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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.

Dnexmponubvlil ocyuLiocpag) — onuH U3 Hauboiee YHUBEPCATLHBIX H3MEPHTEIBHBIX
npuOOPOB, MpeIHA3HAYCHHBIA ISl HAOJIIOICHUS, COXPAHEHUS JIEKTPUUECKUX CHTHAIIOB U
U3MepeHus ux xapakTtepuctuk. Bremmnuit Bun ocumiorpadga ACK-2034 npencraBien Ha
puc.l.




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 — IpU HAOIIO/1e-
HUW BBICOKOYACTOTHBIX CHUTHANOB. CHrHajd rOpU3OHTAJIBHOM Pa3BEPTKH CO3AETCS BHYT-
PEHHUM T€HEpaTOPOM MUIIO00PA3ZHOTO HAIPSKEHUS, 00eCIeUnBAIOIIUM OTKIOHEHHUE, MPO-
MOpLMOHAJIbHOE BpeMeHU. Kak W g ycwiuTened BEpPTHKAIbHOIO OTKJIOHEHMS, 3/€ECh
IPEeyCMOTPEHB! KaTMOPOBAHHBIN MEPEKII0YATENb “BpeMs/IeJIeHHe” U KOHIIEHTPUUECKasl ¢
HUM PYyYKa IIEPEMEHHOIO yCWIEeHHs. [[1s1 u3MepeHus: BpEMEHHBIX MHTEPBAJIOB 3Ta PydyKa
J0JDKHA OBITh BBIBEJICHA B KpaliHee MPaBOe IMOJIOKEHUE N0 LIENYKA. YCHUIUTEIh  MOXKET
MMETh BbIBEICHHBII OTJEIBHO BXOJ, KOTOPBIH MOKET OBITh MCIOJIB30BaH Il BHEILIHETO 3a-
JaHMsI TOPU30HTANILHOTO OTKIOHeHUs. (Hanprumep, MokeT ObITh MCHOIB30BaH IS MOJIy4e-
Hus puryp Jluccaxxy). CurHanpHble BXO/bl BEPTUKAJIBHOTO OTKJIOHEHUS Y TOPU30HTAIbHON
pa3BepTKU HEOOXOAMMBI JJIsl IOCTPOEHUS IpadrKa 3aBUCUMOCTH HANPSKEHUSI OT BPEMEHHU.

B xnymem pexxuMe pa3BepTKa HAUMHAETCSI TOJBKO B TOM CIIy4ae, KOT/la BbIOpAHHBIN
CUTHAJI MPOXOJUT YEpe3 YCTAHOBJICHHYIO TOUYKY 3allyCKa M H3MEHSETCS B BBIOpAHHOM
HarpaBieHuu. Ha npakTuke, peryiupysi ypoBeHb, JOOMBAIOTCS CTAOMIIBHOTO U300PaKEHHUS.

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 JJIsl YYBCTBUTEIBHBIX 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
LIIPOKO PaCIpoCTpaHeHHOro 10- KpaTHOro LIyna WITKOCTPUPYET PHC.2.
~
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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 U3MEPSATH HAIIPSHKCHUE MEXKTY TBYMsI TOUKaAMHU B CXE€ME, a BBIHY K-
JICHBI U3MEPSITH CUTHAIIBI OTHOCUTENIBHO ATOM 3emMud. [1pu m3aMepennn ciabbIX U BRICOKOYA-
CTOTHBIX CHTHAJIOB HEOOXOIMMO YOSIUTRCS, YTO 3eMJIS OCITMILTOTpada v 3eMJIS CXEMBI
OJMHAKOBEIL

Jlydre Bcero Jyisi 3TOro COSAMHUTD 3EMITIO TITyTIa HETTOCPEICTBEHHO C 3eMJICH CXEMBI, a 3a-
TEeM M3MEPHTH IIYTIOM HAMPSHKEHNUE 36MJIA U yOIUTHCS, YTO CUTHAT OTCYTCTBYET.

Kax mpaBwiio, ocrmiuiorpad uMeer reHepaTtop KaIMOpPOBOYHOTO CHTHAja W3BECTHOM Ya-
CTOTBI ¥ aMILTUTY/IbI, BEIXOAHOW CUTHAJ KOTOPOTO HCIIONB3YETCS IS KaTHOPOBKH OCIIHJI-
norpada. D10 nenmaercs MyTeM MOJayu CUTHAJa ¢ TeHepaTopa Ha OJIMH U3 BXOJIOB OCIHILIIO-

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 YCTPOUCTB.

Ilepectpolika 4acTOTHI 3aJAOLIET0 T€HEPATOPA OCYIIECTBIAETCS C IOMOLIBIO CTyIIEHYa-
TOIO MEPEKIoYaTelsd IUANa3oHOB U INIABHOIO PETYIATOPA, U3MEHSAIOIIETO 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
["'eHepatopbl 3TOM IpyNIbl FTEHEPUPYIOT CUHHYCOUAAIbHBIE KoJeOaHus ¢ yactoramu ot 200
Kri no necstkoB Mrir (50 Mr).
Kpome 41ucToro rapMOHMYECKOT0 HAMPSKEHUSI 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
Jana3oH MIaBHO TIJIaBHas N3mepurens
Y cTaHoBKa 4aCTOTHI peryiampoBKa | TITyOMHBI
MOJTYJISILIMHA
I'eneparop
MOJTYJTUPYIOIIETO)
HanpsHKEHUS

Bxop curnana
BHuemnen Mmonynsamuu

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 cOOOW mepecTpauBaeMblil MO YacTOTE OJHOBpE-
MEHHO C 33JIal0IUM T€HEPAaTOPOM PE30HAHCHBIA ycunuTeab. KoaddurmenT ycuneHus 3to-
r0 YCHUJIUTENSI MOXKET U3MEHSIThCS CUTHAJIOM COOCTBEHHOTO T€HEpaTopa, MOIYJIUPYIOIIETO
HANPSKECHHUST 3BYKOBOW YacCTOThI, WA HAIPSXKEHUEM, MOJIaBAEMbIM HA BXOJl BHEIIHEHW 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 dynkmonanereiii 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) aMIUTUTYly CUTHAJIOB Ha BBIXOJIE T€HEpaTOpa,
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. MHCTpyKIHS 110 SKCIUTyaTallHH.
4. Uctounuk nutanus APS-5333. MHCTpyKIus 10 SKCIUTyaTaIlnu.
5. Uctounuk nutanust APS-3320. MHCTpyKIHS 110 SKCIUTyaTallHH.
7




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 MaKCUMAJbHO MPUOJIKCHHBIE K WX MPOMBIIIICHHBIM 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= 3

fle Ect Creut gnsysiz Widow Help ,
NiBlE &@me] sl 2 Q@ = 2|

B Fleleld| TEF g B0 =
TN

il

o — of ]
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 e psy PACIOI0KEH MEPEKII0YaTEIb, TTO3BOJISFONTNN BKIFOYaTh U BBIKITIO-
yaTh COOpaHHYIO cxemy. [lepekiroueHre OCYIECTBISETCS C MMOMOIIBIO MIETYKa MBIIIBIO Ha
nepekiroyaTene. Hag mkonkamu mpruOopoB pacoioskeHO 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 JAHHOTO 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 c6opka cxemsl ocymecTBisieTcss 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-
IIMX KHOTMOK, PACIOJI0KEHHBIX HEMOCPEACTBEHHO HaJl OKHAMU. YTOOBI mepeMecTUTh Tpedy-
€MBbIl KOMIIOHEHT B pabouyto 00J1aCTh, HY>KHO TIOMECTUTh Ha HErO Kypcop M HaXKaTh JIEBYIO
KJIABUIIY MBIIIN. 3aTe€M, YJEPKHUBAsl KIABUIIY B HA)KaTOM COCTOSIHUM, 'TIEPETAIUTh' 3Jie-
MEHT, JIBUTasl MbIIIb, B TpeOyeMoe MoJI0KeHre B paboyeit 00JacTH U OTIYCTUTh KJIaBHUIITY.

UTOoOBI OCYIIECTBUTH KaKHUe-I1M00 onepalyy Haj 3JIEMEHTOM €ro HeoOXOAUMO BbIje-
TuTh. Beienenne 351eMeHTa OCYIIECTBISIETCS ETYKOM MBIIIM Ha 3JIEMEHTE, P 3TOM OH
OKpAaIlIMBAETCS B KPACHBIN IIBET.

Ecnmr Heo0X0auMO MOBEPHYTH DJIEMEHT, HY)KHO CHadaja €ro BBIICITUTH, a 3aTEM HC-
MoJIb30BaTh KoMOMHaNwi0 KinaBuil [Ctrl+R], HakaTe KOTOPBIX MPUBOIUT K IMTOBOPOTY dJie-
MeHTa Ha 90°.

Jns yaaneHust 2JIeMEHTa €ro TakyKe HE00X0AMMO CHavasa BhIACIUTh, a 3aTEM HaXKaTh
kiaBuiy [Del] u B 0TBeT Ha 3ampoc O MOJATBEPKICHUM YJajJeHUs] HaXKaThb KHOMKY IO/I-
TBEPKJICHUS WM OTMEHBI YJAJICHUS.

