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AKT COI'ZIACOBAHUA

Ha MeToanueckue peKOMEH AU 110 BHIMOJIHEHUIO MPAKTUYECKUX paboT
1o y4eOHOM TUCHUILINHE «DIEKTPOTEXHUKA U IJICKTPOHUKAY,
paspaborannbie npenoaasarenem [MIIK BB Jlup C.B.,

JUTSL CTYJICHTOB CHEI[UATBbHOCTH
08.02.04 BonocHabkeHue B BOJIOOTBeACHHE (0a30Bast MOJTOTOBKA)
I'BITIOY CIIO «tOxHO0-Y panbCKuil TOCYJapCTBEHHBIN TEXHUYECKUN KOJIIEIK»

Meronudyeckue pPEeKOMEHIAIMKM TI0 BBIMOJHEHUIO MPAKTUYECKHX paboT 1o ydeOHOU
TUCIUIUTNHE «DJICKTPOTEXHUKA W DJJCKTPOHUKA» MpeIHa3HAueHBbI I OOydarommxcs 0a30BOU
noxarorosku cuenuaiapHoctd 08.02.04 BomocHabkeHue U BOIOOTBEIECHUE.

B mnporecce BBIMONHEHUS MPAKTUYECKUX paboT oO0ydaroliuecs CHUCTEMaTH3UPYIOT H
3aKpEIUISIIOT  TIOJIYYeHHBIE  TEOPETHUYECKHUE  3HAHMS, Pa3BUBAIOT  WHTEJUICKTyalbHBIE U
npodeccHnoHaATbHBIC YMEHHUS, (OPMHUPYIOT 3JIEMEHTHI KOMIIETCHIIHA Oy TyIINX CIICIIAATICTOB.

Metoauueckue pekoMmennanuu conepxkat [loscHutensHyro 3ammcky, [IpaBuna TexHUKH
0€30MacHOCTH TpU MPOBEACHUU MPaKTUYECKUX pabdoT, [lepeueHs U copepxaHue MPAKTHUYECKUX
pabot, muteparypy (OCHOBHBIC U JOMOJIHUTEIbHBIE HICTOYHHUKH, IHTepHET-pecypchl), [Ipunoxenue
— o0paser TUTYJIBLHOTO JncTa, OTYeTa Mo MPaKTUIECKOi padoTe.

B pesynbpTaTe BBIMOMHEHUS MPAKTUUECKUX PabOT CTYIEHT JOJKEH YMETh HCIIOJIb30BaTh
MporpaMMHOE OOecrieueHrne B MPOQEeCCHOHATBHON NESTENIBHOCTH; MPUMEHSATh KOMIIBIOTEPHBIE U
TEJICeKOMMYHUKAIIMOHHBIE CPE/ICTBA; 3HATH COCTaB MH(GOPMAIMOHHBIX M TENEKOMMYHHUKAIIMOHHBIX
TEXHOJIOTUH; (YHKIMHM W BO3MOXXHOCTH WCIIOJIb30BaHUS WH()OPMAINMOHHBIX TEXHOJIIOTHH B
npodeccuoHaNIbHOM e TENIbHOCTH.

VYkazanuele MeToanuecKre PEeKOMEHJAIMU 10 BBIMOJHEHUIO MPAKTUYECKUX PadoT 1Mo
y4eOHOU TUCIUIUINHE «DIJIEKTPOTEXHUKA W JJIEKTPOHUKA» TMpeasaraercs HCIOJIb30BaTh IS
oOyuatomuxcs cneunanbHoctu 08.02.04 BonocHabkeHnue u BojooTBeieHHe (0a30Basi MOATOTOBKA)

IOVYpI'TK ounoit popmbl 00yueHuUs.

TeHepanphimi* |

O?* «ApxutekTypHas  Macrepckas

Mapxurretepay: ~ A.A. Mapkuiretep
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ITosicHuTeILHASA 3aNMUCKA

MeTtonuueckne peKOMEHAAIMU 10 BBITIOJIHCHUIO MPAKTHUYECKUX padoT
0 JUCHUIUIMHE OJEKTPOTEXHUKA M AJICKTPOHUKA JJis1 OOydarommxcs 10
crnenuansaoctu 08.02.04 BonocnabxeHne U BOJOOTBEIEHHUE.

[IpakTH4ecKkue 3aHATHS SBJSIIOTCS BaXXHBIM  DJIGMEHTOM  y4eOHOM
JTUCHUIUIMHE. B mpoliecce BBIMOJHEHUS MPAKTHUYECKUX PadOT oOydaromuecs
CUCTEMATHU3UPYIOT H 3aKPEIUIIIOT TIOJIYyYEHHBIE TEOPETUYCCKHUE 3HaAHUS,
pa3BUBAIOT HMHTEIUIEKTYallbHbIe U TMPOGECCHOHAIBbHBIE YMEHHS, (GOPMHUPYIOT
AIIEMEHTHI KOMITETCHIIMHA OyIYIINX CIICIIHANCTOB.

MeTtonuueckue pEeKOMEHIAIMK TPeIHA3HAYCHBI JJIs OpTraHW3allud
BBITIOJTHEHUS MPAKTUYECKUX pabOT M0 DJIEKTPOTEXHUKE U JICKTPOHHUKE.

[Tporpammoii mpemycmoTpeno BoeimongHeHHe 10 mpakThyeckux pador,

HaIIpaBJICHHBIX HA JOCTHUKCHHC CIICAYIOIIUX PC3YJIbTATOB!

Kon YmMenus 3HaHuA
I1K, OK, JIP
OK 1-11 — HCIOJIB30BaTh — OCHOBHBIE
IIK 1.2 SJICKTPOTEXHUYIECKUE  3aKOHBI | 3JIEKTPOTEXHHUUCCKHE 3aKOHHI,
IIK 1.5 UL pacyera  DIEKTPUYECKUX — METOIBl  COCTABJIEHUA U
1K 2.4 nene MIOCTOSHHOTO ¥ | pacueTa MPOCTHIX JNEKTPUIECKUX H
JIP 1 MEPEMEHHOTO TOKA; MarHMTHBIX IIeNeH;
JIP 2 — BBIIOJIHATH — OCHOBBI JICKTPOHUKH;
JIP 4 5JIEKTPUYUECKUE U3MEPEHHS; — OCHOBHBIC BHUIBl W THIIBI
JIP 10 — KCIIONIb30BAaTh 3JICKTPOHHBIX MTPUOOPOB;
JIP 11 ICKTPOTEXHUYECKUE  3aKOHBI
JIP 13 TSl pacueTa MarHUTHBIX TETeH;
JIP 14
JIP 15
JIP 16
JIP 17

Onucanne Kaxaod 1a00paTOPHO-NPAKTUYECKON pabOThl CONEPIKUT
HOMEp, Ha3BaHUE U 1Eedb PaboThl, (GOpMUPYEMbIE B TMPOIECCE BBINOTHEHUS
paboOThl 3HAHMS, YMEHUS M DJIEMEHThl KOMIIETEHIMH, TEOpPEeTUYECKOe

HU3JI0KCHHUC HGO6XOI[I/IMOFO MaTcpuajia, BapHAHTHBI 3aHaHHﬁ, OIMKMCAaHHUC




aNITOPUTMA BBITIOJIHEHHS PA0OTHI U KOHTPOJIBLHBIE BOMPOCHI (C 1ETBI0 BHISIBHUTH
Y YCTPAHUTh HEJJOUETHI B OCBOCHUH MaTepuana).

Jlnst mosyyeHus: AOMOJMHUTENbHOU, Oosee moapoOHOM MH(pOopManuu 1o
OCHOBHBIM BOMNpOCaM Yy4eOHOH JUCIHUIUIMHBI B KOHIE METOJUYECKUX
pEKOMEHJaluii PUBEACH NepeueHb HH(HOPMAIMOHHBIX UCTOUYHUKOB.

OT4eTbl CTYAICHTOB MO JIA0OPATOPHO-TIPAKTUYECKUM padOTaM JOJKHBI
CoJiep>KaTh HOMEp, Ha3BaHHE M Ieb Pa0OThI, BHIMOJIHEHHBIC 3aJaHUS U HUX
pe3yabTaThl, OTBETHl HA KOHTPOJIbHBIE BOIPOCHI U BBIBOJBI IO MPOJICTAHHON

pabore.

[NPABMWJIA TEXHUWKU BE3OITACHOCTH
[MTPU ITPOBEAEHUU JIABOPATOPHbBIX PABOT

1. o Hayana BBINOJHEHUs PaOdOThI HEOOXOJIMMO BHEIIHUM OCMOTPOM
MPOBEPUTh  HCHPABHOCTh  3JIEMEHTOB  cTeHga. OO0  oOHapy:KEHHBIX
HEUCIPABHOCTIX HEMEJIEHHO COOOIIUTD MTPETNOAaBaTENO.

2. Bkitouath CTeH TOC)ie COOPKHU CXEMBI pa3peliaeTcs TOIbKO MOoCIIe ee
IIPOBEPKU NPETNOAaBaTeIeM WK JJa0OPAaHTOM U B UX MPUCYTCTBUHU.

3. Ilpu cOopke cxeMbl HEIOMYCTUMO HCIOJIb30BaHUE MPOBOJIOB 0O€3
HAKOHEYHUKOB U C TIOBPEXKICHHON U30JISAIHEH.

4. Ilo oxkoHYaHMM COOpPKM CXEMbl HEOOXOAMMO YIAJIWUTh JIUIIHHUE
MpoBOJAA M MpeAMETHI (KHUTH, TOpTdenu u T.4.) ¢ padodero mecrta. [Ipoxobl
BOKPYT paboyero Mecra J0JDKHBI ObITh CBOOOTHBEI.

5. 3ampemiaercss MEpeKIOYaTh 4TO-IMO0 Ha CTEHAE, HaXOASIEeMcs O
HaATPSDKEHUEM.

6. IIpu HecuacTHOM cllydae HEMEUICHHO OKa3aTh MEPBYIO MOMOIIb U
BBI3BaTh Bpaya.

7. 3HaHUE HACTOSIIIUX PABUI 00s3aTENIbHO IS BCEX, U 03HAKOMIICHHUE C

HUMHU 0OPMIIIETCS POCTIMCHIO B KypHaJIe TI0O TEXHUKE 0€30MaCHOCTH.



IMTPABUJIA BBIITOJIHEHU S, OPOPMIIEHU A
U CAAYU JIABOPATOPHBIX PABOT

1. CryaeHT JOMKEH SBUThCS B J1a0OPATOPUIO TMOATOTOBICHHBIM
TEOPETUYECKH K BBITIOJHEHUIO MPECTOSIIEeH padoThl. J{J1s1 4ero Heo0X0AUMO:

a) M3y4YUTh MAaTepual, OTHOCSIIMICSH K COAECPNKAHUIO JTA0OOpaTOPHOMU
paboTHI;

0) MOATrOTOBUTH OTBETHl HAa KOHTPOJIbHBIE BOMPOCHI, COJEpKalIUecs B
JaHHOM PYKOBOJICTBE IO BBITIOJIHAEMOM padoTe;

B) 3aroTOBUTHh OJIaHK OTYE€Ta CO CXEMaMU MCCIEAyeMbIX Ienel u
TaOJIMIIaMU JIJIS 3aIIMCH PE3yIbTAaTOB U3MEPEHUI U PacueToB.

2. T'OTOBHOCTh CTYAEHTOB K BBIIIOJHEHHUIO JIA0OPAaTOPHOU pabOThI
npoBepsieTcsl npenojaBareneM. HemoaroroBieHHble CTYIAEHTHl K paboTe He
JOITYCKAIOTCA.

3. Ilpu BeIMOTHEHUU JAOOPATOPHBIX pabOT HEOOXOJUMO CTPOTO
co0JIroAaTh MpaBUJia TEXHUKU OE30MTaCHOCTH.

4. COopka wHccleqyeMbIX LIeNei, NPOBEIECHUEe MU3MEPEHUNn W
HKCIIEPUMEHTOB BBIMOJHSAETCS Opurajgamu B coctaBe 2+4 uyenoBek. OOpaboTka
pe3yNbTaTOB  OSKCIEPUMEHTOB  BBITIOJNHSETCS  K&XIbIM  CTYJEHTOM
CaMOCTOSITENILHO.

5. Otder mo kaxao0u JabopaTopHoit pabore odopmisieTrcss oTaenbHo. Ha
TUTYJIBHOM JIUCTE OTYeTa JOJDKHBI OBITh YKa3aHbl HaWMEHOBAHHE pPadOTHI,
aKkaJeMuueckas Trpynma, QamMwidd W HMHUIMAIBl  CTYJEHTOB M Jara
BBITIOJIHEHUST  J1abopaTopHOW  paboThl. JlomyckaeTcs MO  pa3penieHuro
npernoaBaTelis COCTaBICHUE OJHOTO OTUeTa Ha Opurany.

6. Cxembl, AMarpaMMbl ¥ rpauKy AOKHBI ObITh BBITTOJIHEHBI B OTUETE C

IMOMOIIBIO YEPTCIKHBIX MHCTPYMCHTOB, YCJIOBHBLIC rpaq)nquKHe 0003HaUYCHUS



AJIEMEHTOB AJIEKTPUUECKUX CXeM JIOJKHBI cooTBeTcTBOBaTh ECK/I. B oTuere
JOJDKHBI OBITH TPHUBEACHBI pacueTHbIE (OPMYINBI, a TakXKe BBIBOABI IIO
pe3ynbTaTam NPOBEIECHHBIX UCCIEIOBAaHUMN.

7. Cnaya pabOTBl COCTOMT W3 IPOBEPKH OTYETa MpPENoJaBaTesieM U
co0ecesoBaHus, 10 pe3ylbTaTaM KOTOPbIX IPOBOAMTCA  aTTeCTalus
BBINIOJTHEHHOHN pa0oTHI.

9. CryneHT nAOIMycKaeTcss K BBINOJHEHUIO CIEAYIOMIEH M0 IUIaHy
1ab0paTopHOI pabOThI P YCIOBUU CAAUU BCEX MPEABILAYIINX padoT.

10. IlpomymienHas yabopaTopHas paboOTa BBIMOJHSETCS CTYIEHTOM B

4achl 3aHATUN APYTUX AKaJAEMUYECKUX TPYIIL.

Kaxmas oTuetHas paboTa J0JKHA OBITH akKypaTHO odOpMIIeHA U BJIOKECHA B
nanky ¢ dainamu. OT4ET MOXKHO BBINOJHATH B PYKOINMCHOM BapHaHTE WIH C
npumeHenueM [1K. TlepBrwiii aitn B mamke JOJKEH coaepkKaTh TUTYJIbHBIN JIMCT
yCTaHOBJIEHHOro oOpasuma (mpuwioxenne A). Kaxmas otderHas pabora
MOANUCHIBAETCS MPETOIABATEIEM MTOCIE €€ 3alUThl U XPAHUTCS B MANKE Y CTyACHTA
10 KoHIla yyeOHoro roga. B xonue I cemecTpa cTyaeHT 00si3aH clIaTh MaIKy cO
BCEMH, TIOJMMCAHHBIMU TpernojaBareieM, padboTaMu U TMOJIYYUTh 3a4eT II0
7a00paTOPHO-MIPAKTUYECKUM  paboTamM 3a TrojA. 3adeT 1o JIabopaTOpHO-
MPaKTUYECKUM PabOTaM CTABUTCS MPU HAJUYUU B MANKE BCEX OTYETHBIX PadoT,

IIPOBEJICHHBIX B IPYIIIE.



i cnenuaiibHocTH 08.02.04 BogocHa0keHne U BOTOOTBEIEHUE

IlepeyeHb npakTHYecKuX padoT

10 ANCHUIIJINHC ((3JI€KTpOTeXHHKa H 3JICKTPOHHUKA»

Kou-Bo
Ne paGoTsi HaunmenoBanue
4acoB
JlabopatopHas | UccnenoBanue coeTMHEHUN PE3UCTOPOB
2
pabora Nel
WccnenoBanue Hepa3BETBICHHOM 1IN IEPEMEHHOTO
TOKa C aKTUBHBIM, EMKOCTHBIM COTIPOTUBJICHUEM U
JlabopaTtopHas
Pa3BETBJICHHOU IIEMH TIEPEMEHHOTO TOKA C 4
pabota Ne2,3
AKTUBHBIM, HHYKTUBHBIM, EMKOCTHBIM
COTIPOTUBJICHUEM.
JlabGoparopnas | MccnenoBanue Tpexda3Hou [enu npu COeAMHEHNUN 5
pabota Ned | moTpeOuTesneit 3HEPruu 3Be3701 U TPEYTOJIbHUKOM.
[TpakTuueckas | UccnenoBanre n3aMEpUTEIIbHBIX TPUOOPOB.
2
pabota Nel
[TpakTudeckas | Pabora ¢ omgHOda3HBIM TpaHCHOPMATOPOM.
2
pabota Ne2
[Tpaktrueckas | OnpeneneHre mapaMeTpoOB aCHHXPOHHOTO JABUTATEIIS
2
paboTa Ne3 | 110 acIOPTHBIM JaHHBIM.
[IpakTueckas | JlelicTBUE TeHeEpaTopa MOCTOSTHHOTO TOKA.
2
pabota Ned
[Ipaktrueckas | Yopasienue Tpexpa3HbIM aCHHXPOHHBIM JIBUTATEIIEM.
2
pabota Neb
[Tpaktrueckas | OnpeneneHre MOTEpH HAMPSHKEHUS U MOIITHOCTH B
2
pabota Ne6 | TUHUU DIIEKTpOTIEpeIayn.
Uroro: 20




KpI/ITepI/II/I OICHKHU OTYECTHbIX paﬁoT

Kpurepun Ouenka

PGSYJ'II)TaTBI IMPAaKTHYCCKUX 3aHATHN IIOCUHNTAHbI, CAC/IaH
HGO6XOI[I’IMI)II>1 aHaJIn3, IIPaBUJIBHO JaHbI IIMCbMCHHBIC OTtiauuHo
OTBCTHI Ha KOHTPOJIBHBIC BOIIPOCHI, ITPABUJIBHO
3apUCOBAHbI CXEMbI U CJCJIaH BBIBO/I

Pe3y.]'IBTaTBI IMPaKTHYCCKHUX 3aHATUMN IIOCYHUTAaHbl, HC CACIaH
aHaJIn3, HC TOYHO JaHbl IMCbMCHHBIC OTBCTHI HA XOpOH_IO
KOHTPOJIBHBIC BOIIPOCHI, IIPABUJIBHO 3apUCOBAHBI CXCMBI U
CACJIaH BBIBO/J

PGBYHBTaTBI IMPAKTHYCCKUX 3aHATUN IIOCYHNTAHbI, HC CACIIaH
aHaJIn3, HC TOYHO JaHbI IMCbMCHHBIC OTBCTHI HAa yI[OBJ'IeTBOpI/ITeJIBHO
KOHTPOJIBHBIC BOIIPOCHI, HC IIPAaBHUJIbBHO 3apHCOBAHBI
CXEMbI 1 HC TOYHO CACJIaH BBIBOJ

PGSYHBTaTBI IMPAKTHYCCKUX 3aHATHN HE ITIOCYHUTAHbI, HC Hey,Z[OBJ'ICTBOpI/ITeJILHO
CaAcCIaH aHaJIn3, HC JdaHbl IMCbMCHHBIC OTBCTHI HAa
KOHTPOJIBHBIC BOIIPOCHI, HC IIPABHUJIBHO 3apHCOBAHBI
CXCMbI 1 HC CACJIaH BBIBO/]




JIABOPATOPHAS PABOTA Nel
UCCJEJIOBAHUE COEJUHEHUMW PE3UCTOPOB

HEJIb PABOTbI

3aoaueti pabOTHI ABIIAETCS 3KCIEPUMEHTAIBHOE ONPEEICHUE NapaMeTPOB
aKTUBHOT'O JIBYXIIOJIFOCHUKA, OMIPECIIEHUE COMPOTUBIICHUS PE3UCTOPA METOIOM
BOJITMETpa-aMIepMeTpa, dKCIIepUMEHTalIbHas MpoBepKa 3akoHoB Kupxroda ams
[[ENHU TTOCTOSTHHOTO TOKA.

