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AKT COI'VIACOBAHUA
HA METOIMYECKHE PEKOMEHIAIINY 110 BBIITOJIHEHUIO JIABOPATOPHBIX
N IMPAKTHYECKHX PABOT 11O YYHEBHOU JUCIUAIIJIMHE

«DNEKTPOTEXHUKA U DICKTPOHUKAY
JJIs1 CTYeHTOB cnenuaiabuocTu 22.02.06

CB&pO‘IHOC IMIPpOU3BOACTBO
paspaboTanHbIe npenoaaBaTeseM F)xHo-YpaabCKOro rocy1apcTBEHHOTO TEXHUYECKOTO KOJUIEIkKa
B.B.JIsikoBoi

MeTtoauueckre peKOMEHJAUU 10 BBIIOJHEHHUIO JTAOOPATOPHBIX paldoT
N0 y4yeOHOW JIHUCHUIUIMHE  «OJEKTPOTEXHUKA M DJIEKTPOHUKA» COCTaBJICHBI B
COOTBETCTBUH C IIPOrPaMMOM Y4EOHOH AUCHUIUIMHBI.

[Iporpammoil y4yeOHOW AMCHMIUIMHBI «DJEKTPOTEXHUKA U AIIEKTPOHUKA)
MPEeIyCMOTPEHO BBINMONHEHWE 14 1abopaTopHBIX ©W 3 MPAKTHYECKHX padorT,
paccunTaHHBIX Ha 34 ayauTOpHBIX uaca. JlabopaTopHble W TpaKTHUECKHe paboThI
HalpaBJeHbl HAa (POPMUPOBAHUE DHIIEMEHTOB CIEAYIOIMX MNpOo(hecCHOHATBHBIX
KOMIIETEHLIAMN:

[1IK 1.1. BeiOupaTh UCXOJHBIE MATEPUAIIBI JJIs IPOU3BOJCTBA OTIMBOK.

IIK 1.2. Aranmu3upoBaTh CBOHWCTBA UM CTPYKTYpbl METAIOB M CIUIABOB
JUTSI ©3TOTOBJIEHUS OTIIMBOK.

I1K 1.3. BoImoaHATH pacueThl, HEO0OXOIUMBIC npu pazpaboTke
TEXHOJIOTUYECKHX ITPOLIECCOB U3TOTOBJIEHUS OTIUBOK.

[IK 1.4. YcraHnaBnmuBaTh W OCYUIECTBIIATH  PAlMOHAJBHBIE  PEKHUMBI
TEXHOJIOTUYECKHUX ONEPALUiA U3TOTOBJICHHS OTIUBOK.

[1IK 1.5. PaccunuthiBaTh ~OCHOBHBIE TEXHHUKO-3KOHOMHYECKHE IIOKa3aTesu
MIPOU3BOJICTBA OTIUBOK.

[IK 1.6. OdopMasiTh ¥ YWTaTh KOHCTPYKTOPCKYID U TEXHOJOTUYECKYIO
JOKYMEHTAIIUIO IO JINTEWHOMY MPOU3BOJICTBY.

[Ipn BbIOJIHEHHH JIAOOPATOPHBIX M MPAKTHUECKUX pabOT MPOUCXOJUT
Gopmuposarue ymenuil u 0606weHue U CUCmemMamu3ayuio 3HaHuu.

MeTtonuueckre  pEeKOMEHJAUMW 1O  BBINOJHEHUIO  JAOOPaTOPHBIX U
MPaKTUYECKUX paboT Mo y4eOHON NUCHMIUIMHE «DJIEKTPOTEXHUKA U IJIEKTPOHUKA»
MOTYT OBITh HCHOJB30BaHbl B  YUPEKICHUSIX CpeIHEro mnpoecCUOHAIBLHOTO
oOpa3oBaHUs.
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[HOACHUTEJIBHA A 3AIIMCKA
MeToauueckie peKOMEHAAMU [0 BBIIOJIHEHUIO JA0OPATOPHBIX M MPAKTUYECKUX

paboT 1Mo y4eOHON AUCIUIUINHE « DIIEKTPOTEXHUKA U AJICKTPOHHUKAY TPETHA3HAYCHBI
JUIs CTyIeHTOB crermanbHocTu 22.02.06 CBapodyHO€E MpOor3BOACTBO.

JlabopaTopHble  3aHSATHS  SIBISIOTCA  BaXXHBIM  3JIEMEHTOM  y4eOHOM
TUCITUTUIMHBI, TaK KaK B XOJE BBIMOJHEHUS 3alaHUl Y CTYJIEHTOB (HDOPMHUPYIOTCS
NpPaKTUYECKUEe YMEHHMS U HaBbIKK OOpalleHHs ¢ pa3IMYHbIMU NpUOOpaMu,
YCTaHOBKaMH, JJA0OpaTOPHBIM 000pYyAOBaHUEM, alMapaTypoil, KOTOPbIE COCTaBJISIIOT
4acTh Npo(eCcCHOHANTBHON  MPAKTUYECKONW TMOJATOTOBKM, a TakxXke oO0Ime
KOMIIETCHIIMU, TPOSBIAIONIMECS 4Yepe3 yMeHue Habmoaath, CpaBHUBATH,
aHaJM3UPOBaTh, YCTAaHABIMBATh 3aBUCHUMOCTb, JI€JIaTh BBIBOJBI W 00OOIICHUS,
CaMOCTOSTENIbHO BECTH UCCIIEIOBaHUs, OGOPMIIATh PE3YJIbTAThl B BUJIE OTUYETOB.

[Iporpammoit y4yeOHON JUCHUIUIMHBI «DJIEKTPOTEXHUKA W DJICKTPOHUKA»
MIPEAYCMOTPEHO BHINIOJIHEHHE 14 1a00paTOPHBIX U 3 IPAKTUYECKUX padoT.

B nmporecce BbIMOMHEHUS JTA0OPATOPHBIX U MPAKTHUYECKHUX pabor
oOyyJaromuecss CHUCTEeMATHU3UPYIOT U 3aKPEIUIAIOT TOJYYEHHBIE TEOPETUUYECKUE
3HAHMS, PA3BUBAIOT WHTEJUICKTYalbHBIE U TPO(ECCUOHANIbHBIE YMEHUS, (DOPMHUPYIOT
AJIEMEHTBI KOMITETCHIINM OyAyIIUX CIIeIHAIUCTOB:

[1K 1.1. BeiOupaTs uCXOqHBIE MaTEPUAIIBI AJIsI POU3BOJCTBA OTJIMBOK.

[IK 1.2. Ananu3upoBath CBOWCTBA U CTPYKTYpbl METAJJIOB M CIUIABOB
JJ1S1 U3TOTOBJIEHUS OTJIMBOK.

I1K 1.3. BoimmoaasaTh pacyeThl, HEO0OXOIMMBbIEC npu pazpaboTke
TE€XHOJIOTUYECKUX MPOIECCOB U3TOTOBJICHUSI OTJIMBOK.

[IK 1.4. YcranaBiauBaTh U OCYIIECTBJISATH  pallMOHAIBHBIE  PEKHUMBI
TEXHOJIOTUYECKUX OIEpaluii H3roTOBJICHUS OTJIMBOK.

[IK 1.5. PaccunTbiBaTh OCHOBHBIE  TEXHUKO-DKOHOMUYECKHE IOKAa3aTeNH
MIPOU3BOJCTBA OTJIMBOK.

[IK 1.6. OpopMrsaTh M YWTaTh KOHCTPYKTOPCKYIO W TEXHOJOTUYECKYIO
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JOKYMEHTALUIO 110 JINTEWHOMY IPOU3BOJICTBY.

OK 1. [Jonumarp CyHmIHOCTh W COLHMAJbHYIO 3HAYUMOCTb CBOEW Oynyuiei
npodeccuu, MposIBIATH K HEW yCTONYMBBIA HHTEPEC.

OK 2. Opranu3oBbIBaTh COOCTBEHHYIO JE€ATEIBHOCTb, BBIOMPATh THUIIOBBIE
METOJIbI M CHOCOObI BBIMOJHEHHUS] NPOGECCHOHATIBHBIX 3a7ad, OICHUBATh HX
3¢ (PEKTUBHOCTH U Ka4ECTBO.

OK 3. [IpyauMarth pelieHus B CTAHJAPTHBIX M HECTAHIAPTHBIX CUTyalUsX U
HECTH 332 HUX OTBETCTBEHHOCTb.

OK 4. OcymiecTBasTh MOMCK U UCIHOJb30BaHUE HH(OpMALNU, HEOOXOAUMOMN
14 3¢ (HEKTUBHOTO BBINOJIHEHUS MPO(EeCCHOHAIBHBIX 33Ja4, TPO(ECCUHOHATBHOTO U
JUYHOCTHOT'O Pa3BUTHS.

OK 5. Ucnonb30Bath MHPOPMAIMOHHO-KOMMYHHUKAIIMOHHBIE TEXHOJOTMH B
poheCCUOHATIBHOU JIEITEIIbHOCTH.

OK 6. PaGotate B KOJUIEKTHBE U KOMaHfae, OJ(PQPEKTHBHO OOMIATHCS
C KOJIJIETaMH, pyKOBOJICTBOM, ITOTPEOUTENIMHU.

OK 7. bpatb Ha ce0s OTBETCTBEHHOCTh 3a pabOTy WIEHOB KOMaH/bI
(MOTYMHEHHBIX), pE3YJIbTAT BBIIIOJHEHUS 3a1aHHUM.

OK 8. CamocToATenbHO  OMpENeNaTh  3aJaddl  MPOPECCHOHATBHOTO U
JUYHOCTHOTO Pa3BUTHS, 3aHUMAThCsl CaMOOOpa30BaHHWEM, OCO3HAHHO IJIAaHUPOBATH
HOBBIIIEHUE KBAJIU(DUKALIUH.

OK 9. OpueHTHpPOBAaTBCSA B YCIOBHUAX  YacTOM  CMEHBI  TEXHOJIOTHM
B IpO(heCCUOHATILHOM IS TEIBHOCTH.

Ymenus:
-BBIOMPATH DJIEKTPUUECKUE, DIEKTPOHHBIE IPUOOPHI U AIIEKTPOOOOPYI0BAHUE;
- TMPaBWIBHO JKCIUIyaTUPOBATH 3JEKTPOOOOPYAOBaHWE U MEXAHHU3MBbI
Mepeaadn JBUKEHUS TEXHOJOTHYECKUX MalllMH U almnaparos;
-IPOU3BOJIUTH PACUETHI MPOCTHIX ANEKTPUUECKUX LIETICH;
- pacCUMTHIBATh MAPAMETPBI PA3JIMYHBIX AIEKTPUUECKUX LIETIEH U CXEM;

- CHUMATh IMOKa3aHUA H IIOJIb30BATLCS SJICKTPOUIMEPUTCIIbHBIMHU HpI/I60paMI/I
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3HaHuA:

- KJIACCHU(UKAILMIO AIIEKTPOHHBIX MPHUOOPOB, UX YCTPOMCTBO U  00JACTh
IPUMEHEHUS;

-METO/Ibl pacyeTa U U3MEPEHUSI OCHOBHBIX IMMAPAMETPOB AIEKTPUUECKHX IIETICH;

- OCHOBHBIE 3aKOHBI DJIEKTPOTEXHUKHU;

- OCHOBHBIE TMpaBWJIa OHKCIUIyaTalMd »3JIEKTPOOOOpPYAOBAaHUS U METOMbI
M3MEPEHUS DIIEKTPUUECKUX BEIMYUH;

-OCHOBBl TEOPUM DJIEKTPUYECKMX MalllMH, M[PUHIMUI pPabOThl TUIIOBBIX
AIIEKTPUYECKUX YCTPOICTB;

- IapaMEeTPHI AMEKTPUICCKUX CXEM U €IUHUIIBI X U3MEPECHUS;

- IPUHIIMII BBIOOPA 3JEKTPUUECKUX U IEKTPOHHBIX PUOOPOB;

- IPUHIIUITBI COCTABJICHHSI POCTHIX ANEKTPUIECKUX U JIEKTPOHHBIX IIETeH;

- CIIOCOOBI TIOTyUEHUs, TIEpeaur U UCIIOIb30BAHUS dIIEKTPHUUECKON YSHEPTHH;

- YCTpPOMCTBO, TPUHIMUN JECUCTBUA U OCHOBHBIE  XapaKTEPUCTHKHU
AIIEKTPOTEXHUIECKUX MTPHOOPOB;

- OCHOBBbI (DM3MYECKHUX TMPOLIECCOB B MPOBOJHHUKAX, MOJYNPOBOJHUKAX U
IUDIIEKTPUKAX;

- XapaKTePUCTUKHU U MTapaMETPhI JEKTPUUECKUX ¥ MAaTHUTHBIX MOJICH;

- IapaMeTPbl PA3TUYHBIX JIEKTPUUECKUX LETIEH.

MeTtonuueckre peKOMEHJAIMK TI0 TPOBEJICHUIO J1abOpaTOpHBIX padboT u
NPAKTUYECKUX pa3paboTaHbl C IEJIbI0 OKa3aHUS TIOMOIIM CTyJEHTaM B
MPUOOPETEHUU HEOOXOAUMBIX HABBIKOB COOPKH CXEM, MCCIIEA0BaHUS DJICKTPUIECKUX
MallliH, SJEKTPOHHBIX MPUOOPOB U YCTPOWCTB, OCBOCHHWU METOJOB pacyeTa
AJIEKTPUYECKUX LIETIEH.

JlaHHBIE METOAMYECKHE PEKOMEHJIAIMKU OMpPEeACSIIoT oOluid 00beM 3HaHUM,
MO/ICXKAIINN  0053aTeTbHOMY YCBOEHHUIO CTYJCHTAMH TPU BBITIOJHEHUN KaXKIOM
Ja00paTOPHON W TPAKTHUYECKOM pabOThI, YTO MO3BOJISIET CTYICHTaM 3aKpEIIsTh

3HAHUS TEOpHH, (POPMHUPOBATH U PAa3BUBATH HABBIKM WCCIICIOBAHUS AJICKTPUUYECCKUX
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CXEM, DJIEKTPUUYECKUX MAIIMH, JIEKTPOHHBIX NPUOOPOB U YCTPONCTB, BOCHHUTHIBACT
MO3HABATENIbHYI0 AKTMBHOCTH M  MPOQPECCHOHAIBHYIO  OTBETCTBEHHOCTH 32
PE3YIBTATHI OMBITOB M PAcUYeTOB, OPMHUPYET HABBIKK COOTFOCHHMS MTPABUI TEXHUKH
0€30MacHOCTH.
Kaxxnasa pabora umeer:

-HOMED;

- HAMMEHOBAHMUE;

- 11eJTb PaboTHI;

- (opMupyembIe B MpoIiecce BHIMOIHEHUS Pa0OThI 3HAHUSI U YMEHUS;

- TEOpeTUYeCKOoe 00OCHOBAHUE;

- OJICKTPUICCKYIO TPUHITUITHATBLHYIO CXEMY OTIBITA;

- IepevyeHb TpuOopoB U (W) 000PYTOBAHUS;

- IOPSA0K BBIMTOJTHEHUS PabOTHI,

- CO/Iep )KaHHE OTUETa,

- KOHTPOJIbHBIE BOITPOCHI.
Meroandeckie pPEKOMEHIAITMU T10 BBITIOJIHCHHUIO Ja00paTOPHBIX M MPAKTUICCKUAX
paboT comep)KaT CIUCOK PEKOMEHIYEMOUW JUTeparTypbl. TUTYIBHBIA JIMCT JOJHKECH

OBITh OPOPMIICH B COOTBETCTBUU C MPUIIOKECHUEM A.



IHEPEYEHDB JABOPATOPHBIX PABOT

Paznen Howmep u HanMeHoBaHue J1abopaTOpHOU pabOThHI Yacer
2 |1. UccnenoBanue crocoOOB COSTUHEHHS PE3UCTOPOB. 2
3 |2. UccnenoBanue pa3BeTBICHHOW MarHUTHOM IIETIH. 2
4 |3. UccnegoBanue I1eNu MEPEMEHHOTO TOKA. 2
5 |4. 3MepeHue 3HEpruu B 0JIHO(DA3HOM 1ISTIH. 2
6 |5. UccnenoBanue paboThl Tpexha3HOM ey MPU COSTUHEHUN 2

MOTPEOUTENICH SHEPTUU 3BE3I0M.
7 |6. UccnenoBanue TpexdazHoro tpanchopmaropa. 2
8 |7. UccnenoBanue pabovnx XapakTePUCTUK Tpex(a3zHOTO 2
ACHHXPOHHOTO JIBUTATENS C KOPOTKO3aMKHYTBIM POTOPOM
10 |8. UccnenoBanue cXeMbl PEICHHO-KOHTAKTOPHOTO YITPaBICHUS 2
Tpex(a3HbIM aCHHXPOHHBIM JIBUTATEIIEM.
11 |9. Onpenenenue NOTEPH HAMIPSHKEHUS U MOIITHOCTU B JIMHUU 2
AIIEKTPOIIEpPEIaUU.
12 |10. UccnenoBanue noiayrnpoBOJHUKOBOTO TUOA. 2
12 |11. UccaegoBaHue OUITOISPHOTO TPAH3UCTOPA. 2
13 |12. UccnenoBanue pabOThI BHITPSIMUTEIIS. 2
14 |13. HccrnenoBanue yCHMIIMTEIBHOTO KacKaa. 2
15 |14. VccnenoBanue (HopMbl BHIXOTHOTO HAIIPSDKEHUS DJIEKTPOHHBIX 2
TeHEPATOPOB.
Bcezo:| 28
INEPEYEHDb ITIPAKTHYECKHUX PABOT

Paznen Homep 1 HauMeHOBaHKe MPaKTUYECKOM pabOoThI Yacel

1 1. PacyeT 2/IeKTpUYECKHX LIETICH TIPH TIOCJIEI0BATEIIBHOM, 2
napayiyieIbHOM U CMEIIAHHOM COEIMHEHUN KOHJIEHCATOPOB.

2 2. Pacuer aneKkTpruyecKuXx 1eneit moCTOSIHHOTO TOKA. 2

13 3. BBI00p TMOI0B /TSl pa3IMYHBIX CXEM BBIIPSIMUTENICH 2

Bcezo: | 6




JlaGoparopHas padora Ne 1
HccaenoBanue cnocodoB coeiMHEHUS Pe3MCTOPOB.

Hear pabGorbl: OnNbITHOE ONPEACICHUE COOTHONIEHUHA MEXIYy TOKaMU U
HalnpsOKEHUSIMA — TIPU TOCJIEOBATEIbHOM M HapaJuleIbHOM
COEIMHEHHUH PE3UCTOPOB.

1.TeopeTuueckoe 000CHOBaHUE.

1.1 MocnenoBaTe/ibHOE COETMHEHUE PE3UCTOPOB.

R, R, '
o { 1 = { } - £
U, u,

u
CoenuHeHne pPE3WCTOPOB HA3BIBACTCS IOCIICIOBATEIBHBIM, €CIIHM TIPH HAIHYNAA
MCTOYHUKA MUTAHUS Yepe3 BCE PE3UCTOPHI MPOXOAUT OJUH U TOT KE TOK.
CaoiicTBa:
1) Ilpu mocienoBaTeIbHOM COCIUHEHHHM PE3UCTOPOB TOK Yepe3 BCE PE3UCTOPHI
IPOXOIUT OAMH U TOT ke: | =11= 15,
2) HanpsokeHne Ha 3aKuMax I[EMA MPH  TOCICAOBATEIBHOM COCIUHECHUHU
PE3UCTOPOB PAaBHO CyMME HAMPSDKCHUH HA €€ OTIENbHBIX y9acTKaX.
u=U;+U,
3) CompoTuBjCHHE TNPHU IMOCICAOBATCILHOM COCIMHEHUH PE3UCTOPOB PABHO
CyMMe€ COINPOTHBIICHHUI BCEX MOCIIEI0BATEIHLHO COSTUHEHHBIX YYaCTKOB.
R=R;+R>

ITpu nocnenoBaTeIbHOM COEAMHEHNHU N PE3UCTOPOB 00ILIEE CONPOTUBIICHUE BCEM
[ENU PaBHO apu(PMETUUECKONU CyMMeE CONPOTUBIIEHUHN BCEX PE3UCTOPOB

RzéRk

1.2. IlapansieJbHOe cOeJUHEHUE PE3UCTOPOB.
VYyacTtok 1enu BIOJAb KOTOPOrO MPOXOAUT OAWH M TOT K€ TOK Ha3bIBAECTCS

6enmevro, a MCCTO COCANMHCHUA TPEX U OOJIBIIIETO YKCJIa BETBEH Ha3bIBACTCS V3J10M.
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—r _
R, I

COCI[I/IHGHI/IC PE3UCTOPOB HA3BIBACTCS IIAPAJUICIIBHBIM, C€CJIM OHU IIPHUCOCIWHCHBI K

OIHOW M TOW K€ Ilape Y3JIOB DIEKTPUYECKOM IENU, TO €CThb HaXOAATCA IO
JNEUCTBUEM OJHOTO U TOTO K€ HAIIPSIKEHHUS.

CaoiicTBa:

1) HanmpspkeHue Ha mapayieTbHO COSTUHEHHBIX PE3UCTOPAX OJUHAKOBO!

U=U;=U;
2) Tok B Hepa3BETBIEHHON YacTH LIENH PABEH CYMME TOKOB B MapaJUICIbHO
COCAMHEHHBIX PE3UCTOPAX.
=11+

JIms Ka>koM BETBU U JIUISI BCEH LIEMTA MOYXHO 3ammucarh 3akoH Oma
U . :
|1 = R—l y |2 =, I = —

rae R — oO1ee (3KBUBAJIGHTHOE) COMPOTHUBJICHUE BCEH TSN,

u U U
—_— =4 —
R R, R,

pazaenuB o0e yacTu paBeHCTBa Ha U , OKOHUATENIbHO HUMEEM
1 RR,

1,1 R+R,
I?1 RZ

i+i’ R =
R, R,

3) Ilpu mnapauieIbHOM COCIMHEHUU PE3UCTOPOB OOIIas MPOBOAUMOCTD

paBHa CyMMe MPOBOAMMOCTEN OTAeNbHbIX BeTBel G = Gi+ Gy,

1
rnie G==
A R



2 IIpuGopsl u 00OpyI0BaHHME.

1) Ucrounuk nmepemeHHOro Hanpsbkenus 220 B.
2) I'pyriibl 1aMI HaKaJIMBaHUS. -21IT.

3) AmnepmeTpsbl € lyon=2.5 A -3miT.

4) Amuepmerp ¢ lyon=1 A -1lmr.

5) Bonbt™etp ¢ Uyoy=250 B -11T.

3 IlopsAaOK BbINOJHEHHUS Pa0dOThI

Onmit 1.

1) CoOparb cxeMy IOCIEAOBATEIILHOTO COCJAMHEHUS JBYX YYacTKOB C

JJaMIIaMM1 HaKaJIMBaHUA U IIPCABbABHUTD IS IIPOBCPKU IMPCIIOAABATCIITO.

