoH
HocyegoBareJbHOo  BpeMazagaminyw He-
HOYKY, OHNpENEeNAINYI0 YacTOTy TIeHepa-
MU, o0pa3yior kouaeHcarop Cl H pe3n-
crop R1.

HeTamu Takoro BapHaHTa aBTOKONeOa-
T€JBLHOIO MYJAbLTHURHDparopa CMOHTHpYHTE
Ha MakeTHou nawengd (puc. 11 6). Ha mnen
’Ke pa3MeCTHTE H AEeTaJld HHOHKAaTOopa pabo-
Thl MYJbTHBHOparopa, HNokKa3zaHuble Ha Ma-
uend crnpara. Tpansucrop VT1 unpuxaropa
(puc. 11, 6), nATAOINHUCAI OT TOro >e HC-
TOYHHKA, YTO H MHKpOoCcXeMa, paboraeTr B
PEXKHME HEPEKJFOYUCHHS KakK 3JIEKTPOHHBIH
kirod. Korga snemenr DD1.3 MynnTHBHO-
paropa HAXOIUTCA B €JHHHYHOM COCTOSHHH
(Hanps>Keuue Ha €ro BbIXOJie COOTBETCTRYET
BLICOKOMY YPOBHIO), TPaH3HCTOpP OTKDBLIT H
namna Hakanupanua HIL1 B ero xosnexrop-
HOM Iiend ropur. IIpu nepexone 31€MEUTA B
HYJIERO€ CocTodguHe namna racder. IIo cae-
YEeHUIO CHTHAJTBHOU JIAMIBbI OYOETE CYIHTh O
JaCTOTE€ M JJUTENbHOCTH TI€HEpHpYEMbLIX
HMIOYJALCOB. BnpoueM, HHIHIHpPOBAThL CO-
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CTOSIHUE JTIOOOro U3 371€MeHTOB MYJLTHBUO-
paTopa MOXHO H C IIOMOIIbLIO BONBTMETpA
HOCTOSAHHOIO TOKA, KAK 3TO JIe€JIAJIH B OHbI-
Tax C HEPBLIM MYJLTHBHODATOPOM.

IIpoBepuB MOHTAXX, BKJIOYHTE HHTA-
HHe. MynbTHBHOpaTop, cpa3zy K€ HadHET
r€UEpHUPOBATh JICKTPUYECKHE HMHYJILCHI, O
JeM OyJeT CBHUIETENhCTBOBAThL IEPHOMHYE-
CKH BCHBIXHBAKOIAAd CHrHaJbLHAs JaMHa.
IlopcuuTadire, CKONLKO OYyAET BCHBIIIEK 34
MHHYTY. Jomkuo 6uithk npumepuo 60. Ecnu
3TO TaK, 3HAYHT, YacTOTa CJACOOBAHHS HM-
nynasCOB MyiabTHBHOparopa pasHa 1 I'm.

IHopknouure mapajnenbHO KOHAeHCA-
Topy C1 BTOpOM KOoHAeHcATOp TakoH e
eMKOCTH. ‘acTora HMIynbCcOB HOJDKHA
YMEHBIIHTLCA HpHMEpHO BABOe. Takoro xe
H3MEHEHHSA YaCTOTbI HMIYJLCOB MOXKHO JO-
OHTBLCA yBEJMYECHHEM COIPOTHBJICHHSA pe3H-
cropa. IIposeprTe 2TO, a 3areM 3aMeHHTe
pPE€3HCTOp HNepeMeHHUbIM C HOMHHAJIbHUBIM
conpotuBnenHem 1,5...1,8 kOM, Teneps,
HONb3YSACh TOJBKO STHM pE€3HCTOPOM, BbI
CMOXETe NJIABHO H3MEHATH YaCTOTY MVJib-
THBHOparopa B npenenax 0,5...20 I'n. Hau-
OGosplast yactora Oyger B TOM cCiydae,
KOrga COHPOTHBNIEHHE PE3HCTOpPA OKAXKETCS
IOJIHOCTHIO BLIBEEHO, T. €. BLIBOOBI S H 1, 2
HOYTH HAKOPOTKO 3aMKHYTbIMH.

A ecnu eMKOCTh KOHAEHCATOpa Oyier
1 Mx®d? B takoM ciaydae TOJBKO HepeMeH-
HBIM PE3HCTOPOM YIACTCS H3IMEHSATH YaCTO-
Ty MyJAbTHBHOparopa npumepHo ot 300 I'ng
o 10 kI'n. Yrobbl yoenurhcd B paboTocho-
COOHOCTH MYNLTHBHOpATOpa, CBETOROHU HH-
AUKATOP Teneph HpHIETCS 3aMEHHTL akKy-
CTHYECKHM — I'OJIOBHBIMH TejeoHaMH HAH
KancrojeM OT HHX.

KakoB npusiunn paGoThl TAKOro RapH-
aHTa aBTOKONEOATe/IbHOIO MYJILTHBHOPATO-

N Bwilflody 16 707

K ferdody 8 D07

N Beibodly 7 D2D7

Puc. 11. MyasTHBHGPATOP HAa Tpex 3.e-
MeHTax 2H-HE B onbiTeI ¢ HUM



pa” BepHeMcs K ero HNpHHIMIOHANLHOH cXe-
Me (cM. puc. 11, a). Ilocne RKAOUYeHUSA
HHTAUUS KAaKOH-TO H3 JIOTHYECKHX 3IJIeMEH-
TOB HEPBbIM HPHMET OQHO H3 IBYX BO3MOXK-
HbIX COCTOSHHH H TE€EM CaMBLIM HOBJIMIET HA
COCTOAHHEe Opyrux anemMeHTOR. Ilpenmnoio-
)KHM, 4TO 3TO0 Oyuer 3neMedt DDI1.2 —on
HEPBLIM OKA3aJICHd B €JUHHYHOM COCTOSHHH.
Curuan BBICOKOrO ypoOBHS depe3 He3aps-
J)KE€HHBIH KOHIEHCATOp HepegaeTcsd C €ero
Bbixoga Ha BXon aneMedra DDI1.1, B pe-
3yJbTATE€ YE€ro 3TOT 3JIeMeHT HepeHIer B
HYJIEBOe CcOCTOsiIHHe. B TakoM ke CcOocTo-
AHHH OKasbiBaercd H aneMent DD1.3, nmoc-
KOJBKY Ha ero BXOAax BBICOKHH YpOBeHh
HalpsKeHUsi. Takoe HOJI0XKeHHe HeYCTOoU-
9qHUBO, TAK KaK Ha BbIXOne ajgemMeuta DDI1.3
B 3TO BpeMs BBLICOKHU YpOBeHhL HanpsKe-
HHS, KOTOPBIH NOCTENEHHO YMEHULIIAeTCs 3a
cuer 3apAnKu koupeucaropa C1 depes pe-
3UucCTOp R1 M BBIXOMHOH Kackan 3sJieMeHTa
DD1.3. Kak TOJbKO OHO CTaHEeT pPaBHBLIM
IIOpOrOBOMY, 3TOT 3JE€MEHT NepeKJTIOUHTCS
B €JHHHUYHOE COCTOSIHHE, a 3JIEMEHT
DD1.2—B uyneroe. Tenepr KeHIeHCATOD
HAYHET [epe3apsiKaTrhCsa Yepe3 IJEeMEHUT
DD1.3 (Ha ero BbIXOHE€ B 2TO BpeMsA Hanps-
JKEHHE BBICOKOrCe YpoOBHA), pe3HcTtop Rl H
gaemeut DD1.2. Bckope uHanpsxeHHe Ha
BXOll€ HEPROro 37eMEeUTa NPEBLICHT NOPOro-
BO€, H BCe 3JIEMEHTbl HEepeKIHYaTcs B
NpOTURONONOXKHBIE COoCcTOSHUA. Tak copMu-
pPYIOTCA 3JEKTPHYECCKHE HMIYJILChHI HA BbI-
Xone Hauiero MyabTHBHOpatTopa-— BbIBOJE
8 sneMenra DDI1.3. Bnpouem, reuepupy-
eMbI€ UMIYILChI MOKHO CHHMAThL H C BBIRO-
na 6—pBbixopa 3naeMedra DDI1.2 MynnTH-
BHOpaTopa.

Teneprs, pa3oOpaBichk B paboTe Tpex-
3NIEMEUTHOTI'O MYJbLTHBHOpaTopa, HCKJIHOYH-
T€ H3 Hero ajieMeHT DD1.3 u nepeKJIUHTE
NpaBeId (IO CXeMe) BBIBOL pEe3HCTOpa HA
BbIXO[ HepBOro 3/1€MeHTa, KakK MoKa3aHo Ha
puc. 12. MynbruBHOpaTOp CTaj' ABYX3Jie-
MeHTHLIM. [logxknroYHB K e€ro BBIXONY cBe-
TOBOH HHIHKATOpP, BbI YOE€NHTECH, YTO Ha-
CTOTa T'eHepHpyeMbiX HMHOYJLCOB OCTaJIacCh
npexxuei— 1 I';. Kak uw B HOpenklnyinux
ONBITHBIX MyJbTHBHOpaTOopax, OHa Oyaer
H3IMEHATHLCA IIpH YCTAHOBKE JeTajleH OpYrux
HOMHHAJIOR.

Kak paboraer TakoH BapHaHT IedHepa-
Topa HMOYabCoB? IlpuuiunuaibHo Tak XKe,
Kak TpexanemeHTHbIM. Korpa, xk mnpHMepY,
anemMeur DDI1.1 HaxogpHTCI B eJHHUIHOM
COCTOSAHHH, a 3neMeHT DD1.2 B HyleBOM,
xoHgeHcarop (C1 3apssKaercs 4depe3 pesH-
crop R1, BBIXO4 HepBOro 3/7€MEHTA H BbI-
Xon Broporo. Kak ToJapKO Hanps>KeHHe Ha
BXOne HepBOro 3JieMeHTa NOCTHIHET HOopOo-
roBoro, oOa 3JeMeHTa HNepeKIoYaroTcs B
HpOTHRONOJOXKHBIE COCTOSHHSA H KOHJeHca-
TOp HAYHET pa3psKaTbCcsa Yepe3 BBIXOIHYIO
lielTb BTOPOro 3JEMEHTA, PEe3HCTOP H BbI-
XOIHYIO Iienk, HnepBoro 2aneMerHra. Korpa
HalpsoKeHHe Ha BXOA€ HepBOro 3JeMeHTa
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Puac. 12, Bapnant MyJbTHBHOpaTopa Ha jABYX 3Jje-
mentax 2ZH-HE

CHH3HTCSA OO HOpPOroBOI'Q, 3JieMEH1bl RHOBL
HEPEKIIOIATCA B HPOTHROHOJIONKHOE COCTO-
sINHeE.,

Hano cka3artk, 4TO cpegu MHKpOcXeM
K155JIA3 nonagaroTcsd TakHe, JIOTHYeCKHE
3JIEMEHTBI KOTOPBIX HENOCTATOYHO YCTOH-
YHBO pabOTAKT B JIBYXIJEMEHTHOM MYJILTH-
BuOparope. B Takux ciaydasix OpHXOTHTCH
MEXKAY BXOHOM HEPROro 3J€eMEHTa H OOIHUM
HpOROAHUKOM HCTOYHHKA HHTAHHSA BKJIIO-
JaTh pE3HCTOP COHPOTHBJICHHEM
1,2...2 xOM (ua puc. 12 nokaszaH HITPHXO-
BRIMH JMHUAMU R2) OH co3gaer Ha BXoge
3JIeMEeHTa HOCTOAHHOE HaHpsKeudHe, OnH3-
KO€ K MOPOTrOBOMY, UTO 00Nerdaer 3anyck H

yCJIOBHS  paboOThl MYJbLTHBHOpatopa R
LIEJIOM. '
Taxkue BapHaHTBI MYABTHRHOpATOpa

HIHPOKO HCHOJIb3YIOT B IH(pPOBOH TEeXHHKE
ISl F€HCPUPOBAHHS HMNYJbCOB pa3JHYHOH
YACTOThI H IJIATEIbHOCTH. OHH OVAYT H B
KOHCTPYHPYEMbIX BaMH YCTpoHCTBax Ha Jio-
ruueckux snemMenrax 2H-HE.

A ceHdac—eine 00 OIHOM BapHaHTE
reHeparopa H3 «CeMeHCTBa» MYJIbTHBHOpa-
TOPOB.

KIAVIIIUU MYJIBTUBUEBPA-
TOP

Taxk Ha3bIBAIOT reHeparop OJHHOYHUBIX
HMIYJIbCOR. IIpH KpaTkoBpeMeHHOM CHI'HA-
Jie ¥a BXoge OH (pOPMHPYET 3JeKTpHUYECKHH
HUMIOYJILC HpAMOYroabHoH ¢hOopMbI BHOJHE
onpeneNcHUON NJIHTENLHOCTH (OHA HE 3aBH-
CHT OT NJHTEeNLHOCTH BXOJHOI'O, T. €. 3aly-
CKawILuero, UMnyJbca), Hocjae 4ero nepexo-
IUT B >KNYIUHH peXHM H He paboTaer OO
HpHXOHAa ClenyroInero  3anyckarmwluero
CHI'HAsA.

CxeMy npocreHiliero >Kayigero MyJb-
THBHOpaTopa Bhi BHOHTE Ha puc. 13, a. B
HeM TaK>Ke [Ba JIOrHYeCKHX 3JieMEHTa, HO
HepBLIM H3 HHX HCHOJbL3YETCA HO CBOEMY
NpAMOMY Ha3HaYeHHIO — Kak 37eMeHT ZH-
HE, a Bropon kax HHBepTOp. KHOHNOYHLIH
BeIkAOYaTens SB1 BbmosHster ¢PYHKUHIO
OaTYHKa 3alyCcKarollHX CHMHajaoB. YUTOObI
reHepHpyeMble HMNYJLCHI MOKHO ObIIIO HH-
JHIHPOBATL BOJBTMETPOM HNOCTOSHHOTO TO-
Ka, CBETOOAHOOOM HJAH HHLIM HOJOOHLIM
CpaBHHTEJNLHO HHEpHHOHHBIM NPHOOPOM,
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Pac. 13. Onbiresbi xaymuli My bTHBAGPaTOp (2) H BpeMeHELIe JHATPaMMbI (6), ALIIOCTPHPYIOUIHE €0

pabory

eMKOCTh KouneHcaTopa C1 gqosiskHa ObITh He
MeHee 500 MK®, a CONPOTHBEHHE PE3HCTO-
pa R1—1...1,5 xOM. Moxuo o06oHTHCL O3
BeIkOUareasas SB1, HMHTHpYS CHIHaJ gar-
YHKA 3aMBIKAHHEM OTPe3KOM MOHTAa’KHOro:
HpOROJA BhIBOHa 1 nepporo sneMeura Ha
ODILYIO LIHHY HNHTAHUS MHKPOCXEMBI.

CMOHTHpPOBAR MYJILTHBHOpATOp H
BK/IIOYHB IHTauHEe, Cpa3ly xXKe H3MephTe
HalpsIKeHHST HA BXOHAaX H BbIXOQaX 3JIEMEH-
TOB. Ha BXOpmmoMm BbIBOjEe 2 HEepBOro sie-
MEHTA H BbIXO€ BTOPOro 3JeMeHTa OHO
IOJIKHO COOTBETCTBOBATHL BBICOKOMY YpPOB-
HIO HaNps>XKE€HHA, a Ha BbiXoge HNepBOro
37IEMEHTA H BXOJaX RBTOpPOrc — HH3KOMY
ypoBuio. CienoBareshLHO, B XAYIHEM peXH-
M€ NEPRbIM 3EMEHT HAaXOOHUTCH B HYJIEROM
COCTOSSMHH, a BTOPOH— B €JHHHIHOM.

3areM NONK/IIOYHTE RBOJLTMETP K BbI-
XOAY BTOPOro sjeMeduTa H, Had/Mmonas 3a
CTPEJIKON MHAHKATOPA, KpaTKOBPEMEHHO 3a-
MKHHTE KOHTakKkTbl BhIKMouareas SBi1. Kak
Ha 3TO pearHpyer H3MEpHTeJLHLIA NpHOOp?
Ero crpenka pe3kO OTKJIOHSETCH RJAEBO
HOYTH OO HYJE€BOH OTMETKH IIKAJIbI, a
HpHMEPHO 4Yepe3 2 ¢ Tak >Ke pe3Ko Bo3Bpa-
IHAaeTCsI B HCXOQHOE moJsoXXenue. [Ipubop
(pUKCHpYET MOsABNEHHE HMIYJhCA OTPHIIA-
TEJILHOH nondpHocTH. A cBeroguon? Owu
CBETHTCS BO BpeMs umnynbca. IIoBTOopHTE
OILIT HECKONLKO pa3—adgexr dyner Tor
XKe.

Iloaxmrouure napaijielhLHO KOHIeHca-
TOPY eie OguH—eMKOCcThio 1000 MK® —u
HOBTOPHTE OHBIT. [JIHTENBHOCTH UMIYJbCa
YBEJIHUHTCSA HOYTH BTpOe. 3aMEHHTE pe3H-
CTOPbI [EPEMEHHBIM COHPOTHBIEHHEM OKO-
7o 2 kOM (Mo e 6onee 2,2 kOM), Teneps,
MONb3ysACh TOJNLKO 3ITHM pPe3HCTOPOM, BBI
CMO2>KeTe B HEKOTOPLIX Mpenenax U3MeHSTh
OIUTENBHOCTL T'€HEPUPYEMBIX HMNYJILCOB.
Ho npu ero comportupneunu meuee 100 Om
MYJILTHBHOpaTOop nepecraHer padboraTk.

BrIBOn HanmpaniHpaeTcs caM: MJIUTENb-
HOCTh OOHHOYHBLIX HMHYJALCOB >KAYILETO
MYJbLTHBHOpaTopa Oyler TeM OONblle, deM

i4

OoJibllle €MKOCTH BpeMsi3aqaroiiero KoHngeH-
caropa C1 ¥ conporuBieHHe pe3HcTopa Rl.
IIpy uebosbLION eMKOCTH KOHJEHCATOopa H
MajIOM CONPOTHBJICHUH PE3HCTOPA HMNYJih-
Chl CTAaHOBSITCS CTOJIb KOPOTKHMH, UTO HH-
IIHKATOPbl, KOTOPHLIMH Bbl HONb3YeTecCh,
OKa3bIBAIOTCA HeCHOCOOHBIMH Ha HHX pe-
arHpOBarTh.

Pa3zobparhcst B CylqHOCTH JeUCTBHS
KAYINEro MYJALTHBHOpaTtopa HOMOTYT Bpe-
MEHHUbIE JHarpaMMmbl, HpHBEJCHHbIC Ha
pHC. 13, 6. IIOCKONBLKY B >KAYIHEM .pesKHME
BXOMHOH BLIBOA 1 HepBOro 3JIEMEHTA HHU C
yeM He Co¢qHHeH (KOHTAKThI KHOHOYHOIO
BRIKMIOYATENA pa3OMKHYThI), 3TO 3IKBHBa-
JIEHTHO Hofade Ha €ro BXOL BBICOKOIO
YPOBHA HanpsikeHHsa. Ho ua BeIxone nepso-
ro sjieMeHTa HH3KHA ypOBeHL HANPSIKEHHA.
Ha Bxomge BTOporo anemedTa Tak>xe HH3KHH
YpOBeHb HAMNpPsDKEHUA, Tak Kak [ajgeHde
HapsDKEHUsT Ha pe3’CTOope, co3gaBaeMoe
BXONHBIM TOKOM 3JiIeMeHTa, VAEp KHBaeT
BXOHOH TPaH3HCTOP 3JIEMEHTA B 3aKPHLITOM
COCTOAHHH. BBRICOKHH e ypoBeHb HAMps-
JKeHHS Ha BBIXOAE€ 3TOro 3JeMeHTa HOqAep-
JKHBAET IepBLIH 3JIEMEHT B HYJIEBOM COCTO-
STHHH.

IHomanupIM Ha BXOmHOH BhIBOX 1 3amy-
CKalIIMH HMIIYJILC OTPHLATENILHOH HOJISIp-
HOCTH (T 35 Ha BepxHeM rpacdHke) HepeKiro-
JaeT NepBbId 371EMEHT B €qHUHYHOE COCTO-
sude. Co3garoiuicss B 3TOoT MOMeHT (t ;)
CKQY0K HOJOXKHTECNLHOI'O HaNpSDKEHHS Ha
€ro BRIXOMe HepeaaeTcs depe3 KOHAEHCATOP
Ha BXOJb! BTOPOro 3JeMeHTa H NepeKJroda-
€T €ro U3 €QUHHYHOI'O COCTOSIHHA B HYJle-
Boe. Takoe cocTosiHHE 3JIEMEHTOB COXpaHs-
€TCA H HOCJle OKOHYAHWHS JEeHCTBHS 3amy-
CKAIMIEro HMIIYJhCA.

C MOMEHTa HOSBJIEHHS MOJIOKHTEILHO-
ro HMNyJjhbca #ia BbIXOOe HEPBOro 3JIeMEHTA
HAYHHAET  3apspKaThCsi  KOHOEHCATOp —
Yyepe3d BLIXONHOHM KacKapn NepBOro 3JeMeHTa
H pe3HcTop. 110 Mepe 3apanku KoHgeHCaATO-
pa Halps>KeHHE Ha pe3ncTope namaer. Kak
TOJIBKO OHO CHH3HUTCA JO NOPOrosoro, BTO-



po#l 3JIeMeHT NEePEKJIOYHTCH B EIHHHYHOE
COCTOAHHE, a NepBbid—B HyJeBoe. Tenepb
KOHIEeHCATOp OBICTPO pa3pSagHTCa dYepes
BbIXOHHOH KackaJ HNEepBOrc JJEeMEHTa H
BXOQHOE€ CONPOTHBJICHHE RTOPOrO 2J€MEHTA,
H YCTPOMCTBO OKAXETCI B IKyIHEM
pe>Kume,

IIpu npoBefeHHH ONBITOB H 3KCHEDH-
MEHTOB C >KJYHIIHM MYJIbTHRHOPATOpOM yUH-
ThIBAHTE, YTO AJI1 HOPMAJIBHOH ero paborsl
OJAATENBHOCTh  3anyckawimero HMIYJILCA
OOJDKHA OBITH MEHUbHIE NJHTENLHOCTH hop-
MHPYEMOIro HMIIyJIbCA.

Kakue mnpaxTHiecKHe HpHMEHEHUS MO-
JKeT HalTH MyJIbTHBHOpaTop Ha JIOTHYeCKHX
afeMeHTax MHKpocxeMbl K155J1A37

O IIPAKTHYECKOM HUC-
IHHOJNB30BAHHUHU JIOTHUYE-
CKHX DJIEMEHTOB

Hauynem ¢ aBTroxonebaTrensHOTO MVJib-
THBHOparopa. ABAASAChH YCTPOHWCTBOM VHHU-
BepCaJbHLIM, OH MOJKET HAaWTH pa3HOoOoOpas3-
HOe HpuUMeHeHHe. Bo3bMeM, K HOpHMepy,
MYJIbTHBHOPATOpP HA TpeX JIOTHYECKHX 3Jie-
MeHTaxXx. byay4yd CMOHTHPOBAHHLIM BMECTE
C TPAH3HCTOPHBIM HHIHKATOPOM MO CXEME
Ha puc. 11, OH CTaHOBHTCSA TreHepaTOpOM
CRE€TOBBIX HMIIYJILCOB, KOTOPbIH MOXKHO HC-
IIoJIL30BaTh A4 MOoOead Maska. Ecnd Tpau-
3UCTOp OymeTr cpefHeN Wi OOJBLIOH MOIU-
Hoctd, Hanpumep KT801, B ero xonunexrop-
HYI0 IIellb MO>KHO BKJIOYHThE HECKOJBKO
COCNHHEHHBIX HapajuieIbHO MHHHATIOPHbIX
JaMn HaKaJHRaHU A — OHH YKpacAT HeOOJIb-
VIO HOBOTOIHIOK €JIKY.

Ecnd eMKOCTH KOHOeHCATOpa MYJILTH-
BHOpaTopa Oyaer 1 Mx¢g, a HOCTOSHUHBLIA
pe3ucrop R1—nepeMeHUbIM, COHpPOTHRJIE-
HueM 1,5 wnu 2,2 xOM, TO HONYIHTCSH IeHe-
parop koJieGauuu 3BYKOBOH YJacTOThI, NpPH-
rOOHLIM [JISI NPOBEepKH paboTOCHOCOOHOCTH
TPAKTOB pafHOBEIHATEIbHLIX IPHEMHHKOR,
YCHJIUTEJIEH 3BY¥KOBOH YaCTOTBLL.

K BBIXOAY TAKOro ycTpoHCTBa MOXKHO
HOAK/MIOUYHTE TenedoHHbIH kancionb JII3M-
4M WM TpaH3HCTOPHBIM HHIHKATOp, HO C
JAUHAMHYECKON TOJIOBKOH B KOJUIEKTOPHOM
uenu. Ilonyddrcss 3BYKOBOM reHeparop, Ko-
TOPhIH MOKHO HCIOJKL30BaTh B KadecTBe
KBApTHPHOrO 3BOHKAa WM HOpHMEHUTE NJs
H3y4YeHHs [pHeMa Ha CIayx TteJerpacdHon
a30ykd. B mepsOM BapHaHTe tTHTaHHe reHe-
paropa MOXHO HOAABaTh Yepe3 3BOHKOBVIO
KHOIKY, RO RTOPOM—uepe3 KOHTAKThl Te-
nerpacduoro kKmoua. YacTrory reuepHpy-
eMbIX HMIIybCcOB B Hpeaenax 800...1000 I,
COOTBETCTBYIOIIYIO 3BYKY CpejHeH TOHATIL-
HOCTH, YCTAHABJIMBAIOT IepeMEHHLIM pEe3H-
CTOpPOM HJH HOqOOpPOM 3aMeHSIOLIEero €ro
HOCTOSHHOIO pPe3HCTOpA.

Cnenyrooinuid HOpHMep HCHOJIL30BaHHA
MYJIbTHBHOpATOpa — reMeparop  npepbIBH-
CTOrO® 3BYKOBOIro curHana (puc. 14). OH
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Puc. 14. Cxema rereparopa NpepbiBHCTOr0 3BYKO-
BOT(Q CHI'HAJIA

COCTOUT H3 ABYX B3aUMOCBSI3aHHLIX MYVJIb-
THRHOPATOPOR, BBINOJHEHHLIX Ha JOTHUE-
CKHX 3JIeMeHTax OJHOH MHKpPOCXeMbI
K155/1A3. MynbTHBHOpAaTOp Ha 3JIEMEHTAX
DD1.3 u DD1l.4 reuepupyer KoJjedOauus
qactorod oxosio 1000 I'yy, koropele npeod-
pa3yrorca kancroaeM [II9M-4m (BF1) B
3ByK. HO 3BYyK npepbiBHCTBIH, HOTOMY UTO
pabOTOH 3TOro MyJbTHBHOpaTropa YHpaBJIs-
€T JApYIro—Ha JIOTHYECKHX 3JeMeHTax
DD1.1 u DD1.2. OH redepupyeTr TaKTOBLIE
HMIIYJLChI C YacCTOTOH CJEHOBaHHSA OKOJIO
1 I'm. TenedoH 3ByUYHT JHIIL B T€ HpOME-
’KYTKH BPEMEHH, KOrqa Ha BLIXOJIE€ TaKTORO-
ro reHeparopa HOSBIAETCS BBICOKHHA ypoO-
BCHb HANps>KEHHS. JIHTEILHOCTE 3BYKO-
BbIX CHIHAJIOB MOJXKHO H3IMeHATHL nondbopoM
xongeHcaropa C1 u pe3ucropa R1, a BrIco-
TY 3Byka—nonOopom kougeHcaropa C2 H
pe3ucropa R2.

AKuoyimuy MynsTHBHOParop, NONOJHEH-
HbIA CBETOBBLIM CHIHAJIM3aTOpoM (pHC. 15),
MO>XeT CTaTb OCHOBOM HI'POBOI'O aBTOMATA
HJH aTTpakitHoHa. Hanpumep, arrpakiiyoHa
oA YCJOBHBLIM Ha3saHHeM «IIoracu cBedy».
CaM arTpakifdoH — 3TO MakKeT ropsuel cBe-
YH Ha nopcraBke. Ecnd CHIBHO NOAYThH HA
CBedy, TO 3aMaCKHpOBaHHasd B ee «(HTHIIE»
namna Haxkanupauusa HIL1 gomxua norac-
HYTb, 4 CHYCTH HEKOTOPOE€ BpeMSA— BHOBbL
3aropeThcs.

«Cexper» arTpakilHoHa B TOM, 4YTO
CTEHKAa HOJCTABKH 3a CBeYOH — JlerKasi Hell-
po3paudas TKadb, Ha 0OparHOM CTOpOHE
KOTOPOHU HANpPOTHB «(HTHJISA» CBEeYH YKpEl-
neva uebonplasg >KecTaHas MJIaCTHHKA. 3TO
KOUTAKT parddka-seIkmodarens SAl. Ha
paccTOSSHHM 3...5 MM OT Hee pacCHOJIOXeH
KOHeIl OTpe3Ka TOJICTOre NpoBoga— BTOpOH
KOHTAakKT BbIKTIOUaTrenda. CHanHas CTpyd
BO3VXa Hporudaer TKAHEeBYIO CTEHKY KO-
pOOKH, H KOHTAKTbI BbIKJIOUATENS 3aMBbIKa-
torcsa. Ha BbIxoge >Kayiero MyJbTHBHOpa-
TOpa HOABISETCS HMIYJLC OTPHI[ATEJIBHOH
HOJAPHOCTH, KOTOpPLIH 3aKphIBacT TpaH3H-
CTOp H TaCHT JlaMIy.

IOIpyroyl npumMep BO3MOXXHOI'O HCHOJb-
30BaHHA  TaKoro aproMara—THp  AJ1A
«CTpEJILOBI» TEHHHCHLIM MSYOM. «S0si04-
KOM» MHHIEHH CJIY>KHT MeTa/lIidecKas ILa-
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Puc. 15. Cxema HIrpoBRoro apToMara

cruuka quamerpom 80...100 MM, maxopgsdma-
Acda Ha HeOOJILIIOM PaCCTOSIHHH OT BTOPOIo
KouTtakTa. IIpH TOYHOM HOMHaJaHHH B «A0-
JIOYKO» KOHTAaKThl KPATKOBPEMEHHO 3aMbl-
KaroTcAd H cHruajnbdasg Jjamna racHer. Ho
MO2KHO cJqielaTh TakK, 4YToObl JJaMIla HHIHKA-
TOpa, HA00OpOT, HPH TOYHOM HMOMATAHHH B
I[eas 3axkdrajack. B 3TOoM ciaydae Hago
JUHIL A8 HHOHKATopa HCHOJIL30BaTh TpaH-
3HCTOp CTPYKTYpHI p-n-p, HAllpEUMEp CepHH
11213, u u3MeHHTb HONAPHOCTH HOOKIIIOUE-
HHS BLIBOMOB €0 3MHTTEpAa H KOJUIEKTOpA,
KaK Hnokaszado Ha pHc. 15, 6. IIpu 3tom
pe3HcTopa B 0a30BOH IeNH TpaH3HCTOpA
MO>KET He€ ObITh.,

Kuaymud MyJbTHBHOpATOp HpencTai-
JISI€T HHTEpeC H KaK MeHeparop OJHHOYHbIX
HUMHOYJLCOR N1 HPOREPKH pabOTOCHOCOOHO-
CTH HpHOOpPOB H YCTPOHCTB ITH(MPPOBOH TEX-
HHKH, O 4€M MblI HOTOBODHM YyThb HO3XKe.
CeHnyac >Ke HpHBeNEM €lle HECKOJILKO IIpH-
MepOB HPAKTHYECKOro HpHMEHEHHS aBTOKO-
nedareJbHOIO MYJIBTHBHOpaTOopa B pagHO-

JMOOUTENRCKHX KOHCTPYKLHAX. 5
Ha puc. 16 noxazana cxeMa HnpocCTeH-

HIero H3MepHTEJLHOro HnpuOOopa-npOoOHHKA,
C HOMOIILK) KOTOPOro MOXXKHO HpOBEPHTH
Ka4eCTBO 2JICKTPHYECKHX KOHTAKTOB MOUTA-
’Ka, BBIKTIOYATENS, EJIOCTh KAaTYHIKH KOJIe-
OareJLHOIO KOHTYpa, HCHpaBHOCThL JHOMAA,
KadyeCcTBO KOHIeHcaropa, p-n Hepexoja
Tpau3HcTopa. Ero 0CHORa — CUMMETPHYHbIN
MYJbTHBHOpaTOop Ha 3JeMeHtax DDI1.1 u
DD1.2, reHepHpYIQIHHN HMIOYJLCHI C YaCTO-
ol ciaegoBaudsa okono 1 xkl'n. HMumguxaro-
pOM npoouuka cnyxxar creroguon HI.1 uim
BBICOKOOMHBIe T'OJIOBHbIE TeJletbOHUBI THIA
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TOH-1, TOH-2 unu T3I'-1, nogkmoueHubIC
K NByXrae3fgHoH poserke XS1. lilyner XAl u
XA2 BBLHIOJHSIOT pOJib KOHTAKTOB CBOEOO-
pa3sHoOro BBIKIIOUATEN A, Yepe3 KOTOphIM Ha
MHKpOCXeMY HNOJaeTcsad OTPHHATENLHOE Ha-
npskende HcrodHuka Hurawus GB1. Iloka
IHYHObI HE 3aMKHYTBI MeXJy COOOH, Ienk
NHTAHHA pa3opBaHa H MYJLTHRHOpPATOp HE
paboraer. EcaM mynaMH KOCHYThHCS KOHIIOB
[IpOBONHHKA WIH BbIBOJOB KATYLUIKH HHIVK-
THBHOCTH, 4Yepe3 HHX ILielh HHTAaHHA MHKpO-
CXE€MbI OKAXETCHA 3aMKHYTOH H MYJIbTHBHO-
paTop HAYHET F€HEpHPOBAThH 3JIEKTPHIECKHE
KonebauHs 3BYKOBOM 4acTOThbl. IIpH BbICO-
KOM YypOBHe HaNps>KeHHS Ha BbIXOJHOM
BhLIBONE 6 MYJNLTHRBHOpaATopa CBeTOgHON OY-
HEeT 3aXKHIraThbCA, a HpH HH3KOM — raCHYTb.
Ar Tak Kak 4acToTa NeHepHpPYeMbIX HMIYJih-
COB JOCTATOYHO BBICOKAS, I'Jla3 He 3aMeda-
€T MHraHHH CRETONHOJ A — OH CRETHTCH KakK
Obl HenpepbIRHO. ECaH, oqHAKoO, B HpOBEpA-
€MOM HNpOBOAHHKE HJH B KaTrvLIKe OOpbIB,
TO HH CBEUYECHHUS CBETOOHOOA, HH 3BYKA B
tenecponax He Oyner.

YroObl HNpOBEPHTL HOJYHPOBOIHHKO-
BBIA JHON, K €ero BLIBOIAM HOIKJIIOYAIOT
INynbl NpoOHHKA, CHavdajga B OJHOH HMONSp-
HOCTH, a 3areM, NOMEHSIR MeCTaMH, B Jpy-
roi. Ilpu ogqHOM HONKIIOUYEHHH, KOraa JHONM
OTHOCHTEJIbHO HCTOYHUKA HNHTAHHS OKAa3bl-
BA€TCA BKJIOUYEHHBIM B HpSAMOM HampasJie-
HHH, CBETOBOW H 3BYKOBOH CHIHAJIBI JJOJIXK-
HbI ObITH, a nNpH oOparHoM —Her. [Iosdrye-
HHE CHTHAJIOR NpH JMOOO0H HOJIIpPHOCTH HOJM-
KJOYEHAS NpoOHHKA YKa)keT Ha TeHJOBOH
HpoOOH p-n Hepexona JHOMAA.

AHAJIOTHYHO HpOBEPSIOT HCHPABHOCTD
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KOJUIEKTOPHBIX U 3MUTTEPUBIX p-n HepeXo-
HOB TPAH3HUCTOPOB, 4 TAaK’XK€ HX YYACTKH
SMUTTEP — KOJUJIEKTOP.

HicripaBHOCTH KOHIEHCATOPOB NpOBEPA-
IOT Ha HpoOOH (3aMpIKaHMe OOKJIAOK) HO
OTCYTCTBHKD CReTOBOIO (HNH 3BYKOBOIO)
CHI'Hajla MpH KAaCaHHH HX BBLIBONOB INYIIAMH
npoourka. Ilpu mpoBepke 3NeKTpOJIATHYE-
CKOI'0 KOHOeHcaropa B MOMEHT HNOOKIIoYe-
HHSA K €0 BBIBOJAaM IHYIIOB MPOOHHKA MOTYT
HOSIBJISSTBCA KPaTKOBPEMEHHBIH 3BYKOBOH
CHIHAJI H BCHbINIKA CBETOOHONA, KOTOPHIE
BLI3BIBAET TOK 3apdlKH KOHOeHcaropa. JTH
CHrHa/Ibl TEM 3HAYHUTEIIbHEE, YEeM OOoJblle
€MKOCTb HpOBEPSAEMOI'0 3JIEKTPOJIHTHIECKO-
ro KoHAeHcaropa.

HICTOYHHKOM MHTAHHSA TAKOr'o H3MepH-
TeJbHOTO HNpOOHHKA MO2KeT CJAYXXHThL Oara-
pes 3336J1 mnu TpH rajbBaHHYECKHX 3Jie-
MeHTa 316, 332, coemHHeHHLIe HNOCJeqOBa-
TE€NBHO.

