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JlabopaTtopHas pabota Nel
OcHOBHBIE PAIN0JIEKTPOHHbIE H3MEPEHHUSI H N3MEPUTEIbHbIE MPHOOPHI

[lenab paOoThI: U3yUEHHE YCTPONUCTBA PAIMOU3MEPUTEIIBHBIX PUOOPOB, UX OCHOB-
HBIX XapaKTEPUCTUK U MPABUI SKCILTyaTalUU.

CBeneHus U3 TEOpHH:

Bce pannosneKkTpoHHbIE U3MEPEHUS MOKHO Pa3JeIUTh Ha IBA OCHOBHBIX BHJIA:

- U3MEPEHUE MapaMeTPOB CUTHAJIOB;

- U3MEPEHUE XapaKTEPUCTHUK U NapaMETPOB LIETIEH.

Tak kak U3MepeHNEe XapaKTEPUCTUK U APAMETPOB LENEN CBOAUTCS K U3BMEPEHUIO

UCIIBITATENIbHOIO CUTHAJIA HAa BXOJIE€ U BBIXOJIE LENU C MOCIEAYIOIINM CPaBHEHUEM
pe3yNbTaTOB, TO B OOIIEM CITy4ae /Ui BHITIOJHEHUS U3MEPEHUN B PaIMOdJIEKTPOHHBIX I1e-
Ms1X HEOOXOAUMO UMETH J[Ba BUAA MPHUOOPOB:

1) HemocpenCcTBEHHO M3MEPUTEIbHBIC MPHOOPHI, MPeIHA3HAYCHHBIC ISl U3MEpe-
HUS [TapaMeTPOB CUTHAJIOB;

2)  U3MepUTEIbHBIC T'eHePaToPhl, PEAHA3HAUYCHHBIC JIISI TCHEPUPOBAHUS HCITBITA-
TEJIbHBIX CUTHAJIOB C U3BECTHBIMU XapaKTEPUCTUKAMHM.

K nepBomy Buay npuOOpoB OTHOCSTCS: MEKTPOHHBIA ocuuiuiorpad, BOJIbTMETPHI,
aMIIEpMETPBI, BATTMETPBI, 4aCTOTOMEPBI. KO BTOPOMY - reHepaTopsl 3JIEKTPUYECKUX CUTHA-
JIOB Pa3NUYHBIX (pOpM (CHHYCOMAATIBHBIX, MUI000Pa3HBIX, TPEYTOJIbHBIX, UMITYJIbCHBIX U
IIYMOBBIX M T.J.), KAIMOPOBOUHBIE UCTOYHUKHU HAIpPsDKEHUS U ToKa. CyIECTBYIOT TaKkKe
KOMOWHHPOBAHHBIE MPUOOPHI, COAEPIKAHNUE FIEMEHTHI U IEPBOTO, U BTOPOTO BUOB.

Inexmponublil ocyuLiocpag) — onuH U3 Hauboiee YHUBEPCATBHBIX H3MEPHTEIbHBIX
npuOOPOB, MpeIHA3HAYCHHBIA ISl HAOJIIOICHUS, COXPAHEHUS JIEKTPUUECKUX CHTHAIIOB U
U3MepeHus ux xapakTtepuctuk. Bremmnuit Bun ocumiorpadga ACK-2034 npencraBien Ha
puc.l.
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1) Knonku meHo dyHKIuA

2) VYnpasieHue ropu30HTAIBLHON CHCTEMOI
3) Vnpasnenue CHCTEMOH 3aIycKa

4) VYnpasieHue BEPTUKAIBHOW CUCTEMOMN
5) Bxoguble pa3néMel

6) Pa3béMm mia koMrieHcauuu NpoOHUKA

7) @yHkuuoHaNbHBIE KHOMKH MeHto F1-F5

Ocmwnorpad no3posseT HaOIOAaTh CUTHAN B JIFOOOM M3 KaHAJIOB, UX CYMMY WK 00a
KaHana cpa3zy. s HaOmIoeHUsI CUTHAJIOB B 000MX KaHajlaX MpeaHa3Ha4YeHbI JIBa PEKUMA!
KOMMYTAllMOHHBIN PEXUM U PEKHUM MOOYEPEIHON pa3BepTKU. [lepBrlii ucmonb3yercs mpu
OJTHOBPEMEHHOM HaOII0JICHIH JABYX HU3KOYACTOTHBIX CUTHAJIOB, @ BTOPOU — MpU HAOIO/1e-
HUU BBICOKOYACTOTHBIX CHUTHANOB. CHrHajd rOpU3OHTAJIBHOM Pa3BEPTKU CO3AETCS BHYT-
PEHHUM T€HEpaTOPOM MUIIO00PA3ZHOTO HAIPSKEHUS, 00eCIeUnBAIOIIUM OTKIOHEHHUE, MPO-
MOpPLMOHATIBbHOE BpeMeHU. Kak u i ycuiuTeneid BEpTUKAIbHOTO OTKIOHEHUS, 3/1€Ch Ipe-
JAYCMOTPEHBI KaJIMOPOBAaHHBIN MEPEKIIOYaTeNb “BpeMs/IeleHne” U KOHIIEHTPUUECKasi C HUM
pydyKa IEepeMEHHOro ycuieHus. i1 n3MepeHusl BpEMEHHBIX HHTEPBAJIOB 3Ta pydKa JOJDKHA
OBITh BbIBEICHA B KpaiiHee MpaBoe MOJIOKEHUE J0 IIENUKA. YCUINTEIh MOXET UMETh BbI-
BEJICHHBIN OT/EIBHO BXOJ], KOTOPBIA MOXKET ObITh MCIOJB30BaH JIJIsl BHEUIHETO 3aJJaHUsl ro-
pPU30HTANIBLHOTO OTKJIOHEHUs. (Hampumep, MokeT ObITh MCIIOJIB30BaH IS MOJIy4eHUS QUTyp
JIuccaxy). CurHaJibHbIE€ BXOJIbl BEPTUKAIBHOIO OTKJIOHEHMSI U TOPU30HTAIBHOW Pa3BEPTKH
HEOOXOUMBI I MOCTPOCHUSI rpaduKa 3aBUCUMOCTH HANPSKEHUSI OT BPEMEHH.

B xnymem pexxuMe pa3BepTKa HAUMHAETCSI TOJBKO B TOM CIIy4ae, KOT/la BbIOpAHHBIN
CUTHAJI MPOXOJUT Yepe3 YCTAHOBIICEHHYIO TOUYKY 3allyCKa W U3MEHSETCS B BHIOpDAaHHOM Ha-
npasieHuu. Ha npaktuke, peryiupysi ypoBeHb, JOOMBAIOTCS CTAOMIIBHOTO M300paKEeHHUS.

B pexxuMe BHYTpEHHET0 3alycka B OTCYTCTBUU CUTHAJIa pa3BepTKa HAUMHAET “Oerartp’.
OTOT peXUM XOPOIIO MCHOJb30BaTh B TEX CIyYasiX, KOI/Ia CUTHAJ MOKET YMEHbIIAThCS 110
MaJbIX 3HAYEHUMU, TaK Kak M300pakeHue He OyAeT mponaiaTh U He OyAeT BO3HUKATH BIIE-
YaTJICHUE, YTO CUTHAJ HCUE3.

OpnHokpaTHas pa3BEpPTKa UCHOJIB3YETCS ISl HENEPUOANYECKUX CUTHAJIOB.

HcTouHnKr CHHXPOHU3UPYIOIIUX CUTHAJIOB BhIOMpaeTcs nepekitouarensmu: “Baytp.”,
“Cetp”, “Baemnt.”. B nonoxenun “BryTp.” 3anyckaroluii CUrHajl NOCTYIAeT Ha BXOJ CXe-
Mbl CUHXPOHHM3ALMU U3 YCWINUTEIS BEPTHUKAIBHOIO OTKJIOHEHHUSA. DTOT PEXHUM ObUI pac-
CMOTPEH BBILIE.

B pexume “Cetp” pa3BepTKa 3allyCKAeTCAd OT CETH MEPEMEHHOTO TOKAa. DTOT PEKUM HC-
MOJIb3YETCSl B TE€X Clydasx, KOTJa MHTEPEC MPEICTaBIAIOT (POH WM MYyJIbCALIMU B CXEME.
Pexxum “BHemnn.” cxemsl 3almycka HCMOJB3YIOT B TEX CIIy4asix, KOrJa Hapsiay ¢ HEKOTOPbIMU
MHTEPECYIOINM “TPSA3HBIM CUTHAJIOM UMEETCSI YUCTBIA CUTHAJL, UMEIOIINI TAKYIO KE CKO-
pocTh n3MeHeHnus. K TakoMy pexxumy 4acTo npuOeraroT B TeX Ciydasix, KOTJla Ha CXeMy I0-
JAETCSl HEKOTOPBIA MCTIBITATEIbHBIN BXOIHON CUTHAN WM B IUPPOBBIX CXxemax, paboTa KO-
TOPBIX CHHXPOHU3UPYETCA TAKTOBBIMU UMITYJIHCAMHU.

BxonHas eMkocTh ocumiiorpada 1mno OTHOIIEHUIO K WCIBITHIBAEMON CXeMe MOXKET OBbITh
CJIMIIKOM BEJIMKA, OCOOCHHO €CJIM Y4eCTb 3KPaHW3UPOBAHHBIA COEIMHUTEIBHBIN KaOelb.
[TonHOE BXOAHOE CONPOTHBIIEHHE (ITApaJIEIbHOE COEAUHEHUE conpoTuBieHne 1 Mom u
emkoctu C= 100 n®) 4yacTo OKA3bIBAETCS CIMILIKOM HU3KHM JJIl YYBCTBUTEJBHBIX CXEM H
Harpy»aeT ux, oOpasys AeluTenb HanpsbkeHusd. MHorna sTta eMKOCTh BBI3BIBAET HEMNpa-
BUJIbHYIO paOOTy CXeMbl M Ja)Ke MPUBOJIUT K BO3HUKHOBEHUIO aBTOKojeOaHuil. Jlyis Toro
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YTOOBI PEIIUTh ATY MPOoOsIeMy, OOBIYHO HCIIOJIB3YIOT BHICOKOMMIIEIAHCHBIE HIyTibl. PaboTy
IIMPOKO PACIIROCTPAHEHHOLO 10- KPaTHOTO MIyIa HILTIOCTPHPYET pUc.2.

~

~5nd : /i// : i \\\\
BXOJI ] ! () 7 \> i \\\\
oryma 9.0 Mom l—_l A— ! \\‘\
Sl — |
| | ~30nd 20nd  IMom ! .
sakmM+ . : /’/

Puc.2
Kak 1 B 60JBITHHCTBE U3MEPHUTENBHBIX IPUOOPOB, CUTHAJI HAa BXOJIE OocIuiuIorpada ore-

HHUBAETCS OTHOCUTEILHO 3eMJIM MMPUOOpa, KOTOpast OOBIYHO CBsI3aHA C KOPIYCOM. ITO O3Ha-
YaeT, YTO HEBO3MOXKHO U3MEPSTh HANIPSLKEHUE MEXKAY JIByMs TOUKAMH B CXEME, a BBIHY K-
JI€HBI U3MEPSITh CUTHAJIBI OTHOCUTENBHO 3TOM 3emiid. [Ipu n3mepennu cnabbiX U BBICOKO-
YaCTOTHBIX CUTHAJIOB HEOOXOIUMO YOEIUTHCSA, YTO 3eMJIs ocluiorpada v 3emiis CXeMbl
OJIMHAKOBEIL

Jlydiiie Bcero Jijist 3TOT0 COEAMHUTD 3EMJTIO IIyIIa HETOCPEJCTBEHHO C 3eMJIEH CXEMBI, a 3a-
TE€M U3MEPUTH IIYTIOM HAMPSHKEHUE 3eMJIU U YOSTUTHCS, UTO CUTHAJI OTCYTCTBYET.

Kak npaBuio, ocuwmiorpad mMeer reHepaTtop KaJluOpOBOYHOIO CUTHAjIa M3BECTHOM yac-
TOTHI U aMIUTUTY/Ibl, BBIXOJHON CUTHAJI KOTOPOTO MCIOJIB3YETCs JIsl KATUOPOBKU OCIIMILIO-
rpacda. DTo jaenaercs MyTeM I10Jladyd CHTHajla ¢ TeHepaTopa Ha OJIMH U3 BXOJIOB OCIMJITIO-

rpada.

cDVHKI_II/IHEl.]'II)HI)Ie IrcHCPATOPEI

Puc. 3.

['enepatopsl 3TOM IpyIIbl FEHEPUPYIOT CUHYCOUAANIbHBIE (MHOTIa TPEYTOJbHbIE, TTUII0-
oOpa3Hble U MEaHAPOBbIC) MEPUOJUUECKUE HAMIPSKEHUS C YACTOTOM OT coThIX Aojeit ' go
200 Kru. OHu OpUMEHSAIOTCA IPU HACTPOMKE W UCIBITAHUH HU3KOYACTOTHBIX PAJHOAIICK-
TPOHHBIX YCTPOMCTB.

IlepecTpolika 4acTOTHI 3aJaI0LIEr0 FEHEPATOPA OCYIIECTBIISIETCS C MOMOILBIO CTYIIEHYA-
TOI'0 MEPEKII0YATENs IUANa30HOB U IUIABHOTO PETYIATOPA, U3MEHSIOIIETO YacTOTy B IIpe-
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Aenax Kaxxaoro auamna3ona. Jlyis BeiOopa ¢hopMbl curHalla UCTIOJIb3YeTCs CIEUANbHBIN Te-
PEKIIIOYaTEb.

Bb10paHHBIi CUTHAJI € 3a/1al01LEro reHepaTopa NOCTyNaeT Ha YCUJIUTENb C IJIaBHOU pe-

TYJIMPOBKON KO3 PUIIMEHTA YCUIICHUS, a 3aTEM Yepe3 YCUIMTENIb MOIIHOCTH Ha aTTEHI0a-
TOD.
Hampsixenue Ha BXOJE aTTEHI0ATOpa KOHTPOJIUPYETCS MIEKTPOHHBIM BOJIBTMETPOM. BXo-
HO€ M BBIXOJHOE CONPOTHBIICHHWE ATTEHIOATOpa HE 3aBUCUT OT cTeneHu ociadsenus. [lo-
clleJHEE OCOOEHHO Ba)KHO, TaK KakK IOCTOSHHOE BO BCEM JIMAIla30HE 4YacTOT U AMILIUTY],
BBIXOJJTHOE COIIPOTHBIICHHE I'€HEPATOPA YIPOILIAET PACUEThl U CONPOTUBIICHUE PE3YJIHTATOB
U3MEPEHUN.

H3MepuTeabHble TEHEPATOPhI BHICOKOW YaCTOThI
['eneparopbl 3TOM IpyNIbl FTEHEPUPYIOT CUHHYCOUAAIbHbIE KoJeOaHus ¢ yactoramu ot 200
Kri no necstkoB Mrir (50 Mr).
KpoMe 41cToro rapMOHMYECKOT0 HAMPSKEHUST BBICOKOM YaCTOThI, TAK)XKE T€HEPATOPHI SIB-
JISIFOTCSI UICTOYHUKAMU KOJIeOaHUM, MOyTMPOBAHHBIX 110 aMIUIMTY/IE, @ MHOT/Ia U TI0 4acTo-
te (puc.4).

Ycunurens-
3agaronui »| MOJLYJIATOD ,| BBIXO1HOM .
reHepaTop BBICOKOM aTTEHI0ATOP UBBIX
YaCTOTHI
',) » OJIEKTPOHHBIN
OO [ 1O iy
JYana3oH MIaBHO TIJIaBHAs N3mepurens
Y cTaHoBKa 4aCTOTHI peryiampoBKa | TITyOMHBI
MOJTYJISILIMHA
I'eneparop
MOJTYJTUPYIOIIETO)
HanpsHKEHUS

Bxop curnana
Buemnen Mmogynsiuun

Puc. 4

YacToTa 3a1a01Iero TEHEPATOPa NEPECTPANBACTCS NEPEKITFOUEHUEM KOHTYPHBIX KaTyIIEK
MHJYKTUBHOCTH (JIMara30Hbl) W TUIABHBIM M3MEHEHHUEM €MKOCTH KOHJIEHCaTopa KOHTYypa
(TU1aBHOE M3MEHEHHUE YaCTOTHI B MpeJienax Kak10ro Juana3oHa).

Yeunutenb- MOIYISTOP MPEACTaBIseT coOOM mepecTpamBaeMblil MO YacTOTE OTHOBpE-
MEHHO C 33JIal0IUM T€HEPAaTOPOM PE30HAHCHBIA ycunuTeab. KoaddurmenT ycuneHus 3to-
r0 YCHUJIUTENSI MOXKET U3MEHSIThCS CUTHAJIOM COOCTBEHHOTO T€HEpaTopa, MOIYJIUPYIOIIETO
HANPSKECHUST 3BYKOBOW YacCTOThI, WM HAIPSXKEHUEM, IMOJIaBA€MbIM HAa BXOJl BHEIIHENW MO-
OyJsinud. B mepBoM ciydae OCyIIECTBIISIETCS BHYTPEHHSA, 4 BO BTOPOM- BHEIIHSS aMIUIU-



TyAaHas MoayJisiius. Eciau Moaynupyrolee HanpssKeHUE Ha YCUIIUTENb- MOJYJISITOP HE MO-
CTYIAET, BHICOKOYACTOTHBIE KOJICOAHUS HA €T0 BBIXOJIE OCTAIOTCS HEMOYJIMPOBAHHBIMH.

N3mepenrie HampspKeHUs CUTHala U MIYOMHBI MOJYJISIIIUM OCYILIECTBIISIETCS Ha BBIXOJIE
YCHJIUTENS, K KOTOPOMY MOJIKITIOUEH BBIXOJIHOM arTeHtoatop. KoadduimenT nenenus arre-
HIOATOpa OIpECIIIeT YPOBEHb CUTHAJIOB Ha BbIXOJIE TeHepaTopa. OOBIYHO OH PETyIUPYyeTCs
B Ipeaenax ot 1B 1o moneir MUKpOBOJIBTA.