H1 K1

(o]

' H2
uU=2208 |

2) BxI0OYMTH CHIIOBOW BBIKJIIOYATEIb. BKIIOYUTH JIAMITBI HA IMEPBOM H
BTOPOM YYacTKaX, IPOBECTH M3MEPEHUS TOKA LIENMU U HANPSKECHUN YYaCTKOB LIEIH.
PesynbraTel u3MepeHuit 3aHecTy B Tabnuiry 1.

TabOmura 1
Ne OnbITHLIE JaHHBIE PacuérHblie 1aHHDBIE

n/n I, A U:,B U2, B UB Ri, Om R, Om | R, OMm

WIN|F-

3) PaccunTtaTh COMPOTUBIICHHS y4YacTKOB, PE3YJIbTAThl 3aHECTH B TaONUIly 1:

U
Rlle R,=—% R=—

4) Tlonp3ysCch JNaHHBIMH OIBITOB W pAacyeToB,  IMOATBEPAUTH CBOMCTBA

IIoCIaCaAOBAaTCIIbHOT'O COCANHCHM A .

R=Ri+R; U=Ui+U;
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OnbIT 2

1)  CoOpaTh cxeMy HmapauIeIbBHOTO COEJAMHEHHS JIBYX YYaCTKOB C JIaMIIaMH

HaKaJIUBaHUA U IIPCABABUTD JJIA IIPOBCPKU IIPCIIOAaBaATCIITO.

I
-

o N ()
I -/

U=220 B . e o 2 o °
" H1 H2
! < »,

— P &
L K1 K2

2) BKJIIOYHTH CHIIOBOI BBIKIIIOUATEb. BKIIFOUNTE JTaMITBI Ha IIEPBOM W BTOPOM
ydyacTkax nenu. IIpoBecTd M3MEpeHMs HAIpsLKEHUsT HAa 3aXAMax LENM U TOKOB

BeTBel (y4acTKoB). Pe3ynbTaThl U3MepeHuil 3aHecT B TaOJIUILy 2.

Tabmuua 2
Ne OnpITHBIE JaHHBIE Pacuérublie naHabIe
n/n l1 I [ U Ri1 R2 R G G2 Guw
1
2
3

3) PaccunTarh CONMPOTHUBIICHUS U MPOBOJUMOCTH YYaCTKOB, PE3YJIbTATHI
pacyeToB 3aHECTH B TaOIHUILY 2:

U U R -R | |
R =— R,=— R,=-1-2 G, =-L G,=-2
I, l, R, +R, U U
|
GlZ = U
4) Tlonb3ysCh JaHHBIMH OIBITOB W PAacyeTOB, MOATBEPAUTL CBOMCTBA

MapauiCJIbHOIr0O COCAMHCHUA:
I=hL+1 Gp=G +G,

5) Cruenatb BBIBOI.

4 KoHTpoJibHbIE BONPOCHI.
4.1 KakoB xapakTep U3MEHEHUS HAMPSKEHUS HA TIEPBOM Y4acTKe MpH

IMOoCJacaA0BATCIIbHOM COCAMHCHHUN YY4aCTKOB C JIaMIIaMH HaKaJIMBaHUs, C€CIIU

YBCIIMYUTH HA HEM YHCJIO BKIIFOYCHHBIX J1amIr?
11



4.2 KakoBa BeIMYMHA TOKA B LI IIPpH IMOCICA0BATCIIbHOM COCIMHCHUN
Y4aCTKOB, €CJIN Ha BTOPOM YYACTKC BBIKIIFOYHUTH BCC JIAMIIBI?
4.3 Kakos XapaKTCp N3MCHCHUA BCIIMIMHBI TOKA B ICIIX IIPH ITAPAJIJICIIbHOM

COCINMHCHUU YHACTKOB, CCJIM Ha BTOPOM YUYACTKC BBIKJIFOYUTL BCC JIAMITBI?

JlaGoparopHasi pabora Ne2
HUccnenoBanue pa3BeTBJIEHHON MATHUTHOM LeNU
Heanb padoTbl: ONBITHOE MOATBEPKICHUE ITEpBOro 3akoHa Kupxroda mas
Pa3BETBICHHON MAarHUTHOM LEMH U OBJAJCHUE METOJUKON pacuera

MardmMTHBIX ITOTOKOB.

1. TeopeTuueckoe 000CHOBaHUE.

MaznumHnoii yenvlo Ha3bIBACTCSI COBOKYITHOCTh YCTPOWMCTB, COACPIKAIIIIX
(deppoMarHuTHBIE TeNla U 00Pa3yIOMUX 3aMKHYTYIO TIeTb, B KOTOPOH MPH HATMIHH
MarHUTOJIBYDKYIIEH CHIIBI 00pa3yeTcsi MAarHUTHBIA MTOTOK U BJIOJb KOTOPOU
3aMBIKAIOTCS JJMHUM MarHUTHOU UHAYKIUU.

[TpumepoM SBISIFOTCS CEPACUHUKH TpaHCc(hopMaTopa, MArHUTHBIX YCUITUTENEH,
QJICKTPUYCCKHUX MAIlIWH U T.[.

MarauToABHKYILYIO CHITY B 3JIEKTPUYECKHX MalIMHAX CO3/1al0T OOMOTKH C
QJICKTPUYCCKHUM TOKOM HJIN ITOCTOAHHBIC MAIHHUTHI. YacTb MarHuTHOM eIy, 1mo
KOTOpOﬁ 3aMBIKae€TCI MarHUTHBIN ITIOTOK, U3TrOTaBJIMBAIOT B OCHOBHOM M3
(heppOMarHUTHBIX MAaTEPHAIOB M HA3bIBAIOT MACHUMONPOB0OOM. MarHUTHBIC TSN
BBIIIOJHAKOT HCPA3BCTBJIICHHBIMHA U PA3BCTBJICHHBIMU . PaznnuaroT Takke MarHUTHBIC
ey OAHOPOAHBIC 1 HCOAHOPOAHBIC. MaFHI/ITOHPOBO,Z[ OI[HOpOI[HOfI e Ha BCEM
€TI0 MPOTAKCHHUU BBIIIOJIHCH M3 OJHOI'O MaTCprajia  UMCCT OAMHAKOBOC I10 (bopMe )51
pasMepam MonepeyHoe CEYCHUE; B HEOTHOPOIHOM IS MAarHUTOIIPOBOJ COCTOUT U3
HCCKOJIbBKHUX YYAaCTKOB, OTJIMYAIOIINXCA B O6H.I€M CJIydac 110 JJIMHEC, ITIOIICPCUYHOMY
cedeHuto, MatepruaiaMm. Ha pucynke | mpemcraBieHa OqJHOPOIHAS pa3BETBICHHAS

MardvMTHas OcIlb.
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Pucynoxk 1 — OgHopoaHasi pa3BeTBICHHAs MarHUTHas LEIb.

JUIsl pacyeTOB MarHUTHBIX LIETIEH HCIOIb3YIOT aHAJIOTUHU € AIEKTPHUYECKUMHU
LEISIMU:

@D, mazHumHwvIlL NOMOK — SIEKTPUUECKUH TOK |;

Ry, Macnumnoe conpomusieHue - dMEKTPUIECKOE CONMPOTURICHUE R;

Uy, Macnumnoe Hanpsoicenue - dIEKTpUYecKkoe HanpspkeHue U,

Fur , macnumoosuscywas cuna - a3nexrpoaBmxymas cuia E.

B pa3BeTBI€HHOI MarHUTHOM LEIH, 10 aHAJIOTUH C SJIEKTPUUECKOM LIETIBIO,
MOKHO BBIJICIUTh KOHTYPbI, BETBH U OTMETUTH y3Jbl. MOKHO COCTaBUTH Y3JIOBbIE
ypaBHEHUS U cHOpMyIUpoBaTh NepBbii 3aKkoH Kupxroda 115 MarHuTHOM 1ETIH.
AJire0OpanvecKkasi CcyMMa MAarHUTHBIX IOTOKOB B y3Jie MATHUTHOM LlelIH PABHA

HyJ10 ) @ = 0.

2. [Ipubopsbl U 060pyA0OBaHME.
2,1 Vicrounuk nepemenHoro Hanpspkenuss 220 B, 50 ['a
2.2 Tpexazusiit Tpanchopmatop.

2.3 BonbT™meTp anekTpomMarauTHOM cuctemsl ¢ Uyon=150 B.

3. IlopsA10K BHINOJIHEHUSI PA0OTHI

1) TMoaxmounte karymky AX TtpexdaszHoro tpaHchopmaTopa K GhasHOMY
HanpspkeHuto Ug= 127 B.

2) BrxmrounTe MCTOYHMK HampsbkeHus ¥ usMepbTe DJC ocTaabHBIX OOMOTOK.

JlaHHbBIC U3MEpeHui 3aHecuTe B Tabauy 1.

13



Tabnunal - M3mepenus.

No Cxema BKJIIOYEHUSA Eax Esy Ecz
n/m

1
2
3

Eax Eby Ecz

3) [loBTopute ombiT aui Karymek BY, CZ,

NOJKJIIOYMB HUX Ha
COOTBETCTBYIOIINE (ha3HbIC HATIPSKECHHUS.

4) PaccunraiiTe BEIMYMHBI MAaTHUTHBIX IOTOKOB CTep)kKHEH. JlaHHBIE pacueToB
3aHeCcHUTe B TA0IUILY 2.

®opmyJsa pacyeTa aMILIMTYAbl MATHUTHOTO TIOTOKA
E

" 4441w,
rae E— 3J1C Bropuusbix 0OMOTOK E o, E by, E ¢
f =150 I'ty - yacToTa HAMPSKCHUS CETH;

Wz =690 - 9uciio BUTKOB BTOPUIHOU OOMOTKH.

TaOnuma 2 — PacueTsl.

Ng q)m]_ B6 q)m2, B6 @mS,B6
/1
1
2
3
5) Jlng  3amaHHOTO  MperojaBaTeIieM

TOKa  ONpCACIIMTC  HAIIPaBJICHUC

MArHUTOJIBIDKYIIEH CHJIBI KATYIIKH W BBIYEPTUTE KOH(PUTYPAIMIO MArHUTHOTO

MOTOKa, COCTaBbTE€ YpaBHEHHUsA IO TiepBOMYy 3akoHy Kupxroda, ucnonb3yiite
pacueTHbIE JaHHBIC.

CD1- CDz- CD3 =0

6) Caenaiite BBIBOJ,.

4. KoHTpOJIbHBbIE BONPOCHI

1) [aiiTe onpeneseHne MAarHUTHOM HIEITH.

14



2) CkoJIBKO  yYacTKOB  COJEPXHMT  MarHuUTHas  [enb  Tpex¢aszHOoro
TpaHchopmaropa?
3) Kak WM3MEHHTCS MarHWTOJBIDKYINAS CHJIA, €CIM YHCIIO BHTKOB KaTYyIIKH

YBEJIMYMTH B 2 pas3a, a TOK YMEHBIINUTH B 2 paza?

4) KakuMu TIpaBWIaMH  TIONB3YIOTCS  JUIS  ONpEICIICHHsI  HaIllPaBIICHHSI

MarHUTOABIKYIICH CHIIBI?

JlaGopaTopHnasi padora Ne 3

HccaenoBanue nemnm MMEPEMECHHOI'0 TOKA

Heab padorbl: ONBITHOE ONPEACICHUE COOTHOIICHUN MEXIYy TOKaMH U

HaIllpsOKCHUAMMA  YY4aCTKOB C  AKTHBHBIM =~ COIIPOTHBJIICHUCM U

HHAYKTHUBHOCTBIO.

127 B

2. TeopeTnuyeckoe 000CHOBaHHE
2.1. Ilenb ¢ aAKTUBHBIM CONPOTHBJIEHHEM U HHIYKTHUBHOCTBHIO
[lens Ha pucyHKe 1 COCTOMT M3 y4aCcTKOB, CBOMCTBA KOTOPHIX U3BECTHBHI.
R - akTuBHOE COMPOTHUBJIEHHE, HA HEM TOK M HAINPsHKEHHE COBIAAAIOT 10 (ase.
[TycTh TOK B Lenu HM3MEHsieTcs mo 3akoHy | = lyp Sin wt, Torma HampsbkeHue Ha
AKTUBHOM COINPOTHUBIICHUHU Ur = In R SIn wt. [leiicTByromiee 3HaYCHHE HATPSIKCHUS

Ha HWHAYKTUBHOM COIIPOTUBJICHUU 10 3aKOHY Owma A1 ydaCTKa OCIIM PaBHO

IMPON3BCACHUIO JlCﬁCTBYIOHlero 3HAYCHUs TOKa HA HMHAYKTHBHOC COIPOTHBIICHUEC.

U|_ =1 X|_.
15
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d ;XL

}'[ .
Pucynok 1- Llenb ¢ akTUBHBIM cONTpOTUBIIEHHEM R
U UJeabHON KaTymKon X

XL — UHAYKTUBHOE CONPOTHUBJIEHHUE, KOTOPOE SIBISIETCS PEAKTHUBHBIM, IOTOMY YTO
3aBUCHT OT 4YacToThl Toka, X = 2zfL [Om]. Ha ywactke ¢ HHIYKTHBHBIM
PEaKTUBHBIM COITPOTUBIIEHUEM HAIPsDKEHUE onepexaeT 1o (asze Tok Ha 90°,
Ecnu Tok Ha ydacTKe Ienu U3MEHseTcs 1o 3aKoHy | = Iy Sin wt, To HanpshkeHue
Ha MHAYKTUBHOCTH UL = Iy X Sin (wt+90°).

1.2 BekropHasi xuarpamma.

BekrtopHast auarpamma mpenacraBisieT co0oil rpaduueckoe IMOCTPOEHHE,

BBIITIOJIHCHHOC COI'JIACHO BEKTOPHOT'O YPaBHCHUS, COCTABJIICHHOI'O 110 BTOPOMY 3aKOHY

—

Kupxroda: U=U rRT U L-

IIpr OTCYTCTBMHM 4YHMCIOBBIX [JaHHBIX BEKTOPHYIO JWarpaMMmy  IIOCTPOMM B

IPOU3BOJILHOM MaccIiaoe.

1) I[To ycnoBmio HayanpHas dasza Toka Wi = 0, MOATOMY BeKTOp Toka |
YEPTUM TOPU30HTAIBHO.

2) HampspkeHue Ha aKTHBHOM CONPOTHBIICHHM COBMAJAacT Mo (a3e C TOKOM,

IIO3TOMY BCKTOP U R OTKJIaAbIBACM IIApAJIJIICIIBHO TOKY.

—

3) U3 konma Bekropa U g crpoum Bexrop U | meprenaukymspro Toky, T.e. ¢

omepexenueM 1o ¢asze Ha 90°.

16



4) CoenuHsieM Ha4ajio BEKTOpa U ; ¢ xonmom BEKTOpa U, MOJIy4aeM BEKTOP

N
U, cymmy mHanmpspkenuit yuactkoB. OH SBJIAETCS THIIOTEHY30i IPAMOYTOIBHOTO

2 2
TpeyroNbHUKA (TPEYToNbHUKA Hanpsokennii): U ? = Ué +U E , U =4Uz+U;

BekropHas tuarpamma npejcTaBiieHa Ha pUCYHKE 2.

¢

Ur

Pucynok 2 — BektopHas nuarpamma.

3.I1puGopsl u 06opya0BaHUE:

1) Hcrtounuk nutaHus ¢ HanpsbkeHueMm 127 B., gacrotoit 50 '

2) Ammepmerp nepemenHoro Toka | =1 A - 1.

3) Bometmerp U =150 B

4) Bartmetp

5) Peocrat ¢ compotusienuem 100 Om

6) Katyrika HHIyKTUBHOCTH

4 TlopsinoK BbINOJIHEHUSI PA0OTHI

4.1 Cobepute cxeMy U NPeIbIBUTE MPENOIABATEINIO 1JIs1 TPOBEPKH.

— 1 .
- 1 mr.
- 1.

— 1 .

4.2 IIpoBenute n3MEPEHUS TAPaMETPOB LIENH U TAPaMETPOB YUYACTKOB LEIIH.

PesynbraTel u3mepeHwuii 3anecure B Tabimiy 1.

Taomuna 1
No Bces nenp Karymka Peocrar
OTIBITA U (B) I, A P, Bt Uk(B) Px(Br) Ur(B) Pr(BT)
1
2
3

17




4.3PaccunTaiiTe mapamMeTpbl 1€MW W Y4acTKOB Ienu. Pe3ynabTaThl pacyeToB

3aHecuTe B TaOIHILy 2.

Pacuérubic popMyIbL: Z= UT’ cosQ :U_PI’ X=Jz%?-R?, RR=UI—R,
U PK — — _ X
Z,=—%  COSp. = , Rk =Zk cosp., Xi=,z2-R2, L= :
| U,-I 2z f
R=Z-c0s &
f=50Fu URK=|‘RK ULK = |X|_
Tabmura 2
Ne Bcs nens Peocrar Karymka
n/n Z R X COSQ Rr Urk | Uik Zx Rk XL L
Om | Om OmMm OmMm B B OmMm Om Om I'n
1
2
3

4.4 TlocTpoiiTe BEKTOPHYIO AUArpamMMy I€NU Ha MIWJIJTUMETPOBOM Oymare.

4.5 Cuemaiite BBIBOJI.

5 KoHTpoJ/ibHBIE BOIIPOCHI.

5.1KakoBa BenmuuuHa (Ha30BOro CABUTA MEXKAY TOKOM U HANpsHKEHUEM Ha
y4acTKe:
a) C aKTUBHBIM CONMPOTUBIICHUEM?
0) ¢ MHAYKTUBHBIM COIPOTUBJICHUEM?

5.2 TToueMy UHAYKTUBHOE COITPOTHBIICHHE HAa3bIBAIOT PEAKTUBHBIM?

5.3KakoB xapaktep wu3MeHEHHs (Ha30BOTO CIABHUTA B HCCICIyEMOW CXeMe

IPUYMEHBIIICHUH COMTPOTUBIICHUS peocTara?

JlabGopaTopHasi padora Ne 4
HN3mepenne 3Hepruu B OAHO(A3HOU Lenu
Heab padorbi: OBaneHUEe METOIMKONW H3MEPEHUN JJIEKTPOIHEPTHH NPSMBIM H
KOCBEHHBIM METOJIaMH M OCBOCHHUE aJITOpUTMa pacyeTa MPUBEICHHON MOTPEIIHOCTH

CUCTYHKa.

18



1. Cxema.

4 ) 20 H1 H2
220 B ® % é—‘i;é
P K1 K2

2 .Teoperuueckoe 000CHOBaHMHe.

NHAYKIMOHHBIA CYETYHMK 3JIeKTPUYECKOI JHEPIrUum.

I/IHIIYKHHOHHBIG CUCTYHUKH CJIIYJKAaT IJIA MOJICUETa KOJMYECTBA BHGKTpI/I‘leCKOﬁ

SHEPryuY, MOCTYNHUBIIEH K MOTPEOUTENIO 3a ONpeAeNEHHOE BpeMs. Y CTpPOWCTBO

HHAYKOXUOHHOI'O CUCTUYHMKA II0KAa3aHO Ha PHUCYHKC 1. MHoroBuTkoBasi 0OMOTKa

ANeKTpoMarHut 2 (oOMOTKa

HaIPsHKEHUS )

IIoACOCAMHCHA mapaJuiCjbHO

notpedutento (Harpyske). [lociaepoBaTtenbHO € Harpy3koil BKIIIOUEHA OOMOTKa

aneKkTpoMaruura 1-3, cocrosiias u3 HECKOJbKUX BUTKOB (TOKOBast OOMOTKA).

Pucynok 1 — KoHCTpyKTHBHas cXxeMa MHAYKIIMOHHOTO CUETYHKA.

HOCKOJIBKy HHAYKTHUBHOCTb KAaTYIIKW IPOIIOPIHHOHAJIbHA KBaApaTy 4YHucCiia BUTKOB,

MOJXHO CKa3aTb, YTO MHAYKTHUBHOCTD OOMOTKH HaIIPSAKCHUA 3HAYHUTCIBHO OoJbIIIe
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MHIyKTUBHOCTH TOKOBOI 00MOTKH. [lo3TOMY TOK M coBmagaromuii ¢ HUM 1o ¢aze
MarHUTHBIN TOTOM 3JIEKTPOMAarHuTa 2 OTCTAIOT MO (a3e OT TOKa U MarHUTHOTO
MOTOKA 3JIEKTpoMaruuTa 1-3 Ha yronu, 0au3kuii k 90°.
MarnutHoe Toje, 00pa3oBaHHOE HAJOKEHHMEM MAarHUTHBIX TOJeH  JIBYyX
AIIEKTPOMArHUTOB, HAa3bIBaeTCs Oe2ywum. beryiiee MarHuTHOE TOJE WHAYLIUPYET B
JMCKE TOKH, KOTOpBIE, B3aUMOJECHCTBYS C IOJIEM, CO3AAI0T MEXAaHUUYECKYIO CHILY.
Cuna B COOTBETCTBMM C HIpPaBWIOM JIeHIa CTpEMUTCS YCTPAaHUThb IPUUYUHY, €&
BbI3bIBaoONIy0. OHAa pacKpyuMBaeT AUCK B HAMPABICHUU OETYIIETO IMOJIA.

CxeMbl BKJIIOYeHHUS] 0HO(A3ZHOT0 CYETYHKA.

Cxema areKkTpuyecKkas NpUHIUIUAIbHAS BKIIOUEHUS OAHO(A3HOrO CUETYMKa

MpEJICTaBIICHA HA PUCYHKE 2.

I
e —
v Ry
o -
Pucynok 2

[IpakTuyeckas cxema BKIIOYEHHUS OJAHO(A3HOTO CUETUMKA MpEACTaBlIeHA Ha
pucyHke 3. 3axuMbl «I» ciy)KaT I NOAKIIOUECHHS] CUETUMKA K AJIEKTPUUYECKOU

CCTH, K 3a)KUMaM «H» IIOAKII0YACTCA HArpy3Ka.

0"

Pucynok 3-IIpakTruueckasi cxema BKIIOUEHHUS OJTHO(DA3HOTO CUETUHKA.
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3. [Ipubopsl U 060pyI0BaAHME.
1. Onnodazupiii cuétunk - 1 mT.
2. JlammioBbIi peocTat - 1 mwr.
3. Amnepmerpc ly=5A - lmr.
4. Boapt™merp c Uy =250B - 1 mT.

5. CekyHziomep - 1 mr.

4. IlopsinOK BHINIOJIHEHUS PA0OTHI.

4.1 CoOpatb cxeMy 1 i uccienoBaHust 0THO(PA3HOTO CUETUYHKA, IPEAbSIBUTD
[IPENOAABATENIO UL IIPOBEPKH.

4.2 BxIrounTe CeTEBOM BBIKIIOYATEND, BKIIFOYNTE HECKOJIBKO JIAMII.

IToka3anus aMIICpMCTpa U BOJIBTMCTPA 3aHCCUTC B Ta6JII/IHy 1.

