MHNHOBPHAYKHN POCCUN

®denepanbHOE rOCYIAPCTBEHHOE OIOIKETHOE
o0pa3oBaTeNbHOE YUPEXKICHHUE BBICIIIEr0 00pa30BaHUs
«TynbCKHN TOCYAAPCTBEHHBIA YHUBEPCUTET

HNuctuTyT BICOKOTOUHBIX cucTeM uM. B.IL. I'pszeBa
Kadenpa «Cucrtembl aBTOMaTHUECKOTO YIIPABICHUS

YTBepxkaeHO Ha 3ace/laHiu Kadeapsl
«CucTeMbl aBTOMaTHY€CKOTO YIpaBJI€HUs»
«13» suBaps 2021 r., nporokos Ne 8

3aBenyrowui gddeapoi

O.B.I'opsiueB

CBOPHUK METOJUYECKHNX YKA3ZAHUM
K JIABOPATOPHBIM PABOTAM
10 TUCLUILIINHE

«3JICKTIJOHHK3 H 3JICKTPOHHBLIC yCTPOﬁCTBa B MEXAaTPOHUKE»

OCHOBHOI nMpo(eccHoHANBLHON 00pa30BaTEIbHOM POrPaAMMBbI
BbICIIETr0 00Pa30BaHUA — IPOrpaMMbl 0aKaJIaBpUAaTA

10 HAMPABJICHUIO MOJTOTOBKH
15.03.06 MexaTpoHuKa U pOOOTOTEXHUKA

C HaIPaBJICHHOCTHIO (MpoduIem)
MexaTpoHuka

®dopma oOydeHUs: OuHas

N nentudukaimoHHbIii Homep oOpa3zoBaTesbHOM mporpammel: 150306-01-21

Tyna 2021 ron



JIMCT COI'ZTIACOBAHUA

Paspaborumk:

EdpomeeB Aunpeit ['ennaaseBuy, noi. kad. CAY, K.T.H.

(DUO, oondicnocms, yuenast cmeneHv, yueHoe 36anue) (noonucs)



JlabopaTtopHas pabota Nel
OCHOBHBIE PaHOIICKTPOHHBIC U3MEPCHHSI U U3MEPUTEITbHBIE IIPUOOPHI

[lenab paOoThI: U3yUEHHE YCTPONUCTBA PATMOU3MEPUTENBHBIX TPUOOPOB, X OCHOB-
HBIX XapaKTEPUCTUK U MPABUI SKCILTyaTalUU.

CBeneHus U3 TEOpHH:

Bce pannosnekTpoHHbIE U3MEPEHUS MOKHO Pa3/IeIUTh HA JIBa OCHOBHBIX BUAA!

- U3MEPEHUE MapaMeTPOB CUTHAJIOB;

- U3MEPEHUE XapaKTEPUCTHUK U NapaMETPOB LIETIEH.

Tak kak U3MepeHNEe XapaKTEPUCTHK U apaMETPOB LENEH CBOAUTCS K U3MEPEHUIO

UCIIBITATENIbHOIO CUTHAJIA HAa BXOJIE€ U BBIXOJIE LENU C MOCIEAYIOIINM CPaBHEHUEM
pe3yNIbTaTOB, TO B OOIIEM CITydae JUIsl BHITOJHEHUS U3MEPEHUI B PaIli03JIEKTPOHHBIX I1e-
Ms1X HEOOXOAUMO UMETH J[Ba BUAA MPHUOOPOB:

1) HemocpenCcTBEHHO M3MEPHUTEIbHBIC MPUOOPHI, MpeIHA3HAYCHHBIC IS U3MEpe-
HUS [TapaMeTPOB CUTHAJIOB;

2)  UW3MepUTEIbHBIC T'eHePaToPhl, PEAHA3HAUYCHHBIC JIISI TCHEPHUPOBAHUS HCITBITA-
TEJIbHBIX CUTHAJIOB C U3BECTHBIMHU XapaKTEPUCTUKAMM.

K nepBomy Buay npuOOpoOB OTHOCSTCS: MEKTPOHHBIA ocuuiuiorpad, BOJIbTMETPHI,
aMIIEpMETPBI, BATTMETPBI, 4aCTOTOMEPBI. KO BTOPOMY - reHepaTopsl 3JIEKTPUYECKUX CUTHA-
JIOB Pa3NUYHBIX (pOpM (CHHYCOUAANBHBIX, MUI000PA3HBIX, TPEYTOJIbHBIX, UMITYJIbCHBIX U
IIYMOBBIX M T.J.), KAIMOPOBOUHBIE UCTOYHUKHU HAIpPsDKEHUS U ToKa. CyIECTBYIOT TaKkKe
KOMOWHHPOBaHHBIE PUOOPHI, COAECPKAHUE HIEMEHTBI U IEPBOT0, U BTOPOTO BUIOB.

Inexmponublil ocyuLiocpag) — onuH U3 Hauboiee YHUBEPCATBHBIX H3MEPHTEIbHBIX
nprOOPOB, MpeIHA3HAYCHHBINA JJIsI HAOMIOACHUS, COXPAHCHUS AJIEKTPUUECKUX CHTHAIIOB U
U3MepeHus uxX xapakTtepuctuk. Baemmnuii Bun ocumuiorpadga ACK-2034 npencraBieHn Ha
puc.l.
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1) Knonku meHo dyHKIuA

2) VYnpasieHue ropu30HTAIBLHON CHCTEMOI
3) Vnpasnenue CHCTEMOH 3aIycKa

4) VYnpasieHue BEPTUKAIBHOW CUCTEMOMN
5) Bxoguble pa3néMel

6) Pa3béMm mia koMrieHcauuu NpoOHUKA

7) @yHkuuoHaNbHBIE KHOMKH MeHto F1-F5

Ocmwnorpad no3posseT HaOIOAaTh CUTHAN B JIFOOOM M3 KaHAJIOB, UX CYMMY WK 00a
KaHana cpa3zy. s HaOmIoeHHsI CUTHAJIOB B 000MX KaHajaX MpeJHa3HAUYCHBI JIBa PEeKUMA!
KOMMYTAllMOHHBIN PEXUM U PEKUM MOOUYEPEIHON pa3BEepTKU. [lepBbIld UCHIONIB3yETCS TIPU
OJTHOBPEMEHHOM HaOII0JICHIH JABYX HU3KOYACTOTHBIX CUTHAJIOB, @ BTOPOU — IpU HAOIO/1e-
HUU BBICOKOYACTOTHBIX CHUTHANOB. CHrHajd TrOpU30HTAIIBHOM pa3BEPTKU CO3/1a€TCA BHYT-
PEHHHM TE€HEpPaTOpOM MUI000PA3HOTO HAMpPSHKEHUs, 00E€CTIEUMBAIONIIM OTKJIOHEHHE, MpO-
MOpPLMOHATBbHOE BpeMeHU. Kak U i ycuiuTeneid BEpTUKAIbHOTO OTKIOHEHUS, 3/1€Ch Ipe-
AYCMOTPEHBI KaJIMOPOBaHHBIN MEPEKIIOUaTeNb “‘BpeMsi/IeleHne” U KOHIIEHTpUYECKasi C HUM
pydyKa IEepeMEHHOro ycuieHus. i1 n3MepeHusl BpEMEHHBIX HHTEPBAJIOB 3Ta pydKa JOJDKHA
OBITh BbIBEICHA B KpailHee MpaBoe MOJOKEHUE J0 LIENYKa. Y CWINTEIb MOXET UMETh BbI-
BEJICHHBIN OT/EIBHO BXOJ], KOTOPBIA MOXKET ObITh MCIOJB30BaH JIJIsl BHEUIHETO 3aJJaHUsl ro-
PU30HTANBHOTO OTKIOHEHUs. (Hanmpumep, MokeT ObITh MCIIOJIB30BAH YIS TOIy4eHUS QUTyp
JIuccaxy). CurHaJibHbIE BXOJIbl BEPTUKAIBHOIO OTKJIOHEHHSI U TOPU30HTAIBHOW Pa3BEPTKU
HEOOXOUMBI I MOCTPOCHUSI rpaduKa 3aBUCUMOCTH HANPSKEHUSI OT BPEMEHH.

B xnymem pexxuMe pa3BepTKa HaUMHAETCS TOJBKO B TOM CJy4ae, KOr/a BbIOpaHHBIN
CUTHAJI MPOXOJUT Yepe3 YCTAHOBIICEHHYIO TOUYKY 3allyCKa W U3MEHSAETCA B BHIODAHHOM Ha-
npasieHuu. Ha npaktuke, peryiupyst ypoBeHb, JOOMBAIOTCS CTAOMIIBHOTO N300paKEeHHUS.

B pexxuMe BHYTpEHHET0 3alycka B OTCYTCTBUMU CUTHAJIA pa3BepTKa HAUMHAET “Oerarhb .
OTOT peXUM XOPOIIO UCHOJb30BaTh B TEX CIIyYasiX, KOI/1a CUTHAJI MOYKET YMEHbIATHCS 10
MaJblX 3HAYEHUMN, TaK Kak M300pakeHue He OyAeT mponaiaTh U He OyAeT BO3HUKATH BIIE-
YaTJICHUE, YTO CUTHAJ HCUE3.

OpnHokpaTHas pa3BEpPTKa UCIOJIB3YETCS ISl HENEPUOINYECKUX CUTHAIOB.

HcTouHNKN CHHXPOHU3UPYIOIIMX CUTHAJIOB BhIOMpaeTcs nepekitouarensmu: “Brytp.”,
“Cetp”, “Baemnt.”. B nonoxenun “BryTp.” 3anyckaroluii CUTHajl MOCTYIAeT Ha BXOJ CXe-
Mbl CUHXPOHHM3ALMU U3 YCWINUTEIS BEPTHUKAIBHOIO OTKJIOHEHHUS. DTOT PeXUM ObLI pac-
CMOTPEH BBILIE.

B pexume “CeTb” pa3BepTKa 3ayCKAeTCA OT CETH MEPEMEHHOTO TOKA. DTOT PEKUM M C-
MOJI3YETCSl B TE€X Cly4yasx, KOTJa MHTEPEC MPEICTaBIAIOT (POH WM MYJIbCALIMU B CXEME.
Pexum “BHemnr.” cxemsl 3amycKa HCHOJIB3YIOT B TEX CIIy4asX, KOTa HapsAy ¢ HEKOTOPBIMHU
MHTEPECYIOIINM “TPSA3HBIM~ CUTHAJIOM UMEETCSI YUCTBIN CUTHAJL, UMEIOIINI TAKYIO KE CKO-
pocTh n3MeHeHus. K TakoMy pexumy 4acTo MpUOEraroT B TE€X CiIydasiX, KOrja Ha CXemy I0-
JAETCSl HEKOTOPBIA MCTIBITATEIbHBIN BXOIHON CUTHAN WM B IUPPOBBIX CXxemax, paboTa KO-
TOPBIX CUHXPOHU3UPYETCS TAKTOBBIMH UMITYJILCAMHU.

BxonHas eMkocTh ocumiorpada 1no OTHOIIEHUIO K MCHBITHIBAEMON CXeME MOXKET ObITh
CJIMIIKOM BEJIMKA, OCOOCHHO €CJIM Y4eCTb 3KPaHW3UPOBAHHBIA COEIMHUTEIBHBIN KaOelb.
[TonHOE BXOAHOE CONPOTHUBIIEHHE (ITapajUIEIbHOE COEIMHEHHE conpoTuBieHHME 1 MoM u
emkoctu C= 100 n®) 4yacTo OKA3bIBAETCS CIMILIKOM HU3KHM JJIl YYBCTBUTEJBHBIX CXEM H
HarpykaeT ux, oOpasys AenuTeNb HampsbkeHus. MHoraa 3Ta eMKOCTh BBI3BIBAET HEIpa-
BUJIbHYIO pa0bOTy CXeMbl M Ja)Ke MPUBOJIUT K BO3HUKHOBEHHUIO aBTOKOjeOaHui. Jlyis Toro
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YTOOBI PEIINTh ATy MPOOIeMYy, OOBIYHO HMCIIONb3YIOT BHICOKOMMIIEIAHCHBIE IIyTbl. PaboTy
IIMPOKO PACIROCTPAHEHHOLO 10- KPaTHOTO MIyIa HILTIOCTPHPYET pUc.2.
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Puc.2
Kak 1 B 60JBITHHCTBE U3MEPUTENNBHBIX TPHOOPOB, CUTHAII HAa BXOJIe ocIiuiuiorpada ore-

HHUBAETCS OTHOCUTEILHO 3eMJIM MMPUOOpa, KOTOpast OOBIYHO CBsI3aHA C KOPIYCOM. ITO O3Ha-
YaeT, YTO HEBO3MOXKHO U3MEPSTh HANIPSLKEHUE MEXKAY JIByMs TOUKAMH B CXEME, a BBIHY K-
JI€HBI U3MEPSITh CUTHAJIBI OTHOCUTENBHO 3TOM 3emiid. [1pu n3mepenuu cinaldbiX U BHICOKO-
YaCTOTHBIX CUTHAJIOB HEOOXOIUMO YOEIUTHCSA, YTO 3eMJIs ocluiorpada v 3emiis CXeMbl
OJIMHAKOBEIL

Jlydiiie Bcero Jijist 3TOr0 COEAMHUTD 3EMJTIO 1IIyIa HEMMOCPEJCTBEHHO C 3eMJIEH CXEMBI, a 3a-
TE€M U3MEPUTH IIYTIOM HAMPSHKEHUE 3eMJIU U YOSTUTHCS, UTO CUTHAJI OTCYTCTBYET.

