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HY>XHBl JUIi ONpeleNeHHs JMamna3oHa BO3MOXHOTO H3MEHCHHA BEIMYHMH M
HEOOXOMMOro pekuma paGoTel o0bekTa HcclenoBanus. TpeGyemble pacueTHbIE
COOTHOIIEHHS ¥ (OPMYIIBI CIEAYET HAaWTH M 3alMucaTh CaMOCTOATENBHO Ha OCHOBE
H3y4eHHs y4eOHBIX MOoCOOHH.

Oco6oe BHUMAHUE CleAyeT YASIUTs H3MEPHTENBHEIM pubopam. B cooTBeTCTBHH
¢ Ka¥kablM O3TanoM pabodero 3aJaHHs HEOOXOAMMO MpPOAHATM3UPOBATH CXEMY
COENMHEHMH,  COCTOAIYI0 M3  JJIEMEHTOB  OOBeKTa  HMCCENOBaHMA  H
3JIEKTPOM3MEPHTENBHBIX TIPHGOPOB. TIpH 3TOM PEKOMEHIYETCs 3arOTOBHTH TaGIHILb!
TS 32MHCH TIOKa3aHuH TIpHOOPOB.

OJHHM W3 BaKHBIX JTANOB MOATOTOBKHM K BBITIOJHEHHIO JIaGOpaTOpHO# paboTh!
SBJISIETCS ~ M3y4€HHE  TEXHOJIOTHH  NPOBENEHHS  OKCIEPUMEHTA,  HCHONb3ys
METOMYECKHE PEKOMEHAALMH K BBITIOJHEHHIO paGoyero 3aaHms.

3aBeplmaeT 3Tan MOATOTOBKH K BHIIONHEHHIO 1a6OPaTOPHOH paboThl COCTaBICHHE
OTBETOB Ha KOHTPOJIGHBIE BOIPOCHI, IPUBEICHHBIE B METOAMYECKHX YKa3aHHAX.

1.3. IlpoBeieHHE IKCTIEPUMEHTA

Tlonyuus paspemenue IpernojaBaTe]si Ha TpOBejeHHe  J1abOpaTOPHOro
HCCIIE/IOBaHHS, CIEYET HEMEUIEHHO MPUCTYIHTh K COOPKE NIEKTPHYECKHX Lerel Ha
pabouem Mecre. PekoMeHAyeTCss —TpHIEPKHBATECS — CIEAYIOUIEro  Mopsika,
3HAYMTEIBHO Ob/Ierdalomero pa6oTy mo cGopke 1 H30aBIAIONIEro OT MHOTHX OUIHG0K
npu coeuHeHHsX. OGIIHM TPABHIIOM ABJISETCS COEMHEHHE CHAYasa y4acTKOB LENH
C MOC/IEOBATENBHBIM COEIMHEHHEM DJIEMEHTOB M NMPUOOPOB, a 3aTeM NapalieNbHBIX
BETBCH, KaK 00beKTa HCCTeA0BaHM, TaK H IPHGOPOB.

DTOT NpHeM MO3BOJSET CO3HATENLHO MOAOMTH K OLEHKE Ha3HAYEHHA Kax/O0ro
3JIEMEHTA LIeNH TEM CaMbIM IIPaBHIIBHO OCYIIECTBHTH €€ CO0pKY.

O/IHOBPEMEHHO €O cOOPKOH LieNH HA/0 MPOU3BECTH MAPKHPOBKY M3MEPHTENBHBIX
NpHGOPOB B COOTBETCTBHH C MX YCIOBHBIMH 006O3HadeHHMsMHM Ha paGouedi cxeme
coeMHEHMH. MapkHpoBKy NMPHOOPOB MOXHO BEIIOJHHTH C MOMOIIBI GyMaHBIX
GMpOK, KOTOpHIE 3arOTaBiMBaeT yuauiics, BBIIOJMHAIOMuH 1abopaTopHoe
HCCJIE/IOBAHHE.

Bo u36exanne BO3MOXHOTO BO3HHKHOBEHHsS GOJIBIIMX TOKOB B COOpaHHON uemnu
J7IEMEHTH!  PeryJMpOBaHHS TMOTECHIHOMETPOB HEOOXOAMMO ° yCTAaHaBIMBaTH B
TOJIOKEHHE, COOTBETCTBYIOIEe MUHHMYMY HalpsHKEHHs Ha BBIXOJIE.

Co6paHHylo 1emnb ceayeT 06s3aTelbHO MoKa3aTh Ui MPOBEPKH MPErofaBaTeo.
TONBEKO C €ro paspelleHHs MOXKHO BKJIIOYATH HCTOYHHMK NHTAHHS H TPOH3BECTH
npeaBapuTenbHOE ONpoGoBaHHE paboThI lemH, YTOOBI yGEQHTHCS B BO3MOXKHOCTH
NpoBe/ieHHs OMBITa TpPH 3aJaHHBIX TpejAenax HuiMepenus BennunH. Hembss
NPHCTYNaTh K M3MEPEHHUsM, He Gyjyus COBEpIIEHHO YBEPEHHBIM, 4TO LeMb cobpaHa
NPaBHJIBHO.

EC/i NpH MCITBITAHUH LIEMH MOCTOSHHOTO TOKA CTPENKa H3MEPHTENTBHOT0 Npubopa
YXOIUT 3a Tpesesbl IKalbl B OGPATHOM HANpABJEHHH, HAA0 OTKIIOYHTH Uenb H
MepeKIIOYHTH MOAXOAIIHME K MpHGOpy NpoBo/a.

TIpu CHATHM XapaKTEPUCTHK HENOMYCTHMO IPEBBIATh HOMHHAILHBIC 3HAUCHHSI
TOKOB M HAMNpSHKEHWH HCIBITHIBAEMOr0 3JIEKTPOTEXHHYECKOrO YCTPOHCTBA, €ClIH HEeT
0coObIX yKa3aHuil B pyKOBOZACTBE 110 1abOpaTOPHOMY 3KCIepUMEHTY. B ciyuae, eciu
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CTpenka Kakoro-mi6o npubopa BBIXOAMT 3a NpeAesbl INKajbl, HaN0 HEMENIEHHO
OTKJIFOYMTH L€l OT UCTOYHHMKA MUTAHHs, JOJIOXKHTh NPENONaBaTENO M JTabopaHTy
M M3MEHHTH YCIIOBHS SKCNIEpPUMEHTa (YMEHBIIHTh HaNpsOKCHHE NMHUTaHHUS, yBETHIHTH
JIMaNa30H W3MEHEHMs CONPOTHBIICHHUA U T.11.).

Tlocne npeABapUTENEHOTO ONPOGOBAHHS IIENH, IPOBEPKH HIIM OLECHKH IHanasoHa
H3MEHEHHsI TMEPEMEHHOTO MapaMeTpa HEeOOXOAMMO HAMETHTh MOC/EI0BATENLHOCTh
OTZE/BHBIX MaHHITYJIALMI K OTCUETOB, & 3aTEM IPUCTYNHTH K HAGMOACHUAM.

OTcYeTsl PEeKOMEHYETCs MPOBOJHUTH MO BO3MOXKHOCTH OJHOBPEMEHHO IO BCEM
npubopam. CrnemyeT u3GeraTh nepepbiBa HauaTodf cepud HabmojeHMH M BO BeexX
CclTyyasiX, KOra BO3HMKAeT COMHEHHE B MPABHIIBHOCTH IOJTyYeHHBIX HaGMoeHuH, HX
HE0OX0MMO NIOBTOPHTHL HECKOJIBKO pa3.

PesynbTarsl BceX NMEPBHYHBIX HAO/MIONCHHWH M OTCYETOB 3aMMCHIBAIOT B TaGHLYy
MPOTOKOJIa MCIIBITAHMH. 3aIIMCh OTCYETOB JOJDKHA BECTHCH B TOYHOM COOTBETCTBHH C
NOKa3aHUsIMA M3MEPUTENbHBIX MpPHOOpPoB. IIpoTOKONBI HAOMIONEHMH ABIAIOTCS
€/IUHCTBEHHBIM JOKYMEHTAIBHBIM CIIE[IOM, OCTAIONIMMCS OT H3MEPEHHH, 03TOMY OT
TOYHOM M CBOEBpEMEHHOW (ukcaumm B TabnMLAx pesyJabTaToB OTCYETa B
3HAYMTENBHOM CTENEeHH 3aBHCHT YCIeX SKCIIEPHMEHTaIbHON paGoThl.

Ilpu mepexoze OT OJHOTO 3Tala HCCIENOBAHMA K JPYToMy HEOOXOIMMO Kaxblif
pa3 ofpaumatbcs K MNPENOJaBaTeNio 3a NPOBEPKOH NPaBUIBLHOCTH MOJyYEHHBIX
Ppe3yJIbTaTOB, KOTOPhIE MPEACTABIAIOT B BUE TaO/HI] HIH rpadHKOB.

K crexyromemy 3Tamy paGoThl paspeliaeTcsi NPUCTYNATh TOJNBKO MOC/e NPOBEPKH
M BH3HPOBAHHUS NPOTOKOJIA NPENOIABATENIEM.

1.4. O6paGoTka pe3yIbTaToOB U 0GOPMIIEHHE OTUETA

Kax/plii CTyZeHT CaMOCTOSTENBHO AOIDKEH 0OpabaThiBaTh JAHHBIE OMBITOB M
MOATOTOBHTH OTYET 10 Ka)kKIOH NpozenaHHoN paboTe.

B oryere Ha THTYJBHOM JIMCTE YKa3bIBAlOTCS Ha3BaHME y4eOHOro 3aBe/lCHMS,
kapeapel. Homep ® HammeHoBaHHe paboThl, (aMMIMA M HMHHIMAIBI CTYJACHTA,
BBITIOJIHMBILEr0 paboTy, HOMEp €ro aKaJieMH4eCKOH Ipy bl

OTyeT NO/DKEH cofepXkaTh, MAclopTHRIE JaHHbIE 0OBEKTA MCCIIENI0BAHMS, CXEMBI
COEIMHEHHUsI JJIEMEHTOB OOBEKTa MCCIEOBaHHUS C BIJTIOUEHHBIMH H3MEPHUTENEHBIMU
npuGopamu, TaGIMIIBI C 3aMHCHI0 Pe3y/IbTaTOB IKCIEPHMENTA, rpadukH 3aBUCHMOCTEl
M BEKTOPHBIE JHAarpaMMBI.

Tlocne MpoBeAeHHs SKCIEPUMEHTa JOJDKHBI OBITH ClENaHbl OCHOBHBIE BBIBOJIbI,
NOJTy4eHHBIE B Pe3yJIbTaTe HCCIENOBAHMUS.

Kaxnas cxeMa JO/KHA OBITH COMpPOBOX/EHA COOTBETCTBYIOIIEH Tabmuue
3amuceil pe3yJbTaTOB M3MepeHui ¥ TpadHKoM, HWUTIOCTPHPYIONIMM H3yYaeMble
3aBUCMMOCTH. B Tabnuue 00s3aTenbHO clieyeT ykasplBaTh, B KakKMX €IMHHIAX
W3MepeHbl HMCCledyeMmble BeqMuMHBL. Bce Tabnmue Heobxomumo — cHaGaMTH
3ar0JIOBKAMH, XapaKTEPU3YIOIUMH TIPOBOIUMBIH OTIBIT.

Ha ocHOBaHMM pe3yJbTaTOB HW3MEPeHHil MPOBOAMTCA MX OKOHHYATe bHas
06paboTka. U3MepeHHBIe H BBIYUCIICHHBIC BEIMYHHBI 3aHOCATCS B COOTBETCTBYIOLINE
KOJIOHKH OJHOM M TOH e TabIMIIbI.

BrluepurBaHHe cXeM M TaGJHI PEKOMEHIyeTcs MPOM3BOIMTH KapaHIaloM
00s13aTELHO C MTOMOIIBIO JIMHEHKH.
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Ocoboe BHUMaHHE HANO YAENHTh rpadHkaM 3aBHCHMOCTEH MEXIy BENTHYMHAMH,
T.K. OHM SBJIAIOTCA HATJIAAHBIM Pe3yJbTaTOM paGoThl, rpagHyeckuM OTBETOM Ha
BOTIPOCHI, IOCTABJIEHHBIE B JJaGopaTopHO# paboTe.

Ilpn nocrpoenun rpagukoB 1O OCSIM NPHBOAAT CTAaHAApPTHbIE OyKBEHHBIE
00603HAYEHHS BEIMYMH M SAMHUI] HX H3MEPEHHs, YKa3bIBAIOT JENICHUS C OJHHAKOBBIMU
HHTEpPBAJlaMH, COOTBETCTBYIOIHE OTKJIAABIBAEMBIM BEIMYMHAM B IPHHATHIX SAMHUIIAX
H3MEPEHHs HIIH B JIECATHYHBIX KPATHBIX JIHOO J0JBHBIX €IMHHIIAX.

YucioBsle OTMETKH Y MacIITaOHBIX JeNEeHHH NPHHATO BHIOMpaTh TaK, YToObI OHH
COCTaBJISLITH 10’", 2%10" wm 5*10™ or Tex €IMHML, B KOTOPBIX BBIPAXEHBI
BEJIMYMHBI, OTKJIaIbiBaeMbie 1o ocsiM. Hampumep, 10 MA; 0,02 Om; 500 Br.

Ilpn mnoctpoennn rpadukoB BroNE ocu abcuuce B BhIGpaHHOM MaciTabe
OTKJIAIBIBAIOT HE3aBHCHMYIO TepeMeHHyI0. YcoBHOe GykBeHHOe 0603HauYeHHe 3TOMH
BEJIMYMHBI PEKOMEH/IYETCs CTaBUTh 10/l OChIO, 8 HANMEHOBAHHE €JHHHUI H3MEPEHHs
60 MX JECATHYHBIX KPAaTHBIX HWJIM JONBHBIX EIMHMIl — Tocie 0603HaYeHHs
BEeJMUMHEL. Brome ocu opaumHar MacmrabHble UMGPHI CTaBAT clieBa OT OCH,
HAMMEHOBAHHE MJIH YCJIOBHOE 0003HAYEHHE OTK/IAAbIBAEMbIX BEJIHYHH — TAKXKE CleBa
OT OCH M NOJ 3THM 0003HAYEHHEM YKa3bIBAIOT €MHMILY M3Mepenus. Ecim B omHux
KOOPJMHATHEIX OCSX CTPOSIT HECKONBKO rpadukoB (yHKUHMM OJHON He3aBHCHMOM
MEPEMEHHOM, TO CIEAyeT TpPOBECTH JONOJHHMTENbHbIE IIKaJbl MapajielbHO
OCHOBHBIM, KaXIyl0 cO CBOMM MacimrtaboMm. Ecim Bennmumubl mo ocsm abeumcce M
OpIMHAT OTJIOXKEHbl B ONpENEIEHHOM MacmTabe ¢ YHCIOBBIMH OTMETKAMH, TO HE
CJIElyeT CTaBHTh CTPEJIOK, YKa3bIBAIOIIMX HANpaBIeHHE POCTAa YHMCIIECHHBIX 3HAYECHHH
BenuuuH. HanMenoBanue euHuI n3MepeHus Jaercs 6e3 cko6ok. ITpu BeruepunBaHUM
rpadMKOB HaJO yYHMTHIBaTh, YTO BCAKOE H3MEPEHHE MMEET CIIy4YaiHbIe NOrpelHOCTH
(MCTHHHOE 3HAYECHHE M3MEPSAEMON BEIMYMHBI OCTAETCS HEM3BECTHBIM, 8 BMECTO HEro
NPHHUMAIOT HEKOTOpOE €€ 3HaUYeHHE, IPU3HaBaeMoe 3a Hanbosiee npubIKaloeecs K
HCTHHHOMY). [ToaTOMY He ciielyeT NPOBOAMTH KPHUBBIE Yepe3 BCE IKCIIEPUMEHTAILHbIE
Toukd. Ha rpajuke HEoOXOZMMO NpPOBOJMTH IUIABHBIE HENpPEPHIBHBIE KPUBLIE,
KOTOpBIE MPOXOAAT CPEAH OKCIEPHMEHTANBHBIX TOo4Yek. OTCTyIUIEHHE HEKOTOPBIX
TOYEK OT IJIaBHOH KPHBOH Ha3bIBAIOT «pa3bpocoM Touek». Bennunmna pasdpoca mpu
HaOMOJCHNH 3aKOHOMEDHBIX SIBJICHHH ONpeAeNseT TIIATENbHOCTh IPOBEACHHS
3KCIEPHMEHTA.

Ilpy HaNnMYMKM HECKOJILKMX KPHBBIX Ha OJHOM rpauke TOYKH, COOTBETCTBYIOLINE
OMNBITHBIM JIJAHHBIM M OTHOCSILMECS K PA3/IMYHBIM KPHBBIM, JJOJDKHBI OBITH MOMEYEHBI
YCJIOBHBIMH 3HAaYKaMH (KPECTHKaMH, KpYXKKaMH H T. II.).

Kaxaeiit rpajuk o6s3aTensHO HO/MKeH OBITH CHA0KEH TakMM JIAKOHHYHBIM
TEKCTOM, 4TOOBI 0GOH NOCTATOYHO MOATOTOBJICHHBIH YHTATENb MOT JIETKO MOHATH,
KaKylo 3aBUCHMOCTh XapaKTepH3yeT NOCTPOeHHbIH rpaduk.

Ha nocnennei cTpanuue oTyera ciaeayeT ykasaTh JaTy oGOpMIICHHS M NOCTaBHTh
TOAMHUCH.

Ortyer B 1e/I0M JODKEH OBITH COCTaB/ICH TaKMM 06pa3oM, 4TOOBI U1 IOHMMAHHUS
COAEpXaHUus U pe3yJIbTaTOB HpOBE}ICHHOﬁ paﬁo‘nﬂ HE Tpcﬁonanocr, JOTIOJTHUTEJIbHBIX
YCTHBIX nosicieHu#t. CocTaBieHHe MOJOOHBIX OTYETOB — MEPBBIH 1WIar k 0GopMICHHIO
TEXHHYECKHX OTYETOB IO HKCIIEPUMEHTAIIBHBIM MCCIIEA0BAHUSIM, KOTOPhIC TPEACTOUT
NPOBOIUTE OyIyleMy HHKEHEpY.
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2. KPATKHME TEOPETUYECKHE CBEJEHUS
2.1. HW3MEPEHW B DJIEKTPMUECKHX LIEIISX

KonTtpoms  paGoTEl  21eKTPOOGOPYAOBaHHS  OCYNIECTBISETCS C  MOMOLIBIO
Pa3sHOOOPa3sHBIX 3/EKTPOM3MEPHTENBHBIX NpHGOpoB. HanGosiee pacipocTpaHeHHBIME
SJIEKTPOM3MEPHTENBHBIME  [IPUGOpaMH  SIBJISIOTCS TIPUGOPEL  HEMOCPEICTBEHHOTO
orcyera. ITo BHIY OTCHETHOTO YCTPOHCTBA PasiMYalOT aHANOTOBEIE (CTPEJIOYHBIE) H
uuGpOBbIE HIMEPHTENBHBIE IPUOOPEL.

Ha nunesoii CTOPOHE CTPENOYHBIX MNPHGOPOB H300paKEHBI  YCIOBHBIE
06o3Ha4eHns, oOmpejeNomMe KIACCHOUKALUMOHHYI0 TIpymmy mpuGopa. OHH
TIO3BOJIAIOT NPABHIBHO BBIOpATh NMPUOOPHI M JAIOT HEKOTOPHIE YKAa3aHMs MO MX
9KCILTyaTalHH. g

B nensix nocTosHHOTO TOKa /ISl H3MEPEHHH TOKOB M HANPsIKeHUH NPUMEHSIOTCS B
OCHOBHOM TNPHGOPBI MarHMTO3/IEKTPHYECKON CHCTeMbl. TIpHHIMN JIEHCTBHS TAKHX
NpHOOPOB OCHOBAH Ha B3aHMOJEHCTBHH MAarHMUTHOTO OIS MOCTOSHHOTO MAarHWTa M
M3MEDSEMOTO TOKa, TPOTEKAIOMIEro M0 KaTylke. YTOJ MOBOPOTA CTPEKH 0. TIPAMO
TIPOTIOpPUHOHAIEH H3MepsieMOMy TOKy I: @ = K I. IlIkaisl MarHMTORJIEKTPHYECKHX
nprGOPOB paBHOMEPHBIE.

B HM3MepHTENBHBIX MEXaHH3MAX 3/IEKTPOMArHATHON CHCTEMEI, IPHMEHSIEMBIX IS
M3MEPEHHH B LENSX MEPEMEHHOr0 H IOCTOSHHOTO TOKA, BPAIIAIONMA MOMEHT
00yclIoB/IeH NEHCTBHEM MArHATHONO MONS HM3MEPAEMOr0 TOKA B HEMOABHKHOM
KaTyuike NpuGopa Ha MOJBHKHBIH (PepPOMArHHTHBIH SKOPb. YToN OBOPOTA CTPENKH
Q 31ech TIpOTIOPUMOHANEH KBagpaty Toka: « = K P TTosToMy mmikana
9NIEKTPOMArHAUTHEIX NPHOGOPOB OGBIYHO HEPAaBHOMEPHAs, YTO SABISETCSH HEJOCTATKOM
5THX npu6opos. Hauankhas 4acTh MIKabl HE MCTIONB3YETCS VIS M3MepeHud. Jlis
M3MEPEHHi TOKOB M HANPSKEHHH B LEMSX NEPEMEHHOTO TOKA MPHMEHIOTCA TaKiKe
TIpHGOPE! BHINPAMUTENBHOM CHCTeMbl. Takue mpuGOpEI comepkar BBINPAMHUTETbHBIH
TpeoOpa3oBaTeNb B MAarHHTOJIEKTPHYECKHH H3MEPUTENBHBIH MeXaHH3M. OHH HMEIOT
GoJlee NMHEHHYIO MKy, YeM NPHUGOPHI 3MEKTPOMATHHTHON CHCTEMBbI H LOCTATOMHO
IIMPOKHH YaCTOTHBIH JUanasoH.

Jlns NpaKTHYECKOTO MCIONb30BAHKS CTPENOYHOr0 HM3MEPHTENBHOTO MpHGOpA
HeoOXO0MMO 3HATH €ro NpejieN H3MepeHHnii (HOMHHABHOE 3HaYeHHE) 1 LIeHy JeJEHHs
(moctosmuyio) mnpuGopa. Ilpemen wu3aMepenmii — 5T0 HauboiblIee 3HAYEHHE
JIEKTPHYECKOH BEJIHYHHBI, KOTOPOE MOKET GBITh H3MEPEHO JaHHBIM NPHGOPOM. DTO
3Ha4eHue oOBIYHO YKa3aHO Ha JMUEBOH CTopoHe mpuGopa. OAMH H TOT Xe MPHGOP
MOJKET MMETh HECKOJIbKO MpezieNioB u3Mepenui. Llenoit qenenns npubopa HassBaeTCs
3HAYEHHE HM3MEPSEMOH BENMYMHBI, COOTBETCTBYIOLIEE OJHOMY JIEJIEHHMIO IIKAJIhI
npuGopa. llena nenenns npu6opa C Jierko onpezensercs Kak OTHOMIEHHE Tpejesa
H3MepEeHUit Ayop K YMCIY Jerienuit mkansl N:

C = Apom/ N.

Ha nmuesoit cropoHe cTpenounbix npuGopa ykasblBaeTcs KJIacc TOYHOCTH,
KOTOpBIH ONpe/eNseT NPHBEAEHHYI0 OTHOCHTEBHYIO MOTPEMIHOCTH MpHGOpa Y.
IpuBeneHHast OTHOCHTENBHAA NIONPEUIHOCTH PHGOPA — ITO BEIPAKEHHOE B IPOLEHTAX
OTHOUIEHHE MaKCHMaJIbHOM /UIsl 1aHHOrO npuGopa abcomoTHOM norpemHocTH A4 K
HOMHHAJIbHOMY 3HaueHHI0 npubopa (npeneny usmepennit) Ayoy.:
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Yap = 100 AA /A gor%.
Tpombimienrocts B cootBerctBun ¢ I'OCT Bhimyckaer NpUOOPHI C Pa3THYHBIMA
knmaccamu TouHoct (0,05; 0,15 0,2; 0,5; 1,5; 2,5; 4,0).

3Has K7acc TOYHOCTH NpHGOpa, MOXHO ONpENENHTS abcomotHylo 44 u
OTHOCHTENbHYIO NOTPEIIHOCTH M3MEPEHHS Jyan, @ TAKKe JeHCTBHTENBHOE 3HAYEHHE
H3MEPsIeMOH BETMIHHBI A2

A4 = yp Anord/'100; Y = 100 A4/A; Ap=A+44.

PacyeTHyl0 OTHOCHTENBHYIO NOTPEIIHOCTh M3MEpeHHs B JHOOOH TOYKE MIKABI
npuGopa MOXHO ONpENeNMTh, MoJaras, 4YTO €ro JOMYCTHMas aGCOMOTHAS
TIOTPEIIHOCTE AA M3BECTHA H MOCTOSIHHA:

Yism = 100 AA/Aypy ,

TIe Ay — YCOBHOE H3MEPEHHOE 3HAUCHHE BE/MYMHBL, 331aBAEMOE B NpEeNax
KAl IPAGOpPa OT MHHMUMATEHOTO 3HAYEHHS IO HOMHHATLHOTO 3HAYCHHS NAHHOTO
npubopa. OGpaTHTh BHHMAHME HA 3HAuEHHE OTHOCHTENHHOI TIOTPEIHOCTH
H3MEPEHHsl, COOTBETCTBYIOLIECE MPEAEIBHOMY 3HAYEHHMIO M3MEPAEMON BENMYMHBI, M
CPaBHHTB €T0 € KJIACCOM TOYHOCTH NMpHGopa.

Herpyano cpenath BIBOX, 4TO OTHOCHTENBHAS MOrPEIIHOCTH H3MEPEHHS TeM
Gonble, 4eM MeHbIIE H3MepsieMas BENMUMHA 10 CDABHEHHIO C HOMHHATBHBIM
3HayenneM mpuGopa. IlosToMy >KenaTeNbHO He MONB3OBATECS TPH H3MEPEHHH
Ha4aJIbHOM YacThI0 MIKAJIBI CTPENIOYHOTO NpHGOpa.

Jost obecnievenns Masol METOIHYECKOH TOTPEIIHOCTH M3MEPEHHs HEOOXOIMMO,
UTOGHI CONPOTHBIIEHHE aMIEpMeTpa ObLIO 3HAYMTENBHO MEHBIIE CONPOTHBICHHS
Harpy3KkH, a CONpOTHBJICHHE BOJIBTMETPA GbLIO 3HAYHTEIBHO GOJIBIIE CONPOTHBIICHHS
HCCIIEyeMOro y4acTKa.

B Tabn. 1 npuBeneHEl HEKOTOphIC yCOBHEIE 0GO3HAauEHHs, NPHBOAMMEIE Ha
JIMUEBBIX MaHENAX CTPENOYHBIX M3MEPHTENBHBIX NPHGOPOB, ONpEAENSIONHE HX
CBOWCTBA H yCIIOBHS 9KCIUTyaTallkH.

Tlpn mpoBeNeHMH W3MEPEHHH B SNEKTPHYECKMX WEMAX IIHPOKOE NpUMEHEHHe
TOJIYYHIH 1M(POBBIE M3MEPHTENbHBIC NPHGOPBI, HANPHMED MYJIBTHMETPH —
KOMOMHMPOBaHHEIE HH(POBEIE H3MEPHTENBHBIE TPHOOPEI, TO3BONSIONINE H3MEpATH
TIOCTOSIHHOE M TIEPEMEHHOE HAMNpSKEHHE, TOCTOAHHBIA M IEPEMEHHEIH  TOK,
CONPOTHBJICHUS, NPOBEPATh HMOAbl M TpaH3HCTOpEI. IIpeicTaBiieHue pesysbTaTa
U3MEPEHHs MPOHCXONMT Ha LM(POBOM OTCYETHOM YCTPOHCTBE B BHIE OOBIYHBIX
YHOOHBIX /Ui CUMTHIBAHMS NeCATHYHBIX umcen. HanGombiee pacmpocTpaHeHHe B
LHQpPOBBIX OTCHETHBIX ycTpoiicTBax MYJIbTHMETPOB TIOJTY YHITH
JKHIAKOKPHCTAIAYECKHE W CBETOAMOJHBIE MHIMKaTOphl. B naGopatopHom cremae
HCTIONB3YIOTCS LM(POBBIE NMPHGOPHI JUIsi M3MEPEHHs MOCTOSHHBIX M IepeMeHHBIX
TOKOB, a Takke WM(POBOH M3MepHTENTh MOMHOCTH. JUI MepeKTIoueHns pexuma
paboTer uudpoBEIX amnepmetpos crenna PA1, PA2, PA3 u PA4 ua ero nepeaHei
TIaHeNM YCTaHOBJIEH TyMOJiep, KOTOPEIH /ISl H3MEPEHHs OCTOSHHOTO TOKA CIEIyeT
YCTaHOBHTH B TMO3HLHMIO «=», JJI U3MEPEHHUS TIEPEMEHHBIX TOKOB — B TO3HIHIO «~».
Jnst u3Mepenns MOCTOSHHOTO TOKAa BXOAHAs KJIeMMa UM(POBOro amrepmeTpa
BBI/IEJIEHA KPACHBIM L[BETOM.
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1{upoBoil M3MEpPUTENh MOLHOCTH TPEJHAa3HAaYeH I H3MEPEHHs MapaMeTpoB

3JIEKTPHYECKOH LemnHu:
— neficTByiomero 3uauenns Hanpsoxenns U (True RMS) B inanasone 0...30 B;

— nejicTBylomero 3uayenns toka I (True RMS) B auanazose 0...300 MA;
— akTHBHO#N MolgHOCTH P B nuanasoue 0...600 BT;
—yactotsl f B quanasone 35...400 I';

—cos @
— yraa casura ¢as @ (Fi) Mexzy TOKOM H HanpsDKEHHEM.
Tabnuna 1
VenosHoe CoziepkaHHe YCIOBHOTO 0603HaYeHUs
rpauueckoe
0003HaYEHHE
AV, W, Q Hz HanMeHoBaHME M3MepSeMON BETMYMHBI (aMIiep, BOJIBT, BATT, OM, Iepil,
cosg, F, H ko3 uimenT MomHocTH, hapana, reHpH)
ﬂ MarHuTo3/1eKTpHYeCKnii H3MEPHTENIBHBIH MEXaHH3M
-
£ DNeKTPOMArHHTHBIH W3MEPHUTEIBHBIN MCXaHU3M
m MarHHTO/IeKTPHHUECKHH H3MEPHTENBHBIA MEXaHHM3M C BBINIPAMHUTENIEM
il
0,05; 0,1; 0,2; 0,5; | Knacc TousocT! npu6opa
1,5;2,5;4,0

PaGouee monoxkeHue mKalbl NpuGopa:
TOPHM30HTANBHOE;

BEPTHKAIBEHOE,

TIOJ1 YTJIOM, Hanpumep 60°

TIpuGop npenHasHayeH is paboTEl
B LICTIH TOCTOSHHOTO TOKA,

m TIEPEMEHHOTO TOKa;
—_— TOCTOSHHOTO H ITEPEMEHHOT0;
P
i) B Tpex(a3Hoi LenH NepeMEHHOro ToKa
A A (unm 0TCYTCTBHE GYKBEI) — IPHOOP JJIS CYXMX OTallIMBAcMBIX noMemeHnii ¢
Temnepatypoii +10°C ...+35°C u BnasocTy 10 80% npn 30°C;
b B — npu6op /11 3aKPEITHIX HE OTAIUIMBACMEIX MOMEIICHHH C TeMNepaTypoi -
30°C ...+40°C u Bnaxuocts 20 90% npn 30°C;
By; B2; B3 B — npu6ops! 115 10/1€BHIX ¥ MOPCKHX YC/IOBHIL:

B — npu Temneparype -40°C ... +50°C n B, — npu Temneparype -50°C ...
+60°C u BnaxuocTn 10 95% npu 35°C;
B3 — npu Temneparype -40°C ... +50°C 1 BA@KHOCTH JI0 98% npu 40°C

Vi3MepuTeNbHAs LieMb MPHOOPa H30IMPOBAHA OT KOPITYCa U MCTIBITAHA
HanpsbkeHHeM, Hanpumep, 2 kB

30-200 Hz

PaGounit yacTOTHEIN aMana3oH npubopa
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TTpu6op conepKuT:

— KJIEMMBI TIOJIaq¥l BXOJHOTO H3MEPSIEMOT0 CHTHasIa (TeHepaTopa): kiemmy «Bx» u
061IyIO KiIeMMy, KJIEMMBI OAKIIOUEHHs IOTpeOuTes (Harpy3ku): kiemmy «Beix» u
o6uryro knemmy. LLlyHT 715t M3MEPEHHUs TOKa HArPY3KH MOJKIIOYEH MEXIY KIeMMaMu
«Bx» 1 «BbIx»;

—  KHJIKOKDHCTA/UIAYECKMN  YETHIPEXCTPOYHBIN  MHIMKATOp UL  BBIBOJA
HH(pOpMAINH;

— kHomky «f/cosQ/@» W3MeHeHHs BBIBOJa MHGOpPMANMM B YETBEPTOH CTpOKE
MHIMKATOpa (COOTBETCTBEHHO, YACTOTHI, KO3((HIMEHTa MOIIHOCTH COSQ HMIH yrjia
caura ¢a3 Fi Mexy TOKOM U HanpshkeHHEM).