[lepeyeHb UCTIOIB3YEMOT0 000PYIOBAHHUS
1) Ocumiorpag ADS-2111MV
2) Ocmmmiorpad ACK-2034
3) Ucrounuk nutanus APS-7315
4) Ucrounuk mutanust APS-5333
5) Uctounuk mutanus APS-3320
6) ['enepatop dynkmmonaneueiii ADG-1005
7) T'enepatop pynkimonaneabiii AHP-1105
8) Mynetumerp AM-1152

3aIlaHI/IH N MCTOJMYCCKHNC PCKOMCHAAIINH.
1. PYKOBOI[CTBYHCL I[MpuiaraCMbIMHU K HpI/I60paM TCXHUYCCKHMMHU OIIMCaHMAMHN W UH-
CTPYKIUAMH, IIPUBCAUTC BCC HAXOIAIIUCCA HA pa6oqu MCCTC HpH60pI>I B pa6oqee COCTOA-
HHC.

2. C nmomoribio ocuuiuiorpada onpeaenure:
a) 4aCTOTY CUTHAJIOB Ha BBIXOJIE T€HEPATOPA,
0) aMILUTUTYly CUTHAJIOB Ha BBIXOJIE T€HEpPaTOpa,
B) IapaMeTpbl UMITYJIbCOB C TEHEPATOPA UMITYJIbCOB.
3. Mcnonb3ys ocunuiorpadg B peKMME BHEIIHEH CHUHXPOHM3AIMU Pa3BEPTKH, OIpe-
JenuTe cABUT (a3 MEXY IByMs MEPUOANYECKUMU CUTHAJIAMU.
4. I'enepaTop BBICOKOM YaCTOTHI MIOCTABBTE B PEKUM BHYTPEHHEW aMILUIUTYJHOM MO-
ayasiun. PaccMoTpuTe orubaroiyro M HECyIIyr0o 3TOr0 CUTHajla Ha 3KpaHe ocuusuiorpada
Y OLICHUTE UX YaCTOTHI U AMIUIUTYABI.

Odopmienre pe3yabTaToB.
Kpatko 3anucath mociesoBaTeIbHOCTh IEUCTBUI MPU pad0Te C U3MEPUTEITHLHBIMU MPHU-
O6opamu. 3anucarh pe3yabTaThl U3MEPECHHUIA.

KOHTPOJILHBIE BOIIPOCHI.
1. UeMm obecniedynBaeTCsi HEMOABMKHOCTh M300paKeHUs Ha dKpaHe ociuuiorpada?

2. Kak ocymectBisieTcs: kKanuopoBka ocrusuiorpada?
3. B ueM coCTOST OCHOBHBIC pa3INyusl PSKUMOB BHYTPEHHEH M BHEITHEH CHHXPOHHU3AIUN
pa3BepTkH ocumiorpada?

bubnuorpadbuyeckuii CIMCOK.
1. Ociumnorpad ADS-2111MV. UHCTpyKIus 1O SKCIUTyaTallvu.
2. Ocuumnorpad ACK-2034. MHCTpyKIHS 110 SKCIITyaTaIyH.
3. Uctounuk nutanust APS-7315. MHCTpyKIMS 110 SKCIUTyaTallHH.
4. Uctounuk nutanus APS-5333. MHCTpyKIus 10 SKCIUTyaTaIlnu.
5. Uctounuk nutanust APS-3320. MHCTpyKIHS 110 SKCIUTyaTallHH.
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6. 'ereparop pyukrmonanbabiii ADG-1005. MHCTpYKIHS 1O SKCIITyaTaIyH.
7. I'enepatop ¢pynkumnonanbubiii AHP-1105. MHCTpyKIMS 1O SKCIUTyaTalHH.
8. MynpTumMeTp AM-1152. HCTpYKIMSA 1O SKCIUTyaTallkH.



JlaGopaTopnasi padota Ne2
N3yuyenue nporpaMmmbl MOAeIMPOBaHus 3J1eKTPOHHBIX cxeM Electronics Workbench.

Llesb pabOTHI: MOAYYHUTH HaYaIbHbBIE HABBIKK PaOOTHI B IPOrpaMMe KOMITBIOTEPHOTO
MOICITMPOBaHMS 3JIeKTPOHHBIX cxeM Electronics Workbench.

CBGIICHI/IH N3 TCOPHH.

[Mporpamma EWB co3mana B 1989 r. kanaackod ¢upmoit Interactive Image
Technologies a1 cXeMOTEXHUYECKOTO MOJCIUPOBAHUS aHAJIOTOBBIX U IU(PPOBBIX PAJHO-
AIIEKTPOHHBIX YCTPOMCTB pa3nu4yHOro HazHaueHus. CylIecTBYeT HECKOJIBKO MPOTrpamMM IO-
nobHoro poxaa (System View, Wicro-Cap, DesignlLab, Aplac u ap.), omnako EWB oTimua-
€TCs TEM, 4TO OHA MO3BOJisAET ucnons3oBath KUII, mo BHemHeMy Buy, OpranamM ympasiie-
HUS ¥ XapaKTEPUCTHKAM MaKCUMAJIbHO MPUOIKEHHBIE K WX MPOMBIIUICHHBIM aHAJIOTaM.
Cxema cocrtapnsieTcsi U3 OMONIMOTEK KOMIIOHEHTOB WJIM IyTEM HM3MEHEHHS YK€ TOTOBBIX
cxeM. Boinenenune aneMeHTa — wenuok 1esoti Knonku muiwu. Y nanenue — kinauiiaDel wiu
COOTBETCTBYIOIIAsl KOMaH/1a KOHTEKCTHOro MeHIo. IIpu cocraBieHnn cxembl U ee yIpole-
HUA TIyTeM 0QOpPMIICHHUS TOJICXEM MOJICTUPOBAHHE €€ padOThl HAUMHAETCS IIEITUYKOM BbI-
KJIFOYaTess.

Hcnonb3yembie Tum ¢GaisioB - .ewb. OTu ¢daiasl 00bIYHO HAXOMASTCS B Karajore
Samples. Hampumep, daiin Rs-ff.ewb comepxur cxemy RS-Tpurrepa Ha Jorndeckux sie-
mentax NJIN-HE.

Crpykrypa OKHA.

7 Electionics Wotkbench M= E3

fle Ec Crcut fnsysic Window Help ,
NiBlE &@me| salfslix 2 Q@ = 2|

& Fleleld] BTE] olg] BlD{v| =
CUM——

-

i

“ | : LI:, I

Raady | |Temp: 27
Puc.1. OcHoBHbIe 351eMeHTHI uHTEpPeiica nporpammbel EWB 5.0

OcCHOBHYIO, IIEHTPAJILHYIO YacCTh OKHA TMPWJIOXKEHUS 3aHWMAeT padodasi 001acTh, B
KOTOPOH COOMpaeTcss M TECTUPYETCs JIEKTpoHHas cxema. Hanm pabodeil 001acThio pacro-
JI0’KE€HA TIaHe b KHOTMOK. C MOMOIIBI0 KHOTIOK, UMEIOIIMXCSA Ha ATOW MaHeIn, MOKHO H3Me-
HATH COJIEP)KUMOE OKHa Habopa KOMIMOHEHTOB. M300pakeHus1 Ha KHOMKAX MOKa3bIBAIOT, Ka-
KHE TUIBl KOMIIOHEHTOB MOSBATCS B HAOOpE MpPHU HaXaTUU COOTBETCTBYIOMICH KHOIIKH.
CrpaBa B 3TOM K€ Py pPacHoJIOKEH MEPEKII0YaTellb, TO3BOJISIONIUN BKIIFOYaTh U BBIKIIIO-
yaTh coOpaHHylo cxemy. [lepekioueHre oCyecTBISETCS C MOMOIIbIO MIETYKa MBIIIBIO Ha
nepexiatoyatene. Hag nkonkamu npuGopoB pacioioskeHO MEHIO.
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['maBHOE MEHIO MPOTPaMMBbI BKJIIOYAET B ceOsl:

File

Revent to Saved... - ctupanue Bcex M3MCHEHUH, BHECEHHBIX B TEKYIIIEM CEaHCE PEIAKTHPO-

BaHHUA 1 BOCCTAHOBJICHHUC CXCMBI B IICPBOHAYAJIPHOM BHIAC,

Edit

Copy as Bitmap — BeinencHue, ykazanHas 00J1acTh momeinaercs B 0Oydep ooMeHa;
Circuit- st MOATOTOBKU CXEM M 33J[aHHs TTapaMETPOB MOJICTUPOBAHHUS;

Analysis — 3a1anue nmapamMeTpoB MOJICITUPOBAHHMS

Window:

Arrange — ucnpaBlIeHHE MCKKEHUS M300paKEHUH KOMIIOHEHTOB, COSIMHUTEIBHBIX MPO-
BOJIHMKOB U Tiepe3anuch 3kpana, Circuit — BeIBoI cxembl Ha mepenHuil wian, Description -

BBIBO/J Ha HCpCI[HI/Iﬁ IJIaH OIIMCAaHHA CXCMbI UJIN OKHA-SPJIbIKA,

Help - crangapraetil s Windows. [locie HaxkaTHs Ha 3JIEMEHT CXEMbI Ha KJIABUIITY

F1 — orkpbiBaercs okHO CIPaBKM C ONMCAHUEM JAHHOT'O 3JIEMEHTA.

Tabnuua 1. MeHro nuKTorpaMm

Muktorpammal|HassaHue OnucaHue

aﬁ Favorites M3bpaHHoe

T

? Sources McToyHnkn curHanos

. [MaccHBHEIE KOMNOHEHTEI W
Basic .
KOMMYTALWOHHEIE YCTPORCTBA

Diodes [1oakl
Transistors TpaH3IuCTopkl

Analog ICs AHANOroBLIE MUKDOCKEMEI

Mixed ICs MWKpOCXemMebl CMeLWaHHoro
Tvna

Digital ICs LinchpoBkle MUKpOCKEME

Logic Gates NMorvyeckne unpoBkle
MUKPOCXEMBI

Digital LinchpoBkle MUKpOCKEME

Indicators VIHOWKAaTOpHLIE YCTPORCTBA

Controls AHanoroBLIe

BbIYUCMWTENRHLIE YCTPORCTEA

Miscellaneous

KoMNOHEHTEI CMELAHHOTO
THME

@iz 8 8o sE e = e w

Instruments

KoHTponkHO-M3MEpUTENEHEIE
npubopel
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B Electronics Workbench coopka cxemsl ocyiecTBisieTcss B pabodeit o0mactu. Dnek-
TPOHHBIC KOMIIOHEHTHI JIJII COOPKH CXeMbI OEpYTCSl M3 MEHIO, COJEpIKaIero Habop KOMIo-
HeHTOB. Collep)krMoe Habopa KOMIIOHEHTOB MOKHO M3MEHHUTh Ha)KaTHEM COOTBETCTBYIO-
MIMX KHOMOK, PacIOJIOKEHHBIX HEMOCPEJICTBEHHO HaJl OKHaMU. YTOOBI mepeMecTUTh Tpe-
OyeMbIii KOMIIOHEHT B pabouyio 00JacTh, HY>KHO TOMECTUTh Ha HEro Kypcop U HaXarthb Jie-
BYIO KJIABHIILY MBIIIW. 3aTE€M, YAEPKUBAsI KJIABUIIY B HA)KaTOM COCTOSIHHMH, 'TIEPETAIINUTD"
AJIEMEHT, JBUTasl MbIIIb, B TpeOyeMoe MooKeHne B pabouei 001acTH U OTIYCTUTH KJIaBU-
mry.

UT0oOBI OCYIIECTBUTH KaKHUe-I1M00 onepaluy Haj 3JIEMEHTOM €ro He0oOXOAUMO BbIje-
nuTh. Bhienenne 35eMeHTa OCyIEeCTBISIETCS METYKOM MBIIIM Ha 3JIEMEHTE, MPU 3TOM OH
OKpAaIlIMBAETCS] B KPACHBIN IIBET.

Ecnmr HE0o0X0auMO MOBEPHYTH DJIEMEHT, HY)KHO CHadaja €ro BBIICIUTH, a 3aTEM HC-
MoJIb30BaTh KoMOMHaNwo0 KinaBuil [Ctrl+R], HakaTe KOTOPHIX MPUBOIUT K MMOBOPOTY dJie-
MeHTa Ha 90°.

Jns ynaneHust >JIeMEHTa €ro Tak»Ke HE0OX0AMMO CHavasa BhIIACIUTh, a 3aTEM HaXKaTh
kinapuiny [Del] u B oTBeT Ha 3ampoc O MOATBEPXKICHUU YAAJICHUS HaXKaTh KHOIKY I10/1-
TBEPKJICHUS WIN OTMEHBI YIAJICHUS.

Bce 3ieKkTpoHHbIE KOMITIOHEHTHI XapaKTepU3YKOTCS CBOMMHM IapaMeTpamu, OIpeie-
JSIONMIMMH UX TIOBeIeHHE B cxeme. UToObI 3a/1aTh 3TH MapamMeTpbl HYKHO JABAXKbl IIETK-
HYTh MBIIIBIO HA HY>KHOM 3JIEMEHTE, B PE3YyJbTATE YEro MOSBUTCS AUAIOTOBOE OKHO, B KO-
TOPOM HEOOXOJMMO BBIOpATh MJIM 3alKUCATh TpeOyeMble MapaMeTphl U 3aKPHITh €r0 HAXKATH-
eM kHonku "Ok".

YT0oOBI COETUHUTH MEXIAY COOOM BBIBOJBI SJIEMEHTOB MOABEIUTE KypCOp K HY)KHOMY
BBIBOJY, IIPH 3TOM, €CJIM K 3TOMY BBIBOJY JCHCTBUTEIBHO MOKHO IMOJCOCAUHUTH MPOBO/I-
HUK, Ha HEM TIOSIBUTCSI MAJICHbKUI YepHBIN KpY>KOK. [Ipu mosiBIeHNN KPYy>KKa HAXKMUTE JIe-
BYIO KJIABUIITY MBIIIU U, HE OTIyCKas €e, MPOTalluTe Kypcop K Apyromy BeiBoay. Korna Ha
JPYTOM BBIBOJIC TOXKE MOSIBUTCS YEPHBIA KPY>KOK, OTIYCTUTE KJIABUIIY, U 3TH BBIBOJbI aB-
TOMAaTUYECKU OYyIyT COEAWMHEHBbI MPOBOAHUKOM. ECM BBIBOJ 3JIEMEHTA HYKHO IMOJICOEIH-
HUTH K YK€ UMEIOLIEMYCS TPOBOAHUKY, TO MOJABEAUTE KypCOP MBIIIM MPU HAXKATON KIIaBU-
e K 3TOMy MPOBOJAHUKY, IIPH 3TOM TaKKE€ B TOM MECTE, TJI€ MOXKHO CIIeNIaTh MOACOEINHE-
HUE TIOSIBUTCS] MAJICHbKasi OKPYKHOCThb. B 3TOT MOMEHT OTITyCTUTE KJIaBUIILY, U B CXEME aB-
TOMATUYECKH 00pa3zyeTcsi MPOBOSIIEE COSTUHEHUE MEXKITY MPOBOAHUKAMU, 0003HAYECHHOE
YEPHBIM KPYKKOM.

1. ICTOYHUK TOCTOSTHHOTO HAIPSKEHUS.

Haxoautcst B Habope ICTOYHUKY CUTHAJIOB.

DTOT 2JIEMEHT MNPEJCTABISAET COO0N MOJieNb MACATBLHOTO MCTOYHHMKA HAIPSKEHUS,
MOACP>KUBAIOIIETO Ha CBOMX BBIBOJIaX MOCTOSHHOE HAINPSKEHUE 33JIaHHOU BEeTMYUHBI. Be-
JUYUHA HANPSOKEHUST MOXKET 3aJ1aBaThCs Pa3paOOTUYMKOM JBOWHBIM IIETYKOM MBIIIM Ha
AJIEMEHTE U 3aIMChIO B IUAJIOTOBOM OKHE TPEOYEeMOro 3HauYCHHUS.

2. Jlammouka HaKaJvBaHUsI.

Haxonutcst B Habope MHaukaTOpHbIE YCTPOMCTBRA.

OTOT 2JEMEHT MOJCIUPYET OOBIYHYIO JIAMITY HAKaJWBAaHUS U MOXKET HaXOIUTHCS B
TPEX COCTOSIHUAX: BBIKJIIOUEHHOM, BKIIIOYEHHOM U neperopeBuieM. [loBegeHue sneMeHTa
XapakTepu3yeTcsl AByMs MapaMeTpaMu: MOITHOCThIO U MaKCHUMAaIbHO JOMYCTUMbBIM HAmpSsi-
KEHUEM. BBeCTH HyXHbIE apaMeTpbl MOKHO JBOWHBIM IIECITYKOM MBIIIH Ha 3jieMeHTe. [1o-
CJIe ATOTO TMOSBIISIETCS JUAIOTOBOE OKHO. BBemuTe TpebyeMble mapamMeTpsl U 3aKpOTe aua-
JIOTOBOE OKHO IeT9koM Ha kHomke "Ok".

11



[Tpu pabote cxembl 3JeMEHT OyJeT HaXOIUTHCS B BHIKIIOUYEHHOM COCTOSIHUH, €CITU
NPUIOKEHHOE K HEMY HAINPSHKECHUE HE MPEBBILIAECT MOJOBUHBI MAKCUMAJIbHOIO HaIpsKe-
HUA. Eciii npuinoXeHHOE HaIpsKEHHE HAaXOJUTCS B UHTEPBAJIE OT MOJOBUHBI MAKCUMAJIb-
HOTO HaIpsKEHUS 10 YPOBHS MAKCUMAJIBHOTO HANPSIKEHUS, SJIEMEHT HAXOJIUTCS BO BKIIIO-
YEHHOM COCTOSIHMM. [IpW MpEeBBIIEHNWN MPUIIOKEHHBIM HANPSHKEHUEM 33JaHHOIO MaKCH-
MaJIbHOTO HANPSHKEHUS SJIEMEHT MEPEXOJAUT BIIEPETOPEBIIEE COCTOSIHUE.

3. 3azemJieHueE.

Haxonurcs B Habope ICTOYHUKY CUTHAJIOB.

