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JlaGoparopHas pabota Nel
OCHOBHBIE PaMOITEKTPOHHBIC U3MEPEHHSI U U3MEPUTENBHBIE PUOOPHI

[{enpb paboTHI: U3yUEHHE YCTPONCTBA PATMON3MEPUTEIHLHBIX TPUOOPOB, MX OCHOB-
HBIX XapaKTEPUCTUK U MPABUI IKCILTyaTaIUH.

CBenieHus U3 TEOPUH:

Bce paanosnekTpoHHbIE U3MEPEHUS MOKHO Pa3/IeNIuTh HA JIBA OCHOBHBIX BUA!

- U3MEpEHHuE MapaMeTpPOB CUTHAJIOB;

- U3MEPEHUE XapaKTEPUCTUK U apaMeTPOB LCTEH.

Tak kak u3MepeHue XapakTEPUCTUK U TTApaMeTPOB IeNel CBOAUTCS K U3MEPEHUIO

UCIIBITATEeNIbHOTO CUTHAJIA Ha BXOJI€ U BBIXO/IE IIEMU C MOCIEAYIOIUM CPABHEHHEM
pE3yIbTaTOB, TO B OOIIEM CiTy4ae JJiS BHIIIOJHEHHS U3MEPEHUHN B PaIMOIICKTPOHHBIX 11e-
X He0OX0IMMO UMETH JBa BUJa IPUOOPOB:

1) HemocpenCTBEHHO M3MEPHUTEIbHBIC MPHUOOPHI, MpeIHA3HAUYCHHBIC IS U3MEpe-
HUSI TApaMETPOB CUTHAJIOB;

2)  W3MEpHUTEIIbHBbIC TeHEPATOPHI, IIPEIHA3HAYCHHBIC SISl TCHEPUPOBAHUS HCIIbITA-
TEJIbHBIX CUTHAJIOB C U3BECTHBIMU XapaKTEPUCTUKAMH.

K nepBomy Bugy npuOOpOB OTHOCSTCS: SJAEKTPOHHBINA ocuuiuiorpad, BOJIbTMETPHI,
aMIIEpMETPhI, BATTMETPHI, 4acTOTOMEPhI. KO BTOpOMY - T€éHepaTophl AIEKTPUUECKUX CUTHA-
JIOB pa3iaudHbIX (GOpM (CHHYCOMAAIBHBIX, MTUI000Pa3HbIX, TPEYTOJIbHBIX, UMITYJIbCHBIX U
IIYMOBBIX U T.J.), KAIMOPOBOYHBIE UCTOYHUKHU HampsikeHUs U TokKa. CyIIeCTBYIOT TakkKe
KOMOWHHUPOBAHHBIE PUOOPHI, COACPKAHUE HIEMEHTHI U TIEPBOT0, U BTOPOTO BUIOB.

DNeKmpPOHHbLLL Ocyunlocpagd) — OUH U3 HauboJiee YHUBEPCAIbHBIX U3MEPUTEIbHBIX
puOOPOB, MPEAHAZHAYCHHBIN ISl HAOMIOACHUS, COXPAHEHUSI AJIEKTPUUYECKUX CUTHAIOB U
U3MEpeHUs UX XapakrtepucTuk. Buemnuit Bun ocumiuiorpadga ACK-2034 npencraieH Ha
puc.l.




1) Knonku meHo dyHKIuA

2) VYnpasieHue ropu30HTAIBLHON CHCTEMOI
3) Vnpasnenue CHCTEMOH 3aIycKa

4) VYnpasieHue BEPTUKAIBHOW CUCTEMOMN
5) Bxoguble pa3néMel

6) Pa3béMm mia koMrieHcauuu NpoOHUKA

7) @yHkuuoHaNbHBIE KHOMKH MeHto F1-F5

Ocmmmtorpad mo3BossieT HabI0IaTh CUTHAJ B JTIOOOM M3 KaHAJIOB, UX CYMMY WM 00a
KaHana cpasy. Jjig HaOMIoAeHUs] CUTHAJIOB B 00OMX KaHallaX MpeAHa3HayYeHBI J[Ba PEKUMA:
KOMMYTAIIMOHHBIN PEXKUM U PEKUM MOOUYEPETHON pa3BepTKH. lIepBbIil HCONB3yeTCA TpH
OJIHOBPEMEHHOM HAOIIOJCHUU JBYX HU3KOYACTOTHBIX CUTHAJIOB, a BTOPOUM — Mpu HAOJI0Ie-
HUW BBICOKOYACTOTHBIX CUTHAJIOB. CHUTHAJI TOPU3OHTAIIBHOW Pa3BEPTKU CO3JAETCS BHYT-
PEHHUM T€HEpPaTOPOM MUJIIO00PA3HOTO HAIPSKEHUS, 00ECIeUnBAIOIIUM OTKIOHEHHUE, TIPO-
MIOPLUHMOHAIBHOE BpeMeHH. Kak M uid yCWIHTeNed BEPTUKAIBHOIO OTKIOHEHMS, 3/ECh
MPEAYCMOTPEHBI KATMOPOBAHHBIN NEPEKITIOYATEND “‘BpeMsl/AelIeHne” U KOHUEHTPUYECKas C
HUM py4yKa MEPEMEHHOro ycuieHus. [[ns u3MepeHus: BpEMEHHBIX MHTEPBAJIOB 3Ta pyyKa
J0JKHA OBITH BBIBEJICHA B KpallHEE MPAaBOE IMOJOXKEHUE J0 IIETUYKA. Y CHUIIUTEIb  MOXET
MMETb BBIBEICHHBIN OTAEJIBHO BXO/1, KOTOPBIA MOXET OBITh MCIOJIb30BAH JIJIsl BHEILIHETO 3a-
JaHUsl TOPU30HTAIBHOTO OTKJIOHEHHs. (Hanpumep, MoxkeT ObITh MCIIOJIB30BaH Il MOTyYe-
Husa Quryp Jluccaxy). CUrHaJIbHbIE BXO/bl BEPTUKAIBHOTO OTKJIOHEHUS U TOPU30HTAIBHOM
pa3BepTKU HEOOXOIMMBI JIs1 TOCTPOEHUS IpauKa 3aBUCUMOCTH HAPSYKEHUS OT BPEMEHHU.

B xnymem pexxume pa3BepTKa HAUMHAETCS TOJIBKO B TOM Cllydae, KOrJa BbIOpaHHbBIN
CUTHAJ NPOXOIUT 4Yepe3 YCTAaHOBJIEHHYIO TOYKY 3allyCKa M H3MEHSETCS B BBIOPAHHOM
HanpasiieHuu. Ha mpakTtuke, peryaupys ypoBeHb, JOOUBAIOTCS CTAOUIBHOTO U300paKeHUS.

B pexxuMe BHyTpeHHETO 3aIycka B OTCYTCTBUU CUTHAJIA pa3BepTKa HAUMHACT “Oerarh’ .
OTOT peXUM XOPOLIO MCHOJB30BaTh B TEX CIIy4asX, KOI/Ia CUTHAJI MOYKET YMEHbBIIATHCS 10
MaJbIX 3HAYEHUM, TaK Kak n3o0pakeHue He OyAeT mpomnajaTh U He OyJeT BO3HUKATH BIIE-
YaTJICHUE, YTO CUTHAI UCYE3.

OpnHokpaTHas pa3BepTKa UCIIONB3YETCS IJIs1 HEMEPUOIUYECKUX CUTHAIIOB.

N cTouHUKN CHHXPOHU3HUPYIOIMIMX CUTHAJIOB BBIOMpaeTCsl mepekiouarensmMu: “Baytp.”,
“Cetp”, “Brent.”. B monoxenun “BHyTp.” 3amyCKaromnii CUTHAJ MOCTYIIAET HA BXOJ CXeé-
Mbl CHUHXPOHHU3AIMU U3 YCWIMTEN BEPTHUKAJIBHOTO OTKJIOHEHHUS. DTOT PEXHUM ObLI pac-
CMOTPEH BbILIE.

B pexume “Cerp”’ pa3BepTKa 3allyCKaeTCsl OT CETH MEPEMEHHOTO TOKA. DTOT PEXKUM HC-
MOJIB3YETCSl B T€X CIIydasiX, KOTJia MHTepec MPeACTaBIsA0T (OH WIM MyJbCAallMd B CXEME.
Pexxnm “BHem.” cxemsl 3alycka UCHOJIB3YIOT B TEX ClIydasiX, KOT/la Hapsa1y ¢ HEKOTOPBIMU
HMHTEPECYIOMIHNM “TPS3HBIM CUTHAJIOM UMEETCSI YUCThIN CUTHAI, UMEIOIINI TaKyIO KE CKO-
pocTh u3MeHeHus. K rakoMy pexumy yacTo mpuOeraroT B TeX Cayyasix, KOrja Ha CXemy Io-
JaeTcs HEKOTOPBIN MCIBITaTEIbHBIN BXOJIHOM CUTHAJ WK B HU(PPOBBIX cXeMax, paboTa Ko-
TOPBIX CHHXPOHU3UPYETCSI TAKTOBBIMH UMITYJIbCAMU.

Bxoanas emkocTth ocipuiorpada no OTHOIIEHHIO K UCIIBITHIBAEMON CXEME MOXKET OBbITh
CJIMILIKOM BEJIMKa, OCOOCHHO €CIIM Y4eCTh 3KPaHU3UPOBAHHBIM COEIMHUTENbHBIN KaOemb.
[TonHoe BXOAHOE CONMpOTHUBIICHHE (MapajlieIbHOE COeIMHEHHE compoTuBieHrue 1 Mom u
emkoctd C= 100 n®) yacTo OKA3bIBAETCS CIMIIKOM HU3KHUM JJIsl YYBCTBUTEIBHBIX CXEM U
HarpyxaeTr ux, o0pasys AeluTeb HampsbkeHus. MHoraa sTa eMKOCTh BBI3BIBA€T HeMpa-
BUJIbHYIO pa0OTy CXE€Mbl M Ja)Ke MPHUBOJIUT K BO3HUKHOBEHMIO aBTOKoJieOaHuil. st Toro
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YTOOBI PELIUTh 3Ty MPOOJIEMy, OOBIYHO MCIOIB3YIOT BRICOKOUMIIEIAHCHBIE IIyTbl. PaboTy
LIMPOKO PACTINOCEPAHEHHOFO 1()- KPaTHOrO LIyna HILTFOCTPUPYET PHC.2.
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Puc.2
Kak 1 B 00JBIIMHCTBE U3MEPUTENBHBIX PUOOPOB, CUTHANI HAa BXOJIe ociiuiuiorpada ore-

HUBAETCS OTHOCUTEIBHO 3eMJIM MPUOOpPa, KOTOpasi OOBIYHO CBsI3aHa C KOPIYCOM. ITO O3HA-
YaeT, YTO HEBO3MOXKHO U3MEPSThH HAMPSHKEHUE MEXKIY IBYMsI TOUKaAMU B CXEME, a BBIHY K-
JIEHbI U3MEPSITh CUTHAJIBI OTHOCUTENIBHO 3TO# 3emutd. [Ipu u3mepennu cirabbIx U BEICOKOYA-
CTOTHBIX CUTHAJIOB HEOOXOIUMO YOSAUTRCS, YTO 3eMJIs OocLuiIIorpada u 3eMJyist CXeMbI
OJIMHAKOBBI.

Jlydie Bcero Jijig 3TOro COEAMHUTD 3€MJTIO IIIyTa HEOCPEICTBEHHO C 3€MJIEH CXEMBI, a 3a-
TEM M3MEPUTH IIIYTIOM HAMPSHKEHUE 36MIIM U YOSTUTHCSI, UTO CUTHAI OTCYTCTBYET.

Kak mpaBuiio, ocimmiorpadg mmeer TreHepaTop KaJIuOpOBOYHOIO CHTHAJIA W3BECTHOM 4Ya-
CTOTBI M aMILIUTYAbI, BBIXOJHOW CUTHAJ KOTOPOTO HCIIOIB3YeTCs IS KaJTuOPOBKH OCIIHII-
norpada. D10 nenaercs MyTeM MOJayu CUTHAJIA ¢ TeHepaTopa Ha OJIUH U3 BXOJIOB OCIHILIO-

rpada.