IIpooonscumenvrHocme pabomwl — 2 uaca

KPATKHUE TEOPETUYECKHUE CBEJIEHUA

COBOKYITHOCTh UCTOYHUKOB JIEKTPUUYECKON SHEPTUU U HATPY30K, IO KOTOPHIM
MOYET MPOTEKATh SJIEKTPUUECKUN TOK, HA3bIBAIOT 91€KMPUUECKOU YEeNnbio.
Ilocmosannuvim mokom Ha3bIBAIOT TOK, HEU3MEHHBIA BO BPEMEHHU.

J{nst mostydeHust TOKa B AJIEKTPUUECKOM 1IEMU HEOOXOIUM UCTMOYHUK DHEPSUU.
IIpu pacuere 1 aHaIU3€ ICKTPUIECKUX LIETIEH €r0 3aMEHSAIOT
pacUETHBIM SKBUBAJIEHTOM — HCTOUHUKOM D/IC ¢
MOCJIEIOBATEILHO BKIIOYEHHBIM COIPOTUBIICHHEM Ry, paBHBIM
BHYTPEHHEMY CONPOTUBIICHUIO PEATTBHOTO UCTOYHUKA

(BbIACIIEHHAS YaCTh pucC. 1).

BrizieneHHast 9acTh CXeMbI MPEJICTABISCT COOON aKmueHblil

08YXNOIIOCHUK.
HampaBnenue Toka v HanpaBlieHUE TTAJCHUS HATTPSHKCHUS
MPUHUMAIOT OT TOYKH C 00JIee BHICOKUM MTOTSHIIMAIIOM K TOUKE C 00JIee HU3KUM

MOTEHIIUATIOM.

10



Hanpsoxenue uctounuka J1C wnm aktuBHOrO AByXmnomtocHuka U = E— 1Ry

u3Mensercs ot 3Hauenus U, = E nmpu xonoctom xoze (COnpoTHUBIIEHHE BHELIHEN

nenn R =o0) 1o nyns npu koporkom 3ameikanuu (R=0, | =

l, =E / Ry).

3aBHCHMOCTH HAIIPsKCHUA UCTOYHUKA SJICKTPOSHECPTIHUH OT CHUJIbI TOKA,

BbI1IaBaACMOI'O M BO BHCIIHIOIO IICITb, HA3BIBACTCA eHeulHell xapakmepucmukoﬁ.

[To BHeNIHE#N XapaKTepUCTUKE MOXKHO OMPeNeNuTh napameTpbl uctounuka: 3/C E u

6HYMpPEHHEe CoOnpomuesjleHue RO. I[JI?I MHOTI'MX UCTOYHHUKOB BHCIIHAA XaPaKTCPHUCTHUKA

HpeACTaBisieT co00M MPSIMYIO JIMHUIO (pHC. 2, @).

B ciygasix, koraa MOKHO NpeHeOpeyb UA
BHYTPCHHHUM COIMPOTHBICHHEM UCTOYHUKA £ ¥ o
(Ro <<R), To, cunras Ry = 0, moayuum U = E , T.c. IR, a
HaNpspKeHUE UCTOYHUKA HE 3aBUCUT OT CHJIBI TOKA |.
Takoit ucrounuk 3/]C HazpiBaeTcs udeanvHovim. Ha Puc. 2 I>

IIPAKTHUKC UCTOYHHUK SI[C MOKHO CHUHUTATb

nacajabHbIM, €CJIX BO BCEM JHUAIIa30HC pa6oqero TOKa MaJCHUC HAIIPSIKCHUA HaA

BHYTPEHHEM COIPOTHBIICHUH UCTOYHHMKA Mayio o cpaBHeHuto ¢ DJIC: (Ug = | - Rp)

<< E. BHemHss XapakTeprucTUKa uaeaabHoro ucrounruka 3J]C nzobpaxeHa Ha puc.

2, 0.

O)IHI/IM N3 paclIpoOCTPaHCHHBLIX MCTOA0B U3MCPCHUA COIIPOTHUBIICHUA SABJIACTCSA

Memoo eonemmempa-amnepmempa. N3 3akona OMa ciemyer, 4To, U3MEpPUB TMajicHuE

HanpsbkeHus: Ug Ha pe3uctope v cuily Toka | B HeM, MOKHO HallTH COMPOTUBIIEHUE

pesucropa R:
Ur
I

J1j1st TaKOTO M3MEpPEHUsI MOKHO cOOpaTh JBa BapUAHTA CXEMBbI

R =

BKJIIOUEHHUS] U3MEPUTEIIBHBIX TPUOOPOB (puc. 3, 4).
Hano nmeth B BUY, YTO peaibHBIC BOJIBTMETD U

amIiepMeTp 00JIaatoT ONPeIeTICHHBIM BHYTPEHHUM

11
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COINPOTHUBIIEHUEM, COOTBETCTBEHHO Ry M Ry (Y uaeanbHbix mpubopoB Ry = oo, Ry = 0).
[Tpu UCIIONIb30BaHUN CXEMBI PUC. 3 CIIEYET yUUTHIBATh, YTO BOJIBTMETP

n3mepsiet Hanpspkenne U = Up + Ug 1 HalinerHoe o ¢popmynie (1) conmpoTuBieHue
R'=R+R,. Orciona R = 1 Rp. Ecimm Ry << R, TO compoTuBieHnemM

amIiepMeTpa MOKHO npeHedpeus u cuntath R’ = R.

[Ipu n3mMepeHun conpoTUBIIEHUS IO cxeMe puc. 4
amriepMeTp OyaeT uaMepsTh cuiny Toka Iy = | + ly. [ToaTomy
MIPU pacyeTe COMPOTUBICHUS R Ha/0 yUYUTHIBATh TOK Yepe3
_Ur

. Ecimu Ry >> R, TO0 TOKOM
Ia—lv

BosbT™METp: R =

BOJIbTMETPA MOYHO MPEHEOPEUb.
Bce anexktpuyeckue nenu nouuHs0TCS 3akoHaM Kupxroda.
Ilepswiii 3axon Kupxeogha: anredpandeckas cyMMa TOKOB B y3J1€

ANEKTPUYECKOM LIETTH paBHA HYJIIO:

z Ik :0,
k=1

rae N — KOJIMYECTBO BETBEW, 00pa3yIOLIUX Y3ell.
Bmopoti 3axon Kupxeogha: anredpandeckasi CcymMmma NaJicHUM HapsiKEHUN B

3aMKHYTOM KOHTYpE paBHsieTcs anredpandeckoii cymme JJ[C aToro KoHTypa:
n m
1=1 J=1
rae N — KOJMYECTBO COMPOTHUBIICHHH , M — konuecTBO DJIC B KOHTYpeE.

OIMUCAHUE JIABOPATOPHOM YCTAHOBKHA

1. JTaGopatopHas paboTa BHITIOJHSAETCS Ha YHUBEpCcAIbHOM cTeH e DB4.
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2. HeoOxoauMbie aMIiepMeTphl U PE3UCTOPHI PaCIONIOKEeHbI Ha maHean Ne 6.
J1ig u3MepeHus HanpsHKEHHS UCTIoNb3yeTcs 1 poBoit BonsTMeTp B7-38 B pexxume
U3MEPEHUS NOCMOAHHO20 HATIPSIKEHUSL.

3. KnemMmbl uctounuka nmoctosHHoro Toka (£0—220 B) u KHONKH BKITIOYEHUS
MUTAHUS CTEHA PACIIONIOKEHBI HA TOPU30HTAILHOM MaHeIn CTEH/IA.

4. J1nst mogauu HaMpsHKEHUS MUTaHUS HEOOXOTUMO:

- BKJIIOYUTh aBTOMATUYECKUIN BBIKIIIOUATENb, PACIIONOKEHHBIN 10T OTKUAHON
KPBILIKOW CTEH/IA;

- HaXaTh KHONKY “Bxkzi” 00IIero BKIIOYEHUS CTEH/A;

- Ha)KaTh KHOIIKY BKJIFOYEHHS MICTOYHHUKA ITIOCTOSIHHOTO TOKA, PACIOJIOKEHHYIO
MOJ BOJIbTMETPOM “‘Ilocmosinnoe”;

- YCTaHOBUTb 33JJaHHOE HANPSKEHUE HA 3aKUMax LIETH, NIAGHO

Bpamas pykoarky JIATPa.

HHOPAJOK BBIITIOJIHEHUA PABOTbI

1. O3HaKOMUTBCS C OMMCAHUEM JTA0OPATOPHOUN YCTAHOBKH.

2. CoOpatb cxemy (puc. 5). [IpeaBaputenbHO BEIOpATh aMIIEpMETP

C H€O6XOI[I/IMBIM MMpeaACIOM U3MCPCHUS, I10JIaras +

N
Harnpsokenue U=70 B. \_/ J_

3. IlopaTp HampsKeHHE Ha CXEMY U IpU R
MaKCUMaJIbHOM COMPOTHUBIIEHUH NTEPEMEHHOTO 100
pesuctopa R, ycTaHOBUTH HaNpsHKEHUE UCTOYHUKA Y :I: n
nutanus U = 60—70 B (110 ykazanuio |;_ 150
IpenojaBareis). g | '

4. Cusatp BHemHIO0 xapakrepuctuky U = f(1) Puc. 5

HCTOYHHKA, UBMCHA COITPOTUBJIICHHUC Rp.

Pe3ynbrarel u3mepenuii 3anectd B 1ad. 1.
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Tabnuya 1

U, B

I, A

[To nannbM Tabi1. 1 ©300pa3uTh BHENIHIOIO XapaKTEPUCTUKY UCTOUHUKA. CunTas ee
TuHEeWHOU, onpeaenuts Bennuuny J/[C E u BHyTpeHHee conpoTuBieHue Ry
UCTOYHHKA, HAYEPTUTh CXEMY 3aMEIEHUS NCTOYHHKA.

5. Anst cxeMsl (puc. 5) mpu pacCYUTAHHBIX TapaMeTpax UCTOYHUKA

ONPEJEIUTh COIPOTUBIIEHHE pe3rcTOpa Rp 1 TOK B 1IeNH, IPU KOTOPOM HaIpsKEHUE

Ha HeM pasno U R, = 20A.

HN3meHeHneM COIIPOTHUBJICHUA Rp YCTAaHOBUTH PACCUUTAHHOC 3HAYCHHC TOKA,
OKCIICPUMCHTAJILHO ITPOBEPUTH IIPABUIIBHOCTD BBIIIOJIHCHWA BTOPOI'O 3aKOHA

Kupxroda. Pe3ynbrarsl pacueToB 1 u3MepeHui 3aHeCTH B Ta0. 2.

[TapameTpsl I, A R,,Om | R+R,, Om U, B Ug, B Ur ,B
D
pacueTHble
OTIBITHBIE
Tabnuya 2

6. OnpenenuTh BEIUUYUHY CONPOTUBIICHUs R + Rp mpy HEM3MEHHOM CONTPOTUBIICHUU
pesuctopa Rp METOIOM BOJIBTMETpA-aMIIEpMETPa, CUUTAST U3MEPUTEIBHBIE IPUOOPHI
uaeanbHbIMU. CpaBHUTH pacyeTHOE (U3 M. 5) U U3MEPEHHOE 3HAUCHMUSI
CONPOTHUBJIEHUS pe3ucTopa Rp.

7. N300pa3uTh cxemy 3aMerieHus 1enu

: (7))
(puc. 6) u paccunuTaTh TOKH B HEH MpH —o- @ A2
N

3aaHHbIX 3HaYeHusAx DJ]C u conpoTuBieHus @ R

R + Rp, cuntas npuOOpHI HICATbHBIMH. 100
8. Cobpatb cxemy (puc. 6), BEIOpaB U a1 I R,

aMIIEPMETPHI C COOTBETCTBYIOIINMU I 100 | 1150

npeneaaMu usMepeHnil. Pacuetneie u —

M3MEpPEHHbIE 3HAUCHUSI TOKOB 3aHECTU B TaOJI. Puc. 6
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3. [IpoBepuTh NMpaBUIBHOCTH BHIMOJIHEHUS MTepBoro 3akoHa Kupxroda.

Tabnuya 3
[TapameTpsl I, A I, A o, A
pacyeTHLIE
OIBITHBIE

COILEPKXAHHUE OTUYETA

OtyeT 1o J1abopaTopHO padboTe TOHKEH BKIIFOYATh:
— CXEMBI UCCIICTYEMBIX DJICKTPUICCKUX IICTICH;
— TaOJIMIIBI C ONIBITHBIMUA U PACUETHBIMU JAHHBIMH;
— CXEMY 3aMEIICHHS U BHEIIHIOK XapaKTepUCTUKY uctounuka J/1C;
— CXEeMy 3aMeIIeHUs 1NN U pacueTHbIE (POPMYIIBI TI0 . 7;

— BBIBO/JIBI 110 PE3yJIbTaTaM padOTHI.

KOHTPOJIBHBIE BOITPOCHI

1. Uto Ha3bIBaeTCs BHEILIHEW XapakTepucTukon ncrounuka JJ1C? [Ipusenure
€€ YpaBHEHHE.
2. [loueMy HampsiKeHHE Ha 3aKUMaxX HEHArpy>KeHHOTO aKKyMyJisiTopa 0oJblie,
YeM MOJ1 Harpy3Kou?
3. Onpenenutsb otHomeHue R/Ry u KI1J] ucrounuka sueprun  (puc. 7) ¢ 9C
E=100B, ecou nanpspkeane U=95B.
4. Ins cxemsl (puc. 7) onpeneauTh TOK KOPOTKOro

3aMbIKaHus uctounuka, ecau npu KITJT 77 = 50% tok 1=2A,

a Harnpspbkenne U=10B.

5. Kak u3mMeHsTCs 1oKa3aHusl aMIepMETPOB B CXEME

(puc. 5) npu nepeMelleHnn JBUKKA peocTaTa BBEpX?

6. [IpuBeauTe cxemMy, NO3BOJSIIONIYIO PETYIUPOBAThH
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HaIPs’KCHUC HA HAIrpy3KE OT HYJIA 10 HAIIPAKCHUA NCTOYHUKA.
7. HazoBuTte MCTO/JAbI USMCPCHHA COIIPOTUBJICHUA. Vkaxute JOCTOMHCTBA U

HCIOCTATKHN MCTOJAa BOJIBTMCTpPA-aMIICPpMCTpPaA.

JIABOPATOPHAS PABOTA Ne 2,3
UCCJIEJOBAHUE HEPA3BETBJEHHOM LIENIX MIEPEMEHHOI'O TOKA
AKTUBHbBIM, EMKOCTHBIM COITPOTUBJIEHUEM U
PA3BETBJIEHHOHM LIENIM IEPEMEHHOI'O TOKA C AKTUBHBIM,
NHAYKTUBHbBIM, EMKOCTHbBIM COITPOTUBJEHHUEM.

HEJIb PABOTbBI

3aoaueti pabOTHI SABIAETCS MPOBEPKA OMBITHBIM MMYyTEM YpaBHEHUH,
OMMCHIBAIOIINX MMapaMeTPbl HEPA3BETBICHHOM 1IEMH IEPEMEHHOIO CUHYCOUAAIBHOTO
TOKQ, BBISIBJICHUE YCIOBUW PE30HAHCA U €0 MPOSBICHUIN B 3TOM 3JIEKTPUUECKON
L[ETIH.

IIpooonsxcumenvrocme pabomsi — 4 uaca
KPATKUE TEOPETUYECKHUE CBEJIEHUSA

B OCIAX CHMHYCOMAAIBHOIO IIEPEMCHHOIO TOKa pPa3jindar0T aKkmus-Hoe R,

11
wC  2:4C

AKTHUBHOE  CONPOTUBIICHHWE  XapaKTepU3yeT  HEOOpaTHUMbIA  MPOIEcC

unoykmueroe X\ = ol = 27 fL u emxocmnoe X = CONPOTUBJICHUS.

npeoOpa3oBaHusl  DJIEKTPUUECKONM OSHEpPruud B JIpYyrM€ BHUIBl  DHEPIUH, a

MHJIYKTUBHOCTH L

u emkoctb C — oOparumblii mporecc . I,
npeodpa3zoBaHus SHEPIrUu K U
. R, ax
AIIEKTPOMATHUTHOTO TIOJIA. .
UK' . U
=K
o LU,
16
07
a) 0)

Puc.1



Tok B aKTHBHOM »3JIEMEHTE COBNAAAeT MO (a3e C HaNPsSHKEHHEM, TOK B
WHAYKTUBHOM CONPOTUBJICHHH OTCTaeT mo ¢aze oT HampsbkeHus Ha 90°, a B
€MKOCTHOM COIIPOTHUBJIEHUH — OIllepeKaeT HanpspkeHue Ha 90°.

PeanbHyr0 KaTylmIKy HMHIYKTUBHOCTA MOXHO TPEJICTaBUTh B BHJIE CXEMBI
3aMEIIEHUs]  TOCJEN0BATENbHO  BKJIIOUEHHBIX AKTMBHOIO U HMHJIYKTHUBHOTO

conpotusieHuii (puc.l a, 6).

