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1. OBLLIME PEKOMEHJAILIVIM IO OCYILECTBJIEHHIO
JJABOPATOPHOI'O OKCIIEPUMEHTA |

1.1. llenn nabopaTopHBIX 3aHATHI

Baxueiel 4acThi0 Kypca «NEKTPOTEXHUKA H OCHORBI SIIEKTPOHMKHY» SBASETCA
1a6opaTopHbIf HpakTHKyM. UTOOE! 3HATh 3MEKTPOTCXHHMKY M OCHOBBI 3JIEKTPOHHKH,
Heo0XoIMOo Hay4YUThCH CaMOCTOATENLHO peuiats pasHoobpasHbie
3NIEKTPOTEXHUUECKHE 3afaud. PelleHHe 3THX 3amad MoxeT OBbITB MOMYyHYEeHO, Kak
M3EECTHO, AHATMTHYECKHM HIIH 3KCTIEPHMEHTATIbHBIM METONOM. DKCEpHMEHTANBHEIE
METOMEI PELICHMA H3YYaIOTCs Ha 1abOpaTOPHEIX 3aHATHAX.

JlaGopaTopHbI€e 3aHATHA JAIOT BO3MOXKHOCTb!

— 3aKPENHTh HA MNpPAaKTHKE TEOPETHUYECKHE CBEJEHHA O paboTe pasfHYHBIX
3JIEKTPOTEXHUUECKHX M 3JIEKTPOHHBIX YCTPOHCTB;

—~ NOApOOHO O3HAKOMMTBCA C YCTPOHCTBOM M XapaKTepHUCTHKAMH Haubornee
B&XHBIX 3JICKTPOTCXHHYECKHX M JIIEKTPOHHBIX NPHOOPOB, alMapaToB M MallMH,
COCTAB/MIOIMX MPEeAMET 1abopaTOPHOI IPaKTHKM:

— TOMOYb OBJIAlETh NPAKTHYECKMMH CHocobaMy YIpaBjieHHs W HacTpOMKH
3JIEKTPOTEXHHYECKHX YCTPOHCTB Ha 3aJaHHBIA PEXUM;

— MOJYYMTE TPaKkTHYECKHE HaBBIKM B NPOBENEHMH H3MEPEHHH 3JIEKTPHYECKHX
BEIIMYHH, IOJIb30BAHUH DA3fIMYHBIMKM M3MEPHMTENBHBIMH NMPHOOPAMU M aNiapaTaMH,
4TCHUH 3JICKTPHHYECKHX CXEM, OCTPOECHHHU rPpadHKOB B XapakTepPUCTHK,

— Hay4HTh TEXHHKE NPOBEACHUA SKCNIEPHMEHTIBHOTO HCCIIEA0BAHMSA (UIMIECKUX
MoZieNed WIH TNPOMBIIVIEHHBIX 00paslioB 3NICKTPOTEXHHUYECKMX M 3JIEKTPOHHBIX
YCTpOHCTB;

~ BBIPAbOTATE yMEHME paccyxaath 0 pabodHX CBOMCTBAX M CTEHEHM NMPHUTOAHOCTH
UCCIIENOBAHHBIX 3ICKTPOTEXHUUECKUX YCTPOHCTB 14 pPellieHUs TeX WIK MHEIX 3a/ay.

B coOTBETCTBHH ¢ TOCYNApCTBEHHBLIMH OGpPa3OBaTeBbHLIMU CTAaHAAPTAMH 11O
KypcaM 3JICKTPOTEXHUKH M OCHOBBHI 3JIEKTPOHHKM J1abopaTopHble paGoThI JOJDKHBI
BRINMOJHATECA MO paszesiaM JICKTPHYECKHE LENH MIOCTOAHHOTO U IEPEMEHHOTO TOKa,
Tpex(asHkie 3IEKTPHYECKHE UeNH, TPAHCHOPMATOPH! H IMEKTPUUECKHME MAIIHHBI
TIOCTOAHHOTO H NEPEMEHHOI0 TOKA, OCHOBEI 3JICKTPOHHKH.

1.2. [ToAroToBka k 1ab0opaToOpHOMY 3aHATHIO

DKCIIEpUMEHTANIBHBIE 3a1a4H, Npe/JIaraeMble Ha JaGopaTopHbIX 3aHATHAX,
MOTYT GBITh yCIIEIHO pEIIeHs! B OTBEACHHOE B COOTBETCTBHM C PACTIUCAHHEM
3aHATHH BpEMA TOIBKO TNPY YCTIOBHH TIIATENBHON NpeaBapuTeNsHOM TIOATOTOBKH K
KQKAOH U3 HUX.

Crynient, B NepByl0 O4epellb, AODKEH TBEPAO YACHMThL LENb 3afaHHA M HeTKO
TIPEACTABIATE HA3HAYEHUE YCTPOHACTBA, €ro YCJIOBHOE 0603HaYECHHE HA 3nempuqccxhx
CXeMax, TIPHHLHI AeHCTBHA N OCHOBHBIE XaPaKTEPHCTHKM.

3areM, 110 MaTepHallaM PYKOBOACTBA HEOGXOIMMO O3HAKOMHTBCA ¢ OCHOBHBIMH
NapaMeTpamy 06beKTa HCCENOBaHNs, UCTOYHHKOB ITHTAHHAA M APYTHX HCITONE3YEMBIX
B CTeHAe npeobpasoBaTeliell M TyCKOPETYIMPYIOLMX annapaToB. OTH CBEACHHA
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HYXKHBl [UIAd  ONpelesieHus [MAma3OHA BO3MOXKHOTO M3MECHCHUA BEJMMHMH H
Heo6xoluMoro pexuma paboThl 0OBEKTa HCcnedoBaHuMA. TpeGyeMble pacueTHbIE
COOTHOILIEHHUA ¥ (OPMYJIBI CIEAYET HAHTH H 3aMHCaTh CaMOCTOATENBHO Ha OCHOBE
H3yUeHUs Y4eOHbIX mocobuit.

Ocoboe BHHMaHHe CleyeT YAeJINTE H3MEPHTEIbHRIM NPUbopaM. B cooTBETCTBHH
¢ KaKOBIM ITamoM pabodero 3afaHHA HEOOXOAMMO MpPOAHATHIAPOBATL CXEMY
COEMMHEHUH,  COCTOAIYX M3  3JeMeHToB  o0BeKTa  MCCNCNOBaHHA  H
3NEKTPOU3MEPHTENBHBIX IPUOOPOB. TIpH 3TOM PEKOMEHTYETCA 3arOTOBHTH TabNHUIIb]
JUTA 3AITHCH TTOKa3aHU# mpubopos.

OHMM M3 BaKHBIX JTAalOE ITOATOTOBKH K BBIIONHEHHIO JIabopaTopHO# paGoThl
ABJAETCA  M3YYeHHE  TEXHOJOTMH  NPOBEREHHA  JKCIEPHMCHTA,  UCTIONL3YA
METO/{HYECKHE PEKOMEHAALMY K BRITOJHEHUIO pabodero 3aaHus.

3aBepmaeT 3Tan NOATOTOBKHU K BHITIONHEHHIO NabopaTopHo# paboThi cocTaBneHue
OTBETOB Ha KOHTPOJIbHBIE BOTIPOCHI, TPHBEACHHBIE B METOOAUYECKHX YKa3aHUAX.

1.3. TIporeneHME SKCIIEPUMEHTA

Tlojlydds  paspellieHHe IperodaBaTeni Ha  NPOBEdeHHE  J1aGopaToOpHOro
HCCIIeIOBAHMS, CIeAYeT HEMEMNEHHO TIPHUCTYIMTE K cOOpKe 3/IEKTPHYECKHX Liened Ha
paboueM MecTe. PekoMeHAyeTcsA NPHACPXKHMBAThCA — CNSAYIOLIErO  IOPAAKA,
3HA4HTENBHO oBNerdaloniero paboty 1o c6opke H H30aBIIAIOWIETO OT MHOTHX OWHOOK
npH coemuHennsax. OOmMM IpaBUIOM ABJIAETCA COSAMHEHHE CHAYalla YYacTKOR LeTH
¢ TOCNENOBATENBHEIM COEJHHCHIEM 3JIEMEHTOB M MpUOOPOB, a 3aTeM NMapauie/IbHbIX
BeTBel, kak 06bekTa HCCAEeA0BaHUA, TaK H PpHOOpOB.

B3TOT MpHEM MO3BOJAET CO3HATENBHO IOMOATH K OLICHKE HA3sHAYCHHA KaXIOro
37€MEHTA I{eTIM TEM CaMbiM MIPABIIBHO OCYLIECTBHTD €€ COOpKY.

OjHoBpeMeHHO ¢o cO0pKOM LenH Halo NPOH3BECTH MApKHPOBKY H3MEPHTENBHBIX
npubOpOB B COOTBETCTBHH C WX YC/IOBHBIMM O0O3HaueHHMAMM Ha paGouedl cxeme
coenMHEHHHA, MapKupOBKY NpMOOpPOB MOXHO BBINOJHHTE C IOMOIIBI0 GYMaKHBIX
6HpOK, KOTOphle 3arOTABNMBAeT YHalUMiicd, BHUIONHAOWME JiabopatopHoe
HCCIIEIOBAHHUE.

Bo u3bexxkaHHe BO3MOMKHOTO BOZHMKHOBEHHA GOJIBIUMX TOKOB B COOpaHHOM LENM
SEMEHTHI  PETYIMPOBAHUA [OTCHUMOMETPOB HEOOXOQMMO  YCTAHABIMBAaTh B
TIOJIOAKEHME, COOTBETCTRYIOLIES MEHAMYMY HaIpsKeHHS Ha BBIXOJE.

CoGpanHy10 LieNb clieyeT 06:13aTeNbHO 10Ka3aTh AJiA IIPOBEPKH IPENOJaBaTeIo.
ToNekO ¢ €ro pa3pelieHHd MOXKHO BKIIOWATH MCTOHHHK IMHTAHHA H MPOH3BECTH
npenBapuTeNbHoe onpoGosadne pabotel LemH, YTOOB! yOeNUTHCA B BO3MOKHOCTH
MpOBEEHHA ONBITA MPH 3aJaHHBIX Npefeiax Hu3Mepenns BenuduH. Henbsg
TNpHCTYNaTh K U3MEPEeHHsM, He Oy/IyHH COBEPIICHHO YBEPEeHHBIM, 4TO Lenb cofpana
[PaBIIBHO.

Ec/u npu UCTIBITAHHM LN TOCTOAHHOTO TOKA CTPesika H3MEePHTENbHOTO npuopa
YXOOWT 3a Npeesibl WIKAIel B OOPATHOM HAIpABICHHH, HANAO OTKIKYMTH LENb M
NepeKIIOYHT IOAXOMALIHE K Npubopy NpoBosa.

TIpy CHATHH XapaKTePHUCTHK HEIOMyCTHMO MPEBHILIATE HOMHHAILHEIE 3HAYEHHUA
TOKOB M HANDPsDKEHHM HCIBITEIBAEMOro NIEKTPOTEXHUYECKOT0 yCTPOHCTBA, €C/TH HET
0cOBBIX yKa3aHMil B pyKOBOJCTBe 110 JabopaTopHOMY 3KCIepUMEHTy. B crydae, ecnu
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CTpe/ika Kakoro-iubo npubopa BBIXOMMT 3a MpeAesibl LIKAMbl, HANO HeMeIIEHHO
OTKIOYHMTE LieMb OT NCTOYHHKA MMTAHHA, JOJIOKHTh NPENOJABATENMO HITH 1TaGOpaHTY
H H3MEHUTE YCIIOBHA HKCHEPHMEHTA (YMEHBLINTE HANpPSKCHHE NUTAHMS, YBeTHIHTh
JIMana3oH U3MEHEHHA COTIPOTHBIICHHA U T.1.).

Ilocne npeapapuTensHOro onpo6oBaHys UMM, IPOBEPKM WM OLCHKH AHANA30HA
H3MEHEHUS TNEPEMEHHOTO NapaMeTpa HEOOXOAWMO HaMETHTH MOCTEN0BATENBHOCTS
OT/eJbHBIX MAHHITYJIALH 1 OTCUETOB, @ 3aTeM IPHUCTYNHTD K HAGTIOACHHAM.

OTCHETEI PEKOMEHIYETCS MPOBOIMTH IO BO3MOXHOCTH OJHOBPEMEHHO MO BCEM
npHbopam. Crenyer H3beraTs mepephlBa HadaTod cepuy HaOMIOLEHHH M BO BCex
ClTyyasx, KOT/a BO3HAKAET COMHEHMeE B MPaBWILHOCTH IONMYYEHHBIX Hab/ONeHuH, HX
HeoOXOMMO NMOBTOPHTE HECKOJIEKO pas.

Pe3ynbTaThl BCEX TEPBHYHBIX HAOMIONCHUH M OTCHUETOR 3aNKCHIBAIOT B TAGMHUILy
[IPOTOKOJIA MCIIBITaHHH. 3aIMCh OTCYETOR JOJDKHA BECTHCH B TOYHOM COOTBETCTBHM C
TIOKa3aHMAMM M3MEPHTENEHEIX NpuHOopoB. [IpoTokonbl HabMOAECHMH ABJAKOTCA
€IMHCTBCHHBIM JOKYMEHTAJIBHBIM CIIEJIOM, OCTAIOMIAMCA OT H3MEpeHHH, HO3TOMY OT
TOYHOH M CBOEBpEMEHHOH (MKcauMH B Tabnuuax pesyjbTaToB OTCYETA B
3HAYMTE/ILHOR CTETIEHH 3aBHCHT YCIIeX DKCIEPHMEHTANbHOMN paboThl.

Ilpu mepexone OT OJHOTO 3Tana HCCACHOBAHHMA K APYTOMY HEOOXOAUMO KaXKAbIi
pas ofpamathcss X NpPENOAABaTENio 3a IPOREPKOH MPABUILHOCTH IOJMYHMEHHBIX
Pe3yNbTATOB, KOTOPHIE NPEACTABIAIOT B BHAE TabJIHL MM rpadMKoB.

K caenyromeMy sTany paboTel paspelaeTcs NPUCTYNaTh TOJILKO TI0CHE IPOBEPKH
¥ BU3MPOBaHHA NPOTOKOJIA MPEHOJaBaTENICM.

1.4. O6paboTka pe3ysbTaToOB H 0GOPMIIEHHE OTUETA

Kaxaplii CTyIEHT CaMOCTOATENIbHO HOJDKEH 00pabarbiBaTh JaHHBIE OMBITOB H
NOArOTOBUTh OTYET MO KaXAO0M NpoesiaHHo# pabore.

B orueTe Ha THTYyNBHOM JIMCTE YKAa3bIBAalOTCH Ha3BaHHE y4eGHOTO 3aBelEHHA,
kapenpsl. Homep u HauMeHoBaHMe paboTl, GaMHIMA WM HMHUIMAIBL CTYZEHTa,
BLINOJIHABIIETO paboTy, HOMep ero akaaeMHYecKON IpyIIIEL.

OTuer mo/bKeH cojcpkaTh, MacHOPTHHIE OaHHBIe ofbekTa HCCleOBaHHA, CXEMBI
COC/INHEHHA JJIEMEHTOB OOBEKTAa MCCNENOBAHMSA C BIJIIOUEHHBIMM H3MEPHTEBLHBIMU
npubopamu, TabIIHLIEl C 3aIIHCHI0 Pe3y/IbTATOB IKCIIEPUMEHTA, MpadUKH 3aBUCHMOCTEH
M BEKTOPHRIE AarpaMMBEL.

ITocne npoBeneHHA KCIEPUMEHTA AOJDKHBI OBITH CAENAHBl OCHOBHBIE BHIBOJDI,
TI0JTy4eHHBIE B PE3yJIbTaTe HCCIIeHOBaHMUS.

Kaxnas cxema po/mkHa OBITE CONPOBOXKICHA COOTBETCTBYIOWIEH Talbiuuen
3anucedl pesyJIbTAaTOB HM3MEPEHHH M TpadHKOM, HIUTIOCTPHPYIOUIUM H3yyaeMsle
3aBUCHMOCTH. B Tabavue o0643aTefbHO CIEAyeT yKashiBaTh, B KaKHX eJHHHLAX
H3MEPEHBl  HCCNIEdyeMble BENH4YHHBEL Bce Tabnamue HeoOXoAMMO CHaOOMThH
3aroJI0BKaMH, XapakTepH3YIOLMMY IPOBOAUMEIH ONBIT.

Ha ocHoBaHuu pe3yJIbTaTOB H3MepCHHﬁ IpOBOOUTCA HMX OKOHYaTenbHasA
obpaboTka. H3mMepeHHbIE M BEIYUCIICHHBIC BEJIMYHHEI 3AHOCATCA B COOTBETCTBYIOLIME
KOJIOHKM OJHOM W TOH xe TabauLp!.

BriyepunBanne cxem ¥ Tabnul PEKOMEHIYETCH MNPOU3BOAUTE KapaHJaliom
o6A3aTeNIBHO ¢ IIOMOUIBIO JIAHEHKH.
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Ocofoe BHHMaHME HAJ0 YAEIUTh rpadHKaM 3aBUCHMOCTEH MEXTy BENMYHHAMH,
T.K. OHH ABJAIOTCA HALMAZHBIM pE3YJBTATOM paboThi, rpadHYECKHM OTBETOM Ha
BOIPOCHI, [I0CTaBIEHHEIE B TabopaTopHO# paboTe.

[lpu nocTpoeHuu rpadUKOB 1O OCAM TNPHBOAAT CTAHHAPTHEIC OYKBEHHbIE
0603HaYEeHUA BEIMYMH U SANHUL MX U3MEPEHNA, YKa3bIBAIOT JCTEHHA ¢ OOMHAKOBLIMU
UHTEePBAJIaAMH, COOTBETCTBYIOIHE OTKIIANBIBAEMBIM BEJIMYUHAM B NPMHATHIX €IUHULIAX
M3MEPEHNA WK B JECATHUHBIX KPaTHHIX MO0 JONBHBIX €IMHHIAX.

YuCIoBBIE OTMETKH Y MACINTaGHBIX [eNeHHit IPUHATO BHIGHpATh TaK, YTOOB OHH
cocrasuim 10*", 2*¥10™ mwm 5*10"™ or Tex emuHMU, B KOTOPBIX BBIp@KEHHI
BENIMYHHEL, OTKIankBaeMEle 1o ocam. Hanpumep, 10 MA; 0,02 Om; 500 Br.

IIpy moctpoeHun rpadukoB BHONL ocH abclucc B BHIOpaHHOM MacurTabe
OTKJIABIBAIOT HE3ARMCHMYIO MEpEMeHHYI0. YenoBHOE OykBeHHOE 0003HaueHHE 3TOH
BEMYMHEl PEKOMEHAYETCS CTABHTH O]l OCHIO, 2 HaHMEHOBAHHE €AMHHL H3MEPCHHA
nub0 MX JEeCITHYHBIX KPaTHBIX MM JOJBHBIX €OMHHI — IIocle OOO3HAaueHus
BEJIMUMHEL BJonak oCH OpAMHAT MaciuiTaCHble LHGPRl CTAaRAT CJA€BA OT OCH,
HaMMEeHOBaHHE WIH YCIOBHOE 0003HAUCHHE OTKIIA/IBIBAEMBIX BEMMYHMH — TAKXKe CleBa
OT OCH H O/ 3TUM 0603HAYeHNEM YKa3bIBAIOT SOUHAIY H3MEpeHHs. EciM B OIHMX
KOOPJMHATHBIX OCAX CTPOST HECKOJIBKO I'padHKoB QYHKIMH OIHOH He3aBHCUMON
HEPEMEHHOH, TO CleAyer MPOBECTH JOMOJHMTENbHBIE INKAJBI IAPAUIEBHO
OCHOBHEIM, KakIylo cO CBROMM MacmrtaboM. Ecny semwvmssl no ocam abemucc H
OpAMHAT OT/IOXKEHBI B ONpEIENCHHOM MacllTabe ¢ YHCIIOBHIMH OTMETKAMM, TO He
CIIElyeT CTABUTH CTPENIOK, YKa3BIBAIOIMX HAINPAaBIICHHE POCTa YHC/IEHHBIX 3HAYEHHH
pesMuny. HavMeHoBaume eunuil uaMepenns aaercs 6e3 ckodok. [1py BerdepunBanuyg
rpadHKOB HANO YYUTHIBATH, YTO BCAKOE M3MEPEHHE MMEET CIIyYadHble NOTPEIIHOCTH
(MCTHHHOE 3HAYEHHE M3MEPAEMOM BEJIMUMHBI OCTAETCA HEU3BECTHBIM, & BMECTO HETO
NIPUHEMMAIOT HEKOTOpOeE eé 3HaueHue, NpH3HaBaeMoe 3a HanboJiee NpUbImKaroIeecs K
uctuuaoMy ). [TosToMy He cAeRyeT IPOBOAUTE KPHBHIE HEPE3 BCE IKCNIEPHMEHTANILHEIE
Toukd. Ha rpaduke HeoOXomuMoO HPOBOAMTE IUTABHBIE HEIPEPBIBHBIE KPHBLIE,
KOTOpble NPOXOMAT CPEeAM SKCIEpUMEHTAIBHBIX To4eK. OTCTYIUIEHME HEKOTOpBIX
TOYeK OT IUIaBHOW KPUBOH Ha3BIBAIOT «pa3bpocoM Touex». Benmuunna pasbpoca npu
HaO/MofeHHH 3aKOHOMEPHBIX SBJICHHWH ONpeAenseT TUIATEIRHOCTh IIPOBEACHHA
9KCIIEpPHMEHTA.

Tlpy HanH4HM HECKOJBKHX KPHMBBIX Ha OJHOM rpaHKe TOHKH, COOTBCTCTBYIOLIME
OTBITHBIM JAHHBIM H OTHOCSAI{MECH] K PA3UYHBIM KPHUBBIM, JOIDKHBI OBITH MOMEYEHB
YCIIOBHBIMU 3HA4YKaMH (KPECTHKaMH, KpY>KKaMH H T. IL.).

Kaxapiii rpaguk 06s3aTenbHO OO/DKEH OBITH CHAGKEH TAKMM JIAKOHHYHBIM
TEKCTOM, 4YTOOBI I060# AOCTaTOYHO IMOATOTOBJICHHBIA YHTATENb MOT JIETKO IOHATE,
KAKYyIO 3aBHCHMOCTb XapaKTepU3yeT NOCTPOSHHBIH rpadHK.

Ha nocneaneii crpaHuie oT4era cieAyeT ykasaTh AaTy O(OpMIEHHA H IOCTABHTH
HOJIIHCE.

OTYeT B LENOM JI0JDKEeH OBITH COCTaBNEeH TakuM 06pa3oM, YTOo6b! U1 [IOHHMaHHA
CONEPXKAHUA U Pe3yJIETATOR TPOBEACHHON paboTel He TPeOGOBANOCE JOMOIHHUTENBHAIX
YCTHBIX MoscHenui. COCTaBleHie MOJOOHBIX OTUETOB — NEPBEIM Iar K 0HOpPMICHHIO
TEXHHYECKHMX OTYETOR 110 3KCIIEPHMEHTATBHBIM MCCIIEIOBAHMAM, KOTOPBIE NPEACTOUT
TPOBOAMTS Oy ayLIEMy HHKEHEDY.




2. KPATKME TEOPETHYECKME CBEJIEHHM 1

2.1. W3MEPEHWA B DJIEKTPMUECKUX LIEIAX

KoHtponb paboTel  JIEKTPOOOODYIOBAHMA  OCYHIECTB/LIETCA C  MOMOLIBIO
pa3HoOOpasHEIX 31EKTPOHIMEPHTENBHEIX NpHOopoB. Hanboiee pacnpocTpaHeHHBIMH
3NIEKTPOU3MEDPHTEIBHEIMH  IPHOOpaMK  ABAAIOTCA  NpUGOPEL  HEMOCPEACTBEHHOTO
orcuera. [1o BHIY OTCHETHOrO yCTpONCTBA PasfM4arOT aHAJIOrOBBIC (CTpeNOYHbIE) M
HuQpoBEiE H3MEPHTEITbHEIE PHOODEI.

Ha rnuueBoi CTOPOHE CTpeJIOYHBIX NPHOOPOB H300paXKEHBI YCIOBHBIE
0003HaueHHA, OMpedesilomMe KnacCHQHMKALMOHHYI0 rpynmy npubopa. Ouu
NO3BOJIAIOT NPABHNLHO BbIOpaTe NpuOOPHl W HAIOT HEKOTOpblE YKA3aHHA 10 HX
IKCILTyaTalMH.

B uensx foCTOSHHOro TOKa i H3MePEeHHH TOKOB 1 HaNPKCHUHM NPHUMEHAIOTCA B
OCHOBHOM IpMOOpBI MAarHUTO3JIEKTpHYeCKOH cHcTeMsl. [IpHHIMN AeHCTBHA Takux
npruGopoB OCHOBAH Ha B3AaMMOACHCTBMH MarHHTHOTO MOJIA HOCTOAHHONO MAarHHTa H
H3MEPAEMOro TOKa, IPOTEKAIOLIErO MO KaTyINKe. YTON MIOBOPOTAa CTPENKH ¢ NPAMO
NpONOpLMOHANIEH H3MepsieMOoMy Toky [: o = K I. Illkankl MarHHTORJIEKTPHIECKHX
NpHOOPOB paBHOMEPHEIE.

B M3MepHTeNLHBIX MEXaHM3MaX 3JIeKTPOMArHUTHOM CHCTEMEI, IPUMEHSEMBIX IJif
H3MEPEHHH B LEMAX NEPEMEHHOTO M MOCTOAHHOTO TOKA, BPAUIAIOMINA MOMEHT
00yC/IOBJIGH JIHCTBMEM MAarHHTHOTO MONf H3MEPAEMOTO TOKAa B HEHOABIKHON
KaTyllke NpHOOpa Ha NOJBRMKHEIN (GeppOMarHUTHEIHA AKOpS. YTOJ NIOBOpPOTa CTPENKH
@ 30ech TPONOpLUMOHAeH KBagpaTy Toka: o« = K I IlostomMy 1mkana
3JIEKTPOMAarHUTHBIX NPHOOPOB OOBIYHO HCPABHOMEPHAs, YTO ABJISETCS HENOCTATKOM
>THX npubopor. HauanpHas 4acTh ImKadkl He HCNOJB3yeTCA Ui M3MepeHuit. Il
U3MCEPEHUH TOKOB W HaNPAKEHMH B LENIX INEPEMEHHONO TOKA IPUMEHAIOTCSA TakxkKe
NpHOOPH! BHINPAMMTENBHOR CHCTEMBI. Takhe mpHOOPHI CONEPXKAT BBIIPAMHUTELHBII
npeobpasoraTens ¥ MarHUTOYIEKTPHUCCKIH W3MEPUTENBHEIN MeXaHh3M. OHH HMEIOT
Gosiee MMHEHHYIO MIKATY, YeM NPHGOPBI IEKTPOMATHHTHOM CHCTEMBI H JOCTATOYHO
UIMPOKHHA YaCTOTHRIH JHaNa3oH.

sl IpaKTHYEeCKOro MCMOJB30BAHUS CTPENIOYHOTO H3MepUTeNnbHoro mpubopa
HeoOXOAMMO 3HATh €ro Npeen U3MEpeHHil (HOMUHAIEHOE 3HAYEHHE) U UEHY Je/eHAs
(mocroanHyio) mnpubopa. Ilpeaen wusMepeHWit — 3To Haubonkllee 3HAYECHHE
3MEKTPUYECKON BEMYMHEI, KOTOPOE MOXKET OBITH M3MEPEeHO AaHHBIM MpHGOpOM. DTO
3Ha4YeHHe OOBIYHO yKasaHO Ha JMLeBod cTopoHe mpuGopa. OOMH H TOT Xe Hpubop
MOXET HMETh HECKOJIbKO MpefiesioB usMepeHuil. L{eHol neneHus npubopa HaspiBaeTcA
3HAYCHUE H3MEPAEMOH BEJIMYHHEL, COOTBETCTBYIOUlEEC OJHOMY JeNEeHHMIO LIKANIBI
npubopa. lleHa aenenns npubopa C jerko onpedensercs kak OTHOLIGHHE TpeieNa
usMepeHMH Apop K URCTY JETICHHH IKassl N:

C= AHOM/ N.

Ha suuesodt cropode cTpenoussix npubopa YKashIBaeTCA KJIAacC TOYHOCTH,
KOTOPBIH OHpEeNesAeT HPHBEREHHYIO OTHOCHTEIBHYIO HOTPELIHOCTh HpHGOpa jip.
lpusenennas oTHocHTeNMEHASL OFPEIHOCTE IPHGOPA — 3TO BHIPAKEHHOE B MPOLECHTAX
OTHOIIEHHE MaKCHMaTbHOH 1A JaHHoro npubopa abcomoTHoN norpeinHocTd 44 K
HOMHUHAJILHOMY 3Ha4yeHUIo npubopa (npeaety H3MepeHuit) Ayouy.

8

: Yip = 100 AA /AHOM%-
TIpOMBIINEHHOCTs B COOTBETCTBMH ¢ ['OCT BhIIyCKacT MPHOOpHI C pasiiHBIMH
Kiaccamy Tousoct (0,05; 0,1; 0,2; 0,5; 1,5; 2,5; 4,0).

3uad KIacc TOYHOCTH TNpuBOpa, MOXHO oONpenenuTs abcomoTnylo A4 w
OTHOCHTE/IBHYIO IOTPELIHOCTH M3MEPEHMA Jyzy, @ Takoke ACHCTBHUTEIBHOC 3HAUCHUC
H3MepaeMoll BeTUUMHBL A . '

A4 = yar AHOM/IOO,' Yiam = 100 A4/4; A/]= A +A4A.

PacueTHYI0 OTHOCHMTE/bHYIO MOTPEIIHOCTh H3MEpeHHs B J00o# Touke mIKanbl
npu6opa MOXKHO ONpENE/IMTh, Mojarad, 4YTO €ro JONycTHMad abcomoTHas
TOTPEITHOCTE AA H3BECTHA H NIOCTOSHHA:

YoM = 100 AA/Aiy ,

rae Amm — YCIIOBHOE M3MEpPEHHOE 3HAUCHHE BEJIHMYMHEI, 3a/laBaeMoe B Npenenax
IIKa/bl TpHGOpa OT MHUHHMAIBHOTO 3HAYEHHA OO HOMMHAIBHOFO 3HAYCHMA N2HHOTO
npubopa. OOpaTWTE BHUMAHHE Ha 3HAYEHHE OTHOCHTEBHOM IOTpEIHOCTH
M3MEpEHHs, COOTBETCTBYIOLIEE MPENENBPHOMY 3HAYCHHIO M3MEPACMOH BENMMUHBL, H
CPaBRHHTSH €r0 C KJIACCOM TOYHOCTH Npubopa.

HeTpynso clenars BBIBOI, YTO OTHOCHTE/BHAs IOTPEIIHOCTh H3MEPEHHSA TEM
Gospllle, HEM MeEHEBIIE H3MepsieMas BEJIHYMHA II0 CPaBHEHMIO € HOMHMHAIBHBIM
3HayeHMeM npubopa. IToaToMy JKenaTelbHO HE TMOJiB30BATECA IIPH H3MEPCHHH
HauansHOM YacThIO IIKAIE cTperiodHoro npubopa.

Tl obecrieuenna Masiof METOAMYECKOH NOrPElHOCTH H3MEPEHHS HEOOXOAMMO,
yTOGHl CONPOTHBJICHHE amnepMmerpa OBUIO 3HAYMTENBHO MEHBUIC CONPOTHEICHHA
HATpy3KH, 3 CONPOTHBJIEHAE BONLTMETpa GBUI0 3HAYUTENBHO GONBINE CONPOTHBNCHHS
HCCIIEy eMOTO YUacTKa.

B Tabn. 1 mpuBeneHBl HEKOTOphle YC/IOBHBIC 00O03HAUeHMd, MPHBOAMMEIE HA
JMUEBBIX MaHENAX CTPENOYHBIX H3MEPHUTENBHBIX NpHOOPOB, ONpEAETIOWHME KX
CBOWCTBA U YCJIOBHS IKCILTY aTalldM.

Tlpu NpoBedCHMM H3MEDPEHHH B 3IEKTPMYECKHMX LEMAX IIMPOKOE NPUMEHEHHE
nonydmwid UMQPOBBIE HM3MEPHTENbHBIC NpPHOOPHI, HANpUMEp MYIETHMETphl -
KOMOHHHPOBaHHBIC LU(POBBIC H3MEPHTENbHBIC NPHOOPHI, MO3BOJAIOUIME HIMEPATH
NIOCTOAHHOE M IIEPEMEHHOE HANpsDKEHHe, [OCTOAHHBIA M MEPEMEHHBIH TOK,
COTPOTHBJICHHMA, NPOBEPATh AHOABI M TpaH3ucTophl IlpeacTaBieHue pesynbTara
H3MEPEHHs TIPOMCXOMT Ha LM(POBOM OTCYETHOM YCTPOHCTBE B BHAE OGBIMHBIX
YROOHBIX IS CUMTHIBaHMS ACCATHHHBIX umcel. Haubonbmee pacnpocTpaHEeHHE B
LUQPOBBIX OTCYETHBIX ycTpocTBax MyJIETUMETPOB MOJTY YHITH
KHIKOKPHCTAUTHIECKHE H CBETOQHONHBIE HHAMKaTopel. B sabopaTopHoM cTeHze
ACIIONB3YIOTCA LHQpOBBIE MPHOOPHI JUIA M3MEPEHHS NOCTOSHHBIX M TIEPEMEHHBIX
TOKOB, a TakKe UHPPOBON HM3MEPHTENb MOIHOCTH. [Ind MEepeiIioYeHHs PexuMa
paGots! Ludpossx amnepMerpos crenaa (PAl, PA2, PA3 n PA4) Ha ero nepenuer
TaHENN YCTAaHOBJIEH Tymbiiep, KOTOPBIA Ul M3MEPCHHs TOCTOAHHONO TOKa crielyeT
YCTAHOBHTP B TO3HLMIO «=», A8 U3MEPEHHA JCHCTBYIONMX 3Ha4CHHH NepPeMEHHBIX
TOKOB — B IO3HLMIO «~». J[A M3MepeHHd MOCTOSHHOTO TOKa BXOIHas KiemMma ()
1 POBOro aMIePMETPa BELIE/EHA KPACHBIM LBETOM.




Lludposoit M3MepHTENb MOLIHOCTM HpeJHa3Ha4yeH Ani M3MEPCHHA NapaMeTpoB

3IEKTpHYESCKON LIEMH:
— HeAcTRyIoMIero 3HadeHus Hanpsbkenus U (True RMS) B muanazore 0...30 B;
— feiicTBYIOILero 3Ha4eHHa Toka | (True RMS) B ananasone 0...300 MA,
— aKTUBHOM MoinHoctH P B nuanazone 0...600 Br;
— yacToTh! f B AnanaszoHe 35...400 I

—COos ¢;
—yrna caeura a3 ¢ (Fi) MexIy TOKOM M HampsskeHHeM.
Tabmina 1
VcnosHoe ConepxxaHHe yCIOBHOTO 0603HAYEHMA
rpadpgeckoe
0603Ha"eHHe
AV, W, Q Hz’ HauMeHoBaHHE U3MEPAEMOH BEMHMHAHDB (AMIICP, BOJIBT, BATT, OM, IEpl,
cosg, F, H K03 PHUILMEHT MOITHOCTH, dapajia, FEHpH)

MaruuTo31eKTpHIeCKMIt H3MEPUTENLHEIH MEXaHH3M

DNEXTPOMArHUTHBIA H3MEPHTETLHBINA MEXaHU3M

#DJ""%D

MarsuTodNIeKTPHIECKH H3MEPHTENBHBI MEXAHH3M C BRIMPAMUTENICM

0,05; 0,1; 0,2; 0,5; } Kiacc ToasocTH npHbopa
1,5;2,5; 4,
Pabouee nonoxeHue Mkansi npudopa:
w —- TOPU30HTAJIBHOE,
__L vnm T BEPTHKAILHOE;
&0" o[ YIIIOM, Hanpumep 60°
ITpn6op npenasHaded Wi paboTei
—_ B HEMH NOCTOAHHOTO TOKA,
~ NEPEMEHHOTO TOKA,
- HOCTOAHHOFO H [IEPEMEHHOTO;
o B TpeX(pa3HOR LEIH NEPEMERHOTO TOKa
A (u1u oTcyTcTBHE 6YKBBI) — IpUGOP U1 CYXHX OTAIUTMBAEMBIX NIOMEMIEHHH C
Temneparypoi +10°C ... +35°C u Bnaxuocth 10 80% npu 30°C;
b b ~ npuGop 1A 3aKpHITBIX HE OTAIUIMBAEMbIX IOMELICHHH C TEMIIEPaTypoi -
. 30°C ...+40°C u Bnaxuocth J0 90% npu 30°C;
By; By; B3 B — nputops! i1s ofieRIX B MOPCKHX YCIOBHIL:

B - npu temnepatype -40°C ... +50°C u B, — npu temneparype -50°C ...
+60°C u BnaxkzocTH 1o 95% npu 35°C;
B3 ~ pu Temnepatype -40°C ... +50°C u BnaxsocTH a0 98% npu 40°C

Y

HsmepurensHas nems npubopa H30IHPOBaHA OT KOPITyCa ¥ MCIIEITaHa
HanpsKEHHEM, Hanpumep, 2 xB

30-200 Hz

Pabouuil 4acTOTHBIN qHaTa3oH Npubopa

10~

Ipubop conepxur:

— KJIEMMBi TIOa41 BXOJHOTO H3MEpAEMOro CHrHana (FeHepaTopa): KIeMMy «Bx» H
O6LIYIO KIEMMY, KIEMMBI OAKTIOYEHH IOTPEOHTENA (HATPY3KH): KIEMMY «Brix» U
oburyio KemMy. LlyHT ajia N3MEPEHHA TOKA HArpy3kH HOAKITIOUEH MEXIY KIeMMaMH
«Bx» u «Bbix»;

—  XKHOKOKPHCTAIMYECKHH  YETBHIPEXCTPOYHBIH  HMHAMKATOp WA BBIBOJA
uHbOpMaLUH;

— kHomky «f/cos(p/@» M3MEHEHMsA BBIROAA HHQOpMALMM B HETBEPTOH CTpoOke
MHJIMKaTOpa (COOTBETCTBEHHO, YaCTOTHI, k03((QHIMEHTa MOIIHOCTH COSQ MM yria
capura das Fi MexIy TokoM 1 HAIIPSKEHHEM).

C 3agHedl CTOPOHBI IpHOOpA YCTAHOBJICHB PO3€TKa A MOMKMIIOYUCHHA MUTaHHA
CEeTH M KOJIOAKa NPENOXPaHHTENA.

C noMolupio KHOTNKH «f/cOSQ/G» MOXKHO HM3MEHATb BBIROJ, HMHpOpMAUMH B
YeTBepTOM CTpOKE MHAMKaropa. [ BHIBOJA TpeGyeMOro mnapamerpa B HETBEPTOH
CTpOKE MH/IMKATOpa KHOMKY HE00X0IMMO HaxaTh Ha 1...2 CeKyHApI.

Hamenenua cxempl ROOKANYEHUA npubopa u nabopamopHod yCMAHOGKU
6BINONIHAMD NPU  6bIKAIOMEHHOM RUMAHUNW NpuGopd. B TPOTHBHOM  CITyyae
BO3MOXKHBI M3MEHEHHMs MOKasaHui Npubopa, a TaKKe BO3HHKHOBEHHE Hapymeﬂﬂn B
paboTe UHAMKaTOpa MpUbopa. SRS

2.2. SJIEKTPUYECKHE LIETIH [TOCTOAHHOI'O TOKA

DrekTpUYeCKas Hernb, COCTOAMAA H3 JJIEMEHTOB, BOJETAMIICPHEIE XApAKTEPHCTHKH
KOTOPBIX ABJISIOTCA TNPAMBIMH JIHHHAMH, HA3bIBAeTCA JIMHEHHOM IEKTPHYECKOM
LETIBI0, @ DIEMEHTEL, H3 KOTOPBIX COCTOMT LNk, — IMHEHHEIMH 3/IeMEeHTaMH.

CoeMHEHHE B 2JIEKTPUIECKOH LICTH, IIPH KOTOPOM 4€pe3 BCE IJIEMCHThI IPOTEKACT
OMMH M TOT e TOK, Ha3pIBAaeTCA TOCNENOBATEBHEIM COCIMHEHHEM. DKBHBATIEHTHOE
CONpOTHRNEHHEe R TOCIENOBATENBHOH LEMH IOCTOSHHOTO TOKA PaBHO CyMMe
COTIPOTHBJICHUH OT/ENBHBIX YJaCTKOB: Ry = Ry + Ry +

HanpskeHde Ha OTAENBHOM YYacTKeé B COOTBETCTRHHM ¢ 3aKOHOM OMma
TIPOTIOPIHOHATEHO COMPOTUBIIEHHMIO 3Toro yuactka: Uy = IR, Uz = IR; .

Hanpsokerne U Ha BXoJ€ MOCIEAOBATENBHON LENM B COOTBETCTBHH CO BTOPBIM
3akoHoM Kupxroda paBHO CymMe * - oo

HanpsKeHHH Ha OTHENIBHBIX b
yqacTkax: TH ¢|2 Tls ¢I4 ils
U=U+Up+... R1 R2| R3| R4
Ipn f1apaJuIeIbHOM
COCIMHEHHH JBYX HJIM HECKOJIBKMX

JEMEHTOB HANpHKEHHE Ha HHX Uab

OJIHO M TOXE, TaK KaK BBIBOJbI 3THX + - + - R5 [J

SNEMEHTOB MOAKIIOYeHHl K omuum ET l
HONORLEE

7 TeM ke y3maM. Tokum »

- T e - +
OTAE/BHBIX 37eMeHTax 5
onpenensloTcs no 3akoHy Oma: [ 02 !
=U/Ry L=U/R;. ® | I
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B cootsercTBHM ¢ mepBbiM 3akoHOM Kupxroga Tok / B HEpa3RETRICHHOH 4acTH
UerH paBeH CyMMe TOKOB BCeX MapateNbHbIX BeTBel: [ =1 + I+ ..

[TporopguMocTE MapaniesabHOTO COCOHHEHHA paBHA CyMME IPOBOJAMMOCTEH
OTAENBHBIX YUaCTKOB: /Ry = I/R; +1/R> +... .

Ananuz o6oi  aiexTpUYeckoil LemM MoxeT OBITH TIPOBEJEH METOAOM
HETOCPEACTBEHHOrO MpHUMEHEHMA 3akoHOB Kupxroda. Ecnm anexTpudeckas uens
COCTOMT TOJBLKO H3 MapalUleNbHbIX BETBEH, TO €CTh HMeeT 1Ba y3aa (puc. 1), To e&
aHanu3 LenecoobpasHo NPOBOJMTH METOAOM Y3NOBOIO HaNpsiKEHMs, MPHMEHEHHE
KOTOPOTO SBJSETCA MeHee TPYJOEMKHM H MO3BOMAET M36eKaTh PEIICHHMA CHCTEMBI
ypaBHEHUH. MeToR y3NIOBOr0 HamnpsmKEHHS DEKOMEHIyeTCs HCIONb30BaTE M B TEX
ClydadX, KOTHa CHOXHYH OSIEKTPHYECKYI0 CXeMY MOXKHO YTPOCTHTh, 3aMeH:A
MOCNENORATENFHO M NApalNeNnbHO COEAWHEHHBIC PE3HCTOPhI 3KBHBAICHTHBIMH,
HCIIONB3Ys NIPU HeoOXOAMMOCTH npeobpa3oBaHHMe TPEYTONLHHMKA COINPOTHBIEHHH B
9KBHBAJIEHTHYIO 3BE3]Y.

IlpuMeHeHHEe JaHHOTC METOAa COCTOMT M3 JABYX JTanoB. Ha nepsom sTane
onpeAernaeTcsa BeUInHa y3a0Boro Hanpsxenns Uab (puc. 1):

U, = D8~ E:8, U8, ~Usg,
8 8, +8; +84+8;s
rige g, ... gs— MPOROTUMOCTH COOTBETCTBYIOIIHX BETBEH LIEMH.

Ilpn 3amMcH  3TOrO  COOTHOWIEHMA  cledyeT 3aJaThCAd  MOJIOXKUTEIbHBIM
HallpaBJICHHEM y370BOro HanpsxkeHus Uy Co  3HakoM  «t»  OGepyTes  3c,
HallpaB/IeHHbIE MEXIYy TOYKaMH a M b ecmpeuno HanpskeHmio U, ¥ HanpmKeHHs
BETBEM, HanpaBleHHEIe coznacHo ¢ Uy,

Tlpn ananMse o2nexkTpHYECKMX ILened  MeETONOM  Y3/IOBOTO  HANpPDKEHHA
PEKOMEHYETCS BRIOHpATh MONIOKUTENbHBIE HAPaRJIEHNA TOKOB IIOCIE ONpeaeieHus
y370BOr0o Hampsxenns. Ilocne onpeseneHHs BenwdMHBI HanpsbkeHHa U, Haxomar
3HAYCHHUS TOKOB B BETBSX, COCTABJIAA YPaBHEHMA N0 BTOpoMy 3aKOHY Kupxroda. [Tpu
3TOM KXIbIH KOHTYp JOJDKEH BKIIOHATh B CBOM COCTaB BETBR ¢ HCKOMBIM TOKOM H
y3710BO€ Hanps>keHHe. HampuMep, ypaBHeHHMe mo BTopoMy 3akoHy Kupxroda mms
OMpEC/ICHNA TOKA B NepBOil BETBH OyNeT MMETh BUA!

E1=11(R01+R1)+Uab~ ,
Orxyna T

Ecnn B pe3yJbTare pacueTa
3JIEKTPHYECKON UEMH MOTydeHO, HTO B BETBH U
C HCTOYHHKOM JICKTPONMTAHHMA HampasieHwe . __ | . A
TOKa COBHAJaeT C HampaBJIeHHEM 3AC (TOK Ua :
MONIOKUTENBHBIA), TO JAHHBIH HMCTOYHHK
ACHCTBUTEABHO paboraer B pexumMe
HCTOYHHMKA, T. €. OTHAET BSHEPrUI0 B LieNb. I -
Ecnu B pesynpTaTe pacueTa JIEKTPHIAECCKOR
LENH MOJYYEHO, YTO B BETBH C HCTOYHUKOM Puc. 2
3NEKTPONIUTAHUA  TOK TPOTHBOMONOXKEH

>

o
L
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HampaBJIEHHIO 3C (TOK OTpHULATENbHEIH), TO JaHHBI HCTOYHHK B ACHCTBUTEILHOCTH
paboTaeT B pexume noTpedUTENs.

INon HenMHeliHO# 3NeKTPUYECKOH LEMbIO INOHHMAIOT 3NEKTPHYECKYIO LIEMb,
CONEPKALLYIO HETHHEHHBIC 37IEMEHTH! (HCIHHEHHBIC CONPOTHMBIICHHA, HEJIHHCHHBIE
HHOYKTUBHOCTY, HEJIMHCHHBIE €MKOCTH). HEIMHEHHBIM 3J1EMEHTOM Ha3hIBAlOT TakoH
3NIEMEHT JJIEKTpUdeckofl lLienu, NapaMeTpbl KOTOPOrO 3aBHCAT OT 3JI€KTPHHECKOTO
HaMpAKEHHA, JNEKTPHUECKOTO 3apAaa, JIEKTPHYECKOro TOKA WM MarHMTHOTO MOTOKA.
CxeMa 3aMellleHHs LM HOCTOSHHOTO TOKA COJECPXMT TONBKO HEIHHEHHbIE
pe3uCTHBHEIE dieMeHTEl. HetnHelHble 2IeMEHTH! B OT/IMYMH OT JIMHEHHBIX 001afatoT
HeJIMHENHBIMH BOJIBTaMIIEDHBIMH XapaKTEPHCTHKAMH.

OCHOBHOH  XapakTepHUCTHKOH  HEIMHEHHOro  3JIeMEHTa  ABJMACTCA €0
BOJNBTAMIEpHad xapakrtepuctuka U=f(I) (puc. 2), H3 KOTOPOH BHIHO, YTO KDKAOMY
3HAYCHHIO TIOCTOAHHOIO TOKa (HAIpPsDKEHHA) COOTBETCTBYET ONpPEACICHHOE 3Ha4YEHHE
TTOCTOSTHHOT'O HanpsbKeHHA (ToKa). Y HeIMHEHHBIX 3JIEMEHTOB Pa3fINyaloT CTaTHYECKOe
M AHHAMH4YECKOoe CONMpoTHBNeHHs. 110 BOJETAMIIEpPHOH XapaKTepHCTHKE ONPENETsIoT
CTaTUHMECKOE CONPOTHBIICHHE HEIMHEHHOro j1eMeHTa B AaHHOH Todke A Rer =U/l n
ero mubddepeHnuansHoe  (IMHAMHMYECKOE) CONPOTHBIEHHE Kak  OTHOMIEHHE
GeckoHeYHO MajbIX MpHpamesuil Hampsokemms dU u Toka dI  Ryp =dU/dl.
JHMHaMHM4eCKOe COMPOTHBIICHHE MPOIOPLHOHATLHO TAHreHCY YIiaa HailoHa f
KacaTeJIbHOM K  BOJBTAMIIEPHOM  XapakTepHCTHKE B  OaHHOH Touke. Jlni
3KCIIEPMMEHTAIBHOTO TOJIyYeHHs BOJBTAMIIEPHON XapakTEPUCTHKHM HEHHEHHOro
J/leMEHTa HEOOXOAHMO H3MEPHUTh P 3HAYCHHH [OCTOSHHOTO HaNpsXKEHUd H
IIOCTOAHHOTO TOKA B LIETH ¢ JAHHBIM HEHHEHHBIM 3JIEMEHTOM.

Marematuyeckas MOAEb HEJIHHEHHOH WENMM MOCTOAHHOIO TOKA4 COCTOMT H3
ypaBHeHn#t Kupxroja M ypaBHEHMH XapaKTepHCTHK HENHMHEHHBIX PE3HCTHBHBIX
asieMeHTOB. Tak kak MOJIENb CTAHOBHTCA HENMHEHHOM, To He MoxeT OBITH permicHa
MerofaMH JMHeHHOH anre6pel. K HenvHEHHBIM LEMAM NpPUMEHHMB! 3aKOHBI
Kupxroga, XoTs MeTOAbI aHaNM3a, OCHOBaHHBIE Ha METOLE HalOXeHus (Ha
MOCTOAHCTBE IIapaMEeTPOB 3JIEMEHTOB Li€NH) Hallle BCETO HENPHMEHHMBL B Takux
LEIIX COMPOTHBJIECHHE M IPOBOJMMOCTH HEJIMHEHHOTO JJIEMEHTa ABJIAOTCA
HENMMHEHHOH QyHKUMEH MrHOBEHHOTO 3HauyeHHA Toka (HanmpsDKEHHS) Ha 3TOM
asiemeHTe. CllenoBaTeNbHO, OHM IIPEACTABIAIOT COOOH IepeMeHHbie BENUUYMHLI, a
NI03TOMY U1 pacdeTa MajlOIpHIOHEL

Tak xak XapakTepHUCTHKM HenuHeHHpIx snementos U=f{I) wmm I=f{U) wuyacto
ONpeAeNAIOTCH IKCIEPUMEHTAIBHO U 3a0ar0Tca 00BIYHO B BUE TabNUL WK rpadukoB,
TO IUMPOKOE INPUMEHEHHE NOMy4mH rpaduueckde (rpadoaHanUTHIECKHE) METOIbI
pacyeta. IIpH 3TOM MOCE€ROBATENBHOCTD ONEpalyii coXpaHieTcs IPAMEPHO TOi Xke,
YTo W NpH pacyeTax JIMHeHMHBIX LieNel, TOJMLKO BMECTO C/IOXEHUA M BERIYHTAHMUA
HanpsokeHHH M TOKOB B COOTBETCTBMM C 3akoHaMH Kupxroga npouszsoautcs
CIIO)KEHHE M/IH BBIYHTAHKE aOCIMCC WIH OPAHHAT COOTBETCTBYIOLIMX BONLTAMIIEPHBIX
XApaKTEPUCTHK. PacueT CBOOMTCA K IIOCTPOCHHIO SKBHBANCHTHOH BOJIBTAMIIEPHOM
XapaKTepUCTHKH lend. B cooTBercTBMM ¢  3akoHamMu  Kupxroda mpu
MOC/IeIOBATENLHOM COCIMHEHNH DJIEMEHTOB XapaKTEPUCTHKM CKJIAIBIBAIOT IIpH
OJMHAKOBEIX 3HAYEHMAX TOKA, [PH MApajUIe/IbHOM COCOUHEHHH — NP OAMHAKOBBIX
3HaYCHHAX HalpDKEHUA.
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2.3. BJIEKTPHYECKHE LIETM [TEPEMEHHOI"O TOKA

Ilpu pacuete uene# NepeMEHHOro TOKa, B OTIHYHME OT LeNel MOCTOAHHOIO TOKa,
HEOOXOM¥MO YUMTHIBATH HE OJHMH, @ TPH IIPOCTEHIIMX MACCHBHLIX 3JIEMEHTa:
PC3UCTUBHBIA, MHOYKTHBHBEIA M EGMKOCTHOM, KOTOpbIE  XapaKTepH3ylOTCs
COOTBETCTBEHHO NapaMeTpPaMH: aKTHBHBIM CONpPOTHBJIEHMEM R, MHIYKTUBHOCTBIO L
(MHOYKTHBHBIM CONPOTHBACHMEM X; = L) u emxoctelo C  (€MKOCTHBIM
conpoTuBienteM Xe = I/wC),  rae o — yrioeas 4acToTa.

B peanbiloﬁ Lien¥ COMPOTHBIIEHHEM 00J1afialoT He TONBKO Pe3UCTOP WIH PeoCTaT
KaK YCTPOHCTBA, IpeJHa3sHA4YeHHBIE JUIA HCIIONB30BAHHA HX 3JIEKTPHYECKHX
CONPOTHBJICHAH, HO Y 060N 1NPOBOLHHK, KaTyllKa, KOHAEHcaTop, 06MOTKa Mo6oro
/ICKTPOMArHHTHOTO dieMeHTa M Op. OO6mHUM CBOMCTBOM BCeX yCTpOHCTS,
o0/IafaomMX  JJIEKTPHYECKHM  COMpOTHBIICHHEM,  ABJAETCA  HeobpaTHMoe
npeoOpa3oBaHUe 3IEKTPHYECKOH DHEPrHMM B TEIUIOBYIO dHepruio. IIpu Toke i B
pesuctope, 06/1anaoNIMM COTIPOTHBIICHHEM 7 32 BPeMA df B COOTBETCTBHM C 3aKOHOM
Jbxoynt — Jlenua BBIAENAETCA SHEPTHA dw= ri’dL.

