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BBEJAEHUE

Meroanyeckue ykazaHus M0 BBITOJHEHHUIO MPAKTUYECKUX paboT mo aucuumiinHe OCHOBBI
AJIEKTPOTEXHUKH TpeAHa3HauYeHbI At cTyaeHToB mpodeccuu 09.01.03. Macrep mo obpaboTke
nrdposoit mHbOpMAITIU

[TpakTuyeckue pabOThI O AUCUUIUIMHE TPOBOAATCS C LENIbIO:

- yri1yOJaeHHs U pacIiupeHUs TEOPETUUECKUX 3HAaHUHM CTYCHTOB;

- IpUOOpEeTEeHUs] MPAKTHUYECKUX HABBIKOB B COOPKE IJIEKTPUUECKUX Lerner, oOpaboTKu
9KCHEPUMEHTAIbHBIX JAHHBIX, PEILIEHHs BOIPOCOB HCCIIEI0BATENBCKOIO XapaKTepa;

- pa3BUTHS  TO3HABaTENbHBIX  CIIOCOOHOCTE W AKTUBHOCTH  CTYIEHTOB,
CaMOCTOSITEJIbHOCTH, OTBETCTBEHHOCTH U OPraHU30BAHHOCTHU IIpU paboOTe B KOMaH/IE;

- (opMupoBaHUS CaMOCTOSTENFHOCTH MBIIUICHHUS, CHOCOOHOCTEH K CaMOpa3BHUTHIO,
CaMOCOBEPILEHCTBOBAHUIO M CAMOPEATU3ALIH.

Metoauueckie yKa3aHus COAEp)KaT [  MPAKTUYECKUX padoT, Kaxkaas M3 KOTOPBIX
IPOBOJUTCS IOCJIE U3YYEHHUS COOTBETCTBYIOIEH Tembl Kypca. Ilo kaxkaoil Teme NpHBeIeHBbI
KpaTKhe CIpaBoYHble MaTepuanbl. [IpakTuueckue pabOTHI conepKar oOpaslbl peleHHH
TUIOBBIX NPUMEPOB U 3ajiay, MOSICHAIOLIMX TeopeTHueckuil matepuan. Kaxnas npaktuueckoe
(mpakTuyeckasi) paboTa COAEPKUT KOHTPOJIBHBIE BOIIPOCHI, HEOOXOAUMBIE NIl MOATOTOBKU K
3alurTe.

K BBINOJTHEHHIO MPAKTHUECKUX PabOT AOMYCKAIOTCS CTYJACHTHI MPOMIEANINEG MHCTPYKTAX
[0 TeXHUKe 0e30MmacHOCTH. BKitoueHne cxembl M0J HalpsKeHUE pa3pelaercsl TOJIbKO Iociie
NpoBepKH ee TmpenonaBaTeneM. [locie Kaxaoro H3MEHEHHsl CXeMa CHOBa JIOJDKHA OBITh
poBepeHa.

OTueTsl BBITOTHSIOTCS B TETPAIH I MPAKTUIECKUX PadoT.

KpurepusiMu OLIEHKH pe3yJIbTaTOB BBINOJHEHUS MPAKTUYECKOM paboThl CTyJeHTa
SIBIISTEOTCSL:

- YPOBEHb OCBOCHUS CTYJEHTOM y4eOHOI0 MaTepuana;

- YMEHHUE CTYJIEHTa UCTIOIh30BATh TEOPETUUCCKNE 3HAHUS MTPH BHIMTOJIHEHUH MTPAKTUYECKIX

3az1ay;
- chopMUPOBAaHHOCTH OOITUX U MPOPECCUOHATHHBIX KOMITETEHIIUN;
- 000CHOBaHHOCTb U YE€TKOCTb U3JI0KEHUSI OTBETOB Ha KOHTPOJIbHBIE BONIPOCHI;
- oopMIIEHHE MaTepHaja B COOTBETCTBUH C TPEOOBAaHUSIMHU.
NEPEYEHHb U COJAEP)KAHUE MPAKTUUYECKHUX 3AHATHIA
Conep:xaHue NpaKTHYECKUX 3aHATHI O0bem yacoB
[Tpaktuyeckoe padota Nel IIpoBepka 3akoHa OMa IPU PA3TUUHBIX TUIIAX 2
COEJTMHEHMUSI.
[TpakTuyeckoe padora Ne2 OnpeneneHne CONPOTUBICHUS TPU PA3TUYHBIX TUIIAX 2
COEJTMHEHMUSI.
[IpakTrueckoe padborta Ne3 MccrnenoBanre Hepa3BEeTBICHHOW U Pa3BETBICHHOM 2
IEKTPUYECKUX LIENEN MIOCTOSHHOTO TOKA
[TpakTuueckoe pabora Ned VccnenoBanne HeTMHEHHBIX 1IETIeH MOCTOSTHHOTO TOKa 2
[TpakTuyeckoe padota Ne5 SIBieHHe 3JeKTPOMAarHUTHOW MHAYKINH, €€ 2
MIPAKTUYECKOE IPUMEHEHNE
[TpakTyeckoe padota Ne6 BanMouHIyKIIUs U €€ UCIIOJIb30BaHUE B 2
TpaHchopmaTopax
[TpakTyeckoe pabota Ne7 BritoueHue Harpy3Kku B 11ernb TpEX(a3HOTo TokKa. 2
HUTOTO 14




Kpurepun oneHkn NpakTuyecKux padoor:

Baan

Kpurepun ounenku (comep:karejibHAsi XapaAKTEPUCTHKA)

«2»

PaGora BbimonHeHa 4yactuyHo. CTyIeHT HE BIAJAEET TEOPETHUYECKUM
MaTepuajoM, JOMYyCKaeT OMMUOKM MO  CYIIHOCTH  pPaccMaTpPHUBAEMBIX
(oOcyxIaeMbIX) BOIIPOCOB, MCIBITHIBAET 3aTPYAHEHUS B  (OPMYIHPOBKE
COOCTBEHHBIX OOOCHOBAHHBIX M apryMEHTHPOBAaHHBIX CYXICHHH, JOIMYCKaeT
OLIMOKM ITPU OTBETE HA JONOJIHUTEIbHbIE BOIPOCHI.

«3»

PaGora BbemosHeHa. CTyneHT BIaJACeT TEOPETUUYECKUM MaTepuajioM Ha
MUHUMAJIBHO JOMYCTUMOM YpPOBHE, JONYIIEHbl HE3HAUUTEIbHbIE OMIMOKU NPU
pacuerax, WCHBITBIBACT 3aTpydHEHUS B  (GOPMYIUPOBKE COOCTBEHHBIX
000CHOBAaHHBIX U apTyMEHTHPOBAHHBIX CYXJACHUM, JOMYCKAET HE3HAYUTEIbHBIC
OIMOKHY Ha TOTIOJHUTEILHBIC BOITPOCHL.

«“4»

Pabora BbImonHeHa MOMHOCTHIO. CTYNEHT Bia/leeT TEOPETUUECKUM MaTepHUaIoM
W TPaKTHUYECKUMH HABBIKAMHM, OTCYTCTBYIOT OIIMOKM TIpU pacyeTax,
dbopmynupyer COOCTBEHHBIE, CaMOCTOSITEIIbHBIE, 000CHOBaHHEIE,
apryMEHTUPOBAHHBIE CYXICHHS (BBIBOJBI), JOMYCKas HE3HAYUTEIbHBIC ONIHOKH
Ha JIONOJHUTENIbHBIE BOMPOCHL. OMHU30JUYECKH OOpaliaercs 3a MOMOUIbI0 K
IIPENOIABATEIIIO.

«5»

Pabora BrImosHEeHa NOTHOCTHIO. CTYIEHT BIIAJCET TEOPETUIECKUM MaTEPHAIOM
U TMPAKTHYCCKUMH HABBIKAMHU, OTCYTCTBYIOT OIIMOKM TIpU  pacuerax,
dbopmynupyer COOCTBEHHBIE, CaMOCTOSTEIIbHBIE, 000CHOBaHHEIE,
apryMEHTHPOBAHHBIC CYXXJICHUS, MPEACTABISICT MOJTHBIE U Pa3BEPHYTHIC OTBETHI
Ha JIOTIOJHHUTENbHBIE BOpockl. CriocoOeH pemarh 3a/1a4d MCCIIeJ0BATEIBCKOTO
xapaktepa. PacueTsl mpou3BOIUT CaMOCTOSATENHHO, 0€3 ITOMOIIY MPETnoaaBaTes.

OCHOBHBIE TPABUJIA TEXHUKHU BE3OITACHOCTHU

Jlo Hauana paboThl Ha CTEHAAX CTYAEHTHI MPOXOIAT MHCTPYKTAX IO TEXHHUKE
0€301aCHOCTH U B IIOCJIEAYIOLIEM CTPOTO BBIIOJHSAIOT YCTAaHOBJICHHBIE NTPaBUIIA:

Bo BpeMsi cOOpKHM SJEKTPUYECKHUX CXEM HEOOXOAUMO CIEAUTh 32 TEM,
4TOOBI MPOBOJA OBUIM IJIOTHO 3aXaThl 3akUMaMU. CoeTMHEHHs MPOBOOB
0e3 3aKUMOB JOJDKHBI OBITH H30JHMpOBaHbl. 1[I0 BO3MOXXHOCTH clledyeT
u30erarhb rnepeceyeHnii MOHTaXKHBIX TPOBOIOB.

DJEeKTpONUTaHHE K COOPaHHOM cXeMe MOKHO MOJKJII0YaTh TOJIBKO IOCIE
paspenieHus npenogaBaTes.

Kareropuueckn  3ampeniaeTcss  IpUKacaTbCsd  TOJNBIMA — pyKaMH K
METAJUIMYECKUM 3aKUMaM, JETalsiM, HEM30JIUPOBAaHHBIM MPOBOAAM, KOTJa
LEMb HAXOJIUTCA MO HAPSXKEHUEM.

Hanuuue HanpsbkeHus Ha 3aKUMax MPUOOPOB MIIH DJIEMEHTOB CXEM CJIEIYET
IPOBEPATh HU3MEPUTETBHBIM MPUOOPOM, HMEIOIIMM  COEAUHUTEIIbHbIE
IIPOBO/JIA CO LIyNaMHu U U30JIUPOBAHHBIMHU PYUYKaAMHU.

3anpemnaercs NPOU3BOAUTHh KaKWe-TUOO0 MEPEeKIIOYeHHUs LeNH, KOorjga OHa
HaXOJUTCS MOJ HaNpsDKEHUEM. BCsKue M3MEHEHUS B CXEME IPOU3BOAATCS



TOJIKO C Pa3pelleHus MPEnoiaBaTessi, U Mocie pa3iIunyHbIX MEePEKITIOUeHUN
OHAa MPOBEPSETCS MPET0IaBaATEIIEM.

6. HeoOxomumo crneauth 3a TeM, 4TOOBI BO Bpemsi paOOThl CIy4ailHO He
KOCHYTBCSI BPAIAIOLIMXCS YACTEeH AIIEKTPHUUECKUX MAIIIKH.

7. CnenyeT NposIBIATH OCTOPOKHOCTh IIPHU pabOTe ¢ 00ECTOUEHHBIMU LEISIMH,
B KOTOPBIX BKIIIOYEHBI KOHACHCATOPHI M KOHACHCATOPHBIE OaTapeu.

8. Ilpy BO3HMKHOBEHMH BO BpeMsl pabOThl HEUCHpPAaBHOCTEH B yueOHOMN
YCTaHOBKE, OOOpYJOBaHMM WIM MpHOOpax, cleayeT HEMEJIEHHO
BBIKJIOYMTH HAMpsDKEHWE TUTaHUsT M COOOMIMTH O HEHCIPaBHOCTU
IpernoaBaTelto.

9. 3ampeniaeTcs OCTaBISAThH MOJ HANPSHXKEHUEM YUEOHYIO CXeMY U IPUOOPHI.

HecoOmtoienre mnpaBmil TEXHUKH O€30MACHOCTH OMACHO IS KU3HU U MOXKET
MPUBECTU K HECYACTHBIM CITy4YasiM.

[TocTpagaBimiiM OT TOKa JOJDKHA OBITh OKa3aHa HEMEJJIEHHAs ITOMOIIIb.
Heo6xonumo kak MOKHO ObIcTpee 0CBOOOIUTH MOCTPAAABIIETO OT TOKA, JI YETO
ClIeAyeT OTKIIOYUTh YCTAaHOBKY, JaTh IIOJHBIM TIOKOM, pPAacCTErHYTh MOSIC M
OJICKly, 00€CHEUYUTh MPUTOK CBEKEro BO3/yXa, NaTh MOHIOXATh HAIIATHIPHBII
cnupT. Ecnu mocTpamaBimimii He MOJaeT MPU3HAKOB JKU3HM, CIEIYET MPUMEHSTh
MPYEMBbI UICKYCCTBEHHOTIO JIbIXaHMs. BO Bcex ciydasx mopake€HUs TOKOM CJIeTyeT
BBI3BATh Bpaua.

IIpakTuyeckoe 3ansaTue Ne 1 [IpoBepka 3akoHa OMa npu pa3IUYHBIX TUIIAX COCAUHEHMUS.

He.ﬂb paﬁDTbl: ycmaHoeunb Ha onblme 3d6UCUMOCNTb CULbL MOKA OM HANPANCEHUS U
conponmueierus.

