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HOACHUTEJBHASA 3AIINCKA
MeToauueckie peKOMEHJAUU 10 BBIIOJHEHUIO JaOOpaTOpHBIX padoT 1o

y4eOHON TUCIUTIINHE «DJIEKTPOTEXHUKA» MPEIHA3HAYCHBI ISl 00YyJaronuxcsl o
cnenpasnibHocTH  15.02.07 ABTOMaTH3alMsl TEXHOJIOTHYECKUX IPOIECCOB U

IIPOM3BO/ICTB (11O OTpAciIsiM) 6a30BOM MOATOTOBKH.

JlabopaTopHble  3aHATUS  SIBISIIOTCA ~ BaXXHBIM ~ DJIEMEHTOM  y4eOHOM
IUCLMIUIMHBL. B mponecce BbINMOJHEHUS J1a00OpaTOpHBIX paboT oOydaromiuecs
CUCTEMATU3HUPYIOT U 3aKPEIUIAIOT MOJy4YEHHBbIE TEOPETUYECKUE 3HAHMS, PAa3BUBAIOT
WMHTEJUIEKTyallbHblE M NpodeccHOHaIbHblE YMEHHUS, (POPMUPYIOT 3JIEMEHTHI

KOMHGTCHHHﬁ 6y,Z[YIHI/IX CIICOHUAJINCTOB.

MCTOI[I/I‘ICCKI/Ie PEKOMCHOAIIN MMpcaAHa3HAYCHbI JJIA OopraHu3anuu

BBITIOJIHEHUSI JTA0OPATOPHBIX padOT MO yu4eOHOUM NTUCIUTUTNHE « DIEKTPOTEXHUKAY.

[Iporpammoii y4eOHON AMCHMUIUIUHBI «JEKTPOTEXHUKA». MPETyCMOTPEHO
BBINIOJTHEHHUE 15 nabopaTopHbiX  paOOT, HAMpaBJICHHBIX HA (POPMHUPOBAHUE

INNEMEHM 08 C1e0YIOUUX KOMNEMEeH UL .

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

npodeccuu, MposIBIISATh K HEW YCTOMYMBBINA UHTEPEC.

OK 2. Opranu3oBbIBaTh COOCTBEHHYIO J€ATEIbHOCTb, BBIOMpPATh THUIIOBbIC
METOJIbI M CIOCOOBI BBITIOJHEHUS TPOGECCHOHATBHBIX 3aJad, OIEHHWBAaTh WX

3(GEKTUBHOCTH U KQ4E€CTBO.

OK 3. Ilpunumath pernieHuss B CTaHJAPTHBIX U HECTAaHAAPTHBIX CUTYalMSIX U

HECTHU 3a HUX OTBECTCTBCHHOCTD.

OK 4. Ocy1iecTBisiTh MOUCK W HMCIOJIb30BaHHE WHGOPMAIK, HE0OX0IUMON
11t 3PEKTUBHOTO BBIMOJHEHUS MPO(PECCHOHANIBHBIX 3a/1ay, MPOPECCUOHAIBHOIO U

JIMIYHOCTHOI'O Pa3BUTHA.



OK 5. Mcnonb3oBaTh MHGOPMAIIMOHHO-KOMMYHHUKAIIMOHHBIE TEXHOJOTUU B

npodeccruoHanbHOM eI TeIbHOCTH.

OK 6. PaGotath B KONJIEKTUBE U KOMaHIe, 3()PexkTuBHO 0OmATBCI C

KOJUICraMH, PYKOBOIACTBOM, HOTpC6I/ITeJ'I}IMI/I.

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

(MOIYMHEHHBIX ), PE3YJIbTAT BHIIOJHEHUS 33 IaHUN.

OK 8. CaMocTOsSITENIBHO ~ OMpenensaTh  3a7add  NpodeCcCHOHANIBHOIO U
JUYHOCTHOTO Pa3BHUTHSI, 3aHUMATHCA CaMOOOpPa30BAHMEM, OCO3HAHHO IUIAHMPOBATH

ITIOBBIIIICHUC KBaJII/I(bI/IKaHI/II/I.

OK 9. OpueHTHpOBaThCS B  YCJIOBHSIX YacTOH CMEHBI TEXHOJIOTHMH B

PO ECCUOHATIBHOM IESITEIbHOCTH.

[IK2.1 Bpimonaasate paboOThl MO MOHTaXY CHCTEM aBTOMATUYECKOTO

YIPABJICHUS C YYETOM CIIEHU(PUKUA TEXHOJIOTUYECKOIO MpoIiecca.

[1IK 2.2. IIlpoBoiuTh ~ PEMOHT  TEXHHYECKUX  CPEACTB U CHUCTEM

ABTOMATHYCCKOI'O YIIPABJICHHA.

[IK 2.3. Bemonuare paboTel MO HalagKe CHCTEM aBTOMATUYECKOTO

YIIPaBJICHUS.

3HAHUL.

- pU3HYECKUX MPOIIECCOB B AJEKTPUUECKUX IETIAX;

- METOJIOB pacyeTa ICKTPUYECKUX LIETIEH;

- METOJIOB MPE0OPa30BaAHUS MIEKTPUUECKON SHEPTUH.

YMEHUL:

- paccuuThIBaTh MapaMeTpbl M BJEMEHTHI 3JEKTPUUECKUX M DIIEKTPOHHBIX
YCTPOMCTB;

- cOOUpaTh ANEKTPUUYECKUE CXEMBI U MTPOBEPATH UX PaOOTY;

- U3MEPSTh TapaMeTPhl AIEKTPUUECKUX HETIEH.

Onucanue KaxJaoil 1adopaTopHOl pabOThl COAEPKUT HOMEp, Ha3BaHUE U IIeJib



paboThl, (opMHUpYEMblE B TNPOLECCE BBIIOJHEHUS pPAOOTHl 3HAHUSA, YMEHUA U
AJIEMEHThl KOMIETEHLIUH, TEOPETUYECKOE H3JI0KEHHUE HEe0OXOIuMOro MaTepuaia
(npu  HEOOXOAMMOCTH TPUMEPHI BBINOJIHEHUS 3aJaHWi), BapUaHTbl 3aJaHHM,
ONHCAaHUE aJTOPUTMA BBINOJIHEHUS PaOOThl U KOHTPOJBHBIE BOMPOCHI (C LEJBIO
BBISIBUTH U YCTPAHUTH HEOYETHI B OCBOEHUU MaTepHalia).

- HOMEp padoThI;

- HANMEHOBAHUE;

- ICIIb,

- DJIEMEHTHI KOMIIETCHIIHNH,

- IepeveHb 00OPY0BaHUs U TPUOOPOB;

- 3JIEKTPUYECKYIO TPUHLIUITUAIBHYIO CXEMY ;

- TEOPETUYECKOE U3JI0KEHHE HEOOXOJUMOTO MaTepHaa;

- BApUaHTHI 3a/1aHUH;

- IOPS/I0K BBIMOJIHEHUS U 0(pOpMIIEHUS paOOThI;

- KOHTPOJIBHBIE BOIIPOCHI.

OT4YeThI CTYJICHTOB MO JIA0OPATOPHBIM PabOTaM JOJKHBI COJIEPKATh

- HOMEp padoThI;

- HaMMEHOBAHMUE;

- 1IEJTb;

- IepeYeHb 000PYI0BAHUS U PUOOPOB;

- DJICKTPUYECKYIO TPUHIIUTTUATEHYIO CXEMY ;
- TaOJIMIIBI OTIBITHBIX U PACUYCTHBIX JIAHHBIX;
- pacyeThl;

- OTBETHI HA KOHTPOJIbHBIC BOMTPOCHI;

- BBIBOJI.

TuTynpHBIE ~ OTYETAa JHCT JOHKEH OBITh O(GOPMIIEH B COOTBETCTBUU C

MPUWIOKEHUEM A.



Jist monydeHus JOTOJHUTEIbHOM, Oosiee mMOApOOHON HHPOpMaLUU MO
OCHOBHBIM BOMpPOCaM y4eOHON JUCUUILTMHBI B KOHIIE METOAMYECKUX PEKOMEH A

IIPUBEJICH NIEPEUYCHb PEKOMEHIYEMOM JIUTEPATYPHI.



IHEPEYEHD JIABOPATOPHbBIX PABOT

Ne ni/p Paznen u Tema HaumenoBanue padot Yacer
Pazaen 2. DjekTpuyecKue ey MOCTOAHHOI0 TOKA
1 Tema 2.2. 3aKOHBI JIEKTPUYECKHUX [Tporepka 3akona OMa u Gpopmyia 2
ueneun MOIIHOCTH.
2 Ananus rnapamMmeTpoB 2
ANEKTPUUECKOM Lenu Mpu
MOCJIEI0BATEIILHOM U
napajieIbHOM COEAMHEHUHU
CONPOTHBJICHUH.
3 HOCTpOCHI/Ie U aHaJIu3 2
MOTEHIMATbHBIX JHarpaMM.
4 OnpeneneHue TOKOB BETBEHN yTeM 2
Tema 2.3. PacueT anekTpudecKkux U3MEPEHUA U pacyeTa YaCTUYHBIX
eney MoCTOSHHOIO TOKa TOKOB.
) Onpenenenue napaMeTpoB 2
SKBHBAJICHTHOTO T€HEPATOPA.
Paznen 3. MaraurTHoe 1moJie
6 Tema 3.5 MaruutHsle nenu HccnenoBanye pa3BeTBIEHHOM 2
MAaTrHUTHOH LEIH.
Pazjien 4. DiekTpuyecKue eny nepeMeHHoro ToKa
7 Tema 4.2. Pacuer 1uHENHHBIX HccnenoBanue nieny nepeMeHHOro 2
JNEKTPUYECKUX LENEN IEPEMEHHOTO TOKa C PEAIbHON KaTyIIKOM.
8 ToKa. HccnenoBanue nenu nepeMeHHOro 2
TOKa C PeaJIbHbIM KOHJIEHCATOPOM.
9 HccnenoBanue HEpa3BETBICHHOM 2
LIETIH C MTOCJIEI0BATEIbHBIM
COEIMHEHUEM aKTUBHOTO
CONPOTHUBIICHHUS, KATYIIKH U
KOHJIEHCATOopA.
10 HccnenoBanue 351eKTpUUECKON LIETIH 2
B peXKUME pe30HaHCa HAIIPSHKEHUH.
11 HUccnenosanue aneKTqueCKoﬁ enu 2
B peKUME pe30HaHCa TOKOB.
Pasznea S Tpexdasubie nenu

12 Tema 5.2 Pacuer TpexdaszHoii nenu Uccnenoanue TpexdazHoii menu 2
MIPU COCTMHEHUH UCTOYHUKA U TIPU COCTMHEHHUH 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 IOTepb 2
MEPUOANYECKUX CUHYCOUTATBHBIX MOIITHOCTH B KaTyIIKe c
TOKAX M HaIpPSHKEHUSIX (heppOMarHUTHBIM CEPJCYHUKOM

Pasnen 8 Ilepexoannblie npouecchbl B 3J1eKTPHUYECKUX LHEMAX

15 Tema 8.2 Ananu3 nepexoaHbIxX HccnenoBanue TIePEXO/IHBIX 2
HpoLECCOB B KATYIIKE MPOIIECCOB B aKTHBHO — E€MKOCTHOM
WHJYKTUBHOCTHU U KOHJEHCATOpe LeTH.

Bcero: 30




JIABOPATOPHAS PABOTA Ne 1

IIpoBepka 3akona Oma u (popMyJ1 MOLLIHOCTH

Hean pabGorbI: OnbiTHOE MOATBEpKICHHE padoThl 3akoHa Oma B
ANEKTpuYecKon nenu. POpMUPOBAaHME YMEHUM OCYILIECTBISITh WM3MEPEHHS U
OpUMEHATh  (GOpMyINIbI TpPH  pacdyeTe MapaMeTpoB  DIEKTPUUECKOW  LeMu.
CoBeplICHCTBOBaHME YMEHHI COOHMpATh JJIEKTPHUUECKHE CXEMbl U NPOBEPATH HUX
paboTy; U3MEPATH MapaMeTPhl ITCKTPUUECKUX LICTICH.

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. lA f\ b
1 h—y S/
PW
30B 30B PV [] R
L *

2 TeopeTrudeckoe 000CHOBaHME.

DJIeKTPONPOBOAHOCTh- 3TO CBOMCTBO BEIIECTBA MPOBOJUTH MO JACHCTBUEM
HE W3MEHSIOIIEToCsS BO BPEMEHHM JJICKTPUYECKOTO TOJII HE HW3MEHSIOMMICS
AIEKTPUUYECKUHN TOK. SIBJICHUE SJIEKTPUUECKOTO TOKA MPOBOJUMOCTH UMEET OTPOMHOE
MIPAKTUYECKOE 3HAYCHHE: MOJYYCHUE DIIEKTPUUYECKOW HSHEPTHM W3 JAPYIUX BHUJOB
SHEpPruM, Nepeiada IEKTPUUECKOW HPHEPruUd Ha PACCTOSTHUE WM €€ HCIOJIb30BaHUE.
Bce sHepreTrueckue npeodpa3oBaHusi OCYIIECTBISIOTCS B JIEKTPUUECKUX TETISX.

DJIeKTpUuYecKass MHenb - 53TO COBOKYIIHOCTh YCTPOWCTB M OOBEKTOB,
00pa3yronmx 3aMKHYTBIA TYTh JJIs1 DJIEKTPUYECKOro Toka. OTaeapHOe YCTPOMCTBO,
BXOJISILIIEE B COCTaB AJIEKTPUUYECKOW IIEMU U BBIMOIHSIONIEE B HEH OMNpeeIeHHbIE

(GyHKIMH, Ha3bIBAETCS 3JIEMEHTOM JIeKTPUYECKO Lenu.
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Cxema »JJjekTpuyeckoil menum - 03T0 Tpaduueckoe H300paxeHue
AIIEKTPUUECKOM LIEeMH, COJepkKaliee YCIOBHbIe OOO3HAUYECHHUSI €€ DJIEMEHTOB,

ITOKAa3bIBAOIICC COCAMHCHUA OTHUX 2JICMCHTOB.

DJIEKTPHYECKHMM TOKOM ITPOBOAMMOCTH HA3bIBACTCS HAPABIICHHOE
JBIKEHUE DJICKTPHUCCKHUX 3apsJIOB BEIIECTBE MJIH B BaKyyMe. DJIEKTPOTCXHHUKA
paccMaTpUBacT SBJICHHUE AICKTPUICCKOT0 TOKa B IPOBOJIHUKAX TIEPBOTO BHIA -
MeTajuiax. JJICKTPOHBI B IPOBOJHUKAX JBMKYTCS HE CBOOOIHO, @ UCIIBITHIBAIOT
COyapeHus C HOHAMH KPUCTAJUTMYSCKOMN PEIICTKH , YTO TOPMO3HT UX
MOCTYHATEIbHOE JIBHKCHHE.

Conporubiienue npoBoaHuka R(r) - 3170 mpoTHBOACHCTBIE IPOBOIHUKA
HAIPABJICHHOMY JBM)KCHHUIO JICKTPHUYCSCKUX 3aps/I0B (3JCKTPOHOB). CONPOTUBIICHHE
IIPOBOJIHHKA 3aBHCHT OT:

* Marepuaa;

* TEOMETPUYECCKUX Pa3MEepOB IIPOBOIHHKA,

* (OpMBI IPOBOJTHUKA;

* TEMIIEPATYPHI.

3akon OMa U1 yYacTKa elu: CHIa ToKa Ha y4acTKe e MpsMO
MPONOPLHOHANIbHA HAMPSHKEHUIO Ha 3a)KUMax ydacTka U 00paTHO
npoNopIHOHaNIbHA conpoTuBieHuto yuactka | = U/R

Enununa namepenns conporupieHus - 1 Om : 1 OM paBeH CONPOTUBIECHUIO
MPOBOJIHUKA . [0 KOTOPOMY T€YET TOK cuiioil 1 A mpu HanpspKeHUHM Ha KOHIIAX

npoBoaHuka 1 B.

[To 3akony JI:koyJis - JIeHIa KOIMYECTBO AIEKTPUUECKON dSHEPTHH, TpeoOpazyeMoit
B POBOJHUKE B TEIJIOBYIO SHEPTUIO, MPOMOPLIMOHATIBLHO KBAIpATy TOKA U

ANEKTPUYECKOMY conpoTuBiieHnto mpoBoauuka Wnp = | R t

MouHoCTh NPHEMHHUKA - CKOPOCTh NMPe0o0pa30BaHMSl DIEKTPUUECKON IHEPTrUU

W 6 apyroii Bus sHeprun Pup = 12 ¢ R, cornmacHo 3axkony Oma U = IR,

no3toMy  Pnp = U-l. Enunanna udmepenus momHoct 1 Br.
8



3 BapuaHThl 3a1aHUI.

Bapuant 1 2 3 4 5 6

Conpotusnenue | 100 90 80 70 60 50
R, Om

4 TlepeyeHb mpuOOPOB:

HcTouHuk 3HEPrUM NOCTOAHHOTO 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:

Onpenenutsb pa3MelieHrue mpudopoB Ha CTOJIE.
OnpenenuTs UEHY JIeIeHUs1 TpUOOPOB.