CDVHKI_[I/IHELHBHBIC Ir¢HEPATOPHI

Puc. 3.

I'enepaTopsl 3TOW TPyIIIbI FTEHEPUPYIOT CUHYCOHUIAJIbHBIE (MHOTIa TPEYTrOJIbHbIE, MTUIO0-
o0pa3HbIec U MEaHAPOBBIC) MIEPUOUUCCKUES HANPSHKEHUS C YaCTOTOW OT COTHIX moJjek ['11 1o
200 Kru. OHu OpUMEHSIOTCS TPU HACTPOMKE M UCHBITAHUM HU3KOYACTOTHBIX PagUO03IICK-
TPOHHBIX YCTPOMCTB.

ITepecTpoiika 4aCTOTHI 33JAIOIIETO TEHEPATOPA OCYLIECTBIISIETCS C MOMOIIBIO CTyIIEHYa-
TOT0 MEPEeKIoYaTesNs IUana3oHOB U IUIABHOTO PETYJSATOPa, U3MEHSIONIEr0 YacTOTy B Ipe-
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Aenax Kaxjaoro auanazosa. s BeiOOpa (opMbl cUrHaJIa MCHOJIB3YETCs ClIeHHaIbHbIN I1e-
PEKIIIOYaTEb.

Br1OpanHblii cCUTHAM € 3a/1a01ero reHepaTopa MOCTYMaeT Ha YCUJIUTENb ¢ MJIaBHOM pe-

T'YJIUPOBKON KOA(PUIIMEHTA YCHIICHHUS, a 3aTEM Yepe3 yCHIMTENIb MOIIHOCTH Ha aTTeHIoa-
TOD.
Hanpspkenue Ha BXoz€ aTTeHI0ATOpa KOHTPOJIHUPYETCS 3JIEKTPOHHBIM BOJBTMETPOM. BXox-
HOE U BBIXOJAHOE COMPOTHUBJIIEHUE ATTEHIOATOpPA HE 3aBUCUT OT CTENeHH ociiabnenus. [1o-
ClieIHEE OCOOEHHO Ba)KHO, TaK KaK MOCTOSIHHOE BO BCEM JAMANa3oHE YacTOT M aMIUTUTY,
BBIXO/JIHOE COINPOTHUBIICHHE I'€HEpPAaTOpa YIPOLIAET PACUYEThl U CONPOTUBIICHUE PE3YJIbTATOB
U3MEPEHUM.

H3MepuTenbHbIE T€HEPATOPHI BEICOKOW YaCTOTHI
["'enepaTopbl 3TOM IPYIIBI TEHEPUPYIOT CHHYCOUIANIbHBIC KoyieOaHus ¢ yactotamu ot 200
Kri 1o aecsatkoB Mr (50 Mr).
KpoMe 41cToro rapMOHUYECKOT0 HAMPSKEHUST BLICOKOM YaCTOThI, TAK)XKE T€HEPATOPHI SIB-
JISIFOTCSL UCTOYHMKAMM KoJIeOaHUM, MOAYJMPOBAHHBIX [0 aMIUIMTY/IE€, @ UHOTJA U TI0 4acTO-
te (puc.4).

Yceunurens-
3amaromui »| MOLYJIATOD »| BBIXOIHOM ,
reHEPAToP BBICOKOM aTTEHI0ATOp UBsbIx
Y4acCTOTHI
'p) » DJEKTPOHHBIN
OO [ 1O e
JMaIa30H MIABHO MJIaBHAs N3mepurenp
Y cTaHOBKA YaCTOTHI pEryJINpoOBKa | TITyOUHBI
MOAYJISIINN
I'eneparop
MOIYJUPYIOILIETO
HaMPSHKCHUS

Bxox curnama
Buemnen Mmoayanun

Puc. 4

YacroTa 3a1ar0111er0 TeHEPATOpa NEPECTPANBAECTCA NEPEKIIOYEHUEM KOHTYPHBIX KaTyIIEeK
WHIYKTUBHOCTH (IUana3oHbl) M IUIaBHBIM M3MEHEHHUEM €MKOCTH KOHAEHCaTopa KOHTypa
(T1aBHOE M3MEHEHUE YacTOThI B IIpeeiaxX Kaxaoro Auana3oHa).

Yeunutenb- MOLYISITOp MpEACTaBiIsieT coOOM mepecTpauBaeMblil MO YacTOTE OJHOBpE-
MEHHO C 33JIal0IUM T'€HEepaTOpPOM pEe30HAHCHBIA ycuiutenb. Koagduuuent ycunenus 31o-
ro YCUJIUTENSI MOKET U3MEHSIThCS CUTHAJIOM COOCTBEHHOI'O IeéHepaTopa, MOIAYJIUPYIOIIETO
HaIpsKEHUST 3BYKOBOM 4acTOTBI, WJIM HAIPSIKEHHEM, MTOJAaBAEMbIM Ha BXOJl BHEIIHEW MO-
OyJsiuu. B mepBoM cilydae OCyILECTBIISIETCS BHYTPEHHSIS, @ BO BTOPOM- BHEIIHSS aMILIU-



TyaHas Monaysauus. Ecin Mogynupyroliee HanpsKeHUEe Ha YCUIIUTENb- MOJYJIATOP HE IO0-
CTYIIAE€T, BBICOKOYACTOTHBIE KOJIEOAHNS HA €T0 BBIXOJIE OCTAIOTCS HEMOIYJIMPOBAHHBIMH.

W3mepenune HampspKeHUs CUTHANA U TIIyOMHBI MOAYJISIIMM OCYIIECTBISIETCSI Ha BBIXOJE
YCHIIUTEINSI, K KOTOPOMY TOJKIIOYEH BBIXOJHOM aTTeHroaTop. Koagduiment neneHus arre-
HIOATOpa ONpeesseT ypOBEHb CUIHAJIOB Ha BbIX0/ie reHepaTopa. OOBIYHO OH peryIupyercs
B Ipezenax ot 1B 1o noseld MUKpOBOJIbTA.

[lepeueHb UCIOIB3YEMOT0 000PYAOBAHUS
1) Ocmmnorpag ADS-2111MV
2) Ocummnorpad ACK-2034
3) Ucrounuk nutanus APS-7315
4) Ucrounuk nutanus APS-5333
5) Ucrounuk nutanus APS-3320
6) ['enepatop dyHkimonanbHelii ADG-1005
7) T'enepatop dynkimonanpabiii AHP-1105
8) Mynbrumerp AM-1152

3agaHus U METOJIMYECKUE PEKOMEH I,
1. PyKOBOJICTBYSICh MpUIara€MbIMH K TMPUOOpaM TEXHUYECKUMU ONHUCAHUSMU U WUH-
CTPYKIHUSIMU, IPUBEIUTE BCE HAXOAIIUECS Ha paboyeM MecTe MpuOOphl B pabouee cocTosi-
HUE.

2. C momoripio ocuuiuiorpada onpeaeauTe:
a) 4aCTOTY CUTHAJIOB Ha BBIXO/IE T€HEPATOPA,
0) aMIUTUTYy Iy CUTHAJIOB Ha BBIXOJIE T€HEPATOpa,
B) [TapaMETPbl UMITYJIbCOB C T€HEPATOPA UMITYJIHCOB.
3. Vcnone3ys ocuuiuiorpadg B peKMME BHEITHEH CHHXPOHU3AIMHM Pa3BEPTKU, OIpe-
JenuTe caBUT (a3 MEXy IBYMsI IEPUOANUECKIMU CUTHAJIAMHU.
4. T'eHepaTop BBICOKOI YaCTOTHI MOCTABbTE B PEKUM BHYTPEHHEH aMIUIUTYIHOW MO-
nyssiiuu. PaccMoTpuTe orubaroniyo U HECYIIYI0 3TOr0 CUTHaJIa Ha SKpaHe ocuuiuiorpada
Y OIIEHUTE UX YaCTOThI U AMIUIUTY/IbI.

Odopmienne pe3yabTaToB.
Kpatko 3ammcats mocienoBaTebHOCTh ACUCTBUN MPU paboTe ¢ M3MEPUTETHHBIMU MPHU-
O0opamu. 3anucarh pe3yabTaThl U3MEPEHUIA.

KoHTpOJIbHBIE BONIPOCHL.
1. Yem obecnieunBaeTCsi HEMOABMKHOCTh M300paKeHUs Ha dKpaHe ocuusuiorpada?

2. Kak ocymectBisieTcs kamuOpoBka ocruuiorpada?
3. B 4em cOCTOSIT OCHOBHBIE Pa3IN4Usl PEKMMOB BHYTPEHHEW M BHEIIHEH CHHXPOHH3ALIUU
pa3BepTku ocuuiuiorpada?

bubnmorpaduyeckuii CIUCOK.
1. Ocuumnorpad ADS-2111MV. UHcTpykius o 3KCIUTyaTaluu.
2. Ocmumiorpad ACK-2034. ucTpyKuus 1O SKCILTyaTaluu.
3. Uctounuk nutanust APS-7315. HCTpyKIIKS MO SKCIUTyaTaluu.
4. Ictounuk nutanust APS-5333. MHcTpyKIus 1o 3KCITyaTaluu.
5. Uctounuk nutanust APS-3320. HCTpyKIKS 1O SKCIUTyaTaluu.
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6. 'eneparop ¢pynkuronanbHbeii ADG-1005. MHCTpYKIMS 1O SKCILTyaTalluH.
7. T'eneparop ¢ynkuuoHanbHbii AHP-1105. MHCTpyKITHS 110 SKCIUTyaTaluH.
8. Mynetumetp AM-1152. UHCTpyKUMS 1O 3KCIUTyaTalllu.



JlabopaTopHnasi padora Ne2
[TorynpOBOTHUKOBBIE THOTBI

HEJIb U 3ATAYN PABOTEI
Lenpto qaHHOM 1a00paTOPHOM PaOOTHI ABIAETCSA U3YUCHHUE OCIIMILIOrpadruecKo-
ro METOJIa MOJTYYEHHUSI CTATHYECKUX XAPAKTEPUCTUK MOJIYIPOBOJHUKOBBIX AUOJOB, & TAKXKE
n3y4yeHue padoThl JUOIOB B PA3IMUHBIX JIEKTPOHHBIX CXEMaX.

TEOPETHNMYECKMUME I1OJIOXXEHUM A
Judn (ot ap.-rped. dic[1] — aBa u -0a[2] — OT OKOHYAHUS -0 TEPMHHA DJIEKTPOI;
OYKB. «IBYX3JCKTPOJIHBIN; KOPEHBb -0 IMPOUCXOJUT OT JP.-Tped. 000G «IIyTh») — DJICK-
TPOHHBIN 3JEMEHT, 00JaaI0MUNA Pa3IMYHON TPOBOJAUMOCTBIO B 3aBUCMMOCTH OT HaIlpaB-
JICHUS DJICKTPUUYECKOT0 TOKA. DJIEKTPOJ MO0/, MOAKIIOYAEMbIN K MOJIOKUTEILHOMY MOJIIO-
Cy HCTOYHHMKA TOKa, KOTJIa JHOJ OTKPHIT (TO €CTh MMEET MaJICHbKOE COIPOTHUBIICHHE),

Ha3bIBAIOT aHOJIOM, TIOJIKJTFOUYAaeMbIN K OTPUIIATCITLHOMY ITOTIOCY — KaTOOM.
Ha ycinoBHOM 0003HaueHUM HaIpaBJICHUE CTPEJIKU Auoja (Tak 0003HAYaeTCs aHOJ

AJIEMEHTA) COBIAIAET C HApaBJICHUEM TOKa. (puc. 1).

AHogn, M KaTon

Puc.1. YcinoBHoe rpaduueckoe o003HaUCHHE AHOA.