Bce 3aeKkTpoHHbIE KOMITIOHEHTHI XapaKTepU3YKOTCS CBOMMHM IapaMeTpamu, OIpeie-
JSIOMIMMH UX TIOBeAIeHHE B cxeme. UToObI 3a/1aTh 3TH MapamMeTpbl HYKHO JABAXbl IIEIK-
HYTh MBIIIBIO HA HY>KHOM 3JIEMEHTE, B PE3YyJbTAaTE YEro MOSBUTCS AUAIOTOBOE OKHO, B KO-
TOPOM HEOOXOJMMO BBIOpATh MJIM 3alHUCATh TpeOyeMble MapaMeTphl U 3aKPHITh €r0 HAXKATH-
em kHomku "Ok".

YT0oOBI COETUHUTH MEXAY COOON BBIBOJBI SJIEMEHTOB MOABEIUTE KYpCOp K HY)KHOMY
BBIBOJY, IIPH 3TOM, €CJIM K 3TOMY BBIBOJY JCHCTBUTEIBHO MOKHO IMOJCOCAUHUTH MPOBO/I-
HUK, Ha HEM TOSIBUTCSI MAJICHbKUI YepHBIN KpY>KOK. [Ipu mosiBIEeHNN KPY>KKa HAXKMUTE JIe-
BYIO KJIABUIITY MBIIIU U, HE OTIyCKas €e, MPOTalluTe Kypcop K Apyromy BeiBoay. Korna Ha
JPYTOM BBIBOJIC TOXKE MOSIBUTCS YEPHBIA KPYXKOK, OTIYCTUTE KJIABUIIY, U 3TH BBIBOJbI aB-
TOMAaTUYECKU OYyIyT COEAMHEHBbI MPOBOAHUKOM. ECM BBIBOJ JIEMEHTA HYXKHO IMOICOEIH-
HUTH K YK€ UMEIOIIEMYCs TTPOBOAHUKY, TO MOJABEAUTE KypCOP MBIIIH MPU HAXKATON KJIaBHU-
e K 3TOMy MPOBOJAHUKY, IPHU 3TOM TAaKKE€ 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. ICTOYHHK TOCTOSTHHOTO HAIPSKEHUS.

Haxonutcs B Habope VICTOYHUKYM CUTHAJIOB.

DTOT 2JIEMEHT MNPEJCTABISAET CO00N MOJieNb MACATbHOTO MCTOYHHMKA HAIPSKEHUS,
MOACP>KUBAIOIIETO Ha CBOMX BBIBOJIaX MOCTOSHHOE HAIPSKEHUE 33IaHHOW BEeJTMYUHBI. Be-
JUYWHA HANpSDKEHUST MOXKET 3aJlaBaThCs Pa3paOOTUYMKOM JBOWHBIM IIETYKOM MBIIIM Ha
AJIEMEHTE U 3aIMChIO B IUAJIOTOBOM OKHE TPEOYEeMOro 3HauYCHHUS.

2. Jlammouka HaKaJvBaHUsI.

Haxoautcst B Habope MHaukaTOpHbIE YCTPOMCTBRA.

DTOT PJEMEHT MOJACIHUPYET OOBIYHYIO JIAMITY HAaKaJWBaHUS U MOXKET HAXOIUTHCS B
TPEX COCTOSIHUAX: BBIKJIIOUEHHOM, BKIIIOYEHHOM U neperopeBuieM. [loBegeHue sneMeHTa
XapakTepu3yeTcsl AByMs MapaMeTpaMu: MOITHOCTHIO U MaKCHUMAalIbHO JOMYCTUMbBIM HAmpsi-
KEHHEM. BBeCTH HyXHbIE MapaMeTpbl MOKHO JBOWHBIM IIEITYKOM MBIIIN Ha 3jieMeHTe. [1o-
CJI€ ATOTO TMOSBIISIETCS JUAIOTOBOE OKHO. BBemuTe TpebyeMble mapamMeTphl U 3aKpoTe aua-
JIOTOBOE OKHO IedkoM Ha kHomke "Ok".
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[Ipu pabote cxembl 3JeMEHT OyJeT HaXOIUTHCS B BHIKIIOUYEHHOM COCTOSIHUH, €CITU
MPUWIOKEHHOE K HEMY HANPSIKCHUE HE MPEBBIMIAET MOJOBUHBI MAKCHUMAJIBbHOTO HAIPsKe-
HUdA. Eciiv npuinoXeHHOE HaIpsyKEHHE HAaXOJUTCS B MHTEPBAJIE OT MOJOBUHBI MaKCUMAJIb-
HOTO HaIpPSKEHUS 10 YPOBHS MAKCHUMAJIBHOTO HANPSIKEHUS, SJIEMEHT HAXOJIUTCSI BO BKIIIO-
YEHHOM COCTOSIHUM. [Ipy MpeBBIIEHUH MPUIIOKEHHBIM HANPSHKEHUEM 33JaHHOIO MaKCH-
MaJIbHOTO HANPSHKEHUS 3JIEMEHT MEPEXOAUT BIIEPETOPEBIIEE COCTOSIHUE.

3. 3azemJieHue.

Haxonurcs B Habope ICTOYHMKY CUTHAJIOB.

B cxeme, cobpannoii ¢ momombio Electronics Workbench, kak u mpaktuuecku s
0001 pealbHON CXeMBI, TpeOyeTCsl yKa3aTh TOYKY HYJIEBOTO MOTCHIMAIA, OTHOCUTEIHHO
KOTOPOU OIPENEIISIOTCS HaMpsHKEHUST BO BCEX JNPYIMX TOYKAX CXeMbl. MIMEHHO mtd 3TOM
LEJIH CITY>KUT JIEMEHT 3a3eMJIeHHE. Ero eIMHCTBEHHBIN BBIBOJI MOAKIIFOYAETCS K TOW TOYKE
CXEMBI, MIOTEHITMa KOTOPOW MPUHUMAETCS] PaBHBIM HYIIO. J[omyckaeTcst u gaxke 1enecooo-
pa3HoO, OCOOEHHO JJISI CJIOXHBIX CXEM, MCIOJIb30BaTh HECKOJBKO 3JIEMEHTOB 3a3€MJICHUSI.
[Ipu 5TOM cumTaercs, 4TO BCE TOUKHU, K KOTOPBIM MMOJICOCINHEHBI 3a3€MJICHUS, UMEIOT OJIUH
001U MOTEHIIMAII, PABHBIN HYIIIO.

4. Touka - COEIUHUTED.

Haxonurcs B Habope ICTOYHMKY CUTHAJIOB.

OCHOBHBIM CBOMCTBOM TOUKH-COEIUHUTEIS SIBJISIETCS TO, YTO Bbl MOYKETE MOJCOEAU-
HATh K HEW NpoBOJHUKU. [TogcoeuHATh TPOBOIHUKU K TOUYKE MOXKHO CJIEBA, CIIpaBa, CBEpP-
Xy U CHHU3Y, TO €CTh CYLIECTBYET BCETO YETHIPE MECTA MOJACOCANHEHNUS IIPOBOJIHUKOB K O/I-
HOHM TOYKE U, CIEAOBATEIbHO, B OJHOM TOYKE MOTYT COCAMHATHCS HE 00Jiee YeThIpeX MPo-
BOJHHUKOB. [[nsl peaim3anuy Takoro MOJACOCIUHEHUS HYXXHO MOJBECTH IMPOBOJHUK IPH
Ha)KaTOM KJIABUIIIE MBIIIN K COOTBETCTBYIOIIEH CTOPOHE TOYKHU, IIPU 3TOM OKOJIO TOYKH MO-
SBJISIETCS. MAJICHBKUI YEPHBIN KPYKOK. OTIycKasi B 5TOT MOMEHT JIEBYIO KJIABHUIILY MBIIIIH,
nojydaeMm TpedyeMoe MoACOoeAMHEHHE.

5. Ilepekntouarens.

Haxonutcst B Habope [laccuBHBIE KOMIIOHEHTHI 1 KOMMYTAI[MOHHBIE YCTPOMCTBA .

OTOT mepeKIIovaTelb JOMyCKAaeT 1Ba BO3MOXKHBIX MOJOXKEHUsS, B KOTOPHIX OJUH 00-
LM BXOJ COCIMHSETCS C OHUM M3 JBYX BO3MOJKHBIX BBIXOJOB. [10 yMOJIUaHUIO MTEPEKITIO-
YeHHUE OCYIIECTBIsAeTCS KiaBuien [Space]. UToObl HAa3HAYNTH KaKOMY-JIHOO MepeKItoyarTe-
JI0 APYTYIO KJIABUIIY, HY>KHO ABaXKIbl MIEJIKHYTh MBIIIBIO HA 3TOM NEPEKIII0YaTeNe, BBECTH
TpeOyeMbIii CHMBOJ B TOSIBUBIIEMCS JUAJIOTOBOM OKHE M Hakatuem kHomku "Ok" mon-
TBEPIUTH clieNaHHbIi BeIOOp. [locne 3Toro nepexinodeHue 1aHHOTO NEpeKIodaTes Oyaer
OCYILECTBIISITHCS C MOMOIIBIO BEIOPAHHOM KJIaBUIIIH.

6. Jlunamuxk.

Haxoautcst B Habope MHauKkaTOpHbIE YCTPOMCTBRA.

