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1.IMACIIOPT
KOMILIEKTA KOHTPOJIBHO - OHUEHOYHBIX CPEIACTB

B pesynbraTe ocBoeHHa ydeOHo#i mucuunauHbel OIT.02 DuekTpoTeXxHHKa H
3J1IeKTPOHNKA ofyyarowmuiics HomxeH obOmnagate npenycMmorpenHsiMu OI'OC mo
cnenguansHocT 08 .02.10 CTpouTeNbCTBO XKeJe3HbIX A0POr, NMYTh H NYTeBOE
xo3siictBo (YpoBenb moaroroBku AasA cneunaasHoctH CIIO) cnenyromamu
3HAHUAMH, YMEHHSIMH, KOTOpBle (GOPMHUPYIOT NMPO(eCCHOHANBHEIE KOMIIETEHUHH, U
OOLIMMH KOMIIETEHUHUAMM:

Y 1.IIpou3BoaUTE pacuéT napaMeTpoOB JEKTPUUSCKUX LETIEH;

¥2. Cofupath 31eKTpUYeCKUE CXEMB] U TPOBEPATH UX paboTy.

31. MeToxmsl npeofpa3oBaHUA BIEKTPUUYECKOH 3HEPruy, CyHMHOCTb PUIHYECKUX
NPOLECCOB, MPOHCXOAALLNX B MEKTPUYECKHUX U MAarHUTHBIX UENIX, IOPAOK pacyeTa
UX NapaMeTpoB.

32. OcCHOBBI 3JIEKTPOHKKH, 3NeKTPOHHBIE TPUOOPEI ¥ YCUIHTENH.

OK 1. [losMmaTh CYIIHOCTh M COLMAlbHYK) 3Ha4MMOCTb CBOel OyayuieH
npodecclu, NPOABAATL K HEH yCTOHUNBBINA UHTEpEC.

OK 2. OpraHu3oBbIBaTh COOCTBEHHYIO AeATENBHOCTD, BEIOUPATh THIIOBBIE METOIB! M
¢roco0B! BHIIOJIHEHHA NpOodEeCCHOHANBHBIX 3a4a4, OUEHHBATh HX 3Q(EKTUBHOCTD U
Ka4eCTBO. -

OK 3. IlpunnmMarts peleHyds B CTAaHOAPTHBIX M HECTAHAAPTHBIX CUTYaLMSX M HECTH
384 HUX OTBETCTBEHHOCTb.

OK 4. OcyiecTBAATh MOUCK H HCMONb30BaHKWE HHPOPMAlMH, HEOOXOAMMOH s
3(HeXTHBHOIO BBHIMOJHEHHS TPOPECcCHOHANBHBIX 3alad, NPOQECCHOHANBHOTO U
JTHYHOCTHOTO pa3BUTHS.

OKS. Hcnonp3oBaTh HHPOPMALMOHHO-KOMMYHHKALMOHHBIE  TEXHOIOTHM B
NpodeCCHOHANBHON AESTETBHOCTH.

OK6. PaGoraTe B KO/UIEKTHBE H B KoMaH1e, 3pdekTUBHO 0611aThCs ¢ KOMIEeramu,
PYKOBOACTBOM, NIOTPEOUTENSIMH.

OK 7. Bpathb Ha ce6s OTBETCTBEHHOCTh 3a PaGoTy YIEHOB KOMaH/Ib! (OIYHHEHHBIX),
3a pe3yabTAT BBINIOJIHEHHUS 3aJaHUN.

OK 8. CaMOCTOATENIBHO ONpeneNaTh 3aJa4du MpoecCUOHaNIbHOr0 U JMYHOCTHOrO
pa3BUTUA, 3aHMMATBCSA CaMOOOpPa3OBaHHEM, OCO3HAHHO MUIAHHMPOBATH TIOBBIILICHHE
KBAJTMDUKALUU.

OK 9. OpuedTtupoBaThcsi B YCJIOBHAX 4YacTOM CMEHBl TEXHONOIHH B
IpodecCHOHATBHON AeATebHOCTH.



IIK 2.2. [ItanupoBatb U OPraHU3OBLIBaTH MEPOINPUATHS MO COOIOAEHUIO HOPM
Ge3onacHbIX yCTIOBHI TPya.

IIK 2.3. KonTponuposath U OLE€HUBATh Ka4€CTBO BHITIONHAEMBIX paboT.

IIK 3.1. OdopMnsaTh TEXHUYECKYIO H TEXHONOTHYECKYIO JOKYMEHTAIHIO.

ITK 3.2. PaspabGatbiBaTh TE€XHOJNOrMYECKHE MNPOLUECCHl HA PEMOHT OTIAEbHbIX
IeTaned ¥ y3JIOB TOABMIKHOIO COCTaBa, JKENEe3HbIX JOPOr B COOTBETCTBHH C
HOPMAaTHBHOMU AOKyMEHTALleH.

I1K 3.5.ITpoBoanTL aBTOMATHU3MPOBaHHYI0 00paboTky nHdopmauuu.

IIK 4.4. OGecnieunth cobNMoIeHHe TEXHUKH 0e30MacHOCTH M OXpaHbl Tpyda Ha
IPOM3BOJACTBEHHOM y4YacTKe, NPOBOAUTh NPO(PHIAKTHYECKUE MEepONnpUATHS U
00yyeHue nepcoHana.

PopMoH aTTecTALHH NO Y4eOHOM ANCUHILIHHE SIBJAACTCH IK3aAMEH,



2. Pesyabtatnl ocBoeHiist yueOHOH AHCHHIIHIILI, IIOAJIE/KA L HE IPOBEPKC.

2.1. B pesynbrate arrecTalud Mo Y4yeOHOH JUCIMIUIMHE OCYIIECTRIsETCS
KOMIUICKCHas MpOBEpKa CACAYWLUX YMEHUHW M 3HAHUH, a TaKKe AUHAMHUKA

(GopMupOBaHNA OOLIHMX KOMIIETEHLIMI:

Pe3ynpTaThl 00yueHus:
YMeHMs, 3HaHUA U o011re
KOMNETEH WU
{(diceramenviio
cepynnuposams u
nposepams KOMILEKCHO,
CSPYNNUPOBAMb YMEHUA

[lokaszatenu OUeHKU
pe3ynsrata. Cnedyem
cghopmynuposames
noxasamen.
Packpuieaemcsa
cooepacarie pabomol

dopma KOHTPOJIS U
OUEHHWBaHUSI.
3anonnsemcs ¢
COOmeemcmeuli ¢
pazoenom 4 npozparirot

va

u OK})
Y1. [Ipon3BoauTe pacyéT BriGupats YcTHBIH onpoc,
napaMeTpoB IeKTPON3MEPUTETHHBI TECTHPOBAHHE,
BNEKTPHIECKUX LIETIEH. € IpuOOpsI, BBINOIIHATE NpoBeACHUE

U3MEPEHHUS1 U PAcU€TshI
OCHOBHBIX MTapaMeTpoB
ANEKTPUUYECKHUX Lenei
NOCTOAHHOTO U
TIEpeMeHHOTO TOoKa.

1abopaTOPHBIX U
MPaKTUYECKUX IAHATHIA,
CaMOCTOSTENbHAN
pabora.

V2. Cobupath
3JIEKTPUUECKHE CXEMBI H
MpOBEPSIThH UX padoTy.

Bridupars .
EKTPOUIMCPUTENBHBI
e MPUOOpPLI, BHIMONHATL
U3MEPEHUS U pacuEThl
OCHOBHBIX N1apaMeTpPOB
BNEKTPUHECKUX Lienen
MTOCTOSTHHOTO H
NEPEMEHHOr0 TOKA.

OueHka paboThl yuyaluxcs
Ha 1abopPaTOPHOM
3alIATHH, BLIMOJIHEHUE
TEeCTUPOBAHUSL.

31. Metoznnl M3yunTe pu3ntecKyro OueHka paboThl yyaluxcs
npeodpa3oBaHMus CYLIHOCTE Mpolecca Ha NabopaTOPHOM
eKTPHYECKON SHEPrUH, NIONTyYeHUS! 3AHSITHU, BbIMIOJIHEHHE
CYIHOCTE (pU3NIeCKUIX nepeMeHHOro TOKa, TeCTUPOBAHMA.
NpOLECCOB, XapaKTepUCTUKH

NPOUCXOAALUUX B
IMEKTPUUESCKUX U
MarHUTHBIX LETISX,
NOPAAOK pacy€Ta ux
apaMeTpoB.

MePeMEHHOro TOKa, HX
(hU3uYeCKHI CMBICTT,
eAMHULBI U3MEPEH U,
yCloBHS
CYLLECTBOBAHMUS




MArCHUTHOTO MO, €ro

' XapaKTepPUCTUKH,
npaBuUiIa 114
OTIpeNeNIEHN
HaIrpaBieHHs
MarHUTHOIO MOJIs.

32. OcHOBBI 31€KTPOHUKH,
3JIEKTPOHHBIE NMPUOOPBI U
YCHINTENH.

M3y4uThb NPpUHLIAIILL
BKJIIOYEHHS
MEeKTPOHHBIX
npuGopoB U
NIOCTPOEHHUS
3NEKTPOHHBIX CXEM;
OCHOBHBIE TeXHHYECKHE
XapaKTepUCTUKH
EKTPOHHBIX
YCHITMTEIICH.

Ouenka pabGoTHl yualluxcs
Ha 1abopaTopHOM
3aHATHUY, BHINIOTHEHUE
TEeCTUPOBAHHUSL.

OK 1. [ToHMMaTh CYLUHOCTh
1 COLMANBHYIO
3HAYMMOCTH CBOEH
Oynywweii npogeccun,
NpOsABIATH K HEH
YCTOHYHMBBIH HHTEpEC.

[TposiBneHHe UHTEPECa K
0Dy4eHHIO, K
NoJy4aeMou
npodeccuu.
HoBpocoBecTHOE
BBIMONIHEHHE yueOHbIX
00s13aHHOCTEH.

YyacTue B KOHKypcax
KpyXKKax, JTHAX
OTKPBITBIX IBEpeEH,
UCCIIeI0BATEIbCKON
paboTe, CTYNEHYECKHUX
KOoH(bepeHUHH.

OneHka pe3ynbTaToB
HabnoneHHH 3a
JAEATETBHOCTHEO
oOyuaroLerocs B
IIpoLIeCcCe OCBOEHUS
obpaszoBaTeNbHON
POrpaMMBI.

OK 2. OpranuzoBsIBaTh
cOOCTBEHHYIO
JesSTeNIbHOCTE, BBIOHPATh
THIIOBBIE METOABI U
CrocOOBI BHIMIOTHEHNS
npo¢heCCHOHANBHBIX
3a1a4, OLIEHNBATh HX
3PPEKTUBHOCTE U
Ka4yecTBo.

Brifop 1 npuMeHeHHe
METO0B U cocoO0B
peLeHus
npoecCUOHANBHBIX
3a71a4y B 00macT,

oueHka 3hheKTHBHOCTH U
KayeCTBa BHINIOJIHEHUS
npodeCCHOHATBHBIX
3ajau.

YCTHEIHR onpoc,
TECTUPOBAHUE,
npoBeAeHUe
1abopaTOpHBIX B
IPaKTUYECKHX 3aHATHH,
CaMOCTOsITeNIbHAs
paborTa.

OK 3. [Ipunnmath
peILIeHNA B CTAHIAPTHAIX
1 HECTAHAAPTHBIX
CHTyalMsaX U HECTH 33

[IpaBunbHOE permeHue
CTaHMAPTHBIX U
HEeCTaHAapTHbIX

npoteccuOoHaNbHBIX

OueHka paboTHl y9alINXCs
Ha n1abopaTOpPHOM
3aHSTHH, BHINIOIHEHHE
TECTUPOBAHUS.




HUX OTBCTCTBEHHOCTD.

CUTyalUMii u y4eOHBIX
' 3ajad.

OK 4. Ocywecteasts
MOUCK ¥ UCNOTB30BAHKE
MHQOpPMaLIWH,
HeoOXoaAuMOH s
3P PEXTUBHOIO
BBINOJIHEH UL
npodhecCHORANBHBIX
3azad,
NpodeccuOHANBbHOrO U
JIMMHOCTHOTO Pa3BUTHS.

[Torck onTUManbHOro
HUCTOYHUKA
HHbopMaLuu 114
peLIeHus
MOCTABJIEHHOH 3a4a4H.

TounocTs 006pabOTKH
MHpOPMaLKK NPU
BBIIOTTHEHHH
NPAKTHYECKUX 3aHATHH
1 1a0opaToOpHBIX PaboT.

YCTHEIN onpoc,
TECTUPOBAHHUE,
IIpOBEACHUE
1abopaTOpHbIX U
[IPAKTUYECKUX 3aHATUH,
CaMOCTOSITE/bHAs
padorTa.

OK 5. Ucnonwp3oBaTts
NH{pOPMALIHOHHO-
KOMMYHHUKaLIMOHHbIE
TEXHOJIOIHH B

BrnaneHnue coBpeMeHHbIMH
WHGOPMAlHOHHBIMU
TEXHONOTHUSMH.

YcTHBIN onpoc,
TECTUPOBAHUE,
MpoBeeHye
1a00paTOPHBIX U

npodeccHoOHANBEHON NIPaKTHYECKUX 3aHATHH,
NeSTEeNBHOCTH. CaMOCTOATENbHAS
pabora.
OK 6. PadoTtats B YmeHue paboTate B Yetublii onpoc,
KOJINIEKTHUBE U B KOJINEKTHBE, B KOMAaHAE, | TeCTHPOBaHHE,
KoMaHze, 3 (PeKTHBHO rpaMOTHO OOLATHCS C NIPOBE/IEHHUE

ofLIaTHCS ¢ KOJUIEraMH, KOJUIEraMH, 1abopaTopHBIX U
PYKOBOZACTBOM, PYKOBOICTBOM, NpaKkTUYECKUX 3aHATHH,
noTpedUTeNnsaMH. MOTPEOUTENSIMH. CaMOCTOSITeNIbHAS
. pabora.
OK 7. bpatb Ha cebs Hannuue YCTHBIH OMpOC,

OTBETCTBEHHOCTD 3a OpraHU3aTOPCKUX TCCTHPOBAHHUE,
paboTy 4NeHOB KOMaH,Ibl cnocobuocTeil. MpOBEAEHUE
(MOIYMHEHHBIX), 32 JleMoHcTpauus nabopaTopHbIX H
pe3yJIbTaT BBINONHEHUS cnocobHoCcTH MpaKTUIeCKUX 3aHSATUH,
3alaHUM. pacnpenenatTsb CaMOCTOsITENThHAS

00513aHHOCTH MEXKY pabora.

4YJleHaMyu KOMaHAbL

(MogUMHEHHBIX).

OK 8. CamocTOATENBHO [Ipossnenue YCcTHLIH onpoc,
ONpenensTh 3a0a4U €aMOCTOSATEIEHOCTH TECTHPOBAaHHUE,
11podeCCUOHANBLHOTO U TPU NOJATOTOBKE poBeieHUe
JNUYHOCTHOTO Pa3BUTHA, COOOIIeHUH. 1abopaToOpHBIX U

3aHUMAaThCS
camoo0pa3oraHueM,
OCO3HAHHO MJ1IaHHPOBATh

Hanuuue camoananusa.
JemMoHcTpaLus XKenaHus
najlbHEHLIero

MPpaKTUHECKUX 3aHATHUH,
CaMOCTOSATENbHAS
pabora.




MOBBILICHHE CaMOCOBEPLIEHCTBOBAH
KBaJTNUKALIMH. e

OK 9. OpuentupoBaThest B | [IposaBnenue YcTHBIH OIpoc,
YCJIOBHSX 4acTOH CMEHBI MO3HABATENIbHOU TECTHPOBaAHUE,
TEXHOJIOTUH B AKTHBHOCTH H NpoBeeHHE

NpodheCcCHOHATBHON
IOesTeNIBHOCTY.

HHTepeca IIpH
BBINIOJIHEHUY
CaMOCTOATENbHBIX
pabort, BlnageHus
HaBBIKAMH
caMoaHalu3a 1
CaMOOUEHKH.

1abopaTOPHBIX U
NPaKTHUYEeCKUX 3aHATHH,
CaMOCTOATENbHAS
pabora.

[IK 2.2. [InanupoBath U
OpPTaHHU30BBIBATD
MEepONpPUATHS 110
COONIOAEHUI0 HOPM
Ge30nacHbIX yCIOBHHI
TpyZIa.

Opranunszoare padoyee

MECTO B COOTBETCTBHH
C 3a/laHUeM U
TpeOOBaHUSIMH OXPaHb
TpyZa.

O1ueHKa pe3yabTaToB

Haba10eHuH 3a
HeSATENIEHOCTBIO
00yHaloLIerocs B
NpoLecce OCBOSHUS
obpa3oBaTeNbHOM
NpOTrpamMMBl.

[1IK 2.3. Kontponuposathb
M OLICHHBATh KayeCTBO
BBINOJIHAEMBIX PaboT.

BriGop ¥ npriMeHeHue

METOHOB H CnocoboB
pelueHus
npodeccroHanbHBIX
3afa4 B 00acTH,

oneHka 3¢ peKTUBHOCTH H

KayeCTBa BHIMOIHEHWA
npodheCcCHOHANBHBIX
3a1ad.

QueHka pe3yJbTaToB

HaOMONeHNH 3a
NeSITeTbHOCTBIO
ofyualolerocs B
MpOoLECCe OCBOSHHS
o0pa3oBaTenbHOI
TPOTrPaMMBI.

IIK 3.1. Odopmiasts

HeMoHcTpauus 3HaHul

OueHka pe3ynbTaToB

TEXHHYECKYIO U 3aITOJTHEHHS Ha0moneHui 3a

TE€XHOJOTUYECKYIO TeXHUYECKOH U IeATeIBHOCTBIO

JOKYMEHTaLHIO. TEXHOJIOTHYECKOH ofyyaroLierocs s

JIOKYMEHTaLUH. IPOLECCe OCBOCHHUS
oOpa3zoBaTeNnbHOM
NpPOrpaMmbl.
[1K 3.2. PazpabaTbiBaTh Hcnonp3zoBanue Ouenka pe3ynpTaToB
TE€XHOJIOrH4eCKUe HOPMAaTHBHO- HabroeHUl 3a
ApPOLIECCHI HA PEMOHT TeXHUYECKON OeATeIbBHOCTBIO

OTHENBHBIX JeTalel U
Y3J10B MIOABHXHOTO
COCTaBa, eJe3HbIX
AOPOT B COOTBETCTBHMU C

AOKYMEHTAUMH MpU
PEMOHTE OTAENBHBIX
IeTaned u y3inoB
TIOABVDKHOTO COCTABa,

o0 y4aroLIerocs B
IPOLIECCEe OCBOSHMUS
obpa3oBaTenbpHON
NPOrpaMMBl.




HOPMAaTHBHOM JKeNe3HbIX A0pOr.
JIOKYMEHTaLHeH.

[1K3.5.ITpoBoauts D dexTuBHOE OueHka pe3ynbpraToB
aBTOMATU3UPOBAHHYIO WCTIONB30BAHUE HabroaeHuil 3a
00paboTky HHpOpMaLUH. MHPOPMAITHOHHO- €SI TeJIbBHOCTbEO

KOMMYHUKAIJHOHHbBIX
peCypcoB TpH
NoAroToOBKE K
3aHATHAM. Brnanenne
HaBbIKAMH XPAaHEHHS U
nepenayu MHQoOpMaLUK
¢ IIOMOLNBIO
MYITETUMEIHAHBHHBIX
CPEACTB.

oOyuawiierocs B
npoLecce OCBOSHMS
oOpazoBaTeabHOH
POrpaMMbl.

[1K4.4.00ecneunts
COONIOIeHe TEXHUKH
0e30MacHOCTH ¥ OXpaHbl
TPYAa Ha
IIPOM3BOJICTBEHHOM
y4acTke, NPOBOAUTH
npoUIaKTHUYeCKHe
MEpOTNPHATHS U
o0yyenue nepcoHana.

Opranuzauus paboyero

MeCTa B COOTBETCTBHU
C 3aJlaHHEM H '
TpeOOBaHUAMM OXPaHbI
Tpyaa. JleMoHCTpauus
3HAHUH TeXHUKH
6e30MmacHOCTH 1
OXpaHbl TPYAA NIPH
PEMOHTE Y3JI0B
oGopynoBaHus K
MEeXaHH3MOB
KeJIe3HOMOPOIKHOIO
NOJABHXKHOTO COCTARA.
JemoiicTpauus 3HaHUui
3arnojIHEHUA
TEXHUYECKON
JIOKYMEHTALIUU TIPU
PEMOHTE Y3MO0B,
obopynoBaHUs U
MeXaHU3MOB
XKEeJIE3HOIOPONKHOTO
NOABUIKHOIO COCTaBA.

OuenHka pe3yabTaToB
HabJoneHuii 3a
JIeATENTbHOCTRIO
o0yualollerocs B
TpoIIecce OCBOSHUSI
o0pa3oBaTeNbHOM
POrpaMMmbi.




3. Ouenka ocBoelua y4eOHOH ANCHHIVIHHBIS
3.1. DopMBl © METOAB! KOHTPOJIA.
[TpenMeTOM OILIEHKH CJIy)XaT YMeHWss M 3HaHus, npeaycmorpeHHbie PI'OC mo
IMCLMIVIAHE DnexmpomexHuxa U 371eKmpoHuKd, HaIpaBleHHblE Ha (OpMHpOBaHUE
(e1835107 pd H npogpecCHOHANBHBIX KOMIIeTeHLUH.



KoHTpoasb 1 ouleHKka ocBoeHHS yueOHOl AHCUHNAHHBI 0 TeMaM (pa3lenam)
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DOnement Y/l DopMbl U METOAB! KOHTPOJS
Tekyluih KOHTPOIH PyOeXHbIH KOHTPOJIb [TpomexxyTOHHAas aTTecTaLms
@opMEl [IpoBepsemble DopMbt [IpoBepaemslie PopMma [IpoBepsieMble
KOHTPOJS OK,V,3 KOHTPOJIS OK,V,3 KOHTpPOJIA OK,V,3
Paznen 1. KP OK 2,0K 3, OK 4, 3 ¥1,¥2,31,32,0K2-
OK 5,31,V1, ¥Y2. OKS.
JeKTPOTeXHHKA.,
Tema 1.1 YO,T, OK 2,0K 3, OK 4,
DNEKTPHUECKOE NOE. JIPNe] OK 5,31,V1,V¥2.
Korpencarophl.
Tema 1.2. YO,T, OK 2,0K 3, OK 4,
DneKTpUYeCKHe LenH JIPN22 OK §,31,¥1, V2.
MOCTOSHHOIO TOKA.
Tema VO.T OK 2,0K 3, 0K 4,
1.3.21eKTpOMarHeTH3M. NPNe3 OK 5,31.V1, V2.
Tema 1.4. OK 2,0K 3, OK 4,
DnekTpuYecKye UenH YO,T, OK 5,31,V1,¥2.
ogHopasHoro I1PNel,
NepeMeHHOT0 TOKa. [TPNe2

Tema 1.5. OK 2,0K 3, OK 4,
DnekTpUuecKkue LNemu YO,T, OK 5,31,¥1, Y2.
TpéxdazHoro [TPNe3

NIEPEMEHHOTO TOKA.

Tenma 1.6 YO.,T, OK 2,0K 3, OK 4,
DJIeKTPHYECKHE [TPNe4 OK 5, 31,VI, V2.

10
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U3MEPEHHSL.
Tema 1.7, OK 2,0K 3, OK 4,
DNeKTpHYeCKKe vO.T OK 5,31,V1, ¥2.
MalUHHbBI MOCTOAHHOTO P NeS
TOKA.
Tema 1. 8 OK 2,0K 3, 0K 4,
DJIeKTpUYECKHE YO,T, OK 5,31,¥1, ¥2.
MALIWHBI IEPEMEHHOTO [TPNe6
TOKA.
Tema 1.9 YO,T, OK2,0K 3, OK 4, Kogrpﬁflﬂaﬂ
0K 5,31,V1,¥y2. | paborai
TpaucdopmaTopsbl. [TPNe7
Tema 1.10 YO OK 2,0K 3, 0K 4,
OCHOBEI T ? OK 5, 32.
SNEKTPONPUBOIA.
Tema 1. 11 OK 2,0K 3, OK 4,
[Mepenaia n vO OK 5, 32.
pacnpenenenue T ’
MEKTPHUHECKOH
HEPTUH.
Pazgen Ne2
JIEKTPOHHKA, Y1,¥2,31,32,0K2-
OKS.
Tema 2.1. Duzuueckne YO, OK 2,0K 3, OK 4,
OCHOBBI 3NIeKTPOHHKH. T OK 5, 32.
Tema 2.2. YO,T, OK 2,0K 3, OK 4,
[MonynpoBoaHuKkoBbIC JIPNe4 OK S, 31,V1, V2.
npuGopel. JIPNe5

11
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Tema 2.3 YO,T, OK 2,0K 3, 0K 4,
DNEKTPOHHBIE [1PNe8 OK §5,31,Y1, ¥2.
BBIMPAMUTENH

HCTabHIIU3ATOPHI.

Tema 2.4. YO,T, OK 2,0K 3, OK 4,
O6Le NpUHLMIBL JIPNe6 OK §, 31,1, ¥2.
MOCTPOEHHUS U paboTh

CXeM 3JIeKTPOHHBIX

YCUIIHTENEH.

Tema OK 2,0K 3, OK 4,
2.5.2NeKTpOHHBIE YO,T, OK 5, 31,V1, V2.
reHEpaTopb! H [TPNe©

H3MEPUTENBHbIE

npubophLI.

Tema 2.6 OK 2,0K 3, OK 4,
Yerpoiicta YO, OK 5, 32.
ABTOMATHKHU T ’
BBIMMCIUTEIBHOH

TEXHHKH.

Tema 2.7. OK 2,0K 3, OK 4,
Mukponpoueccopsl 1 YO, OK 5, 32.
MHKpo-2BM. T

12




KomudukaTop ouenoutbix cpeacTs

OyHKUHOHAIBHBIN
OLIEHOYHOTO
KOHTPOJIBHOTO 3a4aHKs )

CpeacTBa

NpH3HaK
(Tun

Kona oueHounoro Cpencrba

Y CTHBIN onpoc YO
[IpakTuueckasd pabota Ne n [IP Ne n
JlaGopaTopHas pabota Ne n JIP Ne n
TectupoBanue T
KoHTponbHas pabora Ne n KP Ne n

JK3aMEH




4.3apaninA A5 OLEHKH OCBOEHHS1 ARCUHIIHHDbI

Konmponsnan paboma Nel
«aexmpuuecKie yenu ROCINOAHHO20 MOKa»
Teapuanm
1. Haiaure DJC uHcTOUYHMKA TOKa € BHYTPEHHHMM conpoTuBieHHem 1 Om,

4 1 On ¥ ~12B
] 5.4 S, 130u
'ir*—x__. R1
+
30w = R2 %]
£, -108
e 0.5 Om TF~1UH
I=2A 1 PR
2 P | Puc. 2

Harpy)>XeHHOTO Ha pe3ucTop conpotusneHuem 5 Om (puc. 1).

2. Hahpure HampapiieHHe H CWIy 2JIEKTpUuYeckoro Toka (puc. 2). BHyTpeHHHM
COMPOTHBICHUEM HCTOYHHMKA TOKA NpeHedpeys.

3. Haitaute cuny Toka uepes pesuctop R,, ecim conpotusnenus pesnctopos Ry = R, =
R; = 10 Om (puc. 3). BHyTpeHHMM CONpOTHUBJIEHHEM HMCTOYHHKA TOKAa MOXHO
npeHedpeys.

Rf 4. Ha puc. 4 npencraBineHa cXeMa ?3NEKTPUYECKON uenyu ¢
UCTOUHHUKOM, MMEIOLIYM U = 50 B, narpyxeHHbIM Ha

B g ®  norpebutens, COCTOSLINHA n3
pesuctopos R, = 80 Owm, R, =300 RY OwM,

S Ry = 700 Om, Ry = 110 Om.

OnpenenuTh TOKW BO BCeX BETBSIX H E'd) £
noTpedaseMyro €10 MOIIHOCTE.

e

]RJ

- o Pue. 5
5. Jlna 3neKTpHYecKoi 1ienu, NpeaAcTaBleHHOR Ha PHC. 5,

OTIpeNeNInTh 3HaueHus conpotusieHui R, u Ry, DJ1C nepBoro UCTOYHHKA, TOK 4epes
pesucrop R; u coctaButh Ganmanc momuHoctel, ecnu 3J[C Broporo uctounuka 750 B,
Toku I, = 0,01 A, I, = 0,06 A, MomHOCTh Ha TpeTheM pesuctope P; = 10,5 Br.
BHyTpeHHUM COMPOTHRIICHHEM UCTOUHHKA TOKA MOXHO [IpeHeOpeys.



Koumpononan pavoma Nel
«IAeKmpuyecKue Henu NOCMOANIOZ0 MOKAY

I gapuanm
1. Onpenenure HampaB/ieHHE W BEIUYMHY CHIIbI TOKa B 10 O
pesuctope (puc. 1), npeHeOperas BHYTPEHHHM COMpPO-
THBJIEHHEM HCTOYHMKOB TOKA. S
2. B anexkTpHyecKoOW LieNH, MPUBEJEHHOI HAa PUCYHKE 2, }% !i cuna
ToKka 4depe3 ammnepmetrp A 1 = 3A. ComnpoTusieHHe Puc. 1

pesuctopoB R;)= 10 Om u R; = 5 OM. Bryrpennum
CONPOTHBIIEHHEM aMMCPMETPOB U UCTOMHHUKA TOKa MOXHO npeHebpeub. Hakinute cuny
ToKa || nportekarowero yepes amnepmerp Al.

3. Ilo ycnosuio 3amanns 2 onpexpenuTe Bennuuny 2/C

10 On MCTOYHHKA TOKA.
I .
@ —— 4. Jlna dneKTPMYECKOW CXeMBI pHC. 3 3aJaHbl 3HA4YEHUs
COTpOTHBIIEHHH pe3ucTopoB R; = R, =25 OM, R3 =15 Om, Ry =
12 5 Om
g @ ] 750M un BxoaHoe nanpsokenue U = 105 B. Onpenenurs TOKHM
B BETBSIX H MTOTPEOIAEMYIO MOILHOCTD.
o z
| R2 A3 R1
| =
Puc. 2

v R{ R4

Ei{) £ []R3

Puc. 3

Puc. 4

5. Jlng dNeKTpHYecKoH UenM, MNpeicTaBiaeHHOl Ha puc. 4, ONpelenuTh 3HAYEHUS
conpoTuBieHui R, u R;, Tok uepes pesnctop Rj, BHYyTpeHHEE CONMPOTHBIIEHHE BTOPOTO
UCTOYHHKA W COCTABUTh OaNaHC MOLIHOCTCH, €CH BHYTPEHHEE COMPOTHUBIICHNE EPBOro
ncroudrka 1 Om, Toku 1), =2 A, L =1 A, DJC ucrounuxos £, = 18 B, £, = 10 B,
MOLLHOCTb Ha NepBOM peancTope Py = 12,5 Br.

KpuTepuu oneHkn:

- OLIEHKA «OTJHWYHO» BLICTABIAETCA CTYJAENHTYy, €ClIH 0e301MO0YHO BbIMOJHEHBI BCE
3a/1aHUs;

- OLICHKA «XOPOLL0», €CITH BBIMOJIHEHO TIPABHIIbHO HE MEHEE ¥4 BCEX 3aJ1aHH,

- OLICHKA «YIOBJIETBOPHTEIILHO», €CIIW BBLINOIHEHO HE MCHEE V2 3a/1aHUN;

- OUEHKAa «HEYZOBIETBOPUTENIBHO», €CNIH CTYACHT HEe chnpaBuUici ¢ OGOJBLIMHCTBOM
3aJAHUN.



Paszaen 1. Dnexrporexnuka.

Bapuanr |

1. Kakoe siBNeHlE Ha3bIBAIOT INEKTPHUECKUM TOKOM?

2.Kaknm cBoiicTBoM 001a1aI0T KOHAEHCATOPBL?

3 . Kak u3MeHHUTCH 3apsa KOHAEHCATopa, €CNIU pH HEH3MEHHOM HaNPAKEHUH
YBEJIMYUTD PAaCCTOSHHE MEXAY MIaCTUHAMM KOHJIeHcaTopa?

4 Kax Ha3plBAIOT €AMHHLY U3MEPEHHUS 3IEKTPUYECKON EMKOCTH?

5.3anuiuuTe POpMyNy VTSl BEIYKCICHHUS DKBHBAIEHTHOH €MKOCTH ABYX
NIOCJIEIOBATENLHO COSAMHEHHBIX KOHIEHCAaTOPOB.

PacueTHoe 3ananue
1. CocraBUTs CcXeMy M ONPEACTUTh DJKBHUBAICHTHYIO €MKOCTB YETHIPEX
KOHOEHCATOPOB  COCAMHEHHBIX nocjenoBaTenbHo, ecnd  :  Cl=3mkd,
C2=6Mmx®, C3=10mkD, C4=12MKD.

2. OnpenennTe IKBHBANCHTHYID E€MKOCTh CMELIAHHOH CXe€MBbl KOHIECHCATOPOB,
ecnu Cl1=4mMr®D, C2=6Mr®, C3=TMKD, C4=8mkD.

BapuanT 2

1. UTo HA3BIBAIOT 3NEKTPUHECKHM HATIPSIKEHUEM?

2.Urto Ha3bIBaeTCs SNEKTPUUECKOH NPOBOJAUMOCTBIO?

3 .Kak u3mMeHUTCA 3apsi KOHIEHCATOPA, eClId YBEIMYUTD HallpsOKEHHUE 3apgaa
KOHAeHcaTopa? ;

4.0T Kxakyx napameTpoB 3aBHCHT €MKOCTb KOHAeHcaTopa?

5.3anumuTte GopMyTy A BIUACICHUS SKBUBAICHTHON €MKOCTH ABYX
napanienbHo COeMHEHHBIX KOHIEHCATOPOB.

PacueTHOoE 3anaHue
1. CocTaBUTh €XEMY M OMNpEJENUTh SKBUBAICHTIYIO €MKOCTb YEThIPEX KOHIEHCATOPOB
COEIMHEHHBIX napaienbHo, ecny @ C1=3mMk®, C2=6mkP, C3=10MxD, C4=12MKD.

2. Onpenenuth SKBUBAJIEHTHYIO €MKOCTb CMELUAHHONW CXEMBl KOHJCHCATOpOB, €C.IH
ClI=10Mx®d, C2=15MxD, C3=5MkD, C4=15mxD.

Bapuant 3
1. 3 xakux yCTpOHCTB B OCHOBHOM COCTOMT 3NIEKTpUIecKas Lerb?



2.Hanuuute 3akod OMa AJisl y4acTKa 2NIEKTPUYECKON LEIH.

3.Yto Takoe aNeKTpuuecKas MOLIHOCTh U B KAKUX €AMHNULAX OHA U3MepseTcs?

4. Hanuiute dopMyity /uis onpeaeneHus MOIHOCTH B pE3HCTOPE
conpoTtuBienueM R yepe3 KBaapaT TOKa U CONPOTUBAEHHE?

5.3anuutuTe GopMysiy A1 BLIYACICHHA S3KBUBAJIIEHTHOIO CONPOTHBJICHUS ABYX

TTOCNIEA0BATENLHO COEIMHEHHBIX PE3UCTOPOB.

PacucTHOE 3aaaHuE
1. Onpenenutih TOK, KOTOpblid OyJeT NOCTYnaTe B OJACKTPHUSCKYIO JIaMNOUKY,

BIJIFOUEHHYO 1101 Hampspkenne L[=220B, eciu CONpPOTHBICHUE JNAMIOYKH PaBIio
R=440 Owm.

2. DnexTpuyeckuii ABUraTens 1oAKMOoYeH k cetn U = 220B, B HEM NIPOTEKAET TOK

[=4A. Onpepenurs BENMYMHY conpoTueacHua R n MowHocTs P, notpebnaemyro
SNEKTPOJIBUTATENEM.

3. Yepes nammny HakanuBaHus ¢ conpotusienueM R=4400m nipoTexaeT ToK

1=0,25A. Onpenenurtt Hanpskenue U, K KOTOpOMY NOAKIIOYEHA JaMIia
HaKanuBains.

Bapuaut 4

1.Hanuwute 3axod Oma st NOMHON IEKTPUYECKON LENH.

2. JlaiiTe onpeneneHHs y3aa WIN TOYKH Pa3BETBICHUS HICKTPUUECKOH LENH.
3. Hanuwmre dopmyny s onpeaenenusi MOIIHOCTH B PE3UCTOpE
conpoTuBieHHeM R uepe3 KBajapaT HAIPsSIKEHRHs U COINPOTHBIIEHHE.

4 3anuinTe B o6IeM BHAe nepBblil 3akon Kupxroda.