OCHOBHBIM CPEICTBOM ONMCAHMS XapAKTEPUCTHK IUOJAA SIBIISETCA €r0 BOJbTaMIIEp-
Has xapakrtepuctrhka (BAX), THIOBOI BUA KOTOPOU MPEACTABIICH HA PUCYHKE 2.
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OOpaTHbIi TOK JUIs1 AMOJO0B OOLIEr0 NPUMEHEHHUs U3MEpPSETCs B HaHOaMIiepax (00pa-
TUTE BHUMaHHUE Ha pa3Hbld MaclITad U3MEPEHUH 110 Ocu abcuuce AJis IPsIMOro U 00paTHOTrO
TOKAa) U €ro, KaK MpaBujio, MOXXHO HE MPUHUMATh BO BHUMAHUE 10 TEX MOp, TOKA HAIpsIKe-
HUE Ha TUO0JIe HE IOCTUTHET 3HAYCHHUS HANIPSKEHUS TTPOOOS.

B HOpManbHOM COCTOSIHMM Ha AMOJ MaJaeT TaKO€ HAMNPSIKEHHE, KOTOPOE HE MOXKET
BbI3BaTh Mpo0oil. VMckiroueHne cocTaBiIsIIOT OMOPHBIE TUOJBI (CTAOMIUTPOHBI), TSI KOTO-
PBIX PEXHUM TPOoOOs SBISIETCS HOPMAJIbHBIM PEXUMOM paboThl. Yame Bcero mnaaeHue
HaIpsDKEHUS. Ha THOJE, 00YCIOBIEHHOE MPSAMBIM TOKOM 4epe3 Hero, coctasiger oT 0,2 1o
0,7 B.

Ocoboe MecTo cpeau AMOJ0B 3aHUMAIOT CTA0OMIUTPOHBI, IPEJHA3HAYEHHbIE JUIsl CTa-
OMIM3aluy ypOBHS HAaNpsOKEHUS NPU W3MEHEHHWU BEJIUYMHBI MPOTEKAIOIIET0 4Yepe3 JAUOA
TOoKa. B onopHBIX Anogax paboyum SBISETCS NPOOMBHON y4acTOK BOJBT — aMIIEpPHOM Xa-
pPaKTEpUCTUKH B 00J1aCTH OOpaTHBIX HanpspkeHu. Ha 3Tom yuacTke HanpspKeHHE Ha TMOJie
OCTaeTCsl MPAKTUYECKU MOCTOSHHBIM NPU 3HAYUTEIbHOM U3MEHEHMH TOKA, IPOTEKAIOLIETO
gyepes JUOLL.

XapaKkTepuCTUKN HEKOTOPBIX CTAOMIIUTPOHOB MPECTABIEHBI B Ta0IMIIE 1:

Tabnuya 1. Xapakmepucmuxu cmaouiumponos

Tun [IpenenvHble 3HaUEHUS Napa- 3navenus napametrpoB mpu T =25 °C Tx.max,
npubdopa MetpoB npu T =25 °C °C
Ucrsom, | lermom, | Pmax, Uer. ler, acr, ler.
B MA MBT Om 107
%/°C
min, max, min, max,
B B MA MA
2C127A1 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 -1,5 0,25 18,5 125
KC130/11 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 5,0 125 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 5,0 125 3,1 3,5 150 -10 1,0 37,5 125
2C133r 3,3 5,0 125 3 3,6 150 -10 1,0 37,5 125
2C133/11 3,3 3,0 50 3,1 3,5 180 -1,5 0,25 15,2 125
2C136/01 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
KC139r 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
2C147T9 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 5,0 125 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 5,0 125 5,3 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 53 59 160 | -4...6 1,0 9 125
2C156T9 5,6 3,0 200 53 59 160 | -4...6 1,0 34 125
2C156® 5,6 50 125 53 59 30 4,0 1,0 20 125
KC162A 6,2 10,0 300 58 6,6 35 -6,0 3,0 50 100
KC162B 6,2 10,0 150 58 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 5,0 0,5 3 125
KC170A 7,0 10,0 150 6,43 7,99 20 +1,0 3,0 20 100
2C170A 7,0 10,0 150 6,43 7,99 18 +1,0 3,0 20 125
KCI175A 7,5 5,0 150 6,82 8,21 16 +4,0 3,0 18 100
KC175XK 7,5 0,5 125 7,1 79 40 7,0 0,5 17 125
KC17510 7,5 0,5 125 7,1 79 200 6,5 0,1 17 125

B ocHOBY crcTembl 0003HaUEHHUI JUOI0B TTOJIOKEH OYKBEHHO-IIU(PPOBON KOJI, TIep-
BBIN DJIEMEHT KOTOPOT0 0003HAYAET UCXOHBIN MOIYITPOBOTHUKOBBIA MaTepuall, Ha OCHOBE
KOTOPOTO U3TOTOBJICH MPUOOP:
I' wnm 1 — repmanuii UM €ro COEMHEHHUS;
K wnm 2 — xpeMHUI UM €ro COeUHEHHUS;
BTtopoii anemeHnT o603HaueHus — OyKBa, OnpeessieT MoaKiIace npudopoB:
J| — T1OJbI BEIIPSIMUTEIIbHBIC, UMITYJIbCHBIE,
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L] — BeINpSIMUTENBHBIE CTOJIOBI,
B — Bapukarsi,
N — TyHHEIBHBIE AUOIBI,
C — cTaOUIUTPOHBI.
Tpertuii aneMeHT — uudpa, onpeensieT OJUH U3 OCHOBHBIX XapaKTEPHU3YOUIUX MPHU-
00p npu3HaKoB (MapamMeTp, Ha3HAYCHHUE WM MPUHITUI JEHCTBUS),
Hanpumep, nns noaxnacca /[d:
1 — BEIIPSIMUTEIIbHBIC TUOABI C TOCTOSHHBIM WJIM CPEHUM 3HAYEHUEM MPSIMOTO
Toka < (0,3 A.
2 — BBITIPSIMUTENIBHBIC TUOJIBI C TOCTOSHHBIM MpsiMbIM TokoM OT 0,3 10 10 A.
4 — UMITyJIbCHBIE JTUOJIBI C BPEMEHEM BOCCTAHOBIIEHUS OOPAaTHOTO COMPOTUBIICHUS
6onee 500 HC.
5 — UMITYJIbCHBIE AUOJIbI C BpeMeHeM BoccTaHoBleHus < 500 Hc.
s mogknacca C:
1 — crabunuTpoHbl MOITHOCTHIO < 0,3 BT ¢ HOMUHATBHBIM HANPSKEHUEM CTA0MITH-
3auu < 10 B.
2 — cTabMIUTPOHBI MOIITHOCTHIO < 0,3 BT ¢ HOMUHAIBHBIM HAIPSHKCHUEM CTAOMITH-
3aruu ot 10 7o 100 B.
8 — cTabMIUTPOHBI MOIITHOCTHIO OT 5 10 10 BT ¢ HOMHHANBEHBIM HaIPSHKEHUEM
cradbuian3anuu ot 10 go 100 B.
YeTBepThIM ANEMEHT — YUCIIO0, 0003HAYAIOIIEEe MOPSIKOBBIA HOMEpP pa3padOTKU TeX-
HOJIOTUYECKOT0 THIa pudopa.
[Iaterit smeMeHT — OyKBa, YCIOBHO OMpeNEeNsieT KiacCHU(UKAIMIO MO IMapaMeTpam
MpUOOPOB, U3TOTOBJICHHBIX MO €IMHON TEXHOJIOTHH.
[TpuBenem nmpumep 0003HAUEHUS HEKOTOPBIX IPUOOPOB:
KJ510A — xpeMHEBbIH UMITYJIBCHBIA O/ C BPEMEHEM BOCCTAHOBJIIEHUS 0OPAaTHOTO
conpoTuBieHus 41c, Homep pazpadotku 10, rpymnma A.

2C147A — xpemHeBbIi cTabunuTpoH MomHOCThI0 <0,3 BT, HanpsokeHue crabunmza-
uuu 4,7 B, rpynmna A.

B Hacrosiiee BpemMsi MHOTHE BBIITYCKa€MbI€ IPOMBIIIIEHHOCTBIO TUO/IbI U CTaOMIIUT-
POHBI, KaK U MHOTHE JPyTrHe 3JIEKTPOHHBIE MPUOOPHI, MAPKUPYIOTCS IOCPEACTBOM I[BETOBO-

ro koja. PacimmdpoBka 1BETOBOTO KOAa JUIi HEKOTOPHIX CTaOWIMTPOHOB MPEACTaBICHA B
tabnurie 2:

Tabauya 2. []eemosas mapKuposKa HeKomopbvlx cmaduiumpoHos.

Tumn 3emMenTa Metka y BbIBOOB KaTo/1a Metka y BLIBOOB aHOA
KC133A INomy60e kombIio Benoe xombI1o
2C133A beioe xonb11o YepHoe KOIbLIO
KC133r OpanrkeBasi METKa Ha TOpIIE KOpIyca
KCI139A 3eneHoe KOJbII0 benoe komnb110
2C139A 3ej1eHo0€e KOJIBII0 YepHoe KOIbLI0
KC147A Cepoe wim crHee KOJIbLO benoe xonb10
2C147A — YepHoe KOIbLIO
KC147T 3esieHast METKa Ha TOpIE Kopiyca —
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Tun 371emenTa MeTka y BHIBOIOB KaTOa MeTka y BbIBOIOB aHO/1a
KCI156A OpanxeBoe KOJIbLIO Bbenoe xonbmo
2C156A OpanrkeBo€e KOJIbIIO UYepHoe KoIbLO
KC156I" Kpacnas meTka Ha Topue kopmyca
KC168A Kpacnoe komb110 benoe xonw1o
2C168A Kpacnoe komb110 YepHoe KOJIBIIO
KC175K Bberoe xonb1io
KC1822K Kearoe xoab10
KC1912K Kpacnoe konpLo
KC210XK 3es1eH0e KOJIbIIO0
KC2112K Cepoe KonbI10
KC212XK OpaHxeBoe KOJIbLIO
KC213XK UepHoe KOIBIIO —
KC215XK beioe konb11o YepHoe KOJIBIIO
KC2162K 2Kenroe KoJb110 YepHoe KOIbLIO
KC218XK Kpacnoe konbo UYepHoe KOO

BoabT — ammiepHbIe XapaKTEPUCTUKHA TUOAA MOKHO CTPOHTH IO TOYKAM, H3MEPSIsS IT0-
CTOSIHHBIC HAIPSDKEHUS W TOKA B IEMSIX COOTBETCTBYIONIUX JJIEKTPOIOB HCCIIECTyEMOTO
anemeHTa. OHAKO TaKOM METO/ BechbMa TpynoeMkuil. KpoMme Toro, miauTenbHOE MpoTeKa-
HUE TOKa Yepe3 AIEMEHT MOKET MPUBECTH K M3MEHEHHUIO €r0 MapaMeTpoB B MPOIECCe U3Me-
penusi. OCOOEHHO CHIIBHO 3TO MPOSIBISETCS MPHU OOJIBIINX, OJIU3KUX K TMPEACITBHO JIOMYyCTH-
MBIM ISl TaHHOTO DJIEMEHTAa TOKa M HarpspKeHUsx. Eciam ke BOCTONIB30BaThCs OCIUIIIO-
rpagu4ecKuM METO/IOM, OTIMCAHHBIM HUXKE, TO YKa3aHHBIC HEJJOCTATKHA MOYKHO UCKITFOUHUTb.

[Tpubop, nmo3Bosiomuii HaOMIOAATh HAa SKpaHe ocuuiuiorpada BAX nuona, Ha3biBa-
eTcs xapaktepuorpadom. biiok cxema xapakrepuorpada nokazaHa Ha puc.3.

l'enepatop Ocumnnorpad
CurHanos
B = 8 KaHan 1 soum KaHan 2
UrHanbHbIN eMna
@ ® i —
S P H eses e o
| |
| = (@ | |
[ . [ |
| |
| l
| |
| A 1
[ S _

Puc.3. Cxema xapakrepuorpada

Hanpsixenue, caumaemoe ¢ nuoza I, nocrynaer Ha X — Bxoj ociuuiorpada, T.e. Ha
TOPU30HTAJIbHOE OTKIIOHEHUE Jyua ociuiuiorpada. [lanenue nanpsxkenus Ha pesuctope R,
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IPONOPLHUOHATIBHOE TOKY uepe3 nuoa /I, moctymaer Ha Y — BXoA ociuuuiorpada, T.e. Ha
BEPTUKAJIBHOE OTKJIOHEHHWE Jy4a ocumiuiorpada. Takum oOpa3oM, OTKIOHEHHUE BJIEKTPOH-
HOTO JIy4ya o ocu X OKa3bIBACTCs IMPONOPLHMOHAIBHBIM MTAJCHUIO HANPSLDKEHUS HA TUOJE, a
1o ocu Y — Toky uepe3 Hero. IloaToMy Tpaekropus Jiyya Ha 3KkpaHe ocuuiiorpada u ecTb
BAX muona.

