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BBEJIEHHUE

JIaGopaTopHBIil NPAKTUKYM MO AUCIUIUIMHE JJIEeKTPOCHAOKEHUE 31aHNH 1
HACEJIEHHBIX MECT C OCHOBAMM JJIEKTPOTEXHUKH M IJIEKTPOHUKMU ITPEIHA3HA-
yeH s cryaentoB HanpasiieHus CTPOUTEJIbCTBO Bcex mpoduiet.

Brinonnenune nabopatopHbIx paboT pa3/ielieHo Ha YacTH: CTYACHT 00s3aH
BBITIOJTHUTH MPEABAPUTENBHOE JOMAIIHEE 3aanue. Ha 3aHaTugX mpoBecTH Jia-
O6oparopHyo padboty, 0hOpMUTE OTYET. A Ha CICAYIOIIEM 3aHATUU 3aIUTUTb.

OT4eT coCcTaBIAETCS OTACIBHO KaXKIBIM CTY/ICHTOM M BKJIFOYAET B CEOS:

- KpaTKYIO XapaKTepUCTHKY PabOThI, B KOTOPYIO BXOJAT 1€ PaOOTHI U KpaTKUE
TEOPETUYECKHE CBEIICHUS;

- BBITIOJTHEHHOE TIPEIBAPUTEIILHOE IOMAIIIHEee 3aaHHE;

- CBOJHYIO TaOJIUIy PE3yJIbTaTOB 3aMEPOB U PACUETOB;

- BBIBOJIBI 11O paboTe.



JJEKTPOTEXHUMKA. BBOJHAS JIABOPATOPHAS PABOTA.
KOMIIOHEHTBI ELECTRONICS WORKBENCH

1. IEJIb PABOTBI:
OBnanets HaBbIKamMu paboThl ¢ mporpammoit Electronics Workbench.
2.0BIIHME TTOJIOXXEHWSA U OBBEKT NCCIIEJJOBAHUA.

[Tporpamma Electronics Workbench npennasnaduena st CXeMOTEXHUYECKO-
r0 MOJICTTUPOBAHUS aHAJIOTOBBIX M MU(PPOBBIX PATUOIIEKTPOHHBIX YCTPOIMCTB pas-
JUYHOTO Ha3HAYCHMUSI.

Jlnst onepanuii ¢ komrnoneHtamu Ha obmiem none Electronics Workbench
BBIJICJICHBI JIB€ 00JIaCTH MaHeIh KOMIIOHEHTOB U 10JIe KOMIOHEHTOB (puc. 1)

<= Electronics Workbench (=13
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Pucynok 1

[TaHenb KOMIIOHEHTOB COCTOMUT W3 MMKTOTPAMM I0JI€H KOMIIOHEHTOB, I0JIE
KOMIIOHEHTOB — U3 YCIIOBHBIX M300pak€HUN KOMIOHEHTOB. [1lenukomM MbIibio Ha
OJIHOM M3 MUKTOTpamMM I0JIEW KOMIIOHEHTOB, PACIIOJIOXKEHHBIX HA MAaHEIU, MOXKHO
OTKPBITh COOTBETCTBYIOIIee mose. Ha puc. 1 OTKphITO MoOjie HICTOYHUKOB CUTHAJIA
(Sources). PacrionoxxeHue 37€MEHTOB B IMOJSIX OPUEHTHPOBAHO HA YaCTOTYy HC-
MoJIb30BaHus KoMIoHeHTa. Ha puc. 2 moka3ansl Bce umeromuecs B Electronics
Workbench nomns koMmoHeHTOB.

B 6ubnmnorexu snementoB nporpammbl Electronics Workbench Bxonsar ana-
JIOTOBBIE, IU(PPOBBIE U U(PPO-aHAIOTOBbIE KOMIIOHEHTHI.
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Bce KOMIMOHEHTBI MOYXKHO YCIIOBHO Pa30UTh HA CICIYOIIHE TPYIIIbI:
HcTtounuku (Sources)

bazoBrie kommnoneHThI (Basic)

Juonsr (Diodes)

Tpausucrops! (Transistors)

Amnanorossie mukpocxemsl (Analog ICs)
Muxkpocxemsl cmeriannoro Tuma (Mixed I1Cs)
[udpossie mukpocxems! (Digital 1Cs)

Jlornueckue nupossie Mukpocxemsl (Logic Gates)

. Hudpossie mukpocxemsr (Digital)

10 Wunukaropusie ycrpoiictsa (Indicators)

11. AHanoroBsie BeIYHCIUTENbHBIC YcTpoiicTBa (Controls)
12. KomnonenTsl cMmemannoro tumna (Miscellaneous)

13. Uuctpymentsr (Instruments).

CoNoaRrLdE

Ba3oBbie komnoneHThI (Basic)

3
| ElEEd] || el 3

CoenmnureabHblii y3ea (Connector) o

VY3en nmpuMeHsieTcst A1 COSTUHEHUST TTPOBOJIHUKOB M CO3JIaHUSI KOHTPOJIBHBIX
Touek. K KaxaoMy y3iIy MOKET MOJICOSAUHATHCS HEe 00Jiee YeThIpeX MPOBOIHUKOB.
[Tocme TOoro Kak cxema coOpaHa, MOKHO BCTaBHTh JOIOJHUTEIbHBIC Y3JIbI JIJIS TIO/I-
KITFOUCHUS IPUOOPOB.