Taomuna 1
HN3mepenust Boruucienus
Ne U | t n P K N Kn Y
OlbITa B A c | 00opOTHI Br --- | O6/xBt1u --- %
1 120
2
3

4.3I1pu 3apuKCUPOBAHHOM TOKE HArpy3KH MOCUHUTANTE KOJIUYECTBO OOOPOTOB
nucka cueturka N 3a 120 cekyHI, pe3yJbTaThl cueTa 3aHeCUTe B TaOnuIly 1.

4.4YBenuuybTe€ YHCIO BKIIOYEHHBIX JaMIl, MOBTOPUTE H3MEPEHHUS IO
m. 4.2 u 1. 4.3. BeIKIIIOYNTE CETEBOM BBIKIIFOYATEb.

4.5 BoInoHUTE BRIYUCICHUS TTapaMeTPOB 10 hopMyIiaMm:
P=U-l - momHOCTHL IOTpEOUTENS, BT.

DHeprus, notpediigieMas 1enblo 32 BpeMsi 0JJHOTO 000poTa AUCKA CUETUMKA

Pt
n

K

rae - Bpewms, c;

N - yucno 00OPOTOB AUCKA CUETUMKA 3a BpeMms 1.
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3600-1000

HomunanbHnas nocrosiHHas cu€runka K = N
rae N - mocrosiHHas c4€Turka, 4uciao o0OpoTOB cueTyuka Ha 1 kBT - yac sHeprum,

YKa3aHa Ha €TI0 HIUTKC.

K-K
[IpuBeneHHAsd NOTPEMIHOCTD ¥ = T“ -100%.

[TpuBeneHHas MOTPEITHOCTD ONPEIeiIsIeT KJIacC TOYHOCTH prbopa.
5. Cnenaiite BBIBO/.

6 KoHTpoJibHbIE BONPOCHI.

6.1 Ha3panue o0OMOTKM (KAaTyIIKW) CUETYMKA, €CJIM OHAa BKJIIOYCHA
MapaJUIeIbHO HArpy3Ke?

6.2 Ha3zBaHne MarHWTHOrO mojsi B MHAYKIHOHHOM CYETYMKE NPU HAJIWYUH
KOTOPOTO Bpalaercs TUcK?

6.3 Ha3Banume Meroma M3MepeHHUs SHEPTHH C HCIIOIH30BAHUEM aMIIEpPMETpa,
BOJITMETPA U CEKyHAOMeEpa?

6.4 Ha mkane cueTyumka yka3zaH KjiacCc TOYHOCTH 2,5. COOTBETCTBYET JIH

cuetuuk 'OCTy, ecnu Ypaca = 3% ?

JlabGoparopHasi pabora Ne §
HccaenoBanue padborel TpéxdazHoi Henu

NPHU COCAUHEHUM NMOTPeduTEe e IHEPTrUM 3Be310H
ean padorbl: ONBITHOE ONPEIEIEHUNE OCHOBHBIX COOTHOLIEHUN MEXIY TOKaMU U

HaIpPsHKCHUSIMU TIPU COSAUHEHUN MOTpeOuTeNeH 3Be3/101,

BBISICHEHUE DPOJIM HEWUTPAIBHOI'O ITPOBOJA.
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1. Cxema

HI—& K1
%Y
Ao —— ) &
/ R
Bjﬁ“*-  E— @ H2 @ K2 N’
Com =@~ &
N H3 K3
- > L L2
—@—.— @

2 Teopernuyeckoe 000CHOBaHUE

Tpex¢asnas cucrema.

TpexdazHoil cucTeMoil 3JEKTPUUECKUX 1IeTIe Ha3bIBAETCSl COBOKYITHOCTh TPEX
ANEKTPUYECKUX LENEN, KOTOPBIX AEUCTBYIOT CUHycouaanbHble DJ1C oquHakoBOM
YacCTOThI U AMIUIUTY/Ibl, CABUHYTBIE OTHOCUTEIIBHO JIPYT Apyra Ha 120°.
HcTouHuKaMu 3J€KTPUUYECKON SHEPTUM B TPEX(a3HBIX HEMSIX SBISIOTCS TpEX(pazHbIe
reHepaTopsl uiu Tpancopmaropel. B TpexdazHoii cucTeMe IIeKTpUIecKuX 1enen
dazoiiHa3piBaeTCs OJIHA M3 Tpex uenen. [ cokpamieHuss 4Yucia MPOBOIOB
HCIIONIb3YIOT CBsI3aHHBIE Tpexda3Hble cucTeMbl. (s coelMHEHHs 3BE310M KOHIBI
oomoTok mpueMHuka X,Y, Z COECIUHSIOT B OOIIYyI0 TOYKY, KOTOPYIO Ha3bIBAIOT
HYJIEBOW TOYKOW Wiu Hetimpaivio. KOHIIBI OOMOTOK MPUEMHHKA COCIUHSIOT B
o6uryro Touky N = ueiimpans narpysku (cm. pucyHok 1) . IIpoBoa, coequHsomue
Hayana A,B,C oOMOTOK HCTOUYHHMKA C IPUEMHHUKOM HA3BIBAIOTCS JIUHEUHBIMU.

[IpoBox, coequustomuii Heiitpans reneparopa N u Helitpans Harpysku N
Ha3BIBAIOT HetimpanbHbim. 1loiydaeTcs cBsi3aHHAs YEThIPEXIIPOBOAHAS CUCTEMA

BJICKTPUYECKUX LICTICH.
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Pucynoxk 1 — Cxema TpexdaszHoi 1ienu npu CoeJUHEHUN
00OMOTOK T'eH
patopa u ¢a3 noTpeduTesneit 38e3/101.

IHapameTpsl Tpex$a3zHOU Henu
Jlunetinviti mox - 3TO TOK, MPOTEKAIOIINH 10 TMHEWHBIM TTpoBoaam (1,).
Dasnblii mox - TOK, MPOTEKAIONIHIA B (pa3e MpueMHHUKA Win ucTogHuKa (lg).
Jlns cxembl 3Be371a (ha3HbIE U JIMHEHHBIE TOKH OJMHAKOBBI B Kaxa0u daze: ;= lo
Jlunetinoe nanpsoicenue - 3T0 pa3HOCTb NOTEHLUATIOB MEXAY ABYMs JIUHUAMU (U g,
Usc, Uca)-
@Daznoe Hanpsdicenue - 3TO HANPSHKEHUE MEXAY HavajaoM M KOHUOM (da3bl WU

HATPSHKCHUE MEXKIY JIMHEHHBIM 1 HYJIeBbIM TIPpoBooM (Ua, Us, Uc).

Ecnu cunrate moTeHImanbl Havya (a3 reHepaTopa U Harpy3Ku paBHbBIMH (T.€.
NaJICHUE HAMPSHKEHUS B IMHEWMHBIX MTPOBOIAX PABHO HYIIO). JIMHEHOE HanpshKeHUE

0001 (a3bl mpecTaBisieT coo0l anredpandyeckyro CyMMy (ha3HbIX HaIPSKEHUN:

LjAB :UA_UB
UBC :UB _Uc
UCA:UC _UA

BekTopHas tuarpamMma JIMHEWHBIX U (Da3HBIX HAMPSKEHUI MpecTaBlIeHa Ha

pHUCYHKE 2.
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Pucynok 2 — BektopHas quarpamma tpexdasHoit 1eru.

Ecnu conporuBnenus gpa3 0AMHAKOBHI (Harpy3Kka CAMMETPUYHAS), TO TPEYTOJIbHUKA

Ha auarpamMme ABJIAIOTCS paBHO6eI[pCHHBIMI/I, OTKYyJa JICTKO IIOJY4YUTh COOTHOIICHUC:

MEXAY HaNpsLKEHUSIMU U, = \/§U(D
Tok B HeWTpalbHOM MPOBOJE paBeH aiureOpanyeckod cymMme (pa3HBIX TOKOB:

Iy =1,+15+1¢

BekTopHas nuarpamma npecTaBieHa Ha pUCYHKe 3.

I
i L
P T

Pucynok 3 — Tok B HefirpansHOM nipoBoze |y

3. [Ipubopsbl u 060pyI0BaAHHUE
1) Ucrounuk nuranus 220B 50 T,
2) Ammepmetpsl € lyoy=3A -3 mrT.
3) Ammepmerp € lyon = 1A -1 .

4) Boabt™eTp ¢ Uyoy =250B -1 .
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5) I'pynmbl 1amin HaKadTUBaHUS - 3 IIT.
4. IlopsiioK BHINOJIHEHUs PadOThI.
4.1 Cobepute cxeMy ucciae1oBaHUS TpexpazHOU e, TPeIbIBUTE TS

IIPOBEPKU IPENIOAABATEIIIO.

4.2 Pesxum paOoThI 1ienu: PaBHoMepHast Harpy3ka (CHMMETPUYHAS HAarpy3Ka),

HEUTPAJIbHBIN MTPOBOJ BKIIFOYEH.

a) YCTaHOBUTE PaBHOMEPHYIO Harpy3Ky (BKJIIOUUTE OAMHAKOBOE KOJIMYECTBO JIaMII B

(azax Harpy3ku). Brimtounte ceTeBol BBIKIIOUATEIb;
0) U3mepbTe TOKM (a3, TOK B HEUTPAIBHOM MTPOBOJIE, (ha3HbIC U JIMHEHbIE
HanpsDKEHUs Ha Harpy3ke. Pe3ynbTaTsl u3Mepenuii 3anecure B Tadbaumy 1.
B) BhIKiIIOUNTE CETEBOM BBIKIIIOYATE.

4.3 Pexxum paboTtsl nenu: HepaBHOMepHas Harpy3ka, HeUTpaabHbIN IPOBOJ
BKJIFOYEH.
a) YCTaHOBUTE HEPABHOMEPHYIO HArpy3Ky (pa3Hoe KOJIMYECTBO JiaMmM B (hazax
Harpy3Kku). BKIrounTe ceTeBOi BBIKIIOYATEI.
0) U3mepbTe TOKM (a3, TOK B HEUTPAIBHOM MTPOBOJIE, (ha3HbIE U JIMHEIHBIC
HaIpsDKEHUs! Ha Harpy3ke. Pe3ynbratel u3aMepeHuii 3aHecute B Tadbiuiy 1.
B) BEIKITIOUNTE CETEBOM BBIKITIOYATENb.

4.4 Pexxum paboThl Hienu: XoJocTor X0 (a3pl, HEUTpaIbHBIN IPOBOJ

BKJIFOYCH.
< | Peskum padoTsl nenu HN3mepenus
S
2 - 5 la|ls| lc | In |Ua|Us| Uc | Uas | Usc | Uca
° s & Pexxum
= 2% marpysku A [A|A | A |B|B| B | B | B | B
1 = PaBHOMEpHasd
:E %3
z B
2 g g HepaBHoMepHas
g
= Q
v A8 o
T g X0JI0CTO# X071
3 = ¢azel
4 2o g PasHOMepHast
i
5 g E S B
8 = s | HepaBHOMepHas
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a) YcTaHOBUTE HEPAaBHOMEPHYIO Harpy3Ky, BCE JTAMITbI OJJHOH U3 (a3 NOJKHBI OBITH
BBIKJIFOUYEHBI, YTO 03HAYAET XOJIOCTOU TOK (ha3bl (pa3HOE KOJUYECTBO JIaMIl B (hazax
Harpy3ku). Bkimrounte ceTeBOi BBIKIIOUYATENb.
0) M3mepbTe TOKH (ha3, TOK B HEUTPAIbHOM MPOBO/Ie, (ha3HbIC U JIMHEHHBIC
HaNpsDKEeHUs Ha Harpyske. Pe3ynpTaThl u3MepeHuil 3aHecute B Tabnuity 1.
B) BrikitounTte ceTeBOM BBHIKIIIOYATENb.
IIPOBEPKU MPENOAABATEINIO.

4.5 PexxuM pa0OoTel Lenu: PaBHoMepHas Harpys3ka (CMMMETpUYHAs Harpy3Ka),
HEUTPAJIbHBIN IPOBOJI BHIKIIFOYEH.
a) YCcTaHOBHUTE PaBHOMEPHYIO HAarpy3Ky (BKIIOUUTE OAMHAKOBOE KOJIMYECTBO JaMIl B
dazax Harpy3ku). BkirouuTe ceTeBoil BBIKIIIOUATEIb;
0) U3meprTe TOKU (a3, ha3HbIE U IMHEHHbIC HAIPSKEHUS Ha Harpy3ke. Pe3ynbTaTsl
M3MEPEHU 3aHecuTe B Tabauiy 1.
B) BhIKIIIOUNTE CETEBOM BBIKIIIOYATEb.

4.6 Pexxum pabotsl nenu: HepaBHOMepHas Harpy3ka, HeHTpaabHbINA IPOBOJ
BBIKJIFOUYEH.
a) YcTaHOBHUTE HEPAaBHOMEPHYIO HAarpy3Ky (pa3Hoe KOJIMYECTBO JIaMIl B (pazax
Harpy3ku). Bkitounte ceTeBoi BBIKIIOUYATENb.
0) U3mepbTe TOKM (a3, (ha3Hble U TMHEIHbIE HANPSKEHUS Ha Harpy3ke. Pe3ynbTaTsl
U3MepeHuit 3anecure B Tabaumy 1.
B) BhIKITIOUNTE CETEBOM BBIKIIOYATENb.

4.7 Tlo nanupIM OTIBITOB 1,2,3 MOCTPOWTE BEKTOPHYIO AUArpaMMy pacuera TOKa
B HEUTPAJILHOM IIPOBO/IE HA MUJUIUMETPOBOM Oymare.

4.8 OueHuTe NOCTOSIHCTBO (Pa3HbIX HAMPSKEHUN MO pe3yJbTaTaM ONbITOB
2,3,5 1 ero 3aBUCUMOCTH OT pexxuMa padoThl Tpex(azHoil menw.

4.9 Boluucnute OTHOLICHUE JMHEHHOrO U (pa3HOTO HAIPSIKEHUH O
pe3yJibTaTaM U3MEPEHUI B ONbITE 1.

S. BeiBox.

6. KonTpo/ibHbIE BONIPOCHI.

6.1Kax BBIMOSHUTE coenuHeHnE (Pa3 TeHepaTopa U Harpy3Ku 3BE3/101?
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6.2Ha3Banue o0uiero npoBojia Tpex Henei 4eTbIpeXnpoBOHON CUCTEMBI?
6.3 Uto 3HaUUT «x0y0cTOM X011 (ha3bi»? [Ipu KakUX peabHBIX YCIOBHIX

BO3HHMKAET TaKOH PEKUM padOTHI.?

JlaGopaTopnass padota Neb6
HUccaenoBanue Tpex(asHoro rpancpopmaropa

Hean padorsl: DopmupoBaHre yMEHHN onpenesieHus (pa3Horo u JIMHEHHOTO
KO3 PUIIMEHTOB TpaHCHOpPMAIMK Ha OCHOBE NTOKa3aHUM MPUOOPOB U U3MEPEHNE
MOIIIHOCTH TIOTEPb.

1. TeopeTnueckoe 000CHOBaHUe

Tpexdaznbie TpaHchopMaTOpel NPeoOPa3ylOT SIEKTPUUYECKYIO SHEPTHUI0
Tpex(a3HbIX LEMAX C OJHUM COOTHOIICHHEM JMHEHHBIX HaNpsHKEHUH U TOKOB B
ANEKTPUYECKYIO0 HHEPTrUi0 C JPYTHMM COOTHOLIEHHEM J3THX K€ BEIUYUH NpH
HEHU3MEHHOU 4acToTe.
B crepkHeBBIX Tpex(azHbIX TpaHChopMaTOpax ¢ pacloIOKEHUEM TPEX CTEP>KHEH B
OJTHOM TJIOCKOCTH, 3aMKHYTBIX CBEPXY U CHHU3Y SipMaMH, HUMEIOTCA JIBE Tpex(a3Hble
oOMOTKH - Bbicuiero HanpsbkeHus: (BH) u muzmero nanpspkenuss (HH), B kaxnayro
13 KOTOPBIX BXOJAT MO TpH (ha3Hble OOMOTKH WK (pa3bl.
Tpexdaznpnii Tpancpopmarop mmeeT 12 BBHIBOJOB OT 3 HE3aBUCHUMBIX (ha3HBIX
oOMoTok. HauanbHble BbIBOIBI (pa3 OOMOTKH BBICIIETO HANPSKEHUS 0003HAYAIOT
oykBamu A, B, C, koHeuHble BBIBOJBI - X, Y, Z, a qisa pa3 0OMOTKH HHU3IIETO
HaNpsHKEHUS] IPUHUMAIOT aHaJIOTUYHbIE 0003HAYeHUs - a, B, C, X, Yy, Z. Da3Hble
OOMOTKM BBICHIETO Y  HHU3ILIETO HANpsDKEHUH  COSAMHSIOT  3BE3J0M WM
TpeyroiabHukoM. CoenuHeHue 3Be3/10i 0003HauaroT -Y, €e HeHTpajJbHble TOUKU -
oykBamu N, N, coeauHEHHE TPEYTOJbHUKOM - A

®a3zubiil ko3hduLeHT Tpanchopmaiu TpexdasHoro TpaHchopmaTopa OnpeaesitoT

. U
OTHOIIEHUEM (ha3HBIX HAIIPSHKCHHH MPU XOJIOCTOM X0JIe: Ny = U“DO :
200
. ) _ Ui
JluneitHpiil ko3 durmeHt TpanchopManuu onpenesnstoT ananoruyuo: Uy = o
21
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Eciu coemunenue (a3Hpix 0OMOTOK BbIMOIHEHO o cxemaM Y/Y wimm A /A, To 00a
kod(pduninerTa TpanchopMalii OJUHAKOBBI: B, =N ¢ .
[To cxeme A/Y, nNai =neV3
Po w Pk - MOIITHOCTH, OTBEYAIONIUE COOTBETCTBEHHO OIBITAM XOJIOCTOTO XOJIa U
KOPOTKOTO 3aMbIKaHUS;
1, m 1,4 - COOTBETCTBEHHO TOK HArpy3KH BTOPUYHOM OOMOTKHM TpaHchopmaTopa ee
HOMHWHQIBHOW TOK.

2 Ilpubopsl u odopyaoBaHmue.

1) CreHn «DIEKTPUYECKHE MAIIUHBDY.
[TacnopTHble JaHHBIE TpaHC(hOpMaTOpa.

Su BA Uiy B U B b A
100 220 110 0,91

3 Iopsaok BbINoJHEHUS] padOThI.

OmnbiT 1. Onpenesienne ko3gduuuenta TpanchpopmManmu.

1) CoGepurte 2IIEKTPUIECKYIO cxeMy ombiTal coriacHo pucyHKy 1. Bxmouunte
tymbIep S1 «CeTb», 3aTeM BKIIOUUTE COOpaHHYIO cxeMmy TymOiaepom S8.

2) Iepexmouarenem T1, V¢ ycranoure Hanpspkenue 220B. Hcnomb3ys
BosibT™METp VI, n3mepbre (ha3Hble HAMPSHYKEHUS! IEPBUYHON U BTOPUYHOU
00MOTOK, 3aHecuTe B Tabmuiy 1 . [1o u3mMepeHHbIM BeIMUMHAM OIPEIEINUTE
koa¢dduLreHT Tpanchopmanuu ucnsiryemoro Tpancgopmaropa T3.

Tabmma 1 — KoaddurmenTs! Tpanchopmariim.
Uiw ., B Uso , B Uon, B No N
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Pucynok 1 — Dnekrpuueckas cxema omnsita 1.

OnbIT 2. X0J10CTOH XO01.

1) CobGepuTe 3MEKTPUUYECKYIO CXEMY OMbITa 2 COTJIACHO PUCYHKY 2.

PucyHnok 2 —DnekTpuyeckas cxema ombiTa 2(X0JIOCTON X0x).

2) Brurounte cren tymosnepom «Cetb» S1. Britouure cxemy paboThI
tym6iepom S8. Ycranosure nepekitouareiaem T1 nanpsbkenue 220B (Vi) Us-
MepbTe (ha3HOE HANpsKEHUE Ha TepBUYHOM 00MOTKe TpaHnchopmartopa T3
BosbTMeTpoM V1. CHumuTe mokazanus npudopoB Al, W1, 3anecure B

Tabauiy 2.

&

&



Taonuma 2- OnbiT XX.
Uieo, B liw0, A P10, BT

3)YcraHoBuTe nepekirovaresb T1 B HauanbHOE MOJIOKEHHUE. BhIKTFounTe TyMOIep

S8. Brikimounte Tym6ep S1.

OnbiT 3 Koporkoe 3ambIkaHue.

1) CoGepuTe JIEKTPUUECKYIO CXEMY OITbITa 3 COTJIACHO PUCYHKY 3.

R4

£

RA2
i R&3

Pucynok 3 — Dnekrpudeckas cxema onsiTa 3 KOPOTKOTO 3aMbIKAHUA.

2)IIpoBeppTe, uTO MaKeTHBIA mnepexnaroyatenb 11, V] BbiBeneH B
nostoxenue 0.

3)Bkitounte crena tymOiepom S1«CeTh» U cxemy J1abOopaTOpHOI paboThI
Tymbaepom S8.

4)V3meHsss TIepBUYHOE HampspDKeHUe mnepeknmouareneMm T1, Vg,

yCTaHOBHUTE TOK 1o ammnepmerpy Al B mpegenax (0,8....1) A.

Buumanue! Pyuky rajgernuka JIATP a T1 ycranaBauBaTrh TOJBKO B
npeneax (0+20) B Ha 3esieH0# 30He IIKAJBI BO M30€KaHUE BbIX0AAa M3 CTPOSI

3JIE€EMEHTOB CXCMbI.
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5)BBIKJIIOUUTE CTCHI M IPUCOCIUHUTE amrepmerp Al B
NEepPBUYHYIO, LIeTIb TpaHCchopmaTopa. BxitouuTe cTeHnA, 3amuIInTe

MoKa3aHus MpUOOpPOB B TabIHILy 3.

Tabmauna 3- OnsiT K3.

Uiok, B ok, A Pk, Br

5) YcranoBuTe nepekirouatenb T1 B HAYaIbHOE MOJIOXKEHHE. BBIKITIOUnTE
tymbiep S8. Brikimounte Tymonep S1.

4 BpIBOJ

5 KoHTpOJBbHBbIE BONMPOCHI.
1)4Tto Ha3piBalOT (Pa3HBIM U JUHEUHBIM KO3 duIlueHTamMu
Tpanchopmarmn?

2)Kakne morepu SHEpPruv UMEIT MECTO B TpaHchopmaTope u

OT Yer0 OHHU 3aBHUCAT?

3)KakoBa o6nacth mpuMeHeHUsI TpexdasHbIX TpaHChHOpMaTOpoB?

JlabopaTtopHnasi pa6ora Ne /
HccaenoBanue padounx XapaKTepucTUK Tpex¢a3zHOro aCHHXPOHHOI0

ABUTaTE/IA ¢ KOPOTKO3AMKHYTBIM POTOPOM

Hean padorel: [lonyyeHue OnbITHBIM MyTEM pabOYMX XapaKTEPUCTHK

ACMHXPOHHOTO ABUTATCIISI € KOPOTKO3AMKHYTBIM POTOPOM.