I[ToytHOE CONPOTHBIIEHHE KATYIIKH Zy =+ RE + sz

BekTropHas nuarpamma Hanps>KeHU peanbHOU KaTYIIKU UHYKTUBHOCTH
MOKa3aHa Ha puc. 2.

COCT&BJ’IHIOIHI/IG HAIIPAKCHUA HAa KAaTYIIKC!

e U
Uz =Usg U -

- aKTHUBHAA: -COS@s ; PK

- peaxktuBHas: U 55 =U4 -Sin ¢;.

& U aK I K
Puc. 2
JI71s1 Hepa3BETBICHHOU JIEKTPUUECKOM 1ENU MTEPEMEHHOTO TOKa (puc. 3)
JIEVCTBYIOLIEE HANPSIKEHNUE LEIH
R L C .
— 1~ I PaBHO TEOMETPUIECKON CyMMe
4 ] y
HaIpsHKEHUHN Ha MOCIeA0BaTEIbHO
U I ul ue P s
BKJTFOYCHHBIX JJIEMEHTAX, T.C.
U - : :
Puc. 3 U:UL+UR+UC'

Bekropnas nuarpamma (puc. 4)
IUISl HEPA3BETBIICHHOMW AJIEKTPUYECKON LIENU SABIISIETCS TEOMETPUUECKUM
TOJIKOBaHHUEM BTOpOro 3akoHa Kupxroda. M3 BeKTOpHOU AUarpaMMBbl CIEIyeET, 4TO

MOOYJb HAIIPSKCHUSA L CITU paBCH

U =U3+(UL -Uc P =1 /RZ+(X_ —Xc ) = 1Z. 1)
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B ypaBuenuu (1) Bennuuna

Z =[R2 +(X, - Xc)

HAa3bIBACTCA nOJIHbIM conpomueierHuem ICIIn, B

KOMILTIEKCHOU (hopme

Z=R+j(X,-Xc) 2

1o BeIpakeHUIO (2) MOXHO IMOCTPOUTH TPEYTOJILHUK
CONPOTUBJIECHUH (pUC. 5), U3 KOTOPOTO CIAEAYET, UTO COSP
=R/ Z.1pu X_ > Xc yroa casura a3z MEXIy TOKOM
HaIpsHKEHUEM Lenu noJioxxkuresieH (¢ > 0), T.e. TOK B Lenu ha
oTCTaeT 1o ¢aze OT HaNpsHKEHUS CeTH (Harpy3ka UMeeT -iXc
MHAYKTUBHBIN Xapakrtep). [Ipu X_ < X¢ yroi casura ¢as

MEXy TOKOM U HampspbkeHueM otpuiateniet (¢ < 0), T.e.

TOK OIlepexaert 1o (aze HanpspKeHHe (Harpy3ka uMeeT

€MKOCTHOM XapakTep).

[Tpu X, = Xc Hactynaer pesoHarc Hanpsaxicenuil. V3
(dbopmysl (1) BUAHO, UTO B 3TOM ClTydae MOJHOE COMPOTUBIIEHUE 1enu Z PaBHO
AKTUBHOMY COMPOTHUBJIEHUIO (Z = R) 1 TOK mpu 3TOM JOCTUTAeT MaKCHMAJIbHOTO
3Havenus1, pasHoro | = U /R. Tlpu X, >> R u X¢ >> R pe3oHaHc HanpsHKeHUN

IPHUBOIUT K 3HAYMTEILHOMY YBEIMYECHHIO HAMPSOKCHUM HA HHIYKTUBHOCTH
XL Xc
U, =—U | uemkoctun | Uz =—=U |, 910 MOKXET IpHBECTH K BBIXOAY U3
CTPOS DIEKTPOTEXHUIECKOTO 000PY10BAHMSI.
BekTopHas quarpamma Juls Hepa3BeTBICHHOM LENH, CoAep Kallel peabHyo

KaTyIIKy UHAYKTUBHOCTH, PE3UCTOP U KOHAEHCATOD,

Ur

npuBeneHa Ha puc. 6. 13 BEKTOpHOM quarpamMsbl U | ¥
. PK K .
MOJKHO OIPEIEIIUTD ACUCTBYIOLIECEC 3HAUYCHUE . Ye
U
HaMpsDKEHKS Ha 3aXKUMax LEIn:
Pk

aK I

Puc. 6
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U :\/(UR+UaK)2+(UpK_UC)2 '

B e IICPEMCHHOTI'O CUHYCONAAJIBHOI'O TOKA pa3jinvaroT TPU BHUAd MOIIIHOCTU:

— AKMUBHYIO: P=Ulcosgp=

R
— peaxmusnyio: Q=Ulsingp =1 2(XL — XC)

U2
— RONIHYIO: S=U|=|ZZ=?= P2+Q2.

OIMUCAHUE JIABOPATOPHOM YCTAHOBKHA

1. JlabopaTopHas paboTa BBIIOJIHAETCS Ha YHUBEpPCAIbHOM cTeHie DB4.

2. HeoOxoauMmele AJisi MPOBEACHUS ONIBITOB 2JIEMEHTHI: KaTylIKa
WHJYKTUBHOCTHU U OaTapes MOAKII0YaeMbIX KOHJEHCATOPOB PACIIOIOKEHbBI Ha
na"enu Ne 4, pe3ucTop nepeMeHHOro conpoTuBiaeHus || Ha manenu Ne 3.

3. HanpsikeHue Ha 3aKuMMax LEMd, CUJla TOKa U MOLTHOCTh U3MEPSIOTCS C
MTOMOIUIBIO IEPEHOCHOTO U3MEpUTENIbHOTO KoMIuiekTa K540.

Ilepeo nposedenuem ouepedrno2o onvima HeoOXo00UMO NPOBePsIMb
NPABUILHOCMb YCMAHOBKU npedenos usmeperus komniekma K540.

4. Ha TOpM3OHTAJIBHON IMAHENM CTEHAA PACIIOJOKEH HCTOYHHK
nepemeHHoro toka (~0—220 B), JIATP ans peryaupoBaHusi Hanps>KeHUS Ha
3a)KMMax IeMU U KHOMKU BKJIFOUCHHS TUTAHUS CTEHA.

5. Jlns MOAKITFOYEHUS HATIPSKEHUS IUTAHUS K UCCIIEYEMOM LIETTH
HEO00X0IUMO:

— ToBepHYTh pyKosATKY JIATPa npoTHUB 4acoBoi CTpESIKHU A0 yIopa;
— BKJIFOYUTH aBTOMATHYECKHUI BBIKJIIOYATEIb, PACIION0KEHHBIN M01 OTKUIHOM

KPBIIIKON CTEHIA;
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— Ha)kaTh KHOMKY OOIIEro BKIIOUEHUs cTeHaa “‘Bri. ",

)

— Ha)KaTh KHOMKY, PacloJIOKEHHYIO MOJT BOJILTMETpoM “‘Ilepemennoe”;

HOPAAOK BBIIIOJIHEHUSA PABOTbDI

1. O3HakoMuUThCA ¢ 1ab0OpaTOPHBIM CTeHI0M DB4 1 u3mMepuTenbHbIM

komruiekToM K540. Ha nanenu K540 naxats kHonky U1 11 n3MepeHus

HANpPsDKECHHS HAa HArPy3Ke.

YcraHoBuThH Ha u3MepuTeabHoM KomruiekTe K540 ciaenyromue npeaens

n3MepeHus: no Hanpsbkenuto — 30 B, mo Toky — 1 A.

2. OnpenenuTth mapaMeTpbl KaTyIIKH HHIYKTUBHOCTH (aHesb Ne 4),

MOAKIIOYUB €€ K u3mepurenbHomy komruiekty K540 (puc. 7). Ycranosuts JIATPoMm

Hanpspkenue nutanus U = 20...25 B (o ykazanuio npenogaBares). Pe3ynbrarsl

M3MEepeHni 3aHecTH B Ta0. 1.

I/I306p33HTB IMOCJICAOBATCIIbHYIO CXCMY 3aMCIICHUA peaHLHOﬁ KaTyIIKH

WHJIYKTUBHOCTH, IO TaHHBIM Ta0JI. 1 TOCTPOUTH B MacuITabe BEKTOPHYIO JUArPAMMY.

~0-220B

[ ]

Iood R
O O O 0O O0O0
Ad Bl CL N AT BT CTNT
L,
V w A
Puc. 7 Tabnuya 1
[Tapamerpsl

OINBITHBIC pacyeTHbIC

UK ) IK‘ ] PK ) ZK y RK ) XK ) LR’ y cOoS ¢K ¢K 1 Uam Up;( y

B A Bt Om Om Om I'n rpaj B B
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3. [HoaxmtounTk K KOMIUIEKTY K540 3nekTpuiecKkyro Hemnb, COCTOSALLYIO U3
MOCJIEIOBATEIbHO COCAMHEHHBIX KATYIIKU HHAYKTUBHOCTH, pe3ucTopa (maHensb Ne
3) u konaeHcaTopa (manenb Ne 4) eMKOCTBIO C = 40—-60 Mx® (Mo yKa3zaHUIO
IpernoaBaTess).

VYcranoButh Ha koMiuiekTe K540 criemyromiue mpenenbl U3MEPEHHsS: IO
HanpspkeHuto — 75 B, mo Toky — 1 A.

VYcranoruth JIATPoMm 3nauenue toka B rienu | = |, (3 Ta6:. 1), pe3ynbTaTsl

U3MEpPEHU 3aHECTH B TaOII. 2.

Tabnuya 2
[TapameTpsl
OTIBITHBIC pacyeTHbIe
U, I, P, 1Z,| R, | X, |Rr, [Xc, | C, | Uc, | Ur, | Uc,|cose
A Br [OM | OM | OM | OM | Om |MKD | B B B

[To nanHBIM Ta0I. 2 NOCTPOUTH B MacIITade BEKTOPHYIO AUATPAMMY
HANPSKECHUM.

4. IlogkntounTts k KOMIUIEKTY K540 1iens, COCTOAIILYIO U3 TOCIEA0BATEIBHO
COEIMHEHHBIX KaTyIIKU HHAYKTUBHOCTHA U KOHAEHCATOPA.

ITo nannbIM Tabma. 1 paccunTarh eMKOCTh KOHIAEHCaTOpa C,, IPU KOTOPOM B
paccMaTprBaeMoO 1€y HabJt01aeTCs PE30HAHC HAIPSKEHUH.

VYcranoButh Ha K540 mpenensl u3mepeHus 1o Hanpsbkenuto —15 B, mo Toky —
2,5A.

HccnenoBars paboty nenu npu Hanpsbkenuu nutanus U = 12...14 B (o
yKa3aHUIO IIPENoaaBaTess) U U3MEHEHUU €MKOCTH KOHJeHcaTopa B npenenax (Cp—
50) < C < (C,+130) MxD (cHATH HE MEHEE AECATH TOUEK).

[Tpu n3mMeHeHnn eMKoCTH KoHIeHcaTopa C HaNpsDKEHHUE MUTAHUST HEO0X0TUMO
MOJJICPAKUBATh MOCTOSIHHBIM ¢ omotIpi0 JIATPa. Pe3ynbraTel H3MepeHui 3aHECTH

B TalI. 3.
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Tabnuya 3

[TapameTpsl
OTIBITHBIC pacueTHbIe
C, I, P, | Xe, | Uc, | Ue, | Upo | Uy, | COSO ?,
MKD A Bt OmMm B B B B rpaj

[Tpu pacderax MPUHATH MApAMETPHI KaTYIITKNA MTOCTOSHHBIMH.

[To manHBIM Tab. 3 Ha ogHOM Tpaduke n300pa3uth 3apucumoctu: X, =f(C),
Xc=1(C), | =1(C), cosep =f(C), ¢=1(C), na npyrom rpapuke: U =f(C), U, =
f(C), Up=1(C), Uc =1(C).

Ha rpadukax oTI0XHUTh 3HAYCHUE PE30HAHCHOW EMKOCTH U OTMETHUTD
XapaKTepHbIC TOYKH Ha PE30HAHCHBIX KPHUBBIX.

ITocTponts B MaciuTabe BeKTOpHbIE quarpammbl HanpsbkeHud s C = C,, C

<C,uC=>C,.

COJAEPXKXAHHUE OTYETA

OTyeT JOJIKEH CoaepKaTh:

— 3JIEKTPUYECKHE CXEMBbI OIBITOB, BhINOJIHsIEMbIE ¢ coOmoneHnemM 'OCTa

— TaOJHIIBI C ONBITHBIMH, PACUETHBIMH JaHHBIMU U pacYeTHBIE (POPMYITBI K
HUM;

— BEKTOPHBIE IMarpaMMbl HaIIPsKEHUHM U ToKa (Tadmn. 1, 2);

— pe30oHaHCHBIC KpuBbIe (TabiI. 3);

— BeKTOpHbIe quarpammbl HanpsbxeHudl mpu C < Cp,, C=Cpn C>C,

— BBIBOJIBI IO PE3yJIbTaTaM MPOBEACHHON paOOTHI.

KOHTPOJIBHBIE BOITPOCHI
1. Kakumu mapameTpaMu XapakTepu3yeTcsi MHAYKTUBHAs KaTyIIKa U KakK

OIIPCACIINTL UX OIILITHBIM HyTeM?
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2. Hanncartsb BelpaxeHnue i1 3akoHa Oma U1 Hepa3BETBICHHOW LN
IIEPEMEHHOT0 TOKA, COAEPIKAILETO PE3UCTOP, KATYIIKy HHIAYKTUBHOCTHU U
KOHJICHCATOP.

3. [losicHUTH OPSAAOK OCTPOECHUSI BEKTOPHOU THAarpaMMBbl 11t
HEPA3BETBIICHHOM LIENU IIEPEMEHHOTO TOKA.

4. Ha3Batb yCiOBHsI, IPY KOTOPBIX HACTYIIAET PE30HAHC B LU IIEPEMEHHOTO
TOKa. YeM XapakTepHu3yeTcs 3TOT pEKUM?

5. Kakue BHIbI MOITHOCTH pa3jInyaroT B LEIAX IepeMeHHOoro Toka? Kak
ONPENEIIUTh UX OIBITHBIM IIyTeEM?

6. Uto noHMMaroT noja Ko3(pPUIMeHTOM MOLIHOCTH LMK EPEMEHHOTO TOKa?

HpHBCIII/ITe CT0 3aBUCHUMOCTD OT ITapaMCTPOB LICIIN.

JIABOPATOPHAS PABOTA Ne4
UCCJEJOBAHUE TPEX®A3HBIX IIENEN
HHPU COEAUHEHUU HAT'PY3KU B 3BE31Y

HEJIb PABOTbBI

3aodaueii pabOTHI SABISIETCS IKCIIEPUMEHTAIILHOE UCCIIEI0BaHUE
YEeTHIPEXIPOBOAHON U TPEXIIPOBOIHOM TpeX(a3zHbIX LEenel IpU COeTUHEHNUN
Harpy3Ku 3B€3/10H1.

IIpoodonsxcumenvrocmos pabomsi — 2 waca
KPATKUE TEOPETUYECKUE CBEJIEHUSA

CoBokynHocTh Tpex DJ1C 0auHaKOBOI YaCTOTHI U aMIUTATYbI, CIIBUHYTHIX IO
(haze OTHOCUTENBHO APYT JIpyra Ha TPETh NMEepUoa, Ha3bIBACTCS mpexgazHou
cucmemou I/[C.

Bripaxkenust 111 MTrHOBEHHBIX 3HaueHUH DJIC cuMMeTpruaHOTro Tpexda3Horo
HWCTOYHHMKA UMEIOT CIEIYIOIINI BU;

e, = Eq, sinut, eg =E, sin(ut—lZO") ec =E, sin(ut+120°).
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B kommiekcHoit popme D/]C 3anuceiBatoTcs B BUIE

—jl20°

. . . 120 °
EA:Ed)’ EB:Ed)e ’ EC:Ed)e .

OnexTpuyecKas 1Ienb, B KOTOpo# aencTByeT TpexdaszHas cucrema I/C,
HA3BIBACTCS mMpexqhazHou Yenvio.

TepMuH «gaza» B 3NEKTPOTEXHUKE UMEET JIBA 3HAUEHUS: C OJJHOW CTOPOHBI —
3TO apryMEHT CUHYCOUAATbHON (PYHKIIMK BpEMEHH, C IPYroil — 4acTh MHOTO(a3HOU
LIETIH, IT10 KOTOPOU NPOTEKAET OAUH U TOT K€ TOK.

Ha puc. 1 noka3ana cxema Tpex¢aszHoi 1enu, B KOTOpon (ha3bl ICTOUHUKA U
MPUEMHHKA COCMHCHBI 3Be3/101. 3akUMbI A, B, C HCTOYHHKA B 3KUMBI &, b, C
IIPUEMHUKA HA3BIBAIOT JUHelHbIMY 3a)KUMaMHU. [IpoBosia, COeTMHSIONIUE JINHEWHBIE
32)KUMBbl HCTOUYHUKA U IPUEMHUKA, HA3bIBAIOTCA JuHeunbimu npogooamu. Touku N u

N HA3bIBAKOTCA Heﬁmpaﬂbemu mouxkamu NCTOYHHUKA 1 IIPUCMHHKA, a ITPOBO/I,

COCTMHSIIOIIUI 3TH TOYKU, — HEUMpaibHbIM.
4 )
. 7 A
kA .
Uey
Iy
EIC'
Puc. 1

Hanpspkenust Mexly TMHERHBIMU 3a)KUMaMH HA3bIBAOTCS JIUHEUHBIMU, A
HANPSDKEHUS MEXY TMHEHHBIMU U HEUTPAIbHBIMU 32KUMaMH — (Da3HbIMU.

dasHble HANPSHKEHHS KCTOYHKMKA paBHBI cooTBeTCTBYROIMM JYC.
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[Tpu HanMuMK HENTPATBHOTO MPOBOAA TpeX(a3Hasl LIeTb HAa3bIBAETCS
yemulpexnpogooHotl (puc. 1). B 4eThIpeXmpoBOHON 1IETTH, TIPH MPEHEOPEIKCHUH
COTIPOTHBIICHUSIMU JINHEHHBIX U HEUTPAJIbHOTO MPOBOJIOB, JIMHEHHBIE U (ha3HbIE
HaIPSHKEHUS! TPUEMHUKA PABHBI COOTBETCTBYIOIMM HAIPSKEHUSAM UCTOYHHKA U
OCTAIOTCSI HEU3MEHHBIMH HE3aBUCHMO OT BEJIMYMHBI U XapaKTepa CONPOTUBIICHUN
a3 mpuemunka (Uap = Uag ; Upe = Usc 3 Uca = Uca ; Ua = Ua ; Uy = Ug; Ue = Uc).

