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1.ITACITIOPT ®OHJA OLIEHOYHLIX CPE/ICTB

B pe3ynbrarte ocBoeHus yuebHoW aucuuriHbl OI1.029/1eKTpoTeXHHKA U
JIeKTPOHUKA oOyuarouiicss Jo/bkeH o6sazate mipeaycMotrpeHHbiMU PI'OC 1o
crieqanibHOCTH 08.02.10 CTpouTe/IbCTBO JKeJie3HbIX [AO0pPOr, IyTb M IyTeBoe
x03a1cTBO (YpoBeHb mNoAroToBKM Ajis crnenuaabHoctu CIIO) cnepyronmmu
3HaHUSIMM, YMEHUSIMH, KOTOpble (POPMHPYIOT MPO(eCCUOHATbHbIE KOMITeTeHLIUU, U
00IIMMU KOMITeTeHIUSIMU:

¥Y1.Ilpor3BoguTh pacuéT napaMeTpoB 3JIEKTPUUECKUX LieTew;

Y2, CobupaTb 37eKTpryecKre cXeMbl U TIPOBePSITh UX paboTy.

31. Metoapl TIpeoOpa3oBaHUsI  JIEKTPUUECKOW  SHEPruH,  CYIIHOCTb
bur3nuecKrux TIPOLIECCOB, TIPOUCXOJALLMX B 3JIEKTPUUECKUX U MAarHUTHBIX LIEMsX,
TOPSIZIOK PacyéTa ux rnapaMmeTpoB.

32. OCHOBBI 37IeKTPOHUKH, 37IeKTPOHHBIE TIPUOOPHI U yCUTATETH.

OK 01. Beibupate crnocobbl pelieHusi 3afiad  MnpodeccroHambHON
JesATe/IbHOCTU MPUMEHUTEeTbHO K Pa3/InuHbIM KOHTEKCTaM;

OK 02. HWcrmonb30oBaTh COBpPEMEHHbIEe CpeJCTBa TIOWCKA, aHa/iu3a U
VHTepIipeTalyy UHQpOpMaluu U UHGOPMaLMOHHbIE TEXHOJIOTUM [/ BbITIO/THEHUS
3a/1au MpodeCCUOHA/ILHOU [1eITeIbHOCTY;

OK 03. ITnaHupoBaTh M peayir30BbIBaTh COOCTBeHHOe MpodeccroHalbHOEe U
JIMYHOCTHOE pa3BUTHe, TIPeANIPUHUMATE/bCKYIO JesTe/IbHOCTb B MpodeCcCuoHaIbHOU
chepe, WCIONb30BaTh 3HaHUSI MO (UHAHCOBOM TPAMOTHOCTM B  Pas/MUHbIX
JKA3HEHHBIX CUTYaLUsX;

OK 04. OddekTHBHO B3aMMO/IeliCTBOBAaTb U paboTaTh B KOJITIEKTHBE U
KOMaH/ze;

OK 05. OcywmectBisaTe yCTHYHO U NUCbMEHHYH) KOMMYHUKALUKO Ha
roCcyZiapCTBeHHOM s3bIke Poccuiickort ®Pegepariii €  yuyeTOM OCOOEHHOCTeH
COL[MAJIbHOTO U KYJIbTYPHOT'O KOHTEKCTa;

OK 06. [IposiBnsATH rpakaHCKO-TIaTPUOTUUECKYHO TO3UL[UIO,
JIeMOHCTPUPOBaThL  OCO3HAHHOE  TIOBeJleHWe Ha  OCHOBE  TPAAULIMOHHBIX
oOITleuesloBeUeCKUX I[eHHOCTeH, B TOM UHCAe C y4eTOM TapMOHH3al[uH
ME)KHALIMOHA/IbHBIX W MEXDPEJUTHO3HbIX OTHOLLIEHUM, TPHUMEHSITb CTaHJapThbl
AHTHUKOPPYTML[MOHHOTO TTOBe/IeHUS;

OK 07. CopeiicTBOBaTh COXpaHEeHUIO OKpy’Karolen cpefibl,
pecypcocbepesxeHUt0, TPUMEHSITb 3HaHWs 00 UW3MeHeHUM KaumaTta, TPUHLIUIIBI
Oepe>K/TMBOTO  TIPOM3BOJACTBA, 3(G¢deKTHBHO [JelCTBOBaTb B Upe3BbIUalHBIX
CUTyaLusX;

OK 08. Vcrionb3oBaTh cpeAcTBa (HM3UUECKOU KyJAbTYpbl [ COXpaHEHUsl U
YKpervieHUsi 3/I0pOBbsi B mpoljecce TMpodecCHoHaNbHOW  [IeITe/IbHOCTH U
no/iiepkaHusi He0OXOAMMOT0 YPOBHS (hPM3HUUeCKOM MTOAr0OTOB/IEHHOCTH;

OK 09. TIlonb3oBaThcsi  mpodecCUOHANbHOM — JOKyMeHTaljuell  Ha
roCyJJapCTBEHHOM U UHOCTPAHHOM $I3bIKaX.
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IIK 2.2. IIpou3BOAUTL PEMOHT U CTPOUTEIBLCTBO KeJIe3HOLOPOKHOTO MYyTH C
VICII0JIb30BaHUeM Cpe/ICTB MeXaHU3aL1u.

IIK 2.3. KOHTpO/IMpOBaTh KaueCTBO TEKYILero COofep>KaHus MyTH, PEMOHTHBIX
Y CTPOUTE/IbHBIX paboT, OPraHKW30BbIBATH UX TIPUEMKY.

IIK 3.1. ObecrieurBaTh BBITIOJHEHWE TPeOOBaHUM K OCHOBHBIM 3/IeMeHTaM U
KOHCTPYKLJUM 3eMJISHOT'O T[10JIOTHA, Ilepee3/ioB, IyTeBbIX M CUTHA/IbHBIX 3HAKOB,
BEPXHEro CTPOeHUs MyTH.

IIK 3.2. Ob6ecneunBaTh TpeboOBaHUS K MCKYCCTBEHHBIM COOPY’>KEHHSIM Ha
)KeJ1e3HOJOPO’KHOM TPaHCIIopTe.

ITK 4.4. O6ecrieunBaTh COO/MOZIEHNE TEXHUKH O€3011aCHOCTH M OXPaHbl TPy/ia
Ha TMPOM3BO/ICTBEHHOM YuacCTKe, TIPOBOJUTH MNpPO(UIaKTUUeCKUe MepONpUiTUS U
oOyueHue mepcoHara.

dopmoii aTTecTaliy M0 y4eOHOU JUCHUIUINHE SIBJISIETCA - IK3aMeH.



2. Pe3y/ibTaThl 0CBOEHHA YUeOHOH JUCIHIIHHBI, TO//Ie)XKalljie MPOBepKe

2.1.

B pe3ynbrare arrectayuM 10 Yy4eOHOM [UCLMIUIMHE OCYILeCTB/ISeTCS

KOMIUIEKCHasi TIDOBEpPKa C/IeAYIOIIUX YMEHWM U 3HaHUM, a TakKe [AUHAMUKa
dbopMrpoBaHUs OOIITUX KOMITETEHITHIA:

Pe3ysibTaThl 00yUYeHusI:
yMeHUs], 3HaHus U o0111e

IToka3aTenu OLleHKH

dopma KOHTPOJIA U

pesy/bTara. OL|eHUBaHUSI.

KOMIIEeTEeHLIUU
¥Y1. IlpousBoaute pacyét Bribupatb YcTHBIM OMIpOC,
rapaMeTpoB  37IeKTPUYEC- |  3/eKTPOM3MEPUTEbHBIE TeCTUPOBaHHUE,
KUX Lierneu. puOOPbI, BBITIOHATh TpOBe/ieHre

3MepeHUs U pacyéThl
OCHOBHBIX IIapaMeTpOB
3JIEKTPUYECKUX Liernen
TOCTOSTHHOTO U
IIepeMeHHOIr0 TOKa.

nabopaTopHbIX U
TIPAKTUYECKUX 3aHATHH,
CaMOCTOSTe/TbHAsI
paborta.

Y2. CobupaTh 3/1eKTpHUYecC-
KH€e CXeMbl U TIPOBEPATD UX
pabory.

Bri6uparb
3JIEKTPOU3MEepUTe/IbHbIe
TIpuOOpbI, BBITIOTHSATh
W3MepeHUs U PaCUu€Thl
OCHOBHBIX MTapaMeTpPOB
3JIeKTpPUUECKUX LieTiei
MOCTOSTHHOTO U
NepeMeHHOr0 TOKa.

OrjeHKa pabOThI yUaIuxcs
Ha 1abopaTopHOM
3aHSITHH, BBITTOJIHEHHE
TeCTUPOBaHUSI.

31. Metoasl mpeoOpa3oBa-
HUSl 37IeKTPUYECKOU SHep-
MM, CYLIHOCTb (u3nuec-
KUX IIpOLeCcCOB, IIPOMC-
XO[AIIUX B 3/IEKTPUUECKUX

A MarHuTHBIX  Ljendx,
15(0]0):9i(0) ¢ pacuéra UX
riapameTpoB.

N3yunth Qpusnueckyro
CYLLHOCTb TIpoLiecca
TM0JIyYeHUs IepeMeHHOr0
TOKQ, XapaKTepUCTHUKU
TepeMeHHOr0 TOKa, UX
bu3nueckuii CMbIC/I,
eIMHUL[bl N3MepeHUs;
yCJIOBUSI Cy11eCTBOBaHHS
MarHuTHOTO T10JIsl, €ro
XapaKTepUCTHKHU, TIpaBU/Ia
JJ1s1 OTIpe/iesieHusI
Harpa/eHUs] MarHUTHOTO
TOJISI.

OrieHKa paboThI yUaL[UXCS
Ha labopaTOpHOM
3aHSITHH, BBITTOJTHEHHE
TeCTUPOBaHUSI.

32. OCHOBBI 3/1IEKTPOHUKY,
3/IeKTPOHHBIE TIPUOOPBI U
YCUTUTEIH.

M3yunTh IPUHIUTIBI
BKJTFOUEHHST 3/IEKTPOHHBIX
TTPUOOPOB U ITOCTPOEHUS

OtrieHka paboThl yyaluxcs
Ha 1abopaTopHOM
3aHSTHH, BHITIOJTHEHHE
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3JIEKTPOHHBIX CXEeM;
OCHOBHbIE TeXHHUUeCKHue
XdPdKTePHUCTUKHU
3JIEKTPOHHBIX yCHHHTEHEﬁ.

TeCTUPOBAHUA.

OK1. Broibupatb criocobsI

pellieHus 3ajau
ripodeCCUOHAILHOM
JesiTeIbHOCTU
TIpPUMeHUTEeTbHO K

Ppa3/IMYHBIM KOHTEKCTAM.

IIposiBnenue nHTEpeca K
o0yueHuU10, K Moy4aeMoin
rpogeccumu.
IobpocoBecTHOe
BLITIOJTHEHUE yUueOHBIX
00s13aHHOCTeH.
YuacTtre B KOHKypCax
KPY’KKaX, JHSIX OTKPBITHIX

OLieHKa pe3y/bTaToOB
HaOr0JeHuH 3a
JesITeTbHOCTBIO

obyuarorrierocs B
TipoLjecce OCBOeHMUS
obpa3oBaTreTbHOM
TIPOTPaMMBI.

JIBepeu,
HCCIeIoBaTeIbCKOM paboTe,

CTyZleHUe CKMX

KOH(hepeHLIHi.
OK2. Wcnonb3oBaTh Bri60op v nipriMeHeHre YcTHBIN 0MpOC,
COBpEMEeHHbIe cpefCTBa METOZIOB 1 CrIocoO0B TeCTUPOBaHUe, MPOBeJIeHne
TIOMCKa, aHau3a U pelLeHus nabopaTopHBIX U
VHTeprpeTaLyu npodeccrUoHaNbHbBIX 3a7jau TIPaKTUYECKUX 3aHATUM,
vHbOopMaIu 1 B 00/1aCTH,011€HKa camocTosiTe/bHasi pabora.
MH(pOpMaIMOHHbIe 3¢ (deKTHBHOCTH U KaueCTBa
TeXHOJIOTUU ISt BBITIOJIHEHUS
BBITIO/THEHUS 3aja4 | npodecCUoHaNbHBIX 3a/au.
ripochecCroHaLHOM
JlesITe/TIbHOCTH.
OK3. [IlnanupoBatb U [IpaBusibHOe perieHue OrieHKa paboThI yUaL[AXCS
peasi30BbIBAThH CTaHZAPTHBIX U Ha labopaTOpHOM
coOCcTBeHHOe HeCTaHJapTHBIX 3aHSITUH, BbITIOJTHEHUE
ripodeccroHa/bHOE u rpodeccuoHaIbHBIX TeCTUPOBaHUSI.
JTMYHOCTHOE pasBUTHE, CUTyallui U yueOHbIX
ripeANpUHAMATE/IbCKYHO 3a/a4.
J1esiTeTbHOCTh B

ripodeccrioHabHOM cdepe,
WCI0J/Ib30BaTh 3HAHUS TIO
(bHMHAHCOBOM T'PaMOTHOCTU
B Pa3/IMUHbIX >KWU3HEHHBIX

CUTYaLUsIX.
OKA4. O derTUBHO YmeHue paboTath B YcTHBIN OMIpOC,
B3aMMO/IeICTBOBATh V| KO/JIeKTHBe, B KOMaH/je, TeCTUpOBaHHUe,
paboTaTb B KOJIJIEKTHBE U IPaMOTHO 00IIaThCS C TpOBe/IeHHe

KOMaH{fie.

KOJI/IeraMu, PYKOBO/ZICTBOM,
NoTpeoUuTeISIMHU.

71abopaTOpPHBIX U
MPAKTUUECKHUX 3aHATUH,
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CaMOCTOATE/IbHadA

pabora.
OKG5. OcymectBiiATh | BrasieHne coBpeMeHHBIMU YcTHBIN OMIpOC,
YCTHYI0 UW THWCbMEHHYIO HMH(OpMaIMOHHBIMU TeCTUPOBaHUe,
KOMMYHUKAIUIO Ha TeXHOJIOTHUSIMU. MpoBeJIeHHe
rOCyZlapCTBEHHOM  SI3bIKE nabopaTopHbIX U
Poccurickont ®efepaiiuu C MpaKTUYeCKUX 3aHSITHUH,
y4eToM ocobeHHOCTeM CaMOCTOsITe/TbHast
COLIMA/ILHOT O 1 pabora.
KY/JIbTYPHOTO KOHTEKCTA.
OKe. IIposBniaTh [Touck onTrmasbHOIO YcTHBIM onpoc,
IPaKJaHCKO- WCTOYHHKA MH(OpMaLn TeCTUpOBaHHUe,
MaTPUOTUUECKYIO JJ1s1 pelleHust TpoBe/ieHue
TIO3ULIUIO, MOCTaB/IEHHOU 3a/iauM. nabopaTOPHBIX U
JIeMOHCTPUPOBATh TouHoCTE 06pabOTKM TPaKTUYECKUX 3aHSITUM,
OCO3HaHHOe TIOBeJIeHHe Ha VH(OpMaLuu Npu CaMOCTOSITe/IbHast
OCHOBe TPaIULIMOHHBIX BBITIOJTHEHUH paborTa.
o0111euesI0BeYeCKUX MIPAKTHUECKUX 3aHSITUM U
1[EHHOCTeM, B TOM UHUCJIe C nabopaTopHbIX padorT.
y4eToM rapMOHH3aL1
Me)KHaL[MOHa/TbHBIX u
Me)KPeJIMTM03HbIX
OTHOIIIEHWW,  TIPUMEHSITh
CTaHJapThbl
aHTUKOPPYIIL[MOHHOTO
TIOBe/IeHUSI.
OK?7. CoperictBoBaTh | Hannure opraHmu3aTopcKux YcTHBINM onpoc,
COXPaHEHHIO0 OKpY)Katolel [criocobHocTeil.[leMoHCTpalys TeCTUPOBaHHUe,
cpefipbl, CI0COOHOCTH pacripefienisiTh MpoBeJieHHe
pecypcocbeperkeHuto, 00513aHHOCTU MEXKy u/ieHaMH 7abopaTOpHBIX U
MPUMEeHATb  3HaHUsi 00 | KomaH/bl (MOJUYMHEeHHBIX). MPaKTAYECKUX 3aHITUM,
V3MeHeHUHn K/IMMara, CaMOCTOsITe/TbHast
TIPUHIUITEI  OepeXXTMBOro paborTa.
TIPOU3BO/ICTBA,
3b(PeKTUBHO IefiCTBOBAaTh
B ype3BbIUaHbIX
CUTYaLUsIX.
OKa8. Wcrnonb30BaTh IIposiBnieHue YcTHBIN OMIpOC,
cpenCTBa (U3UUeCKor | CaMOCTOSITeTbHOCTH MpHU TeCTUpOBaHUe,
KyJbTYpbI [/l COXpaHeHUsi | TIOATOTOBKe COODIeHMiA. MpoBeJieHHe

U YKpeIuleHHsl 3[J0pOBbsSI B
Tiporjecce
ripocheCcCUOHAILHOM

Hanuuue camoananusa.
[ eMoHCTpaLus »XeJlaHus

Jla/TbHeMIIero

7abopaTOpHBIX U
MPAaKTUUECKHUX 3aHATUH,
CaMOCTOsITe/TbHast




JesITeIbHOCTU Y| CaMOCOBEepILEeHCTBOBAHMUS. pabora.

o eprKaHust

HeoOX0IUMOro YPOBHS

(pr3nueckou

TO/ITOTOBJIEHHOCTH.

OKSO. [Tonb30BaThCA IIposiByieHue YcTHBIN OMIpOC,
ripodeCCUOHAILHOM T03HaBaTeIbHOMU TeCTUPOBaHMUe,
JOKYMeHTaLyemn Ha | aKTWBHOCTHU M MHTepeca IIpOBeJieHue
rocy/lapCTBeHHOM U TIPY BBITIOJTHEHUU nabopaTOpHBIX U

MHOCTPAHHOM {A3bIKadX.

CaMOCTOATE/TbHBIX PaloT,
B/1aJieHUsI HaBbIKaMH1
caMoaHa/iM3a u
CaMOOLIEHKH.

MPAaKTUUECKHX 3aHATUH,
CaMOCTOsITe/TbHast
paborTa.

[IK 2.2.11pou3BoaUTbL
PEMOHT U CTPOUTE/ILCTBO
JKeJIe3HO0POKHOI'0 IYTH C

OpraHusoBaTthb pabouee
MeCTO B COOTBETCTBUU C
3aZlaHieM U TpeboBaHUAMU

OtieHKa pe3y/bTaToOB Ha-
O/F0ZIeHMI 3a [1eITeTbHOCTBIO
oOyuarolierocsi B mporjecce

VICII0/Ib30BaHUEM  CpPe/iCTB OXpaHbl TPyZa. 0CcBoeHUs1 0Opa3oBaTebHOM
MeXaHU3aLUH. MPOTrPaMMBl.
[IK 2.3.KoHTpo/supoBaThb Bb100p ¥ priMeHeHHe OLieHKa pe3y/ibTaToOB
KauecTBO TEKYIIETO METO/IOB M CIIOCOOOB HaO/roIeHNi 3a
COZleprKaHUst MyTH, pelieHus JleATe/IbHOCTbEO
PEMOHTHBIX 1 | TipoeccMOHa/bHBIX 3a7iau oOyuaroiierocsi B
CTPOUTEBHBIX pabor, B 00/1aCTH,OLIeHKa TIpOLIecce OCBOEHUS
OpraHU30BbIBaTh ux | 3¢heKTUBHOCTHU U KaueCTBa oOpa3oBarebHOU
TIPUEMKY. BBITTO/THEHUS MpOrpaMMBl.
Npo()eCcCUOHAIbHBIX 3a/1ay.
IIK 3.1.06ecneurBaTh [leMoHCTpaLus 3HaHUW OLleHKa pe3y/IbTaTOB

BBITIOJTHEHWe TpeOOBaHUM K

3ar0/ITHeHUSA TeXHUUeCKOU U

Habr0IeHuH 3a

OCHOBHBIM 3/IeMEHTaM U TeXHOJIOTUYeCKOU JlesITeTbHOCThEO
KOHCTPYKL[UM  3€MJISTHOTO JIOKyMeHTaL[1H. oOyuatrolierocsi B
T0JIOTHa, riepees3/ioB, TipoLiecce OCBOEHUsT
MyTeBbIX W CUTHAJbHBIX oOpa3oBarebHOM
3HAKOB, BepXHero TIPOrPaMMBblI.
CTPOEHMUs Ty TH.
[K 3.2.06ecmneurBaTh Wcnosib30BaHue OLleHKa pe3y/IbTaTOB
TpebOBaHUS K | HOpPMAaTUBHO-TEXHUUECKOU Hab/roeHui 3a
HICKYCCTBEHHbIM JNOKyMEeHTaLuK TIpU JlessTe/IbHOCTbIO
COOpY>KeHUsIM Ha PEMOHTE OT/e/IbHBIX oOyuatrolierocsi B
JKene3HOZ0PO’KHOM JleTaneu v y3/oB TIpoLiecce OCBOEHUS
TPaHCIOPTe. MO/IBMXKHOT'O COCTaBa, oOpa3oBarebHOU
)Kemne3HbIX JJOpOr. TIPOrPaMMBlI.
[TK4.4.06ecreunBaTh Opranwusaifusi pabouero O11eHKa pe3yabTaTOB




cobmoneHue TeXHUKU
6e30rMacHOCTY U  OXpaHbI
TpyZa Ha
TIPOM3BO/ICTBEHHOM
yuacTKe, TIPOBO/TUTh
npodUIaKTHUECKHEe
MEpOTpHUATHS U 00yueHue
TepCcoHaJia.

MeCTa B COOTBETCTBUU C
3a/jaHueM U TpeboBaHUSIMU
OXpaHbI
TpyZa.JeMoHcTparys
3HAaHUU TeXHUKHU
0e30macHOCTU 1 OXPaHbI
TPYy/ia IPH PEMOHTe y3/I10B
obopyoBaHUs U
MeXaHU3MOB
JKee3HOI0POXKHOTO
MO/IBUYKHOTO
cocrasa./lemoHcTpaLus
3HaHWM 3ar0/THeHUs
TeXHUYECKOU
JNOKYMeHTaluu Mpu
pPEMOHTe y3/I0B,
obopyzmoBaHus U
MeXaHU3MOB
)Kesie3HOZ,0POXKHOTO
TIO/IBV)KHOT'O COCTaBa.

HaO/F0JeHNH 3a
JeSITe/TbHOCTBIO
oOyuaroiierocsi B
Tiporiecce OCBOeHUsI
oOpa3oBarebHOU
MPOrPaMMBbI.
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3. OnleHKa 0CBOEHHUSA YUeOHOU JUCI{UIL/TMHBI:
3.1. ®opMmbl U METO/bI KOHTPOJIS.
[IpegmeToM OLIEHKM C/ayKaT yMeHUs M 3HaHus, IMpegycMmorpeHHble PI'OC mo
OUCLIUTIIHE D/1eKmpomexXHUKa U 35/1eKMpOHUKA, HarpaB/ieHHble Ha (opMHUpOBaHue
00X ¥ MpodeCcCOHATbHBIX KOMITeTEHI[UH.
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KoHTpO/1b 1 0OIleHKa 0CBOEHHUsA YUeOHOU JUCIUILIMHEI 110 TeMaM (pa3je/iam)

11

OneMeHT Y /] @DopMbI U MeTO/ibI KOHTPOJIS
Teky1ui KOHTPOJIb Py0e>KHbIN KOHTPOJTb [IpomMe)KyTOUHas aTTecTalus
®opmbI IIpoBepsiemble Dopmbl IIpoBepsiemble dopma IIpoBepsiemble
KOHTPOJISI OK, Y, 3 KOHTPOJISI OK, Y, 3 KOHTPOJISI OK, Y, 3
KP OK 2,0K 3, OK 4, C) ¥1,¥2,31,32,0K2-
Pazpen 1. OK 5, 31,Y1, Y2. OKG5.
Y — IK 2.2, [1K2.3, IK 2.2, [1K2.3,
IK 3.1, I1IK 3.2, IK 3.1, I1IK 3.2,
I1K 4.4 I1K 4.4
YO,T, OK 2,0K 3, OK 4,
Tema 1.1 JIPNel OK 5, 31,¥1, ¥Y2.
DJIEKTPUYECKOE TIOJIe. IIK 2.2, TTK2.3,
KonpeHcaropsl. IIK 3.1, IIK 3.2,
I1K 4.4
Tema 1.2. ¥YO,T, OK 2,0K 3, OK 4,
DJIeKTpUYeCcKue Leru JIPNe2 OK 5, 31,¥1, Y2.
MOCTOSIHHOTO TOKa. IIK 2.2, T1K2.3,
IIK 3.1, TIK 3.2,
I1K 4.4
OK 2,0K 3, OK 4,
Tema VO.T OK 5, 31,Y1, ¥Y2.
1.3.971eKTpOMarHeTusMm. ﬂPﬁoé IIK 2.2, T1K2.3,
B IK 3.1, I1IK 3.2,
I1K 4.4
Tema 1.4. VO.T OK 2,0K 3, OK 4,
OJIeKTpUYeCcKue Lernu > OK 5, 31,¥1, Y2.
ITPNel,
ogHO(a3HOTr0o TPNe? IK 2.2, I[1K2.3,
TIepeMeHHOr0 TOKa. B IIK 3.1, IIK 3.2,
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IIK 4.4

OK 2,0K 3, OK 4,
Tema 1.5. OK 5, 31,Y1, Y2.
DJIeKTpUYeCKHre 11eTu YO,T,
TpéxcdazHoro TTPNe3 K 2.2, [IK2.3,
epeMeHHOr0 TOKa. IK 3.1, TIK 3.2,

IIK 4.4

OK 2,0K 3, OK 4,
Tema 1.6 VO.T OK 5, 31,¥1, Y2.
OJIeKTpUYeCcKue HP1<Io 21 IIK 2.2, TIK2.3,
V3MepeHUsl. B IIK 3.1, IIK 3.2,

IIK 4.4

OK 2,0K 3, 0K 4
Tema 1.7. ’ ’ ’
ONeKTpruYecKue OK'5, 31,¥1, ¥2.
MallIUHbI [TOCTOSHHOTO YO T, MK 2.2, [TK2.3,
TOKA ITPNe5 IK 3.1, IIK 3.2,

IIK 4.4

OK 2,0K 3, OK 4,
Tema 1.8 OK 5, 31,Y1, 2.
DJIeKTpUYeCKue YO,T,
MalLIWHbI [IepeMeHHOI0 ITPNe6 IK 2.2, TIK2.3,
TOKA IIK 3.1, TIK 3.2,

IIK 4.4

OK 2,0K 3, OK 4, | KonrponeHas
Tema 1.9 YO,T, OK'5,31,Y1, ¥2. | paooratil
TpancdopmaTopbl. ITPNe7 K 2.2, TIK2.3,

IK 3.1, TTK 3.2,

IIK 4.4

OK 2,0K 3, OK 4,
ge;::;'lm yo, OK 5, 32.
3/1IeKTPOIPUBO/A. T 1K 2.2, TIK2.3,

IIK 3.1, TIK 3.2,

IIK 4.4
Tema 1. 11 YO, OK 2,0K 3, OK 4,

12
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[Tepenaua u OK 5, 32.
pacripejiesieHye T [IK 2.2, TIK2.3,
3/IeKTPUUeCKOM IIK 3.1, TIK 3.2,
SHEeprumu. [IK 4.4
Pa3zgen Ne2
JJIeKTPOHHUKA. ¥1,¥2,31,32,0K2-
OKS.IIK 2.2,
[1K2.3, TIK 3.1,
[IK 3.2, 11K 4.4
Tema 2.1. dusrueckue YO, OK 2,0K 3, OK 4,
OCHOBBI 3/IEKTPOHHUKH. T OK 5, 32.11K 2.2,
[1K2.3, TIK 3.1,
K 3.2, [IK 4.4
Tema 2.2. YO,T, OK 2,0K 3, OK 4,
[TonynpoBoAHUKOBbIE JIPNe4 OK 5, 31,¥1, ¥Y2.
nprUOOpBI. JIPNe5 [1K 2.2, TIK2.3,
K 3.1, TIK 3.2,
11K 4.4
Tema 2.3 ¥YO,T, OK 2,0K 3, OK 4,
BJI@KTPOHHBIG TTPNe8 OK 5, 31,¥1, Y2.
BBITIPSIMUATE/TU TIK 2.2, 11K2.3,
MCTabUIM3aTOPBI. IK 3.1, TIK 3.2,
1K 4.4
Tema 2.4. YO,T, OK 2,0K 3, OK 4,
OOr111ie TIPUHIUITBI JIPNe6 OK 5, 31,¥Y1, Y2.
TIOCTPOeHHUst ¥ PabOThI [IK 2.2, T1K2.3,
CXeM 3/1IeKTPOHHBIX [IK 3.1, [IK 3.2,
YCUNTUTEIeN. 11K 4.4
Tema OK 2,0K 3, OK 4,
2.5.2/1eKTPOHHbIE YO,T, OK 5, 31,¥1, Y2.

13
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reHepaTopsl U ITPNe9 IIK 2.2, TIK2.3,
H“3MepuTesibHbIe IIK 3.1, IIK 3.2,
TpPUOOPBI. MK 4.4
Tema 2.6 OK 2,0K 3, OK 4,
YcrporictBa YO, OK 5, 32.
aBTOMAaTUKH T IIK 2.2, ITK2.3,
BBIUMC/IUTETLHOU IIK 3.1, TIK 3.2,
TeXHHUKH. IIK 4.4
Tema 2.7. OK 2,0K 3, OK 4,
MUKpOIpOLiecCopsl U YO, OK 5, 32.
MUKpO-OBM. T IIK 2.2, TIK2.3,
IIK 3.1, IIK 3.2,
I1IK 4.4

14




KO].[I/Iq)I/IKaTOP OLI€HOYHbIX CPpeACTB

@DyHKIMOHA/IbHBIN NPU3HaK
OLIEHOYHOT'0 Cpe/iCTBa
(TUI KOHTPOJILHOTO 3a/IaHUS])

Kop, o1jeHOUYHOTO CpejcTBa

YcTHBIM onpoc YO
ITpakTHueckas pabora Ne n ITP Ne n
JlabopaTopHast paboTta Ne n JIP Ne n
TectupoBaHue T
KonTposbHast pabota Ne n KP Ne n
JK3aMeH C)
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4.3agaHus A1 OLeHKU 0CBOeHMS JUCLMILINHbI
Konmpoabnas paboma Nel
«J/1eKmpuyecKue yenu nocCmostHHO20 MoKa»
Ieapuanm
1. Havaute 3/C wuCTOYHMKA TOKa C BHYTPeHHUM comnpotuBieHremM 1 Ow,

R1

& =150B
PHe. 3

Harpy’>kKeHHOT'0 Ha Pe3rUCTOop conpoTtuBieHueM 5 Om (puc. 1).

2. Hauvgure HampaB/ieHHWe W CWIy 3JeKTPUYECKOrO TOKa (puc. 2). BHyTpeHHUM
COTIPOTHBJIEHMEM UCTOUYHMKA TOKa TIpeHeOpeyb.

3. Harigure cuny Toka uepe3 pe3uctop R, eciii conpoTtrBieHust pe3uctopoB Ry = R, =

R; = 10 Om (puc. 3). BHyTpeHHUM COIPOTUB/JIEHMEM HCTOUHUKA TOKa MO>KHO
nipeHeOpeyb.
R - 4. Ha puc. 4 mpeicTaBieHa Cxema »3JeKTpPUYECKOW Liend C
. HCTOYHMKOM, HMEIOIIUM U = 50 B, HarpyXeHHbIM Ha
roTpeduTeb, COCTOSIIITUI u3 _
pesuctopos R; = 80 Owm, R, =300 | d Owm,

R; = 700 Om, Ry = 110 Owm. i

OnpefieMTh TOKA BO BCEX BETBAX U | XOR _;_.-,q_
1oTpeb/iieMyt0 €0 MOII[HOCTb. :

o o Puc. 5
5. Jl/1s1 3/IeKTpUYeCKOou Ljeru, NpeCcTaB/IeHHOW Ha puUC. O,

onpejenuTh 3HaueHus conpoTuBiaeHur R; m Rs;, 3/]C mepBoro MCToyHMKa, TOK yepes
pe3uctop R; u cocraButh GanaHc morHocTel, eciu 3/]C BToporo ucrouduka 750 B,
toku I, = 0,01 A, I = 0,06 A, MolHOCTE Ha TpeThbeM pe3uctope P; = 10,5 Br.
BHyTpeHHUM COTPOTHB/IeHEM UCTOUHHKA TOKa MOYKHO TpeHeOpeub.
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KoumpoabHas paboma Nel
«J/1eKmpuuecKue yenu nocCmostHHO20 MoKa»
II eapuanm
1. OmpefenuTe HaripaB/ieHWe W BeJIMUMHY CUJIbI TOKA B 10 O
pesucrope (puc. 1), mpeHeOperasi BHYTPEHHUM COTPO-

THBJIEHHEM MCTOYHHKOB TOKa. 3|B 4B
2. B snekTpuyeckou 1ijernu, NpUBeJeHHOM Ha PUCYHKe 2, |l—~—|| cusia
ToKa uepe3 amrepMmerp A I = 3A. ConportuieHue Puec. 1

pe3uctopoB Ri= 10 Om u R, = 5 Om. BHyTpeHHUM
COTIPOTUBJ/IEHHEM aMIIepMEeTPOB M MUCTOYHHMKA TOKa MOXKHO TipeHeOpeub. Haligute cumy
TOKa I, mporekarorjero uepes amrepmerp Al.

3. Ilo ycnoButo 3ajaHuss 2 ornpegenute BeauuuHy O/1C
VMCTOYHUKA TOKa.

4. Jlnd »>/1eKTpUueckKou cxeMbl pUC. 3 3ajlaHbl 3HaueHUs
compoTuB/ieHuH pe3ucTopoB R; = R, = 25 Om, R3 =15 Om, R4 =
750M u BxogHoe HanpsbkeHue U = 105 B. OrnipenenuTs TOKHU
B BeTBAX U MOTPeO/IsieMyt0 MOIIHOCTb.

R2 A3

Puc. 4

5. [id sneKTpUudeckou Ljenu, TpejCTaBIeHHOW Ha puc. 4, onpefenuTb 3HAYeHUs
cornpoTuByieHUH R; 1 R, TOK uepe3 pe3uctop Rs;, BHyTpeHHee CONpOTHB/IEHHE BTOPOTO
WCTOYHMKA W COCTaBUThb 0ajlaHC MOIIHOCTeN, ec/d BHYTpPeHHee COIPOTHB/IeHUe
riepBoro uctounuvka 1 Om, Toku Iy =2 A, ,=1 A, 3/1C ucrounukoB E; = 18 B, E, = 10
B, mouHocTh Ha nepBoM pesucrtope P; = 12,5 Br.

Kputepuu oneHku:

- OIleHKa «OTJIMYHO» BBICTABJSIETCS CTYAEHTy, eciu 0e30IMO0UYHO BBITIOIHEHBI BCe
3a/laHus;

- OLIeHKa «XOpOIII0», eC/TU BLITIOJIHEHO MPaBU/IBHO He MeHee % BCeX 3a/laHul;

- OLIeHKa «y/IOBJIETBOPUTEJ/IbHO», €C/TU BBITIOJIHEHO He MeHee Y2 3a/jaHul;

- OlLIEHKA «HEeY/IOBJIETBOPUTE/ILHO», €C/M CTYJAeHT He CIpPaBWICS C OOJBITUHCTBOM
3a/laHUM.
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Pa3pen 1. DiiekTpoTexHuka.

