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1 BBEJIEHHUE

CocraB U cofepkaHue JTadOpaTOPHBIX 3aHATHI HAIpaBIEHB! HA peann3auuio PenepanrbHOro rocyaapeT-
BEHHOTO 00pa30BaTeNbHOTO CTaHIapTa cpeJHero npodeccuoHaabsHOro 06pa3oBaHus

Benmymeit qunaktrndeckod meibio Ja00paTOPHBIX 3aHATHH SABISETCS DKCIEPUMEHTAIBHOE TOATBEPKIe-
HHE U IPOBEPKA CYLIECTBEHHBIX TEOPETHUECKUX MOJIOKEHUH (3aKOHOB, 3aBUCHMOCTEH).

B cootBercTBHM Cc pabouyeil mporpamMMoi yueOHOH aucuuminuHbl «[IpuKnagHas >JIEKTPOHUKA» Mpeay-
CMOTPEHO TIPOBeIeHNE JJA00PAaTOPHBIX padoT.

B pesynbTaTe Ux BBHITTOTHEHHS, 00yJaIONTHICS JOIDKEH:

ymembs:

—  pa3nuyaTh MONYNPOBOAHUKOBEIC AUOJBI, OUIONISIPHBIC U IOJIEBbIE TPAH3UCTOPHI, TAPHUCTOPHI HA
CXEMax U B U3JIENNAX;

—  OIpeneNsiTh Ha3HAUCHHUE U CBOMCTBAa OCHOBHBIX (DYHKLIMOHAIBHBIX y3JI0B aHAJOTOBOU 3JIEKTPO-
HHUKH: YCUJIUTENEH, FeHEPaTOPOB B CXEMax;

—  HCIIOJIb30BaTh OMNEPALMOHHBIE YCUIIUTENH AT IOCTPOSHUS PA3INYHBIX CXEM;

—  TIPUMEHATH JOTUYECKUE DIIEMEHTHI, JJIsl TOCTPOCHUS JIOTUIECKUX CXEM, TPaMOTHO BBIOMpATh HX
MapaMeTphbl U CXeMbl BKIIIOUEHHSI.

Coneprkanue 1abopaTopHBIX PabOT OPUEHTUPOBAHO HA MOATOTOBKY CTYJEHTOB K OCBOCHHIO IIPOTPaMMBbI MO/
TOTOBKH CIHELUAIMCTOB CPEJHETO 3BEHA IO CIELHMAIBHOCTH U OBJIAICHUIO HPOPECCUOHATIbHBIMU KOMNEMEH YU -
MU

1K 1.1. Pa3pabatbiBath cxeMbl H(POBBIX YCTPOHCTB Ha OCHOBE HHTETPaIbHBIX CXEM pa3HOH CTeleH! UHTe-
rpaLyH.

[IK 2.3. OcymiecTBiiTh YCTAHOBKY ¥ KOH(PUT'YpUPOBaHHE MEPCOHATBHBIX KOMITBIOTEPOB M 5 TOJKITO-
yeHue nepuepruiiHbIX yCTPOWCTB.

A Taxxe pOPMHPOBAHUIO 0OUIUX KOMNEMEH YU

OK 2. Opranu3oBbIBaTh COOCTBEHHYIO JESTENFHOCT, BEIOMPATh THUIIOBBIE METOABI U CIIOCOOBI BBIIIOJI-
HEeHHs TpodeccCHOHATBHBIX 33/1a4, OLIEHUBATh MX () ()EKTUBHOCTD U KaUeCTBO.

OK 3. [lpuHnMaTh perieHus] B CTAaHAAPTHBIX M HECTAHJAPTHBIX CHUTYalUSAX U HECTH 33 HUX OTBETCT-
BEHHOCTb.

OK 6. PaboraTh B KOJUIEKTHBE W KOMaHze, 3Q(PEeKTHBHO 00IAThCS C KOJUIETaMH, PYKOBOJCTBOM, MO-
TPEeOUTEISIMU.

OK 7. bpatp Ha ce0s1 OTBETCTBEHHOCTb 3a PadOTy WIEHOB KOMaH[b! (TIOAYMHEHHBIX), PE3YyIbTaT BbI-
MMOJTHEHUS 3aJJaHNI.

BrimonHenne ctyaeHTamu 1a00paTopHBIX padoT mo yueOHol aucimiuinHe «[IpuknanHas 3JeKTpoHUKa
HaIlpaBJICHO Ha:

- 0000111eHNEe, CUCTEMATH3ALUIO, YTIyOJIeHHE, 3aKpeIUIEHUE, Pa3BUTHE U IETAIN3ALMIO OJTY4E€HHBIX TEO-
PETHYECKHUX 3HAHUH 10 KOHKPETHBIM TeMaM Y4eOHOH TUCIUTUINHBI;

- (hopMHpOBaHUE YMEHUM IPUMEHSThH OTy4YEHHbIE 3HaHUSI Ha IPAKTHKE,

- peann3aluio eIMHCTBA HHTEIUIEKTYaIbHOM U MPaKTHYECKOHN NesITeIbHOCTH;

- (opMHUpOBaHHE U pa3BHTHE YMEHHH: HAOJIIONaTh, CPABHUBATh, CONOCTABIISATH, aHATU3UPOBATH, JEIaTh
BBIBOJIBI 1 O0OOIICHUS, CAMOCTOSITENILHO BECTH HCCIIEIOBAHUS, TIOIE30BATHCS PA3TMYHBIME IIPHEMaMH H3Mepe-
HUH, 0QOpMIIATE pe3yIbTaThl B BUE TA0JHII, CXEM, TpadHKOB;

- MpHOOpEeTEeHHE HABBIKOB PabOTHl ¢ PA3IMYHBIMK MPUOOPaMH, anmnapaTrypoi, YCTaHOBKAMH W JIPYTHMHU
TEXHUYECKUMH CPEICTBAMHU ISl IPOBEIEHUS OIBITOB;

- pa3BUTHE UHTEIJICKTYAJIBHBIX YMEHUH y OyIyIINX CIEHUATUCTOB: aHATUTHYECKUX, IPOCKTUPOBOYHBIX,
KOHCTPYKTHBHBIX H Jp.;

- BBIPaOOTKY TPU PEIlICHHU MOCTABICHHBIX 33124 MPOPECCHOHAIFHO 3HAYUMBIX KauecTB, TAKUX Kak ca-
MOCTOSITENIbHOCTh, OTBETCTBEHHOCTH, TOYHOCTh, TBOPYECKAs HHUIINATHBA.

JlaGopatopHble 3aHATHA MPOBOIATCA IMOCIE COOTBETCTBYIOLICH TEMBbI, KOTOpas 00eCleurnBaeT HATHYHE
3HaHWUI, HEOOXOIMMBIX JUTS €€ BBITIOJTHEHHS.



2METOANYECKUE YKA3AHUA
Tema 2.1. I1orynnpoBOAHMKOBBIE THOABI
JlaGopaTopHasi padora Ne 1
HccnenoBanne BHINMPSIMATEIBHOTO THOA.
Hean padoTel: VccnenoBanne BEIIPSIMUTEIEHOTO U0

Beinosnus padory, Bel Oynere:
ymems:
- pa3nuyaTh MOJYNPOBOAHUKOBBIC U0 HA CXEMaX M B U3ACTHAX

MatepuaiabHoe o0ecniedeHue: CTeHIbI «OCHOBBI AIEKTPOHUKI.

TeopeTnyeckue cBeJleHUs

JMox — NBYX3JIEKTPOIHBIN MOIYIPOBOIHUKOBBINA MTPUOOP C OJHUM p—N-TIEPEX00M, 00T JAIOIIHIA OTHO-
CTOPOHHEH MPOBOAMUMOCTBIO TOKa. CYIECTBYeT MHOTO Pa3IMYHBIX THUIIOB TUOJOB — BBIIPSIMHUTEIBHBIE, UM-
IMyJIbCHBIC, TYHHCJIbHBIC, O6paHleHHI)IC, CBCPXBBICOKOYACTOTHBIC OTUOABI, 4 TAKKE CTa6I/IHI/ITpOHI>I, BapuKarllbl,
(hOTOIMO B, CBETOAMOBI H JIP.

Ha puc. 1 mokasansl yciioBHOE Tpadudeckoe ob6o3HaueHne (puc.la) U XapaKTepUCTHKH BBITPSIMHTEITb-
HBIX THOA0B (WX uacambHas (puc.10) u peambHas BOJIbT-aMIIepHAs XapaKTepUCTHKH (puc. 1B). BUauMbIil n3ioM
BOJIbT-aMIIEPHON xapakTtepucTuku auojaa (BAX) B Hayase KOOPAMHAT CBS3aH C Pa3IMYHBIMKU MacliTabaMu TO-
KOB U HalpsDKEHUI B TIEPBOM U TpeTheM KBazpaHTe rpaduka. Ha BombT-amMmnepHast XapaKTepUCTHKA PEaTbHOTO
muosia 0003HaYeHa 00JacTh AIEKTPUIECKOro MPo0osi, KOT/Ia Py HEOOJBIIOM YBEIHYSHUH OOpaTHOTO HAMps-
JKEHHSI TOK PE3KO BO3pacTaer.
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Puc.1. YI'O nuona (a), uneansuas BAX nuopa (6), peanbnas BAX auona(s)

JKCcNnepUMeHTAIbHOE HCC/Ie10BAHUE BBINPSIMUTEILHOIO AH0AA

1) cobpatb cxeMy AJsl UCCIIEIOBAHMUS BBIIPSMHUTEIBHOIO MOJa Ha TIOCTOSIHHOM TOKE B COOTBETCTBHU C
MPUHLMITHAIBHON cxeMoi puc. 2. [l u3MepeHus aHOJHOTO TOKa BKJIIOYNUTh MUJUTMAMIIEPMETP MOCTOSHHOTO
ToKa ¢ mpeneiaoM 100 MA. s u3MepeHus: aHOJHOTO HANpsDKEHHs HCIIONIb30BaTh MynbTuMeTp. IlocnenoBa-
TEJIBHO C TUOJIOM BKJIFOUMTH TOKOOTPAHWYMBAIOIINN pe3uctop Ry.

2) CHATB BOJBT-aMIIEPHYIO XapaKTEPUCTUKY BBITPSIMUTEIHHOTO IM0/Ia HA TIOCTOSHHOM TOKE IS TIPSIMOM
BeTBU (puc. 2); ISl CHATUS XapaKTEPUCTUK PETYINPOBATh HANPSHKEHUE HA BHIXOJE MOTEHIIMOMETPA; pe3yibTa-
TBI U3MEPEHHI 3aHECTH B Ta0IMILy 1, IO KOTOPOH MOCTPOUTH MpsIMyIo BeTBb BAX;

3) Cobpats cxemy miist cHaTust oopaTaolt BetBu BAX VD1, nogkmouns k RP2 ucrounuk -12 B u 3ame-
HUB MIJUTHAMIIEPMETP, IIOMEHSB TAKXKE €ro MOJIAPHOCTH MOAKIIOUeHHs (puc. 3); CHATh 00paTHYIO BeTBb BAX
JMO/a; PEe3yJIbTaThl U3MEPEHHUH 3aHECTH B TAOJHILY 2, IO KOTOPOM MOCTPOUTH 00paTHYIO BeTBh BAX
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4) Cnenatb BBIBOABI IO padoTe

®opma npeaAcTaBIeHUs Pe3yJibTAaTAa:
OtueT o padoTe JOIKEH CONEPKATh:
a) HaUMCHOBaHHUE PabOTHI U IEIb PAOOTHL;

0) HeoOXOIMMBIE TEOPETUIECKHE CBEACHNUS, B T.4. pacueTHbIE (JOPMYJIIBI 1 OCHOBHEIE ONIPE/IeIICHUS;

B) CXCMBI C QJICKTPOHHBIMHA KOMITIOHCHTAaMU JIA IIPOBECACHUA UCCIICAOBAHMA

r) TaOIUIBI PE3yNBTATOB SKCIIEPUMEHTOB (M3MEPCHHBIC M PACCUMTAHHBIC BEIUYHHBI);
Il) TOJy49eHHBIC TpadUKH (OCIIIIIOTPaMMBI);

€) BBIBOJIBI IO padoTe.

Kpurtepun ouenkmu:
OneHka «OTIUYHO» CTABUTCS, €CJIN 33JAHUE BBINIOJIHEHO BEPHO.

OreHKa «XOPOIII0Y» CTABUTCS, €CJIH IOIMYIIEeHA OJHA WIH JIBE OMIMOKY, MPUBE/IINE K HETPABIIILHOMY pe-

3yJIbTaTy.

OI_IeHKa «YAOBJICTBOPHUTCIIBHO» CTABUTCS, €CJIM MMIPUBCACHO HCIIOJIHOC BBIIIOJIHCHUC 3aJaHH.

OHCHKa CHCYIOBJICTBOPUTECIIBHO» CTABUTCA, €CJIN 3aJaHUC HE BBIIIOJIHCHO.

Tema 2.2. CneuuaJjibHble IMOAbI
JlabopaTopHas pa6ora Ne 2
HccnenoBanue onTpona
Hean padorel: MccnenoBanue XxapakTepucTUK ONTPOHA.
BrinosinuB padoty, Bel Oynere:
ymems.
- pa3nuyaTh MOJYNPOBOJHUKOBBIE JUOJBI HA CXEMaX U B U3IETUAX

MaTepnanbﬂoe odecneuenne: creH bl «OCHOBBI OJICKTPOHUKHN).

TeopeTuyeckne cBeJeHUA

Onronapa win ONTPOH — BIIEKTPOHHBIA MPUOOP, COCTOSIINN U3 U3TydaTelsi cBeTa (0OBIYHO — CBETO-
auox) u gortornpuéMHMKa (OUNOISPHBIX U MOJIEBBIX (POTOTPAH3UCTOPOB, POTOAMONOB, HOTOTHPHCTOPOB, POTO-
PE3UCTOPOB), CBA3aHHBIX ONTHUYECKUM KaHAIOM M, KaK MPaBHUJI0, 00beIMHEHHBIX B 001eM kopiyce. [Ipuniun
pabOTHI ONITPOHA 3AKJIIOYACTCS B MPe0OPa30BaHUN IEKTPHUECKOTO CUTHANA B CBET, €ro Iepeaade 1Mo OnTHde-

CKOMY KaHaJly U NOCJICAYOIICM HpeO6pa3OBaHI/II/I O6paTHO B SHGKTpI/I‘{CCKI/Iﬁ CHUTHaAJ.

TpaHBI/ICTOpHBIe WUJIX UHTCTPAJIbHBIC OITOIAPLI, KAK MPaBUJIO, IPUMCHAIOTCA IJIA raJbBaHHYECKOMN pas-

BSI3KM CUTHAJIBHBIX IETIECH HUTH IETIei ¢ MaJIbIM TOKOM KOMMYTAaIUuH.



Bxonnoit xapakrepuctukoit siisercss BAX cBeTonnona, BRIXOIHON — COOTBETCTBYIOIIAS XapaKTePUCTH-
Ka oTOnpHEMHNKA IIPH 3aJaHHOM BXOJIHOM TOKE OITPOHA.
Iepenarounast XapakKTEPUCTHKA — 3TO 3aBUCUMOCTb Loy, = T(1,y)-

Ienx

A

IlepenaTouHble mapamMeTpsl B 3aBUCHMOCTH OT THIIa ONTPOHA OIpe[e-
JSIFOTCST KOO PUITUEHTOM Tepeaadn Mo TOKY lyy/lsy, U AMOTHBIX U TpaH3H-
cropHbIx onTpoHoB (K- nmoaneix 0,2 + 0,005, y TpaH3UCTOPHBIX - 110 1).

