MHUHHUCTEPCTBO OBPA30BAHUSA KPACHOAPCKOI'O KPAA

KPAEBOE I'OCYJAPCTBEHHOE ABTOHOMHOE
IMPO®ECCHUOHAJIBHOE OBPA30BATEJIBHOE YYPEKJIEHUE
«KPACHOSIPCKHI KOJLJIEXX OTPACJIEBBIX TEXHOJIOT Ui

N NMPEAITPUHUMATEJBCTBA»

PACCMOTPEHO YTBEPXIEHO
METOAMYECKON KOMUCCHEH Hupexrop KI'AIIOY «KKOTwull»
npotoko Ne_10 ot 10.06.2026 1. /H.B. XXyposa/

ITpuxka3z Ne 01-55-11 ot 29.06.2026 .

AJAIITUPOBAHHASI OCHOBHAS OBPA30OBATEJIBHAS ITPOI'PAMMA
IMPOPECCHUOHAJIBHOI'O OBYYEHUA

105452 «<INTYKATYP»
(11 JINL C OT'PAHNMYEHHBIMI BO3MOXHOCTAMU 3]I0POBbA (C PA3JIMYHBIMU
®OPMAMM YMCTBEHHOM OTCTAJIO-CTH), HE UMEIOILINX OCHOBHOI'O OBILIET'O NJIN
CPEJIHEI'O OBIIEI'O OBPA3OBAHIA)

METOANYECKUE YKA3AHUA _
K ITPOBEJEHUIO JIABOPATOPHbBIX U IPAKTUYECKUX 3AHATUHU

OI1.02 OcHOBBI JIEKTPOTEXHUKHU

3am. nupektopa mo YP /W.B. becniepcroBa
IToanuce OUO

OOKYMEHT MOAMNUCAH
SNEKTPOHHOM NMOANNCHLIO

Ceptudpmkar: 439164ECCO3A3D5CF8A6924859ABCBI3
Bnapeneu: XXyposa Hatanbst BanepbeBHa
[HeiictButenex: ¢ 12.12.2025 go 07.03.2027

acHosIpcK, 2026 T.




COJEPKAHUE

1. TlosicuuTenbHas 3anucka

2. O0mMe peKOMEH/IAIMH 0 BBIMOJIHEHUIO U OPOPMIICHUIO MPAKTHYECKUX 3aHATHIA U 1TaO0OPaTOPHBIX
pabor

3. Meronrka npoBeIeHUs IPAKTHUECKUX 3aHATHIA

4, ConepxaHue MPAKTUUCCKUX 3aHITHI

Opranuzanus-pazpadoruuk: KI'AIIOY «KKOTull»

Pa3paboruuk:
Kynamosa C.M., npenogasarens KI'AIIOY «KKOTull»



1. MIOACHUTEJIBHASA 3AIINCKA

Meroanyeckue yka3aHus K IPOBEJCHUIO MPAKTUYECKUX 3aHATUH U JJAOOPAaTOPHBIX pabOT 10 yueOHOMH
mucuuminHe OI1.03 OcHOBBI 31EKTPOTEXHUKH.

VYpoBeHb NpPOQEecCHOHANbHON MOArOTOBKM 1O  Ipodeccuu MpenycMaTpuUBaeT  BiaJleHUE
MPAaKTUYECKHMMHU HaBBIKAMHU BBIOOpA MaTEpHAIOB JUIS MPO(ECCHOHATBHON IeATEIbHOCTH.

YMEHHUS | MOJB30BAaThCsl  YHUBEPCAJIBHBIM  HHCTPYMEHTOM, CIEUUATBHBIMU  IPUCIOCOOJICHUSMU
(cheMHUKaMHU) U CPECTBAMH 3aIllUTHI;

MOJIb30BaThCsl MH(POPMAIIUEH CIPABOYHOTO XaPAKTEPA;

paboTaTh ¢ ICTOYHUKAMU WH(GOPMALIMU Ha PA3TUYHBIX HOCUTEISX;

cobuparh u oOpabarbiBaTh HH(YOPMAIHIO, MOTYYCHHYIO U3 PAa3IMYHBIX UCTOYHHKOB, B TOM
YHClie CIeHaTM3UPOBAHHBIX U3IaHNUN, HAYYHBIX ITyOJIMKALIUA;

MPUMEHSTh HH()OPMAIIMOHHBIC TEXHOJIOTHH;

0e30MacHO YIIPaBISITh TPAHCIIOPTHBIMU CPEACTBAMU;

YCTPaHATh BO3HHUKIIME BO BpeMsi OKCIUIyaTallkd TPAHCIOPTHBIX CPEJICTB  MEJIKUE
HEUCIPABHOCTH, C COONIOACHNEM TpeOoBaHMI1 0€30MacHOCTH;

BBITIOJIHSITh TPeOOBaHUs O€30MACHOCTH IPU NMPOBEIACHUU PEMOHTHBIX padoT.

3HAHUS METO/bl pacyeTa M HU3MEPEHUsS] OCHOBHBIX IApaMETPOB 3SJIEKTPUUYECKHX, MArHUTHBIX H
AIEKTPOHHBIX LEIEH;

KOMITOHEHTHI aBTOMOOUIIBHBIX 3JIEKTPOHHBIX YCTPOUCTB;

METO/IbI MIEKTPUIECKUX U3MEPEHU;

YCTPOWCTBO Y MPUHIMI ACUCTBUS INEKTPUUECKUX MAILIHH.

2. OBIIUE PEKOMEHJAIIMU 1O BBIINTIOJTHEHUIO U O®OPMJIEHUIO IPAKTUYECKUX
3AHSITUM U IABOPATOPHBIX PABOT

JlaGopaTopHbIe U TPAaKTUIECKHE paOOTHI BHITOTHSIIOTCS 00YYaIOMIMMHCS IO TPaQHKy, COCTABICHHOMY B
COOTBETCTBHH ¢ MporpaMmoii padoueit nucuurinabl OI1.02 OCHOBBI 31EKTPOTEXHUKH.

Pesynprar wmszyuenuss yueOHoM mucuumuinHbl OIL.02 OCHOBBI 3JIEKTPOTEXHUKU J1a0OpaTOPHBIX
(mpakTUYeCKUX) paboT, KOTOPbIE COOTBETCTBYIOT O0Jiee TITyO0OKOMY OCBOCHHIO JUCIMILTUHBI, 3aKPETLICHUIO
TEOPETHYECKUX 3HAHUN U IPUBUBAIOT OOYYAIOIIMMCS TIPAKTUYECKUE HAaBBIKM CAMOCTOSTEILHON pabOTHI.

VYyebOnas aucuuranHa OI1.02 OCHOBBI 3JEKTPOTEXHUKH 3aBUCUT OT COAEPIKAHUS MPAKTHUYECKHX
paboT, KOTOPBIE COOTBETCTBYIOT O0Jiee TITyOOKOMY OCBOCHHMIO JAMCITUIUIMHBI, 3aKPETICHUIO TEOPETHUECKUX
3HAHUU U TPUBUBAIOT 00YYArOIIUMCS MTPAKTUIECKIE HABBIKA CAMOCTOSITENIbHON pabOTHI.

3aaya NpakTUYECKUX paboT — 3aKpENUTh TEOPETUUECKUE 3HAHUS 00yYatOIUXCSl.

CornacHo y4eOHOTO TUTaHa Mo Mpodeccuu U MPOorpaMMbl YY4EeOHON JUCIMILTUHBI Ha MPAKTUYECKUE
3aHATHUS 00yUaromuxcs BeieneHo 14 akajqeMuueckux yaca, U3 HUX:

Ne u HauMeHoOBaHMe pa3/iesioB (TeM) KoJsinyecTBo 4acoB
Pasnea 2. IlocTOSIHHBIH TOK 6
[Ipaktuueckas padota Nel 2
YnpaxHeHus B cOOpKe cxeM, BbIOope MpUOOpOB U annapaTypsl
I[paxTryeckas padora Ne2 4

HpI/IMeHeHI/Ie 3aKOHOB K JJICKTPHYCCKHUM ILECIISIM CO  CMCIIAHHBIM
COCAUHCHUECM PE3UCTOPOB

Pazaen 3. DuekTpuueckue H3MepeHust 6
[IpakTuyeckas padora Ne3 2
Omnpenenene 1eHbl AeJIeHUs IPUOOPOB U CHATHE NMOKa3aHUM

[IpaxkTuueckast padota Ne4: M3amepenue 31eKTpUYECKOTO TOKA, HAIPSKEHHUS, 2
MOIIHOCTH

[TpakTuueckas padota Ne5: TIpoBepka 3akoHa Oma Juis yyacTKa IenH 4
Pa3nen 7 DnekTpuyeckue enu nepeMeHHOro Toka 2
[IpakTtuueckass pabora Ne 6: IloakmroueHne poO3ETOK, BBIKIIOYATENEH K 2

COCAMHUTCIIbHBIM ITPOBOAAM
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3. METOJMKA ITPOBEJIEHUS IPAKTUYECKHUX 3AHATUI U IABOPATOPHBIX PAEOT

Llenpro TpaKTHYECKUX 3aHATHI SBISETCA NMPHUOOPETEHHE MPAKTHYECKUX HABBIKOB ITOJIB30BATHCS
YHHBEPCAIbHBIM HHCTPYMEHTOM, CIIEHUAIBHBIMU TPUCTIOCOOTICHUAMH (CbEMHUKAMH ) U CPEJICTBAMU 3AILUTHI;
NOJIb30BaThCsl MHGpOPMAIMEel CHPaBOYHOTO XapakTepa; padoTaTh C HMCTOYHHKaMH HH(OpManuu Ha
Pa3IMYHBIX HOCUTEISAX; cCOOUpaTh U 00padaThiBaTh HHPOPMALIUIO, TIOTYYECHHYIO U3 Pa3IMYHBIX HCTOYHUKOB,
B TOM 4YHCIIC CIEIHATM3UPOBAHHBIX H3/JaHUH, HAay4YHBIX MYyOJIMKAIWH; NPUMEHATh HH(OPMAIMOHHbIE
TEXHOJIOTUH; O€30MacHO YIPABIATh TPAHCIOPTHBIMH CPEJICTBAMHU; YCTPAHATH BO3HMKIIHE BO BpeMs
IKCILTYaTallMH TPAHCIOPTHBIX CPEJICTB MEJIKHE HEUCIIPABHOCTH, C COOII0ICHNEM TpeOoBaHuUi1 6€301MacHOCTH;
BBINOJIHATH TPEOOBaHMS O€30MIACHOCTH MIPU MPOBEIEHUN PEMOHTHBIX PadoT

Hcxomst, 13 mocTaBiIeHHbIX 11e1el B paboTe OyyT pemarbesi ciaeayIomue 3a/1auu:

3akperieHue 3HaHui 110:

v METOJlaM pacueTa M HU3MEPEHMsI OCHOBHBIX IAapaMETPOB DJJIEKTPUYECKHX, MArHUTHBIX U
3JIEKTPOHHBIX LEIIEH;

v KOMIIOHEHTaM aBTOMOOMIIBHBIX 3JIEKTPOHHBIX YCTPOMUCTB;

v METOAAM DJJIEKTPUYECKUX HM3MEPEHUM, YCTPOWCTBO M IPUHLMUII JIEHUCTBUS JJIEKTPUYECKUX
MallIVH.

Hayuutscs nosb3oBaThees:

v yueOHOI U CIpaBOYHOM JINTEPATYyPOH;

v HOPMAaTUBHOM JOKYMEHTAIUEW;

v Ta0JINLAMU;

v pacyeTHbIME (POPMYJIAMH

PaboTa cTyneHTa o Teme 3aHsATHS JISJIUTCS Ha TPH JTara:
- CaMOCTOSITEIIbHAS ITOATOTOBKA K 3aHATHIO;

- IPAKTUYECKOE BBIMIOJHEHUE 3a/1aHus (10 33/JaHHIO);

- ohopmIIeHHE pe3yIbTAaTOB PAaOOTHI U 3aIUTA.



4. COIEP)KAHUE NPAKTUYECKUX 3AHATUA U JIABOPATOPHBIX PABOT

IIpakTuueckasi padora 1. Pemenne 3axau na pacuer 3. Leneii.
Llesib: N3y4nTh IJICKTPUUECKHUE LIeTTH 0€3 pa3BETBICHHIMA
Oo0opynoBaHue: CXeMbl IIEKTPUUECKUX IIeTEeH

Teopernyeckasi 4acThb

Pemenue m060# 3a1a4n 1O pacyeTy AIEKTPUUYECKON IIeTH CIIeAYyEeT HAYWHATh C BBIOOPA METO/AA, KOTOPHIM
OyayT npousBeJeHbl BeluMcaeHHUA. Kak MpaBuio, OHA U TaXke 3a/1a4a MOKET OBbITh PElIeHa HECKOJIbKUMHU
Metoaamu. Pe3ynbrar B 11000M citydae OyeT OAMHAKOBBIM, a CIIOKHOCTh BBIYUCICHUN MOXKET CYIIECTBEHHO
oruyarbes. J{as KOppeKkTHOro BeIOOpa MeToJja pacuera ciefyeT cHadajga ONpeAeIUThCs K KaKoMy Kiaccy
OTHOCHTCSI JaHHAs 3JIEKTPUUECKas LEIb: K IPOCTHIM IEKTPUUECKUM LEMSAM WU K CIOKHBIM.

K nmpocThIM OTHOCAT 3JEKTpUYECKUE IIEeMH, KOTOpbIe coepaT JUO0 OJUH HMCTOYHUK 3JICKTPUUYECKOM
SHEPTUM, MO0 HECKOJBKO HAXOJSAIINXCS B OJHOW BETBU IJIEKTpUYECKOW mernu. Huxke m300paskeHbI J1BE
CXEeMBbI IPOCTHIX UIEKTpUUECKuX Lernen. [lepBas cxema coOnepKUT OOUH MUCTOYHUK HANPSIKEHUS, B TAKOM
Cllydae JJIEKTPUYECKas LENb OJHO3HAYHO OTHOCUTCS K MPOCTBIM LEIMsM. Bropas comepKur yxe nBa
HWCTOYHHKA, HO OHU HAXOJATCS B OJHOM BETBM, CIEAOBATEIBHO ITO TAKXKE MPOCTAsl AJIEKTPUUECKAS LIEIIb.
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Pacuer npocThIX 3JIEKTpUYECKUX Leneil 00BIYHO IPOU3BOJIAT B TAKOU MOCIEA0BATEILHOCTH!

1. Crauana YIOPOLIAKT CXEMY IIOCIICOAOBATCIIBHO Hp606p330BaB BCC INIACCHUBHBIC 3JICMCHTBI CXCMbI B OJUH
SKBHBAJICHTHBIN pe3uUcCTOp. I[JISI 9TOI0 H€O6XOIII/IMO BBIACIIATE YYACTKHU CXCMbI, Ha KOTOPBIX PE3HUCTOPLI
COCAMHCHBI ITIOCJICAOBATCIIbHO WK ITapalJICJIbHO, X 110 U3BCCTHBIM (1)OpMy.]'IaM 3aMCHATH UX 3KBHUBAJICHTHBIMU
pe3ucTopamMu (COHpOTI/IBJIeHI/IflMI/I). HGHI) IMOCTCIICHHO YHNPOIIAOT W MPUBOAAT K HAJIMYWIO B LCIIMA OJHOT'O
9KBHUBAJICHTHOI'O pE3UCTOPA.

2. Jlanee momoOHYIO TIpOLIETypy MPOBOIAT C AKTHUBHBIMHU JJIEMEHTAMH DJIEKTPUUYECKOW Ienu (eciau X
KOJIMYECTBO O0JIee OJHOTO UCTOYHHKA). [[0 aHaToruu ¢ MpeIbIAyIIUM ITYHKTOM yIPOIIaeM CXeMy JI0 TeX Mop,

IIOKa HC IMOJIYYUM B CXEME OAWH SKBHUBAJCHTHBIA MCTOUYHUK HAIps>KCHUA.

3. B wurore Mbl [pPUBOAUM  JHOOYI0 IPOCTYH0  DJIEKTPUYECKYI0 CXeMYy K  CIEIyHOIEMY

rae: Rs — 3Ha4YeHWe COMpPOTMBAEHUS SKBUBANEHTHOMO
pesucTopa (Nonyy4aloT nocne BbiMOAHEHUs M.1)
r, r, 1 E,- napamMeTpbl 3KBUBANEHTHOrO UCTOYHUKA
[] i 3NEeKTPUYECKON sHeprum (NYHKT 2)
-

By I=E,/(R,+1,) (1.22)

BUJY: Tenepp €CTb BO3MOXKHOCTb
NpUMEHUTH 3akoH OMa - cooTHomeHue (1.22) u (akTuyecku onpeAeauTh 3HaAUYCHHE TOKa MPOTEKAOIIETo
4yepe3 UCTOYHHUK IIEKTPUYECKON YHEPTHH.




Fne: Ry — 3Ha4YeHMe CONpOTMB/IEHUSI SKBUBANEHTHOIO
pe3sucTopa (Noay4arT Nocse BbiNoAHeHus n.1)
rs r. u E,- napamMeTpbl 3KBUBaNEHTHOr0 UCTOYHUKA
[] i 3NEeKTPUYECKOon aHeprum (NyHKT 2)
3

I=E,/(R,+1) (1.22)

3apaya N21

HaliTn 3KkBMBaneHTHOE CONPOTUBNEHME MexAay 3axumamu a u b ana
cneayowen uenu:

la I R;=12 OmM; R,;=10 Owm;
R, R; R;=30 OM; R,=60 Om;
R, R, R. Rs=12 Om.
g Rsp=7?