DTOT 3JIEMEHT M3JAET T'YJIOK 3aIaHHOM YacCTOThI, €CJIM MPUJI0KEHHOE K €r0 BBIBOJIAM
HaNpsKEHWE TPEBBINIAET YCTAHOBJIECHHBIA YPOBEHb HAMNPSKEHUSA. 3HAYEHUS MOPOTOBOIO
HaNpsOKEHHUST U 4acTOThl M3/1aBA€MOT0 CHUTHAJIA MOYKHO 3a/1aTh B JMAJIOTOBOM OKHE, MOSIB-
JIAIOLIEMCS TPU IBOMHOM IIIEJTYKE MBIIIINA HA JJIEMEHTE.

7. BonbT™meTp.

Haxonutcs B Habope MHIuKaTOpHBIE YCTPOUCTBA.

OTOT 3JIEMEHT MOKa3bIBAET HAIPSIKEHHE, MPUJIOKEHHOE K ero BbiBogaMm. OjHa u3
CTOPOH 3TOT0 AJIEMEHTA BBIICJICHA YTOJIIEHHOM JIMHAENW. Ecnu HanpsbkeHue, TpUII0KEHHOE
K BBIBOJIaM TaKOBO, YTO MOTEHLMAT HAa BBIBOJIC, HAXOIAIIEMCS C HE BBIICJICHHOM CTOPOHBI,
OO0JIBITIE TOTEHITNAJIA HA BBIBOJIE, HAXOSIIIEMCSI C BBIJICJICHHONW CTOPOHBI, TO 3HAK HaIpsKe-
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HUS, TIOKa3bIBAEMOTO BOJIBTMETPOM, OYIET MOJOKHUTENbHBIM. B MpoTUBHOM ciiydae 3HaK
WHIUIUPYEMOTO HAIIPSKEHUST OYJIET OTPUIIATEIHHBIM.

8. Amniepmerp.

Haxoautcst B Habope MHaukaTOpHBIE YCTPOMCTBA.

OTOT 3JIEMEHT NOKa3bIBAET BEIMYMHY TOKA, MIPOTEKAKOMIErO Yepe3 ero BeIBOAbL. OqHa
U3 CTOPOH ATOTO 3JIEMEHTA BBIJICJICHA YTOJIIIEHHON JIMHUEH. Eciii HanpaBlieHHE TOKa, IIPo-
TEKAIOIIIETO Y€pe3 BbIBOABI AJIEMEHTA, COBIIA/IAET C HAIPABICHUEM OT HE BBIJICJIIEHHOW CTO-
POHBI K BBIJICJICHHOM CTOpPOHE, TO 3HAK BEJIWYMHBI WHIUIUPYEMOIO TOKa OYIET MOJOXKH-
TeJIbHBIM. B pOTHBHOM cilyyae 3Hak OyJeT OTpUIATEIbHBIM.

9. Pesucrop.

Haxonutcs B Habope VICTOYHMKY CUTHAJIOB.

OTOT 37IEeMEHT MpeICTaBIsIeT co00M 0IMH U3 Haubosee MHUPOKO HCIONb3yEMbIX KOM-
ITIOHEHTOB 3JIEKTPOHHBIX CXEM. BelnumHa CONMpPOTUBIEHUS PE3UCTOpa 3aqaeTcs pa3padoT-
YUKOM B JMAJIOTOBOM OKHE, IOSABJISIOMIEMCS ITPU JBOMHOM LIETYKE MBIIIN HA DJIEMEHTE.

[IpocTenmas dneKTpudecKas Lenb COCTOUT U3 UCTOYHHMKA U NMPUEMHHUKA JIEKTpUYE-
CKOM dHepruu. B kauecTBe IPOCTEMUIIETO UCTOYHUKA JIEKTPUYECKON DHEPIUU MOXKET Ciy-
KUTh UCTOYHUK MTOCTOSSHHOTO HAIPsDKEHUs, HarpuMep, OaTtapeiika. [IpueMHIKOM 31eKTpu-
YECKOM 3HEPruu OOBIUHO CIIY’KUT YCTPOMCTBO, MPEe0oOpa3yrollee SHEPTUIO HIEKTPUUECKOTO
TOKa B JIPYrOM BUJ SHEPTUH, HAIIPUMEDP, B CBETOBYIO SHEPTUIO B JJIEKTPUUECKOU JIaMIIOUKE,
WJIA B DHEPIUIO0 aKyCTUYECKUX BOJIH B IMHAMHUKE.

Yrob6sl 00ecieunTh NPOTEKaHUE TOKA Yepe3 MPUEMHHK, HE0OX0JUMO 00pa3oBaTh 3a-
MKHYTBII KOHTYp, IO KOTOPOMY TedeT TOK. J[Ji1 3TOro Heo0X0AMMO OAWH BBIBOJ TPHUEMHHU-
Ka 3JIEKTPUYECKON APHEPTUU MOJACOCIUHUTH K OTPULATEIbHOMY BBIBOAY OaTapeiiku, a aApy-
roil K MOJOXKUTENbHOMY BbIBOAY. [IpocTeiimmii cnoco® ynpaBieHUs: MPOXOKICHUEM TOKa
I10 LETH 3aKJIF0YAETCS B 3aMBIKAHUN U Pa3MbIKAHUM KOHTYpPa LENU C IIOMOIIBIO NIEPEKITI0Ya-
Tens. Pa3MbpikaHue KOHTypa LENH MPUBOJIUT K Pa3pbIBY LIENH, BCIEACTBUE YETO TOK CTAHO-
BUTCSI paBHBIM HYJIIO. 3aMbIKaHUE LIETIH 00ECIEYMBAET MYTh AJIA MPOXOKIAEHUS M0 LUENU TO-
Ka, BEJIMYMHA KOTOPOTO ONPEACISIETCS MPUIIOKEHHBIM HAIPSHKEHUEM U CONPOTHBICHUEM
IIeTH coryIacHO 3aKoHy Oma.

[TepeyeHb UCTOIB3YEMOTO 000PYIOBAHHUS
1) [lepcoHanbHBIN KOMITBIOTEP
2) NnTepakTuBHAsA 1OCKA

3alaHusl 1 METOJMYECKHE PEKOMEHIAINY.
1. 3anyctute nporpammy EBW u uzyuute e€ unrepdeiic.
2. Co6epure B nporpamme EBW cxemy npocteitero RC-gunbrpa.
3. 3amycTuTe MOJISTUPOBAHNE COOPAHHOMN CXEMBI.
4. C noMoIbi0 BUPTYaJbHBIX MPUOOPOB MOJABAWTE pPa3IMYHbIE CUTHAJIBl HA BXO/I
¢bunpTpa U PUKCUPYNUTE BHIXOJIHBIE CUTHAIBI.
5. CoxpaHuTe pe3ynbTaThl MOACIUPOBAHUS.

Odopmienne pe3yabTaToB.
Kpatko 3amucate mocienoBaTeIbHOCTh JACUCTBUN Tpu paboTe ¢ mporpammoit. Otuer
JIOJKEH COJIEpKATh PUCYHKH CXEeM, COOpaHHBIX B MPOTPaMMe M Pe3yJbTaThl MOACINPOBA-
HUS UX PaOOTBHI.

KoHTpOJILHBIE BOOPOCHI.
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1. Mojenu KakuxX THITOB 3JICKTPOHHBIC 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 [Tpssmoe
HaIPSKECHUE HaIPSHKECHUE
OTKpBIT
U npobos U[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

TR P —
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 psae cioyyaeB TakuM najieHUEM HaNpsKEHUs] MOXKHO IPEHEOpeUb, U TOTr1a U0 MOKHO
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 ta651.1 npuBoAsSTCS cleayrone OCHOBHBIC IMapaMeTphl JUOI0B: TOCTOSIHHBIN 0OpaTHBIN
TOK 1npsm - TOK 4epe3 JUOJ B IPOBOJISIIEM HAIIpaBJICHUH,

ITOCTOAHHOC IIPAMOC HAIIPSAKCHUC U npam - HAIIPAIKCHUC HA AUOAC ITPHU ITPOTCKAHUUN YCPC3

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

MIOCTOSIHHBI OOPATHBINA TOK 1 06p - TOK, IPOTEKAOIINI Yepe3 U0/ IPH 01a4e Ha HEeTO 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 IMOAA MPY 3aJaHHOM HANpPsHKEHUH CMeEllle-

HU.

C HpaKTquCKOﬁ TOYKH 3pCHUA CICAYCT OTMCTHUTD JIBd BA)KHBIX MOMCHTA!

