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BBEJIEHUE

PykoBoncTBO  mpenHazHauye€HO Uil CTYJEHTOB  DJIEKTPOTEXHUYECKOTO
uHcTuTyTa ToMckoro mnomurexHuyeckoro ynusepcurera (DJITU TIIY), xoTtopsie
uzyuaroT kypc «Teoperuueckue OCHOBBI 3eKTpOTeXHUKH» (TOD) U BBINOIHSAIOT
nabopaTopHble pabOThl MO 3TOM JUCHMIUIMHE HAa CTEHJaX y4eOHO-1a00paTopHOro
KOMILIEKca, pa3paboranHoro B HOxHO-YpaabCKOM rocyJapcTBEHHOM YHHBEPCHUTETE
u uzrorojaeHHoro B HI1O «Toumarmpudop.

PyKkOBOACTBO CONEPKHUT OINHUCAaHUSA JIAOOPATOPHBIX PAaOOT MO TMEPEXOHBIM
IporeccaM JIMHEMHBIX DJJIEKTPUYECKUX LEeNed M YCTAHOBUBIIMMCS PEXHUMAM
HEJIMHEHUHBIX LENeW ¢ METOANYECKUMHU YKa3aHUSMHU 110 UX BBIIOJHEHUIO C Y4ETOM
CHelU(PHUKN KOMIUIEKTAllUM CTEHJOB M BO3MOXHOCTEH peaju3aluyd Ha HHUX LENH
KaXKJI0M 13 J1abopaTOpHBIX PadoT.

OO0mue npaBuia padoThl B 3JIEKTPOTEXHHUYECKOM
Jladoparopuu

1. B nmaGopaTopun HeoOX0AMMO COOJIOIATh TUIINHY, YACTOTY U TOPSIIOK.

2. Ilepen 3ansitueM B J1a0OPATOPUM CTYJIEHTHI 00S3aHBI MPOCITYIIATh UHCTPYKTAK,
MO3HAKOMUTHCS C 000PYI0BAHUEM M U3YUUTh MPaBUJIA TEXHUKU O€30MacHOCTH.

3. Jlns BeIMOSMIHEHUS paboOT CTYAEHTHI 0ObEIUHAIOTCS B OCTOSTHHBIE Opuraabl o 2-3
YEJI0BEKA.

4. K mnpencrosimein  mabopatopHoit paboTe CTyACHTHI TOTOBSITCSA — 3apaHee,
O3HAKOMUBIIIUCH C OMHCAaHUEM padOThl W PEKOMEHJOBAHHOW JIUTEPATYPOHU.
Pe3ynprarel MOANOTOBKM 3alMCHIBAIOTCA B TETPaAb NIPOTOKOJIOB, HAIMYUE
KOTOPOU 00s13aTEIBHO AJISI KAXJ0TO CTyACHTA.

5. B Terpamp mpOTOKOJIOB TpHW MOATOTOBKE HEOOXOMMMO BHECTH II€JIb PadOTHI,
OCHOBHBIE COOTHOIIEHUS, CXEMbI, 3arOTOBKH TaOJMIl, OTBEThl HA KOHTPOJbHbIC
BOIIPOCHI.

6. Ilo pe3ynbraTaM BBITIOTHEHHONW pPabOTHl KaXIbIM CTYJEHTOM aKKypaTHO
odpopmiisieTcst oTuéT. B oTuéTe MPUBOIATCA: 11€JIb PAOOTHI, DJIEKTPUUECKAs CXeMa,
OCHOBHbBIE COOTHOULIEHUS, TaOJMIBI C pe3yJbTaTaMU OIBITOB M PACUETOB,
npUMeEpPbl pacué€roB, TpadUKu 3aBUCHUMOCTEH, COMPOBOXKIAEMbIC MOSICHEHUSIMU,
aHaJIU3 MOJYYEHHBIX PE3YJIbTATOB U BHIBOJBI.

7. IlpemomaBaTenh TpPUHUMAET OTUYETHI O TPEAbIAYIIeH padoTe W MpOoBEpseT
TOTOBHOCTh CTYJIEHTa K MpeacTosieid pabote. HemoATOTOBJI € HHEE
CTYJIEHTBI, Y KOTOPBIX OTCYTCTBYIOT OTYETHI WJIM TETPaJh MPOTOKOJIOB, K pabore
HE JIOITYCKarOTCA.

8. IlomyuuB momyck kK paboTe, CTYIEHTHI COOMPAIOT METh Ha 3aKPETUIEHHOM 33 HUMU
pabouem Mecte. CoOpaHHas 1EMb MPEIBSIBISETCS HA MPOBEPKY IMPEIOIaBaATEIIO.
He momycxkaeTcs BKIIOYCHHE IIETH 0€3 pa3penieHus MPero1aBaTers.

9. Ilocme mpoBepkM 1LENM  NOPENOJABATEIEM  CTYJICHThl  MPUCTYNAOT K
AKCIEPUMEHTaM, KOTOpbIe TIPOBOASIT C COOJIIOJACHUEM TMPaBWI TEXHHUKHU
oe3onacHocTu. Pe3ynbTaThl HAOMIOJACHUN W BBIYMCICHUN BHOCATCS B TaOJHUIIBI
MIPOTOKOJIA.



10. ITo okoHUaHWUW PAOOTHI MTPOTOKOJ MPEABABISICTCS MPEMOAABATETI0. TOIBKO 1 O C-
J€ MO HCH MPOTOKOJA MPEroaBaTeIeM, CTYASHThI pa30nuparoT 1elb.

11. Ha oCHOBaHMHM TIPOTOKOJIOB CTYACHTBHI IMPOU3BOIAT OOpaOOTKY pe3yJbTaTOB
HaOII0/ICHU 1 OPOPMIISIOT OTUETHI.

Mepsbl 0€301aCHOCTH

1. COopka »HJEKTPUUECKUX Ieleil MPOU3BOAMUTCS NPOBOJAAMHU C HCIPABHOMN
M30JLUEN TPU OTKIHOYEHHOM HANPSKEHUU.

2. Bxirouenue coOpaHHBIX Iienel B paboTy HPOU3BOAMUTCS TOJBKO C pa3pelleHus
IIPENOIaBATEIIS.

3. Kacateca  pykamMu KJIeMM, OTKPBITBIX TOKOBEAYIIUMX YacTel MPUOOPOB H
anmnaparoB MPU BKIIFOUEHHOM HAIIPSKEHUU 3aMPEe[aeTCH .

4. Bce mepexiroueHHMss B DIEKTPHUUECKUX LEMSIX U WX pa30oOpKy HE0OXO0IuMO
POU3BOAMUTH TOJBKO IIPH CHATOM HaIPSKEHUU.

[Tocne BeimosiHEHHST pabOTHI ANEKTPUUYECKAs LIeTh JTOJKHA ObITh pazoOpaHa, padboyee
MeCTO yOpaHo, TONOTHUTENbHbIE TPUOOPHI CAaHBI MPENOIABATEINIO.

PABOTA 12

NCCIEAOBAHUE INIEPEXO/JHBIX ITPOLECCOB
B IEIIAX ITEPBOI'O ITOPAJKA

Ienv pabomwi. ViccnenoBaHue TNEPEXOAHBIX MPOLECCOB B LEMAX C
KOHJICHCATOPOM, XapakTepusyrommxcs quddepeHuanbHbIMA YPABHEHUSIMUA IEPBOTO
nopsiiKa.

losacuenus k pabome

[Ipu BcsikoM M3MEHEHWW peXuMa padOTHI IEMH, COJEpKameld XOTs Obl OJHUH
HAKOIUTENb JIEKTPUUYECKONU SHEPTUU (MHAYKTUBHOCTD L niau eMKOCTh C) BOZHUKAIOT
MEePEXO0/IHbIE MPOLIECCHl — MPOLIECCHI IEPEX0/Ia OT OJIHOTO YCTAHOBUBIIIETOCS PEXKUMA
K Ipyromy. MOIIIHOCTh peajibHbIX NCTOYHUKOB B IIEMM KOHEUHA, MTO3TOMY CBSI3aHHBIC
C DHEPTUeil BEIUYUHBI — TOK B MHAYKTUBHOCTH M HANPSKEHUE HA €MKOCTH — MOTYT
U3MEHSTHCS TOJIBKO TUIABHO, 0€3 CKauKOB. B 3TOM CyTh 3aKOHOB KOMMYTAIIUH.

Pemenne cucrembr aud@epeHIMaIbHbIX  ypaBHEHUM, XapaKTEPU3YIOIINX
COCTOSIHUE IIeTTH, MOXET ObITh HAlJCHO B BUJE CYMMbI MPUHYKICHHOW U CBOOOIHOM
cocrapisromux. Hampumep, nis toka: i = iy, + ic. IIpuHyKaeHHas cocTaBisAoomas
NP TOCTOSIHHBIX U TEPUOJMYECKUX MCTOYHUKAX ONpeeiseTcss Hu3 pacyera
YCTAHOBUBIIETOCA pexuma (f —> 00) MOCIEKOMMYTAIMOHHOM LEeNu U BUJ €€
COOTBETCTBYET XapakTepy MCTOYHUKOB. CBOOOHAS COCTABJISIONIAS 3aMUCHIBACTCS B
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. t
BHUJC CYMMbI 3KCIIOHCHT lCB = z Akepk ITPpH PA3JIMYHBIX BCHICCTBCHHLIX KOPHAX

XapaKTepUCTUUECKOTO  ypaBHEHHMSI  p;.  IloCcTOsSiHHBIE  MHTETpUpPOBaHUS Ay
ONPEAEISAIOTCA U3 HAYAJIBHBIX YCJIOBUN — 3aBUCUMBIX U HE3aBUCHUMBIX.

HeszaBucumbie ycnoBus (HauyajabHble 3HAUYCHHUS] TOKAa B HMHAYKTUBHOCTH U
HaIPsDKCHWST Ha €MKOCTH) ONPEACISIIOTCS MO 3aKOHAM KOMMYTAIlMd U TPEOYIOT
MpEeBApPUTEILHOIO pacueTa yCTAHOBUBIIETOCS PEXKHUMa JIOKOMMYTAIIMOHHOW IIEIIH.
HauanbHble ke 3HaUYe€HUSI OCTAJIbHBIX BEJIWYUH (3aBUCUMBIC YCIIOBHUS) ONPEIACISIOTCS
Y3 YpPaBHEHHH, OIKCHIBAIOIIMX COCTOSIHHE ITOCICKOMMYTAIMOHHOW ILIEMHA B IEPBBIN
MOMEHT Mociie KommyTanuu (¢ = +0).

B nenu ¢ ogHuM HakomuTesneM CBOOOJHAS COCTABISIONIAS COJAEPKUT TOJIBKO

. p kt
OJIMH KOpPEHb U OJHY JKCHOHEeHTYy. Hanpumep, nisa cxemsl puc. 12.1,a i, = 4 €
NpUYeM [ =1i,, TOCKOJbKY B YCTAaHOBHUBIIEMCS PEXKUME IOCTOAHHBIA TOK 4Yepe3
KOHJICHCATOp He TeYeT U iy, = 0. Jlo KoMMyTaluyu KOHAEHCATOP HE OBbLI 3apsKeH, TaK
YTO 10 BTOpOMY 3aKOHY KoMMmyTamu  uc (+0) = uc (-0) = 0. IToatomy A4 = i, (0) =
[U - uc (+0)]/R.. Torpa Tox u HanpsHKEHUE MPU 3apsijie KOHASHCATOpa
U —-
i(t)=—e RC,
R (12.1)

t
uc(t)=U-i()R=U(l—-e RC)
31ech KOPeHb XapaKTepPHCTHIECKOro ypaBHeHHs p = -(RC)”', a mocrosHHas
BpeMeHu T = /p =RC. Ona MoOXeT OBITb HaiiJiecHa TIO0 JKCIEPUMEHTAIHHO

MOJIy4YEHHOM 3aBUCUMOCTH i(?) KaK JJIMHA nojKacaTenbHol (puc.12.1, 0).
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Puc.12.1

AHaNIOTHYHBIM 00pa30oM MOTYT OBITh MOJYYEHBI BBIPAKEHUS I TOKa M

HANPsDKEHUS IPU pa3pse KOHAEHCaTopa Ha CONPOTHUBIICHUE R:

t t
i(t):—%e RO, u (1) =Ue €. (12.2)



Cxema snekmpuueckou yenu
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PHC.12.2

JIns nccnetoBanys MPOLECCOB 3apsAia U pa3psia KOHIEHCATOPA UCTIONIb3YETCs
3JIEKTPUYECKasi LENb, CXEMa KOTOpOW Moka3aHa Ha puc. 12.2. Ilutanme nenu
OCYILECTBIISIETCS OT HCTOYHUKA TOCTOSIHHOTO PETYJIMPYEMOTO  HaIPSKEHUS,
BeIuMuMHa KoToporo U, a takxe 3HayeHuss R u C BbIOMpAIOTCA B COOTBETCTBUU C
BapUaHTOM, YKa3aHHBIM MpernogaBaTenem u3 taoi. 12.1.

Taoauna 12.1
Bapuanr 1 2 3 4 5 6 7 8 9 10
U |B 10 11 12 13 14 3 4 4 5 6
R |[xkOm | 100 | 122 | 133 | 147 | 200 | 22 | 22 | 33 33 | 47
C |Mx® | 100 | 100 | 100 | 100 | 100 | 470 | 470 | 470 | 470 | 470

B pabote ucnonb3yrorcs siekrponuTudeckue konuaeHcatopbl 100 mx® wu
470 Mx®, mosTomMy npu cOOpKe LENU CIAeAyeT OOpaTUTh BHUMAaHHUE Ha TMOJSIPHOCTD
«+H» KOHJEHcaTopa.

BonbeT™meTpsl ¢ ipenenamu nocTossHHOro Hanpsikenus 20 B ucnosnp3yrores ais
U3MEPEHUs1 HamnpsbKeHuss uctouyHnka U W HanpspKeHUs Ha KOHIEHCATOpE  Uc
COOTBETCTBEHHO. AMIIEPMETP C MOPENesioM MOCTOSIHHOTO Toka 200 MKA wu3MepsieT
3HAUYEHUS TOKA [ TIPU 3apsijie U pa3psae KoHAeHcaTopa. B kadecTBe nepekimroyaTens
K, wucnonp3yercs tymOnep Ha TaHeNM WCTOYHMKA TUTaHusA, a KiIod K,
YCTaHABJIMBAETCS HA HAOOPHOM IIOJIE.

Ilepen mpoueccom 3apsiAku KOHAeHcaTopa Kitod K; HaxonuTcs B MOJOKEHUH
1, a xmou K, 3amknyT. IIpn 3TOM HanpspkeHMe Ha KOHIEHCATOPE PABHO HYJIO U B
nenu nporekaetr Tok I = U/R. B MoMeHT kommyTanuu kitou K, pa3mbikaercs. B
COOTBETCTBHUH C 3aKOHOM KOMMYTAIIMN HANPSY)KEHUE Ha KOHJEHCATOPE B 3TOT MOMEHT
coxpansieT cBoe 3HaueHue uc(0) = 0, a, ciaegoBaTeIbHO, MOXXHO HAWTH  TOK
i(0) = U/R. Tak 4To HayaJIbHOE 3HAYEHHE TOKAa B MPOIECCEe 3apsIKU KOHJEHCATOpa
CIEAYeT ONpEAECNUTh MO MOKAa3aHUI0 aMIepMeTpa A0 KOMMyTanuu. Bo Bpems
NEPEXOTHOr0  Tpolecca 3HA4YeHUsT TOKa [ W HANpsSOKEHUs Uc  JOJKHBI
PETHCTPUPOBATLCS OJHOBPEMEHHO 4Yepe3 paBHble MHTEpBaibl (5 cekyHn). Orcuer
BPEMEHHU BEIETCS 110 CEKYHIOMEDY.

