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AKT COTI'VIACOBAHUA

Ha MeToauueckrue peKOMEH IAINH 110 BBITIOJTHEHHIO MPAKTUYECKUX paboT
10 y4eOHOM TUCIUTUTHHE « DJIEKTPOTEXHUKA U DIIEKTPOHUKAY,
paspaborannsie npenoaasatenem 1K BB Jlup C.B.,

JUTSI CTYJIEHTOB CIIEIIUATbHOCTH
08.02.04 BonmocHabkeHre U BOOOTBeIeHHE (0a30Basi IOATOTOBKA)
I'BIIOY CIIO «¥OsxHO-YpanbCckuil ToCy1apCTBEHHBIN TEXHUYECKUM KOJUIEIE

Meroanueckre pPEKOMEHIAIMU IO BBIMOTHEHUIO MPAKTHYECKUX padOT 1Mo y4eOHOM
JTUCIUTIINHE «JJIEKTPOTEXHUKA W DJIEKTPOHUKA» TpEIHAa3HAYCHBI IS OOydaromuxcsi 0a30Boi
noxarorosku crermaiabHocT 08.02.04 BomocHabkeHue M BOIOOTBEICHHUE.

B mporiecce BBITONHEHUS TPAKTUYECKUX padOT oOOydaroImHecss CUCTEeMATH3UPYIOT H
3aKpEIUSIIOT ~ TIOJIyYeHHBIE  TEOPETHYECKHUE  3HAHWs, Pa3BUBAIOT  HMHTEIUIEKTyalbHBIE U
npodeCCHOHANIbHBIC YMEHUs, (GOPMHUPYIOT JIEMEHTHI KOMIIETEHITUN Oy IyIINX CIICIIHAIMCTOB.

Meroanueckne pekoMeHmanuu coaepkar [loscHurensHyro 3amucky, [lpaBuna TexHUKH
0€30MacHOCTH TPU TPOBEICHUM TPAKTUYECKUX padot, [lepedyenp u comepkaHue MPAKTHUECKUX
pabot, muteparypy (OCHOBHBIC U JOTIOJHUTENbHBIC HCTOYHUKHU, IHTepHEeT-pecypcsl), [Ipunoxenue
— oOpazen TUTYIBHOTO JIucTa, OTYeTa 10 MPAKTUUECKOH pabdoTe.

B pesynbpTaTe BBINOJHEHUS MPAKTHUYECKUX PabOT CTYACHT JOJDKEH yYMETh HCIOJIb30BaTh
MporpaMMHOE OOecTieueHHe B MPOGECCHOHAIBHON AEATEIbHOCTH; MPUMEHITh KOMITBIOTEPHBIC H
TEeJIEKOMMYHHUKAIIMOHHBIC CPEJICTBA; 3HATh COCTaB MH(POPMAIMOHHBIX U TEJIEKOMMYHHUKAIIMOHHBIX
TEXHOJIOTUH; (PYHKIIMM W BO3MOXKHOCTH HCIIOJIb30BAaHUSA HMH(POPMAIIMOHHBIX TEXHOJOTHH B
poeCCHOHAIBHON JIEATEILHOCTH.

VYkazanHele MeTonuyeckue PEeKOMEHJIAIMK 10 BBIMOJHEHUIO MPAKTHYECKUX padoT 1o
y4eOHOU TUCIHUIUIMHE «ODJIEKTPOTEXHUKA M DSJCKTPOHHKA» Mpeiiaraercs HCIONb30BaTh MM
oOyuaronuxcs crnenuaibHoctu 08.02.04 BogocHabxeHne u BogooTBeieHue (0a30Basi MOATOTOBKA)

KOVYpI'TK ounoit hopmbl 00ydeHuUs.

«ApxurextypHas  Macrtepckas
A.A. Mapxkirerep
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HosicuuTebHAsA 3aMIUCKA

Metoauyeckre PEeKOMEHAIMU IO BBIMOJHEHUIO MPAKTUUECKUX paboT
M0 JNUCHUIUIMHE OJEKTPOTEXHUKA U HJICKTPOHUKA JJii OOYYalomMXCS IO
cnenuansHoctu 08.02.04 BogocHabxeHue U BOAOOTBEICHUE.

[IpakTryeckue 3aHATHSA SBISIIOTCS BaXXHBIM  DJIEMEHTOM  Y4eOHOU
TUCLUIUIMHE. B mpoliecce BHITIOJHEHUSI MPAKTUYECKUX PadboT olydaroriuecs
CUCTEMATH3UPYIOT M 3aKPEIUISIOT TMOJYyYCeHHbIE TEOPETUUYECKUEe 3HaHUS,
Pa3BUBAIOT WHTEIJIEKTyalbHbIE W TPOPECCUOHANIbHbIE YMEHHUs, (GOPMUPYIOT
AJIEMEHTHI KOMIIETCHITUN OyAyIIUX CIEIUATUCTOB.

Mertoauyeckre peKOMEHAAIMK TMpeaHa3HAYeHbl i1  OpraHU3alluu
BBITIOJIHEHUS TTPAKTHYECKUX PAOOT MO DIIEKTPOTEXHUKE U IJIEKTPOHUKE.

[Tporpammoii npeaycmoTpero BbeimoiHeHHe 10 mpakTudeckux pador,
HaIpaBJIEHHBIX Ha JOCTHKCHHUE CICAYIOIINX Pe3yJIbTaTOB:

YMeTh:

- HCTOJB30BaTh  JJEKTPOTEXHUYECKHME  3aKOHBI I pacuera
ANEKTPUUECKHX LIETIel MOCTOSIHHOTO U MEPEMEHHOT0 TOKa;

- ACTIOJIb30BATh AJIEKTPOTEXHUYECKUE 3aKOHbI

- BBINOJHATH DJCKTPUUYECKUE H3MEPEHHUS [JIsi pacyeTa MarHUTHBIX
LICTIEM.

3HaTh:

- METOJbl COCTABJICHUSI U pacyeTra MPOCThIX JIEKTPUUYECKUX U
MarHMTHBIX 1ICTICH;

- OCHOBHBIE 3JIEKTPOTEXHUYECKHE 3aKOHBI, OCHOBBI 3JICKTPOHUKH;

- OCHOBHBIE BU/IbI U THUIIBI AJIEKTPOHHBIX MPUOOPOB.

Onucanne KaxaoW J1abOpaTOPHO-TIPAKTUYECKONH pabOThl COICPKUT
HOMEp, Ha3BaHWE U IeNb PaboOThl, HOpPMHUpPYyEMbIE B MPOIECCE BHITIOJHEHUS
paboThl 3HAHMS, YMEHHMS U DJIEMEHThl KOMIETEHIUH, TEOPETHUECKOE
U3JIOKEHHE HEeoOXOAUMOro Marepuasna, BapUaHThl 3aJaHui, OINHUCAHUE
aJIrOpUTMa BBINIOJIHEHUSI PA0OTHI M KOHTPOJIbHBIE BOIPOCHI (C IEJbIO BHISIBUTH

Y YCTPAHUTh HEJOUETHl B OCBOCHUH MaTepHuaia).
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JUist monyyeHust AOMONHUTENbHOM, Oosee moapoOHON MH(pOPMALMK 110
OCHOBHBIM BONpOCaM Y4YeOHOW JUCHUIUIMHBI B KOHLE METOAMYECKHX
pEeKOMEHJalui IPUBEICH NepeYeHb NHPOPMALIMOHHBIX HICTOYHUKOB.

OT4eThl CTYyEHTOB MO JAOOPATOPHO-TIPAKTUUECKUM padOTaM JIOJKHbI
coliepKaTb HOMEp, Ha3BaHHWE U LIeNb padOThHI, BHIOJHEHHbIE 3aJaHUS U UX
pe3yNbTaThl, OTBETHl HA KOHTPOJIbHBIE BOMPOCHI M BBIBOJBI MO MPOAEIaHHON

pabore.

[NPABUJIA TEXHUKU BE30ITACHOCTH
TP ITPOBEJAEHNU JIABOPATOPHBIX PABOT

1. Jlo Havaja BBIMOJHEHUS PabOThI HEOOXOIUMO BHEITHHUM OCMOTPOM
NPOBEPUTh  HCIPABHOCTh  JJEMEHTOB  creHaa. (OO0  0OHapyKEHHBIX
HEUCIIPABHOCTSIX HEMEJICHHO COOOIIUTh MPETOaBaATEIIO.

2. BxutouaTh cTeH mociie COOPKHU CXeMbl pa3peniaeTcsi TOJIbKO MOocie ee
IPOBEPKH TpeEroaaBaTesieM Ui JJa0OPAHTOM U B UX MIPUCYTCTBHH.

3. Ilpu cOopke cxeMbl HEIONMyCTUMO HCIIOJIb30BaHHE IPOBOJOB 0e€3
HAKOHEYHUKOB U C MOBPEKICHHOW U30JISIIIUEN.

4. Tlo oxoHYaHWH COOpPKH CXEMbl HEOOXOJMMO YIAJIUTh JIMIIHHE
poBOJa U MpeaMeThl (KHUTH, noptdenu u T.4.) ¢ padbodyero mecta. [Ipoxomsr
BOKPYT pabovero MecTa JOHKHBI OBITh CBOOOHBI.

5. 3amperniaeTcs MepeKITOYaTh YTO-THO0 HA CTEHJIE, HAXOAIIEMCS 0T
HaTPSHKCHUEM.

6. Ilpn HecuacTHOM cioydae HEMENJICHHO OKa3aTh MEPBYIO MOMOIIb U
BBI3BAaTh Bpaya.

7. 3HaHWE HACTOAIIUX MPABIII 005S3aTEIHHO /IS BCEX, U 0O3HAKOMJICHHE C

HUMH O(POPMIIETCSI POCIIHUCHIO B JKypHAJE MO TEXHUKE O0€30MacCHOCTH.



[MTPABUJIA BBIITIOJIHEHMA, O®OPMIIEHU A
N COAYU JIABOPATOPHBIX PABOT

. CryneHT [OOMKEH SBUTHCA B JIa0OPaTOPUIO TMOJATOTOBICHHBIM
TEOPETUYECKU K BBITIOJIHEHUIO MpeICTOsAIEH padoThl. {15 4ero HeoOX 0AuMO:

a) M3y4ydUTb MarTepuaj, OTHOCSIIMICS K COAEp>KaHWI0 J1TabopaTOPHOM
paboThI;

0) MOATOTOBUTH OTBETHI HAa KOHTPOJBHBIE BOMPOCHI, COAECPKAIIHECS B
JTAHHOM PYKOBOJICTBE T10 BBHITIOJIHSIEMOM paboTe;

B) 3aroTOBUTH OJJAaHK OTYETa CO CXEMaMH MCCICAYEeMbIX IeNed Hu
TaOIUIIAMU JIJIS1 3aITUCH PE3YIBTATOB U3MEPEHUN U PACUETOB.

2. T'OTOBHOCTh CTYJICHTOB K BBINIOJIHCHUIO Ja0OpaTOpHON paboThI
npoBepsieTcsl MpemnojaaBaTeneM. HemoarorosieHHbIe CTYAEHTH K paboTe He
JOTY CKarOTCSl.

3. Ilpu BbIMOTHEHUH J1IAOOPATOPHBIX PAOOT HEOOXOJUMO CTPOTO
coOJII01aTh TIPaBUJIa TEXHUKH O€30ITaCHOCTH.

4. COopka wuCCIEAyEeMBIX IIelel, TPOBEJCHUE M3MEPCHUH W
HKCIIEPUMEHTOB BBIMOIHAETCS Opuragamu B coctaBe 2+4 uenoek. OOpaboTka
pE3yIbTAaTOB AKCIEPUMEHTOB BBITIOJTHSIETCA KaK]IbIM CTYJI€HTOM
CaMOCTOSITEIBHO.

5. Otuet no kaxoi JabopaTopHoil pabote odhopmisercs oraensHo. Ha
TUTYJBHOM JIUCTE OTYeTa JOHKHBI OBITh yKa3aHbl HaMMEHOBaHHE pPaOOTHI,
akageMuyeckas Trpynmna, (GaMWwinkd W HHUIUAIBl  CTYJEHTOB H jJaTa
BBITIOJIHEHUs  jJabopaTopHOM paboTel. Jlomyckaercss Mo  pa3perieHUuro
MPEToIaBaTessi COCTABICHHUE OJHOTO OTYeTa Ha Opuramy.

6. Cxembl, 1MarpaMmbl U rpa)uKu JOJIKHBI OBITh BHITIOJTHEHBI B OTYETE C
MIOMOIIBI0 YEPTEKHBIX MHCTPYMEHTOB, YCIIOBHbIE I'pauyeckre 0003HAUYCHUS

3JIEMEHTOB JJIEKTPUUECKUX CXEeM JNOJKHBI cooTBeTcTBOBaTh ECK/I. B oTuere



JOJKHBI OBITh TPUBEIEHBI pacyeTHbE (OPMYJbI, a TAKXKE BBIBOJBI IIO
pe3ysibTaTaM NpPOBEAEHHBIX UCCIIETIOBAHMIA.

7. Cnaya paboTbl COCTOMT W3 MPOBEPKU OTYETa MpEenojaaBaTesieM U
co0eceoBaHUsl, 1O pE3yJbTaTaM KOTOPBIX MPOBOAMTCS  aTTeCTalUs
BBITIOJTHEHHON PabOTHI.

9. CTyneHT JAONMyCKaeTcs K BBIMOJIHEHUIO CIEAYIONIEH Mo IUIaHy
1a60paTOpPHOM pabOTHI IPH YCIOBHUH CIayd BCEX MPEIbLAYLIUX padoT.

10. IIponymiennass naGoparopHasi paboTa BBINOJHSAETCS CTYJEHTOM B

Yachl 3aHITUH APYrux akaIcMHUYCCKUX I'PYIIII.

Kaxxnas otdyetnast paboTa nomkHa ObITh aKKypaTHO oopmieHa U BJIOKEHA B
nanky ¢ d¢aiigamu. OTYET MOMKHO BBITIOJIHATH B PYKOIMMCHOM BapUaHTE WU C
npumeHenrem IIK. TlepBoiii (aiin B mamke JOMKEH COIEpKaThb TUTYJIbHBIN JIUCT
yCTaHOBJIIEHHOTO oOpasua (mpuioxkeHue A). Kaxnas ortuetHas pabota
IOAIMCBIBAETCS NPENOAABATENIEM T10CIIE €€ 3alUThl U XPAHUTCS B IIAIIKE y CTyACHTA
10 KoHIa yuyeOHoro roga. B konue I cemectpa cTyneHT o0s3aH caaTh Marky co
BCEMH, IOJNMUCAaHHBIMU IpErojaBaTesieM, padoTaMu U MOIY4YUTh 3a4eT IO
1abopaTOpHO-MPAKTHUECKUM  paboTaM 3a TOJ. 3adeT 1Mo JabopaTOpHO-
NPaKTUYECKUM paboTaM CTaBUTCS IMPH HAJIWYMM B MAIKE BCEX OTYETHBIX padoT,

MIPOBEJICHHBIX B IPYIIIE.



g crienuanbHocTi 08.02.04 Bogocua0keHre ¥ BOJIOOTBEICHUE

Ilepeuenb npakTHYeCKUX padoT

IO AUCHUIIIINHEC ((9J'I€KTpOTeXHI/IKa H 3JICKTPOHHUKA»

Kon-Bo
Ne pabotbl HaumenoBanue
9acoB
JlaGopatopnas | UccnenoBanue coeJuHEHUN PE3UCTOPOB
2
pabota Nel
HccrnenoBanre Hepa3BETBICHHOM IIETIH IEPEMEHHOTO
TOKa C aKTUBHBIM, EMKOCTHBIM COIIPOTHBIICHUEM U
JIaGopatopHas
Pa3BETBJICHHOHN IIETH MEPEMEHHOTO TOKa C 4
pabota Ne2,3
AKTUBHBIM, HHIYKTUBHBIM, EMKOCTHBIM
COTIPOTUBIICHHUEM.
JIabopartopnas | UccnenoBanue Tpex@a3zHoi 1Ienu Npu COeAUHEHUU
2
pabora Ned | moTpeOuTeneit sHeprun 383101 U TPEYTOJIbHUKOM.
[Ipaktuueckas | MccrnenoBanue nu3aMepuTeIbHBIX TPUOOPOB.
2
pabora Nel
[Ipaktrueckas | Pabora ¢ omHOdazHbIM TpaHchopMaTopom.
2
pabota Ne2
[Ipaktuueckas | OnpeneneHue mapaMeTpoB aCHHXPOHHOTO JABUTATEIS
2
pabota Ne3 | 110 MacIOPTHBIM JaHHBIM.
IIpakTnueckas | [leiicTBue reHepaTopa NOCTOSHHOTO TOKA.
2
pabora Ned
[Ipaktuueckas | Yopasnenue Tpex(azHbIM aCHHXPOHHBIM JIBUTATEIIEM.
2
pabota Ne5
[Tpaktrueckas | OnpeneneHue NOTEPU HANPSHKCHUSI M MOIITHOCTH B
2
pabota Ne6 | mTuHUM IIEKTpOTIEpEeIavn.