5.3anuunte PopMyny JUTsi BBIUHCIEHUS SKBUBAIICHTHOIO COTIPOTUBIIEHHS JIBYX
napajlieibHO COeIMHEHHBIX PE3UCTOPOB.

PacueTHOE 3a0a111e
|. Onpeaenutb, K KAKOMY HaNpPAIKEHUIO HYAKHO MOAKIIOUUTE NICKTPHYECKYIO

NaMITOUKY, HMEJOlLYyI0 compoTusicHue R=60 Om, uToOBI uepes Hee NpOTeKan TOK
[=2A.

2. Uepes cnimpans 3JICKTPOIUIUTKY ¢ colipoTtuBiIeHueM R=240M npoxoaut Tok [=5A.

Onpenenute Hanpsokenue U u MoniocTs P, moTpebnsemyro 3eKTPOIDIUTKOM.
3. Dnextpoasurarens MouHOCTEI0 P=10kBT noakmouen k cetu ¢
Hanpsokeuuem U=225B. Onpenenurs cuny Toka [ asexTpoaBurarens.

Bapuant 5

| .Kakue mMatepuansl Ha3pIRAIOTCS peppoOMarHeTHKaMU 7

2.Uem OTAUYAIOTCS MATHHTOMSATKHUE MaT€PUaNbl OT MATHUTOTBEPAbIX?
3.Ilosicute npuHOUI pabOTHI NEKTPOABUTATENA.

4. Kak Ha3bIBAYOT eJUHHILY H3MepPeHUSI MATHUTHONW HHIYKTUBHOCTH?



5.Kak ompeaenuTh HanpaBlieHWe 3JIEKTPOMArHUTHOH CWIIBI, ACHCTBYIOIIEW Ha
NPOBOJHUK ¢ TOKOM B MarHUTHOM noJjie?

PacuetHoe 3anaHue

1.K ucrounuky nepemensoro Hanpsbkeauss U = 10 B gactoroii f = 12 kl'n
NOAKIIIOYEHA MocJeoBaTeNbHas Uelb ¢ AKTUBHBIM CONMpoTHBAeHHEM R = 6 Owm,
MHAYKTHBHOCTRIO L = 0,8 MI'H U emkocThio C = 0,4 mx®. Tpebyerca onpeneanTs

TIOJIHOE CONPOTUBAEHUE 7 LienH, cuny Toka [ u Hanpsokenns U Ha anemMeHTax
R,L, C.

2.Yacrora nepemensoro toxa 50 I'u. OnpeaenuTs CKONBKO BPEMEHM JUIUTCA
oaud nepuon T.

3.Ilepuon mnepemenHoro Toxka T1=0,02 cek. Onpenenutrs uacroty (f)
MepeEMEHHOTO TOKA.

Bapuasr 6
1 .ITosicHWTE Ha3HAYEHHE PEPPOMATHUTHOIO CEPAEYHHUKA KATYIIKH HHAYKTHBHOCTH.
2 ITosicHuTe TIPUHITUN PAOOTHI INEKTPHUECKOTO IeHEpaTopa.
3.IloscHuTre nNpuHUMUO pabOThI JSKTPOMATHUTHOIO peie.
4.Yto npeacrasnseT cOO0N HHAYKTUBHOCTL?
5.Kak Ha 3neKTpudecKux cxemMax ycjloBHO 0003HA4Yal0T HHAYKTUBHOCTL?

PacueTHoe 3ananune

1.K ucrounnky nepemennoro HanpspkeHust U = 15 B uwacroroit f = 10 k'
TONKJIIOUeHa TMOocliefoBaTeNlbHas LielMb ¢ aKTHBHBIM compoTuBieHHeM R = 8 Owm,
wHAyKTUBHOCTRIO L = 0,8 MI'H n emkocteio C = 0,5 mx®d. Tpebyercsa onpepenuth

nojyHoe conpoTUuBneHne Z uenu, cuny toka I v Hanpsokendss U Ha sneMentax R, L,
C.

2.HacTtota nepemeHHoro Ttoka 55 ['l. Onpeaenurs CKOILKO BPEMEHHM AJIUTCA
onu nepuoa T.

3.Ilepyon nepemenHoro Toxka T1=0,03 cex. Onpenenutrs 4actory (f)
MIEPEMEHHOTO TOKA
BapnaHT 7

1.Kakoil TOK Ha3sIBAIOT NNepeMEHHBIM?

2.IloscHuTe OCHOBHBIE NMApaMETPhI NIEPEMEHHOTNO TOKa: IIepHOoJ, YacTOTa, aMIIIIUTY 1A,
(haza, HawanbHaa ¢aza.

3.B nacmopre 3nekTpuuecKkoro JBurarens ykaszano HanpsokeHne 380B. K kakomy
3HAYEHUIO OTHOCUTCA €ro HamnpsK€HHe: MrHOBEHHOMY, AaMIUIMTYAHOMY WIH



JeHCTBYIOIEMY 7

4. MoXeT il 4epe3 KOHAEHCATop NPOTEeKaTh NepeMeHHBIN TOK?
5 Ilepeuncnure mpeuMyuiecTBa nepeMeHHOro Toka?

PacuerHoe 3anauue

JIJ151 2IeKTPUUECKO# ey NOCTOAHAOIO TOKA OfpeeuTh o0 HH
Tok L, rae:

R1 =10 Owm;
R2 =10 Owm;
R3 =10 Owm;
R4 =10 Om;
U=1108B.
Bapuanr 8

1 . Kax Ha3pIBalOTCA 3HaUEHUS MEPEMEHHOIrO TOKA H HATPHKEHHUS B NPOM3BOIBHEIH
MOMEHT BpeMeHu?

2. Kak naspiBaeTcsi HanOoJiblllee W3 MIHOBEHHbIX 3HAYEHMH IIEPHOAMYECKU
H3MEHSIOUIEHCS BEINMHbI 32 BpEMsA OAHOro nepruona?

3. Kak Ha3piBaeTcsa BpeMsi, B TEYEHWHM KOTOPOro MNEpPeMEHHBIH TOK COBEpLIAET
NOJNHBIH HUKJT CBOWX KoJeOauuin?

4. Kak Ha3bIBAIOT €AMHULY HU3MEPEHHS YacTOTHI IEPEMEHHOrO TOKa?
5.Yemy paBHa 4acToTa nepeMeHHoro Toka B Poccuu?

PacuertHoe 3ananue

JIiis 3NeKTpyueckoi Lenu NocTOAHHOTO TOKa ONpeASHUTb 00N
Tok I, roe:

R1 =10 Owm;
R2 =10 0wm;
R3 =20 Om;
R4 =30 Owm;
U=110B.
Bapuant 9

1. Uro Taxoe Tpexa3Hblii nepeMeHHbIl TOK U I0UYeMY OH TaK HA3bIBAETCS?
2. Haueptute TpexdazHyto YeTHPEXTIPOBOAHYIO LT COSTHHEHHYIO 3BE3A0M.



3. 3anuiMTe COOTHOLIEHHE MeXHAy (asHbIMU M JIMHEHHbIMM TOKaMH WM
HanpsKeHHSIMHU B COSIMHEHUH 3Be3/4a.
4.Ilpn KakuMx YCJIOBHAX MOXHO COEAMHAThL notpeduteneil mo cxeMme «3Be3na Oes
HYJN€BOro NpoBoja» ?
5.Kakasa Tpexa3Hast Harpy3ka Ha3blBaeTCsi CAMMETPUYHOM.

PacueTHoe 3a1aHue

1.JIuneitHoe HamnpsbkeHue B ceTw U=380B, a JauHeliHBIH TOK paBeH
1=5A.Onpenenute (azHoe HanpsHKeHUE, eClid CUMMETpU4YHAas Harpyska coeiuHeHa
«TPEYTONBHUKOMY.

2K Tpex¢a3Hoil uenu ¢ nuHeiinbiM HanmpsbkenreMm 380 B mpucoeauHunn
CMMMETPUYHYIO Harpy3Ky, akTHBHO€ COTIPOTHBIIEHHE KOTOpPOH B KaxkoM ¢asze papHo 4
OMm. Oupenenuts (pasHble TOKK U HANPSHKEHUA TP COEAMHEHUN HATPY3KU «3BE30I.

BapuanTt 10

1. Yem oTnH4aeTcs HECBA3aHHAA U CBA3aHHAsA Tpex{asuble CHCTEMBI?,

2. Kakue cTannapTHble HanpsKeHus B TpexdaszHbix Lensx Bam u3BecTHsI?

3 .Haueprute Tpex(]asHylO 3JMEKTPUYECKYIO Lenb COCAMHEHHYIO MO CXeme
TPeYTrONbHUK.

4.3anmyIUKTe COOTHOIUEGHUS MeXIy (asHLIMY W JIMHEHHBIMM TOKaMu M
HanpsKEeHUAMHU B COEAMHEHUH TPEYTOJILHHUK.

5.Kak caenyer noakmoyuTh BONBTMETP YTOOBI U3MEPUTH (azHOe W JIHHEHHOE
HaMpsHKeHUS.

PacueTnoe 3ananue :
1. Jluuelinoe wHanpsxxeune B cetw U=380B, a nuHelHBIE TOK paBeH

1=5A.0npenenuts (hazHoe HAMpPsHKEHUE, €CNM CUMMETPHYHASA HArpy3Ka
COEIMHEHA «3Be3/0i».

2. K rtpexdasnoli wnenu ¢ JuHeHHBIM HanpsbkenweM 220 B npucoemuHmniu
CHMMETPHYHYIO Harpy3Ky, aKTUBHOE COMPOTUBIIEHUE KOTOPOH B Kax/J10il dasze paBHo 4
Om. Omnpeaenuts ¢a3Hble TOKM W HanpsDKCHWS TNPH  COCAMHEHUM Harpys3kH
«TPEYTONBHHKOMY,

Bapuaur 11

1. [lepeuncnute 0CHOBHBIE METONBI H3MEPEHMI.
2. Kakve MOrpelHoCTH  CYLECTBYIOT 11  OLCHKHM TOUHOCTA HM3MEpeHHi?
MarHUTOJIEKTPHUECKOH U 3NEKTPOMArHUTHOH cUCTEM?
3 . Kakum 06pazoM MOXHO pacllUpUTE fipeessl W3MepeHUs TOKa U HanpsKeHHA?
4. Kax B 351eKTpUYECKYIO Lienb BKITIOUAETCK aMTIepMeTp?
5.JlosicHuTe NpUHUMN  AeHCTBHS ~ MAarHHTOBIEKTPUYECKOrO  U3MEPHTENBHOTO
MeXaHH3Ma.
TectoBoe 3aaHue



1. OcHOBHAA eiMHULE U3MEPENNS CHIIB] 2IEKTPHUECKOTO TOKA.
-ammep;

-BOJIBT;

-OM;

-BaTT.

2.OCcHOBHas eIUHHIIA U3MEPEHUS INEKTPHUECKOT0 HalpsSDKEHHS.
-amIiep;

-BOJIBT;

-OM;

-BaTT.

3.0cHoBuas eqHITHIEA U3MEPENHS DTEKTPUUECKOTO CONPOTUBINCHMUS.
-amriep;

-BOJIbT;

-OM;

-BaTT.

Bapuaut 12

I .Ha kakne knaccel TOUHOCTH IENATCA 3JIeKTPOH3MepHTebHblE Npubopsb?

2. KakuMu  ycrmOBHBIMM  3HaKaMH Ha  liKane o003HA4arTcs  IpUOOpbI
MarHATOIEKTPHYECKOH U 3JIEKTPOMArHUTHOMN cucTeM?

3. Kak B 21eKTpHYecKy10 LeNb BKIKYAETCsH BONLTMETP?

4. Kak B 3MeKTpUYECKY1O LIeNb BKIIOYAETCs NpUOOp BaTTMETp?

5.TTosicHUTe NPUHIUN AEHCTBHUS 3NEKTPOMATHUTHOTO N3MEPUTELIONo MEXaHH3Ma.

TecToBoe 331aHNE

1.OcHoBHas eIMHULA U3MEPEHHS NeKTPUIECKON MOLLIHOCTH.
-TeHpH;

-BATT;

-repil;

-apana.

2.0CHOBH£UI €AMHWLIA U3MEPEHHUA YaCTOTLI NEPEMECHHOTO TOKA.
-reHpH;

-BaTT;

-repu;

-thapana.

3.OcHOBHAS €AMHULIA 3NEKTPUYCCKOH EMKOCTH.

-TeHpH;

-BaTT;

-repig;

-thapana.



BapuanT 13

1. KakoBo Ha3Ha4YeHue TpaHcdopmaropa B 3SHEProcHCTEME TIpU IepeAave M
pacnpeaeneHuH MeKTpUIeckoi sHepruu?

2. [osicHuTe Ha3zHaYeHME M YCTPOHCTBO OTAEJBHBIX 3J€MEHTOB TpaHc(opmaTopa:
MarHUTONPOBO/A, OOMOTOK, U30JIATOPOB.

3.[losicHuTe Kakoi TpaHcpopmMaTOp Ha3bIBAETCS MHOMOOOMOTOYHBIM?

4.ITosicHUTe KaK ONBITHBIM IIyTEM ONpPEASIUTb KOIPPUUNEHT TpaHCHopMalH?

5 IlosicHuTe HazHaueHue JIATPa?

Bapuanr 14

1. TTosscHuTe mpuHUMN paboTel TpaHcdopmaropa. [Touyemy ol MoxeT paboTath
TONBKO HA IEPEMEHHOM TOKe?

2. Uncno BuTKOB nepBuyHoi 00MoTKH 100, Bropu4noiil 500. Onpenenuts
HANps)KeHUE XOJIOCTOro X04a BTOPUYHON OOMOTKH, €€JIU K [IEPBUYHON NOABEIEHO
Hanpspkenue 2208,

3. KakoBo oTiuune TpexdazHbix TpaHcHOpMaTopoB 0T OAHO(A3HBIX?

4.3anyumnte (OpMYITY BHIPAXKAIOLLYIO 3aBUCHMOCTD MEXAY YNCIIOM BHTKOB H
HanpsUKeHUAMH B 0OMOTKax TpaHchopmaTtopa.

5.IloscHuTe Kakue TpaHC(HOPMAaTOPEI ABISAIOTCS [TOBBILIAIOLIMMH, a KaKue
NOHWXKAIOUIUMH.

Bapuant 15
1. [lpuBeanTe KNaccuGpuKal|io MalIUI NEPEMEHHOTO TOKA.
2. TloscHuTe nosiyueHne Tpex¢hazHOro BpallalolIerocs MarHUTHOTO Mo,
3. Hanumure $popmyny ans onpeaeneHus CKOIbXKeHN .
4, YeMy paBHO CKOJIBXXEHUE pOTOpa MPH NyCcKe ABUraTens?
5. Kax Ha3blBaeTCs BpalLaroLuascs YacTh aCHHXPOHHOTO eKTpoABUrarens?

BapuanT 16

| . Kakiie CHHXpOHHBIE CKOPOCTH MOXHO TIONYYHTh NPH YacToTe Toka B cetu S0I'u?
2. IlogcHuTe YCTPOUCTBO U NPUHLIKIT ICHCTBU ACUHXPOHHOIO JBUTATENS C
KOPOTKO3aMKHYTBIM POTOPOM.

3. B kakux npeaenax MOXeT H3MEHUTLCS 3HAYCHUE CKOJNBbKEHUN?
4. Kakoii anekTpoaBUrareslb Ha3bIBaeTC aCHHXPOHHBIM?

S. Kax Ha3pIBaeTCA HEMOJABHXHAA YacTh ACUHXPOHHOTO 3JIEKTPOABUTATEN A

Bapuaut 17

1. TloscHuTe ITPHHIIHNTI JIeHCTBUSA reHeparopa noCToaHHOro ToOKa.



2.Hageptute cxemy reHeparopa ¢ He3aBHUCHMBIM BO30YKIEHHEM.
3.HauepTHTe cXeMy reHepaTopa cO CMELIAHHEIM BO30YXKACHHEM.

4,JInst yero CyLIECTBYIOT [10J1}0CA B 3JICKTPOABHUIATEE TOCTOSTHHOTO TOKa?
napaiebHbIM BO30YKAEHUEM.,

5.Kak MOXKHO W3MEHMTh HallpaB/lIeHUE BPaLeHUS AKOps Y ABUraTes IOCTOSHHOIO
TOKa?

Bapuant 18

1. [losicHUTe NpUHUMN ACHCTBUS ABUraTela MOCTOSHHOTO TOKA.

2.HauepTuTe cxeMy reHeparopa C napajuiebHbIM BO3DYXKAEHHEM.

3 .B uem 3akno4aeTcs NPUHIMI 0OPATHMOCTH 3NEKTPUUECKUX MAILIKH?

4, HauepTuTe cXeMBbl COEIMHEHUS ABUTATENEH C [TOCIIEIOBATENBHBIM U C
napajiienbHblM BO30YKIECHHEM.

5. Kak Ha3piBaeTCs Bpallaoiasics 4acTh MeKTPOABHIaTe sl IOCTOSHHOIO TOKa?



Tecmosoe 3a0anue no meme: «ITocmoanHblit MOK, REPeMERHbII MOK»
BapnanT 1.

. 3akoH OMa A8 yuacTKa uenu mOoCTOAHHOIO TOKa:
! P U P
()} — == = = ,Tz —
A) ¥R B) TR B) =R ) Ty

. CaMblii onacHbIA peXxHM paboThl 3AEKTPUYECKON Lenu:

A) Xonocrtoro xona b) Koporkoro 3aMbikaHus

B) Homunanshbiii pexxum ') PaGouuit pexxum

3) Ha kakoM aneKTpuUecKoM TOKe paboraeT TpaHCPOopMaTOp:

A) IloctosnHom u nepemeHHoM b) [lepemenHomM
B) [Tocrosannom I') IlepBuunom
. Kakoe coenuHenne Ha3bIBalOT 3BE30M:

A) Korga Hayasio coeiMHsAeTCs ¢ KOHLIOM

b) Korna Bce Tpu Hauana 1 BCe TPU KOHLA COSAUHAIOTCS B OAHON TOYKe
B) Koraa koHel coetHsIeTCa ¢ HaYaaoM

I') Korna nepeMeHHBIH TOK BbINPAMIISETCS B OCTOAHHbIH

. MOWHOCTb 3N1€KTpUYECKOHN LIETIH paBHa:

4 ) _u
A) P=$;~ B)/=U' RB) P=1ut F)P——R—

. TpaHcdopmaTopp! NPUMEHSIOTCS:

A) Ans npeoOpa3oBaHHs HANMpsHKEHHs OLHOIO B APYroe

b) [ing ycuneHus 4acToThl NepeMeHHOro ToKa

B) Jns uamepeHus CONMPOTHBIICHUS

[') /Ins uamepeHus eMKOCTH

. HacToTa nepeMeHHOro TOKa U3MepSeTcs:

A) B Omax b) B I'epuax B) B Kynonax I') B Bonbrax

. Bce npoBona u kabenu B OCHOBHOM W3rOTaBIMBAIOT:

A)Ilonustunena b) Meau B) Xpoma I') Pesuns!

. HanpskeHne Oe3onacHoe IJist )KU3HU HeJIOBeKa:

A) o 36B b) o 66B B) /o 1kB I') /lo 700B

Kakoe ObiBaeT coeilMHEHNE PE3UCTOPOB:

A) Betpeuno-napannenshoe  b) IMocnenosarensnoe B) [Mapannensuoe IN) [Mpamoe
. CKonbKO BBIBOAOB Y TPAH3HCTOpA: '
A)Yereipe b) Ilate B) [llects ') Tpu

. [lonynpoBoAHNKOBBIE AUOIBI UMEIOT P-n MEPEXO:

A) Tpu b) liea B) Yerripe I') Onun



Tecmoegoe 3a0anue no meme: «IlocmoanusLii MoK, nepemenviii MOK»
Bapnant 2.
CaMBpIM MaJIBIM yAENBHbIM 3IEKTPHYSCKUM CONIPOTUBIEHIEM 00TaJaeT:
A) Boasppam b) Cepebpo B) MonubGaen I') Kobansr
ConpotuBneHe NPOBOJHUKA PABHO:

/ A L
A) Rz/’;B) Uz?B) P =0

1. I'eHepaTopbl NPUMEHSIOTCS A1 IONYUCHUS:

A) TpeyroneHoro Toka b) MMnynscHoro Toka

B) Ilepemennoro toka I') Toka npou3sonbHOlH GOpMBI

2. Ha xakoM Toke paboraeT Tpancdopmarop:

A) [NocTosHHom u nepemenHoM b) [MoctossHHOM

B) Ilepemennom I') IlepBnunom

3. [IpenoxpaHuTeny 3alUMLLIAKOT OT :

A) ToxoB KopoTKoro 3ameikanus b) Pexxuma xonocroro xoaa
B) Pabouero pexkuma ') HomuHansHoro pexuma

4. Ha KakoM 3J1eKTpHYecKoM Toke paloTaeT TpaHcdopmarop:
A) [Tocrosxanom u nepemernom b) flepemennom

B) [NoctossHoM I') Ilepsuyunom

5. Ilone3Hoe npuMeHeHHe KOPOTKOrO 3aMbIKAHHUS

A) B cBapouHoM annapare

b) B anekTpousMepuTensHBIX nprbopax

B) B anektpoasurarensx

') B anexTpoHHO-Ny4eRbIX TpyOKax

6. 3akod OMa 1S yyacTKa Ueru:

{
A) 1=}B) I=% B) P=4ilrp)yW=pr0Os

7. Camblil OMacHbIi PeXXUM dIIEKTPUUECKOH LIeTTH:

A) Xonoctoro xoaa b) Kopotkoro 3ambikaHus

B) HomuuanbHbil pexxum 1) PaGouuii pexum

8. IloTeps HanpsHKeHWs! B JIMHUN:

A)U=I*R B) Q=I*t B) P=W*t ') A=P*t

9. K nonynpoBoAHUKOBBIM MaTepUanaM OTHOCATCS:

A) XKenezo b)Bonsdpam B) I'epmanuii ') [Monustunen



Omeemoi nHa mecmosple 3a0anus no meme: «flocmoaunotil MoK, nepemennblﬁ HIOK»

Bapuanr 1 B;ipnaHT 2
1. A 1.B
2.b 2.B
3.b J.A
4.b 4.T
5.7 5.B
6.B 6. A
7. 7.B
8. T 8. A
9.B 9.B

Tecmogoe 3a0ariue no mese: «IlocmosHHvLii MOK, REPEMEHIbLIL MOKY
Bapuanr 1.

1) Ilpasu:ao Kupxroga:
a) > 1=0 6) ) P=0 B)Y W=0 r)Y Q=0
2) UTo 3a1M1IaeT Lenk OT neperpepa

a) AMOAb! §) TPAH3UCTOPEI B) TEILIOBOE PEiie ') pe3UCTOPEI

3) Kaxoit saexTpuuecknit TOK Ha3bIBalOT epeMEHHBIM?
a) KOTOpLIH HE U3MEHSIETCS BO BPEMEHH
0) U3MenseTes Mo BEITMUUHE W HATIPaBIeHUIO
B) KOTOPELI Muioo0pazHon $opMel

T') UMIYJBCHIBIH TOK

4) CraHmapTHas YyacTOTa EPEMEHHOIO TOKA B CETH:
a) 150 'u ©) 230 T'u B) 50 T'u r) 300l

5) TlonezHoe NnpUMeHEHUE KOPOTKOTO 3aMBbIKaHUA
4) B CBAPOYHEIX annaparax 0) B 3ICKTPOHHO-1YyYeROi TpyOxe
B) B JJIEKTPOM3MEPUTEIBHBIX IPHOOPAX B) B JMEXKTPOABHIATENIX

6) ConpoTHrrelne NPOBOAHUKA PABHO:

a) 0) B) 1)

7) Pacxon sneKTpO3HEepruy U3MepseTcs

a) YaCTOTOMEPOM 0) CUETUMKOM 3MeKTpHUeckoi sHeprun 8) Ommerpom r) TaxoMerp
8) 3akon OMa Jist Leny ePeMEHHOr0 TOKA ¢ aKTHBHBIM COMPOTUBICHUEM

a) 6) B 1)



9) Koadpunuent tpanchopmaunu tpanchopmatopa
a) 6) B) r) :
10} B snekrpoaBuratenax UMCIOTCS NMOTEPU:
a) TeIUIOBbIE 0) MH(PaKPacHbIE B} CBETOBBIE I') 3BYKOBbIE

Tecmosoe 3a0anue no meme:
«llocmoannvtit MoK, NEPeMeHHbId MOK)

Bapuanr 2.
1) Ilo TexHuke 6e30macHOCTU cuiia Toka Oe3onacHas Aas 4enoBeKa
a) 0,05A 6)0,1AB)1AT)10A
2} UcTo4HUKaMU MUTAHUS SABISETCS:
a) aKKyMyJITOPbI 0) 3JIEKTPOMAarHUTHOE pelie B) TAXOMETP ') 4acTOTOMEP
3) TpancdopMaropsl npeAHa3Ha4YeHb! A5 Npeodpa3oBaHus:
a) MEeXaHNUYECKOH JHEPTHU B 3NEKTPUUECKyO; 0) OIHOro HanpsKeHus B APYroe;
B) CBETOBOM JHEPIUHU B 3BYKOBYIO; I') aTOMHOI 3HEPIriy B 3NEKTPUYECKYIO
4) Ilpu KOPOTKOM 3aMBbIKAHUY :
a) TOK HauOoNBIIKUA CTPEMHUTCA K OECKOHEUHOCTH; 0) TOK HaMMEHBILIHI;
B) YaCTOTA YBEJIMYHBACTCA; I') 4aCTOTA YMEHbILACTCS
5) 3akon xoyns Jlenua

=g
a)Q=12R! ml——;— B)W=0Qr p)P=1U

6) ConpoTHBIeHHE H3MEPSIETCS B!

a) BoJibTax ©0) aMnepax B) OMax I)BaTTax

7) Cuna Toka u3MepseTcs B: =

a) BoJbTax ) ammnepax B) KWJIOBATT-yacax ') oMax

8) I'enepatop npuMeHseTCA AN MONYHEHHS:

a) IepeMeHHOTro TOKa 0) TPeyroJIbHOTO TOKa

B) UMMYNbLCHOTO TOKA I') TOKa MPOHU3BONBLHOH HOPMBEI
9) Uto usmMepseT CYETUHMK INEKTPUYECKONH IHEPTUH
a) pacxo/l 3NMEeKTPO3IHEePruy O) COMPOTHBIEHHE

B) UaCTOTy ) HampsKeHue

10) B cBapouHBIX TpaHC(opMaTopax NPUMEHAIOTCSA PEKHUMBI:
a) KOPOTKOro 3aMblKaH1A ©) pe3oHaHca TOKOB

B) pe30oHaHca HanpskeHus T) 3akod Kynona



OTgeTbl Ha TecToBble 3aaaHus no teme: «IlocTosiHHBIH TOK, MepeMeHHbIH TOK»

Bapunanr 1 Bapuanrt 2
1.A 1.B
2.b 2.A
3.b 3.A
4.B 4.B
5.b 5.T
6.b 6.1
7.A 7.B
8. b 8.B
9.B 9.b
10. b 10.T
«INeKTPONPHBOI»
1.MexanHueckasn XapaKTepHCTHKA ABHUraTeJist MOCTOSIHHOTO TOKa

noc/eA0BaTeNLHOr0 BO30yKAeHH. :

a) Msrkas 0) XKectkas

B) AGCOJIIOTHO XKecTKas r) ACHHXpOHHas
2.2/1eKTpoNpHBOAbLI KPAHOBbIX MCXaHH3MOB J0JKHBI paGoTaTh NpH:

a) [lepeMeHHOI1 Harpyske 6) [TocTosHHOI Harpy3KU

B) be3pa3nnuHo Kakoi r) JIroOoi

3. 3J'ICKTp0ﬂpl‘lBOIlbl HACOCOB, BCITHIATOPOB, KOMIPCCCOpPOB HYXKIAIOTCA B
ANMEeKTpoABHIaTe X ¢ KECTKOH MeXaHHUYeCKOoI xapamepuc‘mxoﬁ. ﬂ.ﬂﬂ 3TOTO
HCMOIbL3YIOTCH ABHIaTEC/IH:

a) ACHHXpPOHHBIE ¢ KOHTAKTHBIMH KOJIbLIAMHU 0) KopoTko3zaMKHyThIE
ACHHXPOHHBIE
B} CUHXpPOHHBIE r) Bce nepeuncneHHrle

4.CK0oabKO 31eKTPOABHIaTeNel BXOOHT B 3j1eKTponpuBoa’?

a) Onux 6) JBa



B) Heckonbko r) Konuuectso
IEKTpOABUraTeeil 3aBUCHT OT

THI1A 3J1eKTPONPHBO/IA
3. B kakoM pe:kamMe paboTaloT 21eKTPONPHBOALI KPaHoB, MTHGTOB, Jedeaok?

a) B nnutensHoOM pexume 0) B kparkoBpeMeHHOM
pexume
B) B noBToplio- KpaTKOBpEMEeHHOM peKHMe r} B nosTopHo-

AJIHTEJNbHOM peKHuMe

6.Kakoe yeTpoHCTBO He BXOZUT B COCTAB 3JIeKTponpuoga?

a) Kontponupyollee ycTpoicTBO 0) DnexkTpoaBUraTenb

B) YnpaBisioulee yCTpoHcTBO r) Pabounii MmexaHuzm
7.3JIeKTPONPHBOAbLI Pa3BOXHBIX MOCTOB, LLJIIO30B NpeaHa3HaYvellbl AJs paboThbl:

a) B anurtensHOM pexume ' 6) B nosTopHoO-
KPaTKOBPEMEHHOM PeXHUME

B) B KpaTKOBpeMEHHOM pexxuMe r) B nunamuygeckoM pexxume
8. Kakue ¢pynKuHH BLINOANSET YApaBAsioLee YCTPORCTBO ICKTponpueoaa?

a) MiaMeHseT MOLIHOCTE Ha Bany pabouero MexaHu3ma

6) MaMeHsieT 3HaueHKe U 9acTOTy HanpsAyKeHUs

B) M3MeHseT cxeMy BKJIIOUEHUS 3JeKTPOABUTaTeNs, IepeaTouHoe YUCNO, HanpaBieHue
BpaLleHHUs r) Bce pyHKUMY mepevNCIeHHBIE BhIle

9.Ilpy kaxkom  pexnMe paboTel JJIEKTPONPHBOAA  JABHUraTelb  JOJKEH

PACCHHUTLIBATLCH A MAKCHMAJIBLHY10 MOl_llllOCTb?

a) B NOBTOPHO- KPaTKOBPEMEHHOM DeXUME 0) B nmutensHOM pesxnMe
B) B KpaTKOBpeMEHHOM peXHMe r) B nosTropHo- anuTensHOM
pexume

10. Kakne 3aaa4H pelaloTcsi ¢ NOMOLIBLIO 3JIeKTPHYECKoi ceTH?
a) [Ipon3BOACTBO ANEKTPOIHEPIHU 6) [lotpeGnenue

3JIEKTPOIHEPTHH

B) PacrnipeneneHue 2JeKTpO3HEpTUM r) [lepenava 3neKTpo3HEpPruy



OTBeThbI HA TeCTOBbLIE 3aJaHHA O TeMe 110 TeEME: «3.]181(’]'])0“[)"80)1»

Pazgen 9:

1 2 3 + 5 6 7 8 9 10

a a B a B a B B 0 r
Paznen 2. DnekTponuka.

Bapuanrt |

1. YTo u3yvaet pa3nen 3neKTpoOHHKa?

2. Yro HasbiBaeTCA COOCTBEHHON NPOBOAMMOCTBIO MMOTYIIPOBOAHUKOB?

3. Uto Takoe 30HHAA TEOpUs M Kak OHa XapaKTepu3yeT MaTepHalbl ¢ pa3nuYHOH
NPOBOIUMOCTBIO?

4. Yto Ha3pIBAETCA BONBTAMIIEPHOH XapaKTEPUCTUKON MOAYNPOBOAHHKOBOIO
ouozpa?

5.Kakoe HanpskeHHe Ha3bIBaeTCA HaNpsHKeHUEM NPoOOs NONYNPOBOTHUKOBOIO
auoa.

BapuanT 2

1. UTo Ha3plBaeTCs NPUMECHOH NMPOBOAUMOCTRIO TIOAYNPOBOAHHKOB?

2. OOBpsACHUTE CBOHCTBA 3MEKTPOHHO-IBIPOUHOTO p-N Nepexoaa.

3.Ha3oBute matepransl OTHOCALLMECS K TONYTTPOBOAHUKAM?

4. M306pa3ure BOABTAMIIEPHYIO XapAaKTEPUCTUKY ITOAYMPOBOAHUKOBOrO JHOA.
5.Kak Ha 3neKTpHYecKUX cXeMaX YCIIOBHO 0003HAYAIOT 10Ty IPOBOAHHKOBEIH uon?

BapuanT 3

I .Kako# npubop Ha3blBaeTCs NOMYTIPOBOAHMKOBBIM AHOAOM?
2. Tloyemy nonynpoBOOIHHKOBBIN JHOA UCIIONB3YETCS B CXeMaX BBITIPSAMUTE e
IepeMeHHOro ToKa?
3. Haueptute CTpyKTYpHYIO CXeMy TpaH3uCcTOpa?
4. YeM O0TIUYAIOTCS p-hn-p U H-p-1 TPAH3UCTOPHI?
Bapuanr 4

1. Kaxkoi#i npubop Ha3pIBaeTCA NONXYMPOBOAHUKOBBIM TPAH3UCTOPOM?
2.Ha30BuTe OCHOBHBIE MapaMeTphl MOJTYIPOBOTHHKOBOrO IUOJA,

3.Kakoe ycTpoHAcTBO Ha3bIBaeTCA EKTPOHHBIM KIIHOUOM?

4.C KaKo# LeNbIo MOLIHbIE AUOIB] H3TOTOBNAIOT B MACCHBHBIX METAIITHIECKUX
Kopnycax?



Bapuant 5

1. [toscHute npuHuKn BHeLHero Gotodddexra?

2. [oAcHuTe NpuHUMN BHyTpeHHero poTtozddexta?

3. [lepeuucnure GOTOUYBCTBUTENBHBIE MPUOOPHI KOTOPHIE Bbl 3HACTE.
4. Obnanaet N4 NONYNPOBOAHUKOBEIN (POTOPE3UCTOP ONHOCTOPOHHEH
NPOBOAUMOCTBIO?

Bapnanr 6

1 .KakoBo Ha3HayeHHE BBINPAMUTENEH NTepEeMEHHOr0 TOKA.

2. HauepTuth cXeMy ABYXNONyNEepHOAHOTO BBIIPAMUTEIS U MOACHUTH MPHHLHMN
ero JeHCTBHA.

3. KaxkoBo Ha3HaueHue CriaXuBarowMx GpunsTpoB.

4. Hasnayenue ctabunu3aTtopoB HaNpsSHKeHYs U TOKa.

Bapuant 7

1 .Haueptuts cxeMy oHOd)a3HOTO MOCTOBOIO BHINPSAMUTENS U MOACHUTD NPUHLIKI
€ro JenCTBHA.

2. HauepTuTh cxemy Tpex¢§a3HOro MOCTOBOrO BHITIPSIMUTEIS U NOACHATH MPUHIIKIT
ero J1eMCcTBus.

3.f1oacHNTE NpUHIUT pabOThl €MKOCTHOIO CIIa)KUBAIOILLETO GUITLTPA.

4 Kak noBnusaeT yBennvyeHHe YacTOTh] MUTAOWEro HaNpsixKeHus Ha paboTy
eMKOCTHOTO CIUIaXHUBAlOLIEro GhuibTpa?

BapuanT 8

1 JInsyero npuMeHsI0TCs 3JIeKTPOHHBIE YCHITUTENN?
2. s 4ero B OCHOBHOM IPUMEHSIOTCH YCHIIUTENH HU3ko# 4acToTel (YHY)?
3. Jins vero NpUMEHSAIOTCA ABYXTAKTHbIE YCHIIMTETN?

BapuanT 9
1 .Ha xakux 3nemeHTax codupatoTesl YCUIMTENKN HU3KOH YacTOThI?

2.Yem oTnHuaroTCa OAHOTAKTHBIE YCUITUTENH HU3KOM YaCTOThI OT ABYXTAKTHBIX?
3.Kakas CBA3b B 2IEKTPOHHBIX YCUJIUTENSIX HAa3blBACTCA OOPATHOMH?

Bapuant 10

1 IToscnute HasHauenue uudpoBoro BoasTMETpA?



2.ITodcHuTe Ha3HAYEHKE SMEKTPOHHOTO ocuuorpada?
3.Kak nonyuarot u3oOpaxeHue Ha SKpaHe JIEKTPOHHO-TYYEBOH TPpyOKH?
4.JIns yero npenHasHadeH UGpoBol MyaLTHMETP?

