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JlabopaTtopHas pabota Nel
OsznakoMmuTenbHas JaboparopHas padboTta. OCHOBHBIE PaIMO3IEKTPOHHBIE U3MEPEHUS U U3-
MepuTeNbHbIE TIPUOOPHI

[lenab paOoThI: U3yUEHUE YCTPONUCTBA PAAMOU3MEPUTEIIBHBIX IPUOOPOB, UX OCHOB-
HBIX XapaKTEPUCTUK U MPABUI IKCILTyaTallUH.

CBeneHus U3 TEOPHH:

Bce paanosnekTpoHHbIE H3MEPEHNS MOKHO Pa3/Ie/IUTh HA IBA OCHOBHBIX BUAA!

- U3MEPEHUE MapaMEeTPOB CUTHAJIOB;

- HM3MEpEHUE XapaKTEPUCTUK U I1apaMEeTPOB LIETIEH.

Tak kak U3MepeHrne XapaKTEPUCTUK U APAMETPOB LIENIEN CBOAUTCS K U3MEPEHHIO

UCIBITATEJIBHOIO CUTHAJIA HAa BXOJIE€ U BBIXOJIE LIENU C MOCIEAYIOIINM CPaBHEHUEM
pE3yNbTaTOB, TO B OOILIEM CITy4ae JUIsl BHITOJHEHUS U3MEPEHUI B PaI03JIEKTPOHHBIX I1e-
51X HEOOXOAUMO UMETH JIBa BUa MPUOOPOB:

1) HemocpeaCTBEHHO M3MEPHUTEIbHbIE MPUOOPHI, MpeJHA3HAYCHHbIE IS U3Mepe-
HUSI IApaMETPOB CUTHAJIOB;

2)  u3MepuTeNbHbIE T€HEePATOPhl, IPeIHa3HAYCHHBIE /Il TEHEPUPOBAHMS UCTIbITA-
TEJIbHBIX CUTHAJIOB C U3BECTHBIMU XapPaKTEPUCTUKAMMU.

K nepBoMy Buay mpuOOpOB OTHOCATCA: JIEKTPOHHBIA OCIMILIOTpad, BOIBTMETPHI,
aMIIEpMETPBI, BATTMETPBL, 4aCTOTOMEPBI. KO BTOpOMY - r€HepaTophl ANEKTPUYECKUX CUTHA-
JIOB Pa3IMYHBIX (OpM (CHHYCOMJATBHBIX, MHUJIO00PA3HBIX, TPEYTOJbHbBIX, UMITYJILCHBIX U
IIYMOBBIX M T.J.), KATMOPOBOUHBIE UCTOYHUKU HAmpsKEHHUs U Toka. CyIIecTBYIOT Takxke
KOMOMHHPOBaHHBIE TPUOOPHI, CONEPIKAHUE IIEMEHTHI U IEPBOTO, U BTOPOTO BHUJIOB.

Inexmponnbll ocyunnozpag) — OAUH U3 Haubosee YHUBEPCATbHBIX U3MEPUTEIbHBIX
npuOOpOB, MpEeIHA3HAUYCHHBIA 1 HAOIIOACHUS, COXPAHEHUS DJCKTPUUECKUX CUTHAJIOB U
U3MepeHus ux xapakrepuctuk. Buemnuit Bun ocimmiorpadpa ACK-2034 npencraBieH Ha
puc.l.
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1) Kuonku meHo hyHKiui

2) VYnpapineHue ropu30HTAILHON CHCTEMOI
3) VYmnpasieHue CUCTEMOIl 3aIycKa

4) VnpasieHue BEPTHKAIBbHOW CUCTEMOMH
5) Bxoanbie pazbémbl

6) Pa3bém ma koMIeHcaUuy OpoOHHKA

7) @®yuxuuoHalbHBIE KHOMKH MeHIO F1-F5

Ocmmnorpad mo3BossieT HaOMOAaTh CUTHAI B JIFOOOM U3 KaHAJIOB, UX CYMMY WJIH 00a
KaHana cpa3zy. s HaOmoeHUs] CUTHAJIOB B 000MX KaHajlaX MpeJHa3Ha4YeHbl IBa PEKUMA:
KOMMYTAlMOHHBIN PEXUM U PEXUM IO0YEPENHON pa3BepTKU. [IepBrlii ucnonb3yercs mpu
OJTHOBPEMEHHOM HaOJI0JIEHUH ABYX HU3KOYACTOTHBIX CUTHAJIOB, @ BTOPOI — MpU HaOI0/1e-
HUU BBICOKOYACTOTHBIX CHTHajgoB. CUTHajd TFOPU30OHTAIBHOW pPa3BEPTKU CO3MAETCS BHYT-
PEHHHM TE€HEepaTOpOM MUII000Pa3HOTO HaIpPsHKEHUS, 00€CTIeUYUBAIOLIUM OTKJIOHEHHUE, MPO-
OPLUHOHAIBHOE BpeMeHU. Kak n 1 ycuinrenei BEpTUKaIbHOIO OTKIOHEHUS, 3/1€Ch IIpe-
OYCMOTPEHBI KaJIMOPOBAaHHBIN MEPEKITIOYATENb “‘BpeMs/IelIeHNE” U KOHIIEHTPUYECKasi C HUM
pydKa EpEeMEHHOT0 ycuieHus. i n3MepeHusl BpEMEHHBIX HHTEPBAJIOB Ta Py4Ka JOJDKHA
OBITh BBIBEJICHA B KpaiiHEe IPaBO€E MOJIOKEHUE JI0 IIETUKA. YCUIUTEIb MOXKET UMETh BbI-
BEJICHHBII OTAEIBHO BXOJ, KOTOPBIM MOXET OBITh UCIIOJIB30BAH JIJISl BHEILIHETO 3a/laHus ro-
PU30HTANIBLHOrO OTKJIOHEHUA. (HanprumMep, MOXeT ObITh MCIIONIB30BaH JUIs OJIYYEHUS QUryp
JIuccaxy). CurHajibHble BXO/ibl BEPTUKAJIbHOTO OTKJIOHEHUS U TOPU3OHTAIBHON Pa3BEPTKU
HEOOXOIUMBI [T MOCTPOCHUS TpadrKa 3aBUCUMOCTH HANIPSDKEHUSI OT BPEMEHH.

B xaymem pexume pa3BepTKa HAUMHACTCS] TOJIBKO B TOM Cilydae, KOT/ia BHIOpAHHBIN
CUTHAJ MPOXOJHUT Yepe3 YCTAHOBICHHYIO TOUKY 3allycka U M3MEHSIETCA B BHIOpAaHHOM Ha-
npasieHuu. Ha npakTuke, peryiupys ypoBeHb, JOOMBAOTCS CTAOMIBHOIO H300paKEHMUS.

B pexxrmMe BHYTpEHHETO 3alycKka B OTCYTCTBUHM CUTHAJIA pa3BepTKa HaunHaET “‘Oerath .
DTOT peX’UM XOPOULIO MCIOJIB30BaTh B TE€X CIy4asix, KOTJa CUTHAI MOXKET YMEHBIIATHCS JI0
MaJIbIX 3HAUEHUH, TaK Kak M300paxkeHue He OyJeT mpomnanath U He OyneT BO3HUKAThH BIIE-
YaTJICHUE, YTO CUTHAJ HCUE3.

OpnHokpaTHAas pa3BepTKa UCIIONIB3YETCS I HEIEPUOINYECKUX CUTHAIIOB.

VICTOYHUKH CHHXPOHU3UPYIOLIUX CUTHAJIOB BbIOMpaeTcs Nepexnrodarensimu: “Brytp.”,
“Cetp”, “Buemt.”. B nonoxenun “BHyTp.” 3amyckaronuidi CUTHA MOCTYIMAET HA BXOJ CXe-
Mbl CUHXPOHHU3ALIUU U3 YCWINTENS BEPTUKAIBHOIO OTKJIOHEHHSA. DTOT PEXHUM ObLI pac-
CMOTPEH BBILIE.

B pexume “Cerb” pa3BepTKa 3alyCKaeTcsi OT CETH MEPEMEHHOI0 TOKAa. JTOT PEKUM HC-
MOJIB3YETCSl B T€X CIIy4asxX, KOTJa MHTEPeC MPEACTABIAIOT (OH WIIM IyJIbCALUU B CXEME.
Pexxnm “BHem.” cxembl 3aIlycKa UCIOJIB3YIOT B TEX CIIyYasiX, KOIr/ia Hapsay ¢ HEKOTOPBIMU
MHTEPECYIOIIMM “TPS3HBIM™ CUTHAJIOM UMEETCS YUCTBI CUTHAJ, UMEIOIINNA TaKyIO K€ CKO-
pocTh u3Menenus. K rakomy pexxumy 4acTo nmpuoOeraroT B Te€X Clydasix, KOTJa Ha CXeMy Io-
JaeTcss HEKOTOPBIN MCIBITaTEIbHBIA BXOJIHOM CUTHAN WM B HU(POBBIX cXeMax, paboTa Ko-
TOPBIX CUHXPOHU3UPYETCS TAKTOBBIMU UMITYJIbCAMHU.

BxonHas eMkocTh ocuuiiorpada 1o OTHOIIEHUIO K UCIBITHIBAEMOM CXEME MOXKET OBbITh
CJIMLIKOM BEJIMKA, OCOOCHHO €CIIM Y4eCTh 3KPaHW3MPOBAHHBIA COEIMHUTEIbHBIN KaOeb.
[TosniHOE BXOAHOE CONMPOTHBIIEHUE (MapalieIbHOE COEIMHEHUE colnpoTuBieHue 1 Mom u
eMkocT C= 100 n®d) yacTo OKa3bIBAETCS CIUIIKOM HU3KUM JJI YYBCTBUTEIBHBIX CXEM U
Harpy>kaeT ux, o0Opasys AenuTesp HampspkeHus. MHorma sTa eMKOCTh BBI3BIBAET HEIpa-
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BUJIbHYIO Pa0OTy CXEMBI M Ja)Ke MPUBOAUT K BOSHUKHOBEHMIO aBTOKoJieOaHMM. [[s1 Toro
YTOOBI PEIIUTH ATy MPOOIeMy, OOBIYHO HCIOIB3YIOT BRICOKOMMIIEAAHCHbIE IyNbl. PaboTy
LIMPOKO PACIROCEPAHEHHOro 10- KpaTHOTO ILIyIa HILTIOCTPUPYET pUc.2.
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Kak 1 B 60JBITMHCTBE U3MEPUTENBHBIX MPUOOPOB, CUTHANI HAa BXOJIe ocIiuiuiorpada ore-

HUBAETCS OTHOCUTEIBLHO 3eMJIM MpUOOpa, KOTOpasi OOBIYHO CBsA3aHA C KOPITyCOM. DTO O3HA-
YaeT, YTO HEBO3MOXHO U3MEPSThH HAMPSIKEHUE MEXKIY IBYMsI TOUKAMHU B CXEME, a BBIHY K-
JICHBI U3MEPATH CUTHAIIBI OTHOCUTENBHO 3TOM 3eMi. [Ipn usmMepennn ciadbiX U BHICOKO-
YaCTOTHBIX CUTHAJIOB HEOOXOIMMO YOSTUTRCS, YTO 3eMJIS OCITMILTOTpada u 3eMitsi CXeMbI
OJIMHAKOBEL.

Jlyuiiie Bcero Jjist 3TOT0 COEAMHUTD 3EMITIO IIyIIa HETIOCPEACTBEHHO C 3€MJIEH CXEMBI, a 3a-
TEeM U3MEPHTH IIYTIOM HAMPSHKEHUE 36MJIA U yOIUTHCS, YTO CUTHAT OTCYTCTBYET.

Kax mpaBumno, ocrmmiorpad umeeT renepaTop KaIMOPOBOYHOTO CHUTHAJIA MU3BECTHOM dac-
TOTHI U aMILTUTY/Ibl, BEIXOJTHON CUTHAJI KOTOPOTO MCIIOJIB3YETCs TSl KaTUOPOBKU OCITUILIO-
rpacda. DTo jAenaercs MyTeM I0Jlaud CUTHAJIa ¢ TeHepaTopa Ha OJWH U3 BXOJOB OCIUJLIO-

rpada.

DYHKIMHAJIBLHBIE TEHEPATOPHI

Puc. 3.

I'enepaTopsl 3TOW TPYIIIBI TEHEPUPYIOT CUHYCOUAAIbHBIE (MHOT 1A TPEYTOJIbHBIE, MTHIIO-
oOpasHbIe U MEaHAPOBBIC) IEPUOTUICCKIE HAMPSHKEHUS C YaCTOTON OT COTBIX JoJier ['11 1o
200 Kru. OHu npUMEHSIIOTCS MPU HACTPOMKE W UCMBITAHUMA HU3KOYACTOTHBIX PaIAO3JICK-
TPOHHBIX YCTPOUCTB.



IlepecTpolika 4acTOTHI 3aJAOLIEr0 F'eHEPATOPA OCYLIECTBISAETCS ¢ IOMOILBIO CTYIICHYA-
TOT'O MEPEKIIoYaTeNs AUANa30HOB U IUIABHOTO PETryJIATOPA, U3MEHSIOIIET0 YacTOTy B IIpe-
Aenax Kaxjaoro auanaszosHa. 1y Beibopa (opMbl CUTHaIAa UCHOJB3YETCs ClIELUaIbHbIN Te-
PEKIIIOYaTEb.

Bb10paHHBIi CUTHAJ € 33/1a10ILEr0 F'eHEPAToOpa MOCTYNAET Ha YCUIIUTENb C IUIABHOM pe-

T'YJIMPOBKON KOA(PPUIMEHTAa YCHIECHHUS, a 3aTEM 4epe3 YCHINTENb MOIIHOCTH Ha aTTEHIOA-
TOD.
Hampsixenue Ha BXOJE aTTEHI0ATOPa KOHTPOJIUPYETCS IEKTPOHHBIM BOJIBTMETPOM. Bxon-
HO€ M BBIXOJHOE CONPOTHUBIIEHHE ATTEHIOATOPA HE 3aBUCHUT OT cTeneHu ocnadnenus. Ilo-
cliefHee OCOOCHHO Ba)KHO, TaK KaK IMOCTOSITHHOE BO BCEM JMAINa30HE YacTOT M aMIUIUTY/,
BBIXO/IHOE COINPOTHUBIICHHE I'€HEPATOPa YNPOLIAET PACUETHl U CONPOTUBIIEHUE PE3YJIHTATOB
U3MEPEHNN.

M3MmepuTenbHble TeHEPATOPHI BHICOKOM YaCTOTHI
['enepaTopbl 3TOM IPYIIBI TEHEPUPYIOT CUHYCOUIAIbHBIE KOlebaHus ¢ yactoramu oT 200
Kri no necsatkoB Mrix (50 Mri).
Kpome 4ncToro rapMoOHUYECKOT0 HAMPSKEHUST BBICOKOW YaCTOTHI, TAK)KE T€HEPATOPHI SIB-
JISIFOTCSI UCTOYHUKAMH KOJIEOaHHM, MOYJIMPOBAHHBIX 0 aMIUIUTYE, a HHOT/Ia U 110 4acTO-
Te (puc.4).

Yceunurens-
3afaromuin »| MOJYJISITOD ,| BBIXO1HOM ,
reHepaTop BBICOKOU aTTEHI0ATOP Usbix
YaCTOThI
TT TT ‘p) TT » DJIEKTPOHHBIN
OO 1 O s
JMaIia30H MIABHO IJ1aBHAs N3mepurenp
Y cTaHOBKA YaCTOTHI [pEryJIMpOBKa .| TITyOUHBI
MOZYJIALIUU
I'eneparop
MOZYJIUPYIOIIETO
HaInpsHKEHUs

Bxon curnana
Buemnen Mmogynsuuu

Puc. 4

YacToTa 3aJar0lIero reHeparopa nepecTpauBacTcs NEPEKIIOYEHUEM KOHTYPHBIX KaTylIeK
WHAYKTUBHOCTH (AMamna3oHbl) M IUIABHBIM W3MEHEHHUEM €MKOCTH KOHIEHCAaTopa KOHTYpa
(T1aBHOE U3MEHEHUE YaCcTOThI B Mpe/eax KaK10ro Juana3oHa).

Yeunutenb- MOIYNSATOpP MPEACTaBiIseT coOOM mepecTpauBaeMblil M0 YacTOTE OJHOBpE-
MEHHO C 33JIal0IUM T'€HEPATOPOM Pe30HaHCHBIN ycunutenb. Koagduument ycunenus 31o-
ro YCUJIUTENSI MOKET U3MEHSThCSI CUTHAJIOM COOCTBEHHOI'O T€HEpaTopa, MOIYJIUPYIOIIETO
HaANPsHKEHUST 3BYKOBOM 4acTOThI, WIM HANpsDKEHHEM, T0/IaBaeéMbIM Ha BXOJI BHEUIHEH MO-
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nyJiuu. B nepBoM ciiydae OoCyIECTBIISIETCS BHYTPEHHSS, 2 BO BTOPOM- BHELIHSSI aMILIU-
TyAHast MOIyJsIMs. Ecim Moxynupyrolee HalpsHKEHUE Ha YCUIIUTENIb- MOAYJISATOP HE MO-
CTYIAET, BHICOKOYACTOTHBIE KOJIEOAHUS HA €r0 BBIXOJIE OCTAIOTCS HEMOAYIMPOBAHHBIMHU.

N3mepenrie HampspKeHUsl CUTHala W TIYOMHBI MOAYJISIIMU OCYILIECTBIIAETCS HA BBIXOJIE
YCUIIUTENS, K KOTOPOMY MOJKIIIOUEH BBIXOJHOM arTeHtoatop. Koadduiment nenenus arre-
HIOATOpa OMpPEENSIET YPOBEHb CUTHAJIOB Ha BbIX0J1e TeHepaTtopa. OOBIYHO OH pPeryiIupyeTcs
B mipezenax ot 1B 10 qonelt MUKpOBOJIbTA.

