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HOACHUTEJBHASA 3AIIMCKA
MeToauueckie peKOMEHJAUU 0 BBIIOJHEHUIO JaOOpaTOpHBIX padoT Mo

y4eOHON TUCIUTIINHE «DJEKTPOTEXHUKA» MPEIHA3HAYCHBI ISl 00YyJaronuxcsl o
cnenpasibHOocTH  15.02.07 ABTOMaTH3alMsi TEXHOJIOTHYECKUX IPOIECCOB U

MIPOM3BOJICTB (110 OTpacisiM) 6a30BOM MOATOTOBKH.

JlabopatopHble  3aHATHS  SIBJIAIOTCA  BaXKHBIM  3JIEMEHTOM  y4eOHOM
TUCIUIUIMHBL. B mporiecce BhImoigHeHUsT JabopaTOpHBIX paboT oOydaroniuecs
CUCTEMAaTU3UPYIOT U 3aKPEIUISIOT MOJYyYCHHBbIE TEOPETUUECKUE 3HAHMS, Pa3BUBAIOT
UHTEJUICKTYalbHble MW NOpodeccCUOHATIbHBIE YMEHHUS, (DOPMUPYIOT DIEMEHTHI

KOMHGTCHHI/Iﬁ 6y,Z[YHII/IX CIICOUAJINCTOB.

MCTOI[I/I‘ICCKI/Ie PEKOMCHOAIIN MpCaAHa3HA4YCHbI JJIA OopraHu3anuu

BBIITOJIHCHU A Ha60paTOpHBIX pa60T 110 y‘I€6HOﬁ JUCITHUITIIMHC «3JI€KTp0TeXHI/IKa».

[Iporpammoil y4eOHOM AMCHMIUIUHBI «DJNEKTPOTEXHUKA». MPETyCMOTPEHO
BBIMOJIHEHHE 15 mabopaTopHblX  paboT, HamNpaBieHHBIX Ha (OpMHPOBaHHE

IEMEHM 08 CIIeOYIOUMUX KOMNEMeHYUIL:

OK 1. [loHumaTh CYIIHOCTh W COIMAJIBHYIO 3HAYMMOCTH CBOEH OyayIieit

npodeccun, MposIBIATH K HE YCTOMYUBBIN UHTEPEC.

OK 2. Opranu3oBbiBaTh COOCTBEHHYIO J€ATEIbHOCTh, BBIOMPATh THIIOBBIC
METO/ABl U CIOCOOBI BBINOJHEHUS MNPO(EeCCUOHANBHBIX 3a/lad, OLICHUBATh HUX

3(PEKTUBHOCTh U KA4E€CTBO.

OK 3. Ilpunumath pernieHuss B CTaHJAPTHBIX U HECTAaHAAPTHBIX CUTYalMSIX U

HECTH 3a HUX OTBCTCTBCHHOCTD.

OK 4. Ocy1iecTBisiTh MOUCK W HCIOJIb30BaHWE WHGOPMAIK, HE0OX0IUMON
1u1s1 9(HEKTUBHOTO BBIMIOJHEHUS MPO(PecCHoHaIbHBIX 3a7a4, TPOPECCUOHATIBHOTO U

JIMYHOCTHOTI'O Pa3BUTH.

OK 5. Ucnonb3oBaTh MHGOPMAIMOHHO-KOMMYHHUKAIIMOHHBIE TEXHOJOTUH B

npodheccCuoHaNbHOM NeSTENbHOCTH.



OK 6. PaGorath B KOJUIEKTHMBE U KoMmaHje, A(QPEeKTHBHO 0OIMATHCS C

KOJUICTraMH, PYKOBOACTBOM, HOTp€6I/ITeJ'I$IMI/I.

OK 7. bpate Ha ce0si OTBETCTBEHHOCTh 3a pabOTy UJICHOB KOMAaHJIbI

(MOTYMHEHHBIX ), pE3YJIbTAT BHIMIOJHEHUS 33/ IaHUM.

OK 8. CamoCTOATENFHO  OMpEAENATh  3aJaud  MPOPECCHOHATBHOTO |
JMYHOCTHOTO DPAa3BHUTHS, 3aHUMAThCSI CaMOOOpa30BaHUEM, OCO3HAHHO IIAHUPOBATh

ITOBBIINICHUC KBaJ]I/I(l)I/IKaHHH.

OK 9. OpueHTHpPOBAaTBCSA B  YCIOBHSX YacTOH CMEHBI TEXHOJOTHH B

poeccuoHaNbHOM NESITEIbHOCTH.

[IK2.1 Bpimonaasate paboOThl MO MOHTaXY CHCTEM aBTOMATUYECKOIO

YIPABJICHUS C YIETOM CIIEHU(PUKHA TEXHOJOTUYECKOTO MpoIiecca.

[IK 2.2. [IpoBoauTh ~ PEMOHT  TEXHUYECKHX  CPEICTB M  CHUCTEM

ABTOMATH4YCCKOI'O YIIPABJICHMUA.

[IK 2.3. Bemonuare paboTel MO HaTaAKe CHCTEM aBTOMATUYECKOTO

yIIPaBJICHUS.

3HAHUL.

- pU3HYECKUX MTPOIIECCOB B DJICKTPUUCCKUX IIETIAX;

- METOJIOB pacueTa JEKTPUUECKUX LIETEH;

- METOJIOB MPE0OPa30BAHUS MIEKTPUUECKON SHEPTUH.

VYMEHUI.

- pacCUMTHIBATh IMapaMETPhl W JJIEMEHTHI JJICKTPUYECKHX W DJICKTPOHHBIX
YCTPOWCTB;

- COOMPATh AIEKTPUUECKUE CXEMBI U TIPOBEPATH UX padOTYy;

- UI3MEPATH TapaMeTPhI TCKTPHUUSCKUX TICTICH.
Onucanve Kaxaoi JabopaTopHO pabOTHI COAEPKUT HOMEp, Ha3BaHHE W IICJb
paboTel, (opMHpyeMble B TIPOIIECCE BBIMOJHEHUS PAOOTHl 3HAHWSA, yYMEHHUS W
AJIEMEHTHl KOMIIETCHIINN, TEOPETUYECKOE H3JI0XKEHHE HEOOXOIMMOro MaTepuasa

(mpu  HEOOXOAMMOCTH TPUMEPHI BBIMOJHEHUS 3aJaHUil), BapUaHTHl 3aJaHUA,
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ONHCAaHUE aJTOPUTMA BBINOJIHEHHUS PabOThl U KOHTPOJIBHBIE BOMPOCHI (C LIEJBIO
BBISIBUTh M YCTPAHUTh HEIOUYETHI B OCBOCHUM MaTepHaa).

- HOMEp padoThI;

- HauMEHOBAHME;

- LIEJIb;

- DJIECMEHTHI KOMIIETCHIINH,

- IepeyeHb 00OPYAOBaHMS U TPUOOPOB;

- 3JIEKTPUYECKYIO TPUHLIUITUAIBHYIO CXEMY ;

- TEOPETUUECKOE U3JI0KEHNE HEOOXO0AMMOTr0 MaTeprarna;

- BapUaHThI 3a/1aHMI];

- IOPS/I0K BBIMOJHEHUS U 0(pOpMIIEHUS paOOThI;

- KOHTPOJIbHBIE BOIIPOCHI.

OtyeTsl CTYACHTOB IIO0 Jla60paT0prIM pa60TaM AOJIDKHBI COOCPIKATD

- HOMep padoThI;

- HaMMEHOBAHMUE;

- L1€JTb;

- IepeYeHb 000PYI0BAaHUS U PUOOPOB;

- 3JIEKTPUUYECKYIO TPUHIUITUATIBHYIO CXEMY ;
- TaOJMIIBI OTIBITHBIX U PACUYCTHBIX JIAHHBIX;
- pacueTsl;

- OTBETHl HAa KOHTPOJIbHBIE BOIPOCHI;

- BBIBOJI.

TuTynbHBIM ~ OTYETAa JIMCT JOJDKEH OBITh O(OpPMJIIEH B COOTBETCTBUHU C

MIPUJIOKEHUEM A.

Jist monydeHus JOTOJHUTEIbHOM, Oosiee mMOApOOHON HHPOpMaLUU 1O
OCHOBHBIM BONpPOCAM Y4EOHON TUCIUIUIMHBI B KOHLIE METOAMYECKUX PEKOMEH Al

MIPUBEJICH NIEPEYEHb PEKOMEHIYEMOM JIUTEPATYPHI.



IHEPEYEHD JIABOPATOPHBIX PABOT

Ne ni/p Paznen u Tema HaumenoBanue padot Yacer
Paznen 2. DjekTpuyecKue ey MOCTOHHOI0 TOKA
1 Tema 2.2. 3aKOHBI JIEKTPUYECKHUX [TpoBepka 3akona Oma u popmyst 2
ueneun MOIIHOCTH.
2 Ananus napamMeTpoB 2
3MEKTPUYECKOM Lenu Mpu
MOCJIeI0BATEIILHOM U
napajieIbHOM COEAMHEHUHU
CONPOTHBJICHUH.
3 HOCTpOCHI/Ie U aHaJIu3 2
MOTEHIMAJIbHBIX JUarpaMm.
4 OnpeneneHue TOKOB BETBEH yTeM 2
Tema 2.3. PacueT anekTpudecKkux U3MEPEHUA U pacyeTa YaCTUYHBIX
eney MoCTOSHHOIO TOKa TOKOB.
5 Onpenenenue napaMeTpoB 2
SKBHBAJIEHTHOTO T€HEPATOPA.
Paznen 3. MaraurTHoe 1moJie
6 Tema 3.5 MaruutHsle nenu HccnenoBanye pa3BeTBIEHHOM 2
MAarHUTHOH LEIH.
Pazjen 4. DiekTpuyecKue eny nepeMeHHoro ToKa
7 Tema 4.2. Pacuet nuHeHHBIX Hccnenoanue uenu nepeMeHHOro 2
JIEKTPUYECKUX LENEH IEPEMEHHOTO TOKa C PEAIbHON KaTyLIKOM.
8 TOKa. HccnenoBanue nenu nepeMeHHOTo 2
TOKa C PeaJIbHbIM KOHJIEHCATOPOM.
9 HccnenoBanue Hepa3BETBICHHOU 2
LIETIH C MTOCJIEI0BATEIbHBIM
COEIMHEHUEM aKTUBHOTO
CONPOTHUBIICHHUS, KATYIIKH U
KOHJIEHCATOopA.
10 HccnenoBanue 351€KTpUUECKON LIETIH 2
B PEXXHMME pPE30HAHCA HANPSIKEHU.
11 Uccnenosanue 3neKTqueCK0ﬁ 1enu 2
B peXKUME pe30HaHCa TOKOB.
Pasznea S Tpexdasubie nenu

12 Tema 5.2 Pacuer TpexdaszHoii nenu Uccnenoanue Tpexdaznoii menu 2
MIPU COCTMHEHUH UCTOYHUKA U MIPU COCTUHEHHUH 3BE3/I0H.

MIPUEMHHUKA 3BE30M.

13 Tema 5.3 Pacyer TpexdazHoi nenu Hccnenosanue TpexhasHoi Lenu 2
MIPU COCTMHEHUH UCTOYHUKA U TP COEMHEHNH TPEYTONbHUKOM
MIPUEMHHUKA TPEYTOJTHHUKOM.

Paznen 7 HesqmHelinble nenu

14 Tema 7.1 Henuneiinsle nenu npu HccnenoBanue xapakrepa IHOTepb 2
MEPUOANYECKUX CUHYCOUTATBHBIX MOIITHOCTH B KaTyIIKe c
TOKAX M HaIpPSHKEHUSIX (heppOMarHUTHBIM CEPJCYHUKOM

Pasnen 8 Ilepexoannbie npouecchl B 3J1eKTPUYECKUX HEMsAX

15 | Tema 8.2 AHanu3 nepexoaHbIX Hccnenopanue TIEpPEXOIHbIX 2
HpOHECCOB B KATYIIKE MPOIIECCOB B aKTHBHO — E€MKOCTHOM
WHJYKTUBHOCTHU U KOHJEHCATOpe -

Bcero: 30




JIABOPATOPHAS PABOTA Ne 1

IIpoBepka 3akona Oma u (popMyJ1 MOLLIHOCTH

Hean pabGorbI: OnbiTHOE MOATBEpKIEHHE padoThl 3akoHa Oma B
ANEKTpUYECKON nenu. POpMUpPOBaHME YMEHUM OCYILIECTBISITh WM3MEPEHHS U
OpUMEHATh  (GOpMyINIbI TpPH  pacdyeTe MapaMeTpoB  DIEKTPUUECKOHW  LeMu.
CoBeplICHCTBOBaHME YMEHHI COOMpATh 3JIEKTPHUUECKHE CXEMbl U NPOBEPATH HUX
paboTy; U3MEPATH MapaMeTPhl FTCKTPUUECKUX LIETICH.

3Hanus (aKTyanu3anus):

- METOJIbl pacyeTa IEKTPUUYECKUX LIeTneit
Ymenus:

- pacCUMTBHIBaTh IMAPAMETPHI M JJIEMEHTHI JJIEKTPUUECKHX M JIIEKTPOHHBIX
YCTPOMCTB;

- COOMPATh ANEKTPUUECKUE CXEMbI U IPOBEPATH UX padOTYy;

- U3MEPATH MapaMeTphl FJEKTPUUECKUX LEIEH.

1 Cxema onpbITa.

PA
+ 1% 1A T2 .
j e A\
PW |
30B 30B PV R

2 TeopeTrudeckoe 000CHOBaHME.

DJIeKTPONPOBOAHOCTH- 3TO CBONCTBO BEIIECTBA MPOBOJUTH MO JACHCTBUEM
HE W3MEHSIOIIETOCS BO BPEMEHHM JJICKTPUYECKOTO TMOJII HE HU3MEHSIOIMMICS
AIEKTPUUYECKUHN TOK. SIBJIEHUE SJIEKTPUUECKOTO TOKA MPOBOJIUMOCTH UMEET OTPOMHOE
MPAKTUYECKOE 3HAYCHHE: MOJYYCHUE DIIEKTPUUYECKOW HSHEPTHM W3 JAPYrUX BHUIOB
SHEPruM, nepefadya dJIEKTPUUYECKONM SHEPrUM Ha PACCTOSHUE U €€ HMCIOJIb30BaHHE.
Bce sHepreTrueckue npeodpa3zoBaHusi OCYIIECTBISIOTCS B JIEKTPUUECKUX TETISX.

DJIeKTpUuYecKass MHenb - 53TO COBOKYIIHOCTh YCTPOWCTB M OOBEKTOB,
00pa3yronmx 3aMKHYTBIA TYTh JJIS1 DJIEKTPUYECKOro Toka. OTaeapHOe YCTPOIMCTBO,
BXOJISILIIEE B COCTaB AJIEKTPUUYECKOW IEMU U BBIMIOJIHSIONIEE B HEH OMNpeeIeHHbIE

(YHKIMU, HA3bIBAECTCS 3JIEMEHTOM JIeKTPUYECKOH 1erH.
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Cxema »JJjekTpuyeckoili menum - 03T0 Tpaduueckoe u300paxeHue
ANEKTPUYECKOM 1IeMH, CoJeprKaliee YCIOBHbIe OOO3HAUYE€HHUSI €€ DJIEMEHTOB,

ITOKAa3bIBAaOIICC COCAMHCHUA OTUX DJICMCHTOB.

DJIEKTPHYECKHMM TOKOM ITPOBOAMMOCTH HA3bIBACTCS HAPABIICHHOE
JBIDKEHHUE DJICKTPHUCCKHUX 3apsJIOB BEIIECTBE WM B BaKyyMe. DJIEKTPOTCXHHUKA
paccMaTpUBaeT SBJICHHE JICKTPUICCKOTO TOKA B IPOBOJIHHUKAX IIEPBOTO BHJA -
MeTajuiax. JJICKTPOHBI B IPOBOJHUKAX ABMXKYTCS HE CBOOOIHO, @ UCIIBITHIBAIOT
COyapeHus C HOHAMHU KPUCTAJUTMYSCKON PEIICTKH , YTO TOPMO3HT UX
MOCTYIATEIIbHOE JIBHYKCHHE.

Conporubienue npoBoaHuka R(r) - 370 mpoTHBOACHCTBIE IPOBOIHUKA
HAIPaBJICHHOMY JBM)KCHHUIO JICKTPHUYSCKUX 3apsI0B (3JCKTPOHOB). CONPOTUBIICHHE
IIPOBOJIHUKA 3aBUCHUT OT:

* Marepuaa;

* TEOMETPUYCCKUX Pa3MepOB IIPOBOIHHKA,

* (OpMBI IPOBOJTHUKA;

* TEMIIEPATYPHI.

3akon OMa U1 y4YacTKa lelu: CHia ToKa Ha y4acTKe LEnu MpsSMo
IPONOPIUOHATIbHA HANIPSKEHUIO Ha 3a)KMMaX ydacTKa U oOpaTHO
nponopIHoHaibHa conpoTuBieHuto yuactka | = U/R

Enununa nzmepenus conportusienus - 1 Om : 1 OM paBeH CONPOTHBIICHUIO
MIPOBO/IHUKA . IO KOTOPOMY TedeT TOK cujioi 1 A mpu HampsHKEeHUH Ha KOHIaX

npoBoaHuka 1 B.

I[To 3akony JI:koyJis - JIeHa KOIMYEeCTBO AIEKTPUIECKON dSHEPTHH, Tpeo0pazyeMoit
B IPOBOJIHUKE B TEIUIOBYIO SHEPTHUIO, MPOMOPIUOHAIBHO KBAJIpaTy TOKAa U

ANEKTPUYECKOMY conpoTuBiieHnto mpoBoauuka Wnp = | R t

MouHoCTh NPHEMHHUKA - CKOPOCTh MPe00pa30BaAHMS DIEKTPUUECKON IHEPTrUU

W 6 apyroii Buj sHeprun Pup = 12 ¢ R, cornmacuHo 3axkony Oma U = IR,

no3ToMy  Pnp = U-l. Enunanna nusmepenns momHoct 1 Br.
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3 BapuaHThl 3a1aHUI.

Bapuant 1 2 3 4 5 6

Conpotusnenue | 100 90 80 70 60 50
R, Om

4 TlepeyeHb mpuOOPOB:

HcTounuk 3HEprunM NOoCTOAHHOTO ToKa - 30 B.
Mara3uH conpoTuBiI€HUM - 1 1T.

Bonbrmetp - 1. (030 B).

Awmnepmetp - 1mt. (02 A).

BoasT™merp - 1 wrt. (0+150 BT).

o ~ wnp e

S5 Ilopsinok BbINOJHEHUSI PadOTHI:

Onpenenuts pa3MelieHrue mpudopoB Ha CTOJIE.
OnpenenuTs UEHY JIeIeHUs1 TpUOOPOB.

Co0path dMEKTPUIECKYIO CXEMY LICTIH.

BxirouuTh aBTOMAT IMOCTOSIHHOTO TOKA.

N o g bk~ DR

3anucath Moka3zaHusi IpuOOPOB B TAOJUILY.

[IpeabsiBUTH cOOpaHHYIO CXEMY JUIsl MPOBEPKHU MPENOIaBaTENIO.

YcTaHOBUTH 3aJaHHOC COITPOTUBJICHUC HA MAara3smHe COHpOTPIBJ'ICHPIfI.

Y CcTaHOBUTH U3MEPHUTH BBIYMCIIUTH
U R I U P |R=U/l|R=P/I?| P=IU |P=I°R |P=U%R
B Om A B Bt Om Om Bt Bt Bt

8. Yb6enutncs, 4To:

2
I | 2 R

9. Cuenath BBIBOI.




6 KoHTpoJsbHBbIE BONPOCHI.
JlaTh onpeienieHne MIeKTPUICCKON CXEMBI.
Yto Ha3BIBACTCS JCKTPUICCKUM COTIPOTUBIICHUEM?
Uro BAMSIET HA BETHUUHY AJIEKTPUUECKOTO COMTPOTUBIICHHS?

I[aTB OIIPCACIICHUC JJICKTPUICCKOTO TOKA.

o~ WD BE

dopmynnpoBka 3akoHa OMa AJIs y4acTKa L.

JIABOPATOPHAS PABOTA Ne 2

AHanaus nmapamMeTpoB 3J1€KTpH‘leCKOﬁ e nmpu mocJjieAoBaTeJIbHOM U
nmapajujaeJbHOM COCAUMHCHUHN CONIPOTUBJICHUH.

Heab padorsl: [loaTBepKACHUE ONBITOM CBOKMCTB IMOCIIEI0BATEIBHOTO U
[IapajuIeIbBHOTO COCTMHEHUN CONTPOTUBIIEHUN.

3HaHus (aKTyanu3anus):

- METOJIBI pacyeTa dIECKTPUICCKUX TeTei

Ymenus:

- pacCUMTHIBATh IMApaMETPhl W DJIEMEHTHI JJICKTPUUECKHX U DIIEKTPOHHBIX
YCTPOWMCTB;

- COOMPATh ANEKTPUUECKUE CXEMbI U IPOBEPATH UX padOTY;

- I3MEPSATH TapaMEeTPhl JEKTPUICCKUX TICTICH.

1 CxeMBbI ONILITOB

2 Teopernyeckoe 000CHOBaHME.

ITocsenoBaTe/ibHOE COCTUHEHHE PE3UCTOPOB.
[Ipn mocnenoBaTenbHOM COECIMHEHUM YYAaCTKOB WM OTIEIBHBIX JJIEMEHTOB
ANEKTPUYECKOM [enu TOK B HUX OJMH W TOT JK€. OTOMY IPHU3HAKY

IMOCJaACAOBATCIBHOIO COCAMHCHUSA COOTBCTCTBYET CXCMa Ha PHCYHKCE 21, rac Tpu
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pesuctopa ¢ conpotuBieHusiMd Ri, Rz, Rz coenunennl B Takom mopsjike: Hayao
CJIEIYIOLIErO JIEMEHTa COCAMHEHO C KOHIIOM MPEAbIIYIIEro, BXOJHBIMH 3aKUMaMU
JAHHOW TpYMNMbl 3JIEMEHTOB SBJISIIOTCS HA4yajlo TMEPBOTO U KOHEIl TMOCIETHEro
anemenTa (Hi u Kj). Mexay BXOOHBIMH 3aXKMMaMu JEeUCTBYyeT Hampsbkenue U,

KOTOpPOE COTJIaCHO BTOpoMY 3akoHy Kupxroda paBHO cymMMe MmaneHU HAMPsHKEHUS

Ha OTAEIbHBIX JIEMEHTAaX (y4acTKax):
U=U; +U,+U3=IR; +IR>+IR3;

U=I(R1+R>+R3)=IR>;

O06o03HaUYNM R5=R 1+R,+Rs.
I
—_—
H, R, K H R, ¥, H, R,
Uy —p Jy ——- Uy
\
U

Pucynok 2.1. - Cxema nocnenoBaTeabHOr0 COEAUHEHUS PE3UCTOPOB.
JInst 1oce0BaTeIbHOTO COSIMHEHMSI MTPOU3BOIBHOTO KOJHUYECTBA pe3ucTopoB (N)
MOXXHO HamucaTh aHajoruyHoe BbIpaxkeHue. CompoTuBieHue Rs 1o cBoemy
JNEUCTBUIO SKBUBAJICHTHO COMPOTHUBIICHUSAM N pe3uctopoB. [loaTomy rpynmy MOKHO
3aMEHUTH OJIHUM PE3UCTOPOM (IKBUBAJICHTHBIM) U MOJIYYUTH 00JIE€ TPOCTYIO CXEMY

LEeMd PHUCYHOK 2.2, B KOTOpPOH 3HAYEHUE TOKA U HaIpsSOHKEHUE OcTaroTcs 0e3

HN3MCHCHHMI.
H] R K‘l
O II Il -0
—

Pucynok 2.2. - DkBUBaJIeHTHas cxema
IIOCJIEZI0BATEIBLHOTO COCIMHEHUS PE3UCTOPOB.

MomHocTts nenu P paBHa cymme MomiHocTen Py OTAEIbHBIX CONPOTUBIEHUM, T.€.P =

n
Y P,, a Tak KaK [0 BCEM 3JIEMEHTaM LEMOYKH IIPOTEKaeT OAUH U TOT e TOK I, To
1

n=3
P, =(R, +R, + R,)I?, 6amaHc MOIIHOCTEH BBITOIHIETCS.
1
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IMapaniesbHoe coeJUHEHHE Pe3HCTOPOB.