OobopynoBanue: avnepmemp 1a00paAMOPHbLLL, 80JbMMEMpP 1AOOPAMOPHBLIU, UCTNOYHUK
numawus, Habop uz mpéx pezucmopos conpomusienusimu 1 Om, 2 Om, 4 Om, peocmam, Koy
3AMbIKAHUS MOKA, COeOUHUMENbHbIE NPOBOOA.

Xoa pa6oThl.
Kparkue TeoputuvecKkue cBeieHUs
DJIEKTPUYECKHH TOK - YROPAOOUEHHOE OBUNCCHUE 3APANCEHHBIX YACMUY,
KonnyecTBeHHON MEPO AIEKTPUIECKOTO TOKA CITYKHUT cuina moka |

Cuia Toka - — ckanapnasa puzuueckan eenuvuna, pagHas OMHOUWEHUIO 3apaoda ¢,
nepeHocumMozo uepes nonepeynoe ceueHue nPpoeOOHUKA 34 UHMEPEATI 8PEMENU T, K INOMY
UHMEPBATLY 6PEMEHU:
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[TpuGop 1t U3MepeHus CHITbl TOKa AMNepMeTp. Bkiroyaercs B ienbs mocjie0BaTe1bHO

m'lla

Han PSZKEHUE — OTO (I)I/I3I/I‘-ICCK3.$I BCJIMYNHA, XapaKTCPU3IYIOIIasd ﬂeﬁCTBHC QJICKTPHUICCKOTO
I1OJIAA Ha 3apsA’KCHHBIC YaCTHUIbI, YUCIICHHO PaBHO pa60Te SJICKTPHUYCCKOIO I10JIA 11O
MNEPEeMCIICHUTIO 3apsiJia U3 TOUYKU C IOTCHIUAIOM @1 B TOYKY C IIOTCHIHUAJIOM (92

U = 01— @2 q

U — HanpsixeHue

A —pabora Toka

(] — 2JIEKTPUYECKHN 3apsij
Enununa nanpsoxenust — Bonbst [B]
[1B=1/]x/1Ku]

[Ipubop st usmepenus HanpsokeHus — BoabTmerp. [loakinouaercs B nens napamieabHO
TOMY Y4acCTKY LU, HA KOTOPOM U3MEpPSETCs Pa3HOCTh ITOTEHIUATIOB.



Benuyuna, xapaxmepu3syrowas npomusooeticmaue 31eKmpuieckomy moky 6 nposooHuUKe,
KOmopoe 00ycilo81eHO HYMPEHHUM CIMPOeHUeM NPOBOOHUKA U XAOMULECKUM 0BUINCEHUEM €20
yacmuy, Ha3vleaemcs eKTPUIEeCKUM CONIPOTHBJIEHUEM NPOBOJHMKA.

Dnexmpuyeckoe conpomugnenue npogoOHUKA 3a8uUcum om pa3mepoB U (opMbI
NPOBOJAHUKA U 0 MATEPHAJIA, U3 KOMOPO2O U320MOGIEH NPOBOOHUK.

l
R=p§

S — wIoIaab MONEPEYHOTO CEUCHHSI TPOBOTHUKA

| — nrHA TPOBOIHKKA

p — YIIEIbHOE COMPOTUBJICHUE TIPOBOIHUKA

B CU enuHuIeii 21eKTpUYECKOT0 COMTPOTHBIICHHSI IPOBOTHUKOB CIYXHUT oM [OM].

I'padguueckas 3aBucumocTsb cuibl Toka | ot Hanpspkenus U - gonom-amnepnasn
Xapakmepucmuka



R*10m

R=20m
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9 Y2 s 45 UB

3akon OMa ISt OTHOPOJAHOTI0 YYACTKA e CUIa MOKA 8 NPOBOOHUKE NPAMO
HPONOPYUOHATLHA RPUTIOHCEHHOMY HANPANCEHUIO U 00PAMHO NPOROPUUOHAIbHA
CONPOMUBICHUIO NPOBOOHUKA.
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Ha3Ban B uects ero nepBootkpsiBareis 'eopra Oma.
IIpakTH4Yeckas 4acThb

1. JInst BeIOTHEHUS! paboTHI COOEPHTE HIIEKTPUIECKYIO IIeTIh U3 UCTOYHMKA TOKA, aMIIEPMETPa,
peocraTa, IPOBOJIOYHOIO pe3nucTopa conporusiaeHueM 2 Om u kimoya. [lapamiensHo
IIPOBOJIOYHOMY PE3UCTOPY MPUCOETUHUTE BOIBTMETP (CM. CXEMY).

2. OnsIt 1. Hccnedosanue 3a6ucumocmu cuibl moka Om HANPANCeHUs HA OAHHOM YUACmKe
yenu. Bxirrounte Tok. [Ipy nomomuy peocrara JOBEAUTE HANPSIKEHUE HA 3aKUMaxX
IIPOBOJIOYHOrO pe3uctopa 1o 1 B, 3atem 1o 2 B u no 3 B. Kaxzaplii pa3 npu 3ToM uzMepsiiite
CUJIy TOKA U pe3yJIbTaThl 3alluchiBaiiTe B TaoOI. 1.

Tabnuya 1. Conpomuenenue yuacmka 2 Om

Harmpsixenue, B

Cuna Toka, A

3. Ilo JIAaHHBIM OIILITOB IIOCTPONTE TDad)PIK 3aBUCHMOCTH CHMJIBI TOKA OT HanpsbkeHus. Cuenaiite
BBIBOJI.

4. OnbIT 2. Hccnedosanue 3a8ucumocmu CUlbl MOKA On CONPOMUBTIeHUs Y4aCmKa Yenu npu
NOCMOAHHOM HANPANXCEHUU Ha e20 KOHYax. BKIIOUUTE B LEMb 110 TOU K€ CXEME IIPOBOJIOYHBIN
pe3uctop cHayana conpotuBieHueMm 1 Owm, 3arem 2 Om u 4 Om. [Ipu nomonu peocrarta
yCTaHABJIMBalTE HA KOHLIAX y4acTKa KaKJbli pa3 OJHO U TO K€ HaIpsKEHUE, Halpumep, 2 B.
W3mepsiiTe npu 3TOM CHITy TOKa, pe3y/bTaThl 3alIUChIBaliTe B Ta0M 2.



Tabnuya 2. [locmosannoe nanpsidcenue Ha yyacmke 2 B

ConpotuieHue ydactka, Om

Cua Toka, A

5. I1o 1aHHBIM OOBITOB HOCTPOUTE rpadvK 3aBUCUMOCTH CHJIBI TOKA OT COIIPOTUBJICHUS.
CrenaiTe BBIBOJL.

6. OTBeTHTE HA KOHTPOJIbHBIC BOIIPOCHI.
KOHTpOJ’ILHLIe BOIIPOCHI

1. Uto Takoe 3JIeKTpUIECKU TOK?

[\

. Hatite onpenenenne cuibl Toka. Kak o6o3nauaercsa? o kakoit popmyne Haxomurces?

3. KakoBa equHuIia usMepeHus CUIIbl ToKa?

N

. Kakum HpI/I60p0M HU3MECPACTCA CUJla toka? Kak oH BKJIFOUaeTcs B DJICKTPHUYICCKYHO HCHL?

9]

. Hatite onpenenenne HanpspkeHus. Kak o6o3navaercs? [1o kakoit opmyie HaxoauTcs?

o))

. KakoBa CANMHUIA UBMCPCHUS HaHpH)KeHI/IH?

~

. Kakum npubopom nzmepsiercs Hanpsixenne? Kak oH BKIIIOUaeTCs B 2IEKTPUUECKYIO LEMb?
8. JlaiiTe onpenenenue conpotunienus. Kak o6o3nauaercs? Ilo kakoit popmyne Haxoaurcs?
9. KakoBa eguHuIa u3MepeHust CONpOTUBIICHUS?

10. Chopmynupyiite 3akon Oma Jij1s1 ydacTka IerH.

Onwsit 1. Hccnedosanue 3agucumocmu Cuibl moka om HaAnpA’CeHus Ha OAHHOM Y4acmKe yenu.
Bxurounte Tok. [Ipn momomu peocrara JOBEIUTE HANPSHKEHUE HA 3aKUMaxX IIPOBOJIOYHOTO
pesucropa a0 1 B, 3arem 10 2 B u 10 3 B. Kaxpliil pa3 npu 3TomM u3mepsaiitTe CUily TOKa U
pe3yibTaThl 3anuchiBaiiTe B Ta0. 1.

Tabauya 1. Conpomuenenue yuacmra 2 Om

Hanpsoxenue, B 1 2 3

Cuia Toka, A 0,5 1,0 15

[1o JaHHBIM OIILITOB IMOCTPONTE rpad MK 3aBUCUMOCTH CHJIBI TOKA OT HanpspkeHus. Cuenaire
BBLIBOJI.

OnbIT 2. Hccnedosanue 3a8ucumocmu CUbl MOKA OM CONPOMUBTIEHUS Y4ACMKA Yenu npu
NOCMOAHHOM HANPANCEHUU HA €20 KOHYax. BKIIOUNTE B LEMb 110 TOU )K€ CXEME IPOBOJIOYHBIN
pe3uctop cHauana conpotuiieHueM 1 Owm, 3arem 2 Om u 4 Owm. [Ipu nomomu peocrara
YCTaHaBIMBAWTE HA KOHIIAX y4acTKa Ka)Iblld pa3 OJHO U TO K€ HaIpsDKEHUe, Hanpumep, 2 B.
W3mepsiiTe mpu 3TOM CHITy TOKa, Pe3y/IbTaThl 3alIUCHIBaiiTe B Tabd 2.



Tabauya 2. Ilocmoannoe nanpsdxcenue na yiacmke 2 B

CormnpoTuBieHue ydacTka, Om 1 2 4

Cwia Toka, A 2,0 1,0 0,5

ITo JaHHBIM OITIBITOB HOCTDOﬁTe FDadJI/IK 3aBUCHUMOCTH CHJIbBI TOKA OT COIIPOTUBJIICHHA. CILGJ’IE[IZTG
BBIBO/I.

IIpakTuuyeckoe 3ansTHe Ne 2: OnpeseneHne CONPOTHBICHNS NPH PA3IUIHBIX THIIAX COSANHEHUSL.

ens paGoThl: OMbITHASI MPOBEPKA pacIpeiesieHns] TOKOB M HAINPSIKEHUM Ha ydacTKax
ANIEKTPUYECKON LEMU C IMOCJIEeI0BATEIbHBIM, MMapa/UICIbHBIM M CMEIIAHHBIM COEJUHEHUEM
COINPOTHUBJICHUIA.

Kparkue cBegenust
IMocaenoBarebLHOE cOeIUHEHUE

IIpu mocnemoBaTeNTbHOM COEIUHEHHUH OOlIee (PKBUBAJIEHTHOE) CONPOTHUBIICHUE IIENU

PaBHO CyMME CONPOTUBIICHUIN OTAEIbHBIX IPUEMHHUKOB:
R=Ri1+R2+....+ Ry (1.1)
Tok, mpoTeKkarmuii B TaKOW Lenyu, OAVMHAKOB HA BCeX ee ydacTkax. [lajeHne HanpspkeHHs Ha
K2KJOM y4acTKE IPONOPLHUOHAIBLHO €0 CONPOTUBIICHUIO
Ui = IR, U2 = IRy, ....Un = IRy,.

HanpsokeHne Ha 3akuMax 1LIemH, B COOTBETCTBUU €O BTOpPBIM 3akoHOM Kupxroga, paBHO cymme
MaJICHUI HAIIPSDKEHUI Ha OTJEIbHBIX €€ yJacTKax

U=Us+Uz+..+ U, (1.2)
Hapa.lmenbﬂoe COCIMHCHUC

HpI/I napaujic/ibHOM COCAMHCHUH, B COOTBCTCTBHUU C IIEPBBIM 3aKOHOM KI/Ile"O(ba, CymMMa
TOKOB B HCpa3BCTBJICHHOM y‘IaCTKe j1(S20070 paBHa CYMMC TOKOB B OTACJIbHBIX BETBAX:
=1+l 4.+ I (1.3)
HaHpH)KCHI/IG Ha 3aKuMax OTACJIbHBIX HpI/IeMHI/IKOB OIUHAKOBO H paBHO HaHpSDKCHI/II-O Ha
3aKUMax ILCIIn:

U=Ui1=Uz=...=U, (1.4)
BennunHa TOKa B OT/ENBHBIX BETBIX OMpeAesIeTcs Mo 3akoHy Oma ISl ydacTKa [Henu
Ilzi;lzzi;---lnzi. (1.5)
Rl RZ Rn
[To mepBomy 3akony Kupxroda BenmuunHa Toka B HEpa3BETBICHHOMN YacTH LN
|:E:£+i+...+i’ (15)
R R, R, R,
1 1 1 1
OTKy/1a —=—t— -+ —. (1.6)
R R, R, R,
Bennunna, oOpaTHas CONpOTUBIICHHIO, Ha3bIBaeTCs mpoBoauMocThio g = 1/R. Torma
g=01+02+....5 O (1.7)

CMelranHoe CoeJUHEeHUe



IIpy TakoM COEIUHEHMM 3JIEKTPUUECKas LENb COACPKHUT KaK IOCIEAO0BATENbHO, TaK U
[apajyielIbHO COEAMHEHHBbIE CONPOTHUBICHMS. YYacTKM TakOW LeNHu CoAepKaT He TOJIbKO
IIOCJIEZI0BATEIbHOE COEMHEHUE CONPOTUBIICHUN, XapakTepusyrolieecs ypaBHeHusmu (1.1) u
(1.2), HO m® ywacTku, cojep)KallMe HapayieIbHOE COEJUHEHUE, XapaKTepU3yrolleecs
ypaBuenusimu (1.3) - (1.6).