[lepeyeHb UCHOIB3YEMOI0 000PY/I0BAHUS
1) Ocnorpadg ADS-2111MV
2) Ocmumnorpad ACK-2034
3) Uctounuk nutanust APS-7315
4) Uctounuk nutanust APS-5333
5) Uctounuk nutanust APS-3320
6) I'eneparop pynkunonansueiiit ADG-1005
7) T'eneparop dbynknuonansHeii AHP-1105
8) MynbTumerp AM-1152

3a1aHus U METOMYECKUE PEKOMEHAAITNH.
1. PykoBoACTBYACH IpHJIara€MbIMU K IpHUOOpaM TEXHUYECKUMHU ONUCAHUSIMU U HH-
CTPYKLIUSIMU, IPUBEIUTE BCE HaXOAIIMeECs HAa paboueM MecTe mpudopbl B pabodee cocTos-
HUE.

2. C momoristo ocimuiorpada onpeaenure:
a) 4aCTOTY CUTHAJIOB Ha BBIXOJIC TEHEPATOPA,
0) aMIUTUTY Iy CUTHAJIOB Ha BBIXOJIE TEHEPATOPA,
B) TapaMeTPhl UMITYJIBCOB C TEHEPATOPA UMITYJIHCOB.
3. Ucnone3ys ocumiorpad B peKUME BHEUTHEH CHHXPOHHM3AIMU PA3BEPTKH, OMPE-
nenuTe caBUT (a3 MEXy IBYMS MEPUOANICCKUMU CUTHAJIAMH.
4. I'enepaTop BBICOKOW YaCTOTHI TIOCTABBTE B PEKUM BHYTPEHHEH aMITUTYIHOW MO-
aynsiuu. PaccMoTpuTe orubaronryro U HECYIIYIO ATOTO CHTHAlIa Ha dKpaHe ociuiorpada
M OLIEHUTE MX YaCTOTHI M aMILTUTY/IbI.

OdopmieHune pe3ynbTaToB.
Kpatko 3anmcarts mocienoBaTeIbHOCTh ISHCTBUI TIPU pabOTe ¢ U3MEPUTEIBHBIMU IPH-
O6opamu. 3anucath pe3yabTaThl U3MEPEHHIA.

KOHTPOJBLHBIE BONIPOCHIL.
1. Yem obecnieunBaeTCss HEMOABUKHOCTh M300paKeHMS Ha dKpaHe ocuuiuiorpada?

2. Kak ocymectBisiercs kanmuOpoBka ociuuiorpada?
3. B 4em cocToST OCHOBHBIC pa3iudus PSKUMOB BHYTPEHHEH M BHEITHEH CHHXPOHU3AIIUU
pa3BepTku ocumorpada?

bubnunorpadbuyeckuii CIMCcoK.
1. Ocmumiorpad ADS-2111MV. UHCcTpyKIuUS 110 KCIUTyaTallUH.
2. Ociumnorpad ACK-2034. MHCTpyKIUS TIO IKCILTyaTalluH.
3. Uctounuk nutanusa APS-7315. MHCTpyKLMS 110 SKCITyaTalluu.
4. Ucrounuk nutanust APS-5333. HCTpyKIUs MO SKCILTyaTal|u.
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5. Ucrounnk nutanust APS-3320. UTHCTpyKIMS 1O SKCIUTyaTaluy.

6. 'ereparop pyakrmonanbabiii ADG-1005. MHCTpYKIIHS MO SKCILTyaTaIyH.
7. T'eneparop dbynkmuoHanbHeii AHP-1105. UHCTpyKITUS 110 SKCIUTYaTaluH.
8. Mynbtumetrp AM-1152. UHCTpyKIMS MO SKCILTyaTaluu.



JlaGopaTopnas paGora Ne2
N3yyenue nporpaMmmbl MOAeIMPOBaHUsA 3JIeKTPOHHBIX cxeM Electronics Workbench.

L{enb paGoTHI: MOIYYNUTh HAYAbHBIC HABBIKK Pa0OTHI B MPOTpaMMe KOMITHIOTEPHOTO
MOJEIUPOBaHus IeKTpOHHBIX cxeM Electronics Workbench.

CBCI[CHI/IH N3 TCOPHH.

[Iporpamma EWB co3gana B 1989 1. kanajackoi ¢upmoit Interactive Image
Technologies i1 cXeMOTEXHUYECKOTO MOJEIMPOBAHMS aHAIOTOBBIX M IU(POBBIX Pagro-
ANIEKTPOHHBIX YCTPOUCTB pa3nyHOTO HazHadeHus. CyIIeCTByeT HECKOIBKO MPOTPaMM I10-
nobHoro poxa (System View, Wicro-Cap, DesignlLab, Aplac u ap.), omnako EWB oTimua-
€TCsl TEM, YTO OHA MO3BOJIAET Uconab30oBath KUII, mo BHemHEMY BHy, OpraHaM yIpasiie-
HUS ¥ XapaKTEPUCTHUKAM MAaKCHUMAJIbHO MPUOIIKEHHBIE K UX MPOMBINIJICHHBIM aHAJIOTaM.
CxeMa cocraBiseTcs U3 OMOIMOTEK KOMIIOHEHTOB WMJIM IyTEM HM3MEHEHHUS YK€ TOTOBBIX
cxeM. Beimenenue anemMeHTa — wenuok 1e6ot kHonku muiiiu. Y gajaeHue — KiaapumaDel wim
COOTBETCTBYIOIAsi KOMaH/1a KOHTEKCTHOro MeHto. [Ipu cocTaBieHUn cXembl U €€ ympole-
HUsl yTeM OGOpMIICHHUS TOJICXEM MOJICIUPOBAHKUE €€ padOThl HAUMHAETCS LIETYKOM BbI-
KJIIOYaTeds.

Hcnons3yembie Tun ¢aiiioB - .ewb. O1tu Qaiiabl 00BIYHO HAXOAATCS B KaTajiore
Samples. Hanmpumep, daitn Rs-ff.ewb comepxut cxemy RS-Tpurrepa Ha noruueckux sie-
menTax NJIN-HE.

CrpyKTypa OKHa.

22 Eleehones Wotkbench

[z Edit Crowl drshss Window Help

Cl@lE] & wle] a2z 2] alak = 2|

e =lelels] TITIZ clwl BiTv] =)
Lirbatlesd
|

4 | i
Raady . [Temp: 27 : ;
Puc.1. OcnoBHbIe 251eMeHTHI nHTEpPeiica mporpammbl EWB 5.0

OCHOBHY10, IIEHTPAJIbHYIO YacTh OKHA TMPUJIOKEHUS 3aHUMaeT paboyasi 00jacTh, B
KOTOpPOH coOupaeTcs U TeCcTUpyercs dJieKTpoHHas cxema. Hanx paboueii obnacThio pacrio-
JI0’KEeHA TaHe b KHOMOK. C MOMOIIBI0 KHOMOK, UMEIOIIUXCS HA ATOM MaHeIu, MOXKHO U3Me-
HATH COAEPKUMOE OKHA HabOpa KOMIOHEHTOB. M300paxeHusi Ha KHOMKAX MOKa3bIBAIOT, Ka-
KUE€ THUIIbI KOMIIOHEHTOB IMOSBITCS B HAOOpEe MpHU HaXaTUU COOTBETCTBYIOIIEH KHOIKH.
CrpaBa B 3TOM e psAly PacHoJI0KEH NEPEKI0YATENb, MO3BOJISIIONINI BKIOYATh U BBIKJIIO-
4yaTh COOpaHHYIO cxemy. llepekiitoueHne oCyiecTBISIeTCA C MOMOUIBIO MIETYKa MBIIIBIO HA
nepexiouarene. Hag nkonkamu mpubopoB pacmonokKeHO MEHIO.
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['maBHOE MEHIO MpOrpamMMbl BKIIIOYAET B CEOS:

File
Revent to Saved... - cTupaHne BC€X U3MEHEHHI, BHECEHHBIX B TEKYIIEM CEaHCE PEeIaKTUPO-
BAHUS U BOCCTAHOBJICHUE CXEMBbI B IEPBOHAYATILHOM BH/IE;

Edit
Copy as Bitmap — BblJieNIeHHEe, YKa3aHHas 00J1acTh moMeniaeTcsi B Oydep oomeHa;

Circuit- 171 NOArOTOBKY CXEM U 3aJaHusl MAPaMETPOB MOJIEIIMPOBAHUS;

Analysis — 3a1aHre napaMeTpoB MOAECIUPOBAHUS

Window:
Arrange — UcHpaBlIeHUE HCKAKEHUS M300paXKeHUH KOMIIOHEHTOB, COCAMHUTEIBHBIX IPO-
BOJHUKOB U Iepe3anuch 3kpaHa, Circuit — BBIBOJ CXEMbl Ha NEpEAHM 11aH, Description -
BBIBO/I Ha MEPEITHUMN TJIaH OMUCAHUSI CXEMBI WJIN OKHA-SAPIIbIKA;

Help - craamaptasiii ;s Windows. [locie HaxaTus Ha 3JIEMEHT CXEMBI Ha KJIaBUIITY
F1 — oTkpeiBaercs okHO CripaBKH ¢ ONMCAaHUEM JAHHOTO 3JIEMEHTA.

Ta6nuna 1. MeHto nmuKTorpamMm

I'Imrrorpammal HasesaHue OnucaHue
@:* Favorites MabpaHHoe
_-__ L |
? Sources VIcToYHUEKM CUrHanoe
[ o . lMNaccHBHEIE KOMMNOHEHTLI W
Ahh— Basic _
- KOMMYTALWOHHBIE YCTPONCTBA

Diodes [roakl

B

Transistors TpaH3IMCTopkI

Analog ICs AHANOTOBLIE MUEDOCKEME!

I MuKpoCKemel CMelliaHHOro
THMNE

fef 3|

Mixed ICs

o

Digital ICs LinchbpoBsle MUKpOCKEME

NMorvdeckre UWhpoBkle

Logic Gates

|| MHUKPOCXEMBI
Digital LichpoBele MUKpOCKEME
Indicators VIHOuKaTOpHLIE YyCTpoRCTBa
Controls AHanoroBLie

BbIYUCMWTENRHLIE YCTPOWCTEA

; | KomMNoHeHTkI CMELLIaHHOro
Miscellaneous| arid

KoHTpONkHO-MAMEDUTENEHEIE

Instruments
npubopsl

& E | ] <
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B Electronics Workbench c6opka cxemsbr ocymecTBisieTcst B paboueit obmactu. Diek-
TPOHHBIC KOMIIOHEHTHI JIJII COOPKH CXeMBbI OEpYTCS U3 MEHIO, COJEPIKaIero Habop KOMIIO-
HeHTOB. ColiepKMMOe Habopa KOMIIOHEHTOB MOXHO HM3MEHUTh HAXKATHEM COOTBETCTBYIO-
MIMX KHOIMOK, PACIOJOKEHHBIX HEMOCPEICTBEHHO HajJ OKHaMH. YTOOBI MEpEeMEeCTUTh Tpe-
OyeMbIii KOMIIOHEHT B pabouyt0 00J1aCTh, HY’KHO ITOMECTUTh Ha HETO Kypcop U Ha)xaTh Jie-
BYIO KJIABUIIIYy MBIIIK. 3aTe€M, YACPKHBasi KJIABUIIY B HAXaTOM COCTOSIHWM, ''TIEpETAIIUTh"
AJIEMEHT, JBUTasl MbIlIb, B TpeOyeMoe MoJ0KeHne B paboueld 00JacTH U OTITYCTUTh KJIaBH-
mry.

UT0oO0BI OCYIIECTBUTH KaKUE-TMOO OMepaldy Haj 3JIEMEHTOM €ro HeOOXOIUMO BbIjIe-
nuTh. Bhlenenne 351eMeHTa OCYIECTBIISIETCS ETYKOM MBIIIM Ha 3JIEMEHTE, MPU 3TOM OH
OKpAalIUBAETCSl B KPACHBIM 1IBET.

Ecnmr HeoO6X0a1uMo MOBEPHYTH AJIEMEHT, HY)KHO CHauaja €ro BbIICIUTh, a 3aTeM HC-
MoJIb30BaTh KoMOuHaNuio kiaBui [Ctrl+R], HaxkaTre KOTOPHIX TPUBOAUT K TIOBOPOTY dJie-
MeHTa Ha 90°.

Jlist ynaneHust 3JeMeHTa ero Takke He00X0IMMO CHadaa BBIJICIUTh, @ 3aTeM HaXKaTh
knaBuiry [Del] u B oTBeT Ha 3ampoc o0 MOATBEPXKICHUU YAAJICHUS] HAXKATh KHOMKY IO/I-
TBEPKJICHUS WIN OTMEHBI YIAJICHUS.

Bce anekTpoHHBIE KOMIIOHEHTBI XapaKTEPU3YIOTCS CBOMMH MapameTpamu, OIpese-
JSIOMMMH UX TIOBeAIeHHE B cxeme. UToObl 3aaTh ATH MapaMeTpbl HYKHO JIBaXIbl IIEIIK-
HYTh MBIIIBIO HA HYKHOM 3JIEMEHTE, B PE3YJIbTAaTE YEro MOSBUTCS AUAIOTOBOE OKHO, B KO-
TOPOM HEOOXOMMO BbIOpATh WUJIU 3amKcaTh TpeOyeMble MapaMeTphl U 3aKPbITh €r0 HAXKATU-
em kaomkm "Ok".

UT0oOBI COETMHUTH MEKIY COOOM BBIBOJIBI AJIEMEHTOB MOBEIUTE KypCOp K HY>KHOMY
BBIBOJYy, IIPY 3TOM, €CJIM K 3TOMY BBIBOJY JACHCTBUTEIIBHO MOKHO IMOJICOEAUHUTH MPOBO/I-
HUK, HA HEM ITOSIBUTCS MAJICHbKUM YEPHBIN KPYyKOK. [Ipy nosiBeHnn Kpy»XKa Ha)KMUTE Jie-
BYIO KJIABUIIY MBIIIU U, HE OTIYCKas €€, MPOTalluTe Kypcop K Apyromy BeiBoay. Korna Ha
JIPYTOM BBIBOJIE TOXE MOSIBUTCS YEPHBIM KPY>KOK, OTITYCTUTE KJIABUIILY, U 3TU BBIBOJIbI aB-
TOMATUYECKH OyAyT COSAMHEHBI MPOBOTHUKOM. ECiu BBIBOJ AeMEeHTa HYKHO IOJCOEIN-
HUTH K YK€ UMEIOLIEMYCSI IPOBOJIHUKY, TO MOJABEAUTE KypCOP MBIIIN IIPU HAKATOW KIIABU-
1€ K 3TOMY IIPOBOJHHKY, MIPU 3TOM TaKK€ B TOM MECTE, TJI€ MOXKHO CIIENIaTh MOACOEINHE-
HUE MOSIBUTCSI MAJIEHbKasi OKPY’KHOCTb. B 3TOT MOMEHT OTIIyCTUTE KJIABUILY, U B CXEME aB-
TOMAaTUYECKU 00paszyeTcs MPOBOAIIEE COCTUHEHNE MEXIAY IPOBOJHUKAMH, 0003HAYEHHOE
YEPHBIM KPYKKOM.

1. ICTOYHHK TOCTOSTHHOTO HANPSIKEHUS.

Haxomutcs B Habope VICTOYHUKH CUTHATIOB.

DTOT AMEMEHT MPEACTaBISIET COO0N MOJENbh HACATHHOTO MCTOYHUKA HAIPSIKEHUS,
MOACP’KUBAIOIIETO HA CBOMX BBIBOJIAX MOCTOSHHOE HAIPSKEHHUE 3aIaHHON BeIUMYMHBL. Be-
JMYMHA HANpSHKEHUST MOXKET 3a/1aBaThCid Pa3paOOTUYMKOM JBOWHBIM IETYKOM MBIIIN Ha
AJIIEMEHTE | 3aIUCHIO0 B TMAJIOTOBOM OKHE TPeOyeMOT0 3HaUCHUSI.

2. Jlamnouka HaKaJIMBaHUS.

Haxomurcs B Habope MHAMKATOPHBIE YCTPOMCTRA.

DTOT 3JE€MEHT MOJIETUPYET OOBIUHYIO JIAMIy HAKaJIUBaHUS U MOKET HAaXOJUTHCS B
TPEX COCTOSIHUAX: BBIKIIFOYEHHOM, BKJIIOYEHHOM M meperopesuieM. lloBeneHne snemeHTa
XapakTepUu3yeTcs AByMs MMapaMeTpaMU: MOLUIHOCTHIO M1 MAKCUMAaJbHO JOMYCTHUMBIM HaIps-
KEHHeM. BBecTr HyKHbIE TapaMETPbl MOKHO JIBOMHBIM IIETYKOM MbIIIU HA dyemeHTe. [1o-
CJIe 3TOTO MOSIBJISIETCS UATIOroBOo€ OKHO. BBenuTe Tpedyemble mapaMeTpbl U 3aKpOUTe aua-
JIOTOBOE OKHO IIeYkoM Ha KHoIke "Ok".
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[Ipu pabote cxembl 3JIEMEHT OYJEeT HaXOAWTHCS B BBIKIIOUCHHOM COCTOSHWH, €CIIU
MPUIIOKEHHOE K HEMY HAMNPSKCHUE HE IMPEBBIIIAET MOJOBUHBI MAKCUMAJILHOTO HaIpshKe-
HUs. Ecnu npuiios)keHHOE HamnpsiKEHWE HAXOIAUTCS B MHTEPBAJIE OT MOJOBHUHBI MAKCUMAJlb-
HOT'O0 HANPSKEHUS 1O YPOBHS MAKCHMAaJIbHOIO HAINPSKEHUS, SJIEMEHT HAXOAUTCA BO BKIIIO-
YEHHOM COCTOSHUU. [Ipu NpeBBbIIEHUH TPUIOKEHHBIM HAMNPSIKEHUEM 3aJaHHOTO MaKCH-
MaJIBHOTO HAMPSIKECHUS 3JIEMEHT MEPEXOUT BIEPErOPEBILIEE COCTOSTHUE.

3. 3a3eMieHuE.

Haxoautcst B Habope IcTOYHUKM CUTHAJIOB.