Kak npaBuio, ocuwiiorpad mMeer reHepaTtop KaJluOpOBOYHOIO CUTHAjIa M3BECTHOM yac-
TOTHI U aMIUTUTY/Ibl, BBIXOJHON CUTHAJI KOTOPOT'O UCIOIB3YETCS JJIsl KATMOPOBKHU OCLMILIIO-
rpacda. DTo jaenaercs MmyTeM I0Jlauyd CUTHajla ¢ TeHepaTopa Ha OJIMH M3 BXOJIOB OCIMJITIO-

rpada.

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

Puc. 3.

['enepatopsl 3TOM IpyIIbl FEHEPUPYIOT CUHYCOUAANIbHBIE (MHOTIa TPEYTObHbBIE, MHIIO-
oOpa3Hble U MEaHAPOBbIC) MEPUOJUUECKUE HAMIPSKEHUS C YACTOTOM OT coThIX Aojeit ' go
200 Kru. OHu OpUMEHSAIOTCA IPU HACTPOMKE M UCIBITAHUM HU3KOYACTOTHBIX PagUOdIICK-
TPOHHBIX YCTPOMCTB.

IIepecTpolika 4acTOTHI 334A0IIETO TEHEPATOPA OCYIIECTBISAETCS C MTIOMOIIBIO CTYIIEHYa-
TOI'0 MEPEKII0YaTeNs IUANa30H0B U IUIABHOTO PETYIATOPA, U3MEHSIOIIETO YacTOTy B IIpe-
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Aenax Kaxaoro nuamna3ona. Jlyis BeiOOpa (GopMbl cUTHalIa UCHONB3YETCs ClIeUUaIbHbIN TIe-
PEKIIIOYaTEb.

Bb10paHHBIi CUTHAJI € 3a/1al01LEro reHepaTopa NOCTyNaeT Ha YCUIIUTENb C TUIaBHOM pe-

TYJIMPOBKON KO3 PUIIMEHTA YCUIIEHUS, a 3aTEM Yepe3 YCUIUTENIb MOIIHOCTH Ha aTTEHIoAa-
TOD.
Hampsixenue Ha BXOZE aTTEHI0ATOpa KOHTPOJIUPYETCS AIEKTPOHHBIM BOJIBTMETPOM. Bxon-
HO€ U BBIXOJHOE CONPOTHBIICHHWE ATTEHI0OATOpa HE 3aBUCUT OT cTeneHu ociadsenus. [lo-
ClIeJHEE OCOOEHHO BA)KHO, TaK KakK IOCTOSHHOE BO BCEM JIMAIla30HE YacTOT U AMILIUTY/,
BBIXOJJTHOE COIIPOTHBIICHHE I'€HEPATOPA YIPOILAET PACUEThl U CONPOTUBIICHUE PE3YJIHTATOB
U3MEPEHUN.

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

Yeunurens-
3aparomuii »| MOJLYJIATOD ,| BBIXO1HOM .
TEHEPATOP BBICOKOM aTTEHI0ATOP UBbIx
YaCTOThI
',) » OJIEKTPOHHBIN
OO [ O ROTTE
JMaria3oH MmiaBHO TJIaBHAs N3mepurens
VY cTaHOBKa YaCTOTHI peryJinpoBKa .| TITyOUHBI
MOYJIALIUU
I'eneparop
MOYJIPYIOILIETO
HaIPSKCHUS

Bxop curnana
Buemnen Mmogynsiuun

Puc. 4

YacToTa 3a1a01Iero TEHEPATOPa NEPECTPANBACTCS NEPEKITFOUEHUEM KOHTYPHBIX KaTyIIEK
MHJYKTUBHOCTH (JIMara30Hbl) W TUIABHBIM M3MEHEHHUEM €MKOCTH KOHJIEHCaTopa KOHTYypa
(TU1aBHOE M3MEHEHHUE YaCTOThI B MPEENax KaKI0ro AUarna3oHa).

Yeunutenb- MOIYISTOP MPEACTaBIseT coOOM mepecTpamBaeMblil 1O YacTOTE OJHOBpE-
MEHHO C 33JIal0IUM T€HEPATOPOM PE30HAHCHBIA ycunuTelb. KoaghuineHT ycuneHus 3To-
r0 YCHUJIUTENSI MOXKET U3MEHSIThCS CUTHAJIOM COOCTBEHHOTO T€HEpaTopa, MOIYJIUPYIOIIETO
HANpPsDKECHHUST 3BYKOBOW YacCTOThI, WA HAIPSXKEHUEM, MOJIaBA€MbIM HA BXOJl BHEIIHENW MO-
OyJSIUAU. B mepBoM ciydae OCyIIECTBIISIETCS BHYTPEHHSA, 4 BO BTOPOM- BHEIIHSS aMIUIU-



TyAaHas MoayJisiius. Eciau moaynupyroliee HanpsKeHUE Ha YCUIIUTENb- MOJIYJSTOP HE MO-
CTYIAET, BHICOKOYACTOTHBIE KOJICOAHUS Ha €0 BBIXOJIE OCTAIOTCS HEMO Ty IMPOBAHHBIMH.

N3mepenrie HampspKeHUs CUTHala U MIYOMHBI MOJYJISIIIUM OCYILIECTBIISIETCS Ha BBIXOJIE
YCHJIUTENS, K KOTOPOMY TMOJKIIIOUEH BBIXOJHOM arTeHtoatop. Koadduiment nenenus arre-
HIOATOpA OIpEeIIIeT YPOBEHb CUTHAJIOB Ha BbIXOJI€ TeHepaTopa. OOBIUHO OH peryjaupyercs
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 dynkmonansuenii ADG-1005
7) T'enepatop pynkimonansabiii AHP-1105
8) Mynetumerp AM-1152

3aIlaHI/IH N MCTOJMYCCKHNC PCKOMCHAAIINH.
1. PYKOBOI[CTBYHCL I[MpuiaraCMbIMHU K HpI/I60paM TCXHNYCCKHMMHU OIIMCaHUsAMHM N HH-
CTPYKIUAMH, IIPUBCAUTC BCC HAXOIAIIUCCA HA pa6oqu MCCTC HpH60pI>I B pa60qee 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 ocunuiorpad B peKMME BHEUIHEH CHHXPOHU3ALMHU Pa3BEPTKH, OIpe-
JenuTe cABUT (a3 MEXY IByMs MEPUOANYECKUMU CUTHAJIAMU.
4. I'enepaTop BBICOKOM YaCTOTHI MIOCTABBTE B PEKUM BHYTPEHHEN aAMIUIUTYIHOU MO-
ayasiun. PaccMoTpuTe orubaroiyro M HECyIIyr0o 3TOr0 CUTHajla Ha 3KpaHe ocuusuiorpada
Y OLICHUTE UX YaCTOThI U AMIUIATYBI.

Odopmienre pe3yabTaToB.
Kpatko 3anucath mocieoBaTeIbHOCTh IEUCTBUI MTPU pab0Te C U3MEPUTEITHLHBIMU MPHU-
O6opamu. 3anucarh pe3yabTaThl U3MEPEHUH.

KOoHTPOJIBLHBIE BOIIPOCHI.
1. UeMm obecnieunBaeTCsi HEMOABUKHOCTh M300paKEHUS HA DKpaHe ocuuiiorpada?

2. Kak ocymectBisieTcs: kKanuopoBka ocrusuiorpada?
3. B ueM coCTOST OCHOBHBIC pa3IN4Us PSKUMOB BHYTPEHHEH M BHEIIHEH CHHXPOHU3AINH
pa3BepTkH ocumiorpada?

bubnuorpaduyeckuii COUCOK.
1. Ocunmnorpad ADS-2111MV. UHCTpyKIUS MO SKCIUTyaTal|H.
2. Ocmmnorpad ACK-2034. MHCTpyKIMS 110 SKCIUTyaTallHH.
3. Uctounuk nutanust APS-7315. MHCTpyKLMS 110 SKCIUTyaTallHH.
4. Uctounuk nutanust APS-5333. MHCTpyKIMS 110 SKCIUTyaTalluH.
5. Uctounuk nutanust APS-3320. MHCTpyKLMS 110 SKCIUTyaTallHH.
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6. 'ereparop pyukrmonanbabiii ADG-1005. MHCTpYKIHS 1O SKCIITyaTaIyH.
7. I'enepatop ¢pynkumonanbubiii AHP-1105. MHCTpYKIHS MO SKCIUTyaTal|H.
8. MynpTumMeTp AM-1152. HCTpYKIMSA 1O SKCIUTyaTallkH.



JlaGopaTopnasi padota Ne2
[TomrynpoBOIHUKOBBIE TUOIBI

HEJIb U 3AJAYUN PABOTHI
Llenpro naHnHOM Ja00paTOPHOM pabOTHI ABIAETCS U3YYEHHE OCHUILIOrpapUIecKo-
ro METO/JIa MOJTYYEHHUSI CTATHYECKUX XapaKTEPUCTUK MOJIYIPOBOJHUKOBBIX AHOJIOB, & TAKXKE

HN3y4CHHUC pa6OTI>I AUOI0B B PA3JIMYHBIX 3JICKTPOHHBIX CXCMaAX.

TEOPETUYECKMUE ITOJIOXKEHU A
Juon (ot ap.-rped. d1g[1] — nBa u -oa[2] — OT OKOHYAHHS -0JI TEPMHUHA JICKTPO/I;
OYKB. «IBYX3JEKTPOAHBINY; KOPEHb -OJ MPOUCXOAHUT OT Jp.-Tped. 000C «IIyTh») — JIIEK-
TPOHHBIN 3JEMEHT, 00JaJA0IUI Pa3IUYHON MPOBOJAMMOCTBIO B 3aBUCHUMOCTH OT HaIlpaB-
JICHUSI 3JIEKTPUUECKOT0 TOKa. DIEKTPOJ AUOA, MOAKIIOYAEMbIi K MOJOXHUTEIFHOMY MOJIIO-
Cy MCTOYHHUKA TOKA, KOTJa AUOJA OTKPHIT (TO €CTh UMEET MaJIEHbKOE CONPOTUBIICHUE), HA-

3bIBAOT aHOJ0M, HOIIKHIO‘{aeMBIﬁ K OTpHUIOATCIIBHOMY IIOJIFOCY — KAaTOAOM.
Ha YCIIOBHOM 0003HaYCHU U HAIIPpaBJICHUC CTPCJIIKK AHO4 (TaK 0003HayaeTcs aHoJ

AJIEMEHTAa) COBIAJIAET C HAMpaBJICHUEM TOKa. (puc. 1).

AHogn, M KaTon

Puc.1. YcnoBHoe rpadguyeckoe 0003HauYCHUE TUO/IA.

OCHOBHBIM CPEICTBOM OMHMCAHUS XapAKTEPUCTUK JHUOJA SIBJSETCS €ro BOJbTaMIep-
Has xapakrtepuctrka (BAX), THTIOBOM BUI KOTOPOI MPEACTABICH HA PUCYHKE 2.
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Puc. 2. BAX noaynpoBOJHUKOBOTO AUOAA.



OOpaTHbIf TOK JJIs1 JUOJ0B OOIIEro MPUMEHEHHUs U3MEPAETCsS B HaHOaMIiepax (0opa-
TUTE BHUMaHHUE Ha pa3HbId MaclITad U3MEPEHHI 10 OCH abcuuce AJis MPSIMOTo U 00PaTHOTO
TOKA) U €ro, Kak MpaBUjI0, MOXKHO HE IPUHUMATh BO BHUMaHUE /10 TEX MOP, 0OKa HaIpshKe-
HHUE Ha JJMOJIE HE JOCTUTHET 3HAUEHUS HANpsKEHUS IPoOosi.