Tennosas sHeprus, BeieNseMas B CONPOTHBICHUH, NOJNE3HO HCTONB3YETCA WIH
pacceMBacTCA B NpPOCTpaHCTBE. HO NOCKONBKY IpeoGpazoBaHHe 3JIEKTPHUECKOdH
OHEPTHH B TCIUIOBYIO 3HEPTHIO B NIACCHBHOM 3MEMEHTE HOCHT HeOOPaTUMEIi XapakTep,
TO B CXEME 3aMCIIECHHA BO BCEX C/Iy4adX, KOrJa HeoGXOAMMO YYecTh HeoBpaTMMoe
IpeobpasoBaHHe SHEPTHM, BKIIOYACTCA COMPOTHBIEHHE. B peanbHOM ycTpoiicTse,
HalpUMep, B 3JEKTPOMArHHTE, JJIEKTPHYECKad SHEPIHs MOXeT GhITh IpeobpasoBaHa B
MEXaHMYCCKYI0 JHEPIHMIO (NPHTHKEHHE AKOPA), HO B CXEME 3aMeLIeHHA ITO
YCTPOHCTBO 3aMEHACTCA COMPOTHBIICHHEM, B KOTOPOM BBINEAETCS SKBHBATICHTHOE
KOIIUeCTBO TEIUIOBOH 3HepruM. Y Npy aHammse cxeMbl HaM yke Ge3pasIMuHo, 4TO B
ACHCTBUTEIILHOCTH  ABNAETCA  NOTpeOHTeIeM
3JIEKTPOILIUTKA.

B uermsx nepeMeHHOro Toka CONPOTHBIECHHE Ha3bIBAIOT aKTHBHBIM, KOTOpOE H3-3a
ABJICHHS TIOBEPXHOCTHOrO 3(dekTa Gonbine, ueM 3IIEKTPUUECKOE COMPOTHBIICHHE
NOCTOAHHOMY TOKY. OJHaKO NpH HH3KMX 4YacTOTaX 3ToH pasHHLUeH OOBIMHO
IpeHebperakor.

Hanpsxenue, nofseieHHoe K aKTHBHOMY CONPOTHBICHHIO, 10 (a3 COBHANAET C
TokOM. Ilo3TOMy HanpsikeHHe M TOK OJHOBPEMEHHO NOCTHIAIOT MaKCHMABHBIX
3HaYEHUH M OJHOBPEMEHHO MEPEXOMIT Yepes Hy/ib. Eciy MrHOBEHHOE 3HAYEHHA TOKa
HMECT BUJ (1) =y sin (2 7ft), TO MTHOBEHHOE 3HAYEHHE HANPSKEHUS Gy eT

up(t)=Uy sin (27f1).

HUnnyxruernocts L XapaKTEepU3yeT CBOMCTBO y4YacTKa LEMM WIA KaTyIIKH
HakaluBaTh SHEPIHIO MArHUTHOTO IOJA. B pealbHOM LenM HHOYKTHBHOCTBIO
00/1analT He TOIBKO MHITYKTHBHEIE KaTyUIKH KaK 3JIEMEHTHI LeTH, NpeAHa3HaYueHHbIe
AUIA MCTIONB30BAHMSA MX HHIYKTHRHOCTH, HO M HPOBOJA, H BHIBOJBI KOHJIEHCATOPOB, H

peoctatel. B nensx YOPOLIEHHA 0OBIYHO CHUHTAIOT, YTO 3HEPrHA MArHUTHOI'O NoJsd
COCPEAOTAYMBACTCA TOJLKO B KaTylmKax.
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JHCPIrHH  JJICKTPOMArHuT MM

[Ilpd npoTekaHHM MEPEMEHHOTO TOKa if) Hepe3 KaTyLIKy HHIYKTMBHOCTH,
COCTOAIEH M3 W BHTKOB, BO36YXHaerci NECPEMEHHBIA MarHMTHBIH IOTOK D),
KOTOPBI# B COOTBETCTBHH ¢ 3aKOHOM 3JIEKTPOMArHHTHOH MHIYKUMH HABOIHT B Hel xe
3AC CAMOMHAYKUMM ey = — w d®/dt = — Ldi/ds. CnenosaresnpHo, HHAYKTHBHOCTS B
LHeMH HEPEMEHHOTO TOK2 BJMACT Ha BEJAMYMHY TNPOTEKAOLIEro ToOKa Kak
conpoTHBeHHE. COOTBETCTBYIOIIAs pacyeTHas BENHYMHA HA3BIBACTCS HHIYKTHBHEIM
CONpOTHB/IEHHeM M 0fO3HauaeTcA X, U M3MEpAeTCA Tak Ke, Kak M aKTHBHOC
conpoTtueieHHe — B OMax.

Uem BbIIIE HACTOTa NEPEMEHHOTO TOKA, TeM Oojiblue 3/C CaMOMHAYKIMH K TEM
fonbile WHAYKTHBHOE COTMpoTHBIeHMEe X; = oL =27f L. Bennuuna o =2nf
Ha3bIBaeTCs yrI0BOM (LIMKIMYECKOH) 4acTOTOH EPEMEHHOrO TOKA.

B 1emny NOCTOSHHOTO TOKa B YCTAHOBUBILEMCA PEXUME HHAYKTUBHOCTB HE BJIMACT
Ha pexuM paGoTHI LT , TAK KaK 3.1.C. CAMOMHIYKIMH paBHa HYJIIO.

TToCKONBKY 3.A.C. CAMOMHIYKLHH BO3ZHHKAeT TOJIBKO MPH M3MEHEHHM TOK3, TO H
MaKCHMaIbHEIC 3HAUEHHA JJC HACTYNAKT NpH MaKCHMaIbHOA CKOPOCTH M3MEHCHHA
TOKa B KaTYIIKe, TO €CTh NpPH IPOXOXK/JICHHH TOKa 4epe3 Hysb. [103TOMy Ha ydacTke
e ¢ WHAYKTUBHOCTBIO AC CAMOMHJIYKIMHM IO BPEMEHH OTCTacT OT TOKa Ha
qeTREepTh IlEpHONa WIM Ha s/2 OSJEKTpHHECKMX pajuaHa. Hampsxenue Ha
MHIYKTHBHOCTH, OYy/yYd NpPOTHBONOJOKHEIM 3.J.C., Ha00OpOT, OmepexaeT TOK Ha
4eTBEPTh NEPHOAA WIH Ha /72 dMEKTPUHECKUX paauaHa. Ec/u 1o KaTyuike npoXOoauT
TOK, MFHOBEHHOE 3HA4YEHHE KOTOPOro i(t)=Iy sin (27f}), TO MFHOBEHHOE 3HAYCHHE
HanpspKeHHs Ha HHIYKTHBHOCTH

up(t)=Upy sin (27ft + W2) = X Iy sin 2ft + 72).

Korza Hanpsxenue, N3MEHAACH CHHY COMIATIBHO, AOCTHIACT MAKCHMYMa, TOK B 3TO
MTHOBEHHE paBeH Hymo. Eciu nanpskeHWe Ha 3aKMMax 2JIeMEHTa HeNH Onepexact
TOK Ha 772 PajIMaHa, TO TOBOPAT, YTO TaKo# 3JIEMEHT NPECTaBAeT CODOH HICATBHYIO
KaTyIIKy HHAYKTHBHOCTH WM YHCTO PeaKTHBHOC MHIYKTHBHOE COHPOTHEICHHE Xl

DTO CONPOTHBIIEHHE YYHTHIBACT DEAKLMIO 3JICKTPUYECKOH LENH Ha HM3MCHEHHE
MATHMTHOTO TIOJIA B HHAYKTUBHOCTH U ABJACTCA THMHEHHON QyHKIMeH 4acTOThL

Ilpy BKIIOYEHHH B LENb MEPECMEHHOTO TOKa peankHOM KaTymkd (pHC. 3),
obnajarolmell kpome MHAYKTHBHOCTH L M HEKOTOPHIM 3HAYCHUEM aKTHBHOTO
CONPOTHBJIEHHS R, TOK OTCTaeT 1o (ase OT HANPsLKEHHsA Ha HEKOTOPBIA yront ¢ < w2,
KOTOPBIi JIETKO ONpedeNieTcs M3 TPEYTOJbHIKA CONPOTHBICHUH (puc. 5). 1gp =X,/
R. JInA Takoro ydyacTka 3/IEKTPHYECKOH LeNH YPaBHEHHE HA OCHOBAaHMM BTOPOTo
3akoHa Kupxroda uMeeT BHA:

u=uptu=Ri+ Ldizdt.

B HanpsxeHuH, NOABEJCHHOM K PEaibHOH KaTyLIKE, yC/IOBHO MOXHO BBUICIHTH
JBe COCTABJAIOLMX: NaJICHHE HANpsKeHHs Ri Ha aKTHBHOM COTIPOTHBJICHHH, OOBIMHO
Ha3bIBAEMOE AKTUBHOH COCTABJLAIOLIEH HPHIOKEHHOTO HANPSIKEHNUs, U HalpDKEHUe
Ha MAeanbHOM MHRYKTMBHOCTH u;= Ldi/df, Ha3piBaeMOe PEakTUBHOM COCTABIAIOIMICH
TIPUJIOKEHHOTO HANPSDKEHHA. Pa30BhIC COOTHOLICHHA MEXTY ITHMH COCTABJLTIOLIMMH,
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NPUIOKEHHBIM HAIPsDKCHHEM W IIPOTEKAEMBIM TOKOM 00BIYHO HIUOCTPHUPYIOTCA
BEKTOPHOM AMarpaMMoin /I MX JeACTBYIOINYX 3HaYeHuH (puc. 4).

U3 BeKTOpHOM AnarpaMMbl BIIOHO, YTO

S22 202 22 02 w2
U \/UR+UL _\/1 R* 41 XL_I\/R +xl=1z,

- .
tne Z=Uy/ly=U/1I =\/R2 +X, ~ nonuoe 3JIEKTPHYECKOE CONPOTHBIEHHE
peanbHOH KaTy Ky, M3 TpeyroysHuKka conpoTusienui (puC. 5) ciefyer, uTo

R=Zcosp X;=Zsing, ¢ = arctg X;/R.

»

3akon OMa Jj1a 1eny, O KOTOPOH MpPOTeKaeT [epEeMEHHBIH TOK, 3aNChIBACTCA B

Bune /=U/Z. \ _

[T »
| | U 7 X
I I L

~U Zxi j u ;
| |
| |
Ll 0 0

d . Ur RS R..
Puc. 3 Puc. 4 ' Puc. 5

W3 paccMOTpeHHOTo CIIeAyeT BaXKHEIA BLIBOL: COMPOMUGNCHUA 6 Yenu
nepemMenHo020 MoK CKAA0vlséaromca 6 oduem ciayuae zeomempuuecku. Hanpumep,
eciu y karywku R=3 Omau X, =4 Oma, 70 Z =5 Om.

EmkocTs, mamepsemas B ¢apagax (D), xapaxrepusyer cnocoBHOCTE 3jlEMEHTa
NCKTPHYECKOH LeN¥ MIM KOHAEHCATOpAa HAKAIUTHBATb JHEPIMIO 3JEKTPHYECKOTO
nons. B peambHo# UMM €MKOCTh CYHIECTBYET HE TOJNBKO B KOHJEHCATOPAX, Kak
3JIEMEHTAX TNPEAHa3HAa4YeHHBIX CMEUHANBHO JUIA MCMONB30BAHHA MX €MKOCTH, HOJNH
MEXIY MPOBOAHMKAMM, MEXIY BHTKAMH KaTylleK (MEXBHTKOBAZ EMKOCTB), MEWIY
TPOBOJOM M 3EMIICH WM KapKacoM 3JIEKTPOTEXHHYECKOro YCTpoiicTsa. OnHAKo B
CXEMax 3aMeLICHI IPHHATO, YTO eMKOCTHIO 061aJal0T TONEKO KOHIAEHCATOpPL.

B konieHcatope, TOYHee B JUONIEKTPHKE, pPasfeNfIOWEM IUIACTHHBI HIH
TIPOBOIHMKH KOHJECHCATOPA, MOXET CYHMIECTBOBATh TOK BJIEKTPHUECKOrO CMELIEHHS, B
TOYMHOCTH PDAaBHBLIA TOKY MPOBOAHMOCTH B MPOBOJHHUKAX, NPHCOEAMHEHHBIX K
ofknankam koHaeHcaTopa: i = dg / df, Tie q — 3apa; Ha OGKIAmKax KOHZEHCATopa,
M3MepAEMbIit B KyJIOHaX H NIPOTOPLHMOHATLHEIH HANPXKEHHIO Ha KoHAeHcaTope Ug:

g=CUc unpn C =const dq =CdU¢.
Torna Tok, npoxonamyit yepes konaencarop, i = C dU/ dt, a sneprus
S7ICKTPHHMECKOTrO N10/14, 3armacacMas B KOHAEHCATOpe NP BO3PACTAHHM HANPAKEHHUH,
W=CUZ/2.
OueBHaHO, YTO NPH NOCTOAHHOM HanpsukeBMM dUc/ df = 0 M NOCTOAHHBIHA TOK
4epes KOHAEHCATOp MPOXOANUTh HE MOXKeET.
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[Mpu uzMeHeHUH HaNpsHXKEeHNA Ha ob6Kiaikax KOHIECHCATopa Yepe3 HEro NpoTeKaeT
€MKOCTHOM ToK. YeM GricTpee usMeHAeTCA HaNpshKeHHe, TeM GoMble eMKOCTHON TOK.

Ecimu npHIokKUTE K KOHAEHCATOPY fIEPEMEHHOE CHHYCOUAANBHOE HANpDKEHHE, TO
Yepes3 KOHAEHCATOp NMOTedeT NepeMeHHBI CHHYCOMTaNbHBI TOK, CABUHYTHIH MO dase
Ha 7/2 10 OTHONIEHHIO K HANpPsDKEHHIO. DTO MPOHCXOQHUT NOTOMY, YTO EMKOCTHOM TOK
JOCTHI2eT MAKCHMANBHOTO 3HAYCHHMA NMPH MAKCHMANLHOM H3MEHEHHH HaNpsDKCHHA,
T... IPH MPOXOKICHHH HANpsHKEHHA uepe3 Hymb. Tok IpH 3TOM omepekaeTt
HanpsokeHne 10 dase Ha /2. Eciu MrHOBEHHOE 3HA4EHHE TOKA, IPOTEKAeMOro Yepes
KOHJeHcaTop i(t)=I sin (27f1), TO MTHOBEHHOE 3HAYEHHE HATIPSDKCHAS Ha HEM

uc(®)=Usg sin(2nft - w2)=Xc Ly sin (2nft - /2),

rae Xc — peakTHBHOE E€MKOCTHOEe COIpPOTHBJIEHHE. BexTopHas Auarpamma mwisa
y9acTKa 3IeKTPHUECKON LieTH, cofiepraiiiel KOHAeHcaTop, H306paxkeHa Ha pHC. 6.

Benuunna X¢ = 1/24fC = I/wC = Ucw / Iy = Uc /1 HazbiBaeTCA I
PEAKTHBHBIM E€MKOCTHBIM COHPOTHBJIEHHEM. JTO CONPOTHBICHHE
YUMTBIBAET PEAKIUMIO DJICKTPHYECKOM LENH Ha HM3MEHEHHE
MEKTPUUECKOr0 MO B KOH/IGHCATOpEe M ABIACTCA 0OparHoO
NPOHOPUMOHANEHOM (YHKIMEH YacTOTH. Uc

3akon OMa Y11 y4acTKa 3JeKTPHUECKOH LENH ¢ KOHAEHCATOPOM
I = Uc/ Xc, tae I — peficTBylollee 3Ha4eHHE TOKA, POTEKAEMOro Puc. 6
4epe3 KoHzeHcatop, Ur — AeACTByIOMEE 3HAYCHUE HANPsOKCHAA Ha
KOHJICHCaTope.

OnexTpuyecKas 11elb NEPEMEHHOro TOKa XapakTepU3yeTcs akTHBHOM, peakTHBHOM
U TIOJTHOHA MOITHOCTHLIO.

AXTHBHAs MOIWIHOCTE P, u3MepseMas B BarTax (BT), paBHa NPOM3BEACHHIO
IeMCTBYIOLIEro 3HaueH s HanpsokeHna U Ha aelicTBylomice 3HaYEHME TOK [ M Ha cos @,
Ha3blBACMBIH KO3 @MUMEHTOM  MOIUHOCTH, HJIM  INPOM3BEACHHIO  KBajpara
JeMCTBYIOLIETO 3HauEHHA TOKA Ha aKTHBHOE COTIPOTHBJICHHE:

P=Ulcosp=IR
PeakTHBHAas MOWIHOCTh (J, M3MepsAcMas B BONBT-aMIIcpax peakTHBHBIX (Bap),
paBHa NpPOH3BEICHUIO ACHCTRYIONIETO 3HaueHWs HanpsxkeHus U Ha JelicTByrolnee
3HaYeHHe TOKa { U Ha sing WIN NPOH3BEJICHHIO KBaJpaTa ACHCTBYIOILEro 3HAYEHHA
TOKa Ha peakTHBHOE CONPOTUBJICHHE:
Q= Ulsinp=IX
[TosHast MOLIHOCTE S, U3MepsAeMas B BONbT-aMIepax (BA),
paBHa NpOM3BENCHUIO NEHCTBYIOMEro 3HaueHMa Toka [ ma .~ § Q
JefcTByIOlIee 3Ha4YeHAE HANMpPKeHud U: v
Z{ ¢

s=Ur=yP%+02.

COOTHOWIEHH ITHX MOIHHOCTEHN WLTIOCTPHPYIOTCA
TpeyrolLHUKOM MorHocTeH (puc. 7). , : Puc. 7
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MapaieIbHO €  HACAIBHBIM pEakTHUBHBIM 27€MEHTOM. /[lIs  Hcnofie3yeMeiX B
nabopaTopHOil paboTe pPEaKkTHBHBIX 3JIEMEHTOB MOTEPH B HMHIOYyKTHBHOH KaTyILKe
CYIIECTBEHHO MNPEeBHINIAIOT TOTEpH B KkoHIeHcaTopax. I1o3ToMy Ul OTHOCHTENBHO
HM3KHX YacTOT, BKJIFOYad PE3OHAHCHYIO HacTOTY, MOTEPAMM B KOHACHCATOPE MOXKHO
npeHeOpeub. Torda B CXeMax 3aMCIIEHHA KOH/IEHCATOP MOXHO IIPE/JCTaBHTh
eMkocThio C, a MHIyKTHBHYIO KaTyUIKy INpeJCTaBHTh B BHIE IOCIENOBATENBLHOIO
coeqMHeHHs pesrictopa R M MHAykTHBHOCTH L. [Ilpn 3TOM HampsxeHwe Ha
HRIyKTHBHOM KaTyuke oGo3nauaeTca Kak Uy. [IpMHATYIO CXeMy 3aMeIeHUs KATy KK
HeoOXOAMMO YYMTHIBATE B XOA€ O3KCIIEPUMEHTa M IipH 00paboTKe pe3y/BbTaToB
HM3MEpPEHMH.

2.4. DJIEKTPUUYECKHE LIEITU TPEX®A3HOI'O IIEPEMEHHOI'O TOKA.

TpexdazHat cucTeMa MEPEMEHHOTO TOKA UMEET PAN NMPEHMYIIECTB MO CPARHEHHUIO
¢ oaHodazHOH CcHCTeMOHM IepeMEHHOro TOKa M TO3TOMY IONyYmWla IIHPOKOE
npuMeHeHne. Yallle BCEro JieKTpUYecKkas HeprHs BupabaThBaeTcA, HEpefacTcs H
pacnpefensercd MexAy MoTpeOUTeNAMH Tpex(asHEIME cHCTeMaMH. IlofaBiolee
GONBIIMHCTBO NIEKTPOABUraTesel SBNAETCA NBUTATeNIMH TpeX(Qa3HOro repeMeHHOro
TOKa.

Yro6s1 B Tpexda3Hoi CHCTeMe MOXKHO OBUIO OJHOBPEMEHHO MONB30BAThCA JBYMS
PAIMUHBEIMU HaNPOKCHUAMY (Harrpumep, 380 B — and nutadua snexTposBHraTencii u
220 B - i1 nHTaHMs 3MEKTPHIECKUX JaMIl U APYyrHX ofHoda3HBIX norpebuteneit)
IPUMEHSIOT YETHIPEXIIPOBOAHYIO CHCTEMY 3MeKTpOoCcHabkeHMA. YeThIpeXIIpoBOaHAsS
nuHuA TpeX(azHo# CHCTEMBI MMeeT HeThlpe NPOBOJA: TPH JHMHEHHBIX, MO KOTOPhIM
TIpOTEKalT JUHEHHbBIE TOKH 4, Ip I- W onuH HyJieBoH (HeHTpaibHpIH) NpoBOJ,
ApeHA3HAYCHHBIH U1 TIO/Iep)KaHUs OTMHAKOBKIX 3HaYeHHH (a3HBIX HanpsKeHHi Ha
Bcex Tpex Gasax norpebuteni. Ilo HyneroMy mpoBOAy MOXeT IIPOTEKaTh
YDaBHUTEJIBHBIA TOK [y, Ha3bIBacMbIH Iy 7

HYJIEBBEIM WIH HEHTpanbHbIM TOKOM. Takas
cHcreMa COeIMHEHHS obMoToK A U
Tpex(pa3HOro TreHepaTopa U INPHEMHHKOB
(notpebutencit) HasbIBAeTCA «3BE3ZOH» M L
FIOKa3aHa Ha pHc. 15. 5 UBT Uc s

Ipu coeuHenuy B 3Be3y dasubiii Tok € —2> Z

i B
Ip OOHOBPEMEHHO ABJACTCA M JIMHEHHBIM Ie :IJ
TOKOM [ : Ze
Iy = 1. Puc. 15

Hampskenne  MexAy — uHeHHBIMH

IPOBOJaM, Ha3biBaeMOe JIMHEHHBIM HanpsxeHueM (Hanpumep, Uyg), oxa3sbiBaercs B

NE) paz Gonblue, yeM (a3Hoe HanpsHKEHHE UCTOUHUKA uTanud Uy, Up wma Up,:
U_/] =\/§ U@.
Ecnu TpexdasHas cucreMa CHMMETpHYHas (BCe CONPOTHBIICHHS M MOMIHOCTH

¢a3HbIX noTpebuTeNeH OAMHAKOBEI), TO 10 BCEM TPEM ¢a3aM NMPOTEKAIOT OJHUHAKOBEIE |

110 BEJIMYMHE TOKH, CABMHYTHIE 110 (pa3e OTHOCHTEIbHO ApyT Apyra Ha 120°. Herpyauo
clleNlaTh BBIBOJA, 4YTO TOK B HEHTPalkHOM NPOBOJE OPH 3TOM paBEH HYJIO.
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HanpsxeHua Ha Bcex (pasax MOTpeOHTENA TAKKE OTIMMAIOTCA APYT OT APYra TOMbKO
10 HagyanbHO# (aze Ha 120° (puc. 16).

Ilpn BKMOHEHHM B pasHBIX (azaX paxIMYHBIX [0 MOIIHOCTH MNOTpebuTenei
(HecuMMeTpHHHAA Harpyska), TOKH KakXmoH ¢asbl (B KaKZOM JHHEHHOM IPOBOZE)
OTJIMYAlOTCA APYT OT Apyra HE TOJbKO HayanbHOM asod, HO M BennuuHOH. [lo
HEATPAJIEHOMY TNIPOBOAY MNpH 3TOM IpPOTEKaeT TOK, BEKTOp KOTOPOro- HA OCHOBAHUH

U
Puc. 17 UC Puc. 18 B

nepporo 3akoHa Kupxroa paBeH reoMeTpUyecKoH CyMMe BEKTOPOB (pa3HBIX TOKOB
(puc. 17) L _
L+ Ig+ Ic= Iy
O6pbIB HEHTPATLHOrO NMpOROJa (TPEXNPOBOAHAA CHCTEMA) NPH HECHMMETPHUHON
Harpyske NPHBOJAMT K HM3MEHEHHIO HaNpsbkeHHH Ha Bcex (asax morpebureneii u
HOABJCHHIO HANpAXeHHA cMelleHna HeHTpanu Uy, (pHc. 18). TTonoxkeHHe ToYKH «ny»
Ha BEKTOpHOM JHarpaMMe IIPH H3MEPEHHBIX 3HAUeHHAX HANpOKeHUA Ha (azax
notpebureneht Uyy, Upg it Ucy MOXeET OBITE ONpeAeNieHo MeToJoM 3aceuek (pHc. 19)
WY PacCYNTaHO aHATUTHYECKH.

In Ire. Znc
B¢
o Ie Ica Zca
; co -
. No
Puc. 20

[MorpeGureny 35eKTpUHecKoil IJHEPTHH NPH MHTAHHH OT TPeX(pa3HOro MCTOYHHKA,
KaK M HCTOYHMKH 3NIEKTPHUECKOHl HEPIHMH, MOTYT OBITH COe/IMHEHBI B TPEYrONLHHK
(puc. 20).

Cnenyer NOMHHTB, YTO CXeMa BKIIOUEHHs 0OMOTOK Tpexdaznoro reseparopa He
NpeHonpene/ia€T CXeMy COCANHECHHSA Harpy3KH. TaK, IIpH COCAMHCHHUHN (1)33 reneparopa
B 3BE3/ly Harpys3ka MoxeT GBITb COEAHMHEHA B 3BE€3IY C HEHTPAILHBIM IPOBOAOM, B
3Be3qy 6¢3 HeHTpanbHOrO MPOBOA WIH B TPEYTONIBHHUK.
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I1pH COEAMHEHNH B TPEYTONLHUK CUMMETPHYHOMN TpeXpasHOM Harpy3kH TUHERHBIE
HaNpsDKeHHS OKA3bIBAIOTCH PAaBHRIMH (asupiM HanpskeHHAM Up = Uy, a muHeiiHble
TokH B V3 paz Oosipille, UeM TOKH B da3ax NOTpeOUTENA: o

Ij] = \/—3- Iq) .

[Tpu 3TOM Bee (ha3HBle TOKH PaBHEI 110 BEJIHYHHE
U OTJIMYAIOTCA ApYT OT Apyra no ¢ase na 120°. To xe
caMoe OTHOCHTCA M K JIMHEHHBIM ToKaM (puc. 21).

IIpy HecMMMETPHYHOM Harpyske CBSi3b MEXKIY
JMHEHHBIMH M Ga3HBIMM TOKaMH  BRIpaXaercs
ypPaBHEHUSMH, 3allHCaHHBIMH Ha OCHOBaHMM MEPBOTO
(3paxoua Kupxroda B crengdod wm BexropHodi Uc

opMe:

Ica

o -~~~ Ie

Iy= Lig— Icq, Ip= Ipc— Igp, Ic= Icqa— Ipc. Puc. 21
Ilpy  COeNMHGHMM B TPEYTOILHMK HYNEBOH

TIPOBOJI OTCYTCTBYET, HO BCe (hasHble NMOTPeGHTENH B 3TOM CiyHae HMOJDKHBI GHITH

PaCCHHTAHBI Ha HOMHHAIBHOE THHEHHOE HaMpPAKEHHE.

2.5. HEJIMHEWHBIE SJIEKTPUUECKHME LIETTY MEPEMEHHOTO TOKA

BaxXHBIM  3JIEMEHTOM KOHCTPYKUMHM pPa3MYHBIX OJICKTPHYECKMX MallMH H
annapaToR NEPEMEHHOTO TOKa, YCTPOHCTB 3JIEKTPOAaBTOMATUKH ABJAETCA KaTyllka
HHIYKTHBHOCTH ¢ ()eéppOMArHUTHEIM CEpICUYHHKOM. [IpH NMPOTEKaHUH TOKA O BUTKaM
KATyLIKH CO3[aeTCA MarHUTHOE IIOJI€, HMHTEHCHBHOCTE KOTOPOTO XapaKTepU3yercs
MarHUTHOM HMHIyKUMeH B W MarHUTHBIM NOTOKOM @, KOTOpBI NponOpLMOHANieH
HaMarHMYHBawoIeH (MarHUTONBIKYINEH) ciie F=[/wm, paBHON NpPOHM3BENECHUIO TOKa [
KaTyHIKK Ha 4YHCIO €€ BHUTKOB @. 3aBucumocTs @(I) TpH  OTCYTCTBUH
(eppOMarHUTHOrO MarHUTONPOROAA (CepAeUHMKA) SBNSeTCS JIHHEHHOM.

Ipn HamuuMy eppOMarHHTHOTO CepAcHHHKA MarHHTHBIH TIOTOK, CO3JaBaeMBIH
TakoW KaTyIIKOH, IpH NPOYUX PaBHBIX YCAOBHAX 3HAUUTE/IBHO BO3pACTAcET, Tak Kak B
9TOM ClIy4yae MAarHUTHBIA [OTOK CO3daeTCA HE TOJNBKO NPOBOJHUKAMH C TOKOM
(MCTOYHHKOM  BHELIHEr0  MAarHUTHOrO  IOJIA), HO H  COOTBETCTBYIOLIUM
(eppOMarHUTHBIM  BEIIECTBOM  MATrHHUTONpPOBOZa  {MCTOYHHKOM  BHYTPEHHETO
MAarHHTHOTO TIOJIA).

MarsuTHas MHOYKUMA B kaTylky HHAYKTHBHOCTH CBA3aHa ¢ HanpsokeHHocThio H
MarHUTHOTO MOJAA ¥ MarHUTHOH MPOHMLAEMOCTLIO L H3BECTHBIM COOTHOLUEHHEM B =
AH, MaTHUTHBIA noToK P = BS = S, rae S — nonepevHoe ce4eHUE KaTyIIKH.

Ot1clopa  ciedyeT, 4YTO MarHUTHBIH [OTOK MHpPONMOPLUOHAIEH MarHUTHOM
POHHLIAEMOCTH cpe/sl y7A KOTOpast TSt
(DepPOMArHUTHEIX MAaTEpHANOB 3HAYMTENHHO Gompie, B> M B
4eM MarHuTHasd MPOHHLAEMOCTh APYTHX MaTepHalioB.

[TosToMy AN yMEHBUICHHS HAMarHWMMBAIOMIEH CHIILI
F, a CJICA0OBaTeJIbHO, M AJI4 YMCHBHICHHA TOKa,
HEOOX0IMMOT0 /I CO3JaHMsA TpeOyeMOoro MarHHTHOIO

MOTOKA, KATYIIKH MHAYKTHBHOCTH  CHabXaroTcs : H
MarHHTOIPOBOIOM (cepae4HHKOM) U3 Puc. 20
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(eppOMarHUTHOTO MaTepuald, Jalie BCero us 2EKTPOTEXHHYECKOH CTAIH.

Tak Kak 3aBUCMMOCTb MAarHHTHOH INpPOHHLIAEMOCTH B
deppoMarHuTHbIX MaTepuanos i(H) ABnserca HeJTMHEHHOM
(puc. 20), To u 3aBucuMocTs P(H) um B(H) npn nanmu4My
MarHMTONpOBOJA  OKa3bIBAcTCA ~ TOXKE  HENMHEHHOH.

3aBHCHMMOCTS B(H) — KpuBad HaMarHH4YMBaHHA — ABJACTCA
OfHOM M3 BAKHEHIIMX XapaKTepHCTHK (eppOMarHHTHBIX
marepuanoB (puc. 21). Kpupad, npoxoniilas wepes Ha4ualo
KOOPIMHAT, ABJAETCA OCHOBHOM KpHMBOH HAMarHWYMBAHHA.
OHa CHHMaETci NpU OAHOCTOPOHHEM HAMarHMYMBAHHH HE Puc. 21
HaMarHMYeHHOTro MpeABapHTENBHO MaTepHana.

TIpy NMTaHMH KATYIIKH NepeMEHHBIM TOXOM ¢eppoMarHUTHEI MAarHUTONPOBOJ
M3-32 [IEPEMEHHOTO MATHMTHOTO JIOTOKa ULHKIMYCCKH, C 4acToTOM  TOKa

_ IEpEMarHUYMBAETCA 10 KPHBOH HCTEPE3HCA, 06yCNOBJIEHHON HATHYHEM OCTATOYHOH

MACHUTHON HMHIYKIMH B, W KOOpLMTHBHOH cwisl Hc (puc. 21). 3a HECKOJIBKO
TONYTEPHOAOB TEPEMEHHOr0 TOKa B IpOLECCce IHKIMMECKOro NepeMarHuiHBanni
yCTaHaBIMBACTCA 3aMKHyTasd CHMMETPHYHAA NET/IA THCTCPe3HCa.

Ha HMK/IHYecKoe MepeMarHiuiBaHKe MAarHUTONPOBOAA 3aTPaMBaeTCA MOMHOCTE,
BblAC/IAEMai B BHIE TEIUIOTHI, KOTOpas OTHOCHTCA K MOTEPAM MOIMIHOCTH B
MarHuTonpoBoze. [ToTepH MOLIHOCTH B MATHATONPOBO/E (TIOTEPH MOIIHOCTH B CTam)
Pcr BKIIOUAIOT B cefs MOTEpH Ha THCTEPE3UC Pr U MOTepH OT BHXPEBBIX TOKOB Psr,
HAaBOMMBIX TIEDEMEHHBIM MArHUTHBIM [IOTOKOM B METAJUIE MarHHTONPOBOAR, Pcr =
Pr+ Pgr.

JIns yMeHbIIEHHA [OTeph MOUIHOCTH Ha TMCTEPE3HC B KauecTBe Marepuana Ui
MArHHTONPOBOZA HCIONB3YIOT (PEPPOMArHHTHEIE MaTepuanbl ¢ y3Koll memeit
rMcTepe3nca. YMeHBIICHHE IOTEPs MOLIHOCTH Ha BHXDEBbIE TOKHM JOCTHraeTcd
IpUMeHEHHEM 1A MarHHTOHPOBO/a METaJUIOB C GONBIINM yOETBHBIM 3JI€KTPHYECKUM
COIPOTHBJIEHMEM 3a CUET HOBBIIEHHOTO COACPXKAHUA KPEMHHA B META/LIC. I1pu 3TOM
MArHHTOTIPOBOJ] COBUPAETCA M3 TOHKHX 3JICKTPHYECKH H30/MPOBAaHHBIX ApYT OT pyra
ITACTHH, YTO CIIOCOBCTBYET YMEHBLICHHIO HABOAMMBIX B KXK/J0H IUIaCTHHE BUXPEBBIX
TOKOB M CHIDKEHHIO TIOTEPh MOIHOCTH OT 3THX TOKOB.

[Ipy nNUTaHEM  CHHYCOMJABHBIM  HanpsKCHWEM TOK B KaTyllke €
(eppOMarHATHBIM  CEPICYHHKOM  HCKaXaeT  CBOKO dopMy H  aBjseTcA
HECHHYCOMIIBHBIM BO BpemeHH. Ha pHc. 22 MoKasaHO NOCTPOCHHE KpHBO} TOKa B
KaTyIke ¢ (epPPOMArHUTHHIM CEPACYHUKOM C Y4ETOM MATHHTHOTO IHCTEPE3UCA. 5]
PHCYHKa BHIHO, 4TO HauaibHbie (ashl MAarHHTHOTO MOTOkA H TOKA HE COBMNAAAOT
(yron cneura 6). B cBasu ¢
3THM  mnepsas rapMoHuka  PJ! ;
TOKa (MM SKBMBAJICHTHBINA >
TOK) OTCTaET oT ’
TNPHIIOKEHHOT O \\ of n
HampsDKEHHA Ha yroia ¢ < —>lg<— /// :
90° Hanuuume chasura I0 o 7 ,
daze Mexay HanpsKeHueM Zz
M TOKOM MeHEIuero, yem 90°

Puc. 22
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YKa3blBaeT Ha TO, YTO aKTHBHAd MONIHOCTh B LENM HE pPaBHA HYMO JMKE eC/iH
AKTHBHOE COTPOTHBJICHHE OOMOTKH KaTyIIKH paHo Hymo. [103TOMy TOK KaTyILIKH H3-
3a NOTEPE Ha THCTEPE3UC MMEET akKTHRHYIO COCTABIAIOLLYIO [, a CpefHAS MOMHOCTE
3a MEpHOJl He paBHa HyJO. JTa aKTMBHAA MOUIHOCT XapaKTEPU3YeT PacXoj SHEPIUH
Ha rlepeMarHUYUBaHKe HEPPOMATHHTHOIO CEPACUHHKA.

Tlpy HamM4MM HECHHYCOHNANBHEIX TOKOB JUIA YNPOLIEHMA DACYETOR OBBIYHO
NEPEXOMIAT K SKBHBANICHTHOMY CHHYCOMIANBHOMY TOKY sk, HMeIOIlEMY OIMHAKOBOE
C COOTBETCTBYIOIIMM HECHHYCOHAQILHBIM TOKOM [IefiCTBYIOLEE 3HAYEHHE NPH
ONMH2KOBOH 4aCcTOTE M Pa3BHBAIOLIEMY OMHAKOBYIO C HUM aKTHBHYIO MOIIHOCTE HpH
OIMHAKOBOM 3HaueHMH K03GPHIIHEHTa MOIHOCTH

T
I= /1/Tji2dt = I = I poze/ 2 ;
- [}

cos@ =P/Ul = cosp = P/U I

[lonHoe cOMpOTHBNEHHE KAaTyIUKM HHIYKTMBHOCTH C MarHMTONpPOBOJIOM MpH

pacyerax HaxoJWT 1o 3akoHy OMa
Z3K= U/L

AKTHBHOC 3KBHBAJICHTHOE COTPOTHBJICHHE KaTYIUKH ONPENeiLifoT 1IpH 3TOM IO
3HAYCHHIO AKTUBHOH MOIHOCTH P, noTpebiiseMol KaTyIuKoM U3 NUTalomett ceTH, U eé
TOKY WJIY T10 3HAYESHHIO MOTEPh MOIHOCTH B CEpleYHHKe Pey
M aKTHBHOMY COMNPOTHBJICHHIO R MPOBOAOB KaTyIIKH

Rog =P/F =Pey/F° +R.
OKBHBANEHTHOE MHIYKTHBHOE CONPOTUBIEHHE KATYIIKH

[ 2 2
X31< = Z3K_R3K'

Tpy 5TOM HHIYKTHBHOCTE KaTywky L= Xsp/w =X/27f

Ilpyn ypenuueHHM aMIIMTYIbl HAPSXEHHT HA KaTYIIKE Puc. 23
HHIYKTHBHOCTH ¢ (eppoMarHMTHEIM  CEpACUYHHKOM
aMIIMTyJa M JeHCTRYloIee 3HaueHMe Toka B Hell OymyT BospacTats Gkictpee. B
pesyJibTaTe  BOABTAMIICPHA?  XapaKTepHCTHKA KaTylIKH ¢  (eppoMarHUTHBIM
CepACHNKOM OKa3biBaCTCsA HEMMHENHOH (puc. 23). TTo dopMe oHa IIOBTOPAET KPHBYIO
HaMarHNYHBaHuA ceplieunuka B(H).

B nemax nepemednoro Toka, comepkallMX KaTymKy ¢ (eppOMAarHHTHBIM
CEpACYHMKOM H KOH/ICHCATOD, PE3OHAHCHBIC SIBACHHS, CBA3AHHBIE C HEIMHEHHBIM
XapakTepoM HHAYKTMBHOCTH, Ha3bIBAlOTCA ¢eppope3oHaHcoM. B oTnMumm  oT
IMHEHHOA LEMM (eppOPe3OHaHC MOXKET HACTYIIMTh B Takoi LENH NpPH H3MeHeHHH
TOKA B LICTIH WM NPHIOKEHHOTO HANpshKeHUa 6e3 Kakoi
7160 peryIMpOBKH KaTyUIKH WM KoHAeHcaTopa. Ha puc.

24 fnokasaHa BOJIFTaMIIEpHas XapaxKTepucTHKA
TIOCNICAOBATENEHOM  IICNM, B KOTOPOH  BO3MOXEH
(beppopesoHanc HalnpskeHHH. BonsramnepHas
XapaKTEPHCTHKA €MKOCTH 2) fiepecekaer

BOJIFTAMIIEPHYO XapaKTepHCTHKY KaTywkd (1). Todka
nepeceycHUs A ABJAETCS TOYKOM pe3oHaHca. B 3Toit
Touke Uy m Uc ONMHAKOBRL, 2 HX Pa3HOCTL PaBHA HyJIIO.
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IIpy HenpephiBHOM YBeNMUEHWH HANpPsODKEHHs UCTOYHHKA TOK IUIABHO pacTtet 10 L,
3aTeéM CKayKOM YBeJHM4MBacTcA A0 I, M nanee miasHo pacrer. Ilpu yMeHbiueHHH
HanpsDKeHUs TOK IUTABHO YMEHBIIAETCS o 3 , 3aTeM ckadkoM /10 I; ¥ CHOBa IUIaBHO
nagaetr. Cxaukoobpa3Hoe H3MEHEHME TOKA COIPOBOXJAeTcAs HM3MeHeHHeM Ha 180°
¢azbl ToKa M0 OTHOIUEHHUIO K HAIIPSHYKEHHIO (ONPOKHABIBaHHE dassl).

SIBnenue pe3KOro M3MEHCHHA TOKAa B LENM TIPH HE3HAYMTENRHBIX H3MEHEHMAX
Hanlps>keHWA Ha BXOAEe LENMM HHOTAA HasplBAalOT TPUITEpHBIM >(pdexToM B
nocnenoBarenbHoH deppope3oHaHcHoH nenmH. OH HMEET MECTO NIPH MasIbIX 3HAUECHHAX
AKTMBHOTO CONPOTHBIICHHS LEHH.

ITpn HampsbkeHMAX HCTOYHMKA, OOMBIIMX HalpsHKEHHS ONPOKHABIBAHHMA (asbi,

HampsAKCHHE Ha KaTylWIKe H3MEHAETCs U

XapaKTepUCTHKE HaMarHHYMBaHHA B

006J1acTh MarHHTHOTO HACHILEHUA. JTO

HCOONB3yeTcsl B OpakTHKe  JUIA K / \ /
OrpaHHuUTENH AMIUIMTYABl — 3TO \_ "/ Ua,

YCTpOHCTB2, y KOTOPBIX BEIXOZHOE

HalpsDKECHUE H3MEHAETCS U

HaMpPAKSHUIO o HEKOTOPOTro

3HAYEHHs, HA3bIBAEMOrO  YPOBHEM

orpaHnyennd. Ilocne aToro 3HaucHue

BBIXOJHOTO HAaNpsDHKEHUA He 3aBUCHT OT U,

BXOZHOIO M OCTACTCA MOCTOSHHBIM Puc. 25

(puc. 25). B  HHM3KOUYACTOTHBIX

BosnbsTamiiepHas XapakTepHCTUKa JBYXaHOOHOTO cTalHINTpOHa MOKa3aHa Ha puc. 27.

C noMOIIBI0 ITUX YCTPOHCTB Jierko (opMHPOBaTh TPaneUeHIANBHOE HANPAKEHHE H3

CHHYCOMAIbHOTO HanpspkeHusa (puc. 25). Ecnu ammuurypa Upy>>Uecr MOXHO

MaJIO, YTO CBS33aHO C MEPEXO[OM IO /\/Un M\

cTabunn3aLyuy HanpskeHus.

APOTIOPUMOHANEHO BXO/IHOMY \/Usux / \

ycTpoficTBaX YacTo HCHONB3YIOT OrpaHHYUTENH Ha cTabwmutpoHax (puc. 26).
FOJTy4UTh HanpspkeHue, 6JIu3Koe Mo GopMe K npsAMOYTrobHBIM HMITYJIbCaM.

R Ulblx
IZ/( 1 "_55
Usx
VD

Us % U

o2 - — :

Puc. 26 o Puc. 27
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3. METO/IMYECKHE YKA3AHWA K [TPOBEJEHHIO
JIABOPATOPHBIX PABOT

Pa6ota Ne 1. 3JIEKTPOU3SMEPHUTEJILHBIE ITPUBOPBI U UISMEPEHUA
SJNEKTPUUYECKUX BEJIMUYMH

1. Liens pabotsl

VsyuyeHHe  J/IEKTPOM3MEPHTENBHHIX  TPHOOPOB,  HCHOJB3YEMBIX B
naboparopHbix paboTax, BHINOJIHAEMBIX Ha cTeHpe. [lonyueHMe npencTaBlieHH#M O
fpeeiie M3MEpeHHNA U LeHe JEJCHHA, abCOMOTHON M OTHOCHTENIBHOM IOrPelIHOCTH,
yCAOBUAX 3KCITy aTalHuH W Opyrux XapaKTEPHCTHKaX CTPENOYHBIX
NEKTPOMIMEPHTENLHBIX NPUOOPOB, TNONMyYeHUE HABBIKOB paboTEl C HMPPOBBIMHU
H3MepHTENbHBIMH NIpHOOpaMH.

2. Topsjox BhINONHEHUA padoThi

2.1. Wayuenne NACHOPTHBIX XapaKTEPHCTHK CTPEJIOYHBIX
3MEKTPOU3MEPHUTENBHBIX ITPHOOPOB. [IA 3TOro BHHMATEBHO PacCMOTPETh JIHLICBBIC
MaHeNH CTPEJOYHBIX aMIIEPMETPOR H 3aMIOTHHTD Tabu. 1.

Tabuna 1

Ilocne npoBepkH CXeMbi, BIIOUHTH JEKTPONHTAHUE H 3AHECTH MOJYUYEHHBIE
NaHHble B Tab1. 2. BelkmouuTs 3nekTponuranue. Paccuurars, HCMOMB3YA 3akoH OMa,
BEJIMMMHY 3aJaHHOTO CONpOTHBIAeHUA R. Pe3ynsTaT 3aHecTH B Tabn. 2.

Tabnuma 2

U’ B I, MA R, Om

XapakTepHCTHKa 3/IeKTPOM3MEPUTENHHOrO pubopa

Haumenopanmue npubopa BonsT™eTp BonsT™mertp

CucreMa H3MEPUTENLHONO MEXaHHU3Ma

[penen wameperns

licHa neneHus

MuHHIMaNEHOE 3HaTeHHE N3MEPSEMOH BETHTHHEB

Knacc Tognoctn

JlomyctuMad ~ MakcuManbHas — abCcosmoTHaA
DOrPEIHOCTh

Pon Toka

HopMmaibHoe NoNOXKEHHNE KB

[1poune XapakTepHCTHKH

2.2. Tlocrpouts rpad¥k 3aBHCHMOCTH OTHOCHTEIBHOH IIOTPEIIHOCTH
H3MEPEHHUA OT H3MEPACMOM BENMHYHHM Yyns = [ (Aumg) A npubopa, ykazaHHOTrO

TNipernogaBaTesieM. Cnenath BHIBOJ © BEJHUMHE PA
OTHOCHTENIBHOI [IOTPEIIHOCTH H3MEPEHU B 0/%0
"

HadanbHOW H KOHEYHOH YacTH INKaIBl, O XapaKTepe
W3MEHEHHs NIOTPELIHOCTH BJIOJD MWIKaiBI Ipubopa. 1+ *

2.3. W3MepHTh BENMYMHY COTPOTHBIICHHS, QD PV R[]
3a/laHHOTO NpelofaBaTesieM, METOIOM amIlepMeTpa ;
¥ BoNpTMeTpa. [ng 3Toro cobpars 3NeKTPUUECKYIO
nens no puc. 1. YcraHoBHTh TymObilep pexuma
paboThl U3MEPHUTENA TOKA B MO3ULUIO «=. Puc. 1
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3. Conmepxanue oTueTa

OTyet no paboTe NOMKEH COAEPKATH:
a) HauMEHOBaHHUE paboThl U UeNb PaboTHI;
) TexHU4ECKHE OaHHbIE H3MEPHUTENLHBIX IPHOOPOB;
. B) rpaMK 3aBHCHMOCTH OTHOCHTC/IBHOH MOTPEIUHOCTH  H3MEpeHMi
Yaau = f (Aung;
T') pe3yJbTaThl H3MEPEHHIA;
II) BBIBOJBI 10 paboTe.

4. KoHTpObHEIE BOTIPOCHI

1. Kakos upuHUMD feHcTBuA npuOopoB Mammoauek'rplﬁecxoﬁ i
3NIeKTPOMAarduTHOH cucreM? T

2. Yro Takoe npesen n3MepeHua?

3. Kax ompepenserca ueHa genequs npubopa?

4. Yro Taxoe abCOMOTHAS ¥ OTHOCHUTENBHASA OTPEITHOCTH H3MEPEHHA?

5. Yro XxapakTepHu3yeT K1acc TOUHOCTH npubopa?

6. B kaxoit yacTH 1Kank! ipH6opa u3MepeHHe ToUHee U nodemy?

7. KakoBb! OCHOBHEIE JOCTOHHCTBA IHQPOBBIX H3MEPHTENBHBIX IPpHOOPOB?

8. Kak MOXXHO H3MEPHUTPH BeJIHYMHY CONPOTHBJICHHA pe3ncTOpa?
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Pa6ora Ne 2. [IPOCTEMUIME JIMHEHAHBIE DJIEKTPUUYECKHE LIETTA
[MOCTOSIHHOI'O TOKA

1. llens pabotsr

[MomyyeHHe HaBBIKOB COOPKHM IPOCTBIX 3EKTPUUECKMX lenel, BKIIOYECHHS B
NEKTPUYECKYIO LEMb H3MEPHTE/NBHEIX IpHOOpoB. HayduTeCd HM3MEPATH TOKH H
HampsokeHud, yOoenuThes B cobmoleHHH 3akoHOB OMa M Kupxroga B nHMHeHHOH
3NEeKTpUYECKOH LeOd  MOCTOAHHOTO  TOKAa. HccnenoraTs 0cobeHHOCTH
NOCNENOBATENMPHOrO W IApajuiesibHOIO COCAMHEHHA B 3JNEKTPHUYECKUX  Lemix
MOCTOSHHOTrO TOKa.

2. IlpeaBapHTeIbHOE JOMAilIHEE 3a[jaHHE

2.1. Hzyunts TeMy «JInHeHHBIE 3MEKTpUYECKHE LU IIOCTOSHHOTO TOKay,
colepxaHue JaHHOH nabopatopHoid paboThl M OBITE TOTOBBIM OTBETHTh Ha BCE
KOHTPOJIbHBIE BOMPOCH! K Hel.

2.2. HayepTuts NpHHUMNHAJILHBIE CXEMBI HCCIEIYEMBIX Leniedl HccieXyeMbIx
Henei ¢ BKIIOUEHHBIMH H3MEPUTENBEHBIMH NpbopaMu.

3. Tlopanox BeIONHeHUs paboTh!

3.1. O3HaKOMHThCA C 1abOpaTOpHOH YCTaHORKOH. RS

3.2. Cobpath JIHHEHHYIO JJIEKTPHUECKYIO Lelb [OCTOSHHOTO TOKa C
10CIIEIOBATENbHBIM COSIUHEHHEM 2JIEMEHTOB (pHC. 1), BBIOpaB 3JIeMEHTBl LENH H
BEJIMUHHY HAOpSKEHWA IUTAHUA B COOTBETCTBHM C 3aJaHHLIM BapuaHTOM (Tabum. 1).
TlpeacTaBuUTE cXeMy [UIA POBEPKH IPEIIOAABATEIIO.

Tabmuna 1
Bapuaut 1 2 3 4 5 6
E2,B 12 10 8 12 10 8
RI1* R5-1 R5-2 R5-3 R5-1 R5-2 R5-3
R2* R3 R3 R3 R8 RS R8

Puc. 1
3.3. BxnounTh ONEKTPONMT2HME CTEHAA W WCTOMHUK OJiexTpornuTanusa E2.
VCTaHOBHUTE B COOTBETCTBHM C 33/1aHHBIM BApHaHTOM 3HAUYCHHE HaNpsHKEHHE
ucroynnka E2, MOmMoIOYMB K €ro BBIXOAHBIM KJIeMMaM BOJBTMeTp. [lomiirodas
BONBTMETP PV1 K COOTBETCTBYIOIIMM THE3NAM, U3MEPUTH BeMIHHY HANPSDKCHMS Ha
pesucropax R1 u R3, a Taike Tok | B uenu. PesysibTarTs H3MepeHUil 3aHecTH B TabIl.
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2. i3MEHHTB 10 YKA3aHHIO [PEeNoiaBaTels BeMuMHy CONPOTHBEHUs R1 ¢ noMollso
COOTBETCTBYOLIEr0 TyMOnepa (MO3ULMH 1, 2 win 3) B CHOBA NPOBECTH AHANIOTHYHBIC
maMepenns. Beimounts uctounnk E2. Mo pesynkraTaMm W3MepeHHH BBIMHCTHTR
BENMUMHY COMpOTHBIEHMS kaxporo mnorpeburens (R1 u R2) u  obuee
(?KBMBAJIEHTHOE) CONPOTHBIEHHE Ry Lenu. PeaynbTaTs! BEIMHC/ICHHI 3aHECTH B Tabll.
2. BBIKITIOYHTE UCTOUHHK 3JIEKTPOIIMTAHHA, :

CpaBHHTB pe3yJbTaTHl H3MEPEHUH M YOEIHTECA B TOM, YTO CYMMa CONpPOTHBIICHHH
OTHeNBHBIX noTpebuteneii paBHa CONPOTHBRICHHIO Beell nemm. VYOemntoed B
cobmogeHnn BToporo 3akoHa Kupxroga. OGBACHHTE H3MEHEHHE pexuMa paGoTsl
LIE[H ¥ OTAELHBIX HOTpebuTeneH NpH U3MEHEHHH BEIMUHHB CONPOTHUBIICHUA OJHOTO
H3 PE3UCTOPOB.

Tabava 2
H3mepeno Brrancneno
Hanpsxenue Tox Hamnpsokenne ConpoTusneHne OKBHBAICHTHOE
Ha BXOJC HENH | B LEIH, Ha notpeburene, B noTpeGHTeNA, COIIPOTHBJICHUE
UB LA OMm LETH,
U1 U2 Rl R2 R3,0M

3.4. Cobparb >1eKTPHYECKYIO LEMEL C MapajUiejbHbIM COSAHHEHHEM Pe3HCTOPOB
(puc. 2), BeIOpaB 3MeMEHTHl LENMH H
BCIIMUMHY  HANpsHKEeHMd  NUTaHdd B
COOTBETCTBHH C 3aIaHHBIM BapHaHTOM (TabI1.
3). TlpencTaBHTL CXEMy JUid NPOBEPKH
NpENoAaBATEIIO.