Bapuanrt 11

1. Jlatb onpeneneHue UHTErpaabHOH MUKPOCXEMBI.

2. Ha xakue BUABI AENATCA HHTErpalbHbIE MHKPOCXEMBI IO KOHCTPYKTHBHOMY
UCTIONHEHHIO.

3. Kakofi ycunurens Ha3bIBaeTcs onepalyioHHBIM yeunuteneM (OVY) 1 kakne GpyHKUHH
OHMOXET BBITIOJIHATE?

Bapuant 12

1. ¥ kaxoro MatepHana 30Ha MPOBOOUMOCTH OTAENIEHA OT BaJICHTHOH 30HBI Y3KOii
3aMpeLeHHOH 30H0I
a) y MpOBOHHUKA.
0) y monynpoBOIHHKA.
B) Y U30J5TOpA.
2. Uto Ha3bIBaeTCA «ABIPKOH»?
a) 3NEKTPOH, HE 3a/1eHCTBOBAHHBINA B KOBaJIEHTHBIX CBA3SIX aTOMa,
0) MOJOXKHTENLHBIH HOH,
B) aTOM C OTCYTCTBYIOLLHM 3JIEKTPOHOM KOBAJIEHTHOM CBA3H.
1. Kakue HocHuTeny 3apsa sBiasOTCS OCHOBHBIMH B MOJYIIPOBOAHHKOBOM
MaTepHane n-tuna ?
a) NIEKTPOHBI,
0) ApIpKH,
B) 3JIEKTPOHHO-IBIPOYHBIE ITaphl.

2. Kakum obpasom cnenyet noakmouuTh BeiBoAbl HeTouHuka IJC k p-n-
nepexoay, YToOs! NoNy4UTh 0OpaTHOe cMelleHHe?
a) MHHYC HCTOYHHUKA CO€IMHHUTH C P-00J1acThio, a MUIHC COSAUHHUTS C N-
0bnacThio,
0) IUIIOC HCTOYHHKA COENVHHUTD ¢ P-00NacThIO, @ MUHYC COEIWHUTS € N-
00NacThIo,
B) IUIIOC MCTOYHUKA COSAMHUTE C P-00IacThIO, H ¢ N-00J1aCThIO.

3. TloueMy npu oOpaTHOM CMEIEHUH P-TI-TIEPEXOIa Yepe3 Hero MpoTeKaeT
He3HAYMTENbHEIH TOK?
a) oA, AeficTBUEM BIEKTPUYECKOT0 OIS BHEIIIHENO HCTOYHUKA IIMPHHA
3aMApPAIOINETO CJI0S YMEHBILAETCA, ClIeA0BATENBHO, YMEHBIIAETCS H €r0
3NEKTPUYECKOE CONIPOTHUBIIEHHE,



6) noJ AelcTBUEM ANEKTPUHYECKOI0 NMOJId BHELIHEro HCTOYHHUKa LHpHUHA
3alHrParolIero Cjosgd YMEHbIIACTCS, CJICAOBATCIIBHO, YBEIIHNUHUBACTCA H €TI0
JICKTPHHYECKOC COHpOTHBJ’leHH.e,

B) noa JieACTBUEM SJICKTPHYECKOIo IoJjsi BHELIHEro HUCTOYHHKaA LIHPHHA
3alTHPAOIIEro cCJjiosi YBEIWYHBACTCA, CICHNOBATCNIBHO, YBEJIUYHBACTCA H €ro
SNEKTPHAHCCKOE COIIPOTHUBIICHHE.

BapuanTt 13

1 .V kakoro Matepuana 30Ha NPOBOJUMOCTH OTAE/IEHa OT BaJICHTHOI 30HBI

LIMPOKON 3aNpeleHHON 30HOH

a) y NIpOBOJAHHKA.

0) y noIynpoBOAHHKA.

B) ¥ U30JSITOPA.
2. ITouemy NpU KOMHATHOH TeMIlepaType YUCThII OMYIIPOBOAHUKOBBIHA
MaTepHall MOXET [POBOAUTH OYeHb MAJIEHBKUH TOK?

a) MaJlo IOABHXKHBIX HOCUTENIEH 3aps/ia - 3NeKTPOHHO-IBIPOYHBIX Nap,

0)00NbILI0E YHCIO B3aUMHBIX CTOJKHOBEHHUH CBOGOMHBIX 3NIEKTPOHOB
MPENATCTBYET X NMPOABHKEHUIO,

B) 3anepT p-N-nepexou.

3. Kaxue HocuTenu 3apsaa siBiisiOTCS OCHOBHBIMH B MOMYNPOBOIHUKOBOM
MAaTepuane p-Tuna ?

a) SJIEKTPOHBI,

0) IBIpKHy,

B) 3JEKTPOHHO-ALIPOYHBIE MapHI.

4. Kakum oOpazom cneayeT noaxioUurTh BeIBOAsI HcTouHHKa DJAC K p-n-
niepexony, YToObl NONYHIUTh MPAMOe CMElIeHHe?
a) MHUHYC HCTOYHHKA COEIMHUTD C P-00JacThio, a IUIKC COSOUHHTD € N-
061acThIo,
0) MIIOC UCTOYHUKA COEIMHHUTD C P-00JIaCThIO, @ MUHYC COeTHHUTE C hi-
00J1acThIO,

B) IUIFOC KCTOYHMKA COEIUHUTD € p-001acThIO, H ¢ N-00acThIO.

5. IloueMy Mpu NpsIMOM CMEIIEHHH p-TI-Mepexoa Yepes Hero npoTexaeT 60NbIIoi
TOK?

a) oA AeHCTBHEM 3JIEKTPHYECKOTO I0JIsl BHEILIHETO HCTOYHHKA [UPHHA
3aMMparoLIero CIos YMEHbIASTCs, ClleI0BaTeNbHO, YMEHBIIASTCS U €T0
3MEKTPUUECKOE CONIPOTHBIIEHHE,

©) moa neHCTBHEM 3NEKTPHYECKOTO TOJISi BHEIHErOo HCTOYHHKA LIMPUHA
3aMUPAIOLLEro CJIOS YMEHBIIAETCs, C/IeI0BaTeNIbHO, YBEJIMUHBACTCA M €ro
JNIEKTPUYECKOe CONPOTHBIECHHE,

B) [MOJ ASHCTBHEM JIEKTPHUUECKOrO MOJI BHEIIHEro HCTOYHHKA MIKPHHA
3aMUPAIONIETO CNIOA YBEIHYMBAETCS, CNIEJOBATENbHO, YBEIUUYUBAETCI U €ro
INEKTPHUYECKOE CONPOTHBIIEHHE.



Bapuanr 14

1. Kaxo¥ noynpoBOAHUKOBEIH NpHOOpP Ha3BIBAETCH AHOAOM?

a) 3JIeKTpoNnpeodpa3oBaTebHBIN NIPUOOP C ABYMS HIIH HECKOJIBKUMH p-n-
nepexojaMHu 1 UMeoLUd Tpu uin 60J1ee BEIBOIOB,

©) HOIYNpPOBOHMKOBBII IPUGOP ¢ OTHUM P-M-MEPEXOIOM U ABYMs BBIBOAAMH,

B) MOJYNPOBOIHHKOBBIN NepeKIoYaloluil npudop, uMeloluil Tpu win domnee p-
I-NMepexoAoB U ABa UK 6oiee BEIBOIOB.

2. Kakoe xapakTepHoe CBOHCTBO HMEET ITONYNPOBOAHUKOBEIN AHoa?

a) crnoco0eH YCHITUBATh 3JIEKTPUYECKHE CUTHAJBI IO HaNpPAXKEHHI0 U MOLTHOCTH,
0) obnagaeT NepeKMOYAIOIIUM CBOMCTBOM,

B) 00NagaeT OMHOCTOPOHHEH MPOBOAMMOCTBIO.

3. Ha Kalcoﬁ/%Me [IOKa3aH MPaBHIIbHO CMELLIEHHBIH TPaH3UCTOP?

-E +
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4, Kakoil monynpoBOAHHKOBEIH Mpubop Ha3bIBaeTes CTAOUIUTPOHOM?

a) aNeKTpolpecdpa3oBaTeNbHbIi NPHOOP ¢ ABYMS WM HECKOJIBKUMHU p-1-
nepexonaMy 1 MMEIOLIHi TpH Wik 6onee BbIBOJIOB,

0) NOJIyNIPOBOAHMKOBBINM U0, KOTOPbIH MPHUMeHseTes ANsl cTabHiu3aluu
HamnpsbKeHu,

B) ITOJLyIPOBOJHUKOBBIM TIEPEKIIOUAIOWMH NpHOOpP, UMEIOWHXH TpH UK Oonee
p-I-NIEpexXonoB M ABYX WIH 6oJiee 3IeKTPOAOB.

5. B kakux cxemax HaXOAHUT OCHOBHOC IPUMCHCHNHE TpaH3PICTOp?
a) B CXEéMax BBIIIPS[MHTGJ]Eﬁ NEPEMEHHOIO TOKa,
6) B CXeéMax CT&GHJ’IHBE\TOPOB HanpsXCHUA MOCTOAHHOI'O TOKA,
B) B CXeMax yCHHHTeHeﬁ 10 HANIPSDKEHHIO H MOLITHOCTH.

6. B kakux cxeMax HaxoJHT OCHOBHOE NMPUMEHCHHC CT&6HJ]HTpOH?
3) B CX€Max Bb]l'IpHMHTeJ'IEI‘:I NEPpEMEHHOIO TOKaA,

6) B CX€éMax CT&6HJ’[H33TOPOB HanpsXKECHHA NMOCTOAHHOTO TOKa,B) B CXEeMax
ycunmeneﬁ [1IO HATIPAXKCHHUIC H MOILUHOCTH.

BapuaHnT 15

1. Kakoil monynpoBogHHKOBBIH pHOOp Ha3bIBAaETCs TPAH3UCTOPOM?
a) 2NIeKTpoIpeodpa3oBaTenbHbli NpuOop ¢ AByMA WM HECKOJIBKHUMH p-N-



nepexonaMy ¥ MMEIOLLUIA Tpy uau Gonee BBIBOJOB,
6) noynpoBOAHMKOBEIH NIPHOOP ¢ OAHHM P-TI-IEPEXOAOM M ABYMS BbIBOJAMH,
B) [1OJIY[IPOBOJHMKOBBIHA NNEPEKNIOYAIOILNN NIPUOOpP, MMEIOILUK TPU WU

Oonee p-n-nepexonoB K ABa Uau 6osiee BLIBOJOB.

2. Kakoe xapakTepHOE CBOMCTBO UMEET ITOJIYIPOBOXHUKOBBIH TpaH3UCTOp?
a) cnocobeH YCHINBATb JICKTPUYECKUE CUIHAJIBI [0 HANPSAKEHHIO U
MOIIIHOCTH,

0) obnafaeT NepeKIIOYalOIIM CBOHCTBOM,
B) obnanaer ONHOCTOPOHHEN NPOBOJIUMOCTEIO.

3. Ha xakoi cxeme nokasan NpaBuibHO CMELUEHHBIA TPaH3MCTOP?

a) J 0
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4. Ioyemy TpaH3ucTOp O0NANAET YCUINTENLHBIMYA CBOMCTBAMHU?
a) NOTOMY UYTO B O0JIACTH 3JIEKTPUIECKOTO NPo0Os ero BONbT-aMIIepHas
XapaKTEpPUCTHKa UMeeT OONBLIYIO KPYTH3HY,
6) NOTOMyY 4TO He3HA4UTEIbHbIE U3MEHEHHS CMEIIEHUs 3IMHTTEPHOr0 epexoaa
BBI3bIBAIOT 3HAUUTENBHEIE U3MEHEHHS TOKA KOLIEKTOpa,
B) IOTOMY YTO HE3HAUMTENLHBIE H3MEHEHHS CMELIIEHHS KOJIEKTOPHOTO
NepexXo/a BbI3bIBAIOT 3HAYUTEIIBHBIE U3MEHEHUs TOKA SMUTTEpA.

5. B kakux cxemMax HaXOOUT OCHOBHOE NpUMelleHHe MOTYIIPOBOAHUKOBEIM Auon?
a) B CX€Max BBINPSAMUTENEH MepeMEHHOTO TOKa,
0) B cxeMax cTabUNM3aTOPOB HANPSIKEHUS NOCTOSIHHOTO TOKa,
B) B CXEMaX yCHUIUTEJCH N0 HATIPSXKEHUIO M MOLLHOCTH.

6. B kakux cxemax HaXOAWT OCHOBHOE NPUMEHeHHe CTabUIUTPOH?
a) B cXeMaX BBIIPAMUTENCH mepeMeHHOro Toxa,
0) B cxemax ycuiuTeNeH o HanpsX eHuio ¥ MOUIHOCTH,
B) B CX€Max CTabWIIN3aTOPOB HANPSKEHUs MTOCTOSIHHOT'O TOKA.

Bapuaunt 16

1 .Kakue HocuTenu 3apsja aBisIIOTCA OCHOBHBIMU B TIOAYITPOBOAHUKOBOM
Marepuase n-tuna ?

a) 3NEKTPOHBbI, 6) IBIPKU, B) SNEKTPOHHO-ALIPOYIibIE MAPKI, ') HOHEL.

2.Kakoi# nonynpoBoAHNKOBbIK NPUOOP HA3BIBACTCS AMOAOM?



a) 3JIEKTPOIIpeodpa3zoBaTeabHbIH NPUOOP C IBYMS WIH HECKOJIBKHUMH P-II-
nepexoaaMy U UMEIOLIKI Tpu uny OoJiee BEIBOJIOB,

6) NoIynpoBOAHUKOBBIH NPUOOP C OOAHUM DP-M-NEPEXOAOM U ABYMS BEIBOJAMH,

B) [IOIyNPOBOAHUKOBLIA NpuOOp, UMEIOILUH TPH UK Gofee p-N-NepeXoa0B U 1Ba
Uiy 6oJjiee BBIBOJIOB.

r') MOJXYNPOBOJHUKOBEIN IPUOOP, UMEIOLLMI YeThIpe p-I-Nepexoaa U NATh
BBIBOJOB.

2. Kakoe xapakTepHoe CBOICTBO HMeeT NOJIyIPOBOJHUKOBBIH AnO?

a ) crocobeH yCHINBATh 3JEKTPHUSCKUE CHTHAIB 10 HAMPSXEHUIO ¥ MOLIHOCTH,
©) obnazaer nepexIIoYaroLINM CBOACTBOM,

B) 00NazaeT OAHOCTOPOHHEH POBOJUMOCTBIO,

r) obnagaeT GOABILIUM IEKTPUYECKUM COTIPOTUBIIEHHEM.

3. Ha kakoii cxeme noka3aH NpaBUJIBHO CMEILEHHBIA TpaH3ucTOp?

a) 0
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4. [Toyemy TpaH3ucTop o0nafaeT yCHANTENBHBIMH CBOHCTBAMU?

a) MOTOMY YTO B 00JIaCTH 3JIEKTPUUECKOro Npodos ero BONbT-aMIIepHas
XapaKTepUCTHKA MMeeT OONBLIYIO KPYTH3HY,

0) NOTOMY 4TO HE3HAYUTEJIbHEIE H3MEHEHNA HAMPAKEHHUS CMELIeHUS
KOJIJIEKTOPHOT'O MEPEeX0/1a BBI3BIBAIOT 3HAYHTENIbHBIE H3MEHEHUSI TOKA IMUTTEPA;
B) TIOTOMY YTO TPAH3UCTOP HMEET OFPOMHOE KOJHYECTBO HOCUTENEH 3apaaa -
IEKTPOHOB H AbIPOK;

r) IOTOMY YTO HE3HAYHTENbHDIE H3MEHEHUS HANPAXKEHUA CMELLEHHUS
SMHUTTEPHOTO N1epexoa BbI3bIBAIOT 3HAYMTENbHBIE U3MEHEHHs TOKa KOJJIEKTOpa.

5. Jlns vero npefHa3sHAYEH BHINPAMUTEND?

a) JIna ycuiieHns 31eKTpUYeCKUX CUTHAIOB.

6) [lns npeobpa3oBanus NepeMeHHOTO HANIPAKEHHS! B TIOCTOSHHOE.
B) [t npeoOpazoBaHUs 4aCTOTbl NEPEMEHHOrO HaNpsKEHMU.

r) Jlins npeobpa3oBaHus NOCTOSHHOTO HAMPOKEHUS B NEPEMEHHOE.

6. Kakve npuHuMnyan,HO HEOOXOIMMBIE 3JIEMEHTRI IOJIKEH CO/IepkKaTh KK bl
YCHJIUTENIbHBbIN Kackaa?
a) YCHIUTENbHbIN 3JIEMEHT, UCTOUHHK MOCTOSHHOIO HANpPsDKEeHHUs.

©) PesoHancHas uenb, yCUNUTENBHBIN 37IEMEHT, eNb 00paTHOH CBsA3U, UCTOUHHK
MOCTOSHHOIO HaIpPsHKEHMSI.

B) YCHINTENBHBIH 3neMeHT (TpaH3HCTOp).

r) Y CHJIMTENBHBIN 3JIEMEHT, HArPY30UHbIH 3JIEMEHT, HCTOYHHK NMOCTOSHHOTO
HanpsHKeHHU .

7. Kakve npnHUMNTANbHO HEOOXOANMBIE 3IEMEHTBI JIOJIKEH CONEPHKATh
reHepaTop CUHYCOUJANBHBIX KojeGanuii?

a) PesoHaHcHas Lenb, yCUIMTENBHBIN 3JIeMeHT, Uelb 00paTHOH CBA3Y, HCTOUYHUK
MOCTOSHHOTO RAMPXKEHNS,

0) YcunnrensHeii 3/1IeMEeHT, HATPY30UHBIH 3NIEMEHT, MCTOYHUK MePEeMEHHOTO
HanpsXeHus.

B) YCUIINTENBHBIN 3IeMEHT (TpaH3ucTop).

r) YCUNUTeNbIbIi 31€MEHT, HAaTPY30UHLIH ANIEMEHT, UCTOUHHK [TOCTOSHHOTO
HaMpsKeHUs,

Bapuant 17

1. Kakoii nonynpoBOIHHKOBbII NpHOOp HA3RIBAETCS TPAH3HCTOPOM?

a) NONYNPOBOAHUKOBBIH NPUOOD € NBYMSI WIIM HECKOIBKMMHY P-TT-NepexoaaMu U
MMEIILWIA TpH UK OoJiee BBIBOJIOB,

0) noNynpoBOAHUKOBBIN NPUOOpP ¢ OHUM p-TI-TIePEXOOM U ABYMS BEIBOAAMHU,
B) NOJyNPOBOAHUKOBEIN MepeKIoUaoumi npudop, UMEIOLHM TpH 1K Oofee p-
I-NepexooB U JBa UNH OoJiee BHIBOJIOR,

I') MOMYIPOBOJHUKOBBIA NPUOOD, UMEIOLLINIT YeThIpe p-T-Nepexoaa U MaTh



BBIBOOB.

2. Kaxoe xapaxrepHoe CBOHCTBO MEET N1OJ1yIPOBOAHUKOBBIM TPAH3UCTOP?

a) obyanaeT nepeKIoUaoIUM CBOMCTBOM,

0) obnagaet OAHOCTOPOHHEH NPOBOAUMOCTHIO,

B) cIOCOOEH yCHIINBATD 3JIEKTPUUYSCKHE CHTHAJIbI O HAMPSKEHUIO U MOUTHOCTH,
r) cnocoden npeodpazoBaTh YaCTOTY MEKTPUYECKHX KOaeOaHUiA.

3. C KaKoii ueJiblo MOLIHbIE AMOAB! U3TOTOBJIAIOT B MACCHBHBIX METAJUTHYECKUX
Kopmycax?

a) ANs NOBBILIEHUS IPOYHOCTH

0) A5 Ty4LIero OTBOJA TEMOThI

B) 15l HOBBILIEHHS MPOOHBHOIO HAMPSKEHHS

4. Ha  xakoii cxeMe MoKa3aH MPaBUJIbHO CMEIUEHHBIH TpaH3McTop?

a)
B)

~E+ -E+
i
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5. Kaxve npuHLMNUATBHO HEOGXOANMBIE TEMEHTH] AOMKEH
CONEPIKATh BBIMPSIMHTEAD?

a) Y CUNUTEIBbHBIN IJNEMCHT, H&I‘p}’BO‘IHbIﬁ JJICMEHT H HCTOYHHK NMOCTOAHHOTO
TOKa.

6) duonsl.
B) Tpancdhopmarop ¥ THOIEL.
r) TpancdhopmaTop, AMOAB! U CIIIKUBAKILMHA QUABTD.

6. B KakOM OTBEeTE MPaBHJIBHO MEePEYHCAEHbl BCE OCHOBHBIE TEXHUYECKUE
NapaMeTpbl YCHUIUTENs SJIEKTPUIECKUX CUrHAIO0B?

a) KoadduureHTt ycuieHnus, nojaoca npomnyckaHHs.

6) Auana3oH pabo4yMX YacTOT, HyBCTBUTENBHOCTD, H30OHPATENBHOCTD,
JUHAMHYECKHi THanasoH.

B) UyBCTBUTENBHOCTD, H30HPATENbHOCTD, IHHAMUYECKUHA JHATIA30H.

r) KoadduuueHT yeunenus, aMINInTY JHO-HACTOTHAsA XapaKTePHUCTHKA, MOJI0Ca
[MPOIYCKaHHA, HOMUHANBHAs BBIXOAHAS MOLUHOCTE, HyBCTBUTENBHOCTh

7. Kak BBIOMpAIOTCS BBIIPSIMHTENBHBIE JHOABL?
a) Mo NpsAMOMY TOKY

6) no o6paTHOMY HaTPSHKEHHUIO

B) 110 MPSIMOMY TOKY ¥ 0OpaTHOMY HaNpsKeHUIO

8.HUeM 00paCHAETCS HEJTMHEHHOCTD BOJIBT-aMIIEPHOH XapaKTEPUCTHKH p-1
nepexoa nojgynpoBoAHHKaA?

a) aepeKTaMu KpUCTAJUIMYECKOH CTPYKTYpHl MaTepuana;

6) BEHTH/IbHBIMH CBOMCTBAMH 1HOJA;

¢) COOCTBEHHBEIM COMPOTUBIEHHEM MOJIYIPOBOIHUKA.

Kpurepun ouenku:

¢ «5» (OTJIHYHO) - €CJIH CTYAEHT B NONHOM 0OBbeMe BHINOJIHKA BCE 3a0aHMS (I OTBETUI
Ha BCE NOCTABJICHHBIE BOIIPOCHI), NPOSBUB CAMOCTOATENBHOCTD U 3HAHKSA
MEKIMPEAMETHOTO XapaKTepa.

*  «4» (XOpollo) - €cAU CTYACHT BBITOJIHUII 33JaHHA, K B HUX CONEPKATCS HEAOUSTH! HITH
0JHa He rpy0Oas olubKa; NpH OTBETE Ha [IOCTaBJICHHEIE BOMPOCH HMEI
HE3HAYUTEIBHBIE 3aMeYaH s H NONPABKU CO CTOPOHEI MPENogaBaTENs.

¢ «3» (YAOBIETBOPHTENLHO) - €CJTH CTYAESHT BHINOIHHI 3anaHug Ooree yeM Ha 50 % u
paGoTa CONEPHHT HEJOYETH] WK IBE-TpH HETPpyObie OlHOKH WIH ABE IpyOble OLIKOKY,
NpH OTBETE HA OCTABJIEHHBIE BONPOCH! NPENOAaBaTelb OKa3bIBaJl €My 3HAYHTENBHYIO
MOMOMNIE B BHAE HABOARIINX BOMPOCOB.

¢ «2» (HEYNOBJIETBOPHTENBHO) - €CIU CTYACHT BHIMOTHMI paboTy meHee yeMm Ha S50 %
Wik paboTta cofiepkuT Gosiee ABYX rpyObix omuOOK; MPU OTBETE HA MOCTAB/ICHHBIC

BOIIPOCHI NPEIoAaBaTe/lb OKa3bIBAJI €MY HOCTOAHHYKO NOMOILb, €CJIIM CTYACHT MOKa3an
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IOJIHOC HE3HAHHE BOMpPOCa, OTKA3aJICAa OTBCYATL HJIH HE NPHCTYIHJ K BBITONHCHHIO

paboTEL

Jabopamopnas paboma

Tema: JJIEKTPOU3SMEPUTEJ/IBHBIE ITPUBOPHI
1 Heaw padorsl
MsydyeHue 3neKTpoU3MepUTENbHBIX NPHOOPOB, HCHOAB3YEMBIX B J1a00paTOpPHBIX
paboTax, BBHIMONHAEMBIX Ha cTeHne. [lomyveHHe MpeacTaBIeHHH © mpenene
H3IMEpPEeHHs W UeHe JAeNeHMs, aOCONIOTHOH M OTHOCHTENBHOW IOrpelIHOCTH,
YCIAOBUSIX  3KCIUTyaTalMd W Jpyrux  XapakTepHCTUKAaX  CTPENOYHBIX
3MEKTPOU3MEPUTENIBHBIX NMPHOOPOB, MOTy4YeHNe HAaBBIKOB PaboThl ¢ LH(POBBIMU
HU3MepuTeNbHBIMU NpubopaMu.
P Ilosicuenun k paGore
Kontpone paboTel 3neKTpooOOpYyAOBaHHS OCYLUECTBISETCA C MNOMOLIBHO
pa3HOOOpa3HBIX SNEKTPOM3MEPHTENEHEIX  TIpHGOPOB. Hanbonee
PacnpoCTPaHEHHEIMH JIEKTPOU3MEPUTENBHBIMH IPUOOpaMHU ABIAIOTCA MPUOOPHI
HEMOCPEeACTBEHHOro otrcyera. [lo BHAY OTCUETHONO YCTpOHCTBA pas3iuyaroT
aHAJIOTOBBIE (CTPENIGUHEIE) U LIU(PPOBBIE H3MEPHUTENbHBIE NPUOOPEI.
Ha nuueBoll CcTOpOoHe CTpeno4HBIX MNpubOpoB  U300paXXeHBl  YCIOBHBIE
0003Ha4YeHNA, OIlpelensioUle KlacCHpHUKALUUOHHYIO rpynmy mnpubopa. Ouu
MO3BOJISIIOT MPaBUIBHO BHIOpPATh MPUOOPBl M NAIOT HEKOTOPBIE YKa3aHHUA MO HMX
3KCILTYaTallH.
B nenax nocToSHHOro Toka Uil H3MepeHHUH TOKOB U HaNpsKEHHH NPUMEHSIOTCS B
OCHOBHOM MpPHOOPLI MATHUTOINIEKTPUYECKON cUCcTeMBl. [IpuHIMT AeficTBUS TaKuX
NMpuOOpPOB OCHOBaH Ha B3aMMOAEHCTBUHE MarHMTHOIO IO MOCTOSHHOTO MarHuTa
H H3MEPAEMOI0 TOKa, IIPOTEKAIOLIEro 110 KaTyWKe. YTosl IOBOpPOTa CTPENKH a
NpsMO MpONOpLHOHaneH wu3MepseMoMmy Toky It a = K [ 1lkansl
MarHUTOJIEKTPHYECKUX MPHOOPOB paBHOMEpHBIE.
B u3sMepHTENbHBIX MeXaHHW3MaX 3NEeKTPOMATHUTHOM CHCTEMBI, IPUMEHSIEMBIX IS
H3MEPEeHHI B UENAX NEePEeMEHHOIo M NMOCTOSHHOIO TOKA, BPALIAKOIIMM MOMEHT
o0ycnopneH AefiCTBHEM MAarHHTHOTO [0S M3MEpPSeMOro TOKa B HEMOIBIXKHOM
KaTylike npubopa Ha TOABMXXHBIA (peppOMarHUTHBINA SIKOPb. YTOJ TMOBOPOTa
CTPeNKH « 31€Ch NPOTIOPIHOHANeH KBampaTy Toka: a = K F. [Mostomy imkana
3JeKTPOMArHUTHBIX  IpHOOpPOB  OOBIYHO HEpaBHOMEpPHAad, 4YTO  SBISETCS
HEJOCTAaTKOM 3THX NpHOopoB. HauanpHas 4acTe LUKanel HE MCMONB3YETCS AJA
U3MEpEeHUi.
Hns MpakTHYECKOro HUCNONB30BaHKA H3MEPHUTENBHOrO npubopa HeoOxoaumo
3HaTh €ro mnpeaen M3MepeHUH' (HOMUHAJNBHOE 3HadeHue) U LUeHy JAeleHus
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(mocTosinHyo) npubopa. [lpeaen n3mepeHuit - 310 HauOoNblUee 3Ha4YeHHe
JIEKTPHYECKOH BEJIMYMHBI; KOTOPOE MOXKET ObITh H3MEPEHO AaHHBIM NPHOOpOM.
270 3HaYeHHe OOBIYHO yKa3aHO Ha JIMIEBOH cTopoHe npubGopa. OOMH U TOT Xke
npubop MOXXET UMETh HECKOJIbKO MpeaesioB U3MepeHuil. Llenol nenenus npubopa
Ha3bIBACTCA 3HAYEHHWE U3MEPAEMOH BeNMYHUHB], COOTBETCTBYIOLUEE OIHOMY
ReleHuIo wikanel npubopa. llena nenenua npubopaCnerko onpenensercs Kak
OTHOLUEHHE Npeaena u3MepeHuit 4 omk yueny genenuit wkansl N C = Ayos/N.
Ha nuueBoll CTOpOHEe CTpPEaOYHBIX MNpHOOpa YKa3bplBaeTCs KIAcC TOYHOCTH,
KOTOpBIA oOlpefenseT NOPUBEACHHYKH OTHOCHUTENBHYIO MNOTPEIIHOCT: MNpubopa
ynp-

IlpuBeneHHas OTHOCHTENbHAs NOrPEIIHOCTh NPUOOpa - ATO BBIPAKEHHOE B
NPOLEHTaX OTHOLIEHWE MaKCHMalbHOH [UId OaHHOro npubopa adconmoTHOH
NOrpeluHOCTHAAK HOMHHAIBHOMY 3HaueHUro Npudopa (npefeny UaMepeHuil) Anom:
Yap=1004A /Ayom %

3Hag Kkmacc TOYHOCTU npubopa, MOXHO onpeaenuTsh abcomoTHYRAAU
OTHOCHUTENIBHYIO TOTPELUHOCTH H3MEpPEeHMs yuam, a Takke ACHCTBUTENbHOE
3HAYEHHE U3MEPAEMON BEIUUUHEl ANl

HBTp}’)IH A4 = Yiie AHOM/JOO; Vi = 100 AA/A; Aﬂ = A £ A4A.

O clienarb

BBIBOJ], YTO OTHOCHTEJIbHASA MOTPELIHOCTE U3MepeHHsi TeM OoNblie, YeM MeHbLIE
H3MepsieMas BelMYHHA IO CPABHEHHIO ¢ HOMHHAIBHBIM 3HaueHueM Inpudopa.
[TosToMy XenaTenbHO He MOJb30BAaThCA NPU HU3MEPEHUM HA4YaNbHOH HYacThbiO
LLIKaJIBI cTpenoyHoro npudopa. !

Jns obecnedeHHs Majod MeTOOWYECKOH MOTPeluHOCTH U3MEpPEHUS HeOoOXOIMMO,
YTOOB! COIIPOTHBICHUE aMIlepMeTpa ObUTO 3HAYUTENBHO MEHbLIE COMPOTUBICHHUS
Harpy3kd, a CONpPOTHBJICHHWE BOJABTMETpa OBIO 3HAYUTENBbHO Oojblle
CONPOTHBIICHUS UCCIENYEMOTO y4acTKa.

[Ipy npoBeleHHM H3MEPEHUH B IEKTPUHUECKUX LEMNAX LHPOKOe NpPHMEHEHHe
NOJY4YHJIM  LUA(QPOBBIE  MYIBTUMETPHI - KOMOWHUPOBAHHBIE  LH(POBEHIE
M3MEPUTENbHBIE NPHOOPHI, MO3BOIAIOLLNE U3MEPATH MOCTOAHHOE U TMepeMEeHHOe
HaNpsOKEHWE, [OCTOAHHBIA M MepeMeHHBbI TOK, CONPOTHBIEHHUS, MPOBEPATH
OUOABl U TPaH3UCTOpPBL. Jnd NpoBEAEeHHA KOHKPETHOrO M3MEpPEHHs HeoOXOIHMMO
YCTaHOBUTH [epeKiioyaTesieM NpearnonaraeMblii npeaen U3MepeHuil nuaMepseMoii
BEJIMUUHBI (TOK, HANPSA)KEHHE, COMPOTHBIEHHE) C YUETOM POJa TOKA (MOCTOSHHBIM
Wi nepeMeHHblH). [lpencrasnenune pesynbrata H3MepeHHMs MNPOHCXOOUT Ha
LIU(pPOBOM OTCYETHOM YCTPONCTBE B BHIE OOBIYHBIX YIOOHBIX IJIS CHUHTHIBAHUS
ACCATUUHBIX yucen. HauOonbilee pacnpocTpaHeHHe B UMGPOBBIX OTCUYETHBIX
YCTPOHCTBAX MYJABTHMETPOB MMOJTYYHIN KUAKOKPUCTAINIMYECKHE, ra30pa3psaHble
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M CBETOAHOAHBIE MHAKWKATOPEl. Ha nepeaHeil naHenu Takoro npudopa HaXOOUTCS
NIEPEKITIOUATE/b PYHKLUUA M JUAlla30HOB. JTOT NEPEKIovaTelb HCIIONB3YETCS Kak
11 BeIOOpa QYHKIIMH U JKelnaeMoro npeesa U3MepeHui, TaK U JUIS BBIKITIOYeHHS
npubopa. 14 NpoaieHUs cpoka cny:xObl HCTOYHMKA 3JEKTPONUTaHus npubopa
NepeKIoYaTenb JOKeH HaxoauTscs B nonoxeHuu «OFF»Brex cnmydasx, xorza
npubop He UCIIONB3YeTCA.

K OCHOBHBIM TEXHHUYECKHMM XapakTepUCTHKaM LHQPOBBIX NPHOOPOB, KOTOpHIE
HeoOX0nMMO yUHTBIBATh NMPU BEIOGOPE OTHOCATCS:

-I1ana3oH n3MepeHni (0ObIYHO NPUOOP HMEET HECKONBKO NOAANAIIA30HOB);

-pa3pellaroiian CHOCO6HOCTB, non KOTOpOﬁ qaCcTO IIOHHMAKT 73HA4YeHUE

U3MepAeMOi BeIMYHHE], IPUXOIALIeecs Ha eJHHHLY OUCKPETHOCTH, TO €CTh OfUH
KBAHT;

-BXOJJHO€  COIMpPOTHBJIEHHE, XapaKTepuiyloliee CoOCTBEHHOE MOTpedieHue
NMpUOOPOM 3HEPruH OT UCTOUHMKA UIMEPHTENEHOH HH(DOPMALINH;

-NOrPELIHOCTE M3MEPEHMs], 4acTo ompeleisemas: xak +(% OT C4UTHIBaEMBIX
JaHHBIX + KOJIMYECTBO eXMHAL MIIALLET0 pa3psia).

MyneTMeTp dYacTo HMMeeT OarapeiiHoe nuranve 9B, nostomy nepen

MCIonb3oBaHUeM npubopa HeoOXoAUMO MPOBEPUTH OaTaper0 AIEKTPONUTAHHS
nyTeM BKIIOYeHHUs npubopa. Ecnu Gatapes pa3spsikeHa, TO Ha JUCTIIEE BO3ZHUKHET
yCiioBHOE n3o0pakeHue Oataped. Mcmonssyemble B cTeHAe «DNEKTPOTEXHUKa»
MYIBTUMETPBl  TTHTAIOTCA oT BBIIPSIMUTETEHOTO YCTPOMHCTBa,
BMOHTHPOBAaHHOIO B Monyab. i UCNONB30BaHUA NMPUOOPOB HEOOXOHNMMO
MOAKIIOYUTL ¢ THUIBHOW CTOPOHBI Kabenb MUTAHUS K UCTOYHHKY MEPEMEHHOro
HampsbkeHMs 220 B. [lepem  npoBemenueM  M3MepeHHs  HEOGXOIUMO
NepeKIoyaTesib MpeiesioB YCTAHOBUTh Ha TpeOyeMblil nana3oH uaMepeHui. Jns
MpeJoTBpaLlEeHUsA IOBPEXACHHS CXeMbl NpUOOpa BXOOHBIE TOKU U HaNpsKeHUSs He
JOJDKHBI TIPEBBILIATE YKA3aHHBIX BeJU4YUH. Ecau npeden uzmepaemozo nora wiu
HARDAIICCHUA 3APAHEE HEUZBECINEH, C/TCOYEM YCHIAHAGTUCHIb NEPEKTIONUAMENTD
npeoenne Ha MAKCUMPM U 3aGmeM HepeKIioNams €20 GHU3 HO Mepe
HeoOX00UMOCHIU,

MyneTHUMETPBI,  HCIONB3yeMBIE B JAHHOM  CTEHAE, UMEHT  PeKUM
aBTOMaTHYeCKOTO BbIOOpa moaavana3oHa usMepeHUH. C MOMOLLBIO KHOMOYHOTO
nepekmodarens «R-H» MoXHO ycTaHaBIHBaTh IMOAJHANA30H  H3MEPeHHMs
BPYYHYIO.