B HOpManpHOM COCTOSIHMM Ha AMOJ MaJaeT TaKO€ HANPSIKEHHE, KOTOPOE HE MOXKET
BBI3BaTh MPOoOOM. VCKiIIOueHnEe COCTABIIAIOT OMOPHBIE AUOJbI (CTAOMIUTPOHBI), Ul KOTO-
PBIX PEXUM MPOOO0s SIBILETCA HOPMAJIBHBIM PEXUMOM paboThl. Yale Bcero najeHue Ha-
NpsKEHUS. Ha o€, 00yCIIOBIEHHOE IPSMBIM TOKOM uepe3 Hero, coctasisieT ot 0,2 1o 0,7
B.

Ocob6oe MecTo cpeu JUOJ0B 3aHUMAIOT CTAa0MIIMTPOHBI, IPeAHa3HaYCHHbIE AJIs CTa-
OuMM3aluy ypoBHS HANpsOHKEHUS NMPU W3MEHEHUU BEIHYMHBI MPOTEKAIOIIETO 4Yepe3 JAMO
ToKa. B onmopHbIX Anogax paboyum SBISETCS MPOOMBHOW y4acTOK BOJBT — aMIIEPHOM Xa-
PAKTEpUCTUKH B 00IacTH 0OpaTHBIX HanpshkeHud. Ha 3ToM ydyacTke HanpsKeHrne Ha AHOJe
OCTAETCsl NMPAKTUYECKHU MOCTOSIHHBIM IIPU 3HAYUTENBHOM M3MEHEHHUH TOKA, IIPOTEKAIOIIETO
4yepes QUOJ.

XapaKkTepUCTUKU HEKOTOPBIX CTAOMIMTPOHOB IIPEICTaBICHbI B Ta0MIIE 1:

Tabnuya 1. Xapaxmepucmuxku cmaduiumpoHos

Tun IIpenenpHble 3HaueHUs napa- 3nauenus napametrpoB npu T =25 °C Tx.maxs
npudopa metpoB mipu T =25 °C °C
Ucrsom, | ler.nom. Prmax, Uer. Fers dcry ler.
B MA MBT Om 1072
%/°C
min, | max, min, max,
B B MA MA
2CI127A1 2,7 3,0 50 2,43 2,97 | 180 -20 1,0 6 85
2C127/141 2,7 3,0 50 2,5 2,9 180 -71,5 0,25 18,5 125
KC13011 3,0 3,0 50 2,8 3,2 180 -1,5 0,25 16,7 125
2C13011 3,0 3,0 50 2,8 3,2 180 -1,5 0,25 16,7 125
KCI33A 3,3 10,0 300 2,97 3,63 65 -11 3,0 81 125
KC133r 3,3 50 125 3 3,6 150 -10 1,0 37,5 125
2CI133A 3,3 10,0 300 2,97 3,63 65 -11 3,0 81 125
2C133b 3,3 10,0 100 3 3,7 65 -10 3,0 30 125
2CI133B 3,3 50 125 3,1 3,5 150 -10 1,0 37,5 125
2C133r 3,3 50 125 3 3,6 150 -10 1,0 37,5 125
2C133/111 3,3 3,0 50 3,1 3,5 180 -1,5 0,25 15,2 125
2C136/11 3,6 3,0 50 3,4 3,8 180 -7,0 0,25 13,9 125
KCI39A 3,9 10,0 300 3,51 4,29 60 -10 3,0 70 125
KC1391 3,9 50 125 3,5 4,3 150 -10 1,0 32 125
2CI139A 3,9 10,0 300 3,51 4,29 60 -10 3,0 70 125
2C139b 3,9 10,0 100 3,5 4,3 60 -10 3,0 26 125
2C139/11 3,9 3,0 50 3,7 4,1 180 -6,5 0,25 12,8 125
2C143 /11 4,3 3,0 50 4 4,6 180 -6,0 0,25 11,6 125
KC147A 4,7 10,0 300 4,23 5,17 56 | -9...10 3,0 58 125
KC147T 4,7 50 125 4,2 5,2 150 -7,0 1,0 26,5 125
2C147A 4,7 10,0 300 4,23 5,17 56 | -9...10 3,0 58 125
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2C147b 4,7 10,0 100 4,1 5,2 56 | -8...+2 3,0 21 125
2C147B 4,7 5,0 125 4,5 4,9 150 -7,0 1,0 26,5 125
12C147T 4,7 5,0 125 4,2 5,2 150 -7,0 1,0 26,5 125
12C147Y1 4,7 3,0 50 4,2 5,2 220 -8,0 1,0 10,6 125
12C147T1 4,7 3,0 50 4,4 4,9 220 -8,0 1,0 10,6 125
2C14719 4,7 3,0 200 4,4 4,9 220 -8,0 1,0 38 125
2C151T1 51 3,0 50 4,8 5,4 180 | -6...3 1,0 10 125
KC156A 5,6 10,0 300 5,04 6,16 46 +5,0 3,0 55 125
KC156I 5,6 50 125 5 6,2 100 7,0 1,0 22,4 125
2C156A 5,6 10,0 300 5,04 6,16 46 +5,0 3,0 55 125
2C156b 5,6 10,0 100 5 6,4 45 | 4.7 3,0 18 125
2C156B 5,6 50 125 53 5,9 100 5,0 1,0 22,4 125
2C156r 5,6 50 125 5 6,2 100 7,0 1,0 22,4 125
2C156V1 5,6 3,0 50 5 6,2 160 | -4...6 1,0 9 125
2C156T1 5,6 3,0 50 5,3 5,9 160 | -4...6 1,0 9 125
2C156T9 5,6 3,0 200 5,3 5,9 160 | -4...6 1,0 34 125
2C156® 5,6 5,0 125 5,3 5,9 30 4,0 1,0 20 125
KC162A 6,2 10,0 300 5,8 6,6 35 -6,0 3,0 50 100
KC162B 6,2 10,0 150 5,8 6,6 — -6,0 3,0 22 100
2C162A 6,2 10,0 150 5,66 6,76 35 -6,0 3,0 22 125
2C162b1 6,2 3,0 21 5,89 6,51 15 6,0 1,0 3,4 85
2C162B1 6,2 3,0 21 5,58 6,82 25 6,0 1,0 3,4 85
KC168A 6,8 10,0 300 6,12 7,48 7 +6,0 3,0 45 125
KC168B 6,8 10,0 150 6,3 7,3 28 +5,0 3,0 20 100
2C168A 6,8 10,0 300 6,12 7,48 28 +6,0 3,0 45 125
2C168b 6,8 10,0 100 6 7,5 15 7,0 3,0 15 125
2C168B 6,8 10,0 150 6,24 7,38 28 +5,0 3,0 20 125
2C168K1 6,8 0,5 20 6,46 7,14 | 200 5,0 0,1 2,94 125
2C168K9 6,8 0,5 200 6,46 7,14 | 200 5,0 0,1 27 125
2C168X 6,8 0,5 20 6,5 7,1 200 50 0,5 3 125
KC170A 7,0 10,0 150 6,43 7,59 20 +1,0 3,0 20 100
2C170A 7,0 10,0 150 6,43 7,59 18 +1,0 3,0 20 125
KC175A 7,5 50 150 6,82 8,21 16 +4,0 3,0 18 100
KC175XK 7,5 0,5 125 7,1 7,9 40 7,0 0,5 17 125
KC1751] 7,5 0,5 125 7,1 7,9 200 6,5 0,1 17 125

B ocHOBY cucTemMbl 0003HaUYE€HHI TMOJIOB MOJI0KEH OYKBEHHO-IIM(PPOBOM KO/, Tep-
BBIM AJIEMEHT KOTOPOro 0003HAYaeT UCXOAHBIN MOJYIIPOBOJHUKOBBIA MaTepual, Ha OCHOBE
KOTOPOT'O U3TOTOBJIEH MPUOOP:
I' vnm 1 — repmanuii MM €ro COETUHEHHUS;
K nnm 2 — xpeMHUI WM €r0 COEUHEHHUS;
Bropoii anemenT o003HaueHus: — OykBa, OMpeaesiseT MoAKIacC MpuOOpOB:
J1 — 1106l BEIIPSIMUTEIIbHbBIC, UMITYJIbCHBIE,
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L — BEIIPSIMUTENBHBIE CTOJIOBI,
B — Bapuxkansl,
W — TyHHEIBHBIE IUOMBI,
C — cTaOUIUTPOHBI.
Tperuii anemeHT — nudpa, onpeaenseT OJUH U3 OCHOBHBIX XapaKTEPU3YIOLUX MIPHU-
00p npu3HaKkoB (mapamMeTp, Ha3HAYEHHUE WM NPUHIUN JEHCTBUS),
Hampumep, nia noakiiacca J1:
1 — BRIIPSIMUTEIBHBIE AUOBI C TOCTOSIHHBIM WM CPEIHUM 3HAUEHHUEM IIPSIMOTO
Toka < 0,3 A.
2 — BBITIPSIMUTENBHBIC OB C TOCTOSTHHBIM IPsiMbIM TOKOM 0T 0,3 10 10 A.
4 — UMIyJIbCHBIC TUOABI C BPEMEHEM BOCCTaHOBJICHHSI OOPATHOTO COMPOTHBIICHUS
6onee 500 Hc.
S — UMITYJIbCHBIE AUOJIbI C BpeMeHeM BoccTaHoBieHus < 500 Hc.
s mogknacca C:
1 — ctabunutpoHsl MOMHOCTHIO < 0,3 BT ¢ HOMHHATBFHBIM HANIPSKEHUEM CTaOWIIHU-
3aimu < 10 B.
2 — cTaOMINTPOHBI MOIIHOCTHIO < 0,3 BT ¢ HOMUHAJIBHBIM HAIPSHKEHUEM CTAOMIIU-
3armu ot 10 mo 100 B.
8 — cTabMIUTPOHBI MOITHOCTHIO OT 5 10 10 BT ¢ HOMHHAIBHBIM HaIPsHKEHUEM
cradbuiansarmu ot 10 o 100 B.
YeTBepThlil 3J1EMEHT — YMCII0, 0003HAYaroIIee MOPSIKOBBIII HOMEp pa3pabOTKU TeX-
HOJIOTUYECKOTO TUIIa Ipudopa.
[IaTe1ii 3meMeHT — OyKBa, YCJIOBHO ONpeNeNseT KiIacCU(UKAIMI0 MO IMapaMeTpam
pUOOPOB, U3TOTOBJIEHHBIX MO €IMHON TEXHOJIOTUU.
[IpuBenem nprmep 0003HAUEHHSI HEKOTOPBIX TPUOOPOB:
KJ510A — xpeMHEBbII UMITYJIbCHBIA JUOJI C BPEMEHEM BOCCTAHOBJIEHUSI OOPAaTHOTO
conpoTuBieHus 41c, Homep pazpabotku 10, rpynna A.

2C147A — xpemHeBbId cTabunutpoH mMoiHocThio <0,3 BT, Hanpsikenue cradunmza-
unu 4,7 B, rpynma A.

B HacTosee BpeMsi MHOTHE BBITYCKaeMbIe MMPOMBIIIICHHOCTBIO JUOJIBI M CTAOWITH-
TPOHBI, K&K ¥ MHOTHE JIPyTHE AJICKTPOHHBIC MPUOOPHI, MAPKUPYIOTCS MIOCPEACTBOM IIBETO-
BOTO Koza. PacmmdpoBka IIBETOBOTO KOja IJisi HEKOTOPBIX CTAOMIMTPOHOB MPEACTABIICHA B
Tabnuie 2:

Tabnuya 2. []eemosas MapKupo8Ka HeKomopwvlx CmaduIumpoHo8.