PeweHue

Ha cxeme BblaenseM yyactok uenu ¢ napannesibHbiM CoeAuHEHneM
pe3ncTopos Ry, Rs M 3aMewiaemM ux 3KBUBANEHTHLIM PE3UCTOPOM Rus

z—{
a R R Rs4s=RsRs/(R4+Rs)=
: : 60x12/(60+12)=10 Om
R, Rus
b
&

Hanee npeobpasyemM B 3KBMBANEHTHOE conpoTusneHne Riss
nocneaosarenbHoe coeauHenme aneMeHToB R3 U Rys

R345=R3+R45=30+10=
=40 Om

R 345

Tenepb 3aMEHUM 3KBUBANIEHTHbLIM CONPOTUBNEHMEM Rj345 NApPanienbHo
coeanHeHHble pe3nctopbl R; U Rags

R2345=R2XR345/(Ry+R345)=
10x40/(10+40)=8 Om

R2345

W B 3aBeplieHme Hanaem 3KBMBANEHTHOE CONPOTUBIEHUE BCEW Lenn co
CTOPOHbI 3aXXMMOB @ U b, yuutbiBas 4to R; 1 Ry345 COBAUHEHDI
nocneposaTesnibHo

a Rap=Ri+R3245=12+8=20 Om

b OrseT: R;,=20 OmMm



IIpakTuyeckas padora 2

Pacuer He/IMHEHHBIX JIEKTPUUYECKHUX 1eNeil

Ieab: U3yunTh 3JIEKTPUUECKHE LIENU C PA3BETBICHUSMHU, COAEPKAIINE HECKOJIBKO HCTOUHUKOB TOKA.
OobopynoBaHue: cXeMbl AJIEKTPUUYECKUX LIEeTICH

Teopernyeckas yacTpb

B cxemax 3neKTpHUYecKHX Lienel MOKHO BBIAEIUTh XapaKTepHBbIE 3JIEMEHTHI: BETBb, y3€ll, KOHTYpP

BerBbio 37IEKTpUUECKON LIENM Ha3bIBAlOT €€ y4acTOK, HAa BCEM INPOTSHDKEHHWH KOTOPOTO BEJIMYMHA TOKa
UMeeT OJJUHAKOBOE 3HAYCHHUE.

VY3JI0M 2JIEKTPUYECKOM LIENM HAa3bIBACTCS MECTO COEAUHEHUs JJIEKTPUYECKUX BETBEU. B y3110BOM TOUKe
CXOJATCSl KAK MUHUMYM TP BETBH.

KoHTypoMm 31eKTpUuecKoil LieNu Ha3bIBalOT 3aMKHYTOE COEUHEHHUE, B KOTOPOE MOTYT BXOJAUTH HECKOJIBKO
BETBEIl.

BetBu, coneprkaliyie MCTOUYHUK 3JIEKTPUUECKON S3HEPTUH, HA3bIBAIOTCS aKTUBHBIMU, a BETBU, HE COJIEPIKalIIe
HCTOYHUKOB, Ha3bIBAIOTCSI ACCUBHBIMU.

[Tepssiii 3akon Kupxroda:

B pa3BeTBiEHHOM LleNM TOK B pa3jIMYHBIX BETBSIX MOXKET MUMETh paszinyHoe 3HaueHue. CymMma TOKOB,
BXOJISILIMX B Y3JIOBYIO TOUKY Pa3BETBJICHHOM LU, JOJKHA ObITh paBHA CyMME TOKOB, BBIXOJSIIMX U3 3TOU
TOUKH.

1 3axon Kupxroda gopmynupyercs Tak: anredpanyeckas CyMMa TOKOB B BETBSIX, COCIMHEHHBIX B OJIMH
y3€ll, paBHa HYJIO.

Toku, Bxonsuye B y3€i, IPUHITO CYUTATh MOJOKUTEIBHBIMH, @ BBIXOJAIINE U3 Y3J1a - OTPULIATEIbHBIMHU.
Bropoii 3akon Kupxroda ycranasiausaer 3aBucumoctb Mexay S/1C u najeHnemM HanpspkeHUs: B 3aMKHYTOM
KOHTYype JIt000M 37eKTPUUYECKOM LIETIH.

Touku A, B, C, /] sBisitoTCA y3710BBIMU TOUYKaMHU Ha pUc 10, MOCKOJIBKY B KaXJIOM U3 HUX CXOJSATCS YEThIpe
IIPOBOJHUKA.

2 3akoH Kupxroda dpopmynupyercs Tak:

Anrebpanueckas cymma O/]C B 3aMKHYTOM KOHTYpE 3JIEKTPUUECKOHN LIenu paBHA aureOpanyeckol cymme
Na/IeHUi HapsDKEeHUH Ha BCEX yyacTKax 3TOM LemH.

Tperbe npasuno Jlotopenuyka:

JUis  ompexneneHus — 3HAKOB B aJreOpandyeckodl cymMMe — HampaBieHue o0XoJa KOHTypa BbIOMpaercs
IIPOU3BOJIBHO: 10 YAaCOBOM WJIM IIPOTUB YaCOBOM CTPEJIKH.

SJ1C ncToyHMKa, COBIAAa0MIast ¢ BHIOPAaHHBIM HAIpaBiIeHUEM 00X0/ja KOHTYPa, CYUUTAETCS MOJI0KUTEIBHOH,
a He COBIAJAOIIAs - OTPULIATEIHHOM.

[Tanenne HampspKEHHs Ha CONPOTHBIIEHUM CUMUTAETCS MOJOXKHUTEIBHBIM, €CIHM TOK, IPOTEKAIOLIUI Yepe3
HEro, COBMAJaeT C BHIOPAHHBIM HalpaBiIeHUEM 00X0/a KOHTYpa, UJIM OTPULIATEJIbHBIM - €CJIM HE COBIIAJIAET.
ITopsinok BbINOJIHEHHS PAadOTHI

A) O3HaKOMUTBCS C TEOPUEH.

b) Pemute 3amaun

3anayga 1

Js AIIEKTPUUYECKOW IeNM  TMOCTOSHHOro Toka (puc 1) ompenenuts Toku B BeTBsX. D[C1 paBHa
1,8B, DJIC2  pana 1,2B. Comnpotusnenue pe3uctopos: 0,2 Om, 0,3 Om, 0,8 Om, 0,6 Om, 0,4 Om.
3agaua 2.

B anexktpuyeckoii 1ienu NOCTOSTHHOTO Toka (puc 2) ammepMeTp nokaspiBaer  SA.  Ompenenure  cuity

TOKOB, eciau conpotuieHus pesuctopoB 1 Om, 10 Om, 10 OMm, 4 Om, 3 Om, 1 Om, 1 OmMm, 6 Om, 7
Owm. Benmnuunet 3/C: E1=162B, E2=50B,

E3=30B.

3amauga 3.

lBa anemeHTa, umerone oguHakossle D/IC 1o 4,1 B u oguHakoBble BHYTPEHHHME CONPOTHBIIEHUSA 110
4 OM, coelMHEHbl ~ OJIHOMMEHHBIMH  IIOJIIOCaMH, OT KOTOpBIX caenaHbl BbiBoAbl. Kakyro DOJIC u
Kakoe  BHYTPEHHEE CONPOTUBIICHUE JOJDKEH UMETh 3JEMEHT, KOTOPBIM MOKHO ObUIO OBl  3aMEHUTb
Takyro Oarapeiky?

3agaua 4.

lanpBanmyeckue  amementol ¢ DJIC 4,5B u 1,5 B u BHyTpeHHUMU  CONPOTUBICHUSIMH 1,5
Om wu 0,50M, coequHEeHbl OJHOMMEHHBIMU MOIIOCAMU U MUTAIOT JaMITy OT KapMaHHOro  (hOHapHKa.



Kakyio MomHocTh  moTpeOiseT jgamma, €eciad M3BEeCTHO, YTO CONPOTHBJICHHE €€ HUTH B HAarpeTOM
COCTOSIHMH paBHO 23 Om?
BriBoxa:

IIpakTHyeckas padora 3

Buabl 3anucu uapopmanmnu

Hean: Buasl 3anvcu nHGopMauu
(JIazepHble mpUHTEPHI)

Conepxanue:

| Wcropus nevararooumx cpeicTs

Hctopust pa3BUTHS Ja3epHBIX TPUHTEPOB

Il ®usnyeckuii npuHIMNI padbOTHI Ja3€pHOI0 IPUHTEPA
dopMupoBaHUEe U300pAKECHHS

[Tpunimn nercrBus

LIBeTHas neyath

OcCHOBHBIE XapaKTEPUCTUKH JIA3EPHBIX TPUHTEPOB
1T ®uznueckue mpoueccsl

TexHonorus u3rotoBiaeHUs: (OTOPELECTITOPOB
[Ipomnecc kceporpaduun

Buas! koporpoHOB

dopMupoBaHre U300paKCHHS

[IposiBnenue

ITepenoc

Otnenenue

3akperuieHue

Ounctka

dorobapaban

Jlazep

IV Utorun

IIpakTnuyeckas padora 4

N3yyeHue 3aKOHOB MarHUTHBIX LieNei.

Ieb: Hay4YUTHCS MPOU3BOIUTE PACYET MATrHUTHBIX LICTIEH

OOopynoBanme: cxeMbl MATHUTHBIX LleleH.

Teopernyeckas 4acTb

Pacyer MarHMTHBIX 1lenied MPOBOAMUTCS Ha OCHOBE 3aKOHOB Kupxroga a1 MarHUTHBIX 1ienei. ITUX 3aKOHOB
IBa.

Ilepssiit 3akoH Kupxroda ( Wi OpUHLIMI HENPEPHIBHOCTH MAarHUTHOTO MOJIsl) IPUMEHSIOT K MATHUTHBIM
y371aM pa3BeTBIEHHONH MarHUTHOH 1enu. CoriacHo 3TOMy 3aKOHY ajnreOpanyeckas CyMMa MOTOKOB paBHA
HYJIIO.

Bropoii 3akon Kupxroda (1au 3ak0H MOJIHOTO TOKA) MPUMEHSIOT K MarHUTHBIM KOHTypaM. B cooTBeTcTBHE
C 3TUM 3aKOHOM anreOpanueckas CymMMa MAarHUTHBIX HalpsDKEHMH paBHa — airedpanyeckoil cymme
HaMarHMYMBAIOIIUX CUJ B KOHType. ENMHNIIEN MarHUTHOTO HaIlpsKEHUS SIBISETCST AMIIEp.

YacTo npu pacyeTe MarHUTHBIX LENed NPUMEHSIOT 3aK0H OMa JUIsl ydacTKa MarHuTHoM nenu. [lo ananorun
C DJIEKTPUYECKOM ILENBI0 MAarHUTHOE COINPOTUBIECHUE PAaBHO MArHUTHOEC HANPSDKCHHUE IOACIIUTH Ha
MAarHUTHBIN TOTOK.

ITpu pacuere Hepa3BeTBICHHON MarHUTHOM 1ETIM Pa3IMYaloT JBE 33Ja4: NpsAMYI0 U 00paTHyI0. B mpsmoii
W3BECTHBI T€OMETPUYECKHE pPa3Mepbl, MAarHUTHBIE CBOMCTBA MarHUTONPOBOAA W 3HAYEHUE MAarHUTHOU
MHIYyKUMU «B» 1 MarHuTHOrO 1noroka «dy.

Ilopsinok BbINOJHEHHs PadOTHI

1.0npenenure KONMUYECTBO BHUTKOB OOMOTKHM 3JEKTpOMaruura, puc2.8 crp.33 yuyeOHUKaA, €CIU TOK
anekTpomarauta paseH 20A, a TOTOK, NpHU KOTOPOM siKOpb HauuHaeT mnputsiruBarecs ©=0,003 BO.



MarauTonpoBOI U3TOTOBJIEH U3 AEKTpoTeXHUUecKoi cTanu I330. Pazmepsl anekrpomarauta: 30cm, 2,5¢M,
12cMm, 12¢Mm, 0,5¢cm; 30cm2, 25cm2.

2.PaccunTaTh TOKHM C YMCJIOM BUTKOB JJIs MATHUTHOM 1IeTIH 110 puc 2.7.0 yueOHuKa cTp. 34.
KounTpoJbHbIe BOpochI

1.Ha3oBuTEe MarHuTHBIC U HEMAarHUTHBIE MaTEPHAIIBI.

2.YTo0 Ha3bIBAETCS MAarHUTHOM 11eTbI0?

3.B yeM 3akiiro4aeTcs aHaJIOTUs SJIEKTPUYECKUX U MATHUTHBIX Henei?

4.Kak ompenenuTb MarHUTHOE COIPOTHUBJICHUE YYacTKa Lenu?

5.Hanummre ypaBuenus Kupxroda aiist pa3BeTBICHHOW MarHUTHOM IICTIH.

6.HazoBuTe ycTpoiicTBa, T/ie MPUMEHSIOTCS MAarHUTOMSITKUE M MAarHUTOTBEP/IbIe MaTepUaIbl?
7.00bsiCHUTE MEXaHU3M HAMarHUYMBaHUs PeppPOMarHeTUKOB.

BoiBoa:

IIpakTnuyeckas padora S
Pemenue 3a1a4 HA BBIYHCJICHUEC HHAYKTHUBHOCTH.
He.ﬂb: HAaY4YUTBHCA pCIIATh 3a/la41 HAa HAXOKACHUC HHAYKTUBHOCTHU

3agaua 1. B pe3ynbrare yObiBaHUS TOKA B KOHTYpe OT 8 A 10 2 A 3a 12 mc, B koHTYpe Bo3HuKIa DJ1C
caMouHaykiuu 25 MB. HaliquTe HHIyKTUBHOCTh TAHHOTO KOHTYpa.

PEIIEHUE 351C

CaMOMHIYKIIAU Nsm
€HEHME CUJIbl TOKA PAaBHO Pa3HOCTHU
MEXK]1y KOHEYHBIM U HayaJIbHbIM

At =12 mc Cu TOKOM
TIAHO:

. -2 I, —
§i;=25MB I; =8A 1,2-107“c Al=1—h=§i=—-L—F
2,5 . 10-2 B Bripasum HHAYKTUBHOCTH U3

a‘rz =2A II0JIY4E€HHOI'O
‘fsiﬂt
L=———
YpaBHCHHUA 12 - ii
25-1072B-1,2-1072 ¢
- 2A—8A -

L=7

OTtBet: 50 Mx[ H.

3anaua 2. Uepes miomnaap KOHTYpa MPOXOJIUT MarHUTHBIN MOTOK 2 MBO, co31aBaeMblil MpOTEKAIOIITUM 110
KOHTYpY TOKOM cuiioil 5 A. B teuenne 50 Mc Tok paBHOMepHO ymeHbIaercs 10 3 A. Haitnure O/1C
CaMOUHIYKIUH.



¢ =2 MB6

JIAHO:
At = 50 mc

I, =5A

=7

Esi

OTtBet: 16 MB.

CH
2-107° B6
5-107%¢

I, =3A

PEIIEHMUE 3amnumiem 3aKkon

Al
$si = — E
CaMOMHYKITUU NuaykTUBHO
CTh — 3TO KO3 (UIIUESHT CAMOUHIYKIIHH,
KOTOPBI paBE€H OTHOIICHUIO MATHUTHOTO
MIOTOKA, IPOXOJIAIIECT0 Yepe3 KOHTYP K CHIIe

P

TOKa B 3TOM KOHTYPE€ 1 B 3aga4e
YKa3aH MAarHUTHBIN IIOTOK IIpU HAYaJIbHOM
3HA4YCHHUHN CUJIBI TOKA. I/ICXOI[H Hu3 3TOIO0,
3alMUIICM BBIPAKCHUC JIA

b
L=—;
UHYKTUBHOCTH 1
Al=1, -1 C y4eToM MocCaeIHIX
dopmyi DJIC caMoWHIyKIIUN
paBHO
(o % h-h_® h-b
St I, At At I
21073 B6 5A-3A_ o an
$i = 5102 ¢ -

5A

3agaua 3. K ucrounuky Toka ¢ 9JIC 12 B u BHyTpeHHUM conpoTupieHueM 1 OM NOKIII0YeH peocTar,
conpoTusiieHne kotoporo 3a 0,5 ¢ paBHoMepHO yBenuuuBaroT oT 10 OM 10 15 Owm. Ilpu 3Tom B peocrarte
BoszHuKaeT DJIC camounnykmuu 0,03 B. Haiiaure nHIyKTUBHOCTD peocTara.

JIAHO: §=12B

At =0,5¢
R, = 15 Om

r=10m

R, = 10 Om

PEILIEHUE 3amnumemM
fﬂ‘ - 0,03 B 3aKOH
Al
§si=—L4
CaMOUHYKITUU 3anumemM

3akoH Oma JIJIS TIOJTHOM



i

eI R +7r Haiiném BeIpaxkeHus nis
Ha4aJbHOIO U KOHEYHOTI'O TOKA, ITOJICTABHB B 3aKOH
OMa COOTBETCTBYIOIIME 3HAUYCHUS COITPOTUBIICHUS
peocrara

£ 12 B 1

R, +r 100M+10M 1

11=

& 12 B
R,+r 150M+10M

Tormga nsMeHenue Toka
paBHO

Fay

I

N

A1=I2—I]=Z A_ﬁA=aA_Z

BrIpazum MHAYKTUBHOCTH U3 3aKOHA

_ fsiﬁt
Al

CaMOHHHYKHHH
_ 003B-05c 44-0,015B-c
B 15 - 15 A
44

L=7?

OTtBer: 44 m[H.

JlaboparTopnass pabdora 6

HN3yyeHue sIBJIECHHUS CAMOMHIYKIIUM

Leab paGoThl: U3YyYUTH SBJICHHUE DJIEKTPOMATrHUTHOM WHIYKITUU.

OOopynoBanmue: MCTOYHHK TOKA, TallbBAaHOMETp, KaTymikal, >Kele3HbId CepAeyHHK, MOJAKOBOOOPa3HBIMA
MarHuT, MarHuTHasl CTPEJIKa, peoCcTaT, K04, BUTKH MPOBOJIOKH WIJIM KaTyIIKa 2, TUaMeTp KOTOpOH OoJIbIie
JuaMeTpa KaTylku |, 1Be 1aMIouKH.

Onucanue padorTsl

SIBneHue 3NEeKTPOMArHUTHON MHAYKIIMU COCTOUT B TOM, YTO U3MEHSIOIINIICS BO BpEMEHU MarHUTHBIN MTOTOK
4yepe3 TMOBEPXHOCTh, OTPAHWYEHHYID  3aMKHYTBHIM TIPOBOJSIINM KOHTYPOM, BBI3BIBAET TIOSBIICHHUE
AJIEKTPUYECKOTO TOKA B KOHTYpE. OTO SIBIICHHE JIOKA3bIBAET B3aWMOCBS3b AJEKTPUUYECKOTO U MarHUTHOTO
MOJIEH.

OJIC MHOYKIMU ONIpEAENSIETC CKOPOCThIO U3MEHEHUSI MArHUTHOTO MOTOKA.

HamnpaBnenue MHAYKIIMOHHOTO TOKA B KOHTYpE OIpeessaeTcs mpaBuiaoM JIeHIa: MHIyKIIMOHHBIN TOK BCErAa
HAINpaBJIEH TaK,

9TOOBI MPEMSITCTBOBATH IPUUYUHE, €TO BHI3BIBAIOIICH.