Puc. 1. [TepegaTounast xapakTepuCTUKa ONTPOHA.

vy
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x700mA
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Puc.2. DxcnepuMeHTanbHOE Hecel0BaHie ONTPOHA

1) Cobpathk cxemy Al CHATHSI MEPEJaTOuYHON XapaKTEPUCTHKH TPAH3UCTOPHOTO ONTPOHA HA TMOCTOSH-
HOM Toke (puc.2), RP3=150, RP2=3, perynupoBky npou3Boauts RP1.

2)CHATh MO TOYKAM IEPENATOUYHYIO XapPaKTEPUCTHKY TPAH3UCTOPHOIO ONTPOHA HA MOCTOSIHHOM TOKE.
st aroro moreHnmomMerpoM RP; M3MeHATH HanpshkeHHe Ha BXoJie, GUKCUPYS BXOAHOM U BBIXOAHOH Toka. Om-
pENEINTh MAKCUMAJIbHBIN BXOAHOM TOK, IIPH KOTOPOM COXpaHsEeTCsS TMHEHHOCTh XapaKTEPUCTHKH, ONPEEINTh
KOX(GUIMEHT TIepeaadu 110 TOKY.

4) IMokazaHus 3aHeCTH B TAOJIUIY | ¥ MOCTPOUTH TpaduK MepeaaTouHON XapaKTepUCTUKH ONTPOHA.

Tabnuna 1

Lix MA

IBbIX,MA

5) Cnenath BBIBOABI 11O padoTe.

(I)opMa npeacraBjJacHus pe3ylbTara:
Otuer 1o pa60Te HAOJIKCH COACPIKATh:

a)
0)
B)
r)
)

e)

HalMEHOBaHHUE PaOOTHI U LIEJIb PaOOTHI;

HEOOXOIUMBIE TEOPETUIECKUE CBEICHUS, B T.U. pacyeTHbIe POPMYIIBI 1 OCHOBHBIE OIPEJICIICHUS;
CXEMBI C JEKTPOHHBIMY KOMIIOHEHTaMH ISl TPOBEJIEHUS UCCIIEIOBAHNUS;

TaOJIMILIBI PE3YNIbTATOB KCIIEPUMEHTOB (M3MEPEHHBIE U pACCUMTAHHBIC BEJTMYUHBI);

MoJTy4eHHbIE TPapUKH (OCIHILIOTPAaMMBI);

BBIBOJIBI IO padoTe.

Kpurepun onenkn:
O1eHKa «OTIMYHO» CTABUTCS, €CJIN 3a/laHHE BBIIIOJHEHO BEPHO.
O1eHKa «XOPOILI0» CTABUTCA, €CIIH JONMYIICHA OJHA WM B OIIMOKH, IPUBEIIINE K HEPAaBUILHOMY pe-

3yJlbTaTy.

O]_IeHKa «KYHOBJIETBOPHUTEIBHO» CTABUTCA, €CJIM MTPUBCJACHO HEIMOJIHOC BBINIOJITHCHUC 3aJaHH.
OHGHKa CHCYOOBJICTBOPUTEIIBHO» CTABUTCS, €CJIN 3aJaHUC HE BBIIIOJIHCHO.



Tema 2.3. BunoJsipHbie TPAH3UCTOPHI
JlabopaTopHas paGora Ne 3

HcciienoBanne GMMOJISIPHOTO TPAH3HCTOPA
Iean padornl: VccrnenoBanue OUITOMSPHOTO TPAH3UCTOPA, BKIIOYSHHOTO MO CXEME C OOIIMM DMHTTE-
pom.

Beinonus padory, Bel Oynere:
ymemy:
- pa3nuyaTh OMMOISAPHBIE TPAH3UCTOPHI HA CXEMaxX U B H3ICITHAX

MaTepnaanoe odecmeueHmne: CTCHObI «OCHOBBI DJICKTPOHUKUN.

TeopeTuyeckne cBeJeHUA

BunonspHbIii TPAH3UCTOP MPEACTaBISCT OO0 TPEXCIONHYIO MOJIYIIPOBOJIHUKOBYIO CTPYKTYPY C 4e-
PEeAYIOLUIMMUCS TUIIOM 3JEKTPOIPOBOJHOCTH CJIOEB M COJEPXKUT JIBa p-n mepexoja. B 3aBucumoctu ot yepeno-
BaHMSI CJIOEB CYLIECTBYIOT TPAH3UCTOPHI TUIOB P-N-p U n-P-n. B kauecTBe ncXoAHOro MaTepuana s Moyde-
HUS TPEXCIOMHON CTPYKTYPBI UCIIOJIB3YIOT IT€pPMaHUil U KPEMHMM.

Cyl1ecTBYIOT TPH CIIOCO0a BKIIFOUEHUS TpaH3ucTopa: ¢ o0Iiei 6a3oit (OB), ¢ o0mmmM smutrepoMm (03), n
o6mmmM komutektopoM (OK). Pasnuune B crmoco6ax BKITIOYEHHS 3aBHCHT OT TOTO, KaKO# M3 BBIBOJOB TPaH3U-
CTOpa SBISAETCS OOIUM IS BXOJHOW M BEIXOAHOM meneil. B cxeme Ob o0mieii Toukoi BXOAHON W BBIXOTHON
neneit sensercs 6asa, B cxeme OD- amurrep, B cxeme OK — kosuiekTop.

3aBHUCHMOCTh TOKa KOJUIEKTOpPA OT TOKa 0a3bl (PUCYHOK 1) Ha3pIBaeTCs MepeaaTouYHOil XapaKTepucTH-
Koii Tpan3ucropa. Ha pucyHke mokazaHo ceMeHCTBO MepeJaTOuHbIX XapaKTePUCTHK TPAH3UCTOPA, MIPU BKITIO-
yeHuHn ero no cxeme ¢ OD. XapakTepUCTUKH CHUMAIOTCA NPU (PUKCHPOBAHHOM HANPSHKCHUU KOJJIEKTOP —
OMHUTTED.

Ik

111

0 16
Pucynok 1. CemeicTBO mepeaTOYHbIX XapaKTePUCTUK TPAH3UCTOPA,
MIpH BKJIFOUEHHUH €ro 1o cxeme ¢ O

Ha nepenato4Hoil XxapakTepHUCTHKE MOXKHO BBIICIUTD TPH y4acTKa: OTCEUKH, aKTUBHBIN U HACBHIIICHNUS.

[lepenaTouHas XapaKTepHCTHKa HENWHEWHA, MPEACTaBIsIeT cO00H KpUBYIO (XOTS B cepelluHe KPUBOMN
UMEETCsI TMHEMHBIN y4acTOK — aKTUBHBIHN pekuM). IMEHHO 3Ta KpHUBasi ¥ MPUBOJUT K HETMHEHHBIM UCKaKEHU-
SIM, €CII TPAH3UCTOP MCIIONB3YETCS AJIs YCUIIEHUS] CUTHAJIA, HAalpuMep, 3BykoBoro. Iloatomy mpuxonurcs pa-
004yI0 TOUKY TPaH3UCTOPA «CMEIATh» HA JIMHEWHBIH Y4aCTOK XapaKTePHUCTHUKH.

Koaddunment nepenaun no ToKy omnpenensercs Ha JIMHEWHOM y4acTKe Tepe/laTOYHON XapaKTePUCTHKN
no popmyie: Ky = B= Alg / Alg

JKCNepUMEHTAIbHOE UCCIIeJOBAHNE XapAKTePUCTHK OHIOJISIPHOIO TPAH3HCTOPA

1) Cobpatb cxeMy U CHSTHSA XapaKTEpUCTUK MPSIMOH Mepesadd MO TOKY OMIOJISIPHOTO TPaH3UCTOpa
(puc.2). lnsa n3meperust Toka 0a3pl MOAKIIOYNTh Muwutnamnepmerp PA1 (mo 1 MA), a myis m3mepeHus: Toka
KoJUIeKTopa moakiIrouuTh PA2 (mo 100 mA). s u3MepeHus HanpspKEHUS Ha KOJJIEKTOPE MCIOJIb30BaTh
BonbTMETp PV1; B KauecTBe pe3ucTopa B LEeNH KOJJIEKTOPA MCHOIb30BaTh pe3uctop RP3 (mepexmounts Ha
200); pesuctop RP2 (mepekmtounTs Ha 5); peryIMpoOBKa MPOU3BOAUTCS € TTOMOIIEI0 RP1.

2) CHATH CTaTHYECKYIO XapaKTEePUCTUKY MpsAMoii epenayn mo Toky Ik=f(16). DxcnepumeHTaNbHBIE TOY-
KM 3alychIBaTh B Tabnuuy | 1 HaHocuTh Ha rpaduk. [lpu cHATHN XapaKTEpUCTHKU CIEIUTH 32 MOCTOSHCTBOM
HanpspkeHust Uk 110 BONBTMETPY;

3) 1o mocTpoeHHOH B 11.2B XapaKTEPUCTUKE ONPEICINTh 00JIACTH aKTUBHOTO YCHIICHUS, OTCEUKH U Ha-
ceiteHus. OnpeaeanTs MaKCUMAIIBHBIN TOK Igy, IPU KOTOPOM ellle obecrieynBaeTcs JTMHEHHOE YCUIICHHE;



Tabmuna 1
I MA 0 0051 01 0,2 1
IK, MA

4) Ompenenuth KOAQHUIMESHT TIepeaadu M0 TOKY 3
5) Caenatp BBIBOJIBI IO paborTe.

T8

P2

Puc.2

®opma npeAcTaBIeHUs Pe3yJibTAaTAa:
OTueT o paboTe JOHKEH COCPKATh:
a) HaUMCHOBaHHUE PabOTHI U IEIb PAOOTHL;
0) HEoOXOIMMBIE TEOPETUIECKHUE CBEACHHUS, B T.4. pacueTHbIe (JOPMYJIIBI 1 OCHOBHEIE ONIPE/IeIICHUS;
B) CXEMBI C DJICKTPOHHBIMUA KOMIIOHEHTAMHU IS IPOBE/ICHUS UCCIICIOBAHUS;
r) TaOJUIBI pe3yIbTATOB SKCIIEPUMEHTOB (M3MEPEHHbBIE H PACCUNTAHHBIC BETUYUHBI);
J1) ToJiydeHHbIe Tpaduku (OCIHUILIOTPAMMBI);
€) BBIBOJIBI IO paboTe.

Kputepun ounenku:

O1eHKa «OTIMYHO» CTABUTCS, €CJIN 3alaHHE BHIIIOJIHEHO BEPHO.

O1eHKa «XOPOIL0» CTABUTCA, €CIIH JOMYIICHA OHA W B OIINOKH, IPUBEIIINE K HEPAaBUILHOMY pe-
3yJIbTaTYy.

OreHKa «yIOBIETBOPUTENBHO» CTABUTCS, €CIIM MPUBEICHO HETIOIHOE BBHITIOTHEHHE 3aJaHMsL.

O1eHKa «HEYJIOBIETBOPUTEIHHO» CTABUTCA, €CIIM 3aJaHHE HE BBIIIOJIHEHO.

Tema 2.5. Ilos1ieBbIe TPAH3UCTOPBHI
JlabopaTopHnas padora Ne 4

HccnenoBanue moJieBoro TpaH3ucTopa
Leas padoTel: MccnenoBanue mojaeBoro TpaH3UCTOPa, BKIFOYSHHOT'O IO CXeMe C OOIIMM HCTOKOM.

BoinosinuB padoty, Bel Oynere:
ymemn:
- pas3jinyaTh IMOJIEBLIC TPAH3UCTOPHI HA CXEMaxX U B U3JACIINAX

MarepuajabHoe ob6ecnieuenue: CTeHAbl «OCHOBBI 3JICKTPOHUKI.

TeopeTuueckne cBeJeHUA

[ToneBoit TpaH3UCTOP - 3TO AMEKTPOIIPEOOPA30BATEIBHBIN MTPUOOP, B KOTOPOM TOK, IPOTEKAIOIINN Yepe3
KaHall, YIPaBIseTCsl MEKTPUUECKUM IOJIEM, BOZHUKAIOUIUM MPU MPUIOKCHUHU HAMPSKEHUS MEXIY 3aTBOPOM
¥ IICTOKOM, U KOTOPBIH IpeIHa3HaueH ISl YCHJIEHHUS! MOIITHOCTH AJIEKTPOMArHUTHBIX KOJICOaHHH.



K xnaccy moneBbsIx OTHOCAT TPaH3UCTOPHI, MPUHLKII JCHCTBUS KOTOPHIX OCHOBAH Ha MUCIMOJIb30BAHUM HO-
cuTelel 3apsiia TOIBKO OJHOTO 3HaKa (IEKTPOHOB MU ABIPOK). YTIPaBI€HNE TOKOM B MOJIEBBIX TPAH3UCTOPaxX
OCYIIECTBIISICTCS U3MEHEHUEM MPOBOJUMOCTH KaHaja, 4epe3 KOTOPBIM MPOTEKaeT TOK TPaH3UCTOpa MO BO3-
JIeHCTBHUEM BJIEKTPUUECKOro moJist. BeiencTBre 3Toro TpaH3UuCTOPHl HA3BIBAIOT MOJIEBBIMH.

ITo cnocoOy co3maHus KaHalla pa3IHYaroT MOJEBBIE TPAH3UCTOPHI C 3aTBOPOM B BUIE YIPABISIONIETO P-
N- mepexona u ¢ u3oaupoBaHHBIM 3aTBopoM (MJIII - mimu MOII - TpaH3UCTOPHI): BCTPOCHHBIM KaHAJIOM W WH-
JyIIUPOBAHHBIM KaHAJIOM.

B 3aBucuMoCTH OT MPOBOAMMOCTH KaHAIa TIOJEBBbIE TPAH3UCTOPHI JENATCS Ha: TIOJEBBIE TPAH3UCTOPHI C
KaHaJIOM p- THIIA ¥ n- Tuma. Kanan p- tTura o0mamaeT J5IpoYHON IPOBOIUMOCTEIO, @ N- THTIA - AIEKTPOHHOM.

Ha puc. 1 mokazaHa CTOKO-3aTBOpHasl XapaKTEPUCTHUKA MOJIEBOTO TPAH3UCTOpa. DTO 3aBUCHUMOCTb TOKa

CTOKa OT HAIIPSXKCHUA 3aTBOP-UCTOK IIPU NOCTOAHHOM HANPSAKCHUU CTOKA.
T T T —le,MA

Ic Him

3 13 10 03 [0
Ussiore

- —f

Puc.1 Ctoko-3aTROpHAs XapaKTepHCTHKA

OpHUM 13 TapaMeTPOB MOJIEBOTO TPAH3UCTOPA SIBJISETCA KPYTH3HA CTOKO-3aTBOPHOM XapaKTepUCTUKU:

g- Ak

AUy npu Ucu = const, oToOpakaeT BIUSHHE HAIIPSDKEHHUE 3aTBOPA Ha BBIXOJHOM TOK TPaH3UCTOPA.
Tunnunelie 3Ha4eHus napametpos S = 0,3...7 MA/B.

JKCNepUMeHTATbHOE HCCIe0BAHNE XAPAKTEPUCTHK M0JIEBOT0 TPAH3HCTOPA

1) CoOpatb cxeMy s CHSTHSI XapaKTEPUCTHUK MOJICBOTO TpaH3ucropa (puc. 2).

x1
2 RP3
PR - 2
+g i _@).."‘ J)/'J-
mA | | +128
—~ R1 R4 e s | o
R e S ) e R Ns
" | = | W2/ L— | RP2
+ -~ - -1 Al
PV1{ V/'v RS1| | ’

I 4

Prc.2 Cxema 1715 CHATHSA CTOK0-3aTBOPHOIT XapaKTePHCTHKH NOJIEBOT0 TPAH3HCTOPa

2) CHATB cTOK03aTBOPHYIO XapakrepucTuky Ic = f(Usy) npu nmocrossHHOM HanpsbkeHnH Ha ctoke UC, uc-
NOJIB3Ysl CXeMY Ha puc. 2. DKCIIepUMEHTAIbHbIC TOUKU 3alMChIBaTh B TAOJIUIy U HAHOCUTH Ha rpaduk. Uzme-
HSISl HaIlpsDKEHUE Ha 3aTBOPE OT HYJIA 10 MAaKCHMAIBHOTO 3HAYEHHs TIPpU moMomy norenimomerpa RP1, cHATH
CTOKO-3aTBOpHYIO XapaktepucTuky mpu RP3=150, RP2=3.5). Ilpu cHATHM XapaKTEepUCTHKH yOeIuTech, YTO
TOK 3aTBopa I3 Mazn. Ha HauanbHOM y4acTke XapaKT€pUCTUKN TOYKH CHUMATh Yallle.