HckaxxeHus: 3TON XapaKTEpPUCTUKH OOYCIOBICHBI ABYMsI OCHOBHBIMU MPUYHMHAMU:
HEJIMHEWHOW 3aBMCUMOCTBIO BEJIMYMHBI OTKJIOHEHUS JIyda Ha KpPaHE OT HAIPSIKCHUS U HE
UCAbHOCTHIO (M HE MJIEHTUYHOCTHIO) (Da30BBIX XapaKTEpPUCTUK ycuiuTene X u Y KaHa-
noB. IlepBas HETOUHOCTH MOKET OBITh YMEHbBIIIEHA MyTEM TPagyHpPOBKH IIKaJIbI, WU Ka-
JMOPOBKH, BTOpasi — MyTEM BbIOOpA YacCTOThI KOJIEOaHUI TeHepaTopa HallpsHKEHUH.

[TOPAAOK BBIIIOJIHEHW A PABOThI
1. U3yunTh BbIAaHHBIN A0 (CTAOUIUTPOH): BBISICHUTH IO MApKUPOBKE (CM. TabIHUIly
2) ero HaMMEHOBaHUE U TIEpENucaTh U3 CIPaBOYHUKA (CM. Ta0nmIy 1) ero mapamMeTphl.
2. Cobepute cxemy OJHOIMEPHOIHOTO BBIIPSIMUTENS U MOJKIIOUYUTE K HEW OCIUIIO-

rpad:

[eHepaTop
SATEEREE Ocuunnorpad
CurHanbHblit  3emnst Kaéan1 o KalHél(:3 2
® ® |
I —
| |
R\ |1k

2.1. YcraHoBHTE aMIUTMTYIy CHUTHAJIa Ha BBIXOJE TeHepaTopa paBHoM 2 B, a yacto-
Ty curHana — 1 kl'm.
2.2. C momomrsto ocrimiuiorpada Hab o gaiTe paboTy BBHITTPIMUTEIS:
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2.3. VYBemmumBaiiTe AMIIIIMTYAY BXOJHOTI'O CHI'HAJIa 4O TEX IIOp, IIOKA Ha BBIXOJHOM
CHUT'HAJIC HC ITOABATCA HCKAXCHUs, CBA3AHHBIC C II 00oeM:

A AN

2.4. 3anumuTe BEIWYUHY 3TOM aMIUIUTYIbl M 3apUCYyHTe KapTHUHKY C dKpaHa OcC-
nuiorpada.

2.5. BepHute aMmMTyAy BXOAHOTO CHTHaJda K 3HAYCHHIO, MPEAIICCTBOBABIIEMY
BO3HMKHOBEHHUS MPo00s. YBEIMUMBANTE YaCTOTY CUTHAJIA O T€X IOp, OKA Ha BBIXOJE HE
TIOSIBSATCST XapPAKTEPHBIC HCKAKCHUSL:

2.6. 3amumuTe BEIUYMHY dTOW YaCTOTHI U 3apUCYWTE KAPTUHKY C dKpaHa OCIIHJIIIO-
rpada.

3. CobepuTte cxemy TUOTHOTO OTPAHUYHUTEIIS
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'eHepaTop
CcurHanos
(Ocumnnorpad)

CurHanbHbli  3emns

@ @ Kawan1 Kanan 2

| ® L4 ®

| ——

| e P 1 el

1k

3.1. TlopaiiTe Ha BXOJ CHHYCOUJAIbHBIE U MPSAMOYTOJIbHbIE KOJIEOAHUS pa3InuHOM
amratyasl (ot 0,6 B 1o 5 B).

3.2. 3apucyiite (HopMy BXOAHOTO W BBIXOJHOTO CHTHAJIOB MPU MHUHUMAIBLHOW H
MaKCUMAaJIbHOW aMILUIATY/IE.

4. Cobepute AUOAHBIA OrPAaHUYUTEND IO CXEME PUCYHKE

'eHepaTOp
o
CMrHanos |OCL|,|/|J'IJ10I'paCb|
CurHanbHbll  3emns
@ @ Kawan1 Kanan 2
5 ®
: J_ 1k ?
———————— I e e
N/

4.1. TlonaiiTe Ha BXOJ CHUHYCOWJAIbHBIA CUTHAN yacToTod 1 k'l M aMIIuTyA0H,
MEHBIIIEH YeM HanpsiKEeHUe CTaOWIIM3allMU BbIJAHHOTO CTAOMJIUTPOHA.
4.2. CoBMecTHTE BXOJHOHW M BBIXOAHOW CHTHAJIBI HA DKpaHe ocuuyuiorpada:

4.3. VYBenuuuBaiTe aMIUTUTYJy BXOJHOTO CUTHAJia O BEJIMYWHBI, MPEBBIIIAIONIEH
HarpspKeHue ctabunusanuu Ha 5 B
4.4. 3apucyiite popMy BBIXOAHOTO CUTHAJA MPU Pa3aIu4HbIX aMIuuTygax UBX.
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5. CobepuTte cxemy, NOKa3aHHYIO Ha PUCYHKE:

eHepaToOp
curHanos
Ocumnnorpad)
CurHanbHblil  3emns
@ @ Kawan1 =~ KaWan2
| 1 ® ®

1k

5.1. TlopaliTe Ha BXO0J CHHYCOMJAIbHBIN cUTHaI dacToToW 1 K[l M amMIuIuTyoM,
MEHBIIICH YeM HaIpshKeHHe cTaOMIIM3allii BBIJIAHHOTO CTAOMIIMTPOHA.
5.2. CoBMmecTHTe BXOJHOHN M BBIXOJIHOW CUTHAJIBI Ha IKpaHe ociuyuiorpada:

5.3. VYBenuuuBaiTe aMIUIUTYAy BXOJHOTO CHTHajla JO BEJIWYUHBI, MPEBBIIIAONICH
HarpspkeHue ctabunuzanuu Ha 5 B
5.4. 3apucyiite (popMy BBIXOJHOTO CUTHAJA MPU Pa3IMUHBIX aMIUIUTy1ax UBX.

6. CoOpath cxemy xapaktepuorpada (puc.3).

6.1. Hacrtpouts ocumstorpad Ha padoTy B pexume XY : HaKMUTE KiaaBuiny Dis-
play, ycranosure @opmam XY, Tun Toukw.

6.2. VYcraHoBHUTE Ha TEHEPATOPE CHHYCOUAAIBHBIN WM TPEYTOIBHBIM CUTHAM C Ya-
croroi 20 I'n u ammmutynoi 20 B.

6.3. Tlomperymmpyiite pa3BEpTKy mo ocsim X u Y u 3apucyiite BAX, orobpaxae-
MYI0 Ha dKpaHe ociusuiorpada.

[NEPEYEHDB UCITOJIb3YEMOI'O ObOPYJIOBAHU A

1) Ocuumnorpad ACK-2034
2) Uctounuk nutanus APS-7315
3) 'eneparop pyukmmonansubiii ADG-1005
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4) Mynbetumetp AM-1152
5) MakeTHas miaTa v UCCIeyeMbIe MICKTPOHHBIE KOMITOHEHTHI

YKA3AHUME I10 O©OPMIJIEHUIO OTHETA

OT4eT MOJDKEH CoAepIKaTh CIPABOYHYI0 MH(DOPMAITUIO O TTOYYCHHOM JIJISl IKCIIEPH-
MEHTOB CTaOWJIUTPOHE, MPUHIIUITAAIBHBIE CXEMbI, pacueTHbIC (OPMYJIbI, TIOJYyUYCHHBIE pPe-
3yJbTAThl U BHIBOJIBI.

KOHTPOJIBHBIE BOITPOCHI
1. [Toyemy HE UACHTHYHOCTH (Ha30BBIX XAPAKTEPUCTUK TOPU3OHTATILHOTO U BEPTH-
KaJhbHOTO KaHAJIOB OCIIMILTOrpada HCKakaeT BOJIBT — aMIIEPHYIO XapaKTEPUCTUKY Ha dKpaHe
ocrsuiorpada?
2. O0BscHUTE, KaK U IOYeMy paboTaet cxema (1.4).

bubnuorpaduueckuii ciucok
1. Epumuuk M.K., lllymkesuu C.C. OcHOBBI pagno3aeKTpoHuku. — MuHck: Y31 — Bo
BbI'Y, 1981. — 286 c.

2. Xoposur I1., Xunn Y. UckyccTBo cxemorexHuku. [lep. ¢ anri.: - M.: Mup, 1983.
- T.1. - 690 c.
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JlabopaTopHnasi padora Ne3
bunojasipubie TPaAH3UCTOPBHI.

HEJIb 1 3AJIAYM PABOTBI
[{enpro maHHOW 7TA0OpPAaTOPHON PabOTHI SBISETCS M3YYCHHE OCIIIIIOTPAPUIECKOTO
METOJIa MOJIyYEHUsI CTATUYECKUX XapaKTePUCTUK TPAH3UCTOPOB, a TAKXKE HM3YyUCHHE IMpaK-
TUYECKUX METOJ0B MOCTPOCHHUS CXEM Ha TPAH3UCTOPaXx.

TEOPETUYECKUE ITOJIOXKEHUA

Tpansucrop (anru. transistor), MOJIYIIPOBOTHUKOBBIIi TPUOI —
PaANOAIEKTPOHHBIA KOMIIOHEHT U3 MOIYIIPOBOJIHUKOBOTO MaTepHraa, 0ObIYHO C TPEMS BbI-
BOJAMH, IO3BOJISIIOIINKA BXOJHBIM CHUTHAJOM YMPABIATH TOKOM B JJIEKTPUYECKOW LIETIH.
OOBIYHO UCTIONB3YETCS ISl YCUIICHUS], TeHEepalluu U MpeoOpa3oBaHus IIEKTPUUYECKUX CUT-
HasoB. B o01ieM ciyyae TpaH3uCTOPOM Ha3bIBAIOT JIFOOOE YCTPOUCTBO, KOTOPOE UMUTUPYET
IJIaBHOE CBOMCTBO TPAaH3UCTOPA - U3MEHEHUS CUTHAJIA MEXAY ABYMs Pa3IMUYHBIMHU COCTOS-
HUSMH [PY U3MEHEHUH CUTHAJIa Ha YIPABJISIOIIEM 3JIEKTPO/IE.

BunoasIpHBIM TPAH3MCTOPOM HA3bIBAIOT MOJYNPOBOAHUKOBBIN HPUOOP C ABYMS
B3aUMOJICUCTBYIOIIMMH p-N-TiepexoaMu U TpeMs BbiBogamMu. OH MpeAcTaBiIseT co0oM Mmo-
JYyNPOBOJAHUKOBBIN KPUCTAJLJI, B KOTOPOM JIB€ KpailHuE OOJacTH C OJUHAKOBOW AJIEKTPO-
MIPOBOJTHOCTBIO PA3AEIICHbl 00IACThI0 MPOTUBOMOJIOKHOW JIEKTPONPOBOAHOCTH. B 3aBucH-
MOCTH OT 3JIEKTPONPOBOAHOCTH 3TUX TPeX 00JIaCTEN pa3aIuvaroT TPAH3UCTOPHI N-P-n TUIA U
p-n-p tuna. TepMuH "OUNONAPHBIN" MOAYEPKUBAET, YTO B pabOTEe TaKUX TPAH3UCTOPOB UT-
paroT poJib 00a TUIIAa HOCUTEIEH 3apsi/IoB - 3JIEKTPOHBI U ABIPKU.