B cxeme, cobpannoii ¢ momomibio Electronics Workbench, kak u mpaktuuecku st
000 peasibHOM cxeMbl, TpeOyeTcs yKa3aTh TOUKY HYJIEBOT'O MOTEHIIMAIa, OTHOCUTEIHHO
KOTOPOU OIPENEIISIOTCS HaNpsHKEHUST BO BCEX NPYTMX TOYKAX CXembl. MIMEHHO g 3ToM
LEJIH CITY>KUT JIEMEHT 3a3eMJIeHHE. Ero eTMHCTBEHHBIN BBIBOJI MOAKIIFOYAETCS K TOW TOUYKE
CXEMbI, TOTEHIIMAT KOTOPOW MPUHUMAETCSI paBHBIM HYIIO. JlOMycKaeTcs U Jlaxke 1eneco00-
pPa3HO, OCOOEHHO JIJISl CJIIOXHBIX CXEM, MCIOJb30BATh HECKOJIBKO 3JIEMEHTOB 3a3€MJICHUSI.
IIpu 3TOM cuMTaercs, 4To BCE TOUKHU, K KOTOPBIM IIOJICOCIMHEHBI 3a3€MJICHUS, UMEIOT OJIUH
001U MOTEHIIMAII, PABHBIN HYIIO.

4. Touka - COEIUHUTED.

Haxonutcs B Habope ICTOYHMKY CUTHAJIOB.

OCHOBHBIM CBOMCTBOM TOUKH-COEIUHUTEIS SBJISIETCS TO, YTO BbI MOYKETE MOJCOEAU-
HATH K HEN NPOBOAHUKH. [lo1cOEIMHATH TPOBOHUKHA K TOUKE MOXHO CJIEBA, CIIPaBa, CBEP-
Xy U CHU3Y, TO €CTh CYIIECTBYET BCETO YETHIPE MECTA MOJACOCIAUHEHNS MPOBOJIHUKOB K O/I-
HOI TOYKE W, CJIEI0BATEIbHO, B OJHOM TOYKE MOTYT COECIMHATHCS HE 00Jiee YeThIpeX Mpo-
BOJHMUKOB. JlJIsl peanu3anuu Takoro MmoJACOCAUHEHHSI HYKHO IMOJBECTH MPOBOJHUK MPU Ha-
KaTOW KJIABUILIE MBIIINA K COOTBETCTBYIOIIECH CTOPOHE TOUKHU, IIPU 3TOM OKOJIO TOUKHU TOSIB-
JIAE€TCS MAJICHbKHUI YE€pHBIA KPYKOK. OTIyCKast B 3TOT MOMEHT JIEBYIO KJIABHUIILY MBIIIIH, 10-
Jy4daeM TpedyeMoe NoICOeAMHEHHE.

5. Ilepekntouarens.

Haxonutcs B Habope [TaccuBHBIE KOMITOHEHTHI 1 KOMMYTAIIMOHHBIE YCTPOMCTBA .

OTOT mepeKIIovaTesb JOMyCKAaeT 1Ba BO3MOXKHBIX IMOJIOKEHUs, B KOTOPHIX OJUH 00-
LM BXOJ COCIMHSETCS C OHUM M3 JBYX BO3MOKHBIX BBIXOJOB. [10 yMOJIUaHUIO MTEPEKITIO-
YeHHUE OCYIIECTBIsAeTCS KiaBuien [Space]. UToObl HA3HAYNTH KaKOMY-JIHOO MepeKitoyarTe-
J0 APYTYIO KJIABUIIY, HY>KHO JABaXKIbl MIEJIKHYTh MBIIIBIO HA 3TOM NEPEKIII0YaTeNe, BBECTH
TpeOyeMbIii CHMBOJ B TOSIBUBIIEMCS JUAJIOTOBOM OKHE M Hakatuem kHomku "Ok" mojn-
TBEPIUTH cleNaHHbIi BbIOOp. [locne 3Toro nepexintoyeHue 1aHHOTro NepeKIodaTens 0yaer
OCYILECTBIISITHCS C MOMOIIBIO BEIOPAHHOM KJIaBUIIIH.

6. Jlunamuxk.

Haxonutcst B Habope MHaukaTOpHbIE YCTPOMCTBRA.

OTOT ANEMEHT U3JAET T'yI0K 3aJaHHOM YacCTOTHI, €CJIM MPUIIOKEHHOE K €r0 BBIBOJAM
HaNpsKEHWE TPEBBIIIAET YCTAHOBJIECHHBIA YPOBEHb HAMNPSKEHUSA. 3HAYEHUS MOPOTOBOIO
HANpsKEHHUST U 4acTOThl M3/1aBAE€MOT0 CHUTHAJIA MOYKHO 3a/1aTh B JMAJIOTOBOM OKHE, MOSIB-
JIFOLEMCS TPU IBOMHOM IIEITYKE MBIIINA HA JJIEMEHTE.

7. BonbT™meTp.

Haxonutcs B Habope MHIuKaTOpHBIE YCTPOUCTBA.

DTOT 3JIEMEHT MOKa3bIBAET HAIPSIKEHHE, MPUJIOKEHHOE K ero BbiBogaMm. OjHa u3
CTOPOH 3TOT0 AJIEMEHTA BBIICJICHA YTOJIIEHHOM JIMHAENW. Ecnu HanpsbkeHue, TpUII0KEHHOE
K BBIBOJIaM TaKOBO, YTO MOTEHLHAT HAa BBIBOJIC, HAXOIAIIEMCS C HE BBIICIICHHOM CTOPOHBI,
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0o0JIbIlIe MOTEHIIMANIA Ha BBIBOJIE, HAXOASIIEMCS C BBIJICJIEHHON CTOPOHBI, TO 3HAK HampshKe-
HUSI, TIOKa3bIBAEMOTO BOJIBTMETPOM, OYIET MOJOKHUTENbHBIM. B mMpoTUBHOM ciiydae 3HaK
UHAUIMPYEMOTO HANPsHKEHUS OyAEeT OTPUIATENbHBIM.

8. Ammnepmerp.

Haxoautcst B Habope MHaukaTOpHBIE YCTPOMCTBA.

OTOT 3JIEMEHT NOKAa3bIBAET BEIMYMHY TOKA, MIPOTEKAKOMIErO Yepe3 ero BeIBOAbL. OqHa
U3 CTOPOH ATOTO 3JIEMEHTA BBIJICJICHA YTOJIIIEHHON JIMHUEH. Eciii HanpaBlieHHe TOKa, IPo-
TEKAIOIIETO Yepe3 BbIBOABI AJIEMEHTA, COBIIA/IAET C HAIPABJICHUEM OT HE BBIJICJIIEHHOW CTO-
POHBI K BBIICJICHHOM CTOpPOHE, TO 3HAK BEJIWYMHBI MHIUIUPYEMOIO TOKa OYIET MOIO0XKH-
TeJIbHBIM. B IpOTUBHOM cilyyae 3HaK OyJeT OTpULATEIbHBIM.

9. Pesucrop.

Haxonutcs B Habope VICTOYHMKN CUTHAJIOB.

OTOT 37IEMEHT MPEeICTaBIsIeT cCO00M 0JIMH U3 Haubosee MHUPOKO HCIONb3YyEMbIX KOM-
ITIOHEHTOB 3JIEKTPOHHBIX CXEM. BelnumHa CONpPOTUBIEHUS PE3UCTOpa 3aqaeTcs pa3padoT-
YUKOM B JMAJIOTOBOM OKHE, IOSABJISIOMIEMCS ITPU JBOMHOM LIETYKE MBIIIN HA DJIEMEHTE.

IIpocrenimas dneKTpudecKas Lelb COCTOUT U3 UCTOYHHUKA U NIPUEMHHUKA DJIEKTpUYe-
CKOW dHepruu. B kauecTBe MPOCTEMUIIETO UCTOYHUKA JIEKTPUYECKON DHEPIUU MOXKET Ciy-
’KUTh UCTOYHUK MOCTOSIHHOTO HANpsDKEHUsI, HanpumMep, Oatapeiika. [lpueMHUKOM 31eKTpu-
YECKOM 3HEPruu OOBIUHO CIIY’KUT YCTPOMCTBO, MPEe0oOpasyrollee SHEPTUIO HIEKTPUUECKOTIO
TOKa B IPYrO¥ BHJI SHEPIUHU, HAIIPUMED, B CBETOBYIO JHEPIHIO B DJIEKTPUYECKOH JIAMIIOUKE,
WJIY B DHEPIUIO aKyCTUYECKUX BOJIH B TMHAMUKE.

Yrobbl oOecneunTh MPOTEKAHWE TOKA 4Yepe3 MPUEMHUK, HEOOXOOUMO 00pa3oBaTh
3aMKHYTBIA KOHTYp, IO KOTOPOMY T€YeT TOK. J[Ji1 3TOro HeoOXOAMMO OJIUH BBIBOJ MPHUEM-
HUKa 3JEKTPUYECKON SHEPTUM MOJACOEAUHUTH K OTPHUIATENIbHOMY BBIBOJY OaTapeilku, a
IpYro K MOJIOKHUTEIbHOMY BbIBOAY. IIpocrelimmii cnocod ymnpaBieHUs: NpOXOXKIACHUEM
TOKA M0 LENU 3aKJIYAeTCA B 3AMBIKAHUH U PA3MBIKAHUM KOHTYpPA LEMH C OMOIIBIO IEpe-
KJIrovarens. Pa3MplkaHue KOHTypa LENU MPUBOIUT K Pa3phIBy LIENH, BCIEACTBHE YETO TOK
CTAHOBUTCSl PaBHBIM HYJO. 3aMbIKaHHUE LIENMH OOECNEYMBAET MYyTh AJIs MPOXOXKACHHS IO
LIENIM TOKA, BEJIMYMHA KOTOPOI'O OINPENEIAETCS NPUWIOKEHHBIM HANPSIKEHUEM U COIPOTHUB-
JIEHUEM LIENU COrJacHo 3akoHy Oma.

[TepeyeHpb UCTIOIB3YEMOTO 000PYIOBAHHUS
1) [TepcoHanbHBIN KOMITBIOTEP
2) NnTepakTuBHAs 1OCKA

3alaHKsl 1 METOJMYECKHE PEKOMEHIAINY.
1. 3anyctute nporpammy EBW u uzyuute e€ unrepdeiic.
2. Co6epure B nporpamme EBW cxemy npocteitero RC-gunbrpa.
3. 3amycTuTe MOJSTUPOBAHNE COOPAHHOMN CXEMBI.
4. C noMoIbl0 BUPTYaJbHBIX MPUOOPOB MOJABAWTE pPa3IMYHbIE CUTHAJIBl HA BXO/I
¢unpTpa U PUKCUPYNUTE BHIXOJIHBIE CUTHAIBI.
5. CoxpaHute pe3yJbTaThl MOJCTUPOBAHUS.

Odopmienne pe3yabTaToB.
Kpatko 3amucaTte mocienoBaTeabHOCTh ACUCTBUI Tpu paboTe ¢ mporpammoit. Otuer
JIOJDKEH COJIEpKAaTh PUCYHKH CXEeM, COOpaHHBIX B MPOTpaMMe M Pe3yJbTaThl MOACINPOBA-
HUS UX PaOOTBHI.
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KoHTpOJILHBIE BOOPOCHI.

1. Mopenu Kakux THIIOB 3JEKTPOHHBIE KOMIIOHEHTHI €CTh B mporpamme Electronics
Workbench?

2. KaKI/Ie BI/IpTyaJII)HLIG I/I3M€pI/ITeJIBHI>I€ HpI/I60pI>I MOKHO HUCIIOJIB30BATH B
Electronics Workbench?
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JlaGopaTopnas padora Ne3
IMoynpoBoaHUKOBbIE THOABI

[enb u 3agaun padboThI

[enbto naHHO TaOOPaTOPHOM pabOTHI SBISIETCS U3YUEHHE OCIIMIIIIOrpapuuecKkoro me-
TOJA IOJTYYEHUS CTATUYECKUX XaPAKTEPUCTUK IMOTYIIPOBOJHUKOBBIX JUOJOB, a TAKXKE U3Y-
YyeHue paboThl AUOJOB B PA3IUYHBIX IEKTPOHHBIX CXEMaXx.

Teoperndeckne MOJIOKEHUSA
Jluon peAcTaBisieT cOOO0M MaCCUBHBIM HETMHEHHBIN 3JIEMEHT C ABYyMsI BhIBogaMHu. Ka-

YeCTBO BOJIbT — aMmIiepHo xapakrepuctuku (BAX) auoaa MoxeT ObITH Mpe/icTaBICHA B BU-
Jie TTOKa3aHHOM Ha puc. 1.

Oo6parnoe I[MA] N [Tpssimoe
HaIPSKECHUE HaIPSHKECHUE
OTKpBIT
U npq6wz L![B]
3aKphIT
-i[MKA]
Puc.1

Ha ycrnoBHOM 0003Hau€HMU HAIIpaBJIECHUE CTPEIIKH MoAa (Tak 0003HAYACTCS aHO/ DJIEMEH-
Ta) COBITQJIACT C HAMpaBJICHUEM TOKa. (puc.2).

AHon | | Karon

T
Puc.2
OOpatHbBIN TOK AJI JUOJIOB 00ILIET0 MPUMEHEHHUS U3MEPSIETCsl B HaHOamIepax (oOpaTuTte
BHMMaHHE Ha pa3HbIi MacTad u3MepeHuit mo ocu adbcuuce st IpsIMoOro U 0OpaTHOTo TO-
Ka) ¥ ero, KaKk MpaBUJI0, MOKHO HE MPUHUMATh BO BHUMAaHHE JI0 TEX MOp, OKa HAMPSKEHHUE
Ha JIMO/Ie HE JOCTUTHET 3HAUCHUSI HaIlPsDKEHUS POo0os..

B HOpManbHOM COCTOSIHUU Ha JUOJI Ia1aeT TaKOe HaIPsHKEHHUE, KOTOPOE HE MOXKET BhI-
3BaTh MpoOoil. MckirtoueHne cocTaBiIsIOT ONOPHBIE JUObI (CTAOUIUTPOHBI), I KOTOPBIX
PEXUM MPOOOS ABIISETCS HOPMAIBHBIM pexUMOM paboThl. Yallle Bcero najeHue HanpsoKe-
HUS Ha Au0jie, 00YyCIOBICHHOE MPSIMBIM TOKOM 4epe3 Hero, coctasisieT oT 0,2 mo 0,7 B.

B psine ciyyaeB TakuM MaJIeHUEM HAIMPSKEHUST MOKHO MTPeHeOpeyb, U TOrAa IO MOYKHO
paccMaTpuBaTh Kak IPOBOJHUK, IPOMYCKAIOIINK TOK TOJIBKO B OIHOM HanpasieHuH. K
APYTUM BaKHEHIIUM XapaKTepUCTHKaM, OTIIMYAIOLIUM CYIIECTBYIOLIUE TUIIBI IUO/I0B APYT
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OT JIpyTa, OTHOCATCS: MAKCUMAJIbHBIN IIPSIMOU TOK, EMKOCTb, TOK YTEUYKH U BPEMS BOCCTA-
HOBJICHHUs1 00paTHOTO conpoTuBieHus. B Tabmn.1 nmpuBeneHbl XapaKTEepUCTUKH HEKOTOPHIX

THUIIOB JTMOJI0B, KOTOPbIE UCHOJB3YIOTCS B TaHHOU JabopaTopHOil paboTe.

B Tabu1.1 mpuBoasATCS ClieyIoNIe OCHOBHBIC IMApaMeTPhl JUOIO0B: TOCTOSIHHBIN 00OpaTHBIN
TOK 1nmpau - TOK Y€pPE3 JUOJ B IIPOBOJISIIEM HAIIpaBICHUH,

ITOCTOAHHOC IIPAMOC HAIIPSAKCHUC U npav ~ HAIIPAIKCHUC HA TUOAC ITPHU ITPOTCKAHUU YCPC3

HETO OHpGI[GJ'ICHHOﬁ BCINYHUHBI IIOCTOAHHOI'O TOKA,

MIOCTOSIHHBI OOPATHBINA TOK lodp - TOK, IPOTEKAOIINI Yepe3 JUOJ IPH [01a4e Ha HETO T0-

CTOAHHOI'O O6paTHOFO HaIIPSKCHUA OHpGIIGJICHHOﬁ BCIINMYHHBI,
IMMKOBOC 3HAYCHHC BLIIIPAMIICHHOT'O TOKA Inn - MMpcaAcJIbHOC 3HAYCHUC BLIIIPAMIICHHOT'O

TOKa;

BpEMs BOCCTAHOBJIEHUSI 0OPaTHOTO CONPOTUBIIEHUS] — HHTEPBAJl BpEMEHH OT MOMEHTA,
KOTJIa TOK Yepe3 MO0/l PABEH HYJIIO 10 MOMEHTA YMEHBIIEHHUsI 0OpaTHOTO TOKA /10 3aJJaHHO-
IO YPOBHS;

€MKOCTb JJM0J1a — EMKOCTh MEX/I1Y BbIBOJAMHU IUOAA MPYU 3aJaHHOM HAIPsHKEHUH CMeEllle-

HU.

C HpaKTH‘IGCKOﬁ TOYKH 3pCHUA CICAYCT OTMCTHUTD JIBA BA)KHBIX MOMCHTA!

1. Cxemy, coaepxaIiyro JUO/bl, HEJb3s1 U3MEHUTH SKBUBAJICHTHOM.
2. Jluonm He 00J1aaeT COMPOTHBIICHUEM B OOBIYHOM CMEBICIIE, T.€. HE MOJIHHSICTCS 3aKOHY

Owma.
Tabmuma 1
Uobp. io0p. Cpennee 3Ha- ITuxoBbIe
Tun Max Max YeHHe 3a He- 3HAYCHUS Bpemsa
[B] [MKA] | orpannyen- Unp | UoGp | Inm BOCCTa-
HBII UHTEpBaJ [B] B] | [A] HOBIIE- Em - Yac-
BpEMEHU HUS Kocmb TOTA
o0p. n® k'
Un | inpsm comp., Knace
p | [MA] He
[B]
JI2K 150 250 1 8 7 150 | 0,025 | 3000 0,2 -
30 250 1 20 30 0,062 | 3000 1 - Brimps-
JI9B MUTET
TI229A 50 1 | 400 200 | 10 1 bHBIC
B | 70 1000 1 5000 100 30 1,2
2J1202 1 | 140 200
I246A 400 3000 10000 400 30 1,1
2J1106A | 100 10 300 100 3 450 5-153 30
18 20 50 16 5 0,05 100 0,5 -
310 20 20 0,5 | 500 2,4 0,8 300 10 - Yhusep
311 30 100 04 | 80 1 30 0,6 50 15 -
CAJIbBHBIC
I'1507A 20 50 0,5 16 3,5 0,2 100 0,8 -
171508 8 60 0,4 10 1,5 10 0,03 0,75 -
KI510A | 50 5 1,1 200 50 15 4 4 -
A | 30 4 1 20 2,5 30 0,2 10 5 -
K503 b 1,2 3,5 2,5
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Oco6oe MecTo cpenu AUO00B 3aHUMAIOT CTAOUIIMTPOHBI, UM OMIOPHBIE TUO/IbI, IPeIHA3HA-
YEeHHBIE JJIs1 CTAOUITM3ALMK YPOBHS HANPSKEHUSI PYU M3MEHEHUH BEJIMYMHbBI IPOTEKAIOIIe-
ro yepe3 AuoJ] Toka. B onmopHbIX Arogax pabouuM sBIISETCS MPOOMBHOM y4acTOK BOJIBT —
aMIIepHON XapaKTEPUCTUKU B 00J1acTH 0OpaTHBIX HampsikeHui. Ha 3 ToM ydacTke Hampsbke-
HUE Ha JIUOJIE OCTAETCS MPAKTUYECKU MOCTOSIHHBIM MPU 3HAYUTEIHLHOM U3MEHEHUH TOKA,
POTEKAIOIIETO Yepe3 TUOI.