DTO 03HAYAET, YTO MPU YBEIUICHIUN MAarHUTHOTO IMTOTOKA TOJIE

Bo3Hnukaroniero nHAYKIIMOHHOTO TOKA CTPEMHUTBCS €r0 YMEHBIIUTh, IPH YMEHBIICHUH — YBEJIUUYUTh. 3Has
HAMpaBJIE€HUE MArHUTHOTO MOJ WHAYKIUOHHOTO TOKA, MOYKHO OIpPEIEIUTh HampaBJIE€HHE CaMOIo TOKa.
3ameTuM, 4TO, KOT/Ia U3y4aeM IoJie, CO3/aBaeMoe MPOBOJHUKOM C TOKOM, CTaBUTCS oOpaTHas 3ajadva: 1o



HaIIpaBJICHUIO TOKA OMNPEIEIUTh HAIPABICHUE BEKTOPA MHAYKIIMM MArHUTHOI'O MOJIsl, KOTOPOE CO3JA€ET TOK.
B o10it pabore MBI (aKTHUECKM OTYACTH TMOBTOpsieM oONbIThl Dapajes, OTKPBHIBIIETO SBICHHE
3JEKTPOMArHUTHON MHIYKIUU.

CaMOMHAYKLUS — 3TO SIBJIEHUE, IPYU KOTOPOM BO3HHMKAET MHAYKIIMOHHBINA TOK B TOM CaMO# KaTyIIKe, KOTopas
CO3JaeT NEPEMEHHOE MarHUTHOE TOJIE.

ITopsinok BbINOJHEHHS PadOTHI

PesynbTarsl HaOMIOACHMI CIeIyeT OMucaTh, a 3aTeM 00bEIMHUTH B UTOIOBYIO TaOIUILY.
1.IlpenBapuTenbHbIN OIBIT.

CobepuTe cxemy 1o puc 6. B kaTyIiky BCTaBbTE JKeJI€3HbINA CEpJCUHUK. 3aMKHUTE LIETlb, 3AMETHTE IIPHU ITOM,
B KaKyl CTOPOHY OTKJIOHWJIACh CTpeJiKa rajbBaHoMeTpa. C MOMOIBIO MarHUTHOW CTPENIKM YCTaHOBHTE
PaCIOJIOKEHNE MAarHUTHBIX MOJIFOCOB KaTYIIKU.

2.11epBblii ONBIT.

Cobepute cxemy 1o puc 7. C MoMoIIpl0 MarHuTa BRIHUMANTE U3 KAaTyIIKA U BCTABISUTE B HEE KEIIe3HBIN
cepaeuyHukK. [locrapaiiTech 3aMETUTh BIMSHUE CKOPOCTH JIBHKEHUS KEJIE3HOTO CEPACUYHUKA BJIOJIb KaTyIIKU
Ha 3HAYEHUE CUJIbl TOKA, MPOXOMSILEro Yepe3 rajbBaHOMETp. 3alUIIMTE, B KAKYyI0 CTOPOHY OTKJIOHSETCS
CTpeJIKa.

3.BTopoii onbIT.

Cobepute cxemy 110 puc 8. [Ipu 3ToM KaTymky 2 Wi MOTOK IMPOBOJIOKH HAIETHl HA KaTylKy 1. 3aMKHUTE
LETb U PA30MKHUTE. 3allUIIUTE BbIBOJ.

5.3Has, B KaKkylO CTOPOHY OTKJIOHSETCS CTpEJIKa rajlbBaHOMETPA,

I/I306paSI/ITe IMOJIFOCbI MAarHvTHOTO MMOJIA MHAYKIUMOHHOI'O TOKa

IIPU Pa3HBIX MOJIKOCAX MArHUTA, C IOMOILBIO KOTOPOT'O BbI IBUT'AJIU JKEJIE3HbIN CepICUHUK.
6.[loaTBepauTe MK onpoBepruute npasuio Jlexnua.

9. Tpetnii onbiT. CobepuTe MEKTPUUECKYIO 1EMb, COSIUHUB MaPAJIJICIBHO JBE JAMIIOYKH C UCTOUHUKOM
Toka. [TocnenoBarenbHO MEpBOM JIaMIE€ BKIIIOUUTE PEOCTAT, a MOCJIEI0BATEIbHO BTOPOU JIaMIIE€ BKIIFOUNTE
KaTyIIKy UHAYKTUBHOCTH.

10.IIponabmtoaiite, 4TO MPOMCXOTUT MPH 3aMBbIKAHUH 1IETIH C IEPBON M BTOPOM JTaMITOM.

11.910 mpoucXoauT Npu pa3MbIKaHUH LIETIH CO BTOPOH JIAMIION.

12.00bsicHUTEe HAOMIO1aeMOE SIBIICHHE.

KoHnTpoJibHbIe Bonpockl

A) B uem cocToOUT sIBI€HHE HJIEKTPOMArHUTHON WHAYKIUU?

b) Kakue crioco6sl M3MeHEHUsi MarHUTHOTO MOTOKa B 3TOH padbote?

B) Bausier nmu npupoia MarHUTHOTO 1IOJISI HA SIBJIEHUE AJIEKTPOMAarHUTHOM WHAYKLIHMH?

I') Ilouemy BO BTOpOM ONBITE CTpeENKa rajibBAHOMETpa OBICTPO BO3BpallaeTcs K HYJIO, Bellb TOK B IIENH
KaTymku 1 npogomkaer uaru?

J1) Ilpu nogHeceHnH cepIeUHNKa K KaTyIlIKe M0Jie UHIYKIIMOHHOTO TOKa IOMOTaeT BBUTAaTh CEPJICUHHK WU,
HA000pOT, MemIaeT?

E) Ilokaxute, uto pasmepHoctsh DJC, BbMcIeHHON MO (OpMYJie COOTBETCTBYET BOJBTY.

BoiBOA:



JlaGopaTopHnasi padora 7-8

«yIeKTpUYeCKHe U3MePeHHsl B eNsiX MOCTOSIHHOTO M NMePEMEHHOT0 TOKa»

Heab: HAyYNUTHCSA U3MEPSATH CUITY TOKA, HAMTPSHKCHUE U COMTPOTUBJICHHE B LIEMSAX TTOCTOSTHHOTO M TIEPEMEHHOTO
TOKA.

OO6opynoBaHmue: aMIepMeTp, BOJIBTMETP, OMMETP, PEOCTAT, KIOY, COCIUHUTEIBHBIE MPOBOJIA, HCTOYHUK
MTOCTOSTHHOTO TOKa, HCTOYHUK ITEPEMEHHOTO HAIIPSKEHUSI, BATTMETP. CUCTUHK JICKTPOIHEPTUH.

IMopsiTok BHINMOJIHEHHS PA0OTHI

OOt MOPSIOK BBIOJIHEHUS U3MEPEHUIN

[Ipy W3MEpeHUU SIIEKTPUYECKUX BEIUYHH C MOMOIIBIO MPUOOPOB CTPOrO COOIONAIOT MPaBHIIA TEXHUKH
0€30IaCHOCTH.

[ToaroraBnuBaroT MPUOOPHI U BBEITIOIHSIIOT U3MEPEHHSI B CIIEAYIONIEM MTOPSIIKE:

1.IIpuGop BHIOMPAIOT C yU4EeTOM TPEeOyEMBbIX YCIOBH H3MEPEHUS U TOUHOCTH.

2.IlepexntoyaTelib yCTaHABIMBACTCS HA HYXKHBIN Npeie] U3MEPEHUS.

3.1leHy neneHus MKaIbl ONPEACIISIOT PY YCTAHOBICHHOM IIpeiesie U3MEPESHHUS, sl YeTO MPEeAe H3MEPEHUS
JICIIAT HA YHCIIO JICJICHUM IIKAJIEL.

4.CTpenKy yCTaHaBJIMBAIOT HA HYJIEBYIO OTMETKY C IIOMOIIIbIO KOPPEKTOPA.

5.I1pubop BK/IIOYAIOT B LIENb COIJIACHO CXEME.

6.Uucno npeneHuid, Ha KOTOPbIC OTKJIOHHJIACH CTpEJIKa, OTCUUTHIBAIOT TaKUM OO0pa3oM, 4YTOOBI JIMHHS,
COCIUHSIONIAS TJ1a3 ¥ KOHEI CTPEIIKH, OblIa MEePICHINKYJIISIpHA K [IKaJIe.

7.Pe3ynbpTaT uamepenus nonydaror. [lepeMHOXKUB LIeHYy AeIEHUS U YUCIIO JIEIICHNUN, Ha KOTOPhIE OTKIIOHMIJIACh
CTpeJIKa.

8.Llens o oxoHUaHUU pabOTHl OTKIIOYArOT. [Ipubop, ecinu TpeGyercs, OTCOSTUHSIOT OT JPYTHUX JIEMEHTOB
LICTIH.

H3mepenue cuiibl TOKa

Cuity TOKa U3MEPSIOT C MOMOIIBIO aMIIepMeTpa.

AMIiepMeTp BKJIIOYAIOT B LIETb MOCIe0BaTeNbHO. OqHUM

U TEM )K€ aMIIEPMETPOM MOXKHO U3MEPUTh CUITY TOKA B pa3IMYHBIX IIpeJeiax, €ciu K NpruOopy MOJKIYUTh
IIyHT. Yare BCero uryHThl IPUMEHSIOT IS BKIIOYECHHUS IPUOOPOB MarHUTORIIEKTPUIECKON CHCTEMBI.

JUI U3rOTOBJIEHUS LIYHTA MIPEKIE PACCUUTHIBAIOT BEIMYMHY €0 CONPOTUBIIEHMS. [[1s1 3TOr0 HYKHO 3HATh:
BHYTpPEHHEE COIPOTUBIIEHUE aMIIEpPMETPa, HOMUHAJIbHBIN TOK aMIIEpPMETpa,

TOK, KOTOPBIN HaJl0 U3MEPUTb.

Tak Kak IIYHT U aMIepMETP COSTUHSIOT MEXAY co00i MmapayieabHO, MOKHO COCTaBUTh CUCTEMY YPaBHEHUI.
Tok, KOTOpPBIN HAJI0 W3MEPUTH PAaBEH CYMME TOKAa aMIepMeTpa U TOKA LIYHTA.

Cuna Toka amnepMerpa: Cuila TOKa IIyHTa = CONPOTHUBIICHHUE IIYHTA: COIPOTUBIICHUE aMIIEpMETpa.
OTHoOlIEHNE CUJIBI TOKA K CHJIE TOKa aMIlepMeTpa Ha3blBAalOT LIYHTUPYIOIIUM MHOXHTENIEM, KOTOPBIN
o0o3HayaeTcst OyKBOM «Im».

CompoTHBIICHUE LIYHTA = CONPOTHBIICHUE amnepmerpa: (1-1).

ITo BenuyMHE CONMPOTHUBICHMS HIYHTAa MOJAOUPAIOT CEYEHHME M JJIMHY NMPOBOAA AJS M3TOTOBJIEHUS IIYHTA.
Ceuenue LIyHTa BBIOMPAIOT TAaKUM, YTOOBI NMPU MPOXOXKACHUU IO IIYHTY HOMHHAJIBHOTO TOKa OH HeE
neperopen.

3ananue 1: paccunTaTh ILIYHT JJIS aMIIEpMETpa Ha HOMUHAIBHBIN TOK SMA u conpotusienue 20 Owm, eciu
3TUM aMIIEpMETPOM TpedyeTcst U3MEPUTh TOK cuitoit 200MA.

HN3mepenue HanpsizKeHUs

Hanpspkenne uzMepsieTcst ¢ MOMOIIbI0 BOJIBTMETPA.

BoapTMeTp BKIIIOUAIOT B LIENb MAPAIIIENBHO.

Jlis paciuipeHus MpeaesioB U3MEPEHUs BOJIBTMETPOB M1OCIIEI0BATEIbHO K HEMY ITOACOEIUHSIOT 100aBOYHOE
conpoTuBiieHue. [l pacuera BeIMYUHBI 100ABOYHOTO CONPOTHUBIICHUS HEOOXOJMMO 3HATh BHYTPEHHEE
COIMPOTUBJIICHHUE BOJBTMETPA, HOMHHAJIBHOC HAIIPSKCHUE BOJBTMETPA, HAIPSKCHUC, KOTOPOC Tpe6yeTc51
U3MEPUTH.

Tak kKak BOJBTMETP M J100aBOYHOE CONPOTHUBIICHHE COEIUHSIOT MEXIY cO0O0M MOCIEeN0BATENBHO, MOXKHO
COCTaBUTb CUCTEMY YPaBHEHUI.



HanpsikeHne, KoTopoe Hag0 M3MEpPUTh = HANpsDKEHUE  BOJBTMETpAa +  HampspKeHUE J100aBOYHOTO
COIIPOTHBIICHUS.

HanpsikeHne BonbTMETpa @ HampsbKeHHE J00aBOYHOE = CONPOTHBIIEHHE BOJBTMETPA :CONPOTHBIICHHUE
n06aBOYHOE.

Orcrona 100aBOYHOE CONMPOTUBIICHHE = COIPOTHBIICHHE BOJIBTMETPA yMHOXKUTH Ha (M\uB — 1).

OTHolIEHNE HANpsKEHUs,, KOTOPOE HAJ0 U3MEPUTh K HAIPSDKEHUIO BOJBTMETPA HA3bIBAIOT MHOXKUTEIIEM
N00aBOYHOT'O COMPOTUBIIEHUA U 0003HAYAIOT OYKBOM «p».

Toraa conpotusieHue 100aBOYHOE = CONPOTUBIICHHE BOJBTMETPA YMHOKUTD Ha (p-1).

3ajanue 2: paccyuTaTh 100aBOYHOE CONPOTHBIICHUE K BOJBTMETPY, UMetomeMy cornpotuBierne 600 Om u
paccunTaHHOMY Ha HampspkeHue 75 B, ecnu 3TuM BoIbTMETpOM TpeOyeTcst u3mepuTh Hanpsokerne 300B.
H3mepenue 3JIeKTPHYECKOT0 CONPOTHBICHHA

Jlj1 HenocpeACTBEHHOIO U3MEPEHMSI COIPOTUBIIEHUSI TPUMEHSIOT OMMETPBI U METOMMETPHI.
ONEKTPUUYECKOE CONPOTHUBIIEHUE MOXKHO TaKK€ M3MEPUTh C MOMOIIBIO aMIepMmerpa U BoibTMeTpa. s
[IOJICYETA CONMPOTHUBIIEHUS COIVIACHO 3akoHY OMa IOKa3aHUs BOJIBTMETPA HAJ0 Pa3AeiuTh Ha IOKa3aHUS
amrepMerpa.

Cxema mpocTeHIIero oMMeTpa IpUBEIEHA Ha PUCYHKE.

B kayectBe u3MepuTeNs B OMMETPE HCIOJB3YETCS MUJUIMAMIIEPMETP MAarHUTOMIEKTPUYECKOW CHCTEMBI.
HcTouHuKOM TOKA SIBJISIETCS CyXOH rajibBaHUYEeCKUH AeMeHT. [Ipu 3aMKHYTBIX Mex1y co00il 3akumax TOK
B LIENU olpeiensieTcs o Gpopmyie:

Cuiia ToKa = HanpsbKeHHe \ COPOTHBIICHUE U3MEPUTENs +

COIIPOTHBIIEHHE JOOABOYHOE.

[Ipu noaxiIrOYeHUH K 3aKMMaM 3JIEMEHTA, COIPOTUBJIEHUE KOTOPOT0 HYHO M3MEPUTh, TOK B LenH OyaeT
OIpeNeNIAThCS 0 hopMyIie:

Cuiia Toka = HamnpspDKeHUE \ COMPOTHBIICHHE M3MEPUTENS+ COMPOTHBIICHUE JJ00aBOYHOE + CONPOTUBIICHUE,
KOTOpPO€ HaJ0 U3MEPUTH.

W3 npuBeneHHON (OpMyYIBI BUIHO, YTO O BEIHMYMHE H3MEPSEMOIO COMPOTUBIICHUS MOXKHO CYAWUTH IO
3HAUEHHUIO TOKA, IOKa3bIBAEMOro u3MeputeneM. i M3MepeHus CONPOTHUBIICHUS UIKAILy W3MEPHUTENs
IpagyupyroT HENOCPEACTBEHHO B OMax.

C noMo1IbI0 IPUBEAECHHBIX BbIIIE (OPMYIT MOKHO PacCUMTATh

N00aBOYHOE COMPOTHUBIICHUE, TPEOYIOIIEeCs Ul U3TOTOBICHHS OMMETPA.

[IpaBuia BBIOJIHEHUS] U3MEPEHHI C TOMOIIBI0O OMMeETpa Thuna M57.

1.OTBepHYTH BUHT Ha 3aJHEH maHenu npudopa, CHATH KpbIIKY | Ha jauieBoi naHenu. B kamepy BcTaBUTH
Oarapeiiky Juist KapMaHHOTO (poHapsi. KphIKy 3aKpbITh U 3aBEpHYTh BUHT.

2.HaxxaB Ha KHOIIKY 2, yOe1uTech, 4TO OMMETp JAEHCTBYeT: cTpelsika mprulopa J0JKHA OTKJIOHUTHCS BIIPaBo,
Ha HYJIEBYIO OTMETKY.

3.CHoBa Ha’)KMMas Ha KHOTIKY 2, ¢ IOMOIIIbI0 MAarHUTHOT'O LTYHTA, HAXOSAIIEerocs Ha 3aJHell naHenu npudopa,
U BUHTA KOPPEKTOpa 4 yCTaHOBUTE CTPEJIKY Ha HYJIEBYIO OTMETKY LIKaibl. KHONIKY oTmycTute.

4.K 3axumam 3 NpUCOEIUHSIOT AJIEMEHT, COIIPOTUBIIEHHE KOTOPOTo Tpedyercs uaMeputsb. Ctpenka npudopa
MTOKaXXET BEJIMYUHY COIIPOTUBIEHHUS B OMax.

HN3mepenue MOLIHOCTH

MOUIHOCTB JIEKTPUUECKOTO TOKA U3MEPSIIOT C TOMOIIBI0 BaTTMETpa. CxeMa BKITI0UEHHUS BaTTMETpa IoKa3aHa
Ha PUCYHKE.

MOHIHOCTI) B INEIMIX TMOCTOAHHOTO MW MNEPEMCHHOI0O TOKa, €CJIM B HHUX HCT KOHACHCATOPOB H
ANEKTPONPUEMHHUKOB C OOMOTKaMH, HalpUMep JABHUraTeleld, MOXKHO H3MEpPUTh TaKXKe C IOMOIIBIO
aMIICpMETpa U BOJIBTMETPA. ITo mokazanmsam aMIICpMETpa U BOJIBTMETPA HAXOAAT MOIIHOCTD!:

MomHOCTh TOKA = CHUJIa TOKA YMHOKUTh HA HAIPSKEHUE.