B cxeme, cobpannoii ¢ momompio Electronics Workbench, kak u mpaktuuecku st
m000 peanbHOW CXeMbl, TPEeOyeTCsl yKa3aTh TOUKY HYJEBOTO MOTEHIIMANIA, OTHOCUTEIBLHO
KOTOPOW OINPEEIISIIOTCS HANPSKEHUSI BO BCEX JNPYTMX TOYKAX cxembl. MIMEHHO M 3TOM
LEJIA CITY>KUT JIEMEHT 3a3eMJIeHHE. Ero eIMHCTBEHHBIA BBIBOJI MTOJAKIIFOYAETCS K TOM TOYKE
CXEMBI, MOTEHIIHAJI KOTOPOU MPUHUMAETCSI paBHBIM HYJI0. JlomyckaeTcs U Aaxe 1enecoo0-
pPa3HO, OCOOEHHO JJIsi CIOXKHBIX CXEM, MCIOJIb30BaTh HECKOIBKO DJIEMEHTOB 3a3€MJICHU.
IIpu 5TOM cuMTaeTcs, YTO BCE TOUKHU, K KOTOPHIM MOJICOCANHEHBI 3a3€MJICHUS, UMEIOT OJIMH
OOIIMIA MOTEHIINA, PABHBIM HYJIIO.

4. Touka - COCIMHUTEb.

Haxoautcst B Habope IcTOYHUKM CUTHAJIOB.

OCHOBHBIM CBOMCTBOM TOYKH-COCIMHHUTENS SIBJISICTCS TO, UTO BBl MOKETE IOJICOCIH-
HATH K HEM MpoBOAHUKH. [To1cOenMHATh TPOBOJIHUKH K TOYKE MOYKHO CJI€Ba, CIIpaBa, CBEp-
Xy W CHHU3Y, TO €CTh CYLIECTBYET BCETO YETHIPE MECTA MOJICOCIUHEHUS] MPOBOJHUKOB K O~
HOM TOYKE W, CIEAOBATEIbHO, B OJHON TOUKE MOTYT COEAUHATHCS HE 00Jiee YeThIpeX Mpo-
BOJHMUKOB. JlJIsl peanu3anuu Takoro NOJACOCAUHEHUSI HYXKHO IMOJIBECTH NMPOBOJHUK MPHU Ha-
YKaTOW KJIABUILIE MBIIIHA K COOTBETCTBYIOIIECH CTOPOHE TOUKH, ITPU ITOM OKOJIO TOUYKH IMOSIB-
JI€TCSl MAJICHbKUN YepHBIN KPYKOK. OTIyCKasi B 3TOT MOMEHT JIEBYIO KJIaBUIILY MBIIIH, 110-
TydaeM TpedyeMoe ToICOeMHEHUE.

5. Ilepekntouarens.

Haxoautcs B Habope [laccuBHBIE KOMITOHEHTHI 1 KOMMYTAIlUOHHBIEC YCTPOMCTRA .

DTOT NepeKIoyaTesb JOMYCKaeT Ba BO3MOXHBIX MOJIOKEHHUS, B KOTOPHIX OJHUH 00-
IIUIA BXOJ COCIUHSETCS C OJJHUM M3 ABYX BO3MOKHBIX BbIXOA0B. [I0 yMOJIlUaHUIO NEPEKITIO-
YeHHE OCYIIECTBIIsIETCs KiaBuieit [Space]. UToObl Ha3HAYMTH KAaKOMY-JTM0O MepeKroyaTe-
JII0 IPYTYIO KJIABUIY, HY>KHO JIBAXbI IIETKHYTh MBIIIBIO HA 3TOM MEPEKIII0YATEIE, BBECTH
TpeOyeMbIii CUMBOJI B TOSBHUBIIEMCS JTUAJIOTOBOM OKHE M HaxkaTtueM KHomku "OK" mon-
TBEPIUTH CHENaHHBIN BHIOOpP. [locie 3Toro mepexoueHue TaHHOTO TIEPEeKITroYaTeNs Oy1eT
OCYILIECTBIISITHCS C MIOMOIIBIO BEHIOPAHHOM KJIABMIIIH.

6. JluHamMuK.

Haxomutcs B Habope MHAMKATOpHBIE YCTPOMCTRA.

DTOT 3JIEMEHT U3/Ia€T T'YJIOK 3aJaHHON YacTOThI, €CJIM MPUIIOKEHHOE K €ro BbIBOJIaM
HaIpsHKEHUE MPEBBINIAET YCTAHOBIECHHBIM YPOBEHb HANPSHKEHUS. 3HAYEHHUS MOPOTOBOTO
HANPSKEHUS. U 4acTOThl U3JaBAEMOI0 CHTHAJIA MOYKHO 33JaTh B JUAIIONOBOM OKHE, IOSIB-
JIAIOLIEMCS TPU IBOMHOM IIIEJTUYKE MBI Ha JIEMEHTE.

7. BosibT™MeETD.

Haxoautcst B Habope HauKaTOpHBIE YCTPOMCTBA.

DTOT 3JEMEHT MOKA3bIBAET HAIPSKEHUE, MPUIIOKEHHOE K ero BbiBoJgaMm. OnHa u3
CTOPOH 3TOr0 3JIEMEHTA BBIAECIEHA YTOJIIIECHHON TMHUEH. Eciu HanpsikeHne, MpUitoKEHHOE
K BBIBOJIJaM TaKOBO, YTO MOTEHILIMA] Ha BBIBOJIC, HAXOJAIIEMCS C HE BBIJICJICHHONW CTOPOHHI,
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0o0JIbIlIe MOTEHIIMAJA Ha BBIBOJIE, HAXOSIIEMCS C BBIJICJICHHON CTOPOHBI, TO 3HAK HaIpshKe-
HUS, TIOKa3bIBAEMOT'O BOJBTMETPOM, OYyJET MOJOXKHUTENbHBIM. B mpoTUBHOM ciyyae 3HaK
MHAULHAPYEMOTO HaNpsKeHUs Oy1eT OTpULATENIbHBIM.

8. Amriepmerp.

Haxoautcst B Habope HauKaTOpHBIE YCTPOMCTBA.

OTOT 3JEMEHT NTOKA3bIBAECT BEIMYHUHY TOKA, IPOTEKAOIIETO Yepe3 €ro BeIBOAbL. OnHa
U3 CTOPOH 3TOT0 3JIEMEHTA BBIJEICHA YTOJIUICHHON JTMHUEN. Ecnu HarpaBieHue Toka, Ipo-
TEKAIOLIEr0 4epe3 BBIBOJBI IJIEMEHTA, COBIIAJAET C HANPABICHUEM OT HE BBIACIICHHON CTO-
POHBI K BBIJCJIIECHHON CTOPOHE, TO 3HAK BEJIMYMHBI MHIUIMPYEMOrO TOKa OyJIEeT MOJO0XKH-
TeIbHBIM. B IPOTUBHOM cily4ae 3HaK OyJeT OTpULIATEIbHbBIM.

9. Pesucrop.

Haxomurcs B Habope VIcTOUHUKH CUTHATIOB.

OTOT 3JIEMEHT MpeCTaBIsIeT co00il 0IMH U3 HauboJee MIMPOKO UCTOIb3yEMbIX KOM-
MOHEHTOB 3JIEKTPOHHBIX CXeM. BennunHa CONMpOTUBIIEHHS PE3UCTOpa 3adaeTcsa pa3padoT-
YUKOM B JUAJIOTOBOM OKHE, IOSABIISIOMIEMCS IIPU ABOMHOM LIETYKE MBIIIN HA DJIEMEHTE.

[Ipocreiimas 3aeKTpUYecKas Lelb COCTOMT U3 UCTOYHMKA U IMPUEMHMKA JJIEKTpUYE-
CKOM »Hepruu. B xadyecTBe mpOCTEHIIEr0 MCTOYHHUKA IEKTPUYECKOW SHEPTHH MOXKET CIIy-
KUTh UCTOYHUK TIOCTOSIHHOI'O HaNpsDKEHUs, HanpuMmep, 6aTtapeiika. IlpueMHuKoM 31eKTpu-
YECKOM dHEpPruu OOBIYHO CIIY>)KUT YCTPOMCTBO, IPEOOPA3YIOLIEE SHEPTHUIO IIIEKTPUUECKOIO
TOKa B IPYrO¥ BUJ SHEPTHUH, HAIIPUMEDP, B CBETOBYIO SJHEPIUIO B MIEKTPUUECKON JIAMIIOUKE,
WIH B DHEPIUIO aKYCTUYECKHUX BOJIH B IMHAMUKE.

UYrobsl oOecreunTh MPOTEKAHWE TOKA 4Yepe3 MPHUEMHHK, HE0OXO0AUMO 00pa3oBaTh
3aMKHYTBIM KOHTYp, [0 KOTOPOMY TeueT TOK. [[j1s1 3Toro HeoO0X0ouMo OJIMH BBIBOJ] IIPHEM-
HUKa DJIEKTPUYECKOW 3HEPIUU TOJCOCIWHUTh K OTPUIATEIILHOMY BBIBOJY OaTapeiku, a
IPYrol K MOJIOKHUTEIBHOMY BbIBOAY. IIpocreiimmii cnoco0 ympaBiaeHUs MNPOXOXKIACHUEM
TOKa I10 LN 3aKI0YaeTCs B 3aMbIKAHUM U Pa3MbIKAaHWM KOHTYpPaA LIENHU C IIOMOLIBIO Iepe-
Kirogarens. Pa3MbplkaHue KOHTypa LENU NMPUBOIUT K Pa3pbIBy LEIHU, BCIECICTBUE YETO TOK
CTAaHOBUTCS PaBHBIM HYIIO. 3aMbIKaHHE LIEH 00ECIEeYMBACT MyTh AJIS MPOXOXKICHHS IO
LENU TOKA, BEIUYMHA KOTOPOTO OMNPEIEISAETCS MPUIOKEHHBIM HAIPSHKEHUEM U CONPOTHUB-
JIEHWEM LIEIU COTIIacHO 3akoHy Oma.

[lepeyeHb UCHOIB3YEMOT0 000PY/I0BAHUS
1) ITepcoHanbHBIA KOMIBIOTED
2) UntepakTuBHas A0CKa

3alaHusl U METOIMYECKUE PEKOMEHAAITNH.
1. 3anycture nporpammy EBW u usyuunre e€ unrepdeiic.
2. Cobepure B nporpamme EBW cxemy npocteiiero RC-dunpstpa.
3. 3anmyctute MOACIUPOBAHNE COOPAHHOM CXEMBI.
4. C noMomp0 BUPTYyaJIbHBIX MPUOOPOB MOJABANTE PA3NMYHBIE CUTHAIBI HA BXOJ
bunbTpa U PUKCUPYHTE BHIXOTHBIC CUTHAIIBL.
5. CoxpaHuTe pe3ysbTaThl MOAEIUPOBAHNUS.

Odopmienre pe3yiabTaToB.
Kpatko 3amucath mociienoBaTebHOCTh ACHCTBHUI MpU padoTe ¢ mporpammoit. OTdeT
JOJKEH COJIepKaTh PUCYHKH CXEM, COOpaHHBIX B MPOrpaMMeE U PE3YJIbTaThl MOAEIUPOBA-
HUS UX PabOTHI.

13



KOHTPOJIBLHBIE BONPOCHI.

1. Moaenn KakuxX THIIOB 3JICKTPOHHBIE KOMIIOHEHTHI eCcTh B mporpamme Electronics
Workbench?

2. Kakue BuUpTyanbHbIE HW3MEPUTEIbHBIC TPHOOPHI MOXKHO HCIIOJIL30BaTh B
Electronics Workbench?
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Jlaboparopnasi padora Ne3
[ToynmpOoBOITHUKOBBIE JUOIbI

[ens u 3agaun paboThHI

[lenbto naHHOM TaOOPATOPHOM pabOTHI SIBISETCS U3YUeHUE OCITUILIOrpadhuuecKoro Me-
TOJA MOJIYYEHUS CTATUYECKUX XapaKTEPUCTHK MOTYIIPOBOJHUKOBBIX TIUOJO0B, a TAKKE U3Y-
YyeHue padOThl JUOJIOB B PA3IUYHBIX JIEKTPOHHBIX CXEMaX.

TeopeTnueckue NOJ0KEHUS
Jlnon ipeAcTaBisieT cOOOM MacCHBHBIN HETMHEHHBIN 2JIEMEHT ¢ ABYyMs BhiBogamu. Ka-

YeCTBO BOJIBT — aMmIiepHo xapaktepuctukul (BAX) nmona MoxeT ObITh peicTaBieHa B BU-
Jie TTOKa3aHHOM Ha puc. 1.

Oo6parnoe i[MA] N [Tpsimoe
HaIPSKECHUE HaIPSHKEHUE
OTKpBIT
U npobos U[B]
i >
3aKpsbIT
-1[MKA]
Puc.1

Ha ycnoBHOM 0003HaY€HNH HATIPABIICHUE CTPEIKU AUOAA (TaKk 0003HAYAETCS aHOT JIEMEH-
Ta) COBIIQJIACT C HANpaBJICHUEM TOKa. (puc.2).

AHOR | | Karox

I P
Puc.2
OOpaTHbIN TOK A7 AUOA0B OOLIETO MPUMEHEHUS U3MEpsIeTCs B HaHOamIepax (oOpaTture
BHUMaHHUE Ha pa3HbIil MacTad u3MepeHuil mo ocu abcuuce i NpsiMoro u 00paTHOTO TO-
Ka) 1 €ro, KaK MpaBuUjIo, MOKHO HE IPUHUMATh BO BHUMAaHUE JI0 TEX MOP, IOKa HANPSKEHUE
Ha JIMO0/I€ HE IOCTUTHET 3HAUEHMsI HAIIPsHKEHUS ITPO0OosL.

B HOpMasIbHOM COCTOSIHUM Ha IMOJ NaJjaeT TaKoe HalpsyKEHUE, KOTOPOE HE MOYKET BbI-
3BaTh MPo0Oii. VICKIIIOUEHHE COCTABIISIFOT ONIOPHBIE JUOIbI (CTAOUIUTPOHBI), 111 KOTOPBIX
PEXUM MTPOOOSI ABIIAETCS HOPMAIBHBIM PEXUMOM paboThl. Halle Bcero najeHue Harpshke-
HUS Ha JU0J1e, 00YCIOBIIEHHOE MPSIMBIM TOKOM uepe3 Hero, coctasisieT ot 0,2 1o 0,7 B.

B psige cnmyuaeB TakuM najieHHEM HaNpsHKEHUST MOYKHO MpeHeOpeyb, U TOrAa U0 MOXKHO
paccMaTpuBaTh KaK IPOBOJHUK, ITPOITYCKAKOIINI TOK TOJIBKO B OJTHOM HampasieHuu. K
APYTUM BaXKHEHIINM XapaKTePUCTUKAM, OTIIMYAIOIIMM CYLIECTBYIOUIUE TUIIBI JUOJIOB APYT
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OT JIpyTa, OTHOCATCS: MAKCUMAJIbHBIN MIPSIMOU TOK, EMKOCTb, TOK YTEYKHA U BPEMS BOCCTa-
HOBJICHHUsI 00paTHOTO conpoTuiieHus. B Ta0n.1 npuBeneHsl XapaKTEepUCTUKU HEKOTOPBIX

THUIIOB JIMOJI0B, KOTOPbIE UCIOJB3YIOTCS B JAHHOW JabopaTopHOil paboTe.

B ta65.1 npuBoAsSTCA CleayIONIe OCHOBHBIC MTApaMETPhl JUOAO0B: TTOCTOSTHHBIN 00paTHBIN
TOK 1npam - TOK 4epe3 U0/ B IPOBOISIIIEM HAIlPaBJICHUH;
MOCTOSTHHOE TIpsiMoe HanpspbkeHue U npsau - HapsHKeHUE Ha JUO0JIE MPU MPOTEKaHUU Yepes

HETO OHpCI[GJ'ICHHOfI BCJIMYHUHBI IIOCTOAHHOI'O TOKA,

MOCTOSIHHBIN 00OpaTHBIN TOK 106p - TOK, MPOTEKAIOIINIA Yepe3 MO0/ IPH MoAa4ue Ha HEro Mo-

CTOAHHOTI'O O6paTHOI‘O HaIIPAKCHUA OHpCI[@JICHHOﬁ BCJIIMYMHBI,
IMMKOBOC 3HAYCHHUE BBIIIPAMICHHOI'O TOKA 1nn - npeacjabHOC 3HAYCHNEC BLIITPSAMIICHHOT'O

TOKa;

BpEMsI BOCCTAHOBJIEHUSI 0OPaTHOI'O CONPOTUBIIEHUS — NHTEPBAJl BpEMEHH OT MOMEHTA,
KOT'JIa TOK Yepe3 MO/l PaBEH HYJIIO 10 MOMEHTa YMEHBLIEHHsI 00paTHOro TOKa A0 3aJaHHO-
IO YPOBHS;

€MKOCTb JJU0/1a — EMKOCTbh MEX1Y BBIBOJAMHU IHOJA PU 3aJaHHOM HAIPSHKEHUU CMeEIlle-

HU.