B 1a0:1.2 npuBeneHbl XapaKTePUCTUKHA HEKOTOPHIX TUIIOB CTA0OUIUTPOHOB, KOTOPBIE HUC-
NOJIB3YIOTCS B JaHHOM JTabopaTopHO# padoTe. B Tab1.2 MpUHATHI ClieTyIONIUe 3HAYCHUS:

HanpspbkeHue ctabmwimnzanu  Uer — HanpsikeHue B paboueit o0aacTu, rie 00IbeMy u3-
MEHEHHIO TOKa Yepe3 MO0/ COOTBETCTBYET Majloe€ M3MEHEHNE HAMPSHKEHUS Ha HEM;

MaKCHMAaJIbHBIA TOK CTAOWIIM3AIMH Icr.max — TOK OTPaHUYCHHBIN MaKCUMAJIBHO JIOIYCTH-
MOU PaccenBacMON MOIITHOCTBIO;

MUHUMAJIBHBIN TOK CTAOMIIU3AIAHN Icr.min — TOK, HIDKE KOTOPOTO MTPOOO CTAHOBHUTCS HEYC-
TONYUBBIM;

muddepeHnnanbHoe ConpoTuBiIeHNEe Rmud - OTHOIIEHUE pUpaleHUs aAeHUs HanpshKe-
HUS Ha CTAOMJIUTPOHE K BBHI3BIBAIOIIEMY €TI0 MaJIOMYy MPUPAIIECHUIO TOKA;

tTemriepaTypHbIiil koaddunuent Hanpspxenus (TKH), %/rpan., onpenensieTcs: Kak OTHO-
IIEHUE OTHOCUTEIHHOTO U3MEHEHHUS HAIIPSKEHUST CTAOMIM3AIUU K a0COIIOTHOMY U3MEHE-
HUIO TEMIIEPATypPhl OKPYKAIOIIEH CPEIbl.

VcioBHOE 0003HaUEHHUE TUOIOB.

B ocHOBY crcTemMbl 0003HaYE€HUN JUOI0B MOJIOKEH OYKBEHHO-IIM(PPOBOM KO, EPBBIN
AJIEMEHT KOTOPOro 0003HAYaeT UCXOAHBIN MOIYITPOBOIHUKOBBIA MaTepral, Ha OCHOBE KO-
TOPOTO U3TOTOBJIEH IPUOOP:

I' wnu 1 — repmanuii WK €r0 COCIMHEHUS;

K nnm 2 — xpeMHuUli Win €ro COeTMHEHNUS;

BTtopoii anemenTt o603HaueHus — OyKBa, OnpeeseT MoaKIacce MpudopoB:

J1 — A1obl BBIIPSAMUTEIbHBIE, UMITYJIbCHBIE,

L — BEIIpSIMUTENBHBIE CTOJIOBI,

B — Bapukarsi,

U — TyHHENbHBIE JUOBI,

C — cTaOUITUTPOHBI.

Tpetuii snemeHT — uudpa, onpeaessieT OJUH U3 OCHOBHBIX XapaKTEPU3YIOIIUX MPUOOp
MPU3HAKOB (MMapaMeTp, Ha3HAYEHUE WIIM IPUHIUI AeUCTBUS),

Hampumep, mima nogxnacca /l;
1 — BBIPSAMUTENBHBIE TUOABI C TOCTOSHHBIM WJIM CPEHUM 3HaYeHueM mpsimoro Toka < 0,3
A.
2 — BBIIPSAMUTEIIbHBIE JUOJIbI C TOCTOSIHHBIM MPsIMbIM TokoM OT 0,3 10 10 A.
4 — UMITyJIbCHBIE JUOJIBI C BPEMEHEM BOCCTAHOBIIEHUS OOPAaTHOTO COMPOTUBIIEHUS OoJee
500 Hc.
S — UMITYJIbCHBIE MO/l C BpeMeHeM BoccTaHoBiieHus < 500 He.
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Tabmuma 2

Hampsoxe- max Ttok | Juddepen- | TKH Makcu- Junanazox max
Tun HUE CTa0u- | CTa0WIH- | IIHABHOE %/Tpan. | MaimbHas pabounx npsiMOit
- 3anuu, Ma | conpoTus- JOIYCTH- | TeMIIepaTyp TOK,
Saunu, B snenue, Om Masl MOIII- °C A
HOCTb
Bt
8-95 40 6 0,07 0,34 -60+ +100 0,1
8145
9-10,5 32 12 0,009 0,34 -60+ +100 0,1
 814B
10-12 29 15 0,095 0,34 -60+ 0,1
H 814I°
10 800 2,7 0,1 8 -60+ +100 1
H 815
6,8 1150 1,2 0,062 8 -60+ +100 1
H 8156
15 550 3,8 0,13 8 -60+ +100 1
H 815
22 230 10 0,15 5 -60+ +100 1
8164
27 180 12 0,15 5 -60+ +100 1
8165
9 33 25 40,01 0,3 -55++100
1 818B
9 33 25 0,001 0,3 -55++100
A 818E
4,7 58 56 ot —0,09 0,3 -55++100 -
2C1474 mo 0,01
3,3 81 65 -0,11 0,3 -55++100 -
2C1334
5,6 55 46 0,05 0,3 -55++100 -
2C1564
6,8 45 28 0,06 0,3 -55++100 -
2C1684
9,3-10,7 14 22 +0,07 0,15 -55++100 -
2C210b

Jns monknacca C:

1 — ctabunuTpoHbl MOITHOCTHIO < 0,3 BT ¢ HOMUHAIBLHBIM HANPSHKEHUEM CTAOMIU3AINHT <

10 B.

2 — cTabUIUTPOHBI MOIIHOCTHIO < 0,3 BT ¢ HOMUHANIBHBIM HaNPSHKEHUEM CTAOUITU3ALUU OT
10 no 100 B.
8 — cTaOMIIUTPOHBI MOIIHOCTHIO OT 5 10 10 BT ¢ HOMHHAJIBHBIM HanpsHKEHUEM CTaOun3a-

i ot 10 no 100 B.

YeTBepThIi AJIEMEHT — YUCIIO, 0003HAYAIOMIee TOPSIKOBBI HOMEDP pa3padOTKH TEXHO-
JIOTHYECKOTO THITa Mpubopa.
[1aThIit 271eMEHT — OYKBa, YCIOBHO OIPEAEIseT KIacCU(PUKAIIUIO IO TTapaMeTpaMm MpHU-
OOpOB, M3TOTOBJICHHBIX IO €IMHON TEXHOJIOTHH.
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[TpuBenem mpumep 0003HAUEHUS HEKOTOPBIX TPUOOPOB:
KJI510A -kpeMHeBbIi UMITYJIbCHBIIN IHOJ C BpEMEHEM BOCCTAaHOBIIECHHUS 0OpaTHOTO
conmpoTUBiIeHUs 4Hc, HOMEp pa3pabotku 10, rpymma A.

2C147A —xpemHeBBIii cTaOUIUTPOH MolTHOCTRI0 <0,3 BT, HanpsikeHue cTabuim-
3aumu 4,7 B, rpynna A.

BoabT — amMnepHble XapaKTEpUCTUKH JUO0/1a MOKHO CTPOUTH 110 TOUKaM, U3Mepsis Mo-
CTOSIHHBIE HAIIPSKEHUS U TOKU B LEMSAX COOTBETCTBYIOLIUX 3JIEKTPOJAOB HCCIELYEMOIO
anemeHTa. OJIHaKO TaKOW METOJ BeCbMa TpyAoeMKuid. Kpome Toro, JiurenbHOe IpoTeKa-
HHUE TOKa Yepe3 AIEMEHT MOKET IIPUBECTU K U3MEHEHUIO €ro NapaMeTpoB B MPOLIECce U3Me-
peHusi. OCOOEHHO CUIIBHO 3TO MPOSBIISIETCS IPU OOJIBIINX, OJU3KUX K MIPEIEIbHO AOMYCTH-
MBIM JUIs JAaHHOTO 3JIEMEHTA TOKa U HapsbKeHUsAxX. Eciu jke BOCIOIb30BaThCs OCLUILIO-
rpauyecKuM METOJOM, OTIMCAHHBIM HUXKE, TO YKa3aHHbIE HEJOCTATKU MOYKHO UCKITIOYHUTh.

[Tpubop, no3BossitoMi HAOIIOAATh HA SKpaHe ociuiorpaga BAX nuoxaa, HazpIBaeT-
cs1 xapakrepuorpagom. biok cxema xapakrepuorpada rnokazana Ha puc.3.
Rr
[ v y

Ur — X

i 1

Puc.3. Cxema xapakrepuorpada

K nuony 1 uepes pesuctop R moaBoautcs nepemenHoe Hanpsbkenue Ur ot renepatopa
C BHYTPEHHUM corpoTuBiieHneM Rr. B kauecTBe reHeparopa MOXKeT ObITh UCIIOJIH30BAH Te-
HEpaTop CUHYCOUAIBHOTO, MMJI000PA3HOTO WIIH TPEYTOJILHOTO HAMPSIKECHHUS.

Hanpsoxenue, caumaemoe ¢ quoaa /1, nocrynaer Ha X — Bxoa ocuusuiorpada, T.e. Ha
TOPU30HTAJILHOE OTKIIOHEHUE Jiyda ocuusuiorpada. [lanenune Hanpsixxenus Ha pesucrope R,
MPOMOPIMOHATIBHOE TOKY uepe3 aAuoa [, moctynaer Ha Y — BXoA ocuusuiorpada, T.e. Ha
BEPTUKAJIbHOE OTKJIOHEHHUE Jy4a ociuiorpada. Takum 00pa3oM, OTKJIOHEHHE 3JIEKTPOH-
HOTO JIy4a Mo 0cH X OKa3bIBAETCA MPOMOPLHHUOHATBHBIM MaJCHUIO HAMPSIKEHNS HA TUOJIE, a
1o ocu Y — ToKy uepe3 Hero. [loaromy TpaekTopus Jiyda Ha 3KpaHe ocuuiuiorpada u ectb
BAX nnona.

HckaxxeHus 3TON XapaKTepUCTUKHU 00YCIOBICHBI IBYMSI OCHOBHBIMH MPUYNHAMU: HE-
JMHEWHOW 3aBUCUMOCTBIO BEJIMYMHBI OTKJIOHEHUS JTy4Ya Ha SKpaHe OT HANPSHKEHUS U HE
UJICATHbHOCTHIO (M HE UIEHTUIHOCTHIO) (pa30BbIX XapaKTEPUCTHK ycruTened X u Y KaHa-
noB. [lepBasi HETOUHOCTH MOKET OBITH YMEHBITICHA TTyTEM IPayUPOBKH IIIKAJIbI, WU Ka-
JTUOPOBKH, BTOpasi — IyTeM BBIOOpA YaCTOTHI KOJIeOaHUN TeHepaTopa HAMPSHKCHUM.

[Topsimok BBIMOTHEHHUS pa0OThI

1. Cobpatb cxemy xapakrepuorpada (puc.3).
[Tonmyuute u 3apucyiite BAX Bcex AuoA0B, BbIJIAHHBIX MPENOAABATENEM, IIPUBSA3AB UX K
0CsIM KOOpIuHaT, nepecekatormmcs B Touke (U=0, i=0).
[Ipu ucnosb30BaHUM reHepaTOpa €ro BhIXOJ HE TOJHKEH ObITh MPUBSI3aH K “‘3emMIie”.
2. Cobpatb cxeMy OJHOIEPHUOTHOTO BBIIPSIMUTENS (puc.4).
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v

[enepaTop -
Usx R Ussbix

Puc.4.

2.1. BriOpaTh aMIuIMTyAy CUTHaja Ha BBIXOJE FeHepaTopa.

2.2. PaCcuutaTh conpoTHBiieHHE pe3ncTopa R.

2.3. C momompio ociiuiorpada HabmoaaTh padoTy BRIIPSIMUTENS Ha PA3TUIHBIX Yac-
TOTax.

2.4. CocraBuTh TaOIHUILy U HapucoBaTh rpaduk n3MeHeHus: Uswix/UBx OT 4acTOTHI Te-
HEepaTopa.

3. cobparh cxeMy IMOJHOTO OrpaHuuuTens (puc.S).

1

o— | 0

Bxon Brixon

Puc.5.

3.1. Tlomath Ha BXOJ CUHYCOHAJIbHBIE KOJIEOAHUS, TPEYTOJIbHbIE U MPSIMOYTOJIbHBIC
UMITYJIbCHI PA3JIUYHON aMILTUTY/IbI.
3apucoBath (POPMY BBIXOIHBIX CUTHAJIOB.
4. TlocTpouTh TUOAHBIN OIPAaHUYUTEND MO CXEME pHUC.6.
I x
o—71 1 ®
Usx Usrix

+U
Puc.6
4.1. Tlomath Ha BXOJ CUHYCOUWJIAJIbHBIN CUTHAJ. 3aprucoBaTh ()OPMY BBIXOJHOTO CHUTHAJIA
P pa3IudHBIX amruinTyaax UBX.
5. CoOpath u ucciaeaoBaTh CXeMy, OKa3aHHYIO Ha puc.’.

R
SBX“:{ % é
Ru

Puc.7.
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5.1. Jlnsg 3amanHOTO B paboTe CTAOMIMTPOHA PACCUNTATh COMPOTUBIIEHUE pe3nucTopa R.
5.2. CoOpartb cxemy U NMPOBEPUTH €€ padOTy MPpHU pa3HbIX RH.

I[TEPEYEHDB UCIIOJIb3YEMOI'O OBOPY/JOBAHUA

1) Ocmmiorpag ACK-2034

2) Ucrounuk nutanus APS-7315

3) 'enepatop dynkronanbHeiii ADG-1005

4) Mynbrumerp AM-1152

5) MakeTtHas miiata u UCCIEeAyEMBIE JIEKTPOHHBIE KOMIIOHEHTHI

YKA3AHUE 110 O©POPMIJIEHMIO OTYETA

OT4eT TOKEH coiepkKaTh TPUHIIMITHAIBHYIO CXEMY, pacyeTHbIe (POPMYJIbI, OTYyUYEHHbIE
PE3yJbTaThl U BHIBOJIBI.

KOHTPOJIbHBIE BOITPOCHI
1. TloueMy HE UIGHTUYHOCTDH (PA30BBIX XAPAKTEPUCTHUK TOPU3OHTAIIBHOTO ¥ BEPTUKATb-
HOTO KaHaJIOB ocHuuIorpada ncKaxaeT BOJIbT — aMIIEPHYIO XapaKTePUCTHKY Ha Kpa-
He OJIT?
Kaxk Bmusier conporusieane R (puc.4) Ha BBIXOAHOW CUTHAII?
3. OOBscHUTE, KaK U MoueMy paboTaeT cxema (puc.5).

no

bubnuorpaduuecknii cnucok

1. Edumuuk M.K., IllymkeBuy C.C. OCHOBBI paguo03JIeKTpOHUKH. — MuHck: 131 — BO
bI'y, 1981. - 286 c.

2. Xoposur I1., Xumn V. UckycctBo cxemorexauku. [lep. ¢ anri.: - M.: Mup, 1983. —
T.1. - 690 c.
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JlabopaTtopHasi paGora Ned
bunoJssipabie TPAH3UCTOPBI.

[ens u 3aaun pabOTHI: 1SN0 JAaHHOU TaOOPaTOPHOM pabOTHI ABISETCS U3yUECHHE
ocHIILIOrpadueCcKOro MeToa MOMyYEHHUsI CTATUYECKUX XapaKTePUCTUK TPAH3UCTOPOB, a
TaK)Ke U3ydeHHe MPaKTUYECKUX METOJ/IOB MTOCTPOCHUS CXEM Ha TPAH3UCTOpax.

TeopeTnyeckue MoI0KEHUS.

TpaH3uCTOp- 3TO OJIMH W3 OCHOBHBIX AKTHBHBIX KOMMIOHEHTOB. OH MpeJCTaBIISIET COOOM
YCTPOHCTBO, KOTOPOE MOXKET YCHJIMBATh BXOJHON CHTHAJ BHEUTHETO MCTOYHUKA MTUTAHUS.
Tpan3ucTopsl N-P-N TUTA TOAYUHSAIOTCS CIICIYIONTUM TpaBuiIaM (IJIs TpaH3ucTopa P-N-p
THTIA TIpaBUJIa COXPAHSIOTCS, HO CIIEAYET y4eCTh, YTO TMOJSAPHOCTH HAMPSHKEHUN TOJKHBI
OBITh N3MEHEHBI HA TTPOTUBOIIOIOKHBIEC):

KomnnekTop nMeeT 6oJiee mOJI0KUTEIIbHBIN TOTCHIINAI, YeM SMHTTED.
Llenu 6a3a- smuTTEp U 6a3a- KOJUIEKTOP pabOTAIOT KaK AUOIbI

(puc.1)
K K K K

3

n-p-n p-n-p
Puc.1

OObI4HO 6a3a- SMUTTEP OTKPHIT, a 11O 0a3a- KOJUIEKTOP CMEIIeH B 00paTHOM Harpasiie-
HUH.
3. Kaxxnprit TpaH3UCTOp XapaKTepru3yeTcss MaKCUMATbHBIMU 3HAYCHUSIMHA

'l.K max , 'LS max )51 UK3 max ,
KOTOpLIe HCJIb34 HpeBbIHIaTB. CnenyeT IIOMHHUTBb U O HpC,Z[GJII:HBIX 3HAUYCHUAX ,Z[pyrI/IX napa-
MECTpPOB, HAIIPUMCED, pacceI/IBaeMOfI MOIIIHOCTH Pp max, TEMIICPaType, Uss u ap.