Tun 371emenTa Merka y BbIBOAOB KAaTOAa Metka y BIBOAOB aHOAA
KC133A I'ony6oe kombI10 benoe xonb110
2C133A benoe xonb1o YepHoe KOIb1I0
KC133I OpankeBasi METKa Ha TOPIE KOpITyca
KC139A 3ejeHo0€e KOJIBII0 Bbenoe xonwmo
2C139A 3eneHoe KOJbII0 YepHoe KOJbIIO
KC147A Cepoe nnu cuHee KoJblLo benoe xonb10
2C147A — YepHoe KOIbLIO
KC147T 3eneHas METKa Ha TOple Kopiyca —
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Tun 371emenTa MeTka y BbIBOIOB KaTO1a MeTka y BbIBOJA0OB aHOAA
KC156A OpaHxeBoe KOJbLIO benoe xonw1o
2C156A OpaHxeBoe KOJbLIO YepHoe KOIb1IO0
KC156I" Kpacnas meTka Ha Toplie Kopmyca
KC168A Kpacnoe konb110 benoe komib110
2C168A Kpachnoe konb110 UYepHoe KOJIbLIO
KCI175XK benoe xonb1o
KC182XK Kenrtoe kosb1O
KC1912K Kpacnoe komb110
KC210K 3eeHo0€e KOJILII0
KC2112K Cepoe KoJIbII0
KC212K OpanxeBoe KOJIbLIO
KC213XK UepHoe KOO —
KC215XK benoe konbo YepHoe KOO
KC216XK Kenroe xonb110 YepHoe KOJIBIIO
KC218XK KpacHoe komb110 YepHoe KOJIBIIO

BonbT — aMriepHble XapaKTEpUCTUKHU AMOAA MOKHO CTPOUTH IO TOUKAM, U3MEPSS MO-
CTOSIHHbIE HAIPSDKEHUS. U TOKM B LEMSAX COOTBETCTBYIOIIMX 3JIEKTPOJOB HCCIETYyEMOIO
anemeHTa. OQHAKO TaKOM METOJ BeChbMa TPyAOEeMKHI. Kpome TOoro, mmTenpHOe MpOTEeKa-
HUE TOKa Yepe3 AIEMEHT MOKET MIPUBECTU K M3MEHEHHUIO €r0 apaMeTPOB B MPOLECCE U3Me-
penusi. OCOOEHHO CHIIBHO 3TO MPOSIBISAETCS MPU OOJIBIINX, OJM3KUX K IPENETbHO TOMYCTH-
MBIM JUJISl IaHHOTO 3JIEMEHTAa TOKa M HampshkeHusix. Eciam ke BOCHOJb30BaThCsl OCHUIIIO-
rpaduyecKuM METOJIOM, OTIMCAHHBIM HIKE, TO YKa3aHHBIC HEOCTATKU MOYKHO UCKITIOUUTH.

[TpuGop, mo3BosisironMid HaOI01aTh HAa SKpaHe ocumwiorpadga BAX nuona, HazbiBa-
eTcs xapaktepuorpadom. biok cxema xapakrepuorpagda nokazasa Ha puc.3.

l'enepatop Ocumnnorpad
CurHanos
A = KaHan 1 soum KaHan 2
WUrHanbHbIN eMna
@ © i —
S P Heses e s
| |
| = (B | |
[ . [ |
| |
| l
| |
| A 1
[ S _

Puc.3. Cxema xapakrepuorpada

Hampsixenue, caumaemoe ¢ nuoza I, mocrynaer Ha X — BXoj ociuuiorpada, T.e. Ha
TOPU30HTAJILHOE OTKIIOHEHUE JTyua ocimutorpada. [Tanenne nanpspokenus Ha pesuctope R,
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MPOTIOPITMOHANIEHOE TOKY uepe3 auona I, moctynmaer Ha Y — BXoj ocuuiuiorpada, T.e. Ha
BEPTUKAILHOE OTKJIOHEHUE Jyda ocmmuiorpada. Takum oOpa3oM, OTKIOHEHHE DJICKTPOH-
HOTO JIy4a IO OCH X OKa3bIBAETCS MPOIMOPIMOHAIBLHBIM MaJCHUIO HAMPSDKEHUS Ha JUOJE, a
o ocu Y — Toky 4epe3 Hero. [loaTroMy TpaekTopus jydya Ha dKpaHe ociusuiorpada u ecTb
BAX numona.

NckaxeHuss 3TOM XapaKTEPUCTUKH OOYCIOBJICHBI JBYMS OCHOBHBIMH MPUYUHAMHU:
HEJTMHEWHOW 3aBUCHUMOCTBIO BEJIMYMHBI OTKJIOHEHUS Jyda Ha dKpaHe OT HaIPSOKCHHS U He
UJICaTbHOCTBIO (M HE MICHTUYHOCTHIO) (ha30BBIX XapaKTEPUCTHUK ycuinuTele X u Y KaHa-
noB. IlepBasi HETOUHOCTh MOXKET OBITh YMEHBIIICHA MYTEeM TPaAyMpPOBKH IIKaJbl, WA Ka-
JTUOPOBKH, BTOpask — ITyTEeM BBIOOpA YaCTOTHI KOJIEOAHU TeHEpaToOpa HAMPSHKEHUH.

[HOPAAOK BBIITOJIHEHNM A PABOTHI
1. I3yunTh BBIAAHHBIN 1101 (CTAOUIUTPOH): BBISICHUTH IO MAPKUPOBKE (CM. TaOIIHUILy
2) ero HaMMEHOBAHUE U MEepenucaTh U3 CIPaBOUYHMKA (CM. Ta0auIy 1) ero mapameTpshl.
2. Cobepute cxeMy OJHOIEPHOTHOTO BBIIPSIMHUTENS U MOAKIIOYUTE K HEH OCIMILIO-

rpad:
[eHepaTop
RPN Ocuwunnorpad
CurHanbHbIli  3emns Kaéan1 - KaHa(:) 2
@® ® |
I —
. |
R 1k

2.1. VYcraHoBuTe aMIUIMTYAY CHTHaJIa Ha BBIXOJE Te€HepaTopa paBHoii 2 B, a yacto-
Ty curHana — 1 kl'm.
2.2.  C nomorrsto ocrmsuiorpada Ha0mogaiuTe paboTy BBITTPSIMUTEIS:
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2.3. VYBenuuuBanTe aMIUIUTYAY BXOJHOTO CHTHANA JI0 TE€X MOp, MMOKA Ha BBIXOJHOM
CUTHAJIC HE MOSIBSATCS HCKAKCHHUSI, CBA3aHHBIE C MPOOOEM:

A AN

2.4. 3anuummTe BEJIMYHUHY ATOW aMIUTUTYIbl U 3apUCYWTE KaApTHHKY C SKpaHa OC-
nusuiorpada.

2.5. BepHute aMIUTUTy1y BXOJHOTO CHUTHaja K 3HAYCHHIO, MPEIIIECTBOBABIIEMY
BO3HMKHOBEHHUS MPo00si. YBEIMUMBANTE YACTOTY CUTHAJIa JO TEX IMOp, MOKA Ha BBIXOJE HE
TMOABSTCS XapaKTEPHbIE UCKAKCHUS:

2.6. 3amummTe BEIUYMHY dTOM YaCTOThI U 3apUCYHTE KAPTUHKY C dKpaHa OCIUIIIIO-
rpada.

3. Cobepute cxeMy TUOIHOTO OTPaHUIUTENS
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'eHepaTop
CcurHanos
Ocumnnorpad)

CurHanbHbii  3emns

@ @ Kawan1 Kanan 2

| ® L4 ®

| pu——

| e R I el

1k

3.1. TlonaiiTe Ha BXOJA CHHYCOUAAIBHBIC U MPSIMOYTOJbHBIE KOJCOAHHS Pa3IUIHOM
ammutyasl (ot 0,6 B o 5 B).

3.2. 3apucyiite ¢popMy BXOJHOTO M BBIXOJHOI'O CUTHAJOB NP MUHUMAJIbHOU U
MaKCHMAJIbHOW aMIUIUTYIE.

4. Cobepute AMOIHBIN OrPAHUYUTENH IO CXEME PHUCYHKE

'eHepaTOop

(o] ano
HTHanoe [Ocunnnorpad)

CurHanbHbIi  3emns
@ @ Kawan1 =~ Kawan2
* ®
L " 2
———————— o ¢ ---———-
N/

4.1. TlomaiiTe Ha BXOJ CHHYCOWJAJIbHBIA CHUTHAN yacToTod 1 k[l M1 aMITUTYHOM,
MEHBIIICH YeM HaIpshKeHUEe CcTaOMIIM3allii BBIIAHHOTO CTAOMIIMTPOHA.
4.2. CoBMeCTHTE BXOJIHOM M BBIXOJHOM CHTHAJIBI HA DKpaHe ocuuiiorpada:

4.3. VYBenuuuBaiiTe aMIUTUTY]ly BXOAHOTO CHUTHaja O BEJIWYUHBI, MPEBBIIIAIONIEH
HarpspkeHue crabunuzanuu Ha 5 B
4.4. 3apucyiite popMy BBIXOJHOTO CUTHAJA MPU PA3IUYHBIX aMIumTyaax UBX.
16



5. Cobepute cxemy, MOKa3aHHYIO HA PUCYHKE:

'eHepaTop
C ano
nrHanos [Ocumnnorpad)
CurHanbHbli  3emns
@ @ Kawan1 =~ KaWan2
| N ® ®

1k

5.1. TlopaliTe HAa BXOJ CHHYCOMJAIbHBIN curHayi yactoTtor 1 k'l m amMmiauTynou,
MEHBIIIEH YeM HanpsiKEeHUe CTaOMIIN3alliU BbIIAHHOTO CTAOMJIMTPOHA.
5.2.  CoBmMmecTuTe BXOJIHOM M BBIXOJAHOW CUTHAIIBI HA KpaHe ocruiuiorpada:

5.3. VYBenuuuBaiiTe aMIUIUTYy BXOJHOTO CHUTHAJIa JO BEJIMYMHBI, MMPEBBIIIAIOIICH
HarpspKeHue crabunuzamnuu Ha 5 B
5.4. 3apucyiite popmMy BBIXOHOTO CUTHAJIA MPHU PA3NTMYHBIX aMIuiuTynax UBX.

6. CoOpath cxemy xapaktepuorpada (puc.3).

6.1. Hactpouts ocumsutorpad Ha padboTy B pexunme XY : HaxMuUTe Kiapumry Dis-
play, ycranoBure @opmam XY, Tun Toukw.

6.2. YcraHoBUTE Ha reHEPAaTOPe CUHYCOMAATBHBIN WM TPEYTOJIbHBIA CUTHAT C Yac-
torou 20 I'm m ammutypoit 20 B.

6.3. Ilogperynupyiite pa3BEpTKy no ocsiM X u Y u 3apucyiite BAX, orobpaxae-
MYIO Ha 3KpaHe ocuuiiorpada.

[TEPEYEHbB UCIIOJIb3YEMOI'O OBOPY/JIOBAHUA

1) Ocuumnorpag ACK-2034
2) Uctounuk nutanus APS-7315
3) I'eneparop pynkimonansueiii ADG-1005
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4) Mynstumerp AM-1152
5) MakeTHas miaTta v UCCieayeMble AIEKTPOHHbIE KOMIIOHEHTHI

YKA3AHUME I10 O©OPMIJIEHUIO OTHETA

Otuer HOJDKCH COACPKATh CIIPAaBOYHYIO I/IH(bOpMaHI/II-O O ITIOJIYYCHHOM IJIA 3KCIICPHU-
MCHTOB CTa6I/IJII/ITp0HC, IMPUHOUIIAAJIIBHBIC CXEMBI, PACYCTHLIC (1)0pMy.III>I, IMIOJIYYCHHBIC PC-
3yJbTaTbl U BEIBOHLI.

KOHTPOJIBHBIE BOITPOCHI
1. IToueMy He UAEHTHYHOCTH (Pa30BBIX XAPAKTEPUCTHK TOPU3OHTAIBHOTO U BEPTH-
KaJIbHOTO KaHAJIOB OCHMJIIOTpada HCKakaeT BOJIbT — AMIIEPHYIO XapaKTEPUCTUKY Ha SKpaHe
ocruiorpadga?
2. O0bsicHHTE, KaK U TToueMy paboTaeT cxema (1.4).

bubnuorpaduuecknii cnucok
1. Ebumuuk M.K., lllymkesuu C.C. OcHOBBI pagunodeKTpoHuku. — MuHck: 131 — Bo
bI'Y, 1981. - 286 c.

2. Xoposui 1., Xunn V. UckycctBo cxemoTtexuuku. [lep. ¢ anri.: - M.: Mup, 1983.
- T.1.-690 c.
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JlaGopaTopnas padora Ne3
bunosasipabie TPAH3UCTOPBI.

HEJIb U 3AJIAYN PABOTHI
[enpto nanHOM nmaGOpaTOPHON PabOTHI SBISETCA M3YyUYEHHE OCHMIIOrpapuuecKoro
METO/1a TIOJIYYeHHsI CTATUYECKUX XaPaKTEPUCTHK TPAH3UCTOPOB, a TAKXKE M3YUEHUE TMpaK-
TUYECKHUX METOJIOB MTOCTPOEHUS CXEM Ha TPaH3UCTOpax.

