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BBEJAEHUE

JIaGopaTopHBIi NPAKTUKYM MO IUCIHUIUIMHE JJIEKTPOCHAOKEHUE 3TaHUI 1
HACEJICHHBIX MECT C OCHOBAMM JICKTPOTEXHUKHU M YJIEKTPOHMKH IIPEHA3HA-
yeH 1 cryaentoB HanpasieHuss CTPOUTEJIBCTBO Bcex npodueit.

Brinmonnenue nabopatopHbIx paboT pa3/ielieHo Ha YacTH: CTYACHT 00s3aH
BBITIOJTHUTH MPEIBAPUTEIBLHOE TOMAIlIHee 3aanue. Ha 3aHATHIX MPOBECTH Jia-
OopaTopHyI0 paboTy, 0hOPMHTE OTYET. A Ha CIEAYIONIEM 3aHATHH 3aIIUTHTb.

OTYeT COCTaBISACTCS OTACITBHO KaXIbIM CTYJICHTOM U BKJIFOUYAET B CEOsL:

- KPaTKYIO XapaKTEepPUCTUKY PabOThI, B KOTOPYIO BXOST LEJIb Pa0OThI U KPaTKHe
TEOPETUYECKUE CBEICHHUS;

- BBITIOJTHEHHOE TIPEBApUTENILHOE JOMAIIIHEE 3a/1aHUE;

- CBOJIHYIO Ta0JIMILy Pe3y/IbTaTOB 3aMEPOB U PACUECTOB;

- BBIBOJIBI 110 paboTe.



IJIEKTPOTEXHHUKA. BBOJAHAS JIABOPATOPHAS PABOTA.
KOMIIOHEHTBI ELECTRONICS WORKBENCH

1. HEJIb PABOTHI:
OBnazaeTs HaBbIKaMu paboThl ¢ nporpammoit Electronics Workbench.
2.0BIIHME TTOJIOXXEHWSA U OB BEKT NCCJIEJJOBAHUA.

[Tporpamma Electronics Workbench mpennaznaueHa s cXeMOTEXHUYECKO-
T'0 MOJICJIMPOBAHUS aHAIOTOBBIX U MU(MPOBBIX PAIUOIIEKTPOHHBIX YCTPOUCTB pas-
JMYHOTO HAa3HAYCHUS.

Jlnst onepauuii ¢ koMmrnoHeHTamMu Ha obOmem nojie Electronics Workbench
BBIJICJICHBI JIBE 00JIACTH MaHeNb KOMIIOHEHTOB U T0JIe KOMIOHEHTOB (puc. 1)

- Electronics Workbench
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Pucynok 1

[TaHe h KOMIIOHEHTOB COCTOUT W3 MUKTOTPAaMM IOJIeH KOMITIOHEHTOB, TOJIE
KOMIIOHEHTOB — M3 YCIIOBHBIX H300pakeHUH KOMIOHEHTOB. [llemukom MbIb0 Ha
OJIHOM M3 MUKTOTPaMM IOJIel KOMIIOHEHTOB, PACIOJIOKEHHBIX Ha TaHETH, MOKHO
OTKPBITh COOTBETCTBYIOIIEE osie. Ha puc. 1 OTKpBITO MOjie NCTOUHUKOB CUTHAJIa
(Sources). PacronoxeHre 3JIEMEHTOB B IMOJIIX OPHCHTHPOBAHO HA YaCTOTY HC-
NoJIb30BaHusl KoMIoHeHTa. Ha puc. 2 moka3zansl Bce umerouiuecs B Electronics
Workbench nomnst kommoneHTOB.

B 6ubnmnorexu snementoB mporpammbl Electronics Workbench BxoasT ana-
JIOTOBbIE, IU(PPOBBIE U UPPO-aHAIOTOBbIE KOMIIOHEHTHI.
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Bce KOMIIOHEHTBI MOYKHO YCJIOBHO Pa30MTh Ha CJCAYIOIINE TPYIIIBL:
HcTtounuku (Sources)

bazoBrie kommnonenTs (Basic)

Juonasr (Diodes)

Tpauzucrops! (Transistors)

Amnanorossie mukpocxemsl (Analog ICs)
Muxkpocxemsl cMmerrannoro tuma (Mixed I1Cs)
[Mudpossie mukpocxemsr (Digital 1Cs)

Jlornueckue nudposbie MUKpocxeMbl (Logic Gates)

. Hudpossre mukpocxemsr (Digital)

10 WNunukaropusie ycrpoiictsa (Indicators)

11. AHanoroBsie BEIYMCIUTENbHBIC yeTpoiicTBa (Controls)
12. Kommonentsl cMmemannoro tumna (Miscellaneous)

13. UuctpymenTsr (Instruments).

CoNoORrWDE

Ba3oBble koMnoHeHTHI (Basic)

X
| EledRd] | #] Af30/m3E

CoenunurenbHblii y3ea (Connector) o

V3en npuMeHseTcs s COCAUHCHMSI MPOBOJAHUKOB U CO3JaHMsI KOHTPOJIBHBIX
touek. K KaKaoMy y3i1y MOMKET MOACOCAUHATLCS He 00Jiee YeThIPeX MPOBOIHUKOB.
[Tocie Toro kak cxema coOpaHa, MOKHO BCTaBUTh JOMOJHUTEIbHBIC Y3JIbI JJIS MTO/I-
KITFOUCHUS TTIPHOOPOB.

Pe3ucrop (Resistor) Ea

CompotuBiienne pes3uctopa usMmepsercs B OMax W 3a1aercs MpOU3BOIHBIMU
BennurHamu (ot Om 10 MOwm).

Konpaencarop (Capacitor) | i}

EmkocTh KOHJIeHcaTopa u3MepseTrcs B dapagax W 3a7aeTcs MPOU3BOIHBIMU
BenuurHamu (0T nd 10 D).

Karymka uanykrusnoctu (Inductor) |m

NHayKTUBHOCTD KaTYyLIKU (JIpoccesisi) udmepsiercs B ['eHpu u 3agaercss mpous-
BOJHbIMU BeninunHamu (0T MKI'H 10 ['H)



-—

Iepexaouarenn (Switch) | -

[lepexmrouarenb, ynpaBaseMblid Ha)KaTHEM 3aaBacMON KJIaBHUIIN KJIaBUATYPHI
(o yMoI4aHuI0 — KJIaBHIIa ipodena).

Ilepemennsblii pe3uctop (Potentiometer) e

[TonoxxeHue ABUKKA MEPEMEHHOTO PE3UCTOPA YCTAHABIMBACTCS MPHU MOMOIIU
CIEIUAIIBHOTO 3JIEMEHTA — CTPEIIOUKHU — peryysitopa. B 1uanoroBoM okHE MOXHO yC-
TaHOBUThH COINPOTHUBJICHUE, HAYAJIbHOE MOJIOKEHUE JBUXKKA ( B MPOIEHTaX) W Iar
npupaiieHus (Takxke B mpoleHTax). MMeeTcss BO3MOXKHOCTh M3MEHSATH IMOJIOKEHHE
JBUYKKA TIPY TTOMOIIH KJIABHII — KJTtoUeH (110 yMOJTYaHuIo — KiraBumia R).