Ha onoruveckux snemeurax 2HU-HE
MO>KHO HOCTPOHTL HPOCTOH FeHeparop Ko-
nebauuil 3BYKOBOM dYacToThl (3Y) u paguo-
yactorsl (PY) pna npoBepkH TpakToB pa-
IHOREIHATENLHUBIX HNpHEMHHUKORB. IIpumepom
MOXKET CHAY2KHTh HpHOOp, CXEMa KOTOpOro
noka3zama Ha puc. 17. Ero rermeparopom
koneOGaHHd 3BYKOBOH  9acTOTbl (OKOJIO
1 kI'm) cnyXur MynsTHBHOparop Ha 3Je-
MeHtax DD1.3 uw DD1.4. I'eHepupyeMbIé UM
KosebaHus depes HHBepTop DD2.2, KOHOEH-
carop C5-u ruesno XS2 «34Y» ¢ nomoInbio
Iyna, BCTAaBRASIEMOro B 310 rHe3[0, Nonaet-
Cs Ha BXOO HpORBEPSAEMOI0 YCHNHTEIS 3BY-
KOBOH 4acTOThI.

I'eneparop koJeOaHHH pagHOYACTOTDI
o0pa3yoT Jorudeckde snaeMeutsl DDI1.1,
DD1.2, karymika L1 u xomgencaropn! Cl1,
C2. Yacrora'ero KoneOaHud onpenensiercs
B OCHOBHOM HHYKTHBHOCTBIO KATYINKH L1
H B HeOOJILUIUX Hpeneax MOXKET UH3MEHATh-

L7 6l é...J0

201, 2p2
Rl I NISS5/TAT
LI N 45 mr
onJ 707.4

/4
5 ! /7

Csd KOHAECHCATOPOM IepeMeHHOH eMKOCTH
Cl1.

AaeMeHT DD2.1 BbInONHsetr ¢GYHKIHIO
CMeCHTEILHOre kackamga hpubopa. Ha ero
BXOHOHOM BBIBOJ | mHocrynaror koneOauus
pagHoYacToThl, a Ha BXog 2— koJeOaHHS
3BYKOBOM 4acToThbl. B pesyianTare Ha BbIXO-
ae sneMenra ¢HOpMHPYETCA HMNyJILCHBIH
CHUrHAJl paguoOvYacTOThl, MOJYJIHPOBAHHbLIH
KonebGauusAMH 3BYKOBOM 4actorthl, Yepes
xoHgeHcarop C4 u rue3zgo XS1 «PY» ero
HoyaroT Ha BXOA pagHOvYacTOTHOTO TpakTa
(UNM OHOT'O H3 ero KacCKaJOB) NpOBEpPSIEMO-
o nNpHeMHHKA.

Karymky [.1 xOHTYpa reHeparopa pa-
JHOYACTOThl MOXKHO HAMOTATh Ha Kapkace
aHaMeTpoM 8...9 MM C OoTpe3koM (eppHTO-
BROro crepxxusa Mapku M600HM Buyrpw.
YroOpl npoOHUK paboraj B QHAaNa3oHe
3...7 MI'z, Ha TakoH kapkac Hago HaMOTAaTh
50—55 BurkoB nposoga 113B-2 0.2...0,3. B
KaudeCcTBe KOHOeHcaropa HepeMeHHOH eMKO-
ctd (C1) MOXHO HCHOJNB30BATL HMOACTPOECY-
ubId xoHgeucarop tHna KIIK-1.

KOHCTPYKIIHA TAaKOro0 H3MEpHTELHO-
ro re"eparopa-npoOHHKAa— IPOH3BOJIbLHAA.
I ero NUTauvs >KeJarelbHO HCHOJNL30-
BaTb HCTOYHHK CTAOHJBLHOrO HaNpsKeHHS
5 B, uo MoXHO H Oarapero 3336J1.

H eme OOHH HNpHMep HNPaKTHUECKOIO
HCHOJL30BAHHA  JIOTHYECKHX  3JIEMEHTOR
IIH(POBBIX MHKpOcXeM-—HIpa «Ilepenpa-
BRa». B OCHOBY coOfep>KauHs 3TOH HIPHI
MOJIOKE€HA CTapHHHAas JIOrdveckas 3agada o
BOJIKE, KO3€ H KallyCTe, KOTOpbIX HepeBO3-
YAK JOOJKeH 0€3 NoTeph HepenpaBHTh Ha
HpOTHRONOJIOKHBIA Oeper pexu. Ho nopka
TaK Maja, YTO KpOME€ CaMOro nepeBO34YHKA
OHa MO>KeT BMECTHThL OHOrO BOJIKA, HJIH
K03y, HJad kanycry. OcraBasgrhsr Xe Ha
Oepery BOJIKA C KO30H HIH KO3y C KallyCTOH
HeNb3s — 00s3aTeJbHO OyayT  HOTeEpH.
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be36one3zHeHHO MOXKHO OCTABHThL BMECTE
TOJBKO BOJIKA ¢ Kamycton. Kak B Takoi
CHTYaIlHH NOJDKEH HOCTYIHUTHL MEPEBO3UYHK ?

JJIst pellleHHA 3TOHM 3afadvd pagHONIo-
Outenr M. CHHeNbHUMKOR u3 Kanmuuurpana
NPEOJI0XKH HIpOBOE 3JEKTPOHHOE YCTpOM-
CTBO Ha Jorundeckux sneMeHTax 2HU-HE u
3U-HE, NpHHIUIHAIBHYIO CXEMY KOTOpOIO
Bbl BHAHTe Ha pHc. 18. IlepexmiouaTensimu
SA1— SA4 wurparorunilt ocyinecTriasler «ie-
PE€BO3KY» HDAacCa>XHpOB Ha HPOTHUBOHOJIOXK-
HeIf Geper pekwu. -Tak, manpuMep, €cJiH OH
CHHTACT, UTO TIEPBOM uUepe3 peKy NOJKHA
ObITH mepernpaBieHa KoO3a, OH NEPEBONUT
BHH3 ([0 cXeMe) pYUKH Mepexmodaresel
SA2 «Ko3a» n SAl «IlepeBo3unk» Ilomno-
JKeHde pyueK Hepexkmodarened orodpaka-
IOT CHTYalHH, CJOXHBIIMECSI B JaHWbIA
MOMEHT Ha Hepenpase. Jnemenrts! DDI.1,
DD1.2 GHU-HE) u DD2.1, DD2.2 06pa3yior
JIOTHYECKHH y3eJi, (OpMHPYIOIHHH CHI'HAJ
OIHHOOYHOI'O X0fa, NPH KOTOPOM BO3HUKAET
oflacHasA CHTyapHsA Ha OJHOM H3 Oeperor
PEKH (BOJIK MOXKET CheCTh KO3y, a K03a—
Kanycry). O gonyineHHOH OLIHOKe CHI'HAJIH-
3upyroT cBetoguonkl HLL1 u HI.2, kakabti
U3 KOTOPBIX pacronoXeH Ha cRoeM Oepery,
M 3BYKOBOHM CHI'HaJl, CO3qaBaeMbIl THHAMH-
9eCKOM roJiopkoii BAI.

Kak paboraer rtakoil HrpoBoil aBro-
MaT? B HcxomMoM cOCTOSIHHM, kOrjga Bce
«MMaCCaXXHphl» U HEepeBO3YHK HAXONATCH Ha
OMHOM Oepel’y peKH, YTO COOTBETCTBYET
MOKa3aHHBIM HA CXEME NOJIOXKEHHAM Iepek-
Jrovatesedn SA1—SA4 (4 BKIIIOUEHO NHTA-
HHe), Ha Bbixonmax aneMenros DD1.1, DD1.2
H DD2.1 norudeckoro ysma neiAcTBYIOT
BbICOKHE YPOBHH HAMpS>KEHHS H, CJeqOBa-
TEJILHO, CBETOMHOAB! He CBETITCH, a Ha
ypo-
B 3TOM HeTpynHO VOEIHTHCS HO

BRIXOe o9neMeHTa DD?2.2 — HU3KHII
BeHbh.

QU7

Ol K1557A4
702 KIs5/743

L1, HL2 ANIO24

HOJIOKECHUAM Hepexkmovaresied. IIpu B0
JeuHH nurauus KHonkou SB1 «Ilepenpasa
Ha Bxoje 2 snemMeHTa DDI1.1 M Bxoge
aneMedra DD1.2, apisiiomuxcs norudecku.
MH 3sneMmMedramu 3HU-HE (oraugarorcs ol
aneMeHTOR 2U-HE mumbe TeM, ur0o oHE
TPEXBXOJOBhIE), a TakXKe Ha OoOOHX BXOmax
aneMeura DD2.1 BO3HUKAIOT HMH3KHEe YpOB-
HH HANpsOKeHUA. A O sieMedToB 2H-HE
u 3JU-HE 3roro gocraroumo, urobnl Ha HX
BLIXOIaX HNOABHJICA BBLICOKHH ypoBeHb Ha-
npspkeHds. (O6a Bxoga asiemeHTa DD2.2 B
9TO BpeMs OCTarOTCA CBOOONHBLIMH, Mla HHX,
CAECKOBATEJILHO, BBICOKHE YPOBHH HafpsKe-
HHs, a HA BBIXOJ€E 8, a 3HAYHT H HA BXojae 5
anementa DD1.2, ¢ KOTOpHIM OH COECOHHEH,
HU3KHH ypOBeHb HaMpsIKeHHs.
IIpennonoxxum, uTO HIparuil nep-
BBIM XOJOM HepeHpaBisieT Ha gpyrod Geper
KO3y. LI 3TOro OH HOJMMKeH NepeBecTH B
APYTroe HOJOXKEHHe pYUKH Hepexardarenei
SA2, SAl m maxare xuonky SB1. Ipu
3TOM HA BLIXONAX BCEX YeThIpeX 3/1eMEHUTOB
JIOTHYECKOro y3na OyAyT, Kak H B HCXOJ-
HOM COCTOSIHHH, TaKue >Ke YpPOBHH Halps-
JK€uusi, ¥ HM OUH H3 CBETOQHONOB He
3arOpUTCs. A ecyd HOHLITaThCs IHepBbIM
NEPEBECTH BOJIKA? B TakoMm ciiydae nepek-
novarens SA3 cosgact ua BXoae 9 azieMeu-
Ta DD2.2 HM3KHH ypoBeHb HafpsiyKedds, B
pe3ynbpraTe 4ero ua ero BbIXOJe H BXOje 5
sneMedta DDI1.2 HOABHTCS BBICOKHMH ypo-
B€HL HAMpsKeHHA. (CHIHaAd TaxKoro xe
ypoBHsA OyneT M Ha JABYX JPYIHX BXOgax
sneMentra DDI1.2, Tak KaKk OHH OKaxyTcs
CBOOONHBIMH, YUTO PaBHO3HAYHO Homadve Ha
HHX BBICOKOTrO HANpSIKEeHHS, Ha e€I'0 BhIXOJe
6 MOABHTCSA HU3KHH YPOBEHL HAIPSKEHHS,
KOTOPBIH 3a’KXeT cBetoquoq HI.2 — curnan
OHNAaCHOH CHTyalluu (OCTaBlIAsCS Ha Oepery
KO3a MOXeT CBeCTh KanycTty!). A cBeronu-
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on HLI1, maxopsimuiica ua gqpyroMm Oepery
peKH, roperh He Oyner, Tak KakKk B 3TO
BpeMs Ha Bxome 13 snemMeura DDI1 1 nepex-
modaresb SA1l co3gacT HH3KHH YpOBEHL
HanpsKeHus .

C BbiXonor ajieMeutoB DDI1.1 u DD1.2
CHUrHaJl OHAaCHOH CHTyalHH HOOAaeTCsd Tak>Ke
ua Bxonbl 9 u 10 snemenra DD1 3 Ilpu
HOSBNEHHH HA OMHOM H3 HHX HH3KOIO YPOB-
Hd HANps>KeHHS Ha BLIXOAe 3JIeMeHTa HadH-
HaeT JeHCTBOBATHL HANpAXKeHHe BLICOKOTO
YPORHA, KOTOpO€ 3alycKaer MYJbLTHBHOpA-
TOp, COOpaWmHLIM Ha 3JeMmedrax DD2.3 w
DD2.4. C BeIXoma MYJLTHBHOpaTOpa reHe-
pHpYeMbIe UM KOJeOaHHSA YacTOTOH OKOJIO
500 I'm nocrynaror Ha ©a3y TpaH3HCTOpA
VT1, BKIIOYEHHOTI'0O SMHTTEPHbLIM HOBTODH-
TeneM, H ronosxod BA1l npeobpa3syroTcs B
TPEBOXHALIA 3BYKOBOH curaasn. Ilepexmoua-
teneM SAS 3BYKOBYIO CHIHAJTH3AILHIO, ONO-
BEIHAII VIO 00 ONIMOKE B pellleHHH 3axadH,
HE3aBHCHMO OT TOro, Ha KakKoM H3 OeperosB
BO3HHKJIA ONAcHasi CHTyanHs, MOXHO OT-
KJHOYHTb, OCTABHB JIHHIL CBETOBYIO CHIHA-
JIH3ALHIO.

Pesucrop RS BbIoMsAET poJib Or'paHH-
yuread toka Oassl tpaH3ucropa VI, Ye-
pe3 pe3ucTop R3 Ha HeHCHONL3YEMBIM BXON
11 snemenra DDI1.3 nomgaercsd BBICOKHH
YPOBEHL HANpSKEHHS, YTO 3ALMHINAET Y3
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CHTHAJM3aIlfHl OT pa3JuvIHbIX 3JeKTpHYe
ckux noMex. IlogcrpoedHbIM pe3HCTOPOM
R6, BKIIOUYEHHbBIM B KOJUIEKTOPHYIO Ielb
TPAH3HCTOpPA, YCTAHARJIHBAIOT >KeJaTellb-
HYIO TPOMKOCTb 3BYYaHHS rOJIOBKH BAIL.

Heranm HrpoBOro aBTOMarTra, KpoOMe
PJIEMEHTOR KOMMYTAIHH, CBETOIHOIOB H
OQHHAMHYECKOH T'OJIOBKH, MOXKHO CMOHTHpPO-
BaTh Ha HeYarHod IjlaTe pa3MepaMH
70x25 MM (puc. 19, a) n pa3MeCTHTL €€ B
HJOCKOM HJIAaCTMACCOBOM HJIH K3rOTORJIEH-
HOM H3 ¢aHepbl KOpHyce pa3MepaMH HPH-
MmepHo 120x90x50 mm (puc. 19, ©6). Ha
nepeguer CTeHKe Koplyca HOJIKeH OBITh
PHCYHOK PE€KH, BIOJL pyclia KOTOPOH YK-
penJieHbl nepexmouaredd SA1—SA4, a Ha
HPOTHROMOJIOXKHBIX ©Oeperax — CBETOLHOIbI
HI.1 u HL2. 3pgech ke Haxogarcsad Hepex-
modarenb SAS5 u kponka SB1 «Ilepenpa-
Ba». Ilepexmodgarenua SA1—SAS tuna M1-
1 mnu rtymOnepsr TB2-1, xuonka SBil—
tuna KMI1-1. JJuHamuyeckast ronoeka BAI
MOILHOCTBHIO 0,1. .0,25 Br, HAOpHMeP
0,25T'1-10 HCTOYHHKOM HHTAHHS MOXKET
CIHY2KHTb JBYXHOJIVOEPHOOHLIM BLINPSMH-
T€Jb C BbIXOOHbLIM HalpsKeHHeM 5 B unu
Garapes 3336J1.

Ilepeng HauajOM pelIeHHS 3agadHd BCe
HepeKIIOIATENH JO/DKHBI ObITh B HCXOJHOM
INOJIO’KEHHH, COOTIBETCTBYIOIHEM CHTYalHH,
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KOrma BCE€ «IaCCaXXUpbl» H [HepeBO3YHK
HAaxXOOATCA Ha OOHOM Oepery pexu. 3arem
HaYHHAIOT Iepenpany Ha Apyrol Oeper—
CTABAT PYYKH COOTBETCTRYIOIIHX HEpEKIIO-
JaTesied Tak, YToObI OHH ObLIH HAlpPaBJICHbI
B Ciopouy Oepera, Kyja HOOJIKHA [JbITH
JIofKa, H, HaXXaB Ha KHoNky «Ilepenpasayr,
HpOBEPAKOT HpaBHALHOCTL Xxona. Ecnu npu
3TOM HOSABISAETCA CRETORBOH HIIH 3BYKORBOMH
CHTHall OUIHOKH, XON CYHT4ETCS HeRep-
HbIM —HaJ O HCKaTb HAPYrod BapHAHT pelie-
HUSI 3amadvH.

Y100l yOEenUTHCH B HpaBHJILHOH pabo-
T€ HIPOBOro aBTOMAara, Hago 3HaThb XOTS Obl
OJHH BapHaHT pPEUICHHS JIOTHYeCKOH 3aga-
qd. OH MoxeT ObiTh TakuM CHavana nepe-
BO3YHK IepenpaBiisieT Ha JApyrod oOeper
KO3y. 3areM BO3BpalllaeTcs OoOpaTHo H 3a-
Oupaer Kanycry. Ha pgpyrom Oepery owu
OCTaBJIAeT Kanmycrty U 3abOwpaer Ko3y Ile-
penpaBHB OOpaTHO KO3y, Ca>aeT B JIONKY
BOJIKA H NEPEBO3HUT €ro K Kamycre, HOCHe
Je€ro BO3Bpalnaercsa H 3abupaer ko3y. Ta-
KHM o00pa3oM, 3agava peHiaercss 3a ceMb
XOmOB. Moryr ObITb W [qpyrue BapHAHTbI
peleHust 3agadu.

bJIOK IIHMTAHHWSA C TI'EHE-
PATOPAMHU UMIIVJILCOB

IIpogon>xuresibubie ONBITHLI H 3KCHEDH-
MEHUTBI C YCTPOWCTBAaMH Ha I[H(PpPOBBIX
MHKPOCXeMaX, pa3s’sroBOp O KOTOpbIX e€Ile
BHiepenH, TpeOyrOT O00jee «eMKOro» Ho
CPaBHEHHIO C Oarapeed 3336J1 HcTOYHHKA
naraddg. BbIXo# 3[ech HanpalmuBaeTcs
CaM — HY>KHO BOCHOJbL30BAaTLCA 3JIEKTPOOC-
BETHTEJILHOH CEThIO H COOpaTh CTAOHIH3H-
POBAaHHBIH HCTOYHHK HHTAHHA C pEryJjupy-
€MbIM BBIXOJHBIM HAHP S KECHHEM. oS
MPOBEPKH PpabOTOCIIOCOGHOCTH MHKPOCXEM
(YHKIHOHANLHOT'O HA3HAYEHHS, KaK, HAIIPH-
ME€p, TPHITE€POB, pa3/IHYHBIX CYETYUKOR,
AEHTHPPATOPOB, CAeqyeT NOOGABHThL K OJIOKY
HATAUHA HCNBITATENILHBIE TE€HEpATOPbl HM-
NyJLCOB pa3JIMIHON [UIHTEILHOCTH H YaCTO-
Thl CleoBaHHd Bor taxkol KoMOHHHpOBaH-
HbIH NpHOOp Mbl H HpefJaraeM CKOHCTDY-
HpOBaTh HJIA HAajbHEHHmIEd HpakTHIECKOH
paborb!l ¢ 1HPOBOA TEXHUKOH.

Cxema npubopa nokazana Ha puc. 20.
Tpaucdopmarop T1 noHusxaer cereroe Ha-
npsikeHde go 9...10 B. 3ro wmanpsxeuue,
cuuMaeMoe ¢ ooMorku II, BeImpamasercs
gaoqaMd VDI—VD4, BKMOYEHHBIMH MO
MocTOBOH cxeMe. Konpgencarop C1 crnaxcu-
BA€T NYJILCAHHH BBIIPAMJECHHOTO HalpsKe-
uus. Ilocrodguuoe HanpsokeHHe ¢ KOHeHCA-
Topa Cl nmocrynaer pajlee Ha nBa CTaOHJIH-
3aropa

Opuu H3 cTabGHAH3aTOPOB RBHIPAMIIEH-
HOI'O Hanpsi>K€HHA, BHIHOJHEHULIH Ha cTabu-
JUTpOHEe VD5 H peryiupyroieM TPaH3HCTO-
pe VTI1, ucnosb3yercsa nng NHTAHUS rede-
PaTOpOB HCHBITATEJILHBIX HMNYJILCOR [Ipy-

20

rol CTaOHJIH3aTOp cOOpau Ha CTAOHJIU | pOHE
VD6 u tpansucrope VT2. BpIxonHoe Ha-
HNpsDKeHHe 3TOro crabuiaM3aropa HoOgaercs
Ha TrHe3ga XS2 u XS3, K KOTOpPBHIM B
gajbHeHeM Oynere NONKIIOYATh OHLITHbLIE
npubOopbl M ycTtpoiicTra. IlpuueM ero BbI-
XOQHOEC HAHNpsKEHHE MOXKHO IJIaBHO H3Me-
HATbE NIEPEMEHHBIM pe3ucTopoM R4 npuMep-
HO or 0 mo 6 B Kpome Toro, B srom
CTAaOHJIH3aTOPE YCTAHOBJIEHA gYeHKa 3aliu-
ThI PerYJMpPYIOIHEro TpaH3HuCTOpPa H BbIHpS-
MHTEJISL OT NEPETPY30K B CAyYae KOPOTKOro
3aMbIKAHHA B I[€NH HArpy3KH — OHA COCTAaB-
JiIeHa U3 pe3Hcropa R5 u tpausucropa VT3.
Iloka TOk, HOTpeGAAeMbIl Harpy3koil, He
NpeBbIIAET JOHYCTHMOI'O, NANEHHE HANpS-
JKeHHs Ha pe3HcTope R5 Meubine Hanpsixe-
HHs OTKpbIBaHHA TpaH3ucropa VT3. Kax
TOJNLKO NMageHHE HANPSKEHHSE HA PE3HCTOpDE
pocrturier 0,6...0,7 B, tpausucrop VT3 or-
KPOE€TCA H CBOHM MaJIbIM COHpPOTHRIEHHEM
y4Jacl1Ka KOJUIEKTOD-3MHTTED 3allIYHTHPYET
crabumurpor VD6 IIpu 3toM perynupy-
oIqud 1pan3ucTop VT2 okaxkercd 3akphl-
ThbIM, OTYer0 TOK BO BHEHIHEH LielH cTadH-
Ju3aropa pe3kKo ynaneT no 10...15 MmA.

Ha BeIxome RBTOporo crabuidizaropa
YCTaHORJICH CTpeJO4YHBIN HHOaHKaTop PA1,
KOTOPLIH COBMECTHO C PE3HCTOPOM R6 06-
pa3yeT BOJLTMETP HOCTOSIHHOI O Toka. Ecyum
HEpEKMOYaTeb SA2 HAXOMHUTCH B HOKa3aH-
HOM Ha CcXeMe MOJOXXEHHH, HHIUKATOpOM
MOXXHO KOHTPOJHMpPOBaThL BBIXOJHOE HAIpsi-
’KeHHe cTtabunmm3aropa. Korma sxe nepek-
JroYareils CTaBAT B NOJOXKeHHe «HM3M.»,
ROJIFTMETP OKA3bIRACTCA HONKJIIOUYEHHbIM K
rues3gamM XS1 u XS3. CoenuHsAa nNpoBORHH-
KaMH 9TH ruesfia ¢ BbIBOAAMH paboTaroInHX
MHKPOCXEM, MOJXXHO KOHTPOJIMPOBATL 3JIEK-
TPHIECKOE€ COCTOSHHE JOTHUECCKHX 3JIEMEH-
TOB. AHAJOTHIHO BOJbLTMETP MOXKHO HC-
[IONIb30BATh [OJI KOUTPOJISI HaNps>KEHHH B
IIENIX KOHCTPYHPYEMBIX YCTPOHCTR

Tenepr 00 ucnplTarensHbIX reHeparo-
pax. JTO 3HaKOMble BaM MYIbLTHBHOPATODLI
Ha MHkpocxeMaX. Tak, wanpumep, ua 3je-
MeHTax DD1.1 u DD! 2 cobpau xnymui
MynbTHBHOpaTop. Ilpu kparkorpeMeHHOM
3aMbIKAHHH KOHTAKTOB KHOHNKH SB1 «3am.»
OH (POPMHDPYET HMNYJILC OTPHIIATENBLHOH 1O-
JAPHOCTH H JOJHTEABHOCTBIO OKoJio (.5 c.
Ho ero 3anyckaromasa menb HECKOJILKO OT-
JHYaeTCA OT HNOgOOHOH pHenmd KAYIL 2To
MYJIBTHRHOpaTopa, 3HAaKOMOI'O BaM NO CcXxe-
M€ Ha pHC. 13 a,—oua fonoadeHa pe3ucTo-
paMu R7, R8 u korgencaropom C6. Uro 3T0
naet? Takag nenb obecHeYHBAET KOPOTKHU
3aNYCKAIOIMH HUMIYJILC MYJILTHRHOpaTopa
HE3aBHCHUMO OT AJIMTENRHOCTH HAXXaTHg HA
kuonky SB1 «3am.».

Yepes nepexkmouarens SA3 u ruesga
XS83, XS4 umnynnc orpHnaTennHOH HOMSp-
HOCTH, C(OOPMHPORAHHBLIA KAYIIHM MYJIbTH-
BHOPaToOpoM, HOJAMOT Ha RXON HCHLIThIRA-
EMOH MHKPOCXeMbI HJIH HYXXHOIO Kackana
ycTpolictTea Ceeromuwonq HI.1 uupuiupyer
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IIOSABJICHHE HMITYJIbCA H €ro NJIHTEebHOCTD.

Ecnn noaBHKHBIH KOHTAKT HepekiIio-
qaTesisi SA3 mepeBeCTH B HHXKHee (IO cXe-
Me€) IOJIO)KEHHE, K THe3ny XS4 nmopkmoya-
€TCsl MYyJIbTHBHOpPATOp, COOpaHHBIN H3 3jie-
meHTax DD1.3, DD1.4, DD2.1. On Bbipa6a-
ThIBA€T HMIYIhChl IOJIOKHTENBHOH IIOJISIP-
HOCIH, AJHTEJBHOCTh H 4YacTOTY CcjenoBa-
HHs1 KOTOPBIX MOJKHO B HEKOTOPBIX ITpeje-
JlaX H3MEHSITh [EePEMEHHBIM Pe3HCTOPOM
R11 «Yactora».

Bel, HaBepHOe, 3aMeTH/IH, YTO, B OTJIH-
“HE OT HOJOOHOro MyJALTHBHOpaTopa, pac-
CMOTPEHHOTO paHee (110 cxeme Ha pHc. 11,
a), MOCHeROBaTENbHO C KOHaeHcaTopoM C8
BKIIOYEH pe3nucTop R13. XoTs, B npuanuite,
TAKOI'O PE€3HCTOPA MOXKET H He ObITh, BKJIIO-
UCHHE €ro xenarejibHo. Ieno B ToOM, 4TO B
HAYQJILHBIH MOMEHT 3apsiikH KOHjeHcaropa
OOJIBIIOR €MKOCTH B €ro IelH BO3ZHHKAET
MIHOBEHHAIH TOK 3HAYHTEIBHOM CHJIbI, CIO-
COOHBIH BBLIBECTH M3 CTPOs BBIXOAHOH TpaH-
SHCTOP JIOTHYCCKOro sjeMeHra. PesHcTop
K€ CHEPXMBAET CKad0K TOKa, IPeNoTBpa-
ojasi Heperpys3Ky TpaH3HCTOopa.

UTOOBl MOKHO GBLIO KOHTPOJHPOBATb
paboTy BTOpPOro I'eHepaTopa, K HeMy MNOj-
KIIO9eH BCHOMOTATENbHBIA MYJILTHBHODA-
TOp, cOOpaHHbId Ha 3jieMeHrax DD2.2—
DD2.4. T'evepupyemble um HMITYJIbCBI Ya-
croron  800...1000 Ty mnoctynaiwor qepes
pazbem XS5 Ha rosoBrbie TeliepOHbI. 3BYK
B Tenedonax Oyner nHumb Torna, Korjga Ha
BbIBOA 10 snementa DD2.3 mocTynaer Bbi-
COKHH YPOBEHb HANPSIKEHHS C KOHTPOJIHPY-
CMOr'o reHeparopa (¢ BoiBojaa 11 ajiemeHnTa
DD1.4).

B kadecTBe MOHMXKAIOMETO MOXHO HC-
I0Jb30BaTe JIIOOOH TpaHcgOpMaTOop MomI-
HOCThIO 10...15 BT ¢ HanpsikeHHEM HA BTO-
PHYHOH 0OMOTKe 9...10 B. IHonowner, k
IpHMEDPY, BBIXOAHOH TpauchopMaTop Kaj-
POBOH pa3BepTKH TeneBH3opa TBK-70J12
WM TBK-110J12. IIpH caMocCTOSTelbROM
H3TrOTOBJICHHH TpaHCHOPMATOPA HOHANOOHT-
s marauronpoBoy HI20x25 wmm 1120 30,
O6motka I nosmkua comepkates 2100— 2200
BHTKOB npoBopa I115B-1 0,12...0,14, odmor-
ka 11 —95—100 BuTKOB npoBoga Takol e
MapKH, HO pHameTtpoMm (,8...1 mm.

Tpausuctopni VT1 u VT3 -— n106s1e 13
cepu KT315, a VT2—moboit n3 cepmii
KT815, KT817, [1702 Crabumatpor VD5
Kenparenabro NONo0paTh ¢ TaKUM HalpsiKe-
HHEM CTaOW/M3allMH, 4YTOOLI BBIXOJHOE Ha-
IPs>KEHHE IIepBOIo CTaOHIN3aTOpa (Ha Bbi-
BOjjaX pe3uctopa R2) Obuio B npepenax
4,75...5,25 B. C rabunHTpOos VD6 —
KC168A, KC168B nmn KC170A Ilepemen-
HbI€ PE3HCTOPLI— JKO0OI0 THIIA, HOCTOSH-
Hple — MJIT-0,25 B 1npoBonaOYRbIH (RS5).
Konpencaroper C3 n C5 —kepamnyeckue,
octanerble — K30-6. Wapukarop PAl1—
MHKpoOamIrepMeTp THIIA M24 umn M494,
PACCUYHATAHHBIA HA TOK HOJHOIO OTKACHEHHS
cTpesakn 100...300 MA. Conpotusienne pe-
3HCTOpa R6 noOJDKHO ObITh TakKUM, YTOGBI
CTpejIKa HHAHKATOpAa OTKJIOHSJAAChE Ha KO-
HCYHOC JeJiCHUE IUKaJbl IIPH BeIOpaAHHOM
IIpEEIC HIMEPSIEMOr O HAIPSIKEHUS — 6 KU
10 B. Cseropnon moxer Obite AJI102 ¢
OYKBEHHbIMH HHpekcaMu A, B, T (KpacHOro
CBeHeHHs1)) W B (3eneHoro caedeuus).
Beixirogarenn u nepexmrouyaresin — mo6ok
KOHCTPYKIIHK, Hanpumep KM-1 (SB1), MT1
(SA2, SA3), TB2-1 (SAD).

JleTann BbUIpSIMHTENSI U CTaOGMIH3ATO-
POB ynOoOHO CMOHTHPOBaTh Ha O6mell iwia-
T€, KOTOPYIO 3aT€M YCTAaHOBHTE B KOPHYCE
npHoopa. MOHTAK — IPOH3BONBHBIH, [1O-
STOMY 4epTerxka IIaThl He NPHBOIHM.

[lJisi MOHTa’Xka reHepaToOpOB HPHIOTOBD-
Te IaTy pasMmepaMH 90x40 mm (puc. 21) u3
AKO0010 H3O0JISITHOHHOT'O MarTepHana,
MHukKpocxeMbI U ipyIrHe neTaH pazmemaf«iTé
C OAHOH CTOPOHBI IUIATHI, a HX BLIBOJIBI,
OpoNyHICHHbIC Yepe3 NpPOCBEpPJCHHbIE B
L1aTe€ OTBEPCTHS, COENHHSIHTE OTpe3KaMH
MOHTA>KHOIO HpOBOAA C APYFrOH CTOPOHEI
I1AThI.

PexomeHnyemM npHaepKHBATBCS TAKOTO
NOPsifKa MOHTAXKA H OPOBEPKH pabOTOCHO-
COOHOCTH TeHepaTopoB. Crayana pa3mecTu-
TC HaA IUIAT€ MHKPOCXEMbI, COEqHHHTE MEK-
1y COOOH ONHOHMEHHbIE BBIBOJbI HNHTAHHS
(7 n 14) u nopafiTe Ha HHX HalUpsHKEHHe.
H3mepbTe BOJIBIMETPOM HOCT10SHHOIO TOKA
HAIIPSDKEHUsT HA BXOAHBIX H BBIXOHHBIX Bbi-
BO2X JIOTHYECKHX 3JIEMEHTOB, YTOOLI ybe-
JHTBCST B pabOTOCHOCOGHOCTH MHKPOCXEM.

Puc. 21. Ilnara remeparopoB mcrmbitTareabHBIX HMITYILCOB



3areM, OTKJIIOYHB HCTOYHHK ITHTAHHS,
CMOHTHPYHTE TOJIBKO >XIVINHU MYJIETHBHO-
patop. 3xech Xe, Ha IjaTe, pa3MeCTHTE
BpeMEHHO CBETONHOL C pe3HcTopoM R10 H
NOOKAOYATE HHXKHHM (0 CcXxeMe) BBIBOJX
pe3HcTopa K BbBoAy 6 agemeHra DDI1.2.
BKIOYHTe NHTAHHE M KPaTKOBPEMEHHO 3a-
MKHHTE BBIBOA 1 astemenTa DDI1.]1 na oOmwii
[IPOBOJy HCTOYMHKA IMTaHusA. CBeroamorn,
BCObIXHUBAsi, OynerT CHrHAJM3HPOBaTh O IIO-
ABJICHUH Ha BbIXOINE MYJbLTHBHOpPATOpa OmH-
HOYHOrO HMIIyJbCa OTPHNATeJbHOH MNOoJIsp-
HOCTH. IIpn yka3aHHBIX Ha cxeMe HOMHHa-
Jax koHpencaropa (C7 mn pesucropa R9
IJIHTEJLHOCTh HMNYJALCA (BCIBIIIKH CBETO-
nrona) nospxHa OwsITh oxonoe 0,3 c. IHondo-
poM pe3nCTopa R9 NIHTeNbHOCTE HMITYJIhCa
MOXHO YMEHBIUINTL HIH, Hao0opoT, VBeJIH-
4YHTL. HO ero conpoTHBJIeHHE He NOJDKHO
OvITe Oosbine 1,8 kOM, HHade 3J1eMEHT
DD1.2 okaxxeTcsi B HYJIEBOM COCTOSIHHH (H&
BbIBOZIe 6 Oyner HA3KHUH YypOBEHL HalpsKe-
HHSI) B CBETONHON OvaeT ropeTh HOCTOAHHO.

Hanee MOHTHpPYHTE reHeparop Ha 3Jie-
menrax DD1.3, DD1.4, DD2.1. K ero BbIXo-
ny (BeIsog 3 asementa DD2.1) nopkmounre
CBETONHOIHBIH HHAHKaTop. Ecim onmbox B
MOHTa)>XKe He Oyaer, cpa3y e Hocje BKIIO-
YeHUS NMUTAHUA CBETONHOI Ha4YHeT MHIaTh ¢
YacTOTOM reHepHpyeMbIx HMIyascoB. Han-
Ooabinas IIATENBHOCTh HMIYIABCOB (OKOJIO
2 ¢) BoJoKHa OBITh IIPH KpaliHeM OpaBoM (110
cxeMe) INOJIOKEHHH [BHXKa IIepeMEeHHOIO
pesncropa R11, BpeMeHHO NONOAsiHHOrO K
OeTansdM reHeparopa, HaHMeHblnass (OKOJIO
0,1 ¢)—npr KpanHeM JIeBOM, T. €. IIpH
HAaHMEHAIIIEM CONPOTHBJIEHHH 3TOrQ pe3H-
CTOpa.

Craenvionmi sran— MOHTaXX reHeparo-
pa Ha sieMeHTax DD2.2—DD2.4. BriBog
10 sanemenra DD2.3 coegnHuTe BpeMEHHO C
BBIBOJOM 9, 4TOOBLI HNpeBpaTHTh €ro B HH-
Beprop. PyHKIHIO HHIHKaTopa paboThl 3TO-
ro reHeparopa NOJOKHbBI BBITOJHSATL FOJIOB-
Hble TenedOHbl, BKIIOYEHHbIe MEXY BbIBO-
noM 11 saemeHra DID2.4 u obimuM npoBo-
OOM HCTO4YHHKa mUTaHusA. Ilocne BKmoue-
HUS [MMTaHHA B TeleOoHax IOOJDKEH I10-
ABUTHCS TI'POMKHH 3BYK cpelHeH TOHaJILHO-
cti. Hanbonee npuHATHYIO 110 BallleMy Xe-
JIAHHIO TOHAJIBHOCTh HETPYAHO YCTAaHOBHUTH
nonbopoM pesHcTopa R14.

Ilocne sroro BeIBog 10 3geMeHTa
DD2.3 orkmounre OT BbIBOLa 9 H COeIHHHU-
Te C BbIXogom 3ajleMedrTa DD1.4. Tenepsb
TeJeOHbl JOJDKHBI 3BYYATh HPEPBIBHCTO, C
YacTOTOH MVJbCaOHH BTOPOre reHeparopa.

Ocraercs pa3MecTHTh ILJIaThl C NEeTass-
MH BHYTPH Kopliyca npHOopa (pHuc. 22) nop-
XOOAINX pa3MEpPOB, a Ha JIHEeBOH cTeHKe
Koplryca YKpPEImHTh BbIKIIOYaTellh MHTaHUA,
[epexkayaresid, KHONKY 3allycka, lepe-
MEHHbIE PE3HCTOPbI, CBETOHNHOI, CTpeJoY-
HbIH HHOHKATOP, rHe3ga H pa3beM. [lepxka-
TeJb NPEeROXPaHHUTENA ¢ HpeloXpaHHTeIeEM
YCTaHOBUTE Ha 3anHel CTeHKe Kopllyca.