3.5. BKIFOYHTb HCTOYHHK MOCTOSHHOTO
Hanpsokenus E2. VYcTaHOBMTH 3afjaHHOe
3HaYeHHE HalpsXKCHHWs NHTaHHA. M3MepUTh
HATIpsDKEHHA M TOKM Ha BCEX YUacTKaxX LEIH.

PesynbTarhl 3aHECTH B Tab. 4.

Puc. 2
Tabsmia 3
Bapuant 1 2 3 4 5 6
E2,B 12 10 8 12 10 8
R1 R4-1 R4-2 R4-3 R4-1 R4-2 R4-3
R2 R7 R7 R7 R9 R9 R9

3.6. V3MeHWTh IO YKA3aHUIO TpENOAaBaress BEMMHHHY CONMpoTHBAEHHA Rl ¢
HOMOIIBIO COOTBETCTBYIONIEr0 TyMOJIEpa H CHOBA NPOBECTH aHAIOTUYHBIE H3MEPEHHS.
BrikmoudTs  oniekTponuTaHue. Ilo  pesynapTatamM  H3MEpEHMH  paccYMTaTh
conpoTHeicHua pesuctopok R1, R2 u conporurnenue goeit nemd R, NpoBogMMOCTH
OTHeNBHEIX BeTBel gl 1 g2 u Beel LenH gy, PesyneraThl BoryMcIEHUH 3aHECTH B TabT.
4. Y6enuThca B COBIOACHUM 1epBOro 3akoHa Kupxroda.
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3.7. TlpoaHanu3upoBaTh BIHAHHE M3MEHEHHA BE/MYMHBI COIPOTHBIICHHA
peanuctopa R1 Ha pexxum paboThl Lemd U OTAENbLHBIX NoTpebureneii. OO6BACHUTE,
[I0UEMY 3TO UMEET MECTO.

Tabnuna 4

HsmepeHo BrrHCNEHO

U,B 11, A 12,A 3B,A | RL, | Rz, | gl. | 22 | g | R
Om Om Cm Cm Cm OM

3.8. Cpenarp BBIBOAEI O BRITIONHEHHH 3aKoHOB Kupxroda M 0 NIpHMEHEHHH 3aK0Ha
OMa B JTMHEHHOM 2JIEKTPHYECKOH LEMNH IOCTOSHHOIO TOKA.

4. CopepxaHue oT4eTa

OTyer no paboTe JO/DKEH COAEPKATD!

a) HauMeHoBaHHUeE paboTh! U LeNb paboThl;

6) cXeMBl SKCIEPHMEHTOB M TabJHLBI NOMYYCHHBIX SKCNCPHMEHTANBHBIX
INaHHBIX; ‘

B) pe3yNbTaThl pACHETOB;

T) BBIBOJBI 110 paborTe.

5. KontposnpHbie BONPOCH

1. YTo Takoe «JIMHEHHBIA 2IeMEHT» B JJIEKTPHUUECKOH nenu?

2. TIpuBecTH NpUMEpPH! IMHEHHBIX 3JIEMEHTOB YIEKTPHYECKUX HeNcH.

3. B kakMx eJMHHMLAX H3MEPAIOTCA CHIAa TOKa, HalpsDKeHHE, MOIMHOCTH H
CONPOTHUBINIEHHE?

4. Kakx no nokasaHuiM aMIIEpMETPa M BOJBTMETPAa MOXHO OIpERENUTh
BENVYHMHY CONPOTHMBIEHMA YYacTKa D3ICKTPHUECKOH HeNnd TMOCTOAHHOTO TOKa H
noTpeb/IAEMYI0 UM MOILHOCTD?

5. Hapucy#Tte cxemsl U1 H3MEPEHHA METOJOM aMIlepMETpa H BOJIBTMETpa
GONBILNX H MAIBIX IEKTPHYECKUX COTPOTUBIICHHUH.

6. Kak onpeaenurts BEIMUUHY 3KBHBAJIEHTHOFO CONPOTHBIICHHUA IIPH
TIOCTIEOBATENFHOM COEAHHEHHH PE3HCTOPOR?

7. Kak onpeAeNuTh BESIMUMHY KBUBAJIEHTHOIO CONPOTUBIEHHA NPH
[IapajieIBHOM COEAHHEHHH PE3UCTOPOB?

8. Jlna ucciesyeMblx 3JIeKTPHYECKHX LeNeH 3alMIIKNTe YPaBHEHHS 110 3aKoHaM
Kupxroga.

9. B ueM 3amoyaercs H6anaHc MOLIHOCTEH B LieNnH IOCTOAHHOro Toka?

Pa6ora Ne 3. CMEILIAHHOE COEqJUHEHHE DJIEMEHTOB
B DJIEKTPUYECKOM LIENH NNIOCTOSIHHOI'O TOKA

1. Lenp pabotel

[lonmyueHne HABBIKOB COOPKHM ONIEKTPHYECKMX LEMCH, H3MEPCHMH TOKOB H
HANpsKeHHA Ha OTHENBHBIX YYacTKax OJEKTPHYECKOH LEIH; ybemuTecA B
COBMONERUH 3aKOHOB KupXroda B pasBeTBICHHON THHEHHON 3/MEKTPHIECKOH LICTH;
HAy4HTBCS NpPUMEHATH 3akoHbl Kupxroda B rpaduueckoM BHIE. Hcenenosatb
0COBEHHOCTH CMEIIAHHOTO COEIHHEHHA JJIEMEHTOB B JJIEKTPHUYCCKUX  LETIAX
FOCTOSHHOTO TOKa.

2. TlpenaputeibHOE JIOMaIliHEE 330aHNE

2.1. Wsyuuts TeMmy «JIuHeHHBIC 27€KTpHYECKHe HEMM MOCTOSHHOIO TOKay,
colepaHHe JaHHOW naGoparopHoil paGoTEl M ObITh OTOBHIM OTBETHTH Ha BCE
KOHTPOJIbHEIE BONIPOCH! K HEH.

2.2. HauepTuTh NpMHUMIHMATILHBIE CXEMBI HCCIEAYEMbIX HLeNeH MCCemyeMbiX
lerieit ¢ BKINOYEHHBIMA H3MEPHTEILHBIMH IpHOOpaMH.

3. TTopA0K BBIIONHEHHA paboThI

3.1. O3HaKOMHUTECA ¢ 1aGOpaTOpPHOH yCTaHOBKOH.

3.2. CobpaTh LeNb CO CMEMIAHHBIM COe/THHEHHEM PE3HCTOPOB (pnc 1). Co6pa"n>
IeIb CO CMEIAHHBIM COSTHHEHHEM PE3UCTOPOB, BEIOPaB 3IEMEHTHI LIENH M BENHHMHHY
HanpsKeHMd IHTaHHA B COOTBETCTBHM C 3alaHHBIM BapHaHTOM (tabnm. 1).
TIpencTaBUTE CXeMy [JiA IPOBEPKHM Npenoiasatento (puc. 1).

Tabmuua 1
Bapnant 1 2 3 4 5 6
E2,B 12 10 8 12 10 8
R1 R2 R3 R2 R3 R2 R3
R2 R4-1 R4-1 R4-1 R4-2 R4-2 R4-3
R3 R7 R7 R7 R9 R9 R9

3.3. Tlocne NpOBEpKM CXEMBI NpeNOJaBaTe/ieM BKIIOYMTE HCTOYHUK MHTAHHA E2,
YCTAHOBHTh 3a/laHHOE 3HAUCHHC BEIMYMHBI HANPAKCHUA IMTAHHASL M H3MEPHUTH

HanpsDkeHHs Ha Bxoje uend U H Ha A R1*
Bcex ywactkax uenu (Ul u U2), a ——”'\égg/

taioke Bce Toku (I11J2 n I3). PA1 U1
PesysibTaThl 3aHECTH B TabL. 2. E2 |+

3.4. C noMouso Q )V lu /’{

COOTBETCTBYIOLIETO TyMOnepa '/ \\V/

YCTAaHOBHTB HOBOE 3HaYEHHE ) - O/éo
pezuctopa R2 v CHOBa M3MEPHUTH ’\;—/‘
HanpsHKEHUA X TOKM B LETH.
BEIKIIOUUTS HCTOYHUK NuTaHus E2.

Puc. 1
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[lo pe3ynbTaTtamM M3MEPEHHH BRIYMCIIMTL MOLUHOCTb K2XI0r0 yuacTka uenu P1, P2,
P3 u Bceit nenu P, onpenenuTs SKBUBaAJIEHTHOE CONPOTUBIIEHHE Lienu Ry, PesynpTaTh!
BBIYMCIICHHH 3aHecTH B Tabn. 2. BHICTIOUHTE 3/1€KTPONIUTaHKE.

3.5. TlpoaHanM3MpOBATh BJIHAHHE HM3MEHEHHA BEJHYMHBI COMNPOTHBIICHHS
pesuctopa R2Z Ha pexxum paboThl BCcedl LENM M OTAENBHBIX NOTpeOHTENeH.
O6DBACHUTE, TOYEMY 3TO UMEET MECTO.

Tabmnuua 2
V3MepeHo BrmucIeHo
U, Ul, | U2,B 11, 12, 13, Pl1, P2, P3, P, Ry,
B B A A A BT Bt Bt Bt Om

3.6. IIpoBepuTh BhINONHEHUE HalaHca MOLIHOCTEH.

3.7. Cnenats BBIBO/IBI O BLINOJHEHHH 3ak0HOB Kupxroda.

3.8. Bxmounute oasekTponMTaHMe. IInaBHO M3MEHAA BEIMYMHY BXOJHOIO
HaMpsXeHHs C NOMOIUBIO NMOTEHIHOMETPA, U3MEPUTh 3HAYCHHUs HANPSHKCHUA U TOKOB
Ha BCEX YyHacTKax UCMH NpH TpeX DPa3H4HBIX 3HAUEHHAX BXOJHOTO HANpPKEHHS.
Pe3synpTatel M3MepeHHH 3aHeCTH B Tab1. 3. BBIKIIOUHTD 3JIEKTPONTUTaHKE.

Tabauua 3
3.9. Tlo pesynpTaTaM H3MEpeHUH I
NOCTPOUTE B OJHOM KOOpAHHATHOM om:rra U, | UL\ U2,B| 11, 12, B,
cHCTEMe BOJIBTAMITEPHBIE B B MA | MA | MA
XapaKTEPHCTUKM pe3ucTopoB R, 1

R2, R3. Tlonb3ysacs HMH, IOCTPOUTD 2

BOJIFTAMIIEDHYIO ~ XapaKTEpPUCTHKY

Bcell uenu Usx = f(Il) U mo Heit 3

OTNpEJeIUTh SKBUBATECHTHOE CONPOTHBICHHME LeMM R3ke. 3MeCh ke MOCTPOHTDH
9KCTICPUMEHTAIBLHYIO BOJIBTAMIIEPHYIO XapaKTepUCTUKY uenu Usx = f(I1), cpaBHHUTH
e€ ¢ pacueTHOH BONBTaMIIEPHOH XapaKTEPUCTHKOM BCEH UEMM M CHeNaTh BEIBOA O
BO3MOYKHOCTH rpadiM4ecKoro npuMeHeHU 3akoHoB Kupxroda.

3.10. Cpenats BBIBOA O BO3MOXHOCTM IpHMEHeHHs 3akoHOR Kupxroda =
rpadHuecKOM BHAE B 3JIEKTPHIECKON LIENTH NOCTOAHHOTO TOKA.

4. CogepxaHue oTueTa

OTuer no paboTe NOIKEH COJNEPKATD!

a) HauMeHoBaHKe paboTsl U LeNb paboTsl;

6) cXeMBI SKCIIEpHMEHTOB H TabITHLIBI TOTYYEHHEIX IKCIEPUMEHTATEHBIX JaHHEIX,
B) pe3yNbTaThl pacHeTOoB;

I') BBIBOABI N0 paboTe.

5. KOHTpOJIbHBIE BONPOCHI
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1. Kak 1o nokasaHusAM aMIIEpMETPa M BOJBTMETPA MOJKHO ONpEAC/IHTE BETHUHHY
CONpPOTHBJICHHSA YJacTKa JEKTPHYECKOH LENH NOCTORHHOTO TOKA H notpedniemyo
MM MOIIHOCTB?

2. HapucyiiTe cxeMbl i3 H3MEPEHHI METOIOM aMIIepPMETPa H BONETMETpA
GONBIINX H MaJIbX 3/IEKTPHIECKHX CONPOTHB/ICHHH.

3. Kax ONpe/e/THT BETUUUHY 3KBHBAICHTHOTO CONPOTHBIIEHIA /UL HCCTie Ty eMOH
uenu?

4, IIna uceneqyeMBIX 3IEKTPHHYECKHX LeTieH 3alIMIIHTE YPABHEHHA N0 3aKOHaM
Kupxroda.

5. Kak 1o BOAETaMIIEPHOM XapaKTEPHCTHKE ONpPENEIHTE BEJINTHHY CONPOTHRIECHUA
uemu?

6. Kak npuMeHHTE 3akoH Kupxroga B rpaieckoM BUE IS NOCAEAOBATENBHOM
H NapasuiensHol uerH?
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Pa6ota Ne 4. SJIEKTPHHECKAA LEIDL MTOCTOAHHOI O TOKA
C IBYMSI HCTOYHUKAMMU SJIEKTPOITUTAHMS

1. Liens paboTel

DKCliepUMeHTANbHAA IPOBEPKA Pe3yNbTATOB aHATMTHIECKOr0 pacyera
JIMHEHHOM 3/IEKTPHYECKOH LENH C ABYMSs HCTOYHHMKAMH JIEKTPONHTAHHA.

2. TipenBapuTenbHOE JOMALIHEE 3a/[aHUE

2.1. Hsyuyuts TeMy «JIMHCHHBIE SJIEKTpHYCCKHE LEINH IOCTOAHHOTO TOKAa ¢
HECKOJIBKMMH HCTOUMHHKAMH 3JICKTPOIHTAaHHAY, COACPIKAHHE QaHHOH JabopaTopHOH
paboThi # ObITh FOTOBLIM OTBETHTL Ha BCE KOHTPONBHBIE BONPOCH K Held.

2.2, HauepTuTh NPHHUMITHAIBHYIO CXEMY HCC/ICAYyE€MOH LENMH C BKIIOYCHHBIMH
H3MEPHTENBHBIMH NIpHOOPaMH.

3. TlopAAOK BBHUIONHEHHA paboTEI

3.1. O3HaKOMUTHCA € J1abOPaTOPHOH YCTaHOBKOM.

3.2. BxmounTh SNeKTpoOnuTaHMEe creHaa M ucrounukn El u E2. Hzmepurs
3HaYcHHA 3JIC HCTOYHHKa El M yCTaHOBUTH 3aJaHHOE 3HAYEHHE I/C MCTOYHHKA E2
(Tabn. 1). Pe3ynsTaTsl u3MepeHuit 3aHecTH B Tab1. 4. BHIKTIOUHTE 3EKTPONHTAHHE.

3.2. CobpaTh menmr ¢ JByMS MCTOYHMKaMM BJieKTponuTanma (puc. 1), BeiGpas
JJICMEHTBI LICNK B COOTBETCTBHUM C 3aiaHHRIM BapHaHToM (Tabn. 1). IlpencraBHTB -
CXeMY JUI NPOBEPKH NPENo/IaBaTelIo.

Tabnuua 1

Bapuant 1 2 3 4 5 6

E2,B 12 10 6 10 12

R1* R1-2 R1-1 R1-3 R1-1 R1-2 R1-3

R2* R3 R3 R3 R3 R3 R3

R3* R9 R8 R9 R9 RS8 RS§

3.3. Bxmo4uTh  3JIEKTPONHUTaHUE R1* R2"
CTCHAA 1 HCTOYHHK 3NEKTPONUTaHUA E2. a

3.3. BxJouNTh HMCTOYHMK IHTaHHA
El u m3Meprts Hanpsxenua Ul, U2 Ha I R3* l@,
ucroygukax El, E2, Hanmpsxedns Ha
pesucropax R1*, R2* u R3%, u Toku 11,
12 n I3 B BeTBsX. Pe3ynbTaTsl H3MEpeHHi E11+ E21¥

3aHecTy B Taba. 2.

Puc. 1
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Tabnnua 2

ELB | E2B | UL,B | U2,B | UR,,B{UR2,B | UR3,B | I1,MA | 12, MA | I3, MA

3.4. Tlo pe3yNbTaTaM H3MepeHHii BLMUCIATE 3HaUeHHA CONpOoTHRAeHNH R1*, R2*
1 R3*. Pesynpratel BEIYMCIICHHH 3aHecTH B Tabu. 3. '
TaGnuua 3

5 Ri, | R2, | R3, (Ua6,| 11, | 12, | I3, | URL, | UR2, | UR3,
O | OM | OM B MA | MA | MA B B B

3.5. Mcnonniyd nogydeHHbIe pe3ynnTaThl W3IMEPEHHH 3/4C HCTOYHUKOR HHTAHUA H
pacdeTa conportuBieHuit R1¥, R2* m R3* Berselt, paccuurare, HCIIONB3Yys METOA
Y3/IOBOTO HANpPSKEHAUA, BEIMYMHY Y3I0BOro Hampsxenus Ua6, Toxm 11, 12, I3 n
HanpskeHus Ha pesucropax URri, Ur2, Urz. PesyneTaTs! BEIMHCICHMIA 3aHecTd B Tabl.
3. CpasHuTs pacyeTHble 3HAYEeHHA AN
TOKOB M  HaNpmKeHMHA ¢ HX N 50 J
SKCIIECPHIMEHTATLHBIMU 3HAYCHUAMH. ¢ S a2

3.6. TloaroToBHTH
HEPa3BETBNICHHYI0  IEKTPHYECKYIO
LEeNb C ABYMS UCTOYHMKAMY O PHC. 2
{(MCKIIFOYHTE BeTBB C pe3ncTopoM R3).
Tlocne NPOBEPKU CXEMBI noT e
TpenoKasaresieM BKJIIOUNTE vt vt
3NEKTPOITHTaHHE CTCHAA Y HCTOYHHKH - Y o3
El n E2. YcraHoBuTk 3afaHHOE a 1
nperiofasaresnem 2HayeHHue
HanpsDkeHHA uctouHnka E2,

Puc. 2

3.7. Tonaras nOTEHLHAT TOUKU «2» PARHBEIM HYIIO, H3MEPUTEH NMOTEHLHANB! TOUEK
«bBn, «o», «d» H «e». a TakoKe TOK B 1lenH. Pe3yJIbTaThl 3aHeCTH B Tab1. 4.

3.8. ITo pe3y/pTaTaM H3MCPEHHMI BEMHCITHTE (1201, 4):

a) nanpsoxennst Ul u U2 Ha 3axuMax HCTOYHHKOB 3i1ektponuTanmd El n E2;

) BHyTpeHHHe CONPOTHRICHN] MCTOIHHKOB IIUTaHHA Ro1, Roz;

6) corporueneHns R1*, R2¥ u R3*;

B) ONpedeNuTh, B KaKOM peXHMe (HCTOYHMKA MIH mnortpeburend) paboraror
HCTOYHMKY nuTanHA E] u E2.

3.9. HsMeHuth IO YKa3aHHIO INPEeNOAABaTeNid BENMMHMHY pesucropa RI1*
COOTBETCTBYIOIUM TyMOEpOM M CHOBA U3MEPUTH Te Xe BEeNMUMHBL OOpaTuTs Npu
3TOM BHHMaHMe, H3MEHHJIOCE JIM TIPH 3TOM HalpaBJieHHe ToKa B LienH. OnpenennTh, B
KAaKOM pexHuMe (HCTOUHHKA Wi NOTpebuTeNA) paboTaloT Teneph HCTOYHHKH IIUTaHHA
El un E2. PesyneraThl 3aHeCTH B TalJ1. 4. BEIK/IIOYATE 3JIEKTPOIIMTAHHE.

3.9. Jlna xoHTypa NOCTPOHTE NIOTEHUMATBHYIO AUarpammy.
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3.10. [TocTpOHTE BHEUIHHE XapaKTEPHCTHKH HCTOYHHKOB nuTanua Ul=f(I]) n
U2=f(I2). YxazaTh Ha HUX paboune TOUKH, COOTBETCTBYIOUIHM peXHUMaM paboTsl
ucrouHukor E1 u E2 B nannoil uenu.

Tabmiua 4

Hsmepeno Brrmcneno

El, | E2, | 1, b UL, | U2, [ Uri | Ur2 | RL, [ R2, | Roi, [ Roz,
B | B MA(PB&(pB,(P;’(PBd, B|B|B | B |Ox|O«|Oum|Om

0

4. CopepxaHHe oT4eTa I .

Ortuer no pabote NOIKEH COAEp*aTh:

a) HaMEHOBaHHe H Lienb paboTsl;

6) cxeMbl FKCTIEPHMEHTA U TabNHLBI ¢ pe3yIbTaTaMH U3MEpEHUH H quucnemm;
B) pacHeTHbIE COOTHOIUEHHA H SKCIIEPHMEHTATEHEIE XapakTePHCTHKH;

T') CpPaBHEHHE PE3YJIbTAaTOB pacyera ¢ 9KCIIEPUMEHTAILHBIMH JaHHBIMH;

) BEIROZBI

5. KoHTposnbHbIE BOIPOCH

1. Kaxue MeToa aHamu3a LeneH OCTOSHHOrO TOKa MOTYT OBITh HCIIONR30BaHbI
JUIA aHallu3a neclieRyeMoH Lenu?

2. Cxonbko ypaBHeHHH no 3akoHaM Kupxroga Heob6XOAMMO 3ammMcaTe IIIA
HccnegyeMor uenu mn e€ pacdera? CKoJIBKO M3 HHX HAaJ0 3allHCaTh [0 BTOPOMY
3akoHy Kupxroga?

3. 3anuwMTe Ui UccreoyeMol Lemd HeoOXOMHMMBIE Ui aHAIH3a HCCIIELYEMOR
HENH ypaBHEHHs Mo 3akoHaM Kupxroda.

4. B xakux ciyyasx Lenecoobpa3sHo NPpUMEHATH METOJ, Y3/IOBOTO HAaNpsKEHHA?

5. B 4eM COCTOMT OCHOBHOE JJOCTOMHCTBO METO/(a Y3/10BOTO HANPKEHHs?

6. 3amMIuMTe COOTHOWIEHHE I ONpPENC/ICHHS BeJMHYHHBI Y3/I0BOTrO HANpPSKEHHA
B HCClIEQyeMOH LIETIH.

7. Kak B nccneqyeMoi el NPH HCTIONB30BaHHH METORA Y3JIOBOTO HaNpshKEHHA
OMPEJEINTE TOKH B BETBAX? 3aNHUILINTE 3TH COOTHOLICHHA.

8. Uro Takoe «BHEUIHAA XapaKTEPHCTHKA» HCTOYHHKZ MNMTaHWA? 3allMIIHTE
ypaBHeHHe BHEIIHEH XapaKTEPUCTHKH.

9. Yto Takoe «nOTEHLUHANbHAk AHarpaMMan?
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PaGora Ne 5. HEJIMHEMHASA DJIEKTPUUECKAS LIEITh [IOCTOSIHHOTO
TOKA CIIOCJAEOOBATEJIbHBIM COEQUHEHUEM 3JIEMEHTOB

1. Henw paboTsr

OKCTIEpHMEHTANBHOE NOJMyYeHHe BOJIBTAMIEPHBIX XapaKTEPHCTHMK JIMHEHHEIX H
HENIMHEHHBIX DPE3UCTHBHBIX OJJICMEHTOB, TpaduyecKkuil pacyeT Hepas3BeTBICHHOH
HEJHMHeHHON JJIEKTPHUYECKOH LENM NOCTOSHHOrO TOK2 M YKCIepHMEHTalbHas -
[IPOBEpKa pe3ybTaTOB pacHera.

2. TlpeaBapuTensHOE JOMAILIHEE 3afaHHe

2.1. Hayunts TeMy «Pacder mpocTeHIIMX HENMHEHHBIX JJIEKTPHYECKHX LereH
fIOCTOAHHOTO TOKa», COACpXaHHe JaHHOH NabopatopHo#t paboTel U ObITH T'OTOBBIM
OTBCTHTH Ha BCE KOHTPOJIFHBIE BOMPOCH! K Hell.

2.2. HauepTHTh NpUHHMIMANBHYIO CXEMY HMCCAENyeMOH LENH ¢ BKIFOUEHHBIMH
H3MEPHTETILHBIMA NpHOOpaMH.

3. TlopAnoK BBIMONHEHHA paboTh

3.1. O3nakoMHTECA C NabopaTOpHOM yCTaHOBKOM.

3.2. Cobpats TpexhasHyo 3MeKTpHYecky o uenb (pHc. 1), BLIGpas d1eMenTH! Lenu
B COOTBETCTBHH C 33J1aHHeM. IIpefICTaBHTE cXeMy JUIA IIPOBEPKH NPENOAaBaTeNo.

CobpaTh 27eKTPHHMECKYIO LENb ONA CHATHA BOJLTAMIICPHBIX XapakTepHCTHK
9JIEMEHTOB LeNH (pHC. 1) ¥ NpeAbABUTS €€ JUlA MPOBEPKH NpenoaasareNio. B xauecTre
PEryJIHpYyeMOro HCTOYHHKA MOCTOSHHOTO HANpPSDKCHUS HCIONB30BATE MCTOYHMK E2,
BBIXOJHOE HAIpsHKEHHE KOTOPOTO pEryJIMpyeTcs IMOTEHLMOMETPOM. B  kadecTse
pesucropa R1 ucnone3oBars pe3uctop RS crenna

IIpensaBUTE cXeMy Ul NPOBEPKH NPENOAABaTENIO.

e R1 HL
(& =T (X
E2+ PA U1 U2
U

Puc. 1

3.3. CHATH BONBTAMIEPHBIE XaPAKTEPHCTHKH JIaMIIbl HAKIUBaHUA FL, pesncTopa
R1 n Beet nenu. i 3TOro yCTAHOBUTH BBIXOOHOE HANPHXEHHE MCTOUHHMKA MTHTAHHA
E2 parHoe Hynio (pydKy MOTeHLHMOMETpa B KpaiiHee jeBoe MONOXEHME). BrmouuTs
CTeHA ¥ HUCTOUHMK E2. VBesM4HMBas IUIABHO BBIXOJHOE HANpPsKEHHE NOTCHLUHMOMETPA
RP1 nporecTH HeoOXOOMMble M3MEPEHHS NPH WIMEHEHHH Toka oT 0 o 80...100 MA.
Pesynpratel u3Mepenusi 3anectd B Tab. 1. BHIKMIOYMTh HCTOUHUK NUTAHMA. B ofHol
KOODJANHATHON CHCTEME MOCTPOHTh BOJBTAMIEPHBIC XapaKTEPHCTUKU LIETH, JIAMIIBI
HakanupaHus HL u pesuctopa R1.
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Tabnuua 1

LA
U,B

Un, B

[ feml) Kl o)

Ur, B

- 3.4, 3anucath ypaBHeHHMe BTOoporo 3akoHa Kupxroda mns mccnemyemoit enw.
Hcnonk3ys 3KCHEPHMEHTAIBHBIE BOIBTaMIIEPHBIE XapaKTEPHCTHKH pesHcTopa H
JIaMITbl HAKadHMBaHHA, TOCTPOHTh B TOH K€ CHCTEME KOOPAHHAT pacyeTHYIO
BOJILTAMIIEPHYIO XapaKTepUCTHKY BceH el Upge,=f(l) ¥ CPaBHHTE €€ C MOTy4eHHOMH
3KCHEPUMEHTAILHO BOJIBTaMIIEPHOH XapakTepHCTHKOH Henu Usye, =f(1).

3.5. Jina ykazaHHOro [MpenofaBaTesieM 3HAYEHMA BXOJHOrO HalpsHKEHUA
BBITIOJTHUTD Tpaduueckyil pacyeT TOKa M HalPsDKCHNH Ha OTAENBHBIX YHacTKaX LNy
no puc. 1. PesynpTaTsl pacuera 3aHecTH B Tabil. 2.

Tabamua 2

UB Un, B Ur, B LA

Pacuer

Oxcneprme
HT

3.6. Ji4 NpoBepKH pacyueTa HENMHEHHOM 11NN BKJIIOYMTh HCTOYHHUK U YCTAaHOBHTH
3ajaHHOe (pacHeTHoe) 3Ha4deHHe BXomHoro HampsokeHua U. Mameputs Tox [
HanpsikeHus Ug 1 Uy Ha OTAENBHBIX y4acTKaX LeNH. Pe3ynpTaThl 3aHeCTH B TabJl. 2.

3.7. Cnenate BbeIBOJ 06 0COOCHHOCTAX NpPHMEHEHHs 3akoHOB Kupxroda B
HEJIMHERHOM LieNH NOCTOAHHOTO TOKa.

3.8. ITo yxa3aHHIO NpENOAABATEIIA PaCCHHTATh CTaTHYeCKoe H AU epeHLuanbHoe
CONPOTHBIICHHA JIaMIIbl HAKATHBAHUA.

4.ConepxaHue oTHETA

OTyer 110 paboTe JOMKEH COACPXKATh:

a) HAaUMEHOBAHUE U LieNTb paboThl;

6) cxeMbl 3KCIIEPUMEHTOB U TabJHIEI ¢ pe3yIbTaTaMH H3MepeHHH;

B) PacHETHBIE H SKCIIEPUMEHTAIbHBIE BOJIETAMIICPHBIE XapaKTEPHCTHKH,
T') CpaBHEHHUE PE3YJIETATOB pPacHeTa C IKCIEPUMEHTAIBHEIMH JAHHBIMH,
1) BRIBOMGIL.

5. KOHTpOJIbHEIE BONPOCH

1. UTo Takoe «HeNMHHEeHHBIH 37IEMEHT) B 3JIEKTPHYECKOH Lienu?
2. TlpuBecTd NIPMMEpPHI HEMMHEHHBIX 3/ICMEHTOB 3NICKTPHYECKHIX Lieneldl ¥ ux
BOJIbTAMIIEPHBIX XAPAKTEPHCTHK.

3. TloueMy mnist HenuHeHHO#M Lenu yo6eH rpadudeckuit cnocob aHanuza? ¥

4. CripaBeJIMBBI M JJ13 HENMHEHHBIX nenel 3akonsl Kupxroda? ’

5. Kak noCTpoHNTh BONMBTAMIIEPHYIO XapaKTEPUCTHKY NOCIIEAOBATENLHOIO
COEIMHEHH HEMMHEHHBIX 3IEMEHTOR?

6. Kak MOCTPOHTH BONBTAMIIEPHYIO XapaKTEPHCTHKY NapaLieNbHOrO COCTHHEHHA
HEJIMHEHMHBIX IIEMEHTOB?

7. Kak ompe/ensiercs CTaTHYeCKOe CONPOTHBICHHE HEMHEHHOrO 3eMeHTa? By et
JIH OHO OJJMHAKOBOE JULA Pa3HEIX TOYEK BOILTAMINIEPHOM XapaKTepHCTHKH
HENHHEHHOTO 351eMeHTa? .

8. Kak ompepenaerca AHHAMHYECKOE CONPOTHBIIEHHE HEMMHERHOTO 2)ieMeHTa?- - -
ByZet i1 OHO O/IMHAKOBOE JUIA PA3HBIX TOYEK BOJIETAMIIEPHON XAPaKTePHCTUKH
HEITMHEHHOTO 31eMEHTa? '




Pa6ora Ne 6. PA3BETBJIEHHA S1 HENTMHEUHA A LIEITH
IMOCTOSHHOI'O TOKA

1. Lless paboTe!

DKCIEepPUMEHTANBHOE HONYYEHHE BOJIFTAMIEPHBIX XapaKTEPUCTHK HEJIMHENHBIX
PE3MCTHUBHBIX OJIEMEHTOB, TpajuuecKMil pacyeT PpasBETRICHHOM HeJMHEHHOM
9NIEKTpHUECKOH LENMM TNOCTOAHHOrO TOKAa M  OKCHEPHMEHTaIbHasi TMpOBepKa
pe3yJIBTAaTOB pacdeTa.

2. IlpenpaputenpHoOe NOMAIIHEE 3a/jaHMe

2.1. HMsyuure Temy «I'padmuecknmii pacueT pa3BeTBIEHHBIX HEJIMHEHHBIX
3JIEKTPUUYECKUX LeNeH TIOCTOAHHOTO TOKa», COAEpXkaHMe AaHHOH JsabopaTopHO#H
paboTE!l M 6bITE TOTOBEIM OTBETHTH Ha BCE KOHTPOJIHBIE BOIIPOCH! K HeE.

2.2, HayepTuTh NpHMHUMIMANBHYIO CXEMY HCCAEOYEMOH LENH C BKIIOYEHHBIMH
W3MEPHTENLHBIMA PUOOpaMu.

3. TlopAnok BEIIOMHEHUsA paboTHI

3.1. O3HaKOMHTECA C JIaOOPATOPHOH YCTaHOBKO.
3.2. CoOpaTb 3NEKTPHYECKY!O LeNb A CHATHA

i i A
BO/IbTAMITEPHOH XapAKTEPHCTMKM  HENHMHEHHOTo - o
sleMenTa (puc. 1) M NpenbABHTE €& UIA TpPOREPKH PAIT

IpenojaBaTemo. B KavecTBe  peryJMpyeMoro gol+ +
HCTOYHMKA TOCTOSHHOTO HANpsKEHUs WCTONB30BATh CD .
uctounuk E2, BHIXofHOEe HalpshkeHHe KOTOporo PVt Rt

peryjmpyercs  moTeHOmMoMeTpoM. B kauectse -
HeIMHefiHoro  asnmementa  R1* HCIOJIBb30BATh
HeJIuHeHHbIA pe3ucTop R6. Ofpamumes enumanue Ha
NOJLAPHOCMb HANDANCEHUA HA HEJIUHETHOM 31eMenme RO.

IMpeansaBHTE cXeMy 12 IPOBEPKH NPENOaBaTENO. Puc. 1

3.3. CHATb BONMBTAMIEPHYIO XapPAaKTEPHUCTHKY HefMHeWHoro sneMeHTa. J[ns storo
YCTaHOBHTh pPYYKy [OTEHIMOMETpPAa B KpadHee JeBoe TNoONMOKeHHE. Bxmodurs
HCTOYHHK TIOCTOSHHOTO HanpshkeHUs E2. YBenHuuMBad IMaBHO BXOQHOE HAMPLAKEHHE
TIPOBECTH HeoOXONHMBIE M3MEPeHHA INPH H3MeHeHHMH Toka oT 0 mo 60...80 MA.
Pe3ynbTaTel M3MepeHHH 3aHecTH B Tabn. 1. BBIKIIOYHTE 37EKTpONHTAaHHE CTEHAA.
IocTpouTh ROMBTAMIEPHYIO XapaKTEPUCTHKY HETMHEHHOTO 3/IEMEHTA.

Tabnuua 1

YCTaHOBUTE pYYKy [OTEHLUMOMETpa B KpaiiHee JICBOE MOJNOXKeHHE., BKIOYMTH
MOIyb  hHTaHuA (BeIKTOYaTens QF1) W MCTOYHHK IOCTOAHHOTrO HapsKEHHA.
VaenmuuuBad IaBHO BXOJHOE HANPsKEHHe M3MEPATh HalpXeHus Ha BXone uenu U,
Ha jiamne Hakanusaaua Uy u Ha pe3uctope Uy, a Taroke 1ok 1. Pe3ynpTaTs! u3Mepenuit
3aHecTH B Tabn. 2. BruUnouMTs anexTponuranue cTeHaa. [IocTpouTs BosibTaMIlepHEIE
XapakTepHCTHKH eI, JIaMIbl HakanuBanus HL u pesucropa R1.

PA1 HI1
(&)
————p
UL

E2

Sl

Puc. 2
Tabnuna 2
LA 0
U,B 0
Un, B 0
Ur, B 0

UB 0
LA 0

3.4. CHATH BONBTAMIICPHBIE XAPAKTCPHCTUKY JIaMIBl HAKATHMBAHUA H PE3HCTOPA.
I aToro cobparte Liells ¢ II0CIEN0BAaTEABHEIM COCIHHEHNEM JIaMIIbl HakanHBaHHt HL
H JMHeliHoro pesnctopa R1* (puc. 2). B kadecTee mcciemyemoro pesuctopa R1*
HCNIONB30BAaTh  PE3HCTOP R3 crenpa. IlpenbsBuTs cXeMy J[And TNPOBEPKH
TpenoAaBaTeo.
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3.5. CHATH BONBTAMIIEPHYIO XapaKTEPHCTHKY LENH CO CMEINAHHBIM COSOYHEHHEM
3NeMeHTOB. [l 3Toro cobpaTh 3JEKTPHIECKYIO Lelb [0 PHC. 3 H NMPEABLABUTE €€ 1A
NpOBEPKH INpenofaBaTesio. B kayecTBe CONpPOTHBIEHHA R2* cXeMBbl HCIOMNB30BATh
pesucrop R3 cTeHnaa.

Puc. 3
3.6. BKIIOUHTE 3/1EKTPONUTaHHE CTEHA U CHATH BOJILTaMIIEPHYIO XapaKTEPHCTHKY
Beelt wenm U, =f(I). YcTaHOBHTB pY4YKy DOTCHUHOMETpa B KpaiiHee jeroe
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nojoxeHde. Brnounth Moaynk  nuTanuA (Beikmodatens QF1) M HCTOYHHMK
MOCTOAHHOTO HaNps)kKeHHA. YBeNW4MBasd IUIaBHO BXOJHOE HampsOKEHHE H3MEPATH
HanpsokeHHs Ha Bxoge uend U u Tok ), moTpeOiseMbidt OT MCTOYHHMKA NMUTaHMS.
PesysibTaTsl M3MepeHuit 3aHecTy B Tabn. 3. BHIKTIOUUTD 31EKTPONNTAHHE CTEHAA.

5.6. Kak IoCTpOHTH BOJITAMIEPHYIO XaPAKTECPHCTHKY HAPAIIEILHOTO COCAUHCHHA
HEJTMHEeHEIX 3J1eMEHTOB?

5.7. Kak onpesieNiAeTcs CTaTHYECKOE CONPOTHBIEHHE HEIMHEHHOTO 3neMeHTa?
ByJeT 11 OHO OAMHAKOBOE VA Pa3HBIX TOYEK BONLTAMIIEPHON XapaKTePUCTHKH

xapakTepucTuky BceH uenmu Uy =f(l). 3mecr e HapucoBaTE NOMYYEHHYIO
3KCHEPHMEHTANEHYIO BOJNBTAMIIEpHYIO XapakTepHcTHKY UenH U, ~f(I) u cpaBHHTE 4
HX. k

3.8. Jlna yka3aHHOro fIperofaBaTejieM 3HA4YEHUA BXOJHOIO HaNpsXXCHUA
BBINOJIHUTE T'pagQUUEecKMi pacdeT TOKOB BETBEH M HanpskeHHH Ha OTHENBHBIX
yu4acTKax Lemnu no puc. 3. PeaynbTarsl pacuera 3aHeCTH B Tabn.4.

Tabnuua 3 HENHMHEMHOTO PreMeHTa? I

0.8 0 5.8. Kax onpepenseTcss AMHaAMHUECKOE CONPOTHBJICHHE HEJIMHEAHOrO sneMenTa? \
LA . By/eT 11 0HO OJAMHAKOBOE JUTA Pa3HBIX TOYEK BONBTaMIIEPHOH XapaKTePHCTHKH ‘
3.7. 3anucath ypaBHeHHA 3ak0HOB Kupxroda ama uccnenyemon uenu. Henone3ys HeJIMHEHHOTO 2IIEMEHTa? IL
pesynbTaTel  IKCTICPUMEHTOB, NOCTPOHTH  PacHeTHYX®  BOJIBTAMIIEPHYIO '

Tabnuua 4
U, B Uy, B Uy, B I, A I, A I5,A

Pacuer
Okcnepume
HT

‘
R — _———

3.9. [Ins mpoBepku pacueTa HEJMHEHHOW LENM RBKNOUYMTE IMEKTPONMTAHUE U
YCTaHOBHTE 3a[aHHOE 3HaUeHHe BXoAHOro HanpskeHud U. Mameputs Toku I Ip v Is |
1‘ a Tarcke HanpsxeHua U; u Uy Ha OTAENBHBIX yHacTKax LENH. Pe3yspTaThl 3aHECTH B
b Tabn. 4.

M:;: 3.10. Cpenare BeIBOJ 06 0cOOEHHOCTAX MNpHMeHeHMA 3akoHOB Kupxroda B
. HEJIMHEWHOMN II€TIN NTOCTOAHHOrO ToKa.

| 3.11.  To yxasaHui0  [penojaBaTesls  paccudTaTh  CTAaTHUECKOE M
mddepeHLManbHOe CONPOTUBIEHNA HETUHEHHOrO 3JIEMEHTa.

. =

i 3. CopeprkaHue oT4ETa

-

x Otuet 110 paboTe AOIDKEH COACPHKATH: :
a) HaUMEHOBaHHE U LENb paboThI; e
6) cXeMBI IKCTIEpPHMEHTOB M TabJMLIbI ¢ pe3ybTaTaMH H3MepeHH ;
B) pacueTHBIE M SKCIIEPUMEHTATLHBIE BOJILTAMIIEPHBIE XAPaKTEPHCTHKH;

T') CpaBHEHHE Pe3yJIbTATOR PaCyueTa ¢ IKCIIEPHMEHTAIBHBIME TaHHBIMH;
1) BEIBOZBI.

4. KoHTposbHEBIE BOIPOCH

5.1. Yto Takoe «HeNMHEHHEIH 3JIEeMEHT B JIeKTpUYecKoi nemu?

5.2. IlpuBecTH nprMepbl HETHHEHHBIX 3JIEMEHTOB JIEKTPHYECKUX LeNeH H HX
BOJIETaMIIEPHBIX XapaKTePHUCTHK.

5.3. oyemy i Henuneiino# nenmu ynoded rpaduueckuii criocob ananusza?

5.4. CnpaBe/UTHBB! JIH JUIA HEJIMHERHEIX LeneH 3akoHsl Kupxroda?

5.5. Kak NoCTpOHTh BOIKTAMIIEPHYIO XapaKTEPHCTUKY NOCNIEAOBATENBHOTO
COCAMHEHHNS HEJTMHEHHEIX 2JIEMEHTOR?
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Pa6oTa Ne 7. OKCIIEPUMEHTAJIbHOE OINPELEJIEHHME ITAPAMETPOB
DJIEMEHTOB LIETIEN IIEPEMEHHOI'O TOKA

1. llens pabotsl

[TprobpeTeHHe HaBBIKOB OMpEJECHHA [ApaMETPOB 3JIEMEHTOB B LIensX
MIEPEMEHHOrO TOKa MO pe3y/ibTaTaM M3MEPeHUH;, BKIIOUEHHA B LENb BOJBTMETpa H
aMIIEpMETPa, M3MEPEHHA TOKa M HAMpsKeHHd, MpHMEHEHHs 3akoHAa Oma B LENH
NIEPEMEHHOTO TOKa.

2. Hpem;apnTenLHoe AOMalIHEC 3a/IlaHNC

2.1. Hsyuuts Temy «[IpocTeiilliie 3N€KTpHUECKHEe LENH NEPEMEHHOrO TOKA,
colepKaHHe JaHHOH JabopaTopHoH paGoThl M OBITH TOTOBBIM OTBETHTH Ha BCE
KOHTDOJIbHbIE BOTIPOCHL K Heil.

2.2. HavepruTh NPUHLMMHMATILHBIE CXEMBI HCCIEOYEMBIX LeNel HCCIeZyeMBIX
UeTneH ¢ BIIIOYEHHBIMH H3MEPUTENbHBIMH IIPHOOpaMH.

3. Tlopanox BeINOMHEHUs pabOTh
3.1. O3HakoMHTECA C J1abOPaTOPHOH yCTaHOBKOH.

3.2. SKCHCPHMCHTMBHOC OITpEAC/ICHNE BEJIUIHHBI
COTIPOTHUBJICHHSA PE3UCTOPA.

Cobpathb cxeMy no puc. 1. B kauectse pe3ucropa
R* ucnonvzorate pesuctop R11 wnn R10 (taba. 1).
B COOTBETCTBHHU ¢ 3allaHHBIM BapHAHTOM YCTaHOBHTH

TOYHOCTEI £(5...10) ['u. 3MepHuTs BeIMUUHY TOKA, HAMPSHKEHUA M YaCTOThI B LIETIH.
PesynpTars! 3aHecTH B Tab. 4.

Tabauua 2
Ne BapnaHTa 1 2 3 4 5 6
U, B 5 5 5 7 7 7
C* Cl1-1 C1-2 Cl1-3 Cl-4 CI-5 C13
f, T 30010 250+10 200+10 16010 13010 100+10

ﬂ

Puc. 2 Puc. 3

3.4. JIna onpeneneHns MapaMeTpoB peanbHOH KaTyIIKH HHAYKTHMBHOCTH coOpaTh
cxeMy no puc. 3. B xauectse uccienyeMoi katymku L* nenone3oBath kaTyiiky L1,
L2 crenpa wnm ux mnociefoBatensHoe coeaMHeHHe (L1+ L2) B cooTBeTcTBHM ¢
3aJlaHHbIM BapHaHTOM (Tabum. 3).

COOTBETCTBYIORIMA TyMOJep B 3aJaHHYIO MO3HLIHMIO

(1, 2 wm 3). TlpeacTaBHTh CXeMy [UI1 NPOBEPKH

Tabnuua 3
Ne papuanTa 1 2 3 4 5 6
L* L1 L1 L2 L2 L1+L2 L1+ L2
f,I'u 200 300 250 350 200 300

3.5. Tlocne TIPOBECPKH CXEMBI NPEIIOAABATEIEM BIJIIOYHTH 3NICKTPONIUTAHHUE CTCHAA

NpENoaaBaTeNIo. Puc. 1
Tabnuua 1
Ne BapuaHTa 1 2 3 4 5 6
UB 5 7 6 5 7 6
R* R10-1 R10-2 R10-3 R11-1 R11-2 R11-3

BKIIOYHTE 3JIEKTPONHUTaHME CTEHAa M HCTOYHHK MNMTaHMA E3, ycTaHOBHTSH
3a0QHHOE 3HAYCHHE HANPMKCHHUA  MCTOYHMKA IIHTAHMA W H3MEPUTH BEJIUHYHHY
HanpsDKEHHA M TOKA B LieTH. PesynbTare! 3aHecTH B Tabn. 4.

3.3. Jlna onpenenenys BeTMYHHBI EMKOCTH KOHAEHCaTOpa cobpaTh CXeMy IO HC.
2. B kadecTBe HccneqyeMoro KonzeHcaropa C¥* HCHONB30BAaTH MEpPeCTPaHBACMBIH
xongencatop Cl B COOTBETCTBYIOLIEH MO3HLMH MepekTodaress (HalpHMep, 3alllch
C1-2 o3Hayaer, 4yTo nepexmouarens Hataped koupencaropos Cl gomked OwITh B
nosuuuu «2»). [locsie NpOBEPKM CXeMBI NPENOAABATENIEM BITIOYUTE 3JIEKTPONUTAHHE
CTCHIAa M HCTOYHHMK INMTaHHA E3, ycTaHOBHUTb Y M3MEpHTENd MOLIHOCTH PEXHM
u3MepeHus 4acTothl f. B COOTBETCTBHH ¢ 3amaHieM (Tabi. 2) yCTaHOBHTH 3aJaHHLIE
3HAYEHHA BeNMYMHBI HANIPAXKEHHUA NHTaHMA U ero 4acToThl. YacToTy YCTaHARIMBATE ©
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Y ¥CTOYHHK uTaHud E3, yCcTaHOBUTS 3HAYEHHs BENMUMHY HalpsOKEHHMA NuTaHud 7 B
Y 3alaHHO€ 3HaYeHME YacTOTHl f. YacTOTy ycTaHaBNMBATh ¢ TOYHOCTHIO +(5...10) 'y,
H3MmepuTs BeNHYMHY TOK2 M aKTHBHOM MOIUHOCTH B LEMM. Pe3y/bTaThl 3aHECTH B
Taba. 4.

3.6. Ompenenuts BEIMYHMHY aKTHBHOTO CONPOTHBACHMA KaTYIIKH METOIOM
amrepMerpa M BONBTMETPA.

JIn4 3TOro NOAKIOUMATE €8 K A

HCTOYHMKY  IOCTOSHHOTO N2/
E2]4 PV PA

Hanpsbkenuss E2 (puc. 4).

YeTaHoBuTh Yy LHMGPOBOTO ‘

amnepMeTpa pexum Z

H3MEpeHHs  MOCTOAHHOIO -

TOKa.
Puc. 4
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ITocne npoBepkd cXeMbl NpenofaBaTesieM BKIIOYUTL HCTOYHMK NMTaHHA E2,
YCTAHOBHUTH Y HErO BBIXOXHOE HampskeHHe 10 B K M3MepUTE BEIMMMHY IIOCTOSHHOTO
TOKa B LienM. PezynwTaT 3aHecT! B Tabn. 4. BRIKTIOUMTE 3/eKTPONIMTAHHUE,

Tabmua 4
BxioueHo Hzmepeno Beuncneno
o U, B 1, MA f, ' P,Br | Z,Om | R,Om | L, MI'n | C, Mx®
rR* e s b e
L D T e
7 e A R, (e
L* S D A e R

3.7. Tlo pesynsTaTaM H3MepeHH# PacCUMTATh MOJHOE CONPOTHBIECHHE Z KAXIOro
3JIEMEHT4, aKTHBHOE CONPOTHBJIeHME R, BenuunHy MHIyKTHBHOCTH L M eMkoctu C u
NIOCTPOUTE BEKTOPHEIE JUarpaMMBl,

4. Copepxanyie oTyera

Otder o paboTe JO/KEH COAEPKaTh:
a) HauMeHOoBaHuE paboTHI U Liesib paboThI;
6) 37MEKTPUUECKUE CXEMBI OIIBITOR;
B) TaDMHULIB! C pe3yNIbTaTaMH OIBITOB U BEIMUC/ICHHI;
I') pacueTHBIE COOTHOLICHHA,
1) BEKTOPHbIE JHarpaMMBbl 11 PE3UCTOpa, pealbHOH KaTYIMKH H mun&ﬂca’l‘opa,
€) BLIBOJIRI 10 pabore.

5. KoHTposbHEIE BOIIPOCHI

1. B xaKkHx eqHHHUAX H3MepsAETCA TOK, HaNpsLKEHHE, conpomnneﬂm”

2. Uro takoe Om, AMmrep, Bonst?

3. UTo Takoe «MOJIHOE CONpPOTUBICHHEN?

4. YT0 TaKoe «aKTHBHOE CONPOTHBJICHHEH? .

5. Uro Takoe «peaKTHBHOE MHIYKTHBHOE COTNpPOTHRIEHME» M KaK OHO
onpeaesercs?

6. UTo Takoe «peakTHBHOE EMKOCTHOE COMPOTHRIICHHE)» B KaK OHO OMpeAenieTca?

7. Kakasg cBA3bp MeXAy TNONHBIM, aKTHRHBIM W PEaKTHBRHBIM COIPOTHBJICHHUAMH
LNy NepeMEHHOTO ToKa?

8. Kax dopmynupyercs 3akoH OMa JUid el NEpeMEHHOF0 ToKa?

9. MoJKeT M Yepe3 KOHIEHCATOp NPOTEKATh NOCTOSHHBIH TOK?

Pabora Ne 8. QJIEKTPUUECKASA LIETTb IEPEMEHHOI'O TOKA C
[HOCJIEJOBATEJIbHBIM COEMHEHHWEM 3JIEMEHTOB

1. Lens pabotsr

Tipuobperenyie HaBBIKOB COOPKM IpPOCTBIX EKTPUUECKHMX Lienel M M3MepeHus
HalpsDKEHHH Ha OTAENBHBIX Y4YacTKaX LeNH, H3YYeHHe CBOWCTB lcmed npH
10CeIOBATENILHOM COEAMHEHHHN AKTUBHBIX M PEaKTUBHEIX JIEMEHTOB, 3HAKOMCTBO ¢
ABJICHHEM PE30HAHCA HaNpsXKEeHUH, TOCTpOEHHE BEKTOPHBIX THArPaMM.

2. TIpenpaputenbHOE HOMAIIHEE 3afaHAE

2.1. Hzyuuts Ttemy «llocnenoBaTtesbHoe COEAMHEHHE OJJIEMEHTOB B [eny
NEepPEMEHHOTO TOKa», COAEpXaHMe JaHHo# nabopatopHoll paboThl U OBITL roTORBIM
OTBETHUTh Ha BCE KOHTPOJIBLHBIC BONPOCHl K HEM.

2.2. HauepTuTh INpPHHUMIMATIBHBIE CXEMBI HCCIACOYEMBIX HENeH HCCiemyeMpix
1ernei ¢ BKIIIOYEHHBIMH H3MEPUTENLHBIMH NIPHOOpaMH.

3. Tlopanok BHIIOJIHEHU paboOThI

3.1. O3HakoMuTECA C N1aBOPaTOPHON YCTaHOBKOM.

3.2. CobpaTh 3JeKTpHYECKyI0 LENMs  C MOCHAEHOBATENILHBIM COEJMHEHHEM
pesuctopa R* u koHugeHcatopa C* (puc. 1), HCHOAB3ys JJIEMEHTH Liend B
COOTRETCTRMM C 3afJaHHLIM BapuantoM (Tabn. 1). B kauecTse pesmcropa R*
UCIOJIL30BaTh HepecTpanBacMbId  pesucTop R10 B COOTBETCTBYIOWICH IO3HLINM
nepexmroyartend (Tabn. 1). Y upoBEIX aMIIEpPMETPOB YCTAHOBHTE PEXKHM H3MepeHHA
HepeMeHHOro Toka. [IperbaBUTE cxeMy Ui MPOBEPKH NPENoIaBaTemo.

= PP1 R* cr
By | U . Brix 1n*
o ot
E3 P ut uz
Uif o
) Puc. 1
Tabnmma 1

Ne BapuanTa 1 2 3 4 5 6

R* R10-1 R10-2 R10-3 R10-1 R10-2 R10-3

C* C2-5 C2-5 C2-5 C2-4 C2-4 C2-4

3.3. BrIIOYATH [HTaHUE CTEHAa, HCTOYHHMK ME€PEMEHHOIO Hanpsxkenus E3.
Y CTaHOBUTH Ha BBIXOE MCTOYHHKA ruTaHuA E3 Hanpskenue 7 B ¢ yactorofi 400+10
I'u. TlpoBecTH M3MepeHMs yKa3aHHBIX B Ta0j. 2 BenudMH. PesyneTaThl H3MepeHHi
3aHecTH B Tabn. 2. BEIKIIOYHTE HCTOYHHK dJIEKTponHTanus E3.