Co0path dMEKTPUIECKYIO CXEMY LICTIH.

BxirouuTh aBTOMAT IMOCTOSIHHOTO TOKA.

N o g bk~ D

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 ONMBITOM CBOKMCTB IOCIIEI0BATEIBHOTO U
[IapajuIeIbBHOTO COCTMHEHUN CONTPOTUBIIEHUN.

3HaHus (aKTyanu3anus):

- METOJIBI pacyeTa dIECKTPUICCKUX TeTei

Ymenus:

- pacCUMTHIBATh IMAapaMETPhl W DJIEMEHTHI JJICKTPUUYECKHX U DIICKTPOHHBIX
YCTPOWMCTB;

- COOMPATh ANEKTPUUECKUE CXEMbI U IPOBEPATH UX padOTY;

- I3MEPSATH TapaMEeTPhl JEKTPUICCKUX TICTICH.

1 CxeMBbI ONILITOB

Cxema 1

2 Teopernyeckoe 000CHOBaHME.

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

IMOCJaCaAOBATCIBHOIO COCAWMHCHUSA COOTBCTCTBYET CXCMa Ha PHCYHKCE 21, rac Tpu
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pesuctopa ¢ conpotuBieHusiMd Ri, Rz, Rz coenuHennl B Takom mopsjke: Havao
CJIEIYIOLIErO 3JIEMEHTa COCJAMHEHO C KOHIIOM MPEABIIYIIEro, BXOJHBIMH 3aKUMaMU
JAHHOW TpYMNMbl 3JIEMEHTOB SBJISIIOTCS HA4yajlo TMEPBOTO U KOHEIl TMOCIETHEro
anemenTa (Hi u Kjz). Mexay BXOOHBIMH 3aXKHMMaMu JeUCTBYyeT Hampsbkenue U,

KOTOpPOE COTJIAaCHO BTOpOMY 3akoHy Kupxroda paBHO cymMMe MmaneHW HAMPsHKEHUS

Ha OT/IEJbHBIX DJIEMEHTAX (ydacTKax):
U=U; +U,+U3=IR; +IR>+IR3;
U=I(R1+R>+R3)=IR>;

O06o03HaUYNM R5=R 1+R,+Rs.
I

Pucynok 2.1. - Cxema nocnenoBaTeabHOr0 COEAUHEHUS PE3UCTOPOB.
JInst mocie0BaTeIbHOTO COSIMHEHMSI MTPOM3BOIBHOTO KOJHUYECTBA pe3ucTopoB (N)
MOXXHO HamucaTh aHaJloruyHoe BbIpaxeHue. CompoTuBieHue Rs 1o cBoemy
JNEUCTBUIO SKBUBAJICHTHO COMPOTHUBIICHUSAM N pe3uctopoB. [loaTomy rpynmy MOKHO
3aMEHUTH OJIHUM PE3UCTOPOM (IKBUBAJICHTHBIM) U MOJIYYUTH 00JIE€ TPOCTYIO CXEMY

LEeNd PHUCYHOK 2.2, B KOTOpPOH 3HAYEHUE TOKA U HAIpsHKEHUE OcTaroTcs 0e3

N3MCHCHMUSI.
H, R K,
o 1 Yo
—_—

Pucynok 2.2. - DkBUBaJIeHTHas cxema
IIOCJIEZI0BATEIBLHOTO COCIMHEHUS PE3UCTOPOB.

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

n
Z Pn , @ TaK KaK I10 BCEM JJICMCHTAM LCIIOYKU IIPOTCKACT OAWH H TOT KC TOK I, TO
1

n=3
P, =(R, +R, +R,)I?, 6amaHc MOIIHOCTEH BBITOIHSIETCS.
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. JTOMY
IpU3HAKY MapajIeIbHOIO COEIMHEHUSI COOTBETCTBYET CXEMa Ha pPHUCYHKE
2.3, rae Hauaia Tpex pe3uctopoB Ri, Ry, R3 coenunens! B y3ne H, a KOHIIBI - B y3i1e

K. Mexay y3moBbeIMU TOUKaMu AeicTByroT Hanpsikenus: U=U1=U,=Us.

M —— K

H, Lot K,

Y

Pucynok 2.3. - [lapaiutenpHOE COEUHEHNE PE3UCTOPOB

[Ipu mapamienbHOM COEIMHEHNH PE3UCTOPOB B pacueTe yJ00HO HCIOIb30BaTh

MPOBOJIMMOCTH BETBEM, 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 BETBEH U HAlpaBJICH B IaHHOM citydae ot y3ia H k y3ny K:

=1+ 1L,+1;=UG;+UG,+UG3;
I=U(G1+G2+G3)=UG, ,rne G5 - 3KBUBaJCHTHAS MPOBOAMMOCTb IICTTH
Gr=G1+Gr+Gs.
JIJ1s mapaieabHOro COSAMHEHUS ITPOU3BOILHOTO KOJIMYECTBA Pe3ucTopoB (N)
MO’KHO HaIMCaTh aHaJOTHYHbIE BeIpaskeHust. O0mas mpoBoauMocTh Gy 1Mo cBoemMy
JICHCTBHUIO SKBUBAJICHTHA ITPOBOAUMOCTSAM N PE3MCTOPOB IIPH COXPAHCHHH 3HAUCHUS
o0111ero Toka u OanaHca MOIIHOCTEH 1ienu. [1o3ToMy rpymmy pe3ucTopOB MOKHO
3aMEHHUTDH OJTHUM PE3UCTOPOM (PKBUBAJICHTHBIM) U MOJYYUTH 00JIee MTPOCTYIO CXEMY

(pucynok 2.4), B kotopoit R, =1/ G5
12



PI/ICYHOK 2.4. - DKBUBAJICHTHAs cXeMa MapauICJIbHOI'O COCAUHCHUA PC3UCTOPOB.

Momrnocts P, moTpebinsiemast BceMu CONPOTUBJICHUSIMUA, PABHA CYMME

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

MOHIHOCTI) P, KaXXI0ro COIIPOTHUBJICHUA MOJKHO BbIPA3UTH UCPC3 IIPOBOAUMOCTD Gn

10,2526, U]

n

u Hanpspkerue Up: P-P.

n n

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

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

MOoONIHOCTh PKBUBAJICHTHOM 1ICIIH. 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 3IEKTPUUYECKON SHEPTUU MTOCTOSTHHOTO TOKa - 30B;
2. Mara3uH conpOoTUBIIEHUH - 3 IIT.;

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

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

5 Hopsaaok BbINOJTHEHUs] 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. BrIrounTh aBTOMAT MOCTOSHHOTO TOKA, M3MEPHUTH HANPSDKCHHE 110
BOJITMETPY, Pe3yJbTaThl 3aMKcaTh B Ta0HILy 1.

7. TlepeHOCHBIM BOJIBTMETPOM U3MEPUTDH HANIPSHKEHUE HA KIIEMMax
pe3uctopoB R1, Rz, Rs a Taxke Tok B ienu. Pe3ynbTaThl 3anucaTh B
Tabuiy 1.

8. YOenuthcs, 4TO:
U=u;+U,+U3; R=R;+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 U 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 IPOBEPKH 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+ Gg; 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
ITOCJIEA0BATEIBLHOM U IIPU MApaAJUIEIIbBHOM COEIUHEHUM ?

3. Uro Ha3bIBaeTCSA MPOBOAMMOCTHIO U B UEM OHA U3MEPSETCs?

4. Yemy paBeH oOmUH TOK IENMM W HAMNPSKCHUS HA Y4YacTKax
MOCJIEN0BATENBHOTO U MAPAJUIEIIBHOTO COEAUHEHUSA?

3. Kak omnpenensercs MOIIHOCTh HAa Y4YacTKaxX LENU W BO BCEU LN IPHU

MMOCJICA0OBATCIbHOM U IIApAJICIIBHOM COGI[I/IHGHI/II/I?
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JIABOPATOPHAS PABOTA Ne 3
IHocTpoenue U aHAJU3 MOTEHUHAJABHBIX JAHATPAMM.

Heab padorbl: Pa3Butre yMEHUN OCYIIECTBISITh U3MEPEHUE MMOTEHIUAIOB TOUYEK

SJIEKTPUYECKOM 1IE€NHU B TJa0OPATOPHBIX YCJIOBHAX M COMOCTABIATH UX
C pac4eTHOM MOTEHIMAIBLHOM AUATPAMMOM.

3nanus (aKTyanuszanus):
- METOJIbI pacyeTa dJIEKTPUUYECKUX Ieneit
Ymenus:
- pacCUMTHIBATH MapaMETPbl W DJIEMEHTHI JJIEKTPUUECKUX U DIIEKTPOHHBIX
YCTPOWCTB;
- COOMPATh AIEKTPUUCCKUE CXEMBI U TIPOBEPATH UX PadoOTYy;

- IBMCPATH ITapaMCTPhI SJICKTPHUUCCKHUX ueneﬁ.

1 Cxema. I

v

Ve —
o
at
¥
4
— 3
-
X BONBTMeTPY pV

+) -
R2 R3
| . | e ! N
A LT T 7
E
L W | o—@—o
K BONBTMETPY pV

2 Teoperudeckoe 000CHOBAHUE.

DJIEKTPUYECKMM MOTEHIHAJOM JIAHHOM TOYKH HA3bIBACTCS Pa3HOCTb
ANEKTPUUYECKUX MOTEHIMAIOB JAHHOW TOYKU M JPYroil, MPOU3BOJIBHO BHIOPAHHOM
TOYKH, MOTEHIIMAJ KOTOPOH MPUHUMAIOT paBHBIM HYJt0. [loTeHiman o0o3Havyaercs
[¢], n3mepsiercs B BonbTax [B].

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

PasHOCTP  MOTEHIMAIOB  JIBYX TOYEK  HA3bIBACTCA  JJIEKTPHYECKUM
HANIPSAKEHHUEM MEXTy 3TUMH TOUKaMH, ¢1 — @2 = Uqo.
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3a Havaso oTcueTa MOTEHIMATIOB IEKTPUUECKON 1IETH MOKHO BbIOPATH JIFOOYIO
TOYKY, MOTEHI[MA]T KOTOPOW OyIeM CUHMTAaThb paBHbIM HYyJI0. [loTeHummanbl To4ek
ANMEKTPUYECKUX IIETIEH Pa3IMYHBIX YCTPONCTB 3aMar0Tcs TaOMuIled, TIe KaKIou
TOYKE LEMH COOTBETCTBYET CBOM NOTEHUWAN. JlJIsI HArJIIHOCTH pacHpeieieHUue
MOTSHITMAIIOB MOYKET 3aJaBaThCs TpauKoM, KOTOPBIM HA3bIBACTCS MOTEHIIMATBLHOM
JIAarpaMMou.

[ToTennumanbHas AuarpamMma - 3To rpaduk U3MEHEHHUs MOTeHIMaNa npu 00xoe
L€, TOCTPOEHHBIN B MPSMOYTOJIbHOM CUCTEME KOOPAUHAT, B KOTOPOH IO OCH
a0CIMCC OTKIIABIBAIOTCA B OMPEAICIICHHOM MaciiTade COMPOTUBIICHUS yUYaCTKOB, a
10 OCH OPAMHAT - MOTEHUHAJIBI COOTBETCTBYIOLINUX TOYEK.

3 BapuaHThl 3a1aHUi.

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

4 IlepeyeHb mpuOOPOB:
1) Boasr™erp - 1 wit., 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 pa3melieHre IpruOOPOB Ha CTOJIC.

2) CoOpaTh 3JIEKTPUUECKYIO CXEMY IICITH.

3) OmnpenenuTs 1eHY ACACHHUS TPUOOPOB.

4) YCTaHOBHUTH HA Mara3uHax COIMPOTHBIICHUI 3aJlaHHBIC MPEIOIaBaTEIeM
3HaueHui 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 - OTHOCUTENIBHO TOYKH C HYJIEBBIM MOTEHIIMAIIOM (
= 0, mo 3amanHoMy BapuaHTy, HamnpspkeHuss UAC, UBD, 3ammcarh

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) IMocTpouTth B MaciiTabe pacyeTHYIO MOTCHIUAIBHYIO THarPaMMYy.

Ta6nHua OIIBITHBIX U PACUYCTHLIX BCIIMYMH.

YcTaHOBUTH N3 pacuera U3 onbiTa

RI1|R2|R3[ 1 |¢os|@c|oD|0E|@a|Uac|Usp |l |¢s|0c|op|@®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 KoHTpoJibHBbIE 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
Onpeagenenne TOKOB BeTBeH NMyTeM M3MEPEHUs U PACcYeTa YACTUHYHBIX TOKOB

Hean padorsi: [Ipnobperenre HaBHIKOB OMPeIeNIEHUsI TOKOB BETBEH MmyTeM
W3MEPEHUS U pacyeTa YaCTUYHBIX TOKOB.
3nanus (akTyanuszanus):
- (pusnueckue MpoIecchl B ANEKTPUUCCKUX IETISIX;
- METO/JIbI pacyeTa ICKTPUUECKUX LeTen
YMenus:
- pacCUMTBIBaTh MAPAMETPHI M BJIEMEHTHI JNEKTPUUYECKUX M 3JIEKTPOHHBIX

YCTPOWCTB;
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- COOMpATh ANEKTPUUECKUE CXEMbI U IPOBEPATH UX padOTY;

- IBMCPATDH ITapaMCTPhI SJICKTPHUUICCKHUX uenel‘/i.

1 Cxema
si[1 El]l I L
e R
BRI Q/eﬁ, N
s2[1 E2| Ip o
o @SS ©
e O
I B‘ o
3A3 “— R3
C‘ﬁ-

2 Teopernuyeckoe 000CHOBaHUE

IpyuHUMI HATOXKEHUd (Cynepno3uums).

[IpyHIMT HAJIOKEHHUS SIBIISIETCS TEOPETUUECKONM OCHOBOM paccCMaTpUBAEMOTO
METO/Ia pacyeTa LeTel - METO/1a HaJIOKEHHUS.

[IpUMEHUTENBHO K AIEKTPUUECKUM LETISIM TPUHIIUI HAJIOKEHHUS 3aKIIF0YaeTCs
B HE3aBUCUMOM JISHCTBUU OT/ICJIbHBIX UCTOYHUKOB HEPTUU U (POpMyIUpyeTcs cie-
TYIOITAM 00pa3oM:

Tok B /1100011 BeTBU paBeH ajireOpandeckoi Cymme TOKOB, BOSHHUKAKOIIHNX
B Hell Mo 1eMCTBUEM KAKIA0I0 U3 HCTOYHUKOB JIEKTPUYECKOM Lenu B
OTAEJbHOCTH.

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

MeToa HAJT0KEHUS.

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

HMCTOYHUKOM 3HEPIUH, YTO SABIIAETCS YK€ N3BECTHOM 3aa4uen,
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Pucynok 4 - a) HcxonHas cxema;

—d

k
3
2

0) PacueTHas cxema, B KOTOpOU JEHUCTBYET TOJIBKO E1;
B) PacueTHas cxema, B KOTOPO# JIEHCTBYET TOJIBKO Eo.

Yucsi0 pacyeTHBIX C€XeM pAaBHO YHUCIY HCTOYHMKOB. B kaxmoi cxeme
COXpAHSIETCA TOJILKO OJWH HMCTOYHHMK, a JAPYIME HUCKIIOYAlOTCS, HO BHYTPEHHHE
COTPOTUBIIEHUS  (IIPOBOAMMOCTH) HCTOYHUKOB YUYHUTHIBAIOTCA, T.€. BETBU C
MCTOYHMKAMU TOKa YJAISA0TCA (pa3pblBalOTCs), a uaeanbHble HCTOYHUKH DJIC
3aMBIKAIOTCSA HAKOPOTKO.

HanpaBiieHne 4YacTHYHBIX TOKOB OIPEACISIETCS C YYETOM IOJSPHOCTH
ucroynuka J/[C wim HanpaBiaeHUs HCTOYHUKA TOKA.

YacTtuyHble TOKH TPEOYETCs] BBIMMCIATH € 00Jiee BICOKOH TOYHOCTBIO, TaK
KaK IIpH UX anredopanyeckoM CyMMHUPOBAaHUU OTPEITHOCTD pe3ysbTaTa
(pakTHUECKOrO TOKA) MOKET BO3PACTH OTHOCUTENIHHO MOTPEIIHOCTH CIaraeMbIX.