Puc. 22. Baemnmii BHZ 6JI0KA DNTAHEA ¢ FeHEPATO-
PaMH HCNLITATENLHBIX HMIOYJILCOB

CoenvHUB naaThbl MeXny c¢oboit u ¢
neTansaMH Ha Koplyce, OKOHYATENRHO NPO-
BepbTe padoTOCHoCOOHOCTh OJIOKa NMHUTAHHA
H FeéHepaTOpOB HCHbITATENbHBIX AMITYJILCOB.

IMPOCTON YACTOTOMEP

Ha ©6a3e ToapkO OHHOH MHKPOCXEMBI
K155J1A3, mcnons3ys Bce ee JIOTHYE€CKHe
anemedThl 2U-HE, MOXXHO IOCTPOHTH CpaB-
HHTEJILHO MPOCTOH NPHOOP, CMOCOOHLIA H3-
MEPATh 4YacTOTy lepeMEeHHOro HallpsoKeHHSA
npumepHo or 20 I'm pmo 20 xI'm. BxonHbBIM
IEMEHTOM TaKOro H3MepHTEJbLHOro nNpHOo-
pa kKosneOaHu#l 3BYKOBOH 4HacCTOThl CHYXHT
Tpurrep IllImurTa— yCTpOUCTBO, mnpeodpa-
3VIOIeE NONaBaeMoOe Ha €ro BXol NnepeMeH-
HOE HalIPSHKEeHHEe CHHYCOHRAJILHOH HOpMBI B
IEKTPHYECKHE HMITYILCHI TAKOH »XKe 4acTo-
Thl. be3 Takoro mpeobpa3oBaHHUSA AHAIOIO-
BOrO CHrHaja JIOIWYeCKHe 3JIeMEHTh! pado-
Tare He Oynyr, npnHydeMm Tpurrep IllImurTa
«cpabarpIBaeT» IIPH OlpelnesIeHHOH aMIUIH-
Tyae BXOOUOro curiana. EciiH oHa MeHbile
IIOPOroBOro 3HaYeHUA, HMITYJILCHOIO CHIHa-
Jla Ha BbIXOHe TpHITepa He Oyher.

Hauydem c oneira.

Tparrep HImmarta. Ilons3ysacek cxeMou,
IIOKa3aHHOH Ha pHC. 23, a, CMORTHpPYHTE Ha
MaKeTHOH naHean MHKpocxemy KI155J1A3,
BKJIIOYHB B paboTy TONBKO OBa €€ JIOTHYe-
CKHX 3JIEMEHTa. 3hech JKe, Ha [aHeJH,
pasmecTuTre Oaraper GB1 m GB2, cocras-
JICHHBbIE H3 4YeTbIpex ralbBaHHYECKHX 32JIC-
MeHTOB 332 mwmm 316, H nepeMeHHbIH pe3H-
crop R1 conporuBieanem 1,5 wm 2,2 kOM
(kenaTeabHO C (PYHKIMOHAJIBHOH XapaKTe-
PHCTHKOH A — ymHeino#). Beisogs! Oara-
pedl NoOKmo4YauTe K pe3HCTOPY TOJbLKO Ha
BpeMsl OIbITOB.

BxmouyHTe NHTAaHHEC MHKPOCXEMLI H IO
BOJIBTMETPY MNOCTOSHHOIO TOKa YCTaHOBUTE
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Puc. 23. Onbiraeni Tparrep HImuTra B rpaduks, H/MIOCTPHPYIOIHE ero pabory

ABHOKOK IIEPEMEHHOIO pPe3HCTOpa B TAKOe
[IOJOXKEeHHe, IIPH KOTOPOM Ha JIEBOM, 110
CXeme, BbIBONE pe3HCTOpa R2, ABiasiomeM-
Cst HXonoMm TpHrrepa llimarra, 6yner Hyne-
BO€ Hafipsi>keHHe. [IpH  3TOM  37eMeHT
DDI1.1 oxkaxercsi B egHHHYHOM COCTO-
SHHH —Ha €ro BBIXOOHOM BbIBOZe 3 Oyier
HAIIPSIDKEHHE BBLICOKOIO YPOBHA, 4 3JieMEHT
DD1.2—B HyneBom. TakoBO HcxomHOe CO-
CTOSIHHE JJIEMEHTOB 3TOro TPHITrepa.

Teneps BOJBTMETP HOCTOSHHOIO TOKA
HOXKJIIOYHTE K BbIXO#y asnaemenra DD1.2 u,
BHMMATEJBHO HAOJIO4asi 32 ero CTpenkoH,
HAYHHAHTe ILTAaBHO HepeMel[aTh NBHXKOK [1e-
PEMECHHOTO PE3HCTOPa B CTOPOHY BEPXHETO,
II0 CXeMe, BbIBOAA, a 3aTe€M, HE OCTAHABJIH-
BasiCh, B OOPATHYIO CTOPOHY— IO HHI)KHEro
BbIBOIA, Jajiee — qO BEpPXHero M T. 4. 4ro
IpH 3TOM (PHKCHpYeT BosibTMeTp? Ilepn-
OOHYECKOE MNepeKIoYeHHe sneMenTa DD].2
H3 HYJIEBOIO COCTOSAHHS B €QHHHYHOE, T. €.,
HHai€ roBoOpsi, HOsiBJ€HHE Ha BbIXOJE TPHI-
répa HMIyJabCOB MOJIOXKHTENBHOH IHOASIPHO-
CTH.

B3rissHHTe Ha rpacdMKH 6 H 8 Ha TOM
XK€ pHC. 23, KOTOpbIe WINIOCTPHPYIOT pa6o-
Ty Tpurrepa. llepeMeineHnemM nBHXKKa llepe-
MCHHOI'O PpPEe3HCTOpa H3 OLHOIO KpaHHero
[IONIOXKEHHsT B OPYroe BbI HMHTHPOBAIM IIO-
Aady Ha BXOX OHNBITHOrO YCTPOHCTBA lepe-
MEHHOTO  HANpPsKEHHsT  CHHYCOHIATbHOH
dopMbl (cM. pHc. 23,6) aMILIATYOOH 10
3 B. Iloka HanpsikeHHe NOJIOXHTENbHOH
IIOAYBOJHBI 3TOF0 CHIHaNa ObLIO MeHbIIIe
OpOTroBOro (V pp1), YVCTPOHCTBO cOXpaHsi-
JI0 HCXONHOe coctosinme. IIpr mocTH keHHH
)K€ IIOPOTOBOrO HANPSI>)KEHHA, PABHOIO IIPH-
mepHo 1,7 B (B MoMmenT t,), 06a snemenrta
NEPEKIKYRIIHCE B MNPOTHBOHONOXHBIE CO-
CTOsiHHsL H Ha BbIXOHE TpHITepa (BbIBOA 6
ssnemedTa DD1.2) nosiBunock Hanpsikenmne
BBICOKOIO ypOBHs. [fanbHeHillee NOBBIIIE-
HHE IIOHO>XHTENbHROIO Halpsi>KeHHs] HA BXO-
A€ HE H3MEHHJIO 3TOr0 COCTOSHHS 3JieMeH-
TOB TpHIT€pa. A BOT IpH IepeMelleHuH
JABH)XKKA B OOpaTHYK) CTOpPOHY, KOrja Ha-

24

IPpSOKEHHE Ha BXONEe TpHITEpa CHH3WIOCH
npuMepHO 0 0,5 B (MomeHT t,), 06a 3j1e-
MEHTA MEPEKIHOYHWIHCh B IepBOHAYAIBHOE
coctosinne. Ha BbIXope TpHITepa BHOBL
IOSIBHJICST BBICOKHH YPOBEHb HANPSOKEHHS.

OTrpHuarenbHas 110JiyBOHa He H3MeHH-
Jla 3TOr0 COCTOSIHHS 3JIeMEHTOB, o0pa3sy-
WINHX TpHrrep Himurra, mockonnky oxasa-
J1laCh 3aMKHYTOHM Ha OO IIPOBONHHK HC-
TOYHHKA ITHTAHHS Yepe3 BHYTPeHHHE QHOIbI
BXOQHOH el 3jieMeHTa DD].1.

Iipn cnenyiome#t monoxurennHol Imo-
JIYBOJIHC BXOQHOI'O IIEPEMEHHOI'O HalpsKe-
HHA Ha BbIXOfne TpPHITEpA CcPOPMHpPYETCs
BTOPOH HMIYJbC IHONOXKHTEILHOR MONAAPHO-
CTH (MOMGHTHI t3 H t,).

ITIOBTOpHTE 3TOT OHBIT HECKOJBKO pa3s
H N0 NOKa3aHUAM BOJIbTMETPOB, IONKJIIO-
“EHHbIX KO BXOAY H BBIXOQY TpHITEpA,
IOCTPOUTE TpacdHKH, XapaKTePH3YIOIHE
€ro pa6oty. OHH HOJKHBI HOJIVYHTHCS Ta-
KHMH >X€, KakKk H Te, 4Yro Ha rpadukax
prc. 23. JIBa pa3HbIX IO YpOBHIO Hopora
CpabaThIBAaHHUA 3JIEMEHTOB — HanboJlee xa-
PaKkTepHast OcOOeHHOCTh TpHrrepa IIMmuTTa.

Ipunnunnannuas cxeMma IIpegiaraemMo-
ro Ijisi MOBTOPEHHsI YacTOTOMepa IIpHBEe-
Ha Ha pHc. 24, JIorndeckne 51€eMeHTbhl
DD1.1, DD1.2 u pesncrops! R1—R3 obpa-
3yrT Tpurrep lllmuarra, a nBa gpyrux ae-
MEHTA TOH xKe MHKPOCXEMbI —
bOpMHPOBATEb €r0 BBIXOQHBIX HMIYJILCOB,
OT YACTOThl CHENOBAHHSI KOTOPBIX 3aBHCHT
[IOKA3aHHs1 MHKpoaMIlepmerpa PAl. Be:s
cdopMHpOBaTesisi IpHOGOpP He KACT IOCTOBEp-
HbIX pE3yJIbTATOBR H3MEPEHHS, MOTOMY YTO
IJIHTENBHOCTh HUMITYJIbCOB HA BBIXOLE TPHI-
Irepa 3aBHCHT OT YacTOThl BXOIHOIO H3Me-
psSIEMOTO IIEPEMEHHOrO HalpsOKEeHHS.

Konpnencarop Cl— pasgenurenbypli.
[Tponyckasi mMpokyr monocy kosnebaunii
3ByKOBOH 4YaCTOThI, OH MperpakgaeT HYTh
NOCTOSAHHOM COCTaBASIOIEH HCTOYHHKA CHI-
Hana. [uox VD2 3ambikaer Ha oOmmit
IPOBOJ IEIH IHTAHUST OTpHOATEJibHbIE IIO-
JIYBOJHBI HANPSKEHHSA (B HPHHHIE 3TOroO
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Puc. 24, llpaaupnaanbHAs cXeMa HpPOCTEHIIero HacroToMepa

nHona MOJXKET H HE ObITh, HOCKOJNBKY €ro
PYHKIHIO CcOCOOHB!I BBINOJHSATh BHYTPEH-
HHEe JHOAbLI HA BXonae saemeHta DDI1.1),
nHoa VD1 orpaHHYHBaeT aMIUIHTYAY IIOJIO-
JKHTEJLHBIX HOJYBOJIH, HNOCTYIHBIIHX HAa
BXOjbl IepBOIrc 3JieMCHTa, Ha YpOBHE Ha-
OpsKeHUss HCTOYHHKA IHTHTAaHHS.

C BbpIXojga TpHITepa (BbIBOjg 6 3JieMEH-
Ta DDI1.2) umiynanLChl HOAOXHTEABHOH IO-
JISPHOCTH IOCTYIRAIOT Ha BXOJ| (p@pMHPOBa-
Tessi. PaboraeT ¢popMHpOBATEb TakK. JJje-
MedT DDI1.3 BKIIOYEH HHBEPTOPOM, a
DD1.4 ncnons3yercsi 1O CBOEMY HNPSIMOMY
HA3HAYEHUIO — KaK JIOTHYECKUH 2NEeMEHT
2hU-HE. Kak TonsKO Ha BXOJ€ (PpOpMHpPOBa-
Tejast (BeIBogbl 9, 10 saemeHtra DDI1.3)
IHOSIBASIETCS HANPSI>KEHHE HU3BKOIO YpPOBHS,
anemMedT DDI1.3 .nepekiaryaeTcss B €iHHHY-
HOe COCTOSIHHE H 4Yepe3 HEro u pe3nctop R4
japsikaeTcss OOHH H3 KOoHjeHcaropop (2 —
C4. Tlo Mepe 3apsiiKH KOHgeHcaTopa HoJo-
KHTeNbHOEe HAlpsi)KeHHe Ha BbIBOjE 13 sie-
MeHTa DD1.4 pospumaeTcssi a0 BBICOKOroO
ypoBHsi. HO 3TOoT 3jeMEHT OCTaeTCsa B
eIHHUYHOM COCTOSIHHH, TaK KakK Ha BTOPOM
ero BXOJHOM BbIBOjE 12, xak H Ha BBIXOJE
TpHrrepa lIMuTra, HU3KHHU YPOBEHbL HAalIpsi-
KeHusi. B TtakoM pexuMe dyepe3 MHKpOoaM-
HepMeTp HPOTEKAET HE3HAUYHTENbHbLIH TOK.

Kak TOJBKO HA BbIXOje TpHITEpA
HHImuTTra nosiBASA€TCS HANPSI)KEHHE BBICOKO-
ro ypoBHsi, 3aeMeHT DD1.4 nepekardaercs
B HYJIEBOE COCTOSHHE H Uepe3 MHKpoaMIiep-
METP HAYHHAET HPOTEKATh 3HAYHTEHABHBIN
Tok. OnHOoBpeMeHHO 3aneMeHT DD1.3 nepek-
JIFOYAETCST B HYJI€BOE COCTOsIHHE, H KOHIEH-
catop (OpMHpOBaTeis HAYHHAeT pa3ps-
x)aThcsi. Korna Hanpsa>keHHe Ha HeM CHH-
3HTCS OO Ioporosoro, ajgemeHt DDI!.4
BHOBb HepeKJIIOYHTCA B €JHHHYHOE COCTO-
siupe. Takum o0bOpa3oM, HA BbIXOHe (hOpMH-
poBaTessi INOSABASIETC HMIYJIBC OTpHNA-
TenbHOH HOJAPpHOCTH (CM. pHC. 23,2), B
TedeHHe KOTOPOro 4epe3 MHKpOoaMHIepMETP
NpOTEKAET TOK, 3HAYHTENBHO OONBIIMH, YeM
HayaJbHBIA. Yron OTKJIOHEHHSI CTPENKH
MHUKpoamliepMeTpa HPONOPIHOHAJIEH 4acTo-
Te CJIENOBaAHHsT HMIIVJILCOB: 4€M OHa 00Jib-

e, TeM Ha OONBIIHH YIFOJ OTKJIOHSETCS
CTpeJIKA.

NAATENLHOCTh HMIIYJIBCOB HA BBIXOJIE
dbopMHpOBaTEis OIUpPENEHAsieTCss HPpONOJDKH-
TEJBHOCTHIO PpAa3psiiKH BKIIOYEHHOTO Bpe-
ms3anaromero koHgeHcaropa (C2, C3 ninH
C4) no HanpsikeHHsi cpadaThIBaHHs 3JieMeH-
ta DID1.4. YeM MeHbille er0 €MKOCTb, TEM
Kopoue HMIOYIbC, Te€M OOALUIVIO YacTOTY
BXONHOIO CHIrHAJIA MOXKHO H3MepHTh. Tak, ¢
BpeMA3anaouM KoHgeHcatopoM C2 eMKo-
cThi) 0,2 MK® NHpHOOP crocobeH H3MEPSTh
4acTOTy KoJieGaHHH OPHEHTHPOBOYHO OT 20
no 200 I'q, ¢ koHgeHcaTopoMm (3 eMKOCThIO
0,02 Mmg® — ot 200 go 2000 I'n, ¢ KOHaEHCA-
topom C4 emxocthio 2000 nd—or 2 jo
20 kI'y. TlopcTpoeyHbIMH  pE3HCTOPAMH
R5—R7 cTpenKy MHKpoamiepMeTpa ycTa-
HaBJHBAIOT Ha KOHEYHYK) OTMETKY IIKaJbI,
COOTBETCTBYIOIIYIO HanOOJbIIEH H3MEpPs-
eMOH 4YacToTe COOTBETCTBVIOIIEro HOAIH-
ana3oda. MHHHMAaJAbBHBIA YPOBEHb IIEPEMEH-
HOrO HANPSKEHHs1, 4aCTOTY KOTOpPOI'O MOX-
HO W3MepHTh, OKoJio 1,5 B.

Fuie pa3 nOpoaHaau3HupyATe rpadHKH
HA pHC. 23, 4ToOB! 3aKpellHTh B IaMSITH
OpHHOHAI pabGoThl 4aACTOTOMEpa, a 3aTeM
NOMOJHHTe ONBITHhIA TpHrTep IllIMHTTA jE-
TaIAMH BXOAHOH HENH H POpMHPOBATENS H
HCObITAHTE YCTPOHUCTBO B AEUCTBHH HA Ma-
keTHOH naHesnH. Ha 3To Bpemsi nepekJioda-
TeNb O IHAIIA 30HOB He HY>KE€H —
BpeMsi3afaloIHi  KOHAEHCATOpP, HAIPHMED
C2, MOXXHO HOAKJJIKYHTE HENOCPENCTBEHHO
K BbIBOay 13 anemednta DD1.4, 2a B netib
MHKpOaAMIIEpMETPA BKJIOYHTh OfHH H3 HOJ-
CTPOEYHBIX PE3HCTOPOB HJH IOCTOSIHHBIH
pe3HCcTOp colpoTHBieHneM 2,2...3,3 KOm.
Mukpoamniepmerp PAl1 Ha TOK IOJHOrO
OTKJIOHeHHs1 cTpejikH 100 MKA TakoH XKe,
KaK B ceTeBOM OJIOKE ITHTaHHA.

HajnaxHBanpge. 3aKOHYHB  MOHTAaX,
BKJIIOYHTE HCTOUHHK [TMTaHHs H IIofalTe Ha
BXONOHBIE BBIBOABI 1, 2 IepBOro 3J1€MEHTA
tpHrrepa llImMurra EMIYABCHI IHOJOXKHTEb-
HOH noJsapHOCTH. HMIX HCTOYHHKOM MOXET
ObITh ONMCAHHBIA BBIIIE FEHEPATOP HCIIbBITA-
TeAbHBIX BMITYJIBCOB HJIH JAPYTOH aHAIOTHY-
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HbIH reHeparop. Yacrory crenoBaHHs HM-
[IyJ1IbCOB YCTAHOBHTE MHHHMaIbHYIO JIpH
3TOM CTpEJIKA MHKpOaMilepMeTpa JOJIKHA
PE3KO OTKJIOHATBCSI Ha HEKOTOPBIH yron H
BO3BpAaIIAThCA K HYJICBOH OTMETKE IIKAJIbI,
yTO OyaeT CBHAETENbCTBOBATE O paboToc-
IIOCOOHOCTH 4dacroromepa. ECnH xe MHKpO-
aMIIlepMeTp HE pearHpyeT HA BXOJHbIE HM-
[IYJhChl, NPHAETCS NOFO0OpaTE TOYHEE pe3H-
ctop R2: ero conporuBienne MOXXeT ObITh
or 1,8 no 5,1 xOm.

Hanee mopadite Ha BXon npudbopa (de-
pe3 koHgeHcarop Cl) nepeMeHHOe HaMNpsi-
KeHHe 3...5 B ¢ noHmxkawuero ceTreBoro
TpaHcopMmarTopa. Tellepb CTpesika MHKPO-
aMIrepMeTpa JOJDKHA OTKIIOHHTACS HA HEKO-
TOPBLIA VYroOJ, COOTBETCTBYIOIUIHH YacToTe
50 T'y. llopgkmiouHTe napanneJnHO BpeMs-
3A1aI0MIEMY KOHAEHCATOPY elle OfqHH TaKoH
)XKe HAH O0JibllleH eMKOCTH. YTOJI OTKJIOHE-
HHsl CTPENAKH VBEJIHYHTCSI.

TodyHo Tak XK€ MOXKHO MCHBITATh
YCTPOHCTBO Ha BTOPOM H TpeTheM IOiH-
ana3oHax H3MEPEHHsI, HO I[IPH BXOQHBIX
CHFH&IaX COOTBETCTBVIOIIHX YaCTOT.

Ilocne oa9TOro gperajm yacTtoToMepa
MO>KHO MepeHeCTH ¢ MaKeTHOH HaHeJM Ha
MOHTA)XXKHYIO IUIATY H YKpENHTh HA HeH
HONCTpOEeUHbIe pe 3HCTOPBI R5—R7
(puc. 25), a nnaty YyKpelmHTh B Kopllyce,
KOHCTPYKIHA KOTOPOIro MOXKET OBITh IpPO-
n3BoJbHass. Kodpencaropsl C2 B C3 co-
CTaBJICHBI H3 JBYX KOHJAEHCATOPOB KA biH,
a C4 n3 tpex. Ha muneBol cTeHke Kophyca
PA3MECTHTE MHKpOaMIlepMeTp, HepeKJIroYya-
TeJib NOAAHANA30HOB (HampHMep, raJIeTHLIHA
31I3H wm, gpyro#i ¢ aByMS CeKIUAMHE Ha
TPH HOJNOXECHHS), BXonHble rHesna (XS1,

XS2) unn 3a>KHMbBI.
Brnpodem, BO3MOXXHO M Jpyroe KOH-

CTPYKTHBHOE pelIcHHE: IUIATY 4acTOoTOMepa
MOJKHO BCTPOHTB B KOpPIyC ONOKa IMHTaHHS
H €r0 X€ MHKpOaMIepMETp HCHOJb30BATh

IPH H3MEPEHHH 4YaCTOThI 3JIeKTPHYECKHX
KOJ1eOaHHH.
Illkana 4acrtoroMepa-— obas s

BCeX MOAAHANA30HOB H3MCPEHHS H IIPAKTH-
YEeCKH paBHOMepHas. [109ToMyY HafO TONBKO
OHpEeIE€/INTh HAYAIBHYI) H KOHEYHYIO I'DAHH-
(bl 1IKaNb! HIPHMEHHTENBHO K ONHOMY H3
HHX — K nogaHanaszony «20...200 I'm», moc-
A€ 4Yero HOAOrHATH 0] Hee rpaHHibl 4Ya-
CTOT ABYX APYIHX NOANHANIA30HOB H3MeEpe-
HHs, B pansuediiieM pH NepeKIIOYeHHH
npubopa Ha noagHanasoH «200...2000 I'o»
pe3yJabTaT H3MEPECHHH, CYHTAHHBIN 110 1IIKA-
je, Oygere yMHo kaTh Ha 10, a ipu H3Mepe-
HHH B nojgananasone «2...20 xI'yp» —Ha 100,

Texnuka rpanyupoBkH takosa. Ilepek-
J4yareib SAl yCTAaHOBHTE B MNOJIOKEHHE
H3MEpPeHHS B noagHana3soHe «20...200 I'n»,
IBHOKOK MHOACTPOEYHOro pes3ncropa R5—s
[HOJIOKEHHE HAaHOONbIero COpOTHBJICHHsT H
[IofanTe Ha BXOj 4acTOTOMepa OT 3BYKOBO-
10 reHeparopa, Haupumep I3-33, curuan
yactoTol 20 I'm wnanpsixeanem 1,5...2 B.

Chena#Te Ha LIKane OTMETKY, COOTBETCTBY-
OV YUy OTKJIOHEHHSI CTPEeJKH MHKPO-
aMmiiepMeTpa. 3areM 3BYKOBOH reHepaTop
nepecTpodTe Ha 4acrory 200 I'n v nogcrpo-
€YHBIM PE3HCTOPOM RS yCTAaHOBHTE CTpEJIKY
npHOOpa Ha KOHEYHYK) OTMETKY IIKAJIbI.
Ilocne aTOr0 NO CHrHanaMm 3BYKOBOIO reHe-
paropa cpejauTe Ha IIKajle OTMETKH, COOT-
BeTCTRYIOmIHe 4Yactotam 30, 40, 50 u T. n.
0o 190 I'm. Ilo3ke 3TH yYacTKH IIKaIbI
pAa3JICJIiTE €lI€ HA HECKOJhKO YacTeH, Kaxk-
aasi H3 KOTOpbIX OyIeT COOTBETCTBOBATH
YHCHEHHOMY 3HAYeHHKD YacTOThl H3Mepsi-
EMOr0 CHIrHajAa.

3aTteM 4YacTOoToMep MNepeKJKOYHTEe Ha
BTOPO# HONAHANA30H H3IMEPEHUM, nomgaiTte
Ha ero Bxoj cHrrHan dacroroét 2000 I'm w
HOACTPOEYHBIM PE3HCTOPOM R6 yCTaHOBHTE
CTpEJKY MHKpoaMIlepMeTpa Ha KOHEYHVI)
oTMeTKy 1wkanbl. Ilocne 3TOro Ha BXOQ
npubopa nopaliTe OT reHepaTopa CHraail
qactoronn 200 T'n. lipm srom crTpesika
MHKpOaMIlepMeTpa JAOJDKHA YCTAHOBHTLCS
HPOTHB HAYaJdhbHOH OTMETKH LIKAIbI, COOT-
BETCTBYYOLIEN 4YacTtore 20 I'm mepBoro moju-
aHana3oHa. TouyHee yCTaHOBHTh €€ Ha 3Ty
HCXOMHYIO OTMETKY I1KaJdbl MOXXHO 3aMe-
HOU KoHjeHcaTropa C3 WIH HOQKIIOYEHHEM
naparmesbHO €My BTOPOro KOHIEHCAaTopa,
HECKOJIBKO YBEJHYHBAKIIEro Hx odiyio
EMKOCTbD.

AHQJIOrHYHO MNOJTIOHSHUTE MOX UIKAMy
MHKpoOaMmIiepMeTpa rpaHHiibl TpeThero mnoi-
nHana3oHa H3MepsieMbIx 4dacTtor 2...20 kI'n.

Bo3MOJXHO, npenenbl H3MEpeHHA 4a-
CTOTBI HA HOANHANA30HAX IOJYYaTCsa HHbIE,
HJId Bbl 3aXOTHTE H3MEHHTh HX. JlejaiiTe
3TO HoabopoM BpeMsI3afaloHX KOHJeHca-
Topop C2— (4.

Yaydinende 4YyBCTBHTEABHOCTH. A MO-
JKE€T ObITh BbI IO)KejiaeTe IHOBBICHTH 4YYB-
CTBHTEJIBHOCTh YacTtoToMepa? B takom ciy-
qae IpOCTEHHINN 49aCTOTOMEP HNPpHAETCA NO-
IHOJHHTLE VYCHJMTENEM BXOJNHOIO CHIHaIQ,
HCOOJIb3YS JJisl 3TOro, HanpHMep, aHaIoro-
Byio wmukpocxemy KII8VIIITT (puc. 26).
JTa MHKpOCXeMa IIpejncrasisieT coOol
TPEXKacCKaaHbIH YCHIHTENbh IJisI BHOeOKaHa-
JOB TEJIEBH3HOHHAIX IPHEMHHKOB, o0jama-
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Puc. 26. Ycuaurens, NOBLIAIOIIHA 1YyB-
CTBHTEJLHOCTh NPOCTEHIIEre 4acroroMe-
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IOIHHA  O0JbIIHM K03 DHIHEHTOM yCcHe-
HHs1. Ee kopiyc ¢ 14 BIBOGAMH TakOH Xe,
Kak y mukpocxeMbl K155JIA3, HO nonoxxu-
TeJNbHOE HAalpS>)KeHHEe HCTOYHHKA IHTAHHS
OO aKT HA BBIBOJ 7, 4 OTPHNATEJNBHOE — HA
BoIBOjy 14. C TakMM YCHJIIHTENEM 4YyBCTBH-
TeJbHOCTh YacTOTOMEpa VYBEJIHYHTCH O
30...50-MB.

Konebannsa n3MepsaeMOH 4acTOThl MO-
YT OBITH CHHYCOHRANBHBIMH, NPSIMOYIOJIb-
HbIMH, NHJIOC0Opa3HbIMH— TI00bIMH. Yepes
KoHgencarop Cl oHH NOCTYNAIOT Ha BXOJ
(BoIBOJ 3) muxpocxembl DAL, yecumBaroTcs
H janee 4epe3 BhIXOAHOHM BbIBOL 10 (coenn-

TPUITEPDI

TpurrepamMu Ha3sbIBalOT 3JI€KTPOHHAIE
YCTPOUCTBA € JABYMsI VCTOHYHUBBIMH 3JIEK-
TPHUYECKHMH COCTOAHHAMH. [lepexilrouyeHne
TPpHITEpa H3 OJHOI0 YCTOHYHBOrO COCTO-
AHAA B Jpyroe NpPOHCXONHT I0OH BO3jcH-
CTBHEM BXOIHbIX HMNYibcOB. Kaxpomy H3
NIBYX COCTOSIMHH TpHITEpPA COOTBETCTBYET
CBOH (PHKCHPOBAHHbIH YPOBEHb BBLIXOIHOI'O
HalIpsi)KEHHA, 4TO B BbIYHCJHTEILHOH Tex-
HHKE IIHPOKO HCHOJb3yeTcA OJIA XpaHeHHA
qHppoBoH HHpopMmanmH. B cBOW0O ouepens
TPHITEPbI ABJISAKTCA OCHOBOH CYETUYHKOB
HMITYJIBCOB, NEJHTENeH 4acToThl, nelilndpa-
TOPOB H MHOTHX APYIHX [HPPOBBIX MHKDPO-
CXeM (pYHKIHOHANBHOTO Ha3HAYEHHA.

B suno0uTenncko# mHppoBol TexHHKe
HPHMEHAIOTCS NPEHMYIECTBEHHO TakK HA3bI-
Baemble RS-, D- u JK-Ttpurrepsr. Yro npen-
CTaBAAIOT COOOH 3TH NOrHYecKHe YCTPOIii-
CTBA, KAKOBBLI HX JIEKTPHYECKHE CBOMCTBA
H IIPHHIANBI HeHCTBUS?

Hauynem ¢ RS-tpurrepa—camoro npo-
CTOro H3 «CeMEHUCTBa» TPHITEPOB.
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HEHHbIH C BBIBOZOM 9) M KoHpeHcaTop C3
HOnarTCst Ha BXxon TpHiTepa IlIMuTTra 4a-
croroMepa. KonpeHcatop C2 ycTpansier
BHYTPEHHIOIO OTPHIATENBHYKD OOpaTHYIO
CBA3b, OCHAOJIAIOIYIO YCHARTENLHBIE CBOH-
CTBA MHKPOCXEMBbI.

Huopel VD1, VD2 u pesucrop RI
(pHC. 24) Tenepbh MOXKHO YIAJHMTh, 2 HA HX
MECT€ CMOHTHpPOBATh MHKPOCXEMY H HONOJI-
HHTEJIbHBIE JIEKTPOJIHTHYECKHE KOHIEeHCA-
TOpbl. Mukpocxemy K118VITITT mMOxXHO 3a-
MeHHTh Ha K118YII1B uwnn K118VII1A. Ho
B 9TOM CJiy4ae 4YYBCTBHTENBHOCTh YACTOTO-
MEpa HECKOJbKO YXYIIIHTCS.

RS-TPUITEP

Cpa3y >xe yTOUHHM: B CEpPHH MHKpPO-
cxem K155 RS-TpurrepoB Her, HX OOBLIYHO
COCTABJIAKOT M3 JIOTHYECKHX 3JIEMEHTOB, Ha-
npumMep 3sneMeHTOB 2HM-HE wmuxpocxeMsl
K155JIA3. Cxemy Takoro BapranTa RS-
TpHITepa BbI BuUnure Ha pHC. 27, a. Ero
obpazvior aBa asemedta 2U-HE ¢ nepeKpe-
CTHBIMH OOpDaTHbBIMH CBA3AMH MEXIY HX
BXONAMH H BbIXOJaMH. TPHITEPA IBa
HE3aBHCHMBIX BXOJa H CTOJIBKO K€ BbIXO-
noB. llepBbId BXon—BbIBON 1 3jJeMenTa
DD1.1, Bropo#i —BbIBOj 5 a5ementa DD1.2,
a BBIXOJbI — COOTBETCTBEHHO BBhIBOALI 3 H 6
3THX 3JIEMEHTORB.

HYTo0b1 ayuilie pa3obpaThca B pabore
Hairero RS-TpHITepa, CMOHTHpYHTe mnoka-
3aHHble Ha cXxeMe JeTald Ha MAaKeTHOH
[IaHeJIH H HPOBEIHTE HECKOJIBKO ONIBITOB.
BmecTo CBeTOmHO[O0B, HHIHIHPYVIOIHX CO-
CTOSIHHS TpHITEPa, MOXHO HCHOAB30BATh
3HAaKOMble BaM Tpau3HCTOpPHbIE HHIHKATO-

Puc. 27. Onorraeni RS-Tpurrep
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pbl C jnaMllaMH HakaJIHBaHHA. HHIHOHDPO-
BaTh COCTOSIHHSI 2JIeMEHTOB TPHITepa HeT-
PYIHO H C HNOMOIIbLIO BOJbTMETPA IIOCTOSH-
HOro TOKa, HOAKIIIOYASs €ro IOonepeMeHHO K
BBIXQJAaM 3JIEMEHTOB. BMecTO KHOIIOYHBIX
BRIKJIKOYATENEN Oe3 (PHKCALlHH MOKHO HC-
II0J130BaTh OTPE3KH MOUTAXKHOI'O HPOBOJA,
KOTOpbIMH Oynere HMHTHpPOBATh IOga4yy Ha
BXOJbI TPHITEpa HalUpsHKEHHEe OTpHOATE h-
HOH HOASIPHOCTH.

CBepHB MOHTAX ONBITHOTO TPHITEPA C
ero cxXeMOH H yOejHMBIIHCh B OTCYTCTBHH
OITHOOK, B HAHE)KXHOCTH IlaeK, BKIIYHTE
nuTanne. (Cpasy >Ke JOJIKeH 3aroperhesi
OIHH M3 cBeTonHonoB. Ilpennonosxum, 3TO
Oyaer ceeromnoy HIL.1. 3naumrt, nepBbIM B
COHHHYHOM COCTOSIHHH OKa3ajucs 3JIEMEHT
DD1.1, 4T0o HOgTBEpOUT H BOJABTMETP, MOJ-
KJIIOYEHHBIM K €ro BbIXOJHOMY BbIBOAY
3 —3gech JOJDKHO ObITh HANMPSI)KEHHE BBLICO-
KOro ypOBHsi. H3MepbTe Halpsi>)keHHE Ha
Bhixone 3jeMeHta DD1.2—3pech Oyjer
HH3KHH ypOBeHb, MO3TOMY cBeTogHon HI.2
H HE FOpHT.

JanmucaB pe3yJjbTaTbl H3MepeHHH, 3a-
MKHHTE€ KPATKOBPEMEHHO KOHTAKTh! KHONKH
SB1. Yrto wu3smenmnocs? Hnuuero. [llo-
[IPEe>XHEMY TOPHT ToJbkKo cBeronqnon HIL.
A ecnM KpaTKOBPeMEHHO Ha)KaTh KHOIKY
SB2? Cpa3sy >xe noracHer csetognon HI.1 u
saropurca HIL2. Tenepp snement DDI.1
Oyvaer B HyJEeBOM cocTosHHH, a DD1.2—=8
EMHHHYHOM. B TaKOM COCTOSIHHH 3JieMeHThI
MOTI'YT HaxXOOHThCS CKOJBKO VI'ONHO BpeMe-
HH— 0O Tex HOop, [OKa He BBIKIKYAT ITHTA-
HHe. Ho cTOHT eme pa3 HaXaTb KHOIKY
SB1—nu s51ieMeHTBI HepeKao4aTcsa B NPOTH~
BOIOJIOJKHOE COCTOSHHE.

IIpoanammsupyem paboTy OIBITHOIO
TpHrrepa. IIpn BKIIOYEHHH IHTAHHS OJHH
H3 €ro JIOTHYEeCKHX 3JIEMEHTOB MepBbIM
OKas3ajicss B HVYJEBOM COCTOsiHHH. Jlony-
cTuM, 3TO0 ObIn sgemedT DDI1.2. B 3rtor
MOMEHT, CJeNOBaTeJJhHO, H HA BXOIHOM
BbIBOje 2 anemeHTa DDI1.1, coennueHHOM C
BbhIBOOOM © 3sieMeHTa DD1.2, nossunoch
Hallpsi>K€HHE HH3KOro VypoOBHsSI, KOTOpoOe
YCTAHOBHJIO 32JIEMEHT B €QHHHYHOE COCTO-
AHHE — 3aropesicst ceetogqnony HIL1. Umura-
Hs1 NOJA4YH HMIYJIACA OTPHIEATEILHOH HO-
JSIPHOCTH HA BXOAHOH BBIBON 1 3JleMeHTa
DD1.1 (xkHonko#, SB1) He MOrja H3MeHHTh
ero COCTOsIHHe, NOCKONLKY B 3TO BpeMsi Ha
BTOPOM €ro BXOJHOM BbIBOJie YyoKe ObLI
HH3KHH ypOBE€Hb HAIlIPSI>KE€HHSL.

Korna € KpaTKOBPEeMEHHO HaKaH
KHOUKY SB2, Ha cBOOOIHBIN BXOL 5 3JieMeH-
Ta DD1.2 noctynun HMIOYiAbC OTPHIlaTelh-
HOH noJiApHocTH. Ilepeknaroyasch B eHHHY-
HOe COCTOSIHHE, 3TOT 3JIEMEHT HAIPSDKEHH-
€M BBICOKOFO YpPOBHsI, HOSIBHBIITHMCS Ha €ro
BBIXOne, Hepekmouun 3snemedt DDI1.1 B
HyJIeBO€ COCTOsiHHE. llepekJiloueHHe 3TOro
3JIEMEHTA B HYJIEBOE COCTOSIHHE OKa3asoCh
BO3MOJKHbIM, TaKk KakK B 3TOT MOMEHT BXOI
| 6b11 pa3OMKHYT, YTO paBHO3HAYHO IIOjga-

de Ha HErO HAlPsOKEHHsI BbICOKOT'O YPOBHS.