N3mepenue padoThl TOKA

Paboty (sHepruio) Toka M3MEPSIOT C MOMOIIbIO CUYETYMKA 3JEKTpOo’Hepruu. s ompeneneHus pacxona
NEKTPO’HEPTMM 33  OINPEAEICHHBIM NPOMEXYTOK BPEMEHU HAaXOAAT PAa3HOCTh MEXIYy HAaYaJIbHBIM H
KOHEYHBIM IOKa3aHUSAMHU CUETHOTO MEXaHU3Ma.

[Tpumep.

Ilepen BkiIOUEHHEM CUETUMK MOKa3biBai 948, 8§ kBT*u, a yepe3 HeKOTOpOe BpeMsl MOKa3aHUE CTaJI0 PABHBIM
134, 6 kB1*u.



Omnpenenurte pacxos SHEPTUU 3a MPOILIEAIINN TPOMEXYTOK BPEMEHH, €CJIH IaHHBIM CUETYMK pacCUMTaH Ha
nokazanus 710 1000kBT1*y, mocne yero oTcueT HaYMHAETCS BHOBB OT HYJIS.

Pewenne.

1.0mpenensieM pacxo[ 3JIEKTPOIHEPTUH 3a BpeMsi oTcuera Mexanu3ma oT 948,8 kBr*u no 1000 kBr*u.

OnH pagen 51,2 kBr*u.

2.HaxouM MoHBIN pacxo/1 JIEKTPOIHEpruu 3a uctekiiee Bpems: 51,2 kBT*u + 134,6 kB1*u = 185, 8 kB1*u
BriBoxa:
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Tpexdasublii Tok. Tpexdazubie nenu.

Heub: n3yuntb TpexdasHble .

ObopynoBanue: creHn «Tpexdasznbiii Tok. CoequHeHHe B TPEYroJbHUK», CTeHA «TpexdasHplii TOK.
CoenuHeHuE B 3BE3/1y).

TeopeTnyeckasi 4acThb.

Cpenu MHOTO(a3HBIX CUCTEM IEPEMEHHOT0 TOKa HauboJiee MIMPOKOe MPHUMEHEHHE NOodydria TpexdasHas
cucTema.

Tpexdasnoii cuctemoii Ha3bIBa€TCI COBOKYIMHOCTH TpEX OJIHO(DA3HBIX LENel, B KOTOPBIX JEHCTBYIOT TPH
O/1C oiMHAKOBO# YacTOThI, CABUHYTHIE IO (pa3e OTHOCUTEIBHO APYT Apyra Ha yroa 120 rpamaycos.

Ha puc 6.1. nana npuHuMnuansHas cxeMa TeHeparopa Tpexga3Horo Toka.

[Ipy coenvHeHUU TPEYTOJBHUKOM OOMOTKH (ha3 TeHepaTtopa COEIUHSIOTCA TaK, YTO Haydajao KaxIoil u3
¢da3 coenuHSAETCS C KOHLIOM IpPEIbIAYIIeH a3kl U K TOUKaM COeIWHEHHS (a3 MPUCOSAMHSIOTCS JIMHEHHbIE
npoBoja ( puc 6.3.)

Ha puc. 6.3.a mokazana cxema Tpex(a3HOW CHUCTEMBI, B KOTOpOil 00OMOTKH (a3 reHeparopa u (asbl
MOTPEOUTENST COENUHEHBI TpeyroibHUKOM. M3 pucyHka 6.3.6 BuaHO, 4TO (ha3bl reHepaTopa 00pa3yroT
3aMKHYTBIM Ha ce0st KOHTYP.

YcnoBuMcss B cxemMax — Tpex(a3zHOM CHCTEMbI, COEAMHEHHOH TpPeyTrOJbHUKOM, MOJIOKUTEIbHBIMU
HaIpaBJICHUSMHU TOKOB B (hazax reHepaTopa CYMTATh HANpaBJICHUS MPOTHUB IBMKCHUS 4aCOBOHW CTpesku. B
JUHEHHBIX  MPOBOJAX IOJOKUTEIbHBIMU HAMpaBICHUSIMH TOKOB OyJeM CUYUTaThb HaIpaBJICHHUS OT
reHeparopa K MpUEeMHHUKY, a B (pa3ax MpUEMHHKA — HAIIPABJICHHUE ABMKECHHS YACOBOW CTPEIIKH.

B cooTBeTcTBHMM € 3TUM ypaBHEHMs IepBoro 3akoHa Kupxroda uist BepIiH TpeyroabHUKOB (a3 reneparopa
U TpUEMHHMKA MOKHO 3amucaTh CIEAYyIIUMM o0pa3oM: TOK B IE€pPBOM JIMHEHHOM IPOBOJE paBeH
reoMeTPHUECKOM pa3HOCTH TOKOB IIEPBOM U TpeThel (a3 reHeparopa Wi NepBOil U TpeThel (a3 mprueMHUKa.
IIpy coenuHeHUU TPEYroJbHUKOM Kaxaas (a3a MpueMHHUKA HaXOAWUTCS IOJ] JIMHEHHBIM HalpsKEHUEM, a
MI03TOMY, €CJIM IpeHeOpeub NajJleHueM HampsHKeHUs B IPOBOJIAX, BCAKOE U3MEHEHUE HArpy3Kd B TOM WM
MHOM (paze moTpeOuTesns He BIMSIET Ha BEIMUNHY HAIIPSKEHUN B JPYyTHUX ero ¢azax. OTO OJHO U3 OCHOBHBIX
JOCTOMHCTB TaKMX CHCTEM.

[Ipu coearHeHUN TPEYTOJIBHUKOM JIMHEHHOE U (Pa30BO€ HANPSKEHUS paBHBI APYT JIPYry, YTO OYEBUIHO U3
MIOCTPOCHMSI CaMOM CXeMbl, I7ie (a30BO€ U JIMHEHHOE HANpPsHKEHUS, 110 CYTH Jefia, OJTHO U TO JKe.

Hcxons u3 BEKTOpHOU AuarpaMMbl IpY  paBHOMEPHOM Harpys3ke ¢a3 TpeyrojbHUKa JIMHEHHbIe TOKU B 1,7
pa3 Ooble (ha30BBIX TOKOB.

Tpexdaznas cucreMa Ha3bIBACTCS CUMMETPUYHOM, ecnu amMIuiuTy bl DJIC B oTnenpHBIX (azax reHeparopa
OJIMHAKOBBI 110 BEJIMUUHE.

B Ttpexdaznoit menu mpotekaer TpexdasHas CUCTEMa TOKOB, T. €. CHHYCOMJAIbHBIE TOKH C TpeMs
pa3nuyHbIMM  (pa3aMu. Y4YacTOK IIenHd, MO KOTOPOMY IPOTEKAaeT OJUH M3 TOKOB, Ha3bIBalOT (ha3oit
TpexdaszHoii nenu.

Onnako ecnu TpexdaszHas cucreMa CUMMETPHYHA, TO JJIS JII0OOr0 MOMEHTa BPEMEHH B TpEYrojbHHUKE (a3
reHeparopa aiareOpamdeckas cyMMa MTHOBEHHBIX 3HadeHui DJ[C paBHa HYIO, a MOATOMY OIACHOCTH
KOPOTKOTO 3aMbIKaHUs (a3 TeHepaTopa 3/1eCh HeT.

Bo3moxHBI pa3nnyHble cCIOCOObI COEAMHEHNSI 0OOMOTOK reHepaTopa ¢ Harpys3Koil.

Ecnu B cxeme, n3o0paxenHoi Ha puc 6.1. Hauana Bcex Tpex (a3 reneparopa (H1, H2. H3) coenunuts B 010y
oOlIYI0 TOYKY, Ha3bIBAEMYIO HYJIEBOM TOUKOM reHepaTopa, a K KOHLaM (a3 reHeparopa MpUCOEIUHUTH
JUHEWHbIe TpoBoja. Vaymiye Kk moTpeOuTensimM, T MOJyYuM Tpex(a3Hylo CUCTEMY, COEIUHEHHYIO 3Be3/101
(puc. 6.5).



B sTOM citydae Tpu 0OpaTHBIX IPOBOJA, UMEIOLIMECS B TPeX(Pa3HOW 3IIEKTPUUYECKH HE CBA3aHHOU CHCTEME,
MOKHO 3aMEHUTh OJJHHM OOLIMM OOpaTHBIM MPOBOAOM, OOCIY>KHBAIOIIUM OJHOBPEMEHHO BCE TPHU (a3bl U
Ha3bIBAEMBIM HYJIEBBIM WM HEUTPAIbHBIM IIPOBOIOM.

Ha puc. 6.5.a npuBeneHa cxema, Ha3biBaeMmas Tpex(a3sHOW UYETBIPEXIPOBOJHOM CXEMOH, COCIMHEHHOM
3Be3/10i; ee Tpu (pa3bl CBOMMM HayajlaMH COEIMHEHbl B OJHY OOLIyI0 TOYKY, Ha3bIBaEMyl0 HYJEM
IIPUEMHMKA, U KOHIIAMH IPUCOEIMHEHB] K JIMHENHbIM nIpoBoAaM. HyneBass Touka reHeparopa coeJMHEHA C
HYJIEBO! TOYKOM IPUEMHHKA HYJIEBBIM IIPOBOIOM.

Ha puc 6.5.6 moka3zana oObI4Hasi cxeMa YeThIPEXIPOBOAHON Tpex(a3HOM CUCTEMBI, COCIMHEHHOW 3BE3/101;
371eCh CTpesKaMy 0003HAYEHBI HAIIPABICHUS ITOJIOKUTEIbHBIX TOKOB.

YcnoBHO OynieM CUMTaTh, YTO MOJIOKUTEIbHBIC TOKH B JIMHEHHBIX MPOBOJAX HANPaBICHBI OT T€HEpaTopa K
IIPUEMHMKY, a B HYJIEBOM IIPOBOJE — OT IIPUEMHHUKA K T'€HEepaTopy. B COOTBETCTBUU C 3TUM Ul HYJIEBOU
TOUYKHU T€HEepaTopa WK MpUEeMHUKa NepBbiii 3akoH Kupxroda BwIpaxkaercs Tak:

MrHoBeHHO€E 3HaueHHE TOKa B HYJIEBOM IIPOBOJIE PABHO alre0pandyeckoil CyMMe MIHOBEHHbIX TOKOB B (hazax
TpexdazHoii nenu. [ 1eicTBYIOMNX 3HAYSeHUH TOKOB MEPBBIN 3ak0oH Kupxroda Beipaxaercs Tak:
JlelicTByIOIIEE 3HAYEHUE TOKA B HYJIEBOM IIPOBOJIE PABHO T€OMETPUUYECKOM CyMME NEHCTBYIOIIMX 3HAYCHHUN
TOKa B (hazax Tpex(a3zHOi CHUCTEMBI.

Ecnu npeneOpeus najieHueM HaIpspKEeHHs! B JIMHEMHBIX IPOBOJIAX U HYJIEBOM IIPOBOJIE, TO HANpsDKEHUS Ha
3a)KUMax Ut TOTpeOuTenst OyayT paBHBI HANPSDKCHUSAM Ha 3aKUMax (a3 reHeparopa.

Hanunuue HyneBoro mpoBoja B Tpex(da3Hol cucreMe, coeIMHEHHOM 3Be3/10i, o0ecreunBaeT He3aBUCUMOCTb
pexxkuma paboTel onHOM (as3el. CrieoBaTenbHO, IPU PABHOMEPHOW Harpyske a3 anreOpandeckas CyMma
MI'HOBEHHBIX 3HAYE€HUI TOKOB B Tpex(a3HOH cucteme, COeAMHEHHOMN 3BE3/101, paBHA HYIIIO.

HyneBoli mpoBOJI B YETHIPEXIIPOBOJHOW LENH TpEIHA3HAYEH i OOECIeYeHHs CUMMETPUH (Pa3HBIX
HaIpPsDKEHUN IPU HECUMMETPUYHON HarpyskKe.

Hecummerpuss  ¢a3HbIX HanpsyKeHUM HEIONyCTHMA, TaK KaK IPUBOAUT K HApPYLIEHHIO HOPMaJbHOU
paboThl mOTpebuTENeH, paCCUMTaHHBIX Ha OIpenereHHoe padodee HanpspkeHue. Ilopsigok BbINOJHEHUS
padoThbI

1.Ucnonb3ys cTenn, uccieayiTe TpexdasHyo Lelb, COSJUHEHHYIO B TPEYTOJbHUK.

2.Mcnonb3yst cTeH, UcCleqyiTe Tpex@a3zHyr Lelb, COEAUHEHHYIO B 3BE31Y.

KoHTpoJibHbIE BOIPOCHI.

1.daiite onpeneneHue Tpexda3HOil CHCTEMBI IEPEMEHHOTO TOKA.

2.Kakoe coennHeHUE HA3bIBACTCA COCIUHEHUEM 3BE311011?

3.Kak crpoutcs BekTopHas Auarpamma Juisi TOKOB M HANPSKEHUH MTPU COEAMHEHUH 3BE3/101 7

4.Kakoe coelMHEHNE Ha3bIBACTCA COECIUHEHUEM TPEYTOJBHUKOM?

5.Kak crpoutcst BekTOpHasi AuarpamMma JJisi TOKOB M HaIllpsDKEHUN IPU COETMHEHUH 3BE3/1011?

6.B kakoMm ciydae OTCYyTCTBYET TOK B HyJIEBOM IIpOoBOAE?

7.KaxoBa cBsI3b MEXly TMHEHHBIMA U (pa3HBIMM HAIPSDKEHUSMU IIPU COEIMHEHUU 3B€3/1011?

8.KakoBa cBs3b MeX/ly TUHEHHBIMU U (Pa3HBIMH TOKAMHU IPU COEIMHEHUU TPEYTOIbHUKOM?

9.Kakue crocoObl n3MepeHus: MOUTHOCTH Tpex(a3Hou crucTeMbl Bbl 3HaeTe? B kakux ciyuyasx mpuMeHseTcs
Ka)KIBIi U3 HUX?

BriBox:
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HN3y4deHnue pe3oHaHCca B JJIEKTPUYECKOM LeNH

Ieab padoThl: U3y4YUTH SIBICHUE.

O0opynoBanme: pesuctop 15 — 20 Om, koHzneHcaTop OyMakHBINH 6 MKD, KaTyIIKa MKOJIBHOTO pa300pHOro
3JIEKTPOMArHuTa, amnepMerp mnepemeHHoro toka Ha 0,5 A, BoJgbTMeTp TmiepeMeHHOro Toka Ha 10 B,
reHepaTop 3ByKOBOI.

IHopsiaoK BbINIOJIHEHUST PAadOTHI

1.CobepeM »1eKTpUYECKYO IIeTlb TI0 cXeMe, NpEeACTaBICHHON Ha puc. 57. Brirounm 3ByKOBOI reHepaTop,
YCTaHOBUM HAIPSHKEHUE HA €ro BhIXOJIE paBHBIM SB.

2.M3meHss yacToTy nojgaBaeMoro nepeMeHHoro HampspkeHus oT 100 mo 3000 ' crynensamu mo 100 I'm,
CHUMHTE I[IOKa3aHWs aMIepMeTpa, MOJAJEpKMBas  BEIMUMHY HaIPsDKEHUS Ha BBIXOJE  IeHeparopa
ITOCTOSTHHOM.

3.Yaanure U3 2NEKTPUYECKON LENMU PE3UCTOP U MOBTOPUTE H3MEpPEHUs TaKuM Xe o0pazoM, Kak B I.2.
Pe3ynbraThl HI3MEpeHMIi 3aHECUTE B OTUETHYIO TaOJIHILy.



4.ITo pe3ynbTaraM U3MEPEHUN MOCTPOMTE PE30OHAHCHBIE KPUBBIE M OMPEACIUTE PE30HAHCHYIO YaCTOTY
KOHTYpA.

5.0 WU3BECTHBIM 3HAYEHMSIM BEJIMYMHBI €MKOCTHM KOHJIEHCATOPAa M MHIYKTUBHOCTH KaTYIIKH BBIYHUCIIUTE
PE30HAHCHYIO YacTOTy KOHTYypa, HCmoiyib3ys ¢opmyiny Tomcona. Ompenenure OTHOCUTENBHYIO —OHIMOKY
pPacyeTHOr0 3HaYEHUsI PE30HAHCHON YacCTOTBHI.

6.110 U3BECTHBIM 3HAYEHUSIM COITPOTUBIICHUS PE3UCTOPA, EMKOCTH KOH/IEHCATOPA U UHIYKTUBHOCTH KaTYyIIKU
BBIUYHCIIUTE JOOPOTHOCTH KOJEOaTEIbHOIO KOHTYpA MPU BKIFOUYEHHOM PE3UCTOPE.

7.I3MepbTe MOJHOE HANPSIKEHUE U HANPSHKEHUE HAa KATYIIKE MPU HACTYIUIEHUHU Pe30HAHCa B KOHTYpE MpHU
BKJIIOUEHUU pe3ucTopa u 6e3 Hero. Onpeaenute JOOPOTHOCTD B IEPBOM U BO BTOPOM CIIydae Mo pe3yibTaTam
U3MEPECHUM.

KoHTpoJibHBIE BONIPOCHI

1.CdopmynupyiiTe ycnoBrue HACTYIUICHHs PE30HAHCA B IOCIEI0BATEIBHOM KOJIe0aTeIbHOM KOHTYpE.
2.Kakumu napameTpaMu 3J€KTPUUYECKON LENU ONPEAeseTCsl CHUila TOKA IPY HACTYIUJICHUU pe30oHaHca?
3.KakoB (u3ndecKkuii CMBICII BOJTHOBOTO COITPOTUBIICHHS KOHTYpa?

4.Yto Ha3bIBaeTCs JOOPOTHOCTHIO KOHTYpa?

BoiBoa:

IIpakTuyeckas padora 11-12
O3HakoMJIeHHeE C JICKTPOUIMEPUTEC/ILHBIMHA npnﬁopaMn H UBMEPECHUSAMHU IJICKTPUICCKUX BCJININH.

1. Ileas paboOTEL

Wzy4enue ANMEKTPOUZMEPHUTEIHHBIX pubopoB, HCIIOJIb3YEMBIX B
na00paTOpPHBIX paboTax, BBIMOJHSAEMBIX Ha CTeHie. [loiydeHue NpeicTaBiICHUN O Mpelerne U3MEpEHHs U
LeHe JIeTICHMS, abCcomoTHOM u OTHOCHUTEILHOU MOTPEITHOCTH,
YCIIOBHUSX IKCIUTyaTaluu u JPYyTUX XapaKTePUCTHKAX CTPEJIOUHBIX
ANEKTPOU3MEPHUTEIBHBIX MPUOOPOB, IOJYYCHUE HABBIKOB pPabOTBI ¢ IUPPOBBEIMH H3MEPUTCILHBIMU
pudopamu.