TEOPETUYECKUE ITOJIOKEHUA

Tpausucrop (anri. transistor), moJynpoBoIHUKOBBI TPHOI —PaTHOIIICKTPOHHBIH
KOMITIOHEHT W3 MOJYNPOBOAHUKOBOTO Marepuaia, 0ObIYHO C TPEMsI BBIBOJAMH, MO3BOJISAIO-
U BXOAHBIM CUTHAJIOM YIPABIIATH TOKOM B AJIEKTpUdecKoi nenu. OOBIYHO UCIIONIb3YEeTCs
IUISl YCUJIEHUS!, TEHEpaluu U Npeo0pa3oBaHus NEKTPUUECKUX CUTHAJIOB. B obmiem ciydae
TPAH3UCTOPOM HA3BIBAIOT JKO0O0E YCTPOMCTBO, KOTOPOE UMUTHUPYET IIaBHOE CBOMCTBO TPaH-
3UCTOpPA - U3MEHEHHMsI CUTHAJIA MEXAY ABYMS PA3IUYHBIMH COCTOSHHUSMHU NPU U3MEHECHUH
CUTHaJIa Ha YIPABIIAIOLIEM DIIEKTPOIE.

BunoJasipHbIM TPAH3MCTOPOM HA3BIBAIOT MOJYIPOBOJHUKOBBINA MPUOOP C JABYyMS
B3aMMOJICHCTBYIOIUMU p-N-TiepexoaaMu U Tpems BbiBogamu. OH mpeacTaBisieT coOoi mo-
JYNPOBOJHUKOBBIA KPUCTAJLJI, B KOTOPOM JIB€ KpallHUE 00JIaCTH C OAMHAKOBOW 3JIEKTPO-
IIPOBOJAHOCTBIO pa3/ieieHbl 00JIACThIO MPOTUBOIIOIOKHON 3JIEKTPOIIPOBOAHOCTU. B 3aBucH-
MOCTH OT 3JIEKTPOIIPOBOJHOCTH ITUX TpeX 00JacTel pa3anyaroT TPaH3UCTOPBI N-P-n TUIA U
p-n-p tuna. TepmuH "OUNOIAPHBIN" TOTYEPKUBAET, UTO B padOTE TAaKUX TPAH3UCTOPOB MT-
paroT poJib 00a TUIIa HOCUTEJNIEH 3apsAIOB - JIEKTPOHBI U JBIPKH.

PeanpHble OUIONSIPHBIE TPAH3UCTOPHI SBISIIOTCS ACUMMETPUYHBIMUA IPUOOpamMu, HX
P-N-mepexoibl CYMECTBEHHO pa3nuyaroTcsa. OOMH M3 HUX UMEET Iopa3fo MEHBIIYIO ILIO-
aJb, 4eM JAPYrou

AcummeTpus HaOIIOJAETCS U B KOHLUEHTpAIMU MPUMECE - OJUH U3 KpalHUX CIIOEB
nl unu pl nerupoBan cuibHee, 4eM ciioi n uinu p2. CpeaHuil CIod TPAaH3UCTOPA HA3BIBAKOT
0a30ii, KpaitHUil, CUJILHO JITUPOBAHHBIN €0 MeHbIel 1iomanu nl(pl) - amuTTepom, a
cioit ¢ Oompmiei momanapio — N2(p2) — kosekropom. CootBercTBeHHO nl-p(pl-n)-
Hepexo/l Ha3bIBAIOT SMUTTEPHBIM, a n2-P(P2-N)-niepexol — KOJUICKTOPHBIM. KOHCTPYKTHBHO
TPAH3UCTOP MPEJICTABISAET COOOM MOTYNPOBOTHUKOBBIN KPUCTAILI, YACTh TOBEPXHOCTEHN KO-
toporo (b, O u K) mokpsiBaeTcs MeTaummueckoi mieHkoi. K aTuM mieHkaM npuBapuBarOT-
Csl M IPUIIAaUBAIOTCS] BHELIHUE BBIBOJBI BCEX AJIEKTPOIPOBOIOB TpaH3ucTtopa. CaM KprcTasl
YKPEIUIAOT Ha KPUCTALIOAEPKATENIE U MOMEIIAIOT B TEPMETU3UPOBAHHBIN KOPITYC, & BBIBO-
IIbl YEPE3 U30JIATOPHI BBIBOAAT HapYyXKy. B MONIHBIX TpaH3UCTOpPAX KOJUIEKTOP YaCTO HEIO-
CPEACTBEHHO COEOUHSAIOT C OCHOBAHHMEM, UYTO YBEJIMYMBAET PACCEMBAEMYI0 HA HEM MOUI-
HOCTb. B 3TOM ciTydae KOJIEKTOPHBIM BBIBOJOM CIIYXKUT OCHOBAaHHE KOPITyca TPAH3UCTOPA.
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Puc. 1. YcnoBHoe rpadudeckoe 0003HaYEHUE U YIIPOIIEHHAS CTPYKTypa OUTIOJISIPHO-
ro TpaH3ucTopa N-p-n u p-N-p THUIIA.

[TpuHIMn AeicTBUS OUMOJSIPHOTO TPAH3UCTOPA KaK YMPABISIOMIETO 3JIEMEHTA OCHO-
BaH Ha COYETAHUHU IPOIIECCA UHKEKIIMM HOCUTEJICH uepe3 OJUH P-N-TIepexo]l U coOupaHus
uX Ha JapyroMm p-n-niepexoje. [Ipu pabore TpaH3ucTOpa B PEKUME YCUIICHUS dMUTTEPHBIM
Mepexo;] CMENIaeTcs B MPSIMOM HaIPaBJICHUH, a KOJUIEKTOPHBIN miepexo — B oopaTHoM. T.e.
OCHOBHOE€ CBOMCTBO OMMOJISIPHOTO TPaH3UCTOpA KaK YIMPABISIOMIETO JIEMEHTAa — 3aBUCH-
MOCTb BBIXOJHOTO (KOJUIEKTOPHOTO) TOKa OT BXOJIHOM IMEPEMEHHON BEIMYUHBI (TOKAa IMUT-
Tepa WIN HaMPSHKEHUSI HA YMUTTEPHOM IMEPEXO/IE).

Cucmema 0bo3Hauenull ome4ecmeeHHblX MpaH3ucmopos
B ocHOBy cuctembl 0003HaUEHUN TPAH3UCTOPOB MOJ0XKEH OYKBEHHO—IIU(DPOBOH KOS,
nepevlil 3IEMEHT KOTOPOro 0003HaYaeT UCXOAHbIN MOJYyNPOBOJHUKOBBIN MaTepuall, Ha OC-
HOBE KOTOPOT'O U3rOTOBJIEH TPAH3UCTOP:
I' vim 1 — g repmanus;
K wnm 2 — s kpeMHusI.

Bmopoti snemenT 0003Ha4YeHUS — OyKBa, OTIPEICIISIIONIAs ITOKJIaCC TPAH3UCTOpA:
T — 1y GUITOISPHBIX TPAH3UCTOPOB;
IT — 1t TONIEBBIX TPAH3UCTOPOB.

Tpemuti snemeHT — 1udpa, onpenessionas ero OCHOBHbIC (PYHKIIMOHAIbHBIC BO3-
MOYXHOCTH (JIONTyCTHMBIC 3HAYCHUS PACCEMBAEMON MOIIHOCTH W TPAaHUYHYIO JTMOO MaKCH-
MaJIbHYIO pab0uyr0 4acTOTy):

1 — tpan3uctopsl MmasiomomtHbie ( Pmax < 0,3 BT) Hu3kogactorueie (f > 30 MI'n);
2 — TPaH3UCTOPBI MAJIOMOIIIHbIE cpeare yacToTh (3 < f <30 MI'n);

3 — TpaH3UCTOPBI MAJIOMOIIIHbIE BhIcOKoUacToTHBIE 1 CB4 (f > 30 MI'm):

4 — tpanzuctopsl cpeaneit MomHocT (0,3 BT < Pmax <1,5 BT) HU3KOYaCTOTHBIE;
5 — TpaH3UCTOPHI CPEAHEN MOIITHOCTH, CPETHEH YaCTOTHI;

6 — TpaH3UCTOPHI CpeHEN MOIIIHOCTH BbIcOKOUacTOTHbIE 1 CB4;

7 — TpaH3ucTOpHI O0JbIION MOIIHOCTH (Pmax > 1,5 BT) HU3KOYACTOTHBIE;

8 — TpaH3UCTOPHI OOJBIION MOIIHOCTH CPETHEYACTOTHBIE;

9 — TpaH3uCTOPHI OONBILION MOIIIHOCTH BbICOKOUAaCTOTHBIE 1 CB4.
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Yemeepmuiii 5IEMEHT — YHCII0, 0003HAYaIOIIEee MOPAIKOBBIM HOMEP pa3pabOTKH TeX-
HOJIOTMYECKOr0 THIA TPAH3UCTOPOB. {751 3TOro ucnons3ytores uynciaa ot 01 go 999.

Ilamuuii >neMenT — OyKBa, YCIOBHO ONpeNestonas KIacCU(pUKaIHIO M0 apaMeTpam
TPaH3UCTOPOB, H3TOTOBJICHHBIX 10 €AUHON TEXHOJIOTUH.

[Ipumepbl 0003HAYCHUT:

—I'T101 A — repMaHueBbIi OUTIOSPHBIN MaJIOMOIIHBIA HU3KOYaCTOTHBIN, HOMEP
pa3pabotku 1, rpymma A.

—2T399A — xpeMHueBbIN OUNONSAPHBIN MaomotHbli CB4, Homep pazpabotku 99,
rpynna A.

— 211904b — KkpeMHHEBBIN MOJEBON MOIIHBIN BBICOKOYACTOTHBINA, HOMEP pa3pabOTKH
4, rpymma, b.

Mapruposxa mpanzucmopog no cucmeme JEDEC (CILLIA)

Ilepebiii BNEMEHT — 03HAYaAET YUCIIO P-N-IEPEXOIOB:

1 — nuon, 2 — TpaH3UCTOP, 3 — TUPUCTOP.

Bmopoii snement — 6ykBa N (TUITOHOMUHAT).

Tpemuti >neMeHT — QP (CEpUMHBIA HOMED).

UeTBepThiii 271IeMEHT — OyKBa, YKa3bIBalollas Ha BO3MOXKHbBIE U3MEHEHHS MTapaMeTpOB
(xapakTepucTuk) npudopa B npesaenax ogHoro tunonomuHana no EIA. Eciou kopryc Tpan-
3UCTOpa WK JAPYTOro MOJIYNPOBOJHUKOBOTO TPUOOpa Maj, TO B COKPAIIEHHON MapKUPOBKE
nepBas uudpa u 6yksa N He cTaBsTCA.

[Tpumep ob6o3Hauenuit: 2N2906A, 2N7002LTI.

OcHOBHBIE TTapaMeTPhl UCIOJIB3YEMBIX B JJA0OpaTOpHOM pabOTe TPaH3UCTOPOB MPHU-
BEJICHBI B MPUJIOKEHUU. JIJIsl pacueTa yCWINTENe Ha TPAaH3UCTOPAaX BECbMa MOJIE3HBIMU SIB-
JISIFOTCSL BXOJHBIE M BBIXOJIHBIC BOJIBT — aMIIEPHBIE XapaKTEPUCTUKU TPAH3UCTOpa. ITU Xa-
PAKTEPUCTUKHU MOXKHO CTPOUTH MO TOUKAM, U3MEPSIS MOCTOSIHHBIC HAMPSHKEHUSI U TOKU B 11€-
X COOTBETCTBYIOIIUX AJIEKTPOJOB UCCIETYEMOTrO 3JIEMEHTA.

[TOPAIOK BBIIIOJIHEHUA PABOTHI
1. UccnemyeMblil TpaH3UCTOP
1.1. [Tonyuute y mpenoaaBaTesst UCCIEyEMBbI TPAaH3UCTOP.
1.2. HaliguTe B ClipaBOYHUKE IMApaMETPhI UCCIIEYEMOT0 TPAH3UCTOPA U MEPENULINTE
UX.
1.3. IlepepucyiiTe n3 cCupaBOYHUKA LIOKOJIEBKY TPAH3UCTOPA.

BupryanbHas 4yacTb padoThl.
2. UccnenoBanue BXOJHBIX XapaKTEPUCTUK TPAH3UCTOPA:
2.1. Cobepure B mporpamme EWB cxemy asisi CHITHSI BXOJIHBIX XapaKTEPUCTUK TPaH-
3UCTOpA:
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Puc. 2. Cxemsbl cHATHSA BXOAHBIX XapakTepucTuk: a) NPN Tpansuctopa, 6) PNP tpan-
3UCTOpA

2.2. U3mensisa Hanpsikenue 6aza-smurtep (b9J) B nuanazone ot 0 10 2 B ¢ marom 0,1

B u, 3anuceiBas mokazaHus aMIEpMETpa, COCTABBTE TAOJWITy 3aBUCHMOCTH TOKa 0a3bl OT
Hanpsbkenus bO.