Jns n3MepeHus HanpasceHua TOJKNIOYHTE OMH Wyn K pazbeMy COM, a apyroii
- K pazpeMy «V/Q», YCTAHOBHUTE nepexiiouaresb GyHKUHH B MONOKeHHe «V» U ¢
MOMOWBK  KHOMOYHOIO MepeKknioyuaresis YCTAHOBHUTE PEXKHUM  HU3MEpeHHs
moctosiHHOro (DC) unu nepemennoro (AC) Hanpsikenus. [logcoe uHUTE KOHIIEI
WYTIOB K M3MEpSeMOMY MCTOYHHWKY HampsxeHHs. [Ipy H3MepeHHU MOCTOSHHOIO



43

HAaNpsDKEHHWS NOMSPHOCTh HampsHKeHUss Ha aucniee OyaeT COOTBETCTBOBATH
NOJIAPHOCTY HAINPSHKEHMs Ha BTOPOM LIyIIe.

Hnst u3mepenus conpomugaenuit NOAKIIOUUTE OAMH WyN K passemy «COM», a
BTOpPOH - K paspeMy «V/(QQ», ycranoBuTe nepekiodaresb QyHKuuil Ha «Q» M
YI0[COEIMHUTE KOHUBI IYTIOB K U3MepseMOMY COMPOTUBIEHHUIO.

Korna uens pasomkHyTa, Ha MHAUKaTope OyaeT unauLMposaTbes «0.L». IHepeo
iMeperuem  COHpOMUGIAeHUd 6  cxeme yoeounmecs,  wmo  cxemda
obecmouela u 6ce KOHOCHCAMOPHI PA3PAIICEHL,
3.1.M3yuennenacnopTHbIXXapaKTepUCTHKCTPEIOYHBIXIIEKTPOU3ZMEPUTENBHBIX
npubopos. i1 3TOr0 BHUMATENBHO PACCMOTPETh JMUEBLIE NMAHENU CTPEIOHHBIX

Tatanua 1.1.4

XapakTepHCcTHKA ANEKTPON3IMepHTeNLHOro npubopa
Haumenoranue npubopa Amnepmerp | BonsT™merp Bart™metp

CieTema M3MEPHTENLHOrO MEXAHH3MA
[penen u3mepeiing

Usicno nenerui wxansl

Uena aenenns L
MuHENMaNBIOC IHAYCHHE HIMEPSEMOR HEANYINIBL

Knace Tounocts

ﬂOllyCTHMM MAKCHMATLELAS ﬂﬁCOHIOTHaS(
LDIPEIIHOCTD
Poxa roka

; IO[)M&U] LHOC NOJMKEHHE 1IKANbI

[Tpoune xapakTepsHETHKH

aMIIepMEeTPOB U 3aMOJHUTE Tabm. 1.1.4,

3. Ilopsnok BhINOAUEHUS padoOThI

3.2. loctpouth rpaduK 3aBUCUMOCTU OTHOCHTEJIBHOW IOTPELIHOCTH
U3MEPEHHS OT M3MepsAeMOH BelIUYUHbL yusm= f (Auzm) nns npubopa, yKazaHHOTro
npenojasateneM. Cnenars BbIBOA O BEIMYWHE OTHOCUTENBHOM MOTPEIIHOCTH
M3MEpeHHs B Ha4allbHOM W KOHEWYHOH YacTH luKajbl, O XapakTepe W3MEHEHHs
MOrPELIHOCTH BAONB WKaILl NpUbopa.

3.3. O3HaKOMHTECS C TULICBOH MAaHENBO MY;IBTHMETPA.

3.4IloaroTOBUTE MYJBTUMETP [ UW3MepeHHs IIOCTOSHHOrO HampsKeHus,
BrtounTh 3neKTponuTaHue cTeHaa (aBTomatuueckuii Beikimodarens QF monayns
NHTaHHUS) U UICTOYHUK MTOCTOSIHHOTO HANpsKeHHst. M3MepuTh 3Ha4eHUs BLIXOAHEIX
HalpsKeHUH MOAYy/As nUTaHUs Ha KileMMmax «+5 By, «+12 B» u «12 B»
OTHOCUTEIBHOOOIIEH KieMMbl. Pe3ynsraTel uM3MepeHuid 3aHecTd B Tabm. 1.1.5.
BBIKTIOUUTBUCTOUHUK

MIOCTOSIHHOTO HAMPSXKEH UL,
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Tabauna 1.1.5
KnemMMmu +5SB [+#12B|-12B [ ~12B |~220B
Hamepeno

3.5.11oAroTOBUTL MYJIBTUMETP [ H3MEPEHHS MNEepeMEHHOIo HampsaKeHHs.
BknOYHTE UCTOYHHUK MHUTAHUSI U MYIBTHMETPOM H3MEPUTH 3HAYEHUs BHIXOOHBIX
HaNpsKeHUM Ha KieMMax «~12 B» u «~220 B».

Pesynprarel u3MepeHuid 3aHecTd B Tadn. 1.1.5. BBIKIIOMATE HCTOYHHMK
Tpex(dha3zHOro HanmpsHKEHHU.

3.6.I1oAroTOBUTE MyYNBTUMETP IUIS HM3MEPEHHS COMPOTHBIEHHH pPEe3HCTOPOB.
M3MepuTh 3HaYeHHs COMPOTHBICHHUI PE3HCTOPOB, YKA3aHHBIX MpernomaBaTesieM.
Pesyneratel 3aHectu B Tabu. 1.1.6.

Tabnuua 1.1.6
Pesuctop Rl R2 R3 R4
HoMuiHanbHoe 3HaYenne conpotupiaeHys, OM 5 10 20 30

H3amepeno, Om

Coneprxkanme oT4eTa
Oruer no paboTe OOMKEH COAePKaTh:
a) HauMeHoBaHUe paboTHl H LeNb paboTEl;
0) TeXHUYeCKHe JaHHbIE H3MEPHUTENBHBIX IIPHOOPOB;
B) rpa¢MK  3aBHCHMOCTH  OTHOCHTEIBHOH  IIOTPeIIHOCTH  H3MepeHUi
yusm= f (Ausm)
I') pe3y/IbTaThl H3MEPEHHIA;
11} BLIBOABI 110 padore.

5. KouTpoibHbIe BORPOCHI

1.KakoB  npuHuun  pmedictBug  mpuOOpOB  MAarHUTOSJIEKTpHYECKOH U
NEKTPOMArHUTHOH CUCTEM?

2. YTto Takoe npenen usMepeHns?

3. Kax onpenenserca ueHa aeneHus npubopa?

4. Yrto Takoe abCoNIOTHAs M OTHOCHUTENbHAsA MOTPEeIHOCTH U3MEePEHHUS?

5. Yto XapakTepuzyeT Kiacc TOHHOCTH mpubopa?

6. B kakoii yacTH WwKanel npudopa U3MepeHue TOUHee 1 TodeMy?

7. KakoBBl OCHOBHBIE JOCTOMHCTBA UN(PPOBBIX H3MEPUTENIBHBIX NPUGOPOB?
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Jabopamopnana paboma
TEMA: IMHEHHASI.QJIEKTPHYECKASI LIEITb IOCTOSIHHOT' O
TOKA
j A IeanL patoTbl
[lonyyenne HaBBIKOB COOpPKM IPOCTBIX AIEKTPHUUECKUX Lereil, BKIIIOYEHUs B
3NEKTPUYECKYIO LieNlb M3MEpUTENbHBIX NpubopoB. HayuuTecs u3MepsaTh TOKU U
HaNpsKeHHUs, yOenuTbes B codnoneHny 3akoHoB OMa u Kupxroda B nuHelHOM
3EKTPUHECKON LIEMNU.
2, IMosicHennus K pabore
JnexTpuueckas  LeNb, COCToAllas M3  3IEMEHTOB,  BOJIbTaMIepHbIe
XAPAKTEPUCTUKH KOTOPBIX ABJISIOTCS NPSIMBIMU JUHUSIMH, HA3bIBACTCs JTUHEHHOM
3JIEKTPUYECKON LIEeNblo, a 3/IeMEHTHl, U3 KOTOPBIX COCTOWT UElMb, - JTUHEHHbLIMU
JIEMEHTaMHU.
CoenuHeHne B 37CKTPUYECKON UENH, NPU KOTOPOM Hepe3 BCE 3IIeMEHTBI
IPOTEKAET OJMH M TOT K€ TOK, HA3bIBaeTCd IOCNEAOBATENLHBIM COSAMHECHUEM.
DKBUBAJICHTHOE COMPOTUBIEHUE RIOCNEAOBATENBHON HEMH MOCTOSHHOTO TOKa
pPaBHO CyMME COTIPOTHUBNEHHH OTAeNBHBIX y4acTKoB: R= R+ R, .
Hanpsenue Ha OTAENbHOM YYacTKe B COOTBETCTBMM C 3akoHOM Owma
MPONOPLIMOHAIIBHO COMPOTUBIEHUIO 3TOro yactka: U; = IR;; U; =IR,;.
Hanpsixenne Una Bxoje mocnenosaTelbHON LENW B COOTBETCTBHH CO BTOPBIM
3akoHoM Kupxroga paBHO cyMMe HaNps)KEHUI Ha OTACNBHBIX Y4aCTKax:
U= U/‘|‘U2.
[lpn napamienbHOM COeIMHEHUU ABYX WIIH HECKOJBKUX BJIEMEHTOB HANpKEHHE
Ha HUX OAHO M TOXe, TAK KaK BBIBOABI 3THX 3JIEMEHTOB MOIKIIOUYEHb! K OJHUM U
TEM Xe y371aM. TOKH B OTAeNbHbLIX 3JIEMEHTaX ONpeaensioTes no 3akony Oma: [, =
U/Rj,' 12= U/R2 v
B cooTBeTcTBMU ¢ nepBbIM 3akoHOM Kupxroda Tok / B Hepa3BeTBIEHHOW 4acTH
1[ENM paBeH CYMMeE TOKOB BCeX NapasuleNbHbIX BeTBeH: [ = [;+ [,
[IpoBoAMMOCTL, MapanieNbHOTO COSOMHEHMA paBHA CyMMe MpPOBOAMMOCTEN
OT/AENbHBIX YyUacTkoB: {/R= I/R; +1/R;.
3. TIlopsiaok BuInoJineHust pagoTol
3.1. OzHakoMuThLCsi ¢ JabOpaTOpHOM YCTaHOBKOH (MOAYJb
MHTaHUA, MOAYNb PE3UCTOPOB, MOLYJL HU3IMEPUTENBHDIM,
MOy JIb MYJIbTUMETPOB) u cobpath JUHEHHYIO
JNEKTPUHECKYIO LENb € TOQCNeNOBaTeNbHbIM COSAHHEHUEM
pe3UCTOPOB {puc. 1.2.1).
Y CTaHOBUTH 3aJlaHHble npenoaaBareyeM 3HaueHUs
conpoTusiieHni pesuctopoB Rl, R2. INpeacrarute cxemy s
TIPOBEPKH MIPENOJaBaATENIO.
3.2. BKIIOUMTL 3IEKTPONUTAHUE CTeHjaa (aBTOMAaTHYeCKuit
BpIKouaTens QF1 Moayns nutaHus W BeIKMouarenb SA2
3TOro e MoAynst). M3Meputs TOK B I1ENW, BeTUUUHY
HaNPKEHHs NUTAaHKA W HanpsDKeHUs Ha pesdcropax R1 u R2
B CXEME C MOCIENOBATEbHBIM coeMHEHHEM pe3ucTopoB R1 u R2. Pe3ynsTaThl

Puc. 1.2.1
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u3MepeHHui 3aHecT B Ta0M. 1.2.1. BbIKIounTs NUTaHUE.

3.3. Cobparb JMHEHHYIO LIENb CO CMELIAHHBIM COEAUHEHHEM
pe3ucTopos (puc. 1.2.2). YcTaHOBUTH 3aJaHHble 3HAYEHHS
pesuctopoB Rl, R2 u R3. Brxiouuts nuranue u H3MepHTb
HanpsyKeHUs M TOKM Ha BCEX Y4yacTKaX Lenu, MOINHOCTH,
noTpednsemMylo Lenslo. Pesynbrartel 3aHecty B Tadin. 1.2.1.

3.5. BBIKIIOYUTE HMCTOYHMK  DJIEKTPONMTAHHUA, H
MCNONBb3Y sl MYJNbTUMETP B pexume M3MEpeHUs1
COMPOTUBIEHU H3MEPUThL 3Hauyenus conporusnenuii Rl, R2
u R3. Pe3ynbratel n3amMepeHuit 3aHecty B 1abn. 1.2.2.

3.6. HMcnons3ys 3akoH OMa, BbIYUCIAUTHL 3HAYEHUS
conporusnenuii Rl, R2 u R3, 3HaueHHA KOTOpBIX 3aHECTH B
Tabn. 1.2.2.

3.7. TlpoBepuTs BBIMONHEHHE ©anaHca MOINHOCTEN.
Chaenarh BbIBOABI O BBHIMOJHEHMH l-ro M 2-ro0 3aKOHOB
Kupxroda v o mpumeHeHHH 3aKkoHa Oma B JNuHeHHON uenu

Puc. 1.2.2
NOCTOAHHOIO TOKA.
Tabnnua 1.2.1
U, Tlocaenosatenskoe COENAHCHHE Cwewannoe coernenHe
B | Ul u2, 1, 12, Ut, + U2, (U3, 1 Il 12, 13, (P,

B B A A B B B A A A |Br
[} I

Tabnuua 1.2.2
Hanepeto oMMeTpoM Brryucneno
R1,Om
R2, Om
R3, Om -

4. Copep:xanne oT4yeTa

OtueT no padoTe KOKEH COAEPIKATE:

a) HaMEHOBaHUe paboThl U ek paboThl;

6) TeXHMYECKHE NAaHHbIE H3MEPUTEIbHEIX NPUOOPOB;

B) CXEMBI IKCTIEPHMEHTOB U TAOAULIBI IONYUYEHHBIX IKCNEPUMEHTANBHBIX JAHHbIX;
I') pe3yJIbTaThl pacyeToB,;

) BBIBOZIBI 110 pabore.

5. KourpoJbibie BONpockl

1L.YTo Takoe «JIMHEeHHBI 2MEeMEHT» B DJIEKTPUUECKOH LienH?

2. [TpuBecTH NpUMEpBI JUHEHHBIX ITEMEHTOB INeKTPUUEeCKUX Henel.

3Ha ocHoBaHMM KakOTO 3aKOHA MO MOKA3aHUSAM amIepMeTpa U BOJIBTMETpA
MOXCHO OIpENC/IUTL BEIIHUYUHY CONPOTUBJCHUSt YYACcTKa JAEKTPUYECKON Lenu
MOCTOSTHHOTO TOKa?

4B kakux eAMHULIAX U3IMEPSHOTCA CUJIA TOKA, HANPAKEHUE U CONPOTHBIEHUE?
5.Hapucyfite cxembl ans1 M3MepeHWs METOJOM aMMepMeTpa W BOJBTMETpa
OONBLIMX ¥ MAJIBIX 3NMEKTPUUESCKHX COMPOTUBICHHIA.

6.1151 nccnenyeMbiX NIEKTPUYECKUX LeNnel 3amulliiTe YPaBHEHHUS MO 3aKOHAM



Kupxroda.
IMPAKTUYECKASIPABOTA

TEMA: PACYET MATHUTHOHN UENU
Llens paboTel: nNOMYYUTH HaBBIKM pelIeHUs TpAMOM 3agaud  pacyera
HEepa3BeTBIEHHON MarHUTHONW LEHY; YCTAHOBMTH 3aBUCHMOCTh CUIIBI TOKA B
KaTyllKe, HeoOXOoAuMOro s CO3daHMUS  3aJaHHOH [OJBEMHOM  CHIILI
3JIEKTPOMAarHtTa, OT BeTMYUHBI BO3AYLIHOrO 3a30pa.
Coxnepxanune pabotbl
Marauronposoz 2J1€KTPOMarHiTa (CM puc) BBINOJIHEH W3 NIEKTPOTEXHUUECKOH
CTali, COCTOMT M3 cepiaedHHMKa JnauHOML] skops namuHOW L2 M ABYX
BO3AYIIHBIX3a30p0B L0/ n LoZ. HnuHbl y4yacTKOB MAardMTONpPOBOjAa AdHBI IO
cpeaHeil MarHuTHOM nuHuu. lllupuHa y4acTKkOB MarHutompoBojaal u a2,
ronmuuna b. Yucio BUTKOB 0OMOTKM W, TOK B 0OMOTKe /. MarHuTHBIM NOTOK B
mariuTHOM uenn ®. Cuna npuTskeHus  skops  (MOaABEMHAs  CHJa
eKTpomaruurta) £. Ha ocHOBe UCXOOHBIX JaHHBIX (CM. TabJ1.) onpenenuTs mox |
B KaTyllKe, HeOOXOAMMbIH JUIs CO3JaHUsSl 33JaHHOM MOABEMHOH CHIbI
3J€KTPOMarHuTa.



Bapuanint | fy, oM | L cM | apen [ o eM | b, en | Loy = Lya, MM W F T
1,11.21 | 180 | 60 4 | 63 I T 200 3500
2,12,22 | 200 { 70 iy I 4 5 1 210 2800
3,13.23 | 220 | 70 3 3.5 4 2 220 3000

4,14.24 | 240 [ %0 5 i | s i 230 3200
5.15,25 { 260 | 80 | 6 5 13 s 240 3500
6.16,26 | 280 | 80 5 6 | 5 21256 | 3a00
7,17.27 | 200 | 60 a | 5 13 i 260 3EN0
.18, 28 | 160 | S0 5 4 6 1.5 270 3500
9.19,29 | 140 | 30 4 | 5 | & . 250 3000 _
10, 20, 30 | 150 | 30 6 5 171 | 240 | 3600

| 0__ {3250 ] 8 4 35 315 {1240 3600
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[opsnox BeIMosHEHUs! paboOTEI

1. Pa3buTe MarHuTHYIO LeNb Ha Y4aCcTKH, KAK/BIH W3 KOTOPBIX DOIKEH HMETh M0
BCeH JINHE OIMHAKOBOE ceyeHue
1 OAMHAKOBBIH MaTepual. PaccuuTaTh JIHHY U C€YeHHEe YyYaCTKOB MarHUTHOM Liemy.

2. Ilonpsyace dopmynod moabeMHON CHUIBI 3NEKTPOMATHUTE, OMNpeleluTh
HeOO0X0AUMYIO MarHUTHYIO UHIyKuHoB,
B CEpASYHUKE U MATHUTHBIA MMOTOK B 33 JaHHOH MarHMTHOMN LIEMH.

2.1. MarnuTHsIH OTOK B 331aHHOM MarHuTHOM uenu: @ = B1XS1

MaruuTHas HHOYKLUS B skope: B2 =@/S2

B BO3AYLLHOM 3azope BO = B1,

3. Hanps:eHHOCTh MarHUTHOTO NOJIS Ul BCEX YYACTKOB LENH.

3.1. B Bo3nymnom 3a3ope onpenenuts no dopmyne: HO = BO/nO

3.2. JIna axops u cepAeyHHKa HANpPsSXKEeHHOCTb HAWTH 10 KPUBOW HAMarHHYHBaHHs

NMEKTPOTEXHUYECKOH CTalu (oM.
IPUIOKEHUE)

4. Tlonp3yAck 3aKOHOM TIOJIHOTO TOKa OMpPEeASNUTh HAMArHUYHMBAOLIYIO CHIY
KaTYLLKU. .

Ilo mamMarHuuMBaloOLIEeH CHie [T 3aJaHHOTO YMCJIA BUTKOB KATYIUKH ONpPENeHTh
CUITY TOKa B Karyllke,

HEOOXOAUMYIO A/ CO3AaHHA 3aJaHHOHN NMOABEMHON CUJIBI 31€KTPOMArHHTA.
OMOJHHTENBHOE 3a aHue. OnpeleiuTh TOK B KATyLIKe, HEOOXOOWMBIH s
yAEepKaHus AKOPA B PUTAHYTOM
COCTOSIHHH ¢ TOM e CHIIOH, T.e. ipu Lol = Lo2 = O, cnenarb BbIBOJ.
Beison. [10ACHHTS, 4TO Takoe HaMarHWYMBAKOLLAS CHIIA, OT Y€ro OHA 3aBUCHT.
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Jdabopamopnas paboma
TEMA: HEPA3BETBJEHHAS 3JIEKTPUYECKAJ IIEIIb
IMMEPEMEHHOI'O TOKA

1. lleas paGoThbl

[IpnobpereHue HaBLIKOB COOPKH MPOCTBIX 3NMEKTPUUYSCKUX LIeTIel, U3MEPeHue
HaMpsKeHUWM Ha OTAENbHBIX Y4acTKax LeMd, HW3YyYeHHe CBOWCTB wuened npu
NOCNEAOBATEILHOM COSAMHEHHY aKTUBHBIX W PEaKTHBHLIX 3JIEMEHTOB, 3HAKOMCTBO C
IBJICHHEM PE30HAHCa HalPsLDKEHUH, TOCTPOSHUE BEKTOPHBIX AMArpaMM.

2. Iosicneuns k padorte

DnekTpuyeckass  Lelb  CHHYCOMJAJBLHOMO  [EPEeMEHHOro  TOKa ¢
MOCAEAOBATENbHBIM COEIMHEHMEM DPE3UCTOPA ¢ AKTUBHBIM COMPOTHBICHHEM R,
peayibHOH KaTYIIKW HWHOYKTUBHOCTM C [MOJHBLIM CONPOTHBICHUEM Zx (RxXk) u
KOHIEHCAaTOpa ¢ €eMKOCTHBIM conpoTuBieHHeM Xc(puc. 1.4.1) onucelBaeTcs
ypaBHEHUEM, 3alMCAHHBIM N0 BTOpoMy 3axoHy Kupxroda nns MIrHOBEHHBIX
3HAYECHMI HaANpsKEHUN Ha 3TUX DJIeMeHTax;

g + Uy + e = uft)

MId B reoMerpuueckoll Qopme s BEKTOPOB JEHMCTBYIOILMX 3HAUEHUM ITHX
HanpsixKeHH i

Ug+ Up+ U= U
[locnenHee COOTHOILIEHWE TOBOPUT O TOM, 4YTO BEKTOp AeHCTBYIOLIETO

3HA4YEHHUS HANpsKEHHs, IPUIOXKEHHOrO K TAaKOH Leny, paBeH reOMETPUUECKOM CyMMe
BEKTOPOB HaNps)KEHUH Ha OTAeNbHbIX e€ yuacTkax (puc. 1.4.2).

Puc.1.4.1 Bl T A4 Puc. 1.4.3
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I/I3 aHaJIU3a BCKTOpHOﬁ JIHanaMMbI O TaKOﬁ LHEIMHA cnenye’r, YTO BECJINUYHHA

BXOIOHOI'O Hal'lpﬂ)KeHHH - -
U=W UptUpe)* + (Ups-Uc)™ = VUR+IRY + (IX~IXe)* =IVIR +Ry)” + (X -Xo)’,

rac URK, ULK- COOTBETCTBCHHO AaKTHBHasaA U peaKTHBHaH COCTABIIAIOIIINE
HanpsOKEHUsT Ha Karylluke, Ry, X, - axKTUBHOE M PEAKTUBHOE HMHIAYKTHBHOE
COl‘lpOTHBJ‘leHHe l(aTyH.IKH HH,[lyKTHBHOCTH.

CJ‘Ieﬂ,OBaTeJ'ILHO, ,[[ef/'ICTByIOLU;ee 3HaAYeHUEe TOKa B 3T0f71 LHECIIM HAa OCHOBAaHHWH
3aKOHa OMa MOXHO Ol'lpe,ueJIHTb KaK

I=U/Z=U/ VR +RJ" + (X, - Xo)’,

Uemy ¢ [NOCNEeIOBATENBHBIM  COSAMHEHHEM  pe3UCTOpa, PpealbHOil  KaTYIIKH
HHIYKTHBHOCTH M KOHACHCATOpa, KOTOPOE JIEKO ONpeAenseTcss W3 MHOrOYTOJbHUKA
conpotuBneHu# (puc. 1.4.3).

Yron caeura (a3 Mexay BXOIOHBIM CHHYCOMZANBHBIM HampsokeHuem Un
NOTPeONEMBIM TaKOH LIENBIO TOKOM / ONPEeAeIeTCs B3 TPEYTONBHUKA COTIPOTHBIIEHHH

1go= (wl - 1/wC) /(R + RK).

Ecnmn wl>1/wCh yron ¢ >0, Bcs uenb Befmer cebsf Kak LeNb ¢ aKTHBHBIM
COIIPOTHBIICHHEM U HAEANbHOH MHAYKTHBHOCTBHIO. I OBOPAT, YTO B 3TOM cliyyae WeIb
HOCHUT aKTHBHO-HUHAYKTHBHBIH XapakTep.

Ecmn wl< I/wCwn yron ¢ < 0, Bcsa uenb BemeT cels Kak LEMb C aKTHBHBIM
CONPOTUBJCHHEM W €MKOCTBIO. ['0BOpAT, 4TO B 3TOM ciy4ae Lelb HOCUT aKTHBHO-
eMKOCTHOI#1 XapakTep.

Ecnyu B LIeNH peakTUBHOE COMPOTUBIEHHUS paBHEI (wl = I/wC), To yroa ¢ = 0.
ITpn 3TOM peakTHBHAs COCTaBIAIONIAY HANPKEHNA HA HHAYKTHBHOCTH U HAIPSKEHHUE
Ha KOHJIEHCATOpe MONHOCTBIO cebs koMmeHcupyioT. llenb Bener cels, kak OydTo
PEaKTUBHbIE COMPOTHBJICHHUS B HEH OTCYTCTBYHOT H TOK JOCTUTaeT HanOoNbLIero
3HAYE€HHA, II0CKOJIBKY TOK OrpaHM4YMBACTCS TOJNBKO 3KBHBAIEHTHBIM aKTHBHBIM
COIIPOTHBJICHUEM LIETH

R> = R+RK

ITO O3HaYaeT, YTO B LIENH UMEET MECTO PE3OHAHC,
HA3BIBAEMBIH B JAHHOM Cllydae peszonancom Hanpasxceruil. Pe3oHaHC HanmpsskeHHH
MOKHO TOJIYYHUTb THOO N3MEHEHNEeM 4YacTOThl HCTOYHMKA MUTaHHA, JIWGo moabopoM
snavenus BennunHpiC= !/w, L, rae wp = N1/LC- pe30HaHCHasA YacToTa LISIH.

3. Tlopsiaok Beimomicnnst padornl
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3.1. O3HaKOMWTBCA ¢ NaOOPATOPHOIl YCTAHOBKOW (MOAYNb MHUTaHHA, MOIYJb
PE3UCTOPOB, MOJYNb PEAKTHBHBIX 3JIEMEHTOB, MOAYJL MYJIBTUMETPOB, MOAYJb
aMIIEpMETPOB NEPEMEHHOIO TOKA, BAaTTMETP).

3.2. CoOpaTtp onekTpuueckyro Lenb (puc. 1.4.4), ycTaHOBUB 3aAaHHble
npenojaBareiieM 3HAYEHUH : :
CONPOTHBNEHHUA PE3UCTOpPa U EMKOCTU O“W
koHpeHcaropa. Tlogkmiounts coOpaHHYIO _————
uenb K UCTOMHUKY nutaHua ~12 B

!

I

. |
(MOIYJIb MUTaHKA). f
{

3.3. TloacoeAMHUTD ~12 B !
|

|

I

|

|

A

(@)

napayienbHO KOH/EHCATOpY
JOTIONTHUTENILHBIN
NPOBOAHMK (MCKMIOYNBITUM C
koHZeHcaTop u3 Ilenu). [lpeabasuts & y
CXEMY [I151 IPOBEPKH PENOaaBaTeNio. l |

Puc. 1.4.4.

3.4. BkiounTte NMHUTaHUE CTEHAa U
NIPOU3BECTH H3MEPEHHUA YKA3aHHBLIX B TAaONHUUE BENIMYUH B LEMH € IOCASAOBATENLHLIM
coeMHEHHeEM pe3ncTopa R U katywku Zy.
Ilepen W3MEpeHHMEM HaNpsHKCHNA [epeBecTH MYJBTHMETP B DPEXHM W3IMepeHUs
NEePEMEHHOTO HanpshKeHHs1. PesynsTaThl usmepenuii 3adectu B Tabn. 1.4.1.
Tabauua 1.4.1

Cxema U.B I, A Up,B Uy, B Uc,B P, Br

Z,R

R, X¢ v [——

Rs ZK:XCI
KZK3X02
R, Zx, Xc¢s

3.5. BBIKNIOUUTH 3NEKTPONUTAHHWE, TMOACOSAUHNUTh MNApaNIeibHO KaTyLIKe
JOTIOJTHUTENBHBIH MPOBOAHUK (MCKIIIOUHB 3TUM KATYLIKY U3 uenu). [lpeabsaBuTe cxeMy
JINS NPOBEPKH MPENnoiaBaTeNo,

3.6. BKIIIOUUTb UCTOUHHUK RNEKTPONIUTAHHUSA U TTPOURBECTH M3MEPEHUs YKa3aHHBIX
B TaOnulie BENMUYMH AJS LENMU C TIOC/IeAOBaTelIbHBIM COeIMHEHWEM pe3uctopa R wu
KoHgeHcatopa Xc. Pesynprarsl uzMepeHuid 3aHectH B Tabn. 1.4.1. Breixkmouuts
INEKTPONMTAHKE, YOPATh JOMONHUTENBHBIH MPOBOIHUK.

377. B uenu ¢ nocneAoBaTeNLbHBIM COEAMHEHMEM PE3UCTOPa, KaTYIIKY H
KOH/JEHCATOpa U3MEHSAS BeJIMUUHY €MKOCTH KOHJEICAaTopa ¢ MOMOUILIO NMEepPeKIoYaTens
SAl Moaynsi peakTUBHBIX 3JIEMEHTOB, XOOUTHCH HAauOONbLUIETO NOKA3aHUA aMIIEPMETPa,
T.e. ODECMEYUTh COCTOSHWE Mend ONH3KOoe K PEe30HAHCY HanpsXeHHH. Pe3ynbTaTsl
U3MepeHUi 3aHecTH B Tab). 1.4.1.

3.8. Ymenpmias M yBenWYMBas BEJIMYMHY eMKOCTH KOHJEHcaTtopa {OT
PE30HAHCHOTO 3HAYEHU ) POBECTU U3MEPEHUs YKa3aHHBIX B TAONHULIE BENUYHH IS IBYX
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COCTOSIHMH LenH. Pe3ynbTaThl U3MepeHuii 3aHecTH B Tab. 1.4.1.
3.9. [ina uens ¢ rocjaegoBaTeNbHBIM COeIMHEHEM TpeX 31eMeHTOoB (R, ZK, C)
1O pe3ynbTaTaM W3MEPEHUH ONMpeaeauTh NOJIHY0 MOLIHOCTD LeNH SH OTAEIbHBIX

y4acTKOB SR, Sk, ScPe3ynsTaThl 3aHecTH B Tab. 1.4.2.
Tabmuua 1.4.2

S, SR, |[Sk, [Sec, |PR, [Pk, [Pc, |Qx, |Qec, |R, [X, |Z,
BA |[BA [BA |BA [Br |Br [Br |BAp [BAp |Oom |OM |Om

3.10.  VYyuTeIBasg  3HAYEHUst IapaMETPOB  KATYIUKW, [IOQJYYEHHbIe B
npeflecTByolleld nabopatopHoil paloTe, ONpeneNuTh AKTHBHblE W pPeaKTHBHbIE
MOLHOCTH OTIENBHBIX YYacTKOB, a TaKXe I[IOJHOe, AaKTUBHOE W peaKTHBHOE
CONpOTHBIIEHHE Beell Lenu s onbitaR, Zy, Xc,. PesynsraTel 3aHecTd B Tabn. 1.4.2.

3.11. IlpoBepuTts OanaHc akTUBHBIX MOLLIHOCTEH B LIEMHK.

3.12. Ilo pesynbTraraM n3MepeHni nocTpouTh mns uenu R, Zy, Xcy( Tabn. 1.4.1.) B
MacuiTade BEKTOPHYIO AHArpamMMy.

3.13. Cpenate BBIBOA O NpHUMeHeHHH 2-ro 3akoHa Kupxroda B mensx
IIepeMEHHOTr0 TOKA.

4, Coaepskailne or4era

OtyeT no paoTe AOMKEH CONEePIKATE:

a) HauMeHOBaHHe paboTHl W 1elb paboThl,

0) cxeMy HCCleayeMoit e,

B) TaGNMLb] C pE3ybTATAMH ONBITOB H BRIMUCIEHHI;
) pacueTHbIe COOTHOIIEHHS;

1) BEKTOPHbIE JHAarPaMMBbl; '

€) BBIBOZBI 110 paborTe.

5. Koutpoabuble BONpocHl

1. Uto Takoe akTHBHAA, peaKTUBHAs U TIOJIHAsI MOIIHOCTH B IIeNK [IEPEMEHHOTO
TOKa?

2. Kaxas B3aMMOCBS3b MEXIY [TOTHOMN, AKTUBHOM 1 peaKTHBHOM MOLIHOCTAMMU?

3. Yto takoe «k0d3dpduneHT MOIHOCTH» ?

4. Kak BBIYHCIMTH MOJHOE CONPOTHBICHHE KATYIUKH, €CJIM H3BECTHBI €&
aKTHBHOE CONMPOTHUBJIEHHE, UHIYKTHBHOCTE H YacTOTA CETH?

5. Kak BBIYMCINTL TIIONHOE COMPOTHBIEHHE LENU ¢ IOCIEA0BATENbHEIM
COEHHEHUEM PE3UCTOPA, peallbHOM KaTyLIKY 1 KOHJeHcaTopa?

6. OT 49ero 3aBUCUT yron caBura ¢as Mexay HanpsHkeHHEeM H TOKOM Ha yYaCTKe
IEKTPUUECKON LIeNH NePEMEHHOTO ToKa?

7. UTO TaKoe «TPeyroNbHUK COTIPOTUBIEHHH?

8. Uemy paBHEI peaKTHBHOE CONPOTHBIIEHHE IIETIH H PeaKTUBHAA MOILIHOCTD 1INy
NP pe3oHaHce?



54

JAabopamopnan paboma
TEMA: PASBETBJIEHHASI LIEIIb IEPEMEHHOI'O TOKA
1. Hears paboThi
O3HaKOMUTLCS ¢ OCODEHHOCTSAMU MapajieNIbHOTO COeNMHEHNUS AKTUBHBIX M PEaKTUBHBIX
3JIEMEHTOB B LIENH IEPEeMEHHOIO TOKa, SBJICHHEM pE30HAHCAa TOKOB, MOBEHILIEHUEM
KO3(QHLKHEHTa MOILHOCTH, IpUMeHeHneM |-ro 3akoHa Kupxroda B Hensax nepemeHHOro
TOKa.
2. [Toacnenusn k pabore
[lpn  napannensHOM — COeMHEHHWM — S7eMeHToB |
MoJTy4aloT pa3BeTBAeHHYlo uenn (puc. 1.5.1). Tlpu !
napaijebHoM Ik i Iy
COSJAMHEHUHM 3JIEMEHTOB TOKH B OTHEJBHBIX BETBSX, | E
3aBUCAT TONbKO OT HANPSKEHHS UCTOUHHKA THTAHNS H [J | Zg | | g e
IIOJIHOTO CONPOTUBIEHHS Kaxnol BerBu. [lpu 3TOoM E L i T ’
S .
i

L
T ——t

TOK B BETBH C PE3UCTOPOM [pcoBMajaeT no ¢ase ¢
HaNps>KeHNEeM UCTOYHHMKA, TOK B BETBM C KaTYUIKOH [k |
oTCTaeT Mo (ase OT HANPHKEHHS UCTOMHHUKA NWTAHUS
Ha yroJl ¢, 3aBUCAIUMHA OT aKTMBHOIO M pPEaKTHBHOIO
CONPOTHBIIEHUS PealbHOI KAaTYLIKU WHIYKTUBHOCTU. TOK B BETBU C KOHAEHCATOPOM /¢
OMEPEHAST HANPsAKEHUE HCTOYHUKA OUTaHus Ha 90° (puc. 1.5.2). B coorBercTBUU C
nepBeiM 3akoHOM Kupxrodga obuuii Tok /, notpednsieMelil Takol LENb0 OT HCTOUHUKE
NINTAHUsA, ONPENENIeTCs FeOMeTPUYECKON CyMMOH TOKOB OTAEbHBIX BETBEH:

I=1x +Ix + Ic

['eomMeTpHyecKOe MOCTPOCHHE ANl ONpeAenennsl BeTUYNHBI &
u ¢assl obulero Toka npenacraBleHo Ha puc. 1.5.2, rxe U
0003HauUeHO
IK4, I4 - axTuBHbIE COCTaBIAIOIME TOKA B BETBU C 1 |
KaTyIIKOH W 001ero Toka;

[Kkp, IP - peakTHBHBIE COCTABISIIOLIME TOKA B BETBH C
KaTyLIKON ¥ o0LIero Toka.