BapuanT 1

1. Kakoe siBjieHHe Ha3bIBalOT 3JIeKTPUUYECKUM TOKOM?

2.Kakum cBOMCTBOM 00/1a/1al0T KOHIEHCATOPKI?

3 . Kak wusmeHWTCsa 3apsj KOHJeHcaTtopa, ec/lyd IpU Heu3MeHHOM HallpspKeHUU
YBeJIMUUTH PaCCTOAHME MeXXy IIaCTUHaMU KOHZeHcaTopa?

4. Kak Ha3bIBalOT eUHULYY U3MEPEeHUs 3JIEKTPUUECKON eMKOCTU?

5.3anuiute  QopMyay  Ajs  BbIUKMC/IEHWSI  SKBHUBAJEHTHOM  €MKOCTHU  ABYX
T110C/IeJoBaTe/IbHO COeJMHEHHBIX KOH/LeHCAaTOPOB.

PacueTtHoe 3azjaHue
1. CocTtaBuTh CXemMy W OIpeJeluTb SKBUBAJ€HTHYH) €MKOCTb YeThbIpex
KOH/ZIEHCAaTOpOB  COeJIMHEeHHBbIX nocjefoBaTe/ibHO, e @  Cl1=3MKD,
C2=6MK®D, C3=10MKkD, C4=12MKD.

2. OnpefienUTh 5KBUBAJIEHTHYI0 €MKOCTb CMEIIaHHOW CXeMbl KOHZEHCaTOPOB,
ecmu C1=4MKD, C2=6MKD, C3=7MKD, C4=8MKD.

BapuaHnT 2

1. YTo Ha3bIBaIOT 3/1eKTPUUECKUM HallpsyKeHueM?

2.UT0 Ha3bIBaeTCs 371eKTPUUeCKOU MPOBOJAUMOCTBIO?

3 .Kak u3MeHWUTCs 3aps/, KOHJeHCaTopa, eC/d YBe/IWYUTb HampspkeHue 3apsija
KOH/leHcatopa?

4.0T KaKux napaMeTpoB 3aBUCUT €MKOCTb KOH/eHcaTopa?

5.3anuimrte (GOpMyy [J1s1 BbIUMCIEHUS] SKBUBAJE€HTHOU €MKOCTH [IBYX Tapaslie/ibHO
COeIMHeHHbIX KOHZeHCAaTOPOB.

PacueTHoe 3aiaHue
1. CocraButh CXemy U OIpeJe/iTh SKBUBA/J€EHTHYH) €MKOCTb YeThIpeX KOHEHCAaTOpPOB
CcoeZIMHEeHHbBIX MapasiesibHo, ecyu : C1=3MKk®d, C2=6MK®D, C3=10MKD, C4=12MKD.

2. Onpeie/iiTb 35KBUBA/EHTHYI0 €MKOCTb CMeIllaHHOM CXeMbl KOH/eHCaTOpOB, eC/d
C1=10mk®, C2=15mk®D, C3=5mMKkD, C4=15MKD.

Bapuanrt 3
1. VI3 KaKuX yCTpPOWCTB B OCHOBHOM COCTOMT 37IeKTpUUeCcKast LeTb?

2.Hanuiwmte 3akoH OMa 151 ydacTKa 3/IeKTPUUeCKOU LIeMHu.
3.UTo0 Takoe 3/1eKTpruecKast MOL[HOCTb U B KaKUX eJUHULIaX OHa U3MepseTcs?



4 Hanumwrte ¢Gopmyny A OnpefesieHUss MOLIHOCTM B pe3uCTope
conportuBiieHreM R uepes KBazipaT TOKa U CONPOTHBJIEHUE?

5.3anuimre (GOpMyy /i1 BIUMC/IEHUSI SKBMBAJEHTHOTO COTMPOTHBJIEHUS ABYX
10C/1el0BaTeIbHO COeIMHEHHBIX Pe3UCTOPOB.

PacueTtHoe 3azjaHue

1. OHpe,E[EIII/ITI: TOK, KOTOprﬁ 6y,[[€T MOCTyNaTb B 3JIEKTPUYECKYHO JIaMIIOUKY,
BKJ/IOUEHHYIO IO Hallps>KeHue L[:220B, eC/in COINpOTUBJ/IEHHWE JIAMITIOYKHW PABHO

R=440 Owm.

2. DneKTpyUueCcKuu ABuraTesib Nokar0deH K cetd U = 220B, B HeM NpoTeKaeT TOK
[=4A. OnpeieUTh BeJTMUMHY COMPOTUBJIEHUS R ¥ MotHOCTD P, moTpebisieMyto
3J1IeKTpPOZBUraTesieM.

3. Uepes namny HakanvMBaHus ¢ conporvsieHrneM R=4400m nporekaeT TOK
[=0,25A. Ornpegenuts HarpsbkeHre U, K KOTOPOMY MOJK/IIOUeHa JiamIia
HaKa/IUBaHUsl.

Bapuant 4

1.Hanmiwute 3akoH Oma /1j1s IOJIHOM 371eKTPUUYECKOU LIemnH.
2. [laviTe onipefeneHus y3/a Wi TOUKHA Pa3BeTBJIEHUS 3/IEKTPUUYECKOU LIeMH.
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3.HanummTe Gopmyny Ajs onpeziesieHUs] MOILIHOCTA B pe3UCTOpe COMpOoTUBIeHMeM R

yepe3 KBaJ|paT HarpsyKeHHs U COTIPOTUBJIEHUE.
4.3armiuTe B 0011[eM BU/le TIepBhIM 3aKoH Kupxroda.

5.3anuimrte (oOpMyJsy /s BBIUMC/AEHUSI SKBUBAJIEHTHOIO COMNPOTHUB/IEHUSI [ABYX

rapasijie/lbHO COeZJUHEHHBIX PE3UCTOPOB.

PacueTtHoe 3azjaHue
1. OnpepennTthb, K KAKOMY HaIlpSKEHUIO HY>KHO MOJK/TFOUNUTD 3JIEKTPUUECKYH0
JIaMIIOUKY, UMeFOIIy10 corpotuBiieHHe R=60 Owm, uToObI uepe3 Hee MPOTeKas TOK
[=2A.

2. Yepe3s crivpasb 3/IEKTPOIVIMTKU C conpoTtuBieHreM R=240m npoxoguT Tok [=5A.

OmnpenenuTh HarpsbkeHue U u MOIITHOCTD P, ToTpe6isieMmy o 3/1eKTPOTTUTKOM.
3. DJleKTpoABHUrare/ib MOLIHOCTEI0 P=10kBT NoAK/ItOUeH K CeTH C
HanpsokeHrem U=225B. OnipefienuTh CUIy TOKA | 3/ieKTpoABUraTe/Is.

Bapuanr 5

1 .Kakue MaTepuasbl Ha3bIBatOTCsl (heppoMarHeTHKamu ?

2.UeM OT/IMUAIOTCSA MATHUTOMSITKHE MaTepUasibl OT MarHUTOTBEPABIX ?

3.ITosicHUTe TIPUHIUI PabOThI 3IEKTPOIBUTATEJIS.

4.Kak Ha3bIBalOT €/JUHUL]Y U3MepeHHsI MarHUTHOW UHAYKTUBHOCTU?

5.Kak omnpefenuTs HampaB/eHHWe 3/IEKTDOMarHUTHOU CHUJ/IbI, JI€eUCTBYIOLLEU
MPOBOJHUK C TOKOM B MarHUTHOM T10Jjie?

Ha
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PacueTtHoe 3ajjaHue
1.K ucrounuky nepemenHoro HampspbkeHust U = 10 B uvacrotoii f = 12 kI'g
MOJK/IF0YeHa Iocje[oBaTe/ibHas Liellb C aKTUBHbIM COMpOoTHUBIeHMeM R = 6 Ow,
uHAYKTUBHOCTBIO L. = 0,8 MI'H 1 emkocThio C = 0,4 Mk®D. TpebyeTcsi omnpeie/uTh
TOJIHOE COTIPOTUBJIeHUE Z 1]eru, CUIy ToKa [ 1 HarnpsykeHus U Ha 371eMeHTax
R, L, C.

2.Yactora nepemeHHoro Ttoka 50 I';. OmipefenvuTb CKOBKO BpPeMeHU [JIUTCS
oauvH riepuof T.

3.ITepuos mepemeHHoro Toka T=0,02 cek. Omnpegenuts uactoty (f)
TepeMeHHOr 0 TOKa.

BapuaHnT 6
1.IlosicHuTe Ha3HaueHre ()epPPOMAarHUTHOTO Cep/leYHUKA KaTyLIKU MHAYKTUBHOCTH.
2.ITosicHuTe TIPUHLUI PabOTHI 37IEKTPUUECKOTO reHepaTopa.
3.ITosicHuTe TPUHLMUIT PabOThI 3/IEKTPOMarHUTHOTO perie.
4.Yro ripeficTaBsisieT cO60M UHAYKTUBHOCTB?
5.Kak Ha 3/1eKTpUUecKrx cxeMax yCJIOBHO 0003HauarOT UHAYKTUBHOCTh?

PacueTHoe 3azjaHue

1.K uctounuky nepemeHHoro HarpsbkeHusi U = 15 B uactortoii f = 10 kI'1g
MOJK/IF0UeHa Ioc/e[oBaTe/ibHas Liellb C aKTUBHbIM COMNpOTUB/IeHMeM R = 8 Ow,
vHayKTuBHOCTRIO L = 0,8 MI['H 1 emkoctbio C = 0,5 MKk®D. TpebyeTcsi orpeeuTh
[0JIHOe COMpPOTUBJIeHUe 7 uernu, cuiy Toka I u HanpsbkeHusa U Ha semeHTtax R, L,
C.

2.YacroTa nepeMeHHoro Toka 55 I'y. Onipefie/IMTb CKOJILKO BpeMeHU [JIUTCS
oauH nepuof T.

3.ITepuosg mepemenHoro Toka T1=0,03 cek. Omnpeaemuts uyactoty (f)
repeMeHHOro ToKa

BapuaHnTt 7

1.Kakoy TOK Ha3bIBarOT MepeMeHHbIM ?

2.IlosicHMTe OCHOBHBIE TapaMeTphl [IePEMEHHOr0 TOKa: Ieprof, 4acToTa, aMIUIUTY/a,
(a3a, HauanbHas ¢a3sa.

3.B macriopre 3/1eKTpyUuYeCcKoro Jsuraressi ykasaHo HarpspkeHue 380B. K kakomy
3HaUeHUI0 OTHOCUTCSL ero HalpsbkeHWe: MIHOBEHHOMY, aMIUIMTYAHOMY WU
JleHCTBYIOLEMY ?

4. MoxxeT Jiv yepe3 KOH/IEHCATOp NPOTeKAaTh [TepeMeHHbIN TOK?
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5.I1epeuncnure rnpermyliiiecTBa nepeMeHHOro ToKa?

PacueTHoe 3a7jaHue

J171s1 3/1eKTPUUECKOM 1€ MOCTOSTHHOTO TOKa OTpe/IeTUTh OOIIHiA

TOK I, rpe:
R1 =10 Owm;
R2 =10 Owm;
R3 =10 Owm;
R4 =10 Owm;
U=110B.
BapuaHnT 8

1 . Kak Ha3bIBarOTCSl 3HaUEeHUs] MEPEMEHHOI0 TOKAa U HampsbKeHUs1 B TTPOU3BOJIbHBIN
MOMEHT BpEeMeHHU?

2. Kak Ha3piBaeTcsi HauOo/blllee W3 MIHOBEHHBIX 3HAUe€HUN TepPUOANUECKU
M3MeHsIOIelCsl Be/IMUUHBI 3a BpeMsl OJJHOTO Tiepro/ia?

3. Kak Ha3biBaeTcsi BpeMsl, B TeUeHHWH KOTOPOTO MepeMeHHbI TOK COBepLIaeT MOTHbINA
LUK/ CBOMX KOIebaHmii?

4. Kak Ha3bIBalOT eJMHHULY W3MepEeHHsI YaCTOThI IePEeMEHHOI0 TOKa?

5.UeMy paBHa yacToTa repemMeHHOro Toka B Poccuu?

PacueTHoe 3a7jaHue

1711 3/1eKTpHUUeCKOi 11e1i TOCTOSIHHOTO TOKa OTpe/ie TUTh OOIIHiA

TOK I, rpe:
R1 =10 Owm;
R2 =10 Ow;
R3 =20 Owm;
R4 = 30 Ow;
U=110B.
BapuanTt 9

1. Uto Takoe Tpexda3Hbli IepeMeHHbIN TOK 1 TI0UeMy OH TaK Ha3bIBaeTCs?

2. HauepTtute Tpex(asHyro 4eTbIpEXIIPOBOAHYIO Lielb COeJUHEHHYIO 3Be3/0M.

3. 3anuIlMTe COOTHOLLIEeHHEe MeXy (ha3HbIMU U TMHEMHBIMU TOKaMU U HaNPSKeHUSIMU

B COeZIMHEHUU 3Be37a.

4.Tlpu KakuX YCIOBUSX MOXKHO COeAWHSATHL TIOTpeOHTenell Mo cxeme «3Be3zma 0Oe3
HYJ/IeBOT'O TIPOBO/Ia»?
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5.Kakasi Tpexca3Has Harpy3ka Ha3bIBaeTCsi CAMMETPUYHOM.
PacueTHoe 3aziaHne

1.JluneriHoe HanpsbkeHne B ceth U=380B, a J/MHeMHbIA TOK paBeH
1=5A.0mnpepenuTh ¢a3Hoe HaMNpsyKeHWe, eI CMMMeTPUYHasi Harpy3ka CoeJMHeHa
«TPEYTOJIbHUKOM.

2.K Tpexda3Hoii nenu ¢ nuHeHbIM HamnpsbkeHveM 380 B npucoeauHuiv
CMMMETPUUYHYIO0 Harpy3kKy, akTUBHOe COTIPOTHB/IeHHEe KOTOPOU B KaXK/[0u (pa3e paBHO 4
Owm. OnpenenuTh dha3Hble TOKW U HaMPSDKeHUs! P COeIMHEHUU Harpy3KU «3Be3/j0i».

Bapuanr 10

1. UeM oT/iMyaeTCst HeCBsI3aHHAs M CBsI3aHHas Tpex(a3Hble CUCTEMBI?.

2. Kakue ctanzapTHble HarpsbkeHUs: B Tpexda3HbIX liernsix Bam u3BeCTHBI?

3 .Haueptute TpexdasHyl 3JIeKTPUUECKYI0 1eflb COeJWHEHHYI TI0 CXeMme
TPeyroJIbHUK.

4.3anuimTe COOTHOLLeHUsI MeXAy (ha3HbIMUA U JIMHEWHbIMU TOKAaMHU U HarpsbDKeHUsIMA
B COeIUHEeHUU TPeyToJIbHUK.

5.Kak criefyeT TIOAK/IIOUNTE BOJILTMETP uTOOBI W3MepUThb (a3Hoe U JIMHEWHOe
HarpsyKeHusl.

PacueTHoe 3aaHue
1. JluneriHoe HampsbkeHne B cetu U=380B, a /MHeWHBIM TOK paBeH

1=5A.0Onpenenuts pa3HOe HaNpsKeHUe, eC/TM CUMMMeTPUUHAasi Harpy3kKa
coelMHEHA «3Be370M».

2. K Tpexda3Hoi 1enmyd C JWHeMHbIM HarpsbkeHuem 220 B mpucoeguHWId
CMMMETPUYHYI0 Harpy3Ky, akTUBHOe COTMIPOTHB/IeEHHEe KOTOPOH B KaXkaou (aze paBHO 4
Om. OrmpepnenuTs (a3Hble TOKM W HampsDKeHUsi TpU  COeJAUHEHWUM Harpy3ku
«TPEeYTrOJIbBHUKOMD.

BapuanTt 11
1. ITlepeuniciuTe OCHOBHBIE METO/bI U3MEPEHUH.
2. Kakie mOrpemHOCTM  CyLIeCTBYIOT /i1 OLEHKA TOYHOCTM  M3MepeHuM?
MarHUTO3/1eKTPUYECKOU U 3JIEKTPOMAarHUTHOU CUCTEM?
3 . KakuM 06pa3oM MOXXHO PACIITUPUTD TIpe/e/Tbl U3MePeHUsT TOKa W HaIlpPSDKeHUs ?
4. Kak B 3/IeKTPUUECKYIO Lielb BK/IKOUAeTCsl aMIepMeTp?
5.ITosicHHATe PUHLIUATT NenCTBUS MarHUTO3JIEKTPUUECKOTO HU3MEpPUTETbHOT0
MexXaHH3Ma.

TecToBoe 3afaHue

1. OcHoBHas €IHHIld U3MepeHKS CHUJIbI JIEKTPUYECKOI'0O TOKd.
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-aMmriep;

-BOJIbT;

-OM;

-BarTT.

2.0cHOBHas elUHMLIA U3MePEeHUs 3JIeKTPUUeCKOr0 HarlpsyKeHMs.
-amriep;

-BOJIBT;

-0OM;

-BaTT.

3.0cHOBHas efjHYLIa U3MEePEeHUs 3/IeKTPUUYECKOI'0 COIPOTUB/IEHUS.
-amriep;

-BOJIBT;

-OM;

-BaTT.

BapuanT 12
1 .Ha Kakue K/1acChl TOUHOCTH JIJIITCS 37IeKTPOU3MEPUTe/IbHbIE TIPUOOPHI?
2. KakumMy  yC/IOBHBIMM ~ 3HAaKaMM  Ha  1IKaje  0003HayarOTcsi  TIPUOOPEI
MarHWUTO3/1eKTPUYECKOU U 3JIEKTPOMArHUTHOU CUCTEM?
3. Kak B 3/1eKTpUUECKYIO LieMb BKIFOYAeTCS BOJIbTMETD?
4. Kak B 3/1eKTpUUECKYIO 1[eTTh BK/TFOUaeTcst Ipubop BaTT™MeTp?
5.ITosicHuTe MpUHLMN 1eUCTBUS 3/IEKTPOMAarHUTHOTO U3MEPUTEIBHOTO MeXaHHU3Ma.

TecTtoBoe 3a7anve

1.0cHoBHas eJHUL]A U3MepPEeHUSsT 3/IeKTPUUeCKON MOII[HOCTH.
-TeHpu;

-BartT;

-TepL,

-bapaga.

2.0cHOBHas e/lMHMIIa U3MepeHHsl YaCTOThI IepeMeHHOr0 TOKa.
-TeHpy;

-BarTT;

-TepL;

-hapaga.

3.0CcHOBHas eJUHUIL]A 3/IEKTPUYECKOW eMKOCTH.

-TeHpuy;

-BartT;

-TepL,

-bapaga.

BapuanTt 13

1. KakoBo HasHaueHue TpaHcopmaTopa B JHepProcucreMe TpU T[epejaue U
pacnpeiesieHUH 3/1eKTPUUeCKO SHePrum’?
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2. [TosicHuTe Ha3HaueHWe M YCTPOMCTBO OT/e/bHBIX 3/IEMEHTOB TpaHchopMaropa:

MarHUTOIIPOBO/Ia, 0OMOTOK, U30/ISITOPOB.

3.ITosicHuTe Kakoi TpaHChOpMaTOp Ha3bIBAe€TCSI MHOTOOOMOTOUHBIM?
4.TTosicHHTe KaK OIBbITHBIM ITyTeM OMpeAeuTh Ko3hduijreHT TpaHCHopMarum?
5.Iloscuute Ha3HaueHue JIATPa?

Bapuant 14

1. ITosicauTe TIpuHIUMIT paboThl TpaHcopmaTopa. IloueMy OH MoykeT paboTaTh
TOJILKO Ha TlepeMeHHOM TOKe?

2. Uucno BUTKOB mepBuuHOi o0moTku 100, BTopmunoit 500. Orpenenmvrsb
HaTIpsDKeHHe XO0JI0CTOTO XOZa BTOPUYHOM 0OMOTKH, eC/id K TIepBUYHON MOZBEEeHO
HanpsokeHue 220B.

3. KakoBo oT/inune Tpex(asHbix TpaHCHOPMATOPOB OT 0HO(A3HBIX ?

4. 3anuiuTte (GOpMy/y BbIPAKAIOIIYI0 3aBUCMMOCTh MEXAy UKUCJIOM BUTKOB U
HaIpsHKeHUsIMU B 00MOTKaxX TpaHChopMaropa.

5.ITosicHuTe Kakve TpaHC(OPMATOPBI SB/SIOTCS TOBBILAIIUMY, a KakKue
MOHWKAKOIUMU.

Bapuanr 15

1. ITpuBeuTe KnaccuUKALUIO MalllMH TepeMeHHOr0 TOKa.

2. TlosicHuTe mosiyueHre Tpex(a3HOro Bpalljarollerocss MarHUTHOTO TOJIs.
3. Hanummre gopmyiny aJis onpeziesieHus1 CKOJTbXKeHUSI.

4. YeMy paBHO CKOJIb)XEHUE POTOPA TIPU MyCKe JBUraTesisi?

5. Kak Ha3biBaeTCsl BpallaroIasics YaCTb ACUHXPOHHOI'O 3/IeKTPOJBUTATEISA?

BapuaHrt 16

1 . Kakue cMHXpOHHbIe CKOPOCTH MOJKHO T10JIYYUTh IIPU YacToTe ToKa B ceT S50I'1?
2. [losicHuTe yCTPOMCTBO W TIPUHLMIT J€WMCTBUSI AaCUHXPOHHOTO JBWTaTess
KOPOTKO3aMKHYTbIM POTOPOM.

3. B Kakux npejiesiax MO>XXeT U3MEHUTBCS 3HaUeHHe CKOJIb>KeHUS?
4. Kakoii 3/1eKTpo/iBUTaTe/ib Ha3bIBaeTCsI aCUHXPOHHbBIM?

5. Kak Ha3bIBaeTcs HeIro/iIBM>KHAA YdCTb dCMHXPOHHOT'O 3/IGKTPOABUIdATE/IA

Bapuant 17

1. [TosicHuTe NMPUHLMN [1eHiCTBUS TeHepaTopa MOCTOSIHHOTO TOKa.
2.HauepTtuTe cxemMy reHepaTopa C He3aBUCUMbIM BO30Y KeHreM.
3.HauepTtuTe cxeMy reHepaTopa CO CMeIlIaHHBIM BO30Y>K/[eHUEM.

4.]17151 yero CyLeCTBYIOT I0JI0Ca B 37IeKTPO/BUraTesie MOCTOSIHHOTO TOKa?
rapasiie/ibHbIM BO30Yy KeHUEM.

C



5.Kak MOKHO U3MeHUTh HallpaB/ieHre BPAILeH!s SIKOPS Y JABUraTesist [IOCTOSTHHOTO
TOKa?

Bapuanr 18

1. ITosicHWTe MPUHLIUN AEMCTBUS ABUTaTesi MOCTOSSHHOTO TOKa.

2.HaueptuTte cxeMy reHepaTopa C Tlapasiie/ibHbIM BO30y>KIeHUEM.

3 .B uem 3ak/1r04aeTCsi IpUHLIAIT 00paTHUMOCTH JIEKTPUUECKUX MaliH?

4. HaueptuTte CXeMbl COeJMHEHUS ABUTaTeseN C MOC/IeJ0BaTe/IbHBIM U C
Triapasiie/ibHbIM BO30Y KIeHHEM.

5. Kak Ha3biBaeTCs Bpallarolascs YacCTb 3JIeKTPOABUraTesIst IIOCTOSHHOTO TOKa?
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Tecmoeoe 3ad0aHue no meme: «IlocmosiHHbIU MOK, nepeMeHHbIL MOK»

Bapmuanr 1.
. 3akoH OMa /ij1s1 yyaCTKa Lely IMOCTOSHHOI'O TOKa:
o=l P U [P

A)° RB) RB) RI) W

. CampblIii OTTacHBIM pe>KUM paboThl 37eKTpUYeCKOU 1eTTH:

A) Xonoctoro xona b) KopoTkoro 3ambikaHust

B) HomunHanbHbIH pexkum ') Pabounii pexxum

3) Ha kakoMm 3/1eKTpUUYecKoM ToKe paboTaeT TpaHCPOpMaTop:

A) INoctosinHoM ¥ itepeMeHHOM  b) TlepemeHHOM
B) IToctosinnom  T') [TepBuuHOM
. Kakoe coefiiHeHMe Ha3bIBalOT 3BE3/0M:

A) Korza Haua/io coeiIMHSIeTCS C KOHLIOM

b) Korga Bce Tpu Hauasa v BCe TpY KOHI]a CO@IMHSIOTCS B OZJHOM TOUKe
B) Korga koHel| coefiuHsIeTCsSI C Haua/ioM

') Korpa nepeMeHHbIY TOK BBITIPSIMJISIETCS B TIOCTOSIHHBIN

. MOILIHOCTB 371€eKTprUYeCKOH LIeNU paBHa:

p=-< pP=
A) t B)I=U*RB) P=I+UT)

x| C

. TpaHc¢opMaTopsl MPUMEHSIOTCS:

A) [ns mpeobpa3oBaHus HANIPSKEHUSI OJHOTO B Ipyroe
b) 1511 ycuneHust 4aCTOThI TIePEMEHHOTO TOKa

B) [Inst usmMepeHUsi CONPOTHUBJIEHUST

') A1 u3amepeHUs: eMKOCTH

. HacToTa mepemMeHHOro TOKa U3MepsIeTCs:

A) B Omax B) B I'epujax B) B Kynonax I') B Bosibrax
. Bce npoBoza v kabesi B OCHOBHOM M3TOTaB/IMBAIOT:
A) ITonmatunena b) Meau B) Xpoma I') Pe3uHsl

. Hampspkenue 6e3omacHoe Jj1s1 )KU3HU YeJ/iOBeKa:

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

Kakoe ObIBaeT coeJjiHeHHe pPe31CTOPOB:

A) Bcrpeuno-niapanienibHoe  bB) TlocnenoBarensHoe B) IMapannensHoe I') [Ipsmoe

. CKOJIBKO BBIBOZIOB Y TPaH3MCTOpa:

A) Yetsipe b) [Tate B) lllects I') Tpu

. [lonynpoBogHUKOBBIE JUO/bI UMEIOT P-N MePexo/;:
A) Tpu B) Iea B) Uetsipe I') Opun
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Tecmoeoe 3a0aHue no meme: «IIocmosiHHbILU MOK, NepeMeHHbIL MOK»

Bapmuanr 2.

CaMbIM MajibiM yZie/IbHbIM 3/IeKTPUUYeCKHUM COTIPOTHB/IeHreM 00/1a/iaeT:
A) Bonbdpam B) Cepebpo B) Mombaen I') Kobanst

CorporyrBiieHye IMPOBOJHUKA PaBHO:

rRepl y=A LU
A) s B) t B) aT)P=It
1. I'eHepatopsb! MPUMEHSIOTCA /1 [10/IyYeHU:
A) TpeyronsHoro Toka b) IMnynbcHOro ToKa
B) [1epemennoro Toka ') Toka mpon3B0o/IbHOM ()OPMBI
2. Ha KakoM ToKe paboraeT TpaHchopmarop:
A) INoctosiHHOM 1 iepeMeHHOM b) ITocTostHHOM

B) IMTepemennom I') ITepeuuHOM
3. IlpegoxpaHuTeny 3allUIatoT OT :
A) TokoB kopoTkoro 3aMmbikaHusi b) Pexxuma xonoctoro xoza
B) Pabouero pexxuma [') HomuHanpHOTO pesxuma
4. Ha kakoM 3/1eKTpUUeCcKOM TOKe paboTaeT TpaHchopMaTop:
A) TlocTositHHOM U1 nepeMeHHOM b) [lepeMeHHOM
B) IloctosinHom I') [TepBruHOM
5. [Tone3Hoe nmpuMeHeHre KOPOTKOI'O 3aMbIKaHUSA:
A) B cBapouHOM ammapate
B) B anekTpon3MepuTe/IbHBIX TTpUbopax
B) B anekTpogBurarensix
') B aneKTpoHHO-Ty4YeBbIX TPyOKax
6. 3akoH OMa /11 yyacCTKa Lienu:
U -Q
A) R B) t B) P:I*tr)W:P*t
7. CaMbIi1 OMaCHBIM PEKUM 3JIEKTPUUECKOU LIeTTu:
A) Xonocroro xoga b) KopoTkoro 3ambikanus
B) HomunHanbHbIH pexkum ') Pabounii pexxum
8. IloTepst HaNps>KeHUsI B TMHUU:
A) U=I*R B) Q=I*t B) P=W*t I') A=P*t
9. K nonyrnpoBOIHUKOBBIM MaTepuasiaM OTHOCSITCS:
A) XKeneszo B) Bonbdpam B) I'epmanmii I') [TonustuieH
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Omeembl Ha mecmogble 3a0auusi no meme: «IIocmMositHHbIL MOK, NnepeMeHHbIU MOK»

Bapuanr 1 BapuaHnr 2
1. A 1.B
2.b 2.B
3.b 3.A
4.B 4.T
5.T 5.B
6. B 6. A
7.T 7.B
8.T 8. A
9.B 9.B

Tecmoeoe 3a0avue no meme: «ITocmosiHHbIU MOK, nepeMeHHbIU MOK»
Bapuanr 1.

1) IlpaBuno Kupxroda:
a)Y I=0 6) Y P=0 B)Y W=0 1) Y Q=0
2) UTo 3amuiijaeT Lemnb OT Ieperpesa

a) [1o/ibl 6) TPaH3UCTOPBI B) TETVIOBOE peJie T') Pe3UCTOPbI

3) Kakol s3neKTpruecKnii TOK Ha3bIBatOT NTepeMeHHbIM?
a) KOTOpbIN He U3MeHsIeTCs BO BpeMeHU
0) U3MeHseTCs TI0 BeIMYMHE U HarlpaB/IeHUIO
B) KOTOPbIM 1Mrn006pa3Hoi (opMbI

T') UMITYJIbCHBIA TOK

4) CraHpapTHasi 4acTOTa IlepeMeHHOr0 TOKa B CeTH:
a) 150 I'm 6) 230 'y B) 50 I'y 1) 3000

5) Ilone3Hoe mpuMeHeHHe KOPOTKOTO 3aMbIKaHUSI
a) B CBApOYHBIX aIlrapaTax 0) B 3/IeKTPOHHO-/Ty4eBOU TPyOKe
B) B 3/IeKTPOM3MepPUTeTbHBIX IPUO0OpPax B) B 37IeKTPOABUTaTESIX

6) CorpoTuB/eHre TTPOBOAHUKA PaBHO:

a) 6) B) 1)

7) Pacxop 3/1eKTpO3HepPruu u3MepsieTcs

a) 4acToTOMepoM 0) CUETIMKOM 371eKTprueckoii sHepruu B) OmMmeTpoM 1) TaxomeTp
8) 3akon Oma [i/1s1 Lienu epeMeHHOro TOKa C aKTUBHBIM COMPOTUB/IEHUEM

a) 0) B) 1)



9) Koa¢pduument tpancopmaruu TpaHchopmaropa

a) 6) B) 1)
10) B anekTpoaBuraTe/isix UMeTCs TIOTepH:
a) TeryioBble 0) MH(paKpacCHbIe B) CBETOBLIE T') 3BYKOBBIE

Tecmoeoe 3a0aHue no meme:
«ITocmosiHHbIll MOK, NepeMeHHbIL MOK»
Bapmuanr 2.
1) I'lo TexHMKe Ge30MacHOCTU CHJla TOKa Oe30racHast /1S uesioBeKa
a) 0,05A 6)0,1A B) 1AT) 10A
2) cTouHMKaM¥ TUTaHUS SIB/ISIeTCS:
a) aKKyMY/ISITOPBI 0) 3/1eKTPOMAarHATHOE peJjie B) TaXOMETP I') UaCTOTOMED
3) Tpancdopmaropsl rpeiHa3HaYeHbI /17151 Ipeobpa3oBaHUS:
a) MeXaHUUYeCKOW SHEPTUH B 37IEKTPUUECKYT0; 0) OJHOTO HaTPsUKEHUS B IPYTOE;
B) CBETOBOW SHEPryH B 3BYKOBYIO; T') aTOMHOW SHEPrUU B 37I€KTPHUYECKYHO
4) I1py KOPOTKOM 3aMBbIKAHUH :
a) TOK HaubOoJBbIINI CTPeMUTCS K OeCKOHeUHOCTH; 6) TOK HaMeHbIINH;
B) YaCTOTa YBEJIMUMBAETCH; I') YaCTOTA YMEHBIIAeTCS
5) 3akoH [Ixoysis JleHna
P U
a) Q=I°Rt §) I pW=Qt r)P=IU
6) ConpoTHB/IeHHe U3MepsieTCs B:
a) BojbTax 0) aMmIiepax B) OMax I')BaTTax
7) Cuna ToKa u3MepsieTcs B:
a) BojbTax 0) amriepax B) KUIOBATT-4yacax I') OMax
8) 'eneparop npumeHseTcs JJ1s OJyUYeHH s :
a) TlepeMeHHOTr0 ToKa 0) TpeyrobHOro ToKa
B) MUMITY/IbCHOT'O TOKA T') TOKAa MPOM3BO/JIBHOU (POPMBI
9) Uto uaMepsieT CUBTUMK TEKTPUUECKON SHEPrUur
a) pacxofi 37IeKTPO3HEPTHH 0) CONPOTHBIIEHHE
B) UaCTOTY TI) HalpspKeHHe
10) B cBapouHbix TpaHC(OpMaTOpax MPUMEHSIFOTCS Pe)KUMBI:
a) KOPOTKOTO 3aMbIKaHUsI 0) pe30HaHCa TOKOB
B) pe30HaHCa HanpskeHus1 T) 3akoH KynoHa
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OTBeTHI Ha TeCTOBbIE 3d4dHHUA 110 TeMe: «IToCTOAHHBIN TOK, ﬂEpEMEHHBIﬁ TOK»

Bapuanr 1 BapuaHnr 2
1. A 1.B
2.b 2. A
3.b 3.A
4.B 4.B
5.b 5.
6. b 6.
7. A 7.B
8.b 8.B
9.B 9.b
10. b 10.T
«IJIEKTPOIIPUBOA»
1.Mexanuueckasi XapaKTepUCTHKAa ABUraTes MOCTOSIHHOT 0 TOKa

MOC/Ie/I0BaTe/IbHOT0 BO30Y K/IeHH .

a) Msrkasi 6) ’Kectkas

B) AGCOJIIOTHO KeCTKasl r) ACUHXpOHHast
2.J/1eKTPONPUBO/bI KPAaHOBBIX MEXaHU3MOB /I0/DKHBI PadoTaTh NMpH:

a) [lepemeHHOM Harpyske 6) ITocTosTHHOM Harpy3KU
B) be3pasnmuHo Kakou r) JIro6oi

3. D/IeKTpONpUBOALI HACOCOB, BEHTWIATOPOB, KOMIIPECCOPOB HYX/JAIOTCA B
/IEKTPO/ABUIaTe/IAX C >KeCTKOM MeXaHHMuUeCKOM XapaKTepuCcTUKOu. [ljisi 3Toro
HCI0/I3YOTCS ABUTaTe/IH:

a) ACUHXPOHHbIE C KOHTAaKTHBIMU KOJIbLIAMU 6) KopoTko3aMKHyThIe
aCHHXPOHHbIE
B) CMHXDOHHBIE r) Bce nepeuncneHHbie

4.CKO0/bKO 3/IeKTPOABUraTe/iell BXOAUT B 3/IeKTPONPUBOJ?

a) OnuH 6) IBa
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B) Heckonbko r) KomnuecTBo
3JIEKTPO/BUraTe/ield 3aBUCUT OT

THUIIA 3JIeKTPONPHBOAA
5. B KakoMm pe)xuMe padoTalT 3/IeKTPONPUBO/ALI KPAHOB, TU(TOB, jiedeq0K?

a) B pmrensHOM pexxume 6) B KxpaTKoBpeMeHHOM
pexxume
B) B noBTOpPHO- KPaTKOBPEeMEHHOM pe)XXume r) B noBTopHO-

AJIATE/IBHOM peXruMe
6.Kakoe ycTpoHCTBO He BXOJUT B COCTaB 3/IeKTPONPUBOAA?

a) Kontponupyrolee yCcTpoucTBO 6) DnekTpoABUraTe/b

B) YTpaBJisolee yCTPOUCTBO r) Paboumii MmexaHu3M
7.23/IeKTPONIPUBO/IbI Pa3BO/JHBIX MOCTOB, [I/TIO30B Mpe/JHa3HaYeHbI /ISl pa0oThI:

a) B pivrenbHOM pexxume 6) B moBTOpHO-
KPaTKOBPEMEHHOM PeXXUMe

B) B KpaTKOBpeMeHHOM pexxume r) B juHamunueckoM pexxume
8. Kakue (yHKIUM BBINO/IHAET yIpaB/soliee YCTPOMCTBO Y/IeKTponpuBo/ja?

a) M3meHsieT MOIIIHOCTH Ha Basy pabouero MexaHu3ma

0) M3MeHsieT 3HaUeHKe U YaCTOTY HarpsKeHUst

B) 3mMeHsieT cxeMy BK/IFOUEHMS 3JIEKTPOJBUraTeIsl, llepefiaTOyHoe YrC/I0, HarlpaBeHue
BpaleHust r) Bce QpyHK1[MY TIepeuric/ieHHbIE BbILLEe

9.Ipu kakomM pexume PpadoThl 3JEKTPONPHUBOJA JABHraTe/]b [0/DKEH

PACCUYUTBIBATHCHA HAd MdKCHUMAJ/IBHYHO MOIJ.[HOCTB?

a) B moBTOpHO- KPaTKOBPEMEHHOM PEXXUME 0) B pgyiuTesibHOM pexkume
B) B KpaTKOBpeMeHHOM pexrMe r) B nmoBTOpHO- A/TMTETBHOM
pexxume

10. Kakue 3aauy pemiaTCa C MOMOIIbIO 3/IEKTPUUECKO# ceTu?
a) IIpou3BOACTBO 3/IEKTPO3HEPTUU 0) ITorpebnenue
3/IEKTPO3HEPruu

B) PacripenesieHue 37eKTpOIHEPrUn r) [lepenaua 37eKTpoOIHEPTUU
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OTBeTHI Ha TeCTOBbIE 3d4dHHUA I10 TeMe 110 TeMe: «BJ'IEKTPOHPHBOA»

Pa3nen 9:
1 2 3 4 5 6 7 8 10
a a B a B a B B 0 r
Pa3pen 2. J/1eKTpoOHUKA.
BapuanT 1

1. Uto n3yyaer paszes 3/IeKTpOHUKa?

2. Uto Ha3bIBaeTcs cOOCTBEHHOM MPOBOAUMOCTBIO MOJTYTIPOBOJHHKOB?

3. UTo Takoe 30HHas TEOPUS U KaK OHA XapaKTepusyeT MaTepyaibl C pa3/IMYHON
MPOBOAVMOCTBIO?

4. Yto Ha3bIBaeTCs BOJbTaMIIePHOU XapaKTePUCTUKOM MOJIyTIPOBOAHUKOBOTO
auopa?

5.Kakoe HampsbkeHUe Ha3bIBaeTCs HAIpsbKeHHeM Mpo00si TIOYTIPOBOJHUKOBOTO
[voja.