Pe3ucrtop (Resistor) M

CompotuBiieHre pe3ucTopa u3Mepsercss B OMax W 3a/1aeTcs MPOU3BOIHBIMU
BennuuHamu (ot Om 10 MOwm).

Konpaencarop (Capacitor) ‘i

EmkocTs koHAEHcaTopa m3Mmepsiercss B Dapamgax u 3amaeTcsi MPOU3BOIHBIMU
BenuunHamu (o1 nd g0 D).

Karymka unaykruBaoctu (Inductor) |M|

NHIyKTUBHOCTD KaTyIIKHU (Ipoccenisi) usmepsiercss B ['eHpu u 3a1aeTcst nNpous-
BOJHbIMU BesimunHamu (0T MKI'H 10 ['H)



IepexmouaTtens (Switch) |_:

[lepexmnrodarenp, ynpaBiaseMblid Ha)KaTHEM 3a1aBacMO KJIABHUIIN KJIaBUATYPHI
(o yMoI4aHUI0 — KJIaBHIIa ipodena).

Ilepemennbrii pe3uctop (Potentiometer) .

[TonoxxeHnne NBUKKA MEPEMEHHOTO PE3UCTOPA YCTAHABIMBAETCS MPHU MOMOIIA
CIIELIMAIIBHOTO 3JIEMEHTa — CTPEJIOYKU — peryistopa. B auamoroBoM OKHE MOXHO
YCTAaHOBUTH CONPOTHUBJICHUE, HAYAIbHOE MOJIOKEHHE JBUXKKA ( B MPOLIEHTaX) U IIar
npupanieHus (TaKxe B mpoueHTax). MmeeTcs BO3MOXHOCTh MU3MEHSThH IMOJOKEHUE
JIBMDKKA ITPH TTOMOIIN KJIaBHII — KJIFoUeH (10 yMOI4aHuio — KiaBuiia R).

Hcnonb3yemble KIABUIIH — KITFOYU:

e OykBBI OT A 110 Z,

e 1udps ot 0 10 9;

e knaBuiia Enter na kinaBuarype;
e KJiaBwMIla rpoodein [Space].

JIns yBeIMUEeHUST 3HAYEHUsI TOJIOKEHUS JIBUKKA HEOOXOJIUMO OJHOBPEMEHHO
Haxkathb [Shift] u kaaBuIIy — K109, 11 YMEHBIICHHS — KJIABHUIINY — KJTHOY.

IIpumep. JIBU>KOK yCTaHOBJEH B NOJ0KeHUH 45%, m1ar nmpupameHus — 5%,

KJIaBUIIIa-KItou-mpooden [Space]. Haxkartuem, knaBumm [Space] MoJg0KeHUE
IBHKKAa cTaHOBUTCS paBHBIM 40%. [Ipu kaxx1oMm mocienyroneM HaXaTUd Ha KJ1aBH-
my [Space] 3nHauenune ymenbinaercs Ha 5%. Ecnu Haxats [Space] + [Shift], To mo-
JI0’)KEHUE JBUKKA OTEHIIMOMETpa yBeInuuTcs Ha 5%.

IMepemennniii konaencatop (Variable Capacitor) ‘ v

[lepeMeHHBIN KOHAEHCATOP MOMYCKAET BO3MOXXHOCTb M3MEHEHUS! BEIMYMHBI
€MKOCTU. BenuunHy eMKOCTH yCTaHaBJIMBAIOT, UCIOJIb3YysS €€ HayalbHOE 3HAUYCHUE
Kod(dpuIeHTa MponopuUOHATHLHOCTH CIAEAYIOIIUM 00pa3oM:

C=(nauyanwsHoe 3Hauenue/100) — koahPUIMEHT TPONOPIIMOHATIBHOCTH.

3HauYCHHE €MKOCTH MOXKET yCTAHABJIMBATHCSA C IMOMOIIBIO KJIABUII — KITIOUYEH
TaK ke, KaK ¥ TMOJI0’)KCHHE JIBIKKA IIEPEMEHHOTO PE3UCTOPA.

Karymka ¢ nepemennoii unaykruBHoctbio (Variable Inductor) m&‘

BenuunHy WHIYKTUBHOCTH O3TOM KATYIIKH YyCTAHABIWBAIOT, HCIIOJIB3YS
HAaYaJIbHOC 3HAYCHUE €€ WHIYKTHUBHOCTH M KO3(PPHUIMEHTa MPOMOPIHOHATIEHOCTH
CJICTYIOINM 00pa3oM:

L=(nauanpHoe 3HaueHue/100) — ko3P huIMeHT TPONnOPIUOHATEHOCTH

3HaueHNEe WHIYKTHBHOCTH MOXET yCTaHABIMBATHCS C TOMOIIBIO KIIABHIN —
KITIOYEH TaK ke, KaK 1 TIOJI0’KEHHUE JIBFKKA IEPEMEHHOTO PE3UCTOpA.