2.3. Iloctpoiite rpadmk 3aBUCUMOCTH TOKa 0a3bl OT HaNpsHKEHUs bO.

3. UccnenoBanue BBIXOJIHBIX XapAKTEPUCTUK TPAH3UCTOPA

3.1. Cobepute B mporpamme EWB cxemy st CHATHS BBIXOJIHBIX XapaKTEPUCTUK
TPaH3UCTOPA:
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Puc. 3. Cxembl CHATHA BBIXOJIHBIX XapakTepucTuk: a) NPN Tpansucropa, 6) PNP
TpaH3UCTOpa

3.2. C moMoIIbI0 UCTOYHUKA TOKA 3a7aiTe TOK 0a3nr 20 MKA.

3.3. U3menss nanpsbkenue KO ot 0 no 1 B ¢ marom 0,1 B u ot 1 10 10 B ¢ marom 1
B, 3anmceiBas mokazaHus aMIiepMeTpa, COCTaBbTe TabJIWIly 3aBUCUMOCTH TOKa KOJIJIEKTOPA
oT HanpsokeHusa KO.

3.4. IloBropute nyHKT 2.3 miis TokoB 6a3bl: 40, 60, 80, 100 u 120 MKA.

3.5. IMoctpoiiTe rpaduku 3aBUCUMOCTH TOKa KOJUIEKTOpa OT HampsbkeHuss KO mpu
Pa3JIMYHBIX TOKaxX 0a3bl HA OJTHOW KOOPAUHATHOM IJIOCKOCTH.
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HNHTepakTHBHAA YacTh padoThI.
4. UccnenoBanue yCHIMTEIBHOTO Kackaaa ¢ OOIINUM SMUTTEPOM:

Ocuunnorpad

CH1 CH2 GND
| | |

|
I
| .
FeHepaTop| | : |
| I U
GND OuUT | Rl RK | | CTOYHUK
: C2 : | nmlTsl:/vm
I
| c1 VT1 | | 0.1A
| H I + -
|
S
I
|
R2 Ra :
I
{

Puc.4. Cxembl U3y4eHUs1 yCUITUTEIBLHOTO Kackaia ¢ OOIIMM AYMUTTEPOM.

4.1. Beibepure KO3(pPUIIMEHT YCUIIEHUs] KACKAJa B COOTBETCTBHUM C TaOIMIIEH:

Bapuanr Ko dunuenr ycuinenus
1 2
2 2,5
3 3
4 3,5
3) 4

4.2. Beibepure conpotusienue Rk B nuamazone ot 2 10 10 kOM u paccuurtaiiTe Be-
JUYUHY CONPOTUBICHUS R)H.

4.3. Paccuutaiite R1 u R2, yuutsiBas, uto HanpsikeHue nutanus pasuo 10 B.

4.4. Tlomyuure ot npenonasatens kouaeHcaTopsl Cl u C2, a Takke BpiOepuTe pe3u-
CTOPBI COTJIACHO PACCYUTAHHBIM HOMUHAJIAM.

4.5. Cobepute Ha MaKETHOM IJIATE CXeMY, H300paKEHHYIO Ha puC. 4.

4.6. HactpoiiTe reHepaTtop Ha Bblady CHHYCOUJAJIBHOTO CUTHAJa ¢ aMIuutyaou 1 B
n yactoroi 10 kI 'm.

4.7. HactpoliTe MCTOYHUK NMHUTaHUs: HanpsbkeHue Bbixona 10B, npenenbusiii Tok 0,1
A.

BHUMAHME! /Ins tpansucropa PNP tuna Heo0X0aMM0 NOMEHATH MOJISIPHOCTH
NUTAONIEr0 HANPSIKEHUS, T.€. IOMEHITh MECTAMHU «+» M «—» HCTOYHMKA NMUTAHUA HA
cxeme puc. 4.

4.8. Tlocie mpoBepkr cOOpaHHON CXEMBI, MOJANTe MUTAIOMICEe HAIPSKESHUE M BXO/I-
HOW CHUTHAJI C TEHEpaTopa.

4.9. BeiBenute Ha 3KpaH ocuuiiorpada BXOAHOW M BBIXOIHOW CUTHAJIBI, yOSIUTHCS B
MPaBWJIBHOCTH YCTAaHOBKHM paboueld ToOuku U koddduiimenTa ycuieHus. 3apucoBaTh MoJy-
YeHHBIE TPaPUKH.
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5. 3yueHne 4aCTOTHBIX XapaKTEPUCTHUK YCUIIUTEIBHOIO KacKaa.
5.1. Hactpoiite ocrimmuiorpad Juis aHaau3a XapaKTEPUCTUK CUTHAJIOB:
Haxartp Ha kHOIKY «Measure»

5.2. YcraHoBuTe 4acToTy curnana reaeparopa 20 I'm.

C nomorpto kinaBuiy F1 BeiOpaTh NyHKT «CTOUHUK»

KinaBuieii F2 BeiOpate «Kanan 1», a knaBumeit F3 — «Kanan 2»
C nomormbto knaBuiy F1 BeiOpaTe nyHKT « Trm»
Knasumamu F2 u F3 BeiOpath napametrp «Vamp»

5.3. V3MeHssl BEPTUKAJIBHYIO U TOPU3OHTANIbHYIO Pa3BEPTKY ocumorpada, nodeit-
TECh BHJIMMOCTH BXOJIHOTO M BBIXOJHOTO CHTHAJIa HAa dKpaHe. 3aluIIuTe N3MEPEHHYIO aM-
IUTUTYTy BXOJHOTO M BBIXOJHOTO CHTHAJIOB M MOCUHUTAWTE TEKYIUH KOdhOHUIHEHT ycuie-

HUA:
K _ U 6blX
y =2
U 6x
5.4. IToBTOpUTE SKCIEPUMEHT JJIsl pa3IMYHbIX YaCTOT BXOJHOTO CUTHAJIa U 3aMOJIHU-
T€ TaOJIUILY:
Yactota | 20 I'm 30 I'n 40 I'n 50I'y 100y | 200 'y | 500 I'x 1 xkI'n 10 xI'g
KY
Yacrora | 100 xI'm | 200 xI'xy | 500 xI'y | 1 MI'n 2 MI'n 3 MI'n 4 MI'n 5MI'n
KY

5.5. HapucyiiTe aMIUIMTYJHO-4aCTOTHYIO XapaKTEPUCTUKY YCUIIUTEIBHOTO KacKaja.
5.6. Caenaiite BBIBOJIBI O TIOJIOCE MPOMYCKAHUs COOPAHHOTO YCHIIUTENBLHOTO KacKkaja.
6. Beiximrounte 000py10BaHUE U pa30EpUTe CXEMY.

[MEPEYEHbB NUCTIOJIb3YEMOI'O OBOPYJIOBAHUA
1) Ocuumnorpag ACK-2034
2) Uctounuk mutanus APS-7315
3) I'eneparop ¢pynkumnonansuerii ADG-1005
4) Mynstumerp AM-1152
5) MakeTHas ruiata v UCCJIeyeMble dJIEKTPOHHBIE KOMIIOHEHTHI

YKA3AHUE 110 O©POPMJIEHUIO OTHETA

OT4eT MOKEH COoJEepKaTh MPUHIMIHAIBHBIE CXEMBI, pacdeTHbIE (OPMYJIbI, MOTY-

YCHHBIC PC3YJIbTATHI U BLIBOBI.

KOHTPOJIBHBIE BOITPOCHI

1. Kak BbI OOBSICHUTE HaJWU4HME OTPUIIATEIHLHOW TMOJYBOJHBI TIEPEMEHHOTO CHUTHAJIA

Ha BBIXOJIE YCUJIUTENSI, €CIU O0JacTh YCUJICHUS TPAH3UCTOpa OTpaHWYEHA HEPaBEHCTBOM
Uk > Uko mac ?
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2. TloyeMy OTHOCHUTENIBHO MaJiblii TOK 0a3bl OMIOJSIPHOTO TPAH3UCTOPA MOXKET CIIy-

JKUTH yIpasisttomei BennurHoi ? [Toyemy ycnosue 16=0 tpebyer, 4ToObl Lk U 1> Takke
PaBHSJIACH HYJIIO ?

3. 3a cyer 4yero MPOUCXOJUT JOMOJHUTEIbHOE YBETMYECHHE MOIIHOCTH CHTHAla B
ycunutene ? [losicHuTe Bain OTBET Ha MPUMEPE YCUITUTEINS C OOIIUM SMUTTEPOM.

4. B xakoW U3 CXEM pacCcerBaeTCs MEHbIIAas MOLIHOCTh — B TPAH3UCTOPHOM YCHIIH-
TeJse, paboTaIOIIETO B PEKUME YCHIJIEHUS, WM B TpaH3UCTOpHOM nepekitodatene? Ilosic-
HUTE Balll OTBET.

bubnuorpaduueckuii crimcok
1. Epumunux M.K., [llymkeuu C.C. OCHOBBI paguo3aeKTpoHUKU. — MuHck: M3 —
Bo bI'Y, 1981. — 286 c.

2. Xoposur I1., Xumn Y. UckyccTBo cxemorexHuku. [lep. ¢ anri.: - M.: Mup, 1983.
—T.1.-590 c.
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JlabGopaTtopHas pabota Ne5
OnepainuoHHbIe YCUJIUTEIH.

HEJIb U 3AJIAYN PABOTHI
[enpro nanHo# mabopaTopHOIl PabOTHI ABJISETCS U3ydyeHHE padOThl 0A30BBIX CXEM Ha
OCHOBE OIEPAIIMOHHBIX YCUITUTEICH.

TEOPETUYECKUE ITOJIOKEHUA
OnepallmoOHHBIN YCUIIMTENh TIOUTH BCETIa OXBAYEH 21YO0KOU ompuyamebHou oopam-
HOIL C653b10, CBOMCTBA KOTOPOU U ONpPEIEIAIOT CBOMCTBA cXxeMbl ¢ OY.

NuBepTHpyomee BKIOYEHHE
R2

— T +—

R1

Uex o+~

———O UBbIX

Puc. 1. MuBEpTHpYIOLIEE BKIIFOUEHUE
[Ipu nHBepTHpPYIOIIEM BKJIIOYEHUH HEMHBEpTUpYHOmMi Bxon OY coeaunsieTcs ¢ 00-
med muHoM. TakuM 00pa3oM, BBIXOJHOE HANPSKEHUE YCWIUTENS B HHBEPTUPYIOLIEM
BKJIFOUEHUU HAXOJUTCS B MPOTUBO(a3e 1Mo OTHOWEHHIO KO BXogHoMYy. Koadduument ycu-
JICHUsI BXOJHOTO CUTHAJIA 110 HANPSKEHUIO 9TOM CXEMbI B 3aBUCUMOCTU OT COOTHOLIEHHUS
COTIPOTHUBIICHUI PE3UCTOPOB MOKET ObITh KaK OOJIbIIIE, TAK U MEHbILIE €ANHUIIBL:

Haitnem BxomHO€ compoTHBIIEHHE CXEMbl. [IOCKONBKY HampshKeHUE HAa HEMHBEPTHU-
pPYIOIIEM BXOJI€ OTHOCUTEILHO OOIIEH IMIMHBI PAaBHO HYJIIO, COTJIACHO CBOMCTBY a) Hjcaib-
Horo OV BxoaHo# Tok cxeMmbl I; = U, / R;. CriemoBaTennbHO, BXOJHOE COMPOTHUBIICHUE CXE-
MBI R, = R;. TTockoabKy HalpspKeHHE Ha HEMHBEPTUPYIOIIEM BXOJI€ YCHUIIMTENS PaBHO HY-
JI10, a COTJIACHO CBOMCTBY a) ujaeaqbHoro OY pa3HOCTh NOTEHIHMAIOB MEXKY €ro BXOJAaMU
paBHA HYJIIO, TO HHBEPTUPYIONTUN BXOJI B 3TOW CXE€ME MHOT/Ia Ha3bIBAIOT BUPTYaIbHBIM (T.C.
BOOOpaKaeMbIM) HYJIEM.