Korna koHieHCaTOp MpakTUYECKU MOJTHOCTHIO 3apsikeH, Kitod Ky nepeBoautcs
U3 mnojoxeHus | B monoxeHue 2. HawanpHOe 3HAYeHHWE TOKa NpU  paspse
KOHJICHCaTopa, Kak cienyet u3 BeipaxkeHuit (12.1) u (12.2), Oymet Takum ke, Kak H
IPU 3apsijie, HO C MPOTUBONOJIOKHBIM 3HAKOM.
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Iloozomoexa k pabome

[IpopaboTtaB TeopeTHUeCKuii MaTeprall, MMCbMEHHO OTBETUTH HA BOTIPOCHI.

B 4yem nprurHa BOZBHMKHOBEHUS MTEPEXOIHBIX MTPOLIECCOB?

CdopmynnpoBaTh 3aKOHBI KOMMYTAIIUH.

Kak omnpenenuth He3aBUCUMBIE M 3aBUCHMbBIC HayajbHbBIE YCIIOBHS,
NPUHYKJICHHBIC BETUYUHBI?

Kak ompenenuTs MNOCTOSIHHBIE WHTETPUPOBAHUSI B KIACCUYECKOM METOJIE
pacuera nepexoJHbIX MPOLECCOB?

Uto Takoe NOCTOSIHHAs BPEMEHW B II€NH IEPBOro TMOpsAKa U KaK ee
ompenenutb  rpaguyecku MO  IKCIEPUMEHTAIbHBIM  KPUBBIM  TOKa
(HampsikeHus )?

Yemy paBHa MOCTOSIHHAS BpEMEHU B uccienyeMoit nenu R, C?

ABuemu R, L ?

BoiBectu gopmynbl (12.2) nias pacuera TOKa W HaNpsOKEHUS MPU pa3psije
KOHJIEHCATOpA.

Kak paccuurars comporuBieHue R B uenu puc. 12.2 mo pesyiapTaram
U3MEPEHUN B HAYAJIbHBIA MOMEHT BPEMEHM HAIPSIKEHUS MPU pa3psiie U TOKa
IIpH 3apsijie KOHJeHcaTopa?

IIpoepamma pabomul

CoOpaTtp 11enp o cxeMe puc. 12.2 u omnpeaenuTs HadalabHOE 3HAYCHHE TOKa
nepexoaHoro mpomecca i(0) (kmou K, 3amkHyT, mnepekitouatens K; B
noyiokeHu 1). 3anucath B a6, 12.2 ipu =0 3TO 3HAYCHHE TOKa IS 3apsijia
KOHJICHCATOpa, ¥ C MPOTUBOTIOIOKHBIM 3HAKOM — TSI pa3psia.

OnpenenuTh BpEMEHHBIE 3aBUCUMOCTH HAIMPSDKEHUS HAa KOHJIEHCATOPE W TOKA
B IIEMMM B TMEPEXOJHBIX PEKUMAX 3apAIKH W Pa3psAIKH KOHJCHCATOPA.
Pe3ynbraTel n3mMmepeHuil BHECTH B Ta0. 12.2.

Taoauna 12.2

OKCIIEpUMEHTaIbHbBIC JAHHBIC PesynbpTarsl pacuera

3apsn Pa3psn 3apsn Pa3psin
t ] U, t I U, t ] U, t I U,
¢ |MKA| B ¢ |MKA| B ¢ |MKA| B ¢ |MKA| B
0 0
5 5
10 10
15 15
20 20

3. TloctpouTh 1Mo AaHHBIM 1.2 KpUBBIE i(2) U uc(t). I'padudecku ompeacnuThb

IIOCTOSIHHYIO BPEMEHHU T JJISI KAXKJIOW KPUBOM.
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4. BplUUCIUTBH MOCTOSHHYIO BpeMeHU T = RC U CpaBHUTH MOJIYYEHHOE 3HAYEHUE
CO CpEJTHUM 3Ha4Y€HUEM T B IL.3.

5. AHaTUTHUYECKU PacCUUTATh 3aBUCUMOCTH i(?) W uc(t) mo ¢popmynam (12.1) u
(12.1).

Vkazanue. llenecooOpa3HO 4YHCIIOBBIE 3HAYEHUS TOKAa W HANPSHKEHUS

HalTH B MOMEHTHI BpeMeHu ¢ = 0, t, 21, 31. Pe3ynbrarhl pacuera BHECTH B
Tabn.12.2.

6. [locTpouthb pacueTHbIC KPUBBIE i(1) U Uc () B TEX ke OCSIX, YTO U KPUBBIE 11.3.

7. IlpoaHanu3upoBaTh MOJYyUYEHHBIE PE3YyIbTAThI, C/IEJIaTh BBHIBOJIBI IO padoTe.

PABOTA 13

N3YYEHUME OBOBIIIEHHBIX 3AKOHOB KOMMYTAIIUU

Ilenv padomwr. DKcnepuMEHTallbHAas TPOBEPKA 3aKOHA  COXPAHEHUS
CyMMapHOIro 3apsjla KOHIEHCAaTOpOB, MNOJKIIOUEHHBIX K 00leMy Y31y, HpH
UMITYJIbCHBIX ~ MEPEXOAHBIX  IMpolleccax. IKCIEPUMEHTAIbHOE  HUCCIEI0BaHUE
nepepacrpeziesieHust SHEPruH BO BpeMs 3TUX MPOIECCOB.

lloacuenus xk pabome

HpI/I MNEPEXOJHBIX IIponeccax B HOEIIAX C HHAYKTHBHBIMHU CCUYCHUSMH H
CMKOCTHBIMU KOHTYpaMH MOXKCT Ha6J'HOI[aTBC$I O4YCHb 6BICTpa$I HMITYJIbCHasA
HavaJlbHasA 4YaCTb IIpoHecca, CMCHACMaAsA Ooiee MC,Z[JIGHHOﬁ 4aCTbI0O HIIH
YCTAaHOBUBIINMCA PCKHUMOM. I[JIH YIOPOUICHUA aHaJIn3a IICPCXOJHOI0 IIponecca
HMITYJIbCHYIO YaCTb OOBIYHO CYUHTAIOT HpOHCXO,ZI)IH.IGﬁ MI'HOBCHHO. HpI/I 9TOM
IMPUXOOUTCA IIPHU3HATH BO3MOKXKHBIM HAPYIHICHHUC 3aKOHOB KOMMYTAllUH, CBA3aHHBIX
C HCIIPCPBIBHOCTBIO HaHpH)KeHI/If/'I Ha KOHACHCATOpAX U TOKOB B HUHAYKTHBHOCTX.

B 1o xe Bpems 3akonsl Kupxroda tpeOyrT coOmoaeHUsT B MOMEHT
komMmyTaruu (¢ = 0) 6osee oOIUX 3aKOHOMEPHOCTEH:
CYMMApPHBLIL 3apA0 KOHOEHCAMOPOE8 6 6emeAX, NOOKIIOYEHHbIX K 00ujemy
Y371y, U CYMMApHOE NOMOKOCUENn1eHue UHOYKMUBHOCMEN 6 6emE:aX, 00pa3youjux
KOHmYyp, 6 nepeviit momenm nocie xommymayuu (t=+0) coxpanarom me dnce
3HaYeHUs, KOmopble OHU UMEeTU HenocpeoCcmeeHHo neped kommymavuei (t=-0).
Tak 4To MJIs KaXJ0T0 U3 Y3JIOB KOHTYPa, COCTABIICHHOTO TOJIBKO U3 €MKOCTEH,
2q(+0) = Zg(-0) umu XCu(+0) = ZCu(-0),
a IS K&KJI0TO KOHTYPa, B KOTOPBINA BXOJAST UHIyKTUBHOCTHU, CBSA3aHHBIC B Y3€ll,
2y (+0) = 2w(-0) mmm ZLi (+0) = 2Li;(-0).
Bo Bpemss uMIyJIbCHOM YacTH MEPEXOJHOTO Tpollecca B KOHJEHCATOpax
BO3HUKAIOT 3HAYUTENIbHBIC (B UACATM3UPOBAHHBIX CXEMaX — OCCKOHEYHO OOJIBIIHE)
UMITYJICHl TOKA TEpe3apsaKd Majol IIUTENbHOCTU (B HJeane — MPOUCXOSIINE



MIHOBEHHO). A Ha MHAYKTHUBHOCTSIX BO3HUKAIOT MMITYJIbChl NIEPEHANPSIKEHUN H3-32
nepepacupeaceHuss CyMMAapHOIO MOTOKOCLETUIEHUST MEK1y HUMH.
B To xe BpeMs sHeprus 3JIEeKTPOMArHUTHOIO MOJIS, CBSI3aHHOTO C ILEeNblo (B

KOHJIEHCAaTOpe 3amacaercs Wn :Cuczj/ 2, B HHAyKTUBHOCTH — Wy :Lif/ 2),

U3MEHSETCS Ha KOHEYHYI0 BelMuuHy. WM3-3a mOpeamnosioKeHus O MIHOBEHHOM
KOMMYTAIlMd  TaKo€ HW3MEHEHHE MPOUCXOJUT CKAukoM (Tak Ha3bIBaeMas
«HEKOPPEKTHAS KOMMYTaIus). «ITponagias npu 3TOM SHEPTUs
AW =3 W(-0)— > W (+0) BblaensieTCA B BUJI€ TEIUIa B JIEKTPUUECKOU JTyre MEKIY

KOHTaKTaMH TEPEKITIoYaTeNsl U B COCIUHUTEIBHBIX MPOBOJAX, & TAKKE YACTUYHO
U3JTy4aeTcs B OKpYyKarollee NPOCTPAHCTBO.

Cxema snekmpuueckou yenu

B pabote ucmonb3yercst ayekTpuueckas Ierb, cXeMa KOTOpOM TMoKa3aHa Ha
puc. 13.1. Kongencarop C;=100 Mk® mOAKIOYAETCS K  HUCTOYHUKY
HEpEeryJIupyeMoro mocTosiHHoro HampsbkeHuss U; = 15 B ¢ momomipio kimoda K
(TymOnep Ha maHeNM HMCTOYHHKA), MOCTaBIeHHOTo B mojoxenue 1. Kmrou K; (u3
Ha0opa JBYXIOJIIOCHBIX OJOKOB) mpu 3ToM 3aMKHYT. [lpu pa3mbeikanuu Kj
KOHJIEHCATOpP OTCOEIMHSAETCS OT MCTOYHHUKA, COXPaHssA 3apsj, MPUOOPETEHHBIN 10
KOMMYTAI1H.

1 K e d Kz 1
+ o ) ¥ [ {1 ey
/1 K; b 4 2
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B cBow ouepeny ¢ nmomonipro kimroya K,, Haxopsmerocs B MOJOXKEHHH |,
kougencarop C, (10 unu 470 mMx®), NOIKIIOYEHHBIH K Y31y @, COCAUHSIETCSA C
VUCTOYHUKOM IIOCTOSHHOTO PpETyJIMPYEMOr0 HANpPsDKEHUS W 3apspKaeTcs 10
yCTaHOBJIEHHONW BenuuuHbl U, = 2 + 15 B. PexomeHnyemble 3HaueHUs 3TOTO
HalpsDKeHWs BhIOMparoTcss w3 Tadm. 13.1 cormacHo BapuaHTy, YyKa3aHHOMY
IIPEIoaBaTelIeM.



Tao6auma 13.1

Bapuanr 1 2 3 4 5 6 7 8 9 10
2 3 4 3 2 3 4 5 2 4

U,,B 6 5 6 7 5 6 7 8 4 8
10 7 8 11 8 9 10 | 11 6 12

14 | 10 | 10 14 | 11 12 | 13 14 | 10 | 14

[Ipu nepenoce npoBoAgHUKa d , UAYLWIEro oT KoHaeHcaTopa C, (Ha cxeme — co
CTpEJIKOM), U3 y3Jla a B y3el b NPOUCXOAUT COEIUHEHHE JIByX KOHIEHCATOPOB C
pasHBIMH HANPSHKECHUSMH OJMHAKOBON TMOJIIPHOCTUA. DTO TO3BOJSIET TPOBEPHUTH
00OOIIIEHHBI  3aKOH KOMMYTallMd O COXPaHEHHWM CYMMapHOIrO  3apsja
KOH/IEHCATOPOB, MOJKIIOYEHHBIX K OOLIEMY Y3y, JOaXe €cld OHM 00pas3yroT
€MKOCTHBI  KOHTyp. HampspkeHns Ha  KOHIEHcaTopax  KOHTPOJUPYHOTCA
BOJIFTMETPAMHU MTOCTOSIHHOTO HamnpsbkeHust V, u V; ¢ npenenom usmepenus 20 B.

Ilpumeuanue. B paboTe UCHOIB3YIOTCS 3JIEKTPOIUTHUECKHUE KOHIEHCATOPHI,
IIO3TOMY IIPU UX cOOpPKE CXEMBI CIIETyeT 0OpaTUTh BHUMAHNUE HA X MOJISPHOCTb.

Iloocomoexa k pabome

1. ChopmynupoBarh 0000IICHHBIE 3aKOHBI KOMMYTAllUU. 3alKcaTh UX B SIBHOM
BUJIC MPUMEHUTEIBHO K cxeMaM puc. 13.2, a, 6.

2. 3anucath B SIBHOM BuE (POpMYINbI JJIs BBIUMCIEHUS CYMMapHOIO 3apsjia
koHJieHcaTopoB C u (,, 3apsyKEHHBIX Mepe]] KOMMYTalen 10 HanpsikeHui U,
u U, COOTBETCTBEHHO, a MOCJIE KOMMYTalUud — 10 OOILIEro HampsKeHUs
Uc (+0). Cnenatp TO € caMoe Uisi CYMMapHOM PHEpPruu, 3alaceHHON B ATUX
KOHJIeHcaTtopax A0 kommyTanuu W(-0) u nenocpeactBeHHo nociue Hee W(+0).

3. BpiBeCTH COOTHOWIEHME MEXKAY DHEPIUEH, IEPEexXOmsIie BO BpeMs
KOMMyTauuu u3 KonzaeHcatopa C), 3apssKeHHOIO N0 HampsbkeHus FE, B
HE3apspKEHHbIM A0 93Toro KoHaeHcatop C,, W DHEpPrueu, TepseMou
6e3Bo3BpatHoO (s ciyvast C; = C, B cxeMe puc. 13.2,0).

— """ o\ o

$(H ™ - o] 4
<> 1 | E() o= uft) == C;
R, L,
L — v
a 0

Puc.13.2
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IIpoepamma pabomul

1. CoOparts 1ienb o cxeme puc. 13.1, BkarounB B Hee kKoHaeHcatop C; = 10 M D.
VcranoBuths kmou K; B moiokenne 1, ximou K, B momoxkenue 2, kmou Ki
3aMKHYTbh. 3HaueHue HanpsokeHus U (moka3zaHue BOJIbTMETpa V) 3amucaTh B
tadn. 13.2 (U, =0).

2. Kmrou K; pa3oMkHyTh, IITEKEp MPOBOJHUKA d, OTXOMSILIETO0 OT KOHAEHcaTopa
(C,, mepemMecTuTh U3 THE3/a a B rHe3Ao0 b. 3anucath B Tabu. 13.2 3HaueHue
Hanpsbkenust Ue (+0) — mokazanue BoJbTMETpa V.

3. YcranoButhe Km0y K, B monoxenue | u moBTOpUTH ONBITEI 1 M 2 1pu
pPa3JIMUHBIX COOTBETCTBYIONIMX BapUaHTy 3HA4YeHUsX HanpsikeHus U,.
Pesynprarel u3MEpeHHN HaNpsOKEHUW HaA KOHACHCATOpax 0 U IIOCIE
KOMMYTAIIMU BHECTH B TaOu1. 13.2.

4. TloToputh onbIThl Npu C; = 470 Mx®D. Pe3ynbraThl U3MEPEHUIN HANPSHKEHUM
Ha KOHAEHcAaTopax /10 U MOocjae KOMMYTAIlMU BHECTH B Ty K€ TaOJIHUILy.