Tabauua 2
CxeMma U,B I, MA Uy, B Uk, B Ue, B P, Bt
RC L0 e
Y S R T R

3.4. CoOpars 3MeKTPHIECKYIO Lelb ¢ N0CHeZ0BaTeNIbHBIM COSAHHEHUEM peanbHOH
KaTyLIKK HHAYKTHBHOCTH L* kouzeHcaTopa C* (puc. 2), HCNOE3YS JJIEMEHTHI LIETH
B COOTB@TCTBMH C 3aJaHHBIM BapHaHTOM (Tabn. 3). [TpeabaBUTEL cXeMy I NPOBEPKU
TIpenofaraTesio.

Puc. 2
‘ Tabnvua 3
Ne papuanTa 1 2 3 4 5 6
L* L1 L1 L1 L2 L2 L2
Cc* C2-1 C2-2 C2-3 C2-3 C2-4 C2-2

3.5. BKIIOYHTD 3JICKTPONUTAHUE, YCTAHOBHTh Ha BBIXOJE UCTOYHMKA nuTaHus E3
HanpskeHne 7 B ¢ dactoroit & 400£10 I'n. IlpoBecTH H3MEDEHHs YKa3aHHBIX B
Tabymlie BeNWYHH UM LieNH C TNOCJIENOBATENbHBIM COeIMHEHHEM PealbHOH KaTyIKH
WHAYKTHBHOCTH L M koHaeHcatopa C. PesynbraThl M3MepeHMi 3aHecTH B Tabnm. 2.
BBIKTIOUHTE 3NIEKTPOITHTAHHE.

3.6. [1n4 uccnenoBaHHbBIX Henel 10 pe3ysbTaTaM H3MEpeHHH pacCHUTaTh:

— MOJIHYO MOILHOCTH LienH S,

— PEaKTHBHYIO MOIUHOCTS LemH Q,

— K03 PHIMEHT MOIHOCTH HENH cos() H Yron c/BHra ¢as ¢ Mex Iy HarpsKeHHeM
Ha BXOZE LENH H TOKOM,

— kO3$@UUMEHT MOWIHOCTH KaTyIUKH cOSQx M yron casura ¢as Qg Mexmy
HanpsXKEHHEM Ha KaTyILIKE U TOKOM,

— TUONHBIE, aKTMBHBIE ¥ PEaKTHBHBIE CONMPOTHRIEHHA BCell LENM H OTAENBbHBIX
y4acTkos (Zg, Ry, Xk, Xc, Zs, Ra, X3,).

Pe3ynbTaThi 3aHeCTH B Tabil. 4.

Tabsuna 4

S;XI, Q:,[SI_Pz , | cosek | Pk, cose | @, |Zk, Ry, Xk, | Xc, | Za, | Ra, | X,
BAp rpag rpax | Om Om OM 1 OM | Om | OM | OM

3.7. Ilo pe3synbTaTaM HM3MEpPEHMH A4 HCCJIEOBAHHBIX yened MNOCTPOMTH B
MACIITabe BEKTOPHbIE AWArPaMMBI, TPEYTONLHUKH COMPOTHBICHUH H MOILHOCTEH,
C/IeTIATh BBIBOK O XapaKTepe KaxO0H HCCIeAOBAHHON LEMH.

3.8, CaenaTh BBIBOJ O MPHUMEHEHMH 2-r0 3akoHa Kupxroga B uerix nepeMeHHoro

TOKA.
4. Cofep>aHue OTYETa

OTdeT 1o paboTe NO/DKEH COlePXKaThb:

a) HaMMeHoBaHHe PaGoTHI ¥ 1esTb PaboThl;

) cxeMy HCcIeLyeMO Lieny; o
B) TaGJHALIBI C PE3yJITATAMH ONBITOB ¥ BBINHMCICHHIT,
r) pacyeTHble COOTHOIIEHHUS, :

[) BEKTOPHBIE AHArpaMMBI;

€) BBIBOZBI N0 paboTe.

5. KoHTpOJIBHBIE BOIPOCHI

1. UTo Takoe aKTHBHAi, PEaKTHBHAS M MOJIHAS MOIUHOCTH B LIETHM NEPEMCHHOrO
TOKa?

2. Kakas B3aMMOCBA3E MEX/Iy TOIHOM, AKTHBHOM H PEAKTHBHOH MOUHOCTAMH?

3. Y1o TaKoe «k03PUIMEHT MOITHOCTHY?

4. Kak BBMHCIIUTH TOJHOE CONPOTHBJICHHE KATYIIKH, €CJIM M3BECTHBI €€ aKTHBHOE
COTPOTHBJIEHHE, HHAYKTHBHOCTh M YacTOTa CeTH?

5. Kak BLMMCIUTH TONHOE CONPOTHUBIEHHE LENMH C IOCHEAOBATCIbHEIM
COeIMHEHHEM PE3HCTOPA, PEIbHOM KaTy KK ¥ KOHAeHCaTopa?

6. OT yero 3aBMCUT yroj caBura (a3 MeXHy HamlpmKEHHUEM H TOKOM Ha yHacTKe
3JIEKTPHYECKOH LIEMH NIEPEMEHHOI0 TOKa?

7. UTO TaKoE «TPEYTOMBHHK CONPOTHBIIEHHHA»?

8. UeMy paBHBI peakTUBHOE CONPOTHBICHHE LENH W PEAKTHBHAA MOMIHOCTE LETH
IpH pe3oHaHce?

9, B kakoM clydae MccieyeMas Lellb, CoacpxKaan KaTymky MHAYKTHBHOCTH U
KOHJIEHCATOp, OyNeT HOCHTh AKTHBHO-MHIYKTHBHBIA XapakTep H B KaKOM CIyHac —
aKTUBHO-eMKOCTHOM XapakTep?




Pa6ora Ne 9. [TOBBIIIEHHUE KO3PPUIIMEHTA MOLLIHOCTH

1. Lens paboTsl v
O3HaKOMHTECH ¢ OCOBEHHOCTAMHM PEeXUMOB paboThl LM IEePeMEHHOTO TOKA
NapaniebHbIM COCIMHEHHA 3JIEMEHTOB, MOBBUNEHHEM KOI(Q(OHUUHMEHTA MOLIHOCTH,

npyuMeHeHHeM 1-To 3aKoHa Kupxroda B uensx nepeMeHHoOro Toka.

2. llpenBapuTenbHOE JOMALIHES 3ajaHKie

2.1. Yzyunts Temy «llapaseibHoe COEANHEHHNE 3JIEMEHTOB B LIENH NEPEMEHHOTO
TOKa», CoONepkaHue JaHHoi TabopaTopHo# paboThl ¥ OBITH FOTOBBIM OTBETHTH HA BCE
KOHTPOJILHBIE BONIPOCHI K HEH.

2.2. Ha4epTuTh NpUHLMIIMAJIBHBIE CXEMbl HCCICAYCMBIX LeENEH HCCIIEHy EMbIX
LeneH ¢ BKIIOYEHHBIMH H3MEPHTENBHBIMH NPHOOpaMU.

3. Ilopanox BeHIONHEHUA PabOTBI

3.1. O3HaKOMHTBCA ¢ J1abOPaTOPHON YCTAaHOBKO#H.

3.2. Cobpatp 37eKTpHUECKYO LieNb C NapalieNbHbIM COeAMHEHHEM pe3ncTopa R U
kongeHcaropa C (puc. 1). B xagecTBe pesuctopa R* ucronb3oBaTh nepexiovyaeMblii
pesuctop R10 B cooTBeTCTBYyIOIEH BapHaHTY MO3MUMH Nepexnodarens (rabn. 1).
VeTaHOBUTH B COOTBETCTBMM C 3aJaHHBIM BapHaHTOM IIepeKimodaTens OatapeH
konzaeHcatopor C¥ B COOTBETCTRYIONTYIO No3uuMio (Tabdn. 1). CxeMy NpenpaBHTh AN
NPOBEPKHM NMPENOJaBaTENIO.

BBUHC/IMTG AKTHBHYIO MOMIHOCT, P, moTpebnseMylo ILEmbIO, H ko3¢ duLEHT

MOLIHOCTH LICTIH COS @.

PP1
Bx (U Bex
T — -G |
B s A A PA2
P ol PA1 l/ A ) { A\
E3 foel ‘@’ \'%?%/
: -
< T
Dk f I o
|
!
Puc. 1.
Tabmmua 1
Ne papuanTa 1 2 3 4 S 6
R* R10-1 R10-2 R10-3 R10-1 R10-2 R10-3
C* C2-5 C2-5 C2-5 C2-4 C2-4 C2-3

3.3. Bkmo4uTs JNIEKTPOINUTAHNE CTEHAA U UCTOYHUK [IEPEMEHHOI0 HANPAXKCHU

E3. Ycranosuts HanpsxxeHue ucrounuka E3 7 B ¢ wactoroi 300+10 I'u.

HsMeputs Hanpsxenve U Ha BXoje LENH, TOKH B BETBAX Ig, Ic, TOK I,
noTpebiieMplii OT HCTOYHHKA ITUTAHUA M YTOJl CABHIA (a3 ¢ MexIy HanpsKeHHeM H

TOKOM 1,
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noTpebiiieMbIM LENBIO. PesysnbTaTel M3MepeHHHA 3aHeCTH B Tabn. 2.

Tabauua 2
H3Mepeso BorIMHUCICHO
3 Bromogers: Beteu | U, 1, f, Ig, Ic, Ik, @, P, |coso
B MA I'u MA MA MA | rpan | Br
RC | | ] e
2 R et
7%, Cl1 cmam
Zx,C2 | L] e
Zx, C3 B
Pe30HaHC TOKOB

Bx

\

Puc. 2

3.4. Hccnemosats BauMgHHe emxoctH C, BKMOYECHHOR TapauenpHO
MHAYKTHBHOMY NOTpeGHTCMO, Ha KOIQQHUMEHT MOIHOCTH Uermu COS ¢ H
BEJIMMHHY TOKa I, MoTpe6seMoro 0T HCTOYHHKA NUTAHHUA. JUis atoro cobpaTh LETb
1O pHC. 2, HCTIOB3ys B Ka4eCTBE HHIyKTHBHONO NOTPEOUTEN COOTBETCTBYIONIYIO
pealbHy!0 KaTyliky HMHIykTHBHOCTH L* (rabn. 3). Ilpencrasume cxemy i
NIPOBEPKH IPENOJABATENIO.

3.5. BK/IIOYMTS /EKTPONHUTAHKE CTEHA H HCTOYHMK MHUTaHMA E3. YCTaHOBUTH
HanipskeHHe 7 B ¢ 4acToToH, yKa3aHHoH B TaGiille BAPHAHTOB (tabn. 3). U3smeputs
HanpSXEHWe, TOK, AKTMBHYIO MOLIHOCT:  H YTol cIBura daz @ Mexay
HanpAKeHHWeM H TOKOM Ha BXOJIe Leny. Pe3y/IbTaTsl 3aHECTH B Tabs1. 2. BRIKTIOUHTE
UCTOYHHK MUTaHHA E3.

3.6. llomomounts  napauleabHO  KaTylike — HHAYKTHBHOCTH 6arapeto
koHgencaropos C* (puc. 3). Ilepexmoyarens 6aTapeH KOHAEHCATOPOB yCTaHOBHTE B
TIEPBYIO 3aIaHHY0 TO3ULMIO (Tab. 3).
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. P PA1 PA2
f . 000,

E3 |
op o le
D L SR
Puc. 3
Tabnuua 3
Ne BapuaHTa 1 2 3 4 5 6

f,Tu 15010 180+10 200+10 150£10 180+10 200+10
L* L1 L1 L1 L2 L2 L2
c* Cl-1,2,4 | CI-1,2,4 | Cl1-1,2,4 | CI-1,4,5 | Cl-1,4,5 | Cl-1,4,5

3.7. Iocne npoBepKH CXeMBI NpeNofaBaTeIeM BKIOYHTH UCTOYHMK MHTaHHA E3.
YcTaHOBMTE HamnpsXkeHHE MCTOYHMKa 7 B ¢ uacToToM, ykasaHHoO# B TabmHie
BapHaHTOB (Tabu. 3) ¥ H3MepHTh BelIMYHHBI, YKa3aHHble B Tabn. 2. [locnenosarensHo
yCTaHaBNIMBasd HepeKIrodaresib OaTapeH KOHIAEHCATOPOB B CJCAYIOIIME 3alaHHbIE
TIO3HLIHH, W3MEPHTh BEJIMYMHBI, YKa3aHHbIE B Tab. 2.

YCTaHOBHTD 4YacTOTY BXOAHOTO HANpsDKEHMs, NPH KOTOpOH yros casura ¢as
MexXay BXOAHBIM HanpsbxeHHeM U H TokoM [ OGyner paBeH Hy/IO (pe30HaHC TOKOB).
Ilpy HeoOXOAMMOCTH H3MEHHTH BEJMHYHHY €MKOCTH 6arapeH KOHIOEHCAaTOpPOB.
IpousBecty H3MepeHNs YKa3aHHEIX B TalJl. 2 BEIMUHH.

3.8. Ilo ONBITHBIM JAaHHBIM NOCTPOMTH B MaciuTabe BEKTOPHBIE AWAarpaMMbl JUIA
KaXKIOTo OIBITA, ONpENeNHB AJI KaKA0TrO CIy4as M0 BEKTOPHOH JHarpamMMe XapakTep
ANEKTpUYECKOH HenH M ko3 HHLHEeHT MOLITHOCTH LEITH COS (.

3.9. Cenathb BBIBOAK

— 0 BNUAHUE NAPAVIENLHO BKIIIOYCHHBIX NOTpeGHTENe] APYT Ha pyTra;

—~ O BAWIHMM KOHJIEHCaTOpa, NONKIIOYEHHOrO IapalIeNIbHO HHIYKTHBHOMY
NOTpeOUTENO, HA BEJIMYMHY TOKa, MOTpebiaieMoro M3 ceTh M Kod(duumeHT
MOIIHOCTH LICHH;

- 0 IpUMeHeHuH 1-ro 3akoHa Kupxroda B uenax nepeMeHHOro TOKa;

4, ConepixaHue oT4ETA

a) HanMeHoBaHue paloTsl U Leb paboThI;

6) cXeMBI IKCIIEPUMEHTOB M Tabnuiia nonyqeum pmymmos,
B) BEKTOPHBIE IHarpaMMBbl 14 BCEX rlpOBenex-mm( ONLITOB;

r) BBIBOIBI IO paboTe. : .

5. KonTponsHble BONPOCH

1. Kak npu napa/uiesbHOM BKTIOUCHHH NOTpeOUTe e ONpEaEnTD BETHYNHY TOKa,
noTpebnsemoro u3 ceru?

2. C KaKo# LIe/IbI0 NOBBIIAIOT KOI(YOHUMEHT MOIHOCTH Henu?

3. Kak MOXHO onpeensTs K03 (hHUHEHT MOIHOCTH LemH?

4. Kak M3MeHATCS BEMMYHHA TOKA, MOTpe6GIIeMOro U3 CeTH, H akTHBHad MOIIHOCTE
HemM, €ciH [apaefibHO AKTHBHO-MHIYKTHBHOMY MOTPEOHMTENIO  BKITIOYHTE
KoHfaeHcaTop?

5. TloueMy yMeHbluaeTcsi TOK, TOTpeGiseMbifi M3 CETH, NpH NOAKIIOTCHHH
napasulesbHO HHAYKTHBHOM KaTylIKe KOHAeHcaTopa?

6. Kak npumensetca 1-i 3akon Kupxroga B uensx nepeMeHHoro Toka?

7. Kak MocTpOUTs BEKTOPHYIO JMAarpaMMy LEMH, KOTopad COACPXHUT napme:m-lo
BKJIIOUEHHBIE HHAYKTHBHYIO KaTyLIKy H KOHAEHCATOp?

8. YTo TaKoe «pe3oHaHC TOKOB»? [IpH KakoM yCIOBHH OH BO3HUKAET?




Pa6ora Ne 10. YACTOTHBIE CBOMCTBA 3JIEKTPUUECKUX LIEIEHN

1. Lens paboThl — IKCIIEPHMEHTANBHOE MCCIIEOBAHHE YACTOTHBIX XapaKTepPHCTHK

SHGKTquCCKOFl €K € NIOCTICAOBATENbHBIM COCAUHEHUEM PEAKTUBHEIX JJICMEHTOB.

2. HpeuBapmenLHoe AOMAIIHES 3aJaHHE

2.1. U3yunTs TeMy «YacTOTHBlE CROMCTBA JJIEKTPHUECKMX LeMe», cCopepKaHHe
JaHHo# jabopaTopHOH paboTel H OMITE OTOBBIM OTBETHTH Ha BCE KOHTDOJBHBIE
BOIIPOCHI K HEH.

2.2. HadepTuTh NPHHLUHMIIHAIBHBIE CXEMbI UCCIICHYEMBIX LieneH ¢ BKITIOYEHHBIMHU
M3MEPHUTENBHEIMH IpHOOpaMH.

3. INopamok BeINONAHEHNS paboThI.

3.1. Cobparb 3J€KTPHYECKYX0 LeNb C TNOCIEHOBATENBHBIM COCOUHEHHEM
371eMeHTOR (puC. 1) ¥ npenbaBUTSH e€ AJis NPOBEPKHU MPENOIaBaTeNto.

PP LK
21 g e :
Bx U Brix E ,..L1A - : :
[ — e L
E3 P .
\t:) U o . .
T Uc
L‘__ C1 “,'
Al
Puc. 1

3.2. BWnouHTs 3NeKTpONMTaHHe, YCTAHOBHTL Ha BBIXOJE FeHepaTopa HanpsKeHHe
5...6 B 1 m3Menad 9acToTy BXopgmoro cursana ot 40 I'uy no 400 I'u msmepsats
BXO[HO€ HanpsikeHHe U, aKTHBHYIO MOIUHOCTE LeNH P, TOK B LeNH /, HanpsOKeHHA Ha
Katyike UHAYKTHBHOCTH Uy, koHneHcatope Uc, a Takke yroi casura das ¢ Mexay
BXOJHBLIM HanpsmxeHueM U u TokoM [ [lpu sToM obecriednth 3HaueHHE YacTOTHI fj
MCTOYHHMKA MHUTAHKA, IPH KOTOPOM B LienH OyneT HaGMIOJATHECA ABJICHHE PE30HAHCa
Hanpsxerui (yron casura ¢as ¢=0). PesynpraTsl u3Mepenuii 3aHecTH B Tabm. 1.
BBIK/FOUNTS HCTOYHHK NIEPEMEHHOTO HANPSKEHUA.

Tabnuua 1

f, 'y

U,B

P, Bt

LA

, 'paj

U,B

Uec, B

Up, B
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3.3. [lo pesynpTataM HM3MEpEHUH AN KaXIOro 3HAYEHUA YaCTOTHI BXOAHOTO
CUTHAJIA PAacCUMTATH BEJMYMUHY [IOJIHOTO COMPOTHBJICHMA HEMH Zpx, aKTHBHOTO
CONMPOTHRJICHUA LEnH R, MONHOTO CONpPOTHBJICHHMS KATyIIKH HHIYKTHBHOCTH Zy,
PEaKTHBHOTO CONPOTHBIEHHA nend X, HHAYKTHBHOrO X;. H emkocTHoro Xc
peaKTHBHBIX CONPOTHBJIEHHH, a Takke BEJMYMHY MHAYKTHBHOCTH L, emxoctu C M
AKTHBHOTO CONIPOTHBIEHMA LienH R. (Tabm. 2).

3.4. T1o pe3ynbTaTaM pacueToB ¥ M3MepeHuH MOCTPOUTE FPadMKH XapaKTEPHCTHK
I=F(, Zpx=F(), Ux=F(), Uc =F(), ¢ =F@).

3.5. Onpene/NuTh IPaHAYHBIE YACTOTHI f> U f; , @ TAKXKe PE3OHAHCHYIO YaCTOTY fj.
[To HaliNeHHBIM 3HAYCHWAM YacTOT BBIMHCIMTHL A0OpoTHocTs (J;.  Henmonbays
3HaueHHUsA [1apaMeTPOB 3JIEMEHTOB fIOCAEAOBATENBFHON LENH BBIMHCIHTE A06POTHOCTE
0;. CpaBHHTE NOJNYYECHHBIE 3Ha4€HUA JOOPOTHOCTH. Pe3ysbTaThl pacyeToB 32HECTH B
Tabn. 3.

Tabnuua 2

f,Tu

ZBX) Om

R, Om
7; OMm

X, OMm

XL, OM

X, OM

L, M['H

C, Mx®

Ta6nmua 3

_/;),FH ﬁ’ Fu f}9 Fu QJ Q2

4. CogepxaHue oT4eTa

OTueT NOMKEH CONEPKATB!
a) HaUMEeHOBAHME U 1iENb PaboTs;
6) aeKTpUtecKyie CXEMB! IPOBEJEHHEIX IKCIEPHMEHTOR;
B) TaOMHIIBI C pe3y/IbTaTaMH 3KCTIEPHMENTA,
T) 9KCHEPHMEHTIBHEIC XapaKTePHCTHKY,;
1) BEIBOMIBI O YACTOTHBIX CBOMCTBAX MCCAEAOBAHHOM Liey.

5. KoHTposbHBIE BOIIPOCH

1. MoueMy npH N3MEHEHHH YaCTOTHl MCTOYHMKA IMTAHUA H3MEHAETCS BXOAHOE
CONPOTHBIICHHE UENH, coaepiKallieHl peaKTHBHbIE JTEMEHTHI?
2. YTo OHHMAIOT oA «PE30HAHCOMY B DJIEKTPHEECKOH LIENH NIEPEMEHHOT0 Toka?




3. TlocTpoHuTh BEKTOPHYIO JHArpamMMy HamnpsDKeHHH B 1IEIH C MOCIE0BATEILHEIM
coeanHeHneM R,L,C and pexyMa pe3oHaHCa C YKa3aHHEM BEKTOPA HanpAKEHHA Ha
peabHOH KaTyllKe MHAYKTUBHOCTH.

4. VismeHeHHeM KakuxX [apaMeTpoB B  nociefoBarenbHo  RLC-uenw,
NOAKAIOYEHHON K MCTOYHHKY CHHYCOMAAIBHOIO CHMTH&JIOB MOXHO IIONY4HTh
Pe30HAHCHBIH pesxum?

5. Kak MOXHO OIpEACINTh 3HA4YCHHE PpE3OHAHCHOM YacTOTBlI B UemiX ¢
NOCIIEAOBATENLHBIM M NapaifiefibHBIM COeJMHEHHEM DIIEMEHTOBR?

6. Kak onpeaenserca Jo6poTHOoCcTe mociefoBaTenbHod RLC-lenu M 4YTO OHa
XapaKTepHu3yeT.

7. B nocnenorarensHoii R, L, C-uenn npu pe3cHaHce U3BECTHBI NPUIIOKEHHOE
HanpsbkeHue U, HampsxeHue Ha kaTywke Up W HanpsbkeHMe Ha xoHpaeHcatope Up .
IMouemy mobpoTHocTs nenu, onpexenedHas kak J;=Ux /U u Q,=U-/U nonydaercs
paznu4HOH? B kakoM citytae 6osnbiue?

7. Kak Biansger Ha AOGPOTHOCTP M3MEHEHHE aKTHBHOI'O COIPOTHBIIEHHS B
HOCJIeXOBATEILHOMN LienH?

8. Kak onpeaensercsa 1osoca NpoiryCKaHUs 4acToT ¥ YTO OHA XapaKkTepusyer?
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Pabora Ne 11. HEJIMHEMHASI LIETIb TIEPEMEHHOTI'O TOKA

1. Llens pabotsl

DKCIEPUMEHTAIBHOE HCCIICROBAHHE BOJIBTAMIIEPHBIX XApPaKTEPHCTHK KaTylIKH
MHAYKTHBHOCTH ¢ (heppOMarHUTHEIM CepAeYHHKOM H KOHOeHcaTopa. H3yuenne
GopMBI KDHBOH TOKa B KATYHIKE C CepAeqHHKOM. CPaBHEHHE SKCIIEPHMEHTAlbHBIX
pe3yJ/IbTATOB C PacueTHHIMH [AaHHBIMH. 3HaKOMCTBO C DaGOTOlf MBYCTOpOHHEro
OrpaHHUNTEN YPOBHS HATIPSOKEHHS.

2. [IpenaBapuTepHOE AOMALIHEE 3 aHHE

2.1. N3yuuts TeMy «HenuHe#Hbie LeNHN NEPEMEHHOTO TOKaY, COAepXaHHe JaHHOH
naboparopHoit paGoTel H OBITH FOTOBBIM OTBETHTH Ha BCE KOHTPOJIBHLIE BOMPOCE K
Hel.

2.2. HaueptuTh NpUHUMITHAIBLHBEIE CXEMBI HCCIEQyeMBIX LENel HCCIERyeMBIX
nenei ¢ BKIIO4YCHHBIMA H3MEPHTEIFHBIMH NpHOOpaMH.

3. Nopsnok semonHeHus pabors!

3.1. O3HaKOMHTECH ¢ 1abopaTOpHON yCTaHOBKOH.

3.2. [Ina cHATUSA BOJETAMICPHOH XapaKTEPHCTHKHM KaTyUIKM ¢ CEpACYHHKOM
cobpaTh 3IEKTPUHECKYIO LieTik 1o puc. 1. TIoaxmounTs NapaulebHO R00aBOTHOMY
pesucropy R2 BpIROgEI ocumuiorpaga. VM3MeHss OT HyNd BENMYHHY BBIXOTHOTO
HarpsDKeHHs McToyHMka nutanusa E3 mpu wactore 50 I'll, cHATE BojbTaMIepHyIO
XapaKTepHCTHKY KaTyIky ¢ heppOMAarHUTHBIM CEpACHHMKOM. Pe3ynpTaTsl 3MepeHui
3aHecty B Tabn. 1. Ilpu npoeeaeHHH wH3MepeHHit HabmogaTh € MHOMOIIBIO
ocuuworpaga ¢opMy KkpHMBOH TOKa B Lend. 3apHcoBaTh BHJA KPHMBOH TOKa.
BEIUTIOUHTE JNEKTPOIIUTAHHE CTEHAA.

R2 Bx

K
ocmyanorpady

OF

Puc. 1
Tabnuua 1

U, B
LA

3.3. J1n4 cHATHA BOJBTAMIIEPHOM XapaKTepPUCTHKH KoHAeHcaTopa C3 NOAKTIOYUTS
€T0 BMecTO KAaTYNIKM MHAYKTHBHOCTH. CHATH BOJIBTAMIIEPHYIO XapaKTEPHCTHKY
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KoHzeHcaTopa C3, M3MEHAs BBIXOJHOE HANPAXKECHHE HCTOUHHMKA OT HyJIA. PesynbTarel

H3MepeHust zaHectH B Tab. 2
* Tabnuna 2

Ue, B

LA

3.4. Vcnons3yd MOMy4YeHHbIE 3KCIEPUMEHTANBHBIC DPE3YJIBTAaThl, MNOCTPOMTL B
ONHOM CHCTEME KOODIMHAT BOJBTAMIIEPHBIE XapaKTEPUCTHKM  KaTylWkH ¢
¢eppoMarHUTHBIM CEPACYHUKOM M KOHAECHCATOpA. s crydas ToCneIoBaTe/IbHOIO
COe/IMHEHHs KATYIIKH C (EpPOMArHHTHBIM CEPACHIHUKOM M  HMCC/IEI0BAHHOTO
KOHJIEHCATopa MOCTPOMTH BONLTAMIIEPHYIO XapaKTEPHCTHKY Tako# Len# u no Hell
ONpEAENUT BEJIHYUHY HANpsHKSHHUA, IPH KOTOPOM Gyner HaOII0AaTbCA TPUTTEPHBIH
addekT. .

3.5. Cobparh MEeKTPHIECKYIO LENb C TIOCAEA0BATEIbHBIM COEHHEHUEM KaTyLIKH ©
(eppOMarHuTHBIM CEpACHHMKOM L3 U KoHJEHCaTopa C3 (puc. 10). I'inaBHo mvmeﬂml
BENMMUHY BXOMHOTO HaNpshKEHHs, CHATE BOJLTAMIIEPHYIO XapakTepPUCTHKY BCEH LIETIH
MpH yBEIMYEHMM M YMEHBIIEHWH BXOJHOTO HANPSKCHMA. O6paTuTh BHHMaHHE Ha
CKa4YOK TOKa TIPH yBEJIMYEHUH ¥ YMEHBLICHHH HATPsAKCHHA. Pe3ynpTaThl H3MEPEHHH
3adecTH B Tabn. 3

L3
Puc. 2
Tabmmna 3

’Buy,cn o 2] 4] ] 8 01 21

Tysen,
A

Uymen 1 1 8 6 4 2 0
2B 2 0

I_\'mm-

w A

3.6. Tlo OSKCHEPHMEHTAIBHbLIM pesynbTaTaM MNocTpouth BAX wuemn ¢
[OC/IENOBATENBHBIM COSJIMHEHHEM KaTyIKH ¢ ()epPPOMArHUTHBIM CCPACHHHKOM H

koHpeHcaTopa.  CpaBHHTH  IOJNIYYEHHYIO ~ XapaKTepHCTHKYy ¢ pacueTHOH

XapaKTepUCTHKOM.
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3.7. OsnakomuThCa € paboTO# OrpaHmUHMTENs YpOBHS HampskeHHA. Jina oToro

cobpatk cxeMy 1o puc. 3. IloAKmoYHTE NapanneNbHO JBYXaHOAHOMY CTAaGHIHTPOHY
VD2 ocuwiorpag.

. (A
\000, )
PA1 =
R13
E3 }
T , vD2
K
ocupiorpady
-—
Puc. 3

IlnaBHO yBenuuMBas BXOAHOE HAaNpAKEHHE HaGIONATh NO ocLMILIOrpady dopmy
BBIXOJHOTO HANpKCHUsA. OGpAaTHTL BHHMAHHME HAa BE/IHYMHY TOKa, NPH KOTOPOM
H24HHACTCA OTPaHMYCHHE BHIXOJHOTO HampmxeHus. MsMeputs ocuwuiorpadgom
aMIUIMTYZly BBIXOJHOTO HAUPSKEHHS M CPaBHHTh €€ C MAaCHOPTHLIMH JaHHBIMH
crabunntpona KC162A. 3apucoBaTs OCHHAIOrpaMMEl HaHGONBLIErO BXOJHOTO M
COOTBETCTBYIOLIETO BBHIXOJAHOTO HAIIPKEHUH.

4. CogeprkaHne oTHETA

Ot4et no paboTe NOIDKEH COLEPIKATE:

2) HAMMEHOBAHUE H LIENTh paboTEy;

6) cxeMbI SKCIIEPHMEHTOB M TabJIHIIEI ¢ pe3yIhTaTaMH M3MEpeHUit;

B) PACHETHBIE H IKCIICPHMEHTAIBHBIC BOJIETAMIIEPHBIE XaPAKTEPHCTHKH,
I') OCLIJLTOrPaMME] HaNpsXXeHHUH ¥ TOKOR;

) CPaBHEHHE Pe3yJIFTATOB PacueTa ¢ IKCTIEPUMEHTANBHEIMH JAHHBIMY;
€) BBIBOJBI O CBOMCTBAaX MCCNEOBAHHBIX LIEMEH.

5. KoHTposnbHbIe BOIPOCH

1. OO6bAcHMT>  HasHaueHHe  (DePPOMarHUTHOTO  CepACUHHKA KaTyLUKH
HH/TyKTHBHOCTH.

2. TIoACHUTD BNMAHNME CEPACUHHKA HA BETHYHHY HHAYKTHBHOCTH KATyIIKH.

3. Kax n3MenuTCs BONBTaMNepHas XapakTEPUCTHKA KATyIIKH HHAYKTHBHOCTH IIpH
HaIMYMK BO3AYLIHOTO 3a30pa B CEpACUHUKE?

4. TloueMy cepheuHHK YacTO BBITOTHAETCS M3 M30JIMPOBAKHBIX APYT OT apyra
IIaCTHH 3/1eKTpOTEXHHYECKOH cTani?

5. O6BACHUTE NPHYHHY HCK@KCHHMA CHHYCOMNANBHON (OPMBI TOKA MPH IHTAHUM
KaTy iy HHIyKTHBHOCTH CHHY COMAATBHBIM HAPDKEHHEM.

6. Kak onpenenuTs napaMeTpsl CXeMBI 3aMEUICHHS KaTYIIKH C (eppOMaruuTHEIM
Cepaeunuxkom?
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7. Kakum o6pa3oM B LEMH C NOC/IEA0BATENbHBIM COCAHHEHHEM JIMHENHOM KaTyLIKH
MHIYKTHBHOCTH H KOHJICHCAaTOpa MOXHO 00€cNeduTh BO3HMKHOBEHHE PE3OHAHCA
HanpsHKEHUH?

8. B ueM ocobeHHOCTH ABIeHUA Peppope3oHaHCa HANPsKEHHI?

9. Tlouemy ¢ YBeJIM4MEHHEM €EMKOCTH KOHAEHCATOpa BO3MOXHO H3MEHEHHE
BEIUYHHAI [IMTAIOIErO HATIPSHKEHHA, IPH KOTOPOM IPOHCXOIUT TPUITEPHBiH 3tddekT?

10. KakoBo NpakTH4ECKOE IIPUMEHEHNE (PeppOope30HaHCHBIX ABJICHHA?

11. OO6BACHHTL NPHYHHY H3MEHEHHMA (OpPMBI  BBIXOAHOTO  HAMpPMKEHHS
OrPaHHYUTENA YPOBHA HANPAXKEHHS.
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Pabora Ne 12. TPEX®A3HAS LEITH ITPM COEAMHEHUHA
[TOTPEBUTEJIEH 10 CXEME «3BE3JA»

1. Uens paboTtsl

O3HakoMHTBCA ¢ Tpex(a3HbIMM CHCTEMaMH, M3MEpeHHEeM (asHBIX M JIMHEHHBIX
TOKOB M HampspkeHHH. TIpoBEPHTB OCHOBHBIE COOTHOLICHHA MEXKHY TOKaMM H
HAIIPSDKEHHAMH CHMMETPHYHOIO M HECHMMMETPHYHOro TpeX(asHoro noTpebuTes.
BRLISCHHTH POJIb HENTpaANbHOrO NPOBOJA B YETHIPEXNPOBONHOH TpexdasHoH cHCTeMe.
Hay4uThCA CTPOMTE BEKTOPHBIE IHAarpaMMbl HANPSLKEHHH H TOKOB.

2. HpCJIBapHTCIILHOC JAOMaITHEE 3afaHHE

2.1. Usyuuts TeMy «TpexdasHble 3neKTpUYECKHE LEHHU NIPH COEAHHEHHH IO CXEME
3Be3a», ColepxKaHue JaHHOH JlaGopaTopHOH paboThl H OBITH FOTOBBIM OTBETHTE Ha
BCE KOHTPOJIBHBIC BOIIPOCH K HEill.

2.2. HavepTuTh INpPHHUMIIHAILHBIE CXEMBl HCCIEAYEMbIX HEMEH HCCIeay eMbIX
Henei ¢ BKIIOUEHHBIMHY U3MEPHTENBHBIMU NPUOOPaMH.

3. [TopsAAOK BHIONHEHUA paboTHl

3.1. O3HaKOMHTECs ¢ NabOpaTOpHOH yCTaHOBKOH.

3.2. BKTOYMTL JJEKTPONIHTaHHe CTeHAa. BmnoduTe TpexdasHeli HCTOYHHK
nutaius E4 ¥ H3MEpUTH CTIPENOYHBIM BOJILTMETPOM JiMHeHHble H  Qa3Hble
HAIpsHKEHHs MCTOYHHKA TIMTAaHHA Ha X0J0CTOM X0y. Pe3ynbTaTsl H3MepeHHH 3aHECTH
B Tabn. 1. BRIKJIHOYUTH HCTOYHHK 3NIEKTPONHMTaHHA. IIpOBEPHTE COOTHOMEHHE MEXIY
JUHENAHBIMH B (a3HBEIMH HAIIPDKEHMSAMH MCTOYHMKA NTHTAHUA.

Tabsuna 1
H3MepeHo Ha KI€EMMax HCTOYHHMKA [NTaHuA Brrancneno

JIuneHHbIe HANPSKECHHSA DasHbiC HANPDKEHHS
Uas, B Upc,B | Uca,B| Uy B Up, B Ug, B UnB Us, B | Un/Ue

—

3.3. CobpaTh CHMMETPHYHYIO HETBIPEXIIPOBOAHYI0 TpeX(a3HyIo 3MEKTPHHYECKYIO
uens (puc. 1). B xadecTBe aMIEPMETPOB HCTIONB30BaTh HHPPOBEIC IPHOOPEI B pexxHMe
H3MEPEHUA TTEPEeMEHHOro ToKa (TyMOnep pexkuma paboThl IPHOOPOB B MOZULIMH «~»).
B kauectse morpebuteneit Ra, RB, Rc ucnonesosats pesucroppl R17, R1§, R19,
YCTaHOBHB COOTBETCTRYIOIINE TyMOnephl B MO3HLMIO «1». IIpencTaBHTE cXeMy mid
NIPOBEPKY MPENOAaBaTEIlo.

3.4. Hccnemoath pexxuMsl paboThl CHMMETpHHHOM TpexdasHOH uend npu
HaJlMYMH B OTCYTCTBMM HEHTPaNbHOrO NPOBOAA, @ TAKKe BIHAHHME HeEATpalbHOro
TNpoBoza u ofphiBa JMHEHHOTO NpoBOfia 3aaHHOR (assl (Tabm.2) Ha pexxuMm paboThl
nermu. g 3TOro BKJIOYMTH BNIEKTPONHTAHHE CTEHIA, MCTOYHUK TpeX(gasHOro
Hanpsbkenus B4 U n3MepaTh JMHelHbIe TOKH la, I Ic M TOk B HeliTpansHoM nposoze
Iy, dasmele nanpsxenma  ucrounuka U, U, Uc, dasuple HampsokeHHs Ha
norpe6urensx Uayn, Usn, Ucn ¥ Hanpskenne cMemteHns Helirpanu U,y Hanpsxenns
H3MepsTh, MOAKAIOYas BBIBOJB! BOJLTMETPA K COOTBETCTBYIOLIMM KJIEMMaM.

PesynpTaTel H3aMepeHuit 3aHecTH B Tabn. 3. BBIKTIOYNTE HCTOUHMK NWTaHud E4.
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Puc. 1

3.5. HccnemosaTs pexumbl paboThl HECUMMETpHUHONW Tpex(asHOM Helu ¢
AKTHBHOM Harpy3kod NpH HANTWYMH M OTCYTCTBHH HEHATpanbHOrO MPOBOZA, a TAKKE
BJIHAHME HEHTpaJbHOro MpoBOZa M OOpbiBa JMHEHHOro NMpoBoAa 3agaHHOH ¢asel Ha
pexum pabotsl uend. [Jig 3Toro yCTaHOBHMTL NMapaMeTphl LEMM B COOTBETCTBHHU C
3aJaHHBIM BapHaHTOM (Tabn. 2), BKIIOYHTH 3JIEKTPONMTAHHE CTEHIA, HCTOYHHK
TpexbaszHoro HanpskeHHs E2 M M3MepMTh TOKH, (pa3sHble HalpsKEHHA HCTOYHMKA,
dasHile HanpsDKeHHs Ha NOTpeOMTENdX H HampsxeHHe cMelleHma Heirpamu U
Pe3ynbTaThl H3MEPeHHit 3aHeCTH B Tabn. 3. BHIKMIOUNTS HCTOMHMK NUTaHus E4.

Tabnmua 2
Ne BapHaHTa 1 2 3 4 5 6
Ra R18 R18 RI18 R18 R18 R18
Rs R17-2 R17-2 R17-3 R17-1 R17-2 R17-3
Re R19-1 R19-2 R19-2 R19-2 R19-3 R19-3
O6prIB poBoaa A B C A B C

3.6. Hccnenorats pexuMbl paboThl HECHMMETPHYHOH UETBIPEXTIPOBOAHOM H
TPEXIPOBOAHOMN LelH IIPH HeOXHOPOAHOH Harpyske, JUi1 9TOro MoaKMOYHTE B (hase
«A» BMeCTO pe3ucTopa KoHAeHcaTop C3, yCTaHOBHThH HMEPEKIIOYATENTH PE3HCTOPOB
R17 1 R19 B no3ummio «1», BKIIOUHTE HCTOUHHK nMTaHuA E2. PesynsTaThl H3MepeHUH
3aHECTH B TabJl. 3. BRIKITIOYHTE HCTOUHUK NMUTaHKg E4.

3.7. ViccnegoBaTh BMAHME COIIPOTHBIICHHA JHHUM Nepefaid Ha pexum paboThl
TpexdazHoi muemm. A 3TOro BKIIOYMTH MOCIEJOBATENBHO B KakAyK dasy
JonoSHUTENbHbIe pe3ncTophl R14, R15, R16, ycTaHOBUTE CHMMETPHYHYIO HArpysKky,
BKJTFOYUTH MIEKTPONUTAHUE U H3MEPUTh HANpPMKEHHA M TOKU. Pe3ysbTaTsl M3MepeHHH
3aHECTH B Tabi. 4.
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Tabnuua 3

PexiM Harpy3KE

Toxy, MA

Hanpsaxerns, B

Ia,
MA

Is, | Ic,
MA MA

Iy,

dasHbIc

HampsDKECHUA
UCTOIHHKA,

B

daznbie

HaIPsKEHAA
norpebureneH,

B

Ua

Us | Uc

Uy

Uz

Ue

Unn

YeTHIpeXIIPOBOAHAS
uens,
CHMMCTpHIHaA

Harpyska

O6peie

YETHIPEXIPOBOAHON
CHMMETPHIHOH LenH

JIMHEMHOTO
poBoJa B

TpexnpoBoaHas  LCHb,
Harpy3ka CHMMCTpHIHAA

O6psiB

TPEXIIPOBOJHOM
CHMMETPHIHOHA e

JIHHEHHOTO
[IpoBOJa B

UeTrIpexIpoBoAHAst
Lens,
HECHMMETpHYHAs
OJHOpOaHAs

Harpyska

Tpexnporoanas
Harpyska
HECHMMETPUYHAL
OHOpOaHAL

LEIs,

O6prIB JIMHEHHOTO

TPEXIIPOBOHON
HECHMMETPUNHON ek

TPOBOIA B

YeTrIpexnposogHas

Len.,

HECHMMETpPHIHAS
HCOQHOpoAHAs

Harpysxa

Tpexnpopomas
Harpyska
HCCHMMCTpH‘IHa}I

HeonHoposHas

LCIIB,

Tabnuua 4

Ua, Us,
B B

Uc,

Ua,

Ue,

Ia,
MA

Ig,
MA

Ic,
MA

I,
MA

3.8. o pesynbTaTraM H3MEPECHUH BBIYHCIIHTE
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— cpeaHee 3HaUeHHe TMHEHHBIX HanpAxeHUA Uy MICTOYHNKa THTaHHs;
— cpeqnee 3HaueHHE (asHbIX HanpmkeHHH Ugp NCTOUHHKA THTAHHS,
— ornomedue UpgUg ;
— CpefHee 3HaUYCHHE TOKA IIPH CUMMETPUYHOM Harpy3ke.
3.9. JIns Bcex NpOBEJEHHBIX ONBITOB METOAOM 3aceHeK nocrpom‘s B Maciurabe
BEKTOPHBIE JIaIr PAMMBIL.
3.10. CpaBHHUTS pexuMbl paboTE i CIC/IATh BBIBOJ O BAUAHUM HEHTpaILHOTO
nposoaa Ha paboTy TpexdasHoi CHCTeMBI DA CHMMETPHYHOM H HECHMMETPHHHOH
Harpy3ske.

4. CopepxaHHe OTUETA

QOTyet 1o paboTe ZOIKEH COAEePXKaTh:

a) HaMMeHOBaHUEe PaGoThL U LeAb PaboTEI;

) TeXHUUECKHE JAHHBIE IeKTPOU3MEPHTENBHBIX NPHOOPOB; .

B) CXEMY IKCIIEPHMEHTA C BIUTIOUEHHBIMH H3MEPHTENBHBIMU npn60paMH

T') TaOJHLBL ¢ pe3yIbTATAMH SKCIICPUMEHTA;

1) BEXTOPHBIE JUArpaMMBl /I BCEX MPOBEICHHBIX OTBITOB;

€) BEIBOZL O POJIA HEHTPAILHOrO MPOBOAA B TPeX(a3HOH LeNH MpPH COCHHEHUH
TOTPeOUTENS M0 CXEME 3BE3/a;

) BBHIBOJ O BIMSHHM CONPOTHEIICHHA JIHHHY Nepefadn Ha paboty Tpexdastoi
LEMH.

5. KOHTPOJELHBIE BOTIPOCH!

R

1. Kakoe corIHMHEHHE Ha3bIBAcTCA 3BE30H?

2. KakoBo COOTHOLIEHHe MeXAy a3HEIM H JIMHCHHBIM HANpPKEHUAMH
Tpex(ha3HOro HCTOUHHMKA NIHTAHHUA TIPH COCAMHEHHH €ro oGMOTOK I10 cXxeMe 3Be3/a?

3. Kakoe coOTHoLIEHHE MeXTy ¢asHhIMH H JIMHEHHBIMH TOKaMH IpH
COEVHEHMM B 3BE3MY?

4. Kax OnpejienuTs BEJHUMHY TOKa B HEHTpaqbHOM NMPOBOAC, €CIIH H3BECTHEI
TOKM noTpeburens?

5. JIng 5ero MpUMEHSIOT HEHTPANEHBIA NPOBOA?

6. K KakuM 3aKMMaM CleyeT MONKIOYHT: BONGTMETP, HTOOBE muepm .

(asHoe # MHHEHHOE HANPDKEHAE?

7. Kakas Tpex¢a3Has Harpy3ka Ha3bIBaeTCH CHMMETPHUIHOM?

8. [ToueMy TIpH HECUMMETPHIHOH Harpyske 0OpLHIB HCHTpaJIBHOFO nposom
ABNACTCs aBAPHIHEIM PEXUMOM?
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Pabota Ne 13. TPEXDA3HAS LEITb [TPH COEAUHEHHH
MOTPEBUTEJEM 1O CXEME «TPEYT'OJIbHHUK»

1. Llens pabots
Hccnenosates ocobennoctu paboTel TpexdazHoil Llenmu NpH  COCAMHEHHM
CHMMETPHYHOTO M HECHMMETPHYHOTO noTpeGuTenc#i TpeyToNbHUKOM, YCBOHTDH
TIOCTPOCHHE BEKTOPHBIX AHArpaMM 10 pe3yibTaTaM 3KCIIepHMEHTA.

2. TlpensapuTenbhoe JoMalHee 3alaHue

2.1. H3y4uts temy «TpexdazHpie 3neKTpHYECKHE LEMH NPH COCAMHEHUH IO CXeMe
TPEYTOJNIBHHK», COJep)XKaHHe AaHHOH naGopaTopHodi paboThl M OBITE TOTORBIM
OTBETHTH Ha BCE KOHTPOJILHBIC BOLIPOCHl K HEH.

2.2. HauepTHTb NpHHUMIHATBHEIE CXEMBl HCCIEOyeMBIX LeNed HcclemdyeMbiX
HeneH ¢ BIUTIOYEHHBIMH H3MEPHTEIILHBIMA IIPHOOpaMH.

3. [Topsnaok BhINONHEHNS paboTsl

3.1. O3HakoMuThCA ¢ NTabopaTopHOil yCTAHOBKOM. :

3.2. BKIIOYATL MOAYJIb NMHATAHUA CTEHJA M MCTOYHHMK TpeX(pazsHOro HampskeHHA

E4. V3MepuTs JIHHEHHBIE HANpAKEHHA HCTOYHMKA INHTaHHA Ha XOJOCTOM XOAy.

Pe3ynbTaThl H3MepEHUH 3aHecTH B Tabn. 1. BRIKIIIOUMTS 3neKkTponuTanue. BeYHCINTE
cpenHee 3HaUCHHE JIMHEHHOro HanpsokeHud Uy,

Tabnuua 1

Uas, B Upe, B Uca, B Uy B

3.3. B cooTBETCTBHH ¢ pHC. 1. cobpark cxeMy TpexgazHoOi LeNy NpH COeaHHEHUH
notpebutenied B TPeyroNbHHK. YCTAHOBHTh CHMMETPHHHYIO Harpysky. Jpia atoro
YCTaHOBHTH COOTBETCTBYIOHHE TyMOJIeps! B NMO3HLMIO «1». IIpeanABATE cXeMy AJIA
[IPOBEPKH.




3.4. BxuouuTh 3NEKTPONHTaHHE M HCTOYHHMK Tpex(dasHOro HamnpsKeHHS.
Wzmeputh asHble TOKM Iap, Inc, Ica M NuHEHHBIA TOK 15, a Takke HaNpsXXCHUA HA
notpebutenax. Pe3yasTaTsl 3aHECTH B TabJ. 2. BRIKIIOYHTE 31EKTPOIHTAHHE,

3.12. CpaBHHMTe pE3YMBTATEl M3MEPEHUN JMHEHHLIX y daznex  Toko
COEAMHEHUHU MOTPEOUTENA B TPEYTOILHUK /U UCCACKOBAHHEIX PEXHUMOB > mpn
3.13. TlpoananusupoBats BIMAHME OOGPLIBOR JIMHEHHOTO 1

$asnoro nporogon
peHMBL paboTsl noTpeCuTenel. posonon Ha

3.5. Pa3oMKHyTh nuHelHHbI npoBos dasel «B» (yOpaTs NpoOBOAHMK) M H3MEPHTD
dazHsie TOKM 1ap, Inc, Ica ¥ THHENHBIA TOK 14, 2 TaKXke HaNpsKeHM Ha NOTpeOUTENAX.
PesyspTarhl 3aHeCTH B Tabir. 2. ' '

3.6. BeikmounTs Harpy3ky B pase notpeburens «CA», ybpas NpoBoJHHUK, H
NPOBECTH H3MePEHHs. Pe3ybTaThl 3aHeCTH B Tab. 2.

3.7. PasoMKHYTh NUHEHHBIH npoBon ¢a3sl «B» M Harpysky B da3e notpedurens
«CA». Uameputs dazusle TokH [ap, Inc, lea ¥ NuHEHHBI TOK 14, a Taloke HaNpAXEHUA

4. Cofeprxanye oTHeTa

Oruer no paboTe AOIDKEH COAEPKATE:

2) HaMMeHoBaHHe paboTHl M LeNb paboThl;

6) TEXHHYECKHE JaHHEIE 3TEKTPOH3MEPHTENBHBIX IPHOOPOE;

B) CXeMy IKCTIEPUMEHTA ¢ BKTIOUCHHEIMH H3MEPHTENLHBIMH IPpUGopaMu;

Ha notpebutensx. Pe3yabTaThl 3aHeCTH B Tadd. 2. I) TAG/HIIEI ¢ pe3yBTaTaMH SKCIIEPUMEHTA;
Tabmmua 2 ) BEKTOPHBIE HATPAMMEI /IS BCEX JIPOBEICHHBIX OIBITOB;
€) BBIROJIBI 110 paborTe.
Pexam Harpyske Tox Harpy3ku, MA Hanpsxenue Ha
HoTpebuTenix, B 5. KOHTpONBHEIE BONPOCH
Ia { Is | Ic |t Ian | Isc { Ica | Us Ube Uca
CuMMeTpHaHas Harpy3ka 1. Kaxnm o6pa3zoM TpH ogHOGa3HBIX MOTPEOHTENA COEAUHAIOT B TPEYTONBHHK?
O6pss MHEIHOTO IIPoBOaa «B» 2. Kyna cneflyer noJxIO4YaTs BOJETMETP, YTOOB M3MepuTh GasHoe W JNUHEHHOE

HalpAxXKeHUA TpexdazHoro notpedures?

3. B KakoM COOTHOMIEHMM HaXoAsrcs GasHele u JiMHCHHBIE HAUPHKEHMA
CHMMETPHYHOTO NOTPEOHTENS, COEAUHEHHOTO B TPEYTONBHHUK?

4, Kakoe cooTHomieHne MexAy $a3HLIMA ¥ JTHHEHHBIMHE TOKAMH CHMMETPHYHOTO
NIOTPESHTENLA, COCAMHEHHOTO B TPEYTOIBHHIK?

5. Beerzia yin cripaBe/IMBh! TIPH COSAMHEHHH B TPEYTONBHEK COOTHOUIEHUS

O6peB tazbl notpeburent «CA»
O6puz dazpt noTpeburens «CA» u
06phiB IHHEHHOTO NpoBoda «By»
HecuMmeTpudHad Harpyska

3.8. YCTaHOBHUTH B COOTBSTCTBUM ¢ 3aJaHHBIM BApHAHTOM HCCHMMETPHUYHY O

Harpy3ky (1abs. 3) ¥ BIUIIOUMB 3JIEKTPONNTAHKE, IPOBECTH H3MEPCHHA TOKOB H Ia= Ias— Ica, Is= Igc— lag, Ic= lca— Igsc.
Hanps>keHWH. 6. Bcer/ia Jiu [pH COEAHHEHHH B TPEYTONBHHK CIIPABEIBO COOTHOLICHHE
Ta6nuua 3 IatIg+ Ie=0?
7. Kax OTpasMTCA OTKMIOYCHHE OHOH ()asbl NOTPeGHTeNd HA PEXHM pabOThl
Ne BapHaHTa 1 2 3 4 5 6 Apyrux ¢a3 M Ha pexkum paGoThl Bcedt TpexdasHOM UenH, COCHMHEHHOH B
RAB R21-2 R21-2 R21-3 R213 R21-1 R21-3 TpeyroNbHHK?
T 7 ) Ro2 3 R %) 8. Kak monmier o6GpbIB JMHEHHOTO NPOBOAA Ha PeKUM paGoTHI notpeburenci
IIPH MX COEIMHEHHUH 10 CXEME TPEYTONbHUK?
Rca R20-2 R20-3 R20-2 R20-3 R20-2 R20-1

3.9. Hccnenorath BIMSHUE CONPOTHRIICHUS IMHHH Nepeadyy Ha PEXXUM paboTsl
Tpexdazroro norpeburea. [t 3Toro BKIOYMTE NIOCIEAOBATENBHO B KKIYIO (azy
HCTOYHMKA MTaHHA JONOJHUTENBHBIE pesHcTopsl R14, R15, R16, ycTaHOBHTE
CHMMETPHYHYTO HarpysKy. BIUTIOUHTE 3/1eKTPONHTaHHE M H3MEPHTE HANPAKEHUA H
TOKM. Pe3ynpTarsl H3MepeHuit 3anecTH B Tabn. 2. BEIUTIOUNTE HCTOYHHK NUTaHud E4.