KoMnoHeHTHI HCTOUHMKH (SOUrCes)
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3azemuenune (Ground) -

KoMIoHeHT «3a3emiieHre» HMEeT HYJIEBOE HampsDKeHHE M TakKuM 00pa3om
obecreunBaeT UCXOJHYIO TOYKY JJIS OTCcueTa MoTeHImanoB. He Bce cxembl Hy»X7a-
I0TCS B 3a3€MJICHUH TSI MOJISTTUPOBAHMSI, OJHAKO JIF0Oasi cXxeMa, Co/iep Karias:

® ONEPAIMOHHBIN YCUIINTEh;
e TpaHchopmaTop;

® VIPABISICMBIA HCTOYHUK;
e ocmuiorpad,

JOJDKHA OBITH 0053aTeNbHO 3a3eMJiIeHa, WHaue MPUOOpHI HE OYIyT MPOU3BO-
JIUTh U3MEPEHUS WU UX MOKA3aHUS OKaXKYTCS HEMPABUIHHBIMHU.

byobme snumamenvuvt npu 3azemnenuu mpaHcgopmamopos u ynpaeisembix
UCTMOYHUKOS.

HUceTouyHUKH

Bce ucrounuku B Electronics Workbench naeansubie. BHyTpennee conpoTus-
JIEHUE UJEATbHOTO0 MCTOYHUKA HAMNPSIKEHUS PABHO HYIIO, TO3TOMY €r0 BBIXOJHOE
HaNpsDKEHUE HE 3aBUCUT OT Harpy3ku. MneanbHbIil HCTOUHUK TOKAa MMEET OeCKOHEeU-
HO 0O0JIbIIIOE BHYTPEHHEE CONPOTHUBIIEHUE, TOATOMY €ro TOK HE 3aBUCUT OT COMpPO-
TUBJICHUS HAarpy3KHU.

—_

Hcrounuk nmocTossHHOTO HanpsizkeHusi (Battery) |%

O/IC ucroyHuKa MOCTOSTHHOTO HAIPsKEHUsT WM O6atapen uzmepsiercs: B Bosb-
Tax W 3a/aeTcsl Npou3BOAHBIMU BennunHamu (0T MKB 1o kB). Kopotkoit uepToii B
n3o0paxxeHnn OaTapeu 0003HAYaeTCsl BBIBOJI, UMEIOIINI OTPUIIATEIbHBIM MOTEHIU-
aJT; TI0 OTHOIIEHUIO K IPYTOMY BBIBOITY.

bamapes 6 Electronics Workbench umeem enympennee conpomusnenue, pas-
HOe MY, NOIMOMY, eCliu He0OX00UMO UCNONBb308AMb 08¢ NAPANIETbHO NOOKII0YeH-
Hble bamapeu, mo ciedyem GKIUUMb NOCIe008AMENbHO MeNCOY HUMU HebOobuloe
conpomuenenue (nanpumep, 8 1 Om).

Hcrounuk nocrossuaoro Toka (DC Current Source) | )
Tok MCTOYHMKA MOCTOSHHOro Toka (direct current) mzmepsercs B Ammepax

3a]1aeTCs MPOM3BOIHBIMU BelrMunHaMu (0T MKA 110 kKA). CTpernka yka3bIBaeT Harpas-
nenue Toka (ot "+" k "-")

@
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Hcrounuk nepemennoro Hanpsixkenus (AC Voltage Source)

JleticTByroniee 3HaueHue (root-mean-square - RMS) HampsbkeHUs HICTOYHUKA
u3Mmepsiercs B BonpTax W 3ajaeTcs MPOU3BOJHBIMM BeauduHaMu (0T MKB 1o kB).
HMeeTcsi BO3MOKHOCTh YCTAaHOBKM 4acTOThl U HadalbHOU (a3pl. HampspkeHue uc-
TOYHHUKA OTCUMTHIBAETCS OT BbIBOJAA CO 3HakoM "-". JlelcTByloOIIeE 3HAUEHUE HAMPSI-
xkeaust VRMS, BreIpabaThiBaéMO€ HCTOUYHMKOM TIEPEMEHHOTO0 CHHYCOUIATBHOTO
HaIPSDKEHUS, CBSA3aHO C €ro aMIUIMTYIHbIM 3HaueHueM VPEAK crnenyrommm, coot-
HOLLICHHUEM:

UVPEAK

U — Z VPEAK
VRMS J2
2
Hcrounuk nepemennoro Toka (AC Current Source) @
JleficTByroLIEE 3HAYEHUE COKAa UCTOYHMKA MU3MEpSETCs B AMIIEpax M 3aaeTcs
IPOU3BOAHBIMU BenUYMHaMU (0T MKA 110 KA). MiMeercs BO3MOXHOCTb yCTaHOBKU

4aCTOThI U HAYaJIbHOU (pa3sbl.