IIpn omnpeneneHUMM HAaNpsHKEHHsT HA y4acTKE LEMNH TaKKE MOXKHO
UCTIOJIB30BaTh METOJ| HalloKeHMsl. Tak, Hampumep, ais K-ii BeTBHU, Tlie BKIIOYCHO
conpoTtuBieHue Ry ¢ Tokom |, ero HanpsikeHue

Uc=Rilk = Rk(1; +1; +1™)3mech 1,,1;,..1{" - HCTOYHUKH TOK
COOTBETCTBEHHO 1-M, 2-M H T.JI. ICTOYHUKOM ITUTaHHUSI.
Toxk B 1100011 BeTBM paBeH ajred0panveckoil cymMMe 4aCTHYHbBIX TOKOB,
BO3HUKAIOIIMX B HEU IOJT JCUCTBUEM KXKIOTO U3 UCTOYHUKOB BJICKTPUYECKON LETH
B OTACIBLHOCTH, €CJIM YaCTUYHBIA TOK COBIIaJIa€T C HAIIPpABJICHHWEM TOKa B BETBU, TO B

aBHEHUM €ro 0epyT co 3HAKOM "+", €CJIM IIPOTHUBOIIOJIOKHO, TO CO 3HAKOM «-.
5 5
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Takum O6p3.30M, MCTOJ HaJIOKCHHA I1O3BOJIACT 3aMCHHUTL PACUCT O,Z[HOﬁ CIIOKHOM
oernmym C HCECKOJBKHMMH HCTOYHHKAMHU pPaCcdCTOM HCCKOJIBKUX ueneﬁ ¢ OJHHUM
HCTOYHHUKOM OHCPIvU B KaKJIOM.

3 BapuaHThI 3aJaHUI.

ConpoTusienus, Bapuanr
Om 1 [2 [3 [4 1[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) BxiaouuTh UcTOUHUK Ej, oTki0unTh E;. Mi3MepuTh yacTuuHbIe TOKH. JlaHHBIC
M3MEpEHUI 3aHeCTH B TAOIUILY.

5) OtkimounTh ucTouHUK E1 BKIFOUNTE Eo. U3MEpUTh YaCTUYHBIC TOKH 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 Tadmuiy. Iy =1, -1, L=1,-1, l3=1,+1,
7) PaccuuTarh cXeMy UCCIICAYEMOM dIEKTPUYCCKON IICTTH METOOM HAJIOKCHHUS.

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

Ne Cooco0 Ei1 | E» I P I3 I I I3 ] I I3
n/n | onpenenchusBenvuumHel | 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 KOJIMYECTBO UCCIICAYEMBIX CXeM?

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

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

JIABOPATOPHASI PABOTA Ne§
Onpenesienne mapaMeTpoB IKBHBAJEHTHOI0 reHepaTopa.

Heab padoTbi: PopMUPOBAHUE YMEHUI ONPENECICHUS TAPAMETPOB AKBUBAJIEHTHOTO

Ireacparopa OIIBITHBIM M PACUYCTHBIM ITYTCM, OIIBITHOC
MMOATBCPKIACHUC paCuCTa TOKa B JUAI'OHAJIM MOCTOBOH CXCMBbI.

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

- pacCUMTHIBATh IMAapaMETPhl W DJIEMEHTHI JJIEKTPUUECKHX U DIIEKTPOHHBIX
YCTPOWCTB;

- COOMPATh ANEKTPUUECCKUE CXEMBI U TIPOBEPATH UX padOTYy;

- UI3MEPSATh TapaMeTPhI IECKTPHUUECKUX TICTICH.

1 Cxema
PA

———————— 1o O -

{_ A |1 S
|

| —< nl D_ | s
l B~ l
l § 13
|3 © 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
IPUCOCAUHSACTCS K OCTAIBHOM IIEMHU B JIBYX TOYKaX.

JIByXHOJIIOCHUK - 3TO OOOOIIEHHOE  Ha3BaHWE JIIOOOH  CXEMBI,
paccMaTpUBaeMOW OTHOCUTENIBHO JBYX BBIBOJOB WJIM MOJIOCOB. J[BYXIOJIOCHUKU
YCIOBHO M300pakaroT B BUIE HEKOTOPBIX IMPSIMOYroJIbHUKOB (prcyHOK 5.1).

Ecnu B IBYXMOMIOCHUKE UMEIOTCSI UICTOYHUKHU YHEPTUM, HE KOMIICHCUPYIOIIUE
JIpyr Apyra, TO TaKOW JBYXIOJIOCHUK HA3bIBAIOT AKTHBHBIM U B IPSAMOYTOJbHUKE,
ero wusoOpaxaromeM, cTaBaT OykBy A. CoONpOTHBIEHHE WCCICAYyeMOM BETBH
SIBJISIETCS HArpy3KOW aKTUBHOTO JABYXIOJIFOCHUKA U OOBIYHO 0003HauaeTcs Ry.

JIBYXIIOJIFOCHUK, HE COAep)KaIlluii HCTOYHUKOB DHEPTUM, Ha3BIBAIOT
MMAaCCUBHBIM W B TPSIMOYTOJbHUKE CTaBAT OykBy Il. IlaccuBHBINA IBYXMOJIOCHUK,
SBISISICH  TIPUEMHHKOM JHEPTHH, MOXET OBITh OXapaKTepHU30BaH BHYTPCHHUM
CONPOTHUBJICHUEM Rpr WM BXOJHBIM CONPOTHBJICHHUEM OTHOCHUTEIHLHO BBIBOJOB af.
OTO COMPOTHUBJIEHUE OMNPEACISAIOT PACUCTHBIM IMyTEM IO H3BECTHOM CXEME WIH
DKCIICPUMEHTAJIbHO, €CJIM BHYTPEHHSS CXeMa I1aCCUBHOIO  JBYXIIOJFOCHHUKA
HEW3BECTHA.

IKBUBAJEHTHBLIH HCTOUHHK.

AKTHUBHBIN JBYXMOTIOCHUK (PUCYHOK 5.1.2) MOXHO 3aMEHHUTHh SKBUBAJICHTHBIM
HUCTOYHUKOM (pUCYHOK 5.2.a) ¢ ompeneineHHbIMH 3HadeHussMu ero JJIC E,. u
BHYTPEHHETO COMPOTUBJICHUS RpT.

DKBUBAJICHTHOCTh AKTUBHOTO JBYXMOJIOCHUKA M HCTOYHWKA TOHUMAETCS B
TOM CMBICJI€, YTO B JIFOOOW BETBM, MOAKIIOUYAEMOM K aKTUBHOMY JIBYXITOJIOCHUKY

HJIN UICTOYHUKY, TOK 6yz[eT OJHMHAKOBBIM.

I a
) 4
ol I
6 a) 6)

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

B wnamem cmydae, ecium pexumbl XX (E,c =Uy 1=0) m K3 (U=0; Iy)
CpPaBHMBAEMBIX LIENIEN cOBNanaroT, To 1 BAX coBnaayT.

[Ipu orcyrcTBum ToKa B 1ienu 1=0 (pexxum XX) HanpsoKeHHE MEXKIY TOUYKaMHU
a u 6 omuHakoBo B obOeux cxemax: Uy=E, (pucynox 5.2. B). Ilpu orcyrcTBUH
HarpsokeHus: Ha BhIBOJIaX a6 U,e=0 (pexum K3) Tok (pucynok 5.2.r) omnpesensercs
TOJIbKO BHYTPEHHUM CONPOTHBIIEHHEM Rpt HCTOUYHMKA WJIU BXOJIHBIM

COIIPOTUBJICHUCM ABYXIIOJIFOCHHUKA!

_ E3K

RBT

Ik

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

XX BAX uccneayeMbix CXeM OJMHAKOBHI.

A
Esx=Uyx
U
0 L >
0)
=0 a
O-é* L 2 a_%_
Exx »x
aes] | 4
e Uis =0 A
o Rar —_
6 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 HaNpPsKEHUIO XX Ha BBIBOJIAX ABYXIIOIIOCHUKA, 4 BHYTPEHHEE
CONPOTUBJICHUE PABHO BXOJHOMY COIPOTHBIICHUIO 3TOrO JK€, HO ITACCUBHOIO
JBYXIIOJIFOCHHUKA.

BxogHoe compoTHMBIEHHE ABYXIOJIOCHUKA OTHOCHUTEIIBHO BBIBOJOB af
ONpENENsIeTCS IPU YCTPAHEHUM HW3 CXEMBbl AKTUBHOIO JIBYXIIOJIOCHUKA BCEX
MCTOYHHUKOB (BETBH C MCTOYHMKAMU TOKA pa3pblBatoTcs, a ICTOUHUKH D/]C B BETBsX

3aKop a‘-II/IBaIOTCH) .

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 Ilopsigok BbINOJHEHUS PAdOTHI:
1) Omnpenenuthb pa3MelieHre IpUOOPOB Ha CTOJIE.
2) CoOpaTh 3JIEKTPUUECKYIO CXEMY IICITH.
3) OmnpenenuTs 1eHY ACACHHUS TPUOOPOB.
4) YCTaHOBHUTH Ha Mara3uHax CONPOTHBIICHU# 3HaueHHs Rs, 3a1aHHbIC
IperoaBaTesieM IS IEPBOTO OIBITA.

5) IlpenpsBUTH COOpaHHYIO CXEMY JUTSl IPOBEPKH MPETIOAABATEIIO.
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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 KJIFH0Y S1, U3BMEPHUTH TOK KOPOTKOTO 3aMbIKaHUsI ;. Pe3yabTarhl

3anucaTh B Tabauny 1.

Tabmuua 1- ITapaMeTprl 3KBUBAJIEHTHOTO T€HEPATOPA.

YcranoBuTh No |Rs  |[lsusm | Ispac U3 onbiTa U3 pacuera
omeITa |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

ero BHyTpeHHee cornpotuBieHue R,. Pesynbrarel 3anucares B Tabnuiy 1.

9) Paccunrtath Usaxx 10 cXeMe PUCYHOK 1, Isy; 1O cXeMe pUCYHOK 2 |

BBEIYUCIUTE R,

10) Ilpu Tpex, 3aAaHHBIX MpenoaBaTeiaeM, 3HaueHuAX Rs, n3amMeputh Tok Is.

11) ITo dpopmysae myast TaKuX 3HaYCHHM Rs, BBIYUCIUTH TOK |5, 3amucaTh B

tabmuy 1.

12) CnenaTh BBIBOJI,.

Pacuetnbie popmynbli: R, =—; I, =

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.

Hear paGorpl: PoOpMHpPOBAHME YMEHHI YCTAHOBIMBATH B3aUMOCBSA3U MEXKIY
HAaIlpaBJICHUEM TOKA B KaTyIIKE W  HANpPaBJICHUEM  MAarHUTHOIO
IIOTOKA, OJKCIEPUMEHTAIIBHOE MOATBEPKICHUE |- oOro 3akoHa
Kupxroda.

3nanus (aKTyanuszanus):
- METOIbI pacueTa JICKTPUICCKUX IICTICH;
- METO/IbI TPeoOpa30BaHUSI DIEKTPUUECKON IHEPTUH.
Ymenus:
- pacCUYMTHIBATh IMApaMETPhl W DJIEMEHTHI JJICKTPHUECKUX W AJICKTPOHHBIX
YCTPOMCTB;
- COOMPATh AIEKTPUUCCKUE CXEMBI U TIPOBEPATH UX paboOTYy;

- IBMCPATDH ITapaMCTPhI SJICKTPHUUCCKHUX ueneﬁ.

1 Cxema i —--lrw-—‘ -
0
} ¢ 1
-'Y t.: ¥ z
X H
— 1 "3 —
\___l_.._)

2 TeopeTuueckoe 000CHOBaHME.

MarnuTtHbl€ LIeTIH CITyKaT AJ1s1 GOpMUPOBAHUS pab0UYero MarHUTHOTO MOTOKA B
AIEKTPUUYECKUX MaIIMHAX, TpaHChOpMaTOpaxX, AIEKTPOUZMEPUTENIHHBIX MIPHUOOpaX U
OPYTHUX 3JIEKTPOMArHUTHBIX YCTPOUCTBAX.

YacTp 2EKTPOMAarHuTHOTO YCTPOMCTBA, CoAepKallyto heppoMarHuTHhIE Tea,
B KOTOPOW MPY HAJTUYUM HAMAarHUYMBAIOIIEH CUJIbI BOBHUKAET U BJIOJb KOTOPOU
3aMbBIKACT MAarHUTHBIN ITOTOK, HA3BIBAIOT MACHUMHOLL YEnbio.

HamarHnuuBaronyo cuiy Co31at0T 0OMOTKH € 3JIEKTPUUECKUM TOKOM WMJIH

MOCTOSIHHBIE MArHUTHI. YacTh MArHUTHOM LEMH, IO KOTOPOU 3aMBIKAETCS MAarHUTHBIN
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MOTOK, U3TOTaBIMBAIOT B OCHOBHOM U3 (DEpPOMArHUTHBIX MATEPUAJIOB U HA3bIBAIOT
MASHUMONPOBOOOM.

MarauTHbIE €N BBINOJHSIIOT HEPA3BETBICHHBIMU U PA3BETBICHHBIMU .
Paznuyarot Takke MarHUTHBIE LETIH OJHOPOIHBIE U HEOAHOPOIHBIE.
MarauTonpoBo OAHOPOIHOM LEMX HA BCEM €0 NPOTSIKEHUU BBITIOJIHEH U3 OJHOTO
MaTepuasa 1 UMeeT OJMHAKOBOE Mo (popme U pazMepam MONepeyHoe CEUCHUE; B
HEOAHOPOIHOM LENMU MarHUTOIIPOBOJ COCTOUT U3 HECKOJBKUX YYaCTKOB,
OTJIMYAIOLIUXCS B OOLIEM CITydae Mo JJIMHE, IONEPEYHOMY CEUEHHIO, MaTepHUaliaM.
JIns1 pacueToOB MarHUTHBIX LEIEW UCIIOIB3YOT aHAJIOTUH C AIEKTPUUECKUMU 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 BBIJICJIUTH KOHTYPbI, BETBU U OTMETHUTH y3JIbl. MOXHO COCTaBUTH Y3J10BbIE
ypaBHEHUS U cHOpMyIUpOBaTh NEepBbIi 3aKkoH Kupxroda s MarHUTHOM 1ETIH.
AJire0panveckasi CcyMMa MATHUTHBIX IOTOKOB B y3Ji¢ MATHUTHOI LlelIH PaBHA
HyJa10 Y ® = 0.

4 TIpnOopsl u 000pyAOBaAHHE:

1) TpexcrepkHEBO# TpaHCchoOpMaTOP.
2) BombTMmeTp anekTpoMarHuTHOM cUCTeMbI ¢ 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) PaccunTaTh BEJIMYMHBI MarHUTHBIX IOTOKOB. JlaHHBIC pacyeTOB 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 |CxemMa BKIIIOUEHUSA 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, Eny, E

f =50 I'p - yacToTa HAMPSKCHUS CETH;

W =690 - 4ncino BUTKOB BTOPUYHOW OOMOTKH.

Tabauma 2- MarauTHele mOoToku BeTBei MILI.

Ne i/t dm1 BO ®dm2, BO ®m3,B0

1
2
3

BpruepTuTh KapTUHKY MarHMTHOTO I10JIs1, 3aIIMCAaTh YPABHEHHE, CBA3bIBAIOIIICE

MAardMTHBIC IIOTOKH.

CDl- CDZ- CD?, =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) Yrto Takoe MarHUTOABMKYIIAs CHJia?
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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
HccinenoBanue nenu nepeMeHHOro TOKa ¢ peajbHOM KAaTYIIKON
Hesn padorsl: OnbITHAS IPOBEPKA CBOWCTB LEINN IEPEMEHHOTO 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 NHMHENHBIX 3JEKTPUUYECKUX IEMsAX MEPEMEHHOr0 TOKa PacCMaTpPUBAIOT TPHU

BUaa COHpOTHBHCHHﬁ:
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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 conpomueéienue UHOYKmMueHocmu XL WIA HUHIYKTUBHOE
conpotuBieHue. CONMpOTHBIEHUE, 3aBUCAIICE OT YACTOTHI TOKA, HA3BIBACTCS
PEaKTUBHBIM, XL= 2#fL nwm XL =ol;

- peaKkmusHoe conpomueieHue emKocmu X, Win EMKOCTHOE COIIPOTHUBIICHUE

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

B uemnu, conepxarieit Tonbpko conpoTtusieHue R (pucynok 7.1.-a), cuHyconaaibHOe

HaMPsDKCHHE u = Un Sin @t HcTOYHHUKA 3JIEKTPOIHEPTUH CO3AaeT
CHUHYCOUJIAIbHBIA TOK I =Im Sin wt .
—_— o
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 = Unlnsin‘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 IIETIH C AKTUBHBIM COMPOTUBJICHUEM CO8NAOAON 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, usmepsiercs B Bartax (BT).

PucyHok 7.2. - BpeMeHHbIe JuarpaMMsbl JJi LEnU

C NACAJIbHBIM aKTUBHBIM COIIPOTHBJICHUCM.