[Tpu mapannenbHOM COEIMHEHUN PE3UCTOPOB BCE OHU NMPUCOECTUHEHBI K OJJTHOU
rape y3JoB, T.€. HAXOJATCA MOJA JEUCTBHEM OJHOTO M TOTO K€ HAIPSIKEHUSA. JDTOMY
NpU3HAKY MAapaIeIbHOIO COEIMHEHUS COOTBETCTBYET CXEMa Ha pPHUCYHKE
2.3, rae Hauaia Tpex pe3uctopoB Ri, Ry, Rs coenunens! B y3ne H, a KOHIIBI - B y3i1e

K. Mexny y3moBbeiMU TOUKaMmu aeicTByroT HanpsikeHus: U=U1=U,=Us.

— Ky

H; | S K,

Y

Pucynok 2.3. - [lapaiutenpHOE COEUHEHNE PE3UCTOPOB

[Ipu mapamienbHOM COEIMHEHNH PE3NCTOPOB B pacueTe yJ00HO HCIOIb30BaTh

MPOBOJIMMOCTH BETBEH, G, = L ;. G, = i; G, = 1 :
Rl RZ R3
a Toku B BeTBaAx |1=UGq; 1,=UG; 1;=UGs;.

CornacHo nepBoMy 3akoHy Kupxroda, obmmuit Tok | rpynmsl BeTBel paBeH

CyMMe€ TOKOB BETBEW U HAIIPABJIEH B IAHHOM ciy4dae oT y3na H k y3ny K:

=1+ 1L,+1;,=UG+UG,+UG3;
I=U(G1+G,+G3)=UG, ,rne G5 - dKBUBaJCHTHAs MPOBOAMMOCTD IICITH
Gr=G1+Gr+Gs.
JlJ1s mapaiieabHOro COSAMHEHHUS TPOU3BOILHOTO KOJIMYECTBA Pe3ucTopoB (N)
MOYKHO HaIllMCcaTh aHAJIOTHYHbBIE BRIpakeHus. O0mas mpoBoauMocts Gy 1Mo cBoemMy
JICHCTBHUIO SKBUBAJICHTHA ITPOBOAUMOCTSAM N PE3MCTOPOB IIPH COXPAHCHHH 3HAUCHUS
o0111ero Toka u 0anaHca MOIIHOCTEH 1ienu. [103ToMy Ipymmy pe3ucTOPOB MOKHO
3aMEHHUTDH OJTHUM PE3UCTOPOM (PKBUBAJICHTHBIM) U MOJYYUTH O0JIee MIPOCTYIO CXEMY

(pucynok 2.4), B kotopoit R, =1/ G5
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PI/ICYHOK 2.4. - DKBUBAJICHTHAs cXeMa MapauICJIbHOI'O COCAUHCHUA PC3UCTOPOB.

MomrHocts P, moTtpebinsiemast BceMu CONPOTUBJICHUSIMU, PAaBHA CYMME

n
MOIIHOCTEH OT/ETBHBIX CONPOTHBICHHUI: P = ) P, .
1

MOHIHOCTB P, KaXXI0ro COIIPOTHUBJICHUA MOJKHO BbIPA3UTH UCPC3 IIPOBOAUMOCTD Gn

10,2526, U]

n

u Hanpspkenue Up: P-P.

n n

y‘IHTBIBEUI, 4dTO HAIIPSXKCHHUC HAa BCCX COIIPOTHUBIICHUAX OAMHAKOBOC, MOKHO

samucath P = (G1+G,+G3)U? =Zn:GnU ?
1

MoIIHOCTh DKBUBAJICHTHOH IIENH. P=G,U?
3 BapuaHnThbl 331aHMil.

Bapuant 1 2 3 4 5 6 7 8
Onbir 1 | Conporunenns [R; |20 |50 |40 |60 |10 |20 |10 |50
R, Om R, 140 |30 |40 [10 |30 |20 |30 |10
R; [40 |20 |20 [30 |60 |40 |30 |20

Bapuant 1 2 3 4 5 6 7 8
OmnsiT 2 | ComporuBnenue |R; | 100 |60 |50 |80 |80 |70 |100 |60
R, Om R, |80 |80 |60 [100 |50 [100 |70 |80
Rs; |80 |100 /100 {60 |70 |50 |100 |50

4 IlepeyeHb MpuOOPOB:

1. VcTOYHUK 3EKTPUUYECKON SHEPTUU MTOCTOSTHHOTO TOKa - 30B;
2. Mara3uH conpOoTUBIIEHUH - 3 IIT.;

3. Bombrmerp - 2 mit. (0 +30)B;

4. Ammepmetp - 4 mt. (0 +2)A.

5 Tlopsinok BBHINOJIHEHUSI PadOTHI:

1. Omnpenenuts pazMelieHre MPpUOOPOB HA CTOJE
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Onoit 1. IocaenoBaTesibHOE COeIUHEHHE.

2. CoOpath JIEKTPUYECKYIO CXEMY LICTIH.

3. OmpenenuTs MEHY ASICHHS MPUOOPOB, UCXO IS U3 YCTAHOBICHHBIX
peeIOB U3MEPCHHUS.

4. YcTaHOBUTH 3aJIaHHbIC MIPEMIOJABATEIIEM apaMeTPhl COTPOTUBIICHUS

Ha Mara3uHax.

5. IlpeapsBUTH COOpaHHYIO CXEMY ISl TPOBEPKHU MPEIOaBaTEIO.

6. BriIrounTh aBTOMAT MOCTOSTHHOTO TOKAa, M3MEPHUTH HANPSDKEHHE 110
BOJITMETPY, Pe3yJbTaThl 3aMKcaTh B Ta0HILy 1.

7. TlepeHOCHBIM BOJIBTMETPOM U3MEPUTDH HANIPSHKEHUE HA KIIEMMax
pesuctopoB R1, Rz, Rs a Taxke Tok B ienu. Pe3ynbTaThl 3anucaTh B
Tabuiy 1.

8. YOenuthcs, 4TO:
U=u;+U,+U3; R=R1+R,+R3; Pi=U; I = 2 Ri: Po=U-l = 12 - R.:

U
P=Usl= PRy R==%; R, =22 R, = Y2

Ta6muma 1- [TapameTpsl Mocae0BaTEILHOIO COSTUHECHHS COTIPOTUBIICHUIH

YCcTaHOBUTH HNsmepursb Boeryucaurb
VYyacTok nenu R 1 9) R| P=UI P=IR
OwMm A B Om Bt Bt
Uab = Us
Ubc = Uz
Ucd = Us
Uag=U

Omnpbit 2. ITapajuiesibHOE COeIMHEHHE.
1. CoOpatb 2JEKTPUUECKYIO CXEMY IICTIH.
2. Ompenenuts 1eHy JeJIeHUs MPUOOPOB.
3. YcTaHOBUTH 3a/IaHHBIE TIPETIOIaBaTeNIeM TTapaMeTPhl PE3UCTOPOB.
4. TlpensbsBUTH COOpaHHYIO CXEMY JIJISl TPOBEPKH MPENOAaBaTENIO.
3. BxiirounTh aBTOMAT (IMMOCTOSIHHOTO TOKA), YCTAHOBUTH 33JIaHHOE

HAIpsHKCHUEC, 3allMCaTh €ro 3Ha4CHHUC B Ta6JII/IIIy 2.
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6. 3anucaTh MOKa3aHMs AMIIEPMETPOB.

7. Yb6enurecs, 4To:

1 1 1 1
=11+ 1+ 13 G=G 1+ G+ Gy; G==; G,=—; G,=—; G,==;
1T 12713 1 2 3 R 1 R, 2 R, 37 R,
U. U . u . U
| =—; I, =—, l,=—, I, =—
R R1 R2 R,
Tabnuma 2- [TapaMeTpsl mapamieTbHOTO COSTUHEHUS COMTPOTUBIICHUN
YCTaHOBUTH N3meputh Boruncanthb
I 1
G = — G = — = = 2
VYuactok uenu R ! U U R P=UI P=UG
OMm A B Cm Cm Bt Bt
a'b', Ry
aub ||1 R2
a"'b lll' R3
ab, R»

8. CremnaiiTe BBIBO/I.

6 KoHTpoJibHbIE BONPOCHI

1. Kakue coenrHeHusl pe3UCTOPOB HA3bIBAIOT MOCIEA0BATEIbHBIM, U KaKue
NapajuieIbHbIM?

2. Kak ompenenuts o00I11ee CONMPOTHBICHUE PE3UCTOPOB IPHU
MOCIIE0BATEIHLHOM U MPU MapaIeTIbHOM COSTMHEHUN?

3. Uro Ha3bIBaeTCSA MPOBOAMMOCTHIO U B UEM OHA U3MEPSETCs?

4. Yemy paBeH oOmUH TOK IENMU W HAMNPSDKEHUS HA Y4YacTKax
MOCTIEI0OBATEIHHOTO U MapaJNIeIbHOTO COSTUHEHUS?

3. Kak ompenensieTcss MOIIHOCTh Ha ydyacTKax LEMU W BO BCEH LENU MpH

MMOCJICA0OBATCIbHOM U IIApAJICIIBHOM COGI[I/IHGHI/II/I?

15



JIABOPATOPHAS PABOTA Ne 3
IHocTpoenue U aHAJU3 MOTEHUHAJABHBIX JAHATPAMM.

Heab padorbl: Pa3Butue yMEHUN OCYIIECTBIISITh U3MEPEHUE MMOTECHIUAIOB TOUYEK

SJIEKTPUYECKOM 1IE€NHU B Ja0OPATOPHBIX YCJIOBHAX M COMOCTABIATH UX
C pac4eTHOM MOTEHIMAIBLHOM AUATPAMMOM.

3HaHus (aKTyanu3anus):
- METOJIbI pacyeTa dJIEKTPUUYECKUX Ieneit
Ymenus:
- pacCUMTHIBATH MapaMETPbl W DJIEMEHTHI JJIEKTPUUECKUX U DIIEKTPOHHBIX
YCTPOWCTB;
- COOMPATh ANEKTPUUCCKUE CXEMBI U IPOBEPATH UX PaldoOTYy;

- IBMCPATH ITapaMCTPhI SJICKTPHUUCCKHUX ueneﬁ.

1 Cxema. I
B C
RS
B
lEl I+ §-
e E2 T
+ f- g
R2 R3 M
™1 A | | LY
A L | E— 7 o
E D
N N ‘ o @ 0
K BONLTMETPY PV

2 Teoperudeckoe 000CHOBAHUE.

DJIEKTPUYECKMM TOTEHIHAJOM JIAHHOW TOYKHM HA3bIBAETCS Pa3HOCTH
ANEKTPUUECKUX MOTEHIMAIOB JAHHOW TOYKHU M JPYroil, MPOU3BOJBHO BHIOPAHHOM
TOYKH, TOTEHLIMAJ KOTOPOI MPUHUMAIOT paBHBIM Hy0. [loTeHuuan o6o3Havaercs
[¢], u3mepsiercs B BonbTax [B].

B onekTpuueckux LensX BaXKHO 3HATh Pa3HOCTh IIOTEHLMATIOB MEXIY
HEKOTOPBIMU JBYMs TOYKAMU LIETIN.

PasHOCTE  MOTEHIMAIOB  JIBYX TOYEK  HA3bIBACTCA  JJIEKTPHYECKUM
HANPSAKEHNEM MEXTy 3TUMHU TOUKaMH, ¢1 — @2 = Uqo.
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3a Havaso oTcueTa MOTEHIMATIOB IEKTPUUECKON 1IETH MOKHO BbIOPATH JIFOOYIO
TOYKY, MOTEHIMAJI KOTOpOW OyJaeM cuMTaTh paBHbIM HyIt0. [loTeHlManbl TOYek
ANEKTPUYECKUX IIETIeH Pa3IWYHBIX YCTPONCTB 3aMar0Tcs TaONMuIed, TIe KaKIou
TOYKE LEMH COOTBETCTBYET CBOM MOTEHIMaN. J[JI1 HariasigHOCTH pacHpeeliCHHUE
MOTSHITUAIIOB MOXKET 3aJaBaThCs TparKOM, KOTOPBIM HA3bIBACTCS MOTEHIIMATBLHOM
JAarpaMMoOH.

[ToTennumanbHas AuarpamMma - 3To rpaduk U3MEHEHHUs MOTeHIMaNa npu 00xoe
L€, TOCTPOEHHBIN B IPSMOYTOJIbHOM CUCTEME KOOPAUHAT, B KOTOPOH IO OCH
a0CIMCC OTKIIABIBAIOTCA B OMPEICIICHHOM MacliTade COMPOTUBIICHUS yUYaCTKOB, a
II0 OCY OPAMHAT - MOTEHUIUAJIBI COOTBETCTBYIOLIUX TOYEK.

3 BapuaHThl 3a1aHUi.

Bapuant 1 2 3 4
O0o3HaucHHne
TOYKH ¢ =0 A B C D E

4 IlepeyeHb mpuOOPOB:
1) Boasr™erp - 1 ., 30B;
2) VCTOYHUK 3JEKTPUYECKOH SHEPrHU IMOCTOSHHOTO Toka - 2 mT. 4,5B;
30B;
3) Mara3uH conpoTHUBJICHHI — 3 IIT.

4) Koy (TymOmep) - 1 mr.

5 IMopsinok BBINOJIHEHUSI PadOTHI:

1) Omnpenenuthb pa3MenicHre NPUOOPOB Ha CTOJIE.

2) CoOpaTh 3JIEKTPUUECKYIO CXEMY IICITH.

3) OmnpenenuTs 1eHY ACACHHUS TPUOOPOB.

4) YCTaHOBHUTH HA Mara3uHax COIMPOTHBIICHUI 3aJlaHHBIC MPEIOIaBaTEIeM
3HaueHM conpoTtuBieHui Ry, Ry; Rs.

5) IlpenbsBUTH COOPaHHYIO CXEMY JUIsl IPOBEPKU MPETOAABATEIIIO.

6) BKiIrounTh K04 S, H3MEPHUTh MEPEHOCHBIM BOJIBTMETPOM ITOTCHIIHAJIBI
touek: A, B, C, D, E - OTHOCUTEIIBHO TOYKH C HYJIEBBIM MMOTEHIIMAIIOM (
= 0, mno 3amanHoMy BapuaHTy, HamnpspkeHuss UAC, UBD, 3ammcaTh

ITOKa3aHUA BOJILTMETPA B Ta6J'II/II_Iy.
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7) Ioctpouts B  Macmrtabe MO  JaHHBIM  TaOJIMIBI  OIBITHYIO
NOTEHIIMaNbHyl0  auarpammy st koHtypa  ABCJIEA. Tlo
YCTAaHOBJICHHBIM JaHHBIM paccuuTath noTeHuuansl Touek A, B, C, /I, E.
Pesynbratsl pacuéra 3aHECTHU B Ta0JIuUILy.
[To BTOpomy 3akony Kupxroda: E;+E; = I'R1+1-Ry+1-R3

_ E+E,
"R +R,+R,
8) IlocTpouTth B MacmTabe pacyeTHYIO MOTCHIIHAILHYIO THArpaMMYy.

Ta6Jmua OIIBITHBIX U PACUCTHBIX BCIIMYHH.

YcTaHOBUTH N3 pacuera U3 onbiTa

RI1|R2|R3[ 1 |¢os|@c|oD|0E|@a|Ua|Usd |l |¢os|0c|oD|®E|@al Uac | Usp
Om | Om |OM| A | B B|[B|B|B B B |A|lB|B|B|B|B B B

9) Ilo pe3ynbraTam OmbITa U pacyeTa caeaaTh BHIBO/.

6 KoHTpoJibHbIE BONPOCHI
1) Yto Ha3BIBAETCS MOTEHIIHAIIOM TOYKHU IJICKTPUUECKOM ICTTH?
2) UTo Ha3bIBAIOT HAMPSHKCHUEM?
3) B kakux equHHUIIAX U3MEPSIOT MOTCHIIHAT?

4) Yto HA3bIBAIOT MOTCHI[HAILHOW AHArPaMMOi?

5)

JIABOPATOPHASA PABOTA Ne 4
OnpeageneHne TOKOB BeTBEH IMyTeM M3MEPEHUs U PacYeTa YAaCTUHYHBIX TOKOB

Hean padorei: [Ipnobperenre HaBHIKOB OMPEIEeNICHUs TOKOB BETBEH MmyTeM
WU3MEPEHUS U pacueTa YaCTUYHBIX TOKOB.
3HaHud (aKTyanu3anus):
- (pusnueckue MpoIecchl B ANEKTPUUCCKUX IETISIX;
- METO/JIbI pacyeTa ICKTPUUECKUX LeTen
YMmenus:
- paccuMThiBaTh MApaMETPbl M JJIEMEHTHI JJICKTPUYECKUX M DICKTPOHHBIX

YCTPOWCTB;
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- COOMpATh ANEKTPUUECKUE CXEMbI U IPOBEPATH UX padOTY;

- IBMCPATDH ITapaMCTPhI SJICKTPHUUICCKHUX uenel‘/i.

1 Cxema
g1l Ell Ty 1
— R1
— |+ £a 1\ 2 ==
Al
l | P
% |2 I U(-ﬁ, ~
s2[1 B L
R2
; PP e Gl LN R ()
I
3 |2[ l ’\J—)Iz“
IS 3 W

T
s

e e

2 Teopernuyeckoe 000CHOBaHUE

|

IpyuHUMI HATOXKEHUd (Cynepno3uums).

[IpyHIMT HAJIOKEHHUS SIBIISIETCS TEOPETUUECKONM OCHOBOM paccCMaTpUBAEMOTO
METO/JIa pacyeTa Iernei - MeTo/1a HaJ0XKEHUSI.

[IpUMEHUTENBHO K AIEKTPUUECKUM LETISIM TPUHIIUI HAJIOKEHHUS 3aKIIF0YaeTCs
B HE3aBUCUMOM JISHCTBUU OT/ICJIBHBIX UCTOYHUKOB SHEPTUU U (POopMyIupyeTcs cie-
TYIOITAM 00pa3oM:

Tok B /1100011 BeTBU paBeH ajireOpandeckoi Cymme TOKOB, BOSHHUKAKOIIHNX
B Hell Mo AeMCTBHEM KAKIA0I0 U3 HCTOYHUKOB JIEKTPUYECKOM Lenu B
OTAEJbHOCTH.

Toxu, BeI3bIBa€MbIE JEHCTBUEM KaXKI0T0 UICTOUHHUKA B OTJEIBLHOCTH,
Ha3bIBAIOT YaCTUYHBIMU. CHOPMYITUPOBAHHBINA TPUHITUI TPUMEHHUTEIILHO K
pucyaky 4. O3Hauaert, 4To, HampuMep, TOK |1 MOKeT OBITh peACTaBIICH
anrebpandecKoil CyMMOM IByX TOKOB, OJUH U3 KOTOPEIX |1 (puc. 4,0), co3naercs
EJC Ey, a npyroii | - DJIC E; (puc.1,8), T.e. |y, = +l7 £1").

MeToa HAJT0KEHUS.

Cy1iecTBo METO/1a COCTOUT B ONPEACICHUH YaCTUYHBIX TOKOB, CO3/1aBAEMbIX
OTJIETLHBIMU UCTOYHUKAMHY MUTAHUS, U TTOCJIEAYIONEM UX aJIreOpandeckoM
CYMMUPOBaHHH. BhlunciaeHNEe YaCTUYHBIX TOKOB IPOU3BOAUTCS B LIETH C OAHUM

HMCTOYHUKOM 3HEPTUH, YTO SABIIAETCS YK€ N3BECTHOM 3aa4uen,
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Pucynok 4 - a) HcxonHas cxema;
0) Pacuetnas cxema, B KOTOpOil eHCTBYeT TONMBKO Eq;
B) PacueTHas cxema, B KOTOPO# JIEHCTBYET TOJIBKO Eo.

Yucs10 pacyeTHBIX CXeM pAaBHO YHUCIYy MCTOYHMKOB. B Kaxnom cxeme
COXpAHSIETCA TOJIKO OJMH MCTOYHHMK, a JAPYIME HUCKIIOYAlOTCS, HO BHYTPEHHHE
CONPOTUBJIEHUS  (IIPOBOAMMOCTH) HCTOYHUKOB YYHUTHIBAIOTCA, T.€. BETBU C
HMCTOYHMKAMU TOKa YJalstoTcs (pa3pblBalOTCs), a uaeaidbHble UCTOYHUKH DJIC
3aMBIKAIOTCS HAKOPOTKO.

HanpaBieHue 4YacTHYHBIX TOKOB OIIPEIEIACTCS C YY4E€TOM IOJSAPHOCTH
ncroynuka J3/[C wim HanpaBiIeHUs HCTOYHUKA TOKA.

YacTtuyHble TOKH TPEOYETCs] BBIMMCIATH € 00Jiee BICOKOH TOYHOCTBIO, TaK
KaK IpH UX anredOpanyeckoM CyMMHUPOBAaHUU MOTPEITHOCTD pe3yibTaTa
(pakTHUECKOrO TOKA) MOKET BO3PACTH OTHOCUTENIHHO MOTPEIIHOCTH CIaraeMbiX.

IIpn ompeneneHuy HanpspKEHUsS HAa  y4acTKE LENM  TaKXKE  MOXKHO
UCIIOJIB30BaTh METOJ| HaJOKeHMsl. Tak, Hampumep, Aisi K- BeTBHU, Tlie BKIIOYCHO
conpotuBieHue Ry ¢ TokoM l,, ero HanpsikeHue

Uc=Rilk = Rk(1; +1; +1™)3mech 1,,1;,..1{" - HCTOYHUKH TOK
COOTBETCTBEHHO 1-M, 2-M H T.JI. ICTOYHUKOM ITHTAHHUSI.
Tox B 1100011 BeTBM paBeH ajred0panveckoil cymMMe 4aCTHYHbBIX TOKOB,
BO3HUKAIOIIMX B HEU IOJT JCUCTBUEM KXKIOTO U3 UCTOYHUKOB AJICKTPUYECKON LIETH
B OTAECIBLHOCTH, €CJIM YaCTUYHBIA TOK COBIIAJIa€T C HAIIPABJICHHWEM TOKa B BETBU, TO B

YpaBHEHHUH €T0 OEPYT CO 3HAKOM "+", €CJIM MPOTUBOIIOJIOKHO, TO CO 3HAKOM «-».
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Takum 06pa30M, MCTOJ HaJIOKCHHA I1O3BOJIACT 3aMCHHUTL PACUCT O,Z[HOﬁ CIIOKHOM
oemym C HCECKOJBKHMMH HCTOYHHKAMHU pPaCcdCTOM HCCKOJIBKUX ueneﬁ ¢ OJHHUM
HCTOYHHNKOM SHCPIHU B KaKJIOM.

3 BapuaHThI 3aJaHUI.

ConpoTusienus, Bapuant
Om 1 [2 [3 [4 [5 [6 [7 |8
R1 100 | 250 | 250 |150 |200 |200 |100 |150
R2 200 | 100 | 100 |100 |150 |100 |100 |200
Rs 200 | 150 | 100 |100 |100 |150 |100 | 200

4 IlepeyeHb npuOOPOB:

1) McTOYHUKHM HEPTUH MOCTOSTHHOTO ToKa 4,5 B, 2 mir.
2) Bomprmetp - 1 mT. (0 - 30) B

3) Ammepmerp - 3 mr. (0-1) A

4) Koy - 2 1.

5) Mara3uH ConpoTHBIICHHH - 3 TIIT.

5 Ilopsinok BbINOJHEHUS] PadOTHI:

1) Omnpenenuth pa3MelicHre TPUOOPOB Ha CTOJIE.

2) CoOpath AIIEKTPUYECKYIO CXEMY, YCTAHOBHUTD 3aJJaHHBIC COPOTUBIICHUSI.

3) OmnpenenuTsb 1eHY ACACHHUS TPUOOPOB.
[IpeabsiBUTH COOpaHHYIO CXEMY MPENOIaBaTeo.

4) BxiaounTh UCTOUHUK Ej, oTki0unTh E). MI3MepuTh yacTHuHbIC TOKH. JlaHHbBIC
U3MEpEHH 3aHECTH B TaOIUILY.

5) OtkimounTh ucTouHUK E1 BKIFOUNTE Eo. U3MEpUTh YaCTUYHBIC TOKU BTOPOI
uccaeayeMon cxembl. JlaHHBIC N3MEPEHUI 3aHECTH B TAOIHITY.

6) Bxmtounts 00a uctounuka E; u E; u ©3MEpUTH TOKH IEKTPUYECKOM LICTTH.
JlaHHbIe U3MEPEHU 3aHECTH B TAOJIHUILY.