[Tpunsiteie monoxuTenbHble HarpaBieHus J/]C, TMHEHHbBIX U (a3HBIX
HaIpPsHDKEHUM U TOKOB ITOKa3aHbl HA puc. 1.

KomruiekcHble 3HaueHUsT TMHEWHBIX HAIIPSHKEHU paBHBI Pa3HOCTH
KOMILJIEKCHBIX 3HAYEHUI COOTBETCTBYIOIINX (ha3HBIX HANPSXKEHUN. 11l TMHEHHBIX

HaHpH)KeHI/Iﬁ IMPUCMHHUKA MOKHO 3aIllMCaThb

Uab=Ya ~Yp: Upe =YUp ~Y¢ Uca =Uc~Ya-
N3 BekTOpHOI quarpaMMsbl (pucC. 2) BUJIHO, YTO B 3TOM ClIydae JCHCTBYIOIIEE
3HaYeHue JIMHeHoro Hanpsoxkenus U 2= NES) b

Toku B pazax UCTOUHUKA U IPUEMHHUKA HA3bIBAIOTCS (hasHbIMU, TOKU B JIMHEHHBIX
npoBoJiax — auxeunsimu. Kak BUIHO U3 puc. 1, mpu coeguHEeHUH 383101 (pa3HbIit

TOK SIBJISIETCSI OJTHOBPEMEHHO JUHEUHBIM: lgp = |,

IIpy HanmMuMK HEUTPATBLHOTO MPOBOJA KOMIUIEKCHBIE 3HAYEHUS TOKOB OITPEEIIIOTCS

W3 BBIPAXKCHUU

3 =Ua/Zai Ty =Up/Zp; To=Ug/Zc.

B cootBeTcTBUU ¢ IepBBIM 3aKOHOM Kupxroda Tok B HEHTpaTbHOM IIPOBO/IE
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Ha puc. 2 nokazaHa BEKTOpHas
auarpamma Jiist 4eThIpeXIPOBOIHON
eTH IPYU HECUMMETPUIHOM
NpUEMHUKE: B pa3e a Harpyska —

AKTUBHO-WHIYKTUBHaA (@, > 0), B

daze b — aktuBHO-eMKOCTHas (¢, < 0),

B ¢ase ¢ — aktuBHasi (@. = 0).

Bekrop Toka I B

HEUTpPaIbHOM MPOBOJIE ONPEICIICH
IIyTEM CYMMHPOBAHUSI BEKTOPOB JIMHENHBIX TOKOB.

[Tpu cummeTprudHOM nipueMHUKE (Z,=2Zp=Z;) CyMMa KOMILIEKCHBIX 3HaYEHUIN

JMHEWHBIX TOKOB PaBHA HYJIO Ia + Ib + IC =0 , 1 HEOOXOAUMOCTD B

HEUTPAJILHOM IIPOBOJE OTIAAACT.

Ha puc. 3 nokazaHa BEKTOpHasl [uarpamma Juis
YETHIPEXITPOBOAHOM LIENHU TP CUMMETPHUYHOM
pexXuMe Il aKTUBHOTO XapakTepa Harpys3ku (¢
=0).

[Ipu OTCYTCTBUM HEUTPAIBHOTO MPOBOAA

(TpexnmpoBOJHAs LEMb) HANpsDKeHHE Ha a3ax

IIPUCMHHUKA 3aBUCHUT OT BCIIMYMHBI K XapaKTCpa

conpotuBieHuil ¢as. [loaTomy coenrHenue 38e3101

0€3 HEUTPaJIbHOT'O MPOBO/Ia MPUMEHSIETCS TOJIBKO

AJI1 CAMMCTPHUYHBIX IIPUCMHHKOB.

Hanpsxenune U NN MEXIy HEUTpaIbHBIMU TOYKAMH MPUEMHUKA U UCTOYHHUKA

(HampspKeHWE CMEIICHUS HEUTPaH ) OnpeensieTcs mno GopMmyse y3JI0BOTro

HaIpspKeHUs (10 METOAY ABYX Y3JIOB)

UpYa+UgYp+UcY
N YatYp+Ye ’
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rre Y 9~ 1/ Za : !b = 1/ Zb : XC = 1/ ZC — KOMIUIEKCHBIE IPOBOAUMOCTH (a3.
KommekcHbie 3Ha4eHUs! TOKOB
la=UagYa=(UaA—-UpN Nja;
Ib =UpYp=(Ug —UnN Np:
lc =UcYc=(Uc —-UnpN ¢
Ha puc. 4 nokazaHa BeKTOpHas
ArarpaMmma HarpspKeHUH U TOKOB IpU
aKTUBHOW HepaBHOMepHOH Harpyske (R,
>Ry,>R,).

ITocTpoeHue BEKTOPHOM THarpaMmbl JJIs

TPEXIIPOBOIHON LIETIH 11O
JKCIIEPUMEHTAIIBHBIM JJaHHBIM

11eJIECO00Pa3HO MPOBOIUTH B

CJIEIYIOLIEM MOPSIIKE:

— B BBIOpaHHOM MacIiiTade

MMOCTPOUTH BEKTOPHYIO JUATPAMMY
HAIPSHKEHUM UCTOYHMKA (U A U B U C U AB U BC: U C AJ . — 3aCEYKAMH,
10 U3MEPEHHBIM (ha3HBIM HarpsbKeHusiM pueMuanka U,, Uy, U, u3 touek 4, B, C
COOTBETCTBEHHO, OIIPEIACSTUTD MOJI0KEHUE HEUTPaIbHON TOUYKH N MPHUEMHHUKA,;

— OCTPOMTH BeKTOp Hanpskenus U N CMEILEHNs HEUTPaIH, COEINHHB

HEUTpaJibHbIE TOUKH UcTOUHUKA N 1 mpueMHuKa n;
— COCIMHUTH HENTpaIb MPUEMHHUKA N ¢ BEPIIMHAMH TPEYTOJbHUKA JTUHECUHBIX

HarnpstkeHuit A, B, C (3Tu 0Tpe3Ku 00pa3yoT BEKTOPHI COOTBETCTBYIOMNX (ha3HBIX

HanpskeHuit npuemanka U a U h U C);

— IIOCTPOMUTH B BBI6paHHOM MaciTade BCKTOPLI TOKOB, COBMCCTHB MX Ha4dalla C

HEUTpasIblo IPUEMHHKA N (OpUEHTAIMS] BEKTOPOB TOKOB OTHOCUTEIIEHO
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COOTBETCTBYIOIIMX BEKTOPOB (pa3HbIX HANPSXKEHUIN MPUEMHUKA OTIPEACIIAETCS
XapaKTepoM Harpy3ku (pa3 mpueMHUKa).

[IpaBUIBLHOCTH MOCTPOCHUSI BEKTOPHOM JUArpaMMBbI CJIETyEeT MPOBEPUTH IO

nepBoMy 3akony Kupxroda: | a1 |b + 1 c= 0.

MomrHOoCTH B TpeX(a3HBIX IEMIX OMPEALSISITCS KaK alreOpandecKue CyMMBbI
MOIITHOCTEN OTAETHHBIX (ha3:
— aKTUBHASA MOIIHOCTh P=P,+ Py+ P¢;

— peaKTUBHAs MOIIHOCTh Q = Qat+ Qp+ Qc,

7€ MOIIIHOCTH OTJEIbHOM (ha3bl:

_ _12p .
qu_UqblquOSgoqb_lquqb,
qu :Uqblqbsin(qu = qubxqb_

[TosHast MOIIHOCTE TpeX(ha3HoM enu S=4 P? + Q2 :

[Ipu cuMMeETPUYHOM HArpy3Ke

P=+3Ulcosp;, Q= \@UI sing; S= \[SUI.
OIMACAHUE JIABOPATOPHOM YCTAHOBKH

1. JlabopaTopHas paboTa BBIIOJIHAETCS Ha YHUBEpPCAIbHOM cTeH e JB4.

2. Ha manensix Ne 2, 3 pacnosiokeHbl HEOOXOIUMBbIE JJI MPOBEACHUS padOThI
PE3UCTOPBI U aMIIEPMETPHL.

3. da3Hbie HANIPSIKEHUS, IMHEWHBIC TOKU U AKTUBHBIE MOIIHOCTH JJIs1 KOXKI0U
(a3l UBMEPSIOTCS C MOMOIIBIO IEPEHOCHOTO U3MEPUTETHLHOTO KOMILICKTA.

4. Ha ropu3oHTaIpHOM MaHeIr CTeHAa PacIoloKeHbl TMHEHHBIC 3aKUMbI 4, B,
C u 3axuM HedTpasbHOU Touku O Tpexdasnoi cucremsl J[IC ~3 x220 B.

5. lnst nogavu HanpsKEeHUs Ha 3aKuMbl Tpexdaznoit cucremst D/[C

HEOOXOIUMO:
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- BKJIFOYATh ABTOMATUYECKHUM BBIKJIFOYATEIIb, PACTIOIOKEHHBIN MOJI OTKUIHON
KPBILIKOW CTEH/IA;

bl

- Ha)kKaTh KHOIIKY OOIIEro BKIIOYEHUs cTeHaa “Bra. ™.

HHOPAJOK BBIIIOJIHEHUSA PABOTDBI

1. C momomipio 1udpoBoro BobTMeTpa B7-38 usmeputs ¢aznoe Uy 1
nuHenHoe U, HanpspkeHus Tpex(da3Horo HCTOYHUKA.

2. UccnenoBath Tpex(azHyto IeMb MPU COSTUHEHUN HArPy3KHU B 3BE31Y C
HEUTPAIIbHBIM ITPOBOJOM.

Co0patb cxeMy B COOTBETCTBHUH C PUC. 5, CONMPOTUBICHUS HArpy3ku ¢as (R,
Rp, R¢) — mocnenoBarenbHO COEIMHEHHBIE IIEPEMEHHBIH PE3UCTOP CONMPOTHBICHHEM
150 Om, nocrosiHHbIi pe3uctop conpotuBiaeHueM 100 Om u nammna HakanuBaHust EL
(manenb Ne 2); amriepMeTpsl B pa3zax HaArpy3Kd U HEUTPAIHLHOM MPOBOJIE — C

npeneiaoM u3Mepenust 1 A (manenu Ne 2, 3).

~3x220B
A B C O

6600 0000

Al Bl cl NY ATBT CcT NT

\% W A

Puc. 5. DnekTpudeckas cxema 4eTbIPEXITPOBOAHON JIMHUHU

YcranoBUTh Ha U3MepUTEIbHOM KoMILiekTe K540 nmpeaesnsl uamepeHus 1o

HanpspkeHuto — 150 B, mo Toky — 1 A:
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- YCTAHOBUTH C IOMOLIBIO MEPEMEHHBIX PE3UCTOPOB COMpOTUBIEHUEM 150

OM CUMMETPUYHYIO HArpy3Ky B (pazax nmpueMHUKa (10 MOKa3aHUAM KOMIUICKTa
K540), pe3ynbrarsl 3aHecTy B Ta0. 1;

- 00opBaTh oAHY U3 (a3 (TI0 yKa3aHUIO MPENOaaBaTelIs ), OTKIIOYNB
COOTBETCTBYIOIIYIO KHOTIKY, PE3yJIbTaThl U3MEPEHUI 3aHECTH B Ta0II. 1;

- YCTaHOBUTH HEPABHOMEPHYIO HArpy3Ky B ¢azax MpUEMHUKA, JUIsl YETO B OJJHOM
u3 (a3 B Ka4eCcTBE HATPY3KH BKIIOYUTH PE3UCTOPbI compoTuBieHusmMu 150 Om u
100 Om, B IBYX OpYTUX OCTaBUTh HArpy3Ky HEU3MEHHOM, PE3YIbTAThl U3MEPEHUIN

3aHeCTH B Ta0I. 1.

Tabnuya 1

[TapameTpsl

OIIBITHBIC pacCdYCTHBIC

Bun narpysku Ua, | Up, [ Ue, | lay | by | Ley | Iny | Pay | Po, | Pey | P,
B B B A | A A | A|Br | Br | Br | Br

CummMmeTrpuyHas

OO6pbIB (pa3el

HepaBromepnas

[TocTpouTh B MaciTabe BEKTOPHBIC JHArPaMMbl HAIPSDKECHUN U TOKOB TIPH
MCCIICIOBAHHBIX HArpy3Kax Mo JaHHbIM Tao. 1.

3. UccnenoBath TpexdaszHyro 1eMb MPYU COSAUHESHUH HArpy3KHu B 3Be31y 0e3
HEUTPaJIbLHOIO MPOBOJA.

CoOpaTh 11e11b B COOTBETCTBUHU C PUC. 6, BBITIOJHUB HEOOXOIUMBIE
TIEPEKIIIOUYEHHUS B cxeMe puc. 5. Jisg uaMmepenus HanpspkeHus cmetneHus Upy

HCIIOJIb30BaTh 1IU(poBOit BoabsT™METp B7-38.
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~3x220B

A B C O
o——

éééo OO OO RCEJR}][JRQ

Al Bl cl N ATBT ¢T NT

\% W A A A \Y

Puc. 6. DnekTpuueckas cxema TpeXIpOBOAHOMN JIMHUU

VYcranoButh Ha komiuiekte K540 mpeneinsl uzmepenus no Hamnpsbkenuto — 300 B,
1o TOKYy — 2,5 A.
BrinonHuTh HEOOXOAUMBIE M3MEPEHUS IPU HArpy3Kax B COOTBETCTBUU C Ta0I.
2.
JIJIst IPOBEICHHS OIIBITA KOPOTKOTO 3aMbIKaHHs He06XoxuMo oany u3 daz A 7, BT,
C 7\(110 YKa3aHUIO TPENOAaBaTeNsi) COEAMHUTD C HEUTPAJIbHOM TOYKOM TPUEMHHUKA N.

Tabnuya 2

[Tapamerpsl

OIIBITHBIC paCdYCTHBIC

Bun narpysku Ua, [Up, | Uy | Loy, | by | ey | Uy | Pay | Po, | Pey | P,
B B B|A|A]|A B Br | Br | Br | Br

CummMmeTrpuyHas

OO6pbIB (pa3el

HepasHomepnas

K. 3. da3s

[To nanHbIM TabJI. 2 MOCTPOUTH B MACILITA0E BEKTOPHBIEC TUATPAMMBI

HaHp}DKCHI/Iﬁ 1 TOKOB IJIs1 UCCIICAOBAHHBIX HAI'PY30K.
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COJAEPXKXAHHUE OTYETA

Otuer 1o 1abopaTopHO paboTe JOJIKEH BKIIIOYATD:

— CXEMBI UCCIIEIYEMbIX SJIEKTPUUECKUX IIETICH;

— TaOJIMIIBI C ONBITHBIMUA U PACUETHBIMU JAHHBIMU;

— BEKTOPHBIE IMarpaMMbl HAIMIPSKEHUN U TOKOB JIJIsl UCCIIEIOBAHHBIX
HArpy3oK, MOCTPOCHHBIE B MacITade;

— BBIBOJBI 11O PC3YJIbTaTaM BBIITOJTHECHHOU pa6OTI>I.

KOHTPOJIBHBIE BOITPOCHI

1. KakoBbl npenmMy1iecTBa Tpex(a3HbIX HENel N0 CPAaBHEHHIO C
oHO(ha3HBIMU?

2. Kakue npueMHHKHN Ha3bIBAIOTCS CUMMETpUUHbIMU? Kakast Harpy3ka
HA3bIBAETCA PABHOMEPHOM, KaKasi — OJTHOPOJHOM?

3. B ueM npeumyIiecTBa 4eThIpEXIIPOBOIHOM LIETH 10 CPABHEHUIO C
TPEXIPOBOHON?

4. ITouemy He CTaBUTCS NPENOXPAHUTEIL B HEUTPAJIbHBINA TPOBOA?

5. KakoBo cooTHoIIeHHEe MEXIy TUMHEHHBIMH U (pa3HBIMU HATIPSDKCHUSIMU
CUMMETPUYHOIO MPUEMHHUKA, COEMHEHHOTO 3BE€3101, IPU CUMMETPUYHON CUCTEME
JIMHEWHBIX HAIPSKEHU?

6. Kak onpenensitorcs Toku B pazax HECUMMETPUYHOTO TPUEMHUKA,

COEAMHEHHOI0 3BE3/01, B TPEXIIPOBOAHOMN Lenun?
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INPAKTHYECKASA PABOTA Nel
NCCIEAOBAHUE N3MEPUTEJIBHBIX ITPUBOPOB.

HEJIb PABOTbBI

3adaua pabOTHl — MOCTPOEHUE BOJIBT-aMIIEPHBIX XapaKTEPUCTUK Ha OCHOBAHUU
AKCIIEPUMEHTAJIBHBIX TaHHBIX U MPUOOPETEHNE HaBBIKOB paboTa ¢ mpubdopamu

AIIEKTPUIECKUX IETeH TTOCTOSTHHOTO TOKa
IIpooonsxcumenvrocme pabomwi — 2 waca

KPATKHME TEOPETUYECKHUE CBEJIEHUA

B anextprueckue nenu MOryT BXOJAUTH 3JIEMEHThI, COPOTUBIICHUE KOTOPBIX
HE SIBJIICTCSI BEJIMYMHOW MMOCTOSTHHOM, a 3aBUCUT OT HANPSIKECHUS U CUIIBI TOKA.
BonwsT-amnepnas xapakrepuctuka (BAX) Takoro aneMeHTa UMeeT HEeJTMHEHHBIN BUI,
MOATOMY 3JIEMEHT Ha3bIBaeTCs Heaurelnvim (HD). DnexTpudeckas 1emnp, B KOTOPYIO
BXOJHUT XOTs ObI OJIMH HEJIMHEHHBIN 3JIEMEHT, Ha3bIBaeTCsA HEUHEHHON. K
HEJIMHEHHBIM 3JIEMEHTAaM OTHOCSTCSI OJTYTPOBOHUKOBBIE PUOOPHI, TAMIIBI
HAKAJIMBAHUS U JIP.