1. Cxemy, coaepxaniyro JU0/Abl, HEJb3s1 U3MEHUTH SKBUBAJICHTHOM.
2. Jluonm He 00yaaeT CONMPOTHBIICHUEM B OOBIYHOM CMEBICIIE, T.€. HE MIOYHHSICTCS 3aKOHY

Owma.
Tabmuma 1
Uobp. iobp. | Cpennee 3Ha- ITukoBbIe
Tun Max Max YeHHE 3a He- 3HAYCHUS Bpemsa
[B] [MKA] | orpannyen- Unp | UoGp | Inm BOCCTa-
HBIIi HHTEpBAN | [B] B] | [A] HORBJIE- Em - Yac-
BpEMEHU HUS Kocmb TOTA
o0p. nd Kl
Un | inpsm comp., Knace
p | [MA] e
[B]
JI2K 150 250 1 8 7 150 | 0,025 | 3000 0,2 -
30 250 1 20 30 0,062 | 3000 1 - Brimps-
JI9B MHUTEI
TI229A 50 1 | 400 200 | 10 1 bHBIC
B | 70 1000 1 | 5000 100 30 1,2
271202 1 | 140 200
TI246A 400 3000 10000 400 30 1,1
2J1106A | 100 10 300 100 3 450 5-153 30
118 20 50 16 5 0,05 100 0,5 -
310 20 20 0,5 | 500 2,4 0,8 300 10 - Yuu-
311 30 100 04 | 80 1 30 0,6 50 1,5 - Bep-
T I507A 20 50 0,5 16 3,5 0,2 100 0,8 -
11508 8 60 0,4 10 1,5 10 0,03 0,75 - CaJIbHBIE
KI510A | 50 5 1,1 200 50 1,5 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 ctadmwinzanu  Uer — HanpsikeHue B paboueit o0aacTu, riae 00abeMy u3-
MEHEHHIO TOKa Yepe3 MO0/ COOTBETCTBYET Majloe€ M3MEHEHNE HAMPSHKEHUS Ha HEM;

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

MUHHMAJIBHBIN TOK CTA0MIN3AIUH Icr.min — TOK, HU)KE KOTOPOTO MPOOOI CTAHOBUTCS He-
YCTONYUBBIM;

muddepeHnnanbHoe ConpoTUBiIeHNE Rmud - OTHOIIEHUE MpUpaleHus aJAeHUsT HanpshKe-
HUS Ha CTAOMJIUTPOHE K BBHI3BIBAIOIIEMY €TI0 MaJIOMYy MPUPAIIECHUIO TOKA;

temriepaTypHbliil koaddunuent Hanpsbxenus (TKH), %/rpan., onpenensieTcs: Kak OTHO-
IIEHUE OTHOCUTEIHHOTO U3MEHEHHUS HAIIPSKEHUST CTAOMIM3AIUU K a0COIIOTHOMY U3MEHE-
HUIO TEMIIEPATyphl OKPYKAIOLIEH cpebl.

VcioBHOE 0003HaUEHHUE TUOIOB.

B ocHOBY cricTemMbl 0003HaYE€HHI TUOI0B MOJIOXKEH OYKBEHHO-IIM(POBOM KOJI, IEPBBIN
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 anemeHT — uudpa, onpeaessieT OJUH U3 OCHOBHBIX XapaKTEPU3YIOIIUX PUOOp
MPU3HAKOB (MMapaMeTp, Ha3HAYEHUE WIIM IPUHIUI AeUCTBUS),

Hampumep, mima nogxnacca /l;
1 — BBIPSMUTENBHBIE TUOABI C TOCTOSHHBIM WJIM CPEHUM 3HaYeHueM Mpsimoro Toka < 0,3
A.
2 — BBIIPSAMUTEIIbHBIE AUOJIbI C TOCTOSIHHBIM MPsIMbIM TokOoM OT 0,3 10 10 A.
4 — UMITyJIbCHBIE JUOJIBI C BPEMEHEM BOCCTAHOBIIEHUS 0OPAaTHOTO COMPOTUBIIEHUS OoJee
500 Hc.
S — UMITYJIbCHBIE AUO/IbI C BpeMeHeM BoccTaHoBiieHus < 500 He.
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Tabmuma 2

Hampsoxe- max Ttok | Juddepen- | TKH Makcu- Junanazox max
Tun HUE CTa0u- | CTa0WiIM- | IHAbHOE %/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
H815I
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 +0,01 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 CTAOMIU3ANHT <

10 B.

2 — cTabUIUTPOHBI MOIIHOCTHIO < 0,3 BT ¢ HOMUHANIBHBIM HaNPSHKEHUEM CTAOUITU3ALUU OT
10 no 100 B.
8 — cTaOMIIUTPOHBI MOIIHOCTHIO OT 5 10 10 BT ¢ HOMMHAJIBHBIM HanpsHKEHUEM CTaOuIn3a-

i ot 10 no 100 B.

YeTBepThIil 2JIEMEHT — YMCII0, 0003HAYAIOIICE MTOPSAAKOBBIN HOMEp pa3pabOTKH TEXHO-
JIOTUYECKOTO TUTa Iprbdopa.
[TaThIiA 27IeMEHT — OyKBa, YCIIOBHO OIPEAeNseT KiacCu(pHUKaIUIo 10 TapaMeTpam Mpu-
OOpPOB, U3rOTOBJICHHBIX IO CTUHOW 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

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 nuona.

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
ocsIM KoopauHaT, nepecekaroniumces B Touke (U=0, i1=0).
[Ipu ucnosb30BaHUM reHepaTOpa €ro BhIXOJ HE TOJHKEH ObITh MPUBSI3aH K “‘3emMIie”.
2. Cobpatb cxeMy OJHOIEPHUOTHOTO BBIIPSIMUTENS (puc.4).
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\

I'eneparop
Usx R Ussbix

Puc.4.
2.1. BriOpaTh aMIuIMTYAy CHUTHaja Ha BBIXOJE FeHepaTopa.
2.2. PaCcuutaTh conpoTHBieHHE pe3ncTopa R.

2.3. C nomomsto ocruiiorpada Hadmo1aTh paboTy BRIIPSMUTENS HA PA3IUYHBIX Ya-
CTOTax.

2.4. CocraBuTh TaOIHUILy U HapucoBaTh rpaduk u3MeHeHUsT Uswix/UBx OT 4acTOTHI Te-
HepaTopa.
3. cobparh cxeMy IMOJHOTO OrpaHuuuTens (puc.S).

1

o— 0

Bxon Breixon

Puc.5.

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

+U
Puc.6

4.1. Tlomath Ha BXOJ CUHYCOUWJIAJIbHBIN CUTHAJ. 3aprucoBaTh ()OPMY BBIXOJHOTO CUTHAJA
P pa3IudHBIX amruinTyaax UBX.
5. CoOpath u ucciaeaoBaTh CXeMy, MOKa3aHHYIO Ha puc.’.

R
o—— |
Usx % @
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 TOJKEH coiepkKaTh TPUHIIMITHAIBHYIO CXEMY, pacyeTHbIe POPMYIIbI, OTYyYECHHbIE
pEe3yJIbTaThl U BBIBOJIBI.

KOHTPOJIbHBIE BOITPOCHI
1. TToueMy He UIGHTUYHOCTDH (PA30BBIX XAPAKTEPUCTHUK TOPU3OHTAIIBHOTO M BEPTUKAIb-
HOTO KaHaJIOB ocHuuIorpada ucKakaeT BOJIbT — aMIIEPHYIO XapaKTEPUCTUKY Ha
skpane IJIT?
Kaxk Bmusier conporusieane R (puc.4) Ha BBIXOAHOW CUTHAII?
3. OOBscHUTE, KaK U MoyeMy paboTaeT cxema (puc.S).

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.

TeopeTndeckre MOIOKCHUS.

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 TIpaBUiIaM (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. Kaxxniprit TpaH3UCTOp XapaKTepru3yeTcss MaKCUMaIbHBIMH 3HAYCHUSIMU

'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
HanpsHKEHUE MeXay 0a30il 1 SMUTTEPOM HEJb3s1 YBEJINYMBATh HEOTPAaHUUEHHO, TAK KaK ec-
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 JIEMEHT — YMCII0, 0003HAUAIOIIEe MOPSIIKOBBIN HOMEDP Pa3pabOTKH 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
ey C

1

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.

Hpyroii, ocuumiorpaguueckuii METoI MO3BOJSET MOJYYUTh HAa dKpaHe OCLMILIO-
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 —_ F—un
L

I'IH 4@ - >

VvV _/

E O @Tz

Pnc.3

Kaxk HU3BCCTHO, XAPAKTCPHUCTUKHU TPAH3HUCTOPOB OIPCACIIAIOTCA TPEMA BCIMYHUHAMH

(L5, Lk, Usd). Ecii oqHy M3 BEIWYMH, HAIPUMEP L5, MOIIEPKUBATH IIOCTOSHHOM, 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.
ITOPAOK BBIITOJIHEHUSA PABOThBI

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

1.2. 3anmaBas (QUKCHPOBaHHBLIE 3Ha4YeHUs TOKa 0asbl ( 16 ) B mpenenax, KOTOPBIE
HEO0OXOMMO OTIPEJIEIUTh U3 Ta0JI.2 JJIs 33JaHHOTO TPAH3UCTOPA, CHATH 3aBHUCH-

MocTh Ltk 0T Uko.
1.3. Beizenuts Ha noctpoeHHol BAX pabouyro 06s1acTh, 00€CeUnBaOIIYIO JTHHEH-
HBIN PeXUM PabOTHI TPAH3UCTOPA, M ONPEISITUTE TapaMeTPhl TPAH3UCTOPA.
2. Hcnonb3ys nmoctpoeHHyio BAX TpaH3ucropa, BeIOpaTh pabouylo TOYKY M paccyu-
TaTh LM CMEUICHUS ISl CXEM, TIPEACTABICHHBIX Ha pHUC.4.
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Un Un Un
a) ® 0 ° B) o

Rx DRl
Re -

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 CcYeT 4ero NMpOUCXOAUT JOIOJHUTEIFHOE YBEIMYEHHE MOLIHOCTH CUTHANIA 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
[Ipenenbubie
Tun Koaddu- Emkocts | I'pannu- | Hamps- mapamMeTpsl Pacnonosxe-
TPaH3UCTOpa | [IUCHT Nepe | KOJUICK- | Has JKEHUE HHE BBIBOIOB
a4y TOKa TOpa yacToTa | HachbIIle-
0a3bl Cox fr HUs
’ ) P
§ n®d Ml KOJUIEKT- Jremax pmax

Top- MA | MBT

smmurep | Ukamax

Ukp Hac,

B B
MI142b 45 -100 - 2 0,2 15 150 200 K 9
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 i
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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

Omnepaunonssiiit ycunurenab (OY) — 3T0 yHUBEPCAJIbHOE YCUIIMTEIBHOE 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 BXOJa, BO3MOKHOCTh MPOTPaMMHUPOBAHUs, BEIXOAHYIO MOITHOCTh W MpEIoiara-
€MO€ HCMOJIb30BaHUE.