[IpocymMmupoBaTh U3MEPEHHBIE YACTUYHBIE TOKU. Pe3ynpTaThl BEIYMCICHUT
3aHecTd B Ta0muiy. Iy =1, -1, l=1,-1, ls=1,+1,
7) PaccuuTarh cXeMy UCCIICAYEMOU DIIEKTPUYCCKOMN TIETTA METOJOM HAJIOKCHHUS.

Pe3ynbrarhl BEIUMCICHUN 3aHECTU B TaOJIUILY.
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Taomuna 1 — YacTuyHbIE TOKH.

Ne Cooco0 Ei1 | E» I P I3 I I I3 ] I I3
n/n | onpenenchusBennmuumHel | B | B | A | A | A | A | A|A|A|A|A
1 |U3 ombiTa
2 Hanoxxenue naMepeHHbIX
TOKOB
3 [Pacuer

8) CuenaTh BBIBOI.

6.KoHTpoJIbHBIE BONIPOCHI

1) B ueM cOCTOUT CyIIeCTBO METO/Ia HAJIOKEHHUST TOKOB?

2) KakoBO KOMMYECTBO UCCIIEAYEMBIX CXeM?

3) [Touemy TOYHOCTH OTPEIEICHUS YACTUUHBIX TOKOB JIOJDKHA OBITH OoJice
BBICOKOW?

4) Kak ompeiennuTh HapaBIeHUE YaCTHYHBIX TOKOB B JAHHOW MUCCIICAYEMOU
cxeme?

JIABOPATOPHASI PABOTA Ne§
Onpenesienne mapaMeTpoB IKBHBAJEHTHOI0 reHepaTopa.

I.Ie.m; paﬁoTLIZ (DOPMI/IPOBaHI/IG YMGHI/Iﬁ OIIPCACIICHUA ITapaMCTPOB 3KBUBAJICHTHOI'O

Ireacparopa OIIBITHBIM M PACYCTHBIM ITYTCM; OIIBITHOC
MMOATBCPKIACHUC paCuCTa TOKa B JUAI'OHAJIM MOCTOBOH CXCMBbI.

3Hanus (akTyanuszanus):
- (pu3mUecKue MpoLecchl B ANEKTPUUYECKUX LEMSX;
- METOJIBI pacyeTa dJIEKTPUUECKUX Lenei
Ymenus:

- pacCUMTHIBATh IMAapaMETPhl W DJIEMEHTHI JJIEKTPUUECKHX U DIIEKTPOHHBIX
YCTPOMCTB;

- COOMPATh ANEKTPUUECKUE CXEMbI U IPOBEPATH UX padOTY;

- I3MEPSATH TapaMeTPhl JECKTPUUCCKUX TICTICH.

1 Cxema
________ PA
" - Fe-O—
' < ) Tss Il:l 2 i Bs
| Ra 7 R l
| 13
| 3 o o— 4;
L E=30B PV
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2 TeopeTrudeckoe 000CHOBAHUE.

AKTHBHBI€ U TACCUBHbIE IBYXIOJIOCHUKH.

B ci10’HO 35IeKTpUYECKO 11eNH BCEra MOKHO BBIJICJIUTh BETBb, KOTOpas
IPUCOCANHSACTCS K OCTaIBHOM IIEMHU B JIBYX TOYKaX.

JIByXHOJIIOCHUK - 3TO OOOOIIEHHOE  Ha3BaHWE JIIOOOH  CXEMBI,
paccMaTpuBaeMON OTHOCUTENIBHO JBYX BBIBOJOB WJIM TOJIOCOB. J[BYXIOJIOCHUKU
YCIOBHO M300pakaioT B BUE HEKOTOPHIX IMPSIMOYroJIbHUKOB (prcyHOK 5.1).

Ecnu B IBYXMOTIOCHUKE UMEIOTCSI UICTOYHUKU YHEPTUM, HE KOMIICHCUPYIOIIUE
JIpyTr Apyra, TO TaKOW JIBYXIOJIOCHUK HA3bIBAIOT AKTHBHBIM U B IPSAMOYTOJbHUKE,
ero wusoOpaxaromeM, cTtaBaT OykBy A. CoNpoTHBIEHHE WCCICAYeMOM BETBH
SIBJISIETCS HArpy3KOW aKTUBHOTO JABYXIOJIFOCHUKA M OOBIYHO 0003HauaeTcs Ry.

JIBYXIIOJIFOCHUK, HE COAep)KaIlluii HCTOYHUKOB DHEPTUM, Ha3BIBAIOT
MACCUBHBIM M B TPSIMOYTOJbHUKE CcTaBAT OykBY Il. IlaccHBHBINA BYXMOJIOCHUK,
SBJSISICH  TIPUEMHHKOM JHEPTHH, MOXET OBITh OXapaKTepHU30BaH BHYTPCHHUM
CONPOTHBJICHUEM Rpr WM BXOJHBIM CONPOTHBJICHUEM OTHOCHUTEIHLHO BBIBOJOB af.
DTO COMPOTHUBJIEHUE OMNPEACISAIOT PACUCTHBIM IMyTEM IO H3BECTHOM CXEME WIH
OKCIIEPUMEHTAJIbHO, €CJIM BHYTPEHHSS CXeMa I1aCCMBHOTO  JBYXITOJFOCHHUKA
HEWU3BECTHA.

IKBUBAJEHTHBLIH HCTOUHHK.

AKTHUBHBIN JBYXMOTIOCHUK (PUCYHOK 5.1.2) MOXHO 3aMEHHUTh SKBUBAJICHTHBIM
HUCTOYHMKOM (pHCYHOK 5.2.a) ¢ ompenencHHbIMH 3HaueHHsMH ero DJIC E,c u
BHYTPEHHETO CONpOTHUBICHUS Rpr.

DKBUBAJICHTHOCTh AKTUBHOTO JBYXMOJIOCHUKA M HCTOYHWKA TOHUMAETCS B
TOM CMBICIIC, YTO B JIFOOOM BETBH, MOAKIIOYAEMOM K aKTHBHOMY JIBYXITOJIOCHUKY

HJIN UICTOYHUKY, TOK 6yz[eT OJHMHAKOBBIM.

I 2
———0 —0Q
o v On x| v
6 a) 6)

Pucynox 5.1 - JIByXmomtoCHUKH: a) AKTUBHBIN; 0) TACCHBHBIN
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bynem mnosarath, 4TO aKTUBHBIM JBYXIIOJIOCHUK HMEET JMHEHHYr0 BAX
(pucynox 5.2.0). COOTBETCTBEHHO W SKBUBAJICHTHBI HCTOYHUK JOJIKEH HMETh
TaKyl0 >K€ 3aBUCHMOCTh HANpPsDKCHHWsI OT Toka. [[s coBmameHwsi NBYX MPSIMBIX
JIOCTaTOYHO COBIIAJICHUS JBYX UX TOYEK.

B mamem caywae, ecim pexumbl XX (E,x =Uy 1=0) m K3 (U=0; Iy)
CpPaBHMBAEMBIX LIENIEH coBIanaroT, To U BAX coBnaayr.

[Ipu orcyrcTBum ToKa B 1ienu 1=0 (pexxum XX) HanpsoKeHHE MEXKIY TOUYKaMHU
a u 6 omuHakoBo B obOemx cxemax: Uy=E, (pucynok 5.2. B). IIpu orcyrcTBUM
HarpsbkeHus: Ha BhIBOJIaX a6 U,e=0 (pexum K3) Tok (pucyHok 5.2.1) onpezensercs
TOJIbKO BHYTPEHHUM COTPOTUBIIEHUEM RpT HCTOYHUKA UM BXOIHBIM

COIIPOTHUBJICHUCM ABYXIIOJIIOCHHKA!

_ E3K

RBT

Ik

[Tpu paBeHcTBe 3THX conpoTuBieHUd Rpr = Rpxss ¥ HampsokeHUil B pexxume

XX BAX uccnenyemMbix CXeM OJJUHAKOBBI.

A
Esx=Ux
U
0 Iac 71
0)
a
. 3k
Uss =0 A
Rex | _—
o6 6
B) r)

Pucynok 5.2 — AKTUBHBIN JBYXIOJIOCHUK:
a) Cxema; 6) BAX; B) Pexxum XX; 1) Pexxum K3.
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Teopema 00 aKTUBHOM ABYXIIOJIOCHHKE.

AKTHUBHBII JIBYXIIOJIOCHUK MOXHO 3aMEHUTh 3KBHBAJICHTHBIM HCTOYHUKOM,
3/1C xoTOpOro paBHa HANPSKEHUIO XX Ha BBIBOJAX ABYXIIOIIOCHUKA, 4 BHYTPEHHEE
CONPOTUBJICHUE PABHO BXOJHOMY COIPOTHBJIICHHIO 3TOrO K€, HO ITACCUBHOIO
JBYXIIOJIFOCHHUKA.

BxogHoe compoTHMBIEHHE ABYXIOJIOCHUKA OTHOCHUTEIIBHO BBIBOJOB af
ONpENENsIeTCs IpPU YCTPAHEHUM HW3 CXEMBbl AKTUBHOIO JIBYXIIOJIFOCHHKA BCEX
HMCTOYHHUKOB (BETBH C MCTOYHMKAMU TOKA pa3pbIBatoTcs, a ICTOUYHUKH D/]C B BETBsX

3aKop a‘-II/IBaIOTC}I) .

3 BapuaHThl 3ajaHUl

CormnpoTuBieHNE Bapuant
Om 1 2 3 4 5 6 7 8
R1 100 50 50 200 50 100 150 200
R2 200 100 50 150 200 50 100 50
Rs 50 200 100 100 150 200 50 50
R4 50 50 200 50 100 150 200 100

4 IlepeyeHb MpuOOPOB:
1) Boawst™etp - 1 mt. (0+30) B
2) Amnepmertp - 3 mT. (0+2) A
3) Mara3uH conpoTHBIICHHIH - 1 IT.

4) Pesuctopbl

S5 IlopsinoK BBHINOJHEHUSA PaOOTHI:
1) Omnpenenuthb pa3MelieHre IpUOOPOB Ha CTOJIE.
2) CoOpaTh 3JIEKTPUUECKYIO CXEMY IICITH.
3) OmnpenenuTs 1eHY ACACHHUS TPUOOPOB.
4) YCTaHOBHUTH Ha Mara3pHax CONPOTHBIICHUH 3HaueHus Rs, 3anaHHbIe
IperoaBaTesieM IS IEPBOTO OIBITA.

5) IlpenpssBUTH COOPAHHYIO CXEMY TSI TPOBEPKH MPETIOAaBATEIO.
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6) Ilpu OTKIFOYEHHOM KJIHO4e S1 MEPEHOCHBIM BOJIBTMETPOM H3MepuTh DJ1C
(Er) 5KBHBaJIEHTHOTO reHepaTopa Mexay Toukamu (A,B) niau Ha KOHTaKTax
pPa30MKHYTOrO Kito4a S. Pe3ynbpTarhl 3anucaTh B TaOHILY.

7) BKIIIOYHTH KJIFOY S1, U3BMEPHUTH TOK KOPOTKOTO 3aMbIKaHUsI ;. Pe3yabTathl

3anucaTh B Tabauny 1.

Tabmuua 1- ITapaMeTprl 3KBUBAJIEHTHOTO T€HEPATOPA.

YcranoBuTh No |Rs  |[lsusm | Ispac U3 onbiTa U3 pacuera
oneITa|OM A A
R1 Ro| R3 R4 U 1 Ik3 |Ear |Ror Ik3 | Esr | Ror
Om OMm | Om OMm B 2 A |B Om A | B |Om
3

8)  3nas u3 onbita D/IC 3KBUBAJICHTHOTO T€HEPATOPA U TOK, ONPEICITUTh

€I'0 BHYTPCHHCC COIIPOTHUBJICHUC Rr. PGSYJ'ILTaTLI 3aIIucaThb B Ta6JII/II_[y 1.

9) Paccunrtath Usaxx 10 cXeMe pUCYHOK 1, sy 1O cXeMe pUCYHOK 2 |

BBEIYUCIUTE R,

10) Ilpu Tpex, 3aAaHHBIX MpenoaBaTeiaeM, 3HaueHuAX Rs, n3ameputh Tok Is.

11) ITo popmyiae mas Takux 3HaYeHU# Rs, BEIUMCIUTH TOK |5, 3amucats B

Tabuiy 1.

12) CnenaTh BBIBOJI,.

Pacuetnbie popmynbli: R, =—"; lg=—"—

6 KoHTpoJibHbIE BONPOCHI:

1) Urto Ha3bIBACTCS ABYXIOIFOCHUKOM?

2) Kakoit 1ByXIOJIOCHHK Ha3bIBACTCS aKTHBHBIM, a KAKOW MaCCUBHBIM?

3) Ilo kakoit popmyJie onpeneasieTcss TOK BETBU 10 METOY SKBUBAJICHTHOTO
reHepaTopa?

4) Kak npaktruecku onpeaeinsercs I/1C u BHyTpeHHEE CONMPOTHBIICHUE

JBYXTIOJIFOCHUKA?
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JIABOPATOPHAS PABOTA Ne 6
HcciienoBanue pasBeTBJIeHHON MATHUTHOM LENH.

Heas padorbr: dopMupoBaHHME YMEHUM YCTAHOBIIMBATH B3aUMOCBS3H MEXIY
HAaIlpaBJICHUEM TOKA B KaTyIIKE W  HANpPaBJICHUEM  MAarHUTHOIO
IIOTOKA, OJKCIEPUMEHTAIIBHOE MOATBEPKICHUE |- oOro 3akoHa
Kupxroda.

3HaHus (aKTyanu3anus):
- METOIbI pacueTa JICKTPUICCKUX IICTICH;
- METO/bI TPeoOpPa30BaHUS DIEKTPUUECKON IHEPTUH.
Ymenus:
- pacCUYMTHIBATh IMApaMETPhl W DJIEMEHTHI JJICKTPHUECKUX W AJICKTPOHHBIX
YCTPOMCTB;
- COOMPATh AIEKTPUUCCKUE CXEMBI U TIPOBEPATH UX paboOTYy;

- IBMCPATDH ITapaMCTPhI SJICKTPHUUCCKHUX ueneﬁ.

1 Cxema ; o "'" —
@i Vo3 o
‘\J’_—. r;ﬂﬂ:——; C'I > 4
d >Y [« L) z
) q,
X l.l ﬁ.__l ] g

2 TeopeTuueckoe 000CHOBaHME.

MarnuTtHbl€ LIeTIH CITyKaT AJ1s1 GOpMUPOBAHUS pab0UYero MarHUTHOTO MOTOKA B
AJIEKTPUUYECKUX MaIIMHAX, TpaHCchOpMaTOpax, AIEKTPOUZMEPUTENHHBIX MPHUOOpaxX U
JOPYTHUX 3JIEKTPOMArHUTHBIX YCTPOUCTBAX.

YacTp 2EKTPOMAarHuTHOTO YCTPOMCTBA, CoAepKallyto heppoMarHuTHhIE Tea,
B KOTOPOW MPH HATMYMHA HAMAarHUYMBAIOMIEH CUJIbI BO3HUKAET U BAOJIb KOTOPOH
3aMbIKACT MAarHUTHBIN ITOTOK, HA3BIBAIOT MACHUMHOLL YEeNnbio.

HamaranauBaronyto cuiy co31at0T 0OMOTKH € 3JIEKTPUUECKUM TOKOM HJIH

MOCTOSIHHBIE MATHUTHI. HYacTh MArHUTHOM LEMH, IO KOTOPOU 3aMbIKAETCS MArHUTHBIN
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MOTOK, U3TOTaBIMBAIOT B OCHOBHOM U3 (DEpPOMArHUTHBIX MaTEpUaIOB U HA3bIBAIOT
MASHUMONPOBOOOM.

MarauTHbIE €N BBINOJHSIIOT HEPA3BETBICHHBIMU U PA3BETBICHHBIMU .
Paznuyaror Takke MarHUTHBIE IENH OJHOPOIHBIE U HEOAHOPOIHBIE.
MarauTonpoBoJ OAHOPOIHOM LEMH HA BCEM €r0 NPOTSIKEHUU BBITIOJIHEH U3 OJJHOTO
MaTepuasa 1 UMeeT OJJMHAKOBOE Mo (popme U pazMepam MONepeyHoe CEUCHUE; B
HEOAHOPOJHOM LENMU MarHUTOIIPOBOJ COCTOUT U3 HECKOJIBKUX YYaCTKOB,
OTJIMYAIOIIMXCS B OOLIEM CITydae Mo JJIMHE, [IONEPEYHOMY CEUEHHIO, MaTEpHUAIIaM.
JIns1 pacueToB MarHUTHBIX LEIEW UCITOIB3YOT aHAJIOTUH C AJIEKTPUYECKUMH LIETISIMU:

@D, MazHUMHLBIL NOMOK — DICKTPUUECKUH TOK |;

Ry, Macnumnoe conpomuenenue - 3IEKTPUUECKOE CONMPOTUBICHUE R;

Uy , Macnumnoe Hanpsoicenue - 3IEKTpuYeckoe HanpspkeHue U,

Fur , macnumoosuscywas cuna - 3nexrpoaBrxyuias cunia E.

B pa3BeTBiI€eHHONM MAarHUTHOM LIETIH , TIO AHAJIOTUU C AJIEKTPUUYECKOM LIETIBIO,
MOYKHO BBLICJIUTH KOHTYPBI, BETBU U OTMETUTH y3JIbl. MOXKHO COCTaBUTH Y3J10BbIE
ypaBHEeHUS U cHOpMyIUpoBaTh NepBbii 3aKkoH Kupxroda 115 MarHUTHOM 1ETIH.
AJire0panveckasi CyMMa MATHUTHBIX IOTOKOB B y3Ji€ MATHUTHOM LlelM PaBHA
HyJ10 Y @ = 0.

4 TIpnOopsl u 000pyAOBaAHHE:

1) TpexcrepkHEBO# TpaHCchoOpMaTOP.
2) BombTMmeTp anekTpoMarHuTHOM cUCTeMBbI ¢ Uy = 150 B.

S Ilopsinok BBINOJIHEHUSI PAdOTHI:

1) Tloaxmouute karymky AX TpexdaszHoro TpanchopMaTopa K HaMPSHKECHHEO

U(p: 127 B.

2) Bxmounte HanpspkeHune u m3MmepbTe DJIC ocTambHBIX OOMOTOK. JlaHHBIE

M3MEpPEHUM 3aHeCuTe B Tabuiy 1.

3) IosTopuTte ombIT s Karyinek BX, CZ.
4) PaccunTtaTh BEJIMYMHBI MArHUTHBIX MOTOKOB. JlaHHBIE PAcUYeTOB 3aHECUTE B

TadauIy 2.
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5) Jlns 3agaHHOW MpENojaBaTeNieM MAarHUTOABIDKYIICH CHJIBI  BBIYCPTHUTE
KOH(UTypallMi0 MAarHUTHOTO TMOTOKAa M COCTaBbTE YPaBHEHHUSA IO TMEPBOMY
3akoHy Kupxroda, ucrnonas3yiiTe pacueTHbIC TaHHBIE.

6) CrenaiiTe BBIBOI.

Tabmuma 1- 91C 0OMOTOK.

Ne /i1 |CxeMa BKIIIOUEHUS Eax Egy Ecz E.x Eby E.
1
2
3
dopMmyira pacyeTa aMIUIUTYAbl MArHUTHOTO TIOTOKA
o E
4,44 .w

I'ne E— 3JIC Bropuunbix 00MOTOK E 4, Ebny, E

f =50 I'p - yacToTa HAMPSKCHUS CETH;

W =690 - 4ncno BUTKOB BTOPUYHOW OOMOTKH.

Tabauma 2- MarauTHele mOoToku BeTBei MILI.

Ne i/ ®m1 BO D, BO ®m3,B0

1
2
3

BpruepTuTh KapTUHKY MarHMTHOT'O I10JIs, 3aIIMCAaTh YPABHEHHE, CBI3bIBAIOIICE

MAarouMTHBIC IIOTOKH.

CDl- CDz- CD3 =0

6 KoHTpoJIbHbIE BONIPOCHI
1) [aiiTe onpenescHUe MArHUTHOM LICITH.
2) Knaccudukaiuss MarHMTHBIX IeMed M0 KOH(MUTYpalud M HPUMEHSIECMBIM
MaTepuaiam.
3) Yto Takoe MarHUTHBIN MOTOK?

4) YT0 Takoe MAarHUTOBHXKYIIas cuia?
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5) Ilouemy cepACYHHKH CHUIIOBBIX TPaHCPOPMATOPOB, B TOM YHCIIE TPUMEHIEMBIX
B OBITOBBIX DJIEKTPOTEXHMUYECKUX U PAAUOTEXHUYECKUX YCTPOWCTBAX,
M3rOTaBIMBAIOT U3 CTAIN? MOXKHO JIM IPUMEHHUTH AJTFOMUHUI?

6) Cdhopmynupyiite nepsblii 3akoH Kupxroda Jjisi MarHUTHOU TICTIH.

JlabopaTtopnast paGora Ne 7
HccienoBanue nenu nepeMeHHOro TOKa ¢ peajbHOM KaTyIIKON
Hean padorel: OnbITHas IpOBEpKa CBOWCTB LIENH IEPEMEHHOIO TOKA C
WHYKTUBHBIM COIIPOTHBIICHUEM.

3HaHus (aKTyanu3anus):

- (pu3nyeckue nporeccshl B ANEKTPUUECKUX LIETISIX;

- METOJIBI pacyeTa NIEKTPUYECKUX LIeTIEH
Ymenus:

- pAacCUMTHIBATH MApaMETPbl M DJIEMEHTBI JJEKTPUYECKUX M DIIEKTPOHHBIX

YCTPOMCTB;
- cOOMpATh ANEKTPUUECKUE CXEMBbI U IPOBEPATH UX paldOTY;
- U3MEPATH MAPAMETPBI IJIEKTPUUECKUX LICTIEH.

- U=30B

1 Cxema

2 TeopeTuueckoe 000CHOBaAHME.
B NMHENHBIX 3JEKTPUUYECKUX IEMsAX NEPEMEHHOr0 TOKa PacCMaTpPUBAIOT TPHU

BUaa COHpOTHBJICHPIfIZ
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- axmuenoe conpomueienue R(r),6 KOTOpOM 3JICKTpHYECKas DHEPIHs
npeodpaszyeTcsi B Apyrue BHUIbBl SHEPrUM (HAaIpHUMEp: JIaMIlbl HaKaJlWBaHUS,
peocTarsl, OBITOBBIE HarpeBaTEIbHbIE TPUOOPHI U JP. );

- peakmusHoe conpomugénenue UHOYKmueHocmu XL WIA HUHAYKTUBHOE
conpotuBieHue. CONMpOTHBIEHUE, 3aBUCAIICE OT YACTOTHI TOKA, HA3BIBACTCS
PEaKTUBHBIM, XL= 2#fL nwm XL =ol;

- peaKmusHoe conpomueieHue emKocmu X, Win EMKOCTHOE COIIPOTHUBIICHUE

Xc=1/27fC wm X.=1lloC.
Llenb ¢ AKTUBHBIM CONPOTHBJICHHEM.

B uemnu, conepxarieit Tonbko conpoTusieHue R (pucynok 7.1.-a), cuHyconaaibHOe

HaTPsDKCHHE u = Un Sin @t HCTOYHHUKA 3JICKTPOIHEPTUH CO3AaeT
CUHYCOHJIAJIbHBIA TOK I =Im Sin wt .
—— .
i —= v
u R
a) 0)

Pucynok 7.1. — a) llens ¢ akTUBHBIM CONTPOTUBJICHUEM;
0) Bexropnas nuarpamma.

o o U
3akoH Oma AJIA ACUCTBYIOIIHNX 3HAYCHUHN | = E, I aMINIMTY AHBIX

m

y U,
3HaYeHuu | =& MrHoBeHHass MOITHOCTD

p=u-i = Uplnsin‘w t = %(1—0052@0

wm  p=Ul-Ulcos2wt, p=>0,
CpeIHSsIsl MOIITHOCTH I[N paBHA aMIUTUTY/Ie€ MTHOBEHHO# MomtHoctn P = Ul,
PHUCYHOK 7.2..

BoiBoa:

1) Tok 1 HANPsKCHUE B IIETIN C AKTUBHBIM COMPOTUBJICHUEM CO8NAOAION NO

¢ase, pucyHok 7.1. 0.
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Z)MFHOBCHHEUI MOIIHOCTHB BCETAa IMOJIOXKUTCIIbHA, HE3aBUCHUMO OT
HaIIPpaBJICHUA TOKA, SHCPIUA B LCIIM BCCT A IICPCAACTCA B OAHOM HAIIPABJICHUU - O
UCMOYHUKA K NPUEMHUK) . CpeI[HHH MOIIHOCTD HA3bIBACTCA aKTUBHOM MOIIDHOCTBIO,

P=UI, uzmepsiercs B Bartax (BT).