1. TeopeTnueckoe 000CHOBaHUE

KoHcTpyKIIMS ACHHXPOHHOT0 IBUTaTENIsl ¢ KOPOTKO3AMKHYTBIM POTOPOM.
Tpexda3upiii aCHHXPOHHBIA JBUTATENh COCTOWT M3 JIBYX OCHOBHBIX YacCTEH:
craropa u poropa. CTatop - HEHNOABWIKHAS YACTh JIBUTATENSA, CIYKUT JJIs CO3/IaHUS

BpaAIONIEro0cs MarHUTHOTO noJigs. OH COCTOUT U3 KOpIlyca (CTaHUHBI), CEp/ICUHUKA
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u ooMoTku. Cxema coenuHeHus: Tpex(da3sHoM cTaTOpHOM OOMOTKM - 3Be€3/la WIH
TpeyroibHuK. Kopryc nauToil, ctanbHOW M uyryHHbIH. CepAedyHHK coOupaercs u3
TOHKHUX JINCTOB JJICKTPOTEXHHUECKON cTanu. CoOpaHHbIE JUCTHI CTalud O0Opa3yroT
MakeT cTaTopa, KOTOPbIM 3amlpeccoBbIBaeTCA B Kopmyc crtatopa. Ha BHyTpeHHen
CTOpPOHE CepJIeYHIKa 00pa30BaHbI Ma3bl, B KOTOPHIC YI0KeHa 0OMOTKA cTaTopa.

Potop cocToWT M3 CTaJbHOTO Bajia, HA KOTOPBIM HAMpPECCOBAaH CEPJICUHUK,
BBITIOJIHEHHBIN, KaK W CEpACYHMK  CTaropa, W3  OTACIbHBIX  JIMCTOB
ANEKTPOTEXHUYECKON CTald C  BBIIITAMIIOBAHHBIMU B HUX T[Ia3aMH.
Kopotko3zamkHyTas oOMOTKa (0Oenuube KOJIECO) TPEACTaBISeT Cco00M  psij
METANIMYECKUX CTEePKHEHN (QTFOMUHUEBBIX WM MEIHBIX), PACIOJIOKEHHBIX B IMa3ax
CepACUYHHUKA, 3aMKHYTBIX C ABYX CTOPOH KOJIbIIAMH.

Ban potopa Bpamjaercs B NOJIIMITHUKAX KaueHUs. PacrnojokeHHBIX B
MOJIIMITHUKOBBIX MmUTaX. OXJaXJeHUE ABUTATENSl OCYIIECTBISECTCS METOI0M
MMOBEPXHOCTHU KOPITyca IEHTPOOECIKHBIM BEHTUIIITOPOM.

IpuHUOMI JeiCTBUA.

MarnutHoe mojie cTaropa MEepeceKaeT IMPOBOJHUKUM OOMOTKH poTOpa U
HAaBOAWT B HHUX MEpeMeHHYIO 3.1.c. [lockonbky oOMOTKa poTopa 3aMKHYyTa, 9Ta
3.1.C. BBI3BIBAET B HEM TOK TOTO K€ HAMpaBJIEHWUs, UYTO U 3.1.Cc. B pesynbrare
B3aUMOJICHCTBUSI TOKa POTOpa C BPAIAMOIIUMCS MAarHUTHBIM TI0JIEM BO3HHUKAET
ANIEKTPOMArHUTHAS CHJIA, JIEUCTBYIOIIAsl Ha MPOBOJHUKU poTopa. Cuia co3gaet
BpAILIAIOIINI MOMEHT, JIEHCTBYIOIIUN B Ty %€ CTOPOHY, YTO U CHUJIA.

[Tox neficTBueM MOMEHTa BpallleHHUs] POTOP MPUXOJIUT B ABMKEHUE U TMOCIe paz0era
BpaIlaeTcsl B TOM K€ HANpPaBJICHUH, YTO M MarHUTHOE IO0JI€ C HECKOJIBKO MEHbIIEH
4acTOTOM BpallleHUsI, YEM I0JIEC: np = (0,92...0, 98)n,,

rjae Np- dYacToTa BPAIEHWS MAarHWUTHOTO TOJIS CTaTopa, WM CHHXPOHHAS 4acToTa
BpaIlCHMS;

Nz - 4acToTa BpalleHUs poTopa.

CuHXpOHHas 4acToTa BpalleHus ompeaeisercs dactoroi Toka  (f1) mcTounHmka

60 ]
MATAHUS ABUTATENS U YUCJIOM MHap MoJitocoB cratopa (p): ny = % (vun 1)
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Yacrota BpaliCHUA pOTOpa ONPCACTIACTCA CKOJIbKCHUCM:

nz=m(l -S),
n{i—m
rae S - CKOJIbXEHHE: s = %
1

PaGoune xapakTepUCTHKH ACHHXPOHHOT'O IBUTaATEJIS.

PabGoune xapakTepUCTHKH NPEACTABIAIOT CO00M rpaduueckue

3aBUCUMOCTHU

napaMeTpoB JABUTaTes OT MomHocTh Ha Baimy: N = f(P2); M = f(P,); cos @1 = f(Py);

n = f(Py).
2 IlpubGopsl u 00OpyaI0BaHHME.
Crenp «DJIeKTpUUECKUE MaIlIMHbDY, IBUTATEh M2,

HaCHOpTHble JAaHHBIC ABUTaTCIIA

Pu, Bt 180 My, Hm 0,62967
n, % 65 No, 00/MHUH 3000
Cos on 0,78 SH 0,09

NH, 00/MUH 2730 Sk 0,37436
[H, A 05 Mg, Hm 1,38527
In/lo, A 4 In, A 2

A 2,2 In, A 0,5

3 IlopsAOK BHINOJIHEHUS PA0OTHI.
Co0Opathb IEKTPUUECKYIO CXEMY ONBITA COINIACHO PUCYHKY 1.

OmnbiT 1. XoJo0cTol x0/1.

1)Bxurounte ctenn Tym6iepom «Cetby» S1, cxemy 1ab0paTopHON YCTAHOBKH

TyMOJIepoM S2, aCHHXPOHHBIHN IBUTATENb KHOMTKON S4.

2)"eneparop nocrostHHOro Toka M1 He Bimtouats (nepembraku [11 u 12

oTcyTcTBYIOT, perynsarop JIATPa 11.1 B nonoxenue «O» TymOiaep S6 OTKIIOUCH).

B sTom PEKHUME U3MEPATIOTCA CICAYIOMIKUC ITapaMCTPbl ABUTaATCIIA:
® MOIIHOCTB XOJIOCTOI'O X044,
® TOK XOJIOCTOI'O X014,
¢ HAIpsAXKCHUC CTAaTopa.

[TapameTpbl 3aHECTH B TaOUILY 1.
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Ta6muna 1- [Tapametpsr AJ]

Ue, B lo, A

P,, Bt

T

ST fe--

7

-/
A BI CI

s7

Pucynok 1 — Dnekrpuueckas cxemMa BKJIIOUYECHHSI aCHHXPOHHOTO JaBUraTesns M2

OmnbIT 2.Pe:KMM HArpy3KHu ABUTaTeJIs.

BHUMAHHUE! Ileped nposedenuem padomul yoeoumecv 4mo 6ce 2ajiemHble

nepexmouamenu JIATPo¢ (T1, T1.1, T1.3) ycmanosnenst 6 nos.«O». Ilpu padome
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¢ oonogpasnvimu JIATPamu TI.1 u TI.3 ne oonyckaemcsa 00HOBDEMEHHOE

ucnoavzosanue mpexgaznozo JIATPa T1.

1)Anst cHaTHs pabouYMX XapaKTEPUCTUK YCTAaHOBUTE mepemMbruky [11.

2)Bxitounte creHa TymOnepom «CeTb», cxeMmy J1aOOpaTOPHOM YCTaHOBKH

TyMOJepoM S2, aCHHXPOHHBIH IBUTaTellb KHOMKOM S4.

3)Tymbnepom S6 Brmrounte JIATP TI.1 W ycTaHOBUTE €ro peryisTop B

nosioxkenue «50» U u3MeHsUTE Harpy3Ky reueparopa pesucropom R1 (monoxenus 1-

6) u npu HeobxoaumocTu noiydnth R1 = 0 ycraHoBuTh nepembruky 112 . M3menss

nosioxenue peryiustopa JIATPa TI.1,

MOXKHO YBCJIMYUBATh HAIrpPpy3Ky Ha AaCHH-

XpOHHBIﬁ ABUTATCJIb, IIPpHU IIPOCKAJIb3bBIBAHHWHN IIACCHKaA II0 HMIKHWBAM YMCHBLIINTDH

Hanpspkenne JIATPa. JlanHble u3MepeHuii 3aHeCTH B TaOHILy 2.

Tabmuna 2 — [lapametpsr A/l B peskuMe Harpy3KH.

HN3mepenus Bobruuciaenust
JBurareip ['eneparop
Uns I8 Po N2 Ur Ir P M S N8B nr COS(
B A Bt MHH " B A Bt Hwm - - - -

cuusurcs Ha 10%"?

4)BBINOTHUTH PACUYETHI.

5) llocTpouTts rpadmku XapaKTEPUCTHUK.

6) Cnenatb BBIBOJI.

4. KoHTpOJIbHBIE BONMPOCHI.

1)[Touemy B MOMEHT ITyCKa TOK CTaTOpa HAauOOJIbIITH?

2) KakoBbI c11ocoObI CHM)KEHHSI ITyCKOBOTO TOKA?

3) OT KaKuX MmapamMeTpOB 3aBUCUT MOMEHT BPAIICHHUS IBUTATEIIN?

4) Kak u3MEHHUTCS BpallaloIfii MOMEHT JIBUTATe s, €CIIM HAMPSKCHKUE B CETH
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JlaGopaTopHnasi padora Ne 8
HccaenoBanue cxeMbl pesieiiHO-KOHTAKTHOTO yIIPaBJIeHUs
Tpex(a3HbIM ACHHXPOHHBIM JIBUTaTEJIeM

Heab padotbi: OcBocHHE alropuT™Ma AUCTAHIIMOHHOTO YIIpaBJICHUS TpeX(da3sHbIM

ACMHXPOHHBIM IBHUI'ATCJICM.

1 Cxema

2Teoperuunuyeckoe 000CHOBaHUE.

Annmaparypa KOMMYTAIlUM U YIPaBJIeHU.

ABTOMAaTHUYECKOE YIIPABIICHHUE 3JIEKTPOJIBUTATEIISIMU U APYTUMU MPUEMHUKAMU
AIIEKTPUUYECKON PHEPTUU OCYIIECTBIISIOT MyTeM MPUMEHEHHS B DJICKTPUUECKUX
LETSIX Pa3IMYHbIX allapaToB, MPU MOMOIIM KOTOPBIX OCYIECTBIISIIOT MYCK,
pEeryJIMpOBaHKE YACTOTHI €r0 BPAIlICHUS, TOPMOKEHHE , OCTAHOBKY JBUTATENEH, a
TaK)Xe UX 3alUTy OT MePerpy30K U KOPOTKUX 3amMbIkaHuil. Haubosbiee

MIPUMEHEHUE CPeIU MOJ00HOTO poja YCTPOUCTB MOTYYHIIN KOHTAKTOPHI, perie,
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MAarHUTHBIE ITyCKATENH, ITyTEBbIE U KOHIEBBIE BBIKIKOYATEIN, KHOIIKH,
NPEAOXPAHUTEIH U T.II.

VYnpaBnate Tpex(da3HbIM aCHHXPOHHBIM JIBUTATENIEM C KOPOTKO3aMKHYTHIM
POTOPOM MOXHO IIPU MOMOIIA MAarHUTHOTO ITycKartelid. MarHUTHbBIE ITyCKaTEIN
MPEACTABIISIIOT COO0M COBOKYIMHOCTh KOHTAKTOPA U TEIUIOBBIX PEJie, yCTAHOBIIEHHBIX
Ha OJHOU NaHENu.

KonTakTopsbl.

KoHTakTopoM Ha3bIBalOT KOMMYTAUMOHHBIM AJIEKTPOMAarHWTHBIMA ammapar, y
KOTOPOIO BPYYHYIO IPOM3BOAAT IIEPEKIIOYEHHE B LENU  YIPaBICHHs, a
NEPEKIOYEHNE B TIJIABHOM LENHM IPOMCXOAMT ABTOMAaTUYECKH. KOHTaKTOpPBI
IIPEJHA3HAYEHBl JUIA YaCThIX BKIIOUYECHHM W OTKIIOYEHUM DJIEKTPOYCTAHOBKH ITOA
Harpy3koir (mo 1500 BkIOYEeHHWH W OTKIIOYEHHM B  4ac). YceTpoicTBO

ANEKTPOMATHUTHOTO KOHTAKTOpa MPEACTAaBICHO HA PUCYHKE 1.

3

PucyHok 1 — D51eKTpOMarHuTHBIM KOHTaKTOP.

[Ipn 3amblKaHWKM KHONKH yHOpaBieHUs | B ILenu yNpaBieHUs, T.€.
KaTylke 2, BOBHUKAET TOK, KOTOPBIA CO3/1a€T B CEPJICYHUKE 3 MarHUTHBIM MOTOK H
AIEKTPOMArHWTHAS CUJIa MPUTITUBAET SIKOPh 5 K CEpAECUYHHMKY 3.MarHuTHbBIA MOTOK
3aMBIKAETCsl IO MarHUTOMPOBOAY, COCTOSIILIEMY U3 CEpAEUHUKA 3, SIKOpsL 5 U CKOOBI 8.
Koraa siKOpp NPUTSHYT K CEPAEYHUKY, 3aMBIKAIOTCS TJIABHbIE KOHTAKThI 4, depes
KOTOpbIE  3amuThiBaeTcsi OOMOTKa  craropa. OIHOBPEMEHHO  MPOUCXOAMT

nepeKioueHne OJIOK — KOHTakToB. Ymcino OJOK - KOHTAaKTOB MOXET OBITh
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paznuyHbIM. VX BKIIIOUAIOT B 1I€Nb YHPABICHUS AJAHHOTO KOHTAaKTOpa WJIU JPYroro
anmapata. Ha »lekTpuueckMX cXeMax KOHTAaKTOphl O003HA4yaloTCs B HCXOJHOM
obectoueHHOM coctossHuM corjacHo ['OCT 2.755 (Tabmuia 1).

Peue

Pene — 3710 ammapaThl, KOTOpbIE MPOU3BOAAT aBTOMATHYECKOE MEPEKIIOUCHHE
KOHTAaKTOB B LIENH YIIPaBJIEHUS APYTrOro ammapara.
TeruioBble pene MpelHa3HA4YEHbl JJIs 3alUThl OOMOTOK JBHUraTelsl OT JJIMTEIbHBIX
neperpy3ok  Ha  10-20%. KoHCTpyKTHBHas cxemMa TEIUIOBOIO pele ¢

OMMeETaIIMYSCKOM IUIACTHHOMN IMpCaACTaBJICHA HA PUCYHKC 2.

4

Pucynok 2 — TemnnoBoe pere.

HarpearenbHblil 31eMeHT | BKIIIOYAIOT MOCIEA0BATENBHO C JJIEKTPUUYECKON LIETIBIO,
KOTOPYIO0 HaJO 3amuInarthb. HarpeBaTeslbHbIA 3JIEMEHT HATPEBAET PACIOJIOKECHHYIO
PAIOM OMMETAUTMYECKYIO TUIACTUHY 2. buMeTannuyeckas miiacThHA BBIMOJHEHA U3
JIBYX CJIOEB METAJUIOB C Pa3HbIMU KOd(DPHUIIMEHTAMU paCHIMPEHHUS], TIOITOMY IpHU
HarpeBaHUM OHA BBIIPSAMISETCS, U pbiyar 3 ocBoOoxmaercs. Ilox neicTBueM

MPYKUHBI 6 phIUar MOBOPAYMBAETCS U Pa3MbIKAET KOHTAKTBI 5 B LIENH YIIPABIICHHUS.
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Taomumna 1- YI'O xoHTaKkTOB.

Haumvmenosaumue azemenra

Ob6oana-
yenue

Konrakr komMmyTH- 3aMBIKAOMIHIT T
atee obosrasere
(obmee obosHAUEHHE) I —~
EePEeRIIYA0 _/"_
Brixmouarens OHOTIO . —_—
[
TPeXMOJIOCHEII
Ilepexmiouarens OHOMOMIOCHEL
TPEeXTOIOCHBIH

JABYXIIOMIOCHEIH TPeXIIO3HITHOHHEIH
¢ HeHTpaJIbLHEIM MOJI0Ke HHeM

Brikmogare s aBToMaTHYECKHIT

Knonkn ynpasneans

C 3aMBIKAI0IIHM KOHTAKTOM

C pasMBIKAKIIHM KOHTAKTOM

Korrakr rnassoi nenn
KOHTAKTOpa, MArHUTHO-
r'o nycKaTess

3aMBIKA O

PA3ZMEIKAIOITHIT

3aMEIKAONINI AyTroracHTe IEHEIH

Pa3MBIKAIIIMNH AYTOracHTe IbHEIH

HaKaTHeM KHOIIKH)

KorTaxTr TerntoBoro pesne 0ea camMoBoaBpaTa (¢ Bo3BpaToM

Konrakr samerkaronmmii
C BEIJEPIKKOH BpeMeHH

IIpH 3aMBIKaHHH

IIpH pa3MBIKAaHUH
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3 IIpudopsl U 000pyI0BaHUE

1) Wcrounuk nutanus - Tpexdasnas cetb 220 B, 50 I'n

2) Tpexda3zubiii acuHXpoHHBIH qBuratesb AOJI-22-4 220/380 B 50 I’ ;

P, =400 Bt; n=1400 06/muu

3) MarHuTHBIN TyCKaTelb

4) Ioct ynpasnenus - [IKE - 222 - 2V2

5) Ammepmetp Toka - 5 A.

4 Tlopsinok paGoThI

1) CoGpats cxemy. [IpenbsaBUTh CXeMy IS TPOBEPKH MPETIOIaBaATENIO.

2) BrirounTh ceTh BeIKItouateiem QF.

3) BKIIIOYHTh ABUraTellb C MOMOIIBIO KHOIIKK SB2. YOeauTcs B TOM, UTO MOCe
OTIyCKaHUS KHOMKH JIBUTATelb MpOoAoKaeT paborats. Ilpocmeauts 3a
cpabaThIBaHHEM MAarHUTHOTO ITyCKaTeJsl.

4) OTKJIFOYNTH JABHraTe b ¢ momoiisio kHonku SB1L. Ipocnenuts 3a padboToi
MarHUTHOTO ITyCKaTems

5) Otkia0unTh 010K - KOHTaKT KM. BKIIOYHTE IBHraTeIb ¢ MOMOIIBIO KHOIIKH
SB2. IIpocneauts 3a paboToit cxemsl. [loakmrounts 010K - KOHTaKT KM.

6) [Ipou3BecTn peBepc ABUraTelisi, IOMEHSIB MECTaMHU JIBA JIIOOBIX JIMHEHHBIX
IpoBOJA

7) BBIKITIOYHUTH CETEBOC MUTAHUE.

5 Caeaars BbIBO.

6 KoHTpoJibHbIE BONPOCHI

1) OOBsicHUTE TPUHIUIT PAOOTHI MATHUTHOTO MyCKATEJIsl.

2) KakoBo Ha3zHaueHHE OJIOK - KOHTAKTOB MATHUTHOTO MYCKATEs?

3) MOXHO JIM HCIOJIb30BaTh TEIJIOBOE peJie IS 3aIUThl MOTPEOUTENs TpU

KOPOTKHX 3aMBIKAHHAX ?
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JlaGoparopHasi pabGora Ne9
OmnpeaesieHue NOTEPH HANIPSKEHU ¥ MOLHOCTH B JIMHHMH JJICKTpoNepeaadyu
Hean padorsr: ®opMupOBaHKE YMEHUS ONBITHBIM IIYTEM OINPEAECIATH BIMSHUE
ANEKTPUYECKON HATPY3KU U CONPOTUBIICHUS ITPOBOJIOB HA BEIUYMHY ITOTEPH
HAMPSDKEHUs, BEIMYUHY MTOTEPh MOIIHOCTH B TPOBOAAX U KOI(PPHUIIMEHT MOJIE3HOTO

JNEUCTBUSA JJMHUN DJIEKTPOIIEpEaayn.

1 Cxema

(AM - H
i ,: i |
o )| 066d $ud

i lad
(

- x

2 Teopernueckoe od0ocHOBaHUe.

B mpoBogax nMHUN 3IIEKTPOCHAOKEHMSI BO3HMKAET IaJE€HUE HAIPSIKEHMS,
MPOMOPIMOHAIEHOE TOKY M COMPOTUBICHHWIO JHUHUW. HampsokeHuss Ha 3axuMax
notpebutenst U MeHbIle HampspDkeHHss Ha 3axumax uctounuka U;. PasnocTb
AU = U; — U Ha3pIBatoT moTepe HaMPSKEHUS B JIUHUU.

HOTepIO HamnpsOKCHUA YaCTO BbIPpAKAKOT B IPOLHCHTAX OT HOMMHAJIBLHOI'O

3HAUCHUS HAMPSHKEHUS MOTpeOUuTens AU—UIOO %.

3HaueHUe IMOTepU HANPSHKEHUS] CTPOro PETIaMEHTUPYETCs, TaK Kak Ipu
33JJaHHOM HAaNpsDKEHWH MCTOYHHMKA OT 3HAYEHHS MOTEPh 3aBUCUT HAINPSHKCHHE Ha
norpebutene. HecoOmoaeHrne HOpM MOTEpU HAMpPSKEHUS TPUBOAUT K HAPYIICHUIO
paboThl TOTpeOuTeNe, YMEHBUICHHIO IIyCKOBBIX M BpalllalOIUX MOMEHTOB
JBUTATEJICH, YMEHBIICHUIO CBETOBOTO TMOTOKA Jiamm. Hampumep, mpu yMeHBIICHUN
HanpspbkeHus: Ha 10% cBeToBol MOTOK Jamn ymeHbInaercs Ha 1/3. HesnauurenbHoe
MPEBBILICHUE HANPSHKEHUS! OTHOCUTEILHO HOMUHAIBHOIO MPUBOAUT K YMEHBIIECHUIO

CpOKa CTy>KObI JaMIL.
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2 Ilpudopsbl 1 000pyI0BAHUE:

1) Amnepmetp ¢ lyo= 1A - 1.
2) BombtmeTp ¢ Uyoy=150B - 2mir.
3) Peoctatsl ¢ Ry0,=300M - 31IT.

4) I'pynmna namin HaKaJIWBaHUsS - 3IIT.

3 [HopsA0K BHINOJTHEHUS PA0OTHI

1) CoGepute cxemy | MPEIbIBUTE JIs1 TPOBEPKH MPEIIOIaBATEITIO.

2) Bkimrounte ceTeBOi BBIKIIOYATEdb. IIpM MOMOIIM JABYX PEOCTATOB,
PETYNUPYS UX COMPOTUBIICHHS, yCTAHOBUTE HampspKeHue B Havane auann U = 60 B.