3.10. J{ns BceX ONBITOR IOCTPOUTH B MacuiTabe BEKTOPHBIC JHAarPaMMBl.

3.11. ITo BeKTOpHBIM JHAarpaMMaM ONPECUTh JUI1 HCCIIEA0BaHHBIX PEXHMOB
JNHHeHAbIe TOKY Ip B Ic.
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1. OBLIME PEKOMEHJAIIVH IO OCYIUIECTBJIEHHIO
JIABOPATOPHOI'O OKCITEPUMEHTA .

1.1. llenn nabopaTopHBIX 3aHATHI

BaxHeimel 4acThio Kypca «NIEKTPOTEXHUKA H OCHORBI SIIEKTPOHMKHY» SBASETCA
1abopaTopHbl IPAKTUKYM. UYTOOB 3HATE 3/IEKTPOTEXHMKY M OCHOBBI 3JIEKTPOHHMKH,
HeobXoa1Mo Hay4HThCA CaMOCTOSTEIIEHO peliath pasHoo6pa3Hble
3NEKTPOTEXHHHYECKHE 3afauH. PellleHHE 3THX 3aqad MOxeT OBbITh MOMYyHYeHO, Kak
M3EECTHO, aHAIMTHYECKHM HIIM 3KCTIEPHUMEHTAIbHBIM METOIOM. DKCEpHMEHTANBHEIE
METO/IbI PELICHMA U3YHAOTCs Ha 1abOpaTOPHBIX 3aHATUAX.

JlaGopaTopHbI€e 3aHATHA JAIOT BO3MOXKHOCTb!

— 3aKpEnHTh Ha INPaKTAKE TEOPETHYECKHE CBEAEHHA O paboTe pasTHYHBIX
3JIEKTPOTEXHUUECKHX M 3JIEKTPOHHBIX YCTPOHCTB;

— NOAPOOHO O3HAKOMUTBCA C YCTPOHCTBOM M XapakTepHCTHKaMH Haubosee
BAXKHBIX 3JIEKTPOTEXHHUYCSCKHX M 3IEKTPOHHBIX MPHOOPOB, ammapaToB M MalluH,
COCTAB/MIOIMX MPEeAMET 1abopaTOPHOI IPaKTHKM:

— TIOMOYb OBJIAfeTh MNPAaKTUYECKHMH CIIOCOOAMH ympaBjeHHs M HACTPOHKM
3JIEKTPOTEXHHYECKHX YCTPOHCTB Ha 3aJaHHBIA PEXUM;

— TOJIYYHTE NPaKTHHECKHe HABBIKM B NMPOBENEHUM H3MEPEHUH IJICKTPUYECKHX
BEIMYHH, I0JIb30BAHUM pa3sfHUYHBIMH U3MEPUTEIBHBIMH MpuGopaMH U anmapaTam,
4TEHHH JJICKTPHYECKHX CXEM, IOCTPOEHUM rPadHKOB H XapaKTEPUCTHK,

— HAY4MTh TeXHHMKE NPOBEACHHA IKCIIEPUMEHTAIBHOIO HCCIIEAOBAHUS (HUINUECKUX
MOZieNiell MMM MpPOMBIIJICHHBIX 00pasloB 3NIEKTPOTEXHMYECKUX M 3JIEKTPOHHBIX
YCTpOHCTB;

— BBIPaboTaTh yMEHHE PaccykaTh 0 pabouHX CBOACTBAX M CTEMNEHH MPHIOAHOCTH
UCCIIEI0OBAHHBIX 3ICKTPOTEXHUUECKUX YCTPOHCTB 14 PEIlicHUs TEX WK MHBIX 3a7ay.

B coorBeTcTBHH € rocynapCTBEHHBIMH OOpDa3OBATEEHEIMU CTAHAAPTAMH IO
KypcaM 2JICKTPOTCXHHKH M OCHOBBI JNIEKTPOHHKH 1ab0paTopHbie paGOThI AOJDKHBI
BBIMOJIHATECA O Pa3feiiaM JIEKTPUYECKHE LENH IIOCTOSHHOTO M MEPEMEHHOTO TOKA,
Tpex(pasHble ICKTPHUECKHE LENH, TPAHCPOPMATOPBI H IJTEKTPUUECKHE MALIMHBI
TIOCTOAHHOTO H NEPEMEHHOI0 TOKA, OCHOBEI 3JICKTPOHHKH.

1.2. [ToAroToBka k 1ab0opaToOpHOMY 3aHATHIO

OKClepHMEHTATIBHBIC 3a7a4H, IpeUiaraeMble Ha TaGopaTopHbIX 3aHATHAX,
MOTYT OBITh yCIIEUIHO PEIICHE! B OTBEAECHHOE B COOTBETCTBHM C PACHUCAHHEM
3aHATHH BPEMA TONHKO MPH YCTIOBHH TUIATE/IBHOMN IpeBAPHTENBHOMN IOATOTOBKH K
KQKAOH U3 HUX.

CrynienT, B NepByl0 O4epellb, AODKEH TBEPAO YACHMTH 1eNb 3afaHHA M HeTKO
TIPEACTABIATE HA3HAYEHUE YCTPOHACTBA, €ro YCJIoBHOE 0603HaYeHHE Ha 3nempuqccxhx
CXeMax, TIPHHLHUI AeHCTBHA N OCHOBHBIE XaPaKTEPHCTHKH.

3areM, 110 MaTepHallaM PYKOBOACTBA HEOGXOIHMMO O3HAKOMHUTBCS ¢ OCHOBHBIMH
TapaMeTpaMu 00BEKTa HCCIIENOBAHNS, HCTOYHHKOB IIMTAHHA M IPYTHX HCITONb3YEMBIX
B CTeHAe npeobpasoBaTeliel M IyCKOPETYIMPYIOUIMX anmnapaToB. OTH CBEACHHSA
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HYKHBl Ul OmpeAcieHHs AMANa3OHA BO3MOXKHOTO HM3MCHCHMA BENHYMH M
Heo6xoIMMoro pexuMa paboThl 0OBeKTa HccnedoBaHui. TpeGyemble pacueTHbIE
COOTHOLICHHS ¥ (OPMYJBI CledyeT HafTH M 3aMHCaTh CaAMOCTOATENBHO HAa OCHOBE
H3yUeHUs Y4eOHbIX mocobuit.

Ocoboe BHHMaHHe CleyeT YAeJINTs H3MEPHTEIBHbIM NPUbopam. B COOTBETCTBHH
¢ KaXABIM STarom pabodero 3afaHHA HEOOXOAHMO MpOaHATH3HPOBATE CXEMY
COEMMHEHHMH,  COCTOAIYX M3  3JeMeHToB  o0BEKT2  HMCCNICAOBaHHA U
3MEKTPOM3MEPHUTENBHBIX NPUOOpPOB. [IpH 3TOM PEKOMEHTYETCs 3arOTOBHTh TaOlMIb]
JUTA 3AITHCH TTOKa3aHU# mpubopos.

OOHHM M3 BRKHBIX STAlOB IOATOTOBKHM K BHIMOJHEHHIO NabopaTopHOH paboThl
ABJIAETCA  M3yYeHHE TEXHOJIOIMH  TNPOBENEHHA  IKCIEPHMEHTA,  MCTIONB3YA
METO/{HYECKHE PEKOMEHAALMY K BRITOJHEHUIO pabodero 3aaHus.

3aBepilaeT 3Tan NOATOTOBKH K BBINONHEHHIO TabopaTopHOH paboTel cocTareHHe
OTBETOB HA KOHTPOJIbHBIC BOIIPOCHL, IPHBEACHHBIE B METOMMYECKHX YKa3aHHAX.

1.3. TIporeneHME SKCIIEPUMEHTA

flony4ne  paspellicHHe NpENofaBaTe]s Ha NpOBEAEHHE  Na6opaTopHOro
HCCIIeIOBAHMS, CIeAyeT HEMEMNEHHO TIPUCTYIMTE K cOOpKe 3/IEKTPHYECKHX Lieled Ha
paboueM MecTe. PekoMeHAyeTcA NpHACPXKHMBAThCA  CNSAYIOIETC  IOPAAKA,
3HAaYUTENBHO obJerdarolilero paboty no c6opke H H36aB/AIOWET0 OT MHOTHX OLIHOOK
HpH coeuHeHnAX. OOImMM NPaBUIOM ABIAETCA COEMHEHHe CHadaja y4acTKOB LienH
¢ MOCTIE/IOBATE/BHAIM COEUHEHHEM 3JIEMEHTOB H NpUOOPOB, 4 3aTeM Mapa/UIebHBIX
BeTReH, kak 06BekTa HCCeJoBaHHA, TaK H NpHOOPOB.

B3TOT MpHEM MO3BOJAET CO3HATENBHO IOMOATH K OLICHKE HA3HAYEHMA KaXKIOro
37€MEHTA I{eTIM TEM CaMbiM MIPABIIBHO OCYLIECTBHTD €€ COOpKY.

OaHoBpeMeHHO c0 cOOpKOH LenH Haflo NPOH3BECTH MapKHPOBKY H3MEPHTENIBHBIX
npHGOpoB B COOTBETCTBHHM C MX YCNOBHBIMH O0O3HaueHMAMH Ha paGoueil cxeme
coequHeHnH. MapkupoBKy NpUMOOpPOB MOXKHO BBINONHHTR ¢ MOMOIIBIO OyMaXHBIX
GUPOK, KOTOphie 3arOTABIMBAET  YHalIMicA, BRUIONHAOWIHE  nabopaTopHoe
HCCAEeN0BaHHE.

Bo m3bexanue BO3MOKHOIO BO3HMKHOBEHHA OOJNBIINX TOKOB B coOpanHOH Lemny
SIEMEHTHI  PETYIMPOBAHUA [OTCHUHMOMETPOB HEOOXOOMMO  YCTAHABIMBATE B
HOJIOKERME, COOTBETCTBYIOLIEE MUHIMYMY HAlPS)KEHHS Ha BBIXOJE.

CoGpanHy10 LieNb clieyeT 06:3aTebHO N10Ka3aTh AJiA IIPOBEPKH MPENOAaBATENIO,
ToNeko ¢ €ro pa3pelieHHd MOXKHO BKIIOWATH MCTOHHHK IHTAHHS H MPOHM3BECTH
npeaBapuTeNbHoe onpoGosadne paboTsl LemH, YTOOB! yOENUTHCA B BO3IMOXKHOCTH
NpOBEACHHS OIBITA IpH 3afaHHBIX [pefienaX H3MEpeHus BenvuuH. Henwss
NPUCTYNaTh K K3MEPCHWAM, He GydyuM COBEPIICHHO YBEPEHHBIM, YTO LEMb cobpaHa
[PaBIIBHO.

Eciu Ipy UCTIBITaHAM LieNY TTOCTOAHHOIO TOKA CTPEJIKAa H3MEPHTENIbHOTO TIpHbopa
YXOOWT 3a npenelbl MKankl B OOPaTHOM HaNpaBlICHHMH, HAAO OTKIIOHYHTH LEHB H
NepeKIIOYHT IOAXOMALIHE K Npubopy NpoBosa.

TIpy CHATHH XapaKTePHUCTHK HEIOMYCTHMO MPEBHILIATE HOMHHAIGHBIC 3HAYEHHUA
TOKOB ¥ HAaNpSKECHHH HCIBITEIBAEMOrO 3/IEKTPOTEXHUYECKOrO YCTPOHCTBA, eC/iM HeT
0cO6BIX yKasaHMH B PyKOBOJCTBe 110 JabopaTOpHOMY 3KCIIEPUMEHTY. B ciyuae, ecnu
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CTpe/ika Kakoro-iubo npubopa BBIXOMMT 3a MpeAesibl LIKAMbl, HANO HeMeIIEHHO
OTKIOYHMTE LieMb OT NCTOYHHKA MMTAHHA, JOJIOKHTh NPENOJABATENMO HITH 1TaGOpaHTY
H H3MEHUTE YCIIOBHA HKCHEPHMEHTA (YMEHBLINTE HANpPSKCHHE NUTAHMS, YBeTHIHTh
JIMana3oH U3MEHEHHA COTIPOTHBIICHHA U T.1.).

Ilocne npeapapuTensHOro onpo6oBaHys UMM, IPOBEPKM WM OLCHKH AHANA30HA
H3MEHEHUS TNEPEMEHHOTO NapaMeTpa HEOOXOAWMO HaMETHTH MOCTEN0BATENBHOCTS
OT/eJbHBIX MAHHITYJIALH 1 OTCUETOB, @ 3aTeM IPHUCTYNHTD K HAGTIOACHHAM.

OTCHETEI PEKOMEHIYETCS MPOBOIMTH IO BO3MOXHOCTH OJHOBPEMEHHO MO BCEM
npHbopam. Crenyer H3beraTs mepephlBa HadaTod cepuy HaOMIOLEHHH M BO BCex
ClTyyasx, KOT/a BO3HAKAET COMHEHMeE B MPaBWILHOCTH IONMYYEHHBIX Hab/ONeHuH, HX
HeoOXOMMO NMOBTOPHTE HECKOJIEKO pas.

Pe3ynbTaThl BCEX TEPBHYHBIX HAOMIONCHUH M OTCHUETOR 3aNKCHIBAIOT B TAGMHUILy
[IPOTOKOJIA MCIIBITaHHH. 3aIMCh OTCYETOR JOJDKHA BECTHCH B TOYHOM COOTBETCTBHM C
TIOKa3aHMAMM M3MEPHTENEHEIX NpuHOopoB. [IpoTokonbl HabMOAECHMH ABJAKOTCA
€IMHCTBCHHBIM JOKYMEHTAJIBHBIM CIIEJIOM, OCTAIOMIAMCA OT H3MEpeHHH, HO3TOMY OT
TOYHOH M CBOEBpEMEHHOH (MKcauMH B Tabnuuax pesyjbTaToB OTCYETA B
3HAYMTE/ILHOR CTETIEHH 3aBHCHT YCIIeX DKCIEPHMEHTANbHOMN paboThl.

Ilpu mepexone OT OJHOTO 3Tana HCCACHOBAHHMA K APYTOMY HEOOXOAUMO KaXKAbIi
pas ofpamathcss X NpPENOAABaTENio 3a IPOREPKOH MPABUILHOCTH IOJMYHMEHHBIX
Pe3yNbTATOB, KOTOPHIE NPEACTABIAIOT B BHAE TabJIHL MM rpadMKoB.

K caenyromeMy sTany paboTel paspelaeTcs NPUCTYNaTh TOJILKO TI0CHE IPOBEPKH
¥ BU3MPOBaHHA NPOTOKOJIA MPEHOJaBaTENICM.

1.4. O6paboTka pe3ysbTaToOB H 0GOPMIIEHHE OTUETA

Kaxaplii CTyIEHT CaMOCTOATENIbHO HOJDKEH 00pabarbiBaTh JaHHBIE OMBITOB H
NOArOTOBUTh OTYET MO KaXAO0M NpoesiaHHo# pabore.

B orueTe Ha THTYyNBHOM JIMCTE YKAa3bIBAalOTCH Ha3BaHHE y4eGHOTO 3aBelEHHA,
kapenpsl. Homep u HauMeHoBaHMe paboTl, GaMHIMA WM HMHUIMAIBL CTYZEHTa,
BLINOJIHABIIETO paboTy, HOMep ero akaaeMHYecKON IpyIIIEL.

OTuer mo/bKeH cojcpkaTh, MacHOPTHHIE OaHHBIe ofbekTa HCCleOBaHHA, CXEMBI
COC/INHEHHA JJIEMEHTOB OOBEKTAa MCCNENOBAHMSA C BIJIIOUEHHBIMM H3MEPHTEBLHBIMU
npubopamu, TabIIHLIEl C 3aIIHCHI0 Pe3y/IbTATOB IKCIIEPUMEHTA, MpadUKH 3aBUCHMOCTEH
M BEKTOPHRIE AarpaMMBEL.

ITocne npoBeneHHA KCIEPUMEHTA AOJDKHBI OBITH CAENAHBl OCHOBHBIE BHIBOJDI,
TI0JTy4eHHBIE B PE3yJIbTaTe HCCIIeHOBaHMUS.

Kaxnas cxema po/mkHa OBITE CONPOBOXKICHA COOTBETCTBYIOWIEH Talbiuuen
3anucedl pesyJIbTAaTOB HM3MEPEHHH M TpadHKOM, HIUTIOCTPHPYIOUIUM H3yyaeMsle
3aBUCHMOCTH. B Tabavue o0643aTefbHO CIEAyeT yKashiBaTh, B KaKHX eJHHHLAX
H3MEPEHBl  HCCNIEdyeMble BENH4YHHBEL Bce Tabnamue HeoOXoAMMO CHaOOMThH
3aroJI0BKaMH, XapakTepH3YIOLMMY IPOBOAUMEIH ONBIT.

Ha ocHoBaHuu pe3yJIbTaTOB H3MepCHHﬁ IpOBOOUTCA HMX OKOHYaTenbHasA
obpaboTka. H3mMepeHHbIE M BEIYUCIICHHBIC BEJIMYHHEI 3AHOCATCA B COOTBETCTBYIOLIME
KOJIOHKM OJHOM W TOH xe TabauLp!.

BriyepunBanne cxem ¥ Tabnul PEKOMEHIYETCH MNPOU3BOAUTE KapaHJaliom
o6A3aTeNIBHO ¢ IIOMOUIBIO JIAHEHKH.
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Ocofoe BHHMaHME HAJ0 YAEIUTh rpadHKaM 3aBUCHMOCTEH MEXTy BENMYHHAMH,
T.K. OHH ABJAIOTCA HALMAZHBIM pE3YJBTATOM paboThi, rpadHYECKHM OTBETOM Ha
BOIPOCHI, [I0CTaBIEHHEIE B TabopaTopHO# paboTe.

[lpu nocTpoeHuu rpadUKOB 1O OCAM TNPHBOAAT CTAHHAPTHEIC OYKBEHHbIE
0603HaYEeHUA BEIMYMH U SANHUL MX U3MEPEHNA, YKa3bIBAIOT JCTEHHA ¢ OOMHAKOBLIMU
UHTEePBAJIaAMH, COOTBETCTBYIOIHE OTKIIANBIBAEMBIM BEJIMYUHAM B NPMHATHIX €IUHULIAX
M3MEPEHNA WK B JECATHUHBIX KPaTHHIX MO0 JONBHBIX €IMHHIAX.

YuCIoBBIE OTMETKH Y MACINTaGHBIX [eNeHHit IPUHATO BHIGHpATh TaK, YTOOB OHH
cocrasuim 10*", 2*¥10™ mwm 5*10"™ or Tex emuHMU, B KOTOPBIX BBIp@KEHHI
BENIMYHHEL, OTKIankBaeMEle 1o ocam. Hanpumep, 10 MA; 0,02 Om; 500 Br.

IIpy moctpoeHun rpadukoB BHONL ocH abclucc B BHIOpaHHOM MacurTabe
OTKJIABIBAIOT HE3ARMCHMYIO MEpEMeHHYI0. YenoBHOE OykBeHHOE 0003HaueHHE 3TOH
BEMYMHEl PEKOMEHAYETCS CTABHTH O]l OCHIO, 2 HaHMEHOBAHHE €AMHHL H3MEPCHHA
nub0 MX JEeCITHYHBIX KPaTHBIX MM JOJBHBIX €OMHHI — IIocle OOO3HAaueHus
BEJIMUMHEL BJonak oCH OpAMHAT MaciuiTaCHble LHGPRl CTAaRAT CJA€BA OT OCH,
HaMMEeHOBaHHE WIH YCIOBHOE 0003HAUCHHE OTKIIA/IBIBAEMBIX BEMMYHMH — TAKXKe CleBa
OT OCH H O/ 3TUM 0603HAYeHNEM YKa3bIBAIOT SOUHAIY H3MEpeHHs. EciM B OIHMX
KOOPJMHATHBIX OCAX CTPOST HECKOJIBKO I'padHKoB QYHKIMH OIHOH He3aBHCUMON
HEPEMEHHOH, TO CleAyer MPOBECTH JOMOJHMTENbHBIE INKAJBI IAPAUIEBHO
OCHOBHEIM, KakIylo cO CBROMM MacmrtaboM. Ecny semwvmssl no ocam abemucc H
OpAMHAT OT/IOXKEHBI B ONpEIENCHHOM MacllTabe ¢ YHCIIOBHIMH OTMETKAMM, TO He
CIIElyeT CTABUTH CTPENIOK, YKa3BIBAIOIMX HAINPAaBIICHHE POCTa YHC/IEHHBIX 3HAYEHHH
pesMuny. HavMeHoBaume eunuil uaMepenns aaercs 6e3 ckodok. [1py BerdepunBanuyg
rpadHKOB HANO YYUTHIBATH, YTO BCAKOE M3MEPEHHE MMEET CIIyYadHble NOTPEIIHOCTH
(MCTHHHOE 3HAYEHHE M3MEPAEMOM BEJIMUMHBI OCTAETCA HEU3BECTHBIM, & BMECTO HETO
NIPUHEMMAIOT HEKOTOpOeE eé 3HaueHue, NpH3HaBaeMoe 3a HanboJiee NpUbImKaroIeecs K
uctuuaoMy ). [TosToMy He cAeRyeT IPOBOAUTE KPHBHIE HEPE3 BCE IKCNIEPHMEHTANILHEIE
Toukd. Ha rpaduke HeoOXomuMoO HPOBOAMTE IUTABHBIE HEIPEPBIBHBIE KPHBLIE,
KOTOpble NPOXOMAT CPEeAM SKCIEpUMEHTAIBHBIX To4eK. OTCTYIUIEHME HEKOTOpBIX
TOYeK OT IUIaBHOW KPUBOH Ha3BIBAIOT «pa3bpocoM Touex». Benmuunna pasbpoca npu
HaO/MofeHHH 3aKOHOMEPHBIX SBJICHHWH ONpeAenseT TUIATEIRHOCTh IIPOBEACHHA
9KCIIEpPHMEHTA.

Tlpy HanH4HM HECKOJBKHX KPHMBBIX Ha OJHOM rpaHKe TOHKH, COOTBCTCTBYIOLIME
OTBITHBIM JAHHBIM H OTHOCSAI{MECH] K PA3UYHBIM KPHUBBIM, JOIDKHBI OBITH MOMEYEHB
YCIIOBHBIMU 3HA4YKaMH (KPECTHKaMH, KpY>KKaMH H T. IL.).

Kaxapiii rpaguk 06s3aTenbHO OO/DKEH OBITH CHAGKEH TAKMM JIAKOHHYHBIM
TEKCTOM, 4YTOOBI I060# AOCTaTOYHO IMOATOTOBJICHHBIA YHTATENb MOT JIETKO IOHATE,
KAKYyIO 3aBHCHMOCTb XapaKTepU3yeT NOCTPOSHHBIH rpadHK.

Ha nocneaneii crpaHuie oT4era cieAyeT ykasaTh AaTy O(OpMIEHHA H IOCTABHTH
HOJIIHCE.

OTYeT B LENOM JI0JDKEeH OBITH COCTaBNEeH TakuM 06pa3oM, YTOo6b! U1 [IOHHMaHHA
CONEPXKAHUA U Pe3yJIETATOR TPOBEACHHON paboTel He TPeOGOBANOCE JOMOIHHUTENBHAIX
YCTHBIX MoscHenui. COCTaBleHie MOJOOHBIX OTUETOB — NEPBEIM Iar K 0HOpPMICHHIO
TEXHHYECKHMX OTYETOR 110 3KCIIEPHMEHTATBHBIM MCCIIEIOBAHMAM, KOTOPBIE NPEACTOUT
TPOBOAMTS Oy ayLIEMy HHKEHEDY.




2. KPATKME TEOPETHYECKME CBEJIEHHM 1

2.1. M3MEPEHWA B 3JIEKTPMYECKHMX LIEITAX

KoHTposib  paboThl  37€KTPOOOOPYNOBAHUA  OCYIIECTBIMIETCA C  ITOMOLIBIO
pa3zHo00pasHEIX 3JIEKTPOH3MEPHTENBHBIX NpHOopoB. Hanbonee pacripoctpaseHHBIMH
3NIEKTPOM3MEPHTENILHEIMH  IPHOOpaMH  ABAAIOTCA  NpUGOPEL  HEMOCPEACTBEHHOTO
orcueTa. [1o BHAY OTCHETHOIO YCTpOMCTBa pa3lfiMMalOT aHAJOTOBBIE (CTPEIOUHBIE) H
unpoBBie H3MEPHTENLHBIE IPHOOPLL.

Ha rnuueBoi CTOPOHE CTpejIoYHBIX NPHOOPOB H300paXKeHBl YCIOBHBIE
0003HaUeHHA, Olpefesilomue KnacCHQHMKALMOHHYI0 rpynmy npubopa. Onu
NO3BOJIAIOT TNPaBHIBHO BHIOpaTh NMpUOOPHI M HAIOT HEKOTOPBIE YKa3aHHS IO HMX
IKCIUTyaTalMH.

B uensax foCTOAHHOro TOKa /I U3MEPEHHH TOKOB U HANPsDKECHUHA NPUMEHAIOTCS B
OCHOBHOM NPHOOpPB!I MarHMTO3NEKTPHYECKOH cHcTeMsl. [IPUHLMI [eHCTBHA TakKux
npruGopoB OCHOBAH Ha B3aMMOXEHCTBUM MarHWTHOTO INOJIA TIOCTOSHHOTO MArHHTa M
H3MEPACMOro TOKa, NPOTEKAIOLIEro MO KaTyINKe. YTON MIOBOPOTAa CTPENKH ¢ NPAMO
TpONOpLHOHANIEH u3MepseMoMy Toky I: o = K I. Illkankl MarHHTORJIEKTPHIECKHX
NpHOOPOB paBHOMEPHBIE.

B M3MepHUTENRHBIX MEXaHH3MaX 3JIeKTPOMArHUTHOM CHCTEMBI, IPUMEHSEMBIX JUId
H3MEPCHHH B LCMAX NEPEMEHHOTO M MOCTOAHHOTO TOKA, BPAUIAOIINA MOMEHT
00yCJIOBJIeH JICHCTBHEM MAarHMTHOTO TONIA HM3MEPAEMOTO TOKa B HETOABHXKHOM
KaTyIlKe NpHOopa Ha MOABIWKHEIA GeppOMAarHUTHEIN SKOph. YTOJ [IOBOPOTA CTPENKH
« 3[ech TPONOpLUMOHAeH KBagpaTy Toka: o« = K I IlostoMy 1mkana
3JIEKTPOMArHUTHBIX NPHOOPOB OOBIYHO HCPABHOMEPHAs, YTO ABJISETCS HENOCTATKOM
aTux Tpubopos. HauanpHas wacTh IIKanbl He HCMonp3yercs Ans Mamepenuit. na
H3MEPEHNH TOKOB M HaNpsKEHHH B LEIMX NEPEMEHHOTO TOKAa NPUMEHMIOTCA Takke
NpUGOPE! BRINPAMHTENBHON CHCTeMBI. Takue mpubOPHI CONEPXAT BHIIPAMHTE/BHEIH
npeo6pazoBaTeNs ¥ MarHUTOSJIEKTPHYECKHUH M3MEPHTEIBHEIH MeXaHu3M. OHH HMEIOT
GoJiee JIMHEHHYIO HmIKany, HeM NPHGOPHI AIEKTPOMATHUTHOH CHCTEMBI M AOCTaTOYHO
HIMPOKHA YaCTOTHBIA JUana3ol.

H1ss MIPaKTHYECKOro HMCHONB30BAHUA CTPENOYHOrO HM3MEPUTENBHOTO mpHbopa
HeOOXOIMMO 3HATB €T0 NpefeN H3MEpeHHH (HOMHHATEHOE 3HAYEHHE) H LEHY AeICHHs
(mocrosanHylo) npubopa. Ilpeden wu3MepeHudl — 3To Haubonblliee 3HAUYCHHUE
3MEKTPHYECKOH BENUYUHEL, KOTOPOE MOXKET GRITH H3MEpEeHO JAHHBIM NMpHOOPOM. D10
3Ha4eHne oOBIMHO yKa3aHO Ha JIMLEBO# CTOpoHe npubopa. OIMH U TOT Xe Ipuop
MOXET HMETE HECKOJIBKO MpefiesioB usMepeHuii. L{eHol neneHus Npubopa HaspiBaeTcA
3HaYEHHE H3MEPACMOH BEJIMYHHEI, COOTBETCTBYIOUlEEC OJHOMY JeNEeHHMIO LIKAIIbI
npubopa. Lena nenenus nputopa C jierko ONpeneNnsieTcs Kak OTHOWIEHHE Ipeaena
H3MEPEHUH Aoy K TACTY IENeHUH MKassl N:

C= AHOM/ N.

Ha nuueso#t cTopoHe cTpesiouHsix NpuGopa ykasbiBaeTcs KJacc TOYHOCTH,
KOTOpBIH OHpENENAeT NPUBEREHHYI0 OTHOCHTEIBHYIO HOTPEIHOCTE Hpubopa jpp.
HpHBCHeHHaﬂ OTHOCHTEJIbHAA NMOTPEIIHOCTE npn6opa — 3TO BBIPAXKCHHOE B NpoLCHTax
OTHOIICHHE MaKCUMANIbHOH 1A JaHHoro nmpubopa abcomoTHON norpeinHocTd 44 K
HOMHMHAJILHOMY 3HayeHUIo npubopa (mpeaety M3MepeHuit) Ayouy.
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' vip = 100 A4 /Anom%e.
IMpompimneHHocTh B COOTBETCTBHH ¢ ['OCT BhITyCKaeT npubopsl C pasIMiHbIMU
Kiaccamy Tousocty (0,05; 0,1; 0,2; 0,5; 1,5; 2,5; 4,0).

3Had KIacC TOYHOCTH TpuBOpa, MoxHO ompenenuts abcomotHyio A4 u
OTHOCHTENBHYK) MOrPELIHOCTH M3MEPEHMS Yz, @ Taloke ACHCTBHTENILHOC 3HAYCHHE
H3MepaeMoll BeTUUMHBL A . '

44 = yar AHOM/IOO,' Yiram = 100 AA/A, Aﬂ=A FAA.

PacteTHyI0 OTHOCHTENbHYIO MOTPEIHOCTE M3MEPEHHs B JI0OOH To4ke IIKAsIbi
npubopa MOXHO ONpene/HTh, MOJaras, 4TO €ro [JOMyCTUMas aGCOMOTHAS
TIOTPEITHOCTE AA H3BECTHA H NIOCTOAHHA:

Yiam = 100 AA/Ainu ,

rae Am — YCIOBHOE M3MEPEHHOE 3HadeHHE BEJMYHMHBI, 3allaBacMoe B Npesenax
HIKajel MpHGOpa OT MUHHMAILHOTO 3HAYEHHA [0 HOMMHANBHOIO 3HaY€HHA JaHHOTO
npubopa. O6paTHT: BHHMAaHHE Ha 3HAYEHHE OTHOCHTENBHOHM MOrpEeUIHOCTH
M3MEPEHHs, COOTBETCTBYIONIEE MPENENBHOMY 3HAUCHHIO M3MEPACMOH BEMMHMHBI, H
CPaBRHHTSH €r0 C KJIaCCOM TOYHOCTH NpHbopa.

HerpyziHo chenats BbIBOI, YTO OTHOCHTE/IbHAsd TOTPELHOCT: H3MCPECHHA TEM
Gonmbllle, 4eM MEHEBIIE HM3MepsAeMas BelIHYHHA 10 CPaBHEHHIO C HOMUHAIBHBIM
3HaueHHMeM npubopa. IloITOMy JKeaTejpHO HE IOJNB30BATECA IIPH H3MEPEHHMH
HayaILHOM YacTHIO IUKAIB! CTPEJIOUHOrO ipHbopa.

Jlna obecrieuenys Maiol METOAMYECKOH MOTPEIIHOCTH H3MEPEHHs HEOOXOAMMO,
4TO6Bl CONpPOTHBIIEHHE aMrepMeTpa ObUIO 3HAYMTENBHO MEHbIIE COTPOTHBICHHA
HArpy3KH, a CONPOTHBJIEHHE BOJIHTMETPA GBUI0 3HATHTENBHO GOMbIE CONPOTHUBNCHUA
HCCIIEy eMOTO YUacTKa.

B Tabn. 1 npHBeseHBl HEKOTOPHIE YCIOBHBIE 00O3Ha4eHMd, NMPHBOAMMEIE Ha
JUNEBBIX HaHEAAX CTPEIOYHBIX HM3MEPHTENbHBIX NPHOOPOE, OIPEAENAOUHE HX
CBOWCTBA U YCJIOBHS IKCILTY aTalldM.

TIpu npoBefeHHM H3MEPEHHMH B SJIEKTPHUECKHX LEMSX IINPOKOE NPHUMEHEHHE
NONYUWId UMQPOBblE H3MEPHUTE/bHBIE NPHOOPHI, HALPUMEP MYNETHMETpBl —
KOMOHMHHPOBaHHBIC LHUGPOBBIE MIMEPHTENbHBIC APUGOpHI, NO3BONAIOMUE HIMEPATD
NOCTOAHHOE U IIEPEMEHHOE HaNpsKeHHe, [OCTOAHHBLIA M TMEePeMeHHbl TOK,
COTPOTHENCHHA, IpPOBEPATE JHMOABI M TPaH3UCTOPHL IIpeAcTaBieHHe pesynbTaTa
H3MEpEHHs TIPOMCXOHMT Ha LM(POBOM OTCHETHOM YCTPOHCTBE B BHIE OGBIMHBIX
YHOOHBIX VIS CUMTHIBAHMS JCCATHHHEIX umcesl. Hawbonsiiee pacmpocTpaHeHHe B
LU POBBIX OTCYETHBIX yCTpoicTBaX MY/IBTHMETPOB MOJTY YHITH
KHIKOKPHCTAUTHYECKHE K CBETOAHOAHBIC HHAMKaTOpsl. B naboparopHoM cTenje
MCIIONB3YIOTCA LMQPOBBle NMPHOOPBI JUIS H3MEPCHHS IOCTOAHHBIX H fICPEMCHHBIX
TOKOB, a TaKKe UHPPOBON HM3MEPHTENE MOIMHOCTH. [N TEPEKOYEHHs pexHMa
paboTsl uudpoBsx amnepMerpos crenaa (PAl, PA2, PA3 u PA4) Ha ero nepenner
TaHENH YCTAHOBJEH Tymbiep, KOTOPBIA i H3MEPEHHA MOCTOSHHOIO TOKA CedyeT
YCTAHOBHTH B HO3MLIMIO «=», Ul M3MEPEHHs NCHCTBYIOIMX 3HAYCHHH NEePEMEHHBIX
TOKOB — B TIO3MLHIO «~», JII M3MepeHHud MOCTOSHHOTO TOKA BXOAHas wieMMa (+)
11 POBOrO aMIEPMETPA BELIENEHA KPACHEIM LBETOM.




IlnpposoH H3MepHTENL MOIMHOCTM HpeJHa3Ha4eH i M3MEPEHHA IMapaMeTpoB
EKTPHYECKOH Lemu:

— meficTByolllero 3HaueHHA Hanpsbkenus U (True RMS) B quanasone 0...30 B;

— Je#cTByIOIEro 3Ha4eHHs Toka [ (True RMS) B auanaszone 0...300 MA;

— aKTHBHOH MoiHocTH P B nuanazone 0...600 BT;

—yacrtorhi f B quanasone 35...400 I'm;

— oS O;

—yraa casura a3 ¢ (Fi) MexXIy TOKOM M HalpshkeHHEM.

Ta6mua 1
VYenosHoe ConepxaHue yCIoBHOro o6o3HadeHusA
rpaduaeckoe
0603Ha9eHHE
AV, W, Q Hz’ HayMeHOBaHHE U3MEPAEMOH BEIMYMHDI (aMIlEp, BOJIBT, BATT, OM, Iepl,
cosg, F, H K03 PHIMEHT MOITHOCTH, hapajia, FEHpH)
m MarsuTo3IeKTPHUECKIH H3MEPHTENhHBIH MEXaHU3M
-
{: DNeKTPOMAarHUTHBIA H3MEPHUTENEHELH MEXaHI3M
m MarsuTo3EKTPUHECKUN H3MEPHTENHHBIH MEXAHU3M C BLIIPAMUTENIEM
>

0,05; 0,1;0,2; 0,5; | Knacc ToaHoCTH npHGOpa

Pabouce nonoxenue mxans npuGopa:
wm —> TOPH30OHTAJIEHOC,

__L win T BEPTUKATBHOE;
/60" HOJ YIJIOM, HAIpUMeEp 60°

ITpn6op npeanasHaged i paboThi
-_ B HEMH NOCTOAHHOTO TOKA,

NIEPEMCHHOTO TOKaA,

NIOCTOAHHOIC K [ICPEMEHHOTIO,

B TpeX(hasHOM LIETH NEPEMERHOTO TOKa

A (uu oTcyTCTBHE GYKBBI) — IpUGOP VIS CYXHX OTAIUTMBAEMBIX IOMEIIEHHI C
Temneparypoit +10°C ... +35°C u Bnaxuoctn qo 80% npu 30°C;
B b — npuGop 114 3aKkpHITEIX HE OTAILUIMBAEMbIX IOMEIICHHH C TEMIIEPATYpOi -
. 30°C ... +40°C u Bnaxsoctd 10 90% mpu 30°C;
By; By; B3 B — npuops! s nosieBsIx B MOPCKHX YCTOBHIL:
: - B - npu remneparype -40°C ... +50°C u B, — npu Temneparype -50°C ...
+60°C u BrnaxHOCTH 110 95% npu 35°C;
B3 ~ npu TeMuepatype -40°C ... +50°C n Bnaxuocts 10 98% npu 40°C

ﬁ/j}\? HsmepurensHas nens npubopa H30JIMPOBaHa OT KOPITyCa H HCIBITaHa
HaNPKCHUEM, HanpuMep, 2 kB

30 —-200 Hz | Pa6ouuit 4acTOTHBIN uanasoH Hpubopa

10~
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Ipubop conepxur: ’ ‘

— KJIEMMBI [IOJJa4y BXOZHOTO H3MEpAEMOro cUrHania (reHeparopa): Kiemmy «Bx» u
06LIYI0 KIEMMy, KIEMMBbI HOAKITIOYEHNA OTPEOUTEN (HaTPy3KH): KnemMy «BrIx» H
oburyro knemMy. l1lyHT a3 M3MEPEHHA TOKA HArpy3kH MOAKIIOUEH MEXIY KIeMMaMH
«Bx» u «Bbix»;

—  KMIKOKDHMCTAIUIMMECKMH  HETBIPEXCTPOYHBIH  MHIAMKATOp A1  BBIBOAA
uHbOpMaLUH;

— kHoTKy «f/cosq@/@» H3MEHEHMs BBIBOJAa HHQOpMalluM B 4€TBEpTOH CTpOKe
MHIMKaTOpa (COOTBETCTBEHHO, YACTOTHI, KO3 QHIMEHTa MOUIHOCTA COSQ HIH yIia
capura a3 Fi Mex Iy TokoM W HAIIPSHKEHHEM).

C 3agHell CTOPOHBI IpHOOPA YCTAHOBJIEHB! PO3€TKA A MOAKIIOYCHHUA MHTAHMA
CETH M KOJIOZiKa NIpeloXpaHHTeNA.

C noMompl KHONKM «f/COSQ/@» MOXHO H3MEHATh BBIBOJ, HMHQODMAUKH B
qeTBEpTOH CTpOKe MHAMKatopa. Jna BeiBofa TpeSyeMoro mapamerpa B 4eTBEPTOH
CTpOKe HHAMKATOpA KHOMKY HeoOX0ouMo HaxaTh Ha 1...2 ceKyH/pL.

H3menenua cxembl nOOKNIOYeHUS npubopa u 1a60pamopHoi yCMAHOKU
SBINOAHAMYL DU GHIKIIOYCHHOM NUMAHNU npubopa. B TIpOTHBHOM ciyyae
BO3MOXHBI H3MeHeHHs MoKasaHui npubopa, a Taloke BO3HHKHOBEHHE HapyUIEHUH B
paboTe HHAMKATOpa MpUbopa. s g

2.2. DJIEKTPUYECKHE LIEITHM [TOCTOAHHOI'O TOKA

DnexTpuyecKas Lenb, COCTOAMWAA 13 3JIEMEHTOB, BOJIFTAMIICPHEIE XapaKTEPHCTHKI
KOTOPBIX ABJSIOTCA TPAMBEIMH JIMHUAMH, Ha3biBAaeTCA JIMHEHHOH 3JIeKTpHuecKof
IENBIO, a 2TEMEHTHI, H3 KOTOPBIX COCTOMT LIEMb, — THHEHHBIMH 3JIEMEHTAMH.

CoeIMHCHHE B ICKTPHIECKOH 1ienH, IPH KOTOPOM Y€pe3 BCE 3TI€MCHTHI IPOTEKACT
OIIMH M TOT K& TOK, HA3BIBAETCS NOCHENOBATeLHBIM COSAUHEHHEM. DKBHBAJICHTHOE
CONPOTHBIIEHHE R; TOCIEOBAaTENbHON LEMH IIOCTOSHHOTO TOKAa paBHO CyMMe
COTPOTHBICHUH OTACNEHBIX YUacCTKOB: Ry = Ry + Ra +... .

Hanpsxkedde Ha OTHENBHOM YyYacTKE B COOTBETCTBHHM C 3aKoHoM Owma
NpPONOPUHOHATIEHO COTIPOTHBIIEHMIO aToro yuacTka: Uy =1 R, U, = IR;.

Hanpsikenne U Ha BXOZE MOCIEAOBATENBHOA LENH B COOTBETCTBHH CO BTOPHIM
3akoHoM Kupxroda parHO cymme * - oo

HanpsKeHHH Ha OTHENIBHBIX b
yJacTkax: TH 1y|2 Tls il4 ¢I5
U=U+U;+... R1 R2 R3 R4
Ipn f1apaJuieIbHOM
COETMHEHHH ABYX HJIH HECKOJIBKMX

3JEMEHTOB HaNpsDKeHME Ha HHX Uab

OJIHO M TOXKE, TaK KaK BBIBOObI 3THX

3IEMEHTOB MOAKIIOUEHEl K ogauM  ET, l
SOOI

n TeM ke yzmaM. Tokm »

<+

]

-+

L}
P
o
 a—

- + Eo - +
OTACHIBHBIX 3JIEMECHTax R
OIpeae/IATCa o 3aKoHY Owma: 1] 02 v
ZU/Rj,' 12=U/R2. '3 | SESUTORI S,
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B cootsercTBHM ¢ mepBbiM 3akoHOM Kupxroga Tok / B HEpa3RETRICHHOH 4acTH
UerH paBeH CyMMe TOKOB BCeX MapateNbHbIX BeTBel: [ =1 + I+ ..

[TporopguMocTE MapaniesabHOTO COCOHHEHHA paBHA CyMME IPOBOJAMMOCTEH
OTAENBHBIX YUaCTKOB: /Ry = I/R; +1/R> +... .

Ananuz o6oi  aiexTpUYeckoil LemM MoxeT OBITH TIPOBEJEH METOAOM
HETOCPEACTBEHHOrO MpHUMEHEHMA 3akoHOB Kupxroda. Ecnm anexTpudeckas uens
COCTOMT TOJBLKO H3 MapalUleNbHbIX BETBEH, TO €CTh HMeeT 1Ba y3aa (puc. 1), To e&
aHanu3 LenecoobpasHo NPOBOJMTH METOAOM Y3NOBOIO HaNpsiKEHMs, MPHMEHEHHE
KOTOPOTO SBJSETCA MeHee TPYJOEMKHM H MO3BOMAET M36eKaTh PEIICHHMA CHCTEMBI
ypaBHEHUH. MeToR y3NIOBOr0 HamnpsmKEHHS DEKOMEHIyeTCs HCIONb30BaTE M B TEX
ClydadX, KOTHa CHOXHYH OSIEKTPHYECKYI0 CXeMY MOXKHO YTPOCTHTh, 3aMeH:A
MOCNENORATENFHO M NApalNeNnbHO COEAWHEHHBIC PE3HCTOPhI 3KBHBAICHTHBIMH,
HCIIONB3Ys NIPU HeoOXOAMMOCTH npeobpa3oBaHHMe TPEYTONLHHMKA COINPOTHBIEHHH B
9KBHBAJIEHTHYIO 3BE3]Y.

IlpuMeHeHHEe JaHHOTC METOAa COCTOMT M3 JABYX JTanoB. Ha nepsom sTane
onpeAernaeTcsa BeUInHa y3a0Boro Hanpsxenns Uab (puc. 1):

U, = D8~ E:8, U8, ~Usg,
8 8, +8; +84+8;s
rige g, ... gs— MPOROTUMOCTH COOTBETCTBYIOIIHX BETBEH LIEMH.

Ilpn 3amMcH  3TOrO  COOTHOWIEHMA  cledyeT 3aJaThCAd  MOJIOXKUTEIbHBIM
HallpaBJICHHEM y370BOro HanpsxkeHus Uy Co  3HakoM  «t»  OGepyTes  3c,
HallpaB/IeHHbIE MEXIYy TOYKaMH a M b ecmpeuno HanpskeHmio U, ¥ HanpmKeHHs
BETBEM, HanpaBleHHEIe coznacHo ¢ Uy,

Tlpn ananMse o2nexkTpHYECKMX ILened  MeETONOM  Y3/IOBOTO  HANpPDKEHHA
PEKOMEHYETCS BRIOHpATh MONIOKUTENbHBIE HAPaRJIEHNA TOKOB IIOCIE ONpeaeieHus
y370BOr0o Hampsxenns. Ilocne onpeseneHHs BenwdMHBI HanpsbkeHHa U, Haxomar
3HAYCHHUS TOKOB B BETBSX, COCTABJIAA YPaBHEHMA N0 BTOpoMy 3aKOHY Kupxroda. [Tpu
3TOM KXIbIH KOHTYp JOJDKEH BKIIOHATh B CBOM COCTaB BETBR ¢ HCKOMBIM TOKOM H
y3710BO€ Hanps>keHHe. HampuMep, ypaBHeHHMe mo BTopoMy 3akoHy Kupxroda mms
OMpEC/ICHNA TOKA B NepBOil BETBH OyNeT MMETh BUA!

E1=11(R01+R1)+Uab~ ,
Orxyna T

Ecnn B pe3yJbTare pacueTa
3JIEKTPHYECKON UEMH MOTydeHO, HTO B BETBH U
C HCTOYHHKOM JICKTPONMTAHHMA HampasieHwe . __ | . A
TOKa COBHAJaeT C HampaBJIeHHEM 3AC (TOK Ua :
MONIOKUTENBHBIA), TO JAHHBIH HMCTOYHHK
ACHCTBUTEABHO paboraer B pexumMe
HCTOYHHMKA, T. €. OTHAET BSHEPrUI0 B LieNb. I -
Ecnu B pesynpTaTe pacueTa JIEKTPHIAECCKOR
LENH MOJYYEHO, YTO B BETBH C HCTOYHUKOM Puc. 2
3NEKTPONIUTAHUA  TOK TPOTHBOMONOXKEH

>

o
L
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HampaBJIEHHIO 3C (TOK OTpHULATENbHEIH), TO JaHHBI HCTOYHHK B ACHCTBUTEILHOCTH
paboTaeT B pexume noTpedUTENs.

INon HenMHeliHO# 3NeKTPUYECKOH LEMbIO INOHHMAIOT 3NEKTPHYECKYIO LIEMb,
CONEPKALLYIO HETHHEHHBIC 37IEMEHTH! (HCIHHEHHBIC CONPOTHMBIICHHA, HEJIHHCHHBIE
HHOYKTUBHOCTY, HEJIMHCHHBIE €MKOCTH). HEIMHEHHBIM 3J1EMEHTOM Ha3hIBAlOT TakoH
3NIEMEHT JJIEKTpUdeckofl lLienu, NapaMeTpbl KOTOPOrO 3aBHCAT OT 3JI€KTPHHECKOTO
HaMpAKEHHA, JNEKTPHUECKOTO 3apAaa, JIEKTPHYECKOro TOKA WM MarHMTHOTO MOTOKA.
CxeMa 3aMellleHHs LM HOCTOSHHOTO TOKA COJECPXMT TONBKO HEIHHEHHbIE
pe3uCTHBHEIE dieMeHTEl. HetnHelHble 2IeMEHTH! B OT/IMYMH OT JIMHEHHBIX 001afatoT
HeJIMHENHBIMH BOJIBTaMIIEDHBIMH XapaKTEPHCTHKAMH.

OCHOBHOH  XapakTepHUCTHKOH  HEIMHEHHOro  3JIeMEHTa  ABJMACTCA €0
BOJNBTAMIEpHad xapakrtepuctuka U=f(I) (puc. 2), H3 KOTOPOH BHIHO, YTO KDKAOMY
3HAYCHHIO TIOCTOAHHOIO TOKa (HAIpPsDKEHHA) COOTBETCTBYET ONpPEACICHHOE 3Ha4YEHHE
TTOCTOSTHHOT'O HanpsbKeHHA (ToKa). Y HeIMHEHHBIX 3JIEMEHTOB Pa3fINyaloT CTaTHYECKOe
M AHHAMH4YECKOoe CONMpoTHBNeHHs. 110 BOJETAMIIEpPHOH XapaKTepHCTHKE ONPENETsIoT
CTaTUHMECKOE CONPOTHBIICHHE HEIMHEHHOro j1eMeHTa B AaHHOH Todke A Rer =U/l n
ero mubddepeHnuansHoe  (IMHAMHMYECKOE) CONPOTHBIEHHE Kak  OTHOMIEHHE
GeckoHeYHO MajbIX MpHpamesuil Hampsokemms dU u Toka dI  Ryp =dU/dl.
JHMHaMHM4eCKOe COMPOTHBIICHHE MPOIOPLHOHATLHO TAHreHCY YIiaa HailoHa f
KacaTeJIbHOM K  BOJBTAMIIEPHOM  XapakTepHCTHKE B  OaHHOH Touke. Jlni
3KCIIEPMMEHTAIBHOTO TOJIyYeHHs BOJBTAMIIEPHON XapakTEPUCTHKHM HEHHEHHOro
J/leMEHTa HEOOXOAHMO H3MEPHUTh P 3HAYCHHH [OCTOSHHOTO HaNpsXKEHUd H
IIOCTOAHHOTO TOKA B LIETH ¢ JAHHBIM HEHHEHHBIM 3JIEMEHTOM.

Marematuyeckas MOAEb HEJIHHEHHOH WENMM MOCTOAHHOIO TOKA4 COCTOMT H3
ypaBHeHn#t Kupxroja M ypaBHEHMH XapaKTepHCTHK HENHMHEHHBIX PE3HCTHBHBIX
asieMeHTOB. Tak kak MOJIENb CTAHOBHTCA HENMHEHHOM, To He MoxeT OBITH permicHa
MerofaMH JMHeHHOH anre6pel. K HenvHEHHBIM LEMAM NpPUMEHHMB! 3aKOHBI
Kupxroga, XoTs MeTOAbI aHaNM3a, OCHOBaHHBIE Ha METOLE HalOXeHus (Ha
MOCTOAHCTBE IIapaMEeTPOB 3JIEMEHTOB Li€NH) Hallle BCETO HENPHMEHHMBL B Takux
LEIIX COMPOTHBJIECHHE M IPOBOJMMOCTH HEJIMHEHHOTO JJIEMEHTa ABJIAOTCA
HENMMHEHHOH QyHKUMEH MrHOBEHHOTO 3HauyeHHA Toka (HanmpsDKEHHS) Ha 3TOM
asiemeHTe. CllenoBaTeNbHO, OHM IIPEACTABIAIOT COOOH IepeMeHHbie BENUUYMHLI, a
NI03TOMY U1 pacdeTa MajlOIpHIOHEL

Tak xak XapakTepHUCTHKM HenuHeHHpIx snementos U=f{I) wmm I=f{U) wuyacto
ONpeAeNAIOTCH IKCIEPUMEHTAIBHO U 3a0ar0Tca 00BIYHO B BUE TabNUL WK rpadukoB,
TO IUMPOKOE INPUMEHEHHE NOMy4mH rpaduueckde (rpadoaHanUTHIECKHE) METOIbI
pacyeta. IIpH 3TOM MOCE€ROBATENBHOCTD ONEpalyii coXpaHieTcs IPAMEPHO TOi Xke,
YTo W NpH pacyeTax JIMHeHMHBIX LieNel, TOJMLKO BMECTO C/IOXEHUA M BERIYHTAHMUA
HanpsokeHHH M TOKOB B COOTBETCTBMM C 3akoHaMH Kupxroga npouszsoautcs
CIIO)KEHHE M/IH BBIYHTAHKE aOCIMCC WIH OPAHHAT COOTBETCTBYIOLIMX BONLTAMIIEPHBIX
XApaKTEPUCTHK. PacueT CBOOMTCA K IIOCTPOCHHIO SKBHBANCHTHOH BOJIBTAMIIEPHOM
XapaKTepUCTHKH lend. B cooTBercTBMM ¢  3akoHamMu  Kupxroda mpu
MOC/IeIOBATENLHOM COCIMHEHNH DJIEMEHTOB XapaKTEPUCTHKM CKJIAIBIBAIOT IIpH
OJMHAKOBEIX 3HAYEHMAX TOKA, [PH MApajUIe/IbHOM COCOUHEHHH — NP OAMHAKOBBIX
3HaYCHHAX HalpDKEHUA.
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2.3. BJIEKTPHYECKHE LIETM [TEPEMEHHOI"O TOKA

Ilpu pacuete uene# NepeMEHHOro TOKa, B OTIHYHME OT LeNel MOCTOAHHOIO TOKa,
HEOOXOM¥MO YUMTHIBATH HE OJHMH, @ TPH IIPOCTEHIIMX MACCHBHLIX 3JIEMEHTa:
PC3UCTUBHBIA, MHOYKTHBHBEIA M EGMKOCTHOM, KOTOpbIE  XapaKTepH3ylOTCs
COOTBETCTBEHHO NapaMeTpPaMH: aKTHBHBIM CONpPOTHBJIEHMEM R, MHIYKTUBHOCTBIO L
(MHOYKTHBHBIM CONPOTHBACHMEM X; = L) u emxoctelo C  (€MKOCTHBIM
conpoTuBienteM Xe = I/wC),  rae o — yrioeas 4acToTa.

B peanbiloﬁ Lien¥ COMPOTHBIIEHHEM 00J1afialoT He TONBKO Pe3UCTOP WIH PeoCTaT
KaK YCTPOHCTBA, IpeJHa3sHA4YeHHBIE JUIA HCIIONB30BAHHA HX 3JIEKTPHYECKHX
CONPOTHBJICHAH, HO Y 060N 1NPOBOLHHK, KaTyllKa, KOHAEHcaTop, 06MOTKa Mo6oro
/ICKTPOMArHHTHOTO dieMeHTa M Op. OO6mHUM CBOMCTBOM BCeX yCTpOHCTS,
o0/IafaomMX  JJIEKTPHYECKHM  COMpOTHBIICHHEM,  ABJAETCA  HeobpaTHMoe
npeoOpa3oBaHUe 3IEKTPHYECKOH DHEPrHMM B TEIUIOBYIO dHepruio. IIpu Toke i B
pesuctope, 06/1anaoNIMM COTIPOTHBIICHHEM 7 32 BPeMA df B COOTBETCTBHM C 3aKOHOM
Jbxoynt — Jlenua BBIAENAETCA SHEPTHA dw= ri’dL.