PucyHok 7.2. - BpeMeHHbIe JuarpaMMsbl JJi LU

C NICAJIBbHBIM aKTUBHBIM COIIPOTHBJICHUCM.

Lenb ¢ MHAYKTHUBHOCTHIO.
B nienu ¢ uneanbHOM MHAYKTUBHOCTBIO (pucyHok 7.3. a) (R = 0) nanpshkenue
U Ha 3QKMMax [EeNH YPaBHOBEIINUBACTCA 3.]1.C. CAMOMHAYKIIUH e
u=-e=Ldi /dt

rae di/ dt - ckopocTs H3MeHeHus Toka Bo BpeMeHu. Ecinu 1 = |, Sin wt, Torna
u =L di/dt = InwL cos wt = I, X, sin (ot + % ) = Unsin (ot + %),

rae Um = ImXL- MakcuManbHOE 3HaYeHUE HANPSDKEHUS HAa HHIYKTUBHOCTH (3aKOH

Owma 1151 aMIUTMTYIHBIX 3HAYCHHH ), 1T AeHcTBYIommX 3HadueHuin U = X

Di_:‘}_ U
t §1 I
P S E
a) ‘ 0)

Pucynok 2.3. — a) Llenb ¢ uaeaibHONH UHAYKTUBHOCTHIO;

0) BekTopHas nuarpaMma 1enu ¢ ujaeaibHOH HHIYKTHUBHOCTBIO
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MrHoBeHHas MOIIHOCTb YMCTO MHAYKTUBHOI'O IIPUCMHHUKA
p =Uui=Uplysin wt cos wt = Uply, 5 sin 2wt = Ul sin (ot +§)
CJICO0BATCIIbHO, 9Ta MOIIHOCTD - CUHYCOHNAAJIbHAA BEIIMYHNHA, 4aCTOTAa €C B 2 pa3a
OOJIBITIE YaCTOTHI TOKA, PUCYHOK 7.4. CpemHee 3HaYeHNe MTHOBEHHOW MOIITHOCTH P

3a OCJIOC YUCJIO IICPUOA0B paBHO HYJIO, T.C. aKTHUBHAA MOIIHOCTL Y YHUCTO

MHJIYKTUBHOI'O IPUEMHHUKA OTCYyTCTBYET P = 0.

u{‘lp’ “.’Ej_
i

Pucynok 7.4. - BpemeHHble AuarpaMMbl apamMeTPOB
JUISL HENH C UICATbHOW WHIYKTUBHOCTBIO.
BeiBoa:

1) B uenwu ¢ uaeanbHON HHAYKTUBHOCTBIO HANPSIJCEHUE onepedcaem no gase

MOK Ha Yol %, pucyHok 2.3. —0.

2) B menu ¢ MHIYKTUBHOCTBIO TIPOUCXONAT KOAEOAHUSL DHEPISUU MENCOY
UCMOYHUKOM HANPAICEHUS. U MACHUMHbIM Nnojem npuemHuka. TOK B 1eNU He
coBepiiaeT paboThl, OH OOYyCJIaBIMBAECTCS KOJICOAHMSIMHU DSHEPIUU W Ha3bIBACTCS
peakTUBHBIM. PEakTUBHBIN TOK OECTIONIE3HO 3arpy’KaeT NCTOYHHUK YHEPTUU U TTPOBOJIA
JIUHUM DJIEKTporiepeay.

AMIUIUTY/la MTHOBEHHOM MOIIIHOCTH WHAYKTUBHOCTH HAa3bIBAE€TCS PEAKTUBHOMU

motHocThio QL = Ul, m3mepsiercs B BAP - ax (BosbT-amrep peakTHBHBIH).

3 BapuaHThI 3a1aHUIA.

BapuaHTt 1 2 3 4 5 6
Ual']ép}I}KeHI/IC, 18 20 24 26 28 16
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4 TlepeyeHb NpuOOPOB:
1) Hcrounuk sHepruu nepemMenHoro toka 30B.
2) Peocrar - 1 mir..
3) Boast™merp - 1 mt. (0-100)B.
4) Barrmetp - 1 mt. (30-1200)Br.
5) Ammepmerp - 1 mt. (1-2)A.

6) Karyiika HHIyKTHBHOCTH - 1 IIT.

5 Ilopsi10K BHINOJIHEHUS PA0OTHI.

1) Omnpenenuth pa3MelicHHe IPUOOPOB Ha CTOJIE.

2) CoOpatb AIIEKTPHUYECKYIO CXEMY .

3) OmnpenenuTs LieHY ACICHHUS TPUOOPOB.

4) TpeabsSBUTH COOPAHHYIO YICKTPHUSCKYIO CXEMY JIJISl IPOBEPKHU.

5) BxmouynTh aBTOMATHYECKWH  BBIKJIIOYATENh  IEPEMEHHOTO  TOKa,
YCTAaHOBUTH C TIOMOIIBIO PEOCTaTa 3aJaHHOE HaIpsSHKEHUE U YyJIEePKUBATh €ro B
TEUYECHUE OTBITA MIOCTOSHHBIM.

6)  l3MmepuTh MEPEHOCHBIM BOJBTMETPOM W BAaTTMETPOM HANPSDKCHHE U
MOIIIHOCTh Ha KaTYIIIKE.

7) 3amucarb oka3aHus MPUOOPOB B Tabmmiry 1.

Tabnuna 1- OnbITHBIE TApAMETPHI.

U | P R«
B A Bt OMm

8)BBITIOJIHUTH BBIYUCIICHHS TI0 (hOopMyiaM
; S=U-I; Z==; Q =1%-X_;
Ua P
X, =,Z*-R{; R.=—, cosp=—
L k k | ® S

Pe3ynbTaThl BEIYMCICHUN TOMECTUTH B TAOJIHITY 2.

P
|
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Tabnuna 2 — PacueTHbie mapamMeTpsl.

Z S QL [cosp] Rk [ XL [ U, [ Uy
Om | BA |BAp Om | OMm | B B

9)[1o naHHBIM TAOJUIBI 2 B BBIOPAHHBIX MAacIITabaX MOCTPOUTH BEKTOPHYIO
TUarpaMMy HampsOKEHUH, TPEYTOJIBHUK COTPOTUBIICHUHN, TPEYTOJIBHUK MOIIHOCTEH.
N3 rpaduueckux nocrpoenuit Haiitu U, Z, S, COSQ, CpaBHUTh C HM3MEPEHUSIMHU U
BBIYHMCIICHASIMH.

10) Cnenath BbIBOJ

6 KoHTpoIbHBIE BONPOCHI

1) Kakoe compoTHBICHHE 3JCKTPHUYCCKON IIENM HA3bIBACTCS PEaKTHBHBIM U
rnoyemy?

2) HazoBuTe BHIBI PEaKTUBHBIX CONPOTHBICHUH, 3aIMIINTE OMPEACISIONHE X
bopMyIbL.

3) KakoBa BenmuunHa capura mo (ase MexIy HamnpsHKeHHEM W TOKOM B IICTIH C
AKTUBHBIM CONPOTHUBIICHHEM?

4) KakoBa BelM4MHA CIBUTA 1O (a3e MEXKIy HANPSHKCHHEM M TOKOM B IETH C

MHJIYKTUBHBIM CONPOTHBJIEHUEM?

JIABOPATOPHAS PABOTA Ne 8
HccaenoBanue nenu NepeMEeHHOro TOKAa ¢ peajJbHbIM KOHAEHCATOPOM

Hean padorbl: OnbITHAsS TPOBEPKA CBOWCTB LEMH IEPEMEHHOTO TOKA C
€MKOCTHBIM COIIPOTHBIICHUEM.

3HaHud (aKTyanu3anus):
- (huzmueckue Mpouecchl B ANEKTPUUYECKUX LEMSX;
- METOJIbI pacyeTa dJIEKTPUUYECKUX Ienei
Ymenus:
- pacCUMTHIBATH IMAPAMETPbl U AJIEMEHTHI JJIEKTPUUECKUX WU 3JIEKTPOHHBIX
YCTPOWCTB;
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- COOMpATh ANEKTPUUECKUE CXEMbI U IPOBEPATH UX padOTY;
- U3MEPSTh MapaMeTPhl JIEKTPUUECKUX TIETIEH.

1 Cxema
U=30B

2. TeopeTruueckoe 000CHOBaHME

2.1 llenb ¢ eMKOCTBIO.

[TocTOsSIHHBIN TOK B IIEMU C EMKOCTBIO IPOXOAUT TOJIBKO TOT/Ia, KOT/ia EMKOCTh
3apspKaeTcs MpU MOAKIIOUCHUM Ha MOcTosiHHOEe Hampspbkenue. Ho ecnu emkxocts C
BKJIIOYEHA Ha NEPEMEHHOE HampsikeHue W, To ee 3apsia ( = uC u3MeHsercs
MEePUOANYECKA BMECTE C UBMEHEHUEM HANpPsHKEHUS. DTO BBI3BIBAET MOCTYNATEIBHOE
¥ BO3BpPAaTHOE [IBIXKCHUE 3apsiiloB B MPOBOJHUKAX, COCAUHSIONIMX EMKOCTh C
HCTOYHUKOM  TIEPEMEHHOr0 HampsokeHus. Ecnu  mepeMeHHoe  HampsiKeHue
u = Up, SiN wt, TO TOK B 11€NX ¢ EMKOCTHIO

i =ﬂzcwzumaﬁcosaﬁ =Umisin(a)t+£)
dt dt X 2

o U
m. K. o 3akoHy Oma 1Jis aMIJIUTYIHbIX 3HaueHuit 1,= x—”‘ :

C

toraa I = IpSin(wt+ %)

o—) v 6)

a)

Pucynoxk 8.1- Llens ¢ naeanbHON EMKOCTBIO:
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a - CXeMma, 0— BCKTOpHAd Auarpamma.

] ] u.l_ .
MruoBeHHast MOIITHOCTH p = Ul = Uy I SIN wt- cos wt = ”“2 ™ Sin 2wt

p = Ul sin 2wt

Ur il’p p U wU=0 ’

Pucynox 8.2 BpemeHnHble AuarpaMMbl mapamMeTpoB

JUIA LIETIH C UACaJIbHOM €MKOCTBIO.

Tak ke Kak W B HHAYKTUBHOCTH, MIHOBEHHAas MOIIHOCTh B €MKOCTH -
CUHYyCOUJaJbHasl BEIMYMHA, YacTOTa KOTOpPOM B 2 pa3za OOJblle YacTOThl TOKa,
CpeaHee 3HAYEHHUE p 3a 1IEJI0€ YHCIIO IEPUOJ0B PABHO HYIIO, PUCYHOK 8.2. AKTUBHAs
MOIIHOCTE IIENHU ¢ UAcAILHON eMKOCThIO P = 0. BrIBOox:

1) B nenu ¢ uaeanbHON €MKOCTBIO MOK Onepedicaem 1o (haze HaANpsHKCHUE Ha yroll

T

2

2) B 1emm ¢ eMKOCTBIO TIPOUCXOIAT KOeOaHUA IHEpeuu IJ1eKMPUYecKoz0 nois
MEXKy UCTOYHUKOM HAMNPSHKEHUS U €MKOCTBIO; B HEM MPOXOIUT JIHUIIb PEAKTUBHBIN
€MKOCTHBI TOK, OOYCIIOBJICHHBII 3TUMHU KOJI€OaHUSIMHU. AMIUIUTYJa MTHOBEHHOU
MOIIIHOCTH Ha3bIBAETCsl PEaKTUBHOM MoIIHOCThIO emKkocth Qc = Ul, u3mepsiercs B

BAPax .

3 BapuaHThl 3a1aHUI.

Bapuant 1 2 3 4 9 6
Cxema 1 2 2 1 2 1
Ua%p}DKCHI/Ie, 18 20 24 26 28 16
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4 TlepeyeHb NpUOOPOB:
1) Hcrounuk suepruu nepemenHoro toka 30B.
2) Peocrar - 1 mir..
3) Boasr™merp - 1 m. (0-100)B.
4) Barrmetp - 1 m. (30-1200)Br.
5) Ammepmetp - 1 mt. (1-2)A.

6) Marasun émkocredt - 1 mT. (121 MrD).

5 IlopsiI0K BHINOJIHEHUA PA0OTHI.

Omnmit 1

1) Omnpenenuth pa3MelicHHe IPUOOPOB Ha CTOJIE.

2) CoOpatb AIIEKTPHUYECKYIO cXeMy 1.

3) OmpenenuTh MEHY JCICHHS TPUOOPOB.

4) TpeabsiBUTh COOPAHHYIO SJIEKTPUUECKYIO CXEMY IS IPOBEPKH.

5) BKIIOYHTH aBTOMATUYECKHIA BBIKITFOUATEIh IEPEMEHHOTO TOKA, YCTAHOBHUTH
C MOMOIIIBIO peocTaTa 3a/IaHHOE HAMPSIKEHUE U yIEPKUBATH €r0 B TEUCHUE
OTIBITA TTIOCTOSTHHBIM.

6) C momompto Mara3wHa EMKOCTEH yCTaHOBHTH 3aJaHHYK &EMKOcTh C,
U3MEPUTDH MEPEHOCHBIM BOJIBTMETPOM U BATTMETPOM TAJACHUS HAIPSKECHUIN
1 MOIITHOCTEM.

7) 3amucarb nokazaHus mpruOOPOB B TadMITy 1.

Tabnuna 1- OnbITHEIE TApaMETPHI.

U | P
B A Bt

8)BBINOJHUTH BBIYHUCIICHUS TIO (hOpMYyJiaM
S=U-1; =—; Q. =U, -1

P
Cosp = —, Xe=—%, U, =
77 |

Pe3ynbTaThl BRIUMCICHUI TOMECTUTD B TAOIUILY 2.
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Tabnuna 2 — PacueTHble mapaMeTphl.

Z S Q [coso| U, | U, Q [ Xc
Om [|BA [BAp B B BAp [Om

9)[lo maHHBIM TaOMUIEI 2 B BHIOpAaHHBIX MacmTabax MOCTPOUTH BEKTOPHYIO
TUarpaMMy HampsOKEHUH, TPEYTOJIBHUK COTPOTUBIICHUHN, TPEYTOJIBHUK MOIIHOCTEH.
N3 rpaduueckux nocrpoenuit Haiitu U, Z, S, COSQ, CpaBHUTh C HU3MEPEHUSAMH U
BBIYHCIICHUSIMH.

10) Cnenatb BbIBOA

6 KoHTpoJibHbIE BONPOCHI

1) ITouemy EMKOCTHOE CONMPOTHUBIICHUE HA3bIBACTCS PCAKTUBHBIM?

2) KakoBa BenmnunHa ()a30BOro CABHra MEKIy TOKOM M HaIIPSLHKEHHUEM IS
- UJCAUTbHOU EMKOCTH?
- peaJibHOM €MKOCTH?

[Touemy?

JIABOPATOPHAS PABOTA Ne 9
HccnenoBanue Hepa3BeTBJIEHHOM LM € MOC/Ie10BATEIbHBIM
coeIMHEeHNEeM AKTUBHOI0 CONPOTUBJIEHUS, KATYIIKM U KOHJEHCaTopa.

Hean padorbi: DopMupoBaHre YMEHUHN OCYILIECTBIISITE U3MEPEHUE TapaMeTPOB
Y4aCTKOB HEPA3BETBICHHOM IENU MEPEMEHHOTO TOKA C aKTUBHBIM H
PEAKTUBHBIMU COMPOTUBJIEHUSMH, IOCTPOCHHS] BEKTOPHOU
JMarpamMMBbl LIEMHU 10 OMBITHBIM JIAHHBIM.
3HaHuA (aKTyanu3aius):
- U3MYECKHE MPOLIECCHl B AJIEKTPUUECKUX TIETIAX;
- METOJIbl pacyeTa JICKTPUUECKUX LeTeit

Ymenusa:

- paccUuTBHIBATh IapaMeTPbl U JJIEMEHTBHI JJIEKTPUUYECKUX W DIIEKTPOHHBIX
YCTPOMCTB;

- cOOMpaTh NEKTPUUYECKUE CXEMBI U ITPOBEPATH UX PAOOTY;

- U3MEPATH MAPAMETPBI IJEKTPUUECKUX LETIEN.
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1 Cxema

~30B - %Lx

2 TeopeTudeckoe 000CHOBaHHE

[Ipu mocienoBaTeIbHOM COCTUHEHNN KAaTYIIKA U KOHAEHCATOPa Ha PacYeTHOM
cxeMe (pUCYHOK 9.1) KasKIblii M3 STHUX JCMCHTOB JICKTPHUECKOM I[EITH MOKET OBIThH
MPEICTABICH aKTUBHBIM U PEAKTUBHBIM COITPOTHUBIICHUSIMH.

[TpeamnoaokuM U3BECTHBIMU MapaMeTphl KaTyinku 1 L u xoHmeHcaropa I, C; TOK B
end | = Iy, Sin wt.

TpeOyeTtcs onpenenuth HanpskeHne Ha U yyacTkax Henu U MOIIHOCTb.

r
o " X
| S |
oy =ur‘ + UL o
u
ﬁ o= lpy+te
1
0 ”; [r I
c 2

Pucynox 9.1. CxeMa mocie1oBaTeIbHOTO  COCAMHCHUS
KaTyIIKA UHAYKTUBHOCTH U KOHJAEHCATOPA.

MrHOBEHHOE 3HAa4YEHHE OOIIEr0 HANPSLKCHHS MOYXHO IPEICTaBUTh CyMMOM
MT'HOBEHHEIX 3HAYEHUU HaprDKeHl/If/’I Ha OTACJIBHBIX 2JICMCHTAX CXCMBI.
U=uy+ U, + Uy + u..
HMess B BuAy HeECOBHNaJeHHE IO (pa3e aKTUBHBIX W PEAKTHBHBIX HAIPSHKCHHUH,

3HAa4YCHUC O6H_[CFO HAIpsKCHUA ITOJTYyYUM BEKTOPHBIM CIIOKCHUCM:

U=Us+ UL +U2r + U¢
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J1J1st mOCTpOEHMSI BEKTOPHOU JUarpaMMbl HAXOUM:

Up=lri; Uxr =112 Ur=1-X; Ue=1-Xe.

PaccMOTprM COOTHOIIIEHUE BEIMYWH PEAKTHUBHBIX COMPOTHBICHUN WHIYKTUBHOCTH
u eMmxoctu X_ > Xc . BekropHas nmarpamMma mnpejacTaBieHa Ha pucyHke 9.2.
Ha nguarpaMme mOCTpOCHBI TPEYTOJbHHUKH HANMPSHKCHWH IS KaTYIIKH |

KOHJICHCATOPa U HAMICHBI BEKTOPHI HanpspkeHust U, U U,Ha 3THX dJICMEHTaX.

BekropHas cymma HampsbkeHuit U, + U, = U gaer oOliee HalpsikeHUE B

nenu. Bmecre ¢ Tem Bektop U ABISETCS TUMOTEHY30M MPSMOYTOJIBHOTO
TPEYTOJIbHUKA, KaTEThl KOTOPOTO - COCTAaBJISAIONIME BEKTOpa IO JBYM B3aWMHO
NEPIEHAUKYIISIPHBIM OCSM:

U.= Uy + Uy, - akTUBHOE HaIpsiKEHUE LIETIH,

U, = U, - Uc - peakTuBHOE HaIpsKEHUE LIETIH.

—>
Uz~

~Y

Pucynox 9.2 BekTopHas guarpaMmMa rnocjienoBaTeaIbHOTO
COCIMHEHUS KaTYIIKH HHIYKTUBHOCTH U KOHJIEHCATOPA TP X > X

BekTopbl AaKTHUBHBIX COCTAaBJISIIOIIMX HANPSOKCHUS HAINpaBlI€Hbl B OIHY
CTOPOHY, IO3TOMY UX YHCJIEHHbIC 3HAYCHUS CKJIAbIBAKOTCS.
BekTopbl peakTUBHBIX COCTABIISIIOIIMX HAIPSKEHUS HAITPABIICHBI IO OJTHOW MPSIMOU
B IIPOTHUBOIIOJI0KHBIE CTOPOHBI, TOITOMY UM MPUAAIOT PA3HbIC 3HAKU: PEAKTUBHOE
HANPSHKEHUE UHIYKTUBHOCTU CUUATAIOT MOJIOKUTEIIBHBIM, & HANPSIKEHUE EMKOCTH -

OTPULATCIIbHBIM.
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[Ipu oguHakoBOM TOKe BO Beex anemenTax 1enu U >Uc . Tok oTcTaer ot

oO1ero HampsikeHus o (asze Ha yroi ¢. W3 TpeyrojabHUKa HANPsHKEHUN CIeTyeT:

U :\/(Ulr +U, )+, +U,)* = I\/(r1 +0,)7 + (X +%:)%,

NN

rae r=ri+rx - 0611166 dKTUBHOC COIIPOTUBJICHUC LICIIN,

X = Xi- X - o0111ee peakTUBHOE COTPOTHUBJICHUE IIETIH;

Z=+r?+x* - OJHOE CONPOTHUBJICHHE IICTIH.
OTU TpU CONPOTUBIEHUA TrpadUyecKu MOryT ObITh H300paXeHbl CTOPOHAMH
OpSIMOYTOJIBHOTO TPEYTOJbHUKA COMPOTUBICHHUM, KOTOPBIA MOXHO MOJIYYUTH YK€
M3BECTHBIM CIIOCOOOM M3 TPEYTOJIbHUKA HATIPSKEHUH.

[TonHoe COIIPOTHUBIICHUE LenH y SBIISIETCS KO3 PUIIUEHTOM
OPONOPLUUOHATIBHOCTH MEXAY JCHCTBYIOIIMMU 3HAUYEHUSMU TOKAa U  OOIIEro

HanpsHDKCHUS 1CTIN:
U U

U=lz;, I==; z=—
Z |

W3 TpeyroJIbHUKOB HANPSIKEHUN U COITPOTUBIICHUN OINPEIEIISIIOT BEIUYNHBI:

_U, r. . U -U. X =X .
COSQp =—*=—, sing = = ;
¢ Uu z 4 U z

— X, —X
tg(0= LU C= LrC

VYron cnpura no gaze MEXay HaMPSHKEHUEM U TOKOM B IIETTH TTOJIOKUTEIIbHBIN

(9>0).
PaccmoTtpum ciyqait X, < xc. BektopHas quarpamma n3o0OpaxeHa Ha

pucynke 9.3 (U.<Uc), mosTomy o0I1iee Hanps»KeHUe OTCTAET OT TOKA Ha YTOJI ¢
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Pucynok 9.3 BektopHasi quarpaMmma 1enu mociae0BaTeIbHOTO
COCIMHEHUS KaTYyIIIKK UHIYKTUBHOCTH U KOHJIeHcaTopa rpu X > Xc

PeakTuBHOE COIIPOTHUBJICHUC ICIIN HOCUT €MKOCTHBIN XapakTep.

3 BapuaHThl 3a1aHHA.

Bapuant 1 2 3 4 5 6

U, B 28 24 22 20 16 18
R, Om 20 20 30 40 40 30
C, Mmx® 30 100 30 90 40 110

4 Tlepeyennb mpudoOpoB
1) Wcrounuk 3HEpruu nepemenHoro toka - 30B.

2) Peocrar - 1 .

3) Boabt™metp - 1 miT. (0 +100)B

4) Bartmetp - 1 mT. (0 +1200)BT
5) Ammnepmerp - 1 mr. (0 +2)A

6) Karyiika HHIyKTUBHOCTH - 1 IIIT.
7) Mara3uH COnpOTHUBIICHHI - | 1IT.

8) Marasun emkocreii - 1 mr. 121 Mx®

5 IlopsiIOK BBINOJIHEHUSA PA0OThI

1) Omnpenenuth pa3MelieHre IpUOOPOB Ha CTOJIE.

2) CoOpath SJIEKTPUUECKYIO CXEMY.
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3) OmnpenenuTsb LieHY ACICHHS TPUOOPOB, YCTAHOBUTH 331aHHOE
npenojaBareneM 3HaueHue R.

4) TlpeabsSBUTH COOPAHHYIO FICKTPHUSCKYIO CXEMY JIJISl IPOBEPKH.

5) BKIIOYHTH aBTOMAT MEPEMEHHOTO TOKA, YCTAHOBHUTH C MIOMOIIBIO peocTaTa
3a/IaHHOE HAIPSKEHUE U YAEPKaTh €ro B TECUCHUU OMbITA MOCTOSHHBIM.