C 3ajHeif CTOPOHBI TIPHGOpa YCTAHOBIEHBI PO3ETKA IS TOAKIIOYEHHS MHTAHH
CeTH | KOJIOZIKA NPeIOXPaHUTENS.

C mnomompio KHOMKH «f/cosQ/@» MOKHO W3MEHSATH BBIBOJ HMH(pOpPMaUWH B
ueTBepTOl CTpoke MHAMKatopa. Jlis BEIBOAa TpeGyeMOro mapaverpa B 4ETBEPTOH
CTpOKe HHAUKATOPa KHOIKY HEOOXOJMMO HaxaTh Ha 1...2 CeKyHIbl.

H3menenua cxemvl NOOKNIOYEHUA npubopa u N1a6OpamopHoul yCmaHoeKu
6bINONHAMb NpU  GbIKNIOYEHHOM RUMAHUUW npubopa. B TNpPOTHBHOM  ciyyae
BO3MOXHBI M3MEHEHHs! TIOKa3aHuil npuGopa, a Takoke BOSHUKHOBEHHE HApyLICHHH B
paGoTe HHAMKaTOpa NIpUGopa.

2.2. DJIEKTPUYECKHE LIEITM ITOCTOSIHHOI'O TOKA

DieKTpHYecKasi Liellb, COCTOSILAsA U3 3JIEMEHTOB, BOJIHTAMIIEPHBIC XapaKTEPHCTHKA
KOTODBIX SBJISIOTCS NPSAMBIMH JIMHHSIMH, HA3bIBACTCA JIMHEHHOH ODIEKTPHYECKOH
HEMNBIO, & 2JIEMEHTHI, 3 KOTOPBIX COCTOUT LEMNb, — TMHEHHBIMH dJIEMEHTaMH.

Coe/lMHEHHE B 3JIEKTPUYECKOH 1IeNH, IPH KOTOPOM Yepe3 BCE JJIEMEHTEI IIPOTeKaeT
OZIMH M TOT K€ TOK, Ha3bIBAETCs MOCIENOBATENBHBIM COEIMHEHHEM. DKBUBAIEHTHO®
CONpOTHBNEHHE R5 NOCIENOBATEBHOH LENH IMOCTOSHHOTO TOKA PaBHO Cymme
CONPOTHB/IEHHH OTAENBHBIX yUacTKOB: Ry = R, + R; +... .

HanpsokeHMe Ha OTHENBHOM ydYaCTKe B COOTBETCTBHM C 3akoHom Oma
TNPONOPLMOHAIBHO CONPOTHBIIEHHIO 3Toro yyactka: Uy = IR, U = IR; .

Hanpsokenne U Ha BXOJE NOC/E0BAaTENBHOM LENH B COOTBETCTBHH CO BTOPBIM
3akoHoM Kupxroda paBHO cymme r————— -
HanpsHKeHMH ~ HA  OTJAEJBHBIX
yHdacTkax: TI1 12 TIS lM lls

Um0 Us b o R1 R2

ITpn napajuiebHOM
COEIUHEHHH JBYX HMJIM HECKOJIBKMX
JJIEMEHTOB HAaNpsHKEHHE Ha HUX Uab
OJIHO ¥ TOXE, Tak KaK BBIBOJIBI 3THX & - RS
3/leMeHTOB mofkmodensl k ogunm  E1, lm TUZ
u TeM ke Yy3nam. Toku B
OTIENBHBIX 3JIEMEHTaX
onpenensioTes no 3akoHy Owma: [ Ro2
={UiRy bLh=U/R;. : ! ENIRHERAS | DR,
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B cooTBeTcTBMM C mepBBIM 3akoHOM Kupxroda Tok / B HepasBETBIEHHON YacTH
LIeNY PaBEH CYMME TOKOB BCEX NapajlyieNbHbIX BeTBeH: [ =1, + I+ .

IIpOBOAMMOCTh MApaUIENEHOTO COEAMHEHHS paBHA = CyMMeE TPOBOAHMOCTEH
OT/IENBHBIX yYaCTKOB: 1/R5 = 1/R; +1/R; +... .

AHamu3 moGOH ONMEKTpHYECKOH ILemd MOXeT ObITh TNpPOBENEH METOAOM
HETNOCPEACTBEHHOIO NPHMEHEHHS 32aKOHOB Knpxrmina. Ecmu JJIEKTpHYECKasl LEIb
COCTOHMT TOJIBKO M3 NapajiebHBIX BETBEH, TO €CTh HMeeT JBa y3na (puc. 1), To €&
aHaIM3 11e1eco00pa3Ho MPOBOAMTH METOAOM Y3JIOBOTO HANpsDKEHHs, MPUMEHEHHE
KOTOPOTO SIBIICTCSI MEHEe TPYJOEMKHM H MO3BOJISIET M30exaTh pEelIeHHs CHCTEMBI
ypaBHEeHHH. MeTO y310BOTO HANpsHKEHHs] PEKOMEHIYETCs MCIOJb30BaTh M B TEX
cly4asX, KOTAA CJOXHYIO 3JIEKTPHYECKYI0 CXeMy MOXHO YIpPOCTHTB, 3aMeHss
NOC/IEZIOBATENIBHO M MapajuiellbHO COCAMHEHHBIE PE3HCTOPHI OKBHBAJIEHTHBIMH,
HCTIONB3ysi TPH HEOOXOIMMOCTH Npeobpa3oBaHHE TpPEYroJbHHKA CONpPOTHBICHHH B
JKBHUBAJICHTHYIO 3B€3]y.

IlpuMeHeHHe NAaHHOrO METoja COCTOMT W3 JByX 3TanoB. Ha mnepBom stame
OInpezeNseTcs BeJMYHHa y3j10Boro Hanpsbkenus Uab (puc. 1):

U, = Eg -E.,g,+Ug,-U,g,
g tg, +8; +8,t8s

e g ... 85— MPOBOJMMOCTH COOTBETCTBYIOIIMX BETBEH LEMH.

Ilpu 3anMcHM  3TOrO  COOTHOLIGHHS CNEAYeT 3alaThCsl  MOJIOKHTENBHBIM
HanpaBlieHHeM y3noBoro HampsokeHusi Uy. Co  3HakoM «+»  GepyTtes  3fc,
HarpaBlIeHHBIE MEXJy TOYKaMH a W b écmpeuno nanpsbkenuio Uy, M HanpspKeHHs
BETBEH, HanpaBleHHBIE co21acHO ¢ Uy,

Ilpu aHamu3e ONEKTPUYECKHX ILemell METOJAOM  Y3JIOBOrO  HaNpsDKEHHs
peKkoOMeH/yeTcsl BEIOHPATh TMOJOXUTENBHBIE HANPABJICHHS TOKOB TOCIE ONpeeIeHUs
y3noBoro Hampsbkenus. Ilocne ompeneneHus BenMuMHBI HanpsbkeHus Uy, HaxomsT
3HAaYeHHs TOKOB B BETBSX, COCTaBJIss ypaBHEHHs 10 BTOPOMY 3akoHy Kupxroga. ITpu
9TOM Kbl KOHTYp JIOJDKEH BKJIOYATh B CBOM COCTaB BETBb C MCKOMBIM TOKOM M
y3noBoe Hanpsbkenue. Hampumep, ypaBHeHHe 1o BTopoMy 3akoHy Kupxroda s
omnpenieNieHHs TOKa B TIepBO# BeTBH OyIeT UMETh BUI:

E, =1|(R01 +Rl)+Uab-

>

Otkyna
L= E-U, _
LR Ry
Ecnn B pesyabTate pacuera

3JIEKTPHYECKON LIENH TMOJIyHYEHO, YTO B BETBH
C HCTOYHHKOM 3JIEKTPOINIMTAHUS HaNpaBlIeHHE
TOKa COBNAJaeT C HampaBJeHHWEeM 3]C (TOK
MOJIOXKMUTENIbHBIN), TO HaHHBIH HCTOYHHK
JlelicTBuTENbHO  paboTaeT B pexuMe
MCTOYHHKA, T. €. OTJAeT JHEPTHI0 B LEMb.
Ecnu B pesynbrate pacuera 3/eKTpHYECKOH
LEMH TMOJy4YeHO, YTO B BETBH C HCTOUHHKOM
JNIEKTPONUTAHUS  TOK  NPOTHBOMNOJIOKEH
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HanpapJIeHHIO 3C (TOK OTPHIATENBHEIH), TO NaHHBIA HCTOYHHK B AEHCTBUTEIBHOCTH
paboTaer B pexuMe noTpeGuTess.

Ton HenmHeHHOM 3/IEKTPHYECKOH IENMBIO MOHHMAIOT IJNEKTPUYECKYIO LEIb,
COJIEpXKANIYI0 HENTMHEHHBIE 3JIEMEHThl (HE/IMHEHHBIE COINpPOTHBIEHHS, HENTHHEHHbIE
HHIyKTHBHOCTH, HEJIMHEHHBIE eMKOCTH). HelMHeHHbIM 3JIEMEHTOM Ha3BIBAIOT TaKoM
JJIEMEHT JJIEKTPHYECKOH IIeMH, MapaMeTpsl KOTOPOTO 3aBHCAT OT 3JIEKTPHYECKOTrO
HaNpsHKEHHs, JIEKTPHIECKOTO 3aps/ia, SJIEKTPHIECKOro TOKA WIH MarHUTHOTO MOTOKA.
Cxema 3aMeINEHHs IENH TOCTOSHHOrO TOKA CONEPKHT TOJNBKO HeMHEHHbIE
Pe3UCTHBHEIE 37ieMeHTh. HenuueiHbIe 31eMeHThI B OT/IHYHH OT JIMHEHHBIX 06/1aJal0T
HEJIMHEHHBIMU BOJIbTaMIIEPHBIMH XapaKTEePHCTHKAMH.

OCHOBHOM  XapaKTEpPHCTHKOM  HENMHEHHOro  JJieMEeHTa  SBJSETCS  €ro
BoJIbTaMIIepHas Xapakrepuctuka U=f(I) (puc. 2), H3 KOTOPO# BHHO, YTO KKIAOMY
3HAYEHHIO TIOCTOSHHOTO TOKa (HANpsDKEHHS) COOTBETCTBYET ONpe/elieHHOe 3HaYeHHe
MOCTOSIHHOTO HANpPsOKEHUs (TOKa). Y HeNMMHEHHBIX 3IEMEHTOB Pa3iHyaloT CTaTHYECKOe
H JIMHaMHYECKOE COnpoTHBJIeHHs. IT0 BOJIbTAMIIEPHON XapaKTEPHCTHKE ONMpEeleNsioT
CTaTHYECKOE CONPOTHBJICHHE HEJIMHEHHOro 3J1eMeHTa B JaHHOH Touke A Ry =U/I u
ero audpdepeHnuatbHOE  (IMHAMHYECKOE) CONPOTHBIEHHE Kak  OTHOIIEHHE
GeckOHEeYHO MalbiX npupaiienuii Hanpskenus dU w toka dl Ry =dU/dI.
JluHamMuyeckoe CONMPOTHBJICHHE IPONOPLUMOHANLHO TAHTEHCY YIiia HakjioHa f
KacaTelbHOM K BOJBLTAMIIEPHOM  XapaKTepHCTHKe B JaHHOM Touke. Jlnsi
9KCTIEPHMEHTAIIBHOTO  TOJTy4EHHs BOJBTAMIIEPHOM XapaKTEepPHUCTHKH HENHHEHHOro
9/eMeHTa HEOOXOIMMO M3MEPHTh Psifi 3HA4YeHHH MOCTOSHHOTO HANPSKEHHS M
MIOCTOSHHOTO TOKA B LIENH C JAHHBIM HEJIMHEHHBIM 3JIEMEHTOM.

Martematnueckas MOZENb HENMHEHHOM LENH MOCTOSHHOrO TOKA COCTOMT M3
ypaBHenuit Kupxroda u ypaBHeHHM# XapaKTepUCTHK HENMHEHHBIX DPE3UCTUBHBIX
97ieMeHTOB. Tak kak Mojesb CTAHOBHTCS HEJMHEHHOM, TO HE MOXET ObITh pelleHa
MeTonaMu JiMHeHHOH anreOppl. K HeNMHEHHBIM LensM NpHMEHHMBI 3aKOHBI
Kupxroda, XoTs MeTOIBl aHalM3a, OCHOBAaHHBIE Ha METOJE HaloXeHHs (Ha
MOCTOSHCTBE IAapaMETPOB JJIEMEHTOB Il€NHM) Yallle BCEro HEMpHMEHMMBL. B Takmx
UensX CONPOTHBJEHHE M NPOBOJAMMOCTh HENMHEHHOro JJeMEeHTa  SBISAIOTCS
HeJMHEeHHOW (yHKIMEH MIHOBEHHOTO 3HAYeHHs TOKa (HANpsDKEHHs) Ha 3TOM
anemente. CleoBaTENbHO, OHH TPEACTABISIOT COOON NepeMEeHHbIE BEIMYMHBI, a
T03TOMY /ISl pacyeTa MaJIONPHIOIHBL.

Tak kak XapaKTepUCTMKH HeJMHEHHBIX snemeHToB U=f(I) wm [=f(U) wuacto
OTIPEAENSIOTCS SKCIIEPUMEHTANLHO U 3a/]al0TCs OOBIYHO B BHAE TaG/IMIl WM rpadHKOB,
TO WIMPOKOE NpPHMEHEHHE NOJYYHIH rpapuyeckue (rpadoaHaiuTHYECKHE) METOIbI
pacuera. Ilpu 5TOM MOC/IENOBATENBHOCTD ONEPALUi COXPAHSETCS PUMEPHO TOH Ke,
YTO M NpH pacyeTax JMHEHHBIX Lemnei, TONLKO BMECTO CJIOXKEHHS M BHYMTAHHS
HanpsOKEHMH M TOKOB B COOTBETCTBHH C 3akoHamu Kwupxroda mpousBoautcs
CJIOKEHHE WJIM BRIYMTaHHE aGCLMCC WITH OPIAMHAT COOTBETCTBYIOIUIMX BOJIBTAMITEPHBIX
XapakTepUCTHK. PacueT CBOAMTCS K MOCTPOEHHIO JKBHBAJEHTHOH BOJIBTAMIEPHOM
XapaKTepUCTMKH Henu. B coorBerctBMM ¢  3akoHamum Kupxroda mpum
MOC/IE0BATENILHOM  COEJIMHEHHH 3JIEMEHTOB XapaKTEPHCTHKM CKJIA[BIBAIOT IPH
OJIMHAKOBBIX 3HAYEHHAX TOKA, NMPH Napayie/ibHOM COEJHHEHHH — TPH OJMHAKOBBIX
3HAYEHHSIX HAMPSHKEHHS.

13




image13.jpeg
2.3. DJIEKTPUYECKHUE IIEITM ITEPEMEHHOI'O TOKA

Ilpu pacyere uemneil MEpeMEHHOro TOKA, B OTJIMYME OT IENeH MOCTOSHHOTO TOKa,
HEeOOXOAMMO Y4YHMTBIBATH HE ONMH, a TPH TpPOCTEHINMX TACCHBHBIX 3JIEMEHTa:
PE3UCTHBHBIM, MHAYKTHBHBIH M  €MKOCTHOHM, KOTOpBIE  XapaKTEpH3yIOTCS
COOTBETCTBEHHO TapaMeTpamMH: aKTHBHBIM CONPOTHBIEHHEM R, MHIYKTHBHOCTBIO L
(MHAYKTHBHBIM compoTuBieHHeM X; = L) u emkocthio C  (€MKOCTHBIM
conpoTusienueM X¢ = 1/oC), re O — yIJoBas 4acToTa.

B peanbHOl LenH CONPOTHBICHHEM 00/a/laloT HE TOJILKO PE3UCTOP WM peocTar
KaKk yCTpOMCTBAa, NpeAHA3HAYEHHbIE [UIA HCIOJIB30BAHUA HX 3JIEKTPHYECKHX
CONpPOTHBNEHHH, HO ¥ 06O MPOBOAHMK, KATyIIKa, KOHIEHCaTop, 0OMoTKa moboro
9JIEKTPOMArHHTHOTO * 37eMeHTa M Ap. OOmMM CBOKMCTBOM BCEX YCTPOHCTB,
o6ajaloluX ~ 3JeKTPUYECKMM  CONPOTHBICHHEM,  siBIseTcss  HeobpaTuMoe
npeobpa3oBaHie 3JIEKTPUYECKOH ODHEPrHM B TEIUIOBYIO dHepruio. Ilpu Toke i B
pesucTope, 06/IafalOHUM COTIPOTHBIICHHEM 7 32 BPEMS df B COOTBETCTBHH C 3aKOHOM
JIxoyns — JleHua BbIAENs€TCS SHeprus dw= ri’dt.

TenoBasi SHeprus, BhAENSEMasi B CONPOTHBICHHH, NOJE3HO MCIMOJB3YETC MIH
paccenBaetcsi B mpocTpaHcTBe. HO mockonbky npeoGpa3oBaHHe 3JEKTPHYECKOH
3HEPrUH B TEIUIOBYIO SHEPTHIO B NIACCHBHOM JJIEMEHTE HOCHT HeOOpaTHMBIi XapakTep,
TO B CXeMe 3aMelleHHsi BO BCeX ClydasX, Korja HeoOXoauMo yuecTh HeoGpaTumoe
npeobpa3oBaHie SHEPIHH, BKJIIOYACTCS COMPOTHBJEHHE. B peanbHOM ycTpoiicTae,
HampuMep, B 3JIeKTPOMarHuTe, 3JeKTpHUecKas SHeprus MoxeT 6bITh npeobpa3oBaHa B
MEXaHMYECKYI0 JHEpPruio (NPUTSIKEHHE SKOps), HO B CXEME 3aMElICHHs 3TO
YCTPOHCTBO 3aMEHSIETCs CONMPOTHBICHHEM, B KOTOPOM BBIICNSAETCS SKBHBAIEHTHOE
KOJIMYECTBO TEIUIOBOM 3Hepruu. Y mpy aHanu3e cXeMbl HaM yxke 6e3pasiindHo, YTO B
NIEHCTBUTENFHOCTH  SIBNISIETCS  NOTPEOHMTENeM  JHEPrHH  JNIEKTPOMArHUT  MIM
3IEKTPOILIHTKA.

B nensix nepeMeHHOro Toka CONMPOTHBJIEHHE HA3bIBAIOT aKTHBHBIM, KOTOPOE H3-32
SIBJICHHs. TIOBEPXHOCTHOrO 3(ddexra GOoNblIe, HYEM IJIEKTPHYECKOE COTPOTHBIIEHHE
MOCTOSIHHOMY TOKYy. OMHAaKo TNpH HH3KMX 4YacTOTaX O3TOH pasHMIEH OOBIYHO
npeHebperaroT.

Hanpsokenue, MoJBEJEHHOE K aKTHBHOMY CONpPOTHBIICHHIO, N0 (ase coBnanaer ¢
TokoM. ITo3TOMy HampsDkeHHE M TOK OJHOBPEMEHHO JIOCTHIaloT MaKCHMAalbHBIX
3HAYEHHI U OJHOBPEMEHHO NEPEXOJAT yepe3 HyJib. Eciii MrHOBEHHOE 3HAYEHHs TOKA
umeerT BUL i(1) =l sin (27ft), TO MTHOBEHHOE 3HA4YEHHE HaNpsHKEeHus Oy aeT

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

MHIyKTHBHOCTh L XapakTepusyeT CBOMCTBO ydacTka LeMM WM KaTylIKH
HAKAIUIWBATh OSHEPrHI0 MATHMTHOTO MOJA. B PeaNbHON LenM WHIYKTHBHOCTBIO
06/IaAI0T HE TOJBKO MHIYKTHBHBIE KATyIIKM KaK JIEMEHTBI LeMH, NpeHa3HaueHHbIE
LIS MCTIONB30BAHMS MX MHILYKTMBHOCTH, HO M TIPOBOJIA, M BBIBOJBI KOHIEHCATOPOB, 1
peocTathi. B mensix ympomieHus OGBIMHO CUMTAIOT, YTO JHEPrHs MAarHMTHOTO MO
COCpCZIOTalmBaeTCﬂ TOJIBKO B KaTyulKaX.
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Ilpn npoTekaHWM NeEPEMEHHOTO TOKa i) wepes KaTymKy MHIYKTHBHOCTH,
COCTOSIUEH M3 W BHTKOB, BO3GYXIa€TCS NMepeMeHHBI MArHHTHBIA MOTOK D(1),
KOTOPBIi B COOTBETCTBHH C 3aKOHOM 3JIEKTPOMArHUTHOM HHIYKIIHH HABOJHMT B HEM ke
9/IC CAMOMHIYKUMH e, = — W d®/dt = — Ldi/dr. CneposatensHo, HHIYKTHBHOCTE B
UEMH TEPEeMEHHOTO TOKa BIHMSET HA BENMYMHY NpOTEKAIONIEr0 TOKA KAk
conpoTuByieHHe. COOTBETCTBYIONIAs PACYETHAS Be/THUMHA HA3BIBACTCS HMHIYKTHBHBIM
CONPOTHBJICHHEM H obosnauaercs X; u H3MepsieTcsl Tak JK€, Kak M aKTHBHOE
CONpOTHBJIEHHE — B OMax.

UYeM BBIIIE YacTOTa TNIEPEMEHHOTO TOKa, TeM Gonblue 37C CaMOMHIYKUHH H TEM

GoJblle MHAYKTMBHOE compoTuBieHne X = @l =27zf L. Benmunna o =2nf
Ha3bIBAETCs YIVIOBOH (LMKIMYECKOH) 4acTOTOMH NepeMeHHOro TOKA.

B LEINH IIOCTOSTHHOI'O TOKA B yCTAHOBUBILIEMCy peXHuMe HHIYKTHBHOCTE HE BJIMSET
Ha peXUM pﬂ60TH LEIH, TaK KakK 3.1.C. CAMOMHIYKIIH K PpaBHa HYJIIO.

HOCKOJILK}’ 3.4.C. CAMOMHIYKUHMH BO3HHUKACT TOJIEKO TIpH U3MEHEHHWH TOKa, TO H
MaKCHMaJIbHBIC 3HAYEHMs 3/IC HAaCTYNalT IPH MaKCHMaJIbHON CKOPOCTH M3MEHEHHS
TOKa B KaTylIKE, TO €CTh IPH MPOXOXKICHHH TOka yepe3 HyJb. HOBTOM}’ Ha y4acTke
Lenu ¢ HHAYKTHBHOCTBIO 31C CaMOMHIYKUMH 110 BpeMEHH OTCTaeT OT TOKAa Ha
YETBEPTh IM€pHOJA MM Ha w2 JJIEKTPHYECKUX panuana. Hanp;{)xe}me Ha
MHJyKTHBHOCTH, OyIy4y NPOTHBONOJNOXHEIM 3.1.c., HAa0GOPOT, ONepexaeT TOK Ha
YETBEPTh NEPUOJA WK HA w2 JJNIEKTPUYECKHUX panuana. Eciu no KaTyIuKe NpoXoauT

TOK, MIHOBEHHOE 3Ha4eHHe KOTOPOro i(t)=ly sin (2zft), T0 MrHOBEHHOE 3HAYEHHE
HaNpsHKEHMs| Ha MHTYKTHBHOCTH

u()=Uy sin 2nft + W2) = X I sin 27ft + /2).

Korza nanpsbkenne, H3MeHssCh CHHYCOMAATLHO, TOCTHTaeT MAKCHMYMa, TOK B 3TO
MTHOBEHHE paBeH Hyymo. Ecii HanpspkeHHE Ha 3akuMax dJIeMeHTa IENH Omnepexaer
TOK Ha 772 pajitaHa, TO FOBOPSAT, YTO TAKOM 3NeMenT Npe/CTaBIIseT CO6OM HaeaTbHYI0
KaTyIIKy HHAYKTHBHOCTH HJIH YHCTO PEAKTHBHOE WHYKTHBHOE CONPOTHBJIEHHE Xj.

310 CONPOTHBJICHUE YYMUTBIBACT pPEAKIUIO 3JICKTPH‘{CCKOﬁ Len¥ Ha HM3MEHEHHE
MarHHTHOTO T0JIsl B UHIYKTUBHOCTH M SIBJISETCS JTMHeHHON yHKIHeH YacTOThL.

Ilpy BKMOYEHHMM B IENb NEPEMEHHOTO Toka peanbHOM karymku (puc. 3),
ofnajaiomeif KpoMe HHIYKTHBHOCTH L M HeKOTOpHIM 3HAYeHHEM aKTHBHOTO
COTpPOTHBIIEHUS R, TOK OTCTaeT 1o ¢ase oT HarpsykeHNs Ha HEKOTOPKIN yron ¢ < /2,
KOTODBIi JIErko OMNpeeNseTcs U3 TPeyrobHIKA conpoTHBIeRHH (puc. 5): 1gp = X, /

R. JIns Takoro ydacTka 3JIeKTPHYECKOH Lenn YPaBHEHHE HAa OCHOBAaHMHM BTOPOTO
3akona Kupxroda nmeer Bua:

u=ug+u=Ri + Ldi/dt.

B HanpsbkeHuH, NOABEAEHHOM K PelbHOH Karymke, YCJIOBHO MOXHO BBIJC/IHTH
ZBE COCTABIIAIOLINX: MAleHHe HANPSIKEHNs Ri Ha akTHBHOM CONPOTHBIIEHMH, OGBIYHO
Ha3bIBAEMOE AKTHBHOMN COCTABISIOWIEH NMPHJIOKEHHOrO HANISKEHUS, M HANpsKEHHe
Ha WeaNbHOM HHIYKTHBHOCTH u,= Ldi/dl, HaskiBaemoe peakTnBHOM coctapnsiomei
TIPHIIOKEHHOTO HanpshkeHus. Pa3oBEIE COOTHOLICHUs MEK Iy STHMH COCTABIAIOLMMH,
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TIPUJIOKEHHBIM HANPSHKEHHEM M MPOTEKAEMBIM TOKOM OGBIYHO HIUTIOCTPHUPYIOTCS
BEKTOPHO#H InarpaMMoii sl UX JIEHCTBYIOIMX 3HauUeHHH (pHc. 4).

M3 BEKTOPHOM AHAarpamMMbl BUIHO, YTO

_ |72 2opiled p2u y2grdo 2 26
U—‘/UR+UL —\/1 Rived XL —IJR +XL—IZ,

tneZ=Uy/Iy=U/I =\/Rz +XZ — IOJIHOE 3JIEKTPHYECKOE CONPOTHUBIICHHE
peanbHo# katymku. M3 TpeyroisHHKa CONPOTHBIICHHH (PHC. 5) clieyeT, 4To
R =Zcosp X;=Zsing, ¢ = arctg X,/ R.

3akon OMa 1151 LlenH, MO0 KOTOPO# MpOTeKaeT MepeMEeHHBIH TOK, 3allCHIBAETCS B
Buge I1=U/Z.

U Z X
U L
A /)
Un R
Puc. 3 Puc. 4 Puc. 5

W3 paccMOTpEHHOro CieayeT BaKHBIH BBIBOA: CONPOMUGNEHUA €& Yenu
nepemMenn020 moKa CK1aoslearomca 6 obuiem cayuae zeomempuyecku. Hanpumep,
eciu y katymku R=3 Omau X; =4 Oma, 10 Z =15 OM.