PeanpHble OUTIONSIPHBIE TPAH3UCTOPHI ABJISAIOTCS ACUMMETPUYHBIMU TIPHOOpaMH, UX
P-N-mepexobl CyHIECTBEHHO pasinuyarorcs. OAMH W3 HUX MMEET Iopas/io MEHBIIYIO ILIO0-
a/ib, YEM JAPYTOu

AcummMmeTpus HaOIIOaeTCsl M B KOHLIEHTPALMU MIPUMECEN - OJIMH U3 KpaillHUX CJIOEB
nl unu pl nerupoBan cunpHee, yeM ciaoil n uim p2. CpeaHuid cliol TpaH3UCTOpa Ha3bIBAIOT
0a30ii, KpailHUil, CUJIbHO JITUPOBAHHBINA €0 MeHblel romany nl(pl) - amurTepom, a
cioit ¢ Oousbmieit twiomanpio — N2(p2) — kossiekTopoM. CootBercTBeHHO nl-p(pl-n)-
Nepexol Ha3bIBAIOT SMUTTEPHBIM, a n2-P(P2-N)-mepexo]; — KOJUIEKTOPHbIM. KOHCTPYKTHBHO
TPAH3UCTOP MPEJICTABISAET COOON MOTYNPOBOAHUKOBBIN KPUCTAILI, YaCTh TOBEPXHOCTEN KO-
toporo (b, O u K) nokpsiBaeTcs MeTauinueckoi rmieHkoi. K aTuM mieHkaM npuBapuBarOT-
Csl M IPUIIAUBAIOTCS] BHELTHUE BBIBOJBI BCEX AJIEKTPOIPOBOIOB TpaH3ucTtopa. CaM KpucTasl
YKPEIUISIOT Ha KPUCTAIUIOAEPIKATENE U TIOMENIAIOT B TEPMETU3UPOBAHHBIN KOPITYC, & BBIBO-
IIbl YEPE3 U30JIATOPHI BBIBOIST HAPYKy. B MOIIHBIX TPaH3UCTOPAxX KOJUIEKTOP YaCTO HEMO-
CPEIICTBEHHO COEJMHSIOT C OCHOBAHHMEM, YTO YBEJIMYMBAET PACCEMBAEMYI0 HA HEM MOII-
HOCTb. B 3TOM ciiydae KOJUIEKTOPHBIM BBIBOJIOM CIIYXKUT OCHOBAaHHE KOpITyca TPaH3UCTOpa.
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Puc. 1. YcnoBHoe rpaduyeckoe 0003HaYEHUE U YIIPOIIEHHAS] CTPYKTYpa OUTIOJISIPHO-
ro TpaH3ucTopa N-p-n u p-N-p TUNA.

[TpuHMn neicTBUs OUIMOJSIPHOIO TPAH3UCTOPA KaK YMPABISAIOIIETO 3JIEMEHTA OCHO-
BaH Ha COYETAHUHU IPOLIECCA MHKEKIIMU HOCUTEJEH Yepe3 OJUH P-N-TIepexo]l U cCOOMpaHus
UX Ha ApyroMm p-n-nepexone. [Ipu pabore TpaH3UCTOpa B PEKUME YCUIICHUS SMUTTEPHBIN
Mepexo] CMENIAeTCsl B MPSIMOM HalpaBJIEHUH, a KOJUIEKTOPHBIN niepexo — B oOpaTHoM. T.e.
OCHOBHOE€ CBOMCTBO OMMOJIIPHOTO TPaH3UCTOpA KAK YMPABISIOIIETO JIEMEHTAa — 3aBUCH-
MOCTb BBIXOJHOTO (KOJUIEKTOPHOI'0) TOKa OT BXOJIHOM IMEPEMEHHON BEIMYUHBI (TOKAa IMUT-
Tepa WIN HAMPSHKEHUSI HA YMUTTEPHOM MEPEXO/IE).

Cucmema 0603HaueHUl OMe4eCMBEeHHbIX MPAHIUCTOPO8
B ocHOBy cucTtembl 0003HAaUCHU TPAH3UCTOPOB IMOJI0KEH OyKBEHHO—IIU(PPOBOH KO/,
nepevili dIEMEHT KOTOPOro 0003HavYaeT MCXOHBIN TOJIYITPOBOAHUKOBBIM MaTepHall, Ha OC-
HOBE KOTOPOT'O U3rOTOBJICH TPAH3UCTOP:
I' wnu 1 — g repmanus;
K v 2 — niig kpemHus.

Bmopoti >nemeHT 0003HaueHUs1 — OyKBa, ONPeAeIIsIoIIas MOJIKJIacC TPaH3UCTOpa:
T — 171 OUIIOSPHBIX TPAH3UCTOPOB;
IT — o151 MONEBBIX TPAH3UCTOPOB.

Tpemuti snemeHT — 1udpa, onpeaeisiomas ero OCHOBHbIe (PYHKIMOHAIbHBIE BO3-
MOKHOCTH (JIOIIyCTUMBbIE 3HAUEHUS PAacCEMBAEMOM MOIIHOCTU U TPaHUYHYIO JHMOO MaKcH-
MaJbHYIO0 pabouylo 4acToTy):

1 — tpan3ucTopsl ManomoirHeie ( Pmax < 0,3 BT) Huskouacrorusie (f > 30 MI'n);

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

3 — TpaH3UCTOPBI MAIOMOIIIHEIE BhiIcOKOYacToTHRIC 1 CB4 (f > 30 MI'n):

4 — tpan3uctopsl cpeaneit MontHocTH (0,3 BT < Pmax <1,5 BT) HU3KOYaCTOTHBIE;
5 — TPaH3UCTOPHI CPEAHEN MOIITHOCTH, CPETHEN YaCTOTHI;

6 — TpaH3UCTOPHI CpeHEN MOIITHOCTH BhIcOKouacTOTHbIC 1 CB4;

7 — Tpan3ucTopkl 00bII0N MOIHOCTH (PMmax > 1,5 BT) HU3KO9aCTOTHEIE;

8 — TpaH3UCTOPHI OOJBIIION MOIITHOCTH CPETHEYACTOTHHIC;

9 — TpaH3UCTOPHI OONBIIION MOIITHOCTH BhICOKOUacTOTHBIE 1 CB4.
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Yemeepmuiii 37IEMEHT — YUCIIO, 0003HAYAIOIIIEE TOPSIKOBBIA HOMEP pa3pabOTKH TeX-
HOJIOTMYECKOTO THIIA TPAH3UCTOPOB. st 3Toro ncnonb3yrores yucia ot 01 go 999.

IIamwiti sneMeHT — OyKBa, YCIOBHO OMPEEIISIONIas KiIacCU(PHUKAIMIO [0 TapaMeTpam
TPaH3UCTOPOB, U3TOTOBJIICHHBIX MO €UHON TEXHOJIOTHH.

[Tpumepsr 0603HAYCHMIA:

—I'T101 A — repmaHueBblii OMIOISPHBIN MAIOMOIIHBIA HU3KOYACTOTHBINA, HOMED
pa3pabotku 1, rpynna A.

— 2T399A — xpemHueBbIN OUMONSAPHBIN MastomotHb CB4, Homep pazpabotku 99,
rpynmna A.

— 2I1904b — xpemMHUEBBIM MOJIEBOM MOIIHBINA BEHICOKOYACTOTHBIN, HOMEDP pa3paboTKu
4, rpynma, b.

Mapxupoexa mpanzucmopog no cucmeme JEDEC (CLLIA)

Ilep6ulil >IEMEHT — 03HAYaeT YUCIIO P-N-TIEPEXO/I0B:

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

Bmopotui snemenT — OykBa N (TUTOHOMUHAN).

Tpemuii >neMeHT — nudpbl (CEpUITHBIN HOMED).

YeTBepThid 37€MEHT — OYKBa, YKa3bIBAIOLIAsl HA BO3MOXHbIE U3MEHEHUS TapaMETPOB
(xapaktepucTtuk) npudopa B npeaenax ogHoro tunoHomuHana no EIA. Eciou kopryc Tpan-
3UCTOpa WK APYTOro MOJIyNpPOBOJHUKOBOIO MpUOOpa Maj, TO B COKPAILIEHHON MapKHUpPOBKE
nepBas uudpa u Oyksa N He cTaBsATCA.

[Tpumep o6o03nauenuii: 2N2906A, 2N7002LTI1.

OcHOBHBIE TTapaMETPhI UCTIOIB3YEMBIX B JaOOpAaTOpHON paboTe TPaH3UCTOPOB IMPHU-
BEJICHBI B IPUJIOKEHUU. JJIsl pacueTa yCHUIIMTENEN Ha TPAH3UCTOPAaX BECbMA MOJIE3HBIMU SB-
JISIFOTCSL BXOJHBIE M BBIXOJIHBIE BOJIBT — aMIIEPHBIE XapaKTEPUCTUKHU TPAH3UCTOpa. JTU Xa-
PAKTEPUCTUKH MOKHO CTPOUTH MO TOUKAM, U3MEPSIS IOCTOSIHHbIE HANPSHKEHUSI U TOKU B 11€-
X COOTBETCTBYIOUIUX JIEKTPOJIOB HCCIEIYEMOIO 3JIEMEHTA.

[TOPAJIOK BBIIIOJIHEHUA PABOTHI
1. Uccnemyemblil TpaH3UCTOP
1.1. [TomyuuTe y npenogaBaTeliss UCCAETYEMbIA TPAH3UCTOP.
1.2. Haliiute B ClTpaBOYHUKE MTapaMETPhl UCCIETYEMOTO TPAH3UCTOPA U MEPEMUILINATE
UX.
1.3. IlepepucyiitTe u3 cipaBOYHUKA LIOKOJIEBKY TPaH3UCTOPA.

BuprtyajabHas yactb paGoThl.
2. UccnenoBanue BXOIHBIX XapaKTEPUCTUK TPAH3UCTOPA!
2.1. CobGepure B mporpamme EWB cxemy niist CHITHSI BXOJIHBIX XapaKTEPUCTUK TPaH-
3UCTOpA:
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1 kKOhm

10 k Ohm

[
____1 o
;U.QV
a)
1k Ohm
10k Ohm l/,
e
E‘I 0
_____D.Q iy
0)
Puc. 2. Cxembl cHATHSA BXOAHBIX XapakTepucTuk: a) NPN tpansuctopa, 6) PNP tpan-
3UCTOpa

2.2. N3mewnsia vanpspkenue 6aza-smutrep (b3) B nuamazone ot 0 1o 2 B ¢ marom 0,1

B u, 3anuceiBas moka3zaHusi aMrepMeTpa, COCTaBbTe€ TaOJIUIy 3aBUCMMOCTU TOKa 0a3bl OT
HanpsbkeHus bO.

2.3. [ToctpoiiTe rpaduk 3aBUCUMOCTH TOKa 0a3bl OT HaIpsbKeHus b2,
3. HUccnenoBanue BBIXOIHBIX XAPAKTEPUCTUK TPAH3ZUCTOPA

3.1. Cobepure B nporpamme EWB cxemy st CHSATHS BBIXOJHBIX XapaKTEPUCTUK
TpaH3UCTOpA:

22



1.239m A,

b
A, 1
01y
(D 40U
a)
ém Y
Cl 30 uA,
6)
Puc. 3. Cxembl CHATHSA BBIXOJIHBIX XapakTepucThk: a) NPN Tpansucropa, 6) PNP
TpaH3UCTOpa

3.2. C moMoIIBLI0 UCTOYHUKA TOKA 3aaiTe TOK 0a3nl 20 MKA.

3.3. U3menss nanpsbkenue KO ot 0 no 1 B ¢ marom 0,1 B u ot 1 1o 10 B ¢ marom 1
B, 3anuceiBas mokaszaHus aMIiepMeTpa, COCTaBbTE TaOJIMIy 3aBUCUMOCTH TOKa KOJUIEKTOpa
oT HanpsikeHus KO.