3) OmBIT XOJIOCTOrO XO/1a: BCE JIAMITBI BBIKITFOUCHBI. OMpPeIeuTe TOK JTHHHNA U
HanpsbkeHue Ha notpeourene U,. [lokazanus npubopos 3aHecure B Tadbaumy 1.

4) BkiitounuTe Harpy3ky, Npd TOMOIIM JIBYX pPEOCTaTOB BOCCTAHOBUTE
HanpsbkeHue B Havasne auHun U; = 60 B. Onpenenure TOK TMHUK U HAPsDKEHUE Ha
notpedutene Uy. [Tokazanus npubopoB 3aHecute B Ta0IuUILy 1.

5) MeHsIst KOTMYECTBO BKITFOUECHHBIX JIAMIT, BBITTOJIHUTE 11.4).

Tabnuua 1- Pe3ynbratsl u3aMepeHuil U pacueToB.

No HN3mepenus Boiuucienns

OITBITA U | U, AU P1 P2 AP n Ru Rn
B A B B Br Bt Bt % Om Om

1

2

3

4

5

6) BeimonuuTe BoruncieHus. Pacuetneie popmynsr: A4 U = U — U

Pi=Us I P,=Uy I AP =P1—P, RH:U—Z Rﬂ:& U

Y
T,
7) Tloctpoiite rpaduku 3aBucumocteir 4 U=F(l); 4P=(l);

n = f(l) Ha MuTIMeTpOBOI Oymare.

4 CpeaaiiTe BBIBO/.

5 KoHTpoabHbIe BONIPOCHI
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1) Hampsbkenue Ha 3axkumax uctounuka 230 B, HampsbkeHHe Ha 3ayuMax
notpebutens 220 B. Paccuuraiite notepu Hanpsm»kKeHUs B MPOIICHTAX.

2) AKTHBHOE COIPOTHBJICHHUE JUHUH OJHOTO mpoBoja 0,05 Oma, TOK B JIMHUU
10 A. Onmnpepenute NOTEPH0 HANPSIKEHUS B JIMHUM , €CIIHM PEAKTUBHBIM
CONPOTHUBJICHUEM MOKHO MpeHEOpEYb.

3) KakoBbl BO3MOKHBIC IIOCICACTBHS YBEIMYCHUS TOTEPh HANPSDKCHUS B

Bp0%020%0% 04

JlabopaTopnasi padora Nel(
HccaenoBanue morynpoBoJHUKOBOIO 1H01A
Hear padorbl: OcBOEHHME METOAOB CHSTUS BOJBT — AMIIEPHOM XapaKTEPUCTHKHU
oA U aJirOpUTMa pacyeTa COMPOTUBIICHUI MPU MPSIMOM M OOPATHOM BKJTIOUCHUH.

1 CxeMBbl.

[IpsiMoe BrIOYEHHE A1‘1}05
BT K X5

X706patHoe BKIIOUYEHHE A2
3 Wz X4 Xx§

2= {1 X6

i
|
Opa |
I
5
l

2 TeopeTnueckoe 000CHOBaHME

I[HoynpoBOAHUKOBBIM JHUOAOM Ha3bIBaeTCs MNPUOOpP C JABYMS BBIBOJAMU,
COJZIEpKAIUN OJIUH BJICKTPOHHO-IBIPOYHBINA MIEPEXO/I.
PaboTa momxynmpoBOTHUKOBOTO BBITPSMUTEIHHOTO UOIa OCHOBaHA Ha CBOMCTBE P-N-
nepexoja IMpoIyCcKaTb TOK TOJBKO B  OJHOM  HampasieHHH. (OCHOBHOM
XapaKTEPUCTUKOW TMOJYIPOBOJHUKOBBIX JUOJOB SBJIAETCA BOJIBT - aMIIEpHAs
xapaktepuctika (BAX)- 3aBucMMOCTh TOKa dYepe3 JuojA OT MPUII0NKEHHOTO

HaIIpsAKCHUA.
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IIpsimoe BKIIIOYEeHHE AUOA.

[IpunoxeHHOe HANpsUKEHUE HAa3bIBACTCA MNpPAMbIM, €CINW IUIFOC HMCTOYHUKA
MOAKIIOYAETCS K MOJYNPOBOAHUKY P —THNa (aHOAY), @ MUHYC K HOJYIPOBOAHUKY N
— tuna (karoxy). [lpum mpsMOM BKIIOYEHHMH TOK IOTEUET TOJIBKO TOT/AA, KOTJa
HaIpsDKEHUE NpAMOro BkIoueHUs Up, NIpEeBBICUT MOTEHLMAIBHBIN Oapbep. BricoTa
MOTEHIMANIBHOTO Oapbepa 3aBHUCHUT OT TuNa mnoiynpoBoanuka: 0,3 B i
repmanueBbIX U 0,6 B 1u1s1 KpeMHUEBBIX MTOIYIIPOBOIHUKOB.

Oo0OpaTHOe BKJIIOUEHHE THO/A.

[TpunokeHHOE HaIpsHDKEHHUE Ha3bIBACTCSl 0OpamHulM, €CIM MHHYC HCTOYHMKA
HOJKJIFOYAETCS K OJMYIPOBOJHUKY P —TUMa (aHOMY), a IUTFOC K MOJIYIPOBOJIHUKY N —
tuna (karony). [Ipu oOpaTHOM BKJIIOYEHUHM MOTEHUMANBHBIA Oapbep AJiI OCHOBHBIX
HOCHUTEJIEH 3apsA0B  YBEIMYMBAETCSA, MO3TOMY OHUM HE MOTYT €ro IpeoJ0JETh.
[IpakTruecku oOpaTHBIA TOK 00YCIOBJIEH Apel(pOM HEOCHOBHBIX HOCUTENEH 3apsaa0B
(ToxoM papeiida), TOITOMY SABJISIETCS HE3HAYUTEIBHBIM.

BoJibT - aMniepHasi XapaKTEepUCTHKA.

JIna cpaBHeHMss Ha pucyHke | mnpueneHsl Tunosble BAX repmanuneBoro u
KPEMHHEBOrO0 Ju0N0B. KpeMHueBble AMOABI HMMEKT BO MHOIO pa3 MEHBIINE
oOpaTHbIE TOKM MpPU OAMHAKOBOM HANpPsDKEHUHM, YeM repmaHueBble. Jlomyctumoe
o0paTHOE HaIpsHKEHHE KPEMHUEBBIX AM0J0B MoxeT gocturarh 1000-1500 B, B TO
BpeMs Kak y T€pMaHMEBBIX OHO JIGKHUT B mnpenenax 100-400 B. KpemuueBbie Auoabl
MoOryT paboTtaTh mpu Temneparypax ot -60 no +150°C, a repmanueBbie - oT -60 10
+85°C. Orto o00ycinoBieHO TeM, YTO Mpu Temreparypax Bbime 85° C pesko
YBEJIIMYMBACTCS  COOCTBEHHas  NMPOBOJUMOCTb  TI€pMaHusi, NPUBOAAIIAT K
HEJOMYCTUMOMY BO3pacTaHUI0 0OpaTHOTO TOoKa. BmecTe ¢ Tem mpsiMoe majneHue
HanpsDKEHUST Yy KPEMHHEBBIX JUOJOB OOJIbLIE, YeM Yy TEepPMaHUEBBIX. OTO
OOBSACHSIETCS, YTO y TE€PMAaHMEBBIX JUOJOB MOXHO TOJYYUTh BEITUUYUHY
COMPOTHUBJICHUS B MPSMOM HarpasieHuu B 1,5-2 pa3a MEHbIIYI0, YeM Y KPEMHUEBBIX,
IIPM OJMHAKOBOM TOKE Harpy3ku. Ilo3TOMy MOIIHOCTB, paccenBaemasi BHYTPH

repMaHucBOro auoaa, OKa3bIBA€CTCA BO CTOJIBKO K€ pa3 MCHBIIIC. B cBs3u ¢ 3TUM B
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BBINIPAMUTCIbHBIX YCTpOﬁCTBaX HU3KHUX HaHp}I}KeHI/Iﬁ BbII'OAHEC IMPHUMCHATH

I'CpMaHUCBLIC JUObI.

14 y |
Ge] Si
Haeansnniii /
PlTIepexon
|
0 ! 0 U
prs ~_ “’K 0.3 06
[~ Pe:wbmi’x
IO
g‘mnonoﬁ _
a) .‘I'mnmmu npodelt %)

TIPOOOIT

Pucynok 1 - CpaBautenbasie BAX XapakTepucTUKy repMaHUEBOTO U
KPEMHHUEBOTO JTHOJIOB.

3 IIpuGopsl u 000pyI0BaAHME.

1) JlaGoparopubiii crena «IIpomanekTponukay, 6ok Nel, cxembr Alu A2;
2) TIpubGop AmeKTponu3MepuTeIbHbI MHOTO(YHKIIMOHANBHBI [14317.3.
3) CoeauHUTEIBHBIC IPOBO/IA.

4 ITopsaoK BbINOJIHEHHUS PA0OTHI.

OmnbiT 1 CHsiTHe npaMoii BetBu BAX nuona.

1) BkitoYuTh CTEH]] B CETh, TOCTABHB CeTEBOM TymMOIIep B mosoxeHne BKII.

2) Ha omHOM M3 MCTOYHHMKOB NUTaHuUs JabopaTopHoro crenaa (V1 wim V2) ¢
MIOMONIBI0O PYYKH  BBICTABUTH HAaIpsukeHUE 5B, M3MepuB €ro MynbTUMETPOM Ha
npezaene nzmepennit 20B.

3) BBIKJTIOUNTH CETEBOM TyMOJIED .

4) Pyuky notennuomerpa R1 moBepHyTh MPOTUB YaCOBOM CTPEIIKHU 0 YIIOpa.

5) [lomath muTaHKe Ha UCCIIEAYyeMYIO cxeMy: «+» Ha X1, «-» Ha X2.
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6) [logkmoYnTs HW3MEpHUTENbHBIE TPHOOPHl C YKa3aHHBIMH TpeeiIaMu
U3MEPEHMSI COTTIACHO MHEMOCXEMBI, COOIIOas YKa3aHHYIO MOJIIPHOCTb.

7) Ilocne mpoBepKH CXEMBI TpeToiaBaTeNieM BKIIOUUTh CETEBOM TyMOep.

8) [ToBopauuBasi pyuky moTeHIomerpa R1 mo 4acoBoil cTpenke, W3MepsTh
npsiMOe HalpsDKeHHWE JHOoAa B TpeneiaxX, yKa3aHHbIX B Tabmuue 1, ¢ukcupys
3Ha4YeHUs ToKa uepe3 kaxaeie 0,1 B.

Pe3ynbrarel u3smepenuii 3anectu B Ta0auiy 1.

Tabmuua 1- Ilpsamas BetBb BAX.
Uy, B 0 0,1 0,2 0,3 0,4 0,5
lip, MA

9) BBIKITIOYHTH CETEBOI TyMOJIEP.

OnpIT 2. CHsiTHe 00paTHOI BeTBH BAX nmnoja.

1) Ha 000MX MCTOYHHMKAX MUTAHKS JJAOOPATOPHOTO CTCH 1A
«IIpomanextponuka» V1 u V2 BbICTaBUTh MAKCUMAaJIbHbIE HANIPSDKEHUS MUTaHUS 15
B, moBepHYB py4KH 10 4acOBOM cTpenke 10 yrnopa. COeMHATh HCTOYHUKA
MOCJIEIOBATENBHO , YCTAHOBUB HampspkeHue 6iioka 30 B.

2) [Topats HanpsHKEHUE MTUTAHUS HA UCCIICAYEMYIO CXeMY: «+» OT HCTOYHUKA
V2 na kinemmy X1, «-» ot ucrounrka V1 Ha knemmy X2.

3) Pyuky noteHmomeTpa R2 moBepHyTh MPOTHB YaCOBOM CTPEJIKH J0 YIIOPA.

4) [ToKITIOYUTh U3MEPUTEIILHBIC IPUOOPHI C YKA3aHHBIMU TPEICIaMU
M3MEPEHHI COTJIACHO MHEMOCXEMBI, COOJII01asl YKa3aHHYIO MOJSPHOCTD.

5) ITocne npoBepKH NMPENoAaBaTeNIeM BKIIOUYUThH CTCH]] B CETb.

6) [ToBopaurBas pyuky moTeHuuomMeTpa R2 1o 4acoBoii cTpenke , U3BMEHSTh
oOpaTHOE HanpsKEHHE Ha AUOJE B MpeeiaX, yKa3aHHbIX B TabnuIe 2.3HaueHus
0o0paTHOro TOKa HEOOX0UMO (PUKCUPOBATH KaxKble 5 B, pe3ynbrarsl uamMepeHui

3aHECTH B Ta0IuIy 2.
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Tabnuma 2- O0parnas BeTBb BAX.

Uoesp, B 0 3) 10 15 20 25

| o6p, MKA

7) BBIKITIOYUTH CETEBOM TyMOIIEp.
8) Ilo manubiM Tabuuil 1 1 2 moctpouth BAX nuona.

9) BBINONHUTH pacyeThl COMPOTUBICHUH Ryp 1 Rogp.

AU AU

np 0bp

R
Al N

np 0bp

10) Cpnenatb BBIBO/I.

5 KoHTpOJIbHBIE BOIIPOCHI.

1) Benu4uHbI MOTEHIIMATBHBIX 0apbepPOB T€PMAHUEBOTO U KPEMHHUEBOTO U
MTOJTYTTPOBOTHUKOBBIX THOJIOB?

2) Kax BBINMOJHUTH MPSAMOE BKIIOYCHUE 110/1a?

3) Kak BbIMOJHUTE 0OpaTHOE BKIIIOUCHHE AHOa?

4) Tlouemy npu 0OpaTHOM BKIIIOUCHHUH JINOJIa TOK Yepe3 HEro HAMHOT'O MCHBIIIE,

YeM IpHU MPSMOM BKIFOUCHHUU?

JlaGopaTopHnasi padora Nell
HccaenoBanue OUNOJISIPHOTO TPAH3UCTOPA
ean padoTbl: OCBOEHHE METOJIOB CHITHUS XapaKTEPUCTHUK U aJITOPUTMA pacuera
napamMeTpoB TPAaH3UCTOPA, BKIIFOUEHHOTO M0 CXeME € 00IIUM

SMUTTEPOM.
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1 Cxema

L 20 MA
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X5 *@ X6 X8 0X10
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4 1X11
X9 I

2. Teopernyeckoe 000CHOBaHME.

Omnpenenenue TpaH3uCTOPA.

Tpanzucmop  (MOMYNPOBOJHUKOBBIM  TPUOJ)  MPEACTaBISIET  COOOM
AJIEKTPOHHBIA TPUOOp, OCHOBAHHBIM Ha B3aUMOJEWUCTBUU JABYX PaCIOJIOKEHHBIX
OJMM3KO Apyr OT Apyra (Ha pacCTOSHUU HECKOJBKUX MHMKPOMETPOB) 3JEKTPOHHO-
IBIPOYHBIX P-N-iepexoAoB. OCHOBHBIM 3JIEMEHTOM TPAH3UCTOPA SBISETCS KPUCTAILI
repMaHusi WM KPEeMHHs, B KOTOPOM C IOMOILIBIO COOTBETCTBYIOIIMX IpUMECEH
co3gaHbl Tpu o0jacTu (ciosi) C pa3MYHBIMM THUINAMH MPOBOAMMOCTH. B
repMaHUEBOM TPAH3UCTOPE OOBIYHO JBa KpaWHUX CJIOS OONadaroT ABIPOYHOU
POBOJUMOCTBIO (p - o00nactu), a BHYTPEHHUW CJIOM HWMEET DJJICKTPOHHYIO
POBOJIUMOCTH (7 - 00J1aCTh), B COOTBETCTBUH, C YEM TAKOW TPAH3UCTOP HA3BIBACTCS
HOJYIPOBOJHUKOBBIM TPUOAOM THMA P-N-p. YCIOBHOE 0003HAYEHUE TPAH3UCTOPA
TUma P-N-p moka3aHo Ha pucyHke 1. KpeMHHEBbIe TPaH3UCTOPHI Yallle U3TOTOBIISIIOT
B BHJIC TOJYIPOBOJAHUKOBBIX TPUOAOB THMA N-P-k, TPHUHLIUINUATIBHAS CXEMa H
YCIIOBHOE HM300pa)keHHe KOTOPBIX IMOKa3aHbl Ha pucyHke 2. [IpuHimun neictBus
MOJYTIPOBOHUKOBBIX TPAH3UCTOPOB HE3aBUCUMO OT WX THUIa OAWH M TOT XKe.
Paznuune cocTouT UL B BBHIOOpPE MOJSIPHOCTH MPHUCOCAMHSEMBIX K HUM

MCTOYHUKOB muTaHusl. CpenHsas o0yiacTh (CJIOH) TpaH3UCTOpa HE3aBUCUMO OT THUIIA
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aBisieTcs ero 0a3oil b unu ocHoBaHUEM, a KpailHME — 3MUTTEPOM D U KOJJIEKTOPOM

K.

6 le

ls

b

Pucynox 2 - YcnoBHoe 0603Hau€HHE U CTPYKTypa TpaH3UCTOpa TUIa N-p-N.

Ha rpanunax pasnena obOnactei o00Opa3yroTcss JBa p-N -miepexoa,
XapaKTEPU3YIOMINXCS TUHAMUYECKUM paBHOBecreM. UTOOBI BBIBECTH p-N- MEPEXo
13 COCTOSTHUSI PAaBHOBECHS, K HEMY MPUKIIAIBIBACTCS BHEIITHEE HAIIPSIKEHUE.

2 IlpuHnun aeiicTBUSA TPAH3UCTOPA
CxeMbl BKIIFOUEHHS] MUCTOYHUKOB MHUTAHUS TPAH3UCTOPOB TUIIOB P-N-p U n-p-n

MPEJICTABICHBI HA PUCYHKE 3.

- }+ -{ + + }_ +J .
Ea Ex Ea T IEK

Pucynok 3 - CxemMbl HOpMaJIbHOTO BKJIFOUEHUS TPAH3UCTOPOB.

HopmanbHOoe BKJIIOYEHHE - TPAH3UCTOPHI BKIIOYAIOTCS B CXEMY TakUM 00pa3oM,

9TOOBI K TMEpPeXo/ly SMUTTEp — 0Oa3a BHEIIHEE HANpsDKEHHWE OBLIO MPHIOKEHO B
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OpsIMOM HampaBlIeHWHU, a K P-N-epexoqy KoJulekTop— 0a3za — B oOpaTHOM
HaIlPaBJICHUH.

[Ipn BO3ACHCTBMM BHELIHUX HAINPSHKEHUH NOTEHLHMAIBHBIA Oapbep MeExXAy
AMUTTEPOM U 0a301 MOHUKAECTCS, a MEXKIy 0a301 U KOJIEKTOPOM — YBEITUYMBACTCS.
B pesynbraTe OCHOBHBIE HOCHUTEH 3apsa SMUTTEPHOTO CJIOS MEPEXOIAT B 001acThb
0a3bl, a 3aTEM B 00JIaCTh KOJJIEKTOPA, CO3/IaBasi TOK KOJIJIEKTOPHOTO MEPeXo/a.

OAHOBPEMEHHO € 3TUM IMPOUCXOAUT U NEPEXOJ] OCHOBHBIX HOCUTENEH 3apsaa
0a3bl 4epe3 AMUTTEpHBINA mepexon. OmHako B 00JacTh 0a3bl MPH W3TOTOBIICHUU
TPaH3UCTOPA BBOAAT 3HAYMUTEIBHO MEHBUIEE KOJUYECTBO ATOMOB NPHUMECH, YEM B
SMUTTEP, IOATOMY TOK OSMHUTTEPHOTO IEpPEXoAa CO3/AAETCA TJIaBHBIM 00pa3oMm
IIEPEXOIOM OCHOBHBIX HOCHUTEIEH 3MUTTEPHOTO CiOsl. Ecim BpeMs NpOXO0KIECHUS
OCHOBHBIX HOCHUTEJEH 3apsa SMUTTEpa yepe3 00J1acTh 0a3bl MHOTO MEHbILIE BPEMEHU
MX HE3aBHUCHMOTO CYIIECTBOBAHHUS, TO OCHOBHAS YaCTh 3TUX HOCUTENEH JOXOAMT JI0
KOJUIEKTOPHOTO Mepexojia M Tomnajaer B o0yacTh Kosuiektopa. [lpuw stom mumib
HeOobIllasi 4acThb YKa3aHHBIX HOCHUTENEW peKOMOMHHMpYeT B oOsactu 0a3bl Cc ee
OCHOBHBIMU HOCHUTENIIMHU. TakuMm 00pa3oMm, 3HAUEHHE TOKA B LIENH KOJJIEKTOPHOIO
(3aKpBITOr0) MEPEexX0/1a 3aBUCUT OT 3HAYEHUS TOKA B IIEMH YMUTTEPHOTO (OTKPHITOTO)
nepexona. CBsA3p MEXKIy TOKaMU KOJUIGKTOPHOM M OMHUTTEPHOM  LENen

XapakTepusyercs Ko3PpPUUHUEHTOM Nepeiayn ToKa

Al
a=— “ 1pu Uk = const

rae Al K Al 5 ~ HIPpHUPAIICHHUA KOJUICKTOPHOI'O U SMUTTCPHOT'O TOKOB.

JIJIsl TIOCKOCTHBIX TPaH3UCTOPOB Kod(duimeHnt nepegaun toka  a= 0,92—0,99.
DTO0 oO3Ha4yaeT, 4yTo B oOjsacTu 0aszbl PEeKOMOWHHpPYET cooTBeTcTBeHHO 1—8%
OCHOBHBX HOCHUTEJICH 3apsjia sMuUTTEpa. YUCIO PEeKOMOMHUPYIOUIUX B 00J1aCTH 0a3bl
OCHOBHBIX HOCUTEJIEH 3apsijia IMUTTEpa onpenessieT Tok 6a3er .

B coorBercTBUM c dTuMu |5 = 15— Ik
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CxeMbl BKJIKOYeHHs OMTOJIAPHBIX TPAH3UCTOPOB B 3JIEKTPUYECKYIO LeNb.
CxeMbl KacCU(UUUPYIOTCS MO HA3BAHMIO JJIEKTPOa, OOIIET0 Jisi BXOJAHOM U
BBIXOJTHOM LIETIEN.

Cxema ¢ odwen 6azon. CxeMy YCUITUTENbHOW SUEHKH Ha TpPaH3UCTOpE C OOIen
0a30i1 (pUCYHOK - 4) MOKHO MPUMEHATHh Ha 00JIee BHICOKMX YacTOTaX, OJTHAKO OHA
uMeeT KOAD(GUIMEHT YCWUJICHHUS MO TOKY MEHBINE CIUHHUIEI U Majoe BXOJTHOE

COIMIPOTUBJICHUC.

Jo-

o

Pucynoxk 4 — Cxema ¢ o01eii 6a3oi.