Tak, noodepegHO HaXXHMasd KHOIKH
BXOAHBIX qefed, MOXHO HNepeKIIYaTh
TPHITEP H3 OJHOTIO YCTOHYHUBOI'O COCTOSIHUS
B Jpyroe M Te€éM CaMbIM VIpaBJsiTh pa3JjaH4Y-
HBIMH NPpHOOpaMH H yCTpoHCTBaAMH ({HPPO-
BOM TeXHUKH, HOAKIYEHHBIMH K ero
BbIXOIAM.

JlorndecKkoe coctossHHe RS-Tpurrepa
XapaKTepH3VIOT YPOBHEM CHIHajla Ha ero
TaK HA3bIBAEMOM IPSIMOM BbIXOne, 0003Ha-
4aeMOM JIATHHCKOH OykBo#l Q. B onbITHOM
TpHITEepe ero Q-BbIXOIOM SIBIISIETCA BbIBOJ
3 muKpocgeMmbl. Ecin 3pech BBICOKHH ypo-
BE€Hb HAIIpsI>)KEHHSI, 3HAYHT, TPHITEp B 'le-
JIOM HaxOOHTCA B €JHHHYHOM COCTOSIHHH, a
€CJIM HU3KHH YpOBe€Hb—B HYJIEBOM.

IIpn egMHUYHOM COCTOSHHH TpPHrrepa
Ha ero BTOPOM BbIXOje OyneT HalpsiXeHHe
HH3KOI'0 YPOBHSI, a IIPH HYJIEBOM COCTO-
SIHHH — BBICOKOIOo  ypoBHA. Bor mouemy
3TOT BBIXOH OO0O3HA4arOT TAaKOH Xe OyKBOH,
HO C 4epTOYKO# BBepxy — (), 4To O3Hadaer
HHBEPCHBIH,

BxonHo# BBIBOj|, Ye€pe3 KOTOPBIH TPHI-
rep YyCTAHaBIMBAKOT B €MHHHYHOE COCTO-
siHie, o00o3Ha4YarwoT OykBod S. [py-
FOU >K€ BXOJNHOHM BBIBOJ[, 4Yepe3 KOTOPBIH
TPHITEP NEepeKIOYaOT B HYJIEBOE COCTO-
siHHe, 0003Ha4YawT OykBOoH R.

CrenoBaTeNbHO, B ONBITHOM
TpHITEPE BBIBOX | MHKPOCXEMBI MO>XHO
CYHTATh S-BXOAOM, a BaIBOA 5 — R-BxonoMm.

Ctporo roBops, Bxoabl S 4 R OIBITHO-
ro TpHrrepa Hano Obl MHCATh C YepTOUYKAMH
BBEPXY, Tak KakK HOJASPHOCTh HMIIYJILCOB,
IonaBaeMbIX Ha HHX JJs HepeKJIIYeHHH
TPHITEPA H3 ONHOI0 COCTOSHHSI B JIpyroe,
oTpHnareybHass. OHH, clenoBaTeNbHO, HH-
BepcHble, T. €. S H R, a RS-tpurrep raxoro
BAPHANTA -—— ACHHXPOHHBIA C YCTAHOBOYHBI-
MH BXOJAaMH.

CoCcrostHHsT TpHITepa B 3aBHCHMOCTH
OT BXOJHUBIX CHIHAJOB HJIMIOCTPHPYeT Tad-
JH@a@ Ha pwuc. 27, 6. O dYemM oOHA MOXeT
pacckaszate? Ecim Ha o0a BXOma TpHITEpa
IIONAaTh HANPS)KEHHS HH3KOro YpOBHsI, Ha-
HpHMEP Ha)KaB ONHOBpeMeHHO 00e KHOIKH,
Ha OOOHX ero BbIXOnax OynyT HANPsOKEHHS
BBICOKOIrO VpOBHsI. Takoe COCTOSIHHE TPHI-
repa HPOTHBOPEYHT JOIHKE e€ro jelCcTBHA,
HO3TOMY HOJOOHOE CO4YETAHHE CHIHAJIOB
HPHHATO CYHTATh HEOOIYCTHMbIM.

Coderanne  HanpsOKEHHH  HH3KOIO
YPOBHsSI HA S-BXOj€ H BBICOKOIO YPOBHSA Ha
R-Bxone HPUBONHT TPHITEP B €qHHHYHOE
COCTOSIHHE, a MPOTHBONOJOXKHOE COYETaHHE
VPOBHEH Halpsi>keHUs—B HyJeBoe. lIpH
IHOSIBAEHHH K€ Ha ODOHMX BXOJax Hampsi>Ke-
HHsl BBICOKOI'O VPOBHS (Jiormdeckod 1) He
H3MEHSETCA COCTOSIHHE TpHITepa—Ha 3TO
yKa3bIBAKOT KPECTHKH B TaOJHILE.

IIpoBepbTe MNpPaAKTHYECKH ClpaBeJiH-
BocTh Tabiunbl. Ilogayy Ha BXOjbI HMIIYJIb-
COB, COOTBETCTBVIOIIHX BBICOKOMY VPOBHIO
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HAIIPpSIDKEHHsS, HMHTHPYHTE pa3MbIKaHHEM
KOHTAKTOB kHONOK SB1, SB2.
RS-Tpurrepsl HanboJjice IIHPOKO HC-
HOAB3YIOT B Ka4ecTBe SAYEEK XpaHCHHS
nmiucdpoBod HHPOPMAIHH, T. €. KaK 3JIEMEH-
Thr naMsiTH. OHH HaxoasiT NpHMCECHECHHE B
pa3IAYHBIX PATHONIOOHTENBCKHX HPHOOpAX.
3JIeKTPOHHBIX aBromarax. Bor opHa H3
IPpaKTHYECKHX KOHCTPYKLHH,

UT'POBOU ABTOMAT HA
RS-TPUITEPAX

OH COCTOHMT H3 4YeThIpeX MOCJenoBa-
TE€NbHO CO€IHHEHHbBIX RS-TpHIrTrepos
(pHC. 28, a), 00pa3’OBaHHBIX JOrHY€CKHMH
snemeHTamMu 2U-HE jaByx  MEHKpOCXeEM
K155J1IA3, CBeTOOHOQHBIX HHIHKATOPOB
HI.1 n HL2, KHOHOYHOIO BBIKJIIOYATEJIA
SB]l B dYerhIpex rpyil 3aMbIKAIOIHXCA
KOHTAKTOB, O003HAYEHHBIX Ha CXeMe B BUIE
BeIknrOuarenen SA1-—SA4. 3agauya urpa-
IOIIETO — BO3MOXKHO ObICTpee 3a’kedb CBe-
TogHon HL.2 «®uHum» nocrnenoBareibHbIM
3aMbIKaHHEM KOHTAKTOB SAl, SA2 urT. 1.
Ho cpeflate 3TO, Kak BBl YBHIHTE NO3Xe,
He TakK HIpOcCToO.

ABToMar pabotaer tak. Iloka KOHTaK-
Tl KHONKH SB1 «Ilyck» 3aMKHYTBI, BCe
TPUrrepbl HAXONATCSI B HYJIEBOM COCTOSHHH
H HHIHRKATOpbl He cBeTsTcsi. Ilpn pa3smbIka-
HHH KOHTAKTOB IIYCKOBOH KHOIKH 3a>KHAra-
erca ceeronuron HI.1, cHrHanuiupysi o Ha-
yage Hrpbl. Ho TpHrrepsl HpoOaoKawT
COXpaHsiTh HyJA€BOE COCTOstHHe. [locnenoBa-
TeJbHOE KPATKOBPEMEHHOE 3aMbIKAHHE KOH-
TAKTOB BBIKJAKOYATENIEH NPHBOAHT K IEPEK-
JIFOYeHHIO B eqHHHYHOE COCTOSIHHE IIepBOro
Tpurrepa (npu stom cBeroguony HI.1 rac-
HET), a 3aTeM OCTaNibHbIX. OOHOBPEMEHHQ C
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Pruc. 28. Cxema urpoBoro

NepexJIHOYeHHEM  IOCHAEHEr0  Tpurrepa
BcbIxuBaeTr cBerognon HIL2, H3semast o
OpaBHJILHOM BbIIOJIHEHHH 3a{aHHs.

COCTOSTHHA TPpHITEPOB aBTOMATAa, KOTO-
pble OHH NPHHAMAIOT [IPH HAXKATHH HA
KHONKY IIyCKAa H IPaBHJIBHOM BBLIIOJHEHHH
3afaHHsi, MOJKHO IMpOCHenHTh 110 Tabimne,
NpHBEAE¢HHOR Ha pHC. 28, 6. Korma nycko-
BYI) KHOIIKY OTIHYCKAIOT H €€ KOHTAKThI
BHOBb 3aMbIKAIOTCsi, TPHITEPHI NepeKIrda-
IOTCSI B HYJIEBO€ COCTOSIHHE, CBETOQHOJ
HI.2 racHer.

bonbilyxd 4acTh [geTaned HIpOBOro
aBTOMATA MOXXHO CMOHTHpPOBATh HA ILIATE
TakK, KakK 1I0Ka3aHo Ha pHC. 29, a, 8. I1ycko-
Basi KHOIIKa SB1 —c¢ BO3BpaTOM IOBTOPHLIM
HaxxatueMm. IlonoHper, HanpHMep, KHOIOY-
HbIH BBIKJIIOYATENL, HCHOJB3VEMBIH B Ha-
CTOJIbHBIX JAaMNAX, WA JBYXIO3HITHOHHBIA
TyMOsiep. KOHCTpYKIHSA KOHTAKTOB SAl —
SA4 3aBHCHT OT HIpbl, B KOTOpOoH OyjneTe
HCIIONB30BaTh aBTOMAT. EcC/H 3TO HIpa C
YCJIOBHAIM HAa3BaHHeM «3akaTH IIApHK», TO
KOHTAKThl MOTYT IIpeNCTaBJATh cOOOH Me-
TaJUTHUYECKHE IJIACTHHKHU, IpHKpENJieHHbIE K
KPBIIKE KOPOOKH 1O YeThIpbhbMSI OTBEPCTH-
ssMH B He#l (puc. 29, 6). Cama xopobka
kpyrnasi, nuamerpom 200...300 MM ¢ O6opTH-
KOM, 4TOOBI IIIAPHK HE BBHICKAKHBAJI H3 HeEe.

Hep:xka xkopoOKy B pyKax H NOKaYHBasA
ee H3 CTOPOHbBI B CTOPOHY, HIPAIOIIHH
NOJOKEH 3aKdTHTh MeETANJHYECKUH IIApHK
araMeTpoMm 15...20 MM B OTBepCTHsI B TOH
IIOCJIENOBATEIBHOCTH, KOTOpass 0003HauYeHa
Ha KpbHIKe (3TO HI'PpOBOE HOJIE) CTpEJIKaAMH.
Tlomagass B OTBepCcTHe, LIAPHK 3aMbIKaeT
COOOH KOHTAKThl H TeM caMbIM HOjaeTr
HMIIYJibC HA BXOJi COOTBETCTBYIOILIEIO TPHI-
repa.

DAEKTPOHHVIO «HAYHHKY» BMECTE C HC-
TOYHHKOM HHTaHUsi (6aTapes 3336J1) Hajo
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Kowmaxmest

Prc. 29. MouTa)K HMrpoBOro apTroMata

pa3MeCTHTh BHYTPH KOpPOOKHM TakK, 9YTOOBI
Obl1 HOCTYH K NOycKoBoM KHornke SB1 u
Obin BHAHBI cBeTOnHONLI. He Saéynb're
elile MOCTaBHTh B LieNb NHTaKOIeH OaTapeu
BBIKJIIOYATEND.

IHBa TaKMx yCTpOHCTBa, 3aNyCcKaeMbIX
Oo0IeH KHONMKOUW HA BBIHOCHOM INyVJILTE YI-
paBJICHHSI, MO3BOJIAT JABYM HUIPAIINUM CO-
CTA3AThCA B JIOBKOCTH 3aKaTbIBaHH:A IIapH-
Ka B 3aJJaHHOM NOCAedOBaTeNLHOCTH.

Jpyroy npumep BO3MOXHOIO NpHMEHeE-
HHSI HIPOBOro aBTOMaTa-—THP AJSA CKOpPO-
CTHOH «CTpeNbObi» NO 4YeTbipeM MHIICHSM
TEHHHCHBIMH MsAYaMH. KaxnodH MHIIEHBIO
CJIY>KHT NOABCHICHHAS JXKeCTSHAasA NHaCTHHKA
auamerpom 60...80 MM, H30IHMpPOBaHHasA OT
HaxOfsALIeHCA 3a HeH, BTOpas Takas Xe
nacTuHka. IIpd TOYHOM MomagaHHH MSYOM
IJIACTHHKHA KpaTKOBPEMEHHO 3aMbIKAIOTCH U
COOTBETCTBYIOLIHA HM TPHITEP NEpeKIIOUa-
€TCA B eJHHHYHOEe CcOCcTOsHHe. IlobexxgaeT
KOMaHAa, KOTOpas MCHBIIIHM YHCJIOM Opo-
IICHHBIX MsY€H NOpa3uT B ONpene/IeHHOM
NOCJAedOBATCIBHOCTH BCE MHIIECHH.

MOXHO, KOHEYHO, IPUAYMATE H OPYTHE
BO3MOJKHbIE NPHMEHEHHSI aBTOMAaTa Ha RS-

TPHUITEpAX.
RS-tpurrep, B pabote xoTOpPOro Bbi,
HajgeeMCsa, pa300paluch, NepeKIYacrcs

H3 OHHOro YCTOHYHBOIO COCTOSHHSA B JpY-
roe, T. €. NPOTHBONOJOXHOE NpeabinyIie-
MY, Cpa3y >Ke NOCJi€ H3MEHEHHst YpOBHeH
CHIrHajla Ha ero Bxope. IlogoOHbie TpHITe-
pPb! Ha3bIBAIOT ACHHXPOHHBLIMH C YCTAaHOBOY-
HBEIMH BXOZAMH, NPOCTHLIMH HJIM OOLIYHBIMY.
Opnako B npudopax M ycTpolcTBax 1udgpo-
BOH TEXHHMKH 4Yallfe HCHOABL3YIOT CHHXPOH-

Hble TpHITEPbl C PpacHIMpeHHOH JOTHKOH
AEHCTBUA, Halpumep D-TpUITEpHI.

D-TPUI'TEP

M3 HeCKONBKHMX pa3HOBHAHOCTEH D-
TPUITEPOB MHKpocxemM cepud K155 wHanm-
OoJIbilIEH NMONYJASPHOCTHIY Y pagHOAIOOHTe-
JIEH TOAB3YIOTCH TPHITEPhI MHKPOCXEMBI
K155TM2 (puc. 30, a). B Heil gBa D-Tpur-
repa, CBsA3aHHBIX MeXAy co0oH oOlei
HeNbK NMUTAHUSA, HO paboTaroMInX He3aBHCH-
MO OJHH OT ApYyroro. Y KaXOoro H3 Hux
JeThIpe JOrHYEeCKHX BXOHa M ABA BLIXOOa —
NpAMOM W HHBEepCHBIH. Bxog D —Bx0on npH-
emMa iubpoBoli uHpopmanuu, a C—Bxon

Jp! KI55TMZ

Pac. 30. ¥Ycaopubie rpadudeckHe 0003HAYCHHSA
D-Tparrepos
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Puc. 31. Onerrer ¢ D-tparrepami Muxpocxemsr KI155TM2

TaKTOBbIX HMIYJLCOB CHHXPOHH3aIHU, HC-
TOYHHKOM KOTOPBIX_OOBIYHO CJIY>XHUT reHe-
paTop NpAMOYTOJbHbIX HMIIYILCOB. 110 BXO-
Zam R u S D-tpurrep pabGoraer tak xe, KaK
RS-Tpurrep: npu nogaye Ha Bxox R Hanps-
KEHHUST HU3KOro ypoBHs D-TpHrrep ycTaHaB-
JIMBA€TCsi B HYJIEBO€ COCTOSAHHE, Ha BXOQX
S—B egunuunoe. IMo Bxogam D u C oH
MOXeT (PYHKIIHOHMPOBATh KakK sdeliKa na-
MATH NPUHATOH HHPOPMALMH HJIH KAK TPHI-
rep cO CYeTHBIM BXOHAOM.

D-Tpurrepsi Mukpocxembtr K155TM2 wa
OPHHIMNHANIBHBIX CXeMaX YCTpPOHCTB IHp-
POBOH TEXHHUKH H300pa>cal0T OOBIMHO He
CJIMTHO, KakK Ha puc. 30, a, a pa3fgeanHO B
Pa3IHYHBIX Yy4acTKax cxeM (puc. 30, 6).
IIpu sTOM ponmyckaercss He NOKa3bIBATH
BbIBObi, KOTOpbIE€ B YCTPOUCTBE HE HCHOJIb-
3YIOTCA. JTHX NpaBHi OygeM NpPHAEPIKH-
BATHCS M MBbI.

IHpegnaraem HeCKOJIBKO ONBITOB H 35K-
COepUMEHTOB, KOTOpbie HNOMOI'YT OCMBIC-
JMThH JIOTHKY JEHCTBHA D-Tpurrepa B pa3-
HBIX pexxumMax paboThl.

Mukpocxemy K155TM2 pasmecrure Ha
MaKEeTHOM MaHeNH, COSOUHHMTEe BBIBON 14 C
IUIKOCOBOH, a BbIBOR 7 ¢ MHHYCOBOH IIIMHAMH
HCTOYHHKA MUTaHHA. K BeiBOZam npsimMoro u
HHBEPCHOTO BBIXOROB JKO00ro u3 ee D-rpur-
repoOB, HanpuMep K BbBOAaM 5 H 6
(puc. 31, a), NOAKMIOUHTE CBETORHOMHBIE
(MM TpaH3HCTOpHBIE C JaMNaMH HaKaJIHBa-
HHUS B KOJUICKTOPHBIX IENsiX) HHAHKATOPBI,
[0 CBEYCHHIO KOTOpPbIX Oydere CYIUTHL O
JIOTHYECKOM COCTOSIHMM Tpurrepa. Takoi
XK€ HHOHKATOp NORAKIIOYHTE H K BBIBORY 3.
IIo CcBevYeHHIO 3TOro HMHIHKaTOpa Oyngere
Ha0mMopaTe 3a NOSABJICHHEM H HIHTEILHO-
CTBIO TaKTOBbIX HMMIYJIbCOB CHHXPOHH3a-
uuH. Ha naHenmu CMOHTHpPYHTE TakxKe KHO-
MOYHbIN BbikmovaTenb SB1 u pesucrop R4,
HO K BXORy D BeiBOx 2 Tpurrepa 3Ty nenb
[IOKa He NOAKJIYalTe.

Brxmnouure ucrouyuuk nurtadus. Cpa3sy
K€ TO/DKEH 3aroperbcsa OQHH H3 BbIXOOHBIX
HHIMKATOpoB. EcmM 310 cBetomuony HL3,
SHAYHUT TPUITEP NPHHAN €QHHHYHOE COCTO-
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sAsHHe, a ecyim HL2 —muyneBoe. Teneprs no-
OYepeIHO KpaTKOBPEMEHHO 3aMKHHUTE Hec-
KOJBKO pa3 BuiBOAbl | H# 4 BxonoB R u S Ha
Oo0IIyI0 IMHY IenM OUTAHHA. Takoll OnbIT
Bac yOemuT, YTO O 3THM Bxoxam D-tpurrep
paboraeTr Tak xe, kak RS-rpurrep.

Hanee MNORKIIOYHTE K BBIBOAY 2 HU-
dopmauMOHHOro Bxona D pesucrop R4 c
KHOMOYHbLIM BbIKIKOUYaTeneM SB1. 3anumu-
T€ HAaYaJbHOE COCTOSAHHE TPHITEPA, a 3aTeM
HECKOJIbKO pa3 NOAPA] HAXKMHTE KHOIKY.
Kak #a 510 pearnpyer Tpurrep”? Huxaxk —
OPOROIXKAET ropeTh TOT XK€ HHAHKATOD.

KparkoBpeMeHHbIM COEIHHEHUEM BXO-
Aa R v S ¢ ofiedl UMHOH NDUTaHHS
NEPEKIKIHUTE TPHITEP B APYIroe YCTOHYH-
BO€ COCTOSAMME M BHOBbL HECKOJBKO pa3s
HaxxmuTe KHONKY SBl. W Tenmepp, Kkak
BUIHUTE, TPUITEP HEe pearupyeT Ha BXOOHbIE
CHIHAJIbl. 3TO NPOHMCXOAUT MOTOMY, YTO Ha
Bxoi C He MOCTYNAlOT CHHXPOHH3HPYIOHHE
HMITYJIBChl NOJIOXKUTEILHOH NOJISPHOCTH.

14 OnbITHOM npoBepku D-rpurrepa
HCTOYHHUKOM TAKTOBBIX CHI'HAJIOB CHHXPOHH-
3alIHH MOXET CIYXXHTh I'eHepaTOp HCIbITA-
TEJIBHBIX HMNOYJIBCOB NEPEMEHHON YacTOThI,
0  KOTOpOM  pAacCKa3bIBAJOChL  Bbillle
(cm. puc. 20). CoeguHHUTE €r0 BbIXOJ C Bbi-
BOROM 3 Bxopa C Tpurrepa, yCcTAHOBHTE
HauOOJIBIIYIO AMHTENBHOCTD I'€HEPHPYEMBIX
UMIIYJIbCOB M, BKJIKYHB INHTaHUE, CIedHTe
332 NOBEAEHHEM BXOJHOIO U BBIXOOHBLIX HH-
BUKaropoB. Ecmi [0 3TOoro Tpurrep Haxo-
AUTCA B HYJIEBOM COCTOSIHHH, a KOHTAKThI
KHOODKH SB1 ObutH pa3OMKHYTBI, TO HO
POHTY HEPBOro >Ke WMNyJjbca Ha Bxoge C
TPHITEP ROJXKEH NEePEKTYHUTHCH B €QHHHY-
HO€ COCTOsSIHHE H HE€ pearupoBaTh Ha NOce-
AVIOIIHE TakKTOBbie uMOyabchbl., Ho crdurt
Ha>Xarb Ha KHOIKY, 4TOObI NMOZATHL HA HH-
¢OpMALIHOHHBIA BXOA CHIHAT HH3KOro ypoB-
HA, H TPHITEp IO @POHTY OYEPERHOrO
TAaKTOBOI'0O MMIIYJILCA TYT XK€ NEPEKIIOYHTCS
B NPOTHBOHOJOXHOE COCTOSIHHE.

Pabory D-Tpurrepa B TakoMm pesxHMe
HITFOCTPHPYIOT I'padHKH, OpHBeAcHHbIE Ha
puc. 31, 6. CunraeM, 4TO B Havajle ONBITA,
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Puc, 32. D-Tpurrep co cYeTHbIM BXOXOM

KOrja KOHTaKThl KHONKH SB1 6bUIH elie He
3aMKHYTbl H, CJ€AOBaTeJbHO, CHIHaJ Ha
D-Bxone COOTBETCTBPBaJ HaNpPAKCHHIO Bbl-
COKOI0 YpOBHsI, TpUrrep Obinl B HyJEBOM
COCTOAHHH (Ha Bbixoae Q-HH3KHHA, Ha BBIXO-
ne Q-—BBICOKHH YpOBHH HaOpPSXKEHHS).
IlepBblid xe umnynabc Ha Bxofie C cBoum
(PpOHTOM NEPEKIIOUHN TPHUITEP B E€AHHHY-
HOE€ yCTOHYHBOe cocroanue. Ha cmany sroro
UMOYJIbCa B HA BTOPOH HMNYJILC TPUTTEp HE
pearupoBaj H COXpaHAJl NOpPHHATOE COCTO-
SAHHE.

3arem HaXKajd Ha KHONKY SB1, yTo6b!
H3MEHHUTL YpOBeHb BXOAHOIO cHrHaga B
pe3yabTare TPeTHH TAKTOBLIH HMIYJIBC CBO-
HM POHTOM Ccpa3y XK€ MNePEeKIFOYHII
TPHUITEP B HYJIEBOE COCTOSAHHE, KOTOpoe
COXpaHsUIOCh B0 NPUXOAa IIECTOro HMNYyJb-
ca, KOorga KHOINKY OTHYCTHJH H Ha Bxoge D
y>Ke OBl CArHajg BbICOKOro ypoBusa. Ianee
[IpH H3MEHEHHH YpPOBHEH BXOOHOTO CHTHAJIA
TPHITEP NEPEKIIYHIICA B HYJIEBOE COCTO-
AHHE N0 (PPOHUTY CEeABMOro TaKTOBOTO HM-
nyJjasca, a N0 PpOHTY BOCBMOIro —B €J{UHHY-
HOE.

OJTH ONBITh! H IpaduKH, XapaKTepH3Y-
IOWHE JIOTHKY OeHCTBHA D-Tpuriepa B pe-
XKUME MNpHeMa HHGOPMAILHH, HNO3BOJAIOT
COeNaTh BBIBOJABLI: €CJIH Ha Bxoge D curLan
BBICOKOI0 YpOBHsI, TPHITEp O (PPOHTY TaK-
TOBOro UMNyJabCa Ha Bxoae C ycTaHaBIHBa-
€ICs B €OHHUYHOE COCTOAHHE, a eCJH
HH3KOro, To B HyJjieBOe Ha cnagbl cHHXpO-
HU3HPYIOIIHX HMIYJILCOB D-Tpurrep He pe-
aripyeT. Kaxpgoe H3MeHHMBIIIEeCA COCTO-
AHHE TpHITEpa O3Ha4daeT 3anuch B €10
NamMATh NPHHATOH HHbOpPManuu, KoTopas
MOXET ObITh CYMTAHA WM NOepelaHa 1A
pacIIMppOBKH ApPYIroMy JIOrHYECKOMY
YCTPOUCTBY IH(PPOBOH TEXHHKH.

CrnepyrwumH ONbIT —HCcObITaHHe D-
TPUITEpa B pEXHME cYeTa, T. ¢. KaK TpHrI-
repa CO CYETHBIM BxogoM [as sToro or
Bxofga D otkmouute pe3uctop R4 ¢ kHO-
NOYHBIM BbIKJIOUATENeM SB1 M coeguHHTE
ero ¢ HHBEPCHBIM BbIXONOM (Q, Kak nokasa-
10 Ha puc 32, a Teneps HHPOPMAHOH-

HBIM BXOHAOM TpHrrepa ©Oypner Bxop C.
[Topaiite wWa Hero OT reHepaTopa CepHIO
AMIIYJALCOB OONbIION nInuTenbHOCTH Kak
BepeT cedsa D-rpurrep? Ilo dpoHTy nepso-
ro >Ke€ BXOJHOro MMNyJabCca OH NPHHHUMAET
€AHHHYHOE COCTOSIHHE, 10 (PpOHTY BTOpPO-
I'0 — HYJIEBOE, O (PPOHTY TpeThero — CHOBA
CAHHUYHOC M T. A. CrenoBareilbu0, B 1aKOM
pe>xxuMe paboThl TpHITEp 10 (PpPOHTY KaxK-
JIOro BXOJHOI O UMIYJIbCAa MEHSET CBOE JIO-
rHYECKOe COCTOSHHE Ha NPOTHBOMOJOXKHOE
B pesyabTare 4acTora MMIYJbCOB Ha KaX-
IJOM BbIXO#€E TpUIrepa OKa3bIBA€TCS BABOE
MEHBIIICH 4YacTOTbl BXONHbLIX MMIYJILCOB.
ITo npoBeaeHHOMY ONBITY NOCTPOHTE
rpauKH, HLIIOCTpUpYIOIHe pabory D-
TpHiTepa B 3TOM pexXume. OHH NOJKHBI
HOJIYYHTLCA TAKUMH K€, YTO H H300pakeH-
HbIe Ha puc. 32, 6. BbiBOA HanmpallMBaeTCs
CaM—B TaKOM pexume D-Tpurrep HeauT
YacTOTY BXOZHOrO0 CHIrHajJja Ha 2, T. e.
BLINOQJIHAET (PYHKHHIO JBOMYHOIO CUETYHKA.

JK-TPUITEP

B cepun K155 JK-TtpHrrepom, oGnapa-
IOIMM, KakKk U D-TpHrrep, pacnmMpeHHOHU
JIOI MKOU J€NCTBHA, SIBJISIETCA MHKpOCXEMa
K155TB1 (puc. 33, a) Y Ttpurrepa Takou
PA3HOBHAHOCIH JI€BATL BXOHOB, HpPSAMOH H
HHBePCHBLIN Bbix0oabpl. Ilo Bxogam R u S ou
paboraetr, kak RS-tpurrep. Bxoner J H
K — ynpaBnsmoniye, nOpHYeM KaKAbIH M3
HAX HMEET N0 TPH BXOOHLIX BhIBOAA (3—5 H
9—11), obbegMHEeHHBIX MO CXeMe JIOTHYE-
CKOro snemenra 3, o 4em CBUNETEILCTBY-
10T 3HakH «&» Bo3lne Hux. Bxog C no
hYHKIHOHATLHOMY Ha3HavYeHHIO 10J00eH
ogHouMenHoMy Bxony D-rpurrepa. B pexxu-
ME€ @NpHeMa W XpaHeHusa WH(OpManHH OH
CHAY>KHAT BXOAOM TaKTOBbLIX HMIYJIBCOB. & B
CUHETHOM peEXHUME — HHPOPMAIIHOHHBIM BXO-
noMm. BreiBogs! JK-rpurrepa, KOTOphie B
YCTPOUCTBE He HCHOJB3VIOTCH. HA cXemax
OOBLIMHO He noka3sbiBalor (pHc. 33, 6).
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Puc. 33. ¥Ycaosnoe rpajduveckoe oGo3znayenue JK-
Tparrepa K155TB1

OnerTHyO npoBepky JK-Tpurrepa Be-
JIUTe HAa MAKETHOH NaHEeJIH B TaKOM HOpsAJ-
Ke. Mukpocxemy KI155TB1 coeguuure ¢
COOTBETCTBYIOLLIUMH IIIHHAMH MCTOYHHKA
nuTaHusi, a K BbBORy 12 Bxoga C W
BLIBOOAM 8 M 6 OpsAMOro H HHBEPCHOI'O
BBIXONOB NOOKJIKYHTE CBETONHONHBIC (MIH
TPaH3HCTOPHbIC) WHAMKATOpPbI (pHcC. 34, a).
HHnHﬁHPOBaTL JIOTHYECKHE  COCTOAHHS
TPHITEpPA MOXHO, KOHEYHO, BOJIbTMETPOM
HOCTOSHHOrO TOKa, HO 3TO MeHee HarJIAIHO.

Bxmouute numramme. Cpa3zy xe Jo-
JOKEH 3aropeThCcs OOHH H3 BbIXOOHbLIX HHIHU-
KaTopoB. 3aMKHHTE KpaTXOBpeMEHHO Ha
O0IIYIO NIMHY BBIBOX 2, 3areM BbLIBOJ 13,
nanee CHOBA BBIBOA 2 M T. . Ilpu srom
BBIXOJIHbIE HHIHKATOPb! JOJXKHBI HOoOYepe-
HO 3aXHraTbCsi M racHyThb. TaK BBI HpoOBe-
pH1e paborocrnocobHocTs JK-TpHrrepa.

Hajiee HCOBITbIBAHTE TPHITEP B PEKH-
Me c4YeTa BXONubIX HMOYJBCOB Insa sToro
o0'BeIHHUTEe BBLIBOABI BeceX BXOonoB J U K U
yepe3 pe3ucTop R4, nmokazanunbpli Ha pHuc.
34, a IUTPHXOBBLIMH JIHHHUSMH, COCJIHHHUTE
HX C IJIKOCOBOM IMHHOH HCTOYHHKA ITHTAHHA,
4TOOb! NOJATH HAa HUX HaNpsi’KEeHHe BBICOKO-

+58 K OB 14 27/
7
b 1 wissran
R4 = 7

NBEsg7 _

757 L.

HLT-HLT
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0 ypOBHA. BripodeM, KaK BbI yXXe 3HaeTe,
pe3ucTop R4 neobs3areneH—mHa o0benu-
HeHHBIX Bxopax J H K, ecimM HX OCTaBHUTH
CBOOOAHBIMH, OYyHEeT HANPAXKEHHUE BLICOKOIO
ypoBHd Ha Bxopn C nmopaiite oT reHeparopa
CEPHI0O UMNYJLCOB OOJBHION HAIHTEIBHOCTH
H O MOMEHTaM 3a>KUI'aHHs H QJIHTEIbHOCTH
CBC€YCHHS! WHAHKATOPOB NOCTPOUTE rpaduKH
paboThl TpHITEepa B TakKoM pexxume. Oum
DOJKHBI MOJYYUTBCA TAKHMH Xe, 4TO Ha
puc. 34, 6. HeTpyaHO 3aMeTHUTB, 49TO 3TH
rpauKd CXOXH ¢ rpadHKaMH CYETHOrO
D-rpurrepa (c™m. puc. 32, 6), TOIBKO COBH-
HYTbI BIpaBO Ha QJIHTEJILHOCTH OOHOIQO HM-
nyasca. CaBur 3ToT 00bACHIETCA TEM, UTO
D-Tpurrep H3MeHAeT CBO€ COCTOsIHHe Ha
OpOTHBOMOJIOXKHOE 10 ¢poHTy, a JK-
TPHITEp— N0 CHany BXOOHOIO HMMNOYJbCA.
Koue4uHnll ke pe3yNbTAT OMUMHAKOB: TPUITED
genaul 4acTOoTy BXORHBIX HMOYJILCOB Ha 2.

3anoOMHHTE OCHOBHbIE cBOHCcTBa JK-
Tpurrepa. Ilpu HaOpsO>KEeHMM BBICOKOIO
VPOBHA Ha Bcex Bxopgax J u K OH paboraer
Kak TpHITEp CO CUYETHBIM BXOAOM, T. €. IO
Crany KaXXAoro NOJOXKHTEIbHOro UMIYJIbCa
Ha TaKTOBOM Bxoge C MeHsieT ¢BOE JIOrude-
CKO€ COCTOSHHME Ha NpOTHBONOJOXHOe, Ec-
JIH XOTA Obl Ha OOHOM Bxone J M Ha OGHOM
BXOoAe K OJHOBpEMEHHO AeHCTBYET Hallpsi-
KCHHE HHM3KOro YPOBHSA, TO NpH NOHaYe Ha
Bxof C MMIYJILCOB COCTOSHHE TpHITEpa He
MeHsAeTcA. B Tom xe cnyyae, ecd Ha Bcex
BXxOfax J BBICOKHHM YpOBCHb HANIPSOKEHHS, a
x0T ObI Ha ogmnom Bxoge K —HuU3KME, TO
N0 CHafy NOJOXHTEABHOIO HMIIYJILCA Ha

Bxofe C TpUrrep ycTaHaBJIMBAaeTCs B eNH-
HHYHOE COCTOSHHE HE3aBHCHMO OT CBOEro
OpeabIlyIero cOCTOosHus. Ecim xoTs Obl
Ha OJHOM BXofe J HHU3KHH YpOBEHb Hampsi-
JK€HHs, a Ha BceX Bxogax K—BLICOKHH, ro
noe cnany ydmnyabca Ha Bxoge C TpHITrep
VCTAHABJIUBAECTCA B HYJIEBOE COCTOSHHE.

Prc. 34. Onpitel ¢ JK-Tpurrepom
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TPUITEPHI B KJIIOYEBBIX H CYETHBIX YCTPOHCTBAX

IIpu KOHCTpYHpOBaHHH IipHOGOpOB H
YCTPOMUCTB LHGPOBOH TE€XHHKH, HanpHMEp
pa3MYHbIX N0 HA3HAYEHUK) AaBTOMATOB,
KOMMYTATOPOB 3JIEKTPHYECKHX I[cllel, B all-
naparype AHCTAHHHOHHOrO ynpaBJieHHA MO-
AeJsIMH pagHOJIIOHTEIH O4YE€Hb IHPOKO HC-
nonb3yr D- u JK-tpurrepbl, paborawonme
B pe>KHMe Cc4deTa MMNyJabcOB. [I/14 3TOro Ha
CYEeTHBIN BXOJ TPHIrepa NogarT UMNYJIbChI
HOJIOXKHTEABHOR MNOJAPHOCTH, NEPEKIrOYa-
IOlIHe TPHIrep M3 OHHOIO JOrHYecKOro
COCTOSSHUA B Jpyroe, a OH, B CBOKW OYe-
pelb, CBOHMH BBIXOZHBIMU CHIHaJIaMH KOM-
MYTHPYET APYrHe 3JEKTpHYECKHE NCHH.

B npuupine ynpaBasaTh TAKHM KOMMY-
TATOPOM MO>XHO C NOMOIIBIO JIIOOOro mMexa-
HHIECKOro NEPEeKIIOIaTesNss, HAaIl[pUMeEp KHO-
OOYHOrO MJM TymOiaepa, HO 00s3aTejbHO
yepe3 JONOJHHUTENBHOE YCTPOHCTBO, yCTpa-
HAKOIEee TaK Ha3biBAaeMbIH «Apebe3r» KOH-
TAaKTOB, a TaKXe NOpeaycMaTpHBasi APYrue
Mepbl, NpeROTBpAalalCIIHe JTOXHBIE Ccpala-
ThIBAHHA TPHUITECPOB OT pa3JHYHBIX IJICK-
TpHIECKUX NOMEX.