Ienb ¢ MHAYKTHUBHOCTHIO.
B nienu ¢ uneanbHOM MHAYKTUBHOCTRIO (pucyHoK 7.3. a) (R = 0) nanpsbkenue
1 Ha 32KMMax [EeMH YPaBHOBEIINBACTCS 3.]1.C. CAMOWHIYKIIUH e
u=-e=Ldi /dt

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

rae Um = ImXL- MakcuManbHOE 3HAaU€HUE HAIPSHKEHHS HA UHIYKTUBHOCTH (3aKOH

Owma 1151 aMIUTMTYIHBIX 3HAYCHHMH ), 111 AeHCTBYIONMX 3HaueHuit U = [-X,

0_2—:5:- U
u § L I
- E E
a) 4 0)

Pucynok 2.3. — a) Llens ¢ uaeanbHON MHAYKTUBHOCTBIO;

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 (wt +§)
CJICOO0BATCIbHO, 9Ta MOIIHOCTD - CUHYCOHNAAJIbHAA BEIIMYHNHA, 4aCTOTAa €C B 2 pa3a
OOJIBITIE YaCTOTHI TOKA, pUCYHOK 7.4. CpenHee 3HaY€HNe MTHOBEHHOW MOIITHOCTH P

3a OCJIOC YUCJIO IICPUOA0B paBHO HYJIIO, T.C. aKTHUBHAA MOIIHOCTL Yy YHUCTO

MHIYKTUBHOI'O IPUEMHHUKA OTCYTCTBYET P = 0.

u‘vp!‘.)eL

Pucynok 7.4. - BpemeHHble AuarpaMMbl IapamMeTpOB
JUISL LETH C UICATbHON WHIYKTUBHOCTBIO.
BeiBoa:

1) B uenwu ¢ uaeanbHON HHAYKTUBHOCTBIO HANPSIJCEHUE onepedcaem no gase

MOK Ha yTOJl %, pucyHok 2.3. —0.

2) B 1enu ¢ MHAYKTUBHOCTBIO TIPOUCXONSAT KOAEOAHUS SHEPISUU MENCOY
UCMOYHUKOM HANPANCEHUS. U MACHUMHbIM Nnoaem npuemHuka. TOK B I1leNUd HeE
coBepiaeT paboThl, OH OOYyCJIaBIMBAECTCS KOJICOAHUSIMU DHEPIUU W Ha3bIBACTCS
peakTUBHBIM. PEakTHBHBIN TOK OECTIONE3HO 3arpy’KaeT MCTOYHHUK YHEPTUU U TIPOBOJA
JIUHUM dJIEKTpoIiepeay.

AMIUTMTYla MTHOBEHHOW MOITHOCTH WHIYKTUBHOCTH HAa3bIBACTCS PEAKTUBHOMN

motHocTeio QL = Ul, m3mepsiercs B BAP - ax (BonbT-amiep peakTHBHBIH).

3 Bapuauntsl 3a1aHuii.

BapuaHTt 1 2 3 4 5 6
Ual']ép}I}KeHI/Ie, 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 HAINpPSHKEHUE W yIEePKUBATh €ro B
TE€YCHHE OTBITA TTOCTOSTHHBIM.

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 BBIYUCIICHUS IO (DopMyiam
; S=U-I; Z==; Q =1%-X_;
Ua P
X, =,Z*-R{; R.=—, cosp=—
L k k | ® S

Pe3ynbTarhl BEIUUCIEHUN TOMECTUTH B TAONIHUILY 2.

P
|
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Tabnuna 2 — PacueTHbie mapamMeTpsl.

Z S QL [coso] Re [ XL [ U, [ Uy
Om | BA |BAp Om | OMm | B B

9)[1o naHHBIM TAOJUIBI 2 B BBIOPAHHBIX MAacIITabaX MOCTPOUTH BEKTOPHYIO
auarpaMMy HampspKEHUH, TPEYTOJIBHUK COTPOTUBICHUHN, TPEYTOJIBHUK MOIIHOCTEH.
N3 rpaduueckux nocrpoenuit Haitu U, Z, S, COSQ, CpaBHUTh C HW3MEPEHUSIMHU U
BBIYHCIICHUSIMH.

10) Cnenath BbIBOJ

6 KoHTpoIbHBIE BONPOCHI

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

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

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 CONPOTHUBJIEHUEM?

JIABOPATOPHAS PABOTA Ne 8
HccaenoBanue nenu NepeMEeHHOro TOKA ¢ peajJbHbIM KOHICHCATOPOM

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

3nanus (akTyanuzanus):
- (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

2. TeopeTruueckoe 000CHOBaHME

2.1 llenb ¢ eMKOCTBIO.

[TocTOsSIHHBIN TOK B IIEMU C EMKOCTBIO IPOXOAUT TOJIBKO TOT/Ia, KOT/ia EMKOCTh
3apspKaeTCs MPU MOAKIIOUCHUH Ha MOcTosiHHOEe HampspbkeHue. Ho ecnu emkxocts C
BKJIIOUEHA Ha IEPEMEHHOE HampshkeHue M, To ee 3apsia ( = uC u3MeHsercs
MEPUOANYECKA BMECTE C UBMEHEHUEM HANPsHKEHUs. DTO BbI3BIBAET MOCTYNATEIBHOE
M BO3BpAaTHOE [IBIDKEHUE 3apsiOoB B MPOBOJHHUKAX, COEAUHSIOMIMX EMKOCTh C
HMCTOYHUKOM TIEPEMEHHOr0 HampsokeHus. Ecnu  mepeMeHHoe  HampsikKeHue
u = Up, Sin wt, TO TOK B 11eNX ¢ EMKOCTHIO

i =%:szumaﬁcosaﬁ =Umisin(a>t+£)
dt dt X 2

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

C

toraa 1 = IySin(wt+ %)

Oo— v )

a)

Pucynok 8.1- Llenb ¢ naeanbHONW EMKOCTBIO:
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a - CXeMma, 0— BCKTOpHAd Auarpamma.

] ] u.l_ .
MruoBeHHast MOITHOCTB p = Ul = Uy, I SIN wt- cos ot = ’”2 ™ Sin 2wt

p = Ul sin 2wt

Guip| P v =0

—— — ——— —

Pucynox 8.2 BpemeHnHble AuarpaMMbl mapamMeTpoB

JUIA LIETIH C UACaJIbHOM €MKOCTBIO.

Tak xe Kak W B HHAYKTUBHOCTH, MIHOBEHHAs MOIIHOCTh B €MKOCTH -
CUHYyCOUJaJbHasl BEIMYMHA, YacTOTa KOTOpPOM B 2 pa3za OOJbll€ YacTOThl TOKa,
CpeaHee 3HAaYEHUE p 3a 1IEJI0€ YHCIIO IEPUOJ0B PABHO HYIIO, PUCYHOK 8.2. AKTUBHAs
MOIIIHOCTE IIENHU ¢ UAcAILHON eMKOCTRhIO P = 0. BrIBOx:

1) B menu ¢ uaeanbHONW €MKOCTBIO MOK Onepedicaem 1o (paze HaANpsHKCHUE Ha yroll

T

2

2) B 1emm ¢ eMKOCTBIO TIPOUCXOIAT KOleOaHUsA IHepeuu IJ1eKMmpUudeckozo nois
ME¥K]ly UCTOYHUKOM HANPSKEHUS U €EMKOCTBIO; B HEW MPOXOJUT JIMIIb PEAKTUBHBIN
€MKOCTHBIH TOK, OOYCIIOBJICHHBIN 3TUMHU KOJI€OAHUSIMHU. AMIUIUTYJa MTHOBEHHON

MOIITHOCTH Ha3bIBACTCS PEAKTHBHOM MOIIHOCTBHIO eMKocTH Q: = Ul, uamepsercsa B

BAPax .

3 BapuaHThl 3a1aHUI.

Bapuant 1 2 3 4 5 6
Cxema 1 2 2 1 2 1
UalépﬂmeHHe, 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) Mara3un émkocreii - 1 mT. (121 MxD).

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 MOIITHOCTEH.

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
IuarpaMMy HampspKEHUH, TPEYTOJIBHUK COTPOTUBICHUHN, TPEYTOJIBHUK MOIIHOCTEH.
N3 rpaduueckux nocrpoenui Haitu 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 OCYILECTBIISITE U3MEPEHUE TapaMeTPOB
Y4aCTKOB HEPA3BETBICHHOM MU MEPEMEHHOTO TOKA C aKTUBHBIM U
PEaKTUBHBIMU CONPOTUBJICHUSMU, IOCTPOCHHS BEKTOPHOU
JMarpamMMBbl LIEMHU 10 OMBITHBIM JIAHHBIM.
3HaHuA (aKTyanu3aius):
- U3MYECKHE MPOLIECCHl B AJIEKTPUUECKUX TIETIAX;
- METOJIbl pacyeTa JICKTPUUECKUX LeTeit

Ymenusa:

- paccuUMTHIBATH MHapaMeTpbl M DJIEMEHTBI SJEKTPUUECKUX M DIIEKTPOHHBIX
YCTPOWCTB;

- COOMpATh ANEKTPUUECKUE CXEMbI U IPOBEPATH UX padOTY;

- U3MEPATH MapaMeTPhl FJEKTPUUECKUX LETIEH.
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1 Cxema

2 TeopeTudeckoe 000CHOBaHHE

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

[TpeamnoaokuM U3BECTHBIMHU MapaMeTphl KaTymku 1 L u koHmeHcaropa I, C; TOK B
wend 1 = Iy, Sin wt.

TpeOyeTtcs onpenenuth HanpskeHne Ha U yyacTkax 1enu U MOIIHOCTb.

™
0 1 M
I
U= Ke, + U o
w
- Uy = ey +Ue
o- Il N
”‘ r
c 2

Pucynok 9.1. Cxema nociie1oBaTeIbHOTO  COSTUHECHUS
KaTyIIKU WHIYKTUBHOCTHU U KOHJIEHCATOPA.

MrHOBEHHOE 3HAa4YEHHE OOIIEr0 HANPSLKCHHS MOYXHO IPEICTaBUTh CyMMOM
MT'HOBEHHBIX 3HAUECHUU HaHpH>KeHI/Iﬁ Ha OTACJIBHLBIX 3JICMCHTAX CXCMBI.
U=uy+ U, + Uy + u..
HMmess B BHAy HECOBNaJecHHE IO (aze aKTUBHBIX W PEAKTHBHBIX HAINPSHOKCHHM,

3HA4YCHHUC O6H_ICFO HAIPsKCHUA ITOJTYYUM BEKTOPHBIM CIIOKCHUCM!

U=Us+ UL +U2r + U¢
40



J1J1st MOCTpOEHMSI BEKTOPHOM JUarpaMMbl HAXOUM:

Upr=lr; U =11 Up=1-X; Ue=1-Xe.

PaccMOTprM COOTHOIIIEHUE BEIMYWH PEAKTHUBHBIX COMPOTHBICHUN WHIYKTUBHOCTH
u eMmkoctu X_ > Xc . BekropHas nmarpamMma mnpejacTtaBieHa Ha pucyHke 9.2.
Ha nguarpaMme mOCTPOCHBI TPEYTOJbHHUKH HANPSDKCHWH IS KaTYIIKA |

KOHJICHCATOPa U HAMCHBI BEKTOPHI HANpsDKeHust U, U U,Ha 3THX dJICMEHTaX.

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

nernu. Bwmecre ¢ Tem Bektop U  sBISETCS TUMOTEHY30H MPSAMOYTOJIBHOTO
TPEYTOJIbHUKA, KAaTEThl KOTOPOTO - COCTAaBJISAIONIME BEKTOpa IO JBYM B3aWMHO
MEePIEHANKYJISIPHBIM OCSIM:

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

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

.\ |

Pucynox 9.2 BekTtopHas quarpaMmMa rocie0BaTeIbHOTO
COCIMHEHUS KaTYIIKH HHIYKTUBHOCTH U KOHJIEHCATOPA TP X > X

BekTopbl AaKTHUBHBIX COCTAaBJISIIOIIMX HANPSOKCHUS HAINpaBlI€Hbl B OIHY
CTOPOHY, IO3TOMY UX YHMCJIEHHbBIC 3HAYCHUS CKJIAJbIBAKOTCS.
BekTopbl peakTUBHBIX COCTABIISIIOIIMX HAIPSKEHUS HAITPABIICHBI M0 OJTHOW MPSIMOU
B MPOTHUBOIIOJI0KHBIE CTOPOHBI, TOATOMY UM MPUAAIOT PA3HbIC 3HAKU: PEAKTUBHOE
HANPSKEHUE UHIYKTUBHOCTU CUUTAIOT MOJIOKUTEIIbHBIM, & HANPSIAKEHUE EMKOCTH -

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

oO1ero HampsikeHus 1o (asze Ha yrois ¢. W3 TpeyrojabHUKa HANPsHKEHUH CIeTyeT:

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

501041

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

X = X.- X - o0111ee peakTUBHOE COMPOTHUBIICHUE IIETIH;

Z=+r?+x* - OJHOE CONPOTHUBJICHHE IICTIH.
OTU TpU CONPOTUBIEHUA TpadUyecKu MOryT ObITh H300paKeHbl CTOPOHAMH
IPSIMOYTOJIBHOTO TPEYrOJIbHUKA CONPOTUBICHUM, KOTOPBIA MOXHO MOJIYYUTh YK€
M3BECTHBIM CIIOCOOOM U3 TPEYTOJIbHUKA HATIPSKEHUH.

[TonHoe COIIPOTHUBIICHUE LenH y SBIISIETCS KO3 PUIIUEHTOM
IPOMOPLUMOHAIBHOCTH MEXIYy JEHCTBYIOIIMMHM 3HAYEHMSIMH TOKa M OOLIEro

HanpsHKCHUS 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).
Paccmotpum ciiyuait X < xc. BekropHas quarpamma n3o0pakeHa Ha

pucynke 9.3 (U <Uc¢), mosTomMy o01iiee HanpspKeHUE OTCTaeT OT TOKA Ha YIoJl ¢
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Pucynok 9.3 BektopHas quarpaMmma 1emnu nocjie10BaTeIbHOro
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) Boabsr™metp - 1 mit. (0 +100)B

4) Barrmetp - 1 mr. (0 +1200)Bt
5) Ammepmerp - 1 mr. (0 +2)A

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

8) Marasun emkocreii - 1 mr. 121 Mx®

S IlopsiaoK BBIMOJHEHUS PA0OTHI

1) Onpenenuth pa3MmerieHre TpruOOPOB 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,

N3MCPUTDH IICPCHOCHBIM BOJIBTMCTPOM U BATTMCTPOM IIAJICHUC Hal'[pﬂ)KCHI/Iﬁ )41

MOIITHOCTH Ha KaTYIIKe, PE3UCTOpe, KOHJEHCATOpE. 3amucarh oKa3aHus IpuoopoB B

tabmuiy 1.
Tabnuna 1- [TapaMeTpsl 2JeKTPUUYECKUN 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, - X,
P:lz.R; R=—; Z=—, A =._k; top = —X y___(_;
10° ) - - .
C:E-l-4xc [C]:[Mk‘d)], sz ZK" - X=X1*Xcs
Q =U,-1I, Q.=U,-1, 0=0,-0.; 0= ’Sz-l-Pz;
§=U-I; U, =1-R; U =I1-X.

9) Crenathb BBIBO/I.

6 KoHTpoJibHBIE BOIPOCHI
1) Yro Takoe peakTHBHAs SHEPIHs B IIETU C UHIYKTUBHOCTHIO?

2) Kax ompenenuts 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 Pe:KUMe Pe30HAHCA HANIPSIKeHHil

Ieap padorsr: PopMUpOBaHME YMEHHI HCCIIEIOBATH apaMETPHI

HEPA3BETBIICHHOM LIENU IIEPEMEHHOIO TOKA B PEKUME PE30HAHCa
HANPSKCHUM.

3HaHus (aKTyanu3anus):

- (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 AJEKTPUUECKUX LETEN.

1 Cxema

2 Teopernueckoe 060CHOBaHME.

PexxuM 351eKTprYeCcKO ey IpH MOCIEI0BAaTENBHOM COEIMHEHUH YYaCTKOB C
MHJYKTUBHOCTBIO U €MKOCTBIO, XapaKTEPU3YIOUIUNCS PAaBEHCTBOM HMHIYKTUBHOIO U
€MKOCTHOTO COITPOTUBIICHUH, Ha3bIBAIOT PE30HAHCOM HANPSKEHU M.

[Ipy paBeHCTBE pEAKTUBHBIX COMPOTHBICHUN XL = Xc pPEaKTUBHbIE
COCTABJISIIOLIME HAMNPSIKEHUS KAaTYUIKM W KOHAEHCATOpPhl PaBHBI MO BEIUYHMHE U
B3anMHO kommeHcupoBanbl: UL = Uc (pucynok 10.1). IostomMy peakTuBHas

COCTaBJIIrOIIass O6IH€I‘O HaIps>KCHUA U O6Hl€€ PCAKTUBHOC COIIPOTHUBJIICHUC PAaBHbI
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HYJI10, 4 IOJTHOC CONIPOTUBJICHUE LICTIN Z = I, O6H_I€€ HAIps>KCHUE COBIIAAACT I10 (1)336

C TOKOM M PAaBHO IT1O BCIIMYHUHC aKTUBHOM COCTaBJ'IHIOHIeﬁ HaIIPAKCHUA.

VYron gcnpura a3 Mex1y TOKOM U OOIIUM HANpPsHKEHUEM paBeH HYIIIO.