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 HApaCTaHMsI, MOTPEOIIAEMYIO
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 OY BKiIO4aeT OOJbIIOE YKCIO mapaMeTpoB. HeKoTopeiMU M3 HUX CIEAyeT pyKOBOJI-
CTBOBaThCs Mpu Bbibope Tumna OV, B HauboblIel CTENeHN TOAXOASIIEro sl KOHKPETHOTO
IIPUMEHEHUS, a IPyTUe NMpeaHa3HaYEHbl JJI HCIOJIb30BAHMS B KAUECTBE MCXOIHBIX TaHHBIX
MPU NPOEKTUPOBAHUHU.
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OnepanmoHHbIA YCUIIUTEIb

v v v
MOHOIUTHBIN ['ubpuHbIT

JIuCKpeTHBIN
v v
C rajJjbBaHUYECKU (

CBJ3aHHBIMHU KaCKaJaMH
|

C MoayJAIMe curHaia

A\ 4
Bapukamnno
bunonsipubie C IIT — Bxogom C npepsiBarenem MOCTOBOU
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

nokost 6a3 (uwiau 3aTBOpoB) au(dEPEHINATHPHOTO BXOJHOTO Kackaja MpU OTCYT-
CTBUU BHEIIIHETO CUTHAJA, T.C.
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lex = ( lexi+isx2 ) /2.
st OY Toku mokost 6a3 (MM 3aTBOPOB) MPENCTABIISACT COOOM BXOIHBIE TOKH, HEOOXO M-
Mble 1t obecrieuenns Useix = 0 (puc.2).

Lex1
o—— —
BX2
—
o—= 1+
Uex u T Usbix
Usx u
b | .

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 IIPHIIOKHUTb MCKAY BXOIHBIMH 3 KHMaMHU JJIXI YCTAHOBJICHHSA HYJICBOI'O
HAIIPSKCHUA Ha BBIXOC, 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:

lex cm = Alexem/AT.

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

Usxfecm= AUBxcm /AT .

6. Koapdumuent ycunenus mo HampsHpkKeHUIO MPH Pa3OMKHYTOM OOpaTHOM CBs3M A
OTIpe/IEIIAETCS KaK OTHOILIEHUE BBIXOHOTO HampspKeHUs K quddepeHInanbsHOl co-
CTaBJISAIONIEH BXOJHOIO CHUTHaiIa HU3KON 4acToThl pH oTCyTCTBUU OC U HArpy3ku

Ha BBIXO/JIC.
UBBIX
A:
Usxn
7. BxogHoe compotuBneHue. 1o auddepeHImaibHoe CONPOTUBICHUE 10 TIEPEMEH-
HOMY TOKY:
Us
Rexn = — A
IBXI

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 BHIBO/IBI.

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
MOXET OBITh TOJBKO 4:

Yo=fo(X)=0 ;
Vi=fiX)=1 ;
V2=f2aX)=X ;
V3= £3(X)=X

OTU PyHKIMH ONUCHIBAIOT padOTy OJTHOBXOJIHBIX LIU(PPOBBIX CXEM, @ UMEHHO (PYHKIIUU
fo(X)m f1(X) ONMHUCBIBAIOT CXEMBI, BBIXOIbI KOTOPBIX NOCTOSHHO MMPUCOCAUHEHBI K YPOBHAM
JIOTUYECKOTO HYJISL ¥ JIOTHUECKOHN eIMHUIBI COOTBETCTBEHHO; PYHKLIUS f2(X) - CXeMY, BbI-
X0/ KOTOPOM ITOCTOSIHHO COEAUHEH C BbIXOAOM. DyHKIMA f3(X) ONMUCHIBAET UHBEPTOP, UIIN

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

V4 = f4(X1,X2) = X1AX2 - KOHBIOHKIHA ;
V5= f5(X..X2) = XI1AX2 - OTpHuLaTeJIbHbIC KOHBIOHKIINY ;
Vo6 = f6(X..X2)=X1VX2 - JIU3BIOHKIUA ;
V7=f1(X.X2)= X1VX2 - OTpUIATEIbHBbIC TU3BIOHKIINY ,

Teopema. bynesa ¢hyHkims 1000r0 KOJTMYECTBA IEPEMEHHBIX MOXKET OBITh
MOJTy4eHa METOJIOM CYIIEPIIO3UIINU U3 (PYHKITUHN ABYX NEPEMEHHBIX.
Metoa cynepno3uIiuu COCTOUT B TIOJICTAHOBKE Ha MECTO MTEPEMEHHBIX APYTHUX OyJIEeBBIX
GyHKIMIA UK TIEpe HyMepaliuu IEPeMEeHHBIX, T.€. B IEPECTAHOBKE UX MECTaMH.

32



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 ABJISIOTCS Y4 U Y3, V6 u Y3. DyHKIMOHAIBHO MOJI-
HBIM HA0OP MPECTABIAET JaKe OJHA OTPHUIIATESIIBHO B3sATast QYHKIUS f5 WIA [7.

Takum 006pa3om, Ha 6ase PICKTPOHHBIX CXEM OJHOTO THITA, Pab0Ta KOTOPHIX OMUCKHIBA-
eTcs1, HampuMep, OyIeBoi QyHKIIMEH f5 WM f7 MOKHO ITOCTPOUTH JIFOOYIO TU(PPOBYIO
KOMOUWHAIMOHHYIO CXEMY P YCJIOBUH, UTO BBIXO/bI TAKUX CXEM MOJIHO 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 HabOpa MO3BOJISAET MOJYUYNUTh HECKOJIBKO BApUAHTOB OJIMHAKOBO (DYHKITMOHUPY-
IOIAX CXEM U BBIOMPATH T€ U3 HHUX, KOTOPHIE JIyUIle TTOAXOIST JIJIS PEIICHNST KOHKPETHBIX
3ajad.

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
— & — & | &
O ] —

— 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 { Lo (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 pyukimonanbubiii 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) mpeoOpa3zoBaTh 3TO BEIPAXKEHUE K JIOTUYECKOMY 0a3ucy, BKIIIOYaromemy siemMent M-
HE;

>

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

=
<
25
<
N
b
g
5
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 =(XIAX2)V(XIAX2);

2) YV =(XIVX2)A(XIVX2);

3) V= (XIAX2AX3AX4)V(XIAX2AX2AX3)V(X2AX3AX4) ;
4) Y = (XIAX2AX3)V(XIAX2AX3)V(XIAX2AX3):

a) COCTaBUTh TAOJHILY;

0) yIPOCTHUTD, UCTIOJIB3YsI OCHOBHBIC aKCHOMBI U TCOPEMBI;
B) COCTaBUTh CXEMY;

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

TaOmura 3

Bxonsl Brixoanl
X1 X2 S

R R, OO
R ORFR O
OrRr kRO
PO OO 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 BOITPOCBHI
1. Kakue pexxumbl pabOThI TPAH3UCTOPOB UCTOJB3YyeTCs B anemenTax TTJI ?

2. MOHO 71 Ha JUCKPETHBIX AJIEMEHTax peain3oBarh, Hanpumep, 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---—- - - - - - = ]

X1 | S |
1 CxeMma Onemenr |1 Q
Xn ——— ynpasiicHUs R MaMsITH B
(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
VOPABJISIIONIUX BXOAa X TPUTTEPaA U OT COCTOSIHHS BBIXO/1a DJIEMEHTA MaMsTH, KOTOPOe
ompenenseTcs 3HaueHneM curtana Q, mocrymnaromiero ¢ Beixonaa 11 mo nenu odpatHoit
CBSI3H.

CocTostHuE TpUTTEpa OTPEICAETCS 3HaUeHUEeM BbIXoiHOTO curHaia Q. Eciu u3mene-
Hue Q, T.e. MepeKIItoUYeHNe TPUTTEPA, MPOUCXOAUT TOIBKO MPH MOCTYIUICHUHA CHHXPOUM-
yJIbCa Ha CIICIUAIIbHBIN BXOJI CHHXpoHU3anuu C, TO TPUTTEP HA3BIBACTCS CHHXPOHHBIM.
Tpurrepbl MOTYT CHHXPOHH3HUPOBATHLCS YPOBHEM MJIU (PPOHTOM CHHXPOUMITYJILCOB (pHC.2).

Cl| np yu— 50 ndp  ym— o
I I I I
Ly o Ly o

t,C
t1 t2 t3 t4
Puc.2. [Ipumep CHHXPOHU3HPYIOLIUX CUTHAJIOB
Ha puc.2 mpunster cneayromue o6o3Hauenus: [1D — nepeanuii ppoHT UMITYIIbCA;
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OO — 3anuuit poHT umiynbea; YU — ypoBenb umnynbca; t1 u t3 — MOMEHTHI MOSIBICHUS
uMIynbca; t2 u t4 — MOMEHTBI OTCEUKH UMITYJIbCA.