3) Ilo mocTpoeHHOH B 11.2B XapaKTEPUCTUKE ONPEAETUTHh KPYTH3HY CTOKO3aTBOPHOM XapaKTePUCTHK MPH
3agaHHoi Harpy3ke S=Alc/AUsnu;
Tabnuna 1

d [ [ T T 1 [ [ T T ]
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s [ [ | [ | I [ [ [ |
4) Cnenatb BBIBOJIBI 1O padboTe.

®opma npeAcTaBIeHUsI pe3yJibTaTa:
Ort4yeT 1Mo paboTe MOJDKEH COMepPiKaTh:
a) HauMEHOBaHHE pabOTHI U LeTb paboThI;
0) HEOOXOAMMBIC TEOPETHUECKHE CBEICHHS, B T.4. pacueTHbIC (JOPMYIBI U OCHOBHBIE OIIpEeIICHHS;
B) CXEMBI C DIICKTPOHHBIMUA KOMIIOHEHTAaMU IS IPOBEICHUS ICCIICIOBAHUS;
T) TaOJUIEI Pe3yIbTATOB IKCIIEPUMEHTOB (M3MEepEeHHBIE 1 PACCUNTAHHBIE BEINIHHEI);
J) TOJy4eHHbIe rpaduKu (OCHMITIOTPaMMBI);
€) BBIBOJHI IO paboTe.

Kputepun onenkn:

OrneHka «OTIUYHO» CTaBUTCSA, €CJIN 33JJaHUE BBITIOJIHEHO BEPHO.

O1eHKa «XOPOIL0» CTAaBUTCSA, €CIIH JOIYIICHA OAHA WM JBE OIINOKH, IPUBEIIINE K HEIPAaBUIBHOMY pe-
3yJIbTaTy.

OHGHKa «KYHOBJICTBOPHUTEIIBLHO» CTABUTCA, €CJIM MMPUBCACHO HCIIOJIHOC BBIIIOJITHCHHUC 3aJaHu.

O1eHKa «HEYIOBIETBOPUTEIHHO» CTABUTCSA, €CIIM 3aJaHNE HE BBIIIOJIHEHO.

Tema 2.6. Tupuctopsl
JlaGopaTopHast paGora Ne 5
HccaenoBanue Tupucropa
Hens padoTsl: VcciemoBanue THPUCTOPA U CIIOCOOOB €0 BHIKITIOUYCHUS.

Beinoanus padory, Bel Oyaere:
ymemy:
- pas3jiinyaTh MOJYIPOBOAHUKOBEIC TUPHUCTOPEI HA CXEMAX U B U3ACTTUAX

MarepuajbHoe ob6ecnieyeHue: CTeHAbl «OCHOBBI 3JIEKTPOHUKIY.

TeopeTuyeckne cBeJICHUA

THpHUCTOp SIBIISIETCS CHIIOBBIM JIEKTPOHHBIM HE INOJHOCTHIO YNPABISEMBIM KIHOYOM, KOTOPBIA MOXKET
CHUTHAJIOM YIPaBJICHUS IEPEBOANUTHCS TOJIBKO B IPOBOALIECE COCTOSHUE, T. €. BKIIIOYAThCs. [Jis ero BeIKIOUe-
HU (IpH paboTe Ha MOCTOSHHOM TOKE) HEOOXOMMO MPUHUMATh CIeMAIbHBIE MEPHI, 00eCIIeUYBAIOIUE CIIa-
JaHWE MPSIMOTO TOKA 1O HYJIA.

THPUCTOPHBIN KIIIOY MOXET MPOBOJUTH TOK TOJBKO B OJJHOM HAIIPAaBJICHHH, a B 3aKPHITOM COCTOSIHUU
CIOCOOCH BBIJIEPKATh KaK MPSIMOE, TaK U 00paTHOE HaTIpsHKEHUE.

TupucTtop HMeeT YeTHIPEXCIONHYIO p-N-P-N-CTPYKTypy € Tpems BbiBojamu: aHon (A), karox (K) u
ynpasisitomui 31ekTpos (Y9).

Inp

A

b 45

Puc. 1
Ha puc. 1 mpenctaBieHO ceMeHCTBO BBIXOJHBIX cTaTHuecknx BAX Mpu pasiuyHbIX 3HAYCHUSIX TOKA
ynpasnenus. [IpeaensHoe MpsIMoe HAMPSHKCHUE, KOTOPOE BBIACPIKUBACTCS TUPUCTOPOM 0€3 €ro BKITFOUYCHHS,
UMeeT MaKCUMalbHble 3HaueHUs npH ly,, = 0. IIpu yBenuuennn toka ly,, IpsMoe HampsHKeHHE, BhIICpPKHUBAC-
MOE€ THPHUCTOPOM, CHIKACTCS. BKITIOUEHHOMY COCTOSIHUIO THPUCTOPA COOTBETCTBYET BETBL I, BBIKIIFOUCHHOMY
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— BeTBb I, mporeccy BktodeHHs — BeTBb [II. Y aepxuBaromuii TOK WIM TOK yAEp)KaHUSA paBeH MHUHHMAJIbHO
JIOTTYCTUMOMY 3HAYEHHUIO TPSIMOTO TOKA, IIPH KOTOPOM THPUCTOP OCTAETCS B MPOBOIAIIEM COCTOSHUH. JTOMY
3HAYECHUIO TAK)KE COOTBETCTBYET MUHHMAIBHO BO3MOKHOE 3HaUCHHE MPSIMOTO MaJACHUS HAIPSIKEHHS Ha BKITIO-
YEeHHOM THPHCTOPE.

Betss IV mpencraBnser co0oif 3aBUCHMOCTh TOKa yT€UKH OT 0OpaTHOTO Hampshkenws. [Ipu mpesbime-
HUHM O00paTHBIM HampspKkeHHeM 3HaueHus Ugo HadMHAETCs pe3Koe Bo3pacTaHWe OOpaTHOTO TOKAa, CBS3aHHOE C
poOoeM TUPUCTOPA.

JKcnepUMeHTAIbHOE HCC/IeJ0OBaHHe THPUCTOPA
1) CobpaTh cxemy ISl HCCIIEIOBAHUS THPUCTOPA HA ITOCTOSSHHOM TOKE B COOTBETCTBHU C puc. 2. Pery-

astop Ry epeBectu B nmosioskerne «0», COOTBETCTBYIOIIEE MUHUMAIBLHOMY 3HAUCHUIO COMPOTHBIICHHS.
x100mA

+~

Puc.2

2) OnpenenuTh OTHHPAIOIINKA TTOCTOSHHBIM TOK yrnpaBieHus lyo u oTmuparoliee MOCTOSHHOE HaIlpsiKe-
HHue ynpasieHus Uyo, IpU KOTOPBIX MPOMCXOAMUT BKIIOYEHHUE TUPUCTOPA. I 3TOT0 IIaBHO BpamaTh pydky
noreHimomerpa RP2, ysennunBas Tok ynpasnenus ly, 3admkcupoBarh, Ipu KakoM 3HAYEHHWH TOKa yIIpaBlie-
Hus lyo, u HanpspkeHus yrpasineHnus Uyo, BKIIoUuTcs Tupuctop. O BKIIOUEHUH TUPUCTOPA CYIUTH IO PE3KOMY
YMEHBIICHUIO HAPsDKEeHUS Ha aHoae Ua U yBeIMUEeHHIO aHOIHOTO TOKa la;

3) HccnenoBaTh BO3MOKHOCTh BBIKIFOUEHHSI THPUCTOPA TIO IIETIH YIIPABIICHUS | 110 aHOAHOM tenu. Jis
3TOr0, BKJIIOYUB TUPHUCTOP, YMEHBIIATh O HYJS TOK ynpasieHHs ly. BBIKIIIOUHTH THPUCTOp, pa3opBaB LEIb
aHona. Habmonas 3a m3ameHneHnem aHopHoro Toka la m HanpsbkeHus Ua, cienaTh BBIBOA 00 YHPaBIsSieMOCTH
TUPUCTOPA, CHOPMYIUPOBAB YCIOBHSI BKIIOUYECHHUS U BBIKJIIOYEHHUS TUPUCTOPA. BBIKIIOUNTD MUTaHUE MOITYJIS.

4) CHaTb MOKa3aHUsl TOKa YNpaBieHUs [yo M OTHHMpAaromero MOCTOSHHOTO HAampsDKEHHs YIpaBIeHUS
Uyo 710 MOMEHTa OTKpBIBaHUS TUPUCTOPA; 3aHECTH TOKa3zaHus B Tabnuiy 1 u moctpouts rpadpuk BAX tupu-

cTopa.
Taomuua 1
Inp MA
U]_[P, B

5) Cnenatp BBIBOJIBI IO paborTe.

®dopMa npeacTABIEHUS pe3yabTaTa:
Ortuer no paboTe AOKEH COAEpKAaTh:
a) HauMEHOBaHHE pabOTHI U 1IeNb paboThI;
0) HEOOXOAMMBIEC TEOPETHUECKHE CBEIECHHS, B T.4. pacueTHbIE (JOPMYIIBI U OCHOBHBIE OIIpEeTICHHS;
B) CXEMBI C JIEKTPOHHBIMU KOMIIOHEHTaMH I IPOBECHHUS UCCIIEIOBaHUS;
r) TaONHIBI PE3yNLTATOB SKCIIEPUMEHTOB (M3MEPEHHBIC M PACCUUTAHHBIC BEIMYHUHBI);
) TOJy4eHHbIE rpaduKu (OCUMIIOPaMMBI);
€) BBIBOJBI IO padoTe.

Kputepumn ouenku:

OrneHka «OTIUYHO» CTABUTCS, €CJIN 33JJAHUE BBINIOJIHEHO BEPHO.

OrneHKa «XOpOIIO0» CTaBUTCS, €CIH JOMYIIEeHa OJHA WX JBE OIIMOKH, IPUBEIINE K HETPAaBUIBHOMY pe-
3yJIbTATy.

OrneHka «yI0BIETBOPUTEIBHO» CTABUTCSA, €CIIN MPUBEICHO HETOIHOE BBIIIOJHEHHE 3aJaHMsL.

OrneHka «HEeyIOBJIETBOPUTENIBHO) CTABUTCS, €CITU 33/1aHUE HE BHITIOIHEHO.
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Tema 2.7. OCHOBBI MUKPO3JICKTPOHUKH
JlaboparopHas padora Ne 6

HccnenoBanne JIOTHYECKUX YJ1€EMEHTOB
Hean padorel: Mccnemosanue sorudeckux snemerroB (U-HE, W, NWIIW-HE, HE) u ux Tabmum ncTuH-
HOCTH.

Beinosnus padory, Bel Oynere:
ymems:
— - MIPUMEHSATH JIOTHUECKUE DIEMEHTHI, I MOCTPOCHUS JIOTUYECKUX CXEM, TPAMOTHO BHIOMpPATh
UX TapaMeTpbl U CXEMBI BKJIIOYCHUSI.

MatepuaiabHoe o0eciedeHue: CTeHIbI «OCHOBBI AIEKTPOHUKI.

TeopeTnyeckue cBeJleHUs

Cy1iecTByeT HECKOJIBKO OCHOBHBIX JJOTHUECKUX JI€MEHTOB:

e NJIN — norngeckoe cnoxenne (au3bioHkims) — OR;

e U — noruveckoe ymHoxkenue (konbroHkIms) — AND;

e HE — noruueckoe orputianue (naBepcus) — NOT.

Jloruueckmnii 3nement H.

Ha npuamunmansHeix cxemax Jormdeckuii snemeHT "M" 006o3HavaroT Tak (crpaBa — Ha 3apyOeKHBIX

cXemax):
X1
L R
X2 bt

Jlornueckuii 3sement UJIN.
Ha cxemax anement "UJIN" u300paxaroT Tak (CrpaBa — Ha 3apyOEIKHBIX CXeMaXx):

X1 1
. X1

| Y Y
x2 @)

Jornuecknii 3j1emenT HE.

DnemeHT, BeIMOIHsomuN GyHKuo naBepcun «HE» numeet ogua Bxox u oguH Bexof. OH MEHSET ypo-
BEHb CHUTHaJIa Ha MPOTUBOMNOJIOKHBINA. HU3KMI MOTEHIIMAN Ha BXOJ€ AAET BBICOKUI MOTEHLHMAN Ha BBIXOJE U
Ha000POT.

Bort Takum 00pazom ero Mmoka3bIBarOT Ha cxeMax (CrpaBa — Ha 3apyOeKHBIX CXeMax):

14 %Y S

Bce 3TH 3neMeHThI B HHTETPalbHBIX MUKPOCXEMaX MOTYT OOBEIUHATHCS B Pa3IMYHBIX COUETAHUSIX. JTO
anementobl: U-HE, UJIN-HE, u 6onee cioxHbie KOHQUTYpaIHH.

JKCcNepUMeHTAIbHOE HCCIe10BAHUE JOTHYECKHX 3JIEMEHTOB

1) CocraButh TaOJIUIYy HICTUHHOCTH JIorHueckoro anemenTa «M-HE». s atoro codbpats cxemy (puc. 1),
MOJIKITIOYHMB BBIXOJBI THE3T «Y POBEHb JIOTHYECKHUID K COOTBETCTBYIOIIMM BXOAaM JIOTHYECKOTO 31eMeHTa « M-
HE». Britounts Tym0iep «[Iutanuey». 3agaBas pa3auyHble KOMOMHAIIMM BXOIHBIX JIOTHUECKUX CUTHANOB (X,
X,) tymbnepamu SA; u SA;, QUKCHPOBATH IO CBETOIHOAY BBIXOJHOW cUrHAN Y Joruueckoro snementa. Co-
CTaBUTH TaOJIHIy HCTHHHOCTH HCCIEAYeMOro 3JeMenTa. PesynbraTsl 3anecty B Ta0d. 1. Beikmrounts TymOiep
«IIutanuey;

2) AHAJOTUYHO BBITIOJIHUTS I1. 1 Juist Tormdeckux 3neMenToB «y», « MJIU-HE» «HE».
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Puc. 1. Cxema coeanHennif 11na Hechenosanns aornueckoro anemenra U-HE

Tabnmna 1.
Bxonm | Bxon Jlormdeckwmii 31eMeHT
X1 X, HU-HE u NJIN-HE HE
0 0
0 1
1 0
1 1

3) Caenatb BBIBOIBI 1O paboTe

®dopMa npeacTABIEHUS pe3yabTaTa:
Otyer o paboTe NOJKEH COAEPHKATH:
a) HaUMEHOBaHHUE pabOTHI U IeTh pabOTHL;
0) HeoOXOIMMBIE TEOPETUIECKHE CBEICHHUS, B T.4. pacueTHbIe (JOPMYJIIHl 1 OCHOBHBIE OIMPE/ICICHNUS;
B) CXCMBI C QJICKTPOHHBIMU KOMITIOHCHTaMU JIA ITPOBECACHUA UCCIICAOBAHMA
r) TaOJIUIBI pe3yabTaTOB SKCIIEPUMEHTOB (M3MEPEHHBIE H PACCUNTAHHBIC BEITUUUHBI);
Il) TOJyd9eHHBIC TpadUKH (OCIIIIIOTPaMMBI);
€) BBIBOJIBI IO padoTe.