3.4. TloBTopute myHKT 2.3 mist TokoB 6a3bl: 40, 60, 80, 100 u 120 MKA.

3.5. TloctpoiiTe rpadvKu 3aBHCHMOCTH TOKa KOJIJIEKTOpa OT HampsbkeHust KO mpu
Pa3TUYHBIX TOKaX 0a3bl HA OJTHON KOOPAMHATHOM ITIOCKOCTH.
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NHTepakTHBHAA YacTh padoThI.
4. ViccnenoBanue yCWJIMTEIBLHOTO Kackaia ¢ OOIIUM SMUTTEPOM:

Ocuunnorpad

CH1 CH2 GND
| | |

|
I
| I e
FeHepaTtop| | : |
I I v
GND OuUT | R1 RK | | CTOYHUK
: @il ||
I
| c1 VT1 | 0.1 A
} H I + -
|
T
I
|
R?2 Ra :
I
l

Puc.4. Cxemnl HN3YyUCHUS YCUIINTCIBbHOI'O KaCKa/Ja € 06HII/IM OMHUTTCPOM.

4.1. Boibepurte Kod(pPUITMEHT YCUIIEHUs KAaCKaa B COOTBETCTBHUH C TaOIMIICH:

Bapuanr Koa¢gppuuuenr ycujienust
1 2
2 2,5
3 3
4 3,5
5 4

4.2. Bribepure conpotuBienue Rk B quamazone ot 2 10 10 kOm u paccuuraiite Be-
JUYUHY CONPOTUBIIEHUS R).

4.3. Paccumnraiite R1 n R2, yuutsiBas, yto HanpsokeHne nuranus pasHo 10 B.

4.4. lonyuute ot npenonasareis kouaeHcaropsl Cl u C2, a Takke BpIOEpUTE pe3H-
CTOPBI COTJIACHO PACCYUTAHHBIM HOMHUHAJIAM.

4.5. Cobepute Ha MAaKETHOM IJIaTe CXEMY, U300pakKeHHYI0 Ha puc. 4.

4.6. HacTpoiiTe renepaTop Ha BblJjayy CUHYCOMJAJIBHOTO CUTHANA ¢ aMIunTyaou 1 B
u yactotoit 10 kI'm.

4.7. HactpoliTe UCTOYHUK NMHUTaHUs: HanpsokeHue Boixoga 10B, npenenbusiii Tok 0,1
A.

BHUMAHMUE! [Ins tpan3ucropa PNP Tuna Heo0XoanMo NOMeHATH NOJISIPHOCTH
NUTANIET0 HANIPSKEHUS, T.€. IOMEHATh MECTAMHU «+» U «—» UCTOYHMKA NMUTAHUA HA
cxeme puc. 4.

4.8. Tlocie mpoBepkr COOpaHHON CXEMbl, MOJalTe MUTAIOIIee HANPSKEHUE U BXO/I-
HOW CUTHAJ C TEHEpaTopa.

4.9. BriBenute Ha 9kpaH ocuuiuiorpada BXOTHON U BBIXOJHON CUTHAIIBI, YOSIUTHCS B
MPaBUJILHOCTH YCTaHOBKHM pabodeil Touku M KodhduimenTa ycuieHus. 3apucoBaTh MOIy-
YeHHBIC TPAPUKH.
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5. 3ydyeHue 4aCTOTHBIX XapaKTEPUCTUK YCUIUTEIBHOTO KaCKaa.
5.1. HactpotiiTe octimsorpad A aHamu3a XapaKTePUCTUK CUTHAJIOB:
Haxats Ha kHONIKY «Measure»

5.2. YcraHoBute 4acTtoTy cursaina reseparopa 20 ['m.

C nomorpto knaBuii F1 BeiOpaTh MyHKT «ICTOUHUKY

Kunasumieit F2 Bei6pats «Kanan 1», a knaBument F3 — «Kanan 2»
C nomormpto knaBuiy F1 BeiOpaTe nyHKT « Trm»
Kinasumramu F2 u F3 BeiOpate napametp «Vamp»

5.3. U3MmeHsist BEpTUKAIbHYIO M TOPU3OHTAIBHYIO pa3BEPTKY ocuuiuiorpada, nooeu-
TECh BUJIMMOCTH BXOJIHOTO M BBIXOJHOTO CUTHAJIa Ha 3KpaHe. 3aluIIuTe U3MEPEHHYIO aM-
IUTUTYLy BXOJHOTO M BBIXOJHOI'O CUTHAJOB M MOCYUTANTE TEKYIIMH KO3PULIUEHT ycuiie-

HUSL:
K — U 6blX
y
U 86X
5.4. IIoBTOpHUTE SKCIEPUMEHT ISl PA3JIMYHBIX YaCTOT BXOJHOTO CUTHAJIA U 3aMOJIHU-
T€ TaOJauIy:
Yacrora | 20I'n 30I'x 40 I'n 50 I'n 100 | 200 | 500 ' 1 xI'n 10 xI'n
KY
Yactora | 100 kI'm | 200 xI'x | 500 k' | 1 MI'g 2 MI'n 3 MI'n 4 MI'n 5 MI'n
KY

5.5. Hapucyiite aMImuTy JHO-4aCTOTHYIO XapaKTEPUCTUKY YCUIIUTEIBHOTO KaCKaa.
5.6. Cnenaiite BBIBOJIBI O TIOJIOCE MTPOMYCKaHUsI COOPAHHOTO YCUIIUTEIBHOTO KacKaa.
6. Brikitounte 000py10BaHKE U pa30EPUTE CXEMY.

I[TEPEYUEHbB NCIIOJIb3YEMOI'O OBOPY JIOBAHU A
1) Ocuumnorpad ACK-2034
2) Uctounuk nutanus APS-7315
3) I'eneparop pyukmonansueiii ADG-1005
4) Mynstumetp AM-1152
5) MakeTtHas miata U UCCeayeMbIe dJIEKTPOHHBIE KOMITOHEHTHI

YKA3AHHE 110 O®OPMJIEHNIO OTUETA

OTyeT MOJDKEH CoAepKaTh MPUHIUIHAIBHBIE CXEMBbI, pacdueTHbIe (HOPMYIIbI, MOJY-

YCHHBIC PC3YJIbTAThI U BBHIBOJDbI.

KOHTPOJIbHBIE BOITPOCHI

1. Kak Bbl OOBSICHUTE HaJW4YUE OTPHUIIATEIILHONW TMOJYBOJIHBI MEPEMEHHOIO CUTHaja

Ha BBIXOAC YCI/IJ_H/ITeHﬂ, cCJIn 06HaCTB YCI/IHeHI/IH TpaHSI/ICTOpa OrpaHI/Iqua HepaBeHCTBOM
Ux> > Uxko nac ?

25



2. TloueMy OTHOCHTENBHO Mallblii TOK 0a3bl OMIIOIAPHOTO TPAH3MCTOPA MOXKET CITy-
KUTh yIpaBisiomel BennurHoi ? [Toyemy ycnosue 16=0 Tpebyer, 4ToObl ik U 1> Takke

PaBHSJIUCH HYJIIO ?

3. 3a cuer yero MpPOMCXOAUT AOIMOIHUTENIbHOE YBEJIMYEHHE MOIIHOCTH CUTHAJIa B
ycwurene ? [losicHuTe Ball OTBET HA IPUMEPE YCUIIUTEIS C OOIIUM SMUTTEPOM.

4. B Kkakol U3 CXeM paccerBaeTCsi MEHbIas MOIIHOCTh — B TPAH3UCTOPHOM YCHIIH-
Tese, padoTaloUIero B peKMMe YCUIICHUS, WM B TPaH3UCTOpHOM mepekitouarene? Ilosic-
HUTE Balll OTBET.

bubnuorpaduyeckuit ciucok
1. Edpumunx M.K., Illymkeuu C.C. OcHOBBI paainodaeKTpoHuku. — Munck: U3m —
Bo bI'Y, 1981. —286 c.
2. Xoposui I1., Xumn Y. UckycctBo cxemorexuuku. [lep. ¢ anrn.: - M.: Mup, 1983.
- T.1.- 590 c.
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JlaGopatopHas paboTa Ned
OnepainuoHHbIe YCHJIUTEJIH.

HEJIb 1 3AJIAYM PABOTBI
[{enpro manHOM MabOpaTOPHOU PAOOTHI ABIAETCS U3ydeHHE paOOTH 0A30BBIX CXEM Ha
OCHOBE OIEPAI[MOHHBIX YCUIIUTEIEH.

TEOPETUYECKUE ITOJIOXKEHUA
OmnepalmOHHBINA YCHIIUTEIh TIOUTH BCETa OXBAUCH 21Y00KOU OMPUyameibHol oopam-
HOU C653b10, CBOMCTBA KOTOPOU U ONPENEIAIOT CBOMCTBA cXeMbl ¢ OY.

HNuBepTHpyOlee BKIKYECHUE
R2

— T +—

R1

Uex o+~

———O UBbIX

Puc. 1. MuBepTHpYyOlIEE BKIIOUCHUE
[Ipu mHBepTHpPYIOIIEM BKIOUYEHUH HEMHBEpTUpYrommil Bxoa OV coeaunsercsa ¢ 00-
me mmHoi. TakuM 00pa3oM, BBIXOJHOE HANpSIKEHUE YCHIIUTENS B HHBEPTUPYIOLIEM
BKJIFOYEHUHM HAXOAMTCS B MPOTUBO(A3E MO OTHOMICHHIO KO BXogHOMY. KoadduumeHnt ycu-
JIEHUsI BXOJHOTO CHUTHala MO HAMpPSHKEHUIO 3TOM CXEMbI B 3aBUCUMOCTH OT COOTHOILICHMS
CONMPOTHUBJICHUIN PE3UCTOPOB MOXKET OBITh KaK OO0JIbIIIE, TAK U MEHbILIE €ANHUIIBI:

Haitnem BxogHoe comnporusieHue cxeMbl. [IOCKOJIbKY HamnpsiKEHHE Ha HEMHBEPTUPY-
IOIIIEM BXOJIE OTHOCUTEIHLHO OOIIEeH MIMHBI PaBHO HYJIIO, COTJIACHO CBOMCTBY a) UICAITBLHOTO
OV BxoaHoit Tok cxembl I3 = U, / R1. CneioBaTenbHO, BXOJHOE CONPOTUBIICHUE CXEMBI Ry
= R;. IlockonbKy HanpsiKeHWEe Ha HEMHBEPTUPYIOLIEM BXOJ€E YCUIIUTENS PaBHO HYIIIO, a CO-
IJIACHO CBOMCTBY a) uaeayibHOro OV pa3HOCTh MOTEHIMAIOB MEXIY €ro BXOJaMU paBHA
HYJII0, TO MHBEPTUPYIOIINI BXOJ B 3TOM CXE€M€E MHOT/Ia Ha3bIBAIOT BUPTYaJIbHBIM (T.€. BOOO-
pakaeMbIM) HYJIEM.

HeunBeprupymouiee BKIKYEHUE
R2

R1

— ————(O UBbIX
Usx O +
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Puc. 2. HeunBeptupytomiee BKIIOYEHNE

[Ipn HemHBepTUPYIOIIEM BKIIOYEHUH BXOJIHOM CHUTHAN MOAAETCS HAa HEMHBEPTHPYIO-
it Bxon OV, a Ha UHBEPTUPYIOIIUN BXOJT Uepe3 AeauTenb Ha pesuctopax Ry u Ry mocrty-
MAeT CUTHAJI C BBIXOJIa YCUITUTEIIS

Kak BumgHO, 37€Ch BBIXOJIHOM curHan cuH(pazeH BxogHoMy. Koaduiment ycuiaenus
M0 HANpsHKEHUIO HE MOXET ObITh MEHBIIE €IWHUIBL. B mpeneiabHOM ciydae, €Ciy BBIXOJ
OVY HaKOpOTKO COEIMHEH C MHBEPTUPYIOIINM BXOJOM, 3TOT KOIPDUIIMEHT paBeH EAMHHUIIC.
Takue cxembl Ha3bIBAIOT HEMHBEPTUPYIOITUMH MOBTOPUTENISIMUA M M3TOTABIMBAIOT CEPUITHO
B Buje oTAenbHbIX UMC 1o HeckosibKy ycWIMTENed B OAHOM Kopmyce. Bxoanoe compo-
TUBJICHUE 3TOM CXEMBI B Hjieane — OeckoHeuHo. Huxke OyaeT noka3zaHo, YTO y MOBTOPUTEIIS
Ha peajbHOM ONEPALMOHHOM YCUJIMTENE 3TO CONPOTUBIECHUE KOHEYHO, XOTS U BEChMa Be-
JIMKO.