Cxema ¢ o6uwum xonnekmopom. CxeMa BKIIOUSHHS TPAH3UCTOPA C OOITUM
KOJIJIEKTOPOM (PUCYHOK 5) UMeeT OO0JIbIII0E BXOIHOE U MAJIO€ BBIXOJIHOE
conpotuBieHus. [l03ToMy ee 4acTo MPUMEHSIIOT B MHOTOKACKATHBIX YCUIIUTENSAX B
KauyeCcTBE COIJIACYIOIIETO KacKaja U BEIXOJAHOTO Kackaia mpu paboTe Ha

HHA3KOOMHYIO Harpy3Ky.

Pucynok 5 — Cxema ¢ 001IMM KOJUJIEKTOPOM.

Cxema ¢ oouum Imummepom. Hanbonee 4acTo UCOIB3YIOT CXEMY C OOIIUM
AMUTTEPOM (PUCYHOK 6), C TOMOIIBIO, KOTOPOW BO3MOKHO OCYIIECTBIISITh YCUTICHUE
M0 TOKY, HAIIPSDKEHUIO U MOIIIHOCTH HAauOOoJIbIlIee 0 CPAaBHEHUIO C IPYTHUMHU
CXeMaMU BKIIFOUEHHUSI TPAH3UCTOpa. DTa CXeMa XapaKTepU3yeTcsl HE3HAUYNTEIbHBIM

BXOIHBIM COIIPOTHUBJICHUCM.
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Pucynox 6 — Cxema ¢ 001IUM SYMUTTEPOM.

CraTHyYeCKUE XapaKTEPUCTHUKU TPAH3UCTOPA OTPAXKAIOT 3aBUCHMOCTD MEXKTY
TOKAMH U HAIPSDKEHUSIMH Ha €0 BXOJIE M BbIXoJie. JIJIs CXeMBbI C OOIIUM SMUTTEPOM
cmamu4eckol 6X00HOU Xapakmepucmuxou ABisieTcs rpaduk 3aBUCUMOCTH TOKa
0a3bl |y ot HanpsikeHuss Ugs TP IOCTOSIHHOM HANPsDKCHUU Ha KoJutekTope Uky!
I5=1(Us3) mnpu Ugs=const.

Cmamuueckue 8bIX00HblE XAPAKMepUcmuKy TPaH3UCTopa MPECTaBISIOT CO00i
3aBHCHUMOCTb TOKa KOJUICKTOPA OT HAPSIKCHUS MEXKY KOJJICKTOPOM M SMUTTEPOM
npu noctostHHOM Toke 0a3wl: lx = f( Uky) npu |5 = const.

I'paduiky cTaTHYECKUX XapaKTEPUCTUK TPEICTABJICHBI HA PUCYHKE 7.

m“, Ue=0 Us

mAA lss

» - lu
e -//
Llﬂ’
5) B

aUx

a) — BXOJIHasl XapaKTepUCTUKA; 0) - BBIXOJHAS XapaKTEPHUCTHKA.

Pucynok 7 — CtaTudeckne XapaKTepUCTUKH TPAH3UCTOPA JI CXEMBbI

C o01uM OMUTTEPOM:
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3 IlpubGopsl 1 000pya0OBaHME.

1) JlaGoparopHsbrii creH «IIpoManekTpoHHKay, 6110k Ne2, cxema A;
2) Tlpubop AmeKTpon3MepHuTeNbHbI MHOTO(YHKIIMOHANBHBI [14317.3.
3) CoeauHuUTEIHHBIE TPOBOAA.

4 TlopsiAOK BBINIOJIHEHUS PA0OTHI.

1) BkitouuTe CTEHN B CETh, TIOCTABHB CETEBOM TyMOJIep B mojioxeHue BKII.

2) Ha ucrounvke nutanus V1 C MOMOIIBIO PYYKH  BBICTABUTH HAIPSIKECHUE
5B, u3MepuB ero MyJIbTUMETPOM Ha npejene n3mepennii 20B.

3) Ha ucrounvke nuranus V2 C IMOMOIIBIO PYYKH BBICTABUTE HANPSHKCHHE
15B, u3mepuB ero MyJabTUMETPOM Ha npenene usmepenui 20B.

4) BBIKITIOUHTE CETEBOI TyMOJIEp .

5) Coenuunte UCTOYHUK uTaHus V 1co BXOIOM TpaH3HCTOPa COTIACHO
MHEMOCXEMBI.

6) CoequauTe NCTOYHUK TUTAHKS V 2 C BBIXOJHBIMU KJIEMMaMH TPaH3UCTOPA
COTJIACHO MHEMOCXEMBL.

7) Pyuky noreniuomerpa R5 nmoBepHUTE MPOTHB YaCOBOM CTPEJIKH JI0 YIIOPA.

8) IloakirounTe U3MEPHUTEIIbHBIC MPUOOPHI C YKa3aHHBIMHU TPE/ICIaMU
U3MEPEHHUS COTJIACHO MHEMOCXEMBI, COOJTI0/asl YKa3aHHYIO MOJSPHOCTD.

9) Tlocie mpoBEpKH CXEMBI MPETOAaBaTEIeM BKIIOYHTE CETEBOM TymOIIep.

10) [ToBopaunBas pydky MoTeHIHOMETpa RS 10 4acoBoii cTpenke, U3MEHSIMTE
HaNPsHDKEHUE KOJIJIEKTOpa B MpeieyiaxX, yKa3aHHbIX B Tabiuie 1, ukcupys 3HaueHus
ToKa. Pe3ynbpTaThl u3MepeHuit 3anecurte B Tadnuiy 1.

Ta6mumna 1-M3mepenus.

Uk, B 0 0,1 0,2 03 0,4 0,5 1 2 5

Ik, MA mipu Ry

Ik, MA mipu R2

Ik, MA mpu R3

Ik, MA mipu R4
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11) BeIkTtouuTe CETEBOM TYyMOJIEP.

12) ITo maHHBIM TAOJHIEI 1 TOCTPONTE BBIXOIHBIC XapaKTCPUCTHKH
tpansuctopa lx =T (Uks) npu 1= const na muwunMeTpoBoii Oymare. Paccunraiite
napameTpsl (B, Reux)-

13) Cnenaiite BBIBO/I.

S KoHTpo/ibHBbIE BOIIPOCHI

1) IIpuYMHBI MIUPOKOTO MPUMEHEHHS cXeMbl ¢ OD?

2) ITapameTp, OCTAIOIINUKCS HEU3MEHHBIM ITPH CHATHH CTAaTHUYCCKHUX BBIXOJIHBIX
XapaKTEPUCTHUK TPAH3UCTOPA;

3) Koaddunuent a = 0,8, Berauciute 3 Tpansucropa?

4) Kakve n3mMeHeHus! Hy>KHO TIPOU3BECTH B CXEME JIJISl UCCIIeI0BaHUS

TpaH3uCcTOpa P-N-p Thna?

6 BbiBox.
JlaGopaTopnasi padora Nel2
HcciaenoBanue padboTbl BHINPAMUTEJISA
Hear paborbi:  OcBoeHHME METOJOB H3MEPEHU W alrOpuTMa pacuera

Ka4CCTBCHHBIX XAPAKTCPUCTHUK BBIIIPAMICHHOI'O HAIIPSIKCHUA IIPU  UCITIOJIb30BAHUN

Pa3HbIX TUIOB (PUIIBTPOB.
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1 Tadauna onbITOB.

Ne Cxema Ocunantorpamma Ug | Us | Ky | Koo
onbITa mas
B| B

2  Teopernueckoe 000CHOBaHUE

OcCHOBHBIE OHATHS O CIVIAKUBAKIUX PUIbTPAX.

[Ipu paccMOTpeHHH CXe€M BBIIPSAMUTENEH OBLJIO  YCTAHOBJIEHO, YTO
BBINIPSMIICHHOE HAINPSKEHUE BCErAA SIBISETCS IMYJIbCUPYIOLIUM U COAECPKUT KPOME
MOCTOSIHHOW TepeMEHHbIe COCTaBJstonIMe. B OONbIIMHCTBE CilydaeB MUTAHHE CXEM
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NPOMBIIUICHHON AJIEKTPOHUKH IYJbCUPYIOIIEM HAMPSHKECHHEM HEIPUEeMIIEMO.
JlomyctuMble 3HadeHWs KO3(PUIMEHTa MydbCallid 3aBHCAT OT HA3HAYCHUSA U
pexmMa paboThl YCTpOHCTBa; ux BeiOMpatoT B npeaenax 0,001 - 2,5%. [Tockonbky B
0001 cxeMe BBIPSAMUTENST KOIPPUITUCHT MMyIbCAllMid BXOJAHOTO HAIPSDKCHUS BO
MHOTO pa3 TIPEBBIMIACT JTH TPEAETbl, Ha BBIXOJC BBIIPSIMHUTEICH BKIIOYAOT
CTIIQXHUBAIOIINE (DUITBTPHI.

K cxemam criaxuBarommx (GUIBTPOB MPEABABISIOT CICAYIOIAE OCHOBHBIC
TpeOOBaHMUSL:
1) ®uiabTp AOKEH OBITH MOCTPOSH TAKMM 00pa3oM, YTOOBI C OJHON CTOpPOHBI,
MaKCUMaJIbHO YMEHBIIWJINCh TIEPEMEHHBIE COCTABJISIONIME, a C JIPyroil He
MPOUCXOMIO CYIIECTBEHHOTO YMEHBIICHHS] TMOCTOSHHOW COCTABIISIONICH, KOTOpas
npoxoaut uepe3 ¢GuiabTp. [1lo3TOMy OOBIYHO CXEMBbI CIIIQXUBAIOMIUX (PUIBTPOB
colepKaT PEaKTUBHBIC COCTABIAIONINE (MHIYKTHUBHOCTH M EMKOCTH) W JIMIIb TIPU
OYCHb MAJIBIX MOIITHOCTSX HArpy3KH MOTYT COACPKATh U aKTHBHBIC COMTPOTUBIICHHUS.
2) IIpu nepexoaHbIX mpoieccax B GUIBTPE BO BPeMs BKIIIOUCHHS HANPSHKCHUS CETH
WM Harpy3Kd BEJIMYMHBI OPOCKOB HAMPSOKCHUS W TOKA JOJDKHBI HAaXOJIUTHCS B
JIOITYCTUMBIX Tpeieiax.
3) CoOctBeHHass yactoTa (QuUIbTpa JOJDKHA OBITh HUXKE YacTOTHl OCHOBHOM
TAPMOHHUKH BBITIPSIMIICHHOTO HAIPSDKEHUS BO M30€KaHWE PE30HAHCHBIX SIBIICHUW B
OTJIETLHBIX 3BEHBAX (QUIBTPA.

OCHOBHBIM TMMapaMETPOM TO3BOJITIOIIMM J1aTh KOJUYCCTBEHHYIO OIICHKY
CTJIKUBAIOMIETO (GUIbTPA, SBISICTCS KOA(D(UIIMEHT CriaXuBaHUs, KOTOPHIA paBeH
OTHOIIEHUI0 KOX(PUIIMEHTa TMylbcallid Ha BXoJe (QuibTpa K KodDUIMEHTY

nyJIbCalliy Ha BBIXOJE QUIbTpa:

_ n.ex
Ke =——

ped

n.evlx
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(I)I/IJILprI C MIACCUBHBIMH J3JICMCHTaAMMH.

Ponb npocTedmumx criiaxxuBaronux GUILTPOB MOTYT UTPATh UHIYKTUBHBIC
KaTyUIKH, BKIFOUEHHBIE MTOCJIEIOBATEIBHO C HArPY3KOM, U KOHJIEHCATOPBI,

BKJTIOUEHHBIE MMapaJljIeIbHO Harpy3ke (pUCyHoK 1).

LsRs
-
o VY
Ry Ce B
O
a) 0)

a) UHAYKTUBHBIN;, 0) €MKOCTHBIM
Pucynox 1 — I[pocreiimme GUabTphI.

[Ipn wWCrMONB30BaHWM WHAYKTHBHBIX KATYIICK BBICOKHH KO3 UIMEHT
CIUIAKMBAHUS MOXET OBITh JOCTUTHYT TP YCIOBHH, YTO HHIAYKTHBHOE
COTIPOTHUBJICHHUE TN 3HAYUTEIHHO MIPEBBIMIACT €€ aKTUBHOE CONPOTHUBIICHNUE:

X, =w-L>>Ry
i€ @ - 4aCTOTa OCHOBHOM TApMOHHMKH BBIPSIMIICHHOTO HAIIPSHKCHHMS.
B »TOoM ciyuae OCHOBHOE MaJeHUE HAIPSHKCHHUS IEPEMEHHBIX COCTaBIISFOIIAX
MPOWCXOJNT HE HA COMPOTUBJICHUU HArpy3KW, a Ha WHIYKTUBHOCTH (UIBTpa
(mpoccenss) OOBIYHO  HEBEIWKO, HAINpPSOKEHUS  IMOCTOSHHOM  COCTaBJISIOINICH
BBITIPSMJICHHOTO TOKA Ha BXOJ¢ (PHIBTpa U HA HATPy3Ke MPAKTHUYCCKH PABHBI.
NHayKTUBHBIA (UIBTP HMMEET MPOCTYI0 CXEMy M O0eCreYrMBaeT Majble MOTEpH
MOIITHOCTH M Majo€ W3MCHEHHE BBIXOJHOT'O HANPSIKEHUS TMPU H3MEHCHHH
comnpoTuBjcHUsT Harpy3ku. OmMHAKO MpU OBICTPOM YMEHBIICHWHM TOKAa Harpy3Kd Ha
3KMMax JIPOCCeNIsl BO3HUKAIOT KPAaTKOBPEMEHHBIC OPOCKH HAIPsDKEHHs, KOTOPHIS
MOTYT JOCTUTATh CYIIECTBEHHOTO 3HAYCHHSI.
[TockonbKy WHAYKTUBHBIE (QUIBTPHl 00ECTICUMBAIOT JIy4lllee CIUIAKWBAHHC
MyJbCAIIMM TP MAaJbIX COMPOTUBICHUSAX HArpy3Kd, WX TMPUMEHSIOT TJIABHBIM

00pa3oM B MOIIHBIX BRIIPAMUTEINAX. [Ipy BKIIOUEHNN KOHEHCATOpa NapalieabHO
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Harpys3ke JJisd JIydIIETo Crila)KuBaHUs Hynbcaunﬁ €MKOCTHOE COIIPOTHUBIICHUC

JOJIDKHO OBITH 3HAYUTEIIFHO MEHBIIIE aKTUBHOTO COIIPOTHUBJICHUA:

X :i << Ry
@c

B »>ToM cnydae KoOHAEHcATOp 3apshKaeTcsi d4epe3  AMOJ  BBIIPSMUTENS 10
aMIUTUTYIHOTO 3HAUEHUS HAMPSKEHUS Ha BBIXOJE (DUIIbTPAa B T€ MOMEHTHI BPEMEHH,
KOT'/Ia HallpsKEHUE Ha BBIXOJE (PMIIbTPA MPEBBIIIAET HANIPSKEHUE HA KOHACHCATOPE.

B ocranbHOoe Bpems KOHAEHCATOp paspsikKaeTcsi Ha Harpy3ky. 3HadyeHHE
E€MKOCTH BBIOMPAIOT TaKMM 00pa3oM, YTOOBI 3a Mepro KojJeOaHUN HampsLKeHUs Ha
BbIX0/1€ (PUIIBTPa HANPSKEHUE Ha KOHJEHCATOPE CYIIECTBEHHO HE N3MEHUIIOCh.

KomOunupoBanHbie (PUIbTPHI.

Jlnst nonyyeHus 0oJiee BBICOKOTO KO3 (pHIMEeHTa CriakKUBaHUS TPUMEHSIOT
KOMOUMHHUPOBaHHbIE GPUIbTPBI, KOTOPbIE 0003HAYAIOT 110 KOHPUTypaluu
COCMHEHUS JIEMEHTOB (QUIIbTpa:

* I' - o6pazusie RC (Pucynok 2a);
* I' - o6pazusie LC (Pucynok 20);
* I1 - o6paznpie RC (PucyHok 3a);
* IT - o6pasusie RL (Pucynox 306).

C Ru

a) RC — ¢punbtp; 0) LC — dpunsbtp.

Pucynok 2 — I' — oOpa3Hbie GUIbTPHI.
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Ic. I'c‘,
o T 0

a)

a) RC — ¢punwp; 6) RL — dpunstp.

Pucynok 3 — I1 —oOpa3Hbie GuiIbTPHI.

[Iupokoe mprUMEeHEHNE Ha MPpaKTHUKE HaXOoAAT I - 0Opa3Hble HUHAYKTUBHO-EMKOCTHBIE
(UIBTPBI, KOTOPBIE MPEACTABISAIOT COO0M COUYEeTaHUE ABYX MPOCTEHIIMX (UIBTPOB:
UHAYKTUBHOTO U EMKOCTHOTO.

[Ipu BbIMONIHEHHH yCHOBUS — Xc<< Ru<< X Takhe (QUIbTPbl 00ECIIEUNBAIOT
3HAYUTETBHO 00JI€€ BBICOKMI KOA(M(UIIMEHT CriIaXKUBaHUs MyJIbCALNMI, 4YeM (PHIIBTPBI
U3 OJHOW MHIYKTUBHOCTH WJIH EMKOCTH.

BbI0Op KOHKpPETHBIX 3HAYE€HWW WHAYKTUBHOCTH U EMKOCTU MPEJICTaBISET B
JaHHOM CJIyyae HEe MaTeMaTHUYECKYIO, a TEXHUUECKYIOo 3a7auy. OObIYHO €€ pelaroT ¢
Y4ETOM JIOMOJIHUTENIbHBIX YCIOBUM, K KOTOPBIM OTHOCSITCS Tra0apUTHBIE pa3MEpHI,
Macca U CTOMMOCTh (DUIIbTpa, a Tak ke BEJIMYMHA JOIMYCTUMOro OpocKa TOKa MpHU
BKitoueHun. bosnee addextuBHbIME siBIsItOTCS [1 -00pa3ubie PUIIbTPHI.

Jlyymmii pe3yibTaT CriaXUBaHUS MOJYYAIOT C IMOMOIIBI0 MHOI03BEHHBIX
(pUABTPOB, COCTOSAIIMX U3 HECKOJIBKUX MOCTIEA0BATEIbHO BKIIOUEHHBIX [ -00pa3HbIX
nu 1 - 06pa3HbIX GUIBTPOB.

OG0t k0dhUITMEHT CriaXMBaHUsT MHOTO3BEHHOTO (UIbTpa paBeH

IIPONU3BCACHHUIO BCCX KOB(l)(I)I/IHI/IeHTOB CrilaXuBaHUs OTACJIbHBIX 3BCHBCB.

Kcr=Keri Kerz Kern
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Cpenu nepeyucieHHbIX TPEOOBAHUM, TPEABIBISIEMBIX K CTIAQXKUBAIOIUM (DUIBTPaM,

oTMCHaJIaChb H€O6XOI[I/IMOCTI) OTpaHHUYCHUA COOCTBEHHOH YaCTOTHI (1)I/IJ'ILTpa o

1
JLC

4
, OTKyJa CL > gy

YCIOBHEM @, = <

N[

3 IIpuGopsl u 060pyn0BaHUE.

1) JlaGopatopHnbiii crena «IIpomaeKTpoHnKay, 010K Ne§.
2) Ocummtorpad C1-159.

3) CoenuHUTEIBHBIE MPOBO/IA.

4 IlopsAIOK BHINOJTHEHHUS PA0OTHI.

1) Bxi1rounTe CTEH/T B CETh.

2) KoraecTBO ONBITOB COOTBETCTBYET KOJIMUYECTBY CXEM.

OnpIT.

3) CoeauHKUTE TTPOBOJAAMH IJIEMEHTHI CXEMbI, COOTBETCTBYIOIIUE JTJAHHOMY
onbITy. [TogKITI0OUNTE K BBIXOIY CXEMBI OCIIIUIIOTPpad U BOJIBTMETD.

4) B BbIOpaHHOM MacIITabe pa3BepTOK H300pa3UTEe OCIUIIIIONPAMMBI
BBITIPSIMJICHHBIX HAPSOKCHUH, OTIPEISTTUTE aMIUTHTYIy TEPEMEHHON COCTaBIISIOIICH
BBITIPSIMJICHHOTO HarpshkeHus. JlaHHbIe 3aHECUTE B TaOIUILY.

5) 1o BOJILTMETPY ONpPEACTUTE BETUYMHY CPEIHETO BBITPSIMICHHOTO
HanpsbkeHust Uy Pesynbrar 3anecute B TaOMILy.

6) Beruuciute koahduimenTsl myascammii K, u crnaxuBanus K, 11s
KaXa0ro GuiasTpa.

7) Caenaiite BBIBOJ O KAYECTBE BHIIPSIMICHHOTO HAMPSKEHUS.

5 KoHTpoJibHBbIE BONPOCHI:

1) Tlocne kakoro Tumna (GpuabTpa MyJabcalys MaKCUMaIbHa?

2) Kakue turbl QUiIbTPOB MOKHO MPUMEHSThH TOJIEKO B MaJIOMOIIIHBIX

BBITIPAMUTENSAX ?

3) Haszowute GWIBTPHI, IPUMEHSBIIHECS B padboTe?
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JlaGopaTopHnasi padora Nel3
HccnenoBanne yCHJIMTENIbHOI0 KaCKaaa
Hean padorsr: DopMupoBaHKE YMEHUSA U3MEPEHNUN BBIXOJHOTO HAIIPSKEHUS Ha
Pa3IMYHBIX 4aCTOTaX U IIOCTPOCHHUE aMIUIUAYTHO- YaCTOTHOW XapaKTEPUCTUKN

OAHOKACKaaAHOI' O I/I36HpaTeHBHOFO YCHUIINTCIIA.

1 Cxema
| ©_ 130
% L ¥ I+
| RE i .
. o2
-!I?{.I ,}—-
o--j-{ ) Vi

% 30
" F:‘E' "‘:
’ C
]: ? At

2TeopeTnyeckoe 000CHOBAHHE.

OcHOBHBIE TEXHUYECKHE MTOKA3ATEJH YCUINTEIeH.

Baxneimmm TEXHUYECKUM roKa3aresieM YCUJIUTENS  SIBIISIFOTCSL:
KO3 bULMeHThl ycuJieHHs (10 HaMpsHKEHWI0, TOKY W MOIIHOCTH), BXOJAHOE U
BBIXOJTHO€ COMNPOTUBJICHUS, BBIXOJHAS MOIIHOCTh, KO3()(PUIMEHT MOJIE3HOrO
JIEUCTBUSA, HOMHHAJIBHOE BXOJHOE HAaIpsiKeHUE (YyBCTBUTEIBHOCTH), IHAMA30H
YCWJIMBAEMbIX 4acTOT, TMHAMHYECKUI TUara30H aMIUTUTY]l U YPOBEHb COOCTBEHHBIX
noMeX, a TOKa3aTeNd, XapaKTepHU3yIoIIue HEeJIWHEHHBbIe, YacTOTHbIE M (Da30BBIC
MCKa)XEHUsl YCUIIMBAEMOTO CUTHAJIA.

Ko duument ycunenus.