Coaepxanue padoTbl

1. C nomompto cxeMm puc. 1.1 — 1.3 OnbITHBIM MyTEM IPOBEPUTH PACHpPEIEICHUE TOKOB U
HaNpsDKEHUH Ha y4acTKax Lemed ¢ MociaeloBaTeIbHbIM, Mapajule]bHbIM U CMELIaHHbIM
COCIMHEHUEM COIPOTUBIICHUM.

2. BpruciuTh 00111ee CONPOTUBIICHHE KAXKI0W U3 3TUX IICTICH.
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Puc. 1.3

[TpuMedanue: ykazaHHOE Ha PUCYHKE 3HAUCHHE TOKA WM HAIPsDKeHUs y mpubopa
XapaKTEepU3yeT ero MpeeibHy0 U3MEPSEMYIO BEIUUUHY.
ITopsinok BbINOJHEHHS PadOTHI

IMocaenoBaTeIbHOE COETMHEHHE

1. CoOpartsb (3apucoBath) cxemy puc. 1.1.

2. 3anucarp u3 Tabnuibl 1.1 Mo BapuaHTy 3a/laHUs 3HAYCHUS «U3MEPEHHBIX» UACATbHBIM
BosbTMETpOM Hamnpspkenuid Uy, Uz, Us Ha conpotuBnenusx Ri, R, R3 u BeanunHy Toka
| B nenu.

3. IlpomsBectu pacyer 3HaYeHHUH conpoTuBiaeHUi R1, R2, R3, o0miero conpotuBieHus u
NaJICHUSI HAIIPSHKCHUS BO BCEH ICTIN.

Taoauma 1.1
«3MepeHHbIE» Bapuant
3HAYCHUS 1 2 3 4 5 6 7 8 9 10
U, B 50 60 20 10 80 60 10 80 70 30
U, B 30 20 70 50 20 40 30 10 30 70
U3, B 40 30 30 60 10 20 60 20 10 20
I, A 0,5 0,7 0,3 0,2 0,1 1,0 0,4 0,8 0,6 0,9

R,.=R, +R, +R;.

IMapasiesibHOe coeTUHEHUE

4. CoOpatb (3apucoBatb) cxemy puc.l.2.

5. 3anucarb U3 TabnuLbl 1.2 10 BapUaHTy 3a/laHUsl 3HAYCHUS] «M3MEPEHHBIX» UI€AIbHBIMU
npubopamu TokH |y, Iz, 13, mporekaromue uepe3 conporusnenus Ri, Rz, R, u Benuunny
HaINpsHKSHUS Ha HUX.

6. IlpomsBectn pacuer 3HadeHuil compotuBieHui Ri, Rz, R3 | oOmiero comportuBneHus
(Roxe6) u TOKa, UBMEPEHHOTO aMITEPMETPOM A.

Ta6anna 1.2
«3MepeHHBIE» Bapuant
3HAYCHUS 1 2 3 4 5 6 7 8 9 10
I, A 0,5 0,7 0,3 0,2 0,1 1,0 0,4 0,8 0,6 0,9
I2, A 0,1 1,0 0,4 0,8 0,6 0,9 0,5 0,7 0,3 0,2
I3, A 0,3 0,2 0,1 1,0 0,4 0,8 0,5 0,7 0,6 0,9
U,B 60 70 80 90 100 110 120 110 90 80
Sttt toeg L
" R1 RZ RS ’ " GG)KB i+i+7
R, R, R,

CMelIanHoe cCoeJUHHEeHUE

~

Co0pats (3apucoBaTh) cxemy puc.1.3.

8. 3amnucatp u3 Tabauubl 1.3 MO BapuaHTy 3a/1aHUs 3HAUEHUS «M3MEPEHHBIX) HJI€AIbHBIMU
npubopamu TOkH lz, I3, mporekaromue yepe3 conpotunienHus Rz, R3 u nanpsoxenus U2z
u Us.

9. TlpowmsBectu pacder 3HaueHWH comporuBieHH Ri, Rz, R3 | olOmero conpoTuBicHUS

(Rox6) 1 TOKa, N3MEPEHHOTO aMITEPMETPOM A1.




Taoauua 1.3

«3mepeHHbIE» Bapuant
3HAYEHUS 1 2 3 4 5 6 7 8 9 10
U, B 10 15 30 20 25 20 25 10 20 30
I2, A 0,9 1,0 0,4 0,8 0,6 0,9 0,5 0,7 0,3 0,9
I5, A 0,3 0,2 0,9 1,0 0,4 0,8 0,5 0,7 0,6 0,9
Uz, B 60 70 80 90 100 90 70 110 115 85

R —R +_eRs

R, + R,

KOHTpOJ’[beIe BOITPOCHI

1. Yemy paBHO HampspKEHHE Ha 3aXUMax IEMH C IOCJIEeI0BATEIbHBIM COCIMHEHHEM
COTPOTUBIICHUH, €CTTU U3BECTHBI NAJICHUS HAMIPSHKEHUS HA OTJENIbHBIX AJIeMEHTax ?

2. Uemy paBHO oOmiee (PKBHBAJICHTHOE) COMPOTHBICHUE B IEMU C IMOCJICIOBATCIHHBIM
COEIMHEHUEM PE3UCTOPOB?

3. JlaTe ompejaeneHue MEu CO CMENIAaHHBIM COSUHEHUEM JICMEHTOB?

4. Kak pacnpezensercsi TOK B pe3UCTOpax, COeANHEHHBIX NapajuieabHo?

5. Kakx omnpenenutes oOliee CONPOTUBICHUE LENH C MapajUIe]bHBIM COEAMHEHUEM
MIPUEMHUKOB?

6. 3amumcarp 3akoHsl Owma wu  Kupxroda s 1menedd, pacCMOTPEHHBIX B
pabore.

IIpakTnyeckoe 3anaTHe Ne 3: lcciemoBaHue HEPa3BETBICHHOW M Pa3BETBICHHON 3JIEKTPHUYECKUX IIETIei
MNOCTOSHHOTO TOKa

HEPA3BETBJIEHHAS LIEIIb IEPEMEHHOI'O TOKA

HeJ’IL pa6OTBIZ HCCICAOBAaHHUEC 1LCIH TEPEMCHHOIO0 CHUHYCOMJAJIBHOI'O TOKa C
MOCJICA0BAaTCIbHBIM COCIMHEHNUEM AKTUBHOI'O COIMPOTUBJICHUA, UHAYKTHBHOCTHU n
BHCKTqueCKOﬁ C€MKOCTH, O3HAKOMIICHUC C SBJICHUCM PC30HAHCA HaprI)KeHI/Iﬁ H YCJIIOBUSIMU,
IMPpU KOTOPBIX OH BO3HUKACT.

KpaTKne CBCACHUA

Jlis eny TIiepeMEHHOT0 TOKa C IOCIIeIOBaTeNIbHBIM coeiMHeHneM aiieMeHToB R, L, C 3akoH
OMa 3aIuChIBAETCS B BUIE

v v

JRZ+ (X, -Xc)? 2 (3.1)
Z =R+ (X, —X)2
riae Z - TOJIHOE CONpOTHBICHHE, R - akTHBHOE compotuBiieHHe, XL = oL - WHIyKTHBHOE
conpotusnenue, Xc = 1/owC - emrocTHOe compotuBnenue; L u C - HUHAYKTUBHOCTh B €MKOCTb
COOTBETCTBEHHO; (® - yrioBas yacToTa, o = 2xf (f =50 I'm) =314 c™.
Hanpsiokenue, mpuiiokeHHOE K 3aKMMaM TaKOW IEMHU, PaBHO 2eoMempuyeckoli CyMMe
aktuBHOW UR, mEAYKTUBHOM UL, 1 eMKOCTHOM Uc COCTaBIISIONINX HAMPSIKEHUS

Ur=IR; UL=IXy; Uc=IXc.




Yron cnBura ¢a3z Mexay BEKTOpAaMU TOKAa M HAMPSHKCHHUS (@ MOXET OBbITh HalIeH wu3
TpeyrojbHUKa HaNps>KEeHU I

cosg = R/Z wmu momHocTeit cose = P/S=P/Ul, (3.2)
rae P — akTuBHAs MOUTHOCTh, S — MOJIHAS MOLTHOCTb.
Benmuunbna yria ¢ 3aBUCUT OT COOTHONICHMM akTMBHOTO R u peaktuBHbIX XL, XC
COIPOTHUBJICHUIA.

Pexxum paboThI IJCKTPUUYECKON IemH, COJEpKalieid Bce TpU BHIA TPUEMHHUKOB
anextpudeckon sneprum (R, L, C), xorna Bekrops! Toka | u Hanpsbkenust U coBmanarot mo ¢aze
( @ =0), Ha3bIBaeTCSI PE30HAHCHBIM.

B nenu ¢ mocnenoBaTeNbHBIM COEIMHEHUEM ATHX 3JEMEHTOB PE30HAHC HACTyMaeT Mpu
XL = Xc, u, cnenoBatenbHo, pu UL = Uc. Takoe siBieHre Ha3bIBAIOT PE30HAHCOM HANPSHKCHUH.

[TockonbKy CONMPOTHUBIIEHUS PEAKTHUBHBIX 3JIEMEHTOB XL = XC MOTYT 3HAaYUTEIbHO
MPEBBINIATh BEJIMYUHY aKTHBHOTO CONPOTUBIEHUs R, To n Hanpsikenust Ha HUX UL u Uc Takke
MOTYT OBITh 3HAUUTEIHHO OOJIbIIE HAMPSIKEHHUS UCTOYHHMKA MUTAHUSA. Y UUTHIBAs, YTO BEKTOPHI
Hanpspkenndd UL m Uc HampaBieHBl B MPOTHUBOIOJOXKHBIE CTOPOHBI, T.€. OHHU B3aUMHO
YHUUTOXKAIOT OPYT JIpyra, HalpsbDKeHue, mpuiiokeHHoe K 3axumam nenu U = Ugr, MOXeT ObITh
3HAUUTENbHO MeHbIle HanpskeHuit UL u Uc.

Ux:UL-Uc
¢

Ur
Coaep:xanue padoTbl

1. Ha Bxon menu mojaeTrcs CHUHyCOWJAIbHOE HampsbkeHue, paBHoe 127 B, 50 I'm . B
KaueCcTBE aKTHBHOTO COIPOTHBJICHUS MCHONB3yeTcss Habop Jnami. WHIyKTUBHBIM
COTPOTHUBIIEHUEM CIY’)KMT BTOpUYHash OOMOTKa aBTOTpaHchopMaropa. EMKOCTHBIM
COTMPOTUBIIEHUEM CIYXXUT Ha0Op KOHACHcCAaTOpoB. bynem cuuTaTh HHAYKTHUBHYIO
KaTylIKy W KOHJEHCATOpbl HUJCalbHBIMH, T. €. TpeHeOperaeM WX aKTUBHBIMHU
COIIPOTHUBJICHUSIMH.

[TpousBecT HEOOXOIUMBIE pacueThl A1 00eCIIeUeHHs SIBICHUS PE30HAHCA HATIPSHKEHUH.
3. TlocTpouTh BEKTOPHYIO qUArpamMMy TOCIISIOBATEIIBHON IIETH, B TOM YHCIIE JUISl YCIIOBUS

pe3oHaHca. [1ocTpouTh TpEyroabHUKH CONPOTUBICHUN U MOLITHOCTEN.

N

ITopsinok BbINOJHEHHS PadOTHI

1. CoOpartsb (3apucoBars) cxemy puc. 3.1.

2. 3anucaTh U3 Tabnuubl 3.1 O BapHaHTy 3a/laHus 3HAYEHUS] «M3MEPEHHBIX)» HUJI€ANbHBIMU

npubopamu Hanpsikenust Ur, UL, Uc.

3. I1oCTpOUTh BEKTOPHYIO IUArpaMMy HaIPSKEHUN.

4. IlpousBectu pacuersl Toka I, comporuBnenuit X, Xc, COSQ, aKkTUBHOW MOIIHOCTU P u

ONPEETUTh YCIOBUS BO3SHUKHOBEHHS PE30HAHCA HANPSKEHUMN.

5. TlocTpouTh BEKTOpHbIE TUarpaMMbl HanpsbkeHui mpu Xc > X, npu Xc < XL npu Xc =
XL

5. TlocTpouTh TpeyroJbHUKU CONPOTUBICHUNH U MOIIIHOCTEH.
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[TpuMedanue: ykazaHHOE Ha pUCYHKE 3HauU€HHE TOKa UM HaIpsHKeHUs y npubopa
XapaKTEPU3yeT €ro MPeJENbHYI0 H3MEPSIEMYIO BEINUYHHY.