Kpurtepun ouenkmu:

OneHka «OTIUYHO» CTABUTCS, €CIIN 3a[JaHHUE BBITIOJHEHO BEPHO.

OreHKa «XOpOII0» CTaBUTCS, €CIIH JOMYIIEeHa OJHA WIN JBE OIIMOKH, IPUBEIIINE K HEPAaBUIBHOMY pe-
3yJIbTATy.

OneHka «yI0BJIETBOPUTENBHO» CTABUTCSA, €CIIN IMPUBEICHO HETIOIHOE BBIIIOJTHEHNE 3aaHMs.

O1eHKa «HEYJOBIETBOPUTEILHO» CTABUTCS, €CIIM 33/JaHUE HE BBIIIOJHEHO.

Tema 3.1. D1eKTPOHHBIC YCHIUTEIH
JlabopaTopHnas pa6ora Ne 7

HccenenoBanue yCHIIMTEILHOTO0 KACKaa HA GUITOISIPHOM TPaH3HCTOpe

Henw padoThl: VccinenoBanne xapakKTepUCTHK, ITAPAMETPOB M PEKUMOB paObOTHI YCHIINTEIBHOTO KacKa-
J1a Ha OUMOJISIPHOM TPAaH3UCTOPE, BKIFOYEHHOM I10 CXEME C OOIIMM SMHUTTEPOM

BoinosinuB padoty, Bel Oynere:
yMmemb:
—  ONpeJeNaTh Ha3HAUYEHUE U CBOWCTBA OCHOBHBIX (D)YHKIIMOHAIBHBIX Y3JI0B aHAJIOTOBOW 3JIEKTPO-
HUKH: YCUJIUTENEH, TeHepaTOPOB B CXeMaX;

MarepuasibHoe ofecnedeHue: CTeH bl «OCHOBBI AIEKTPOHUKIY, OCIIILIOrpad.

Teoperuueckue cBeJeHUs

MOXHO BBIIETUTH HECKOJIEKO OCHOBHBIX PEKHMOB pa0OTHI (KJIACCOB) BBIXOJHOTO KacKaja yCHIHUTENSI
MOIIHOCTH:

Peoicum xnacca A. Pabouas Touka (p.T.), ONpeneNnsionmas COCTOSHUE CXeMbl P OTCYTCTBHM CHTHAA,
BbIOMpAeTCsS Ha JUHCHHOM y4acTKe AMHAMHUYECKOW BOJIbT—aMIIEpHOU (IIEpeaaTOvHOM) XapaKTepUCTUKH (PHC.
la). AMmnTyna BxogHoro HanpspkeHus Uy Ha yIpaBIISIONIEM dJICKTPOJIE aKTUBHOTO 3jieMeHTa (0aze TpaH3u-

14



cTOpa) A1 MUHHMU3AIUY HETMHEHHBIX UCKAXKCHUH BBIOMPACTCS] MEHBIIC BEIMYMHBI HAMIPSHKCHUS CMEIICHHMS.
BrixogHo# Tok IBBIX TIpoTEeKaeT HEMPEPHIBHO B TEUEHHE BCETO MEPHOAA CUTHAMIA M JOCTATOYHO TOYHO BOCIIPO-
U3BOAMT (OPMY BXOIHOTO IMEPEMEHHOTO HAIPSDKEHUS, a MOJIOKECHUE pa0oveil TOUYKU HE BBIXOTUT 33 MPEICIIbI
MIPSIMOJTMHEHHOTO YYaCTKa TUHAMUYECKON XapaKTePUCTUKH.

JocTronmHCTBOM peknMa Kiacca A SIBIIOTCS Malible HEeTMHEHHBIe UCKAKEHUS, HEJOCTATKaMU — HU3KHA
KIIJ] (oTHOmEHME OTAaBaeMoil MOITHOCTH K motpedmsemoi, B YHY He Oornee 25%) u OTHOCHUTEIFHO Maiast
MOIITHOCTh B Harpy3ke. [loaToMy pexum kinacca A MpUMEHSIETCS B MAJIOMOIIHBIX (10 3...5 BT) 0OIHOTaKTHBIX
BBIXOJIHBIX KacKajax.

Peoicum knacca B. Pabodast Touka BEIOMpAETCS B CaMOM Hadayie THHAMHYECKOH BObT—aMIICPHOM Xapak-
TepucTuku (puc. 10), B pe3ysibTaTe 4ero Mmpu OTCYTCTBHU BXOJHOTO CUTHAJIA BBIXOJHON TOK MPAKTUYECKH pa-
BEH HYJIIO U BBIICIIAeMasl B KackaJie MOIMHOCTh Mayia. OJHAKO B STOM Cllydae Kackaa CHocOoOEH YyCHIIMBATh
TOJIBKO OJHY TOJYBOJIHY TapMOHHYECKOTO CHTHaja (CHTHAJBI TOJIBKO OMHOM moimspHOcTH). llpn momade Ha
BXOJ[ CHHYCOMJIAJIBHOTO CUTHAJIa TOK B BBIXOJJHOW IIEMH MPOTEKACT JIUIIIb B TCUCHUE ITOJIOBUHBI TepHOIa (B Te-
YCHHE JIPYTO MOJIOBUHBI MEPHOJIa AKTUBHBINA 3JICMEHT HAXOJIUTCS B COCTOSIHUU OTCEUYKH) U UMeeT (opMy UM-
mynscoB. JloCTOMHCTBA yCHIIHTENSI MOIITHOCTH, padoTaromero B pexxume kinacca B, —soicokuit KIIJ (mo 70%) u
0oJbIIIas MOIIHOCTh CHUTHAJa B HArpy3Ke, OJHAaKO (hopMa BBIXOJIHOTO CHTHAJIa MCKa)KeHA M3-32 HEJIHMHEWHOTO
y4acTKa NepeaTOYHON XapaKTePUCTHKH.

p¥ s d ¥4 0

Puc. 1 Beibop paboueit Touku ycunutens (a — pexum A, 6 — pexxum B)

Peoicum D — 310 KI1104€BOM peXUM PabOTHI, IPH KOTOPOM TPAH3UCTOP MOKET HAXOAUTHCS TOJIBKO B IBYX
COCTOSIHUSIX: WJIM TIOJIHOCTBIO 3alepT (PEKUM OTCEUKH), HITH TTOJIHOCTBIO OTKPBIT (peXuM Hacblmenus). Jlocto-
MHCTBO pexkuMa D 3akitodaeTcs B o4eHb BhicokoM (O0mu3koM k 100%) KIIJ. Ero nHemoctatok — 3HaUnMTENEHOE
YCIIOXKHEHUE CXeMbl YCHIIHUTENs. Takoi pexuM IMHPOKO UCTONB3yeTcsl B MU(POBON TEXHHUKE, BO BCEBO3MOXK-
HBIX YIPABISIOMINX, PETYIUPYIONINX, CIEISIUX YCTPOHCTBAx, riae Beaeactaue Boicokoro KIIJ[ u manoro mo-
TpeOJIeH!UsI PHEPTUM OH HAXOJHT IIUPOKOE MPUMEHEHUE IS YCWJICHUS MPSIMOYTOJIBHBIX UMITYIBCOB MPOH3-
BOJIBHOM JTMTEIHHOCTH U CKBAYKHOCTH.

IJKCNepUMEeHTAIbHOE HCCIe0BAHNE YCHIHMTEIbHOI0 KacKaJa Ha OHIIOJSIPHOM TPAaH3HCTOpPe B
KJaccax A, B u D.

1) Cobpatb cxemy AJisl UCCIEIOBAHUS YCUIIMTEIBHOIO KacKkala B COOTBETCTBHH ¢ puc. 1. Pesucrop RP3
ycraHoBuTh B 200. [Togkmounts kanan CH1 ocummnorpaga ko Bxoay ycunurens, a kanan CH2 k Beixoxy
yeuuTeNs. BrIIOUNTE BpeMEeHHYI0 pa3BepTKy ociuiorpada. Bimounts QyHKIIMOHATIBHBIN TeHEpaTop U yc-
TAHOBHUTH CHHYCOWJAIBHBIA CUTHAN 4acToToi 50 I'll, yMEHBIINTH CHUTHAN A0 HYJS PEryasTOPOM aMILIUTYIbI
¢yHkunonansHOro reHeparopa. [lepexmounts Bxonsl CH1 ocummnorpaga Ha MoJ0KEHUE «BXOZ 3aKOPOUCH».
Bxomrounts tutanue crerna. [lpu Toke 16 = 0 ycranoButh Ha moteHomerpe RP2 =2 u manee He M3MEHATH €ro
MIPH BCEX dKCIIEPUMEHTax (He Tporath pydky noreHimomerpa RP2);
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A Ky acuunoziaga
Puc.2

2) OnpenenuTts 3KCIEPUMEHTAIbHO MAKCHUMAIBHYIO aMIUIUTYAYy HEHCKa)KEHHOI'O BBIXOJHOI'O CHHYCOH-
nJansHoro Hanpsbkenus:i UBbIx M. [InaBHO yBennumBaiite ammuTyay BxoaHoro curHana (RP1) u moctosHHYIO
COCTABIISIIOUIYIO TOKa 0a3bl 10 MOSBJICHHS] BHIUMOTO YIUIOIIEHUS BEPIIMH CHHYCOWABI BBIXOAHOTO HAIpsKe-
Hust. OOpaTtuTe BHUMaHHUE, OJHOBPEMEHHO JIM HAYMHAIOT YIUIOLIATHCS MOJIOXKUTEIbHAs U OTpULATEIbHAs I0-
myBoNHEL [Ipy HEOOXOAMMOCTH YTOUHHUTE MOJIOKEHHE pabodell TOUKH MTOKOsI. 3aprCyiTe Ha KalbKe BBIXOJIHOE
HaNpsDKEHUE C MCKKEHUSIMU M TIpefieibHOe 0e3 McKaxeHus. [Ipu 3aprucoBKe OCHUIUIOTpaMM He 3a0yabpTe Ha-
HECTH TIOJIOKEeHHEe HyJIeBol mHnU. Onpenennte MacTadbl 10 HANPsDKEHUIO U 110 BpeMeHH. JlanpHeimme n3-
MEpeHHsI BBIXOJHOTO CUTHAJIa HEOOXOAMMO MTPOU3BOAUTE B TOM e MacIuTaoe;

3) OnpenenuTh aMILTUTYAY BBIXOJHOTO HampshkeHus (TIOIyBOJIHBI) B Kiacce B. [[ist 3TOro ¢ momorso
norennuomerpa RP1 ycranosuts 16, = 0, 1 perynupys aMImIUTyly BXOAHOTO CHTHalIA JOOUTHCS MaKCHMAallb-
HOW HEYIUIOIIEHHON IOYyBOJIHBI CHHYCOH[IBI BBIXOJHOTO HAINPSDKEHMS; 3apuUCcOBaTh U 00paboTaTh OCLMILIO-
rpaMMmy;

4) Ecnan nuTenbHOCTh MOMYBOJIHBI MEHBIIIE MOTyNepruoia, MoBbIChTe noTeHunomMerpoM RP1 mocrosn-
HBII TOKI6 W M3MEHsS TIepeMEHHBI BXOAHON CHTHAN T0OEHWTECh BOCIIPON3BEICHHS YCHITUTENIEM POBHO TOJIO-
BUHBI IIEPHOJIa HEUCKAKEHHOTO CHHYCOMAAIBHOIO HANpsDKEHHA C MAaKCHMAaJIBHOM aMIUINTYJOW. YMEHBIINTE
UBX 710 HyJIS W 3alMIIATe TOK [0, KOTOPBII MPHIIOCH YCTAHOBHUTH B pabodell Touke TOKOsI, YTOOBI He OBLIO
UCKaXXeHMI. JTa paboyast TOUKa MOKOs COOTBETCTBYET Kitaccy AB.

5) UccnenoBate paboTy TpaH3ucTOpa B KitoueBoM pexkume (kinace D). Ycranosute 16 = 0 1 yBenuuuth
CUTHaIl OT (YHKIUOHAIBLHOTO reHeparopa ®I' 10 mepexona TPaH3UCTOpa B KITIOUEBOH PEKUM; 3apUCYHTE U
o0paboTaiiTe OCHMIIIOTPaMMYy BBIXOJHOTO HAMPSHKEHHUS;

6) [ToBTOpHTE OMBIT ITPX MOAAYE HA BXOJ MPSIMOYT'OJIBHOTO CUTHAJIA.

7) Cnenaiite BRIBOMIBI 110 paboTe

®opma npeacTaBIeHUs pe3ybTaTa:
Otuet no paboTe JOIKEH COAEPKATH:
a) HaMMCHOBaHHUE PabOTHI U 1Eb PAOOTHI;
0) HEOOXOJMMBbIC TEOPETHUECKHIE CBEICHHS, B T.4. pacUeTHbIC (DOPMYIIBI U OCHOBHBIE OIPE/IeIICHHS;
B) CXEMBI C JIEKTPOHHBIMU KOMIIOHEHTAaMH U1 IPOBEACHHUS UCCIICIOBAHUS;
r) TaOJIUIBI pe3yabTaTOB AKCIIEPUMEHTOB (M3MEPEHHbBIC H PACCUNTAHHBIC BETUYNHbI);
1) ToJydeHHbIe rpaduKu (OCIIIIIIIOTPAMMBI);
€) BBIBOJBI IO padoTe.

Kputepumn ouenku:

OneHka «OTIUYHO» CTaBUTCS, €CJIN 33JJAHUE BBINIOJIHEHO BEPHO.

O1eHKa «XOPOILI0» CTABUTCA, €CIIH JONMYIICHA OJHA WM JIBE OIIMOKH, IPUBEIINE K HEPaBUILHOMY pe-
3yJIbTaTy.

OreHKa «yIOBIETBOPUTENBHO» CTABUTCSA, €CIIM MPUBEICHO HETIOHOE BBHITIOJTHEHHE 3aJaHMS.

OrneHka «HEeyTOBJIETBOPUTENIBHO) CTABUTCS, €CITU 33/1aHUE HE BHITIOJIHEHO.
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Tema 3.4.0nepanuonnbie yeuaureau. (OY)
JlabopaTopHas padora Ne 8
Hccienopanne HHBEPTUPYIOLIEr0 M HEMHBEPTUPYIOLLET0 YCUIUTE/s1 HA ocHOBe OY

Henp pa6oTbi: VccieqoBanne xapaKTEpPHCTHK, TApaMETPOB U PEXUMOB PaOOTHI WHBEPTHUPYIOUIETO U
HEUHBEPTUPYIOIIETO YCHINTEINS HAa OCHOBE OTEPAI[IOHHOTO YCHITUTEIS

Beinosnus padory, Bel Oynere:
ymems:
—  OIpeneNsaTh Ha3HAUCHHE U CBOHCTBAa OCHOBHBIX ()YHKLIMOHAIBHBIX y3JI0B aHAJIOTOBOW 3JIEKTPO-
HUKH: YCHJIUTENEH, TeHEPaTOPOB B CXEMax;
—  HCIIOJIb30BaTh ONEPAOHHbIC YCUIIUTENH ISl TOCTPOCHUS Pa3IMYHBIX CXEM;

MarepuajibHoe obecnieyeHue: CTeHAbl «OCHOBBI 3JIEKTPOHUKIY.

TeopeTnyeckue cBeJICHUA

OnepalMOHHBIH YCUITUTENh - 3TO 3JCKTPOHHBIA YCHIUTENb HANPSDKEHHS C BBHICOKUM KO3(D(HUIEHTOM
yCuJIeHuUs1, UMetonui auddepeHaibHbIi BX0 1 0OBIYHO OJWH BBIXO/A. HampspkeHue Ha BBIXOZE MOXKET Mpe-
BBIIIATh PA3HOCTh HANPSDKEHUI Ha BXOJaX B COTHU WJIH JIaX€E THICSIYH pas3.