HeunnBeprTupymwouiee BKIYEHHE
R2

R1

— ————(O UBbIX
Usx O +
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Puc. 2. HeunBepTupytomiee BKIIOUEHHE

[Ipy HEMHBEPTUPYIOIIEM BKIIOYEHUM BXOJHOW CHUTHAJI MOJAETCS HA HEMHBEPTHUPYIO-
mmit Bxon OV, a Ha MHBEPTUPYIOUIUN BXOJ Yepe3 JenuTelb Ha pe3uctopax R; u R, mocry-
NAeT CUTHAJI C BBIXOJIa YCUIUTENS

Kax BuaHO, 371€ch BBIXOJHOM curHan cuH(pazeH BxoaHoMy. Koadduiment ycunenus
0 HANPsDKEHUIO HE MOXKET ObITh MEHbIIE €IMHMIIBL. B mpeaenbHOM ciiydae, eclid BhIXOJ
OVY HaKOpOTKO COEAMHEH C UHBEPTUPYIOIIUM BXOJOM, 3TOT KOI(PPUIIMEHT paBeH €IUHUIIE.
Takue cxembl Ha3bIBalOT HEMHBEPTUPYIOLIIMMH TOBTOPUTEISIMA U U3TOTABIUBAIOT CEPUMHO
B Bujie oT/AeibHBIX UMC 1o HeckoNbKy ycuiuTesneil B ogHOM Kopmyce. BxoaHoe corpo-
TUBJICHHE 3TON CXEeMbI B Hjeane — 6eckoneuHo. Huxe OyaeT moka3zaHo, 4TO Y MOBTOPUTEIS
Ha peaJIbHOM OINEPALMOHHOM YCHJIMTEJIE 3TO COIPOTHUBIICHHE KOHEYHO, XOTS U BECbMa Be-
JIMKO.

Koadduiment nepegaun HEMHBEPTUPYIOLIEH CXEMBI:

K=1+&

Ry
Ecim R2=0, To K=1, To cxemMa HEHMHBEPTUPYIOIIETO YCUIUTEIS MPEBPAIIACTCS B I10-
BTOpI/ITeHB HaHpﬁ)KeHI/Iﬂ C BBICOKHUM BXOAHBIM U HU3KHUM BBIXOJIHBIM COHpOTI/IBHeHI/IeM.

Cxema uHTEerpupoOBaHUus (MHTErPaToOP)

@]

Uex O l I

——O UBbIX

Puc. 3. Cxema uHTErpupoBaHus (MHTETpaTop)

HaunOoiniee BaxxHOE 3HaU€HHUE ISl AHAJIOTOBOW BBIYUCIMTENILHOM TEXHUKU UMEET MpU-
MEHEHHUE OIEPAlMOHHBIX YCHWIIUTENICH ISl peaju3aliy omnepanuid uHTerpupoBanus. Kak
IIPaBUJIO, UIS 3TOTO UCIOJIB3YIOT MHBEPTHUpYolee BKiIroueHue OY.

Pabota cxembl HHTETpaToOpa OMUCHIBAETCS CAEAYIOLIUM BbIPAKEHUEM:

1 t
U goix (t): U gpix (0)_Ejul(t)dt
0

[TocTosiHHBIN YJIeH Uy, (0) onpenessieT Ha4aJlbHOE YCIOBUE HHTETPUPOBAHHSL.

K onepannoHHBIM yCHIUTENSAM, pabOTAIOLIUM B CX€MaX UHTETPAaTOPOB, IPEIbIBISIOT-
cs1 0COOEGHHO BBICOKHME TPEeOOBaHMsI B OTHOIIEHUU BXOAHBIX TOKOB, HANPSKEHUS CMEUICHHUS
Hyss U quddepeHunanibHoro koddguimenta ycuiaeHus no Hanpsikenuro Ky. bosbime To-
KU U CMELIEHUE HYJISl MOTYT BbI3BaTh CYIIECTBEHHBIN JIpeii) BHIXOAHOTO HAMPSIKEHUS TPU
OTCYTCTBUU CHUTHaja Ha BXOJIE, a IPU HEIOCTATOUYHOM KO3(h(UIIMEHTe YCUIIEHUSI UHTErpa-
TOp MPEJCTaBIAECT cO00M PUIBTP HU3KUX YACTOT MEPBOTO MOpsAKa ¢ KOA(DDUILIMEHTOM yCH-
nenus Ky u nocrosinaol Bpemenu (1+Ky)RC.
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Cxema nudpepenuupoBanus

———O UBbIx

Puc. 4. Cxema nuddepennupoBanus

[Ipumenenue nepBoro 3akoHa Kupxroda nis uHeptupyromiero sxoga OY B sTom
cllydae JaeT CIAeAYIollee COOTHOILIIECHUE:

du
U g = —RC| —&5
6blX ( dt j

[Ipaktruueckas peanuzauus JudPepeHIUpYIONIel cXeMbl, MOKa3aHHON Ha PHUCYHKE,
CONPSKEHA CO 3HAYNUTEIBHBIMHA TPYAHOCTSIMU I10 CIEAYIOIIUM ITPUYNHAM:

e BO-TIIEPBBIX, CXEMA HMMEET YUCTO EMKOCTHOE BXOJHOE CONPOTHUBIIEHHE, KOTOPOE B
ClIy4ae, €CIIM UCTOYHUKOM BXOJIHOT'O CHTHAJIA SIBJIAETCS IPYTrOM ONEPALMOHHBIN YCH-
JIUTEIIb, MOXKET BBI3BATh €0 HEYCTOUUYHUBOCTD;

e BO-BTOpPHBIX, Iu(depeHpoBaHue B 00JIaCTU BBICOKUX YacTOT, MPUBOAMUT K 3HAUU-
TEJIbHOMY YCWJIEHUIO COCTAaBIIAIOIIUX BBICOKHX YaCTOT, YTO YXYALIAET COOTHOIICHUE
CUTHAI/IIIYM;

e B-TPETHUX, B ITOM cxeMme B merie oOpaTHOM cBsi3u OY oKa3bIBAa€TCsl BKIIOYEHHBIM
MHEPLIMOHHOE 3BEHO MEPBOT0 MOPsAKa, CO3/arollee B 00JIacTH BBICOKMX YacTOT 3a-
nasneiBanue no daze 1o 90°: OHo cymmupyercs ¢ $ha3oBbIM 3ama3abIBAHUEM Ollepa-
LAOHHOTO YCHJIUTEIIS, KOTOPOE MOKET COCTABJIATh WM Aaxe npesbimath 90°, B pe-
3yJIbTAaTE YErO CXeMa CTAHOBUTCS HEYCTOMYMBOM

YCTpaHuTh 3TU HEAOCTATKW MO3BOJISIET BKIIOYCHHE MOCIENIOBATENIEHO C KOHICHCATO-
POM JIOMOJIHUTEIBHOrO pe3ucTopa R; (Ha pucyHke nokasaH myHKTHpoM). CriemyeT oTme-
TUTh, YTO BBEACHHE TAKOH KOPPEKIMH MPAKTUYECKHM HE YMEHBIIAeT auama3oHa paboumx
4acTOT cXxeMbl Ju(depeHIIMPOBaHUs, T.K. HA BBICOKMX YaCTOTaX M3-3a CHM)KEHUS YCUIJICHUS
B IIeTI OOPATHOM CBSI3U OHA BCE PaBHO paboTaeT HeyHoBieTBopuTenbHO. Bemmuuny R;C (1,
CJIeIOBaTENbHO, HOJb NepeaaTouHoil pyHkiuu RC — 1enu) 1eaecoo0pa3Ho BeIOUPATh Tak,
4yT00BI Ha yacTore f; ycunenne netiau oOpaTHOM CBS3H COCTABISIIO 1.
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[TOPAAOK BBIITOJIHEHNM A PABOTDI
1. UccnenoBanue cxeM MHBEPTUPYIOIIETO M HEMHBEPTUPYIOLIETrO BKIOUeHUs OY.
1.1. McxongHble JaHHBIE IS PACUETA CXEM:

Kosgppunuent nepenauum
Bapuanrt JUTSI KHBEPTUPYIOIIETO JUTsl HSUHBEPTUPYIOILIETO
BKJIFOUCHUS BKJIFOUCHUS
1 — 10 3
2 -8 4
3 —12 9)
4 - 14 6
5 -5 7
6 — 16 8
7 — 7 9
8 —18 10
9 -6 12
10 - 11 14

1.2. Cobepure cxemMy HHBEPTUPYIOIIETO BKJIIOUEHUS Ha 0a3ze MATUBBIBOJHOTO (5-
Terminal Opamp, o ymonuanuto tum — 741) ¢ nuranuem =15 B:

5 Oscilloscope =

o

il *

————————®

+

. =
‘l |‘ il B Bana s T2 [ 718 856B n= T2T [ 715 8588 ns
i 31.4188 my WAz | 912.8898 my warval | £81.3958 my

VBl | -55.7131 mu vBZ | -1.8185 v VEZVE1 -1.7628 v

Eige M % 1 WiDiv 2l EREm ] | Reduce
¥ postion Level Vpestion [0.00 _[2] | ¥ position [0.00 _[3] | Reverse |
I e | 2 - JEIES Ac| 0| ER Az| 0| ER

’—nme base Trigger a Channel B

;

1.3. PaccuuraiiTe COMpOTUBIICHUS PE3UCTOPOB B 3aBUCUMOCTHU OT TpeOyeMOoro Kodd-
(duireHTa nepeaavm.

1.4. Ilopakite Ha BXOJ CHUHYCOMAQNbHBIA curHan amrutyaou 0,1 B u cHumute oc-
[MJUIOTPaMMbl BXOJTHOTO Y BBIXOJTHOT'O CUTHAJIOB.

1.5. YBenuunBas aMIUIUTY1y BXOJHOTO CUTHAA, O TEX MOP, MOKA BBIXOJHOW CUTHAI
HE HAYHET UCKAXKAThCA. JAMUIINTE MOTYUYCHHYIO TPEACITBbHYI0 AMIUIUTYy BXOJHOTO CUTHA-
J1a, IIPU KOTOPOM €lI€ HE MPOUCXOAUT UCKAKEHUN HA BBIXOJIE.

1.6. [ToBTOpuTEe yHKTHI 1.2 — 1.5 17151 HEUHBEPTUPYIOIIETO BKIIOUCHHSI.

2. UccnenoBanue pabOThl HHTErPATOPA.

2.1. Cobepute cxemy uHTETpaTopa (puc. 3), u yctaHOBUTE EMKOCTh KOHIEeHcaTopa 10
HD, a conporuBieHue pezuctopa 2 kKOm.

2.2. IlopaiiTe Ha BXOJ cxeMbl cuHycouaansubii curnain 0,1 B / 100 I'u. 3arem noxaii-
T€ Ha BXOJ cxeMbl mpsiMoyroyibHbIM curHan 0,1 B / 100 I'u. CHUMUTE OCHMILTIOTpaMMBbl U
MIPOKOMMEHTUPYUTE pe3yJIbTaT.

2.3. Bapbupys 3Hau€HUsI COMPOTUBJICHUS U EMKOCTH, MOCMOTPUTE KaK OHU BIIMSIOT
Ha paboTy CXEMBI.
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3. UccnenoBanne paboThl MHTETPATOPA.

3.1. Cobepute cxemy auddepennmpyromiero BxitoueHus (puc. 4) 6e3 RO, u ycrano-
BUTE EMKOCTh KOHJeHcaTopa 100 HD, a conpotusnenue pezuctopa 100 kOm.

3.2. IlonaiiTe Ha BX0oA cxembl curHan TpeyroiabHoit dopmsl 0,1 B / 100 't 3atem mo-
naiTe Ha BXOJ cxeMbl npsiMoyroiabHbIi curHai 0,1 B / 100 I'u. CHUMHTE OCHMILIOTPaMMBI U
IPOKOMMEHTHPYHTE pe3ybTarT.

3.3. Jlo6aBwTe B cxemy pe3uctop RO = 1kOM U, u3MeHssl ero 3HaueHue, 100eiTech
MUHUMU3AIUU UCKAKEHUH BBIXOJHOTO CUTHAJA.

3.4. IlosTopute 11. 3.2 ¢ peauctopoMm RO B cxeme.

3.5. Bapbupys 3Hau€HUS CONPOTUBIICHUS U EMKOCTH, IIOCMOTPUTE KAK OHH BIIHSIOT
Ha paboTy CXEMBI.

YKA3AHUE 110 O©POPMJIEHNIO OTHETA

Ortuer JOJDKCH COJACPIKATh INPUHIOUIIUAIBHBIC CXCMBI, paCYCTHBIC (bOpMy.]'IBI, IIOJIy-
YCHHBLIC PC3YJIbTAThlI U BBIBOJLI.

BUBJIMOTPA®UYECKUN CITMCOK

3. Jlxonc M.X. DieKTpoHUKA — MPAKTHYECKU Kypc : ydeO.nmocobue / mep.c aHriL.:
E.B.Boponosa, A.JI.JIapuna. — 2-¢ u3z., ucnp. — M. : Texnocdepa, 2006. — 512c.