Ewmxocts, m3mepsemas B ¢apanax (P), xapakTepusyeT CIOCOGHOCTH 3JIEMEHTa
9JIEKTPHYECKOH LEMM WM KOHAEHCATOpa HaKalUIMBaTh SHEPTHI0 3JIEKTPHYECKOTo
nojs. B peanbHON leNM €MKOCTh CYIIECTBYEeT HE TOJBKO B KOHIEHCATOpax, Kak
3JIEMEHTaX MNpeJHA3HAYEHHBIX CNEIHANBLHO JUIS HMCIOJB30BAHMS HX €MKOCTH, HOJIH
MeXJIy NPOBOJHHKAMH, MEXJY BHTKaMHM KaTyllek (MEXBHTKOBas €MKOCTb), MEXLY
TIPOBOJIOM M 3eMJieli MM KapKacoM 3JIEKTPOTEXHHYECKOro ycTpoiicta. OaHako B
cXemax 3aMeIleHNs IPUHSTO, YTO eMKOCThIO 00J1aJal0T TONBKO KOHAEHCATOPbI.

B xonaeHcatope, ToYyHee B IMDJIEKTPHKE, pasfeNAOMEM IUIACTHHBI HIIH
TIPOBOJIHMKH KOHJIEHCATOpPa, MOXET CYIIECTBOBATH TOK JJIEKTPUYECKOTO CMEIIEHHS, B
TOYHOCTH pPaBHBIH TOKY NPOBOAMMOCTH B TPOBOJHHKAX, IPHCOENMHEHHBIX K
ofbkyankaM KOHIeHcaTopa: i = dq / dt, rne q — 3apsa Ha oOKJaakax KOHIEHcaTopa,
H3MepsEMBIH B KyJJOHaX M MPONOPIHOHAILHEIN HANpsHKEHHIO Ha koHaencatope Ug:

q=CUc nnpu C =const dq=CdUc.
Torna Tok, npoxoasiumii uepes konaencarop, i = C dUc/ dt, a sHeprus
3JIEKTPUYECKOTO TIOJIs, 3armacaemasi B KOHIEHCATOpe NPH BO3PACTAHNU HATIPSDKEHHS,
W=CUZ/2

OQueBHIHO, YTO MPH MOCTOSIHHOM HanpsbkeHun dUc/ dt = () ¥ NOCTOSIHHBIN TOK
4epe3 KOHACHCATOP NPOXOAUTH HE MOXKET.
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HpH HM3MEHEHHMH HaIpsHKEHHs Ha 00KIagKax KOHZEHCAaTOpa Y€pe3 HEro NpoTeKaeT
€MKOCTHOI# ToK. Yem Gucrpee M3MEHSETCS HanpshkeHHe, TeM 00JIbIIe EeMKOCTHOM TOK.

Ecim npuioxuts k KOHIEHCATOPY NepeMEHHOE CHHYCOMAATBHOE HANPSIKEHHE, TO
€pe3 KOHACHCATOp NMOTEUeT NEPEMEHHbIH CHHY COMIANBHbIH TOK, CABMHYTHIN Mo dase
Ha 77/2 IO OTHOWIEHHIO K HANPsOKEHHIO. DTO MPOMCXOIUT NOTOMY, YTO eMKOCTHOH TOK
JOCTHTaeT MAaKCHMaJbHOTO 3HAYEHHs NMPH MAKCHMAILHOM H3MEHEHWH HANpsKEHHs,
T.6. NpH TNPOXOXKACHHH HANpsDkeHHs dYepes Hynb. TOK IpH 3TOM omepekaer
HanpsbkeHue 1o ¢ase Ha 7/2. Eclii MrHOBEHHOE 3HaYeHHE TOKa, POTEKAEMOTO Yepe3
KOHJEHCATOp i(t)=Iy Sin (27ft), TO MTHOBEHHOE 3HAYEHHE HATPSUKEHUS HA HEM

uc(t)=Uns sin(2aft - w/2)=Xc Iy sin 27ft - w/2),

rae Xc — peakTHBHOE €MKOCTHOE CONPOTHBIICHHE. BekTopHas auarpamma muist
y4acTKa 3/IeKTPHYECKOH LeTH, copepikalieli KonaeHcaTop, n3oGpaxeHa Ha puc. 6.

Bemuuuna X¢ = 1/27fC = l/oC = Ucy / I, = Uc /I HasbiBaetcs
PCaKTHBHBIM EMKOCTHBIM COIPOTHBJIEHHEM. JTO CONPOTHBJICHHE
YYHTBIBACT pPEaKUMIO JJIEKTPHYECKOH 1LeNd Ha H3MEHeHHe
9NIEKTPHYECKOTO T0JIs B KOHJAEHCATOpe H sBiseTcs o6paTHO
NPONOPIHOHANEHOM (yHKIMEeH YacTOThI. Uc

3axon OMa 151 yuacTka 3JIeKTPHYECKOH LeNH ¢ KOHEHCATOPOM
I =Uc/Xc, roe I — neiicTByioulee 3HaueHHe TOKa, TPOTEKAaEMOro Puc. 6
4epe3 KoHzeHcatop, Uc — nelcTBylolee 3HaYeHHe HAlpPHKEHUs Ha
KOHJIeHCaTope.

OnexTpueckast LeMb NEPEMEHHOTO TOKa XapaKTepH3y eTCsl aKTHBHOM, PeaKTHBHOM
M NIOJTHOH MOIHOCTEIO.

AxTHBHas MomHOCTh P, m3MepseMas B BarTax (BT), paBHa NpOH3BENEHHIO
JAeHCTBYIOLIEro 3Ha4eHHs HanpsykeHus U Ha AelicTByrollee 3HaYeHHe Tok [ ¥ Ha CoSQ,

HA3bIBACMBIH  KOI(YHUMEHTOM  MONHOCTH, HIM MpPOM3BEEHHIO  KBajpaTa
JIeHCTBYIOIIEro 3HAYEHHs TOKA Ha aKTHBHOE COTIPOTHBJICHHE:

P=Ulcosp=FR

PeaktuBHas MomHOCTh (), W3MepsieMas B BOJBT-aMIepax peakTHBHBIX (Bap),
paBHa NPOM3BELCHHIO [EHCTBYIOWIEro 3HAueHWs HanpskeHuss U Ha HelcTByromiee
3HAYCHHE TOKA / M HA Sin¢g WM NPOM3BENCHUIO KBAApaTa [AeHCTBYIOMIETO 3HAYCHHUS
TOKa Ha PEaKTHBHOE COTIPOTHBIIEHHE:

Q =Ulsinp=LX.
TlonHas MomHOCTS S, H3MepsieMas B BoJIbT-amniepax (BA),

paBHa NPOM3BENECHUIO NEHCTBYIOIIEro 3HayeHHs Toka / Ha S Q
ZieHiCTBYOIIee 3HAUCHHE HANpshkeHus U:

5=UI=yP?+02. hi

COOTHOLIEHHS THX MOIIIHOCTEH HILTIOCTPUPYIOTCS

TPEYroJIbHUKOM MOLIHOCTEH (puc. 7). PHEL7
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DneKkTpHUecKas Lenb CHHYCOHJAILHOTO NEPEMEHHOr0 TOKa C MOC/eI0BaTebHBIM
COEMHEHHEM PE3HCTOpa C AaKTHBHBIM CONPOTHBICHHEM R, pealbHO# KaTyIKd
HHIYKTHBHOCTH C TOJHBIM conpoTuBieHneM Zx (RgXyx) ® KomjeHcaTopa. ¢
€MKOCTHBIM CONPOTHBJIEHHEM X (pHC. 8) ONHMCHIBAETCS ypaBHEHUEM, 3aNTHCAHHBIM 110
BTOpOMy 3akoHy Kwupxroda s MrHOBEHHBIX 3HAUEHMH HANpsHKEHHH Ha ITHX
3/IeMEHTax:

up + ug + uc = u(t)
HIH B reoMeTpHueckod ¢opme s BEKTOPOB MEHCTBYIOMIMX 3HAYEHMH OSTHX
HanpsHKeHHH 5 (o % I
Up+ U+ Uc= U

IMTocneanee COOTHONIEHHE TOBOPHT O TOM, YTO BEKTOp AEHCTBYIOIIErO 3HAYEHHS
| HanpSOKCHAS, IPHIIOKEHHOTO K TAKOH LEMH, paBeH TEOMETPHUECKOH CyMMe BEKTOPOB
Hanpmcnuﬁ Ha OTHENBHBIX e€ ydacTkax (puc. 9).

R

Puc. 8
W3 aHanu3a BEKTOPHOH QMAarpaMMel [UIs Tako# LEmH
CJIE/lyeT, 4TO BEIMYMHA BXOIHOTO Hanpskenus U

2 2 2 2 2 K
U= U +Urg)? + Wy ~Ug)? = JUR+ IRg) - (X - IX) =l\/(R+RK) +(Xp-X)
rae UR[(, ULK — COOTBETCTBCHHO AaKTHBHAasg W pEAaKTHUBHas COCTaBJIAIOIIHE
HanpsDKEHHA Ha KaTyllKe, RK, XL — AKTHBHO€ M PpEAKTUBHOC WHIYKTHBHOE
CONPOTHUBJICHHE KaTyIIKH HHAYKTHBHOCTH.
CrnenoBaTeNbHO, JeHCTBYOLIEE 3HAYEHHE TOKA B 9TOM 1IeNM HA OCHOBAHHH 3aKOHA

Oma MOXXHO OINpPEEIIUTh KaK

I=UIZ=UIJR+R)? +(X, - X2,

20e Z=J(R+Rg)? +(X, - X()? = R+ Ry)? +(@L~1/aC)? —

MOJIHOE CONpPOTHMBJECHHE LENH C TOCIEI0BATE/bHBIM COEJIMHEHHEM pPEe3UCTOpa,
peanbHOM KaTyIIKH HHAYKTHBHOCTH H KOHIEHCATOpa, KOTOpOe JIErKO ONpeieNseTcs u3
MHOTOYTOJIBHHKA CONpOTHBIIeHUH (puc. 10).

Vron casura ¢a3 Mexay BXOOHBIM CHHYCOMAQIbHBIM HampsbkeHuem U u
notpebiseMbIM  Takod Ienmbl0 TOkoM [ ompenensercs W3 TPEYroJbHHKa
CONPOTHBIEHUH
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1gp = (oL — 1/@C) / (R + Ry).

Ecmn wL > I/oC u yron ¢ > 0, Bcs uens BemeT cebsi Kak LENb ¢ aKTHBHBIM
COTIPOTHBJICHHEM M MIICAILHOH HHIYKTHBHOCTBIO. ['OBOPAT, 4TO B 3TOM Ciy4ae Lelb
HOCHT aKTHBHO-HHIYKTHBHEIH XapakTep.

Ecmn wL < I/oC w yron ¢ < 0, Bcsi uenb BedeT ceOsi Kak LENb ¢ aKTHBHBIM
CONPOTHBJICHHEM H €MKOCTBIO. I'OBOPAT, 4TO B 3TOM Cllyyae LeNb HOCHT aKTHBHO-
E€MKOCTHOM XapakTep.

Ecnu B nenu peakTHBHOE CONPOTHBIEHUS paBHbI (WL = 1/@C), To yron ¢ = 0. Ilpu
9TOM peaKTHMBHAs COCTABJIAIONIAs HANPSDKEHHsS Ha MHIYKTHBHOCTH M HANpsDKEHHE Ha
KOHJIEHCATOpe MOJHOCThIO cebs kommeHcupyloT. Llemb Bemer cebs, kak Gyaro
peakTHBHBIE CONPOTHBJICHHSA B Hell OTCYTCTBYIOT M TOK JOCTHraeT HauGoJbLIero
3HA4Y€HHMs, ITIOCKOJBKY TOK OrPaHHYMBAETCS TOJBKO AKTHBHBIM 3KBHBAJIEHTHHIM
COTPOTHBJIEHUEM 1leNH R5 = R +Rg.

OTo 03HaYaeT, 4TO B LIENH MMEET MECTO PE30HAHC, Ha3bIBAacMbIi B JaHHOM CITydae
Pe30HaHcoM Hanpsajcenuii. Pe30HAHC HANPSHKEHMH MOXHO NOJYYHTh H3MEHEHHEM
YacTOTHl MCTOYHMKA THTAHMS, M3MEHEHHEM IIapaMeTPOB PEaKTHBHBIX 3JIEMEHTOB,
HanpuMep, MoAGOPOM 3HaueHMs BequumMHbl emkoctd C = 1/a, °L, rae @, =M/LC -

U
ok i
S AR k
R ! g
UL il R < G0
e
Puc. 11 Puc. 12

PE30HAHCHAsA YacTOTa LeMH.

Tlpu napaniensHOM COEIMHEHHH 3IEMEHTOB MOMYYal0T Pa3BETBICHHYIO Lenb (PUC.
11);

Ilpu napanneNsHOM COEIMHEHHH JJIEMEHTOB TOKH B OTAEIBHBIX BETBSX 3aBHCAT OT
BEJIMYMHBI TIPHIIOKEHHOTO HANpPSHKEHHs: M TOJHOTO COMPOTHBIICHHS KaXIOH BETBH.
Tlpu 3TOM TOK B BETBH C PE3UCTOPOM [ COBNANaeT no ¢ase ¢ HaNpsHKEHHEM, TOK B
BETBM C MHIYKTHBHOH KaTymkoil [y oTcraer mo ¢ase OT HanpspkeHHs Ha yroi ¢,
3aBUCAIMA OT AKTHBHOTO M PEaKTHBHOTO CONMPOTHBJICHHS peajbHON KaTyLIKH
HHAYKTHBHOCTH. TOK B BETBH C KOHZIEHCaTtopoM ¢ omepexaer HampspkeHue Ha 90°
(puc. 12). B cooTBercTBHM ¢ mepBbiM 3akoHoM Kupxroda oOumit TOK 1,
noTpeGIIsieMbli TaKoH LENbio OT HCTOYHHKA MTUTAHHS, OTIPENIEeTCs TeOMETPHIECKOH
CYMMOIi TOKOB OT/IE/IbHBIX BETBEH: I= I+ Ix+ Ic.
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T'eomeTpHyecKoe MOCTPOEHHE IJIsi ONpe/IeNieH s BEMYHHEI M (assl 06IIEro Toka
npeacTaBlieHo Ha puc. 12, rae 0603HaYeHo:

Ixs, I4 — aKTHBHBIE COCTABJISIOIIME TOKA B BETBH C MHAYKTHBHOM. KaTymkod u
ofero Toka;

Igp, Ip — PEAKTHBHEIE COCTABJISIONIME TOKA B BETBH C MHIYKTHBHOM KaTyIIKoH M
obero Toka.

Ilon aKTHBHOM COCTaB/IsIOMIEH TOKA TNOHMMAIOT COCTAaBISIOLIYI0 — TOKa,
COBMAjAOLYI0 M0 (ase C NPHIOKEHHBIM HanpspkeHueM. Iloa  peakTHBHOM
COCTaB/ISIONIEH TOKa — COCTaBJISIONIYIO, PACIIONIOXKeHHYI0 1o 90° K MPHIOKEHHOMY
HanpspkeHHI0. ClelyeT NOMHHTS, YTO aKMUEHAA U PeaKmuéHas cocmagnaiowue moxa
— 9mo YCNOBHbIe 6eNUYUHbI, HE HMEIOLIHE (PU3UYECKOTO CMBIC/IA B MOCIEA0BATENLHOM
CXeMe 3aMeLIEHHs, HO YIOOHBIE /i1 PAacY€eTOB.

U3 BEKTOPHOI JHarpaMMBI CIIEYET, 4TO

Li=Ig+1Ixy , Ip=Igp—Ic.

Criezi0BaTeNbHO, BEIMYMHA 00ILEro Toka

1= +12,
a yroi caBura ¢pa3 Mexry 06IIMM TOKOM H TIPHIIOKEHHBIM HANPSHKEHHEM
g =1Ip/Ii= (Ixp— 1) / (Ig + Ixa).

JlanHasi BEKTOpHAs JHarpaMMa MoCTpoeHa B MPEATIONOKEHHH, YTO EMKOCTHOM TOK
Ic MenbIIe PEaKTHBHOH MHIYKTMBHOM COCTaBIsIOlIel TOka B KaTymike Ixp. Tloatomy
ofmuit  TOK OTcTaeT mno ¢ase OT HanpsbkeHus. Takas Lenb HOCHT aKTHBHO-
MHIyKTHBHBIH Xapaktep. Eciu Gbl emkocTHOH Tok I Obul Gonblle peakTHBHOM
MHIYKTUBHOH coCTaBisomeil Toka B KaTymke Igp, TO TOK, noTpedseMslit Lenblo U3
ceTn omepexaln mo ¢ase NMPHIOKEHHOE HANpsHKEHHE M LEMb HOCHIA OBl aKTHBHO-
€MKOCTHOM XapaKTep.

ITpu paBeHCTBe peakTHBHOW MHIYKTHBHOM COCTaBisollel Toka B Karymke Ixp U
€MKOCTHOTO TOka Jc BeKTOp o6miero Toka coBmajgaer Mo (ase ¢ BEKTOPOM
TIPUJIOXKEHHOTO HAIPSDKEHHS, 2 €ro BEJIMYMHA ONpeNeNsieTcsi TOJIBKO aKTHBHBIMH
COCTaBJISIOMAMH TOKOB Iy = Izp + Ig4 , Ilpu 3TOM B LenM HacTynaer siBEHHE
pe3oHaHca TOKOB, TaK Kak 1€k, COepKallasi peakTHBHEIE 3JIEMEHTHI, BEJIET cebs Kak
Lens ¢ YHCTO aKTHBHBIM CONpPOTHBIEHHEM. IIpH pe3oHaHCe TOKOB TOKHM B BETBSX C
PEakTUBHBIMH 3JIEMEHTaMH MOTYT 3HAYMTELHO NMPEBBINATH TOK, MOTPEGIAEMBIH OT
MCTOYHMKA MTUTAHHS.

Kod())HIMEHTOM MOIHOCTH HA3bIBAIOT OTHONIEHHWE AKTHBHOM MOIIHOCTH K
TIOJTHOH MOLIHOCTH:

cos ¢ =P/S.

Koo)pHumenT MONHOCTH NOKa3BIBAeT, Kakas 4acTh SJEKTPHUECKOi SHEpruH,
BBIPa6aTHIBAEMON MCTOYHHKOM MEPEMEHHOTO TOKa (FEHEpaToOpoM, TpaHc(OpMaTopoM
M 1p.) HeoOpatumo npeoGpasyercss B Jpyrue BHABI JHEPrMHM, B YaCTHOCTH,
HCIIONIB3YETCA HA BBINOJIHEHHUE M0JIE3HOH paboThl. OYEBHIHO, YTO YeM BBILIE COS @,
TeM Oosblle mose3Has paGota (aKTHBHas MomHocTh P), coBepmiaemas B
9JIEKTPUYECKOH LENH MPH TOM K€ MOTPEGIEHHOM TOKE M HANlpsKeHWH. Buicokmit
KOO()pMUHEHT MOIIHOCTH NPEANPUATHI NPUBOAUT K GOJEe MOTHOMY MCNOJBL30BAHUIO
MOIUIHOCTH 3JIEKTPOCTAHUMA M CHHXKEHHIO NOTEPh 3/IEKTPOIHEPTHH MPH Nepenade eé
noTpebuTeNIO. Tlpn  Hu3koM  kod(dHUMEHTE MOLIHOCTH  MPOMBIILIEHHOE
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000pyI0BaHHE OKA3BIBAETCS 3arPy’KEHO 1O TOKY, HO HEJOMCIIONB30BAHO 110 AKTHBHOM
MomHocTH.  CrefOBaTeNlbHO,  He  TOJHOCTBIO — MCHONB3YIOTCS  TEHEpaTop.
TpaHC(OPMATOp, JIMHHS  JIEKTPONEPENadd M JPYroe  3IeKTPOTEXHHYECKOe
06opyi0BanKe, KOTOpOe GeCrioiesHo 3arpykaeTcss peakTHBHBIM TokoM. ITpH 3Tom
YBEIMYHBAIOTCS H NOTEPH JJIEKTPHYECKOH SHEPTHH OT BCEX TOKOTPOBOAIIMX HaCTei.

3aBHCHMOCTE  Kakoro JiHGO MapameTpa OEKTPHYECKOM LEMH OT YacTOTHI
TPOTEKAEMOTO TOKAa HA3BIBAIOT YAaCTOTHOH XapaKTEPHCTHKOM JIEKTPHYECKOH IEmH.
Kak M3BeCTHO OT 4acTOTEI MPOTEKAEMOrO TOKA 3aBHCAT PEAKTHBHBIE CONPOTHBICHHS
9JIEMEHTOB 3JIEKTPHYECKOH Henu. [IpH 3TOM peakTHBHBIE HHIYKTHBHEIE H EMKOCTHBIE
COTIPOTHBJICHHS MMEIOT pasHble 3HakHM. OYEBMIHO, YTO IPH H3MEHEHHHM YaCTOTHI
H3MEHSIOTCS  PEAKTHBHBIE CONPOTHBJICHHS 3JIEMEHTOB LEMH, H, CIEI0BaTENbHO,
TIOHOE CONPOTHBJICHHE TAKOH LEMH OTHOCHTENBHO BXOJAHBIX BBIBOZOB. Ilpu
OTpE/ENIEHHBIX YCIIOBHAX HA OMNpe/eNeHHOH 4YacTOTe PEeaKTHBHBIE COTPOTHBIICHHUS
MOTyT KOMIEHCHpOBath JApyr gpyra. Torja mOJHOE CONpOTHBIEHME LENMH
OTHOCHTEJIBHO KaKuX JIMOO 1BYX BBIBOJOB MOXET OKa3aThCsl YHCTO aKTHBHBIM. B 3ToM
Clly4ae B LENM BO3HMKACT siBleHHE pe3oHaHca. IIpu pesoHaHce TOKM B BETBAX H
HANpsDKEHNUsS HA BJIEMEHTAX MOTYT Pe3KO OT/IMYATHCS OT TOKOB M HANPSDKEHHH TpH
Hepe30HaHCHOM pexkuMe. Ha aTom ocHoBana paGota snekTpudeckux ¢punstpoB. ITox
SJIEKTPHYECKHMH  (UIIBTPaMH TOHMMAIOT YETHIPEXNOMOCHUKH, COCTABJICHHBIE H3
KaTylIeK HMHAYKTMBHOCTH H KOHJIEHCATOPOB, BKJIIOYAEMbIE MEXIY HCTOYHHKOM
TIMTaHUS W Harpy3KoH, KOTOPbIE M3 BCEro CMEKTPa YacTOT MCTOYHHMKA TMPOMYCKAIOT K
TPHEMHHMKY ~ GECNIPENSTCTBEHHO MM NpPOMYCKAIOT C GONBIIAM  3aTyXaHHeM
(3a71epXMBAIOT) TOKH OJHOTO WIM HECKOJNBKHX 3aJaHHBIX IHMANA30HOB YAaCTOT.
OnekTpuyeckue QUIBTPEI IMMPOKO NPHUMEHSIOTCS B TEXHMKE MPOBOAHON CBA3H, B
PAJMOTEXHHUKE, I3JIEKTPOHHKE. BliepBble NpHUMEHHNT dieKTpuueckuil QuLTp ams
OZIHOBPEMEHHOTO  TellerpaupoBaHus M TeNCOHHPOBAHHS 10 OJHOMY NPOBOLY
pycckuii BOGHHBIH cBssuCT kanutaH Mruatees I'. T. B 1881r. [Imamason wacror,
TponyckaeMbIX (UIBTPOM 6e3 3aTyXaHHs, HA3BIBAIOT MOJOCOH NPO3PAYHOCTH
(mporyckanus). JlManmasoH 4YacTOT, NPOMYCKAEMBIX GuIBTpOM C  3aTyxaHueM,
Ha3BIBAIOT MOJIOCOH 3aTyXaHHsl. Pasinunkle KOMOMHALMM KaTymleK MHIYKTHBHOCTH
KOHZICHCATOPOB TO3BOJIAIOT MOJy4aTh (YHUIBTPHI, Pa3iMYHbIE MO CBOMM CBOWCTBAM.
Pa3jinyaloT  HH3KOYACTOTHBIE, ~BBICOKOYACTOTHBIE, MOJOCOBBIE,  3arpakalolIHe
GuUIBTpEL

OJlexTpHYecKas LeNb MpH TOCIENOBATENEHOM COEHHEHHH 3JIEMEHTOB MOXET
HMMETh TPH peXHMa:

1) peakTHBHOE CONPOTHBJICHHE LIEMM HMEET aKTHBHO-MHIYKTHBHBIN XapakTep,
npu atom X>0, X;>X¢;

2) peakTHBHOE COTIPOTHBJICHHE LIENH MMeET aKTHBHO-eMKOCTHOH XapakTep, IpH
atom X<0, X; <X¢;

3) peakTHBHOE CONpPOTHB/ICHHE LienH paBHo 0 U X =X(. B uenn nmeer mMecto
SIBJICHHSI PE30HAHCA HANPSHKEHUM.

Tpu 3toM X=weL —1/ 0,C; wol=1/ woC; w’sLC=1.

Pesonanc MoxHO nocTuub, u3MeHsis apametpsl L, C WM 4acTOTy HCTOYHHKA
nuTanus . [Tpu pe3oHaHce mapaMeTphl LN  CBA3aHbI COOTHOLEHHUSAMHU:

L=1/e’,C; C=1/w’sL; wo=1/VIC .
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YacTOTy @, Ha3BIBAIOT PE30HAHCHOM 4YacToToM. ITpH 3TOH YacToTe TOK UMEET
Hanbonpmee 3HaueHwe /=U/R. HanpsokeHHe Ha aKTHBHOM CONpPOTHBICHHH DaBHO
HANPSKEHHIO HA BXOJE LelH, a HANpsuKeHHs Ha emkocTH Uc M MHAyKTHBHOCTH UL
PaBHBI 110 BEJIMYMHE H IPOTHBOTIONOXKHEI 10 hase.

Ecny BBIIOJHSIOTCS COOTHOIIEHUs X9 =X >>R, TO HanpshkeHHsl HA EMKOCTH
M HHIYKTHBHOCTH MOTYT 3HaYHTEITBHO NPEBBIMATH BXo/HOe Hanpsbkerue U. Tloatomy
JIaHHOE sIBJIEHHE TOJTyYHJI0 Ha3BAHHE PE30HAHCA HANPSIKEHHH.

IpeBbilicHAE HANPSDKEHHS HA PEAKTHBHBIX 3JIEMEHTAX LIEMH Ha/l HANPHKEHUEM
Ha BXOJHBIX 32KHMaX IIeNH HMEET MECTO TIPH YCIIOBHH

R<< woL=V/ w,,c=\/f/; =p.

c Ha3pIBalOT BOJIHOBBIM WIH XapaKTepUCTHYECKHM

BenuuuHy p=

COTIPOTHBJIEHHEM KOHTYpa.
OtHolIeHHE

Ue/U= Us/U= wol/R=VesCR=L/RJIC =%\g = p/R=0

ompezensieT KPATHOCTh IPEBBIICHAS HANPSKEHHWs Ha 32KHMaX WHIyKTHBHOCTH M
€MKOCTHOrO  CONpPOTHBIICHHS. HAaJ BXOJHBIM  HaNpPsSDKEHHEM W Ha3bIBACTCHA
006pomHOCMbI0 KOHMYPA.
Bemunny, 06paTHY10 J0GPOTHOCTH, HA3BIBAIOT 3aTyXaHHEM KOHTYpa
d=1/Q.
TIpuMepHBIH BUJ YaCTOTHBIX XapaKTEPHCTHK MOC/eA0BaTEIbHON LENH ToKa3aH
Ha puc. 13.

Puc. 13

B ienH, cocTosmiedl M3 MapallelbHO COEJUHEHHBIX HHIYKTHBHOCTEH |
eMKocTeif, BO3MOXKEH PE30HAaHC TOKOB. B Takoii 1eny crpaseiuBEI COOTHOUICHHUS (®
CTEHJHOM BHJIE)

1=UY,=U(g - jb); I1:=UY,=U(g ~Jjb);I=1,+1,=U(g +8)- Uk +b,);

TIpu pe3onance TOK / coBnajaet no dase ¢ HanpsukenneM U . DTO BOIMOXKHO, €CIH
b, +b, =0.Tlpu 3TOM
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RY +o' R2 21 - "Ry v, R+ 1
oC mﬂzcz

b =

Ecnu conpoTtuBieHns R; u R; MaJibl, TO COOTHONIEHHS YTIPOIIAIOTCSA:
o' LC =0 @, oLl
JIc
B nneansHoM ciyyae, korna R, =R, =0, Tok B HEPa3BETBJICHHOM 4acTH LeNH
paBeH HyJI0 M BXOAHOE CONPOTHBICHHE CTPEMHTCS K OeckoHewHocTH. YacToTHBIE
XapaKTePHCTHKH IPH Pe30HAHCE TOKOB HMEIOT BHJI, TIOKa3aHHBIA Ha puc. 14.

’

Puc. 14
TTonocoii NpomycKaHus HA3bIBAIOT AMANa30H YacToT 4w = w; — @;, B KOTOPOM

I zl—", rae Iy =U/R — tok npu pe3onance. Yem Gonbue J06poTHOCTE O, TEM yxe

V2
0JI0Ca NPOITY CKaHHSI.

JIoGpOTHOCTE MOXET OBITh BBIYMCICHA 110 3HAYECHHSAM [0 3HAYCHHAM

IPaHUYHBIX YacTOT @;, W, WIH fj, f3:
0= wo/(0;- w) = fo/(f2-1)-

Ha rpaHHuYHBIX YaCTOTAX 3HAYEHHE TOKA YMEHBIIAETCS B v/2 Pa3 M0 CPABHEHHIO
C TOKOM TIpH pe3oHaHce /.

B1aro3By4YHOCTh TepMHHA «JOOPOTHOCTE» OOBACHSETCS TeM, YTO BenuuMHa Q
onpenensier u3bupaTebHbIe (CEeNEKTHBHBIE) H YCHINTENbHBIE CBOMCTBA KOHTYpa. I1pn
CyIIECTBOBAHWH Ha BXOJ€ KOHTYpa GOJIBLIOrO YHCIa CHTHAJIOB Pa3jMYHBIX YacTOT
BBICOKasi JOOPOTHOCTH MO3BOJSICT BBIAENMTH HAa PEAKTHBHOM JJIEMEHTE HanpshKeHHEe
OIHOM (PUKCHPOBAHHOM YACTOTHI, CYIIECTBEHHO Oonbllee MO aMIUIATYIy 10
CPaBHEHHIO C BXOJHBIM CHTHAJIOM TO# )€ YacTOTHI.