OnepallMOHHbBIC YCHWINTENN SBJISIOTCS Haubojiee BOCTPEOOBAaHHBIMHM MPUOOPAMHU CPEIU COBPEMEHHBIX
AIIEKTPOHHBIX KOMIIOHEHT, OHM HAaXOJAAT CBOE MPHUMCHEHHE B MOTPEOUTEIBCKOM 3JCKTPOHUKE, MPUMEHSIIOTCS
WHIYCTPUU M B HAYYHBIX mpuOopax. OneparioHHbIe YCUIIUTEIN OOBIYHO BBIMTYCKAIOTCS KaK OTICIBHBIC KOM-
TIOHEHTBI, @ TaK K€ OHU MOTYT SIBJIATHCS dJIEMEHTaMH 00JIee CIOMXKHBIX SJICKTPOHHBIX CXEM.

AMIUTUTY/THASL XapaKTePUCTHKA YCUIIUTENST Ha TIOCTOSHHOM TOKE — 3TO 3aBUCHMOCTh BBIXOJHOTO Hampsi-
keHus oT BxogHoro Usix=F(UBX):

Hacansnan

Peannnan

L

U

[
o mis ".A ma l'"

KospduumenT ycunenns HHBEPTUPYIOLIET0 U HEMHBEPTHUPYIOLIETO YCHINTEEH 110 HANPSHKEHHUIO Ompe-
nensiercs o ¢popmyam (1) u (2) coOTBETCTBEHHO:

RP3
Ku=-— (1)
RO

RP3
Ku=1+ — @
RO

JKCcNepUMeHTATbHOE UCCJIeJOBAHNEe MHBEPTHPYIOIIEro U HEMHBEPTHPYIOIIEro YCHIHTe s

1) CoOpatb cxemMy COrfiacHoO puc. 1; ycTaHOBUTH 3aiaHHOE 3HaYeHHe RP3=20K;

2) Bxirounts nutanue. CHITh aMIUTUTYIHYIO XapaKTEPUCTHKY YCHJIMTEIS HAa IOCTOSHHOM TOKE
Usbix=F(UBx) (Ta0.1). B kauecTBe MCTOUYHMKA CUTHAJIA UCIIOJIb30BaTh HAIIPSDKEHUE, PETYIMPYEMOE
noreHmoMerpoM RP2. CHavana CHATH NOJIOBUHY XapaKTEPUCTUKH, UCIONb3ys UCTOUYHUK +12B, 3a-
TEM, MOJAKIIOYUB UCTOYHUK -12B, CHATH BTOPYIO 9acTh XapakTepUCTHKH, T.e. UBX IOIKHO H3Me-
HATBCS OT +12 10 -12B. [To aMImIuTyAHOH XapaKTepUCTHKE ONPEASTUTh KOA(DGUIMEHT YCUICHHUSI 110
HanpskeHUo Kuoc; BEIKITIOYUTH MTUTaHUE;

3) CoOpath cxeMy coriacHo puc. 2. YCTaHOBUTH 3a1aHHOE 3HaYeHue RP3=20K

4) CHATH aMIUINTYAHYIO XapaKTEPUCTUKY YCHINTEN Ha mocTossHHOM Toke Uppix = F(Upx) (Ta6m.2). B
KauecTBE MCTOYHMKA CUTHANIA HCIIONb30BaTh HANpPSHKEHUE, PErylupyeMoe moTeHunuomerpoMm RP2.
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[To aMImIUTYHON XapaKTEPUCTHKE ONPENEIUTh KOAPPUIMESHT yCUICHHS M0 HanpspkeHuto Ku; BEI-
KITIOYUTH MTATAHHUE;

5) Tlo Tabmumam 1 u 2 mOCTpouTh TpaduKU aAMIUTUTYAHBIX XapaKTEPUCTHK JJIsi UHBEPTUPYIOIIETO U
HEUHBEPTUPYIOIIETO YCUIIUTENICH, pACCUUTATh JUIS HUX KOA(PDUIIUCHTHI YCHUIICHUS.

6) Crenars BEIBOIHI 110 paboTe

Tabmuma 1. MaBepTHpYOmUil yCHINTEND

U, B
UBle,B
Tabnuiia 2. HennBepTUpyONIMi yCHIUTEN
U..B
UBLIX,B
P,
D
T -
D47 P vz
A7 x -
L
Puc. |
R g
" s R9 U«
28{-128/ ® |D
P2 2L«
“ D47 K13 (74
Ur
Vi

Puc. 2

®dopMa npeacTABIEHUS pe3yabTaTa:
Otyer o paboTe TOIKEH COAEPHKATh:
a) HaWMEHOBaHHE pabOTHI U 1eNb paboTHI;
0) HEOOXOAMMBIEC TEOPETHUECKHE CBEICHHS, B T.U. pacueTHbIe (YOPMYIIBI U OCHOBHBIE OIPEICICHHUS;
B) CXEMBI C DJIEKTPOHHBIMUA KOMIIOHEHTaMU ISl IPOBEJICHUS ICCIIC/IOBAHUS;
r) TaONHIBI PE3yHTATOB SKCIIEPUMEHTOB (M3MEPEHHBIC M PACCUUTAHHBIC BEIIMYHHBI);
) TOJy4eHHbIe rpaduKu (OCHMIIOPaMMBI);
€) BBIBOJBI IO padoTe.

Kputepumn ouenku:

OrneHka «OTIUYHO» CTaBUTCS, €CJIN 33JJaHUE BBITIOJIHEHO BEPHO.

OrneHKa «XOpOII0» CTaBUTCS, €CIH JOMYIIeHa OJHA WIH JBE OIIMOKH, IPUBEIINE K HETPAaBUIBHOMY pe-
3yJIbTATy.

OrneHka «yI0BJIETBOPUTEIBHO» CTABUTCSA, €CIIN IPUBEICHO HETIOIHOE BBIIIOJTHEHNE 3aJaHMs.

OrneHka «HEeyIOBJIETBOPUTENIBHO) CTABUTCS, €CIIU 331aHNE HE BHIIOJIHEHO.
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Tema 3.5. D1eKTpPOHHBIE TeHEPATOPbI.
JlabopaTopHnas padora Ne 9
HccnenoBanue kommnaparopa

Hens padoTtel: VccnenoBanue XxapakTepPUCTHK, TAPAMETPOB U PSKUMOB PabOTHI KOMIIapaTopa Ha OCHO-
BE OTEPAIOHHOTO YCHUIIUTENS

Beinosnus padory, Bl Oyaere:
ymemy:
—  OmpenensATh Ha3HAUCHHE M CBOMCTBA OCHOBHBIX (DYHKIMOHAJIBHBIX Y3JI0OB aHAJIOTOBOIl AIIEKTPO-
HUKH: YCHIIUTEIICH, TeHepaTOpOB B CXeMax;
—  HCIOJIb30BaTh ONEPAOHHbIC YCUIIUTENHN ISl TOCTPOCHUS Pa3IMYHBIX CXEM;

MaTepnaanoe odecmeueHmne: CTCHObI «OCHOBBI SJICKTPOHUKUN, OCIII/IJ'IJ'IOI‘pa(b.

Teoperuyeckue cBeeHUS

KomnapaTtop (aHanoroBsIX CHTHAJIOB) — 3JIEKTPOHHAS CXeMa, MPHUHUMAIOIIAs HAa CBOU BXOJbI /IBA aHAa-
JIOTOBBIX CHUTHAJIA M BBIJAIOIIAS JIOTHUYECKYIO «1», €Clii CUTHAI Ha MpsIMOM Bxoxe («+») 0oJble, 4eM Ha MH-
BEPCHOM BXO0J€ («—»), U JIOTHUECKUH «0», eciy CUrHajl Ha IpsSIMOM BXOJI€ MEHBIIIE, YeM Ha MHBEPCHOM BXOJE.

[pocreiimunii KoMIapaTop MpelcTaBisieT coooit mudpdepeHnnanbubil yeunurenb. KoMmapatop otianya-
eTcsl OT JIMHeHoro onepaunoHHoro ycunurens (OY) yecTpolCTBOM 1 BXOJHOTO, ¥ BEIXOJAHOTO KaCKaI0B.

IIpu nogade 3TaNOHHOIO HANPSDKEHUS CPAaBHEHMSI HA MHBEPTUPYIOLINI BXOJ BXOJHOW CUTHAN Nogaérces
Ha HEMHBEPTHUPYIOIINN BXOJ, U KOMITAPaTOp SBISETCS HEMHBEPTUPYIONINM (TTOBTOpUTENIEM, Oydepom).

IIpu noaye 3TATIOHHOTO HANPSKEHUS CPABHEHUs HA HEMHBEPTUPYIOIIMM BXOJ, BXOJHOM CUTHAJ IOJAET-
Csl Ha MHBEPTUPYIOIIHI BXOJI, U KOMIIAPATOP SIBJISCTCS HHBEPTUPYIOIIUM (MHBEPTOPOM).

PerenepaTuBHbIil KOMIapaTop oOecreynBaeT CpaBHEHUE BXOJHOTO CUTHANA C I0JIEH BBIXOJHOTO.

®opma Bxoaaslx HanpsokeHui ( Uy, — rapMonndeckuit curaal, Ugy, — TOCTOSTHHOE HAIIPSHKCHUE) U BBI-
XOJTHOTO HaIpsKEHHUs] KOMITapaTopa MpeJCcTaBlieHa Ha pUcyHke 1:

ﬂ" Ue,:
X
|
)

I
I
|

-~ "\J\

1, > Yo

Puc.1

IJKCNepUMeHTATbHOE MCCJIeJOBAHNE IBYXBX00BOI0 KOMIIAPaTOpPa M pereHepaTHBHOI0 KoMMapa-
TOPA ¢ MOJIOKUTEIbHON 00PaTHOM CBA3BIO

1) Cobpatb cxemy ABYXBXOJOBOIO KOMIIApaTOpa C MOJIOKUTEIBHON 00paTHOM CBA3BIO COTTIACHO PHUC. 2.
B kauectBe pe3ucropa oOpaTHON CBSI3M NPUMEHUTH nepekitoyaemMblii pesuctop RP3 (10...200 kOm). B xauecT-
Be OIopHOTro HampspkeHus: UON MCIMONb30BaTh PETYINPYEMOE MOCTOSIHHOE HarpspkeHne. Ha mHBepTupyrommii
BXO/JI IOAKITIOYNTH (PYHKIIMOHAIBHBIA T€HEPATOP, UCTIOIB3YS €ro B peXUME CHHYCOMaIBHOrO cCurHana "~";
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https://ru.wikipedia.org/wiki/%D0%98%D0%BD%D0%B2%D0%B5%D1%80%D1%82%D0%BE%D1%80_(%D0%BB%D0%BE%D0%B3%D0%B8%D1%87%D0%B5%D1%81%D0%BA%D0%B8%D0%B9_%D1%8D%D0%BB%D0%B5%D0%BC%D0%B5%D0%BD%D1%82)

2B (-128

DAT

R 1R1Z)

Puc. 2

2) CHATHh XapaKTepUCTHKH Tepeaadu KoMmmapaTopa 0e3 oOpaTHOW CBS3WM W U IBYX 3HA4YEHHUI COIPO-
TUBJICHUH OOpaTHOM CBS3W MPH 33IaHHOM OTIOPHOM HaIpsbKeHHU. V3MepeHne OnopHOTO HANPSHKEHHUSI MOYXKHO
MPOU3BOAMUTE BOJbTMETpOoM PV 1. Beixo/mHoe HampshkeHUEe HEOOXOAUMO MOJIKIIOYHTE Ha BXOJ Y OCIMJLIOTpa-
(ha, BXomHOE HampsDKeHHE Ha BXOJ X. M3MeHssl BeNHUnHy MEPEMEHHOTO CUTHANIa Ha HHBEPTHPYIOIIEM BXOJE,
JIOOUTHCS TIOSIBIICHUS HA BBIXOJIE MIPSIMOYTOJLHBIX UMITYIBCOB. [locCie mepexitoueHns pa3BepTKU OCIIIIIOrpa-
(ha B monoxenue X/Y 3aprcoBaTh XapaKTepUCTUKH. ONpeaeuTh MacTalObl mo ocsiM Y u X;

3) CHsITh OCHHMIUIOTPaMMBbI PabOTHI KOMIIApaTOpa MPH CPABHEHUH MMOCTOSTHHOTO (OTIOPHOT0) U MepeMeH-
HOTO HANpsHKEHUN. Y CTaHOBUThH AMIUIUTYAY IepeMeHHoro Hanpsbkenus 3,0 B ¢ wacroroit 1 kI'n. YcraHoBUTH
3aJJaHHOE OTIOPHOE HaNpsDKCHUE. 3aprCcoBaTh ¢ IKpaHa ocimiuiorpada sxoansie Hanpspkenus Usx1, Uop 1 BbI-
xoaHoe HanpspkeHue UBbix. CpaBHUTH ¢ IPUBEICHHBIMH B TEOPETHUYECKHUX CBEJCHUSIX TpaQuKaMu.

4) Cnenatb BEIBOJIBI IO paboTe.

®opma npeAcTaBIeHUS pe3yibTaTa:
Otyer o paboTe TOKEH COAepKATh:
a) HaUMEHOBaHHUE pabOTHI U IeTh pabOTHL;
0) HEOOXOJMMBbIC TEOPETHUECKHIE CBEICHHS, B T.4. pacUeTHbIC (DOPMYIIBI U OCHOBHBIE OIpE/IeIICHHS;
B) CXEMBI C AJIEKTPOHHBIMU KOMIIOHEHTaMU IS IPOBE/ICHUS HCCIICIOBAHUS;
r) TaOJIHIBI PE3yIBTATOB AKCIIEPUMEHTOB (M3MEPEHHBIE M PACCUNTAHHBIC BEJTMIHHBI);
J1) ToJIydeHHbIC Tpaduku (OCIUIITIOTPAMMBI);
€) BBIBOJIBI IO paboTe.

Kpurtepun ouenkmu:

O1eHKa «OTIMYHO» CTABUTCS, €CJIU 3a/laHHE BBIIIOJHEHO BEPHO.

O1eHKa «XOPOIL0» CTABUTCA, €CIIH JOMYIICHA OHA WM B OIINOKH, IPUBEIIINE K HEPAaBUIBHOMY pe-
3yJIbTATy.

O1eHKa «y1OBJIETBOPUTEIILHO» CTABUTCS, €CJIU IIPUBEJICHO HEIIOJIHOE BHIIIOJIHEHHE 3a/1aHusl.

O1eHKa «HEYJOBIETBOPUTEILHO» CTABUTCS, €CIIM 33JaHUE HE BBIIIOJIHEHO.

JlabopaTopHas paGora Ne 10
HccnenoBanmne myJibTHBHOpPaTOpa

Henn padorsi: VccnenoBanne xapakKTEpUCTHK, TAPAMETPOB U PEKUMOB pabOTHl MyJIbTUBHOpATOpa Ha
OCHOBE OIIEPALIOHHOI'0 YCUIIUTEIS

BoinosinuB padoty, Bel Oynere:
yMmemb:
—  ONpeJeNaTh Ha3HAUYEHUE U CBOWCTBA OCHOBHBIX ()YHKIIMOHAIBHBIX Y3JIOB aHAJIOTOBOW 3JIEKTPO-
HUKH: YCUJIUTENEH, TeHepaTOPOB B CXEMaX;
—  HCHOJIb30BaTh OMEPALMOHHBIC YCUIUTENHU ISl IOCTPOCHUS Pa3INUHbBIX CXEM;

MarepuajibHoe obecneuenue: CTeHIb «OCHOBBI dJIEKTPOHUKHY, OCITHILIOTpad.
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Teoperuueckue cBeJeHUs

MyabTHBHOPATOP — pENIaKCAIIMOHHBIN TeHEepaTOp dIEKTPUICCKUX TPSIMOYTOIBHBIX KOJIeOaHHM ¢ KO-
potkumu ppoHTamMu. MynbTUBHOpATOp MpeAcTaBisieT cO00W NBYXKACKaAHBIA YCHUIIUTENb, OXBAaYCHHBINH TITy0o-
KO MOJIOXKUTENBHON 00PAaTHOH CBA3BIO.