Hcnonb3yembie KIaBUILIN — KITFOYH:

® OyKBHI OT A 10 Z;

e 1udper ot 0 10 9;

e KiaBuiia Enter na knaBuarype;
e KJaBuIa mpoben [Space].

JIyist yBeIMUeHUsI 3HAUYCHHUS TOJIOKEHUS JBUXKKA HEOOXOJAMMO OJTHOBPEMEHHO
Ha)kath [Shift] u kaaBuiy — K104, 11 yMEHBIIEHHS — KJIABHUIIY — KJIHOY.

Ipumep: JIB>KOK yCTaHOBJIEH B MOJ0KeHUH 45%, 1miar npupanieHus — 5%,

KJIaBHIa-KIrou-1pooden [Space]. Haxkartuem, knaBumm [Space] moJIOKEHHE
JBUXKKa cTaHOBUTCA paBHBIM 40%. [Ipu KaxxaoM mociienyroneM HakaTHud Ha KJ1aBU-
mry [Space] 3Hauenue ymensbinaercs Ha 5%. Eciu Haxateb [Space] + [Shift], To mo-
JI0’KEHUE ABWKKA TOTEHIMOMETPA YBEIUIUTCSA HA 5%.

Mepemennniii konnencarop (Variable Capacitor) | 4

[lepemeHHBINT KOHAEHCATOP IOMYCKAaeT BO3MOXKHOCTh M3MEHEHUS BEIMYUHBI
eMKOCTH. BennmurnHy eMKOCTH YyCTaHaBJIHMBAIOT, UCIIOJIb3Ysl €€ HayalbHOE 3HAYCHUE
ko3 puIeHTa NPONOPUUOHATBHOCTH CAEAYIOIIUM 00pa3oM:

C=(nauanpHoe 3HayeHune/100) — kodrhPuIEeHT MPONOPIIUOHATHHOCTH.

3HaueHNe €MKOCTH MOXKET YCTaHABIMBATHCS C MOMOIIBIO KIIABUII — KIHOYEH
TaK ke, KaK ¥ MOJ0XKEHHUE IBUKKA IEPEMEHHOT0 PEe3UCTOPA.

Karymka ¢ nepemennoii unaykTuBHoctoio (Variable Inductor) -4~

BenuuuHy WHIYKTUBHOCTH 3TOM KAaTYyIIKHM YCTaHABJIMBAIOT, UCIOJIb3Yysl Ha-
YaJIbHOE 3HAUYCHUE €€ MHIYKTUBHOCTU U KO3 (UIIMEHTA MPONOPIUOHAIBHOCTHU Clie-
JTYIOIIUM 00pa3oM:

L=(nauanpHoe 3HaueHue/100) — ko PpuIreHT MponopLUUOHATBHOCTH

3HaueHUE WHAYKTUBHOCTH MOET YCTAaHABIMBATHCS C MOMOIIBIO KIIABHII —
KJIFOUEH TakK ke, KaK U MOJO0KEHUE JBUKKA IEPEMEHHOTO PE3UCTOPA.

KoMnoneHTbl HcTOUHMKH (SOUICES)
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3azemuenue (Ground) .

KoMnoHeHT «3a3emiieHHe» HMeEeT HYJIEBOE HaIpsKEHHE M TaKhUM 00pa3oM
o0ecreunBaeT UCXOJHYIO TOUKY JUIs OTCYeTa MOTeHIManoB. He Bce cxembl Hyxkna-
IOTCSL B 3a3€MJICHUU JIJIs1 MOJICIIMPOBAHMSI, OJTHAKO JII00ast cXxema, coJieprkalas:

® OMEpaIMOHHBIN YCUIIUTENb;
e TpaHchopmarop;

® yIpaBisieMblil HCTOYHHUK;
e ocuwuiorpad,

J0JKHA OBITh 0053aTE€NBbHO 3a3eMJIEHa, MHAaue MpUOOphl HE OyAYyT MPOHU3BO-
TUTHh U3MEPEHUS WM WX TTOKAa3aHUS OKaXyTCs HEMPABUIIbHBIMH.

Byovme enumamenvuvl npu 3azemnienuu mpaHcghopmamopos u ynpasiiembix
UCMOYHUKOS.

HUcTounuku

Bce ucrounuku B Electronics Workbench uneanbusie. Buyrpennee conpoTus-
JICHUE UJCAIBbHOTO MCTOYHUKA HAMPSDHKEHUS PABHO HYIIO, MOATOMY €T0 BBIXOIHOE
HaIpsHKCHUE HE 3aBHCHT OT HArpy3ku. VaeanbHbI UCTOYHHUK TOKA UMEET OCCKOHEY-
HO OO0JBIIIOE BHYTPEHHEE COMPOTHBIICHUE, MTOITOMY €r0 TOK HE 3aBHUCHUT OT COIPO-
TUBJICHUS HArPY3KH.

Hcrounuk nmocTosiHHOTO HanpsizkeHust (Battery) ‘%

O/IC ucToyHMKa MOCTOSIHHOTO HAINpsKEHUs! Wi Oatapen usmepsiercs B Bosb-
Tax W 3a/JaeTcsl Mpou3BOAHBIMU BenmunHaMmu (0T MKB no kB). Kopotkoit yeproii B
n300pakeHnn OaTaper 0003HAYaeTCsl BBIBOJI, MMEIOIIMK OTPHUIIATEILHBIM TOTCHIIH-
aJT; TI0 OTHOIICHHIO K JIPYTrOMY BBIBOITY.

bamapes 6 Electronics Workbench umeem enympernnee conpomusnerue, pag-
HOe HYI0, NOIMOMY, eClU HeoOX00UMO UCNONIb308AMb 08¢ NAPAJLIEIbHO NOOKIIOUEH-
Hble bamapeu, mo ciedyem GKIOYUMb NOCIe008AMENbHO MeHCOy HUMU HeOONbUoe
conpomusenenue (nanpumep, 6 1 Omy).