PeanbHble pEaKTHBHBIE JJIEMEHTHI OJJIEKTPHYECKHX Iemneil, uccneayemsie B
nabopatopHoii paboTe, OTIHYAIOTCS OT HIEAILHBIX PEAKTHBHBIX 3JIEMEHTOB B
OCHOBHOM TIOTEpPSIMH 3Hepruu. [ToTepn SHEPruM B CXeMe 3aMeIICHHs PeaKTHBHOTO
JJIeMEHTa  YYHTBIBAIOTCS ~PE3UCTOPOM, COCAMHEHHBIM  TOCIEJOBATENbHO  HITH
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napa/ieNbHO € HMICANBHBIM PEaKTHBHBIM 3JIEMEHTOM. JIis HCHONB3yeMBIX B
nabopaTopHOH paboTe PEaKTHUBHBIX 3JIEMEHTOB MOTEPH B WHIYKTHBHOH KaTyIke
CYIIECTBEHHO MPEBBINIAIOT NMOTEpH B KOHJAeHcaTopaX. IT03ToMy isi OTHOCHTENBHO
HHM3KHMX YacTOT, BKJIIOYAsi PE30HAHCHYIO 4acTOTY, IIOTEPAMH B KOHJEHCATOPE MOXHO
npenebpeus. Torga B cXeMaxX 3aMelleHHs KOHJEHCATOP MOXHO IIPEICTaBHTh
emkocTbio C, a MHIYKTHBHYIO KaTyIIKy TNpPEICTaBUTh B BHJE MOCIEIOBATEILHOTO
COCNIMHEHHsS pe3nucTopa R M HMHAYKTHBHOCTH L. IIpu 3TOM HanpsbkeHHE Ha
MHAYKTHBHOM KaTyIuke o6o3Hadaercs kak Ug. IIpHHATYIO cXeMy 3aMelleHHsl KaTy K
HEOOXOAMMO YYMTHIBAaTh B XOJ€ OJKCIEPUMEHTa M NpH 006paboTke pe3yibTaToB
H3MEPEHHH.

2.4. DJIEKTPHYECKHME LEITM TPEX®A3HOI'O IIEPEMEHHOI'O TOKA.

Tpex¢a3snas cucTeMa NEPEMEHHOr0 TOKa MMEET Pl NPENUMYILECTB 110 CPABHEHHIO
¢ oxHO(a3HOM CHCTEMOM NEPEeMEHHOr0 TOKa M TO3TOMY IOJNy4HJa IIMPOKOE
npuMeHeHne. Yaie BCEro 3JEKTpHYECKas SHEPrusi BhIpabaThIBAaeTCs, NMEpPENaeTCs M
pacnpenensieTcss Mexay norpeburensmMu TpexdasupiMu cuctemamu. Ioaasnsioniee
GOJIBIIMHCTBO JIEKTPOJBHTaTENeH SBISETCS ABUraTesIMH TPeX(a3HOro nepeMeHHOro
TOKa.

Y1o6sl B TpexdasHO# cHcTeMe MOXKHO GBUIO OJHOBPEMEHHO MOJIB30BATHCH JBYMS
Pa3TMYHBIMH HanpspkeHUsAMH (Hanpumep, 380 B — u1st nuTaHUA 371€KTpOABUraTeNeH 1
220 B — ansi MATaHMS SNEKTPUYECKHX JIaMIl U JPYTHX oAHO(MA3HBIX NOTpeduTenei)
TIPUMEHSIOT HETHIPEXIPOBOIHYIO CHCTEMY 3JIEKTpocHabxeHus. YeTsipexnmpoBoaHas
nuHAS TpeX(asHOM CHCTeMBbl MMEET YeThIpe MpPOBOJA: TPH JIMHEHHBIX, 1O KOTOPHIM
NPOTEKAIOT JIMHEHHbIe TOKH Iy, Iy, Ic M onuH HyneBoH (HEHTpanbHBIH) NpoBOX,
TpeaHa3sHaYeHHbIH 115 NOIeP)KaH|s OJMHAKOBBIX 3HAYeHHH (a3HBIX HANpsHKEHUH Ha
BceX Tpex ¢pazax moTpebuTens. Ilo HynaeBoMy IIpOBOLY MOXET IPOTEKAaTh

YpaBHUTENBHBIH TOK [, Ha3bIBaeMBbIA Iy z
HYJIEBBIM MJIM HEWTpaIBHBIM TOKOM. Takast
cHCTeMa COeMHEHHs 06MOTOK A U

Tpex(azHoro reHepaTopa W TPHEMHHKOB
(notpebuteneit) Ha3pIBacTCA «3BE3AOH» H
nokasaHa Ha puc. 15.

Ipu coepvHeHnH B 3Be3/ly (asHbIi TOK
Iy ONHOBPEMEHHO SIBISETCS H JHHEHHBIM
TOKOM [j7:

Zc

Io =1In. Puc. 15

Hanpsokenne  MexIy — JIMHEHHBIMH
NIPOBOZIaM, Ha3bIBaeMOE JIMHEHHBIM HanpspkeHueM (Hanpumep, Uyp), Oka3biBaeTcs B
V3 pas Gosblue, yeM ¢asHoe HanpsbkeHne ucTounnka nutanust Uy, Up wma Ug,:

Un =3 Us.

Ecnu TpexdasHasi cucTeMa CHMMETpHYHas (BCE CONPOTHBICHHS M MOIIHOCTH
(a3HbIX noTpebuTesel OQUHAKOBEI), TO IO BCEM TpeM ha3aM NpOTEKAIOT OJMHAKOBBIE
0 BEJIMYHHE TOKH, CIIBHHYTHIE 110 (ha3e OTHOCUTENBHO JApyT apyra Ha 120°. Hetpyano
cenath BBIBOA, 4YTO TOK B HEHTPaJbHOM NPOBOAE TpPH 3TOM PaBEH HYJIO.
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Hanpsbkenns Ha BcexX (asax MoTpeGHTeNs TakXe OTIHYAITCS APYT OT ApYTra TOJIbKO
0 HavaJbHOM ase Ha 120° (puc. 16).

Ilpn BKMIOYEHMH B pa3sHBIX ()a3aX pasMYHBIX MO MOLIHOCTH TMOTpebHTene
(HecMMMeTpHYHas Harpyska), TOKH Kaxao# ¢asbl (B KaIOM JHHEHHOM MNpOBOJE)
OTJIMYAIOTCS JPYr OT Jpyra He TOJBKO HauanbHOM (hasod, HO M BenuumHOM. ITo
HEHTpaJIbHOMY TIPOBOIY NPH 3TOM IPOTEKAET TOK, BEKTOP KOTOPOrO Ha OCHOBaHHH

U
Ucpye. 16 UBC Puc. 17 C Puc. 18 B

nepBoro 3akoHa Kupxroga paBeH reomerpuyeckoil cymme BEKTOPOB (hasHBIX TOKOB
(puc. 17) G i)
L+ Ig+ Ic= I
OG6pEIB HEHTPaNTBHOTO MPOBOZA (TPEXNPOBOAHAS CHCTEMA) NPH HECHMMETPHYHOM
Harpy3ke TpHBOJMT K M3MEHEHHIO HanpsDkeHHWH Ha Bcex (asax moTpebutenedt u
NOSIBJICHHIO HanpsbkeHus: cMeenus Helitpanu Uy, (puc. 18). TTonoxenne Touku «n»
HA BEKTOPHOM JMarpaMMe IpH HM3MEPEHHBIX 3HAYEHHsAX HampspkeHHd Ha daszax
notpe6uteneit Uyy, Upp m Ucy MOXeT OBITH ONpezieieHo MeToIoM 3acedek (puc. 19)
HJIH PaCCYMTaHO AHATHTHYECKH.

Ia 7
i Le AB
o g S|
In Inc  Zpc
RO ——> : ——-b—lj_
I
c Ica Zca

Puc. 19 No
Puc. 20

TToTpe6uTeny d1eKTPHIECKOM SHEPTHHU TPH MUTAHUH OT TPeX(a3HOTrO HCTOUHHMKA,
KaK M MCTOYHHMKM JJIEKTPUYECKOH dHEPrHH, MOTYT OBITh COEIMHEHBI B TPEYTOJNBHHK
(puc. 20).

Crnenyer MOMHHTB, YTO CXeMa BKJIIOYEHHsi 0OMOTOK TpexdasHoro remeparopa He
NpEIONpeeNseT cXeMy COeJMHeHHs Harpy3ku. Tak, npu coeMHeHHH (a3 renepaTopa
B 3BE3[y Harpy3ka MOXKeT OBITh COEIHHEHa B 3Be3[y C HEHTPAIBHBIM MPOBOJIOM, B
3Be3y 6e3 HeWTpaJIbHOTO NMPOBO/IA HIIH B TPEYTOJIbHHUK.

25




image25.jpeg
Tlpu coenuHenyy B TPEyroIbHUK CHMMETPHYHON TpexdasHOH Harpy3Ku JTMHEHHEIE
HaNpsDKEHUs OKa3bIBAIOTCA PaBHBIMM (hasHBIM HanpsbkeHusm Up = Uy, a TUHEHHbIE
Toku B /3 pas3 GosbIie, YeM TOKH B (a3ax noTpeGurens:

=V Is.

Tlpu 5TOM BCe asHble TOKH PaBHBI N0 BEIHYHHE
M OTJIMYAKOTCA APYT OT JApyra no ¢ase Ha 120°. To xe
CaMoe OTHOCHTCS M K JIMHEHHBIM TokaM (puc. 21).

Tlpy HECHMMETpHYHON Harpy3Kke CBsi3b MEXIy
JMHEHHBIMM M (a3HBIMH  TOKaMH  BBIpXKAeTCs Ia
YPaBHEHHSAMH, 3alIHCAHHBIMH Ha OCHOBAHHH NEPBOTO
3akoHa Kwupxroga B crenmHoi wmmm BektopHoi  Ug
dopwme: 23 i, N T i
Iy=ILip—Ica, Ip= Ipc— Ip, Ic= Ica— Ipc. Puc. 21

Tlpy coemuHeHMM B TPEyroNbHHK HyJIEBOH
TIPOBOJ| OTCYTCTBYET, HO BCE (ha3HBIC MOTPEGHMTENH B 3TOM CIyyae AOJDKHBI OBITH
paccyMTaHbl Ha HOMMHAIBHOE JIMHEHHOE HallPsDKEHHE.,

Ieatiqa* Tao

2.5. HEJIMHEVHBIE DJIEKTPUYECKHE LENU ITEPEMEHHOT'O TOKA

BaXHBIM 3JIEMEHTOM KOHCTPYKLHH pa3iM4HBIX OJIEKTPHYECKHX MAlIHH M
annapaToB NEPEMEHHOr0 TOKA, YCTPOMCTB JJIEKTPOABTOMATHKH SBISETCS KaTylIKa
HHIYKTHBHOCTH C ()€PPOMArHHTHBIM CepAeYHHKOM. IIpH MpOTEKaHHH TOKA MO BUTKAaM
KaTyIIKH CO3JA€TCsi MAarHATHOE MOJIE, MHTEHCHBHOCTH KOTOPOTO XapakTepH3yercs
MarHMTHOM MHAYKUMEH B M MarHMTHBIM NOTOKOM @, KOTODbIA MPONOPUHOHANEH
HamarHu4uBaiomeil (MaruuTonBIXymiei) cuie F=/w, paBHOH NPOM3BENEHHIO TOKa |
KaTyIKH Ha 4YHCIO €€ BHUTKOB . 3aBucuMOocTh @(]) TPH  OTCYTCTBHH
(eppoMarHHTHOro MarHATONpPOBO/A (CEpAEUHAKA) SBIACTCS THHEHHOM.

Ilpu Hanuuuu peppOMarHUTHOTO CepAEYHHKA MATHHTHBIA MOTOK, CO3/aBacMBbIi
TaKO# KaTyIUKOH NPH MPOYMX PAaBHBIX YCJOBHSX 3HAYMTENHHO BO3PACTAET, TaK Kak B
9TOM Cily4yae MarHMTHBIH MOTOK CO3JAETCS HE TONBKO IPOBOJAHMKAMH C TOKOM
(MCTOYHMKOM  BHENIHETO  MArHATHOrO IMOJS), HO M  COOTBETCTBYIOLIAM
(eppOMarHUTHEIM ~ BEWIECTBOM ~ MAarHMTONPOBOAA  (MCTOMHMKOM  BHYTPEHHEro
MarHMTHOTO IOJIs).

MarnnTHas HHAYKUHS B KaTyIIKH HHIYKTHBHOCTH CBS3aHA C HANPSIKEHHOCTHI0 H
MarHMTHOTO TOJIsi ¥ MArHMUTHOH MPOHMIIAEMOCTBIO |1 H3BECTHBIM COOTHOLIEHHEM B =
MH, MarauTHBIH noTok @ = BS = uHS, rae S — nonepeyHoe cedeHne KaTyIKH.

OtTciona criemyer, 4YTO MarHMTHBIA TOTOK MpPONOPLMOHANEH MArHHTHOM
TPOHHUIIAEMOCTH CPEABI 4, KOTOpas /i (JeppOMAarHUTHEIX MaTePHaIOB 3HAYUTEIBHO
Gonbule, YeM MarHMTHas [MPOHMLAEMOCTH JPYTHX
MaTepHaoB. IMostomy st YMEHBLIEHHS
HamMarHM4uBaromel cunbl F, a clienoBaTensHo, U s
YMEHBIIEHHS. TOKa, HEOOXOAMMOro st CO3JaHus
Tpebyemoro MarHMTHOTO MOTOKa, KaTy KK
HHIYKTHBHOCTH  CHAa0XalOTCS  MarHMTONPOBOIOM

B, u B

Puc. 20
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(cepneynnkoM) M3 (peppOMArHMTHOTO  MaTrephana,  daule  BCEro M3
3JIEKTPOTEXHUYECKOH CTaIIH.

Tak kak 3aBHCHMOCTh MAarHHTHOW NPOHHLAEMOCTH
(eppomMarHHTHEIX MatepnaioB u(H) sBIseTCS HeIHMHEHHOM
(puc. 20), To u 3aBucumocts @(H) wnu B(H) npu Hanu4yuu

MarHMTONpOBOJa  OKa3bIBAETCA  TOXKE  HEIHHEHHOM.
3asucuMocTs B(H) — kpuBasi HaMarHHYHMBAaHHs — SIBISETCS
OIHOM M3 BaXHEHIIMX XapaKTEPHCTHK (heppOMarHUTHBIX
MmatepuanoB (puc. 21). Kpusasi, mpoxozasiuas yepe3 Hayaio
KOOpP/IMHAT, SBJSETCS OCHOBHOM KpHBOW HaMarHHYMBaHHS.
Ona cHHMaeTcsi TMpH OJHOCTOPOHHEM HAMarHWYMBAHWH He
HaMarHM4eHHOr0 Npe/IBapPHTENLHO MaTepHaa.

Tlpy nUTaHMM KaTyIIKH IEPEMEHHBIM TOKOM (peppOMarHMTHBIH MarHMUTONPOBOX
M3-32 TMEPEMEHHOr0 MAarHMTHOTO TMOTOKAa IMKJIMYECKH, C 4YacTOTOM TOKa
nepeMarHi4MBaeTCs Mo KpHBO# rucTepesnca, 00yClOBICHHON HAIMYHEM OCTATOYHOM
MarHuTHOH MHAyKuuu B, u kxodpuutuBHOM cHibl Hc (puc. 21). 3a HeCKoJbKO
TIOJIYTIEPHOIOB NIEPEMEHHOTO TOKA B TPOLECCE IMKIMYECKOro NepeMarHHYHBaHHs
YCTaHaBJIMBAETCs 3aMKHYTasi CAMMETPHYHAs! IIETJISi THCTepe3uca.

Ha nuxnnyeckoe nepeMarHM4MBaHAE MarHUTOINPOBOJA 3aTPAYHBAETC MOLIHOCTb,
BblE/sieMass B BHIE TEIUIOTHI, KOTOpas OTHOCHTCS K TMOTEPSM MOIIHOCTH B
MaruuTonposoje. IToTepu MOIHOCTH B MarHUTONPOBOZE (TOTEPH MOIIHOCTH B CTAIIH)
Pcr BKmOYalOT B cebsi MOTEPH Ha THCTEPE3NC Pr M MOTEPH OT BUXPEBBIX TOKOB Pgr,
HaBOJMMBIX NEPEMEHHBIM MarHUTHBIM NOTOKOM B METAJLIE MarHUTONPOBOAA, : Py =
Pr+ Ppr.

Jinsl yMeHbIIEHHs NIOTEPh MOLIHOCTH HA THCTEPE3HC B KayecTBe MaTepHaia IJis
MarHHTONpPOBONA MCMOJIB3YIOT (eppOMarHMTHBIE MaTepHaibl C y3KOH merseit
THCTEpe3nca. YMEHBIIEHHE TNOTEPh MOIIHOCTH HA BHXPEBbIE TOKH JOCTHIaeTCs
TIPMMEHEHHEM JUIsl MAarHUTONPOBOIa METAILIOB C GOJIBIIMM YEIbHBIM 3JIEKTPHYECKHM
CONpPOTHBJIEHHEM 3a CYET MOBBINIEHHOTO COJIepPXKaHus KpeMHHs B Metaiuie. [Ipu 3Tom
MarHHTONpPOBOJI COGMPAETCs U3 TOHKHMX dJIEKTPHYECKH H30JIMPOBAHHBIX PYT OT Apyra
IUIACTHH, YTO CIOCOOCTBYET YMEHBIICHHIO HABOAMMBIX B KaXXIOH MUIaCTHHE BHXPEBBIX
TOKOB ¥ CHH)KEHMIO NIOTEPh MOIHOCTH OT 3THX TOKOB.

Ilpn  nuTanMM  CHHYCOMJANBHBIM  HANpsHKEHHEM TOK B Karylike ¢
(eppoOMarHUTHEIM ~ CEpIEYHHKOM  HMCKaaer CBOW  ¢opMy M sBIseTcs
HECHHYCOMIATbHBIM BO BpemenH. Ha puc. 22 nokasaHo MOCTPOeHHe KPHBOH TOKa B
KaTymike ¢ GeppOMarHUTHBIM CEPEYHHKOM C yYeTOM MarHMTHOTO rucrepesnca. U3
PHCYHKa BHJIHO, YTO HayalbHble (a3bl MAarHMTHOTO IMOTOKAa M TOKa He COBIAJAIOT
(yron capura J). B cBsi3u ¢
9THM  TepBas rapmonumka P)i 7 ®
TOKa (MM SKBHBAJEHTHBIN
TOK) OTCTaeT oT 4
TIPUJIOKEHHOTO

Puc. 21

HanpsHKEHUsl Ha Yrol ¢ < _>}5A
90°. Hanuuue capura 1o
base Mexay HanpspkeHHeM

27 Puc. 22
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M TOKOM MeHbIIero, 4eM 90° ykaspiBaeT Ha TO, YTO aKTHBHas MOIIHOCTb B LENH HE
paBHa HYJIO JaXe ecli aKTHBHOE CONPOTHBIIEHHE OGMOTKM KaTyIUKH PaHO HYJIO.
TTo3TOMy TOK KaTyILIKH H3-3a TIOTEPh Ha THCTEPE3NC HMEET AKTHBHYIO COCTaBIISIONIYIO
I, a CpelHsis MOIJHOCTH 3a MEPHOJ HE paBHa Hymo. OTa aKTHBHas MOIIHOCTh
XapakTepu3yeT pacxol OJHEPrMM Ha TepeMarHMuMBaHHE (EPPOMArHAUTHOTO
cep/edHHKa.

[Ipy HATMYMM HECHHYCOMJAIBHBIX TOKOB JUisi YNPOIICHHsS pPacyeToB OGBMHO
MEPEXOMAT K IKBUBAIICHTHOMY CHHYCOHMIAILHOMY TOKY sk, MMEIOIIEMY OJMHAKOBOE
C COOTBETCTBYIOIIMM HECHHYCOMIANBHBIM TOKOM JeHCTBYIOIee 3HAYeHHE TPH
OJIMHAKOBO# YacTOTe W Pa3BUBAIOIIEMY OIMHAKOBYIO C HUM aKTHBHYIO MOLIHOCTE NPH
OJIMHAKOBOM 3Ha4YeHHH K0d((HIHEHTa MOIHOCTH

T
I= ’urjﬂm =Iog = max/2;
0

cos@ =P/UI = cos@ sx= P/U Isg

TlonHOe CONMPOTHBICHHE KAaTYIIKH HMHAYKTHBHOCTH C MAarHMTOINpPOBOAOM IIpH

pacueTax HaxoZAT 1o 3akoHy Oma
Zxx= U/L

AKTHMBHOE JKBHBAIEHTHOE CONPOTHBICHHE KATYIUKH ONMPEENSIOT NPU 3TOM IO
3HAYEHMIO aKTHBHOM MomHOoCTH P, motpeGnsemoit
KaTymkod W3 nuTalomeid cerd, ¥ e€ TOKy HIH MO I
3HAYEHMIO IIOTEPh MOIIHOCTH B cepieunuke Pcr m
aKTHBHOMY COTIPOTHBIICHHIO R IPOBO/IOB KaTy KK

Rog =P/I' =Pcy/F’ +R.
DKBHBAJIEHTHOE WHAYKTHBHOE CONPOTHBJICHHE

i Puc. 23
, 2 2 .
Xog =vZ5¢ ~Rog:

TIpy 3TOM MHIYKTHBHOCT KaTymikn L= Xsp/® =X/27f.

Tlpy yBenuYeHHH AMIUIMTYIbl HANPSIKEHHs Ha KaTyllke HHAYKTHBHOCTH C
(eppOMAarHUTHBIM CEpAEYHAKOM aMILIHTYJa H JAeHCTBylOllee 3HAYeHHe TOKA B Hei
6yayT Bo3pactarh ObicTpee. B pesynbTare BoJbTaMIEpHas XapakTePUCTHKA KaTyLIKH
¢ ()epPOMarHMTHEIM CEp/IeYHHKOM OKasbiBaeTcsi HenmHelHoH (puc. 23). Ilo gopme
OHA MOBTOPSIET KPUBYIO HAMAarHMYMBaHKs ceplieunnka B(H).

B UensX NEepPeMEHHOTro0 TOKA, COAEPXKAUMX KaTymKy ¢ (DeppoMarHUTHBIM
CepIeYHHKOM M KOH/EHCATOP, PE30HAHCHBIC ABJICHHS, CBA3AHHBIE C HENMHEHHBIM
XapaKTepoM MHIYKTHBHOCTH, HasbiBaloTCsi (eppopesonancom. B ommmunn ot
nUHEHHOM uenH (eppope3oHaHC MOXET HACTYNMTh B TakKOH LENH NpH H3MEHEHHH
TOKAa B LIEMHM MJIM TPHIOKEHHOro HanpskeHus Ge3
kakoil  JM6O  pEryJMpOBKHM  KaTyWKH WK
KOHJIEHCATOpa. Ha puc. 24 NoKa3aHa
BOJIbTAMIIEpHAast XapaKkTepHCTHKA
MOC/EA0BATENILHON 1leNH, B KOTOPOH BO3MOXEH
deppope3oHanc  HanpsbkeHuH.  BonbTammnepnas
XapaKTepHCTHKA €MKOCTH (2)  nepecekaer
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BONBTAMIIEPHYIO XapakTepucTHKy kaTymku (1). Touka mepecedenus A sBisercs
Touko# pesoHaHca. B aToii Touke U u Uc OJMHAKOBBI, @ UX Pa3HOCTh pPaBHA HYJIIO.
TIpH HeNpepLIBHOM yBENMYEHHH HANPKEHHsS MCTOYHWKA TOK MIIABHO pacTeT 10 I,
3aTeM CKAauykoM yBENH4MBaeTcsi 10 I, M nanee miaBHO pacter. IIpH yMeHbIIEHHH
HaNpsOKEHUs TOK IUIaBHO yMeHbIIaeTcs 10 I3 , 3aTeM ckaukoMm 0 I # CHOBa MIaBHO
nagaer. CkaukooGpa3Hoe M3MEHEHHe TOKa CONMPOBOXKIAETCSA H3MeHeHWeM Ha 180°
(ha3bl TOKa 110 OTHOLIEHHIO K HANPSDKEHHIO (ONPOKHIBIBAHHE (asbl).

SIBNieHME PE3KOTO H3MEHEHHs TOKa B IEMH MpPH HE3HAYMTENBHBIX M3MEHCHHAX
HANDSKGHMS HA BXOAE LEMH WHOTJA HA3BIBAIOT TPUITEPHEIM dddektoM B
nocreoBaTeNbHO (eppopesoHaHcHO# 1enn. OH HMEeeT MECTO NPH MaJIbIX 3HAYEHHAX
AKTHBHOTO COTIPOTHBJICHHUS LIETH.

TIpn HampsKEHHSX HMCTOYHMKA, GONBIIMX HANPKEHHs ONPOKMIBIBAHMS (asbl,
HanpsDKeHHE Ha KaTylke U3MEHSeTCs U
Majio, 4TO CBf3aHO C MEPEXOIOM II0 U N
XapaKTepUCTHKE HaMarHM4MBaHHs B \ /

s

00/1aCTh MAarHMUTHOTO  HACBILICHHMS.

DTO HMCMONB3yeTcss B NpPAKTHKE IJIst
CTaOH/IM3aIMH HANPSKEHUS. \ / \ /
OrpaHH4uTENH aMILIATYBI — 3TO \— i

YCTPOHCTBA, y KOTOPHIX BBIXOJHOE
HanpsDkeHHe H3MEHSETCS

MPONOPLHOHAIBHO BXOJHOMY Unx
HaNpsHKEHUIO 20 HEKOTOPOro \ / \
3HAYEHHS, HA3bIBAEMOrO YPOBHEM
orpannyenus. [Tocne 3Toro 3navyenue \ / \ /
BBIXOIHOTO HANpPsDKEHHS HE 3aBHCHT
OT BXOJHOTO M OCTAETCsl MOCTOSHHBIM

Puc. 25
(puc. 25). B HH3KOYACTOTHBIX
yCTpOMCTBAX 4YACTO HCIOJB3YKOT OTPAHWYMTENM Ha CTaGMIMTpOHAaX (pHC. 26).
BonsTamnepHas XapaKTEpPHCTHKA [BYXaHOAHOTO CTaGHJIMTPOHA MOKa3saHa Ha puC. 27.
C NOMOIIBIO 3THX YCTPONCTB Jierko GopMHpOBaTh TpaneuenJalbHoe HaNpsHkeHHE U3

cuHyconzanpHoro Hanpspkenus (puc. 25). Ecnu amnumtyaa Upy>>Ucr MOXHO
NOJIy4HTh HanpsDkeHHeE, GIM3K0e 1o GopMe K MPSAMOYTOJIbHBIM HMITYJIbCaM.

+Ue

Uer

R Unux
ﬁ AT . z
Unx
VD
i % Ui
p— 4
Puc. 26 Puc. 27
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3. METOIWYECKHE YKA3AHMSI K ITPOBEJIEHUIO

JIABOPATOPHBIX PABOT
Pa6ota Ne 1. SJIEKTPOU3MEPUTEJILHBIE ITPUBOPHI U U3MEPEHUS
OJIEKTPUYECKUX BEJIMYHUH
1. Ilens paGoTsl
M3yueHne  SMeKTPOMSMEDHTENBHBIX  NPUGOPOB,  MCIONB3YEMEIX B

11a60paToOpHEIX paboTax, BHITIONHAEMBIX Ha cTeHe. Ilomyuenue mpencTaBieHmit o
Tpefie/ie U3MEPEHUs ¥ LeHE JeleHns, abCOMOTHOM H OTHOCHTENBHON MOrpPENIHOCTH,
YC/IOBHAX  OKCIUIyaTalWd M JPYTMX  XapaKTepPHCTHKaX  CTPEIOYHBIX
JEKTPOMIMEPHTENBHEIX NPHGOPOB, TONYHYEHHE HABBIKOB PaGOTEI ¢ LHU(BPOBEIMH
H3MEPHUTENILHBIMH NPHOOpaMH.

2. ITopsnoK BHIMOHEHHs paGOThI

2.1 H3yuenue NacrnopTHHIX XapakTepUCTHK CTPEJIOYHBIX
9JIEKTPOU3MEPHTEIILHBIX NIPHOOPOB. [l 3TOr0 BHHMATEJBHO PACCMOTPETH JIHIIEBBIE
TIaHENH CTPEJIOYHBIX aMIIEPMETPOB H 3aNOJHUTE Tab. 1.

Tabauna 1

XapakTepHCTHKa 3/IeKTPOH3MEPHTELHOTO MpHGopa

Haumenosanue npuGopa Bonst™meTtp Bonst™merp

Cucrema HM3MEPHTENBHOTO MEXaHU3Ma

Tlpenen m3mepenns

Ilena nenenus

MunnMansHoe 3Ha4YeHHe M3MEPSEMO BETMYMHEI

Knacc TouHocTH

Jlonyctumast MaKcuManbHas  abCcomoTHas
TIOTPEHOCT

Pon Toka

Hopuanmoe TIOJIOKEHHE IIKAJIBI

TTpoune XapakTepHCTHKH

2.2. TloctpouTs rpadeik 3aBHCHMOCTH OTHOCHTENBHOM MOTPEMHOCTH
H3MEDEHHUS OT M3MEPACMOH BENMYHHB Yy = f (Apag) AN npuGopa, yKasaHHOTO
npernogasarenem. Crenath BBIBOA O BeJIHYMHE PA
OTHOCHTE/NBHOM  TOrpeIIHOCTH ~ H3MEpEeHHst B @
Ha4anbHOM M KOHEYHOH 4acTH WIKalbl, O XapakTepe &/
H3MEHEHHs! IOTPELIHOCTH BJIOJIb IKAJIBI TPHGOpa. i s

) PV R[]

2.3. VI3MepUTh BEJHYHHY COMPOTHBIICHMUS,
3a/1aHHOTO TNPETNolaBaTesieM, METONIOM aMIlepMeTpa
M BOZbT™METpA. JI1s 3TOro coGpaTh 3J1eKTpHYECKYIO
uens 1o puc. 1. VcranoButs TymGrep pexuma
paboTE! U3MEPHUTEISI TOKA B TIO3HIIHIO (=, Puc. 1
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ITocne MpoBEpKH CXEMBI, BKIIOUMTH 3JIEKTPONHUTAHUE M 3aHECTH TNOJTyUEHHbIE
JaHHbIe B Tabul. 2. BEIKIIOYMTE 3JEKTPONHUTaHHe. PaccunTaTs, HCoNb3ys 3akoH Oma,
BEJIMYMHY 3aJJaHHOTO CONMpOTHBIIeHHUs R. Pe3ynbTar 3aHecTH B TaG. 2.