Kosdduiment nepenaun HeMHBEPTUPYIOIIEH CXEMBI:

K:1+&

Ry
Ecmun R2=0, To K=1, To cxemMa HEHMHBEPTHUPYIOIIETO YCUIUTEIS MPEBPAIIACTCS B IO-
BTOPUTEIIb HAIIPSKEHUS C BBICOKUM BXOJIHBIM U HU3KUM BBIXOJHBIM COIIPOTHBIICHHEM.

CxeMa MHTErpupOBaHMs (MHTErPaToOP)

@]

Uex O I }

——O UBbIX

Puc. 3. Cxema unTerpupoBanus (MHTErpaTop)

Haunlonee BaxkxHOE 3HAaUEHUE VISl aHAJIOTOBOW BBIYMCIIMTEIILHON TEXHUKUA UMEET TMPH-
MEHEHHE OIEPALMOHHBIX YCWIMTEIEH I peajau3aluu onepanuid uHrerpupoBaHus. Kak
MPaBUJIO, U1 3TOTO UCMOJIB3YIOT MHBEPTUPYIOlIee BKItoueHue OY.

PabGota cxeMbl uHTErpaTOpa OMUCHIBACTCS CIEAYIOIIUM BBIPAXKEHUEM:

1 t
U6blx(t) =U guux (0)_Eful(t)dt
0
[ToCTOSIHHBIN YJIEH Ugyx(0) ompenenseT HadaapHOE YCI0BUE HHTCTPUPOBAHMS.
K omepannoHHBIM yCHIIUTESAM, paOOTAIOMIUM B CXEMaX MHTETPATOPOB, MPEABSBIISIOT-
Cs 0COOCHHO BBICOKHE TPEeOOBAHUS B OTHOIICHUM BXOJHBIX TOKOB, HANPSDKCHHSI CMEIIICHUS
Hysst 1 aguddepeHuanbHoro koddduimenta ycunenus no Hanpsbkenuto Ky. bonbmme To-
KH U CMEIIEHUE HYJISI MOTYT BBI3BAaTh CYIIECTBEHHBIN JIpeii() BHIXOAHOTO HAMPSHKEHUS TIPH
OTCYTCTBUU CHUTHaja Ha BXOJIE, a IPH HEIOCTATOUYHOM KOd(D(DHUIIMEHTE YCUTICHUSI WHTErpa-
TOP MPECTaBIACT cO00M GUIBTP HU3KUX YACTOT MEPBOTO MOpsAaKa ¢ KodhdumueHTom ycu-
neuus Ky u mocrostauoit Bpemenn (1+Ky)RC.
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Cxema nudPepeHuupoBaHust

———O UBbIx

Puc. 4. Cxema nuddepenimpoBanus

[Ipumenenue nepBoro 3akoHa Kupxroda mis maBeptupyromero sxoaa OY B 3ToM
clly4ae JaeT CIEAyIOUIee COOTHOILICHNUE:

du
U e = —RC| —55
6blX ( dt j

[Ipaktuueckas peanuzanus audepeHIUpyronel cxeMbl, MOKa3aHHON Ha PUCYHKE,
CONPSKEHA CO 3HAYNUTEIbHBIMUA TPYAHOCTSIMU IO CIAEAYIOIIUM IPUUNHAM:

e BO-TIIEPBBIX, CXEMa HMMEET YUCTO EMKOCTHOE BXOJHOE COMNPOTHUBIICHUE, KOTOPOE B
Clly4ae, €ClIM UCTOYHUKOM BXOJIHOTO CHUTHAJIA SIBJIAETCS IPYTOW ONEPAllMOHHBIN yCH-
JIUTEIb, MOXKET BBI3BATh €r0 HEYCTOMUUBOCTH;

e BO-BTOpBIX, AuddepeHIupoBanue B 00JaCTH BBICOKMX YacTOT, IPUBOAUT K 3HAYU-
TEJILHOMY YCHJICHHUIO COCTABJISIONIUX BBICOKHX YaCTOT, UTO YXYAIIAET COOTHOIICHUE
CUTHAI/IIIY M;

e B-TPEThUX, B ATOM cxeMme B meriie oOpaTHOU cBsi3u OY oOKa3bpIBaeTCs BKIFOUEHHBIM
WHEPLUHMOHHOE 3BEHO TMEPBOIro MOPsiAKa, CO3/Jaroliee B 00J1aCT BBICOKMX YacTOT 3a-
nazasiBanue mo ¢ase 10 90°: OHo cymmupyetcs ¢ (a3oBbIM 3ama3bIBAaHUEM Olepa-
UOHHOTO YCUJIUTENS, KOTOPOE MOKET COCTABJISITh MU Aaxe mpeBbimath 90°, B pe-
3yJIbTATE YEr0 CXEMa CTAHOBUTCS HEYCTOMYUBOU

VYCTpaHuTh 3T HEAOCTATKU IMO3BOJISIET BKJIIOYEHHE MOCIEI0BATENIbHO C KOHJEHCATO-
pPOM JIOIOJIHUTENBHOTO pe3uctopa Ri (Ha pucyHke nokaszaH mMyHKTHpoM). CiemyeT oTMme-
TUTb, YTO BBEJCHUE TAKON KOPPEKIIMU MPAKTUYECKUA HE YMEHBIIAET Arana3oHa padbo4nx ya-
CTOT cXeMbl AU PEpPEeHIUPOBAHNS, T.K. HA BBICOKUX YaCTOTaX M3-3a CHIDKEHUS YCUIICHHS B
1enu o0paTHOM CBA3M OHA BCE PaBHO paboTaeT HeyaoBieTBOputesbHO. Bennunny RiC (u,
cJe0BaTeIbHO, HOJb TiepeaaTouHo pynkuuu RC — 1ienu) 1eaecoo0pa3Ho BeIOMpaTh Tak,
4TOOBI Ha yacToTe f1 ycuaeHne netau oOpaTHOM CBS3HM COCTABIISIIO 1.
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ITOPAJOK BBIITOJIHEHUA PABOTHI
1. UccnenoBanue cxeM MHBEPTUPYIOIIETO U HEMHBEPTUPYIOLETO BKItoUueHUsa OV,
1.1. McxoaHble JaHHBIE 1 pACYETA CXEM:

Kos¢pdunuent nepenaumn
Bapuanr JUISL AHBEPTUPYIOLIETO JUUISL HEUHBEPTUPYIOILIETO
BKJIFOUCHUS BKJIFOUCHUS
1 —10 3
2 -8 4
3 —12 5
4 — 14 6
5 -9 7
6 — 16 8
7 -7 9
8 — 18 10
9 -6 12
10 —11 14

1.2. Cobeputre cxeMy HHBEPTUPYIOIIETO BKJIIOUEHUA Ha 0a3ze MATUBBIBOJHOrO (5-
Terminal Opamp, no ymonuanuto tun — 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. Paccunraiite cOnpOTHUBIICHUS PE3UCTOPOB B 3aBUCUMOCTU OT TpeOyeMoro Kodg-
¢duIMeHTa nepeaayu.

1.4. ITonalite Ha BXOJ CUHYCOMAANbHbIA curHai amrnutyaoi 0,1 B u cHumuTte oc-
IUAJIJIOTPAMMBbI BXOJHOTO U BBIXOJIHOTO CUTHAJIOB.

1.5. YBenuunBas aMIUIMTy 1y BXOJHOTO CUTHAJIA, IO TEX MOp, MOKa BBIXOIHOW CUTHAJI
HE HAYHET UCKAXKaThCA. 3AMUIIUTE MOTYUYCHHYIO MPEAEIbHYIO0 aMIIUTYAy BXOJIHOTO CUTHA-
J1a, TIPA KOTOPOM €lI€ HE MPOUCXOIUT UCKAKEHUI Ha BBIXOJIE.

1.6. IToBTOpuTE MyHKTHI 1.2 — 1.5 17151 HEMHBEPTUPYIOLIETO BKIIOUCHHS.

2. VccnenoBanue paboThl HHTETpaTOpA.

2.1. Cobepute cxemy uHTErpaTopa (puc. 3), u ycTaHOBUTE EMKOCTh KOHIeHcaTtopa 10
H®D, a conpotuBnenue pesuctopa 2 kKOm.

2.2. TlopaiiTe Ha Bxoa cxeMbl cunycouaanbHbii curaan 0,1 B / 100 ', 3atem nonaii-
Te Ha BXOJl cxeMbl mpsimoyroyibHbii curHai 0,1 B / 100 I'm. CHuMuTe ocimmiorpaMMbl U
MIPOKOMMEHTUPYUTE PE3yJIbTaT.

2.3. Bapbupys 3Hau€HUsI CONPOTUBJICHUS U EMKOCTH, IOCMOTPUTE KAK OHU BIIHSIOT
Ha paboOTy CXEMBI.
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3. UccnenoBanue paboThl HHTErpaTOpA.

3.1. CoGepute cxemy auddepennupyromiero Bxiatouenus (puc. 4) 6e3 RO, u ycrano-
BUTE EMKOCTh KOHAeHcaTtopa 100 HD, a conpoTtusienue pezucropa 100 kOm.

3.2. [lonaiite Ha Bx0oJ cxembl curHai TpeyroiabHoi Gopmsl 0,1 B / 100 I'a. 3aTem mo-
naiTe Ha BXOJ cxeMbl ipssMoyrosibHbIi curdat 0,1 B / 100 I'm. CHuMuTe OCIIMiLIorpaMMbl 1
MIPOKOMMEHTUPYUTE PE3yJIbTaT.

3.3. Jlo6aBwTe B cxeMy pesuctop RO = 1kOM u, u3meHsisa ero 3HaueHue, 100eUTeCh
MUHHAMM3AIIN UCKKEHUN BBIXOTHOTO CUTHAIA.

3.4. IToBTopute 1. 3.2 ¢ peauctopom RO B cxeme.

3.5. Bapeupys 3Hau€HUS CONPOTUBICHUS U EMKOCTH, TOCMOTPUTE KaK OHU BIHUSIOT
Ha pabOTy CXEMBI.

YKA3AHHE 110 OOOPMJIEHNIO OTUETA

OtueT AOJDKCH COACPIKATh HNPUHIUIIHUAIBHBIC CXCMbI, PaCUCTHLIC CI)OpMy.TIBI, ImoJaxy-
YCHHBIC PC3YyJIbTAThI U BLIBOABI.

BUBJIMOT' PA®MYECKUI CITMCOK

3. Jxonc M.X. DneKkTpoHUKa — MPaKTHUYECKUN Kypce : ydeb.mocobue / mep.c aHrIL:
E.B.Boponosa, A.JI.JIapuna. — 2-e u3., ucnp. — M. : Texnocdepa, 2006. — 512c.

4. Xoposui I1., Xumn V. UckycctBo cxemotexuuku / niep.c anri. b. H. bponun [u
ap.]. — 7-e u3a. — Mocksa : BUHOM, 2012. — 704 c.
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JlabopaTopHasi padoTa Ne6
udposas cucTeMOTEXHUKA
UccnenoBanue paboThl aHATIOTO-IIM(PPOBOTO U IU(PPO-aHATIOTOBOTO MTpeoOpazoBaTeneit

HEJIb 1 3ATAYN PABOTDI

[{enpto maHHO JTaOOPATOPHON PAOOTHI SIBISIETCS M3YUCHHUE PAOOTHl KOMOMHAITMOHHBIX
CXEM, METOIOB MPEe0Opa30BaHUS U YIIPOIICHUS IIUPPOBBIX CXEM IIPH MX PeaTH3aIIH.

TEOPETUYECKUE I1OJIOKEHHM A

[MudpoBas 31eKTpOHKKA OTIEPUPYET INEKTPUUECKUMU SKBUBaIeHTamMu 1udp. [Ipu sTom
YyCJIa Yallle BCEro MPeCTABISIOTCS B JBOUYHOM CUCTEME, B KOTOPOW CYHIECTBYIOT TOJIBKO
JIBa 3HAKA: €AMHUILIA U HYJIb, UM COOTBETCTBYIOT CUTHAJIBI “JIOrMYECKasi €AMHUIA U “‘JIOTH-
YECKUI HYJIb .