6) C moMoIIpto MarasuHa eMKoCTel ycTaHOBUTH C, CHATH MMOKa3aHUsI MPHOOPOB,

HN3MCPUTDH IICPCHOCHBIM BOJIBTMCTPOM U BATTMCTPOM IIaJICHUC HaHpﬂ}KCHI/Iﬁ )41

MOIITHOCTH Ha KaTyIIKe, PE3UCTOpEe, KOHJEHCATOpE. 3amucaTh MoKa3aHus IpuoopoB B

Tabuiy 1.
Tabnuua 1- [TapaMeTpsl 2JeKTPUIESCKUN TIETIH.
VYyacrok | U I P |Rox| Z2 | X | Ua| Up| S Q |tgo| o | C
Lenu B| A |Br{Om|Om|OM| B B | BA |[BAp rpax | MK®D

7) Tlo u3MepeHHBIM U BBIYHCICHHBIM JJAHHBIM IOCTPOUTH BEKTOPHBIC
auarpaMMbl HanpspKeHu. J{uarpaMmbl CTpOUTHh Ha MUJUTUMETPOBOM Oymare
B MacIurtaoe:
MaciTad HanpspkeHus - My = B/ew,
MacmTabd Toka — M; = A/cm.

8) PacuetHble GOpPMYITHI:

P U u - X
P=1"-R; R=—; Z==; Z, =—*; 1gp=—*——<;
r 7 £= 7 8P="R
10° . 2 . )
¢ =31axC [C]=[mx®D]; Xy =+Zy — Ry ; X=X, -X.;
QL:UL'I; QC:UC'I; Q=QL_*QC; Q= US2+P2;
S=U-I; U,=I-R; U =1-X.

9) Crenathb BBIBO/I.

6 KonTpoJibHbIE BONPOCHI
1) Yto Takoe peaKTHBHAS SHEPTHUS B IICHH C HHIYKTUBHOCTHIO?

2) Kax omnpenenuts XapakTep Harpy3Ku?
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3) UYro o3naugaer ¢ >0; ¢ <0?
4) Kakoii casur 1o ¢a3se mojydeH B JabopaTopHoii padboTe?

JIABOPATOPHAS PABOTA Ne 10
HccnenoBanue 3JIeKTPUYECKOM LeNH B PeKUMe Pe30HAHCA HANIPSKeHU I

Heap padorsr: PopMUpOBaHME YMEHHI HCCIIEIOBATH apaMETPHI

HEPA3BETBIICHHOM LIENU IIEPEMEHHOIO TOKA B PEKUME PE30HAHCa
HANPSKCHUM.

3Hanus (aKTyanuszanus):

- (pu3nyeckue nporecchl B ANEKTPUUECKUX LIETISX;

- METOJIBI PacyeTa NIEKTPUUECKUX LIETIEN

Ymenus:

- pacCUMTHIBATH MHApaMETPbl M DJIEMEHTBI JJEKTPUYECKUX M DIIEKTPOHHBIX

YCTPOMCTB;
- COOMpATh ANEKTPUUECKUE CXEMBI U IPOBEPATH UX paldOTY;

- U3MEPATHh MAPAMETPBI IJEKTPUUECKUX LIETIEN.

1 Cxema
%
U 2A
; N\ 2A PA a R_p LKRK ¢ /
- 4 Pw . m% d
I C
30B 308

2 Teopernueckoe 060CHOBaHME.

PexxuM 351eKTprYeCcKO ey IpH MOCIEI0BAaTENBHOM COEIMHEHUH YYaCTKOB C
UHAYKTUBHOCTBIO M EMKOCTBIO, XapaKTEPU3YIOIIUIICS PABEHCTBOM WHAYKTHUBHOTO U
€MKOCTHOTO COITPOTUBIICHUH, HA3bIBAIOT PE30HAHCOM HANPSKEHU .

[Ipy paBeHCTBE pEAKTUBHBIX COMNPOTHBICHUH XL = Xc pPEaKTUBHbIE
COCTABJISIIOLIME HAMNPSKEHUS KaTYIIKM W KOHAEHCATOphl PaBHbI MO BEIUYHMHE U
B3anMHO kommeHcupoBanbl: UL = Uc (pucynok 10.1). IIostomMy peakTuBHas

COCTaBJIArOIIass 06IHCFO HaIps>KCHUA U 06H1€€ PCAKTUBHOC COIIPOTHUBJIICHUC pPAaBHbI
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HYJI1O, 4 IIOJTHOC COIIPOTUBJICHUE LICTIN Z = I, O6H_I€€ HAIpsKCHUE COBIIAAACT I10 (1)336

C TOKOM M PAaBHO IT1O BCJIMYHUHC aKTUBHOM COCTaBJIHIOHIeﬁ HaIIPsSKCHU .

VYron gcnpura a3 Mex1y TOKOM U OOIIUM HANpPsHKEHUEM paBeH HYIIIO.

4,

0
[ )
th ) 1
~ ~ < U =0
—CL’U (‘::a

Pucynox 10.1- BekropHas auarpamma 1enu npu nocjiae10BaTeIbHOM
COEIMHEHUH KaTYIIKX UHAYKTUBHOCTU W KOHJeHcaTopa mpu X =Xc

KaTYIHKa H  KOHACHCATOP  IIPCACTABIIAIOT coOoi HOCHGHOB&TGHLHBIﬁ

KoJie0aTenbHbI KOHTYp. PeakTuBHBIC cOnpoTUBIeHUsT X U Xc 3aBHUCAT OT YaCTOThI

1
X, =ol; X =—.
«C
o . _ 1
[Ipu pe3oHaHce HaNpsHKEHU X = Xc; W = wp o, L= —C
1)
p

OTCIOI[a OIIpCACIACTCA PC30HAHCHAA 4aCTOTa

1
T

B nmanHOM ciiydae BbIpaXXeHUE AJisi PE30HAHCHOM YacTOTHI COBMHAAAeT ¢ (HOpMyJoi
JUTSI 4aCTOTHI COOCTBEHHBIX KOJIeOaHMii B KOHTYpe 0€3 moTeph.
B HepaszBeTBnEHHOW 1enmu OOMEH JHEprued Mexay KaTyIIKOW M KOHACHCATOPOM
COBEpILAETCA Yepe3 UCTOYHUK IHEPruu, KOTOPbIM BOCIHOJIHAET MOTEPU DHEPIUHU B
AKTUBHBIX CONPOTUBIICHUSX.
Pe3onaHc HanpspKeHUH B LG MOYKHO YCTAHOBUTH IBYMS Ty TSIMU:

e u3MeHeHueM napamerpoB L u C (0gHOTro U3 HUX WK 000UX BMECTE) MPH

MOCTOSIHHOM 4acTOTe HNCTOYHUKA,
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® WM W3MCHCHHEM 4YacTOThl HWCTOYHHKA JHEPTUU IPH TOCTOSHHBIX
LuC.
['padykn 3aBUCHMOCTH HANPSKCHUH W TOKOB Ha OTICIBHBIX JICMEHTAX IICTIH

OT YaCTOThI HA3BIBAIOTCS pe3oHancHbimu Kpugvimu (pucynox 10.2).

Pucynox 10.2 - Pe3onaHcHbie KpUBbIE:
a) CONPOTUBJICHHUSI; 0) HAMIPSHKEHUS U TOK.

PeakTHBHBIC CONPOTHUBICHUS C HM3MCHCHMEM YaCTOTHl H3MEHSIOTCS:  IIPH
YBEIMYEHUH YacTOTHI X, YBEIMYMBAETCS MPOMOPIMOHAIBLHO YacTOTE, a Xc
YMEHBIIIAETCS 10 3aKOHY 00PaTHOM MPOIOPIHOHATLHOCTH.

[TonHoOe conpoTHBieHHE Z IIETU MPH PE30HAHCHOM YacTOTE (), MUHUMAJIbHBIM,
pPaBHBIM aKTHBHOMY CONPOTHMBICHHIO [ | TIPH YacTOTE o <wp, TMOITHOE
COINPOTHUBIICHUE YBEIMYUBACTCS C YMEHBIIEHHMEM YacTOTHI 3a CUYET pOCTa Xc; HMPH
yacToTax @ <w, IOJHOE COINPOTHUBJICHHE PACTET C YBEIMYCHHUEM YaCTOTHI 3a CUET
pocrta x, .

[Ipr MOCTOSIHHOM HAIPSDKEHUM TOK JOCTHracT MaKCHMyMa Ha PE30HAHCHOM
yactore. | = U/ Z = U/R.

Pe3oHaHC HaMpsSHKCHUH MOYKET OKa3aThCs OMACHBIM B YCTaHOBKAX CHIIBHOTO
TOKa, TJI¢ €r0 BOBHUKHOBEHHUE CIIEIHUAIBHO HE TPEAyCMaTPUBACTCA.

3 BapuaHThl 3a1aHUI.

Bapuant 1 2 3 4 5 6
ConpotuBaenue, R, Om| 40 35 15 20 25 30

4 Tlepeyensb mpudOpoOB
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1) Mcrounuk 3HEpruu nepemMeHHoro toka - 30 B.

2) Bonprmerp - 1 mt. (0 +100) B.

3) Barrmerp - 1 mt. (0 +1200) Br.

4) Ammepmetp - 1 mrt. (0 +2) A.
5) Karymika - 1 mr.

6) Mara3un émkocteii - 1 mr. C = 121 Mx®D.

7) Mara3uH COnpOTHBJICHUH - 1 IIIT.

5 Iopsaaok BbINOJTHEHUS] PadOThI:

Onpenenuts pa3MeleHrue mpudopoB Ha CTOJIE.

1) CoOpath 3IEKTPUIECKYIO CXEMY IISITH.

2) OnpenenuTh 1eHy IeJICHUs TPHOOPOB.

3) IlpeapsBUTH COOPAHHYIO IICKTPHUCCKYIO CXEMY MPEIOAaBaTeio.

4) BKIIIOYUTH aBTOMAT TIEPEMEHHOTO TOKA.

5) 3amucarh moka3aHus IPUOOPOB MPH MISCTH 3HAYCHUSIX EMKOCTEH B

Tabuiy 1.

Ta6nuna 1- [TapameTpsl 1iemu.

Y CcTaHOBUTH N3meputh Brruncnuts

N UIR| C P Ur|Uk|Uc| £ ]cosp| o [U|U,| QL | Qc | Q
B | Om | Mk®D Br| B| B | B |Om rpan| B | B |[BAp|BAp|BAp

1

2

3

Z

)

]

6) BeIuuciuTh mapameTpbl, pe3yabTaThl 3aHECTH B Ta0IHUILy 1.

Zk=U|—k; Xe=1/Z2 —RZ ; U=1'X; Ua=1Re; Ua=Ugr + Ug;

C

P X
COS(ozg; X=X -Xc; tgp= RL+R

10°

" 314xC

QCZU(;'I

Uc=I-Xc: z:UI_;

Q=0QL-Qc;

k
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QL=Ul;

S=Ul;

- X X, =X
—L=_—°t; p=arctg———=

R+R,




7) Tlo u3MepeHHBIM U BBIYHCICHHBIM 3HAYCHUSIM ITOCTPOUTH B OOIIMX
KOOpAMHATAX IpapUKu pe30HAHCHBIX KpUBBIX. ['paduku mocTpouTs Ha
MUJIIMMETPOBOI Oymare.

UL = (C); U = f(C); Ua = 1(C); 1 = 1(C); P=1(C); Q=1(C);  coso = f(C).

8) Crenatb BBIBOJ.

6 KoHTpoJ/ibHBIEe BONPOCHI

1) Kakoe siBJIeHUE B IETIAX IEPEMEHHOTO TOKA HAa3bIBAIOT PE30HAHCHBIM?
2) Tlepeuncnure mapamMeTpsl IEH MPU PE30HAHCE HATIPSHKCHUH.

3) Kaxkast MOIITHOCTb BBIJICIISETCS B IICTU ITPH PE30HAHCE HATIPSHKCHUIT?

4) TlpakTHyecKoe 3HAYCHUE PE30HAHCA HANTPSDKCHUI?

JIABOPATOPHAS PABOTA Nell
HccnenoBanue 3J1eKTPUYECKON LENU B PeKUMeE PE30HAHCA TOKOB

Heab padorsl: PopMUpOBaHWE YMEHUN OCYIIECTBIISATH UCCIIEIOBAHUE MTAPAMETPOB
PAa3BETBIICHHOM LIENY NTEPEMEHHOTO TOKA B PEKMME PE30HAHCA

TOKOB.

3Hanus (akTyanuzanus):

- (pu3mUeckue MpoLecchl B ANEKTPUUYECKUX LEMSX;

- METOJIBI pacyeTa dJIEKTPUUYECKUX Lenei
Ymenus:

- pacCUMTHIBATH IAPAaMETPbl U 3JIEMEHTHI JJIEKTPUUYECKHX M 3JIEKTPOHHBIX

YCTPOWMCTB;
- COOMpATh ANEKTPUUECKUE CXEMbI U IPOBEPATH UX paldOTYy;

- U3MEPATHh MAPAMETPHI FJIECKTPUUECKUX IETIEH.

1 Cxema
%
]Q
{nnnadd
24
&
3B
;f O




2 TeopeTnueckoe 000CHOBAHME.

Pa3BeTBiieHHasI nenb.

Pa3BeTBieHHas 1eNb COJIEPKUT BETBU, COCAUWHEHHBbIC NapauienbHo. s
npuUMepa paccMOTpUM Iemb (cMOTpeTh pUcyHOK 11.1) B KOTOpoil mMapamienbHO

COEIMHEHBI pe3ucTop Ry, MHAYKTHBHAs Karymika Rz, L; ,koHneHcaropa 0e3 noreps Co.
L.
i
> - ) .
E;l l‘zl Jl 33 Ib
| ha I

"" 5‘.| T:: 5 P
= :

a) 0)

Pucynok 11.1- Pa3BeTBiieHHas 1eMb. a) cxeMa; 0) BEKTOpHAas Juarpamma.

Yc

BekTopnas amarpamma. IlpenmonokuMm, dYTO HampsoKeHHWE B IIETH
BhIpakaercs ypaBHeHueM U = Uy Sin ot.

MrHoBeHHO€E 3HaU€HHUE OOIIEro TOKAa B HEPA3BETBJICHHOW YacTH IIEMIM  PaBHO
CyMM€ MTHOBEHHBIX 3HAYEHUM TOKOB B BETBsIX (10 MepBoMy 3akoHy Kupxroda):
=iy +Hip+ig=latigp+izatizy Jnsg neficTByrOmMX 3HAYCHHW 3alUIIeM BEKTOPHYIO

CyMMY: I=l1at12p+13at13p

I[JIH IMOCTPOCHHA BCKTOPHBIX AUAI'PAMM HAXOAWM 3HAYCHHUA TOKOB.

U UR,
I]_a :Il = E=UG , |3a:|3COS¢)3:Z—32 = UG3 (1)

. UXx
lip =Isings= 2 =UB; lp=l=— =UB, (2)
Z3 XZ
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1 o
I'me G = —- akTuBHas MNPOBOJUMOCTb MEPBONl BETBU; By =

=l peaKTHBHAs
R, X,

(éMKOCTHas1) TPOBOJUMOCTH BTOpoM BeTBU; G = aKTUBHAs MPOBOJAUMOCTD

N3
Zg
TpPEThEU BETBU; B3 = % - peakTuBHAas (MHAYKTUBHAS) IPOBOAMMOCTb TPETHEN BETBH.
3
Bekropnas auarpamma Ha pucyHke 11.16 coOoTBETCTBYET MOTYy4YEHHOMY BEKTOPHOMY
YpaBHEHHIO TOKOB. IIpyn €€ moCTpoeHHM MEpPBBIM HAHECEH BEKTOP HAIPSIKEHHS, a
3aTeM IPOBEJICHBI BEKTOPhl AKTHUBHBIX M PEAKTUBHBIX TOKOB, IPUYEM, HAIPaBICHUS
UX  OTHOCHUTEIBHO BEKTOPOB  HANpsDKEHUS  ONpPENENIEHbl [0  XapakTepy
MPOBOAUMOCTEN: aKTUBHbIE TOKU lia; l3a coBmamairoT mo ¢asze ¢ HampsHKEHUEM,
WHIYKTUBHBIA TOK l3L = |3 OTCTaeT OoT HampspKeHus, a eMKOCTHBIM TOK la2c= lzp
onepexaer HanpspkeHue Ha 90°. Ha BeKkTOpHOM auarpaMMe BUAHO, YTO aKTHBHBIC
TOKA l1a; 138 HampaBieHbl OAMHAKOBO, BJOJb BEKTOpA HAIPSKEHUS, IO3TOMY
BEKTOPHOE CJIOXEHHE UX MOYKHO 3aMEHUTh apU(PMETHUYECKHMM M HAWTH aKTHUBHYIO
COCTABJISIOIIYIO BEKTOpa OOIIEro ToKa:
la=l1at l3a

BekTopbl peakTHBHBIX TOKOB IEPIEHAUKYISIPHBI BEKTOPY HAIIPSKEHUS, HO
HaIlpaBJeHbl B MPOTUBOMNOJOKHbBIE CTOPOHBI. [103TOMY BEKTOpHAasi cymMma HMX paBHa
anreOpandyeckoi  cymme, B  KOTOPOM  MHIAYKTUBHBIA  TOK  MPUHUMAIOT

ITOJIOXXUTCIIbHBIM, a €MKOCTHBIH - OTPpHUIATCIIbHBIM:

Ip_ I3p- I2p= I3 - l2c

PacuyerHbie (popMy.Ibl.

3HaYeHUE TOKA BBIPAXKAET THUIIOTEHY3a MPSIMOYTOJIBHOTO TPEYTOJIbHUKA,
KaTe€TaMd KOTOPOTO SBISIFOTCS BEKTOPbl AKTMBHOIO M PEAKTUBHOTO TOKOB.

JlercTByro111€€ 3HAYEHNUE TOKA B LEIIH :
L= 12412 = (1, +15)2 + (g = 1ye)? (3)

Ypasaenune Toka i = Iy sin(wt + ¢)
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Ecnu BenuuuHbl TOKOB BhIpasuTh uepe3 HampspkeHus [(1),(2)]Ju momcraButh B

dbopmyny (3), TO TOTyIHM:

1= U (G, +G,)” +(B, - B,)’ (4)
|I=UY (5)
rae Y =\/(Gl +Gz)2 +(B; —B,) (6)

ITonnas IIpOBOINMOCTD paBBeTBHGHHOﬁ CIIU IICPEMCHHOT'O TOKaA. B O6I[I€M ciIy4dac

Y=vG2+B ’, rue

G=> 16, B=> B, —-> B

Ecan CTOPOHBI TPCYIrOJIbHNKA TOKOB PAa3JC/JINTh Ha HAIIPSAKCHUC U, TO IIOJIYUYUM

TPEyroJbHUK MPOBOIMMOCTEH, MOA00HBIN TPEYTOJIbHUKY TOKOB  (pucyHOK 11. 2a):

G=Y cosep B=Y sing, cosgz):%

P=I'a. U

]
I
|
Q=I,U

S_.

Pucynok 11.2 — a) TpeyroiapHUK IPOBOAUMOCTEH;
0) TpeyroJbHUK MOITHOCTEH

Ecnu cTopoHbI TpeyrojbHUKa TOKOB YMHOXKMM Ha Hamnpsbkenue U, TO
MOJIyYUM TPEYTOJIbHUK MOLTHOCTEH MOJOOHBIN TPEYrOJbHUKY TOKOB (PUCYHOK
11.20).

B TpeyronbHUKE MOIIIHOCTEN OJIMH KaTET BBIPAKAET aKTUBHYIO MOIIIHOCTb

P=1.U=(lo+l3)U=P1+P3

JIpyroii KaTeT - peakKTUBHYIO Q=I1,U=(I3-12)U=P1+P;3

A THUIIOTCHY34a - IIOJIHAA MOIIHOCTDb
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B o0rmiem ciiyuae S=1IU= (P +P,)?+(Q,+Q,)’ (7)

> P
= ®)

CosSp =

Pe3onaHnc TokoB.

B Tperbem cnmyuae B, = B¢ HampspkeHHE BO BCEX BETBSIX OJHO M TO K€,
MO3TOMY pEaKTUBHbIE TOKH BeTBeH I U l¢c paBHBI MO BenMuMHE, HO HAXOAATCS B
npotuBodase (pucyHnok 11.3)

PeakTHBHBII TOK paBeH HYyJIO: l,=1_+1.=0
[ToaToMy TOK B 1IenM paBeH aKTUBHOW cocTapiisitolel Toka 1=Ia
PeaktuBHas npoBoaumMocts B=B, -B:=0, mosTomy monnast npoBogumocts Y=G.

PeakTHBHasi MOIIHOCTH Q=QL-Qc= 0 mosToMy mosiHas MomHOCTH S = P.

| G
Hanpsixkenue U = G COBIAJIaeT 1o (a3e ¢ TOKOM, T.K. COS¢ = V- 1, =0

B manHOM ciydae paccMmarpuBaeMasi Iellb HaXOJIUTCS B PEXHME PE30HAHCA
TOKOB. JSIBICHME pE30HAaHCA B YYaCTKE OSJCKTPUYECKOW IIeMH, COICpKAIIEM
WHIYKTUBHBI ¥ €MKOCTHBIA AJICMEHTHI, COCIMHEHHBIC MapaJlIeIbHO TP PABCHCTBE

ux HpOBOI[HMOCTCﬁ Ha3bIBACTCA PE€3OHAHCOM TOKOB.

Isa
In
Iy
- oy
I L

Pucynok 11.3 BexktopHas quarpamMmma mpu pe30HaHCE TOKOB

Ha pucynke 11.4 moka3zaHbl 4acTOTHBIE XapaKTEPUCTUKH TAKOTO IMapajuIeIbHOTO
koHTypa. [Ipu pe3onance TokoB oOImIasi MPOBOAMMOCTh IIEHM HAUMEHbBIIAs U paBHA

AKTUBHOM MPOBOAUMOCTH 11enu Y -G , MOITOMY TOK B IIETIH HAMMEHBIITHA.
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1 & f
Pucynok 11.4 - YacToTHBIE XapaKTEPUCTUKH NapaJIEIbHOIO KOHTYpA.
3 BapuaHThl 3a1aHUIA.
Bapuant 1 2 3 4 5 6
Hanpsokenune, U, B 18 20 24 26 22 28

4 Tlepeyen» npuOOpPOB:
1) Mcrounuk 3HEpruu nepeMeHHoro toka - 30 B
2) Peocrar - 1 .
3) Bombr™merp - 1 mT. (0+100B).
4) Ammnepmertp — 3mrT. (0+2A)
5) Karymika - 1 mir.

6) Marasun emxoctei — 1 mt. C=121 Mx®

5 TlopsiIOK BHINOJIHEHUSA PA0OThHI
1) OmnpenenuTts pa3MeliecHre TPUOOPOB Ha CTOJIE.
2) CoOpath SJIEKTPUUECKYIO CXEMY.
3) Omnpenenur 1ieHy AeICHUS TPUOOPOB.
4) TlpenbsiBUTh COOPAHHYIO CXEMY JUIsl IPOBEPKU MPETIOAABATEIIO
5) BkirounTs aBTOMAT MEPEMEHHOI'O TOKA M3MEPUTD 33JJaHHOC HAIIPSKEHUE
6) CusaTh mMOKa3aHWs NPUOOPOB MPH IICCTH 3HAYCHHUSIX EMKOCTH. IlokasaHus

3anucaTh B Tabaumy 1.
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Taomuma 1 — Pe3oHanc TOKOB.

No Y cTaHOBUTH N3smeputs Brrancnuts

/I U C I 4 P P Z Xc |cosp| o Q
B MKD A A A Br | Om | Om rpan. | BAp

1

2

3

4

3)

6

7) BBIMOJHUTH pacueThl MapaMeTPoB Mo (popMyiaM u 3aHECTH B TaOIuUILy 1.

u. U, 2 pZ- Xy . u_ 10°
Z==" Z,=—; X, =22 -R?; b =2X:; X, =—=
| <, “ <o 72 |, 314xC
R X . : : :
gk:_z; bc:_21 Qk:UZka’ chuzbc’ Q:Qk_ch
Zk Zk
S=Ul;  Ic=Ubx ;  1=Ugk ; Z, =/RZ+ (X, — Xc)?