Tennosas sHeprus, BeieNseMas B CONPOTHBICHUH, NOJNE3HO HCTONB3YETCA WIH
pacceMBacTCA B NpPOCTpaHCTBE. HO NOCKONBKY IpeoGpazoBaHHe 3JIEKTPHUECKOdH
OHEPTHH B TCIUIOBYIO 3HEPTHIO B NIACCHBHOM 3MEMEHTE HOCHT HeOOPaTUMEIi XapakTep,
TO B CXEME 3aMCIIECHHA BO BCEX C/Iy4adX, KOrJa HeoGXOAMMO YYecTh HeoBpaTMMoe
IpeobpasoBaHHe SHEPTHM, BKIIOYACTCA COMPOTHBIEHHE. B peanbHOM ycTpoiicTse,
HalpUMep, B 3JEKTPOMArHHTE, JJIEKTPHYECKad SHEPIHs MOXeT GhITh IpeobpasoBaHa B
MCXaHMYECKYIO OHEPrHIO (NPHTAKEHME AKOPA), HO B CXEMe 3aMEUICHHA ITO
YCTPOHCTBO 3aMEHACTCA COIPOTHBIICHHEM, B KOTOPOM BBIAENAETCS JKBHBAJICHTHOE
KOJIMYECTBO TEIUI0B0# 3Hepruy. VM npn ananuse cxeMel Ham yke 6€3pasMyHoO, YTO B

ACHCTBUTECJIBHOCTH  ABJAECTCA HOTPCGHTCHCM 3HCPruH JJIEKTPOMArHuT HWIH

JJICKTPOIUIATKA.

B uermsx nepeMeHHOro Toka CONPOTHBIECHHE Ha3bIBAIOT aKTHBHBIM, KOTOpOE H3-3a
ABJICHHS TIOBEPXHOCTHOrO 3(dekTa Gonbine, ueM 3IIEKTPUUECKOE COMPOTHBIICHHE
NOCTOAHHOMY TOKY. OJHaKO NpH HH3KMX 4YacTOTaX 3ToH pasHHLUeH OOBIMHO
IpeHebperakor.

Hanpsxenue, nofseieHHoe K aKTHBHOMY CONPOTHBICHHIO, 10 (a3 COBHANAET C
TokOM. Ilo3TOMy HanpsikeHHe M TOK OJHOBPEMEHHO NOCTHIAIOT MaKCHMABHBIX
3HaYEHUH M OJHOBPEMEHHO MEPEXOMIT Yepes Hy/ib. Eciy MrHOBEHHOE 3HAYEHHA TOKa
HMECT BUJ (1) =y sin (2 7ft), TO MTHOBEHHOE 3HAYEHHE HANPSKEHUS Gy eT

up(t)=Uy sin (27f1).

HUnnyxruernocts L XapaKTEepU3yeT CBOMCTBO y4YacTKa LEMM WIA KaTyIIKH
HakaluBaTh SHEPIHIO MArHUTHOTO IOJA. B pealbHOM LenM HHOYKTHBHOCTBIO
00/1analT He TOIBKO MHITYKTHBHEIE KaTyUIKH KaK 3JIEMEHTHI LeTH, NpeAHa3HaYueHHbIe
AUIA MCTIONB30BAHMSA MX HHIYKTHRHOCTH, HO M HPOBOJA, H BHIBOJBI KOHJIEHCATOPOB, H

peoctatel. B nensx YOPOLIEHHA 0OBIYHO CHUHTAIOT, YTO 3HEPrHA MArHUTHOI'O NoJsd
COCPEAOTAYMBACTCA TOJLKO B KaTylmKax.
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[Ilpd npoTekaHHM MEPEMEHHOTO TOKa if) Hepe3 KaTyLIKy HHIYKTMBHOCTH,
COCTOAIEH M3 W BHTKOB, BO36YXHaerci NECPEMEHHBIA MarHMTHBIH IOTOK D),
KOTOPBI# B COOTBETCTBHH ¢ 3aKOHOM 3JIEKTPOMArHHTHOH MHIYKUMH HABOIHT B Hel xe
3AC CAMOMHAYKUMM ey = — w d®/dt = — Ldi/ds. CnenosaresnpHo, HHAYKTHBHOCTS B
LHeMH HEPEMEHHOTO TOK2 BJMACT Ha BEJAMYMHY TNPOTEKAOLIEro ToOKa Kak
conpoTHBeHHE. COOTBETCTBYIOIIAs pacyeTHas BENHYMHA HA3BIBACTCS HHIYKTHBHEIM
CONpOTHB/IEHHeM M 0fO3HauaeTcA X, U M3MEpAeTCA Tak Ke, Kak M aKTHBHOC
conpoTtueieHHe — B OMax.

Uem BbIIIE HACTOTa NEPEMEHHOTO TOKA, TeM Oojiblue 3/C CaMOMHAYKIMH K TEM
fonbile WHAYKTHBHOE COTMpoTHBIeHMEe X; = oL =27f L. Bennuuna o =2nf
Ha3bIBaeTCs yrI0BOM (LIMKIMYECKOH) 4acTOTOH EPEMEHHOrO TOKA.

B 1emny NOCTOSHHOTO TOKa B YCTAHOBUBILEMCA PEXUME HHAYKTUBHOCTB HE BJIMACT
Ha pexuM paGoTHI LT , TAK KaK 3.1.C. CAMOMHIYKIMH paBHa HYJIIO.

TToCKONBKY 3.A.C. CAMOMHIYKLHH BO3ZHHKAeT TOJIBKO MPH M3MEHEHHM TOK3, TO H
MaKCHMaIbHEIC 3HAUEHHA JJC HACTYNAKT NpH MaKCHMaIbHOA CKOPOCTH M3MEHCHHA
TOKa B KaTYIIKe, TO €CTh NpPH IPOXOXK/JICHHH TOKa 4epe3 Hysb. [103TOMy Ha ydacTke
e ¢ WHAYKTUBHOCTBIO AC CAMOMHJIYKIMHM IO BPEMEHH OTCTacT OT TOKa Ha
qeTREepTh IlEpHONa WIM Ha s/2 OSJEKTpHHECKMX pajuaHa. Hampsxenue Ha
MHIYKTHBHOCTH, OYy/yYd NpPOTHBONOJOKHEIM 3.J.C., Ha00OpOT, OmepexaeT TOK Ha
4eTBEPTh NEPHOAA WIH Ha /72 dMEKTPUHECKUX paauaHa. Ec/u 1o KaTyuike npoXOoauT
TOK, MFHOBEHHOE 3HA4YEHHE KOTOPOro i(t)=Iy sin (27f}), TO MFHOBEHHOE 3HAYCHHE
HanpspKeHHs Ha HHIYKTHBHOCTH

up(t)=Upy sin (27ft + W2) = X Iy sin 2ft + 72).

Korza Hanpsxenue, N3MEHAACH CHHY COMIATIBHO, AOCTHIACT MAKCHMYMa, TOK B 3TO
MTHOBEHHE paBeH Hymo. Eciu nanpskeHWe Ha 3aKMMax 2JIeMEHTa HeNH Onepexact
TOK Ha 772 PajIMaHa, TO TOBOPAT, YTO TaKo# 3JIEMEHT NPECTaBAeT CODOH HICATBHYIO
KaTyIIKy HHAYKTHBHOCTH WM YHCTO PeaKTHBHOC MHIYKTHBHOE COHPOTHEICHHE Xl

DTO CONPOTHBIIEHHE YYHTHIBACT DEAKLMIO 3JICKTPUYECKOH LENH Ha HM3MCHEHHE
MATHMTHOTO TIOJIA B HHAYKTUBHOCTH U ABJACTCA THMHEHHON QyHKIMeH 4acTOThL

Ilpy BKIIOYEHHH B LENb MEPECMEHHOTO TOKa peankHOM KaTymkd (pHC. 3),
obnajarolmell kpome MHAYKTHBHOCTH L M HEKOTOPHIM 3HAYCHUEM aKTHBHOTO
CONPOTHBJIEHHS R, TOK OTCTaeT 1o (ase OT HANPsLKEHHsA Ha HEKOTOPBIA yront ¢ < w2,
KOTOPBIi JIETKO ONpedeNieTcs M3 TPEYTOJbHIKA CONPOTHBICHUH (puc. 5). 1gp =X,/
R. JInA Takoro ydyacTka 3/IEKTPHYECKOH LeNH YPaBHEHHE HA OCHOBAaHMM BTOPOTo
3akoHa Kupxroda uMeeT BHA:

u=uptu=Ri+ Ldizdt.

B HanpsxeHuH, NOABEJCHHOM K PEaibHOH KaTyLIKE, yC/IOBHO MOXHO BBUICIHTH
JBe COCTABJAIOLMX: NaJICHHE HANpsKeHHs Ri Ha aKTHBHOM COTIPOTHBJICHHH, OOBIMHO
Ha3bIBAEMOE AKTUBHOH COCTABJLAIOLIEH HPHIOKEHHOTO HANPSIKEHNUs, U HalpDKEHUe
Ha MAeanbHOM MHRYKTMBHOCTH u;= Ldi/df, Ha3piBaeMOe PEakTUBHOM COCTABIAIOIMICH
TIPUJIOKEHHOTO HANPSDKEHHA. Pa30BhIC COOTHOLICHHA MEXTY ITHMH COCTABJLTIOLIMMH,
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TNIPUIOKEHHBIM HanpspKEeHHEM U [IPOTEKAaCMBIM TOKOM 00BIYHO HIUOCTPHUPYIOTCA
BEKTOPHO# AnarpaMMoi Ui Hx JICHCTBYIOIYX 3HaYeHuH (puc. 4).

U3 BeKTOpHOM AnarpaMMbl BIIOHO, YTO

_ 2 2 _ 13252 4242 _ 2 2 _
U—JUR+UL —\/1 R*+1 XL—I\/E +XL—IZ,

- .
tne Z=Uy/ly=U/1I =\/R2 +X, ~ nonuoe 3IEKTPHHECKOE COTIPOTHBICHHE
peajlbHON KaTyniky. M3 TpeyrosHHKa CONPOTHBAEHHHA (PHC. 5) creayeT, 4To

R=Zcosp X;=Zsing, ¢ = arctg X,/ R.

»

3akon OMa J14 LENH, 110 KOTOpOH MpOTeKaeT IePEMEHHbIH TOK, 3aIHCHBACTCA B

Bune /=U/Z. \ _

I
U z X
| 1 L

~U ZK: 'x U :
| |
I ! )
L 2 S 9

d * Uy et R..
Puc. 3 Puc. 4 ' Puc. 5

M3 paccMOTpEHHOrO CieyeT BaXHBIA BBIBOL: CONMDOMUGNEHUA & Uenu
HepeMeHH020 MOKA CKNAOblsaiomca ¢ obuem ciayuae zeomempuuecku. Hanpumep,
eciu y karywku R=3 Omau X, =4 Oma, 70 Z =5 Om.

EmkocTs, mamepsemas B ¢apagax (D), xapaxrepusyeT CIocOGHOCTE 3jeMeHTa
ICKTPHHECKOH LeMU WM KOHACHCATOPA HAKAIUIMBATH OSHEPIHIO 3JEKTPHYECKOTO
nons. B peanbHOM Lemd €MKOCTh CYIIECTBYeT HE TONBKO B KOHJAEHCATOpaX, Kak
3JIEMEHTaX TpeNHA3HA4YEHHEIX CMELHANbHO Ul HCMONIB30BAHAA UX €MKOCTH, HOJH
MEXITy NMPOBOAHHKAMH, MEX[y BUTKAMH KaTylleK (MEKBHTKOBAZ €MKOCTB), MEXIY
NPOBOZIOM U 3€MJICH WM KapKacoM 3JIEKTPOTEXHHYECKOro ycrpoiictea. OnHako B
CXeMax 3aMeLICHHs PHHATO, YTO EMKOCTBIO 06/Talaf0T TONBKO KOHAECHCATOPAI.

B konieHcatope, TOYHee B JUONIEKTPHKE, pa3fieNAIOMEM IUIACTHHEL IWIH
TIPOBOJHHKH KOHIEHCATOPA, MOXKET CYINECTBOBATH TOK 3JIEKTPHYECKOrO CMEILEHHS, B
TOYHOCTH PDaBHEIA TOKY INPOBOAMMOCTH B [POBOAHMKAX, NPHCOCIHHEHHBIX K
ofxnankam KoHpeHcatopa: i = dg / dt, roe g — 3apa] Ha OOKJIaZIKax KOHJeHCaTopa,
M3MEPAEMEIH B KYJIOHaX U [IPONOPLHOHATIBHEIN HANPKEHUIO Ha KoHeHcaTope U:

g=CUc unpn C =const dq =CdU,.
Torna Tox, npoxonsammii yepes kouaencarop, i = C dUy/ dt, a 3reprus
SMIEKTPHYECKOTO MNOJIA, 3aracacMas B KOHJEHCATOPE NPH BO3PACTAHMM HANPAKEHHUH,
W=CUZ/2.
OueBuzHO, YTO NPH NOCTOAHHOM Hanpskedun dUc/ dt = 0 ¥ HOCTOAHHELH TOK
Hepe3 KOHIEHCATOP MPOXOIHUTD He MOXKET.
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[Mpu uzMeHeHUH HaNpsHXKEeHNA Ha o6Kiaikax KOHIECHCATopa Yepe3 HEro NpoTeKaeT
€MKOCTHOM ToK. UeM GricTpee H3MEHAETCS HalpsDKEHHE, TeM 6oJIbIlle eMKOCTHOM TOK.

Eci OpHIOKHTE K KOHAEHCATOPY I€PEMEHHOE CHHYCOURAILHOE HAaNPAKEHHE, TO
Yepe3 KOHAEHCATOP TOTEYET MepeMEHHBI CHHY CORIANbHBIA TOK, CABUHYTHIH N0 dase
Ha 772 TI0 OTHOIIEHUIO K HAIPsHKEHHIO. ITO TIPOHCXOAUT NOTOMY, YTO EMKOCTHOH TOK
JOCTHI2eT MAKCHMABHOTO 3HaueHMs NPH MaKCHMATBHOM M3MEHEHHH HaNpsDKCHHA,
T.e. TpPHA MPOXOXKICHWH HANpPHKEHHA dUepe3 Hydb. Tok IPH 3TOM ONEPeKaAET
HanpsbkeHue no ¢gase Ha 72, Eciu MrHOBEHHOE 3Ha4€HHE TOKA, IIPOTEKAEMOro vepes
KOHJeHcaTop i(t)=Iy sin (27f1), TO MTHOBEHHOE 3HAYEHHE HATIPSDKCHAS HA HEM

uc(®)=Usg sin(2nft - w2)=Xc Ly sin (2nft - /2),

rae Xc — peakTHBHOE E€MKOCTHOEe COIpPOTHBJIEHHE. BexTopHas Amarpamma wisa
y4acTKa 3JIEKTPHYECKOH LETH, ConepKallieil KOHEHCATop, H306paKeHa Ha puc. 6.

Benuunna X¢ = 1/24fC = I/wC = Ucw / Iy = Uc /1 HazbiBaeTCA I
PCAKTUBHBIM E€MKOCTHBIM CONpPOTHBIEHHEM. JTO CONPOTHBIEHHE
YUMTBIBACT PEAKUHIO WIEKTPUUECKOH IlemM Ha H3MEHEHHE
EKTPUUECKOr0 MO B KOH/IGHCATOpe M ABILAETCA 06paTHO
TIpONOPLUMOHANBEHON (YHKLMEH YAaCTOTHI. Ue

3akon OMa Y11 y4acTKa 3JeKTPHUECKOH LENH ¢ KOHAEHCATOPOM
I = Uc/ Xc, tae I — peficTBylollee 3Ha4eHHE TOKA, POTEKAEMOro Puc. 6
4epe3 KoHzeHcatop, Ur — AeACTByIOMEE 3HAYCHUE HANPsOKCHAA Ha
KOHJIEHCaTope.

DnekTpytecKas 1ellb HEPEMEHHOr0 TOKa XapaKTepU3yeTcs akTHBHOM, peakTHBHOM
U TIOJTHOHA MOITHOCTHLIO.

AKTHBHad MOIIHOCTE P, u3mepsdemas B BatTax (BT), paBHa npoM3BeACHHIO
IelCTBYIOLIEro 3HauYeHwi HanpsokeHus U Ha OeficTBylomice 3HaUEHHE TOK | U Ha cos @,
HaspIBacMBI  KO)QMIHMEHTOM MOIIHOCTH, MM NPOH3BEACHHIO  KBajpaTa
JeMCTRYIOIIETO 3HaUEHHA TOKA Ha aKTHBHOE COIPOTHUBJICHHE:

P=Ulcosp=IR
PeakrHiBHas MOI[HOCTh (J, M3MepsAeMas B BOJIBT-aMIlepax peakTHBHbIX (Bap),
PaBH2 NPOH3BEACHUIO ASHCTBYIOLIErO 3HaueHWA HanpsxeHus U Ha JeHCTBYOInEe
3Ha4YeHUE Toka { ¥ Ha sing WIN MPON3BEACHHIO KBajlpaTa ACHCTBYIOIIEro 3HAUCHUA
TOKa Ha peakTHBHOE CONPOTUBJICHHE:
Q= Ulsinp=IX
[TosHast MOLIHOCTE S, U3MepsAeMas B BONbT-aMIepax (BA),
paBHA NPOM3BENEHHIO ACHCTRYIOMEro 3Ha4yeHMsa Toka [ Ha . § Q
HeicTRyIOIICEe 3HaYeHue Hanpsxenua U v
Z{ ?

s=Ur=yP%+02.

COOTHOWIEHH ITHX MOIHHOCTEHN WLTIOCTPHPYIOTCA
TpeyrolLHUKOM MorHocTeH (puc. 7). , : Puc. 7
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MapaieIbHO € HACAIBHBIM pEakTHUBHBIM 27€MEHTOM. JIni HcHo/B3yeMBIX B
nabopaTopHOil paboTe pPEaKkTHBHBIX 3JIEMEHTOB MOTEPH B HMHOYKTHBHOH KaTyIKe
CYLIECTBEHHO IPEBBIMIAIOT MOTEPH B KOHIeHcaTopaX. I1o3ToMy id OTHOCHTENBHO
HM3KHX YacTOT, BKJIFOYad PE3OHAHCHYIO HacTOTY, MOTEpAMM B KOHACHCATOPE MOXKHO
npeHebpeyb. Torga B CXemax 3aMCLIEHUA KOHIEHCATOP MOXKHO INPEACTaBHTE
eMkocThi0 C, a MHIYKTHBHYIO KaTyUIKy INpeJCTaBHTh B BHIAE MOCIENOBATENBHOIO
coeqMHeHHs pesrictopa R M MHAyKTMBHOCTH L. [Ilpu 3TOM HampsxkeHHe Ha
MBIy KTHBHOM KaTyuke oGo3nauaeTca Kak Uy. [IpMHATYIO cxeMy 3aMelieHus KAaTyIIky
HeOOXOAMMO YUMTBIBATE B XOJAe OKCIIEpUMEHTa M Mpd 00paboTke pe3ysbTaToB
HM3MEpPEHMH.

2.4. QJIEKTPUUYECKHE LEITU TPEX®A3HOI'O [IEPEMEHHOI'O TOKA.

TpexdazHat cucTeMa NepeMEHHOTO TOKA UMEET PAN MPEHMYIIECTB MO CPABHEHHUIO
¢ oaHO(a3HOH CcHCTeMOH TMNEepeMEHHOro TOKa M TO3TOMY IONyYWIa IIHPOKOE
npuMeHeHHe. Yalle BCEro JieKTpHYecKas SHEprHs BuIpabaThIBacTCA, HEpEfacTcs H
pacnpefensercd MexAy MoTpebUTeNAMH Tpex(asHEIMH cucTeMaMu. Ilomasisoiee
60JIBIIMHCTBO JIEKTPOABUTraTe/Iel SBIAeTCs ABUTATENIMHU TpeX(a3Horo nepeMeHHOro
TOKA.

Yro6s1 B Tpexda3Hoi CHCTEMe MOXKHO OBUIO OJHOBPEMEHHO MOJIB30BAThCA JBYMs
PAIMUHBEIMU HaNPOKCHUAMY (Harrpumep, 380 B — ang nutadus snexTposBuraTencii u
220 B - i OUTaHHS JEKTPHYECKMX JaMIl U APYTHX ogHoda3HbIX noTpeburteneit)
IPUMEHSIOT METHIPEXIIPOBOHYIO CHCTEMY 3JIEKTPOCHa6XeHMA. YeThIpeXIIPOBOaHAS
nuHuA TpeXGazHo# CHCTEMBI MMeeT HeThIpe NPOBOJA: TpH JIMHEHHBIX, IO KOTOPHIM
NpoOTeKaloT JIHHEHHbIE TOKH 4, Ip I- W onuH HyJieBoH (HeHTpaibHRIH) NpoBOZ,
Npe/IHa3HAYEHHBIH U1 NO/IepKaHUs] ONMHAKOBBIX 3HaYeHUH Ga3HbIX HanpHXEeHHH Ha
Bcex Tpex Gasax norpebuteni. Ilo HyneroMy mpoBOAy MOXKeET TpOTEKaTh
YDaBHUTEJIBHBIA TOK [y, Ha3bIBacMbIH Iy 7

HYJIEBBEIM WIH HEHTpanbHbIM TOKOM. Takas
cucrema COCNMHECHHA obMoToK A U
Tpex(pa3HOro TreHepaTopa U INPHEMHHKOB
(notpebutencit) HasbIBAeTCA «3BE3ZOH» M L
FIOKa3aHa Ha pHc. 15. U U
- c BT C Is
[Mpu coenuHeruu B 3830y ¢aszHbIi TOK —L > 7
i B
Ip OOHOBPEMEHHO ABJACTCA M JIMHEHHBIM Ic . :J
TOKOM [ : 7
lo = 1. Puc. 15

Hampskenne  MexAy — uHeHHBIMH

NpoBOAaM, Ha3blBacMOE JIMHEHHBIM HamnpspkeHHeM (Hampumep, Uyp), oxaseiBaercs B

NE) paz Gonblue, yeM (a3Hoe HanpsHKEHHE UCTOYHUKA nutanud Uy, Uz wm Ug,:
U_/] =\/§ U@.
Ecnu TtpexdasHasd cucTeMa CHMMETPHYHasg (BCE CONPOTHBIICHHS M MOMIHOCTH

dasHeIx noTpebuTeNeH OMHAKOBEI), TO [0 BCEM TPEM (pazam MPOTEKAIOT OAUHAKOBBIE

II0 BEJIUUMHE TOKH, CABMHYTHIE 110 (a3e OTHOCHTEBHO Apyr aApyra Ha 120°. Herpyauo
chenarh BBIBOA, YTO TOK B HEHTPAIbHOM IIPOBOAE NpH I3TOM paBeH HYIIO.
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HanpsxeHua Ha Bcex (pasax MOTpeOHTENA TAKKE OTIMMAOTCA APYT OT APYra TONbKO
10 HagyanbHO# (aze Ha 120° (puc. 16).

Ilpu BKMOHeHMH B pa3HBIX (dasax pazMMYHLIX MO MOIIHOCTH IOTpebuTenei
(HecuMMeTpHHHAA Harpyska), TOKH KakXHoH ¢asbl (B KWKZOM JHHEHHOM MPOBOZE)
OTJIMYAKOTCA JApYr OT Apyra He TOJBKO HavanbHOH ¢pasoil, HO M BenmunHoH. [lo
HEATPAJIEHOMY TNIPOBOAY MNpH 3TOM IpPOTEKaeT TOK, BEKTOp KOTOPOTO- HA OCHOBAHUM

U
Puc. 17 Ye Puc. 18 B

nepBoro 3akoHa Kupxroga paseH reoMeTpHueckoH CyMMe BEKTOPOB (hasHBIX TOKOB
(puc. 17) o _
L+ Ig+ Ic= Iy
OG6phIB HEHTPATBEHOTO NpoBoJa (TPEXNPOBOIHAA CHCTEMa) TIPH HECHMMETPHYHOH
Harpy3ke NPHBOJAMT K M3MEHEHMIO HamlpskeHHH Ha Bcex dasax mnorpeGureneii u
MOABJICHHIO HANpXKEeHUA cMelleHns Hedtpanu Uy, (pHc. 18). Ilonoxenune Touku «n»
Ha BEKTOPHOH [gHarpaMMme IpH U3MEPEHHBIX 3HAUEHHAX HANpsDkeHMA Ha (pasax
norpedureneh Uy, Upyp u Ucg Moxer OBITH onpeielieHo MeTOAOM 3aceuek (puc. 19)
WY PacCYNTaHO aHATUTHYECKH.

Bo In Ine  Zac
e Ica Zca
C (o
. No
Puc. 20

[MorpeGureny 35eKTpUHecKoil IJHEPTHH NPH MHTAHHH OT TPeX(a3HOro HCTOYHHKA,
KaK H NCTOYHUKH JJICKTPHYECKON 3HEPTHH, MOIYT OBITH COENMHEHEI B TPEYTONBHHK
(puc. 20).

CiegyeT IOMHHTEB, YTO CXeMa BKIOUeHHs oOMOTOK TpexdasHoro reseparopa He
npeJionpeleNiaeT CXeMy CoeiMHeHHd Harpy3ku. Tak, IIpu coenuHeHun (a3 reHeparopa
B 3BE3[y HAarpyska MoXeT GBITh COCMHEHa B 3BE3Y C HEHTPAILHBIM MPOBOLOM, B
3Be3qy 6¢3 HeHTpanbHOrO MPOBOA WIH B TPEYTONIBHHUK.
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I1pH COEAMHEHNH B TPEYTONLHUK CUMMETPHYHOMN TpeXpasHOM Harpy3kH TUHERHBIE
HaNpsDKeHHS OKA3bIBAIOTCH PAaBHRIMH (asupiM HanpskeHHAM Up = Uy, a muHeiiHble
TokH B V3 paz Oosipille, UeM TOKH B da3ax NOTpeOUTENA: o

Ij] = \/—3- Iq) .

[Tpu 3TOM Bee (ha3HBle TOKH PaBHEI 110 BEJIHYHHE
U OTJIMYAIOTCA ApYT OT Apyra no ¢ase na 120°. To xe
caMoe OTHOCHTCA M K JIMHEHHBIM ToKaM (puc. 21).

IIpy HecMMMETPHYHOM Harpyske CBSi3b MEXKIY
JMHEHHBIMH M Ga3HBIMM TOKaMH  BRIpaXaercs
ypPaBHEHUSMH, 3allHCaHHBIMH Ha OCHOBaHMM MEPBOTO
(3paxoua Kupxroda B crengdod wm BexropHodi Uc

opMe:

Ica

o -~~~ Ie

Iy= Lig— Icq, Ip= Ipc— Igp, Ic= Icqa— Ipc. Puc. 21
Ilpy  COeNMHGHMM B TPEYTOILHMK HYNEBOH

TIPOBOJI OTCYTCTBYET, HO BCe (hasHble NMOTPeGHTENH B 3TOM CiyHae HMOJDKHBI GHITH

PaCCHHTAHBI Ha HOMHHAIBHOE THHEHHOE HaMpPAKEHHE.

2.5. HEJIMHEWHBIE SJIEKTPUUECKHME LIETTY MEPEMEHHOTO TOKA

BaxXHBIM  3JIEMEHTOM KOHCTPYKUMHM pPa3MYHBIX OJICKTPHYECKMX MallMH H
annapaToR NEPEMEHHOTO TOKa, YCTPOHCTB 3JIEKTPOAaBTOMATUKH ABJAETCA KaTyllka
HHIYKTHBHOCTH ¢ ()eéppOMArHUTHEIM CEpICUYHHKOM. [IpH NMPOTEKaHUH TOKA O BUTKaM
KATyLIKH CO3[aeTCA MarHUTHOE IIOJI€, HMHTEHCHBHOCTE KOTOPOTO XapaKTepU3yercs
MarHUTHOM HMHIyKUMeH B W MarHUTHBIM NOTOKOM @, KOTOpBI NponOpLMOHANieH
HaMarHMYHBawoIeH (MarHUTONBIKYINEH) ciie F=[/wm, paBHON NpPOHM3BENECHUIO TOKa [
KaTyHIKK Ha 4YHCIO €€ BHUTKOB @. 3aBucumocTs @(I) TpH  OTCYTCTBUH
(eppOMarHUTHOrO MarHUTONPOROAA (CepAeUHMKA) SBNSeTCS JIHHEHHOM.

Ipn HamuuMy eppOMarHHTHOTO CepAcHHHKA MarHHTHBIH TIOTOK, CO3JaBaeMBIH
TakoW KaTyIIKOH, IpH NPOYUX PaBHBIX YCAOBHAX 3HAUUTE/IBHO BO3pACTAcET, Tak Kak B
9TOM ClIy4yae MAarHUTHBIA [OTOK CO3daeTCA HE TOJNBKO NPOBOJHUKAMH C TOKOM
(MCTOYHHKOM  BHELIHEr0  MAarHUTHOrO  IOJIA), HO H  COOTBETCTBYIOLIUM
(eppOMarHUTHBIM  BEIIECTBOM  MATrHHUTONpPOBOZa  {MCTOYHHKOM  BHYTPEHHETO
MAarHHTHOTO TIOJIA).

MarsuTHas MHOYKUMA B kaTylky HHAYKTHBHOCTH CBA3aHa ¢ HanpsokeHHocThio H
MarHUTHOTO MOJAA ¥ MarHUTHOH MPOHMLAEMOCTLIO L H3BECTHBIM COOTHOLUEHHEM B =
AH, MaTHUTHBIA noToK P = BS = S, rae S — nonepevHoe ce4eHUE KaTyIIKH.

Ot1clopa  ciedyeT, 4YTO MarHUTHBIH [OTOK MHpPONMOPLUOHAIEH MarHUTHOM
POHHLIAEMOCTH cpe/sl y7A KOTOpast TSt
(DepPOMArHUTHEIX MAaTEpHANOB 3HAYMTENHHO Gompie, B> M B
4eM MarHuTHasd MPOHHLAEMOCTh APYTHX MaTepHalioB.

[TosToMy AN yMEHBUICHHS HAMarHWMMBAIOMIEH CHIILI
F, a CJICA0OBaTeJIbHO, M AJI4 YMCHBHICHHA TOKa,
HEOOX0IMMOT0 /I CO3JaHMsA TpeOyeMOoro MarHHTHOIO

MOTOKA, KATYIIKH MHAYKTHBHOCTH  CHabXaroTcs : H
MarHHTOIPOBOIOM (cepae4HHKOM) U3 Puc. 20
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(eppOMarHUTHOTO MaTepuald, Jalie BCero us 2EKTPOTEXHHYECKOH CTAIH.

Tak Kak 3aBUCMMOCTb MAarHHTHOH INpPOHHLIAEMOCTH B
deppoMarHuTHbIX MaTepuanos i(H) ABnserca HeJTMHEHHOM
(puc. 20), To u 3aBucuMocTs P(H) um B(H) npn nanmu4My
MarHMTONpOBOJA  OKa3bIBAcTCA ~ TOXKE  HENMHEHHOH.

3aBHCHMMOCTS B(H) — KpuBad HaMarHH4YMBaHHA — ABJACTCA
OfHOM M3 BAKHEHIIMX XapaKTepHCTHK (eppOMarHHTHBIX
marepuanoB (puc. 21). Kpupad, npoxoniilas wepes Ha4ualo
KOOPIMHAT, ABJAETCA OCHOBHOM KpHMBOH HAMarHWYMBAHHA.
OHa CHHMaETci NpU OAHOCTOPOHHEM HAMarHMYMBAHHH HE Puc. 21
HaMarHMYeHHOTro MpeABapHTENBHO MaTepHana.

TIpy NMTaHMH KATYIIKH NepeMEHHBIM TOXOM ¢eppoMarHUTHEI MAarHUTONPOBOJ
M3-32 [IEPEMEHHOTO MATHMTHOTO JIOTOKa ULHKIMYCCKH, C 4acToTOM  TOKa

_ IEpEMarHUYMBAETCA 10 KPHBOH HCTEPE3HCA, 06yCNOBJIEHHON HATHYHEM OCTATOYHOH

MATHUTHOH MHAYKUMH B, H KOSPUMTHBHOH cunel Hc (puc. 21). 3a HeCKOJEBKO
TONYTEPHOAOB TEPEMEHHOr0 TOKa B IpOLECCce IHKIMMECKOro NepeMarHuiHBanni
yCTaHaBIMBACTCA 3aMKHyTasd CHMMETPHYHAA NET/IA THCTCPe3HCa.

Ha HMK/IHYecKoe MepeMarHiuiBaHKe MAarHUTONPOBOAA 3aTPaMBaeTCA MOMHOCTE,
BblAC/IAEMai B BHIE TEIUIOTHI, KOTOpas OTHOCHTCA K MOTEPAM MOIMIHOCTH B
MarauTonposoze. [10TepH MOIHOCTH B MarHATONPOBOAS (oTEpH MOTIHOCTH B CTAJIK)
Pcr BKIIOUAKOT B ce6s MOTEPH HA THCTEPE3UC Pr M TOTEpH OT BUXPEBBIX TOKOB Ppr,
HAaBOMMBIX TIEDEMEHHBIM MArHUTHBIM [IOTOKOM B METAJUIE MarHHTONPOBOAR, Pcr =
Pr+ Pgr.

JIns yMeHbIIEHHA [OTeph MOUIHOCTH Ha TMCTEPE3HC B KauecTBe Marepuana Ui
MArHHTONPOBOZA HCIONB3YIOT (PEPPOMArHHTHEIE MaTepuanbl ¢ y3Koll memeit
rMcTepe3nca. YMeHBIICHHE IOTEPs MOLIHOCTH Ha BHXDEBbIE TOKHM JOCTHraeTcd
IpUMeHEHHEM 1A MarHHTOHPOBO/a METaJUIOB C GONBIINM yOETBHBIM 3JI€KTPHYECKUM
COIPOTHBJIEHMEM 3a CUET HOBBIIEHHOTO COACPXKAHUA KPEMHHA B META/LIC. I1pu 3TOM
MArHHTOTIPOBOJ] COBUPAETCA M3 TOHKHX 3JICKTPHYECKH H30/MPOBAaHHBIX ApYT OT pyra
ITACTHH, YTO CIIOCOBCTBYET YMEHBLICHHIO HABOAMMBIX B KXK/J0H IUIaCTHHE BUXPEBBIX
TOKOB M CHIDKEHHIO TIOTEPh MOIHOCTH OT 3THX TOKOB.

[Ipy THTaHMM CMHYCOMJANBHBIM  HaNpDKCHHEM TOK B  KaTyllke ¢
(eppOMarHATHBIM  CEPICYHHKOM  HCKaXaeT  CBOKO dopMy H  aBjseTcA
HECHHYCOMIIBHBIM BO BpemeHH. Ha pHc. 22 MoKasaHO NOCTPOCHHE KpHBO} TOKa B
KaTyIke ¢ (epPPOMArHUTHHIM CEPACYHUKOM C Y4ETOM MATHHTHOTO IHCTEPE3UCA. 5]
PHCYHKa BHIHO, 4TO HauaibHbie (ashl MAarHHTHOTO MOTOkA H TOKA HE COBMNAAAOT
(yron cneura 6). B cBasu ¢
3THM  mnepsas rapMoHuka  PJ! ;
TOKa (MM SKBMBAJICHTHBINA >
TOK) OTCTaET oT ’
NPHJIOKEHHOTO \\ of /

HampsDKEHHA Ha yroia ¢ < —>lg<— /// i
90° Hanuuume chasura I0 o 7 ,

daze Mexay HanpsKeHueM Zz
M TOKOM MeHEIuero, yem 90°

Puc. 22
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YKa3blBAET HA TO, YTO aKTHBHA! MOIUHOCTH B II€NK HE PaBHA HYNIO OAXKE €CIIH
AKTHBHOE CONPOTHBJICHME OOMOTKH KaTyLIKH paHo Hyio. [103ToMy TOk KaTyIIKM H3-
3a TOTEPh Ha THCTEPE3UC MMEET AKTUBHYIO COCTABIAIOLLYIO [4, 4 CpefiHas MOMmIHOCTE
3a MepUOJl He PaBHa Hymo. 3Ta aKTHBHAid MOIIHOCTh XapaKTEPH3yeT pacXod SHEPruH
Ha nepeMarHH4MBaHHe GepPOMArHUTHOIO CEPACYHHKA.

Ilpy HaTHYMH HECHHYCOMIANLHEIX TOKOB U1 YIIPOLIEHHMS pacuyeToB OOBIYHO
NEPEXOIAT K SKBHBAICHTHOMY CHHYCOMAXIBHOMY TOKY Isk, HMEIOLIEMy OMHAKOBOE
C COOTBETCTBYIOIUMM HECHHYCOHUIANEHBIM TOKOM MAeHCTBYIOLIEE 3HAYCHHE IpH
O/IMHAKOBOH HaCTOTE M PasBUBAIOIIEMY OJUHAKOBYIO C HUM aKTHBHYIO MOWHOCTE HpH
OJIMHaKOBOM 3Ha4eHMH Ko>(POHIHEHTa MOIHOCTH

T
I= ,I/T.[izdt =Iox = Lmoic/N2;
- 0

cos@ =P/U[l = cos@ 3= P/U I3

lonHoe cOMNpOTHB/IEHNE KATylUK¥ MHOYKTHBHOCTH C MarHMTONpPOBOAOM TpH

pacyerax HAXOIAT o 3akoHy OMa
Zsyx= U/L

AKTHBHOE JIKBUBAJICHTHOE COMpPOTHBIEHHE KaTyIUKH OMPEAC/LIIOT NP 3TOM IO
3HAYCHHIO aKTHBHOM MOIIHOCTH P, NoTpe6siseMoi KaTyIKOH U3 MHTAKOINEH CETH, U &
TOKY WK 10 3HAYEHHIO NOTEPh MOUHOCTH B CeplieyHHKe Per
M aKTHBHOMY COMNPOTHBJICHHIO R MpoBOOB KaTyIuKH

Rox =P/F =P¢y/IF +R.
OKBHBaICHTHOE MHIYKTHBHOE COTNPOTHBIICHHE KATYIIKH

[ 2 2
Xog = Z3K—R3K'

Ilpy 3ToM HHAYKTHBHOCTb KAaTYMk! L= Xax/w =X/27f

[Ipn yBeNvYeHNM aMIUTHTYNbl HAlpSKEHHA HA KaTyilke Puc. 23
HHIYKTHBHOCTH ¢ (CppOMarHMTHBIM  CEPOCYHHKOM
aMIUIMTyda M ReHcTBYromee 3HaueHue Toka B HeH 6ymyT BospacraTh Ohictpee. B
pesyJibTaTe  BONbTAMIEpHAd  XapakTepUCTHKa KaTylmkH ¢  (eppOMarHUTHBIM
CEpACTHUKOM OKa3hIBACTCS HE/IMHEHHOM (puc. 23). Ilo gopme oHa NOBTOPAET KPHBYIO
HaMarHU4YHBaHHs cepieuauka B(H).

B nemax nepeMeHHOro Toka, CONEPXKAIMX KaTyWIKy ¢ (eppoMarHHTHBIM
CepACYHMKOM H KOHICHCATOP, PE3OHAHCHBIE ABJICHHS, CBA3AHHBIE ¢ HEJMHEHHBIM
XapakTepoM HHAYKTHBHOCTH, Ha3blBalOTCA ¢eppope3oHaHCoM. B omiHuMM  oOT
NMHEHHON e (eppope3OHanc MOXeT HACTYIMTh B TaKOM LeENH NpH M3MECHEHHH
TOKA B LIETIH WIH NPHIOKEHHOTO HaNpshkeHUA 0e3 Kaxoi
JIR00 peryIMpOBKM KaTyLIKM HIM KoHAeHcaTopa. Ha puc.
24  nokasaHa  BOJBTAMIEpHas  XapaKTepHCTHKa
TIOCNIEIOBATEILHOR I, B KOTOPOH  BO3MOXEH
(beppopesoHaHc HanpsHkeHMH. BoartamnepHas
XapaKTEpHCTHKA €MKOCTH 2) nepeceKaeT
BOJILTAMITEDHYIO XapaxkTepHCTHKY Karymkd (1). Touka

IlepeceueHUd A sBJIETCA TOUKOH pe3onaHca. B atoit
Touke U m Uc oIMHAKOBb!, 2 MX Pa3HOCTH PaBHa HYJIIO.
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IIp# HenmpepbIBHOM YBeNMYEHWM HANPDKEHHS MCTOMHHKA TOK [UIaBHO pacTet 1o I,
3aTeM CKa4dKOM yBeJMuMBaerTca A0 I, M Aanee 1wiagHo pacter. Ilpu yMeHbiueHHH
HaNpsKeHHs TOK [UIABHO YMeHbmaeTes 10 I3 , 3aTeM cxadkom 70 I; ¥ CHOBa MIaBHO
nagaer. CxaukoofpasHoe M3MEHEHME TOKA CONPOBOXKAACTCH M3MeHenueM Ha 180°
¢a3sl Toka [0 OTHOLIEHHIO K HATIPAOKEHHIO (ONPOKUABIBAHHE (a3bl).

SIBnenHe pe3KOro M3MEHCHUA TOKA B LEMM TPH HE3HAYHMTENBHBIX H3MEHEHHAX
HanpsSkeHMS Ha BXoje LENH MHOTZA HasbIBAloT TPHMITEPHBIM dddekToM B
HOCIIER0BATENLHON deppope3oHaHCHOH nenH. OH HMEET MECTO [PH MaJIBIX 3HAYCHHAX
AKTUBHOTO CONPOTHBIICHMA LIETIH.

Ilpu HanpsKeHMAX HCTOYHMKA, GONBIIMX HANPKCHMA OMpOKHiblBavus (asbi,
HanpsDKeHHE Ha KaTylike H3MEHAETCs U
MaJI0, YTO CBS3aHO C MEPEXOJOM IO /U M\

+U
XapaKTCpUCTHKEC HaMarHuvuBaHusd B \ / e

0651acTh MarHWTHOTO HACHIIIEHHA. DTO

HCTONB3yeTcs B NpaKTUke  JUIA
CT36HJIPI3aI.IHH HallpAXEHHA. \
OrpaHHYuTEN aMIUIMTYOBl — 3TO / —

yCTpOﬁCTBa, Y KOTOpBIX BBIXOJHOC
Hanps»>KeHHUE H3MCHACTCSA +U.,

NPONOPUMOHAIBHO BXOTHOMY , U
HanpsHKeHUIO o HEKOTOPOT0

3HAYECHHsA, HA3bIBAEMOrO  YPOBHEM

orpaHuyenus. ITocne 3Toro 3HaueHue YJ \ /
BBIXOJIHOTO HANpsDKEHUA HE 3aBHCHUT OT Uqr
BXOZHOFO M OCTACTC MOCTOSHHBIM Puc. 25

(puc. 25). B  HHM3KOYACTOTHBIX

YCTpOHCTBAX HacTO HCIONB3YIOT OTPAaHHUMTENH Ha CTAOWIHTpoHaX (puc. 26).
BomsTaMnepHas XapakTepHCTUKa JBYXaHOMHOTO CTabMIMTPOHA MOKasaHa Ha puc. 27,
C moMoUIBI0 ITUX YCTPOHCTE JIETKO (OpMHPOBATH TPaneLeHIaNbHOS HANPAKCHHE H3
CHHyCOMAATbHOro Hampsxenus (puc. 25). Eciu ammmuryga Upy>>Ucr MOXHO
TI0JTyYMTE HanpskeHue, 6H3Koe o GopMe K NpAMOYTOIbLHBIM HMITY ICaM.

R Usix
& = I —
Usx
VD

Uns % Unsex

& - — '

Puc. 26 o Puc. 27
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3. METO/IMYECKHE YKA3AHWA K [TPOBEJEHHIO
JIABOPATOPHBIX PABOT

Pa6ota Ne 1. 3JIEKTPOU3SMEPHUTEJILHBIE ITPUBOPBI U UISMEPEHUA
SJNEKTPUUYECKUX BEJIMUYMH

1. Liens pabotsl

VsyuyeHHe  J/IEKTPOM3MEPHTENBHHIX  TPHOOPOB,  HCHOJB3YEMBIX B
naboparopHbix paboTax, BHINOJIHAEMBIX Ha cTeHpe. [lonyueHMe npencTaBlieHH#M O
fpeeiie M3MEpeHHNA U LeHe JEJCHHA, abCOMOTHON M OTHOCHTENIBHOM IOrPelIHOCTH,
yCAOBUAX 3KCITy aTalHuH W Opyrux XapaKTEPHCTHKaX CTPENOYHBIX
NEKTPOMIMEPHTENLHBIX NPUOOPOB, TNONMyYeHUE HABBIKOB paboTEl C HMPPOBBIMHU
H3MepHTENbHBIMH NIpHOOpaMH.

2. Topsjox BhINONHEHUA padoThi

2.1. Wayuenne NACHOPTHBIX XapaKTEPHCTHK CTPEJIOYHBIX
3MEKTPOU3MEPHUTENBHBIX ITPHOOPOB. [IA 3TOro BHHMATEBHO PacCMOTPETh JIHLICBBIC
MaHeNH CTPEJOYHBIX aMIIEPMETPOR H 3aMIOTHHTD Tabu. 1.

Tabuna 1

Ilocne npoBepkH CXeMbi, BIIOUHTH JEKTPONHTAHUE H 3AHECTH MOJYUYEHHBIE
NaHHble B Tab1. 2. BelkmouuTs 3nekTponuranue. Paccuurars, HCMOMB3YA 3akoH OMa,
BEJIMMMHY 3aJaHHOTO CONpOTHBIAeHUA R. Pe3ynsTaT 3aHecTH B Tabn. 2.

Tabnuma 2

U’ B I, MA R, Om

XapakTepHCTHKa 3/IeKTPOM3MEPUTENHHOrO pubopa

Haumenopanmue npubopa BonsT™eTp BonsT™mertp

CucreMa H3MEPUTENLHONO MEXaHHU3Ma

[penen wameperns

licHa neneHus

MuHHIMaNEHOE 3HaTeHHE N3MEPSEMOH BETHTHHEB

Knacc Tognoctn

JlomyctuMad ~ MakcuManbHas — abCcosmoTHaA
DOrPEIHOCTh

Pon Toka

HopMmaibHoe NoNOXKEHHNE KB

[1poune XapakTepHCTHKH

2.2. Tlocrpouts rpad¥k 3aBHCHMOCTH OTHOCHTEIBHOH IIOTPEIIHOCTH
H3MEPEHHUA OT H3MEPACMOM BENMHYHHM Yyns = [ (Aumg) A npubopa, ykazaHHOTrO

TNipernogaBaTesieM. Cnenath BHIBOJ © BEJHUMHE PA
OTHOCHTENIBHOI [IOTPEIIHOCTH H3MEPEHU B 0/%0
"

HadanbHOW H KOHEYHOH YacTH INKaIBl, O XapaKTepe
W3MEHEHHs NIOTPELIHOCTH BJIOJD MWIKaiBI Ipubopa. 1+ *

2.3. W3MepHTh BENMYMHY COTPOTHBIICHHS, QD PV R[]
3a/laHHOTO NpelofaBaTesieM, METOIOM amIlepMeTpa ;
¥ BoNpTMeTpa. [ng 3Toro cobpars 3NeKTPUUECKYIO
nens no puc. 1. YcraHoBHTh TymObilep pexuma
paboThl U3MEPHUTENA TOKA B MO3ULUIO «=. Puc. 1
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3. Conmepxanue oTueTa

OTyet no paboTe NOMKEH COAEPKATH:
a) HauMEHOBaHHUE paboThl U UeNb PaboTHI;
) TexHU4ECKHE OaHHbIE H3MEPHUTENLHBIX IPHOOPOB;
. B) rpaMK 3aBHCHMOCTH OTHOCHTC/IBHOH MOTPEIUHOCTH  H3MEpeHMi
Yaau = f (Aung;
T') pe3yJbTaThl H3MEPEHHIA;
II) BBIBOJBI 10 paboTe.

4. KoHTpObHEIE BOTIPOCHI

1. Kakos upuHUMD feHcTBuA npuOopoB Mammoauek'rplﬁecxoﬁ i
3NIeKTPOMAarduTHOH cucreM? T

2. Yro Takoe npesen n3MepeHua?

3. Kax ompepenserca ueHa genequs npubopa?

4. Yro Taxoe abCOMOTHAS ¥ OTHOCHUTENBHASA OTPEITHOCTH H3MEPEHHA?

5. Yro XxapakTepHu3yeT K1acc TOUHOCTH npubopa?

6. B kaxoit yacTH 1Kank! ipH6opa u3MepeHHe ToUHee U nodemy?

7. KakoBb! OCHOBHEIE JOCTOHHCTBA IHQPOBBIX H3MEPHTENBHBIX IPpHOOPOB?

8. Kak MOXXHO H3MEPHUTPH BeJIHYMHY CONPOTHBJICHHA pe3ncTOpa?
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Pa6ora Ne 2. [IPOCTEMUIME JIMHEMHBIE 3JIEKTPUYECKME LIETTA
[MOCTOSIHHOI'O TOKA

1lenr paboThl
[Mosmyyenne HaBBIKOB COOPKHM NPOCTHIX JJIEKTPUYECKHMX Lene, BKIIOYEHHS B
3MEKTPUYECKYIO L€Nb H3MEPHTENBHEIX MpHOOpOB. HaydHThCS H3MEpSTh TOKH M
HanpsbkeHus, y6enuTecs B cobmrofeHnu 3akoHoB OMa m Kupxroda B nMHeiHO#H
3MEKTPUYECKOH  Lemd  nocTosHHoroe  rtoka.  Mccnemorats  ocobeHHocTH
NOC/IEOBATEIPHOTO M NapajuieNlbHOro  COeQWHEHHS B 3NEKTPHYECKUX  UeIsixX
TIOCTOSSHHOTO TOKa.

2. IlpenBapHTeIbHOE JOMAIIHEE 3a[JaHHE

2.1. Hsyunte Temy «JIMHEHHBIC 3MEKTPUYECKHME LENM IIOCTOSHHOTO TOKaY,
coliepXkaHue NaHHOH sabopatopHo#l paGoThl M OBITH FOTOBLIM OTBETHTH Ha BCE
KOHTPOJbHBIE BOMPOCH! K Hel.

2.2. HauepTHTe NPUHUMIUAILHBIE CXEMBI HCCIACAYEMBIX Lemedl HCCIeHyeMBIX
Henel ¢ BKITIOYEHHBIMHM H3MEPHTENBHBIME NIpUbopamu.

3. Tlopanox BelmonHeHUs paboTh!

3.1. O3HaKOMUTBCA ¢ MabOPaTOpHON YCTAaHOBKOI. e

3.2. CobpaTe JMHEHHYIO INICKTPHYECKYI0 LEMb MOCTOSHHOTO TOKA C
TOCIIEAOBATE/ILHBIM COCAMHECHHEM JJIEMEHTOB (pHC. 1), BRIOpaB 3JIEMEHTH LiEH H
BEJIHYMHY HANpsKCHMA NMHUTAHHA B COOTBETCTBMH C 3aflaHHBIM BapuaHTOM (Tabj. 1).
IpeAcTaBUTE CXEMY A/l MPOBEPKH MPETIOAABATEINIO.

Tabnuua 1
Bapuant 1 2 3 4 5 6
E2,B 12 10 8 12 10 8
RI1* R5-1 R5-2 R5-3 RS-1 RS5-2 RS-3
R2* R3 R3 R3 R8 RS R8

Pv1

Puc. 1
3.3, Brno4uTe JNEKTPONMTAHME CTEHJA ¥ HUCTOMHMK OJJekTpomwTamua E2.
YCTaHOBUTE B COOTBETCTBHH C 3@[aHHBIM BapHaHTOM 3HAUEHHE HANpsHKEHHE
uctoynuka E2, MOmiIOHMB K €ro BHIXOAHBIM KJieMMaM BoOMbTMeTp. Ilomxmouas
BOJBTMETP PV1 K COOTBETCTBYIOLIAM THE3AAM, H3MEPHUTH BEIMUYHMHY HANpPSOKEHHA HA
pesucropax R1 1 R3, a taioxe Tok I B enu. PesynpTarsl H3MepeHHil 3aHECTH B Tabil.
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2. VaMeHUTH 1o yKa3aHHIO NPEeNofaBaTe/ld BEIMYMHy COMPOTHBRNIEHUA R1 ¢ noMolso
COOTBETCTBYIOLIEr0 TyMOMepa (mo3uuuy 1, 2 unu 3) ¥ cHOBA NPOBECTH aHAJIOTUYHEIE
n3Mepenus. Beikntounte ucTouduk E2. Ilo pesynpraTamM H3MepeHMH BBIMHCIHTE
BEJHYHHY CONPOTHBNEHHA Kaxiaoro morpeburens (R1 m R2) u  obmee
(?KBHBaJICHTHOE) CONPOTHBIIEHNE Ry LenH. Peaynmarm BBIYHC/ICHHH 3aHeCTH B TabJL.
2. BBIKTFOYHTE UCTOUHHK 3JIEKTPOIIMTAHHA.

CpaeHHUTEL pe3yNBTaThl H3MEpeHUH 1 YOEIHThCA B TOM, YTO CYMMa CONpPOTHBIICHHA
OTHENBbHBIX mnoTpeOuTenell paBHa CONPOTHMBICHMIO Beell uenM. VY6emnTecs B
cobmogeHun BTOoporo 3akoHa Kupxroga. OOBACHHT H3MEHEHHE pexuMa paboTsl
LEeTH U OTAENLHBIX HOTpeOuTENeH NPY H3MEHEHHH BETHYHHBI COTIPOTHBIICHUA OIHOIO
H3 PE3UCTOPOB.

Tabava 2
WsmepeHo Brrancneno
Hanpsxenue Tox Hanpsxenue ConpoTusncHue OKBHBJICHTHOE
HA BXOJC HENH | B LEIH, Ha notpeburene, B noTpeGHTeNA, COIIPOTHBJICHUE
UB LA OMm IETIH,
U1 U2 Rl R2 R3,0Mm

3.4. Cobparb >1eKTPHYECKYIO LENb C MapajUlejbHbIM COCIMHEHHEM PE3UCTOPOB
(puc. 2), BBIOpaB D3MEMEHTHl HEMH H
4+ BEIMUMHY  HANpDKCHWA  NWTaHud B
COOTBETCTBHH C 33JTaHHHIM BapHaHTOM (TabJl.
) 3). [IlpencraBuTe cxeMy [Uis MPOBEPKH
NpETIOoABaTeNIo.