4. Ecnu npasuia 1 — 3 coOIIONEHEL, TO TOK LK IIPAMO IPOMOPLUOHATIEH TOKY L8 M MOX-
HO 3amucaTh CIEAYIOIIEe BhIpakKeHUE:

k=haois=p s |,

rae h219 - KodhPUIUEHT yCHIIEHUS IO TOKY, 0003HaYaeMbIi TakxKe P.

[IpaBuno 4 omnpenensieT OCHOBHOE CBOMCTBO TpaH3UCTOPA: HEOOJBIION TOK Oa3bl
YIOPAaBJISIET OOJBIIUM TOKOM KOJUIEKTOpA. J{JIsl pa3iMyHbIX TPAH3UCTOPOB OJHOTO U TOTO e
TUTa  MOXET U3MEHATHCS B MATHh pa3. OH 3aBUCUT TaK )K€ OT TOKa KOJUIEKTOpPA, HATPSIKe-
HUSL MEXIY KOJUIEKTOPOM W AMUTTEPOM M TemrmepaTypbl. CXeMy MOXKHO CUMTATh TUIOXOH,
€CJIM Ha €€ XapaKTepUCTUKH BIUSET BeJMuYMHA mapamerpa 3. U3 mpaBuna 2 ciemyer, 4To
HaIpsDKEHUE MEXAy 0a30i M SMUTTEPOM HENb3sl YBEIMUMBATh HEOTPAHUYECHHO, TaK KaK €cC-
M moTeHuuan 0as3bl OyJeT MpeBbIIAaTh MOTEHIMan 3MHUTTepa Oosee uem Ha 0,6 — 0,8B
(TpsiMoe HampsDKEHHWE AM0Ja), TO BOSHUKAET 04eHb 00Jboi ToK. CiemnoBarensHo, B pabo-
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TAOMCM TPAH3HUCTOPC HAIIPSAKCHHUC HaA Oase u SMUTTCPC CBA3aHbI CICAYIOIMUM COOTHONIC-
HHUCM:

Us = U>+0,6B (Us = Un+Us»).

Crnenyer oOpaTuTh BHUMaHUE HA TO, YTO TOK KOJUIEKTOPA HE CBSA3aH C IPOBOIUMOCTHIO
nuona. /lemo B TOM, 4TO OOBIYHO K JUOAY KOJIJIEKTOp — 0a3a MPHIIOKEHO OOpaTHOE Harpsi-
KeHue. boiee Toro, TOK KOJUIEKTOpa OYEHb MaJi0 3aBUCHT OT HANPSDKCHHS Ha KOJJIEKTOPE
(3TOT MMOa MOI00EH HEOOIBIIIOMY UCTOYHHUKY TOKA), B TO BpeMsI KaK MPSMON TOK, a CJIEI0-
BaTeILHO, U TIPOBOJUMOCTH JUCKA PE3KO YBEIMUMBAIOTCS MPU YBEIMUCHUN TPHIIOKEHHOTO
HaTPsDKEHUS.

VYcnoBHBIE 0003HAYCHUS TPaH3UCTOPOB

B ocHOBY cucteMbl 0003HaYEHUI TPAH3UCTOPOB MOJIOKEH OYKBEHHO— LIU(POBON KO,
NEPBBIN 3JIEMEHT KOTOPOro 0003Ha4aeT UCXOAHBIN MOITYIPOBOJAHUKOBBIN MaTepHal, Ha OcC-
HOBE KOTOPOT'O U3rOTOBJIEH TPAH3UCTOP:

I' wim 1 — i repmanus;

K wim?2 — qist kpeMHus.

Bropoii anemeHT 0003HaueHus — OyKBa, OIpenesstonias oAKIACC TPAH3UCTOPA:

T — 1151 OUMOSPHBIX TPAH3UCTOPOB;

I1 — nJ1st MOJIEBBIX TPAH3UCTOPOB.

Tpertunii smeMeHT — nu@pa, onpeaenstonas ero OCHOBHbIE (PYHKIMOHATbHBIE BO3MOX-
HOCTU (AOITyCTUMBbIE 3HAUEHHs PACCEMBAEMON MOIIHOCTH M TPAaHUYHYIO JIMOO MaKCHUMallb-
HY10 paboYyI0 4acToTy):

1 — tpan3uctopsl ManomolHble ( Pmax < 0,3 BT) HU3KO4AaCTOTHBIE
(f> 30 MTI'm):

2 — TPaH3UCTOPBI MATOMOIIHBIE cpenHeit yacToThl (3 < f <30 MI'm);

3 — TpaH3MCTOPBI MAIIOMOIIIHBIC BhiIcOKOUacToTHBIe 1 CB4 (f > 30 MI'n):

4 — tpanzuctopsl cpennen MmorHocTd (0,3 BT < Pmax <1,5 BT) HM3K04YacCTOTHEIE;

5 — TpaH3UCTOPHI CpeTHENH MOIIHOCTH, CPEIHEN YaCTOTHI;

6 — TpaH3UCTOPHI CpeHEN MOIIHOCTH BhICOKOoUacTOTHBIC U CB4;

7 — Tpan3ucTopkl 001b110M MOIIHOCTH (Pmax > 1,5 BT) HM3KO9acTOTHEIE;

8 — TpaH3uCTOPHI OOIBIIONH MOIIHOCTH CPEITHEYACTOTHHIC;

9 — Tpan3ucTOPHI OOIBIION MOIITHOCTH BhICOKOYAacTOTHBIE 1 CB4.

YeTBepTHIid AJIEMEHT — YKCII0, 0003HAUAIOIIEe MOPSIIKOBBIN HOMEDP Pa3padOTKH TEXHO-
JIOTUYECKOTO TUIIA TPAH3UCTOPOB. i1t 3TOr0 nenoap3yrores yucaa ot 01 go 999.

[IsaThIif DeMEHT — OyKBa, YCIIOBHO OMPEIENSIoNmas KiIacCU(pUKAIMIO TI0 TapaMeTpam
TPaH3UCTOPOB, U3TOTOBJICHHBIX M0 €INHON TEXHOJIOTHH.

IIpumeuanue.

O603HaYeHne TUIOB TPAH3UCTOPOB, pa3paboTaHHbIX B 1964 r., COCTOUT UX TpeX dje-
MEHTOB: TepBbIii — OykBa Il (TOJIynmpOBOJHUKOBEIN TPHO), BTOPOil — 1udpa, 0003HaAYAIO-
1asi MOPSAAKOBBIA HOMED pa3paboTku (Tabm.l), Tpetuii — OykBa, COOTBETCTBYIOIMIAS Pa3HO-
BUHOCTHU TPAaH3UCTOPA JAHHOTO THIIA.
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Tabmanma 1

Yacrora, MI 11 Ho 5 bomnee 5
MomniHocTh Jo 0,25 bonee 0,25 1o 0,25 bomee 0,25
paccesiaus, B

['epmanueBbie 1-99 201 — 299 401 -499 601 — 699
Kpemuuesbie 101 -199 301 - 399 501 - 599 701 -799

[Ipumepbl 0003HaAUCHUT:
I'T101A — repMaHKeBbIN OUITOISPHBIN MATOMOIIHBIM HU3KOYaCTOTHBIM, HOMEDP pa3padOTKU
1, rpynma A.
2T399A — xpeMHueBbll OumnosipHbid ManomoliHbiii CB4, Homep pa3paboTku 99, rpynmna
A.
211904b — kpeMHUEBBIH MOJEBOM MOIIHBIA BRICOKOYACTOTHBIN, HOMEDP pa3paboTku 4, rpyn-
na, b.

OcHOBHBIE MMapaMeTPbl UCIIOJIB3YEMBIX B JIA0OPATOPHOU pabOTe TPAH3UCTOPOB MPHUBE-
JIeHbI B Ta01.2.

JIns pacdera yCHIIMTENEH HAa TPAH3UCTOPAX BECbMA IMOJIE3HBIMU SIBISIIOTCS BXOJIHBIE U
BBIXO/IHBIE BOJIBT — aMIIEPHBIE XAPAKTEPUCTUKHU TPAH3UCTOPA.

OTH XapaKTEPUCTUKU MOYKHO CTPOUTH MO TOUYKAM, U3MEPSIsi IOCTOSIHHBIE HAIPSHKEHUS
Y TOKH B LIEISAX COOTBETCTBYIOIIMX DJIEKTPOAOB UCCIECAYEMOTO JJIEMEHTA.

Ha puc.2 npencraBneHa 010K — cxemMa YCTaHOBKH JJISI CHATHS BBIXOJHBIX CTATUYECKHUX
BAX TtpaHn3ucropa.

Un

!

R3

R2 |: T1
Rﬂ@ C

L

Puc.2

3anaBas ¢ momotiblo R4 QukcupoBanHbIi TOK 6a3bl T2, MOKHO C TOMOIIBIO PE3U-
cropa R2, mpubopoB MA2 u V cHATh BeIXoAHYI0 BAX 3TOro Tpansuctopa. JlaHHbli MeTO
JIOCTATOYHO MPOCT, HO BECbMa TPYAOEMOK.

Hpyro#, ocrumiorpadhuueckuii METOJT MO3BOJISIET MOJYYUTh HAa DKpaHe OCHUILIO-
rpada cpasy BCIO XapaKTepUCTUKY TPaH3UCTOPA.
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[Tpubop, mo3BossIOMMKA HAOMIOIATh HA KpaHE OCIHIILIOrpada BHIXOJHBIE BOIBT —
aMIIEpHbIE XapaKTEPUCTUKU TPAH3UCTOPA, IOKA3aH HA puUC.3.

U —1_ F—un
L

I'IH 4@ - >

VvV _/

E O @Tz

Pnc.3

Kaxk HU3BCCTHO, XAPAKTCPHUCTUKHU TPAH3HUCTOPOB OIPCACIIAIOTCA TPEMA BCIMYHMHAMHA

(i, lx, Usd). Eci oqHy M3 BEIWYMH, HAPUMEP L5, MOIIEPKUBATHL IMOCTOSHHOM, TO IpH
IOMOIIM Xapakreprorpada, MpeACTABIEHHOTO Ha PUC.3, MOKHO HaOJIOAaTh BBIXOJHBIE
CTaTHYECKHE BOJBT — AMIIEPHBIE XaPAKTEPUCTUKK TPAH3UCTOPA.

ITo ocu X OTKIIOHEHHE Jyda MPONOPLUUOHAIBHO HanpsbkeHuto Ha T2, T.e. Uxo,

ITo ocu V — mpomopuuoHaabHO TOKY Kojutekropa ( lk ), TaK KaK HanpsyKeHHE MCTOYHHKA
MUTaHUS CTPOTO MOCTOSHHO M 9KBUBAJIEHTHO 10 IEPEMEHHOMY TOKY HYJIEBOMY YPOBHIO.
Takum oO6pa3om, Ha FKpaHe ociuutorpada HaOI0IaeTCs BOJIBT — aMIIepHasl XapaKTepUCTH-

ka B koopauHartax Uk, ik mpu is=const.
ITOPAIOK BBIITOJIHEHUSA PABOThBI

1. CHuUMHTE OJTHUM U3 METOJOB BBIXOJIHbIE XapaKTEPUCTUKU TPAH3UCTOPA.
1.1. Cobpatb cxemy JUIsl CHATHSI XapaKTePUCTUK (pUC.2 Uiy puc. 3).

1.2. 3amaBas pUKCUpOBAaHHLIE 3HaYeHUs TOKa 0a3bl ( 15 ) B mpenenax, KOTOPLIE He-
00XOJIMMO OTpPENEeNuTh U3 TabNI.2 NI 3aJJaHHOTO TPAH3UCTOPA, CHATHh 3aBUCHU-

MocTh Ltk 0T Uko.
1.3.  Beiaenuts Ha noctpoeHHol BAX pabouyro 06s1acTh, 00eCeunBaOIIyIO JTHHEH-
HBIN pexuM paboThl TPAH3UCTOPA, U ONPEIETUTE MapaMeTPhbl TPAH3UCTOPA.
2. Ucnonw3ys noctpoennyto BAX tpan3ucropa, BbIOpaTh pabo4yyto TOUKY M pacCyu-
TaTh LM CMEUICHUS ISl CXEM, TIPEACTABICHHBIX Ha pHUC.4.
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Un Un Un
a) ® 0 ° B) o

Rx DRl
R -

R>

Puc.4

3. IlpoBecTu aHallU3 PACCUUTAHHBIX CXEM, MOCTPOUTH U PACCUUTATH IKBUBAICHTHbHIC
cxembl yeunurtenel, onpeaenutb Ku, Ki, Rex, Reeix.

4. CobOpaTb cXeMbI YCUITUTENECH.

4.1. Tlpaktuuecku 3ameputh Rsx, Reeix, Ku u Ki ycunurens.

4.2. CHATb 4aCTOTHYIO XapaKTEPUCTUKY YCUIIUTEIIEH.

4.3. TlpoBecTH CpaBHUTEIIbHBIN aHAIN3 PE3YJIbTATOB IO CXEMaM U CJeIaTh BBIBOJIBI.

I[MEPEUYEHbB UCITOJIb3YEMOI'O OBOPY IOBAHU A
1) Ocummtorpad ACK-2034
2) Uctounuk nutanus APS-7315
3) 'enepatop dynkumonaneuerii ADG-1005
4) Mynbrumerp AM-1152
5) MakeTHas ruiata v UCClieyeMble dJIEKTPOHHBIE KOMIIOHEHTHI

YKA3AHHE 110 O©POPMJIEHUIO OTYETA

OT4er AOMKEH cojlepkaTh MPUHIIUIHUAIBHBIE CXEMBbI, pacueTHble (HOPMYJIIbI, MOJY-
YEHHBIE PE3YJIbTaThl U BBIBOJBI.

KoHmposnbHbIe eonpochbl

1. Kak BbI OOBSCHUTE HAIMYWE OTPHUIATEIHHON TOJYBOJIHBI MEPEMEHHOTO CHTHAJA
Ha BBIXOJIC YCWJIMTENS, €CIU 00JIaCTh YCUJICHUS TPAaH3UCTOpA OrpaHWYEHA Hepa-
BeHCTBOM Uxk» > Uxk» nac ?

2. Iloyemy OTHOCHUTEIIBHO MaJjblii TOK 0a3bl OUMOJSIPHOTO TPAH3UCTOPA MOXKET CITy-

JKUTh YIpaBJsroniei Bennurnoii ? [louemy ycnoBue 16=0 Tpelyer, uTobbl ik 1 1
TaK)K€ PaBHSJIUCH HYJIIO ?

3. 3a cYeT 4ero NMpOUCXOAUT JOMNOJHUTEIFHOE YBEIMYEHHE MOLIHOCTH CUTHANA B
ycumurene ? ToscHUTE Balll OTBET Ha MPUMEPE YCHIINTENS ¢ OOLIUM SMHUTTEPOM.
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4.

B kakoii u3 cxeM paccerBaeTcss MEHbIIAss MOIIHOCTh — B TPAH3UCTOPHOM YCHJIM-
Tese, paboTaroIIero B PeKMMe YCHIICHUS, WM B TPAH3UCTOPHOM MepeKtodaTene?
IlosicHuTE Ball OTBET.

bubmuorpaduueckuii crimcox

Edbumunk M.K., ymkeBuy C.C. OCHOBBI paguodaeKTpoHUKU. — MuHck: W3 —
Bo bI'Y, 1981. — 286 c.

Xopour I1., Xumn Y. UckycctBo cxemotrexHuku. Ilep. ¢ anri.: - M.: Mup, 1983.
—T.1.-590 c.

Tabnmia 2
[Ipenenbusie
Tun Koaddu- Emkocts | I'pannu- | Hamps- mapamMeTpsl Pacnonosxe-
TPaH3UCTOpa | [IUCHT Nepe | KOJUICK- | Has JKEHUE HHE BBIBOIOB
a4y TOKa TOpa yacToTa | Hachbllle-
0a3bl Cox fr HUs
’ ) P
§ n®d Ml KOJUIEKT- Jremax pmax

Top- MA | MBT

smmurep | Ukamax

Ukp Hac,

B B
MII425b 45 -100 - 2 0,2 15 150 200 K 2
MII41 30 -60 60 1 15 40 130 @
14166 90 — 250 8 80 1,7 12 25 120 @

3
I'T404I" 60 — 150 - 0,015 40 500 600
9 b
112136 40 - 0,15 0,75 30 5000 - ;;
K
2T803A 10-70 - 7 1,75 60 10000 | 5000 6]
b g
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JlabopaTtopHas pabota Ne5
OnepannoHHbIe YCHINTETH
Ilenbto naHHOM a0OpATOPHON PabOTHI SIBJISIOTCS O3HAKOMIICHHE C OTECpPAllMOHHBIMH
YCWIMTESIMA U U3yYCHHUE MPAKTHUECKUX METOJIOB MOCTPOCHUS YCTPOMCTB Ha ONEPAIlUOH-
HBIX YCHITUTEIISX.

TEOPETUYECKUE I1OJIOKEHMA

Omnepaunonssiii ycunurenab (OY) — 3T0 yHUBEPCAJIbHOE YCUIIMTENIBHOE YCTPOUCTBO, Mep-
BOHAUYaJIbHO IpEJHA3HAYABIIECECS I BBIIOJHEHMS IUHEHHBIX MAaTEMATUYECKUX ONepalui
B @HAJIOTOBBIX BBIYMCIIUTEIBbHBIX MAIIMHAX.

OV MOXHO XapaKTepu30BaTh MHOTHUMH pa3inuHbIMU criocobamu. Ha puc. 1 npeacrasne-
HbI cyuectByromue Tunel CY. Kaxxaas BETBb 3TOr0 pUCyHKa MPEICTABISAECT OJUH U3 MIPUH-
IIUTIOB KJIACCHU(IMKALIUU: TEXHOJIOTHIO MPOU3BOJICTBA, CXEMHYIO KOH(HUTypaIuio, TUIl CHUT-
HaJbHOIO BXOJ1a, BO3MOXHOCTh MPOrPaMMHPOBAHUSA, BBIXOJHYI0 MOIIHOCTh W MpeArnoja-
raeMoe HUCI0JIb30BaHUE.