8) Ilo wu3MEepeHHBIM U  BBIYKMCICHHBIM JIAHHBIM  TOCTPOUTH BEKTOPHBIC
auarpammel. J[marpaMMel IOCTPOUTH HA MAJUTUMETPOBOM Oymare B Maciirade.
9) IlocTpouTh Ha OAHOM IOJIE TPAPUKH:
1=f(C); L=1(C); 1=1(C);
p=1(C); cosp=T(C); Q=1(C;

10) CrenaTth BBIBOJI.

6 KoHTpoJibHBbIE BONIPOCHI

1) B kakux 3JIEKTPUYECKHUX IETSIX MOKET BOHUKHYTh PE30HAHC TOKOB?

2) Tloyemy mpu pe30HAHCE TOKOB, TOK B KOHJICHCATOPE MITU KATYIIIKE MOXKET OBbITh
00JIbIlIe TOKA B HEPA3BETBICHHOM YacTH Lienu?

3) B 1eM cocTosT 0COOCHHOCTH IIETH MPH PE30HAHCE TOKOB?

4) Kak npakTHYeCKH ONPEICIIUTh COCTOSHHUE LIEIH IPH PE30HAHCE TOKOB?

5) IlpakTHyeckoe MpUMEHEHNE PE30HAHCA TOKOB.
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JJABOPATOPHAS PABOTA Ne 12
HccaenoBanue Tpex(pasHoOM Henu NPy COeJMHEHUH 3BE310M.

Hean paboTbi: DKCIIEpUMEHTATBHOE MOATBEPKICHUE pacueTa TOKa
B HEUTPaJIHbHOM MPOBOJIE MPH PA3ITUIHBIX PEKUMAX
paboThl TpexdazHoH 1eTH.

3HaHus (aKTyanu3anus):

- (hu3mIecKue MPoIecchl B ANEKTPUICCKUX IETIAX;
- METOJIBI pacyeTa dIECKTPUICCKUX TeTeit

Ymenus:

- pacCUMTHIBATh IMAapaMETPhl W DJIEMEHTHI JJICKTPUUECKHX U DIIEKTPOHHBIX
YCTPOWCTB;

- COOMPATh AIEKTPUUECKUE CXEMbI U IPOBEPATH UX padOTYy;

- I3MEPATH TapaMEeTPhI JEKTPUICCKUX TICTICH.

1 Cxema.

Cxema: QF A/' - Za
Ag \1\ (A |
U/ L1

Bo \B N\ B
/

—
LI
Co LC/"<> ¢ Ze

2 TeopeTnueckoe 000CHOBaHMe.

[Ton peiictBueM Ttpexdaznoir cuctembl IJC Ha 3axumax TpexdazHOro
noTpebuTtenst co3maercs TpexdaszHas CHUMMETpPUYHAsT CHUCTEMa HaNpsHKCHUH,
cABUHYTHIX TI0 (asze Ha yron 120°, T. e. Ha yron 27/3, U UMEIOIIMX OJHMHAKOBBIC
aMIUTUTYJIHbIE U JEHUCTBYIOUIME 3HAUYCHMs (BEKTOpHas JuarpaMma MpeJ/iCTaBlieHa Ha
pucynke 12.1, Uap= Upc= Uca).

B tpexdazHoii cucreMe noTpeOUTENN 3JIEKTPOIHEPTUN COSAUHSIOTCS 3BE3/101
Wi TpeyroibHUKOM. llepenaya 5aeKTpUYECKOM »HHEPrUM OT MCTOYHUKA K
noTpeduTento B Tpex(azHoil Tpex MPOBOIHON CHCTEME OCYIIECTBISIETCS C TTOMOIIBIO

JIMHEHWHBIX IIPpOBOJOB.
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2x/s

Pucynok 12.1- CummeTpudHas cucTtemMa HanpsHKEeHUH HCTOUHHUKA.

B uyerkipex mnpoBOogHONW Tpex(a3HOW CUCTEME UMEeTCs YETBEpThIA
Heutpanbubiii (N-N) mpoBoja, coemuusitonuii oOmue Touku (a3 ucrounuka N u
notpebutenst n. CoeanHeHUE, MPU KOTOPOM KOHIBI BceX Tpex (a3 morpedurtens
00BEIUHSIOT B OOIIYI0 TOYKY N, Ha3bIBAEMYIO HEUTpaJIbHOW TOUKOM, a Havana (a3
MOJCOCAUHSIOT K TpexX(a3HOMY HCTOYHUKY TMHTaHUS IOCPEACTBOM JIMHEUHBIX
IIPOBOJIOB,  HA3bIBACTCS  COCAWHEHHWEM 3Be370iM  Tpex(aszHoro moTpeduTens

(pucyHok 12.2).

Pucynok 12.2 -Cxema yeTbIpex IpOBOJHOM Tpex(pazHOHU Lenu.

Toxku la, Is 1 lc B COOTBETCTBYIOIIMX JIMHEHHBIX MPOBOJAX HA3BIBAIOTCS
JUHEWHBIMH, TOKH, a TTpoTeKaromiue mno ¢azam, — ¢dasubiMu. Tok |y B HEUTpaTbHOM
MpoOBOJIe — HEUTpadbHBIM. [Ipu paccmMoTpeHnn Tpexda3sHOM CUCTEMBI UCXOIUM M3

IMPCAIIOJIIOXKEHUA, YTO TpeX(i)a?)HI)Iﬁ HCTOYHHUK ABJIKACTCA CUMMCTPHUYHBIM, (1)8.3HBI€
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HaAMpsHDKEHUs KOTOPOro paBHbI MEXIY COOOM M CIBHHYTHI MO (ha3e OTHOCUTEIBHO
IpyT npyra Ha yroJ 120°.

Hanpsoxenuss Mmexay auHeiiHbMH npoBoaamu notpeourens Uag, Usc 1 Uca
HA3bIBAIOTCS JIMHEWHBIMH, a MEXJy HayajJoM U KOHIOM ¢a3 mnoTpeduTens,
BKJTIOUEHHOTO 3Be3/7101, Ua, Ug 1 Uc — (a3ubimu.

N3 cxembl pucyHka 12.2 BUIHO, 4TO MPH COCTUHEHUH MOTPEOUTENS 3BE3I0U
1o ero ¢azam MpPOTEKAIOT T€ ke TOKH la, g 1 Ic, 4TO M MO TUHEHHBIM NpoBOAAM. ITO
O3HA4YaeT, YTO MPU COCTUHEHHUH MOTPEOUTENS 3BE3/10i (pa3HbIe TOKM OKa3bIBAIOTCS
paBHBIMU COOTBETCTBYIOIIMM JHMHEWHbIM ToKaM: |y = |, Ilpu 3ToM mo mepBomy
3akoHy Kupxroda i HeHTpaabHONU TOUKU 72 MOXKHO 3aIUCaTh

Lo+l +1.=1,.

[Ipn coenuHeHMM TOTPEOUTENs] 3BE3J0M, HE3aBUCHUMO OT BEJIWYUHBI U
XapakTepa COINpPOTUBICHUHN ero (a3, a TakkKe OT TOro, UMEETCS WU OTCYTCTBYET
HEUTpaJIbHBIN MTPOBOJI, MEKIY JTMHEUHBIMU U (DA3HBIMU HANPSKEHUSIMU TOTPEOUTEIS
CYILECTBYIO CIEAYIOIINE COOTHOILIEHHS, TOJIyYeHHbIE IO BTOpOMY 3aKoHY Kupxroda:
Uap=Ua-Us; Usc=Ug-Us; Uca= Uc- Ua.

B OonbIIMHCTBE MPAKTHYECKUX CITydaeB Tpex(a3Hble NOTPEOUTENH MPEACTABISIOT
c000i1 CHMMETPUUYHYIO Harpy3Ky, HOJIKIIOUEHHYIO K CHMMETPUYHOMY TpeX(da3zHOMY
UCTOYHUKY MUTaHUSI.

Harpy3ka, mpu KOTOpPOW KOMIUIEKCHBIE CONPOTUBIEHUs Bcex (a3 moTpeOuTes
paBHBI MEXIy €000 (Za=Zg=Zc) HazpiBaeTcs cummeTpuuHoil. [lpu sTom
Ra=Rs=R¢; Xa=Xs=Xc;  Uap=Upc=Uca; Ua= U= U..

ComnpoTuBlieHUS JMHEHHBIX TMPOBOAOB, TaK XK€ KaK W COMNPOTUBJICHHUE
HEUTPAIIbHOT0, OOBIYHO MaJIbl 1 UMH MOYKHO IIPEHEOPEYb.

[Ipu coenuHeHUM TOTPEOUTENST BJIEKTPOIHEPIHMM 3BE3I0M MpPU CUMMETPUUYHOU
Harpy3ke Mexay (a3sHbIMM M JIMHEWHBIMHM  HaNpsHKEHUSIMA — CYILIECTBYET

COOTHOIICHMC:
U, =3,

da3HbIe TOKU TOTPEOUTEIS ONPEACIISIOT M0 3aKoHy OMa:
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[a=UnlZa 18=UslZs, Ic=Ud/zec.

[Ipu sToM HampspkeHue Mexay HeuTpanbHbIMH Toukamu Unn=0. Tax kak ¢azHble
HaIpsDKEHUs U (pa3HbIe COPOTUBIICHUS MOTPEOUTENS SIEKTPOIHEPT UM PABHBI MEKIY
co00i1, TO (pa3HbI€ TOKU TP CUMMETPUYHON HArpy3Ke TakKe PaBHBI MEXIy cO00M |4
= IB = Ic = Iy U cABUHYTBHl OTHOCUTENBHO (ha3HBIX HANPSKEHUH Ha paBHbBIC YIJIbI
PA=(QB= Pc= Qg ONPEIECIIEMbIE U3 BBIPAKCHUN
tg a =Xa/ Ra=tg ¢,=Xg/ R3=tg ¢c =Xc /Rc.

[Ipn cMMMETpPUYHONW HArpy3ke TOK B HEHUTPAJIbHOM IPOBOJE, ONPEACISIEMBIN
KaK BEKTOpHas cymMMma (pa3HbIX TOKOB, OKa3bIBA€TCS PABHBIM HYIIIO, IOATOMY IpHU
CUMMETPUYHON HArpy3Ke ITOT MPOBOJ CTAHOBUTCS HE HYXKHBIM U IIPUMEHSATH €0 HET
cMbIcaa. [Ipn HeCUMMETPUYHON Harpy3ke KOMIUIEKCHBIE COIIPOTHUBIICHUS BCEX TPEX

¢a3 B 00111eM CiTydae He paBHBI MKy COOOM, T. €. Z o# Zp# Z ¢

[IpeneOperasi CONpPOTUBICHUAMM JIMHEHHBIX MPOBOJIOB, MOXKHO CUUTATh, YTO
JMHEWHBIC HAIPSDKEHUS MOTPEOUTENsT HE3aBUCUMO OT XapaKTepa Harpy3kKd paBHbI
COOTBETCTBYIOIMM JIMHEWHBIM HANPSIKEHUSIM T'€HEpaTropa, T. €. CUCTEMA JIMHEUHBIX
HANPSKEHUHN U TIPU HECUMMETPUYHOM HATPY3KE€ CUMMETPUYHA.

[Ipy BKJIIOYEHUM HEUTPAIBHOIO IIPOBOJA W HECHUMMETPUYHOU HArpyske
(compoTHBICHUEM HEHUTPAILHOTO MPOBOJIa MpeHeOperaeM) MOTEHIIMANl HEUTPpaIbHON
TOYKM TOTpeOUTeNIsi N paBeH NOTEHIUaNy HeuTpaibHOM Touku N TeHepaTopa.
CrnenoBatenbHO, (a3HbIe HAMNPSOKEHUS MOTPEOUTENsT PaBHBI COOTBETCTBYIOIIUM
(ha3HBIM HaAMPSHKEHUSIM Te€HEPATOpa, a HAMPSHKEHUE MEXAY HEUTPpAIbHBIMU TOUKaAMU
Unn=0.

I[Ipy  HamWUUKM  HEUTPAIBHOIO NPOBOJA W HECUMMETPUYHOM  HArpyske
reomeTpudeckas cymma (a3HbIX TOKOB Tpex(da3zHOW CHCTEMBbI B COOTBETCTBHM C
nepBbIM 3akoHOM Kupxroda st HeUTpaabHOM TOYKM paBHA TOKY B HEUTPAIHHOM

pOBOJIE
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BekropHasg nuarpamma i1 HECUMMETPUYHOM HArpy3ku C HEUTPAIBHBIM
IIPOBOJIOM MMEET BUJ, NIPEACTaBICHHBIN Ha pUCyHKe 12.3a.

[Ipy OTKIIOYEHMHM HEUTPAIBHOTO MPOBOAA MOTEHIMAT HEUTPAIBHOW TOYKH 71
HOTpEOUTENsT BJIEKTPOIHEPTUM HE paBeH MOTEHIUAly HEWTpaJbHOM Touku N
reHeparopa Npu HECUMMETPUYHON Harpy3ke, Tak KaK 3TH TOYKH HE COEJUHEHBI
MeXay cobOoi. [lpm 3TOM HeWTpambHass TOYKa 7 Ha BEKTOPHOM JaUarpaMme
NOTPEOUTENS] CMECTUTCSI U3 CBOETO NEPBOHAYAIBHOIO TOJIOXKEHUS B APyroe (1), mpu
KOTOPOM I'€OMETprUYeCcKas cyMMa (pa3HbIX TOKOB OTPEOUTENS paBHA HYIIIO:
I,+1,+1.=0
B 3TOM cilydae BeKTOpHas [auarpaMma IOPUHUMAET BHJ, IPEACTABICHHBIA  Ha
pucynke 12.30, u3 KOTOpOH cleAyeT, YTO IpU HECUMMETPUYHON Harpys3ke B
TpexdazHoil cucreme 0e3 HEUTpaJbHOIO TPOBOJA (pa3HbIE HANPSHKEHHS
noTpeOuTeNsl OKa3bIBAlOTCS HE paBHBIMU Apyr Apyry. Ilpu srom Ha ogHux (aszax
MOXET OBITh MOHMKEHHOE HANPsDKEHHE MO CPABHEHUIO C (pa3HBIMU HANPSKEHUSAMHU
reHepaTopa, a Ha APYruX — MOBBIIIEHHOE.

B stoM cinyuae Mexay (asHbIMM TOKaMM, HANpSHKEHUSIMH U CONPOTHBICHUSMU
CYLIECTBYIOT T€ K€ COOTHOIIEHHUS, OOYyCIOBJIEHHBbIE 3aKOHOM OMa, 4YTO W TpH

CUMMETPUYHOMN HArpy3Ke.

Pucynok 12.3 — a) BektopHas nquarpamma pa3HbIX TOKOB
MIpU HECUMMETPUYHON aKTHBHOW Harpy3ke; 0) BekTopHas
nuarpaMMa (pa3HbIX HAMPSHKEHUHN TP OTKITIOUYCHUN
HEUTPAIBHOI'O MPOBOJIA ITPU HECUMMETPUYHOU HATrpy3Ke.
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3 Ilepeuyennb mpuGOPOB.

1) Tpexda3mblit HCTOUHUK ITepeMeHHoro Toka, Uy= 52B; f =50l
2) Amnepmerp - 4 mr. (0+2) A
3) Boasr™merp - 1 mT. (0+ 100) B

4) Mara3uH COIPOTHBIICHUH — 3 IIIT.

4 TlopsiiOK BBINOJHEHUS PadOTHI.

1) Onpenenuth Ha CTOJIC pa3MeIleHHE TPHOOPOB.

2) CoOpath AIIEKTPUIECKYIO CXEMY.

3) Ompenenuth IeHy JeleHHs TPUOOPOB, YCTAaHOBUTh HAa Mara3mHax
COMPOTHUBJICHUH 3a7jaHHbIC TapaMeTphl Z (cM. Tabm. 1 kitod S BKITIOYEH).

4) TlpenbsiBUTH COOPAHHYIO CXEMY JUISl IPOBEPKU MPETIOAABATEIIIO.

5) YcTaHOBHUTH BETUYMHBI HATPY30K:

- IEPBBIM ¥ BTOPOU OIBITHI - CHAMMETpUYHAs Harpy3ka Za = Zg= Zc;

- TPETUH U YETBEPTHII OIBITHI - HECUMMETpUUHas Harpy3ka Za # Zg#Z c;

- TIATBIN OIBIT - OOPBIB TMHEHHOTO TTPOBOIA (a3sl (Z ¢ =x);

- IECTOM OTIBIT - KOPOTKOE 3aMbIKaHUe OAHON U3 (a3 Zg = 0;

6) BrirounTh aBTOMAT MEPEMEHHOTO TOKA, CHAThH MOKa3aHUs aMIIEPMETPOB 4,
Ig, Ic 1 3anucath ux B Tabnumy 1.

7) W3meputh nepeHocHbIM BOJIbTMETPOM (asubie Ua, Ur, Uc 1 munaeiiabie Uag,
Ugc, Uca HanpspkeHus, 3anmucaTh B Tadauiy 1.

8) Usmeputs TOK HeWTpambHoro mnposona Iy (lp) W HampsbkeHue cMmereHus

ueirpamu Uy (Ugp), nanHbIe 3amucarsh B Tabmuiry 1.

Tabnuua 1- ITapametpsl TpexdaszHoH 1emnu.

Omnbit |Harpyska | Kirou Ia| Ig Ic In Ua | Ug | Uc [Uwn [ Uag | Use [Uca
S A|lA|A|A B B B B B B |B
1 %AZ BkJ1.
2 ZEZ_ Brika.
3 |Za= Bxi.
4 Bf Briki.
=
5 |Za= Bxi.
6 Bf Breiki.
o=
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s onbrtoB Ne 1,3, 4, 5, 6 moctpouTh B MaciiTade BEKTOPHBIE TUarpaMMBbl
TOKOB M HaNPSKECHUH.

9) Cnenatb BBIBOJI.

5 KoHTpoJibHBIE BONPOCHI

1) Kaxoe u3 coenuHeHuit Tpex(ha3HOM 1eNH HA3hIBAIOT COCTUMHEHUEM 3BE3]101?

2) UeMy paBHO OTHOIIICHUE NP COCAMHEHHUH 3BE370H JTMHEHHBIX U (Da3HBIX TOKOB
Y HaIpsDKEHU?

3) Uro Takoe CUMMETPUYHAS U HE CAMMETPUYHAs Harpy3Ka?

4) Kaxkyro poJib UrpaeT HeHTpallbHbII TPOBOI?

5) Kakoe HampspkeHHe Ha3bIBAIOT CMEIICHUEM HeHTpann?

JIABOPATOPHAS PABOTA Nel3
HccnenoBanue TpexdasHou nenu nNpu COeJUHEHUH TPEYroJIbHUKOM

Hean padoThi: DKCIIEpUMEHTATBHOE MOATBEPXKICHUE pacuyeTa JUHEHHBIX TOKOB
IPY Pa3IMYHBIX peKUMaxX paboThl Tpex(ha3HOM LETH.

3HaHus (aKTyanu3anus):
- (usnyeckue MpPOIECcChl B ANEKTPUUCCKUX IETISIX;
- METOJIBI pacyeTa dICKTPUUCCKUX TeTei
Ymenus:
- pacCUMTHIBATh IMAapaMETPhl W DJIEMEHTHI JJICKTPUUYECKHX U DIIEKTPOHHBIX
YCTPOMCTB;
- COOMPATh AJIEKTPUYECCKUE CXEMBI U TIPOBEPATH UX paboOTYy;

- U3MEPATHh MAPAMETPBI FJEKTPUUECKUX LIETIEN.

248
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2 Teoperuueckoe 000CHOBaAHME.

Jns coenuneHust a3 Harpy3kd TPEyTrOJbHUKOM HEOOXOJMMO Hayasio (asbl
COCIMHUTH C KOHIIOM MPEABIAYIICH, T.€. Kaxaas (a3a moTpeOUuTes MPUCOCTUHICTCS
COOTBETCTBEHHO K JIBYM JHMHEWMHBIM mnpoBoaaM. IloaTomy 1ipu coeauHEeHUU
MOTpeOUTENS TPEYroONbHUKOM (ha3HbIE HAMPSOKCHUS OKa3bIBAIOTCS PABHBIMH
COOTBETCTBYIOIIUM JUHEHHBIM HanpsokeHusM: Ugp=U .

da3HbIe TOKW MPHU COSAUHEHUN TPeX(Pa3HOro MOTpeOUTeNs TPEYTrOJIbHUKOM HE
pPaBHBI JIMHEWHBIM, TaK KaK B Hadaje Kaxaod (a3l MOTpeOUTENsT UMEETCS y3el
pa3BeTBIICHUS TOKOB. IIpm 3TOM HE3aBHCHMO OT COINPOTUBICHHM MOTpeOUTENs
MeXy (ha3HBIMHU U JMHEHHBIMUA TOKaAMH CYIIECTBYIOT COOTHOIIICHUS, ITOJyUYCHHBIC Ha
OCHOBaHUHU MepBoro 3akoHa Kupxroda i y310B pa3BeTBICHUS TOKOB:

iA: iaB = ica; iB = ch - iaB; iC = ica - ch-
[Tonp3ysach yka3aHHBIMU COOTHOILIECHUSIMHU, TIO BEKTOpaM (Da3HbIX TOKOB, lus, lsc, lca
MOKHO MTOCTPOUTH BEKTOPHI JINHEWHBIX TOKOB la, I 1 lc.

CooTHorieHuss MexXAy (ha3HBIMU HAMPSHKCHUSIMH, TOKAMHA M CONTPOTHBIICHUSMHU
MPU COCAMHEHUU MOTPEOUTENST TPEYTOJIBHUKOM HAXOSAT B COOTBETCTBUU C 3aKOHOM
Oma:

las=Uas / Z as; loc = Usce/Z ] iac = I’Jca/ Z ac

Pucynox 13.1 - Cxema coenuHeHus a3 Harpy3Ku TPEYTrOJIbHHKOM.
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Ha pucynke 1 npussto: Z as=R as, Zsc = Rec, Z = Rea. YTubI ciBura no ¢aze

MEXAy BEKTOpaMu (pa3HbIX HANPsHKEHUH, Usas, Use, Uca 1t COOTBETCTBYIOIIUX (Ppa3HBIX
TOKOB iab, ibc, ica OIIPCACIIAIOTCS (l)aSHbIMI/I COIIPOTUBJICHUAMU HOTpe6I/ITeJI$IZ
Qab= arctg Xap/ Rab; ¢@pc=arctg Xpc/Ryc; ¢@ca= arctg Xea / Rea.

[Ipyn cUMMETpHYHONM Harpy3ke KOMILJIEKCHBIE COMPOTHUBIICHHS BceX Tpex (a3

OJVHAKOBBI, T. €. Zap=Zpc=Zca- lIpM 3TOM KaKk aKTHBHBIC, TAK U PEAKTUBHBIC

compotuBieHuss (a3 moTpedutenss paBHBL: Rap= Rpe= Rey Xo=  Xee=Xea
IpUYEM pEAKTHUBHBIE COMPOTHUBJICHHUS HWMEIOT OJWHAKOBBIN (MHAYKTHUBHBIM WM
€MKOCTHBIN) xapaktep. B 3ToM ciydae ¢a3Hble TOKM U COOTBETCTBYIOIIUE YTIIbI
casura no ¢gase Mexay Gha3sHbIMU HAMPSKEHUSIMUA U (Pa3HBIMU TOKaMHU OyAyT paBHbBI
MEXTy COOOM:

Iablec =|ca =|¢n (PaB:(PBcz(Pcaz(P(b-

Takum 06pa3om, npu coeAMHEHUH Tpex(Ha3HOTO MOTPEOUTEINS IIEKTPOIHEPTUU
TPEYTOJLHUKOM TIPU CHUMMETPUYHOM Harpy3ke TOKU BceX TpeX (a3 paBHBI MEXKIY
co00i W CABHUHYTHI OTHOCUTEIHBHO COOTBETCTBYIOIIUX JIMHEHHBIX HANPSXKEHUN Ha
OJMHAKOBbIC YIJbl. M3 BEKTOpPHOW auarpaMmsbl Uil CUMMETPUYHOM HArpy3KH IIpU
COCIMHEHUHU noTpeouTest TPEYTOJILHUKOM, peACTaBICHHON Ha
pucynke 13.2 BUIHO, 4YTO JIMHEWHBIE TOKH OKA3bIBAIOTCS PAaBHBIMH M CIBUHYTBIMH
OTHOCHUTEJIBLHO JIpYT Apyra no ¢aze Ha yroa 120°.