Tpurrepbl, CHHXpOHU3UPYEMbIE YPOBHEM, MOT'YT U3MEHSTh CBOE COCTOSIHUE B TEUEHUU
JUTUTEIILHOCTH CUHXpOUMITYJibca (Hampumep oT MmoMmeHTa t1 1o momenta t2 wium ot — t3 10
t4) npy MOCTYIJIEHUU COOTBETCTBYIOIIUX YIPABIIAIONIMX CUTHAIOB X, T.€. MOTYT MEPEKIIIO-
4aThCsl HECKOJIBKO pa3 3a BpeMsi JHCTBUS OJHOTO UMITYJIbca. B TeueHun may3nl Mex Iy
CUHXPOUMITYJIbCAMH COCTOSTHUE TAKOTO TPUTTEPA COXPAHAETCS MPH JTHOOBIX N3MEHEHUSIX
YIPABJIAIONINX CUTHAIOB. TpUTTEpbl, CHHXpPOHU3UPYEMbIE (PPOHTOM, U3MEHSIOT CBOE CO-
CTOSIHUE MPU MOCTYIJICHUU HA CUHXPOHU3UPYIOIIUI BXOJl COOTBETCTBYIONIETO (hpoHTa (TIe-
PEIHETO WM 33IHETO) CHHXPOUMITYJIbCA, T.€. B MOMEHTHI BpeMmerH 1, t2 wnm t3, t4, a mpu
MOCIIEAYIOIIEM ICUCTBUN YPOBHS CHHXPOUMITYJIECA 3TO COCTOSIHUE COXPAHSIETCs PH JII0-
OBIX M3MEHEHMSIX YIPABJISIONINX CUTHAIOB X. 3a BpeMs ACHCTBUS OJHOTO UMITYJIhCa TaKOH
TPUITEP MOKET NEPEKITI0YATHCS TOIBKO OMH Pas3.

Ecnu Tpurrep He nMeeT CHHXPOBX0/1a, @ UMEET TOJIBKO YIIPABIISIIOIINE BXOJIbI, TO TAKOH
TPUTTEP HA3BIBAETCS aCHHXPOHHBIM. [lepekimroueHre aCHHXPOHHBIX TPUTTEPOB TPOUCXOTUT
KaK TOJIbKO Ha YIPABJISIONINE BXO/IbI IOCTYMAET COOTBETCTBYIOIIAs KOMOWHAIIMS YIIPaBJIsi-
FOIIUX CUTHAJIOB X.

B uudpoBoii cxemoTexHuke HanboJee YacTo UCTIOIb3YIoTCs Tpurrepsl RS-, JK-, T- u
D- tunoB. bykBamu Ru S, Ju K, T u D npunsaro o603HayaTh ynpapisionme BXoabl X
TPUTTEPOB COOTBETCTBYIOIIUX TUMOB. PacCMOTPUM Ka>K/bIil U3 3TUX TPUTTEPOB.

RS — tpurrepsr

RS — tpurrep umeer nBa ynpapisionmx Bxojaa R u 'S, ¢ moMoIs0 KOTOPBIX BRITIOTHSAIOT-
cs1 pyHKIMKM ycTaHoBKH B coctossare Q=1 (mpu S=1, R=0) u copoca B coctosiaue Q=0 (rmpwu
S=0, R=1). [Tpu S=R=0 Tpurrep paboTaeT B pe:xuMe XpaHEHUs, T.C. COXpAHSICT paHee ycTa-
HOBJIeHHOE cocTosiHue: oo Q=1, mu6o Q=0. KomOnHamus BXOAHBIX curHajioB R=S=1
(ycTaHOBKa M cOpPOC OJTHOBPEMEHHO) SIBIISIETCS 3allPEIIEHHOM, TaK KaK MOXKET MPUBECTH K
HeomnpeaeneHHoMy coctosiHuio Q. Bo nzbexanrne BOSHUKHOBEHUS COOEB B IM(POBBIX CH-
ctemax komouHanmio S=R=1 uckmouaroT. Tabnuiry coctosauii RS — Tpurrepa Mo>xHo
MPE/ICTaBUTh B CJIEIYIOIIEM BU/JIE:

Qn+1
Qn
1
0
X

S
0
1
0
1

R, ool

X — HEONPEAEIEHHOE COCTOSIHUE.

VYcnoBHoe o6o3naueHue RS — tpurrepos — TP (manmpumep, 555TP2).
RS — tpurrepsl MoryT ObITH CHHXPOHHBIMHA U ACHHXPOHHBIMHU. CXeMHOE H300paxeHne
acUHXpOHHOTO RS — Tpurrepa mokasaHo Ha puc.3.




Puc.3. acunaxponnsiii RS — tpurrep.
PaboTy acMHXpOHHOTO TPHUTTEpa MOKHO MOSICHUTH BPEMEHHOU TUarpaMMoil (puc.4).

R

O |

Puc.4 Bpemennas nquarpamma paboTbl aCHHXpOHHOTO RS — Tpurrepa
CHUHXPOHHBIE TPUTTEPHI MOTYT OBITh CHHXPOHU3UPYEMBIMU YPOBHEM WK (POHTOM
cuaxpocurtaia. CxeMHoe n300pakeHre uX MoKa3zaHo Ha puc.S.

_IR|T IR

—Q Q

—C ) —{c B

| —Q Q
S —S

Puc.5. YcnoBubie 0603HaueHNs] CHHXPOHHBIX RS — Tpurrepa, CHHXpOHU3HPYEMOTO YPOB-
HEM.

Paboty Tpurrepa, CHHXpOHU3HPYEMOI'O YPOBHEM, MOXKHO MPOMILTIOCTPUPOBATH BPEMEH-
HOU auarpammoii (puc.6).

R

QO |
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Puc.6. Bpemennas nuarpamma pabotsl cuHXpoHHOTO RS — Tpurrepa,
CUHXPOHU3UPYEMOTO YPOBHEM.
[To ananoruu, paboTy TpUrrepa, CHHXpOHU3UPYEMOT'0, HAIPUMeEp, NEePeTHUM
(bpPOHTOM CUHXPOMMITYJIECA, MOKHO MPEICTABUTh B BUJIE pUC.T.

R

Puc.7. Bpemennas nuarpamma padoTsl ciHXpoHHOTO RS — Tpurrepa,
CHHXpOHHM3UPYEMOTO MTEPEAHUM (PPOHTOM CUHXPOUMITYJIBCA.

JK — TPUITEP
JK — Tpurrep xapakrepusyercs CaeAyomen Tadauieil COCTOSHUMI:
J K | Qn+
0 0 Qn
0 1 0
1 0 1
1 1 Qn

On otnuuaetcs or RS — Tpurrepa Tem, 4To MpY MOCTYIJICHUU HAa BXO/IbI KOMOMHAIIHH
J=K=1 meHseT cocTosiHrE BX0/1a Ha MPOTHUBOIMOJI0KHOE

Qn+1=0n.

Takum o6pazom, JK — Tpurrep He UMEET 3anpenIeHHBIX KOMOMHAITNI BXOIHBIX CUTHA-
noB. Tak ke kak u RS — Tpurrep, JK- Tpurrep MoxeT ObITh KaK ACHHXPOHHBIM, TaK U CHH-
XPOHHU3UPYEMBIM YpOoBHEM WK (poHTOM. OJTHAKO HA MPaKTUKE 0OBIYHO HcTonb3ytoTes JK
— TPUITEPBI, CHHXpPOHU3UpYEeMbIe PpoHTOM. Y ciaoBHOe ob6o3Hauenue JK — tpurrepos — TB
(manpumep, 155TB2), u ycnoBHoe rpaduueckoe n300paxkeHne J1aHo Ha puc.§.
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Puc.8. I'padmueckoe nzobpaxxenue JK — rpurrepon

T- TPUITEP

T — Tpurrep Ha3pIBalOT YaCTO CYETHBIM TPUITEPOM, U OH XapaKTEPU3YETCS CIEAYIOIIEH

TaOJIUIEN COCTOSTHUM:

T Qn+1
0 Qn
1 5n

CocTosiHHE €ro BhIX0J1a MEHAETCS Ha MPOTUBOIIOJIOKHOE MPHU MOCTYIUICHUN HA BXOJI
cyeTHOTO curHana T=1 u coxpansiercs HeusMeHHbIM npu T=0. V3 TaGauIbl COCTOSHUMN 1JIsI
JK — tpurrepa BunHo uto npu J=K=1 coctostnue JK — Tpurrepa, CHHXpOHU3UPYEMOTO
(GbpoHTOM, OYJIeT U3MEHSTHCS Ha IPOTHUBOIIOJIOKHOE

Qn+1=Qn

[Ipu noctyrmieHnn Kaxa0ro cHHXpouMmyibsca. Takum obpazom, JK — Tpurrep B a3Tom ciry-
yae GyHKIIMOHUPYET Kak T- Tpurrep npu mnojade c4eTHOro curHaiga T Ha BXOJ CHHXPOHH-

3aruu C (puc.9).

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

D —-TPUITEP
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D — tpurrep umeeT TalOIHILy COCTOSIHHM, B KOTOPOM OTCYTCTBYET COCTOSIHUE, COOTBETCTBY-
IOLIEE PEXKUMY XPAHEHUS:

D |Qn+1
0 0
1 1

D — Tpurrepsl OBIBAIOT TOJIBKO ACHHXPOHHBIMH, U B COOTBETCTBUHU € TAOJIULIEN COCTOS-
HUM, OHU MOCJIE MOCTYIUICHUS CHHXPOCHUTHAJA YCTaHAaBIMBaIOTCA B cocTosinne Qn+1=D.