4. Xoposur II., Xunn Y. UckyccrBo cxemorexHuku / nep.c anri. b. H. bpouun [u
ap.]. — 7-e u3a. — Mocksa : BUHOM, 2012. — 704 c.
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JlaGopaTopnasi padota Ne6
u¢posBas cucreMOTEeXHUKA
HccnenoBanue padoThl aHANIOr0-1U(POBOTro U HUPPO-aHATIOrOBOro Mpeodpa3oBarTeeil

EJIb 1 3AJAYN PABOTDI

Lenpro naHHOM 1abOpaTOPHON PabOTHI SIBISIETCS U3YUEHHE pabOThl KOMOMHAIMOHHBIX
CXEM, METOJIOB MPEe0Opa30BaHMs U YIPOIIECHUS IUPPOBBIX CXEM MPHU UX peaTU3aIUu.

TEOPETUYECKMUE I[TOJIOXKEHUA

[MudpoBast 3MeKTPOHUKA OTIEPUPYET IEKTPUUECCKUMH dKBUBaNeHTaMu 1udp. [Ipu sTom
YKCIIa Yalle BCEro MpeICTABISIIOTCS B JBOMYHON CUCTEME, B KOTOPOM CYIIECTBYIOT TOJIBKO
JIBa 3HAKa: €MHULIA U HYJIb, UM COOTBETCTBYIOT CUTHAJIBI “TIOrMYECKasi eAMHUIA U “TIOTH-
YECKUM HYJIb .

Teopernueckoit 0CHOBOU ITU(DPOBOI CXEMOTEXHUKHU ABJIIETCS OyiieBa ajredpa uiu aj-
reOpa JIOTHKH.

OcHoBHOE noHATHE OyJIeBOU anreOpsl — nepekitodarenbHas (Oynesa) dyukuus. Ee ap-
TYMEHTHI U OHA caMa MOT'YT IPUHUMATh ToJIbKO J1Ba 3HaueHus: 0 u 1. C moMoribio OyJieBbIX
(GyHKIMI MOXHO OMUCATh JEHCTBUE LEJIOro Kiiacca cXeM HU(POBOI IIEKTPOHUKH, a TAKKE
(YHKIMOHUPOBAHUE COUETAHUM ATHX cxeM. Takoro poja cXxembl Ha3bIBAIOTCSI KOMOMHAIU-
OHHBIMU, TaK KaK CUTHaJIbI Ha Bbixoje (1 wiu 0) onpeaensitorcss KOMOMHAIME CUTHAJIOB Ha
ux Bxojax (1 wim 0).

[Ipocreiimrmu 0ysieBbIMUA (PYHKIIUSAMU SIBJIAIOTCS (DYHKIIMH OAHOU nepeMeHHoi. Mx
MOXET OBITh TOJIBKO 4:

Yo=fo(X)=0
Vi=f1i(X)=1 ;
V2=f2aX)=X ;
V3= £3(X)=X

OTU QyHKIMHU ONUCHIBAIOT padOTy OJTHOBXOJIHBIX LHU(PPOBBIX CXEM, @ HUMEHHO (PYHKIIUU
fo(X)u f1(X) OOUCBIBAIOT CXEMBI, BEIXOAbI KOTOPBIX ITOCTOSSHHO MPUCOCAUHEHBI K YPOBHIM

JIOTUYECKOTO HYJISl U JIOTHUECKOHN eIMHUIBI COOTBETCTBEHHO; PYHKLIUS f2(X) - CXeMY, BbI-
X0J1 KOTOPOM MOCTOSIHHO COEIMHEH C BBIXOAOM. PyHKIHMS f3(X) ONMMCBHIBAET HHBEPTOP, WIH

cxemy orpurianus (cxema “HE”).
Ecnu OyneBa GpyHKIMS UMEET JBE IEPEMEHHBIC, TO B 3TOM CJIydae moydaercs 16 Bu-
10B ()yHKIHMNA. 3aniIeM OCHOBHBIE U3 HUX

Va4 = f4(X1,X2) = X1AX2 - KOHBIOHKIHA ;
V5= f5(X..X2) = XI1AX2 - OTpHLATCJIbHbIC KOHBIOHKINU ;
V6= f6(X..X2)=X1VX2 - JIU3BIOHKIUA ;
V7=f1(X.X2)= X1VX2 - OTpUIATEIbHBbIC TU3BIOHKIINY ,

Teopema. bynesa dhyHkims 110060r0 KOJIMYECTBA IEPEMEHHBIX MOXKET OBIThH
MOJIy4eHa METOJIOM CYIIEPIO3UIINU U3 (PYHKITUHN ABYX MEPEMEHHBIX.
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MeTon cynepno3uiuu COCTOUT B MOACTAHOBKE HAa MECTO EPEMEHHBIX APYTUX OyJIEeBbIX
byHKIUI WK iepe HyMepaliuy epeMEeHHbIX, T.€. B IEPECTAHOBKE X MECTAMHU.

Teopema Mo3BOJISAET OrPaHUUUTHCA PACCMOTPEHUEM OYJIEBBIX (PYHKIIMM TOJIBKO ABYX
IEPEMEHHBIX U CTPOUTh MHOTOBXO0BbIE KOMOMHALIUN CXEMBI TOJIBKO U3 IBYXBXOJ/IOBBIX
CXEM.

B OyneBoii anredbpe ycTaHOBJICHO, UTO JIt00as OysieBa GyHKIHUS JBYX IEPEMEHHBIX MO-
KET OBITh MOJIy4eHA U3 HEKOTOPOTO KOoIMYecTBa PyHKIMN ABYX nepeMeHHbIX. Habop
(GyHKUMIA TBYX IEPEMEHHBIX, U3 KOTOPOTO METOJIOM CYNEPIO3ULIMNA MOKHO MOJTYYUTh BCE
ocTaJibHbIE OyJeBbl PYHKIMHU ABYX EPEMEHHBIX, a 3HAYUT U Bce OyJIEeBbI (PYHKIIUU JTFOOOTO
qrclia IePEMEHHBIX, Ha3bIBaeTCsA (DYHKIIMOHAIBLHO MOJHBIM HA0OpOM.

[Tpumepamu Takux HaOOPOB SBISIIOTCS Y4 U Y3, Y6 u Y3. OyHKIHOHAIBHO MOJI-
HBII HA0OP MPEACTABISACT AaXKe OJJHA OTPUILIATEIBHO B3sTast PYHKIUA f5 WU f7.

Takum 006pazom, Ha 0a3e PIEKTPOHHBIX CXEM OJHOTO THIA, pab0Ta KOTOPHIX OMUCHIBA-
eTcsl, Hanpumep, OyJIeBol QyHKIMEH f5 WK f7 MOKHO OCTPOUTH JIIOOYI0 IU(PPOBYIO

KOMOMHAIIMOHHYIO CXEMY IIPH YCIOBUH, UTO BBIXOJIbI TAKUX CXEM MOJIHO MOAKIIOYAThH KO
BXOJIaM JIPYTUX TAKUX JKE€ CXEM.

Habop nornyeckux 3jieMEeHTOB, PEaIbHO UCIOJIb3YEMbIX B HU(POBOI 3JIEKTPOHUKE, CO-
OTBETCTBYET U30BITOYHO MOJIHOMY (PYHKIIMOHAIBHOMY Ha00py OyiieBbIX (GyHKUMA. 30bI-
TOYHOCTh Ha0Opa MO3BOJISET NOJYUYUTh HECKOJIBKO BAPUAHTOB OJIMHAKOBO (PYHKIIMOHU-
PYIOIIMX CXEM U BBIOUPATh T€ U3 HUX, KOTOPBIE Jy4lle NOIXOIAT ISl pEHIEHUSI KOHKPET-
HBIX 3a/1a4.

Tak, HapuMmep, HanboJiee pacpoOCTPAaHEHHOE CEMEUCTBO ITU(POBBIX HHTEIPATIBHBIX
MukpocxeMm 155 cepunu conepxut 2 U-HE, HE, 21, 21UJIN, 2NJIN-HE, 2U-HE, 811-HE, 2-
21-2NJIN-HE.

OBBEKTHI MCCIIEAOBAHUSA 11 OBOPYIOBAHUE
OObeKTaMu UCCIIEIOBAHMS B JAHHOW J1a00paTOPHOM paboTe SABIISAIOTCS JIOTHIECKUE DIIe-

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

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

Ll
|

w
w



2-21-2NJIN-HE

8U-HE

OCHOBHBIC IMTapaMCTPbI 9THUX 3JICMCHTOB IIPUBCACHBI B Tabm.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 UCIIOJIB3YIOTCS Jab0opaTOpHbIi cTeH Thma YM1 1 u ociui-
norpad.
3AJIAHUE HA PABOTY

Hcnonb3ys 1ab0paTopHblid CTEH U OCHUIUIOrpad, pacCMOTPETh pabOTy OCHOBHBIX JIO-
TUYECKHX BJIEMEHTOB CTEHA U UCCJIEA0BATh UX OCHOBHBIE TAPaMETPHI.

I[TEPEYEHbB NUCITIOJIb3YEMOI'O OBOPYJIOBAHUA
1) IlepcoHanbHBIA KOMIBIOTED
2) Ocmmiorpad ACK-2034
3) Ucrounuk mutanus APS-7315
4) I'enepatop pyukimonanpabiii ADG-1005
5) MakeTHas ruiata v UCCJIeyeMble dJIEKTPOHHBIE KOMIIOHEHTHI

I[TOPAJOK BBIIIOJIHEHNA PABOTDBI

1. ITonaBast Ha BXO/IbI AJIEMEHTOB BCE BO3MOYKHBIE KOMOMHAIIMH BCEX JIOTUYECKUX HY-
Jeil U eUHMUIL, COCTaBbTE TAOIUIy HUCTUHHOCTH JJISl KaXKA0T0 AJIEMEHTA.

2. Ucnonb3ys nmojydyeHHble TaOJIULbI, JaTh aNre0Opanuyeckoe ONMcaHue pacCMOTPEHHBIX
AJIEMEHTOB.

3. st moruueckux (PyHKIIMi, 3aTMCaHHBIX B Ta01.2

a) 3amucaTh aNredpanvyeckoe BoIpaKeHUE JIOTMUEeCKOU (PYHKIINY;

0) mpeoOpa3oBaTh 3TO BHIPAXKEHUE K JIOTUYECKOMY 0a3uCy, BKIIIOUaroeMy iemMeHT U-
HE;

>

B) peaju30BaTh JOTUUYECKYIO (DYHKITHIO Ha CTEHJIE U TPOBEPUTH PE3YIIbTaT.
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X1 X2 X3 Vi1 Y2 V¥3 V4 V5 Ve y7
0 0 0 0 0 1 0 1 0 0
0 0 1 1 0 1 0 1 1 1
0 1 0 0 1 0 0 1 1 0
0 1 1 0 1 0 1 0 0 0
1 0 0 1 0 1 1 0 1 0
1 0 1 0 0 1 1 1 0 1
1 1 0 1 1 0 0 0 0 1
1 1 1 0 1 1 0 0 1 1

4. Jlna norudeckux (pyHKIUHN, 3aJaHHBIX 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) COCTaBUThH TAOJIHILY;

6) YHOPOCTUTD, UCITOJIB3YySA OCHOBHBIC AKCHOMBI U TCOPEMBI;

B) COCTaBUTh CXEMY;

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

Tabmua 3
Bxonsr Brixoanl
X1 X2 S P
0 0 0 0
0 1 1 0
1 0 1 0
1 1 0 1

IIponenath TO K€, UTO U MO I1.3.

YKA3AHME 110 O®OPMIJIEHMIO OTYHETA

Tabmnma 1

Otuet odopmitsieTcss KaxXAbIM CTYJICHTOM U JIOJDKEH COJIEPKATh MOIpOOHOE ONMCAHKE
BCEX ATAIOB BBIMOJHEHUS pa0OThI C COOTBETCTBYIOIIUMH CXeMaMU U TaOJIUIIaMH.

KOHTPOJIbHBIE BOITPOCHI
1. Kakue pexxumbl pabOThI TPAH3UCTOPOB UCMOJB3YyeTCs B anemenTax TTJI ?
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2. MO>HO 11 Ha TUCKPETHBIX JIEMEHTaxX peann3oBaTh, Hanpumep, T TJI cxemy 2U-
HE ?
3. Kakoii BbIBOJ MOXKHO cliefiaTh, eciii curHai Ha Beixosie TTJI cxemsbl paBen 1,5 B ?
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