KommnoneHThl MHIUKATOpHBIE yeTpoiicTBa (Indicators)

BoabT™merp (Voltmeter) |
BonbrMmeTp (BHYTpeHHEE CONPOTHB- V
JICHHUE, PEXKUM U3MEPEHHUS TIOCTOSTH- |

HOT'O WJIM TIPEMEHHOTO HAITPSKEHUS).

Ammnepmetp (Ammeter) @
AmniepmeTp (BHYTpEHHEE COTIPOTHB- _ All-
JICHHE, PEKUM U3MEPEHUS TIOCTOSH-
HOT'O WJIM IEPEMEHHOT0 TOKA).

HucTpymentsl (Instruments)

Ocumnorpad (Oscilloscope) ‘

N3o6paxenue Ha pabodeM mose



JInuesas nmanenb ocuuiuiorpada nokasana Ha puc. 3. Ocmwuiorpad uMeeT aBa
kaHaina (CHANNEL) A u B ¢ pa3nenbHOl peryiupoBKON 4yBCTBUTEIBHOCTH B JUa-
nazony ot 10 MmxB/aen (mV/Div) no 5 kB/nen (kV/Div) u peryaupoBKoi CMEIIeHHS
no epruxany (Y PC AC | 0| JE8 exvma 10 BXOy OCYIIECTBJISETCS HAKATHEM KHO-
MOK . Pexxum AC nipeaHazHayeH Juisi HAOIMIOACHUS TOJIBKO CUTHAJIOB T1e-
PEMEHHOTO TOKa (€ro emie Ha3bIBAIOT PEKUMOM «3aKPBITOTO BXOJ1a», MOCKOJIBKY B
ATOM PEXUME Ha BXOJIC YCHJIUTEIS BKIKOYACTCA Pa3eIuTEIbHbIA KOHAEHCATOP, HE
MPOMYCKAIOIINI MOCTOSHHYIO COCTAaBIAONIYI0). B pexxume 0 BXOIHOW 3a5KHM 3aMbl-
kaeTcst Ha 3emunto. B pexxume DC (BKIIFOUEH MO YMOJIYAHUIO) MOXKHO MPOBOJIUTH OC-
uuiorpauueckue U3MepeHus Kak MOCTOSHHOTO, TaK U MEPEMEHHOTO TOKa. JTOT
PEXKUM €Ille HA3bIBAIOT PEKUMOM «OTKPBITOTO BXOa», MOCKOJIbKY BXOJIHOW CHTHAII
MOCTYNAEeT Ha BXOJ BEPTUKAIBHOTO YCWIMTENS HenmocpeAcTBeHHO. C mpaBoil cTOpo-
HbI OT KHONIKK DC pacrnosnoXeH BXOJHOW 3aKHUM.

- x|
Expand | Ground (%

—Time base Trigger
[ Edge MEE | (%
¥ position | 1 Lewel

agan

—Channel A Channel B
L1 =]l [ =]
¥ position | 1 = | position | 11 2
ACjo/EE @ AC|o|EHE =
Pucynok 3

PesxuM pa3sBepTKH BhIOuMpaerca kHonkamy MM B | &8 | | B pexume Y/T
(OOBIUHBIN pEXUM, BKIKOYEH MO YMOJYAHUIO) PEATU3YIOTCS CIEAYIOIIHE PEXHMBI
Pa3BEPTKU: 10 BEPTUKAIIM - HANIPSKEHUE CUTHAJA, 10 TOPU3OHTAIIN - BPEMSI; B PEKU-
Me B/A: mo BepTHKanm - CHUTHAJ KaHaia B, 1Mo TOpu3oHTaIM - CUTHAI KaHaja A; B
pexxume A/B; o BepTHKanu - cUrHalI KaHaia A, TI0 TOPU30HTAJIU - CUTHAJI KaHaia B.

B pexume Y/T nmurensHocts pazBeptku (TIME BASE) moxeT ObITh 3a/1aHa B
nuama3one ot 0,1 uc/men (ns/div) mo 1 ¢/aen (s/div) ¢ BO3MOXHOCTBIO YCTaHOBKH
CMENICHUS B TEX K€ eAUHUIAX 110 TOPU30HTANIH, T. €. 1o ocu X (X POS).