[lon akTMBHOHN COCTABISIIOLLEH TOKa MOHUMAIOT YCIIOBHYIO
COCTaBJAOLLYIO 3TOr0 TOKa, coBmajawouyt no ¢asze ¢ | I
PUNOKEHHBIM K 3TOMY YYacTKy HanpsikeHueMm. [lox Py I
PEaKTUBHON coOCTaBnslomied ToOKa - COCTaBISAIOLIYIO, KA
pacroyioKeHHy10 noa 90° x MpUNOXEHHOMY HaNpPsXKEHHUIO.
Cnenyer [NOMHHUTB, UTO GKMUGHAA U  pPeaKmueHas Ixp
COCMABAAIOUUE MOKA — 3IMO YCIO6HBIE GEAUYUHbI, He
UMEIOLINE (DU3UYECKOrO CMBICIA B TOCHIEIOBATEIbHOMH
cXeMe 3aMellleHusl.

W13 BekTOpHOW AWarpaMmsl ClIeAyeT, YTO BeIUYMHA 0011ero ToKa
]=\/IA2+IP2

JlanHas BEeKTOpHas RUarpaMMma IOCTPOEHA B MPEANONIONKEHHH, YTO EMKOCTHON TOK

Puc. 5:1

Yy
A
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[coKaszancsi MeHblle peakTUBHOW HMHAYKTHUBHOH COCTABIAIOWIEH TOKAa B KaTyllKe fyp.
[TosTomy o6mumii TOK OTCTaet no ase OoT HanpspkeHWs. Takas 1enb HOCUT AKTHBHO-
UHAYKTMBHbIE xapaktep. Ecniu ©bl eMkocTHOH TOK [c Oblm Oonbiue peakTUMBHOM
VH/AYKTHBHOH COCTaBASIOLIEH TOKA B KaTYILUKE [ip, TO TOK, MOTPeOIIsieMbIil LENBIO U3 CETH

onepexan no ¢aze NpUIOKEHHOS HaNpsDKeHHE W Lienb HOCHIA Obl aKTMBHO-€MKOCTHOI
Xapakrep.

Ilpn paBencTBe peakTHBHON WHAYKTUBHOM COCTaB/sIOIICH TOKa B KaTyluke [rpu
€MKOCTHOr0 TOKa /¢ BeKTop O0IIero Toka COBNaaaeT 1Mo (aze ¢ BEKTOPOM MPHIIOKEHHOTO
HaNpPsOKEHUs, a €ro BeJMYMHA OMPEACSeTCs TONBKO AaKTUBHBIMU COCTABIISIOIIMMY TOKOB
4= IR + IR4. Tlpu 3TOM B LI€NH HACTYNAET SBIEHUE |

pe3oHaHca TOKOB, TaK Kak lienb, cojepKaiuast C“———‘z@——@ ,
pPeaKTUBHBIE 3JEMEHTbl, BeJeT cedsl Kak I1enb C

YACTO  AKTMBHBIM  compoTuBieHuem.  [lpn k 4 J
pe3oHaluce TOKOB TOKH B BETBAX C PEAKTHBHBIMH C,D
3JIEMEHTAMH MOTYT 3HAYUTENLHO NPEBbIIIATH TOK,
noTpeOASeMbIil OT HCTOYHUKA MTHTAHU. ~128 P
3. Ilopsizok BeINOMICNIHA PADOTLI & ' R &
3.1 Osnakomutbecs ¢ nabopaTopHO#H -
yCTaHOBKOH (Moayap NUTAHUSA, MOAYJb Lx
PE3UCTOPOB, MOAYJIb PeaKTHBHLIX 3J€MEHTOB, o— -

MOAYNb  aMOEPMETPOB  [E€PEMEHHOTO  TOKa,
HACTOJIBHBIN BATTMETP).

3.2. Cobpartb NEKTPUUECKYIO Lernb C
napajuleNibHbIM COEJUHEHYNEeM Ppe3UCTOpa, KaTYLIKW, YCTAHOBUB MPU I3TOM 3aJaHHBIE
npenofaBaTeneM 3HaveHusl COMPOTHUBIEHMS pe3ucTopa. BritoveHHe OTAeNbHBIX BeTBEH

OCYWIECTBIATh C NMOMOIIBIO COOTBETCTBYIOLIMX HPOBOAHUKOB. CXeMy MpeabABUTE IS
NPOBEPKHU

NpenoaaBaTenio.
Tabnunua

Cxema |U,B [L[LA |Ip,A [Ig,A [Ik,A |P,BT {S,BA|Q, cosgp |
Bap

R, Zk.

R, Zk

Cl

R, Z¢

C2

(pe3oHa

HC)

R, Zx

C3
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3.5. Bxnouus snextponutanue {aBromMat QF Moay/Isi MUTAHUS ) UCCNEAOBATD 1IEMhy
AN 3TOro M3MEPHTH HANpsHKEHHE Ha BXOJE LIeNH, aKTUBHYIO MOLUHOCTH IeNH, TOKH B
BETBAX H TOK, NOTPEOIAEMBIH OT HCTOYHMKA OUTAHUA. Pe3ynpTaThl H3MeEpeHHil 3aHeCTU B
Tabnuny. MccnenoBate BAMsiHME €MKOCTH, BKJIIOYEHHOH IapailleNbHO HHIYKTHBHOMH
KaTyIKe, Ha BeJIHYMHY [NoTpedigeMoro OT HCTOUYHHMKA TNHTaHUA Toka. Jlnua storo
MOAKNIOYNTL NAapalneiabHo KaTylike koHaeHcaTtop C. YcTaHOBUTH Takoe 3HAUYEHHE
€MKOCTH, TIPH KOTOPOM OT MCTO4HMKa HOTpeOJsAeTCss MUHUMAJBHBIA TOK (pe30HaHC
TOKOB). VI3MepUTh NMpH 3TOM TOKM B BETBAX M TOK, OTpPeONAeMBbii U3 ceTH. Pe3ynbTaThl
3aHeCTH B TaOjauLy. M3meHUTh 3HaueHHE €MKOCTH KOHIEHCATOpa M HM3MEPUTH TOKH,
HanpsKEHUE M aKTUBHYIO MOIIHOCTH. Pesynprarhl 3aHecTd B Tabnuuy. [lo OTMBITHBIM
JAHHBIM IOCTPOUTH B MaclITade BEKTOPHYXO AHArpaMMy Adsl 1-ro onbiTa.
3.6. Cnenatb BHIBOJBI
- o mpuMeneHuu 1 -ro sakona Kupxroda B uemnsx nepemMeHnoro Toxa.
- O BIHMSHWH NApaanieNnbHO BKNIOYEHHBIX TIOTpebuTeNel ApyT Ha ApyTa,

- O BJIHJIHHH €EMKOCTH KOHIACHCATOpa Ha BCJ'II/I{'IHH)’ TOKa, l'l0Tp€6J1}leMOFO H3
CETHU.

4. Copep:kanue OT4CTA

a) HAaMMEHOBaHUe padoThl U LieNb paboThI,

6) cxemy 3KCnepUMeHTa 1 Tabauily NONY4YEHHBIX Pe3yIIbTaToB,;

B)BEKTOpHAasA AuarpaMma;

I)BBIBOJEI MO paboTe.

S. Kourpoablble Bonpockl

1.Kak npu napanienbHoM BKJIIOYEHUM NOTpeOuTeNell OnpefenuTh BeNHUHHY TOKa,
noTpebnseMoro U3 ceTu?

2.C KaKoii nenplo NOBBIIAKT KOIQOULINMEHT MOLIMOCTH Lenu?

3.Kax MoxHO onpenenuts Ko3GpPuimeHT MOLIHOCTH enu?

4 Kak u3MeHATCs BelMYMHA TOKA, MOTpeOseMOro U3 ceTd, i aKTHBHAs MOIMHOCTE LIENM,
€CJIM NapaielbHO AKTHBHO-UHAYKTUBHOMY [TOTPEOHNTENO BKIIIOYNTE KOHAEHCATOP?
5.Ilouemy ymeHbInaeTcsa TOK, [OTpedssieMblil U3 CETH, NPH TIOAKIIOUEHNH MapajleNbHO
UHAYKTUBHOH KaTylIKe KOoHAaeHcaTopa?

6.Kak npumenserca 1-# 3akon Kupxroda B uensix nepeMeHHOT0 ToKa?

7.Y10 TaKOe «pe30HAHC TOKOBY?

Jdabopamopnasn paboma
TEMA: HCCIETOBAHMUE LIEIIN TPEX®A3ZHOI'O TOKA TTPH
COEJNHEHHH 3BE310H»
1. Leab paboTh
O3HakOMUTBCS ¢ Tpex(a3HbIMU CUCTEMaMHU, W3MepeHHeM (Pa3HBIX U JIMHEHHBIX TOKOB M
Hanpﬂ}xe}mi‘i. HpOBepHTB OCHOBIILIEC COOTHOUICHMU I MEXOY TOKaMUu H Hal'lpﬂ)i(eHPUlMI/I
CHUMMETPHYHOrO H HECHMMCTPUUIIOTO Tpexdasioro norpeburens. BBIICHUTH poib



57

HEHTpaJbHOIO NPOBOJIA B YETBIPEXNPOBOAHON TpexdaszHoii cucteme. HayduThCsa CTPOUTD
BEKTOPHBIE JHAarpaMMBl HaNIPSHKEHUH U TOKOB.

2. IlosicHenus k padore

TpexdasHas cucTeMa nMepeMEeHHOTO TOKA HMEET psl NPEHMYUIECTB MO CPaBHEHHIO ¢
MOCTOSIHHBIM TOKOM Y OTHO(pA3HBIM MEePEeMEHHBIM TOKOM U MO3TOMY MOJyuua LHPOKOe
npuMeHerHe. Yale Bcero sneKTpuuecKkas SHEprus BblpabaThIBAaeTCs, NepeaaeTcs U
pacripepensietcss Mexay noTpeburtensmu TpexdasHeiMu cuctemamu. [lopapnstoinee
OONBIUMHCTBO 3JIEKTPOJABHUraTeNell SBIAETCA ABUraTeNsAMH TpeX(a3sHOro NepeMeHHOro
TOKa.

Ytobsl B Tpex(asHoil cucteMe MOXHO OBUIO OJHOBPEMEHHO TMOJb30BAThCs JBYMS
pasNTUYHBIMHM HanpspkeHUAMH (Hanpumep, 380B - nna nuTtaHMs sneKkTpoiaBUrateneil u
220B - nas mMTaHUd JNEKTPUYECKHX JIaMIl ¥ IpYyTHX OAHO(A3HBIX MOTpeduTeneii)
MPUMEHSIOT YETBIPEXTIPOBOAHYIO CHCTEeMY 3NIeKTpocHa®XeHus. YeTwlpexmpoBoIHas
NUHMA Tpex(}asHoll CUCTeMBl MMEET YeThipe IPOBOJA: TPH JIMHEHHBIX, MO KOTOPHIM
NpOTEeKAIOT JNHHEHHBlE TOKU [y, I Ic u OOUH HyneBodl (HEHTPANBHBIN) NPOBO,
npeAHasHayeHHbIN IS NOANepXKaHUA OOUHAKOBBIX 3HAYeHWH (a3sHbIX HaNpsKeHU#d Ha
BceX Tpex (asax mnoTpeburens. [lo HyneBoMy mNpoOBOAY MOXET MPOTEKATh
YPaBHHUTENbHBIH TOK [0, Ha3piBaeMblil HyJNEBBIM MM HEHTpadbHBIM TOKOM. Takas
CUCTEMA CcoeIHHeHNs] OOMOTOK Tpex(a3HOro reHepaTopa U NpUeMHHKOB (noTpeduTeneii)
Ha3bIBAETCA «3BE3A0M» U MOKa3zaHa Ha puc. 1.6.1.
ITpu coenyHeHuu B 3Be31y TOK /4, npoTeKaeMbli

s o Zs

no ¢ase UCTOYHMKA OWTAHHA, PaBeH TOKY, L

IPOTEKAEMOMY [0 JHMHEHHOMY NpoBoLy (a3kl . U

A. JT1OT e TOK mnpoTeKaeT M mo dasze A

norpeburens. CneaoBaTensHO, NPH COETMHEHHH L -

113 3Be31y (DasHbIA TOK /ppaBeH NMHEHHOMY TOKY . /\/H'W\UBT TUC & .

a ey
B 3 ¢

Iy Iy ! L Ie :

HanpsokeHne MexAy NTHHEHHBIMU IIPOBOJAM, ::],

Ha3BIBAEMOE JIMHEHHEIM HaMpsHKeHUEM Pre: 1.6.1.

(nampumep, U,,), okasbiBaerca B V3  pa3

Oonblie, yeM (azHoe HaNpsHKeHHe UCToMHKKa muTanust U4, UBWIK Uc:
U, = UpV3

Eciu TpexdasHas cUCTeMa CHUMMETpHYHAs (BCe CONPOTHMBICHHS W MOIIHOCTH (Pa3HBIX
norpebuTeNneli OAHMHAKOBBI), TO MO BCEM TpeM ¢(aszaM NPOTEKAIOT OAUHAKOBBLIE [0
BeIMUUMHE TOKH, CIBUHYThle mno ¢dase oTHOCHTENBHO Apyr Apyra Ha 120°. Tok B

I]f‘ I]l)l" - T« A
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HEeHTPaIbHOM NIPOBOJE IPU 3TOM paBeH Hyo. HanpskeHus Ha Bcex daszax noTpeduTens
TaKXKe OTIIMYAIOTCA APYT OT ApPYyra TOJNBKO o HayanbHOU ¢ase Ha 120° (puc. 1.6.2).

[Mpy BKIOYEHHH B pasHBIX ¢aszax pas3iMYHBIX MO MOIUHOCTH ToTpeduTenel
(HeCUMMETpHYHAs Harpyska), TOKM Kaxaod ¢aspl (B KaXAOM JIMHEHHOM IpOBOIE)
OTJIMYAIOTCA Opyr OT Jpyra He TOJNBbKO HavaiabHOH (a3oi, Ho M BenuuuHod. Ilo
HeWTpaJbHOMY MPOBOAY NPH 3TOM NPOTEKAeT TOK, BEKTOP KOTOPOIO Ha OCHOBaHHH

nepBoro 3akoHa Kupxroda pasBeH reoMeTpHYecKOl CyMMe BEeKTOPOB (pa3HBIX TOKOB (pHC.
1.6.3)

IA+ IB+ IC= Io

OGpsIB  HEHTpaNpHOrO IPOBOHA (TPEXIPOBOAHAs CHCTEMAa) MPH HECHMMETPHYHOMN
Harpyske TIPHBOAMT K W3MEHEHMI) HanpsKeHHH Ha
Bcex ¢azax notpeduteneil U NOABICHUIO HanpAXeHUs
cMmelienuss Heltpannly, (puc. 1.6.4). IlonoxeHnue ¢ %
TOYKH «n» Ha BEKTOPHOHW AuarpaMMme mpu CT{," N OXR
H3MEpPEeHHBIX 3HAaueHHSX HampsKeHuH Ha da3zax o S\ iR =Ugy
notpebuteneit Uy, Upu U.,M0XeT OBITh ONpeaeseHo ' '
meTonoM 3acevek (puc. 1.6.5) mim paccuuTaHo
aHaJTUTHYECKH.

3. lMopsiaok BbINoaHeNHs paGoThbl

3.1. O3HakoMHuTBECS ¢ JabopaTOpHOH YCTaHOBKOW (MOAYNB INHUTaHHs, MOAYIb
Tpex$asHoro HampspkeHus, MoAyIb Tpex(asHoro TpaHchopMaTopa, MOAYJb PE3UCTOPOB,
MOJYJIb aMIIEPMETPOB TIEPEMEHHOTO TOKa, MOAY/Ib MYJIBTHMETPOB).

3.2. YcraHOBUTH Ha MoOAyJie Tpex(asHOro HaMpAKEeHHs YacTOTY TMHTAIOLIEro
Hanpsokehuss 50 T'u (mepekmouatens SAZ2). BxmounTe MOAY/NE IHTaHUA CTEHIA
(BIKNIOYATEND QF 1), MOOynb TpextazHoro HanpsxkeHus (BeIKIIoUarens SA/ u TymOnep
SA3) u ™Moayns TpexdazHoro TtpaHchopMaTopa (BeIkmodarens QF/). H3meputs
CTPENIOYHBIM BOJIBTMETPOM JIHHeHHbIe U (pa3Hble HanpsDKCHHS TpeX(dasHoro HCTOYHMKA
nmuTaHus (Tpex(azHoro TpancopmaTopa) Ha XOJOCTOM Xo4y. Pe3ynbTaTthl M3aMepeHuH
3aHectt B Tabn. 1.6.1. BreikmounTs Moayns Tpexda3zHoro HanpspkeHus (kHomka SBI,
BeIKMIOYaTETH SAl 1 SA2).

Tabnuua 1.6.1

JIuneiinpie Hanpsxeuus  |Da3Hple HATIPSKEHUS BriuuciaeHo
ITAR B I1/BC.R |lIca R ITIAR 1B 1I-.B UsB [MIB U/ Uas

A\ 3
/i1 =Uyp
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3.3. Cobparp oanekTpuueckyro uene (puc. 1.6.6). B kauectBe Harpyskn
HCTIO/B30BaTh PE3UCTOPBl MOAYIS pe3ucTOpoB. B KauecTBe HCTOYHHKA TpexdasHore

HAMpPSOKEHUs  HCIONb30BaTh  MOAYNb  TpeXdasHoro
TpaHcgopMaTopa.

34. Bxmounts B ¢$azax mnotpedutens Imo
YKA3aHUI0  TIPEeNnoAaBaTeNs OIOUHAKOBbIE
CONIPOTHBICHUSA PE3UCTOPOB (CHMMETPHYHYIO HAarpy3Ky).

W3MepuTh TOKH, (pasHBIC U JIMHEHHbIE HANPIKEHUS npn&/_\

BKJIFOYEHHOM  HEHTPaJIbHOM MpOBOJE.  Pe3ylbTathl
3aHecTd B Taba. 1.6.2. [IpoBeputh COOTHOIIEHHE MEXIY

3.5. TlosTopuThb TE& K€  H3MepeHHs I[pH
OTKJIOYEHHOM HEeHTpallbHOM [poBojie. Pe3ynbTathl
3aHecTH B Tadm. 1.6.2.

3.6. Ilo ykasaHulO npenoaaBaTeNd W3MEHUTh
Harpysky B ¢azax noTpeGUTeNs Tak, UTOObI B Ka)KI0it

NUHERHBIMH U Qa3HBIMU HaNpPsHKEHUsAMU MOTpeduTeNneil. [

A

)
Y/

L

Jri {Jre (]

oB

@ (a

C

R3

o N

®

(ase ObLIM BKIIIOYEHBI pa3IHYHble COMPOTHBIEHHA. VI3MepUTh TOKH, THHEHHBIE U (pa3HbIe
HalpsKeHUs B Kaxaod d¢ase noTpeOutens nNpH HAIMYMM HEATPAJIBHOTO NpOBOIA.

PesynpTaThel 3anucath B Taba. 1.6.2.
Puc. 1.6.6.

3.7. OTKNIOYUTH HEHTPaNbHBI MPOBOA M BHOBB MU3MEPUTH TOKH WU HAMPAXKEHHS.

Pesynsrarel 3anucare B Tabn. 1.6.2.

3.8. Ilo pesynbTaraM u3MepeHUH BBMHCIMTH AKTHBHYKO MOIUHOCTH TpexdazHoi

IEINH B4 KaXXa0ro ornbita.

3.9. JIng TpeThero omslTa MOCTPOHTh B MacliTabe BEKTOPHYIO OHArpaMmy Hu

CPaBHHMTH C PE3YIBTATOM 3KCIEPUMEHTA, CACAATH BEIBO/.

3.10. CpaBHUTH BiHsHUE HEHTPaJILHOTO MpOBOAa Ha paboTy Tpex¢ha3HOH CHCTEMBI

NpH CUMMETPHYHOH U HECUMMETPHUYHON Harpyske.
Tatnuua 1.6.2

Tok vamysku, A HanpsbxeHue Ha notpedurersx. B

Pexxum Harpysku A |Is Ic Io DazHble

JIuHelHble

Un

Ue

UAB |UBC

Uca

HelitpanbHei nposoa
BKJIIOUEH, Harpy3Ka
CHUMMETPHYHAA

HeiitpaneHblii npoeoa
BBIKITFOUEH, HArpy3Ka
CHMMETPHYHAS

HelitpaneHbiii npoBo
BKJTFOUEH, Harpy3Ka
HECHMMETPHYHAsI
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HefirpaneHslii npoeoa
BBIKITIOUEH, Harpy3Ka
HECUMMETPUHHAS

4. Coacpkanne oTyera

OTt4er no paboTe N0JKEH COEPKATD:

a) HaMMeHOBaHHe padoTbl U Lenb paboThl;

0) cxeMy 3KCTIepMMEHTA € BIUTIOUYEHHBIMH U3MEPUTENbHBIMY NIpUubopamu;

r) TabauLibl ¢ pe3ynbTaTaMH 3KCIIEPUMEHTA;

1) BEKTOPHYIO AHarpamMmy Jisi TpeThero OnbITa;

€) BBIBOJ O pOIM HEHTpPaJIbHOTO MNpoBoaa B TpeX(asHOW Lenu MpU COEIUHEHUH
noTpedHTeNs Mo cxeMe 3Be3a.

5. KonTpoabnblie BOUpPOCHI

| . Kakoe coennHenue Ha3bIBaeTCs 3BE3/10M?

2.KakoBo  cooTHolIeHHMe  MeXAy  (PasHbIM U JIMHEHHBIM  HanpsHKeHUsIMU
Tpex{a3sHoro NCTOYHUKA NUTAHWS TIPU COSAMHEHUH ero 0OMOTOK MO cXeMe 3Be3fa?
3.Kaxoe cooTHOWeHWe Mexay ¢a3HLIMM W JIMHEHHBIMH TOKaMM NpU COEJAHHEHUH B
3e3ny”’

4. Kak omnpeaenuTh BeJMUMHY TOKA B HEHTPaNbHOM MPOBOAE, €CJIM M3BECTHBI TOKH
notpedurens?

5. JAns yero npuMeHsI0T HeHTpanbHbIH NpoBoA?

6.K kakum 3axumaM clelyeT NOAKNIOYUTH BOJNBTMETP, 4TOOBl M3MEpHUTh (azHoe H
NUHeHHoe HanpshKeHue?

7. Kakas Tpex¢a3Has Harpy3xa Ha3bIBaeTC CHMMETPUIHOK?

8.Ilouemy npu HecUMMETpUHHOH Harpyske OOpbIB HEHTPanbHOrO MNPOBOJA ABASETCH
aBapUHHBIM pexumMom? -

JlaGopaTopnas pabora

Tema: H3MEPEHUE DJIEKTPHUYECKHUX COMPOTUBJIEHUN
1. Henn paGoTsI
[Tonyuenve HaBbIKOB cOOPKH TMPOCTBIX JJEKTPHYECKWX LEMNel, BKIIOYEHHS B
JNMEKTPUHECKYIO LIENb U3MEpPUTeNbHBIX npubopoB. HayunTbecs wH3MepaATE TOKH W
HanpskeHus, ybenutecss B coOmopenuu 3akoHoB Oma u Kupxroda B nuHeiinoi
BNEKTPUIECKOM LIenH.
2. IHosicuenus k paGore
DNEeXTpUYECKas HEeNb, COCTOSIUAs W3 3IeMEHTOB, BOJIETAMIEPHBIE XapaKTePUCTHKH
KOTOPBIX ABNAIOTCA NIPAMBIMH JIMHUAMU, HA3LIBACTCH JIMHEHHOM 3JIEKTPUYECKOH LETTBIO, a
3JIEMEHTBI, U3 KOTOPBIX COCTOUT LIE€Nb, - TUHEHHBIMU 3JIEeMEHTAMH,
Coenuuenue B 3JIEKTPUUECKOH LIeMHU, NPU KOTOPOM Y€pe3 BCE AEMEHTHI MPOTEeKaeT OfAHH
M TOT € TOK, HAa3bIBaeTCs TMOCNefloBaTeNbHBIM COeJIMHEHUEM, JKBHBAJEHTHOE
COTIpOTUBIIEHHE  RIOCAEAOBATENbHOW LEMM MOCTOSHHOIO TOKA paBHO CymMMe
COTIPOTHUBJICHUN OTAENBLHBIX Y4acTKOB: R= R+ R,.
HarpsbxeHne Ha OTAENBHOM yHacTKe B COOTBETCTBHU ¢ 3aKOHOM (OMa MpOnopuUOHANIbHO
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coOnpoTUBJIeHUIo 3Toro yuactka: U; =IR;; U, =IR;.
Hanpsxenne Una Bxoae noc/ieqoBaTeNbHOM LEMH B COOTBETCTBHH CO BTOPHIM 3aKOHOM
Kupxrodga paBHO cyMMe Hanps>keHUI Ha OTAENBHBIX YH4aCcTKaX:
U=U1+U2

bananc mowHocrei: P = P;+P,

Liena nenenus Battmetpa:C = Uyon*Tos/N

3. Ilopnaok BbINOAHEHHSI PadOThI

3.1. O3HakOMHTBCc ¢ JabopaTopHOil ycTaHOBKOWH (MOIYNb
[MUTaHWs, MOIAYJb PE3UCTOPOB, MOLYJb HW3MEpPUTENbHBIH,

MOAYJIb MYJIBTUMETPOB) H co0parb NUHEHHYIO
SNEKTPUYECKYIO LeNb ¢ TMOCJAeAOBAaTENbHBIM COeIUHEHHEM
PE3NUCTOPOB (puc. 1.2.1).
Y CTaHOBHTD 3aJlaHHbIE NpenojaBaTesieM 3HaYeHUs

conpotusneHuit pesuctopos Rl, R2. TlpencraButs cxemy ans
MIPOBEPKH NPENOAABATENIO.

3.2, BxmoudTh 3MEKTPONMUTAHHE CTeHHa (AaBTOMATHYECKHH
Beikaioyatens QF1 Monyns nmuTaHust ¥ BBIKJIIOYaTEeNb SA2
3TOro ke Moaynas). M3Meputh TOK B LeNH, BEIHYHHY
HanpsHKeHUs MUTaHUA ¥ HalpshKeHus Ha pesuctopax R1 m R2
B CXEME& C MNOCJIeJCeBaTeNbHBIM coenuHeHueM pesuctopoB R1 u R2. Pesynbrathi
H3MepeHui 3aHecTH B Tabh. 1. BEIKITIOUUTE THTaHKE,

Tabnuua 1

Bapuant U,B Ul,B U2,B I1, A 12, A P, Br

3.3. Hcnone3ys MyJIBTUMETP B PeXUME H3MEPEHHS CONPOTHBIEHHA H3MEPHTh 3HA4YeHUs
conpotussieHnd Rl, R2. BBIYHCIUTB 3TH XK€ CONPOTHBIEHUA, UCTIONB3YS 3aKOH Oma,
pe3yIbTaThl 3aHeCTU B Tabaumy 2.

Tabmnua 2.
M3MepeHO MYJBTUMETPOM BrluncieHo
R1, OM
R2, OmM
3.4. [Iposeputh BBITIOJIHEHHE OanaHca MOLLIHOCTEH.

Cnenate BEIBOZIBI O BBINONIHEHUH 2-T0 3ak0HOB Kupxroda u 0 npuMeHeHnH 3akona OMa B
NUHeHHOH Lenu NOCTOAHHOIO TOKa.

1. Coaepikanue oTueTa

Otyer no pabote HOMKEH COEPKATE:

a) HAaMMEHOBaHHe PadoTH! U 11eb PaboTHI;

0) TeXHHYECKUE JaHHbIE H3MEPUTEIBHBIX MPUOOPOB;

B)CXEMBI SKCIIEPHMEHTOB H TaGJIULIBI TIONYHYEeHHBIX SKCIEPUMEHTIBHBIX IAHHBIX;
I') pe€3yNbTaThl pacueTOB,;

1) BBIBOABI 10 paboTe;

€) OTBETHI Ha KOHTPOJIbHBIE BOMPOCHL.
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5. KonTpoabHbie BONPOCHI -

1.YTo Takoe «JIMHEHHBII 3IeMEHT» B JIeKTPUYECKOH Henu?

2 IlpuBecTyi IpUMEpH! TMHEHHBIX 2IEMEHTOB IEKTPUUECKUX LISIei.

3.Ha ocHOBaHHM Kakoro 3akOHa [0 T[OKa3aHHMAM aMIepMeTpa M BOJLTMETpa
MOXXHO OIpeAeNIuTs BEIMYMHY CONPOTHBIEHUS yYacTKa »JJIeKTPUYEeCKOH uenu
NOCTOSHHOTO TOKa?

4.B Kakux eAMHULAX U3MEpsIOTCs CHJIa TOKa, HAMPSHKEHHE U CONPOTUBIIEHHE?

Jabopamopnaa paboma
Tema: HCIILITAHUE TEHEPATOPA INOCTOSIHHOI'O TOKA

1. lleas paGoTnt

O3HaKOMMTBCS € YCTPOWCTBOM,  TPHUHIMIOM  NEHWCTBHA,  OCHOBHBIMH
XapakTepUCTUKAMH K METOAAMM MCHBLITAHUH TEHEepaTOpOB MOCTOSHHOTO TOKa C
napauieNbHBIM BO30YKACHHEM,

2. [Mosicucnnn Kk padore

DNEeKTPOMAIIHHHBIN I'eHEepaTop MOCTOSAHHOrO TOKa mpeobpa3syer MeXaHHYeCKylo
IHEPIUIO BPALUEHNS B 3IEKTPUHECKYIO 3HepTHIO. OH COCTOUT M3 TpPeX OCHOBHBIX uacTeli:
HETOABHKHOH - OCTOBa MALUWHEBEI C JMEKTPOMATHUTAMM IOCTOSIHHOIO TOKa (0OMOTKOM
BO30YXJEHHUA); BPAILAIOLICTOCs AKOPS, K KOTOPOMY MOABOANTCS MeXaHHYecKass dHeprus
N B KOTODOM HHAYKTUPYETCS TlepeMeHHas 23.4.C; KOWIEKTopa ¢O UIeTKAMH,
Npeodpa3youMMH MePeMEHHYIO 3.1.C. B TOCTOSHHYIO.

[lpuHiun fefiCTBHA reHepaTropoB OCHOBAH HA 3aKOHE 3JEKTPOMarHUTHOM
WHIYKUMH. Y reueparopa C He3aBHCUMBIM B030yXJeHHeM OOMOTKa BO30YXKJAeHUS
MOAKMIOYAETCA K  HMCTOMHMKY 3JeKTponuTaHus. ['eHeparop ¢  napaulenbHbIM
BO30OYXIeHHEeM ABISETCS TeHepaTopoM ¢  camoBo30yxaeHunemM. FEro ofmoTka
BO30YKIEHUS MOAKIIOHAETCS NapajulelibHO FNaBHBIM BBIBOJIAM Te€HEpaTopa, TO eCTh
napajuleNbHO 0OMOTKE AKOpsl, M TOK BO30yxaeHHs 11 B Hell 3aBHCUT OT BeJIMUMHDI
HampsHKEHHA Ha 32KHMax fKOpsAd U CONPOTUBIEHUS Liend OOMOTKU BO3OyxaeHus. [lns
PeryJMpoBKH TOKa BO30YXIeHMS B [eNH OOMOTKHM BO30YXJEHUS BKIIOUAETCS
PETYIMPOBOUHBIN peocTat Ri>.

CamoB030yXieHHe reHepaTopa BO3MOXHO TIPH HAJIMYMM OCTATOYHOTO MarHUTHOrO
NnoTOKa B CEpJeYHUKAX OCHOBHBIX nomocoB @oct cozpaomero B sxope 23..c,
cocTasngiowyro 2...5% ot HoMHHabHOrO nanpsixkenus Focm CEIL Coen~ 3a cueT 1ol
3.1.C. B 0OMOTKe BO30YKACHHUA MPOTEKALT TOK BO3OYKIEHHA

I¢ ocnm= Eocm/(Ra+Re=Rp)

rae JIn - conpotuBneHue oOMoTkM BO30YxaeHus, R,,- conporuBnenne o6MOTKH

axopsa, Rp - conpoTtuBneHue peryndpoBovyHOro peocrata. Tok BO3OYXKIAEHHs CO3AAET
JOTIOJTHUTENIbHBIH MarHUTHEIH MoTok @,.
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CamoB030yxaeHue reHepaTopa IPOH30HIET TONLKO B TOM Clydae, KOrJa 3TOT
AOMOJHNTENbHBIM MArHUTHBMI NOTOK @, OyAeT HampapieH COMMIACHO ¢ OCTATOYHBIM
MarHiTHBIM [MOTOKOM @,,. YBenuyeHHe IOTOKa B CEPACYHMKAX [MOJKCOB BBI3OBET
noBbilIeHHe 2.4.¢. Axopsi Ea= CE n{(®@ocm+®e)>nanpHeiflliee TOBLILUEHUE TOKA
B030yxaeHusa 11 1 maruuTHOro notoka @, 10 HaCTyIUIEHHS PABHOBECHUS, ONPEALTIAEMOro
ConpoTHBJIeHMeM Lenu Bo3OyxaeHus. [lpu 3TOM COMpoTHBIEHUE LenH BO3OYKACHUS
JOXHO OBITE MEHbLIE TaK HA3bIBAEMOI0 KPUTUHYECKOTO COMPOTHBIICHHS.

[lpu BCTpeyHOM HampaBleHWH MAarHUTHBIX TOTOKOB B CepAeYHHKAaxX MOJIKOCOB
camM0B030y)XZIeHWe  reHepaTtopa HeBO3MOXKHO. UroObl reHepatop  Bo30yauicH,
HeoOXOMMMO B 3TOM CJiydae H3MEHHWTL HarpaBlleHue Toka BO30yXJeHUs B OOMOTKE
BO30Y)XXIE€HMA NEepeKIIOUEeHNEM MPOBOJOB Ha €€ 3akKuMax.

Jnsi peryIvpoBaHus HaNpSIKEHUS] Ha 3a)KMMax reHepaTopa HW3MEHSIOT BeJHYHHY
MarHUTHOTO [IOTOKA MAUIMHbI, 3aBUCSLIYIO OT BEeJIMUHIIBLI TOKA BO30YHACHUS, KOTOPEIH ¢
TIOMOLLIBIO PEOCTATa JI2yCTaHaBIMBAIOT HY)KHOHW BEJIMUMHBI.

[TapannensHyio 06MOTKY BO30YXACHKMS HA3bIBAIOT IUYHTOBOH, MOITOMY KJI€MMBI
napanienbHon 00MOTKM Bo30yx)aeHus obozHavatoT «I11» u «112».

OCHOBHBIMH BeNTHUMHAMY, XapaKTepU3YIOWUMKU paboTy reHepaTopa MNOCTOSHHOIO
TOKA SIBNAIOTCA: BbipabaTeiBaemasi MolIHOCTE P = U, nanpskeHue Ha 3axumax U, TOK
BO30YXAeHUs 1B, TOK sikopsi I~ WM TOK HArpy3ku I, 4acToTa BpalleHUs . 3aBUCHMOCTE
MEXJY 3THMM BeJIMYMHAMHW OINUCHIBAETCS ABYMS OCHOBHBIMH VDaBHEHUSAMH -
ypasHenueM DJIC (E = ce n@®) u ypaBHEHHEM 3JIEKTPUUECKOrO COCTOSHHUSA LENU SIKOPS
(U = E — IaRa). O0 skcnnyaTalnOHHBIX CBOMCTBAX r€HEPaTOPOB CYAAT 10 €r0 OCHOBHBIM
XapakTepUCTHKaM, [OKa3bIBAIOMIMM 3aBUCHMOCTh OCHOBHOW BeJMUMHBl TeHepaTopa-
HaNpsHXKEHUsA - OT TOKAa BO30OYXIEHUS /8, TOKA HArpy3KH | M CKOPOCTH BpallleHHs SKOps.
[lpu ucnbITaHuy reHepaTopa OOBIYHO CHUMAIOT TPU XapPaKTEPUCTUKHM: XapaKTepUCTUKY
XOJIOCTOIO X043, BHEILHIOIO XapaKTEPUCTUKY W PETYIUPOBOUHYIO XapaKTEPUCTHKY.