DTO COMPOTUBIICHUE HA3BIBACTCS CMamuiecKum U IPEACTABISIET COOOM
COITPOTHUBJICHUE AJIEMEHTA MOCTOSTHHOMY TOKY. KpoMe cTaThuecKkoro COnpOTUBIICHUS
HD nnst kax ol TOYKH XapaKTEPUCTUKU MOYKHO OIMPEICIUTh TaK Ha3bIBAEMOE
ougpghepenyuanvroe conpoTuBieHue Ry,p, KOTOPOE pABHO OTHOIIEHHUIO IPUPALICHUS

HanpspkeHus: AU k npupaiiennto Toka Al, cTpeMAIerocst K HyJo:

du 4u my
R = = = t ,
oup dl Al m, 97

T.€. MPOMOPLHUOHAIBLHO TAHTEHCY YIJIa HaKJIOHA KacaTelbHOM B JAaHHOU
TOYKE XapaKTEPUCTUKH K OCH TOKOB. JluddepeHimaibHOoe COMPOTUBIICHNE

xapakrepusyer HO npu Masbix M3MEHEHUAX HANpsKeHUs U Toka. [Ipu pacuere
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HEJIWHEWHOW IIENU C MOCJIENOBATEILHBIM COEIMHEHUEM JIMHEMHOTO U HEJIMHEUHOTO
3JIEMEHTA YaCTO UCHOJIB3YIOT METO]I HATPY30UYHOM XapAKTEPUCTUKHU.

Jls1 1ienu, 1moka3aHHOW Ha pHUC. 2, COTJIacHO

H9
/ BTOpOMY 3akoHy Kupxroda MoxkHO 3amucaTh:
E U, E:UH9+UR=UH3+IR’
U
O> R |:j| ' " E-U HH
OTKy/1a | =——"= (1)
R
[Ipu nocrosiHubIX 3HaueHusX E u R u3 (1) cnenyer,

Puc. 2
YTO MEXIY TOKOM | 1 HanpspKeHUEM Ha HETMHEMHOM

anemente U, cymmectByer nuHeitHas 3aBucumoctsb 1=f(U,,), koTopas HazbiBaeTCs
Harpy304YHOU XapaKTEPUCTUKOM.

Harpy3ounast xapakTteprucTika NpOXOIUT Y€pe3 ABE TOUKH :

E=U,, upu | = 0 (06psiB B uemu) u | o= E/R, mpu U,,= 0 (kopoTkoe 3aMbIKaHHE

Ha HEJIMHEHMHOM 3JIEMEHTE).
OIINCAHUE JIABOPATOPHOM YCTAHOBKHA

1. JlabopaTopHas paboTa BHITIOJIHAETCS Ha YHUBEpPCATbHOM cTeHie DB4.

2. Ha nmanenu Ne 6 pacnoJiOKEHBI aMIIEPMETPBI, PE3UCTOPHI
conporusieHueM 100 Om, tamna HakaIMBaHWs, HA MaHenu Ne 7 pacnoyIoKeH
amriepmeTp ¢ npeaenaom uamepenust 300 MA. I u3MepeHus: HanpsKeHUs
UCToNb3yeTCs u(poBoii BonbTMeTp B7-38.

3. Ha ropr3oHTanpHOI NaHeIn CTEHA PACIOI0KEH HCTOYHUK TOCTOSTHHOTO
Toka (£0—220 B) u KHONKM BKJIIOYEHUSI TUTAHUSI CTEHAA.

4. J1ns1 MOAKITIOUEHUSI HAPSDKEHUS MTUTaHUS K UCCIIEyeMON Lenu
HEOOXOIUMO:

- NOBEPHYTH pYKOATKY JIATPa npoTuB yacoBoi CTpENIKH 10 ynopa;

- BKJIFOUUTh aBTOMATUYECKUN BBIKIIOYATENb, PACTIOI0KEHHBIN MO/

OTKUJHOW KPBILIKOW CTEH/IA;

34



- H)KaTh KHOIIKY OOIIIeTo BKIIIOUEHUsS cTeHaa “Bxra’’;
- Ha)KaTh KHOIIKY, PacOJIOKEHHYIO O] BOJIBTMETPOM ‘‘Tlocmosinnoe’;

HHOPAJOK BBIITIOJIHEHUA PABOTbBI

1. O3HaKOMUTBCA C OMMCAaHUEM JTA0OPATOPHON YCTAaHOBKHU.

2. CocTaBUTh M COIJIACOBATH C MPEMO/IaBaTENIEM IIEKTPUUECKYIO CXEMY
YCTAHOBKH JJIsl CHATHSI BOJIbT-aMIIEPHBIX XapaKTEPUCTUK HEIIMHEHHBIX 3JIEMEHTOB.

3. Cuarb BAX namnel HakanuBaHusl. JlaHHbIE U3MEPEHUN 3aHECTH B Ta0.1.

Tabnuya 1

I, MA

U, B

4. ITocTpouTh Ha OJHOM KOOPJIMHATHOM T0JI€ BOJIbT-aMIIEPHbBIC
XapaKTePUCTUKU: JIaMITbl HaKaJIuBaHusl (1O JaHHBIM TabJ. 1), pe3ucropa
conporusieHueM 100 OM 1 ux Mociie10BaTeIbHOTO COEIUHEHUSI.

5. 1o 3amanHOMY MpenoaaBaTesieM 3HAYSHHUIO OJTHOTO U3 MapaMeTpOB
ONpeNeNuTh rpaUuecKy OCTaIbHbIE TApaMETPhI MOCJIEI0BATEIHLHOM TIEMH.
CpaBHHUTH pacyeTHBIC U OMBITHBIE JAHHBIC, PE3YJbTAThl MPEJACTABUTH B BUJE TAOII.

6. [Toctpouth Ha oHOM KoopauHaTHOM Tosie BAX namnoukwu (mo tadi. 1),
pesuctopa (R = 100 Om) 1 BAX 3KBHBaJICHTHOTO HEJTMHEHHOTO DJIEMEHTA,
MOJTYYaroUIErocs Npy MapajiyieIbHOM UX COCTMHEHUU.

7. Onpenenuth rpadUuecKy HEOCTAIOIINE MapaMeTPhl MOCIE0BATEILHON
1IETH, COCTOAMICH 13 amiibl HakaauBanus (EL) u pesuctopa (R =100 Om), o
3aIaHHOMY TPETOo/IaBaTesieM 3HAUCHHUIO OJHOTO U3 MapaMeTpoB (Tad. 3, 3aaaHHBII
rapaMeTp MOJYEPKHYTh) U TPOBEPUTH MOTYUECHHBIC PE3YJIbTAaThl ONBITHBIM MTyTEM.
[lepen mpoBeneHUEM OMBITA BHIOPATH MPEACI U3MEPECHHS aMIIEpMETPOB. Pe3ynbTaTsl
pacueToB U U3MEpPEHUi 3aHeCTH B Ta0II. 3.

Tabnuya
[TapameTpsbl U,B I, m4 Ir, m4 1,,mA

PacueTHBIE

OnbITHBIE
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COILEPKAHUE OTUYETA

OtyeT 1o J1abopaTopHOM padoTE NOIHKEH BKIIIOYATH:

- CXEMBbI UCCIIEYEMBIX JIEKTPUUECKUX LETIEH;

- TaOJIMIIBI C OTIBITHBIMU M PACYETHBIMU JIAHHBIMU;

- BOJIbT-aMIIEPHBIE XapaKTEPUCTUKH (IL.11. 4, 6) ¢ HEOOXOIUMBIMU
MOCTPOCHHSAMU TIPH pacyeTe mapaMeTpoB Lienei (m.m. 5, 7, 8);

- BBIBOJIBI 110 PE3YJIbTATaM IPOBEICHHBIX UCCIECAOBAHNMN.

KOHTPOJIBHBIE BOITPOCHI

1. Yto Ha3bIBACTCSl HETMHEHHBIM 2JIEMEHTOM, HETUHEHHON SJIEKTPUUYECKON
LETbI0?

2. lIpuBenute nmpumepsl HD 1 0051aCTh X MPUMEHEHHS.

3. B uem npuHuunuaneHoe otanure HO ot nuHelHoro?

4. Yto Takoe cratuueckoe u auddepenimanpHoe conpotupienus HI? B uem
ux paznuuue?

5. Kakrmu MeTo/1aMu 1 Ha OCHOBaHUM KaKOT'0 3aKOHA PACCUUTHIBACTCS LIETb C
MOCJIeI0BAaTENbHBIM coeiuHeHrneM HO?

6. UTto Takoe Harpy304Hasi XapaKTEPUCTUKA U KaK €€ OCTPOUTH?

7. KakoB nopsI0K pacyera 1enu ¢ napajuiebHbiM coequaenuem HO? Ha

OCHOBAHHMH KaKOT'O 3aKOHAa OCHOBAH pacydcT JIAHHOM 1IeTIH ?

INPAKTHYECKASA PABOTANe2
PABOTA C OJHO®A3HBIM TPAHC®OPMATOPOM.

HEJIb PABOTbBI

3aoaua paboTbhl — MOCTPOEHUE BOJIbT-AMIIEPHBIX XapaKTEPUCTUK HETUHEHHBIX

QJICMCHTOB Ha OCHOBAHHWHU 3KCIICPUMCHTAJIbHLIX JAHHBIX U HpI/I06peT€HI/IC HAaBBIKOB
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pacuera NMEKTPUYECKHUX LENEN MOCTOSTHHOTO TOKA, COIECPKAIINX HETUHEUHBIE

OJICMCHTHI.

IIpooonsxcumenvrocme pabomsi — 2 uaca

KPATKHUE TEOPETUYECKHUE CBEJIEHUA

B aniexkTprdeckue nenu MOryT BXOJAUTh 3JIEMEHTHI, COMPOTUBIICHUE KOTOPBIX
HE SIBJIICTCS BEJIMYMHOW IMOCTOSIHHOM, @ 3aBUCUT OT HAMNPSI)KEHUS U CUIIBI TOKA.
Bonbt-amnepnas xapakrepuctuka (BAX) Takoro sieMeHTa MMeeT HeJTMHEUHBIN BU,
MIOATOMY 3JIEMEHT Ha3bIBaeTCs Heaurelinvim (HD). DinexTpudeckas 1emnp, B KOTOPYIO
BXOJHUT XOTs ObI OJWH HEJTMHEHHBIN 3JIEMEHT, Ha3bIBaeTCs HETUHEHHON. K
HEJIMHEWHBIM 3JIEMEHTaM OTHOCSITCS MOJIYIPOBOTHUKOBBIC IPHUOOPHI, JTAMITHI
HaKaJIUBAHUS U JIp.

Ha puc.1 npusenena BAX HelIMHENHOTO

1
3JIEMEHTA. N
7 Al
Kaxnoit Touke BAX HD cooTBeTcTBYyeT =~ f--m--m-=m-- e .
B i
ONPEEICHHOE COMPOTUBIICHUE :
pen p AU
u m
I m, i
o :
C U
MPOINOPIHOHAIBLHOE TAHT€HCY YIJjla HaKJIOHa -
Puc. 1 U

npsimori CN K ocu TOKOB. DTO COMTPOTUBIICHHUE

HA3bIBACTCS cmamuyeckum U MPeICTaBIseT cOOON CONPOTUBIICHUE DIIEMEHTa
nocTossHHOMY TOKy. KpoMe ctatrueckoro conpotuBieHust HO ais kaxaon Touku
XapaKTEPUCTUKU MOKHO ONPENEIUTh TaK Ha3bIBAEMOE JugpepenyuanbHoe
CONPOTHUBIEHUE Ry, KOTOPOE PABHO OTHOILEHHUIO NpHUpamieHus HanpshkeHus AU k

MpUpalleHuto Toka Al, cTpeMsIerocs K HyJo:

du 44U my
R = = = t y
ougp dl A m 97
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T.€. MPOMOPUHOHAIBLHO TAHT€HCY YIJla HAKJIOHA KAaCaTeJIbHOM B IAHHOM

TOYKE XapaKTEPUCTUKH K OCH TOKOB. JlnddepeHnnansHoe CONMPOTHRICHHE
xapakTepuzyeT HO nmpu MaybIX M3MEHEHUIX HaNpsbKeHUs U Toka. [Ipu pacuere
HEJIMHEHMHOM IIETIH C MOCJIEI0BATEIbHBIM COSIMHEHHUEM JIMHEWMHOTO U HEJIMHEHMHOT' O
3JIEMEHTA YaCTO MCHOJIb3YIOT METO/T HATPY30UYHOM XapaKTEPUCTUKH.

Jlns 1ienu, 1moka3aHHOW Ha puC. 2, COTJIacHO

HO
/ BTOpOMY 3aKoHy Kupxroda MOKHO 3arucaTh:
E U, E:UH3+UR:UH3+IR’
U
O> R |:j|' " E-U HD
OTKy/a |=— "= (1)
R
Puc. 2

[Ipu nocrosinubix 3HaueHusX E u R u3 (1) caenyet, uro mexay Tokom | u

HaIIPpsS2KCHHUCM Ha HEJIMHEHHOM DJIEMEHTE UH3 CyICcCTBYCT JIMHEHHAs 3aBUCUMOCTD

I=f(U,,), koTopas Ha3bIBACTCS
HaArpy304HOM ! l.=E/R I=f(U)
XapaKTEPUCTUKOM.
Harpy3ounas
XapaKTEePUCTHKA MPOXOJIUT
4yepes JB€ TOUKU E (puc. 3):
U, Ur l E

E=U,mpul=0 (0OpBIB B 1IETIN)

M|K=E/R,npn U,=0

(KOpOTKOE 3aMbIKAaHUE HA HEJIMHEITHOM AJIEMEHTE).

OIMUCAHME JIABOPATOPHOM YCTAHOBKHA
1. JlabopaTopHas paboTa BHITIOJIHAETCS Ha YHUBEPCAILHOM cTeHie DB4.
2. Ha manenn Ne 6 pacmoJIOKEHBI aMIIEPMETPBI, PE3UCTOPBI

conporusieHueM 100 Owm, Tamna HakaJIMBaHWs, Ha maHeu Ne 7 pacIionokeH
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amrepMmeTp ¢ npeaenaom uzmepenust 300 MA. [l u3MepeHus: HanpsKeHHs
UCHONIB3yeTCs IM(PpoBoit BonbTMeTp B7-38.

3. Ha ropu3oHTanbHOM MaHENN CTEHIA PACIION0KEH UCTOUHUK TOCTOSIHHOTO
toka (£0—220 B) 1 KHOIIKM BKJIFOUCHHS TUTAHUS CTEH/IA.

4. JInig NOAKIF0YEHUS HANPSHDKEHUS MUTAHUS K UCCIIENYEMOU LETH
HE00XOANMO:

- HOBEpHYTh pYKOATKY JIATPa nmpoTuB 4acoBoil CTpeNKu 10 yNopa,

- BKJIFOUUTH aBTOMATHUYECKUN BBIKIIOYATENb, PACTIOJIOKEHHBIN MO
OTKHJIHOM KPBIIIKOW CTEH/IA;

- HaKaTh KHOIIKY OOIIEro BKIIOYEHUS cTeHna “Brka”;

- HA)KaTh KHOIIKY, PACIIOJI0KEHHYIO MO BOIBTMETPOM “‘Ilocmosnnoe”;

HHOPAJOK BBIITIOJIHEHUA PABOTBI

1. O3HaKOMUTBCA ¢ OMMCAaHUEM JTA0OPATOPHOU YCTAHOBKH.

2. CoCTaBUTH U COIIACOBATH C MPENOIABATEIIEM IIEKTPUUECKYIO CXEMY
YCTaHOBKH JUIsI CHSITUS BOJIbT-AMIIEPHBIX XapaKTEPUCTUK HETUHEHHBIX AIIEMEHTOB.

3. Cusate BAX nammnbl HakanuBanusd. JlaHHbIE U3MEPEHUM 3aHECTH B TaOI. 1.

Tabnuya 1

I, MA

b

U, B

4. TTocTpouTh Ha OAHOM KOOPJIMHATHOM TI0JIC BOJIBT-aMIIEPHBIC XapaKTCPUCTUKH:
JIaMTIbl HaKaJIuBaHus (110 TaHHBIM Tab. 1), pesuctopa conportusienreM 100 OM u

UX MOCIEA0BATEIIbHOTO COCAMHEHUSI.
5. 1o 3amanHOMY MIpenoaaBaTesieM 3HAYCHHUIO OJTHOTO U3 mapaMeTpoB (Tabdi.2)

OTpeNeUTh rpaUUecKy OCTaIbHbIE TapaMeTPhl MOCIEI0BATEIHLHOM TIETH.

CpaBHI/ITB PACUYCTHBIC U OIIBITHBIC JAaHHBIC, PC3YJIbTAThl IPCACTABUTH B BUJIC TaoI.
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Tabauya 2
[TapameTpsl U, B Ur, B U, B I, mA

PacueTtHBIE

OnbITHBIE

6. [Toctpouth Ha ogHOM KOOpaAUHATHOM nojie BAX namnouku (1o tad:. 1),
pesuctopa (R = 100 Om) u BAX 3KBHBaJIGHTHOTO HEJTMHEHHOTO DJIEMEHTA,
MOJIYYarOIErocs Mpyu NapajijIeIbHOM UX CO€IUHEHUU.

7. Onpeaenutsb rpaguuecky HEeAOCTAIOIINE MapaMeTphl MOCIIEeI0BaTEIbHOM
IIeTH, COCTOsAIICH U3 tamiibl HakanmuBanus (EL) u pesucropa (R = 100 Om), o
3aJIaHHOMY MpENoAaBaTeIeM 3HaYE€HUI0 OAHOTO U3 MapaMeTpoB (TadJl. 3, 3aJlaHHbII
napameTp MoJ4ePKHYTh) U IPOBEPUTH MOITYUCHHBIE PE3YIbTAThl ONIBITHBIM ITyTEM.
[lepen mpoBeeHUEM OIBITAa BBIOPATH MPEE U3MEPEHUS aMIIepMETPOB. Pe3ynbTaThl

pacuyeToB U U3MEpPEHUi 3aHeCTH B TaOI. 3.

Tabruya 3

[TapameTpsnl U, B I, m4 Ir, m4 l,,mA
Pacuetnsbie
OnbITHBIC

8. Jlyis 3aJaHHOTO IPENOoJaBaTeIeM Ry
o—(A ) —
3HAYEHMS OJJHOTO U3 APAMETPOB LIENH — EL
I U
(Tabu. 4) rpagUUIECKH ONPENETUTh <> D R21

OCTAJIbHBIC 3HAYCHUA PACUCTHBIX TOKOB

U HanpspDKeHu# nenu (puc. 4) npu I l @2 lfz

3Ha4YeHUAX conporuBiaeHuii R; = 100 o

OMm, R, = 100 Owm.