B anexTpoHHON TeXHWKE MCHOIB3YIOTCS CaMble pa3iiMyHbIe BAPHAHTHI CXEM MYJIbTHBHOpPATOpPOB, KOTO-
pele  pa3NHYyarOTCs ~ MEXAYy ~ CcO0OW MO0  THUIMy  HWCHONB3YeMBIX  aKTHBHBIX  KOMITOHEHTOB
(1aMnoBBIE, TPAH3UCTOPHBIC, TUPUCTOPHBIC, MUKPO3JICKTPOHHBIC U JIPYTHE), PA3INYAIOIINECs PEKUMOM pado-
THI (aBTOKOJIeOATENbHBIN, JKIyIINe, C BHEIIHEH CHHXPOHHU3AINEeH CHHXPOHM3AINN), BUIAM CBS3H MEXAY YCH-
JUTETHFHBIMA JJIEMEHTAMH, CII0CO0aM PETyIHPOBKH JUITUTEIFHOCTH M YacTOTHl T€HEPHPYEMBIX HMITYJIHCOB U
JIPYTUMHU TTapaMeTpaMHu.

@®opma BBIXOAHOTO HANpPSDKEHHS M BXOJHOTO HAIPsDKEHUS HA WHBEPTH-
pyIoIeM BXoze MyJIbTUBHOpaTOpa MpeIcTaBlIeHa Ha pUCYHKeE 1:

Puc.1

JKcnepuMeHTATbHOE HCC/Ief0OBAaHHEe CHMMETPUYHOr0 MyJIbTHUBHOpaTopa

1) CoOpatb cxemy MynbTUBHOpaTopa (puc. 1), yCTAaHOBUTH 3aJlaHHBIC MPETOAaBaTeIeM 3HAYCHUS EMKO-
cti koHaeHcaropa (CS mim C6) u conporusienus pesucropa RP3 (ot 10kOm);

2) CHATh OCHHMIUIOTPaMMBI HANIPSDKEHUH B cXeMe MYyJIbTHBHOpaTopa. 3apucoBaTh C SKpaHa OCHUILIOrpa-
(ha BeIXOHOE HampsbkeHue UBBIX M HamnpsbkeHHe Ha WHBEepTHpYolieM Bxoae Uc. OOpaboTaTh ocHmLIOrpam-
MbL. OTIpeieNTuTh 9acTOTy Ha BRIXOJIe MyIbTUBHOpaTopa. Onpenenuts MacmtaObl. CpaBHATH 3HAYEHHE YaCTO-
THI, TIOJTY9YEHHOE DKCIEPUMEHTAIFHO, C PACYETHBIM 3HaueHneM. CpaBHUTH C MPUBEACHHBIMU B TEOPETHICCKUAX
CBEICHUSX TpaduKaMu.

3) Uccnenosars Bnusinue conpotusnennit RP3 u R11(R12) u xonnencatopa C5(C6) Ha U3MeHeHue Jac-
TOTHI Ha BBIXO/Ie€ MYJIbTHBHOpaTopa. I 3TOTO ONMpeneNnuTh BRIXOMHYIO YaCTOTy MYJIbTHBHOpaTopa mpH Apy-
roMm 3HaueHuu pesucrtopa RP3. YcranoBuTh mepBoHauambHOE 3HAaUeHUE compoTuBieHUs RP3. Anamormunsie
JIeACTBUS TTOBTOPUTH JyTsl KoHIeHcaTopa C5. U3mensist RP3, nuccnenoBarh BIusHIE 00paTHOM CBSI3H.

RP3
23—
p— >
CHT —0 otk
- [H?
DAT
sl
—_—
o0 Rl 200k R
0 x Ux
| 1 oy acuunnozpoo
i

Puc. 2

4) OnpeenuTh BHIXOIHYIO YaCTOTY MYJIBTHBHOpaTopa 1o hopmysie:
=T,
rne T = 2'RP3'C§'|n(1+2'(R10/R11))
3HaueHUs] HOMUHAJIOB pe3ucTOpoB Ha cxeme, Cs=2 nd.
5) Cnenath BBIBOBI 11O paboTe.
®opma npeacTaBIeHUS pe3ybTaTa:
Otuet no paboTe JOIKEH COAePKATh:
a) HauMEHOBaHHE pabOTHI U 1IeNb paboThI;
0) HEOOXOJHMMbIEC TEOPETHUECKHIE CBEICHHS, B T.4. pacUeTHbIC (DOPMYIIBI H OCHOBHBIE OITPE/ICIICHHS;
B) CXEMBI C JIEKTPOHHBIMU KOMIIOHEHTaMH I IPOBECHHUS MCCIIeIOBaHUS;
r) TaOIUIEl PE3YITHTATOB DKCIIEPUMEHTOB (M3MEPEHHBIC U PACCUNTAHHBIC BEIMINHEI);
1) ToJydeHHbIe rpaduKu (OCIIIIIIOTPAMMBI);
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https://ru.wikipedia.org/wiki/%D0%A0%D0%B5%D0%BB%D0%B0%D0%BA%D1%81%D0%B0%D1%86%D0%B8%D0%BE%D0%BD%D0%BD%D1%8B%D0%B9_%D0%B3%D0%B5%D0%BD%D0%B5%D1%80%D0%B0%D1%82%D0%BE%D1%80
https://ru.wikipedia.org/wiki/%D0%93%D0%B5%D0%BD%D0%B5%D1%80%D0%B0%D1%82%D0%BE%D1%80_%D1%81%D0%B8%D0%B3%D0%BD%D0%B0%D0%BB%D0%BE%D0%B2
https://ru.wikipedia.org/wiki/%D0%9F%D1%80%D1%8F%D0%BC%D0%BE%D1%83%D0%B3%D0%BE%D0%BB%D1%8C%D0%BD%D1%8B%D0%B9_%D0%B8%D0%BC%D0%BF%D1%83%D0%BB%D1%8C%D1%81
https://ru.wikipedia.org/wiki/%D0%A4%D1%80%D0%BE%D0%BD%D1%82_%D1%81%D0%B8%D0%B3%D0%BD%D0%B0%D0%BB%D0%B0
https://ru.wikipedia.org/wiki/%D0%AD%D0%BB%D0%B5%D0%BA%D1%82%D1%80%D0%BE%D0%BD%D0%BD%D1%8B%D0%B9_%D1%83%D1%81%D0%B8%D0%BB%D0%B8%D1%82%D0%B5%D0%BB%D1%8C
https://ru.wikipedia.org/wiki/%D0%9F%D0%BE%D0%BB%D0%BE%D0%B6%D0%B8%D1%82%D0%B5%D0%BB%D1%8C%D0%BD%D0%B0%D1%8F_%D0%BE%D0%B1%D1%80%D0%B0%D1%82%D0%BD%D0%B0%D1%8F_%D1%81%D0%B2%D1%8F%D0%B7%D1%8C
https://ru.wikipedia.org/wiki/%D0%AD%D0%BB%D0%B5%D0%BA%D1%82%D1%80%D0%BE%D0%BD%D0%BD%D0%B0%D1%8F_%D0%BB%D0%B0%D0%BC%D0%BF%D0%B0
https://ru.wikipedia.org/wiki/%D0%A2%D1%80%D0%B0%D0%BD%D0%B7%D0%B8%D1%81%D1%82%D0%BE%D1%80
https://ru.wikipedia.org/wiki/%D0%A2%D0%B8%D1%80%D0%B8%D1%81%D1%82%D0%BE%D1%80
https://ru.wikipedia.org/wiki/%D0%90%D0%B2%D1%82%D0%BE%D0%BA%D0%BE%D0%BB%D0%B5%D0%B1%D0%B0%D0%BD%D0%B8%D1%8F

€) BBIBOJBI IO padoTe.

Kputepun onenkn:

OrneHka «OTIUYHO» CTABUTCS, €CJIN 33JJaHHE BBITIOJIHEHO BEPHO.

O1eHKa «XOPOILO0» CTaBUTCSA, €CIIH JOIYIICHA OAHA WM JBE OIINOKH, IPUBEIIINE K HEIPAaBUIBHOMY pe-
3yJIBTATy.

OrneHka «yI0BIETBOPUTENBHO» CTABUTCS, €CIIN MPUBEICHO HETIOIHOE BBHIIIOJTHEHHE 3aJaHMs.

O1eHKa «HEYIOBIETBOPUTEIHHO» CTABUTCSA, €CIIM 3aJaHHE HE BBIIIOJIHEHO.

Tema 4.1. HeperyaupyemMsblie BINPSAMHMTEH.
JlaGopaTopHasi padora Ne 11
HccaenoBanue HeynpasJisieMOro BHINPSIMUTEJIsA

Henn padoTsl: VccnenoBanue XxapakTepPUCTHK, ITAPAMETPOB U PEXKUMOB PabOTHI OTHOIIOIYTIEPHOTHOTO
HEYTIPaBJIIEMOTO BBITPSIMUTENS

Beinoanus padory, Bel Oyaere:
ymemuy:
— OHpeAc/IATbL Ha3HAYCHUC U CBOMCTBA OCHOBHBIX (I)YHKHI/IOHZUILHBIX Y3J10B aHaJIOrOBOM QJICKTPO-
HUKU: YCUIIUTENEH, TeHepaTopoB B CXeMax;

MatepuaiabHoe odecniedeHue: cTeH Il «OCHOBBI DIIEKTPOHUKIY, OCIHIIIOTpad.

Teoperuyeckue cBeeHUS

BoinpsiMmuTeib (9JIEKTPHYIECKOr0 TOKA) — MPeoOpa3oBaTellb AJNEKTPUYECKOH 3HEPriH; YCTPOUCTBO,
npeHa3HaueHHOe JJIsl MpeoOpa3oBaHusl BXOJHOTO SJIEKTPHUUECKOTO TOKa MEPEMEHHOTO HANpaBlIEHHS B TOK
MIOCTOSTHHOTO HarpaBjieHus (TO €CTh OJHOHANpPaBIEHHBIA TOK), B YaCTHOM CIIy4ae - B IIOCTOSHHBIM BBIXOJIHOM
IEKTPUIECKHH TOK.

BonpIIMHCTBO BBIIPAMUTENEH CO31AET HE IIOCTOSIHHBIM, a ITyJIbCUPYIOIIMMI TOK, JUIsl CIVIaXKUBAaHHUS I1yJIb-
caluii MPUMEHSIOT QHUIIBTPHI.

@®opma BXOJHOTO M BBIXOAHOTIO HANPSHKEHUH OJHOMNOIYNEPHOMHOTO HEYNPABISEMOIO BBIIPSIMUTEIS

npecTaBiIeHa Ha pUCYHKE 1:
1 |
AN

L2

l ‘Mnl\

it |
Puc. 1

IKCcnepuMeHTAIbHOE HCCIe0BAHNE OJHOIOJIYIIEPHOIHOI0 BHINPAMUTEJISA HA JUOE

1) CobOpaTh cxeMy BHIIPSAMUTENSA 10 prc. 2. B kauecTBe BOJIBTMETPOB UCIOJIL30BaTh MyJIbTUMETPBI: PV 1
B pSKUME U3MEPEHUS MepPeMEeHHOro HampstkeHusi, PV2 B pexxuMe n3MepeHrs MOCTOSTHHOTO HANPSIKEHUS .
[MoaxmounTs BXOABI ocumiuiorpada. [lepexnrodarens pa3BepTKu ocumiuiorpada mepeBecTH Ha BPEMEHHYIO
pa3BepTKy. YCTaHOBUTh CHHXPOHHM3aNUIO OT ceTh. Ha 3kpane ociuniorpada Bel yBHauTEe OCHHMILIIOTpaMMEBI
aHOJ/THOTO TOKA W HANPSDKEHUS Ha JTHOJIE;

2) CHATh OCIMILTOTpaMMBI HarpsbkeHus Ha quojie Ua u anogHoro Toka la. CHATH ocumiuiorpaMmy Ha-
npsbKkeHus: Ha Harpyske UH, mepekiounB Kopiyc ocuuiuiorpada Ha oOmuil MpoBo, He 3a0yIbTe ONPENeInTh
MacIITa0bl 110 TOKY ¥ HAIIPSDKEHUIO;

3) M3MepuThb C MOMOIIBIO BOIBTMETPOB M ONPEAETUTH CBA3b MEXKIY IIEPEMEHHBIM HaINpsDKEHHEM MUTa-
HUS U IOCTOSIHHBIM HANpPsSXKEHUEM Ha Harpyske;
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https://ru.wikipedia.org/wiki/%D0%AD%D0%BB%D0%B5%D0%BA%D1%82%D1%80%D0%B8%D1%87%D0%B5%D1%81%D0%BA%D0%B8%D0%B9_%D1%82%D0%BE%D0%BA
https://ru.wikipedia.org/wiki/%D0%9F%D1%80%D0%B5%D0%BE%D0%B1%D1%80%D0%B0%D0%B7%D0%BE%D0%B2%D0%B0%D1%82%D0%B5%D0%BB%D1%8C_%D1%8D%D0%BB%D0%B5%D0%BA%D1%82%D1%80%D0%B8%D1%87%D0%B5%D1%81%D0%BA%D0%BE%D0%B9_%D1%8D%D0%BD%D0%B5%D1%80%D0%B3%D0%B8%D0%B8
https://ru.wikipedia.org/wiki/%D0%9F%D0%BE%D1%81%D1%82%D0%BE%D1%8F%D0%BD%D0%BD%D1%8B%D0%B9_%D1%82%D0%BE%D0%BA
https://ru.wikipedia.org/wiki/%D0%9F%D0%BE%D1%81%D1%82%D0%BE%D1%8F%D0%BD%D0%BD%D1%8B%D0%B9_%D1%82%D0%BE%D0%BA
https://ru.wikipedia.org/wiki/%D0%9F%D1%83%D0%BB%D1%8C%D1%81%D0%B8%D1%80%D1%83%D1%8E%D1%89%D0%B8%D0%B9_%D1%82%D0%BE%D0%BA
https://ru.wikipedia.org/wiki/%D0%A4%D0%B8%D0%BB%D1%8C%D1%82%D1%80_(%D1%8D%D0%BB%D0%B5%D0%BA%D1%82%D1%80%D0%BE%D0%BD%D0%B8%D0%BA%D0%B0)

4) Bxmounts koHAeHcatop C2 mapajuieIbHO CONPOTHBICHHUIO HArpy3ku (pHc. 3); CHATh OCHMILIOTpaM-
MBI HarnpsbkeHus Ha auozae Ua u anogroro Toka la. CHATH ocnumiorpaMMy HamnpsoKeHHs Ha Harpyske UH, me-
PEKITIOUUB KOpITyc ocumuiorpada Ha oOmmid mpoBo, He 3a0ynbTe ONpeNeNnuTh MaciuTaObl O TOKY W Hampsi-

JKEHUIO;

5) OnpenienuTh CBA3b MEXTY MEPEMEHHBIM HAMPSHKEHUEM U MTOCTOSIHHBIM HAIIPsDKEHHEM Ha Harpy3Ke;

6) BKirtouuTh Ipocceb MocIeI0BaTeNIbHO ¢ Harpy3Koi (puc. 4); CHATh OCHUILIOTpPaMMBI HAIIPSKSHHS Ha
mnozae Ua u anonHoro Toka la. CHATH ocuuiorpaMMy HamnpsbKeHUs! Ha Harpyske UH, mepexiiiounB KOpITyC oc-
mutorpada Ha o0t MpoBoJ, He 3a0yAbTE OMPEACTUTh MACIITA0BI IO TOKY U HAIIPSKEHUIO;

7) OtnipesienuTh CBA3b MEXTY MEPEMEHHBIM HAMPSHKEHHUEM U MIOCTOSIHHBIM HANPSDKEHUEM;

8) CpaBHUTD pe3yIbTAThI ONBITOB

= [H] = (H]

Vot
Bt o - {H?
P | |5
KGEyE OCUURABE00pa
Puc. 2 Puc. 3

Puc. 4

®dopMa npeacTABIEHUS pe3yabTaTa:
Oruet 110 paboTe JOJDKEH COJIepIKaTh:

a)
0)
B)
r)
1)
e)

HarMEHOBaHUE PaOOTHI U LIENIb PaOOTHI;

HEOOXOIUMBIE TEOPETUUECKUE CBEACHUS, B T.4. pacyeTHbIE POPMYJIbl 1 OCHOBHBIE ONpEIeICHUS;
CXEMBI C 3IEKTPOHHBIMH KOMIIOHEHTaMU JJIs POBEICHUS MCCIIEIOBAHNS;

TaOJHIIBI PE3YJIBTATOB SKCIIEPUMEHTOB (U3MEPEHHBIE U pACCUMTAHHBIC BETHYHHBI);

NoJy4eHHbIe rpaduKu (OCUMIIOTPaMMBI);

BEIBO/IBI IO paboTe.