IIpexxne Bcero—4ro Takoe «gpedesr»
KOHTakTOB? Tak Ha3biBalOT Napa3HTHBLIK
3NeKTpUIeCKHH 3¢ PeKT, NPOABIAIOMHUN Ce-
651 B MOMEHT CONPHKOCHOBCHUA HOBEPXHO-
CTEH KOHTAKTOB MEXaHHUYECKOrQ NepeKIro-
yaressg. CyTb 3TOro siBJI€HHs 3aKII0YaeTCs
B TOM, 4YTO B 3TOT MOMEHT B IleNH4, B
KOTOPYI) KOHTAKThI BKJIKOYEHbI, BO3HUKAET
CEepHsi HMIYJbBCOB HJMTEIBHOCTBIO OKOJIO
MHJUTHCEKYHBI. OHH-TO U NPUBOOAT K JIOXK-
HBEIM cpalaTrbIBaHUAM TpUITEpa H, CIEHOBa-
TeJbHO, HAPYIICHUK €ro paboThl.

IIns ycrpaHeHus ppebesra KOHTAKTOB
OOBIMHO BBOOAT HONOJHHTeNIbHBIH RS-
TPUITEDP, COCTABJICHHBIH H3 JBYX 3JIEMEHTOB
2U-HE. Ha puc. 35 rakoii RS-tpurrep o6-
pa3yioT asnemeHTbi DD1.1 ® DDI1.2 muxkpo-
cxembl K155J]1A3. B HCXOZHOM COCTOSHHH
TPUITEPA HA €ro NpsiMOM BBIXOI€ (BBIBOJ
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Puc. 35. Kmougenoe ycrpolicTeo ¢ RS-Tpuirepom na
BX0 1€

3) — HaOpPs>KECHHUE BBICOKOI0 YpPOBHA, HA HH-
BepCHOM — HH3KOro. CuerHbIt D-TpHrrep
DD2.1 B 3T0 BpeMsl COXpaHA€T COCTOSHHE,
B KOTOPOM OH OKa3ajcsi B MOMEHT BKIIIOYe-
HHA HCTOYHHKa nuradus. Ilpu Haxatwim Ha
KHONIKY SB1  ee nDOABHXXHBIM KOHTAaKT
MHOI'OKpaTHO KacaeTcs JApyroro, Henoju-
BHOKHOTO KOHTAKTa, BbI3bIBasi CEpHK) HM-
nyJabCOB. IlepBbi x€ UHMNYJILC CEpHU NEpe-
Kiarwvaer RS-Tpurrep B HyJIE€BOE cOCTO-
AHUEC M HHUKAKON TNOCJIEAVIOMMH npelbe3r
KOHTaKTOB y>XX€ He H3MEeHUT ero. B aror
MOMEHT Ha €ro HHBEPCHOM BbIXOIe BO3HH-
KaeT CKaYOK HanpsKeHHS NOJOXKHTEIbHOH
NOJAPHOCTH, NOH HEUCTBHEM KOTOPOIo
cuyeTHbil D-tpurrep DD2.1 u3menser cpoe
JIOrH4IeCKOoe COCTOsIHHEe HAa NPOTHBOMNOJIOXK-
HOe. Ilpu OTHyCKaHMH KHONKH Ha Bxop 1
anemMenTa DD1.1 BHOBL nogaercss HHU3KHH
YPOBEHb HanpskeuHss H RS-rpurrep nepex-
JI4Yaercs B HCXOOHOe cocToaure. CyeTHbIR
ke D-tpurrep MoXXeT BEpHYTLCS B HCXOH-
HOe COCTOAHHE JIMIIL IPH NOBTOPHOM HAXKA-
THH Ha KHOOKy SBI.

Ceeronuonst HIL1 v HL2 noseonsior
BU3YaAIbHO HaOMORare 3a COCTOSHUAMHM H
paboTOoN TpHUITEPOB H J€JaTh COOTBETCTBY-
wiqHe BbiBOABI. KHonka SB2 no3Bonser
YCTAHABJIMBATh D-TpHITEp B HYJIEBOE COCTO-
SHHEe, a YHOpaBJIAKIIHKE CHIrHaJbl MOXKHO
CHHUMAaTb C m000ro W3 BbIXOOOB TpHITepa
(BBIBOIBI 5 U 6).

B TakoM ycTpOHMCTBE MOXET, KOHEYHO,
paboTaTk ¥ cYerHbll JK-TpHITED.

3adem Hy>xeH KoHfeHcarop Cl, Goku-
pYOILIMH nenb muTanus TpurrepoB? Ieno B

' TOM, HTO TPpHITCPbI, KdK, BIOPpOICM, MHOT'HC

apyrue MHKpocxembl cepud K155, Bechma
YYBCTBHUTCABHbI K Ppa3/IMYHbIM 3JIeKTpUYEe-
cKkuM nomexaMm. Ecnu, K npuMepy, KOCHYTh-
CA METALTHYECKHM NPEIMETOM MOHTAXHOI'0O
NpPOBOJHHKA, B IIENAX YCTPOHUCTBa NOSBATCS
UMY JbCHBIC TOMEXH, CHOCOOHbIE H3MEHHUTh
cocTOsiHMe TpurrepoB. KoHJeucarop Xxe,
ONMOKMpYIOIIMH 1enb NHTAHWA, 3alIHIacT
TPHUITEPLI OT NMOJZOOHBIX MOMEX.

3anoMHUTE Ha OyAyilee: s HaxexX-
HOH paGoThl YCTPOMUCTB 1HPPOBOH TEXHHKH
Ha HAX IJaTax MeXXJy NpOBOJHHUKAMH HENH
MTaHHsA HeOOXOOHMO yCTaHaB/JHBaTb IO
OQHOMY OJIOKHPOBOYHOMY KOHACHCAToOpy
emxocTteio 0,033.. 0,047 Mmxd Ha KaXible
ABEe-TPH MHKpPOCXeMBI, pacnosaras UX paB-
HOMEPHO CpelH MHKPOCXEM.

HMCTOYHHKOM NOOMEXH MOXeT CTarb H
HEUCHOMB3YeMbIli BXOAHOM BbBIBOH MHKpO-
cXeMbl, TaK Kak B HeM TO>K€ MOI'YyT HaBoO-
AUTHECSA Napa3UTHbIE JJeKTPHUYECKHE HM-
OyJjaschl. Takoi BXOH MHKPOCXEMBI 1eJIeCo-
0o0pa3HO BOOOIe HH K 4YeMy He NOAKIIIO-
YyaTh, OCTABMB ero cBOOOOHBLIM, HJIH HA4
njare NOANAasiTh K KOHTAKTHOH nIoWanKe
MHHHMAJBHBIX pa3MepOB, K KOTOpPOH He
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NONKJIIOYEHB! KaKHe-TTM0O Apyrue npoBOJ-
HHKH. Heucnonp3yembie J-Bxognl JK-
TPHITEPOB MOXKHO MOBKIIIOYATh K HX HHBEp-
CHbIM BBIXOHaMm, a K-BXOoAbl—K NIOpAMbIM
BbIXOgaM. MOXKHO TaK>Xe HEHCHOJb3VeMbIE
BXOAb! NOJKMIOYHTEL K BBIXOAHOMY BbIBOAY
HEHCHOAB3YEMOIO JIOrHIECKOro 3JIEMEHTA
HU-HE, coeguHWB ero BxXOAbl C OOHM
OpoBOROM pHenH nHraduss. Kpome Toro,
HEUCIIOJb3yeMbI€ BXOJIbl MUKPOCXEM MOXXHO
O0BEAHHATE H NOAKIKYATE HX K ILIKOCOBO-
MY DOpPOBOAHHKY HCTOYHHKA NHUTAHHMA 4epes
pPEe3UCTOp conpoTHBJieHHeM 1...10 xkOm.

CoBeplIeHHO HEAONYCTHMO NONKJIIKO-
Yarb K BXOJY MHKpPOCXE€Mbl HPOBOJHHK,
KOTOpBIH BO Bpemsa paborTbl ycTpOHCTBA
MOJKET OKa3aThCA HENMOAKJIKYEHHBIM K Bbl-
XO0Ay HCTOYHHUKA YNOpaBasIOLIerQo cHrHana,
HallpHMEp B cCJly4yae YIOpaBJIeHHSA YCTpOH-
CTBOM C NOMOLILIO TyMOJlepa HJIM KHONOY-
HOro nepexjwvarensa. Urobbl IipenoTBpa-
THTh HOMEXH, TaKHe MNpPOBOJHHMKH 00s3a-
TEJIBHO HaR0 HOOKIYATL K IUTKOCOBOMY
HpOBOAHUKY HENH IMUTAHUA Yepe3 Pe3HCTOp
conporuBaeHueMm 1...10 kOm.

IlepexoguM K ONUCAHUIO HECKOIBLKHX
NMpOCTBIX KOHCTPYKUUH, B KOTOPBIX HCHOJIb-
3YKOTCA 3HAKOMble BaM MHKPOCXEMBI.

KPACHBIN WA
3EJIEHBIN?

Tak yclIOBHO MO>XXHO Ha3BaTh HIpOBOM
aBTOMAar, cXxeMa KOTOpOoro npHBedeHa Ha
puc. 36. Ero o0pa3yloT reHeparop npsMo-
YTOJRHBIX HMIYJBCOB Ha JIOrHYECKHX 3Jie-
mMeHTax DD1.1 u DD1.2, BKMOYEeHHbIX HH-
BepTOpamit, cuetubii JK-rpurrep DD2 wu
TpaH3ucropkl VIl u VT2 ¢ namMnamu maka-
muBanda HIL1 u HL2 B komnexropubix
Henax. bajuioH OgHOH M3 JaMII HaKaHBa-
HUSA OKpallleH B Kpacubii nBeT, OAIOH
APYIOH —B 3€JICHBIN.
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Pac. 36. Cxema nrposoro aBroMara «<Kpacusii mian
3¢ 1eHbIH »
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Kak paboraeT Takol aBTOMAT H KaKOBa
3agava urparimux? Iloka KOHTAKThl KHOI-
ku SB1 He 3aMKHYTBHI, reHepaTOp Bbipala-
ThIBaeT UMNYJbChI, 4YacTOTa CJICHOBAHUS
KOTOpPBIX OINpenenasiercd B OCHOBHOM KOH-
nencaropom C1. Ero eMKOCTHL MOXeET ObITh
B npepenax 1000 nd... 1 mxd. Umnyanchi
noctynarT Ha Bxon C JK-rpurrepa DD2, u
CBOMMH CHaJaMH HU3MEHSIOT €r0 COCTOAHHE
Ha NMpOTHBOMOJIOXKHOe. YacTrora H3MeHeHHA
YPOBHEH HaNpsi>KE€HHS Ha BBIXOZAX TPHITEpa
BIBOE€ MEHbIlle YacTOTHI I'€eHEparopa.

B 1npoMeXyTKH BpeMeHH, KOrga Ha
OIPpSAMOM BbIXOHe Tpurrepa (BbIBOH 8) HOSB-
JIAETCA HaOpsi>)KeHHe BBICOKOTO YpOBHS, TO
OTKpbIBaeTCs TpaH3ucTop VT1 u 3aropaer-
ca ymamna HI.1. Tpausuctop VT2 B 3710
BpeMs 3aKpbIT, HNOCKOJBLKY Ha ero 6a3se
HU3KHMH YpOBEHb Hanpsokenus. Ilpu wanps-
JKEHHH BBICOKOroO YpOBHSA HAa HHBEPCHOM
BbIXOf€ (BBIBOJ 6) TpHITEpa 3TOT TPaH3HU-
CTOp OTKpbIBA€TCs M 3aropaercs JiaMia
HL2 B ero xonnekropHod penu. TpaH3H-
cTop XKe VT1 B 3TO BpeMsi 3aKphIBacTCsa, H
namna HI.1 racHer. M Tak npu kaxaom
MepHofe HMNYJALCOB reHeparopa.

Ilpu ykazauHOH Ha cXxemMe eMKOCTH
KOHACHCATOpa 4YacTOTA OTKpbIBAHHS TpaH-
3UCTOpOB He MeHee | kl'nm. IlosTomy HutH
Hakasja o0eux yamn cBeTsTca Tyckao. Ho
CTOHT Ha)KaTh Ha KHOOKY SB1 ¥ Tem cambiM
3aMKHYTB HaKOpOTKO KoHpaeHcaTrop Cl, Kak
reMepanus HMIyJAbCOB INpekpaTrurca. Ilpu
3TOM OJHa H3 JaMn HaKaJHBAHHsI COBCEM
racHeT, a Japyras, Hao0opoT, CBETHTCH sIp-
ye. A BOT KakKas M3 HHX —KpacHas WM
3eJIeHaA — OyaeT ropeth NOCJe HAXKATHA Ha
KHONKY, 3apaHee cKa3aTb Hejb3s, Bedb 5TO
3aBUCHT OT JIOTHYECKOI0 COCTOAHHMS, B KO-
TOpOM OKa’KeTCs TpHITEp B MOMEHT CpbiBa
reiepaiMd. MOXHO TOJBKO rajarb, 4TO,
COOCTBEHHO, W ROJKHBI AEIATh HUIPAIOLIHE
nepejl Ha)XKaTHeM KHONKH reHeparTopa.

IToGepuTenem cuMTaeTCss TOT, KTO IIPH
pPaBHOM YHCJIe H®KATHH Ha KHOMKY, CKaXXeM
ABaANare, OoJblIee YHCIO pa3 yragaer
IBeTa TrOpALMX JaMHI HOcJe OCTAaHOBKH
reueparopa.

MoxHo JH JK-Tpurrep Takoro urpoBo-
o aBTOMara 3aMeHHMTHb cYeTHbiM D-Tpurre-
pomM? KOHEYHO, MOX>XHO, HagO TOJILKO €ro
BXOH D cOoeIHHHTL C HHBEPCHBIM BBIXOJOM.

MOJEJIbL CBETO®OPA

Jror asromar (puc. 37, a), KOTOpLIi
MO>XET CTarb NOJe3HbIM HREeMOHCTPaiHOHR-
HbIM NOCOOHEM IIpH IpYNNOBOM H3YYEHHH
NIPaBHJI AOPOXKHOIQ ABHXXEHHSI, COCTOMT H3
IreHeparopa HMNOYJbLCOB Ha 3JJIEMEHTax
DD1.1—DD1.3, cuernoro JK-Tpurrepa
DD2, rpan3ucropoB VT1—VT3, pabota-
IOMMX B KJIIOYEBOM PEXHUME, H CUTHANBHbBIX
Jamn Hakammpanusa HIL1—HIL3. ILiBer
BKJIIOYEHHOI'0 CHIHaJIa CBeTO¢Opa onpefe-
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Beie Il Beie 8 BeiB 6 Beie 3 BriB 6 Brois 8 HL1} HI.?2 HL3
DDI4 DD2 DD2 DD3I DD32 DD33
1 1 0 i 1 0 He roput He ropur Topur
0 0 1 0 i 1 I'opur He ropur He ropur
i 0 i 0 0 1 Iopur T'opur He ropur
0 1 0 1 i 0 He ropur He ropur I'opur
6)

Pac. 37. Cxema Mofem cBeropopa (a) H Tab/mna cOCTOANMA (6), WUIIOCTPHPYIOIAA MPHHIAT ero padorsI

JdeTCs JTOrH4eCKUMH COCTOSIHUSMH NpOMe-
XKYTOUHbIX 3neMeHTOB DD1.4, DD3.1—
DD3.3, 4T0 MOXHO OpOCJIeNuTh no Tabmi-
e, NpUBEeAeHHON Ha puc, 37, 6
IpepnoaoxumM, YTO B MOMEHT, C KOTO-
poro Mbl HaYHHAEM AHANH3HPOBaTh pabory
aBTOMaTa, anemeHT DD1.4 u tpurrep DD2
HAXOgATCA B €AHHHYHOM  COCTOSHHH
(BepxHsia cTpoKa Tabmuibi). B 3TO BpeMs
COCTOsAHHE 3eMeHTa DD3.3 HyneBoe, TpaH-
3UCTOp VT3 OTKpBIT H, CIeq0BaTeabHO,
ropur namna HI.3 3eneHoro nsera. 3ineMeH-
Thi xe DD3.1 m DD3.2 Haxonarcs B enu-
HUYHOM COCTOSIMMH, TpaH3ucTOpb! VTl u
VT2 3akpbirel H namnisl HIL1 u HL2 B ux
KOJJIEKTOPHBIX Hensx He ropsar. Ilo cnany
HMIYJbC2 Ha BBIXO#e aiaemeHra DD1.4
Tpurrep DD2 mnepekiawoyaerca B HYJIEBOE
cocTosimie (BTOpast CTpoKa TaOJMIbi).
3TOT MOMEHT Ha ero NpsAMOM Bbixone (Bbi-
BOO 8) MNOABHTCA HaOpsXKeHHE HH3KOro
ypoBasa (iorudeckud (), a Ha HHBEPCHOM
(BBIBOX 6)— BBICOKOro YpOBHA  (JIOruye-
ckas 1). Hpu stom anemeHT DD3.3 okas3sbl-
BaeTCA B €OHHHYHOM COCTOAHHMH, TpaH3H-
crop VT3 3akpbpiBaeTCcs H lacHET Jjamna
HL3, HO 3aropaercs namna HIL.1 kpacHoOro

nBeTa, TAaK KakKk Tenepb agemMeRT DD3.1
Oyzer B HYJI€EBOM COCTOAHUM, & TPAH3HCTOP
VT1—B orkpeitom. Jlamna HI2 B 3T0
BpeMs HE TIOpHUT, HOTOMY YT© 3JIEMEHT
DD3.2 HaxonuTcsa B €eIHHUYHOM COCTOAHUM.

PpOHT OYEpEOHOr0 UMNYJIbCa Ha BBIXO-
ne saemenra DD1.4 He H3MeHsIeT JOrude-
CKHX COCTOSAHHH TpHIrepa H 3JICMCHTOB
muKpocxembl DD3. Io cmagy »xe 3TOro
HMOYJbCA TPHITEDP HNEPEKIOYAETCA B HYJIE-
BOe COCTOsHHMe, anemeHT DD3.1 ToXxe B
HyJIeBOoe, a aneMeHTsl DD3.2 u DD3.3 B
eIUHHYHOe (BTOpast crpoka Ttabmuubl) Ilpu
3TOoM namna HIL3 3eneroro cHrHaja racHer
U 3aropaercsa jgamna HI.1 xpacHOro cHrHa-
na. Ho cnapgy craegymillero HMIyJjabca, NO-
CTyHamiijero Oor reHeparopa Ha Bxop C
TpUrrepa 4yepes3 uupeprop DD1.4, tpurrep u
anemeHTbl DD3.1, DD3.2 0Ka3bpIBalOTCA B
HYJIEBOM COCTOSAHMH, a 3jemMenT DD3.3 cox-
paHsAeT eAUHUYHOE COCTOssHHe (TpeEThs
CTpOKa Tabmunpl) Tenmephk zaropaercs JiaM-
na HL2 xenaroro cmrHaga W 1poponskaeT
ropetbk samna HI.1 xpacHoro currana. Ilo
cnagy craegymiero umnyabsca jgamnbt HI1
H HI.2 racHyT M BHOBL 3aropaercsa Jamild
HI1.3 3eneHoro ysera. Co caegymwIIETO ia



HUM HUMIIYJbCA MUK paboOThbl MONEH CBETO-
)opa NOBTOpAETCA.

N CTOYHHKOM NMHTAaHHsA TaKOro aBToMa-
Ta MOryT ObITb BBIIPAMHTENL, OaTapes
3336J]1 unu TpH-dYeThipe snemeHTa 343, co-
€AHHEHHbIE NOCAECROBATENbHO; €ro TpaH3H-
cTOopbl—cepuH 1'T402 nwmu 1'T403 ¢ mob6biMm
OyKBEHHBIM HHAEKCOM. DYHKIMIO 3JIEKTPOH-
HBIX KJIHQUYEH MOI'YT TakK>Xe BbINOJHATH Ma-
JIOMOIIIHbI€ p-n-p  TPaH3UCTOpPbLI CepHi
MII39—MII42, I'T308, HO TOrga CHruanib-
Hbie namnbl HIL.1-—HI.3 pomxHbI O6bITH Ha
MEHBIUHH TOK HaKaja, HaNpHMeEp JAMIbI
MH2,5-0,06.

ABTOMAT CBETOBBIX
IPPEKTOB

B nonynspHO#l panMoTeXHHYeCKOH JH-
TepaType ONHCAHO HEMAJQ) aBTOMATOB Ha
MHKPOCXEMaX, HNO3BOJAKINUX CO30aBaTh
pasiu4Hble CBETOBbIE 3¢h(PeKThl AN YKpa-
IIICHHSA HOBOIOZHUX €JI0K, HW/IIOMHHALMHU
JE€FOPAaTHBHBIX MacoOK, arrpakiguoHos. Oc-
HOBa TaKHX aBTOMATOB—TE XK€ TPHUITEPBHI,
ynpaBnseMbi€, KaKk U B MOJEIH CBeTO¢Opa,
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UMIYJIBCAMH TaKTOBBIX IeHeparopoB. Ile-
PEKIIIOYAsCh U3 OOHOIQ JIOrH4ECKOTO COCTO-
SIHASE B ApYyroe, TpUITepbl BBIXOMHBIMM CHI-
HajJJaMH YOpaBIAKT HENAMH NHTAHUA HeC-
KOJBKHX JIaMIl HaKaJMBaHHs (HJIH TMpJsSHA),
KOTOpble U CO3Hal0T 3aYMaHHbie CBETOBbIC
3¢ eKThI.

Ilpennaraem [Ans ONBITHOH NPOBEPKH
OpOCTOH aBTOMAT, CO3JalImHi 3¢ deKT
«berymass TeHb» (puc. 38, a). OH cocTOMT
H3 IeHepaTopa HUMNYJILCOB Ha 3JIEMEHTAaX
DDI.1 u DDI1.2, cuerHpix D-tpHurrepos
DD2.1 u DD2.2, nOru4eckux 3J1eMEeHTOB
2HM-HE mmkpocxembl DD3 u TpaH3HCTOpOB
VI1—VT4 ¢ namMnamMu  HaKanMBaHHA
HL1—HIL4 B xosnexkTopubix pensax. Ioxn-
CTPOCYHBIM (HJIH NEPEMEHHBIM) PE3HCTOPOM
R1 MOXHO nMIaBHO H3MEHSTH YAacTOTy TakK-
TOBOI'0 reHeparopa B npepenax 1...2 I'm.

Tpurreppt  mukpocxemMbl K155TM?2
(DD2), coenuHeHHble MeXAY coBOH mocJie-
JOBaTEJLHO, 00pa3yror ABOMYHBIA CUYETUYHK
HMITYJIbCOB, MOCTYNAIOMIMX Ha ero BXOX OT
reHeparopa. B Hrore Ha BbIXOAe NEepBOro
TPHITEpa YacTOTa UMNYJbLCOB OKA3bIBAETCA
MEHBII"H BABOE, a Ha BBIXOHE BTOPOro—
BUYeTBepO. nemeHTrbl 2U-HE MHKpOcxeMbl
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Puc. 38. ApToMaT, CO3NAIIMH pdeKT «Gerymas Tenb», B rpadHKH, NOACHAIOMHES NPHHIHA ero AeHCTBNA
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DD3, pabotatoume Kaxk RemH@paTOpbi JIO-
IHYECKHX COCTOSIHHH TPHITEPOB CYETYHMKA,
(hOPMHpYIOT CHTHAJBI, BKIIOYAKOIHE B OIl-
peaeIeHHOM NMOpsaKe JIaMIibi HAKaJTMBAHH .
Jdavmma HIL.1, Hanpumep, 3aropaercsa JHUIb
TOrga, Korjga Ha Bbixoge 3jxeMeHTa DD3.1
(BBIBO 3) MOABJSETCSA HANPSXKEHHE BBICO-
KOro ypOBH#A, KOTOpO€ OTKpLIBAeT TpPaH3H-
crop VI1. B TtakoM cOCTOANHM 3TOT JIOTH-
YeCKHH 3JIEMEHT MOXeT 0Ka3aThCs TOJBKO
IpH HHU3KOM YPOBHE HAaNpsKeHHS Ha OTHOM
H3 €ro BXOAOB, T. €. B T€ HNPOMEXYTKH
BpEMEHH, KOIZa OOUH U3 TPUITEPOB HaXO-
OUTCA B HYJeBOM cocTosHMH. Korga xe
00a TpUrrepa HaxogsTCS B €IHHHYHOM CO-
CTOSHHU, Ha BbIXOge aaemeHTa DD3.1 Oy-
JAeT HalpsKeHHe HHU3KOro YpOBHS, TPaH3H-
crop VTl okaxercs 3aKpbIThiM, a JIamMOa
HIL.1 —noramenHoM.

PabGory aBromatra B 1LleIOM NpOaHATH-
3UpyeM IO rpacpuKaM, OpHBeIEHHbIM Ha
puc. 38, 6. CuuTaeM, 4Yr0o B HavaJdbHLIH
MOMEHT NQCJEe BKIYCHUA NHTAaHUA D-Tpur-
repbl CYETYHUKA OKa3aJHCh B HYJIEBOM CO-
CTOAHHH. (ClegoBaTeaLHO, 3aropajluch JIaM-
nei HIL1 — HL3, noroMy 4To B 5TO BpeMs
Ha BBIXOOHBLIX BBIBOJAax 3, 6 H 8 a7meMeHTOB
MHKpocxeMbl DD3 nmossBHJIMCH HaIpsaKeHHS
BBICOKOrQ YpOBHS, KOTOpbI€ OTKPbUIH TPaH-
3uctopel VI1—VT3.

IlepBLili HMMIYJILC reHepaTopa CBOHM
(ppOHTOM Inepexmouun Tpurrep DD2.1 B
eQUHHYHOE cOCTOssHHEe (pa3y XKe NepeKyro-
YHIICA B aHAJOIHYHOE COCTOAHUE H TPHUITEP
DD2.2. Tlosromy namna HI.1 noracma (ua
BbiBOge 3 snemeHTa DD3.1 mosBHICA HH3-
KHH YpOBE€Hb HAalpAXEHHS) H 3aropesnach

CYETYUKHU UMIIYJIbBCOB

CuyeTYHKH UMIIYJILCOB SABJISIIOTCA HEOT -
eMIEeMbIMA  Y3JIaMH  MHKPONPOECCOPOB,
MHKPOKaNbKY/JIATOPOB, 3JIEKTPOHHBIX YaCOB,
TAHMEPOB, YaCTOTOMEPOB H MHOIHX JApYIHX
YCTPOUCTBE HUGPOBOH TexuwKH. OCHOBY HX
COCTaBAAIOT TPUITEPBI CO CYETHBIM BXOHOM.
Ilo norkke pedcTBHs U YHKOHOHANBHOMY
Ha3HAYCHHIO CUYETYHKH HMMIIYJIbCOB NOJNpas-
AeaAl0T Ha [UPpOBbI€ CUYSTYHKH H CUCTIH-
KH-geJnTesiM. IlepBble OOBINHO HAa3LIBAIOT
IpoCTO CUEeTYHKaMH, a BTOpbIE —
neJINTEIAMH.

TIpocTeHIIMM OFHOPA3PARHLIM CUETIH-
KOM HMOYJILCOB sABisAercsa JK-TpHrrep wnm
D-tpurrep, paboTalOUHH B CYETHOM pEXXH-
Me. OH cuMTacT BXOIZHBICE HMRBRYJILCHI MO
MOAYII0 2 — KaXXAbIH HMIYJILC NEPEKIHOYa-
€T TPHITEP B NMPOTHBOMOIOXHOE COCTOSAHHE.
OnuH TpUITEp CYMTaET RO ORHOro, nABa
HOCJIEQOBATE/ILHO COEHHEHHBIX TPHITEpa
CUHTAIOT BO TpeX, N TPUITepOB—ao0 27—]
MMOYJILCOB. PesynpTar cueTa (OPMHpY-
ercs B 3aJaHHOM KOA€, KOTOpPbLIH MOXET

namna HI.4 (ra BeiBOoge 11 anemenia NDIN3 4
NOABUJICA BBICOKHH YPOBEHb HANPSKEHHS).
Bropoii uMnyjnbc TEepeKJIOMHJI TPHITEp
DD2.1 B HyneBoe coOCTOsiHHE (TpHITEp
DD2.2 ocranca B eguHu4IHOM). Tenephb rac-
Her namna HL2, a ocraneHble ropsar. Tpe-
THH HMIYJbC HEPEKMIOYAET NepBbild TPHITED
B €AHHHYHOE COCTOSIHHE, a3 BTOPOM—B HY-
JIeBOe. 3uavuT, racHer maamna HIL.3, a
ocTanpHeie ropar. Ipu yerBepromM HMNYJIL-
ce 00a TpHITepa CYeTYHKa OKa3bIBAIOTCA B
HYJIEBOM COCTOSIHHH M racwer jamna HI 4.

HauuHasa ¢ maToro (3areM ¢ 3eBATOrO,
TPHHAAUATOro U T. 1.) UMNVYJbca, HOABIHA-
IOIIEroca Ha BXOHE IABOMYHOIO CYeTYHKA,
ONHCaHHpIA UK pabdoThi aBTOMara MOBTO-
paerca. Y ecsm namlibl pacHoOIOXEHL! I'HP-
JIAUAOU, racHYIHE JJaMnbl OYAyT co31aBaTh
appeKT «Oeryined TeHH».

C TakuM aBTOMaTOM MOXHO NOJYYHTH
H 3P PeKT «Oeryiero Orfs», €cii MeXAY
BbIxogaMu 3jeMeHTOB DD3.1—DD3.4 u co-
OTBETCTBYIOIUMH UM OrpaHHYHTEIbHLIMH
pe3ucropamMd R2—R5 BKIWOYHTL HHBEpPTO-
paMH 3JIEMEHTBI €€ OBHOU MHKPOCXEMBbI
K155]1A3 (mogobHo anemenry DD1.3). Tor-
Oa NOpH KaXOAOM 1nukje paboTel aBTOMaTa
CTaHeT BCObIXHMBATH JIHIIL OJHA JIaMOa H
cBeT Oyaer «OexarnL» no rupiasHige. Cko-
pOCTh HepeMeilleHHa cBeTa Tem ©Ooiblie,
YyeM BbIIIle YacTOTa TaKTOBOIO IreHeparTopa.

JpdeKT «OeryuHid OroHb» MOXXHO IO-
JIYYUTh TaKXXe¢ NpH HCHOJbB30BAHHH B aBTO-
MaTe p-n-p TPAH3HCTOPOB, HAIIpUMep, cCe-
puu KT361 unmu MII42, BKIIOYHB HX TaK XKe,
KaKk B Mofgenu ceerogopa (cMm. puc 37, a).

XpaHUTBCA B NaMSATH CYETYHKa HIH OBITH
CUHTAHHLIM [pPYIrdM YCTpOHCTBOM IH(DPO-
BOH TEeXHHUKH — AelIHppaTOpOM.

Ha puc. 39, a npHuBeeHa cxema TpeXx-
paspARHOro ABOHYHOIO CUYETYHKE HMIYJb-
coB. CMOHTHpYHTE €r0 Ha MAaKeTHOH NaHeIH
H K OPpSMBIM BbIXOHaM TPHITEPOB NOHKIIKO-
YUTE CBETOAHOAHbIE (WIH TPAH3UCTOpPHbIE —
C JIaMIIOH HaKaJIMBaHUs) MHAHKATOPBI, KaK
3T0 Aenaysm paHee. IlogaliTe Ha BXOJ cYeT-
YHKa OT HCHOBITATEJABHOrO reHeparopa ce-
PHIO HMOYJIBCOB C 4YacTOTOH CJeIOBaHHA
1...2 I'n ¥ MO CBETOBBIM CHIHAJIaM HHIHKA-
TOPOB NOCTpOHTE Irpaduku paboTbl CUETYH-
Ka.

EcnHd B HavanbHbId MOMEHT BCE TPHUITE-
pbl CYETUYHKA HaXOAHWIHCh B HYJIEBOM COCTO-
SIHHH (MOXKHO YCTaHOBHTH KHOIIOYHBIM BbI-
Kmoyarenem SB1 «Ycr. 0», mogaBast Ha
R-BXOAbI TpPHITEpPOB HaNps>KeHHE HH3KOro
YPOBH:), TO MO cHagy NEPBOr0 HMIYJIbCa
(puc. 39, 6) Tpurrep DD1 nepek/IOYHTCA B
CAHHHYHOE COCTOssHHe—Ha ero OpsMOM

39



J7r-293 K55787
273

27/ 20z

‘ S8’ .5cm 0 2) 77 T
Jfgtf 2 74 565 7 8 8 W
-
2, 4 d
ds/8. 8
' T

702 é)
Bs18. 8
s e e e
293 2) z
Bs’8 é T_r—_l__
ot

Puc. 39. Tpexpaipagabld JBOHYHBIH CUCTYHK HM-
Ny ibCcOB

BbIXOJ€e 1IOABHTCA BLICOKHH YpPOBEHL HANPSI-
xxeHus (puc, 39, ). B1opo uUMNyJbC 1ie-
pexkJnoud1 1puiiep D1 B HyneBoe COCro-
gSHHe. a 1puriep DD2-—8 eauHHYHOE
(puc 39, 2) Ilo cnmany i1peTbe€l O UMIYJIbCA
1parrepbl DDI u DD2 okaxyrcs B eHHHY-
HOM cocrosHur, a Tpurrep DD3 Bce emge
ovner B HyJeBOM. YerBepryil HMNYJILC
MepEKJIIDYHT NiepBble NBA TPUIrTEpA B HYJIE-
BOE COC10siHHe, a Tpelud—B eJUHHYHOEe
(pac 39, ¢) BocbMOM HMIYJIBC HEPEKIIIO-
Yl BCE [PUITepbl B HYJIEBOE COCIOSHHE,
HAYHE1Cs CJCHVIOIHN LUK paldOThi CYeT-
"IHKA HMHYJILCOB.

N 3yyas rpaHKH, HETPYAHO 3aMETHTh,
Yyro KaxXObli cTapliud paspsjy CYeTYHKa
OTJIMYaeTCsa OT MJAJINEro yOABOEHHBIM YHC-
JIOM HMIYJILCOB cueTa. Jak, mepHon Hm-
IIYJbCOB Ha BbBIXONe MNEPBOro TpHITEpa B
2 paza 0oJblle [epHONa BXONHBIX HMOYJIb-
COB, Ha BbIXOJle BTOpPOI'O TpHITepa—B 4 pa-
33. ©a BbIXOJE TpeThbero TpUIrepa—-B
& paz I'0BOps SI3BIKOM HPPOBOH TEXHUKH,
TAKOH cUel4HKk padoTraerT B BECOBOM KOIE

Jo71-B03 A1585787 D04 KIS8/747
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[-2-4. 3pech NOA TEPMHHOM «BeC» HMEETCH
B BHAY 00beM HHOpMalHH, HPHHSATOH
CUYETYHKOM NMOCJI€ YCTAHOBKH €0 TPUITrepoOB
B €IHHHYHOE COCTOsAHHE. B yCTpOHCTBax H
npubopax uhpoBoi TeXHHKH HanGoJbIIee
pacnpOCTpaHeHue HOJYYUIIM 4YeTbIpeXpas-
psiiHbie CcYEeTUYWKH UMIIYJILCOB, paboTaronue
B BeCOBOM Koje 1-2-4-8.

CYeTUYHKH-ACIUTEIN, HIIH, KaK MbI YK€
FOBOPHJIH, IIpOCTO JeJIHTENIH, CUYHTAIT
BXOJAHbIe HMIIYJIbChI B0 HEKOTOPOrO 3a7aBa-
eMOoro KoagppUIHeHTOM CUYeTa COCTOSHHAA, a
3aTeM (OPMHPYIOT CHrHag cOpoca Tpurre-
pOB B HYJI€BOE€ COCTOAHHE, BHOBb HAYHHAIOT
cYeT BXOIHLIX HMIYJIBCOB 0O 3a1aBacMOTrQ
KO3(ppHIHEHTa cUeTa H T. [

Hna npumepa Ha pHc 40 noka3aHbl
cxemMa H rpacdpukd paborbl JOeNHTENSA C
KO3 hUIHERTOM c4eTa 5, NOCTPOECHHOro Ha
JK-Tpurrepax. 3pech y»Xe H3BECTHbIH Bam
Tpexpa3pAnHbIH JBOUYHBIM CUYECTYHUK HOMOJ-
HeH  JOrHdeckum  anemenrom  2H-HE
(DD4 1), KOTOpbIH M 337acT KOI(PPUIHERT
cuera 5. TlpoucxogHuT 310 Tak. [IpH nNepBBIX
yeThlIpeX BXOOHBIX HMMOyJabcax (MOCHe ycTa-
HOBKH TpHITEPOB B HYJEBOE COCTOSHHE
KHOIIKOH SB1 «¥cr. O») ycrpouctBo pabo-
Tael KaKk OOBIYHBIA JBOHYHBIA CYETYHK
uMnyabcoB. Ilpu 2TOM Ha OgGHOM Ml 000HuX
BXOIaX JaJeMeHIa ACHCTBYyel HUIKHH YypoO-
BE€Hb HANpPSXCHHUA, MOITOMY 3JIEMEHT HAXO-
NMUTCS B eauHHIHOM cocroauuu. Ilo cnany
Ke JIATOr0 HMIyJbCa HAa NPSMbBIX BbIXOHax
EPBOro M TPEThEro TPUITEPOB, a 3HAYUT,H
Ha Bxogax ajgeMenTra DD4 1, nosBasercs
BbICOKHH YpPOBEHb HANpPAXECHUA, NEPEKIIIO-
YalOIIHHA 3TOT JIOIHYECKHH 3JIEMEHT B HyJIe-
BOe cOCTOgHHE. B 3TOT MOMEHT Ha BBIXOJE
37eMenTa (POPMHPYETCS KOPOTKHU HUMITYJIBC
OTpHIATENIbHOH NOJIAPHOCTH, KOTOPBIN Iie-
pefaercs Ha R-BXOO TpHUITEPOB H NEPEKIIIO-
yaeT HX B HCXOAHOE HyJaeBOe cocTossnue C
3TOr0 MOMEHTAa HaYHHAeTCH CJICHYIOMHMA
HHKJI paboThl CYETYHKA.