Taoauna 13.2

U= B
1 Jlo kommymayuu Ilocne kommymayuu

C = U, 2g(-0) | ZW(-0) | UA(+0) | Xg(+0) | ZW(+0) | AW

=100 Mx® B MkKn | m/lx B MKKn Mk | mJDx
0

G, =

=10 MxD
0

G =

=470 Mmx®D

5. Bbluucauth cymMmapHbId 3apsifi KOHJIEHCATOPOB M HHEPTUI0 AJIEKTPUUECKOTO
NoJIs, 3allaCEHHYI0 B HHUX JI0O M IOCI€ KOMMYTAallMHM, a TaKK€ H3MEHEHUeE
cymMapHo# sHepruu AW 3a BpemMsi KOMMYyTallMU JIJIsl BCEX OIbBITOB IO MyHKTaM
1 + 4. PesynbTaTsl BHECTH B Ta0d. 13.2.

6. Ilpoananu3upoBaTh MOTYUYECHHBIC PE3YJIbTATHI U CAEIATh BHIBOJIBI IO paboTe.

PABOTA 14

ANIEPUOJIMYECKUIA NMEPEXOIHBIN MPOILIECC
B IIEIIX BTOPOI'O ITIOPAAKA

Ilenwv pabomui. ViccnenoBath 1epexoIHbINA MPOIIECC B AKTUBHO-EMKOCTHOM 1ETH
C IByMs KOHJICHCATOPaMH.

11



lloacuenus k pabome

JluneitHast dJeKTpUUecKas Iemb TOCIe KOMMYTAIlUU  XapaKTepU3YIOTCS
TuHEHHBIME TUddepeHITnaTbHBIMI YPAaBHEHUSIMUA BTOPOTO TIOPSIKA, €CIIH CONCPKUT
7Ba HEOOBEMHAEMBIX HAKOIUTEISI YHEPTUHU: JIBE UHIAYKTHBHOCTH, JBE EMKOCTH WIIH
WHIYKTUBHOCTh U €MKOCTh. B 3aBHCHMOCTH OT BHJa KOPHEH XapaKTEPUCTUYECKOTO
ypaBHEHUs (P ) Pa3NIUYAIOT TPU PEKMMA MEPEXOHBIX POLIECCOB!

arnepuoANyYecKuil (KOpHU p; U p, BELIECTBEHHBIC U pa3INyHbIE),
KPUTUYECKHH (KOPHU p| = p, = p BEILECTBEHHbIC U PABHEIE),
KOJIEOATENBHBIN (KOPHU P, = —0 L j® KOMIUIEKCHBIE, CONPSKEHHBIE).

KopHr XapakTepuCTUYECKOTO YPaBHEHMS OIPEHEISAIOTCS CTPYKTYpPOM LENH U
napaMeTpaMHy €€ AJIEMEHTOB nocie kommyTauuu. [Ipu atom O/IC u 3anaromume TOKu
UCTOYHUKOB HE BIHSIOT HAa KOPHU XapaKTEPUCTUYECKOro ypaBHeHudA. Jlns
COCTAaBJICHMSI XapaKTEPUCTUUECKOTO YPABHEHUS U OIPEICIICHHs €T0 KOPHEW MOXKHO,
HAIpUMep, UCIOJIb30BAaTh KOMIUJIEKCHOE COIPOTUBIICHUE LIENM I1OCIE KOMMYTAIIUH:
3TO CONPOTHBIIEHUE NTPUPABHUBAETCA K HYJIIO U j® 3aMEHSIETCS Ha p.

Ecnu snexTpuyeckas 1enb COIEPKUT MOCIE KOMMYTAIUU JIBA HEOObEIUHIEMBbIX
WHYKTUBHBIX WIH JIBA €MKOCTHBIX 2JIEMEHTA, TO BO3MOXEH TOJILKO allepruoguYeCKUii
pexuM. B 3ToM cityuae cBOOOAHAs COCTaBJISIONIAS JIFOOOTO TOKA WJIM HAMPSHKCHUS
MO>KET OBITH 3allMCaHa B BUJIE:

XCB = Aleplit + Azepz'[.

3necs Ay U A, — TOCTOSIHHBIE MHTETPUPOBAHUS, KOTOPBIE ONPENEISIOTCA W3
Ha4yaJIbHBIX YCIIOBUM.

Cxema SﬂeKmpu’{eCKOﬁ yenu

JIns wccimenoBaHus anepuogUYECKOro IPOLECCa HCMOJB3YETCS LENb, CXEMa
KOTOpOM moka3aHa Ha puc. 14.1. llenb nuTaeTrcs OT HUCTOUYHUKA PETYIHPYEMOTO
NOCTOSIHHOTO HamnpsbkeHus. Ee mapamerpbl BblOupatroTrcss mo  Tabn. 14.1 B
COOTBETCTBUM C  BapMaHTOM, YyKa3aHHBIM IIpenojasareiieM. BoapTMeTrpsl
IIOCTOSIHHOTO HampspkeHuss V; m V, ¢ mpenenom usmepenus 20 B usMmepsror
HanpspkeHus Ha KonaeHcaropax Cy u C,.

d
ro—o .
J Rl
+
!fr_‘fl lricz E.RE'
-5 :
Puc.14.1
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[Tpu moaxnroueHnn NMpoBoJgHUKA d K Touke b koHaeHcarop C; 3apspkaercs 10
Hanpsbkenust U (konpeHcarop C, He 3apspkeH). [locie nmepeHoca 3Toro npoBOIHUKA

B TOYKY @ HAYMHACTCS MEPEXOHBIN MpoIece B ICH ¢ JABYMs KOHACHCATOpaMU TpH
HavanbHbIX YCIOBUAX U-q(+0)=u(-0)=Uu u 5(+0)=u5(+0)=0, a taxxke

ico(+0) =ip(+0) = —iy(+0)=U/Ry. [dnsa oTcuera BpEeMEHH HCIOIB3YeTCs

CEKYHIIOMED.

Tao6auma 14.1

Bapuant 1 2 3 4 5 6 7 8 9 10

U B 14 |14 |13 13 12 |12 |11 11 10 |10

c mMx® | 100 470 | 100 | 470 | 100 (470 |100 [470 |100 |470
1

C, |[Mx® [470 [ 100 [470 | 100 [470 [100 [470 100 |470 |100

R, |[kOm | 100 | 100 | 100 | 100 |200 [200 |80 |80 |[100 |100

R, |[xOm | 100 | 100 |47 |47 |47 |47 [100 | 100 |80 |80

Iloozomoexa k pabome

[IpopaboTaB TeopeTHdyecKuid mMartepuaj, TUCbMEHHO OTBETUTh Ha CIIEIYIOIIHNE

BOIIPOCHI.

I. Kakas nens Ha3pIBaeTcd LENbIO BTOpPOro mnopsaka? B kakux memsx
BO3MOXEH TOJIBKO allepUOIUYECKHI MePEX0IHbIN pouecc?

2. Kak cocraBisiercst xapakrepucTuueckoe ypaBHeHue? Ilpm Kakux KOpHSX
MOJIy4YaeTCs anepuoOINIECKUI NTEPEXOIHBIN Mpouecc?

3. Uemy paBHBI NPUHYKICHHBIE COCTABJISIOLINE HAMPSKEHUNA U TOKOB B LIETIH
puc. 14.1?

4. Jlns uenwu, mokazaHHoOU Ha puc. 14.1, BeiBecTH B 001eM Bujae GOPMYIIBI IS
pacueTa HanpsHDKeHUH Ha KOHJEHCATOPaX Uc (1) U Uco(t), a TaKkKe TOKOB icy (),
ic2(t) M igy(t) BO BpeMsl TIEPEXOJHOr0 TMpoliecca MpH  TMEPEKITIOUYCHUH
IIPOBOJHUKA d U3 TTOJIOKEHUS b B MOJIOKEHUE a.

Ilpozpamma pavomut
1. Cobpare nens mo cxeme puc. 14.1, mapaMmerpsl KOTOPOH COOTBETCTBYIOT

BAPHAHTY, YKA3aHHOMY IIPCIIOAABATCIICM MW 3apAdUTb KOHACHCATOP Cl a0

Hanpsbkenus U (1uTekep nmpoBoaHUKA d B THe3/€ b). 3anucath 3HadeHue U, a
takke C), C,, R;, R, BBEpPXHIOI CTPOKY TaOi. 14.2.

. [locne nepexitoyeHust mTekepa d B THE3I0 a MPHU MOMOIIM CEKyHAOMEpa H

JIBYX BOJBTMETPOB CHSThb BPEMEHHBIE 3aBUCHUMOCTH HAIPSIKEHUUN Uci(?) U
Uco(t). Pe3ynbTaThl U3MEpeHuid BHECTH B Ta0m. 14.2.

Vxazanue. 1loka3anus BOJBTMETPOB HEOOXOAMMO 3alMCHIBATH OJHOBPEMEHHO
yepe3 paBHbIEC MPOMEKYTKH BpeMeHH (5 ¢).
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Ta6auna 14.2

U=.B |[Ci=.mM®|C=..Mmx® |R =..xkOM | R, = ..xOM

t
Dkcnepumenm Pacuem

Uci U | ic I IR Ucl | uc ici |1 IR
C B B MKA | MKA | MKA B B MKA | MKA | MKA
0 0 0 0 0
5
10

3. Ilo 3KCIepUMEHTAIBHBIM 3HAUYEHUSIM Uc; U Ucp, UCTIONB3YS 3aKOHBI OMma U
Kupxroda, BBIYUCIUTH 3HAYEHUSI TOKOB ic|, icp U izy B T€ K€ MOMEHTHI
BpeMeHU. Pe3ybTaThl Takke BHECTH B Ta0M. 14.2 (pa3gen « IKCIEepUMEHT»).

4. Tlo ganHbIM M. 2 M 3 MOCTPOUTH TPAPUKU 3aBUCUMOCTEH Uci(t) U U (t) B
OJIHUX OCSIX, a TpadUKU icy(?), ica(t) M igy(t) — B APYTHX OCSIX.

5. lnst Tpex-4eThipeX MOMEHTOB BpeMeHH 1o (opmynam 1. 4 «[loaroroBku k
paboTe» paccuMTaTh 3HAYEHUS Ucy, Uc, icl, iy U gy, BHECTH HX B Ty XK€
tabmmiy (paznmen «Pacder»), a 3aTeM OTMETHTH 3TH 3HAYCHHS Ha Tpadukax
. 4 «IIporpammsl pabOTHI».

6. [Ipoananu3upoBaTh MOJYUYEHHBIEC PE3YJIbTATHI U CJEIaTh BHIBOJIBI IO paboTe.

PABOTA 15

KOJIEBATEJIbHBIN NEPEXOHBIN MPOIIECC
B IIEIIX BTOPOT'O TOPAJIKA

Ilenv pabomot.

DKCIIEPUMEHTAIBHOE

lloacuenus k pabome

HCCJICA0OBAaHHUC

KOJIe0aTeIbHOTO
MEPEXOJHOI0 Mpolecca B LENHU C MOCIEAO0BATENbHBIM coequHeHueM R, L, C npu
BKJIFOYCHUH €€ HA MIOCTOSHHOE HAIPSIKECHUE.

[IpyHuMnuaneHasg cxema HccieayeMoul nenu mnokazaHa Ha puc. 15.1. Ilo
BTOpOMY 3akoHy Kupxroda

d 1
Up +uy +us =iR+L—+—
RTULTUC diC

14

jidtzE.

(15.1)
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Beipaxxenne (15.1) auddepeHuupoBaHueM MNPUBOAMUTCS K OJAHOPOJIHOMY
I pepeHInaIbHOMY YPaBHEHUIO BTOPOTO MOPsIIKa
2. . .
d”i di i
L—2+R—+—:O. (15.2)
dt d C
B pemenun ero KiIacCMYeCKMM METOJOM TNPUHYXACHHAs COCTaBIISIONIAs
OTCYTCTBYET, a (hopMa 3alUCH CBOOOJIHOM COCTABJISIFOLIEH 3aBUCUT OT BHJAA KOPHEU
XapaKTEepUCTUYECKOrO0 ypaBHEHHUA, Koropoe mnonydaercs wu3 (15.2) 3amenoi
d?i o di 0
— Ha p°, = Ha p, p  =1. Orcrona KopHH

dt?
2
R R 1
p1’2 =——= (Z\J — E (153)

Bo3MoxHBI TpH cityyas:

1) KOpHH BeIECTBEHHBIE Pa3lUUHbIE po < pq <0 (MOIKOPEHHOE BBIPAKCHHE B

(15.3) MOMOXKUTENBHO), IPOIECC AnepuUoOUYeCKUull;
2) KOpPHH KOMITJIEKCHO COTIPSKEHHBIC

P12 =0 jo, rae d :RZL’ Wep = V(LC)_1 _62’ (15.4)

(MOOKOpEHHOE  BBIPAKEHHE B (15.4) OTPHULIATENBHO), rpouecc
KonebamenvbHblll; B DTOM ciydae

_ E 5.
i(t) = Ae E"tcos(o)CBt +a)= e 8tsmcoCBt; (15.5)
®.,L
3) KOpHU BELIECTBEHHBIE PABHBIC
R
=py=—0=——, 15.6

P1= D2 oL (15.6)

MOJAKOPEHHOE BbIpaxkeHue B (15.4) paBHO HYIII0, YTO MOITYYaETCs IPU

Kpumu4ecKutll VI TPaHUYHBIN (TIpeAebHBIN) mpolecc.

Ecim R < Rgp, TO mpomecc KonedaTelbHbIM, e€ciu R > Ryp — mpolecc

arepuoIUIECCKUN.

[Toctpoenue rpaduka i(f) B ciydae KoiebaTenpHOTO MpoIlecca
BBITIOJTHACTCA CIEAYIOMMM 00pa3oM. BBIUHCISAIOTCS TOCTOSIHHAS MHTETPUPOBAHMUS
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A=E/(0L), mocrosiHHast BpeMeHH ormbaromei T, = 57! u nmepuox cBoGOHBIX
konebannit T, =27/ o®,, 1o dopmynam (15.4, 15.5), mociae dero crTposiTes

orubaromue mo yerbipeM ToukaMm ¢ = 0, Tes, 2T, 3Tcs M B HHMX BIIHMCHIBAETCA
3aryxaromniasi CUHYyCOHMJa, KoTopas mepecekaeT och adciucc (i=0) B MOMEHTHI
Bpemenn ¢ =0, T,,/2, T,, W T.0. ¥ Kacaercs OrMOAIOIIMX IPHUMEPHO B MOMEHTHI

t=T,/4,3T,/4 nr.n. (puc. 15.2).

4!
A
S
.,
-
s
™~ T
. T
T - -
0 CE A1 —
- -
~ T
7 CE
-A
Puc.15.2

JIJ1s OLIeHKU OBICTPOTHI MPOTEKAHUS KOJI€0aTEIBbHOr0 MPOLIECCa UCTIOIb3YIOTCS
dekpemeHm KoaebaHus, PAaBHBIA OTHOIICHHUIO 3HAYEHUH CBOOOJIHOM
COCTAaBJISIIOIIECH TOKa B MOMEHTBI BPEMEHHU, OTIMYAIOIIHECs Ha TIEPUO/I,

A0 _ o, (15.8)
i(t+T,,)
1 JIorapu(PMUIEeCKuil JEKPEMEHT KoeOaHus
0=InA=08T, =T,,/T,, - (15.9)

Ilpu ompeneneHMu  JAEKpEMEHTa  KOJNEOAHUS 1O  DKCIIEPUMEHTAJBHO
MOJy4E€HHOH KpPUBOM TOKa (OCHMIUIOTPaMME) yJOOHO HAaWTH €ro Kak OTHOLICHHUE
aMILIMTY ] IepBOro /4, ¥ BTOPOro /,, NMEpUOJOB 3aTyXAIOUIUX KOJeOaHUI:

UtoOBl MO TOM XK€ OCIUJUIOrpaMMe HaWTH JoTapu(PMUYECKHl IEKPEMEHT, HY>KHO
U3MEPUTh HAa OCH BPEMEHHU PACCTOSAHME, COOTBETCTBYIOLIECE nepuony 1., U JIUHY

MoJIKacaTeNnbHoil (¢ yderom Maciraba BpeMeHH T, ) U B3Th UX OTHOLIeHue 1 /T,
(puc. 15.2).
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Iloozomoexa k pabome

N3yunB TeopeTHUECKU MaTEpHal, OTBETUTh Ha CIEAYIOIIUE BOIIPOCHI.