Tabmuua 2

U,B L MA

R, Om

3. Conepxanue oT4eTa

Otyer no paGo‘re JIOJKEH COAepXkKaTh:

a) HaMMEeHOBaHHe paboThI U 1eb paboThI;

6) TeXHHYECKHE [JaHHbIE H3MEPHTENBHBIX TPHOOPOB;
]

B) rpadHK 3aBHCHMOCTH  OTHOCHTEJBHOM

Yo = f (Anzng;
T') pe3yIbTaThl H3MEePEHHiA;
1) BBIBOJIBI TI0 paboTe.

4. KOHTpOJIbHBIE BOIPOCHI

MOTPEIIHOCTH ~ M3MepeHHi

1. KakoB npuHUMN JeHcTBUA NPHOOPOB MAarHMTOIJIEKTPHYECKOH M

9JIEKTPOMAarHUTHOM cHcTeM?
2. Yro Takoe mpeen usMepeHus?

3. Kak onpezensiercs neHa aeneHus npubopa?

4. Yro Takoe aGCOMOTHAsA  OTHOCHTENbHAS TIOTPEITHOCTH U3MepeHHs?

5. YTo XapakTepH3yeT KJlacc TOUHOCTH pubopa?

6. B kaxo#i qacTH mKansl mpuGOpa H3MepeHHe ToUHee U noyemy?
7. KakoBBI OCHOBHbIE JOCTOHHCTBA LIH(POBBIX H3MEPHTENBLHBIX TPHOOPOB?
8. Kak MOXXHO M3MEpHTb BEIMYMHY COTPOTHBIIEHHS Pe3UCTOpa?
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PaGota Ne 2. [IPOCTEMILIVE JIMHEMHBIE DJIEKTPUYECKUE IEIMH
TIOCTOSIHHOI'O TOKA

1. Ilens paGoTst

Tlonryyenne HaBBIKOB COGOPKH MPOCTHIX JJIEKTPHUECKHX IHereil, BKIIOYEHHS B
SJIEKTPHYECKYIO LENb HM3MEPUTENBHBIX NpuOopoB. Hayuuthess u3MepsiTh TOKM W
HanpsbkeHusi, y6enuThes B cobmonennn 3akoHoB Oma W Kupxroda B nuueiHOM
JNIEKTPHYECKOH  uenmu  mocTosHHOro  Toka.  Mccnenosath  ocoGeHHOCTH
TIOCNIEIOBATENBFHOTO M NApaUIeJIbHOTO  COEJMHEHMS B  OJIEKTPUYECKHX LEMAX
TIOCTOSIHHOTO TOKA.

2. IIpenBapuTeNbHOE AOMANIHEE 3a1aHHE

2.1. Msyunts TeMy «JIMHeHHBIE OJJIEKTpHYECKHE LENMH TOCTOSHHOTO TOKa»,
CoJlep)kaHHe JJaHHOW J1abopaTopHOH paGoThl M GBITH TOTOBEIM OTBETHTH Ha BCE
KOHTPOJILHBIE BOTIPOCHI K HEi.

2.2. HauepTHTh NpHHIMIHATGHBIE CXEMBI HCCIELYEMBIX ILemell HCCIeayeMbIX
LeTeH ¢ BKIIOYEHHBIMH H3MEPHTENBHEIMU TIPHOOpaMH.

3. TMopsnok BBINONHEHHs paGoThI

3.1. O3HaKOMHTECS ¢ J1aBOPATOPHOH yCTaHOBKOM.

3.2. CoGpath JHMHEHHYI0 O3JEKTPHYECKYIO ILEMb MOCTOSHHOrO TOKA C
TI0CTIEIOBATENBHBIM COEMHEHHEM 3JIEMEHTOB (pHC. 1), BBIOpaB dJIeMEHTH LENH M
BE/IMYMHY HANPSDKEHHs [IATAHUS B COOTBETCTBMH C 3alaHHBIM BapuaHTOM (Tabm. 1).
TlpeacTaButh cxeMy Uisi IPOBEPKH MPENOAABATENIO.

Ta6nnua 1

Bapuant 1 2 3 4 3 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 R8 R8

ol R14 R2°
(B e,
E2|+ U yzes PV1

Puc. 1
3.3. BKIIOYHTh OJJIEKTPOTIHTAaHHE CTEGHAA M MCTOYHMK OJEKTpomuTamus E2.
YCTaHOBHTb B COOTBETCTBHH C 3aJaHHBIM BapHAaHTOM 3HAYEHHE HaNpsKEHHE
ucrounuka E2, MOAKMOYMB K €ro BBIXOAHBIM KJIeMMaM BOJbTMETp. IToakmouas
BOJITMETP PV1 K COOTBETCTBYIOIMM THE3aM, H3MEPHTh BEIHYHHY HANpsDKEHHS HA
pesuctopax R1 u R3, a Taxoke Tok I B uenu. Pesysnbrarsl u3mepennii 3anectu B Tabi.
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2. V3MeHHUTH 10 YKa3aHHIO TPENoAaBarells BEIHUHHY CONPOTHBIIEHHS R1 ¢ IOMOIIBI0
COOTBETCTBYIOLIEro TyMGnepa (mo3umuu 1, 2 Wi 3) U CHOBa NPOBECTH aHANIOTHYHBIE
u3Mepenus. Beikmounts mcrounnk E2. Tlo pesysnbTaTaM M3MepeHHWH BBIMHCIHTH
BE/IMYMHY CONPOTHBIEHHs kKaxmoro mnorpeburens (R1 um R2) u  obuwee
(3KBMBAJIEHTHOE) CONIPOTHBIIEHHE Ry 1emu. PesybTaThl BEIMHCICHUH 3aHECTH B TallL.
2. BBIKJTIOYHTH HCTOYHHK 3JIEKTPOITMTAHHUS.

CpaBHHTH Pe3yJIbTAThl M3MEPEHHUI U YOSAUTHCS B TOM, YTO CyMMa CONPOTHBIICHHH
OTAENBHBIX TMOTPeGHTENEHd paBHAa CONPOTHBIEHMIO Bcel uenmn. YO6eautscss B
cobmoieHnH BTOporo 3akoHa Kupxroda. OGBSCHATE H3MEHEHHE peXuMa paGoThl
LeNH ¥ OTAENBHBIX NOTpebuTeNel IpH U3MEHEHHH BETMYMHBI CONPOTHBIICHHS OJTHOTO
H3 PE3UCTOPOB.

Ta6nuua 2
H3mepeno Beraucieno
Hanpsokenue Tox Hanpsxenue ConpoTuBiieHHe OKBUBAJIEHTHOE
Ha BXOJIC LIENH | B LIENH, Ha notpeGurene, B noTpebuTeNs, CONPOTHBIIEHHE
U,B LA Om LenH,
Ul U2 R1 R2 R5 ,0m

3.4. CoGpatb 3JIeKTPHYECKYIO LeNb C MapajuIebHbIM COCAHHEHHEM PE3HCTOPOB
(puc. 2), BbIOpaB dJJIEMEHTHl UeNH H
BEJIMYAHY  HANpsDKEHMsl ~ NUTaHHS B
COOTBETCTBHH C 3a[aHHBIM BapHaHTOM (Tabi.
3). TlpencraBuTh CXeMy i NPOBEPKH
Npeno/iaBareo.

3.5. BKJIIOYHTH MCTOYHMK IOCTOSHHOTO
Hanpsbkenust E2.  VcTaHOBHTH 3aiaHHOE
3HAYeHHe HanpsyKeHWs MuTaHus. Vsmeputsh
HanpsDKeHHs: M TOKH Ha BCEX y4acTKax LenH.

Pe3ynbTathl 3aHeCTH B TabI. 4.

Puc. 2 Tabnnua 3
Bapuant 1 2 3 4 S 6
E2,B 12 10 8 12 10 8
R1% R4-1 R4-1 R4-1 R4-2 R4-2 R4-3
R2% R8 R8 R8 R9 R9 R9

3.6. V3MeHHTh 1O YKAa3aHHMIO Mpenojasatelis BeIH4YHHY compoTusienus R1 ¢
TIOMOIIBIO COOTBETCTBYIOIIEr0 TyMGJiepa H CHOBA IIPOBECTH aHAJIOTMYHBIE H3MEPEHHS.
BuikTIOYMTh  dJiekTpornuTanue. Ilo  pesyibTataM  M3MEpEHMH  paccuMTaTh
conpotusienus pesuctopos R1, R2 u conpotusienue Beeii uenu Ry, MpoBOAUMOCTH
OTIeNBHBIX BeTBel gl M g2 u Beell uenu gs. PesynbTaThl BRIUHCIICHHH 3aHECTH B TabJl.
4. Y6enuTses B cobmoennu nepeoro 3akona Kupxroga.

3.7. IlpoaHanu3upoBaTh BIMSIHHE  W3MEHEHHs BEIWYMHBI CONPOTHBJICHMS
pesucTopa R1 Ha pexwum paGoThl LeNH M OTHENBHBIX NoTpebuTeneit. OOBACHUTE,
noyeMy 3TO HMEET MECTO.
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Ta6uua 4

H3mepeHo BeiuncieHo

U,B 11,A 12,A I3,A R1, R2, gl. g2, 29, Rs.
Om Om Cm Cm Cm Om

3.8. Crenath BHIBOJIBI O BBINOJIHEHHH 3aKk0HOB Kupxroda 1 0 mpUMEHEHHH 3aKOHA
OMa B IMHEHHO# 2JIEKTPHYECKOH LeNH NMOCTOSHHOTO TOKa.

4. Conepxanue oT4eTa

Ortyer no paGoTe J0/KEH COEPKATH:

a) HaUMeHOBaHKe paGoTHI M LETb PaboThI;

6) cXeMbl OKCIEPHMEHTOB M TaGNHIBI TOTYYEHHBIX OKCIEPHMEHTAIBHBIX
JIaHHBIX;

B) Pe3yJIbTAThl PaCUETOB;

T) BBIBOZBI 10 paboTe.

5. KOHTpOJIbHBIE BOIPOCHI

1. YTo TaKoe «IMHEHHBIN 37IEMEHT» B dJIeKTPHUIECKOH Henu?

2. [IpUBECTH IPUMEPHI JIMHEHHBIX JIEMEHTOB 3JIEKTPHYECKUX LeneH.

3. B KakuX €IMHHMLIAX M3MEPSIOTCS CHIA TOKA, HANpsHKEHHE, MOLIHOCTh M
CONpOTHBJIEHHE?

4. Kak no T0OKa3aHHsIM aMIlepMeTpa M BOJBTMETPa MOXHO ONpENENTUTH
BENMYHMHY CONPOTHBIEHHS Y4YacTKa 3JIEKTPHYECKOH Lenu IOCTOSHHOrO Toka H
noTpe6IsAeMyI0 HM MOIIHOCTS?

5. HapucyiiTe cXeMsI JUIsl H3MEPEHHs METOIOM aMIIepMeTpa H BOJILTMETPa
6OJIBIIMX ¥ MAIBIX 3JI€KTPHUECKHX CONPOTHUBIICHHUIA.

6. Kax onpeenuTh BeJTMYMHY SKBHBAJICHTHOTO CONPOTHBIICHHS IIPH
TOC/IEI0BATENBHOM COEMHEHHH PE3HCTOPOB?

7. Kak onpeaenuTh BeIMYMHY SKBUBAJICHTHOIO CONPOTUBICHHS IPH
napaielbHOM COSIMHEHHH PE3UCTOPOB?

8. Jlnst mccreyeMBIX 2JIEKTPUYECKHX Lienel 3anuIKuTe ypaBHEHHs 110 3aKOHaM
Kupxroga.

9. B ueM 3aKkmoyaeTcs GalaHc MOLIHOCTEH B LIEMH IIOCTOSHHOTO Toka?
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PaGora Ne 3. CMEILIAHHOE COEJJUHEHME 3JIEMEHTOB
B DJIEKTPUYECKOU LETTM IIOCTOSTHHOI'O TOKA

1. Hens paboTel

IoNyueHHe HABBIKOB COOPKHM 3JEKTPHYECKHX Ilemel, W3MepeHHii TOKOB M
HANpSKEHHMH HA OTAENBHBIX y4acTKaX OJNIEKTPHUECKOH memw; yOeauThes B
cobmoennH 3akoHOB Kupxroda B pa3sBeTBICHHOM JIMHEHHON SNEKTPHYECKOH LEMH;
HAYUMThCS TpPHMEHATh 3akoHbl Kupxroda B rpajuueckom suze. Hccienosats
0COGEHHOCTH CMEIIAHHOTO COCIMHEHMs OJJIEMEHTOB B 3JIEKTPHYECKHX LEMsX
TIOCTOSIHHOTO TOKa.

2. TpezBapuTenEHOE IOMANIHEE 3a/1aHAE

2.1. Vzyuuts Temy «JIMHElHEIE OJIEKTPHYECKHE LEMH TOCTOSHHOTO TOKa»,
conepkanue JaHHOH JaGopaTopHO# paGoTel ¥ OBITH TOTOBBIM OTBETHTH Ha BCE
KOHTPOJIbHBIE BOMPOCHI K HEl.

2.2. HauepTWTh NPUHLMIHATBHBIE CXEMBI HCCIEAYEMBIX Hemei HCCeTyeMBIX
neneii ¢ BKTIOYEHHBIMH H3MEPHTEILHBIMH IPHOOPaMH.

3. TTopsI0K BBINOIHEHHs pabOThI

3.1. O3HaKOMHTECS C JJaGOPAaTOPHOH YCTaHOBKOH.

3.2. CoGpaTh uens co CMEIaHHBIM COETHHEHHEM PE3NCTOPOB (PHC. 1). CoGpath
LeMb CO CMEIIaHHBIM COEMHEHHEM PE3HCTOPOB, BHIOPAB 3IEMEHTHI NN U BETHIMHY
Hanps)keHWs MHMTAHHS B COOTBETCTBHM C 3aJaHHBIM BapHAaHTOM (tabn. 1).
TIpecTaBUT cXeMy AUIsl IPOBEPKH npenojasaremo (puc. 1).

Ta6nuua 1
BapuaHT 1 2 3 4 5 6
E2,B 12 10 8 12 10 8
R1* R3 R3 R3 R3 R3 R3
. R5-1 R5-1 R5-1 R5-2 R5-2 R5-3
R3* R8 R8 R8 R8 R8 R8

3.3. TMocyie MPOBEPKH CXEMBI MPENojaBaTeieM BKIIOUHT HCTOYHHMK MUTAHHS E2,
YCTAaHOBHT 3aJaHHOE 3HAYCHHE BENMYMHBI HANpSKCHUA TMHTAHASA W HM3MEPHTH
Hanpskenus Ha Bxoze uenu U u Ha Beex yuactkax uend (Ul n U2), a TaKxe BCE TOKH
(11,12 u 13). PesysbTathl 3aHeCTH B TabII. 2.

3.4. (o} TIOMOIIIBIO
COOTBETCTBYIOLIETO Tymbnepa
YCTaHOBHTH HOBOE 3HAUYEHHE PE3UCTOPA
R2 ¥ cHOBa HM3MEPHTH HANPSHKEHHS U
TOKM B LENH. BBIKIIOYMTH HCTOYHHK
nutauus  E2.  Ilo  pesynbraram
W3MEpeHHH  BBIYMCIMTH  MOLIHOCTH
kaxaoro yvactka uemu P1, P2, P3 u
BCei nenu Py OINpeaennTh
JKBUBAJIEHTHOE COINPOTHUBJICEHHE LENH
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R, Pesynmerarsl BeMHcienuit 3aHecTH B Tabn. 2. BBIKIIOYHTH JJIEKTPONHTAHHE.
Puc. 1

3.5. TlpoaHaimM3upoBaTh BJIUAHHE
pesuctopa R2 Ha pexnm paGoTel Beeil 1enu
OO6BSICHHTE, TIOYEMY 3TO HMEET MECTO.

W3MEHEHHs BEJIHYHHBI CONPOTHBJICHHS
M OTHENBHBIX NOTpEeOHTENEH.

Ta6auua 2

H3mepeHo BhryucieHo
U, UL sty B 115 B2 13, Pl; P2 P3, P, Ro,
B B A A A Bt Br Br Bt Om

3.6. IIpoBepuTh BHIIONHEHHE Gananca MOIHOCTEH.

3.7. CrienaTh BHIBOJBI O BHIIONHEHHH 3aK0HOB Kupxroda.

3.8. Bxmouuts OdiekTponuTapue. IlnaBHO M3MEHsA BEJMYMHY BXOQHOTO
HANpSDKEHUs © TOMONIBI0 NoTeHnroMeTpa RP1, W3MepHTh 3HAYCHHS HANpsDKEHAS H
TOKOB HAa BCEX y4acTKaX LENH NpH TpeX PpasjM4HbBIX 3HAYEHHAX BXOMHOTO
HanpspkeHHsi.  Pe3ysnbTaThl  M3MEPEHMH  3aHECTH B Tabn. 3.  BBIKIIOYHTH

3JIEKTPOIIHTAHHUE.

Ta6nuna 3

3.9. Tlo pesysbTaTaM H3MepenHi U, (UL, [UzB| 10, | 12, | I3,
TIOCTPOMTH B OJHOH KOOPIAMHATHOH | o

crcTeMe BOJIETAMITEPHBIE B B MA | MA | MA

XapaKTepHCTHKH pesucTopoB R1,
R2, R3. [Tonb3ysch HMH, TIOCTPOUTH 2
BOJBTAMIIEPHYIO  XapaKTEPHCTHKY 3

Beelt uenn Usx = f(I1) m mo Hei
OMpe/ie/Th JKBUBAIEHTHOE CONPOTHBJICHHE LemH Roke. 3/1eCh ke TOCTPOHTH

5KCIIEPUMEHTAIbHYIO BONBTAMIIEPHYIO XapakTepHCTHKy uenu Usx = f1), cpaBHUTH
€€ C pacyeTHO# BOJBTAMIIEPHOH XapaKTEpUCTHKOH BCeH LENMH M CAeNaTh BBIBOI O
BO3MOXKHOCTH rpadHaecKoro MpHMeHEeHHs 3akoHoB Kupxroga.

3.10. CrmenaTh BBIBOA O BO3MOXKHOCTH TNpUMeHeHHMs 3akoHoB Kupxroda B

rpaquecxoM BHJIE B BHBKTqueCKOﬁ LENH NTOCTOSTHHOTO TOKa.

4. Conepxanue OT4YETa

OrtyeT no paboTe JOMKEH CONEPKaTh:

a) HauMeHoBaHKe paGoTHI M 1eTb PabOTHI;

6) CXEMBI SKCIIEPUMEHTOB M TAGJHIIBI TIOJTYYEHHBIX IKCIIEPHMEHTABHBIX JAHHBIX;
B) pe3yJIbTaThl PAaCYETOB;

I) BBIBOZIBI 110 paboTe.
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5. KoHTponbHEIE BOIPOCH

1. Kak 1o mokasaHHsIM amIepMeTpa H BOJIETMETPA MOXHO OIPEENUTh BETHIHHY
CONPOTHBIIEHHS y4acTKa 3JIEKTPHUECKOH IIENH MOCTOSHHOTO TOKa M IOTPe6IseMyio
MM MOIIHOCTB?

2. HapucyiiTe cxeMbl [/l H3MEPEHHs METOZOM aMIIePMETpa U BOJILTMETpa
GONMBIIMX M MaJIBIX 9JIEKTPHYECKHX CONPOTHBIICHHUH.

3. Kak onpesienuTh BETMYHHY SKBUBAJICHTHOTO CONPOTHBIICHHUS! /ISl KCCIIE/Ly eMOi
uenu?

4. JInst uccnetyeMbiX SIEKTPHYECKHX LieTel 3aIHIINTE yPaBHERHS 10 3aKOHaM
Kupxroda.

5. Kak 110 BOJIbTaMNEPHOM XapaKTEPHCTHKE ONPEAEIATH BETMYHHY COTPOTHBICHHUS
uenu?

6. Kak npumenuTs 3akoH Kupxroda B rpaduyeckoM BuIE 115l TIOCTEN0BATENEHOM
U TIapaJuiebHOM Henu?
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Pa6ora Ne 4. DJIEKTPUUECKASI LIEITb ITOCTOSIHHOI'O TOKA
C IBYMSI UCTOYHUKAMM BJIEKTPOITUTAHHUS

1. Llens paGoThl

OKcnepMMeHTallbHas IPOBEPKa Pe3yJIbTaTOB aHATUTHYECKOr0 pacyera
JNMHeHHON 3J‘leKTpPl‘l€CK017[ LENH C AByMsI HCTOYHHKaMH 3JIEKTPOITHTAHHA.

2. IpenBapuTeIpHOE JOMALIHEE 33/laHHe

2.1. H3yunts Temy «JIuHelHHbIE 3JIEKTPUYECKHE LENH MOCTOSHHOro TOKa C
HECKOJIbKHMH HCTOMHHKAMH SJIEKTPOIIUTAHHS», COJAEpXaHHEe JaHHOH NabopaTopHoH
paboTEl ¥ GEITE TOTOBBIM OTBETHTH Ha BCE KOHTPOJIBHBIE BOTIPOCH! K HEH.

2.2. HauepTuTh NPHHUMIHAIEHYIO CXEMy HCCIEAyeMOH LenH ¢ BKIIOYEHHBIMH
H3MEpHUTEIBHBIMH NIPHGOpaMH.

3. ITopsioK BHIOTHEHHSA paGOTHI

3.1. O3HaKOMHTECS C JIaGOPATOPHOH yCTAaHOBKOM.

3.2. BKmMOYMTh 3NeKTponuTaHue creHaa W ucrounmku E1 u E2. Hsmeputs
3HavyeHHs SAC McTouHHka E1 M yCTaHOBHTH 3ajaHHOE 3HaYeHHe 3IC HCTouHHMka E2
(tabn. 1). Pe3ynpTaThl H3MepeHHii 3aHecTH B Tab1. 4. BHIKIIOYHTH 5JIEKTPONATAHHE.

3.2. CoGpath Lemb ¢ AByMs MCTOYHHKaMM djekrponutanus (puc. 1), BbiGpaB
3]EMEeHTHl IIENH B COOTBETCTBMHM C 3aJaHHbIM BapuanToM (Tabn. 1). IlpeacraButs

cXeMy 15l IPOBEPKH TIPENOJaBATENMO.

Ta6muna 1
Bapuaut 1 2 3 4 S 6
E2,B 12 10 12 10 12 10
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 R8 R8

3.3. BKIOYHTH  DJIEKTPONHTaHHE
CTEH/Ia M NCTOYHMK dJNeKTponuTanus E2.

3.3. BKIIOYHTh HMCTOYHHK IHTaHHS
E1 u nameputh Hanpsxenus Ul, U2 Ha
ucrounukax E1, E2, HanpsokeHus Ha
pesucropax R1*, R2* u R3*, u Toku I1,
12 1 13 B BerBaAX. Pe3ynbTaTsl u3MepeHnit
3aHecTH B Tab. 2.
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Tabmuna 2
ELB | E2,B | UL,B | U2,B [URL,B [ UR2, B | Urs, B 11, MA | 12, MA | I3, MA

3.4. Tlo pe3ynbTaTaM H3MepeHHi BEIYHCIIHTE 3HAYEHHS conpoTusienui R1*, R2*
1 R3*. PesynbTatsl Beruucienuii 3aHecty B a6, 3.
Tabnuna 3

RL, | R2, [ R3, (Ua6, | II, [ 12, [ 13, [URy, | Urs, UR3,
OM | Om Om B MA | MA | MA B B B

3.5. Mcnions3yst moty4eHHbIe pe3ybTaThl M3MEpEeHUH 3/IC HCTOYHHUKOB MUTAHUS M
pacyeta conpotuBieHuii R1*, R2* u R3* Berseii, paccumtats, HCTIONB3ys MeTon
Y3/I0BOTO HAMNpSDKEHMS, BENIMYHMHY y3ioBoro Hanpspkenust Ua6, Toxu 11, 12, I3 u
Hanpsbkenus Ha pesucropax UR1, Ur2, UR3. Pe3ynbTaTsl BEIMHUCIEHHH 3aHECTH B Ta6.
3. CpaBHHTb pacueTHbIE 3HAYECHHS TOKOB M HaNpsKEHHH ¢ HX 9KCTIEPUMEHTABHBIMA
3HAYEHHSMH.

3.6. IToAroTOBHTH HEPa3BETBIIEHHYIO MEKTPHUECKYIO LEMb ¢ JIByMsl HCTOYHHKaMH
no puc. 2 (MCKJIIOYHTH BETBb C
pesucropom R3). IMocne nposepku @
CXEMBI TipenojiaBaTeneM PA1
Pa3OMKHYTh 1eNb (M3BATH OIMH M3
COEJIMHHTENBHBIX TIPOBOJHHKOB), R Uk U R2*
BKIIOYMTH  MCTOYHMK E2 wu o o5
YCTaHOBHUTH 3Ha4eHue 31c 12 B u B d
M3MEPUTE S1Cc HcTouHMKa El. Eq ¢+ +
BEIKTIOUHTE  3/IEKTPONMTAHHE | Ui u2 E2
BEPHYTh MPOBOAHHK HA MECTO.

Bxmounts 3JIEKTPONHTaHHE . -
creHaa M uctounumk E2. Tlocne L&
9TOTO BKJIKOYHTE JPYroi HCTOYHHK
nutanus (E1).

Puc. 2

3.7. Tlonarasi NOTEHIHAN TOYKH «a» PABHEIM HYJIO, H3MEPHTH MOTEHIHANBI TOYEK
«6», «c», «d» U «e». a TaKXKe TOK B eIy, Pe3ynbratel 3anecty B a6, 4.

3.8. Tlo pesynbratam u3aMepennii BEraMCTHTS (TaGlL. 4):

a) Hanpsoxernst Ul 1 U2 Ha 32XHMaxX HCTOYHHKOB anextponutanus E1 u E2;

6) BHYTPEHHHE CONPOTHBIIEHHS UCTOYHMKOB MuTaHus Rol, Roz;

6) conpotusnenns R1*, R2* u R3*;

B) ONpENENuTh, B KAKOM pexuMe (MCTOUHMKA WM notpebutens) paboraioT
HCTOYHUKM nuTtanus E1 u E2.

3.9. M3MeHuTh 1O yKka3aHWIO TpenojaBaTens BEJIMYMHY pe3uctopa RI1*
COOTBETCTBYIOWMM TyMOJIEPOM H CHOBA H3MEPHTH Te ke BEeIMuHHEL OGpPaTHTH mpu
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3TOM BHHMaHHe, U3MEHHIIOCH JIH TIPH 3TOM HarpaBlieHHe TOKa B 1enH. OnpenenuTs, B
KaKOM pexuMe (HCTOYHHMKA MM MOTPeOUTENs) paboTaloT Teneph HCTOYHUKH TUTaHHUs
E1 u E2. PesynbTars! 3aHecTH B Tabu1. 4. BEIKIIOUHTE 3JIEKTPONIUTAHHE.

Tabnuua 4

HsmepeHo BsruncneHo

BL: | E2; & b Ul, | U2, | Ur1 | UrR2 | R1, | R2, | Ro1, | R02,
Bi B MA%&%’%’%"’B B|B|B |Om|Om|Om|Om

0

3.9. JIns KOHTypa NOCTPOUTH MOTEHIHAIBHYIO IHarpamMmy.

3.10. TTocTpouTh BHELIHHE XapaKTePUCTHKH HCTOYHHKOB nutanus Ul=f(11) n
U2=f(12). Yxa3ath Ha HUX pabo4re TOUKH, COOTBETCTBYIOIMM PEXHUMaM paboThl
ucrounukoB E1 u E2 B nanHo# nenu.

4. CoznepxaHue oTyeTa

Ortuer no paboTe JOJKEH COAEPXKaTh:

a) HAUMEHOBAHHUE U L1eJb paGoThI;

6) cxeMbl IKCTIEpHMEHTa M TaGJIHIIBI C pe3yJIbTaTaMH H3MEPEHHH U BEIYUCIIECHHI;
B) pacueTHbIE COOTHOIICHHS H SKCTIEPUMEHTANBHBIE XapaKTePUCTHKH;

I) CpaBHEHHE Pe3yJIbTATOB PacyeTa ¢ SKCIEPUMEHTATLHBIMHU JIAHHBIMH;

) BEIBOJBI

5. KOHTpOJIBHBIE BONPOCHI

1. Kakue mMeToja aHanu3a neneil OCTOSAHHOTO TOKa MOTYT OBITh HCTONB30BaHbI
UIsl aHAJIH3a HCCieTyeMoit tenn?

2. Ckonbko ypaBHeHH# mo 3akoHam Kupxroda HeoOXomumo 3amucaTh s
uccnexyemoii nenu s e€ pacyera? CKONBKO M3 HHX HAJ0 3amHcarh 10 BTOPOMY
3akoHy Kupxroda?

3. 3anummTe Ui UCCIEAYEMOM LienHu HeoOXoauMBIe JUIS aHAIH3a HCCleayeMoi
uenu ypasHeHwus 110 3akoHaM Kupxroga.

4. B KxaKkux Ciy4asix 11e/Ieco06pasHO PHUMEHSTh METOJ y3JIOBOTO HATPSKEHHS?

5. B 4eM COCTOMT OCHOBHOE JJOCTOMHCTBO METOJIa Y3JIOBOTO HANpPsKEHHsA?

6. 3anmuIuMTe COOTHOLICHHME JUIS ONpENE/CHHs BEJIMYHHBI Y3JI0BOTO HaNpsHKEHHs!
B HCCIIELyEeMOH LIeNH.

7. Kak B uccneyemoi Lenu NMpH UCTOoIb30BaHHH METO/Ia y3JI0BOTO HalpsKEeHHUs
OTPE/IESIUTH TOKK B BETBAX? 3aNHIIHUTE 3TH COOTHOLICHHUS.