Kputepun ouenku:
OrneHka «OTIUYHO» CTABUTCS, ECJIN 33JJaHHE BBITIOJHEHO BEPHO.
OrneHKa «XOpOII0» CTaBUTCS, €CIH JOTMYIIEeHa OJHA WIH JBE OIIMOKH, IPUBEIIINE K HETPAaBUIBHOMY pe-

3yJIbTaTy.

O]_ICHKa «YAOBJICTBOPHUTCIBHO» CTABUTCS, €CJIM MMPUBCACHO HCIIOJHOC BBIIIOJIHCHUC 3aJlaHH.
O]_ICHKa «HCYIOBJICTBOPUTCIIbHO» CTABUTCA, CCJIN 3aJaHUC HE BBIIIOJIHCHO.
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JladopaTtopHasi pa6ota Ne 12
Hccnenopanne onHoga3HOil MOCTOBOM cXeMbl BBINTPSIMJICHUS

Hennb padorsi: VccrnemoBanne XapakTEepUCTHK, MTAPAMETPOB U PEKUMOB PabOTHI MOCTOBOTO BBIIIPSIMHU-
TeNs

Beinoanus padory, Bel Oyaere:
ymemy:
—  OIpeneNsaTh Ha3HAUCHHE U CBOHCTBAa OCHOBHBIX ()YHKLIMOHAIBHBIX y3JI0B aHAJIOTOBOW DJIEKTPO-
HUKH: YCHJIUTENEH, TeHEPaTOPOB B CXEMax;

MartepuaanHoe odecnedeHue: CTeH bl «OCHOBBI DJICKTPOHUKIY, OCITHILIOTpad.
TeopeTuueckne cBeJeHUA

MocTOBO BEIIPAMHUTEND MO3BOJAET MOJYYUTh ABYXIOIYIEpHOIHOE BhIIpsAMieHUe. Ha pucynke mpen-
CTaBJICHBI TPpaUKH 3aBUCUMOCTEH JJIs1 TOKOB ¥ HANPSDKEHUH LIeTIeH:

Ud Id

. f\ o
wt

wt

UDEP

JocronHcTBa 0/1HO()A3HOTO MOCTOBOT'O BBITIPSMUTEIIS:

- BBICOKOE 3HadeHHe Kod(duimenTa BhimpsmieHns Ko, Manblii ypoBEeHb ITyNbCallMH HAIPSKEHUS
(am3koe 3HaueHue K;;) 0 CpaBHEHUIO C OJHOMOIYTIEPHOIHON CXEMOU BBITIPSIMUTEIIS.

- [0 CPAaBHEHUIO CO CXEMOU «CO CpeiHel TOukoW TpaHchopmaropay (ABYXIOIYIIEPUOIHOM, OTHO-
(azHoli) B cxemMe o0ecrieunBaeTcs JIydlllee NCIONb30BaHue TpaHchopMaropa U ypoBeHb 0OpaTHOTO HarpsbKe-
HUS IMEeT MeHbIIlee 3HAYCHHE.

Henocrarku: koMMyTanus IByX BEHTWIEH B KaXAblii MOMEHT BPEMEHH IPUBOJUT K YBEIIMUEHUIO ITOTEPH
B 3BCHC BBIIIPAMUTEIIA, YTO HEKEIIATCIBHO IIPU Ooapmnx Tokax. Hamnume ABYX I'pylIl B CXEME€ HE ITO03BOJIACT
pa3MeniaTh uX Ha OJHOM pajraTtope 6€3 H3OJSAIHH.

JKcnepUMeHTATbHOE HCCIe0BaHue 0THO(A3HOH MOCTOBOM cXeMbl BHINPSAMJICHUA MPH AKTHBHOMI
HArpy3Ke

1) CobpaTb cxemy BBIIPSMUTEIS 1O pUC. 1. YCTaHOBUTH 3aJlaHHOE 3HAUYEHHE CONPOTUBIICHUS HArpy3Ku
RH. BonbrmeTp PVI BKiTIOUNTE B pexiMe H3MEepEeHHs IepeMeHHOr0 HanpshkeHus, a PV2 B pexume n3mMepeHus
MOCTOSTHHOT0 HANPsDKEHUS. BKITIOYNTh MITUHaMIiepMeTp nocTossHHOTo Toka Ha 100 MA. [ToaxarounTs BXOIBI
ocuwniorpada. [lepexirouaTens pa3BepTku ocuuiuiorpaga nepeBecTd Ha BPEMEHHYIO Pa3BEePTKyY. Y CTAHOBUTD
CHHXpOHM3aLuIo0 oT ceTd. Ha skpane ocumiorpaga HabMoAaTh OCHUIIIIOIPAMMBI BBEIIPSIMIIEHHOTO TOKA U BBI-
MPSIMJIIEHHOT'O HAINPSKEHUS;

2) CHATH OCHIJUIOTPaMMy BBIIPSIMIIEHHOTO HanpsbkeHus Uy 1 BBIIPSAMIIEHHOTO TOKa lg; CHATH ocimiuio-
rpamMMmy HanpspkeHus Ha nuozae U,, mepexiIrounB Kopiyc ocmiorpada Ha oOLIyro TOUKy cTeHa; (He 3a0yab-
T€ ONpECIUTh MACIITA0BI [0 TOKY M HANPSKEHHIO);

3) M3aMepuTh HampsHKEHHsI C TIOMOIIBI0 BOJIBTMETPOB U OIPENEIUTH CBA3b MEXKIy MEPEMEHHBIM Hampsi-
JKEHUEM NUTaHUs U IOCTOSIHHBIM HaIPSDKEHUEM Ha Harpyske.
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Pue. 1

JKcnepuMeHTATbHOE HccjeJoBaHue 0IHO(A3HOI MOCTOBOM cXeMBbl BBINPSIMJICHUS] IPH aKTHBHO-
HHIYKTHBHON Harpy3ke

1) Bxmrounts nmpoccens LH mocienoBaTenbHO ¢ Harpy3Koi Ry; CHATH OCIIIIIOrpaMMBI BBITIPSIMIIEHHOTO
HaIIpsKCHUA Ud 1 BBIIPSAMIICHHOI'O TOKa |d, CHATH OCHUJIJIOrpaMMy HAIIPsLKCHUA Ha JUOJAC Ua-

2) M3MepuTh HamnpsKeHHsI C TIOMOIIBI0 BOJIBTMETPOB U OIPENEIUTh CBA3b MEXKy MEPEeMEHHBIM Hampsi-
JKCHHEM MUTAHUS U [TOCTOSHHBIM HAPSHKCHUEM Ha Harpys3Ke;

3) H3mensist cOnpoTUBIICHNE HATPY3KH Ry , CHATH BHEITHIOIO XapaKTEPUCTHKY

JKcnepUMeHTATbHOE MccaeoBaHue 01HO(A3HOIl MOCTOBOM cXeMbl BBINPSIMJICHUS] IPH AKTHBHO-
€MKOCTHOIl HATpY3Ke

1) Orcoenuuuth LH u BKIFOUNTH KOHAEHCATOp C, MapauieIhbHO COMPOTHUBICHHUIO HArpy3ku Ry; CHATH
OCHUJIJIOTpaMMBbI BBIIIPAMIICHHOTO HAIPSXKCHUA Ud 1 BBIIIPAMIICHHOI'O TOKa Id: CHATH OCHUWJIOTpaMMy Hallps-
s)keHus Ha nuojae U,

2) M3meputh HanpsDKEHUS! C MMOMOIIBI0 MYJBTHMETPOB M ONPECNIUTh CBSI3b MEXIY NEPEMEHHbIM Ha-
MMPAKCHUCM IMUTAaHUA U IIOCTOAHHBIM HAIIPAXKCHUCM Ha HArpys3Ke,

3) U3MeHsIst CONPOTHBIICHUE HArPY3KH, CHATh BHELIHIOK xapakrepuctuky Ug =f(ig).

id, MA
Ug, B

4) Caenaiite BBIBOJIBI IO padore.
®dopMa npeacTABIEHUS pe3yabTaTa:
Otuet mo padoTe JOIKEH COJEPKATS:
a) HauMEHOBaHHE pabOTHI U 1IeNb paboThI;
0) HEoOXOAMMBIE TEOPETUIECKHE CBECHUS, B T.4. PaCYETHBIC ()OPMYIIBI U OCHOBHBIE OTIPEICIICHUS;
B) CXEMBI C JJIEKTPOHHBIMU KOMIIOHEHTAaMU IS IPOBEICHUS MICCIICIOBAHUS;
T) TaOJUIBI pe3yabTATOB SKCIIEPUMEHTOB (M3MEPEHHbBIE H PACCUNTAHHBIC BETUUUHBI);
Il) TOJydeHHbIe TpadUKH (OCIUIIOTPaMMBI);
€) BBIBOJIBI IO padoTe.

Kputepumn ouenku:

OrneHka «OTIUYHO» CTABUTCS, €CJIN 33JJaHHUE BBITIOJHEHO BEPHO.

OrneHKa «XOpOII0» CTaBUTCS, €CIH JOMYIIEeHa OHA WIH JBE OIIMOKH, IPUBEIINE K HETPAaBUIHBHOMY pe-
3yJIbTAaTy.

OrneHka «yI0BIETBOPUTEIBHO» CTABUTCS, €CIIN MPUBEICHO HETOIHOE BBIIIOJTHEHNE 3aJaHMs.

OrneHka «HEeyIOBJIETBOPUTENIBHO) CTABUTCS, €CITU 33/1aHUE HE BHITIOJIHEHO.
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Tema 4.2. Peryqmpyemsblie BeinpsamuTean. UHBepTOpEI.
JlabopaTopHas padora Ne 13
HcciienoBanye 0JHONOJIYIEPHOAHOTO YIPABJISIeMOI0 BLIPSIMUTEJIS

He.]'lb paﬁon: HCCJ’ICI[OB&HI/IC XapaKTCPUCTHUK, MapaMETPOB U PCIKUMOB pa60TI)I OIHOIIOJIYIICPUOAHOTO
YIIpaBJIA€MOI'O BBIIIPAMUTEIIA

Beinonus padory, Bel Oynere:
ymemy:
—  OmpenensATh Ha3HAUCHHE M CBOMCTBA OCHOBHBIX (DYHKIMOHAJIBHBIX Y3JI0OB aHAJIOTOBOIl AIIEKTPO-
HUKH: YCHIIUTEIICH, TeHepaTOpOB B CXeMax;

MaTepnaanoe odecmeueHmne: CTCHObI «OCHOBBI SJICKTPOHUKUN, OCIII/IJ'IJ'IOI‘pa(b.

Teoperuyeckue cBeeHUS

B xauecTBe BEHTWISI B OJHOIIOJIYIIEPHOJHOM YIIPABISIEMOM BBIIPSIMUTEIE UCIOIb3YETCS TUPUCTOP. M-
MYJIbCHI TOKA Ha YIPABIISIONIMN 3JIEKTPO/] MOJAIOTCS € BbIX0/1a cxeMbl yrnpasieHus (CVY).

YoM ynpaBieHus o Ha3bIBalOT Yroji MEXIY HAauyaloM IOJIOKHUTEIbHONW MOTYBOJIHBI BXOIHOTO HAIpsi-
JKEHHSI 1 MOMEHTOM BKJIFOUeHHS TUpUCTOpa. B MomeHT 6 =a ¢ Beixoga CY mocTynaeT UMITYJIbC Ha YIPaBIISIO-
muii 371eKTpo ] THpHcTOpa. OH BKIIFOUAETCSl M OCTAeTCsl B MPOBOJAIIEM COCTOSHHHU 710 MOMeHTa 0 =n . B Teue-
HHE BTOPOTO MOJIyIEepHoaa TUPUCTOP CMEILEH B 0OpaTHOM HAIlPaBJICHUHU U HE MPOBOIUT TOK. [ paduku BXxoa-
HOT'O ¥ BBIXOJHOTO HAaNpsDKCHUH MOKa3aHbl HA pUcyHKe. [Ipu yBenuueHuu yriia BKIIOUEHHS O HHTEpBa Bpe-
MCHHU, B TCUCHUEC KOTOPOI'O TUPHUCTOP OTKPLIT, YMCHBIIACTCA. YMeHblIaercs u Cp€aHCC HAIIPSIKCHUE HAa BBIXO-
ne. ITockonbKy THPHCTOP MOKET HaXOOUTHCS B MPOBOJSILEM COCTOSHUHM TOJBKO ITOJIOKUTEIBHOTO MOJyIe-
PHOAa BXOAHOTO HANPSDKEHHS, CXEMa SIBJISIETCS] OXHOIIOMYIEPUOTHBIM BBIIPSMHUTEIIEM.

U.«4

h 4

JKcnepUMeHTATbHOE CCJIeJ0OBAHME OTHOTIOJYIIEPHOTHOI0 YIPABJISAEeMOro BbINPSIMHUTE/ISI HA TH-
pucrope

1) CoOpatb cxemy ynpasisieMoro BeIIpsMuTens mo puc. 1. [logxmrounts BXxoasl ocimuiorpada. Iepe-
KJIIOYaTellb pa3BepTKU ocumuiorpada nepeBecTd Ha BPEMEHHYIO Pa3BepTKy. Y CTAHOBHTh CHHXPOHU3ALUIO OT
CeTH;

2) YcTaHOBHTH 3aJjaHHBI YroJl YHPaBJICHUS, PEryaupys conmpoTuBieHre RP2; cHATH ocumiiorpaMmbl
HanpsokeHus: Ha Tupuctope Ua n anognoro toka la. CHATh ocunMyuiorpaMMy BBIPSIMIICHHOTO HANpPSDKEHUS Ha
Harpy3ke Ud, moaxmouns ocumuiorpad k RH;
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3) CHATH pEeryINpOBOYHYIO XapaKTepHuCTHKY Beimpsmurens Ud=f(a). Perymmpys comporuBieHue peo-
ctata RP2, u3MeHSTH yroJt yrpaBIeHUs o U TOCTPOUTH PETYIIMPOBOYHYIO XapaKTECPUCTHKY)
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4) BIIOYUTh B 1IeNh HATPY3KU MHIYKTHBHOCTh LH , CHATH T€ e OCIHUIOTPAMMBI NP 33JJAHHOM YTIIe
YIpaBJIeHUS U aKTUBHO-UHAYKTUBHOW HarpysKe;

5) CHATB peryaupoBOYHYIO XapakTepucTuky tupuctopa Ud=f(o) mpu akTHBHO-WHAYKTUBHOM HATpy3Ke U
HAHECTH €€ Ha TOT )K€ IpauK, YTO U PETYJITUPOBOYHYIO XapaKTCPUCTUKY TIPU aKTUBHON HArpy3Ke;

6) Bxurtounts xoHzeHcaTop C2 mapajuiebHO aKTUBHOMY COIPOTHBIICHHIO HAarpy3Kd , CHSTH T€ KE OC-
[MIIOTPAMMBI TIPW 33JaHHOM YTJIe YIPABICHHUS W aKTHBHO-WHIYKTHBHO-EMKOCTHOW Harpy3ke (IIpH MaibIX
MyJIbCcalUsIX HAPsDKEHU Ha KOHAEHCATOpe 3TO SKBUBAJICHTHO paboTe Ha mpoTuBo-2/C);

7) CHATB perynupoBOYHYIO XapakTepucTuky Tuprctopa Ud=f(o) mpyn akTHBHO-MHIYKTUBHO-€MKOCTHOM
Harpy3Kke ¥ HaHeCTH ee Ha TOT e rpauK, 4TO M PETyIMPOBOYHYIO XapaKTEePUCTHKY IIPHU aKTUBHOW HArpy3Ke;

8) Camenatp BBIBOJIBI IO paboTe

®opMa npeACcTABIEHUS pe3ybTaTa:

OtyeT 1Mo paboTe MOJDKEH COMePiKaTh:

a) HauMEHOBaHHE pabOTHI U Leb paboThI;

0) HEOOXOAMMBIEC TEOPETHUECKHE CBEICHHS, B T.4. pacueTHbIC (JOPMYIIBI U OCHOBHBIE OIIpECeIICHHS;
B) CXEMBI C JIIEKTPOHHBIMH KOMIIOHEHTaMH ST TPOBEICHHS UCCIIEIOBAHNS,

T) TaOJHUIEl Pe3yIBTATOB IKCIIEPUMEHTOB (M3MEepEHHBIE 1 PACCUNTAHHBIE BETNIHHEI);

Jl) TOJIydeHHbIC TpaduKu (OCIIUILIOTPAMMBI);

€) BBIBOJIBI IO padoTe.