Hcrounnk nmocrosinaoro Toka (DC Current Source) ‘@
Tok mcrouyHuka mocTostHHOro Toka (direct current) uamMepsiercss B Ammepax u

3aJlaeTcs MPOU3BOJHBIMU BeauurHaMH (0T MKA 10 kA). CTpenka yka3blBaeT Hamnpas-
aenue Toka (ot "+" k "-")

@
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Hcrounnk nepemennoro Hanpsizkennsi (AC Voltage Source)

HeiicTBytomiee 3HaueHue (root-mean-square - RMS) HanpsbkeHHs] HCTOYHHMKA
u3Mepsercss B BonbTax W 3amaercs npou3BOJHBIMHM BennunHamu (0T MKB 1o kB).
HNmeercss BO3MOXKHOCTh YCTAHOBKM YacTOThI M HadalbHOM ¢asbl. Hampspkenue uc-
TOYHUKA OTCUUTHIBAETCS OT BBIBOJA CO 3HAKOM "-". JIEHCTBYIOIIEE 3HAUYECHHUE HAIPS-
xeHuss VRMS, BbipabaTbiBaeMO€ MCTOYHUKOM IMEPEMEHHOTO CHUHYCOMIAIBHOTO Ha-
NPsDKEHUS, CBA3aHO C €ro aMIuIMTYAHbIM 3HaueHneM VPEAK crnenyrommum, cooTHO-
LICHUEM:

U UVPEAK

VRMS \/E

Hcrounuk nepemennoro Toka (AC Current Source) ‘ @
JlelicTByIOIIEE 3HAYEHHE COKA UCTOYHMKA M3MEPAETCS B AMIIEpaxX M 3aJaeTcs
IPOM3BOAHLIMU BeluuuHaMu (0T MKA 10 KA). MMeeTcs BO3MOXKHOCTH YCTaHOBKH

YaCTOTHI M HAYaJILHOMU (1)331)1.

KomnoneHThl MHAMKATOPHBIE yeTpoiicTBa (Indicators)

BoanT™metp (Voltmeter) ‘ |
BosibpT™MeTp (BHYTpEHHEE CONPOTHB- vV
JICHHUE, PEKUM U3MEPCHUS MTOCTOSTH- |

HOTO MJTU TICPEMEHHOTO HAITPSHKCHUS).

Ammepmerp (Ammeter) ‘ (Al
AmriepMeTp (BHYTpEHHEE COPOTHB- . All-
JIEHUE, PEXKUM U3MEPEHUS MOCTOSH-
HOT'O WY NEPEMEHHOT0 TOKa).

Hucrpymentsi (Instruments)

Ocuuinorpad (Oscilloscope) |

N3o06paxenue Ha paboueM mose -



JIunesas nma”enb ocuusuiorpada nokazana Ha puc. 3. Ocuwiorpag uMeer 1Ba
kaHasia (CHANNEL) A u B ¢ pa3znensHO#l peryampoBKOil 4yBCTBUTEILHOCTH B JHa-
nazony ot 10 MxB/nen (mV/Div) no 5 kB/nen (kV/Div) u perynupoBKoi CMEIIeHHS
no Beprukaau (Y P( E %F €KUMa 110 BXOJY OCYILECTBISAECTCA HAXaTUEM KHO-
MOK . Pexxum npeaHa3HavyeH i HaOJIt0IeHUs TOJIbKO CUTHAJIOB Iie-
PEMEHHOT0 ToKa (€ro eue Ha3bIBAIOT PEXKHUMOM «3aKPBITOTO BXOJa», MOCKOJIBbKY B
ATOM PEXKUME Ha BXOJIC YCUJIUTEIS BKJIIOYACTCA Pa3[eIUTEIbHbBIN KOHICHCATOp, HE
MPOMYCKAIONINI MOCTOSHHYIO COCTaBJIAIONIYI0). B pexume 0 BXOJHON 32:KUM 3aMbl-
kaeTcs Ha 3emunto. B pexkume DC (BKIIIOUEH MO YMOJYAHUIO) MOKHO MPOBOJIUTH OC-
uutorpagudeckue M3MepeHuss Kak MOCTOSHHOTO, TaK U MEPEMEHHOTO0 TOKa. DTOT
PEXKUM €I1l€ HA3bIBAIOT PEKUMOM «OTKPBITOIO BX0Ja», MOCKOJIBKY BXOJHON CHUTHAJ
MOCTYIAeT Ha BXOJl BEPTUKAJIBHOIO YCHIHMTENS HENmocpenacTBeHHO. C mpaBoil cTopo-
HbI 0T KHONIKK DC pacrnosiokeH BXOIHON 3aKUM.

- x|
Expand | Ground [

—Time baze Trigger
[ B  Edge EE x| %
Hposition |nm | | Lewel

~Channel A Channel B
[ 1 =l I =
¥ position | 1m = ¥ position | 1m =
P e TG
PucyHok 3

PesxuM paszBepTky BbIOMpaeTcs kHonkamy MMM B4 | &8 | . B pexume Y/T
(OOBIUHBIN PEXUM, BKIIOYEH MO YMOJYAHUIO) PEATU3YIOTCS CIEAYIOIIHE PEXKHMBI
pPa3BEPTKH: MO BEPTUKAJIM - HANPSHKEHUE CUTHAJIA, 10 TOPU30HTAIN - BPEMS; B PEIKHU-
Me B/A: mo BepTuUKaid - CUTHaN KaHaia B, 1Mo ropu3oHTanu - CUTHAI KaHaia A; B
pexume A/B; o BepTUKanu - CUTHAJ KaHajia A, 1Mo TOPU30HTAIM - CUTHAN KaHaa B.

B pexume Y/T nnurensaocts pa3septku (TIME BASE) moxet ObITh 3a/1aHa B
nuamnazone ot 0,1 ac/nen (ns/div) mo 1 c/men (s/div) ¢ BO3MOXKHOCTBIO YCTaHOBKH
CMEIIEHUSI B TEX JK€ SAMHUIAX M0 TOPU30HTANH, T. €. o ocu X (X POS).

B pexume Y/T npenycmotpen Takxke xxaymuid pexuMm (TRIGGER) c 3amyc-
koM pasBepTku (EDGE) nmo nepennemy unu 3agHeMy GpoHTY 3allyCKarOIIEro CUrHa-
7a (BbIOMpaeTcsl HaXKaTHEeM KHOMOK ) 1@ = | ynmupyemom ypoHe (LEVEL) 3a-
nycka, a Takxe B pexume AUTO (ot kanana A wiu B), ot kaHana A, ot kaHana B
i ot BHemHero ucrounnka (EXT), mogkimouaeMoro k 3axumy B OJIOKE ympaBiie-
Hus TRIGGER. Ha3panubie peXuMbl 3amycka pa3BEPTKH BBHIOMPAIOTCS KHOTKAMU

BN ~| 8] Ba |

3azemiieHue ocuusuiorpaga ocymecTsisieTcs: ¢ nomoiuisio kiemmbl GROUND

B IIPAaBOM BEpPXHEM YTy pudopa.
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Pucynok 4

[Ipu Haxkatuu Ha kHOTMKY ZOOM nuiieBast anesb ocuusuiorpada cyiecTBeH-
HO MeHsieTcsl (puc. 4) - yBEeJIMYMBACTCS pa3Mep 3KpaHa, MOSBISETCS BO3MOXHOCTb
IPOKPYTKH U300pa’KEHUS 0 TOPU3OHTAIM U €r0 CKaHUPOBAHUS C IMOMOIIBIO BEPTH-
KaJIbHBIX BU3UPHBIX JUHUM (CMHEr0 M KpacHOTro I[BETAa), KOTOPBIE 3a TPEYrOJbHbIE
yiiku (oHM 0003HaueHbI 1 pamu 1 u 2) MOryT OBITH KYpCOPOM YCTaHOBJICHBI B JITO-
6oe mecto 3kpana. [Ipu 3TOM B MHAMKATOPHBIX OKOIIKAX IO/ SKPAHOM MPUBOAATCA
pe3ysbTaThl U3MEPEHUS HAIPSDKEHUSI, BPEMEHHBIX MHTEPBAJIOB U WX NPUPALICHUN
(MeX 1y BUSHPHBIMU JIHHUSIMHU ).