Xapaxmepucmuxa Xonocmoz0 xoda - 3TO 3aBUCUMOCTD 3. [I. C. reHepaTtopa £» oT
TOKa BO30YXZAeHHs |B NpH pa3oMKHYTOW BHellIHeH Hernud. XapaKTepUCTHKY XOJOCTOro
XOMa PEKOMEHJYeTCst CHHUMaTbh, OTKIIOYMB OOMOTKY BO30YXIEHUS OT sKOps
HCIBITYEMOTO IEHepaTropa W MpoIlyckasi TOK BO30YKIEHHS OT MOCTOPOHHEro UCTOYHHUKA
NMOCTOSHHOTO TOKa. B 3ToM cnywyae monyudaercs HezaBUcuMoe Bo3OyxnaeHue. CHsTHe
XapaKTepUCTUKH HAYWHAETCsl U 3aKaHYUBACTCS NPU PA3OMKHYTOH 0OMOTKe BO30OYKICHMS,
Hpy cHATMM XapakTepuUCTHKH TOK BO30DY)KIEHHs CHayana IUIABHO M 4Hepe3 paBHble
MHTEPBA/Ibl YBEJWYNBAIOT A0 HOMHUHAJIBHOIO 3HAdYeHWs (BOCXOAsLIAA BETBB), a 3dTEM
YMEHBLIAIOT 4O HYNsA (HUcCXoAdllas BeTBb). [lonyueHHas XapakTepuUCTHKAa aHAIOTHYHA
KPHBOH HAMarHWY¥BAHWS MAarHUTHBIX MaTepHaNoOB MarHUTHOH LENW reHepaTopa.

[To xapakTepucTuKe XOJOCTOTO XOAa CYIAT O BO3MOMXKHOH yCTOHYMBOCTH paboThl
reHepaTopa 1 o0 CTENeHH HCIOJb30Baliig MarHHTHLIX MaTepHalloB.

Bueuinaa xapaxmepucmuxa eeuepamopa - 3T0 3aBUCHMOCTD HanpskeHus U Ha 3amumax
reHeparopa oT TOKa Harpy3ku /.

YDaBHeHHe BHEIIHEH XapakKTCpUCTUKH TEHepaTopa TOCTOAHHOrO TOKa ¢
napanicibRbIM BO36y)K,HeHIdeM JICTKO
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ITOJIYYHUTDb M3 YPAaBHEHUA JICKTPHUCCKOr0 COCTOAHNA LUCNHU AKOpb-HArpy3Ka, 3allMCaHHOI'O

Ha OCHOBaHHH BTOPOIO 3aKOHA
Kupxroda:
E=U +1aRa
Tax xax Tok BO3OyXAeHHS |B 3HAYHTENHHO MEHbLIE TOKA AKOpS 11, TO MOXHO
CUUTATh, YTO 1 = 13, Toraa MOYKHO

zanucath U =- E- 1Ra
B nelcTBUTENBHOCTH BHELIHSA XapaKTepHCTHKA reHepaTtopa ¢ MNapajlelibHEIM

BO30YXKIeHHEM UMeeT BU]
HUCHajalomel KpUBOH. YMeHbIUEHHE HaNpshkeHHA Ha 3a)KUMax TreHepaTtopa c
napannenbHbIM BO30YXI1eHHEM npu

YBENHYE€HHUH TOKA HAaTPY3KH MPOUCXOIUT MO CNEAYIOLHM OCHOBHBEIM NIPHYHHAM:

1) ¢ yBelM4YeHHEM TOKa HArpy3KH YBEJIHYMBAETCS TaJeHHEe HAMpPSHKEHHA Ha
obmoTke sikopst IRsa

2) ¢ yBeNMYeHHEM TOKA HArpy3Ku yBEJHYMBAETCS TOPMO3HON MOMEHT H CKOPOCTh
BpallleHUs TBUTATENs YMEHBIIAETCS, CIEN0BaTeNbHO, yMeHbaeres DAC,
MHIYKTUPyeMas B IKOpe 'eHepaTopa;

3) ¢ yBeNnUYEeHHEM TOKA HArpy3KH, U3-3a peakiy sKOps IPOUCXOIUT YMEHbBIIEHHE
pe3yNbTHPYIOLIEro
MardMTHOTO MOTOKa, clneaosaTensto, H DC, HHAYKTHpYyeMoil B oOMoTKe sikops E,,.

YMeHbIIeHNe HaNpsKeHUs U3-3a 3THX NPUYHUH MPHBOAMT K YMEHBIISHHIO TOKa

BO30Y)XICHUSH, CIIefOBaTENBHO, K
YMEHBILIIEHHIO MarHUTHOrO 1noToka, JJ1C AKops ¥ COOTBETCTBEHHO K JOTIONHUTENBHOMY
YMEHBLICHHIO HalnpsXeHus Ha

3aXKHUMax sSAKops.

[lo BHELIHHM XapaKTEPHUCTHKAM CYIOSE O TIPOLEHTHOM H3MEHEHHH HaNpsiKeHHs
reHepaTtopa

A U= 100(U0 -Un)/Un.
Pezynuposounasn xapaxmepucmuxa npeacTapiseT 3aBUCHMOCTh TOKa BO30YKAeHHS
16 oT TOKA Harpysxu 1
Ig=f{I} npu NOCTOSIHHOM HaNPsOYKEHUH Ha 3axxuMax renepartopa U = const.
Ilpy CHATHM peryjHpOBOYHOH XapaKTEPUCTUKH M3MEHSIOT TOK HArpy3Kd MO

HOMHHAQJIBHOTO 3HAYCHHA, a
HAlIpAPKCHHE HA 3aXHMax TIeHeEpaTopa MNOLACPXKHUBAKOT NOCTOAHHBIM IMPH TMOMOILIH
PErYJIHPOBOYHOIO peocTara B ' HCIIH
B036y'ﬂ(ﬂ.eHHH. Tax kak INMpH  YBCJIHYCHHUU TOKa HArpy3KH HANPAXKEHHE JOJDKHO
YMCHBIIATBCA, TO 1A MNOAACPXXaHUA ero

[MOCTOSIHHBIM H606XOI[HMO YBCIH4YUBAThL 3)1(: 34 CHCT YBCJIIHYECHHA TOKA 8036y}K,[lCHHH.

[lo perynupoBOYHON XapaKTepHCTHKE ONPENSNsOT NpeeNbl peryJHpoBaHHs
HalpsKeHUs reHepaTopa.
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3.4. CHATE XapaKTEpPUCTHKY XOJOCTOTO XOJia TeHepaTopa ¢ HEe3aBHCHMBIM
B030yxnenueM E,,= f (Is) npu I> = ( (pa3oMKHyTOIi BHEILHEH LENH TeHepaTopa).

Ilpu Toke BO3OYyxmeHusa I> = 0 usmeputre D/IC OT NOTOKa OCTaTOUYHOI
MarHMTHONH MHAYKUUH FEocm. M3MeHsAs BENHYMHY TOKa BO30YXAEGHHS C ITOMOIUbIO
nepexmoyatens SA2 CHATE BOCXOIAULYIO BETBb XapaKTEPUCTHKH XOJOCTOrO XOnd.

YMeHblLas TOK BO30YXAECHHUS, CHITh HUCXOAALLYIO BETBb XapaKTEPUCTHKH. Pe3ynsraTsl
N3MEpeHHuH 3aHeCTH B TalJI.,

3.5, CHATb BHELIHIOK XapakTepUCTHKY TreHepaTopa ¢  He3aBHCHMBIM
Bo3OyxnenneM U = /(1). YcraHoButs nepexmouaress SA2 B nmosuuuio «0». [TycTUTs B
X04 MPHUBOAHOH ABUTATENb M BKIIOYUTE OOMOTKY. YBENHYHBasE ¢ MOMOIIBIO
Harpy3o4Horo peocrata Ap (nepexknouarens A3) TOK Harpy3Kd OT HYJS CHATH
BHEIIHIOK XapaKTEepPUCTHKY reHepatopa. Pe3ynbTaTel 3aHecTH B Tadul. [lo monyuyeHHBIM
JTAHHBIM NOCTPOMUTH BHEILLHION XapaKTEPUCTHKY.

4. Coaepaxanue oT4yeTa

4.1. HaumeHoBaHue U Heib paboThl.

4.2. CxeMa BKIIIOYEHHUs TEHEPATOPA M TTPUBOIHOIO JBUIATENS.

4.3. Tabnuuel ¢ pe3ynbTaTaMHi UCTIBITAHUS T€HEPATOPA.

4.4, I'pa@uUKH NONYHSHHBIX XapaKTEPHCTHK XOJIOCTOTO XOA3a H
BHELIHHKX.
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5. KoutpoabHble BONpochI

1. Kak ycTpoeH reHepaTop IOCTOSIHHOIO TOKa?

2. [lo KakMM BHEUIHMM MpPH3HAKAM MOXHO OTJIHYUTH MALUUHY MOCTOAHHOTO
TOKa OT

MAllMHBl NePEeMEeHHOTo ToKa?

3. KaxkoB npyHUUN NeHCTBUS TeHepaTopa MOCTOSHHOTO TOKa?

4. Yo oTpaxaeT XxapaKTepUCTHKa XOJIQCTOro xona?

5. VYkaxure cnoco0bl BKIIOUEHUS OOMOTKH BO30YXIEHUS MalLHHbI
MOCTOSIHHOTO TOKaA.

Jabopamopnan paboma
TEMA: OJHO®A3HBIA TPAHC®OPMATOP
1. I{ens pabonut

O3HaKOMUTBCA ¢ Ha3HA4Y€HHEM M OCHOBHBIMH XapaKTEpPUCTHKaMH OOHO (asHoro
TpaHchopmaTopa, paboToil TpaHchopMaTopa NpU pa3MHYHOM XapaKTepe Harpy3KH.
2. IloacHeHus K paGoTte
TpaHchopMaTop - CTATHYECKHit >eKTPOMArHUTHLI annapat, HpeoGpasylommii
[apaMeTpbl JJEKTPUYECKOH DJHEprud fepeMeHHOro TOKa H Tepelarolluil 3Ty
3Heprure M3 oAHoM uenu B Jpyryro. C NOMOWBIO TpaHcGOpMaTopa MOMKHO
npeobpa3oBBIBaTh OCHOBHBIE MAPaMETPLl NMEKTPUUECKOH 3HEpPruu MepeMEeHHOro
TOKa (TOK, HaNpsKeHUe). DJeKTpHyecKas MOIMHOCTh NPH 3TOM OCTaeTcs MOUTH
HeM3MEHHOH. B 3aBHCHMOCTH OT COOTHOWIEHUS HOMHHANBHBIX HANpPsSKEHHH Y
TpaHchopMaTopa pa3nu4aloT 0OMOTKY BBICLIErQ HampskeHUs M OOMOTKY HHU3LIEro
HanpsKeHus.
Kosddnuuent TpaHchopMauuy MO HANpsXKEHWIO TNOKA3bIBAET, KAK COOTHOCHTCS
YHUCJIO BUTKOB INEPBUYHON OOMOTKHM K YUCIY BUTKOB BTOPUYHON OOMOTKH, a TaKKe
DC, uHOyKTHpYeMble B 0OMOTKax
K=wl/mw2 = EI/E2.
Kosdduuuent TpaHchopMamuyd MOKHO ONPEedeTHTh ¢ AOCTATOMHOM TOYHOCTHIO,
M3MEDPHUB IIPH XOJNOCTOM XOIe TpaHcdopmaTopa (BTOpHUHAS OOMOTKA Pa3sOMKHYTa)
HalpPSOKEHNS Ha 3a)KHMax NepBHUYHOH U BTOPUYHOH 0OMOTOK.
B pexume xonoctoro xoma TpaHchopMmaTop NOTpeOsieT U3 CETH NEKTPHUECKYIO
3HEpPruio, KOoTopas MJeT Ha TOTepd B CTalM (M3-3a [epeMarHHYMBaHHSA
MarHMTONPOBOA U BUXPEBBIX TOKOB). OMBIT XONOCTOTO X014 TO3BONAET ONPEAEHTE
COCTOsIHHKE cTajlu TpaHchopMaTopa.
[Tonxnrouenne moTpebuTenell 3MEKTPUYECKOH OSHEPTHM K TpaHchopMaTopy
TIO3BOJIAET MepelaBaTh WM JHEpPruio, MOBBILIAS WM MOHHXAas HanpskeHue. B
NaHHOH paboTe McenenyeTcs MOHMXKaOUUR TpaHcdopmarop 220 B/12 B, kotopeli
O/IHOBPEMEHHO B TAKOM € COOTHOLICHHUH YBEIIHYHUBAeT CHIY TOKa
K=wl/w2=U1/U2=11/12
Taxk kak nepeH4Has M BTOpUYHas OOMOTKM TpaHchOpMaTopa 3MEKTPUYECKH He
COEIUHEHBl, IEKTPUYECKass MOLIHOCThL W3 MEepPBUYHON OOMOTKH BO BTOPHYHYIO
OOMOTKY TIepefaeTcs NpH MOMOLIM MAarHHTHOTO TIOTOKA, 3aMBIKAKOLIETOCS [0
MarHUTONPOBOAY (CepAeUHHUKY) TpaHchopmaropa.



67

MouHocTs, noTpeOnsiemas TpaHchopMaTopoM, GoNbIIE MOMIHOCTH, OTAaBaeMO
TPAHC()OPMATOPOM MOTPeOMTENI0, Ha BEAUYHHY NOTEPL B CaMOM TpaHchopMaTope.
[Torepu MomHOCTH B OOMOTKaX M cepAeYHHKe TpaHcopMaropa HeBenrkH. Jlonvas
HOMHWHAJIbHas MOLIHOCTE TpaHc(opmaropa obbiuHo onpeaensercs kak Su = Unlx,
rae Un — HOMHMHaNbHOE HanpsHKeHUe Ha BTOpUUYHOH 00MOoTKe TpaHcdopMaTopa;

It — HOMUHATBHEBI TOK BTOpHYHOH 00MOTKYU TpaHcdopmartopa.

C yBennueHHEM Harpy3ku OT XOJIOCTOrO X0Ja AO HOMUHANBHOH HanpsxeHue Ha
3aXUMax BTOPUYHON OOMOTKH MOHKXKASTCS U3-3a YBEJIMYEHHUS NaJeHUs HanpsHKeHUs
Ha BHYTPEHHEM CONPOTHBIEHUH TpaHcpopmartopa. [Ipyu 3TOM yBeIHYHMBAETCs U TOK,
notpebnsemMplii TpaHcdopMaTopoM U3 CeTH, a OOMMHA MarHUTHBIH MOTOK B
Cep/IeYHrKe TpaHC(POpMATOpa OCTAETCH INPAKTUYECKU MOCTOSHHBIM. 3aBUCHMOCTD
BE/MYUHBl BTOpUYHOro HanpsokeHnss U2 oT Toka Harpy3kn /2 IpH HEU3MEHHOM
MepBUYHOM HarnpsxeHun Ul U 4acToTe Ha3bIBACTCS GHeHtlell XapaKmepucmuKoil,
Haxknon BHelIHEH XapaKTepUCTUKH 3aBUCHT OT KOI(D(PHLMEHTa MOLIHOCTH
notpeburens (xapaktepa notpedutens).

Pabota TpaHcdopmaropa OTHCBIBACTCA TAKKE PAGOUUMU XAPAKIMEPUCTIUKAMU, K
KOTOPBIM OTHOCATCS 3aBUCUMOCTH n = f(P2);cos ¢p2 = f(p2), npu UlH = const, cos

$2=

const, z0e P2 = U212 cos {p2 — axTuBHasi MOILHOCThL TpaHcdopmaTopa, OTAaBaeMast

Harpy3ske. Paboune XapakTepuCTHKHM CHUMAIOTCS U1 BbIOOpa ONTUMAanbHOK 30HBI
paboThI TpaHcopmaTopa.

3. Ilopsinok BbINOAHEHNst paGOThI e
3.1. OszHakoMUTBC ¢ nabopaTOpHOW + s— W
YCTaHOBKOH (MOAynb THTAHHSA, MOAYJb TV
oaHodasHoro TpaHcdopMaTopa, MOAYIh
PEaKTHBHBIX  3J€MEHTOB, MOgylh 2-0B > @t
MYJ1bTHMETPOB, MOJYNb  aMIIepMETPOB 4 QV &t
NepeMEHHOT0 TOKA, MOZYJIb

W3MEPUTENbHDIM, HACTOJNLHBIA BATTMETP).
3.2. CobpaTh 3JEKTPUUECKYIO LeMb (puc. PA2 ' '
2.1.1). Hnst 3TOro COEVUHUTh
NMPOBOAIKMKAMH HCCNENyeMbli MOAYJb C
UCTOYHHKOM  3JiekTponutanusa 220 B
(MOnyNb MUTAHUSA).

3.3. TlpoBecty ombIT Xonoctoro xona (toxk 12 =0). YcTaHOBUTH MEpeKIIOYATEND
SA2 Mopyna opnodasHoro TpaHcdopMaropa U Tepeknmoyatenb SA  MoOAyIs
pPEeaKTHBHBIX JJIEMEHTOB B mojoxeHue «0». PesynpraThl uM3MepeHHM 3aHECTH B
tadn. 2.1.1. Tlo pe3synpratam  u3MepeHHH  paccuuTaTh  KOIPPHIHMEHT
Tpanchopmanun Tpanchopmaropa K, koapduunent momusoct cosdh2. Yuutsisas,
YTO HOMMHAJIBHBIM BTOpUYHBIH TOK TpaHcopMmaropa 1,56 A, paccuurarhb
HOMMHANBHBIA MEpBUYHBIN TOK TpaHchopmaropa /~,

PW PA1

Puc. 2. 101
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TaGiuua 2.1, |

H3mepeno Beiancneno !

Ui, Lo Pio, Uao, |
B A Br B CosP1o K T A 1

3.4, MccnepoBath TpaHchopMaTop B paboueM pexdMe, CHSB BHELIHIOK U pabovue
XapaKTepUCTUKH TIpM aAKTHBHOM XapakTepe Harpysku. /[lng 3Toro, u3MeHAd
BEJIMYWHY comnpoTusieHuss Harpy3kd Ku C nomompio nepekmwoudatens SA2,
U3MEPHUTL BEJIUYHHB!, YKa3aHHble B Tabn. 2,1.2. Mcnone3ys pesynbTaTel U3MepeHUH,

paccyuTaTh  AKTUBHYK  MODIHOCTE P~, oTmaBaemyio  Harpyske, KII[J
TpaHcopMaTopa U U kKodbbuuueHT MowmHocth cosy. [lo  pesymbratam
lavnuua 2.1.2
Uzsepeno . Bouryucneno
CTopoHa BU3KOTO CropoHa BBICOKOT0 HAMPSIIKEHUS
HANpaxen s
Uy, B I,A U,B I, A P..Br P,,Bt COSP| 1

UCC/IeI0BaHMs OCTPOUTH BHEIIHIOW U palouue XapaKTepHCTUKH TpaHchopMaTopa.
Crenatb BEIBOABI 0 HanboIee Leecoodpa3sHOM
JuanasoHeHarpy3ox

TpaHcdopMaropa.

T6212
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3.5. CHATbH BHELIHIOIO XapaKTepUCTHKY TpaHcopmaTopa IpH eMKOCTHOM XapakTepe
Harpys3ku. BenuunHy eMKOCTH KOHZEHCATOPa U3MEHSTH ¢ MOMOUIBK) MePeKIFoyaTeNns

MOMYJIfi PEAKTHBHBIX 3J1eMEHTOB. PesynsTarel u3mepenut 3a"ectu B T1adm.2.1.3. [lo
taonuua 2, 1.3

Uy, B |
LA :

o

pe3ynbTaTaM HCC/IeI0BAaHHUS NMOCTPOUTh BHELIHIOK XapaKTepHCTHKY TpaHchopMaTopa
NpH €MKOCTHOH Harpyske, CpaBHHTh €€ ¢ XapaKTepPUCTUKOM, IIOIy4YeHHOH Ipu
aKTUBHOW Harpyske.

T6 213

4. ConepskaiiMe oTYCTA

Otuet no paboTe A0HKEH coaepKaTh:

a) HAMMEHOBaHUe padoThl U Liedb PabOThl:

0) cxeMy KCIEPUMEHTA ¢ BKJIIOYEHHBIMU U3MEpPUTENIbHBIMU fpudopamu;

B) TaOJIMLBI ¢ pe3yNbTaTaMH 3KCIIEpUMEHTa;

I') BHELIHHe XapaKTepUCTHKHU TpaHcPopMaTopa PHU aKTUBHON M €MKOCTHOM
Harpys3ke;

1) paboyue XxapaKTepUCTHKH TpaHc(hOopMaTopa Ipy akKTHBHOH Harpyske;

€) BBIBOJI IO padorte.

5. KoHTpoabHbIe BONPOCHI

1. Ing yero npengHa3zHayeH TpanchopmaTtop?

2. KakoB npuHIun nefcteus TpaHcdopmaropa?

3. Kak ONBITHBIM NyTeM ONpeAennTb KOIPGHULUEHT TpaHCHOpMaLIUH?

4. ITouemy mpy yBeJIHMYEHHUH TOKA HArPY3KH YBEIMYUBASTCS TOK, OTPeOIseMbIi
TpaHCcHOopMaTOPOM U3 ceTn?

5. Ilouemy npu u3MeHeHuH Harpy3ku usmensiercs KI1J tpancdopmaropa?

Jabopamopnan paboma

TEMA: HCCEAOBAHUE IMTOJYITPOBOJHUKOBOI'O JTUOJA
L. Leas paborni
OzHakoMuTbest ¢ paboOTOH, OCHOBHBIMH  XApPaKTEPUCTUKAMH ¥ TIPUMEHEHHEM
MOMYTIPOBOHUKOBBIX JMONOB - BBIIPAMUTENBHOIO AMOAa, cTabunuTpoHa, Axoma Illotku
CBETOW3JYYAIOLLEro IHOAA.
2. Onucanne 1aGopaToplioro MoayJist
B naboparopHoli paboTe H3yualOTCsi XapaKTepUCTHKH BBIIPAMUTEIBHOIO JMOAd THIIA
1N4007, nomynpoBoauukororo ctabunutpoHa tina KC 168A, cReTou3Tyyalollero anoaa
tMna [-5013 w muopma Lotk tuna INS819. OcHOBHble NapamMeTphl HCCIEMyeMBIX
[0y IPOBOIHHKOBBIX MPHGOPOB NpHBeneHs! B 126, 3.1.1,3.1.2, 1 3.1.3.
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Tabnuua 3.1.1

Tun npudopa . 1N4007
Ipsanoii BRIIpAMASHHBIN TOK, A ]
HoctoaHnoe o6paThoe Hanpsbkenue, B 1000
| [TocTogiroe npaoe Hanpskenue, B 0,6...0.8
Tabnuna 3.1.2 .
Tun npuGopa KCI68A
Hanpsxenue crabunuzanuy, U,y B 6,12...7,48
MurnmanbHbit Tok cTabinnzannu, lo mia , MA 3
Makcumanbublil Tok cTaduam3aunu, Ly max MA 45
Makcumaibias pacceHBaeMast MOUWIHOCTD, Prax , MBT 300
Tabayua 3.1.3
Tun npnbopa IN5819
NpaMo#i BHOPAMIEHHBIN TOK, A 1
[locTostHuoe 0OpaTHOC HanpsxkeHue, B 20...40
TlocTosiHHOS NpsAMoe Hanpgxetne, B 0.45...0.6
IlepenHas maHens  1abopaTopHOro  MOTYIS |
a f_{ Anoal }—ﬂ
npeficraBneHa Ha puc. 3.1.1. Ha nelt n3obpaxena =
MHEMOCXeMa HCCIeNyeMBIX liernel, Ha KOTOpOoH '“'@"“"
YCTAHOBJICHEI rHe3ga s TIOMKIIIOYEHH A et ?
6 Buun \)—'K/ ~ Ry RS
W3MEPHUTENLHBIX MPUOOPOB W COSOAMHUTENBHBIX N o S "
TIPOBOIHUKOB. xs X1 xs xs
o) 0
M3 nonynpoBOAHUKOBBEIX JIHOIOB Hauboiee T
YacTO HCIONB3YIOTCS BbIUIPSAMUTEIBHBIE OUOMALL, ai e Lo b
MCTIONE3YIOUIME  CBOHCTBO  OJHOCTOpOHHEH Y ¥ Y\ ¥
. I ®
NIPOBOJMMOCTH p-# Tiepexoaa. &
f.‘v.'
I TonynpOBOAHUKOBEIM CTAOWIHTPOHOM HAa3bIBAIOT t
I X1 Rui L
IOMOR, HanpsDKeHHe Ha KOTOpoM B o0nactu —éfﬂ—,ﬁ‘ >
3MIEKTPUYECKOrO NMpoGos cnabo 3aBUCUT OT TOKa. | Xz x1s )

HpHMeHHeTCH B CTE!6PIJ'IH3&TOan HalpsKCHHA H
TOKa, HCTOYHHKAX OINIOPHOIC HANPAXKCHHS, HCIAX

Puc. 3.1.

1

sauThl. HOpManbHBIM pesxuMOM paboTel CTaOWIMTPOHA SABIIETCA PEXXHM C 0OpaTHO
BKIIOYEHHBIM p-# TEPEXOAOM, paboynM HanpmMKeHHEM - HanpsHKeHHe IEeKTPHYECKOro
npoboss mepexoma, pabouuM Y4YaCTKOM BOJIBTAMIIEPHON XapakKTepPUCTHKH  (00nacTuio
cTaOU/IM3alMN) - y4acTOK OOpaTHOW BETBHM, KOTOPBIA MOYTH NapajieNieH OCH TOKOB
(puc.3.1.2). OrpaHuunBas ¢ IOMOUIBIO PE3UCTOpa MPOTEKAIOIIHI Hepe3 CTabUINTPOH TOK,
4yTOOB! W30€XKaTh MEperpy3ky, COCTOSHUE EKTPHYECKoro mpodos B HEM MOXKHO

NOAACPXKUBATH JJTUTCIIBHOE BPpEMH.
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[lonyrnpoBoAHUKOBBIE CTAOUNUTPOHBI HU3TOTOBIAIOTCA Ha V §
OCHOBE KpeMHMs ¢ OOblLIOH KOHLeHTpauueidl npumecei
(Ha 2 — 3 nopsaaka Gosablle, YeM Y BHIIPSIMHUTENbHBIX g /

anonoB). brmaronaps sToMy obpasyeTes oueHs TOHKMH U,
3aMOpHBIA CJIOH U CO3JAOTCA YCIOBHS IS 3MEKTPUYECKOro
npoGoss nNpd CpaBHUTENBHO HeQONbIIHX 3HAYEHHSX
TIPWIOKEHHOTO HalpsHKeHU.

ompun

cm

B NIPOCTEHIINX (mapaMeTpuvecKrx)
cTabunuzaTopax cTabuiM3alMs OCHOBaHA Ha CBOHCTBE [ _____ o= ¥

— T cmmax

CTa0MAMTPOHA COXPAHATH IIOCTOAHCTBO  HalpsKeHHS
Npd  M3MEHEHMH (B ONpedeNeHHBIX  Npeaenax)
NpOXOHALEero 4epes HUX Toka. Cxema mpocreiiuiero Piie:3.1.
MapaMeTpUYecKoro ¢TaduIn3aropa Ha [oJynpoBOTHUKOBOM

cTaCuHTpOHe u3obpaskeHa Ha puc. 3.1.3. Ecnu BxonHoe HanpshkeHUe cTabuin3aropa
U, yBEeIUUUTCA TIPH HEHU3MEHHOM CONPOTHBIEHUU HArpy3KH M3-3a MOBBILICHUS
HANpPsXEHUs1 CETH, TO B COOTBETCTBMH  C  BONBTAMITEPHOH  XapaKTEPHCTHKOM

CTaOUNUTPOHA He3HAUUTENIbHOE YBEIUUCHUE HAIPSKEHUS HA HEM
pUBeIeT K 3HAUUTENbHee YBEIWYEHHUIO  TOKa 1 IIPOTEKAKOILETO gepes
cTabunutpod. CrnexoparesnbHO, YBENUUMUTCS TOK [z mageHue HalpsKeHUS
I;Rna  GannacTHOM CONPOTHRIEHUH Rsr.e. npousoiiger

nepepacnpeAeseHye NpUpaLeHUs] BXOOHOMO HAaNpsKeHUs U
BBIXOJHOE HANPSXKEHUE U3MEHHTCA HE3HAYUTENbHO.,

[Ipy HEM3IMEHHOM BXOOHOM HAIPSKEHUH ‘M H3MEHEHHH
TOKa Harpyskd, Hanpumep oT Iy 10 Ipnp, TOK depes
CTaOUNHUTPOH BO3pacTaeT Ha BeMUYUHY (£ = fpi). U
BrixonHoe nanpsxxenne Uyu3aMeHUTCS He3HAYUTeNbHO. s
HopManbHONH  paboThl  crabunusatopa  HEOOXOAMMO
00eCleuYUTh YCIOBHS, NPH KOTOPLIX TOK cTalHIUTpOHA He
HOJDKEH BBIXOIWTH 3a Tpeaensl pabouero auanasoHa Ie.,,.,— Puc. 3.1.3
L. [TO3TOMY BETUUHHY

Rs

6a11aCcTHOTO CONPOTUBIEHUS BBIOUPAIOT U3 YCIOBHUS
U,-U

R = S
IH’ + ,C”‘J‘HH I
I - [ rne - HOMMWHANbHBIH

[ ]

"

TOK ¢TabMIU3aunu

HpHHL[Hl'I p360TbI CBETOHU3NTYHaOIIKMX OHOAOB OCHOBAH HA I/I3.I'[y‘IaTeﬂbH0i7l
peKOM6HHaLIIdH B oObeme p-anepexona TpH HHXCKUHHM HEOCHOBHBIX HOCHTeNEH
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3apana moj AefcTBMeM NpsAMOro HampsKeHus. B pesynsTare u3nydaTenbHOH
pEKOMOWHALMH TEPeX0N HCIYCKAST 3NEKTPOMAarHWTHBIE BOJHBI, KOTOPEIE MOTYT
HaxOAUTBLCA B CBETOBOM (BHIMMOM) WIH MH(ppaKpacHOM (HEBUAMMOM) Auanazoune. Ha
NOJYNPOBOAHHMKH, W3MYYaKIIUE SHEPryud B HHQPAKPAaCHOM [OHMAMa3oHe HaHOCAT
TIOMHHO(OP, KOTOPBIH mNpeoOpasyeT HeBUAMMOE U3JIy4YeHMe B LBETOBOE, LlBer
CBEYEHHs 3aBUCUT OT COCTaBa JIIOMHHO(OpPa U MOXKeT OBIThb 3€JeHBbIM, KpacHBIM,
CHHHM M ronyObIM. BaXKHBIMH ZOCTOMHCTBAMM CBETOM3JIYHAOIIUX TUOAOB ABJISETCS
Mamnas rnoTpednseMas MOLLUHOCTH, BBICOKAs YHCTOTA 1iBeTa CBEYeHMsl, CTaOUIBHOCTD
1[BETa CBEUCHUS OT BpeMeHH HapabOTKH U TEMIIEPATYPBHI.

HAuvonpl LIOTKM BBINOJHAKOTCS Ha OCHOBE KOHTAKTa MeTal-NONYyNPOBOIHUK.
OO0pazoBaHHBIA Ha FpaHULIE MEXAY METAIOM W IOJYNPOBOTHUKOM BIEKTPUYECKHH
Nepexof  ABNAETCA  3alMpalolliM M o0najaeT CBOWCTBOM  OJHOCTOPOHHel
NMpoBOOXMOCTH. [ToTeHuManbHbl Oaprep Ha KOHTAKTE METAI-MIONYTIPOBOAHUK YacTo
Ha3piBawoT Oaprepom LlloTku. B TaxoM mepexome BeneAcTBHE Majloi Iutollaau U
CoNbILOH LUMPUHBI 3aMMPAIOILETrO C0s 0DecmeYnBaeTCs He3HaYuTebHas OapbepHas
eMKOCTb (He npeBbliaeT | n®). M3-3a oTcyTCTBHS HWHMXEeKUWH B 0asy HEOCHOBHBIX
HOCHUTENEH B Hell He NpPOUCXOIAT NPOLECChl HAKOIUIEHHUS W PaccachlBaHHUsA 3apAIOB.
[IoaToMy ANMUTENBHOCTE IEPEXONHBIX MpolleccoB, 00ycnopneHHas B auogax LoTku
TOJIBKO NIepe3apsakol GapbepHOH EMKOCTH, COCTABNIsET AeCATHIE JOAM HAHOCEKYHIEI.

OTH CBOHCTBa ONpeeNuIn NpuMeHeHue nuofa LOTKM KaK MAeaNbHOTO 3J1eMeHTa B
VUMIIYJIbCHBIX YCTPOHCTBAX.

3. [Topsiaok BbiNosHeHHs paGoThl :

3.1 JkecnepuMeHTAIbLHOE HeeAed0BaliHe BLITIPSAMHUTEILII0r0 AH0AA

3.1.1. CoOpath cxemy a1 HcclaeOOBaHHsL BBUIPAMUTENbHOrO axuoga VDI Ha
IIOCTOSHHOM TOKe. J[isl W3MepeHUs aHOAHOTO TOKAa BKIIIOYUTH MWIIHAMIIEPMETP, s
U3MEPEHHs aHONHOIO HaMpsXKeHWUs BKJIIOUHUTB MYJIBTUMETP B pPeXUME H3MEpPeHUs
NIOCTOSHHOTO HanpsikeHHa (puc. 3.1.4). BKIIOUMTHE 3AeKTpPONUTAHWE CTeHAA H
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YCTaHOBUTH Mepexnoyarenb SAl B NO3ULHUIO «H».

3.1.2. CHATp BOJIBTAMIIEPHYIO XApAKTCPHCTUKY BBIMPAMUTENbBHOIO JIHOAA Ha
NOCTOSIHHOM TOKE CHayasa

AJ1A TIPSAMOMN, a 3aTeM OOpaTHOH BETBH, YCTAHOBUB Iepekiouarenb SAl cHauana B
NO3UUHI0 «1T», a 3aTeM B MO3HLMI0 «—». YBEJIMUHMBas BXOAHOE HAIPSXKEHHE ¢
nomowpo norenuuomerpa RP1 or 0, uamepsTs TOK MU HanpshkeHHE Ha JUOIE.
Pe3ynbraTel U3MepeHUH 3aHecTH B Tada. 3.1.4 1 3.1.5. BBIKIIOUUTE MIEKTPONUTAHUE.

Yeranosuth noreHuromerp RP1 B HyneBoe nonoxenue
Tabnuua 3.1.4

Unp.B
Inp, MA

Tabnuua 3.1.5

Uobp. B
lobp, MA
3.1.3 OxcnepuMeHTalbHOE HCCIEA0BaHHE OJHOIONYNEPUOAHOIO BBIIPAMHUTENS Ha
MOJNYNPOBOAHUKOBOM  Avome. /[lis  3TOro MOAKMIOYUTH OXMH M3 BXOAOB
NByXKAaHAIBHOTO OCLMIIOrpada K IWyHTy R, (kopmyc ocummnorpada «»
NOAKIIOYNUTL K rHe3ny X12), BXoAd BTOpo[o kaHajna NOAKMIOMUTL K THe3ny X3.
YCTaHOBHTh CHMHXPOHHU3ALKIO OT CeTU. BKN04uTh 3NMEKTPONKWTAHWE M MEepPeBeCTH
nepeknroyarens SAl B nosuuuio «~». Ilorennnomerp RP1 ycraHoBuTh B KpaiiHee
[IpaBoe MONOXEHME. 3apucoBaTh OCLHWITIONPAMMBl aHOAHOTO TOKa i, HapsiKeHUs Ha
JAMONE U, OTIPENeUB MacuTabbl IO BPEMEHU, TOKY U HanpseHuto. [ Ipu aToM ydecTs,
yTo compoTuBneHue wiynra R,, coctaBmser 10 Owm. Omnpenenurts BeEIUUHHY
MakcHMaJbHOro oOpaTHOro HanpsbkeHus Ha auoge. CHSTh  OCUWIIOTPaMMY
HanpsDKEHUS Ha Harpyske u,. Jlns 3Toro kopnyc ocuuiiorpada MOAKINIOYUTE K THE3NY
X3, a Bxoa oxHOro M3 KaHanoB k rHesay X10. 3apucoBare ocummmorpaMmy
HanpsKEeHUsl Ha Harpyske u,,OTpe/ieIiB MaciTadbl 10 BPeMEHW W HAMPSKEHHIO.
BBIKNIOUHTE THTAHNE MOIY/IS U CTEH/A.

3.2 FkcnepumenTannlioe HeeneaosaHue awona llorkn

Cobpatre cxemy mna uccienoanus auoxa Hlotku (VD2) HAa MOCTOSHHOM TOKe.
Beinonuute nyHkTel 3.1.1 u 3.1.2 nns auoaa [lorku. CpaBHUTH BOJKETaMIIEpHBIE
XapaKTEPUCTUKN OOBIMHOIO BBIPAMUTENIBHOTO AMoAa U quopa LloTku.