C nmpakTH4YecKOW TOYKH 3pEHUS CIENYET OTMETUTH JIBA BAXKHBIX MOMEHTA:

1. Cxemy, coiepKalilyto TUO/Ibl, HEJIb3S U3MEHUTh SKBUBAJICHTHOM.
2. Juon He 00nagaeT CONPOTUBICHUEM B OOBIYHOM CMBICIIE, T.€. HE TIOTUHHSIETCS 3aKOHY

Oma.
Tabmuma 1
UoOp. 100p. Cpennee 3Ha- [MukoBkIe
Tun Max Max YEHHE 32 He- 3HAYEHUSA Bpema
[B] [MKA] | orpammien- Unp | Uobp | Inn BOCCTa-
HBI HHTEpBAIT [B] [B] [A] HOBJIE- Em - Yac-
BpPEMEHU HUL Kocmb TOTa
00p. nd k[
Un | impsm 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 - Beumpsi-
JI9B MHUTE
T229A 50 400 200 | 10 1 bHbIC
B 70 1000 1 5000 100 30 1,2
2J1202 71 | 140 200
JI246A 400 3000 1 10000 400 30 1,1
2J1106A 100 10 1 300 100 3 450 5-153 30
18 20 50 1 16 5 0,05 100 0,5 -
310 20 20 0,5 | 500 2,4 0,8 300 10 - YHusep
J311 30 100 0,4 80 1 30 0,6 50 1,5 - Bep-
I'JI507A 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 - CaJIbHbIC
KJI510A 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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Ocoboe MecTo cpenu JUO00B 3aHUMAIOT CTAOMIUTPOHBI, U OMOPHBIE TUO/IbI, IPEIHA3HA-
YeHHBIE JJIs1 CTAOUITM3AIMKY YPOBHS HAIPSDKEHUS TIPU U3MEHEHUU BETUUYMHBI ITPOTEKarolIe-
ro yepe3 AUOJ Toka. B onmopHbIX Anoaax pabouum SBIsieTcsl IPOOMBHOM y4acTOK BOJIBT —
aMIIepHOM XapaKTEPUCTUKU B 00J1acTh 00paTHBIX HarpsbkeHud. Ha 3ToM yuacTke Hampsike-
HUE Ha JUOJIE OCTACTCS MPAKTUUECKHU MOCTOSHHBIM MPU 3HAYUTEITLHOM U3MEHEHUH TOKA,
POTEKAIOIIETO Yepe3 U0/,

B 1a0:1.2 npuBeneHbl XapaKTepUCTUKU HEKOTOPBIX THUIIOB CTAOUIUTPOHOB, KOTOPHIE HC-
MO0JIB3YIOTCS B JaHHOM JTabopaTopHOi padoTe. B Tabi1.2 npuHATHI clieyonue 3HaYeHUs:

HanpspkeHue crabunuzanuu  Ucr — HampsbkeHue B paboueit o0acTu, rie 00JblIeMy u3-
MEHEHHIO TOKa Yepe3 IMO0/ COOTBETCTBYET Majlo€ M3MEHEHHNE HAPSKEHUS Ha HEM;

MaKCUMAaTbHBIA TOK CTAOMIM3AIIUN icr.max — TOK OTPAHUYCHHBIA MAaKCUMAIBHO JTOMYCTH-
MOH paccenBacMON MOITHOCTBIO;

MUHHUMAJIbHBIN TOK CTAOUITU3AIMH icr.min — TOK, HUKE KOTOPOTO POOOM CTAaHOBUTCS HEYC-
TOMYHUBEIM;

muddepeHnnanbHoe CONPOTUBIECHUE Rmd - OTHOIIEHUE pUpaleHUs TTAJCHUST HaIpshKe-
HUS HA CTAOMJIUTPOHE K BBI3BIBAIOILIEMY €r0 MAJIOMY MPUPALIEHUIO TOKA;

TemriepaTypHbiil koaddunment Hanpsbkenus (TKH), %/rpan., onpenensieTcss Kak OTHO-
IIEHUE OTHOCUTEIBHOTO U3MEHEHHUSI HANIPSHKEHUS CTa0MIN3alui K a0COTIOTHOMY U3MEHe-
HUIO TEMIIEPaTypPhl OKPYKaIOLEh Cpeibl.

YcnoBHOE 0003HAYEHHUE TUOOB.

B ocHOBY cuctembl 0003HaUCHUN AMOJOB MOJIOKEH OyKBEHHO-LU(POBON KO, MEPBBIN
AJIEMEHT KOTOPOTo 0003HAaYaeT UCXOHBIN MOJIYIPOBOIHUKOBBIN MaTepual, Ha OCHOBE KO-
TOPOTO U3TOTOBJICH MPUOOP:

[' vnm 1 — repmaHuii WM €r0 COCAUHEHHS;

K win 2 — KpeMHUI WM €ro COeUHEHUS;

Bropoii anemeHT 0003HaueHus1 — OyKBa, ONpeneseT MoAKIace NpruOopoB:

J1 — AMo/b! BBIIPSAMUTEIbHBIE, UMITYJIbCHBIE,

L — BBIIPSIMUTEIBHBIE CTOJIOBI,

B — Bapukarsl,

W — TyHHENbHBIE TUOBL,

C — cTaOUIUTPOHBI.

Tpetuii anemeHT — 1Udpa, onpeAenseT OJUH U3 OCHOBHBIX XapaKTEPU3YIOIIUX MPUOOP
MIPU3HAKOB (IMapaMeTp, Ha3HAYEHUE WIIM IPUHLUIT ACHCTBUA),

Hanpumep, s nogkiacca /l:
1 — BBIIPSIMUTEINBbHBIE TUOJIbI C TOCTOSIHHBIM WJIM CPEAHUM 3HaUYE€HUEM MpsAMOTo Toka < 0,3
A.
2 — BBIIPSIMUTENBHBIE JUOJIBI C IOCTOSTHHBIM NpAMbIM TOKOM 0T 0,3 10 10 A.
4 — UMIyJIbCHBIE TUOBI C BPEMEHEM BOCCTAHOBIIEHHS OOPaTHOTO CONMPOTUBIICHUS OoJiee
500 He.
5 — UMIyJIbCHBIE TUOIBI C BpeMeHeM BoccTaHoBieHUs < 500 He.
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Tabmnuma 2

Hampsixe- max Tok | duddepen- | TKH Makcu- Huamnazon max
Tun HUE cTabu- | cTaduim- | IHAbHOE %/rpan. | MampHas pabounx npsiMOit
- 3anuu, Ma | conpoTus- JOMYCTH- | TeMIEpaTyp TOK,
amun, B snenne, OM Mast MOIII- °C A
HOCTb
Bt
8-9,5 40 6 0,07 0,34 -60++100 0,1
/8146
9-10,5 32 12 0,009 0,34 -60++100 0,1
1 814B
10-12 29 15 0,095 0,34 -60 + 0,1
H814I°
10 800 2,7 0,1 8 -60++100 1
815"
6,8 1150 1,2 0,062 8 -60++100 1
8156
15 550 3.8 0,13 8 -60++100 1
H815E
22 230 10 0,15 5 -60++100 1
8164
27 180 12 0,15 5 -60+ +100 1
H 8165
9 33 25 +0,01 0,3 -55++100
1 818B
9 33 25 +0,001 0,3 -55++100
H 818E
4,7 58 56 ot —0,09 0,3 -55++100 -
2C1474 o 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 nogknacca C:

1 — ctabunmutporsl MOMITHOCTHIO < (0,3 BT ¢ HOMHHAIBHBIM HAIIPSIKEHUEM CTAOMITH3AIN <

10 B.

2 — cTabuIUTPOHBI MOITHOCTHIO < 0,3 BT ¢ HOMUHAIBHBIM HaNPSXKEHUEM CTaOMITH3AINH OT
10 oo 100 B.
8 — cTaOMIUTPOHBI MOIITHOCTHIO OT 5 710 10 BT ¢ HOMUHATBEHBIM HANPSDKEHUEM CTaOMITN3a-

mu ot 10 1o 100 B.

YeTBepThIii 37IEMEHT — YUCII0, 0003HAYAIOIIEE MTOPSIAKOBBIN HOMEP pa3pabOTKU TEXHO-
JIOTUYECKOT0 TUIIa Mpubdopa.
[1aThIi 351eMEHT — OyKBa, YCIOBHO OIpEAeIeT KiiacCu(PUKalUIo Mo napameTpam mnpu-
O0pOB, U3TOTOBJIEHHBIX MO €IMHON TEXHOJIOTHUHU.
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[IpuBenem npumep 0003HaYEHHSI HEKOTOPHIX TPHUOOPOB:
KJS510A -kpeMHEBbII UMITYJIbCHBIA U0 ¢ BPEMEHEM BOCCTaHOBJIEHUSI OOPATHOTO
conmpoTuBieHus 4Hc, HOMep pa3zpadoTku 10, rpynma A.

2C147A —xpeMmHeBBIii cTaOUIUTPOH MolTHOCThIO <0,3 BT, HanpsikeHue cTabuiu-
3aumu 4,7 B, rpynna A.

BosabT — amnepHble XapaKTEpUCTUKH THOAA MOKHO CTPOUTh IO TOYKaM, U3MEPSs 10-
CTOSIHHBIE HAIIPSKEHUS U TOKHU B LEISAX COOTBETCTBYIOIIMX AJIEKTPOJOB UCCIIEyEMOTrO
anemeHTa. OJIHaKO TaKOW METOJ BECbMa TpyAoeMKuid. Kpome Toro, JiauTesnbHOe mpoTeKa-
HHUE TOKA Yepe3 AIEMEHT MOKET IPUBECTU K U3MEHEHHUIO €r0 MapaMeTPOB B MPOLIECCE U3MeE-
peHusi. OCOOEHHO CUIIBHO 3TO MPOSIBIIETCS IPU OOJIBIINX, OJU3KUX K IIPEIEIbHO JOIMYCTH-
MBIM JUIsl JAHHOTO 3JIEMEHTA TOKA U HaIlPsLKEHUAX. ECiM ke BOCIOIb30BaThCS OCLUILIO-
rpauyecKuM METOJIOM, OIIMCAHHBIM HUXKE, TO YKa3aHHbIE HEAOCTATKU MOKHO UCKIIFOUUTD.

[TpuGop, no3Bossitomui HaOIOAaTh HA SKpaHe ociuiorpaga BAX nuoaa, HazpiBaeT-
cs xapakrepuorpagdom. biok cxema xapakrepuorpagda rnokaszasa Ha puc.3.
Rr
-] vV oy
R
Ur — X

i 1

Puc.3. Cxema xapaktepuorpada

K nuony /I uepes pesucrop R noasoautcs nepeMeHHoe HanpsibkeHue Ur oT reHepaTopa
C BHYTPEHHHUM colpoTuBiieHneM Rr. B kauecTBe reHeparopa MOXeT ObITh UCIIOJIB30BAH T'e-
HEPATOP CUHYCOUIAIBHOTO0, MUI000PA3HOTO UIH TPEYTOIbHOTO HAMPSXKEHHUS.

Hanpspokenue, caumaemoe ¢ nuona Jl, mocrynaeT Ha X — BxoJ ocuuiuiorpada, T.e. Ha
TOPU30HTAJILHOE OTKIIOHEHUE JTyda ocuiiuiorpada. [lagenne nanpspkenus Ha pesucrope R,
IpOMOpPLUMOHANIEHOE TOKY uepe3 auoa /I, moctynaet Ha VY — Bxoj ocuusuiorpada, T.e. Ha
BEPTHUKAIbHOE OTKJIOHEHHE JTy4a ociuuiorpada. Takum 00pa3om, OTKIOHEHUE 3JIEKTPOH-
HOTO JIy4a M0 ocu X OKa3bIBAETCS MPOMOPUHOHAIBHBIM MAJACHUIO HANPSIKEHUS HA TUOJIE, a
1o ocu Y — TOKy 4epe3 Hero. [loaromy TpaekTopus Jiyda Ha dKpaHe ociuiuiorpada u ectb
BAX muona.

HckaxxeHus 3TON XapaKTEepUCTUKHU O0YCIOBIEHBI IByMsI OCHOBHBIMH MPUYUHAMU: HE-
JMHEWHOW 3aBUCUMOCTBIO BEJIMYMHBI OTKJIOHEHUS JTy4a Ha SKpPaHE OT HANPSHKEHUS U HE
UACATBHOCTHIO (U HE UIEHTUYHOCTHIO) (Pa30BbIX XapaKTEPUCTUK ycuiuTened X u Y KaHa-
n0B. [lepBasi HETOYHOCTH MOKET OBITh YMEHBIIEHA ITyTEM IPayUPOBKH IIKAJIbI, WU Ka-
JTUOPOBKH, BTOpasi — ITyTE€M BbIOOpA YaCTOTHI KOJieOaHU reHepaTopa HanpsKeHUH.

[Topsinok BBIMOTHEHUS paOOTHI

1. Cobpats cxemy xapakrepuorpada (puc.3).
[Tonyuure u 3apucyiite BAX Bcex 1uoA0B, BbIIAaHHBIX MPENOIABATENIEM, IPUBS3AB UX K
OCsIM KOOpJuHAT, nepecekatomumcs B Touke (U=0, 1=0).
[Tpu ncnonb30BaHUU T€HEPATOPa €0 BBIXOJ] HE JOJKEH OBITh MPUBSA3aH K “3emiie”.
2. CoOpaTb cxeMy OJIHOIIEPUOIHOTO BBIMPSIMUTENS (puc.4).
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[enepaTop - g
Usx R Usbix

Puc.4.

2.1. BpiOpaTh aMIIUTYy CUTHAJIA Ha BBIXOJIE T€HEPATOPA.
2.2. Paccuutath conpoTuBieHue pesucrtopa R.

2.3.  C momomisio ocriuutorpada Ha0mroaaTh paboTy BBITIPSIMUTENS HA Pa3IMYHbBIX Yac-
TOTax.

2.4. CocrtaButh TabiuIly U HaprcoBaTh rpaduk n3mMeHenus Useix/Usx OT YaCTOTHI T'e-
HepaTopa.
3. coOparb cxeMmy JUOAHOTO OrpaHuuuTens (puc.S).

1

o—f ] 0

Bxon Brixon

Puc.5.

3.1. TlogaTh Ha BXOJ CUHYCOMJaJbHbIC KOJIEOaHUs, TPEYTOJIbHBIE U TIPSIMOYTOJIbHBIE
UMITYJIBCBI PA3JIUYHON aMILJIUTYIbI.
3apucoBaTh (OpPMY BBIXOAHBIX CUTHAJIOB.
4. TlocTpouTh TUOAHBIA OTPAHUYUTEND I10 CXEME pUC.6.
1 k
o———1f 1 O
Usx Usbix

+U
Puc.6
4.1. TlomaTh Ha BXOJ CHHYCOHMJAJIbHBIA CUTHAJ. 3apucoBaTh (OPMY BBIXOJHOTO CUTHAJIA
P Pa3IMYHbIX aMIuIuTyAax UBX.
5. CoOpaTth u BcciieqoBaTh CXeMy, TOKa3aHHYIO Ha puc.7.

R
SBX": % é
Ru

Puc.7.
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5.1.  Jlns 3amaHHOrO B paboTe CTAOMIMTPOHA PACCUNTATh CONPOTUBIIEHUE pe3ucTopa R.
5.2.  CoOpatb cxeMy U IPOBEPUTH €€ padoTy MpH pa3HbIXx RH.

I[TEPEYEHD UCIIOJIb3YEMOI'O OBOPY/JOBAHUA

1) Octmmnorpad ACK-2034

2) Uctounuk nutanust APS-7315

3) I'enepatop ¢pynkumnonanbabii ADG-1005

4) Mynstumerp AM-1152

5) MakeTHas miiata u UCCJIeLyEMBbIE JIEKTPOHHBIE KOMIIOHEHTHI

YKA3AHUE 110 O©POPMIJIEHUIO OTHYETA

OTuer AOKEH collepKaTh NPUHLUITUATIBHYIO CXeMY, pacyeTHbIE (POPMYJIbI, TOIyYECHHBIE
pEe3yJIbTaThl U BBIBOJIBI.

KOHTPOJIbHBIE BOITPOCHI
1. TloueMy He UJIEHTUYHOCTH (Pa30BbIX XaPAKTEPUCTUK FOPU30HTATILHOTO U BEPTUKAIIb-
HOT'O KaHaJoB ocluuiorpaga UCKaKaeT BOJIbT — aMIIEPHYI0 XapaKTepUCTUKY Ha dKpa-
He OJIT?
2. Kak Bnuset conpotuBiienne R (puc.4) Ha BBIXOJHOW cUTHAI?
. OOBsIcHUTE, KaK U TToYemMy padoTaer cxema (puc.S).

(O8]

bubmmorpaduyeckuit ciucok

1. Edpumunx M.K., lllymxkeBuy C.C. OCHOBBI paAr0o31eKTpOHUKHU. — MuHCK: Y31 — BO

bI'Y, 1981. - 286 c.
2. Xoposun I1., Xumn Y. UckyccrBo cxeMoTexHuKH. [lep. ¢ anriL.: - M.: Mup, 1983. —

T.1. - 690 c.
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JlaboparopHasi pa6oTa Ne4
Bunonapnvie mpanzucmopo.

[enp 1 3a7aun pabOTHI: LENbIO JAHHOU TaO0OPaTOPHOM paOOTHI SBIIAETCS U3yUYEHUE
ocHIIOrpaduyecKoro MeToa MoayyeHus: CTAaTUYECKUX XapaKTePUCTUK TPAH3UCTOPOB, a
TaK)Ke U3y4eHHe MPaKTUYECKUX METO/0B MMOCTPOCHUS CXEM Ha TPAH3UCTOPAX.

TeopeTnyeckue MOI0KEHHSI.

Tpan3ucTop- 3TO OAWH W3 OCHOBHBIX aKTUBHBIX KOMMOHEHTOB. OH NpencTaBisieT coOoi
YCTPOMCTBO, KOTOPOE MOXKET YCHIIMBATH BXOJHOM CHUTHAJ BHEIIHEr0 MCTOYHHKA MMUTAHUS.
TpaH3uCTOpHI n-p-n THMA MOTYUHSIOTCS CICAYIONIMM IpaBWiaM (I TPAH3UCTOpA P-n-p
TUTA TIPAaBUJIA COXPAHSIOTCS, HO CIEAYET y4eCTh, YTO TOJSPHOCTH HANPSHKEHHUHA JTOJDKHBI
OBITh N3MEHEHBI Ha POTUBOIIOJIOKHEIC):

KounekTop umeeT GoJiee MmoIoKUTeNbHBINA MOTEHIIHAT, YeM SYMHUTTED.
[enu 6a3a- smuTTep U 0a3a- KOJIEKTOP padOTAIOT KaK AUOIbI

(puc.1)
K K O x K
B c B EZ B
@)
©,
6}
B D
n-p-n p-n-p
Puc.1

OOBIyHO 0a3za- YMUTTEP OTKPHIT, & AUOJ 0a3a- KOJIJIEKTOP CMEIIEH B 0OpaTHOM HarpaBlie-
HUU.
3. Kaxxnprit TpaH3UCTOp XapaKTepU3yeTcss MAaKCUMAaTbHBIMU 3HAYEHUSMHA

i.K max s 'LS max u UK3 max R
KOTOPBIE HEJb3sl IPeBbIaTh. Claeayer IOMHUTh U O NMPEACIbHBIX 3HAYCHUSIX IPYTUX Iapa-
METPOB, HAIIPUMEDP, PACCENBAEMOM MOITHOCTH Pp max, TeMnieparype, Us» u np.