2. Kparkue TeopeTuyecKie CBEICHHS.

KonTponb paboThI AIIEKTPOOOOPYIOBAHUS OCYIIECTBISIETCS c MOMOIIbIO
pasHOOOpa3HBIX ANEKTPOU3MEPUTETBHBIX puOOpOB. Haubonee pacnpoCcTpaHEeHHbIMU
ANEKTPOU3MEPUTEILHBIMU npubopamu SABIIAIOTCS npudopbI HEINOCPEICTBEHHOTO

orcueta. [lo BUAY OTCUETHOrO0 YCTPOMCTBA pAa3IMYalOT aAHAJOIOBbIE (CTPEJIOUHbIE) M IHU(PPOBBIE
U3MEpUTENIbHBIE TPUOOPHI.

Ha JULEBOU CTOpPOHE CTPEIOYHBIX npubopoB n300pa’keHbl YCIIOBHBIE
0003HaYCHHUS, OIIpEEIISIONIHE KJIaCCU(PMKALMOHHYIO rpymniy npudopa. Onn
MO3BOJISIOT MPABUIBHO BHIOpaTh NMPUOOPHI U JAIOT HEKOTOPHIE YKa3aHHs MO MX SKCIUTyaTallUH.

B 1nensx ImOCTOSHHONO TOKa Uil U3MEPEHMM TOKOB U HANPKEHUW MPUMEHSIOTCA B
OCHOBHOM prOOpbI MarHUTOXJIEKTPUYECKON CUCTEMBI. [TpuHIHN NENCTBUSA TaKUX
npubOpOB  OCHOBaH  Ha  B3aUMOACWUCTBMM  MAarHUTHOTO  MOJS  IOCTOSIHHOIO ~ MarHuta |
U3MEPSAEMOr0  TOKAa, MPOTEKAMOIIEro IO  KaTymKe. Yroia IOBOPOTa  CTPENKH 0O IPSAMO
nponopuuoHaneH usMepseMomy Toky |1 o = KX I Ilkansl MarHUTORJIEKTPUYECKHX MPUOOPOB
PaBHOMEpHBIE.

B u3MepuTeNnbHBIX ~ MEXaHU3MaxX  JJIEKTPOMAarHUTHOM  CHUCTEMBI,  NPUMEHSEMBIX IS
W3MEpPEHUI B LETISIX IIEPEMEHHOTO u IOCTOSIHHOT'O TOKa, BpALLAOLIUN MOMEHT
0oOyCJIOBJICH JEUCTBHEM MArHUTHOTO TIOJISA HM3MEPSEMOTO TOKa B HETOJBI)KHOW KaTyIlIKe mpubopa Ha
MTOJIBU>KHBIN (heppoMarHuTHBIM SIKOPb. Yron MOBOpOTA CTPEJKHU
a 371ECh MPOMOPIIMOHAIICH KBaJIpaTy TOKa: a = K x 2I. [Toatomy IIKasa
AJIEKTPOMATHUTHBIX pudopoB 00BIYHO HEpaBHOMEPHas, 4TO SIBJISACTCS HEJIOCTaTKOM
3TuX  npubopoB. HauanpHas  yacTp  IIKadbl  HE  UCHOJB3YyeTcs Uil u3MepeHuwid.  Jlns
W3MEpPEHH TOKOB W  HANpPsDKEHUA B LENAX  IIEPEMEHHOTO  TOKA  NPUMEHSIOTCS  TaKkKe
MPUOOPHI BBIMPSAMUTEIIBHON CUCTEMBI. Takue mpuOOpHI CONEpKaT BBIMPSIMHUTEIBHBIN TpeoOpa3oBaTeb U
MarHUTORJIEKTPUIECKUI H3MepUTEIbHbIA MexaHu3M. OHH UMEIOT Oosiee TUHEHHYIO IIKaTy, YeM MpPUOOpHI
BJIEKTPOMArHUTHON CUCTEMBI U TOCTATOYHO IIMPOKUN YACTOTHBIN JUAIa30H.



Jlis mpakTUYeCKOTO HCIHOJIb30BAHUS CTPEIOYHOIO HU3MEPUTENBHOIO MpUOOpa HEOOXOJUMO 3HATh
ero npezaen U3MEepeHui (HOMHMHabHOE 3HAYEHUE) u LICHY JeTIeHUS
(mocrosinayto) mpubopa. Ilpenen wu3MepeHmii — 5T0 HaWOOJBINEE 3HAYEHUE DJICKTPUUCCKON BEITUUUHBI,
KOTOpOE MOXKET OBITH U3MEPEHO JTAaHHBIM npubopom. Oto
3HaueHHe OOBIUHO YyKa3aHO Ha JHMIEBOHW cTopoHe mnpubopa. OOUH U TOT XK€ MNPUOOP MOXKET UMEThH
HECKOJIBKO IIPEACIIOB U3MEPECHUM. enon JEICHUS npudopa Ha3bIBACTCS
3HaYEHUE nu3MepseMoit BEJIMYMHBI, COOTBETCTBYIOIIIEE OJIHOMY JIeJICHUIO IKAJIbI
npubopa. Llena nenenust npubopa - C Jerko ompenensercss Kak OTHOLICHHWE Mpeesia u3MepeHui Aqom K
YUCITYy JCJICHUH KaJIbl N:

C=Anom/ N.

Ha  nmneson CTOpOHE CTPEJIOYHBIX npubopa  ykKasblBaeTcs KJ1acc TOYHOCTH,
KOTOPBIN ONpeaessieT NMPUBEACHHYI0O OTHOCHUTENBHYIO MOTPEUIHOCTh Mpudopa yrp.

IlpuBeneHHasi OTHOCUTeJIbHasi NOrPEMIHOCTH MPUOOpPa — HTO BBIPAKEHHOE B IMPOILEHTAX
OTHOIIICHHE MaKCHUMAlbHOW MJisi JaHHOTO Mpubopa aOCOMIOTHOM MOrpemHocTd AA K HOMHHAJILHOMY
3HaYEHUIO Ipudopa (mpeaeny usmMepeHuit) Axom:

AA
Yop = r 5 100%
HOM

[TpombinuieHHOCTh B cooTBeTCTBUU ¢ ['OCT BbIMycKaeT MpuOOpHI ¢ pa3IWYHBIMH KiaccaMHu
tounoctu (0,05; 0,1; 0,2; 0,5; 1,5; 2,5; 4,0).

3Hass  Kjacc ~ TOYHOCTH  mpubopa,  MOXHO  ompeaenutb  abcomotHyro AA u
OTHOCHTENBHYIO TOTPEITHOCTH W3MEPEHHs Yu3M, a TaKKe JCHCTBHTEIBFHOE 3HAYCHHE H3MEpsieMoin
BEJIUYUHBI Ay

- Yup - AHOM A 100- AA

AA 100 VM T T

PacyeTHyl0  OTHOCHTENIBHYIO  MOTPEIIHOCTh  W3MEpPeHHs B 000  TOUKEe  IIKAJbI
nmpudopa MOXKHO OMPENEINTh, Tojlaras, 4To €ro JOMyCTUMas aOCOJIOTHAs MOTPEIIHOCTh AA M3BECTHA U
MOCTOSIHHA!

100-AA

Yusm =
Apzm

’

rac Amm — YCIIOBHOC U3MEPCHHOC 3HAUCHUC BCJIMINHBI, 3a/1aBA€MOC B IIpCACIax

mKajael  npubopa OT  MHUHUMAJIBHOIO  3HAYEHHs  JIO  HOMHHAJIBHOIO  3HAYEHUS  JAHHOTO
npudopa. OO6paTuThb BHUMaHUE Ha 3HA4YCHHE OTHOCHUTEJIBHON IOTPEUTHOCTH
U3MEpPEHUS, COOTBETCTBYIOIIEE IPEACIbHOMY 3HAYEHHMIO H3MEPSEMOM BEIMYMHBI, M CPaBHUTb €ro C
KJIaCCOM TOYHOCTH TIproOOpa.

Hepr,ZIHO caciaaTthb BBIBO/I, qTo OTHOCUTCJIbHAasA MOrpe€IIHOCTDb U3MEPCHUA TEM
Oomplie,  YeM  MEHBbIIE  HW3MepsemMas  BeIMYMHA 1O  CPaBHEHHIO C  HOMHUHAJIBHBIM
3HaueHreM mpubopa. [1o3ToMy JKenaTenbHO HE MOJB30BATHCS MPU M3MEPEHUH HAYaTbHOU YaCThEO IIKAIBI
CTpEJIOUHOro Ipudopa.

I[J'I}I obecreueHust MaJjou MCTO,Z[I/I‘{CCKOI‘/JI NOrpeuIHOCTHU HU3MCPCHUA HGO6XOI[I/IMO,
YTOOBI COIMPOTUBJIICHUE aMIICpMETpa ObUIO 3HAYHMTEILHO MEHBIIE COIIPOTUBJICHUA HArpys3KH, a
CONMPOTUBJICHHUEC BOJIBTMCTpPA OBLIO 3HAYMTEIIHLHO OOJIbIIIE COMMPOTUBJICHUA UCCIICAYEMOT'O yUacCTKa.



B Tabn. 1 nmpuBeneHbl ~— HEKOTOpble  YCIOBHbIE  O0O3Ha4YeHWs,  MPUBOJMMBIE  Ha
JTUIEBBIX TAHENSAX CTPEIOYHBIX HW3MEPHUTEIbHBIX NPUOOPOB, OMPEIEISIIONINE WX CBOWCTBA U YCIOBHS
SKCIUTyaTaluy.

[Ipu  mpoBemeHMHM  U3MEPEHHIl B DJJIEKTPUYECKMX  LENSAX  [IUPOKOE  IPUMEHEHUE

MTOJTY YUIIU upoBbIE U3MEPUTEIIbHBIC puOopHI, HarpuMmep MYJIbTUMETPBI -
KOMOMHHPOBaHHbBIE uudpoBbIe HU3MEPUTEIIbHbBIE npuOopHI, MTO3BOJISIOIINE U3MEPATH
IIOCTOSIHHOE u IIEPEMEHHOE HallpsDKEHUE, IIOCTOSIHHBIN u IIEPEMEHHBIN TOK,
CONPOTUBJICHUS, MIPOBEPATH OBl u TPaH3HUCTOPBIL. [IpencraBnenue pe3yabTaTa
U3MEpEeHUsT  MPOUCXOMUT  Ha  IU(PPOBOM  OTCYETHOM  YCTpOMCTBE B  BHJAE  OOBIUHBIX
YAOOHBIX JUTSL CUUTHIBAHUS JIECATUYHBIX YHUCEIL. Hau6onbmiee pacrpocTpaHeHue B
U(PPOBBIX OTCUYETHBIX yCTpOHCTBaxX MYJIbTUMETPOB ITOJIY YWIIH
KUJKOKPUCTAJUIMYECKUE u CBETO/MOIHBIE WHUKATOPBI. B nabopaTopHOM CTEH/IE
HCIIONIB3YIOTCSA upoBbIe puOopbI JUIS U3MEPECHUS ITOCTOSIHHBIX u IIEPEMEHHBIX

TOKOB, a Takxe IU(PPOBOIl M3MEpHUTENh MOIIHOCTH. [[is mepekitoueHus pexkuma paboThl HUPPOBBIX
aMIIEpMETPOB CTEHJ1a (PAT, PA2, PA3 u PA4) Ha €ero MepeIHein
MaHEeJIU YCTaHOBJEH TyMOyep, KOTOPBIA Ui M3MEpPEHHUs IOCTOSHHOTO TOKa CleAyeT YCTaHOBUTH B
MO3ULIMIO «=», IS W3MEPEHHsS ACHCTBYIOUIMX 3HAYCHUN NEPEMEHHBIX TOKOB — B TO3UIHUIO «~».
Jlis u3MepeHus MOCTOSIHHOTO TOKa BXOAHas kieMMa (+) HU(pPOBOro amrepMeTpa BbIJelIeHa KPAaCHBIM
IIBETOM.

[udpoBoit m3MepuTenb MOIIHOCTH TMPEIHA3HAYEH MJIsi HU3MEPEHHUS MapamMeTpoOB JJIEKTPUUECKOU
LIETIN:
— neuctByromiero 3Hauenust Hanpspkenust U (True RMS) B nuanasone 0...30 B;

— neuctBytomiero 3HadeHust Toka [ (True RMS) B nnamazone 0...300 MA;
— akTHBHOM MontHocTH P B quama3one 0...600 BT;

—vactotsl f B quamazone 35...400 I'n;

—cos ¢;

— yrna casura ¢a3 ¢ (Fi) Mexry TOKOM U HaIllpspKEHUEM.

Tabnuna 1
YciaoBHoE
rpaguyeckoe Conep:xaHue yCJOBHOT0 0003HAYEHUS
0003HAYEHHE
A, V, W, Q Hz, HaumenoBanue usMmepsieMoil BEIMYWHBI (aMIiep, BOJBT, BaTT, OM, TepIl,
cosy, F, H K03 uureHT MomHocTH, hapaa, FreHpH)
m MarauTo31eKTpUYECKU U3MEPUTENbHBI MEXaHU3M
|
g DIIEKTPOMArHUTHBIN U3MEPUTENbHBIM MEXaHNU3M
f ] MarauTo3JIeKTPUYECKUI U3MEPUTEIBHBIA MEXaHU3M C BBIIPSIMUTEIIEM
-t
0,05; 0,1; 0,2; 0,5; | Kmacc TounocTtu mpudopa
1,5;2,5; 4,0
Pabouee monoxkeHne nkambsl mpudopa:
- TOPU30HTAIILHOE;
nnu
BEPTUKAIIBHOE;
_L Wnu T 1oJ yrioM, Hanpumep 60°
60
[Tpubop npenHazHaueH it paboThI
B 1M ITIOCTOSIHHOI'O TOKA;




MEPCMCHHOT'O TOKA,

~/
IIOCTOSIHHOT'O U IIEPEMEHHOT0;

~
B Tpex(a3Hoi 1enu nepeMeHHOro ToKa

=

A A (umum oTcyTcTBHE OYKBBI) — TIPUOOp JUISI CYXUX OTaITABaCMbIX
nomenieHuit ¢ temmneparypoit +10°C ...+35°C u Bnaxknoctu 10 80% mpu
30°C;

b b — mpubop 11t 3aKPBITHIX HE OTAINIMBAEMBIX IOMEIICHUH ¢ TeMIIepaTypoi

- 30°C ...+40°C u Bnaxnoctu 10 90% nipu 30°C;

B — mpubophI 17151 MONEBBIX B MOPCKHUX YCIIOBHI:

Bl1; B2; B3 B1 — npu temnepatype -40°C ... +50°C u B2 — npu remneparype -50°C ...
+60°C u Bnaxxnoctu 10 95% npu 35°C;

B3 — npu temnepatype -40°C ... +50°C u Bnaxxnoctu 10 98% nipu 40°C
W3meputenbHas 1enb npubopa HM30JMpOBaHA OT KOpIyca M HCIBITaHA
HanpspKeHUeM, Harpumep, 2 kB

30 — 200 Hz Pabounii 4acTOTHBIN JMana3oH npudopa

[Tpubop comepxur:

— KJIEMMBI II0Ja4¥ BXOJHOT'O U3MEPSIEMOro CUrHaia (reepaTopa): kiiemmy «Bx» u o011yto kinemMmy, KiIeMMbl
MOJIKJIIOUEHUSI MOTpeOuTens (Harpy3ku): kiemMmy «Bpix» u obmyro kinemmy. lyHT nns usmepeHus Toka
Harpy3KH MOJKIII0YEH MEXIY KieMMaMu «Bx» u «Bbix»;

- )KI/II[KOKpI/ICTaJ'IJ'II/I‘IeCKI/Iﬁ IIeTpreXCT}’)OIIHI:'II‘/'I HHAUKATOP OJIs1 BbIBOAA I/IH(I)OpMaL[I/II/I;

— kHOmKy «f/cosd/¢» wm3MEeHeHHs BbIBoJa HWH(MOpPMAIMM B YETBEPTOH CTPOKE HHIMKATOpa
(COOTBETCTBEHHO, YacTOTHI, KOA(pQUIMEHTa MOIIHOCTH cOs¢ Win yria casura ¢asz Fi Mexay TokoMm u
HaIPsSHKEHUEM ).

C 3agHell cTOpOHBI MpUOOpa YCTAHOBIEHBI PO3ETKA I MOAKIIOYEHHS MHUTAHUS CETH M KOJOAKA
MIpeI0XpaHUTES.

C  nomoumpro  kHonku  «f/cos¢/d»  MOXKHO  H3MEHATH  BbIBOJ ~ UHpOpMalUU B
4eTBEPTOH CTpoke WHAWMKaropa. s BeIBoma Tpebyemoro mapamerpa B UYETBEPTOW CTPOKE MHAMKATOpA
KHOTKY HE00X0/IMMO Ha)kaTh Ha 1...2 CEeKyHbI.

Hsmenenusn cxembl nooKnuenus npuoopa u a0dopamopuoi yCmanoeKu
6bINOJIHAMD npu 6bIKIIOYEHHOM numanuu npubopa. B IIPOTUBHOM ciydae
BO3MOJKHBI M3MEHEHMsI MOKa3aHUil Mpubopa, a Takke BO3HUKHOBEHHE HapyLIEHWH B paboTe MHAMKATOpa
npubdopa.

3. HOD?II[OK BBITIOJTHCHU A Da6OTBI.

3.1. N3yuenne MaCIOPTHBIX XapaKTEPUCTUK CTPEJIOYHBIX
AJIEKTPOM3MEPUTENBHBIX TPUOOPOB. 11 3TOr0 BHUMATENBHO PACCMOTPETH JIUIIEBBIC MAHETIH CTPEIOUYHBIX
aMIIepMETPOB U 3aIllOJIHUTH TaoII. 2.

Tabmana 2
XapakTepucTHKA YJICKTPOU3MEPHUTEJIBLHOI0 Npudopa
HaumenoBanue npuéopa BoJsbTmerp Nel BoabTmerp Ne2
Cucrema U3MEPUTEIBHOTO
MEXaHHU3Ma

IIpenen n3mepeHust
Ilena nenenus




MuHnmansHOE 3Ha4YCHHE
MU3MEPSEMON BEJTUYUHBI

Kitacc TouHocTH

Jonyctumass  MakcuMasbHas
a0COJII0THAsSI IOIPEHIHOCTh
Pon Toka

Hopmansnoe IIOJI0KEHUE
IIKaJIbI

IIpoune xapakTepUCTHKU

3.2. [Toctpouts rpaduk 3aBUCHUMOCTH OTHOCHUTEJILHOMN MOTPEIIHOCTH
U3MepeHHs OT  H3MepsieMod  BenuuuHbl  YisM = f  (Amm) a1g  npubopa,  yKa3aHHOTO
npernonaBateneM. Caenarb BBIBOJ O BEIMYMHE OTHOCUTENBHOW MOTPEIIHOCTH M3MEPEHHUs B HAYAIbHOM U
KOHEYHOM 4aCTH MIKAJIbI, O XapaKTepe M3MEHEHHUS TIOIPEITHOCTH BJIOJIb IIKAJIBI IIPHOOpa.