BapuaHT 2

1. UTo Ha3bIBaeTCsi NPUMeCHOM TTPOBOIUMOCTHIO MOTYTIPOBOIHUKOB?

2. OOBsicHUTe CBOMCTBA 3/IEKTPOHHO-/ILIDOYHOTO P-N Mepexo/a.

3.Ha3oBuTe MaTepuanbl OTHOCALLMECS K OTYTTPOBOJHUKAM?

4./1300pa3uTe BOIbTaMIIEPHYIO XapaKTePHUCTHUKY TOJTYTIPOBOJHUKOBOTO ANO/A.
5.Kak Ha 3/71eKTpryecKux cxemax yCJ0BHO 0003HaUaroT MOTyTIPOBOAHUKOBBIN AUOA?

Bapuanr 3

1 .Kakoii mpubop Ha3bIBaeTCs TO/yTIPOBOJHUKOBBIM JIMOIOM?
2. [TouemMy MoJIyTIpOBOZAHUKOBBIA JUOJ UCTIONb3YeTC B CXeMax BBINIPSIMUATE/Ier
riepeMeHHOro Toka?
3. Haueptute CTpyKTYpHYIO CXeMy TpaH3UCTOpa?
4. YeM 0T/IMYAIOTCS p-N-p U N-p-n TPaH3UCTOPHI?
Bapuant 4

1. Kakoii ipubop Ha3bIiBaeTCs MOIYTIPOBOJHUKOBBIM TPAH3UCTOPOM?
2.Ha3oBuTe OCHOBHbIE MTapaMeTpPbI MOTYIIPOBOJHUKOBOIO JUO/A.

3.Kakoe yCcTpoMCTBO Ha3bIBaeTCs 3/IEKTPOHHBIM KJ/IFOUOM?

4.C Kakou LieJIbI0 MOIIHbIE WO/ bl U3TOTOBJISIFOT B MACCUBHBIX MeTa/JTAYeCKUX

KopIiycax?



BapuaHrt 5

1. ITosicauTe npuHLMN BHelliHero ¢hoTo3¢dekTa?

2. ITosicHuTe NpUHLIUM BHYTpeHHero (oTo3¢dekra?

3. [Tepeunciiute PoTOUYBCTBUTE/IBbHBIE IPUOOPHI KOTOPHIE BbI 3HAETE.
4. ObnazaeT /v TIOJTyTIPOBOIHUKOBBIN (POTOPE3UCTOP OJHOCTOPOHHEH
MPOBOJUMOCTBIO?

BapuaHnT 6

1 .KakoBO Ha3HauyeHUe BHITIPSIMUTEJIEN IEPEMEHHOT0 TOKaA.

2. HauepTuthb cxeMy ABYXIOJ/IyTIEPUOAHOTO BBITIPSIMUTEJIS U OSICHUTD TIPUHLIUT
ero JIeNCTBUSI.

3. KakoBO Ha3HaueHMe CrIa’KUBAOIIUX (PUIBTPOB.

4. HazHaueHue cTabW/IM3aTOPOB HAMpPsDKeHUS U TOKA.

Bapuant 7

1 .HauepTuTh cxeMy 0/IHO(Pa3HOI'O MOCTOBOTO BBITIPSIMUTEJISI U MOSICHUTD TIPUHLIUT
ero JerlCTBUS.

2. HauepTuthb cxeMy Tpex(a3HOro MOCTOBOT'O BBITIPSIMUTE/S U TIOSICHATD MPUHLIUIT
€ro JIeCTBUSI.

3.I10sSICHATD TIPUHITUIT pab0ThI eMKOCTHOT'O CT/Ia’KUBAFOITETr0 (hUIbTPA.

4.Kak ToB/MsieT yBe/InUeHWe YaCTOThI TTUTAOIIero HarpsbkeHUst Ha paboTty
eMKOCTHOTO CTJlaXkKuBaroliero guabrpa?

BapuaHrt 8

1.Ingyero nNpUMeHsSIOTCS 3JIEKTPOHHbIE YCUTUTEIN?
2.1 4ero B OCHOBHOM MPHUMEHSIOTCS yCUIUTeTN HU3KOW yacToThl (YHY)?
3.[1711 4yero nmpuMeHsIIOTCS ABYXTaKTHbIE YCUTUTeIN?

BapuaHnT 9

1 .Ha Kakux 31eMeHTax cCOOUparOTCs yCUIUTETN HU3KOW YaCTOThI?
2.YeM OT/IMYAIOTCS OJHOTAKTHBIE YCUIUTEIN HU3KOM YaCTOThI OT ABYXTaKTHbIX ?
3.Kakasi CBsi3b B 3/IeKTPOHHBIX YCUTUTE/ISIX Ha3bIBaeTCsl 0OpaTHOMN?

BapuanT 10

1.ITosicHuTe Ha3HaueHUe 1TU(POBOTO BOJILTMETPA?
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2.IlosicHUTe Ha3HaUeHUe 371eKTPOHHOT0 ocly/iorpada?
3.Kak nosy4aroT n3o0pakeHre Ha SKpaHe 3JIeKTPOHHO-/Ty4eBoM TPyOKu?
4.]151s yero npeiHa3HaueH LIU(PPOBOUM MY/JILTUMETP?

BapuanT 11

1. laTh oripefiesieHVe UHTErpPaJbHONM MUKPOCXEMBI.

2. Ha kakue BU/ibl JefSTCsl MUHTerpaibHble MUKPOCXEMbI [0 KOHCTPYKTUBHOMY
VICTIOJTHEHHUIO.

3. Kakoit ycunutesb Ha3bIBaeTCs orepaloHHbIM ycunutesieM (OY) u Kakue QyHKLUU
OHMOKET BBITIOJIHATD?

BapuanT 12

1. Y Kakoro maTepuara 30Ha IPOBOAMMOCTH OT/e/ieHa OT BaJIeHTHOM 30HbI Y3KOM
3arpelleHHON 30HOU
a) y NpOBOJHUKA.
6) y To/lyIipoBOJHUKA.
B) Yy HU30JISITOPA.
2. UTo Ha3bIBaeTCs «ABbIPKON»?
a) 27IeKTPOH, He 3a/IeMCTBOBAHHBIN B KOBa/IEHTHBIX CBSI3AX aTOMa,
0) TOJI0>KUTE/IbHBIN HOH,
B) aTOM C OTCYTCTBYIOIIIUM 3/IeKTPOHOM KOBa/IeHTHOW CBSI3U.

1. Kakue HocUTesH 3apsifia IBJSIFOTCSI OCHOBHBIMM B TI0JTyTIPOBOZJHUKOBOM
Marepuase n-Tura ?

a) 3JIeKTPOHHI,

0) IBIPKH,

B) 3JIEKTPOHHO-/IbIDOYHbIE Taphbl.

2. Kakum obpa3oM criefiyeT MoIK/IIOUNUTb BbIBO/bI KCTOUHMKA D/]C K p-n-
repexofly, YToObl MOMyUnuTh 06paTHOE CMellleHue?
a) MUHYC UCTOUHHKA COeIMHUTH C P-00/1aCThbI0, a TUTFOC COeAUHUTB C N-
00/1aCTEIO,
6) MUIrOC UCTOYHMKA COeJUHUTH C P-00J1aCThI0, @ MUHYC COeJUHUTD C N-
00/1aCTRIO,
B) TUIFOC UCTOYHUKA COeJUHUTH C P-00J1aCThIO, M C N-00J1aCThIO.

3. [Touemy rpu o6paTHOM CMellleHUU p-TI-lepexo/ia uepe3 Hero mpoTeKaeT
He3HauuTe/IbHbINA TOK?

a) mo/i eiCTBMeM 3/1eKTpUUeCKOr0 T10J1sl BHEIITHer0 UCTOUHUKA IITMPUHA
3aMuparollero C/iosi yMeHblllaeTcsi, C/iefloBaTeIbHO, YMeHbIIIaeTCsl U ero
3/7IeKTpHUUYeCcKoe COTIPOTUBJIeHNe,

0) moz eticTBHEM 3/IeKTPHUECKOTO T10/11 BHEIITHET0 NCTOUHHMKA IITMPUHA
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3arnuparoLLero CJIosl yMeHbllaeTCs], CJlefloBaTe/IbHO, YBeJIMUMBAETCS U ero
3JIeKTpUYeCKOe COTIPOTUBJIEHNe,

B) MO/, €MCTBHUEM 3JIEKTPUUECKOTO M0/ BHEIIHero WCTOYHHKA IIMPUHA
3anuparolero CJ0sl yBe/lIWuMBaeTCs, CJ/iej0BaTe/bHO, YBeIUYMBAeTCI U ero
9/7IeKTPUYECKOe COTIPOTUBJIEHUE.

Bapuant 13

1 .Y kakoro Matepuasa 30Ha ITPOBOAUMOCTH OTZieJieHa OT BaJleHTHOM 30HbI

LIMPOKOU 3arperjeHHON 30HOU

a) y NpOBOJHUKA.

6) y To/yIipoBO/JHUKA.

B) y U30J/I5ITOpa.
2. [Touemy TpU KOMHATHOW TeMIlepaType YMCThIN MOTyTIPOBOJHUKOBBIN
MaTepHras MOXeT MPOBOAUTh OUeHb Ma/leHbKUI TOK?

a) MaJsio TIO/IBWKHBIX HOCHTeIel 3apsifia - 3/IeKTPOHHO-/ILIPOYHBIX T1ap,

6)00/1bI1I0€e YK C/I0 B3aUMHBIX CTOJTKHOBEHUM CBOOO/HBIX 3/IEKTPOHOB
TIPENSITCTBYET UX TIPOABIKEHHUIO,

B) 3aMepT p-Ti-Tiepexo/.

3. Kakue HocuTenu 3aps/ia sIBJSIFOTCS OCHOBHBIMU B MOJIyTIPOBO/IHUKOBOM
Marepuase p-Tura ?

a) 3/IeKTPOHBI,

0) ABIpKH,

B) 9/IEKTPOHHO-/IbIDOUHBIE Taphl.

4. Kakum o6pa3oMm ciiefiyeT MOAKIHUUTE BbIBOIbI McTOuHUKA D/IC K p-1I-
repexofly, YToObl MOYUUTh TIPIMOE CMellleHre?
a) MUHYC UCTOYHHKA COeJIMHUTH C P-00/1aCThbI0, a TUIFOC COeAUHUTB C N-
00/1aCTRIO,
6) MUIr0C UCTOYHMKA COeJUHUTH C P-00J1aCThi0, @ MUHYC COeUHUTD C N-
00/1aCTRIO,
B) TUIFOC UCTOYHUKA COeJUHUTH C P-00J1aCThi0, M C N-00J1aCThIO.

5. [Touemy TIpH MPSIMOM CMeII[eHUH P-TI-TIepexo/ia uepe3 Hero MpoTeKaeT O0bIIOoH
TOK?

a) moJi IeCTBUEeM 3/IeKTPUUeCKOT0 TI0JIsi BHEIIIHer0 UCTOUHUKA IITMPUHA
3anuparolero CJiosi yMeHbIIaeTCs, CJie/IoBaTe/IbHO, YMEHbIIIAeTCsl U ero
3/7IeKTPUYECKOe COTIPOTUBJIEHUE,

6) roz1, elicTBUEM 3/IeKTPUUECKOTO T10JIs BHEIIIHer0o UCTOYHUKA ITHPUHA
3anuparolero CJ0si YMeHbIIaeTCsl, ClefoBaTe/lbHO, YBe/JWUHMBAeTCs U ero
3/7IeKTpHUUYeCKOoe COTIPOTHBJIEHUE,

B) IO/, ZIEMICTBUEM 3/7IeKTPHUUYECKOTO TI0J/Isi BHEIIIHero MCTOYHWKA IIIMPUHA
3aruparolero Ca0si yBe/lWUrMBaeTCsl, C/ie[loBaTe/IbHO, YBeTMUUBAETCS U ero
371eEKTPUYEeCKOe CONPOTUBJIEHUE.
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Bapuant 14

1. Kakoii momynpoBOAHUKOBBIM MPHUOOP Ha3biBAeTCS TUOAOM?

a) 37eKTpornpeobpa3oBaTeIbHbIN MPHUOOP C ABYMS WM HECKOJILKUMH pP-N-
repexo/ilaMy U UMeIOIUi TpU UK O60jiee BLIBO/IOB,

6) MoyrpOBOAHUKOBBIY TTPUOOP C OJHUM p-TI-TIepeXo/oM U IByMs BBIBO/IaMH,

B) TIOJTYTIPOBO/JTHUKOBBIM TI€PEK/TFOUarolyii Tpubop, Mol Tpy Un 6ostee p-
T-Tiepexo/i0B U [iBa Win 0ojiee BHIBOZOB.

2. Kakoe xapakTepHoe CBONCTBO UMeeT MO/yTPOBOAHUKOBBIN U0/ ?

a) criocobeH yYCUIMBATh 3/IEKTPUUECKHe CUTHAIBI TI0 HATIPSDKEHUIO Y MOII[HOCTH,
6) obs1aziaeT MmepeK/IFOYaroIMM CBOMCTBOM,

B) 00/1aJ]aeT 0JHOCTOPOHHEMN MPOBOANMOCTHIO.

3. Ha kakoi1 cxeme moka3aH MpaBUIbHO CMeIlleHHbIU TPaH3UCTOP?

Y W
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4. Kakoii mosyrpoBOAHUKOBBIY MPUOOP Ha3bIBaeTCsi CTaOUIUTPOHOM?

a) anekTpornpeobpa3oBaTe/ibHbIii  MPUOOD C /[ABYMs WM HECKOJBKUMM  P-TI-
repexo/laMy U UMeILWi Tpy Wn 6oJiee BBIBOZOB,

0) TTO/TyTTPOBOJHUKOBBIN ~ AWUO/, KOTOPBIA TIPUMEHSIeTCA [/  CTaOMIU3aIfuu
HarpspKeHus,

B) TIOJIYITPOBO/JHUKOBBIN TepeK/TIOUaoIIid Iprubop, UMEOIUi TpU Wiu Oosee p-Ii-
TepexoZioB U IByX wiu 6osiee 371eKTPO/IOB.

5. B Kakux cxemax HaXOJUT OCHOBHOEe MPUMeHeH1e TPaH3UCTOp?
a) B CXeMax BBITIPSIMUTE el IIepeMeHHOr0 TOKa,
6) B cxeMax CTaOM/IM3aTOPOB HAIIPSDKEHHS TIOCTOSIHHOTO TOKa,
B) B CXeMax yCUIUTeseN 0 HATIPSDKEHUIO U MOLIIHOCTH.

6. B Kakux cxemax HaxOJUT OCHOBHOe TIpUMeHeHHe CTaOW/IUTPOH?
a) B Cxemax BBINPSIMUTe/Iel TlepeMeHHOTr0 TOKa,
0) B cxeMax CTabU/IM3aTOPOB HaMpsDKeHUs TTOCTOSTHHOTO TOKa,B) B cxeMax
yCUTUTeJIel TI0 HaTIPSPKeHHIO ¥ MOLI[HOCTH.

Bapuanr 15

1. Kakoi1 1onyripoBOAHUKOBBIY PUOOP Ha3bIBaeTCs TPAH3UCTOPOM?
a) anekTpornpeobpa3oBaTeibHbIE  TIPUOOP C [ABYMS WIA HECKOJbKAMU Pp-TI-
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repexo/laMy U UMeIoLLIWi Tpy Uu 6oJiee BHIBOJOB,

6) MoynpOBOAHUKOBBIY TPUOOP C OJHUM p-TI-TIePeX0/ioM U IByMs BbIBO/IaMH,

B) TIOJTYTIPOBO/JTHUKOBBIN TepeK/IroYarlyii mpubop, uMeroIuii Tpu wiv 6osee p-m-
riepexo/ioB U /iBa Ui bosiee BbIBO/IOB.

2. Kakoe xapakTepHOe CBOMCTBO MMeeT T0J/TyTIPOBO/JHUKOBbIN TPAaH3UCTOP?
a) criocobeH YCUIMBATh 3/IEKTPUUECKHe CUTHAIBI TI0 HATIPSKEHUIO Y MOII[HOCTH,
0) obafjaeT MepeKIFOYArOIIM CBOMCTBOM,
B) 00/1a/]aeT 0/JHOCTOPOHHEM MPOBOAMMOCTHIO.

3. Ha Kakoli cxeme MoOKa3aH MPaBUWIbHO CMeIlleHHbIA TPaH3HUCTOp?

a) B)

+E- +E- +E- -E+
4. [Touemy TPaH3UCTOP I, | N N
o0najjaeT  yCHINUTEIbHBIMU | | | '
CBOKICTBaMU?

a) MOToMy uYTo B 00sacTM 3/ieKTpUUeckoro mpobosi ero BOJIbT-aMIIepHast
XapaKTepUCTUKa UMeeT OO/bILYI0 KPYTU3HY,

0) moTOMy UTO He3HauuTe/ibHble W3MEeHeHUsi CMelleHUs] SMUTTePHOro Tepexoza
BBI3bIBAIOT 3HAUUTEJIbHbIE U3MEeHEeHUs TOKa KOJIJIEKTOPa,

B) IOTOMY YTO He3HauuTesbHble U3MEHEHHs CMeLeHUs] KOJIJIEKTOPHOIO repexoja
BbI3bIBAIOT 3HAUUTE/IbHbIE U3MEHEHUs TOKa SMUTTepa.

5. B Kakux cxemax HaXOJUT OCHOBHOE TIpUMeHeHHe IOy IPOBOJHUKOBBIN U0/ ?
a) B Cxemax BBINPSIMUTEJIeH TTepeMeHHOr 0 TOKa,
0) B cxeMaxX CTabM/TM3aTOPOB HaMpsKeHUs TIOCTOSTHHOTO TOKa,
B) B CXeMax YCUINTe/IeH 10 HarpsDKeHUIO ¥ MOLI[HOCTH.

6. B Kakix cxeMax HaxOJJUT OCHOBHOe TIpYMeHeHre CTabuIMTPOH?
a) B CXeMax BBITIpSIMUTE el TepeMeHHOr0 TOKa,
0) B cxemMax yCUIMTe el 110 HaMpPsDKeHUI0 Y MOIITHOCTH,
B) B CXeMax CTabW/IM3aTOPOB HaMPsKeHHUS TIOCTOSTHHOT'O TOKa.

BapuanTt 16
1 .Kakue HOcuTenM 3apsizia SIB/ISIFOTCS OCHOBHBIMU B TIO/TyTIPOBOJHUKOBOM MaTepuarie Ii-
THIIA ?

a) 371eKTPOHBI, 6) ZILIPKU, B) 37IEKTPOHHO-/IIDOYHBIE Maphbl, T') UOHBI.

2.Kakotii 1o/TylipoBOTHUKOBBIM IMPUOODP Ha3bIBaeTCS AUOAOM?
a) 37eKTpornpeobpa3oBaTebHbIN MPUOOP C ABYMS WM HECKOJBKUMU P-TI-TIepexojaMu
Y UMEeFOIIUi TpU WK 6oJiee BBIBOJIOB,
6) MoMyTIPOBOAHUKOBBIY TIPUOOP C OZJHUM P-TI-TIEPEXO/IOM U IBYMS BBIBOIaMH,
B) TIO/TYTIPOBOJHUKOBBIN MPHOOP, UMEIOIIUI TPH UM Oojiee p-TI-TIepexo/ioB U [iBa WU
6o/ee BLIBO/IOB.



I') NOJIyTIPOBO/JTHUKOBBIN MPUOOD, UMEIOLIHI UeThipe p-M-epexosa U MsTh BbIBOJOB.

2. Kakoe xapakTepHOe CBOMCTBO MMeeT I10/TyIIPOBOJHUKOBBIM U0/ ?

a ) criocobeH yCWIMBATh JIEKTPUUECKHe CUTHAJIbI 10 HaMpsyKeHUIO M MOIITHOCTH,
0) ob1azaeT repeK/IIOYarOIIMM CBOMCTBOM,

B) 00/1a/1aeT OJHOCTOPOHHEH IMPOBOJUMOCTHIO,

r) 00/1aziaeT OOJBIIUM 37IEKTPUUECKHUM COTIPOTHB/IEHUEM.

3. Ha kakou cxeMe rnokasaH NpaBUIbHO CMeLeHHbIA TPaH3UCTOP?

+E' +E' +E_ 'E+
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4. TTouemy TpaH3ucTOp 00/1aZlaeT YCUMUTETbHBIMUA CBOUCTBAMU?

a) MOTOMy 4YTO B 007acTA  37€KTPUUeCKOro Tpobosi ero BOJbT-aMIlepHas
XapaKTepUCTHUKa UMeeT OOJbIIYI0 KPYTH3HY,

0) MOTOMYy YTO He3HauuTe/bHble U3MeHEeHUs] HampsyKeHUs CMellleHHs KOJIJIEKTOPHOTO
repexo/ia BbI3bIBAIOT 3HAUWTE/IbHbIE U3MEHEeHUsI TOKa SMUTTEDA;

B) IOTOMY UTO TPAH3UCTOP HMeeT OrPOMHOe KOJIMUeCTBO HOCHUTe/leld 3apsjga -
3JIEKTPOHOB U JIbIPOK;

) IOTOMY UTO He3HauuTe/ibHble W3MEeHEeHUs HarpsDKeHUsi CMellleHHs SMUTTEePHOTO
repexo/ia BbI3bIBAIOT 3HAUMTE/IbHbIE U3MEHEeHHsI TOKa KOJUIeKTOopa.

5. [ly1s1 yero ripeiHa3HauveH BbINIPSIMUTEIb?

a) [y ycuieHusi 3/1eKTpUUeCKUX CUTHAJIOB.

6) Jnst mpeobpa3oBaHusi epeMeHHOT'0 HaTIPSPKeHHS B TIOCTOSTHHOE.
B) [ln1s1 mpeobpa3oBaHus YaCTOTHI IIepeMeHHOT0 HarpsKeHHsI.

r) 171 ipeoOpa3oBaHys TIOCTOSTHHOTO HATIPSDKeHUs B TIepeMeHHoe.

6. Kakye mnpuHLUNMAILHO HeO0OXOAWMbBbIe 3/IEMEHTHI JI0JDKEH COZlepKaTh KaXKAbIH
yCUINUTEeTbHBIN KacKa/?

a) Y CcunuTeNbHbIN 37IeMEeHT, UICTOYHUK TTOCTOSIHHOT'O HalpsDKeHUSI.

0) Pe3oHaHCHas 1ieNb, YCHIUTENbHBIA 3/IEMEHT, I[ellb O00OpaTHOW CBA3H, HCTOUHHK
MOCTOSTHHOT'O HaMNPsKeHUSI.

B) Y CUIUTE/TbHBIN 371eMeHT (TPaH3UCTOop).

r) YCWIUTE/NbHBIA ~ 3/IEMEHT, Harpy30YHbId 3/1EMEHT, MCTOYHUK [TOCTOSIHHOTO
HarpsyKeHUs.

7. Kakue TIpUHLUITMATLHO HEOOXOAMMbBbIE 37eMeHThbl JO/DKeH COZiep)KaTb TeHepaTop
CUHYCOW/IaNTbHBIX KOJIe0aHUA?

a) Pe3oHaHCHasi 1ielb, yCWIWTebHbIA 37eMeHT, 1ieflb 00paTHOW CBSI3W, WCTOUHUK
MOCTOSIHHOT'O HaIpsDKeHUSI.

0) YcunuTenbHBIA  3/IEMEHT, HArpy30uYHbI  3/IEMEHT, WCTOYHHK TIepeMEeHHOI0
HarpspKeHusl.

B) Y CUUTe/bHBIU 3/1eMeHT (TPaH3KCTOop).

r) YCUIUTEeNbHBIM  37IEMEHT, Harpy304YHbIM  3JIeMEHT, HWCTOYHHUK IIOCTOSTHHOTO
HarpsoKeHUsl.

BapuanTt 17

1. Kakoi1 1moryTipoBOIHUKOBBIN NIPHOOP Ha3bIBaeTCs TPAH3UCTOPOM?

a) TTOJTyTIPOBOIHUKOBBIN TMPHOOP C JABYMSI WIA HECKOJBLKUMU P-TI-TIepexojjaMu U
MMeIOIIUN TpU Win 6oJiee BLIBOZIOB,

6) Mo/TynpOBOIHUKOBLIM IPUOOP C OAHUM p-TI-TIePeX0/ioM U ZIByMs BLIBO/IAMH,

B) TIOJTYTIPOBO/THUKOBBIN TI€PEK/IIYArOIii MprUOop, UMeroluid Tpu WM Oosee p- Ti-
Tepexo/I0B U /IBa UK OoJiee BHIBOJIOB,

T') TI0JIyTIPOBOTHUKOBBIM NMPUOOD, UMEIOLI[1I UeThIpe p-Ti-liepexoia U MATHBLIBO/IOB.
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2. Kakoe xapakTepHOe CBOMCTBO MMeeT T10/TyIIPOBOIHUKOBBIM TPAaH3UCTOP?

a) o0/1aziaeT NepeK/IOYarol[iM CBOMCTBOM,

6) obs1aziaeT 0ZJHOCTOPOHHEM TTPOBOIUMOCTHIO,

B) CITOCOOEH yCU/MBATh IeKTPUUECKHE CUTHAJIBI TI0 HAMPSDKEHUIO U MOIIHOCTH,
r) criocobeH rmpeobpa3oBaTh YaCTOTY 7EKTPUUECKUX KOoJleOaHUiA.

3. C KakoW LeJbIl0 MOIHbIE AWOAbl U3TOTOBJSIOT B MAaCCHUBHBIX MeTa/IMueCKUX
Koprmycax?

a) JI/1s1 TIOBbILIIE€HHS IPOYHOCTH

) [/1s1 /Tydliero OTBO/A TeTIOThI

B) /115 TIOBBIIIIeHUsI IPOOMBHOTO HaIPSKEHUSI

4, Ha KaKoOM cxeMme MoKa3aH IMMpaBUJIBHO CMEIJ.I@HHI:II‘;I TpaHBMCTOp?

a)

B)

-E+ -E+

| /| |
B !




41

5. Kakue NpyUHIUITHAIBEHO He0OX0JUMbIe 3IEMEHTHI JJOJDKEH COZIep>KaTh BHITIPSIMUTE/TH?
a) YCWINUTebHBIN 3/IeMeHT, Harpy304HbIi 3/IeMeHT U UCTOYHMK TTIOCTOSTHHOT'O TOKa.

6) JInoppi.

B) TpaHcdopmaTop U AUO/BbI.

r) TpaHncdhopmaTop, AUOAbI U CraXKUBAKOIIUN (DUIBTP.

6. B KakoM OoTBeTe TpaBW/ILHO Tepeurc/ieHbl BCeé OCHOBHbIe TeXHMUECKHe TapaMeTphl
YCUINTEIS] 9IEKTPUUeCKUX CUTHAIOB?

a) KoaduimenT ycunenusi, mosioca rnpomnycKaHusl.

6) [Iuama3oH pabouyMx YacTOT, UyBCTBUTENLHOCTh, W30MpaTebHOCTh, JUHAMUAYECKUM
Jvara3oH.

B) UyBCTBUTETHLHOCTD, U30UpaTEIbHOCTh, JUHAMUUECKUN Jrara3oH.

r) Koapduiment  ycuneHus, aMIUVIMTYAHO-4aCTOTHAasi  XapaKTepuUCTHKa, I10Ji0ca
TIPOITy CKaHWsI, HOMUHA/IbHAsI BLIXO/IHAsi MOIIIHOCTh, UYBCTBUTETbHOCTD

7. Kak BBIOMPAIOTCS BLITIPSIMUTE/TBHBIE TUO/IbI?
a) MO NPSIMOMY TOKY

6) Mo o6paTHOMY HaIpsHKEHHUIO

B) M0 TIPSIMOMY TOKY U 06paTHOMY HarpsyKeHUIO

8.UeM 00BSICHSIETCST HETMHEHHOCTh BOJTbT-aMITEPHOM XapaKTEPUCTUKH P-N
riepexoza IoJiyIpoBOJHUKA?

a) JedeKTaMu KpUCTaJIAUeCKOW CTPYKTYPhl MaTepHrasa;

0) BeHTH/IbHBIMH CBOMCTBAMH IUO/IA;

C) coOCTBEHHBIM COTIPOTHB/IEHHEM TIOTYTIPOBOAHUKA.

Kpurepuu oneHKH:

® «5» (OTJINYHO) - eC/M CTYZEeHT B TIOJIHOM 0O0beme BBITIOTHWI BCe 3afiaHus (WU
OTBETWJI Ha BCe MOCTaB/IeHHbIE BOTIPOCHI), TIPOSIBUB CAMOCTOSITE/TbHOCTb U 3HAHUSI
Me)KITpeIMeTHOT'O XapaKTepa.

« «4» (XOpOIII0) - eC/iv CTy/IeHT BbITIO/THWI 3a/IaHus], U B HUX COZIePKaTCsl HeJJOUeThI
WA OofiHa He Tpybas ommOKa; TpW OTBeTe Ha IOCTaBJeHHbIE BOIMPOCHI WMeI
He3HauuTebHbIe 3aMeUaHUsi U TMOTPaBKU CO CTOPOHBI MperoiaBaTeisl.

« «3» (YOOB/IETBOPUTEBHO) - €C/TM CTYZEHT BBITIOJTHWII 3a/jaHus 6o/ee uem Ha 50 %
1 paboTa CO/IeP>KUT HeZ0UeThl WK JBe-TpH HerpyOble OIMMMOKKU WU /iBe IpyObie
OlIMOKY; TIPU OTBeTe Ha TOCTaB/eHHbIe BOTMPOCHI MperofiaBaTe/lb OKa3biBal eMy
3HauUMTeIHbHYIO0 TIOMOII[b B BU/Ie HABOZSIIMX BOIIPOCOB.