Hroro:
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Kpurepuu oueHKH 0TYETHBIX padoT

Kpurtepuu

Ouenka

PCSYJIBTaTBI IMPAKTUYCCKUX 3aHITUN ITIOCYHUTAaHbI, CACIIAH
HCO6XOIIPIMBII>1 aHalin3, MMPaBUJIIbHO JaHbl IMCbMCHHBIC
OTBCTLI HA KOHTPOJBbHBLIC BOIIPOCHI, IIPAaBUJIBHO
3dapHUCOBAHbI CXCMbI U CACIIdAH BBIBO/I

OT1ianyeO

Pe3ynbTaThl MpakTUYECKUX 3aHATUM MIOCUUTAHBI, HE C/ICJIaH
aHaJaW3, HE TOYHO JaHbl MMChbMEHHBIC OTBETHI HA
KOHTPOJIbHBIE BOTIPOCHI, TPABUIILHO 3apPUCOBAHBI CXEMBI U
cliejIaH BBIBOJI

Xopouio

Pe?)y.HLTaTLI MMPAKTUICCKUX 3aHITHH IIOCYHNTaHbI, HC CACJIaH
aHaJIn3, HC TOYHO JaHbI IMCBMCHHBIC OTBCTHI HA
KOHTPOJIBHBIC BOIIPOCHI, HC IIPABUJIBHO 3apHUCOBAHbI
CXEMbI 1 HC TOYHO CACJIaH BbBIBOJ

Y 10BIETBOPUTEIIBLHO

PGSYJILTaTLI MMPAKTUICCKUX 3aHSATUM HE ITOCYHUTAHBI, HC
CACJIaH aHaJIn3, HC AaHbl IIMCBMCHHBIC OTBCTHI Ha
KOHTPOJIBHBIC BOIIPOCHI, HC IIPAaBUJIBHO 3aPHCOBAHBLI
CXCMbI U HC CACJIaH BBIBO/]

HeynosneTBopuTenbHO




JIABOPATOPHASA PABOTA Nel
UCCJIEJJOBAHUE COEJIWHEHHUM PE3UCTOPOB

IEJIb PABOTHI

3aodaueii pabOTHI SABISIETCA SKCIIEPUMEHTAIBHOE ONPEAEIEHUE TAPaMETPOB
AKTUBHOTO JIBYXIIOJIFOCHHMKA, OIIPEIEICHUE COIPOTUBIICHUS PE3UCTOPA METOIOM
BOJIbTMETpa-aMIIepMETPa, IKCIIEpUMEHTaIbHas MpoBepka 3akoHoB Kupxroda as
LIENU TOCTOSIHHOTO TOKa.

IIpooonxcumenvnocms pabomul — 2 uaca

KPATKHUE TEOPETHYECKUE CBE/JEHUSA

COBOKYIMTHOCTh UCTOYHUKOB JJIEKTPUUECKON IHEPTUM U HATPY30K, IO KOTOPHIM
MOKET MPOTEKATh AJIEKTPUUECKUIN TOK, Ha3bIBAIOT 2J1eKMPULECKOU YENnblo.
Ilocmosannvim mokom Ha3bIBaIOT TOK, HEU3MEHHBIN BO BPEMEHU.

J1Jist MoTyyeHust TOKa B JIEKTPUUECKON LIETTH HEOOXOIUM UCHOYHUK IHEPSUU.
IIpu pacueTe u aHamU3€e IEKTPUUECKUX LIETIEH €r0 3aMEHSIOT PACUETHBIM
AKBUBAJIEHTOM — UCTOYHUKOM DJIC ¢ mocienoBaTenbHO BKIIOYEHHBIM
CONPOTUBIIEHUEM Ry, paBHBIM BHYTPEHHEMY COIPOTHUBIIEHUIO
peaIbHOTO UCTOYHUKA (BBIIEIICHHAS YacTh puc. 1).

BrieneHHast 9acTh CXeMbI PEICTABIIICT COO0N akmueHblil
08YXNOJIOCHUK.

Hanpagnenue Toka u HanpaBieHUE MAJACHUS HAIIPSKEHUS

IIPUHHUMAKOT OT TOYKH C 00s1e€ BHICOKMM IMOTCHOMAJIOM K TOYKEC C

0oJee HU3KUM TTOTEHIIUATIOM.

Hanpsixenne ncrounuka IJ1C i aktuBHOTO AByXmnojrocHuka U = E — | R
n3MmeHsercs ot 3HaueHus U, = E npu xonoctoM xoze (CONPOTUBIECHUE BHEIIHEH
nenu R =00) 1o nyns npu xoporkom 3ameikanun (R=0, | =1, =E / Ro).

3aBUCUMOCTb HANPSHKEHUSI UCTOYHUKA AJIEKTPOIHEPTUU OT CUJIIbI TOKA,

BbIAaBaCMOI'O UM BO BHCIIHIOIO IICIIb, HA3BIBACTCs sHewHell xapakmepucmukozl.
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Ilo BHEIIHEN XapaKTEPUCTUKE MOKHO ONPEAEINUTh napameTpsl ncrounuka: 34C E n

6HYMPEHHEE CONPpOMuUBieHUe Ro. I[J'I)I MHOI'MX UCTOYHUKOB BHCHIHASA XaPaKTCPUCTHUKA

npeJCTaBisieT CO00W MPSMYIO TUHHIO (pUC. 2, a).

B cnyuasx, korna MokHO peHeOpedb UA
BHYTPEHHUM COIMPOTUBJICHHUEM HCTOYHUKA L ¥
(Ro << R), To, cunrtas Ro = 0, monyuum U = E | T.c. I Ry ¢
HanpsDKEHNE UCTOYHMKA HE 3aBUCUT OT CHJIBI TOKa .
Takoit ucrounuk DJ1C HazpiBaeTcs udeavnvim. Ha I>

Puc. 2

npaktrke uctouHuK DJ]C MOKHO CUHUTATh
U/IeaTbHBIM, €CJIM BO BCEM JTMaNa30He pabovero Toka najeHue HapsoKeHUs Ha
BHYTPEHHEM COMNPOTUBJICHUN UCTOUHKKA MaJio o cpaBHenuto ¢ DJIC: (U =1 - Ro)

<< E. Buemmnss xapakrepuctuka uaeaibHoro uctounuka J{C nzobpaxena Ha puc.

2,0.

O,IIHI/IM N3 PACIIPOCTPAHCHHBIX MCTOAO0B U3MCPCHUS COIMMPOTUBJIICHUA ABJISICTCA

Memoo eonvmmempa-amnepmempa. 3 3akona Oma cienyert, 4To, U3MEpHUB NaJeHUE

HaIIpsKCHUSA UR Ha pE3UCTOPC U CUITY TOKA I B HCM, MO>XHO HAWUTH COIMIPOTHUBJICHHUC

pesucropa R:
2 Ur
I
J171s1 TaKOrOo U3MEPEHHSI MOKHO cOOpaTh ABa BApUAHTA CXEMBI
BKJTIOUEHUS H3MEPUTEIBHBIX TPHOOpoB (puc. 3, 4).

Hano umets B Buy, 4TO peabHbIE BOJIBTMETP U
aMIiepMeTp 00J1aJ1at0T ONpPeIeICHHBIM BHY TPEHHUM
CONPOTHUBIIEHUEM, COOTBETCTBEHHO Ry U Ra (y naeanbHbIX
mpudopoB Ry = w0, Ra=0).

[Ipu ucnosib30BaHUU CXEMBI PHC. 3 CIEIyET

YUYUTBIBaTh, YTO BOJBTMETP u3dMepsieT HanpsibkeHue U = Up + Ur 1 HaliieHHOE 110

(1)

Ua
—
%

A

T

R

A

R DlUR

- Puc. 3

dopmyse (1) conporusnenne R'= R+ R,. Orcrona R = | Ra. Ecim Ra <<R,

!/
TO COIPOTUBIEHHEM aMIIEPMETPA MOKHO peHebpeus u cunrath R = R.
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[Ipu u3mMepeHuun ConpoTUBIEHUS 1O cxeMme puc. 4
amnepmeTp Oyner uameparb cuity Toka la = | + ly. [loatomy
IIPU pacyeTe COMPOTHUBIECHMS R Hal0 yUUTHIBAaTh TOK Yepes
_Yr

. Ecmu Ry >> R, T0 ToKOM
Ia—ly

BOJILTMETp: R =

BOJILTMETPA MOKHO MPEHEOpeyb.
Bce anexTpudeckue mneny NoJIuHs0TCs 3akoHaM Kupxroda.
Ilepeuiii 3axon Kupxeogha: anrebpandeckas CyMMa TOKOB B y37I€

AIEKTPUUECKON LIEMU paBHA HYJIIO:

n
2 I =0,
k=1
rae N — KOJWYECTBO BETBEH, 00pa3yIouux y3ell.

Bmopou 3axon Kupxeoga: anredpandeckasi cymma MaJeHU HapsHKEHUN B

3aMKHYTOM KOHTYp€ paBHseTcs anredpanyeckoit cymme 3/1C aToro KoHTYypa:

n m
ZUiZ Z Ej’
i=1 j=1

rae N — KOJWYECTBO COMPOTHUBJIEHUN , M — konnyecTtBo DJC B KOHTYpeE.
OINMUCAHUE JABOPATOPHOM YCTAHOBKHU

1. JJTabopaTopHast paboTa BBITIOTHSIETCS HA YHHUBEPCATbHOM cTeHae DB4.

2. HeoOxoaumbie aMIepMeTphl U PE3UCTOPHI PACTIONOKEHBI Ha maHean No 6.
Jlist m3MepeHust HanpspKeHHsI HCTIoNb3yeTcs udpoBoit BomsTMeTp B7-38 B pesknme
U3MEPEHUS NOCMOAHHO020 HATIPSKECHUSL.

3. KnemMbl uctouHuka noctosiHHOro Toka (£0—220 B) v KHONKM BKIIFOUEHUS
MATAHUSA CTEHJA PACIIONOKEHBI HA TOPU30HTAIBHON MAHEIN CTEHA.

4. JIns mogayy HanpsiKEHUs TUTaHUS HEOOXOIMMO:

- BKJIFOYUTHh ABTOMATUYECKUI BBIKJIIOYATEN b, PACIIOI0KEHHBIN 10T OTKUIHOM

KPBILIKOW CTEHAA;
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- HaXaTh KHOMNKY “Bkz’" 001L€ro BKIIOYEHUS CTEH/A;
- Ha)KaTh KHONKY BKJIFOUCHMS UCTOYHHUKA IIOCTOSHHOTO TOKA, PACIIOJIOKEHHY IO
MOJ, BONBTMETPOM “‘Ilocmosannoe”;
- YCTaHOBWTH 33JIaHHOE HANPSHKCHUE HA 3KUMax LENH, NnIaAGHO

Bpamas pykosatky JIATPa.

HOPAAOK BBIIIOJITHEHUA PABOTbBI

1. O3HaKOMUTBCS ¢ OIMCAHKUEM J1a00PAaTOPHON YCTAHOBKH.

2. Cobpatb cxemy (puc. 5). [IpeaBapurenbHO BBIOpaTh aMIIEpPMETP

(A)-
2/

3. TlopaTe HanpsDKEHHE HA CXEMY W MPU TR

C HCO6XO]II/IMI)IM npcacjioM N3MCpPCHU:, I1oJJaras +

Hanpspkeane U=70 B. ©

MaKCHMaJIbHOM COIPOTHBIICHHH [IEPEMEHHOTO 100

PE3UCTOPa Rp YCTAaHOBHUTD HAIIPSAKCHUC NCTOYHHKA —

nutanus U = 60—70 B (1o ykazanuro |;

1 150

npernojaBaTess).

4. Cusatb BHenIHIo xapakrepuctuky U = f(l) Puc. 5
MCTOYHMKA, U3MEHS CONPOTUBIICHUE R,

PesynbpTaTel u3mepenuii 3anectd B Tadu. 1.

Tabnuya 1

U, B

I, A

[To nanHbIM Tab. 1 M300pa3UTh BHELIHIOKO XapaKTEPUCTUKY UCTOYHUKA. CunTas ee
nuHeWHou, onpeaenuts Beauuuny J/1C E u BHyTpeHHee conpoTuBieHue Ry

HCTOYHHKA, HAYCPTUTH CXCMY 3aMCIICHHA NCTOYHHUKA.
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5. 115 cxembl (puc. 5) MpU pacCUYMTAHHBIX TapaMeTpax UCTOUYHUKA

OIpPEJIEUTh COIPOTUBIIEHNE PE3UCTOPA Rp M TOK B 1ienH, MpU KOTOPOM HANpsHKEHHUE

na HeM papio Up = 20A.

N3menennem conpoTUBIEHUs Rp yCTAHOBUTH pacCUUTaHHOE 3HAUEHHUE TOKa,

OKCIICPUMCHTAJIBbHO IMTPOBCPHUTH NPABHUIIbHOCTD BBIITOJIHCHHA BTOPOT'O 3aKOHA

Kupxroda. Pe3ynbraThl pacyeToB 1 U3MEpEeHH 3aHECTH B Ta0JI. 2.

[TapameTpsbl I, A R,, Om R+R,, OMm

U, B

UR1B URp,B

pacyeTHbIe

OITIBITHBIC

Tabruya 2

6. OHpG}IGHI/ITL BCIIMYNHY COIIPOTUBIICHUA R+ RP IMp¥U HCU3MCHHOM COIIPOTUBJICHUU

pesuctopa Rp METOIOM BOJIbTMETpa-aMIIEPMETPa, CUUTAsT U3MEPUTENbHBIE TPUOOPHI

uaeanbHbIMU. CpaBHUTH pacueTHoe (U3 1. 5) U U3MEPEHHOE 3HAYCHUS

COTIPOTHUBIIEHUS pe3uctopa Rp.

7. N3o0Opa3uth cxemy 3aMeIIeHUs LeTH

(puc. 6) 1 paccuuTaTh TOKH B HEU MPHU —e- °

3agaHHbIX 3HaUeHUus X I/]C 1 conpoTUBICHUS
R + Rp, cuurtas mpuOopsl U1eaTbHBIMH.

8. Cobpats cxemy (puc. 6), BBIOpaB
aMIIEpPMETPBI C COOTBETCTBYIOIIUMH

npeaesiaMu usMepeHuil. Pacuetneie u

ol

Al R

H R1 Ry
100 | 1150

M3MEPEHHBIC 3HAUYCHHSI TOKOB 3aHECTH B Ta0JI.
3. [IpoBepuTh MPaBUIBHOCTH BBIMIOJHEHUS

nepBoro 3akoHa Kupxroda.

Puc. 6

Tabauya 3

[TapameTpsl I, A 1, A

|2,A

pacyeTHbIC

OIIBITHBIC
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COILEPKAHUE OTYETA

OtyeTt no 1abopaTopHOi paboTe NOHKEH BKIHOYATh:
— CXEMBI UCCIICTYEMBIX AICKTPUUECKHX IETIeH;
— TaOJUIIBI C ONIBITHBIMU U PACUETHBIMY JTAHHBIMU;
— CXeMy 3aMeIICHUS U BHEITHIOI XapaKTepPUCTHKY uctouHnka DJ1C;
— CXeMy 3aMelIeHUs 1IEMU U pacueTHbIe GOPMYJIBI 1O II. 7;

— BBIBOJHGI 11O PC3YyJIbTaTaM pa6OTBI.

KOHTPOJIBHBIE BOITPOCHI

1. Yto Ha3bIBaeTCsl BHENIHEW XapakTepucTuko ucrounnka IJC? IIpuBeaure
€€ ypaBHEHUE.
2. [Touemy HampsiKeHHE Ha 3aKUMaX HEHArpY>KEHHOT'0 aKKyMyJisiTopa OoJblie,
4YeM 0] Harpy3Koii?
3. Onpenenuts otHomienue R/Rg u KIT/I ucrounuka sueprun  (puc. 7) ¢ DJIC
E=100B, ecnmu nanpsixenne U=95B.
4. Jlnst cxemsbl (puc. 7) onpeaenuTh TOK KOPOTKOIO 3aMbIKaHUSI UICTOYHHUKA,

eci npu KI1J 77 = 50% tox 1=2A, a manpsxenne U=10B.

5. Kak u3meHsATCs moKa3aHusl aMIIEPMETPOB B cxeme (puc. 5) npu
MepeMEILCHUH IBUKKa peocTaTa BBEpX?

6. [IpuBenuTe cxeMy, MO3BOJISIONIYIO PETYIUPOBATH
HaIpsHKEHWE Ha HAarpy3Ke OT HyJI J10 HANPSKEHUS
HMCTOYHUKA.

7. HazoBuTe METOABI U3MEPEHUS CONPOTUBIICHHUS.

Vkaxute AOCTOMHCTBA U HEAOCTATKHU MCTOa BOJIBTMCTpPA-

aMIiepMeTpa.
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JIABOPATOPHASA PABOTA Ne 2,3
UCCJIEJJOBAHUE HEPA3BETBJIEHHOM LIEIIU IEPEMEHHOI'O TOKA
AKTHUBHBIM, EMKOCTHbBIM COITPOTUBJIEHHUEM U
PA3BETBJIEHHON IENIW NEPEMEHHOT'O TOKA C AKTUBHBIM,
NHAYKTUBHBIM, EMKOCTHBIM COINIPOTUBJIEHUEM.

IEJIb PABOTHI

3aoaueri pabOTHI ABISETCS MPOBEPKA OMBITHBIM ITyTEM YpaBHEHHI,
ONMCHIBAIOIINX [TAPAMETPbl HEPA3BETBICHHOW LIENMHU IEPEMEHHOIO CHHYCOUAAIBHOTO
TOKA, BBISIBIICHUE YCJIOBHUI PE30HAHCA U €T0 MPOSIBJIEHUIN B 3TOM 3JIEKTPUUECKOMN
LEIH.

IIpoooncumenvrocms pabomsl — 4 uaca
KPATKHUE TEOPETUYECKHME CBE/JEHUS

B OCIIAX CHHYCOMOAIBHOIO IICPCMCHHOI'O TOKa PA3JINYarOT aKmue-Hoe R,

11
wC  274C

unoykmusnoe X,= ol = 27 fL u emxocmuoe X = COIIPOTUBJICHUSL.

AKTHBHOE  COMPOTUBJICHUE  XapakTEpPU3yeT  HEOOpaTUMBI  MpoIllecc
npeoOpa3oBaHusl  JJEKTPUYECKOM HHEpruM B  JIpyrue BUABl JHEPruu, a

WHJIYKTUBHOCTSH L

u emkoctb C — oOparuMblii  mporecc . I
npeoOpa3oBaHus SHEPTUU K U
. RK akKk
3JIEKTPOMArHUTHOTO TTOJIS. :
p U K\ ZK —> U <
Tok B aKTHBHOM 3JICMEHTE COBITAJaeT
g ] L3U,,
mo ((ase ¢ HaOpsOKEHWEM, TOK B v

WHAYKTUBHOM CONPOTUBIICHHUU OTCTAET IO a) 0)
. Puc.1
daze ot HanpspkeHus Ha 90°, a B eMKOCTHOM

CONPOTHUBIICHUH — OIlepekaeT HanpsikeHue Ha 90°.
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PeaJIBHYIO KaTylmiKy HHAYKTHBHOCTH MOKHO HOpPCACTABUTL B BHUIAC CXCMBbI
3aMCIICHUA IIOCJIICA0BATCIBHO BKIIFOUCHHBIX AKTHUBHOTI'O n HHAYKTHUBHOTO

cornporuBieHui (puc.l a, 6).