Pesuctop Rl m guon VDI, BBeleHHbIE
B TAakOH BAapHAHT CYETYHKA, HeOOXOIHUMBI
OaA TOro, 4YTOoObI HCKINYUTL 3aMBIKAaHHE
Bbixofa sanemeHTa DD4 1 na obmui npoBoja
HCTOYHHKA NHTaHHAS.
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Puc. 40. Cxema n rpadrkn paGoTsl xe/mTens ¢ KodpuuHeHTOM cyera 5
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Puc. 41. Ycroeuble rpadrdeckme 00603BaYeHHs
cderynkor K15SHE1 n KISSUE2

JTeACTBHE Takoro cueTyuKa-ge/inTelis
MOXXeTe TNpoBepuTh, nojaBas Ha Bxog C
EPBOrO €ro TPHITEpa UMILYJIBCHI, Cledy-
oIpe ¢ yactorod 1...2 I'y 1 NOOKJIIOUHUB K
BbIBOAY 8 Tpurrepa D3 cBeTtoBoil muauka-
TOp.

Ha mnpaktuke ¢yHKOHE CYETYHKOB W
DEJIUTENENA BBINOJHIIOT CIICHHUANBHO pa3spa-
OOTaHHBIE MUKpPOCXEMbI IIOBLINICHHOH CTe-
nNeHW uHTerpanuu B cepun K155, npanpn-
mep, aT0 cuetduku KI155UEL, KI155UE2,
KI55ME4 u pp. B paguo/iobuTebekux
pazpaborkax Haubosiee MHPOKO HCIOML3Y-
rorcs cueryukun KI155SUED u K155UE2.
YcioBubie  rpadudeckue  m3oOpakenus
ITHX CUETIHKOB C HYMEpPauueHd HX BBIBOOB
NnoKa3aHbl HA puc. 41.

Mukpocxema KIS5UE1l (puc. 41, a)
ABJISETCS JICKAAHbIM CYETYUKOM WUMINYJIb-
COB, T. €. cyeT4uKkoM o 10. CyeTuyHk obpa-
3YIOT 4YeTbipe€ TpUITEepa, YCTAHOBKY HX B
HYJICBOC COCTOSHUE OCYHIECTBISIOT MNOAa-
YelH HaNpsKCHUS BbICOKOIO YPOBHS OJHOB-
peMcHHO Ha oba Bxofla R (BbiBognr 1 u 2),
OOBEIUHEHHbIE 110 cxeMme anementa U (yc-
JIOBHBIH CHMBOJI «&»). CHETHbIE UMIYJILCHI,
KOTOpbi€ JOJKHBLI ObITH OTPHIATEILHOMH TTO-
JIAPHOCTH, MOXHO MNOAAaBaTh Ha COEAHHEH-
Hbie BMmecTe BXoAbl C (BbIBOABI & u 9),
TAKXe€ ODOBECUHECHHBIE 110 CXeMe 3JIeMEHTAa
M, niv ua ogHH M3 HMX, eCJIH B 3TO BpeMs
Ha BTOpOM BXxoJe OyAeT BLICOKHH YpOBEeHb
Hanpspkenus. Ilpu KaxxJIoM JecaToM um-
nyJjbce HA BhIXOAE cHYeTHHKa opMUpyeTCs
PABHbIH €My MO JIJINTEJIbHOCTH HMITYJIbC
OTpHLATEJILHOU TOJISAPHOCTH, XapaKTepH3y-
IOmuAd 00keM MPUHSTOH HH(pOpMaUy.

Mukpocxema KISSHE2 (puc. 41, 6)—
PBOHYHO-JCCATHUYHBIH  YeThipexpa3psaHbiil
CHeTUHK. B HeW Takxe 4eTbipe TpuITepa,
HO OJIHH M3 HHX HMeeT OoTHelbHble Bxox C]
(BbIBOp 14) u npsmoii Bbixop (BbiBOA 12), a
OCTajibHbI€ TPUITEPbI COEJHHEHBI MEXKTY
coboit Tak, 4To obpa3yioT ACJIMTEC/IL Ha 5.
Ilpu coepunenuy BbIXOa NIEPBOrO TPHITepa
co BxoZiom C2 (BbIBOX 1) HENMOYKH OCTAJIb-
HbIX TpUITEPOB MHKPOCXEMA CTAHOBUTCS
neaarenem Ha 10, paborarommpM B KoJe
1-2-4-8, 4TO0 W CHMBOJMM3HPYIOT HuGpLI B
NpaBoil KoMOHKE rpaduyeckoro u3o0paxce-
HUsf MHUKpOCXembi. /IS yCTAHOBKH TPUITE-

POB CHETYHKA B HYJIEBOE COCTOSHHE [10IAFOT
Ha oba Bxojfa R (BeiBojgbLI 6 B 7) curuan
BBICOKOIC YpOBHS.

[IBa o6bequueHHbix R-Bxona u YeThipe
Pa3IebHbIX BBIXOAA MHKPOCXEMBI 1103BOJIS-
I0T 0€3 JJONMOMHUTENLHBIX JIOTHYCCKHX 3JIe-
MEHTOB CTPOUTH AC/HUTENM YaCTOThI C pas-
JINIUBIMH KO3 PUIHERTAMU E/ICHUS — OT 2
po 10. Tak, ecm coeguHuTe MexxAy coboi
BuiBOALI 12 u 1, 9 u 2, 8 u 3, TO
KoadppurueuT cueta dypet 6, a npR Coeny-
HEeHUM BbIBOJAOB 12 m 1, 11, 2 u 3 K03 u-
MUEHT c4YeTa cTaHer 8 Ira ocobeHHOoCTh
MHKPOCXEMBI MTO3BOJISET HCIIONL30BATE €€ U
KaK JABOHYUBIM CYETYHK, M KaK CUe]YHK-
AeJIUTENb,

BJIOK IIM®POBOU HHIH-
KAIIMU

OTOT BaxXHeHIIWH y3en npubopoB u
YCTpoHMCIB ¢ mugpoBoilt uuguxanpei pe-
3yJIbTATa CYETa HMIYJILCOB, 3JIEKTPHYCCKUX
H3MepeHud Heslecoobpa3Ho paccMaTpuBaTh
COBMCCTHO C JIBOHYHBIM CHEeTYHKOM. I[Ipu-
MCPOM MOXET CJIYXKHTh YCTPOHCTBO, (XeMa
KOTOpOIO 1IpuBeeHa Ha puc. 42. JleBas:
9aCTh CXE€MbI— IrCHEPATOp, SBISIOMMACS B
AAHHOM CJIy4a€ HCTOYHHKOM HMITYALCOB
Hanee caepyror cuerunk K155HUE2 (DD2) ¢
ko3 unuenToM nepecuera 10 (coegunensl
BbIBO/IbI 1 u 12) u muxpocxema KI155H[T1
(DD3) ¢ rasopaspsgHbiM HHIHKATOPOM
WHB8-2 (HG1), obpa3yronmue 610K uppoBoO-
ro OTODpaKEHUS JIOTHYECKOTO COCTOSHUS
CUETUYHKA.

Miukpocxema KI155U]I1 npepaciaeasier
CODOH NBOHYHO-lecATHYHbIN gemudparop,
PACCUHTAHHBIA HA COBMECTHYIO paboTy C
BBICOKOBOJIbTHBIM HH(MPOBLIM ra3opaspsi-
HbIM HHIHKATOPOM. Y HEro 4eThipe ajapec-
HbIX BXOJa, KOTOPhIC IOAKJIOUYAIOT HEIloC-
PENCTBCHUO K BBIXOJlaM CUYE€TYHKA, pabora-
IOUIEro B BECOBOM Kkojge [-2-4-8, u necsThb
BbIXOJIOB, KOTOpbIe COEOHHSAIOT ¢ KaTOXaMu
pudpoporo paaukaropa Heumgpparop npe-
oOpasyer BbIXOAHbIE CHIHAbI CUYETYHKA B
CHIrHajabl KOJA NECATHUYHOH CHCTEMB] CHUC-
JICHUS, KOTOpbIE 3aXUralT COOIBETCTBY-
IOIHe KaTOAbI-Hu(pbl HHOHKATOPA.

MounTaxx H OnbITHYIO IIpOBEepKy AeTa-
JICH H YCTPOUCTBA B LIEJIOM BeJUTE B TaKOH
IIOCIICA0BATENRHOCTH. (CHAvyana  yKpEenmure
Ha MaKeTHOH IUIaTe TONBKO ra3zopaspsaHbIi
wpnukarop HWMHS8-2 (wnu HH-14, HO ero
HOKOJIEBKA — WHAK), NpeABaApHTENILHO HANEB
Ha €€ ITPOBOJIOYHbIe BBIBOJIbI H3O0JIHPY IOTHHE
Tpybouku. Pspom pasmecture aumox VDI,
BBINOJIHAIOIIUU (PYHKITHIO OIHONOJIYIIE PHOI-
HOI'O BBINPAMHUTENS, NUTAIOHIErC aHOAHVIO
Henb WHAMKATOpa, u pe3ucrop R2, orpanu-
YHUBAIOHIMH TOK B 3TOH Henmu. MCTOUHMKOM
nepemMennoro Hanpsoxeaus 150.. 200 B mo-
XKeT ObITh BropudyHas OOMOQOTKA CeTE¢BOro
Tpancgopmaropa 6JI0Ka MHTAHHSA JIAMITOBO-
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Pac. 42. BaoK mHGPOBOH HHAHKIOUH HMIIYJHCOB

ro paavoBeHIaTEJIbHOrO npHeMuHka. Onun
U3 BBIBOJJOB OOMOTKM NOJKJIIOUYHTE K aHOAY
A¥OAa, a K JApyromy BBIBOAY MNoOJANasyiTe
OTPC30K IIPOBOJIa B pe3WHOBOH HJIH IOJIMBH-
HUWIXJIOpUAHOH H30siuH. CBOOOMHBIN KO-
HCH NPOBOAA 3aYHCTUTE OT H3OIHUH M,
BKJIIOYHAB TpaHCPOPMATOP B 3JIEKTPOCETD,
KacauTeCch MM [1OOYepeHO BhLBOAOB 11, 1,
2— 10 magukaropa. Ilpu 3TOM HOMKHBI WH-
aamupoBatk mugpsi 0, 1, 2—9. Ilpu xaca-
HUH BBIBOJA 8 BCIBIXHET HEUCIIOJIb3yeMbii
3HaK 3angtoH. Ilposepky nposoaure ¢ oco-
00l OCTOPOKHOCTBIO, 4YTOOLI He I[ONACTb
TIOJ] BBICOKOE HallpsDKeHUeE.

3areM Ha MAKETHOH [aHe)IM CMOHTH-
pyhure neumgpparop K155MMI1 (DD3) u co-
CIUHHTE €ro BBIXOAHBIC BLIBOALI C COOTBET-
CTBYIOIMMHU BBLIBOJjaMH WHIuKaropa. Ilosay-
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YUTCS OAHOPa3paAHbii O6J0K HuppOoBOi WH-
IUKallMH. BKIKOYATE WCTOUYHHKH ITHTAHHS
(MOCTOSTHHOTO W NEPEeMEHHOr0 TOKOB) W,
co0JIIof1ass OCTOPOXXHOCTL, TNofalite Ha Bce
YEeThIpE, COCHHHEMHbIE BMECTE, BXOAHbIE
BRIBOABLI AclIMdparopa HalpsoKeHde HH3KO-
ro ypoBHS. B unaukarope noJIkKHa 3aro-
perbes magpa 0. Hanee Takol xe CHruai
NoJIauTe NOOYEPEIHO HA COCTUHCHHbBIC MeX-
Ay coboH BulBOALI 4, Tu 6; 4, Tu 3.4 u 7;
4, 6 1 3; 4 u6;,4wu3;4;,7, 6u37mu6.
Heucnonb3yeMmbie BbIBOAbI OCTaBjsiiTe CBO-
OOMHBIMM, YTO 3KBHBAJIEMTHO NOIaYe Ha
HUX HaNps>KeHHS BBICOKOTrO YpOBHsS. B 3TO
BpemMsi JOJIKHBI HHOHHHPOBATHLCH IOCIEHO-
BareJbHO mudpbl oT 1 go 9.

Tak, uUMHTHpYS KOJA, nojaBaeMbii Ha
apecHbie BXOJAbI JeluvcparTopa, Bbi UCIIbI-

Prc. 43. MonAraxeas miara
HI'POBOIr0 aBTOMATA «Yragai
JHCO»



TaeTe B JICHCTBHU GJIOK HHQPOBOH WHIHKA-
HHH.

Tenepr cmourtHpyiiTe Ha Iate cuer-
quk K155UE2 (DD2), coefHHHTE €ro BBEIXO-
AbL C COOTBEICTBYIOHIMMH ANpECHBIMH BXO-
Aamu Nemwndparopa u nomaire Ha Bxon Cl
CHCTHHKA CHIrHa/l OT reueparopd ua 3JeMeu-
Tax DDI 1—DD1.3 Yacrora cieqoBaHus
HMIYJILCOB MOXKeT ObiTh 1. .3 I't. Yro no-
KasbiBacT muaukarop? Iludpsr or 0 o 9,
HO 3aXuralomuecs noodepedHo. Tak w
HOJDKHO OBITh: ONHOPA3pSOHBIH CYETUHK
HMITYJILCOB CHMTACT 1O 9, HEepenoausercs u
TYT K¢ HavuuuaeT ¢ (0 nepecUHTHLIBATEL Clle-
AYIOIMYIO CEPHIO BXOLHBIX WMIYJILCOB.

HUT'POBOU ABTOMAT
«YT'AODAWU YUCITIO»

[Tonyuusmmiicst ogHOpaspsaHbIl cyer-
YUK ¢ OJIOKOM WHAHKAUHH H FrCHEPATOPOM
HMIYJbCOB MOXHO INIpEBpAaTHTL B HIPOBOMH
4BTOMAT € YCJIOBHbIM Ha3BaHHeM «Yranaii

PEJIE BBINEPXXKH BPEMEHH

Pene Bpemeun, HasbiBaeMmble Take
TaMepaMH, MpeAua3znadyaroTcs I BKJIKO-
YCHHAS K ABTOMATHYECKOIO BLIKIIOUYCHHS ITH-
TaHus pasIH4HbIX 3JICKTponpubOpOB depes
34paHEC YCTAHOBJICHHYIO BBLIIEPXKKY BpeMe-
HiH Takwe 3/eKTpoHHbIC aBTOMATHLI HaAKGO-
Jlee WAPOKO HCNOJNBL3YIOTCS Npi GoTONeYa-
TH, 1/ BKJIIOYCHHUS Ha OlNpeNieIeHHOe Bpe-
Mst OBITOBOM TEeXHHKH, IHTAIOMIEHCS OT
SJICKTPOOCBETHTEJILHOM CE€TH, YTO UCKJIIOYA-
€T JHMIIHUH pacXofi 3JICKTPO3UEPriu.

[Ipennaraemoe pejie BpemMeHu Ha 3Ha-
KOMBIX BaM HH(POBLIX MHKpOCXeMax IIUTa-
CTCA OT CETH NIEPEMEHHOIO TOKa M ITO3BOJIS-
€T YCTAaHABMBATh TAKHE BBIICPIKKH Bpeme-
HH TpeX noaauana3onos: or 0,05 go 12,5 ¢
4epe3 kaxnaeie 0,5 ¢; or 0,5 go 127.5 ¢
4epes 0,5 ¢; or 0,5 mo 127,5 muH uepes
0,5 munr. TodHOCTL BhifepiKH BpEeMEHH 3a-
BHCHT OT CTabUIBLHOCTH YacTOoThl TOKa
IJIEKTPOOCBETHTECIILHOH CEeTH.

Ipunnumaanbias cxema pee BpeMern
nokasana Ha puc. 4. He cuyumrags 630Ka
NUTaHUSA, €ro 0Opa3yroT CleAVIONME OCHOB-
Hbi€ y3JIbi: (hOpMHUPOBATE/IL UMITYJILCOB, JI€-
JMTE/Ib-QOPMHAPOBATEND 0Dpa3HoOBbIX
HHTEPBAJIOB BpeMeuu, pabouui CUYCTYUK HM-
NyJbCOB, neltmgparop, ynpaBisiomice u
ynpaBisemoe ycrpoucrBa. M3  BocbMu
MHKpOCXEeM, paboTalonmx B HeM, NSTh—
CHETUYHUKH,

PopmupoBaren HMITYJIBCOB NpeACcTaB-
nger cobou tpurrep lImurra, cobpanubii
Ha oayiemerTax DDI1.1 u DDI1.2. Yepes
konpencatop Cl u pesucrop Rl ma ero

YUCTI0». g 3TOro JOoCTaro4Ho 3aMeHuiL
INICKTPOIUTHYESCKUH KoHaeHcarop C1 ieye-
paropa HMIIYJIbCOB KEePaMUYCCKUM MM 6y-
MAa>KHbiM KOHJIEHCATOpOM E€MKOC I'bIO
0,068...0,1 Mk® u nogkMIOYHTE K HEMY KHO-
NOYHbIH BbIKJIOYaTens SB1, moxasanubiii
Ha puC. 42 INTPUXOBLIMH JIMHUAME. [le1amm
HIDOBOIO aBTOMATa MOXXHO CMOHTHPOBATE
Ha miare pasmepamu npumepHo 100X 50 mm
(puc. 43) U3 MOGOro M3ICISIHOHHOIO MAaTe-
puana,. IpUAep>KUBasiCh CXEMbl Ha puc. 42.

Kak pabGoraer Takoil aBTOMaT g KaKkoBa
3ajgada HrparoHiux?

Iloka kHOnka BeiknOuatesis SB1 me
HaX4ara, reHepaTop BbIpabaThiBaeT UMIYJIb-
Cbhl CpaBHHTENLHO OOJBINOH YACTOTHI W,
€CTECTBCHHO, UH(PLI HHAHKATOPA NPAKTH-
YCCKH He NpocMmarpuBarorcs. ITocne Toro
KaK KaXXJIbIH W3 HrpalomiuxX Ha30BeT 3ara-
AaHHYIO mudpy oT 0 Ao 9, Begyouii Urpy
HAKUMaeT KHONKy. KoneGaHus remeparopa
CPBIBAIOTCHA, U B HHAHUKATOpE BLICBEUYHMBAET-
Csa cliyyanHas nudpa. BblurpbiBaer TOT,
KTO yragaetr Oosbite pudp, CcKaxem, u3
10 nonwITOK.

BXOX IIONIAETCS HMMIYJIbCHOE HAMPSIIKESHUE
qactorod 100 I'm;, cHEMaemoe BbIXOJ1a
ABYXNOJNYNICPHOHOro BbiOpsmurenss VD4
bjioKa nmiTan¥s pejie BpemeHu. B pesyibTa-
T¢ Ha Bbixofe Tpurrepa HImurra (BbiBoj
6 ssiementa DD1.2 dopmupyiorcs psIMO-
YIOJIbHbIE UMIIYJIbChI yactoTod 100 T'n, xo-
TOpbIe MOCTYNAIOT HA BXOJ] YeThIpEXCTYIICH-
HOro JAenuTeliss-(popMHpoOBaTens obpa3mo-
BLIX HHTEpBaIOB BpemeHH. Mukpocxema
DD2 penuT yacrory BXOTHBIX HMNYJIbCOB
Ha 10, mukpocxema DD3-—eme na 10,
MUKpocxema DD4—mpma 6 u mmkpocxema
DD5S—eme wna 10. Breibop ortux oOpa3srjo-
BbIX 4YacTOT, COOTBETCTBYIOLIUX OOpa3io-
BbiM HHTEpBanam Bpemenu (0,1 c, 1 ¢ wu
| MuH, ocymecTBaseTCs NepeKroYareiem
SA1 «MHOXUTENb.

Pabouuit cuyeTyuk uMIyJIBCOB, [IOCTY-
NAaMuX OT AeuTeNsa-popmupoBareas o06-
Pa3HOBbIX HHTEPBAJIOB BpEeMEHH, O0pa3yioT
cueTuuky DD6 u DD7, coeAunenubie MeK-
Ay cobou mnocnenoBarennbHo. C BbLIXOIOB
ITHX MHKPOCXEM UMIIYJILChI Yepe3 TymoOJie-
pbl SA2—SA9 «Brifepxka» NOCTYIAIOT Ha
BXOJIbI MHKpocxembl DDS8, npepcrapiis-
IOHIEH COOOH BOCHMHBXOMOBLIH JIOrHYeCKUH
anemedt 8U-HE. B onuckiBaemom npubope
OH BbINoOJ/IugeT (PYHKUMIO Jemudparopa —
YPOBCHbE HH3KOrO Hanps>KeHUs Ha €ro BbI-
XO€, CAY>KaHIUH CUIHAJIOM OKOHYAHHS Bbi-
ACPAKKH BPEMEHH, NOABJISCTCS JIMNIL TOrAA,
KOrjla Ha BCeX €ro BxoAax OyayT Hanpsoxe-
HUs1 BBICOKOI'O YpOBHS.

Heobxoqumyro nnHTELHOCTL BbIZEp-
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’eK YCTAaHABJIHBAIOT Nepekinouareiiem SAl
¥ TymOJepamu (Ml KHOTIOYHbLIMHA BBIKITIKOYa-
tensmu ¢ ukcaguei) SA2—SA7. Tak,
panpumep, 4YTo0bl JIATCIILHOCTE BhIICPKKH
6bula 1,6 ¢, nepexmiodaresb SAl wmapgo
yCTaHOBuTh B nojoxkenue «x0,1 c» # 3a-
MKHYTh KOWTAKThbI TyMOJiepa SA7
(0,1x16=1,6 ¢). Kak Toibko Ha BXoJ 6
newucgparopa NOCTYNHT ¢ BBIXOJHOrO BbI-
Boja 9 cuerumka DD7 wMIIYyJIbC NOAOXKH-
TesbHOH nosipsocTd (B 3T0 BpEMs BCE
Apyrue BXOJHbIe BbIBOJAbI MHUKPOCXEMbI
DD8 cBoOOAHEI, 4YTO pPaBHO3HAYHO II0JIa4e
Ha HUX HANPSDKEHUS BBICOKOIO YpOBHST), HA
BLIXOJAHOM BbiBofle 8 nemmgpparopa DDS
MOSBUATCSH HANpSXKEeHWe HU3KOI0 ypOBHS,
KOTOpOoe uepe3 ylpaBJsiolee yCTpOHCTBO
OCTAHOBHT paborTy pelie BPCMEHU

QYUK YCTPOUCTBA YIIPaBJICHUS Bbi-
nomuser RS-tpurrep, cobpaHubil ua Jjie-
merrax DDI1.3 u DDI1.4, Ilpu Haxxaruu na
xuonky SB1 «Ilyck» Tpurrep ycraHaB/IMBa-
eTCsa, B €IHHHIHOE COCTOSHUE — Ha €ro Ips-
MOM BbIXOJie TNIOSBJSECTCA HANPSI>KEHHE BbI-
COKOro VYpoOBHSI, KOTOpO€ Uepe3 Pe3HCTop
R6 orkpwiBaer rpausuctop VT1, Bxogsmmn
B HUCIIOJIHUTEILHOE YCTPOHMCTBO. B pe3yiib-
Tare cpabarbiBACT 3JNEKTPOMArHHTHOC pEJIe
K1, xoropoe CBOUMH KOHTAKTaMH (Ha CXEME
He NOKa3aHbl) BKJOYAECT 3JIEKTPONpUHOOp.
OnHOBpeMEHHO HAllpsKCHUE HU3KOI'0 YpPOB-
U HMHBEPCHOro BBIXOJQ TpHITepa BO3JAcH-
CTByeT Ha R-BXOJBI BCe€X CHETYHKOB H
YCTaHAB/IUBAET HX B HCXOAHOE pabouee
cocrosaunue C STOr0 MOMEHTAa HAYHHACTCH
OTCYET MAJUTEIILHOCTH BLIZECPKKH BPEMEHH.
Ecu, Kk npuMmepy, 3aMKHYTbl KOHTAKThI
tymbiepa SA7, a nepexiouaresnb -SAl
YCTAHOBJIEH B MOJIOXKEHUE «X 1 C», TO 4epe3
16 ¢ na BbeiBOAe 8 mukpocxembl DDS8 1mo-
SBUTCSH HAlIpSOKEHUE HA3KOrO ypoBUs, KOTO-
poe MNepeKIOYHT RS-Tpurrep B HYJIEBOE
cocrosuue, ordero rpaHsucrop VIl 3akpo-
erca, aekrpomaruuToe pene Kl ornycTHTt
¥ CBOUMM KOHTAKTAMH OTKJIOYHUT HATpPY3KY
peJie BpeMEHH OT 3IJIEKTPOCETH

Boobme >xe TymOyiepbl SA2—SA9
«MHOXHUTENS» TIO3BOJISIOT  3HAYUTCIILHO
paciupuTh JAUANA30H BbIIEPXKEK BpPEMEHHU
or 0,05 ¢ no 127,5 mud. Hanpumep, Npu
yCT4HOBKe Nieperinouarens SAl B noJioxe-
Hiue «X1 ¢» H OJHOBPEMEHHOM 3aMBIKaGHHH
KOHTaKTOB TyMOsiepoB SA3, SA4 u SAS
IJIATeJILHOCTh BBIIEPKKH OyAer 7 ¢, a npu
yCTaHOBKe Nepeknodareiis SAl B noJioxe-
uve «] MHH» H 3aMbIKAHHH KOHTAKTOB BCEX
TyMOJIepoB SA2 — SA9 BbIIEpXKKa COCTABUT
127,5 mun Ho, Kak MIOKa3biBaeT IMpAKTHKA

HH®POBOM YACTOTOMEP

KOHCTpYHPOBAHUE 3TOr0 H3MEPHUTEC]Ib-
Horo npuGopa (puc. 46) IOJDKHO CTaTh ANA
Bac 0000HIEHHEM, CBECACHUCM BOECJHHO U
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NoJjib30BaHusg NOoJOoOHBIM Npubopom, OOBIU-
HO OJHOro W3 BOChMH TyMOJicpOB ObIBacT
NOCTATOYHO JJI BLIOOpa HEOOXOAUMOH BbI-
IEPKKHA BpEMEHU

PopmMupoBaATECIh UMIIYJILCOB C JICIUTEC-
neM-bopmupoBaresieM O00pa3HOBBIX HHTEP-
B4JIOB BpeMcHH, pabouud CcHYeTYHK C Je-
npdparopoM, TpUrrep YipapiicHUS W Tpau-
sucrop VT1 ¢ anekTpomarHuTHbIM peie Kl
MOXHO CMOHTHUPOBATL KA OJHOH OOuieH
miate (puc. 45), a OJIOK NUTAHHA —Ha JIpY-
rofi miare, Yro NO3BOJUAT HaubOoJee panu-
OHAJILHO p3a3MeCTUTh UX B IOAXOASHIEM
10TOBOM HAK camojelbroM Koprnyce. [Ipu-
MEpPOM MOHTaXXa U JAHHUbIX CETEBOr'O TpaH-
chopmaTopa BhINPAMUTEIIE MOXKET CIIYXKHTh
6JI0K TUTAHUS OIHChIBAEMOr0 HUKe LU pO-
BOro 4acroromepa. Boofbhie xe npubop
MOJKHO TNIUTATh OT paHee CKOHCTpYHUPOBAH-
woro Osoka rarauusg (cm. puc 20) Hapo
TOJBKO MEXKIY €ro BBHIpSIMUTEIBHbBIM MO-
ctroM VD1—VD4 u QuwibTpyIOU{HM KOH-
pencaropom C1 BKo4uTh Auof cepun 1226
(kak Ha puc 44) ¢ mOObIM OYKBCHHLIM
UHIEKCOM.

Bce TymMOJepbl # Tiepekiodaiesb SA]
«MHOXHTEMb» pa3sMelanTe Ha JIHHEBOH
CTEHKe KOpIIyCca pelie BpeMeHH U CHEJIAauTe
BO3JIe HUX COOTBETCTBYIONIHE HARNUCH (PYH-
KHHOHAAJILHOIO Ha3HaYeHHS.

DaekTpomarauraoe  pene K1 runa
PAC-47 (macnopr P®4.500.409 nnu
P®4.500.419) mmbo [apyroe amajoraiHoc,
HajexxHo cpabarbiBaoliee OT HCTOYHHK
nmocroguHoro Toka Hanpsoxerwem 10...12 B.

MoHTaX Jerajed Ha Iare MOXeT
ObITHh KaK [Ie4arHbIM, TakK H [IpOBOJIOY-
HBLIM — BC€ 3aBHCHT.OT UMECIOHIHUXCH MaTepu-
aJIOB K oNbiTa Momraxubix pabor. IlpoBoj-
HUKH [enel MHTAaHHS MHKpOCXeM 1e1eco00-
pa3HoO pasMeCTHTE Ha IIare CO CTOPOHbI
pasmenieHns (YCTaHOBKH) MMKpOCXEM (Ha
puc. 45 ob0o3Ha4YeHbl HeNpepbIBUbIME JTMHH-
IMH, IlepeCeKalonuMy Ie4aTHbie MPOBOAKN-
KH), YTO HOpH MIeYaTHOM MOHTAXKE YMCHbLIUIUT
YHCJO Hen30eXHubiXx MNepeMbIYeK, a [IpH
[IPOBOJIOYHOM — W304BAT OT CJIy4aHHBIX CO-
¢AUHEHUH MOHTa’KUbLIX [IPOBOAHUKOB B ME-
crax NepeceveHus.

Ecnu naeranu OpedBapuTelIbHO ITIPOBe-
peHbl H MOUTAXK BbLINOJIHEH TOYHO IO IPHH-
HUMHAJILHOH CXeMe, peJie BpEMEHH HACTPOH-
ku He Tpebyer. IlpoBepurs ke paboTOCIO-
COOHOCTL OTHAEJIbHLIX VY3JIOB MOXHO C HO-
MOLIBIO 3HAKOMbIX BaM CBETOAHOMHOIO K/
TPaH3UCTOPHOro IMPOOHHKA K BOJBTMETPA
[TOCTOSTHHOrO TOKA.

NpaKTHYECKUM TIpHMEHEHHEM 3HAHMH M Ha-
BLIKOB II0 OCHOBaM [H(PPOBOA TEXHHKH.
ITpuGop NO3BO/MT U3MEPATH CHHYCOHAJIb-
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Puac. 46. Bremnmii BHE mH@poBOro 4acroromepa

Hbi€ TAPMOUMYECKHE H HMNOYIILCHBIC 3JICK-
TPHYCCKHE KOJICOAHHUS 4acTOTOM OT equHUL
repy go 10 MI'm u ammuurynoit or 0,15 no
10 B, a TakxXe cuHTaTh UMITYJILCHI CUTHANA.

CTpyxTypHas cxemMa OIMCHIBAEMOro 4a-
CToToMepa noka3ava Ha puc. 47. Ero obpa-
3yIOT: (POpMHPOBATE/IbL HMIYJILCOB CHrHANA
H3MEPSEMOH 4YacToThi, OJIOK 00pa3mOBbiX
4JAaCTOT, 3SJICKTPOUHBIH KJIIOY, [BOWUYHO-
ACCATHUHUBIA CUYETYHK HUMIIYJILCOB, OJIOK
IMGPOBOH WHAHKAIME H  yNPaBIAIOHICE
yCTpOHCTBO. IluTaercs dacroromep or cetu
NEPEMEHHOI0 TOKa HallpsixkeHdeMm 220 B ye-
pe3 ABYXIIOJNYNEPHOAUBIN BbHIPpIMUTENE CO
CTADHIIU3ATOPOM BBINIPIMIIEHHOTO HallpsKe-
Hus (na puc. 47 He NoKa3aupl).

HeucrsHe npHOOpa OCHOBAHO Ha U3Me-
PEHHH YHCJIA HMIIYJILCOB B TEUEHHE ollpefie-
JIEHHOr0 — 00pa3HOBOro — HHTEPBAJIa  Bpe-
meHu. Hccaenyembiii cur"Han nogarorT Ha
BXOJ (POPMHPOBATENIS HMIIYJLCHOrO HAallps-
xeHuss. Ha ero Beixofle ¢opMupyIOTCH
IICKTPUHIECCKAC KOJIEOaHHsT NPAMOYTOJIbHOH
bopMbI, COOTBETCTBYIOLIHE YaCTOTE€ BXOJI-
HOro CHTHajla, KOTopbie I[IOCTYHAIOT Ha
3NeKTpoHHbI Kkmo4. Crofa ke depes yn-
paBJIgIOIIEe YCTPOUCTBO, OTKPHIBAIOIIEE
KJHOY Ha onpefieJicHHOE BpEMA, NMOCTVIIAIOT
K BMIIyJbChbl 0OpasHoBOW 4acTOThi. B pe-
3yJILTATE Ha BBIXOJe 3JICKTPOHHOrO KJKO4a
IOgBJIAIOTCA IA4YKH HMIIYJILCOB, KOTOpbIe
aajnee CHEeAYIOT K JABOHYHO-AESCATHYHOMY
CueTHYuKY. JIormieCckoe COCTOSHHE JBOUYHO-
AE€CATUYHOrO CYETYMKa, B KOTOPOM OH OKa-
3aJICSE ITOCJ€ 3aKphIBavHs KJIOYa, OToOpa-
xkaer O0JOoK pu¢poBOH HHAUKANHHA, paboTa-
IOI{HH B TEYCHUHE BpEMEHH, OIpeeisieMOro
yIIpaBISIOHIUM YCTPOUCTBOM.

B pexume cuera HMITYJILCOB YIIpaBJis-
OHIee YCTPOUCTBO OJIOKHPYET HCTOYHHK 00-
pPa3uoOBbLIX YacToT, JIBOHYHO-IECSTUYHBIH
CYETHYHK BeIET HENPEPBIBHLIH CYET IOCTY-
NMUBUIHX HA €ro BXOJ HMIYJLCOB, a OJIOK
HPPOBOH MHJUKAIHMU OTOOpaxaeT pe3yib-
TaT cYeTa.

IIpaanunHaabHAA cXeMa YacroTroMmepa
rokKasana Ha pHc. 48. MHorue y3Jbi B HeM
BaM yxKe 3uakombi. IloaTtomy paccmoTpum
0osee NOApPOOHO JIMIL HOBBIE HEIH U Y 3JIbI
npubopa.

PopMUpOBaTEAb UMIYJILCHOIG Halps-
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Puc. 47. CrpykTrypnas cxema uyacroromepa

XKCHHA MPEACTABIACT COOOH YCIIOXHEHHBIH
Tpurrep HIMurra, cobpaHHbiil Ha MHKpOCXe-
me K155J101 (DD1). Pe3ucrop R1 orpanu-
YyaBaeT BXOAUOH TOK, a auonx VD] 3amuia-
€T MHKPOCXEMY OT NepenajgoB BXOMHOrO
HANPSIXKCHUS OTPHUATEILHON TOJISPHOCTH.
IHonbopom pesucropa R3 ycramaeBnuBaioT
HHOKHHH (HAUMEHBINHH) nIpeie)] HApSKEeHAs
BXOHOHOrO CUrHaja.

C Bbixoaa ¢opmupoBareis (BbLIBOZ 9
Mukpocxembl DD1) pMnyiabehl nIpsMoyroJin-
HOM opMBI TOCTYNAIOT HA OAWH U3 BXOHOOB
Jormdeckoro anemedHra DDI11.1, Beinosnsg-
oulero QyUKIMK 3JIEKTPOHHOI0O KJII04a.

B Og0k 06pa3noBBIX 4YacTOT BXOAST:
regeparop Ha 3snemeHrax DD2 1 —DD?2.3,
YacToTa HMIIYJILCOB KOTOPOro CTabwJIM3u-
poBaHa KBapueBbiM pesonaropom ZQ1, u
CEMUCTYIIEHUbIH JeJIHTE]Ib 4YacTOThl Ha
Mukpocxemax DD3—DD9. YHacrora ksap-
IEBOro pe3oHaropa pasHa 8 MI'nm, noaromy
MHKpocxema KI155SHUES (DD3) nepsoit cry-
NEHU JCIUTENAS BKJIIOYEeHa TakK, 4Yrobdbl 4a-
CTOTA reueparopa Jgemmunack Ha 8 B pe-
3yJIbTAaTEe HacToTa UMNYJILCOB HA €€ BhIXOAE
(BoiBox 11) 6ymer 1 MI'uy. Mukpocxema
KaXKJAOH NOCHeNYIOHIEH CTYIIeHH JeNUT 1a-
ctory Ha 10. Takum oOpasom, dacrora
HMIIYJILCOB Ha BBIXOAE MHKpocxembl DD4
paBHa 100 xI'm, Ha BbiIXoge MHKpPOCXEMBbI
DD5—10 xI'u, na Beixoge DD6—1 kI'u, ua
Bbixojae DD7—100 'y, va Bbhixone DD8—
10 I'm ¥ Ha BbIXOAE BCEro JeuTeNs, (BHIBOM
5 mukpocxembl DD9)—1 I'm,.

¥Y4acToK #3MepsgeMbIX 4ac roT YCTAHAB-
JIMBAIOT nepexiouarenem SAl «Juana3on».
B kpaitHem npaBom (IO cxeme) IOJIOXKEHUH
ATOr0  IIEpEKIIIOYATENS  TpeXpa3psIHbIH
070Kk pudpoBOH uHOUKamuM QUKCHpYET Ya-
crory no 1 ki'm (999 I'm), BO BTOpOM OT
Hero mojoxeHuu—go 10 xli'g (9999 I'n), B
TpeTbeM — a0 100 k' (99 999 ['m) n panee
hi (o I MI'm (999 xF'm), 1o 10 MI'g
(9,999 MI'm). Insa 6osiee TO9HOro omnpeje-
JICHUS YaCTOTbI CHIHAaIa MPUXOAUTCS BbIOH-
parh NepeKIdaresieM COOTBETC IBYFONIH
MO ANANA30H H3MEPEHUA, NIOCTENICHAO TIEpe-
XoasT or 0ojice BbICOKOYAaCTOTHOIO y4a-
CTKa K HU3kouactroruomy. Tak, Hanpumep,
Y100kl H3MEpH1b YAaCTOTY 3BYKOBOI'O ! CHeE-
paropa, Haao yCTAHOBUThL Nepexarodaresb

47
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cuadana B nosoxeHue «X 10 xI'n», a 3arem
NepeBOJIUTh €TI0 B CTOPOHY MEHLIUUX 0Dpas-
LOBbIX 4acCTOT.