«  «2» (HeyZOB/IeTBOPUTE/ILHO) - €C/TU CTYJeHT BBITIOHWAI paboTy MeHee ueM Ha 50

% wm paborta cogep)Xur Oosee JBYX TpyObIX OIIMOOK; MpU OTBETe Ha
TIOCTaB/IEHHbIE BOIIPOCHI TIPETo/laBaTe/lb OKas3biBajl €My MOCTOSTHHYIO TTOMOIIb,
eC/TU CTYJIeHT TI0Ka3as TIOJIHOe He3HaHWe BOMpOCa, OTKa3asCs OTBeuaTb WM He
TIPUCTYTIWI K BHITIOJTHEHUIO PabOTHI.
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JlabopamopHas paboma

Tema: SJIEKTPOU3SMEPUTEJ/IBHBIE ITPUBOPHI
1. Ilesb padoThI
V3yueHve 3/1eKTpOU3MepPHUTE/bHBIX TMPUOOPOB, WCIIO/b3yeMbIXx B 1abopaTOpHBIX
paboTax, BBITIO/IHsAEMBIX Ha cTeH e. [TosyueHue npeAcTaB/ieHu 0 Tipejiesie U3MepeHus: U
1[eHe JlefieHus], abCOMIOTHON ¥ OTHOCUTEeTbHOM TIOTPELTHOCTH, YC/IOBUSIX IKCIUTyaTallud U
IPYTUX XapaKTePUCTUKAaX CTPeIOYHBIX 3JIeKTPOU3MepHUTEebHBIX TTPUOOPOB, TMOydyeHre
HaBBIKOB PabOTHI C 1M(POBBIMU U3MEPUTETHHBIMU TTPUOOpaMHU.
2. ITosicHeHus K padoTe
KoHTposib paboThl 371eKTP00O0PY0BaHUS OCYIIEeCTBSIeTCS C MIOMOIIBI0 pa3HOOOpa3HbIX
3JIEKTPOU3MEPUTEe/TbHbBIX TIprOOpOB. Haubonee pacrpocTpaHeHHbIMU
3/IEKTPOM3MEPUTE/ILHBIMA ~ TTPUOOPAMH  SIBJIAIOTCS  TTPHOOPBI  HETIOCPeICTBEHHOTO
orcueta. [lo BHIYy OTCYETHOrO yCTPOMCTBA pa3/lMYalOT aHA/JIOrOBble (CTPE/IOYHbIE) U
11M(POBBIe U3MEPUTE/IbHbIE TPUOOPHI.
Ha snuieBoi CTOpOHe CTpe/IouHbIX TPUOOPOB M300pakeHbl YC/IOBHBbIE 0003HAUEHUs,
orpeie/isifoIe KiacCU(UKALMOHHYIO TPyIiy rpubopa. OHU TO3BOJISIOT TTPABUIBHO
BbIOpaTh MPUOOPHI U [Jal0T HEKOTOPhIe YKa3aHUs 10 WX SKCILTyaTaluu.
B uemnsx mMOCTOSHHOrO TOKa [/ M3MepeHUM TOKOB W HampsDKeHWW TPUMEHSIIOTCS B
OCHOBHOM TIPUOOPBI MarHUTO3/IEKTPUUYECKOW CUCTeMbl. [IpUHIUTT [AeWCTBUSA TaKUX
prOOpPOB OCHOBAaH Ha B3aWMO/IEHICTBMM MAarHWUTHOTO TIOJISi TIOCTOSHHOTO MarHWTa |
M3MepsieMOro TOKa, IPOTEeKAarIlero mo KaTyllKe. YTO/ MOBOpPOTa CTPeIKU « TIIPSIMO
rporoproHaseH usMmepsiemoMy TOKy . o = K [. IlIKasbl MarHUTO3/€KTpUUYeCKUX
IprOOpPOB paBHOMEPHBIE.
B u3MepuTenbHBIX MexaHW3MaxX 3eKTPOMarHUTHOW CUCTEMbI, TIPUMEHSIEMBIX JJIsi
VM3MepeHUN B 1[esIX [epeMeHHOr0 U TIOCTOSSHHOTO TOKa, Bpalllalol[iid MOMEHT
00yCJIOB/IeH JieliCTBEM MarHUTHOTO TI0JI M3MepsieMOro TOKa B HETIO/IBV)KHOM KaTyIITKe
npubopa Ha TOABWXKHBIN (DeppOMarHUTHBIA SIKOPb. YTOJI TIOBOPOTAa CTPENKU « 37eCh
NpOIOpPLIMOHA/eH KBajgpary Toka: « = K I°. TTo3ToMy IIKaja 3/1eKTPOMarHUTHBIX
npuOOpOB OOLIYHO HEepaBHOMEpDHasl, UTO SIB/ISeTCS HeJOCTaTKOM 3THUX TIpUOOpOB.
HauasnbHast yacThb IIKasbl He UCTIOJIb3YeTCs AJis U3MepeHU.
[17is IpaKTHYeCKOTO UCII0/Ib30BaHUsI U3MepUTEebHOTO TTprbopa HeoOX0AWMO 3HATh ero
Tipefies1 U3MepeHU (HOMUHaIbHOe 3HaueHue) U 1ieHy JeieHus (MTOCTOSTHHYI0) Tipubopa.
[Tpegen u3MepeHHUit - 3TO HauOO/bIllee 3HAUeHUE TEKTPUUECKON BeMUWHBI, KOTOPOE
MOJKeT ObITh 3MepeHO JaHHBIM IMPUOOPOM. JTO 3HaueHHe 0OBIYHO yKa3aHO Ha JIUI[eBOU
cTopoHe mpubopa. OAWH U TOT >Ke TPUOOP MOXKET HMeTh HECKO/IbKO IIpeie/ioB
n3MepeHnid. [leHoM fAeneHWs TipuOopa Ha3bIBaeTCs 3HaueHHe W3MepsieMOW BeJIMUMHBI,
COOTBETCTByIOIllee  OAHOMY  [JefeHUI0  IKaabl  npubopa. LleHa — pgeneHus
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nipubopaCrierkoorpesiesisieTcss Kak OTHOIIIeHWe Tpefiesia W3MepPeHud ApOMK YUCTY
neneHui mkasabl N:C = Agow/N.
Ha nuiieBoii CcTOpoHe CTpenouyHbIX MpUOOpa yKa3biBaeTCs K/IacC TOYHOCTH, KOTOPbIH
oripefie/sisieT TIPUBEIEHHYI0 OTHOCHTE/IbHYIO TIOTPelIHOCTb Tpubopa yme.
[TpuBeseHHasi OTHOCHTe/IbHAsL TIOTPEIIHOCTb MpUbopa - 3TO BbIpa)KeHHOE B MPOLIeHTax
OTHOIIIEHHE MaKCHMaTbHOU IS JTAHHOTO npubopa abCoMOTHOM
TIOrpeltHO CTUAAKHOMUHA/IBHOMY 3HaueHHI0 Tipubopa (Tipesiesly u3MepeHuii) AHOM:  Ynp =
100AA /Axom %
3Hasl KJIacC TOYHOCTH TIprbopa, MOYKHO OTIpeJeuTh abCOMOTHYI0AAN OTHOCUTETLHYIO
TOTPELIHOCTU UM3MEpPEeHUsT yu3M, a TakKKe [IelCTBUTe/TbHOE 3HaueHue Hu3MepsieMou
BeJIMUUHBI Al:

AA = yup Anom/100; Yiusm = 100 AA/A; A=A + AA.
HeTpyaHo cienath BBIBOJ, YTO OTHOCHUTE/IbHAs TOTPEIIHOCTh W3MepeHUs TeM Oosbliie,
yeM MeHbIlle H3MepsieMasi BeJIMUMHA 110 CPaBHEHUI0 C HOMUHA/IbHBIM 3HaueHHeM
npubopa. ITo3ToMy >Ke/aTe/lbHO He TTO/Tb30BaThCSl MPU U3MEepPeHUH Hada/lbHOW YacThio
ITIKa/Ibl CTPEJIOYHOr0 IIprbopa.
i obecrieueHrs1 Maiol METOUUECKOM TOTPEITHOCTH U3MepeHHsT HeoOX0AUMO, UTOOBI
COTIPOTHBJIEHWE amriepMeTpa ObIZI0 3HAUMTE/bHO MEeHbIIe COMPOTUB/IEHUS Harpys3Kd, a
COTIPOTHBJIEHNE BOJIBTMETPA ObIJI0 3HAUHUTETBHO 0OJIbITIe COMPOTHUB/IEHHS MCCIeyeMOTO
yyJacTKa.
[1pu npoBe/leHUM HM3MePeHUH B 37IeKTPHUUeCKHUX LIeMsaX IIMPOKOe MpUMeHeHUe TI0/TyYrIu
1[udpoBbie MyTBTUMETPbl - KOMOWHHpPOBaHHbIE 1M(POBbIE M3MepUTebHble MPUOOPHI,
MO3BOJISIOIIME H3MEpPATh ITIOCTOSSHHOE W TlepeMeHHOe HaripsbkeHWe, TOCTOSIHHbIM U
repeMeHHbIM TOK, COMPOTUB/IEHUS], POBEPSITh JUO/bl ¥ TPAH3UCTOPKIL. [l mpoBefeHus
KOHKDeTHOTO W3MepeHHs] HeoOXOJMMO yCTaHOBUTH TiepeK/rouaresieM Ipe/rioJiaraeMblit
rpejie/l U3MepeHUl H3MepsieMOM Be/MUMHbI (TOK, HarpsbKeHue, COIPOTHBJIEHHE) C
y4eToM poja ToKa (TOCTOSIHHBIM WA TiepeMeHHbIW). IlpencrtaBneHve pesynbTaTa
M3MepeHUs] TIPOUCXOJUT Ha LU(PPOBOM OTCUETHOM YCTPOMCTBE B BHE OOBIUHBIX
yAOOHBIX [J/IsI CUUTHIBAHWS [IeCATHYHBIX umcesn. Haubosblliee pacmipocTpaHeHue B
LU(PPOBBIX OTCYETHBIX YCTPOMCTBAX MYJLTUMETPOB MOJYUYU/IH XKUJKOKPUCTA/LTUYE CKUE,
ra3opaspsiiHble U CBeTOJAWOAHbIe MHAWKATOphl. Ha mepesiHeli TaHe/nd Takoro mprdopa
HaxOAUTCS Tepek/arodare/ib (QYHKIUMA W [JAAla30HOB. OTOT IepeK/irouaresb
WCII0/Ib3YeTCsl KaK /i BbiOOopa (DyHKIIMK U yKelaeMoro Tipefiesia U3MepeHui, Tak U Ji/ist
BBIK/TFOUeHus1 Tipubopa. [Ijisi TpofsieHusi CpokKa C/Iy»KObl MCTOYHMKA S/€KTPOIMUTaHUS
npubopa repek/rouaTesib J0/DKeH HaxoAuThesi B onokeHnn «OFF»BTrex ciyuasix, Korja
nipubop He KCTOb3YeTCsl.
K OCHOBHbIM TeXHHUYECKMM XapaKTepHUCTUKaM I[M(POBBIX MPUOOPOB, KOTOphIE
HeoOXOZMMO YUUTBIBAaTh TIPY BbIOOpE OTHOCSTCS:
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-TMaria30H W3MepeHui (0ObIYHO TIPUOOP UMeeT HeCKOJILKO TTO/Jaria30HoB);

-pa3peliiamoiasi CrioCOOHOCTh, TOJ, KOTOPOW YacTO TMOHWMAIOT 3HAaueHHe H3MepsieMOu
BeJTMUMHbI, TIPUXOZSIIeeCss Ha eJUHUIy JUCKPETHOCTH, TO CTh O/IUH KBaHT;

-BXO/IHOE COTIPOTHUB/IEHHWEe, XapaKTepu3ylollee COOCTBeHHOe mMoTpebseHre TprubopomM
SHEPrUU OT UCTOUYHHKA U3MepHUTe/TbHON UH(OPMaIuH;

-TIOTPELTHOCTb M3MEPEHHs], YacTo ompezessieMast Kak +(% OT CUMTHIBAEMBIX JAHHBIX +
KOJTMUeCTBO eJUHUL] MJIaZIIIIero pa3ps/a).

MyasTUMETp uacTo uMeeT GaTapeiiHoe nmuTaHWe 9B, MO3TOMY Iepe] HUCIOIb30BaHUEM

npubopa HeoOXOAMMO TIPOBEPUTH OaTapeio 3IeKTPONUTAHUS IIyTeM BK/IIOUEHUS
nipubopa. Ecnu Gatapesi pa3psbkeHa, TO Ha JJUCTUIee BO3HUKHET YCIOBHOE M300pakeHue
Oartapeu. Vcriosnb3yeMble B CTeHZe «DJIEKTPOTEXHUKa» MY/JbTUMETpPbI MHUTAIOTCS  OT
BBINPIMMUTEIBHOTO YCTPONCTBA, BMOHTMPOBAHHOIO B MOAY/b. [l UCTIO/Ib30BaHMS
nprOOPOB HEOOXOAMMO TOAK/IIOUUTE C ThIJIbHON CTOPOHBI Kabesib MATaHHWS K UCTOUHHKY
nepeMeHHOro HampsbkeHuss 220 B. Ilepen mpoBefieHHeM H3MepeHHs Heo0XOAMMO
nepeKk/rouaTeib IIPeieJioB YCTAaHOBUTbL Ha TpeOyeMbld Juara3oH u3MepeHuit. [lis
NpeZIOTBpAIlleHrs] TTOBPEXKAEHHsI CXeMbl TpUOOpa BXOJHBbIE TOKHM U HAIPSDKEHHS He
NO/DKHBI TIPEBBINIATh YKa3aHHBIX BeJIMUMH. Ecau npeden usmepsieM020 MoKa u/au
HanpsiiceHUs1 3apaHee Heu3eecimeH, cs/edyeln yCmMaHae/aAU8AMb nepeK/OUamenb
npeoe/s06 HaA MaAKCUMyM U 3aimeM nepek/a110uamsp €20 6HU3 N0 Mepe He0OX00uUMoCmu.
MyBETUMETPBI, WCMO/b3yeMble B JIAHHOM CTeHJle, WUMEIOT PEeXHUM aBTOMAaTHUeCKOTO
BbIOOpa Mo guana3oHa u3MepeHuid. C MOMOIIBI0 KHOMIOYHOTO repekmodaress «R-H»
MO)XHO YCTaHaB/IUBATh MO/ HAa30H U3MepeHUst BPYUHYIO.

[l u3MepeHust HanpsiiceHusl TIOAK/TIOUNTe OAMH Iyn K pasbemy COM, a Japyroi - K
pazpemy «V/Q», yCTaHOBHUTE TepeK/TouaTe b (GYHKIHI B IO/I0KEeHHEe « V» U C TIOMOII[bIO
KHOTIOUHOT'O TIePeK/IrouaTesisi YCTaHOBUTE PeXUM Hu3MepeHus: moctosHHoro (DC) wmu
nepemeHHoro (AC) HampspkeHus. IIofcOeUHUTE KOHIIbI IIYIIOB K H3MepsSIeMOMY
HNCTOUYHHUKY Hallpso>KeH . HPI/I N3MepeHHMHU TII0CTOAHHOI'O HallpsDKeHHA I10/IIPDHOCTb
HalpsDKEeHWsT Ha AucIiiee OyzieT COOTBETCTBOBATh MOJIIPHOCTH HAIPSDKEHWST HAa BTOPOM
mIyTe.

[t u3mMepeHusi conpomue/aeHutl TIOAK/IIOUUTE OAMH IIyTl K pa3beMy «COM», a BTOpo# -
K pa3beMy «V/Q», ycTaHOBUTE TiepeK/rouarenb (QyHKIMA Ha «Q» W TMOACOeTUHHTE
KOHI[BI IIYTIOB K U3MEePSIEMOMY COTIPOTHB/IEHUIO.

Korzma 1ernb pa3oMKHyTa, Ha WHAMKaTtope OyzeT wuHAWIMpoBaThcsi «0.L». ITeped
usMepeHueM conpomueseHull 6 cxeme ybGedumecb, umo cxema obecmoueHa u
8ce KOHOEHCaImopbl pa3psiyceHbl.
3.1./3yueHrenacrnopTHbIXXapaKTepUCTUKCTPEIOUHBIX3/IEKTPOU3MEPUTETbHBIX
npubopoB. i1 3TOro BHUMATEIbHO PAaCCMOTPETh JIMIEBBIE IIAHETH CTPeIOYHBIX
amriepMeTpOB U 3amoHUTh Tabs. 1.1.4.
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XapakTepHCTHKA 31IeKTPOH3MepHTeNbHOro Mpubopa
HaumeHosanue npubopa Amnepmerp | BoasT™merp | BartMmerp

Cucrema H3MEPHTEJIbHOTO MEXaHH3MA

l'Ipenen H3MEPCHHA

Yucno nenenHi mKamsl
IleHa neneHus
MuHHMaIBHOE 3HAYEHHE H3MEPAEMON BEIHYHHE]

Knacc ToyHOCTH

Jonyctrmas MaKCHMaTbHast abcomoTHas
NOrpemHocTh

Pox Toka

HOPM&HBHOE NOJOKEHHE HIKaJIbI
[Ipoune XapakTepHCTHKH

3. ITopsA/i0K BBINOTHEHUSA PAadOTHI

3.2. Tloctpouth rpadMK 3aBUCUMOCTU  OTHOCHUTETHHOW  TMOTPelIHOCTH
H3MepeHHsi OT u3MepsieMod BenuuuHbl yusm= f (Ausm) s mipubopa, yKa3aHHOTO
nipenofiaBatesieM. CriesiaTh BBIBOJ, O BeJIMUMHE OTHOCHUTETBHOU MOTPELIHOCTH U3MepeHust
B Haua/lbHOW M KOHEUHOM YaCTW IIKajbl, O XapaKTepe W3MeHeHUs TOTPeIHOCTH BO0JIb
IIKaJIbI Tpubopa.

3.3. O3HaKOMUTBCS C JTUL[EBOU MaHeJIbI0 MYJIETUMeTpa.
3.4.I1oArOTOBUTL ~ MYJILTUMETD  [AJisi  W3MEpPeHUs]  TOCTOSSHHOTO  HampsDKeHUs.

BxmounTth 57€KTponUTaHue CTeHZa (aBToMaTuueckud Bblkmouatens QF  mopymns
MUTaHWsI) U MCTOYHUK TIOCTOSTHHOTO HampspkeHWs. V3MepuTh 3HaueHHsi BBIXOJHBIX
HamnpsDKeHW MOAY/As NUTaHus Ha KiaemMax «+5 B», «+12 B» u «-12 B»
OTHOCHUTE/IbHOOOIIel KaemMMbl. Pe3ynbraTtel W3MepeHMM 3aHectw B Tabm. 1.1.5.
BBIK/TIOUNTBUCTOYHUK

TIOCTOSIHHOTO HaTpsSDKEeHMS.
Tabmuna 1.1.5
KnemMMer +5B |(+12B |-12B |~12B |~220B

Hsmepeno

3.5.IloaroroBUTE  MyNABTUMETP [0  U3MepeHUs  IIepeMeHHOI0  HalpsyKeHUs.
BK/IIOYMTD MCTOUHUK TIUTAHUS U MY/JAbTUMETPOM U3MEpUThb 3HAueHUs BBIXOJHBIX
HarpsbKeHUW Ha KinemMax «~12 B» u «~220 B».

Pesynbrathl u3MepeHuii 3aHecTu B Tabn. 1.1.5. BBIKIHOUNMTE MCTOYHMK Tpex(a3HOro
HarpsDKeHHs.

3.6.IloAroTOBUTEL ~ My/JILTUMETP [Ji1  U3MepeHUs]  COMPOTHB/IIEHWM  Pe3UCTOPOB.
V3MmepuTh 3HaAueHUs COIIPOTMBJIEHUM DPEe3UCTOPOB, YKa3aHHBIX IIperojaBaTesieM.
Pe3ynbTaThl 3aHecTH B Tabs. 1.1.6.
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Tabmuna 1.1.6
Pesucrop R1 R2 R3 R4
HomunanbHoOe 3Ha4eHne conpotuBiaeHns, OM 5 10 20 30
H3mepeno, Om

Copep:xanue oTuera
Otuer 110 paboTe JODKEH COAEePIKaTh:
a) HaMeHOBaHHe paboThI U 1]e/Tb PaboTh;
0) TexHUUeCKHe JJaHHbIe U3MEPUTETLHBIX IPUOOPOB;
B) rpaUK  3aBUCMMOCTU OTHOCHUTE/BHOM TOTPEIIHOCTH  H3MepeHuu
yusm= f (Auzm)
T) pe3y/bTaThl U3MepPeHU;
1) BBIBOZIBI T1I0 pabore.

5. KoHTpO/1bHBIE BOIPOCHI
1.KakoB mpuvHIMN AeMCTBUST MPUOOPOB MAarHUTOJIEKTPUUECKOW U 3/1eKTPOMarHUTHOM
cucrem?

UTto Takoe 1ipejes usmepeHus?

Kak onpefesnsieTcst 1jeHa iesieHus rpubopa?

Yro Takoe abCO/IOTHAsI ¥ OTHOCUTE TbHAs! MIOTPeIITHOCTH U3MEePeHUs?

YTo XapaKTepu3yeT KJ1acC TOUHOCTH npubopa?

B Kako#i uacT 11Kasbl Tprbopa u3MepeHue TOUHee U TIoUemy?

KakoBbI OCHOBHBIE IOCTOMHCTBA ITU(MPOBLIX U3MEPUTE/TLHBIX TIPUOOPOB?

JlabopamopHas paboma

TEMA: JINHEMHAS 3JIEKTPUUECKAS IIEIIb IIOCTOSTHHOI'O TOKA
1. Ilenb padoThI
[TosnyueHre HaBBIKOB COOPKMA TIPOCTBIX 3/IEKTPUUECKUX Iierlei, BK/IIOUEHUS B
9/IEKTPUUECKYIO 1leflb W3MepHUTe/NbHbIX TIpubopoB. HayuuTbcsi u3MepsATb TOKU WU
HampspkeHusi, ybeauThcs B coOsofeHMM 3akoHOB Oma u Kupxroda B nuHeMHOMN
3JIEKTPUYECKOU LIETH.
2. ITosicHeHusi K paboTte
OJleKTpuueckasl lielb, COCTOsSIas M3 3JIEMEHTOB, BOJIbTaMIIepHble XapaKTepUCTUKU
KOTOPBIX SIBJISFOTCS TIPSIMBIMU JIMHUSIMU, Ha3bIBAeTCS JITMHEMHOW 3JIEKTPUYECKOU LIeTIbIO,
a 3JIEMEeHTBI, U3 KOTOPbIX COCTOUT LITb, - JIMHEMHBIMU 37IeMEeHTaMH.
CoeviHeHWe B 5JIEKTPUYECKOM 1[eMd, TIPU KOTOPOM Yepe3 BCe 3J/IeMeHThI TMpOoTeKaeT
OJUH U TOT ’Ke TOK, Ha3bIBaeTCs I0CJ/ief0BaTe/IbHbIM COeAUHEeHUeM. JKBUBa/JIeHTHOE
CcoOmpoTHB/IeHUEe RnocsieioBaTeibHOW LieNW TMOCTOSHHOTO TOKa pPaBHO CyMMe
CONPOTHBJ/IEHUM OT/Ie/IbHBIX YUacTKOB: R= R;+ R, .
HanpsikeHne Ha OT[eJIbHOM y4yacTKe B COOTBETCTBUU C 3aKOHOM Oma MpornopLXOHaIbHO
COTpOTHBJIeHNUIO 3TOro yuyactka: U; = IR;; U, =IR,.
Harnpsbkenue UHa Bxo/ie MocC/e[j0BaTe/IbHOM LielU B COOTBETCTBUU CO BTOPbIM 3aKOHOM

N AWN
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Kupxroda paBHO cymMMe HanpspkKeHUH Ha OTAe/IbHBIX yyacTKax:
U=U,;+U..

[Ipu nmapanienbsHOM COeJMHEHUH [IBYX UM HECKOJIbKHUX 3JIEMEHTOB HarlpspKeHHe Ha HUX
OZIHO U TOXe, TaK KaK BbIBO/bI 3TUX 3JIEMEHTOB MOJK/IHOUYEHBI K OJJHUM U TeM e y3JlaM.
ToKkuY B OTAe/IbHBIX 37IeMeHTax onpeesstoTcs 1o 3akoHy Oma: I; = U/R;; I = U/R, .

B cootBeTcTBUM C TiepBbIM 3akKOHOM Kupxroda ToK / B Hepa3BeTB/JIeHHOW 4acCTH LieNu
paBeH CyMMe TOKOB BCeX Iapasuie/ibHbIX BeTBeu: I = [;+ I,

[IpoBOAMMOCTE MapasielbHOTO COeJUHEHUs] paBHa CyMMe MPOBOJUMOCTEN OTHe/bHbIX
y4acTkoB: 1/R= 1/R; +1/R;.

3. Tlopsij0oK BBHINO/THEHHS PAdOTHI

3.1. O3HakOMUTbCA C J1IabOpaTOPHOM YCTaHOBKOW (MOJY/b
MUATaHWs, MOAY/Ib PpEe3UCTOPOB, MOJy/Jb HW3MEPUTEbHbIU,
MOJY/JIb MYy/JIbTUMETPOB) u cobpatb JIMHENHYO
3JIeKTPUYECKYI0 Liellb C I[10C/ae[0BaTe/IbHbIM COeMHeHreM
Pe3nCTOpPOB (puc. 1.2.1).
YcraHoBUTH 3a/laHHbIe TiperiojjaBaresieM 3HayeHust
conpotuBiieHur pesuctopoB Rl, R2. TlpeacraButh cxemy Asi
IIPOBEPKU IperiojaBare’ito.

3.2. BK/IIOUMTH 3/IeKTpONMTaHWe CTeHJa (aBTOMaTHYeCKUM
BbIK/ItoUatesib QF1 Mopysis muTaHus M BbIK/IOYaTe/lb SA2
3TOr0 ’Xe MoAyJsg). V3Mmeputb TOK B LeNu, BeJIAYUHY Puc. 1.2.1
HarpspKeHWs TUTaHus U HarpsbkeHust Ha pe3uctopax R1 u R2

B (Xeme C IIOC/iejoBaTe/bHbIM CoefuHeHueM pe3uctopoB R1 u R2. Pesynbrathl
M3MepeHU 3aHecTy B Tabs1. 1.2.1. BBIK/TIOUMTE MUTaHKe.

3.3. CobpaTh MMHEWHYIO Ilelb CO CMeIIaHHBIM COeJMHEeHeM
pe3uctopoB (puc. 1.2.2). YCTaHOBUThH 3ajJlaHHble 3HAuUEeHUs
pesuctopoB Rl, R2 u R3. Bk/iouuTh muTaHWe U U3MEPUTh W

+ =12B -0

HarpspKeHWs: ¥ TOKM Ha BCeX yyaCTKax Lienu, MOLHOCTb,
notpebJisieMyto 1ienbto. Pe3ysibTaThl 3aHecTH B Tabm. 1.2.1.

3.5. BBIK/IFOUUTE UCTOUHMK  3/IEKTPOIUTaHUSA, U
VICTIO/Tb3Y S MYJIbTUMETP B pexxume V3MepeHus
COTIPOTHB/IEHUSI M3MEPUTh 3HaueHUs corpoTuBieHud Rl, R2
1 R3. Pe3ynbTaThl M3MepeHUi 3aHeCTH B Tabs. 1.2.2.

3.6. Ncnonb3ysa 3akoH OMa, BBIYMC/IWATH 3HAUEHUS
conporuBnenuit Rl, R2 u R3, 3HaueHus1 KOTOPBIX 3aHECTU B
Tabs. 1.2.2.

3.7. [TpoBepuTh BBITIO/IHEHWE OaslaHCA MOIITHOCTEM.
CpenaTb BbIBOBI O BBINOJHEHUWM 1-r0 U 2-r0  3aKOHOB
Kupxroda v o mpumMeHeHuu 3akoHa OMa B JIMHEWHOHW LieNU Puc. 1.2.2

ITOCTOAHHOI'O TOKA.
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Tabmua 1.2.1

TlocnenoBaTeBHOE COSMHEHHE CMemanHoE coe/IHHEHHE
B | Ul | U2 I1, R, | U, | U2 | U3 | 1, | 2, | 13 |P
B B A A B B B A A A |Br

=

Tabmuua 1.2.2
MsMepeHo  OMMETpOM Brryncnero
R1,Om
R2, Om
R3, Om

4. CopepixaHue oTuera
OTueT o paboTe [Jo/KeH COfiepKaTh:
a) HauMeHOBaHue PabOThI U 11e/Tb PabOThI;
0) TexHUUECKHe JJaHHbIe N3MEPHUTETbHBIX IPUOOPOB;
B) CXeMbI SKCITIEPUMEHTOB U TaO/IUL[bI TIOTyUeHHbIX KCIIePUMEeHTaIbHBIX [JaHHBIX;
I') pe3y/bTaThbl pacyeToB;
1) BLIBO/IBI 110 pabore.
5. KOHTpo/IbHBIE BOIIPOCHI
1.YT0 Takoe «IMHEUHBIA 37IEMEHT» B 3/IEKTPUUYECKOM Lienu?
2. [TpuBecTy NpUMephI TMHENHBIX 37IEMEHTOB 3JIeKTPUUeCKUX LieTei.
3.Ha ocHOBaHMU KakOro 3akOHa [0 TOKa3aHWsM aMIiepMeTpa M BOJbTMETPaMO’KHO
OnpeJe/UuTh BEeIUUMHY COMNPOTUBJIEHUS yYacTKa 371eKTPUUECKOU LIeNUNOCTOSIHHOTO
TOKa?
4.B KakuUX eUHMLIAX U3MEPSIOTCA CUJla TOKa, HarpsiKeHWe U CONpOTHBIIeHne?
5.Hapucyiite cxeMbl [si UW3MepeHUsI MeETOJOM amrepMeTpa M  BOJIbTMeTpa
OOMBIINX ¥ MasbIX 37IEKTPUUECKHX COTIPOTUBIIEHUM.
6.1 uccnenyembix 37€eKTPUUECKHX Lierel 3anuildTe YpaBHEHWs] [0 3aKOHaMm
Kupxroda.

INPAKTUYECKAAPABOTA

TEMA: PACUET MATHUTHOMH IIEITN
Llenb paboThI: MO/yUYUTh HaBBIKW pellieHus MPsSIMOM 3aflaud pacueTa Hepa3BeTBIeHHOU
MarHUTHOM 1IeHHW; YCTaHOBUTh 3aBUCUMOCThL CUJIbI TOKAa B KaTyIlKe, He0OXOIUMOTO [iIs]
CO3JjaHHs 3alaHHOW TOABEMHOW CHUJ/Ibl 3JIeKTPOMAarHuTa, OT BeJWYMHBI BO3ZYILIHOIO
3a3opa.
CopeprkaHue pabOTEI
MarHuTonpoBo/, 3/IeKTpOMarHyra (CM pUC) BBIMIOJIHEH W3 3/1IeKTPOTEXHUUYECKOMW CTalH,
COCTOUT U3 ceplieuHrKa AyMHOUL 1 sikops gauHoM L2 v IBYX BO3AYLIHBbIX3a30p0oBLOI u
Lo2. InviHbl y4aCTKOB MarHATOIPOBOZA [JaHbl M0 CpeiHer MarHUTHOW uHuU. [llupuHa
yYaCTKOB MarHuTomnpoBojaal u a2, tomamHa b. Uucio BUTKOB 0OMOTKU W, TOK B
obmoTke I. MarHWTHBIM MOTOK B MarHUTHOW mernd ®. Cuia TPUTSDKEHUS SKODS
(momwemHast cusa 3nekTpomarHuta) E. Ha ocHOBe WMCXOAHBIX [AaHHBIX (CcM. TabiL.)
orpefie/uTh MoK 1 B KaTyllKe, HEOOXOAUMBIH [1/1s1 CO3/laHusI 3a[JaHHOW TI0/beMHON CUJIbI
3JIeKTPOMAarHuTa.
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Bapuaiut | L, em | Ly em | g emianem | Boen | Ly =L | w1 FH
BEHET BE BINDE S NN e e e
2 2T 1 T ¢4} R 2800 |
3,13.23 | 220 | 70 I TR Fe 220 3000 |
i 4,14,24 | 240 [ %0 5 4 §i-0 44 230 3200
§LNIER R AT 5 § i i TEE 240 3500
6,16,26 | 280 | 80 5 §-F P S 13T ST e - ]
7,17.27 | 200 | 60 g+ b £ 1 & e R 260 | 3800 |
8,18,28 | 160 | 50 5 .| & E § 270 3500
919,29 | 140 | 350 | 4 Sl s ] Rl 250 4000 |
10,20,30 | 150 | 50 6 Bt 7 ! 240 | 3600
8 _1&N.1 W EER R o Bl 3000 |

ITopsiZioK BBITIO/THEHUST PAaOOThHI

1. Pa30uTh MarHUTHYIO IeMb Ha yYaCTKW, KaXKAbIA M3 KOTOPBIX [JOJDKEH UMETh T10
BCEU JITUHe 0/INHAaKOBOE ceyeHue
Y OIMHAKOBBbIM MaTepuas. PaccunTaTh AJIMHY U CeueHUe YUaCTKOB MarHUTHOM 1IeMH.

2. Tlonmb3ysicb ¢GopMy/aol TIOABEMHOM CWIbl 37€KTPOMAarHuTa, OMpeeuThb
Heo0XO0AUMYO MarHWTHYO VHAYKLNIOB,
B Cep/leYHMKe ¥ MarHUTHBIY MOTOK B 3aZJaHHOW MarHUTHOU LIeTIH.

2.1. MarHuTHbIY MOTOK B 3aZlaHHOW MarHWTHOU Lenu: @ = B1XS1

MaruuTHas UHAYKLUA B sKope: B2 =d/S2

B BO3JyLIHOM 3a3ope B0 = B1,

3. HanpsbkeHHOCTh MarHUTHOTO TOJIS A/1s1 BCEX YYaCTKOB LIeJIH.

3.1. B Bo3ay1HOM 3a30pe onpegenuts 1o ¢popmyJsie: HO = BO/HO

3.2. [Insi SKOpsi U cepAileYHUKA HalpsUKeHHOCTh HAWTU 110 KPUBOM HaMarHUUMBaHUS

3/1eKTPOTEXHUUECKON cTaau (cm.
TIPUJIO’KEHHE)

4. Tlosb3ysCh 3aKOHOM TIIOJIHOTO TOKAa OrpeedTbh HaMarHUUYMBAroIyK CUITY
KaTYLLKHU.

[Io HamarHUUMBAaKOLLeN CUJle /I 3aJaHHOr0 YMC/la BUTKOB KaTyLIKU ONpeJe/UTh
Uy TOKa B KaTylLKe,

He0OXOAMMYIO [I/1s1 CO3ZIaHUS 3a/]JaHHOM MO /EEMHOM CHJIbI 3/IEKTPOMAarHuTa.
orojHUTEe/NbHOe 3a anue. OmnpegenuTh TOK B KaTylllke, HeoOXOAWMBINA st
yZeprKaHust SIKOPSI B TIPUTSHYTOM
COCTOSIHMM C TOM ke CWIOH, T.e. ipu Lol = Lo2 = O, caenaThb BbIBOZ,
BriBog. [10sICHUTB, UYTO TakOe HaMarHWYHWBAarOIasi Chia, OT Yero OHa 3aBUCHUT.
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JlabopamopHas paboma
TEMA: HEPA3BETBJ/IEHHAS{ 3JIEKTPUYECKAS IIEITb
ITEPEMEHHOTI' O TOKA

1. Ilenb padoTsbl
[TpuobpeTeHre HaBLIKOB COOPKHU MPOCTBIX 3/IEKTPUUECKUX LieTleld, U3MepeHue
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HarpsDKEHWM Ha OTAeNbHbIX ydYacTKax LeMd, HW3yuyeHue CBOWCTB Lered Mpu
MoCJieJOBaTeIbHOM COeUHEHUM aKTUBHBIX U PeaKTUBHBIX 3JIEMEHTOB, 3HAKOMCTBO C
sIBJIEHMEM pe30HaHCa HallpsKeHWH, TOCTPOeHre BeKTOPHBIX AUarpamm.

2. TlosicHenus K paborte

OJleKTpyUueckass  Lellb  CUHYCOWJA/JIbHOTO  TEpPeMEeHHOro  TOoKa  C
10oC/IeJOBaTe/IbHBIM COeJJMHEeHWeM pe3UCTOpa C aKTHMBHBIM COMNPOTUB/IEHUEM R,
peaslbHOM KaTyILIKM WHAYKTUBHOCTU C TIOJHBIM compoTuBieHueM Zx (RkXk) u
KOHJleHCcaTopa C eMKOCTHbIM corpoTuBjeHreM Xc(puc. 1.4.1) omnMchIBaeTcs
ypaBHEHUEM, 3alMCaHHbIM TI0 BTOPOMY 3akKoHy Kwupxroda pA/s MrHOBEHHBIX
3HaUYeHWM HarpsUKeHWU Ha STUX 3/IeMeHTax:

ug + ug + uc = u(t)

WM B TreoOMeTpUuUeckou Qopme /51 BEKTOPOB [JEMCTBYIOIIUX 3HAYEHUU 3STUX
HarpsyKeHU!