Taxum oOpazom, D — Tpurrep BbINOTHIET PYHKIMIO 33A€PKKU HHPOPMAIIIH, TOCTYTIa-
IOLLEH Ha yNpaBIAromMi BXoa D Ha 0uH neproJ CHHXpOCUTHAIA.

B MUKpO3JIEKTPOHHOI anmapaType MUPOKO UCTOIb3YIOTCs Kak D — Tpurrepbl, CHHXpO-
HU3HUPYEMbIE PPOHTOM, TaK U CUHXPOHU3UPYEMBIE YpOBHEM. Y clI0BHOE 0003HaueHue D —
tpurrepoB — TM (155TM2), a ycinoBHoe rpaduueckoe uzoOpaxkeHue npuseneHo Ha puc.10.

_ ID|T|l_—0 — ID|T | —Q

—c — —sl c| +——Q

Puc.10. I'paduueckoe nzoOpaxenue D — Tpurrepos

CornacHo TabimuamM cocTostHui, cHHXpOHHBIN JK — Tpurrep OyaeT BINOIHATh (QYHKIMH
D — tpurrepa, eciu HCKIOYUTh KOMOMHAIIMY IEPEMEHHBIX, PU KOTOpbIX J=K.

3Jto nosydaercs coequHenueM Bxon0B J u K uepes unseprop (puc.11).

o J|T
D C Q

Puc.11. JK — tpurrep B pexxume D — tpurrepa
B cBoto ouepenb, D — Tpurrep, CHHXpOHU3UPYEMBI (PPOHTOM, BBITTOTHSIET (PYHKIIUU
T — Tpurrepa, eciiu coequHUTh BX01 D ¢ nHBEepCHBIM BbIX010M (puc.12).
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Puc.12. D — tpurrep B pexxume T — Tpurrepa

PaccmoTpeHHBI€ BBIIIE TPUTTEPHI ABISIOTCS OCHOBHBIM 3JIEMEHTOM, UCITOJIb3YE-
MOM TIpU MTOCTPOEHUU 0O0JIEe CIOKHBIX MOCIETOBATEIbHBIX YCTPOMCTB, TAKUX, KAK CYETUH-
KH, PETUCTPBI MAMSTH, CIBUTOBBIE PETUCTPHI U T.1.

PaccmoTtpum stH ycTporcTsa.

CUETUHMKHA

CueTurnKOM Ha3bIBaeTCs (PYHKIIMOHAIBHBIN Y3€J1, Ha BEIBOJIaX KOTOPOTro 00pa3yeT-
Csl YKMCJIO, COOTBETCTBYIOILIEE KOJIUYECTBY MTOCTYNMHUBIIMX HA BXOJl UMITYJIbCOB. OCHOBHBIM
[IapaMeTPOM CUETUYHMKA SBIsIETCS MOAy b cuera Kec. Monyns cueta paBeH MaKCUMAIbHOMY
YHCITy UMITYJIbCOB, KOTOPOE MOKET OBITh MPOCUUTAHO CUETUUKOM. CUETUMKHU CTPOSITCS HA
ocHoBe JK -, T- tpurrepos. [Ipumep cuerunka Ha D — Tpurrepax nokasas Ha puc.13.

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

Cueruuk, conepxKalii M TPUTTEPOB, HA3bIBACTCA M — pa3psaHBIM.
OH MOXET UMETh 2 YCTOMYUBBIX COCTOSIHUSA, TOATOMY €ro moayib cuera Kc<2. KomnuectBo
MOCTYNHBIIUX HA CYETHBIN BXOJI UMITYJICOB MPECTABISAETCS HA BBIXOJE CUETYMKA B BUJIE
JBOMYHOIO yucia. Tak, HanpuMep, MPeACTaBICHHOrO BhIILIE TPEXPA3PSAIHOIO CUETUHKA
MO>KHO MPOWJLTIOCTPUPOBATH BPEMEHHOM AuarpaMMoi (puc.14).

Bx

3 | | | | | | | | —

t
| | | | | |
000001 |010 |o11 |100 |101 |110 | 111 | 000 | 001 | 010 | 011 |
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Puc.14. Bpemennas auarpamma pabOThl CYETUMKA

YacroTa UMITyJICOB Ha BBIXO/JIE TIOCIIEIHETO pa3psiia cueTynka B Kc pa3 menblie, ueM
4acTOTa UMITYJIbCOB, IOCTYHAIOIIMX Ha BX0A. [103TOMy cueTunku UCIoNIb3yOTCS B Kaue-
CTBE JIETUTEIIEH 4acTOThl, 00ECIIEUNBAIOIIUX Ha BbIX0/i€ B KC pa3 MEHbIIyI0 4acTOTy CUT-
HaJla, 4YeM Ha BXOJE.

[To Tuny pyHKIMOHUPOBAHUS PA3NIUYAIOT CUETYUKH CYMMUPYIOILIUE, BBIYUTAIOIINE U
peBepcuBHble. CYMMUPYIOIINUN CYETUYUK BBIMOIHIET MPSIMOM CUET, T.€. P MOCTYIIJICHUH Ha
BXO/J 0YEPETHOTO UMITYJIbCA YHCIIO Ha BBIXOJ CUETUMKA YBEIMYUBACTCS HA AUHUITY. BbI-
YUTAIOIMIUN CUETYMK POU3BOAUT OOPATHBIN CUET, T.€. PU MOCTYINIEHUU CUETHOTO UMITYJIb-
ca YMCJIO Ha BBIXOJIE YMEHBIIIAeTCs Ha eAMHUILY. PeBepCHUBHBII CUETUMK MOXKET padoTaTh B
peXUME IPSIMOTO U OOPATHOTO CYETA.

Ecnu cueTHbIE UMITYIBCHI B CUETYHKE TIOJAIOTCS TOJIBKO HA BXOJ TPUTTEpA MEPBOTO
pas3psijia, Kak B CUETYHKE, IIPEICTABICHHOM BBIIIE HA PUCYHKE, TO TAKOW CUETUYMK HA3bIBa-
€TCsl IOCJIEI0BATENIbHBIM.

JI1s KaskI0T0 U3 MOCIEIYIOIIUX Pa3psI0B CUTHAIBI IEPEKITIOYEHHS] IOCTYIAIOT C BbI-
X0J1a MpeAbIAYIINX pa3psiioB. B pe3ynbrare MponcxXoauT MOCieI0BaTeIbHOE MEPEKIIoYe-
HUE pa3psA0B CUETUHKA.

Ecnu nepuos cueTHBIX UMITYJIBCOB COM3MEPUM C BPEMEHEM 3aJIEPKKH MEPEKIIOUCHHUS
OJIHOTO pa3psiia CYETYMKa, TO YUCIIO Ha BBIXOJAaX MOCIEA0BATEIbHOIO CUETYMKA MOKET HE
BCEI/Ia COOTBETCTBOBATH KOJMYECTBY MOCTYNMUBIIKX HA BXOJl UMIYJIbCOB. B aTOM ciyuae
Han0OoJIee MOAXOIALIIMMHU SIBISIFOTCS MTapaJIe/IbHBIE CUeTYNKHU. B cueTdnkax 3Toro tumna
CYETHBIE UMITYJIbCHI OJHOBPEMEHHO (TIapauieTbHO) OCTYNAOT Ha CUHXPOBXOb! C TpHrTe-
POB BO BCEX paspsaax.

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

a 0
— D1 |CT2/10
— D2
— S CT2| 1 — — D4 1 —
2 — D8 2
— C 4 — 4 —
8 —— 1S g
— R
—c 9 ——
—R

Puc.15. I'paduueckoe n3obpakeHHe CUCTUNKOB
Ha puc.15,a nokazan 7BOMYHBIA CUCTUHK, a HA pHC.15,0 TBOMYHO — NECATHUYHBIN C

BO3MOKHOCTBIO MTPEABAPHUTEIHHON YCTAHOBKY C TIOMOIIBIO MapayuienbHoro Bxoaa D1 — D8.
[Tocnennuii cueTunk cuuraercs 10 10, v janee MUK cueTa NOBTOPSETCS.
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PEI'ICTPbI

Perucrpom Has3piBaeTCs (PyHKIIMOHAIBHBIN y3€ll, BHITOTHSIOMINNA XpaHEHNE TBOMYHBIX
YHCeJl, UX CABUI Ha OIPENEICHHOE YUCIIO pa3psiioB. OHU CTPOATCS HA OCHOBE PACCMOTPEH-
HBIX BbIIIE TpUTTEpoB. [1o criocoby npuema u Bbliau HHPOPMALIUU PETHCTPHI ISIATCS Ha
CIICAYIOIIHE TPYIIIbL: ¢ TapayieIbHBIM IPUEMOM U BblZauei (puc.16,a), c mocnemnoBaTenb-
HBIM IIPUEMOM | BbI1aveit (puc.16,0), ¢ mocie0BaTeIbHBIM IPUEMOM U MapajlIeTbHON BbI-
nauveit (puc.16,0), ¢ mapayiebHBIM IPUEMOM H MOCJIEN0BATENbHOM BblTauel (puc.16,r), a
TaKk)kKe KOMOMHUPOBAHHBIE C PA3JIMYHBIMH CIIOCOOAMU MpHEMa U BBIJAYH.