Kosddummentom ycunenuss mo HanpspkeHuio Ky — Ha3bIBae€TCS BEJIMYMHA,
MOKa3bIBAIOIIAsl, BO CKOJIbKO pPa3 HANps)KEHWE CHUTHAJla Ha BBIXOJE YCHIMTEINS

0oJIbIIIe, YEM Ha €0 BXOJIE:
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3HaueHne KodpduiueHTa ycwieHuss K y pa3iM4yHbIX YCHIUTENICH HanpsHKeHUs
MO’KET UMETh BEJIMUMHY MOPSIKA JECATKOB H COTEH. YUUTHIBAsI, YTO B COBPEMEHHBIX
YCHIIUTENBHBIX CXeMax KOd()(HIIMEHT YCWICHHS, BBIPRXCHHBIH B 0Oe3pa3MEepHBIX
CIMHUIIAX, TMOJy4aeTCs, TOBOJIBHO TPOMO3JKMM YHCIOM. B 3JIEKTpOHUKE MOIYYHII
pacripocTpaHeHHE CIIOCO0 BBIPAKCHHS YCHIIUTEIBHBIX CBOMCTB B JIOTApU(DMUICCKUX
equHUIAX - deyudenax (nb). KoaddummenT ycuienns, BepaKeHHBIN B aenudenax,

paBeH

K= 20|g‘$ﬂ=20|g|<

BX
OOpatHblii mepexoa OT Jeuuben K Oe3pa3sMEpHOMY YHCITY MPOU3BOJIUTCA MPH

ITOMOIIIY BBIPAXKCHUA

KOE

K=10%
AMIIMTYTHO-4aCTOTHAsl XapaKTEpUCTHKA - 9T0 Trpaduueckas 3aBUCUMOCTb
KO3(puIMeHTa yCUIEHUsI CUTHANIA OT YaCTOThI CUTHAA.

JAnana3oH yCHIIMBAEMbIX YACTOT MJIM 110JI0CA MPOIyCKAHUS, WU IOJIOCOU
MPOITYCKAHUS YCUIIUTEINS], Ha3bIBAETCS Ta 00JACTh YaCTOT, B KOTOPOU KOA(DPUIIMEHT
YCUJICHUS] U3MEHSETCS He 00JIbLIE, YEM 3TO JIOMYCTUMO [0 TEXHUUYECKUM YCIOBUSIM.
JlormycTuMble  U3MEHEHUS KO3(PQUIMEHTa yCUJIEHUS B TNpelenax IMOJIOCH
MPOIYCKAHUs 3aBUCAT OT Ha3HAYeHUs M ycIoBHM pabotsl ycunutens. B YHUY,
HanpuMep, 3TH U3MEPEHUs 0ObIYHO He npeBbimaioT 3 1b.

3 IIpudopsl U 060pyI0BaAHUE:

1) N30uparenbHbIi yCUIUTEIbHBIN KacKal
2) T'enepatop I' 6 - 43
3) Ocrmnorpad C1-137

4) VICTOYHUK THUTAaHUSA «ATar)

4 ITopsAOK BBINOJHEHUS PadOThI
1) Cobepute  SJCKTPUYECKYIO  CXEMy,  MPEIbIBUTE Ui MPOBEPKH

MpenoaaBaTelo.
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2) BriounTe UCTOYHUK MHUTAHUS «ATaTy), YCTAHOBUTE HANPSIKCHHUE MHUTAHUS
ycunutens U = 15B.

3) Bximounte ocmwmiorpad: kabelb IEPBOrO  HM3MEPUTEIBHOTO  JIyda
NPUCOCUHUTE K BBIXOAY IeHepaTropa, Kabeilb BTOPOr0 H3MEPHUTENIHOIO Jyda
MIPUCOEIMHUTE K BBIXOJLY YCHUIIUTEIS.

4) BxirodnTe reHepaTop CUTHAJIOB.

- BBIOEpHUTE BHJI CUTHAJIa — CHUHYCOWJAJbHBI HA)XKaTHUEM COOTBETCTBYIOIIEH
KHOIIKH;

- BpallCHUEM pYUYKH «AMIUIATYAd» YCTAaHOBHUTE BEJIWYUHY aMIUIUTY/IbI
BXoqHOro HamnpspkeHus Umgx = 0,1B. KoHTponbs BenMYMHBI BXOJHOTO HAIpPsLKEHUS
BBIMTOJIHUTE ocIiruiorpadom (oryd I).

5) YcTaHoBHTE Ha4YaIbHYIO 9YacTOTY BXOAHBIX curHaioB f, =300 I['m.

I'eneparop umeer mects nuana3zoHoB 4dacToT: 10I'm: 100T'm; Ixl'm; 10xIm;
100kI'm; 1MI'n. BsiOGop aAuana3oHa  4YacTOT  MPOU3BOJUTCS  HaXaTUEM
COOTBETCTBYIOIIEH KHONKH: HaXMUTe KHONKY 1 kl'm. Bpamas pydky ruiaBHOH
PEryJIMpOBKHU YacTOThI, yCTAHOBUTE HAIPOTUB yKa3zaTens BbIOOpa yucio 0,3.

f, = 0,3-1000 = 300l w.

6)13mepbre aMIuTyay BeixoaHoro curnana (oryd I1) . TTapamerpsl BXOAHOTO U
BBIXOJTHOTO CUTHAJIOB 3aHECUTE B Ta0IuLy 1.

7) IInaBHO MeEHsIsl 4acTOTy BXOJIHBIX CHUTHAJIOB B auarnazo”e ot 300['m pgo
1000I'u, mpoBeauTe HW3MEPEHHs] BBIXOJHBIX CHUTHAJIOB. IlapaMeTpbl BBIXOAHOTO
curHaia 3aHecutre B TaOmuiy 1. Ilpu mnpoBeneHuum wu3MEpeHUN HEOOXOAMMO
ONPEEIUTh MAKCUMAJIBHYIO aMILIUTY 1y BBIXOJHOIO CUTHAJIA U YaCTOTY
pEe30HaHca.

Tabnuna 1- [TapaMeTpsl CUTHAJIOB YCUJIMTEIS
Usx, B
f, T
UBbIX, B
Ku
Ku, 1b
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8) BrikimtounTte MpuOOPHI M UCTOYHUK MTUTAHHUS.

9) Bemosnwute pacuetsl Ky u mepeson B aenubensi( ab):

K, = 285 Ky = 20IgK 0B

BX

9) IMocTpoliTe aMIUTATYTHO - YACTOTHYIO XapaKTEPUCTUKY YCHIIATEIIS.
5 CnenaiiTe BBLIBOJ.

6 KoHTpoJIbHbIE BONIPOCHI.

1) OcHoBHoOe oTirune cxeM YHY oT pe30HaHCHOTO YCHIIATENS?
2) Ammutyaa BxogHoro curHaia 0,05 B, aMIuinTy/ia BBIXOJHOTO CUTHAJA —

5 B. Brruucnute koagunuent ycunenus Ky B nenndenax.

JlabopaTopHas padora Nel4
HccaenoBanue ¢popMbl BBIXOTHOT0 HANPSKEHHUS 3JTCEKTPOHHBIX F€HEPATOPOB
Hean padorbl: OBIageHNe METOUKON CHATHS OCHMILIOTPAMM
MOCJIEA0BATEILHOCTEN BHIXOAHBIX UMITYJIBLCOB 3JIEKTPOHHBIX T€HEPATOPOB U

ONpPENICJICHUE HX [MapaMETPOB.

1 Teoperuyeckoe 000CHOBaHHE

Buabl uMnyibcoB

[lox umnynbcom NTOHUMAIOT KPATKOBPEMEHHOE OTKJIIOHEHUE HANIPSKEHUS TN
TOKa OT HEKOTOPOT'O IMOCTOSIHHOTO YPOBHS, B YACTHOCTH OT HYJIEBOTO.
Haubonee pacnpocTpaHeHHBIMU SIBIISIOTCS MPSIMOYTOJIbHAS, TpanelenaalbHas u

TpeyroyibHast GopMbI (PUCYHOK 1).
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Pucynok 1 — Buasl HIMIyJIbCHBIX CUTHAJIOB

PeanbHble UMITYIBCBHI HE UMEIOT (POPMBI, CTPOTO COOTBETCTBYIOLIEH HA3BAHUIO.
Hanpumep, npssMOyroibHbIE UMITYJIbChl UMEIOT (OpMY, OJTU3KYIO K
TpaneueuIAIBHON a TPEYTOJIbHBIE — K SKCITOHCHIMAIBHON. Pa3nyaroT UMIyJIbChI
MOJIOKUTENBHOU (pUCYHOK 1 - a, O, T, 1) U OTpUIIATEIbHBIC MOJISIPHOCTH (PUCYHOK 1 -
B), @ TAKXE JBYXCTOPOHHUE (pa3HOMOJSPHBIEC) UMITYJIbCHI (pUCYHOK 1 - €). B
AJIEKTPOHHON TEXHUKE HanOoJee YacTO UCIOJB3YETCS MPSMOYTOJbHBIE UMITYJIBCHI.

IapameTpbl moc/1e10BATEIbHOCTH HMITYJIHCOB.
llepuoo u uyacmoma nosmopenusi umnyrvcos. IlpomexyTok BpemeHu T Mexmy
Ha4yaJoM JIBYX COCEIHHX OJIHOMOJIAPHBIX UMITYJIBCOB (CM. PHCYHOK 1) Ha3bIBaOT
nepuodom TIOBTOpPEHUS (ClIeIOBaHMs) UMITYJIbCOB. OH BBIpaXXaeTCs B EAMHUIIAX
BpEMEHHU: CeKyHaax (C), MIWUIMCEKyHIaX (MC) H MHUKpPOCEKyHAaX (MKC).
Benuunny, oOpaTHy!0 mHepHOAy TMOBTOPEHUS, HA3BIBAIOT YACMOMOU NOBMOPEHUs.
(cnenoBanwmst) f ummnyabcoB. OHa onpeneseT KOJIMYECTBO MEPUOIOB B TeUeHue 1 ¢ u
BbIpaxaercs B repuax (I'm), kunorepuax (k') u T.1.

Bubl 3JIeKTPOHHBIX T€HEPATOPOB.

DNEeKTpOHHBIA TEHepaTop - 3TO YCTPOMCTBO, MpeoOpasylolee 3IEKTPUUYECKYIO
SHEPTUI0_MCTOYHHKA MOCTOSIHHOIO TOKAa B SHEPIHIO0 HE3aTYXAIOIIUX 3JIEKTPUUYECKUX

KoJieOaHuil 3a7aHHOM (QOPMBI M YACTOTHI.___ DINEKTPOHHBIM TI'E€HEpATOp IIUPOKO
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UCIIOJIB3YIOT B pajuoannaparype, H3MEPUTEIBHOM TEXHHUKE, YCTPOHCTBax
aBTOMATHUKE, YJIEKTPOHHO-BBIYUCIUTEIbHBIX MAIIMHAX U T.J.

Kaaccnpuxanust mo cnocody Bo30y:k1eHus1 KojaeOaHui.

[To cnocoOy BO30YyXAE€HHsSI TE€HEpaTOpbl MOAPA3JEISIOT Ha TE€HEpaTopbl ¢
HE3aBHCUMBIM  BO30Y)XJIEHHEM W  TEHepaToppl C  CaMOBO30YXJICHHEM
(aBTOreHepatopsl). ['eHepaTopbl ¢ HE3aBUCUMBIM  BO30YXKIECHUEM  SIBISACTCA
YCUJIUTENIIMU KOJI€0aHUM, KOTOpbIE BBIPAOATHIBAIOT IOCTOPOHHUE UCTOUHUKH.
ABTOreHepaTopsl caMu CO3AA0T HE3aTyXaroIIMe KOJIeOaHus 3a CUET UCIIOIb30BaHUS
MOJIOKUTEIIbHONU 00paTHOM CBSI3H.

MyabTuBHOpaTOp

MynbTUBHOpaTOp MpEeACTaBIsET cO0O0M reHepaTop KoieOaHWd, ONM3KHX IO
dopMe K NpAMOYrojbHbIM. MyJIbTUBUOPATOP MIMPOKO HCHOJB3YIOT B MUMITYJIbCHOM
TexHuke, B OBM wu ycTpolcTBax aBTOMAaTMKE B Kauye€CTBE MYCKOBBIX WIIH
MEPEKITIOYAIOIINX YCTPOKCTB.

ABTOKOJIE0ATENBbHBIM MYyJIBbTUBHOpPATOpP,  COOpaHHBIA O  OCHOBHOM  CXEMe
(pucyHOK 2), mTpencTaBisieT  coOOW ABYXKACKaIHBIM PE3UCTUBHBIA YCUIIUTEIb HA
TPAH3UCTOPHBIX KJIOYaX-WHBEPTOPaX, COCAMHEHHBIX NEPEKPECTHBIMU OOPATHBIMU
cBa3siMU. [lpu MOJKIIIOUEHHH MYJIBTUBUOPATOPA K UCTOYHHUKY NMUTAHHUSI HAYMHAETCS
reHepanus KoueOaHuii: Ha KOJUIEKTOpax TPaH3UCTOPOB (POPMUPYIOTCA UMITYJIbCHI, O

dbopme OM3KHE K IPSIMOYTOJILHBIM.

A 1 v—El .L I L I t

K "~ - 1 |
1‘ o K1y T |
@, v PRLIN IR
o b A 0 I ! : >
- ) l | t
-Uk2
a) 0)
a) cxema

0) BpeMEeHHbIE IUarpaMMbl HAMPSKEHUH Ha KOJIJIEKTOpax TPaH3UCTOPOB.
PucyHnok 2 — ABTOKO0JIe0aTeNIbHBIN MyIbTUBHOPATOP.
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LC- aBTOoreneparop.
Cxema Tpan3ucTopHoro aBrorenepartopa tuna LC mpuBeneHa Ha pucyHke 3.

-Ex

PucyHok 3- TpaH3UCTOpHBIN aBTOT€HEPATOP C UHAYKTUBHOM CBSI3BIO.

Konpencarop C¢ M Karymka MHAYKTUBHOCTH L, 00pa3yroT mnapajuienbHbIN
KoJjiebaTeNnbHbl KOHTYp. [Ipu moakiItoueHny K UICTOYHUKY NUTaHus B, KoHAeHcaTop
Cc  KoneOaTeNbHOrO0 KOHTYpa 3apsyKaercs, IOCJIE€ 4YEero B KOHTYpPE BO3HUKAIOT

HC3aTyXaromuc 3JICKTPUICCKUC KOJICOAHMS C YaCTOTOH fO

f, =

Ha xonnexkTope BRIXOAHOTO TpaH3ucTopa GOPMUPYIOTCS CHHYCOUABHBIC
kosnebanus. KonebaHus sSBISIOTCS HE3aTyXalOIMMMU OJ1aroaps MOJI0KUTEIIbHON
oOpaTHO CBSI3HU, TIEpeArOIIei YacTh BRIXOJHOTO CUTHAJNA Ha BXxoa ycunutens. [Ipu
ATOM JIOJDKHBI COOJIIOIaThCS ABa YCIOBUS: OalaHCc aMIUIMTYA U O6anaHc ¢a3s.

I'enepaTopbl NUJI000PA3HOT0 HATIPSIZKEHUS.
['enepaTop nMus1000pa3HOTO HANPSHKEHUS TPEICTaBIsET COOOM
OJTHOKACKAHBINA YCUJIMTEIb, TPEOOPa3yIONIUil JHEPTUIO MPSAMOYTOJIBHBIX KOJIeOaHUN

B HEPTUIO MIJI0O00PA3HBIX KOJICOAHUI TOM ke 4acTOThI (PUCYHOK 4).
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a) cxema;
0) BpeMEHHbIE AUarpaMMBbl 3alIUPAOLINX UMITYJIbCOB;
B) BBIXO/JIHbIE UMITYJIbCHI.

Pucynok 4 — I'enepaTop nusioo0pa3HOTO HANPSKEHUS

BrIxoHOE HampspKEHHE CHHMAETCSl C KOHAEHCATOpa, BKIIOYEHHOTO MNapalieiabHO
TpaH3uctopy. Ilpu TNOCTYIJIEHUMH TMONOXKUTEIBHOTO HWMITYJIbCA, 3aMHPAOIIETO
TPAaH3UCTOP, KOHJEHcATOp 3apsbkaerca no HampsbkeHus Um < Ex. Ilo okoHuanun

MMIYJIbCa TPAH3UCTOP OTKPHIBAETCS U KOHJICHCATOP pa3pspKaeTcs Ha HAarpys3Ky.

2 [Ipu6Gopsbl u 060pyn0BaHuUE:
1) Ocummiorpad C 1 -59

2) Tenepatop dyHKIHMOHAIBHBIN ['6-43.

3 [lopsinok BbINOJIHEHHUsI PA0OTHI.

1) Brirounte mpuGopsl B ceTb. COSMHUTE BBIXOJ] TEHEPATOPa CO BXOIOM
ocrusuiorpada.

2) Ha mikane renepaTopa BhIOCPHUTE IPSIMOYTOIBHBIN CUTHAID, HAXKAB KHOTIKY
Ha [TaHEJIU IeHepaTopa. Y CTAHOBUTE CUTHAJ ONPEAECICHHON aMIUTUTY bl U YaCTOTBI

MPUOJIM3UTEIIBHO MO IIKAJIe TeHEPaTopa COTJIaCHO BapuaHTa 3aaHus 1o Tadmwmie 1.
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Ta6nuna 1- BapuanTsl 3a1aHus.

Bapuant 1 2 3 4 5 6
Un,B 1 5 2 3 4 6
Jlnanazon 05-1 1-5 5-10 10-25 | 25-50 | 50-75
4acToT, Kl 11

3) BeiOepuTe onTuManbHbIe MacITaObl Pa3BEPTOK CHTHAJIA, 3aHECUTE B
tabnuny 2. Hapucyiite ocimiiorpaMmy CUTHaJIa HA MIJUTUMETPOBOM Oymare.
Brluncnure aMmmTy 1y UMITyJibCa U TapaMeTPhl IOCJIEI0BATEIIbHOCTH UMITYJIHCOB,

pe3yibTaThl 3aHECUTE B TAOIUILY 2.

HN3mepeHue aMIIMTyIbI HN3mepeHue 4acToTHI
Ilena Koxn-Bo Um Llena Kox-Bo T f
Hccnenyemas JEJICHA NeJIeHni NeJeHnsa | JeneHuit
cxema B/nen B C/nen C I'm
Cxema 1
Cxema 2
Cxema 3

Tabnuua 2- [TapaMeTpsl CUTHANOB.

4) Ha mikane reHepaTtopa BbIOSPUTE «CUHYCOUIATIBbHBIA CHUTHA», HAXKAB
KHOIIKY Ha MaHenu reneparopa. [loBropure aeiicTBUs coryacHo m.2) u 3).
5) Ha mkane reHepaTopa BHIOCPHTE «TPEYTONbHBIA CHUTHA», HAXKAB KHOIKY Ha
naHenu reaepatopa. [loBropute aeiicTBus coriacHo m.2) u 3).
6) CnenaiiTe BHIBOJI.

4. KoHTpoOJIbHbIE BONPOCHI.
1) Kakum 00pa3om moaaepKUBaeTCsl HEMPEPhIBHAS T€HEPALIUs UMITYJIbCOB B

aBTOreHepaTopax?
2) HasBanue Kackaja Ha OWITOJIIPHOM TPAH3MCTOPE HA OCHOBE KOTOPOTO
MOCTPOEHBI CXEMBI T€HEPATOPOB.

3) Kakoii u3 reHepaTOpoB HE SIBIACTCS «aBTOreHeparopom»? Ilouemy?

IIpakTnueckas padora Nel
Pacyer 3/ieKTpUYeCcKHX Henel Npu mocjaea0BaTe1bHOM, NAPAJIeJbHOM H

CMCIIAHHOM COCAHUHCHNH KOHJACHCATOPOB.
70



Iesanb paGoThl: OCBOCHUE METOANKU pacueTa SKBUBAICHTHOM 3JIEKTPOSMKOCTH TIPU
Pa3JIMYHBIX CIIOCO0aX COCAMHEHUSI KOHACHCATOPORB.

1. Teoperuueckoe 000CHOBaHMe.

B TexHHKe KOHIEHCATOPOM Ha3bIBAIOT YCTPOMCTBO, COCTOSIIECE U3 IBYX
METaJUTMYECKUX IJIACTUH, Pa3IeICHHBIX TUAICKTPUKOM, 00Ia/1afoIIee OnpeaeIiecHHON
AIEKTPOEMKOCTBIO U MPETHa3HAYEHHOE JJIsl BKIIFOUEHUS B SJIEKTPUUECKYIO 1IETIh.
[TpOMBIIIUIEHHOCTH BBINTYCKAET KOHACHCATOPHI Pa3IMUHON AIEKTPOEMKOCTH: OT 1
nukodapassl 10 ThICSY MUKpodapaa Ha pa3IuvHbIe HApsHKkeHUs. HomMuHaIbHBIC
3HAYEHMS] EMKOCTEM KOHJIEHCATOPOB OMPEACIIAIOTCS psiAaMid HOMUHAJIBHBIX
snauenmii: E3, E6, E12, E24, E48, E96, E192. Hucno nocine E yka3biBaer

KOJIMYECTBO 3HAYCHUN EMKOCTH JIJIA IECATUYHOrO nopsiaka. Hanmpumep:

Psan 3Ha4YeHUsT HOMHUHAJIa

E3 1; 2,2; 4,7

E6 1; 1,5; 2,2; 3,3; 4,7, 6,8;
E12 |1;1,2; 15; 1,8; 2,2;2,7;3,3; 3,9;4,7; 5,6;6,8;

Homunan eMKoCTH nofydaeTcs YMHOKEHHEM YKciia U3 BeIOpaHHoro psiga Ha 10™.
JI71s oJTydeHuUsl pacueTHBIX 3HAUCHUN €eMKOCTH KOHJEHCATOPa MPUMEHSIOT
pa3IUYHbIC CIIOCOOBI COSTUHEHUS.

1) IlocnemoBaTenbHOE coeaMHEHNE (PUCYHOK 1), TPH KOTOPOM €T0

1 1 1 1
DKBUBAJICHTHAS JEKTPOSCMKOCTh —— = — + — +...+ — , TJI¢ K — 9HCIIO0
2 Cl CZ CK
HOCJIEI0BATENbHO BKIIFOUEHHBIX KOHJIEHCATOPOB.
C -C
Ecnu mocnenoBarenbHO BKIIIOUEHBI 1BA KOHAEHCaTOopa, TO C, = —+—%.
C +C,
[Ipu mocnenoBaTenbHOM BKIFOUSHHN K KOHIEHCATOPOB OAMHAKOBOM
C
DJICKTPOEMKOCTH C, = PR

Pucynok 1- I[TocnenoBarenbHOE COEAUHEHUE 3-X KOHJIEHCATOPOB U
DKBUBAJICHTHBIA Y4aCTOK.
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2) INapamiensHoe coeMHEHNE (PUCYHOK 2), IPH KOTOPOM 3KBUBAJICHTHAS
€MKOCTh PaBHA CyMME €MKOCTEH BCeX MapasuieNbHbIX YYaCTKOB:

C,=C,+C,+---+C, , T/Ie K— 9uCII0 BKIIFOUECHHBIX MapaIICITBHO

KOHACHCATOPOB. Ecau BeanunuHBI EMKOCTEN BCEX KOHACHCATOPOB L CIIN

OJMHAKOBBL, TO C, =Kk-C .