3.5. BKIFOYHTb HCTOYHHK MOCTOSHHOTO
Hanpsokenus E2. YcTaHOBMTR 3ajaHHOE
3HaYCHHE HalpsAkeHHd IHTaHHA. VI3MEpHTh
HAampsOKeHHA M TOKYM Ha BCEX YYacTKax LEIH.

Pe3ysbTaThi 3aHECTH B Tab. 4.

Puc. 2
Tabsmia 3
Bapuant 1 2 3 4 5 6
E2,B 12 10 8 12 10 8
R1 R4-1 R4-2 R4-3 R4-1 R4-2 R4-3
R2 R7 R7 R7 R9 R9 R9

3.6. M3meHuTh MO YKa3aHHIO TPpENOAaBaTels BEIMYHHY colporaBieHud Rl ¢
IIOMOIIBIO COOTBETCTRYIOMIEro TyMO/€pa M CHOBA NPOBECTH aHAIOTMYHBIE H3MEPEHHUL.
BelmouuTs  osnekTponuMTaHue. [Io  pesynbratam  HM3MepeHME  paccYMTaTh
conpoTupicHus pesucropor R1, R2 u conporusneHue Beell uenu R;, mpoBoguMocTi
OTHENBHBIX BeTBel gl 1 g2 H Beel el  gy. PesynpraTsl BEIYHCIEHUH 3aHECTH B TabJI.
4. Y6eauthes B cobmofeHNH nepsoro 3akoHa Kupxroga.
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3.7. TlpoaHanu3upoBaTh BJIHAHHE H3MCHCHHMA BE/MYMHBI CONPOTHUBIICHHS
pesucropa R1 Ha pexxum paboThi Lenu W OTAENBHBIX MoTpebutenei. OOBACHUTE
TIOUEMY 3TO HMEET MECTO.

»

Tabaunua 4

Hi3mepero BBMHCNCHO

U,B 1, A 12,A B,A | R, | R2, | gl. | . | g | Ro.
Om OM CM Cum Cum Om

3.8. Caenatp BRIBOZIBI O BRINOJHEHHH 3aKOHOB Kupxroda H 0 MPHMEHEHHH 3aKOHa
Owma B THHENHOH NIeKTPUYECKOH LENH MOCTOAHHOTO TOKA.

4. Conepxanue or4era

OTyert no paboTe JOJDKEH COACPKATD!

a) HauMEeHOBaHHE paboThl ¥ Lk paboTer; :

0) CXeMBl 3KCIICPHMEHTOB M Tabiuibl MONTYHCHHBIX  IKCTIEPHMCHTANBHBIX
INaHHBIX;

B) pe3ybTaThl PacuCTOB;

T) BBIBOJIBI 110 pabote.

5. KoHTposibHbIE BOTIPOCH

1. YTo Taxoe «IMHEHHBIH 3MeMEHT» B 3JICKTPHYECKOH Lenu?

2. TIpnBECTH IIPUMEPBI JIHHEHHBIX SJIEMEHTOB 3IEKTPHUECKUX LeneH.

3. B KaKMX eJMHHMLAX H3MEPAIOTCA CHA TOKA, HalpsKeHHE, MOLIHOCTh H
COTIpOTHBIECHNE?

4. Kax 1o mnokasaHuaM amIepMeTpa M BOJBTMETPA MOXHO OINPEHEIHTDH
BENMYMHY CONPOTMBICHMSA YYAaCTKa 3JCKTPUUECKOM Lend NOCTOAHHOTO TOKA H
1oTpebieMy1o UM MOIIHOCTD?

5. Hapucy#te cxeMsl 1l H3MEPEHHA METOAOM aMIIepMeTpa M BOJILTMETpa
BONBUINX H MAJIBIX SNEKTPHUICCKUX CONPOTHRIIEHHIA.

6. Kax ompesiennth BeIMYHHY SKBHBAIEHTHOTO COMPOTHBICHHA TIDH
MTOCNEIOBATENRHOM COCIHHEHHH PE3UCTOPOR?

7. Kak onpelenuTh BENUIMHY IKBHBAEHTHOIO COLPOTHBIICHUS NpH
napajieJILHOM COEqHHEHHH PE3UCTOPOR?

8. JIna ucciey eMbIX 3JIEKTpHUECKHX LeneH 3alHIUKUTe YPaBHEHHS O 3aKOHAM
Kupxroda.

9. B 4em sakmoyaeTcs 6anaHc MOIHOCTEN B LU [TOCTOAHHOIO Toka?
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Pabora Ne 3. CMEIIAHHOE COEJMHEHHE DJIEMEHTOB
B DJIEKTPUYECKOH LIEITH [TOCTOSIHHOI'O TOKA

1. Hens paboTsl

[MonyueHue HAaBRIKOB COOPKM JJCKTPHUCCKMX LeNeH, H3MEpCHHH TOKOB H
HanpsXeHWH Ha OTHENBHBIX YYacTKaX OJIEKTPHYECKOH LemH; yOemuThed B
cobmonenun 3akoHOB Kupxroha B pazseTsieHHOH MMHEHHON 3/1eKTpHUeckol LENH,
HayudTBCcS TNPHMEHAT: 3akoHBl Kupxropa B rpapmyeckom Bupe. Mccnenosats
0COGEHHOCTH CMEHMIAHHOTO COCIHHEHHA DJJIEMEHTOB B JNICKTPHUCCKHMX LEILIX
FOCTOSHHOIO TOKa.

2. TlpenpapuTeNisHOE AOMALIHEE 3aaHNE

2.1. Hzyuuts TeMy <«JIMHEHHBIE DJEKTpHYECKHE HCIH [IOCTOSHHOrO TOKay,
cofiepkanue JaHHON naGoparopHoii paboThl M OBITE FOTOBLIM OTBETUTh HA BCE
KOHTPOJIbHBIE BONIPOCH! K HEM.

2.2. HauepTuTh NpHHUMMHMAILHBIE CXEMBbl HMCCIEAYEMBIX LENeH HCCNeRyeMbIX
lerel ¢ BKMOYEHHBIMA H3MEPHTEIEHBIMH IPHOOPaMH.

3. ITopsnok BBINONHEHHA paboThI

3.1. O3HaKOMHTECA ¢ JabopaTopHOH yCTaHOBKOH.

3.2. CobpaThb Lienb cO CMEMIAHHBIM COC/THHEHHEM PE3HCTOPOB (pnc 1). Co6pan
Lenb CO CMEIIaHHbIM COCAMHEHHEM PE3NCTOPOB, BLI6paB JJIEMCHTHBI L€ W BEIUYHHY
HamnpsKEHMA [MTaHMs B COOTBETCTBHM ¢ 3afaHHBIM BapuaHTom (Tabm. 1)
TlpeacraButh ¢xeMy Iy IPOBEPKH Ipenoaasarenio (puc. 1).

Tabmuua |
Bapnanr 1 2 3 4 5 6
E2,B 12 10 8 12 10 8
R1 R2 R3 R2 R3 R2 R3
R2 R4-1 R4-1 R4-1 R4-2 R4-2 R4-3
R3 R7 R7 R7 R9 R9 R9

3.3. Tlocie TIPOBEPKH CXEMbI MpENOJaBaTelieM BKIIOUMTh MCTOUHMK MHTaHMA E2,
HaTpsDKCHU [THTaHHA W H3MEPHTH

YCTAQHOBHTh 3alaHHOE 3HAuyeHHe BEJTHYHHEI
HanpsDKEHHA Ha BXoJe LCIH U nHa
Bcex ywactkax uemu (Ul u U2), a

Taioke Bce Tokd (11,J2 m
PesynbTarsl 3aHECTH B Tab. 2.
3.4. C noMoIst0
COOTBETCTRBYIOIETO TyMOnepa
YCTaHOBRHTE HOBOE 3HaYEHHE

pezuctopa R2 v cHOBa M3MEPHUTH
HanpsoKeHHA H TOKH B LCIIH.

13).

R1*

U1
RrR2 R3*
PA2 A3
O
000

i {u23

BEICTIOYUTS HCTOYHUK NMTHTaHuA E2.

Puc. 1
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[lo pe3ynbTaram N3MEPEHHHA BLIYMCIIMTL MOLUHOCTb K2XI0ro yuacTka uenu P1, P2,
P3 u Bce#i nenu P, onpenennTs 5KBUBaNEHTHOE CONPOTHRIIEHHE LenH Ry, PesynpTare
BBIYMCIICHHH 3aHecTH B Tabn. 2. BHIKTIOUHTE 3/1€KTPOITUTaHHE.

3.5. TlpoaHalM3UpOBaTk BIIMAHME HM3MEHEHHA BEJHYMHBI COMNPOTHBIICHHS
pesuctopa R2Z Ha pexxum paboTel BCeH LeNM H OTACHBHBIX IOTpeOHTENEH.
OO6BACHHTE, MOYEMY ITO UMEET MECTO.

Tabmnuua 2
V3MepeHo BpmucneHo
U, Ul, | U2,B 11, 12, 13, Pl1, P2, P3, P, Ry,
B B A A A Bt Bt Br Bt Om

3.6. IlpoBepuTh BhINONHEHUE HanaHca MOIHOCTEH.

3.7. Cnenath BBLIBOJIEI O BHIIOJIHEHHH 3aKOHOB Kupxroda.

3.8. Bxmouute 3sieKTponMTaHue. IlnaBHO H3MEHAs BEIMYMHY BXOIHOTO
HanpsXeHHs ¢ NOMOILBIO MOTEHIMOMETPA, U3MEPUTD 3HAYCHHs HANPSHKCHUA U TOKOB
Ha BCEX YHacTKax LeNd NMpPH TpeX pPa3IH4HBIX 3HAUEHHAIX BXOJHOTO HANpPKEHHS.
Pe3synbTatel M3MepeHHH 3aHeCTH B Tab1. 3. BEIKIIOUUTD 3/1EKTPONIUTAHHE.

Tabauua 3
3.9. Tlo pesynpTaTaM H3MEpeHUH N U UL 2B 1 P I3
NOCTPOUTH B OAHOW KOOPAHHATHOM ’ ’ ’ i ’ ’
CHCTEME BOJIbTAaMIICpHbIE omm| B B MA | MA | MA
XapaKTEPHCTUKM pe3ucTopoB R, 1

R2, R3. Tlonb3ysacs HMH, IOCTPOUTD 2

BOJIFTAMIIEDHYIO ~ XapaKTEpPUCTHKY

Bcell uenu Usx = f(Il) U mo Heit X

ONpENEUTh SKBUBATECHTHOE CONPOTHBJIEHHME LeNHM Roke. 3Hech ke IOCTPOHTH
IKCTIEPUMEHTATLHYIO BOJIBTAMIIEPHYIO XapakTepucTUKy uenu Usx = f(I1), cpaBHHUTH
€& ¢ pacueTHOU BONBTaMIEpHOM XapaKTEpPHCTHKOH BCell LM M caenaTh BRIBOI O
BO3MOKHOCTH rpa)uueckoro NpMMeHeHH 3aKkoHoB Kupxroda.

3.10. Cpenate BBIBOO O BO3MOXKHOCTH IIPUMEHEHHs 3akoHOR Kupxroda B
rpadHuecKOM BHAE B 3JIEKTPHIECKOM LIENTH NOCTOAHHOTO TOKa.

4. CogepxaHue oTueTa

OTuer no paboTe NOIKEH CONEPKATE:

a) HaMeHOBaHHe paGoTsl U L paboThI;

6) cXeMbI SKCIIEPHMEHTOB U TaO/IHUBI TIOTYYEHHBIX 3KCTIEPHMEHTATILHBIX JAHHBIX;
B) pe3yNbTaThl pacHeTOoB;

I') BBIBOABI N0 paboTe.

5. KOHTpOJIbHBIE BONPOCHI
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1. Kak 1o nokasaHMsM aMIEPMETPa M BOJBTMETPA MOJKHO ONpPEAC/IHTE BETHUHHY
CONPOTHBIECHUS Y4acTKa MIEKTPHUCCKOA UENH [OCTOAHHOTO TOKA H notpedniemyo
MM MOIIHOCTB?

2. Hapucy#iTe cxeMbl 14 H3MEPEHHS METOZIOM aMIEPMETPa H BONLTMETPA
GONBIHHX H MAIBIX 3JIEKTPHYECKUX CONPOTHBIICHHHA.

3. Kak onpeje/uTs BETHYHHY SKBHBATCHTHOTO CONPOTHBIICHHA [UIA HCCNey eMOH
uenu?

4, Jlna uccremyeMbIX 3/ICKTPHYECKHX LeTieH 3aNHILHTE YPaRHEHHA 110 3aK0HaM
Kupxroda.

5. Kak 1o BofTaMIepHOH XapaKTePHCTHKE ONMPENETHTh BEIMUHHY CONPOTHBICHUA
uemu?

6. Kax npumeHuTs 3akoH Kupxroda B rpapuueckoM BuIE A nocneoBaTeNbHOM
H NapasuiensHol uerH?
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PaGora Ne 4. DJIEKTPHUECKAA LEIL [TOCTOAHHOI'O TOKA
C ABYMSI HCTOYHUKAMMU SJIEKTPOITUTAHMS

1. Liens paboTeI

3KCHCpHMeHTa.TILHaH TIPOBEPKa pe3yJIbTATOB aHAJIMTHIECKOro pacyera
JIMHEHHOH QHGKTPI/I‘leCKOFI LEIH C ABYMs HCTOYHMKAMH 3JIEKTPONMTaHUA.

2. TipenBapuTenbHOE JOMALIHEE 3a/[aHAE

2.1. H3y‘{HTB TEMY «JInHeHHbIe JNEKTPHUCCKHAE LCNH ITOCTOAHHOIO TOKa ¢
HECKOJIBKHMHM MCTOYHHKAMH 3JICKTPONIMTaHHAN, COZAECPXKaHHE JaHHOA nabopaTopHOH
paboTe! # OLITH POTORLIM OTBETHTH Ha BCE KOHTPONBLHBIE BONPOCH K Hefl.

2.2, HauepTHTh NPHHUMITHATIBHYIO CXeMy HCCAeAyeMoH LENMH ¢ BKIIOYEHHBIMH
H3MEPHTENBHBIMH NIpHOOPaMH.

3. TlopAAOK BBHUIONHEHHA paboTEI

3.1. O3HaKOMHTECA ¢ 1a0OPaTOPHOH YCTAaHOBKOIA.

3.2. BmounTe 3NEKTpOnuTaHWe crenpa M ucrouuuku El m E2. Msmepurs
3HAYCHMA 3[C HCTOYHHKA El M YCTaHOBUTH 3aJaHHOE 3HAYEHHE I/C MCTOYHMKA E2
(Tabn. 1). Pe3y/IsTaThl H3MEPCHUHA 3aHECTH B Tab. 4. BHIKIIOYHTE 3/EKTPOIMTAHHE.

3.2. CobpaTh uenk ¢ AByMS HCTOYHMKAMH dJeKTponuranma (puc. 1), Bnifpas

2

3JIEMEHThl LCNMM B COOTBETCTBHM C 3alaHHRIM BaphnaHToMm (Tabi. 1). IlpeacraBurs -

CXEMYy 1A NPOBEPKH IIPENoaaBaTeito.

Tabnuua 1
| Bapuant ] 2 3 4 5 6
E2,B 12 10 8 6 10 12
Ri* R1-2 R1-1 R1i-3 R1-1 R1-2 R1-3
R2* R3 R3 R3 R3 R3 R3
R3* R9 R8 R9 RO R8 R8
3.3. Bxawuuth  3NCKTpOIWTaHHE R1* R2"
CTEH/A ¥ HCTOUHUK 3NeKkTpormuTanus E2. a
3.3, BKmOUNTh UCTOYHMK NHTaHHA
El u u3meputs Hanpsxenns Ul, U2 Ha I R3* l&
vcrougukax El, E2, Hanmpsxesns Ha
pesucropax R1*, R2* u R3*, u Toku 11, Eos

12 n I3 B BeTBSAX. Pe3ynbTaThl H3MEpEHHI E13F

3aHecTy B Taba. 2.
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Puc. 1

Tabnnua 2

ELB [ E2B [ ULB | U2B |URLB[UR,B | UR3,B | ILMA | 2, MA | B, MA

3.4, TTo pesy/bTaTaM H3MepeHHi BLIMHCIIMTE 3HaYeHUA CONpOTHRIcHNH R1¥, R2*
¥ R3*. Pe3ynpTaThl BEIMHC/ICHAH 3aHeCTH B Tabn. 3. '
TaGnuua 3

5 Ri, | R2, | R3, (Ua6,| I1, | 12, | I3, | Ury, | URz, | Urs,
OM | OM | OM B MA | MA | MA B B B

3.5. Ucnonb3ya nofgydeHHbe pe3ynnTaThl W3IMEPEeHUH 34C HCTOYHHKOB [TUTAHMA H
pacdera compotusneHuii R1*, R2* g R3* Bermelt, paccunTaTh, HCHOIB3YA METOA
Y3JIOBOTO HANPKEHHSA, BENHYHHY y30oBOro Hanpsakenua Ua6, Toku 11, 12, I3 n
HanpsxeHus Ha pesucropax UR1, Ur2, Urs. PesyneTarh! BRMUCACHMHA 3aHeCcTH B TaOM.
3. CpaBHHTP pacHeTHBIE 3HAYECHHA
TOKOB M  HalNpmkeHMHA ¢ X NC J
DKCICPUMEHTATHHBIMH 3HAUCHUAMH.,

3.6. TloaroToBuTs
HEpa3BETBNICHHYI0  JIEKTPHYECKYIO
UeNb C ABYMS UCTOYHNKAMY IO PHC. 2
{(MCKIIFOYHTE BeTBB C pe3ncTOpoM R3).
IMocne NIPOBEPKH CXEMBI
npernojagareieM BKJTIOUHTS
3NEKTPOITHTaHHE CTCHAA Y HCTOYHHKH
El u E2. VYcraHoBuTE 3alaHHOE
nperiofasaresnem 3HaYCHHE
HalpsDKeHHA uctouHnka E2,

Puc. 2

3.7. llonaras pOTEHIHMAT TOUKH «a» PARHBEIM HYIIO, H3MEPUTEH NMOTEHLHANIE! TOYEK
«B», «c», «d» H «e». a TakKe TOK B 1lenH. Pe3ybTaThl 3aHeCTH B Tab1. 4.

3.8. Mo pe3ynbTaTaM H3MEPEHHH BEIMHCITHTE (Tabn. 4):

a) Hanpsoxenus Ul n U2 Ha 32kuMax #CTOUHHKOB aekTponuTtanms El1 u E2;

6) BHyTpeHHHE CONPOTHBRJICHHA HCTOYHUKOB MUTaHuA Rol, Ro2;

6) comporupneHns R1*, R2¥ u R3*;

B) ONpeieiuTh, B KAKOM pPEKHME (MCTOYHMKA WIH notpeburens) paboraloT
HCTOYHMKY nuTanHA E] u E2.

3.9. HsMmeHHT, DO YyKa3aHHIO NpeNoJaBaTe/id BeIMYHHY pesncropa R1*
COOTBETCTRYIOMMM TyMONEpOM M CHOBA M3MEPHTH TE XKE BeNHUMHBL OO6paTHTHL NMpU
3TOM BHHMaHUE, U3MEHHJIOCH JIM TIPH 9TOM HAIIPaBJICHHE TOXa B LienH. OnpenennTs, B
KakOM peXuMe (HCTOYHHKA HJIH NOTpebuTena) paboTaroT Teneph HCTOYHHKH TTHTaHHA
E1 u E2. Peaynerarsl 3aHecTd B Tabi. 4. BBIKTIOUATE 2JIEKTPONHTAHHE.

3.9. Jlna xoHTypa NOCTPOHTE NIOTEHIMATILHYIO AUarpamMmy.
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3.10. TTocTpOHTE BHELIHNE XapaKTEPUCTHKA UCTOMHHKOB utadua Ul=f{11) n
U2=£{12). Yxasath Ha HHX pabodne TOUKH, COOTBETCTBYIOLIUM PENHMaM paboThl
ucrouHukoB E1 ¥ E2 B nanHo# uenu.

Tabnuua 4
Himepeno Brrmeneno
El, | E2, | I, 5. | ©c U1, | U2, [ URi [UR2 | R, [ R2, [Roi, [Ro2,
B | B |wMA (PB& (pB, q;, (PBd’ B|B|B | B |Ox|Oux|Ou|Om
0

4. CopepxaHHe oT4eTa . .

Otuer no pabote JOMKEH CONEPXKATE:

a) HAHMEHOBaHHUe M 1elb paboTel;

6) cxeMbl SKCTIEpHMEHTa H TabIHULBI ¢ pe3yIbTaTaMH U3MepEHHH 1 quucnemm;
B) pacyeTHble COOTHOIUEHHA H 3KCIIEPHMCHTAIBHBIC XapaKTCPHCTHKH; :

I') CpaBHEHHE PE3Y/IETATOR PACHETa C IKCIIEPHMEHTANBHBIMH JaHHbIMH,

) BEIROZBI

5. KoHTposnbHbIE BOIPOCH

1. Kakne MeTo[la aHanu3a lenei IOCTOAHHOrO TOKa MOryT OBITh MCIIONB30BAHbI
[UIA aHalTH3a HCCHeRyeMOlt LienH?

2. Cxonbko ypasHeHu# mno 3akoHam Kupxroda HeobxolMMO 3amucaTs mjid
HccnegyeMoi nen miA e€ pacdera? CKoOJNBKO M3 HHX HAaJO 3alHCaTh MO BTOPOMY
3akoHy Kupxroga?

3. BanuuwuTe s UccIIeqyeMoH Lemd HeoOXOMHMMBIE Ui aHANM3a HCCIENyeMOon
HENMU YpaBHEHHMA 110 3aKoHaM Kupxroda.

4. B xakux ciyvasx lenecooOpa3sHo NPUMEHATE METO, Y3IOBOTO HaNpsKeHHs?

5. B 4eM COCTOMT OCHOBHOE JOCTOMHCTBO METO/Ia Y3/10BOTO HANPKEHHs?

6. 3anuIuMTe COOTHOIIEHME VI ONpeNesIeHHS BEINUHHEI Y3/I0BOIO HANPSLKEHH
B HCClIEQyeMOH LIETIH.

7. Kak B nccrnegyeMoH Ll IIPH HCHOIb30BaHHH METOAA Y3IOBOrO HAIPKEHHUA
OIIpEACINTE TOKU B BETBAX? 3allMLINTE 3TH COOTHOLICHHS.

8. YTo Takoe «BHEIIHAA XapaKTCPHCTHKA» HCTOYHHKA NMTaHus? 3arumure
ypaBHeHHe BHEIIHEH XapaKTEPUCTHKH,

9. Uro Takoe «noTeHUHabHAd AHarpaMMan?
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Pa6ota Ne 5. HEJIMHEMHASA DJIEKTPUUECKAS LEITbh [IOCTOSIHHOI O
TOKA CIIOCHENOBATENLHBIM COETUHEHUEM 3JIEMEHTOB

1. Henw paboTsl

OKCnepHMEHTANBHOE NOJMyYeHHe BOJNbTAMIAEPHBIX XapaKTEPHCTHK JHHEeHHEBIX H
HEJIMHEHHBIX PE3UCTHBHBIX 3JIEMEHTOB, FpadMUeCcKuil pac4eT HepasBETBICHHOM
HEeJHMHEHHOH 3JIEKTPHYECKOM LENM IOCTOSHHOIO TOKa M JKCIIEpPUMEHTanNbHas -
IIPOBEpKa pe3yNbTaToB pacdera.

2. [IpeaBapHTeNBHOE JOMAILHEE 3a/JaHHE

2.1. Hsyunts Temy «PacueT npocTeHIIMX HeNMUHEHHBIX JJICKTPUYECKUX Uenel
TMIOCTOSHHOTO TOKay, COACP)KAHHE JaHHOHN NlaGopaTopHOH paboTel M OBITE IOTOBBIM
OTBETHTE HA BCE KOHTPOJ/ILHBIE BONPOCHI K HEil.

2.2. HauepTurs NpHHUMAHANBHYIO CXEMY HCCHEIYeMOH LENM ¢ BKIOYEHHBLIMH
H3MEPHTETLHBIMA NpHOOPaMH.

3. ITopAROK BBITOJHEHUA pabOTHI

3.1. O3nakoMuTkcA ¢ 1aGOPaTOPHOHM YCTaHOBKOM.

3.2. Cobpats TpexdasHyro nekTpudeckyo uenb (puc. 1), BHIOpar s/eMeHTH LEmH
B COOTBETCTBHH C 3aJaHHEM. IIpeACTaBHTE cXeMy /I TIPOBEPKH NpenoAaBarteio.

CobpaTe >7eKTPHUECKYIO UeNb A CHATHA BOJNBTAMIEPHBIX XapaKTepHUCTHK
3JIEMEHTOB LEMNH (pHC. 1) ¥ NPeABABUTS €€ i1 MPOBEPKH Npenoaasateno. B xauecTse
peryJupyeMoro MCTOYHHKa MOCTOSHHOTO HANpsKCHHA UCIIONB30BATh MCTOYHHK E2,
BBIXOJHOE HAIPDKEHUE KOTOPOTO perynMpyercd MOTCHLMOMETpoM. B  kauecTBe
pesuctopa R1 ucronp3oBars pesucrop RS crenna

IpeapARUTE cxeMy JUIA MPOBEPKHU NPEIIoJaBaTeslio.

"‘,A‘\ R1 HL
"\Loio.f/}r iﬁ ®
E2 |+ PA U1 U2

u

Puc. 1

3.3. CHaTe BOJBTAMIIEPHEIE XaPaKTEPUCTHKY JIaMIbl HakaiuBanus HL, peanctopa
R1 u Beelt nenn. Jina 3T0oro yCTaHOBHTH BHIXOZHOE HANPMKCHHE UCTOYHHKA MHTAHHA
E2 paproe Hymo (py4Ky HOTEHUHOMETpa B KpaifHee NeBoe MONOXKeEHUe). BiomoauTh
CTEHA M HCTO4HHMK E2. YBeAHYHBaA IUIABHO BBIXOAHOE HAIPAXKEHUE MOTEHLHOMETPA
RP1 nporecTd HeoGXOIUMBble H3MEPEHHA NPH W3MEHEHHH ToKa ot 0 o 80...100 MA.
Pesynprare n3amepenuit saHecTH B Tabn. 1. BRKMOYHTE HCTOYHHK NUTaHUs. B omHO#
KOOPJMHATHOH CHCTEME MOCTPOHThL BOJBTAMIEPHBIE XapaKTEPHCTUKM LETH, JIaMIE]
HakanuBaHus HL u pesuctopa R1.
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Tabnuua 1

LA
U,B

Un, B

[ feml) Kl o)

Ur, B

- 3.4, 3anucath ypaBHeHME BTOporo 3akoHa Kupxroda mns mccnemyemoit uenu.
Hcnonb3ys 3KCIEpHMEHTAIBHBIE BOJLTAMIICPHBIE XapaKTEPHCTHKH pe3ncTopa M
JaMNBl HaKalMBaHHMA, THOCTPOMTh B TOH e CHCTeME KOOPAMHAT pacUeTHYHO
BOJILTAMIIEPHYIO XapakTepUCTHKY BCeH el Upge,=f(I) U CPaBHHUTE €€ C MOIyHeHHOMH
3KCIIEPUMEHTANBHO BOJBTAMIICPHOH XapaKTepHCTHKOM el Uyen=f(1).

3.5. Jna ykasaHHOTO TpenofaBaTelieM 3HAU€HHA BXOMHOTO HATpPSHKEHHA
BBITNIOJIHUTH TpadM4IecKHH pacyeT ToKa M HAlPsDKEHMH Ha OTAEBHBIX yYacTKax LEmu
no puc. 1. PesynbTaTsl pacuera 3aHecTH B Tabjn. 2.

Tabamua 2

UB Un, B Ur, B LA

Pacuer

Oxcneprme
HT

3.6. [ln4 nIpoBepKH pacyeTa HENMHEHHOH LENH BKJIOUYMTH UCTOYHUK H YCTAaHOBHUTH
3ajaHHOe (pacHeTHoe) 3Ha4deHHE BXOAHOro HampsokeHus U. Msmeputs Tox [ u
HanpsokeHus Ug ¥ Uy Ha OTAENBHBIX Y9acTKaX Lenu. Pe3yinTaTel 3aHecTy B TabJl. 2.

3.7. Cpenats BhIBOA 00 0COGEHHOCTAX NpHMEHEHHs 3akoHOB Kupxroda B
HENHHeHHOH LieNH NOCTOAHHOTO TOKa.

3.8. Io yxasaHHIO NpeNoJaBaTtesia pacCIUTaTh CTaTHYeckoe H AU depeHHaIbHOE
CONPOTHRIICHHA JIAMNbI HAKAJTHBAHHUA.

4.ConepxaHue oTHETA

OTyer 110 paboTe JOMKEH COACPXKATh:

a) HAaUMEHOBAHUE U LieNTb paboThl;

6) cXeMBI 3KCTIEPUMEHTOB H TabJIHIBI ¢ Pe3yIETaTAMM H3MEpEHHUil;

B) PaCUETHBIC H IKCTIEPUMEHTAITLHEIE BOJIETAMIICPHBIE XapaKTEPHCTHKH,
T) CpaBHEHHUE PE3yJILTAaTOB PacHeTa C IKCEPUMEHTAIBHEIMU JAHHBIMH;
1) BRIBOMGIL.

5. KOHTpOJIbHEIE BONPOCH

1. Uto Takoe «HeNHHEeHHBIH 3/IEMEHT» B 3IEKTPHUECKOH 1Lemu?

2. TIpuBecTd NpUMEPHI HEMHCHHEIX 316 MEHTOB NEKTPHUECKUX LeneH 1 uX
BOJIETaMIIEPHBIX XapaKTePUCTHK.

3. TTouemy o7 HenuHeRHOH Lenu ynobeH rpapudeckuit cnocob aHanuza? 4%

4. CnpaseqyinBhl JIM )11 HEMMHEHHBIX nenel 3akonsl Kupxroda? :

5. Kak OCTpOMTE BONBTAMIIEPHYIO XapPaKTEPUCTHKY IIOC/IE10BATENLHOIO
COeMHEHNA HETHHEHHBIX 37IEMEHTOR?

6. Kak MOCTPOUTEH BOJNILTAMIIEPHYIO XapaKTEPHCTHKY NapaLieNbHOrO COCTHHEHHA
HEJIMHEHMHBIX IIEMEHTOB?

7. Kax ofpefesnseTcs CTaTHYECKOE CONPOTUBIICHHE HENTUHERHOTO 3NeMenTa? By aet
JI1 OHO OJMHaKOBOC U1 pasHBIX TOYEK BOJIBTaMIIepHOﬁ XapaKTepHCTHKHU
HEAMHEHHOTO 371eMeHTa? .

8. Kak onpenesnsercs TUHaMM4ECKOE CONPOTHBIICHHE HEIMHEHHOTO 3leMenTa?  «
Bynet i 0HO OMHAKOBOE 1A PasHBIX TOYEK BOJILTAMIIEPHON XAPAKTEPHCTUKH
HeJTHHeHHOrO 3/1eMeHTa? !




PaGora Ne 6. PA3BETBJIEHHA S HEJITMHEUHAS LIEITH
IMMOCTOSHHOI'O TOKA

1. Lless paboTe!

OKCNEPUMEHTANBHOE NOJYYEHHE BOJSTAMIEPHBIX XapaKTEPUCTHK HEJIMHENHBIX
PE3MCTHUBHBIX OJIEMEHTOB, TpauuecKHH pacyeT pasBETBJICHHOM HeJMHEHHOM
9NIEKTPHUECKOH LENM  TOCTOSHHOINO TOKAa M  JKCHEPUMEHTaIbHas IpoBepKa
pe3yJIbTaTOB pacyera.

2. TlpeABapHTENBHOE AOMAILIHEE 3a/[aHHe

2.1. Hsyanmrs Temy «Ipaduyeckuii pacueT pa3BETBJICHHBIX HEIMHEHHbIX
3JIEKTPMUECKMX UeMeH IIOCTOAHHOTO TOKa», Colep)KaHHe AaHHOM abopartopHoii
paboTEl M 6bITE TOTOBEIM OTBETHTH Ha BCe KOHTPOJIbHBIE BONIPOCH! K HeEil.

2.2, HayepTuTh NpHMHUMIMANBHYIO CXEMY HCCASOYyEMOR LEMH C BKTIOUEHHBIMH
W3MEPHTENBHBIMH NIpHOOpaMy.

3. TlopAnok BEIIOMHEHUsA paboTHI

3.1. O3HaKOMHTECA C JIaOOPATOPHOH YCTaHOBKO.
3.2. CoOpaTb 3NMEKTPHYECKY!O LeNh UL CHATHA

. i A
BOJILTAMIIEPHOH XAPAKTEHCTMKM  HENHHEHHOTO - oo
sNieMeHTa (pHc. 1) M NpeIBIBUTH €€ A MPOREPKH PAINS

npenojapaTenio. B KauecTBe  perymmpyeMoro gol+ +
HCTOYHMK2 TOCTOSHHOTO HANpsKEHUs HCTONb30BATh CD .
uctounuk E2, BHIXofHOEe HalpsikeHHe KOTOpOro PVt Rt

peryiupyercas  NOTEHUHOMETpoM. B kauectse -
HENMHeRHOro  aneMeHTa  RI* HCIIONB30BATh
HeJIuHeHHbIA pe3ucTop R6. Ofpamums enumanue Ha
NOJLAPHOCMb HANDANCEHUA HA HEJIUHETHOM 3/1eMerme R6.

IpeansaBHTE cXeMy 11 IPOBEPKH NPENONaBaTeNo. Puc. 1

3.3. CHATb BONMBTAMIEPHYIO XapPaKTEPUCTHKY HesMHelHoro anemenTa. J[ns sToro
YCTaHOBHTh pPYYKy [NOTEHIMOMETpPAa B KpaliHee JeBoe TNOMOXKeHHE. Bxmodurs
HCTOYHHMK TIOCTOSHHOTO HampspkeHus E2. YBenuuHBad IU1aBHO BXOJHOE HampsKKeHHE
TIPOBECTH HEOOXONHMBIE M3MEPEHHA IpU H3MeHeHHMHM Toka ot 0 mo 60...80 MA.
Pe3ysnpTaTel n3MepeHni 3aHecTH B Tabn. 1. BBIKIOYHTHL 3JEKTPONMTaHHE CTEHAA.
IocTpouTh ROMBTAMIEPHYIO XapaKTEPUCTUKY HEJIMHEHHOTO JIEMEeHTa.

Tabnuua 1

YCTaHOBHTE pYuKy MOTEHLHOMETpa B KpaiiHee JieBOEC NONOXeHUE. BKmOYNTH
MOAYMb  nuTaHuA (BeromodaTens QF1) M MCTOYHHK IOCTOSHHOrO HAanpsKeHHA.
VBenuuuBad NI2BHO BXOLHOE HaNpsKeHHe M3MEPATh HalpXeHus Ha BXofe uenu U,
Ha famne Hakanueaaud Uy u Ha pesucrtope Uy, a Taroke 1ok 1. Pe3ynpTaTs! u3Mepenuit
3aHecTd B Tabn. 2. BRIKIOUMTS 3nekTponuranue CreHna. [[oCTPOUTE BOIBTAMIIEPHEIE
XapaxTepHCTHKH LIEIH, JIaMIIbl HakaiuBaHus HL u pesucropa R1.

PA1 - Hn
———p
UL

E2

Sl

Puc. 2
Tabnuna 2
LA 0
U,B 0
Un, B 0
Ur, B 0

UB 0
LA 0

3.4. CHATE BONBTAMIIEPHBIE XapaKTEPHCTHKY JIaMIILl HAKAMBaHUA M PE3HCTODA.
Hna aToro cobpats 11ens ¢ MOC/IE0BATENBHBIM COCTHHEHHEM JIaMIThl HaKanuBaHug HL
H nuHelHoro pesuctopa R1* (puc. 2). B kadecTBe mccnemyemoro pesucropa R1*
HCNIONB30BAaTh  PE3HCTOP R3 crenpga. IlpeapdBMTR CcXeMy M1 TIPOBEPKH
TpenoAaBaTeo.
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3.5. CHATH BONBTAMIIEPHYIO XapaKTEPUCTHKY LEIH CO CMELIAHHBIM COeOMHEHHEM
s1eMeHTOB. [t 3TOro cobpath SJEKTPHEECKYIO LENb 110 PHC. 3 H NPeABIBUTE ¢€ Ul
IpOBEPKH IpenofapaTesio. B kayecTBe conpoTuBiieHHd R2* cXeMbl HCIOMNB30BATh
pesucrop R3 cTeHnaa.

A + .

UT Ko\ HL
) |uzs RZ*

E2
Ol
PA2 A Pas
A,
Puc. 3

3.6. BKIIOYHTE 3/IEKTPONUTaHHE CTEHa H CHATH BOJIBTAMIIEPHYIO XapaKTEPHCTUKY
Beeit nend U, =f(I). YcTaHOBUTB py4YKy DIOTCHUHOMETPa B KpaiiHee JieBoe
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nojoxeHde. Brnounth Moaynk  nuTanuA (Beikmodatens QF1) M HCTOYHHMK
MOCTOAHHOTO HaNps)kKeHHA. YBeNW4MBasd IUIaBHO BXOJHOE HampsOKEHHE H3MEPATH
HanpsokeHHs Ha Bxoge uend U u Tok ), moTpeOiseMbidt OT MCTOYHHMKA NMUTaHMS.
PesysibTaTsl M3MepeHuit 3aHecTy B Tabn. 3. BHIKTIOUUTD 31EKTPONNTAHHE CTEHAA.

5.6. Kak IoCTpOHTH BOJITAMIEPHYIO XaPAKTECPHCTHKY HAPAIIEILHOTO COCAUHCHHA
HEJTMHEeHEIX 3J1eMEHTOB?

5.7. Kak onpesieNiAeTcs CTaTHYECKOE CONPOTHBIEHHE HEIMHEHHOTO 3neMeHTa?
ByJeT 11 OHO OAMHAKOBOE VA Pa3HBIX TOYEK BONLTAMIIEPHON XapaKTePUCTHKH

xapakTepucTuky BceH uenmu Uy =f(l). 3mecr e HapucoBaTE NOMYYEHHYIO
3KCHEPHMEHTANEHYIO BOJNBTAMIIEpHYIO XapakTepHcTHKY UenH U, ~f(I) u cpaBHHTE 4
HX. k

3.8. Jlna yka3aHHOro fIperofaBaTejieM 3HA4YEHUA BXOJHOIO HaNpsXXCHUA
BBINOJIHUTE T'pagQUUEecKMi pacdeT TOKOB BETBEH M HanpskeHHH Ha OTHENBHBIX
yu4acTKax Lemnu no puc. 3. PeaynbTarsl pacuera 3aHeCTH B Tabn.4.

Tabnuua 3 HENHMHEMHOTO PreMeHTa? I

0.8 0 5.8. Kax onpepenseTcss AMHaAMHUECKOE CONPOTHBJICHHE HEJIMHEAHOrO sneMenTa? \
LA . By/eT 11 0HO OJAMHAKOBOE JUTA Pa3HBIX TOYEK BONBTaMIIEPHOH XapaKTePHCTHKH ‘
3.7. 3anucath ypaBHeHHA 3ak0HOB Kupxroda ama uccnenyemon uenu. Henone3ys HeJIMHEHHOTO 2IIEMEHTa? IL
pesynbTaTel  IKCTICPUMEHTOB, NOCTPOHTH  PacHeTHYX®  BOJIBTAMIIEPHYIO '

Tabnuua 4
U, B Uy, B Uy, B I, A I, A I5,A

Pacuer
Okcnepume
HT

‘
R — _———

3.9. [Ins mpoBepku pacueTa HEJMHEHHOW LENM RBKNOUYMTE IMEKTPONMTAHUE U
YCTaHOBHTE 3a[aHHOE 3HaUeHHe BXoAHOro HanpskeHud U. Mameputs Toku I Ip v Is |
1‘ a Tarcke HanpsxeHua U; u Uy Ha OTAENBHBIX yHacTKax LENH. Pe3yspTaThl 3aHECTH B
b Tabn. 4.

M:;: 3.10. Cpenare BeIBOJ 06 0cOOEHHOCTAX MNpHMeHeHMA 3akoHOB Kupxroda B
. HEJIMHEWHOMN II€TIN NTOCTOAHHOrO ToKa.

| 3.11.  To yxasaHui0  [penojaBaTesls  paccudTaTh  CTAaTHUECKOE M
mddepeHLManbHOe CONPOTUBIEHNA HETUHEHHOrO 3JIEMEHTa.

. =

i 3. CopeprkaHue oT4ETa

-

x Otuet 110 paboTe AOIDKEH COACPHKATH: :
a) HaUMEHOBaHHE U LENb paboThI; e
6) cXeMBI IKCTIEpPHMEHTOB M TabJMLIbI ¢ pe3ybTaTaMH H3MepeHH ;
B) pacueTHBIE M SKCIIEPUMEHTATLHBIE BOJILTAMIIEPHBIE XAPaKTEPHCTHKH;

T') CpaBHEHHE Pe3yJIbTATOR PaCyueTa ¢ IKCIIEPHMEHTAIBHBIME TaHHBIMH;
1) BEIBOZBI.

4. KoHTposbHEBIE BOIPOCH

5.1. Yto Takoe «HeNMHEHHEIH 3JIEeMEHT B JIeKTpUYecKoi nemu?

5.2. IlpuBecTH nprMepbl HETHHEHHBIX 3JIEMEHTOB JIEKTPHYECKUX LeNeH H HX
BOJIETaMIIEPHBIX XapaKTePHUCTHK.

5.3. oyemy i Henuneiino# nenmu ynoded rpaduueckuii criocob ananusza?

5.4. CnpaBe/UTHBB! JIH JUIA HEJIMHERHEIX LeneH 3akoHsl Kupxroda?

5.5. Kak NoCTpOHTh BOIKTAMIIEPHYIO XapaKTEPHCTUKY NOCNIEAOBATENBHOTO
COCAMHEHHNS HEJTMHEHHEIX 2JIEMEHTOR?
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Pa6oTa Ne 7. OKCIIEPUMEHTAJIBHOE OIPEJEJIEHHME ITAPAMETPOB
DJIEMEHTOB LEINEHW ITEPEMEHHOI'O TOKA

1. llens pabotsl

[IprobpeTeHHe HaBBIKOB ONpEJECHHA [ApaMETPOB  3JICMEHTOB B LiemAX
NIEPEMEHHOr0 TOKa IO pelyfibTaTaM H3MEPEHHH, BKJIIOYEHHA B LeNb BOJLTMETpa U
aMIIEpMETpa, M3MEPEHHA TOKa M HAMpsKeHHd, NMPHMEHEHMs 3akoHa OMma B LENH
NIEPEMEHHOTO TOKa.

2. Hpem;apnTenLHoe AOMalIHEC 3a/IlaHNC

2.1. Hsyuuts TeMy «IIpocTefillie 3IEKTPUHECKHE LIEMHU MEPEMEHHOrO TOKAY,
colepKaHHe JaHHOH JabopaTopHoH paGoThl W OBITH TOTOBBIM OTBETHTb Ha BCE
KOHTDOJIbHbIE BOTIPOCHL K Heil.

2.2. Haueprurs MpHHLMOMATbHBIE CXEMBl HCCIIENYEMBIX LieNedl HccleTyeMBIX
UerneH ¢ BKIIOUCHHBIMH H3MEPUTEABHBIMH IPHOOpaMH.

3. Tlopanox BeINOMHEHUs pabOTh
3.1. O3HakoMHTECA C J1abOPaTOpPHOH yCTaHOBKOH.

3.2. DKCTIEpHMEHTATTHHOE OIpelCIICHHE BETHIHHBI
COTIPOTHBIICHHA PE3HCTOPA.

Cobpath cxeMy no puc. 1. B kauectBe pe3ucropa
R* ucnonvzorate pesuctop R11 wnn R10 (taba. 1).
B COOTBETCTBHHU ¢ 3allaHHBIM BapHAHTOM YCTaHOBHTH
COOTBETCTBYIOLIUH TyMOJiep B 3alaHHYIO ITO3ULIMIO
(1, 2 um 3). IlpexcTaBUTh CXeMy Ui TNpPOBEPKH

NpENoaaBaTeNIo. Puc. 1
Tabnuua 1
Ne BapuaHTa 1 2 3 4 5 6
UB S 7 6 5 7 6
R* R10-1 R10-2 R10-3 R11-1 R11-2 R11-3

BKITIOYHTE 3MEKTpPONUTaHME CTE€HJa M HCTOYHMK NMTaHus E3, ycraHoBHTB
3a/laHHOE 3HauyeHWE HANPSDKCHHUA  MCTOYHUKA I[IMTAHHA M H3MEPUTH BEJIUYHUHY
HanpsHKEHNS W TOKA B uend. PesynpTarsl 3adectu B Tabn. 4.

3.3. JIns onpegeneHus BeJIMHKHHBI EMKOCTH KOHIEHCAaTOpa cobpaTh cxeMy IO PHC.
2. B kadyecTBe HccneqyeMoro KonzaeHcaropa C* HCHONB30BaTh IepecTpPaHBaCMBIH
xongencatop Cl B COOTBETCTBYIOLUECH MMO3ULMH TNEpPEKIrouaTeNi (HallpuMep, 3aluch
C1-2 o3Hayaet, yTo nepewnouyarens Gatapen koHaeHcatopos Cl nosoked ObITh B
nosuuuu «2»). [locsie NpOBEPKM CXEeMBI NPENOAABATENIEM BIIIOUHTE 3JIEKTPOINUTAHHE
CTCHIAa M HCTOYHHMK INMTaHHA E3, ycTaHOBHUTH Y HM3MEpHUTENI MOLIHOCTH PEXUM
u3MepeHus yactothl . B cOOTBETCTBHH ¢ 3amaHueM (Tabil. 2) yCTaHOBHUTH 3alaHHBIE
3HAYCHHA BeJIMYMHBI HATIPSDKEHMA THTaHUSA W ero YacToThl. YacToTy yCTaHAB/INBATE C
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TOYHOCTEI £(5...10) ['u. 3MepHuTs BeIMUUHY TOKA, HAPSHKEHUA ¥ YaCTOTHI B LIEMH.
PesynpTars! 3aHecTH B Tab. 4.

Tabauua 2
Ne BapHaHTa 1 2 3 4 5 6
U, B 5 5 S 7 7 7
C* Cl-1 C1-2 C1-3 Cl-4 Cl1-5 C1-3
f,I'n 30010 250+10 200+10 16010 13010 100+10

Puc. 2 Puc. 3

3.4. JIna ompeneneHUs NapaMeTpoB PeabHOH KaTylKHM MHIyKTHBHOCTH cobpaTh
cxeMy Mo puc. 3. B kadecTBe ucciieqyeMolt kaTymku L* ucnosns3oBaTh KaTymkH L1,
L2 crenma wnm ux mocnefnoBarenbHoe coeiuHeHHe (L1+ L2) B COOTBETCTBHH ¢
3aJlaHHbIM BapHaHTOM (Tabum. 3).

Tabnuua 3
Ne papuanTa 1 2 3 4 5 6
L* L1 L1 L2 L2 L1+L2 L1+ L2
f,I'u 200 300 250 350 200 300

3.5. Tlocne npoBepKH CXeMBI MPENOAABATENEM BITIOYHTH INEKTPONUTaHUE CTEHA
H UcTOYHMK NuTaHud E3, ycTaHOBUTH 3HAYEHHs BeNMHMHY HaNpsDKEHUA NHTaHus 7 B
H 3aJjaHHOE 3Ha4YeHHe 4acToThi f. YacToTy ycTaHarnMBaTh ¢ TodHOoCThO +(5...10) 'L,
Mamepurs BenuuuHy TOKa H aKTHBHOM MOIIHOCTH B LEHH. Pe3yNbTaThl 3aHECTH B
Taba. 4.

3.6. Ompenenuts BEIMYHMHY aKTHBHOTO CONPOTHBACHMA KaTYIIKH METOIOM
amrepMeTpa M BOJIBTMETpa.
14 3TOr0 NOAKIIOYHTE €8 K AT

HCTOUHMKY ~ MOCTOAHHOTO _, 9%,/
Hanpsokeans E2 (puc. 4). + PV PA
YeTaHoBuTh Yy LHMGPOBOTO ‘
amnepmeTpa pexHM .

H3MepeHnA NNOCTOAHHOTO
TOKa.

Puc. 4
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ITocne npoBepkd cXeMbl NpenofaBaTesieM BKIIOYUTh HCTOYHHK NUTaHuA E2,
YCTAHOBHTH Y HErO BBIXOXHOE HampskeHHe 10 B M M3MepUTh BETHYHHY NOCTOSHHOTO
Toka B eny. Pe3yneTar 3aHecTH B Tabn. 4. BRIUTIOUMTE 3NeKTpONMTAHKE.

Tabmua 4
BxioueHo Hzmepeno Beuncneno
o UB | LMA | f,Tu [ P,Br | Z,0m | R,OM | L, MTH | C, Mk®
R T e T A EDU
L D T e S
| e e e
L* L N N N SRR N RS RS

3.7. Tlo pesynbTataM H3MEPEHHMH PacCYMTATD MOSHOE CONPOTHBJIEHHE Z KAXKIOTO
3JIEMEHTa, aKTHRHOE CONPOTHRJIEHHE R, BenuunHy MHIyKTUBHOCTH L M eMxoctd C 1
NIOCTPOUTE BEKTOPHEIE JUarpaMMBl,

4. Copepxanyie oT4yera

Otder o paboTe JO/KEH COAEPKaTh:
a) HauMeHOoBaHuE paboTHI U Liesib paboThI;
6) 37MEKTPUUECKUE CXEMBI OIIBITOR;
B) TaDNHULIB! C pe3yNIbTaTaMH OIBITOB U BEMUCIICHHIA;
I') pacueTHBIE COOTHOLICHHA, :
1) BEKTOPHbIE AHarpaMMBbl 11 PE3UCTOPa, pealbHOM KaTYIIKH H mun&ﬂca’l‘opa,
€) BLIBOJIRI 10 pabore.

5. KoHTposbHEIE BOIIPOCHI

1. B xaKkHx eqHHHUAX H3MepsETCA TOK, HaNpsLKEHHUE, conpomnneﬂm”

2. Uro takoe Om, AMmrep, Bonst?

3. UTo Takoe «MOJIHOE CONpPOTUBICHHEN?

4. YT0 TaKoe «aKTHBHOE CONPOTHBJICHHEH? , ‘

5. Uro Takoe «peaKTHBHOE MHIYKTHBHOE CONPOTHRJIEHHE» H KaK OHO
onpeaesercs?

6. HTo Takoe «peaKTHBHOE EMKOCTHOE COINpPOTHRIICHHE» H KaK OHO onpejensercs?

7. Kakasg cBA3bp MeXAy INONHBIM, aKTHRHBIM W PEaKTUBHBLIM COIPOTHBICHHAMH
LNy NepeMEHHOTO ToKa?

8. Kax dopmynupyercs 3akoH OMa JUId LienH NEPeMEHHOro ToKa?

9. MoJKeT M Yepe3 KOHIEHCATOp MPOTEKATh NOCTOAHHBIH TOK?

Pagota Ne 8. QJIEKTPUYECKASA LIEIL [IEPEMEHHOI'O TOKA C
[HOCJIEJOBATEJIbHBIM COEMHEHHWEM 3JIEMEHTOB

1. Lens pabotsr

TIpuo6perentie HaBLIKOB COOPKH NpPOCTBIX MIEKTPUHECKMX Lienell M w3Mepenus
HANPOKEHHH Ha OTAENBHBIX YYacTKaX LeNM, M3yueHHe CBOKCTB Licred mpH
1oCeIOBATENIbHOM COEAMHEHUHN AKTUBHBIX M PEaKTUBHEIX JIEMEHTOB, 3HAKOMCTBO ¢
ABJICHHEM PE30HAHCA HaNpsXKEeHUH, TOCTpOEHHE BEKTOPHBIX THArPaMM.

2. TIpenpaputenbHOE HOMAIIHEE 3afaHAE

2.1. Hzyunte TeMy «IJocinenoBare/ibHOE COCAMHEHHE 3JIEMEHTOB B  LENH
NEepPEMEHHOTO TOKa», COAEpXaHMe JaHHo# nabopatopHoll paboThl U OHITH roTOBBIM
OTBETHUTh Ha BCE KOHTPOJIBLHBIC BONPOCHl K HEM.

2.2. Ha4epTuTp NpHHLUMIINAILHBIE CXEMBI HCCIACAYEMBIX UEICH HCCle Iy eMBIX
1ernei ¢ BKIIIOYEHHBIMH H3MEPUTENLHBIMH NIPHOOpaMH.

3. Tlopanok BHIIOJIHEHU paboOThI

3.1. O3HakoMuTECA C N1aBOPaTOPHON YCTaHOBKOM.

3.2. CobpaTh 3JMeKTpHYECKyI0 LENMs  C MOCHAEHOBATENILHBIM  COEMHEHHEM
pesuctopa R* u koHugeHcatopa C* (puc. 1), HCHOAB3ys JJIEMEHTH Liend B
COOTBETCTBUHM C 33aHHBIM BapuaHToM (Tabn. 1). B kauyecTBe pesmcropa R*
UCIOJIL30BaTh HepecTpanBacMbId  pesucTop R10 B COOTBETCTBYIOMICH MO3HLIMM
nepekmoydartens (1abn. 1). Y uupoBEIX aMIEPMETPOB YCTAHOBHTE DEXKHM HMepEHHA
HepeMeHHOro Toka. [IperbaBUTE cxeMy i MPOBEPKH NPENoIaBaTemo.

= PP1 R* cr
By | U . Brix 1n*
o ot
E3 P ut uz
Uif o
) Puc. 1
Tabnmma 1

Ne BapuanTa 1 2 3 4 5 6

R* R10-1 R10-2 R10-3 R10-1 R10-2 R10-3

C* C2-5 C2-5 C2-5 C2-4 C2-4 C2-4

3.3. BrmoOYHTE MHTaHUE CTEHIA, HCTOYHHK INEPEMEHHOrO Hampsixedus E3.
Y CTaHOBUTS HA BHIXOZE HCTOYHHKA nuTaHuA E3 Hanpskenue 7 B ¢ wacroroit 400410
Iy IlpoBecTH M3MepeHHs YKa3aHHBIX B TabN. 2 enwuMH. Pe3ynbsTaThi H3MepeHmit
3aHecTH B Tabn. 2. BEIKIIOYHTE HCTOYHHK dJIEKTponHTanus E3.