9. IIpoBepuTh pacyeThl ONBITHBIM ITyTeM. {7151 3TOr0 coOpath cxemy (puc. 4), BbIOpaB
aMIIepMETPbI C COOTBETCTBYIOIIMMU MpeeiaMu u3MepeHuil. M3aMepsaTh HanpsikeHue

¢ momoItsko mudpoBoro BoiabTMeTpa B7-38. Pesynbrarel 3anectu B Tad. 4
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Tabnuya 4
[TapameTpsl U, B U, B U, B I, mA I, mA l,, mA

PacueTHpIE

OnbpITHBIE

COIAEPKXAHHUE OTUYETA

Otuer 1o abopaTopHO paboTe JOJIKEH BKIIIOYATh:

- CXEMBbI HCCIIETyEMbIX JJICKTPUUECKUX LETIeH;

- TaOJIHIIBI C OTIBITHBIMU M PACYETHBIMH JTAHHBIMU;

- BOJIbT-aMIIEPHBIC XapaKTEPUCTHUKH (T1.11. 4, 6) C HEOOXOTUMBIMU
MIOCTPOCHUSIMU TPU pacueTe nmapameTposB neneit (m.i. 5, 7, 8);

- BBIBOJIBI 110 PE3YJIbTATaM IPOBEICHHBIX UCCIECAOBAHNMN.

KOHTPOJIBHBIE BOITPOCHI

1. UTo Ha3bIBAaE€TCS HEIMHEHHBIM DJIEMEHTOM, HEJIMHEUHOW 3JIEKTPUYECKOU
ETNBI0?

2. l[IpuBenure mpumepsl HD 1 0651acTh X MPUMEHEHHUSI.

3. B uem npunuunuaneHoe otnnure HO ot nunenHoro?

4. Yto Takoe cratudeckoe u nuddepennuanbaoe conpotusieHus HI? B uem
ux paznuuue?

5. Kaknmu MeTo/1aMu 1 Ha OCHOBAaHMM KaKOr'0 3aKOHA PACCUUTHIBACTCS LIETh C
MocjaeA0BaTeNbHbIM coeguHeHnemM HO?

6. Uto Takoe Harpy304Hasi XapaKTEPUCTUKA U KaK €€ OCTPOUTH?

7. KakoB Mops0K pacyera 1enu ¢ napauielbHbiM coeaquaenuem HO? Ha

OCHOBAHHH KAKOI'O 3aKOHAa OCHOBAH pacycT I[aHHOﬁ HGHI/I?
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IHPAKTUYECKASA PABOTA Ne3
OIIPEAEJIEHUE HAPAMETPOB ACUHXPOHHOI'O IBUTI'ATEJIA 11O
ITACIHOPTHBIM JAHHBIM

HEJIb PABOTbBI

3aoaueir paboTHI ABISIETCS HKCIIEPUMEHTAIBHOE HCClIeI0BaHNE TpeX(ha3HbIX
LeTel TP CUMMETPUYHBIX U HECUMMETPUYHBIX IPUEMHUKAX, COCTUHEHHBIX

TPEYTOJILHUKOM.

IIpooonsxcumenvrocms pabomsl 2 yaca

KPATKUE TEOPETHUYECKHUE CBEJIEHUA

Ecnu npueMHHK CO€TMHEH TPEYroJbHUKOM (pHC. 1), TO (ha3HbIe HANPsKEHUS
IIPUEMHUKA PAaBHBI JIMHEWHBIM. ECIIM ITpU 3TOM CONPOTUBIICHUS TMHENHBIX ITPOBOJIOB
MPEHEOPEKUMO MaJIbl, @ MOLTHOCTh UICTOYHUKA JOCTATOYHO BEJIUKA, TO HAMPSKEHUS
Ha ¢azax MpUEMHHUKA HE 3aBUCAT OT UX COMPOTHUBIICHUS U MOJIEPKUBAIOTCS

HCTOYHHUKOM JKCCTKO. Bnaroz[apﬂ 9TOMY COCOIHMHCHUC TPCYT'OJIBHUKOM MOJKCT

IMPUMCHATHCA AJI BKIIIOUCHUA HECCUMMCTPHUYHBIX ITPUEMHHUKOB. Ecmu BCKTOp
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HAIIPSOKCHUA U ap HaIPaBHThb IIO0 ﬂCﬁCTBHTCHBHOﬁ OoCH, TO IIpU CUMMCTPUHN

JMHEHHBIX HAMPSKEHUN MCTOUYHHUKA KOMIUIEKCHI IMHEHHBIX ((ha3HBIX) HAPSKEHUM

MIpUEMHUKA OyAyT UMETh BU/L:

“j120°

. o . j120 °
Ugy =Ug: Uy, =Ue U, =Ue

Ca

Kommuiekcsl (ha3HbIX TOKOB MPUEMHHUKA OTIPEAEISIOTCS 1o 3aKkoHy Oma

i _Yab. ; _Ypc. ; _Yea
ab Zap’ bc Zhe' A~ Zog

JIuHeliHbIC TOKH OIPEIETISIIOTCS 10 IepBoMy 3akoHy Kupxroda

I, =1, -1 . =1
A ab ca’ B

bc " lab c=lealap-
Ha puc. 2 a nokasana rornorpapuyeckas JuarpaMMa HalpsKEHAN B BEKTOpHasT

I[I/IarpaMMa TOKOB IJIA TpeX(ba3HOI71 ICIu C HeCI/IMMeTpI/If—IHBIM HpI/IeMHI/IKOM,

COCINHCHHBIM TpeerHBHI/IKOM. B (1)336 ab HpI/ICMHHK HUMEEeT HHﬂYKTHBHBIﬁ

Xapakrtep, B (pase bC akTUBHBINH, a B (ha3e Ca eMKOCTHBIH.

a) 0)
Puc. 2

Ha puc. 26 moka3ana BeKTOpHas JuarpaMma Jijisi Tpexda3Ho 1enu ¢
CUMMETPUYHBIM TPUEMHUKOM, COCTMHCHHBIM TPEYTOJIbHUKOM (XapaKTep Harpy3KH

IMPUHAT YUCTO aKTI/IBHBIM).
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ITpy cuMMeTpUYHOM IPUEMHHKE (a3Hble TOKH OIUHAKOBBI lap=In:=la=Iy 1,

KaK 3TO BHJHO M3 BEKTOPHOM JuarpaMMbl, TMHEWHbIE TOKH B \/5 OosbIie (ha3HbIX
| =3l
Jl ¢ -

OIMMUCAHUE JABOPATOPHON YCTAHOBKHU

1. JTaGopatopHas paboTa BBIIOJIHSAETCS Ha YHUBEPCAILHOM cTeH e DB4
(manenp No 2).

2. JIuHelHbIe TOKH U3MEPSIIOTCA € TOMOIIBIO IEPEHOCHOTO U3MEPUTEIBHOTO
koMmiuiekta K540, ga3Hbie HanpsbKeHHs HA Harpy3ke - UG poBbIM BOJBTMETPOB B7-

38.

Ilepeo nposedenuem onbima HeoObX0OUMO 0043amelbHO NPOBEPUNL

NPABUILHOCHb VCMAHOBKU npeoenos usmepenus komniekma K540.

4. Ha ropr30HTaIbHON MaHEIU CTEHIA PACIIOJIOAKEHBI JIMHENHBIE 3KUMBI A, B,
C u 3axuM HedTpasbHOU Touku O Tpexdaznoi cuctemsl I[C ~3 x 220 B.

5. Iyt mojauu HanpspKEHUs Ha 3aKUMbl TpexdazHoit cuctembl D/[C
HEOOXOIUMO:

- BKJIFOYATh aBTOMAaTUYECKUAN BBIKJIFOYATEIIb, PACTIOJIOKEHHBIN ITOJ OTKUIHOM
KPBILIKOW CTEHAA,;

b

- Ha)KaTh KHOIKY OOIIEro BKIIOYEHUs cTeHaa “Bra. ™.

[TapameTpsbl U, B U,, B U, B I, mA I, mA l,, mA
PacuetHnrie
OneITHBIE
COJEP KXAHHUE OTYETA

OtyeT 1o J1abopaTopHOM paboTe NOHKEH BKIIHOYATh:
- CXEMBI HCCIIETyEMbIX JJICKTPUUECKUX IETeH;

- Ta6J'II/II_IBI C ONBITHBIMHA U PACUCTHBIMHA JaHHBIMU;
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- BOJIbT-aMIIEPHBIC XapAKTEPUCTHUKH (T1.11. 4, 6) C HEOOXOTUMBIMHU
MIOCTPOCHUSIMU TIPU pacueTe nmapameTpoB nenei (m.i. 5, 7, 8);

- BBIBOJBI 110 pC3yJIbTaTaM IIPOBCACHHBIX I/ICCJ'IGI[OBE[HHI?I.

KOHTPOJIBHBIE BOITPOCHI

1. UTo Ha3bIBAE€TCS HEIMHEWHBIM DJIEMEHTOM, HEJIMHEUHOM 3JIEKTPUYECKOU
LETbI0?

2. l[IpuBenure mpumepsl HD 1 0651aCTh X MPUMEHEHHUS.

3. B uem npunnunuansHoe otinure HO ot nunenHoro?

4. Yto Takoe craruueckoe u auddepenimanbHoe conpotupienus HI? B uem
ux paznuuue?

5. Kaknumu MeTo/1aMu 1 HA OCHOBAHUM KaKOT'0 3aKOHA PACCUUTHIBACTCS LIETH C
MocJeA0BaTENbHBIM coeAuHeHnemM HO?

6. UTto Takoe Harpy304Hasi XapaKTEPUCTUKA U KaK €€ OCTPOUTH?

7. KakoB MopsI0K pacyera Lenu ¢ napajuiesibHbIM coequHennem HO? Ha

OCHOBAHHH KAKOI'O 3aKOHAa OCHOBAH PaCUCT HaHHOﬁ HeHI/I?

HNPAKTHYECKAS PABOTA Ne4
JIEMCTBUE 'EHEPATOPA ITIOCTOSIHHOT O TOKA.

HEJIb PABOTbBI

3adaueii pabOTHI SABISETCS SKCIIEPUMEHTAIILHOE UCCIIEI0BaHUE
YEeTHIPEXIPOBOAHON U TPEXIPOBOIHOM TpeX(a3HbIX LEnel IPU COSTUHEHUN

Harpy3KH 3B€310M1.

IIpooonxcumenvHocms pabomsl — 2 uaca
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KPATKUE TEOPETUYECKHUE CBEJIEHUA

CookynHOCTh TpeX DJIC 0uHAKOBOM YaCTOTHI M aMIUTUTYAbI, CIBUHYTHIX T10
(haze OTHOCUTENBHO APYT JIpyTra Ha TPETh MMEPHO/Ia, HA3bIBACTCS mpexgaszHou
cucmemou I/[C.

Bripaxxenust 1511 MrHOBeHHBIX 3HaueHUH DJIC cuMMmeTprudHOTro TpexdazHoro

HMCTOYHUKA UMEIOT CJIIEIYIOIINMI BUL:
e, = Epsinut, eg = Emsin(ut—120°) ec =E, sin(ut+120°).
B xommiiekcHoit popme 3/]C 3anuckiBaroTcs B BUJIE

—j120°

. o . j120 °
EA:EQ{)’ EB:Ed)G y EC:E¢6 .

DneKkTpudecKas 1elb, B KOTOPOM aercTByeT TpexdasHas cucrema J/C,
Ha3bIBACTCS Mpex@asHoll Yenbvio.

TepMuH «gaza» B 3NEKTPOTEXHUKE UMEET JBa 3HAUEHUS: C OJJHON CTOPOHBI —
ATO apryMEHT CUHYCOUIaJIbHOM (DYHKIIMH BPEMEHH, C IPYrol — 4acTh MHOTO(a3HOM
LIEH, IO KOTOPOUM MPOTEKAET OJIUH U TOT K€ TOK.

Ha puc. 1 nokazana cxema tpexdaszHoil miernu, B KOTOpoit pa3el UICTOYHUKA U
IPHEMHHKA COCAMHEHBI 3B€3101. 3akuMbl A, B, C HCTOYHHKA M 3a3KHUMBI @, b, C
MPUEMHHUKA HA3bIBAIOT uHeluHbiMu 3axuMaMu. [IpoBoaa, COe IMHSIONINE JIMHEWHBIC
32)KMMbI ICTOYHHMKA U IPUEMHUKA, Ha3bIBAOTCS JuHelHbIMU nposodamu. Touku N u
N HA3BIBAIOTCS HEUMPATbHLIMU MOYKAMYU UCTOYHUKA U IPUEMHHKA, a TPOBOJI,
COCJIUHSIONINI 3T TOUKHU, — HeUmpaibHbIM.

HanpspxkeHust Mex1y TMHEHMHBIMA 328KUMaMU Ha3bIBAIOTCA JIMHEWUHBIMHU, a

HaIpPsHKEHUS. MEXAY TUHEHHBIMA U HEUTPAIbHBIMU 3KUMaMH — (Da3HbIMH.

Puc. 1
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| [P
I
E, E, )
AR
“ ¢ Uy Use l, jc

@da3Hble HAPSHKEHHSI HCTOYHUKA PaBHBI COOTBETCTBYIOMUM D/J[C.

[Ipu HanMuMK HEUTPAIILHOTO MPOBOJIAa TpeX(pa3zHas LENb Ha3bIBACTCS
yemuipexnpogooHotl (puc. 1). B 4eTbIpexnpoBOAHON LIETIH, TPU MPEHEOPEIKEHUH
CONPOTUBJICHUSAMHU JTMHEHHBIX U HEUTPATILHOTO IPOBOJIOB, JIMHEWHBIE U (pa3HbIE
HaIIPsKEHUS IPUEMHUKA PAaBHBI COOTBETCTBYIOIIUM HAIIPSKEHUSAM UCTOYHUKA U
OCTaIOTCsI HEU3MEHHBIMU HE3aBUCUMO OT BEJIMYMHBI U XapaKTepa CONPOTUBIICHUN
¢a3 mpuemuuKa (Ugp = Upg ; Upe = Upc ; Uea = Uca s Ua = U ; Up = Ug; U = Ug).

[TpunsThie MONOXUTENBHBIE HanpaBieHus J/1C, nMHENHBIX U (a3HbIX
HaIpsKEHUN U TOKOB ITOKAa3aHbl Ha puc. 1.

KomruiekcHble 3HaueHUsI TMHEWHBIX HAIIPSYKEHUM paBHBI Pa3HOCTH
KOMILJIEKCHBIX 3HAYEHUIN COOTBETCTBYIOMUX (ha3HBIX HAMpPsKeHUM. [t TMHeHHbIX

HaHpH)KCHI/Iﬁ IMPUEMHHUKA MOKHO 3alIMCATh

Uap =Yg Yy Upe =Up —Ue: Uea =Uc Yy

N3 BekTOpHOU quarpaMMsbl (pUC. 2) BUIHO, YTO B 3TOM ClIy4ae JACHCTBYIOIIEE

3HaveHue JuHeinoro Hanpsokenus U 1= J3au b

Toxku B ha3zax UCTOUYHUKA U TPUEMHUKA HA3BIBAIOTCS (ha3HbiMU, TOKU B TUHEHHBIX
npoBoaax — Jjunetinvimu. Kak BUIHO U3 puUC. 1, IpU COeTUHEHUH 3BE3/101 (ha3HBIi
TOK SIBJISIETCSI OJTHOBPEMEHHO JIMHEHHBIM: | = 1.

[Ipy HaMTUYUK HEUTPATBLHOTO MPOBOJIA KOMIUICKCHBIE 3HAYCHUSI TOKOB

ONPEAEISAIOTCS U3 BRIPAXKEHUN

3 =Ua/Za:i T =Up/Zp; To=Ug/Zc.
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B cootBercTBUU C TepBbIM 3aKk0HOM Kupxroda Tok B HEHTpaIbHOM IPOBOJIE

Ha puc. 2 noka3ana BeKTOpHas
auarpamma Juist 4eThIpeXIIPOBOJHON
LENH IPU HECUMMETPUYHOM
NpUEMHHUKE: B pa3e a Harpyska —

aKTUBHO-UHIYKTUBHaA (@, > 0), B

daze b — aktuBHO-eMKocTHAs (¢, < 0),

B ¢ase ¢ — aktuBHas (@, = 0).

Bexkrop Toka | B

HEUTPAIILHOM IIPOBOJE OIPEICIICH
IIyTEM CYMMHPOBAHUS BEKTOPOB JIMHENHBIX TOKOB.

[Tpu cummeTpudHOM nipueMHUKE (£,=Zp=Z.) CyMMa KOMILJIEKCHBIX 3HaYCHUMN

JMHEWHBIX TOKOB PaBHA HYJIIO Ia + Ib + IC =0 , 1 HEOOXOAUMOCTD B

HEUTPaJIbHOM IPOBOJE OTHANAET.

Ha puc. 3 noka3aHna BeKTOpHasi [uarpamMmma Jjist
YETHIPEXITPOBOAHOM 1EMU TPU CUMMETPUYHOM
pexuMe I aKTUBHOTO XapakTepa Harpysku (@
=0).

[Ipy OTCYTCTBMH HEUTPAIBHOTO MPOBOJIA

(TpexmpoBOIHAS 11ETTh) HANPshKeHUE Ha (a3ax

IIPUECMHHUKA 3aBUCHUT OT BCIIMYMHBI K XapaKTCpa

conpotuieHuit ¢as. [loaTomy coennnenue 38e3101

0e3 HEUTPaAILHOTO MTPOBOJIa TPUMEHSIETCS TOJIBKO

AJIs CHMMETPHYHBIX ITPUCMHHKOB.

Hanpsxenune U NN MEXIy HEUTpaIbHBIMU TOYKAMH MPUEMHUKA U UCTOYHHUKA

(HampspKeHWE CMETIEHUS HEUTPaJIH ) ONpeiessieTcs: o GopMyJie y3JI0BOTO

HarpsokeHus (o METoAY ABYX y3JIOB)
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UpYa+UgYp+UcYe

u
"N YatY¥p+Ye ’

rze Y a- 1/ Za : Xb = 1/ Zb : XC = 1/ ZC — KOMILJIEKCHBIE IPOBOUMOCTH (as3.
KoMIuiekcHbIe 3HaUY€HNs TOKOB
|-a Zuaia = (UA —UnN Y a;
I =UpYp =(Ug —UnN b ;
lc =UcY¢c=(Uc —UnN Nc-

Ha puc. 4 noka3ana BeKTOpHas
IUarpaMMa HallpsDKEHUN U TOKOB IpU
aKTUBHOW HepaBHOMEpHOH Harpyske (R,
>Ry,>R,).