[Tpu sToM Mexy (pa3HBIMH M JTMHEMHBIMA TOKAMH CYILIECTBYET COOTHOIIEHHE:

|n:\/§ lo

Pucynox 13.2 - Bexropnast nuarpamma JIMHEWHBIX TOKOB

JUTSI CAMMETPHYHON HArpy3ku Qas.
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[Ipu HecuMMeTpUYHOM Harpy3ke (ha3Hble TOKH U YIJIbI CBUTA MO (pa3e MExXITy
(dazHpIMH TOKaMU U (ha3HBIMU HAMPSKEHUSIMH B OOIIEM clyyae HE OJMHAKOBBL. Tax
K€ KaK M TpU CUMMETPUYHOM Harpy3ke, OHU MOTYT OBITh ONpEIEICHBI IO
COOTBETCTBYIOIUM (opmynaM. BekTopHas nuarpamma, MOCTpOEHHas IJsl Cliydas
HECUMMETPUYHON aKTHUBHOW HAarpy3kd Tpex(azHOTro MOTpeOUTesst MpU COSAUHEHUH

TPEYTrOJILHUKOM, TIPE/ICTaBeHa Ha pucyHke 13.3.

Pucynok 13.3- BekTopHas auarpaMMa JTMHEWHBIX TOKOB
JUIS. HECHMMETPUYHOM aKTUBHOM HArpy3KH.

OTkiIroueHne Harpys3ku OJHOW M3 (a3 clieyeT paccMaTpUBaTh KaK YaCTHBIN
cillydail HECUMMETPUYHOW HArpy3Ku, KOTJa CONPOTUBIEHUE OTKIHOYEHHOW (a3bl
paBHO OeckOHEYHOCTU. B 3TOM cilydae BeKTOpHas Auarpamma MnpuoOpeTaeT BHI,

npecTaBICHHbIH Ha pucyHke 13.4 (Zp=x).

Pucynox 13.4- BexropHas nuarpamma JIMHEHHBIX TOKOB
pu XojocToM xojie (a3el AB.

[Ipu oOppiBe JNMHEWHOTO TMpoBOAa B Ienu Tpex(da3HOro MOoTpeOuTeNs

QJICKTPOOHCPIrunu, COCAMHCHHOTO TPCYTOJIBHUKOM, CICAYCT pacCMAaTpUBATL €ro Kak
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noTpeOuTeNsl, MOAKIIOYCHHOrO K oaHodasHoMy wuctounuky (UBC). Bekrophas

JMarpaMMa TOKOB U HaIpsKEHUH JIJ1s1 3TOTO ciiydasi IpeJicTaBlieHa Ha pucyHke 13.5

j“ '[‘" i .
ac Y,

t——g. _ ‘.'f-
fgr- ?:'

Pucynok 5- BektopHas nuarpaMma JUHEHMHBIX TOKOB
npu 00peiBe pa3el AB.
AKTHBHYIO MOIIIHOCTB TpeX(azHOTO MOTPEOUTEINS STEKTPOIHEPTUU B 00IIEM CITyUyae
MO>KHO OTIPEJICIUTh KaK CYMMY aKTHBHBIX MOIIHOCTEH BcexX ero ¢as: npu
COEIMHEHNH 3BE3/10M:
P=P,;+Ps+P.= Uul, cosp.+Ul, cOSps+Ucl: cosp.

MIPU COCTMHEHUN TPEYTOJIbHUKOM:

P=P.p +Pyc +P ca= Uuglue COS(Das'l'UscIsc C05(0ec+Uca|ca COSQca.

[Tpu cummeTpudHOl Harpy3ke a3Hble HAIPSHKEHUS, TOKH U YTIIbI ciBUTA (a3
OKa3bIBAIOTCSI paBHBIMH. BCIIEICTBHE 3TOTO PaBHBI TAK)KE U AKTHBHBIC MOIITHOCTH
Bcex Tpex (a3 moTpeOUuTens MMEeKTPOIHEPTUN. AKTUBHAS MOIITHOCTh TpeX(a3zHoro
MOTPeOUTENS HE3aBHCHMO OT CXEMBI €TI0 COCTMHECHHSI MOYKET OBITh HalJIcHa Yepe3
JUHEHHBIC TOKH U HAIIPSKEHUS:

P=3P4=3U,ly cosps=~3 U, |, cospy unu P=+/3UI cospq.

AHAJIOTUYHO MOYKHO TOJYyYUTh W (HOPMYJTy [JII PEAKTUBHOH MOIIHOCTH
Tpex(azHoro MoTpeOUTENS MPU CUMMETPUIHOM HArpy3Ke:

Q=+3U Isin .
[TomHass MOIITHOCTH Tpex($a3HOTO MOTPEOUTEIS TP CUMMETPUIHON Harpy3Ke:

S=J3Ul.

3 Ilepeyennb npudOpoB
1) TpexdazHusbiii ucTouHUK nepeMeHHoro Toka ¢ Ug =30 B, Uy =52 B; f=50T"11

2) Amnepmertp - 6 mT. (0 +2) A
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3) Boast™merp - 1 mt. (0+-100) B

4) Mara3uH CONPOTUBICHHM - 3 IIT.

4 IlopsiaoK BBIMOJHEHUS PA0OTHI PA0OTHI.

1) Omnpenenuth pa3MelIeHne Ha CTOJIC TPHUOOPOB.

2) CoOpaTh JIIEKTPUIECKYIO CXEMY.

3) OmnpenenuTs lieHY ACICHHUS TPUOOPOB, YCTAHOBUTH HA Mara3MHax
COTIPOTHUBJICHUH 3aJJaHHBIC TApaMETPhI Harpy3ku (cM. Tabd. 1).

4) TpeabsBUTh COOPAHHYIO FIEKTPUUECKYIO CXEMY IS IPOBEPKU
IIPEnoIaBaTelio.

5) BkIrOYHTH aBTOMAT MMEPEMEHHOT'O TOKA, CHATH TIOKa3aHUs IPUOOPOB la, g, Ic,
|aB, Isc, lca ©I3MEPUTH IEPEHOCHBIM BOJIBTMETPOM HAIPSIKEHUE UCTOUYHUKA
Uag, Usc, Uca ueTbipex ombITOB.

- IEPBBIN OMBIT - CAMMETpUYHast Harpy3ka Zag~ Zec~ Zca

- BTOPOM OMBIT - HECUMMETpUYHas Harpy3ka Zag # Zgc # Zca

- TPETHUH OMBIT - OOPHIB OAHOTO U3 (Pa3HBIX MPOBOAOB Zp = ©

- YETBEPTHINA OMBIT - TPU HECUMMETPUUHON Harpy3ke Zag # Zgc # Zca OOPHIB

OJTHOTO W3 JIMHEHWHBIX MTPOBOJIOB.

Pe3ynbTaTel ©3MepeHuil YeThIpeX ONbITOB 3amucaTh B Tabauiy 1, mpoBecTu

BBIYUCJICHUS.
Tabmuna 1.
No N3MEPUTH BBIUUCIIUTD
onbiTa|Harpyska
Uas |Usc|Uca| la | Is | Ic |lae|lec|lca| Pas | Pec | Pca P
B B B A |A|A|A|A|A Bt Bt Bt Bt
1 |Zas=
Zpc=
Zca=
2 |Zas=
Zpc=
Zca=
3 |Zne=
Zpc=
Zca=
4 ZAB:
Zgc=
Zca=
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6) Jl1s Bcex OmbITOB MOCTPOUTH B MACIITA0e BEKTOPHBIC JHArPAMMbl TOKOB U
HAPSKCHUM.

7) Cnenatb BBIBOJI.

5 KoHTpoJibHBIE BONPOCHI

1) Kaxoe u3 coeauHeHuit Tpex($ha3HOM 1enH HA3hIBAIOT COCTMHECHUEM B
TPEYroJbHUK?

2) 2YemMy paBHO OTHOIICHHE MIPU COCAMHEHUH B TPEYTOJIbHUK JTMHEHHBIX U
(a3HBIX TOKOB U HANPSKEHUI?

3) Kak onpenensiercsi TMHEHHBIA TOK TPU CHMMETPHYHON H HECUMMETPHYHOM
Harpyskax?

JIABOPATOPHAS PABOTA Ne 14
HccaenoBanune xapakrepa norepb MOIIHOCTH B KAaTylIKe ¢ ()eppOMATHMTHBIM

CEPACHYHUKOM.

Heab padorbi: PopMUPOBAHME YMEHUH TPOBOIUTH UCCIIEIOBAHUE XApAKTEPA
MOITHOCTH TOTEPh B (DEPPOMATrHUTHOM CEPACYHUKE KATYIIKHU.

3HaHus (aKTyanu3anus):
- (usnyeckue MPOIECChl B ANEKTPUUCCKUX IETISX;
- METOJIbI pacyeTa dIECKTPUUYECKUX TeTeit
Ymenus:
- pacCUMTHIBATh IMAapaMETPhl W DJIEMEHTHI JJICKTPUYECKHX U DIIEKTPOHHBIX
YCTPOWCTB;
- COOMPATh AIEKTPUYECCKUE CXEMBI U TIPOBEPATH UX paboTYy;

- U3MEPATHh MAPAMETPHI FJEKTPUUECKUX IIETIEH.

1 Cxema Thai
OLre—

Dt
308 R
5 PY w
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2 Teopernueckoe 000CHOBaHHUE.

[Ipu uccienoBaHuy ANEKTPUUECKUX U MAarHUTHBIX TOJIeH OBLIIO 3aMEYEHO, YTO
Tesa U3 MOBOJAIIMX MaTepUaoB (CTallb, ME/b, AIFIOMUHUN), PACIIOJIIOKEHHBIC B
M3MEHAIOIIEMCS MarHUTHOM T0J1e, HarpeBatoTcs. [Ipuuem, uem 60sbiiie CKOpOCTh
U3MEHEHHS] MarHUTHOTO TOJIsI, TEM OOJIbIIIE CTENEHb HArPEeBaHUs TPOBOTHUKOB.
CornacHo 3aKOHY 3JEKTPOMArHUTHOW MHAYKIIUU MTPU BOSHUKHOBEHUU TEPEMEHHOTO
MAarHUTHOTO MOTOKA B PAa3JIMYHBIX CIOSAX MPOBOJHHUKA BO3HUKAOT DJ[C
ANEKTPOMArHUTHOM MHIYKIIUH, O JEUCTBUEM KOTOPBIX B CIIOSIX MOJYITPOBOAHUKA
MPOTEKAIOT BUXPEBbIE TOKU. BUXpEBbIE TOKM B COOTBETCTBUU C 3aKOHOM J[KOyJIsi-
JleHuia BBI3BIBAIOT HArPEB NPOBOJHUKA. J[JI1 CEp/IEUHUKOB ANEKTPUUECKUX MAIIUH
TaKOW HarpeB HEXKENATEeNeH, TAK KaK CO3/1a€T ONACHBIN pEeXUM U
HETIPOU3BOAUTENBHBIN PAcX0] SJHEPTUH B yCTporcTBax U cHmkeHue KII/I.
B nensx yMeHbIIEHUS IOTEPh SHEPTUU CEPACUHUKH YCTPOICTB IEPEMEHHOTO TOKA
coOuparoTcs U3 JINCTOBOM 3JIEKTPOTEXHUUECKOW CTaJH, JINCThI KOTOPOU H30JIUPYIOT
JPYT OT ApyTra CeNHalIbHBIMU JaKkaMu (pUCYHOK 14.1). YMeHblIeHre TOKOB TaKUM
croco0aM JOCTUTAETCS 32 CYET TOT0, YTO CIUIONIHBIE KOHTYPHI IIEIBHOTO CePACYHUKA
OKa3bIBAIOTCS pa3pe3aHHBIMU Ha YaCTH, U30JIMPOBAHHBIE IPYT OT JApyra. TommuHa
JIMCTA, a CIEJ0BATEIbHO U IMPUHA KOHTYpa BUXPEBOIO TOKA Maja, a, CJIEI0BATEIILHO

MaJIbl U MTHAYIIHUPOBAHHBIC B HEM TOKH.
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Pucynok 14.1 BuxpeBbie TOKHA B HETBHOM UM IIMXTOBAHHOM
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Ecnu npeneGpeub HEPAaBHOMEPHOCTHIO PACTIPEIEICHHUS] MATHUTHOTO MTOTOKA B
MOMEPEYHOM CEUEHUH JTUCTOB MAarHUTOIIPOBO/IA, TO MOIITHOCTbH MOTEPh OT BUXPEBBIX
TOKOB MOYKHO TOJCYHTATH IO CIIeAyIoNeH dhopmyrie:
Py=a,f ‘B :: G,
/1€ og - KOO(PGUIMEHT BUXPEBBIX TOKOB, 3aBUCSIIINI OT COPTa CTAIH M TOJIIIUHBI
CTaJIbHBIX JIUCTOB;
f - vacrora Toka;
B - aMmmuTy1a MArHUTHOM UHTYKIIUU;
G - Macca cepacUHHKA.
MOoUTHOCTh TOTEPH OT TUCTEPE3UCA OMUCHIBACTCS IMIUPUYECKON (PopMyIoit
P, =0,./B,0G,
i€ 05 - THCTEPE3UCHBIN KO3 (GUIIUEHT, 3aBUCSIINI OT COpTa CTAIN U Pa3MEPOB
CTaJIBbHBIX JINCTOB (OMPEICIISIETCS IKCIIEPUMEHTAIBHO); N - TOKa3aTeNIh AMIUTATYIbI
MarHuTHON HHIYKIMU (N = 1,6 npu By < I Taun=2npu Bvw=1- 1,6 Tn).
JJist yMEHbIIIeHUs TOTEPh Ha TUCTEPE3UC CEPJICUHUKH ITIEKTPOTEXHUUECKUX
YCTPOHCTB, pabOTAIONMINX HA IEPEMEHHOM TOKE, U3TOTOBIISIOT U3 MAalrHUTOMSTKHIX
(beppOMarHeTHKOB C Y3KOH TeTJIel TucTepesnca.
3 IlepeueHb npuGOpoOB:
1) Ucrounuk nepemennoro toka 30B.
2) BombsT™metp (0+100)B.
3) Ammepmerp (0 +2) A .
4) Barrmerp (0 +12)Br.
5) Peocrar
6) Karyika co cTaqbHBIM CEPACYHUKOM.
[TapameTpsbl KaTyIIKH:
a) koanmyecTtBO BUTKOB W=16( BUTKOB.
0) ceuenue cepaeynnka S=4,8 cm?
B) Bec ctanmu G= 0,5 kr.

I') conpoTuBiieHrne KaTtymku R= 1,2 Om.
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4 IlopsiaoK BBINMOJHEHUS PA0OTHI

1)
2)
3)
4)
5)

OmpenenuTh pa3MelieHue mpuoOpoB Ha CTOJIE.

Co0Opathb 2JIEKTPUUECKYIO CXEMY.

Omnpenenuts 1eHyY JeleHus TpuOOpoB.
[TpenssBUTH COOpAHHYIO CXEMY LIETIH IS IPOBEPKH MPEToaBaTels.

Bxirouuts aBTOMAT IICPCMCHHOI'O TOKA, IIPCABAPUTCIIBHO YCTAHOBHB

peocrar B nonoxenue U . MI3MeHss HanpsKeHHe, MOABOIMMOE K KaTylIKe

OT HYJIAI 10 MAKCUMAJIbHO BO3MOKHOI'O HAIIPAKCHUA, CHATDH IIOKa3aHUA

npudOpoB, 3aHECTH B Tabiuiry 1.

Ta6nuna 1- Ilotepu B cepaieuHUKe.

M3meputhb Breraucauth

No U | P f PCT PM P Bm
OHIiITa B A Bt I'n Bt Bt Bt ? KT Tn

2

3

il

5

§

ITo usmepennsim U, |, P, Berauciuts P ., - moTepu B cranu, P ,, - morepu B meau, P

— YACJIBbHLIC IIOTCPU, B m - MAKCUMAJbHOC 3HAYCHUC MarHUTHOM NHAYKOWU.

6) Ilo moay4eHHBIM JaHHBIM MTOCTPOUTH TPaQUKH:

Po:f(Bm).

5 KoHTpoJIbHBbIE BONIPOCHI:

Pcr ~P-Py;

1=f(V);

7) Cnenath BBIBOJ

cm o .

G 7

U x10*

" T 4 A41WS

1) Kakue HeJMHEHHBIC 3JICMEHTHI TPUMEHSIOTCS B LETAX MEPEMEHHOI0 TOKA 1

KaKHC IIPAKTUYICCKHUE 3aa4M B TCXHHUKC PpCIIatOTCsA C UX HOMOHIBIO?

2) Kak n3MeHseTcss HHAYKTUBHOCTD KaTYIIKH ¢ ()epPOMAarHUTHBIM

CEpJICYHUKOM IPU U3MEHEHUH HATPSKEHUS Ha HEel?
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3) Kak BiusieT MarHMTHBIN rUcTepe3rc Ha (OpMy KPHBOM TOKa B KaTYIIKE CO
CTaJIbHBIM CePACYHUKOM?

4) Kakue moTepu SHEPTrUU Ha3bIBAIOT MIOTEPSIMU B CTAIM U KaKHE ITOTEPSIMHU B
meaun’?

5) Uto Takoe MarHUTHOE paccesiHue?

JJABOPATOPHAS PABOTA Nel5
HccnenoBanue nepexoHbIX MPOLECCOB B AKTHBHO — eMKOCTHOM I1eNH.

Hean paborei: PopMHUpOBaHKUE YMEHUH MOJyYaTh SKCIEPUMEHTAIIbHBIE TPa()UKU
IIEPEXOIHBIX IIPOLECCOB B KOHJEHCATOPE.
3Hanus (akTyanuzanus):

- pU3MYECKHE MPOLECCHl B AIEKTPUUECKUX IIETIAX;
- METOJIbI pacyeTa EKTPUUECCKUX LETEN
YMmenus:
- paccuMThiBaTh MapaMeTPbl U JJIEMEHTBI SJICKTPUYECKUX M DJIEKTPOHHBIX
YCTPOMCTB;
- coOUpaTh HIEKTPUUYECKUE CXEMBI U IPOBEPSITH UX padoTYy;

- U3MEPATHh MAPAMETPHI FJIEKTPUUECKUX IETEH.

1 Cxema
£ 1 N R
o " u L
2 C

oz () = O

2 TeopeTuueckoe 000CHOBaHHE.

B ycraHOBHBIIEMCS pPEXUME HANPSDKEHUS W TOKH BO BCEX YYacTKax
DJIEKTPUUYECKON I OCTAIOTCS HEM3MCHHBIMH B TCUCHHE CKOJIb YTOJIHO OOJIBIIOTO
NPOMEKYTKa BpPEMEHHU. B TMOHSITHE HEU3MEHHBIX HAINPSDKEHUH M TOKOB B JaHHOM
Cllydae BKITIOYAIOTCS HE TOJIKO MTOCTOSIHHBIE, HO M CUHYCOUJAIIbHBIC HANIPSHKCHHUS, U

TOKH C IOCTOSIHHOW aMIUTUTYJOM U YaCTOTOM.
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ITo ycrnoBusiM sKCIUTyaTallMy U XapakTepy pabOThl AIEKTPOYCTaHOBOK WJIM IO
ApyTUM (B TOM YHUCJE CIIy4allHbIM) NPUYMHAM IPOUCXOAUT U3MEHEHMS PEKUMOB B
ANEKTPUYECKUX LETIAX.

Jlia mepexona OT OJHOTO YCTAHOBUBLIETOCS PEKUMa K JIpyromy TpeOyercs
HEKOTOPBIM MEPEXOAHBIM IE€pHUOJ, B TEYEHHE KOTOPOrO BEJIMYHMHBI TOKOB M
HaIPsKEHUH B QJIEKTPUYECKOM LENU U3MEHSIOTCA.

IIpu4uHBI BO3HMKHOBEHHS MEPEXOIHbIX IPOLECCOB.

DNEeKTPOMAarHUTHHIE MPOLECCHI, TPOUCXOIAIINE B JIEKTPUUECKUX LETSIX IPH
Iepexoe OT OJHOIO YCTAaHOBHUBILUEIOCS peXUMa K JpPYyroMy, Has3bIBaIOT
nepexoOHbIMU NPOYECCaAMU.

Bpems, B TeyeHume KOTOPOro MPOJMOJKAETCA MEPEXOAHBIM MPOLECC B
JJIEKTPUYECKON LEeNH, Ha3bIBAIOT IIEPEXOJHBIM IIEpUOJOM. BelMYnHBI TOKOB U
HalpsUKEHUM, W3MEHSIOIINUECS B TEUCHHE IMIEPEXOJHOr0 IEPHUOJa, Ha3bIBAKOT
IIEPEXOIHBIMHA TOKAaMHU U HANIPSKECHUSMH.

IlepexonHble MpOLECCH BOZHUKAKOT BCIIEACTBUE U3MEHEHHS 3. 1. C. B LEIH,
HaIPSKEHUS, IPUIOKEHHOTO K LEIMH, WM B CBSI3U C U3MEHEHUEM €€ apaMeTPOB —
CONIPOTHUBIICHUS, UHIYKTUBHOCTH UJIH €EMKOCTH.

HenocpencrBeHHbIMM TNIPUYMHAMHA  BO3HUKHOBEHHSI TNEPEXOIHBIX IPOLIECCOB
MOTYT OBITb: KOMMYTAIIMOHHBIE W3MEHEHHUS PEXKHUMOB, T. €. BKIIOYEHHE W
BBIKJIFOYECHUE UCTOYHUKOB ITUTAHUs, IPUEMHHUKOB YJHEPTUH; KOPOTKHUE 3aMBIKAHUA HA
y4acTKax  JJEKTPUYECKUX  LEeNel; HU3MEHEHUS  MEXaHWYECKOM  HarpysKu
3JIEKTPOJABUTATEIIEU U JP.

IIpoAOKUTENBHOCTh NEPEXOIHBIX IPOLECCOB B JJIEKTPUUYECKUX LEIAX Yalle
BCETO COCTABJISET JECATHIE B COTHIE JOJM CEKyHIbl. OIHAKO 3HAHHME XapakTepa UX
OYEHb BAXKHO, TAK KaK M 3a MaJO€ BPEeMs BO3MOKHBI PE3KHE YBEJIMYECHUS TOKOB U
HaIPsDKEHHM, KOTOPBIE MOTYT OKAa3aThCsl OMACHBIMU JJISI JIEKTPUYECKUX YCTAHOBOK.

B ycTpoiicTBax cBsi3M, aBTOMaTUKH, BBIYUCIUTEIbHON TEXHUKH, PATUOTEXHUKH C
MOMOUIBIO MEPEXOAHBIX MPOLECCOB (POPMUPYIOTCS UMITYIbChl — CHUTHAJbI, HECYIIUE

onpeaeneHHY0 HHPOPMALIHIO.
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N3yuenune nepexoaHbIX MPOLECCOB B 3TUX YCTPOMCTBAX HEOOXOIUMO JIJIsi OIIEHKU
T€X U3MEHEHUW, KOTOPHIE OHU MOTYT BHECTH B DJIEKTPUUYECKUE CUTHAIIBI.
CoOoTHOILIEHNE JIUTEIBHOCTEN YCTAaHOBUBILIMXCS U MEPEXOJHBIX PEKUMOB MOXKET
OBITb CaMbIM PA3IMYHBIM M 3aBUCUT OT YCJIOBHM 3KCIUTyaTallid W Ha3HAYeHUs
NeKTpuueckux neneil. OAHU U3 HHUX O MPOJOJKUTEIBHOCTH NPAKTUYECKU BCE
BpeMs paloTalOT B YCTAHOBMBIIEMCS PEXHME (IBUTATE€IW C JJIMTEIbHOW, HE
MEHSIOIIEUCS] Harpy3KOH, JIaMIIbl 3JIEKTPUYECKOTO OCBEIICHUS ), APYrue, Hao0opoT,
HENPEPBIBHO HAXOJATCA B MEPEXOJHOM PEXHME (IBUraTead C MOBTOPHO-
KPaTKOBPEMEHHON HArpy3Koil, JUHUM CBSI3M BO BpeMs Nepenaud HH(pOpMaluu,
UMITYJIbCHBIE YCTPOWCTBA AaBTOMATHUKH, BBIYMCIUTEIBHBIE MAIIUHbI B IEPHOJ
paboThI).

Bropoii 3aKOH KOMMYTALMH.
Bropoii 3akOH KOMMyTaluuu MpUMEHSETCS K IensM, oOJaarouuM €MKOCTBIO.
CormacHo 3TOMy 3aKOHy, HampsiZKeHHe Ha eMKOCTH He MOXeT H3MEeHUTHCH
cka4ykKoM. [lo3TOMy MIHOBEHHOE 3HAay€HUE HANPSIKEHHWS HAa €MKOCTH B TEPBBIN
MOMEHT TNEPEXOAHOr0 IMEpUOoAa OCTAETCS TAaKUM, KaKUM OHO ObUIO B IOCJEIHHM
MOMEHT NPEIIIECTBYIOLIEr0 YCTAHOBUBLIETOCS PEXKHUMA.