Ynpasiasoniee yCcTpoWcTBo, paboTty
KOTOpPOr0 WUIKOCTPHPYIOT rpapuku, IpuBe-
DE€HHbIC Ha pHC. 49, cocrouT u3 D-Tpurre-
poB DD10 1 u DD10.2, mukpocxembl DD10,
uHBepTOopoB DDI11.3, DD11.4 u Tpan3ucrto-
pa VT1, obpa3yiomux yCIOXKHEHHUBIH XKJy-
mud  myaeraBubparop. Ha Bxox C D-
Tpurrepa DD10.1 nmocrynaror uMnyiabchl ¢
0Ji0ka o6pa3yoBbiX YacToT (puc. 49, a). Io
(bpoHTY uMNynabca oOpa3lOBOH YacTOThI,
YCTAQHOBJICHHOH  Irepekirouareem  SAl,
3TOT Tpurrep, paboraronui B pexuMme cde-
TAa Ha 2, NEPEeKIIOYaeTCd B €IHHUYHOES
coCTOoAHUC (pHC. 49, 6) W HanpsKeHueMm
BbICOKOI'O YpOBHS Ha NpsIMOM Bbixojie (BbI-
BOJA 5) OTKpbIBAe€T 3JICKTPOHHBIH KJHOY
DD11 1. C aroro MomMeHTa HMNYJILCHI Ha-
NPSOKEHUS U3MEPSIEMOH YacTOThl NPOXOASAT
Yyepe3  3JIEKTPOHHBIH  KJIOY, HHBEpPTOp
DDI1.2 u nocrynarT HENOCpeNCTBEHHO HA
Bxon C1 (BbiBox 14) cueruumxa DDI12 Ilo
(GPOHTY CHCAYIOMIETO WUMIYJILCA TPHITEP
DD10.1 npunumaer HCXOMHOEe COCTOSIHUE H
NIEPEKIIIOYAET B EAUHUYHOE COCTOSHUE TPHT -
rep DD10.2 (puc. 49, 8). B cBoW odepens
Tpurrep DD10.2 au3kuM ypoBHEM HanpsxKe-
HUS Ha HHBEpPCHOM BbIxoae (BbiBOJ 8) Ouio-
KHPYET BXOJ YHpaBIsIOHIEro yCTPOUCTBA OT
BO3AECUCTBHSA HMIIYJILCOB O00pasyoBOM ua-
CTOTBI, @ BbICOKUM VYpOBHEM HAlIPIKECHUS
Ha NIpssMOM BbBIXOJie (BBIBOJ 9) 3anyckaer
KAVLIMUA  MYJIBTHBHOparop. ONeKTpOHHbIH
KJIFOY 3aKpbIBAcTCSH HAlPSIKEHAEM HH3KOIO
YPOBHS Ha TNpIMOM BbLIXOAE TpHITEpa
DD10.1 Hayunaercs HHIUMKAIUSA YHCJIA UM-

)

IyJIbCOB B INA4yke, MNOCTYNUBIOHX KA BXOJ
JBOHYHO-ACCATUYHOrO CUYECTUYHKA.

C noseneHueM HaIpsKEHUUss BbICOKOro
VPOBHA Ha [MPAMOM BbIXOAE TpHITEpa
DD10.2 gyepe3 pe3ucTop R5 HauuHaer 3aps-
xkarbcss koupeucarop C3. ITo Mepe ero
32pANKH  YBCJIHYHABACTCS  IIOJIOKHTELHOE
Hanps>keHue ua 0Oaze Tpausucropa VT
(puc. 49, z). Kaxk TOJBKO OHO JOCTHIHET
npumepno 0,6 B, Tpan3ucrop orkpeiBaercs,
HAMpSKEHHE Ha KOJUICKTOPE YMEHBIIACTCS
nouru Jo O (puc. 49, 9). IlogBiasawomeecs
Ipy 3TOM Ha Bbixoje oaJemeura DD11.3
Halps>KeHne BHICOKOro YpOBHS BO3CHCTBY-
eT Ha BxoJbl RO Mmukpocxem DDI12, DD14 u
DD16, B pesynprare 4Yero JIBOHYHO-
BECATHUYHBIH CYETUYHK HMNYJILCOB cOpachiBa-
€TCSA B HYJIEBOE COCTOSMHE, OTUYETO pe3yJib-
Tar u3Mepenuss npekpamaercs. OnHoBpe-
MEHHO HAlPSKEHUE HHUBKOIC YpOBHHI, IIO-
ABUBIIECCS KOPOTKHM HMITYJIBCOM HA BbLIBO-
ne 11 auBepropa DD11.4 (puc. 49, ¢e), ne-
pekyirodaer TpHrrep DDI10.2 u  xpyogmid
MYJLTHUBHOPATOP B HCXOJHOE€ COCTOSHHE H
KoHJeHcarop (C3 paspsxaercs depes AUOoJ
VD2 u anement DDI10.2. C nosBiaenHem Ha
Bxoe Tpurrepa DDI10.1 odepeguoro um-
nyabca o0pa3sgoBOH YacTOTH! HAUYUHAETCH
CIHEeYIOUIAM IUKJI paboThl NpubOpa B peKu-
M€ HU3MepeHHsA (puc. 49, o).

Cueruuk DD12, peumdparop DDI13 u
razopaspsauslii mudporon unaukarop HGI
00pa3yroT MIQQIUYIO CUETHYIO CTYIIeHh 4Ya-
cToroMepa. IlocneayrouiHe cUyeTHbIe CTYIIe-
HH Ha3bIBAKOT CcTrapiimmMi. B 3aKOHYEHHOH
KOHCTPYKUHHE  4acTOTOMEpPA  HUHAHKATOpP
HG! —kpaiinuii  cripaBa, BJEBO OT HEro
caeayorT uHgukaropsl HG2 u HG3. Iep-
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Puc. 50. Cxema 010K2 NHTAHHS

BbIH H3 HHX BBICBEUYMBAET €HHHIBI, BTO-
pPOH— [ECATKH, TpeTHH —COTHH 4YacTOT
JAaHHOrO [OAfHana3oOHa H3MEPEHHA, BbI-
OpaHHOIro IfepeknoyaTesiem SAL.

UToObI YacTOTOMEpP IlepeBeCTH B pe-
KHAM HEIIPEPBIBHOIO C4YeTa HMITYJILCOB, Ile-
pPexovaTeNnbr SA2 yCTaHaBAHBAIOT B I10JIO-
KeHne «CyeT». B s10M ciyyae Tpurrep
DDI10.1 mo Bxogy S nepexmowuaercs s
CAHHAYHOE COCTOSIHHE—HAa ero IIpsMoM
BBIXOIC OEHCTBYET HalpsipKeHHEe BBICOKOIO
ypoBHsA. [IpH 3TOM 3/EKTpOHHBIH KIIOY
DDI11.1 oxa3pIBaeTCsi OTKpPHITBIM H 4Yepes
HEro Ha BXOJA ABOMYHO-HECATHYHOIO CYeT-
YHKa HeMpepbIBHO [IOCTYNAOT MMIIYJIbCHI
BXOOHOro curHasia. IlokazaHus cdeTywka B
ITOM Ciiy4dae MpeKpamaloTcsa MIPU HAXKATHM
Ha KHOIIKY SB1 «Cépoc».

biox mHuTaEmA yactoToMepa (puc. 50)
00pa3yloT ceTeBoii Tpancdopmatop TI,
ABYXIIONYNIEPHOAHBIA BBIIpsAMHTENL VD3,
KOHIOeHcatop C9, Cria>kuBarOIHH IIyJbca-
[IHH BBIIPAMIICHHOTO Hallps>KEeHHA, U CTabH-
JIA3aTOP HalNpsXXEHHA Ha CTa0HIMTpOHEe
VD5 u Tpansuctope VT2 KongeHcaTop
C10 Ha BbIxOme cTaGHIIM3aTOpa IOIOJIHH-
TE€JIBHO CIJa)XHBaeT ILyJIbCAIAH BLHIPAMIICH-
HOoro HanpspkeHHst. Konpencatop Cl1 (kak
H KOHOeHcaTtopel C4—C8 npubopa) 6710KH-
PyeT MHKPOCXEMBI 4YacTOTOMEpa II¢ IlellH
MATaHAsA, pe3ucTop R16 nopnep>kuBaeT pe-
KM CTaOHIH3aTOpa MNpH OTKAIOYEHHOH OT-
HErO0 Harpyiske.

Hanpsoxeawe obmotku III TpaHCcdop-
matopa (okoJio 200.. 220 B) nogaetcs yepes
Avox DV4 B nenn NATaHMA aHOMHLIX Iienel

Kopnyc
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}’nc. 52. Pasmemenne 6.10k0B M Jeraseli qH(DPOBOro JaCTOTOMEP2 B KOpIyce

razopa3pAagHbIX [UPPOBBIX HHIUKATOPOB
4acTOTOMEepa.

Koncrpyxmusi. C BHEIUHMM BHAOM Ya-
CTOTOMEpa Bbl y>Xe 3HaKombl. Ero xopiryc
(puc. 51) cocrour wu3 AByXx Il-06pa3HBIX
YacTel, COTHYTBIX M3 MATKOTO JIACTOBOIO
JIOPAMOMMHHAA TOJMMEON 2 MMm. HMuKHAA
4acThk BBLIIOJNHAET QYHKIHIO COOPOYHOro
Iracci. B ee nepenHeld cTeHKe, SIBAAIOHICH-
CA JIMIIEBOH HaHEJbIO NpHOOpa, BBIHIESHO
IPpAMOYTI0JIbHOEe OTBEPCTHE, IPHKPLIBAEMOE
Cliepeny MNJACTHHKOM KpacHOI0 oOpraHuve-
CKOro CTEKJA, Yepe3 KOTOpoe BHOHBLI ra3o-
pa3psanHble MHOUKaATOpbl. CHpaBa OT HEro —
OTBEPCTUA IJA KPEIICHHA BXOOHOrO BBICO-
KO4acTOTHOI'O pa3bema XS1, repexaioyare-
ast SA1 Ha IATh IONOKeHUH, TymOsiepa SA2
«H3meperue-cuer» ¥ KHONKH SB1 «C6poc».
Tpu oTBepcTHA Ha 3afHeill cTeHKe Ciy»KaT
AJs1 BBIKNIOYATEIA MTaHus SA3, apmarypsl
IaBkoro npefgoxpanuresa FULl wu BBOna
CETEBOr0 mHypa. BepXHIOW 4acTp—
KPLIUKY — I[IPUBEPTHIBAOT BUHTamMu M3 K
OIOPa/IFOMHHHEBBIM  YTOJIKaM, [IPHKJICIIaH-
HbIM K IACCH BJI0JIb GOKOBBIX cTOpOH CHM3Y
K IIacCH INpHKpelvieHb! Pe3UWHOBBIE HOMNCKH.

MonTax. [leTanu 4yacTtoTomepa cmOH-
TMpOBaHbl Ha 4YeThIpeX IeYyaTHbBIX MJJaTaX W3

¢pOJABrHPOBAHHOIO CTEKJIOTEKCTONIMTA TOJI-
IMHHOW 2 MM, NPENCTaBIAIOMHMX co60i ¢yH-
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KITWOHAJIbHO 3aKOH4YeHHbIe OJIOKH IIpHGOpa.
Pa3smentenye nnat ¥ Apyrux getajeil 4acTto-
TOMEpa B KOpIIyce MOKa3aHO Ha pHcC. 52.
IlnaTel BuHTaMM ¢ raiikamMu yKpeiuvieHb! Ha
MaCTHHE JIBCTOBOro IWIACTHKA4, a4 OHa— Ha
AHe waccH CoeUHEHHA MEXNY MaaTaMH U
APYITrUMH JOeTansAMu IIpuoopa BBIIONHEHEI
THOKUMM [IPOBOTHMKAMM B HANEXKHOH M30-
JISITIMH.

IlepBbIM MOHTHMpPYHTEe M MCNBITHIBaiTe
00Kk rmranusa., Ero BHemuHuit BUO M me4at-
Hasl [iaTa CO CXeMOM pa3MeleHUA neTajeH
nokasankl Ha puc. 53. CeTeBoii TparchOp-
maTop T1 camopmenbHBIH, BBIIOAHEH HA Mar-
HuTonpopone IJI20x32. O6motka I, pac-
CUMTaHHas Ha HallpspkeHde cetd 220 B,
comepxur 1650 ButkoB nposoga I13B-1 0,1,
aHOogHast 0omoTKa III — 1500 BUTKOB Takoro
’Ke nposofda, oomoTka ll— 55 BHTKOB mnpo-
Boga II9B-1 0,47. Boobie >xe Aas 6J0Ka
[IMTAaHUA MOXKHO HCIIOAB30BaTh I[MOAXONSA-
IIMH rOTOBBLIH TPaHCHOPMATOP MOIIHOCTHIO
oonee 7...8 Bt, obecrieuupatommii Ha 00-
MOTKe 1l rniepemeHHoe Harnpsikenue 8...10 B
Ipi TOKe Harpy3ku He meHee (.5 A, Ha
oomoTke III — okono 200 B npu Toxke He
meHee 10 MA

Perynupyroup# Ttpad3uctop VT2 cra-
OHNM3aTOpa HalpsSKEHHA YKpelvlieH Ha Ix
00pa3HOH MIOPA/IIOMHMHHEBOH ILIACTHHKC



Puc. 53. Bok nHTaHEA
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pasmepom 30X50 ¥ TONWMHOH 2 MM, BbI-
DONHAIOWIEH (DYHKIHIO TENN0OTBONA. BRIBO-
Abl 0a3pl M 3MUTTEpa TPaH3HUCTOpa [pOITy-
II€HbI Yepe3 OTBEPCTHSA B ILIaTe H IIpUIa-
SIHbI HENOCPENCTBEHHO K COOTBETCTBYIOIIHM
nevYaTHbIM I[POBOJAHMKAM. OJIEKTPHYECKHI
KOHTaKT KOJLJIEKTOpa TPaH3UCTOpa C BBIIPSI-
MHUTeNLHBIM O0JI0KOM VD3 ocymecTBiieH ye-
pe3 ero TemaoOTBOR, Kpere>KHble BUHTHI C
raMkamu W poJbry NJAaThl.

CBepup MOHTa)k €O cXeMOH 6JioKa (cm
puc. 50), nogxmrounrTe K BBIXOAY CTaOHIU-
3aTOpa Hallpsi>KeHHsS 3KBHBAJICHT Harpys-
KU — pe3UCTOp conporusiaeareMm 10 12 Om

Ha MOINHOCTB paccestHusA 5 Bt IMomgkmrouu-
Te OJIOK K CETH H TYT K€ H3MepbTe
HallpsOKEHHE Ha pe3ucTOpe — OHO AOJKHO
ObITE B Ipefenax 4,75...5,25 B. Bojaee To4-
HO 3TO HalpsDKEeHHe MOXKHO YCTaHOBHTD
Dopbopom crabunurpoHa VDS5S. OcTaBbTe
OJIOK BKJIIOYEeHHBIM Ha 1,5...2 4. 3a 3TO
BpeMS peryjJMpyiOmiHH TPaH3HCTOP MOXKET
Harpetecs 0o 60 . 70° C, HO HanpspKkeHue Ha
Harpy3Ke HOJIKHO OCTaBaTbhCH MPaKTHYECCKH
HECH3IMEHHBIM. Tak BbI MucIHbITaere O0J0K
[IHNTaHHUA [P padOTe B yCHOBUAX, OJIH3KUX
K peajbHbIM.

CdeTuyuk umMiryncos n 610K MG POBOH



Puc. 54 Ilnara cueryHKa HMIYJILCOB ¢ OJOKOM
1mdpoBoH HHPOpMAIHH
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HHIMKAllAH CMOHTHPOBaHbI Ha ORHOH OG- YCIOXKHATL 3CKM3a MaaTbl, 3TH COeHHEHHHA
eH Iulate pa3mepom 100x80 mm (puc 54) Ha puC 54 He IokKa3aHbI)
Ilywapl nem nuTaHMA pa3MelnieHbI Ha Iia TuwaTenbHO IpOBEpUB MOHTAXK H Haje-
Te CO CTOPOHBI MHKPOCXEM, YTO II03BOJIN- )KHOCTb IIa€K, COeqHHUTE IIATy C OJI0KOM
JIO OOOHTHCH JIMIIBL OBYMS I[IPOBOJIOYHBIMHU [THTaHHA M, COOIORast OCTOPOXKHOCTD, ITOJ-
IepeMbIYKaMM B MeCTax MepecevyeHus Iie- K/MO4UuTe 00K K ceTH HMHRUKATOPBI HOJIXK-
ned cyeTyukoB DD12, DDI4, DD16 K 3tum  HbI BEICBEYHBaTh HYJIM EcCiu Teleph OOWIRH
’Ke IMHAM [IpUItasiibl OJIOKHPOBOYHBIE KOH-  IIPOBONHMK R(-BXOHOB CYUETUYHMKOB, KOTOPBI

neHcaTopbl C7 u C8 BbIBOABI razopaspsil- OOJI2KEH COCOUMHATLCSA C BbBIBOOOM & 3J1€MEH-
HbIX HHOUKATOPOB IIPOIYIIEHbI 4Yepe3 OT- Ta DDIil1 3 ycTpolcTBa yIIpaBjieHHA, 3a-

BepCTHsS B IUlaTe H IIPMIIasiHbl K TOKOHECY MKHYTb BpEMEHHO Ha «3a3eMJICHHBIH» IIpO-
UM TLIOHIafKaM, KOTOPhIE 3aTe€M COeHHE BOOHHUK M Ha Bxopn Cl (BbiBOg 14) cyeTuuka
Hbl OTpe3KaM¥ MOHTa>XXHOro IIpoBOna ¢ CO DD12 nmogaTe OT HCNLITATCABHOIO IeHepa-

OTBETCTBYIOIIUMH MM BBIXOHAMH JelMdpa TOPa MMIIYJbChl, (JEAYIONIHE C YacTOTOH
ropos DD13, DDI15 u DDI7 (410661 He  mnosTopenssi 1 3 I'r, 3TOT y3€J 4acTOTOMeE-
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Puc. 55. Baok 00pasmoBbIX 4YACTOT
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pa OydeT paboTaTb B perxkuMe cYeTa MM-
nyabCcoOB HHTMKaTOp HG1 cTaHeT BBICBEUU-
BaTb eauHMIbl, HG2 — gecstkn, a HG3 —
COTHH umityibcoB Ilocne 999 wumnynbcos
Ha MHOMKATOpaX BBICBETATCSA HYJH H Ha-
YHETCA CYEeT CIEHYIOUIErO IMKAa HMIIYJib-
COB

B cayyae Hemosagok B 3TOM  y3Jie
NpOBEpANTE W MCIBIThIBAHTEe KaXKObId pa3s
pAn O0J0Ka UHOMKAIMH pa3gesibHO ¢ [0
MOIIBKO MHAHKATOPOB MJIH, 4YTO JVdllle,
JJIEKTPOHHOrO ocuuuiorpaga

lasiee MOHTHpYHTE H MCHBITBIBaTe
010K 00pa3noBbIX 4acToT (pHC 55) B HeM,

b

N SAY

5)

KaK H B 0JI0Ke MHPPOBOH WHIUKAIMH, IITHHBI
MMTAHUA A OJIOKUPOBOYHBIE KOHHAEHCATOPHI
Pa3sMCuIeHb! Ha IJjiaTe CO CTOPOHBI MUKPO-
CXeM

ITocne npoepks mMoHTaxka mofgailiTe Ha
LIMHBI IIHTAHMA 3TOro OJIOKa Manpsi>KeHHe
5 B M, D0Nb3ysACh CBETONHONHBIM WM TpaH-
3MCTOpHbIM HWHOUKATOPOM, IIpOBEPbTE €ro
paboToCnoco6HOCT, [lpu NMOOKIIOYEHMMU
HHAHKATOpa K BBIXOOY MHKpOCXxembl D9
OH pnOJPKeH wmurate ¢ vactorod 1 I, K
BBIXOQY MHKpocxemMpl DD8-—c¢ wyacToToH
10 I'm, a x BeIxOgy DD7—c 4acToTO#
100 I'm (Ha rna3 He3ameTHO) 3aTeM CHrHa-
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bl € BBIXOHOB 3THX MMKPOCXEM I[IOfauTe
moodepenHo Ha Bxox Cl cuerumka DDI2
6n0ka udpoBolt uHpukamuu. Paborast B
pexkuMe cyeTa, OH OyAeT HHJUIHPOBATH
YHCJIO UMITYJIECOB, ITOCTYIAOIIMX Ha HEro ¢
BLIXOAOB TpeX CTyleHeH nenuress. EcmH
Bce OymeT Tak, MOXKHO CYHIaTh, 4YTO H
regepaTop 6Ji0ka 06pa3noBbIX YacTOT pado-
TaeT HCIpaBHO.

dopmupoBaresib UMITYJAbCHOIO Hallps-
KeHHS!, 3JeKTPOHHBIH KJIIOY H YCTPOHCTBO
yIIpaBJieHHs CMOHTHPOBaHbI Ha OOHOH 00-
et mnare (puc. 56). HcnbITaHME 3TOTO
y3na 4acTOTOMepa HayuHaHTe ¢ MPOBEPKH
paGoOTOCIIOCOOHOCTH  (POPMHPOBATENST HM-
NyJbCOB CHrHAJa WH3MEPAEMOH YacCTOThI
COBMECTHO C JAPYrUMH Yy3JIaMH H 3JICMCHTA-
mu Irpubopa. Insa 3Toro Bxon S (BbIBOX 4)
Tpurrepa DD10.1 BpemMeHHO COeUHHTE C
«3a3eMJICHHBIM>» [IPOBOJHHKOM (YTO paBHO3-

1,

56
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HAYHO yCTaHOBKe IepermodaTens SA2 B
onoxeHue «CyeT»), BLIBOA '6 HHBEPTOpa
DD11.2—c¢ BriBogom 14 Bxoga Cl cyeTuH-
ka DD12 u nogaiite Ha pa3bemM XS1 CHrHan
¢ BbIXOAa MHKpocxembl DD9 6io0ka 00pas-
HOBBIX 4acTor. MHAUKATOPH! HOJ>KHBI BbI-
CBeYMBaTh I[10CJienoBaTeNpHO I@psl OT 1
no 999. Ilpu dYacToTe MmIyabcoB 10 I,
CHMUMaeMbIX ¢ BBIXOJa MHKpocxembl DDS,
CKOPOCTE CYE€Ta MMITYJIbCOB BOo3pacTaeT B 10
pas3.

3atem IIPOBOAHHK, COCAHHAIOIUNA BXOJ
S rtpurrepa DDI10.1 ¢ «3a3eMJeHHOH» IUH-
HOH IMTAHUSA, yAaJuTe (ITO COOTBETCTBYET
yCTaHOBKe Iepekmovaresa SAZ B moJioxe-
aue «HM3MmepeHHe»), BBIBOI 8 HHBEPTOpA
DDI11.3 coenMHMTE C IIHHOM cOpoca c4YeT-
yykoB DD12, DDI14, DDI16 (npenBapuTeib-
HO yJaJB I[IepeMbINKY, KOTOpPOH 3Ty LIHMHY
paHee 3aMbIKa/lM Ha «3a3eMJICHHbBIH» IIpO-

Puc. 56. Ilnara ¢popmupoBaTens HMIYJILCHOTO Ha-
NpsOKEHHAss H YCTPOHCTBa YIPaBIeHMs
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BOOHHK), Bxox C (BeBOg 3) TpUrrepa
DD10.1 coenunnTe HemocpencTBeHHO ¢ BLI-
XOIOM .010ka 00pa3I[OBBIX YaCTOT (BBIBOJ 5
DD9), 4ro paBHO3HAYHO yCTaHOBKe IIepex-
jmovaTensas SA1l B mnonoeHue «X 1 I'm», u
OMHOBpEMEHHO C paskemoMm XS1. Terepsn
uapaukatop HG1 6yger nepuonuyeckn, [puU-
MEpHO 4epe3 1,5...2 ¢ (B 3aBHCHMOCTH OT
AJMTCIIBHOCTH 3apsiiKd  BpeMsA3afarolero
KOHIeHCcaTopa (3). BbIcBeuwBaThb dpy 1
(1 I'm).

IIpy coenuuennu pazbema c BbIXOIIOM
MHKPOCXeMbI DDS8 06510Ka 00pa3oBbIX ya-
CTOT mHAMKaTOopel HG1 u HG2 pgomxHbI
BBICBCUHBATh 4uCa0 10 (10 I'm). Ecam e
Pa3beM COCAUHUTHL C BBIXOAOM MHKpOCXe-
Mbl DD7, HHOHKATOPBI CTAaHYT BbICBEYHBATE
yucio 100 (100 Tryp).

ITocne artoro nopatite Ha BXOO 4acTo-
TOMEpa MEepeMeHHOe HalIpSKEHHE CeTH, I1o-
HHXKEHHOE TpaHC(popmaTopom A0 1...3 B,—
HHTMKATOpPB! 3apHKCHPYIOT 4acToTy SO I

ITocne ucHbITaHUA GAOKOB 9acTOTOMe-
pa IIPHKPENUTE IaThl K MJIACTHHE JIMCTORO-
'0 FéTHHaKca (MOXXHO TEKCTOJINTa WiH apy-
Foro H3O0AAIHOHHOI0 MaTepuasia) B COOTBET-
CTBHM C pPHC. 52, a HJIaCTHHY YKpenMTe Ha
AHE waccu. CoeauHnTe ILIATel MeXOy cCOo-
00l W C ApYyruMH HeTajiaMmu JacTOTOMEpa,
YCTAaHOBJICHHbIMM Ha JIMIeBOH W 3afHeH
CTCHKAax MIaCCH, MHOTOXXUJIbHBIMM MOHTAK-
HbIMH [IPOBOJHUKAMH B IOJIHBHHMIXJIOPHI-
HOH H3OJIAIMH.

OkoOHYaTeNbHO NPOBephLTe padoTy IMpu-
Oopa B pexxumax «CuyeT» u «M3mepenues.
HcToynukaMu curgasa [T0-TIPEIKHEMY MOFYT
CIy2KHTb HMITYJbChbl, CHUMaeMble ¢ pa3HpIX
CTylleHeH HesuTesist GOKAa O6pa3loBbIX

YacToT.
Kaxkue wu3MeHeHHA, HOMONHEHHS MOX-

HO BHECTH B IH(PPOBOH YacTOTOMep?
Haynem ¢ ¢opmupoBatens UMITY IbCHO-
o HalpAXEHHA, OT KOTOPOro B 3HAYHTE/Ib-
HOH CTelleHH 3aBUCAT YyBCTBHTE/ILHOCTH M
YETKOCTh pabOThl H3MEPUTENBLHOTO Ipubdopa
B 11eJIOM. MOXET CAy4YMTBCSA, YTO B Ballem
PacllOpSDKEHUH He OKarkeTCs MHKPOCXeMbI
KI155JI11, npepcraBnsiomedi coGoii nsa de-
TBIPCXBXONOBLIX paciMpHTens no HJIHU,

l G‘ZI Q.04 7mK

KOTOpbI€ BO BXOAHOM OJIOKE YacTOTOMepa
PaboOTalOT B TPUITEPHOM peXcHMe. 3Ty
MHKPOCXEMY MOXKHO 3aME€HHTL OHHHMM W3
TpurrepoB lImurra mukpocxemsr K155TII1,
€C/IM NOTOJIHHTE €0 ORHOTPAH3UCTOPHBIM
YCHIHTEJIbHBIM KackafoM. be3 mpensapu-
TCILHOTO YCHMJICHUS HalIpAXKEHMS H3Meps-
€MOH YaCTOTb! YyBCTBHTEILHOCTbD YaCTOTO-
Mepa OyHeT XyxKe, 4eM ¢ popMHpoBaTesiem
Ha MuKpocxeme K I155JIJ11.

TAeMy  TaKoro BapHawTZ BXOHHOIO
OJIOKa YacTOTOMeEpa BLI BAHiE Ia puc. 57.
IlepemenHoe wanpspxenue H3MepsAeMOn 4Ya-
CTOTHI Yepe3 pe3ucTtop R1 ¥ KOHAeHCATOp
Cl nopaercs Ha 6a3sy TpaH3ucTOpa VTI
YCH/IMTEJILHOTO KacKana, a ¢ ero Harpy3oy-
HOTO pe3ucTopa R4-—Ha BXOny Tpurrepa
Umurra DD1.1. Popmupyemble TPHITEPOM
HMITyJIbCBI, 4acTOTa CENOBaHMA KOTOPBIX
COOTBETCTBYET 4acTOTe€ BXOQHOIO CHrHaJja,
CHUMAIOTCS C €ro BBIXOQHOIO BLIBOAA 6 K
pajee IOCTynarOT Ha BXOAHOH BLIBOL 2
SJIEKTPOHHOro kmo4a DDI1.1  ynpapis-
IOIIETO YCTPOHCTBA YacTOTOMepaA.

KaxoBa pojip xpemMHMEBOrO auona VDI
H pesucTopa R1 Ha Bxoge npu6opa? Muon
OrpaHHYMBAET OTPHIATE/IbHOE HalIpSAXKeHMe
Ha SMHTTEPHOM [Iepexofe TpaH3HCTOpA.
IToka HanpsikeHWe BXOZHOIO CMIHAIA He
npesbimaeT 0,6...0,7 B, guonq npaxTuuecku
3aKpbIT ¥ HC OKa3bIBacT HUKAKOIO BJIIMSIHHS
Ha pa0OTy TpaH3HCTOpa - KaK YCUIHTE A,
Korna xe ammuTyna u3mepsieMoro carsa-
J1a OKa3bIBaeTCs 0OJIblIe 3TOro IIOPOroBOro
HAlIpSXKEHHA, QUON TIPU OTPMI[ATENbHBIX IIO-
JIyIICpHOJlax OTKPBIBAETCS U TAKHM OOpa3oM
MOAACP>KHBACT Ha 0a3e TPaH3WCTOpa Hallpsi-
’KeHHe, He INpesbnuaiomee 0,7...0,8 B. A
pe3uctop RI npefoTBpamaeT npoTeKaHHe
9€pe3 OMON OIAacHOro AJist Hero TOKa IIpH
BXOQHOM CHIHAJIe ITOBBIIICHHOIO HallpsiKe-
HHS.

Konpencatop C2 6noxmpyer YCHJIU-
TE€JIbHBIH KAaCKafl H MHKpPOCXeMy (hOpMHpPO-
BaTead IO IelM ITHTaHMs.

HamaxxuBanue (opMHpoOBaTeNns cpo-
AUTCA K 1Onodopy pesucropa R2. o6uBa-
I0TCA, MTOOBI Ha KOJUIEKTOpe TpaH3uCTOpa

-+ 55
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Puc. 57. ®dopmuposaress wmmymcuoro HanpsoxkeHHs Ha TpHrrepe IllMmTra Mukpocxemsr K155T/11
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(OTHOCHTEJILHO OO0IIlero mpoBoja) ObLIO Ha-
npsxenue 2,5...3 B

YyBCTBHTEJILHOCTh 4aCTOTOMEpa ¢ Ta-
KuM ¢popmMHpoBaTeIeM HMIYJIECHOI'O Halpsi-
xxeHnss OyneT He meunee 50 MB, uTO OONee
yeM Ha IIOpANOK jydllle, yeM ¢ popMHPOBa-
Tenem Ha mukpocxeme KI5SJIIL.

Cxema Opyroro BapuaHTa (popmMUpOBa-
TeaA, 00eCneYUBaIIEro 4acToToMepy IIpu-
MEpPHO TaKyio K€ YyBCTBHUTEJBHOCTH, [TOKa-
3ana Ha pHc 38 Ero sxofHas Uelb H
YCHJMTeNL — TakHe K¢, KaK B POpMUPUBd-
TeJie TpeabIayIlero BapHaHTa. A (YHKIUIO
camoro opmMHpOBaTes HMIIYJAbCHOIO Ha-
[IpSAKEHUST H3 YyCHJIEHHOrO CHrHAJA BbINOJI-
aaeT Tpurrep IHmuTra Ha JOrH4eC aJie-
meHTax DDI1.1 un DDI1.2 MHUKPOCXCMBI
K155JIA3. Ilopo6Heni Ttpurrep IHmurTa
yoKe MCIIOJIb30BaJICA BaMH B [IPOCTOM 4acTo-
TOMEPE CO CTPEROYHbLIM HHOMKATOpPOM Ha
BpIxone (cm pHc. 24). UaBeptop DD1.3
yaydwaeT ¢opMy HMITYJIbCOB, ITOaBAE€MbIX
Ha BXOJN 3JIEKTPOHHOro Ki4Ya YCTpOHCTBa
yIIpaBJICHHSA.

HUTak, eme ABa BO3MOXKHBIX BapHaHTa
cbopMHpoOBaTeId HUMIIYJbCHOIO Haupsxe-
HHSI, OTJHYaIOMMXCAa OOHH OT ApYyroro Hc-
[IOJb3YEMBIMH B HHX MUKpOCXeMamyd, HO
IPaKTHIECKH OJJMHAKOBBIX 110 YyBCTBUTECJIb-
HOCTH. Ha KakOoM H3 HUX OCTaHOBHUTHCH,
ecau He okaxerca Muxpocxembl K155J1]11
H, KpoMe TOro, Iroxkejaere yJay4nimTh 1yB-
CTBUTEJLHOCTEL YacToToMepa? PewmmTh 3TOT
BOIIPOC MOXKHO OITBITHBIM ITyTEM: HCIBITATh
B paboTe 00a BapWauTa ¥ MOHTHpPOBATH TOT
H3 HUX, ¢ KOTOPBIM 4YacToToMep paboraeT
yerye. BpIOOpY MOXKET I[IOMOYb 3JIE€K-
TPOHHBIN ocnuaorpad, Ha 3KpaHe KOTOpoO-
ro MOXKHO HaOmogaTh (POPMHPYEMbIE HM-
nynechbl. IlpegmoureHne clenyeT OTHAATh
¢dopMHUPOBATEIO, PPOUIBI H ClIajbl BbIXOJ-
HBIX MMITYJIBCOB KOTOPOTO Kpyue, HMEKOIIHE
OOMHAKOBBIE AJIATEJBHOCTH CaMHUX HMITYJE-
COB M IIay3 MeEXXAY HUMH.

MozkeT CAy4YuMThBCs, YTO IIpH H3MeEpe-
HHH 4acTOThl 0o0Jiee HEeCKOJBKUX KHJIOrepil
OyAyT HabMOAaTbCA MEPIAHHA CBETAIIMXCA
idp HHOAMKATOPOB H, KPOME TOro, IpHoOOp
wHOrga OypaeT MNOKa3biBaTh B JABa pa3sa

K4

OOJIBIIIYVIO 4acToTy. B YeM IPUYHHUBI 3THX
sIBJIEHMH M KaK MX yCTpaHuTh, €CJIM, KOHCY-
HO, OHH HaOMIOAalOTCA B roTOBOM 4acTOTO-
MEpEe HAH MOABATCS M103XKe?

B onmHcaHHOM 4YacCTOTOMEpEe BpeMA MH-
OHKALUM pe3yabTaTa H3MEPEHHA 3aBHCHT OT
noJioxkeHus lepexsioyarens SAl «/luama-
30H». [IpH 4acTOoTe TAKTOBBIX HMIIYJIbCOB
6onee 1 k', nocrynawpommx oT 0JI0Ka 00-
pa3[oBbIX YacTOT Ha BXOHA VYHPaBIsIOLIEro
ycTpoiicTsa, kougeHcatop (3 We Bcerpga
yLieBae: NOJHCCTHIO pa3psifHibCs 3a Bpe-
MA MEXAY ABYMSA COCEQHHMH HMITYJIECaMH,
H3-3a 4ero HpH cjenyloleM IHKJE padOThI
OH HauuMaeT 3apsKaTbCs ¢ 0oJiee BBICOKO-
ro HalpsXXeHHsT Ha HeM. B pe3yibTaTe
BpeMsI MHAUKAN#AW (CM. puC. 49, 8 U i)
YMEHBIIAETCS H CBeYEHHE HHAHKATOPOB Ha-
YyHHaeT Mepuarh.

IIpuyiHa BTOPOro ABJICHHUS —
HEKOTOpass HecTaOWIbHOCTh KOHEYHOH JJIH-
TeNLHOCTH CUrHajia «copoc» (cMm. puc. 49,¢)
YCTPOHCTBA YIIPAaBJCHUA B HCXOHHOE COCTO-
saue. ITo ¢ppOHTY 3TOr0 UMIIyJIbCa TPMITEP
DD10.2 nepexkmoyaeTcsa B HYJIEBOe€ COCTO-
siHUE H HaNpsKEeHHe BBICOKOro YpOBHA Ha
ero MHBEPCHOM BBIXOfe (BbLIBOJ 8) pa3pella-
eT pa6Gory Tpurrepa DD10.1. 1 ecm TakTO-
BRI UMIYJLEC 00pa3n0BOH 4acTOThI ITOCTY-
nuT Ha Bxong C 3TOro TpMIrepa B IIPpOMeEXY-
TOK BpeMeHH, KOrja Curuajn copoca euie He
3akOHYmICA, 1o Tpurrep DD10.]1 nepekKiio-
YUTCA B €AMHUYHOE COCTOSHWE, HA4YHETCH
cuyeT BXOJHBIX MMIIYJECOB, HAa YTO TpHITEP
DD10.2 cBoeBpeMeHHO HE CpearupyeT, Tak
KaK [10CJle TaKoro ImuKjaa pa0doThl CHrHasa
c6poca He OyaeT. B uTOre HHAHKATOPHI
OyayT (PUKCHpOBaTb CYMMy YacTOT H3Me-
PEHHOrO CHrHajla H IIOKa3aHWs «BHEIVIaHO-
BOro» Huknaa paboOThl  yIPaBJSIOLICTO
yCTPOHUCTBA.