ITocTpoeHne BEKTOPHOM THarpaMmbl s

TPEXIIPOBOIHON LIETIH 1O
DKCIIEPUMEHTAJIbHBIM JaHHBIM

11€JIECO00Pa3HO MPOBOJIUTH B

CJIEIYIOLIEM MOPSIIKE:

— B BBIOpaHHOM MacIiTade

ITIOCTPOUTH BEKTOPHYIO IMArpaMmy

HaNPsKEHUN UCTOYHUKA (U A’ U B U C: U AB ,U BC* U C AJ ;  — 3ace4yKaMH,

10 U3MEPEHHBIM (pa3HbIM HanpsbKeHusM npuemHuka U,, Up, U, u3 Touek 4, B, C

COOTBCTCTBCHHO, OIMIPCACIUTD ITOJIOKCHHC HeﬁTpaHbHOﬁ TOYKHM N IPUEMHHKA,
— IIOCTPOHUTDH BCKTOP HAIIPSAIKCHUA U nN CMCHICHUA HeﬁTpaJIH, COCIHUHHNB

HeWTpanbHble TOUKU ncTOuHUKAa N 1 mpueMHuka N,
— COCIMHUTH HENTpaIb MPUEMHHUKA N ¢ BEPIIMHAMH TPEYTOJbHUKA JTUHEUHBIX

HanpsikeHuit A, B, C (3Tu 0Tpe3Ku 00pa3yoT BEKTOPHI COOTBETCTBYIOMNX (ha3HBIX

HanpsokeHnit npuemuanka U 3 U h U C)’
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— MOCTPOUTH B BEIOPAHHOM MaciTabe BEKTOPhl TOKOB, COBMECTHB X Hayasa C
HEUTpaJIbI0 IPUEMHHKA N (OPUEHTALMS BEKTOPOB TOKOB OTHOCUTEJIBHO
COOTBETCTBYIOIIMX BEKTOPOB (pa3HbIX HANPSKEHUI PUEMHUKA ONPEAEIIIeTCs
XapaKTepoM Harpy3ku (pa3 mpueMHUKa).

[IpaBUIBLHOCTH MOCTPOCHUSI BEKTOPHOM JUArpaMMBbI CJIETyeT MPOBEPUTH IO

" . : o
nepsomy 3akony Kupxroda Ia + |b + 1 c 0

MormHOCTH B TpeX(a3HbIX HEIIX OMPeIeIaTCs KaK alreOpandeckKue CyMMBI
MOIITHOCTEN OTAETHHBIX (ha3:
— aKTMBHAs MOIITHOCTh P=P,+ Py+P.;

— pEaKTUBHAs MOIIHOCTh Q = Qat+ Qp+ Qc,

IJIe MOII[HOCTH OTIEIBHOMN (ha3bl: P b U gbl & COS @ b IéR d);

. 2

[TosHast MOIIHOCTE TpeX(ha3HoM enu S=4 P? + Q2 :

[Ipu cuMMeTpUYHOM HArpy3Ke

P=+v3Ulcosp; Q= ﬁUI sing; S= \[SUI.
OIMUCAHUE JABOPATOPHOW YCTAHOBKH

1. JTaGopatopHasi paboTa BBITIOJIHSIETCS Ha YHUBEpCcAIbHOM cTeH e OB4.

2. Ha manensix Ne 2, 3 pacnosiokeHbl HEOOXOIUMBbIE JJIs POBEACHUS pabOThI
PE3UCTOPHI U aMIIEPMETPHI.

3. ®a3Hble HANPSKEHUS, JINHEWHbIE TOKU ¥ aKTUBHBIE MOIIIHOCTH JJI K101
(a3bl U3MEPSIFOTCS C MOMOIIBIO0 IEPEHOCHOTO U3MEPUTENILHOTO KOMILJIEKTA.

4. Ha ropu30oHTaIbHOM MaHEIU CTEHAA PACIIONOKEHbBI TUHEHBIE 3aKUMbI 4, B,
C u 3axuM HedTpasbHOU Touku O Tpexdaznoi cucremsl J[C ~3 x220 B.

5. st nogavu HanpsHKEeHUs Ha 3aKUMbl Tpexdaznoit cuctemsl DJ1C

HEOOXOUMO:
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- BKJIFOYATh ABTOMATUYECKHUM BBIKJIFOYATEIIb, PACTIOIOKEHHBIN MOJI OTKUIHON
KPBILIKOW CTEH/IA;

bl

- Ha)kKaTh KHOIIKY OOIIEro BKIIOYEHUs cTeHaa “Bra. ™.

HHOPAJOK BBIIIOJIHEHUSA PABOTDBI

1. C momomipio 1udpoBoro BosibTMeTpa B7-38 usmeputs ¢aznoe Uy 1
nuHenHoe U, HanpspkeHust Tpex(da3Horo HCTOYHUKA.

2. UccnenoBath TpexdazHyro LEeMb NPU COSTUHEHUN HArPY3KU B 3BE€3/TYy C
HEUTPAIIbHBIM ITPOBOJOM.

Cobpatb cxeMy B COOTBETCTBHUH C PUC. 5, COMPOTUBICHUS HArpy3ku ¢as (R,
Ry, R¢) — mocienoBareabHO COETMHEHHBIE TIEPEMEHHBIN PE3UCTOP COMPOTHBICHHEM
150 Om, nocrosiHHbIi pe3uctop conpotuBiaeHueM 100 Om u nammna HakanuBaHust EL
(manenb Ne 2); amrnepMeTpsl B pazax Harpy3Kd U HEUTPAILHOM MPOBOJIE — C

npezaesnom usmepenus 1 A (manenu Ne 2, 3).

~3x220B
A B C O

6600 0000

Al Bl cl NY ATBT CcT NT

\% W A

Puc. 5. DnekTpudeckasi cxema 4eTbIPEXITPOBOIHON JIMHUH

YcranoBUTh Ha U3MepUTEIbHOM KoMILiekTe K540 nmpeaesnsl uamepeHus 1o

HanpspkeHuto — 150 B, mo Toky — 1 A:
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- YCTAHOBUTH C IOMOIIBIO MEPEMEHHBIX PE3UCTOPOB CONpOTUBIEHUEM 150

OM CUMMETPUYHYIO HAarpy3Ky B (a3zax nmpueMHUKa (M0 MOKa3aHUsAM KOMIUIEKTa
K540), pe3ynbrarsl 3aHecTy B Ta0. 1;

- 00opBaTh oAHY U3 (a3 (1o yKa3aHUIO MPENoaaBaTENs ), OTKIIOYUB
COOTBETCTBYIOIIYIO KHOTIKY, PE3yJIbTaThl U3MEPEHUI 3aHECTH B Ta0II. 1;

- YCTaHOBUTH HEPABHOMEPHYIO HArpy3Ky B ¢azax MpUEMHUKA, JUIsl YETO B OJJHOM
u3 (a3 B KaUeCTBE HArPy3KH BKIIOYUTH PE3UCTOPHI compoTuBieHusmMu 150 Om u
100 Om, B 1BYX OpYTrUX OCTaBUTh HArPy3Ky HEM3MEHHOM, PE3YIbTAThl U3MEPEHUIN

3aHeCTH B Ta0I. 1.

Tabnuya 1

[TapameTpsl

OIIBITHBIC pacCdYCTHBIC

Bun narpysku Ua, | Up, [ Ue, | lay | by | Ley | Iny | Pay | Po, | Pey | P,
B B B A | A A | A|Br | Br | Br | Br

CummMmeTrpuyHas

OO6pbIB (pa3el

HepaBromepnas

[TocTpouTh B MaciiTabe BEKTOPHBIC THArpaMMbl HAPSHKEHUH U TOKOB TPU
MCCIICIOBAHHBIX HArpy3Kax Mo JaHHbIM Tao. 1.

3. UccnenoBath TpexdaszHyro 1eMb MPYU COSAUHESHUH HArpy3KHu B 3Be31y 0e3
HEUTPaJIbLHOIO MPOBOJA.

CoOpaTh 11e11h B COOTBETCTBHHU C pUC. 6, BBITIOJIHUB HEOOXOIUMbIEC
TIEPEKIIIOYEHHUS B cxeMe puc. 5. Jig u3aMmepenus HanpspkeHus cmetneHus Upy

HCIIOJIb30BaTh 1IU(poBOit BoabsT™METp B7-38.
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~3x220B

A B C O
o——

éééo OO OO RCEJR}][JRQ

Al Bl cl N ATBT ¢T NT

\% W A A A \Y

Puc. 6. DnekTpuueckas cxema TpeXIpOBOAHOMN JIMHUU

VYcranoButh Ha komiuiekte K540 mpenensl uzmepenus no Hamnpsbkeruto — 300 B,
1o TOKYy — 2,5 A.
BrinonHuTh HEOOXOAUMBIE M3MEPEHHUSI PU HATPy3Kax B COOTBETCTBUU C TaOI.
2.
JIJIst IPOBEICHHS OIIBITA KOPOTKOTO 3aMbIKaHHs He06XoxuMo oany u3 daz A 7, BT,
C 7\(110 YKa3aHUIO TPENOAaBaTeNsl) COEAMHUTD C HEUTPAIbHOW TOYKOM MTPUEMHHKA N.

Tabnuya 2

[Tapamerpsl

OIIBITHBIC paCdYCTHBIC

Bun narpysku Ua, [Up, | Uy | Loy, | by | ey | Uy | Pay | Po, | Pey | P,
B B B|A|A]|A B Br | Br | Br | Br

CummMmeTrpuyHas

OO6pbIB (pa3el

HepasHomepnas

K. 3. da3s

[To nanHbIM TabJ1. 2 MOCTPOUTH B MAcIlITa0€ BEKTOPHBIEC TUATPAMMBI

HaHp}DKCHI/Iﬁ 1 TOKOB IJIs1 UCCIICAOBAHHBIX HAI'PY30K.
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COAEPXKXAHHUE OTYETA

OtyeT 1o J1abopaTopHOM padoTE NOIHKEH BKIIIOYATH:

— CXEMBI HCCIIEIYEMBIX JIEKTPUUCCKHX IIeTICH;

— TaOJHIIBI C ONBITHBIMHU M PACUETHBIMH JaHHBIMU;

— BEKTOPHBIC THArpaMMbl HAMIPSKEHUH ¥ TOKOB JIJIS1 ICCIIETIOBAHHBIX
Harpy3oK, TOCTPOCHHBIC B MaciTabe;

— BBIBOJIBI IO PE3YJIbTaTaM BBIIOJIHEHHON paOOTHI.

KOHTPOJIBHBIE BOITPOCHI

1. KakoBbl penMyiiecTBa Tpex(aszHbIX LEenei N0 CPaBHEHUIO C
oHO(a3HBIMU?

2. Kakue npueMHHKHN Ha3bIBAIOTCS CUMMETpUYHbIMU? Kakast Harpyska
Ha3bIBAECTCSI PABHOMEPHOM, KaKasi — OJTHOPOIHOM?

3. B uem npenMy1iecTBa YE€ThIPEXIPOBOIHOM LEMHN 110 CPABHEHUIO C
TPEXIIPOBOIHON?

4. ITouemy He CTaBUTCS MPENOXPAHUTEL B HEUTPAJIbHBIN MPOBOA?

5. KakoBo coOoTHOIIEHHE MEXAY TMHEHHBIMU U (pa3HBIMU HANPSLDKEHUSMU
CUMMETPUYHOIO PUEMHHUKA, COEJUHEHHOT'O 3BE€301, TP CUMMETPUYHON CUCTEME
JIMHEWHBIX HAIPSKECHUMN?

6. Kak onpenensitorcs Toku B (pazax HECUMMETPUYHOTO TPUEMHUKA,

COEMHEHHOT0 3B€3/I01, B TPEXIPOBOJHOM ETN?
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INPAKTHYECKASA PABOTA Ne 5
YHPABJIEHUE TPEX®A3HBIM ACUHXPOHHBIM JIBUT' ATEJIEN.

HEJIb PABOTbI

3aoaueti pabOTHI ABIAETCS SKCIIEPUMEHTANIbHAS MPOBEPKA YpaBHEHU,
OMUCHIBAIOIINX MMAPAMETPHI LIETIH MEPEMEHHOTO CUHYCOUIAJLHOTIO TOKA MpPH
napajyieIbHOM COE€AMHEHUU 3JIEMEHTOB, UCCIIEIOBAHUE PE30HAHCHBIX SBJICHUN MPU
rapasuieIbHOM COCIMHEHUH KaTYIIKU UHIYKTUBHOCTH U KOHJIEHCATOPA,

HCCIIeIOBaHKE CII0co0a MOBBIICHNS KO3 (UILIMEHTa MOITHOCTH.

IIpoodonsxcumenvrocme pabomwi — 2 waca

KPATKHE TEOPETUYECKHUE CBEJIEHUSA

PeanbHast MHIYKTUBHAS KaTyIlIKa 00J1a/1aeT aKTUBHBIM COMPOTUBIICHUEM R, U
WHJYKTUBHBIM conpoTuBieHueM X,. [Ipu noakitoueHnn WHIyKTUBHOM KaTYIIKHA K
ceTu ¢ HanpspkeHneM U TOK B KaTyIIIKEe OTCTAeT OT HANpsDKEHUs 1o ¢dase Ha

HCKOTOpBIfI YroJa@, , BEJIMYUHA KOTOPOro onpcACIACTCA COOTHOIICHUCM MCIKIY

AKTUBHBIM U MHJIYKTUBHBIM CONTPOTUBJICHUSIMU KaTyIIKU. B naeansHon
WHIYKTUBHOM Katymike R, = 0 u yron ¢, MeXIy HanpssKeHUEM M TOKOM PaBeH 90°,
PeasibHY10 MHIYKTUBHYIO KaTYIIKy MOKHO MPEJICTABUTH B BUAE CXEMBI

3aMelIeHHUs OCIIeI0BATEIbHO BKIOUEHHBIX aKTUBHOTO U UHAYKTUBHOTO
CONPOTUBRJICHUHN WJIU TTapaJlIeIbHO BKIOUCHHBIX COMTPOTUBJICHUHN, BETMUNHY
KOTOPBIX yZ00HEe XapaKTepU30BaTh MPOBOAUMOCTIMU: aKTUBHOU — G,,

UHIYKTUBHOU — B, (puc. 1 a, 0, 8).
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N
C
~
C.
=
2
|
=
=

0) 8)
Puc. 1

[Ipu pacuere no cxeme (puc. 1 8) MPOBOIUMOCTH UHAYKTUBHOMN KaTYIIKU

OTIPECIIAIOTCS

B _&- G _Ri_Pi- Y _i_li
K ’ K _92 .27 K7 y '
z. U, KoK

rae Px — akTUBHAs MOIIHOCTb, MOTPeOIsieMasi MHIYKTUBHOM KaTYIIKOM;

2 2
Zy = \/ R+ X, — NOMHOE CONPOTUBIIEHHE KaTYIIKH;

_lg2,g2= Y
Y. =G, +B; = 0 TOJIHAst IPOBOJIUMOCTE KaTyIIKH.

K

Bekropnas nuarpamMma TOKOB ISl PE€ajIbHOM

WHJYKTUBHOMW KaTyIIKU Oy/ieT uMeTh BUJ (puc. 2).

CocraBisomye Toka UHAYKTUBHON KaTyILIKU:
- aKTHUBHas: Ié\é = |é COS®s =U éGé,

- peakrupnas: |, =1,sing, =U ,B,;
_ 12 42
|, = IaK+IpK'

[Ipu noaKIrOUEHNH TAPAIUIEITIBHO UHAYKTUBHOM KATYIIKKA KOHAEHCATOPA B

HETIN MOXKCT BOSHUKATL PCIKUM pe30HaHca nokKoe, Ipru KOTOPOM HaIIPsS>)KCHHUC Ha

3aKuMax ICIii U TOK B HCp&SBCTBHCHHOﬁ O COBIIaAArOT I10 (1)336.
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Pexxnm pe3oHaHca TOKOB B TapajuIeIbHOW LIENH IIPU HEU3MEHHOM 4acTOTE
TOKa BO3HHKAET Ipu ycnosun B, = B¢ = «C,, mpu stom |, = |, cymmapHslii Tok
MHUHUMAJEH U paBeH .

Kosghgpuyuenmom mowmocmu Harpy3Ky Ha3pIBalOT KOCHHYC yria casura a3
MEXy MUTAIOIIMM HAIPSKEHUEM U TOKOM B Hell. /{151 yMeHbIIeHus ToTeph Ipu
nepeiaye SHEPTUU CTPEMSITCS TTOBBICUTH KO3()PHUIIMEHT MOIITHOCTHU AJIEKTPUIECKON
[ENU MyTeM BKJIIOUEHUS NapajlieIbHO UHYKTUBHOM HAarpy3Ke KOHJEHCATOpa

HEO0XOJIMMOU €MKOCTH, BEIMYNHY KOTOPOU MOKHO PACCUUTATH:
P
C= 2(tg%_-tg¢2),
olJU

IZI€ (1 — YTOJI MEXKAY TOKOM M HANPSDKEHUEM 10 BKIIFOYEHUS KOHAECHCATOPA;

(> — YTOJI MEXKly TOKOM M HaIlPsSHKEHUEM TIOCIIE BKIIFOUEHHUS KOHJIEHCATOPa,
BEJIMYHMHA KOTOPOTO PETJIaMEHTUPYETCS JUPEKTUBHBIM KO3(PPUIIMEHTOM MOIIHOCTH,
yCTaHaBIMBAaEMbIM 3HEProcHaOXarouie opraHu3anue.

Cuny TOKa yepe3 EMKOCTHOM 3JIEMEHT MOYKHO OIPEICIIUTh:
IC =U- BC =U - -wC
[Tpu mapanienbHOM NOAKIIOUYEHUN UHIYKTUBHON

KaTyIIKU, KOHJIEHCATOpa U PE3UCTOPA TOK B I_ ¢

HEPa3BETBIICHHOMN YaCTH ETH ONPEACISICTCS KaK ¢\ "4aK

fc.

reoMCTpHNICCKas CyMMa TOKOB KaTyIIKH,

- |
. . . . K
konaencaropa u pesucropa: | = I, +1c + 1R, IPK I

—1
a BEKTOpHAs ArarpaMMa, COOTBETCTBYIOIIAS Puc. 3

MOCJIEIHEMY YPABHEHUIO, UMEET BU/I, TOKa3aHHbIA Ha puc. 3. 13 npuBeaeHHON

JIAarpaMMmbl CIENYET, YTO

= (r+ 1, P+ (1~ 1c P

57



OIIMCAHUE JABOPATOPHON YCTAHOBKHA

1. JlabopaTtopHasi paboTa BBINIOJIHAETCS Ha YHUBEpCcAIbHOM cTeH e B4,

2. HeoOxomumbie 117151 IPOBEICHUS OMTBITOB DJIEMEHTHI: KaTyIIIKa
UHAYKTUBHOCTH M OaTapest MoJKII0YaeMbIX KOHJACHCATOPOB PACIIONIOKEHBI HA
nanesnu Ne 4, pe3aucTop MepeMEeHHOro CONpoTUBIeHUs [ | Ha manenu Ne 3.