>
>~ UP’O
U--U (P:o

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

Karymka w KOHACHCATOp TMPEIACTABISIIOT COOOM  IOCIeAOBATEIbHBIN

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

1
X, =ol; X =—.
«C
o . _ 1
[Ipu pe3oHaHnce HaNpsHKEHUN X = Xc; W = wp o, L= —C
1)
p

OTCIOI[a OoIpcaACACTCA PC30HAHCHAA 9aCTOTa

1
* =\ic

B nmanHOM ciiydae BbIpaK€HHUE Jii PE30HAHCHOM YacTOTHI COBHAAaeT ¢ (HopMyJsioiu
JUTSI 4aCTOTHI COOCTBEHHBIX KOJIeOaHMii B KOHType 0€3 moTeph.
B Hepa3BeTBNEHHOW 1enmu OOMEH JSHEprued Mexay KaTyIIKOW M KOHACHCATOPOM
COBEpILIAETCA Yepe3 HUCTOYHUK IHEPruu, KOTOPBIA BOCIHOJHAET MOTEPU DHEPIUHU B
AKTUBHBIX COMPOTUBIICHUSIX.
Pe3onaHc HanpskeHUI B L€ MOYKHO YCTAHOBUTH JIByMSI ITyTSIMU:

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.

PeakTuBHBIE CONPOTHUBJIEHUS C HM3MEHEHUEM YacTOThl M3MEHSIOTCS:  MpHU
YBEIIMUYEHUH 4YaCTOThl X, YBEJIMYMBACTCS MPOIMOPIMOHATIBLHO YacTOTe, a Xc
YMEHBIIIAETCS TI0 3aKOHY 00paTHOM MPOMOPIIMOHATEHOCTH.

[TonHoE conmpoTuBieHue Z 1eny NpU Pe30HAHCHOM YacTOTE W, MUHUMAJIbHBIM,
pPaBHBIM AKTUBHOMY CONPOTUBICHHIO I ; TPU YACTOTE @ <wp, TOJHOE
CONPOTHUBJICHUE YBEJIMYHMBACTCS C YMEHBIIEHHEM YacTOThI 3a CUET pocTa Xc; MpHU
4acToTax @ <@, TIOJHOE COMPOTUBIICHHE PACTET C YBEIMUYEHUEM YacTOTHI 3a CUET
pocTta x, .

[Ipy1 MOCTOSHHOM HAMpPS)KEHUH TOK JIOCTUTAE€T MAKCHUMyMa Ha PE30HAHCHOM
yacrore. | =U/Z=U/R.

Pe3onaHc HampsKEHUN MOXKET OKa3aThCsl OMACHBIM B YCTAHOBKaX CHJIBHOTO
TOKQ, IJI€ €r0 BO3HUKHOBEHHE CHEIUAIIBHO HE MPEAyCMaTPUBAETCS.

3 BapuaHThl 3a1aHUI.

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

4 Tlepeyensb mpudOpoOB
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1) HMcrounuk 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 Hopsaaok 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.

Ta6numna 1- [TapameTpsl 1ienu.

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

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

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

C

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

10°

" 314xC

Q(;:Uc'l

Uc=I-Xc: z:UI_;

Q=0QL-Qc;

k
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QL=Ul;

S=U-l;

- 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 =1(C); Ue = 1(C); Ua = (C); 1 =1(C); P =1(C); Q=1(C);  cose =T(C).

8) Cuenatb BBIBOJI.

6 KoHTpoJ/ibHBIEe BONPOCHI

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

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 OCYLIECTBIISATH UCCIIEIOBAHUE TAPAMETPOB
PAa3BETBICHHOM LIENU NIEPEMEHHOTO TOKA B PEKMME PE30HAHCA

TOKOB.

3Hanus (akTyanuzanus):

- (pu3mUeckue MpoLecchl B ANEKTPUUYECKUX LEMSX;

- METOJIBI pacyeTa dJIEKTPUUYECKUX Lenei
Ymenus:

- pacCUMTHIBATH IAPAaMETPbl U 3JIEMEHTHI JJIEKTPUUYECKHX M 3JIEKTPOHHBIX

YCTPOMCTB;
- COOMpATh ANEKTPUUECKUE CXEMbI U IPOBEPATH UX paldOTYy;

- U3MEPATHh MAPAMETPHI FJIECKTPUUECKUX IETEH.

1 Cxema
| 7
Ond r
2A
Qﬁ»
3B
““f O




2 Teopernyeckoe 000CHOBAHME.
Pa3BeTBjieHHAs LeNb.
Pa3BeTBieHHas LeNb COJIEPKUT BETBU, COEAMHEHHbIE MapajuieabHO. Jlis
npyUMepa paccMOTpUM Iemb (cMOTpeTh pucyHOK 11.1) B KOTOpoil mapamienbHO

COEIMHEHBI pe3ucTop Ry, MHAYKTHBHAs Karymika Rz, L; ,koHneHcaropa 0e3 noreps Co.

L.
S
z;ll 1;1 =31 s Iy Iyy
] N ha e
j T o T
| j !
a) 0)

Pucynok 11.1- Pa3BeTBieHHas 1eMb. a) cxeMa; 0) BEKTOpHAas Juarpamma.

BexTopnas amarpamma. Ilpeamonokum, dUYTO HampsyKeHHE B IIENH
BhIpakaercs ypaBHeHueM U = Uy Sin ot.

MrHoBeHHO€E 3HaueHHe OOIEro TOKa B HEPA3BETBICHHOM YacTH LIETIH  PaBHO
CyMMe MITHOBEHHBIX 3HAUEHUH TOKOB B BETBsIX (10 MepBoMy 3akoHy Kupxroda):
I=ii+ipHiz=liatiop+izatizy s OeWCTBYrOmMX 3HAYEHHWH 3alMIIEM BEKTOPHYIO

CyMMY: I=liat12p+13at13p

I[J'IH IMOCTPOCHHA BCKTOPHBIX AUAI'PAMM HAXOAUM 3HAYCHUA TOKOB.

U UR,
la=l = E:UG ; |3a:|3COS(03:Z_§ = UG3 (1)

2
3 2

|3p=|Sin(03=UZx3=UB; |2p:|zzxi:UB2 @)
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1 o
I'me G = —- akTuBHasg NPOBOJUMOCTb TEPBOM BETBH;, By =

=l peaKTHBHAs
R, X,

(éMKOCTHas1) TPOBOJUMOCTH BTOpoM BeTBU; G = aKTUBHAs MPOBOJAUMOCTD

N3
Zg
TpETbeN BETBH; Bz = % - peakTuBHAas (MHAYKTUBHAS) IPOBOAMMOCTb TPETHEN BETBH.
3
Bekropnast quarpamMmma Ha pucyHke 11.16 COOTBETCTBYET MOJIy4YCHHOMY BEKTOPHOMY
YpaBHEHHIO TOKOB. IIpn €€ mOoCTpOoeHHM MEpPBBIM HAHECEH BEKTOpP HAIPSIKEHHUS, a
3aTeM IPOBEJICHBI BEKTOPbl AKTUBHBIX M PEAKTUBHBIX TOKOB, IPUYEM, HAIPaBICHUS
UX  OTHOCHUTEIIBHO  BEKTOPOB  HANPSDKEHUS ~ ONPEACNIEHBl 10  XapakTepy
MIPOBOJIMMOCTEM: aKTUBHbIE TOKH l1a; l3a coBmagatror mo ¢asze ¢ HampsKeHHUEM,
WHIYKTUBHBIA TOK l3L = |3 OTCTaeT oT HampspKeHus, a eMKOCTHBIM TOK l2c= lzp
onepexaeT HanpspkeHue Ha 90°. Ha BekTOpHOM nuarpaMMe BUAHO, YTO AKTHBHBIC
TokA li1a; |38 HampaBlieHbl OJWHAKOBO, BJAOJb BEKTOpA HAMNPSIKEHUS, MOITOMY
BEKTOPHOE CJIO)KEHUE HX MOKHO 3aMEHUTh apU(PMETUUYECKUM U HAaWTU aKTUBHYIO
COCTABJISIOIIYI0 BEKTOpa OOIIEro ToKa:
la=l1at l3a

BekTopbl peakTHBHBIX TOKOB IEPIEHAUKYISIPHBI BEKTOPY HAIIPSKEHUS, HO
HaIlpaBJ€Hbl B MPOTUBOMOJIOKHBIE CTOPOHBI. [103TOMY BEKTOpHas cymMmma MX paBHA
anredOpanyeckoi  cymme, B  KOTOPOM  MHAYKTUBHBIA  TOK  MPUHUMAIOT

IIOJIOKUTCIIbHBIM, a €MKOCTHBIH - OTPpHUIATCIIbHBIM:

Ip_ I3p_ |2p= I3 - l2c

PacuyerHbie (popMy.Ibl.

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

JlencTByro11E€ 3HAYEHNE TOKA B LEIH :
2 2 2 2
L= 12412 = (1, +15)2 + (g = L) 3)

Ypasaenune Toka i = Iy sin(wt + ¢)

51



Eciu BenuuuHbl TOKOB BbIpasuTh uepe3 HampspkeHus [(1),(2)Ju momcraButh B

dhopmyiy (3), TO TOTYIUM:

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

[lonnas IMpOBOINMOCTD paBBGTBHCHHOﬁ CIIU IICPEMCHHOT'O TOKA. B O6HI€M ciIy4dac

Y=vG2+B ’, rue

n
G=> 16, B=> B, —-> B
Ecmn CTOPOHBI TPCYIrOJIbHUKA TOKOB PAa3AC/INTh Ha HAIIPSAKCHUC U, TO IIOJIYUYUM

TPEYTOJIbHUK IPOBOIUMOCTEH, TOJJOOHBIN TPEYTrOJbHUKY TOKOB  (pucyHOK 11. 2a):

G=Y cose cosgz):%

P=I,U

Q=1,U

S=U1

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+P;

JIpyroii KaTeT - peaKTHBHYIO Q=I1,U=(Iz-12)U=P1+P3

A rumnoreHysa - 1nojgHas MOIIHOCTb
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B o6mem ciaydae S=1IU= (P +P,)?+(Q,+Q,)’ (7)

> P
= ®)

CosSp =

Pe3onaHnc TokoB.

B Tperbem cnmyuae B, = B¢ HampspkeHHEe BO BCEX BETBSIX OJHO M TO K€,
MO3TOMY pEakTUBHbIE TOKHM BeTBeil || u l¢ paBHBI 1O BeaMuYMHE, HO HAXOIATCS B
npotuBodase (pucyHok 11.3)

PeakTHBHBIH TOK paBeH HYJIIO: l,=1_+1.=0 lo=1_-1.=0
[ToaToMy TOK B 1IenM paBeH aKTUBHOW cocTapisitolelt Toka 1=Ia
PeaktuBHas npoBoaumMocts B=B, -B:=0, mosTomy nmonnas npoBogumocts Y=G.

PeakTHBHasi MOIIHOCTH Q=QL-Qc= 0 mostoMy mosiHas MoIHOCTH S = P.

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

B manHOM ciydae paccMmarpuBaeMasi Iellb HaXOJIUTCS B PEXHME PE30HAHCA
TOKOB. JSIBlIiCHHME pE30HAaHCAa B YYaCTKE OJJCKTPUYSCKOW IICMH, COJICpKAIIEM
WHAYKTUBHBIA M €MKOCTHBIA 3JIEMEHTHI, COCIMHEHHBIC MapaJlIeIbHO TIPU PABCHCTBE

ux HpOBOI[HMOCTGfI Ha3bIBACTCA PE€3OHAHCOM TOKOB.

lhl
Iy
bn
»t
I L

Pucynok 11.3 BexktopHas quarpamMmma mpu pe30HaHCE TOKOB

Ha pucynke 11.4 moka3zaHbl 4acTOTHBIE XapaKTEPUCTUKH TAKOTO IMapajuieIbHOTO
koHTypa. [Ipu pe3onance TokoB oOIIasi TPOBOAMMOCTh IIEHH HAUMEHbBIIAs U pPaBHA

aKTUBHOM MpoBOAUMOCTH 1IenH Y-G , TO3TOMY TOK B LIETIH HAUMEHBIIIHA.
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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 Tlopsii0K BHINOJIHEHUS PA0OThHI
1) OmnpenenuTts pa3MeliecHre TPUOOPOB Ha CTOJIE.
2) CoOpath SJIEKTPUUECKYIO CXEMY.
3) Omnpenenur 1ieHy AeICHUS TPUOOPOB.
4) TlpenbsiBUTh COOPAHHYIO CXEMY JUIsl IPOBEPKH 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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Tabmuma 1 — Pe3onanc 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:UZkai chuzbc’ Q:Qk_Qca
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) Crenarb BBIBOJL.

6 KoHTpoJibHBbIE BONIPOCHI

1) B Kakux 3JeKTPUYCCKHX IEMSIX MOXKET BO3HUKHYTh PE30HAHC TOKOB?

2) Tloyemy mpu pe30HAHCE TOKOB, TOK B KOHJICHCATOPE MITU KATYIIIKE MOXKET OBbITh
00JIbIlIe TOKA B HEPA3BETBIECHHOM YacTH Lienu?

3) B uem cocTosIT 0COOEHHOCTH IICTH IIPH PE30HAHCE TOKOB?

4) Kak npakTHYeCKH OMPECIIUTh COCTOSHHUE LIEIH MPH PE30HAHCE TOKOB?

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

Hean paboThbi: DKCIIEpUMEHTATBHOE MOATBEPKICHUE pacueTa TOKa
B HEUTPaJIHbHOM MPOBOJIE MPH PA3ITUIHBIX PEKUMAX
paboThl TpexdazHoH 1eTH.
3nanus (aKTyanuszanus):
- (hu3mIecKue MPoIecchl B ANEKTPUICCKUX IETIAX;
- METOJIBI pacyeTa dIECKTPUICCKUX TeTeit
Ymenns:
- pacCUMTHIBATh IMAapaMETPhl W DJIEMEHTHI JJICKTPUUECKHX U DIIEKTPOHHBIX
YCTPOWCTB;
- COOMPATh AIEKTPUUECKUE CXEMbI U IPOBEPATH UX padOTYy;

- U3MEPATHh MAPAMETPBI IJEKTPUUECKUX LETIEN.

1 Cxema.

Cxema: . QF Za

Ao N A M

Y L]

Zn

B N B/ O—B M
U/ LI N

Co \\\ C/ C f‘

S O
N \ Y

A
—O—

2 TeopeTnueckoe 000CHOBaHMe.

[Ton peiictBueM Ttpexdaznoir cuctembl IJC Ha 3axumax TpexdazHOro
noTpeouTenss cosmaercss TpexdaszHas CHUMMETpPUYHAsh CHUCTEMa HaNpsHKCHUH,
cABUHYTHIX 0 (asze Ha yron 120°, T. e. Ha yron 2m/3, U UMEIOIIMX OJMHAKOBBIC
aMIUTUTYIHbIE U JEHCTBYIOUIME 3HAUYCHMs (BEKTOpPHAs JuarpaMMa Mpe/cTaBlieHa Ha
pucynke 12.1, Uap= Upc= Uca).

B tpexdazHoii cucreMe noTpeOUTENN 3JIEKTPOIHEPTUN COSAUHSIOTCS 3BE3/101
Wi  TpeyroibHUKOM. Ilepenaya »IeKTpUYECKOM HHEPrUuM OT MCTOYHUKA K
noTpeduTeNto B Tpex(azHoil Tpex MPOBOIHON CHCTEME OCYIIECTBISIETCS C TTOMOIIBIO

JIMHEHUHBIX IIPpOBOJOB.
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Pucynok 12.1- CummeTpudHas cucTemMa HapsHKEeHUH NCTOYHUKA.

B uyerkipex mnpoBoAHONW Tpex(azHOW CUCTEME UMEeTCs YETBEpPThIA
HeWtpanbubiii (N-N) mpoBoj, coemussitonuii oOmue Touku (a3 ucrounuka N u
notpebutenss n. CoequHeHUe, MpU KOTOPOM KOHIIBI BCeX Tpex (a3 morpeduTess
00BEIUHSIOT B OOIILYI0 TOYKY N, Ha3bIBAaEMYIO HEUTpaJIbHOW TOUKOM, a Havana (a3
MOACOCAUHSIOT K TpexX(pa3HOMY HCTOYHUKY TMHTaHUS IOCPEACTBOM JIMHEHUHBIX
MPOBOJIOB, HA3bIBAETCS COCIMHEHHUEM 3BE370M  Tpex(a3HOro MOTPEeOUTEINS

(pucyHok 12.2).

Pucynok 12.2 -Cxema yeTbIpex IpOBOJHOM Tpex(pa3HOH Ienu.

Toxku la, Is 1 lc B COOTBETCTBYIOIIMX JIMHEHHBIX MPOBOJAX HA3BIBAIOTCS
JUHEWHBIMH, TOKH, a TTpoTeKaromue mo ¢azam, — ¢dasubiMu. Tok |y B HEUTpaTbHOM
npoBojie — HeWTpaibHbIM. [Ipu paccMoTpenun Tpexda3HON CUCTEMBbI UCXOAUM U3

MMPCAIOJIOKEHHUA, YTO Tp@X(baBHBIﬁ HCTOYHHUK ABJIKICTCA CUMMCTPHUYHBIM, q)aBHBIG
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HaANpsDKEHUS] KOTOPOro pPaBHbI MEXIY COOOM M CABMHYTHI MO (ha3e OTHOCUTEIHHO
IpyT npyra Ha yroJ 120°.