N3o6paxkenre MokHO MHBepTUpOoBaTh Haxkatrem kHonku REVERSE u 3anu-
catb na"Hbie B (paiin Haxxatuem kHonkd SAVE. Bo3Bpar Kk UCXOJHOMY COCTOSTHUIO
ociuiorpada npousBoautcs Haxxaruem kHonku REDUCE.



JlaGopaTopuas padora Ne 1. OJIEKTPOTEXHUKA. UCCIIEIOBAHUE
MHOI'OKOHTYPHOI CUCTEMBI IIOCTOSIHHOI'O TOKA.

1. OEJIb 1 3AJJIAYUA PABOTDI.

SKCHepI/IMeHTaHBHOC HCCIICJOBAHUC CJIOKHBIX MHOT'OKOHTYPHBIX CHUCTCM IIO-
CTOJAHHOI'O TOKA. HpI/IO6peT€HI/IH HaBBIKOB pacdCTa TAKHUX HCHCI?I.

2. OBILME ITOJIOXXEHNMA.
BennunHa TOKa B HEPA3BETBICHHOM JIEKTPUYECKOM LEIU ¢ HECKOJBKUMHU HC-
TOYHUKAMU ONpeesieTcsl OTHOLIeHueM anredpandeckoil cymmbl DJIC Bcex UCTOU-

> E
ﬁ.

Hanpsoxenue Ha 3aKMMaxX HUCTOYHHMKA, pa0OTAIOIIETr0 B peKUME OTPEOUTENS,
oonpie yeM DJ[C caMOoro UCTOYHMKA HA BEIMYMHY MaJCHHS HANPSIKEHHUS HA BHYT-
PEHHEM CONPOTUBIIEHUH TOr0 UcToyHuka U, =E,  + IR

nomp — “~“nomp nomp *

HHKOB K IIOJIHOMY COIIPOTHUBJICHUIO ICIIN | =

Hanpspbkenue Ha KiieMMax UCTOYHHKA, paOOTaIOIIEro B pPeXXUME T'eHepaTopa,
MeHble, yeM DJIC ucTouHHKa Ha BEJIMYMHY MMAJCHUS HANPSHKEHUS HAa BHYTPEHHEM
COIPOTUBJICHUH 3TOIr0 UCTOUHMKa U,, =F, - IR, .

Hampsixenue Ha mo6oMm ydactke U = E + IR.

[ToTenmnuanbpHas quarpaMma MpencTaBiseT co0oi rpapuk M3MEHEHUs] TTOTECH-
[AAJIOB TOYEK LIETH OT BEJIMYUHBI COITPOTUBJIEHNUN YYaCTKOB MEXAY STUMH TOUKAMHU.

[Tepseriit 3axkon Kupxroda: anredpanyeckas CcyMmma TOKOB B BETBSX, COCTMHEH-
HBIX B OJIMH Y3€JI, paBHA HYJI0. TOKH, BXOASIIUE B Y3€J, IPUHATO CUUTATh MOJIOXKH-
TEJIbHBIMHU, & BBIXOSIINE — OTPULIATCIIbHBIMH.

Bropoii 3akon Kupxroda: anredpandeckas cymma 9J[C B 3aMKHYTOM KOHTYpeE
AIIEKTPUYECKOM 1IeTIM paBHA alireOpandecKkoil CcyMMe MaJIeHU HanpsbKeHUM Ha BCeX
ydacTkax 3Toit memm, T.e.  » E=>"IR. DJIC ncrounuka, copnajaomas ¢ BeIOpaH-

HBIM HaIlpaBJIeHHEM 00X0Ja KOHTYpa, CUMTAETCS MOJIOKUTEIbHBIM, a HE COBIA/Iat0-
1asi — OTPULIATEIIbHOM.

Meron cBepThIBaHUSA:

Cxema ynpomjaercs 1o BO3MOXKHOCTH J0 TAKOH, B KOTOPOH IMPUMEHHUM 3aKOH

Owma.
MeTo HaAJIOKEHUS :
1. B kaxioi BEeTBM paccMaTpuBaeMOM LIENM HAIpaBJeHUE TOKa BHIOU-
paeTcs mpor3BOJIBHO
2. KonnuecTBo pacdyeTHhIX CXEM LIENU PABHO KOJUYECTBY MCTOYHHUKOB
B HUCXOJIHOM CXeMeE
3. B KQXJIOW PacyeTHOW CXEME JIEMCTBYET TOJIbKO OJMH MCTOYHHUK, a

OCTAJIbHBIC MCTOYHUKHN 3aMCHANOTCA MX BHYTPCHHHMH COIIPOTHUBIIC-
HHSAMMU.



4, B kxaxnoil pacdyeTHOM CXE€ME€ METOJIOM CBEPTHIBAHUS OINPEACIISIOT
YaCTUYHBIE TOKU Ka)J0W BETBH.
S. Hckomble TOKH Ka)XIOW BETBH PACCMATPUBAEMOUN CXEMBbI ONpEIEs-

IOTCA KaK aﬂre6panqe(:1<a51 CyYMMa 9aCTUYHBIX TOKOB B 9TOM BETBHU.

2.1 MeTo1 KOHTYPHBIX TOKOB
SIBnsieTcs OMHUM U3 OCHOBHBIX METOJOB pacueTa CIOXKHBIX 1eneid. OH 3aKito-
4aeTcs B TOM, YTO BMECTO TOKOB B BETBSIX ONPEAEIAIOTCA HA OCHOBAHUU 2-TO
3akoHa Kupxroda tak Ha3pIBaeMble KOHTYpHbIE TOKHU. [Ipu 3TOM UCKITIOYarOT-
cst ypaBHeHHs 1-To 3akoHa Kupxroda. YpaBHeHuss MOTYT OBbITh 3alMCaHBbI, €C-
JIY IPUIIACATH KAXKIOU STYEHKE HEKOTOPBIA KOHTYPHBIN TOK, COBIIAJAIOIINN C
TOKOM BHEIIHUX BETBEM.

2.2 MeTo y310BBIX TIOTEHITHAIOB

OTOT METOJ1 MO3BOJIAET YMEHBIIUTh YNCI0 ypaBHeHUH Kupxroda 3a cuet uckito-

4YeHUs ypaBHEHUH 2-T10 3akoHa. Ha cxeme npuHuMaem noteHuuan Touku "O" pas-

HBIM HYJIIO.