3.3. M3mepurb BeIMUMHY COINPOTHBIIEHUS, 3aJaHHOIO IPENOAABATENIEM, METOAOM amIepMmerpa |
BOJIETMETpa. J[J1st 3TOro coOpaTh ANIEKTPUUECKYIO IEeTb M0 puc. 1. YCTaHOBUTH TymOjep pexuma paboTbl
M3MEPUTEIIS TOKA B MO3HULIUIO «=).

[Tocne mpoBepKH CXEMbl, BKIIOYUTH JIEKTPOINMTAHUE M 3aHECTH INOJy4YEHHbIE JaHHble B Talia. 3.
BoikimounTs 3nekrponutanue. Paccunrars, ncnomnb3ys 3akoH Oma, BETMYMHY 33JaHHOTO CONpOTHUBIIEHUs R.
Pesynbrat 3anectu B Tab. 3.

Tabnuua 3

Uu,B I, MA R, Om

4. CoznepxaHue oTyera

Otuer 1o paboTe T0JIKEH COAEpPKAaTh:

a) HAaMMEHOBaHUE PabOTHI U 11eIb PAOOTHI;

0) TeXHHUUYECKUE TAaHHBIE U3MEPHUTEIBHBIX IPUOOPOB;

B) rpaduK 3aBUCUMOCTH OTHOCUTEJIbHOW MOTPEIIHOCTH HU3MEpPEeHUH
ymm = f (Amwm);

I') pe3yJIbTaThl U3MEPEHUN;

1) BBIBOJIBI IO padoTe.

5. KoHTposIbHBIE BONIPOCHI

1. KakoB npuHIUN JIEHCTBUS NPUOOPOB MarHUTOAIEKTPUUYECKOW U 3JIEKTPOMArHUTHON CUCTEM?
2. Yro Takoe mpenen u3mMepeHus?

3. Kak onpenensiercs 1ieHa nenenus npudopa?

4. Yto Takoe abCOMOTHAS U OTHOCUTENIbHAS MOIPEIIHOCTH U3MEPEHUS?

5. Yro xapakTepusyeT Kj1acc TOUHOCTU Iipudopa?

6. B xakoil yactu mkansl npubopa u3MEpeHue TouHee U noyemy?

7. KakoBbI OCHOBHBIE JJOCTOMHCTBA IU(PPOBHIX H3MEPUTENBHBIX TPHOOPOB?
8. Kak M0O>XHO NU3MEPUTH BEIMYMHY COIIPOTUBIIEHUS pe3ucropa’?

JlaboparTopuas padora 13

«H3yyenue paboTbl KOMOMHHUPOBAHHBIX PHUOOPOB»

Llesb: HayunThCS pabOTATh C ABOMETPOM.

OO0opyaoBaHme: aBOMETpP, HCTOUHUK ITOCTOSSHHOTO TOKA, UCTOYHHUK TIEPEMEHHOT0 HAIIPSKEHHUS.

ITopsinok BbINOJIHEHHS PadOTHI

ABomeTp (aMIepBOJIBLTOMMETp) NMpPEACTaBIsAeT co00 yHMBEpPCANbHBINH AIEKTPOU3MEPUTEIbHBIA MPUOOD,
IIpeIHAa3HAYEHHBIN JJI1 U3MEPEHUS B IINPOKHUX NPEJENIax CUIIbl TOKA, HANPSKEHUS, COIPOTUBIICHHUS.

OO6mmit Bug mpubopa 1moka3aH Ha PHUCYHKE.

A) N3mepenue cuiibl Toka



1. Ykazarenb TOJOBKH IMEPEMEHHOTO PE3UCTOPA MIOCTABUTH B TIOJIOKEHHUE TIPOTUB YEPTHI C OykBaMu «MABY.
2.011H U3 KOPOTKHX IITEKEPOB BCTABUTH B THE30 «OOID) B PSAAY THE3[ C HAAMUCHI0 «KMA=).

3.BTopoit KOpOTKuii MTEKEp BCTABUTh B OJTHO W3 THE3J B 3TOM K€ Py, COOTBETCTBYIOIIEE BHIOPAHHOMY
npeaeiy U3MEepeHus.

4.11pu NOMOIIHM JUIMHHBIX IITEKEPOB COSAUHUTH MPUOOP € JIEMEHTaMH LIeTIH, YUYUTHIBAsI MOJSIPHOCTb.
5.0mnpenenuTh MEeHy JCJICHHUS MKAIbl, OTMEUYECHHON 3HAKOM «-«, TIPY BEIOPAHHOM TIPE/IeNie N3MEPEHUSI.
6.IlogkmounTh 1ENb K HMCTOYHUKY 3JeKkrponuTaHus. lIpomsBectn orcuer nmo mkane. Yucino neneHuit
YMHOXUTH Ha IIEHY JICJICHUS [IKAJIbI.

7.OTKIIOYUTH 1IeNb, OTCOEIWHUTH IITEKEPbl OT JIEMEHTOB IIEMH, BBIHYTh KOPOTKHE IMITEKEPHI U3 THE3[
npudopa.

b) U3mepenue cuitpl mepeMEeHHOTO TOKa

N3mepenust Mpou3BOIUTE TAKUM K€ 00pa3oM, Kak U B MPEIBIAYIIEM ClIydyae, HO ITEKKEPhl BCTABISIIOT B
rHe3/a psAa ¢ HAAMKUCHIO «/MA»,a OTCUET MPOU3BOJIAT M0 IIKajle, 0003HAYEHHON OTMETKON «IepeMeHHBIH
TOK».

B) U3mepenue HanpsikeHUsI TIOCTOSHHOTO U [IEPEMEHHOT0 TOKa.

N3mepenust mpou3BOIAT Tak K€, KaK U B MPEAbIAYIIUX CIy4asiX, HO IITEKKEPhl BCTABJISIOT COOTBETCTBEHHO
B 'He3/a psa ¢ HAANMKUChIO «=B» unu «/By.

I') U3mepenne conpoTUBIEHHUSL.

1.u3MepeHune CoOpOTUBICHUS MPOU3BOAUTCS TOJIBKO B IEMIX, B KOTOPBIX OTCYTCTBYET HAIPSKECHHE.

2.01MH U3 KOPOTKUX IITEKEPOB BCTABIISIOT B THE3/I0 «OOI» B PSIY THE3 C HAAMKUCHIO KOMMETPY.

3.BTopoii KopoTKuii MTEKep BCTABJISAIOT B OJHO M3 THE3JI ATOTO KE psa, COOTBETCTBYIOIIEE BHIOPAHHOMY
npeaeily U3MEepEHUs.

4.0npenenuTh IeHy AeNEHUS Kbl C yYeTOM BBIOPAHHOTO Mpefiesia U3MEPEHHUS.

5.3aMKHYTh HaKOPOTKO JIJTMHHBIC IITEKEPHl MEXKIY COOOM M MOBOPOTOM yKa3aTelis TOJIOBKH MEPEMEHHOTO
pE3UCTOpa YCTAHOBUTH CTPEIIKY Ha HYJIEBYIO OTMETKY IIKaJIbl OMMETpa. Pa30MKHYTH ITEKEPHI.
6.IloacoenMHUTH AJMHHBIE KOHIBI IITEKEPOB K 3JIEMEHTY, CONPOTHBJICHHE KOTOPOTO HAJA0 H3MEPHUTh.
[IpousBecTn OTCUET MO MIKaJe; YUCIO AENEHUM, Ha KOTOPbIE OTKIOHHIIACH CTPEJIKA, YMHOXUTh Ha IEHY
JIEJICHUS.

7.0TCOEIMHUTD IITEKEPHI U BBIHYTh UX U3 THE3/1a. Y Ka3aTellb TOJOBKU [IEPEMEHHOTO PE3UCTOPA TOCTABUTH B
noyioxenue «MAB».

8.Cnenarb He0OXOIMMBIE 3aMKUCH B TETPAIIH.

BoiBoa:

JlaGopaTopnas padora 14-15
H3yuenue ycrpoiicTBa u padoTsl TpanchopmMmaTopa
Heab padoThl: MO3HAKOMUTHCS ¢ paboTOI TpaHchopmaropa.

OO6opynoBaHue: UCTOYHUK PETYIUPYEMOro MepeMeHHoro HanpsbkeHus 1o 30 B, TpaHnchopmaTop ¢
00MOTKOI Ha 6B, amnepMmeTp nmepeMeHHOro Toka 10 2A, BOIBTMETp MepeMeHHoro Toka a0 10B, peocrar,
COEIUHHUTEILHBIE IIPOBOJAA, MUKPOMETP.

ITopsinok BbINOJIHEHHS PAadOTHI

1.M3mepbTe quameTrp npoBoAa 0OMOTKHU TpaHchopmarTopa [l M BBIYMCIUTE NpeiebHOE 3HaU€HUE CHITbI TOKA.
2.Cobepute AIEKTPUUECKYIO 1ETMb M0 MPUHIIUMHATBHOW SJIEKTPUUYECKON CXeMe, MPEACTaBICHHOW Ha puc
58.ITopnaiiTe Ha KOHIIBI HCCIIETyeMOil 0OMOTKH MepeMEeHHOe HarpsbkeHue 1B 1 u3MepbTe cuity Toka B peskume
X0JIOCTOr0 X0/a Tpanchopmaropa 1. 3areM Mpous3BeAUTE U3MEPEHHUS CUIIBI TOKA B PEKHUME XOJIOCTOTO X012
IIpY HanpspkeHuu 2,3,4 B u T. A, mpooikasi yBeIMUMBATh 110/1aBAEMOE HAIIPSKEHHE JI0 TEX MOp, T0Ka CUIIa
TOKa B 0OOMOTKE HE JOCTUTHET MpeeIbHOr0 3HaYeHHsI, paCCUMTaHHOTO MO TOJNIIUHE MpoBoja. Onpenenute
npeaenbHoe HampsbkeHue. Pe3ynbraTel U3MEpeHui 3aHecuTe B TaOJMIly M MOCTPOMTE MO HUM rpaduk
XapaKTePUCTUKHU XOJIOCTOTO X0Jia TpaHchopMaTopa (3aBUCUMOCTb CHIIBI TOKA OT HAIPSHKEHHUS).

KoHTpoJibHBIE BONIPOCHI
1.0T yero 3aBUCUT NpeAETIbHOE TOMYCTUMOE 3HaYeHHEe CUIIbI TOKAa B 0OMOTKE TpaHc(opmaropa?



2.M0oXHO 1M MOAKII0YaTh K BTOPUYHON 0OMOTKE TpaHc(hopMaTopa 00yl Harpy3Ky, €CiM HalpsbDKeHHe
Ha MEePBUYHON 0OMOTKE HE MPEBBIIIACT NMPEIETHHOTO 3HAUCHHS?

BriBOA

JlaGopaTopnas padora 16

HN3ydyenue padoThl reHepaTopa Tpex(azHoOro nepeMeHHoro ToKa

LeJsb: u3yunTh reHepaTop Tpex@asHoro Toka

O0opynoBanme: MojieNb reHepaTopa Tpex(}a3Horo Toka

Ykazanus k padore

OO611ee yCTpOHWCTBO U CXEMaTHYECKOE HM300pakeHHe MOKa3aHO Ha PUCYHKE 65.

[TpuHIMI NElicTBUS reHeparopa:

Boznuknosenne DJIC MHIYKIMM B TpeX OAMHAKOBBIX HEMOJBUKHBIX OOMOTKAaX , PAacCHOJIO0KEHHBIX MOJ
yriaoM 120 rpanycoB oJHa IO OTHOIIEHUIO K JAPYroil, BCJIEICTBUE H3MEHEHHUS IEPECEKAIOUIEr0 X
MarHMTHOI'O IIOTOKA, CO3aBa€MOT0 BPAIAOIIUMCS JIEKTPOMAarHuTOM.

VY CIIOBHO PUHATO pa3innyaTh Ha4asI0 U KoHer, 00MoTok. Hauano oOMOTOK reneparopa 0603Ha4aroT OyKBaMH
AB,C, a

Konmpr 00MOTOK — WKC, UTpeK, 3eT. s ynoOcTBa npuMeHeHus Tpex(a3HOro TOKa OOMOTKH TeHepaTopa
COEMHAIOT MEXIy co00i IBYyMs crocobaMu6b B 3Be3/y, €CIM KOHI[bI OOMOTOK COEAMHEHBI B OJIHY TOUKY,
KOTOpasi Ha3bIBaeTCSI HEUTPATbHOW TOUYKOH; B TPEYTOJBHHK, €CIM KOHEIl TEepBOW OOMOTKHM COEIHWHEH C
HayajoM BTOPOil, KOHELl BTOPO- ¢ HAualoM TpeThel, KOHEll TPeThel — ¢ HayajioM nepBoii (cM puc 67).
[IpoBozaa, KoTOpBIE IPUCOEAMHEHBI K HayasiaM 0OMOTOK IeHepaTopa WM OOIIMM TOYKaM Hayajl U KOHIIOB
00MOTOK, Ha3bIBalOT JIMHEHHBIMU IPOBOIAMH.

[IpoBox, mpucoeMHEHHBIN K HENTpaIbHON TOUKE 0OMOTOK F€HEpaTopa, Ha3bIBAIOT HYJIEBBIM IIPOBOIOM.
HanpsixeHne Mex 1y HauajaoM M KOHIIOM OOMOTOK, T. €.MEX/ly JJMHEHHBIM U HYJIEBBIM IIPOBOJIOM, HA3bIBAIOT
¢azupiM Hanpspkenuem (o).

Hanpsokenue mexay HadamamMu OOMOTOK, T. €. MEXAY JIMHEHHBIMM IPOBOJAMM, Ha3bIBAIOT JIMHEHHBIM
HaIpsHKEHUEM.

Ono ob6o3nauaerca Mas, MBc, Mca wiu B o0mem Buae M.

CooTHoIIEHNSs MEX/ly JINHEHHBIMU U (Pa3HBIMH HAIIPSKEHUSIMU BBIPAXKAIOTCS (POPMYIIaMU:

ITpu coequnenuu B 38e3ay Un = 1,7*Ud,

[Ipu coenunenuu B Tpeyronbauk Wi = Ud.

Ha pucynke 66 u 67 BUIHO, 4TO TiepelaBaTh 3JIEKTPOIHEPIHIO OT TpeX(a3HbIX IeHEepaTOPOB MOXKHO C
MIOMOUIBIO0 YEeThIpeX (COEAMHEHHBIX B 3BE€3/y) WM TpeX (COEOUHEHHBIX B TPEYTOJbHUK) IIPOBOJOB, TOI/a
KaK JJIsl epeiadn 3JEKTPO3HEPTruu OT TPEeX HE3aBUCHMBIX OJHO(A3HBIX I'€HEepaTOpPOB MOTPeOOBANIOCH ObI
IIeCTh MTPOBOJIOB.

JUId TMOAKIIOYEHHs DJIEKTPOIPUEMHHUKOB K YETBHIPEXIIPOBOAHBIM MM TPEXIPOBOJHBIM CETSIM HMX TaKXKe
COCJIUHSIIOT B 3B€3/ly WJIM TPEYTObHUK (puc.68 u 69).

Tokwu, mporekaromuye no JMHEUHBIM IPOBOJIaM, Ha3bIBAIOTCS IMHEHHBIMU TOKAMH .

Toxkwu, nporekaromue B Kaxxa0i 00OMOTKE reéHepaTopa, Ha3bIBatOTCS (Pa3HBIMU TOKaMHU.

ITo BO3MOXHOCTH J100MBaIOTCS, YTOOB!I (ha3HblE TOKH OBIIM OAMHAKOBBI, YTO OCOOEHHO Ba)XXHO IIPH
COEIMHEHUH B TPEyroyibHUK. [Ipr HEoIMHAKOBBIX Harpy3kax B CIy4yae COCOUHEHHS B 3BE31y HEOOXOIUM
HYJIEBOH NMPOBOJI, HO OH HE

HY’K€H, €CJIM Harpy3Kd OJJUHAKOBBI.

CooTHolIeHHE MEXAy JUHEHHBIMM U (a3HBIMH TOKaMH IpPHU OJMHAKOBBIX HArpy3Kax BBIpaXKaroTcs
dbopmynamu:

ITpu coenuHeHny B 3B€3[ly  CHJIAa TOKa JIMHEHHAas = cuiie Toka (asHoro. [lpu coequHeHnu B TpeyrobHUK
cuia ToKa JnHeHas = 1,7 cuie Toka (a3Horo.

KonTpoJsbHbIe BOpockl

1.B uem npeumymiecTBa Tpex¢pazHOTo TOKa Mepest 0JHOPa3HbIM?

2.Jluneitnoe HanpsbkeHue paBHO 380B. Uemy paBHO (a3zHOe HaNpspKEHHE NPU COSAMHEHHM B 3BE3MY, B
TPEYroJbHUK?

3®a3zHoe HanpspkeHue paBHO 127B. Uemy paBHO JIMHEIHOE HamNpsHKEHUE NPU COSAMHEHUU B 3BE31y U B
TPEYroJbHUK?



4.MOHO 11 BKJIFOYATh IEKTPUUECKHUE JIAMIIbI, PACCUYUTAHHBIE

Ha HanpspkeHue 220 B, B ceTh Tpex(a3HOTo TOKa € JIMHEHHBIM

HanpspkeHueM 380B? Eciii MOKHO, TO HAUEPTUTE CXEMY BKIIFOYEHUS.

5.JIuHeiiHOe HaNpsKEHUE YETBIPEXIIPOBOAHON ceTu paBHO 220B. HaduepTute cxemy BKIIOUYEHHS B 3TY CETh
TpeX DJJIEKTPONPUEMHUKOB Ha HOMMHAJIbHOE HamnpspkeHue 220B M 4YeTbIpeX 3JIEKTPONPUEMHHMKOB Ha
HOMMHAJIbHOE HampspkeHue 127B.

6.K uemy MokeT mpuBecTH 0OpBIB HYJIE€BOT'O MIPOBOA, TMHEHHOTrO IPOBO/IA, ABYX JIMHEHHBIX IPOBOIOB?
7.MOXHO 1M K OJHOW M TOW XK€ DIIEKTPUUYECKOW CETH IOAKIIOYAaTh OCBETUTEIBbHBIE W CHIIOBBIC
3NEKTPOINPUEMHHKH, €CIIN MOCJIEJHUE PACCUNTAaHbl HA HOMUHaIbHOE HamnpspkeHue 380B? Ecnu MoxHO, TO
HAYEPTUTE CXEMY BKIIFOUCHHSI.