8. Uro Takoe «BHEIIHSS XapaKTePUCTHKA» HMCTOYHMKA NHTaHMA? 3anuiuuTe
ypaBHEHHE BHEIIHEH XapaKTePHCTHKH.

9. Yto Takoe «NOTEHIHANBHAs AHarpamMman?
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PaGota Ne 5. HEJIMHEMHA 51 QJIEKTPUUECKAS LETTb [TOCTOSIHHOT'O
TOKA CIIOCJIENOBATEJIbHBIM COEJJUHEHMEM 3JIEMEHTOB

1. Iens paGoTsl

DKCIIEpUMEHTANIBHOE TOJTyYEHHE BOJBTAMIIEPHBIX XapaKTEpPHCTHK JIMHEHHBIX H
HEJMHEHHBIX PE3UCTHBHBIX 3JIEMEHTOB, TIpadHuecKHii pacyeT Hepa3BETBICHHON
HEJIMHEHHOH OJIEKTPHYECKOH IleNMM TOCTOSHHOTO TOKAa M 3KCIepUMEHTAlIbHAs
1poBepka pe3yJIbTaToB pacyera.

2. IlpeaBapuTenbHOE JOMAIIHEE 3a1aHHe

2.1. Hsyunts TeMy «Pacder NpoCTEHIIMX HEIHHEHHBIX 3JIEKTPHYECKHX Lemel
TIOCTOSIHHOTO TOKa», COAep)kaHHe JaHHO# jabopaTopHO# pabGOTHl M OBITH TOTOBBIM
OTBETHTh Ha BCE KOHTPOJIBHBIE BOTIPOCHI K HEM.

2.2. HavepTuTh NPUHLHMIHANEHYI0 CXEMy HCCIEAYeMOH LelH C BKIIOYEHHBIMH
H3MEPHTENEHBIMH IPHGOpaMH.

3. ITopsloK BBINIONHEHHS PaGOTHI

3.1. O3naKOMHUTECA ¢ Ta6OPaTOPHOI yCTAHOBKOM.

3.2. Cobpars TpexasHylo /IeKTpHUecKyto uensb (puc. 1), BEIGpaB 31eMeHTsI Lenn
B COOTBETCTBHH C 3a/[anKeM. [IpeicTaBuTh cXeMy 11 IPOBEPKH MPEnoAaBaTeno.

Cobpath 3NEKTPUYECKYIO LENb Ui CHSATHS BOJTAMIIEPHBIX XapaKTEPHCTHK
9JIEMEHTOB LenH (puc. 1) ¥ MPeXBABUTE €& U1 IPOBEpPKH NpernoasaTeno. B kadectse
pery;IMpyeMoro HCTOYHHKA MOCTOSIHHONO HaNpsDKEHHsl MCIOJNB30BaTh MCTOUHMK E2,
BBIXOJHOE HANPSOKEHHE KOTOPOTO PeryIupyercs notTeHunomMmerpom RP1.

TpexsaBUTEL CXeMy IS IPOBEPKH IPEIOAaBATENIO.

B R

&/
E2L+ PA putll Vi i v 4
U
Puc. 1

3.3. CHATh BOJIbTAMIIEPHBIE XapaKTEPUCTHKH JIaMITbl HakainuBauus HL, pesucropa
R1 u Beeit nenu. JIns 3T0ro yCTaHOBHTH BBIXOJHOE HANpPSDKEHHE MCTOYHUKA TTUTAHHS
E2 pasHoe Hymo (pyuky mortenumomerpa RP1 B KkpaiiHee JeBoe MNOJIOXEHHE).
Bxmounth creHj M McTouHMK E2. VBenuumBas IIaBHO BBIXOJHOE HampsbKEHHE
norenuuomerpa RP1 nposectn Heo6XoauMble H3MEPEHHs NPH H3MEHEHHH Toka OT 0
10 80...100 MA. Pe3ynsTaThl u3MepeHnH 3aHecTH B TaGl. 1. BEIKIIOYHTH MCTOYHHK
nuTaHus. B ofHOM  KOOpIMHATHOM  CHCTEMEe MOCTPOMTH  BOJIBTAMIIEpHBIE
XapakTEePUCTHKHU LIETIH, JIaMIbl HakanuBauus HL u pesucropa R1.
Tabnuua 1

>

I,

U,

Un,

o]
w|w|®
(=] [=] (=] (=]

R,
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3.4. 3anucaTs ypaBHeHHe BTOporo 3akona Kupxroda jmis mccrexyemoit memm.
Hcnone3ysi 3KCIepHMEHTalbHBIE BOJBTAMIEPHBIE XapaKTEPUCTHKH PE3HCTOpa H
JNaMINBl HAKAIMBAHWS, TOCTPOMTH B TOM )K€ CHCTEME KOOPAWHAT pacdeTHYIO
BOJIETAMIIEPHYIO XApPAKTEPUCTHKY BCel LENH Upae,=f(I) ¥ CPaBHUTE €€ C NOIyH4EHHOH
IKCTIEpUMEHTANBHO BOJIBTaMITEpHO#H XapakTepucTHkoit uen Usen=<f(1).

3.5. Jlns yKa3aHHOTO IIPENoJaBaTejieM 3HAYEHHs BXOJHOTO HAINpPsHKECHHS
BBINOJIHKUTH IpadMueckuiil pacyeT TOKa M HANpsDKEHHH Ha OTAENBHBIX y4acTKax Ienu
no puc. 1. PesyssTathl pacuera 3aHecTH B Tabu. 2.

Tabnuia 2

U,B Un, B Ug, B LA

Pacuer

Okcnepume

HT

3.6. J1y1s IpoBepKH pacueTa HeMHEHHOH 1enu BKIIOYHTh HCTOYHUK H YCTaHOBHTD
3ajaHHOe (pacueTHoe) 3HaueHWe BXOAHOTO Hanpsvkenus U. Hsmeputh Tok / u
nanpsvkennst Uz 1 Upr Ha OTAENBHBIX yJacTKax neny. PesysbTarsl 3anecTy B Tabu. 2.

3.7. Cpmenath BBIBOA 06 OCOGEHHOCTSIX TpHMeHeHHs 3akoHOB Kupxroda B
HEJTMHEHHOM 1IeNH NOCTOSHHOTO TOKA.

3.8. o yKka3aHMIO NpenojaBaTelisi PaCCUHTATh CTaTHYECKOe U MU depenuansHoe
CONpPOTHBJICHHS JIaMITbl HAKAJIMBAHUSL.

4.Conepxanue oT4eTa

Ortuer no paboTe JODKEH COlepPKaTh:

2) HauMEHOBaHHKeE ¥ 11eJTb paboThI;

6) cXeMbl SKCTIEPUMEHTOB M TaOJIHIIBI C pe3y/IbTaTaMH H3MEPEHHI;

B) pacueTHbIE ¥ IKCIIEPUMEHTANIBHbIE BOJIbTAMIIEDPHEIE XapaKTePHCTHKH;
) CpaBHEHHe Pe3yJIbTATOB PacyeTa C SKCIEPUMEHTAIBHBIMH JaHHBIMH;
1) BBIBOJIBI.

5. KOoHTpONIBHBIE BOTIPOCH

1. Yro Takoe «HeIMHEHHBIH 2JIEMEHT» B 3NIEKTpHYECcKol nenu?

2. TIpuBecTH NpUMepHl HETMHEHHBIX JIEMEHTOB 3/IEKTPUYECKHX Lerneii 1 HX
BOJIbTAMIIEPHBIX XapaKTEPHUCTHK.

3. IMoyemy 151 HenMHeHHOM LenH ynoGen rpaduyeckuit crocob ananusa?

4. CripaBe/1/MBBI JI /U151 He/IMHEMHBIX 1enel 3akonsl Kupxroga?

5. Kak nocTpouTh BOJIbTAMIIEPHYIO XapaKTEPHCTHKY MOC/IEN0BATEILHOTO
COEIMHEHUs] HEJTHHEHHBIX JIEMEHTOB?

6. Kak 1oCcTpoUTh BOJIETAMIIEPHYIO XapaKTEPHCTHKY NapajlIe/IbHOTO COeIMHEHHS
HEJIMHEHHBIX 3IEMEHTOB?

7. Kak onpeziensieTcst CTaTHY€CKOe CONPOTHBIICHHE HeTMHelHOro demenTa? Byaer
JIM OHO OJIMHAKOBOE /I Pa3HBIX TOUEK BOJILTAMIEPHOH XapaKTePHCTHKH
HeJIMHEeHHOTo dN1eMenTa?

8. Kak onpeiesisieTcst IMHAMUYECKOE CONPOTHBIICHHE HETMHEHHOTO dieMeHTa?
ByzeT Jiu OHO OJMHAKOBOE /ISl PA3HBIX TOUEK BOJILTAMIIEPHON XapaKTepHCTHKH
HeJMHeHOro 3eMeHTa’?
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Pa6ora Ne 6. PA3BETBJIEHHA I HEJIMHEMHA 51 L{EITh
ITOCTOSAHHOI'O TOKA

1. Iens paGoTst

DKCHIEpUMEHTATLHOE TOJTyYeHHE BOJILTAMIIEPHBIX XapaKTEPUCTHK HETMHEHHBIX
PC3UCTHBHBIX 3JIEMEHTOB, Trpauueckuii pacueT pa3BETBICHHONW HeIMHEHHOMH
9JIEKTPUYECKOH LENMM TIOCTOSHHOTO TOKa M OKCIEPHMEHTalbHas MpoBEpKa
pe3yJIbTaToB pacyera.

2. IlpenpapuTenbHOE NOMAIIHEe 3aJaHHe

2.1. Msyuuts TeMy «I'paduueckuii pacueT pasBETBICHHBIX HENTMHEHHBIX
9JIEKTPUYECKHX Lenedl MOCTOSHHOTO TOKa», COAEpXKaHHE [JaHHOM JrabopaTopHOM
paboTsl ¥ OBITH TOTOBBIM OTBETHTH HA BCE KOHTPOJILHBIE BOMIPOCH! K HEl.

2.2. HayepTuTh NPHHIHMIHATEHYIO CXEMy MCCIeAyeMON LelH C BKIIOYEHHBIMH
M3MEpHTEBHBIME PHGOpaMH.

3. ITopsoK BHIMONHEHHs pabOTHI

3.1. O3HaKOMHUTECS C TaGOPATOPHOM yCTAHOBKOM.

3.2. Cobparh 5J€KTPHYECKYIO Welb IJIsi CHATHS
BOJITAMIIEPHOH ~ XapakTEPUCTHKH  HENMHEHHOro @
snementa (puc. 1) M NpeABABHTH €€ s MPOBEPKH PAINSY
npenogasaremo. B kauectBe  perymmpyemoro ga |+ &
MCTOYHHKA TMOCTOSHHOIO HANpSDKEHHS HCIONB30BaTh D 4 H} U
ucrounuk E2, BBIXOJHOE HampshKeHHE KOTOPOro PV1
perynupyercss notrenuuomerpoM RP1. B kauectBe . »
HeJMHeHoro 3JIEMEHTA ). 4 HCTIOJIB30BATh
HeMHeHHbIH pesucTop R6. O6pamume enumanue na
NONAPHOCMb HANPANCEHUA HA HENUHERHOM 31emenme R6.

IpensaBuTh cXeMy 1151 IPOBEPKH MPENOAABATENIO. Puc. 1

3.3. CHATH BONBTaMINIEPHYIO XapaKTEPHCTHKY HEJIMHEHHOTo diiemeHTa. Jlisi 3TOro
YCTaHOBUTH Py4YKy mnoTeHnuomerpa RP1 B kpaiiHee seBoe mnosnoxeHne. Brmounts
MCTOYHHMK TMOCTOSIHHOTO Hanpsbkenus E2. VBeIn4uBasi MIIaBHO BBIXOIHOE HaNpsHKEHHE
notenuuomerpa RP1 nposecTH He06X0AMMbIE H3MEPEHHs TIPH H3MEHEHHH Toka OT 0
a0 60...80 MA. Pesynsrathl u3MepeHuii 3aHectH B Tabn 1. Beikmounts
9JIEKTPONHUTaHKE cTeHa. I[TOCTPOUTE BOJIBTaMIIEPHYIO XapaKTEPHCTHKY HEIHHEHHOro
JJIEMEHTA.

Tabnuna 1

U, B 0
LA 0

3.4. CuaTh BONbTAMIEpPHBIC XaPAKTEPHCTHKH JIaMITbl HAKAIUBAHUs M PE3UCTOPA.
Jlnst 5T0r0 cO6paTh LENH ¢ MOCIeN0BaTEIbHBIM COCAHHEHHEM JIaMITbl Hakanusanus HL
U nuHelHoro pesuctopa R1* (puc. 2). B kauectBe ucciexyemoro pesucropa R1*
HUCII0JIB30BaTh pe3ucTop RS5?. ITpensABUTH CXeMy /15 IPOBEPKHU IIPEIIOJABATENIO.
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VCTaHOBHTE pyuky noTenuuomerpa RP1 B kpaifiee JeBoe nonoxenue. Brmounts

nutanms (Bbikmoyatens QF1) M HMCTOYHMK NOCTOSHHOTO HANpsDKEHHS.

MOZyJTh
H3MEPATH

VBenMuMBas IUIABHO BBIXOJHOE HampsbkeHHe moTenmmomerpa RP1
Hanpsokennsi Ha Bxoze uenn U, Ha jamne HakanuBanus Uy M Ha pesncrope Ug, a
TaKke ToK L. Pe3y/ibTaThl M3Mepenuii 3anecth B Tabl. 2. BEIKIIOUHTE dJEKTPOTIHTAHHAE
crena. [ToCTPOUTE BOJIBTaMIIEPHBIE XapAKTEPHCTHKH LETH, JIaMITbl HakalHBaHUs HL

u pesucropa R1.

PA1 Hi1
A
UL

B "

Puc. 2
Ta6umma 2

LA

U,B
Un, B
Ur, B
3.5. CHATH BOJIBTAMIIEPHYIO XapaKTEPHCTHKY LM CO CMEIIaHHBIM COCAHHCHHEM
3eMeHToB. J[is 3TOro cobpaTh dJIEKTPUYECKYIO LENb MO PHC. 3 ¥ npenBABUTE €€ I
MpOBEPKH IpENojaBaTeNo. B ka4ecTBe CONPOTHBICHHA R2* cxeMsl HCIOJIB30BATh

pesuctop R3 crenza.

o|Io|oe

Puc. 3
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3.6. BKIIOUHTH 3JIEKTPONUTAHHUE CTEHA M CHATH BOJIBTAMIIEPHYIO XapaKTEPHCTHKY
peeli nenmn Use=f(I). Vcranosuts pydky mnotennuomerpa RP1 B kpaiiHee jieBoe
loNokeHne. BmouMTs Momyns  muTaHMs (Bhikmouatens QF1) u  HCTOUHMK
[OCTOSIHHOTO ~ HANpsDKEHWs.  YBeIMuMBas IUIABHO  BBIXOJHOE  HaNpsDKEHHE
notenuuomerpa RP1 w3Mepsts Hanpsbkennss Ha Bxoge uwemn U u Tok Iy,
10TpebsieMbIii OT HCTOYHHKA MHTAHMs. Pe3yNbTaTel M3MEpeHuH 3aHECTH B Tabm. 3.
BLIKTIOYHTH 3IEKTPONUTAHHE CTEH/AA.

Tabnuna 3
U,B 0
1,A 0
3.7. 3annucath ypaBHeHus 3akoHOB Kupxroda s necnenyemoi uenu. Menoms3ys
pe3yspTaThl  OKCTIEPUMEHTOB, [OCTPOMTh  PAacueTHyl0  BOJILTaMIICPHYIO

xapaktepuctuky Beeit memu Up,=f(I). 3mecs ke HapucoaTh MOJy4EHHYIO
HKCTIEPUMEHTATBHYIO BOJILTAMITEPHYIO XapaKkTEpPUCTHKY LENmH Usker=f(I) ¥ cpaBHHTH
uX.

3.8. Jlns yKa3aHHOTO IpENOJaBaTeNieM 3HAYEHHS BXOJHOrO HANPSDKEHHS
BHINONTHUTE Tpauyeckuif pacdyeT TOKOB BeTBelH M HanpskeHHH Ha OTACNBHBIX
yuacTKax Lemy 1o puc. 3. Pe3y/bTaThl pacueTa 3aHecTH B Tabn.4.

Tabnnna 4

U,B U, B Uy, B IL,A LA LA

Pacuer

Oxcnepume
HT

3.9. Jlns mpoBepkM pacueTa HEJMHEHHOW Len BKIIOYHTH JJIEKTPONHMTAHHE H
YCTAaHOBUTH 3a/IaHHOE 3HaYeHHE BXOIHOro Hanpsukenns U. MsMepHTh TokH L. Lul,
a Taoke Hanpsokernst Uy 1 Ups Ha OTAETBHBIX yYacTKax UenH. Pe3ysbTaThl 3aHECTH B
Tabn. 4.

3.10. Cpaenats BBIBoA 06 OCOGEHHOCTAX NpHMeHeHHs 3akoHoB Kupxroda B
HeJIMHeHHOH LIeTH NOCTOAHHOTO TOKa.

3.11. Tlo yka3aHui0 TpenojaBarelis  paccuMTaTh  CTaTHYEeCKoe  H
JubdepeHuManbHoe CONPOTHBIICHAS HETMHEHHOTO d/IEMEHTa.

3. Conepxaunue oT4yeTa

Oryer no paboTe JODKEH COAEP)KaTh:

2) HAUMEHOBAHHME H 11eJb PabOThI;

6) cXeMBI 9KCIEPHMEHTOB 1 TaGJIHLBI C Pe3yIbTaTaMH H3MEPEHHI;

B) pacyeTHbIC H SKCIIEPUMEHTAJILHBIE BOJILTAMIICPHEIC XapaKTEPHCTHKH;
I') CpaBHEHHE Pe3yJIbTaTOB PacyeTa C IKCIePUMEHTATbHBIMH 1aHHBIMH;
1) BEIBOZBI.

4. KoHTpOJIbHBEIE BOTIPOCHI

5.1. UTo Takoe KHEITMHEHHbIH 37IeMEHT» B JJIEKTPHUCCKOH nenu?

5.2. IIpuBECTH NPUMEPbl HEIMHEHHBIX JJIEMEHTOB 3JIEKTPHYECKUX uenei U UX
BOJIbTAMIIEPHBIX XapaKTEPHCTHK.

5.3. ITouemy 151 HeNMHEHHOM LenH yaoGen rpaduyeckuii cocob ananusa?
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5.4. CripaBe/TMBBI JIM JUTsl HeTMHEHHBIX 1eneii 3akoHsl Kupxroga?

5.5. Kak nocTpoHTh BOJIBTAMIIEPHYIO XapaKTEPHCTHKY TOCIE0BATENBHOTO
COCIIMHEHHUS HETMHEHHBIX JIEMEHTOB?

5.6. Kak nocTpouTh BOJETaMIIEPHYIO XapaKTEPHCTHKY NapaJliIe/IbHOTO COeUHEHHS
HEJTMHEHHBIX 31eMEHTOB?

5.7. Kak onpeJie/isieTcsi CTaTHYECKOEe CONMPOTHBIICHHE HENMHEHHOTO 3/1eMeHTa?
Byner u 0HO 01MHAKOBOE /ISl Pa3HBIX TOYEK BOJBTAMIIEPHOM XapaKTEPHCTHKH
HeJHHeHHoro 31eMeHTa’?

5.8. Kax onpezensiercst AMHAMHYECKOE CONPOTHBIIEHHE HEJIMHEHHOTO 3JIeMeHTa?
Bynet m oHO 01MHAKOBOE JUIS Pa3HBIX TOYEK BOJIBTAMIIEPHOM XapaKTEPUCTHKA
HEJIHHEeHHOro demMeHTa?
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Pa6ora Ne 7. E)KCI'[EPI/IMEHTAJIB!{OE OIIPEJIEJIEHME ITAPAMETPOB
OJIEMEHTOB LIETIEY [IEPEMEHHOI'O TOKA

1. Iens paboTs

IIpHoOpeTenre HaBEIKOB ONpeNeNeHHs MapaMeTpOB 3JIEMEHTOB B  LEMSX
lI6PEMEHHOTO TOKA 10 pe3yNbTaTaM M3MEpEHHi, BKIIOYEHHs B LEMb BOJBTMETPA M
AMIIEpMETpa, H3MEPEHHs TOKA W HANpPMKEHHs, NPHMEHeHHs 3akoHa OMa B LemnH
11EPEMEHHOTO TOKa.

2. IlpeBapuTeNnbHOE JOMAIHEE 3a/JaHHe

2.1. Msyunte Temy «IIpocTeiilne 3IeKTpHYECKHE LEMH MEPEMEHHOTO TOKaAY,
cojiepkaHue NaHHOH N1aGopaTopHOM paboTBl M GBITH T'OTOBBIM OTBETHTh Ha BCE
KOHTPOJILHBIE BONPOCHI K HEi.

2.2. HavepTuTh NPHHLMITHATBHEIE CXEMBI HCCIENYEMBIX ILemel HCCIeayeMbIX
lieneli ¢ BKIIOYEHHBIMH H3MEPHTENbHBIMA PUOOpPaMH.

3. Topsnok BEIMONHEHHs PaGOTH

3.1. O3HaKOMHUTKCS ¢ 1aBOPATOPHOM YCTaHOBKOI.

3.2. DKCIIEpUMEHTANIEHOE OTIpE/ieieHUE BETMYHHBI _@
COINPOTHBIIEHHS PE3NCTOPA. E3 - PA
CoGpath cxemy o puc. 1. B kauectse pesucropa Q) (V) R*
R* ucnone3osath nepectpanBaembiii pesucrop R11
wm  R10 (tabn. 1). B cooTBETCTBMM C 3amaHHBIM
BAPUAHTOM YCTaHOBHTh COOTBETCTBYIOI[MH TyMO6iep

B 3anandyl0 nosuuuio (1, 2 wm 3). Ilpencrasuts

CXeMy 1Jist IPOBEPKH IPENoIaBaTelo. Puc. 1
Tabnuua 1
Ne apuaHTa 1 2 3 4 5 6
U,B 5 7 6 5 7 6
R* R10-1 R10-2 R10-3 RI11-1 R11-2 R11-3

Bkimo4nTh 9JICKTPONMTAHHE CTE€HJAa M MCTOYHMK nHuTaHus E3, YCTaHOBHUTH
33/JaHHO€ 3HAYEHHE HaINpPSHKEHUS HCTOYHHKA THMTaHUS W M3MEPHUTh BETMYHHY
HanpsHDKEHUS ¥ TOKA B LIEMH. Pe3ym>'ran,1 3aHECTH B Tabum. 4.

3.3. Jlns onpezenenys BeIMIMHEI EMKOCTH KOHIEHCAaTopa coGpaTh cXeMy 1o puc.
2. B kauecTBe MccienyeMoro komuencatopa C* HCMONB30OBaTh MepecTpaMBaeMBIi
Kkonnencarop C1 B COOTBETCTBYIOWIEH TMO3MIKH NepekiiodaTens (HanpuMep, 3amuch
Cl-2 osnadaer, uto mepeiTiouatens Gatapen konaeHcatopoB Cl momken GbITh B
nosuumy «2»). Ilocne NpoBEpKH CXEMbI MpernoaBaTeieM BKIIOUHTh 3IEKTPONHTAHHE
CTEHAa M MCTOYHMK NuTaHus E3, ycTaHOBHTH y HM3MEPHTENsi MOLIHOCTH pPeXHM
u3MepeHus 4actoTsl f. B cooTBeTCTBHM ¢ 3aaHueM (Tabn. 2) yCTaHOBHTEH 3aJaHHEIE
3HAYEHMs BEJIMYMHBI HATIPSOHKEHUS MUTAHUS M €ro YacTOThl. YacToTy ycTaHaBIMBATh C
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TOYHOCTBIO +(5...10) I'il. i3MepHTh BENMMYMHY TOKA, HANPSDKEHUS M YACTOTHI B LEITH.
PesynbTaTh 3aHecTH B Tab. 4.

Ta6nuua 2
Ne BapuanTa 1 2 3 4 3 6
U,B 5 5 5 7 7 .
C¥ Cl-1 C1-2 C1-3 Cl4 Cl1-5 Cl1-3
iyl B 1 300+10 250+10 200£10 160+10 130£10 100£10

Bx

Puc. 2 Puc. 3

3.4. Jins onpenenenus napaMeTpoB peabHOM KaTyIUKH WHAYKTHBHOCTH coGpaTh
cxeMy 110 puc. 3. B kauecTBe HcCienyemMoii kaTymku L* ncrnons3oBats katymku L1,
L2 crennma wnm ux mocnenoBarensHoe coemuHenne (L1+ L2) B cooTBeTcTBHH ©
3aJIaHHBIM BapHaHTOM (Tabu1. 3).

Tabmuua 3
Ne papuanTa 1 2 3 4 8 6
15 L1 L1 L2 L2 L1412 E14:12
f, T 200 300 250 350 200 300

3.5. Tlocnie poBEpKH CXEMBI NPENoiaBaTe/ieM BKIIOYHTH JIEKTPOTIATAHHE CTEHIa
M UCTOYHMK NuTaHus E3, yCTaHOBHTH 3HaYeHHs] BEJIMYHHY HANpsDKEHUs NMUTaHus 7 B
M 33laHHOE 3HA4Y€HHe YacTOThl f. YacToTy ycTaHaBIMBaTh ¢ TOYHOCTBIO +(5...10) ',
H3mepuTh BeNMUMHY TOKA M aKTHBHOM MOIIHOCTH B LEMH. Pe3ysbTaTel 3aHecTH B
Tabu. 4.

3.6. Onpenenuts BENMYMHY AKTHBHONO CONPOTHBJIEHHMS! KATYIIKH METOOM
amnepMeTpa U BOJBTMETPA.
JInst 5TOro MOAKIOYHTH €€ K

: (A
HCTOSHHKY  MOCTOAHHOTO &0/
Hanpsokenust E2 (puc. 4). 214 PV PA

VYcranosuts y umdgposoro
amrepmerpa PeXUM &
H3MEPEHHs  TOCTOSHHOTO
ToKa.

Puc. 4
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Ilocne mpoBepkH CXeMEI TpemofaBaTeseM BKTIOYMTH MCTOMHHMK NHTAHHs E2,
YCTAHOBHTH y HEro BBIXOAHOE Hanpsbkenue 10 B u u3MepHTh BETHYHHY NOCTOSHHOTO
10Ka B eny. PesynbTat 3anecTy B TG 4. BEIKIIOYHTE 3/1EKTPONATAHHE.,

Tabmuna 4

Bimoueno H3smepeno Brruucieno
U.B I, MA i B § P,Br | Z,Om | R,OmM | L,M[H m
o R e — g
C* S T B
"

L*

3.7. Tlo pesynbTataM M3MepeHHH pacCYMTATh NOJIHOE CONPOTHBICHHE Z KaXJ10ro
2JICMCHTA, aKTHBHOE CONPOTHBJIEHHE R, BeIMYnMHYy HHIYKTHBHOCTH L M eMkoctn C u
1I0CTPOMTE BEKTOPHBIE IHAarPaMMBI.

4. Coneprxanue oT4eTa

Otuer no paGoTe HOKEH COAEPKATH:

4) HaUMEHOBaHHUE PaGOTHI  LeNb paGoTEHI;

6) aneKTprIecKHe CXeMBI ONBITOB;

B) TaGJHIBI C Pe3yJIbTATAMH ONBITOB U BHIYHCIICHHIA;

I') pacYeTHBIE COOTHOLICHHS;

/1) BEKTOPHBIE IHArpaMMBI JIJIsl PE3HCTOPA, PeaIbHOM KaTyIIKH 1 KOHJIeHCaTOpa;
€) BBIBOZIBI 1O paBoTe.

5. KoHTponbHBIE BOIPOCH

1. B kakuX eIMHUIIAX H3MEPAETCS TOK, HAIPSKEHHE, CONPOTHBICHHE?

2. Yro Takoe OMm, Amnep, Bons1?

3. Yro Takoe «MoJHOE CONPOTHBIIEHHE ?

4. Uro Takoe «aKTHBHOE COIPOTHBIICHHEN ?

5. UTo TaKkoe «pEaKTHBHOE MHAYKTHBHOE COMPOTHBIICHHE» H KAk OHO
onpezensercs?

6. 10 Takoe «peakTHBHOE EMKOCTHOE COMPOTHBIICHHE» M KaK OHO ONpeensiercs?

7. Kakasi CBSI3b My TOJHBIM, aKTHBHBIM M PEAKTHBHBIM COTIDOTHBJICHHSMU
LT TIEPEMEHHOT0 ToKa?

8. Kax ¢popmysupyercs 3akon OMa 115t LIENH IEPEMEHHOTO ToKa?

9. MoxeT /11 uepe3 KOHAEHCATOP TPOTEKATh MOCTOAHHEIH TOK?
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Pa6ora Ne 8. QJIEKTPUUECKA S LIEITb IIEPEMEHHOI'O TOKA C
TIOCJIEJOBATEJIbHBIM COEJUHEHHUEM DJIEMEHTOB

1. Iens paboTst

Tpro6peTenne HABBIKOB COOPKHM NPOCTBIX JJIEKTPHYECKHX LENed W H3MepeHHs
HalpsHKEHWH Ha OTIAENBHBIX yyacTKaX IeNH, H3yYeHHe CBOWCTB Lemed npu
NOC/IEI0OBATEILHOM COEIMHEHHH aKTHBHBIX W PEAKTHBHBIX 3JIEMEHTOB, 3HAKOMCTBO C
SIBJICHUEM PE30HAHCA HANPSDKEHHH, TOCTPOEHHE BEKTOPHBIX AHArPaMM.

2. IlpenBapuTensHOE JOMANIHEE 3ajaHHe

2.1. Hsyunts temy «IlocnenoBaTesbHOE COEJUHEHHE D3JIEMEHTOB B LENH
NEPEMEHHOI0 TOKa», COAEpPXKaHHE NaHHOH J1abopaTopHO# paboThl M GBITH TOTOBBIM
OTBETUTH Ha BCE KOHTPOJILHBIE BOTIPOCHI K HEl.

2.2. HayepTuTh TNPHHLMNHATBHBIE CXEMBl HCCIEIYEMBIX Lerell HccleayeMbix
uernei ¢ BKIIOYEHHBIMH H3MEPUTEIbHBIMU NPHGOpaMH.