B pexume Y/T mpenycmotpen Taxxe xaymuid pexum (TRIGGER) ¢ 3amyc-
koM pazBepTku (EDGE) mo nepenneMy unu 3agHemMy (GpOHTY 3aITyCKAOIIETO CUTHA-
Ja (BbIOMpaEeTCsl HAKaTUEM KHOIIOK ) 1@ = | ymupyemoM ypoBHe (LEVEL) 3a-
nycka, a Takxke B pexxume AUTO (ot kaHaa A wim B), ot kaHana A, ot kaHaia B
iy oT BHemHero ucroynuka (EXT), moakirogaeMoro K 3akumy B OJIOKe yIpaBle-
Huss TRIGGER. Ha3Banubie pexuMbl 3amycka pa3BEpPTKH BBIOMPAIOTCS KHOMKAMH

EIE ~ | 8| B« |

3azemienue ocuuiiorpada ocyuiecTpisiercs: ¢ nomoinpio kiiemmbl GROUND

B [IPaBOM BEPXHEM YTy mpudopa.



4

2.
: 2]
T g.8888 = Tz g.8068 = T2-T1 g.8008 =
R AT AR -0
“B1 WBZ WB2-B1
— Time base — Trigger — Channal & — Channel B
[ S | Bige  EE % [ £ 5] | Reduce |
¥ position | 1N = | Lewel m = Y position | 111 2] | ¥ position [ 1 =] | Reverse
MGl be(AR] BN ABIEa] | Ac|oEH 4c| o JEE save
Pucynoxk 4

[Tpn Haxxatun Ha kHONKYy ZOOM nuueBas naHenb ocuusuiorpaga CcyiecTBeH-
HO MeHsieTcsl (puc. 4) - yBEIIMUMBAETCS pa3Mep SKpaHa, MOSBISETCS BO3MOMXKHOCTb
INPOKPYTKH U300paXEHUs MO TOPU3OHTAIM M €r0 CKAaHUPOBAHMS C MOMOIIBIO BEPTH-
KAJIbHBIX BU3UPHBIX JIMHUM (CHMHEr0 M KPacHOI'O LBETA), KOTOPBIE 3a TPEYTOJbHBIE
yiiku (oHU 0003HaveHb! upamu 1 1 2) MOTYT OBITH KypCOPOM YCTaHOBIICHBI B JIIO-
0oe Mecto 3kpana. [Ipy 3TOM B MHAMKATOPHBIX OKOLIKAX MOJl 3KPAHOM MPUBOISATCA
pe3yJIbTaThl U3MEPEHUS HANPSKEHUs, BPEMEHHBIX MHTEPBAJIOB U UX IMPUPALICHUN
(MeX1y BUBHPHBIMU JIMHUSIMU ).

N3o6paxkenne MoxkHO MHBepTUpOoBaTh HaxkaTueMm kHONkM REVERSE u 3anu-
caTh JaHHbIe B (aitn HaxkatueMm kHOMKU SAVE. Bo3Bpar kK UCXOJIHOMY COCTOSIHUIO
ociuiorpada nmpousBoautcs Haxxaruem kHonku REDUCE.



Jlabopatopnas padora Ne 1. SJIEKTPOTEXHUKA. NCCJIIENOBAHUE
MHOI'OKOHTYPHOU CUCTEMBI ITOCTOAHHOI'O TOKA.

1. OEJIb U 3ATAYUN PABOTEL

DKCIEpUMEHTAIbHOE UCCIEAOBAHUE CIIOKHBIX MHOTOKOHTYPHBIX CHCTEM IIO-
CTOSIHHOTO TOKa. [I[pnoOpereHns HaBbIKOB pacyeTa TaKuX LIeTei.

2. OBIIME ITOJTOXEHMNMAL.
BennunHa TOka B HEPA3BETBJIEHHOM AJIEKTPUUECKOM LIEMU C HECKOJIBKUMHU HUC-
TOYHUKAMU OIpeJessieTcs OTHOIIeHHeM anredpandeckoi cymmbl JJ[C Bcex ucCTOU-

E
HUKOB K IIOJIHOMY COIIPOTHBIICHHUIO LIENH | = %
HanpspkeHue Ha 3akMMax HCTOYHHUKA, pabOTAaIOIIEro B pexXUME MOTPEeOUTEN,
oonbire yem DJIC caMoro UCTOYHHKA Ha BEIMYMHY MaJCHUS HANPsDKEHUS HA BHYT-

peHHEM COIPOTUBIICHUH 3TOI'O UCTOUYHHUKA U =F, _+IR

nomp nomp nomp "
HanpspkeHne Ha kiieMMax MCTOYHHKA, paOOTAIOIIEro B PEKUME TeHepaTopa,
MeHble, yeM D/[C ucTOYHMKa Ha BEIUMYMHY IaJCHUS HANPSKEHHUsS HAa BHYTPEHHEM
COIIPOTHUBJICHMH 3TOro UCTOYHUKa U, =FE, -IR, .

Hanpspxkenue Ha 1r000M yyactke U =E+ IR .

[ToTeHmanbHas quarpaMma IpeacTaBiisieT coO0l rpapuk M3MEHEHHs] MOTEeH-
L{HAJIOB TOYEK LIENY OT BEJIMYUHBI COITPOTUBIICHUN YYACTKOB MEXIY 3TUMU TOUKAMM.