Paccyxnenusi, MOATBEP)KIAIOIIME BTOPOM 3aKOH KOMMYTAalUHU, MPOBEAEM
MIPUMEHUTENBHO K CIIy4aro 3apsIKH KOHJIEHCATOPA Yepe3 Pe3UCTOp (BKIHOYEHHUE LIETH
¢ r u C Ha MOCTOSTHHOE HampspkeHue, pucyHok 15.1) 1o 3ambikanus pyOuibHUKa P
YCTAaHOBUBIIMHCS PEXKUM XapaKTEPU3yeTCsl TEM, YTO TOK B ILIEMH, HANPSHKEHUS Ha
PE3UCTOPE U KOHJIEHCATOPE PAaBHBI HYJIIO.

C MoMmeHTa 3aMbIKaHHUs pPyOMJIPHUKAa BO3HMKACT MEPEXOAHBIA IMpoLecc, B
T€YEHUE KOTOPOTO HANpsDKEHHE Ha KOHACHCATOPE YBEJIMYMBACTCA 10 HANPSKEHUS
ucrounuka U (koHJIeHCATOp 3apsiKaeTcsl), U3BMEHSIOTCS TOK H LIETH 1] HAlIPSKEHUE Ha
pe3ucrope.

DnekTpuyeckoe cocrosgHue 1enu (pucyHok 15.1) B 000 MOMEHT
MIEPEXOJHOr0 MEPHOAA XAPAKTEPU3YETCs YPAaBHEHHEM, COCTABJIEHHBIM IO BTOPOMY
3akoHny Kupxroda: U=uc+Uur=uc+ir

Tok B LHETIN IPOMOPHHUOHAJICH CKOPOCTU U3MCHCHUS HAIIPSAKCHUA HA KOHACHCATOPC!
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i=C d;tc ©)

YuurteiBas 9TO, ITOJIYyYUM:

du
U=u,+rC—= 4
e @

HpI/IJIO)KeHHOG K I CIIN HAIIPAKCHHUC (Hal'[prKeHHe I/ICTO‘IHI/IKa) JACINTCA

duc
dt

Ha JIBE YacTH: oJHa U3 HUX (rC ) KOMIICHCHPYET MMaJICHHE HAPSHKCHUS

B pe3ucTOpeE, a apyras (U;) paBHA HAIIPSHKEHUIO B KOHJIEHCATOPE.

10 S~o——

o 4T

Pucynok 2.1- 3apsnka KoHIEeHcAaTOpa Yepe3 COMPOTUBIICHUE.

B ycraHoBuBIIEMCS peXUME NMPU 3aMKHYTOM pyOuibHUKEe P HampsbkeHue Ha

KOHJICHCATOpE HE MW3MEHSAECTCA, T. €. CKOPOCTb WM3MECHEHMsI HalpsDKEHHUS Ha
duc -
KOHJICHCATOpE paBHA HYIO: F=0, MO3TOMY M TOK B LIETIM PAaBEH HYIIO: lyer O.

Harmpspxkenue Ha pe3ncTope paBHO HYJIIO, U, CIIEA0BATEIIBHO, HAMIPSKEHUE NCTOTHHKA
MOJIHOCTBIO TIPWJIOKEHO K KOHJEHcAaTopy: Ucyer U (T. €. menp pa3oMKHyTa
KOHJICHCATOPOM).

JlokazaTtenbCcTBa CYIICCTBOBAHUS TIEPEXOJHOTO IEpUOIa TIPH  3apsijiKe
KOHJIEHCATOpa AHAJIOTMYHBI TE€M, KOTOPBIE paHee OBbLUIM MPUBEICHBI IS IEMU C
KaTYIIKON MHIYKTHBHOCTH.

[IpenmonoxxuM, 94T0O B MOMEHT 3aMbIKaHWUsS pPyOWJIbHWKA P HampspkeHue Ha
KOHJIeHCaTope n3MeHMIoCch ckaukoM OoT 0 10 U . Takoe mpeanonoxxenrne o3HavaeT

du
KOHEYHOE€ WM3MCHEHUE HAIPSOKECHUS 3a BPEMs, PABHOE HYIIO, T. € d—t°=oo, qTO

OPOTUBOPEUYUT YypaBHEHHIO (4), B KOTOPOM HAaNpsDKEHHE HMCTOYHUKA SIBIISIETCS
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KOHCYHON BEJIUYMHOM. KpOMe TOro, IIpyu U3MCHCHUHN HAIIPSXKCHUSA Ha KOHACHCATOPE
CKAQYKOM SHCPI'Us JICKTPUICCKOI'O ITOJIA JOJKHA YBCINYUTHCA MITHOBCHHO OT 0 a0

_cu?
2

W, . JlJ1s Takoro ckaykooOpa3HOro U3MEHEHHs SHEPTUU TPeOyeTCs] HCTOUYHUK

OECKOHEYHO OOJIBIION MOIIHOCTH, YEro HE MOXET OBITh B AeHCTBUTENbHOCTU. M3
BTOPOTO 3aKOHA KOMMYTAIMHU CJEAYyeT, YTO B HA4YaJIbHBIH MOMEHT MEPEXOJIHOTO
nepuoaa (npu t=0) HanpsKeHUe Ha KOHJeHcaTope paBHO HYIO (Uco 0) (KOHIIEHCaTOp
Kak OBl 3aMKHYT HakKOpOTKO). HampspkeHne Ha pe3ucTope paBHO HampPsHKEHUIO

HCTOYHHUKA Ior = U, a TOK B 1ienu

i U
o
YpaBHeHHe KPUBBIX IEPEX0JHOI0 TOKA U HANIPSIZKEHUSI HA KOHAEHCATOpe
3aKOH M3MEHEHHsI HANpsHKEHHs] Ha KOHACHCATOPE M 3apSJHOTO TOKAa MOXKHO
HaiTu, pemnB auddepeHnuansHoe ypapaenue (4). Ilyrem pazaeneHus: nepeMeHHbIX
3TO ypaBHEHUE NPUBOAUTCS K BUY, YIOOHOMY JIJIsl HHTETPUPOBAHMUSL.
du _dt
U-u. rC

WNuTerpupoBanue W MOCIENyIOUME MPeoOpa3oBaHUsl, MPUBOAUT K PEIICHUIO

t
YpPaBHEHUS B BUJIE u. =U+K,e <

rae Ky - moctossHHas HHTETpUPOBaHUSL.
N3 navanpabix yenaoBui (=0, Uco=0) Haxogum: Ks=-U.
VYpaBHeHrEe KpUBOW HAIPSKEHUS HA KOHACHCATOPE PUHUMACT BU]T

t
VYpaBHeHUEe 3apsSAHOTO TOKA JIETKO HAWTH W3 MpeAbIayllero ypaBHeHHs (5), eciu

y4ecThb BbIpaxeHue (3)

t t
i = %:Ci U 1_e7€ :C_Ue7€ (6)
dt dt rc

B nanpHelinem s aHain3a NEPEXOHBIX MPOLIECCOB MPH 3apsIKEe KOHIAEHCATOPOB
noTpedyeTcsl BhIpaKEHHE CKOPOCTHM M3MEHEHMs HalpsDKeHHs Ha KOHIEHCATope B
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HayaJIbHBIK MOMEHT BpCMCHU. 210 BBIPAXKCHUEC HCTPYAHO IIOJIYYHUTH, HCIIOJIb3YS

du, b, U
dbopmynsl (3) u (6): ( :t )o = IE “c (7)

rpa(l)I/IKI/I 3aBUCHUMOCTH HAIIPSKCHHA HAa KOHIACHCATOPC HC M 3apsAJHOTO0 TOKa i3 oT

BpEMEHH U300pakeHbl Ha pUcyHKe 15.2.

’

e Cnp
7 — L

Y

r

Pucynok 15.2 - I'paduk nepexoHbIX HAMPSHKEHUI U TOKa
pH 3apsiiKe KOHAeHcaTopa

Kak BuaHO u3 3TuUX TpadUKOB, CKOPOCTb YBEJIWYEHUS HANpsIKEHUS Ha
KOHJIEHCATOPE M CKOPOCTh YMEHBIIEHUS 3apsSHOTO TOKA HEMPEPHIBHO CHHUKAIOTCS.
Hanpsixenue Uc ¥ 3apsaHbli TOK aCUMITOTHYECKH CTPEMSITCS K CBOMM Mpenenam: Uc
— K BeJIMYUHE HampsokeHwst ucrtouHuka U, a Tok | — k Hymo. TeopeTwyecku
MEPEXOIHBIM MpOLEecC MPOAOIKAETCS OECKOHEYHO [I0JIT0, YTO IMOATBEPHKAAIOT
ypaBuenust (5) u (6) (Uc=U, i=0, t=w). OgHaKO NPAKTHUYECKH CUYUTAIOT, YTO
MICPEXOIHBIM TPOIeCC 3aKaH4YMBaeTCs 3a Bpems, paBHoe (4+5)t. Bemuumna T B
ypaBHEeHUSIX (5) U (6) — NOCTOSIHHASI BpPEMEHU 1ETIU:

r=rC (8)
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ITocTosiHHAS BpPEMCHH, KOTOpasi 3aBUCHUT OT MIapaMEeTpoOB €U I, C, KaKk U B
OCNIM ¢ UHAYKTHUBHOCTBIO, ABJISICTCA IMOKA3aTCIIEM ITPOAOJKUTCIIBHOCTHU IICPEXOAHOTO
Imponccca.
B YpaBHCHHUHN (5) MOHO BBIJCIUTL IPHHYXIACHHYIO H CBO6OI[HYIO
COCTAaBJIAIOIIME HAIIPAXKCHUA HA KOHACHCATOPE!
uC:uCnp+uCCB;
Ucnp=Ucyem =U; 9)
t

U, =-Ue * (10)

3apsiAHBIN TOK COCTOUT TOJIBKO U3 CBOOOIHON COCTABIISIONICH

. u 4
I=Icg =?e T (11)

a IPUHYXJICHHAS COCTABJISIONIA Iy = lyem =0.

Pa3psiika KOHIEHCAaTOPA HA CONPOTUBJICHHE.

[lepexonHplil mpolecc MpU pa3psAlIKe KOHJEHCATOpAa PacCMOTPUM IO CXEME
pPUCYHKa 7, IpeArnonaras, 4To 3apsyKeHHbIA 10 HAIPSKEHUS Uc yem = U
KOHJIEHCATOp €MKOCThI0 C OTKIIIOYAeTCs] OT MCTOYHHMKA SHEPTUM M €ro OOKIIaJIKH
3aMBIKAIOTCS HAa CONPOTUBIICHUE T.

[Tocne mepexmodeHHsT MO CXeMe pPHUCYHOK 15.3 KOHJEHcatop HE MOXKET
pa3psaUThCS MTHOBEHHO, T. €, HAPSHKEHHE Uc HE MOYKET YMEHBIINUTHCS CKAaYKOM JI0
HyJI, a TONJIEPKMBAETCS B TEYEHHE IEPEXOAHOr0 IEpPUOJa 3a CYET SHEPIHH,
HAKOIUJICHHOW B DJIEKTPUYECKOM I10JI€ KOHJEHCATOPA.

[Ipy 5TOoM B aKTHUBHOM COIPOTUBICHUH I COBepIIaeTcsl HEOOpaTHUMBIA MpoIlece
NPEBpPALICHNS  JJIEKTPUYECKOW DHEPrUM B  TEIUIOBYK. 3amac dJHEPruud B
AIEKTPUYECKOM I0JIE HEMPEPBIBHO COKPAIIAETCS, 4 BMECTE C 3TUM YMEHBIIAETCA U
HaIpsDKEHUE Ha KOHJeHcartope. Bo Bpems IepexoqHOro mnepuoja KOHJIEHCATOp

SABJIACTCSA HCTOYHHUKOM SHCPIHUH.
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Pucynox 15.3 - Cxema pa3psaku KOHICHCATOpa

XapakTep HW3MCHCHHs HAMNPSOKCHWS HAa KOHJIEHCATOPE IPU €r0o  pas3psiike
MOXHO YCTaHOBUTh TIOKa 0e3 MaTeMaTHYeCKOro aHalu3a  HECIOKHBIMH
PACCYXXKIICHUSAMH, TIPEIIOJIOXKUB, YTO KOHJEHCATOp 3aMKHYT Ha TO JKe
CONPOTHUBJICHUE I, YEPE3 KOTOPOE OH 3aPSIKACTCA.

B HayanbHBIE MOMEHT MEpPEXOJHOTO IMEpHUOo/ia 3HAYEHHWE HAMNpPSKEHUS Ha
KOHJCHCATOPE COXpAaHseTCS, KaK U CIEAyeT M3 BTOPOro 3aKOoHa KoMMyTanuu. B
JaNbHEHIIeM 3aKOH YMEHBIICHHUS HampspKeHHs OyAeT ONpeAesiaThCcsi M3MEHEHHEM
SHEPTUM B AJIEKTPUUYECKOM IOJI€ KOHJEHCATopa, MOAOOHO TOMY, KaK IpPH 3apsjiKe
M3MEHEHHEM  DJHEPTrUu  DJIGKTPUYECKOTO  TOJs  OmpeAemnsieTcss  CBOOOAHAs
COCTAaBIIAIONIAS HANpsDKeHUsT Ha KoHAeHcartope (pucyHok 15.4). Orianuue
3aKJTFOYACTCS JIMIIb B TOM, YTO TPHU 3apsIKE DHEPTUS B DICKTPUUECKOM II0JIC
HaKalyiMiBajlliach, a TpPH paspsiake OHa pacxoayercsa. ['paduku, oTHOCSIUECS K
MIPOIIECCY 3apsIIKH, TTOKa3aHbl MYHKTUPOM, a TpadyKH TIPH Pa3psIKe — CIIONTHBIMHU

JUHUSIMU ).

Pucynok 2.4 - I'padvku nepexoIHbIX HAMPSKEHUS
Y TOKa IPU pa3psiJIKe KOHJIEHCATOPA.
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Kacarenbnas k rpaduxky u ¢ B Touke ¢ koopaunaramu t=0, u ¢ = U oTceder Ha ocu
BPEMEHU OTPE30K T, BEIPAXKAIOIINNA MOCTOSIHHYIO BpEMEHH LIeTH, KOTopas ’
npu paspsjke anreOpandecku onpenensercs Gopmynoit (1 3).

YpaBHeHHe HANIPSKEHNS] HA KOHIEHCATOPE U TOKA B 1leNM NIPH  pa3psiAKe
KOHJeHcaTopa. /[ MaTeMaTH4eCKOro aHajin3a NepexXoHOro Mpolecca npu
paspsiike KOHJIEHCATOpa UCXOAHBIM SIBIIETCS ypaBHEHUE (4), B KOTOPOM JIJisE 3TOTO

ClIydas HaIIPAKCHUC NCTOYHHKA HY)KHO CUUTATh PABHBIM HYJIHO!

du
0=u, +rc—=
du
_ C
0TCIO/1, Uc =-rC H
du dt
HOCHe pasaciacHus IICPCMCHHBIX ITOJIYYUM 4 = _E
C
_t
ITocne uHTErpUpOBaHUS MOITYIUM u. =K ©

rine Ks — mocTossHHass HHTETpUpOBaHUs, ONpeAeIiieMast U3 HAaYaJIbHBIX YCIIOBHIA:
pu t=0wu uc=U.
[ToxcraBmsist HadaabHBIC YCIOBHS B TIOCIICIHEE ypaBHEHUE, HalieM Ks = U.
CnenoBaTelbHO, HANPSDKEHHWE HA KOHJEHCATOpPE TIPH  Pa3psaKe BbIpaXkaeTcs

ypaBHEHUEM

uc =Ue ™ =Ue * (11)

rae T = rC - TOCTOSIHHAsE BPEMEHU LIENM MpHU pas3psiike KoHueHcaTopa. UTak,
HaIpsDKEHUE Ha KOHJIGHCATOPE MPU pa3psIKe YMEHbIIIACTCS MO YKCIIOHEHITUATLHOMY

3aKOHY OT 3HAYCHUA Ucp = U A0 YCTAHOBHUBIICTOCA 3HAYCHUA
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Ucyer=0. CpaBuuBass ¢opmyiny (11) ¢ BbelpakeHHEM CBOOOJHOTO HANpsIKEHUS Ha
KOHJICHCATOpe TIpH 3apsiKe, yOeKgaemcsi B TOM, YTO OHHM OJMHAKOBBI, €CIIH HE
VYHUTHIBATh M3MEHEHUS 3HAKA.

JTMTeILHOCTH TEPEX0HOr0 MpoIecca, Kak U MpU 3apsaKe, TEOPETUICCKH
paBHa OECKOHEYHOCTH, a MPAKTHYECCKH pPa3psaKa CUYUTACTCS 3aKOHUYCHHOW TipH {,
paBHOM (4+5)t.

I[J'ISI Pa3pAIHOTrO TOKA BBIPAKCHUC I10JIYHACTCA HA OCHOBC 3daKOHA Owma

. u u -
l=—F=——0¢"
r r (12)
3 BapuaHThI 3aJaHUIA.
Bapuant 1 2 3 4 5 6 ! 8
R, MOwm 0,1 0,1 0,1 0,1 0,2 0,2 0,2 0,2
C, Mx® 120 110 100 90 80 60 50 40

4 IlepeyeHb NpUOOPOB.

1) Ucrounuk nocrosiuHoro Hanpspkenus U = 30 B.
2)Mumramnepmetp (0 -u 0,03) MA
3) PesucTopsl.
4)Kiroy - 1 1.
5)Peocrar - 1 .
6)BonbT™etp - 1 miT.
7)Mara3un eMKOCTeH - 1 mT.
8)Cekynmomep CM - 60 - 1 .
5 IopsinoK BBLINMOJHEHHS PadOTHI.
1) Omnpenenuts pa3MenicHre IPUOOPOB Ha CTOJIE.
2) CoOpatb SJIEKTPHUYECKYIO CXEMY IICTIH.
3) OnpeneiauTh LEeHy JAeIeHHUs MPUOOPOB, YCTAHOBUTH 3a/IaHHOC 3HAUCHHE
COIPOTHUBIICHUA U EMKOCTEM.
4) TlpeabssBUTH COOPAHHYIO CXEMY IS TPOBEPKH MPETOAaBaTEIO.
5) BKII0OYHTH aBTOMAT IMOCTOSTHHOTO TOKA, YCTAHOBUTH 110 BOJIBTMETPY

3aJIaHHOC HAIIPAKCHUC, BBIYUCIIUTD ITOCTOAHHYIO BPCMCHU T.
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6) IlpousBecTu MPOOHYIO 3apsIKy U Pa3psIKy KOHJICHCATOPA, BKIIFOYAs KITFOY

S COOTBETCTBEHHO B MOJIOKEHHE | - 3apAaaKa, B IIOJIOKCHUC 2- pa3psiaaka,
IIpHU 9TOM KaXX/IbIC t CCKYHA CHUMATh ITIOKAa3aHUA MHJUIMAMIICPpMETPaA U

BOJIBTMCTpPA.

CHsTBIE TOKa3aHUs BOJIBTMETPA U MUJUIMAMIIEPMETpPA 3anucarth B Tadmuiy 1 .

PacuerHble (popMy.IbI:

1. st 3apsiIKK KOHJIEHCATOpa

u. = U-IR; ur =1R; 1=RC

2. 115 pa3psAKA KOHJeHcaTopa

u. = IiR; ur = IR

7) Ioctpouth rpaduKu 3apsjia ¥ pa3psaa KOHISHcaTopa
8) Omnpenenuth 7 110 rpaduKy.

10) Cnenatb BBIBOJ,.

Ta6nuna 1- [lepexoaHbie MpoIeccHl.

YcTaHoBUTE 3apsin Pazpsin
N3meputh  [BIYUCIUTH H3meputhb Berunciuth
Ne R C U t i | Ue Ur t i Uc Ur
ombita| MOM | MKD ¢ |mMxA| B B c MKA B B
1
2
3
4
5
6

1)
2)
3)
4)

5)

6 KoHTpo/ibHbIE BONIPOCHI:

Kakoi1 pexxuM B 2JIEKTPUUECKOW 1IENMY HA3bIBAETCA YCTAHOBUBIIMMUCS?

Kakue IIPOLECCCHI B 3JICKTPUYCCKHUX LCILAX HA3bIBAKOTCA HepeXOI[HBIMI/I?

HazoBuTe npuynHbI NEPEXOIHBIX TPOLIECCOB?

HO‘ICMy TOK B KaTYIIKC W HAIIPSAKCHUE HA KOHACHCATOPC HC MOTI'YT

U3MEHSITHCA CKAUKOM?

Yrto Takoe MOCTOSIHHAS BPCMCHHU 7 B LICIIH C MHAYKTUBHOCTBIO U B LICIIU C

€MKOCTBIO?
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Pexomenayemas iureparypa

OCHOBHBIC HCTOYHHUKU:

1. Jloropetrtuyk, E. A. Teopernueckue OCHOBBI  JJIEKTPOTEXHHUKHU
[DnexTponHbIi pecypc] : yueonuk/ E. A. Jlotopetuyk. - M.: U] « ®OPYMy, 2019.
- 317 c. - (IlpodeccuonanpHoe oOpa3zoBanue). — Pexum mocryma:

http://znanium.com/catalog/product/992810

2. HemmmoB M.B., DnexTpoTexHWUKAa W JJIEKTPOHWKA [TEKCT]: y4eOHUWK /
M.B. HemiioB, M.JI. HemrioBa.- 1-e u3a.- M. : Akagemus, 2018. — 480 c.

3. Cunpees, 10.I'. DnexkTpoTexHuka ¢ OCHOBaMu AJIeKTpoHUKH [ Tekcr] :
yue6. mocobue qyst CIIO / FO. I'. Cunpees. - PoctoB H//]. : @enukc, 2018. - 407 c. :
U

4. MeTonuueckne PEKOMEHJAIMK 10 OpraHu3allid BHEAYJIUTOPHOM
CaMOCTOSITENIbHOM pal0OThl MO JUCHUIUIMHE «IJIEKTPOTEXHUKA» MJISI CTYICHTOB
crenmanbHocT  15.02.07 ABTOMaTH3alMs TEXHOJIOTUYECKHMX TPOIECCOB U
npou3BoJCTB (1m0 otpacisaM) (6azoBasi moaroroBka) [Texcr] / B.B. Jlbikosa;

IOVYpI'TK. - Yensabunck: PHO, 2019. - 105 c.

HOHOHHI/ITGHBHBIG HNCTOYHHKH.

5. Tampnepun M.B. DnexkTpoTexHMKa W DIEKTPOHUKA [DIEKTPOHHBIM
pecypc]. VYueOnuk. — M.: DOOPYM: NHOPA-M, 2019. — 480 c.
http://znanium.com/catalog/product/1008791

6. CutHukoB, A. B. OCHOBBI 3JIEKTPOTEXHUKH [DIEKTPOHHBIN pecypc] :
yueOnuk/ A. B. CurnukoB. - M. : HULl UHOA-M, 2017. - 288 c. — Pexum
noctyna: http://znanium.com/catalog/product/929965

7. CnaBunckuit A.K., TypeBckuii MN.C.. DieKTpoTeXHHKAa C OCHOBaMHU
AJIEKTPOHUKH [ DNEKTPOHHBIN pecypc]: yueoHoe rnocodue - M.: U] DOPYM: HUIL]
NHOPA-M, 2019. - 448 C.- Pexum JIOCTyIIA:
http://znanium.com/catalog/product/989315
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MHTEpHET- pECYPCHhI:

https://www.window.edu.ru

https://www.electrolibrery.info

https://www.1elec.ru

https://www.1el.ru

https://www.electric-find.com

https://www.kgau.ru
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ITpunoxxenne A
MunucrepcTBo 00pa3oBaHus U Hayku YensOMHCKON 00acTu

locynapcrBerHOe Or0KETHOE TTpodheccnoHaTbHOE 00pa30BaTEbHOE YUPEIKICHHE
«HOxkHO-YpanbCcKuil rocy1apcTBeHHbINH TeXHNYECKHI KOOI

OTYET

0 BBITMOJIHEHUIO Ja0OpaTOPHBIX PadOT
Mo Y4eOHOU JUCIUTUIHHE

«3Jzel<mp0mexnul<a»

Bemonaun:

['pymma:

[IpoBepu:

Yensgounck, 2019
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