3. TTopsiaoK BBINOJHEHUS PaGOThI

3.1. O3naKOMHTECS € 17a6OPaTOPHOH YCTAHOBKOM.

3.2. Cobparb 3NeKTpHYECKYI0 ILemb  C MOCJHeJOBAaTENbHBIM COEAHHEHHEM
pesucropa R* wu komaeHcatopa C* (puc. 1), MCHOJB3ysi JJIEMEHTHl LEMH B
COOTBETCTBMM C 3aJaHHBIM BapuaHToM (Tabn. 1). B kauectBe pesucropa R*
HCIOJIb30BaTh IepecTpauBaeMblii pesuctop R10 B cooTBeTCTByromed NO3HLMH
nepekmoyatens (1abir. 1). V nudpoBbIX aMnepMeTpoB YCTaHOBHTH PeXUM H3MEPEHHUS
TIEPEMEHHOTO TOKA. IIpeabsaBUTE CXeMy ISl IPOBEPKH MPETOAaBaTENIo.

PP1 R* c*
Bx 1
o’
E3 Ut vz
uU
Puc. 1
Tabmuna 1
Ne BapuanTa 1 2 3 4 =3 6
R* R10-1 R10-2 R10-3 R10-1 R10-2 R10-3
[l C2-5 C2-5 C2-5 C2-4 C24 C24

3.3. BKIIOYMTH MNHTAHWE CTEHIA, MCTOYHMK MNEPEMEHHOro HanpsokeHus E3.
YcTaHOBHTH Ha BbIXOJ/le HCTOUHMKA nuTaHus E3 Hanpsbkenne 7 B ¢ yactoroit 400+10
T'u. TlpoBecTH M3MepeHHs yKa3aHHBIX B TabJ. 2 BeNMYMH. Pe3yibTaTsl M3MepeHui
3aHeCTH B Tabil. 2. BHIKMIOYHTH HCTOYHMK 3MeKTponuTanus E3.
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Ta6nuna 2

Cxema U,B I, MA Ug, B Uk, B Uc, B B{Br
RC ] - S e e e e
ERC T | L e e

3.4. Cobpath SNEKTPHYECKYIO LENb C MOCIeI0BaTebHBIM COEIMHEHHEM PeabHON
KATYIIKH MHIYKTHBHOCTH L¥ koHneHncatopa C* (pHc. 2), HCTONIB3Ysl SJIEMEHThI LENH
I COOTBETCTBHH C 3alaHHBIM BapHaHTOM (Tab1. 3). IIpenbABUTE CXeMy ISl IPOBEPKH
1peno/aBaTeno.

Bx
E3
U
Puc. 2
h Tabnuna 3
No napnanTa 1 2 ) 4 9 6
L* L1 L1 L1 L2 L2 L2
] C2-1 C2-2 C2-3 C2-3 C2-4 C2-2

3.5. BKIIIOYHTH 3JI€KTPONIMTAHNE, YCTAaHOBHTh HA BHIXOZIE MCTOYHHKA muTanusa E3
nanpsokesne 7 B ¢ uwactotoit ~ 400+10 I'u. IlpoBecTH H3MEpEHHs yKa3aHHBIX B
TabuIe BEMYMH JUIS LENH C NOCIeJ0BaTeIbHBIM COEJMHEHHEM peajbHOM KaTylku
MHIyKTHBHOCTH L 1 KkoHzencatopa C. Pe3ynsTaThl M3MepeHMii 3aHecTH B Tabn. 2.
BEIKITIOUHTE JIEKTPONIHTAHHE.

3.6. Jlns ucceJoBaHHBIX Lienel o pe3ysibTaTaM H3MEPEHHH pacCuMTaTh:

— TOJIHYI0 MOIIHOCTS LienH S,

— PEaKTHBHYIO MOIIHOCT LienH Q,

— K09()pHIMEHT MOIHOCTH LETH COSY M Yroi cBUra a3 () MexIy HanpsHKeHHEM
Ha BXOJIE LIETH H TOKOM,

— k03(}HUIMEHT MOLIHOCTH KaTyWIKH cOSQx M Yroa casura ¢as Qg Mexay
HanpsHKEHHEM Ha KaTyIIKe K TOKOM,

— TOJHBIE, aKTUBHBIC W PEAKTHBHBIC CONPOTHMBICHHA BCEH IEMM M OTACTBHBIX
yuacTkoB (Zx, R, Xk, Xc, Za, Ra, Xa,).

Pe3ynbTaThl 3aHecTH B Ta0I. 4.

Ta6muna 4
S=UI, Q= /S’— P? | cosgk | @, cosp | @, |Zgk, Rg, Xk, | Xc, | Za. | Ra, | Xa,
B BAp rpan pax|[Om |Om [Ou |Owm |Om|Om |Ox
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3.7. Tlo pesynsTaTaM HM3MEPEHMH JUI HCCNEOBAHHBIX LEMNeH IOCTPOHTh B
MacmTabe BEKTOPHEIE IMarpaMMbl, TPEyTONBHHKH COTPOTHBIEHMH M MOLIHOCTEH,
cienaTh BEIBOJ O XapakTepe KaIo# HCCiIeJOBaHHOM e .

3.8. Cnenath BBIBOJ O MpHMEHEHHH 2-ro 3akoHa Kupxroga B LENsX nepeMeHHOro
TOKa.

4. Coneprxanue oT4eTa

Ortyer 1o paboTe IOMKEH CONEPXKaTh:

a) HauMeHOBaHHe PaboTHI U 1eTb PaGOTHI;

6) cxeMy HccieLyeMOH 1IEnH;

B) TaGJIHLBI C pe3yJIbTATAMH ONBITOB M BEIYHCIIEHHUI;
T) pacHyeTHBIE COOTHOILEHHUS;

1) BEKTOPHBIE IHarpaMMBl;

€) BBIBO/BI 1O paboTe.

5. KOHTpOJNBHbIE BOTPOCHI

1. YTo Takoe aKkTHBHAs, PEAKTHBHAs M IOJHASA MOIHOCTH B LENH NEPEeMEHHOro
TOKa?

2. Kakasi B3aMMOCBS3b MEK/y MOJIHOM, aKTHBHOM W PEaKTHBHOH MOLIHOCTSMHA?

3. Uro Takoe «k03((HIMEHT MOIIHOCTH» ?

4. Kak BBIMHMCIIMTH MOJIHOE CONPOTHBICHHE KAaTYIIKH, €CIIM U3BECTHBI €€ aKTHBHOE
COTIPOTHBIIEHHE, HHAYKTHBHOCT H 4acTOTa CeTH?

5. Kak BBIYMCIHTH MOJHOE CONpPOTHBJEHHE LENH C IOC/IeAOBaTEebHBIM
COE/IMHEHHEM PE3UCTOPA, PeallbHOM KaTylIKH ¥ KOHIeHcaTopa?

6. OT 4ero 3aBUCHT YroJ cIBura (a3 Mexay HalpsHKEHHEM M TOKOM Ha y4yacTke
5JIEKTPHYECKOH LiENH EPEMEHHOTO ToKa?

7. YTo Takoe «TpeyroibHHK COMPOTHBIICHHI) ?

8. UeMy paBHBI PEAKTHBHOE COTIPOTHBJICHHE LIENH ¥ PEAKTHBHAs MOIIHOCTh LEMH
npH pe3oHaHce?

9. B kakoM ciy4ae ucciemyemas Lenb, cofepkalnasi KaTyIuky HHIYKTHBHOCTH M
KOHZIeHCaTop, GyJeT HOCHTh aKTHBHO-WHIYKTHBHBIH XapakTep M B KaKoM ciyyae —
aKTHBHO-EMKOCTHOH XapakTep?
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Pa6ota Ne 9. QJIEKTPUYECKAS LIEIb IIEPEMEHHOI'O TOKA C
ITAPAJUIEJIbBHBIM COEJJUHEHWEM 2JIEMEHTOB. ITOBBIILIEHUE
KO2®OUILIMEHTA MOITHOCTH

1. Iless paboTs

()3HAKOMHTECA C OCOGEHHOCTAMH PEXHMMOB PabOTHI LENMH NEPEMEHHOro TOKa C
OPALIETEHEIM COEHHEHHs JJIEMEHTOB, NOBBIIIEHHEM KO3(QHIMEHTa MOUHOCTH,
npumenenneM 1-ro sakona Kupxroda B nensx nepeMeHHOro Toka.

2. IlpeaBapuTensHOE JOMAIIHEE 3aaHHe

2.1. Usyunts Temy «IlapannensHoe COeMHEHHE 3JIEMEHTOB B LIENH NEPEMEHHOTO
10Ka», CoepKaHue JaHHOM J]aGopaTopHO¥ paboThl M GBITH FOTOBBIM OTBETHTH Ha BCE
KONTPOJILHBIE BOMPOCH! K HEM.

2.2. HauepTuTh NpHHUMNAAIBHBIE CXEMbl HCCIEAYEMBbIX LeMel HCCIenyeMbIX
Jeneit ¢ BRIIOYEHHBIMH H3MEPHTEIbHBIMM NIpHGOpaMu.

3. Iopsi0K BBINONHEHHs PaboThI

3.1. O3HaKOMHTBCS C TaGOPaTOPHOH yCTaHOBKOH.

3.2. CoGpats 3JIeKTPHUECKYIO LeMb C NapajuiebHbIM COeTMHeHHeM pesnctopa R n
wonnencaropa C (puc. 1). B xauecTse pesucropa R* HCMONIB30BaTh NEpekmovaembli
pesucrop R10 B COOTBETCTBYIOLIEH BapuaHTy MO3MLMHM MEPEKIIOYaTENs (tabn. 1).
VCTAaHOBUTS B COOTBETCTBMH C 3aJaHHBIM BAapHAHTOM Iepekmodatens Garapeu
Konjencatopos C* B COOTBETCTBYIOLILYIO NMO3MIMIO (Tab. 1). CxeMy NpeABSBHTE 1A

1IPOBEPKH IIpenoaaBaTesio.
PP1

R* _c*
s
Puc. 1.
: Tabmuua 1
Ne BapuaHTa 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 C2-3

3.3. BK/IIOYHMTE 3JIEKTPONMTAHHE CTEH/Ia M HCTOUHHK MEPEMEHHOI0 HANPSKEHUS
E3. VcraHosuth Hanpsbkenue uerounnka E3 7 B ¢ wactoroi 300+10 '
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H3MepHTh HanmpsDkeHHE HA BXOJZE LIeMH, TOKH B BETBSIX, TOK, IIOTPE6IsEMBI OT
HCTOYHMKA NMHUTAHHSA, aKTHBHYIO MOUIHOCTH P, MOTpeGisieMyio Lenbio U yroi cIBura
$az @ Mexay HanpsKeHHEM M TOKOM,  MOTPeGIISIeMBIM LeNbio. Pe3ynsraTsl

H3MepeHHi 3aHeCTH B TabL. 2.

Tabauua 2
H3mepeHo [ Boiumcneno
Bxmouensi Beteu | U, B |, MA | Ty | P,Br | Ig, Ic, O 0, cos @
MA MA | MA | rpan
Il s e T T P O [
il el il B . . S e s
Zg,Cl
Zg, C2
Zx, C3

3.4. HccnenoBarth BIMSHHE €MKOCTH

C,

BKJIIOUEHHON TapajjiesibHO

HMHIYKTHBHOMY MOTpeOMTEMO, Ha KOJ(GHIMEHT MOIHOCTH LemH COS ¢ H
BeIMYMHY Toka I, morpebisemoro oT mcrounwka nutamus. J[is oToro cHavana
cobpaTh IeNmb MO PHC. 2, MCIONB3ys B Ka4yecTBE HMHAYKTHBHOIO MOTpeGUTENs
COOTBETCTBYIOLIYIO peallbHyI0 KaTylIKy HHIyKTHBHOCTH L* (Tabxn. 3). [IpeacraButs

CXeMy IUIA IPOBEPKH IPENOAaBaTeINIo.

Puc. 2

3.5. BKIIOYHMTH 3/IEKTPONMTAaHHE CTEHAa W MCTOYHUK muTanus E3. Ycranosuth
Hanpspkenre 7 B ¢ yacToTol, ykasanHo# B TaGnuue BapuanToB (Tabu. 3). U3smeputs

HanpsOKEHHE, TOK, AKTHUBHYK MOUIIHOCTH

u yron caeura ¢az @ Mexmy

HaNpsHKEHUEM H TOKOM Ha BXOJIC LIEIH. Pe3ynb‘ra'ru 3aHECTH B TalI. 2. BHIKIIOUHTE

MCTOYHMK muTanus E3.
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3.6.  TlomkmouMTs  mapalleNbHO — KaTyllke  HHAYKTHBHOCTH  Garapero
xonjencaropos C* (puc. 3). Ilepexmouarens 6aTaped KOHIEHCATOPOB yCTAHOBHTH B

1EpByI0 3aaHHyI0 TTO3HIHMIO (Tabu. 3).
5

Bx

E3|
| (‘D u c
=
Puc. 3
Tabnuua 3
N napuanTa 1 2 9 4 9 6

f, ' 150x10 180£10 200+10 150+10 180+10 200+10

L* L1 L1 i | 12 12 1.2

c* Cl1-1,2,4 Cl-1,2,4 Cl1-1,2,4 Cl-1,4,5 C1-1,4,5 C1-1,4,5

3.7. Tlocne mpoBepku cXeMbI MpeNoJaBaTe/ieM BKIIOYHTh HCTOYHHK NMuTaHus E3.
YC1aHOBHTE HampsDKkeHHEe MCTOYHMKa 7 B ¢ 4acToTOM, ykasaHHOH B TaGiuue
napuanTos (Tabn. 3) M M3MEPHTH BEIMYHHEI, yKa3aHHbIe B Tabu. 2. [TocnenoBaTensHo
yCTaHaBNIMBas TepeKIoyarens 6aTaped KOHJIECHCATOPOB B CIEAYIOIIME 3aJaHHbBIE
1103HIIMH, U3MEPUTH BETMYMHBI, yKa3aHHEIE B Ta01. 2. BRIKIIOUMTH 3/IEKTPONIHTAHHE.

3.8. Ilo OMBITHBEIM JaHHBIM TOCTPOMTH B MAacIUTabe BEKTOPHBIE AHArpaMMbl JUIs
K)X/I0r0 OIIBITa, ONMPENETHB IS KaXIOT0 CIydas 10 BEKTOPHOH AHarpaMme XapakTep
HJIEKTPUIECKOH 1enH M K03 HUIIMEHT MOIIHOCTH LiEMH COS .

3.9. Cnenatb BBIBOJBI

— 0 BJIMAHHMH NapaJUIeNIbHO BKIIOYEHHBIX MOTpeOuTeNnel Apyr Ha Apyra;

— O BJIHMSHMM KOHJEHCATOPA, TOAKIIOYEHHOTO MapalieNbHO HHIYKTHBHOMY
noTpebuTemo, Ha BENMYMHY TOKa, MOTpeOnsieMoro M3 cetd M Kkoddduument
MONIHOCTH LIETH;

— 0 npuMeHeHuH 1-ro 3akoHa Kupxroga B 1ensx nepeMeHHOro Toka;
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4. Coneprkanue oT4eTa

a) HanMEeHOBaHHe paGOTHI M LeNb PaGoTHI;

6) cxeMbl SKCTIEpUMEHTOB M TaGIIHIa 10Ty YEHHBIX Pe3y IbTaTOB;
B) BEKTOPHBIE TMAarpaMMBI sl BCEX IPOBEACHHEIX OIBITOB;

T') BBIBOJIBI 1O paboTe.

5. KOHTpoJIbHBIE BOIPOCHI

1. Kak npu napainielbHOM BKJIIOYEHHH NIOTPeOHTENEH ONPENeNTh BEIHYHHY TOKa,
noTpe6nsAeMoro u3 cetu?

2. C kaKo#i LeNIbI0 MOBIMAIOT K03()UIMEHT MOLIHOCTH LenH?

3. Kak M03HO onpeenuTs ko3 HIHEHT MOIHOCTH Lenn?

4. Kak M3MEHATCS BEJIMYMHA TOKA, I0TPEOIIAEMOrO U3 CETH, U aKTHBHAs MOLIHOCTh
LeN¥, €CNM MNapalielibHO  aKTUBHO-MHIYKTHBHOMY TOTPEOHTENO BKIIOYHTH
KOHAeHcaTop?

5. IloyeMy yMeHbIIAETCSs TOK, NMOTPEO/ISEMBIi M3 CETH, NPH TMOAKIIOUECHHH
TapaJiesibHO MHAYKTHBHOM KaTyIlke KOHAEHcaTopa?

6. Kak npumensiercs 1-i 3akon Kupxroda B 1emnsx nepeMeHHOro Toka?

7. Kak mOCTPOHTH BEKTOPHYIO IHarpamMMy IEIH, KOTOpasi COAEPIKHUT NapaLIebHO
BKJIIOYEHHbIE MHIYKTHBHYIO KaTylIKy ¥ KOHAeHcaTop?

8. Uro Takoe «pe3oHaHC TOKOB»? [IpH KakoM yCIIOBHH OH BO3HHKaeT?

56




image56.jpeg
PaGora Ne 10. YACTOTHBIE CBOMCTBA 3JIEKTPUYECKUX LIEITEA
I, Iless paGoThI — 9KCIEPUMEHTAIBHOE HCCIENOBAHHUE YaCTOTHBIX XapaKTEPHCTHK
MIEKTPHYECKOH LIETH C TIOC/IEI0BATENBHBIM COEITHHEHHEM PEaKTHBHBIX 3IEMEHTOB.

2. llpenpapuTensHoe JOMalIHee 3ajaHne

2.1, U3yuuts TeMy «YacToTHbIEe CBOMCTBA 3JEKTPHYECKUX LEMei», colepi aHue
Jminoli naGoparopHodi paGoThl M OBITB TOTOBBIM OTBETHTh Ha BCE KOHTPOJIbHBIE
BONPOCH! K HEH.

2.2, HauepTuTh NpHHLMNHAGHBIE CXEMBI HCCIEAYEMBIX LENel ¢ BKIIOYEHHBIMH
WIMEpHTEbHBIME IPHOOpaMH.

3. Tlopsiok BEITOMHEHHS paGOTEI. ]

3.1, CoGpaTh ONeKTpPHYECKYI0 IeMb C MOCIEJOBATENBHBIM COEJHHEHHEM
AnemenToB (puc. 1) M NpenbsIBATE €€ [is NPOBEPKH MPEIoaBaTelo.

PP1 P

Puc. 1

3.2. BKJIIOYMTB 3JIEKTPONUTAHHE, YCTAHOBHTH HA BEIXOJIE T€HEpaTopa HalpshkeHHe
5.6 B u wu3MeHsas 4acToTy BXOAHOTO cHrHama ot 40 I'y go 400 I'm u3mMepsTH
nxo/Hoe Hanpsbkenue U, akTHBHYI0 MOIIHOCTH IIeNH P, TOK B 1€ /, HanpshKeHHs Ha
Karymike naaykTHBHOCTH Uk, KOHAEHcaTope U, a Takoke yroi caBura ¢as ¢ Mexay
WXOIHBIM HanpsokeHueM U u Tokom /. Tlpu 3ToM oGecriednTh 3HaYeHHe HacTOTHI fy
WCTOYHHMKA TMUTAHMs, IPH KOTOPOM B uenu OyneT HaOmomaThcs ABIEHHE pe30HaHCA
nanpsokenuit (yron casura ¢asz ¢=0). PesynsTaTsl M3Mepenuit 3aHecTH B Tabu. 1.

BLIKIIOYNTE HCTOYHHK TIEPEMEHHOTO HATPSHKEHHS.
Tabmuma 1

f, '
U,B
P, Bt
LA
¢, rpax
U, B
Uc, B
Ug, B

3.3, To pe3yJipTaTaM M3MEpPEHHH OJ1s KaXIOro 3HAa4eHHs 4acTOThl BXOJHOTO
CHrHala paccuMTaTh BEJIMYMHY T[OJHOrO CONPOTHBJICHUS] Lenu Zpyx, AKTHBHOTO
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CONPOTHBICHHS LENH R, MONHOTO COMPOTHBIEHMS KAaTyIKM WHIYKTHBHOCTH Zy,
PCAKTHBHOTO  CONPOTHBJIEHHS UenH X, WMHIYKTHBHOIO X; M €MKOCTHOro Xc
PCAKTHBHEIX CONPOTHBIICHHH, a TakXe BEJMYHHY MHIYKTHBHOCTH L, emkocts C n
AKTHBHOTO CONPOTHBJIEHHs nenH R. (Tabu. 2).

3.4.Tlo pesy.nbTaTam pacueToB M H3MEpEHHH MIOCTPOHUTH IPa)HKH XapaKTEPUCTHK
I=F()), Zgx=F(), Ux=F(), Uc =F(@®, p =F().

3.5. OnpenenuTs rpaHUYHBIE YacCTOTH f; K Ji 5 & TaKxke pEe3OHAHCHYIO YacToTy fj.
Ilo HaliJeHHBIM 3HAYEHHSM YACTOT BBIYMCIHT no6porocts Q;.  Hcnonesys
SHAUCHHS MTAPAMETPOB 3JIEMEHTOB TOCIEOBATENBHOMN LeMH BEMHCTUTE 10GPOTHOCTE
Q. CpaBHHTH 10JTyYeHHbIE 3HAYCHUS J06pOTHOCTH. PesynbTaThl pacyeToB 3aHECTH B
Tabn. 3.

Tabnuna 2
£, ' :

Zgx, OM

OMm

Zx, OM

X, Om

X1, OM

Xc, Om

L, M['H

C, Mx®

Tabnuua 3

Jo. T fi. T L. Tu O 0,

4. ConepxaHue oTueTa

OTyer I0IKeH comepxaTh:
) HaMMEHOBAHKE U LelTh paGoTHI;
0) dIEKTPHHECKHE CXEMBI IIPOBEIEHHEIX IKCTIEPHMEHTOB;
B) Ta0JIMIEI C pe3y/IbTAaTaMH SKCIEPHMEHTA;
T) 9KCTIEPHMEHTAIIBHBIE XapaKTEPHCTHKH;
1) BBIBOJIBI O YaCTOTHBIX CBONCTBAX HCCIIENOBAHHOM LEMH.

5. KouTponbHEIe BONpoCk!

1. TloueMy mpu M3MEHEHHH YACTOTHI MCTOMHHMKA NMTAHHS M3MEHSETCS BXOIHOE
CONMPOTHBJICHHE LIETH, COJIEPXKALIEH PEAKTHBHbIE HJIEMEHTHI?

2. UTo NIOHMMAIOT TOJI KPE3OHAHCOMY B SNEKTPHUECKOI LIeTH IEPEMEHHOT0 TOKa?

3. TToCTpOHTE BEKTOPHYIO IMArpaMMy HANpPSKEHH B LEMH C TOCTEIOBATEIHHAIM
coenunerneM R.L,C a1 pexuma pesonanca ¢ ykasaHMeM BEKTOA HAIDSKEHHS Ha
PpeanbHOM KaTylIKe HHIyKTHBHOCTH.
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4. VisveHeHWEM KaKMX 1apaMeTpOB B  IOCIEIOBATENHHOM RLC-nenwu,
[OJKIOYCHHO! K HMCTOYHHMKY CHHYCOMIATHHOTO CHTHAJIOB  MOYHO TIONyYHTh
PEIOHAHCHBIH peXxUM?

5. Kak MOXHO ONpeneinTh 3HAYeHHE DE3OHAHCHOH HYACTOTHI B LEMmsiX C
110C/Ie10BATEBHBIM U TIAPAJIIENbHBIM COEAMHEHHEM 3IIEMEHTOB?

6. Kak ompenensiercs [OGPOTHOCTH MOCIIEAOBATENBHOM RLC-uenn u 4ro ona
XapaKkTepusyer.

7. B nocnenosatensHoi# R, L, C-uenu TIPH PE30HAHCE M3BECTHBI NMPHIOKEHHOE
Hnanpsokerne U, Hanpspkenue Ha kaTymke Uy ¥ HampsikeHHe Ha konnencarope Uc .
IloweMy no6potHOCTE wenH, onpenenenHas kak 0:=Ux /U u Q,=Uc/U nonyuaetcst
pasinnuHoi? B xakoM ciyvae Gonpiie?

7. Kak Bimser Ha J0GPOTHOCTH H3MEHEHHE AKTHBHOTO CONPOTHBIICHHS B
10C/Ie(0BaTeNBHOM 1enH? 3

8. Kak onpenensiercs mosoca npornyckaHus 4acToT  4TO OHA XapakTepusyer?
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Pa6ora Ne 11. HEJIMHEMHASI LIEITh ITEPEMEHHOTI'O TOKA

1. Lens paboTst

OKCHIepUMEHTalBHOE  MCCIIEJOBAHHE  BOJILTAMIIEPHBIX XapaKTEPHCTHK KaTyIIKH
MHIYKTHBHOCTH C ()EPPOMAarHMTHBIM CEpIEYHMKOM M KOHIeHcaTopa. U3yuenme
(opMEI KpUBOH Toka B KaTymIke ¢ CepAeYHHKOM. CpaBHEHHE SKCIIEPHMEHTAILHBIX
PE3yJIbTAaTOB C pAaCYETHBIMH JaHHEIMH. 3HAKOMCTBO C paGOTOH JIBYCTOPOHHETO
OrpaHMYHTENs YPOBHS HATIPSHKEHHS.

2. IpenpaputenbHOE JOMALIHEE 3a1aHHE

2.1. A3yunts TeMy «HenuHelHble LENH MEPEMEHHOTO TOKaY, coziep)KaHue JaHHOH
71a60paTopHOH paGoTbl M GBITH TOTOBEIM OTBETHTH Ha BCE KOHTPONBHEIE BONPOCH K
Heil.

2.2. HavepTuTh NpHHUMIHATBHEIE CXEMBI HCCIEAYEMBIX Iemeil HCCTIEly eMBIX
Lerei ¢ BKIIOYEHHBIMH H3MEPHTEIBHBIME PHGOPaMH.

3. ITopsAnox BEIMOMHEHHs. paGoTH

3.1. O3HAaKOMHUTECs C 1aGOPATOPHOM YCTAHOBKOH.

3.2. Jlns cHATHS BONBTaMIEDPHOH XapaKTEPHCTHKM KATYIIKH C CEPIEYHMKOM
coGpathk 3JIEKTPHYECKYIO Lenb 10 puc. 1. ToAKMOYATE MapamiensHo J06aBoYHOMY
pesuctopy R2 BbiBoabl ocumiorpada. V3MeHsiss OT Hy/ls BEIMUMHY BBIXOHOTO
HalpsOKEHHs UCTOuHMKA mHTanus E3 mpu wactore 50 ', CHATH BOJBTaMNEpHYIO
XapaKTEPUCTHKY KaTyIKH ¢ GeppOMAarHUTHBIM CEPACUHHKOM. Pe3ybTaTsl u3Mepenmii
3aHecTh B Tabn. 1. Ilpu mnpoBeaeHMM W3MepeHMH HaGMOZAaTh C MOMOLIBIO
ocumorpada ¢opmy KpuBoM TOka B UemH. 3apHcOBaTh BHI KpHBOH TOKa.
BBIKIIOUHTE 3JIEKTPONIHTAHHIE CTEHAA.

RZ o

K
ocumnorpadgy

t)Es
L3

Puc. 1
Tabnuua 1

U,
I

B
A

3.3. JInst CHATHS BONLTAMNEPHOH XapaKTepUCTHKM KOHeHcaTopa C3 MOKIIOUHTE
€ro BMECTO KaTyWIKH MHAYKTMBHOCTH. CHATh BOJNBTAMIICPHYIO XapaKTEpPHCTHKY
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Kowiencaropa C3, H3MeHss BEIXOJHOE HANpPsOKEHHE MCTOYHMKA OT HyJis. PesynbTarr
Wamepenuit 3anecty B Tab. 2
Tabnuna 2

Uc.B

LA

} 4, Mcronb3ys mOMydeHHIE JKCIEPUMEHTANBHBIE Pe3yNbTaThl, NOCTPOMTE B
(IHOR  crcTeMe  KOODAMHAT — BOJNBTAMIIEPHBIE  XapakTEDHCTHKH KATYIKH C
(lepPOMArHATHEIM cepiedHHKOM M KoHmeHcaTopa. JUis Cly9ast MOCTENOBATENHHONO
VOCIMHEHNs  KaTyIIKH C  (eppOMarHMTHBIM CEPHEYHHKOM H  HMCCIENOBAHHOTO
KOlIeNcaTopa MOCTPOUTH BOJBTAMIIEPHYIO XapAKTEPHCTHKY TAKOH IEMH M 10 Hei
WIPEAEMTE BEIMYMHY HANPSDKEHHS, TIPH KOTOPOM GyNeT HaGIOAaThCs TPUITEPHBIH
shipexcr. g

1.5. CoGparh a1eKTpHHECKyI0 LeMb C N0C/e0BaTeNbHBIM COETHHEHHEM KaTyIIKH ¢
(JeppOMarHATHEIM cepreunnkom L3 1 koHzencatopa C3 (puc. 10). [InaBHo H3Menss
NEJINYHIY BXOTHOTO HANpSHKEHHS, CHATh BOJIBTAMIIEPHYIO XapaKTEPHUCTHKY BCEH TNy
VPN YBCIIMYCHUA M YMEHBIUEHHH BXOJHOTO HampspkeHHs. OOpaTMTh BHHMaHHE Ha
VKAYIOK TOKA MPH yBENIMYEHHH M YMEHBIIEHHH HANpPsKeHAs. Pe3ylbTaTel nu3MepeHHit
Aunectyn B Tabm. 3

Bx
t)Es
L3
Puc. 2
Tabmuua 3
VAR RO 1Y) ISROR ¥ e g e Py e
0 2
Iynea,
TR ol Wi o0 T et TS i P T
s, B 2 0
Tymem
m A

3.6. Tlo OSKCEpPHMEHTATBHBIM  pe3yJbTaTaMm noctpouth BAX umemu ¢
110C/ICIOBATENBHEIM  COCIMHEHHEM KaTyIIKH C (pepPOMArHMTHBIM CEPIAEYHHKOM H
kounencaropa.  CpaBHHTb — NOJNYuEHHYI0  XapakTEPHCTHKy C  pacueTHoi
XapaKTepUCTHKOM.
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3.7. OsnakoMuThCsl ¢ paboTON OrpaHHMYMTENs YPOBHS HampsbkeHus. s aToro
co6park cxeMy 1o puc. 3. IToAKMOYHUT MapaiieNbHO JBYXaHOAHOMY CTAaGHIMTPOHY

VD2 ocummnnorpad.
(AN

000, /'
PA1
R13

E3

(D VD2

K
ocumiorpagy
PRI |
Puc. 3

TlnaBro yBenmumBas BXOJHOE HampsDkeHHe HabmonaTh mo ocumuiorpady gpopmy
BBIXOJIHOTO HanpspkeHHs. OOGpaTTh BHHMaHHE Ha BEJIMYMHY TOKA, NPH KOTOPOM
HAaUMHAETCA OrpPaHMYEHHE BBIXOJHOTO HamNpshkeHHs. M3Meputh ocumiiorpagom
aMIUTMTY/ly BBIXOJHOTO HANpSXKEHWs W CPaBHHTh €€ C IAacHOPTHBIMU JaHHBIMH
crabumtpona KC162A. 3apucoBaTh OCLMIUIOrPaMMBI HauGONBIIEr0 BXOLHOTO M
COOTBETCTBYIOIIETO BBIXOJHOTO HAIPSDKEHHMIA.