Kak cocraBisieTcst xapakTepuCTUUECKOE ypaBHEHUE?

Kakne nepexonHbie pexrMbl BO3MOXKHBI B 1enu R, L, C B 3aBUCUMOCTH OT

BHJIa KOPHEW XapaKTEePUCTUUECKOTO YPAaBHEHUS?

3. Kak omnpenensioTcs HE3aBUCUMbIE W 3aBUCUMbIE HayajlbHBIE YCIIOBHS?
Onpenenuts i(0), uc(0), uz(0), i'(0) nnsa cxemsl puc. 15.1.

4. Kak omnpenensiOTcs TMOCTOSHHbIE WHTETPUPOBAHUS B BBIPAXKECHUM IS
cBOOOJHBIX cocTaBistomux? Omnpegenuts ux B ¢dopmyne (15.5) ¢ yuerom
HaYyaJbHbIX YCIOBUHU.

Vkazanue. llpenBapuTenbHO  cleAyeT  3alMcaTh  BBIPAXKEHUE
IIPOU3BOJIHOM i(?) B 00IIIEM BUJIC.

5. Kak mo 3Ha4eHUI0 KOMIUIEKCHOTO KOPHSI OMpPEAENIUTh MOCTOSIHHYIO BpEeMEHU
orubaroiei u nepuoj; cBOOOJHBIX Koiebanuit? Kak Te e BeTMYnHb HAaUTH 110
oCIUJITIOrpamMMe?

6. Urto Takoe AeKpeMeHT KoieOaHus, KaK OH BBIUYUCIISETCS U YTO XapaKTepusyer?

N —

Cxema anekmpuueckou yenu

[Tepexoanble mpoliecchl B LEMU ¢ MHAYKTUBHOCTBIO U €MKOCTBIO MPOTEKAIOT
3a4acTyl0 HACTOJIbKO OBICTPO, YTO HEMOCPEACTBEHHAs PErucTpanys MIHOBEHHBIX
3HAYEHWH TOKa CBsi3aHA C OIpedeIeHHBIMU TpyaHocTsMH. OpHako, MpH
MHOTOKpPaTHOM HOBTOPEHHH HCCIIeyeMOTro Ipoliecca ¢ ONpeAeTIeHHON 4acTOTOM ero
MOKHO HaOJI0/aTh Ha 3KpaHe 3JIEKTPOHHOro ocuwwiorpaga. Eciau ¢ gacrortoi
Ipolecca COrjacoBaHa YacTOTa TOPU3OHTAJIBHOM pa3BEepTKH ociuiorpada, TO
N300pakeHHE Ha ero 3KpaHe OyJeT HElOABUKHO.

CxeMa »dJEeKTpUYECKOM 1enu TnokazaHa Ha puc. 15.3,a. Iluranue
OCYIIECTBISIETCSI OT MCTOYHHKA, T€HEPHUPYIOIIETO OJHOMOJSPHBIE MPSMOYTOJIbHBIC
UMIYJIbChl HampspkeHusa ¢ amrumryaod U, = 8 B u uacroroit f=1/T=200 I'g
(puc. 15.3,06). BonbT™MeTp MOCTOSHHOTO HampspbkeHus ¢ npeaenoMm 20 B usmepsiet
CpeaHee 3HaUYeHNE HAMPSHKEHUS HICTOYHHKA.

m u(f/}‘

i) R,
uft) ¢ == Un

O &

!
|

K ocLIUIorpady
q 0
PHc.15.3
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[losromy st modydeHus amIudTyabl 8 B HeoOXoaumMo ¢ MOMOMIBIO
pEryisTopa «AMILIMTYAA)» YCTAHOBUTH M0 BOJIBTMETPY Hanpspkenue Uy =4 B.
Lenpb cobupaercs U3 MUHUOJIOKOB, MapaMeTpbl KOTOPBIX MPUBEIEHBI B Ta0a. 15.1 u
BBIOMpAIOTCSl 10 BapvaHTy, YKa3aHHOMY mpenojasareneM. Ilpu stom Ry
IpeCTaBIsAeT cCO00l BHYTPEHHEE CONPOTUBIECHUE MUHHUOJIOKA C MHAYKTUBHOCTBIO L.
OTu napaMeTpsl 10100paHbl TaKUM 00pa3oM, uto npu f= 200 ' onn obecrneunBaroT
KoJIeOaTeNbHbIN 3apsii KOHJEHcaTopa A0 HampsbkeHus U, 3a NepByH IOJIOBUHY
nepuoaa (7/2 = 2,5 Mc) 1 NpaKkTUYECKH HOJHBIA €ro paspsj 3a BTOPYIO IOJIOBUHY,
KOI'/Ia HAINpsDKEHUE MCTOYHMKA PaBHO HYJIIO. VIHBIMU Cj0BamMu B IIEPBYIO IOJIOBUHY
nepyuojia MOJCTUPYETCsS TMEPEXOAHBIM mpouecc mnoaxkaodeHus uenu R, L, C x
UCTOYHUKY MOCTOSIHHOrO Hanpsikenus £ = U, = § B.

Taoaunna 15.1

Bapuant 1 2 3 4 5 6 7 8 9 10
mla |10 |10 |40 |40 1[40 1[40 |100 | 100 | 140 |200

L

c MK® | 0,47 | 1 0,1 10,22 10,47 |1 0,1 10,22 0,1 |0,1

Ry | Om (22 |22 100 | 100 | 100 | 100 |220 ][220 |150 [220

Harmpsxkenue, nponopuyoHaIbHOE TOKY IEPEXOJHOTO Ipolecca, MOAAETCS C
mryHTa Ry Ha MIacTUHBI ociuiorpada u, 0j1aroaapss MHOTOKPAaTHOMY MOBTOPEHHUIO
poLecca, Ha €ro SKpaHe MOXKHO MOJIYYHTh HEMOJABH)KHYIO KPUBYIO i(7) B HEKOTOPOM
maciurade. st moacTpoku Ciy>)KUT perynsarop «YpoBeHby» ocuuuiorpagos C1-94
u C1-112A. IlpenBaputensHo MepeKIOYaTeNd MaclITabOB BPEMEHU U HAIPsDKEHUS
yCTaHABJIMBAIOTCS B TOJIoKeHust m, = 1 mc/aen u m, = 0,5 B/nen (umeercs B BUIy
Oonbiioe Aenenue). B 3aBucumoctu ot BapuanTa (Tabdn. 15.1) atm macmraObl MOTyT
ObITh WM3MEHEHBI, YTOObI JOOUTHCA IO BO3MOMXHOCTH KPYIMHOIO U YCTOMYHMBOIO
N300pakeHNs OCLIMIIIIONPaMMBbI TOKA Ha SKPAHE.

IIpoepamma pabomei

1. CoOpatp menp mo cxeme puc. 15.3, mapameTrpbl KOTOPOM COOTBETCTBYIOT
BapUaHTy, yKa3aHHOMY ImpenogaBareneMm (tabn. 15.1). 3nauenus L, C, Ry
BHeCTH B Tabn. 15.2. YcraHOBUTH mepexirodaTesib (QOpMbl HaNpsKEHUS
VMCTOYHUKA B TIOJIOKEHHE, COOTBETCTBYIOIIEE OJHOMOJISIPHBIM HWMITYJIbCAM.
VYceranouth yactory 0,2 k['m u 3Hauenue Hanpspkenus U, = 8 B (mmokazanue
BOJIbTMETpa 4 B).

2. OtperynupoBath ocuwiorpad u 3amucaTh MaciTaObl my,, m, a TaKKe

MacmtTad Toka m; =103 m,, / Ry (MA/nen) B 1y ke Tabmuuy. Cpucosatb
OCHIAJUIOTPaMMYy TOKa B TIETIH.
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3. Ilo ocmummorpamMMe ONpEeAeNTUTh TEPHOJ CBOOOMHBIX KoyneOanui Tcg |
IIOCTOSIHHYIO BpEMEHU orubaromeil T, a TakkKe aMILUIUTYAbl TOKa B IEPBOM U

BTOpoM mepuopax [, , I, . OueHuTs aekpeMeHT Konebanus A no popmyie

Im>
(15.10) u norapudpmudeckuit gekpemenT 0 mo popmyne (15.9). 3nauenus Bcex
NEPEUNCICHHBIX BETMYMH BHECTHU B Ta0. 15.2.

4. BbrauciuTh KOI(QQHUIMEHT 3aTYXaHUs & = T, , YIJIOBYIO YaCTOTY CBOGOIHBIX
KoneGaHmid g = 2m/Ts (¢'), a Tawke MOCTOSHHYIO WHTETPHPOBAHMS
A = E /| (0,l). PesynbTaThl BRIYKCICHUNW BHECTH B Tabd. 15.2 u 3amucarth B
guciax ¢opmyny (15.5) ns pacdyeTra Toka rpu KojiebaTeIpHOM IMpoliecce.

5. Paccuutarh mo »TOM (opmylie 3HAUEHHS TOKA B MOMEHTHI BPEMEHH
t=0, T, /4, Ty /12, 3T /4, Ty ¥ IOCTPOUTH PACUETHYIO KPUBYIO B OJIHHX
OCSIX ¢ OCHMJUIOrPAaMMOM.

Tadauna 15.2
E=8B L=..mMHu | C=..MKD | Riy=...0M

[TapameTps! nenu

MacitaObl m, = ...Mc/nen | m, = ... B/men \ m; = ... MA/gen
N3 ocumimorpamm | Ty =... MC Tes=...MC ]1m = MA ]2m = MA
Pacuer p 0=.. |&=..mc" Oe=...MC | A=..MA

6. Cnenatp BBIBOJBI IO padoTe.
PABOTA 16

HUCCJEJOBAHUE HEJIUHEVHBIX HENEN
MNOCTOSSHHOT' O TOKA

Ilenv pabomer. DKCEpUMEHTAIBHOE MCCIEIOBAHUE CBOMCTB HEKOTOPBIX
HEJTMHEHHBIX JJIEMEHTOB, WCIIOJIb30BAaHUE JTHX CBOWCTB JUIsl CTaOWMIIU3alUU
HANPsDKCHHUsS,, OCBOCHHME W TMpOBEpKa rpaduyecKoro MeToJa IMOCTPOCHUS
SKBUBAJICHTHOW BOJIbTAMIIEPHOM XapaKTEPUCTHKU MOCIIEI0BATEIbHO-1apaIeIbHOTO
COEIMHEHUS 3JIEMEHTOB.

llosacuenus k pabome

Jlng pacdera nenei mNoCTOSHHOIO TOKA, COACPKAINX HEJIMHEHHBIE 3JIEMEHTHI,
HEO0OXO0JIMMO 3HaTh BOJbTaMIIEpHBIC XapakTepucTuku (BAX) 3THUX 3JIeMEHTOB, T.c.
3aBUCUMOCTh HAaNpsDKEHUS HA 3KMMax KaKJI0ro M3 HUX OT Toka B HeM. BAX,
OTAEIbHBICE TOYKA KOTOPOM MOJIyYEHbI NPU MOCTOSSHHBIX BO BPEMEHHM TOKAax H
HaIpsHKEHUSIX, HA3bIBACTCS CTATUYECKOU. B OCHOBE pacyera CIIOKHBIX HEJIMHEWHBIX
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ueneﬁ JICKUT UX CUCTCMATUYICCKOC YIIPOIICHUE, BBIIIOJHACMOC NHOTZId B HCCKOJIBKO
OTAaIIOB.

Tak, y4acTok MEenu ¢ TOCIEAOBATEIbHBIM COEIUHEHUEM HEIUHEUHBIX
DJICMEHTOB MOKET OBITh 3aMEHEH OJHUM DOKBHBAJICHTHBIM »jieMeHTOM, BAX
KOTOPOTO OMpeIeNIeTCsl Ha OCHOBaHUM BTOporo 3akoHa Kupxroda

U(l)=SU (1)
k=1

10 XapaKTCPpUCTHUKAM HCXOAHBIX 3JICMCHTOB ITYyTCM CJIOKCHHA HaprDKeHI/Iﬁ Ha HHUX
ITPHU OANMHAKOBBIX 3HAUYCHUAX TOKA.

YuyacTok OCIIN, COCTOSIHII/Iﬁ N3 TapalICJIbHOTO COCOAMHCHUA HEJIWHEHHBIX
QJICMCHTOB, TAKXKC MOXKCT OBITH 3aMCHCH OAHHUM 3KBHUBAJICHTHBIM 3JICMCHTOM, BAX
KOTOPOT'O CTPOUTCA Ha OCHOBAHHUHU IICPBOI'O 3aKOHA Kprroq)a

I(U) = kZIk U)

10 XapaKTCPUCTHUKAM HCXOJHBIX J3JICMCHTOB IIYTCM CJIOKCHHA TOKOB B HHX IIPpH
OJWHAKOBBIX 3HAYCHUAX HAIIPSAKCHHA.

MoxHO o100paTh TaKue HEJTMHEWHBIC SJIEMEHTHI U TAKUM 00pa30M BKITFOYUTH
UX B 1IEMb, YTO HAIpPSHKCHHE HA OJHOM M3 YYacTKOB ATOH Henu OyJeT MEHSTHCS B
3HAQYUTEIPHO MEHBIIECH CTENEeHH, YeM HalpshKeHHe B ceTu (cTabuiam3aTtop
HanpspDKeHus ). MOXXHO cliellaTh M TakK, 4TO TOK B OJIHOW M3 BETBeH OyAeT BechbMma
MaJIo 3aBUCETh OT BEJIMYUHBI CONPOTUBIICHUS B TOM K€ BETBU NMPU U3MEHEHUM €TO B
JIOBOJIHO IIMPOKUX TIpeiesax (CTadMIn3aTop TOKA).

Cxembl anekmpuieckux yenet

B pabote ucnonb3yercss anekTpuyueckas Iemb, MOJCXEMbl YacTeld KOTOPOM
nokazanel Ha puc. 16, a, 6, B, r. llenb muTaercs OT MCTOYHMKA TMOCTOSHHOTO
perynupyemoro Hampsbkenuss U; = 0 + 15 B u coaepXuT HE MEHSIONIYIOCS B
npoliecce paboThl YacTh, KOTOpas u3o0paxkeHa Ha puc.16,a.

o~ R

® n® R[|®
o e —
a 4] B I
Puc.16

K toukam ab 3o moacxembl mojkiro4aroTcs Jmbo smamna (puc.16,0), a1udo
namma u ctabunutpoH (puc.16,B), 1100 CMENIaHHOE COENUHEHUE ITUX IJIEMEHTOB C
JAUHENHBIM pe3uctopoM (puc.16,r). Ilpu 3TOM CHHMAKOTCS COOTBETCTBYIOIIHE
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BosbTaMiiepuble Xapaktepuctuku: Uy(ln), Ucr(Icr), Us(l3). B mocnennux nByx
CXeMax MOTYT OBbITh MOIy4YeHbI U 3aBUCUMOCTH U,(U,) B pexxumMax X0JI0CTOro X0/a U
1o/ Harpy3koid (B KauyecTBE HArpy3Kd paccMaTpUBAETCsA JIMHEUHBIA PE3UCTOP).
ConpoTuBIlIeHHE PE3UCTOpa U HANpsDKeHHE (PUKCUPOBAHHOW paboueid Touku Uip Ha
skBUBaJICHTHOM BAX mpuBenensl B Tabn. 16.1, BapuaHT B KOTOPOW YyKa3bIBaeT
IPENOAABATEb.