a ‘Qm-l‘Qm-Z ‘Ql ‘QO
|
Tm-1{Tm-2| ... T1 | To |
|
| |
Am-1 Am-2 Al Ao
0
@
Am-1..Ao0
—1Tm-1|Tm-2 T1 | To
C O
B
Qm-1|Qm-2 Q1 |Qo
Am-1..Ao
Tm-1|Tm-2 T1 | To
CO
r ‘ Qo
Tm-1|Tm-2 T1 | To
o | | |
Am-1 Am-2 Al Ao

Puc.16. CTpyKTypHBIE CXEMBI PETHCTPOB
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Peructpsl ¢ napamienbHbIM IPUEMOM U BbIJauei HH(OPMALIMK UCTIOIB3YIOTCS TS Xpa-
HEHUS HHPOPMAIUHN U HA3bIBAIOTCA PErucTpaMu namsaTu. M3meHenue xpaunsuieiicss undop-
MalliH, T.€. BBOJ MHON MH(GOPMALIMK POUCXOAUT MOCIIE COOTBETCTBYIOIIETO U3MEHEHUS
CUTHAJIOB Ha BX0J1ax A MpH MOCTYIUIEHUU onpeneneHHoro ypoBHs (0 unu 1) umm ¢pponra
cuHXpocUTrHaIOB C. 1JIsl NIOCTPOEHUS PETUCTPOB MAMITH MOTYT UCIOJIb30BAThCSI CUHXPOHH-
3upyembie ypoBHeM mwin pponToM D — Tpurrepst unu RS — tpurrepsi. B nepBom cinyuae
uH(popMaIus J0HKHA MOCTYNaTh B BUJE 0JIHO(GA3HBIX CUTHAJIOB, @ BO BTOPOM BHJIE Mapa-
(da3HbIx curHanoB. [IpruMepbl perucTpoB MaMsITH MOKa3aHbl Ha puc.17.
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Puc.17. Peructpel namaru Ha D- u RS- Tpurrepax

Peructpsl ¢ mocneaoBateabHBIM IPUEMOM HIIM TIOCTIEIOBATENBHON BhITa4Yei HHPOP-
MAaIi¥ Ha3bIBAIOT YACTO CABUTOBBIME perucTpamu. B peructpe ¢ mocieaoBaTeabHbIM IPH-
€MOM U BbIJIa4yeil MePBBIA pa3psi BBOJUMOTO Yiciia Ao 1MOJaeTcs Ha BXO OAHOTO CTaplie-
ro paspsna peructpa Tm — 1 1 BBoAUTCA B HETO
IpU MOCTYIUICHUH MIEPBOTO CHHXPOUMITYJIbCa, T.e. QM-1=A0. IIpu noctymienuu cienayro-
IIET0 CUHXPOUMITYJIbCa 3HaueHrne Ao, MOCTyMaroIlee ¢ BbIXxoaa pa3psiaa Pm-1 BBoguTcs B
paspsa Tm-2, T.e. yctanaBnuBaetcas Qm-2=A0, a B pa3psin
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Pm-1 noctynaet cneayromuii pa3pan uncia, T.e. Qm-1=Al u t.1. Takum 06pazom, npous-
BOJIMTCSA MOCIIEA0BATEIBHBIN CABUT MOCTYHAIOIICH HA BXO HH(POpPMAIIK HA OJTUH pa3ps
BITPABO B KAKIOM TaKTe CHHXPOCUTHAIIOB. [ociie mocTyruieHnss M CHHXPOUMITYJILCOB BEChH
PETUCTpP OKa3bIBACTCS 3aMOJTHEHHBIM pa3psiiaMy 4uciia A, v IePBBINA pa3psl Ao MOSBISICTCS
Ha Beixosie QO perucrpa. B TeueHue mocnenyrommx M CHHXPOUMITYJIBCOB IPOU3BOIUTCS
TIOCTIEIOBATEBHBIN pa3psIHBINA BHIBOJ U3 PETUCTPA 3alMCAHHOTO YUCIIA, TIOCTIE Yero pe-
TUCTP OKa3bIBACTCS MOJHOCTHIO OUUIEHHBIM. CIBUTOBBIE PETUCTPHI OOBIUHO PEATU3YIOTCS
Ha D — Ttpurrepax (puc.18,a) unmu RS — tpurrepax (puc.18,0), riae ais BBojga uHGOpMAIIUU B
TIEPBBIN pa3ps] BKIIOYACTCSI HHBEPTOP.
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Puc.18. CaBurossie peructpsl Ha D- u RS- Tpurrepax

JIJ1s CIBUTOBBIX PETUCTPOB 00S3aTENbHBIM SIBIISIETCS IPUMEHEHUE TPUTTEPOB, CUH-
XPOHU3HUPYEMBIX (DPOHTOM.

CaBUTOBBIE PETHCTPBI MOTYT OBITh PEBEPCUBHBIMHU, T.€. BHITIOJIHSIOMIMMHU CABHUT B
Jr000M HAINpaBJICHWU: ClIeBa HANPaBoO WM Ha000poT. HampasneHnue caBura onpeaensercs
3HaYEHUEM YIIPABIISAIONIETO CUTHAJIA HA CIICIIUAIBHOM BXOJIE PETHCTpA.

YcnoBHoe o6o3Hauenue peructpos UP (nanpumep, 155 UP 1), u ycnosaoe rpaduue-
CKO€ N300pakeHHe TaHo Ha puc.19.
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Puc.19. I'paduueckoe n3o0paxxeHne YeThIpexpa3psAHOTO perucTpa

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

I[MEPEYEHbB UCITOJIb3YEMOI'O OBOPY IOBAHU A
1) IlepcoHanbHbIA KOMIBIOTED
2) Ocmmmiorpad ACK-2034
3) Ucrounuk nutanus APS-7315
4) I'enepatop pynkimonansabiii AHP-1105
5) MakeTHas miaTa u UCCIIeIyeMbIe MICKTPOHHBIE KOMITOHEHTBI

[TOPAOOK BBIITOJIHEHNM A PABOTDI

1. Wzydyenue paboThl TPUTTEPOB

a) U3yunts paboty RS — tpurrepos.
JUJ1s1 BBITIOTHEHUS 3TOM 9acTH pabOThl HE0OX0IUMO, BO — MEPBHIX, cOOpaTh RS — Tpurrep Ha
sanemeHTax 21 — HE u cHATH 1u1s Hero Tabiauiy MCTHHHOCTU. Bo — BTOpBIX, BKItouast JK- u
D- B pexxume RS- Tpurrepa taxke CHATh TaOJIUIy HCTHHHOCTH. 3aT€M CPaBHUTH MOTy4CH-
HbIE PE3YJIbTaThl U CAENATh COOTBETCTBYIOLIUE BBIBOJBI.

0) U3yuuts padboty JK — tpurrepa.
Co0Oparb Ha MAKETHOM IJIaTe CXeMY JUIsl KCClIeJOBaHUsl pabOThl TPUITEPA U CHATH €ro Tao-
JIMIy UICTUHHOCTH.

B) U3yunuts padoty D — Tpurrepa.
Co0patb Ha cTeHJe CXeMy ISl UCClIeIoOBaHuUsl pabOThI TPUTTEpA U CHSTH €r0 TaOIUIly HC-
TUHHOCTH.

2. N3yuenue pabOThI CUCTIYNKOB

CoOpath Ha MaKETHOM IJIaTe TPEXPa3PSAHBIA CYMMUPYIOIIMM CUETYMK CHAYaIa Ha
JK -, a 3aTtem Ha D- Tpurrepax u 3apucoBaTh BpEMEHHbIE AUarpaMMBbl €10 padOThl.

3aTeM coOpaTh Tpexpas3psaHbIA BbIUYUTAIONMIMN cueTunK Ha JK- u Ha D- Tpurrepax u
3apUCOBATh BPEMEHHbIE AHarpaMMbl €ro padoThl.

Hcnonb3ys AONOTHUTENbHbBIE JJIOTUYECKUE AJIEMEHTHI COOpaTh CXEMY TPEXpa3psIHOTO
PEBEPCUBHOIO CUETUHKA.

3. U3yunth paboThl perucTpoB

Co0Opath cxeMy perucTpa ¢ napauieIbHbIM BBOJAOM U MapajuieIbHbIM BbIBOJIOM HH-
dbopmarnu cHadana Ha JK- , a 3atem Ha D- Tpurrepax u mokasarh ero paboToCIOCOOHOCTb.

CobpaTh cxeMy perucrpa ¢ nocjieoBaTeIbHbIM BBOJAOM U MOCJEI0BATEIBHBIM BBIBO-
oM uHpopManuu cHavdana Ha JK- | a 3arem Ha D- Tpurrepax u mokasatb €ro paboTocmo-
COOHOCTb.

CobpaTh cxeMy KOJBIEBOTO PErucTpa.
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YKA3AHUIA [TO OOOPMIIEHUIO OTYETA
OTtuet ohopMITsIETCS KaXKIBIM CTYACHTOM U JOJIKEH COJIEPKaTh MOIPOOHOE OMMCAaHUE
BCEX JTAIOB BBIMOJIHEHUS pa0OThl C COOTBETCTBYIOIIMMH CXEMaMU U TaOJIUIIAMH.
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