3. HanpspkeHue Ha 3aKuMax ey, CUjia TOKa U MOUTHOCTb U3MEPSIIOTCS C
MIOMOIIBIO TIEPEHOCHOT0 U3MepUTENbHOr0 kKomiuiekTa K540.

Ilepeo nposedenuem ouepedno2o onvlma HeoOX00UMO 0053ameabHO NPOBEPSMb
NpasuIbHOCMb YCMAHO08KU npeodenos usmeperus komniexkma K540.

4. Ha TOpU3OHTAJIBHON MAaHENH CTEHAA PACIOJIO0KEH HCTOYHHK
nepemeHHoro toka (~0—220 B), JIATP ans perynupoBaHusi HaIpsLKEHUS Ha
3a)KMMax I€MU U KHOMKHU BKJIFOUCHHS TUTaHUS CTEHA.

5. [Ins moAKIIroueHUs HANIPSKEHHS TUTAHUS K UCCIIENyEeMOil 1Ienun
HEOO0XOUMO:

— ToBepHYTh pYKOATKY JIATPa npoTuB 4acoBoil CTpeNIKU A0 yIopa;
— BKJIFOYUTH aBTOMATUYECKUI BBIKIIIOYATEINb, PACTION0KEHHBIN MO OTKUIHOM
KPBIIIKOM CTEH/IA;
— HaXXaTh KHOTIKY OOIIETO sKar0ueHuss cTeHna “Bxn”;

— HaXKaTbh KHOIIKY, PACHOJIOKEHHYIO MO BOJIBTMETPOM “‘Ilepemennoe”;
HOPAAOK BBIIIOJIHEHUSA PABOTHBI

1. O3HaKOMUTBCA ¢ JabOpaTOPHBIM CTeHIOM DB4 1 n3mMepuTensHbBIM

komruiekToM K540. [ n3mepennst HanpspkeHrs Ha Harpyske Ha nanenn K540

Haxath kHonky U & T

VYcranoBuTh Ha u3MeputTenbHoM Komiuiekte K540 ciaenyromue npeaensl

u3MepeHus: no Hampspkenuto — 30 B, mo Toky — 1 A.
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2. OnpenenuTth mapaMeTpsl KaTyIIKH HHIYKTUBHOCTH (11aHesb Ne 4),

MOJKJIIOUMB €€ K U3MEepUTEIbHOMY KOoMIUIeKTYy K540 (puc. 4).

~0-220B
il )
J)ooé> O 00O
Al BL CINY AT BT CTNT
Ly
V w A L
Puc. 4

VYceranoButh JIATPom Hanpspkenne nutanus U = 20—25 B (o ykazanuto
npenojaasarens). Pe3ynbTaTel U3MEpeHHil 3aHeCTH B Ta0. 1.
N300pa3uTh napawieabHy0 CXeMY 3aMElIeHHs peabHOM KaTyIIKH

HHAYKTUBHOCTH, IIOCTPOUTDH B Macmitabe ee BCKTOPHYIO JHAarpaMmMy.

[TapameTpsl
OIIBITHBIC paCUYCTHBIC
U | ey [Py | Ya, G, B, Lo [COS@i| e | Lo,
B A | Br | 10°Cm | 10°Cm | 10°Cm | T A | A

Tabnuya 1
3. UccnenoBaTh pe30HAHCHBIE SIBJICHUS ITPU NapajIeIbHOM COEIMHEHUH
KaTyIIKU UHAYKTUBHOCTH ¥ KOHJIEHCATOPA.
[ToaKII0YNTE NapaIeNIbHO KAaTYIIKEe NHIYKTUBHOCTH KOHAEHcaTop (maHesb Ne
4). PaccunTath €eMKOCTh KOHIeHCcaTOpa C,, IpU KOTOPOX B TaHHOW LIETIN

Ha6JHOJIaeTC$I SIBJICHUC PE30HaHCa TOKOB.
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HccnenoBarh M3MEHEHUE TOKA B HEPA3BETBICHHOM YaCTH LIENH ITPU
HanpspbkeHuu nutanus U = 25 B 1 u3MeHeHn eMKOCTH KOHAEHCaTopa B Ipeeiax
(Cy—40)< C < (Cy+120) MxD.

Pe3ynbrarel u3MepeHuil 3aHecTy B Ta0N. 2.

Tabnuya 2
[TapameTpsl
Icnu
C, Mk
OIILITHBIC
I, A
Bc, 10°Cm
lc, A
pacyeTHBIC
COSQ
@, rpan

[To nanubIM Tab. 2 Ha oiHOM rpaduke u300pa3uTh 3aBucumoctu: Be = f(C),
cosp =1(C), ¢ =1(C), B,=1f(C), na npyrom rpaduke — | =f(C), 1., =1(C),
I« =f(C), Ic =1(C).

Ha rpaduke OTI0XKUTh 3HAYCHHE PE30HAHCHOM EMKOCTH U OTMETHUTh
XapaKTepHbIC TOYKH Ha PE30HAHCHBIX KPUBBIX.

[TocTpouTts B Maciitabe BEKTOPHBIC AHATPAMMBI TOKOB ISl 3HAYEHHUI
emocter C=C,, C<C, u C> C,.

4. ccnenoBath 3JCKTPUUECKYIO IIETh MIPH MapajlieIbHOM COSTHHCHHN
PE3UCTOpPA U KATYIIKH HHAYKTHUBHOCTH.

[MoaxIr0UNTh MapalIeIbHO KAaTYIIKE HHIYKTUBHOCTH PE3UCTOP C MEPEMEHHBIM
conpoTuBieHueM (ranenb Ne 3).

OnpenenuTh napamMeTphl LIENU IpU HanpskeHuy nutanus U = 25 B.
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Pe3ynpTaTel ©3MepeHuil 3aHecTy B Ta0. 3

Tabnuya 3
[TapameTpsl
OTIBITHBIE pacyeTHbIe
U, I, P, Pr, Ir, COS @1 01 tge1
B A Bt Bt A rpaj
25

5. Ilo nanHbIM Tab. 3 paccYUTaTh EMKOCTh KOHJIEHCATOPa, KOTOPbIII HEOOX0IUMO
BKJIFOUMTH JJI51 TOBBILIEHUS KO3(P(PUIIMEHTA MOIIIHOCTH UCCIEAYEMOM LIENH 10
sHageHust COS@, = 0,95.

[ToAKIIOYUTE NapaIIIENIbHO K UCCIEAYEMOM B I1. 4 LIETIH KOHJIEHCATOP

paCCIIHTaHHOI;’I CMKOCTH.

OnpenenuTs napamMeTpbl HENu IpH HanpsbkeHny nutanus U = 25 B.

Pe3ynbpTaThl u3MepeHuit 3aHecTy B Ta0I. 4.

Tabnuya 4
[Tapametpsl nenu
OTIBITHBIC pacyeTHbIC
U, I, P, C, COS @9 ®2, tge, Ic,
B A Br MK®D rpaj A
25

ITo nanHbIM Tab:1. 3, 4 MOCTPOUTH B MacIITabe Ha OJTHOM KOMILJICKCHOM

IMIIOCKOCTH BEKTOPHLBIC AarpaMMBbl TOKOB.

COJEPKAHUE OTYETA
OtyeT 1o J1abopaTopHOM paboTe NOHKEH BKIIHOYATh:

— JJICKTPHUYICCKHC CXCMbI OIILITOB,
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— TaOJMIIBI C ONBITHBIMHU U PACUETHBIMU JAHHBIMU, PACUETHBIE (POPMYIIBI;
— BEKTOPHBIEC TUAarpaMMBbl TOKOB, IOCTPOCHHBIE B MacIlTaoe;
— KPUBBIE 3aBUCUMOCTEH 110 1. 6;

— BBIBOJIBI IO PE3YJIbTaTaM BBIIIOJHEHHON paOOTHI.

KOHTPOJIBHBIE BOITPOCBI

1. Kak o OnbITHBIM JaHHBIM OIPEIEIUTD IMAPAMETPBl UHAYKTUBHON
KaTYIIKHA?

2. Kak cBa3aHbl napaMeTpbl UHAYKTUBHOW KaTYIIKH JJIS ITOCIEA0BATEIBHON
cxeMbl 3amenienus R, u X, u 1y napamiensHoi cxemsl 3ametenus G, u B,?

3. Uro Takoe pe30HaHC TOKOB, IPH KaKUX YCIOBUSAX OH BO3HUKAET?

4. Kak nipu 3aJ1aHHBIX NTapaMeTpax UHAYKTUBHOU KaTyIIKHA ONPEAEIUTh
€MKOCTb KOHJIEHCAaTOpa, He0OOX0JUMOT0 JIIsl BOSHUKHOBEHMS B LIETIN PE30HAHCA
TOKOB?

5. IlosicHuTE HA PE30HAHCHBIX KPUBBIX 3aBUCHMOCTb TOKA LENHU U
K03 uUIIMEeHTa MOITHOCTH OT EMKOCTH KOHJEHCATOPA.

6. 75 4ero moAKIIOUal0T KOHACHCATOP MapayljieIbHO MHIYKTUBHOW KaTyIIKe?

7. YUemy OynieT paBeH TOK B HEPa3BETBJICHHOMN YacCTH LIETIH, €CJIM apaJlIeNIbHO
WHIYKTUBHOM KatyIike ¢ mapamerpamu R, = 30m, X, =4 OM NOAKITIOYUTH

KOHZAeHcaTop ¢ X¢ =25 OM? Hanpsixenne cetu U = 50 B.

HNPAKTHYECKASA PABOTA Ne6
OINPEAEJIEHHUE ITOTEPU HAIIPSAKEHUA U MOIHOCTU B JIMHUHU
JJIEKTPOIIEPEJIAYH.

HEJIb PABOTBI

3aoaueri pabOTHI ABIAECTCA HCCIEAOBAHKE TMHUN NIepe1ad Ha IPAKTUYECKUX

y4acTKax Mpy COEAMHEHUH HArpy3KH pa3IMUHbIX TOTpEeOUTENEH.
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IIpooonsxcumenvrocme pabomsi — 2 uaca

KPATKUE TEOPETHYECKHUE CBEJIEHUA

CookynHocTh Tpex DJIC 0uHaKOBOM YaCTOTHI U aMILTUTYbI, CIBUHYTHIX T10
(haze OTHOCUTEIIBHO APYT JIpyra Ha TPETh MEpHUOa, Ha3bIBACTCS mpexgaszHoll
cucmemott I/[C.
Bripaxkenust 111 MrHOBeHHBIX 3HaueHn DJIC cummeTpudHOro Tpexda3sHoro
HMCTOYHHUKA UMEIOT CIICAYIOIINIA BUI:
1. Cobpame na nanenu Ne 2 mpexghasnyito HazpysKy no cxeme mpeyeoivbHuKa u

HOOKIIOUUMb ee uepe3 uzmepumenvuviii komniexkm K540 k mpexgasnoii yenu (puc.

~3x220B
A5 OO

b6dd  6odo Rl || R[] | ®

alpl ol il ATBTCTHT

Puc. 3

3). Harpyska kaxmo# (ha3bl COCTOUT U3 MOCIEI0BATEILHO COSMHEHHBIX PE3UCTOPOB
R =100 OmM, Rp=150 Om u namMnbl HaKaJIMBaHUS COMPOTUBJIEHUEM R,.
VY CTaHOBUTH HAa U3MEPUTEITLHOM KOMIUICKTE CIAEAYIOIIUE MPeebl U3MEPEHUS:
U=150B,1=25A.
[IpoBecTH OMBITHI 1O M.1. 2—5, pe3yJabTaThl U3MEPEHUH 3aHeCTH B TA0II. 1.

Tabnuya 1

[TapameTpsl
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OIIBITHBIC PacueTHbIC

Bun Uab ch Uca Iab ] Ibc ) Ica , IA , IB , IC ) I:)ab I:)bc Pca P!
Harpy3Kku BIB|B|A|A|A|A|A|B|Br|Br|Br|Br
CummeTpuyHas

OO6pbIB (passl

Harpy3Ku

HepaBromepnas

OOpbIB TMHEHHOTO

IIPOBOAA

2. YCTaHOBUTH C MIOMOILBIO IEPEMEHHBIX PE3UCTOPOB CUMMETPUUHYIO
Harpy3ky lap=Ip:=lca. Pe3ynbTaTel uamepenuit 3anectu B Tadm1. 1.

3. OTxr0unTh OHY U3 (a3 Harpy3ku (10 yKa3aHUIO MPENOaBATENs) U
BBITIOJIHUTD U3MEPEHHUSI.

4. YCTaHOBUTH C TIOMOIIIBIO IIEPEMEHHOTO PE3UCTOPA, BKIFOYCHHOTO B OJTHY U3
¢a3 (1o ykazaHHUIO MPenoJaBaTelis), HEpaBHOMEPHYIO Harpy3Kky. Pe3yiabTarsl
M3MEpeHUit 3aHeCTH B Ta0. 1.

5. OTKJIIOYUTH OJIMH W3 JIMHEHHBIX MPOBOJIOB (TI0 YKa3aHUIO MPEIojiaBaTes).
IIpownsBecTu n3MepeHusl.

6. BBIMOIHUTH pacueTsl, UCTIONB3YS Pe3yIbTaThl H3MEPEHH 10 IL.IT. 25,
MOCTPOUTH BEKTOPHBIE AUAarpaMMbI TOKOB U HampsDKEHUH. Pe3ypTaTel pacyeToB

3aHECTH B TaOJUILy U CPABHUTD C Pe3yJIbTaTaMH U3MEPEHUH.

COIEPXKXAHHUE OTYETA
OtuyeT 1o J1abopaTopHOI paboTe TOHKEH BKIIFOYATh:
— CXEMBI UCCIICTYEMBIX DJICKTPUUCCKUX IICTICH;
— TaOJIMITY C OTIBITHBIMUA U PACUETHBIMU JaHHBIMH;
— BEKTOPHBIC TMAarpaMMbl HAIIPSHKEHUH U TOKOB JIJIST UCCIICIOBAHHBIX PEKUMOB
paboThI, MMOCTPOCHHBIE B MacITabe;

— BBIBOJIBI TI0 pe3yJIbTaTaM BBITIOJHEHHON pabOThI
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KOHTPOJIBHBIE BOITPOCHI

1. Yto Ha3wiBaeTcs TpexdazHol 1erbio?

2. Kak nmoakirodaercst Harpy3Kka B Tpex(ha3HbIX HEemnsix?

3. Kakoe HampsbkeHue B Tpex@a3HbIX LEMAX Ha3bIBACTCS JIMHEHHBIM,
(ha3HbIM?

4. Kak paccuMThIBaeTCS MOITHOCTH TpeX(a3HOH 1enu?

5. Kak paccuuThIBalOTCsSl TOKHM M HAMIPSHKEHUST HArPY3KU TIPU COSTUHEHUHN
TPEYTOJIBHUKOM?

6. Kakoe cooTHOIIeHNEe MEKIY TMHEWHBIMH U (Da3HBIMU TOKaMH B TpexXda3zHou
LENU NpU NOJKIIOYEHUH CUMMETPUYHOM Harpy3KH 10 CXeMe TpeyroJbHUKa?

7. Kak U3MEHSI0TCSl TOKM B CHMMETPUYHOM Harpy3Kke, COeIMHEHHON

TPEYTOJIbHUKOM, MPU 0OpBIBE JIMHEWUHOTO MPOBo1a?
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[Ipunoxenue A

MunuctepcTBO 00pa3zoBaHus U Hayku YenssOuHckon obacTu
['ocynapcTBeHHOE O10/1KETHOE PO ecCHOHANTBHOE 00pa30BaTEIbHOE YUPEKICHNUE
«FOxHO-YPpanbCKuil rocy1apCTBEHHbI TEXHUYECKHHA KOJLJIEIK

OTYET

10 BBHITIOJIHEHUIO JTA00OPATOPHO-TIPAKTUUECKUX PaldoT
y4eOHOM TUCIUTUIUHBI

((3J'I€KTpOTeXHI’IKa H JICKTPOHHUKA»

BBIITOJTHWIIA: CTYJIeHTKa 3oJjoTapeBa A.l.

rpynna: BB-225/6

npoBepui: npenoaasarens Jlup C.B.

Yemaouuck 2021r

66



CIIMCOK JIMTEPATYPbI

OCHOBHbBIEC HCTOYHUKHU:

1. laitnexo.B.A., DOnekrporexnuka: ydeOHOoe mocoome/ B.A. JlaiiHeko,-
MwuPUIIO,2019.-287c., pexum nocryma https://znanium.com/read?id=367755
JononHuTenbHas JIuTeparypa:

2.Mapuenko A.[l. DleKTpoTeXxHHMKa | DJJIEKTpOHHMKA: YyuyeOHuk: B 2 T. T
2.9nextponuka A.Jl. Mapuenko. F0.®. Onamuuii. -MockBa6 MTHDA-M, 2022-391
c.-  (Bpiciee  oOpazoBanme :  bakamaBpmar) . Pexum = nmoctyma:
https://znanium.com/read?id=380940

HNHTEpHET-pECypPCHI:

1. DaexTpoTexHUKa U AIEKTPOHHKA [ DJIEKTPOHHBIN pecypc]. - Pexxum noctyma.
http://www.vsya-elektrotehnika.ru/

2. DJNEeKTpUK [DIeKTpOHHBIN pecypc]. - Pexxum qocrtyna.
http://www.electrik.org/elbook/site2.php

3. Adnrarickuii ['ocymapcTBeHHsli TexHnuecknid yausepceuteT um. M.N.1lon3ynosa
[DnexTponHbIi pecype]. - Pexxum gocryma. http://it.fitib.altstu.ru/neud/oe/

4. ®I'bOY BO KpacHosApcKuil rocyJapCTBEHHBIN arpapHblii YHUBEPCUTET
[DnexTponHbIi pecypc]. - Pexxum gocryma. http://www.kgau.ru/distance/etf 03/el-
teh-ppp/et200.htm

67


https://znanium.com/read?id=367755
https://znanium.com/read?id=380940
http://www.vsya-elektrotehnika.ru/
http://www.electrik.org/elbook/site2.php
http://it.fitib.altstu.ru/neud/oe/
http://www.kgau.ru/distance/etf_03/el-teh-ppp/et200.htm
http://www.kgau.ru/distance/etf_03/el-teh-ppp/et200.htm