JIns u3MepeHHs TOKOB M HANPSHDKEHUM UCIIONB3YIOTCS  aMIIEPMETPhl U
BOJIETMETPHI TOCTOSIHHOTO TOKa ¢ nipeaenamu 20 MA u 20 B.

Taoauma 16.1
1 2 3 4 5 6 7 8 9 10

Bapuant

» kOm | 1 2,2 1,68 2,53 | 3,2 |3,67]1,22|1,47| 1,68 | 2,44
B 5 6 7 8 9 10 | 11 12 | 13 14

Up

Iloocomoexa k pabome

[IpopaboTaB HEOOXOAUMBII MaTepual, OTBETUTh Ha BOMPOCHI.

1. Kakoil 351eMEHT Ha3bIBa€TCs HEIMHEWHBIM? YUTO Takoe €ro CTaTu4eckoe M
muddepeHnnanbHOe COMPOTUBICHUS W Kak uX onpenenauts no BAX
3JIeMeHTa?

2. Kakue 3aKkOHbl M TEOpEeMbl JIMHEMHBIX LIENel CHpaBeauBbI Uil pacyeTa
HEJTMHEWHBIX IeTel 0e3 HAaKOMUTEJICH JIEKTPUIECKON dSHEPIUuu?

3. Kak mnomyuute »3kBuBajeHTHyr0 BAX mocienoBaTenbHO COEIMHEHHBIX
HEJMHENHBIX 3JIEMEHTOB U HAa KAKOM 3aKOHE OCHOBAHO 3TO IMOCTPOECHHE?

4. Kak noinyuuTh OSKBUBaJEHTHYI0 BAX mapamienbHO  COEOMHEHHBIX
HEJIMHENHBIX 3JIEMEHTOB U HAa KAKOM 3aKOHE OCHOBAHO 3TO IMOCTPOECHUE?

5. Kakoif nomkHa OBITh XapaKTEpUCTUKA HEJIMHEWHOrO 3JIEMEHTa, YTOOBI €ro
MOXXHO  OBUIO  HWCHOJIb30BaTh  JJIg  CTAaOWJIM3allMM  TOKA,  BKJIOYUB
MOCJIEIOBATENBHO C IPUEMHUKOM?

6. Kakoil nomkHa OBITH XapaKTEpUCTHKA HEIMHEWHOIO 3JeMEHTa, YTOOBbI €ro
MOXXHO OBbUIO, BKIIOYMB MapajyieIbHO NPUEMHHUKY, HCIOJIb30BaTh IS
cTaObMIIN3aIUU HATIPSDKEHUS ?

IIpoepamma pabomul

1. DxcniepuMenTanbHoe onpeaeneHne BAX namnbl HakaluBaHUS 1O CXEMeE
puc.16,a,6 npu wu3MeHeHHH BxojgHoro Hampspkenus U;=0+10 B wu
CTaOWJINTPOHA IO cXxeMe puc. 16,a,B MpU U3MEHEHUU BXOJHOI'O HAaNpPsKEHUS
U,=0+15 B. Iloka3zanus npubopos (610 3Hauenuii) BHecTH B Tabm. 16.2.
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2. DkcnepuMeHTanpHoe onpeneneHue BAX nenu co CMENIaHHbIM COEUHEHUEM
JJIIEMEHTOB IO cxeMe puc. 16,a,r Ipu HW3MEHEHUM BXOJHOTO HANPSKEHUS
U,=0+15 B. Ilpu sToM compoTHuBjeHHE pe3ucTopa R BbIOpaTh W3 Tadum. 16.1
10 BapHaHTy, yKa3aHHOMYy mpenojaBareneM. [lokazanust mpubdopos (610
3HAYEHWN) TaKXe BHECTH B TaO. 16.2.

Taoauma 16.2

Jlamna Cma6uﬂump0H Cmewannoe coeounenue
U1: Un ]:]n U1 I:]CT Uzz UCT Ul: U3 ]:Ig U2
MA MA MA
B B B B B

3. Tloctpouts BAX Ujy(Iln), Uct(Ilct), Us(l3) o nanHbiM Ta6a. 16.2 B oOuux
ocsix U u [. 31ech XK€ MOCTPOUTH JIMHEUHYH) XapaKTEPUCTHUKY pe3UCTOopa
Ur=RIr (IpoX0oauT 4epe3 Hauajao KOOPUHAT).

4. TlocTtpouth B Tex e ocsiXx 3KBUBaJEHTHYIO BAX Uspc(lspc) CMEIIAaHHOTO
COCIMHEHUS IIyTeM TpaUIECKOro CJIOXKEHHS XapaKTEPUCTHUK OTACIIbHBIX
3JIEMEHTOB B COOTBETCTBHHU CO CXEMOM HX coeauHeHHs (puc. 16,r), KOTOpyo
CpPaBHUTH C 3KcriepuMeHTanbHOl BAX Us(/5) 1.3.

5. Onpenenuts 1o BAX 1.3 3HaueHust TokoB Ij= I, Icr, Ir ¥ Hanpsbkenuit Uy,
Ucrt, Ur 3JIEMEHTOB MPU UX CMEUIAHHOM COEIMHEHUU sl HampspkeHus Ulp,
3aJIaHHOTO TIpenogaBareneM (Tadim.16.1).

6. Onpenenuts no BAX Us(/5) 0.3 3Ha4eHUS] BXOJHOTO CTAaTHYECKOTO Rcrar U
I depeHInanbHoro Ryyqp COMPOTUBIEHUN Lenu (puc. 16,r) npyu HanpsKEHUN
Uhp.

7. Tloctpouth B ogHuX ocsix nBe 3aBucumoctu U,(U;) mo paHHbIM Taba. 16.2
(cxembl 16,B,r). OneHutrh NpeAeibl YIOBICTBOPUTEILHON CTaOWUIM3AIUN
HaIPsDKEHUS 10 3THUM KPUBBIM. BbeaucianTh kod3(p@GUIMEHT cTabwin3anuu B
pEXKHME XOJOCTOTO XOJa CTa0WaM3aTopa HANpPsKEHUS W T10J] Harpy3Kou IO

bopmyie:

_ AU/ Usy
T~ 7
AU, / U2CP ,
rae AU — wusmeHeHue cooTBeTcTByromero (1 wim 2) HanpsikeHus B

BBIIICYKAa3aHHbIX npenenax, a Ucp - CpelHEe 3HaYEHUE 3TOr0 HANpsHKEHHS B
TEX K€ Mpeaenax.
8. Cnenatp BBIBOJIBI 110 padoTe.
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PABOTA 17

HUCCJEJOBAHUE HEJIMHEWHBIX HENEN
NEPEMEHHOI'O TOKA

Ienv pabomel. IKCTIEPUMEHTAIBLHOE MCCIIECIOBAHUE 1IETICH IEPEMEHHOTO TOKA
C TIOCJEAOBATEIbHBIM M MapaJIeIbHBIM COSIWHEHHEM DJJEMEHTOB M HX pacdeT
METOJIOM DKBHBAJICHTHBIX CHHYCOH/I.

lloacuenus k pabome

[Ipy aHamu3e HEIMHEWHBIX LENEH IEPEMEHHOIO TOKa  HMCIOJIB3YKOTCS
JTVHAMUYECKNE XapAKTEPUCTUKHU HEJIMHENHBIX JJIEMEHTOB:

a) JIJI1 MTHOBEHHBIX 3HAYCHUH,

0) 11 IepBBIX TAPMOHHK,

B) JUIsl ICMCTBYIOIIMX 3HAYEHUH.

HennHelHspI 31€MEHT, XapaKTEpUCTUKA KOTOPOTO JIJI1 MTHOBEHHBIX 3HAYECHUU
JMHENHAd, a XapaKTepUCTHKA IS JCUCTBYIOIIMX — HEJIWHENHAas, Ha3bIBACTCS
VHEPIIMOHHBIM WJIM YCIIOBHO-HENMHEWHBIM. [Ipu mneproandeckux BO3AEHCTBUAX
KpUBBIE TOKa M HaNpsKEHUS [UJIi TAaKOro »JJieMeHTa mojo0Hbl. [Ipumepom
WHEPIIMOHHOTO 3JIEMEHTA MOXET CITY>KUTh JIaMIIa HAKAJIMBAHHUS.

DJIEMEHThl C HEJIMHEHMHON XapaKTEPUCTUKOW MJii MIHOBEHHBIX 3HAYEHUU
HA3bIBAIOTCS OE€3bIHEPIIMOHHBIMU. POpMa KPUBBIX TOKA M HANPSDKEHUS OIS TaKUX
AJIEMEHTOB pa3iinyHbl. B KkauecTBe mpumepa O€3bIHEPIUOHHOTO 3JIEMEHTa MOXKET
CIIYKUTh KaTyIIKa UHIYKTUBHOCTH C (PEPPOMATHUTHBIM CEPACUHUKOM.

Pacuer HenMHENHBIX LENIEd ¢ UHEPUHUOHHBIMU 3JIEMEHTAMU U C UICTOYHUKAMHU
cunycouganbHpix OJIC W  TOKOB MOXHO BE€CTHU JUOO  KOMIUIEKCHBIM
(CMMBOJIMYECKHM) METOJIOM, JINOO Ha OCHOBE BEKTOPHBIX JHArpamMM, HCIIOIb3YS
XapaKTEpPUCTUKU JJIs ACHCTBYIOIIMX 3HaueHWi: BojbpTamiepHyro (BAX) U (/) u
dazoamnepnyto (PAX) ¢ (/), CHITbIE HA COOTBETCTBYIOIIEH YacTOTE.

AHQJIOTUYHBIN TOAXOJ PACIPOCTPAHSIOT MHOTIA U Ha LENU IMEPEMEHHOTO TOKA
c OE3bIHEPIIMOHHBIMU AJIEMEHTaMH, €CJIM 1IeJIbI0 aHajih3a He SIBISETCA HM3y4YeHUE
FapMOHHMYECKOI0 COCTaBa KPUBBIX TOKAa U HAIPsDKEHUA. B 3TOM ciydae peasbHble
HECUHYCOUJIATIbHbIE KpUBBIC U(f) U i(f) 3aMEHSAIOTCSl IKBUBAJICHTHBIMU CUHYCOUJIAMU
C TEM K€ IEPUOJIOM, TEMHU XKE JNEUCTBYIOIIMMU 3HaUYCHUSIMU U, [ 1 C TakKuM YyTJIOM
casura ¢az ¢, KOTOpbId 00eCTeunBaEeT MOJyYCHUE TON K€ aKTUBHON MOITHOCTH, YTO
Y IIPU HECHHYCOUJAJIBbHOM BO3JACHCTBHH.

B pacuere MeTrogoM »SKBUBAJIEHTHBIX CHHYCOWJ HEPEIKO HCHOJIb3YETCSA
YOPOILIEHHE CXEM MYTEM 3aMEHbl YYacTKOB C MOCIJIEIOBATEIIbHBIM  WJIU
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napajuiCJiIbHbIM COCAMHCHHUCM HEJIMHEHHBIX AJIEMEHTOB OJHUM OKBHUBAJICHTHBIM
SJICMCHTOM.

Tak, B ciy4ae mociieoBaTeIbHOTO COSAMHEHHUS 71 DJIIEMEHTOB XapaKTEPUCTUKU
HKBHUBAJIEHTHOTO 3JIEMEHTA OMPEAEIAI0TCA Ha OCHOBAaHUHM BTOPOTo 3aKkoHa Kupxroda
B KOMIUIEKCHOU (popme:

Us (I)ej(Pa(I) — iUk (])ej(Pk(I) .
k=1

3necbk Uy 1 @, — 3HAUCHMS HANPSHKEHUS U yria caBura (a3 Ha k-M 3JIeMEHTe
IpU OMNPENECIECHHOM JICHCTBYIOIIEM 3HAa4eHUHW Toka [ (OAMHAKOBOM JUIsl BCEX
AJIEMEHTOB), HAWJIEHHBIE I[I0 XapaKTEpUCTUKaM »JTOTO »JJeMeHTa. B pacuerax
HavaJibHast paza TOKa MPUHUMAETCS PaBHOM HYIJIIO.

KauecTBeHHass BekTOpHasg auarpaMma Uil MOCJIEAOBATEIBHO COEAUHECHHBIX
JaMIiibl  (HEJIMHEMHOE WHEPUMOHHOE AaKTUBHOE COINPOTUBIECHUE) U  KaTYIIKU
WHIYKTUBHOCTH C (DepPPOMATHUTHBIM CEPJCYHUKOM (HETWHEHWHBIN Oe3hIHePIIMOHHBIN
3JIEMEHT aKTUBHO-UHAYKTHBHOT'O XapakTepa) nmokazana Ha puc. 17.1. Eciu u3BecTHbI
JNEUCTBYIOIIME 3HaYeHus: HanpsokeHud Uy, Ug, u Us, TO MOJIOKEHUE BEPIIUHBI
TPEYroJibHUKa HAaNpsHKEHUM, HEe JIeKalleld Ha BEKTOPE TOKA, MOKET ObITh HAMJIEHO C
MOMOIIBIO 3aceueKk IMpKyJleM. A yrisl caBura (a3 HanpsokeHuil Ux u U, 1o
OTHOUIEHUIO K TOKY / MOTYT OBbITh HailIEHbI IO TEOPEME KOCUHYCOB:

U3 -Uf -UE U3 +UZ - U2
(g = arccos , (g = arccos :
UnUx 2URnU4

XapakTepUCTUKU SKBUBAJICHTHOTO 3JIEMEHTA IPU MAPAILICIBHOM COCIUHEHUU
1 UCXOIHBIX HEJIMHEMHBIX JABYXIIOIOCHUKOB OIPEIEIISAIOTCS HA OCHOBAHUU IIEPBOTO
3akoHa Kupxroda B koMIiekcHOM dhopme:

. n .
I, (U)e—ﬂﬂa([a) =31, (U)e—ﬂﬂk(lk) .
k=1

Bxomsimme B 3TO BBIp@&XKEHUE 3HAYEHUS TOKOB [; BCEX 7 DIIEMEHTOB
ONPEAEISAIOTCA NPU OJHOM M TOM K€ JICMCTBYIOLIEM 3HAUY€HUM HamnpsikeHus U mo
BAX nns nedictByronux 3HaueHuil. B aToM ciydae HavanbHas (a3a HampspKeHUs
MoJIaraeTcsl PaBHOW HYJI0. A 3HA4YeHWs YIJIOB ciBura (a3 @; U @ HAXOASATCS TIO
DAX COOTBETCTBEHHO JIsl HAWJIEHHBIX paHee [; U I5.

(17.1)

Puc.17.1 Puc.17.2

KauecTBeHHass BeKTOpHas JauMarpaMma JUisi T€X JKE€ CaMbIX MMapajuiesIbHO
COCIMHEHHBIX DJIEMEHTOB (JIaMIlbl M KaTYIIKH) TMOKa3aHa Ha puc. 17.2. Ecmm
W3BECTHBI JEHUCTBYIOIIUE 3HAYCHUS TOKOB [, [y, U [5, TO TONOKEHUE BEPIIUHBI
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TPEYroJIbHUKA TOKOB, HE JIEXKAIIEH Ha BEKTOPE HANPSIKEHUS, MOKET ObITh HAHIEHO C
MOMOIIIbIO 3aC€UYeK IUPKyJIeM. A yribl caBura (a3 TOKOB [x U [, IO OTHOLIEHHUIO K
HanpspkeHUto U MOTyT ObITh HalJEHBI 110 TEOPEME KOCUHYCOB:

13— 13— I2 13 + 175 — 12
(K = arccos , (g =arccos :

(17.2)
211 2115

Iloocomosxa k pabome

N3y4nB COOTBETCTBYIOIMMN TEOPETUUECKUN MATEPHUAIL, OTBETUTH Ha BOIIPOCHL.

1.