Taoauna 3.1
«3MepeHHbIEY Bapuant
3HAa4YeHUs 1 2 3 4 5 6 7 8 9 10
R, Om 90 70 30 150 100 80 25 80 120 50
Ur, B 50 60 17 57 80 67 20 80 70 30
U, B 30 17 80 150 37 40 30 27 40 70
Uc, B 47 50 30 150 10 20 77 20 17 27
KoHnTposabHbIe BONPOCHI
1. HasBaTb ycinoBHsI BOSHUKHOBEHUS pe30HAHCA HANPSDKEHUH.
2. Yro Takoe KO PHUIMEHT MOIITHOCTH?
3. Uemy paBeH KOXPPHUIMEHT MOIITHOCTH TPU PE30HAHCE HATIPSHKEHHIA?
4. KaxoBa 3aBUCUMOCTb PEAKTHUBHBIX CONPOTHBIIEHUH OT 4acTOThI ceTH?
5. KakoB nopsaok nocTpoeHusi BEKTOPHBIX AUAarpaMM JaHHOW Lenu?
6. Moxer 11 HanpsHKeHHE Ha 3KUMaXx 1IeMH ObITh MEHbIIIE HAPSXKEHHSI Ha OT/AEIbHbIX

semMenrTax?

PA3BETBJIEHHAS LHEIIb IIEPEMEHHOI'O TOKA

HGJ'IB pa6OTBII HCCIICAOBAHHUE 1C€NKM CUHYCOMAAIBHOTO IMEPEMCHHOI0O TOKa C
napajiCJIbHbIM COCAWMHCHUCM AKTUBHOI'O COIPOTUBJICHHA, MHAYKTUBHOCTU H BHeKTpH‘{CCKOﬁ
C€MKOCTH, O3HAKOMIICHHE C ABJICHHEM pPE30HAHCA TOKOB H YCIIOBUAMH, IPH KOTOPBIX OHO
BO3HHKACT.

Kpartkmne cBenenust

[Ipu napayinenbHOM COEIUHEHUU MPUEMHHUKOB 3JIEKTPUUYECKON SHEPTrUU HAIpsSIKEHUE Ha
KOKJIOM ©3 HHUX OJMHAKOBO, a TOKH paCIpEACNIOTCS OO0paTHO MPOMOPIMOHAIBHO




COIPOTHUBIIEHUSM. B cooTBeTcTBUY € nepBbIM 3akoHOM Kupxroda Tok B Hepa3BeTBICHHOM YacTu
Lenu

I =l,+1i+lc, (4.1)
Toxu B BETBSIX COOTBETCTBEHHO
U U U
I 5 R; I ™ ; IC=X—. (4.2)
L C
3nece U - Hampsbkenue B nenu; R - aktuBHOe compotuBieHue; X = oL - UHIYKTHBHOE
conpotusnenue; Xc = 1/oC - eMkocTHOEe conpoTupienue; o = 314 ¢,
[Tpu pacueTe Henu MEpeMEHHOro0 TOKa C MmapajuielbHbIM coenuHeHneM R, L, C Bmecto
CONPOTHBIICHUH, YI00HEe MOIB30BATHCS MIPOBOAUMOCTAMH. Pa3nyaioT Tpu MpoBOANMOCTH:

rmojHas - Yy = —;
YA
R .
aKTUBHas - J = —,;
z

X

peakTuBHas - b = 7z

B cinyuae paBeHcTBa MHIYKTHBHOM M €MKOCTHOM pPEAaKTUBHBIX IPOBOAMMOCTEH
HACTYIIAeT sIBJIEHUE pe30HaHca TOKOB. B arom ciydae Toku IL u lc, paBHBIE MO BEIMYUHE, HO
IPOTHBOIOJIOXKHBIE 110 (a3e, KOMIIEHCUPYIOT JPYT Apyra.

Tok B HEpa3BETBIEHHOHN YacTU LENH MPU Pe30HaHCE OYAET paBeH TOKY, IPOTEKAIOIIEMY
yepe3 akTuBHOe conportusienue: | = Ir = Ug. [Ipu 3Tom Tokm, nporekatomiue B BeTBsX ¢ L u C,
MOTYT 3HAUUTEJBHO IPEBBINIATH TOK B HEPA3BETBICHHOM YacTH LIETIH.

Coaepxxanue padoTbl

1. Cxema BKIIIOYaeTCS B CETh MEPEMEHHOro Toka HampsbkeHueM 127 B, 50 T'm. byaem
CYUTATh WHAYKTHBHYIO KATYIIKY W KOHJIEHCATOPHI UICATbHBIMH, T. €. TPEeHeOperacM ux
AKTHBHBIMHU COTIPOTHBIICHUSIMH.

2. TIpousBecTn HEOOXOIMMBIC PACUETHI IS ONMPEICICHUS TOKA B HEPA3BETBICHHOW YaCTH
Ny | U1 00eCTIeYeH s SIBJICHUS pE30HAHCA TOKOB.

3. TlocTpouTh BEeKTOpHBIEC AUArpaMmbl st b > be, b = be, be < be.

ITopsinok BbINOJHEHHS PadOTHI

150 B

IO

~127 B |U

g




[TpuMedanue: ykazaHHOE Ha PUCYHKE 3HaUCHHE TOKA WM HAPSHKEHUS y mpubopa
XapaKTEepU3yeT ero MpeieabHyI0 U3MEPAEMYIO BEIUUYUHY

2. CoOpartb (3apucoBatb) cxemy puc. 4.1.

2. 3anucaTh U3 Tabuuuel 4.1 0 BapuaHTy 3a/laHusl 3HAYEHUSI «M3MEPEHHBIX)» UJEAIbHBIMU
npudopamu TokH Igr, I, lc.

3. ITocTponTh BEKTOPHYIO JUarpammy TOKOB.

4. IIpousBectn pacueTsl Toka | B Hepa3BETBICHHOM YacTH 1enu, conpoTuieHui R, X, Xc,
a taxke C u L, aktuBHOIM MomHOCTH P 1 onpenenuts ycinoBUs BOSHUKHOBEHHS PE30HAHCA
TOKOB.

5. TloctpouTh BEKTOpHBIE AUArpaMmmbl TOKoB Tipu b > b, b = be, b < bc.

Tao6auna 4.1
«3MepeHHbIE» Bapuant
3HAYCHUS 1 2 3 4 5 6 7 8 9 10
Ir, A 0,5 0,6 0,1 0,4 0,3 0,2 0,5 0,1 0,4 0,3
ILA 0,3 0,17 0,8 1,0 0,37 0,4 0.30 0,7 0,40 0,7
Ic,A 0,47 0,5 0,3 1,0 0,1 0,2 0,77 0,2 0,17 0,4

KOHTpOJIbeIe BOIIPOCHI

1. Ha3Barb ycii0BHS BOSHUKHOBEHHUS PE30HAHCA TOKOB.

2. Kak onpeaenuTb TOK B HEpa3BETBIEHHONM YacTH LENU INPU M3BECTHBIX TOKaxX B
OTJIEIbHBIX BETBSX MapajuiebHOM Lenu?

Mo2eT 11 TOK B BETBU OBbITh OOJIbIIIE TOKA B HEPA3BETBICHHOMN YacTu 1enu?

4. Kax onpeaenuts mapameTpsl b, be, g, Y o onbITHRIM TaHHBIM?

5. KaxoB nopsok nocTpoeHus BEKTOPHBIX JUarpamm?

w

IIpakTuyeckoe 3anusTue Ne 4: MccnenoBanue HeMMHEHHBIX 1IETIeH TOCTOSTHHOTO TOKA.

Leab pa0doThl — WU3yYeHHE OKCIEPUMEHTAIBHBIX U TIpaUyecKMX METOJIOB aHalu3a
ANEKTPUYECKUX LETIEN C HEIMHEWHBIMU JJIEMEHTAMM.

Onucanue yCTAaHOBKH

B pabore wucchenyercst sieKkTpuueckas IeNb, cojepxalias JuHEHHbId pesuctop Ri, naBe
JIEKTPUYECKUE JIAMIIBI HaKaJIMBaHUs Hlu H2 u IIOJIYTIPOBOIHUKOBBIN
ctabunutpoH VD1 (puc.1). [Inst cuatusa BonbT-amnepHsix xapakrepuctuk (BAX) ucnonbszyercs
perynupyembiii  uctounuk OJIC, wmmmmamnepmerp PAlu  BoasT™erp PV1. C  momormibio
Kiova S1 m3MeHsieTcsi KOHQUTYpaIus CXEMBI.

Uab Ubc
ToC I PAL a —™ b —* . 51
o N 2
R H1 PVl

e |

+U
l— [u SVDllUcd X H2

-U

3anaHue Ha MOATOTOBKY K padorte
1. U3yunth paszmen Kypca DJICKTPOTEXHHUKH, B KOTOPOM pacCMaTpPUBAIOTCS HEITWHEWHBIE
ANEKTPUUECKUE LENMU OCTOSHHOTO TOKA.




2. IloaroToBUTH OJIAHK MPOTOKOJIA, COOTBETCTBYIOLINI MPOTrpaMMe BBITIOJIHEHHUS JTAOOpaTOPHOU
paboTHI.

3. [IpuBectu npumep HenuHelHOW BAX u paccuuTars A1 NPOM3BOIBHON TOUKH CTATUYECKOE U
nuHaMuueckoe (auddepeHnnanbHoe) COMPOTHRIICHHE.

4. IloAroTOBUTH OTBETHI HA KOHTPOJIbHBIE BOIPOCHI.

IHopsiiok BHINOJHEHHUS IKCIIEPUMEHTAIBHON YaCcTH

1. O3HakomMHTbCs ¢ O0OpYIOBAaHHMEM M HM3MEPUTENBHBIMU MpPUOOpaMu, HEOOXOIUMBIMHU IJISt
MIPOBEICHUS IKCIIEPUMEHTA.

2. CoOpaTh SJEKTPUYECKYIO LEeMb, COOTBETCTBYIOIIYIO CXEME 3aMeUIeHHs W I0Ka3aTh €€
MIPENO0/IaBaTelo.

3. Cusare BAX pesucropa Ri, mammbel nakanuBanus H1 u crabuwmmrpona VDI1. Jlns 3toro
pa3oMkHyTh K04 S1. M3Menss HampsikeHwe wucTouHuKa U, M3BMEpUTh COOTBETCTBYIOIIKE
3HaueHuss Tokalc momomplo mwuMamnepmerpa PA1 M COOTBETCTBYIOIIME  3HAYEHUS
HanpsikeHUH Uab, Upc 1 Ucqa ¢ momomnipto BosbTMeTpa PV, M3MepeHHble 3HAaYeHUs 3aHECTH B
tabuunyl. B nuanasone TokoB ot Hysa U 10 50 MA usmepenus Bectu ¢ marom 10 MA, nanee - ¢
marom 50 MA.

4. Cuarp skBuBaieHTHYI0O BAX Bceir menu. s 3Toro 3aMKHYTh K04 S1 M U3MEHsA
HampspkeHue ucTtouHuka U, H3MepuTh COOTBETCTBYIOIIME 3HAa4eHHs ToOKa |l c momolisio
muwumamnepmerpa PAL. Hanpsokenne U konTposinpoBath 1o IUGPOBOMY  BOJIBTMETPY
uCTOYHUKA. MI3MepeHHble 3HaUeHUS 3aHECTH B TaOIUILy 2.

5. Hcnonp3ys 3KCIepUMEHTalbHbIE JaHHbIE, MOCTpouTh BAX wucciieqyeMbIX 3JIEMEHTOB U
rpaduuecku HaiiTu skBHUBaNeHTHYI0O BAX Bcell nenu mpu 3aMmkHyToM Kitoue S1. Ha sTom ke
rpaduKe MOCTPOUTH IKCICPUMEHTAIBHYIO SKBUBAICHTHYI0O BAX 1enmu M OICHUTH TOYHOCTH
3KCHEPUMEHTA.

6. BeiOparh TOUKYy MpUMEpHO B cepeamHe ydacTka crabwnm3amuun BAX crabmmurpona VD1 u
paccuMTaTh COOTBETCTBYIOIINE CTATUYECKOE U JUHAMUYECKOE CONPOTUBIICHUS.

7. I1o pe3ynbratam (PU3NYECKOTO IKCIIEPUMEHTA ClIeTaTh BHIBOJIBI.

Tab6muna 1 Tabnumna 2

| Uab ch Ucd | U
MA B B B

MA B
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10
20

20
30

30
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40
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50
100

100
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150
200

200
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250
300

300
350

350




KoHTpoJsbHbIE BONPOCHI

1. JlaiiTe onpeneneHre BOJIbT-aMIIEPHOM XapaKTEPUCTUKU PE3UCTOPA.

2. Yem otnuyarorcss BAX nMHEHHBIX U HEJIMHEWHBIX 3JIEMEHTOB SJIEKTPUUYECKUX Ienelt ?

3. JaiitTe ompeaelieHWEe  CTaTUYECKOro W JauHaMuueckoro  (auddepeHnnasbpHOro)
COIIPOTHUBIICHUIA.

4. Jlaiite ki1accu(pUKaIMIO HETMHEHHBIX 2JIEMEHTOB 110 Buay BAX.

5. Tlokaxute mOpsAAOK TpadudecKoro pacyéra HEPA3BETBIEHHON HEIMHEHHOW IeTH
MOCTOSTHHOTO TOKa.

6. [Tokaxkute mopsI0K rpadguaeckoro pacuéra pa3BeTBIEHHON HEIMHEWHOHN IEeMH MOCTOSHHOTO
TOKa.