4. Eciu npasuia 1 — 3 coGIIOAEHBI, TO TOK LK MPAMO MPOMNOPLUOHATIEH TOKY L8 U MOXK-
HO 3amnucaTh ClIeIyIOIIee BhIpaKEHUE:

k=hadis=pis ,

rae h21o - ko> uuueHT yeuaeHus no Toxy, 0003Ha4aeMblii TakKe f.

[IpaBuno 4 ompenensieT OCHOBHOE CBOWMCTBO TPAH3HWCTOPA: HEOONBIIONW TOK Oa3bl
yIpaBisieT OOJIBIIUM TOKOM KOJUIEKTOpa. JJisl pa3IMuHbIX TPAH3UCTOPOB OJHOTO U TOTO KE
TUTA 3 MOXXET U3MEHSTHCS B TATh pa3. OH 3aBUCUT TaK ke OT TOKA KOJIIEKTOPa, HaIpshKe-
HUSI MEXKYy KOJUIEKTOPOM U 3MUTTEPOM U TemmepaTypbl. CXeMy MOXKHO CUUTATh IUIOXOMH,
€CNIM Ha €€ XapaKTepUCTUKH BIUSET BennunHa mapamerpa . M3 mpaBuna 2 ciemayer, 9To
HaIpsHKeHUE MEexXy 0a30i U AMUTTEPOM HEJb3s YBEIMYMBATH HEOTPAHMYEHHO, TaK KakK €c-
JW TOTEHIMan 0a3bl OyAeT IMpeBbIIAaTh MOTEHIMAI AMUTTepa Oojiee yem Ha 0,6 — 0,8B
(npsiMoe HampspKeHHE AM0J1a), TO BOSHUKAET OYeHb 00JibIlol Tok. CiaefgoBaTesibHO, B pabo-
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TAOICM TPAH3UCTOPC HAIIPSAIKCHHUC Ha Oaze n SMUTTCPC CBA3aHbI CIICAYIOIIUM COOTHOIIC-
HHUCM:

Us = Ur+0,6B (Us = Un+Usd).

CrnenmyeT oOpaTuTh BHUMaHHE Ha TO, YTO TOK KOJJICKTOpA HE CBSA3aH C TIPOBOJIUMOCTHIO
muona. Jlemo B TOM, 4TO OOBIYHO K TUOAY KOJUIEKTOp — 0a3a MPHIIOKEHO 00paTHOE HAIps-
xeHue. bosee Toro, TOK KOJUIEKTOpa OYEeHb Majio 3aBHCHT OT HAIPSHKCHHS Ha KOJUICKTOPE
(3roT MHMOA MO100EH HEOOBIIIOMY UCTOYHHKY TOKA), B TO BpEMs KakK MPSMOM TOK, a CJIeI0-
BaTeJIbHO, W TIPOBOJIUMOCTH JUCKA PE3KO YBEIWIUBAIOTCS NMPU YBEIMUCHUHU MPUIIOKCHHOTO
HAINpPSHKCHUS.

VYcnoBHBIC 0003HAUCHUS TPaH3UCTOPOB

B ocHOBY cuctembl 0003HaUYC€HHI TPAH3UCTOPOB MOJIOKEH OYKBEHHO— IU(PPOBOI KO,
NEPBBIN JIEMEHT KOTOPOro 0003HaYaeT UCXOHBIA MOTYNPOBOIHUKOBBIN MaTepHuai, Ha OC-
HOBE KOTOPOT'O U3rOTOBJIEH TPAH3UCTOP:

I' v 1 — g repmanus;

K wim2 — st kxpeMHusl.

BTtopoii anemenT 0603HaueHns — OyKBa, ONPEACIISIONIas MOIKIIACC TPAH3UCTOPA:

T — nyst OUMONSPHBIX TPAH3UCTOPOB;

[1 — n71s1 MOJIEBBIX TPAH3UCTOPOB.

Tperwnit ameMeHT — 1udpa, onpeaesronias ero OCHOBHbIC (PYHKIIMOHATBHBIC BO3MOXK-
HOCTH (JOMYCTHMBbIC 3HAUYCHHS PACCEUBAEMON MOIIHOCTH U TPAHUYHYIO JIMOO MaKCUMAaJlb-
HYI0 pabo4ylo 4acToTy):

1 — Tpan3ucTopsl MmasioMomisbie ( Pmax < 0,3 BT) HU3KOYacCTOTHBIE
(f>30 MI'n):

2 — TPaH3UCTOPHI MATOMOIITHBIC cpearert yacToTh (3 < <30 MI'm);

3 — TpaH3UCTOPHI MaJIOMOIIIHBIE BhICOKOoUacToTHBIC 1 CB4 (f> 30 MI'n):

4 — tpan3uctopsl cpeanei momHocTy (0,3 BT < Pmax <1,5 BT) HU3KOUYaCTOTHBIE;

5 — TpaH3UCTOPHI CpeTHEN MOIIIHOCTH, CPEIHEN YaCTOTHI;

6 — TPaH3UCTOPHI CpeTHEN MOIIIHOCTH BbICOKOUAacTOTHBIE U CB4;

7 — TpaH3uCTOPbI 00JIbIION MOIITHOCTH (Pmax > 1,5 BT) HM3K0UacTOTHBIE;

8 — TpaH3UCTOPHI OOJIBIIION MOIIIHOCTH CPETHEYACTOTHBIE;

9 — TpaH3ucTOPHI 0OIBIION MOIIHOCTH BEICOKOYACTOTHBIE 1 CB4.

YeTBepThlil 3IEMEHT — YHCII0, 0003HAYAOIIEe MOPSAKOBBIA HOMEP pa3pabOTKU TEXHO-
JIOTMYECKOI0 TUIIA TPaH3UCTOPOB. 11t aToro ucnosb3yrores uncia ot 01 1o 999.

[IsaThIi BeMEeHT — OyKBa, YCIOBHO ONpEIEISIonias KiacCU(pUKALUIO MO MapameTpam
TPaH3UCTOPOB, U3TOTOBJICHHBIX 110 €AUMHOMN TEXHOJIOTHH.

[Ipumeuanue.

O06o03HaYeHNE TUTIOB TPAH3UCTOPOB, pa3padoTaHHBIX B 1964 T., cocTOUT MX Tpex 3iie-
MEHTOB: TiepBbIii — OykBa I1 (IOyNpOBOIHUKOBBIN TPHOJT), BTOPOi — Iudpa, o603Hayar0-
mast MopsiIKOBBIM HOMEp pa3paboTku (Tadi.l), Tpetuit — OykBa, COOTBETCTBYIOIIAS Pa3HO-
BUTHOCTH TPAH3UCTOPA JAHHOTO THIIA.
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Tabmuma 1

Yacrorta, MI 11 Ho 5 bomnee 5
MoHoCTh J1o 0,25 bonee 0,25 no 0,25 bonee 0,25
paccesiHus, Bt

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

[Ipumepbl 0603HaAYCHUTA:
I'T101A — repMaHueBbIN OUITOJSAPHBINA MAJIOMOITHBIN HU3KOYACTOTHBIN, HOMEp pa3paboTKu
1, rpynma A.
2T399A — xpeMHHEBbIN OUMNoOJsApHbIN MaioMonHblii CB4, HoMmep pa3paboTku 99, rpynna
A.
2119045 — kpeMHUEBBIH MMOJIEBOI MOIIHBIA BEICOKOYACTOTHBINA, HOMEP pa3padOTKu 4, rpyn-
na, b.

OcHoBHBIE TapaMeTPhI UCIOIb3YyEeMbIX B Ja00OpaTOpHOI paboTe TPAH3UCTOPOB MPUBE-
eHbl B Ta01.2.

JUist pacyeTa yCUIIMTENEH Ha TPAH3UCTOPAaX BEChMa IOJIE3HBIMH SBIISIFOTCS BXOJHBIE U
BBIXO/IHBIE€ BOJIBT — aMIIEPHBIC XapaKTEPUCTUKN TPAH3UCTOPA.

OTH XapaKTEPUCTUKU MOKHO CTPOUTH IO TOUKAM, U3MEPSS MMOCTOSHHbBIC HAINPSKEHUS
Y TOKHU B LIENSAX COOTBETCTBYIOIIMX AJIEKTPOIOB UCCIETYEMOTO AJIEMEHTA.

Ha puc.2 npencraBneHa 010K — cxeMa YCTAaHOBKH JJISI CHATHS BBIXOJIHBIX CTATHYECKHUX
BAX tpan3ucropa.

Un

T

R3

R2 |: T1
() C

Puc.2 J‘

3anaBas ¢ momouibio R4 (ukcupoBanHbiil TOK 6a3pl T2, MOKHO C TOMOIIBIO PE3H-
ctopa R2, mpubopoB MA2 u V cHTh BeixonHyto BAX storo Tpansucropa. JlaHHbIi MeTO
JOCTaTOYHO IIPOCT, HO BECbMA TPYAOEMOK.

Hpyroii, ocummnorpadguyeckuii MeTo | MO3BOJIAET MOJIY4YUTh Ha SKpaHe OCLMILIO-
rpaga cpa3y BCIO XapaKTEepUCTUKY TPaH3UCTOpA.
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[TpuGop, mo3BossifomMA HAOMIOAaTh HA HKpaHe ocLuuIorpada BhIXOIHBIE BOJBT —
aMIIEpHbIE XapaKTEPUCTUKU TPAH3UCTOPA, TOKA3aH HA puc.3.

Tu L un
L x

I'TIH 4@> - >

v _

T2

Puc.3

Kaxk HU3BCCTHO, XAPAKTCPUCTUKU TPAH3UCTOPOB OIPCACIAOTCA TPCMA BCIMYWMHAMU

(13, lx, Usd). Ecnu oiHy W3 BEJIMYMH, HAPUMED L3, MOAIEPXKUBATH MMOCTOSHHOM, TO MpPH
IOMOIIM XapakTepuorpada, MpeACTaBIEHHOT0 Ha PHUC.3, MOYKHO HaOIIOAATh BBIXOJHbBIE
CTaTUYECKHUE BOJIBT — aMIIEPHBIEC XapAKTEPUCTUKU TPAH3ZUCTOPA.

ITo ocu X OTKIIOHEHHE JTyda NPONOPLUMOHAIBHO HAPsDKEHNIO Ha T2, T.e. U,

ITo ocu YV — mpomnopuuoHaabHO TOKY Koiulekropa ( lk ), TaK Kak HanpsyKeHHE MCTOYHHKA
MUTAHUSL CTPOTO MOCTOSTHHO U SKBUBAJIEHTHO 10 IEPEMEHHOMY TOKY HYJIEBOMY YPOBHIO.
Takum oOpa3om, Ha 3KpaHe ocuusuiorpada HabIr0AaeTCs BOJIBT — aMIIepHAast XapaKTepUCTH-

ka B koopaunHatax Uks, Lk mpu s=const.
I[TOPAOK BBIITOJIHEHUA PABOThBI

1. CHUMHTE OJTHUM U3 METOJIOB BHIXOHBIC XapaKTEPUCTHKH TPAH3UCTOPA.
1.1. Cobparb cxemy JJIsl CHATHS XapaKTEPUCTUK (pUc.2 Ui puc. 3).

1.2. 3apmaBas QuKcHpOBaHHBIE 3HaYeHHUs TOKa 0a3bl ( 16) B mpenenax, KOTOpHIE He-
00X0IMMO OMNpPENeTUTh U3 Ta0N.2 AJid 3aJaHHOrO0 TPAH3UCTOPA, CHSITH 3aBUCH-

mocTh ik or Usko.
1.3.  Brigenuts Ha noctpoenHoit BAX pabouyio o0nacTh, 00ecneunBaromlyto JINHEH-
HBIN PeXUM pabOTHI TPAH3UCTOPA, U OMPEETUTE MapaMeTPhl TPAH3UCTOPA.
2. Ucnonb3ysa noctpoeHnyo BAX Tpansucropa, BeIOpaTh pabouyio TOUKY U paccuu-
TaTh LENN CMELIEHUS U1 CXEM, IIPEICTABICHHBIX HA pUC.4.
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Un Un
a) ® 0 o

Rk

Puc.4

3. IlpoBecTu aHalIU3 PaCCUUTAHHBIX CXEM, OCTPOUTh U PACCUMTATh SKBUBAJICHTHBIC
cxeMbl ycunurenel, onpeaenuth Ku, Ki, Rex, Rseix.

4. CoOpatb CXeMbl yCHUIIUTETIEH.

4.1. Ilpaxtnuecku 3ameputh Rex, Reex, Ku u Ki ycunuresns.

4.2. CHATb YaCTOTHYIO XapaKTEPUCTUKY YCUIIUTEIICH.

4.3. IlpoBecTu CpaBHUTENbHBIA aHATN3 PE3YJIHTATOB 110 CXEMaM U CJIeJaTh BHIBOJIbI.

[MEPEYEHb NUCIIOJIB3YEMOI'O OBOPYIOBAHU A
1) Ocmnorpadg ACK-2034
2) Uctounuk nutranust APS-7315
3) I'eneparop pynkunonansusiiit ADG-1005
4) Mynstumerp AM-1152
5) MakeTHas miiata u UCCJIeLyEMBbIE JIEKTPOHHBIE KOMIIOHEHTHI

YKA3AHHUE 110 O©OOPMJIEHNIO OTUHETA

Oruer HOJDKCH COACPKATh INPHUHIOUIIUAJIBHBIC CXCMbI, PACUCTHLIC q)OpMyJ'IBI, ImoJry-
YCHHBIC PC3YJIbTAThI U BLIBODI.

KoHmposnbHbIe eonpochbl

1. Kak Bbl OOBSICHUTE HAJW4YUE OTPHUIIATEIIBHOW IMOJIYBOJIHBI MIEPEMEHHOIO CHUTHAja
Ha BBIXOJIC YCWJIMTENs, €clii 00JlacTh YCWICHHUS TpaH3UCTOpa OrpaHWYeHa Hepa-
BeHCTBOM Uk» > Uxk» nac ?

2. TloyeMy OTHOCHUTENBHO Majblii TOK 0a3bl OMIIOJISIPHOTO TPAH3UCTOPA MOXKET CITy-

KUTh yIpaBsiomen Beanunnoii ? Ilouemy ycnobue 16=0 Tpebyer, uToObI ik U 1
TaK>Ke PaBHSUIUCH HYJIO ?

3. 3a cyeTr 4ero MPOMCXOAMUT JOMOJHUTEIHLHOE YBEJIMUYEHHUE MOIIHOCTH CUTHAJA B
ycunurene ? [losicHuTe Ball OTBET Ha MIPUMEPE YCUITUTEINS C OOIIMM 3MUTTEPOM.
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4.

B kakoii u3 cxeM paccerMBaeTcs MEHbIIass MOUTHOCTh — B TPAH3UCTOPHOM YCHJIH-
TeJe, pabOTAIOLIETO B PEXXUME YCUIICHUS], WM B TPAH3UCTOPHOM IepeKirodaTesie?
IlosicHuTE Ball OTBET.

bubnuorpaduueckuii crimcox

1. Ebumuux M K., llymkeBuy C.C. OCHOBBI paguodieKTpoOHUKH. — MuHck: M3m —
Bo bI'Y, 1981. — 286 c.
2. Xoposur I1I., Xumn Y. UckycctBo cxemotexHuku. [lep. ¢ anri.: - M.: Mup, 1983.
—T.1.-590 c.
Tabnuna 2
IIpenenbuble
Tun Koaddu- Emkocts | I'pannu- | Hamps- mapameTpsl Pacnonosxe-
TPaH3UCTOpa OUCHT Mepe KOJIJICK- HadA KCHHUC HHEC BBIBOJIOB
Jadyn TOKa TOpa gacToTa HacChIIIC-
6a3b1 Cox fr HUS
) s J P
B n®d Ml KOJUJIEKT- max pmax
Top- MA | MBT
ammutep | Ukoamax
Uk» Hac,
B B
MI142b 45-100 - 2 0,2 15 150 200 K C)
MI141 30-60 60 1 15 40 130 @
[1416b 90 —250 8 80 1,7 12 25 120 %
9
'T4041 60— 150 - 0,015 40 500 600
C) b
[1213b 40 - 0,15 0,75 30 5000 - ;;
K
2T803A 10-70 - 7 1,75 60 10000 | 5000 C)
b i
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JlabopaTtopHas pabota Ne5
OnepanuoHHbIE YCHINTEH.
[lenbto naHHO# J1a0OPAaTOPHOM PabOTHI SABJISIOTCS O3HAKOMIICHHE C OINEPAallMOHHBIMU
YCUIMTEISIMA U U3yYCHHUE MPAKTHUYECKUX METOJIOB MMOCTPOCHUS YCTPOMCTB Ha OIEpPaIlUOH-
HBIX YCHIIUTEIISX.

TEOPETUYECKUE ITOJIOKEHU

Omnepaunonssiil ycunurensb (OY) — 3T0 yHMBEPCAJIbHOE YCUIUTEIBHOE YCTPOMCTBO, Mep-
BOHAYAJILHO IIPEIHA3HAYABLICECS IS BBIIOJHEHHUS JIMHEHHBIX MAaTEMATHYECKUX ONEPALMMA
B QHAJIOTOBBIX BBIYMCIUTEIbHBIX MAILIMHAX.

OV MOXHO XapakTepru30BaTh MHOTHUMH pa3IMYHbIMU criocobamu. Ha puc. 1 npencrasie-
HbI cyuiecTtByromue tunbel CY. Kaxxaas BETBb 3TOr0 pUCYHKA IPEICTABIIAET OJIUH U3 MPUH-
[IUIIOB KJIACCU(UKALIMU: TEXHOJIOTHIO MPOU3BOJICTBA, CXEMHYIO0 KOH(UTypaIuio, TUIl CHUT-
HaJbHOIO BX0J1a, BO3MOXHOCTh MPOrPaMMHMPOBAHUSA, BBIXOJHYI0 MOIIHOCTh WU MpEAIoJa-
raeMoe HUCI0JIb30BaHHUE.