W

Jlatb ompeneneHre MHEPIIMOHHOTO U O€3bIHEPIIMOHHOTO 31eMeHTOoB. K kakoMy
BHJly OTHOCHUTCS JlaMIla HAKaJIMBAaHMWS M KaTyllka WHAYKTUBHOCTH C
(eppOMarHUTHBIM CEPACYHUKOM?

OOBICHUTH pA3NUUUE 0KUIAEMbIX OCHMJUIOTPAMM TOKAa B CXEMax C JIaMIIOu
HAaKQIMBAaHUS U C KAaTyIIKOW IPU NMUTAaHUU OT HWCTOYHUKA CHHYCOWUIAIBHOU

SJIC.

. YTo noHHUMaroT o 3KBUBAJICHTHBIMU CUHYCOUIAaMH TOKA U HaHpﬂ}KeHI/IH?

Kakne xapakTepuCTHKM MCHOJNB3YIOT IIPU  pacyere LENu  METOAOM
SKBUBAJICHTHBIX CUHYCOUN?

Kakoit Bumg wumeror BonbTaMiiepHass U (pazoammepHas XapaKTepUCTUKH
JUHEWHOTO 3JIeMeHTa?

Kak HalTH SKBHUBAJIEHTHBIE XAPAKTEPUCTUKHU IOCIEI0BATEIBHO COEAUHEHHBIX
JIAMIIbI ¥ KaTYIIKH, XapaKTEPUCTUKHU KOTOPHIX U3BECTHHI?

Kak HalTh SKBUBAJICHTHBIC XapPAKTEPUCTUKHU MAPAJIIEIBHOTO COEAUHEHUS
JIAMIIbI ¥ KaTYIIKH, XapaKTEPUCTUKU KOTOPHIX U3BECTHHI?

Cxema snekmpuueckou yenu

Cxema, nzoOpakeHHasi Ha puc. 17.3, B KOTOpOil 10 X0Iy pabOThl MEHSETCS

npaBas 4acTh (MEXAy TOYKaMu a U b), TO3BOJISIET CHSTh BOJIbTAMIIEPHBIC
XapaKTEPUCTUKU KAXIOTO W3 HEJIMHEWHBIX AJIEMEHTOB (CXeMbI a M 0), a TakkKe UX
MOCJIeI0BATENBHOTO (B) U MapaiebHOro (r) coequHeHuil. B kauecTBe HETMHEHHBIX
AJIEMEHTOB UCIOJB3YIOTCSl JIaMIa HaKaJuBaHUST M KaTyllKa WHIYKTUBHOCTH C
dbeppOMarHUTHLIM CEPACUYHUKOM 0€3 BO3IYIIHOrO 3a30pa (Ha cXeMe HeJIMHeHHas
WHJYKTUBHOCTH) — OJTHA U3 OOMOTOK TpaHcopmaTopa ¢ yuciom BUTKoB w = 300.

o) i ¢
b b b h
D—
b B I
Puc.173
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[IuTaHue oCylIeCTBISAETCA OT JMHEHHOTO CHHYCOMIaJIbHOrO HanpspkeHus 12 B
Tpex(a3zHOTO MCTOYHWKA Yepe3 AeNuTedh HampspkeHws (moteHimomerp 1 kOm).
[lepeMeHHbIE HANpSIKEHUE W TOK H3MEPSIOTCS BOJIBTMETPOM U aMIEPMETPOM C

npeeIaMu

20 B u 200 MA coorBeTrcTBEHHO. BO BCex ompITax IIOKa3aHUE

aMIIEpMETpa HE TOJKHO MPEBBIMIATH 35 MA .

Ilpoepamma pabomei

1. Cobpats cxembl mo puc. 17.3, a, 6, T ¥, U3MEHSSI TOTCHIIMOMETPOM
HanpspkeHue U TOK oT 0 g0 35 MA, 3KCHEpUMEHTABHO ONpPENEIUTh
BOJIbTAMIIEPHBIC XAPaKTEPUCTUKU JIAMIIbl HaKaJIUBaHWS, KaTYLIKH C
CEepPACUYHUKOM, HX TMOCIEIOBATEILHOIO M TMapajuIeIbHOTO COEIUHEHUM.
CooTBeTCTByIOIIME JAPYTr APYry TMOKa3aHUs amIepMeTrpa U BOJbBTMETpPa
(6+8 3Hauenuit) BHecTH B Tab. 17.1.

Tabauuna 17.1

Jlamma Karymka Ilocnen. coen. ITapan. coen.

Iy Up I Uk 15 U, I Uy

MA B MA B MA B MA B

2. Tloctpoenne BAX  Un(Iln), Uxk(lx), Us(5), Us () 10 IaHHBIM

3.

Tabn. 17.1 B oOmux ocsix U u 1.

Pacuer ¢azoaMriepHbIX XapaKTEPUCTUK KATYIIKH W IIOCJIEIOBATEIHLHOTO
COCIMHEHMsI HEJIMHEWHbIX dJieMeHTOB. Clenyer 3afaTbCsi  Tpems
3HAYCHWSIMH TOKa I, cormacHo TaGm. 17.3 M BaphaHTy, yKa3aHHOMY
npernogasareneM, u o rpadukam 1.2 Un(In), Ux(lv), Us (I5) onpeaents
Uy, Uxn Us . 3atem no popmynamu (17.1) HaiiTh @k ¥ ¢ . Pe3yiabraThl
BHECTH B Tabm. 17.2.

Taoauna 17.2

IlocnemoBarensHOE COETMHEHUE

[TapaitenibHOE COEMHEHNE

Iy =l

2

Ix

2

I

> E) k)

Px (e}

”

Qx

2

Us (e}

Un | Uk | Uy In

MA

B B B | rpan | rpan MA | MA | MA |rpax | rpan
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4. Pacuer (QazoaMIepHBIX XapaKTEPUCTUK KATYIIKA U TapauieIbHOTO
COCIMHEHMsI HEJIMHEWHbIX d3JieMeHTOB. Clenyer 3afaTbCsi  Tpems
3HAUEHWSIMH HanpspkeHus U, , cormacHo Tab6n. 17.3 W Bapuanrty,
yKa3aHHOMY TipernogaBaresieM, u mno rpabpukam 1.2  Un(ly), Ux(lk),
Us (I ) onpenemuts Iy, Ix u I . 3atem no dopmymamu (17.2) Haiita @k
¥ ¢ . Pe3ynbTaThl Takoke BHeCTH B a6, 17.2.

5. Tloctpoenue mo gaHHbIM Tabd. 17.2 B oOuux ocsix ¢ U [ ¢dazoaMmnepHbIX
xapaktepuctuk  Karymkn ox () u @k (k) MOCJIEIOBATEIBLHOTO
COCIHHEHHUS O (I5 ) M MAPAIIETBHOTO COCIUHEHNUS @5 (15 ).

6. IlocTtpoeHne BEKTOpHBIX AWarpamMm. B oTuere QOCTATOYHO MPUBECTH IO
OJIHOM JharpaMMe JJisl MOCIEA0BATEIbHOIO U MAPAJIIEIBbHOTO COEUHEHUI
COTJIaCHO JTaHHBIM Tabm. 17.2.

Taoauna 17.3

Bapuanr 1 2 3 4 5 6 7 8 9 10
MA | 10 | 11 [ 12 13141510 11 ] 12 ] 13
I 20 | 21 | 22 | 23 | 24 | 25 | 21 | 22 | 23 | 24
30 | 31 | 32 | 33 | 34 | 35 | 32 | 33 | 34 | 35
B 1 1o5]06]07]08]09]05]06]07]0,8
Us 2 |15 1,6]1,7]18[19|16| 1,7 1,8] 1,9
3 1250126101271 28(129]271]281]29] 3

7. CnenaThb BBIBOJIBI IO paboTe.

PABOTA 18

KATYHIKA C PEPPOMAT'HUTHBIM CEPJIEYHHUKOM B IIEIIN
NCTOYHUKA TAPMOHHNYECKOI'O HAITPAKEHUA

Ilenv  pabomor. OKCHepyUMEHTAIbHOE  TMOATBEPXKJIEHUE  CBOMCTBA
0€3bIHEPLIMOHHOTO HEJIIMHEWHOI0 3JIEMEHTa NpeoO0pa3oBbIBaTh CIEKTP YacTOT
BO3JICHCTBYIOILETO Ha HETO CUTHAJA.

lloacuenus k pabome

B coBpeMeHHBIX 3IEKTPOMATHUTHBIX MpUOOpaxX MU ammaparax JUisl yCHIICHHUS
MarHUTHBIX ~ MOTOKOB ~ OOMOTOK  MCHOJB3YIOTCSI ~ MAarHUTONPOBOABI U3
(eppoOMarHuTHBIX MaTepualioB. MarHuTHas NPOHULAEMOCTh TAaKUX MaTepHaIOB
CYIIECTBEHHO 3aBHCHUT OT HAIIPSIKEHHOCTH MarHUTHOrO noiist A. IloaTomy karymika ¢
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(beppOMarHuTHBIM CEPJACYHHUKOM TIPENCTABIACT COOOW HEITWHEWHBINH JJIEMEHT C
BeOepamnepHoi xapaktepuctukoit (BOAX) y(1).

Ecnou npunsares y=BSw u wi=HI, rne B — MarHuTHas UHAYKIMS, S — ceUeHUe
MarHUTONpPOBOAA, W — YHUCJIO BUTKOB KAaTyIIKH, [ — CpeaHss JJIMHA MarHUTHOM
JUHUH, TO OKaXKEeTCs, YyTo KpuBas (i) mnoaoOHa 3aBucuMoctu B(H), Ha3pIBaeMoil
KPUBOW HaMarHMYMBaHMs MaTepuana.

OTH KpUBBIE CHUMAKOT JKCHEPUMEHTAIBHO [JIi KOHKPETHOrO Marepuana u
ONpPENEICHHOT0 BUJA MAarHUTHOrO TMojds. B  4YacTHOCTM i TMEPUOJUYECKH
U3MEHSIOMIETOCS ~ MAarHUTHOTO  TOJISI  CHUMAKT  AUHAMHUYECKUE  KPHBBIC
HAMarHM4YMBaHUSI — 3aBUCUMOCTH MEX]y MTHOBEHHBIMM 3HadeHUsIMU B u H (unu B
IpyroM maciurade Y u [), KOTOpble 00pa3yroT THcTepe3ucHble neriu. llnomanb
TUCTEPE3UCHOM  METIM  NPONOpPUHOHAJIbHA CyMME  IOTEPh  DHEPIHMM  Ha
nepeMarHnyMBanue (peppoOMarHUTHOrO MaTepuaia CcepAeYyHMKa | ToTeph Ha
BUXPEBbIE TOKHU. [lJI1 YMEHBIIEHHS STHUX MOTEPb, BBIACISIEMBIX B BHJE TEIUIA,
CEpJICYHUK HaOWpaeTcsi M3 OTAEIbHBIX, W30JUPOBAHHBIX JPYr OT Jpyra JHCTOB
AIEKTPOTEXHUYECKOW CTalu. DTO MAarHUTOMSATKUN Marepual, Yy KOTOpPOro MeTs
TUCTEpe3nca BeChbMa y3Kasi, MO3TOMY 3aBUCHUMOCTh (i) A1 KaTyIIKA C TaKuM
CEepPACYHUKOM MPHUOIMKEHHO MOXKHO CUUTATh OJHO3HAYHOW W MPEACTaBUTHh B BUJE
CUMMETPUYHOW OTHOCHUTENIPHO Hadajla KOOPJAWHAT KPUBOM, KOTOpas IOKa3aHa Ha
puc. 18.1.

Karymika ¢ peppomMarHuTHbIM CEpACUHUKOM — O€3bIHEPIIMOHHBIA HETUHEHHBIH
AJIEMEHT, MO3TOMY €€ pPEaklus Ha CUHYCOMJAIBHOE BO3JECHCTBHE OKa3bIBACTCS
HECHUHYCOMJAIbHOMU. TaK, eclii KaTylKy MOJKIIOYUTh K UCTOYHUKY TAPMOHUYECKOTO
HanpspkeHuss  u(ty) = U, cos(mf), TO M TMOTOKOCIEIUICHHE OyAeT TapMOHUYECKUM
(puc. 18.1):

y(of) = [udt =¥, sin (of), tie ¥V, = UJo = U2/ .

[Tockonbky BOAX KaTymiku CMUMMETpUYHA OTHOCUTEIFHO Haydaja KOOpIAUHAT,
TO KpuBasi i(f) — peakuusl KaTyIIKH Ha CHHYCOUJAJbHOE BO3AEHCTBHE Y(mf) —
OKa)KETCSI CHMMETPUYHON OTHOCUTEIBHO OcH BpeMeHHu (puc. 18.1), a ee paznoxkeHue
B pan Dypre OyaeT coaepkarh JIMIIL HEYETHbIE TapMOHUKU. ECliU orpaHu4YuTHCS
Y4€TOM TpeX HauOOJBbIINX U3 HUX, TO MOYKHO 3aIUCATh:

i(ot) = 1,,, sin(owt)— 15, Sin(3wt) + I5,, Sin(Sw?).

AMIUIMTYIBI TIEPBOM, TPETbEN M MATOW TapPMOHUK ONPEAEISIIOTCS MO METOLY

TpPEX OPAMHAT, KOTOPBIEC MPEJCTABISAIOT COOO0M 3HAYEHHUSI TOKAa B MOMEHTHI BPEMEHH
T T T

t, = Tk t, = e t, = R Ecnu Ha ocuminorpamme i(f) U3MEpPUTh OpPAUHATHI
R (1 T A N .
i1 = z(gj, iy = 1(5), i3 = Z(EJ, TO HETPYAHO HAWTH aMIUTUTYABl  TpeX

YUYUTBIBACMBIX B Pa3JI0KCHUH 'AapMOHHUK!
]1m :(i1+i3 +'\/§i2)/3, I3m :(i3—2i1)/3, 15m :(i1+i3—\/§i2)/3.

JleficTByoliee 3HaUeHNE TOKa I = \/ (7 12m +1 gm +1 gm )/ 2.

28



Koad¢punuent rapmMoHuk kr = 1/1§m +I§m / 1, XapakTepu3yeT CTeNeHb OTIHYMS

KpUBO TOka oT cuHycouanl (yxe mnpu kr < 0,05 TOK MOXHO CUHTATh
TapMOHUYECKHM).

Yy

i
L3

2m

Yy !
Puc.18.1

Cxema snekmpuueckou yenu

Jlist ocumsorpagupoBaHusl KpUBOM TOKa i((f) UCHOJIB3YETCs DIIEKTpUYECKast
LEIb, CXEMa KOTOPOM MOKa3aHa Ha puc. 18.2.

% (2)

Puc.18.2

[Iuranue ocymecTBAsCTCS OT HCTOYHUKA CHUHYCOUIAIBHOTO HaNpsHKEHUs
50 T'u u 24 B.

B xauecTBe HEMMHENHON MHAYKTUBHOCTH MCIIOJIB3YETCA Apoccelb Jp —
KaTyIIka ¢ (heppOMarHuTHBIM CEPACYHUKOM 0€3 BO3IyIIHOTO 3a30pa (00MOTKa
Tpancdopmaropa ¢ urciaom BUTKOB W = 300). Tak kak HIyHT npeacTaBiser coOoit
JUHEWHOE conpoTuBieHue (Ryy), TO HAPsIKEHUE, [10JJaBAEMOE C HETO Ha
ocriuiorpad, moBTOpseT 1o GopMe KPUBYIO TOKa i(mf).

[Ipubopsl mepemenHoro Toka ¢ mpeaenamu 200 MA u 20 B wusmepsitoT
JNEUCTBYIOIIME 3HAYCHUS HANPSKEHNS HAa KaTyLIKE U TOKA B HEM.