[ToHOE COMPOTUBICHNE KATYIIKH Ly =+ RE + sz

BekropHas nquarpaMma HanpspKEHUN pealbHOM KaTyIIKA UHAYKTUBHOCTH
[IOKa3aHa Ha puc. 2.

COCT&BHHIOH_II/IC HaIIPSXKCHUA HA KaTyIIKE:

-aktuBHas: Usa =Us -COS @5 DK
aé é 2

- peakruBHas: U 53 =U;4 -SiN @g.

»U ax I K
Puc. 2 g
JJ1st Hepa3BETBIICHHON AJICKTPHUECKOM TN MTePEMEHHOTO TOKa (puc. 3)
JEHCTBYIOIICE HANPSHKCHHE IICTTH
R L C )
|—|m | | paBHO FGOMeTpPI‘{CCKOH CYMMC
I g} | | HaIll H)I(CHI/II;'I Ha I10CJICO10BATCIIBHO
Ur U, Uc P A
BKJIFOUCHHBIX 3JICMCHTAX, T.C.
U i . . )
Puc. 3 U:UL"'UR"‘UC-

BektopHas quarpamma (puc. 4)
JUIS. HEPA3BETBICHHOM JIEKTPUUECKOMN LIENHU ABISAETCS T€OMETPUUECKUM
TOJIKOBaHHEM BTOpOTO 3akoHa Kupxroda. 13 BeKTOpHOI nuarpaMmsl cleayeT, YTo

MOAYJIb HAIIPSAXKCHUS LCIIN paBCH

U =yUZ+(U_-Uc P =1 /R2+(X_~Xc)? = 1Z. 1)
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B ypaBuenuu (1) Bennunna

Z =[R2+ (X - Xc P

HAa3bIBACTCA NOJIHbIM conpomuesjileHuem 1CIU, B

KOMILIEKCHOM hopme

Z=R+j(X_~Xc) )

I[To BeIpaxeHuto (2) MOKHO MOCTPOUTH TPEYTOIbHUK
COMPOTHUBJIEHUM (pUC. 5), U3 KOTOPOTO CIEAYET, UTO COS (P
=R/ Z.Tlpu X. > Xc yron casura a3 MEKIY TOKOM U
HaIpsHKEHUEM LENU NoJiokuTeseH (¢ > 0), T.e. TOK B Lienu
oTcTaeT mo aze OT HaIpPSKEHUS CETH (Harpy3ka MMeEeT
UHAYKTUBHBIA xapaktep). [Ipu X < Xc yroxa casura a3

MEXy TOKOM M HampsikeHueM otpuniaresieH (¢ < 0), T.e.

TOK ofepexaeT no (aze HanpspkeHue (Harpys3Ka uMeeT

€MKOCTHOM XapakTep).

ITpu XL = Xc HacTynaer pesorarnc nanpsxicenul. 13
dbopmyiel (1) BUIHO, YTO B 3TOM clIydae MOJTHOE CONPOTUBIIEHUE 1Ny Z PaBHO
aKTUBHOMY cOnpoTUBIEHUIO (Z = R) 1 TOK Nnpu 3TOM HOCTUTaeT MaKCHUMaJbHOIO
snaucHust, paBHoro | = U /R. IIpu X. >> R u Xc >> R pe3oHaHC HanpsHKeHHH

MPUBOAUT K 3HAYUTEILHOMY YBEINUEHUIO HANIPSKEHU HA HHAYKTUBHOCTH
XL Xc
U =—U |uemkocrn | Uz =—=U |, aro MoxeT npuBecTH K BBIXOY 13
CTPOS JIEKTPOTEXHUUYECKOTO 000PY10BAHUS.
BekropHas nquarpamma 11 HEpa3BETBICHHOM LEMH, COAEPKALIEH PEATbHYIO

KaTyIIKy WHIYKTUBHOCTH, PE3UCTOP U KOHAEHCATOD,

Ur
IpuBeAcHAa Ha pUC. 6. I3 BEKTOpHOW nrMarpaMMsl U U
. PK K .
MOYKHO OIPEJIEIIUTh AEUCTBYIOIIECE 3HAUECHHE . Ue
U
HaNpsHKEHUS HA 3aKMMax LEIH:
Px
U |
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U :\/(UR+UaK)2+(UpK_UC)2 '

B eI IICPEMCHHOI'0 CUHYCOMJAJIbHOT'O TOKA pa3jIndaroT TPHU BHUJa MOIIHOCTH:

2
R

C

— AKMUGHYIO’ P:U|COS(0=|2R=

R
— peaxmuenyro. Q =Ulsing = |2(X|_ — XC)

2
— NOANYIO: S:U|=|ZZ:U7=w/P2+Q2.

OIINCAHUE JJABOPATOPHOU YCTAHOBKH

1. JJTabopaTopHast paboTa BBINOJIHSIETCS HA YHUBEpCAIbHOM cTeHae DB4.

2. HeoO6xoaumbie 117151 IPOBEIEHNUS ONIBITOB AJIEMEHTHI: KaTyIIKa
WHAYKTUBHOCTH M OaTapes MOJIKIII0YaeMbIX KOHJIEHCATOPOB PACIIOJIOKEHBI Ha
naHesn Ne 4, pe3ucTop MepeMeHHOro COnpoTuBIeHU [| Ha manenu Ne 3.

3. HanpspkeHue Ha 3aKuMax LEMnu, CUjla TOKa U MOLTHOCTh U3MEPSIIOTCS C
MOMOIIBIO TIEPEHOCHOTO U3MEPUTEIBLHOI0 KoMmIuiekTa K540.

Ilepeo nposedenuem ouepedHo2o onvima HeobX00UMO NPOBePsmb
NpasuibHOCMb YCMAaHo8Ku npedenos uzmepenus komniekma K540.

4. Ha ropu3OHTalbHOW MMaHENW CTEHJIa PAaCIOJIOKEH HCTOYHUK
nepeMenHoro Toka (~0—220 B), JIATP nnst perynupoBanusi HalpsiKEHUs Ha
3aKMMax 1E€NU U KHOMKHU BKJIIOUEHHS TUTAHUS CTEHA.

5. g noAKIIIOUeHUST HAaNIPSKEHUS IUTaHUSI K UCCIENYEMOU LIENN
HE00XO0IMMO:

— TNOBEpHYTH pYKOATKY JIATPa nmpoTuB 4acoBoil CTpeIKu A0 ynopa;
— BKJIFOYUTH ABTOMAaTHUYECKUU BBIKJIIOYATENb, PACIIONIOKEHHBIN MO OTKUIHOMN

KPBILIKOW CTEHA;
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b

— Ha)kaTh KHOIKY OOIIEro BKIOYEHUs cTeHaa “‘Bra. ”;

b

— HQ)XKaTh KHOIIKY, PACIOJIOKEHHYIO O] BOJIBTMETPOM “‘[lepemennoe”;

HOPAJOK BBIIIOJIHEHUSA PABOTDBI
1. O3HaKOMUTKCA € J1a0OPATOPHBIM CTeH0M DB4 1 u3MepuTeIbHBIM
koMmiiektoM K540. Ha nanenu K540 naxats kHonky Ue?T nis usmepenus
HaNpsLKEHMs Ha Harpys3Ke.
VYcTraHOBUTH Ha U3MEPUTENBHOM KoMIuiekTe K540 cnenyromue npenesbl
u3MepeHus: 1o Hanpsbkenuto — 30 B, o toky — 1 A.

2. OnpenenuTh mapaMeTpbl KATYIIKU UHIYKTUBHOCTHU (TIaHenb No 4),

MOAKIIFOYUB €€ K u3MeputeabHoMy komiiekty K540 (puc. 7). Ycranosuth JIATPoMm

Hanpspkenne nutanust U = 20...25 B (o ykazanuto npenonasatens). Pe3ynbTaTs

U3MepeHuit 3aHecTu B Tad. 1.

I/I306paSI/ITI> IMOCJICAOBATCIIbHYIO CXCMY 3aMCIICHHA peaHLHOﬁ KaTyIIKH

HWHAYKTUBHOCTH, 110 JaHHBIM tadi. 1 IIOCTPOUTH B Macmitade BCKTOPHYIO JUarpamMmy.

~0-220B
[ )
bood 0000 8

AL BY CUNY AT BT CTNT

Vv /4 A

Puc. 7 Tabnuya 1

[TapameTpsl

OIIBITHBIC paCUYCTHBIC

UK ) IK ) PK ) ZK ) RK ) XK ) LK ) CcOoS Dy Py Uak;
B A Bt Om OMm OMm I'n rpajn B

UpK 1
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3. [logxmrounTs K KOMIUIEKTY K540 351eKTprUdeCcKyro Lenb, COCTOSIIYIO U3
MOCTIEIOBATEIPHO COCAMHEHHBIX KaTyIIKW WHIYKTHBHOCTH, pe3ucTopa (manemsb No
3) u koHaeHcaTopa (rmanenb Ne 4) eMKOCThIO C = 40-60 Mx® (Mo yka3zaHHUIO
MpenojaBaress).

VYcranoButh Ha koMIuiekTe K540 crenyromue npenensl U3MEpPEHHUs: MO
HarpskeHuro — 75 B, mo Toky — 1 A.

Ycranouth JIATPoM 3Hauenue Toka B uenu | = |, (u3 Tabds. 1), pe3ynbrarsl

U3MEpEeHui 3aHecTu B Ta0I. 2.

Tabruya 2
[TapameTpsl
OTIBITHBIE pacyeTHbIe
u, I, P, |Z,| R, | X, |Rr, | Xc, | C, | Uc, | Ur, | U, |cose
B A Br |[OM| OM [ OM | OM | OM |[Mx® | B B B

[To nanHbIM TabI1. 2 MOCTPOUTH B MaclITabe BEKTOPHYIO TUArpaMMy
HaMpPsKCHUU.

4. TlogxmouuTh K KoMIuiekTy K540 1iernb, COCTOSITYIO U3 MOCIEI0BATEIbHO
COEIMHEHHBIX KaTyIIKA HHIYKTUBHOCTU U KOHJIEHCATOPA.

ITo nanHbIM Tabi1. 1 paccunTath eMKOCTh KOHAEHCaTOpa C,, TP KOTOPOM B
paccMaTpuBaeMOM e HaOII0aeTCsl Pe30HAHC HATPSIKCHUIM.

VYceranoButs Ha K540 npenesnbl uamepeHus mno HanpsixeHuto —15 B, o Toky —
2,5 A.

UccnenoBath padoTy nenu npu HanpsbkeHuu nutanus U = 12...14 B (no
YKa3aHUIO MpenojaBaTesisi) U U3MEHEHUH €MKOCTH KOHAeHcaropa B mpenenax (Cp—
50) < C < (Cpt130) Mk®D (CHATH HE MEHEE JECATH TOUYCK).

[Ipu u3mMenenun eMmkocTy KoHaeHcatopa C HanpsKeHUE MUTAaHUS HEOOXOAUMO
MOJIJIEP>KUBaTh MOCTOSHHBIM ¢ TToMoIibio JIATPa. Pe3ynpTaThl U3MEPEHHH 3aHECTH

B Tabu. 3.
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Tabnuya 3

[TapameTpsl
OTIBITHBIE pacueTHble
C, I, P, Xc, | Uc, | Ue, | Uy, | Uy, | COS@ o,
MKD A Bt Om B B B B rpaja

[Tpu pacyeTax MPUHATH MAPaMETPHI KaTyIIKH TOCTOSHHBIMHU.

[To nanHbIM Tabs. 3 Ha ogHOM Tpaduke n300pa3uth 3aBucuMocTr: X, =f(C),
Xc=1(C), I =f(C), cosep =1f(C), ¢ =1f(C), na npyrom rpadpuxe: U =1f(C), U, =
f(C), Uy =1(C), Uc =1(C).

Ha rpadukax oTi10KuTh 3HaUY€HHUE PE30HAHCHOW €MKOCTH U OTMETHUTh
XapaKTepHbIe TOYKU HAa PE30HAHCHBIX KPUBBIX.

[TocTpouTs B MaciTabe BeKTOpHbIE AuarpaMmMbl Hanpspkenuit 111 C = Cp, C

<CpI/IC>Cp.

COJAEP XAHUE OTYETA

OTYeT HOMKEH COAECPIKATH:

— 3IIEKTPUYECKUE CXEMBI OMBITOB, BhITIONHAEMbIE ¢ cobmonennem ['OCTa

— TaOJUIIBI C OMBITHBIMU, PACUETHBIMH TAHHBIMU U PacdeTHbIE (OPMYITBI K
HUM;

— BEKTOPHBIC TUArpaMMbl HAMTPsHKEHUH U Toka (Tadm. 1, 2);

— pe30HaHCHbIE KpHBBIE (Ta0I. 3);

— BeKTOpHBIe quarpammsbl Hanpspkenuit ipu C < Cp,, C=Cpu C>Cy;

— BBIBOJIBI 110 PE3YJIbTaTaM MPOBEICHHOU PaOOTHI.

KOHTPOJIBHBIE BOITPOCHI
1. Kakumu mapaMeTpamMu XxapakTepu3yeTcsl MHAYKTUBHAS KaTyIIKa U KakK

OIIPCACINTD UX OIIBITHBIM HYTCM?
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2. Hanucats BeIpakeHue i 3akoHa OMa JJIsl HEPa3BETBICHHOM LN
IIEPEMEHHOTO TOKA, CONEPIKAILEr0 PE3UCTOP, KATyIIKy UHAYKTUBHOCTH U
KOHJICHCATOp.

3. IossicHUTB NOPSAIOK NOCTPOEHUSI BEKTOPHOM JUArpamMMBbl JJIs
HEPa3BETBICHHOMN LIETIN IEPEMEHHOIO TOKA.

4. Ha3BaTp yClIOBHS, IPU KOTOPBIX HACTYNAET PE30HAHC B LIENU ITEPEMEHHOTO
ToKa. Yem XxapakTepusyercs 3TOT PEXUM?

5. Kakue BUIbI MOIIHOCTH Pa3JIMYaOT B LEMAX nepeMeHHoro Toka? Kak
ONPENIENNUTh UX ONBITHBIM ITyTEM?

6. Uto noHnMaroT noj Ko3hGUIMEHTOM MOIIHOCTH LIETH TEPEMEHHOTO TOKa?

HpPIBG}II/ITC €T0 3aBUCUMOCTD OT MMapaMCTpPOB LICIIN.

JIABOPATOPHAS PABOTA Ne4
UCCJEIOBAHUE TPEX®A3HBIX IIENIEA
TP COEJMHEHUU HAT'PY3KU B 3BE31Y

HEJIb PABOTbBI

3adaueti pabOTHI SBISETCS HIKCIIEPUMEHTATBLHOE UCCIIEOBAHUE
YETBIPEXITPOBOHOMN M TPEXIIPOBOIHOMN TpeX(pa3HBIX IENeH MPU COSTUHCHUH
Harpy3Ku 3Be310M.

IIpooonxcumenvrocms pabomsl — 2 uaca
KPATKHUE TEOPETHYECKHUE CBEJIEHUSA

CoBokymnHocTh Tpex DJC 0MHAKOBOM YaCTOTHI M aMIUTUTYIbl, CIBUHYTHIX 11O
¢aze OTHOCHTEIIBHO JIPYT JIpyra Ha TPETh Mepruoa, Ha3pIBaCTCS mpexphaszHoil
cucmemou I/[C.

Buipaxxenus st MrHOBeHHBIX 3HaueHu DJIC cuMMmeTpudHOTO TpexdazHoro
WCTOYHWKA UMEIOT CIICAYIOIINN BU/I:

ep = Epsinut, eg = Ep sin(ut —120") ec =Ep sin(ut +120°).
23



B xommiekcHoi popme 3/1C 3anuchiBaroTCs B BUIE

~jl20°

. o . 120 °©
EA:Ed7’ EB:Ed)e y EC :Ed)e .

DneKkTpuyeckas 1enb, B KOTOPOoi elcTByeT TpexdaszHas cucrema D/C,
Ha3bIBACTCA mpexhaszHol yenvio.

TepMmuH «gaza» B dNEKTPOTEXHUKE UMEET JIBA 3HAUCHUS: C OJHON CTOPOHBI —
ATO apryMEHT CHUHYCOUJaIbHON ()YHKIIUU BPEMEHH, C APYroll — 4acTh MHOTO(a3HOM
IETH, 110 KOTOPOU MPOTEKAET OJIUH U TOT K€ TOK.

Ha puc. 1 nokazana cxema tpexdaszHoii 1ienu, B KOTOpoid Ga3bl HCTOUYHUKA U
NPUEMHHUKA COeIMHEHBI 3Be3101. 3akuMbl A, B, C HCTOYHHKA U 3a)KUMBI , b, C
NPUEMHHKA HA3bIBAIOT IuHelHbLMy 3akuMamu. [IpoBoaa, coequustoniue JMHEetHbIe
32)KMMbI UCTOYHUKA U IPUEMHUKA, Ha3bIBAIOTCA JUHeUHbIMU npogodamu. Touku N u

N HAa3bBIBAIOTCS Heljmpa]leblMu mo4kamu NCTOYHUKA U ITPUCMHHKaA, a IIPOBOI,

COCTMHSFOIINI 3TH TOYKH, — HeUMpaibHbIM.
4 )
. Iﬁl
kA .
Uey
Iy
xIC
Puc. 1

Hanpsxenns Mexny TMHEHHBIMA 32)KUMaMU Ha3bIBAKOTCA JUHEUHbIMU, A
HaIpPSHKEHUS] MEXKY JIMHEMHBIMU U HEUTPaJIbHBIMU 3KUMaMU — (a3HbLMU.

da3Hbic HaIIPSAKCHUA NCTOYHHKA PaBHbI COOTBCTCTBYIOIIUM QI[C
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[Ipu HaMMUUU HEUTPATLHOTO MPOBOJIA TpeX(Pa3Has LENb Ha3bIBACTCS
yemvlpexnposooHoti (puc. 1). B 4eTbIpeXnpoBOgHOI 1IenH, TPU TPEHEOPEKECHUU
CONMPOTHUBJICHUSAMU JIUHEHUHBIX U HEUTPaIbHOTO MPOBOJOB, IMHENUHBIE U (Pa3HbIE
HaIpsHKEHUs IPUEMHUKA PaBHBI COOTBETCTBYIOLIMM HAIIPSKEHUAM UCTOYHUKA U
OCTalOTCSI HEU3MEHHBIMU HE3aBUCUMO OT BEJIMYMHBI U XapaKTepa CONPOTUBIICHUN
da3 npuemHuKa (Uap = Uag ; Upc = Upc ; Uca=Uca; Ua=Ua; Uy =Ug; Uc = UC)-

[TpunsThie nMonoxXUTENbHBIE HanpaBieHus: DJ(C, TMHENHBIX U (a3HbIX
HaIPSKEHU U TOKOB MOKa3aHbl Ha pucC. 1.