[epssiit 3axkon Kupxrodga: anredpanyeckas cyMmma TOKOB B BETBAX, COEIMHEH-
HBIX B OJIMH Y3€J, paBHa HYJIO. TOKH, BXOJSIIME B y3€Jl, IPUHITO CUUTATH MOJIOXKHU-
TEJIbHBIMU, a BBIXOIAIINE — OTPULIATEIIbHBIMHU.

Bropoii 3akon Kupxroda: anredpandeckas cymma IJ[C B 3aMKHYTOM KOHTYpE
IIEKTPUUECKOM I[ENMU paBHA anreOpandeckoil CyMMme MaJieHuid HanpsDKEHU Ha BCEX
y4acTKax 3TOU LIEMH, T.€. ZE = z IR. OJ1C ucToyHuka, COBNajaroIas ¢ BLI6paH-

HBIM HallpaBJIeHHEM 00X0J]la KOHTYpa, CUUTAETCS MOJIOKUTEIbHBIM, @ HE COBIAAA0-
11asi — OTPULATEIBHOM.

Meton cBepTHIBaHUS:

CxeMa ynpouiaercsi 1o BO3MOKHOCTH [0 TaKOW, B KOTOPOM MPUMEHHM 3aKOH

Owma.
MeTo1 HaJIOKECHUS
1. B kaxxo0if BeTBH paccMaTpuMBaeMOil 1IeTH HaIMpaBJIEHUE TOKAa BBHIOH-
paeTcs MpOU3BOJIBHO
2. KonnyecTBO pacdyeTHBIX CXEM LIENU PABHO KOJWYECTBY MCTOUYHHUKOB
B UCXOJHOM CXEME
3. B KaXJOW PAaCUETHOM CXEME JECUCTBYET TOJIBKO OJAWH HCTOYHUK, a

OCTAJIbHBIC MCTOYHUKHN 3aMCHAIOTCA WX BHYTPCHHHMH COIIPOTHUBIIC-
HUSIMU.
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4, B kaxpaoil pacdyeTHOM CXE€ME€ METOJIOM CBEPTBIBAHUS OMNPEACISIOT
YaCTUYHBIE TOKU Ka)J0W BETBH.
S. Hckomble TOKHA Ka)XI0W BETBU PACCMAaTPUBAEMOMN CXEMBI ONpPEIEIIs-

FOTCA KaK anre6panqec:1<a;1 CyMMa YaCTHUYHBIX TOKOB B 9TOH BETBHU.

2.1 MeTo1 KOHTYPHBIX TOKOB
SIBnsieTcs OHUM U3 OCHOBHBIX METOJIOB pacueTa CIOXKHBIX 1enei. OH 3akito-
4YaeTcs B TOM, UTO BMECTO TOKOB B BETBSIX ONPEAECIISIIOTCS HA OCHOBAaHUU 2-TO
3akoHa Kupxroda Ttak Ha3piBaeMble KOHTYPHBIC TOKHU. [Ipy 3TOM UCKITIOUaOT-
cs1 ypaBHeHus 1-ro 3akoHa Kupxroda. YpaBHeHUs: MOTYT OBITh 3aMKCaHbl, €C-
JI IPUMUCATH KAXKJIOW STYENKE HEKOTOPBIM KOHTYPHBIA TOK, COBIIQJAOIINN C
TOKOM BHEIIHUX BETBEW.

2.2 MeTto y3710BBIX MOTEHIINAIOB

DTOT METO/I TTO3BOJISIET YMEHBIITUTh YUCII0 YpaBHeHUN Kupxroda 3a cuet UcKito-

YEHUs ypaBHEHUH 2-ro 3akoHa. Ha cxeme npuHuMaeM noreHuuain Touku "O" pas-

HBIM HYJIIO.

2.3 MeToa 5KBUBAJIEHTHOTO T€HEepaTopa
MeTton pacyera TOka B BBIJICJICHHOW BETBU, OCHOBAHHBIA HA 3aMEHE aKTHBHOT'O
JIBYXIIOJIFOCHUKA 3KBHBAJIEHTHBIM T'€HEPATOPOM, MPUHAITO HA3bIBaTh METOAOM
SKBUBAJICHTHOTO T'€HEPATOPA, & TAKKE METOJOM XOJIOCTOIO XOJIa U KOPOTKOIO
3aMbIKaHHS.
PekoMenayercs Takas mocjie0BaTeIbHOCTh PAcYeTa TOKA 3TUM METOJIOM:
1. HailTh HampsKEHUE HA 3aKMMaX PA30MKHYTOM BETBU 12;
2. OMpeAeNnuTh BXOJHOE COMPOTHUBIIEHUE R _BCEH CXEMBI 110 OTHOIIICHUIO K