O6a 3TH HegocTaTkKa HeTPyAHO yCTpa-
HHTb BBEOECHHEM B YCTPOHMCTBO YIIpaBICHMS
eme omuoro D-tpurrepa, DDI10.1°, BbIme-
JICHUOro Ha puc. 59 yTOJIIEHHBIMH JIHHH-
amu. B TakoM cjy4ae C IIOsIBJIEHHEM CHIHa-
na «cobpoc» paGora tpurrepa DDI10.1 eme
jalpelieHa HallpsDKeHHEM HH3KOro ypOBHA,
ocTynalouMM Ha ero BXoA R ¢ BbIXOJa

+58
D7 KI55/7A3
G 2K

Puc. 58. Cxema (hopMHPOBaTej s HMILYJLCHONO HANPAKEHHA HA JIOTHIECKHX 3JIeMEHTaX MHKPOCXeMbI
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Puc. 59. Cxema ycrpoiicrea YUP2ABJICHASA C JONOHHTEALHBIM D-TpHrrepom

Tpurrepa DDI10.1" Pa3spemenue Ha ero
padoTy pJaeT NONOJHUTEIbLHbLIH TPUrrep mno
OKOHYaHHH HMIlyJIbCa, MPUXOAAIIEIO Ha ero
Bxon C Ilepuon ciemoBanus 3Tux UMITY JIb-
COB MOJIXKEH ObITh TaKuM, YTOGBI BO BpeMms
fay3 Mexy Humu KOHneHcaTop C3 ycieBar
TOTHOCTBIO Pa3pAAMTECA. ITa 3afada pe-
IIaeTcss MOAA4Yed Ha BXOJ TpUIrepa
DD10.1" umityaecoB wacToTOl CcieqoBamms
10 I', cHEMaeMbIX ¢ BBIBOmA S CYeTuMka
DD8 6n0Kka 06pa3moBbIX 4acToOT,

bjaok nudpopolt wamukammyM yactoTto-
MCpa 1pexXpa3psiaHbIH, 4YTO, KOHEYHO, CO3-
Aa€T HEKOTOpbIE HEYHOOCTBaA I10Jb30BAHMS
[IPHOGOPOM, O YeM MBI yke FOBOPH/IH paHee.
Ho Ttak cpenaHd HCKIIOUHTENBLHO C EeJIBIO

YHUPOILICHHS, YMCHBUICHHA YHCJIA MCIIOJb3Y-
CMbIX MHMKDOCXE€M H 3HAKOBBIX MHIHKATO-
pOB. YUTOOBI H3MEPHIeNbHBIH NpubOp cTan
9EThIPEXPa3pAOHLIM, ero HagoO IOIOJIHWUTH
KOMILIEKTOM MHKPOCXEM H MHAHKATOpPOM,
COOTBCTCTBYIOIMM KOMILIEKTY AeTajneH oj-
HO10 pa3psna, KaKk MOKa3aHO Ha CXEME PHUC
60. Cyeruynx DDI18, pewucgpparop DD19 u
HHpMKaTOp HG4, o6pa3syiomme YEeTBEPThIH
pa3paf (Tenepb OH GyHeT cTapiied CYeTHOM
CTYIIEHBIO W B KOHCTPYKIIMH HaxXOOMTLCS
KpaHHUM JIEBBIM), COERUHSIOT MEXIY COOOH
TaKk 2K€, KaKk JeTaqu Jpyrux pa3psanos.
Bxon C1 (sbiBog 14) cyeTyHKa 3TOro pas3ps-
Aa COCOUHAIOT C BbIXOOOM 8 (BhIBO; 11)
cdeTauka DD16 Tperbero paspsina, a ero
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Bxon RO (BBIBOJ 2)— C aHAJOIHYHBIMH BXO-
OaM¥ Bcex JAPYIHX CUYETYHUKOB OJIOKa HHOM-
kamuu. IluTadue Ha aHop unpukaTopa HG4
nonaloT, KaK H Ha aHOZAbI APYIruX HHAHKATO-
pOB, 4Yepe3 OrpaHHYHTENbHBIH pEe3UCTOP
R15 rakoro >xe WOMHHaxa.

Ipu >KenaHWM M HaJMYWM jpeTanxcH
610K IHG$pPOBOH HHIHKAMH MOKHO JOIOJI-
HATb e€Ile ONHOM CYEeTHOH CTYICHBIO —
nstoi. HO, kaKk [OKa3bIBaeT paJHOJIOOH-
TeJbCKasl NPaKTHKA, B 3TOM OCOOOHM HEOO-
XOOUMOCTH HeT.

CriegyIOL4iA BONPOC, KOTOPHIH MBI
NpeABUAHM: KaKie 3HAKOBbIE HHIHKATODAI,
kpome HH-8-2, nogoiayT Aisi 4acTOTOME-
pa? JTioOble Apyrue HHAMKATOPHI TICIOLICTO
pa3psina, Hanpumep UH-2, WH-14, HH-16.
Hago TOJBKO I[P MOHTa)K€ Y4YUTBIBaTb
CcOOTBETCTBYIOIIYIO WM IIOKOJIEBKY. Pacnos-
HAaTh K€ WIH YTOYHHTH [OKOJIEBKY HCHOJIb-
3yeMoro HMHAUKaToOpa HETPYAHO OIMbITHBIM
myTeM, IOjaBas Ha BBIBOJBI €ro 3JIEKTPO-
OOB MOCTOSAHUOE WM IIyJbCHpPYIOLIEE Ha-
npsokepme 150...200 B (yepe3 OrpaHM4M-
TeJIbHbIA pe3UCTOp COIIPOTHBJICHUEM
33...47 xOm). 3a ucxogHbi yLJOOUO IIpH-
HATH BBIBOI aHoga— OH XOpOLXO- MpOCMar-
pPHBAETCA Yepe3 CTEKJISHHBIN Oaj1IOH HH]H-
kaTopa. COeqUHMB C HWM IUIFOCOBOH IIpO-
BOJHUK HCTOYHHKA HalpsO>KEeHUA, OTpHIA-
TenpbHbIM [POBOAHUKOM HCTOYHHKa KacCaH-
TeCh MOOYepedHO npyrux BbemBonoB. Ilpu
3TOM OYIOYT CBETHTbCA LM(PPHI, COOTBeT-
CTBYIOLIME LOKOJIEBKE IIPOBEPAEMOrO HHIH-
KaTopa.

U eme opuH BOIPOC, KacalIUHCA
BLIGOpa KBapueBOro pe3oHaTopa. I'eHepa-
Top 6a0Ka 00pa3noOBLIX YacTOT — «Cepaile»
yacToTOMepa, OT PUTMHYHOCTH KOTOPOro
3aBHCHT TOYHOCTL M3MepeHHH. IloaTomy
ero pabora CTAaGHIU3BPYETCSA KBaplieB8bIM
pe3oHaTopoM. B npuniuie, 4acToTy reHe-
parTopa MOXHO CTaOHIW3HPOBaTh, HaIlIPH-
Mep, YacTOTOH NEePEMERHOr0 HaNpAXKECHHA
3JEKTPOOCBETUTENBHON CETH (KaKk 3TO che-
JIJaHO B OIIMCAHHOM Bbllle pEJjieé BPEMEHH).
Ho oHa, K COXaJICHHIO, B pa3HOe BpemMs

Tor X755 187 702 KISSHEZ
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CYyTOK MOXeT oTm4ateecad oT 50 I'm Ha
0,5...1 'm. CoOTBeTCTBEHHO OyHeT «Ilia-
BaTb» YacTOTa reHcparopa W, CJaefoBaTelib-
HO, MOTPELTHOCTDL H3MepeRuid. B pe3yibrate
nucppoBOH YacCTOTOMEP YTpaTHUT CBOH JO-
CTATOYHO BBICOKHE Ka4deCTBa.

Bot moyemy 6e3 pe3oHaTopa He 000H-
THCL. A Kak ObBITb, €CJH pe30HaTopa Ha
yacToTy 8 MI'1], HCINONL30BAKHOIO B OIH-
cagHOM 4acTroTomepe, HeT? IlopgoMpeTr Jio-
60l Apyroi KeapneBbld pe3oHaTop. Kouey-
HO, JIy4dlue MKCII0Jb30BaTh pEe30HATOp Ha
yacToTty I MI'1[, nOTOMY 4TO B 3TOM Clly4dae
OoTragaeT HafOOHOCTL B MHKpocxeMe DD3
[epBoOH CTyIIeHUW JeJMTENsA, H CHrHaja ¢
BbIXOOa reHepaTopa MOXHO I10gaTh *Cpa3y
Ha BxOojx mukpocxembl DD4. IlogonjgeT Tak-
>Ke KBapneBbIH pe30HaTOop Ha 4YacTOTy
100 xI'm—Torga MOKHO HCKIIOYHTE H
Mukpocxemy DD4. B o0oux ciy4dasix qesiu-
Tejib OJI0Ka O0pa31[OBBIX YacTOT YIPOCTHT-
CH.

A ecsM U TaKHX KBapIeBbIX pe30uaToO-
pos HeT? Torpma ucnonb3yure nrOOOH IOpYy-
roii ¢ pe3oHaHCcHOH 4actoToH ot 0,1 7o
10 MT';. Botr koHKpeTHBIH Ipumep. [lomy-
CTUM, €CThb pe30HATOp Ha  4acToTy
1,96 MI'm (1960 kI'ty). B Takom cay4dae je-
nuTeNp A0 nenoro kpatworo uuciaa 10 xl'm
MOZKHO ITOCTPOUTEL IO CXeMme, IIpuBeJCHHOH
Ha puc. 61. Cam reHepaTtop ocTraercs 0e3
H3MEHEHHUH. Ero YacFoTy, PABHYVIO
1960 xI'n, JK-Tpurrep 2, a cyerTyuku DD2 u
DD3 coBMecTHO ¢ MHkpocxemMod DD4 ne-
guT Ha KI155JIA1 (gBa NOTHYECKHX 3JIEMEH-
ta 4HU-HE) noONOJAHUTENLHO e€llle Ha 98
(2x7x7). B pe3yapTaTe Ha BBIXOAE TpeXx
CTyINeHel HenuTels popMUPYIOTCH UMITY Jib-
cel yactoTod 10 kI'r, KOTOpBIe HAOO Moga-
BaTh HeocpencrBeHHo ua Bxoy C MHKpPO-
cxembl DD6 nenutenss KOHCTPYHUPYEMOIO
JyacTOTOMepaA.

Kak BuguTe, NpH UCIIOJIb30BaAHHH IIpaK-
THYEeCKH J000ro KBapleBOro pe30HaTopa
Hago Julib H3MEHUTh IIOCTPOECHHE IIEPBbIX
CTyIleHEH AeauTess 4acTOTel. B 3TOM Bam
[TOMOXKeT COOTBETCTBYIOIIAA ClpaBOYHAA
JIMTeparypa.

ID4 K1557A1

D047
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Prc. 61. Cxema neJuTeNd “MacTOThl FeHepaTopa ¢ KBapieBbim peszomaropoM Ha 1,96 MI'n
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SJIEKTPOHHBIE YACBHI U3 JETAJEH PATHOKOHCTPYKTOPA

Hiust  papuomo6urenedt, uuTepecy-
IOLIUXCS IM(POBOH TEXHHKOH M >KeJaIOIIHX
Ha NpaKTHKe HO3HAKOMHUTBCI C OOJBIHHMH
HHTErpalbHbIMKH MHUKPOCXEMaMH, HeKOTO-
PbI€ HPOMBIIIEHHBIE TPERNPHITHS CTpaHbl
BbINyCKaiOT HaAOOpBI JeTaned OJsd caMOCTO-
ATENBHOH COOpPKH 3JIEKTPOHHBIX YacOB B
mooOuTENbCKHX ycyioBusx. C onqauM M3 Ta-
KHX panHOKOHCTPYKTOPOB, Ha3BaHHLIX 3a-
BOAOM-H3TOTOBHTENEM  KOHCTPYKTOPCKHM
HAabOpOM «IDeKTpOHHKA-1», MBI H XOTHM
NO3HAKOMHTE BaC B 3TOM 3aKIOYHTEIBHOM
pasgene KHHTH.

3HAKOMCTBO € yCTpPOUCTBOM M paGoToi
3NEKTPOHHBIX YaCOB, KOTOpbIE MOXHO COO-
paTh M3 TaKOro paJHOKOHCTPYKTOpa, Ha-
YHEM C MX (PYHKIMOHAJIBHOM CXeMbl, H3006-
paKeHHOM Ha puHC. 62. OCHOBOH 4YacoB
CNy>XHUT OOnbIlast HHTerpalibHasi MHKpOCXe-
ma DD (ma puc. 62 oOBegmena mTpux-
HyHKTHPHBIMH  JIHHHSIMH),  COaep>kKamias
O/IOK ONOPHOU 4HacTOThI KBapeBOTO TeHe-
patopa G M onepatuBHoe ycTpolicteo OV,
K KOTOpOH TOAK/OYAlOT nU(ppOBbIE HHIIH-
KaTopbl HG1— HG4, 610K yupaBneHust 4a-
camu bY m akycTHieckH# npeoGpa3oBaTeih
HA. IlpeobpazoBatens nanpsoxemus ITH
BHEINHErc HMCTOYHHKA HNOCTOSHHOTO TOKa
cbecneyHBaeT NOHTAHHEM BCE 3JIEeMEHTBI
JACOB.

BnoK OHOOpHOM YacTOTBl KBaplieBoro
regeparopa 4YacoB 10 CBOeMY (DYHKNHU-
OHaJIbHOMY Ha3HAYECHHIO aHAJIOTHYEH OJIOKY
O00pa3110BBIX YacTOT ONHCAHHOTO BbIILE pe-
JIE BpeMEHH. A oOnepaTHBHOE YCTpOHCTBO,
yOpaBAoee 1HPpOBbIMH HHIHKATOPAMH,
obecneynBaeT paboTy 37eKTPOHHBIX YacOB
KaK CEeKyuaoMepa M OYNHILHUKA.

B KOHCTpyKTOpckmit Habop «DaeKTpo-
HHKa-1» BXOpAT: MHOroYHKIMOHAJIbHAS
uHTerpanbHas MukpocxemMa KA1016XJIT1
(mm Yb-32), kBapueBbli pe3oHatrop PK-
72YA-17BY, unpe3okepaMHUecKHE 3BOHOK
tana 3I1-1, udpossle mapukaToper UB-3A
(i 11B-6), neyarHas maTta, KHOUOYHBIE
BoIkmodaTenu 112K, pesucropsl, konpesca-
TOpbl H Jpyrue HeOOXOQuMble NETAIH M

Puc. 62. CrpyktypHas cxema 3/IeKTPOHHBIX aCOB

MatepHanbl. QOGaaparenmo Habopa Hayo
TONBKCO pa300paTbCa B Ha3HAYEHHH Y3J10B H
3JIEMEHTOB YaCOB, CMOHTHPOBATh NeTaaH HAa
niaTe ¥ No CBOEMY BKYCY caenaTh KOpHyc
aast HUX. HMCTOUHUKOM TOHTaHHA MOXKeT
COY>KUTb AaKKyMyJisT10pHasg OaTapes walps-
KeHHEM 12 B HIH BbINpSIMH-
T€Ab C TAKHM K€ BhIXCQHBIM Halps>KeHHEM
nocTosAHHOro toKa. Ilorpebnsgemelit TOk OT
HCTOYHMKA HalpskeHueMm 12 B He npeBbI-
maer 200 MA. TouHOCTE XO0O4a YacoB He
XyXe *1 ¢ B CyTKH.

IlpuHuuManbHas cxemMa 4YacoOB HpHBe-
AeHa Ha puc. 63. HcTouHHKOM UOHTaHUS
MHUKpOcXxeMbl DDI1 cayxut crabuau3arop
HanpsoxeHust, o0pa30BaHHBIH CTaGMIHTPO-
oM VDI u tpansuctopom VT1. Crabunu-
3UpOBaHHOe Hanpspkenue 15 B nopaercq ma
€€ BBIBOABI 15 m 12. OOmmM BBIBOZOM 1O
el [HTaHHA MHKPOCXEM SIBJISIETCS BBLIBOJ
12. HacroTa KBapieBoro pesonaropa ZQl1, a
3HAYHT M TIeHepaTopa OUOPHOH YacTOThI,
paBHa 32768 I'yy. OnemeHTamMm peJidTess,
BXOQAIHMH B MUKDPOCXEMY, OHa JEIUTCS 10
I I'y, 9yro coorBercrByer 1 ¢ KHOHOYHBIE
BpIkmO4daTeNHn SB1—SBS obpasyior 60k
YOpaBJaeHHsT OUEPaTHBHBIM  YCTPOHCTBOM
MHKPOCX€MbI, KOTOpOe obecneynBaeT nHHA-
MHYECKHH PEeXUM paboThI 1 pOBBIX HHTH-
kaTtopoB HG1— HG4.

HuagukaTtop WMB-3 npepcraBiasger coboi
SJICKTPOHHYIO JlaMIly € KaTOAOM MpsIMOro
HaKajla (BBIBOABI 7, 8), BOCEMBIO aHOMAMH C
OTAeNbHBIMU BbIBOpamMu (1—6, 10 v 11)
obwiedt ynpaBisiomel ceTKOH (BbIBOR 9).
CeMb aHOROB BBINOIHEHBLI B BHE V3KHX
HOMOCOK, 00pa3yloumMx  CTUIH3O0BAHHYIO
1Mppy 8, a BOCbMOH — B BHIE TOYKH. AHO-
AbI TIOKPBITBI TOHKHM CJI0E€EM JIOMHHOGODPA.
Ilpr nogaue nonoxuTenpbHOro HalpsoKeHHU S
Ha CEeTKY H 32JeMEHThI-aHOAbI HHOHKATOpa
MEXAY KaTOAOM H aHOJaMH BO3HHKAET
[HOTOK 3JIEKTPOHCB, BbI3BIBAIOUHEI CBEYECHHE,
JTIOMHHODOpa.

JacaX OQHOMMEHHBIE 3JIEMEHTHI-
QHOJ bl HH(POBBIX 3HAKOB BCEX MHAUKATOPOB
COCIHHEHbI MEXXAY cOOOM B NMOAKJIOYEHb] K
COOTBETCTBYIOLIHM BBIBOJAM MHKPOCXEMBI.
Ha HHX B oupeneneHuble MOMEHTHI ¢ oliepa-
THBHOTO YCTpPOWMCTBA MORAeTCs 3aKOqHpO-
BaHHBIA CHTHAJI, CHHTE3HpYIOUIMI ONMH M3
ANeMeHTOB 1Hp. OnHOBpeMEeHHO HA CETKH
MHOHKATOPOB HONAeTCA yIpaB/IsfOUIHN CHI-
Hall. pe3ynbTaTe OQHOBPEMEHHOIO BO3-
NEUCTBUSA CHUTHANOB KOga M YIpaBJSIOLIEro
Ha HHAWKATOpax BBICBEYHBAIOTCA IHPPBI OT
0 no 9. Magukaropst HG1 u HG2 BrIicBeuH-
BalOT yackl, a HG3 — HG4 — MuHYTBI TEKY-
mero BpeMeHH. 3HaK TOYKH BC BTOPOM
HHOHUKATOpe, OTHeJsIollHy 3HadeHHsa 4acoB
OT MHHYT, I'OpHT NOCTOSAHHO. AHANOrHYHbIE
3HAKH B OCTaJbHBIX HHAHKATOpaAxXx He HC-
HONB3YIOTCH. .
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Haxxatiem na xuonky SB1 «K» 610Ka
yYUOpaBJeHHSA KOppeKTHPYIOT NOKA3AHHE HK-
AHKAaTOpaMH TEKYLIEerOo BpEMEHH H BpEMEHH
ABTOMaTHYECKOI'0 BKMIOYEHHsST 3BYKOBOTO
curgana Oypwiabamka. Kronkoir SBS «U»
YCTAaHABIHBAIOT 4Yachl, a KHonkow SB4
«M» — MHHYTBI TeKyeroc Bpemenn Kuon-
Ka SBl «C» cnyxur gns nepeBona uacos B
PEXXHM CYeTa CEKYHA TEKYHIETrO BpeMeHU H
Ha padoTy KakKk CeKyHAOMepa C HYJIEBbIX
3HaYeHHH Bpemenn. Kaonkoit SB3  «B»
BKMOYAKOT JKIYIUMM peXXHM OyauIbHHKa,
NpH COBHAaJ€HMHH NpPEABAPHUTENBHO YCTAHOB-
JICHHOTO H TEKYIIEro BpEMEHH Nbe30Kepa-
MHYEeCKMH 3BOHOK HA1, nogkmouyeHHBIH K
BbIBOAY 10 MHKpOCXeMblI, H31a€T 3BYKOBOI
CHTHan 4acToTon okoyio 2 kI'm Ilogcrpoeu-
HbIM KOHAeHCaTopoM C1, BXOASAIHM B
KBapueBblH reHepaTop, MOXKHO KOPPEKTHPO-
BaTb TOYHOCTB «XOHxa» 4YacoB.

HuTe Hakasna 3HAaKOBBIX HHAHKATOPOB
pacCuyMTaHbl Ha IHTAaHHE Halps>KeHHEM
0,85...1,15 B npu Toke 45. .55 MA kaxxjas.
B uacax OHH coenmHeHbl NapaiNeNIbHO H
NUTAIOTCsI OT MCTOYHHKA HaOpsXKeHHEM
12 B uepes racsammii pesucrop R18. Jesu-
TeJb HanpspPKeHus R16R17 u geyxaHoaHbIR
cTabumMTpoH VD2 00pa3yior cpeguion
TOUKY HHTEH HakKala, OTHOCHTENbHO KOTO-
POH HMa aHOABl M CETKH HHAHKATOpOB NOHa-
ercs (depe3 pe3ucTopbl R4 -—RI15) orpuna-
TENbHOE HafpsKeHHe, CHUMAaeMOe ¢ BbIXOma
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BINpAMUTENSA NpeoOpa3oBaTesist HaNpsike-
HHSI, yCTpaHAIOImIEEe MepnaHHe BBIKJIIOYA-
€MbIX JJIEMEHTOB HHAMIHMPYIOLIUXCS NUDp.

Tpancopmatop TSI u TpaH3HCTODHI
VT2, VT3 0o0pa3yioT gBYyXTakTHbIH Hpeo6-
pPa30oBaTeb NOCTOSAHHOTO HaNpsi)KEHUST BHe-
IIHETO HCTOYHHKA IMTAHHS B NEpPEMEHHOE
Hanpst>Kenue 4acToToM okono 2 kf'n Otpu-
maTeJbHOE HANpSKEHUE BHEINHETO HCTOYHM-
Ka Nnojgaercss HENOCpEeNCTBEHHO HAa 3MHTTe-
pPBl TPaH3HUCTOPOB, a NOJNOXKHTENbHOE — HA
KOnneKTophl yepe3 obmotku III u IV Tpau-
cpopmaropa TS1 Hanpskerane, cHEMa-
emoe ¢ pesucropa R20 penmrens R19R20,
gepe3 oMotk I m Il nogaerca ma 6a3ml
TPaH3UCTOPOB, CO3JaeT Ha HHUX NOJOXKH-
TeJbHOe (OTHOCHTEJILHO 3MUTTEPOB) CMelije-
HHE H TeM CaMbIM ODecHeYHBaeT 3anyckK
npeobpasosarenst. B pesyiprare neiicrBus
NOJIOXKHUTENBHOU  OTPHUATEJBHOM  CBSI3H
MEXAY KOJUIEKTOPHBIMH M 0a30BBIMH NEIISA-
MH TpaH3HCTOPOB YCTPOUCTBO BO30Oy>Knaer-
cst. Ilpu 3TOM B 06MOTKe V TpaHCdopmarto-
pa HaBOOHUTCS NEepeMeHHOe HaNpsKeHHe
NpAMOYTONBHOH (POPMBI, KOTOPO€ BBIIPSIM-
Jgercss puogamMu V3 — VD6, BKTIOUYEHHBI-
MU TI0 MOCTOBOM CXeMe, M panee cTaOmim-
3upyercst cTabmimrtpoHoM VD1 H Tpan3m-
cropom VT1.

Bremuuit B 4acOB, CMOHTHPOBAHHBIX
Ha NeYaTHOM IulaTe, NOKa3aH Ha pHC. 64.
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Ha niare ¢cO CTOPOHBI eTaneH yCTaHOBIECHbI
JONOTHUTE IbHbIE [IPOBOJIOYHbIE [TEPEMbBIIKH
(11 mT.), cCoegUHAIOIIHME NleyaTHbIe [IPOBOJ-
auki. Pesucropbl R4—R15 cMOHTHPOBAHBI
B BEpTHKaJILHOM HOJOMeHHH. MX BepxHue
BBLIBOABI COETHHEHBI OTPE3KOM MOHTAXKHOTO
NpoBORa, KOTOpBIH HpHIAasH K KOHTaKTHOH
IomankKe e4aTHoro NpOBOAHHKA, HIYIIETro
k agonaM quopos VD2 u VD4, nByXaHOLHO-
my cTabunuTpony VD2 u (depe3 IpOoBOJIOH-
HYIO [lepeMbIYKY) K KOJUIEKTOPY pery/Hupy-
jorero Tpamsucropa VTI crabunu3aropa
ganpspkedns. YToObl NpeOTBPATUTH COCH-
HeHus! BbIBONIOB HHIHKATOpOB MeXXAy coboH,
HA HHX HaxeTbl OTPE3KH H3OJAIHOHHOY
Tpy6ku. 11oa KBapieBblii pe30HATOp MORJIO-
seda TeKkcTonuToBas I1Hawba (BXOOHT B
HaOO0p).

MarsaTolpoBoqoM  TpaHCGhOpMaTOopa
TS1 npeobpa3zoBaTesisd HAUPSKEHHUST CJIY KHT
deppuToBoe koyubno M200HM THNOpasmepa
K16x10x4,5 (Bxogur B Habop). OOMOTKH 1
u 11 conepxat no 20 surkoB, Il u 1V —10
65 BHTKOB, 0OMoTKa V — 225 BHTKOB IIpOBO-
na [19B-2 0,14. Ha cxeme Havyaja 0OMOTOK
o6o3nauenbr Toukami. IlpoBoga OOMOTOK
I—1V yKJIafpIBaoT Ha TeJIO KOJbHAa B
ONHOM HAlpABJICHHH, TIpH 3TOM OOMOTKA 11
NOJPKHA OBITH NPORO/DKEHHEM OOMOTKH I, a
o6MoTka IV —niponomkenueM oOMOTKH 111

Yr1o6bl H30eXKaTh BCTPEYHOTC BKIIIOYC-
HHST OOMOTOK, Kaxkayio Hapy oOoMorok (I u
II, III u IV) pekomeHayeTCA HaMaTbIBaTh
OMEMM OTpe3KOM [pOoBoaa COOTBETCTBY-
forge mJIMHBI, CJIOXEHHBIM BIBOE, a NOCje
HAMOTKHM pa3pe3aTh H COEQHHHUTDb €TI0 JacTH
TaKk, 4TOOBI OjgHa K3 OOMOTOK ObL1A NpOo-
no/DKeHHeM BTOpoH. MecTo coeuHeHHA
Oymer OTBOAOM OT CepefHHbl HOCAeNOBa-
TeJbHO COEQMHEHHOH Napbl OOMOTOK (HJA
o6motok 1 u 11— orBop 4, ahs oomorok 111
u I'V—orBog 7).

Crayana ¢eppuTOBOE KOJBHO HO BCE-
My QHAMETpYy OOepHHTe HOJIOCKOH JIAKOTKa-
O IUHpHHON 5 MM, 3akpeliuTe €€ KOHEl
kneeM B®-2 H, NOJB3YACH NPOBOJOYHBIM
JeJJHOKOM, HamoTalTre HpoBoj OOMOTOK 1 H
I1. BaTeM oOepHHTE HX [OJOCKOH JIAKOTKa-
uu u pamoraire oomorku 111 u IV. Ilocnen-
HMM HaMaTbiBaiTe [IpoBox OOMOTKH V.
[IpepsapuTeJbHO OO€pHHTE JIAKOTKAHBIO
npegblgymue OOMOTKH, a NHOTOM H obMOT-
Ky V.

TotoBblMi TpaucopMmarop 3aKpenure
ua 1uiate Kiaeem B®-2 (ucnosb3oBaTh LI
KpenieHHss METAUIHIECKHE CKOObLI, XOMYTbI
WM [HOHJILKH Heb3sl) M OpHOasHTe €ro
BBLIBOABI K COOTBETCTBYIOIIMM TOKOHECY-
IJEM KOHTAKTHBIM IUIOIAJAKaM IJIATBI.

MukpocxeMy MOHTHpYHTe Ha IUlaTe B
NoCHeqHIO OYepenb, NPHHUMAsA NpH ITOM
Mepbi, HCKIIOYalolue BO3MOXXHbBIH BbIXOJ
ee U3 CTpOs H3-3a HoliaflaHKsl Ha BBIBOALI
27eKTpOCTAaTHYECKOIrO  3apsna, neperpesa
Bo Bpems nadiku. T00BI He IOONMYCTHTD
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cAy4yafiHOro Npo00si MHKPOCXeMBI CTaTHYC-
CKHM 3JIeKTpHYECTBOM, Hago, 4YTOOBI 3JIeK-
TpHYECKUE NOTEHLHAbI MOHTa>KHOH IUIaThl,
gasylbHMKa M TeJla €aMOoro MOHTaXKHHKa
ObUIH OQMHaKOBbIMM. HJisi 3TOrO Ha IUIa-
CTMACCOBYIO (MJIH JepeBSAHHYIO) pyUKy HNa-
SAJILHAKZ HaMaTbIBAlOT HECKOJBKO BHTKOB
HeH30JHPOBAHHOTO NpPOBOJa HIH YKpEIUIA-
10T HA HeHM >KEeCTAHYIO IUIaCTHHKY H 4epe3
pesucrop conporusieauem 100...200 kOm
COeMHSIOT (IpOBOJ HWJIH IUIACTHHKY) € XKa-
JIOM H BCEMH JApYIMMH METAJIMYCCKHUMH
yacTsamy nasnsuuka. IIpu MoHTaXKe ¢BoOOA-
HOM pYKOH cieayeT AepiKaTbcs 3a TOKOHE-
CYLMH# HNpOBOOHUK IHTaHWUSA MOHTaKHOHU
fuiaThl. JJJHTENBHOCTh KaCaudAa NasiIbHUKOM
Ka’>kKnoro BhIBOJA MHKPOCXEMBI HE JOJDKHA
npeBplHHaTs 3 ¢, a caM [asylbHHK B 3TO
BpeMs QO/DKEH ObITh OTKIIIOYEH OT CeTH.
HepplmonHedHe 3THX B 00IEM-TO HECIOXK-
gbIX TpeOGoBaHuii MOXKET narybHo cKa3aTbCs
Ha MHKpOCXEME.

BakOHYHB MOMTAX, TIIATEJBHO CBEpb-
Te ero ¢ NpHHNHIMHAILHOH CXeMOH YacCoB,
MeTaJUIMueckod Hrjiod Wim yucroi 6€3BOp-
COBOM MaTepHed yJaIuTe C NeYaTHOH IUia-
Thl TPsA3b, OCTATKH Jtoca, KameJIbKH IpH-
nosi MeXXAy TOKOHEeCyIMMH le4YaTHbIMH
HpOBOJHHKAMH H IUIOIIAJAKaMH H TOJbKO
HocJJie 3TOro HoaKmoYauTe K yacaM HCTOY-
HHMK NHTAHUsS. BHEIIHMM HCTOYHMHKOM IHTa-
HHs MOXeT ObITh NpakTHYECKH Jo0oH
IBYXIIONYNEpHOAUBIA BBIIPpAMHUTENb C Bbl-
XOnHBIM HanpsKeHMeM okono 12 B npu
toke Harpy3ku He meHee 200 MA. MOXHO
HCOOJB30BaTh, HANPHMEP, BbIIPpAMUTEIbL CE-
TeBoro Onoka nuramus (cM. puc. 20), CHH-
Masi HaOpsPKeHHe HelNOCPEeACTBEHHO ¢ €ro
bunbTpyiowero koupencaropa Cl.

Cpa3y >xe nocje NONKIIOYEHHsT BHE-
[HHEro HCTOYHHKA HHTAHMs B HHIHKATOpax
NOJKHBI TOSBHTBCS  CJyYaHuble nudphl,
4TO ABASETCS NPH3HAKOM paboTOCNOCOOHO-
cti 4yacoB. [nst oOmysieHHs M 3allyCKa
yacOB HajJ0 OJHOBpEeMEHHO HaXkaTh KHONKH
SB1I «K» u SB2 «C», a 3areM OTXaTb
kaonky «K». C 3T0Orc MOMEHTa Ha4iHHACTCA
oTCYeT CeKYHH—dachl paboTaioT Kak cCe-
Kyupgomep. Janee Hago OT>XaTh KHOIIKY «C»
M OQHOBpEMEHHBIM HJIH pa3ae/IbHbIM HaXKa-
trem Ha xHONKH SBS3 «U», SB4 «M» ycTa-
MOBHTh HAa HHAMKATOpax 4Yachl H MHHYTbI
TeKylero spemeHs. Ecim nocje 3Toro CHo-
Ba HaxcaTh KHONKY «C», HHOUKATOpbI OynyT
nokas3bIBaTh CEKYHOBI TEKYILIerC BpPEMEHH.

Y100bI YCTAHOBUTH BpeMsi NOOAYH 3BY-
KOBOro curaana (0ygHiabHUKa), HEOOXOXUMO
HaxxaTb KHONKY SB3 «b», moouyepeHbIM
HakaTHeM KHONOK «Y» m «M» ycTaHOBHTH
Ha OJI0Ke HUAHKATOPOB 3TO BpeMsA H OTXKaTh
kaonky «b». Ilpuw coBmajgeHHH TEKYL[ETO
BpeMeHH CO 3Ha4Y€HHEM yCTaHOBJIEHHOIO RO-
JIKEeH BKJIIOUHTBLCS HNPpEepbIBUCTHIA CHTHAJ
6y qHJIbMMKA, OTKTOYHTH KOTOPBIH MOXHO
HaXKaTHEM Ha KHOINKY «b».



s uCcnoJib30BaHHA YacoB B KayecTBe
ceKyHIOMEpa HY’KHO [IpH Ha)XaTOH KHOIIKE
«C» HAXATh H TYT Ke oTkaTb KHONKY «K».
Ho npH 3TOM NPOHCXORUT COpOC TEKYHIEro
ppeMenH. Ero 3HadenHe BOCCTaHaBJIHBAIOT
ggonkaMu «Y» u «Mb».

Moxer CAOy4YHTLCSI, YTO CBeTSIIHECH
pupel B HHAMKATOpax OyAyT Mepuarh, a
nkLeI0OKepaMUYeCKHd 3BOHOK H3JaBaTh HeEl-
pexpamaiomuecst Oecnopsgoulible 3BYKH.
ITpuyuna TOMY — BO30Y>KJEHHE MHKpPOCXe-
Mbi, YTOOBI yCcTpaHHYbh 3TCO SBJICHHE, Hauo
yeNnb MATAHHA MHKpOCXeMbI 3a0JI0KHPOBATh
KEPAMHIECKHM KOHAEHCATOPOM ¢€MKOCTBIO
0,047 wm 0,068 MKkP, BKTIOYHB €10 MEXKAY
BeIgogaMK 12 u 15 wam napanjieslbHO BbIXO-
qy cTabunM3aropa HanpsbKeHHs (Ha pAc 63
NOKAa3aHHbIA IHTPHXOBBIMH JIMHHAMHU KOH-
neucarop C7). )

U enie oguH HE3HAYHUTEJBHBIM HENO-
cTaTOK OB 3ameuyed B padoTe CMOHTHpPO-
BaHHBIX HaMH 4YaCOB H3 PafHOKOUCTPYKTOpPA

Croucok ymreparyphbl
MuKpoc
CBsI3b, 1984.
CBsi3b, 1984.

M.: Paguo u cBsA3b, 1986.
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«INEKTPOHHKA-1» — 3aMeTHbIA Ha CJIyX Her-
pEPBIBAIOIHUCA  3BYK  HMEBKJIIOYEHHOrO
nbe30oKepaMHyecKoro 3BoHKaA. Illpuynma—
HEAOCTATOYHOE CIrJIAXKHBaHHE NyJbCalluH
TOKA Ha BBIXOHE ABYXNOAYNEPHOJAHOTO BBI-
npamurens VD3 —VD6. Jlas ero ycrpaue-
MU HATO SJIEKTPOJIHTHYECKHHA KOHIEHCATOPD
C3 3aMeMHuTh WIH NOAKTIOYHTH Napasieih-
HO €My KOHIEHCATOp €MKOCTBIO 5...10 MKD
HAa HOMHHaNhbHOE HAlps>Kenue He MeHee
50 B.

Ecnu B 1iponecce 3KCHIIYATAIHH YaChl
OyayT «yberaTth» HIM, HaoOOpOT, «OTCTa-
BATh», CKOPPEKTHPOBATH MX «XOO» MOXXHO
NONCTPOHKOM YAacTOThI reHepaTopa KOHJEH-
caropom (1.

KoucTpykKiugist ¢pyTnapa 4YacoB HNpOHU3-
BoJbHasA. IIpaMoyroasnoe oTBepCcTHE B ero
JHIEBOH CTeHKe, 4Yepe3 KOTOpOE€ BHIHAI
HHOHKATODbI, >KeNaTeJbHO HPHKPLIThE opra-
UHYECKMM CTEKJIOM HJH IUIeMKOW CHHEro
I 3eJIeHOTO 1IBeTa.
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