KommnuiekcHble 3HaueHUs TMHENHBIX HAIIPSKEHUI paBHbI pa3HOCTH
KOMIUIEKCHBIX 3HAU€HHIM COOTBETCTBYIOUIUX (pa3HBIX HANpsKEHUH. [ TuHEeHHBIX

HaHpH)KCHI/Iﬁ IMPUCMHHUKA MOKHO 3aIllMCaThb

Ugp =Ya -Up: Upe =Up -U¢ s Uea =Y -Ys-
W3 BEeKTOpHOM quarpaMmsl (pyc. 2) BUIHO, YTO B 3TOM CIIydae JeHCTBYIOIIEE
3HAUYCHUC HHHeﬁHOTO HaHpHX(eHI/IfI U 7 = \/§U d) .

Toxu B azax UCTOUYHUKA M TIPUEMHUKA HA3BIBAIOTCS (ha3HbiMU, TOKH B JIMHEHHBIX
poBoJIax — uretiHvimu. Kak BUIHO U3 puC. 1, IpU cOeAMHEHUH 3BE3101 (ha3HBIMA

TOK SIBJIIETCSL OJHOBPEMEHHO JHUHEUHBIM: lo = .

HpI/I HaIn4uu HeﬁTpaJ]BHOFO IMpOBOJada KOMILICKCHBIC 3HAYCHUA TOKOB OIIPCACIIAIOTCA

W3 BBIPAXKECHUIN

la =Ug/Za; Iy =Up/Zp; R =Ug/Z.

B cootBeTcTBUU ¢ IepBBIM 3aK0HOM Kupxroda Tok B HEHTpaTbHOM TPOBOJIE

In=Ia+Ib+IC_
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Ha puc. 2 noka3ana BeKTOpHas
auarpaMma Jijisl YeThIPEeXIPOBOIHON
LEeNU IPU HECUMMETPUYHOM
npueMHuke: B pa3ze a Harpyska —

aKTUBHO-UHAYKTUBHAasA (@, > 0), B

¢asze b — aktuBHO-eMKOCTHAs (¢ < 0),

B (pase ¢ — aktuBHas (@ = 0).

Bekrop Toka I B

HEUTPaTbHOM IIPOBOJIE ONPEIEIICH
MyTeM CyMMHUPOBaHUSI BEKTOPOB JIMHEHHBIX TOKOB.

[Tpu cummeTpuuHOM NpreMHUKE (Za=Zph=2Z;) CyMMa KOMITJIEKCHBIX 3HAUCHH

JIMHEMHBIX TOKOB paBHA HYJIIO Ia + Ib + IC =0 , 1 HEOOXOIMMOCTbD B

HEUTPaTbHOM IPOBOJIE OTIAJAET.

Ha puc. 3 nmokazana BeKTopHas auarpamma Jijis
YEeTHIPEXIPOBOIHOM LEMU TPU CUMMETPUYHOM
peXUMe I aKTUBHOTO XapakTepa Harpys3ku (¢
=0).

[Ipu oTCYTCTBMHM HEUTPATBHOTO MPOBOIA

(TpexmpoBoaHas 1eNb) HaNpsoKeHHe Ha (azax

IIPUCMHHUKA 3aBHUCUT OT BCJIMYHNHBI U XapPaKTCpa

conpotuieHui ¢a3. [loaroMy coequneHne 38e3101 C.c B.b
9 b
0e3 HEUTPaJIbHOTO MPOBOA IPUMEHSIETCS TOJIBKO Puc. 3

A1 CHMMCTPHUYHBIX IIPUCMHUKOB.

Hanpsoxenne U NN MeXxay HEUTPaTbHBIMU TOYKAMH MPUEMHHMKA U UCTOYHUKA

(HampspKEeHUE CMEILEHUST HEeUTpasn) onpeensiercs no Gopmyre y3I0Boro

HamnpsbKeHust (o0 METOLY ABYX Y3JIOB)

U - UpYa+UgYh+UcYe
"N YatY¥p+Ye ’
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rie Xa = 1/ L 9 !b = 1/ Zb ; XC = 1/ ;C — KOMILIEKCHBIE TIPOBOIUMOCTH (as.
KoMILIeKCHbIE 3HAYEHUS TOKOB
|.a =Uaia = (UA —UnN Y a;
Ib =UpYp =(Ug —UnN Wp ;
lc =UcYc=(Uc —UnpN e -

Ha puc. 4 noka3zana BeKTOpHas
JMarpaMMa HanpsuKEHUH M TOKOB IIPU
aKTUBHOMW HepaBHOMepHOM Harpyske (Ra
>Ry > R,).

ITocTpoeHne BEKTOPHOW IUarpaMmbl s

TpeXHpOBO}IHOﬁ ey 1mo
OKCIICPUMCHTAJIbHBIM JTAHHBIM

HGHGCOO6p33HO IMPpOBOAUTL B

CIIEAYIOIIEM TTOPSIKE:

— B BBIOpaHHOM Maciitade

IIOCTPOUTH BEKTOPHYIO JUarpaMmy

HaHpH)KeHI/Iﬁ HNCTOYHHKA [U A, U B y U C y U AB ) U BC , U CAJ , — 3accukKamu,

0 U3MEPECHHBIM (pa3HBIM HanpsikeHusM npuemMHuka Ua, Up, Ue, 3 Touek 4, B, C

COOTBETCTBEHHO, OIPEICIIUTD MOJ0KEHUE HEUTPAIIBHOM TOUKH N MPUEMHHUKA;
— MOCTPOUTH BeKTOp Hanpsukenus U L cMelnenus HelTpany, coeIMHIB

HEWTpaiabHble TOUKU UcTOYHUKA N 1 mpremMHuka n;
— COCIMHUTH HEUTPaJIb MIPUEMHHUKA N C BEPIIMHAMU TPEYTOJIbHUKA JIMHENHBIX

HanpspkeHuit 4, B, C (3TH 0Tpe3Ku 00pa3yroT BEKTOPHI COOTBETCTBYIOMINX (Pa3HBIX

Hanpsokenuil npuemunka U a U b U c );

— IIOCTPOUTDH B BBI6paHHOM MacmTade BCKTOPEI TOKOB, COBMCCTHB HUX Ha4daJja C

HEUTpasbio MpUeMHUKA N (OpUEHTALIUS BEKTOPOB TOKOB OTHOCUTEIBHO
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COOTBETCTBYIOLIMX BEKTOPOB (Pa3HbBIX HANPSKEHUI IPUEMHHUKA ONPENEIsieTCs
XapaKTepoM Harpy3ku ¢a3 NpueMHHUKa).

[IpaBHJIBHOCTB NOCTPOEHUSI BEKTOPHOM JUArpaMMBbl CIEAYET MPOBEPUTH 110

K I +1_+1_=0.
nepsoMy 3akoHy Kupxroda a1y | c 0

MomHOCTH B Tpex(a3HbIX IEMIX ONMPEALISITCS KaK alreOpandecKue CyMMBI
MOIITHOCTEH OT/IEeNbHBIX (a3:
— aKTUBHAsI MOIIHOCTh P = Pa+ Pp+ P¢;

— peakTUBHasi MOUTHOCTh Q = Qat+ Qp+ Qc,

I7Ie MOIIIHOCTH OTACIBHOU (ha3bl:

_ _2p .
qu_UqblquOSgoqb_lquqb,
qu :Uqb|qb3in¢qb = |§)xqb_

IToaHas MOLIHOCTH TpeX(a3Hoii 1enu S=4 P2 & Q2 .

[Ipu cumMeTpuYHOU Harpy3Ke

P :\gUI cosg; Q :\@UI sing; S :\[3UI.

OIIUCAHME JABOPATOPHOIN YCTAHOBKH

1. JJTabopaTopHast paboTa BBITIOJTHSIETCS HA YHHUBEPCATbHOM cTeHae DB4.

2. Ha manensix Ne 2, 3 pacmnosokeHbl HEOOXOIUMBIE JIJIsl TPOBEICHUS paOOThI
PE3UCTOPHI U aMIIEPMETPHI.

3. ®a3Hble HANPSHKEHUS, IMHEWUHBIE TOKU U AKTUBHBIE MOIITHOCTH JJIS1 KaXKI0M
(a3bl UBMEPSAIOTCS C TTOMOIIBIO IEPEHOCHOTO U3MEPUTETHFHOTO KOMIUICKTA.

4. Ha ropu30HTanbHOM MTAHEIN CTEH/Ia PACTIOJIOKEHBI TUHEHHBIE 3a)KUMBI 4, B,
C u 3axuM HerTpanbHo Toukn O Tpexdasnoi cuctembl [IC ~3 x220 B.

5. ns mogauu HanpsiKEHUs Ha 3axuMbl Tpexdaznoit cuctemsl DJ[C

HE00X0IMMO:
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- BKJIFOYUTh aBTOMAaTUYE€CKUIN BBIKIIOYATEIb, PACIIONIOKEHHBIN 1101 OTKUIHON
KPBILLIKON CTEH/a;

b

- Ha)KaTh KHOIKY OOIIEro BKIKOYEHUs cTeHaa “Bri. ”.

HOPAAOK BBIITIOJIHEHUA PABOTBI

1. C momoristo nudposoro BoiabT™MeTpa B7-38 uzmepurs daznoe Up u
muHeltHoe U, HanpsbkeHus Tpex(da3Horo HCTOYHHKA.

2. UccnenoBath TpexdaszHylo Lenb NPy COeAMHEHUN HArpy3KU B 3BE3]1Yy C
HEUTPaTbHBIM TIPOBOJIOM.

Cobpatb cxemMy B COOTBETCTBUU C PHC. 5, conpoTuBienust Harpy3ku a3 (Ra,
Rb, Rc) — mocienoBareibHO COCTMHEHHBIC TEPEMEHHBIN PE3UCTOP COMPOTUBICHUEM
150 OMm, nocrosiHHbIN pe3ucTop conpotuBieHreM 100 Om u nammna HakanuBanus EL
(manenpb Ne 2); amnepMmeTpsl B (pazax Harpy3ku U HEUTPAIBLHOM MPOBOJIE — C

npeaenom usMepenus 1 A (manenu Ne 2, 3).

~3X220B
A B C O

6000 0000

Al Bl Cl NY ATBT CcT NT

\% W A

Puc. 5. Dnekrpuueckas cxeMa 4eThbIpeXNpPOBOAHOMN JIMHUU

YcraHoBuTh Ha n3meputeabHOM KomiuiekTe K540 mpenenst nuamepenus no

HanpspkeHuto — 150 B, o Toky — 1 A:
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- YCTAaHOBUTH C TIOMOIIBIO TIEPEMEHHBIX PE3WCTOPOB compoTuBiIeHHEeM 150

OM cCUMMETPUYHYIO Harpy3Ky B (a3ax MpueMHHUKa (IT0 TTOKa3aHUSIM KOMILUICKTa
K540), pesynbratsl 3aHecTu B Tad. 1;

- 00opBaTh 0JIHY U3 (a3 (1Mo yKa3aHUIO PENoaBaTes), OTKIIOYUB
COOTBETCTBYIOIIYIO KHOIIKY, PE3yJIbTaThl U3MEPCHUN 3aHECTH B Ta0. 1;

- YCTAaHOBHUTHh HEPABHOMEPHYIO HArpy3Ky B pazax NMpPUEMHHKA, JJI YeT0 B OHOU
u3 (pa3 B KaueCTBE HArPYy3KU BKJIIOUUTH PE3UCTOPHI conpoTuicHusMu 150 Om u
100 Om, B ABYX APYTHX OCTaBUTH HArpy3Ky HEM3MEHHOH, pe3yIbTaThl U3MEPCHHM

3aHecTy B Ta0. 1.

Tabruya 1

[TapameTpsl

OIIBITHBLIC pacCUYCTHBIC

Bu Harpysku Ua, [Up, | Ue, | la, | Ib, | ley | In, | Pa, | Po, | P, | P,
B B B A|A| A|A|Br|Br| Br| Br

CummeTpudHas

OO6psIB dazsl

HepaBnomepnas

[TocTpouTs B MaciiTabe BEKTOPHBIE THArPaMMbl HAMPSKEHUI U TOKOB MIPU
MCCIIEIOBAaHHBIX Harpy3Kax o AaHHbIM Tao. 1.

3. UccnenoBath TpexdazHyto LeTb IPU COCTMHEHUH Harpy3KHu B 3Be31y 0€3
HEUTPAIBHOTO NPOBOJA.

Co0parth 11e1b B COOTBETCTBUU C PHC. O, BHIMOIHUB HEOOXOIUMBIE
MepeKIIIoueHus B cxeme puc. 5. st uamepenust HanpsikeHus: cmeneHuss Uny

MCITIOJIB30BaTh IU(POBOI BoasTMETp B7-38.
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~3x220B

4 BCO
o——

5550 OO OO0 R. Rb[} Ra[}

Al Bl cl NY ATBT cT NT

Vv W A A A \Y

Puc. 6. Dnektpruueckas cxema TPEeXIPOBOJIHON JIMHUH

VYcranoButh Ha komIiuiekTe K540 mpenenst usmepenus no Hanpsbkenuto — 300 B,
o Toky — 2,5 A.
BrinonHUTh HEOOXOAMMBIE U3MEPEHHMSI MPU HATrPYy3Kax B COOTBETCTBHUH C Ta0.
2.
JIJ1st TIPOBEICHHS OTIBITA KOPOTKOTO 3aMbIKaHHsI HeoOxoaumo oy u3 dhasz A 7/, BT,
C 7 (o ykazaHuio mperoxaBaTes) COCANHNUTD ¢ HEHTPAIBHOI TOUKO} IPHEMHHKA N.

Tabnuya 2

[TapameTpsl

OIIBITHBIC pacCUYCTHBIC

BHI[ Harpy3KH Ua y Ub ’ UC ’ Ia, Ib ’ IC ’ UnN ' Pa ) Pb ) PC ' P’
B B Bl|A|A|A B Br | Br | Br | Bt

CummMmeTrpuyHas

OO6pebIB (haswi

HepaBHomepnas

K. 3. pa3sr

[To nanHbIM Tab1. 2 MOCTPOUTH B MACIITA0€ BEKTOPHBIE JUArPaMMBbI

HaHpH)KeHI/Iﬁ M TOKOB IJIs1 UCCIICAOBAHHBIX HAI'PY30K.
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COILEPKAHHUE OTYETA

OtyeT no nabopaTopHOi paboTe NOIKEH BKIIOYATH:

— CXEMBI UCCIICTYEMBIX JICKTPUYCCKHUX IICTICH;

— TaOJIUIIBI C ONIBITHBIMU U PACUETHBIMU JTAHHBIMU;

— BEKTOPHBIC JTUArPaMMBbl HANIPSHKCHUH W TOKOB TSI ICCIICIOBAHHBIX
Harpy3oK, IOCTPOCHHBIC B MacITaoe;

— BBIBOJIBI 10 pE3yJibTaTaM BBIIIOJIHCHHOM pa6OTBI.

KOHTPOJIBHBIE BOIIPOCHI

1. KakoBbl npenMytiiecTBa Tpexa3HbIX Menei Mo CPaBHEHUIO C
onHO(a3HbIMU?

2. Kakue npueMHUKHN Ha3bIBalOTCS cuMMeTpuuHbiMu? Kakast Harpy3ka
Ha3bIBAETCS PABHOMEPHOM, KaKasi — OJHOPOIHOM ?

3. B uem npeuMyIiecTBa YETHIPEXITPOBOAHON LIEMU IO CPABHEHUIO C
TPEXITIPOBOHOM?

4. IloueMy He CTaBUTCS MPEIOXPAHUTENIH B HEUTpaIbHBIN MPOBO?

5. KakoBo cooTHOIIICHHE MEXAY JTUHEHHBIMHU U (ha3HBIMHU HAIIPSIKEHUSIMHU
CHUMMETPUYHOIO IPUEMHHUKA, COEUHEHHOTO 3BE3/10M, IPU CUMMETPUYHON CUCTEME
JUHEWHBIX HATIPSIAKEHUN?

6. Kax onpenensitorcst Toku B (ha3ax HECUMMETPUIHOTO MPUEMHHUKA,

COEIMHEHHOT'O 3BE€3/10M, B TPEXIIPOBOAHOM 11enu?
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INPAKTHYECKAS PABOTA Nel
NCCIIEAOBAHUE USMEPUTEJIBHBIX IPUBOPOB.

IEJIb PABOTHI

3aoaua paboTbl — MOCTPOEHUE BOJIBT-aMIIEPHBIX XapaKTEPUCTUK HA OCHOBAHUU
HKCIIEPUMEHTAIBHBIX JaHHBIX U MPUOOPETEHUE HABBIKOB padoTa ¢ mpubopaMu

QJICKTPUICCKUX LICHCI\/JI IHOCTOSAHHOI'O TOKA

IIpoodonicumenvrocms pabomsl — 2 uaca
KPATKHUE TEOPETUYECKHWE CBEJEHUS

B anexTpudeckue 1enu MOoryT BXOAUTH AJIEMEHTHI, COMPOTHUBIICHHE KOTOPHIX
HE SIBJIIETCS] BEIMYMHOM MTOCTOSIHHOM, a 3aBUCUT OT HANIPSIKEHUS U CUIIBI TOKA.
BoubT-amnepnas xapakrepuctuka (BAX) Takoro sjneMeHTa UMEET HeJIMHEHHBIN BU,
MIO3TOMY 3JIEMEHT Ha3bIBaeTcs Henunetinvim (HD). DnexkTpuueckas 1enb, B KOTOPYIO
BXOJHUT XOTs Obl OAUH HEJIMHENHBIN DJIEMEHT, Ha3bIBaeTCa HelnHeliHo#. K
HEJIMHEWHBIM AJIEMEHTaM OTHOCSITCS TTOJIYITPOBOJHUKOBBIE TPUOOPHI, JTAMITBI
HaKaJIMBaHUSA U JIp.