Hanpsoxenust Mmexay auHeiiHbIMH npoBoaamu notpeourens Uag, Usc 1 Uca
HA3bIBAIOTCSl JIMHEWHBIMH, a MEX]y HayajJoM U KOHIIOM ¢a3 moTpedOuTens,
BKJTIOUEHHOTO 3Be3/101, Ua, Ug 1 Uc — (a3ubimu.

N3 cxembl pucyHka 12.2 BUIHO, 4TO MPH COCTUHEHUH MOTPEOUTENS 3BE3I0U
1o ero ¢azam MpPOTEKAIOT T€ ke TOKU la, Ig 1 Ic, 4TO M MO TUHEHHBIM poBOAAM. ITO
03HAYaeT, YTO MPHU COCAUHEHUU MOTPEOUTEN 3BE3/10M (pa3HbIE TOKH OKA3bIBAIOTCA
paBHBIMH COOTBETCTBYIOIIMM JHMHEWHbIM TokaM: |y = |, Ilpu 3ToM mo mepBomy
3akony Kupxroda i HelTpaabHONU TOYKU 72 MOXKHO 3aIUCaTh

Lo+l +1.=1,.

[Ipn coenuHeHMM TOTPEOUTENs] 3BE3J0M, HE3aBUCHUMO OT BEJIWYUHBI U
XapakTepa COINpPOTUBICHUHN €ro (a3, a TakkKe OT TOro, UMEETCS WU OTCYTCTBYET
HEUTpaJIbHBIN MTPOBOJI, MEKIY JIMHEUHBIMU U (DA3HBIMHU HANPSLKEHUSIMU TOTPEOUTEIS
CYILLECTBYIO CIEAYIOIINE COOTHOLIEHUS, IOJyYeHHbIE IO BTOpOMY 3aKoHY Kupxroda:
Uap=Ua-Us; Usc=Ug-Us; Uca= Uc- Ua.

B OonbIIMHCTBE MPAKTHUECKUX CIy4aeB TpeX(azHble NOTPEOUTENN MPEACTABISIOT
c000i1 CHMMETPUUHYIO Harpy3Ky, NOJKIIOUEHHYIO K CHMMETPUYHOMY TpeX(da3zHoMy
VCTOYHUKY NMUTAHUSI.

Harpy3ka, mpu KOTOpPOW KOMIUIEKCHBIE CONPOTUBIEHUS Bcex (a3 moTpeOuTes
paBHBI MEXIy co00u (Za=Zpg=Zc) Ha3piBaeTcs cummeTpuuHoil. [lpu sTom
Ra=Rs=R¢; Xa=Xs=Xc;  Uap=Upc=Uca; Ua= U= U..

ComnpoTuBlieHUS JMHEHHBIX TMPOBOAOB, TaK XK€ KaK W COMNPOTUBJICHHUE
HEUTPAIILHOT0, OOBIYHO MaJIbl 1 UMH MOYKHO IIPEHEOPEYb.

[Ipu coenuHeHMM TOTPEOUTENST BJIEKTPOIHEPIHMM 3BE3I0M MNpPU CUMMETPUUYHOU
Harpy3ke Mexay (asHbIMM U JIMHEWMHBIMU  HANPSHKEHUSMHU  CYIIECTBYET

COOTHOIICHHC:
U, =3,

da3HbIe TOKU TOTPEOUTEIS ONPEACIISIOT 1Mo 3aKkoHy OMa:
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[.=UnlZa 18=UslZs, [c=Udlzec.

[Ipu sToM HampsbkeHue Mexay HeWTpanbHbIMH Toukamu Unn=0. Tax kak ¢azHble
HaIpsDKEHUs U (pa3HbIe COPOTUBIICHUS OTPEOUTENS SJIEKTPOIHEPT U PABHBI MEKITY
co00M, TO pa3HbIe TOKU IPU CUMMETPUYHON HArpy3Ke TAK:Ke PaBHBI MEXAY COO0M |z
= IB = Ic = Iy U cABUHYTBHl OTHOCUTENBHO (ha3HBIX HANPSKEHUH Ha paBHbBIC YIJIbI
PA=(QB= Pc= Qg ONPEIECIIEMbIE U3 BBIPAKCHUN

tg @A =Xa / Ra=tg ¢s=Xg/ R3=tg oc =Xc /Rc.

[Ipn cMMMETpPUYHONW HArpy3ke TOK B HEHUTPAJIbHOM IPOBOJE, ONPEACISIEMBIN
KaK BEKTOpHasg cyMMa (pa3HBIX TOKOB, OKa3bIBA€TCSl PABHBIM HYIIIO, IIOATOMY IpHU
CUMMETPUYHON HArPy3Ke ITOT MPOBOJ CTAHOBUTCS HE HYXKHBIM U IPUMEHSATH €0 HET
cMbIcaa. [Ipu HeCUMMETPUYHON Harpy3ke KOMIUIEKCHBIE COIIPOTHUBIICHUS BCEX TPEX
(a3 B 00111eM CiTyyae HEe paBHBI MEXY COOOM, T. €. Za# Zp# Z ¢

[IpeneOperasi CONpOTUBICHUSMU JTUHEHHBIX MPOBOJIOB, MOKHO CUUTaTh, YTO
JIMHEHHbIE HANpPsDKEHUS MOTPEeOUTENsT HE3aBUCHMO OT XapaKTepa Harpy3kKd paBHBI
COOTBETCTBYIOIIUM JIMHEWHBIM HANPSIKEHUSM T'€HEepaTopa, T. €. CUCTEMa JIMHEHWHBIX
HaIpsHKEHUN U PU HECUMMETPUYHOM Harpy3Ke CHMMETpUYHA.

[Ipy BKJIIOYEHUM HEUTPAIBHOIO IIPOBOJA W HECHUMMETPUYHOU HArpyske
(compoTHBICHHEM HEUTPAJILHOTO MPOBOJIA MIpeHeOperaeM) NOTEHIIMANT HEUTPaIbHON
TOYKM MOTpeOUTENss N paBeH MNOTEHUMANy HeWTpanbHoW Toukun N reHeparopa.
CnenoBatenbHO, (pa3sHble HANpsOKEHUs MOTPEOUTENs pPaBHBI COOTBETCTBYIOIIUM
(ha3HBIM HAMPSKEHUSIM F€HEPATOPa, & HANIPSYKEHNUE MEXAY HEUTpaTbHBIMU TOUKAMU
UnN=0.

I[Ipy  HamWuuM  HEUTPAIBHOTO NPOBOJA W  HECHMMETPUYHOM  HArpyske
reoMeTpuyeckas cymma (a3HbIX TOKOB TpeX(pa3HOM CHUCTEMBbI B COOTBETCTBHM C
nepBbIM 3akoHOM Kupxroda st HeUTpalIbHOW TOYKH paBHA TOKY B HEUTPAIHHOM

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

[Ipy OTKIIOYEHMHM HEUTPAIBHOTO MPOBOAA MOTEHIMAT HEUTPAIBHOW TOYKH 71
HOTPEOUTENST DJIEKTPOIHEPTUM HE paBEH MOTEHIUaly HEWTpaJbHOM Touku N
reHeparopa Npu HECUMMETPUYHON Harpy3ke, Tak KaK 3TH TOYKH HE COEJUHEHBI
Mexay cobOoi. [lpm 3TOM HeWTpambHass TOYKka 7 Ha BEKTOPHOM JUarpaMme
HOTPEOUTENS] CMECTUTCSI U3 CBOETO MEPBOHAYAIBHOIO MOJIOXKEHUS B APYroe (1), mpu
KOTOPOM I'eOMeTpruYecKas cymMMa (pa3HbIX TOKOB OTPEOUTENS paBHA HYIIIO:
I,+1,+1.=0
B 3TOM ciydae BeKTOpHas JauarpaMma NOPUHUMAEeT BHJ, IIPEACTABICHHBIMA  Ha
pucynke 12.30, U3 KOTOpOH cleAyeT, YTO IpU HECUMMETPUYHON Harpys3ke B
Tpexda3zHoil cuctemMe 0€3 HEWTpalbHOro TMpoBoJa (a3HbIE HANPSHKEHHS
NOTPeOUTENST OKa3bIBAIOTCA HE paBHBIMU Apyr npyry. Ilpu stom Ha ogHux (aszax
MOKET OBITh MOHMKEHHOE HANpPsDKEHHE MO CPABHEHUIO C (pa3HBIMU HANPSKEHUSAMHU
reHepaTopa, a Ha APYruX — MOBBIIIEHHOE.

B stoM cinyuae Mexay (asHbIMM TOKaMM, HANPSKEHUSIMH U CONPOTHBICHUSMU
CYILLIECTBYIOT T€ K€ COOTHOILIEHHUS, OOYyCIOBJIEHHbIE 3aKkoHOM OMa, 4yTO W TpH

CUMMETPUYHOUN HArpy3Ke.

Pucynox 12.3 — a) BekropHast guarpamma (ha3HbIX TOKOB
IpU HECUMMETPUYHOW aKTUBHOMN Harpyske; 0) BextopHas
nuarpamma (pasHbIX HAMPSHKEHUN MPHU OTKIIOYEHUN
HEUTPAIILHOI'O MPOBOJIA TP 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 ¥ BTOPOH OIBITHI - CHAMMETpUYHAs Harpy3ka Za = Zg= Zc;

- TPETUI U YETBEPTHII OIBITHI - HECUMMETpUUHas Harpys3ka 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 nepeHoCcHbIM BOJIbTMETPOM (asubie Ua, Ur, Uc 1 muneitabie Uag,
Ugc, Uca HanpspkeHus, 3anmucaTh B Tadauiy 1.

8) Usmeputs TOK HeitpasibHoro mposona Iy (lg) u HampspkeHue cmemeHHs

ueirpamu Uy (Ugp), manHbie 3amucarsh B Tabnuiry 1.

Tabnuna 1- ITapametpsl TpexdaszHoH 1emnu.

Omnbit |Harpyska | Kirou Ia| Ig Ic In Ua | Ug | Uc [Uww [ Uag | Usc [Uca
S A|lA|A|A B B B B B B |B
1 %AZ BkJ1.
2 ZEZ_ Brika.
3 |Za= Bxi.
4 B~ Beixi.
=
5 |Za= Bk,
6 Bf Brix.
o=
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s onbrtoB Ne 1,3, 4, 5, 6 moctpouTh B MaciiTade BEKTOPHBIE TUarpaMMBbl
TOKOB M HaIPsHKEHUM.

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 HalpsKEHUN?

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 padoThl: DKCIIEpUMEHTAITBHOE MOATBEPKICHNUE pacueTa TMHEHHBIX TOKOB
P PA3IMYHBIX peKUMaxX padoThl Tpex(ha3HOM LETH.

3HaHus (aKTyanu3anms):
- (hu3mUeckue Mpouecchl B ANEKTPUICCKUX IEMSX;
- METO/IbI pacyeTa NEKTPUIECKUX Lernei
Ymenns:
- pacCUMTHIBATh IMAapaMETPhl W DJIEMEHTHI JJICKTPUUYECKHX U DIIEKTPOHHBIX
YCTPOWCTB;
- coOUpaTh ANEKTPUUYECKUE CXEMBI U ITPOBEPSTH UX PabOTY;

- U3MEPATHh MAPAMETPBI FJEKTPUUECKUX LIETIEN.

o

1 Cxema. A _]: C_ZL‘5 +IAB
on Tl | O

50 T - c @ —)— t
@
A !



2 Teoperuueckoe 000CHOBaAHME.

Jns coenuneHust a3 Harpy3kd TPEyTrOJbHUKOM HEOOXOJMMO Hayasio (asbl
COCIMHUTH C KOHIIOM TMPEABIYIICH, T.€. Kaxaas (a3a moTpeOUuTes MPUCOCTUHICTCS
COOTBETCTBEHHO K JIBYM JMHEWHBIM mnpoBoaaM. IloaTomy 1ipu coeauHEHUU
MOTpEeOUTENST TPEYrONbHUKOM (ha3HbIE HAMPSOKCHUS OKa3bIBAIOTCS PABHBIMH
COOTBETCTBYIOIIUM JUHEHHBIM HanpspkeHusM: Ugp=U .

da3HbIe TOKW MPHU COSAUHEHUN TPeX(Pa3HOro MOTpeOUTeNs TPEYTrOJIbHUKOM HE
paBHBI JIMHEWHBIM, TaK KaK B Hadajle Kaxjou ¢as3bl MOTPEOUTENST UMEETCS y3el
pa3BeTBIICHUS TOKOB. IIpm 3TOM HE3aBUCHMO OT COINPOTUBICHUM IMOTPEOUTENSA
MeXy (ha3HBIMU U TUHEWHBIMH TOKAMHU CYIIECTBYIOT COOTHOIICHHUSI, TIOJyYeHHBIC Ha
OCHOBaHUH MepBoro 3akoHa Kupxroda j1s y310B pa3BeTBICHUS TOKOB:

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

CooTHorieHuss MeXAy (a3HBIMU HAMPSHKCHUSIMH, TOKAMHA U COITPOTUBJICHUSMH
MIPU COEAMHEHUU MOTPEOUTENST TPEYTOJIbHUKOM HAXOSAT B COOTBETCTBUU C 3aKOHOM
Owma:

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

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

MEXAy BEKTOpaMu (pa3HbIX HANPSHKEHUM, Usas, Use, Uca 1t COOTBETCTBYIOIIUX (Ppa3HBIX
TOKOB iab, ibc, ica OIIPCACIIAIOTCS (l)aSHbIMI/I COIIPOTUBJICHUAMU HOTpe6I/ITeJI$IZ
Qap= 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

conmpotuBieHuss (a3 moTrpedutenss paBHBL: Rap= Rpe= Re; X  Xee=Xea
MPUYEM PEAKTUBHBIC COMPOTUBJICHUS HWMEIOT OJMHAKOBBIA (MHIYKTUBHBIN WU
€MKOCTHBIN) xapaktep. B 3ToM ciydae ¢a3Hbie TOKM U COOTBETCTBYIOIIUE YTIIbI
casura 1o ¢gaze Mexay Gha3zHbIMU HAMPSHKEHUSIMUA U (Pa3HBIMU TOKaMHu OyAyT paBHbBI
MEXK]Ty COOOM:

Iablec =|ca :|(p, (PaB:(PBcz(Pcaz(P(b-

Takum 06pa3om, npu coeAMHEHUH Tpex(Ha3HOTO MOTPEOUTEINS IIEKTPOIHEPTUU
TPEYTOJbHUKOM TIPU CHUMMETPUYHOM Harpy3ke TOKU BceX Tpex (a3 paBHBI MEXIY
co0Ol W CABHUHYTHI OTHOCUTEIHLHO COOTBETCTBYIOIIUX JIMHEHHBIX HANPSXKCHUN Ha
OJMHAKOBbIEC YIJbl. M3 BEKTOpPHOUW AuarpaMmsl Uil CUMMETPUYHOM HArpy3KH IIpU
COCIMHEHUU noTpeouTENst TPEYTOJILHUKOM, peACTaBICHHON Ha
pucynke 13.2 BUAHO, YTO JIMHEWHBIE TOKH OKA3bIBAIOTCS PABHBIMH M CIBUHYTBIMH
OTHOCUTEJILHO JIpYT Apyra no ¢daze Ha yroa 120°.

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

|n:\/§ lo

L/ ]I
Pucynok 13.2 - BektopHas tuarpamMmma JMHEHHBIX TOKOB

JUTSI CAMMETPHYHON HArpy3ku Qas.
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[Ipu HecuMMeTpUYHOM Harpy3ke (ha3Hble TOKH U YIJIbI CBUTA MO (pa3e MExXITy
¢da3HBIMU TOKaMU U (Pa3sHBIMU HANPSHKEHUSIMHU B 00IIEM cllydyae He OJMHAKOBHI. Tak
K€ KaK M TpU CUMMETPUYHOM Harpy3ke, OHU MOTYT OBITh ONpENEICHBI IO
COOTBETCTBYIOIIUM (opmynaM. BekTopHas nuarpamma, MOCTpOEHHas IJsl Cliydas
HECUMMETPUYHON aKTHUBHOW HArpy3kd Tpex(azHOTO MOTpeOUTENs] MpU COSAUHEHUH

TPEyTrOJBLHUKOM, TIpeCTaBlieHa Ha pucyHke 13.3.

Pucynok 13.3- BekTopHas auarpaMMa JTMHEWHBIX TOKOB
JUISl HECHMMETPUYHOM aKTUBHOM HArpy3KHu.

OTkiroueHne Harpys3kud OJHOW u3 ¢a3 cieqyeT paccMaTpuBaTh KaK YaCTHBIN
Cllydail HECUMMETPUYHOW HArpy3Ku, KOTJa CONPOTUBIEHUE OTKIHOYEHHOU (a3bl
paBHO OeckOHEYHOCTH. B 3TOM ciilydae BeKTOpHas Auarpamma MnpuoOpeTaeT BHI,

npeCTaBlICHHbIN Ha pucyHke 13.4 (Zyp=o).