Ecnu npoBectr aHanu3 cymecTByrOMMX TUIIOB OV ¢ y4eToM TEHIEHIUHU UX Pa3BUTHSA, TO
MOHO CIENaTh CJICAYIOIINE BbIBOIBI.

Haubonee pacnpocTpaHeHHONW TEXHOJIOIMEW B HACTOSIEE BPEMs ABJISETCS MOHOJIUTHAS,
a TMCKpETHAsl IPUMEHSIETCS BCE PEKE.

[Ipeo6nanaroumii Tun OY - GUNONSPHBIE C TaIbBAHUYECKU CBA3aHHBIMU Kackagamu. O0-
JIACTh ITPUMEHEHUS YCUIIUTENIEH C IPEPhIBAHUEM U BapUKAIIHO - MOCTOBOT'O THIIAa OTpaHuYe-
Ha.

YacToTHasg KOPpEKUHUsl U TOKOBOE NPOrPAMMHUPOBAHHUE MO3BOJISIOT U3MEHITh MapaMeTphl
OV (nonocy eqMHUYHOTO YCUJIEHUS, MAKCUMAJIBHYIO CKOPOCTh HApACTAHHUSI, TOTPEOIIIEMYIO
B pPEKMME MOKOS MOILHOCTh) B COOTBETCTBUU C KOHKPETHBIM IpUMeHeHueM. s ycuiienus
MaJIbIX HaNpsDKEHUW MpeaHasHadeH u3meputenbHbeii OV anexkrpomerpuyeckut OV ciy-
KUT JJI YCUJIEHUS CIa0bIX TOKOB U UBMEPEHHUS CUTHAJIOB OT KICTOYHUKOB, HUMEIOIINX BBICO-
koe comnportusienue. [lupokononocusiii OY paccuntan Ha 00pabOTKY OBICTPO H3MEHSIO-
IIUXCSI HETPEPBIBHBIX CUTHAIOB, OY ¢ OBICTPBHIM YCTAaHOBJICHHEM — Ha 00pabOTKy OBICTPO
MU3MEHSIOIINXCS UMITYJIbCHBIX CUTHAJIOB.

Paccmotpum ocHoBHble napameTpbl OY. CtaHgapTHBIA HA0Op TEXHUYECKUX XapaKTepH-
ctuk OV Bkito4yaer Oosbllioe 4uciao nmapameTpoB. HekoTopbiMHu U3 HHX cleayeT pyKOBO-
ACTBOBaThcA Mpu Bbibope Tuna OY, B HauOOJIbLIEH CTENEHN MOAXOIAIIET0 111 KOHKPETHO-
ro IPUMEHEHMS, a Ipyrue NpeIHa3HAuYEHbI U1l UCIIOJIb30BAaHNs B KAUECTBE UCXOIHBIX JaH-
HBIX [IPU MPOEKTUPOBAHUMU.
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OnepanmoHHbIA YCUIIUTEIb

v v v
MOHOIUTHBIN ['ubpuHbIT

JIuCKpeTHBIN
v v
C rajJjbBaHUYECKU (

CBJ3aHHBIMHU KaCKaJaMH
|

C MoayJAIMe curHaia

A\ 4
Bapukamnno
bunonsipusie CIIT - Bxogom C npeprbiBarenem MOCTOBOM
A\ 4 A\ 4 A\ 4
HuddepenumanbHbliii lHBEepTUpPYIOLINIA He naBepTupyrommun
C BHYTpEHHEW KOPPEKIIUEN C BO3MOXKHOCTBIO POrPaMMUPOBAHUS

|
v v

4X Toka

CrangapTHBIN Mo1HbIN MuKpOMOIIHBIN

v v

OO01wrero Ha3Ha4YEHUSA CoenmaaprHOro Ha3HAUYEHUS

A 4 A 4 A 4

W3meputesbHbIit Onexrpo- [IIupoxo-
METPUUECKUI

A 4

C OpIicTphIM
[TOJIOCHBIN | [yCTAHOBJICHUEM

Puc.1. Tuner OY

1. BXOJHOM TOK MOKOs (BX paBeH cpeaHeapu(hMETHUECKOMY 3HAUECHHIO JBYX TOKOB

nokosi 6a3 (WM 3aTBOPOB) IU(DPEepeHIINaTBHOTO BXOJHOTO Kackaja Mpu OTCYTCT-
BUU BHEILIIHETO CUTHAIA, T.€.
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lex = ( lexi+isx2 ) /2.
st OY Toku mokost 6a3 (MM 3aTBOPOB) MPENCTABIISACT COOOM BXOIHBIE TOKH, HEOOXO M-
Mmble st obecrieuenns Useix = 0 (puc.2).

LBx1
o—— -
BX2
—
o—= 1+
Usx u T Ussbix
Usx u
b | 0

Puc.2.

2. BXOI[HOﬁ TOK CMCIIICHUA i.BX CM OIIpCACILICTCA KaK PAa3HOCTb IBYX BXOIHBIX TOKOB,
IIpu KOTOpOﬁ BBIXOOHOC HAIIPAKCHHUC CTAHOBUTCA paBHBIM HYJIIO, T.C.

lBx cm = ( 'l,BXl—'l,BXZ) | U seix = 0.
HOCKOJ’IBKy TOK CMCHICHHA ABJIACTCA PA3HOCTBIO BXOJAHBIX TOKOB, TO YEM MCHbBLIIC BXOJHBIC
TOKH IIOKO:A Oy, TCM MCHBIIC €TI0 TOK CMCIICHU:.
3. Bxonnoe HAIIPAKCHUC CMCIICHU A Usx cm — 3TO TO HAIIPAKCHUC, KOTOPOC HE00X0-
AUMO IIPpUJIOKHUTH MCXKAY BXOIHBIMU 3a)KMMAMH IJIs1 YCTAHOBJICHHA HYJICBOI'O Ha-
IMPsZKCHUA Ha BBIXOAC, T.C.

Usx cm = ( Usx u — Usx n) |UBBIX:0.

4. Jlpeii) BXOIHOIO TOKA CMEIIEHUS LBX cM ONPEAEIAETCS KK OTHOLIEHHE M3MEHEHHS
BXOJHOI'0 TOKA CMEILECHUS K U3MEHEHHUIO OKPYXKAIOLLEN TeMIIEpaTyphl:

iexem= Alsxem/AT.

5. Hpeitdp Bxoanoro HanpsbkeHus cMmelieHus Usx cM omnpeaensercs Kak OTHOIICHHE
M3MEHEHHUsI BXOJHOTO HANPSHKEHUS CMEIICHHS K M3MEHEHHUIO0 OKpPY)KaIoIIel Temrie-
paTypsl:

Usx*cm=AUsxem /AT .

6. Koapdumuent ycunenus mo HampsHpkKeHUIO MPH Pa3OMKHYTOM OOpaTHOM CBs3M A
OTIpe/IeNIsAeTCSl KaK OTHOILIEHUE BBIXOHOIO HampsKeHUs K JuddepeHInanbHOl co-
CTaBJISAIONIEH BXOJHOIO CHUTHaiIa HU3KON 4acToThl pH oTCyTCTBUU OC U HArpy3ku

Ha BBIXO/JIC.
A: UBbIX
UsBxn
7. BXOI[HOC COIIPOTHUBJICHUC. BTO I[I/I(I)(l)epeHHI/IaHBHOC COIMPOTHUBJICHHUC IIO0 IICPCMCH-
HOMy TOKy:
_ Usxn
Rexng ~

] BXJT
8. BbIX0o/IHOE COMPOTHUBIICHUE
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Puc.8. Orpannuurens

I[TEPEYEHDB UCIIOJIb3YEMOI'O OBOPY/IOBAHUA

1) Ocmiorpag ACK-2034

2) Uctounuk mutanus APS-7315

3) Ucrounnk mutanus APS-5333

4) I'enepatop pynkimonanpabii AHP-1105

5) MakeTtHas miiata u UCCleayeMbIE JIEKTPOHHBIE KOMIIOHEHTHI

YKA3AHMUE I10 BbIITIOJIHEHMIO OTYETA

Otuer JOJDKCH COACPKAThb IMPUHIOUIINAJIBHBIC CXCMBI, PACUCTHBIC (bOpMYJ'IBI, IIOJIYUCH-
HBIC PC3YJIbTAThI 1 BHIBOJIBI.

KOHTPOJIBHBIE BOITPOCHI

1. Yemy paBHa MUHHMAaJIbHAs YaCTOTa BXOJHOTO CUTHAJIA, KOTOPYIO MPOMYCKAaeT UH-
BEPTUPYIOLINNA U HE HHBEPTUPYIOIUN YCUITUTENH ?

2. UYTo MOXHO CKa3aTh O CIIOCOOHOCTH TOBTOPHUTENS MOBTOPSITH BBICOKOYACTOTHBIN

curHanu ?

Kax n30aBUTHCS OT MEPEXOAHBIX UCKAKEHUIN B CXeMeE puc.§ ?

4. 3a cuyer 4ero paclmupsieTcsi IMHAMHYECKHUI Jhana3oH paboThl aKTUBHOTO BBINpSI-
Murens ?

w

bubnuorpaduueckuii cnrcok

1. Ebumuuk M. K., llymkesua C.C. OcHOBBI pagunodnekTpoHuku. Munck: M3n — Bo
bI'Y, 1981. - 286 c.

2. Xoposuil H., Xumn Y. HUckycctBo cxemorexuuku. [lep. ¢ anrin. M.: Mup, 1983. —
T.1 -590 c.
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JlaGopaTopnasi padota Ne6
Hudposas cucremorexnuka. KomOmHanmoHHasi Jioruka

EJIb 1 3AJJIAYN PABOTDI

Lenpro naHHOM 1a0OpaTOPHON PabOTHI SIBISIETCS U3YUEHHE pa0OThl KOMOMHAIMOHHBIX
CXEM, METOJIOB MPe0Opa30BaHus U YNPOIICHUS LIUPPOBBIX CXEM MPU UX peaTU3allUu.

TEOPETUYECKUE I1OJIOKEHHMA

[MudpoBast 37eKTPOHUKA OTIEPUPYET IACKTPUUESCKUMHU SKBUBasIeHTaMu tiudp. [Ipu sTom
YKCJIa Yalle BCEro MpeICTABISIIOTCS B JBOMYHON CUCTEME, B KOTOPOM CYIIECTBYIOT TOJIBKO
JIBa 3HAKa: €AMHUIIA U HYJIb, UM COOTBETCTBYIOT CUTHAJIBI “TIOrMYECKasi eAMHUIA U “TIOTH-
YECKUHN HYJIb .

Teopernyeckoil 0CHOBOW HU(POBOI CXEMOTEXHHKH SIBJIsIETCA OyJieBa anredpa M a-
reOpa JIOTHKHU.

OcHoBHOE noHATHE OyJIeBOU anreOpsl — nepekitodaTenbHas (Oynesa) Gyukius. Ee ap-
TYMEHTBI U OHa caMa MOTYT IPUHUMATh TOJIbKO /iBa 3HaueHus: 0 u 1. C nomoipio OyiaeBbIX
(GyHKIUI MOXHO OMKCATh JEHCTBHUE LIETOr0 Kilacca cXeM HU(POBOM 3JIEKTPOHUKH, a TaAKXKe
(YyHKIIMOHUPOBAHHUE COUYETAHUM 3TUX cXeM. Takoro pojia cXeMbl Ha3bIBAIOTCS KOMOUHAIIH-
OHHBIMH, TaK Kak cUrHajibl Ha Beixoje (1 miu 0) onpenenstorcs KOMOMHAIMEW CUTHAJIOB HA
ux Bxojax (1 wim 0).

[Ipocreiimnmu 0ysieBbIMUA (PYHKIIUSAMU SIBIISAIOTCS (YHKUIMU OJHOU nepeMeHHoM. Nx
MOKET OBITh TOJBKO 4:

Vo = fe(X)=0
ViT f1(X)~1 ;
V2= f2(X)=xX

V3= f3(X) :;

OTU PyHKIMH ONUCHIBAIOT padOTy OJTHOBXOJIHBIX LIU(PPOBBIX CXEM, @ UMEHHO (PYHKIIUU
fo(X) u f1(X) OINUCHIBAIOT CXEMBI, BBIXO/Ibl KOTOPBIX MMOCTOSIHHO MPUCOEINHEHBI K YPOBHAM
JIOTUYECKOTO HYJISL ¥ JIOTHUECKOHN eIMHUIBI COOTBETCTBEHHO; (PYHKLIUS f2(X) - CXEMY, BbI-
X0Jl KOTOPOM MOCTOSIHHO COEJIMHEH € BBIXOJAOM. DYHKIHMS f3(X) OMHMCHIBAET UHBEPTOP, UITU

cxemy orpurianus (cxema “HE”).
Ecnu OyneBa GpyHKIMS UMEET JBE IEPEMEHHBIC, TO B 3TOM CJIydae moxydaercs 16 Bu-
10B (DyHKIIMHA. 3aIUIIIeM OCHOBHBIC U3 HUX

V4= fa(X1,X2)7 X 14X 2 - KOHBIOHKIIUA ;
V5= £5(X..X2)= X1M0X2 - OTpULATEIbHbIE KOHBIOHKIIHUY ;
V6= f6(X..X2)T X1VX 2 - JAU3BIOHKIINUA
V7= f7(X..X2)= X1VX 2 - OTpHULATEJIbHBbIE TU3BIOHKIINH |

Teopema. bynesa ¢hyHkims 1000r0 KOJTMYECTBA IEPEMEHHBIX MOXKET OBITh
MOJIy4eHa METOJIOM CYIIEPIO3UIIUU U3 (PYHKITUHN ABYX MEPEMEHHBIX.
Metoa cynepno3uIiuu COCTOUT B TIOJICTAHOBKE Ha MECTO MTEPEMEHHBIX APYTHUX OyJIEeBBIX
GyHKIMIA UK TIEpe HyMepaliuu IEPeMEeHHBIX, T.€. B IEPECTAHOBKE UX MECTaMH.
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Teopema Mo3BOJSET OrPaHUUUTHCA PACCMOTPEHHUEM OYJIEBBIX (PYHKIIHI TOJIBKO ABYX
MEPEMEHHBIX U CTPOUTh MHOTOBXO/I0BbI€ KOMOMHAIIMM CXEMbI TOJIBKO U3 IBYXBXOOBBIX
CXEM.

B OyneBoii anrebpe ycTaHOBJICHO, UTO Jit0Oas OysieBa GyHKIUS JBYX IEPEMEHHBIX MO-
KET OBITh MOJIy4eHA U3 HEKOTOPOTO KOIMYecTBa PyHKIUN ABYX nepeMeHHbIX. Habop
(GyHKUMIA 1BYX MIEPEMEHHBIX, U3 KOTOPOTO METOJIOM CYIEPIO3ULIMH MOXKHO MOJTYYUTh BCE
ocTaJibHbIE OyJIeBbl PYHKIMHU ABYX EPEMEHHBIX, a 3HAYUT U Bce OYJIEeBbI (PYHKIIUU JTFOOOTO
YKCJIa MEPEMEHHBIX, HA3bIBACTCS (PYHKIIMOHAIBHO MOJIHBIM HAOOPOM.

[Ipumepamu Takux HaOOPOB sABJSIOTCS Y4 U Y3, V6 u Y3. DyHKIMOHAIBHO MOJI-
HBI HA0OP MPECTABIAET JaKe OJHA OTPHUIIATESIIBHO B3sATast QYHKIUS f5 WIA f7.

Takum 006pa3om, Ha 6ase PICKTPOHHBIX CXEM OJHOTO THITA, Pab0Ta KOTOPHIX OMUCKHIBA-
eTcsl, HampumMep, OyIeBoi QYHKIIUEH fs WA f7 MOKHO IOCTPOUTH JIFOOYIO TU(PPOBYIO
KOMOMHAIMOHHYIO CXEMY IIPH YCIOBHUH, UTO BBIXO/bl TAKUX CXEM MOJHO MOJKII0YATh KO
BXOJIaM JIPYTUX TaKUX K€ CXEM.

HaGop nornyeckux 35ieMEHTOB, pPeaibHO UCIIOJIb3YEMbIX B IIU(POBOI 2JIEKTPOHUKE, CO-
OTBETCTBYET U30BITOYHO MOJHOMY (PYHKIIMOHATBLHOMY HaOopy OyneBbix (yHKIMA. N305b1-
TOYHOCTH Ha0Opa MO3BOJISAET MOJYUIUTh HECKOJIBKO BAPUAHTOB OJIMHAKOBO (DYHKITMOHU-
PYIOIIMX CXEM U BBIOUPATh T€ M3 HUX, KOTOPBIC JYUIIE MOIXOAT A1 PEIICHUS KOHKPET-
HBIX 3a]1a4.

Tak, Hapumep, HanboJiee PacPpOCTPAHEHHOE CEMEMCTBO IIU(DPOBBIX MHTEIPATIBHBIX
mukpocxem 155 cepun conepxut 2 U-HE, HE, 21, 21JIN, 21UJIU-HE, 21-HE, 8U-HE, 2-
21-2NJIN-HE.

OBBEKTHI MCCIIEAOBAHUA 1 OBOPYIOBAHUE
OObeKTaMu UCCIIEI0OBaHMS B JAHHOW J1a00paTOPHOM paboTe SABIISAIOTCS JIOTHYECKUE dJIe-

MEHTBI TPAaH3UCTOPHO-TPAH3UCTOPHOM JIOTUKH:
2U-HE, 3U-HE, 21-HE, 2-21-2NJIN-HE (pucyHok).

155AA3 155AA4 133AA1
— & — & ] &
< ] S
S o ——
21-HE 31-HE 41-HE
155AP1 155AA2
& |1 &
® — r———
1 & S

2-21-2NJIN-HE 8N-HE
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OCHOBHBIC ITAPaAMETPHI 9TUX 3JICMCHTOB IIPUBC/ICHLI B Tabin.1.