UR + U, KT U(' = U

[TocnegHee COOTHOLIEHHWE TOBOPUT O TOM, UTO BEKTOP [JeWCTBYIOLLEro
3HaUeHMs HarpsOKeHUs], TIPUI0’KEHHOT0 K TaKOM LIeNU, paBeH reOMeTPUYeCKOr CyMMe
BEKTOPOB HaMpsKeHUU Ha OTZAe/IbHbIX eé yyacTKax (puc. 1.4.2).

Puc.1.4.1 Puc. 1.4.2
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I/IB dHa/I13a BeKTOPHOI\/’I ,Z[I/Ial“paMMbI PIN] V| TaKOﬁ L[EI'II/I CJIQ,Z[}’ET, YTO Be/IMUUHA

BXO,Z[HOI‘O Hal'[pH)KEHI/IH
U=V UptUri)’ + (Up=Uc)* = VIR+IRy) + (IX,~IXc)” =IV(R +Ry)’ + (X, -X0)’,

me URK, ULK— COOTBeTCTBEHHO JdKTHUBHAd U peaKTI/IBHaH COCTaB]IHI-OH_[I/Ie
HaHpH)KEHI/IH Ha KaTyH_IKe, RK, XL - dKTUBHOe U peaKTI/IBHOQ I/IHAYKTI/IBHOE
COHpOTI/IBJIeHI/Ie KaTyI_LIKI/I I/IH,L[yKTI/IBHOCTI/I.

CnepmoBaTe/ibHO, JEWCTBYIOIee 3HAaUeHHe TOKAa B 3TOM L|eMM Ha OCHOBaHWUM
3dKOHa OMa MO>XHO Ol’IpE,Z[E]II/ITL KaK

I=U/Z=U/VR+Ry)’ + (X, — X)°

20e Z= V(R +Ry)’ + (X, — X’ =V(R +Ry)’ + (el — 1/aC)*

lenu C [OC/Je[oBaTe/lbHbIM  COeJIMHEHWEM  pe3WCTOpa, peaJlbHOM  KaTYIIKH
MHIYKTHBHOCTA U KOHJIEHCAaTOpa, KOTOPOe JIeTKO OIpejie/isieTcss U3 MHOIOYrOJbHUKA
cornpoTuBieHuu (puc. 1.4.3).

Yron caura ¢a3 Mexay BXOAHbIM CUHYCOWJA/NIbHBIM HampsbkeHueM Uu
1oTpeb/IsieMbIM TaKOH I1elbI0 TOKOM / OTIpe/ie/IieTCsl U3 TPeYro/IbHUKA COTPOTUBJIEHUH

tgp= (oL - 1/wC) /(R + RK).

Ecm wL>1/wCu yrong>0, Bcad 1ienb BefeT cebsi Kak IeMb C aKTHBHBIM
COTIPOTHBJIEHHMEM U WJlea/IbHOM WHAYKTUBHOCTBIO. ['OBOPSAIT, UTO B 3TOM C/lyyae lieMb
HOCUT aKTUBHO-UHAYKTHBHBIN XapakTep.

Ecm wL< 1/wCwu yron ¢ < 0, Bcs 1ienb BefieT cebsl Kak Ielb C aKTWUBHBIM
COTIPOTHBJ/IEHMEM W €MKOCTbIO. ['OBOpSIT, UTO B 3TOM CJiyyae Liellb HOCUT aKTUBHO-
€MKOCTHOW XapakKTep.

Ecnu B 11eny peakTWBHOE COTPOTHB/IeHUs paBHbI (wL = 1/wC), To yroa ¢ = O.
[Ipy 3TOM peakTHBHasi COCTaB/ISAIOLAsl HAMPSDKEHUsI Ha UHAYKTUBHOCTH Y HarpsKeHHe
Ha KOHJ/IeHcaTope TIOJIHOCThIO cebsi KommeHcupyroT. Llemb Bezser cebsi, Kak OyzATo
peakTHBHbIe COTIPOTHBJIEHHSI B HeM OTCYTCTBYIOT UM TOK JOCTUraeT HauOOJIblIero
3HaUeHHWs, TOCKOJIbKY TOK OrpaHUUYUBAeTCs TOJbKO SKBUBAJIEHTHbBIM AaKTUBHBIM
COTIPOTHUBJIEHUEM LIeTn

R3> = R+RK
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OTO 03HauaeT, UYTO B 1[elld UMeeT MeCTO pe30HaHC,
Ha3bIBaeMblii B JaHHOM CJ/lydyae pe30HaHCOM HanpsiceHull. Pe3oHaHC HampsyKeHUH
MO>XHO TIO/TyUMTh JIM0O0 U3MeHeHHeM YacTOThbl UCTOUYHWKA TWTaHusA, 1100 Mmojbopom
3HaueHus1 BesMuuHbIC= 1/ws°L, Tae o = V1/LC- pe3oHaHCHas 4acToTa LielH.

3. TIlopsjoK BbINO/JTHEHHS PAadOTHI
3.1. O3HaKOMHUTBCS C J1abopaTOPHOUW YCTAaHOBKOW (MOAY/b MUTaHUS, MOAYJIb
PEe3UCTOPOB, MOJYJ/Ib PEAKTHUBHBIX 3/1EMEHTOB, MOAY/Ib MY/JIbTUMETPOB, MOJYJb

aMIiepMeTpPOB [ePeEMEHHOr0 TOKa, BATTMETP).
3.2. Cobpath »3nekTpuueckyto Iienb (puc. 1.4.4), ycTaHOBUB 3aJaHHbBIE

Tipero/iaBaTesiemM 3HAUeHUH L o
COTIPDOTHBJIEHUSI PE3UCTOPAa M EeMKOCTHU OJEV\D—@—E—
KoHZieHcaTopa. [ToakmounTs cobpanHytro ~ ~ ~ — 1 ___

lenb K WCTOYHUKY muTaHusa ~12 B T
@
v

(MoZynb TIUTAHUS).
3.3. IlopcoesHUATE ~12B
rapasuie/ibHO KOH/IeHCaTOpy
JIOTIOJTHUTETbHbIN
MPOBOAHUK (MCKTHOUMB 3TUM C
KOHjJleHcaTop U3 lernu). [IpeabsiBUThH
CXeMy JIJisl [IPOBepKH IperoiaBaTe/Ito. © I

[ e e e e e

|
I
|
|
|
L

|
Puc. 1.4.4.

3.4. BkMounTh THUTaHWEe CTeH/Ja W TIPOM3BeCTH HW3MepeHMsl yKa3aHHBIX B
Tab/MIle BeTMUWH B 1IeTH C TT0C/Ie[j0BaTe/IbHBIM COeZIMHEHNeM pe3rcTopa R 1 KaTyIku
/x.

[Tepen W3MepeHHEM HAIPSDKEHUST IEPEBECTH MYJ/ITUMETD B PEXUM H3MEPEeHUs
TepeMeHHOT0 HanpsbkeHus. Pe3ysibTaThl H3MepeHH 3aHeCcTH B Tab1. 1.4.1.

Tabsmna 1.4.1
Cxema U,B I, A Ug,B Uy, B Uc,B P, BT

ZJGR e
RXe | | e

R, ZK, Xcy
R, ZK, XC;
R, ZK, XcC3

3.5. BBIK/IIOUMTL 3/IEKTPOMUTAHKe, TOACOEJIUHUThL Tlapajule/lbHO KaTyIlKe
JOTIOJTHUTETbHBIA MPOBOJAHUK (MCK/FOUMB 3TUM KaTYLIKY K3 Lienu). [IpeabsBUTh cxeMy

J71s1 IPOBEPKU TperoiaBaTelito.
3.6. BK/IIOUUTh MCTOUHHMK 371EKTPOIUTAHUSI U TIPOU3BECTH U3MePeHUs YKa3aHHbIX

B Tabmuile BeJIMUMH /I L[eMKd C TI0C/ie[ioBaTe/bHbIM COeAMHEeHWeM pe3ncTtopa R u
KOHZieHcaTopa Xc. Pe3ysnbraThl u3MepeHWM 3aHecTd B Tabn. 1.4.1. BBIKTIOUUTH
3/IEKTPOITUTaHNe, YOpaTh AOTIO/THUTE/TbHbIN POBOJHUK.
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3.7. B 1enu c rmnocjienoBaTe/NbHbIM COeJUHEHUEM pe3UCTOpa, KaTyllKd U
KOH/IeHCaTopa W3MeHssl BeJIMUMHY eMKOCTH KOHJleHCaTopa C IOMOLLBI0 TepeK/irovare/is
SA1 MoJy/is peakTUBHBIX 37IeMEHTOB, JOOUTbCS Hanbosblllero rmoka3aHus aMmriepMeTpa,
T.e. 00ecrieunTh COCTOsIHUWE Lienu O/iM3Koe K pe30HaHCY HampsbkeHuil. Pe3ysbTaTbl
M3MepeHui 3aHecTH B Tabs. 1.4.1.

3.8. ¥YMeHblllasi W YyBenuMuMBas BeIMUYMHY €MKOCTH KOHfeHcaTopa (OT
Pe30HaHCHOTO 3HaueHus ) TIPOBeCTH U3MepeHUsl YKa3aHHbIX B Tabuiuile Be/TMUWH /i1 ABYX
COCTOSTHUM 11eTi. Pe3ysibTaThl M3MepeHui 3aHecTu B Tabs. 1.4.1.

3.9. [ns uenu ¢ nocsieoBaTe/IbHBIM COeIJMHeHeM Tpex 371eMeHTOoB (R, ZK, C)

II0 pe3y/ibTaTaM U3MepeHUH ONpeie/MTh MOJIHY0 MOIIHOCTD ey SU OT[je/TbHbIX
yuacTKOB SR, Sk,ScPe3ynbraThl 3aHecTd B Tab. 1.4.2.

Tabnuia 1.4.2
S, SR, |Sx, |Sc, |PR, |Px, |Pc, [Qk, |Qc, |[R, |X, |Z,
BA |[BA |[BA |[BA |[Br |Br |Br |BAp [BAD (oM |OM |OwMm

3.10. YuuTbiBag 3HaueHUs] [apaMeTPOB  KaTyLIKW, IIOJlyYeHHble B
TIpe/IIiecTByIOlel mabopatopHoM paboTe, oONpe/eUTh AKTHUBHBIE U pPeaKTHBHBIE
MOLLIHOCTH OTZE/IbHbIX y4YaCTKOB, a TakKe T[I0JIHOe, AaKTUBHOE U pPeaKTHUBHOE
COTIPOTUB/IEHUE BCel 11eTH /iJis ombITaR, Zk, XCo. PesynbTathl 3aHecTu B Tabm. 1.4.2.

3.11. TIpoBepuTh H6a/laHC aKTUBHBLIX MOIITHOCTE B 1[€TIH.

3.12. Tlo pe3ynabTaTaM U3MePeHHUM TOCTPOUTH /s e R, Zk, Xcy( Tabsn. 1.4.1.)
B MaciTabe BeKTOPHYIO JUarpaMmy.

3.13. CpenaTh BbIBOJ, O TipuMeHeHUWM 2-TO0 3akoHa Kwupxroda B wensx
TiepeMeHHOr0 TOKa.

4. Copep)xaHue oTUeTa

Otuet 10 paboTe [J0/KeH COZiepKaTh:

a) HauMeHOBaH1e PabOoTHI U 11e/Tb paboThI;

6) cxeMy ucceyeMou 1[eTy;

B) TaOJIHI[BI C Pe3y/IbTaTaMU OTBITOB Y BBIUMC/IEHHH;
I') pacueTHbIe COOTHOIIIEHMUS;

1) BEKTOPHBIE AMarpaMMBl;

€) BBIBOZIBI T10 pabore.

5. KOHTpo/ibHBbIE BONIPOCHI

1. Yrto Takoe dKTHBHAsA, peaKTHUBHAsA U IT0/IHAA MOITHOCTH B Lielr I1epeMeHHOIr o

TOKa?
2. Kakast B3aMOCB$13b MeK/ly MOJIHOW, aKTUBHOM Y PEAaKTUBHOM MOLITHOCTSIMU?

3. Urto Takoe «KO3(pbHUILIMEHT MOIITHOCTU» ?
4. Kak BBIYMC/IWUTH TIOJIHOE COTPOTUBJIEHUE KaTYILUKW, €eC/Id W3BEeCTHbI eé

dKTHMBHO€ COIIPpOTHBJ/IEHWE, HHAYKTUBHOCTb XM YdCTOTd cetu?
5. Kak BBIUMC/IUTHL I10JIHOE COIIpOTHBJ/IEHME ILermru C M[nocd/jiea0BaTe/IbHbIM



coeJMHEHUEM pe3rCTOopa, peasbHOM KaTYIIKWA U KOH/leHcaTopa?
6. OT uero 3aBUCUT yroJ cABUra (a3 Mexay HampsokeHHeM U TOKOM Ha ydacTKe

3JIEKTPUUYECKOU L[eTy TTepeMEeHHOr0 TOKa?
7. UTO Takoe «TpeyroJbHUK COMPOTUBJIEHU»?
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8. Uemy paBHBI peaKTUBHOE COTPOTHBJIEHUE 1[e[U U PeaKTUBHAask MOLLIHOCTb L[eTU

TIIpY pe3oHaHce?

JlabopamopHas paboma

TEMA: PASBETBJ/IEHHAS LNEIIb IIEPEMEHHOI'O TOKA

1. Ilens paboThI

O3HAaKOMUTLCSA C 0COOEHHOCTSIMU napa/uie/lbHOro coejMHeHNsA dKTUBHbBIX WM Pe€dKTHBHBIX
3JIEMEHTOB B 1€l I[1epeMeHHOI'o TOKd, ABJ/JeHHeM Ppe30HdHCd TOKOB, IIOBLIII€HHMEM
KOBq)(bI/II_[I/IEHTa MOIIIHOCTH, TIDUMEHEHNEM 1-ro 3akoHa KI/I]_:)XI"O(ba B LEIIX rnepeMeHHoro

TOKa.
2. ITosicHeHus K pabore

HPI/I IMapauieJibHOM coeMHEeHHU 3JIEMEHTOB | )

MOy4yaroT pa3BeTB/leHHYW wenb (puc. 1.5.1). Ilpu
rapasiie/ibHOM

COe[JMHeHU! 5JIeMEHTOB TOKU B OT[e/IbHBbIX BeTBfX,
3aBUCAT TOJIKO OT HaNpsDKeHUs UCTOYHUKA NTUTAHUS U [
TIOJTHOTO COTIPOTUBJIEHUS] KaXkKAoW BeTBU. [Ipu 3TOM
TOK B BeTBU C pe3UCTOpPOM IrcoBmazaeTr mo (ase C
HarpspKeHWeM UCTOUHMKA, TOK B BETBU C KaTyLIKOU Ik
oTcTaet 1o (aze OT HaMpsyKeHUsT UCTOYHUKA MUTAHUS
Ha yroj (), 3aBUCSALMNA OT aKTUBHOTO M PEaKTUBHOTO

Kl ____ R k]
r :
Rt 1
Zx | i IR TC

I
SIS

|
I
. = E—
Puc. 1.5.1

COTNPOTUBJ/IEHUSI pea/lbHOW KaTyILIKU MHAYKTUBHOCTH. TOK B BETBU C KOHZAeHcaTopoM Ic
ornepe>kaeT HamnpspkeHWe MCTOYHWKa nutaHus Ha 90° (puc. 1.5.2). B cooTBeTcTBUU C
1epBbIM 3aKoHOM Kupxroda obmumii ToK I, moTpeb/isieMblii TaKOW IIeMbI0 OT MCTOUHHKA
TUTaHUSI, OTIpe/iesisieTCsl TeOMeTPUUeCKOM CyMMOM TOKOB OT/Zie/IbHbIX BETBEM:

I=Ix + Ik + IcC

['eoMeTpryeckoe MOCTPOeHUe JJIs1 OIpefie/ieHHs BeJIMUKHbI
1 (a3el oOIIeTO TOKa mpejcTaBaeHO Ha puc. 1.5.2, rae
0003HaueHo

IKA, IA - aKTHBHbIe COCTaB/AIOLMEe TOKA B BeTBU C
KaTyIIKOW U 00IIlero Toka;

IKP, IP - peakTHBHbIe COCTaBJIAIOIME TOKa B BEeTBU C
KaTYIIKOU 1 0011lero TokKa.

[Tox akTUBHOM COCTAaBJISIFOLLEN TOKAa MOHUMAIOT YCJIOBHYHO
COCTaBJIAIOIIYI0 3TOrO0 TOKA, COBMHAJAaKIIyr0 Mo (ase C
TPUWJIOXKEeHHbIM K 3TOMY Yy4acTKy HanpsokeHuvem. Iloa
DEaKTMBHOM COCTaB/SIOLIEM TOKAa - COCTaBJISIIOLIYIO,
pacnosiokeHHyro 1of 90° K MpUioKeHHOMY HarlpsiyKeHUIO.
CrnenyeT TIOMHUTB, YTO AKMUBHAs U  pPeaKmueHds
cocmassirowjue MmMoKd — 3MO YC/AOBHble 6eAUYUHbl, He

I I
[
0
Iy
Pk
Ikp
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VMeroLre (PU3MYecKoro CMbIC/IA B MOC/e/I0BaTe/IbHOM CXeMe 3aMelleHHs.

3 BeKTOpHO ixiarpaMMbl C/ieflyeT, UTO BeJIMUMHa 0011[ero Toka

I:\/IA2+IPZ

[aHHasi BeKTOpHas JAvarpaMma IIOCTpOeHa B MPeJIoJIOKEeHUH, YTO eMKOCTHOW TOK
IcoKa3asicd MeHbllle PeakKTMBHOM WHAYKTMBHOW COCTaB/ISIFOIIEM TOKA B KaTyllke Ikp.
[ToaTomy 001Ut TOK OTCTaeT 1o ¢a3e OT HamnpsbkeHUs. Takasl 1iellb HOCUT aKTHUBHO-
WHAYKTUBHBIN xapakTep. Eciu 0bl eMKocTHOM TOK Ic Obl1 OosibIlle  peakTUBHOM
WHAYKTUBHOMN COCTaBJISIOIEN TOKA B KaTyIIKe Ixp, TO TOK, MOTPe0/IsieMblii 1[eTbI0 U3 CeTH
orepexkan 1o ¢ase IMPUIOKeHHOe HarpspKeHHe M IeTTh HOCH/Ia Obl aKTHBHO-EMKOCTHOM
XapakTep.

[Ipy paBeHCTBe peakKTMBHOW WHJYKTMBHOW COCTaB/SIOIIEM TOKA B  KaTyLIKe
IxpyieMKOCTHOTO TOKa Ic BekTOop 0OIero ToKa cOBMajaeT To (aze C BeKTOPOM
TIPWIOXKEHHOTO HAMNpsPKeHWs, a €ero BeJWYMHA Ompefe/sieTCsl TOJIbKO aKTUBHBIMHU
COCTaBJIAOIMMU TOKOB IA= IR + IRA. Ilpu 3TOM B .
LIer¥ HACTYTIAeT sIB/IeHKe Pe30HAHCA TOKOB, TAK KaK _QL’D @__
L[eMb, COJiepKalllasi peakTHBHbIE 3JIEMEHTHI, BeZeT

cebsd Kak LerMmb C  YUCTO  AKTUBHBIM
conpoTuBieHueM. [Ipu pe3oHaHCe TOKOB TOKH B o
BeTBSIX C pEaKTUBHbIMM 3JIeMEHTaMU MOTYT l
3HAUMTE/IBHO TIPeBbINIaTh TOK, MOTpeb/sieMslii ot ~ 28 P
VICTOYHUMKA TTUTaHUS. 7% ‘ R s
3. ITopsAoK BbINO/THEHHS Pad0ThI T
3.1. O3HakOMUTBCSI € j1abopaTOpHOM L
yCTaHOBKOM (MopyJib IATaHUs, MOZYJIb o— §
Pe3UCTOPOB, MOJYJIb PeakKTUBHBIX 3JIEMEHTOB,

MO/ly/Tb aMIIEPMETPOB [TIEPEMEHHOr0 TOKA, HACTOJIbHBIN BaTTMETP).

k fe le

3.2. Cobpatb 3/IEKTPUUECKYIO 1[eTTb C
rapaijie/lbHbIM COeJIMHEHWEM pe3UCTOpPa, KaTYIIKH, YCTaHOBUB IPU 3TOM 3aJjaHHbBIE
TIperioJlaBaTesieM 3HaueHWs COTIPOTHBJ/IEHUS pe3UCTOpa. BK/roueHHe OT/eNbHBIX BETBEH
OCYIIIeCTBJISITh C TIOMOIIbI0 COOTBETCTBYIOIIUX TTPOBOAHUKOB. CXeMy TIpeIbsSBUTh IS
TIPOBEPKU

Tperio/iaBaTe/to.
Tabnuia
Cxema UB |LA Ik, A |Ic,A |Ix, A |P,Bt |S,BA |Q, cosQ | @
Bap
R, Zx
R, Zx
C1
R, Zx
C2
(pe3oHa
HC)
R, Zx
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C3 | | | | | | | | | |

3.5. BkitouuB 3ekTponiuTaHue (aBToMat QF Mopysis nutaHus) UCC/ieloBaTh LieMb.
[nst 5TOro ¥3mMepuTh HAIpsDKeHHEe Ha BXOJe L|eNy, aKTWUBHYK) MOILHOCTh LielH, TOKA B
BeTBSX U TOK, TIOTPeb/isieMblii OT UCTOYHHWKA MTUTaHUs. Pe3ysibTaThl U3MepeHHii 3aHeCTH B
Tabsuily. VccnemoBaTh B/MsiHAE €MKOCTH, BK/IFOUEHHOW IapajielbHO WHAYKTUBHOM
KaTylllke, Ha BeJWYMHY IOTPeO/sieMOro OT WMCTOYHMKA IWTaHWS ToKa. [is 3Toro
MOJK/IIOUNTh TapasulesibHO Karylike KoHAeHcatop C. YCTaHOBUTb TakOe 3HauyeHue
€MKOCTH, TIpY KOTOPOM OT HMCTOYHMKA ITOTpeO/isieTCss MUHMMAaJ/IbHBIM TOK (pe30HaHC
TOKOB). I3MepUTh TPH 3TOM TOKHU B BETBSIX U TOK, MOTPeO/IsIeMbIii U3 CeTH. Pe3y/bTaThl
3aHeCcTH B Tabsuily. V3MeHWUTh 3HaueHHWe eMKOCTU KOHJIeHCAaTopa U W3MEpUTh TOKH,
HarpsbkeHUe YW aKTHBHYIO MOIIHOCTb. Pe3ynbTaThl 3aHecTd B Tabiuily. ITo OMbITHBIM
JIJaHHBIM TIOCTPOUTH B MaciliTabe BeKTOPHYIO AMarpaMmy jist 1-ro oribITa.
3.6. Cpenatb BbIBO/IbI
- 0 npuMeHeHuH 1 -ro 3aKkoHa Kupxroda B 1jeTisIX epeMeHHOr0 TOKa.
- O BJIMSTHUM TapaJlie/lbHO BK/IFOUeHHBIX MTOTpebuTe el ApyT Ha Jpyra,

- O BJ/IMAHMHA €MKOCTHM KOHAEHCATOPpAd Ha4 Be/JIMYMHY TOKaA4, HOTp@6JIH€MOl"O ns3
ceTu.

4. CopepxaHue oTuera

a) HaMMeHOoBaHKe paboTkI U Lieb paboThi;

6) cxeMy 3KcriepyMeHTa U Tab/MLly MMOTyUYeHHBIX pe3y/IbTaToB,;

B)BEKTODHasl lMarpaMma;

T')BBIBO/IBI TIO paborTe.

5. KOHTpoO/IbHBIE BONIPOCHI

1.Kak mpu mnapasielbHOM BK/IHOUeHUU TOTpeOuTesieil orpeienuTh BeJWUMHY TOKa,
notpeb/isieMoro u3 ceTu?

2.C Kakoli 1]e/TbI0 TIOBBILLAIOT KO3(PHULMEeHT MOILHOCTH 1[eTn?

3.Kak Mo>xHO onpefiemuTh KO3 (dULIMEHT MOIIJHOCTH 1ernu’?

4.Kak u3MeHsITCs BeJIMUMHA TOKa, TIOTPeOsisieMOro U3 CeTH, U akTUBHAsi MOIIHOCTb LieTlH,
eCJIU Mapasiie/lbHO aKTUBHO-UHJYKTUBHOMY TIOTPeOUTeTH0 BK/TFOUUTh KOHJeHCaTop?
5.IloueMy yMeHbIIIaeTCsl TOK, TTOTPeOIsieMblii U3 CeTH, TPU TOJK/IOUeHUH Mapasiie/ibHO
VIHYKTUBHOM KaTyIllKe KOHZieHcaTopa?

6.Kak npumensieTcst 1-i 3akoH Krpxroga B 1jernsix nepeMeHHOro ToKa?

7.4T0 Takoe «pe30HaHC TOKOB»?

JlabopamopHas paboma
TEMA: UCCJ/IEJOBAHMUE LEIIU TPEX®A3HOTI'O TOKA ITPA
COEJJUHEHUU «3BE3/I0N»
1. Ilesib paGoThI
O3HaKOMUTBLCS C Tpex(a3HbIMU CUCTEMaMH, W3MepeHreM (a3HbIX U JTMHEHHBIX TOKOB U
HampspkeHu#. [IpoBepUTb OCHOBHBIE COOTHOIIIEHWS MEXIy TOKaM{ U HampsyKeHUSIMU
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CUMMETPUYHOTO M HeCHMMeTPUYHOro Tpex(da3Horo rmoTpebutesnsi. BbISCHUTH POJib
HeWTpaJbHOIO MPOBO/Ia B UeTLIPEXIIPOBOJHOM Tpexha3Hou cucteme. HayunuTbCsi CTPOUTH
BEKTOPHbIe lMarpaMMbl Halps>KeHWM U TOKOB.

2. ITosicHeHus K paboTte

Tpex¢asHasi cucTteMa TNepeMeHHOr0 TOKa UMeeT psiJi MPeUMYILLeCTB 0 CPaBHEHWIO C
MOCTOSIHHBIM TOKOM M OZJHO(a3HbIM [epeMeHHbIM TOKOM U TI03TOMY TMOy4Yu/ia IUPOKoe
npuMeHeHre. Yairle Bcero 3jieKTpuUYeckasi Heprusi BbIpaOaThIBaeTcs, TiepefiaeTcs U
pacripefiesiieTcsi MeXAy moTpebuTenssMu Tpexda3HbIMU cucTeMaMmH. [lojaBsstoiiee
OOMBITMHCTBO 37IeKTPOZBUTATeIe sIB/IIETCS ABUTATeNsIMH Tpex(a3HOro repeMeHHOT0
TOKa.

Yrobbl B TpexdasHOM CHCTeMe MOKHO OBIZI0O OJHOBPEMEHHO TIOhb30BaThCS BYMS
pa3/IMUHbIMA HarpsbkeHusiMu (Hampumep, 380B - ansi muTaHus 37€KTpOABUTraTenerd u
220B - A TATaHUS 37EKTPUYeCcKUX JiaMIl U APYyruxX ofHodasHbIX MoTpebuTeieit)
TIPUMEHSIIOT UeThIPEXIPOBOAHYI0 CHUCTeMY 3/1eKTpOCHabkeHHs. YeThIpeXIpoBO/Has
NMUHUS Tpex(a3HOW CHUCTeMbl MMeeT 4YeThIpe TPOBOJA: TPU JIMHEMHBIX, MO KOTOPBIM
MpOTeKaroT JMHelHble TOKU Ia, Ig, Ic W oOguH HyJ/eBOW (HeWTpa/ibHbINA) MPOBOJ,
ripeiHa3HaUeHHbIA JJ1s1 MOJJepyKaHusl OVMHAKOBBIX 3HAaUeHWWM (Pa3HbIX HarpsDKeHWW Ha
Bcex Tpex ¢asax mnorpebutens. I[lo Hy/seBOMy TpOBOAY MOXeT TpPOTeKaTh
ypaBHUTe/IbHbIA TOK [0, Ha3biBaeMbld HYyJeBbIM WM HeWTpaJbHbIM TOKOM. Takas
CHCTEMa COeZMHEHHSI 0OMOTOK Tpex(a3HOro reHepaTopa v IMIPUEMHHUKOB (ITOTpebuTe;ieit)
Ha3bIBAaeTCs «3Be3/j0M» U T0Ka3aHa Ha puc. 1.6.1.

[Ipu coeviHeHny B 3Be3.y TOK I, MpOTEKaeMbIil L5 7
rno (a3e MCTOUHMKA IWTaHUS, paBeH TOKY, L
MPOTEKaeMOMY MO JIMHEWHOMY TIpOBOJY (ha3bl 4 U
A

A. DTOT Xe TOK mpoTekaeT U mno (¢aze A
notpebuTtesnisi. CreoBaTe/bHO, TIPU COeIMHEHUN / &
B 3Be3y (a3HbIi TOK IopaBeHJIMHEWHOMY TOKY . U/ MUc Iy
Ln: ' ——> _Zn_

= B | I ¢
Io Iy ———
Hanpsokenuve Me>KyTMHEeMHBIMUATIPOBOIaM, _’?—J
Ha3bIBaeMOe JIMHEHHBIM HarpsDKeHUeM Puc. 1.6.1.

(marpumep, U,s;), oOkaseiBaeTca B V3 pa3s
GovibIlie, uem (pa3HOe HampsKeHWe UCTOUHMKA ruTanust UA, UBWM Uc:
U]] = U(I)\/3

Ecm TpexdasHas cuctemMa CMMMeTpUYHasi (BCe COMPOTHMBJIEHHS U MOLHOCTH (ha3HbIX
norpeOuTeNiel OJWHAKOBBI), TO MO BCeM TpeM (a3aM MpOTEKAlT OAWHAKOBBIE TIO
BeJIMUMHE TOKH, CJBUHYTble IO (a3e OTHOCUTeNbHO Jpyr gpyra Ha 120°. Tok B
HelTpabHOM TMPOBO/ie TIPU 3TOM paBeH Hy/t0. HamnpsbkeHust Ha Bcex da3zax motpebutens

Ua

U Ugc Uec Up
CPuc.1.6.2 B Puc. 1.6.3 C Puc. 1.6.4
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TaK)Ke OT/IMYaroTCA JPYT OT Apyra TOJbKO M0 HauaabHOU (ase Ha 120° (puc. 1.6.2).

[lpy BK/IIOUEHMHM B pasHbIX (a3ax pas3/MUHBIX TI0 MOIHOCTH ToTpebuTeneit
(HecuMMeTpUUHasi Harpyska), TOKM KaX7ou a3bl (B KaKJOM JIMHEWMHOM TIPOBOJIE)
OT/IMUAKOTCSl APYyr OT Jpyra He TO/MBbKO HadalbHOW (Pa3old, HO U BeauuuHou. [lo
HeWTpaJibHOMY TPOBOJly TP 3TOM TIPOTeKaeT TOK, BEKTOP KOTOPOrO Ha OCHOBAHUM
nepBoro 3akoHa Kupxroda paBeH reomeTpuuecKol CyMMe BEKTOPOB (pa3HbIX TOKOB (pHC.
1.6.3)

IA+ IB+ Ic = Jo

OOpeIB  HEUTpanbHOTO TMpOBOZA (TPEXMPOBOAHAs CHUCTeMa) TPH HeCUMMEeTPUUYHON
Harpy3ke NPUBOJUT K W3MEHEHWIO0 HanpsDKeHWW Ha
Bcex (ha3ax moTpebuTeseil U TOSBIEHUIO HATIPSKEHUS
cMmelenuss HeutpamuUy, (puc. 1.6.4). TlosnoxkeHue
TOUKM «N» HAa BEKTOPDHOM JuarpaMMe IIpH _
V3MEpPEeHHbIX 3HAaueHUsX HampsskeHWd Ha (asax i~y ¥\ i R2=Upp
notpebuteneit Uan, UpiU,MOXKeT ObITH OTpesiesieHo '
MeToJOM 3aceuek (puc. 1.6.5) uaM paccurTaHO
aHaJIUTUUECKH.

3. IlopsJ0K BBINO/THEHHS PadOTHI

3.1. O3HaKOMHUTBLCSI C J1abOpaTOPHOW YCTAHOBKOM (MOAY/b TWTaHUS, MOJYJIb
Tpexda3Horo HamnpsbkeHusl, MoAy/b Tpexda3Horo TpaHchopmaTopa, MOAYJ/Ib Pe3HUCTOPOB,
MOZY/Ib aMIIePMETPOB [IePEMEHHOr0 TOKa, MO/lyJ/Ib MY/IbTUMETPOB).

3.2. YcTaHOBUTH Ha MoAyne Tpex(a3HOro HampsHKeHWs] YaCTOTy MWTArOLIero
HaripspkeHust 50 I'm (mepekstouatens SAZ2). BKIOUMTE MOAY/Ib NMTaHUS CTeHAA
(BeiK/TIOUaTes b QF1), Momynb Tpexda3Horo HarpsbkeHUs (BuIKIouarenb SA1 ¥ Tymb/iep
SA3) u wmoayne TpexdasHoro TpaHchopMmaropa (BeikmtouaTenb QF1). W3meputhb
CTPeJIOYHBIM BOJIbTMETPOM JIMHEWHbIe U (ha3Hble HaMpsOKeHUs Tpex(a3HOro WCTOYHHKA
nuTaHus (Tpex@asHoro TpaHcpopMaropa) Ha X0JIOCTOM XOoAy. Pe3ysbTaThl U3MepeHuM
3aHecTd B Tabm. 1.6.1. BeikmrounTh MOAY/b Tpexda3Horo HampsbkeHus (KHomKa SBI,
BbIK/TtOUates SA1 u SA2).

Tabsmra 1.6.1

JIHerHbIe HaTIDsSyKeHus  |Pa3Hble HalDIKeHUs BrruuciieHo
AR B IUrc B [TlcA B [UUA B 11 B 11-B UsB [UsB 1Un/ U

= Uiy

Sl g

3.3. CobOpatb »3nekTpuueckyio 1ernb (puc. 1.6.6). B kauecTBe Harpys3ku
VICTIO/Tb30BaTh PEe3UCTOPbl MOAYJ/Sl Pe3ucTOpoB. B KauecTBe HCTOUHMKA Tpex(asHOoro
Il:IaHpH)KEHHH VCII0/Ib30BaTh  MOJYJIb  Tpex(a3Horo A B o C oN
paHcdopmaropa.

34. Bxmouuth B (azax TmoTpebuTens 1o
yKa3aHUIO  TIperojiaBare’isi O[IHAaKOBbIe
COMPOTUB/IEHUS] PE3UCTOPOB (CHMMETPHUYHYI0 Harpysky). C) CAD C@
M3MepuTh TOKH, (Pa3Hble U JIMHEWHbIE HAIpsDKEHUs MPU A
BK/IFOUEHHOM  HEUTpa/JibHOM  MpoBoJe. Pe3ysbTarhl
3aHecTH B Tabs. 1.6.2. [IpoBepuTh COOTHOIIIEHUE MEXIY

R1 R2 R3
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TMHEeWHBIMH U (ha3HBIMH HaIPSDKeHUsIMHU TIOTpeOuTe Tei.