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

[Ipu oOppiBe nMHEWHOTrO TMpoBOAa B Ienu Tpex(da3HOro MOoTpeOuTens

QJICKTPOOHCPIruu, COCAMHCHHOTIO TPCYTOJIBHUKOM, CICAYCT pacCMaTpuBaTh €ro Kak
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HoTpeOUTENsl, MOAKIIOYCHHOrO K oaHodasHomy wuctounuky (UBC). Bekrophas

JuarpaMMa TOKOB U HalpsKEHUH JIJ1sl ATOTO ciiydas peJicTaBlieHa Ha pucyHke 13.5

iu 'fn 7 .
Lae U
:_? _ "{
Iy "'jc

Pucynok 5- BektopHas nuarpaMma JUHEHMHBIX TOKOB
npu oopsiBe Pa3bl AB.
AKTHBHYIO MOIIIHOCTB TpeX(PazHOTO MOTPEOUTEINS STEKTPOIHEPTHU B OOIIEM CITyUae
MOKHO OTIPEJIETUTh Kak CYMMY aKTHMBHBIX MOIIIHOCTEH Bcex ero ¢a3: npu
COECIVMHEHNH 3BE300M:
P=P,+Ps+P.= Uul, cosp.+Ul, cOSpe+Ucle cosp.
MIPU COCTMHEHUN TPEYTOJIbHUKOM:
P=P.p +Psc +P ca= Uuglae COS(Das"'UscIsc C05(0ec+Uca|ca COSQca.

[Tpu cummeTpudHOl Harpy3ke a3Hble HAIPSHKEHUS, TOKH U YTIIbI ciBUTA (a3
OKa3bIBAIOTCS paBHBIMH. BClIeICTBHE ATOTO paBHBI TAK)KE W aKTHBHBIC MOIITHOCTH
BCeX Tpex (a3 moTpeOUTENs IICKTPOIHEPTHH. AKTUBHASI MOITHOCTH TpeX(ha3HOTo
MOTPeOUTENS HE3aBHCHMO OT CXEMBI €T0 COCTMHECHHSI MOYKET OBITh HalJiIeHa Yepe3
JUHEHHBIC TOKH U HAIIPSKCHUS:

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

AHAJIOTUYHO MOYKHO TOJYyYUTh W (HOPMYJTy I PEAKTUBHOH MOIIHOCTH
Tpex(a3zHOTo MOTPEOUTENS MPYU CUMMETPUIHOM HArpy3Ke:

Q=+3U I sin .
[TorHAst MOIITHOCTH Tpex(ha3HOTO MOTPEOUTENS TP CUMMETPUYHON Harpy3Ke:

S=J3Ul.

3 Ilepevyens mpudopos
1) Tpexda3ubiit nctounuk nepemennoro Toka ¢ Up =30 B, Ug =52 B; =50l

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
CONPOTUBJICHUH 3a/IaHHBIC MMTAPAMETPHI HArpy3KH (CM. TadI. 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 deTbipex 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

BBIUYUCIICHUSI.
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|JA|A|A Bt Bt Bt Bt
1 |Zas=
Zpc=
Zca=
2 |Zas=
Zpc=
Zca=
3 |Zne=
Zgc=
Zca=
4 |Zps=
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) 2Yemy 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 padorbr: @PopMUpPOBAHUE YMEHUH ITPOBOJUTH UCCIIEIOBAHUE XAPAKTEPA
MOITHOCTH TOTEPH B (DEPPOMArHUTHOM CEPACYHUKE KATYIIKHU.

3HaHus (aKTyanu3anms):
- (usnyeckue MPOIECChl B ANEKTPUUCCKUX IETISX;
- METOJIbI pacyeTa dIECKTPUUYECKUX TeTeit
Ymenus:
- pacCUMTHIBATh IMAapaMETPhl W DJIEMEHTHI JJICKTPUYECKHX U DIIEKTPOHHBIX
YCTPOKCTB;
- COOMPATh AIEKTPUYECCKUE CXEMBI U TIPOBEPATH UX paboTYy;

- U3MEPATHh MAPAMETPHI FJEKTPUUECKUX IIETIEH.

1 Cxema

308 R -

68



2 Teopernueckoe 000CHOBaHHUE.

[Ipu uccienoBaHuy ANEKTPUUECKUX U MAarHUTHBIX TOJIeH OBLIIO 3aMEYEHO, YTO
TeJa U3 MOBOASIIUX MaTEPUAIIOB (CTallb, ME/lb, ATIOMUHUI ), paCIONI0KEHHBIE B
M3MEHAIOIIEMCS MArHUTHOM T0J1e, HarpeBatoTcs. [Ipuuem, yem 6obiiie CKOpOCTh
WU3MEHEHHS] MarHUTHOTO TOJIsI, TeM OOJIbIIIE CTENEHb HArPEeBaHUs TPOBOTHUKOB.
CornacHo 3aKOHY 3JE€KTPOMArHUTHOW MHAYKIIUU MTPU BOSHUKHOBEHUU TEPEMEHHOTO
MAarHUTHOTO MIOTOKA B PA3JIMYHBIX CIOSX MPOBOJHUKA BO3HUKAOT DJC
ANEKTPOMArHUTHOM MHIYKIINH, O JEHCTBUEM KOTOPBIX B CIIOSIX MOJYITPOBOAHUKA
MPOTEKAIOT BUXPEBbIE TOKU. BUXpEBbIE TOKM B COOTBETCTBUU € 3aKOHOM J[KOyIIsi-
JleH11a BBI3BIBAIOT HAIPEB MPOBOAHMKA. ISl CEPIEUHUKOB JIEKTPUUECKUX MAIIUH
TaKOW HarpeB HEeXKeJIaTeJIeH, TaAK KaK CO3/1aeT ONACHBIN peXUM U
HETIPOU3BOAMUTENBHBIN pacXo SJHEPTUU B ycTporcTBax U cHmkeHue KII/I.
B nensx yMeHbII€HUS MOTEPh SHEPTUU CEPACYHUKH YCTPOICTB IEPEMEHHOTO TOKA
coOUparoTcs U3 JINCTOBOM 3JIEKTPOTEXHUUECKOW CTaJH, JINCTHI KOTOPOU H30JIUPYIOT
JPYT OT ApyTra CeHaTIbHBIMU JJakaMu (pUCYHOK 14.1). YMeHbIlIeHre TOKOB TaKUM
croco0aM JOCTUTAETCS 32 CYET TOTO, YTO CILJIONIHBIE KOHTYPHI 1IEJIbHOTO CepACUHUKA
OKa3bIBAIOTCS pa3pe3aHHBIMU Ha YaCTH, U30JIMPOBAHHBIE IPYT OT Apyra. TommuHa
JIUCTAa, a CIEA0BATEIbHO U IIMPUHA KOHTYpa BUXPEBOIO TOKA Maja, a, CJIEIOBATEIIHHO

MaJIbl U MTHAYIIHUPOBAHHBIC B HEM TOKH.

=
=]

e s e e ——
e e —

Pucynok 14.1 BuxpeBbie TOKHA B HETBHOM UM IIMXTOBAHHOM

CepACYHUKAX.
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Ecnu npene6pedb HEPAaBHOMEPHOCTHIO PACTIPEIEICHUS] MATHUTHOTO MTOTOKA B
MONEPEYHOM CEUEHUU JTUCTOB MAarHUTOIIPOBO/IA, TO MOIITHOCTD MOTEPH OT BUXPEBBIX
TOKOB MOKHO TTOJCUHUTATH IO CIEIYIOIeH dhopmyIie:
Py=a,f ‘B :: G,
r7ie og - KO3PGUIMEHT BUXPEBBIX TOKOB, 3aBUCSIIINI OT COPTa CTAIH W TOJIIAHBI
CTaJIbHBIX JINCTOB;
f - vacrora Toka;
B - aMmmuTy1a MArHUTHOM UHTYKIIUU;
G - Macca cepacUHHKA.
MOoUTHOCTh TOTEPH OT TUCTEPE3UCA OMUCKIBACTCS IMIUPUYECKON (opMyIoit
P, =0,./B,0G,
IJI€ 05 - TUCTEPE3UCHBIN KO3 (UIIUEHT, 3aBUCSIINI OT COpTa CTAIN U Pa3MEPOB
CTaJIbHBIX JINCTOB (OMPEICISIETCS IKCIIEPUMEHTAIBHO); N - TOKa3aTeh AMIUTATYIbI
MarHuTHON MHAYKIMU (N = 1,6 npu By < I Taun=2npu By =1- 1,6 Tn).
JJist yMEHbIIIeHUs TOTEPh Ha TUCTEPE3UC CEPJICUHUKH ITIEKTPOTEXHUUECKUX
YCTPOWCTB, pabOTAONMINX HA IEPEMEHHOM TOKE, U3TOTOBJISIOT U3 MAarHUTOMSTKHX
(heppOMarHeTUKOB C Y3KOH TeTIIel rucTepesnca.
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) ceyenue cepaeynnka S=4,8 cm?
B) Bec ctanu 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

peoctat B nojoxxenue U . I3MeHss HanpspKeHHe, MOABOAUMOE K KaTyIIKe

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 u3amepenusim U, |, P, Berauciuts P ., - moTepu B cranu, P ,, - morepu B meau, P

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

6) Ilo moay4YeHHBIM JaHHBIM TOCTPOUTH rPadUKH:

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 n3MeHsieTcst MHAYKTUBHOCTD KaTYIIKH ¢ ()epPOMArHUTHBIM

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 MOJIYyYaTh SKCIEPUMEHTAIIbHBIE TPa(UKU
IIEPEXOIHBIX IIPOLECCOB B KOHJEHCATOPE.
3Hanus (akTyanuzanus):

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

- U3MEPATHh MAPAMETPHI FJIEKTPUUECKUX IETEH.

1 Cxema
. . PmA R
C
pv 2 . - C) pvV
30B —
. | -

2 TeopeTuueckoe 000CHOBaHHE.

B ycraHOBHBIIEMCS pPEXUME HANPSDKEHUS W TOKH BO BCEX YYacTKax
DJIEKTPUUYECKOW e OCTAIOTCS HEM3MCHHBIMH B TCUCHHE CKOJIb YTOJIHO OOJIBIIOTO
NPOMEKYTKa BpPEMEHU. B TMOHSITHE HEM3MEHHBIX HAIPSIKEHUH M TOKOB B JaHHOM
Cllydae BKITIOYAIOTCS HE TOJIBKO MOCTOSIHHBIE, HO M CHHYCOUJAIIbHBIC HANIPSHKCHHUS, U

TOKHU C TTOCTOSIHHOW aMIUTUTYJIOW U YaCTOTOM.
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[To ycrnoBusiM sKCIUTyaTalMy U XapakTepy pabOThl 31EKTPOYCTAHOBOK WM IO
ApYyTUM (B TOM YHUCJE CIy4allHbIM) MPUYMHAM MPOUCXOAUT U3MEHEHMs PEKUMOB B
DNEKTPUYECKUX LIETIAX.

Jlia mepexona OT OJHOTO YCTAHOBUBLIETOCS PEKUMa K JIpyromy TpeOyercs
HEKOTOPBIN IEPEXOAHBIM IE€pUOJ, B TEYEHHE KOTOPOrO BEJIMYHMHBI TOKOB M
HaIPSKEHUHN B QJIEKTPUYECKOMN LENU U3MEHSAIOTCA.

IIpu4uHBI BO3HMKHOBEHHS MEPEXOIHbIX IPOLECCOB.

DIIEKTPOMATHUTHBIE MTPOLECCHI, MMPOUCXOISIINE B JIEKTPUUECKUX LENAX MPH
[Iepexose OT OJHOTO YCTAHOBUBILIEIOCA peXMMa K JIpyroMy, Ha3bIBAalOT
nepexoOHbIMU NPOYECCaMU.

Bpems, B TeyeHume KOTOPOro MPOJMOJKAETCA MEPEXOAHBIM MPOLECC B
JJIEKTPUYECKON LE€NH, Ha3bIBAIOT IIEPEXOJHBIM IEpUOJOM. BelHYnHBI TOKOB U
HalpsUKEHUM, W3MEHSIOIINUECS] B TEUEHHE [IEPEXOJHOr0 IEPHUOJA, Ha3bIBAKOT
IIEPEXOTHBIMHA TOKAaMU U HANIPSKECHUSMH.

IlepexonHble MpOLECCH BOZHUKAKOT BCIIEACTBUE U3MEHEHHS 3. 1. C. B LEIH,
HaIpsKEHUS, IPUIIOKEHHOTO K LEIH, WIH B CBSI3U C U3MEHEHUEM €€ MapaMEeTPOB —
CONIPOTHUBIICHUS, UHIYKTUBHOCTH UJIH €EMKOCTH.

HenocpencrBeHHbIMM TNIPUYMHAMHA  BO3HUKHOBEHHSI TNEPEXOIHBIX IPOLIECCOB
MOTYT OBITb: KOMMYTAIIMOHHBIE W3MEHEHHUS PEXKHUMOB, T. €. BKIIOYEHHE H
BBIKJIFOYEHNE UCTOYHUKOB IIUTAaHUs], IPUEMHUKOB DHEPIUH; KOPOTKUE 3aMbIKaHUs Ha
y4acTKaxX  JJEKTPUYECKUX  ILENel; HU3MEHEHUS  MEXaHWYECKOM  Harpysku
AJIEKTPOABUTATEIIEH U JIP.

IIpoAOKUTENBHOCTh NEPEXOIHBIX IPOLECCOB B JJIEKTPUUYECKUX LEIAX Yalle
BCETO COCTABJISIET AECATHIE B COThIC JOJIM CEKYHIbl. OQHAKO 3HAHME XapaKTepa HUX
OYEHb BAXKHO, TAK KAaK M 3a MaJO€ BpeMs BO3MOKHBI PE3KHE YBEIMYECHUS TOKOB U
HaIpsKEHUHM, KOTOPbIE MOTYT OKAa3aThCsl OMACHBIMU ISl JIEKTPUYECKUX YCTAHOBOK.

B ycTpoiicTBax cBsi3M, aBTOMaTUKH, BBIYUCIUTEIbHON TEXHUKH, PATUOTEXHUKH C
MOMOMUIBIO MEPEXOAHBIX MPOIECCOB (OPMUPYIOTCS UMITYIbChl — CHUTHAJbI, HECYIIUE

onpeaeneHHy0 HHPOPMALIHIO.
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N3yuenune nepexoaHbIX MPOLECCOB B 3TUX YCTPOMCTBAX HEOOXOIUMO JIJIsi OIIEHKU
TE€X U3MEHEHHI, KOTOPbIE OHU MOTYT BHECTH B JIEKTPUUECKUE CUTHAJIBI.
CoOTHOILIEHNE MJIUTEIBHOCTEN YCTAaHOBUBIIMXCS U MEPEXOJHBIX PEKUMOB MOXKET
OBITb CaMbIM pA3IMYHBIM M 3aBUCHUT OT YCJIOBHM 3KCIUTyaTallkd W Ha3Ha4YeHUs
NeKTpuueckux meneil. OAHM U3 HHUX O MPOJOJKUTEIBHOCTH NPAKTUYECKU BCE
BpeMs palOTalOT B YCTAHOBHBIIEMCS PEXHUME (IBUTATE€NW C JJIUTEIbHOW, HE
MEHSIOIICUCST Harpy3KOH, JTaMIIbl 3JIEKTPUYECKOTO OCBEIICHUS ), APYyrue, Hao0opoT,
HEIMPEPBIBHO HAXOJATCA B MEPEXOJHOM pPEXHME (IBUraTead C MOBTOPHO-
KpaTKOBPEMEHHON Harpy3Koil, JIMHUU CBSI3M BO BpeMs Iepenayd HHQpopManu,
MMITYJIbCHBIE YCTPOWCTBA AaBTOMATHUKHW, BBIYMCIUTEIBHBIE MAIIMHBI B IEPHOJ
paboThI).

Bropoii 3aKOH KOMMYTALMH.
Bropoii 3akoH KOMMyTauuu MpUMEHSETCA K IensM, oOJaarouuM €MKOCTBIO.
CoriacHO 3TOMy 3aKOHy, HampsiZKeHHe Ha eMKOCTH He MOMeT H3MEHHUTHCH
cKka4yKoM. [lo3TOMy MIHOBEHHOE 3HAay€HUE HANPSIKEHHS HAa €MKOCTH B IEPBBIN
MOMEHT TEPEXOAHOr0 IMEpPUOoAa OCTAETCS TAaKUM, KaKUM OHO ObUIO B MOCJIEIHHM
MOMEHT NPEIIIECTBYIOLIErO YCTAHOBUBLIETOCS PEXKUMA.

Paccyxnenusi, MOATBEP)KIAIOIIME BTOPOM 3aKOH KOMMYTAalUHU, MPOBEAEM
MPUMEHUTENBHO K CIIy4ar0 3apsIKH KOHJIEHCATOPA Yepe3 Pe3UcTop (BKIHOYEHHUE LIETH
¢ r u C Ha MOCTOSTHHOE HampspkeHue, pucyHok 15.1) 1o 3ambikanus pyOmibHUKa P
YCTAaHOBUBIIUHCS PEXKUM XapaKTepU3yeTCs TeM, UYTO TOK B ILIETH, HANPSDKEHUS Ha
PE3UCTOPE U KOHJIEHCATOPE PABHBI HYJIIO.