IIpakTuyeckoe 3ansaTe Neo 5: SIBieHHE 3JIEKTPOMAarHUTHOM WMHAYKLIMH, €€ IIPAKTUYECKOe
IIPUMEHEHUE

SIBieHue 37IEKTPOMAarHUTHON MHAYKLIMHU ObLIO OTKpbITO Maiikiom dapasneeM, KOTOpHIN B
TEYEHUE JACCSATH JIET IBITAICS «IIPEBPATUTh MAarHETU3M B DJIEKTPUYECTBOM.

CeroaHst B X0/i¢ BBINOJIHEHUS] MPAKTUYECKOM paboThl Bbl MOXXET peUIMTh MOCTABICHHYIO
®Papazneem 3a1auy, €CIIA BOCIOIb3YETCS 3aKOHOM COXPAHEHUsI SHEPTUU.

JleficTBUTENBHO, YTOOBI «IIPEBPATUTh MArHETH3M B 3JIEKTPUYECTBO» HY)KHO pacrojiararb
MarHUTHBIM TI0JIEM M 3aMKHYTOW 3JIEKTPUYECKOH Iienbio 0e3 MCTOYHHMKa ToKa. B KkadecTBe
VCTOYHUKA MAarHUTHOIO IIOJISI MOYKET BBICTYNAaTh IIOCTOSHHBIM MAarHuT, WM KaTyIlKa, I10
KOTOPOM TEYET IEKTPUUECKUN TOK. A B Ka4€CTBE MPOCTEUIIEH 2IEKTPUUECKOH LIEMH MOMKHO
TaK)K€ HCIIOJIb30BaTh KaTymKy. KOHIBI ee HyXHO NpPUCOEIUHUTh K KaKOMYy-HHOYAb
peructpupymromeMy TOK mnpubopy. B kauectBe peructpupytouiero npubopa Oyaem
UCIIOJIb30BaTh OCIMILIOrpad U SKpaH KOMIbIOTEPA.

¢ KpuBas Ha 3KpaHe IpeJCTaBIIseT OO0 3aBUCMMOCTh HAIPSKEHUS Ha KOHIIAX KaTYIIKU
OT BPEMEHH.

¢ [losBneHus HaNpsDKEHUS HA KOHIAX KATYIIKU B ONPECIICHHBIE MOMEHTBI BPEMEHH
03HAYaEeT, YTO B OTU IIPOMEKYTKHA BPEMEHH I10 KaTYIIKE T€YET TOK, IPOTUBOIIOIOKHBIE
3HAKH U3MEPSIEMOT0 HAIIPSDKEHUS Ha KOHIAX KAaTyIIKH O3HAYaroT, YTO HAINIPABJICHUE TOKA
B OTU IIPOMEKYTKU BPEMEHHU IIPOTUBOIIOIO0KHO.

Mareur CKOJb YrOJHO JOJTO MOJKET JIeKAaThb PSAJOM C KaTylUIKOW, 3aMKHYTOM Ha
raJbBaHOMETP: B €€ IENM TOK He moreder! DTO 3ampelaer 3aKOH COXPAHEHUS SHEPTHH.
UToOBl B 1eNMM KATYIIKU TOSBUIICS TOK, KTO-TO JOJDKeH nopabortats. [lopaborate Moxkere
Br1, BaBUras uny BbIABUIas MarHUT U3 KaTYIIKW, WM KAaTylIKa Hafas B IIOJE MOCTOSIHHOIO
Marauta. [lonydeHHBIM DSJIEKTPUYECKUM TOK Ha3bIBAETCA HWHIAYKLHMOHHBIM, TO €CThb

HaBCJI€HHBIM.

Omnpit Nel.



1 3aBUCMMOCTb BOSHMKHOBEHHUS! MHIYKIIMOHHOTO TOKA MPU JBUKEHUH KaTYUIKW B IOJI€
IIOCTOAHHOI'O MariuTa

2 3aBHCHMOCTh BO3HHKHOBEHHS HHAYKIOUOHHOTO TOKa IIpU ABWXCHUHW MAarHnuTa B
KaTyIlKe.

Buvinonnenue pabomeoi.

OOcyxieHre pe3ybTaToB OIBITOB.

1. HampaBieHne MHAYKIHOHHOTO TOKA.

2. Ilpupona BO3HUKHOBEHHS MHIYKIIHOHHOTO TOKA.

O6H_[I/II71 BBIBO/I, OT Y€r'o 3aBUCUT BOSHUKHOBCHHUEC HHAYKIIMOHHOT'O TOKA.

OmnpiT Ne2. 3apucyiiTe cxeMy J€MOHCTPALlMOHHON YCTAHOBKH.

J | o

Bo3HukHOBEHHE WHIYKIIMOHHOTO TOKa TMPU TMEPEMEIICHUH OJIHOM  KaTyIIKH
OTHOCHUTEIIBHO IPYTOH.
OOcyxneHue pe3yiabTaTOB OMbBITOB. BBIBOA, OT Yero 3aBUCUT BO3HUKHOBEHUE
WHIYKIIMOHHOTO TOKa.

Bomnpocs! 11 cCaMOKOHTPOJIS M IOBTOPEHUS

I. UYro Ha3pIBaIOT SBJIEHWEM DJJEKTPOMArHUTHOW WHAYKIUU? ChopMynupyiTe 3aKoH
ANEKTPOMArHUTHON MHIAYKIUU.

2. B uem 3akiouaercs npaBuiio Jlenma?

3. OxapakTepu3ylTe BHXPEBOE JJIEKTPUYECKOE TMojie. Yem Takoe MoJjie OTIAUYAeTCSd OT
ANEKTPOCTATUYECKOTO MOJIS?

4. B yeM 3aKII09aI0TCS SIBJICHUS CaMOMHAYKIIUU 1 B3aI/IMOI/IHIIy1<I_II/II/I?

5. UYrto Takoe WHIOYKTUBHOCTh KOHTypa? OT d4Yero oOHa 3aBUCUT, KaKOB €€
buznueckuit cMpIcn?

6. Kakue Toku Ha3piBaloT BUXpeBbIMU? [louemy cepiedHHKH TpaHCPOPMATOPOB HE JETAIOT
CILIOUIHBIMU?

7. PacckaxxuTe mpUHIMI pabOTHI TeHEpaTOpa MEPEeMEHHOT0 TOKa, TpaHchopmaropa.



3a;laq1/1 AJIL CaMOCTOATCIIBHOI'O pCIICHUSA

1. B 0oAHOPOJIHOM MarHUTHOM II0JI€ C WHAYKIUEH TMEepPIEeHIUKYISIPHO TMOIK0 JIBUKETCS
npoBoaHUK JinHOM . Kakas 3/C HaBOaUTCS B IPOBOJHUKE K MOMEHTY, KOTJ]a OH ITEPEMECTUTCS
Ha ? HauasibHasg cKOpoCTh IPOBOJIHUKA , ycKopeHue . (OTBeT: ).

2. CamoJIeT JIETUT TOPU30HTAIBHO €O cKopocThio . Onpenenuts JC HHAYKIMY, BO3HUKAOLIEH
Ha KPBUIBSX CaMOJIETa, €CIIM MX pa3Max COCTABIISCT , @ MOJYJIb BEPTHKAIBLHOM COCTaBIISIOIICH

3. MarnuTHas WHAYKIHS TOJS MEXAY IMOJIIOCAMH JBYXIOJIIOCHOTO TeHeparopa paBna 1 T
Porop umeer 140 BuTkoB (miomanp kKaxmaoro BuTka S=500 cm2). OmnpenenuTh YacToOTy
BpalllCHHUs POTOpPa, eclii MakcuManbHoe 3Hauenne DJIC unaykuuu pasuo 220 B. (Otser: 5c-1).

4. Tpanchopmarop c K03 hUeHTOM Tparcopmaruu 0,15 TTOHUXKAET
Harnpsbkeaue ¢ 220 B go 6B. Ilpu sToM cuia Toka BO BTOPHYHOM OOMOTKE paBHa 6 A.
[IpeneOperass mOTEpSIMH DHEPruM B TEPBUYHOM OOMOTKE, OMPENEIUTh COMPOTUBICHUE
BTOpUYHON 00MOTKH TpaHchopmaropa. (OtBet: 4,50M).

5. Tpancdopmarop, moHmxkarouui Hanpsokenne ¢ 220B mo 12B, comepxutr B mepBUYHOU
oomotrke 2000 BurkoB. CompoTtuBieHue BropuuHoil oOMoTku 0,150M. IlpeneOperas
COIIPOTHBIIEHUEM MEPBUYHON OOMOTKH, OINpPENEIUTh YUCIO BUTKOB BO BTOPUYHOM OOMOTKE,
€CJIM B CETh MIOHMXEHHOIO HapsbKeHus nepenaercst Momuocts P = 20Bt. (OtBer: 111).

IIpakTuueckoe 3ansitne Ne 6: B3anMonHIyKIus 1 €€ NCIONIb30BaHue B TpaHC(opmaTopax
Leas paGoTbl: SKcrepuMEHTadbHas TpoBepka 3akoHa Dapazess W HEKOTOPHIX
CIIC/ICTBHIA, BHITEKAIOLINX U3 HETO.
IIpuGopsI M NPHHAUIEKHOCTH: Ta00PaTOPHAs YCTAHOBKA, COCTOSIIAs U3 COIEHOUAA 1
YeThIpeX KaTylIeK, MUIJIMBOJIBTMETPA, aMIIEPMETPa, OCLIII-Iorpada n 6J0Ka MUTAHUS.
Caenenust u3 Teopuu

SABienue 3jexkTpoMarHuTHO wmHAykuuu. B 1831 rony anrmmiickuit gusuk M.
@apanielt OTKpBUT SBJICHHE, 3aKJIFOYAIOIIEECs] B TOM, YTO MPH BCSIKOM M3MEHEHUH MarHUTHOTO
MIOTOKA, TIPOHU3BIBAIOIIETO TUIOMIAJKY, OTPAHHYCHHYIO 3aMKHYTBIM TPOBOJSIIAM KOHTYPOM, B
HEM BO3HHUKAET 3JIEKTPUYECKUN TOK. ITO SBJICHHE HA3bIBAETCS SIBIEHHEM JIEKTPOMAarHUTHON
WHIYKIMH, @ BOSHUKAIONINHA TOK - MHIYKIIHOHHBIM TOKOM. DTOT (paKT CBHIECTEIHCTBYET O TOM,
4TO MPH U3MEHEHWH MAarHUTHOTO TOTOKAa B KOHTYpPE BO3ZHUKACT AJIEKTPOABIIKYIIAs CUIIA & .
OmnpiT nokazain, uro € (3C UHIYKIMN) 3aBUCUT OT CKOPOCTH U3MEHEHHUS] MarHUTHOTO TIOTOKa,
NIPOHH3BIBAIOIIETO JAHHBIA KOHTYD, T. €.

dod
g = —F . Q)
MarHuTHBIHA TOTOK, TIPOHU3BIBAIONIHT KOHTYP, ONPEEISIETCS BRIPAKESHAEM
®=BScosa, (2)
rie B - BEKTOP HH/IYKIUHH MArHHTHOIO NIOJIs; S - ILIOMIa/lb KOHTYPa; QL - YOI MEXIY

BekTOpoM B M monoxkurensHO HOpMANbIO K IJIOMIAIKE.
NHnyknns u HanmpssKeHHOCTh MAarHUTHOTO TIOJISL CBSI3aHBI COOTHOIIICHUEM

— —

B=pp,H,



IZ€ W - MarHUTHas NPOHULAEMOCTb; 0 - MATHUTHAS [IOCTOSHHAS.
Ecnu konTyp cogepxut N BUTKOB, TO £i ONpeAEIseTCs BRIPAXKEHUEM

odt

Bemnunna W HasweiBaercs IIOTOKOCLCIIJICHUEM, UJIN ITOJIHBIM MAariHuTHBIM ITIOTOKOM,

¥Y=N®. (4)

Coaenouna. ConeHOUIOM HA3bIBAECTCS KOHTYp, coCTOsIMM U3 N BUTKOB OJIMHAKOBOTO
paauyca, pacroioKEeHHBIX BIUIOTHYIO APYT K Apyry. B Teopuu paccmartpuBaercs 6€CKOHEUHBIN
COJICHOM/I, COCTOSIIIIUI M3 OECKOHEYHOTO YHCIIa BUTKOB.