Ecnu nposectr aHanu3 cymecTByronux TANoB OY ¢ y4eToM TeHJEHIUN UX PA3BUTHUSA, TO
MO>KHO CZENATh CIEAYIOIINE BBIBOIBI.

Haubonee pacnpocTpaHeHHOW TEXHOJIOIMEN B HACTOSILEE BPEMs SIBISIETCS MOHOJIMTHAS,
a TMCKpEeTHAasi IPUMEHSIETCS BCE PEKE.

[Tpeobnanarouwmii Tun OY - GUNOISAPHBIE C TAJIbBBAHUYECKU CBA3aHHBIMU Kackagamu. O0-
JIACTh ITPUMEHEHUsS YCUIIUTENIEH C IPEPBIBAHUEM M BaPUKAITHO - MOCTOBOT'O THUIIA OTpaHUYe-
Ha.

YacTtoTHasg KOppEKUUs U TOKOBOE MPOrpaMMUPOBAHUE MMO3BOJISIFOT U3MEHATH MTapaMeTPhl
OV (mosnocy eqMHUYHOTO YCUJICHHSI, MAKCUMAJIbHYIO CKOPOCTh HapacTaHMsl, TOTPEOIIIeMYIO
B PEKMME MOKOSI MOIIIHOCTB) B COOTBETCTBHM C KOHKPETHBIM IIPUMEHEHHUEM. [l ycuineHus
MaJblX HalpsDKEHW mpeaHa3HadyeH m3mepurenbHblil OV anekrpomerpuueckuii OV ciy-
KUT 711 yCUTICHUS CIIa0BbIX TOKOB U U3MEPEHUsSI CUTHAJIOB OT UCTOYHUKOB, UMEIOLINX BBICO-
koe comnportuBierue. [[Iupoxononocusii OY paccuntan Ha 00pabOTKY OBICTPO MU3MEHSIO-
IIUXCSl HEMPEPBIBHBIX CUTHANIOB, OY ¢ OBICTPHIM YCTaHOBJIEHUEM — Ha 00pabOTKYy OBICTPO
MU3MEHSIOIMXCS] UMITYJIbCHBIX CUTHAJIOB.

PaccmoTpuM ocHoBHBIE napameTpbl OY. CraHaapTHBIM HA0Op TEXHUYECKUX XapaKTepH-
ctuk OY BKiIto4yaeT O0iblIOe YMCI0 napaMeTpoB. HeKoTOpbIMU K3 HUX CIIENYeT pyKOBO-
JCTBOBaThCs MpH BbIOOpe Tuna OY, B HauOOJIbLIEH CTENEHN MOAXOAAIIETO Uil KOHKPETHO-
ro IPUMEHEHMS, a Ipyrue NpeIHa3HauYeHbl I UCIIOIb30BaHUs B KAYECTBE UCXOAHBIX JIaH-
HBIX [IPU IPOEKTHPOBAHUH.
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OnepanoHHBINA YCUIIUTEIb

v v v
MOHOIUTHBIN ['ubpunHbIH JIucCKpeTHbIN
v v
C rajgpBaHUYECKH C mopynsiuent curnana
CBS3aHHBIMH KacKaJIaMH

A 4 A 4 A 4 A 4

Bapuxkanno
bunonsipusie CIIT — Bxogom C npepsbiBarenem MOCTOBOU
A 4 A 4 A 4
JuddepenunanbHbIi IHBEpTUP YOI He nuBepTupyrommmn
C BHYTpEHHEU KOppeKIuen C BO3MOKHOCTBIO TPOTPaMMUPOBAHUS

|
v v

4X Toka

A 4 A 4 A 4

CrangapTHbIN MoIHbIHN MuKpOMOIIHBIN

v v

OO011ero Ha3HaYEHMSI CriennanbHOI0 Ha3HAYCHMS
A 4
A 4 A 4 A 4 A 4
N3mepurtenbHbIl Onektpo- upoko- || C ObICTphIM
Merpireciim TOJIOCHBIN | [yCTAHOBIEHHEM

Puc.1. Tuner OY

1. BXOJHOM TOK MOKOs (BX paBeH CpeaHeapu(PpMETHYECKOMY 3HAYEHHIO JBYX TOKOB
nokost 6a3 (uin 3aTBOPOB) AU PepeHIInanbHOr0 BXOJAHOTO Kackaaa Mpu OTCYTCT-
BUU BHEIIHETO CUTHANA, T.C.
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lex = (lBxit+iex2 ) /2.
st OY Toku mokost 6a3 (MM 3aTBOPOB) MPEACTABIISIET COOOM BXOJHBIE TOKH, HEOOXO0IU-
Mmble st obecrieuenns Ussix = 0 (puc.2).

LBx1

o——" _

T ! o
L BX2
—

Usxu T Ussix

Usx H

5 | 5

Puc.2.

2. BX0oaHO# TOK cMelIeHHs LBx cM ONPENENIeTCs KaK PasHOCTh ABYX BXOIHBIX TOKOB,
IIPU KOTOPOU BBIXOJHOE HANIPSKEHUE CTAHOBUTCS PABHBIM HYJIIO, T.C.

iex cm = ( lex1-Bx2) | U Boix = 0.
HOCKOHBKY TOK CMCHICHH ABJIICTCA PAa3HOCTHbIO BXOJHBIX TOKOB, TO YCM MCHBIIC BXOIHBIC
TOKH ITOKOA Oy, TEM MCHBIIEC €TI0 TOK CMCIICHUA.

3. BxoaHoe HanpskeHue cMelieHuss Usx cM — 3TO TO HaNpsiKEHHE, KOTOpoe HeoOXo-
AUMO TIPUIIOKHUTH MCXKAY BXOAHBIMU 3AKHMaMU IJIA YCTAHOBJICHUS HYJICBOI'O HaA-
IMPs>KCHHUA Ha BBIXOJC, T.C.

Usx ¢cm = ( Usx u — Usx n) |UBHx= 0.

4. Jlpetid BXOAHOTO TOKA CMEIIEHUS BX cM ONPENENAETC KAK OTHOILCHUE NU3MEHEHUS
BXOJITHOI'O TOKa CMELIECHUS K U3MEHEHUIO OKPYKAIOIIEH TeMIepaTyphl:

tex cm= Alex em/AT .

5. peiid BXOmHOTO HaNMpspDKEHUs cMemeHus Usx CM OMpEAeNsaeTcs Kak OTHOIICHHE
W3MEHEHHUS BXOJHOTO HANPSIKEHHSI CMEIICHUS K N3MEHECHUIO OKPYKAIOIIEH TeMIIe-
partypsl:

Usx®cm= AUsxem/AT .

6. KoadduimeHnt ycuneHus: no HanpspKeHUIO IPU Pa3oOMKHYTOM oOpaTHOM cBA3UM A
ONpeeNseTCs] KaK OTHOILLIEHUE BBIXOAHOTO HAMpsiKeHUs: K AuddepeHuaibHol co-
CTaBJIAIOLIEH BXOJHOTO CUTHAJIA HU3KOW 4acTOThI IpU oTcyTcTBUU OC M Harpys3ku

Ha BBIXOC:
UBbIX
A:
Usxn
7. BxoaHoe compoTuBieHue. 1o auddepeHInaibHoe COMPOTUBICHUE 10 TIEPEMEH-
HOMY TOKY:
Usx
RBxn = — A
IBxn

8. BBIXOJITHOE CONPOTHUBIICHUE
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Puc.8. Orpanunuunrens

I[TEPEYEHD MCIIOJIb3YEMOI'O OBOPY/JJOBAHUA

1) Ocummnorpad ACK-2034

2) Uctounuk nutanust APS-7315

3) Uctounuk nutanust APS-5333

4) I'enepatop ¢pynkiuronanbusii AHP-1105

5) MakeTHas miiata u UCCJIEeLyEMBIE JIEKTPOHHBIE KOMIIOHEHTHI

YKA3AHUE I10 BBIIIOJIHEHUIO OTYETA

Ortuer AOJDKCH COACPIKATh NPUHIOHUIIMAIIBHBIC CXCMbI, paCYCTHBIC q)OpMy.TIBI, IMOJIYyYCH-
HBIC PC3YJIbTAThl U BBIBOJLI.

KOHTPOJIbHBIE BOITPOCHI

1. YeMy paBHa MUHUMAaJbHAsl YAaCTOTAa BXOJHOTO CHTHAJa, KOTOPYIO MPOMYCKAET WH-
BEPTUPYIOIIMI U HE MHBEPTUPYIOIINI YCUITUTENH ?

2. UYto MOXHO cKa3aThb O CIIOCOOHOCTH MOBTOPHUTENSI MOBTOPSATH BBICOKOYACTOTHBIN

curHain ?

Kak n306aBUTHCS OT MEPEXOIHBIX UCKaKEHUH B cxeme puc.§ ?

4. 3a cueT yero pacHMpsieTcsl TMHAMUYECKHI Juamna3oH paOOThl aKTUBHOTO BBIIIPS-
MUTENS ?

(98]

bubnuorpaduueckuii crimcox

[—

. E¢pumuuk M. K., lllymkeBuu C.C. OCHOBBI paano3iaeKTpoHuku. Munck: U3a — Bo
BI'Y, 1981. - 286 c.

. Xoposull H., Xuwmn V. UckycctBo cxeMotexHuku. [lep. ¢ anrn. M.: Mup, 1983. —
T.1-590 c.

[\
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JlaboparopHasi padota Ne6
Hudposas cucremorexnuka. KomOmHanmoHHast Jiormka

MEJIb 1 3AJJAYN PABOTDI

[enbro qanHOM 1a00paTOPHOM pabOTHI SIBISETCS U3yYeHUE PAOOTHl KOMOMHAITMOHHBIX
CXeM, METOJIOB MpeoOpa30oBaHus U YIPOIICHUS IU(POBBIX CXEM MPU UX PeATU3aIINH.

TEOPETUYECKUE I1OJIOJKEHHMA

[{udpoBas 3MeKTPOHUKA OMIEPUPYET dNEKTPUUESCKUMH SKBUBaneHTaMu 1udp. [Ipu sTom
YKCJIa Yalle BCEro MPeACTABISIIOTCSA B JBOMYHON CUCTEME, B KOTOPOM CYIIECTBYIOT TOJIBKO
JIBa 3HAKa: €AMHUIIA U HYJIb, UM COOTBETCTBYIOT CUTHAJIbI “IOrMYEeCcKasi eAMHUIA U “JIOTH-
YECKUU HYJIb .

TeopeTnueckoit 0OCHOBOM LU(POBOI CXEMOTEXHUKH SIBIISIETCA OyJieBa airedpa wiu a-
redpa JIOTHKH.

OcHoOBHOE MOHsTHE OYyJIeBOM alireOphl — nepekiirodaTenbHas (0yneBa) pynkuus. Ee ap-
TYMEHTHI U OHA caMa MOTYT IIPUHUMATH TOJIbKO JiBa 3HaUeHus: 0 1 1. C momolpio OyJieBbIX
(GyHKIMI MOXHO ONUCATh JEHCTBUE LIEJIOr0 Kiacca cXeM HU(POBOM 2JIEKTPOHUKH, A TAKKE
(YHKIMOHUPOBAHUE COYETAHUM ATUX cXeM. Takoro poja cxembl Ha3bIBAIOTCS KOMOMHAIU-
OHHBIMHU, TaK KakK cUrHaibl Ha Bbixoze (1 wiu 0) onpeaensitoTcss KOMOMHAIMENW CUTHAJIOB Ha
ux Bxozaax (1 wnm 0).

[Tpocreiimmmu OyneBpIMU (PYHKIHUAMHU SBISIOTCA (PYHKLIMU OTHOM repeMeHHOM. Mx
MOXET OBITh TOJIBKO 4:

Vo = fe(X)=0 ;
Vi=f1(X)=1 ;
V2=f2(X)=X ;
V3= f3(X)=X

OTu QYHKIIUHU OMUCHIBAIOT pabOTy OAHOBXOIHBIX IIU(PPOBBIX CXEM, & UMEHHO (DYHKIIUU
fo(X)u f1(X) OONUCBIBAIOT CXEMBI, BEIXOABI KOTOPBIX ITOCTOSIHHO IPUCOCIUHEHEI K YPOBHAM
JIOTUYECKOTO HYJIS ¥ JIOTUYECKOM €IMHUIIBI COOTBETCTBEHHO; QYHKIIMS f2(X) - CXeMY, BbI-
X0 KOTOPOM MOCTOSIHHO COEAUHEH C BIXOJAOM. DyHKIMA f3(X) OMUCHIBAET UHBEPTOP, WIIH

cxemy oTpuuanus (cxema “HE”).
Ecnu 6yneBa ¢pyHKIMS UMEET JBE TIEpEMEHHBIE, TO B 3TOM CiIydae rnoiydaercs 16 Bu-
10B (PyHKUIMNA. 3aMyIIeM OCHOBHBIE U3 HUX

V4 = f4(X1,X2) = X1AX2 -  KOHBIOHKIIHA ;
V5= f5X..X2) = X1AX2 - OTpHULATEIbHbIE KOHBIOHKIINUY |
V6= f6(X..X2)=X1VX2 -  JIU3BIOHKIHUA ;
V7 =f1(X.X2)= X1VX2 - OTpHLATEIbHBbIC NTU3BIOHKIIUY ,

Teopema. bynea QpyHKIHs JIFOO0OTO KOJIUYECTBA MEPEMEHHBIX MOXKET OBITh
MOJTy4eHa METOJIOM CYNEPIO3UITUHU U3 QYHKIUI IBYX MEPEMEHHBIX.
MeTo/ Cynepro3HuIKi COCTOUT B TIOJICTAHOBKE Ha MECTO MEPEMEHHBIX IPYTHX OYIEeBBIX
GYHKIUI WK TIepe HyMepaluu epeMEHHbBIX, T.€. B IEPECTAHOBKE UX MECTAMH.
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Teopema Mo3BOJSET OrPaHUUUTHCS PACCMOTPEHUEM OYJIEBBIX (DYHKIMI TOIBKO JBYX
MEPEMEHHBIX U CTPOUTh MHOTOBXO/I0OBbI€ KOMOMHAIIMH CXEMbI TOJIBKO U3 ABYXBXOJOBBIX
CXEM.

B OyneBoii anredbpe ycTaHOBJIEHO, UTO JIt0Oast OysieBa GyHKIMS JBYX EPEMEHHBIX MO-
KET OBITh MOJIyYeHA U3 HEKOTOPOTO KOoIMYecTBa PyHKIMI ABYX nepeMeHHbIX. Habop
(GyHKLIMIA 1BYX MEPEMEHHBIX, U3 KOTOPOTO METOJIOM CYNEPIIO3UIIMA MOXKHO MOJTYYUTh BCE
ocTajibHbIe OyJIeBbl (DYHKIIMU BYX IEPEMEHHBIX, @ 3HAUUT U BCE OyJIeBbl (DYHKIIUH JIFOOOTO
YKCIia MEPEMEHHBIX, Ha3bIBACTCS (PYHKIIMOHAIBHO MOJHBIM HA00OpOM.

[Tpumepamu Takux HAOOPOB sABISIIOTC Y4 U Y3, V6 u Y3. OyHKIIMOHATIBHO M0JI-
HBI HA0OP MPECTABISAET AaKe OJJHA OTPHUILIATETBHO B3sATast PYHKIMS f5 WU f7.

Taxum oOpazom, Ha 6a3e ITEKTPOHHBIX CXEM OJTHOTO THIIA, pab0Ta KOTOPBIX OIMKUCHIBA-
eTCsl, Harpumep, OyneBor GyHKIUEH 5 UIU f7 MOKHO MOCTPOUTH JIFOOYIO IIU(PPOBYIO
KOMOMHAIIMOHHYIO CXEMY IIPH YCJIOBHUH, UTO BBIXOAbI TAKMUX CXEM MOJIHO MOJIKJIFOYATh KO
BXOJIaM JPYTUX TAKUX K€ CXEM.

Halop nornyeckux 3ieMeHTOB, peaibHO UCIIOJIb3YEMbIX B IU(DPOBOI 2JIEKTPOHUKE, CO-
OTBETCTBYET U30BITOUYHO MOJTHOMY (DYHKIIMOHAILHOMY Ha0opy OyneBbIX PpyHKIIMMA. N30bI-
TOYHOCTH Ha0Opa MO3BOJISIET MOJYYUTh HECKOJIBKO BAPUAHTOB OJIMHAKOBO (PYHKITMOHH-
PYIOIINX CXEM U BBIOMPAThH T€ U3 HUX, KOTOPBIC JTYUIIIe TIOIXOIAT JIsl PEIIECHUS KOHKPET-
HBIX 3aj1a4.

Taxk, nHampumep, HanboJIee PacCIPOCTPAHEHHOE CEMENCTBO MU(PPOBHIX HHTETPATTHHBIX
Mukpocxem 155 cepun conepxur 2 U-HE, HE, 21, 21JIN, 2NJIN-HE, 2U-HE, 8U-HE, 2-
21-2NJIN-HE.

OBBEKTHI UCCJIEJOBAHNSA U ObOPYIOBAHUE
OOBekTamMu ucclieJOBaHMs B JJaHHON J1a00paTopHOM paboTe SBIISIIOTCS JIOTHYECKHE DJIe-

MEHTBI TPAH3UCTOPHO-TPAH3UCTOPHON JIOTUKH:
2U-HE, 3U-HE, 2U-HE, 2-21-2NJIN-HE (pucyHok).

155AA3 155AA4 133AA1
— & — & &
L ] ]

] L
21-HE 3U-HE 41-HE
155AP1 155AA2
& 1 &

[ S | SE—
— & N

2-2N-21JIN-HE 8U-HE



OCHOBHBIC ITAPaMETPHLI 9THUX 3JICMCHTOB IIPUBCJICHBI B Tabmn.1.

PraomMm U'BBIX U°BLIX ¢ Lo ¢ ol
B 30 30 Kpa3
MBT B HC HC
155J1A1 52 2.4 0.4 15 29 10
155J1A2 26 2.4 0.4 18 33 10
155JIA3 110 2.4 0.4 15 29 10
155J]1A4 80 2.4 0.4 15 29 10

[Tpu BbIOIHEHUH PaOOTHI UCTIONB3YIOTCS TabopaTopHbIil crena Tuna YM11 u ocu-
norpad.
SAITAHUE HA PABOTY

Hcnonb3yst 1abopaTopHbBIN CTEH U OCIIIIOTpad, paccMOTpeTh pabOTy OCHOBHBIX JIO-
THYECKHX 3JIEMEHTOB CTEHAa U UCCIIEI0OBATh HX OCHOBHBIC ITapaMETPHI.