C MoMmeHTa 3aMbIKaHHUs pPyOMJIPHUKAa BO3HMKACT MEPEXOAHBIA IMpoLecc, B
TEYEHUE KOTOPOTO HAIpsKEHUE HAa KOHACHCATOpPE YBEJIMUYMBACTCS A0 HAINPSIKEHUS
ucrounuka U (kKoHJIeHCATOp 3apsiKaeTcsl), UBMEHSIOTCS TOK H LIETH 1] HAlIPSKEHUE Ha
pe3ucTope.

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

Tok B LCTIN IPOMOPIHHUOHAJICH CKOPOCTU M3MCHCHUS HAIIPAKCHNA HAa KOHJACHCATOPC!
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i=C d;tc )

YuuTteiBas 9TO, ITOJIYYUM:

du
U=u,+rC—= 4
e @

HpHHO)K€HHO€ K IOCIIN HAIIPAKCHUC (HaHpH)KGHI/Ie I/ICTO‘IHI/IKa) ACINTCA

duc
dt

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

B pe3ucTope, a apyras (Uc) paBHA HAIPSHKEHUIO B KOHJIEHCATOPE.

S . &

Pucynok 2.1- 3apsnka KoHIEeHcAaTOpa Yepe3 COMPOTUBIICHUE.

B ycraHoBuBIIEMCS peXUME NMPU 3aMKHYTOM pyOuibHUKEe P HampsbkeHue Ha

KOHICHCATOPE HE U3MEHSETCAd, T. €. CKOPOCTb W3MEHEHUSA HAIpPsHKEHUS Ha
duc -
KOHJICHCATOpE paBHa HYIIIO: F=0, MO3TOMY M TOK B LIETIM PAaBEH HYIIO: lyer O.

Hampspxkenue Ha pe3ncTope paBHO HYJIIO, U, CIEA0BATEIBHO, HAMIPSKEHUE UCTOTHHKA
IOJIHOCTBIO TPWIOKEHO K KOHJEHcCAaTopy: Ucyer U (T. €. menp pa3oMKHyTa
KOHJEHCATOPOM).

JlokazaTtenbCcTBa CYIICCTBOBAHUS TIEPEXOJHOTO IEpUOIa TIPH  3apsijiKe
KOHJIEHCATOpa AHAJIOTMYHBI TE€M, KOTOPBHIE paHee OBLUIM MPUBEICHBI IS IEMU C
KaTYIIKOH WHIYKTUBHOCTH.

[IpenmonoxxuM, 94T0O B MOMEHT 3aMbIKaHWUsS pPyOWJIbHWKA P HampspkeHue Ha
KOHJIeHCaTOope M3MeHMIOCh ckaukoM OoT 0 10 U . Takoe mpeanonoxxenrne 03HaqaeT

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

OPOTUBOPEYUT YypaBHEHHIO (4), B KOTOPOM HANpsDKEHHE HMCTOYHUKA SIBIISIETCS
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KOHCYHON BEJIUYMHOM. KpOMe TOro, IIpyu U3MCHCHUHN HAIIPSXKCHUSA Ha KOHACHCATOPE
CKAQYKOM SHCPI'Us 3JICKTPUICCKOI'O ITOJIA JOJIKHA YBCINYUTHCA MTHOBCHHO OT 0 a0

_cu?
2

W, . JlJ1s Takoro ckaykooOpa3HOro U3MEHEHHs SHEPTUU TPeOyeTCs] HCTOUYHUK

OECKOHEYHO OOJIBIIION MOIIHOCTH, YEro HE MOXET OBITh B AcHCTBUTENbHOCTH. M3
BTOPOTO 3aKOHA KOMMYTAIMH CJEAYyeT, YTO B Ha4YaJIbHBI MOMEHT TNEPEXOJTHOTO
nepuoja (nmpu t=0) HanpsKeHUe Ha KOHJeHcaTope paBHO HYIO (Uco 0) (KOHIIEHCaTOp
Kak OBl 3aMKHYT HaKOpOTKO). HampspkeHue Ha pe3ucTope paBHO HAIPSKEHUIO

HCTOYHHUKA Ior = U, a TOK B 1ienu

LY
r
YpaBHeHHe KPUBBIX IEPEX0JHOI0 TOKA U HANIPSIZKEHUSI HA KOHAEHCATOope
3aKOH M3MEHEHHsI HANpsHKEHHs] Ha KOHACHCATOPE M 3apSJHOTO TOKAa MOXKHO
HaiTu, pemnB auddepeHnuanbHoe ypapuenue (4). Ilyrem pazneneHus: nepeMeHHbIX

ATO ypaBHEHHUE MPUBOJUTCS K BUAY, yIOOHOMY ISl HHTETPUPOBAHMUSI.

duc _ dt
U-u. rC

WNuTerpupoBanue W MOCIENyIOUME MPeoOpa3oBaHUsl, MPUBOAUT K PEIICHUIO

t
YpaBHEHUS B BULE u. =U+K,e©

rae Ky - moctossHHast HHTETpUPOBaHUS.
N3 navanpabix yenoBuit (=0, Uco=0) Haxogum: Ks=-U.

YpaBHEHHE KPUBON HANPSIKEHUS HA KOHAECHCATOPE MPUHUMAET BU]T

t
VYpaBHeHUE 3apsSAHOTO TOKa JIETKO HAWTH W3 MpeAbIAyLIero ypaBHeHHs (5), eciu

y4ecThb BbIpaxeHue (3)

t t
dt dt rc

B nanpHelinem Juisi aHain3a NEPEXOHBIX MPOLIECCOB MPH 3apsIKE KOHIAEHCATOPOB
notpedyeTcsi BhIpa)KEHHE CKOPOCTH M3MEHEHMs HalpsDKeHHs Ha KOHIEHCATope B
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HayaJIbHBIK MOMEHT BpPCMCHMU. 210 BBIPAXKCHUEC HCTPYAHO IIOJIYYHUTH, HCIIOJIb3YSA

du, i, U

dbopmynst (3) u (6): ( at )o = c rc (7)

Fpa(i)I/IKI/I 3aBUCHUMOCTH HAIIPSOKCHUA HAa KOHIACHCATOPC HC U 3apsAJHOTO0 TOKa i3 oT

BpEMEHH U300paKeHbI Ha pUCyHKe 15.2.

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

Kak BuaHO u3 3TuUX TpadUKOB, CKOPOCTb YBEJIWYEHUS HANpsIKEHUS Ha
KOHJIEHCATOPE M CKOPOCTh YMEHBILIEHHUS 3apsHOTO TOKA HEMPEPHIBHO CHUKAIOTCS.
Hanpsioxenue Uc ¥ 3apsaHbli TOK aCUMITOTHYECKH CTPEMSITCS K CBOMM Mpenenam: Uc
— K BEIMYMHE HampsbkeHus ucrounuka U, a Tok | — k Hymo. Teoperudecku
MEPEXOJIHbIM MPOLECC MPOJOIDKAETCS OECKOHEYHO [I0JITO, YTO IMOATBEPHKAAIOT
ypaBuenust (5) u (6) (Uc=U, i=0, t=w). OgHaKO NPAKTHYECKH CUYUTAIOT, YTO
MEPEXOAHBIN TpoIlecC 3aKaH4YMBaeTCs 3a Bpems, paBHoe (4+5)t. Bemuumna T B
ypaBHEeHUSX (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
OEeMr ¢ UHAYKTHUBHOCTBIO, ABJISICTCA IMOKA3aTCIIEM ITPOAOJDKUTCIIBHOCTHU IICPEXOAHOTO
Imponccca.
B YpaBHCHHUHN (5) MOHO BBIJCIUTL IPHHYXIACHHYIO H CBO6OI[HYIO
COCTAaBJIAIOMIME HAIIPAXKCHHA HA KOHACHCATOPE!
uC:uCnp+uCCB;
Ucnp=Ucyem =U; 9)
t

U, =-Ue * (10)

3apsaaHBIN TOK COCTOUT TOJBKO U3 CBOOOHON COCTABIISIONICH

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

a IPUHYXJICHHAS COCTABJISIONIAs I = lyem =0.

Pa3psiika KOHIEHCATOPA HA CONPOTUBJICHHE.

[lepexonHplil mpolecc MpU pa3psAlIKe KOHJEHCATOpAa PacCMOTPUM IO CXEME
PHUCYHKa 7, IpeArnonaras, 4To 3apsyKeHHbIA 10 HAIPSKEHUS UC yem = U
KOHJIEHCATOp €MKOCThI0 C OTKIIIOYAeTCs] OT MCTOYHMKA SHEPTUU M €ro OOKIIAJIKH
3aMBIKAIOTCS Ha COMPOTUBIICHUE T.

[Tocne mepexmodeHHsT MO CXeMe pPHUCYHOK 15.3 KOHJEHcatop HE MOXKET
pa3psaUThCS MTHOBEHHO, T. €, HAPSUKEHHE Uc HE MOYKET YMEHBIIUTHCS CKAaYKOM JI0
HyJId, a TOJJIEPKUBAETCS B TEUEHUE IEPEXOJHOT0 IEPUOJa 3a CUET SHEPIuH,
HAKOIIJICHHOM B DJIEKTPUYECKOM I10JI€ KOHJIEHCATOPA.

[Ipy 5ToM B aKTHBHOM COIPOTUBICHUM I COBepIIaeTcsl HEOOpaTHUMBINA MpoIlece
MIPEBPAILCHAS]  DJIIEKTPUYECKOW DHEPIMM B  TEIUIOBYK. 3amac dSHEPrud B
ANEKTPUYECKOM I0JIE HEMPEPBIBHO COKPAIIAETCS, 4 BMECTE C 3TUM YMEHBIIAETCA U
HaIpsDKEHUE Ha KOHJeHcartope. Bo Bpems INepexogHOro mnepuoja KOHIEHCATOp

SABJIIACTCA HCTOYHUKOM SHCPIUH.
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Pucynox 15.3 - Cxema pa3psaku KOHICHCATOpa

XapakTep HW3MCHCHHs HAMNPSOKCHWS HAa KOHJIEHCATOPE IPU €r0o  pas3psiike
MOXKHO YCTaHOBUTh TIOKa 0e3 MaTeMaTHYeCKOro aHalnu3a  HECIOKHBIMH
pPaCCYyXXJICHUSAMH, TIPEIIONOXKUB, UYTO KOHJEHCATOp 3aMKHYT Ha TO JKe
COTPOTHUBJICHUE I, YEPE3 KOTOPOE OH 3aPSIKACTCA.

B HayanbHBIE MOMEHT MEpPEXOJHOTO IMEpHUOo/ia 3HAYEHHWE HAMNpPSKEHUS Ha
KOHJCHCATOPE COXpaHseTCS, KaKk M CIEAyeT M3 BTOPOro 3aKoHa KoMMyTanuu. B
JaNbHEHIIeM 3aKOH YMEHBIICHHUS HampspKeHHs OyAeT OINpeAesiaThCs M3MEHEHHEM
SHEPTUM B AJIEKTPUUYECKOM IOJI€ KOHJEHCATopa, MOAOOHO TOMY, KaK IpPH 3apsjiKe
W3MEHEHHEM  DJHEPTrUU  DJIEKTPUYECKOTO  TMOJs  OmpeAemnsieTcss  CBOOOAHAs
COCTAaBJIAIONIAS HANpsDKeHUsT Ha KOHAeHcartope (pucyHok 15.4).  Orianuue
3aKJTFOYACTCS JIMIIb B TOM, YTO TPHU 3apsAKE DHEPTUS B DICKTPUUECKOM II0JIC
HaKaruiuBaJiach, a MpHU paspsAake oHa pacxoxyercs. ['paduku, oTHOcsIIMECS K
MIPOIIECCY 3apsIIKH, TTOKa3aHbl MYHKTUPOM, a TpaduKH TPH Pa3psIKe — CIIOMTHBIMHU

JUHUSIMU ).

g,
U

p————

v
r

Pucynok 2.4 - I'padvku nepexoIHbIX HAMPSKEHUS
Y TOKa IPU pa3psiJIKe KOHJIEHCATOPA.
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Kacarenbnas k rpaduxky u ¢ B Touke ¢ koopauHaramu t=0, u ¢ = U oTceuder Ha ocu
BPEMEHU OTPE30K T, BRIPAXKAIOIINNA MTOCTOSIHHYIO BPEMEHH 1IeTH, KOTopas ’
npu paspsijke anreOpandecku onpenensercs Gopmynoit (1 3).

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

ClIydas HAIIPAKCHUC HCTOYHHKA HYKHO CUUTATh PABHBIM HYJIHO!

du
0=u, +rc—=
du
_ C
0TCIO/1, u. =-rC gt
du dt
Ilocne pasaciacHus IICPCMCHHBIX ITOJIYYUM 4 = _E
C
_t
ITocne uHTErpUpOBaHUS MOTYYUM u. =K ©

rine Ks — mocTossHHass HHTETpUpOBaHUs, ONpeAeIiieMast U3 HAaYaJIbHBIX YCIIOBHIA:
pu t=0wu uc=U.
[ToxcraBisis HadadbHBIC YCIOBHS B TIOCIICIHEE ypaBHEeHUE, HalieM Ks = U.
CnenoBaTelbHO, HANPSDKEHHWE HA KOHJEHCATOpPE IMIPH  pas3psaKe BbIpakaeTcs

YpaBHEHHEM

uc =Ue ™ =Ue * (11)

rae T = rC - TOCTOSIHHAs BPEMEHU LIENH MpHU pas3psiike KoHuaeHcaTopa. UTak,
HaIpspKEHUE Ha KOHJIGHCATOpe MPU pa3psJIKe YMEHbBIIIAETCS MO AKCIIOHEHITUATLHOMY

3aKOHY OT 3HAYCHUA Ucp = U A0 YCTAHOBHUBIICTOCA 3HAYCHU A
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Ucyer=0. CpaBuuBass ¢opmyiny (11) ¢ BbelpakeHHEM CBOOOJHOTO HANpsKEHUS Ha
KOHJICHCATOpe TIpH 3apsike, yOeKgaemcsi B TOM, YTO OHHM OJMHAKOBBI, €CIIH HE
YYHUTHIBATh HM3MEHEHUS 3HAKA.

JTMTeILHOCTH TEPEX0HOr0 MpoIecca, Kak U MpU 3apsaKe, TEOPETUICCKH
paBHa OECKOHEYHOCTH, a MPAKTHYECKH pa3psaKa CYUTACTCS 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 noctosiuHoro Hanpsbkenus U = 30 B.
2)Mummammnepmetp (0 -u 0,03) MA
3) PesucTopsl.
4)Kiroy - 1 1.
5)Peocrar - 1 mir.
6)BonbT™etp - 1 miT.
7)Mara3un eMKOCTeH - 1 mT.
8)Cekynmomep CM - 60 - 1 .
5 IopsinoK BBLINMOJHEHHS PadOTHI.
1) Omnpenenutsb pa3melleHrne IpruOOPOB HA CTOJIE.
2) CoOpatb SJIEKTPHUYECKYIO CXEMY IICTIH.
3) OnpeneiauTh LEeHy JAeIeHHUs MPUOOPOB, YCTAHOBUTH 3a/IaHHOC 3HAUCHHE
COIPOTHUBIICHUA U EMKOCTEM.
4) TlpenbsaBUTH COOpaHHYIO CXEMY IS TPOBEPKHU MPEIIOAaBaTEIIIO.
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 .

PacuyerHbie 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 TpaduKy.

10) Cnenatb BBIBOJ,.

Ta6nuna 1- [lepexoaHbie MpoIecCHl.

YcraHoBUTH 3apsin Pazpsin
N3meputh  [BIYUCIUTH H3meputhb Berunciuth
No R C U t | Uc Ur t i Uc Ur
onsita| MOMm | Mk®D ¢ |MxA| B B c MKA B B
1
2
3
4
)
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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3. Cunpees, 10.I'. DnexkTpoTexHuka ¢ OCHOBaMu AJIeKTpoHUKH [ Tekcr] :
yue6. mocobue qst CIIO / FO. I'. Cunpees. - PoctoB H//1. : @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: PUO, 2019. - 105 c.

HOHOHHI/ITGHBHBIG HNCTOYHHKH.

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

6. CutHukoB, A. B. OCHOBBI 3JIEKTPOTEXHUKH [DIEKTPOHHBIN pecypc] :
yueOHuk/ A. B. CurnuxoB. - M. : HUL[ UH®A-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 rnocooue - M.: U] DOPYM: HUIL]
NHOPA-M, 2019. - 448 C.- Pexxum JIOCTyIIA:
http://znanium.com/catalog/product/989315
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MHTEpHET- pECYPCHI:

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 KOJJIeTA»

OTYET

0 BBITMOJIHEHUIO Ja0OpaTOPHBIX PadOT
Mo Y4eOHOU JUCIUTUIHHE

«3Jzel<mp0mexnul<a»

Bemonaun:

['pymma:

[IpoBepu:

Yensgounck, 2019
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