3.3 DkcnepuMenTablioe Hee/eoBallHe CTAOHIUTpOHA
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3.3.1. CobpaTk cxeMy A MCCIeOBAaHUS CTa0MINTPOHA HA MOCTOSHHOM TOKE
(ananornyHo cxeme nmo puc. 3.1.4. Bemomuuth myHkT 3.1.2 18 CTaGHINTpOHA.
[TocTpouts rpaduk 3aBUCMMOCTH BBIXOgHOIO HampsoxkeHus U,,oT Toka I.,. PesynsraThl
3aHeCTH B Tao. 3.1.6.

Tabnuua 3.1.6

Uct, B
IeT, MA

e e 1 ) s

MNuranve == E BEBE}

oo o l

Lo~=dd 2] |

‘l/ R
X114 Kl;
Puc. 3.1.5

[To monyyeHHOHW BOJBTAMIIEPHOH XapaKTEPUCTHKE OMpeaeNIUTh HanpsHKeHHe
crabunuzauu U1 BeNHYUHy TH(P(EpEeHLUHATBEHOIO COIIPOTUBIIEHHS F;.

3.3.2.Cobparh cxeMy NapaMeTrpuueckoro crabunuzaropa HanpskeHus (puc 3.1.5).
BBIKTIOYMTE a3nekTponuTanue creHaa. [lepekmiouarens SAl Moayna avondos,
YCTGHOBUTH B TO3WLMIO «—»

3.3.3 M3MeHsis BeNMUYUHY BXOAHOTO HANPSXKEHHSA ¢ MOMOLIBI0 MoTeHIHoMeTpa RPI
CHATh 3aBHCHMOCTH BEJIMUKMHB! BBIXOAHOTO HAIpPSXXE€HHS OT BEIHYHHBI BXOIHOIO
HanpsKeHus

Uon =1 (Uso-

Pesynerarsl 3anectu B Tabn. 3.1.7.

Tabnuua 3.1.7

Uct, B
Usx. B
Onpenenutes ko3dduuUHeHT cTabunmzammu crabuwiuzatopa K, Ha ydactke

CTabUNH3ALIUHA
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Jabopamopnasn paboma
TEMA: HCCOAEAOBAHHUE PABOTHI BUIIOJSAPHOIO TPAH3UCTOPA
18 Heas padoTsI
OzHakoMuThes ¢ paloToH,
OMIONAPHOIO TPaH3UCTOpA.
2. Onucanune naGopaTopuoro moay.ns

B xoMIIIexT 1abopaTOpHON YCTAHOBKHM BXOAAT Clenylolue Moagyau: « TpaH3UCTOPBI»,
«DYHKUMOHANBHBI reHepaTop», «MyneTuMerpei», «Moaynb MYIbTUMETpoB». s
HabIIONeHUA OCIUIIOrPaMM NIPHIOTOBUTE ocLuIorpad.

[lepennsas naHens moayns «TpaH3ucTopel» NpenctaBneHa Ha puc. 3.2.1. Ha Hed
NpUBENEHA MHEMOCXEMa ¥ YCTAHOBJEHbl KOMMYTHPYIOIIME M PETyTUPYIOLIME
anemeHTsl. Ha MHemMocxeMe m300pakeHbl: OMNONAPHBIN TpaH3sucTtop VT, monepoit
TpaH3ucrop VT2, noreHunomerp RP1 mis u3MeHeHUs HanpsikeHUs, [I0AaBaeMoro Ha
Oa3y (3arBop), TOKOOrpaHWuUMBaKOLIKI pe3ucTop RI1, pesucrop Harpyzku R2,
CONPOTHBIEHHE  KOTOPOrO  U3MeHsgeTcA MnepekmouareneM SAl. BenuduHsl

COl'IpOTHBJ'ICHHFI, COOTBETCTBYIOLIHUE NOJIOKEHUAM [EPSKIKOUATEIIS [IPUBEACHE] B Tabn.
3.2.1.

OCHOBHBIMH XapaKTEPUCTHKaAMH H TPHMCHCHUCM

Tabnuna 3.2.1

Ne nosuunu 1 2 3 4 S
CoripoTHBieHHe, XOM 1 12 1,5 i,8 2.2
TP WSUCTOPS
RP1 o 8AY
oA d g
e I O W .\m,
6 1@ H—i'N

, ¥

Puc. 3.2.1 Moayab «TpaH3HCTOPBI»
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BennunHa MNOCTOSHHOIO HampsbKeHWs, [ONABAEMOTO HA  KOJUIEKTOp  (CTOK)
perynupyetrcsa noreHuuoMmerpoM RP2. Tlepexmiouatens SA2 mnpegHasHaveH mns
BKJIIOYEHHS MEPEMEHHOTO MIIU MOCTOSHHOIO HanpsikeHus. i moaaym Ha KOJUIeKTop
(CTOK) TOJBKO TOJNIOXUTENBHBIX NIOMYBOJNH MEPEMEHHOIO HANpsLKEHUS CIYXKHT JHOI
VD. Toxk B 3Toff unenu orpaHu4rBaer pesuctop R3. Pesucrop RgumutHpyer
BHYTpPEHHEE

COITPOTHBIIEHHE HMCTOYHHKA BXogHOro curHana. Kongencarop C uCKimo49aeT BIHAHUE
BHYTPEHHEI0 CONPOTUBJICHUA UCTOYHHKA BXOLHOIO CUTHAJla HA MOJNOXKeHue padodei
To4yKH nokos. LIlyHt R,= 1 0 OM cnyxuT ans ocuuanorpadupoBaHus CUTHama,
IIPOMOPLIHOHANILHOTO TOKY 4epe3 TpaH3ucTop. Ha nepeaneii naHenu pasMelleHb

OcHoBHBIE NapaMeTpsl  UCCIEAYEMOTO oun MOJIAPHOIO  TPAaH3HCTOpPA

Ta6nanua 3.2.1
Tun Tpan3ncTopa BC639
MaxcuManbHo BOTYCTHMBIH TOK KOMNAEKTOPA by max, A 0,5
MaKkCHMaIbHO BONYCTHMOE HaNPAKEHHE KONNEKTOP-IMUTTEP Uys vare, B 30
MaxcHmalibHan paccerBaenas MOIHOCTD Ha KoekTope Pypa BT 0,63
Cramyeckuii ko2ddHUREHT Nepeaayn Toka hyy 40...160
Maxchmanbloc nanpaxenne aMuTTep-6a3a U.s o B | 3

TaK)Ke He3/a JUlst OCYIIECTBIeHUA BHEIIHUX coeauHenni (X1 - X16).

OCHOBHBIMH XapaKTepUCTUKAMH TPAH3UCTOPA, BKJIKOYEHHOTO 110 CXeMe C OOILHM
3MHUTTEPOM, SIBIAIOTCS CTATHUYECKasi XapaKTepHCTHKA MPAMOH Mepefavd 1o TokKy Ix=
f(Is) nmpu Ug=const, craruueckas BbixomHas xapaktepuctHka Ix= f(Ug;) npu Iy = const
(puc. 3.2.3), a TaKOKe CTATHYECKAs BXOAHA xaﬁa}crepncmxa I5=f{Ug,) npu Ugs const.

i I, max
5 i 5N ' i ) ' S
MA ' ; V ‘ X : )
e TR WS, L ' N
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S e . . gt -
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. \ ‘ ‘ (T \ A
' ' ' RS Y
i e el e e
' ! ] : :\\ {/ 'max
\ ' AN
' ' ' \ ' ' '
____G‘-__l ! 1 "r‘"“r-‘"'r-"-b-"-
- ] ' 1 ' T ) ll
T b e 4 =0
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0 U_.B
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Puc. 3.2.2
Crarnyeckas BBIXOAHASA XapaKTEPUCTUKA TPAH3UCTOPA [TOKA3bIBAET 3aBUCUMOCTE TOKA
KOJUIEKTOpa OT HANpsAKEHUs] Ha KOMUIEKTOpe NPH HEW3MEHHOM 3Ha4Y€HHH Toka 0asbl.
Tak Kak K KONINEKTOPHOMY MEPEXony MPUIOKEHO 00paTHOe HaIpsiKeHWe, BhIXOTHAS
XapaKTEpPUCTHUKA COOTBETCTBYET OOpaTHOH BETBH BOJBTAMIIEPHOH XapaKTepUCTHUKH
pn-nepexoga. C yBennueHWeM Toka 0a3bl KOHLEHTPALHUS HEOCHOBHBIX HOCHTeNeH
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sapsjga 0asel Bo3pacTaeT 3a cueT WHXKEKUHMH HX u3 smurTepa. Ilpw 3TOM uepe3
KOJIEKTOPHBIH Mepexoa OyaeT npoxoauTh OoJblIee KONHYECTBO OCHOBHBIX HOCHTENEH'
3apa/ia U3 3MUTTEPA, YTO BEAET K yBEJIIMUEHUIO TOKA KOMJIEKTOpa.

Jns Toro, utoOBl popMa nepemMeHHON COCTaBNSIONICH CHIHANIA Ha BBIXOJE YCUNIMTEN
Ha TpaH3uCTOpe coBnagajia ¢ GopMoil curxana, noJaBaeMOro Ha BXOJ, 3aBUCHMOCTE
MEXINYy HHUMH JBODKKa OBITh nMHEHHON. [lOCKONBKY TpaH3UCTOp ABISIECTCS
HEJIMHEVHBIM 3JIEeMEHTOM, BO3MOMKHbI UCKa)XE€HUS curnana. Hanuuue unm orcyrcTBHe
UCKa)XCHMH 3aBUCUT KaK OT aMIUIMTYAbl CHTHajkda, TaKk H OT BEIOOpa MNONOXEHMs
HAYaJILHON padoyel TOYKM Ha CTATHYECKUX XapaKTepUCTHKax ycunurtens. Beibop
NONOXKEHHUA HayaJbHOKM paboueil Touku Bnuser Takxke Ha KT/ ycunurens. Ecin
HayajipHas pabouas TOYKa JIC)KHT HA cepearHe AMHEMHOro ydacTka, a aMmiuTyja
CHTHAJIa TAaKoBa, 4TO pabouas To4yka, NepeMellasch, HE BBIXOAUT 32 TIpedensbl
JIMHEHHOro y4YaCTKa BXOAHOH XapaKTepUCTUKH, TO WCKAKEHUS! CUCHana MOYTH HeE
IIPOMCXOIUT. TpaH3ucTop paboTaeT B akTUBHOM pexxumMe. H3-3a 60NBLIOTO TOKA NOKOS
KIIZL B 3ToM pexume Hu3kui, meHee 50%. Takol pexum paboTBl yCHIMTENBHOIO
KackKajJa Ha3blBalOT

pexuMoM Kiaacca A. PexxuM knacca A HCHONB3YIOT B OCHOBHOM B KacKaaax
PEABAPUTENBHOTO YCHIICHMSL.

bonee sxoHOMUYHBIMH ABISIOTCA pexnMbl Kiaccos B, C, D. B pexume knacca B
HavajbHas paboyas TouKa BbIOMpaeTcsl Ha rpaHMIle 00JacTH OTcedky. B atom pexume
YCHIIMBAeTCs TOJBKO OAWH TOMYNEePUOA BXOAHOro curHana. QueBHAHO, YTO CHTHAN
npv 3ToM cuibHO Hckaxaercs. OnHako KIIJ] ycunurtens B 3ToM peskuMe BBICOK {10
80%), Tak kak TOK Nokos Man. Jlnsi ycua€HHMs CUTHana B TeUCHHs BCEro nepuona
MCNOJB3YIOT JBYXTaKTHBIE CXE€MBl, KOIrZa OJHO [UJIe40 CxeMbl padoTaer B
MONOXKHUTE/IBHBIN MONYNEepUOA BXOJHOIQ CHUTHana, a JApPYroe - B OTPULATENbHBIH
NoNynepuojl BXONHOTO cHrHana. B Ttakom pexuMe paboTaloT Kackafbl MOLUIHOIO
ycunenusa (BbixoaHas mowHOCTE 10 BT u 6onee). B pexume knacca C HavanbHas
pabouass Touka HaxoaumTcs B obnacTu oTceyku. Yron orceuku 6 meHee 90°. Ilpu
NOJaYe CHUrHalla TOK KOJUIEKTOpa NpPOTEKaeT B TeueHHe BpPEeMeHH, MEHbIUE
oJiynepuojia HanpsxKeHus BXoaHoro curHana. Mckaxenus curiana v KITJ Oonbuie,
yeM B pexuMe Kiacca B. Takoif pexnM NpuMeHSIoT B reHepaTopax CHHYCOHAANBHOIO
HaNpsAXKEeHUs], MOLIHBIX PE30HAHCHBIX YCUITUTENAX.

Pexxum knacca J1 4acTO Ha3bIBAIOT KIIOYEBBHIM. AKTHMBHBIM 3JIEMEHT B 3TOM PEXUME
paboThl yCcHUNHTENst HaxoauTcs JHOO B COCTOSHHHM OTCeYKM, NHOO B COCTOAHMHU
HachllleHHA. B mepeoM cnyuyae TOK 4epe3 aKTUBHBIH 3JIEMEHT (TpPaH3HuCTOp) paBeH
HYJII0, BO BTOPOM - PAaBHO HYJIO INaJeHHUE HANPSKEHHUS MEXIY €re BBIXOJHBIMH
saxuMamu, KIT/L B 3ToM pexume O1M30K K eTUHHULE, TaK KaK NOTEPH HEPTUH Malbl.
ITOT PEXKUM UCTIONB3YIOT OOBIYHO AJIS YCHIEHHUS MPAMOYTOABIIBIX CUTHAJIOB.
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3. Ilopagok BbINOMIIeHHSI paboThI

3.1 O3HAaKOMUTBbCA C JaBOPaTOPHEIM MOIYAEM I HCCHENOBAHHS TPaH3HCTOPOB.
Colpare cxeMy 171l CHATHS XapaKTepHCTHK OMIONSAPHOTO TpaH3ucTopa (puc. 3.2.3).
Mexny raesgaMu X2 u X6 BKIIOUNTH MH/UIMAMIIEPMETP W COCAHHUTDH MEPEMBIUKOI
rHesga X9-X11. Mexnay rHezgamu X1-X4 BKIIOYUTH BTOPOl MUJUIHAMIEPMETp
Moayis MuuinaMiepMmeTpoB. CoenuHuTh HepeMblukoi rHesga X3-X7. Mexny
rHesgamMu X2-X5 u X4-X16 BKIOYATH MYJIBTUMETPBl B PEXHME U3MEpeHUs
MOCTOAHHOTO HanpsskeHusa. TymOnep SA2 ycTaHOBUTE B HHXKHEE TNOJNIOXKEHHUE.
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Puc. 3.2.3.

3.2 DxcnepuMeHTANIBHOE HCCIeNOBaHHE XapaKTepUCTUK GUMONSIPHOro TpaH3uCcTopa
3.2.1 CHATB CTATHUECKYIO XapaKTepUCTHKY NpAMOI mepenadd no toky [.=f(16) npu
Uy, paBHOM 3amaHHOMY 3HauyeHuo Ed Ry=0. JInsg 3TOro NOMOJHHUTENBHO MOCTABHTH
nepeMbiuxy mexay raesgamu X1-X3. Bxurounts «Moaynes NUTaHUA», BKIIOYHTH
TymOnep «Ilutanue» Ha Monyne «TpaH3HCTOPEI». DKCMEPHMEHTANBHBIE PE3yJIETATHE
3anucars B TaOm. 3.2.2. [lpu CHATMM XapakTepUCTHKH CIIEJUTH 33 MOCTOSHCTBOM
HanpsoxeHUusA Uy

U.= Tabnuna 3.2.2
15, MA
1, MA
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3.2.2 CuATh XapaKTepUCTUKy NPAMOHN Nepenaqn o TOKy NpM HANWYMM Harpysku Rg.
Ybparb nepembiuky Mmexnpy ruesgamu XI, X3. C moMompro mepeknrouarens SAl
YCTAHOBHUTH 3aJaHHOe 3HaueHue pesuctopa R2. C nomowsio noreHuuomerpa RPI
YCTaHOBHTE TOK 0a3bl, paBHbIH HYJIO, @ C IOMOLIbIO MoTeHInoMeTpa RP2 ycranosute
3alaHHOe 3HayeHue F£,. B paneueitueMm pyuky peryauposku RP2 ue Tporats. B
oOnacty BONM3M HACBHILLEHUs TOYKH CHUMATh 4allle. DKCIepUMeHTabHbIe pPe3yTbTarhl
3anucarh B Tabi. 3.2.3. Beikmouuts TymOnep «IIutanne».

Uc= Tabnuua 3.2.3
]5, MA
I, MA
3.2.3. [lo noctpoennod B n. 3.2.2 XapaKTE€pUCTHUKE OMpPEeALNUTH 00IacTH

AKTHBHOIO YCHJIEHMs, OTCEUKM W HachlleHus. OnpenenuTs MaKCUMalbHBIA TOK
I8 max, IPH KOTOPOM ellie o0ecneunBaeTcs MMHEeHHOe YCUIeHu e,

3.24. CHSATb BBIXOIHBIE CTaTHYeCKME XapaxTepucTHku Tpausuctopa lx=f(Us)
npy

Is = const. /i 3TOro QONOJTHUTENBHO YCTAHOBUTL MEPEeMbIUKY MEXAY rHeszgamu X1-
X3.

Brutounte nutanne mopyas. M3MeHats Tok 6a3el o1 O CHATH ceMeHCTBO BBIXOIHBIX
XapaKTEPUCTHK M 3apUCOBATH HA OIHOM DPUCYHKE BBLIXOJHBLIE XAPAKTEPUCTUKH s
Tpex 3HaueHuil Toka 6azsr: Ig; = 0; Igy 0,600 I63 Tomex - BBIKIIOUHTE MTUTAHNE MOIYJIS.
Jlns 3TOrO € NMOMoOLIBI noteHuromeTpa RP1 ycranaBnuBath Tok 6a3sl I = 0; Is; 0,5
Tomes g3 Tonm -VI3MeHs1 Hanpsokenne U, morenuuomerpoM RP2 B uenmyu konmsexTopa
Hanps)XXeHUe OT HYJEBOIO 3HAYEHMs H3MepsTb TOK KoJuekropa I TpaH3ucTOpa.
ITpou3BecTy M3MepeHus TOKa KOMIEKTOpa MPH HECKOAbKUX 3HAYEHUSX HaNpSKEHUS
Uks;. Pesynerarsl usmepenuil 3aHectd B T1abn.3.2.4. [lpousBecTn aHaJOrU4HEIE
M3MEPEHHs NpH ABYX APYIMX 3HaueHUsAX Toka 0asnl. Ilepen kakabIM H3MepeHHEM
HeoOX0AMMO NOAPerynupoBaTh TOK 0a3bl TpaH3UCTOpA.

Isy = TaGnuua 3.2.4
I, MA
U, B

3.3. DKcnepUMEHTalbHOE MCCIIeOBAHHE YCUIIMTENILHOIO Kackaja Ha OUMONspHOM
TPaH3UCTOpE

3.3.1. Cobpars cxeMy IUIsl HCCENOBAHUS YCUIUTENLHOIO Kackaaa. Pa3oMkHyTh
Toyki X1-X3, ycTaHOBUTH 3aJlaHHOE 3HaueHWEe CONMpOTHBIEeHMA pe3suctopa R2. K
rHe3qy X13 TOAKIIOYUTH BLIXOAHOE HAMpsKeHHE (yHKUHOHANBHOTO [EHEPATOpa,
COCIUHMB 3eMIIO reHepartopa ¢ rHezaom X16. CoeauHUTh nepeMbldKoi rHezna X9-
X10. INoakmouynts xanan CHI ocuunnorpada ko Bxoay ycunutens (ruesna X9, X135),
a xaHan CH2 x Bwixoay ycunutens (ruesno X3). BxmounTe BpeMEHHYIO pa3BepTKy
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ocuuorpada.  BxmiounTe  QYHKUMOHANBHBIMN — reHepatop M YCTAHOBHTH
CHHYCOHIANBHBIH CHrHai 4acToToi 50 ['L, yMEHBUIMTE CHIHAN OO HYIA PETYIATOPOM’
ammuTyael. Ilepexniounts Bxompl CHI1 ocumwnnorpada Ha MOJOKEHHE «BXOX
3aKopo4eH». BkaounTe nurtanue creHna. [Ipu toke [z = 0 yCTaHOBUTH ¢ MOMOLIBIO
noreHuromerpa RP2 3anaHHoe 3HaueHue E.M nanee He M3MEHATh €r0 MPH BCex
DKCIEPUMEHTaX (He Tporarb py4yky noreHuuomMerpa RP2!);

3.3.2. Ilo cHaTOll paHee XapaKTepuCTHKe MpPAMOIl Tlepefavd MO TOKY INpH
HAJIMYUU HArpy3KY ONPEIeUTh BeJUYUHBI TOKa NOK0s 0a3bl g, M1 pexKuMa yCHIeHHS
Kiacca A.

3.3.3. Onpenenutb  3KCMEPUMEHTANBHO  MAKCUMAJbHYK)  aMILTUTYAY
HEHCKa)XXCHHOTO BBIXOJHOIO CHHYCOHUZANBHOrO HampsDkeHUsl Ugyxm. YCTaHOBUTH
MOCTOAHHBIA TOK ©a3bl paBHbIM lg,. IlmaBHO yBenuuuMBaTh NepeMeHHBIH BXOOHOMH

CArHal 10 [I0ABJNICHHUA BHAUMOIO VYIUIOIUCHHUA BEPLIMH CHHYCOWABI BBIXOIHOIO
HaIpsAXCHH .

OOpaTuTh BHUMaHHE, OJHOBPEMEHHO JIH Ha4YKMHAIOT YIUIOILATHCA IONIOKHTENbHAsA U
oTpuLaTebHas MonyBodHBL [lpn HEOOXOAMMOCTH YTOUHUTEH MONOXeHHe paboueil
TOYKM MOKOosA. M3mepuTh ¢ moMoluesio ocuuwsiiorpada aMIUIMTYAbl HEHCKaXKeHHOro
BEIXOOHOTO U, M BXoaHoro  Ug,curranos. Onpeaenutbs KO3QQOHLHEHT yCHIEHHS
Kackaja Ino

HallpsSHXCHHRO. 3apHCOBaTb OCHUIITIOTPAMMB! BBIXOOHOI'O CHIHaJIa ¢ HCKAXXCHUAMH H

4. Copepskanune oTueTa

a)HavMeHOBaHKe paboThl U LeNib PaboThI;

6)asIeKTpUUECKHE CXEMBI POBENEHHBIX YKCIIEPHMEHTOB;
B)Ta0AULB! ¢ pe3yNbTaTaMH 3KCIIEPUMEHTA H OCLMIIIOrPaMMBL;

I) pe3ynbTaTbl SKCIEPUMEHTANBHBIX HCCIAENOBAHUH M IPOBEASHHBIX MO HHM
pacueToB, IIOMEILUCHHBIE B COOTBETCTBYIOIIME TaOJMULBI, OMNPEOCTUTh IO
9KCTIEPUMEHTANBHBIM XapaKTepUCTHKaM MpAMOH Mepefayy Mo TOKY CTaTHHECKHi
KO3 QUUMEHT nepenadu Toka. B u xoadduumenT ycunenus kackaga no Toky K,

Inpyu 3aJaHHOH Harpys3kKe BOJIH3U pa6oqel>'1 TOYKU TOKOA IJIAd 3aJaHHOro Klacca
YCHJICHHUSA

B=££, Kdgﬂi"
Al Al

6 ¢

MaKCHMaJbHOro curHana 0e3 uckaxeHus.3.3.4.Mccnemosarh paboTy TpaH3HCTOpa B
KMo4YeBOM pexciMe (knacce D). YeranoBute [; = O yBeNUYUTH BXOIOHOE HAMpPsKEHHE
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0 Nepexofa TPaH3MCTOpPa B KIIOYEBOH pPeXUM. 3apHCOBAaTh OCLMINOTPAMMY.
BBIXOIHOIO HAalPSKEHHA.

5. KoHTpo/ibHbIE BONPOCH!

1. KakoB npuHUMN JelicTBYUA TpaH3ucTOpa?

2. Kakpne cyIecTBYOT CXeMbI BKIIFOUEHHs TPaH3UCTOPOB?

3.KakoBa nonapHOCT MOCTOSHHBIX HAMpskKeHHil, NPUKIaAbIBAEMBIX K TPaH3UCTOPY
TUIIA 1-p-n TIPU pa3invHBIX CXeMax BKIHOUEHHs?

4.Kak BBIMAZAT BBIXOAHBIE M BXOIHBIE CTATHUECKUE XapaKTePHCTHKH B CXeMe ¢
OOLLUM 3MUTTEPOM?

5.Uro Takoe cTaTH4ecKas XapaKTepHCTHKa NpsMoi mnepemadn mo Toky? Kak ee
nocTpouTs? Kax ona BUOAOM3MEHsAETCS NP HANHYMU Harpy3ku? Kak ee cHATL?

6.Kak onpeznenuTh cTaTHYecKUi K03(pdHLNEHT nepenadu TpaH3UCTOpa no Toky B?
7.KaK cHATH cTaTHvecKkHe BBIXOXHBIE XapaKTePHCTHKU?

8.Kak nocTpouTh MMHUKO HArpy3Ku?

9.Kak BBIOpath pabouyro TouKy nokos B knaccax A, B, D?

10. HapucyiiTe cxeMy yCHIHTENBHOTO Kackaia ¢ OOLIMM 3MUTTEPOM.

11. KarkoBo Ha3Ha4eHuUe 371eMEeHTOB YCUIUTENA?

12Kak onpenenuts kod(MQUILMEHT YCHIEHHs Kackala [0 TOKY W HAMPHKEHHIO

(rpatmdaecky U 3KCIEPUMEHTANBHO)?

13. Yto Takoe obnacTh aKTUBHOIO YCHIEHHS, HACBHILLIEHUS, OTCEUKH?
14. Y10 Takoe Kno4YeBOH pexuM, KAaKoBbl TPEUMYLLIECTBA KIFOMEBOrO PEKHMA.

Jdabopamopuan paboma
TEMA: HCCJEAOBAHUE OAHO®A3ZHOI'O ABYXITOAYNEPHOAHOI'O
BBIIIPSIMUTEJISI
1. Ileab paGoTsi
O3HaKOMHMTBCS ¢ TNPHHUMTIOM paGoThl W OCHOBHBIMM CBOMCTBAaMH OOHODA3HOrO
ABYXTIOJYTIEPHOAHOTO BBITPAMUTENS, U3yUUTh BIHSIHHE CIIaXXKUBAOLIUX GUITETPOB Ha
paboTy BRIIPAMHTENBEHOIO YCTPONUCTBA.
p Onncanne naGopaTopiioii yCTanoBKH
Jlunesas naHensb 1abopaTopHOro MOIy/st MpeAcTaBneHa Ha puc.3.3.1.
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Puc. 3.3.1

Ha nuueBoli maHenu wu3obpakkeHa 3IEKTpHYECKass cXeMa OAHOQGA3HOIO MOCTOBOTO
BBIMPAMUTENS, YCTAHOBIEHBl KOMMYTUPYIOLIME 3JIEMEHTBl W KJIE€MMBl  [Uis
TIOAKJIIOYEHHs aMIIEPMETPa, BOMBTMETpa U ocLuanorpada.

BeuipsAMUTENbHBIE  YCTPOMCTBA  CIY)XAT JAnd  NpeoOpa3oBaHMsA  MEPEeMEHHBIX
HanpsHKeHWH M TOKOB B MoCTosiHHBIe. HeoOGXoauMoCTE B TakoM Mpeodpa3oBaHUU
BO3HUKAET JOCTATOYHO 4YacTO, HalpuMep,. MPH 3MeKTPONMUTAHHH Pa3HOOOpa3HOMH
3TI€KTPOHHON annaparypel, 3MeKTpoABUraresiel MOCTOSHHOTO TOKA, 3EKTPONM3HBIX
YCTaHOBOK, B YCTPOMCTBAax INA 3apsAfa aKKyMYNATOPHBIX OarapeHd, B aBTOMOOHIIAX
MpH MUTAHUH OOPTOBOM CETH OT reHepaTopa NEPeMEeHHOro TOKa.

BrinpsaMHUTENbHBIE YCTPOHCTBA OOBIYHO COCTOAT M3 TpaHchopMaTopa, OAHOTO WU
HECKONIBKUX 3JIEKTPHUECKNUX BEHTUJEH U cIIaxuBarolero gunerpa. Tpancdopmarop
CIYXHUT I TIONy4YeHHUs TpeOyeMOro 3HAYeHHs BBINIPAMIIIEMOro I€PEeMEHHOro
HanpsKEHHS. ODNEeKTpUYECKWe BEHTWIM - YCTpPOHCTBa, 00najarolline CBOWCTBOM
OIIHOCTOPOHHEH NPOBOJAUMOCTH  DJJIEKTPUYECKOIOo  TOKa, crmykar 1A
HETIOCPEACTBEHHOTO TNpeodpa3oBaHHa MEpeMEHHOr0 HANpsKEHHUs B MyJdbCHpYIOUIee
HanpsKEHHE OIHOTO 3Haka. Yanle Bcero B KayecTBE WIEKTPUYECKHX BeHTMIelH
HCIIONB3YOTCS TONYTPOBOAHUKOBBIC JOUOMBL. Crmaxuparolumne (GUABTPEI
NpUMEHAIOTCS IS

YMEHbLIEHUA  MyNbCalMA  BRIIPAMJIEHHOrO  TOKA M HanpsHKeHHd  Ha
BBIXOE BBITTPAMHTEIBHOIO YCTPOHCTBA.

[lpy BRINIpAMNEHHH TE€PEMEHHOIO HANPSXKeHUS B 3aBUCHUMOCTH OT uucia ¢as
BBIMPAMIIAEMOTO HANPSAXEHHUS, XapakTepa Harpy3Ky U TpeGOBaHHH, MPeapABIAEMBIX K
BRINPAMUTENBHOMY TOKY M HaNpsUKEHUIO, OJIEKTPUYECKHE BEHTHIIM  MOTYT
COCOMHATRCA 110 pa3nu4HbIM cxemaM. Hanboneluee npuMeHeHHe MpU BHIPSAMAEHUU
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OfHOGA3HOTO  HANPSDKEHHA MOAyYWSia JBYXIIONyNepUOAHAs MOCTOBasg CXeMa
BBINPAMIICHUSI. . '
MocToBasg ABYXnonayneproAHas CXeMa BHINPSMIEHUA COOEPKHUT ABE MNapel AMOIOB,
BIJIIOYCHHBIX MO CXE€Me YeTbIpexIIeyHoro Mocta (puc. 3.3.2). B TeueHmne kaxaoro
nonynepyoaa TOK NpOXOAWT TOCIEN0BATENbHO Yepe3 ABa ANOAA B MPOTUBOMONOKHBIX
mieyax MocTta. B oiMH noiynepnosa BXoaHOro HanpsskeHHS TOK NMPOTEKAET OT KIIEMMBI
«A» uepes auoa VDI, narpysky Ry, muoa VD3, k kiemme «B». B cienyoumii
NIOJIYMEPHOA, MONIIPHOCTE BBIUIPAMIIAEMOIO HANps)KEHWS MEHAETCS W TOK MIAET OT
KneMMbt «Bx», yepes nuon VD2, Harpysky Ry, anoa VD4 k kinemme «A».
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HarpaBnenne Toka yepe3 Harpy3ky Bce BpeMs OOHOIO

- 3Haka, T.. IOCTOsHHOoe. HampsokeHHe Ha Harpyske
Upniynecupyiomee (puc. 3.3.3). [TocTosiHHas
COCTABNAIOLLASN HAaNpSIKEHUs: Ha Harpyske (cpenHee
3Ha4YeHHE BBIIPAMIIEHHOIO HAMpPSKEHMUS )

[acToTa nyJabCauHi (yacTtoTa OCHOBHOH

apMOHHUYECKOI COCTaBIAIOLLIEH BBIMPAMIICHHOTO

— ANpsPKeHUA) B 3TOM cXeMe paBHA [ABOMHOHM yacToTe
~ I [AMpPsKEHUA NCTOYHUKA NUTaHUS.

Puc. 14.2 (03pPHULUHEHT nynbcauuii  (OTHOLIEHHE  AMILUIMTYABI

'CHOBHOM TapMOHHUKHM BBIIIPSMISHHOTO HAMPSIKEHUS K
peIHeMy 3HAUeHUIO 3TOr0 HANpsKEHHS) B MOCTOBOMH

t/, xeme Kn = 0,67.
ﬂ m { lanpsokeHse, BOCIpHHMMAaeMOe KaKAbIM JUHOAOM B

0 U ([ENPOBOAAUIMA MNoNynepuod - ofpaTHoe HampshKeHHe,
'; i TIpenenseTcs 3Ha4YeHWeM BBIIPAMIIAEMOrO HampsiKeHHUs
| L Yy [ BTOPHUYHOH oOMOTKe TpaHcopmaropa.
5 AakcHManpHOEe 3HaueHHe OOpaTHOro HaNps/KeHUs Ha
0 Hole  u,Op.MAKCPAaBHO — aMIUIMTYJHOMY  3Ha4€HUIO
BINPAMIIAEMOrO HanpsukeHUs U,

Y

e N

Y

Puc. 14.4
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JUis  yMEHBIUGHMs  [YAbCAlMH  BLIIPAMICHHOIO  HAaNPsHKEHUS  BKIHOYaIOT
JIEKTPUYECKUI CTTIQXKHBAIOLLH ¢unerp. [lpocrefiiumMy  CrIaXHBaKOLLNAMHM
(GunbTpaMH ABIAIOTCA KOHICHCATOP, BKJIOYAEMBIH MapaliiefibHO ClaboTOvHOMH
narpyske (puc.3.3.4) H HMHAYKTUBHBIH UABTP (ApocCenb), BKJIOHAEMEINf
IIOCJIEIOBATENIBHO C CUJIBHOTOMHOM Harpy3koii (puc.3.3.5).

[lpy  ncnonb3oBaHMM ~ €MKOCTHOTO  (PMIIBTpPA  CIIQKHBAHME  MYJAbCALHiA
BBIMPAMIIEHHOIO HANPAXKEHHs U TOKA NPOUCXOAUT 3a CUYET NNEPHOAUUECKOM 3apsaaIKu
KOHJIEHCATOpa M MOCHEAYIOLIEH ero paspaikH Ha cOnNpOoTHBIEHWE Harpy3ku Ry.
3apAoxa KOHAEHCAaTOpa NPOMCXOIUT, KOTIa MIHOBEHHOE 3HA4€HUE BTOPUYUHOIO
HanpskeHUsl TpaHcopMaropa BhllLE HANPsSHKEHUss Ha Harpyske (4 Ha
xonaencarope). Korza HampsokeHHe TpaHC(opMaropa CTAHOBHTCS —MEHbLUE
HanpsHKeHNs Ha KOHASHCATOpe, AMOABI 3aKPbIBAIOTCS M KOHJEHCATOP pa3psKaeTcs
4epe3 COMNpOTUBJIEHUE Harpy3ku (puc. 3.3.4). Jlanee npouecc nopropsercs. [lpu
BKJIIOYEHUH €MKOCTHOro (uiIbTpa HanpsikeHHe He YMEHbLUaeTcs [0 Hyns, a
NYyJIbCUPYET B HEKOTOPBIX MNpeaenax, yBEJIU4MBasg CpefHee

3HA4YEHHUE BLINPAMIIEHHOTO HAMpPSKEHHSI. ; oYY YL __
EMKOCTE  KoOHAeHcatopa nans (QuiusTpa BbIOHpalOT  Takoi s L
BeJIMYMHBI, 4TOOBI N OCHOBHOH FapMOHMKHM BLINPSIMIIEHHOIO

HampsUKEHUS.  €MKOCTHOE  COMNPOTHBIEHUE  KOHAEHcaTopa u U Ry
XCOOBUIO 3HAYMTENEHO MEHBIUE COMPOTHUBIEHUs Harpy3ku RH

ch) = ]/Zﬁfor qu <10 RH.