4. CoxepxxaHue oT4yeTa

Ortuer mo paboTe JOKEH COAEPHKATh:

a) HAaMMEHOBaHHE M LeNIb PaboThI;

6) cXeMbI 9KCIIEPHMEHTOB M TabJIMIBI C pe3y/IbTaTaMH U3MEPEHHIA;

B) pPacyeTHBIE U 3KCTIEPUMEHTAbHbIE BOJbTaMIIEPHBIE XapaKTePHCTHKH;
T) OCIMJLIOTPaMMbl HANPSDKEHHH H TOKOB;

JI) CpaBHEHHE PE3YJIbTATOB pacyeTa ¢ IKCIepPUMEHTAIBHBIMU JaHHBIMHU;
€) BBIBOJIBI O CBOMCTBAX HCCIIETOBAHHBIX LIETEH.

5. KOHTpoJIbHBIE BOIPOCHI

1. OOBACHHT, HasHa4YeHHE  (PEPPOMATHMTHOrO  CepleYHHKa  KaTyIIKH
MHAYKTHBHOCTH.

2. TTosICHUTH BIMSHUE CEPACYHHUKA HA BETHYMHY HHAYKTHBHOCTH KATyIIKH.

3. Kak u3MeHHTCS BOJIbTaMIIEpHAsi XapaKTEPUCTHKA KATYIIKH HHIYKTHBHOCTH NPU
HAJIMYUH BO3YIIHOTO 3a30pa B cepeyHuKe?

4. TloyeMy cepAeYHHMK YacTO BBINOJHSAETCS U3 H30JMPOBAHHBIX APYr OT Apyra
TJIACTHH 3JIEKTPOTEXHUYECKOH cTan?

5. OOBACHUTH MPHYMHY MCKAKEHHS CHHYCOMIAIBHON (HOPMBI TOKA MPU MHUTAHHU
KaTyIIKHM HHAYKTUBHOCTH CHHYCOMJIATLHBIM HANPSHKEHHEM.

6. Kak onpenenuTs mapamMeTphl CXeMBI 3aMEIIeHHs KaTyIIKH ¢ ¢eppOMarHUTHBIM
cepAeYHUKOM?
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7. Kaknm 06pa3oM B LIEMM ¢ MOC/IENOBATENBHBIM COSAMHEHHEM JINHEHHON KaTy Ky
MHJIyKTHBHOCTH M KOHIEHCATOpa MOXHO O0O€creqdTh BO3HMKHOBEHHE pPe30HaHCa
HanpskeHui?

8. B uem ocobeHHOCTH siBIeHHUs eppope3oHanca HanpsKkeHHiH?

9. TloueMy c yBenMueHMEM EMKOCTH KOHIEHCATOpPA BO3MOXHO H3MEHEHHE
BEJIMYHHBI IUTAIOMIETO HANPSKEHHUS, IPH KOTOPOM MPOMCXOJUT TPUITePHBIH o dext?

10. KakoBo mpakTH4YecKoe IpHMEHEHHE (eppPOPE30HAHCHBIX SBJICHUH?

11. OODBACHMTL NpHYMHY H3MEHEHHS (OPMBI  BBIXOAHOTO  HAIpSKEHHS
OTrpaHUYHUTENsS YPOBHS HANPSDKEHHUSL.
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Pa6ota Ne 12. TPEX®A3HASI LIEITb ITPU COEJMHEHUU
TIOTPEBUTEJIEM I10 CXEME «3BE31A»
1. Hens paboTsr

O3HaKOMHTBCS C TpeX(ha3sHBIMH CHCTEMaMH, W3MepeHHeM (a3HbIX U JIMHEWHBIX
TOKOB M HanpsokeHHi. IIPOBEPHTH OCHOBHBIC COOTHOLICHHS MEXIY TOKAMH M
HanpsHKEHUAMH CHMMETPHYHOTO M HECHMMETPHYHOrO Tpex(asHoro mnoTpeGuTes.
BHISICHUTE PONTb HEHTPaJIBHOTO MPOBOZA B YETHIPEXIPOBOAHON Tpex(asHol cucTeMe.

Hay4nThCsl CTPOUTH BEKTOPHBIE AHArPaMMBI HANPSHKEHUH H TOKOB.

2. IlpeasaputensHoe JOMalIHee 3aJaHue

2.1. U3yuuts TeMy «TpexdasHbie 3IEKTpHUECKHE LENH IPH COCTMHEHHH 110 CXeMe
3Be3/1a», CONEPKaHUe JaHHOH J1aGopaTopHO# paboTH M GBITH TOTOBBIM OTBETHTH Ha
BCE KOHTPOJIBHBIE BOMPOCH! K HEH.

2.2. Ha4epTuTh NpPUHIMIMANLHBIE CXEMBI MCCIEAYEMBIX LENeH HCCIEeNyeMBIX
1ernei ¢ BKIIOUEHHBIMH H3MEPHTENLHBIMA IPHGOPAMH.

3. ITopsAoK BHINONHEHHS PabOTHI

3.1. O3HaKOMHThCs C 1a0OPATOPHOH YCTAHOBKOM.

3.2. BKIIOYMTH DJIGKTPONMTaHHE CTeHJa. BKIIOYATH TpexdaszHbii HCTOYHHK
nutanus E4 M M3MEpHTH CTPENOYHBIM BOJHETMETPOM JIMHEHHBIE M  (pasHbIe
HaIpPsDKEHHs MCTOYHMKA MUTAHUA HAa XOJIOCTOM X0Jy. PesyseraTsl n3mMepenuii 3aHecTu
B Tab/1. 1. BHIKIIOYHTE HCTOUHHK DJIEKTPOMUTaHHs. [IPOBEPHTH COOTHOLICHHE MEXLY
JMHEHHBIMH U (a3HBIMH HANPSOKEHHAMH HCTOYHHKA ITHTAHUS.

Tab6nuna 1

HMi3mMepeHo Ha KJIeMMaxX NCTOYHHMKA IHTAHUs Brraucneno
JInHeliHbIe HANPSHKCHNS DasHble HANPSHKEHUS.
Uas, B Usc,B [ Uca,B| UasB Us, B Uc, B Un, B Us,B | UnUs

3.3. Cobpath CHMMETPHYHYIO YETHIPEXNPOBOLHYIO TpeX(asHylo JJIEKTPHYECKYIO
uens (puc. 1). B kauecTBe aMIiepMeTpOB HCIOJB30BaTh LH(POBBIE MPUGOPEI B PEKUME
H3MEPEHHs TIEPEMEHHOTO Toka (TyMGJiep pexxuma paGoTsl IPHOOPOB B MO3HLHH «~»).
B xauecte motpebureneii Ra, RB, Rc ucnons3osats pesuctopst R17, R18, R19,
YCTaHOBHMB COOTBETCTBYIOIME TyMOsephl B no3umuio «1». IIpencTaBuTh cxeMmy mist
TIPOBEPKH MPETOaBATENIO.

3.4. HMccnenoBaTh peXHMbl PaGOTHI CHMMETPHYHON TpexdasHOW wemu mnpu
HAJIMYMM M OTCYTCTBHM HEHTPAJBHOrO MPOBOJA, a TakKe BIHSHHE HEHTPaIbHOrO
npoBoja ¥ 0OpeIBa JIMHEHHOro NMpoBoJa 3anaHHON (a3sl (Tabs.2) Ha pexuM paboTh
uenu. Jns 3TOro BKIIOYHTh 3JIEKTPONHTAaHHE CTEHIa, MCTOYHHK Tpex(asHoro
Hanpsokenuss E2 M u3MepuTh TOKM, (asHble HanpsHKEHWS HCTOYHHMKA, (asHbie
HanpsDKEHHMsl Ha TMOTPeOMTENsIX M HanpsbkeHue cMemleHus Heiitpann Unn B
COOTBETCTBYIOLINX PEKHUMAX.

PesynbTaThl H3Mepenuit 3aHeCTH B Tabu1. 3. BBIKIIOYMTE HCTOYHUK NuTauus E4.
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Puc. 1

3.5. HccnemoBath pexumbl paGOTHI HECHMMETPHYHOH Tpexdaszuoli wuenu ¢
AKTHBHOM HAarpy3ko# NpH HAIMYMH M OTCYTCTBHHM HEHTDAILHOTO MPOBOJA, 4 TAKKE
WINsHHE HEHTPaTBHOTO NMpPOBOAAa M OGpEIBA JIMHEHHOTO MPOBOJA 3ajaHHOM (askl Ha
pexkuM paboTel uenu. JIis 5TOr0 yCTaHOBHTH TapaMeTphl LEMH B COOTBETCTBHM C
JWIAHHBIM BapuaHToM (Taba. 2), BKIIOYHTH 3JIEKTPONMTaHHE CTEHJd, HMCTOMHHMK
1pexdasnoro Hanpsokenust E2 1 M3MepuTh TOKH, (asHble HANpPSKEHHs HCTOUHMKA,
(pa3nble HANpSDKEHHMs HA MOTPEOMTENsX M HampsbkeHHe cmemenus Heitpamn Up.
I'esybTaTel m3Mepenuii 3anecTr B TGl 3. BHIKIIOYATE HCTOYHMK MHTaHusS E4.

Tabnuua 2
Ne papuanTa 1 2 3 4 5 6
Ra RIS R18 RI8 R18 RI18 RI8
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
OGpsiB mpoBoaa A B C A B C

3.6. Hccnenopath peXHMBI pabOThl HECHMMETPHYHON YETHIPEXIPOBOAHOM 1
TPEXIPOBOAHOM LEeNH NPH HEOAHOPONHOH Harpyske, JIis 3TOro MOAKIIOYHTE B (hase
«A» BMecTo pesucTopa koujaeHcatop C3, yCTAaHOBHTH IepEKIIOYATENIH PE3UCTOPOB
R17 1 R19 B nosunmio «1», BKOYATE HCTOYHUK nuTanus E2. Pe3ynsTatsl u3amMepeHnii
JanecTd B Ta6u1. 3. BRIKIIOUMTH HCTOUHUK nuTanus E4.

3.7. Viccnenosarh BIMSHME COMPOTHBIICHHS JMHMM TEpe]add Ha PeKHM paboThl
rpexdasHoit menn. J[ns 3TOro BKJIIOYHTH [OCIHENOBATENBHO B Kakaylo ¢asy
JlononHuTensHbie pesuctopsl R14, R15, R16, yCTaHOBHTH CHMMETPHYHYIO HArpy3Ky,
WIJIIOYATE 3JIEKTPOTIHTAHUE ¥ H3MEPHTDH HANPSDKEHUS U TOKK. Pe3ynbrarhl H3MepeHuit
JanecTy B Tabn. 4.
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Tabnuua 3

Pesxxum Harpysku

Toku, MA

Han

SDKCHHS,

B

MA

Is,

I, | In,

DazHele

HaNpsDKeHUs
HCTOYHHKA,

B

Dasubie

HanpsHKeHus

noTpeduTenei,

B

Ua

Us | Uc

Uy

Uy

Ue | Unn

YeTrIpexnposoHas

Lernsb, Harpyska

CHMMETpHUYHas

O6psIB JIMHEHHOTO
TpoBoaa B
YETBIPEXTPOBOAHOMN
CUMMETPHYHOM Leny

TpexnpoBoanas  uens,
Harpy3ka CHMMETpHYHas

OGpeis JIMHEHHOTO
npoBoza B
TPEXIPOBOTHOM
CHMMETpPUYHOM uenu

YeThIpeXnpoBoaHasn

ens, Harpyska

HECUMMETpHYHAs
OHOpOJHAs

TpexnpoBoasas  uens,
Harpyska
HECHMMETpHYHAs
OIHOpOHAs

OO6priB JIMHEHHOTrO
npoBoaa B
TPEXIPOBOLHO
HECUMMETPHYHOM Lienu

YeTsIpexnpoBoaHas
Lens, Harpyska
HECHMMETPHYHAs
HEOZTHOPOHAs

TpexnpoBogHat  uems,
Harpyska
HECHMMETPHYHAs
HEOIHOpOHast

Tabnuua 4

Ua, Us,
B B

Uc,

U,

Us,

U,

Ia,
MA

Is,

Ic;
MA

In,
MA
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3.8. ITo pesy.nbTatam H3MepeHHii BEIHCIHTS

~ CpeaHee 3HaveHue TMHEHHBIX HanpspkeHui Uy HeToummka mnraims;
~ Cpeanee snaueHue GasHbIX Hanpsokernit Uy HCTOUHMK T
— otHomenue Uy Uy ;
— CpefiHee 3HaYeHHe TOKA IIPH CUMMETPHYHOI Harpyike,
3.9. lns BoeX MpPOBENEHHBIX OMBITOB METOZIOM 3aceyek MoCTPouTh B Macitabe
BEKTOPHBIE IHArPaMMBI.
3.10. CpaBHHTE pexcHMBI PabOTEI | CIeNaTh BEIBOJ O BINSHMN HeirpaasHoro
TIpOBOZa Ha paboTy TpexdasHoii chcTeMBI pH CHMMETPHYHOM 1 HECHMMETpHUHOM
Harpyske.

]
4. Cozepxanue oTueta

Otyer no pa6ote gomken COZEpKaTh:

) HaUMeHOBaHue PaGOTHI U LeMh PpaboTsI;

6) TexHHYeCKME TaHHbIE 9JIEKTPOU3MEPHUTENBHBIX IPHGOPOB;

B) CXEMY 9KCIIEDHMEHTA ¢ BKIIIOYEHHBIMH H3MEPHTEIHEIMU IPHGOpamMu;

T) TabJIHIBI ¢ pe3ybTaTaMu SKCIIEPHMEHTa;

1) BEKTOPHBIE IMarpaMMBl I BCEX TPOBEJIEHHBIX OIBITOB;

€) BLIBOJ O PO HEHTPAILHOrO POBOA B TpexasHO# LeNH NpH CoeqHHEHHH
TIOTPEGUTENIS IO CXeMe 3Be3Na;

%) BBIBOJI O BIIMSHMM CONPOTHBIICHUS JTHHHH nepesaun Ha paboty TpexdasHoit
LemH.

5. KouTpossHsie Bonpock!

1. Kakoe coennuenue HassiBaeTcs 3BE310MH?

2. KakoBo cooTHOmEHHE MEXIYy (asHBIM M JIHHEHHBIM HAIpSKEHHAMH
TPEX(}a3HOTO HCTOYHHKA MHTAHHS TIPH COEMHEHNH ero 06MOTOK 110 cxXeMe 3Be3za?

3. Kakoe cooTHOmeHHe MeX1y (asHEIMH ¥ JMHEWHBIMH TOKAMH npH
COCZIMHEHHUH B 3Be3Ty?

4. Kax onpenenuts BemuumHy Toka B HEHTPATLHOM TIPOBOZIE, €CJTH H3BECTHBI
TOKH NOTpeGuTeNs?

5. Jlns yero npuMeHsoT HEHTpaBHEIN 1IpoBOa?

6. K KaknM 3axuMaM cielyeT MOAKMOUHTE BOJIETMETp, 4YTOOBI H3MEpHUTH
basHoe u muHelHOE HanpsokeHue?

7. Kaxas Tpex¢asnast Harpy3ka HassBaeTcs CHMMETPHYHON?

8. ITouemy npu HecuMMeTpUYHO Harpy3ske 06pbIB HEHTPaNTBHOrO NPOBOA
SIBIIACTCS aBAPHIHBIM PEXUMOM?
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PaGora Ne 13. TPEX®A3HAS LEIb ITPU COETMHEHUU
IIOTPEBMTEJIEM 10 CXEME «TPEYT'OJIbHHUK»
1. Hens pa6oTs
Hccnenosats  ocobennoctn paboTel  TpexdasHoi memu TIPH  COENHHEHHHN
CHMMETPHYIHOTO M  HECHMMETPHYHOrQ TOTpeOHTENeH  TpeyrombHIKOM, YCBOHTE
TIOCTPOEHHE BEKTOPHBIX AMArpPaMM 1o Pe3yNbTaTam 3KCIepuMeHTa.

2. IlpenBaputensHoe noMammee 3a7aHne

2.1. U3yuurs TeMy «Tpexdasurie SJIEKTPHIECKHE LIEIM TIPH COEMHEHHH TI0 CXeMe
TPEYTOJILHHKY, CONEPKAHHE JAHHON 71a00paTOpHOH pPaGOTEHT M GprTs TOTOBBIM
OTBETHTE Ha BCE KOHTPO/TBHEIE BOTIPOCH! K Hei,

2.2. HauepTuTs TpHHUMMHabHbe CXEMBl HCCIENYEeMBIX ILiemeit HCCIIEy eMBIX
Hernei ¢ BKMOYEHHBIMH H3MEpHTEThHEIMH npuGopamu.

3. Ilopsnok BEIMOHEHMS PpaboTsl

3.1. O3HaKOMHTBCH ¢ J1abopaTopHoii YCTaHOBKOIA.
3.2. BKITIOYATE Mozyns nutanus CTCHIA M MCTOYHHK Tpex(hasHOro HanpskeHus
E4. Uameputs nuueiinrie HANPSDKEHUS] MCTOYHMKA ITHTAHMS Ha XOJI0CTOM  Xony.

CPeaHee 3HaYeHHe MHeHROro Hanpsxenus Uy,

Ta6numa 1
E Uas, B Usc, B Uca, B UH,BJ

3.3. B cootBetcTBHM ¢ puc. 1. cobpatk cxemy TpexdasHoi Lenu npu coenuHenny
TNOTpeOHTeNeH B TpeyroabHUK. VcTaHOBHTE CHMMETPHYHYIO Harpysky. Jlns 3Toro

YCTAHOBHTE COOTBETCTBYIOIHE TyMGIIEPH! B o3IO «1». TIpemnsBuTs cxemy mis
TIPOBEPKH.

Puc. 1
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3.4. Bxmounrs OSVIEKTPONIHTAHHE M HCTOYHHK  Tpex(asHoro HANpPSOKEH s,
Hsmepnts dasusie Tokn Ias, Inc, Ica ¥ nuBHelHBIH TOK IA, a Takxe HANPSOKEHUS Ha
1noTpe6uressx. PesysTats! 3aHecTy B Ta6.1. 2. Beikmounts IEKTPONNTANNE,

3.5, PasoMknyTh muneitapii TpoBox  hassr «By (yGpars NPOBOINKMK) M HIMEPHTI
astinie Tokn Iy, Inc, Ica ¥ TUHEHHEIH ToK L4, a TaKoke Hanpsokenns na norpeburensnx,
Pesynnrarit sanecrn s a6, 2.

3.6. Beikmounts Harpysky B $ase norpeburess «CAx, yGpas nposounuk, u
TpOBECTH H3Mepenus. PesybTats! sanecty B TaGy, 2.

3.7. PasoMkny T JHeHb1i npoBoa dasel «By u Harpysky B (ase norpeGuress
«CA». Mameputs ¢asmbie Tokn 1,5, Inc, Ica ¥ mmHelHBIH TOK Ia, a TaKoke HAIpsHKCHUs
Ha noTpebutensx. Pesynstatsl sanecty B Ta6), 2.

Tabnuua 2

Pexxum narpyskn Tok Harpysku, MA Hanpskenue na
norpeburensx, B

TR e~ in Ica | Uy Upe Ugy

CuMmeTpuunas Harpyska

OGprIB MHEiHOTO npoBoaa «By
OGpsiB (a3el noTpe6uTens «ABy

OGpEIB haskl noTpeGuTens «ABy "
OGpBIB MHEHHOTO MpoBoaa «By

Hecummerpranas Harpyska

3.8. VcTaHoBHTE B cooTBeTCTBHH ¢ Sa1aHHEIM BapHAHTOM HECHMMETPHYHYIO
Harpysky (Ta6u1. 3) u Boyns SJIEKTPONATAHHE, IPOBECTH H3MEPEHHS TOKOB 1
HaIpsHKEHHH,

Ta6nuna 3
Ne BapnanTa 1 2 3 4 5 6
RAB R21-2 R21-2 R21-3 R21-3 R21-1 R21-3 ‘
RBC R22 R22 R22 R22 R22 R22 j
Rca R20-2 R20-3 R20-2 R20-3 R20-2 R20-1

3108 Jlns Bcex OIIBITOB IMOCTPOUTH B MaciuTabe BEKTOpPHBIE JAHarpamMMmel.

3.10. ITo BekTOpHBIM AHarpaMMaM OIPEAENHTb AJIsl HCCIIEA0BAHHBIX PEeXHUMOB
JIHEHHbIE TokH Ip 1 Ic.

3.11. Cpasnuurs PE€3yNbTaThl M3MepeHHH NHHEHHBIX | GasHEIX TOKOB TpH
COCMHEHUH TIOTPEGHTENIS B TPEYTOIBHUK st HCCIICIOBAHHBIX PEXUMOB.

3:12 IIpoananusuposats Bausnue OOpBIBOB JHHEHHOTO | ¢asnoro npoBonos Ha
PEXKHMEI paboThI OTpeGUTENEi.
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4. CozepxaHue OTHETa

Ortuer no paboTe N0/DKEH COePKATh:

a) HanMeHOBaHHe paboTHI U LeNb paboTsl;

6) TeXHMYECKHE AaHHEIE JIEKTPOU3MEPHTENBHEIX IIPHOOPOB;

B) CXeMy SKCIIEPUMEHTA C BKITIOUEHHBIMH H3MEPHTENLHBIMH IpHOOpaMH;
r) TabMMLBl C pe3yIbTaTaMy SKCIIEPUMEHTA;

JI) BEKTOPHbIE AMArpamMMbl 715 BCEX MPOBEICHHBIX ONBITOB;

€) BBIBOZBI TIO paoTe.

5. KOHTpOJIbHBIE BOIPOCHI

1. Kaxum 06pa3oM TpH oHO(a3HBIX OTPEOHTENs COEMHSIOT B TPEYTONIBHAK?

2. Kyna criefiyeT MOAKIIOYATh BOJIBTMETP, YTOOBI H3MEPHTH ¢dasHoe u nuHEHHOE
HanpsbkeHus TpexdpasHoro notpeburens?

3. B KAakoM COOTHOIICHHWM Haxofircsi (a3Hble M JIMHEHHbIC HANpPHKCHHs
CHMMETPHYHOTO NOTPEeOHTENs, COETHHEHHOTO B TPEYTONBHHAK?

4. Kakoe cooTHOLIeHHE MexAy (asHbIMH M JTMHEHHBIMA TOKaMH CHMMETPHYHOTO
NOTPEOHUTES, COEAHHEHHOTO B TPEYTOJIbHUK?

5. Beer/ia JIM CIpaBe/LTHBbI IPH COEAMHEHMH B TPEYTOIbHUK COOTHOMICHHS

Iy= L lIca, Ig= Ipc— las, Ic= Ica— Inc.
6. Beer/ia i MpH COEZTMHEHHH B TPEYTOJLHHK CIIPABE/UIMBO COOTHOLICHAE
I+t Te=02

7. Kak OTpasuTCsi OTKIIOYEHHME OfHOH (asbl MOTPEOMTENs Ha PexkHM PaGOTHL
apyrux ¢a3 M Ha pexuM paGOTHl BCeH Tpex¢asHol uenH, COCAMHEHHOH B
TPEyrONbHUK?

8. Kak ropnusieT oGphIB JIMHEHHOTO NMpOBOJA HA PeXMM paboThl MoTpebuTeneH
TIpH UX COEAMHEHHH 10 CXEME TPEYTObHUK?
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boponsuko B.H., Onektpuueckme wuenn. Meroquyeckue ykasammsm K
NpoBeIeHHIo JTabopaTopHEIX paboT. — Yensabunck: Yurex-IIpodu, 2011.

Meronuyeckue ykazaHus NpeJHAa3HAYEHB! JUIS CTYJCHTOB CPEJHHX M BBLICHINN
y4eGHBIX 3aBe/IcHHH, B KOTOPBIX PEIYCMOTPEHO H3yYeHHE Kypca « DNEKTPOTEXHMK I
OCHOBBI JJIEKTPOHHMKH». MeToM4eckne yKa3aHHs TakXke MOTYT ObITh HCIONE3OBANK
s o0yueHus ydamuxcs MpoecCHOHATBHO-TEXHUYECKHX YYMIIMIL M CIyLiaTenen
OTpac/eBbIX Y4eOHBIX LIEHTPOB MOBHIIECHHS KBATH(PHKALNN HHKEHEPHO-TEXHHYCCKIN
PpabOTHHKOB
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1. OBIIIME PEKOMEHJIAITUH ITO OCYILECTBJIEHHUIO
JIABOPATOPHOI'O SKCITEPUMEHTA

1.1. Ilenb 1aGOpaTOPHBIX 3aHSATHIA

Baxwuelime#i yacThio Kypca «DJIEKTPOTEXHHKA M OCHOBBI 3JIEKTPOHMKH» SBJISETCH
n1abopaTopHeli MpakTHKYM. UTOGBI 3HATH 3JIEKTPOTEXHHKY H OCHOBBI 3JIEKTPOHHKH,
Heobxoaumo HAY4HThCS CaMOCTOSITENIBHO pemars pasHoOOpasHbIe
JNIEKTPOTEXHUYECKHE 3anaun. Pemenne 3THX 3a7a4 MOXET OBITh MOJYHYEHO, Kak
H3BECTHO, aHATNTHYECKUM HIJIH SKCTIEPHMEHTABHBIM METOZOM. DKCIIEpHMEHTAIBHEIE
METO/Ibl PELIECHHS H3yHaIOTCA Ha TAGOPATOPHBIX 3aHATHSIX.

JlaGopaTopHbie 3aHATHS JAIOT BO3MOXKHOCTb: X

— 3aKpenuTh HA TNpPAKTHKE TEOPETHYECKHE CBEACHHS O pafoTe pasiM4HBIX
3JIEKTPOTEXHMYECKUX M 3JIEKTPOHHBIX YCTPOHCTB;

— moapo6HO O3HAKOMHMTBCA C YCTPOMCTBOM H XapakTepPHCTHKaMH Haubonee
B&XKHBIX 3JIEKTPOTEXHMYECKHX M JJIEKTPOHHBIX NPHOOPOB, anmapaToB M MaliHH,
COCTABJIAIONIMX NPEaMET J1aG0PaTOPHOM MPAKTHKH:

— TOMOYb OBJIaIETh TNPAaKTHYECKMMH CIIOCOOAMH YNpaBleHHs M HACTPOHKH
3JIEKTPOTEXHHYECKHX YCTPOHCTB Ha 3a/laHHBIH PEXHM;

— TOJYYHTH TPAKTHYECKHE HABBIKM B MPOBEICHAH H3MEPEHHH OJIEKTPHYECKHX
BEJIMYMH, MOJIb30BAHHH Pa3IMYHBIMH H3MEPHTELHBIMH NpHOOpaMH H amnmnapaTtami,
YTEHHMH JJIEKTPHYECKHX CXEM, TOCTPOCHHH rPadMKOB M XapaKTePUCTHK,

— HAaYYHTh TEXHUKE TPOBEICHHUS SKCIIEPHUMEHTATLHOTO HCCIIEJOBaHMs (PU3MUECKHX
MoOJeliell WM TNPOMBIIUIEHHBIX O0Opa3lOB SNEKTPOTEXHHYECKHX M 3JICKTPOHHBIX
YCTPOHCTB;

— BBIPabOTaTh YMEHHE PacCyXk/aTh O paGOYMX CBOMCTBAX M CTEIEHH IPUTOAHOCTH
MCCIIEIOBAHHBIX 3JIEKTPOTEXHHYECKUX YCTPOHCTB JUIS PEIeHHUs TeX WM MHBIX 32124,

B COOTBETCTBMM C TOCYNapCTBEHHBIMH O0pa30BaTeNBHBIMH CTAHIApTaMH [0
KypcaM 3JIEKTPOTEXHHKH M OCHOBBI 3JIEKTPOHHKM JlaGopaTopHble paGOThl JOIKHEI
BBITOJIHATECS 10 Pa3eliaM 3/eKTPHYECKHE LEMH MOCTOSHHOTO M TIEPEMEHHOTO TOKd, |
TpexasHble 3JIEKTPUYECKHE LENH, TPAHCHOPMATOPHI M ONEKTPHYECKHE MAIIMHBI
TIOCTOSIHHOTO M IIEPEMEHHOTO TOKA, OCHOBBI 2JIEKTPOHHKH.

1.2. TloaroToBka K 1a60paTOPHOMY 3aHSATHIO

OKCIepuMeHTaNbHbIE 3a/1a4H, Npe/araeMble Ha JabopaTOPHbIX 3aHATHSX,
MOTYT GBITh YCIEIIHO PElIeHb! B OTBEACHHOE B COOTBETCTBHH C PACIIHCAHHEM
3aHATHH BPEMS TOJILKO NPH YCJIOBHH THIATENILHOMN NPEABAPHTENHHOM NOATOTOBKH K
Ka)X/10# U3 HHX.

CTynenT, B TepBylo Odepelb, JOKEH TBEPAO YACHUTH LENb 3aJaHus M YeTKO
TIPE/ICTABIIATE HA3HAYEHHE YCTPOHCTBA, Ero YCIOBHOE 0603HAYEHHE Ha HIIEKTPHYECKHX
CXeMax, MPUHIIMI JeHCTBHS H OCHOBHBIE XapaKTEPHCTHKH.

3aTeM, Mo MaTtepuanam pyKOBOACTBA HEOOXOJMMO O3HAKOMHTECS C OCHOBHBIMI
napameTpamu 06beKTa HCCie0BaHMs, HCTOYHHKOB ITUTAHMS M APYTHX MCTIOJB3YEMBIX
B CTeHjae mpeobpasoBaTenel M IyCKOPETyJIHPYIOIHX amnapatoB. JTH CBEACHMN
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