DTO CONMPOTUBIICHUE HA3BIBACTCS cmamuyeckum 1 TIPeICTaBIseT coO0M
CONPOTHUBIICHUE 3JIEMEHTA MTOCTOSIHHOMY TOKY. Kpome cTaTuyecKkoro conpoTHUBIICHUS
HD nnisg xaxaoil TOUKH XapaKTEPUCTUKHU MOKHO OIPENEIIUTh TaK Ha3bIBAEMOE
ougpepenyuanvroe conpotTuBieHue Roug, KOTOPOE paBHO OTHOLIECHUIO IPUPAIIECHUS

Hanpsbkennst AU k npupainenuto Toka Al, cTpemsierocs K HyJko:

du 4au my
R = = = t ,
ougp —dl Al m 97

T.€. MPONMOPLUHUOHAIBHO TAHTCHCY yIJla HAKJIOHA KacaTeJIbHOM B TAHHOMN
TOYKE XapaKTePUCTHUKHU K OCH TOKOB. JuddepenimanbHoe conpoTUBICHNHE

xapaktepuszyeT HO npu Manblx n3MEHEHUsAX HanpsKeHUs U Toka. [Ipu pacuere

33



HEJIMHEHOM! 1IETIN C TOCIEI0BATEILHLIM COSIUMHEHUEM JIMHEMHOTO U HEJTUHENHOTO
3JIEMEHTA YaCTO UCIIOJIB3YIOT METOJ HArPy304HOM XapaKTEPUCTUKMU.

JIns nenu, moka3aHHOM Ha pHUC. 2, COTJIACHO

HO
/ BTOpOMY 3aKoHY Kupxroga MOXkKHO 3amucaTh:
E UH9 E:UH3+UR:UH3+IR’
U
CD R m " E-U,,
OTKyj1a | = R 1)

[Tpu nocTostnubIx 3HaueHusax E u R u3 (1) cnenyer,
Puc. 2

YTO MEX]Iy TOKOM | 1 HampsiKeHueM Ha HEeJTUHEHHOM
anemente U, cyriectByeT quHeiHas 3aBucumocts |1=f(U,,), koTopas Ha3biBaeTCs
Harpy304HOM XapaKTEPUCTUKOM.

Harpy30qHa51 XapaKTCPUCTHUKA ITPOXOAUT YEpE3 ABC TOUKH .

E=U,, npu | = 0 (06psis B enu) u | o= E/R, npu U,, = 0 (kopoTkoe 3aMbIKaHHe

Ha HEJIMHEWHOM DJIEMEHTE).
OINMCAHUE JJABOPATOPHOM YCTAHOBKH

1. JJTabopaTopHasi paboTa BBITIOJTHSAETCS Ha YHUBEPCAIBHOM cTeH e DB4.

2. Ha manenn Ne 6 pacmoJiOKEHbI aMIIEPMETPbI, PE3UCTOPHI
conpotuiieHueM 100 Om, Tamna HakaiIuBaHus, Ha maHean Ne 7 pacrosoxeH
amriepMetp ¢ npeaeiaom uzmepenus 300 MA. [Ins u3zmepeHus: HanpsyKEeHUs
UCIoJib3yeTcs g poBoii BonbTMeTp B7-38.

3. Ha ropu30HTanbHOM NaHEIN CTEHAA PACIOJIIOKEH HCTOYHUK TOCTOSHHOTO
ToKa (£0—220 B) u KHONKHK BKJIIOUYEHHUS TUTAHUS CTEH/A.

4. JIns NOAKIIFOYEHHUS HANPSXKEHUS MUTAHKUS K UCCIIElyEMOU LENH
HEO00XO0IUMO:

- NOBEpHYTh pyKoATKY JIATPa npoTrB 4acoBOM CTpENIKU 10 ynopa;

- BKJIIOYUTh AaBTOMATUYECKU I BBIKIIIOYATENb, PACTIOI0KEHHBIN 10T

OTKUIHOW KPBIIIKON CTEH/IA;
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- HA)KaTh KHOMIKY OOIIETO BKJIIOYEHUS cTeHaa “‘Bxn”;
- HA)KAaTh KHOIIKY, PACIIOJIOKEHHYIO IO/ BOJIBTMETPOM “‘Tlocmosinnoe”;

HOPAAOK BBIITIOJTHEHUSA PABOTbBI

1. O3HaKOMUTBCA C OMUCAHUEM JaOOPATOPHON YCTAHOBKHU.

2. CocTaBHTb U COTIACOBATH C MPEMOAABATENEM IEKTPUUECKYIO CXEMY
YCTAHOBKM JUUISI CHATUS BOJIbT-AMIIEPHBIX XapaKTEPUCTUK HEJIMHEWHBIX DJIEMEHTOB.

3. Cuate BAX namnel HakanuBaHus. J[aHHbIE U3MEpEHU 3aHECTH B Ta0J. 1.

Tabnuya 1

I, MA

b

U, B

4. TTocTpouTh Ha OJTHOM KOOPJAMHATHOM T10JI€ BOJIT-aMIIEPHBIC
XapaKTePUCTUKU: JITAaMITbl HaKaIMBaHus (110 JaHHBIM Tabj. 1), pesuctopa
conpotuiieHueM 100 OM 1 uX MOCIE0BATEIHLHOTO COCTMHEHHUS.

5. [To 3amanHOMY TMpemnoiaBaTesieM 3HaU€HHUIO OJTHOTO U3 MapaMeTpoB
OTIPEIEIUTh IPAPUUECKU OCTAIbHBIE TTApAMETPhI MOCIEA0BATENbHON ETIH.
CpaBHUTH pacyeTHBIE U OINBITHBIE JaHHBIC, PE3YJIbTAThl MPEACTABUTH B BUAC TaOI.

6. [TocTpouTs Ha OTHOM KOOpAMHATHOM MoJie BAX nammouku (1o Tabur. 1),
pesuctopa (R = 100 Om) u BAX 5KBHBaJICHTHOT'O HEJIMHEHHOTO 3JICMCHTA,
MOJTyYaIOIIeToCs PU MapauieIbHOM X COSAMHEHUH.

7. Onpenenuth rpaduuecky HeTOCTAIONTUE TTapaMETPhI TTOCIEA0BATEIbHON
e , cocTosMIeH u3 mamiel HakanuBauus (EL) u pesuctopa (R =100 Om), mo
3aJIaHHOMY TIpeToaBaTesieM 3HAYSHHUIO OJTHOTO M3 MapaMeTpoB (Tad. 3, 3aaHHBIHI
napaMeTp NOAYEPKHYTh) U IPOBEPUTH MOJIYUYEHHbBIE PE3YIbTAThI OMBITHBIM ITyTEM.
Ilepen mpoBeaeHUEM OMbITa BHIOpPATh MPEAE U3MEPEHHS aMIIepMeTPOB. Pe3ynbraTsl

pacyeToB U U3MEPEHUN 3aHeCTH B Ta0II. 3.

Tabauya
[TapameTpsbl U,B I, m4 IR, m4 I, mA
Pacuernnie
OnbITHBIE
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COILEPKAHUE OTYETA

OtyeTt no 1abopaTopHOi paboTe NOHKEH BKIHOYATh:

- CXEMBI HCCIIEAYEMBIX JICKTPUICCKUX IICTICH;

- TaOJIMIIBI C OTBITHBIMHA U PACYCTHBIMU JaHHBIMH,

- BOJIbT-aMIICPHBIE XapaKTepUCTUKH (IL.I1. 4, 6) ¢ HEOOXOIUMBIMH
MOCTPOSHUSIMU TIPU pacyeTe mapameTpoB Ienei (1.1. 5, 7, 8);

- BBIBOJIbI I10 PC3YyJIbTaTaM IMMPOBCACHHBIX I/ICCJICI[OBaHI/Iﬁ.

KOHTPOJIBHBIE BOITPOCHI

1. UTo Ha3bIBA€TCS HEIMHEHHBIM AJIEMEHTOM, HEJIMHEWHOU 3JIEKTPUUECKOU
LENBIO?

2. Ilpueaute mpumepsl HD 1 061acTh X IpUMEHEHUS.

3. B yem npunnunuaisHoe otianurne HD ot nuneitHoro?

4. Yro Takoe cratnueckoe u quddepennmanbHoe conporupienus HO? B yem
UX paszinuue?

5. KakuMu MeToJ1laMu ¥ Ha OCHOBAaHUM KaKOT'O 3aKOHA PACCUUTHIBACTCS 1IETIb C
MTOCJICIOBATEIBHEIM coequHeHnneM HD?

6. UTo Takoe Harpy304Has XapakTepUCTHKA U KaK €€ TOCTPOUTH?

7. KakoB MopsI0K pacyeTa Lenu ¢ napajieabHbiM coeaunenneM HO? Ha

OCHOBAHHUH KAaKOI'O 3aKOHAa OCHOBAH pPacdcT I[ElHHOfI I.[GHI/I?

ITPAKTHYECKASA PABOTANe2
PABOTA C OJHOPA3ZHBIM TPAHC®OPMATOPOM.

HEJb PABOTHBI

3aoaua pabOThl — MOCTPOEHUE BOJbT-AMIIEPHBIX XapPAKTEPUCTUK HEITUHEUHBIX

9JICMCHTOB Ha OCHOBAaHHH SKCIICPHMMCHTAJIbHBIX JaHHBIX U HpI/IO6peTeHI/Ie HaBBbIKOB
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pacdcTa 3JICKTPUUICCKUX LICNeN NOCTOSIHHOTO TOKa, COACPIKAIIUX HCJIMHCHHBIC

DJICMCHTAHI.

IIpoodonxcumenvrocms pabomsl — 2 uaca

KPATKHME TEOPETUYECKHUE CBEJAEHUSA

B snextpuueckue 1enu MoryT BXOJUTh 3JIEMEHThI, CONPOTUBIEHUE KOTOPBIX
HE SBJISICTCS BEJIMUMHOM MOCTOSIHHOM, a 3aBUCUT OT HAIPSKEHUS U CUJIbI TOKA.
BonbT-amnepnas xapakrepuctuka (BAX) Takoro sjneMeHTa UMEET HeJIMHEHHBIN BUI,
MO3TOMY 3JIEMEHT Ha3bIBaeTcs Henunetinvim (HD). DnexTpuueckas 1emnb, B KOTOPYIO
BXOJIMT XOTs ObI OJIUH HEJIMHEHHBIN 2JIEMEHT, Ha3bIiBaeTCs HelnuHenHoU. K
HEJTMHEHWHBIM 3JIEMEHTaM OTHOCSATCS TOJIYITPOBOHUKOBBIC MPHUOOPHI, JTAMIIbI
HaKaJMBAHUS U JIp.

Ha puc.1 npusenena BAX HennHeHHOTro

1
HJIEMEHTA. N
" 1AL
Kaxnoii touke BAX HO coorBerctByer ~  f------------=- e :
OIIpEIETICHHOE CONPOTUBIICHUE s AU
u m
Rz——:—LLma,
I m i
I a i
C U
IPONOPIMOHATILHOE TAHTEHCY yIJla HAaKJIOHA : >
Puc. 1 U

npsimoit CN K ocH TOKOB. ITO CONPOTHUBIICHHE

Ha3bIBACTCS CMamuyeckum u MPeJICTaBIsSIeT COO0M CONMPOTUBIECHUE dIIEMEHTA
noctossHHOMY TOKY. Kpome cratudeckoro conpotupienus HD niis kaxaoi TOUKu
XapaKTePUCTUKHN MOYKHO OTPEACIUTh TaK Ha3bIBaeMoe Jughghepenyuanvroe

CONPOTUBIIEHUE Rougp, KOTOpOE PaBHO OTHOIIECHUIO NpUpanieHus HanpsokeHnus AU k

npupaiieHuto Toka Al, crpemsierocs K HyJ:

du 4au my
R = = = t ,
ougp dl Al m 97
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T.€. IPONOPLUUOHAIBHO TAHICHCY YTJIAa HAKJIOHA KACATEJIbHOU B JaHHOMU

TOUYKE XapaKTEPUCTUKHU K OCU TOKOB. /[uddepeHnnanbHoe conpoTUBICHUE
xapaktepuszyeT HO npu Manblx u3MEHEHUsAX HanpsKeHUs U Toka. [Ipu pacuere
HEJIMHEWHOH 1IeNH C NOCIeA0BaTEeAbHBIM COSIUHEHUEM JIMHEMHOIO U HEJIMHEHHOTO
3JIEMEHTA YaCTO UCIIOJIB3YIOT METOJ HArpy304HOM XapaKTEPUCTUKMU.

J{ns nenu, oKa3aHHOM Ha puUc. 2, COrJIaCHO

HO
/ BTOpOMY 3akoHy Kupxroda MoxKHO 3anucaTh:
E UH3 E:UH3+UR:UH9+IR’
U
O> R |:jH " E_U HH
OTKy/a |=— "= (1)
R
Puc. 2

IIpu nocrossHubIX 3HaYeHUaX E u R u3 (1) cnenyer, uto mexay Tokom | u

HaIIpsAKCHUCM Ha HEJIMHEHHOM 3JIE€MEHTE UH;, CYIICCTBYCT JIMHENHAas 3aBUCUMOCTh

I=f(U,,), koTopas Ha3bIBACTCS
HArpy304HOM | l.=E/R I=f(V)
XapaKTEPUCTUKOU.
Harpy3ounas
XapaKTepUCTHKA POXOJIUT
yepes JIBE TOUKHU E (puc. 3):
U Ur . E

E=U,npul=0 (0OpBIB B LIETIN)
I/IIKZE/R,HpI/I U,,=0

(KOpOTKO€E 3aMbIKaHUE HA HEIMHEWMHOM 3JIEMEHTE).

OIMMUCAHUME JABOPATOPHOM YCTAHOBKHU
1. JTabopatopHasi paboTa BBINOJHSAETCS HA YHUBEpCAIbHOM cTeHae JB4.
2. Ha manenum Ne 6 pacronokeHbl aMIIEPMETPbI, PE3UCTOPHI

conpotusiieHueM 100 Om, tammia HakaMBaHUs, Ha naHenau Ne 7 pacronoxeH
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amnepmetp ¢ npenenom usmepenus 300 MA. Jlist u3MepeHusl HapsKeHUs
UCIOJIb3yeTcs U poBoii BonbTMETp B7-38.

3. Ha ropu3oHTanbHOM NaHEIW CTEHA PACIIOIO0KEH HCTOYHHUK ITOCTOSSHHOTO
Toka (£0—220 B) u KHONIKY BKJIIOUEHUS TUTAHUS CTCH/IA.

4. JIns nOAKIIOUEHUS HAMIPSKEHUS MUTAHUA K UCCIIElyeMOU LienH
HE00XO0IUMO:

- IOBEpHYTh pyKoATKY JIATPa nmpoTuB 4acoBoil CTpesKu 0 yIopa;

- BKJIFOYUTH aBTOMATHUECKHUI BBIKJIIOYATENb, PACIIOIOKEHHBIN 10T
OTKUJHOW KPBILIKON CTEH/A;

- HA)KaTh KHOMIKY OOIIETO BKJIFOYEHUS cTeHAa “‘Bxn”;

- HA)KAaTh KHOIIKY, PACIlOJIOKEHHYIO IIOJI BOJIbTMETpOM “‘Tlocmosinnoe ”;

HOPAAOK BBIITIOJTHEHUSA PABOTbBI

1. O3HaKOMUTKCS C OMUCaHUEM JIA0OPATOPHOM YCTAaHOBKHU.

2. CocTaBUTb U COTIIACOBATH C MPEMOAABATEIEM IEKTPUUECKYIO CXEMY
YCTaHOBKH JJISI CHATHSI BOJBT-aMIIEPHBIX XapaKTEPUCTUK HETMHEUHBIX 2JIEMEHTOB.

3. Cusare BAX namniel HakanuBaHus. JaHHBIE M3MEpPEHU 3aHeCTH B TaOI. 1.

Tabnuya 1

I, MA

U, B

4. ITocTpouTh Ha OJJHOM KOOPAMHATHOM I10JI€ BOJIbT-AMIIEPHBIE XaPAKTEPUCTUKHU:
JaMIIbl HaKaMuBaHUs (M0 JaHHbIM Tabm. 1), pesuctopa conpotuBieHuemM 100 Om u

UX TIOCJIEIOBATENIBHOTO COCTMHEHUSI.
5. Ilo 3aganHOMY mpenojiaBaTesieM 3HaU€HHUIO OJHOTO U3 MapaMeTpoB (Tab1.2)

OoIIpCaACINTDb Fpa(l)I/I‘-IeCKI/I OCTAJIBHBIC IIAPaMCTPBI HOCHCHOB&TCHBHOﬁ OCIIN.

CpaBHUTH pacyeTHBIC U ONBITHBIE JaHHBIC, PE3yJbTaThbl MPEJCTABUTH B BUJIEC TAOI.
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Tabnuya 2

[TapameTpsbr U B Ur, B U,, B I, mA

Pacuernbie

OIIBITHBIE

6. [TocTpouTs Ha 0HOM KOOpAMHATHOM noJjie BAX namnouku (o Tabu. 1),
pesuctopa (R = 100 Om) 1 BAX 3KBHBaJICHTHOT'O HEJIMHEHHOTO 3JICMEHTA,
MOJTyYaIOIIEerocs PU MapajieIbHOM X COSAUHEHUH.

7. Onpenenuth rpaduuecky HeIOCTAIOUIUE TapaMeTPhl OCIeA0BaTEIbHON
1enH, cocTosIiel u3 mammnsl HakaauBanus (EL) u pesucropa (R =100 Om), o
3aJlaHHOMY TperoaBaTesieM 3HaYeHUIO OJIHOTO U3 MapaMeTpoB (Tad. 3, 3aJaHHBIHI
napamMeTp MOJUYEePKHYTh) U MPOBEPUTH MOJYUEHHBIE PE3YJIHTAThI ONBITHBIM Ty TEM.
[Tepen mpoBeaeHUEM OMBITA BEIOPATH MIPEACI U3MEPEHUS aMIIepMeTpOB. Pe3ynbrarhl

pacyeToB U U3MEpEHui 3aHecTH B TalI. 3.