3axuMaM 12 npu 3akopodeHHbIX UCTOUHHKAX DJIC ¥ pa30MKHYTBIX BETBSIX
C UCTOYHUKAMU TOKa;
3. MOACYUTATH TOK IO hopMyIIe
l =U,/(R+R,)
€CJIM COMTPOTUBIICHUE BETBH 12 paBHO HYNIO R =0, TO JJIT HEE UMEET MECTO
PEXUM KOPOTKOTO 3aMBIKaHUS, @ IPOTEKAIOIINI B HEM TOK €CTh TOK KOPOTKOTO
3aMBIKaHUS
| =U,/R,

2.4 TloTeHMaapHOM TUArpaMMOi Ha3bIBAIOT TpauK, HA KOTOPOM MO OCH abc-
LMCC OTKJI/IbIBAIOT COMTPOTUBIICHUS PE3UCTOPOB, a [0 OCH OPJAMHAT — MOTEH-
1[MaJIbl COOTBETCTBYIOIINX TOYEK JIEKTPUUECKOU cXxeMbl. CONMPOTUBICHUS pe-
3MCTOPOB OTKJIAJBIBAIOT TOOYEPEAHO APYT 32 APYTOM B TOM MOPSAJKE, B KOTO-
POM OHH CIEAYIOT MPU 00X0/1€ UCCIAEAYEMOr0 y4acTKa IEeMu.

2.5 bananc momHocTel. [Ipu nporekaHuu TOKOB MO CONPOTUBIICHUSAM B MOCTE-
HUX BBIJIEsIEeTCs TerioTa. Ha ocHOBaHMM 3aKOHA COXPAHEHUs SHEPTUU KOJIHU-
YECTBO TEIJIOTHI, BBIACIAIONICECS B €AMHUILY BPEMEHH B CONTPOTUBIICHUSIX
CXEMBI, JIOJKHO PAaBHITHCS DHEPTUH, TOCTABISIEMOM 3a TOKE BpEeMsI HCTOYHU-



KOM IIUTaHus. Y paBHEHUE YHEPTETHUECKOro Oaanca Ipy IMMUTAaHUH TOJIBKO OT
ucrounnkos D/1C nmeer Bug Y I°R =) El

Korga cxema nuraercst He TOJIbKO OT UCTOUYHUKOB DJ[C, HO U OT UCTOU-
HUKOB TOKA, T.€. K OTAEIbHBIM y3JaM CXEMbI OATEKAOT U OT HUX YTEKAIOT
TOKW MCTOYHHKOB TOKA, MPY COCTABJICHUH YPaBHEHUS YHEPTETHUECKOTo 0a-
JaHca HEOOXOIUMO yUeCTh U DHEPTHUIO, TOCTABIISIEMYI0 MICTOUHUKAMU TOKa.
Homyctum, 4To K 1-My y31y CXE€MBI MOJATEKAET TOK , & OT 2-TO y3Jia OH YTEKAET.
JlocTaBnsiemasi ”CTOYHUKOM TOKa MOIIHOCTh paBHa U,,| . Toraa oOuuii Bua

YPaBHEHHS SHEPTeTHUECKOro OanaHca uMeeT Bua Y 1°R=D"El +> Ul

3. 3BAJIAHUE HA PABOTY
1. JIns cxembl COCTaBUTh JJII BCEX Y3JIOB W BETBEH ypaBHEHHUsS 3aKOHOB
Kupxroda;
2. OnpenenuTh TOKA B BETBSAX UCMOJB3Ysl JTIO00H U3 METOJ0B (MCXOAHBIC TaH-
HbIe Tabmma 1)
3. TlocTpouTh MOTEHIIUATBHYIO AUATPAMMY;
4. CocrtaBUTh OajlaHC MOIIHOCTEM.

4. TIOAT'OTOBKA K PAGEOTE U [TPOI'PAMMA EE ITPOBE/IEHU .

4.1HauepTuTh cXxeMy NPOBEICHHUS IKCIIEPUMEHTA, IPEABAPUTEIBHO MOAKIOYUB
HE0OXOIMMbIE TTPUOOPHI.

4.2V3y4nTh CXeMy MOCTOSTHHOTO TOKa, 3alicaTh BEJIMYUHBI COMTPOTUBICHUI BXO-
JSIIIMX B HEE PE3UCTOPOB U ONPEAEIUTh OCHOBHBIE XapaKTEPUCTUKU MTPUOOPOB
(mpenensl U3MEPEHHSI U KJIACC TOYHOCTH).

4.3IIpoBenenue paboOTHI

4.4CpaBHUTH pPe3yJIbTAThl pacueTa U IKCIIEPUMEHTA, C/I€JIATh BHIBO/.