Tabmuua 2
Cxema U,B I, MA Ug, B U, B | Us,B | P,BT
2o A A B —
A D e —

3.4. Cobparb JEKTPHIECCKYIO LieNb C MOC/EZ0BaTENbHBIM COSTHHEHHEM PeabHOH
KaTyLIKM HHAYKTMBHOCTH L* koHpeHcaTopa C* (pHc. 2), HCHIONB3YS JIEMEHTHI LienH
B COOTBETCTBHH C 33JaHHBIM BapHaHTOM (Tabul. 3). [TpeabaBUTH cXxeMy 1S NPOBEPKU
NpenoAaBaTesiio.

Tabsauua 3
Ne papuanTa 1 2 3 4 5 6
L* L1 L1 L1 L2 L2 L2
Cc* C2-1 Cc2-2 C2-3 C2-3 C2-4 C2-2

3.5. BKIIOYHTh 31€KTPONUTAaHMe, YCTAHOBHTH Ha BBIXOLE MCTOUHHKA nUTauus E3
HanpskeHne 7 B ¢ vactotoit ~ 40010 I'u. JIpoBecTH M3MepeHHs YKa3aHHBIX B
Tabnulie BEAMYHHE JUIA LENH ¢ NOCJICTOBATENbHEIM COeIUHEHHEM PEallbHON KaTyLIKH
HHOyKTUBHOCTH L M koHAeHcaTopa C. PesyneraTel H3MepeHM# 3aHecTH B Tabn. 2.
BBIKTIOUHTE 3TEKTPOITUTAHHE.

3.6. lna uccneioRaHHBIX Lenedt IO pe3yNbTaTaM U3MEpEeHHUH pacCHUTaTh:

— MOJIHYFO MOIHOCTE LETH S,

— PEaKTHBHYIO MOIUHOCTE 1enH Q,

— K02 GUIMEHT MOIHOCTH LieMH COoS(Y 1 Yrou casura Gas @ Mexay HalpsHKEHHEM
Ha BXOJE LENHU H TOKOM,

— KO3((HMUMEHT MOIIHOCTH KaTyIUKH COSQPx M Yroa casura ¢gas Qx Mexay
HanpsDKEHMEM Ha KaTyLIKE U TOKOM,

— TOJHBIE, aKTHRHBIE M PEaKTHBHBIC COMNPOTHMRIIEHHUS BCEH LEOM M OTHENBHBIX
YHacTKOB (ZK) RK’ XK3 XC’ ZB, R3, Xay)-

Pe3ynbTarhl 3aHECTH B Tab1. 4.

Tabsuna 4

S;XI, Q=+S* - P? | Cospk | Pk, | COSP | @, | Zg Ry, Xk, | Xc, | Za, | Ra, | X,
BAp rpag rpax | OM Om OM } OM | OM | OM | OM

3.7. Mo pesyAstaTaM HM3MepenMit JUIA HMCCIIEJIOBaHHBIX lenedl NOCTPOMTH B
MacliTabe BEKTOPHBIC MMATPAaMMEI, TPEyTONbHMKM CONPOTHBICHHA M MOWHOCTEH,
cHenaTh BBIBOA O XapaKTepe KaKaoh MCCIeJOBAHHOM LEMH.

3.8. Cnenarh BBIBOJ O anMeﬂeme 2-ro 3akoHa Kupxroda B LETdx NEpeMEHHOr0

TOKA.
4. CoepXaHue OTYETA

OrdeT no paboTe NOJDKCH COnepxkaTh:

a) HaMMeHORaHUe PaGOTHI M LeSb PaboThI;

6) cxeMy HccreyeMoH Heny;

B) Ta6aHLEl C pe3yIbTaTaMH OIBITOB U Bbr‘mcnemm
I) pacueTHble COOTHOLIECHHS;

1) BEKTOPHBIE AHarpaMMBl;

€) BLIBOAKI IO paboTe.

5. KoHTpOJIBHbIE BOIIPOCH

1. UTo Takoe aKTHBHAs, PECaKTHBHAas{ M IOJHAas MOIIHOCTH B ILIENH TNMEPEMEHHOTO
TOKa?

2. Kakas B3aMMOCBA35 MEXIY TIOTHOMN, aKTUBHON M PeaKTHBHOH MOUIHOCTAMH?

3. Uro Takoe «k03QPUIMIEHT MOIIHOCTHY?

4. Kak BBIMHCIHTD TIONHOE CONPOTHBJICHHE KATYMIKH, €CJIH U3BECTHBI €€ aKTHBHOE
COTPOTHBIEHHE, HHIAYKTHBHOCTD H 4acTOTA CETH?

5. Kak BBMHCIMThL [OJIHOE CONPOTUBIEHHE IENH C MOCIEeOBATENbHBIM
COEJIHHEHHEM PE3VCTOPA, PEAILHON KaTyIIKA U KOHJeHcaTopa?

6. OT 4ero 3aBMCHT yroil cieura $a3 MeXHy HanpmKeHHEM H TOKOM Ha yHacTke
3€KTPUIECKOH 11eMH EPEMEHHOro TOKa?

7. YTo TaKoe «TPEYTONBHUK CONPOTHBIICHHHY?

8. YeMy paBHBI peakTHRHOE CONPOTHBJICHUE LIeNH W PEAKTHBHAA MOIHOCTE LM
IpHU pe3oHaHce?

9. B xaxoM ciydae MccielyeMas Iellb, COAepxaliad KaTyulKy HHIYKTHBHOCTH H
KOHJIEHCATOP, OYAeT HOCHTh AaKTHBHO-MHIYKTHUBHBIA XapakTcp H B KaKOM CIy4ac —
aKTUBHO-eMKOCTHOM XapaxTtep?




Pa6ora Ne 9. [TIOBBIIIEHHME KO3®PUITUEHTA MOILHOCTH

1. Uens pabote o

O3HaKOMHTECS ¢ OCOGEHHOCTAMM PEKHMOB paGoThl LiETH IEPeMEHHOTO TOKE C
NapamiebHbiM COCAMHEHUA 3]IEMEHTOB, NOBBULECHHEM KO3(G(MULHEHTA MOIHOCTH,
npuMeHeHueM 1-ro 3akona Kupxroda B nensax nepemennoro Toka.

2. IlpenBapuTenbHOe JOMAIHES 3aaHKe

2.1. Vizyunts Temy «IlapaieNlbHOe COCAMHEHHE IEMEHTOR B LEMH TNepeMEHHOro
TOKa», COAEpKaHye JaHHOH JabopaTopHOif paboTkl U GRITH FOTOBBIM OTBETHTH HA BCE
KOHTPOJIEHBIE BONPOCHL K HEH.

2.2. HayepTuth NpHHLMIMATBHBIC CXEMbl HCCICAYeMBIX LEMeH HCCIEHyeMBIX
ueneH ¢ BKIOUCHHBIMH H3MEPUTEIBHBIME IPAOOPaMH.

3. Ilopsnox BBUIOAHEHHA PabOTHI

3.1. O3HaKOMHTBCA ¢ 1abOPaTOPHOH yCTAHOBKOR.

3.2. Cobpatp 251eKTPHYECKYIO LIENb C NAPALTENLHbIM COSAHHEHHEM Pe3HCTOpa R 1
xonaencaropa C (puc. 1). B xauecTBe pesucropa R* HCIIoNB30BaTh mepektioyacMBlil
pesuctop R10 B COOTBETCTBYIOWEH BAPMAHTY NO3MUMM Nepekmouatens (Tabn. 1).
YcTaHOBHTE B COOTBCTCTBHM C 3aIaHHBIM BapHaHTOM [EpEKIOYaTels GaTaper
KOHJCHCaTOpoB C¥ B COOTBETCTBYIONIYIO NO3MUMIO (Tabn. 1). CxeMy TpenbiBMTS it
NPOBEPKH NPENOJABATEIIO.
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Tabnuua 1
Ne sapuanTa 1 2 3 4 S 6
R* R10-1 R10-2 R10-3 R10-1 R10-2 R10-3
C* C2-5 C2-5 C2-5 C2-4 C2-4 C2-3

3.3. BKIIOYHTE 3NMEKTPONUTAHHE CTEHA U HCTOUHUK [ICPEMEHHOTO HaNpsHKEHUA
E3. Ycranosuts Hanpsxenue ucroudnka E3 7 B ¢ uacroroit 30010 Iy,

I/Ismepms Hanmpsaxenne U Ha BXode LeENMH, TOKH B BeTBAX Iy, Ic, TOK 1,
NnoTpebAeMBblil OT HCTOYHHKA ITHTAHHA H yros capura $az ¢ Mexay HanpsKeHHEM H
TOKOM 1, NOTPEOAAEMBIM UENbIO. Pe3ysnTaTsl H3MEPEHUHA 3aHeCTH B Taba. 2.
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BBIYMCIHTh AKTHBHYIO MOIIHOCTE P, moTpebnseMyio Uemblo, M Koadduuuent
MOLIHOCTH LIENH COS ¢.

Ta6nuua 2
Hsmepeno Bprucneuo
3 Bmouens Beteu | U, I f, Iy, I, Ik, ?, P, [cos¢
B MA I'u MA MA MA | rpan | Br
RC | | b ] e
Ze 1] e | mmeeem
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3.4. Hccnenorats Baugaue eMkoctH C, BKIIOUCHHOH  DapauienbHO
MHAYKTHBHOMY [OTPEOUTENI0, Ha KO3(QHIMEHT MOIIHOCTH LEMH COS ¢ H
BEJIMMHHY Toxa |, moTpe6aseMoro oT HCTOYHHKA NUTaHuA. [na atoro cobpats nensb
HO PHC. 2, MCTIOML3Ys B KaUeCTBE MHIYKTHBHOIO IOTPEOHTENS COOTBETCTRYIOLIYIO
peaNbHYr0 KaTylKy HHIYKTHBHOCTH L* (Tabn. 3). Ilpemcraputs cxemy s
TIpOBEpPKH NPEeriOAABATENIO.

3.5. BKIOYATS 3/eKTPONUTaHNE CTEHIa M HCTOYHHK nuTaHus E3. YcTaHOBUTH
HanpspxeHHe 7 B ¢ yacToTol, ykasanHo# B Tabnulie BapuanTos (Tabn. 3). Mismeputs
HalpsKEHHe, TOK, akTHBHYIO MOIIHOCTR M Yroa cipdra ¢as @ Mexnay
HarpsbkeHHeM M TOKOM Ha BXOJ€ LienH. Pe3y/bTaTei 3aHECTH B Tabi. 2. BRIKMOYUTH
HCTOYHMK NyTaHHA E3.

3.6. IlomwnounTh  NApaUIENbHO  KaTyllke — HHAYKTHBHOCTH  6atapero
KoHfeHcaTopos C* (puc. 3). Ilepexmouarens 6ataped KOHOEHCATOPOB YCTAHOBUTPH B
TEPBYIO 3a/[aHHYI0 TO3ULMIO (Taba. 3).
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Tabnuna 3
Ne BapyaHTa 1 2 3 4 5 6

f,Tu 150+10 180+10 200+10 150+10 180+10 200+10
L* L1 L1 L1 L2 L2 L2
Cc* Cl-1,2,4 Cl1-1,2,4 Cl-1.2,4 Ci1-1,4,5 Cl-1,4,5 Cli-1,4,5

3.7. Ioche npoBEpKH CXeMBI NpeNofaBaTeIeM BKIOYHTH UCTOYHMK MHTaHHA E3.
YcraHOBMTE HanpsXkeHHe MCTOYHMKa 7 B ¢ uacToToM, yKkasaHHO# B TabmHue
BapHaHTOB (Tabn. 3) H M3MepHTH BEJIHUHHBI, yKazaHHble B Tabi. 2. [TocnegoBarensho
yCTaHaBiHBas Nepekiodare]h OaTapeH KOHIEHCATOPOB B CHENYIONIMe 3alaHHble
MO3H MM, U3MEPHTD BEJIMUHHEI, YKa3aHHBIE B Ta0M. 2.

YCTaHOBHTE 4YacTOTY BXOAHOTO HaNpsKEHMs, NPH KOTOpPOH yros casura ¢as
MeX/y BXOAHBIM HanpsixeHHeM U H TokoM [ OyneT paBeH HyIO (pe30HAaHC TOKOR).
Ilpy HeoOXOAUMOCTH HM3MEHHTH BEJIMHYHHY €MKOCTH 6arapeH KOHIOEHCAaTOpPOB.
IpousBecTn H3MepeHus YKa3aHHbIX B TabJl. 2 BETTUUHH.

3.8. Ilo ONBITHBIM JAaHHBIM NOCTPOMTH B MaciuTabe BEKTOPHBIE AWArpaMMbl JUis
K&)XJIOr'0 OIIBITA, ONPENENHB AJI KKAOTO CIy4as M0 BEKTOPHOH JHAarpamMMe XapakTep
INEKTPUYECKON LeNH H ko3 HHLHEeHT MOLITHOCTH LEITH COS (.

3.9. CnenaTh BBIBOMB!

~ O BIIMSHHHE MapajuleNibHO BKIIFOYEHHBIX NOTpeOUTENe# ApyT Ha ApyTra;

~ O BJMAHMH KOHJEHCATOpa, MOAKIIOYEHHOTO MapaIE]bHO HHIYKTHBHOMY
noTpebUTEN0, Ha BeJIMYMHY TOKa, MOTpebiaiemMoro M3 ceTh M Kod(duumeHTt
MOIIHOCTH LIENH;

- 0 IPUMEHEHHH 1-ro 3akoHa Kupxroda B uenax nepeMeHHOro TOKa;

e

4, ConepixaHue oT4ETA

a) HauMeHoBaHHe paboTHI 1 LieNb PaboTH;

6) cXeMBI IKCIIEPUMEHTOB M Tabnuua nonyqeum pmymmos,
B) BEKTOPHEIE TUarpaMMEl A1 BCEX nporsenem-mm ONLITOB;
r) BBIBOIBI IO paboTe. .

5. KonTponsHble BONPOCH

1. Kax nipy napajuienbHOM BIITIOUEHHH MOTpeOuTeNeH ONpeenTh BEIMINHY TOKa,
noTpebnsemoro u3 ceru?

2. C KaxoMH LIeJIbI0 TIOBBIIAIOT KO3 HIHEHT MOUIHOCTH Henu?

3. Kak MOXHO ONpeAenuTh KO3 GUIHEHT MOIHOCTH LenH?

4. Kak u3MeHATCs BeIMYHHA TOKa, MOTpe6IIeMOro U3 CeTH, H akTHBHad MOIIHOCTE
HenM, €ciM MapayIeibHO  AKTHBHO-HHEXYKTHBHOMY TNOTpeGHTENIO  BKTIOYHTH
KOHZIeHCaTop?

5. Tlouemy yMeHplUaeTcid TOK, NOTpebideMblfi M3 CETH, NpH MNOAKTIOYCHHH
napaJuIeNbHO HHAYKTHRHOM KaTyIIKe KOHAEHcaTopa?

6. Kax npumensaercs 1-i 3akox Kupxroda B 1ensx nepeMeHHOro Toka?

7. Kak MocTpOUTs BEKTOPHYIO JMarpaMmy IIEMH, KOTopas COACPXHUT napmemﬂo
BKIIOUEHHBIE HHAYKTHBHYIO KaTyLIKy ¥ KOHAeHcaTop?

8. YTo Takoe «pe3oHaHc TOKOB»? [IpH KaKOM yCIOBHH OH BO3HUKAET?




Pa6ota Ne 10. YACTOTHBIE CBOMCTBA 3JIEKTPUUECKMX LIETTEHN

1. Llens paﬁOTBl — SKCTICPHMCHTAIBHOE UCCIIEIOBAHNE YACTOTHBIX XapaKTEPUCTHK .

SHGKTquCCKOFl LENH € NMOCNCAOBATENRLHBIM COCANHCHHUEM PEAKTUBHBIX JJIEMEHTOB.

2. HpeuBapmenLHoe AOMAIIHES 3aJaHHE

2.1. H3yunte TeMy «UacTOTHBIC CBOMCTBA NEKTPHUYECKHX LieTied», CONEpKAHHUE
AaHHOW nabopaTopHOi paboTel © OBITE FOTOBEIM OTBETUTH Ha BCE KOHTPOJIBHEIE
BOIIPOCHI K HEH.

2.2. HadepTHTh NPHHUUNHAIBHBIE CXEMbI HUCCICAYEMBIX LieNeH ¢ BKIFOYEHHBIMH
M3MEPHUTENBHEIMH IpHOOpaMH.

3. INopamok BeINONAHEHNS paboThI.

3.1. Cobpatp O3/EKTPHYECKYI0 LENb C IOCICAOBATENbHBIM  COCAUHEHHEM
3neMeHTOB (pHc. 1) ¥ NpeaBABUTSH €€ IS MPOBEPKH MPENOIABATENNO.
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3.2. BWnOYHTh NeKTPONIMTaHHe, YCTAHOBHTE Ha BEIXOJIE TEHEPATOPA HANIPSKEHHE
5...6 B © mn3MeHAd 9acToTy BXoAHOoro cursana ot 40 I'm mo 400 Iu usmepsats
BXO/IHO¢ HanpsbkeHHe U, aKTHBHYIO MOIIHOCTE LENH P, TOK B LeNH [, HanpsokeHnd Ha
KaTyIke WHAYKTHBHOCTH Uy, koHneHcaTope Uc, a Takoke yroi cigura §as ¢ Mexny
BXOJHBLIM HanpsmxeHueM U W TokoM [ [lpu 3ToM ofecrienTh 3HaYeHHWE YacTOTHI fj
HCTOUHHKA TTHTAHKUA, NIPH KOTOpOM B LenH OyaeT HaGmoAaTsCcs ABJICHHE PE30HAHCA
Hanpsxerui (yron casura ¢as ¢=0). PesynpraTsr usMepeunii 3anectd B Tadn. 1.
BBIK/FOUNTS HCTOYHHK NIEPEMEHHOTO HANPSKEHUA.

Tabnuua 1

f, 'y

U,B

P, Bt

LA

, 'paj

U,B

Uec, B

Up, B
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3.3. [lo pesynpTataM HM3MEpEHUH AN KaXIOro 3HAYeHUA YacTOThI BXOAHOIO
CUTHAA PacCUUTaTh BENMYHHY MOJHOTO COMpPOTHBICHMA UENMH Zgx, aKTHBHOIO
COTPOTHRIJICHUA LeMH R, MOMHOTO COMPOTHBIICHHSA KATYyIUKH HHIYKTHBHOCTH Z,
peaKTHBHOrO COMPOTHBIIEHUS Lemu X, HHOYkTHBHOro X;, H eMmkoctHoro Xc
PEaKTHBHBIX COTIPOTHBJCHHME, a Taloke BeJMYHHY MMAYKTMBHOCTH L, emkoctu C M
AKTHBHOTO CONIPOTHBIEHMA LienH R. (Tabm. 2).

3.4. T1o pe3ynbTaTaM pacueToB ¥ M3MepeHuH MOCTPOHTE rPadKH XapaKTEPHCTHK
IZF(ﬂv ZBX:_F(f): Uk =F0), UC =F(f), ? =F(ﬂ

3.5. OnpenenuTh TpaHAtHble YaCTOTHL f> M f , a Taloke PE30HAHCHYIO HacToTy fp.
[To HalileHHEIM 3HAYEHWAM YacTOT BBMHCIMTH A0OpoTHoCTe (J;.  HMcenmomesyd
3HAYCHHUA TApaMETPOB 3JIEMEHTOB TIOCICAOBATCIEHON LENH REMHCIUTE AOGPOTHOCTH
(;. CpaBHHTE NONYYECHHBIE 3HAa4€HUA JOOPOTHOCTH. Pe3ysILTaThl PacyeToB 3aHECTH B
Tabn. 3.

Tabnuua 2

f,Tu
ZBX, Om
R, Om
7; OMm

X, OMm

XL, OM

Xc, OM

L, M['H

C, Mx®

Ta6nmua 3

_/b,r].l ﬁ’ FLI f}9 Fu QI Q2

4. CogepxaHue oT4eTa

OTueT NOMKEH CONEPKATB!
a) HaUMEeHOBAHME U 1iENb PaboTs;
6) aeKTpUtecKyie CXEMB! IPOBEJEHHEIX IKCIEPHMEHTOR;
B) TaOMHIIBI C pe3y/IbTaTaMH 3KCTIEPHMENTA,
T) 9KCHEPHMEHTIBHEIC XapaKTePHCTHKY,;
1) BEIBOMIBI O YACTOTHBIX CBOMCTBAX MCCAEAOBAHHOM Liey.

5. KoHTposbHBIE BOIIPOCH

1. MoueMy npH N3MEHEHHH YACTOTHl MCTOYHMKA IMTAHHUA H3MEHAETCH BXORHOE
CONPOTHBIICHHE UENH, coaepiKallieHl peaKTHBHbIE JTEMEHTHI?
2. YTo noHHMAIOT HOA «PE3OHAHCOMY» B BJICKTPHYECKOH LIETIH NEPEMEHHOr0 ToKa?




3. TIocTpOMTL BEKTOPHYIO JHArpamMMy HamnpsDKeHHH B 1IEIH C MOCTIe0BATEILHEIM
coeannenneM R,L,C and pexyMa pe3oHaHca C YKa3saHHEM BEKTOPA HampAKEHUA Ha
peafibHOH KaTyllIKe HHAYKTHBHOCTH.

4. HsmeHeHHeM Kkakux [apameTpoB B mnocnedosatenbHod  RLC-uenw,
HOAKIIOYEHHOH K MCTOYHHKY CHHYCOMAAIBHOIO CHMTH&JIOB MOXHO IIONY4HTh
PpE30HaHCHBIH pexum?

5. Kax MOKHO ONpeAeNIMTh 3Ha4YeHHE PpE3OHAHCHOM YacTOThI B UEmAX ¢
NOCEIOBATENLHEIM H NapaifiefibHbIM COeJMHEHHEM DNIEMEHTOR?

6. Kak onpexaenserca no6poTHocTh mociefoBaTenbHod RLC-lenu M 4YTO OHa
XapaKTepHu3yeT.

7. B nocnenorarensnoil R, L, C-ueny  npu pe3oHaHce M3BECTHBI NPHIOKEHHOE
HanpsbkeHne U, HalpsbxeHue Ha karyike Uyx W HalpsbkeHMe Ha KoHpaeHcaTtope U .
IMouemy no6poTHocTs uenu, onpedenentas kak O;=Uy /U u Q,=Uy/U nony4vaercs
paznuyHo#? B xakoM cryqae Gonsiie?

7. Kax BiIMser Ha [IOOPOTHOCTE HM3MEHEHHE AaKTHBHOTO CONPOTHMBIICHHS B
HOCJIeXOBATEILHON LemH?

8. Kak onpeaesrierca nosjaoca NpoiryCKaHUs 4acToT M YTO OHA XapaKkTepusyer?
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Pabora Ne 11. HEJIMHEMHASI LIETIb IIEPEMEHHOI'O TOKA

1. Llens pabotsl

OKCICPUMCEHTAIEHOE HCCIICAOBAHHE BOJIETAMIICPHBIX XapPaKTCPUCTHK KaTylIKHA
AHAYKTHUBHOCTH C (beppOMaI‘HHTHLIM CepACYHHKOM H KOHIACHCaATOpa. H3Y'-[CHPIC
d)opMLI KpPIBOﬁ TOKa B KaTyHiKe ¢ CEPOCYHHUKOM. ,CpaBHex—me IKCNIEPHUMEHTAIBHBIX
peSyJ'ILTaTOB C pacyeTHBIMH OaHHBIMH. 3HAKOMCTBO C pa60Toi71 HBYCTOPOHHETO
OrpaHHIHTENA YPOBHA HANIPOHKCHHA.

2. [IpenaBapuTepHOE AOMALIHEE 3aaHHe

2.1. Uzyuuts teMy «HenuHeRHbie LIENH NIEPEMEHHOTO TOKa», COAEPKaHHE NaHHOH
naboparopHoit paGoTel M OBITP FOTOBBIM OTBETHTH Ha BCE KOHTPOJIbHBIE BOTIPOCH K
HeH.

2.2. HaueptuTr NpHHUMIHAIBHBIE CXEMBl HCCIEQyeMBIX Lened HCCaemyeMbIX
Lenel ¢ BIIIOYEHHBIMA H3MEPHTENBHBIMH IpHGopamu.

3. Nopsnok semonHeHus pabors!

3.1. O3HaKOMHTECH ¢ 1ab0OpaTOpHON YCTaHOBKOH,

32. lna cHATHA BOJBTAMIICPHOH XapaKTEPHCTHKHM KaTyIUKH C CEpACYHHKOM
cobpaTh BNEKTPHHECKYIO Lienk 1o puc. 1. TloaxmounTs NapaulebHO R00aBOTHOMY
pesrcropy R2 BeIBOgBI ocumwiorpada. VaMeHAs oT Hyns BenWMHHY BBIXOZHOTO
HanpsOKeHHs HCToYHMKa muTanma E3 mpu dacrore 50 I'i, cHATE BOJIETAMIIEPHYIO
XapaKTepHCTHKY KaTyiky ¢ heppOMATHUTHBIM CepACYHMKOM. Pe3ynbTaThl H3MepeHUH
3aHecTH B Tabn. 1. Jlpy npopeneHHMn wu3MepeHHit HabmonaTh € MOMOIIBIO
ocuuorpaga ¢opMy KpHMBOH TOKa B Ilenmd. 3apHcoBaTh BHJA KpHMBOH TOKa.
BEIUTIOUHTE JNEKTPOIIUTAHHE CTEHAA.

R2 Bx ‘U ________________

K
ocmyanorpady

OF

Puc. 1
Tabnuua 1

U, B
LA

3.3. [lna cHATHA BOJABTAMIIEPHOM XapakTepHCTHKH KoHAeHcaTopa C3 MOAKTIOUUTS
€T0 BMecTO KATYNIKM MHAYKTHBHOCTH. CHSATH BOJBTAMIEPHYIO XapaKTEPHCTUKY
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KoHzeHcaTopa C3, M3MEHAs BBIXOJHOE HANPAXKECHHE HCTOUHHMKA OT HyJIA. PesynbTarel

H3MepeHust zaHectH B Tab. 2
* Tabnuna 2

Ue, B

LA

3.4. Vcnons3yd MOMy4YeHHbIE 3KCIEPUMEHTANBHBIC DPE3YJIBTAaThl, MNOCTPOMTL B
ONHOM CHCTEME KOODIMHAT BOJBTAMIIEPHBIE XapaKTEPUCTHKM  KaTylWkH ¢
¢eppoMarHUTHBIM CEPACYHUKOM M KOHAECHCATOpA. s crydas ToCneIoBaTe/IbHOIO
COe/IMHEHHs KATYIIKH C (EpPOMArHHTHBIM CEPACHIHUKOM M  HMCC/IEI0BAHHOTO
KOHJIEHCATopa MOCTPOMTH BONLTAMIIEPHYIO XapaKTEPHCTHKY Tako# Len# u no Hell
ONpEAENUT BEJIHYUHY HANpsHKSHHUA, IPH KOTOPOM Gyner HaOII0AaTbCA TPUTTEPHBIH
addekT. .

3.5. Cobparh MEeKTPHIECKYIO LENb C TIOCAEA0BATEIbHBIM COEHHEHUEM KaTyLIKH ©
(eppOMarHuTHBIM CEpACHHMKOM L3 U KoHJEHCaTopa C3 (puc. 10). I'inaBHo mvmeﬂml
BENMMUHY BXOMHOTO HaNpshKEHHs, CHATE BOJLTAMIIEPHYIO XapakTepPUCTHKY BCEH LIETIH
MpH yBEIMYEHMM M YMEHBIIEHWH BXOJHOTO HANPSKCHMA. O6paTuTh BHHMaHHE Ha
CKa4YOK TOKa TIPH yBEJIMYEHUH ¥ YMEHBLICHHH HATPsAKCHHA. Pe3ynpTaThl H3MEPEHHH
3adecTH B Tabn. 3

L3
Puc. 2
Tabmmna 3

’Buy,cn o 2] 4] ] 8 01 21

Tysen,
A

Uymen 1 1 8 6 4 2 0
2B 2 0

I_\'mm-

w A

3.6. Tlo OSKCHEPHMEHTAIBHbLIM pesynbTaTaM MNocTpouth BAX wuemn ¢
[OC/IENOBATENBHBIM COSJIMHEHHEM KaTyIKH ¢ ()epPPOMArHUTHBIM CCPACHHHKOM H

koHpeHcaTopa.  CpaBHHTH  IOJNIYYEHHYIO ~ XapaKTepHCTHKYy ¢ pacueTHOH

XapaKTepUCTHKOM.
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3.7. OsnakomuThCa € paboTO# OrpaHmUHMTENs YpOBHS HampskeHHA. Jina oToro

cobpatk cxeMy 1o puc. 3. IloAKmoYHTE NapanneNbHO JBYXaHOAHOMY CTAaGHIHTPOHY
VD2 ocuwiorpag.

. (A
\000, )
PA1 =
R13
E3 }
T , vD2
K
ocupiorpady
-—
Puc. 3

IlnaBHO yBenuuMBas BXOAHOE HAaNpAKEHHE HaGIONATh NO ocLMILIOrpady dopmy
BBIXOJHOTO HANpKCHUsA. OGpAaTHTL BHHMAHHME HAa BE/IHYMHY TOKa, NPH KOTOPOM
H24HHACTCA OTPaHMYCHHE BHIXOJHOTO HampmxeHus. MsMeputs ocuwuiorpadgom
aMIUIMTYZly BBIXOJHOTO HAUPSKEHHS M CPaBHHTh €€ C MAaCHOPTHLIMH JaHHBIMH
crabunntpona KC162A. 3apucoBaTs OCHHAIOrpaMMEl HaHGONBLIErO BXOJHOTO M
COOTBETCTBYIOLIETO BBHIXOJAHOTO HAIIPKEHUH.

4. CogeprkaHne oTHETA

Ot4et no paboTe NOIDKEH COLEPIKATE:

2) HAMMEHOBAHUE H LIENTh paboTEy;

6) cxeMbI SKCIIEPHMEHTOB M TabJIHIIEI ¢ pe3yIhTaTaMH M3MEpeHUit;

B) PACHETHBIE H IKCIICPHMEHTAIBHBIC BOJIETAMIIEPHBIE XaPAKTEPHCTHKH,
I') OCLIJLTOrPaMME] HaNpsXXeHHUH ¥ TOKOR;

) CPaBHEHHE Pe3yJIFTATOB PacueTa ¢ IKCTIEPUMEHTANBHEIMH JAHHBIMY;
€) BBIBOJBI O CBOMCTBAaX MCCNEOBAHHBIX LIEMEH.

5. KoHTposnbHbIe BOIPOCH

1. OO6bAcHMT>  HasHaueHHe  (DePPOMarHUTHOTO  CepACUHHKA KaTyLUKH
HH/TyKTHBHOCTH.

2. TIoACHUTD BNMAHNME CEPACUHHKA HA BETHYHHY HHAYKTHBHOCTH KATyIIKH.

3. Kax n3MenuTCs BONBTaMNepHas XapakTEPUCTHKA KATyIIKH HHAYKTHBHOCTH IIpH
HaIMYMK BO3AYLIHOTO 3a30pa B CEpACUHUKE?

4. TloueMy cepheuHHK YacTO BBITOTHAETCS M3 M30JIMPOBAKHBIX APYT OT apyra
IIaCTHH 3/1eKTpOTEXHHYECKOH cTani?

5. O6BACHUTE NPHYHHY HCK@KCHHMA CHHYCOMNANBHON (OPMBI TOKA MPH IHTAHUM
KaTy iy HHIyKTHBHOCTH CHHY COMAATBHBIM HAPDKEHHEM.

6. Kak onpenenuTs napaMeTpsl CXeMBI 3aMEUICHHS KaTYIIKH C (eppOMaruuTHEIM
Cepaeunuxkom?

63 =




7. Kakum o6pa3oM B LIENH C NOC/IEA0BATENbHBIM COCAHHEHHEM JIMHENHOM KaTyLIKH
HHAYKTHBHOCTH H KOHJICHCAaTOpa MOXHO 00€cNeduTh BO3HMKHOBEHHE PE3OHAHCA
HanpsHKEHUH?

8. B ueM ocobeHHOCTH sBJIeHus eppope3oHaHCa HATIPSXKEHHH?

9. Ilowemy ¢ YBeNMMEHHEM EMKOCTH KOHJEHCATOpa BO3MOXHO H3MEHEHHE
BETU4HHBI IMTAIOIETO HATIPSHKEHHA, IPH KOTOPOM IPOHCXOUT TPUITEPHBiH 3tddekT?

10. KakoBo npakTHiecKkoe pUMeHeHHe (heppope3OHaHCHBIX ABJICHHN?

11. OOBACHWTE IIPHYMHY H3MEHEHMd (OPMBI  BHIXOHHOFO  HATPIKEHHA
OrPaHHYMTENA YPORHA HaNPsKCHHS.
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Pabora Ne 12. TPEX®A3HAS LIEITb ITPY COEJMIHEHHH
[MOTPEBHUTEJIEH [1O CXEME «3BE3JA»

1. Uens paboTtsl

O3HaKkoMHTECA ¢ TpeX(a3HBIMM CHCTEMaMH, H3MEpeHHEM (asHBIX M JIMHEHHBIX
TOKOB M HanpsbkeHHH. IIpoBEPHTH OCHOBHBIE COOTHOLICHHA MEXKHY TOKaMM H
HAlPDKEHUAMH  CHMMETPHYHOTO M HECUMMETPHYHOTO TpexdasHoro norpebHTesd.
BrISCHUTD pOJIb HEHTpaANbHOrC MpOBOJA B YETHIPEXNPOBONHOH TpexdasHoH cHCTeMeE.
Hay4uThCa CTPOUTH BEKTOPHBIE IHATPaMMEI HANIPSLKEHUH M TOKOB.

2. HpCJIBapHTCIILHOC JAOMaITHEE 3adaH1e

2.1. Usyuuts TeMy «TpexdasHble anexTpudeckue LEnH MpH COCAMHEHHH IO CXEME
3Be3/Ia», CojepXKaHHe JaHHOH NabopaTopHOH paboThl H OBITH FOTOBBIM OTBETHTE Ha
BCE KOHTPOJIBHBIC BOIIPOCH K HEill.

2.2. Ha4epTHTh NPHHLUHIHATLHBIE CXEMBI HCCIETYEMBIX HEMEH HCCIeTyEMBIX
yeneH ¢ BKIIOYEHHBIMH U3MEPUTENIBHBIMH IPUOOPAMH.

3. [opsaok BLINONHEHHA paboTsl

3.1. O3HaKOMHThCS ¢ 1a60OpaTOpHOH yCTaHOBKOM.

3.2. BKIOYHTH DJEKTPONHTaHHE CTeHHa. BKMOYNTh TpexdasHel HMCTOUHHK
nutaius E4 ¥ HM3MEDHTH CTPENOYHBIM BOJILTMETPOM JiMHeHHble ¥ Qa3Hble
HalpsHKeHUA NCTOYHUKA TIHTaHHA Ha XOJ0CTOM X0y. Pe3ynbTaTsl H3MepeHHH 3aHECTH
B Tabn. 1. BRIKIIOYNTE HCTOYHMK 3JIEKTporHTaHus. [IpoBepHTE COOTHOLIEHHE MEXKIY
JIMHEHHBIMY U (Ha3HBIMH HANPDKCHMAMH HCTOYHMKA NHTAHMUA.

Tabsuna 1
H3MepeHO Ha KJIEMMaxX HCTOYHMKA TUTaHUA Brrancneno

Jinnelinbie HanpKCHHA DasHBIe HANPDKEHHA
Uas, B Upc,B | Uca,B| Uy B Up, B Uc, B Un B Us, B | Un/Ue

—J

3.3. CobpaTh CHMMETPHYHYIO HETBIPEXIPOROAHYH) TpeX(a3HyIo 3IMEKTPHYECKYIO
uens (puc. 1). B kauecTre aMIIEPMETPOB KCIIOJIB30BaTh HHMPORBIE IPHOOPHI B pEXXKHME
H3MEPEHUA NEPeMEHHOro ToKa (TyMOiiep pexxsMa paboTel DpHOOPOB B MO3HULHMH «~»).
B kauectse morpebuteneit Ra, RB, Rc ucrnionesosats pesucroppl R17, R18, R19,
YCTaHOBHB COOTBETCTRYIOLIME TyMONepsl B Mo3uLM0 «1». TIpeacTaBHTh cXxeMy s
NIPOBEPKY MPENOAaBaTEIlo.

3.4. Hccnemoath pexxuMsl paboTel CHMMETpHUHOM TpexdasHOH uenu npu
HAIMYUM B OTCYTCTBMU HEHTPaNnbHOTO IIPOBOJA, a TAKKE BIIMAHME HEHTPATbHOrO
NpoBoa 1 0OpbIBa JIMHEHHOrO NPOBOJA 3afaHHOH (a3l (Tabm.2) Ha pexuM paboTsl
uenu. Jing 3Toro BKIIOYHTH BJIGKTPONHTAHHE CTEHAA, WCTOYHMK TpexdazHoro
Hanpsxenus E4 U u3MepATs TUHEHHBIE TOKH 4, Ip Ic M TOK B HeliTpansHOM nporoae
Iy, dasmele nanpsxenma  ucrounuka U, Up, Ue, dasuple HampskeHHa Ha
norpe6urensx Uay, Usn, Ucn ¥ Hanpskenne cMemtedna Helirpanu U,y Hanpsxenus
H3MepATE, NOAK/IIOYas BRIBOJAB! BOJETMETPA K COOTBETCTBY IOIINM KJIEMMaM.

PesynpraTsl H3Mepenuit 3aHecTH B Tabl. 3. BHIKTIOYMTE HCTOUHMK NMUTaHUA E4.
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Tabnuua 3

Pexaid marpysxa Toxu, MA Hanpsaxerns, B

dasHbie dasnbie
Ia, | I, | Ic, | In HaNpsDKEHAA HATIPSKEHNSA
MA | A | A | ma HUCTOUHHKA, norpeSuTencH,
B ‘B
Us { Us | Uc |y, | ug | Ue | Un
YeThIpeXTIpoBOgHasL
Ienb, Harpyska
CHMMETPHIHaA
Ofpsie SIMHEEHOTO
TIpOBOAA B
YETHIPEXIPOBOAHON
CHMMETPHIHOH LenH
TpexnpoBoaHas  LCHb,
Puc. 1 Harpy3ka CHMMCTpHIHAA
3.5. WccrnemoraTs pexuMbl paboTHl HeCHMMETpPHHHON Tpex(asHoi memu c OGpes JHHEAHOTO
- = - 0BOd2 B
aKTHBHOM Harpy3koH NpH HaMWYMH M OTCYTCTBHH HEHTpankbHOrO MpOBOZA, a TAkKXKe gcxngommoﬁ
BJIMAHHME HEHTPaIbHOro NpoBoda M 0OphbiBa JHHEHHOrO NpOBOJA 3aNaHHOH dasbl Ha CHMMETPHIHOM LierH
pexuM pabotsl uend. i 3Toro ycTaHOBMTL HAPAMETPHI LElM B COOTBETCTBHM C YeTHpexIIpoBo/Has
33JaHHBIM BapHaHTOM (Tabn. 2), BKIIOYHTH DJJICKTPONHTAHHWE CTEHOA, HCTOYHHMK LieIb, Harpyska
TpexdazHoro HanpsikeHus E2 WM U3MepHTh TOKH, (a3Hble HaNpSHKEHHA HCTOYHMKA, ‘ HCCHMMCTpHHad
dazHEIe HampsAXeHHA HA NOTpeGHTENAX M HampsxeHHe cMmewleHHs Heirpann Uy. %DHODOlIHaﬂ
- E€XITPORO, EIIL,
Pe3ynpTaThl u3Mepennii 3aHecTH B Tabn. 3. BHIKMIOUNTS HCTOMHMK NUTaHKs E4. ngp;;:; ABad - Lem,
Tabnuna 2 HECHMMETPUIHAS
OJHOpoIHAsA
Ne BapuaHTa 1 2 3 4 5 6 , O6prIs JHHEHAHOTO
TpoBOAa B
Ra R18 R18 R18 R18 RIS R18 TPEXTIPOBOAHOH
Ra R17-2 R17-2 R17-3 R17-1 R17-2 R17-3 HECUMMETPUHHON LienH
YeTrIpexposoaHas
Re RI5-T R19-2 R19-2 R19-2 R19-3 R19-3 "PEXTIPOBOIH
jita 11N Harpyska
O6prIB poBoaa A B C A B C HECHMMETpPHIHAS
— — HCOIHOpOAHAA

3.6. Hccnenorars pexumbl paboThl HECHMMETPHYHOH UETBIPEXTIPOBOAHOH H : Tpexnpopognas  nems
TPEXMPOBONHOM LEMH NPH HEONHOPOAHON Harpyske, [l 9TOro MOAKIMIOYHTE B (ase : Harpyska ’

«A» BMECTO pe3ucTopa KoHmeHcaTop C3, yCTaHOBHThH MEPEKIIOYATENIH PE3HCTOPOB HECHMMETPHIHAS
R17 u R19 B no3uumio «1», BKIIOUHTE HCTOUHHK nMTaHuA E2. PesynsTaThl H3MepeHuit ., L HCO/iHOpoTHAA
3aHeCTH B Tabi. 3. BEITIOUHTE HCTOYHUK NMUTaHUA E4.

3.7. HccnenoBath BIMAHME CONPOTHRIICHMA JHHHHM Nepeflaud Ha PEXHM paboTHI Tabmsma 4
Tpex$azHoM uenH. A 3TOr0 BKIIOYHTH [OCICHOBATENbHO B KXY dasy Lg\, [g% %C’ U,, U, Ue, Ia, I, Ic, In,
JonojHuTeNnbHble pesnctoprl R14, R15, R16, ycTaHOBUTE CHMMETPHYHYIO HArpy3Kky, ! B B B MA MA MA MA
BKJTIOYHTH INEKTPONNTAHHE W H3MEPHTD HANPKEHHA H TOKM. Pe3ysIbTaThl H3MEpEHHH 9.
3aHeCTH B Tabit. 4. !

3.8. ITo pesynbTaTaM H3MEPEHHH BBIMUCIHTD
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— cpeaHee 3HauYeHHe TMHEHHBIX HalpsoKeHKH Uy HCTOYHNKA NUTaHUs;
~ cpeaHee 3HaYeHHe (azHbIX HanpsmxkeHHHA Uy HCTOYHMKA NHTaHUA,
— ornomenue UpUg;
— cpeaHee 3HaYeHME TOKa [IPH CUMMETPHHHON Harpy3ke.
3.9. Jlna Bcex NpOBEACHHBIX ONBITOB METOAOM 3aceuek HOC’I‘pOHTB B MaciuTabe
BEKTOPHBIC JIHarPaMMBi.
3.10. CpaBHUTD pexuMBI paboTHI U CAE/IaTh BBIBOJ O BJIMAHUN HEHTPaILHOTO
nposoza Ha paboTy TpexdasHol CHCTeMBl IPH CHMMETPHYHOH B HECHMMETPHHHOH
Harpyske.

4. ConepxaHHue OTUETA

QOTyer 1o paboTe ZOIKEeH conepxKaTh!

a) HauMeHOBaHKe paboTsl U Lelb PaboThl;

6) TexHHUECKHE JaHHbIE SNEKTPOM3MEPHTEILHBIX IIPHOOPOB; .

B) CXEMY IKCIIEPHMEHTA ¢ BKIIIOYEHHBIMH M3MEPHTENBHBIMU anGOpaMH

T) TabAUIBl ¢ pe3yNbTaTaMU dKCIIEPHMEHTA;

1) BEKTOPHBIE AHArpaMMBl JUL BCEX MIPOBENCHHBIX ONBITOB;

¢) BBIBOJ O POJI HEMTpaIbHOro NpoBo/Ja B Tpex(a3HOH LenH NpH COeHHEHHH
NOTPEOUTENA 110 CXEME 3BE3/A;

%) BBIBOJ, O BJIMSHHH CONPOTHBIICHHA JIMHUU Tlepefiadl Ha paboTy TpexdasHoi
LEMH.

5. KoHTposbHbIe BONIPOCH

R

1. Kakoe corIMHEHHE Ha3bIBAETCA 3BE3A0H7

2. KakoBo cooTHOWIeHHe MEXAY (azHEIM M JIMHEHHBIM HANPKCHHIMH
Tpex(azHOro HCTOYHHKA ITHTAHUA NIPH COSAUHEHMH ero 06MOTOK 1o cxeMe 3Be3fa?

3. Kakoe cooTHomeHHe Mexay ¢(asHhIMH H JIHHEHHBIMH TOKaMH IpH
COCOHHEHHH B 3BE3MY?

4. Kak onpene/uTe BENHYHHY TOKa B HEHTpaqbHOM MPOBOLE, €CITH M3BECTHEI
TOKHM 1oTpeburens?

5. Jing wyero MpUMEHAIOT HEHTPANILHBIH NpoBoOA?

6. K kakum 3a)kuMmaM ClleAyeT MOAKIIOHHTE BOJIETMETD, uTO6HI muepm ;

¢asHoe U MUHEeHHOE HaNpKeHHE?

7. Kakas TpexdasHad Harpy3Ka Ha3bIBacTCs CHMMETPHYHON?

8. TloueMy mpy HECUMMETPHUYHOH Harpy3ske oOphIB HCHTpaJILHOFO nposom
ABNACTCS aBapHHHBIM PEXHMOM?
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Pabora Ne 13. TPEX®A3HAA LIEITb [TPM COEAUHEHHUA
ITOTPEBUTEJIEU [TO CXEME «TPEYT'OJIBHUK»

1. Hens pabotw
Hccnenosate ocobennoctn paborhl Tpex(asHOW LieNd NpPH  COSHMHEHHM
CHMMETPHYHOTO M HECHMMETPHYHOTO TOTpeGuTENne#i TPEeyroNbHUKOM, YCBOMTDH
TIOCTPOCHNE BEKTOPHBIX OHArpaMM 10 pe3yJIbTaTaM 3KCIEPUMEHTA.

2. HpCﬂBapﬂTCHLHOC AOMAIIHEES 3aaHNC

2.1. U3y4nts Temy «Tpexda3sHpie 2neKTpHYECKUE LENH IPH COSAMHEHHH 110 CXeMe
TPEYTOJIBHUKY, COAepXKanWe JaHHOH J1abopaTopHo#H paboTel M OBITE T'OTOBBIM
OTEBETHTH Ha BCE KOHTPOJIBHEIE BONPOCHI K HEH.

2.2. HauepTHTh NPUHUHMIHATLHEIC CXEMbl HCCASAYEMBIX LeMed HCCleqyeMbiX
uenei ¢ BKIIOYEHHBIMH H3MEPHTENILHBIMH IPHOOpaMH.

3. INTopsaok BeIMOMHEHM paGoTH!

3.1. O3HakoMuThcA ¢ N1abopaTopHO# YCTAHOBKOI. :

3.2, BKmoYATE MOAYJIb MUTaHHA CTEHAA M HCTOYHMK TpeX(asHOro HanpsKeHHA

E4. UsmepuTs NuHEHHBIC HanpskeHHd HCTOYHHKA4 NMHTAHHA Ha XOJOCTOM XOZYy.

Pe3yneTaThl H3MEpeHUH 3aHecTH B Tabs. 1. BHIKIMIOUMTE 351eKTponUTaHNe. BEIYHCINTE
CpellHee 3HaueHue JIMHeHHOTo HanpskeHusa Uy

Tabnuna 1

Uag, B Upc, B Uca, B Ug B

—

3.3. B cooTBeTCTBUH C pHC. 1. cobpatk cxeMy Tpex(azHON UeNy NpH COSAMHEHHH
notpebuteneii B TPEYroNbHHK. YCTaHOBHTE CHMMETPHYHYIO Harpysky. JUia artoro
YCTaHOBUTb COOTBETCTBYIOIIHME TyMOJeph! B mo3utuio «1». [penasssurh cxeMy Ams
[IPOBEPKH.




3.4, BKIIOYHTE DBNEKTPOINHMTAHHE M HMCTOUHHMK TpeX(asHOro Hanps>KEHHA.
WsmepHte ¢asHble TOKM Iap, Inc, Ica M NMHEHHBIA TOK 14, a TawKke HANpAXEHHA HA
notpebuTensx. Pe3yabTaThl 3aHECTH B TabJ. 2. BBUUIIOYHTS 31EKTPOITUTAHHE.

3.12. CpaBHHTh pe3yNbTATEl H3IMEPCHUN IMHEWHMBIX ¥ bazHex  Tokop
COEAMHEHUHM OTPEOUTENA B TPEYTONLHUK IS UCCASAOBAHHbIX pexumon e
3.13. IMpoanann3npoRaTh BIUAHME OGPLIBOB JIMHEHHOTO 1

$asnoro nporogos
peHMBL paGoThl noTpeCuTenel. poBoros ia

3.5. PazoMKHyTh nuHelHbI npoBos dasel «B» (yOpaTe NpOBOAHMK) ¥ H3MEPHTh
tazHele TOKM Ip, Iac, Ica ¥ TMHENHEIH ToK 1,, 2 Takke HanpsykeHNA Ha NOTPeOUTENAX.
PesysibTaThl 3aHeCTH B TabJ1. 2. ' '

3.6. Beimounts Harpy3sky B ¢ase notpeburens «CA», y6pas NpoBOAHUK, H
MPOBECTH HiMepeHHd. Pe3ynpTaThi 3aHeCTH B Tabn. 2.

4. Cofeprxanye oTHeTa

Oruer no paboTe AOIDKEH COAEPKATE:

a) HaMMEHOBaHHe paboTsl H LieNs paboTsl;

6) TexHHYECKHE JIAHHEIE 2JIEKTPOH3MEPHTENEHBIX IPUGOPOE;

B) CXEMY IKCIIEPUMEHTA C BKIIOYCHHBIMH H3MEPHTENbHBIMH NpUGOopaMu;

3.7. Pa3oMKHYTH MuHeHHEIH nporo dazsl «B» M Harpysky B dase notpeburens
«CA». Nameputs dazusie TokH [ap, Inc, Iea ¥ NuHEHHDBI TOK [, a TaKkKe HANPKEHUA
Ha noTpebutensx. Pe3yabTaThl 3aHecTH B Tadd. 2.

r) TabNHILIbI ¢ pe3yNpTaTaMHU dKCIIEPHMEHTA,;
Tabmmua 2 ) BEKTOPHBIE HATPAMMEI UL BCEX IPOBE/ICHHBIX OITBITOB;
€) BBIROJIBI 110 paborTe.
Pexaam Harpysku Tox Harpy3ku, MA Hanpsxenue Ha
notpeburenix, B 5. KOHTpOBHBIE BOMPOCH
Ia Ig | Ic | Iap | Inc [ lca | Usw Ube Uca

CuMMeTpHTHas Harpyska 1. Kaxnm o6paszom TpH ogHOasHEIX IOTPEGUTENA COSNUHAIOT B TPEYTONBHUK?
OO6psIB JIMHERHOTO IPOBOLa «B» 2. Kyza cneffyer moAxmo4aTs BONETMETpP, YTOOB! M3MEpPHTE: $aszHOe M JIMHEHHOE

O6psiB thasbl notpebutena «CA»
O6puz dazel noTpeburens «CA» u
0oOpbIB THHEHHOTO NpoBoda «B»
HecummeTpyanas Harpyska

HalpAxeHUA TpexdazHoro notpedurens?
3. B xakoM COOTHOMIEHMM HaxoAsrcs ¢asHple W NUHCHHBIC HATIPMKEHMA
CUMMETPHYHOrO NOTPeOHTENS, COEAUHEHHOTO B TPEYTONBHHUK?
4. Kaxoe cooTHOMIeHMe MEXTy (HasHbIMH M JIMHEHHBIMA TOKAMH CHMMETPHYHOTO
NIOTPESHTENLA, COCAMHEHHOTO B TPEYTOJILHIK?
5. Beernia in CTIpaBe UIMBbI IPH COEANHEHNH B TPEYTONIBHHK COOTHOIIEHHS
Ia= las— Ica, Is= lgc— Lus, Ie= Ica— Inc.

3.8. YcTaHOBUTE B COOTBETCTBHMM C 3aJaHHBIM BapHAHTOM HECHMMETPUUYHYIO
Harpysky (1abs. 3) ¥ BIUIIOUMB 3JIEKTPONUTAHKE, IPOBECTH H3MEPCHHMA TOKOB U

Hanpsmceﬂuﬁ. 6. BCCI‘}.Ia_ JIN [IpH C_(_)C}IHHCHPIPI B TPpEYTONBHUK CIIPABCUTHBO COOTHOUICHHE
Tabnuua 3 s+ g+ Ie=0?
7. Kak OTpasuTCA OTKIIOUEHHE OAHOH (a3l MOTPeGHMTENs HA PEXUM PaGOTHI
Ne BapHanTa 1 2 3 4 5 6 Apyrux a3 v Ha pekuM paboTel Bcel Tpex(asHOHM LENH, COCAMHEHHON B
RAB R21-2 R21-2 R21-3 R21-3 R21-1 R21-3 TPeYTONBHHK?
e V%) ) ) ) R YD) 8. Kak moBnuseT OGpHIB JIMHEHHOIO MpPOBOAA HA PEXHM paboTHI norpeburencii
IIPH MX COEIMHEHHUH 10 CXEME TPEYTONBHUK?
RCA R20-2 R20-3 R20-2 R20-3 R20-2 R20-1

3.9. HccnenoBaTh BIUAHHE COMPOTHRIICHUS JIMHHH TIepeauyl Ha PeXHM paboTh!
Tpexdaznoro notpedutens. [y 3Toro BKIOYHTE NOCIEAOBATENRHO B KKIYIO (azy
YCTOYHHKA MMUTaHHA JJONOIHUTENbHBIE pe3ucTopsl R14, R15, R16, ycTaHOBUTD
CHMMETPHYHYIO Harpysky. BKIFOUHTE 2/1eKTPOIHTAHHE H H3MEPHTE HANPAKEHHUA H
TOKM. Pe3ynbTaTsl H3MepeHHUH 3aHecTH B Tab. 2. BBIUIIOUNTE HCTOYHHK NUTaHud E4.

3.10. Jins Bcex ONBITOR IOCTPOUTH B MacuiTabe BeKTOPHBIE JHarPaMMEL.

3.11. T1o BeKTOpHBIM AHAarpaMMaM ONPECITUTE JUI1 HCCIIEA0BAHHBIX PEXXHMOB
JIMHEHHBIE TOKH I 1 Ic.