Tabnuya 3
[TapameTpsbl U, B I, m4 Ir, m4 l,,mA
PacueTtHnie
OI1bITHEIE
8. Jls1 3aJaHHOTO MPETIoIaBaTeieM N Ry
o A
3HAQYCHHS OJTHOTO U3 IMapaMEeTPOB IECTTH U, U_) EL
7 1 <P
(Tabm. 4) rpaduuecku onpeaenuTh 9 D Ro1

OCTAJIbHBIC 3HAYCHUA PACUCTHBIX TOKOB

U HarnpsbkeHuit nenu (puc. 4) npu I l 62) I

3HaYeHUAX conpoTtupiaenui Ry = 100 o l

OwMm, R, = 100 Owm.

9. IlpoBepuUTh pacueThl ONBITHBIM IyTeM. {7151 3TOrO cOOpath cxemy (puc. 4), BIOpaB
aMIIEpMETPhI C COOTBETCTBYIOIIUMHU MpeieiaMu u3mMepeHuid. I3smepsats HanpsiKkeHue

¢ omolIibio nudposoro BonbTMeTpa B7-38. Pesynbratel 3anectu B Tad1. 4
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Tabnuya 4

[TapameTpsbr U, B U, B Uy, B I, mA I, mA o, MA

PacuerHbie

OIIBITHBIE

COILEPKAHUE OTYETA

Otuer no 1abopatopHOi padboTe AOKEH BKIIOYATH:

- CXEMBbI HCCIEYEMbIX DJIEKTPUUECKUX LIETICH;

- TaOJUIIBI C ONIBITHBIMU U PACYETHBIMU JIAHHBIMU,

- BOJIbT-aMIIEPHBIC XapaKTEPUCTHUKH (T1.I1. 4, 6) C HEOOXOTUMBIMHU
NOCTPOCHUSIMU TIPU pacyeTe mapaMmeTpoB 1enei (m.m. 5, 7, 8);

- BBIBOJBI 110 PC3YyJIbTaTaM ITPOBCACHHBIX I/ICCJIG,IIOBaHPlﬁ.

KOHTPOJIBHBIE BOITPOCHI

1. Uto Ha3bIBaE€TCS HEIMHEHHBIM 2JIEMEHTOM, HEJIMHEWMHON 3JIEKTPUYECKOU
LENBIO?

2. [IpuBeaute npumepsl HO u 001acTh MX MPUMEHEHUS.

3. B uem npunuunuaneaoe ominune HD ot nunelinoro?

4. Yro Takoe cratnueckoe u quddepenimanbHoe conporupienus HI? B yem
UX pazianuue?

5. Kakumu MeToaMu ¥ Ha OCHOBAHMM KaKOT0 3aKOHA PACCUUTHIBAETCS LIETh C
MocJjea0BaTebHbIM coeinHeHueM HO?

6. UTo Takoe Harpy304Hasi XapaKTepUCTHKA U KaK €€ MOCTPOUThH?

7. KakoB MopsI0K pacyeTa Lenu ¢ napauieabHbiM coequnenneM HO? Ha

OCHOBAHHMM KaKOT'O 3aKOHA OCHOBAH PAacyeT JTaHHOW IEru?
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IHNPAKTHUYECKAS PABOTA Ne3
OITPEAEJIEHUE TAPAMETPOB ACUHXPOHHOI'O IBUT'ATEJIA 110
ITACITOPTHBIM JTAHHBIM

IEJIb PABOTHI

3aoaueii pabOTHI SABISIETCS SKCIEPUMEHTAIIBHOE UCCIE0BaHUE TPeX(Pa3HbIX
Hened Npu CUMMETPUYHBIX U HECUMMETPUYHBIX PUEMHHUKAX, COEAMHEHHBIX

TPEYTOJIbHUKOM.

IIpooonxxcumenvnocms pabomul 2 uaca

KPATKHE TEOPETHYECKHUE CBEIAEHUSA

Ecnu npueMHUK coeuHeH TpeyroabHUKOM (puc. 1), To dha3Hble HanpsKeHus
IPUEMHHUKA PaBHbBI TMHEHHBIM. ECIM IpU 3TOM CONPOTUBIIEHHUS] JIMHENHBIX IPOBOJOB
npeHeOpeKMMO MaJlbl, @ MOITHOCTh UCTOYHMKA JOCTATOYHO BENMKA, TO HAMPSKEHUS
Ha ¢azax MpUEMHUKA HE 3aBUCSAT OT UX COMPOTHUBIICHUS U MOICPKUBAIOTCS

MCTOYHUKOM KECTKO. biaromaps 3ToMmy coeAMHEHUE TPEYrOJIbHUKOM MOYKET

MMPUMCHATHCA AJI BKIIIOYCHHA HCCUMMCTPHUYHBIX ITPUCMHHUKOB. Ecau BCKTOP

42



Hanpspkennst U HampaBHTh 10 AeHCTBUTENBHON OCH, TO IPH CHMMETPHH

JIMHENHBIX HAPSDKEHUI UCTOYHUKA KOMIUIEKCHI IMHEWHBIX ((ha3HbIX) HAIPSIKEHUN

npUeMHUKa Oy1yT UMETh BUJL:

. o -j120° j120 °
Ugp=Uy: Uy, =Ue o Ug=Ue

Kommnekcol (1)3,3HBIX TOKOB IIPUCMHHUKA OIMPCACIIAIOTCS IO 3aKOHY Owma

U'ab.

T - Upe . i Uca
ab Zab ! bc ZbC ’

ca 7 ca
JIlunelHbIEe TOKU ONIPEACISIOTCS 0 epBoMy 3akoHy Kupxroda

= | . =1 -
C ca

ba=lap—ea g =lpe ~lap ab "

Ha puc. 2 a nokazana Tonorpaduueckasi iuarpaMmma HanpspKeHUM M BEKTOpHAsT

auarpamMma TOKOB JIJIsl TpeX(a3HOM enu ¢ HECUMMETPUYHBIM MPUEMHUKOM,
COCJIMHEHHBIM TPEYTOJIbHUKOM. B (hase ab npreMHUK UMeeT UHIyKTHBHBIH

XapakTep, B paze bC akTuBHBIH, a B (ha3e CA eMKOCTHBIN.

a) 0)
Puc. 2

Ha puc. 26 nokazana BekTopHas auarpamma JJist TpexdazHon uenu ¢
CUMMETPUYHBIM TPUEMHUKOM, COEJIMHEHHBIM TPEYTOJbHUKOM (XapaKTep Harpy3Ku

MIPUHAT YUCTO AaKTUBHBIM).
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[Tpu cummeTpUuHOM NpUEMHHKE (pa3Hble TOKU OAUHAKOBBI lap=Ipc=Ica=ly 1,

KaK 3TO BHJIHO M3 BEKTOPHOU JUarpaMMbl, TMHEHHBIE TOKU B \/g Oomnbie pazHbIX
| =3l
7l @ -

OIMMCAHUE JIABOPATOPHOHN YCTAHOBKHU

1. JJaGopaTtopHas paGoTa BBITIOJIHSIETCSI HA YHUBEpCaJIbHOM cTeHie JB4
(manens Ne 2).

2. JInnelHbIe TOKK U3MEPSIIOTCS C TIOMOIIBI0 IEPEHOCHOTO U3MEPUTEITBHOTO
koMmrIuiekTa K540, gasznple HanpsHKeHUs: Ha Harpy3ke - UG poBLIM BOJILTMETPOB B7-

38.

Ilepeo nposedenuem onvima HeoOX0OUMO 00A3AMENbHO NPOBEDUNb

npasujiibHoCmbv YyCmaHOBKU npedeﬂoe UBMEPEHRUA KOMNIIEKNMA K540.

4. Ha ropr30HTAJIBHOM MMAHENIN CTEHAA PACTIOJIOKEHBI JINHEMHBIE 3aKUMBI A, B,
C u 3axuM HenuTpaabHOU Touku O TpexdaszHoit cuctembl DJ[C ~3 x 220 B.

5. ns mogaun HanpspKEHUs Ha 3aKUMBI TpexdazHoi cuctemsl DJ1C
HEOOXOIUMO:

- BKJIFOUUTh aBTOMAaTHYECKUI BBIKIIOYATEIb, PACIIONIOKEHHBIA MO OTKU THON
KPBIIIKOW CTEH/IA;

s

- HA)KaTh KHOIIKY OOIIETO BKJIIOUEHUS cTeHaa ‘B ”.

[TapameTpsl U, B Uy, B U, B I, mMA I, mA I, mA

PacueTHbIE

OnbITHBIE

COJAEP KXAHME OTHETA

Otuet mo n1abopaTopHOM pabOTE JOKEH BKIIOYATH:
- CXEMBbI UCCIIETYEeMbIX JICKTPUUCCKUX IIETICH;

- Ta6JII/II_U)I C OIIBITHBIMH M PACUCTHBIMH JAHHBIMU,
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- BOJIbT-aMIIEPHBIC XapaKTepUCTHUKU (T1.T1. 4, 6) ¢ HEOOXOUMBIMHU
MOCTPOCHUSIMU TMIPU pacyeTe nmapaMeTpoB uenei (m.m. 5, 7, 8);

- BBIBOJIBI 10 PE3YyJIbTaTaM MPOBEAEHHBIX UCCIEA0BAaHU.

KOHTPOJIBHBIE BOITPOCHI

1. Uto Ha3bIBAE€TCS HEIMHEWHBIM 3JIEMEHTOM, HEJIUHEWMHON 3JIEKTPUYECKOU
IIETIbI0?

2. llpueaute npumepsl HD 1 06:1acTh X IPUMEHEHUS.

3. B uem npuHuunuaneaoe omimune HOD ot nuneliHoro?

4. Yto takoe cratudeckoe u nuddepennmansaoe conporusieHus H2? B uem
UX pa3iauuue?

5. Kakumu MeTo/1laMu ¥ Ha OCHOBAaHUM KaKOT'O 3aKOHA PACCUUTHIBACTCS 1ETIb C
IIOCJIENOBATEILHBIM coequHeHneM HD?

6. UTo Takoe Harpy30o4Hasi XapaKTEpUCTHKA U KaK €€ OCTPOUTh?

7. KakoB MopsI0K pacyeTa Lenu ¢ napajieabubiM coeaunenrneM HO? Ha

OCHOBAHHUH KAaKOI'O 3aKOHA OCHOBAH pPacycT HaHHOfI HGHI/I?

ITPAKTHYECKASA PABOTA Ne4
JEACTBUE TEHEPATOPA IOCTOSHHOI'O TOKA.

HEJIb PABOTBI

3aoaueti paboTHI ABISETCSA SKCTIEPUMEHTAIBHOE MCCIICTIOBAHUE
YEeTBHIPEXIIPOBOTHON U TPEXITPOBOIHON Tpexha3HbIX IETeH MpU COSTMHCHUH

Harpy3Ku 3Be370M.

IIpooonicumenvrocms pabomsl — 2 uaca
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KPATKHE TEOPETHYECKHME CBEJIEHUSA

CoBokynHocTh Tpex D/JC 0aAMHAKOBOW YaCTOTHI U aMILIUTYIbl, CABUHYTHIX 11O
¢daze OTHOCUTENBHO JIPYT JIpyra Ha TPETh Mepruoja, Ha3bIBACTCS mpexgaszHoll
cucmemou I/[C.

Bripaxxenust 1yis MrHoBeHHBIX 3HaUeHUH DJ[C cuMmMmeTpudHOro Tpexda3zHoro

UCTOYHUKA UMCIOT CIEAYIOLUNA BU:
en=Epsinut,  eg =Epsin(ut-120") ¢ = Epsinfut+120°).
B xommiiekcHoi popme 3/1C 3anuchiBaroTCs B BUIE

~jl20°

. L . j120 °
EA:Ed), EB:Eqbe y EC:Ed)e .

DneKkTpuueckas 1enb, B KOTOPoi neicTByeT Tpexdaznas cuctema DJIC,
Ha3BIBACTCSl MpexghazHoll yenwvio.

TepmuH «gaza» B dIEKTPOTEXHUKE UMEET JIBA 3HAYCHUS: C OJHON CTOPOHBI —
ATO apryMEHT CHHYCOUJaIbHON (DYHKIIUH BPEMEHH, C APYTOl — 4acTh MHOTO(a3HOM
[ETIH, TI0 KOTOPOU MPOTEKAET OJUH U TOT YK€ TOK.

Ha puc. 1 mokazana cxema Tpexgas3Hoi 1emnu, B KOTOpoi (a3pl HCTOUYHHUKA U
IpUEMHHKA COeIUHEHBI 3Be3101. 3akumMbl A, B, C HCTOUYHHKA U 3a)KUMBI @, b, C
pUEMHUKA HA3BIBAIOT JuUHelHbiMY 3kUMaMu. [IpoBojia, coeUHSIONINE TUHEHBIE
3aKMMbl UICTOUYHHMKA M TPUEMHUKA, HA3bIBAIOTCS JiuHeuHbIMuU npogooamu. Touku N u
N HAa3bIBAIOTCS HEUMPALIbHbIMU MOYKAMU UCTOYHUKA U TIPUEMHHUKA, a MPOBO/I,
COCJIMHAIOIINI 3TH TOYKH, — HEUMpPaAIbHbIM.

Hanpspokenns Mex 1y TUHEWHBIMU 32KMMAaMHK HA3bIBAKOTCS JIMHEUHBIMH, a

HaIpPsHKEHUS] MEXKY JIMHEMHBIMU U HEUTPaJIbHBIMU 3aKUMaMU — (Da3HBIMU.

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

®da3Hble HANPSHKEHUSI UICTOYHUKA paBHBI cOOTBETCTBYIOMM DJ[C.

[Tpu Hanmuuu HEUTPaAILHOTO NMPOBOA TpeX(a3Has 1eNb Ha3bIBACTCS
yemwvipexnposooHoti (puc. 1). B 4eTbIpeXnpoBoHOM 1IenH, TIPU TPEHEOPEIKECHUU
COTNPOTHBJICHUSIMU JIMHEWHBIX U HEUTPATLHOTO MPOBOJIOB, JIMHEHHBIE U (Da3HbIE
HaIpsHKEHUS TPUEMHHUKA PaBHBI COOTBETCTBYIOIIMM HANPSKEHUSAM UCTOYHUKA U
OCTAIOTCA HEM3MEHHBIMU HE3aBUCHUMO OT BEJIMUMHBI U XapaKTepa CONPOTUBICHUM
(a3 npuemnuka (Uan = Uas ; Unec = Usc ; Uca = Uca ; Ua = Ua ; Up = Ug; Uc = Ug).

[TpunsThie MoNoXUTENBHBIE HanipaBiaeHus: DJ]C, MuHEeWHbIX U (pa3zHBIX
HaIPSKEHU U TOKOB TIOKa3aHbl Ha pucC. 1.

KoMmiekcHbIe 3HaYEHUS TMHEHHBIX HANIPSIAKECHUN PaBHBI Pa3HOCTH
KOMILJICKCHBIX 3HAYECHUH COOTBETCTBYIOMUX (Da3HBIX HanpshKeHUH. s TuHEHHBIX

HaIPsKEHUNA PUEMHUKA MOXKHO 3aIMCaTh

Uap =Ua Yy Upe =Up —Ue: Uca =Y Yy

N3 BekTOpHOI quarpamMmel (puc. 2) BUJHO, YTO B 3TOM CIIydae JICUCTBYIOLIEE

3HAYCHHUE JIMHEHHOIO HaIIPAKCHUA U 7 = \/§U ¢

Toxu B (ha3ax UCTOYHHMKA M TIPUEMHHKA HA3BIBAIOTCS (A3HbIMU, TOKHU B TMHEHHBIX
MpoBOJIaX — JuHelHbiMu. Kak BUIHO U3 puc. 1, mpu coeqnHEHUY 3Be3101 (pa3HBbIi
TOK SIBJISIETCS. OJHOBPEMEHHO JIMHEUHBIM: lgp = |,

[Tpu Hanmumu HEUTPaATHLHOIO MPOBOJA KOMIUIEKCHBIE 3HAUCHUSI TOKOB

ONPEAEIAIOTCSA U3 BBIPAKECHUN

la =Ug/Za; Iy =Up/Zp; R =Ug/Z.
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B cootBeTcTBUM ¢ niepBbIM 3aKk0HOM Kupxroga Tok B HEHTpalTbHOM IPOBOJE

Il =1 t1p +1;.

Ha puc. 2 noka3ana BeKTOpHas
auarpaMma Jijisi YeThIpEeXIPOBOIHON
LEeNU TP HECUMMETPUYHOM
npueMHUKe: B (paze a Harpyska —

aKTUBHO-UHAYKTUBHAasA (@, > 0), B

¢aze b — aktuBHO-eMKOCTHAs (¢ < 0),

B (pase ¢ — aktuBHas (@ = 0).

Bekrop Toka Ip B

HEHUTpaJILHOM IIPOBOJIC OIIpEEIcH
MyTeM CyMMHUPOBaHUSI BEKTOPOB JIMHEHHBIX TOKOB.

[Tpu cumMeTpudHOM TIpUEMHUKE (Z£a=2Zph=2~c) CyMMa KOMIUJIEKCHBIX 3HAaYCHUMN

JUHEWHBIX TOKOB PaBHA HYJIIO Ia + Ib + Ic =0 , 1 HEOOXOIMMOCTbD B

HEUTPaJIbHOM MPOBOJE OTIAIAET.

Ha puc. 3 nokazana BekTopHasi 1uarpamma Jjis
YETHIPEXTTPOBOAHOM LIETH MPU CUMMETPUIHOM
peKUMe JUIsi aKTMBHOIO XapakTepa Harpys3ku (¢
=0).

[Ipn oTCyTCTBMH HEUTPAIBHOIO IPOBOJIA

(TpexmpoBoaHas 1eNb) HaNpsOKeHHe Ha (azax

IMPUCMHHUKA 3aBHUCUT OT BECJIMYHNHBI U XapaKTCpa

conporusieHuii pas. [loaromy coennnenne 3se3non . Bb
b b
0e3 HEUTPaITLHOTO MPOBOIA TPUMEHSECTCS TOJIBKO Puc. 3

AJIA CHMMCTPHUYHBIX IIPUCMHUKOB.