Otcroga BHAHO, YTO NPHMEHEHKHE eMKOCTHOro ¢unbrpa Gonee 3(pGHeKTHBHO npu
BBICOKOOMHOM Harpy3ke ¢ MajbIMU 3HaUeHUsIMH BBRITPAMIIEHHOTO TOKA, TaK KaK NPH
3TOM BO3pacTaeT HPPeKTHBHOCTDL CIIIaKHBAHUSL.
DdpdexTuBHOCTE DUIBTPOR OLEHHBAIOT KOIQPHUXEHTOM CINAXKKBAHKUA Q, PABHBIM
OTHOLUEHHIO KO3 DHUMEHTOB TTyIhcaliiii HA BXOE U BBIXOAE (BHIBTpa:

q= Knnx / Kl’lnbrx E

IIpy BKNIOYEHWHM WHAYKTMBHOTO (QUIBTpa [OCIENOBATEABHO C  Harpy3Koi
M3MEHAIOILEECS MAarHUTHOE TOJTe, BO30y)KIaeMoe MyIbCUPYIOLIUM TOKOM, HABOAHT
SNMEKTPOABMAKYLIYIO CHIy caMOMHAYyKUUH e= * Ldi/dt. B cooTBeTcTBHH ¢ 3aKkoHOM
5JICKTPOMarHNTHOW WHJAYKUHMMU 3MeKTPOABMXKYLLAA CHJIa HANpaBleHa Tak, 4ToObI
CTYIAINTh MyNbCAUMU TOKA B LETIH, CNEeJOBATENbHO, U MYJIbCALlMH HAMpPSKEHHUs Ha
Harpyske Ry, O(Q(EeKTUBHOCTb CIIAXWUBAHUS YBEJIIHUMBAETCS TpU  OONBUIMX
3HAUEHUSIX BBINPSAMICHHOIO TOKA.

Bennuuny HMHAYKTMBHOCTM GUABTpA BRIOMPAIOT TakUM 00pa3om, UTOORI

MHIYKTUBHOE  CONPOTHBICHHE dunsTpa X, <DOBILIO
SHAUMTENbHO Gombiie Benuuuuel Xie = 27 for Lo 2 10 Ry, COTPOTUBNIEHUS
nHarpy3ku Ry :

Bosbluee yMeHbIIEHWE NYIbCAUMiA BLIIPAMIEHHOTO HANIPSIKEHUST OOECHEeHHBalOT
CMELIaHHBIE  (UABTPbI, B KOTOPBEIX MCIOJNB3YIOTCS M KOHJEHCATOPHl U
MHIYKTUBHOCTH, HanpuMep, [-o6pasunie u [1-06pa3Hele crinaxusamoume QUIBTPLL.
Bonee nyulline pe3ynbTaTsl 0OecTeuBalOT aKTUBHBIE CTIIaXHUBAIOIIUE DUITETPHL
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3. llopsinoK BbITIOJIHEHHS PaGoThl

3.1. OsHakoMuTECS ¢ Ja0opaTopHOi ycTaHOBKOiL. [logroroButs K paGote
MOZYIb

«OpHo(asHbIH  BBINIPAMUTENE» W U3MEPHTENBbHBIE  MpPHGOpPH  (MOAYIH
MYJBTHMETPOB,

MOZYNb H3MEpPUTENbHbII) Ipu -
padore Hcnonb3yercs ocLuuuiorpad.

3.2. ITpucoenMHATE K HCCIeAyeMOMY MONYMO  aMIepMeTp  JUis
H3MEpEeHNs

BBIIPSIMJICHHOTO TOKa Harpy3ku. MynbTHMeETp NepeBeCTH B PEXXHUM H3MepeHHs
NIEPEMEHHOr0 HaNpshKeHusl. BKIIOUHTE 3/IeKTpoTTUTaHue CTeH1a (MOAY/Ib ITHTAHUS)
7

BKJIFOYHMTB ocLputorpad s HabnoaeHus GopM HalpsKeHHH.

3.3. BrmouuB nuraHue Moayna (Beikmiodarens SAl) Ilpw pasoMKHyTOM
Kmode SA2 M3MepuTh BRIMpAMIseMoe HanpsbkeHue £/7 Ha BTOpUYHON OOMOTKe
TpaHchopMartopa. Pesynsrar uamepenns 3anucath B Tadm. 3.3.1.

34. llogxmouuth K  BTOpUYHOL 00OMOTKe TpaHcdopmaropa BMECTO
MyJasTAMETpa ocuwuiorpad. [onydyuTe Ha skpaHe ycToiunBoe H300pakeHue U
M3MEPUTh aMILTUTY/HOE 3HA4YeHHEe BHINpsiMiIsieMoro Hamnpspkenus Us,. 3apHcoBaTh
B MacluTade OCLUIIOrPaMMYy BBIMPAMIAEMOrO HAPsHKeHUSL.

3.5. IlepeBecTu  MynsTHMETp B  PEXKHM  HM3MEPEHHA MOCTOSHHOTO
HaNpsHKEHUST, TOAKIIOYUTE MYABTUMETP K BBIXOJHBIM 32’KMMaM BBINIPSIMHUTENBHOTO
MOCTa M M3MEPUTb BeJIWYKMHY BBIMPAMIEHHOro HanpspkeHus U,oB pexume
XOJIOCTOTO XOAa BhIMpsiMutests. Pesynsrat 3aHectn B 1a06m.3.3.1.

Tabnnua 3.3
L sm s Uy Usp / Usyy

3.6. Ilogkmounte ocuuwmwiorpadp K OXHOMY M3 JHOAOB, MOJNYYHUTH
yCTOHYHMBOE H300pa’keHHe, U3MEPUTh BEMUUHMHY MAKCHUMAIBHOIO OOpaTHOro
HaNpPsKEHUA Ha AUOAE U,0p. MAKC., 3APHCOBATH B TOM K€ MaclUTabe OCUWUIOrpaMMy
HaTpsHKEHUS Ha THOIE.

3.7. HccnepoBats paboTy BhImpAMHTENs ©e3 CIIaXHBAIOUX (GUIBTPOB.
JAnsg 3TOro ycTaHoOBUTb 3afaHHYKO MNpernofaBaTelieM BeIHYUHY COMPOTHBIIEHHS
Harpy3ku Ry [lomkniounts ocuwutorpad napannenbHO Harpys3ke, BKIIOUHTH
Tymbnep SA2 W 3apucoBath B [pexHeM Macwutade OCUWIIOrpaMMy
BBIMPAMIIEHHOrO HalpsDKEHWsT Ha Harpyske UHNpUd OTCYTCTBHM CITIaXKHBAIOILIHMX
¢uneTpoB. OnpesenuTs MO OCLH/UIOTPAMME JIBOMHYIO aMIUTHTYAY HYJIbCALHH
BBINIPSAIMIIEHHOTO HarnpsukeHuss 2U,d,., V3mepurh ¢ nomMolislo MyasTHMETpa
TMOCTOSIHHYIO COCTAaBIAIOLLYI0 HanpspkeHuss Ha Harpyske Uf. § = Undnep/ Us

Tabnuua 3.3.
[Mapamerp Tua dunerpa
OTKITIO9¢H Co Lo Lo Co
2Undnep
Us
§=Unnanep/ U
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Pesynprarsl H3MepeHuii 3aHectd B Tabn.3.3.2. Ilo pesynsraram H3Mepeﬂnu
ornpeaenuTh KO3 hULIBEHT ITybCaLHH

3.8. HccnepoBaTh BIMsHHE Ha BBHIPAMIIEHHOE HAlpsHKEHHE E€MKOCTHOTIO,
MHIYKTHBHOIO W HHAYKTUBHO-EMKOCTHOIO CINTaKHBalowWuX dbunsTpos. s 31oro
MOAKTIOYUTE OCLHMINOrpad MnapaiieNbHO Harpy3ke M 3apUcOBaTh B MpeXHeM
MaciuTabe OCLIMIIOTPAMMBI  BHINIPSIMIIEHHOTO  HANPsDKEHHA HAa  HArpyske
UHnpun  Kaxaom

BK/IIOYeHHOM ¢unetpe. IlpH 3TOM CcpaBHHTH 3S(dEKTHBHOCTb CIIAXHUBAHHUA
€MKOCTHOTO (UIBTpa ¢ pPa3sNUYHBIM 3HaUYeHHeM eMKoCTH ¢unsrpa (Clu C2). Ina
3TOTO  W3MEPUTh C [MOMOLIBIO MYIBTHMETPA NOCTOSHHBIE COCTABIAIOLIHE
BRIMPAMIIEHHOrO HampspkeHna Udd ¢ momoulpo ocuuiorpada nepeMeHHbIe
cocrapnowme UdnepBRIMPAMIEHHOrO HANPsS)XEHHUS NPH KaKAOM BKIIOUEHHOM
¢unerpe. Pesynerarel usmepenni 3anecty B Tabn.3.3.2.

3.9. Cusarte BHemHWe xapaxtepuctiku Ud = f (Id) BeimpamvTens MpH OTCYTCTBHU
bUNBTpa, NPy eMKOCTHOM, HHIYKTHBHOM H HHAYKTHBHO-eMKOCTHOM QuibTpe. Jlns
3TOr0, M3MEHAS C IOMOLIBID nepeknodarens; SAG BenHYHMHY COMPOTHBIICHHS
Harpy3kd RH, M3MepATb BeIMYUHY BBIIPSAMICHHOrO HanpsokeHus Udu
BEIMPSAMIIEHHOTO TOKa J[dNpH KaKAOM 3HAYeHUH COMPOTUBIEHUSI HArpy3KH.
Pesynprathl H3MepeHuit 3aHect B Tab61.3.3.3.

4. TpeGoBaunn K oTuery no padore

Otuet no paboTte NOMKEH CONEPKATE!

a)HaUMeHOBaHHe pabOTHI M LENb paGoTsl;

0)IPHHLMITHATIBHYIO MEKTPHIECKYIO CXEMY BBLIMPAMUTEIS;

B)PE3y/lbTaThl 3KCNEPUMEHTANBHOrO MCCIEOBAHMA © IMPOBENEHHBIX IO HHM
pac4eToB, TOMELLEHHEBIE B COOTBETCTBYIOLINE TaOMHLIbI;

I)OCHMIIONPaMMBI HaTIpsKEHHUI;

n)rpauky BHEIIHHX XapaKTePHUCTUK, TOCTPOEHHBIE 110 pe3Y/IETATaM H3MEpeHUi;
€)BbiBOL 0  GHABTPYIOLIMX  CBOMCTBAX  CIIQXUBAOUMX  QUIBTPO |
CPaBHHTENBHASA OLIEHKa BHEILHUX XapaKTePUCTHK.

S.Kontpoasusie Bonpochbl

1.LKakue GpyHKIHMH BBIIONHAIOT B BHIMPAMUTENAX CHIOBOH TpaHchopmarop , 610K
JUONOB U CIIAXHUBAIOIINNA GUIBTP?

2.MI3MeHHTCA JIH TONSPHOCTb BBIXOJHOrO HANPSHKEHHS BBIIIPAMHUTENS NpU
H3MEHEHHUH MOAKIIIOYEHHS BEIBOAOB NEPBUYHON UM BTOPHYHON OOMOTOK?

3.Ilpu KaKuX YCIOBUSX NONYIPOBOAHNKOBBIH AUOM MPOBOMKT IEKTPHUECKUH TOK?
4.IToueMy KOHIEHCATOp BKJIOYAIOT MapajlielbHO Harpy3ke, a WHAYKTHBHOCTD -
MOCNEIOBATEIbHO C HEH?

SKako O¢uIeTp u3 HccnenyeMbelx B JaGoparopHoit pabore ofecreynBaer
NoTyYeH1e HauMeHbLIEero ko3(drureHTa nynscamnuii 4 noyemy?

6.Kakne mapameTps! ompenenstor HakIOH (KECTKOCTh) BHEIHHX XapaKTEPHCTHK
BHINIPSIMUTENA?
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Kpurepun ounenku
-OLEHKa «3a4YTE€HO»- BBICTABIICTCS CTYAEHTY, €CJIH HMEITCH MeJKHe
MOTPeIIHOCTH, HE BIHAIOLIME KapAWMHANBHO HAa 3HAHHA ONpeeNleHHBIE
nporpaMMmoit odyyeHusl.
-OLEHKa «He 3a4YTeHo» - rpyoele olMOKY, MONHOCTBK) HCKAKEHO CMELICIOBOE

3Ha4CHHEe, MOHATHE, ONIPEACICHUS.
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OUJIUAJ PEJEPAJIBHOT'O 'OCYJAAPCTBEHHOT O BIQO/UKETHOTI'O
OBPA3OBATEJIBHOTO YUYPEXKJAEHMUS BLICIUEIO OBPA30OBAHMS
«CAMAPCKHHA IrOCYJAPCTBEHHBIN1 YHUBEPCHUTET IIYTEN
COOBIMEHUSI» BT. PTULLIEBO

(PUJIMAJL CamI'YIIC B I'. PTHIIEBO)

Paccemorpeno IK YTBepKIa
[lpeacenarens LK: 3aM. gupexTopa no YP
H.C. NlykouuHa A.A. Enuceesa
« » 2017r « » 2017r

[Tepeyens Bonpocos
K 3K3aMEHy 10 JUCHMITIIWHE:
«INEKTPOTEXHHKA H NIEKTPOHHKA»
1 crneudanbHOCTH: 08.02.10 CTpoHTeILCTBO Kese3ibIX J0por, NyTh H
NyTe¢BOC XO3$1HCTBO

Paspabortan npenonaparens: JI.B. Manaxosckasn

Pruumeno, 2017r
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«IeKTPOTEXHH KA
Pasnenl.
INeKTPOCTATHKA

1.ITonarue o6 snekTpruyeckoM mnose. OCHOBHBIE XapaKTEPUCTHKH INEKTPUYECKOTO
TNIoJIA: HaNpsUKEHHOCTh, NOTEHIUAT, SIIEKTPHYeCKOe HanpsKeHHE.

2..IIpoBOIHUKY W IH3NEKTPUKH B SNEKTPHUECKOM rone. Juanexkrpudeckas
MPOHHUIAEMOCTb.

3.Onexrpuyeckas émkocTh. Konnencatoprl. CoeIMHEHNS KOHOEHCATOPOB

Pazaen2.
DJIeKTpHYeCKHe LeNMH MOCTOSIHHOrO TOKA

4.00mue ceeneHHs o0 3MeKTpUUSCKUX LSMSIX. IIEKTPUUECKUI TOK; €ro
OTpeIeNeHHe, HallpaBJIEHHE, CUIla | MJIOTHOCTD.

5..0OCcHOBHBIE 371EMEHTBI AMMeKTpUHecKuX Lenell. MomHocTs. PexkimMe! paboTsl
EKTPHUUESCKUX LeIIei.

6.IlpeobpazoBanue 3eKTPUIECKON SHEPriU B TEJIOBYI0, 3akoH [IKoyns-JIeHua.
Bunyl coenMHeHUHA conpoTruBIEHUH.

7.3axonbl Kupxroga. Pacuér cnoxHbIX Lenei.

8.IIpuHuunse! npeodpa3opaHus MeXaHH4YeCKOM SHEPTHUH B INMEKTPHUSCKYIO U
3JEKTPHYECKOH SHEPrUU B MEXaHUYECKYIO.
Paznen3.
DNeKTPOMArieTH3M

9.001ue cBeeHUs © MAarHHTHBIX MoNax. Mzo6pakeHHe MarHUTHBIX NOJIEH
NOCTOAHHOIO MarHMTa, NPOBOAHUKA U KATYIIKHU ¢ TOKOM. OCHOBHEIE CBOMCTBA U
XapaKTepUCTHKH MarHUTHOTO Moss. JJeHcTBUe MarHUTHOrO MOJs Ha MPOBOAHUKH C
TokoM. [IpaBuno neBo#t pyku.

10.@eppomarsutHelie MaTepuansl. Knaccudurauns v mpuMeHeHHe
(beppOMarHUTHEIX MaTepHANOB.

11.MarsauTHas Lenb, e€ Ha3Ha4YeHHe, pacuer.
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12,3nexTpoMarHuTHas UHAYKLMS. 3aK0OH 3MeKTPOMarHUTHOR HHAyKumMu. [IpaBuio
npasoi pyku. [Ipasuno Jlenua. Y

13.Camonnaykuus. [lorokocuennenye. MHAyKTUBHOCTE, B3aUMHAasi HHAYKLUKA.

Pasznend.
JNeKTpHUHecKHe Lenu nepeMeHHOro oAHo¢a3Horo ToKa

14. ITpununnsl npeobpa3oBanusi MEXaHUUECKOH JHEPTUM B NEKTPHUSCKYIO U
3JIEKTPUYECKOH 3HEPrUH B MEXaHHYECKYIO.

15.]Tepemennblil TOK; ero onpeneneHue U Noay4yeHue. YpaBHeHHe U rpaduk
cunyconnanbHbplX JJIC 1 Toka. [TapamMeTpsl nepeMeHHOr0 TOKa: MIHOBEHHOE,
aMIVIMTYAHOE U JeHCTBYIOLIEE 3HAYEHU A, YacTOTa, YINIOBasA YacTOTa, HayallbHas
dasa, c1BUT (a3. BekropHble quarpamMmal.

16.2nekTpuyecKas Lielb NepeMeHHOro TOKa ¢ aKTUBHBIM COTMPOTUBICHKEM; LIEMH C
MHAYKTUBHOCTBIO: LeMb ¢ EMKOCTEIO.

17.Hepa3seTBiéHHas Lens NepeMEeHHOTO TOKA; BEKTOpHAs JUarpaMma
HaMpsKeHUH; KoneOaTeNnbHbIN KOHTYP; PE30HAHC HAMPIXKEHUH.

18.PazBeTBnéHHas Lenb NepeMEHHOro TOKa; aKTUBHBIE U PEAKTHBHBIE
COCTaBJAIOLIME TOKOB; BEKTOPHAs [HArpaMMa TOKOB; Pe30HAHC TOKOB.
Koaddpuunent mourHocTu.

Pazpens.
Tpéxdasnbie uenn

19.00wue cBefeHns o TPEX(Pa3HBIX EeKTpHUecKux Lenax. CoeauHeHne 0OMOTOK
reHepaTopa W norpedureneil «3Be3n0i» U «TpeyronbHUKOM», DazHble U JTUHEUHbIE
TOKW ¥ HANpPSHKEHUA: COOTHOLIEHHUS MEX Y HUMU., BeKTopHBIE IruarpaMMel
HanpsKEeHUH ¥ TokoB. HazHaueHne HyneBOro nposoja.

20.M0a3nble 1 NMHEHHBIE TOKM W HaNpsiXKeHUs [Py COeAMHEHUU NoTpebuTeneil
«3BE3AOW» U «TPEYTOIBHUKOM): COOTHOLIEHUA MeXAY HUMHU. BeKTopHbIe
JiarpaMMBbl HaNpAXKeHUN 1 TokoB. HazHauenue HyneBoro nposoga. MoHocTh
TpéxdaszHoii nemy,

Pasnen 6.
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JNeKTpHUYECKHE H3Mepellus]

21.06wwme cBeaeHus 00 U3MEPEHHAX U ATEKTPOU3IMEPUTENbHBIX TpHOOpax.
Envnnus! usmepeHuil. Cpencrsa n3meperusd. [lorpemHocTs n3MepeHuit.

Knaccudukaunsa nameputenbHelx NpudopoB. YenoBHbele 0003HaYeHUS Ha LUKalax
npubopoB.

22.VI3MepeHHe TOKOB M HaNps KeHUi. PaciiupeHue npeaenoB H3MepeHus
aMIIepPMETPOB H BOJILTMETPOB. MeToAbI U3MEPEeHUs CONPOTHBASHHIA: ¢ MOMOILLIBIO
MOCTa [IOCTOSIHHOTO TOKA, OMMeTpa; KOCBEHHEBIN MeToA. M3MepeHHe MOIIHOCTH U
3HEprUu.

Pazgen 7.
DJeKTpHYECKHEe MAIUHHDI

23.HasHaueHue ¥ Knaccu(uKanys MallKH I€PEMEHHOI0 ToKa. YCTPOHCTBO U
NPUHLUN ASACTBUS TPEX(DA3HOrO aCHHXPOHHOIO IBUTATENs.

24.YcTpoHcTBO MALLMHBI IOCTOSAHHOTO TOKa. [TpuHUMN AeficTBUS MAllINHB]
MOCTOAHHOTO ToKa. CBOHCTBO 00PaTUMOCTH MALUIMH MOCTOSHHOIO TOKA.
25.Ha3nadenne, K1accupukarus, yctpoicTso Tpancdopmaropos. [IpuHmum
nencTBHs; ko3 duureHT Tpanchopmaruu. Pexxumer pabGoTel TpaHchopMaTopa:
XOJIOCTOH X0Z, paboTa noJ Harpy3Kof.

26.TpéxdasHble, H3MePHUTENbHBIE, CBAPOYHBIE TPAHCHOPMATOPEI,
aBToTpaHcdopmaropsl. [lotepu u KITA.

INeKTPOHUKA
Paszaenl. InexkTponuuie npuéopbl

I. ITonynpoBOOHMKH U MX 3eKTpOodpH3NUEcKUe CBONUCTBA; cOOCTBEHHAS U
TIpPUMeECHas IPOBOAUMOCTS IOJIYIIPOBOIHHUKOB.

2. YCTpoHMCcTBO ¥ MPUHLMN ASHCTBUSA P-n Mepexoaa.

3. [lonynpoBOAHUKOBBIE AUOABI: HazHA4YeHUe, Knaccu(UKalus, yCTPOICTBO,
NPUHLKI AEACTBHS, BOIBTAMIIEPHAs XapaKTepUCTUKa, MapaMmerpsl,
MapKUpPOBKa.

4. TpaH3HUCTOPBI: Ha3Ha4YeHUe, KIacCU(UKaALUMs, yCTpOHCTBO, MPUHLIKI 1eHCTBHSA,
CXEMbI BKJIFOYEHHS], XapaKTePHUCTUKH, TapaMeTPEI.

5. TlonynpoBoOHHKOBBIE AUOMBL: BEINPAMUTEBHEIE, CTAOUITHTPOHBI, BAPHKATIEL,
(poTO- M CBETORMOABI; CBOHCTBA, HA3HAYEHHE.

6. [loneBsie TPaH3UCTOPEI.
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7. ®oTope3ucTopsl, (HOTOANOABI, POTO THPUCTOPEI, (POTOTPAH3UCTOPEI,
CBETOJMOBI: MPUHLIMIL ISHCTBUS, YCIIOBHBIE 0003HaYeHHs, MPUMEHEHHE.
8. TupUCTOpHI.

9. Obuue cBeneHHs O TEXHOIOIHH U3rOTOBIEHH MUKpocxeM. Oco0eHHOCTH
U3rOTOBNEHUS NTOTYTIPOBOAHNKOBON MUKPOCXEMBI.

10. M3roToBneHue TpaH3UCTOPOB, ZUOIO0B, PE3UCTOPOB, KOHAEHCATOPOB. MeToabl
M30ALUH 3JIEMEHTOB.

11.Ha uém ocHoBana pabota GONBIIMHCTBA TI/IT AHOLOB?

12.Y10 Ha3bIBAIOT BRINMPAMHUTENLHEIMH CHJIOBBIMH ZHOAAMU 7

13. Y10 U3yyaeT aneKTpoHUKa?

14. OcHOBHBIE XapaKTepUCTUKH JHOIOB.

15.Knaccnbukanus MHTErpansHBIX MUKPOCXEM.

Pa3znen 2.
3ne1ch0|mble YCIIJIHTEJ]H H reHepaTopbl

16. IlpyHUMIT yCUNEeHHUs TOKA, HAMPsXKEHUsT, MOIHOCTH, HazHavueHue u
K1acCH(pHUKALNS YCHIIUTENEH.

17. [lpuHuun AefcTBUS TPOCTEHIIEr0 yCHIIUTENbHOTO Kackaaa, OCHOBHEBIE
XapaKTepUCTHKH.

18. Knaccudukanna 3nekTpoHHBIX reHepatopos. LC - rerepatopsl, RC -
reHepaTophl.

Pazpen3.
HcToYHHKN BTOPHYHOrO NHUTAHNS

19. [IpyHLMI AeHCTBUS ynpaBasieMblX BenpsaMuTeneil. [Ipumenenue.
20.TpéxdazHnie BRINPAMHUTENH, IPUHIHI ACHCTBHUS.

21. HazHaueHue u knaccudukauus GUibTpos.

22. Knaccuukauus cTabuin3aTopos, IpUMeHEHHE.

23. OnHodasHBle CXeMBbI BBIMPAMICHUS; TPHHLMIT AeHCTBIS, XapAKTEPHCTHKH,
napaMeTphl.

24. Tpéxda3Hblil BEINPAMUTENb; NPUHIHUIL AEHCTBUSA, XapaKTEPUCTHKH,
napaMeTphl.

25. BeimpaMUTeNH; Ha3Ha4eHHe, KNacCH(UKaAIMs, CTPYKTYpHasA cXxeMa.

Pa3znen 4.

Mnuxponpouneccopbl 1 MRKpo- 2BM
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26.Haznayenne GyHKUMH MUKPONPOLECCOPOB. APXHTEKTYPa MUKPOIIPOIIECCOPOB.

27.0Oprannsauus paboTel nepcoHana no pabore ¢ Mukpo-3BM Ha ocHOBe
MHKPOIIPOLECCOpPa Ha JKEIe3HOAOPOKHOM TPAHCIIOpTE

OcHOBHbBIE HCTOMHHKH:

1. Yactoenos JLA. Dnektporexnuka. M. [OY «YMIL XKAT», 2006.

2. Hosurkos I[L.H., Kaypman B.A., Tonuees O.B. u ap. 3agayHuk no
anekTpoTexHuke. M. Axkanemus, 2006.

3. Jynaes C.J1.21eKTpoHNKa, MUKPOJIEKTPOHKKA i aBToMaTura M. 2003r.

IIOI] OJIHUTEJILHbBIC HCTOYHHKH:

1. Enoxknmos ®.E. Obas anektporexHuka. Yuebuuk. M.:, M3a-so «Bricuas
urkona» 2005 r.

2. Npomnn B.M. JlaGopatopHo-npakTuieckue paboTsl MO 3/1€KTPOTEXHUKE:
yueb.nocobue. - M3narensckuii uentp «Axamemus», 2007 r.

HurTepuer-pecypcenl:
http://model.exponenta.ru/elektro/0022.htm
http://nika-fizika.narod.ru/65 0.htm
http://www.neive.by.ru/bestsoft/l 1.htm
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PELLEH3NS

I KOMILICKY  ROWTPOALIG-0NENONILIX  cpererns  no  yuehuoii  pucumitanne o1.e2’
QieRTpoTextHERan aerTpouka s eneigaasnoetie 08,0210 Crpontennerso sRe1e3HbIx aopor,
HYTL I NYTEBOE XO3sieTo (Da30Bas HOATOTOBKA CPEHEro HPOPeCcCHOHATLIIOND 00pA30BAINsI)
A8 0oi popyL odvuens,

Kowrpossto-oncnominicepeictsa (aiee KOC) paspadorans: ManaxoBekoi

JEB., upenopaareiaem pu3nHky 1 snekrporexiniu Gpuidana Cam LYLC B r.Prunieso.

[Mpererasaentnii -+ na  peucH3nio KOMIJICKT — OUCHOUHBIX  CPEUCTB 110
Jucnuinme OFLO2 DuerrporeXxnura 1 ONCKTPOHHKA, PazpadoTal B CoOrBETCTBHH ¢
tpedoBanusimy (PeACPAILIOIO  FOCYHAPCTBRCHIO  0OPasoBaICILIIOI0  craijapra
cpediiero  upodeccnonminbuoro  obpasosanus s cHendansnoctn - 08.02,10
CTpOHTCILE TBO JKCHC3IBLIX MOPOr, NYIL W LYTCBOC X034HcTBO (0a3onas HOLArOTOBKA

CPCANCTO 11})()[1)00(31'10“11”bli{)l'() 06})2[30111\]]”51) JUISE QUITOH (l)()prl O()y‘lClll/Dl.

B crpykrype KOMIICKra ONCHOHILIX CPCUCTB,  UPCACTABICIL CACAYIONIHE
DUCMCITTBI:  1ACHOPT  KOMILICKTa  KOIITPOJILIO-OICITOMIIBIX  CPSIICTB,  Pe3YJILTarsl
OCROCIINSE YUCONOH  JIICIIINIILL,  HOJUICAUIHE  UPOBCPKE, KONTPOIL K OlCHKY
OCBOCHH YUCONOH AHCHHILIHILL 110 TCMaM, KOITPOILHO-OUCHOYIILIC MATCPHAILL 1O
yuednoi ZUCIHILIMIEG, UCTOYHHK (]10p.\-1upm;z;uml KOC, :ider cornacoBanus.

[COMILICRT  OLCHOUHLIN CPCACTE  COCTARICH B OCHOBE CHCTCMIOIO [TOUXOLA,
XOAPARTCPHIYCTCs NCODXOAMMON HOCHCAOBUTCHLIOCTLIO H IOMHKOH, OXBATLIBACT BCC

OCHOBILIC BONPOCHL 110 JIAHNON JIMCIHILIHIIC.

])CHCII’.H-ID}-’CMblf-i KOMILICKT OHCHOMITLIX CPCHACTB odecneurBacT peBCiACHiC
HIOIOBOH arTecTailuH CTYACHTOR }"lll)L‘}l'\‘IlClIl-I[-)l CpCILCra CriCiMacibIoro 06})83()821[]}15{,
JIAgT  BOBMOKNOCTD OHPCHCIHTL - COOTBCTCTBHEC 3NAHUE M yMCIIHﬁ CTYIUCITOB

Tpedonanmsiz PIrOC ClO.

Penensent: 1O Ky mdosa, iavaleiig prasaia 1'AY CO YL
JCY AAPCTHEIIIONY UBTONOMIOTO YUPEKACH
t’;ﬁ[\o,’lllll'l’CJIbHOFO MPOGECCHOHANLHOrO 00Pa3OBak Hs
% O

o

~ o~

PATOBCKKHI 00acTiO yHeOnLIT ueHTP»)
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PEULEH3US
A KOMIACKT  RONTPOALUO-OMCHOMHBIN  cpeacts  noe  yueduon  aucuunanne  OIL02
DAeRTpoTeXHNRA 1 3AeRTponura s cneipraabrocti 08.02,10 «CrposreheTo JKETE3HLIX J0por,
NYTL 1 NYTEBOC X03MiicTBO» (Da30Basi MOATOTOBK:A CPLANCre MPOPCCCNONATLIIONo 60pasoBalst)

A ounoi Gpoprl odyuenn,

Kontponsito-ouenounsie cpeacrra (mance KOC) paspabotann Manaxonpckoit
JL.B., npenoaasatenes (pusuru v onekrporexnuki Gpuinana Cam I'YIIC s r.Pruuieso.

ITpeicTaBaeHUBIA Ha PEUCH3HIO KOMIUICKT OLUCHOMIILIX CPEACTB NO AHUCHHIIIMIIC
Ol'l.02 DnekTpoTexHnKa M INEKTPOLNKA, pa3paboTal B COOTBETCTBHH ¢ TPCOOBAHMUSMU
(depepanuloro rOCY1apcTBCHHO 00paz0oBaTeNnLHOTO cTanaapta cpenero
ipo)eccuoHalibHore odpaszosaumnst it creunaisuoct  08.02.10  «Crpourennerio
ACIE3NBIX  JIOpOr, IIYTL W NyTesoe Xo3sHctso» (0a3oBas NOATOTOBKA CpelHero
npoheccHoHaILHOI0 0dpazoBalius) JUlst 0u1oi Gopmbl 00yderusl.

B crpykrype KOMILIEKTa OHEHOYLILIX CPEUCTtB,  LIpeicTaBiclibl CIeLyIoNe
HJIEMEHTBL: 11aCIIOPT KOMIUIEKTA KOUTPOJILHO-0LEHOUHLIX CPEJICTB, PE3YJLTATHI OCBOCIISI
VUCOHOH ANCLHIUIMNGL, MOJYIekKaIME 11POBCPKE, KOHTPOIL H  OUCIHKa OCBOHHS yuehIioif
JMCHHITIMLGL 110 TCMaM, KOUTPOJILIO-0UCHOUHBIC MATCPUANBL 10 YUCOIOH AUCIUIILIHIIC,
HerounHk Ppopmuposanist KOC, nnct cornacosaisi.

KOMIUICKT  OLIeNOYHDLIX CPC/ICTB cocTaBsiell 114 OCHOBE CHCTSMHORO HHOAXOJI4,
XAPAKTEPHIYCTCs HEODXOAHMON NOCICROBATCALHOCTLIO M JOTMKOH, OXBATLIBAET BCE
OCHOBIBIC BOIPOCLI 1O AAlHON AHCLUHIITHEC,

Cogepixanne  npenctapreunnnix  KOC  orpaxkacr  OUCHKY — AOCTHIKCIME
3aMJalupoBaliLIX Pe3ynLTaToB o0yqelus: U ypoBHst  (pOPMUPOBANMS Y CTYACHTOB
KOMIICTEHIHH, 3aIIIanupoBAINBLIX B pabouCi Hporpame.

PenensupyeMnii KOMIUIGKT OlCHOUHLIX CPeINCTB  O0eclevHBaeT nposeleic
MTOI'OBOH a1TeCTallMi CTYJICUTOB Yyupexlenuit cpeliero cielmanhbHore odpa3zoBaiiisi,
J2€T BOZMOKIOCTE OIPCASHHTL COOTBETCTBHE 31AIIMU M YMCHHMH CTYJICHTOB TpedaBaliMsimM
HIOC CTIO.
Penersenr: H.B.®eanuxa, crapiunii MeToqucT

¢unuaira Cam ['YIIC B r.PTHIIEBO




JIncT cornacoBaHus

JIoTIONHEHNS U H3MEHEHHS K KOMIUIEKTY olleHOUYHBIX cpeacTs (KOC) nHa yueOHBINH
roa

HononHenus u wameHeHus K komiuiekty (KOC) va 2018-2019 y4ye6HBIN rox no
aucuumnuge: OI1.02 DnekTpoTexHuKa U 3MEKTPOHUKA /1A CHEUNAIIBHOCTH
08.02.10 CtpouTenbCTBO MKeNe3HBIX J0pOr, MYTh K IMyTEBOE XO3IHCTBO.

JIonoMHEHWI M H3MEHEHUI K KOMIUIEKTY oleHo4HBIX cpelacTs (KOC) no
aucauruinHe: OI1.02 DneKkTpoTeXHHKA H 3JIEKTPOHHKA
Ha 2018-2019 yuebHEI roa HeT.

JononHenuss u u3MeHeHHss B kxomiuekte KOC obGcyxaenel Ha 3acegaHnu LK
MaTeMaTHYECKHX, eCTECTBEHHOHAYYHBIX U 00MenpodeccHOHaNbHBIX JUCLIMILIMH

« It »  abiwstime 20 /¢ r.(mpotoxon Ne _ 7/ ).

[Mpencenarens LIK YA /H.C. JIyxoHuna/




JINCT coriacoBaHHUS
JononHeHUs U U3MeHEHHS K KOMILIEKTY oleHo4HbIX cpeacTs (KOC) Ha yueOHbIN
rog

JlonoaHenust U u3merenus K komrekty (KOC) va 2019-2020 yuebnslii roa no
mucuunnudne: OI1.02 SnexkTpoTeXHUKaA U 3NEKTPOHUKA A CTIELHATIBHOCTU
08.02.10 CTpoHTeNnbCcTBO KeNe3HBIX AOPOT, YTk U MyTEBOE XO3AHCTBO.

JlorionHeHuH B U3MEHEHNM K KOMIUIEKTY oleHouHsIX cpeacts (KOC) mno
aucuumirne: OI1.02 SnekTpoTexXHHUKa U 31EKTPOHHKA
Ha 2019-2020 y4eOHBIH roa HeT.

Jlononuenuss U usMeHeHHs B Komiulekte KOC obGcyxnenel Ha 3acezaHuu LK
MaTeMaTHYECKUX, eCTECTBEHHOHAYYHBIX U 001enpohecCHOHANIBHBIX AUCLHMILIMH

« £ »n_  afigens 2072  r.(mpotokon Ne 7 ).

[pencenarens LIK Az /H.C. JlykouuHa/




JIner cornacoBaHusd

JIonONHEeHNs ¥ U3MEHEeHHs K KOMIINEKTY olleHouHBIX cpencts (KOC) Ha yueGHBIH
roa

Jomonueuus U u3MeHeHus K komiutekty (KOC) Ha 2020-2021 y4eOHEIH rox no
aucuumidHe: OI1.02 DneKTpoTexXHUKA U 27eKTPOHUKA 7S CIELHAIBbHOCTU
08.02.10 CTpouTenbeTBO KENE3HBIX JOPOT, MYTh U IIyTEBOE XO3IHCTBO.

JlononHeHNH ¥ H3MEHEHHH K KoMIIIekTy oueHouyHbIX cpeacTts (KOC) no
mucuuaminHe: OIL.02 DnekTpoTexXHUKa U 3NeKTPOHHKA
Ha 2020-2021 yueGHBI rog HeT.

HononHenuss W usMmeHeHus B kommiekte KOC obcyxnensl Ha 3acemanuu LK
MaTeMaTH4YeCKUX, eCTeCTBEHHOHAYYHBIX U 00MENpodecCHOHANBHBIX JUCLIHILINH

« A » alsyem—e 20 Ao r. (npotokon Ne 7 ),

4

Ipencenarens LIK ﬂ/ /H.C. JlpitaeBa/