BriBoxa:

IIpakTnueckas padora 17

DJIeKTPOHHBbIE JIAMIIbI.

Ilesb: U3y4nTh IEKTPOHHYIO JIAMITY

OobopynoBanue: MOJENb 3JIEKTPOHHOM JIaMITbI

Teopernyeckasi 4acTb

DJeKTpOHHAs JTaMIla —— YIPABIIAEMBIi SIeKTPOBAKYYMHBIi IIPHOOP C BEICOKMM BaKyyMoM (mopska 1076 —
1077 MM PT. CT.) ¥ TEPMOIIIEKTPOHHBIM KAaTOIOM, IIPEIHA3ZHAYSHHBIN I Pa3INYHOTO POJia IPeoOpa3oBaHHmii
ANEKTPUUYECKUX BEIUMYHMH. OJEKTPOHHBIE JaMIbl B PAJAUOATIEKTPOHHBIX YCTPOMCTBAX HCIOJIb3YIOTCS B
KAueCTBE BBIIPSAMUTENIbHBIX, YCHIUTENIbHBIX, YaCTOTOIPEOOPa30BATEIbHBIX, MEPEKIIOYAIOIINX U Ap.
31eMeHTOB. OCHOBHOM YaCThIO 3JIEKTPOHHOM JIaMITbI SABJISIETCS] CUCTEMA AJIEKTPOJIOB WIIM pa3psiaHasl CUCTEMA.
B Hee BXOIAT KaTOJ — MCTOYHUK (IMHUTTEP) DJIEKTPOHOB, aHOJ — MPUEMHHUK (KOJUJIEKTOP) JIEKTPOHOB U
pacrojararonmecss MeXIy KaToJAoM M aHOJAOM CEeTKHM — YIpaBifmoIIue 3MeKTponbl. [lo kommdecTBy
NEKTPOJOB  DPA3NMYAIOT  JABYXAJIEKTPOJIHBIE  Jammbl  (IMOABI),  TPEXUIEKTPOAHbIE  (TPHUOIbI),
YeTBIPEXAIIEKTPOIHBIC (TETPOIbI) U IMSATUAIIEKTPOIHBIE (IEHTO/1bI). MeHee pacipoCTpaHEHbI TeKCOIbI (JIAMITBI
C YEThIPbMsI CETKaMH), TenTojbl (C MATbIO CETKaMU) M OKTOAbl (JIaMIIbl, UMEIOUIME IIECTh CETOK).
DJEeKTPOHHBIE JIAMIIbl, COJeprKalue ABe (Uiau 0osiee) CUCTEMbI JIEKTPOJOB C HE3aBUCUMBIMU MOTOKaMHU
AJIEKTPOHOB, HAa3bIBAIOTCA KOMOWHUPOBAHHBIMH. OJIEKTPOHHBIE JAMIIbl KJIACCU(QUIMPYIOTCS TaKXe IIO0
MOIITHOCTH, AMANa30Hy 4YacTOT (HU3KOYAaCTOTHBIC, BBICOKOYACTOTHBIE, CBEPXBBICOKOYACTOTHBIE) M IIO
Ha3HAYEHUIO (ycunurenbHbIE, reHepaTOpHBIE, MOJIyJIATOPHBIE, 4acTOTONpeoOpa3oBaTeIbHbIE,
BBIIPSAMUTEIIbHBIE, U3MEPUTENbHBIE U T. II.). CXeMa BKIIIOUEHUS JIaMIIbl 3aBHCHUT OT BBINOJHSIEMBIX €10
¢ynkiuii. OnHAKO BO BCEX CXE€Max OJUH M3 DJIEKTPOJIOB NpPHUHMMAeTcs 3a OOLui, a OCTaJbHBIE
MOJKJIIOYAIOTCSA K HEMY.

KonTpoJsbHbIe BOPOCHI

1. [ToueMy 37€KTpPOHHBIE JaMIIbl HA3bIBAIOT HEIMHEHHBIMU COMPOTUBIICHUSAMU ?

2. Ha3BaTb OCHOBHBIE CTATHYECKUE XAPAKTEPUCTUKHU TPUOIOB. /Il Kakux L€l OHU MCIONB3YIOTCS Ha
paxkThKe?

3. laTb onpezieneHre U 00bACHUTH (PU3NYECKYIO CYITHOCTh OCOBHBIX CTATHUECKUX MapaMeTPOB JIAMIIL.

4. KakoBbl HEJIOCTATKU TpHUoaa?

5. Bo3moxeH a1 JUHATpoHHBIN 3¢ dekT B Tpuoae?

6. Ecniu ceTka 5aMIibl HU C 4eM HE COEJMHEHA, TO OHa MpH padoTe JIaMIIbl 3apsKaeTcsl 10 HEKOTOPOIo
OTPULIATEIILHOTO MOTEHIMANA, KaK 3TO OOBSICHUTH?

7. MOXHO M MO CEMEWCTBY AHOJHO-CETOYHBIX XapaKTEPUCTUK MOCTPOUTHh AHOJHBIE XapAKTEPUCTHKU U
Ha000pOoT?

8. [louemy mpu pocTe OTPUIIATENLHOTO HAMPSKEHHS Ha CETKE aHOHAsl XapaKTEepUCTUKA TPUOJIA CABUTAETCS
BIIpaBoO?

9. Kak onpenenstorcst mapaMeTpbl TpHO/1a II0 CEMENCTBAM aHOJHOCETOUHBIX U AHOJHBIX XapaKTEPUCTUK?

IIpakTnueckasi padora 18
Annapartsl M cXeMbl YIIPABJICHUS 3JIEKTPOABUIATEJISAMM.



Heap padorpl. M3yunTh Ha3HAYCHHE, NMPUHLMN JEUCTBUS M KOHCTPYKIHMH 3JIEKTPUUECKHX anmnapaToB
PYYHOIr0 M JHUCTAaHIMOHHOTO YIpaBieHMs. V3yuyuTh THUIOBBIE CXEMBbl JUCTAaHIIMOHHOTO YIIpaBJICHUS
ACUHXPOHHBIMU JIEKTPOBUTATEISIMHU.

3aganue Ha camonoaroroBky. Ilo pexomenayemoil nuTeparype U METOIWYECKUM YKa3aHUSM H3Y4UTb
KOHCTPYKLUMHM ¥ TNPUHIMUN JCHCTBUS pyOMJIBHHUKOB, IMEpEKIIoYaTelel, MarHuTHBIX ITyCKaTelei,
IIPOMEXYTOUHBIX pEJE€ U pelie BPEMEHU. BBIUEPTUTH CXEMbl YIIPaBIECHUs 3JIEKTPOABUraTEsIMH (10
WHIUBUAYATbHOMY 33/IaHUIO0), U3YUYUTh YCIOBHBIC 0003HAUYECHUS U IPUHLIUIT PA0OTHI CXEM.

IIporpamma padoThbl.

O3HAaKOMUTKCS C MPEACTABICHHBIMU Ha JIA0OPATOPHOM CTEHJE allliapaTaMy yIpaBIeHUs.

CoOpatb cxeMy JUCTAHIIMOHHOTO YIIPABICHHS aCHHXPOHHBIM KOPOTKO3aMKHYTHIM 3JIEKTPOBUTATEIIEM.
N3yunth coOpaHHbIE HA CTEH/IE CXEMBbI YIIPABIECHUS U MPOU3BECTH UX BKIIOYCHHE.

W3yunTh 1eHCTBHE UCTIONB3YEMBIX B CXeMaX yNpaBiieHUs! OJIOKUPOBOK M 3aLIHT.

OcHoBHBIE CcBeJeHUsI 00 anmaparax py4HOro M JAMCTAHUMOHHOIO YIPABJICHHUS 3JIEKTPONPHUBOJAAMH.
KoMMyTannoHHbIe yCTpOICTBa AEIATCS Ha annaparhl yIpaBJIeHUs CUIOBBIMY LIENISIMU U allliapaTrhl JUis Lenen
yrpaBieHuss. OHHM pas3IMyarOTCs BEJIMYMHOM KOMMYTHUpYyeMoro Ttoka. Kpome Toro, Bce 3JI€eKTpUUECKHE
anmnapathl MOAPA3JENSIOTCS Ha anmnaparbl pyyHOro M JUCTAHIIMOHHOTO yIpaBieHUs. Anmnaparbl pyyHOro
ynpasiaeHus. K ammapatam py4YHOro yIHpaBi€HHs OTHOCSTCS CHJIOBbIE KOMMYTAlMOHHBIE allllapaThl:
PYOMIIBHUKH, KYJTa4KOBBIE KOHTPOJIJIEPBI M MAKETHBIC BBIKJIIOYATENH, & TAKXKE MaJOMOIIHBIE YCTPOWCTBA —
KHOIIKU U KJIIOYM yrHpaBieHus. PyOMIbHUK MpencTaBisieT coO00i MpOoCTeHInii KOMMYTAIlMOHHBIH armapar,
IIpeIHa3HAYEHHBIN JUIs HEYaCTOTO 3aMbIKAHUS U Pa3MbIKAHUSI CUJIOBBIX LIETIEH TOCTOSIHHOTO U MIEPEMEHHOIO
ToKka HampspkeHueM a0 600 B. B ycranoBkax Hampspkenuem Bbimie 1000 B momoOHble ycTpoiicTBa
Ha3bIBAIOTCS Pa3beAMHUTEISIMU U IPEIHA3HAYAOTCS JAJI11 KOMMYTAIMHM BBICOKOBOJIBTHBIX LieNel O€3 Harpy3Ku
(I7s OTKJIFOYEHHS XOJIOCTOrO XOJa BBICOKOBOJIBTHBIX JIMHUN W TpaHchopMmaTopoB). 5 PyOunbHUKH MOTYT
OBITH OJTHO-, IBYX-, M TPEX MOJIIOCHBIMH. PyOnnbHuku ¢ 60koBoi pykoaTkoil (PB), ¢ G0KOBBIM pbIYaXKHBIM
npuBogoM (PIIb), ¢ nentpanbHbiM phryakHbiM mpuBojgoMm (PIIL]) mpeanasHadeHbl Afii KOMMYTAIMH
NEKTPUYECKUX Ienel moj Harpyskod B mpenenax 50-100% nomuHambHOTO TOKa. IlepBast mudpa mocie
OYKBEHHOTO 00O3HAuYeHHs OIpefenseT KoiauuecTBO moitocoB (1,2, u 3), BTOpas — HOMUHAJIBHBIN TOK
pyomnsauka: 1(100A), 2(250A), 4(400A), 6(600A). Hampumep, PIILl 22 o3Hauaer: pyOMJIBHUK C
LEHTPAIbHBIM PhIYAXKHBIM ITPUBOAOM, JABYXIIOJOCHBIM, HOMUHANBHBIA TOK 250A. ITakeTHbIE BBIKIHOYATENIN
U MEepEKIII0YaTeNy MIPUMEHSIOT B KaUECTBE KOMMYTAIIMOHHBIX allllapaToB B AJIEKTPOYCTAHOBKAX IOCTOSTHHOTO
ToKa HampspkeHueM a0 220B u mepemenHoro Toka HampspbkeHueM 1o 400B. OGo3HaueHue makeTHOTO
BbIKJIIOYarens, Hanpumep, [IBM3-100 pacummdpoBbIBacTCs ClIEQyIOMIUM 00pa3oM: TpeX IMOJIOCHBIH,
HOMUHANBHBIMN TOK 100A. [l BKIIIOUEHMS, OTKIIOUEHUS, PEBEPCUPOBAHUS U NEPEKIIIOYEHUS YHCia Iap
MIOJIFOCOB  ACMHXPOHHBIX KOPOTKO3aMKHYTBIX 3JIEKTPOJBUTATENEll MCIONb3YIOT IaKETHO-KYJIauyKOBbIE
nepekitouarenu [IKIIT u Beiknrouatenu [IKB Ha HomuHanbnbie TOkM 10, 25, 63, 100 u 160A. KynaukoBsie
KOHTPOJJIEpHl — 3TO MHOTOMNO3UIIMOHHBIE M MHOTOIEMHbIE alaparbl PY4YHOro YyNpaBJCHMUS,
IIpeIHa3HAYEHHBIE AJI1 U3MEHEHUS CXEM COEIMHEHUI CUIIOBBIX LIENIEH DJIEKTPOJBUTATEEH HANIPSIKEHUEM JI0
500 B, nu60 115t ”3BMEHEHUs BEIMYMHBI BKIIFOUEHHBIX B 3TH IIETIH CONTPOTUBIICHUH. Pa3MbIkaHue 1 3aMbIKaHNe
KOHTAKTOB IPOM3BOJUTCS CMOHTHPOBAaHHBIMU Ha OapabaHe KyJlaukamMM, KOTOPbIE 00eCleYnBalOT HYKHYIO
MOCJIEZI0BATENBHOCTh KOMMYTAIIMHU 3JIEKTPUUYECKUX Liened. PyOMIbHUKY U MepeKkiodyaTead BbIOMpPAOT 10
HOMHMHAJIBHOMY HaIIPSHKEHHUIO, HOMUHAIBHOMY TOKY, YUCIIY ITOJIFOCOB, KOHCTPYKTUBHOMY M KIIMMaTHYECKOMY
UCIOJIHEHUI0. ABTOMATHYECKUE BBIKJIIOUATENN MPUMEHSIIOTCS JJIs HEYacTbIX PYUYHBIX BKIIOUEHUH H
OTKJIFOUEHUH 2JIEKTPOIIPUEMHHUKOB, a TAK)KE JIJIs1 aBTOMAaTHYECKOTO OTKJIFOUEHMS LIETIEH MpH MEeperpy3Kax u
KOPOTKHX 3aMBIKaHUSAX. B alleKTpoycTaHOBKAaxX MPUMEHSIOT aBTOMaTHYeCKHe BhIKIto9arenn THoB All-50,
AE20, BA14, BAS51. ABToMaTHuYecKHE BBIKIIOYATEIM BBIOMPAIOT 1O HOMHHAJIBHOMY HAaNpsHKEHUIO,
HOMHHAJILHOMY TOKY, MO MpeIeIbHOMY OTKJIIOYaeMOMY TOKY, IO TOKaM cpabaTbIBaHUS TEIJIOBOIO H
NEKTPOMAarHUTHOTO PacLENUTENEH, T0 KOHCTPYKTUBHOMY MCIIOJIHEHUIO M KaTErOpUH pasMeuieHus. 5.4.2.
Anmapatbl JAMCTAHIMOHHOIO YIMpaBiIeHHUsS. OJEKTPUYECKHE ammapaThl JUCTAHIIMOHHOTO YIpaBJICHUS
ABJIAIOTCS JIBYXIO3MIIMOHHBIMA KOMMYTAI[MOHHBIMM ~ammapaTaMM C CaMOBO3BPaTOM, IIEPEKIIOYEHHE
KOHTaKTOB KOTOPBIX MPOMCXOAMUT IPH MHPOTEKAaHMH TOKa MO Karylike yrpasieHus. K HUM oTHocsTCs
KOHTAKTOpbI, 3JEKTPOMarHuTHeIe Myckarenu u pene. 6 KoHTaktop mnpencraBiseT coOoi ammapar c
3JIEKTPOMArHUTHBIM IPUBOJIOM, ITpeIHa3HAUEHHBIH 1715 yacThIX (0 1500 B yac) KOMMyTaIuil CUJIOBBIX LieNeiH
anekTpoasurareneid. KoHTakTopbl MOCTOSSHHOTO TOKA U3TOTaBIMBAIOTCS C OJTHUM U IBYMS [TOJIFOCAMU HAa TOKU
IJIaBHBIX KOHTAKTOB OT 4 10 2500 A. KOoHTaKkTOpbI IEPEMEHHOr0 TOKA BBITYCKAlOTCSA HA TOKH OT 63 1o 1000
A u cozepxat OT 2 10 5 r1aBHBIX KOHTaKTOB. KaTyku BEINOJIHAOTCS Ha HanpspbkeHus ot 36 10 600 B. Kpome