3.5. TloBTOpUTE Te >Ke WM3MepeHUs MPH OTKIOYEHHOM HEeWTpaibHOM MPOBOJE.
Pe3ynbTaThl 3aHecTy B Tabs. 1.6.2.
3.6. ITo YKa3aHUI0 riperiofiaBaTe’sist W3MEHUTh
Harpy3Ky B ¢a3ax 1moTpeOuTesIs TakK, YTOObI B KaXKI0H
¢a3e ObLIM BKIFOUEHBI pa3/iiyHble COMPOTHB/IeHUs. VI3MepUTh TOKH, TMHEeNHbIe U (pa3Hbie
HampsDKeHUs B KaxAou (asze moTpebuTesnss TpU HaIAYMM HEWTPA/TLHOTO TIPOBO/A.
Pe3ynbTaTel 3anucarh B Tabs. 1.6.2.

Puc. 1.6.6.

3.7.  OTK/IIOUWTb HEWUTpasbHbIM MPOBOJ, ¥ BHOBb U3MEPUTh TOKU U HAMNPSKEHUSI.
Pe3ysbTaThl 3anucaTh B Tabs. 1.6.2.

3.8. Ilo pe3ynbTaTaM U3MepeHUM BBIUMC/IUTHL aKTUBHYI0 MOIIHOCThH Tpex(a3HOU
L[eMy /1 KaXKI0T0 OMbITa.

3.9. [ns TpeThero oOrbITa MOCTPOUTH B MacilTabe BeKTOPHYIO AWarpaMMmy u
CPaBHUTh C pe3y/IbTaTOM 3KCMEePUMEHTA, C/le/1aTh BBIBO.

3.10. CpaBHHUTH B/IMsIHHE HEUTPaTbLHOTO MPOBO/Ia Ha paboTy Tpexda3Hol CUCTEMBI
MpY CUMMETPUYHOM ¥ HECUMMETPUYHOM Harpyske.
Tabsmra 1.6.2

Tok Harpy3ku, A HanpspkeHve Ha notpeburesix, B
daznie JIHelHbIe
1A s Jic o Us__|U.__|UAB |UBC |Uca

Pexxum Harpysku

HelitpasibHb1 pOBOZ,
BKJIFOUEH, Harpyska
CMMMeTpUYHast

HeWTpanbHbIM MPOBOJ,
BBIK/TFOYEH, HarpysKa
CYMMeTpUYHast
HelTpanbHbIii MPOBO/,
BKJ/TFOYEH, Harpy3kKa
HeCUMMeTpUYHast
HeWTpanbHbIi MPOBOJ,
BBIK/TFOYEH, HarpysKa
HeCUMMeTpUYHast

4. CogeprxaHue oTueTa

Ortuet 1o paboTe [JO/DKEeH COZlepPKaTh:

a) HauMeHoBaHWe PabOoTHI U 11e/Tb paboThI;

6) cxeMy 3KCITepUMeHTa C BK/IIOUEHHBIMUA U3MePHUTe/IbHBIMH TTPHO0PaMU;

T) Tab/MIIBI C pe3yabTaTaMiy YKCTIePUMEHTAa;

1) BEKTOPHYIO JUarpaMMy Jijisi TPEThero OIbITa;

€) BBIBOJ, O pOJIM HEUTPa/JbHOTO TIPOBOJAa B Tpex(a3HoW Lienu Tpu COeAUHEHUU
NoTpeOuTess TI0 CXeme 3Be37a.
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5. KoHTpo/IbHBIE BONPOCHI

1.Kakoe coefiiHeHre Ha3bIBAeTCS 3BE3/0M?

2.KakoBo  cooTHomleHuWe  Mexay  (asHbIM U JIMHEHWHBIM  HalpsUKeHUsSIMU
Tpex¢a3HOro UCTOYHUKA MUTAHKs TIPU COeIMHEHNH ero 0OMOTOK 110 cxeme 3Be3/ja?
3.Kakoe cooTHomenue Mexay ¢a3HbIMA U JMHEWHBIMU TOKaMU TpPU COeAUHEHUU B
3Be3ny”?

4.Kak ompefe/NdTb BeJWYMHY TOKA B HEUTPAJbHOM MPOBOJE, €C/IM U3BEeCTHbl TOKHU
notpeburesi?

5. 17151 yero NpUMeHSIFOT HEUTPAJIbHbIN MTPOBOJ?

6.K Kakum 3aKuMaM cjiefiyeT TIOAK/IIOUUTL BOJILTMETP, UTOObI u3MepuTh (ha3Hoe u
JTMHENHOe HarpsbKeHue?

7. Kakas Tpex(a3Hasi Harpy3Ka Ha3bIBaeTCs CHMMETPUYHOM?

8.IToueMy mpyM HECUMMETPUYHON Harpy3ke OOpbIB HEWTPa/JbHOTO TMPOBO/iA SIBJISETCS
aBapUMHBIM PEeKUMOM?

JIaboparopHasi padoTta

Tema: U3AMEPEHUME 3JIEKTPUUYECKUX COIMTPOTUBJ/IEHUN
1. Ieanb padoThl
[TosiyueHre HaBLIKOB COOPKM TIPOCTBIX 3/EKTPUUECKUX Iierlei, BK/IIOUEHUS B
9JIEKTPUUECKYIO0 1[eTlb U3MepUTebHbIX TIpubopoB. HayuuTbcs wu3MepsTh TOKH U
HampsbKeHusi, ybeautbcss B cobmozeHnn 3akoHOoB Oma u Kupxroda B JsmHeHHOU
571eKTPUYECKOU LIeTI.
2. IlosicHeHus1 K padoTe
OneKTpuueckasi Lernb, COCTOSIIasi W3 3/I€EMEHTOB, BOJIbTAMIIEPHbIE XapaKTePUCTUKU
KOTOPBIX SBJ/ISIFOTCS TIPSIMBIMU JIMHUSIMU, Ha3bIBA€TCS JIMHEMHOMW 3/IEKTPUUECKOU LIeTIbI0, a
371eMEHTBI, U3 KOTOPBIX COCTOMT 1[ellb, - TMHEMHBIMU 3/IeMEeHTaMMU.
CoefiiHeHUe B 3JIEKTPUUYECKOU LIeTTH, PU KOTOPOM uepe3 BCe 3/7IeMeHThI NPOoTeKaeT O/IUH
M TOT >Ke TOK, Ha3bIBaeTCs I0C/Ae[j0oBaTe/TbHbBIM COeIMHEHWeM. OKBUBAJIeHTHOE
COMpOTHB/IEHWEe Rmoc/ieoBaTe/IbHOW 1[eMA  TIOCTOSTHHOTO TOKAa pPaBHO CyMMe
COTNIPOTUBJ/IEHUH OT/E/IbHBIX yYacTKOB: R= R;+ R..
HaripsokeHnre Ha OTZe/IbHOM y4yacTKe B COOTBETCTBUM C 3aKOHOM OMa IpOIOpLMOHA/IBHO
coripotuBiieHuto 3T1oro yuyactka: U; = IR;; U; =IR..
Hanpsokenne UHa BXoZe Toc/iefoBaTeIbHOM L|eNA B COOTBETCTBUU CO BTOPBIM 3aKOHOM
Kupxroda paBHO CyMMe HarpsbKeHHi Ha OT/le/TbHbIX ydyacTKax:
U=U;+U;
bananc mormqHocreit: P = P;+P,
Llena nenenust BaTtMeTpa:C = Unom™*Inow/N
3. Tlopsj0K BHINO/JTHEHHS PAOOTHI

3.1. O3HaKOMHUTBHCS C J1IabOpaTOpHOM YCTaHOBKOW (MO[Y/Tb + =12B -0
MUATaHUs, MOAY/Jb PpEe3UCTOPOB, MOAy/Jb HW3MEePUTEIbHbBIN,
MOZYJIb MYy/JIbTUMETPOB) v cobpaThb NMHENHYI0 (A )
3JIEKTPUUECKYIO0 Lielb C T[0C/e/l0BaTe/bHbIM COeJUHEeHEeM
pPe3UuCTOpOB (puc. 1.2.1).
YcTaHOBUTH 3aJjaHHbIe TiperofiaBaresieM 3HaueHust R1
. R2
L

Puc. 1.2.1
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conpoTuBeHuit pe3uctopoB Rl, R2. [IpeacTtaBuTh cxemy /ijisi IPOBEPKU TIperno/iaBaTelito.
3.2. Bk/rOunTh 371€KTpONUTaHUe CTeHJa (aBToMaTHyeckud Bbikmouatenb QF1 mopysis
MUTaHUsl U BbIK/IOUaTeab SA2 3TOro ke Mofyss). VI3MepuTh TOK B LieNH, BeTUYUHY
HamnpspkKeHWsT MUTaHUsA U HanpsbkeHUss Ha pe3suctopax R1 u R2 B cxeme c
rocJie/joBaTeIbHbIM coejuHeHreM pe3nucTtopoB R1 u R2. Pe3ysibTaTel u13MepeHuli 3aHeCTU
B Tab/1. 1. BBIK/IFOUUTB TTUTaHUE.

Tabmma 1

BapuaHnTt U,B Ul,B U2, B I1, A 12, A P, Bt

3.3. Hcrionb3ys My/JIbTUMETpP B pekrvMe M3MepeHUsl CONPOTHUB/IeHUSI U3MepUTh 3HaUeHUs
conpotuBneHuit Rl, R2. BbelumcanTh 3TH Xe CONPOTUB/EHMS, WCIOb3ys 3akOH OMa,
pe3yJibTaThl 3aHeCTH B Tabmuily 2.

Tabsuiia 2.
V3MepeHO My/IbTUMETPOM BrruuciieHo
R1, Om
R2, Om
3.4. [IpoBeputb BBITIOJ/IHEHNE basaHca MOIIJHOCTEM.

Cenathb BBIBO/IbI O BBITIOJIHEHUM 2-T0 3aKOHOB Kupxroga v o npumeHeHnH 3akoHa OMa B
JTUHEMHOM 1]eMM TOCTOSIHHOTO TOKa.

1. CopepixaHnue oTuera

Otuet o paboTe JO/KEeH COZlepKaTh:

a) HaMeHOBaHMe paboThI U 11e/1b pabOThHI;

0) TexHUUECKHe [JaHHbIe U3MePHUTETbHBIX TIPUOOPOB;

B)CX€MbI IKCTIEPUMEHTOB U TabJTUIbI TIOTYYeHHBIX SKCTIePUMeHTabHbIX aHHbBIX;

') pe3y/abTaThl paCueToB;

1) BBIBO/IBI TT0 paboTe;

€) OTBeThbl Ha KOHTPOJIbHbIE BOTIPOCHI.

5. KoHTpo/IbLHBIE BONPOCHI

1.YT0 Takoe «TMHEHWHbIN 3/1IEMEeHT» B 3/IEKTPUUECKOM 1[eTn?

2.ITpuBecTH NpyUMephl JIMHEeWHBIX 3/IEMEHTOB 3/IeKTPUUeCKUX IieTiel.

3.Ha ocHOBaHMM Kakoro 3akOHa II0 TIOKa3aHWSIM amIepMeTpa W BOJIbTMETpa
MOYKHO  OTpeJie/ITh BEeJIMYUHY COMPOTUB/IEHUSI YyuyacTKa 3JIeKTPUUECKOW  Lienu
TOCTOSIHHOI'O TOKa?

4.B KakyX eMHUL[AX U3MEPSAIOTCS CUJIa TOKA, HalpsiKeHre U COTPOTUBJIeHre?

JlabopamopHas paboma
Tema: UCIIBITAHUE 'EHEPATOPA ITOCTOAHHOI'O TOKA

1. Henn padoThI
O3HAaKOMUTBCSI  C  YCTPOMCTBOM,  TPUHLIAIIOM  [JIeMCTBUs,  OCHOBHBIMHU
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XapaKTePUCTUKAMH W MeTOJlaM{d HCTIbITAaHUM TIeHepaTOpoB TIOCTOSTHHOTO TOKa C
Tiapasie/IbHbIM BO30Y>K/[eHUEM.

2. IosicHeHusi K paboTte

O/NeKTPOMaAILIMHHBIA TeHepaTop TOCTOSTHHOTO TOKa mpeobpasyeT MexaHUUecKyro
9HepPryi0 BpallleHusl B 37IeKTpUUeCcKyto 3Hepryto. OH COCTOUT U3 TPeX OCHOBHBIX UaCTeu:
HETIOIBIDKHOM - OCTOBA MAIIMHBLI C 3JIEKTPOMarHUTaMH TTOCTOSIHHOTO TokKa (0OMOTKOM
BO30Y K/IeHVs); BpaIllaloI[erocsl TIKOpsi, K KOTOPOMY TIOJJBOIUTCSI MeXaHWUYeCKasi SHepIUsl
M B KOTODOM WHAYKTHDYeTCS TiepeMeHHas 3.[.C; KOJIJIeKTopa CO  IeTKaMH,
nipeo6OpasyoLMU TTepeMeHHYI0 3.7.C. B TIOCTOSIHHYHO.

[MpuHIMN [eWCTBUST TeHepaTOpPOB OCHOBAaH Ha 3aKOHe 3/IeKTPOMAarHUTHOM
WHAYKIUU. Y TeHepaTopa C He3aBUCUMBIM BO30ykZeHreM 0OMOTKa BO30YXeHUs
TOJK/IIOUAeTCsl K  HWCTOYHUKY  3/IeKTPOMUTaHUsA. ['eHeparop ¢  Tlapasule/ibHbIM
BO30y)KJleHMeM SIB/sieTCsl reHepaTopoM ¢  camoBo30yxzaeHueM. Ero oOMoTka
BO30Y)K/IeHUs TIO/IK/IIOYAeTCsl Tapai/ie/lbHO TJIaBHBIM BBIBOJIaM TeHepaTopa, TO eCTb
rapasiieikHO 0OMOTKe $IKOpsi, U TOK BO30y)AeHHsi 11 B Hell 3aBUCUT OT BeJMUKHBI
HaTpsDKeHUs1 Ha 3aKUMaxX SKOpS U COTPOTHUB/IeHUs Lielld 0OMOTKU BO30yKzaeHus. [jis
PETYIMPOBKM TOKAa BO30Y)KIAEHHST B 1IeMd OOMOTKH BO30YXKIeHHS BK/IFOUAETCS
peryJMpoBOYHbIN peocTaT Ri>.

CamMoBO030yk/ieHre TeHepaTopa BO3MOXKHO TTPU HA/IMUMK OCTaTOYHOT'O MarHUTHOTO
MOTOKA B CepJeuHUKax OCHOBHBIX TOMOCOB OCT co3jawllero B sKope 3.71.C,
COCTaBJSIIOIIYIO 2...5% 0T HOMUHaMBHOTO HanpsbkeHuss Eocm CEIL Coen~ 3a cueT 3TOM
3.7.C. B 0OMOTKe BO30Y>K/|eHUsI TIPOTeKaeT TOK BO30Yy KeHust

Ie ocm= Eocm/(Ra+Re=Rp)

rae JIn - corpoTuBieHue 0OMOTKH BO30yxJeHUs], R,,- corpoTuB/ieHHe 0OMOTKHU
AKOpsl, Rp - COMpOTHB/IeHWEe peryIMpoBOYHOTO peocTata. TOK BO30Y>KIeHUs CO37aeT
JIOTIO/THATE/IbHBIM MarHUTHBIN TTOTOK D,.

CaMoB030y)K/leHre TeHepaTopa IPOU30WJEeT TOMBKO B TOM CJiyuae, KOTJa 3TOT
JIOTIO/THATeTbHBI MarHuUTHbIA MOTOK P, OyjeT HarpaB/ieH COIJIaCHO C OCTaTOYHBIM
MarHUTHBIM TIOTOKOM @,,. YBejuueHHe TI0TOKa B CepAeUYHHKAx TIOJFOCOB BbI30BET
noBbilleHre 5.0.C. aAkops Ea= CE n(®ocm+®de)>pnanbHeliiee TMOBbILIEHUEe TOKa
BO30y KZieHUs 171 1 MarHUTHOTO TT0ToKa P, 710 HAaCTyTI/IeHUs] paBHOBECHSI, OTIPe/ie/isieMOoro
COTIPOTUBJIEHUEM 1ienu B030yxzaeHus. [Ipu 3TOM compoTHB/eHHe Lieru Bo30YyKeHus
JOJDKHO OBITh MeHbIlle TaK Ha3bIBaeMOT'0 KDUTHUUECKOTO COTIPOTUBJIEHUS.

[Tpy BCTpeUYHOM HarpaBAeHUM MarHUTHBIX IOTOKOB B CepJieUHHKAx TIOFOCOB
caMoBO30y)X/leHMe reHepaTopa HeBO3MOXKHO. UToObl reHepaTop  B030yausCH,
HeoOX0/IMMO B 3TOM Cjyyae W3MEHWTh HarpaBjieHHe TOKa BO30yXaeHUsi B 0OMOTKe
BO30Y>K/IeHUs ITepPeK/TFoueHreM TIPOBO/IOB Ha eé 3a)KUMax.

Jl719 peryvpoBaHMs HAlpPSDKEHUsT Ha 3a)KUMaxX reHepaTropa W3MEHSIOT BeJTUMUMHY
MarHUTHOTO MOTOKA MAaIlMHbI, 3aBUCSILYIO OT BeJIMUYMHBI TOKA BO30YKAeHusl, KOTOPbIH C
TIOMOIIIbIO peocTaTa JI2yCTaHaBIMBAOT HY>KHOUW BeJIMUUHBI.

[MapannenbHyr0 0OMOTKY BO30Y>K[A€HHMSI Ha3bIBAIOT LIYHTOBOM, TO3TOMY KI€MMbI
rapayieTlbHOM 00MOTKH BO30Y»KeHHsT 0003HauaroT «I111» u «1112».

OCHOBHbIMHM Be/TMUMHAMH, XapaKTepPU3yHOIUMU paboTy TeHepaTopa MOCTOSTHHOTO
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TOKa SIBJIFOTCS: BbIpabaThiBaeMasi MOIIHOCTE P = UlI, HanpspkeHHe Ha 3axkumax U, TOK
B030y>x/leHus 1B, TOK sikopsi I~ uu ToK Harpy3ku I, uactoTa BpalljeHus1 U. 3aBUCUMOCTh
MeXAy STHMM BeJMUMHAMU OIKChIBAeTCS [JBYMS OCHOBHBIMUA yPaBHEHUSMU -
ypaBHeHueM D/IC (E = ce n®) 1 ypaBHeHUEM 371eKTPUUECKOT0 COCTOSIHUS LeTH SIKOPSI
(U = E — IaRs). O6 3KcruTyaTaliOHHBIX CBOMCTBAX I'€HEPATOPOB CY/SAT 10 €r0 OCHOBHBLIM
XapaKTePUCTUKaM, T[I0Ka3bIBAOL[MM 3aBUCMMOCTb OCHOBHOW BeIMUYMHBI TeHepaTopa-
HaTIPsDKeHUS - OT TOKa BO30yKAeHUs 18, TOKa Harpy3ku 1 ¥ CKOPOCTH BpalljeHUs SKOPSI.
[Tpu ucTBITaHUM reHepaTopa OObIUHO CHUMAIOT TPU XapaKTePUCTHUKU: XapaKTePUCTUKY
X0JIOCTOT'O X0/1a, BHEILIHIOK XapaKTePUCTUKY U PeryJMpOBOYHYHO XapaKTePUCTUKY.

Xapakmepucmuka x0/10€mo2o Xo0d - 3TO 3aBUCUMOCTbD 3. JI. C. TeHepaTopa E» oT
TOKa BO30y)K/AeHHs1 1B MpH PA30MKHYTOM BHeIlIHeH Ierny. XapaKTepUCTHUKY XOJIO0CTOTrO
X0Zla PpeKOMEHAYeTCS CHWMaTh, OTK/IIOUMB OOMOTKY BO30Y)KIEHHSI OT SIKOPS
HCTIBITYeMOT'0 TeHepaTopa M MPOMyCKast TOK BO30YKZeHHUsI OT TIOCTOPOHHEr0 MCTOYHHKA
TIOCTOSTHHOTO TOKa. B 3TOM cjiydae mosiyuaeTcsi He3aBHCHMMOe BO30yxieHue. CHsTUe
XapaKTepUCTUKW HauMHAeTCs U 3aKaHUYMBAeTCs TPH Pa30MKHYTOW 00MOTKe BO30Y K/eHUSI.
[lpy CHATHMU XapaKTePUCTUKU TOK BO30Yy)K[AeHWs CHauaja T/JIaBHO W Yepe3 paBHbIe
VHTEepBa/bl YBEJIUUMBAIOT /10 HOMMWHA/IBLHOTO 3HaueHUs (BOCXOZsIIasi BETBb), a 3aTeM
YMEHBILIAKT [0 Hy/ns (HACXOAsuas BeTBb). llo/lyueHHass XapaKTepuUCTHMKa aHaJIOrM4yHa
KPUBOW HaMarHW4YMBAaHUSI MarHUTHBIX MaTepHUalOB MarHUTHOM LIeNU reHeparopa.

[To XapakTepuCTHKe XOJIOCTOTO XO/la CYAST O BO3MOKHOM YCTOMUHMBOCTH PabOTHI
reHeparopa U O CTelleH! UCII0/Ib30BaHUsI MAarHUTHBIX MaTeprUasoB.

\
BHewHAA xapakmepucmuka 2euepamopd - 3TO 3aBUCUMOCTb HarpspkeHUs1 U Ha 3aKuMax
reHeparopa OT TOKa Harpysku 1.

YPaBHEHI/Ie BHeIIHeHn XdPdKTEPUCTUKKU T€HepaTOpa IIOCTOAHHOI'O TOKa4d C

rapasiie/ibHbIM B030y>K/IeHUeM JIETKO
MOTyYUTh U3 YPAaBHEHUS 3/IEKTPUUECKOTO COCTOSTHUS L[eMU SIKOPb-HArpy3Ka, 3arCaHHOro
Ha OCHOBaHUU BTOPOT0 3aKOHa
Kupxroda:
E=U +1aRsa
Tak Kak TOK BO30yKIeHHSI 1B 3HAUMTeLHO MEHbBIIEe TOKAa SKOPS 1s, TO MOXKHO
CUMTATh, 4uTo 1 = 1s1. Torpga MO’KHO

3armucath U =- E- 1Ra
B [1eUCTBUTE/NLHOCTA BHEUIHSIA XapaKTePUCTHMKA TreHepaTtopa C Tapasulie/ibHbIM

BO30YyKJIeHHEM uMeeT BU/]
HUCMajamollell KpUBOW. YMeHbIlIEHHWe HalpsKeHUs Ha 3aKUMax TreHepaTtopa C
Triapasisie/lbHbIM BO30Y)X/[eHHEeM pu

yBeJIMUEHUH TOKa Harpy3Ky MPOUCXOUT MO CJIeAYIOLMM OCHOBHBIM IPUUYMHAM:
1) ¢ yBenuueHWeM TOKa Harpy3Kd YBe/MUMBAaeTCs MajleHWe HamnpsKeHUs Ha
obmoTke skopst IRs
2) C yBeMYeHMEeM TOKA Harpy3KH yBe/IMUMBAETCS TOPMO3HOM MOMEHT U CKOPOCTb
Bpall|eHUs IBUraTe/is yMeHbIaeTcCs, C/iefloBaTesibHO, yMeHbluaetcs 3/C,
VH/JYKTUDyeMasi B IKOpe reHepaTopa;
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3) c yBeIMUeHHMEM TOKa Harpy3KH, M3-3a peakijuu SKOPs IPOUCXOIUT YMeHbIIeHre
pe3yJIbTUPYIOLLlero
MarHuTHOTO TI0TOKa, ciefioBaTebHO, U D/1C, MHAYKTUpyeMoi B 00MOTKe sikopsi E,,.
YMeHbllleHre HarpspkeHUs K3-3a 3TUX [PUUUH NPUBOAUT K YMEHBLIeHUI0 TOKa

BO30YKIeHUsIH, crieloBaTe/bHoO, K
yYMEHbBIIIEHUI0 MarHUTHOro 1oToka, J/IC sIKOpsi U COOTBETCTBEHHO K JOTOTHUTEIbHOMY
yMeHbIIIEHUIO HarpsbKeHust Ha

3aKMMax SIKOpS.

[To BHeLIHMM XapaKTepUCTHMKaM CyJAAT O TPOLIEHTHOM W3MEHEHWH HarpsyKeHUs
reHepaTopa

A U =100(U0 —Un)/UH.

PezynuposouHas xapakmepucmuka TipefiCTaB/isieT 3aBUCUMOCTb TOKa BO30Y»K/eHUs
1e oT TOKa Harpysku 1
Ig={(1) npu MOCTOSTHHOM Harps>KeHWH Ha 3aXKUMax reHeparopa U = const.

[Ipy CHSTUM peryJMpOBOYHOM XapaKTePUCTUKU HW3MEHSIIOT TOK Harpy3ku [0

HOMMHAa/IbHOIO 3HaueHwusl, a
HarpspkeHWe Ha 3aXuMmax TeHeparopa MOAJep>KUBAKOT IMOCTOSTHHBIM TIDU  TTIOMOLLA
peryJmpoBOYHOrO peocrara B Lenu
B0O30ykZeHUs. Tak Kak Tpy yBeIWUeHHHW TOKA HArpy3Kd HarpsbkeHWe —I0/DKHO
yMeHbIIaThCS, TO ISt No/I/Tep>KaHUsT ero

TIOCTOSTHHBIM Heobxoumo yBemmuuBath J/IC 3a cueT yBelMueHUs] TOKA BO30Y KIeHMs.
[Io perynMpoBOUYHOM XapaKTEePUCTHKE OMpejesstoT TMpeJeabl peryJidpoBaHUs
HarpspKeHUst TeHepaTopa.

o+ U .
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Puc. 2.4.1.

3.4. CHATb XapakTepUCTUKY XOJIOCTOIO XOJa TeHepatopa C He3aBUCUMbIM
B030yxaeHneM E, = f (I8) mpu I> = 0 (pa30MKHYTOM BHEIITHe! 1eTly TeHepaTopa).
[Tpu Toke Bo30yxAeHus I> = 0 u3ameputh I/IC OT MMOTOKA OCTaTOUYHOW MarHUTHOU
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uHAyKIvu Eocm. V3MeHsisT BeTMUMHY TOKa BO30Y)KAEHUs C TIOMOIIBIO TTepPeKIrJaTess
SA2 CHATb BOCXOJSAIIYIO BeTBb XapaKTEPUCTHUKU XOJIOCTOIO XOJa. YMeHbIas TOK
BO30YKJIEHHS], CHSTb HHCXOZAIYI0 BeTBb XapaKTepHUCTHKW. Pe3ynbTaTbl W3MepeHW
3aHeCTH B Ta0JI.

3.5. CHATb BHEIIHIOIO XapaKTepUCTUKy TreHepaTopa C  He3aBUCUMBIM
B0o30OyxaeHreM U = /(1). YcTaHoBUTh Tiepek/touaTesib SA2 B mo3uiuio «0». [IycTuTh B
XOJ, TIPUBOJHOM [BUTaTe/ib W BK/IOUUTL OOMOTKY. YBenuuuBas C TIOMOIIIBIO
Harpy3ouHoro peocrata Ap (mepekstouatesb fA3) TOK Harpy3kd OT HYJIsS CHSTh
BHEIITHIOI0 XapaKTepHUCTUKY TeHepaTopa. Pe3ysbTaThl 3aHecTu B Tab/. [1o mosyueHHBIM
JJaHHBIM TTOCTPOUTD BHEIIHIOK) XapaKTEePUCTHKY.

4. CopepxaHue oTuera

4.1. HaumeHoBaHUe U 11e/1b pabOTHI.

4.2. CxeMa BK/IFOUEHMS FeHepaTopa U NPUBOHOIO ABUTraTeJIs.

4.3. Tabnuiibl C pe3y/ibTaTaMH UCITLITAHUS TeHepaTopa.

4.4. I'padviku o/TyyeHHBIX XapaKTePUCTUK XOJI0CTOr0 X0/ia U BHEIIIHUX.
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5. KoHTpo/ILHBIE BONPOCHI

1. Kak ycTpoeH resepatop noCTOSIHHOI'O TOKa?

2. Tlo KakuM BHELIHWM NPU3HAKaM MOKHO OTJIMUWTH MAIIMHY MOCTOSHHOTO
TOKA OT

MalllMHbI TTIePEMEeHHOr0 TOKa?

3. KakoB npuHLUM AeiCTBUS reHepaTopa MOCTOSTHHOTO TOKa?

4. Yto oTpa)kaeT XxapaKTepHuCTHKAa X0JIOCTOro Xoza?

5. Ykaxure crocoObl BK/IOUeHUs OOMOTKM  BO30Y)KIeHUS MalllUHbI
IIOCTOSTHHOI'O TOKA.

JlabopamopHas paboma
TEMA: OJTHO®A3HBII TPAHC®OPMATOP
1. IJeab pabombi
O3HaKOMMUTBCSI C Ha3HAUeHWEM M OCHOBHBIMU XapaKTepUCTMKaMU OJHO (a3HOro
TpaHcdopmaropa, paboToii TpaHchopMaTopa TpU pa3/IMUHOM XapakTepe Harpy3Ku.
2. ITosicHeHus K padore
TpaHcdopMarop - CTaTUUECKWM 3/IEKTPOMArHUTHBIA arlrapaT, ITpeoOpa3yroIui
rapamMeTpbl 3/IeKTPUUYECKOW 3HEepruy TMepeMeHHOr0 TOKAa W Tepejarolliuid 3Ty
SHEPTUI0 M3 OAHOM Uenu B Apyryro. C nomouipto TpaHchopMaropa MOXXHO
npeoOpa30BLIBaTh OCHOBHBbIE TIapamMeTpbl 3/JeKTPUUECKON SHepruu TepeMeHHOTO
TOKa (TOK, HarpsbkeHWe). DJleKTpUueckas MOLJHOCTb TPU 3TOM OCTaeTCs MOYTH
Hen3MeHHOW. B 3aBHCHMOCTHM OT COOTHOIIIEHUSI HOMWHAJ/IbHbIX HarpspKeHUd Yy
TpaHchopMaTopa pas3nMuaroT 0OMOTKY BBICIIETO HArpsyKeHWs U 00MOTKY HHU3IIEro
HaTIpsDKeHUS.
Kosdduiment TpaHchopmanuu Mo HarnpspKeHUEO TO0Kas3bIBaeT, KaK COOTHOCHUTCS
YKCJI0 BUTKOB TIEPBUYHOM OOMOTKU K UMCIY BUTKOB BTOPMUHOM OOMOTKH, a TaKXXe
3/1C, uHAYKTUpYyeMble B 00MOTKax
K= wl/w2 = E1/E2.
KoadduimenT TpaHcopmaliid MOXKHO OTpeAe/UTh C AO0CTaTOUHOM TOUHOCTHIO,
M3MEepUB TPU XOJIOCTOM XOZie TpaHcdopmaropa (BTopruyHass 0OMOTKa pa30MKHYTA)
HaTpPsDKeHUS Ha 3a’KUMax MepBUYHON U BTOPUYHON 0OMOTOK.
B pexume X0/10CTOTO X07a TpaHChopMaTop MOTpeb/sieT U3 CeTH 3JIeKTPUUECKYHO
SHEepPrul0, KOTopas uAeT Ha TMoTepy B cTand (M3-3a MepeMarHUuUMBaHUs
MarHUTOMNPOBO/Ia ¥ BUXPEBbIX TOKOB). OMBIT X0/IOCTOTO X0/a MO3BOJISIET OTpe/le/TUTh
COCTOSIHME CTa/M TpaHC(opmaTopa.
[MogkntoueHue ToTpebUTenel 5/1IeKTPUUECKOW SHepruM K  TpaHchopMaTopy
MO3BOJIsSIeT Tepe/laBaTb WM 3HEpPruio, TIOBbIIAsi WM TIOHWKasi HampsbkeHue. B
JaHHOM paboTe vccnemyeTcs: MoHWKarouid TpaHcdopmatop 220 B/12 B, KoTopbiii
OJTHOBPEMEHHO B TAKOM >Ke COOTHOLLIEHUM YBEeJIUUMBaeT CUTY TOKa
K=wl/w2 =U1/U2 = 11/12
Tak Kak TiepBUuYHAsi ¥ BTOPUUYHAsi OOMOTKHM TpaHcdopMaTopa 3/eKTpUUeCKd He
CcoeJlMHeHbI, 3J/IeKTpUUecKass MOIIHOCTh W3 TIePBUUHOM OOMOTKA BO BTOPHUUHYIO
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0OMOTKY Tiepe/iaeTcsi TP TIOMOILM MarHUTHOTO TIOTOKA, 3aMbIKAIOIIEerocs I10
MarHyMTOIpoBOAY (CepAieuyHUKY) TpaHchopMaTopa.

MoiiHocTh, TIOTpebsisieMasi TpaHc(opmaTopoM, OoJbllie MOIIHOCTH, OT/aBaeMOi
TpaHc(opmaTopoM MoTpeOuTe/N0, Ha BeJIMUMHY MOTepb B caMOM TpaHcdopMaTope.
[ToTepu MOIIIHOCTU B 0OMOTKaxX U cepjieuHrKe TpaHc(opmaTopa HeBeswKU. JlonHas
HOMMHAa/IbHasi MOIIJHOCTh TpaHC(opMaTopa 00bIYHO ompesesisieTcst Kak SH = UnIH,
rae Un — HoOMUHabHOE HarpsbkeHre Ha BTOpUYHOM 06MOTKe TpaHchopMaTopa;

In — HOMUWHAJIbHBIN TOK BTOPUYHOM 00MOTKH TpaHcdhopMaTopa.

C yBesMueHVeM Harpys3ku OT XOJIOCTOIO XOJa /0 HOMWHA/IbHOM HarpsUKeHHWe Ha
3aKMMax BTOPUUHOW OOMOTKM TIOHM)KAeTCs U3-3a YBe/TMUeHUs Ta/ieHUs HarlpsibKeHUst
Ha BHYTPEHHEM COMPOTHB/IEHMM TpaHcdopmaTopa. [Ipyu 3ToM yBennurBaeTcs U TOK,
norpebsisieMblii  TpaHCchOpMaTOpOM U3 CeTH, a OOIUM MarHUTHBIA TIOTOK B
cep/leyHrKe TpaHC(oOpMaTopa OCTAeTCsl NMPAKTAYeCKW MOCTOSTHHBIM. 3aBUCUMOCTH
BeJIMYUHBI BTOPUYHOro HamnpspkeHuss U2 OT TokKa Harpysku I2 npu HeusMeHHOM
nepBUYHOM HarpsbkeHUMM Ul M yacToTe Ha3bIBaeTCsl 8HeWHell XapakKmepucmukoil.
Hak/ioH BHelllHeld XapaKTepUCTUKU 3aBUCUT OT KO3 (ULIMeHTa MOLHOCTH
noTpebuTens (XxapakTepa rmoTpeburers).

Pabora TpaHcopmaTopa OIKCHIBaeTCsS TaKKe padouumu xapakmepucmukamu, K
KOTOPBIM OTHOCSTCSI 3aBUCUMOCTU n = f(P2);cos ¢2 = f(p2), npu UlH = const, cos

h2=

const, 20e P2 = U212 cos (2 — aKTUBHasi MOIHOCThL TpaHChopMarTopa, OT/ilaBaemast
Harpy3ke. Paboure XapaKTepUCTUKH CHUMAIOTCS /i1 BbIOOpAa OINTHMAanbHOW 30HBI
paboTsl TpaHChOpMaTopa.