W3BecTHO, YTO MHIYKIUS MarHUTHOTO MOJsS B JII0OOOM TOYKE BHYTPH OECKOHEYHOTO
CoJIeHOU1a

B=pponl, (5)
rie | - TOk, TekyumMii 1O CoJeHouay;, N - YHCIO BHUTKOB HA EAMHUIY JUIMHBI
conenonna. Eciu coneHoOMI KOHEYHOH JJIMHBI, TO MHAYKIHS B JTF000H TOUKe JTF000T0 ceueHus

,_bpnl
B'=—2—(cosa, —cosa, ), (6)

e 01 M Ol2 - YIJIBI MEXKAY OCBhKY COTCHOMIA M PAJAUYCaMHU - BEKTOpPaMH, IPOBEICHHBIMHU U3

M000H TOUKH | omrmam{pre 81—

o, o,

o

Puc.1

B3aumounnayknmsa. YacTHbIM cioydaeM SIBI€HUS OJIEKTPOMArHUTHOM HHAYKIUH
ABIIIETCS SIBJICHHME B3aMMOMHAYKLHH, KOTOPOE€ HMEeT MECTO TOrJa, KOrja JiBa KOHTypa
pAacIoNIoKEHbl JIOCTaTOYHO OJHM3KO JpYyr K
Ipyry (puc.2). [Tpu MIPOTEKaHUU
IEPEMEHHOr0 ToKa |1 1o mepBOMy KOHTYpPY
BO BTOpOM KOHType Bo3Hukaer OJIC
UHAYKIUH, KOTOpas  ompeiensercs 1o

dbopmyre

dd, dl,
8i2 - d t - L21 d t
(8.7) Puc..2

37€Ch (111 - MarHATHBIA MOTOK,



NPOHU3BIBAIONINN BTOPOH KOHTYp (co3maeTcs TokoM l1); L21 - koaddumeHT B3auMOnH Iy KK
BTOPOI0 KOHTYpa ¢ nepsbIM. Eciin co3nath nepeMeHHbli ToK |12 BO BTOpOM KOHTYpE, TO B IEPBOM
koHType HaBenercs DJ1C unaykuuu:

dCDIZ_ d 1,
Ea= "9t '—lz—dt . (8)

rje @12 - MAarHUTHBIH MOTOK, MPOHU3BIBAIOIINI TIepBbI KOHTYD (P12 co3maetcs TokoMm I2); Li2 -
K03 (UIMEHT B3aUMOMHIYKIIUU TIEPBOrO KOHTYPa CO BTOPBIM.

Teopernueckn nokasano, uro L21 = Li2 . Ecam 3T0 Tak, TO Ipu MOOYEPEIHOM
MPOTEKaHWU OJUHAKOBBIX MEPEMEHHBIX TOKOB B JIBYX CBSI3aHHBIX KOHTypax, DJC unaykuuwu,
BO3HHKAIOIINE B HUX, IOJDKHBI OBITh PaBHBI, T. €. €2 = &il.

Onucanue YCTAaHOBKH H ME€TOda HCCJICTOBAHUA

Cxema ycTaHOBKH, coctosiied u3 conenonna (C) u yerbipex katymek (Ki, Kz, K3, Ka),
HpeCcTaBlIeHa Ha pHC.3.

AW K

) I:

Puc.3

ConeHoup mTpencTaBiseT TMOIYH0 TpPyOy, H3TOTOBICHHYIO M3 JUAJIEKTPUUECKOTO
MaTepuaia, Ha KOTOpYI0 HaMOTaHa MeJHas MPOBOJIOKA BUTOK K BUTKY B OJWH cjol. [lnamerp
conenouna 111 mm, anuna 1 M, konmndectBo BUTKOB N = 1000.  Bce KkaTymku H3TOTOBIEHBI
O0I00HO COJICHOWTY, T.€. HAMOTAHBI Ha JUDJICKTPHUSCKHAE KapKAChl METHOH TPOBOJIOKOHW B OJTUH
cinoit. [Tapametps! katymek npuseneHsl B Tadn. 1. Karymku Ki, Kz, Ks, 3akperuienHbie Ha

Tabmuna 1
Howmep kaTymiku Juametp d, Mmm Uucno BUTKOB
K1 39,3 80
K2 60,4 122
Ks 85,0 53
Ka 47

KpYTJIOil JHUAJIEKTPUYECKOM IUIACTHHE, MOMELIAIOTCSI BHYTPU COJIEHOMZIA B IIEHTPAJIbHOU €ro
yactu. KOHIIBI KaTylieKk BhIBEICHBI U3 coleHOouaa Hapyxky. Karymka Ki jkecTko 3akperuieHa.
OHa 0XBaTBIBACT COJICHOW CHAPYKH. TOK, TEKYITUH MO COJECHOWY, CO3/1a€T MarHUTHOE TI0JIe,
MIPOHU3BIBAIOIEE KOHTYPHI BCEX KaTYIIIEK.



BeiBenem dopmyiy st onpenenenust Teoperuyeckoro 3nauenust D/1C unaykuuu (&ir)
B JIIO0OM KaTyIIKe, HaXOSIIEHCs B 1mojie 0eCKOHEYHOTo cojieHomna. ITycTh Mo coieHou Iy TeueT
TOK |, MEHSIIOIIMIACS 110 TAPMOHUYEC-KOMY 3aKOHY
I=locos ot.

(Ecu Tok B conenomnpae He Oyner MeHsAThCs, To DJC MHAYKINY B HETIOABM)KHBIX KAaTYIIKaX HE
BO3HUKAET, TaK KaK MarHUTHBIM MOTOK, MPOHU3BIBAIOLINI KATYILIKYy, HE 3aBUCUT OT BPEMEHH).
Wuaykuuss MarHUTHOTO TIOJISL BHYTPH COJIeHOWa 0e3 cepJeyHuKa B JIF000 MOMEHT BpEeMEHU
omnpezensercs no Gopmyse

B=ponl.

MarauTHbIN MOTOK, MPOHU3BIBAIOIINN OJJMH BUTOK KaTYIIKH, HAXOASUIEHCS BHYTPU COJICHOM/A,
ONpEAEIAeTCS BRIPAKECHUEM

®=BS=ponlS,

rze S - IIomaab OHOTO BUTKA KaTymKH. [lONHBI MarHUTHBIA TMOTOK, IPOHU3BIBAIOLIHIA
KaTyuiky, cofepxaiyto N BUTKOB,

Y=®N=pon ISN

nJIn
__ B, N Nmd?
4

p |, cos wt, (9)

rae d - qnamerp Katymky; lo - aMIIMTYIHOE 3HAUCHHE TOKA; O - IUKINYECKask 4acToTa.
O/1C nHayKIMH, BO3HUKAOIIAS B KAaTyIIKE, ONPEEIISAETCS BEIPAKECHUEM

dw¥ td? )
g, = —F = HU,N N T |00)3|n0)t. (10)

Boipaxxenue (10) ompenenser Teopernueckoe 3HaueHue OJIC MHAYKIMM, BO3HUKAIOIIEH B
Tr000W KaTylIKe, HaXOJsIIelcs B 1mojie 0ECKOHEYHOTO COJICHOWAA, MO KOTOPOMY TedeT TOK,
MEHSIOIINIICS IO TAPMOHMYECKOMY 3aKOHY.

AMIuntyaHoe 3HaueHne Bo3Hukarome 3/1C nnayknuu

d2
eiT=uonNnTwlo- (11)

Ecnu B Beipakeruu (11) amMmuTyHOe 3HAYCHUE TOKA 3aMEHUTH JICUCTBYIOIINM 3HadeHueM |,
TO MOJTYYEHHOE BRIPAKECHHE OYJIET ONMPEeNsITh IeHCTBYOIIee 3HaueHre Bo3HuKaromiei DJ]C

d2
SiT=“onNnTwlzI- (12)

Taxum o0pa3om, 3a7aB mapaMeTpbl KaTYIIKH, COJIEHOUJIA U TOKa, TEKYIIEro Mo Hemy,
MO>XHO OIPEIEIUTh TEOPETUUYECKOe 3HaueHue aeuctBy-tomeit D/IC, ucnonb3ys BbIpakeHUE
(12).

IHopsinok BbINOJHEHHUS PAOOTHI



1. OHGHI/ITI) INOIrp€IHOCTG, KOTOPYHO JacT COJICHOMWA KOHEYHBIX PpasMEpoB, IIpU

onpezeneHud Bektopa B 1m0 cpaBHeHHIO ¢ OECKOHEUHBIM COIECHOUIOM.

[Tone G6eckoHeyHOro colieHOHMa OIHOPOAHO. B nanHoil paboTe Bce TeopeTHUecKHe
dbopMynbel 0a3UPYIOTCS Ha MPEANONIOKESHHH, YTO MArHUTHOE TMOJE CO3/1aeTcsi OECKOHEYHO
JUIMHHBIM COJICHOMJIOM, T.e. MHAYKIUS MarHUTHOTO IOJsI Ompenensercs BbipaxeHuem (5).
PabGounii >xe cosieHOU]T MMEET KOHEYHBIE pa3Mephbl, CIEIOBATEIbHO, pealbHas WHIYKIUS

B ‘@_’ C
JIOK 0JICHOMT TV

NIUTAHUSA C KaTylikaMu
K COJICHON Y Ha KaTYIIKy

Puc. 4

MarHUTHOTO ToJis Oyzaer apyras. [103ToMy MeXIy TEOPETHYECKHMMH W SKCIIEPHUMEHTAIbHBIMU
pe3yabTataMu Uil € OyAeT HEKOTOpPOE PACXOXKIEHHE, OLUEHHTHh KOTOPOE MOXKHO CIETYIOUIHM
obpazom

_B-B

€, :100%. (13)

[ToncraBus B BeipaxkeHue (8.13) popmyist (8.5) u (8.6), noayuum

_ 2—cosa, +Cosa, 100% . (14)

€g

3aBUCUMOCTb MEXAY & M B nnHelHas, NMO3TOMY pacxXx0KIEHUE IPH ONpEACICHUU
TEOPETUYECKOI0 U 3KCIepuMeHTanbHOro 3HaueHuid J/1C He OIKHO MpeBbIIIaTh PacX0XKICHUS
naa B.

Mo u3BectHbIM MapameTpam | u d (cM. puc. 1) onpeneniM cos o1 ¥ COSOl2 HE MEHEe YeM
JUISL IBYX TOYEK, HAXOSIINXCS Ha OCH COJICHOUA B LIEHTPAJIBLHOM €ro 4acTu.

Hcnonb3ys BeipaxkeHue (14), oieHuM pacxoxaeHue Juist B B 3TUX TOYKaXx.

2. TeopeTndecku U sKcrepuMeHTaIbHo onpenenuts J/1C nHAYKINY B KaTyIlIKax.

2.1. Cobpatb cxemy (puc.4).

2.2. Tlomate HampspkeHHE ¢ OJIOKa MHUTaHUS Ha cojieHouia. YacTtora mMmoaaBacMoro
HaNpsDKEHUs ONpeensieTcs Mo yKa3aHHio npenogasareins. [lo MuimamnepMmerpy OnpeneiauThb
BEITUYMHY TOKA | .

2.3. TloouepenHo MOAKIIIOYAs MWIIMBOJBTMETP K BBIBOJAM KaTYyLIEK, ONPEIEIUTh
O/1C, Bo3HUKaOIIYIO B HUX. Pe3ynbraTel 3aHecTH B TabJ. 2 B CTPOKY Eir.

2.4. Hcnonb3ys BbIpake-

Hue (12), BBIYMCIUTh TEOopeThdec- TaGmua .2
KO€ 3HAYCHHE &1 B KAKIOW Ka-
Tymke npu lx ¥ ©, onpeneneH- C Ky Ko Ks K
HBIX B 11.2. .
2.5. OueHuTh pacxoxkie- :’9
iT

HUE, TTOJIYYeHHOE MPU TeOPEeTHIEeC-
KOM U DKCIEPUMEHTAJIbHOM
onpenenenun JJ]C. CpaBHUTH €ro ¢ TeM, KOTOpoe ObLIO MOYYESHO B I1. 1, ¥ clieTaTh BHIBOJ.




3. Onpenenuthb 3aBUCUMOCTH € = T (S), r1e S -MI0IIa1h KaTYIIKH.

K ocruuiorpady K ociuiorpagdy
Ha Bxong Y Ha BXoJ X ¢ Tr000# KaTylku
— “ J
R >
bnok JlaGopatopHas
U TaHUS yCTaHOBKA

K COJICHOUY

Puc. 5

3.1. Mcnonp3ys 3KCIIEpUMEHTAJIbHbIE JAaHHBIE, MOJYYeHHbIE B 1. 2, BIUUCIUTh D/IC,
BO3HHMKAIOIIYIO B OJHOM BUTKE KaXKJ10M KaTYIIKH.

3.2. TToctpouts rpaduk 3aBucumocth & = T (S).

4. OnpenenuTs cABUT (Pa3 MEXAY TOKOM, TEKYIIUM 10 cojeHouay, u DC uHayKuu,
BO3HUKAIOIIEH B JTF000H U3 KaTyIleK.

Berimie 6b110 MoOKa3aHo, 4TO, €CJIM CHJIa TOKA B COJIGHOUAE MeHsieTcs 1mo 3akoHy | = lo
cos o t, To

2

€ =N N%Iom sin ot .

OTO0 03HAYaEeT, 4TO MEXAY TOKOM B cojieHouae U DJIC MHAYKINHU B KaTyIIKE CYIECTBYET CIIBUT
da3. [ns onpenenenus 3toro casura a3 BOCIOIb3yeMcsl ocuuiorpagom. ColOpatp cxemy
(puc. 8.5). Ilo Buay Qurypsl, MoIy4eHHOM Ha ocHuuUIOrpade, omnpeneauM CABUT (a3 Mexay
TokoM U DJ1C UHIYKINH.