[VIABHBIX KOHTAKTOB, MPEJHA3HAYECHHBIX JUIsI KOMMYTAallUM CHWJIOBBIX LI€TEH, KOHTAaKTOPBI COJEpKaT
JOTIOJTHUTEIbHBIE MaJIOMOIIHBIE KOHTAKThI, MPEJHA3HAUYCHHbIC /JIs BBIMIOJHEHUS MEPEKIIOUCHUN B LIETISIX
yOpaBiieHUsl, OJOKMPOBKM M CHUTHAIM3AMHU. OJEKTPOMAarHUTHBIE MycKaTelu MpelHa3HayeHbl [Jis
JMCTAHIIMOHHOTO YTIPaBJICHUS] aCHHXPOHHBIMHU 3JieKTpoaBHraTensiMu. OHU COBMemIaloT B cebe (QyHKIuH
anmapaTra yopaBJ€HMS M 3allUThl. B KOMIUIEKTE C TEIJIOBBIMHM pEJ€ IYyCKATENN BBIIOJHSAIOT 3allUTy
AJIEKTpOJIBUTaTesielt ot neperpy3ku. [lpu ncuesHoBeHUN HANPsKEHUs WK Npu ero cHkenun Ha 40-60% ot
HOMHMHAJILHOTO CHJIOBBIE KOHTAKThl pa3MbIKalOTCs (OCYIIECTBISCTCS HyJseBas 3amuTa). HepeBepcUBHBIIM
AJIEKTPOMAarHUTHBIM IMyCKaTeldb COCTOMT M3 OJHOIO TPEX IOJIOCHOIO KOHTAKTOpa M TPEXAIEMEHTHOIO
TEIJIOBOTO PEJIC; PEBEPCUBHBIN — U3 JBYX KOHTAKTOPOB M TEIIOBOIO pesie. PeBepCUBHbIE ITyCKATEIN UMEIOT
MEXaHUYECKYIO OJIOKMPOBKY JJIsl HCKIFOUEHUS OJTHOBPEMEHHOTO BKJIIOUEHUS JABYX KOHTakTOpoB. Hamnbomee
pacnpocTpaHeHbl eKTpoMarHuTHoie nmyckatenu cepuid [IMJI, IIMA. DnekTpomMarHuTHbIE MyCKaTeld U
KOHTaKTOpPhl BBIOMPAIOT 1O HOMUHAIBHOMY HAMpPsDKCHUIO, HOMHUHAJIBHOMY TOKY, IO HAIPSDKCHUIO
BTSTMBAIOLIEH KATyIIKU M [0 KOHCTPYKTMBHOMY HCIOJIHEHHIO. DJIEKTPOMArHUTHBIE peje MOCTOSHHOTO U
MEPEMEHHOT0 TOKa MPUMEHSIOTCS B CXeMaxX YIpaBiCHUS B KauyeCTBE MPOMEKYTOUHBIX 3JIEMEHTOB IS
KOMMYTAallUU C1a00TOYHBIX LENel U sl pa3MHOKEHUS KOHTaKTOB. Pelie moCcTOSIHHOTO TOKa MMEIOT JIy4Ilue,
YeM y pelie IIEPEeMEHHOr0 TOKa IMapaMeTpbl, HO JUIS UX BKIIIOYSHUS HEOOXOIMM UCTOUYHUK MOCTOSIHHOTO TOKA
(BempsmuTenb). B cxemax ympasnenuss npumensitorcs PIIS, PII9, PILI140, PIUJII31 wu napyrume.
DNEeKTPOMarHUTHbIE pejie BBIOUPAIOT MO HAIPSHKEHUIO U TOKY OOMOTKH, 110 JJIUTENBHO AOIYCKAEMOMY TOKY
KOHTaKTOB U UX KOMMYTAI[MOHHON CIOCOOHOCTH. Penie BpeMeHU mpelHa3HauyeHbl JUIsl BBEACHUS B paboTy
CXEM YIIPaBIICHUS BBIICPKEK BpeMeHU. [1o mpuHIUITYy AeCTBHS OBIBAIOT AJICKTPOMArHUTHBIC, MOTOPHBIC,
MHEBMaTU4Yeckue W dnekTpoHHble. [lpumenstorcs Motopubie pene Bpemenun BC-10, E-52;
anekTpomexanndeckue OB-24, OB-217; nueBmatuueckue PBII-1M, PBII-72 u anextponnsie cepun EJI. Pene
KOHTPOJISI CKOPOCTH IMpelHa3HaueHbl AN (QUKCAIMM HaIWuds BpalleHUs pabodyux OpraHoB MalluH,
anekTpoasurareneid. IlpumeHsrorcs B cXeMax JIMHAMUYECKOTO U PEBEPCHUBHOIO  TOPMOXKEHHUS
3MEKTPONpUBOAOB. KHONKM ynpaBieHUs] WUCHONBb3YIOT JIsl JIUCTAaHLMOHHOTO YIIPABJICHUS KOHTAKTOPAMH,
MyCKaTeIIMA U JPYTHMH amnmaparamMd. KHONIKM ympaBieHHs, CMOHTUPOBAaHHBIC B OOIIEM KOPITyCe WIJIH Ha
MaHEeJU, Ha3bIBAIOT KHOMOYHOU craHuueil. Pacnpocrpanensl kHonku KME, KE; noctsl ynpasnenus IIKE,
[TIKVY,IIKT. [lyTeBble 1 KOHEUHBIE BBIKJIKOYATEIN MIPUMEHSIOTCSA B CXEMaxX yMNpPaBJIEHUS JIEKTPONPUBOAAMU
JUISl OTPAHUYEHHUS] IBUIKEHUSI TPAHCIIOPTHBIX MEXAHW3MOB WIH JUIsl U3MEHEHHUS HAIlPaBJICHUS UX JIBUKCHUS
(mpu HakaTUW HA HHUX JACTAISAMH JBIDKYIIMXCS MEXaHU3MOB). [IpUMEHSIOTCS KOHTAKTHBIE ITyTEBBIC
Beiktoyarenu BK-211, BK-411, BK-101 u 6eckontaktubie bBK-24, KB/[-3/24 u npyrue. 5.5. [Ipumepsr
CXE€M JUCTAHIIMOHHOTO YyIpaBiieHus 3iekTponpuBogamu. Ha puc. 5.1. m3zoOpaxeHa NpUHLUIIUATIbHAS
JNEKTpUYECKash CXeMa YIOpPaBIEHUS AaCHUHXPOHHBIM KOPOTKO3aMKHYTBIM d3nekTponBuratenem (AJl),
MO3BOJISIIONIAs BKJIIOYATh M BBIKJIIOYATh €ro u3 AByX MmecT. Puc. 5.1. Cxema ynpasieHust Tpex@aszHbM
ACHHXPOHHBIM d3JIeKTpoJBUrareneM (HepeBepcuBHasi). Ilyck nBuratens mpou3BOAMTCS HaKaTHEM KHOIKH
SB1 nnmu SB3, octanoBka — HaxkaTueM kHonku SB2 unu SB4. [lepen myckom anexkTpoasuraresns M BKIIIOUaOT
aBTomMaTuyeckuil BoikiItouaTenb QF, B pe3ynbrare uero Ha cxemy yrnpasiieHus nojaaercd HanpstkeHue. [Ipu
Haxatuu KHOTIKK SB1 mim SB3 Tok TeyeT mo karyuike MarHuTHOro myckaresnss KM, myckaress cpadaThiBaeT
U 3aMBIKaeT CBOM CUJIOBBbIe KOHTakThl KM B 1iemu »1MeKTpoJBUTATENsT M OJIOK KOHTAKTHI, IIYHTHPYIOIIHE
kHonku nycka SB1, SB3. [Ipu oTnyckaHuu KHONKM IyCKa €€ KOHTaKT pa3MbIKaeTcsi, HO Karymka KM
OCTaHeTCs BKIIIOUEHHOM uepe3 0510K-KOHTakT KM. 7 DnekTpoaBUraTelb OCTaHABIMBACTCS KPATKOBPEMEHHBIM
HaxkatueM KHomnku SB2 wnm SB4, nmpu stom nenb katrymku KM paspeiBaercs, koHTtaktel KM B menu
ANEKTPOABHUraTENs pa3MbIKatoTcs. Pasmbikaercss Taioke Onok-koHTakT KM. B 1menb anexkTpoaBuratens
BKJIIOUEHBI HarpeBarebHble 3JIeMeHThl TeruioBoro pene KK, koTopoe KOHCTPYKTHUBHO OOBEAMHEHO C
AJEKTPOMArHUTHBIM IyCKATEJIEM M CIY>KUT JUJISl 3alUThl 3JEKTPOABUTATENS OT JIIMTENbHBIX MEPErpy30K.
Paszmbikarommii  koHTakT TemioBoro pene KK Bkimowen B nens karymku KM. Ecam Toxk B menum
AJEKTPOJIBUTATENS IPEBBICUT YCTaBKY TEIJIOBOTO PEJie, TO B pe3ysbTaTe Harpesa aneMenToB KK npousoiiger
pasmbikanue koHTakTa KK B rienu karymku KM u anekTpoaBuraTens OTKIIOYATCS MATHUTHBIM ITyCKaTEIeM.
[ToBTOpHBII MyCK AJNEKTPOABUTATENS OYAET BO3MOXKEH TOIBKO MOCIIE BO3BpaTa KOHTaKTa TerioBoro pene KK
B 3aMKHYTO€ COCTOSIHUE Ha)KaTHEeM KHOIIKH Ha TETJIOBOM peJie (T10CIIe ero OXJIaXKACHUsI ). 3alluTa OT KOPOTKUX
3aMbIKaHUW B CHJIOBOWM WIE€MH OCYILIECTBISETCA aBTOMarhyeckuMm Beikiatoyatesnem QF. Meroauka
BBINOJIHEHHUS J1a00paTopHOil padoThl. B cOOTBEeTCTBUU ¢ mMporpaMMoil paObOThI WM3Y4YHTh Ha3HA4YCHHE,
YCTPOUCTBO ¥ IPUHITUT JICHCTBUS allliapaToB PYYHOTO U TMCTAHIIMOHHOTO YIIPABJICHHUS 110 PEKOMEHTOBAHHOM
TuTepaTtype, Iiakatam M oOpasnam. M3yuuth cxembl ympaBieHust snekTpoasurareneM. CoOparh CXeMbI



YIOpaBJIEHUSI U TOCIE MPOBEPKH MpenofaBaTesieM WUiId Ja0OpaHTOM MPOU3BECTH UX BKiItoueHue. M3yuuTsb
METOJIMKY BHIOOpa anmapaToB PyYHOTO M TUCTAHIIMOHHOTO YIIPABIICHUS.

Conepxkanne otdera. 1. Ilemp pabGoTel. 2. DnekTpudeckue cxeMbl. 3. PacdeTsl mo BBIOOpY ammapaToB
yrpasieHus (110 UHIMBUIYATIbHOMY 3a/IaHHIO).

KonTtpoubHbie Bonpocskl. 1. Haznauenue u o01acTu MpuUMEHEHUS 3JIEKTPUUYECKUX allapaToB PyYHOrO U
JUCTAHIIMOHHOTO YyIpaBieHHs. 2. YCTPOHUCTBO U MPUHLMI ACHCTBUS SJIEKTPOMArHUTHOTO IycKarens. 3.
YCTpolcTBO M NPUHIMI JESHCTBUS aBTOMATUYECKOTIO BhIKItOYaTens. 4. YCTpONCTBO M MPUHLMI ACHCTBUS
JNIEKTPOMATHUTHBIX peJieé MOCTOSHHOTO W TMepeMeHHOro Toka. 5. OOBSCHUTH PabOTy AIEKTPUUYECKUX
MPUHIMIIUATIBHBIX CXEM TUCTAHIIMOHHOTO YNPABJICHHUS ACHHXPOHHBIMHU 3JIEKTpOABUTaTeNsiMU. 6. Bbibop
PYOMIHLHUKOB U MepeKrovareseii. 7. BeIoop aBTOMaTHYECKHX BBIKIIFOUaTENeH. 8. BRIOOP 21eKTpOMarHUTHBIX
mycKaTeliel ¥ 3JIEKTPOTEIUIOBLIX perie. 9. BbIOop IeKTpOMarHuTHBIX pedie.

IIpakTunyeckas padora 19-20
MepbI 6€301aCHOCTH NPH padoTe ¢ FJIEKTPOTEXHUYECKMMH YCTPoiicTBaMu
esb: U3ydnuTh TEXHUKY OE30IIACHOCTH MPHU padboTe C IIEKTPONpruOOpaMu

Teopernyeckasi 4acThb

DNeKTpUYECKUit TOK B OBITY.
3HaueHue IEKTPUUECTBA B )KM3HU UEIOBEKa OYeHb BENUKO. B OBITY, T. €. B MOBCETHEBHOM KU3HU YEJIOBEKa,
ANEKTPUYECKUI TOK MCIONb3YETCs KakK /Ul OCBEIICHUS JKUJIbIX TOMEUIEHUH, TaK U JUIsl HUTaHUS pa3iIMdHbIX
OBITOBBIX MPUOOPOB. C MOMOIIBI0 ATUX MPUOOPOB MOKHO MPUTOTOBHUTH MUILY (JICKTPOILTUTKA, TYXOBKA),
BBICTUPATh U OTYTIOKHUTH O€lbe (CTUpaibHas MalllMHA, YTIOT), yOpaTh nmoMemieHue (MblIecoc), JIUTEIbHOE
BpeMs COXpaHSAThH MPOJIYKThI CBEXXHMHU (X0JIOANIIBHUK) u T. .
BoITOBBIE AIIEKTPONPUOOPEI 00JIErYaroT TPY/L X035€K, COKPAIAIOT BPEMS Ha BHIIIOJHEHHUE JIOMAIIHUX PaloT.
OHHM LIEHHBI U TEM, YTO HE KONTAT U HE OCTABIIAIOT 30J16I. Bce OBITOBBIC AIIEKTPOIIPUOOPHI BKIIOYAIOT B CETh
IIPU IOMOIIHM COETUHUTENBHOTO AJIEKTPOIIHYPA U IITETCEIbHON BUIKH. TexHnka 6€30MacHOCTH U MpaBHiia
oOpatieHust ¢ snekrpornpudopamu. [lpu obpameHun ¢ 3IeKTponpudOopamMu HYKHO CTPOTO BBIMIOJIHATH
npaBuiia 6€30MacHOCTH (HapyIICHHE ATUX MPaBUIJI MOKET CTaTh IPUYMHON HECUACTHBIX ciaydyaeB):Hu B koem
CIIy4yae Hellb3sl KacaTbCsl OTOJIEHHBIX MPOBOJOB, MO KOTOPBIM HUJIET AIIEKTpUUeCKUil TOK. Henb3s npoBepsaTh
HaJIM4YUe JIEKTPUYECKOTO TOKa B MPUOOpaxX WM MPOBOAAX MajibliamMu. YTOOB HE MOBPEAUTHh U3ONALUU U
9TOOBl HE OBIJI0O KOPOTKHMX 3aMbIKaHUM (BCHBIIIEK IUIAMEHH), HENb3sl 3alIeMIISTh MPOBOAA IBEPSIMH,
OKOHHBIMH pamMaMH, 3aKpeIUIsTh MPOoBOJa Ha TBo3isfx. HyxHO cienuTh 3a TeM, 4TOOBI 3JIEKTpUYECKHE
MIpOBOJia HE COIpHUKAcaluCch € OaTapesMu OTOIUIEHMs, TpyOaMu BOAONPOBOAA, C TEIEPOHHBIMH H
PaMOTPAHCISIUOHHBIMY ITpoBoAaMU. Helnb3s mo3BoMSTh AETSIM UTPaTh Y PO3ETOK, BTBIKATh B HUX IIIMUJIBKH,
OyrnaBKH, iepraTh NMPoBOJA, TaK KaK 3TO MOXKET IMPUBECTU K NMOPAKEHUIO TOKOM. Henb3s Bemars oaexy u
JpyTHe BEUIU Ha BBIKJIIOYATENIH, POJIUKHU U IPOBOJA, TaK KaK MPOBOJa MOTYT o0opBaTbcsa. KocHyBIINCH OTUH
JPyroro, OHU BbI30BYT MoXkap. OnacHO BKIIOYATh U BBIKJIIOYATh 3JIEKTPUUECKUE TAMIIOUKH, a TAK)KE ObITOBBIE
prOOPHI MOKPHIMU pyKaMU. 3aMEHSThH MEPErOPEBINE JAMIIOYKH HYKHO TPU OTKIFOYEHHOM BBIKJTIOYATENE.
Kareropuuecku 3anperaercs mojib30BaThCsi ObITOBBIMHU JIEKTPOIIPUOOpPaMHU, IO KOPITYCY KOTOPBIX IPOXOIUT
TOK (mpubop «Kycaercs»). llITencensHyro BUIKY MPU BKIOYSHUH U BHIKITIOYSHUH TPHOOPOB HYKHO OpaTh 3a
IUIACTMACCOBYIO KOJIOZIKY, a He 3a mpoBod. [IpuOopel, B KOTOPBIX KHIATAT BOAY, TOTOBST MUILY
(271eKTpOYaTHUKH, KACTPIOJIM ), HENB3s BKIIIOYATh B CETh MYCThIMU. VX HY’KHO HaIllOJIHUTH BOJOW HE MEHbIIIE
4eM Ha oJHYy TpeTh. Korja HanwBarOT BOMy B YallHUK WJIM KAacTPIOJIO, OHU JIOJDKHBI OBITH 00s3aTE€IhHO
BBIKJIFOUEHBI.

Hy:xHo cienuTh Takke U 3a TeM, 4TOObI HIHYPbI, CHATHIE C MPUOOPOB, HE OCTABATIMCH MPUCOEAUHEHHBIMU K
HITETICEIbHOW PO3ETKE, MOTOMY UTO MPH CIIy4allHOM NMPUKOCHOBEHMH K HUM BO3MOKHO MOPAKEHUE TOKOM.
BxmrouaTs U BBIKITIOYATH JTFO0O0M AJIEKTPOOBITOBOM MPUOOP HYKHO OJHOM PYKOM, JKETIaTeIhbHO MpPaBOU, HE
Kacasch MPHU 3TOM BOJONPOBOAHBIX, TA30BBIX U OTONUTENbHBIX TPyO. UTOOBI H30€kaTh moxkapa, ObITOBbIE



ANEKTPONPUOOPHI HY>KHO YCTAHABIMBAThH HA CHIEIMABHBIX MOJCTaBKaX (KepaMHUUECKHUX, METAUTHISCKUX WITH
u3 acOecrta) u Ha 0E30MACHOM PACCTOSHUU OT JIETKO 3aroparolluXxcsl MPEAMETOB (3aHaBecei, MopThep,
ckarepren).

Heinb3st ocTaBisITh BKITIOYEHHBIC 3JICKTPOIPUOOPHI O€3 Haa30pa WK Mopydyarh HAOIr0AaTh 32 HUMH JCTSM.
3TO MOXKET MPHUBECTH K TIOXKAPY.

‘RALL BE3OMACHOCTb NPH OBPALLEHHH C 3NEKTPONPHBOPAMH
T 2 s

A 174

IIpakTnyeckas padora 21-22
Hroroeiii nuddepeHunanbHbIA 32a4eT M0 BCeMY KYPCY JIeKTPOTEXHUKHU

3akonsl Kupxroda

OJeKTpOMarHUTHAs MHIYKLUS

WNHIyKkTHBHOCTH

[TepemenHsIii TOK. ['eHEepaTop NepeMEHHOTr0 TOKa

TpéxdazHerii TOK.

OneKTpuyecKue U3MepeHus

DJeKTpon3MepUTEIbHbIE MPUOOPHI.

Knaccugukanus 35eKTpuiIecKuX MariiH

Bempsmureny. D5eKTpOHHBIE YCHUIIATEIH.

0. MepsI 6e30macHOCTH TpH paboTe C HIEKTPOTEXHUUECKHMH YCTPOMCTBAMH

BOooo N ~wDE

Kpurtepun onenok

OneHka «2» cTaBUTCA 32 HEBBIIIOJIHEHNE TPEOOBaHU CTaHapTa K 3HAHUSM.

Onenka «3» cTaBUTCS 3a 3HaHUE B 00BbEME CTaHAApTa, YCBOCHHE HA PENIPOyKTUBHOM YPOBHE.

OneHka «4» CTaBUTCS 3a 3HaHME B 00ObEME CTaHAapTa WM MPOrpaMMbl, YCBOCHHbIE Ha aHAJIUTHKO-
CHHTETHYECKOM ypPOBHE.

Omnenka «5» cTaBUTCS 3a 3HaHHE B 00bEME CTaHAapTa WU MPOrpaMMbl, YCBOEHHBIE HA TBOPUYECKOM
YpPOBHE.

OO6m1ast OlEHKA yJalTuMCsl OCYIIECTBIIIECTCS CIEAYONTUM 00pa3oM:
OneHka «2» mpu BeIMOJHEHUH paboTel Ha 50 % u HIDKeE;
Orenka «3» mpu BeITIOJIHEHUH padoTsl Ha 70 %;

Onenka «4» mpu BblnonHeHHH padoTsl Ha 80 %,

Onenka «5» mpu BeITOTHEHUH padboThl Ha 90 — 100%.

Jlureparypa:
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