3. ITopsiioK BBINO/IHEHUsA padoThI PW
3.1. OsHakOMUTbCS C  1aDOPATOPHON  e——pa~ W

YCTAaHOBKOM (MOAY/b TMMUTaHUs, MOJYJIb
ofHO(a3HOro TpaHcpopmaTopa, MOAYJIb

DeaKTHBHBIX  37eMeHTOB, Mogymp 2720 B

My/JIbTUMETPOB, MOAYJIb  aMIIePMETPOB A

TlepeMeHHOr 0 TOKa, MOZY/JIb

V3MepUTe/bHbIN, HAaCTOJ/IbHBIM BaTTMETP).

3.2. Cobpatb 37eKTpUUeCKyro IieTb (pHC. PA2

2.1.1). HOns 9TOr0 COeVIHUTH kL

MPOBOJHUKAMM HCCeAyeMbld MOJY/b C

VCTOYHUKOM  3jiekTporutaHus 220 B

(Mofy/ib ATaHUSA).

3.3. IlpoBecTu ombIT X0M0CcTOro xo4a (Tok 12 =0). YcTaHOBUTh Mepek/touare/ib SA2
Moay/st ofHOo(ha3HOro TpaHc(opMaTopa U Tepekstouatenb SA MOAYJ/ISE peaKTUBHBIX
3JIEMEHTOB B mojioykeHne «0». Pe3ysbTaThl u3MepeHHi 3aHectd B Tabm. 2.1.1. Ilo
pe3yabTaTaM H3MepeHui paccumTaTh Ko3(pdbuiimeHT TpaHCc(opMarun
TpaHchopmaropa K, koadduieHT MoiHOCTH cosh2. YUUTbIBasi, UTO HOMUHAJIbHbIN
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BTODUUHBIM TOK TpaHC(opmaTtopa 1,56 A, paccunTtatb HOMHWHA/IbHbIM MEePBUUHBIN
TOK TpaHcgopmaropa 1~,,

Tabymua 2.1.
M3mepeno Beraucneno
Uio, Lio, Pyo, Uag,
B A Bt B COsQ10 K IlHa A

3.4. ViccnemoBath TpaHcopmaTop B paboueM pekrMe, CHSB BHEIIIHIO M paboune
XapaKTepUCTUKH NP aKTUBHOM XapakTepe Harpysku. it 3Toro, UsMeHsisl BeJIMUUHY
conporvBieHuss Harpy3sku K.H C rmnomoupro mnepeksrouaresnss SA2, U3MepUTb
Be/IMUMHbI, yKa3aHHble B Tabn. 2,1.2. Ucrnonb3ys pe3ynbTaThl HW3MepeHHH,
paccurTaTh aKTUBHYIO MOIIHOCTh P~, oTaBaemyto Harpyske, KI1/I tpancdopmaTopa
1] U Ko3duuueHT MomiHOCTH cosy'. [lo pe3ynbTaTaM UCC/ie0BaHUSI MOCTPOUTH

Laba
H3mepeno Beraucneno
CrtopoHa HU3KOTrO CTopoHa BBICOKOT0 HaNpsyKeHHA
HaIPSIKEHHS
Uz, B Iz,A U]_. B I], A Pl,BT PQ,BT COSQ

BHEIITHIOI0 W paboune XapakTepuCTHKM TpaHcopmaTopa. CrenaTh BbIBOJBI O
Hau0OoJiee 1je/1eco000pa3HOM
namna3zoHeHarpy3oK TpaHcdopmaTopa. T6212
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3.5. CHATh BHEILHIOK XapaKTePUCTHUKY TpaHC(opmaTopa MpU eMKOCTHOM XapakTepe
Harpy3ku. BennurHy eMKOCTM KOHZJEHCATopa U3MEeHSIThb C TTOMOLLBIO MepeK/IrouaTes

MO/yJisi PeaKTUBHBIX 37ieMeHTOB. Pe3ynbTaThl u3MepeHuil 3aHect B Tabm1.2.1.3. Tlo
1 a0bsu

U, B
LA

pe3yJsibTaTaM MCC/e/loBaHUsI TTIOCTPOUTh BHELLIHIOK XapaKTepUCTUKY TpaHchopmaTopa
TpA eMKOCTHOM Harpy3ke, CpPaBHUTb €€ C XapaKTepHUCTUKOW, TMOJIyYeHHOU MpU
AaKTUBHOM Harpyske.

T6 213

4. CopepxaHue oTyerTa

OTueT 1o paboTe [JO/KeH COZiepKaTh:

a) HauMeHoBaHUe paboThI U 1ie/ib pabOTHI:

6) cxeMy 3KCTieprMeHTa C BK/IFOUeHHBIMH U3MepUTeTbHBIMU NpHOopamu;

B) TabMIIBI C pe3yabTaTaMiy IKCTIePUMEHTAa;

I') BHEIIIHME XapaKTePUCTUKU TpaHC(opMaTopa Mpu aKTUBHOM U eMKOCTHOU
Harpyske;

n) pabourie xapakTepUCTUKHU TpaHC(HopMaTopa IpU aKTUBHOMN Harpy3Ke;

) BBIBO/], T10 pabore.

5. KoHTpO/1IbHBIE BOIIPOCHI

1. /s yero npeiHa3HaueH TpaHCc(popMaTop?

2. KakoB npuHIun geictBusi TpaHcdhopmaTopa?

3. Kak onbITHBIM MyTeM onpeieuTb Ko3hduiimeHT TpaHchopmarum?

4. [ToueMy MpH yBeJTMUeHUN TOKA Harpy3KH YBeTMUMBAETCS TOK, TTOTpeOsieMbIit
TpaHC(hOPMaTOPOM U3 CETU?

5. [Touemy 1ipu u3MeHeHUHU Harpy3ku usMmensietcst KI1/ Tpancdopmaropa?

JlaGopamopHas paboma

TEMA: UCCEJJOBAHVE ITIO/IYITPOBOJHNUKOBOI'O JU1OJA
L Ilesb paboThI
O3HakOMMTbCSI € pabOTOM, OCHOBHBIMUA  XapaKTepUCTUKaMH U TIPUMeHeHUeM
TIO/TyTIPOBOIHUKOBBIX MOZIOB - BBINIPSIMUTENILHOTO AMOfa, CTabmuimMTpoHa, avoza Illotku
CBETOM3/TyYaroLero Juoja.
2, OncaHue J1a00paTopHOTro MOAY/Ist
B naboparopHoii paboTe H3y4arOTC XapaKTEPUCTHMKM BBIIPSMUTELHOTO WO THIIA
1N4007, monympoBogHUKoBoro ctabumrpoHa tura KC 168A, cBeTousmyuvaroltiero uoza
tria L-5013 w guoma Illotku tuma 1N5819. OcHoBHBIE TapaMeTpbl UCC/IeAyeMbIX
TIOJTyTIPOBOAHUKOBBIX TIPMOOPOB TipuBeeHb! B Tabi. 3.1.1, 3.1.2, u 3.1.3.
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Tabnuua 3.1.1

Tun npnbopa 1N4007
TIpamoii BEIIpAMIEHHBIH TOK, A |
HocrosHroe obpaTHOE HanpsbkeHue, B 1000
HocrostHHOE NpAMoe Halpshkerue, B 0,6...0,8
Tabnuua 3.1.2
Tun npubopa KC168A
Hanpsxenue crabunusanud, U, ,B 6,12...7.48
MunamansHEI TOK cTabumu3anpH, [ gmin , MA 3
MakcHMaNbHBIH TOK cTabunm3aumu, Loy max MA 45
MaxcuManbHas pacceMBaeMas MONIHOCTD, Prax , MBT 300
Tabmuua 3.1.3
Tun npubopa IN5819
ITpsamoit BEIIPAMICHHBIN TOK, A 1
IMocTosiHHOE 00paTHOS HANpsDKEHHE, B 20...40
[TocTosiHHOE MIpAMOe HampsbkeHHe, B 0.45...0,6
[lepenusis  TaHenb  71aOOpaTOPHOTO  MOAYJIS
npezcTasneHa Ha puc. 3.1.1. Ha Heil usobpakeHa [ | L } ‘
9 . MuTanue
MHeMOCXeMa WUCCIeyeMbIX Liered, Ha KOTOPOU ®
YCTaHOBJ/IEHBI rHe31a LTS TIOAK/TFOUeHUSA Vi
6 Bun:)_"'/ -~ RH RS
W3MEPUTEe/IbHBIX TIPUOOPOB U COeAUHUTE/TBHBIX ? ol e - e
IMPOBOJHHKOB. i E xu? o X7 X8 o™
V3 T0/ypOBOAHMKOBBIX AWONOB Haubosee ‘i‘:*i; o
- @ s I“I_‘.
YacTO WCIIO/Ib3YIOTCA BBIIIPAMUTE/IBHBIE TAO/BI, ¢ | wr vz lves |voe
CTIO/TH3YHOLLHE CBOMCTBO OJJHOCTOPOHHE [Jo—2 Y ¥ Y\ ¥
1 x10 ®
IIPOBOAVMOCTH p-n 1riepexoja. .
(vl
[TomyTIpOBOAHUKOBLIM CTaOM/TMTPOHOM Ha3bIBalOT ? N
b X
I ) o
VO, HarpsbkeHHe Ha KOoTopoM B obmacTtu o 252
9/IEKTPUUEeCKOTO MPo00st c/1abo 3aBUCUT OT TOKa. Xz x1s
[TpumeHsieTCcs B CTaOM/IM3aTOPaX HaMpsDKEHUs U Puc. 3.1.1

TOKQ, UCTOYHUKAX OTOPHOTO HarpsDKeHUs], LIeTisix
3alUThl. HOpMambHBIM PeXXMMOM pabOThl CTAaOM/IUTPOHA SIBISIETCSI PEXKUM C 00paTHO
BK/TIOUEHHBIM P-N TIEPeXofioM, PabouvM HarpspKeHWeM - HarpsDKeHHe /IEKTPUUeCKOTO
npobosi  Tiepexofa, pabouMM Y4acTKOM BOJIBTAMIIEDHOM XapaKTePUCTUKU (00/acThbio
cTabWIM3alM) - y4aCcTOK 0OpaTHOW BeTBH, KOTODBLIM TIOUTH TapajulelieH OCH TOKOB
(puc.3.1.2). OrpaHuumBasi C TIOMOIIBIO Pe3UCTOPA MPOTEKAIOIIWI uepe3 CTabUIUTPOH TOK,
ytoObl 130EeKaTh TeperpyskH, COCTOsIHME 3JIEKTPUUECKOro Tpobosi B HEM MOXKHO
TO/I/Iep>KHUBATh JJIUTE/TbHOE BPeMS.

[TosynpoBOAHUKOBBIE CTAOMIUTPOHBI M3TOTOBJISIFOTCS HA OCHOBE KPeMHHUSI C OO/IbILION
KOHLIeHTpaluell ipumeceit (Ha 2 — 3 mopsiaka 6osibliie, UeM Y BBITIPSIMUTETbHBIX
avozoB). brarogapst aTomy obpasyeTcss odeHb TOHKWM 3allOPHBIN CIOM U CO3/ar0TCSt
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YCJIOBUSL ISl 3/IEKTPUUYECKOTO MPOOO0si TIPU CPaBHUTE/ILHO
HeOOo/IbLINX 3HAYEHUSIX TIPUIOXKEHHOTO HallpsDKeHUsl.

AU, / U

B MPOCTeUIINX (mapameTpuuecKux)

o

crabunm3aTopax crabunM3aiusi OCHOBaHAa Ha CBOHcCTBe [J
CTabWIUTPOHA COXpaHATh TIOCTOSTHCTBO — HArpsDKeHHs
npu  u3MeHeHMHM (B oOmnpejeseHHbIX  Tpejesax)
MIPOXOZSIIero depe3 HUX Toka. Cxema TpOCTeMIero
TlapaMeTpUUeCcKoro CTabuam3aTopa Ha TMo/TyTPOBOJHUKOBOM
crabunuTpone usobpakeHa Ha puc. 3.1.3. Ecm BxogHoe | _____ Lol e
HaripsbkeHWe — crabumusaropa U yBemuuuTcs npu

oap

1%

cmmin

Al

cm

HEHW3MEeHHOM COIPOTUB/IEHUH Harpy3KU M3-3a IOBBIIIEHUS
HanpspKeHUs CEeTH, TO B COOTBETCTBUM C  BOJIbTaMITePHOU Puc.3.1.
XapaKTepUCTUKON

CTabU/IMTPOHA He3HAUUTe/IbHOe yBe/IMYeHre HarpsokeHUsi Ha HeM
TIpUBEJieT K 3HaUuTe/lbHee yBe/MYeHHUI0  TOKa I, MpoTeKarollero  yepes
crabunutpoH. CriefoBaTe/ibHO, yBeMUuuTCsi TOK I, TlaseHue HarpspKeHus
I;RsHa  GasacTHOM COMPOTHBIEHUH RsT.e. mpousouer
TriepepacrnpeiesieHye npupaljeHuns: BXOAHOI0 HarlpsukKeHus U
BBIXOJHO€e HalpsiKeHWe U3MEeHUTCSI He3HaUMTe IbHO.

[Ipy Heu3sMeHHOM BXOAHOM HarpsKeHUU U W3MEeHeHUU -I’-_E:l_‘

Rs

TOKA Harpysky, Harpumep oOT Iy 10 Ihmn, TOK uepe3
ctabumTpoH Bo3pactaeT Ha Be/MUUHY (I - Trmin). U
BeixogHoe HanpsbkeHHe Uph3MeHUTCS He3HAUUTeIbHO. s
HOpMa/IbHOM  paboThl  crabwiv3aropa  HeoOXOAUMO
00eCreunTsb yC/IOBHs, MPU KOTOPBIX TOK CTAOM/IUTPOHA HE

JIOJDKeH BBIXOAUTH 3a Tipefiesibl paboyero avanazoHa Lemmin— Puc. 3.1.3
Ionmax. I103TOMY BeTMUnHY
6a/1/1aCTHOTO COMTPOTHB/IEHHST BLIOMPAIOT U3 YCIOBUS
R = Uax _Uu
6 s
I +1

. Hom
I = Lommae = Lemuon r7ie - HOMMHA/bHBIN TOK CTabuIM3alym

[Mpuniun paboThl  CBETOM3MYYAKOLMX [AMOJOB OCHOBAaH Ha H3/y4yaTebHOU
pekoMOWHaLMu B 00beMe p-nrepexofa TIPU WHXEKLWM HEOCHOBHBIX HOCHUTeJIeH
3apsfa TMOJ [elCTBHMEM TPSIMOTO HarpsbkeHWsi. B pe3synbrare wu3myvaresibHOM
PEeKOMOMHALIMK Tepexofi HWCIYyCKaeT 3/1eKTPOMAarHUTHbIE BOJIHBI, KOTOPbIe MOTYT
HaXOAUTHLCS B CBETOBOM (BHUAMMOM) WM UH(paKpacHOM (HEeBMAMMOM) Auaria3oHe. Ha
MOJIyIPOBOIHUKY, W3/Iyvarol[yie SHEeprut0 B MH(paKpaCHOM [varia3oHe HaHOCST
nmomMuHO(Op, KOTOpPBIM TIpeoOpa3yeT HeBUAWMOe U3IyueHWe B I[BeToBOe. lIBeT
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CBEUEHHUS] 3aBHCUT OT COCTaBa JFOMHHO(OpPa M MOXeT OBbITb 3e/IeHbIM, KpPaCHBIM,
CUHUM U rojyObIM. Ba’kKHBIMU [JOCTOMHCTBAMM CBETOM3/TYUaIOIUX JIUOJOB SIBJISIETCS
Masasi moTpebsisieMasi MOIITHOCTh, BbICOKasi UMCTOTA IIBeTa CBeueHHsl, CTaOMIbHOCTD
1[BeTa CBeueHusi OT BpeMeHU HapaOOTKU U TeMIiepaTyphl.

HOuopaer IIOTKM BBITIOJIHAKOTCS HAa OCHOBE KOHTaKTa MeTasI-TIOoTyTIPOBOAHUK.
OO6pa3oBaHHbBIM Ha TpaHUIe MEXAY MeTalJioM U TOTYTIPOBOJAHHUKOM 3JIeKTPUUeCKUM
mepexo/; SBASIETCS  3anMypaloIyuM U 00/7a/laeT  CBOWCTBOM  OJHOCTOPOHHEM
TIPOBOUMOCTH. [loTeHIMa/IbHbIN Oapbep Ha KOHTAKTe MeTaslI-TI0TyTIPOBOJHHUK YacToO
Ha3bIBatOT Oaprepom IlloTku. B TakoMm Tiepexofe BC/eACTBHE MajoW TIIOMAAA U
OOJbIIION MIMPWHBI 3anUparolero cyios obecrieurBaeTcss He3HauuTe/bHas GapbepHast
eMKoCTh (He mipeBbliiaeT 1 nd). M3-3a OTCYTCTBUS WHXKEKIMU B 0a3y HEOCHOBHBIX
HOCHUTe/Iel B Hell He TIPOMCXOAST TIPOlleCChl HAKOTLJIEHUSI M paccachiBaHUsI 3apsifioB.
[TosTOMy AMTE/LHOCTH TEePEXOAHBIX TPOIeCcCOB, 00ycsoB/ieHHass B guofax I1IoTku
TOJILKO TIepe3apsi/IKoii 6aphbepHOl eMKOCTU, COCTaB/ISeT JeCAThie J0JIM HaHOCEKYH/IbI.
OTH CBOMCTBa ompeileMIv NpuMeHeHWe auoza I1I0TKM Kak uzieanbHOTO 371eMeHTa B
MMITY/TbCHBIX yCTPOWCTBAXx.

3. ITopsiioK BBINO/THEeHUs1 PadoThI

3.1 IKcrepuMeHTa/IbHOe UCC/IeJ0BaHUe BbINIPSMUTE/IbHOI0 AU0/a

3.1.1. Cobparb cxemy /s WCC/IeJOBAaHUS BLIIPSIMHUTENbHOrO Auoga VD1 Ha
TIOCTOSTHHOM TOKe. [Ijist i3MepeHusi aHOJHOI0 TOKa BK/IFOUUTh MU/ITUAMITIEPMETD, [JIs
VI3MepeHUs] aHOAHOIO HarlpsSUKeHUs BK/IFOUMTH MY/IbTUMETD B peXUMe H3MepeHUst
MOCTOSTHHOTO HanpsbkeHusi (puc. 3.1.4). Bk/IIOUUTH 371€KTPONUTAHWE CTeHAA U

Vot voz VO3 Vo4

)
®
<
w

X X185

L a2 A3 J

Puc.3.1.4
YCTAaHOBUTH Mepek/itouaresib SAl B MO3ULIUIO «+».
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3.1.2. CHATb BOJIbTAMIIEPHYI0 XapaKTEePUCTUKY BbINIPSAMUTEIbHOTO [AUOJA Ha
IIOCTOSTHHOM TOKe CHauasia

JJisl TIpSIMOM, a 3aTeM 00OpaTHOM BeTBU, YCTAaHOBWB Tepekitouaresb SA1 cHayasna B
MO3UIMIO «+», a 3aTeM B TO3UI[UI0 «—». YBEJHMUMBasi BXOJHOE HaIpsDKeHHE C
rnioMoibo noreHuuomerpa RP1 or 0, u3MepsATh TOK U HampsbKeHUe Ha [Auofe.
Pe3ynbrarhl u3MepeHuii 3aHectd B Tabs. 3.1.4 u 3.1.5. BBIK/IIOUNTE 371€KTPONTUTaHKe.
YcranoButh noteHoMeTp RP1 B HyseBoe mosioykeHue

Tabmria 3.1.4

Unp.B

Iop, MA

Tabma 3.1.5

Uobp. B

106p, MA

3.1.3 OkcriepviMeHTasbHOE MCC/IejoBaHHe OJHOIMOJIYIIePUOAHOIO BbIIIPSIMUTEIS Ha
TIOJIyIIPOBOJAHUKOBOM  Auoze. [yif  3TOro  TOAK/IKOYUTH OLWH U3 BXOJOB
JBYXKaHa/lbHOrO ocuuwiorpadga kK wmyHTY R, (kopryc ocowiiorpada «b»
MOAK/IIOUNTE K THe3dy X12), BXOj BTOPOrO KaHajla MOJK/JIKOYMTbL K TrHe3ny X3.
YCTaHOBUTH CHHXPDOHMU3ALIMIO OT CeTH. BKJIIOUMTH 3M€KTPONUTaHHWE U TepeBeCTU
nepekoyatesib SA1 B mosunuio «~». [lorenipomerp RP1 ycTaHOBUTH B KpaiiHee
TIpaBoe TOoJIoKeHUe. 3aprCoBaTh OCLIWIJIOTPAMMbI aHOJJTHOTO TOKA i,d HamlpsyKeHUs Ha
JIVOIE U, OTIPe/Ie/TMB MacIliTaObl TI0 BpeMeHH, TOKY ¥ HarpsbkeHUr0. [Ipy 3ToM yuecTs,
yTO CompoTuB/ieHue IIyHTa R, cocrasaser 10 Owm. Omnpefenvts BeJIUUYUHY
MaKCUMajbHOTO 00paTHOro HampsbkeHusi Ha guoge. CHSATb OCLMJUIOrPaMMYy
HanpspKeHUs Ha Harpyske u,. s 3Toro Kopmyc ocruiorpaga rnoAK/IFUUTh K THe3Y
X3, a BX0j OZHOro M3 KaHaioB K TrHe3ny X10. 3apucoBarb oOCLM/IIOITpaMMy
HaTpsDKeHUs] Ha Harpy3Ke U, OTpe/ie/TMB MacITaObl 10 BpeMeHH W HarlpshKeHHIO.
BBIK/IFOUUTE TUTaHKWe MOAY/ISL Y CTeH/a.

3.2 JKkcrepuMeHTa/IbHOe ucciaegoBanue quoaa llorku

Cobpatb cxemy gans uccnenoBanuss auoga I[llotku (VD2) Ha TIOCTOSSHHOM TOKe.
Beimmonaute niyHkTel 3.1.1 u 3.1.2 gna guopa ILlotku. CpaBHUTH BObTaMIlepHBIE
XapaKTePUCTUKU 0OBIYHOTO BBITPSIMUTEILHOTO Auoja v aguoga [loTku.

3.3 OkcnepuMeHTa/IbHOE UCC/Iel0BAaHUE CTa0M/TUTPOHA

3.3.1. Cobparb cxemy [y HWCCIAeJOBaHUS CTAaOW/IMTPOHA HA TIOCTOSHHOM TOKe
(aHasmornyHo cxeme mo puc. 3.1.4. BemiosHuTh MyHKT 3.1.2 A/ CTaOWUIUTPOHA.
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[TocTpouTh rpadmK 3aBUCUMOCTH BBIXOJHOTO HampspkeHUs] Uq,0T ToKa I.,. Pe3ynbrarhl
3aHecTy B TaOs1. 3.1.6.

Tabmmia 3.1.6

Uct, B
Ict,. MA
— ! 1 '
— e8| e
sA1 s /:\\ |
O|D)]
5 X8 000/ © o‘|
' L =49 £ +] |
Sz\J'I.'S-l
;.‘;":I Rut
.Xlt XiL
Puc. 3.1.5

[To mo/siyyeHHOM BOJIbTAMIIEDHOM XapaKTePUCTUKe OMNpefe/uTh  HarpsbkeHUe
crabmmzaiyu U1 BenunHy quddepeHI[daTbHOTr0 COTIPOTHUBIEHUS F.

3.3.2.Cobpatb cxeMy TlapaMeTpUUecKOro cTabumm3aropa HampspkeHusi (puc 3.1.5).
BeikmtounTe 3nekTponuTaHue crteHga. Ilepekmtouaress SA1  Moaynas  IUOAOB,
YCTAHOBUThb B TO3ULHI0 «—»

3.3.3 V3MeHsisi BeJIMUMHY BXOJHOTO HArpsDKeHUs C MOMOIbI0 rnoTeHpoMeTrpa RP1

CHATbL 3dBMCHMMOCTL B€/IMYKMHBI BBLIXOJHOI'O HAIIPpAXKE€HHA OT BeJIMUKWHBI BXOAHOI'O
Hallps>KeHHsd

Ucm = f(Uex)-
Pe3ynbTaThl 3aHeCTH B Tabs. 3.1.7.

Tabmra 3.1.7

Uct. B
Usx, B

Onpenenutb Ko3(GdUIMEHT cTabwiusaiuu  ctabunmzatopa Ko Ha  ydacTke
CTaOM/IU3aIIH

AUx \

2

KCT =
AU

cT
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JlabopamopHas paboma
TEMA: NCCJ/IEJOBAHUWE PABOTHBI BUITO/IAPHOI'O TPAH3UCTOPA

1. Ienb padoThI

O3HakOMHUTLCSI C paboToi, OCHOBHBIMM XapaKTepUCTUKaMM U TIpUMeHeHheM
OUIIOJIIPHOTO TPAH3UCTOPA.

2. OnucaHue 1a00paTOPHOTo MOY/IA

B KOMILIeKT /1ab0paTOPHOI yCTaHOBKM BXOJAT CleAyIoiie MOAyIu: « TpaH3uCTOpEbI»,
«DyHKIMOHABHBIM reHeparop», «MynbTUMeTpbl», «Moay/ib MyIbTUMETPOB». [
Hab/MI0leHrs1 0CLIW/IIOTPaMM TIPUTOTOBUTD OCLIWJIIOTpad.

[lepennsia maHenb Mopynsi «TpaH3uCTOpbI» TpeAcTaB/ieHa Ha puc. 3.2.1. Ha Heu
IpyBeleHa MHeMOCXeMa M YCTaHOB/IEHBI KOMMYTUDYIOLME U peryjupyroLye
5neMeHThl. Ha MHemocxeMe u300pakeHbl: OumosisipHbIii TpaH3uctop VT1, moneBoit
TpaH3ucTop VT2, norennuomerp RP1 a1 usmMeHeHUs HarpspkeHus, 110ZaBaeMoro Ha
6a3y (3aTrBop), TOKOOrpaHWYMBAIOIMK pe3uctop RI1, pesuctop Harpy3ku R2,
COTIPOTHB/IEHWE  KOTOPOro  HM3MeHsieTCd  Iepekstoyatesiem  SAl.  BenuuuHbl
COIIPOTUBJIEHUH, COOTBETCTBYIOLLIME T10JI0XKEHHUSIM TlepeK/rouarerisi puBeieHbl B TabJ1.
3.2.1.

Tabmuna 3.2.1
Ne nozunmu 1 T2 5
Conporusienne, KOM 1 112 1.5 1.8 [2,2

—  — TPARIUCTORS T

- J

Puc. 3.2.1 Mogyns «Tpansuctopsi»

BenmvurvHa NOCTOAHHOTO  HaMpsDKeHWs, I[I0fABaeMOr0 Ha  KOJ/UIeKTOp  (CTOK)
perynupyetcsi moteHiuometpoM RP2. Tlepekntouatesib SA2 TmipefHa3HaueH [Jis
BK/TFOUEHUSI TIePEMEHHOI0 W/ MOCTOSSHHOTO HampsbkeHUs. [/ 1mojilaur Ha KOJJIEKTOP
(CTOK) TONMBKO MOJIOKUTEJ/IbHBIX TIOJIYBO/TH MEPEMEHHOIr0 HArpsSUKeHUs! CITYXKUT U0/
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VD. Tok B 3TOM Uenu orpaHuumBaeT pe3uctop R3. Pesuctrop RsumutHpyer
BHYTpEeHHee

COTPOTUB/IEHUE WCTOYHMKA BXOAHOro curHasa. KonzgeHcatop C UCK/IHOYaeT BAUSHUE
BHYTPEHHEro COIPOTHB/IEHUsI NCTOUHMKA BXOJHOIO CUrHa/a Ha MosioykeHWe paboueid
TOukM MoKos1. LIIyHT R,;,= 1 0 OM C/y>kKuT AJis oCLW//IOrpaMpoBaHusl CUTHAJIA,
IIPOIIOPLIMOHA/ILHOTO TOKY uepe3 TpaH3ucTop. Ha mepepHel maHenu pasMelljeHbI

OcHOBHBIE TIapaMeTpbl  UCC/IeZyeMOro  OHWIIO/ISPHOTO  TPaH3UCTOpa
Tabnmuna 3.2.1

Twn TpaH3HcTOpa BCé63%
MakcHManbHO JOIYCTHMBIH TOK KOJNEKTopa Iy oy, A 0,5
MakcHMATEHO A0NYCTHMOE HAIIPAMKEHHE KOJLIEKTOP-3MUTTEDP Uy yiage, B 80
MakcHManbHas pacceHBaeMas MOMTHOCTE Ha KOMAEKTOPE Py pmax . BT 0,63
CrarryeckHii koydduunesT nepenaun Toka hy 40...160
MaxkcumansHoe HanpaxeHue sMutTep-Gaza Uss o B 3

TaK>Xe THe3/ia Jis OCYylleCTBIeHus1 BHellIHUX coequHeHui (XI - XI6).

OCHOBHBIMH XapaKTePUCTUKAMM TPAH3UCTOPA, BK/IFOUEHHOTO TI0 CXeMe C OOIM
IMUTTEPOM, SIB/ISIFOTCSI CTaTHUecKasl XapaKTepHCTHKa TIPSIMOM Tepefjaud To TOKy Ix=
f(Is) mpu Ux=const, cratueckasi BbixoqHast XapakTepuctuka Ix= f(Uks) mpu Iy = const
(puc. 3.2.3), a Takke cTaThyeckast BxogHasi xapakrepuctika 5= f(Ug,) mpu Uks const.

I I max

MA

- R -

...................... N —
e

[ f=o il

— ] ] ] |l

{..mKrA U_.B

Puc. 3.2.2

CraTtnueckas BbIXO/IHAAl XdPAKTE€PHUCTHUKA TPAH3HUCTOPAd IMOKA3bIBAET 3dBUCHMMOCTb TOKd
KOJ//IEKTOPA OT HAIIPpsDKEHHA Ha KOJIJIEKTOPEe IIPpYM HEUM3MEHHOM 3HAUY€HHKM TOKa 68351.
Tak Kak K KOJ/UIEKTOPHOMY ITepexo/ly TPHIOKEeHO oOpaTHOe HarpspkeHHe, BhIXOAHAs
XapaKTepHUCTHKAa COOTBETCTBYeT 0OpaTHOM BETBM BOJIBTAMIIEPHON XapaKTePUCTUKH
pn-tiepexofa. C yBenuueHrHeM ToKa 0a3bl KOHI[EHTpAlMs HEOCHOBHBIX HOCHTENel
3apsiza 0a3pl BO3pacTaeT 3a CUeT WHXKEKI[UM WX W3 SMHUTTepa. IIpu 3ToM uepe3
KOJUIEKTOPHBIN T1epexof OyzieT MpoXoAUTh Oo/ibIllee KOJTMUeCTBO OCHOBHBIX HOCHUTe el
3apsifia U3 SMUTTEPA, UTO BeJIeT K YBeJTMUEHHIO TOKa KOJIJIEKTOopa.

Iyt Toro, uto6bl (hopMa mepeMeHHOM COCTaBJISIOIIEN CUTHA/IA Ha BBIXOJE YCHUTUTE IS
Ha TpaH3WCTOpe COBMajasa C opMoii CHUTHasa, 10laBaeMoro Ha BXOJI, 3aBUCHMOCTD
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MEXIy HHAMH [JO/DKKAa ObITh JHMHeWHOW. ITOCKOMBKY TpPaH3WCTOpP — SIBISIETCS
HeJTMHeHbIM 37IeMeHTOM, BO3MOKHbI MCKa)KeHUs1 curHasia. Hanuuve Wiv oTCyTCTBUE
WCKa)KeHUN 3aBHUCUAT KaK OT aMIUIUTYAbl CHUTHa/la, TaK U OT BbIOOpa IIOJIOXKEHUS
Haua/bHOM paboueil TOUKM Ha CTaTMUeCKUX XapaKTePUCTUKAX YyCUauTess. Bbibop
TI0JIOKeHHsI Hadya/lbHOM pabodeit Touku BiusieT Takke Ha KIIJ ycumurensa. Ecim
HauasbHasi pabouasi TOUKa JIe)KUT Ha cepefyiHe JIMHEMHOTO ydYacTKa, a aMIUIATYyZAA
CUTHajla TakKOBa, YTO paboyas TOUKa, TiepeMelriasiCh, He BBLIXOAWT 3a Tpeesibl
JIMHEMHOTO yYyaCTKa BXOAHOW XapaKTEePUCTHMKH, TO WCKA)KEHUs] CHATHAaja MOYTH He
npoucxoauT. TpaH3ucTop paboTaeT B akTUBHOM pekume. /3-3a 60/BIIIOrO TOKA MOKOS
KII[ B 3TOM pexkuMe HU3KHMM, MeHee 50%. Takoii pekuM pabOTHI yCUTUTE/EHOTO
Kacka/ia Ha3bIBatoT

pexxuMom Kjacca A. PexxuMm kjmacca A UCIONb3yIOT B OCHOBHOM B KackKajax
TipeiBapUTe/IbHOTO YCU/IeHUS.

bosiee >KOHOMUUHBIMU SABIAOTCS pexuMbl KiaccoB B, C, D. B pexume knacca B
HauasibHasi paboyast Touka BbIOMpaeTcsi Ha rpaHuLie 00/1acTU OTCeukUu. B 3ToM pexxrme
YCU/IUBAETCSl TOJILKO OWH TIOJIYIIepUO[ BXOAHOrO curHasa. OuyeBHAHO, YTO CUIHAI
TPy 3TOM CUIBbHO UcKakaeTcs. OgHako KIIZI ycunvrens B 3TOM pekuMe BbICOK (70
80%), Tak Kak TOK MOKOSl Mas. [Iji1 yCWJIeHWsl CWMrHajia B Te4YeHWsl BCEro rnepuoza
WCTIONB3YIOT IByXTaKTHbIe CXeMbl, KOTZla OJHO TIUIeY0 CXembl paboTaeT B
TIOJIOXKUTE/TbHBIM  TIO/TYTIEPHUO, BXOAHOTO CUTHala, a JApyroe - B OTPHULIATE/IbHBIN
TOTyTIeprO/], BXOJHOTO CHrHajsa. B TakoM pexxuMe paboTaroT KacKaJbl MOIIHOTO
ycuieHusi (BbixogHass MomHOCTE 10 BT u 6Gonee). B pexxume knacca C HayasibHast
paboyasi TOUKa HaXOAWUTCS B 007acTHU OTCeukd. Yros oTceukd 6 meHee 90°. Ilpu
rojlaye CUrHajsia TOK KOJIJIEKTOpa IIpOTeKaeT B TeYyeHUWe BpeMeHH, MeHblile
TOTyTIepro/ia HampsDKeHWsT BXOAHOTO curHasa. Vickakenusi curdasna u KITJ1 Gonblie,
yem B pexxume Kiacca B. Takoi pe>xrM NpUMeHSIFOT B FeHepaTopax CUHYCOUIabHOTO
HarpspKeHMsl, MOLLIHBIX Pe30HAHCHBIX YCUIUTE/SIX.

Pexxum ksacca /I yacTO HasbIBalOT K/IFOUEBbIM. AKTHMBHBIM 3/IEMEHT B 3TOM DEXHMeE
paboTbl yCHUIUTeJIsT HaXOAUTCS MO0 B COCTOSSHUM OTCEUKd, MO0 B COCTOSTHUU
HachblllleHVs. B mepBoM c/iyuae TOK 4epe3 aKTHMBHBIW 3/IeMeHT (TPaH3UCTOp) paBeH
HYJ/IFO, BO BTOPOM - DAaBHO HY/IO MaJieHUe HampsKeHUs MeXKy ero BBbIXOAHBIMU
3akuMamu. KII/I B 9ToM pe>kuMe GM30K K eIMHULIE, TaK KaK TIOTePU YHEPruH Maslbl.
OTOT peXXKUM UCITIO/Ib3YIOT OOBIUHO [I7Isl YCU/IEHHS TIPSIMOYTOTBHBIX CUTHAJIOB.