YroOsl  WcHONB30BaTh ocnwiorpad B KA4eCTBE  M3MEPUTEITHLHOTO
WHCTPYMEHTA, €ro CJeayeT MpOorpaayupoBaTh (OmpeneiauTh Macmrtad Toka). s
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TOr0, YTOOBI OcLMIUIOrpaMMa OblUla AOCTATOYHO KPYIHOM, PETYISTOp «Y CHIICHUE
HY>KHO TIOCTaBUTh B Takoe mojoxeHue m, (B/gen), mpm koTtopom KpuBas TOKa
3aHMMaeT OOJBIIYI0 YacTh AKpaHa. JTO Maciitad HanpspkeHus. [lockonbKy yinHa
CTOPOHBI OOJIBIIOTO JIENEHUs CETKH Ha dKpaHe ocumiuiorpada 10 mm, To ¢ yuyeToMm
3akoHa OMa MaciuTal Toka (MA/MM) Bbraucisiercs mo dopmyie: m; = 10°m, /(10Ry).

Iloozomoska k pabome

1. Kakoif 3aBHCHMOCTBIO XapaKTEpU3YIOT KaTymIKy C (eppOMarHUTHBIM
CEepIEYHUKOM M KaKOW BHJ HMMEET 3Ta 3aBHCHUMOCTh? B ueM npuuymHa ee
HEJIMHEWHOCTH?

2. W3 xakoro marepuana JOJKEH ObIThb U3TOTOBJIEH CEPACYHHUK KaTYIIKH, YTOOBI
MO>KHO OBLJIO MpeHeOpeyb ABICHUEM rucTepe3uca’?

3. KakoB rapMOHMYECKHI COCTaB KPUBOW TOKAa B KaTYIIKE IIPU IOJKIIOUEHUN €€
K NICTOYHHMKY CHHYCOUAAIBHOIO HAIIPSKEHUSA?

4. BeiBectu (opMyIbl AJIs ONPEAENICHUS] aMIUIMTYJ NEPBOM, TPETbeW, U NATOU
TapMOHUK I10 METOY TPEX OpJAMHAT.

IIpoepamma pabomul

1. Cob6patp 1enp nmo cxeme puc. 18.2. Bennuuna conpotuBieHus myHTa (Ryy)
coOupaeTcst MOCIeA0BATENbHBIM COETUHEHUEM COOTBETCTBYIOIIMUX PE3UCTOPOB
coriacHo Tabu. 18.1 (BapuaHT yKa3bpIBaeT MpEnogaBaTeb).

Taoauna 18.1

Bapuaunr 1 2 3 4 5 6 7 8 9 10

R o 47 | 57 | 69 | 80 | 55 | 65 | 90 | 100 | 110 | 122
M

2. Bxutouuts ocumiuiorpad. Perynaropom «Pa3BepTka» mnomo0parh Takyro
4acTOTy pa3BEpPTKU, 4YTOOBI Ha HKpaHE TMOSIBUIOCH H300pakKeHHE OHOTrO
neprojia KpuBoi i(wt¢). 3aprucoBaTh OJHY MOJYBOJIHY OCIIMJLIOTPAMMBI TOKa Ha

KajbKy. OnpenenuTs MaciTad Toka. Macmral u noka3zaHusi mpuOOpoB BHECTH
B TaoOi. 18.2.

3. Beuucauts ammumtyny — norokocuervienus W, M moctpouth  Ha
MWLTUMETPOBKE cuHycouay y(wt) = ¥, sin (of),, BeIOpaB MacmTad (pag/mm)
0e3pa3MepHOro BpeMEHU ®f TaKUM K€, KaKk M Ha ociuuiorpamme. llepenectu
Ha TOT XK€ JHUCT MWUIMMETPOBKM U OCHMJIJIOTPAMMY TOKa i(®f), YMEHBIINB
macmTab Toka (MA/MM) B Z1Ba pa3a (yBEIMYHUB aMIUTUTYy TOKa B JIBa pa3a).
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Taoauna 18.2

H3zmepenus Pezynomamur pacuema
m; 1 1m I 3m I Sm I kr
U 1
5 MA MA/MM MA MA MA MA —

4. Tloctpouth cormacHo puc. 18.1 BebGepammepHyto XapakTepUCTHKY (i)
KaTylIK{, HUCIOJNb3ys  BpPEMEHHblE  3aBUCUMOCTH  i(of) u (o).
[IporpagyupoBaTh OCH TOKa, MOTOKOCIEIUIEHUS U 0e3pa3MEepHOro BPEMEHU B
MA, MB0 1 pagnanax cooTBETCTBEHHO.

5. Paznoxute kpuByto i(®t) B psig Oypbe 1o METOAY TpeX opAuHAT. Berauciautsb
JNEUCTBYIOLIEE 3HAYEHUE TOKA / U CPAaBHUTH €ro ¢ MOKa3aHHEM aMIIEpPMETpa.
Beruucnuth Takke Ko3QPUIHUEHT rapMOHUK. Pe3ynbTaThl pacueToB BHECTH B
Tab.18.2.

6. ChopmynupoBaTh BBIBOJIBI IO paboOTeE.

PABOTA 19

IJIEKTPUYECKHUE LHEIIN C BEHTUISIMUA

Ilenv  pabompl.  DKCTIEPUMEHTAIBHOE  TOATBEPXKICHUE  CIIOCOOHOCTH
HETMHEWHBIX DJIEMEHTOB BBINIPSAMIISTh MEpPEeMEHHBIN TOK. CpaBHUTENBHBIA aHATU3
PA3TUYHBIX CXEM BBIIPSIMUTEIICH.

llosacuenus k pabome

Ananus HEJIUHEHNHBIX HGHCﬁ Ipu MEPHUOANYICCKUX BO3,Z[CﬁCTBI’I5[X
IMPOU3BOAUTCA C YUYCTOM IAUHAMHUYCCKHUX XaPAKTCPUCTUK HEJIUHEHHBIX AJICMEHTOB.
Ecau npu 3TOM CTABUTCA LOCJIb OIIPCACINUTDH q)OpMy NN FapMOHI/I‘IeCKI/Iﬁ COCTaB
peakuun MOCI, TO HCIIOJB3YIOTCA XaPaKTCPUCTUKU HEJIUHEHHBIX SJIEMEHTOB JJIs1
MT'HOBEHHBIX 3HAUCHUM.

IIpu cpaBHUTEIBHO HEBBICOKMX YAaCTOTAX NEPEMEHHBIX TOKOB M HANPSKECHUHN

JUHAMHUYCCKUC  XapPaKTCPUCTUKU 6e3bIHepHI/IOHHLIX HEJIMHEHUHBIX  DJEMEHTOB
IMPAKTUYCCKH COBIIAJIA0OT C UX CTATUYCCKUMH XAPAKTCPHUCTUKAMMU.
I[H?I BBIIPAMIICHHA NEPEMCHHOT'O TOKa HCITOJIB3YIOT HEJIMHEHHEBIC

O€3bIHEPIIIOHHBIE PE3UCTOPHI C PE3KO BBHIPAKEHHOW HECHMMMETpPHUEN BOJIbTaMIIEPHON
xapaktepuctuku (BAX) oTHocuTenbHO Hadana KOOpJAWHAT. Takue BIEMEHTHI,
(akTHUYECKH MPOBOAIINE TOK B OJHOM HalpaBICHUH, HA3BIBAIOTCA 271€eKMPUYeCKUMU
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senmunsimu. K BEHTWISIM OTHOCSITCA TOJYIPOBOAHUKOBBIE M BAaKyyMHBIE JHOJIBI,
ra30TPOHbBL, TUPUCTOPHI U JIp.

Ha puc. 19.1,a npencrasnena BAX nuona i(u#) npu BO3IEWCTBHM Ha HETO
FapMOHUYECKOI0 HAMpsDKeHUs u(wf) MPOMBIIIJIEHHON 4acTOThl (3Ta 3aBUCUMOCTD
MOKa3aHa Ha TOM e PUCYHKe). Eciii mepeHecTy mociae0BaTeNbHO Psijl TOUEK C ATOU
JarpamMMbl TIpU OMPEICJICHHBIX 3HAYCHUSX f Ha XapaKTepUCTHKY i(u) W HAUTH
0 HEMl COOTBETCTBYIOIIME 3HAYEHUS PEaKIMU JMOJa — TOKa I, TO JIETKO MOXHO
MOCTPOUTH U 3aBUCUMOCTh i(f), KOTOpas moka3aHa Ha puc. 19.1,0. Peakuus nuona
OKa3bIBAa€TCAd HECHHYCOUJAIbHOM, IPUYEM CIHEKTP €€ COIEPXKHUT IMOCTOSHHYIO
COCTaBJISIIOIIYI0, OCHOBHYIO (C YTJIOBOM YaCTOTOM ®) M BBICILIKE TAPMOHUKH.

Jlerko 3aMeTUTh, YTO aMIUIATYJA MOJIOKUTEILHON MOJIYBOJHBI TOKA TOpa3lio
0OJIbIIe aMIUTMTYJbl OTPULATENBHOW TMOJMYBOJHBL. Paznuuue 3TUX aMIUTUTY]l TeM
Oonbie, yem OoJibllie aMIUIUTYJa HANpPSOKEHUS HCTOYHMKA. 3a4acTylo pa3jiudue
HACTOJIbKO BEJMKO, YTO TOKOM OTPHUIATEIHHON MOJYBOJIHBI MOXKHO MpeHeOpeub. B
ATOM CIIy4ae XapaKTEPUCTUKY PEATbHOTO JAMOJIa MOKHO 3aMEHUTh XapaKTePUCTHKON
UJI€ATbHOTO BEHTUJISI, KOTOpas MoKazaHa MyHKTUpoM Ha puc. 19.1,a. ConpoTtusienue
TaKOr0 BEHTWJS MOJOXHUTEIBHON TMOJIYBOJHE HAIPSIKEHHS PABHO HYJIO, a s
OTPHUIIATEIHLHON TOJYBOIHBI OECKOHEUHO BelnKo. (CxemMaTH4ecKkoe H300pakeHHe
UJCATBHOTO BEHTWISI TOKa3aHo Ha puc. 19.1,B. B panHOI paboTre B KadecTBe
BEHTWJIEH HCHOJB3YIOTCS MOJYNPOBOJHUKOBBIE JHOJIBl C XapaKTEPUCTUKAMH,
OJIM3KMMU TI0 CBOMCTBAM K HUJI€ATHHBIM.

I‘ [ ] j &

Puc.19.1

VYcrpoiicTBa € 3IEKTPUYECKUMU  BEHTWJISIMH, TMpeJHa3HAUYCHHbIE IS
npeoOpa3oBaHusl MEPEMEHHOTO  HANpsHKEHHsT B TOCTOSIHHOE, HMEHYIOTCS
svinpamumenamuy. O KadyecTBEe BBIIPAMIICHHUS CYIAT MO BEIHYUHE KOd@duyuenma
nynvcayuu k. Kospduument mympcanuu  ompenensercs Kak — OTHOIICHHE
JEVCTBYIOIIETO 3HAYECHHsI IEPEMEHHOM cocTaBisitolied U, HalpsyKeHMsI Ha BBIXOAE

BBIIPSIMUTEIIS U, K €70 MOCTOAHHOU cocTaBiisitomeit U :

U5 \U;-U;§
by =2 = . (19.1)
UO UO
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Uem MeHbLIE BeJIWYMHA 3TOTO KOdPPHUIMEHTa, TeM JIydlle KadecTBO
BBIITPSMIICHHS.

Cxembl anekmpuieckux yeneti

CXxeMbl 3JEKTpUYECKHUX LENed, CpPaBHUTEIIBHOE UCCIEI0BAHUE KOTOPBIX
IpoBOJUTCS B paboTe, Mmoka3aHbl Ha puc. 19.2 + 19.5. [lutanue ocyuiecTBiasieTcss Ot
Tpex(a3HOro reHeparopa, IpuueM Ha BXOJI MEPBBIX JIBYX CXEM IOJAETCs ero gaszHoe
HanpspkeHue. JIefCcTByrolee 3HAYeHUE HTOr0 HAIPSHKEHUS KOHTPOJIUpPYETCS B
cxemax 19.2 + 19.4 BonbTMETPOM NEPEMEHHOrO HampskeHUs V). B mocnenHein xe
CXEME ITOT BOJIBTMETP U3MEPSIET JIMHENHOE HAIIPSKEHHUE.

Ha BpIXOZE KaXIOrO0 W3  BBIIPAMUTENEH  BKIIOYEHA Harpyska C
conporuBieHueM R = 10 kOm. BonbTMETpBl IOCTOSHHOIO HAIpsKEHHUS V, U
NEPEMEHHOTO  HANpPSDKEHUS  V,;  U3MEPAIOT  COOTBETCTBEHHO  IMOCTOSHHYIO

cocrapsironyo Uy m JOedCTByIOIEEe 3HAUYE€HUE IMEepEeMEHHON cocTaBisitomen U,

BBIXOJIHOTO HampsikeHus uy(mf). [Ipeaen uamepenus kaxaoro u3 BoabtMeTpos 20 B.
DTO K€ HaIpsHKEeHUE MOJAeTCs M Ha ociuuiorpad, Ha 3KpaHe KOTOPOro MOXKHO
HAOJII01aTh KPUBYIO uy(®f). st Toro, 4ToOBI KpuBasi OblIa JOCTATOYHO KPYITHOM, a
U300paKEHNE YCTOMYMBBIM, C MOMOILBIO PETYISTOPOB «YpoBeHb» M «Pa3zBepTka»
CIeyeT yCTaHOBHTL MacITaObl HAMIPSHKEHUST U BPEMEHU
=2 B/nen=0,4 B/mm, m, =5 mc/gen =1 mc/mm.

[Ipu sTom y ocummorpaq)a JOJIKEH OBITh OTKPBITHIM BXOJ W JJI MPOBEACHUS
HYJICBOTO YPOBHSI TMpPU CPHUCOBBIBAHUM OCIMJLIOTPAMM HEOOXOAUMO Yy BCeX
BBINIPSIMUTEINICH pa3MbIKaTh K04 K.

1. Oonononynepuoonstii epinpamumens (puc. 19.2).

K OCITHT-

Puc.19.2

B TedeHHME MOJOKUTEIBHOTO MOJYIEPUOJAa BXOJHOTO HANPSLKEHUS u)(mf)
JUOJT OTKPBIT U MO HEMY NMPOTEKAET TOK MPSMOIo HampapiieHud. B oTpuuarenbHbIi
HOJIyIEPUOJ, AMOJ 3aKPBIT — TOK OTCYTCTBYyeT. TakuM 00pa3omM, B Harpys3ke TE4eT
yJbCUPYIOUIMI TOK — IIEPEMEHHBIM II0 BEJIWYMHE, HO HMMEIOUIUI ITIOCTOSHHOE
HanpasieHue. OCIuIIorpaMMa HanpsKeHUsl Ha Harpy3Ke MOBTOpPsEeT popMy KPUBOH
TOKa U €€ pasyioxkeHue B psx Oypbe UMEET BU:

iy (001) :UT'" 1+gsin(cot)—2(%003(2wt)+%cos(4cot)+...j L (192)
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OueBHIHO, YaCTOTa OCHOBHOW TapMOHMKHU BBIXOJHOTO HAMNPSDKEHUS paBHA 4acTOTE
BxonHOTO (f = 50 I'm). OnuHakoBsl U aMIuTy bl U, 3THX HanpspkeHuid. [losTomy
UO:Um/TCZO,45'U1, U2:O,5Um:0,707U1

2. /Ieyxnonynepuoonstii evinpamumens (puc. 19.3).