PI/ICYHOK 2— HapaJ'IHGJ'IBHOC COCIUHCHUC 3-x KOHICHCATOPOB
1 DKBUBAJICHTHBIN Y4aCTOK

3) CmemanHOe COeIMHEHNE KOHACHCATOPOB MPEACTABIISIET LEMb C YIaCTKaMH
NapaJJIENBHOIO U IOCIEN0BATEIBHOTO COETMHEHUI KOHIEHCATOPOB

(pucynku 3 u 4).
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Pucynok 3 — CmemanHoe napauielibHOe COEIMHEHNE KOHEHCATOPOB.
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Cic= Gy

Pucynok 4 — CmenanHoe nocjieioBaTeIbHOE COSIMHEHUE KOHIEHCATOPOB.

Pacder Takux uemnei cBOAUTCS K MOCIEA0OBATEIBLHON 3aMEHE YYACTKOB, COJIEPKALIUX
HECKOJIbKO KOHJICHCATOPOB YYACTKOM C SKBUBAJICHTHON pacueTHOU €MKOCTBIO.
2.1Ipumep.
Jano: B pacuernoit cxeme no pucynky 4 Ci;=Cy;=Cs =1 mx®; C4=Cs=1,5 mx®D;
Cs = 3 Mk®D. Onpenenute Cs.
Pacuyer.

1) OmnpenenumM SKBHBAJICHTHYIO 3JICKTPOEMKOCTh EMKOCTh Y4acTKa ¢
koHjaeHcaropamu Ci , Cy , C3, BKIIOUEHHBIMU NapajuiesibHo. T.K. eMKOCTH
YKa3aHHBIX KOHJIEHCATOPOB OAUHAKOBBI, C123 = 3-1= 3 MkD.

2) OnpenenvM SKBUBAJICHTHYIO €MKOCTh yuacTka ¢ KonaeHcaropamu Cq,Cs. T.x.
€MKOCTH YKa3aHHbBIX KOHJEHCATOPOB OJIMHAKOBBI, TO Cy5 = 21,5 = 3 MKD.

3) Mosyuniu 1enb, COCTOANIYIO U3 TpeX KoHAeHcaTopoB Ci23, Cas, Cs ,

COCOAMHCHHBIX ITOCJICIOBATCIBHO. T.x. eMKoCTH YKa3aHHBIX KOHACHCATOPOB

OJUHAKOBHI, C, = g =1lux®.

3aganue.

Paccunrtarh S5KBUBaJIEHTHYIO EMKOCTh COEUHEHUSI KOHAEHCATOPOB, IO CXEME Ha
pPUCYHKE 5, TIpH TOJIOKEHUSIX KIIIOUe B COOTBETCTBUU C Tabnuien 1. 3naueHus
eMkocTert KoHJIeHCaTOpPoB C1 =2 MKD, Co=C3 =C4=Cs =1 Mx®, (5= 3 MKD,

C7 = 0,5 Mx®D. [Tonoxxenus kiarodeii: 0 — BIKIOYEH; 1 — BKJIIOYEH.
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Ta6nuna 1- BapuanTsl 3a1aHuA.

Kirou [o3uun
1 2 3 4 5 6 7 8
K1 0 1 0 0 1 1 0 1
K2 0 0 1 0 1 0 1 1
K3 0 0 0 1 0 1 1 1
' C:
O |
ci I I C3 I K3

K2 ( 1 C6

i a
-
e
a

3.KoHTpoJibHbIE BONPOCHI.

1) Kak onpezensercst 5KBUBaJICHTHAs. €MKOCTh IIPH IIOCICI0BATEILHOM U
rapajuieIbHOM COeIMHEHUN KOHJICHCATOPOB?
2) Kakoli BUj COeIMHEHUST KOHICHCATOPOB HA3bIBACTCS CMEIIAHHBIM?

[IpuBeauTe mpuUMEpP TAKOTO COCTUHEHUSI.

4. ConepxxaHue oT4eTa.

1)Homep paGoThi.
2)HaumenoBanue.

3)Llens paboThL.

4)YepTex CXEMBbI COTIaCHO BapUAHTY 3aJIaHMUS.

5)Pacuet mapameTpoB.
6)OTBETHI Ha KOHTPOJIBHBIE BOIIPOCHI.

7) BeiBo.
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IIpakTuuyeckas padbora Ne2

Pacuer IIEKTPUIECCKUX ueneifl NOCTOAHHOTI'O TOKA
He.]'ll) paGOTbl: OcBocHue MCTOAUKHU pacCUCTa IJICKTPUUCCKUX ueneﬁ ITIOCTOAHHOTO

TOKa ¢ OJHUM HMCTOYHUKOM IITMTaHUA.

1.Teopernueckoe 000CHOBAHUE.

[Ipu pacuere nHHEKTpUYECKUX Ieneid B OOJBIIMHCTBE CIy4aeB W3BECTHBI
napameTpbl UCTOYHUKOB DJIC, CONMpPOTUBICHUS 3JIEMEHTOB AJIEKTPUUECKOW IIEeTH.
3ajada pacyeTa dJIEKTPUUECKOM LENH CBOJUTCS K OMPEACIICHUIO TOKOB B BETBsX. 110
HaliJICHHBIM TOKaM MOKHO PacCUUTaTh HANPSKEHUS HA AJIEMEHTax IIEMH, MOIIHOCTh
OTJEJIbHBIX 3JIEMEHTOB M 3JEKTPUYECKON LENH B LEJIOM, MOIIHOCTh HCTOYHHUKOB,
CEUYEHUS MPOBOHUKOB.

Jns  pacdera DIIEKTPUYECKHX LEMEH C OJHUM HMCTOYHMKOM SHEPIUU
OPUMEHSIETCS METOJ] OSKBUBAJCHTHBIX MpPeoOpa3OBaHMM, 3aKIIOYAIONIMICS B
MOCTENIEHHOM Tpeo0pa3oBaHMM M 3aMEHE IIOCIEIOBATENIbHO M HapaJlJIeIbHO
COCMHEHHBIX DJJIEMEHTOB JKBUBAJICHTHBIMU. BCIO TpyIlily »3JIE€MEHTOB LEeNHu
3aMEHSIOT OJIHMM 3KBHUBaJIEHTHBIM. [IpeoOpa3oBaHus HAaUYMHAIOT B BETBIX, Haubosee
yAan€HHBIX OT UCTOYHUKA. 3aTeM B IIpeoOpa3oBaHHOM (MTpeAeIbHO MPOCTOM) e M0
3akoHy OMma omnpeaenstoT Tok. [loydennsie B mporecce mpeoOpa3oBaHus pacyeTHBIC
CXEMBbI TTO3BOJISIFOT ONPEICTUTh TOKH BO BCEX OCTAIHHBIX BETBSIX.

1. Mpumep.

Hano: R1=3 Om; R, =2 Om; R3=5 Om; R4 =10 Om; E =50 B.
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o

1

n[] w[ ] Jlos .

R, R,
L] 6 LI 5
a) 6) B)

a) cxema JIEKTPUUYECKON 1IeTH 10 Hp606gaSOBaHI/I$I;
0) pacueTHasi cxema IocJe MepBOro nNpeoOpa3oBaHusl;
B) - pacyeTHasi CXeMa Iocje BTOPOro (OKOHYATEILHOTO) TpeoOpa3oBaHus

Pucynox 1 - I[Ipumep 3KBUBaJIEHTHBIX IPE0OPA3OBAHMIA.

Pacuer
7) OnpeieniiM TOKU B BETBSAX CXEMBI, ITPEJICTABJICHHON Ha pUCYHKE 1-a.
8) BeiOnpaeM HampaBlieHHS TOKOB B BeTBiX. IIpeoOpaszyem mapauieabHO
COEIMHEHHBIE PE3UCTOPHI Ry 1 R3, 3aMeHsIs1 UX SKBUBAJICHTHBIM JJIEMEHTOM Ry 3

9) PacueTHasi cxema Imociie epBoro npeodpa3oBaHus MoKa3zaHa Ha PUCYHKe 1-

10) IMpoBoaum BTOpoe TpeoOpa3oBanue. JIjis 3TOro  MOCEIOBATEIBLHO
coeiMHEHHbIE pe3ucTophl R1, Ry 3, R4 3aMeHsieM 0JHUM SKBUBAJICHTHBIM Rokp.
Rokg = R; + R2,3+ Rs=3+1,43+10=14,43 Om.
11) Tenepb UCXoaHas cXeMa CBEACHA K MPOCTEHINEH, MOKa3aHHON Ha PUCYHKE

1- B, U3 KOTOpOM ompeaenum I, = E _ 0 _ 3474
R, 14,43

JIns onpenenenus TokoB l; u I3, HeoOXxonumo ompenenuth HanpsokeHUue U,

MX CXEMBbI Ha pUCYHKE |- a, KOTOpOE paccCuuThIBaeM IO CXeMe pucyHka 1- O:
Uis = R2,3'11=1,43-3,47 = 4,96 B.

Bo3sBpamascs k cxeme pucyHka 1-a, moaydnm
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JUIs TpOBEpKH NPAaBWIBHOCTA pacyeTa TOKOB COCTABIISIEM OallaHC MOIIHOCTH.
MomHocTb, BeIpabaThiBaeéMasi BCEMH MCTOUYHHUKAMU SHEPIUM B ILIEMH, JODKHA OBITh
paBHa MOIIHOCTH, MOTpeOIsieMOl BCEMH MPUEMHHUKAMH JJIEKTPUUYECKOW SHEPIUU
(marpy3koii). OTHOCHUTEbHAS MOTPEIIHOCTh pacueTa He JI0JDKHA MPEBBIIATH OJHOTO

IIPOLICHTA.
MormurHocTh, BeipabaTeiBaeMasi iCTOUHUKOM DJ[C
Py=E1,=50-347=173,5 Br.

MomHocTh, noTpediisiemast Harpy3Koi

Pu=12-R +12-R, +12-R, +12-R,=36,12 + 120,41+123 + 4,9 = 173,73 Bm

[TorpenrHocts OamaHca MOIIHOCTH

M.loo%:

u 1

173517373 1009 = ~013% < 1%

BeiBoa: T.k. 6ajiaHCc CXOIUTCS ¢ JOMYCTUMOM IMOTPEITHOCTHIO, TO PacyeT TOKOB
BBITIOJTHEH BEPHO.

2.3ananmue.
JlaHa pa3BeTBIICHHAS dJICKTpUUECKas 1IeTb, CoJIeprKalias OquH UCTOUHUK SHEPTHH C
OJ1C E n npuémuuku Ry, Ry, Rs, R4, Rs, Rg. MeTo10oM 3KBUBaIEHTHBIX
mpeoOpa30BaHMi HANTH TOKH BO BCEX BETBIX M HANPSIKCHUS HA DJICMEHTAX IICTIH.

CocraBuTh 6amanc MOITHOCTH. MIcXo1HBIC JaHHBIC NTPHUBEICHBI B TabuIe 1.
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Ta6nuna 1- BapuaHTsl 3a1anui

Homep BapunanTa | Homep pucynka | E, Ri|R2|Rs|Rs|Rs
B Om
1 2 3 |4|5]|6|7]8
1 2 30 |2 ]2 ]6|12]12
2 2 30 |22 |12]6 |12
3 2 20 |2 |12 2 |6 |12
4 2 20 | 26 |12] 2 |12
5 2 30 [ 6 ]2 12| 2 |12
6 3 40 | 411212 |6 |12
7 3 40 | 41122 |12| 6
8 3 40 112 4 |12 6 | 2
9 3 40 | 6 |12 2 | 4|2
10 3 40 | 2 |14 112|612
11 4 30 | 2[3|5]4)|2
12 4 30 [ 2]4]|5]|3]2
13 4 30 |23 |4]5]|2
14 4 30 [ 3]2|5]4)|2
15 4 30 45223
16 4 40 | 5161245
17 5 40 |6 | 5]2[4]|5
18 5 40 |2 141565
19 5 40 | 5141625
20 5 40 1416 ]2 [5]|5
21 5 20 |10 5|46 |3
22 6 20 | 2|64 ]5]10
23 6 20 | 5]10/6 |43
24 6 20 |46 |5]10] 3
25 6 20 | 3|10/ 4|6 |5
26 6 10 |2 |4 14|63
27 6 10 | 3|6 1442
28 7 10 |4 124|136
29 7 10 |26 13|4 4
30 7 10 | 6 |3 |2 |44
31 7 25 [ 5]10]10)15]20
32 7 25 |20]15]10|10) 5
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CxeMblI K 321aHUAM

Pucynok 5.
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Pucynox 7.

3.KoHTpoJibHbIE BONPOCHI.
3)Kak ompenensercs dSKBHUBaJCHTHOE (0OIICe) COMPOTHUBICHHE IPH

MMOCJICA0BATCIbHOM M IAapaJlJICIIbBHOM COCANMHCHNN p€31/ICTOpOB?

4)B uyeM cyTh MeTOJIa SKBHBAJCHTHBIX IMPEOOpa30OBaHUN MPH CMEIIAHHOM

COE€IUHEHNH DIIEMEHTOB?

4. Copaep:xxaHue oT4eTA.

1)Homep paboThi.
2)HaumenoBanue.

3)Llens paboTHL

4)UepTrex CXEMBbI COTJIACHO BapUaHTY 3a/1aHMSL.

5)Pacuet mapameTpoB.

6)OTBETHI Ha KOHTPOJIBHBIC BOIIPOCHI.

7)BbiBoI.
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IpakTuyeckasi pa6ora Ne 3
Bb100p A1010B ISl pa3JINYHBIX CXeM BBINPAMHUTEJIEH

Heab padorbr: opmMupoBaHUE YMEHUI I0I00pa TMOJIOB O AOIYCTUMOMY TOKY g
u oOpaTtHOMY HarpsbkeHuto Uy st paboThI B KaUeCTBE BEHTHIICH B
CXEeME OJTHOMOIYIIEPHUOTHOTO BBHITPSIMUTEIIS.
1 Teopernueckoe 000CHOBaHUE
IapameTpbl BHINPSIMUTEIBHBIX JHO/I0B.
- Haubonvwuii vinpamumenbHulil MoK lyp max - HANOOJbIIEE JOMTYCTUMOE
CpeaHee 3HAYCHHE BHIMPAMICHHOTO TOKA 32 TIEPUOT;
- [Ipsimoe nadenue nanpsiscenus Upp - HaIpsSOKEHUE HA AUOJE TIPU
MPOTEKAIOIIEM Yepe3 HETO YCTAHOBJICHHOM BBITTPSIMIICHHOM TOKE;

- Haubonvwee oopammnoe nanpsicenus Uy max- HAIIPSDKEHUE, KOTOPOE MOKET
OBITH MPUJIOKEHO K MOy B OOPAaTHOM HaIlpaBICHUU B TCUCHUH IJTUTEIHHOTO
BpeMEHH 0€3 OMacCHOCTH HAPYIIEHUSI HOPMAIBbHOMN pabOThI TN0/a;

- Haubonvwuti obpamnuiii mox lys, Max - TOK 4epe3 Juo]1 B 00paTHOM
HaIPaBJICHUH MPU MPUIOKEHHOM K HEMY HauOOJIbIIIEM JOMYCTUMOM 0OpaTHOM
HaIpsHKCHUH;

- Haubonvwas donycmumasn mowHocms pacceu8anusi Ppyc rax - AOMyCTUMOE
3HaYeHHUE PACCEMBAEMON MOIIHOCTH, TIPU KOTOPOM 0OecrieunBaeTCs 3aJaHHas
HAJC)KHOCTD MIPH UTUTEIHHOM paboTe auoa.

- luanazon uacmom Af - nonoca 4acToT, B mpe/ieax KOTOPOH BhIMPSMIICHHBIN
TOK JIM0/Ia HE YMEHBIIACTCs] HUXKE 3aJaHHOTO YPOBHSI.

Boinpsimute/sibHbIE CXeMBI.

OoHoghazHblll 00HONONYNEPUOOHDII BbINPAMUMENL — TTPOCTEHIIAS CXeMa C

OJHUM JIMOJIOM MPEACTABJICHA HA PUCYHKE 1.
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a) 0)

a - CXCMa, 0 - BPCMCHHBIC JHUAI'PAMMBI pa60T51.

Pucynok 1 — OaHoda3zHblil 0JHONONYTIEPUOAHBINA BBHITTPSIMUTEI:

OonogasHulll ulnpsamMuUmeNns co cpeonell MoyKol COCTOUT U3 OJHO(PAZHOTO
TpaHchopmaTopa ¢ IByMs OJMHAKOBEIMU BTOPUYHBIMH OOMOTKaMH, UMCIOIIIUMH
0O0IIy 0 TOUKY, U ABYX AM0JI0B. CxeMa BBIIPSIMUTES MPECTaBIeHa Ha pPUCYHKE 2.

OoHoghaznblil MOCmMOBOIU 8bINpAMUmMENb COCTOUT U3 0JHO(DA3HOTO
TpancopmaTopa ¢ OJHON MEPBUYHON U OJTHOU BTOPUUHON OOMOTOK U
CUMMETPUYHON CXEMBI Ha YETBIpEX IU0aax (MOCTOBOM cxembl). Cxema
BBITIPSIMUTEIIS TIPEJICTaBIeHA HA pUCYHKE 3.

w'(n")

a) 0)

a — CXEMa, 0— BPECMCHHLBIC JHUAI'PAMMbI

Pucynok 2 — BeinmpssMuTenps co CpeIHEN TOUKOM.
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a — cxema; 0 - BpeMEHHbIE JuarpaMmm
PucyHok 3 — MOCTOBOH BBITIPSIMHUTEb:

2 Ilopsaok pacuera.

1) Pacuer cpeqHero BBIIPSMIICHHOTO TOKA Id - .

2) PacueT 00paTHOTO HAIPSHKCHUS
® OJHOMNOJIyNIEpUOHAs cxeMa U cxeMa co cpeaHer Toukon Uy =t U g :
e wmoctoBas cxema U, =0,57 U .

3) BriOOp a1MOI0B IPOBOAST

o [To MakcMMaNbHOMY MPSIMOMY TOKY | 1p non. > 1 ;
o ITo nomyctumomy o6patHomy HanpspkeHuto U o5, > U g
3.3amanue.

BriOepure 1uoabI 7151 BRITPSMHUTEIIS.

BapuaHThI pacueTHBIX 3a/1aHUi IPEACTABICHBI B TaOHIIE 1.
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Tabmuma 1- BapuaHTsr.

Ne 1 2 3 4 5 6 7 8 9 10
BapHaHTa
Ug,B 100 50 100 100 50 40 10 |30 60 30
P4, Bt 100 500 250 50 50 120 50 60 150 15
Tun OpnnonomyneprogHast MocroBas Co cpenneli TOUKOM.
CXEMBI
[TapameTpbl AUOIOB MPUBEACHBI B TAOIHIIE 2.
Tabmuma 2 - [TapameTpbl T10T0B.
Tun nuoma | on, A U op B Tun auonaa | mom., A Uosp , B
J1205 0,4 400 1243 5 200
J1207 0.1 200 JI243A 10 200
J209 0,1 400 J1243b 2 200
1210 0,1 500 217 0.1 800
JI211 0,1 600 JI218 0.1 1000
214 5 100 221 0.4 400
JI214A 10 100 J1222 0.4 600
J1214b 2 100 J1224 5 50
J215 5 200 J224A 10 50
J015J1 10 200 J1224b 2 50
2156 2 200 J1226 0.3 400
1233 10 500 J226A 0.3 300
12336 5 500 1231 10 300
J1234B 5 600 2316 5 300
J1242 5 100 J232 10 400
J1242A 10 100 J1232b 5 400
[1242b 2 100 11244 5 50
J1244A 10 50 1303 3 150
12445 2 50 1304 3 100
1302 1 200 J305 6 50

4. KoHTpoJIbHbIE BONPOCHI.

1) KakoB MOpsI0K HANPSKSHUH HA AUOJC B IMPOBOIAIIMH IMOTyIEpHUOa?

2) KakxoB mopsiok HampsOKEHUI Ha THO/IE B HEITPOBOIAIIMIA MOJYIEPHO?

3) B kakoii cxeme oOpaTHOE HAIPSDKEHHUE MEHbBIIE 10 CPABHCHHIO C JPYTHMMHU

cxemamMu?

5. ConepxxaHue oT4eTa.
1)Homep paOoThi.

2)HanmeHoBaHue.
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3)Llens paboThI.

4)YepTek cXeMbl BBIIPSIMUTENSI COTIIACHO BAPUAHTY 3aJlaHUSL.
5)BpemMeHHbIe qrarpaMMbl HAPSHKCHUN BBITIPSIMHUTEIISL.

6) Pacuer mapameTpos.

7) Bei6op muooB mmo tadiuiie 2.

8)OTBeTHI HA KOHTPOJIBHBIE BOITPOCHI.

9)BrIBOI.
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KPUTEPUHU OLIEHKH
JIABOPATOPHBIX U ITPAKTHYECKHUX PABOT

- OIICHKA «OTJIMYHOY» BBICTABIIICTCS 00OydJaroIeMycs 3a padOoTy, BBITOJTHCHHYIO
0e301HMO00YHO, B TTOJIHOM 00bEME C YUETOM PAIIMOHATILHOCTH BRIOPAHHBIX PEIICHHUIA;

- OIIEHKA «XOPOIIOY» BBICTABIISAETCS 00ydJaromeMycs 3a paboTy, BHIITOTHECHHYIO
B IIOJIHOM 00BEME C HEIOUETAMH;

- OIICHKA «YJOBJICTBOPUTEIHLHO» BBICTABICTCS OOydJaromemMycs 3a padory,
BBITIOJTHEHHYIO HE B IMOJHOM oObeMe (He meHee 50 % mpaBUIBLHO BBIMOJHEHHBIX
3a1aHUi OT 00I1Iero o0beMa paboThl);

- OIICHKA «HEYJIOBJICTBOPHUTEIIEHO» BBICTABISETCS O0ydJaromeMycs 3a padory,
BBITIOJTHEHHYIO B HE TIOJTHOM o0beMe (MeHee 50% mpaBUIIBHO BBITOJHEHHBIX 33/IaHUMA

oT 00111eT0 00BbEMa padoTHI).
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[Ipunoxenue A
MunucrepcTBo 00pa3oBaHus ¥ Hayku YensOMHCKON 00macTu

T'ocyoapcmeennoe 6100xcemHnoe npogheccuoHaibHoe 00paz08amenbHoe yupedcoeHue
«lOHO-YpanbCcKuil rocy1apcTBeHHbINH TeXHUYECKHI KOJIJIeIA»

OTYET

10 BBITIOJTHEHUIO JaOOPaTOPHBIX U MPAKTUIECKUX
paboT Mo y4eOHOU NUCITUTIIINHE

«3Jlel<mpom €XHUKAa U 3J1IEKMPOHUKA)

Bemomaun:

['pynna:

ITposeput:

Yensabuuck, 2023
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