2.3 MeTtoj 3KBUBaJIEHTHOTO T€HEpaTopa
Merton pacdeTa TOKa B BBIAEIECHHON BETBH, OCHOBAHHBIN HA 3aMEHE aKTHUBHOTO
JBYXIIOJIFOCHUKA 3KBHBAJIEHTHBIM I'€HEPATOPOM, MPUHATO HA3bIBATh METOJIOM
DKBUBAJICHTHOT'O I€HEPATOPA, & TAKXKE METOIOM XOJIOCTOTO XOAa U KOPOTKOIO
3aMBIKaHHUS.
Pexomennyercs Takas OCIEA0BATEIBHOCTD PACUETA TOKA ’TUM METOIOM:
1. HaliTu HanpspKEHHE Ha 3aKUMaxX Pa30MKHYTOH BeTBU 12;
2. ONpeAeNnuTh BXOJHOE CONPOTUBIIEHUE R, BCEH CXEMBI 110 OTHOILIEHUIO K

3akuMaM 12 npu 3akopoueHHbIX UcToUHUKaX D/]C 1 pa30MKHYTBHIX BETBSIX
C UCTOYHUKAMU TOKA;
3. TMOACYMTATH TOK IO GOpMYIIe
I =U,/(R+R,)
€CJI CONPOTHUBJIEHNE BETBU 12 paBHO HYIIO0 R =0, TO JJIs1 HEE€ UMEET MECTO
PEXKHUM KOPOTKOTO 3aMbIKaHUsI, a MPOTEKAIOIINNA B HEH TOK €CTh TOK KOPOTKOTO
3aMBIKaHUS
I =U,/R,

2.4 TloteHImaapHOM AUArpaMMoil Ha3bIBaIOT rpaduk, Ha KOTOPOM IO OCH a0cC-
LMCC OTKJIAJIBIBAIOT COMPOTUBJIEHUSI PE3UCTOPOB, a IO OCU OPAUHAT — TOTEH-
[[AAJIbl COOTBETCTBYIOIINX TOYEK AJEKTPUUECKOI cxembl. COMPOTUBIIEHUS pe-
3UCTOPOB OTKJIAJIBIBAIOT TOOYEPETHO APYT 3a APYTrOM B TOM MOPSIKE, B KOTO-
POM OHHM CIIEAYIOT MpU 00X0/1e UCCIIEIYEMOTO YJacTKa LIETH.

2.5 bananc momnHocTen. [Ipu npoTekaHny TOKOB 10 COITPOTUBIIEHUSAM B IOCIIE -
HUX BbIENseTCA TemioTa. Ha oCHOBaHMM 3aKOHA COXPAHEHUS SHEPTUU KOJIU-
YECTBO TEIUIOTHI, BBIICISAIONIEECS B €AMHUILY BPEMEHH B COMPOTUBIICHUSIX
CXEMBI, I0J>KHO PABHATHCS SHEPTUH, TOCTABIIEMOU 3a TOXKE BPEMS HCTOUYHH-



KOM IIUTaHUs. YpaBHEHHE SHEPTETHIECKOrO OAIAHCa ITPU IIUTAHUM TOJIHKO OT
ncroynnkoB D/IC umeer Bux Y I°R =) El

Korga cxema nuraercst He TOJIbKO OT UCTOUHUKOB DJIC, HO U OT UCTOU-
HUKOB TOKA, T.€. K OTACIBHBIM y3J1aM CXEMbI TOATEKAIOT U OT HUX YTEKaIoT
TOKH UICTOUYHHKOB TOKA, PYU COCTABJICHUHN YPAaBHEHUS SHEPreTUYECKOro Oa-
JlaHCa HEOOXOIMMO YUYECTh U SHEPTHIO0, TOCTABISIEMYI0 HCTOYHUKAMU TOKA.
JonycTtum, 4To K 1-My y371y CXeMBbI MOJITEKAET TOK , a OT 2-T'0 y3JIa OH yTeKaeT.
JlocTaBisiemasi MICTOUHUKOM TOKa MOITHOCTH paBHa U,,| . Torga oOuuit Bu

ABHEHUS DHEPreTUUECKOro OajlaHCca UMEET BUJI IPR=>MEI+>U.,.I
12

3. BAJAHUE HA PABOTY
1. Jlns cxeMbl COCTaBHTh JJISI BCEX Y3JI0B U BETBEW ypaBHeHHUs 3akoHOB Kupx-
roda;
2. OmnpenenuTh TOKA B BETBSAX UCHOJB3Ysl JTH000H U3 METOJ0B (MCXOHBIC TaH-
HbIe Tabimma 1)
3. TlocTpouTh MOTEHIIMATBHYIO TUArPAMMY;
4. CocrtaBUTh OajlaHC MOIITHOCTEM.

4. TIOAT'OTOBKA K PAEOTE U [TPOI'PAMMA EE ITPOBEJIEHU .

4.1HadepTuTh CXeMy MPOBEICHUS SKCIEPUMEHTA, MPEIBAPUTEIHHO TOIKITIOYNB
HE00XO0IUMbIE TPUOOPBHI.

4.2VI3y4nth cXeMy MOCTOSIHHOTO TOKa, 3alKicaTh BEIMYMHBI COMPOTUBICHUIN BXO-
JSIITUX B HEE PE3UCTOPOB U ONPEACIIUTh OCHOBHBIE XapaKTEPUCTUKH MPUOOPOB
(mpenesnsl U3MEPEHUSI U KJIACC TOYHOCTH).

4. 3TIpoBenenue paboOThI

4.4CpaBHUTH pPe3yJIbTATHI pacueTa U IKCIIEPUMEHTA, CJIeTIaTh BBIBO/I.

4.5 IoaroroBuTh ONMAaHK OTYETA U MUJUIMMETPOBYIO Oymary ¢ 4epTexeM IMOTEH-
[IHAJIbHOW JUarpamMMbl.
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PucyHOK 1. cxeMa MHOTOKOHTYPHOM LIENHU ITOCTOSTHHOT'O TOKa
5. COOEPXKAHME OTYETA T10 JIABOPATOPHOM PABOTE

OT4eT cocTaBIsACTCS OTACIBHO KaXKIbIM CTYJICHTOM M BKIJIFOUAET B CEOs:

- KpaTKyIO XapaKTePUCTHKY PaOOThI, B KOTOPYIO BXOJIAT IIEJIb PaOOTHI U KPaTKHE
TEOPETHUYCCKHUE CBCIACHMUS;

- BBIIIOJTHEHHOE TIPEABAPUTEIILHOE JOMAIIIHEE 3a/IaHU¢E;

- CBOJIHYIO TaOJIMITY Pe3yJIbTaTOB 3aMEPOB U PACUETOB;

- BBIBOJIBI 110 paborTe.

6. KOHTPOJIBHBIE BOITPOCBI.

6.1Kak ¢ momMoIpr0 MPUOOPOB MarHUTORICKTPHUECKOW CUCTEMBI OTPEICIUTh Ha-
MPaBJICHUE JICKTPUUECKOTO MOJISl U MOISPHOCTh HANIPSAKEHUS?

6.2Kak 3anmceiBaeTcs Al BHIOpaHHBIX MMACCHBHOM W aKTMBHON BETBEH 3aKOH
Oma?