B nosioxkuTenpHbIN MONMYNEpUo] BXOAHOTO HAMPSKEHUS] OTKPBITHL JUOAbL D | U
D, , a muonsl D3 u D 4 3aneptel. B oTpunatenbHbplil e MOIyNepuoj, HaoOopoT,
OTKpPBITHL 1uoabl D3 u D4, a nuonst D | u D , 3aneptel. B pe3ynprare TOK B Harpy3ke
UMEEeT OJHO M TO K€ HampamiieHHe B o0a mosyrnepuona. Pasnoxenue B psig Oypbe
BBIXOJHOTO HAIIPSKEHUSI UMEET BU/L:

2Unl 1 o[ 1 cos@en)+ 1 cos(dwr)+ .|| (19.3)
. 1.3 3.5

up(ot) =

YacToTa OCHOBHOM FapMOHHMKHU 3TOr0 HANPSIKEHUS B JIBA pa3a MPEBBIIIAET YACTOTY
BXOJHOro HampspkeHus. [locTosiHHas cocTaBisitolias U ACHCTBYIOIIEE 3HAUEHUE
BBIXOJIHOI'O HANPSIKEHUS PABHBI COOTBETCTBEHHO

U0:2'Um/7f20,9'U1, U2:O,707Um:U1.

.

Di/N 71‘5'3 K_}( %
NoR=ikcIcES
VAN VAN >3 *I- 8
] =
- K
PHc.19.3

Jig yimydiieHus KadecTBa BBINPSAMIIEHUS HCHOJB3YIOTCA PAa3JIUYHBIE CXEMBbI
CrIaKUBaOmMuX QuiabTpoB. [IpocTelmuii U3 HUX — KOHJEHCATOpP, MOIKIIOYAeMBbIil
napajieabHO Harpyske. [locTosiHHas cocTraBisrolas TOKa 4epe3 KOHAEHCATOp HE
TEUYeT, a 3aMBIKAeTCs 10 CONPOTUBIICHUIO Harpy3ku R. IlepeMeHHas cocrasisromas
pacnpenensieTcss MEXIy Harpy3kod U KOHJEHCATOpOM TakuM o0Opa3oM, YTO B
HaArpy3Ky IoIajiaeT TeM MEHbIIAasl YacTh TApMOHUYECKON COCTaBIISIONIEH TOKAa k—Oro

MOpsiZKa, YeM MEHBIIE EMKOCTHOe compoTuBieHne X = (koC )" Toky oroit

TapMOHUKH.

DakTUYeCKH B LEMU NPOUCXOIUT MOBTOPSIOMIMUNICS MEPEXOIHBIN Mpoliecc.
Korga abcomtoTHOe 3HAaYEHUE HANPSHKEHUS HA BXOJE BBIIPSMUTENS JIOCTUTACT
HallpsSDKEHHWsT Ha €MKOCTH, OJIHA Tapa JUOJOB OTKPBIBA€TCSI W KOHIEHCATOP
noazapsbkaercs 110 BenuuuHbl U,. 3atreM 3Ta mnapa JIHOJOB 3alHUpaeTcs U
KOHJEHCAaTOp HayuMHAeT paspshkaTbCs uepe3 Harpy3ky. Korma B ciepyromem
NoJIynepuojie abCOMOTHOE 3HAUCHUE HAMPSKEHUS HA BXOJE BBIIPSIMUTENS BHOBB
JIOCTUTHET HAIPSKEHUSI HA €MKOCTH, OTKPOETCSI BTOpasi mapa JAUO0JIOB U KOHJIEHCATOP
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omsiTh OyAeT 3apsikarbesl N0 BenuuuHbl U,. 3aTeM M 3TU JUOJIbI 3alUparoTCs,
KOHJICHCATOp CHOBA pa3pspKaeTcs 4epe3 Harpy3ky W T. 1. Yem Oombllie 3HAUYCHUE
MOCTOAHHOM BpeMeHu RC, TeM MEUIEHHEE CIaJacT HANpsHKEHUE Ha KOHIEHCATOpE,
TE€M MEHBbIIIE ero myJibcauuu. OHAKO MPU 3TOM BEJIUKH UMITYJIbCHI TOKA B JUOJAX.

[ToaTOMy €MKOCTHBIM (QUIBTP HMCHOJIB3YETCS B BBIIPSIMUTENAX C MaJbIMU
TOKaMW Harpy3ku, KOrJa HUMITYJbChl TOKOB B JIMOJIaX HE JOCTUTAIOT OIACHBIX
3HAUYCHUM.

3. Tpexchaznutii evinpamumerntvb ¢ Hazpy3Koil 6 Hy1eeom nposode (puc. 19.4).

Ao {>| . »

Eo DI %
: oo i
MNo—s . 2

Puc.19.4

C yBenuuenueM yucia ¢as B cxeMe BBIIPSAMIICHHUS (popMa KPUBOK TOKa 3aMETHO
critaxuBaercs. J(noasl paboTaroT MoOYepeHO: OTKPHIBACTCS JHMOJI BKIIOUCHHBIA B
dazy, HaNpsHKEHWE Ha KOTOPOM B JIaHHBIM MOMEHT BPEMEHU MMEET TOJIOKUTEITbHYIO
MOJISIPHOCTh M OKa3bIBaeTCs OOJIBbIIIE HAIPSDKSHUS HA IPYTroi ¢a3e, UMEIOIIETO Ty JKe
MOJIApHOCTHh. Eciu, Hanpumep,

Uy=U,IN2=aU, =a’U,, (19.4)
TO B uHTEepBaJie oT ¢t = 0 10 ¢ = 7/12 oTkpeIT Anoa B (haze C, TOCKOJIBbKY B 3TO BpeMs
uc >u, >0>uy. B TedeHne cieqyronield TpeTH nepuoaa OTKPHIT Ao B dase A4,

MOTOM CTOJIbKO k€ B (haze B, cHoBa B (paze C u T. n1. Tok uepe3 Harpy3ky B 000
MOMEHT TE€UeT B OJTHOM W TOM >K€ HampaBieHuu. Hanboublee 3Hau€HUE BBIXOJHOTO
Hanpspkerus Uy, = U,,, a Haumensmee U, =0,5-U,, .
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4. Tpexcpaznan mocmosasn evinpamumensvnasn cxema Jlapuonosa (puc. 19.5).

~T . . . -
K

oL
AR FQ &

PHc.19.5

Ora cxema obOecrneunBaeT eme Oosblliee  CIIAKMBAHUE  BBIXOJIHOTO
HanpsOKEHUS U He TpeOyeT HalIW4us HyseBoro mposofa. [loouepeHo OTKpbIBatOTCS
napbl auoAoB. OTKphITa Mapa, BKIIOYEHHas MEXIy (a3, pa3HOCTh MOTEHIMAIOB
KOTOPBIX WUMEET B JaHHBIH MOMEHT TMOJOKUTEIBHYIO TMOJSIPHOCTh M TPEBHIIIAET
HampsDKEHUE MEXTy AByMms apyrumu ¢azamu. [Ipu Tom ke ycrmoBum ais ¢a3HbIX
HanpspkeHuit (19.4), yto u B npenpayniel cxeme, B uHTepBaie ot t = 0 go ¢ = 7/12
3TOMY IIPABUIIY yIOBJIETBOPSET JIMHEHHOE HANIPSKEHUE U g, B CIEAYIOIIYIO IIECTYIO

Ao

K ocliwiorpady

4acTh NEepHo/a — HAIIPSDKEHUE U 4p, 3aTeM U 4o,Upc,Ugy, Uy, CHOBA U g U T. 1. TOK
B Harpys3ke B 000/ MOMEHT BPEMEHHU TedeT B OJHOM HampamieHnH. HamOombmee
3HAYEHHE BBIXOAHOTO HanpspkeHUst U =3 - U,,, Haumensmiee Ui, =15-U,, .

Iloocomosxa k pabome

N3y4uB TEOpETUUECKU MAaTepHall, OTBETUTh Ha CJIIEAYIOIINE BOIMPOCHI.

1. B 4yeM mnpuHIMOMATBHOE OTIMYUE JUHAMUYECKUX XaAPAKTEPUCTUK OT
CTaTUYECKUX?

2. Kakoi Bug nomkHa umetb BAX HeJIMHEMHOroO 3jIeMEHTa, YTOOBI €Tr0 MOYKHO
OBLIO UCIOJIH30BAThH JJIS BRIMPSIMIICHUS IEPEMEHHOTO TOKa?

3. Hapucyiite ¢opmy KpuBON TOKa B HArpy3ke LENH C HACAIbHBIM JIHOJIOM
(puc. 19.2) npu cuHycoOMJaIbHOM BXOJAHOM HAIPSKEHUU.

4Yto ounenuBaeT kodhduiment mnynabcanuu? Kak ero moacyuTaTh Mo
MOKa3aHUsIM TPUOOPOB B KakJAOW U3 BBIIPIAMHUTENbHBIX cxeMm? Vcnons3ys
NPUBEJICHHBIC BBIIIE pasfokeHus B pax Dypee (19.2), (19.3), paccuurarh
TEOPETUYECKOE 3HAYEHUE kyy JUISI CXEM OJIHO- U IBYXITOJIYIIEPUOIHOTO BBIIPSIMIICHHUS.

5. TlpubnmxenHoe pasznoxeHue B psig Dypbe BBIXOJHOTO HAIMPSIKEHUS IS
cxeM, n3o0pakeHHbIX Ha puc. 19.4 u 19.5, umeer Bu:

uy(wt)= Uy —U,,, cos(kot). (19.5)

3nech k = 3 nns Tpexda3Hoi CXeMBbl ¢ HYJIEBBIM MIPOBOJIOM, kK = 6 I CXEMBbI
JlapuonoBa. BriBecTn (hopmysibl uisi onpeleseHusl MOCTOSSHHOM COCTaBJISIOIEH U
aMIUTUTYJIbl OCHOBHOM TapMOHUKM (METOJ JIBYX OpAMHAT), CUUTash W3BECTHBIMU
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HauOombiiee U, 5 ¥ Haumenbliee Uy, 3HAUYEHUs OTOrO HANPSHKCHHUA Ha
OCLMJIIIOTPaMME.

Ilpoepamma pabomei

1. Cobpath »dyeKTpuyecKyr Iienb 1o cxeme puc. 19.2. [logkiouuTh
ocumiiorpad. YCTaHOBUTH PEryJsSTOp «YCHIECHHE» B IMOJIOXKEHUE, NpH
KOTOPOM OCLMJLIOTpPaMMa 3aHMMAET MPAKTUYECKH BCIO BBICOTY JKpaHa, HO HE
BBIXOJUT 3a ero mpenensl. Perymstopom «Pa3BepTka» mnomo0Oparh Takyro
YacTOTY Pa3BEPTKH, IPU KOTOPOW HEMOABMIKHAS OCLUJIIOTpaMMa COAEep Kayia
Obl HE MEHee OJHOTrO MepuoAa HampsokeHus uy(wt). Bo Bcex mocnemyronmx
SKCIIEPUMEHTAxX, KpoMme cxembl JlapmoHOBa, HACTpOWKY ociuuiorpada He
MeHsTh. Pa3zoMkHyTh Kitou K 1 Ha KajgbKe MPOBECTH HYJIEBOW ypOBEHB (OCh
BpeMeHM). 3aMKHYTh Kiatou K M cpucoBaTh OCHWIIJIOTpaMMy Ha KajbKy, a
noKa3aHus NMpuOopoB 3anucath B Tadnauiy 19.1. Taxxke nNpoBOIUTH HYJIEBOU
YPOBEHB MIPU CPUCOBBIBAHUH OCLIMJUIOIPAMM B MOCIEAYIOIIUX ONBITAX.

Tadamuna 19.1
DKCIIEPUMEHT Pacuer
Brinpsmutens U, Uy U, U, kn

B B B B -

OpxHononynepuoHbII
0e3 ubTpa
JIByxnonynepuon C=1 mMx®
HBIN C=147 Mx®
C=1,69 Mx®d
Tpexda3Hblii ¢ HYJIEBBIM TPOBOJIOM
Cxewma JlapuoHoBa

2. CoOpatp »3neKTpuuecKkyro Ienb mo cxeme puc. 19.3. Ilpu pazomkHyTOM
noyiokeHnun  kiaroya Kc  3amucaTh  MoKa3zaHWs OpUOOPOB U CHSTH
OCIIUJIOTPaMMYy BBIXOJHOTO HampsikeHus BbolIpsaMmuTess. [Ipu 3amMkHyTOM
kmoue K¢ uccnenoBars BiausiHue BeIUUUHbI eMKOCTH C (UIbTpa Ha KA4ECTBO
BbIIpsimiieHust.  J[si1  3Toro 3amucarh MOKa3aHusd NpuOOpPOB U CHATH
OCLIIJIJIOTPaMMYy BBIXOJHOT'O HAMPSHKEHUS BBHIIPSMUTENS TIPU TPEX 3HAUCHUSIX
eMkocTtH. [lokazanus npuOopoB 3anuceiBaTh B Ta0d. 19.1.

3. CoOparhb SJEKTPHUYECKYIO IIeNb MO cxeMe puc. 19.4, 3amucarh IOKa3aHHS
npubopoB B Tabna. 19.1 u CHATH OCHWIJIOTPaAaMMy BBIXOJHOTO HAMPSHKEHUS
BBITIPSIMUTEJIA.

4. CoOpaTh 2JIEKTPUYECKYIO IeNb IO cxeme puc. 19.5, 3ammcarh mokazaHus
npubopoB B Tabna. 19.1 u CHATH OCHMIJIOTPaMMy BBIXOJHOTO HAmNpsKEHUS
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BBITIPSIMUTEIISL, MPEBAPUTEIILHO BJIBOE€ YBEJIWYMB MaclITad HampsDKEHUs Ha
OCHMJIJIOTPAMME C OMOUIBIO PETYJIATOPA «Y CUIIEHUEY.
5. BpramcanuTe NEeNUCTBYIOIINE 3HAYCHMUS BBIXOHOT'O

HanpsokeHus U, = /U 3 + U, )2 U 3Ha4YeHUs Kod(duiMeHTa Mmyiabcauuit Ay

no ¢opmyne (19.1) mmg Bcex NMPOBEACHHBIX DKCIIEPUMEHTOB. Pe3yibTaTh
BBIYMCJIEHUA BHeCTH B Tadm. 19.1.

6. Usmeputs Hanmbonbmee U, ¥ HaumeHbmiee U,., 3HAYEHUS BBIXOJHOIO

HAIPsDKCHUS Ha OCIMULIOTpaMMax, MOJTYYEHHBIX MPH WCCICIOBAHWH OJHO- H
JIBYXIIOJMYIIEPUOJHOTO BbIpsiMuteneil. Beruncnute Uy, U,, U, , ucnoib3yd
pasnoxkeHust B psag Oypbe BBIIPAMICHHOTO HAMpPsHKCHUS B CXeMax OJHO- U
JIBYXTOJIyTiepuogHoro Beimpsimutened (19.2) u (19.3). 3arem mnoacuutath
kod(uniueHT ky. Pe3ynbrarsl BeIUKCIEHUM BHECTH B Tab. 19.2.

Taoauna 19.2
Umax Umin UO UZ (JZ~ kH
Brimpsimurens B B B B B -
OHONOTYTIEPUOTHBIN
JIByX1mIOTyieproJHbIN
(6e3 guibTpa)
Tpexda3Hslii. ¢ HYJI. TPOB.

Cxewma JlapuoHoBa

7. WUsmeputh Hambonbmee U u HauMmeHnblee U ;, 3HAYEHHUS BBIXOLHOIO

max
HAIIPpSOKCHUA  Ha  OCHWILIOTpaMMax, IIOJYYUYCHHBIX  IIpU HUCCICIOBAHHUUA
TpCX(I)a?)HBIX BBIHpHMI/ITGJICﬁ. Bperaucnuts C ux IIOMOIIIBIO

Uy, Uy =U,, /N2, wucnonedys mnpubmmkeHnyno  dopmyny  (19.5)
paszioxeHus B psax Oypbe BHIMPSAMICHHOTO HANIPSDKEHUS B OTUX CXeMax. 3aTeM
NoJCYNTaTh KOXPQPUIUEHT k. Pe3ynpTaThl BBIUMCICHHN Tak)Ke BHECTH B

tabm. 19.2.
8. IlpoaHamnM3upoBaTh MOTYYCHHBIC PE3YIbTAThI U CACIATh BBIBOJIBI IO paboTe.

Cnucok Jureparypsbl
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