5. DKCNepUMEHTaIbHO CPAaBHUTH KOA(PPHUIMEHTHI B3aUMOMHAYKIMH L1z 1 L21.

5.1. Ipomryctuts Tok | = 0,5 A gepe3 karymky Ki. U3meputs D/IC, BO3HHKAOINIYIO B
karymke Ks.

5.2. Ilponyctuth Takoi xe Tok uepe3 karymky Ks. M3smeputs 3/1C, BO3HHKAIOLIYIO B
katymike Ki. CpaBHUTB NOJTy4YE€HHBIE PE3YNIbTaThl U CJeNIaTh BHIBOJl OTHOCUTENBHO L12 1 Los.

KOHTPOJIBHBIE BOITPOCHI

1. B uem 3akiroyaercs BJICHHE dJIEKTPOMAarHUTHOW WHIYKIINNA?

2. Yro Takoe MarHUTHBII MOTOK U KaK OH BBIYUCISAETCS?

3. YTo Ha3bIBAETCS MOTOKOCIECIUICHUEM?

4. Kak ompenensercss MHAYKIUS MarHUTHOTO TOJIA JUISI KOHEYHOTO M OECKOHEYHOTO
cosleHou10B?

5. Yto Takoe K03 PUIHEHT B3aUMOUHIYKIIUHU?

6. Beisectt  opmyny gt DJIC KaTymky, HaXOASMIEHCS BHYTPU OECKOHEYHOTO
COJIEHOU 1A, 10 KOTOPOMY TE€YET TOK.

7. Yto Ha3bIBAETCS NEHCTBYIOIMM 3HAYEHUEM TOKA W HANPSUKEHWS, M Kak OHHU
CBSI3aHbI C AMIJTUTYTHBIMH 3HAUEHUSMU?



IIpakTuyeckoe 3ansitue Ne 7: BkimoueHne Harpy3Ky B 1eTlb TPEX(Pa3HOTo TOKa.

Llenp paboThl: WM3Y4YuTh LeENb Tpex¢a3HOro TOKAa MPHU COEIWHEHUU NPHUEMHHKA 3BE3J0i B
CUMMETPUYHOM U HECUMMETPHYHOM pexkumax. Onpenenuts poib HEHTpalbHOTO (HYJIEBOTO)
poOBOJA.

OCHOBHBIE ITOHATUS

TpexdazHoil cucteMoil mepeMeHHBIX TOKOB HAa3bIBAETCS COBOKYIHOCTh TPeX OJIHO(Aa3HBIX
AIIEKTPUYECKUX LIENEH, B KOTOPBIX AEHCTBYIOT cuHycouganbHble D/IC oauMHaKoBOW 4acTOTHI,
caBuHyThle 1Mo (haze Ha 1/3 mepuoga M co3laBaeMble OOIIMM HCTOYHMKOM D3JIEKTPHUYECKOMN
snepruu. Tpex¢aznas cucrema Obliia H300peTeHa U pa3paboTaHa BO BCEX ACTAISIX TATAHTIUBBIM
pycckuM umkenepom M.O. [JommBo-/{o6poBosibeckuMm B 1891 ropy.

HcTounnkom sHepruu B Tpexda3zHOW cUCTeMEe CIYKUT TpexdasHblii reHeparop. B mazax
€ro cTatopa pa3MeUleHbl TPU SJIEKTPUUECKH U30JMPOBAHHbBIE APYT OT Apyra oOMoTkH ((ha3Hble
oOMOTKM WK mpocTo (asbl) reHepatopa. Ecnu porop reHepaTopa ABYXIIONIOCHBIM, TO OCH
(da3HBIX 0OMOTOK reHepaTopa MOBEPHYTHI B MPOCTPAHCTBE OTHOCUTENIBHO APYT JApyra Ha yroi
21/3. Ilpu Bpamernn poropa B (Ppa3sHBIX OOMOTKaX CTaTOpa MHAYKTUPYIOTCS CHHYCOWAAIbHBIE
¢dasupie OJIC. BcenenacrBue CUMMETpHM KOHCTPYKIMM TIeHepaTopa MakcuMmalbHble Em u
neiicrByromue E 3nauenus 3/1C Bo Bcex (a3ax 0IMHAKOBBI.

Coenunenue a3 (0OMOTOK) reHepaTopa MOXKET OCYIIECTBIATHCA MO cXeMe ‘“3Be3na” HIn
“TpeyronpHuK”’. Dazpl TpexdasHOro TreHeparopa MPHUHATO O0O3HAYATH IEPBBIMH OYKBaMU
natuHckoro andasurta: A, B, C. UepemoBanue a3 reHeparopa CTPOro OIPEACICHHOE H
orpenensercss u3MeHeHueM Bo Bpemenu ¢aszueix JJ[C, T.e. B ouepennoctu MmakcumymoB DJIC:
cHauana (assl A, 3atem uepe3 1/3T dazbr B u uepes 2/3T dazbr C. Takas mocnenoBaTelIbHOCTD
YepeI0BaHMsI Ha3bIBACTCS TPSMOI.

Mruosennsble 3HaueHus: DJ{C Tpexda3zHblx 0OMOTOK I'eHepaTopa paBHBI:

ea=Emsinmt es=Emsin(wt-2/3n)  ec=Emsin(wt-4/3n) (1)
Ha pucynke moka3zanbl rpaduky MrHoBeHHBIX 3HaueHWi ¢aszHeix DJIC u Tpu BekTopa

COOTBETCTBYIOLINX UM JEUCTBYIOLIUX 3HA4YCHUU OJIC.
Ey Ep Er
e
4 £, 2P
S £y
N
N £
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Kax BuaHO u3 pucyHka cymma MraoBeHHbIX 3HaueHHil DJIC B 11000 MOMEHT BpeMEHHU
paBHA HYIIO, CII€J0BATENbHO, T€OMETpUYEcKas cymMma AelcTBymomuX 3HaueHuil ¢azupix IJ1C
TeHepaTopa TAKXKe paBHA HYJIO:

eategt+ec=0 (@)
EatEgt+Ec=0
CoriacHo pUCYHKY, BBIpa3uM KoMmIuieKcHbIe 3HaueHus DJ[C Tpexdaznoro reneparopa uepes
OJIMHAKOBOE JIJIS BCeX Tpex ¢a3 AeicTByoliee 3HaueHue E, roraa
Ea=E-
EE:E.e—jZ/fﬂﬂ: (3)
Ec=E .62/375



Jlns momydeHust Tpex@a3Hoi CHUCTeMbl HEOOXOAMMO OIpEeIEHHBIM 00pa3oM COEAMHUTh
Tarke Gasbl pUeMHUKA, 0OBIYHO 10 CXeMe “3Be3a’ WU “TPEyroJIbHHK .

B macrosimmee Bpemst TpexdasHas cHcTeMa SBISETCS OCHOBHOM sl Iepejadd
pacrpeziesieHus: YHEPrHH.

®da3zHple 0OMOTKH Tpex(a3zHOro TeHepaTopa MOXKHO COCAUHUTH C TPeMsl MPUEMHUKAMH 10
cxeMe “3Be3na”’. ‘“3Be3moil” HA3BIBACTCA TAaKOE COCIMHEHHME, IPH KOTOPOM KOHIBI (a3
COEMHEHBI B 0JIHY 00I1IyI0 TOuKy N Ha3bIBaeMyro HEHTpaJbHOW WM HYJEBOI, a K HayanaM Qa3
A, B, C moaBeneHsl TMHEHHBIE TPOBOJA. B «3Be3y» coequHSIOT U (ha3bl HArPy3KH C HYJIEBON
TOYKON N u Havagamu a3 a, b, ¢

A = a

)
e, [vo (o Zs ; Un
N A

é_[ v

/ — Z UZ?
N}»%\\j @ C /Vkﬂy
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[IpoBon, coenunsttonuii Touku N-N, Ha3pIBaeTCS HEHUTpaAJbHBIM WM HYJIEBbIM. [IpoBona,
coenuHsAromKe ToUku A-a, B-B u C-c, Ha3bIBAIOT JUHEHHBIMU.

[TpwHSIB COMPOTUBIICHUS BCEX IMPOBOJIOB PABHBIM HYJTIO, MOYKHO OIPENIEINTh TOKH TpeX (a3
MPUEMHHKA U TeHepaTopa :

IA=EA/ZA; 18=Eg/ZB ; Ic=Ec/Zc. 4)

Toxk# la, Ig, Ic, mpoTekaromye o TMHEHHBIM MPOBOIaM, Ha3bIBAIOT
4
nuHeiHbiMU (157). Toku mporekaromue B (azax reHepaTopa U B (a3zax Harpy3Kkd Ha3bIBAIOTCS
¢dazubivMu Tokamu (lg). st coennnenus “3Be30i” TMHEWHbBIE TOKU PaBHBI (Pa3HBIM, TO €CTh

In=lg 5)
Toxk B HEHTpaIbHOM MPOBOJIE 1O TIepBOMY 3aKoHY Kupxroda paseH:
In=latlstlc  (6)

[IpueMHUKH C OAMHAKOBBLIM CONPOTHUBIICHHEM BceX Tpex (a3 Za=Zp=Zc Ha3bIBAIOTCA
cumMmeTpuyHbIMU. [Ipu cummeTpudHoM mpueMHHKE |a=lg=lc ¥ TOK B HElTparbHOM HPOBOJE
IN=0

Hanpsokenne Mexy HadanoM U KOHIIOM (as3bl TeHepartopa (Wi (a3pl Harpy3kH) WIH
HaNpsDKEHUE MEXTy JIMHEWHBIM M HYJICBBIM IPOBOJIOM Ha3bIBaeTcs Ga3HbIM HampspDKkeHUueM. J[is
reHepaTopa M JIMHUU JJIeKTporiepenadn ¢Ga3Hble HanpsikeHus (UX TpU) oO0o3HauyaroTcs Tak: Ua,
Us, Uc i Uy, dasHbie HanpspkeHUs Harpy3ku obosHavarotes Tak: Ua, Ub, Uc.

Hanpsokenus Mexay aByMs Havanamu ¢a3 reHepatopa (Wiu AByMs Hadanmamu ¢as
Harpy3Kd) WJIA MEXIy JBYMsS JUHCHHBIMH TIPOBOJAMH HA3BIBAIOTCS JIMHEHHBIMA U
o0o3HavaroTcsl Juia TeHepatopa u juHuM dnekrtpornepenaun: Uas, Usc, Uca, i Un, ans
narpysku Uab, Ubc, Uca.

PaccmarpuBas moouepenHo KoHTypbl abn, bcn, can mo Bropomy 3akony Kupxroda
JTUHCHHBIC HAPSKCHUS PaBHBI :

Ugc = QB “Uc (7)



[Tonb3ysick ’TUM COOTHOLIEHHEM, IOCTPOUM BEKTOPHYIO quarpammy (puc.8.3a) HanpskeHUul
JUIl CAMMETPUYHON Harpy3Ku.

-Ub

Uab

Ua

n & Ubc
Ur 50°

b -Ur

b
U/ Yrg
b
Puc. 83

W3 puc.8.3a BuaHO, 4TO “3Be37a” JMHEWHBIX HAIpPsDKEHUN omepexaeT ‘“3Be3ny’” (a3HbIX
nanpspkenuit Ha 30°. Orcrona u3 Ankb:
Uec/2Up=30° Ugc=V3*Us, 1.¢. U,=\3*Uqo (8)
[Tpu HaMU4YMKM HEUTPATBLHOTO MPOBOAA YCIOBUE (8) BBIMOIHSACTCS KaK MPU CUMMETPUYHOM,
TaKk U MPH HeCcUMMETpuuHOM mpuemHuke. Ha Puc.8.3b mpuBeneHbl BekTopHas auarpamma
(da3HbIX HANPSKEHUH U Tonorpaduueckas quarpamma JTUHEHHBIX HAPSKCHHH.

5
daznble K03 (HUITMEHTH MOITHOCTH PaBHBI:
COS a=Ra/Za ; €0S @s=Ru/Zp ; €0S ¢pc=Rc/Z¢ 9
T7I€ Qa, Qp, (c YIIIBI CIBUTA (ha3 MEXTY (Da3HBIMU HANPSHKEHUSMU U (Da3HBIMU TOKAMHU.
IIpu cuMMeTpUYHOI HarpysKe :
la:!b:lczl(b:U(D/Zq) (10)
COS (2= COS Pz= COS Pc=Ry/Zyp
Tox B HelTpambHOM mpoBoje In=0, mnosTomMy i MNOAKIIOUYEHUA TpexX(aszHbIX
CUMMETPUYHBIX  YCTAaHOBOK  (HarpeBaTeNIbHbIX  Ie4Yed,  CYIIMIbHBIX  yYCTaHOBOK
AIIEKTPOJIBUraTeNIed U APYTUX CUMMETPUYHBIX YCTAHOBOK) IMPUMEHSETCS TPEXIPOBOAHAS LIEb.
Jlise OCBETUTENbHON HAarpy3Kd HaJlMyue HEHTpaJbHOrO MpPOBOJAa 00s3aTelIbHO, TaK KaK MOYTH
IIOCTOSIHHO COXpAaHSAETCd HECUMMETpUs. B HEUTpaIIbHOM NPOBOJAE B YETHIPEXIPOBOAHOU
OCBETUTEILHON CETH 3allpellleHa YCTaHOBKA MTPENOXPAHUTENIECH WM BBIKIIIOYATEINEH, TaK KaK IpU
OTKJIFOYEHUHU HEUTpPaJbHOro MpoBoJa (a3Hble HANPSKEHUS MOTYT CTaTh HEPaBHBIMU. B onHHX
¢azax HanpspkeHue OyneT 00JbIlle HOMUHAIBHOTO, B IPYTUX — MEHbIIIE HOMHHAJIbHOTO. B 060mnx
Cy4asx BO3MOJKEH BBIXOJ NpHUEMHHMKA K3 cTpos. [Ipm 3ToM Hapymaercs Lenb 3alUTHOIO
3aHYJICHHUS.
BekropHas nuarpamma HanpspDKEHHMH M TOKOB MPU CUMMETPUYHOM aKTUBHO-MHAYKTHBHOMN
Harpyske




IIpy HecuMMETpUYHOM HpUEMHUKe, Hamnpumep : Zg#£Zp#Zc cooTHoueHue In=lo
coxpansiercs, a cootromenne U,=\V3*Ugp Hapymaercst.