[NEPEYEHb NUCIIOJIb3YEMOI'O OBOPY/JIOBAHUA
1) ITepcoHanbHBIA KOMIIBIOTED
2) Ocummnorpad ACK-2034
3) Uctounuk nutanust APS-7315
4) I'enepatop pyukuoHanbHbi ADG-1005
5) MakeTHas miaTa 1 UccieayeMble AIEKTPOHHBIE KOMIIOHEHTHI

[TOPAJOK BBIITOJIHEHU A PABOTBI

1. IToaBast Ha BXOIbI 3JIEMEHTOB BCE BO3MOKHBIE KOMOWHAIIMM BCEX JIOTUYECKUX HY-
Jied ¥ €TMHMUIL, COCTaBhTE TAOIUILy HICTUHHOCTH JIJISl KOKJIOTO DJIEMEHTA.

2. HCHOJ’IBBY}I IMOJIYYCHHBIC Ta6J'II/IIIBI, JaTb aJIFe6paI/I‘1€CKOG OIIMCAaHUC PACCMOTPCHHBIX
DJICMCHTOB.

3. ns nornueckux GyHKIMHI, 3aMMCAaHHBIX B Ta0JI.2

a) 3amMcaTh aNredpandeckoe BHIPAKEHUE JIOTUYECKON PYHKIINH;

0) mpeoOpa3oBaTh 3TO BhIpAXKEHHE K JIOTHYECKOMY 0a3HCy, BKIIOYAroieMy 3jeMeHT M-
HE;

B) peajn30BaTh JIOTUYECKYIO (PYHKIIMIO Ha CTEHE U IPOBEPUTH PE3yJIbTaT.
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Tabauua 1

<
q
25
<
N3
5
<
5
3
5

—_———,0 O O O
—_—_O O = = OO
—_O =, O = O = O
O~ o —~0o 0 —~o
e = = S
—_O O O = =
= = R ==
OO~ OO = = =
—O OO == O
—_——_0 OO = O

4. Jlns norudeckux (QyHKITUH, 3aJaHHBIX aaTreOpanveckH,
1) ¥V =(XIAX2)V(XIAX2);

2) ¥V =(XIVX2)A(XIVX2);

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

a) COCTaBUTh TAOJIUILY;

0) yIpOCTHUTB, UCTIOJIB3YSI OCHOBHBIC aKCHOMBI U TEOPEMBI;
B) COCTaBUTh CXEMY;

I') pealn30BaTh CXeMy Ha CTEHJIC U IPOBEPUTH PE3YJIbTAT.
5. Jlns mornueckor GyHKIMY, 3aJaHHON Ta0I.3.

Tabmanma 3
Bxonarsl Brixoanl
X1 X2 S P
0 0 0 0
0 1 1 0
1 0 1 0
1 1 0 1

HpOI[CJ'IaTB TO JKC, UTO H ITIO m.3.

YKA3AHHE 110 O©POPMJIEHNIO OTYETA
OTtuer oopmitseTcs KaKIabIM CTYJEHTOM U JIOJKEH COJIEPKaTh OAPOOHOE ONHUCAaHNE
BCEX 3TAIOB BBIIOJIHEHUS PA0OTHI C COOTBETCTBYIOUIMMH CXEMaMH U TaOJIULIaMHU.

KOHTPOJIbHBIE BOITPOCBHI
. Kakue pexumbl paboThl TpaH3UCTOPOB UCTOIb3yeTcs B 3nementax TTJI ?
. MOKHO 71 Ha TUCKPETHBIX 3JIEMEHTAaxX peanu3oBarhb, Harpumep, TTJI cxemy 21-
HE ?
3. Kakoii BEIBOJI MOKHO CJieJIaTh, €ciii curHan Ha BbeixoAe TTJI cxemsl paBen 1,5 B ?

N —
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JlabopaTopHas padora Ne7
[udpoBas cxeMoTeXHUKA. MOCIEAOBATEIbHAS JIOTHUKA.

BBEJIEHUE

[Tocne Toro, kak Ha MPEABIAYIIMX JA00OPATOPHBIX pabOTaxX U3y4eHbl KOMOWHAIIMOH-
HBIE CXEMBI, T.€. CXEMBbI, B KOTOPBIX BBIXOJIHbIE CUTHAJIbI B JIIOOOH MOMEHT BPEMEHU OTIpe-
JEJISIFOTCS TOJIBKO TEMH CUTHAJIaMU, KOTOPBIE MOCTYNAOT Ha BXOJl CUCTEMBI B TOT K€ MO-
MEHT BPEMEHU, NIEPENIEM K U3YUEHHIO CXEM MOCIEA0BATENIbHOM JOruku. Cxema rnocieno-
BaTEJIbHOM JIOTHKHU — 3TO TakKas CXeMa, B KOTOPOI TEKYIIHE 3HAYEHHSI BBIXOJ0B 3aBUCAT HE
TOJIKO OT TEKYIIMX 3HAYCHHI BXOJIOB, HO M OT pabOThI CXEMBI IO TEKyIIero MoMeHTa. ba-
30BBIM 3JIEMEHTOM B I1OCJIEA0BATEILHOM JIOTUKH ABIIIETCS TpUrrep. Tpurrep siBiisieTcs oc-
HOBHBIM KOMITOHEHTOM 00JI€€ CIOKHBIX MOCJIEI0OBATENIbHBIX YCTPOUCTB, TAKUX, KaK CUET-
YUKH, CABUTOBBIE PETUCTPHI U PETUCTPHI MAMSITH.

TEOPETUYECKUE ITOJIOJKEHH A

Tpurrep, unm OUCTaOUIBHBIN MYJIBTUBUOPATOP, - OAHOPA3PAIHBIN JIEMEHT MaMATH,
npeIHa3HAaYeHHBIN ISl XpaHEHUs JJOTHYECKON epeMEHHOM.
B o6miem citydae cTpyKTypbl TpUTTEpa MOKHO MPEACTABUTD CIEAYIOLIEH CXEMOI:

r—-—"—-"—-"—"=—-"=—-"=-"=-"=—-"=-"=- = 1

X1 | S |
CxeMma Omemenr || Q
Xn ———— yIpaBJICHUSA R ImaMsaTu .
@) ——Q

C
Puc.1. Ctpyktypa Tpurrepa

[lepexitoueHue 31eMeHTa NaMsITH B TO UJIM MHOE COCTOSIHUE OCYIIECTBIISIETCSl CUTHAJIA-
MU S (set — ycraHoBka), R (reset — cOpoc), MOCTYIMAONUMHU C BBIXOJOB CXEMbI YIIPABJICHHUS.
Jlornyeckoe 3HaueHuEe CUTHAIOB S, R 3aBUCAT OT KOMOMHAIIMU CUTHAJIOB HA BHEUTHUX
YOPABJISIIONUX BX0oJa X TPUITEpa U OT COCTOSIHUS BBIXOa 3JIEMEHTA MaMsTH, KOTOPOE OTl-
penensiercst 3HadyeHrueM curnana Q, mocrynatoiero ¢ Boixoja JI1 o nenu oOpaTHOM CBS3H.

CocTosiHue Tpurrepa onpenesnsercs 3HaueHueM BoixoaHoro curnana Q. Eciau uzmene-
Hue Q, T.e. MePEeKIIOYEHUE TPUTTEPA, MPOUCXOIUT TOJIBKO MPHU MOCTYIIEHUU CUHXPOUM-
MyJIbCa Ha CIEeIMAIIbHBIN BX0JI CHHXpoHU3auu C, TO TPUTTEP HA3bIBACTCS CUHXPOHHBIM.
Tpurrepbl MOTYT CHHXPOHU3UPOBATLCS YPOBHEM WK (DPOHTOM CHHXPOUMITYJIHCOB (pHC.2).

Cl nd yu— >0 ng yu — )
| | | |
Ly ! Ly !

t,C
tl t2 t3 t4
Puc.2. [Ipumep CHHXPOHU3UPYIOUIUX CUTHAJIOB
Ha puc.2 npunstel cieayroiiue obo3HadeHus: [1d — nepennuit GpoHT UMITyIIbCa;
O® — 3agnuit ppoHT uMmiynbca; YU — ypoBenb ummysbca; t1 u t3 — MOMEHTBI TOSIBJICHUS
UMITYJIbCa; t2 U t4 — MOMEHTBI OTCEUKH UMITYJIbCA.
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Tpurrepsl, CHHXpOHU3UPYEMbIE YPOBHEM, MOTYT U3MEHSTh CBOE COCTOSIHUE B TEUEHUU
JUIUTEIIbHOCTH CUHXPOUMITYJIbca (HarmpuMmep oT MoMeHTa t1 1o MoMeHTa t2 wim ot — t3 10
t4) npy NOCTYIIJIEHUU COOTBETCTBYIOIINX YIPABIISIONIMX CUTHAIOB X, T.€. MOTYT MEPEKITIO-
4aThCs HECKOJIBKO Pa3 3a BpeMs IEMCTBUS OJJHOTO UMIYJIbca. B TeueHun nayssl MexX1y
CUHXPOUMITYJIbCAMH COCTOSIHUE TAKOT'O TPUITEPa COXPAHIETCS MPU JFOOBIX U3MEHEHUSX
VIOPABJISIIOUIUX CUTHAJIOB. TpUTTEPhl, CHHXPOHU3UpPYEMbIE (POHTOM, U3MEHSIIOT CBOE CO-
CTOSIHUE MPU MOCTYIJIEHUU HA CUHXPOHU3ZUPYIOUIUN BX0Jl COOTBETCTBYIONIETO (poHTa (TIe-
pEeHEro WK 3aHEr0) CHHXPOUMITYJIbCA, T.€. B MOMEHTHI BpeMeHH t1, t2 unu t3, t4, a npu
NOCJEAYIOIIEM AEHCTBUM YPOBHSI CUHXPOUMITYJIbCA 3TO COCTOSTHUE COXPAHSAETCA MPH JIFO-
OBIX M3MEHEHHSIX YIPABISIFONINX CUTHATIOB X. 3a BpeMs ACHCTBUS OJHOTO UMITYJIbCa TaKOH
TPUITEP MOKET MEPEKIOYATHCS TOJIBKO OUH Pas.

Ecau Tpurrep He UMEET CUHXPOBXO0/Ia, @ UMEET TOJIbKO YIPABJISIOIINE BXOIbI, TO TAKON
TPUTTEP HA3BIBAECTCSI aCUHXPOHHBIM. [lepekitoueHre aCHHXPOHHBIX TPUTTEPOB MPOUCKOJIUT
KaK TOJIbKO Ha YIPaBISIONINE BXObI IOCTYNAET COOTBETCTBYIONIAS KOMOMHAIIMS YIIPaB-
JAOMUAX CUTHAIOB X.

B mmudpoBoii cxeMoTexHrKe HanboJiee 4acTo UCIOIb3YIOTCs Tpurrepbl RS-, JK-, T- u
D- tunos. bykBamu R u S, J u K, T u D npunsto 0603HauaTh yrpaBisionme BXoabl X
TPUTTEPOB COOTBETCTBYIOIIUX TUIIOB. PacCMOTpUM KaKIIbIi U3 3TUX TPUTTEPOB.

RS — Tpurrepsi

RS — tpurrep umeer nBa ynpasistomux Bxojaa R u S, ¢ moMoIIbI0 KOTOPBIX BBITOJIHSIOT-
cst pyHkmu yctaHOBKH B coctosiHue Q=1 (mpu S=1, R=0) u cOpoca B coctostare Q=0 (mmpu
S=0, R=1). IIpu S=R=0 Tpurrep padoTaet B pexKrUMe XpaHEHHUs, T.€. COXpAHSIECT paHee yCTa-
HOBJIeHHOE cocTosgHue: Moo Q=1, mu6o Q=0. KomOuHaIus BXogHbIX curHagoB R=S=1
(ycTraHOBKa M cOpOC OJHOBPEMEHHO) SIBJISIETCA 3alPEIIEHHOM, TaK KaK MOKET IPUBECTH K
HeornpeaeneHHoMy cocTosiHuio Q. Bo n30exanne BO3HUKHOBEHUS cOOEB B LIU(PPOBBIX CHC-
TeMax koMmOuHanuo S=R=1 uckimrouator. Tabnuiy cocrostuuii RS — Tpurrepa moxHo npe-
CTaBUTH B CIEAYIOIIEM BHUJE:

Qn+1
Qn
1
0
X

—_—_= O O ;U

S
0
1
0
1

X — HEOIIPEAEIEHHOE COCTOSIHUE.

VYcnoBHoe o0o3HaueHue RS — tpurrepos — TP (manpumep, 555TP2).
RS — Tpurreps! MOryT ObITh CHHXPOHHBIMHU U ACHHXPOHHBIMU. CXeMHOE N300pakeHHe
aCMHXpPOHHOTO RS — Tpurrepa nokaszaHo Ha puc.3.

R | T —0Q

=l

S —

Puc.3. acunxponnsiii RS — tpurrep.
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PaboTy acMHHXpPOHHOTO TPUITEPa MOKHO MOSICHUTH BPEMEHHOI Tuarpammoit (puc.4).

R

Puc.4 BpemenHnas nquarpamma paboTbl aCHHXpOHHOTO RS — Tpurrepa
CHUHXpOHHBIE TPUTTEPHI MOTYT OBITH CHHXPOHU3UPYEMBIMU YPOBHEM WIH  (POHTOM
cuHxpocurtaia. CxeMHoe n300pa’keHre UX MoKa3aHo Ha puc.S.

_IR|T _IR|T

—Q Q

— C _ —C B

_ —Q Q
S — S

Puc.5. YcnoBubie 0603HaueHNs] CHHXPOHHBIX RS — Tpurrepa, CHHXpOHU3UPYEMOTO ypOB-
HEM.

PaGoty Tpurrepa, CHHXpOHHU3UPYEMOTO YPOBHEM, MOKHO MPOUIUTIOCTPUPOBATH BPEMEH-
HOM quarpammoit (puc.6).

R

Puc.6. Bpemennas auarpamma pabotsl ciHXpoHHOTO RS — Tpurrepa,
CUHXPOHU3ZHPYEMOTO YPOBHEM.
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[1o ananoruu, paboTy TpUITepa, CAHXpOHHU3UPYEMOT'0, HAlpUMeEp, NMepeTHUM
(POHTOM CHHXPOUMITYJIbCA, MOKHO MIPECTABUTh B BUAE pUC.7.

R

Puc.7. Bpemennas nuarpamMmma padoThl CHHXpOHHOTO RS — Tpurrepa,
CHUHXPOHHM3UPYEMOT0 NepeaHUM (POHTOM CHUHXPOUMITYJIbCA.

JK - TPUITEP
JK — Tpurrep xapakrepusyercs cienyromiei TabIuei COCTOSTHHIMA:

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

1 |1 | Qn

OH otnmuaercs ot RS — Tpurrepa tem, 4To npu NOCTYIJIEHUH HA BXOJIbl KOMOMHAIIUU
J=K=1 menseT cocTossHre BX0/1a HA POTHUBOIIOJI0KHOE

Qn+1=Qn.

Takum o6pazom, JK — Tpurrep He UMeEET 3aNpenIeHHbIX KOMOMHAIIMI BXOIHBIX CUTHA-
noB. Tak ke kak u RS — tpurrep, JK- Tpurrep MoxeT ObITh Kak ACHHXPOHHBIM, TaK U CUH-
XPOHU3UPYEMBIM YPOBHEM WK PpoHTOM. OTHAKO HA MPAKTUKE OOBIYHO UCTIONb3ytoTes JK
— TPUTTEPBI, CHHXpOHU3UpYyeMbIe GpoHTOM. Y ciioBHOE o0o3Hauenue JK — tpurrepos — TB
(mammpumep, 155TB2), u ycinoBHoe rpadudeckoe n3o0pakeHue 1aHo Ha puc.§.
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K

Puc.8. I'padmueckoe nzobpaxenue JK — rpurrepon
T- TPUITEP

T — Tpurrep Ha3bIBalOT 4YaCTO CYETHBIM TPUITEPOM, U OH XaPAKTEPU3YETCS CICAYIOLIEH
TaOJIUIEH COCTOSTHUIA:

T Qn+1
0 Qn
1 an

CocTosiHuE ero BbIX0Ja MEHSAETCS HAa IPOTHUBOIIOIOKHOE MPU MOCTYIIJIEHUU HA BXOJT
cuetHoro curHana T=1 u coxpansercs HensmMeHHbIM ipu T=0. 13 TaGmu1ibpl COCTOSTHUMA 151
JK — tpurrepa BugHo uto npu J=K=1 coctosnue JK — Tpurrepa, CHHXpOHU3UPYEMOTO
bpoHTOM, OyIET U3MEHATHCS HAa MPOTHUBOIOJIOKHOE

Qn+1=Qn
[Tpu nocTyIIeHnH Kak10ro CUHXpouMIyJjbsca. Takum odbpazom, JK — Tpurrep B 3ToM ciay-
yae (pyHKIMOHUPYET Kak T- Tpurrep npu nojaye cueTHoro curiana T Ha BXOJ CUHXPOHU-
3aruu C (puc.9).

1o
J | T
Q
T o C
g Q
K

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

D - TPUITEP
D — tpurrep umeer TabJIMIly COCTOSIHUNA, B KOTOPOM OTCYTCTBYET COCTOSIHUE, COOTBETCT-
BYIOLIEE PEKUMY XPAHCHHUS:
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D | Qn+l

[E—
[E—

D — Tpurrepsl ObIBatOT TOJIBKO ACHHXPOHHBIMHU, U B COOTBETCTBUHU € TaOJIUIIEH COCTOSA-
HUH, OHY N0OCJIE NOCTYIUIEHHUs] CHHXPOCUTHAJA YCTAHABIUBAIOTCS B cocTossHHE Qn+1=D.