Prom U'BBIX UCBLIX (o ol
B 30 30 Kpa3
MBT B HC HC
155JIA1 52 2,4 0,4 15 29 10
155JIA2 26 2,4 0,4 18 33 10
155JIA3 110 2,4 0,4 15 29 10
155J1A4 80 2,4 0,4 15 29 10

[Tpu BbITIOTHEHUH PaOOTHI UCIIONIB3YIOTCA JabopaTopHblil cren Tuna YM11 u ocrui-
norpad.
3ATAHUE HA PABOTY

Hcnonb3ys 1a00paTopHblid CTEH U OCHUIUIOrpad, pacCMOTPETh paboTy OCHOBHBIX JIO-
TUYECKHX BJIEMEHTOB CTEHAA U UCCIEA0BATh UX OCHOBHBIE TaPaMETPHI.

[NEPEYEHDB UCITOJIB3YEMOI'O OBOPYJIOBAHU A
1) [lepcoHasbHBIN KOMITBIOTED
2) Ocmmiorpad ACK-2034
3) Ucrounuk nutanus APS-7315
4) I'enepatop pynkmonanpabii ADG-1005
5) MakeTHas ruiata 1 UCCJIeAyeMbI€ dJIEKTPOHHBIC KOMIIOHEHTHI

[TOPAIOK BbITTOJIHEHW A PABOTDI

1. [TogaBas Ha BXO/bI 2JIEMEHTOB BCE BO3MOXKHBIE KOMOMHAIIMU BCEX JIOTHUYECKUX HY-
JIel ¥ €IMHMII, COCTaBbTE TAOJINUIYy UCTUHHOCTH JIJISl KaXKJI0TO DJIEMEHTA.

2. Ucnonb3ys nmoJyuyeHHbIe TaOJIULIbI, JaTh aNre0Opanyeckoe OMMCaHue paCCMOTPEHHBIX
AJIEMEHTOB.

3. Anst moruueckux (PyHKIIHi, 3aTMCaHHBIX B Ta0JI.2

a) 3amucaTh aNredpandeckoe BoIpaKeHUE JIOTHYECKON (DYHKIINY;

0) mpeoOpa3oBaTh 3TO BHIPAXKEHUE K JIOTUYECKOMY 0a3ucy, BKIIIOYaromemy sinemMent M-
HE;

>

B) peaju30BaTh JOTUUYECKYIO (DYHKITHIO Ha CTEHIE U TPOBEPUTH PE3YIIbTAaT.
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Tabmuma 1

=
<
25
<
N
b
g
b
5
<

PR PP OO0OO
PP OORRFROO
P OFRPORORO
OrRrORrROORO
PP OORRFR OO
P ORP PR OOR K
OCOoORRLRPFRPROOO
OCORrROOR LR
RPOOROFRRFRO
PP PRPOO0OORrR O

4. JIna norudeckux (pyHKIUHN, 3aIaHHBIX aareOpandecku,
1) v = (;1A;2)V( ;1AX2) ;

2) V= (X1VX2)A(X1VX 2);

3) v = (X1IAX2AX3AX VX 1IAX2AX2AX VX 2AX3AX4) ]
4) v = ()?1/\)?2/\)?3)V( )?1A)?2AX3)V( X 1A X 2/\;3) :

a) COCTaBUTh TAOJHILY;

0) yIpOoCTHTh, UCTIOJIb3YSI OCHOBHBIE aKCHOMBI H TEOPEMBI;
B) COCTaBUTh CXEMY;

T') peain30BaTh CXeMY Ha CTEHE U TPOBEPUTH PE3YIIbTaT.
5. ns noruyeckoit pyHKIMH, 3aJaHHOM Tab1.3.

TaOmura 3

Bxonsl Brixoanl
X1 X2 S

R R, OO
R ORFR O
Or kL, O
PO ool g

IIponenath TO K€, UTO U MO I1.3.

YKA3AHME 110 O®OPMJIEHMIO OTUHETA
OTtuet ohopMITSIETCS KaXKABIM CTYACHTOM U JIOJIKEH COJIEPKATh MOJPOOHOE OMHUCAHNE
BCEX ATAIOB BBIMOJHEHUS paOOThI C COOTBETCTBYIOIIMMH CXeMaMU U TaOJIUIIaMH.

KOHTPOJIbHBIE BOITPOCHI
1. Kakue pexxumbl pabOThI TPAH3UCTOPOB UCTOJB3YyeTCs B anemenTax TTJI ?

2. MOXHO 71 Ha TUCKPETHBIX 3JIEMEHTAaX peaau3oBarhb, Harpumep, TTJI cxemy 2U-
HE ?
3. Kaxkoii BEIBOA MOXHO clienaTh, eciiv curHai Ha Berxogie TTJI cxemsr paBen 1,5 B ?
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JlabopaTopHnasi padora Ne/
HMudposas cxeMOTeXHUKA. MOCTEI0BATEIbHAA JIOTHKA.

BBEJIEHUE

[Tocne Toro, kak Ha MPEABIIYIIMX Ja00PATOPHBIX paboTax U3yuYeHbl KOMOMHAIIMOH-
HBIE CXEMBI, T.€. CXEMBbI, B KOTOPBIX BHIXOJIHBIEC CUTHAJIBI B JIIOOOH MOMEHT BPEMEHH OIpe-
JEJSIFOTCS TOJIBKO TEMH CUTHAJIaMU, KOTOPBIE MOCTYMAOT Ha BXOJl CUCTEMBI B TOT K€ MO-
MEHT BPEMEHU, NIEPENIEM K U3YUEHHIO CXEM ITOCIIEA0BATENBbHOM JIOrMKU. CXeMa Mmocie1o-
BaTEJIbHOM JIOTHKHU — 3TO TaKas CXeMa, B KOTOPOil TEKYyIIME 3HAYE€HHSI BBIXOJ/IOB 3aBUCST HE
TOJIKO OT TEKYIIUX 3HAYEHUI BXOJIOB, HO M OT paOOThI CXEMBI 0 TEKyIIEero MoMeHTa. ba-
30BBIM 3JIEMEHTOM B IOCJIEA0BATEILHOM JIOTUKHU ABJIAETCS TpUurrep. Tpurrep siBisiercs oc-
HOBHBIM KOMIIOHEHTOM 00JI€€ CIOKHBIX MTOCJIEI0BATEIbHBIX YCTPONUCTB, TAKUX, KaK CUET-
YUKHU, CABUTOBBIE PETUCTPBI U PETHCTPHI MAMSITH.

TEOPETUYECKUE ITOJIOJKEHMA

Tpurrep, nnm OUCTaOUIBLHBIN MYTBTUBUOPATOP, - OJHOPA3PSATHBIN JIEMEHT MaMSTH,
MpEAHA3HAYEHHBIN I XpaHEHUS JIOTUYECKON MTEPEMEHHOM.
B o6miem citydae cTpyKTypbl TpUTTEpa MOKHO MPEACTABUTD CIIEAYIONIEH CXEMOI:

r-— - - - - - - = 1

X1 I S |
1 CxeMma Onemenr |1 Q
Xn ——— ynpasiicHUs R MaMsITH .
(B3I0) — Q

C
Puc.1. Ctpykrypa Tpurrepa

[TepexitoueHue IeMeHTa MaMsITH B TO UM UHOE COCTOSTHUE OCYIIECTBIISIETCS] CUTHAJIA-
mu S (set — ycranoBka), R (reset — cOpoc), MOCTyHarOIUMHU ¢ BEIXOIOB CXEMBbI YIIPABJICHHS.
Jlornyeckoe 3HaueHUE CUTHAIIOB S, R 3aBUCAT OT KOMOMHAITUN CUTHAJIOB HA BHEITHUX
YOPABJISIIONIUX BXoAa X TPUTTEPaA U OT COCTOSIHHSI BBIXO/1a DJIEMEHTA MaMsITH, KOTOPOE OTI-
penensercs 3HaueHrueM curnana Q, mocrymnatomiero ¢ Beixoga Il o menu oOpaTHOM CBSI3H.

CocrostHue Tpurrepa onpeenseTcsi 3HaueHneM BbhIxoiHoro curdana Q. Ecnu uzmene-
Hue Q, T.e. MepeKIIIoueHNe TPUTTEPA, TPOUCXOAUT TOIBKO TPH MOCTYIUICHUH CHHXPOUM-
yJIbCa Ha CIICIUAIIbHBIN BXOJI CHHXpoHU3anuu C, TO TPUTTEP HA3BIBACTCS CHHXPOHHBIM.
Tpurrepbl MOTYT CHHXPOHH3UPOBATHLCS YPOBHEM MJIU ()POHTOM CHHXPOUMITYJILCOB (pHC.2).

C| np yu— 50 ndp  ym—  ob
I I I I
Ly - Ly -

t,C
t1 t2 t3 t4
Puc.2. [Ipumep CUHXPOHU3ZUPYIOIINX CUTHAJIOB
Ha puc.2 mpunster cneaytomue obo3Hauenus: [1D — nepeanuii ppoHT UMITyIIbCA;
OO — 3anuuit GpoHT umiynbea; YU — ypoBenb umnynbca; t1 u t3 — MOMEHTHI MOSIBICHUS
uMIynbca; t2 u t4 — MOMEHTBI OTCEUKH UMITYJIbCA.
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Tpurrepsl, CHHXpOHU3UPYEMbIC YPOBHEM, MOTYT U3MEHSITh CBOE COCTOSIHHE B TCUCHUU
JUTATEIBHOCTH CHHXPOUMITYJIbCa (Harpumep oT MomeHTa t1 10 momenrta t2 unu ot — t3 10
t4) npy MOCTYIJIEHUU COOTBETCTBYIOIIUX YINPABIAIONIMX CUTHAIOB X, T.€. MOT'YT MEPEKIII0-
4aThCsl HECKOJIBKO pa3 3a BpeMsi JCHCTBUS OJHOTO UMITYJIbca. B TeueHun may3sl Mex Iy
CUHXPOUMITYJIbCAMH COCTOSTHUE TAKOTO TPUTTEPA COXPAHAETCS MPH JTHOOBIX N3MEHEHUSIX
YIPABJIAIONINX CUTHAIOB. TpUTTEpbl, CHHXpPOHU3UPYEMbIE (PPOHTOM, U3MEHSIOT CBOE CO-
CTOSIHME MPU MOCTYIJICHUU HA CUHXPOHU3ZUPYIOUIUHN BXOJl COOTBETCTBYIONIETO (hpoHTa (TIe-
peHEero WK 3aJHEr0) CHHXPOUMITYJIbCA, T.€. B MOMEHTHI BpeMenH t1, 12 unu t3, t4, a npu
MOCJIEYIOIIEM JIEUCTBUM YPOBHSI CHHXPOUMITYJIbCA 3TO COCTOSIHUE COXPAHSETCS MPH JIIO-
OBIX M3MEHEHMSIX YIPABJISIONINX CUTHATIOB X. 3a BpeMs ACHCTBUS OJHOTO UMITYJIhCa TaKOH
TPUITEP MOKET NEPEKIII0YATHCS TOIBKO OUH Pas3.

Ecnu Tpurrep He uMeeT CHHXPOBX0/1a, @ UMEET TOJIBKO YIPABIISIIOIINE BXOJIbI, TO TAKOH
TPUTTEP HA3BIBAETCS ACHHXPOHHBIM. [lepeximroueHre aCHHXPOHHBIX TPUTTEPOB TTPOUCXOTUT
KaK TOJIBKO Ha yMPaBJISIONINE BXO/BI MOCTYMAET COOTBETCTBYIONMIAs KOMOMHAIINS YIIPaB-
JIAIOIIAX CUTHAIOB X.

B uudpoBoit cxemoTrexHuke HanboJIee YacTo UCTIOIb3YI0oTCs Tpurrepsl RS-, JK-, T- u
D- tunoB. bykBamu Ru S, Ju K, T u D npunsaro o603HayaTh ynpapisionme BXoabl X
TPUTTEPOB COOTBETCTBYIOIIUX TUIMOB. PacCMOTPUM KaXKbIil U3 3TUX TPUTTEPOB.

RS — tpurrepsr

RS — tpurrep umeer nBa ynpaisoumx Bxojaa R u 'S, ¢ moMouip0 KOTOPBIX BBIOIHSAIOT-
cs1 pyHKIMHM ycTaHoBKH B coctossare Q=1 (mpu S=1, R=0) u copoca B coctostane Q=0 (rmpwu
S=0, R=1). [Tpu S=R=0 Tpurrep paboTaeT B pe:kuMe XpaHEHUs, T.C. COXpaHSIET paHee ycTa-
HOBJICHHOE cocTosiHue: oo Q=1, mu6o Q=0. KomOnHamms BXOAHBIX curHaioB R=S=1
(ycTaHOBKa M cOpPOC OJTHOBPEMEHHO) SIBIISIETCS 3allPEIIEHHOM, TaK KaK MOXKET MPUBECTH K
HeomnpeaeneHHoMy cocTostHuio Q. Bo nz0exkxanne BOSHUKHOBEHHUsI cOOEB B IU(POBBIX CHC-
TeMax komOuHaiuoo S=R=1 ucknrovaror. Tabmuiry cocrossHuit RS — Tpurrepa Mo»HO mpe-
CTaBUTH B CIEAYIOIIEM BHUJIC:

R | S Qn+1
0 0 Qn
0 1 1
1 0 0
1 1 X

X — HeoMpeAeIeHHOE COCTOSHUE.

YcnoBHoe ob6o3nauenune RS — tpurrepoB — TP (nanpumep, 555TP2).
RS — tpurrepsl MOryT OBITH CHHXPOHHBIMU U aCUHXPOHHBIMH. CXEeMHOE H300paKeHne
acUHXpOHHOTO RS — Tpurrepa mokasaHo Ha puc.3.

Puc.3. acunxponnsiit RS — tpurrep.
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PaboTy acCHHXpPOHHOT'O TPUITEPA MOXKHO MOSICHUTh BpEMEHHOW quarpaMmoi (puc.4).

R

Puc.4 BpemenHnas nquarpamma paboTbl aCHHXpOHHOTO RS — Tpurrepa
CHUHXPOHHBIE TPUTTEPHI MOTYT OBITH CHHXPOHU3UPYEMBIMU YPOBHEM WK (POHTOM
cunxpocurtaia. CxeMHoe n300pakeHre uxX MoKa3zaHo Ha puc.S.

_IR|T _ IR

—Q Q

—C B —cC B

] —Q Q
S — S

Puc.5. YcnoBubie 0603HaueHNs] CHHXPOHHBIX RS — Tpurrepa, CHHXpOHHU3UPYEMOTO yPOB-
HEM.

PaboTty Tpurrepa, CHHXpOHU3UPYEMOT'O YPOBHEM, MOKHO MPOWILTIOCTPUPOBATH BPEMEH-
HOU auarpammoi (puc.6).

R

Puc.6. Bpemennas nuarpamma pabotsl cuHxpoHHOT0 RS — Tpurrepa,
CUHXPOHU3UPYEMOTO YPOBHEM.
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[1o ananoruu, paboTy TpUrrepa, CAHXpOHU3UPYEMOTO, HAlpUMep, MepeTHUM
(GPOHTOM CHHXPOUMITYJIbCA, MOKHO NIPEICTAaBUTh B BUIE PHC.7.

R

Puc.7. Bpemennas auarpamma paboTsl cHiHXpOHHOTO RS — Tpurrepa,
CHUHXpOHU3UPYEMOTO MTepeAHUM (POHTOM CUHXPOUMITYJIIbCA.

JK - TPUITEP
JK — Tpurrep xapakrepusyercs caeAyomen TadauIeil COCTOSHUM:

J K | Qn+
0 0 Qn
0 1 0
1 0 1
1 1 Qn

OHn otnnuaercs o RS — Tpurrepa tem, 4To MpH MOCTYIJICHUH HA BXObI KOMOMHAIINN
J=K=1 menser cocTtossHrEe BX0/1a Ha POTUBOIOJI0KHOE

Qn+1=0n.

Takum o6pazom, JK — Tpurrep He UMEET 3anpEeNICHHBIX KOMOMHAITNI BXOJHBIX CUTHA-
noB. Tak ke kak u RS — tpurrep, JK- Tpurrep MoxeT ObITh KaKk ACHHXPOHHBIM, TaK U CHH-
XPOHU3HPYEMBIM YpoBHEM WiH ppoHTOM. OTHAKO HA MPAKTUKE OOBIYHO UCTIONB3YIOTCS JK
— TPUTTEPHI, CAHXpOHU3UpYyeMbIe (ppoHTOM. Y cioBHOe ob6o3Hauenue JK — tpurrepos — TB
(manpumep, 155TB2), u ycnoBHoe rpaduueckoe n300pakeHrne JaHo Ha puUC.S.
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Puc.8. I'padmueckoe nzobpaxenue JK — rpurrepon
T- TPUITEP

T — Tpurrep Ha3bIBalOT 4YaCTO CYETHBIM TPUITEPOM, U OH XaPaAKTEPU3YETCA CICAYIOLICH
TaOJIUIIEH COCTOSHUM:

T Qn+1
0 Qn
1 an

CocTtosHME €ro BBIX0AAa MEHSETCS HA IPOTUBOMOJIOKHOE IIPU MOCTYIJIEHUH HAa BXOJT
cyeTHOTO curHana T=1 u coxpansiercs HeusMeHHbIM npu T=0. 13 TaGauIbl COCTOSHUMN 1JIsI
JK — tpurrepa BugHo uto npu J=K=1 coctostnue JK — tpurrepa, CHHXpOHU3UPYEMOTO
(GpoHTOM, OYJI€T U3MEHSTHCS Ha IPOTUBOIOJIOAKHOE

Qn+1=Qn
[Ipu noctyrmieHnn Kaxa0ro cHHXpoummyibsca. Takum obpazom, JK — tpurrep B a3Tom ciry-
yae QyHKIIMOHUPYET Kak T- Tpurrep npu mnojade c4eTHOro curHaia T Ha BXOJ CHHXPOHH-
saruu C (puc.9).

10
J | T
Q
T o C
g Q
K

Puc.9. JK — tpurrep B pexxume T — tpurrepa

D — TPUITEP
D — tpurrep uMeer TabJMily COCTOSIHUIA, B KOTOPOH OTCYTCTBYET COCTOSIHUE, COOTBETCT-
BYIOLLIEE PEXKUMY XPAHCHHUS:
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D — tpurrepsl ObIBaIOT TOJBKO ACHHXPOHHBIMU, i B COOTBETCTBUU C TaOIUIIEH COCTOS-
HUM, OHU MOCJIE MOCTYIUICHUS CHHXPOCHUTHANA YCTaHAaBIMBalOTCA B cocTosinne Qn+1=D.