3. TlopsjoK BbINO/IHEHUSA PAadOTHI

3.1 O3HakOMUTBLCS C JIabOpAaTOPHBIM MOJY/IeM [jisi MCC/Ae/JOBaHHSI TPAH3UCTOPOB.
Cobparb cxemy [jisi CHSITUSI XapaKTePUCTUK OUIMOJIIpHOTO TpaH3ucTopa (puc. 3.2.3).
Mexny rHe3gamy X2 v X6 BK/IOUUTh MU/UIMAMIIEPMETD Y COeAUHUTH IePEeMbIUKOU
rHe3ga X9-X11. Mexay rHe3gamu X1-X4 BK/IHOUWATH BTOPOW MUJIMAMIIEPMETP
Moayns MuuiMamriepmeTpoB. CoeUHUTH MepeMbIUKOW TrHe3ma X3-X7. Mexnay
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rHe3gamMu  X2-X5 U X4-X16 BKIOUUTH MYJ/IBTUMETPBl B peXUMe U3MepeHUs
MOCTOSTHHOTO HanpsbkeHUsl. Tymb6ep SA2 yCTaHOBUTH B HIKHEE TTOJI0KeHHe.

i
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3.2 DKcrnieprMeHTabHOe UCCIe[loBaHNe XapaKTePUCTHUK OUTIOISIPHOTO TpaH3MUCTOpa

3.2.1 CHATh CTaTMUECKYIO0 XapaKTepHCTHKY TIpsMoi mepenaun 1o Toky L.=f(16) mpu
Uk, paBHOM 3aJjaHHOMY 3HaueHut0 E,MRx=0. [ns1 3TOro [OMOHUTENBHO TOCTaBUTh
repeMbluky Mexxay rHesgamu X1-X3. Brmtounts «Mopaynb NUTaHUSA», BK/IHOUUTH
TymOnep «[lutanue» Ha Mofyne «TpaH3UCTOPBI». JKCIepUMEHTA/bHbIE Pe3y/bTaThl
3anucath B Tabn. 3.2.2. TIpu CHATUM XapaKTePUCTUKU CJIeUThb 3a MOCTOSSHCTBOM

HanpsokeHus Uk.

U.=

Tabnuua 3.2.2

15, MA

I, MA

3.2.2 CHATh XapaKTepUCTHUKY MPAMOM Tepeilauu 0 TOKY NP HaJIMUMU Harpy3ku Rk.
Yb6patb mepembluky Mexay THe3gamu XI, X3. C momorpio Tiepekstouatensi SA1
YCTaHOBUTH 3aJjaHHOe 3HaueHue pe3uctopa R2. C momorgeto noreHuromerpa RP1
yCTaHOBHUTe TOK 6a3bl, paBHBIN HY/IO, a C TIOMOII[bIO TTOTeHIMoMeTpa RP2 ycraHoBUTe
3ajlaHHoe 3HaueHue E,.. B panbHedinem pyuky perymupoBku RP2 He Tporate. B
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obsacTy BOJIM3M HACBIIEHUs] TOUKHM CHUMATh Yallje. KCTlepUMeHTalbHbIe pe3y/IbTaThl
3amucath B Tabs. 3.2.3. Boikatounts TyM6Osiep «ITutaHue».

U= Tabnnma 3.2.3
15, MA
I, MA
3.2.3. [To moctpoeHHo# B m. 3.2.2 XapaKTepHCTHKe OrpezenuTh obmactu

AaKTUBHOTO YCWJIEHWs, OTCEYKHM W HachbilleHus. OrnpefenuTs MaKCAMaJbHBIM TOK
[6max, TIPY KOTOPOM el1le 00ecIieurBaeTCsl TMHENHOe yCUIeHHe.

3.24. CHSITh BBIXOZIHbIE CTaTMUeCKue xapakTepucTUku TpaH3ucTopa Ix=f(Uxs)
npu

Is = const. [Jns1 3TOr0 JOMOJIHUTE/IBHO YCTAHOBUTH MEPEMBIUKY MeXy rHe3gamu X1-
X3.

Bkmtounth nutaHue Moaysis. MI3amMeHsITh TOK 6a3bl OT 0 CHATH CeMelCTBO BBIXOAHBIX
XapaKTePUCTUK W 3apMCOBaThb Ha OJHOM PHUCYHKE BBIXOJHbIE XapaKTEPUCTHUKU /IS
Tpex 3HaueHu# Toka 6a3bl: Is1 = 0; L5 0,5I6ma; 63 Tomex . BBIK/ITFOUNTE TTUTaHKE MOYJIS.
st aToro ¢ momoinbio moreHiomerpa RP1 ycranaBmmBath TOK 6a3bl Is; = 0; I5,70,5
Iomay 63 Ioma .MI3MeHsta HampspkeHue U,, noteHipomerpoM RP2 B rjemu Kosiekropa
HarpsbkeHrWe OT HYJIeBOrO 3HAauyeHWs HU3MepSTb TOK KosuiekTopa I TpaH3ucTopa.
[Ipou3BecTr M3MepeHUs1 TOKa KOJIJIEKTOPA MPU HECKOJIbKUX 3HAYEHUSIX HarlpshKeHUs
Uxs. PesynbraThl u3MepeHHit 3aHecTd B Tabmn.3.2.4. Tlpow3BecTd aHa/IOTHYHbIE
M3MepeHUst TIpY [IByX APYIUX 3HAueHWsIX TOKa 0Oa3bl. [lepesi KakIbIM H3MepeHUeM
HeoOXOZMMO TIOAPery/IMpPoBaTh TOK 0a3bl TPaH3HCTOPA.

Iﬁ] = Taﬁmm.a 3.24
I, MA
U, B

3.3. OKcrepuMeHTanbHOE HCC/IeI0BaHME YCUIMTENIbHOrO Kackaja Ha OWIoIsspHOM
TPaH3UCTOpe

3.3.1. CobOpatb cxeMy AJis UCC/IeZIOBAaHUS YCUTUTETBHOTO KacKazia. Pa30MKHYTh
Touku X1-X3, yCTaHOBUTH 3aJjaHHOEe 3HaueHWe COIpOTUBJ/IeHUs pesuctopa R2. K
rHe3ly X13 TOAKIHOUMTH BBIXOIHOE HarpsbkeHWe (PYHKI[MOHAIbLHOTO TeHeparopa,
COeIMHUB 3eMJII0 TeHepaTopa C THe3noM X16. CoeMHUTH MepeMbIYKOM rHe3fa X9-
X10. IMopxmounts KaHan CH1 ocuunorpada ko Bxony ycunurens (THe3ga X9, XI5),
a kaHan CH2 Kk Beixony ycunuresisi (THe30 X3). BKItOUMTh BpEMEHHYIO pa3BepTKY
ocuwuiorpada.  Bk/mouuTh  (YHKI[MOHA/IbHBIA ~ TeHepaTOp W YCTaHOBUTH
CUHYCOUANbHBIN cUrHaI yactoTo 50 '], yMeHBbIINUTb CUTHA [IO HYJIS PEryasiTOpOM
amruuTyabl.  [lepekmtounts Bxoabl CH1 ocuwinorpada Ha TONOXKEHHE «BXO[,
3aKopoueH». BkmtouuTh nuranve creHzaa. [Ipu Toke Is = 0 yCTaHOBUTH C MOMOLLBIO
noreHyuoMmeTrpa RP2 3azanHHoe 3HaueHue E,M Jajnee He U3MEHSTb ero Mpu BCeX
9KCIeprMeHTax (He TporaTh PYYKy moTeHIimomeTpa RP2!);
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3.3.2. Tlo cHATOM paHee XapakKTepUCTHKe TMpSIMOM Iepefjaud IO TOKY IpH
Ha/IMYMM Harpy3KU OMpe/ie/IUTh BeJIMUUHBI TOKA TIOKOsI 6a3bl e/l pexxrMa yCuieHust
Kacca A.

3.3.3. Onpenenuts  3KCIIepUMEHTa/IbHO ~ MaKCHMAaJIbHYI0  aMIUIATYAY

HEHWCKa)KeHHOTO BBIXOJHOTO CUHYCOWZAANbHOrO HarpsbkeHUs Ugum. YCTaHOBUTH
TOCTOSIHHBIM TOK 0a3bl paBHBIM lsn. [I71aBHO yBenMuuBaTh TiepeMeHHbIH BXOAHOMN
CUTHa/lI [0 TIOSBJAEHWS BUAWMOIO VIUIOLIEHUS BEPIIMH CUHYCOWJbI BBIXOJHOTO
HarpsKeHUs.

OO6patuTh BHMMaHUe, OAHOBPEMEHHO /I HAauWHAIOT YIUIOU[AThCS TTOJIOKUATETbHAs U
OTpUlIaTe/IbHasi TIOMYBO/IHEL [Ipy HeoOXOAMMOCTH YTOUHWTH T10/I0)KeHWe paboueit
TOUKM TIOKOSl. V3MepuTh C TMOMOILLBI OocHuiorpadga amriMTybl HEeMCKa)KeHHOTrO
BbIXOAHOTO U, BxogHOTO  UgcurHanoB. OnpefenuTs KO3(QOULIMEHT yCUIEHUS
Kackaza 1o

HarpspKeHW0.  3apuCcoBaTh OCLIM/IOTPAaMMbl BBIXOJHOIO CHTHasia C UCKAXKEHUSMU U
MaKCHMaJIbHOTO CHrHana 0e3 mckaxeHus.3.3.4.MccnemoBath paboTy TpaH3MCTOpa B
K/IroueBoM pexxkuMe (kacc D). YcraHoBute Is = Ou yBeIMUUTh BXOJHOE HarlpsbKeHUe
n4. CopepxaHue oTyera

B
5

16)anekTpryecKrie CXeMbl MPOBEe/IeHHBIX SKCIIEPUMEHTOB;
2
3B)Ta0/ULIBI C pe3y/IbTaTaMH 3KCIIepUMEHTa U OCIW/I/IOTPaMMBbI;

Tl
41") Pe3y/ibTaTbl 3SKCIIEDUMEHTA/IbHBIX HWCC/I€40BdHMHW W IIPOBEAEHHBIX I10 HHM

oPacueToB, TIOMellleHHble B  COOTBETCTBYIOL{MEe TabJ/MLIbl; OMNpeAeauTb II0
55KCIepUMeHTalbHBIM XapaKTepUCTHKaM TMpsIMOM Tepefiaud M0 TOKY CTaTU4YeCKUAW
KO3 PULMEeHT nepefaur Toka. B u kospduimeHT ycuneHus Kackazga mo Toky K, npu

63a,anH0171 Harpy3ke BO/1M3M paboueil TOUKM MOKOSI /1J1s1 3a[JaHHOTO KJ/lacca YCUTIeHUS:
7.Kak CHATh CTaTuyeCKUe BbIXOAHbIE XapaKTePUCTUKU?

a)HaMMeHOBaHKe PabOThI U 1ie/Tb pabOTh;

8 B= Al K = Al m?
9 Al A’ 'OKosI B Knmaccax A, B, D?
10. HapucviiTe cxeMv VCUIUTEILHOTO KacKaaa C OOILIIUM SMUTTEDOM.

1/1) BBIBO/IBI.
12.Kak omnpezfenuTb KO3()@ULIMEHT yCUIeHUs KackKaja MO0 TOKYy W HalpshKeHUIO
(rpadruecku U 3KCIeprMeHTaIbHO)?

13. Yro Takoe 00/1aCTh AKTUBHOTO YCU/IEHHS], HACBIII[€HHUS, OTCEUKH?
14. UTO Takoe K/IFOUeBOU peKUM, KaKOBbI IPEUMYIIeCTBA K/IFOUEBOT0 PeKUMa.

JlabopamopHas paboma
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TEMA: NCCJIEAOBAHVE OJHOPA3HOI'O ABY XIIOJIYIIEPUOJHOI'O
BBITIPSIMUTEJIA

1. Ilenb padoThI

O3HaKOMHUTBLCS C TIPUHLIATIOM paboThl U OCHOBHBIMH CBOWCTBaMHM OHO(A3HOTO

JBYXIIOJIyTIEPUOAHOTO BBIMPSMUTEJISI, U3YUUTh B/IMSIHUE CIVIa’KUBAIOIIUX (PUIBTPOB Ha

paboTy BBITIPSIMUTE/IEHOTO YCTPOMCTRBA.

2. OnucaHue /1a00PaTOPHOI YCTAaHOBKH

JIntieBas raHesb JabopaTOpHOTO MOY/IS TIpeZicTaB/ieHa Ha puc.3.3.1.
— - : e _

—————{ OHO®A3HbIN BbINPAMUTENb f————
SA1 A2

2 3 4
ms
_u___b 6

1 SAB

vy

PHNO
QA rocpnpmos”

Pue. 3.3.1

Ha nuieBoii maHenu u3o0pakeHa 3/eKTpuyecKasi cxema OAHO(A3HOrO MOCTOBOTO
BBITIPSIMUTEJIS, YCTAaHOB/JIEHbl KOMMYTHDYIOLLIME 3/IeMEHTbl UM KJIeMMbl /ISt
MOJIK/IFOUEHUSI aMIlepMeTpa, BOJIbTMeTpa U ocLuiorpada.

BoimpsiMuTenbHbIe  YCTPOMCTBA  CAy)KaT Jjis  TIpeoOpa3oBaHuUsi  MepeMeHHBIX
HampsyKeHWM ¥ TOKOB B TIOCTOsTHHBbIe. Heo6x0oquMOCTh B TakOM IIpeoOpa3oBaHUU
BO3HUKAeT [OCTaTOUYHO 4YacTO, HalpuMep, TPH 3eKTPONMTAaHUUA Pa3HOO0Opa3HOM
5JIEKTPDOHHOW arrmapaTyphbl, 3/7eKTPOJBUrare/ied MOCTOSHHOTO TOKA, 3JIEKTPOJIU3HBIX
YCTAaHOBOK, B YCTPOMWCTBaxX [/s 3apsifila aKKyMY/SITOPHbIX OaTapeii, B aBTOMOOWJIAX
TIIpY NTUTaHUM OOPTOBOI CETH OT reHepaTopa IMepeMeHHOT0 TOKa.

BoinipsiMmuTenibHbIe yCTPONCTBa OOBIYHO COCTOST M3 TpaHChOpMaropa, OJHOTO WU
HeCKOJIbKUX 3/IeKTPUUEeCKUX BEHTU/IeN U CIiaKuBarollero guasrpa. TpaHcdopmaTop
CAY)XKUT [Jig TIOyueHHss TpeOyeMOro 3HaueHHUsl BBITIPSIMJISIEMOTO T1€peMEeHHOTO
HafpspkeHUsl. OJeKTpUUecKrWe BeHTW/IM - YCTPOMWCTBa, oOsajaroiiye CBOWCTBOM
OJJHOCTOPOHHEU MPOBOJAUMOCTH 3JIeKTPHAYE CKOTO TOKa, CITy>Kar AJ1s
HeroCpeICTBEHHOTO TIpeoOpa3oBaHusi epeMeHHOr0 HarpsbKeHUsi B IMyJ/IbCUpYIOIIee
HampspKeHWe OJHOro 3Haka. Yaile Bcero B KauyeCTBe 3/IeKTPUUYECKUX BeHTU/IeH
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WCIIO/Tb3YIOTCS TI0JTYTIPOBO/THUKOBBIE IAO/IBI. CriakvBarolye (bUIBTPBI
TIPUMEHSIFOTCS  JJ1s1

yMEHbIIIeHUs1 ~ MYyAbCallii  BBIIPSIM/IEHHOTO  TOKAa W HamlpsbkeHUs  Ha
BbIXO/I€ BBITIPSIMUTEBHOIO yCTPOKCTBA.

[Ipy BBITIPSIM/IIEHUM TI€EPEMEHHOTO HamNpsPKeHWss B 3aBUCMMOCTA OT uucaa (a3
BBITIPSIMJ/ISIEMOTO HaTPSKeHUsI, XapaKTepa Harpy3Ku U TpeboBaHuH, NpebsIB/IseMbIX K
BBITIPSIMUTE/IBHOMY TOKY M  HalpSDKEHWIO, SJIeKTPUUeCKWe BEHTWIM MOTYT
COeUHSTHLCS TI0 pa3/MYHbIM cxeMaM. Haubosbliiee TIpyMeHeHre TIPU BBIPSIM/IEHUN
oAHO(A3HOTO HarpspDKeHUs TMOoJyuyusaa ABYXIOJyNepuofHasi MOCTOBasi Cxema
BBITIPSIMJIEHUSI.

MocToBasi IByXMoJiyliepuo/iHasi Cxema BBITIPSIMJIEHUSI COEP)KUAT [IBe Tapbl JUOOB,
BK/IFOUEHHBIX MO CXeMe YeThIpexIyieyHoro mocta (puc. 3.3.2). B TeueHue KaxKaoro
TOJIyTIepro/ia TOK MPOXOJUT MOC/Ie/JoBaTe/TbHO Yepe3 /Ba A10/ia B MPOTUBOIOIOXHBIX
rjedyax Mocta. B olvuH nonynepuoj BXOAHOTO HaNPsDKeHUsT TOK MPOTeKaeT OT K/eMMbI
«A» uyepe3 muoxn VD1, Harpy3ky R, guog VD3, Kk knemme «B». B ciepyrommia
TIOJIYTIepHO/, TIOJIIPHOCTH BBITIPSIMJIIEMOTO HAlpsDKEHUsT MEeHSeTCsl U TOK HJEeT OT
KieMmbl «Bx», uepe3 nuon VD2, Harpy3ky Rq, anog VD4 K kiemme «A».
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HanpaBneHue TOoKa uepe3 Harpy3kKy BCe BpeMsi OJHOTO
3HaKa, T.e. TOCTOsiIHHOe. HarpsbkeHWe Ha Harpyske
Unny/ibcupytoiiiee (puc. 3.3.3). [TocTostHHas
COCTaBJIsIfOLAsl HampspKeHWs1 Ha Harpy3ke (cpeznHee
3HaueHHe BBIMPSIMIEHHOTO HalpsKeHYst)

Yacrora My/IbCaLUU (uacrora OCHOBHOM
rapMOHHAYECKOU COCTaBJISAIOLLeH BBITNPSIM/IEHHOT'O
HarnpspKeHWsl) B 3TOM CXeMe paBHAa [BOWHOM 4YacToTe
HarpspKeHWs] ICTOYHMKA MUTaHUS.

Kosdbduiment nynbcauuii  (OTHOLIIEHHWE — aMILUIATY/bI
OCHOBHOM TapMOHMKM BBINPSIMJ/IEHHOTO HampspKeHUs K
CpelHeMy 3HaueHHI0 3TOr0 HaMpsKeHUs) B MOCTOBOM
cxeme K = 0,67.

fHanpspkeHre, BOCIPUHHMMAaeMoe  Kak[bIM  JUOZIOM B

HETPOBO/AIIMKM TO/IyIiepuos; - oOpaTHOe HarpsbKeHue,
orpe/ie/IIeTCs 3HAueHHEeM BBIIPSAMIISIEMOIO HarpsDKeHHsI
Ha BTOPUYHOM 0OMOTKe TpaHcdhopMaropa.

tMaKCI/IMaJ'IBHOE 3HAUeHue O6paTH01" O HalIpsDKeHUd Hd

auonae Uo6p.M dKCpPpaBHO dAMITVIMTYJHOMY 3HAYEHHIO
BBITIPAMJIAEMOT'O HAIIPpsPKEHUA Uon:

™~
L~
VD

U,

Ry

| "

Puc. 14.4
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Onst  yMeHbIIeHUS  Ty/AbCalliil  BBIIPSAMJIEHHOTO  HAalpsDKeHWs  BKJIFOUAKOT
9/IeKTPUYEeCKUM  criaaxkuBawommi  duwibTp. [IpocTellliiMU  CTIaXKUBaOIIUMHU
bunbTpaMu  SIBJIIIOTCS  KOH/IEHCATOP, BK/IOUaeMbli Tlapasijie/ibHO C/1ab0TOYHOM
Harpy3ke (puc.3.3.4) U WHAYKTHMBHbIM GUABTD (Apoccenb), BK/IHOYaeMbid
MOC/IeI0BaTe/IbHO C CUJIbBHOTOUHOW Harpy3kow (puc.3.3.5).

[Ipy  ucnonb30BaHUM  €MKOCTHOTO  GuUAbTpa  CrMlaKUBaHUe  My/bCal[ui
BBITIPSIMJIEHHOTO HaMpPsDKEHUsI U TOKa MPOUCXOAUT 3a CYEeT TeprUoiuueCcKou 3apsiKu
KOH/IeHCaTopa W MOC/eAyrolleld ero paspsJKd Ha COINpOTHMB/IEHWE Harpy3ku Ry.
3apsiika KOHZJEeHcaTopa MNPOMCXOAUT, KOTJa MrHOBEHHOE 3HaueHWe BTOPUYHOIO
HarpsbkeHWss TpaHcdopmaropa Bblllle HafpsbkKeHUsi Ha Harpy3ke (M Ha
KOHZleHcaTope). Korza HarpsbkeHWe TpaHC(opMaropa CTAHOBUTCSI MeHblile
HarpsDKeHHs Ha KOHZeHCaTope, AUOZbl 3aKPbIBAKOTCA M KOHZEHCATOp pa3psikKaeTcs
yepe3 COMpOTUBeHWe Harpy3ku (puc. 3.3.4). [anee mpoijecc nmoBTopsieTcs. I1pu
BK/IFOUEHWH €MKOCTHOro (DUIbTpa HarpsbkeHWe He yMeHbIaeTcsi [0 HyJs, a
MyJbCUPYeT B HEKOTOPBIX IpeJernax, yBe/ldurBas CpeJHee

3HaueHUe BBINPSM/IEHHOTO HalpsKeHUs. oYY Y
EMKoCT, KOHfeHcaTopa /i (GuabTpa BbIOMPAIOT — TaKoM Lo
Be/TMUWHBI, UYTOOBI /i1 OCHOBHOM TapMOHHKU BBITIPSM/IEHHOTO
HarpsDKeHHsT ~ eMKOCTHOe  COTpPOTUBJIEHME  KOHZEeHcaropa U H
XC®OBIIO 3HAUYMTE/TLHO MEHbIIIe COTTPOTHUB/IEHUs Harpy3ku RH

o S

ch; = 1/211:er C(D <10 RH.
OTcroma BHUHO, UTO TIPUMEHEHHEe eMKOCTHOro (wuibTpa Oosee 3ddekTHBHO mpu
BBICOKOOMHOM Harpy3ke ¢ MaJibIM{ 3HaueHUsIMU BBITIPSIMIEHHOTO TOKa, Tak Kak TpH
3TOM Bo3pacTaeT 3eKTUBHOCTh CI/Ia)KUBaHUSI.
O} deKTUBHOCTb (UIETPOB OL[eHWBAIOT KO3(POHUILIMEHTOM CI/IaKMBaHHUS (, PaBHbIM
OTHOIIIEHUIO KO3(P(UI[MeHTOB My/bCaliuii Ha BXo/le U Bbixo/ie huabTpa:

q = Ky ! Kripex -

[Ipy BK/IHOUEHUM WHAYKTUBHOTO (UIbTpa II0C/Ae[oBaTe/lbHO C Harpy3Kou
H3MeHSIoITeecss MarHUTHOe T1071e, BO30y>KJaeMoe My/IbCUPYIOIAM TOKOM, HaBOJUT
3/IEKTPOABIKYIIYIO CUTy caMOMHAyKLMM e= + Ldi/dt. B cooTBeTCTBMU C 3aKOHOM
3JIEKTPOMAarHUTHON WHAYKI[MW 3JIEKTPOJIBMDKYIIAsi CH/la Harpap/ieHa Tak, uTOObI
CT/Ia[IATh TMY/bCAal[MK TOKA B LIeMU, C/ie/JOBaTe/IbHO, U My/bCal[ii HarpshKeHUsl Ha
Harpy3ke Rp. O(deKTHBHOCTb CIVlaXkKuBaHUsI yBeJUUMBAeTCS TpU  OOMBIIMX
3HAUeHUSX BBITIPSIM/IEHHOTO TOKa.
BemuuuHy WHAYKTUBHOCTH (QWIBTpa BbIOMpalOT TakuM 00pa3oM, UTOOBI
WHAYKTHBHOE  COTMPOTHUBJIEHUE
¢unbTpa X, <D6b10 Xpe =27 for Lo 2 10 Ry
3HAUUTEIbHO OOJIbITe BeTMUMHBI
COTIPOTUBJIEHUS Harpy3ku Ry :
Bonbiiiee ymeHbIlleHHEe Ty/IbCaAl[di BLITTPSIMIEHHOTO HarpsbKeHHsT 00eCITeurBaroT
CMelllaHHble  (PUIBTPbI, B KOTOPbIX MCIIO/MB3yIOTCS UM  KOHZEHCATopbl U
WHAYKTUBHOCTH, Haripumep, ['-o0pa3Hbie u [1-00pa3Hble Criaa’kKuBaroIye (pUibTphL.
Bonee nyuiiive pe3ynbTaThl 00eCreUMBaOT aKTHBHBIE CTIaXKUBAOIIE (DUBTPHI.
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3. ITopsii0K BBINO/THEHHUsS PadoThI

3.1. O3HaKOMUTBCS C 1abopaTopHOM ycTaHOBKOM. [1oAroToBUTH K pabote
MOZIY/Tb

«OpHOda3HbIi  BBIIPAMUTE/b» W U3MepuTesbHble  MMpUOOpel  (MOAY/b
MY/IETUMETPOB,

MOZY/Ib V3MepUTeJTbHbIN) [Ipu
paboTe UCIosb3yeTCst ocLuIorpagd.

3.2. [MpucoequHUTL K HWCCIEAyeMOMY MOIY/I0 — aMIlepMeTp  AJis
M3MepeHust

BBITIPSIMJIEHHOTO TOKA HAarpy3ku. MynbTUMeTp MepeBeCTh B PeXUM H3MepeHUs!
TepeMeHHOr0 HarpsbkeHusl. BKIIOUKTD 3/1eKTpOrnrTaHye cTeHja (MoAy/b MUTaHUs)
v

BKJIFOUUTD OCIM/TOrpad /st HabmroaeHus: popM HarpspKeHU .

3.3. BxkatouuB nutanve mogyns (Bbikirouarenb SA1) Ilpu pazoMKHyTOM
Ktoue SA2 M3MepUTh BBITIPSIMIIIEMOe HarpsbkeHue £/? Ha BTOPUYHOU OOMOTKe
TpaHcdopmaropa. Pe3ynbrat n3mepenus 3anucarh B Tabs. 3.3.1.

3.4. TlogkmroudTh K BTOPUYHOM 0OMOTKe TpaHCc(opMaTtopa BMeCTO
MynbTAMeTpa ocuusuiorpad. ITosyunTs Ha 3KpaHe yCTOMUMBOe W300pakeHHWe U
V3MEepUTh aMIUVIUTYJAHOE 3HaueHWe BbIPAMIIsieMOro HaripsbkeHusi Usn. 3aprcoBarthb
B MaciiTabe OCI[U//IOrPaMMY BBITIPSIMJISIEMOTO HarlpshKeHUsI.

3.5. IlepeBecT My/NbTUMETP B PEXUM HU3MePeHUsT TIOCTOSTHHOTO
HarpsDKeHUsl, [OAK/IFOUMTb MY/JIbTUMETP K BbIXOAHBIM 3a)KMMaM BbITIPSIMUTEIBHOTO
MOCTa M U3MEPUTh BeJIMUMHY BBINIPSMJIEHHOTO HarpsbkeHuss U,OB pexuMe

XOJIOCTOTO XO7ia BhITIpsIMUTeIsA. Pe3ynbraT 3aHectu B Ta6m1.3.3.1.

Tabnuna 3.3.1
Lom Uz Uz / Usm

3.6. TloakntouuTh ociumiorpad K OAHOMY U3 [HUOMOB, TIOMYUWTb
yCTOWUHMBOe HW300pa)keHWe, W3MEPUTh BeIMUYMHY MaKCHMMaJIbHOTO 00paTHOTO
HaTpsDKeHUs Ha AMOe Uo0p.MAKC., 3apHCOBaTh B TOM K€ MaciliTabe OCIW/I/IOrpaMMy
HarpspKeHUs Ha Juo/e.

3.7. WccnenoBath paboTy BbIIpsMUTENsT 0e3 Cra’KMBaroL[UX (UILTPOB.
st 5TOro yCTaHOBWUTH 3a/laHHYIO MperojaBaTesieM BeJMUYUHY COMPOTUB/IEHUS
Harpy3ku Ry TlogkmrounTth ocuuiorpad mnapasvie/ibHO Harpyske, BK/IHOUUTh
TymO/lep SA2 ¥ 3apucOBaTb B TIPe)KHEM MaciluTabe  OCI[U/IJIOTPAMMY
BBITIPSIMJ/IEHHOTO HAampsDKeHUs1 Ha Harpy3ke UHIPU OTCYTCTBUM CIVIaXKHMBAFOLLIUX
¢bunsTpoB. Ornpesie/UTh TI0 OCLWIIOTPaMMe ABOWHYIO aMIUVIUTYAY IMyJ/bCalvid
BbITIpsiMieHHOTO HanpsbkeHusi 2Undne,. VI3MEpUTh € TIOMOIIBI0 MY/JIbTUMETpa
TIOCTOSIHHYIO COCTaB/SIIOILYI0 HarpspkeHusi Ha Harpys3ke Uj. § = Unanep/ Us

Tabmuua 3.3.2
IapameTp Tun ¢puarTpa
OTKIIOYEH Co Lo Lo Co
2 Umdnep
U
q=Um.dnep/ Us
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PesynbraThl u3MepeHuil 3aHectd B Tab61.3.3.2. Ilo pe3ynbrataM H3MepeHU
ornpezenuTb Ko3(Q(ULIMEHT MyJbCaLi

3.8. MHccnemoBaTh BAMsIHWUE Ha BBINPSM/IEHHOE HampspkeHWe eMKOCTHOTIO,
VHAYKTUBHOTO Y MHAYKTUBHO-eMKOCTHOTO CITIaXKUBAIOILIUMX (UABTPOB. it 3TOrO
MOJIK/IFOUMTE OCLu/Iorpad TMapasuie/ibHO Harpy3ke M 3apyucoBaThb B TIPEXXHEM
MaciiTabe OCLWIZIOTPaMMbI — BBITIPSM/IEHHOTO —~ HAmNpsDKeHHsSI Ha  Harpyske
UHIipu KaxxgoMm

BK/IIOUeHHOM (usbTpe. [lpu 3TOM cpaBHUTH 3(PQEKTUBHOCTb CITIA)KUBAHUS
€MKOCTHOTO (PU/IbTPA C pa3/IMuHbIM 3HaueHWeM eMKOCTU (pubTpa (Clu C2). [ns
3TOr0 HW3MEpPUTb C TIOMOLIbID MY/JbTMMeTpa IIOCTOSHHbIE COCTaBJISIOLLINE
BBINIPSIMJIEHHOTO HanpsbkeHuss Udyu ¢ moMoupro  ocuusuiorpada repeMeHHbIe
cocraBnsitoljue UdnepBbITIPIMIEHHOTO HarpsDKeHUs] TIPU KaXKA0M BKJIFOUEHHOM
¢dunbTpe. Pe3ynbrarel U3MepeHuil 3aHeCTH B Tab1.3.3.2.

3.9. CusaTh BHemiHWe XapakTepucTtuku Ud = f (Id) BeIIpsAMUTEISE TIPU OTCYTCTBUM
(bubTpa, MPU eMKOCTHOM, UHAYKTUBHOM Y UHAYKTUBHO-eMKOCTHOM (husbTpe. s
3TOT0, M3MeHsid C TOMOLLBIO Tiepekstoyatesis SAG Be/JMUUMHY COIPOTHUB/IEHUS
Harpy3ku RH, u3MepsiThb BeJUUMHY BBIIPSAMIEHHOTO HanpsbkeHus Udu
BLITIPSIMJIEHHOTO TOKa Idripu Ka)K[JOM 3HaueHUM COMNPOTUBJIEHUS Harpys3kKwu.
PesynbTarhl M3MepeHuii 3aHecTy B Tab:.3.3.3.

4.Tpe0oBaHUs K 0TUETYy IO padoTe

OrtueT 110 paboTe [AOKEeH COfiep>KaTh:

a)HauMeHOBaHHe PabOoTHI U 11e/Tb pabOThI;

O)IPUHIUTTHABHYIO /IEKTPHUECKYIO CXeMY BBIPSIMUATEIS;

B)pe3y/ibTaTbl 3KCIIEPUMEHTAJLHOIO WCC/Ae[lOBaHUs W TIPOBEEHHBIX TI0 HUM
pacyeToB, MIOMellleHHbIe B COOTBETCTBYHOIIME TabULIbI;

I')OCLI/IZIOTPaMMBbI HarpsbKeHW;

J)rpadvKu BHEIIIHUX XapaKTepPUCTHK, IOCTPOEHHbIE TI0 pe3y/ibTaTaM M3MepeHuH;
€)BbIBOZ, O  (UABTPYIOLIMX  CBOMCTBax  CrJIaXWBAlOLUX  (QUIBTPO WU
CpaBHUTeJIbHASI OLIeHKA BHEIITHUX XapaKTepUCTHUK.

5.KoHTpoO/IbHBIE BOIIPOCHI

1.Kakue hyHKI[UM BBITIOJHSIOT B BBITPSMUTEISAX CUJIOBOM TpaHCcdopmarop , 610K
[IVOZIOB U CIVIQXKUBAIOLLIUUA (PUIBTD?

2.VI3MeHUTCSI M TIOMSIPHOCTh  BBIXOJHOTO HAarpsbKeHUs BBITIPSIMUTE/IST TIPU
M3MeHeHUU TO/IK/TFOUeHsI BbIBOZIOB ITePBUYHOM WM BTOPUYHOW 0OMOTOK?

3.I1pu KaKuX yCI0BUSIX MOJyTIPOBOJHUKOBBIN JUO/ POBOJUT 3/I€EKTPUUECKUN TOK?
4.IloueMy KOHJEHCAaTOp BKJ/IHOUAKOT [Mapajie/lbHO Harpyske, a WHAYKTUBHOCTH
-T1IocJIejoBaTe/IbHO C Heli?

5.Kakoii ¢uneTp U3 wuccnegyembix B aboparopHoii pabore obecrieunrBaet
roJiyueHre HavMeHbllero ko3 duiirieHTa Mmy/ibCalyi v nouemy?

6.Kakve mapameTpbl OIpefie/sitOT HAK/IOH (JKeCTKOCTb) BHEIHWX XapaKTePUCTUK
BbITIPAMUTEJIA?
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KpuTepum oneHKHu
-OLleHKa  «3a4YTeHO»- BBICTAB/SETCS CTYJEHTy, €eC/lu HWMEKTCI MeJKUe
NOTPELIHOCTH, He B/WAIOL[Me KapAWHAJIbHO HAa 3HaHWS Olpe/e/leHHbIe
TIPOrpaMMOM 00yUeHws.
-Ol[eHKa «He 3auTeH0» - TpyOble OIIMOKH, MOTHOCTBI0 HMCKa)KeHO CMBICTIOBOE

3HAU€eHUe, IToOHATHEe, OoIpe/ie/1eHNs.
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