Takxum oOpazom, D — Tpurrep BbINOTHAET PYHKIMIO 33A€PKKU HHPOPMAIUH, TTOCTY-
ITAIOIIEN Ha yHpaBJIAOMMY Bxoa D Ha OIMH NepHoJ CHHXPOCUTHAJIA.

B MUKpPO37IEKTPOHHOM amnmaparype MMUPOKO UCIOJIB3YIOTCA Kak D — Tpurrepsl, CHHXpPO-
HU3HUPYEMbIE (PPOHTOM, TaK U CHHXPOHU3UPYEMbIE YpOBHEM. Y clloBHOE 0003HayeHune D —
TpurrepoB — TM (155TM2), a ycnoBHoe rpaduueckoe nzoOpaskeHue npuseaeHo Ha puc. 10.

_ D |T|l_—0Q _ ID|T | 0Q

—C > —>| C| ¢+— Q

Puc.10. I'paduueckoe nzoOpaxenue D — Tpurrepos

CornacHo Tabnuam cocTosIHUM, CHHXpOHHBIN JK — Tpurrep OyeT BBINMONMHIATh PyHKINUN
D — tpurrepa, eciiv HCKIIOYUTh KOMOMHAIIMU IEPEMEHHBIX, IPU KOTOpbIX J=K.

Jto nostydaercs coequHenueM BxoaoB J u K uepes unseprop (puc.11).

o T T
D C Q

Puc.11. JK — tpurrep B pexxume D — tpurrepa
B cBoto ouepenp, D — Tpurrep, CHHXpOHU3UPYEMBI (PPOHTOM, BBIMOIHIET (PYHKINUN
T — Tpurrepa, ecnu coeMHATH BX0A D ¢ HHBEPCHBIM BBIXOJOM (puc.12).

Puc.12. D — tpurrep B pexxume T — Tpurrepa

41



PaccMoTpeHHBIE BbIIIE TPUTTEPHI SBJISIFOTCS OCHOBHBIM 3JIEMEHTOM, UCIOJIb3Ye-
MOM TIPH IMIOCTPOCHUH 00JIeE CIOKHBIX MOCIEI0BATEILHBIX YCTPONUCTB, TAKUX, KaK CUCTYH-
KW, PETUCTPBI IAMSATH, CIBUTOBBIE PETUCTPHI U T.1.

PaccmoTrpum atH ycrporicrsa.

CUETUUMKHA

CueTunKOM Ha3bIBaeTCs (PYHKIIMOHAIBHBIN Y3€J1, Ha BBIBOJAX KOTOPOro 00pa3yeT-
Cs1 4MCJIO, COOTBETCTBYIOIIEE KOJIUYECTBY ITOCTYNMBIIMX HA BXOJ UMITYJIbCOB. OCHOBHBIM
[IapaMEeTPOM CUETUHKa SBIAETCS MOAy b cuera Kc. Monyne cuera paBeH MaKCUMalIbHOMY
YUCITYy UMITYJIbCOB, KOTOPOE MOXKET OBITh MPOCYUTAHO CYETYMKOM. CUETUHUKH CTPOSTCS Ha
ocHoBe JK -, T- tpurrepos. [Ipumep cuerunka Ha D — Tpurrepax nokasas Ha puc.13.

Bx 1 2 3
Puc.13. Cuetrunk Ha D — tpurrepax

CueTruuk, cofepx alliii m TPUTTEPOB, HA3BIBAETCS M — Pa3PsAIHBIM.
OH MOXET UMETh 2 YCTONYUBBIX COCTOSIHUA, IO3TOMY €ro MoayJib cueta Kc<2. KonnuecTBo
MOCTYIHUBIIKX HA CYETHBIN BXOJl UMITYJIbCOB MPECTABISETCS HA BBIXOJE CUETYUKA B BUJIE
JBOMYHOIO yucia. Tak, HanmpuMep, NpeaCTaBIEHHOTO BbIIIE TPEXPA3PATHOIO CUETUHKA
MO>KHO MPOMJITIOCTPUPOBATH BPEMEHHOW quarpaMmon (puc.14).

Bx

o | o

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

Puc.14. Bpemennas nuarpamma paboThl cCueTYMKA
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YacroTa UMITyJIbCOB Ha BBIXO/JIE TIOCTEIHErO pa3psina cuetynka B Kc pa3 menbiie, uem
4acTOTa UMITYJIbCOB, MOCTYHAIOIINX Ha BXO/. [I09TOMY CHETUHKH MCIIONB3YIOTCS B KAYeCT-
BE JIeNMTENeN 4acTOThl, 00ECIIeYMBAIOIINX Ha BbIXo/e B Kc pa3 MEeHbIIyI0 4acTOTy CUTHANA,
YyeM Ha BXOJIe.

[To Tuny GyHKIMOHUPOBAHUS PA3TUYAIOT CUETYUKH CYMMUPYIOIIHE, BEIYUTAIONINE U
peBepcuBHbIe. CYMMUPYIOIINNA CUETUYHK BHIMOIHAET IPSIMOM CUET, T.€. IPH MOCTYIICHUH Ha
BXOJI 0U4€PETHOTO UMITYJIbCA YHCIIO Ha BBIXOJ CUETYMKA YBEIIMYMBACTCS HA €AUHUILY. BbI-
YUTAIOUIMIA CYETYUK NPOU3BOAUT OOPATHBIN CUET, T.€. IPH MOCTYIJICHUH CYETHOTO UMITYJIb-
ca YMCIIO Ha BBIXOJIE YMEHBIIAETCS Ha eANHUILY. PeBEepCHUBHBIN CUETUHK MOXKET paboTaTh B
peXHUMe MPsIMOTO U 0OPaTHOTO CYEeTa.

Ecnu cueTHbIe UMITYJIbCHI B CUETUMKE TOJAIOTCS TOJIBKO HA BXOJ TPUTTEpa MEPBOTO
pa3psijia, Kak B CUETYHKE, [IPEICTABJICHHOM BBIIII€ HA PUCYHKE, TO TAKOW CYETUYUK HA3bIBA-
€TCsl MOCJIeI0BATEIIbHBIM.

JUis KaX10ro U3 MOCIEAYIOIIUX pa3psiioB CUTHAIIBI IEPEKII0UYEHNS TIOCTYIAIOT C BbI-
X0Ja MPeabIIyIINX pa3psaoB. B pesynbraTe MpOUCXOAUT MOCIE0BATENBHOE MEPEKITI0Ye-
HHE Pa3psaI0B CUETUHKA.

Ecnu nepuoj C4eTHBIX UMITYJIBCOB COU3MEPUM C BPEMEHEM 3aJICPHKKHU MEPEKITIOUCHUS
OJTHOTO pa3psiaa CYeTUHKA, TO YMCIO Ha BHIXOAAX IOCIEA0BATEILHOTO CYETYMKA MOXKET HE
BCETJ]a COOTBETCTBOBAThH KOJMUECTBY MOCTYIMUBIIMX HAa BXOJ UMITYyJILCOB. B 3TOM ciyuae
HanOoJiee MOAXOAIIMME SBIAIOTCS apajieNibHble CYeTYUKH. B cueTynkax 3Toro tuna
CUETHBIE UMITYJIbCHI OJJHOBPEMEHHO (ITapajuieIbHO) MOCTYNAIOT Ha CUHXPOBXObI C TpHrTe-
POB BO BCEX paspsiiax.

YcnoBHoe o6o3Hauenue cuetunkoB — UE (nampumep, 555 UE 5),a ycnoBHoe rpadu-
YyecKoe U300paXxkeHne AaHo Ha puc.1S5.

a §
—1IDI1 |CT2/10
— D2
— S [CT2| 1| — — D4 1 m—
2 — D8 2
— C 4 —— 4 —
8 —— 1S 8 ——
— R
—C 9 —
—R

Puc.15. I'paduueckoe n300paxxeHne CYCTINKOB
Ha puc.15,a nokazan ABOMYHBIN CUETUHK, a HA PUC.15,0 TBOMYHO — JECATUYHBIN C

BO3MOXHOCTBIO HpC,Z[B&pPITCJIBHOﬁ YCTAaHOBKH C IIOMOIIBIO ITapalJICIbHOT'0 BXOAa D1 - D8.
HOCJ’ICI{HI/Iﬁ CUCTUYHUK CUHHUTACTCA OO0 10, M JaJICC HUKII CUCTa IIOBTOPACTCA.
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PEI'UCTPbI

Peructpom Ha3zpiBaeTCsl QyHKIIMOHATBHBIN y3€JI, BBITIOTHSIIONINI XpaHEHNE JBOMYHBIX
YrCell, NX CABHT Ha ONPeNeTICHHOE YHCIIo pa3psaaoB. OHU CTPOSTCS Ha OCHOBE pacCMOTPEH-
HBIX BBIIIE TpUTTEpoB. [1o crocoly mpuema u Bbigaun HHGOPMAITUN PETUCTPHI JSIATCS Ha
CJIeTyIOIKE TPYMIBL: C MapaieIbHBIM IPUEMOM | Bblfauel (puc.16,a), ¢ mociaenoBaTeb-
HBIM ITPHEMOM U BbITaueii (puc.16,0), ¢ mociae10BaTeIbHBIM MPUEMOM U TTAPAJIICITLHON BbI-
nadent (puc.16,0), ¢ mapanieabHbIM IPUEMOM U TTOCIEAOBATEILHOM BhIAadel (puc.16,r), a
Tak)kKe KOMOMHUPOBAHHBIE C PA3TUYHBIMU CIIOCOOaMHU TIpUeMa U BBIIAYH.
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Puc.16. CTpyKkTypHBIE CXEMBI PETUCTPOB

Peructpsl ¢ napajjiebHbIM IPUEMOM U BbIJIauel HH(GOPMAIIMKU UCTIOJIB3YIOTCS ISl Xpa-
HEHUs1 HH(OpPMAIUU U Ha3bIBAIOTCS pErUCTpaMu MaMsTH. MI3MeHeHue xpansieicst HuHpop-
Malliu, T.€. BBOJ MHON MH(GOPMAIIMHU MPOUCXOUT MOCIE€ COOTBETCTBYIOIIETO U3MEHEHHUS
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CUTHAJIOB Ha BXOJlaX A MpH MOCTYIUICHUH onpeeseHHoro yposss (0 uinu 1) wim ¢pponTa
cuHXpocurHayioB C. JUisi HOCTPOEHMS PETUCTPOB MAMSITH MOTYT HCIOJIb30BATHCSI CHHXPOHH-
3UpyeMble YpOoBHEM Wi PpoHTOM D — Tpurrepsl uinu RS — tpurrepsl. B nepBom ciyuae
uH(popMaIus JOKHA IOCTYNaTh B BUJI€ OJHO(PA3HbIX CUTHAJIOB, a BO BTOPOM BH/JE Mapa-
(da3HbpIX curHanoB. [Ipumepsl perucTpoB NaMsITH [MOKa3aHbl HAa puc.17.
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Puc.17. Peructpsl namsatu Ha D- u RS- Tpurrepax

Peructpsl ¢ mocnenoBareabHbIM IPUEMOM WIIH MTOCIIEA0BATEIBLHON Bblnaueil HHQOp-
Malll{ Ha3bIBAIOT YaCTO CABUIOBBIMU PETHCTPaMHU. B peructpe ¢ nmocienoBaTeabHbIM
IIPUEMOM M BbIJJaY€ll MEPBBIN pa3ps BBOAUMOrO yncia Ao MOJAETCs Ha BXOJ OJHOIO
crapuiero paspsana perucrpa Tm — 1 1 BBoaguTcs B HETO
IIPY NOCTYIUIEHUH MIEPBOIO0 CUHXPOUMITYJIbCA, T.€. Qm-1=Ao. [Ipu nocrynienuu cienyro-
IIEr0 CUHXPOUMITYJIbCca 3HaueHHe Ao, MOCTYIAroIIee ¢ BbIxo1a pa3psaa Pm-1 BBogurcs B
pazpsan Tm-2, T.e. yctaHaBnuBaeTca Qm-2=Ao, a B pa3psia
Pm-1 noctynaet cinenyromuii pa3psa yucnia, T.e. Qm-1=A1 u 1.1. Takum oOpazom, npous-
BOJMTCS MOCIEA0BATENIbHBIN CABUT MOCTYNAIONIEH Ha BXOJl MH(OPMAIIMU Ha OJIUH pa3psij
BIIPABO B K&XKJIOM TaKT€ CUHXPOCHUTHAJIOB. [10Ce MOCTYIUIEHHs M CHUHXPOUMITYJIBCOB BECh

PETUCTP OKA3bIBACTCS 3aIIOJIHCHHBIM pa3psaaaMi YHUCJIa A, u HCpBBIfI pa3pan Ao nosiBIIsIeTCSA
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Ha Bbixoqie Qo peructpa. B TedeHue mocaeAyOmmux m CHHXPOUMITYIHCOB MPOU3BOIUTCS
MOCJIETIOBATEIBHBIN Pa3PSIHBIN BBIBOJ U3 PETUCTPA 3aMHUCAHHOTO YKCIA, MIOCTIE YeTo pe-
TECTP OKa3bIBACTCS MOJTHOCTHIO OUUIICHHBIM. CIBUTOBBIE PETUCTPHI OOBIYHO PEATU3YIOTCS
Ha D — tpurrepax (puc.18,a) wiu RS — tpurrepax (puc.18,0), rae s BBoga nHGOpMaluu B
TIEPBBIN pa3psi/] BKIOYACTCSI HHBEPTOP.
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Puc.18. CaBurosslie peructpsl Ha D- u RS- Tpurrepax

JIJis CIBUTOBBIX PETUCTPOB 00S3aTEBHBIM SIBISIETCS IPUMEHEHUE TPUTTEPOB, CUH-
XPOHHU3UPYEMBIX (DPOHTOM.

CIBUTOBBIE PETHCTPHI MOTYT OBITh PEBEPCUBHBIMU, T.€. BHIMIOIHSIIONIMMH CIBUT B
J1000M HaIpaBJICHWU: CJIEBa HAIIPaBO WM Ha000poT. HampaBnenue casura onpeaensiercs
3HaYEHUEM YIIPABIISIONIETO CUTHATIA HA CIICITUAIIBHOM BXOJIE PETHCTpA.

VYcnoBHoe o603HaueHue peructpoB UP (manpumep, 155 WP 1), u ycnoBHoe rpaduye-
CKO€ M300pakeHue AaHo Ha puc.19.
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Puc.19. I'paduueckoe n3o0paxxeHue 4eTHIPEXPa3PSTHOTO PETUCTPA

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

[NEPEYEHD UCITOJIb3YEMOI'O OBOPYJIOBAHUA
1) IlepcoHanbHBIA KOMIIBIOTED
2) Octumnorpad ACK-2034
3) Uctounuk nutanust APS-7315
4) I'enepatop ¢pynkiuonaasusii AHP-1105
5) MakeTHas miiata u UCCJIEeLyEMBIE JIEKTPOHHBIE KOMIIOHEHTHI

[TOPAAOK BBIITOJIHEHW A PABOTHI

1. N3yueHue pabOThI TPUTTEPOB

a) U3yuutsb paboty RS — Tpurrepos.
J1J1s1 BBITIOJTHEHUS ATOM YacTH pabOThl HEOOXOAMMO, BO — MEPBBIX, cOOpaTh RS — Tpurrep Ha
anemenTax 21 — HE u cHATB 17151 Hero Tabiauily MCTUHHOCTH. Bo — BTOphIX, BKItOUas JK- u
D- B pexxume RS- Tpurrepa taxke CHATh TAOJUIy UCTUHHOCTU. 3aT€M CPABHUTD MOTYUYECH-
HBIE PE3YJbTAThI U CIIETATh COOTBETCTBYIONINE BHIBOJIBI.

0) Uzyuuts paboty JK — Tpurrepa.
CobpaTh Ha MaKeTHOH MJIaTe CXEMY ISl CCIIEI0BaHUsl pa0OTHI TPUTTEpA U CHATH €Tro Tad-
JIUITy UICTHHHOCTH.

B) U3yunts padoty D — Tpurrepa.
CobpaTh Ha cTeHe CXeMy Ul UCCIIeI0BaHUS pabOThl TPUITEPA U CHATH €0 TaOJIUILy HC-
TUHHOCTH.

2. W3yudeHue pabOThI CYETUHUKOB

Co0Opatb Ha MaKETHOM IJIaTe TPEXPa3psSAHbIA CYMMUPYIOIIMI CUETYMK CHayaia Ha
JK -, a 3aTtem Ha D- Tpurrepax u 3aprcoBaTh BpeMEHHbIE JUArPAMMBbl €r0 PabOTHI.

3aTeM coOpaTh Tpexpas3psaHbIA BeIUMTArONIMN cyeTyrk Ha JK- u Ha D- Tpurrepax u
3apUCOBaTh BPEMEHHBIE AUArpaMMbl €ro padoThl.

Hcnonb3yst AONOTHUTENbHbBIE JJOTUYECKUE AJIEMEHTHI COOpaTh CXEMY TPEXPa3psIHOTO
PEBEPCUBHOIO CUETUHUKA.

3. U3yuutb paboOThl pETUCTPOB

CoOpath cxeMy perucTpa ¢ napauieIbHBIM BBOJAOM U MapajlieIbHBIM BBIBOJIOM WH-
dopmaruu cHauana Ha JK- , a 3arem Ha D- Tpurrepax u rmokasarb €ro paboToCroCOOHOCTb.

CobpaTh cxeMy perucrpa ¢ nocjieoBaTeIbHbIM BBOJOM U NOCIEA0BATEIHHBIM BbIBO-
oM uHpopmanuu cHadana Ha JK- , a 3arem Ha D- Tpurrepax u nokasartb €ro paboTocmno-
COOHOCTb.

Co0path cxeMy KOJIbLIEBOTO PETUCTPA.

VKA3AHUSA 110 OOOPMJIEHNIO OTYETA
Otuet odopmiIsieTcs KaxabIM CTYJICHTOM U JIOJKEH COJIepKaTh IMOJIPOOHOE ONMCaHUE
BCEX ATAIlOB BBIMOJHEHUS pabOTHI C COOTBETCTBYIOIIUMH CXEMaMHU U TaOJIUIIaMH.
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