6.3UTo Ha3bIBAETCS y3JI0M U KOHTYPOM DJICKTPUUYECKOMN 1IETIH?

6.4Kak u3MepuTh NOTEHIIMA TOUYKHU?

6.5MoryT 1 TOKH B BETBSX W MOTCHIIMAJIBI TOYEK UMETh OTPHIIATEIILHOE 3HaUe-
Hue?

6.6Kak mocTpouTh NOTEHIMAIBHYIO TUArpaMMmy?

6.7Kak mo moTeHIManbHOU AUarpaMMe OTPEeIUTh HAMPSIKEHUE MEXKTY JBYMSI
TOYKaAMH?

6.8Kaxk onpenensieTcst BeMMunHa U HAPABJICHUE TOKA B HEPA3BETBICHHOM IIETIH C
HecKobKuMu DJ1C?

6.9Kak onpenensiercs HampspKEHUE Ha KJIeMMax MCTOYHHUKA, pabOTarolero B pe-
KUMeE TeHepaTopa U B pexxuMe noTpeouTens?

6.10. Kak onpenensitoTcss MOTEHUMANIBI TOYEK JICKTPUUECKON Henu?

10
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6.11. Kak ucnonn3yrotcs 3axkonbl Kupxroda nis pacuera CIOXKHBIX JEKTpHUE-
CKHUX 1emnen?

6.12. JlaiiTe onpeneneHue mepBoro ¥ BToporo 3akoHoB Kupxroda.

6.13. B uem 3akirouaeTcs METOI HAIOXKEHUA?

6.14. Korna u kak MOKHO MPUMEHSATh METO/1 Y3JI0BOTO HANPSKEHUSA?

6.15. B yem 3akimrouaeTcsi METOT KOHTYPHBIX TOKOB?

6.16. Korma m kak UCHONB3yeTCS METOJl CBEPTHIBAHUS, NMPHUBEAUTE PACUETHHIE

dbopMyIBI.

11
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JlabopaTopnas pabora Ne 2 DJIEKTPOTEXHUKA. UCCIIEJJOBAHUE
TPEX®A3HBIX HEITEN.

1. HEJIb 1 3AJAY PABOTBI.
- HccnenoBanmne ammnuTyaHo-(ha3oBbix cootHomenuit anst I/1C B TpexdazHom
reHEepaTope

- HW3mepenue nuHEHHBIX U (Pa3HBIX HAMPSHKCHUN
HccnenoBaHue aMIUIUTYIHO-(a30BbIX COOTHOIIEHHUH MEXJIy TOKaMH U Ha-
HOPsDKEHUSAMHU B 3-X (pa3HBIX LEMSIX IPU pa3InYHbIX COENMHEHUsX (a3 reHepa-
TOpA U Harpy3KHu:

. CoennHeHune 3Be371a-3B€3/1a C HYJIEBBIM IIPOBOJOM

. CoenuHeHue 3Be31a-38e371a

. CoenuHeHne 3Be31a-TpEyroJIbHUK
HccnenoBanre HECUMMETPUYHBIX PEXUMOB
N3mepeHrie MOITHOCTH B TpeX(a3HbIX LEMsIX

'O w >

2. OBILME NOJIOXXEHUA 1 OFBEKT MCCJIEJOBAHU A

MHorogasHast Lernb — 3TO COBOKYIHOCTh HECKOJIBKHMX 3JIEKTPUUECKUX 1ENel, B
KOTOPBIX JAEUCTBYIOT cuHycouganbHble D/C OIHOM M TOM K€ 4YaCTOTHI, OTJINYAIO-
muecs Apyr OoT apyra mno ¢ase v cozgaBaeMble OOLIUM HCTOYHUKOM AJIEKTPUUYECKON
sHepruu. OTIeNbHbBIE 3JIEKTPUUECKHE 1LIeNH, 00pa3yroliue MHOTO(a3HyI0 CUCTEMY,
Ha3bIBAIOT (ha3aMu, YHUCIIO Lenel, BXOAAIIUX B CUCTEMY Ha3bIBAIOT YHCIIOM (a3.

CoBokymnHocTh D/C, neiicTByromux B MHOTOha3HOU CUCTEME, HA3bIBAIOT
MHorodazHoi cucremoint J]C, a COBOKYITHOCTh TOKOB, MMPOTEKAIOIIUX B ATHUX IEMSAX
— Tpex(}a3zHoil CUCTEeMOI TOKOB.

MHuorodaszHelii reHepaTop COCTOMT U3 M 0OMOTOK, CABUHYTHIX IPYT OTHOCH-
TEJIbHO JpYra Ha HEKOTOpBIE YIJiibl. Bpamas ux ¢ HOCTOSHHOM YIJII0BOM CKOPOCTBIO B
OJIHOPOJTHOM MAarHUTHOM TOJIE, MOJYYUM M-MHOTO(a3HbIil reHepaTop CUHYCOUIab-
HbIX D/]C, cIBUHYTHIX 1O (pa3e Ha yTJibl, PABHBIE YIJIAM MEX]1y OOMOTKaMH.

MHuorogasHasi cucTema Ha3bIBae€TCsS HECBSI3aHHOM, €CJIM €€ COCTABJISIOLINE
AIEKTPUYECKHU HE COEMHEHBI MEXKTy CO00M, B MPOTUBHOM Clly4ae cCTeMa Ha3bIBa-
€TCsl CBS3aHHOM.

CymiecTByeT 1Ba OCHOBHBIX CIIOC00a CBSI3bIBAHUSI MHOTO(A3HBIX CUCTEM: CO-
€UHEHUE 3BE370M U COCIMHEHUE MHOTOYTOJIbHUKOM (TpeyrojabHUKoM). CoeuHeHne
3B€301 BBIMOJIHSIIOT, 00bEUHISA Hauaia Bcex ero a3 B 0JJHy OOIIYI0 TOUKY, Ha3bl-
BAEMYI0 HEUTpabHOM TOUKON. CBS3b MEXKIY T€HEPATOPOM U HAIPY3KOH MOXKET
OCYILECTBISATHCS MpU OMOIIH 1poBoAoB A,B,C, naynmx oT KOHIIOB BC€X 0OMOTOK
(coenuHeHue 3Be37a-3B€3/a), @ UHOI1a U OT HEUTPaJIbHOW TOUKHM reHepaTopa (3Be3-
Jla-3Be€3/1a ¢ HEUTpaJIbHBIM MPOBOIOM). [Ipu 3TOM MpoBoa, uayIKe oT 0OMOTOK ,
HAa3bIBAIOT JINHEMHBIMHU, a IPOBOJ UAYIIUN OT HEUTPAIBHON TOYKU — HEUTPAJIbHBIM.
CoeauHenne 0OMOTOK T€HepaToOpa MHOTOYTOJIBHUKOM OCYILECTBIISIIOT, COSANHSS Ha-
4aJ10 0OMOTKH Kax 0¥ (ha3bl ¢ KOHIIOM OOMOTKH CJIeAYIOIIeH (ha3bl.
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O/1C, uHayKTHpYEeMbIe B 0OOMOTKaX T€HEPATOpa, HAMPSDKEHUS Ha 3aKHUMaxX
ATUX 0OMOTOK U TOKM B HUX Ha3bIBAIOT (Pa3HBIMU, a HAMIPSHKEHUS MEXKY COCETHUMU
JMHEWHBIMH MPOBOJIAMH U TOKU B HUX HAa3bIBAIOT JINHEHBIMHU.