Teopernyeckoit 0CHOBOW HU(POBOI CXEMOTEXHHKH SIBJIsIETCA OyJieBa anreOpa Win aji-
reOpa JOTHKHU.

OcHOBHOE MOHSITHE OYJIEBOM anredOpsl — nepekiiodaTenbHas (0ysiea) pynkuus. Ee ap-
TYMEHTBI M OHAa cama MOTYT MPUHUMATh TOJIbKO ABa 3HaueHus: 0 u 1. C momMonibo OyieBbIX
(yHKIIUH MOXHO OMKUCaTh JEUCTBHUE 1IEJ0ro Kiacca cxeM HUGPOBOIl JIEKTPOHUKH, a TAKKE
(YHKIIMOHUPOBAHUE COYETAHUM ITUX cXeM. TaKoro pojia CXeMbl Ha3bIBAIOTCSI KOMOWHAIIU-
OHHBIMHU, TaK KaK CUTHaJIBI Ha Bbixoze (1 wiu 0) onpeaensroTcss KOMOMHAIMEH CUTHAJIOB Ha
ux Bxojax (1 umu 0).

[Ipocreitmmu OyneBbIMU (PYHKITUSMU SBISIOTCS GYHKIUU OJHOU niepeMeHHoM. Mx
MOET OBITh TOJBKO 4:

Vo= fe(X)=0 ;
Vi=f1(X)=1 ;
V2=f2X)=X ;
V3= £3(X) =X

OT1u QyHKIIMHU ONMUCHIBAIOT padOTy OJTHOBXOIHBIX IIU(PPOBBIX CXEM, & UMEHHO (QYHKIIUU
fo(X)u f1(X) OHNHUCBHIBAIOT CXEMBI, BEIXOJbI KOTOPBIX MOCTOSHHO IIPUCOCAUHEHEI K YPOBHAM

JIOTUYECKOTO HYJISI U IOTUYECKON €UHUIBI COOTBETCTBEHHO; QYHKIHUA f2(X) - CXEMY, BbI-
X0J1 KOTOPOM MIOCTOSIHHO COEIMHEH C BBIXOAOM. PyHKIUA f3(X) ONHMCBHIBAET HHBEPTOP, WIH

cxemy orpuranus (cxema “HE”).
Ecnu OynieBa GyHKIHS UMEET JBE MEPEMEHHBIC, TO B 3TOM ClIydae mojy4aercs 16 Bu-
10B (DYHKIIMI. 3aIuIIeM OCHOBHBIE U3 HUX

V4 = f4(X1,X2) = X1AX2 - KOHBIOHKIIUA ;
V5= f5(X..X2) = XI1AX2 - OTpULATEILHBIE KOHBIOHKIIUY ;
V6= f6(X..X2)=X1VX2 - JIU3BIOHKIUA ;
V7= f7(X.X2)= X1VX2 - OTpHLATEJIbHBbIC TU3BIOHKIIUU ;

Teopema. byneBa QpyHKIMs JIF0O0TO KOTUYECTBA MEPEMEHHBIX MOXKET OBITh
MOJTy9deHa METOJIOM CYIIEPIIO3UIINY U3 (PYHKITUH ABYX MEPEMEHHBIX.
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Meroa cynepno3uiuu COCTOUT B MTOJICTAHOBKE Ha MECTO MEPEMEHHBIX JPYTUX OyJIeBBIX
GyHKUIMIA UK TIepe HyMepaluu IEPeMEHHBIX, T.€. B IEPECTAHOBKE X MECTaMHU.

Teopema Mo3BOJSET OrPaHUUUTHCA PACCMOTPEHUEM OYJIEBBIX (DYHKIIHI TOJIBKO ABYX
MEPEMEHHBIX U CTPOUTh MHOTOBXO/I0OBbIE KOMOMHAIIMH CXEMbI TOJIBKO U3 IBYXBXOJOBBIX
CXEM.

B GyneBoii anreOpe ycTaHOBIIEHO, UTO Jito0ast OyJieBa (GyHKIIHS IBYX IEPEMEHHBIX MO-
KET OBITh NOJIy4eHa U3 HEKOTOPOTO KOJIMYeCcTBa PyHKIMHI ABYX nepemeHHbIX. Habop
GbyHKIUI IBYX MEPEMEHHBIX, U3 KOTOPOTO METOAOM CYTEPHO3UIIMH MOKHO TIOJTYyYUTh BCE
ocTajbHbIe OyJeBbl (DYHKIIUU IBYX MEPEMEHHBIX, & 3HAYHUT U BCe OyJeBbl (PyHKINHU JTH000TO
YKCIIa MEPEMEHHBIX, HA3bIBACTCS (PYHKIIMOHAIBHO TOJIHBIM HAOOPOM.

[Ipumepamu Takux HAOOPOB ABJISIOTCS Y4 U Y3, V6 u Y3. DOyHKIMOHAIBHO MOJ-
HBI HA0Op MPEACTABIISIET J1a’Ke OJIHA OTPUIIATENILHO B3sITast QyHKUUA f5 WIA f7.

Takum 00pa3om, Ha 0a3e FIEKTPOHHBIX CXEM OJAHOTO THUIIA, pad0Ta KOTOPHIX ONUCHIBA-
eTcsl, Hanpumep, OyJeBol QyHKIMEH f5 WK f7 MOKHO OCTPOUTH JIIOOYIO0 IUPPOBYIO

KOMOWHAITMOHHYIO CXEMY TP YCIOBUH, YTO BBIXOJIbI TAKMX CXEM MOJIHO TIOJIKJIFOYATh KO
BXOJIaM JIPYTHUX TaKUX JKE CXEM.

HaGop nornyeckux 3jieMEHTOB, PeaIbHO UCIIOJIb3yEeMbIX B IIU(POBOM 2JIEKTPOHUKE, CO-
OTBETCTBYET U30BITOYHO MOJIHOMY (PYHKIIMOHAIBHOMY Ha0Opy OyseBbix GyHKIuNA. M305b1-
TOYHOCTh HaOOpa MO3BOJISET MOJYYUTh HECKOJIBKO BAPUAHTOB OJIMHAKOBO (DYHKITMOHUPY-
IOIMX CXEM U BBIOUPATH T€ U3 HUX, KOTOPHIE JIyUIlIe TOAXOIST JIJIsl PEIICHUS KOHKPETHBIX
3aj1ay.

Taxk, Harpumep, HauboJiee pacCIPOCTPAaHEHHOE CEMENCTBO IU(PPOBBIX UHTETPATIBHBIX
mukpocxem 155 cepun conepxut 2 U-HE, HE, 21, 21UJIN, 2UJIU-HE, 21-HE, 8U-HE, 2-
21-2NJIN-HE.

OBBEKTHI NUCCIIEJOBAHUA 1 OBOPY IOBAHUE
OOBexkTamu uccie0BaHusl B JaHHOM J1ab0OpaTOpHOM paboTe SBISIOTCS JTOTHUECKUE dJIe-

MEHTBI TPAH3UCTOPHO-TPAH3UCTOPHOM JIOTUKHU:
2U-HE, 3U-HE, 2U-HE, 2-21-2NJI1-HE (pucyHoK).

155AA3 155AA4 133AA1
— & — & | &
«— ] S
— o ——
2N-HE 3U-HE 41-HE
155AP1 155AA2
& |1 &

T
|

w
w



2-21-2NJIN-HE

8N-HE

OCHOBHBIC ITAPaMETPHI 9TUX 3JICMCHTOB IIPUBC/ICHLI B Tabm1.1.

Puom | UBBIX | U°BRIX ¢ 1o Al
B 30 30 Kpas
MBrt B HC HC
155J1A1 52 2,4 0,4 15 29 10
155J1A2 26 2,4 0,4 18 33 10
155J1A3 110 2,4 0,4 15 29 10
155J1A4 80 2,4 0,4 15 29 10

[Ipu BeIMOMHEHUN PabOTHI KCHOIB3YIOTCS JJabopaTopHbIi cTeHa Tuna YMI11 u ocuun-
norpad.
3AJAHHUE HA PABOTY

Hcnonb3ys nabopaTopHbIid CTEH U ocuuiuiorpad, pacCMOTPETh pabOTy OCHOBHBIX JIO-
THYECKUX JIEMEHTOB CTEH/A M UCCIIC0BATh MX OCHOBHBIC MTAPAMETPHI.

[NEPEYEHb HUCTIOJIb3YEMOI'O OBOPY 1IOBAHU A
1) [lepcoHasibHBIN KOMITBIOTED
2) Ocuummnorpad ACK-2034
3) Ucrounuk nutanus APS-7315
4) I'enepatop pyukimonaabubiii ADG-1005
5) MakeTtHas miata U UCCeayeMbIe dJIEKTPOHHBIE KOMITOHEHTHI

[TOPAIOK BbITIOJIHEHW A PABOTDI

1. IToiaBast Ha BXOIbI JIEMEHTOB BCE BO3MOKHBIE KOMOMHAIIMY BCEX JIOTUYECKUX HY-
Jed ¥ €IMHUIL, COCTaBbTE TAOIMUILy UICTUHHOCTH ISl KaXKJIOTO SJIEMEHTA.

2. Ucnonp3ys nosty4eHHbIe TaOIHIIbl, 1aTh allreOpanyecKkoe ONMUCAHUE PACCMOTPEHHBIX
JJIEMEHTOB.

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

a) 3amucaTh anredpandeckoe BeIpaKeHHUE JIOTHUECKON (DyHKITNY;

0) mpeoOpazoBaTh ATO BEIPAKEHHUE K JJOTHIECKOMY 0a3uCy, BKIIIOUAIOIIeMy deMeHT M-
HE,;

B) peaIn30BaTh JIOTHUECKYIO (DYHKIIUIO HA CTEHJIC U IPOBEPUTDH PE3YIIbTAT.
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X1 | X2 X3 | V1 | V2 | V3 Y4 | V5 | V6 | V7
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. Ins norudeckux (pyHKIUHN, 3aJaHHBIX aareOpanveck,

1) ¥V = (XIAX2)V(XIAX2);
2) YV =(XIVX2)A(XIVX2);

3) V = (XIAX2AX3AX4)V(XIAX2AX2AX3)V(X2AX3AX4)

4) Y = (XIAX2AX3)V(XIAX2AX3)V(XIAX2AX3):

a) COCTaBUTh TAOJHILY;

6) YIIPOCTUTD, UCIIOJB3YA OCHOBHBIC AKCHMOMBI H TCOPCMEI,

B) COCTaBUTL CXCMY,

I') peajin30BaTh CXEMYy Ha CTEHJIC U MPOBEPUTH PE3yJIbTaT.
5. s nornyeckoi GyHKIMH, 3aJaHHOM Tabm.3.

Tabmuua 3
Bxongsr Brixoan!
X1 X2 S P
0 0 0 0
0 1 1 0
1 0 1 0
1 1 0 1

[Iponenars TO e, 4YTO | MO I1.3.

YKA3AHHUE 110 OPOPMJIEHUIO OTUETA

Tabmauua 1

OTtueT ohopMITSIETCS] KaXKABIM CTYJACHTOM U JOJKEH COJEPKATh MOAPOOHOE OMTUCAHUE
BCEX ATAIOB BBHIMOJIHEHUS PA0OTHI C COOTBETCTBYIOIIMMH CXEMaMH U TaOJIMIIAMHU.

KOHTPOJIBHBIE BOITPOCHI

1. Kakue pexxumbl pabOTHI TPAH3UCTOPOB HCTOB3yeTCs B daemenTax TTJI ?
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2. MOHO 71 Ha JUCKPETHBIX DJIEMEHTax peain3oBath, Hanpumep, TTJI cxemy 2U1-
HE ?
3. Kaxkoii BEIBOJ MOXHO clienaTh, ecyiu curHan Ha Beixogqie TTJI cxembr paBern 1,5 B ?
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