Hanpsoxenune U NN MeXxay HEUTPaTbHBIMU TOYKAMH NPUEMHHUKA U UCTOYHUKA

(HampspKEHUE CMEILCHUST HEUTpasn) onpeensiercs no GopmMyse y3I0Boro

HaIpspKeHUs (110 METOly ABYX Y3JI0B)
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U - UpYa+UgYh+UcYe
"N YatY¥p+Ye ’

rie Xa = 1/ L 9 !b = 1/ Zb ; XC = 1/ ZC — KOMILIEKCHEIE TIPOBOAUMOCTH (a3.
KoMILIEKCHBIE 3HAUEHHS TOKOB
|.a Zuaia = (UA —UnN Y as
Ib =UpYp =(Ug —UnN Wp ;
lc =UcYc=(Uc —UnpN M-

Ha puc. 4 noka3ana BeKTOpHas
JMarpaMma HarpsKeHH ¥ TOKOB IIPH
aKTMBHOM HepaBHOMEpHO# Harpyske (Ra
>Ry > R,).

[TocTpoeHue BEKTOPHOM TUarpaMMBbl JIJIst

TPEXIPOBOIHOM IIETTH 10
AKCTIEPUMEHTAIBHBIM JJAHHBIM

1e7ecoo00pa3Ho MPOBOAUTH B

CIICAYIOIIEM TTOPSIKE:

— B BBIOpaHHOM Maciitade

IIOCTPOUTH BEKTOPHYIO JUarpaMmy

HaIpsDKCHUH NCTOYHHKA [U A U B ’UC ,U AB’ U BC: UCAJ; — 3aCEUKaMHu,

1o u3MepeHHbIM (pa3HbIM HanpspKeHusIM pueMHnKa Ua, Up, Uc, 13 Touek 4, B, C

COOTBCTCTBCHHO, OIIPCACIUTD ITIOJIOKCHUC Heﬁrpaanoﬁ TOYKHU N OPHUCMHHKA,
— IIOCTPOUTH BEKTOP HAIIPAKCHUA U nN CMCILICHUA HeﬁTpaHH, COCIHHHNB

HEWTpaiabHble TOUKK UcTOYHUKA N 1 mpuemHuka n;
— COCIMHUTDH HEUTPaJIb IPUEMHHUKA N C BEPIIMHAMU TPEYTOJIbHUKA JIMHEHHBIX

HanpsbkeHuit 4, B, C (311 0Tpe3ku 00pa3ytoT BEKTOPbl COOTBETCTBYIOMIUX (Da3HBIX

Hanpsokenuil npuemunka U a U b U c );
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— IIOCTPOUTH B BEIOPAaHHOM MacIliTade BEKTOPhl TOKOB, COBMECTUB MX Hayalia ¢
HEUTpaJIbIO MPUEMHMKA N (OpHEHTALMS BEKTOPOB TOKOB OTHOCHTEIBHO
COOTBETCTBYIOLIMX BEKTOPOB (Pa3HbIX HANPSKEHUN MPUEMHHUKA ONPEEseTCs
XapaKTepoM Harpy3ku ¢a3 npueMHUKa).

[IpaBHWJIBHOCTH MOCTPOEHHUSI BEKTOPHOM JUArpamMMBbl CIEAYET IPOBEPUTH 11O

nepsoMy 3axony Kupxroga: | at |'b +1 - 0.

MomrHOCTH B Tpex(a3HbIX IEMAX ONMPEACISITCS KaK alreOpandecKue CyMMBI
MOIITHOCTEH OTJEIbHBIX (a3:
— aKTUBHAsI MOIIHOCTh P = Pa+ Py+ P¢;

— peakTUBHasi MOUTHOCTh Q = Qat+ Qp+ Qc,

I7Ie MOIIIHOCTH OTACIBHOU (ha3bl:

_ _12p .
qu_UqblquOSgoqb_lquqb,
qu :Uqb|qb3in¢qb = |§xqb_

IToaHas MOLHOCTH TpeX(a3Hoii 1enu S=4P%+ Q2 :

[Ipu cumMMeTpUYHOM Harpy3ke

P :\@UI cosg; Q :\@UI sing; S :\[3UI.

OIIUCAHME JABOPATOPHOIN YCTAHOBKH

1. JJTabopaTopHast paboTa BBITIOTHSIETCS HA YHHUBEPCATbHOM cTeHae DB4.

2. Ha manensix Ne 2, 3 pacmnosokeHbl HEOOXOIUMBIE JIJIsl IPOBEICHUS paOOThI
PE3UCTOPHI U aMIIEPMETPHI.

3. ®da3Hble HANPSHKECHUS, IMHEWHBIE TOKU U aKTUBHBIE MOIITHOCTH JJIS1 KaXKI0M
(a3bl UBMEPSAIOTCS C TTOMOIIBIO IEPEHOCHOTO U3MEPUTETHFHOTO KOMIUICKTA.

4. Ha ropu30HTaIbHOM MMAHEIN CTEHIa PACTIOJIOKEHBI IMHEWHBIE 3aKUMBI 4, B,
C u 3axuM HerTpanbHol Toukn O Tpexdasnoit cuctembl JJIC ~3 x220 B.

5. ns mogauu HanpsiKEHUs: Ha 3axuMbl Tpexdaznoi cuctemsl DJ[C

HE00X0IMMO:
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- BKJIFOYUTh aBTOMAaTUYE€CKUIN BBIKIIOYATEIb, PACIIONIOKEHHBIN 1101 OTKUIHON
KPBILLKOMN CTEH/A;

b

- Ha)KaTh KHOIKY OOIIEro BKIKOYEHUs cTeHaa “Bri. ”.

HOPAAOK BBIITIOJIHEHUA PABOTBI

1. C momoristo nudpoBoro BosibTMeTpa B7-38 uzmeputs paznoe Up u
muHeltHoe U, HanpsbkeHus Tpex(da3Horo HCTOYHHKA.

2. UccnenoBath TpexdaszHylo Lenb PU COEAMHEHUH HArpy3KU B 3BE3/Y C
HEUTPaTbHBIM TIPOBOJIOM.

Cobpatb cxemMy B COOTBETCTBUU C PHC. 5, conpoTuBienust Harpy3ku a3 (Ra,
Rb, Rc) — mocienoBareibHO COCTMHEHHBIC TEPEMEHHBIN PE3UCTOP COMPOTUBICHUEM
150 OMm, nocrosiHHbIN pe3ucTop conpotuBieHreM 100 Om u nammna HakanuBanus EL
(manenpb Ne 2); amrepMeTpsl B (pazax Harpy3ku U HEUTPAIBLHOM MPOBOJIE — C

npeaenom usMepenus 1 A (manenu Ne 2, 3).

~3X220B
A B C O

6000 0000

Al Bl Cl NY ATBT CcT NT

\% W A

Puc. 5. Dnekrpuueckas cxeMa 4eThbIpeXNpPOBOAHOMN JIMHUU

YcraHoBuTh Ha n3meputeabHOM KomiuiekTe K540 mpenenst nuamepenus no

HanpspkeHuto — 150 B, o Toky — 1 A:
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- YCTAaHOBUTH C TIOMOIIBIO TIEPEMEHHBIX PE3WCTOPOB compoTuBiIeHHEeM 150

OM CUMMETPUYHYIO Harpy3Ky B (a3ax MpueMHHUKa (110 TTOKa3aHUSIM KOMIUICKTa
K540), pesynbratsl 3aHecTu B Tad. 1;

- 00opBaTh OJIHY U3 (a3 (1Mo yKa3aHUIO MpernoaaBaTes), OTKIIOUNB
COOTBETCTBYIOIIYIO KHOIIKY, PE3yJIbTaThl U3MEPCHUN 3aHECTH B Ta0. 1;

- YCTAaHOBHUTHh HEPABHOMEPHYIO Harpy3Ky B (azax MpHUEMHHKA, JJIS Y€ro B OAHOU
u3 (pa3 B KaueCTBE HArPYy3KU BKJIIOUUTH PE3UCTOPHI conpoTuicHusMu 150 Om u
100 Om, B ABYX APYTHX OCTaBUTh HArPy3Ky HEM3MEHHOH, pe3yIbTaThl U3MEPCHHM

3aHecTy B Ta0. 1.

Tabruya 1

[TapameTpsl

OIIBITHBLIC pacCUYCTHBIC

Bu Harpysku Ua, [Up, | Ue, | la, | Ib, | ley | In, | Pa, | Po, | P, | P,
B B B A|A| A|A|Br|Br| Br| Br

CummeTpudHas

OO6psIB dazsl

HepaBnomepnas

[TocTpouTs B MaciiTabe BEKTOPHBIE THArPaMMbl HAMPSKEHUI U TOKOB MIPU
MCCJIeIOBAHHBIX HArpy3Kax Mo JaHHBIM Ta0d. 1.

3. UccnenoBath TpexdazHyto LeTb IPU COCTMHEHUH Harpy3KHu B 3Be31y 0€3
HEUTPAIBHOTO NPOBOJA.

Co0path 11erb B COOTBETCTBUHU C PUC. O, BEITIOIHUB HEOOXOANMMBIC
MepeKIIIoueHus B cxeme puc. 5. st uamepenust HanpsikeHus: cmeneHuss Uny

MCITIOJIB30BaTh ITUGPOBOIA BoIsTMETP B7-38.
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~3x220B

4 BCO
o——

5550 OO OO0 R. Rb[} Ra[}

Al Bl cl NY ATBT cT NT

Vv W A A A \Y

Puc. 6. Dnektpruueckas cxema TPEeXIPOBOJIHON JIMHUH

VYcranosuth Ha komiuiekte K540 mnpenensl usmepenus no Hanpsixenuto — 300 B,
o Toky — 2,5 A.
BrinonHuTh HEOOXOAMMBIE HU3MEPEHHMSI MPU HArPy3KaX B COOTBETCTBHUH C Ta0.
2.
JIJ1st TIPOBEICHHS OTIBITA KOPOTKOTO 3aMbIKaHHsI HeoOxoaumo oy u3 dhasz A 7/, BT,
C 7 (o ykazaHuio mperoxaBaTes) COSANHHUTD C HEHTPAIbHOI TOUKOI IPUEMHHKA N.

Tabnuya 2

[TapameTpsl

OIIBITHBIC pacCUYCTHBIC

BHI[ Harpy3KH Ua y Ub ’ UC ’ Ia, Ib ’ IC ’ UnN ' Pa ) Pb ) PC ' P’
B B Bl|A|A|A B Br | Br | Br | Bt

CummMmeTrpuyHas

OO6pebIB (haswi

HepaBHomepnas

K. 3. pa3sr

[To nanHbIM Tab1. 2 MOCTPOUTH B MACIITA0€ BEKTOPHBIE JUArPaMMBbI

HaHpH)KeHI/Iﬁ M TOKOB IJIs1 UCCIICAOBAHHBIX HAI'PY30K.
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COILEPKAHHUE OTYETA

OtyeTt no 1abopaTopHOi paboTe NOHKEH BKIHOYATh:

— CXEMBI UCCIICTYEMBIX JICKTPUYCCKUX IICTICH;

— TaOJIUIIBI C ONIBITHBIMU U PACUETHBIMU JTAHHBIMU;

— BEKTOPHBIC JUArPaMMBbl HANTPSHKCHUH M TOKOB TSI UCCJICTOBAHHBIX
Harpy3oK, IOCTPOCHHBIC B MaciTaoe;

— BBIBOJIBI 110 pE3yJibTaTaM BBIIIOJIHCHHOM pa6OTBI.

KOHTPOJIBHBIE BOIIPOCHI

1. KakoBbl mpenMyI1iiecTBa Tpexda3HbIX Iene 1Mo CPaBHEHHIO C
onHo(azHBIMH?

2. Kakue npueMHUKHN Ha3bIBalOTCS cuMMeTpuuHbiMu? Kakast Harpy3ka
Ha3bIBAETCS PABHOMEPHOM, KaKasi — OJHOPOIHOM ?

3. B uem nmpeuMyIiecTBa YETHIPEXITPOBOAHOM LIEMHU IO CPABHEHUIO C
TPEXITPOBOHOM?

4. IloyeMy He CTaBUTCS MPEIOXPAHUTENIb B HEUTPaIbHbBINA MPOBOA?

5. KakoBo cooTHOIIEHNE MEXK Y THHEHHBIMUA U (Da3HBIMU HATPSKCHUSIMHU
CUMMETPUYHOTO MPUEMHUKA, COEIMHEHHOTO 3BE3/I0M, TP CUMMETPUYHON CUCTEME
JMHEWHBIX HATIPSIAKEHUN?

6. Kak onpenensitorcst Toku B (hazax HECUMMETPUIHOTO MPUEMHHUKA,

COEIMHEHHOTI'0 3B€3/10M, B TPEXIIPOBOAHOM 11enu?
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INPAKTHUYECKASA PABOTA Ne §
YIPABJIEHUE TPEX®A3HBIM ACUHXPOHHBIM JIBUT'ATEJIEM.

IEJIb PABOTHI

3aoaueri paboThI ABISAETCS SKCIIEPUMEHTAJIbHAs IIPOBEPKa YPaBHEHU,
OTKCHIBAIOIINX TTApaMeTpPhI IIETH MePEMEHHOT0 CHHYCOUIAFHOTO TOKa TIPH
napaieIbHOM COCTMHEHUH JICMEHTOB, UCCIIEJIOBAHNE PE30HAHCHBIX SIBJICHHUM MPH
napasieIbHOM COCTUHEHUH KaTYIIIKM MHAYKTUBHOCTH U KOHACHCATOPA,

UCCIIEZIOBAHNE CIIOC00A MOBBILIEHUS KOI()PUIIMEHTA MOILIHOCTH.

IIpooonicumenvrocms pabomsl — 2 uaca

KPATKHE TEOPETHYECKHUE CBEJIEHUSA

PeanpHas MHIYKTUBHAA KaTyIlKa 00J1a/laeT aKTUBHBIM CONPOTUBIIEHUEM R, U1
UHIYKTUBHBIM CONPOTUBICHUEM X,. [Ipy MOAKIIFOUEHNN NHIYKTUBHOM KaTYIIKHU K
ceTH ¢ HanpspbkeHneM U TOK B KaTylIke OTCTaeT OT HanpsbKeHus 1o ¢asze Ha

HEKOTOPBIN YI'OJ ¢, , BEJIMYNHA KOTOPOTO ONPEAENSAETCS] COOTHOILIEHUEM MEXKY

AKTHBHBIM M HHAYKTHUBHBIM COIIPOTHBJIICHHUAMHU KAaTYIIKH. B I/II[eaJIBHOﬁ

MHIyKTUBHOI Katymke R, = 0 1 yron ¢, Mexmy HalpsbkeHHeM M TokoM paseH 90°.

PeanbHy10 MHIYKTUBHYIO KATYIIKY MOKHO MPEJACTABUTh B BUJE CXEMBbI
3aMEIICHUS MMOCJIEI0BATEIbHO BKIIOYEHHBIX AKTUBHOT'O U UHAYKTUBHOTO
COINPOTHUBIICHUHN WJIN MAPAJIEIbHO BKIIOUYEHHBIX COMPOTUBIICHHUH, BETUYUHY
KOTOPBIX y100HEE XapaKTepHU30BaTh MPOBOIUMOCTIMH: aKTHBHOU — Gy,

WHAYKTUBHOHN — B, (puc. 1 a, 6, 6).
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a) 0) 8)
Puc. 1

[Tpu pacuete no cxeme (puc. 1 ) MPOBOJAUMOCTH UHAYKTUBHOM KaTYIIKH
OIIPEIEIISFOTCS

B _i- G _Ri_Pi- Y _i_li
7 K 22 U21 K ZK U 1
K K

K

rac P]{ — aKTHUBHasA MOIIHOCTD, HOTp€6JISICMaH I/IHI[YKTPIBHOﬁ KaTymKOﬁ;

2 2
Ly = \/ R+ X — MONHOE COMPOTUBIIEHHE KaTYIIKH;

_[e2. 02 _ Ik
Y. =G, +B, = 0 TIOJIHAS TPOBOJMMOCTb KAaTYIIKH.

K
BekropHas quarpammMa TOKOB JJIs peajibHOM

WHYKTHUBHOM KaTyIIKHU OyAeT UMEeTh BUJ (puC. 2).

CocraBistonue Toka HHAYKTUBHOM KaTYIIIKHU:

- AKTUBHA4. Ié.é = |é COS g =U éGé ;

- peakrusuas: |, =1,singp, =U B,;

PK I p Kv_ ______________

2 2 Puc. 2
I :1/IaK+|pK.

[Ipn noakIrOYEeHNN MApAILIETbHO UHAYKTUBHOW KAaTYIIKU KOHIEHCATOPA B

OCIIU MOZKCT BO3HUKATD PCKUM PE30OHAHCA MOKOE6, IIPU KOTOPOM HAIIPSAKCHHUC Ha

3aKMMax LCIIM U TOK B HepaSBCTBHeHHOﬁ OCIIM COBIIaAAarOT I10 (1)&36.

56



PexxuM pe3oHaHca TOKOB B ITapaljIeIbHON LENH IPU HEU3MEHHON 4acToTe
TOKa BO3HMKAET npu ycinosuu B, = Bc = wC,,, npu 3tom |, = Ic, cyMMapHBIii TOK
MUHHUMAJIEH U paBeH 4.

Koaghgpuyuenmom mownocmu Harpy3ku Ha3bIBalOT KOCUHYC yria caBura a3
MEXIy MUTAIOLIMM HAIPSKEHUEM U TOKOM B Hell. [[71 yMeHbIIeHus: noTepp npu
nepeayde YHEPTrur CTPEMSITCS MOBBICUTH KOI(PPUIUEHT MOIIHOCTH 3JIEKTPUUYECKON
LENU MyTEeM BKIIOYEHUS NMapaJljieIbHO MHAYKTUBHON Harpy3ke KoHAeHcaTopa

HEO0OXOMMON EMKOCTH, BETUYMHY KOTOPOUM MOKHO PacCUUTATh:
P
C= g(tg%_tg(DZ)’
oU

rac ¢ — yrojq MCxay TOKOM U HAIIPAKCHUEM O BKIFOYCHUA KOHACHCATOPA,

@2 — yrojl MCXXKAy TOKOM U HAIIPAKCHUECM ITOCJIC BKIIFOUCHUA KOHACHCATOPA,
BCIIMYNHA KOTOPOI'O PCTIIaMCHTHPYCTCA TUPCKTUBHBIM KOB(l)(I)I/IHI/IeHTOM MOITHOCTH,
YCTaHaBJIMBACMbIM BHCpFOCHa6}KaIOII_I6ﬁ OpFaHI/ISaHI/ICﬁ.