Jlns Tpexda3Hoi CUCTEMBI

e, =E,sinwt,e, = E_sin (a)t —2—”),% = Emsin[a)t —4—”j = Emsin(wt +2—ﬂj.
3 3 3

Ar 27

e =l

— 3 = 3 = 3
s —E,e =Ee °® =Ee :
Ar .27 Ar
e = e
3 =Ee 3 =Ee 3.

A B C

2r  2m
3
Puc.1 BonHoBas u BeKTOpHbBIE JUarpaMMbl Tpex(pa3HoU CUCTEMBI T€HEepaTopa
CooTHoleHust MKy (pa3HbIMU U IMHEWHBIMU TOKAaMU U HAIIPSDKEHUSIMU OTI-
PEIEIA0OTCS TUIIOM COCAMHEHUS U TUIIOM Harpy3Kyu — CAMMETPUYHOMN UJIM HECUM-
METPUYHOH (OTHOPOTHOM UM HEOTHOPOIHOM, PABHOMEPHOU UITM HEPABHOMEPHOM )
Jns cumMeTpudHON Harpy3ke Z, =72, =2.,2,, =2,.=Z,

wws‘&
(.

[Ipn paBHOMEpPHOU Harpy3ke MOAYJIM CONPOTHUBIIEHUN PaBHBI
Lo =2y = Loy Loy =Ly =Ly
[Ipu OTHOPOIHOM HATPY3KE @, =@, =@, , Pap = Ppe = Pea- PAZHBIA YTOJ KOKIOU
dassl ¢, =arctg(X, /R,), rae X,,R,- peakTUBHAS U aKTUBHAsI COCTABJISIFOIIAS KOM-
MJIEKCHOTO COMPOTUBJIEHUSI HATPY3KH COOTBETCTBYIOLIEH (ha3bl.

3Be31a-3B€3/1a ¢ HYJIEBBIM IIPOBOJOM NPH JII000H HATPYy3Ke:

dasnble Toku |, =U,/Z,;1, =U,/Z,;1, =U_/Z,

TOK B HEUTpaJIbHOM npoBoae I, =1, +1, +1,

JMHEHHOE Hanpsukenue U, =U J3

3Be31a — 3Be3/1a € HyJIeBbIM MIPOBOJAOM NPHU CHMMETPUYHON HATPY3Ke:
®asuble TOku |, =1, =1,=U,/z,, TOK B HEUTpaJIbHOM I1poBOJE |, =0
3Be3ma-3Be31a 0e3 HyJIeBOI0 MPOBO/Ia NPH JK000i1 HArpy3Ke:

. U, Y,+U, Y, +U_ Y
Hanpsoxenne cmemenust HedTpamu U, = =2—4 =8=8 —=C=C
Ya+Yg+Yc+Yy

3Be3ma-3Be3/1a 0e3 HyJ1eBOI0 MPOBO/Ia NPU CUMMETPUYHOI Harpys3ke:
Y.U,+U;+U
:—l :!B:!C,YN:L’UON:—A(—A =8 _C):O.
Zy+Z A YA+ Yy

—A
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Torma 1, =0 ¥ HEUTPAJIBHBIM IIPOBOJ HE HYKEH.
Toku B pa3HBIX NpOBOJAX:

UA_UON
= =N -y Y,
—A ZO+Z = A—_A
Uu,-uU
B: B =~ ON :QBXA,
Z,+Z
Uu.-uU
LG ====°0 =U.Y,
Z,+Z

OJIMHAKOBBIC 10 BETMUYMHE U TOCIEI0BATENLHO CMeIeHs! o dase Ha 120°, To
€CTh

Ia+1g+1c =0.

JIuHeitHble TOKU paBHBI (pa3HBIM

HecMotps Ha 3aMeTHOE yOOpOXKAHUE JIMHUX 3JIEKTPOIIEPEady IIPU UCIIONIB30-
BaHUM HEUTPAIBHOTO MPOBOJA, €TO0 TEM HE MEHEE B MMOTPEOUTENHCKON CETU ITPUME-
HSIOT BCIIEICTBUE BO3MOKHOM HECUMMETPUU CUCTEMBI. [Ipr 3TOM ceueHne HyneBoro
POBOJa OEPYT WK PaBHBIM CEUEHHIO JIMHEWHOTO MPOBO/IA, UJIU 1a5KE€ MEHBILIUM.

3Be3aa-TpeyrosfibHUK nNpu nNooon Harpyske
(azHbie Hanpsbkenua U, =U,, =U, =U

C ca
JMHEWHbIe HanpshkeHus U, =U ,
JIMHEWHBIC TOKH !A = !ab _!ca ’ !B = !bc - !ab J lC = !ca - !bc'
3Be31a-TPeyroJibHUK NMPH CAMMETPUYHOI Harpyske
nuHeliHbIe TOKK 1, =31 51, =1, =1, =1

C

asubie TOKA |, =1, =1, =1,=U,/Z

MoumHocTh B Tpex(dasHou cucreme:
AxTtuBHas P, + P, + P, =P,

P=3U,l,c080 Ugl, =—=2,P=3U,l,c0s¢ =/3Ulcosp, e unuekc « JI » (MuHeiHbIe

V3
BEJTUYMHBI) OOBIYHO OIMYCKAETCH .
[Tpu cummerpuunoi Harpy3ke (a3 P =3P, .Cuctema, o0amaronias TAKUM CBOMCTBOM
, HA3bIBAETCSl YPABHOBEIIEHHOM.
PeaktuBHas MOIIHOCTE Q=Q, +Q; + Q.
WJIM TIPU CUMMETPUYHOM Harpy3ke Q =3U 1 ,sing = J3Ulsing .

[Tomuas MOIIHOCTH pu CHUMMETPUYHOU Harpyske
S$=3U,l, =+/3-Ul,S=/P? +Q?