Kputepun onenkmu:

OlieHKa «OTIUYHOY» CTaBUTCS, €CIIU 33/IaHKE BHITIOTHEHO BEPHO.

OreHKa «XOPOIIIO» CTAaBUTCS, €CIH JOMYIIEeHA OJHA WK JBE OIIHOKH, IPUBEIINE K HETPABUIBHOMY pe-
3yJIbTaTY.

OlLieHKa «yIOBIECTBOPUTEIHLHOY CTABUTCS, €CJIM MPUBEJCHO HETIOTHOE BHITIONHEHUE 3aJaHuUs.

OreHKa «HEYTOBIIETBOPUTEIEHOY CTABUTCS, €CITH 33/IaHUE HE BHITIOTHEHO.

Tema 4.3. Craaxusaromue GuiIbTpbI
JlabopaTopHas paGora Ne 14
HccaenoBanue criaakuBamimmx GuibLTpoB

Leas padorel: VccnenoBanue XapakTEpPUCTHK, TapaMETPOB M PEXHUMOB pabOTbl eMKOCTHOTO, MHIYK-
TUBHOTO H [-00pa3HOro CriiaXXHBaloUINX GUILTPOB

Brinosinus padoty, Bel Oynere:
ymMemby:
— OHpeAc/IATbL Ha3HAYCHUC U CBOMCTBA OCHOBHBIX (I)YHKHI/IOHEUILHBIX Y3J10B aHaJIOrOBOM OJICKTPO-
HUKU: YCUIIUTENEH, TeHepaTopoB B CXeMax;

MarepuaiibHoe ofecnedeHne: CTeH bl «OCHOBBI AIEKTPOHUKIY, OCIIILIOrpad.

Teoperuueckue cBeJeHUs

CriaxuBaronuii ¢buneTp — YCTpOMCTBO JUIs CIIYKUBAHMS yJIbCaINN Io-
CJI€ BBIIPAMIICHHUS IEPEMEHHOTO TOKa. [IpocTeitmum CTJIA)KUBAIOIIIAM ¢dbuapTpOM SIBIISIET-
Cs1 SNIEKTPOJIUTHYECKUI KOHAEHCATOp OONBIION EMKOCTH, YCTAaHOBJICHHBI HAa CXE€ME€ MapajlielbHO Harpyske,
co0uoast MOJIIPHOCTh KOHAeHcaTopa. Hepeako mapaiienbHO 3JeKTPOIUTUIECKOMY KOHIEHCATOPY yCTaHaB-
JUBAETCS TUIEHOYHBIA (MM KepaMHUYEeCKHil) EMKOCTBIO B IOJIM WJIM €IMHUIIBI MHUKpodapasa i yCTpaHeHHs
BBICOKOYAaCTOTHBIX TIOMEX.

B mo6oii cxeme BBIIPSMIICHHS Ha BBIXOJIE BBIIPSMIICHHOE HampsDKEHHE MOMUMO MOCTOSHHOW COCTaB-
JAIOUIEN COJEPKUT IEPEMEHHYI0, Ha3blBaeéMyIO IyJibcalMed HanpspkeHus. Ilynbcanys HanpsKeHHs CTOIb
3HAYUTENbHA, YTO HEMOCPEACTBEHHO MUTAaHHE HATPY3KH OT BBIIPAMHUTENS BO3MOXHO OTHOCHUTEIBHO PEIKO
(ipu 3apsaKe aKKyMYJISITOPHBIX OaTapei, I MUTaHHUs LeNed CUTHANM3alUM, JIEKTPOABUTraTenell u T. 1I.) —
TaM, IJie IPUEMHHUK SHEPTUU HE YyBCTBUTENEH K IMEPEMEHHON COCTaBJISIOIICH BBIIPAMIIEHHOTO HAIPSKEHHUS.
[Ipn nuTaHuw anmapaTypsl CBA3M W paroannapaTypsl MyJIbCAlys HAPSDKEHUS] PE3KO yXY/IIaeT, a Yalle BO-
o01e Hapymaer paboTy paauodICKTPOHHBIX YCTPOUCTB. JJIsT YMEHBIIEHUS TTEPEMEHHON COCTABJISIIOIICH BHI-
NPSMIIEHHOTO HaNpsDKEHHsI, TO €CTh Ul OclaOJeHus MyJIbCallui, MEXAY BBIIPSMHUTENIEM W Harpy3Kou ycra-
HABIIMBACTCS CIUIXKHBAIONIUK (QUIBTP, KOTOPBIH OOBIYHO COCTOMT M3 PEAKTUBHBIX COMPOTHBICHUH (TO €CTh
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https://ru.wikipedia.org/wiki/%D0%92%D1%8B%D0%BF%D1%80%D1%8F%D0%BC%D0%B8%D1%82%D0%B5%D0%BB%D1%8C
https://ru.wikipedia.org/wiki/%D0%AD%D0%BB%D0%B5%D0%BA%D1%82%D1%80%D0%BE%D0%BB%D0%B8%D1%82%D0%B8%D1%87%D0%B5%D1%81%D0%BA%D0%B8%D0%B9_%D0%BA%D0%BE%D0%BD%D0%B4%D0%B5%D0%BD%D1%81%D0%B0%D1%82%D0%BE%D1%80
https://ru.wikipedia.org/w/index.php?title=%D0%9F%D1%83%D0%BB%D1%8C%D1%81%D0%B0%D1%86%D0%B8%D1%8F_%D0%BD%D0%B0%D0%BF%D1%80%D1%8F%D0%B6%D0%B5%D0%BD%D0%B8%D1%8F&action=edit&redlink=1
https://ru.wikipedia.org/wiki/%D0%9F%D1%80%D0%B8%D1%91%D0%BC%D0%BD%D0%B8%D0%BA

TeX, KOTOpPbIEe BKIIOYAIOT B c€0S MHAYKTHBHOCTH M EMKOCTH). JlaHHBIN (UIBTp OeCTBYET KakK GMIBTP HUKHUX
4acToT, 00pe3ast INITHIE TAPMOHHUKH.

[lepeMeHHast cOCTaBISIONIAs BBIMPSMICHHOTO HAMIPSDKEHUS B 00IIEM cydae MpeACTaBiIsIeT OO0 COBO-
KYIHOCTh psiia TAPMOHUK C PAa3IMYHBIMHU aMIUIUTYJaMH, CABUHYTHIX IO OTHOILIEHHIO K IEPBOI Ha pa3HbIE yr-
ne1. [Ipu 3TOM mepBasi rapMOHHKA HMEET aMIUIATYy, BO MHOTO pa3 MPEeBOCXOMANIYI0 aMIUTUTYIBI BBICIINX
rapMOHHK. B 3aBUCMMOCTH OT Ha3HauEHUS ammaparypbl CBSI3U MPEAbABISIOT Pa3UIHbIE TPeOOBAHMS K BEIH-
YUHE U XapakTepy MyJbCalluH BBIIPSIMIECHHOTO HanpskeHus. Yale Bcero Ui painoTeXHIUECKOH anmapaTypsl
KaueCTBO CTJIAKWBAHUS XapaKTePU3yeTCs BEIMYMHON MAKCHMAIbHO OIYCTHMOM aMIUIMTYIbI MEePEeMEHHON
cocTapIsIoONIel. B aToM cirydae QuibTpel pacCUMTHIBAIOT HA MAKCHMAIBHOE TOJIaBJICHHE OCHOBHOW TapMOHU-
KH.

IKCcIepUMEeHTAJIbHOe HCC/Ie0BAHUE eMKOCTHOrO uibTpa

1) CobOpath cxemy 1o puc. 1. YCTaHOBUTH 3aIaHHOE 3HAYCHUE COTPOTUBIICHU Harpy3ku Rd. B kadectse
BOJIbTMETpPA HCIOJIB30BaTh MyJAbTUMETP PV B pexymMe n3MepeHus: mMOCTOSTHHOr0 Hanpsikenus. [loaxkmounts
Bxoabl ocuuiuiorpada. Ilepexmrouatens pa3BepTky ocLUIOrpada nepeBecTy Ha BPEMEHHYIO Pa3BEpTKy. Yc-
TAHOBUTHh CHHXPOHHU3alMI0 0T ceTd. Ha 3kpane ocummorpada HabI0IaTh OCHMIIIIOIPAMMY BBIIPSIMIIEHHOTO
Hanpspxenust Ud,

2) CHATH OCIIJUIOTPaMMY BBITIPSIMIICHHOTO Hanpsbkenus Ud,

3) M3MeHss conpoTHBIECHUE HATPY3KH, CHATH 3aBUCUMOCTD KO3 (HUIMEHTa MyNbCalMid OT TOKAa Harpys3-
ku Ud =f(1d).

4) Ionkmounth BMecTo KoHJeHcatopa C2 konaencatop C3; CHATh OCHMIUIOTPAMMY BBIIPSIMIIEHHOTO
HanpspkeHust. Caenath BBIBOJ O BIMSHUM BEJIMYMHbBI EMKOCTH HA aMIUIUTYIY ITYJIbCALHH.

Pue. | Puc. 2

JKCnepUMEHTATbHOE HCC/IeJ0BaHHEe HHIYKTHBHOTO (puiabTpa

1) Cobpats cxeMy 1o puc, 3. BKIrOUHTh OIMH WIIH JIBA APOCCENS TOCIEe0BATEIHHO. Y CTAHOBUTH 33/1aH-
HOE 3HauYeHHUE TOKa Harpy3ku. Ha skpane ocimiuiorpada HaOM0aTh OCIIMIIIOPAMMbI HAIPSKSHUH HA BXOJAC U
BbIX0Ji¢ QUIIBTPA,

2) CHATH OCUMJIIOTPAMMEBI HAIIPSDKEHUH Ha BXOJIE M BBIXO/Ie (DHIIbTpa,

3) W3Mmensist CONPOTHUBIICHUE HATPY3KH, CHATh 3aBUCUMOCTh KO3((HUIMEHTA MyJIbCAI[Uil OT TOKA HAarpy3-
ku Ud =f(I1d).
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JKcnepuMeHTATbHOE HcciaegoBanue I'-o0pasnoro ¢puabTpa

1) CobOpath cxeMy 1o puc. 4. YCTaHOBUTh 3aJlaHHOE 3HAUYCHHE TOKA Harpy3ku RH. B kauecTBe BOJBT-
MeTpa ucnoiab3oBath PV 1. [logkmounTs BXoabI ocniiuiorpada;

2) CHATH OCHMJIIOTPaMMEBI HAIIPSDKEHUH Ha BXOJIE U BBIXO/IE (DUIIBTpA,
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https://ru.wikipedia.org/wiki/%D0%98%D0%BD%D0%B4%D1%83%D0%BA%D1%82%D0%B8%D0%B2%D0%BD%D0%BE%D1%81%D1%82%D1%8C
https://ru.wikipedia.org/wiki/%D0%AD%D0%BB%D0%B5%D0%BA%D1%82%D1%80%D0%B8%D1%87%D0%B5%D1%81%D0%BA%D0%B0%D1%8F_%D1%91%D0%BC%D0%BA%D0%BE%D1%81%D1%82%D1%8C
https://ru.wikipedia.org/wiki/%D0%A4%D0%B8%D0%BB%D1%8C%D1%82%D1%80_%D0%BD%D0%B8%D0%B6%D0%BD%D0%B8%D1%85_%D1%87%D0%B0%D1%81%D1%82%D0%BE%D1%82
https://ru.wikipedia.org/wiki/%D0%A4%D0%B8%D0%BB%D1%8C%D1%82%D1%80_%D0%BD%D0%B8%D0%B6%D0%BD%D0%B8%D1%85_%D1%87%D0%B0%D1%81%D1%82%D0%BE%D1%82
https://ru.wikipedia.org/wiki/%D0%A4%D0%B8%D0%BB%D1%8C%D1%82%D1%80_%D0%BD%D0%B8%D0%B6%D0%BD%D0%B8%D1%85_%D1%87%D0%B0%D1%81%D1%82%D0%BE%D1%82
https://ru.wikipedia.org/wiki/%D0%93%D0%B0%D1%80%D0%BC%D0%BE%D0%BD%D0%B8%D0%BA%D0%B0

3)13MeHss CONPOTHBIICHUE HATPY3KH, CHATh 3aBUCUMOCTH KOA((UIIUEHTA MyIbCAIUil OT COMPOTUBIIC-
uus Harpy3ku Ud =f(Rd)
4)CnaenaTth BBIBOJIBI IO paboTe.
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®opMa npeAcTABIICHUS pe3y/bTaTa:
Otyer o paboTe NOJKEH COAEPHKATS:
a) HaMMEHOBaHHUE pabOTHI U IeTh pabOTHL;
0) HeoOXOIMMBIE TEOPETUIECKHE CBEACHHUS, B T.4. pacueTHbIe ()OPMYJIIBI U OCHOBHBIE OMIPE/ICIICHNUS;
B) CXCMBI C QJICKTPOHHBIMHA KOMITIOHCHTAaMU JIA IIPOBECACHUA UCCIICAOBAHMA
T) TaOJUIEI Pe3yIbTATOB IKCIIEPUMEHTOB (M3MEpEHHBIE U PACCUNTAHHBIE BEIMYHHEI);
Il) TOJyd9eHHBIE TpadUKH (OCIHIIIOTPaMMBI);
€) BBIBOJIBI IO padoTe.

Kpurtepun ouenku:

OrneHka «OTIUYHO» CTaBUTCS, €CIIN 33JJaHUE BBITIOIHEHO BEPHO.

O].[CHKa «XOpOo1mo» CTaBUTCs, €CJIM AO0IIYIICHA OJJHA UJIN JIBC OHH/I6KI/I, MMpUBEAIINE K HCIPABUIIbBHOMY pE-
3yJIBTATY.

OneHka «yI0BJIETBOPUTENBHO» CTABUTCS, €CIIN IMPUBEICHO HETIOIHOE BBIIIOJTHEHNE 3aJaHMs.

O1eHKa «HEYJOBIETBOPUTEILHO» CTABUTCS, €CIIU 33JaHUE HE BBIIIOJHEHO.

29



	Логический элемент И.
	Логический элемент ИЛИ.