Ha puc.8.5 mokazana BekTopHasi AuarpamMma Ipu yBEJIMYCHUU HArpy3KH B (haze «a», To ecTh
npu Za<Zp=Zc, Harpy3Ka aKTUBHasl.

Ha puc.8.6 - BekTopHas aumarpamMma KOPOTKOTO 3aMbIKaHUs (a3bl “a”, 4TO COOTBETCTBYET
nepeMeIeHHIO HEUTPaIbHOM TOUKU N B TOUKy a, © Ua=0, Z,=0.

Ha puc.8.7 - BekTopHas nuarpamma Jjis ciaydas oOpbiBa (ha3bl A, YTO COOTBETCTBYET Za=00
HelTpanbHas TOYKa N MepeMecTHTCS Ha cepeluHy JHHeiHoro Hampsxenus Bektopa Upc (nh),

TOr/1a HampspKeHus Ha (asax “b” u “C” OyayT
Ub=Uc=ch/2=Ua/2 (11)

AKTHBHas MOITHOCTH (ha3bl MPU COCTUHEHUH HATPY3KH “3Be3710i” Hanmpumep, (assl a, paBHa:
Pa=Ualacoso.
AKTHBHas ¥ pEaKkTHBHAs MOIIHOCTH MPUEMHHUKOB Tpex(}a3sHOW Ienu Mpu HEeCUMMETPUYHOU

Harpy3Ke PaBHBI:
P:Pa+Pb+Pc

Q=Qy +Q, +Q;

Jlnist peaKTUBHOM MOIIHOCTH 3HAK + IMPU MHIYKTUBHOM XapakTepe Harpy3kH, 3HaK — IpH
€MKOCTHOM XapaKTepe Harpy3KH.
[TonHast MomTHOCTH Tpex(azHO Lenu Mpu HECUMMETPUYHON Harpy3ke paBHa:



s=.P?+Q?

HpI/I CHMMeTpH‘IHOP'I Harpyske€ II0JIHas, aKTHUBHas W pPCAaKTHBHAasd MOINHOCTU IIPHEMHUKOB
Tpex(da3HO e COOTBETCTBEHHO PABHBI:
S=~3*Un*In; P=V3*Ug+ln+cospo; Q=V3*Ux*Ig*sings
Nmn S=3So = 3Uo*le; P=3Po=3Us *lo *cosqo ; Q:\/3*Un*|n *sinQo

METOIUKA 3KCIIEPUMEHTA.

B pabote u3mepeHus MeKTPUISCKUX BETUIHH TPOBOSATCS C MTOMOIIBIO
npuOOpPOB HEMOCPEACTBEHHOM OlIeHKH. Ha cTenax ycTaHOBJIEHBI aMIIEPMETPHI 1711 BKIIFOUEHUS
B Kaxayro (asy. i1 u3mMepeHus Toka B HyJI€BOM MIPOBOJIC HAa CTEH/IaX YCTAHOBIICHBI OTACIbHBIC
npubopsl. Ha prcyHke mpuBeneHa IpUHLIKIIMATIbHAS cXeMa paboThI.

K knemmam A, B, C u N nogsoautcs Hampspkenue 36 B oT Tpex¢da3HOTo MOHMKAIOMIETO
TpancopmaTopa, COCIWHEHHOrO IO cxeMe ‘3Be3na’”/ ‘3Be3ga” ¢ HYJIEBOM TOYKOM ¢
Hanpsbkenuem 380/36 B.

[Tpubopsr Al..A7 u V u3mepsroT JUHEHHbIE U (da3Hble TOKH U HanpsokeHus. B kauecTBe
Harpy3kd TpexdaszHoi menu ciayxar namnbl HakamuBaHus € Uwow=36 B, Puonv=40 BT,
BKIItouaembie TymOiaepamu SAL1-SAS.

W3MeHeHrne HArpy3KH PETyJIUPYETCs YMCIOM BKIIFOUCHHBIX JIAMIT HAKAJTMBAHUS B KaXKIIOW
daze. OOpbIB da3bl ocymiecTBiIseTCs OTKIoueHueM Tymbnepa SA4. KopoTkoe 3amblkaHue
IPOBOJIUTCS IIyT€M COCIUWHEHHsS IPOBOJOM Hayala W KOHIIA OAHOM u3 (a3 TOIBKO B
TpexmpoBogHou 1enu. M3ydenue TpexdazHONl 1Lenu NPOBOAUTCA IO CXEMe CTeHJa.

a @b 9 C
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NOPAJOK BbBIIIOJIHEHUSA PABOTbI
[TpuGops! 1 MPUHAIICKHOCTH.
BeixitoueHne cTeH1a OCyIIecTBISIETCS MAKETHBIM BhIKIIouaTenem QS,



Haznauenue npubopos :

A4 — amnepMeTp ISl U3SMEPEHUs CUIIBI TOKA B HYJIEBOM MPOBOJIE;

A5, A6, A7 — amnepMeTpbl Ui U3MEPEHUs CUIIBI TOKA B (hasax a, b, C;
V — BOJBTMETp AJIsl U3MEPEHUS JIMHEHHBIX U (Pa3HbIX HANPSIKEHUH LIeTu;

1. OsnakombTech ¢ JabopaTopHbIM cTeHIOM. Haiiaure ceTeBoil BhIKIIIOYATENh, TYMOIEpHI
JIOTIOTHUTEJILHBIX HArPY30K.

2. Cobepure cxemMy COSIMHECHUS HArpy3KH 3BE3JI0H C HYJIEBBIM MPOBOJOM. MOHTaKHBIE
CXeMbl OmbITa MpHUBeAeHbl Ha creHae. [lokaxuTe coOpaHHYIO cXeMy Ui MPOBEPKHU
IPEerNo/IaBaTesIo WU TaO0paHTy.

3. 3amummuTe TEXHUYECKHE J[JaHHble NPUMEHSEeMbIX NpubopoB. BeIkiounte cTeH U
YCTaHOBUTE CHUMMETpHUHYIO Harpy3ky ¢a3. Tymbnepsr SALl, SA2, SA3 noKHBI OBITH
OTKJIIOUEHBI, TyMOep SA4 B HCXOIHOM COCTOSIHUU JIOJKEH OBITh BKIJIFOUEH.

[To mokazanusM ammepMeTpoB B (pazax ybeauTech B paBEeHCTBE TOKOB B (aszax, a TakK e B

OTCYTCTBHH TOKa B HYJIEBOM IpoBo/ie. M3mepbTe (ha3Hble U TuHEitHbIe HanpsbKkeHus. J{aHHble

3aIHIIUTE B TAOIHIIC

Tabymia
Pexum H3mepeHo Beruucneno
Harpy3k | Uab | Ubc |Uca |Ua |Ub |Uc |la |Ib [Ic [In |Unn |Ra |Rb | Rc | P,
I/I H H H H H H H H H i) 3 H H H B
B |B B B |B B |[A|JA|A A B O [OM|O |
M M

Hccnenyiite Harpy3ky B UETHIPEXIPOBOJHON LIENM B HECUMMETPUUYHBIX pPEKUMAX,

IPOJIENaB CIETYIONINE OTBITHI:
yBeNIMYbTE (YMEHBIINUTE) HATPY3KY B 0J1HOM U3 ¢a3 (Hampumep, “a”) ;
TO ke B IBYX (pazax;
0OpbIB OHOM U3 (a3.

Uccnenyiite TpexXmpoBOAHYIO 1I€Nb, TO €CThb 0e3 HeWTpanbHOro mposoxaa. [lns storo
BBIKJIFOUMTE aBTOMAaTHUeCKUi BbIKI0oYaTenb QF4 B 1enu Hy/lneBoro npoBoja W MpojenanTe
CJICIYIOIIHE OTIBITHI:

CHMMETpHUYHAsI Harpy3Ka ( Tak ke, Kak MyHKT 3 );

yBeJNINYbTE (YMEHBIINTE) HATPY3KY B 0JIHOH U3 (a3 (Hampumep, “a”) ;

TO e B JBYX (pazax;

KOPOTKOE 3aMbIKaHUE OHOM 13 (a3.

B coorBerctBUM ¢ gaHHBIMH Taba. 8.1 i1 BceX ONBITOB IOCTPOWTE BEKTOPHBIE

JUarpaMMmbl TOKOB U HanpsbkeHuid. Chenaiite BBIBOJBI IO padboTe
no (¢opme, MpUBEICHHOI B 1abopaTtopHoii pabote Nel( HacTosero
PYKOBOJICTBA.

OBPABOTKA PE3YJIBTATOB OKCIIEPUMEHTA.

B pabote mpoBoasATCS MpsSMBbIC, OJHOKPATHBIE H3MEPEHHSI, TOYHOCTh KOTOPBIX OIICHUBACTCS
KJIACCOM TOYHOCTH m3MeputensHoro npoodopa (Ue, Un, Unn, lo, 11, IN). Pesynbrar nusmepenus
BhIpakaeM JaByms unciamu, Harpumep: 1=4.00 + 0,05 A, rme 4.00 A — 3HaYeHHE U3MEPSIEMO
BennunHbl, 0,05 A — abGcomoTHas morpemHocTh n3MepeHus. OIeHKY TOUHOCTH MHUHHUMAaJIbHBIX
3HayeHuit Unn, Inn IpoBecTH 1o hopMysie OTHOCUTEIBHOM MOTPETHOCTH:

d =+ K(Xn/X) ;
rae K — knace Tounoctu nmpudopa ;

XN — HOpMHUPYIOIIME 3HAaU€HUSI U3MepsieMON BEJIMUMHbBI (BEpXHUN Ipejien MIKajbl mpruodopa);
X — 3HaYEHHUE U3MEPAEMOI BETNYNHBI.



PesynpTaThl H3MEpeHHii 3anumuTe B Ta0INLE

Tabmuna

M3mepeHHbIe Unn Inn
3HAYCHUS B
¢ IMHUIAX

5, %

BoruepunBanue 31eKTpUUECKUX cXeM Ipou3BoauTcs B cooTBeTcTBUU ¢ [[OCToMm.
[TocTpoeHne BEKTOPHBIX U TONOrpaUUECKUX AUarpaMM IpoU3BOIUTCS B MaciTale.

~

10.

BOITPOCHI 1JIs1 CAMOIIPOBEPKM.
KakoBa nenp paboThl 1 KaKOB TOPSIIOK €€ BBITOJIHEHHS ?
N300pa3uth cxemy OmbiTa C BKJIIOUEHHEM BceX NMPHOOpPOB. YKazaTh Ha3HAYCHHE BCEX
npuOOpOB.
Hanucatb opMysibl CBs3M JIMHEHHBIX TOKOB U HANPSDKEHUH ¢ UX (Da3HBIMU 3HAYCHUSIMU
OpyU CUMMETPUYHOM Harpy3ske npu coeauHeHuun B “3Be3ny”’. Kak omnpenenstorces
BEJIMYUHBI COS (3, COS @b, COS @c, Po, Pa, Pg, Pc, P, Q, S?
Pacckazath 0 mopsake MOCTpOeHUS BEKTOPHOM JuarpamMmbl HalpsKEHUM M TOKOB IS
aKTUBHOW Harpy3KH.
KakoBo Ha3HaueHue HyneBoro mnpoBojaa? B kakux ciaydasx IO HYJIEBOMY IPOBOIY
IPOTEKAET TOK U KaK OH oIpeaesercs?
N300pa3uth cxeMmy COEIWHEHHs] Harpy3Kd ‘‘3Be3/I0” W BKIIOYUTH TPUOOPHI LIS
u3MepeHus GasHbIX U JIMHEHHBIX TOKOB, TOKA B HEHTPaIbHOM IIPOBO/JIE.
[Touemy B Hy/E€BOM MPOBOJ HUKOI'/IA HE CTABAT MIPEOXPAHUTEND?
N300pa3ute BEKTOPHYIO AUMArpaMMy HaOpsHKEHUH M TOKOB IPU YBEJIWYEHUU HArpy3Ku
OJIHOM U3 (a3 YETHIPEXTPOBOIHOM IICTIH.
N300pa3ute BEKTOPHYIO TUarpaMMy HamnpspKeHUH U TOKOB IPH YBEIMUYEHUH HArpy3ku B
JBYX (hazax 4eThIPEXMPOBOIHON LIETH.
N300pa3ute BEKTOPHYIO AMAarpaMMy HaIpsDKEHHH M TOKOB IpHU OOpBIBE OJHOTO M3
JIMHEHHBIX ITPOBOJIOB B YETHIPEXIIPOBOIHOM 1IETIH.