Cuity ToKa yepe3 eMKOCTHOM AJIEMEHT MOXKHO ONPEIEIUTh:
IC =U 'BC =U . -wC
[Ipu napamiesbHOM NOAKIIIOYEHUH UHITYKTUBHOU

KaTyIlIKH, KOHIEHCATOpa U Pe3UCcTopa TOK B

HEPa3BETBIICHHOM YaCTH LIEMH OMPEAEIACTCA KaK @\ "4aK

fc.

reoMCTpNiICCKasd CyMMa TOKOB KaTYIIKH,

i |k
pK

KOHJIEHCATOpa U PEe3UCTOopa: =1, + IC + 1R,

IR

S
a BEKTOPHAs Harpamma, COOTBETCTBYIOIIAs Puc. 3

MOCJIEAHEMY YPaBHEHHIO, UMEET BUJ, TIOKa3aHHbBIN Ha puc. 3. V3 npuBeaeHHOMN

AuarpamMmsal CJICOYCT, YTO

= (g + 1 P+ (e —1c P
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OIMMCAHUE JABOPATOPHOIN YCTAHOBKHU

1. JJaGopaTtopHas paboTa BBITIOJIHSIETCSI HA YHUBEpCAIbHOM cTeHae DB4.

2. HeobxoauMble 111 TPOBEICHUS OTIBITOB 2JIEMEHTHI: KaTyIIIKa
WHIYKTUBHOCTH U OaTapes MOAKII0UYaeMbIX KOHJIEHCATOPOB PACIIOJIOKEHBI Ha
nanenu Ne 4, pe3suctop nepeMeHHOro conpotuBieHus [ Ha manenu Ne 3.

3. HanpsbxkeHue Ha 3akuMax LEenu, CUjla TOKa U MOITHOCTb U3MEPSIIOTCS C
NOMOIIIBIO TEPEHOCHOI0 U3MepUTeNbHOro Komiekra K540.

Ilepeo nposedenuem ouepedHo2o onvima HeobXoO0UMO 003amenbHO NPOBePSIMb
nPAsUIbHOCMb YCMAHOBKU npeodenios uzmeperus komniexkma K540.

4. Ha ropu3oHTaJIbHON TaHENM CTEHJa PACIOJOXKEH HCTOYHMK
nepemeHHoro Toka (~0—220 B), JIATP nns perynupoBaHus HaNpsiKEHUS Ha
3aKUMax 1My U KHOMKW BKJIIOUCHUS TUTAHUS CTEH/IA.

5. [Ins noakiroueHHs HapsiKEHUs MUTaHUS K UCCIEAYEeMOM enu
HEO00XOIUMO:

— TOBEpHYTh pykKosTKY JIATPa nmpoTuB 4acoBoil CTpeIKH A0 YNopa;
— BKJIFOYNTHh aBTOMATUYECKUU BBIKIIFOYATEIb, PACIIONIOKEHHBIN IO OTKHIHOU
KPBILIKOW CTEHIA;

— Ha)KaTh KHOIIKY OOIIEro gxiroueHus creaaa “Bra’;

— HaXaTh KHOIIKY, PACIIOJIOKEHHYIO M0J1 BOJIBTMETPOM ‘‘Ilepemennoe’;
HOPAJOK BBIIIOJIHEHUA PABOTDI

1. O3HakoMuUThCA € 1a00PATOPHBIM CTEHI0M DB4 U u3MepuTeNbHBIM

komiuiekTom K540. [Ins n3mepenus HanpspKeHHs Ha Harpy3ke Ha nmanenu K540

Haxatb kHonky U b T

YcraHoBUTH Ha n3meputeabHOM KoMmIuiekTe K540 crnenyromue npeesns

n3Mepenus: no Hanpsbkenuro — 30 B, mo Toky — 1 A.
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2. OnpenenuTs mapaMeTpbl KaTYIIKA UHAYKTUBHOCTHU (T1aHenb Ne 4),

MOAKIIOUUB €€ K U3MepUTeIbHOMY KOMIUIeKTY K540 (puc. 4).

~0-220B
[ ] )
doo0 0o 0000 .

AL BL CINY AT BT CTNT

Vv /4 A
B

Puc. 4

Ycranouts JIATPoMm Hanpsbkenue nutanus U = 20—25 B (o ykazanuto
npemnonasarens). Pe3ynbratel usmepenuit 3anect B Ta0. 1.
N300pa3uTh napayuieabHy0 CXEMY 3aMELEHUS pealbHON KaTyIIKH

HWHAYKTUBHOCTH, ITIOCTPOUTH B Macirtabe ee BCKTOPHYIO JUarpaMmy.

[TapameTpsl
OTBITHBIE pacyeTHbIE
Us, e, | P«, Y, G« , B, Le, [COS@,| lax, | Lok,
B A Br | 103Cm | 103Cm | 103Cm I'n A A

Tabruya 1
3. UccnenoBath pe30HAHCHBIE SABJIEHUS IPU MAPAJIIETBHOM COEAUHEHUN
KaTyIIKA WHAYKTUBHOCTH U KOHAEHCATOPA.
[ToaxnounTh NapaieaTbHO KaTyIIKe UHAYKTUBHOCTH KOHJEHCATOP (maHenb Ne
4). PaccuntaTh eMKOCTh KOHAEHcaTopa C,, MpU KOTOPOU B JaHHOU 1ienu

Ha6J'IIOI[aCTCH SABJICHHUC PC30HAHCA TOKOB.
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HCCHCI{OB&TE N3MCHCHHEC TOKA B HepaSBeTBHeHHOﬁ qaCTHU OCIH IIpU
Haps’KCHUA MU TaHHA U = 25 B ¥ u3sMeHEHUU EMKOCTH KOHACHCATOpa B Ipcaciiax

Pe3ynbpTaThl U3MEpEeHHt 3aHECTH B Ta0m. 2.

Tabauya 2
ITapameTpsl
enu
C, Mk®
OTIBITHBIE
I, A
Bc, 10°Cm
Ic, A
pacyeTHbIe oS
@, rpal

ITo nanHBIM Tabm. 2 Ha ogHOM Ipaduke n300pa3uth 3aBucuMoct: Be = f(C),
cose =1(C), ¢=1(C), B,=1(C), na apyrom rpaduxe — | =f(C), lux=T(C),
I« =f(C), Ic = f(C).

Ha rpaduke oTJIOKUTH 3HAaUCHUE PE30HAHCHOM €MKOCTH U OTMETHTH
XapaKTepHbIE TOYKHA HA PE30HAHCHBIX KPUBBIX.

[TocTpouTs B MacmTabe BEKTOPHBIE NHArpaMMbl TOKOB IS 3HAYCHUN
emkocreit C=Cp, C<Cp u C> (.

4. VccnenoBaTh SJIEKTPUUYECKYIO LIETH MTPU TapaJIeIbHOM COSTUHEHUN
PE3UCTOpPA U KATYIITKH WHTyKTUBHOCTH.

[ToaxMTr0YNTh MapaIeIbHO KaTyIIKE WHAYKTUBHOCTH PE3UCTOP C TIEPEMEHHBIM
conpoTtuieHreM (maHenb Ne 3).

OnpenenuTs napaMeTpsl Lenu npu HanpsikeHnuu nutanus U = 25 B.
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Pe3ynbpTaThl n3MepeHuii 3aHectu B Tabi1. 3

Tabnuya 3
[TapameTpsl
OTIBITHBIE pacueTHbIe
U, l, P, Pr, Ir, COS 1 P1 1991
A Br Br A rpaj
25

5. Tlo ranHBIM TabJ1. 3 pacCYUTATH EMKOCTH KOHJIEHCATOPA, KOTOPBIA HEOOXOAUMO
BKJIFOUMTD JJIs IOBBILIEHUS KOO PUIIMEHTA MOITHOCTH MCCIIENYEMOM LIEMH [0
suayenus COS@, = 0,95.

[ToAKITIOYUTE MAPAUIENBHO K UCCIEAyEMOH B 1. 4 [IENU KOHIEHCATOP
PaCCYUTAHHON EMKOCTH.

OnpenenuTh apamMeTphl Lely Mpy Hanpsbkenun mutanus U = 25 B,

Pe3ynbTaThl U3MepeHuit 3aHecTu B Ta0II. 4.

Tabnuya 4
[TapameTpsl nenu
OTIBITHBIC pacyeTHbIe
U, I, P, C, COS @9 2, tgpo Ic,
A Bt MKD rpaj A
25

ITo nanHBIM TabMI. 3, 4 MOCTPOUTH B MaciiTabe Ha OJTHONM KOMIUICKCHOMN

IIOCKOCTH BCKTOPHLIC JHarpaMMbl TOKOB.

COAEP) KAHHUE OTYETA
Otuert o n1abopaTopHOM pabOTEe JOKEH BKIIOYATh.

— JJICKTPHUYICCKHNC CXCMbI OIIBITOB,
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— TaOJUILBI C ONBITHBIMU U PACUETHBIMU JAHHBIMHU, PAaCUE€THbIE (POPMYJIbI;
— BEKTOPHbIE JUarpaMMbl TOKOB, IOCTPOEHHbBIE B MacIITa0¢E;
— KpUBBIE 3aBUCHUMOCTEN 1O 1. 6;

— BBIBO/JIbI 110 PE3YJIbTATaM BBINIOJTHEHHOU PaOOTHI.

KOHTPOJIBHBIE BOITPOCBHI

1. Kak 1o OnbITHBIM JaHHBIM OMPEIEIUTh MapaMeTPbl WHIYKTHBHOM
KaTyLIKH?

2. Kak cBsi3aHbl TapaMeTpbl HHAYKTUBHON KaTYIIKHU JJISl TTOCJIEI0BATEILHOM
CXeMbI 3aMelieHust R, u X, ¥ 11 napamienbHou cxembl 3amenieHus G, u B,?

3. Uto Takoe pe30HaHC TOKOB, IMPH KAKUX YCJIOBUSIX OH BO3HUKAET?

4. Kak mipu 3aJlaHHBIX TTapaMeTpax UHAYKTUBHON KAaTYIIKU OMPEICIIUTh
€MKOCTh KOHJIEHCATOpa, HE0OXOAUMOTO JIJI BOSHUKHOBEHUS B IIETIH PE30HAHCA
TOKOB?

5. IlosicHuTe HA PE30HAHCHBIX KPUBBIX 3aBUCHUMOCTb TOKA LENHU U
k03¢ (HULIMEeHTa MOIITHOCTUA OT €eMKOCTH KOHAEHCaTOopa.

6. Jly1st yero moAKIIOYAOT KOHACHCATOP MapaieIbHO MHAYKTUBHOM KaTyIike?

7. Uemy Oyner paBeH TOK B HEPA3BETBICHHON YaCcTH IIEIH, €CIIU MapaljIeIbHO
MHIYKTUBHOM KaTymike ¢ mapameTpamu R, = 30M, X, =4 OM NOAKIIOYUTH

KoHeHcaTop ¢ Xc =25 Om? Hampsixenue cetu U = 50 B.

ITPAKTHYECKAS PABOTA Ne6
OIIPEJAEJIEHUE ITIOTEPU HAITPAKEHUA U MOIIHOCTH B JIMHUUA
JJIEKTPOIIEPEJAYMN.

HEJIb PABOTBI

3aoaueii pabOTHI ABJISIETCS HCCIEIOBaHKUE JIMHUM Mepeiayd Ha MPaKTUYeCKUX

y4acTKax MpU COEAMHEHUU HArPy3KU Pa3IUyHbIX MOTPEOUTEIEH.
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lIpooonxcumenvrocms pabomel — 2 uaca

KPATKHE TEOPETHYECKHME CBEJIEHUSA

CoBokynHocTh Tpex IJIC 0AMHAKOBOM YaCTOTHI U aMILTUTYbI, CIABUHYTHIX IO
¢daze OTHOCUTENBHO JIPYT JIpyra Ha TPETh Mepruoja, Ha3bIBACTCS mpexgazHoll
cucmemou I/[C.

Bripaxxenust 1yis MrHoBeHHBIX 3HaUeHU DJ[C cummeTpudHoro TpexdasHoro
MCTOYHUKA UMEIOT CIEYIONTNIA BU;

1. Coopams na nanenu Ne 2 mpexgasznyto Hacpy3Ky no cxeme mpey2oibHUKa u

NOOKIIOYUMb ee uepe3 uzmepumenvHulli komniekm K540 k mpexgaznou yenu (puc.

~3x220B
A5 OO

b6dd  6odo Rl || R[] | ®

alpl ol il ATBTCTHT

Puc. 3

3). Harpy3ka kaxmoit a3bl COCTOUT U3 TOCIICIOBATEILHO COSAMHEHHBIX PE3UCTOPOB
R = 100 Om, Rp=150 Om u namribl HaKaJIMBaHUS CONPOTUBIECHUEM R,.
VY cTaHOBUTH HA U3MEPUTEIHLHOM KOMILIEKTE CIEAYIONINE MPEAebl U3MEPEHUS:
U=150B,1=25A.
[TpoBecTr ONBITHI MO M.I1. 2—5, pe3yabTaThl U3MEPEHU 3aHecTH B TabI. 1.

Tabnuya 1

[TapameTpsl
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OIIBITHBIC PacueTtHnle
Bun Uab | Une | Uca | lab ) lbc ) Ica, IA, Is , Ic , Pab | Poc | Pea P,
Harpy3Kku B|IB|B|A|A|A|A|A|B|Br|Br|Br|Br

CummeTrpuyHas

OO6psbIB (ha3bl

Harpy3ku

HepasHomepHas

OOpBIB JIMHEITHOTO

poBOJA

2. YCTaHOBUTH C MOMOIIBIO TEPEMEHHBIX PE3UCTOPOB CHUMMETPUUHY IO
Harpy3Kky lan=Ilpc=lca. Pe3ynbrarel usmepenuit 3anectu B Tadn. 1.

3. OTKIIIOUUTD OAHY U3 (a3 Harpy3Ku (MO yKa3aHHUIO MpernoaBaTess) 1
BBINIOJIHUTH U3MEPEHUSL.

4. YCTaHOBUTH C MOMOUIBIO IEPEMEHHOTO PE3UCTOPA, BKIFOUEHHOTO B OAHY M3
¢a3 (1Mo ykazaHuIo MpemnoiaBaTelis), HEPAaBHOMEPHYIO Harpy3Ky. Pe3ynbTarsl
U3MEPEHUN 3aHeCTH B Ta0. 1.

5. OTKJIIOYUTH OJIMH U3 JIMHEHHBIX MTPOBOJIOB (110 YKa3aHUIO MPEIOIaBaATEIIs).
[Ipon3BecTn n3MepeHus.

6. BBITIOIHUTE pacdeThl, HCTIONB3YS PE3YIbTAThl U3MEPEHUI MO T.I1. 2—5,
MIOCTPOUTH BEKTOPHBIE JUAarpaMMbl TOKOB U HalpsKeHU. Pe3ynbpTaThl pacueToB

3aHECTHU B TAOJIUILy U CPABHUTH C PE3yJIbTaTaMU U3MEPEHUM.

COILEPKAHUE OTYETA
Otuer no nabopaTopHOM pabOTE JOKEH BKIIOYATH:
— CXEMbI UCCIEAYEMBIX ANEKTPUUECKUX LIETIeH;
— TAaOJIMILY C ONBITHBIMU U PACYETHBIMU JAHHBIMU;
— BEKTOpPHbIE UarpaMMbl HAMPSHKEHU U TOKOB JJIsI UCCIEA0OBAaHHBIX PEKUMOB
paboThl, MOCTPOCHHBIE B MacHITa0e;

— BBIBOJIBI 110 PE3YJIbTAaTaM BBINIOJHEHHOU paOOThI
64




KOHTPOJIBHBIE BOIIPOCHI

1. Yro Ha3wiBaeTcs Tpexda3HoM 1enbio?

2. Kak nonkiiouaercs Harpy3ka B Tpex(a3HbIxX Lensax?

3. Kakoe nHamnpsbkeHue B Tpex(a3zHbIX LEMSIX Ha3bIBACTCS JMHEHHBIM,
dazubiM?

4. Kak paccuuTbIBaeTCs MOUTHOCTh Tpex(a3zHou 1enu?

5. Kak paccuutbIBaloTCS TOKU U HAINPSKEHUS! HATPY3KH NPU COSAMHEHUH
TPEYTOJIbHUKOM?

6. Kakoe cooTHoIIeHnEe MeX Ay TUHEHHBIMU U (Pa3HBIMU TOKaMH B Tpex(ha3Hou
LENU PU MOAKIIOYEHUU CUMMETPUYHON HArpy3KH MO CXeMe TPeyrojbHUuKa?

7. Kak u3MeHsI10TCSl TOKM B CHMMETPUYHON Harpy3Kke, COeIMHEHHON

TPEYTOJbHUKOM, IPU OOPBIBE JIMHEHHOTO MTPOBOA?
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[Ipunoxenne A
MuHucTepcTBO 00pa3zoBaHus U HayKu YenssOuHCKON 00IacTu

INocynapctBenHoe Or01KeTHOE MpodeccuoHaabHOe 00pa30BaTEILHOE YUPEKICHUE
«IOKHO-Y paJIbCKUI TOCYAAPCTBEHHBIN TEXHUYECKUN KOJLIEIAD

OTYET

T10 BBITTOJIHCHHIO JIA0OPAaTOPHO-TIPAKTUYECKUX PAabOT
y4eOHOU TUCIUTUIUHBI

<<3J’I€KTp0TeXHI/IKa U IJICKTPOHHKA»

BBINIOJIHWIIA: CTyA€HTKa 3oiotapeBa A.N.

rpynna: BB-225/6

nposeput: npenogasarens Jlup C.B.

Yenaouuck 2015r
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