N3mepenne MmoutHOCTH B Tpexha3HOW CUCTEME MOXKHO MTPOBOUTH TPEMS U
IByMsl BaTTMeTpaMmu. CxeMa ¢ TpeMs BaTTMETPaMU MPEIoiaracT Haluune HyJe€BOro
MIPOBOJIA, @ CXeMa C ABYMs BaTTMETpaMu (cxeMa ApoHa) OoJiee yHUBEpCAJIbHA: 110-
Ka3aHUs BATTMETPOB B ATOU CXEMe OTpeeseTcs mo hopmymam:

PP
P.=U 1 ,cos(p—30°); P,=U 1, cos(p, +30°);go:arctgﬁ

1+2
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IIPY CUMMETPUYHOMN Harpy3ke P, +P, =U 1, cose; P, —P, =U 1, sin ¢

3. 3AJJAHUE HA PABOTY

3.1 Coenunenue 3Be3aa-3B€3/1a C CHAMMETPUYHOM HArpy3Kkou puc. 2,3

3.1.1 Ilo ncxoaHBIM JaHHBIM Ta0J.1 ONpenenuTh 3HAaUeHUs TMHEWHBIX U (ha3HbIX
TOKOB U HAIIPSIKEHUU

3.1.2. Ilo momy4eHHBIM 3Ha4YCHMAM I1.3.1.2. ONpeennTh aKTUBHYIO, PEAKTUBHYIO
Y TIOJIHYIO MOIIIHOCTH Harpy3KHu.

3.1.3. IlocTpouTh BEKTOPHYIO IUarpaMMy TOKOB U HalpsKEHUI

3.2. CoequHeHue 3B€3/1a-3B€3/1a C HECCUMMETPUYHOM HArpy3Kou puc.4

3.2.1. IloBToputh myHkTsI 3.1.1.-3.1.3

3.3. CoenrHEeHME 3B€3/1a-TPEYTOJIBHUK C CHMMETPUYHON HAarpy3Kou puc.S

3.3.1. Ilo ucxoAHbBIM JaHHBIM Ta01.2. ONPEAEIUTh 3HAUYEHUS JIMHEHHBIX U (Pa3HBIX
TOKOB U HaIIpsDKEHUI

3.3.2 [loBroputsh myHkTs 3.1.2.-3.1.3

3.4. CoennHeHME 3BE31a-TPEYTOJIBHUK C HECHUMMETPUYHOU HArpy3Kou puc.6
3.4.1. IloBroputh myHkTsI 3.1.1.-3.1.3

4. TIOATOTOBKA K PABEOTE U [TPOI'PAMMA EE BBIITIOJIHEHU .

a. M3yunth onucanue paboTHI.

b. [MoxroToBuTh OJIAHK OTYETA M MUJLTUMETPOBYIO OyMary JUist CHSITHS OC-
LUJIOTPaMM.

c. CoOpath cxemy

d. TToakarounuTh MPUOOPEI

€. YCTaHOBUTDH YACTOTY U JCUCTBYIOIIKE 3HAUCHHUE U (pa3y CUTHAJIA TeHe-
paTopoB

f. YcraHoBUTH HEOOXOAMMBIC 3HAUCHHUS COMTPOTHBIICHUH KaXKA0M 13 (a3

g. CHaTh noKa3aHus NpuOOPOB

h. CpaBHUTH C pacUeTHBIMH, CACJIATh BBIBOJIBI IO KAXKIOMY U3 COCITMHCHUH

I. 3apucoBarh noka3aHus ocuuuiorpada, cenaTh BHIBOJIBI.

J. Cnenatite BBIBOJ 110 paboTe
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+0scilloscope

x|
Expand Ground (®

—Time base Trigger

0.01 sidiv E | Bige EE x| i*
 position EE Lewel mﬂ
MR o | A | B A5 B ]
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Puc.3 Cxema MoaenrpoBaHusi CUCTEMBI 3B€3a-3B€3/1a C CAMMETPUYHOMN HArpy3Koil

(ocmmmtorpad u3MepsieT ¢ha3Hoe U JIMHSHHOS HAIIPSKEHHS )
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Puc.5 Cxema MoaenrpoBaHusi CUCTEMBI 3B€3/1a — TPEYTOJIbHUK ¢ CHMMETPUYHON Ha-
Irpy3KOM1
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lah
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Puc. 6 cxema MoeMpoBaHus 3B€3/1a — TPEYTOJIBHUK C HECUMMETPUYHON HAarpy3Kou
Zab * Zbc * an

5. COJIEPXKAHUE OTYETA I10 JIABOPATOPHOI PABOTE

OTueT cocTaBIsAETCS OTACIBHO KK/IBIM CTY/ICHTOM U BKIIIOUAET B CEOSI:

- KpaTKYI0 XapaKTEePUCTUKY PabOThI, B KOTOPYIO BXOIST IIEJIb PA0OTHI U KPAaTKHUE
TEOPETUICCKHE CBEIICHUS;

- BBITIOJTHEHHOE TIPEBAPUTEIILHOE JOMAIIHEE 3a/IaHUE;

- CBOJIHYIO Ta0JIMITy Pe3yJIbTaTOB 3aMEPOB U PaCUETOB;

- BBIBOJIBI 11O paboTe.

6. KOHTPOJIBHBIE BOITPOCHBI.

6.1 JlaitTe onpenenenre MHOTO(}a3HOM CUCTEMBI

6.2 Uto Takoe Tpex(a3Has cucTeMa U Kakue CXxeMbl coeMHeHns nctouHukoB J/1C ¢
NOTPEOUTEIAMU MPUMEHSIOTCA. JIOCTOMHCTBA M HEJOCTATKU Pa3IMUHBIX CXEM CO-
EANHEHUS.

6.3 CocTtaBbTe BBIpaKEHHUS JIJIi MTHOBEHHBIX 3HaueHu# (a3Hbix JJ1C u ux KoMIuiek-
COB JUIsI IBYX, YETBIPEX, IECTHU U ABEHAAUATU(A3HBIX CUCTEM.

6.4 Kakas Harpy3ka Ha3bIBa€TCsl CHAMMETPUYHOMN, pABHOMEPHOU U OTHOPOAHOM

6.5 YKaxxuTe COOTHOLIECHHS MEXTy (pa30BbIMU U JIMHEUHBIMUA TOKaMHU U HaIpsiKe-
HUSIMU B PA3JIMYHBIX CXeMaX COETUHEHUS

6.6 Kak n3MeHsieTcss Ipu CUMMETPUYHON HArpy3Kke MTHOBEHHOE 3HAUYEHHUE B KaXKIOU
(daze u cymMapHasi MrHOBEHHasi MOIIIHOCTh

6.7 UTO MOHMMAIOT IO CMENIEHUEM HEUTPAIIH, B KAKUX CIIy4asiX 3TO BO3HUKAET U
KaK OIPEJENINTh

6.8 Heo6x0aMMOCTh HEUTPATBHOTO MPOBOJIA

6.9 UTo MOHMUMAIOT 1O aKTUBHOM, PEAKTUBHOM M MOJHOM MOITHOCTH 3-X (pa3Ho
cucremsl. [IpuBeaure pacueTHbie HOPMYIIbI.

6.103apucyiite cxemy U3MEpPEHHUsI MOIIIHOCTH TPEMsI BATTMETPAMU

6.113apucyiite cxemy ApoHa

6.12 Kak n3meHsieTcss MOIIHOCTD MOTpeOIsieMas CHMMETPUIHOM HAarpy3KO# MpH Tie-
PEKIIIOUEHUH €€ CO 3BE3/Ibl B TPEYTOJIbHUK
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