Taxum oOpazom, D — Tpurrep BbIIOIHIET PYHKIHIO 3aI€PKKH HHPOPMAIIHH, TTOCTY-
narouieil Ha ynpasistoniuii Bxoa D Ha oguH nepruox CHHXpOCHUTHAA.

B MUKpO3JIEKTPOHHOI anmapaType MUPOKO UCIOIb3YIOTCs Kak D — Tpurrepbl, CHHXpO-
HU3HpYEMbIE PPOHTOM, TaK U CHHXPOHHU3UPYEMBIC YpOBHEM. Y clIoOBHOE 0003HaueHue D —
tpurrepoB — TM (155TM2), a ycnoBHOe rpadudeckoe n3oOpakeHue npuseaeHo Ha puc. 10.

__ ID|T|L—0Q — DT | ——Q

—c — —>{ c| ¢+———Q

Puc.10. I'paduueckoe nzoOpaxenue D — Tpurrepos

CornacHo TabimuaM cocTostHui, cHHXpOHHBIN JK — Tpurrep OyaeT BBINOIHATh (PYHKIMH
D — tpurrepa, eciu HCKIOYUTh KOMOMHAIIMY IEPEMEHHBIX, PU KOTOpbIX J=K.

Jto nostydaercs coequHenueM Bxon0B J u K uepes nnseprop (puc.11).

o J|T
D C Q

Puc.11. JK — tpurrep B pexxume D — tpurrepa
B cBoto ouepenpb, D — Tpurrep, CHHXpOHU3UPYEMBI (PPOHTOM, BBITTOTHSIET (PYHKIIUU
T — Tpurrepa, eciiv coequHUTH BX01 D ¢ MHBEpCHBIM BbIX0/10M (puc.12).

Puc.12. D — tpurrep B pexxume T — Tpurrepa
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PaccMoTpeHHbIE BbIIIE TPUTTEPHI SBJISIOTCS OCHOBHBIM 3JIEMEHTOM, UCTIOJIb3Ye-
MOM TIPH IMIOCTPOCHUU 00JIee CI0KHBIX MOCIIEI0BATEIBHBIX YCTPONUCTB, TAKUX, KaK CUETIH-
KW, PETUCTPBI IAMSTH, CIBUTOBBIE PETUCTPBI U T. 1.

PaccmoTtpum stH ycTponcTsa.

CUETUHMKHA

CueTunKOM Ha3bIBaeTCsl PYHKIIMOHAIBHBIN Y3€J1, Ha BBIBOJIaX KOTOPOro o0pa3yeT-
Cs1 YHMCJIO, COOTBETCTBYIOIIEE KOJIMYECTBY ITOCTYNMBIINX HA BXOJ UMITYJILCOB. OCHOBHBIM
[IapaMeTPOM CUETUYHMKA SBIsIETCS MOAy b cuera K. Monyns cueta paBeH MaKCUMaIbHOMY
YHCITy UMITYJIbCOB, KOTOPOE MOKET OBITh MPOCUUTAHO CUETUUKOM. CUETUMKHU CTPOSITCS HA
ocHoBe JK -, T- tpurrepos. [Ipumep cuerunka Ha D — Tpurrepax noka3as Ha puc.13.

Bx 1 2 3
Puc.13. Cuetuuk Ha D — Tpurrepax

Cueruuk, conepxKalmii M TPUTTEPOB, HA3bIBAETCA M — pa3psaHBIM.
OH MOXET UMETh 2 YCTOMYUBBIX COCTOSIHUS, TO3TOMY ero moayib cuera Kc<2. KonmnuectBo
IIOCTYTIHMBIINX HA CYETHBIN BXOJl UMITYJICOB IPEJCTABISAETCS HA BBIXOJE CUETYMKA B BUJIE
JBOMYHOIO yucia. Tak, HanpuMep, MPeACTaBICHHOr0 BhIILIE TPEXPA3PSAIHOIO CUETUHKA
MO>KHO MPOWJLTIOCTPUPOBATH BPEMEHHOM AuarpaMMoi (puc.14).

Bx
t
1
t
| | |
2 t
| | | : !
3 | | —
o | | :
| | | |

000001 |010 |o11 |100 |101 |110 | 111 | 000 | 001 | 010 | 011 |

Puc.14. Bpemennas quarpamma pabOThl CYETUMKA
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YactoTa UMITyJIbCOB Ha BBIXO/JIE TIOCTIEIHETO pa3psina cuetynka B Kc pa3 menblie, uem
4acTOTa UMITYJIbCOB, IIOCTYNAIOIIMX Ha BXO. [103TOMy cUeTUMKH NCIOIB3YIOTCS B KAUECT-
BE JIEJIUTENIEN YacTOThI, 00ECIIeUnBaOIIMX Ha BbIxo/e B Kc pa3 MeHbIIyI0 4acTOTy CUTHANA,
4YeM Ha BXO/IE.

[To Tuny pyHKIMOHUPOBAHUS PAIUYAIOT CUETYMKU CYMMUPYIOLIUE, BBIYUTAIOIINE U
peBepcuBHble. CYMMUPYIOIIUNA CYETYUK BBIMOIHIET NPSIMOM CUET, T.€. P MOCTYIIJICHUH Ha
BXO/l OYEPETHOTO NMITYJIbCA YUCIIO HA BBIXOJ CUETUMKA YBEIUUUBACTCS HA €UHUILY. BbI-
YUTAIOIIUN CUETYMK IIPOU3BOAUT OOPATHBIN CUET, T.€. IPU NOCTYIIEHUU CUETHOTO UMITYJIb-
ca YMCJIO Ha BBIXOJIE YMEHBIIIAeTCs Ha eAMHUILY. PeBepCHUBHBIN CUETUMK MOXET padoTaTh B
peXUME IPSIMOTO U OOPATHOTO CYETA.

Ecnu cueTHbIe UMITYJIbCHI B CUETUMKE TIOJAIOTCS TOJIBKO HA BXOJ TPUTTEpa MEPBOTO
pa3psijia, Kak B CUETYHKE, ITPEICTABICHHOM BBIIIE HA PUCYHKE, TO TAKOW CUETUYMK Ha3bIBa-
€TCsl OCIIEeIOBATEIIbHBIM.

JIJis KaskI0T0 U3 MOCIEAYIOMINUX Pa3psI0B CUTHANBI IEPEKITIOYCHHS] TIOCTYIAIOT C BbI-
X0J1a MpeAbIAYIINX Pa3psiioB. B pe3ynbrare MponcxXoauT Mocie 0BaTeIbHOE MEPEKIIoYUe-
HUE pa3psA0B CUETUHKA.

Ecnu nepuos cueTHbIX UMITYJIBCOB COM3MEPUM C BPEMEHEM 3aJIEPKKH MEPEKIIOUCHHUS
OJIHOTO pa3psiia CYETYMKa, TO YUCIIO Ha BBIXOJAaX MOCIEA0BATEIbHOIO CUETYMKA MOKET HE
BCEI/1a COOTBETCTBOBATh KOJMYECTBY MOCTYNUBILIKX HA BXOJ UMIYJIbCOB. B aTOM ciyuae
HauboJ1ee MOAXOAAIIMMHU SIBJISIFOTCS MMapajyiesIbHbIE CUeTYMKH. B cueTunkax 3Toro tumna
CUETHBIE UMITYJIbCHI OJHOBPEMEHHO (TIapaJuiebHO) MOCTYHAOT Ha CUHXPOBX0Ab! C TpHrTe-
POB BO BCEX paspsax.

YcnoBHoe ob6o3Hauenue cuetunkoB — ME (Hanpumep, 555 UE 5),a ycioBHoe rpadu-
YecKoe U300pakeHue 1aHo Ha puc.15.

a §
—1D1 |CT2/10
— D2
— S CT2| 1 — — D4 1 m—
2 [ —1D8 2
— C 4 — 4 —
8 —— ]S 8 ——
— R
—c 9 —
—R

Puc.15. I'paduueckoe n3o0pakeHre CUETUNKOB
Ha puc.15,a nokazan 7BOMYHBIA CUCTUHK, a HA PHC.15,0 TBOMYHO — JECATHUYHBIN C

BO3MOKHOCTBIO MIPEABAPHUTEILHON YCTAHOBKH C TIOMOIIBIO MapayuieabHoro Bxoaa D1 — D8.
ITocnennuit cuetunk cunutaercs 1o 10, 1 ganee MUK cyeTa MOBTOPSETCS.
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PEI'UCTPbI

Peructpom Ha3zpiBaeTcst QyHKIIMOHATIBHBIN y3€JI, BBITIOTHSIONINI XpaHEHNE JBOMYHBIX
YHCeJl, UX CIBUT Ha OMpEIeTICHHOE YuCi0 pa3psaaoB. OHU CTPOSITCS HA OCHOBE PACCMOTPEH-
HBIX BBIIIE TPpUTTEPOB. [1o crmocoly mpuema u Bhigaun HHPOPMAITUH PETUCTPHI JCNIATCS Ha
CJICTYIOIIHE TPYMIIBL: C MapauIeTbHBIM IPUEMOM | Bbifauei (puc.16,a), ¢ mocienoBaTeb-
HBIM TIPHEMOM U BbIIauei (puc.16,0), ¢ mocienoBaTeIbHBIM PUEMOM U TIapaJUIeTbHON BbI-
nadert (puc.16,0), ¢ mapaaieabHBIM IPUEMOM U TTOCIIEI0BaTEILHOM BhIadel (puc.16,r), a
Tak)Ke KOMOMHUPOBAHHBIE C Pa3JIMYHBIMH CIIOCOOAMU TIpHUeMa U BBIJAYH.
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Puc.16. CTpyKTypHBIE CXEMBI PETHCTPOB

Peructpsl ¢ napasuieabHbIM IPUEMOM U BblJauel HH(GOPMaLMU UCTIOIB3YIOTCS IS Xpa-
HEHUS HHPOPMAIMHN U HA3bIBAIOTCA PerucTpaMu namstu. M3meHnenue xpaunsuieiicss undop-
MaIuy, T.€. BBOJI HHOW MH(OPMALIMU MPOUCXOAUT MOCIIE COOTBETCTBYIOLIETO N3MEHEHUS
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CUTHAJIOB Ha BXOJaxX A IpH MOCTyIUIeHUU onpeaeneHHoro ypoBHsa (0 wiu 1) unm pponta
cuHXpocurdHasioB C. Uisi HOCTPOECHHS PETUCTPOB MMAMSITH MOTYT UCIIOJIb30BATHCSI CHHXPOHHU-
3upyemMble YpoBHEM WK ppoHTOM D — Tpurrepsl unu RS — tpurrepsl. B nepBom ciyuae
MH(pOpMaIus J0JKHA IOCTYNaTh B BUJI€ OJHO(Aa3HBIX CUTHAJIOB, @ BO BTOPOM BUJIE Mapa-
(a3HbpIX curHanoB. [Ipumepsl perucTpoB maMsTH OKa3aHbl Ha puc.17.
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Puc.17. Peructpsl mamsit Ha D- u RS- Tpurrepax

Peructpsl ¢ mociie1oBaTeIbHBIM MPUEMOM HITH TTOCTICI0BATEILHOM BhIaueii HHMOP-
Malli{ Ha3bIBAIOT YaCTO CABUTOBBIMU PETHCTPaMU. B perucrpe ¢ mocieaoBaTeIbHBIM
MIPUEMOM | BBIJIAUCH MEPBBIN pa3psa BBOAUMOTO Yuciaa Ao MOAaeTCsl Ha BXO OJTHOTO
cTapiero paspsaa peructpa Tm — 1 v BBOAUTCS B HETO
MIPH TIOCTYIUICHUH TIEPBOTO CHHXPOUMITYJIbCa, T.e. Qm-1=A0. [Ipu mocTyriaeHuu ciemyro-
IIIETO CHHXPOUMITYJIbCA 3HAUCHHE A0, TTOCTYIAOIIEee ¢ BBIXoa pa3psaa Pm-1 BBoauTcs B
paspsan Tm-2, 1.e. ycranaBimuBaeTcss QM-2=A0, a B pa3psia
Pm-1 nocrymnaer cienyroutuii pa3psa unucia, 1.e. Qm-1=Al u 1.1. Takum oOpazom, mpous-
BOJIUTCS TIOCTICIOBATEIBHBIN CIBUT TIOCTYMNAIOIIEH HA BXOI MH(OPMAITUU Ha OJIUH Pa3psi
BIIPABO B KXKJIOM TaKT€ CHHXPOCUTHAIOB. [lociie mocTymieHnss M CHHXPOUMITYJIECOB BEChH

PETHCTP OKa3bIBAETCS 3aNI0JIHEHHBIM Pa3psiiaMu yncia A, U nepBblid pa3psa Ao MosBIsSeTCS
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Ha Bbeixoge QO perucrtpa. B Tedenne mociaeayromux M CHHXPOUMITYJIHCOB MPOU3BOIUTCS
MOCJIETIOBATEIBHBIN Pa3PsIHBIN BBIBOJ U3 PETHCTPA 3aMMMCAHHOTO YUCIIA, MOCJIE Yero pe-
TECTP OKa3bIBACTCS MOJTHOCTHIO OUUIICHHBIM. CIBHTOBBIC PETUCTPHI OOBIYHO PEATU3YIOTCS
Ha D — Ttpurrepax (puc.18,a) unu RS — tpurrepax (puc.18,0), rae ais BBojga uHGOpMAIIUU B
TIEPBBIN pa3ps] BKIIOYACTCSI HHBEPTOP.
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Puc.18. Casuroseie peructpsl Ha D- u RS- Tpurrepax

JIJ1s CIBUTOBBIX PETUCTPOB 00S3aTENIbHBIM SIBISIETCS IPUMEHEHUE TPUTTEPOB, CUH-
XPOHU3HUPYEMBIX (DPOHTOM.

CaBUroBbIE PETUCTPHI MOTYT OBITH PEBEPCUBHBIMHU, T.€. BHITIOJHSIOIIUMHU CIIBUT B
Jr000M HaIpaBJIEHUU: CJIEBA HAIPaBO WM Ha00opoT. HampasneHnue caBura onpeaensercs
3HaYEHHUEM YIPABJISAIOLIEIO CUTHAJIA HA CIIEUAIIBHOM BXOJ€ pErucTpa.

YcnoBHoe o6o3HaueHue peructpoB UP (nampumep, 155 UP 1), u ycnosaoe rpadude-
CKO€ U300pakeHre JaHo Ha puc.19.
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Puc.19. I'paduaeckoe n3o0pakeHne YeThIPEXPa3psAHOTO PETUCTpa

3AIAHUE HA PABOTY
N3yuuth paboTy TPUTTEPOB, CUETYUKOB U PETUCTPOB.

I[TEPEYEHDB UCIIOJIb3YEMOI'O OBOPY/IOBAHUA
1) ITepcoHanbHBI KOMIBIOTED
2) Ocummnorpad ACK-2034
3) Ucrounuk nutanus APS-7315
4) I'enepatop pynkimonanpabii AHP-1105
5) MakeTHas miiata u UCCJIEeAyEMBbIE JIEKTPOHHBIE KOMIIOHEHTHI

[HOPAIOK BBIIIOJIHEHW A PABOTDI

1. Wzydyenue paboThl TPUTTEPOB

a) M3yuuts paboty RS — Tpurrepos.
J1J1st BBITIOJTHEHUS 3TOM YacTH paboThl HEOOX0IUMO, BO — MEPBBIX, cOOpaTh RS — Tpurrep Ha
anemeHTax 21 — HE u cHsATh /1t Hero Tabnauily MiCTUHHOCTU. Bo — BTOpBIX, BKItouast JK- u
D- B pexxume RS- Tpurrepa taxxke CHATh TaOJIUIy HCTUHHOCTU. 3aT€M CPABHUTH MOJTYUYECH-
HBIE PE3yJbTaThl U CACTATh COOTBETCTBYIOIINE BHIBOIBI.

0) U3yuuts padoty JK — tpurrepa.
Co0Oparb Ha MAKETHOM IIaTe CXEMY JUIsl KCClIeJOBaHUsl pabOThl TPUITEPA U CHATH €ro Tao-
JIUITY UCTUHHOCTH.

B) U3yunts paboty D — Tpurrepa.
Co0patb Ha cTeHJe cXxeMy Uil HcclieoOBaHusl pabOThl TPUITEPA U CHTH €ro TabJIuIy HC-
TUHHOCTH.

2. N3yuenue pabOThI CUCTIYMKOB

Co0Opath Ha MaKETHOM IJIaTe TPEXPa3PSAHBIA CYMMUPYIOIINM CUETYMK CHAYaIa Ha
JK -, a 3aTtem Ha D- Tpurrepax u 3apucoBaTh BpeMEHHbBIE JHUarpaMMBbI €r0 PaOOTHI.

3atem coOparh Tpexpa3psaHbIi BerunTaomuii cuetunk Ha JK- u Ha D- Tpurrepax u
3apuUCOBaTh BPEMEHHBIE JHArpaMMBbI €r0 padOoThl.

Hcnonp3ys AOMONHUTENbHBIE JJOTMUECKHUE FIEMEHThI COOpaTh CXEMY TPEeXpa3psiiHOTO
PEBEPCUBHOTO CUETUHKA.

3. U3yunth paboThl perucTpoB

CobpaTh cxeMy peructpa ¢ napaielbHbBIM BBOJIOM H MapaijiebHBIM BHIBOJIOM HH-
dhopmanuu cHavania Ha JK- , a 3atem Ha D- Tpurrepax u nmokasatb ero paboTocrnocoOHOCTb.

CobpaTh cxeMy perucTpa ¢ mocie0BaTeIbHBIM BBOJAOM U TMOCJIEI0BATEIBHBIM BBIBO-
nom uHdopmanuu cHavyasia Ha JK- , a 3atem Ha D- Tpurrepax u nmokasath €ro paboTocro-
COOHOCTB.

CobpaTh cxeMy KOJIBIEBOTO pEerucTpa.

YKA3AHHKA 110 OOOPMIJIEHUIO OTUETA
OTtuet ohopmITsIETCS KaXKIBIM CTYACHTOM U JIOJIKEH COJIEP KaTh MOPOOHOE OMMCaHUE
BCEX ATAIOB BBIMOJIHEHUSI PAOOTHI C COOTBETCTBYIOIIMMH CXEMaMH W TaOIUIIaMHU.
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