4.5 IloaroroBuTh OJaHK OTYETA U MUJUIMMETPOBYIO Oymary c 4epTexeM MOTEH-
LAAJIBHOW TUarpaMMBl.
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Pucynok 1. cxema MHOTOKOHTYPHOM LIENN ITOCTOSIHHOTO TOKa
5. COJIEPXKAHUE OTYETA I10 JIABOPATOPHOI PABOTE

OTueT cocTaBisAeTCs OTACIBHO KaXIbIM CTY/IEHTOM U BKJIIOUAET B CEOS:

- KpPaTKYIO XapaKTepUCTUKY pabOThl, B KOTOPYIO BXOJAT 11eb paObOThI U KpaTKue
TEOPETUYECKUE CBEJICHHUS;

- BBIIIOJIHEHHOE MPE/IBAPUTENBHOE TIOMAIIIHEE 33]JaHNUE;

- CBOJIHYIO Ta0JIUIly pe3yJIbTaTOB 3aMEPOB U PACUETOB;

- BBIBO/IBI 110 paboTe.

6. KOHTPOJIBHBIE BOITPOCBI.

6.1Kakx ¢ momompio MpUOOPOB MATHUTOAICKTPUYECKOW CHUCTEMBI OMPENCITUTh
HaIpaBJICHUE JIEKTPUUECKOTO OIS U TMOISIPHOCTD HATIPSIKEHUS?

6.2Kak 3ammceiBaeTcsl i1 BBIOPAHHBIX TACCHBHOM M aKTUBHOW BETBEW 3aKOH
Oma?

6.3YTo Ha3bIBAETCS Y3JI0M M KOHTYPOM DJIEKTPUUECKOM 1ernu?

6.4Kak n3meputh nmoTeHIIAaI TOUYKHA?

6.5MoryT 1 TOKM B BETBSX W MOTCHIMAJIBI TOUYEK UMETh OTPHUIATCIIBHOE 3HAYC-
Hue?

6.6Kak mocTpouTh MOTEHIIMAIBHYIO TUarpaMMy?

6.7Kak 1o moTeHIIMANBHOW JUArpaMMe OTPEICIUTh HAMPSHKCHUE MEXTY JABYMSI
TOYKaMHu?

6.8Kaxk ompezensieTcsi BeMMYuHaA U HAPaBJICHUE TOKA B HEPA3BETBICHHOM IIETIH C
HeckoJabkumu 2 J1C?

6.9Kak onpenensiercss HampsiKEHUE Ha KJIeMMaxX MCTOYHUKA, paboTaroiero B pe-
KUMeE TeHepaTopa v B pexuMe moTpeouTes?

6.10. Kak onpenensroTcs NOTEHIHAIBI TOUEK IEKTPUUECKON 1enu?

10
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6.11. Kak ucnons3yrorcst 3axkonbl Kupxroda nns pacuera CIOXKHBIX 3JIEKTpUYE-
CKHUX LeTen?

6.12. JlaiiTe onpeneneHue nmepBoro U BToporo 3akoHoB Kupxroda.

6.13. B uem 3akirouaeTcs METOI HAJTOKEHUA?

6.14. Korna u Kak MOKHO MPUMEHSTh METOJ1 Y3JI0BOTO HANIPSKEHUS?

6.15. B yem 3akirouaeTcsi METOJT KOHTYPHBIX TOKOB?

6.16. Korma n kak MCIONB3yeTCSI METOJ CBEPTHIBAHUS, NMPUBEINTE PACUETHHIE

bopMyIIbI.

11
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JlaGopaTopnas padora Ne 2 DJIEKTPOTEXHUKA. UCCIIEJJOBAHUE
TPEX®A3HBIX LHEITEN.

1. OEJIb U 3AJJAYUU PABOTBI.
- MHccnenoBanune amruTyHo-(a30Bbix cootHomeHuit as D/C B Tpexdaznom
reHepaTope

- HW3mepenue nuHEHHBIX U (a3HBIX HAMPSIKEHUHI
HccnenoBaHue aMIUIMTYAHO-(A30BbIX COOTHOLIEHUM ~ MEXAy TOKaMH U
HaMpsHKEHUSIMU B 3-X (Da3HBIX HEnsX MpU pa3InyHbIX COCIMHEHUSX (a3 reHe-
paropa M Harpy3Ku:

. CoennHenMe 3B€3/1a-3B€3/1a C HYJIEBBIM IPOBOJIOM

. Coenunenue 3Be3/1a-3B€3/1a

. CoenuHenue 3B€3/1a-TPEyroIbHUK
HccenenoBanre HECUMMETPUYHBIX PEXKUMOB
N3mepenne MOITHOCTH B TpeX(a3HbIX IEmsIX

QW

2. OBILME INOJIOXKXEHUA 1 OBBEKT UCCJIELOBAHUA

MmuorodasHas 1ernb — ’TO COBOKYITHOCTh HECKOJIBKHUX AIEKTPUUECKUX IIeTIeH, B
KOTOPBIX JIEUCTBYIOT cuHycouaanbHbie DJIC 0ITHOM 1 TOM ke 4acTOThI, OTIIMYAIOIIH-
ecs Apyr oT apyra mno ¢asze U co3JaBaeMbie OOIIMM HCTOYHHUKOM 3JIEKTPUUYECKOM
sHepruu. OTIeNnbHbIC SJEKTPUUECKUE IeNu, 00pa3yrole MHOTO(a3HYyl0 CUCTEMY,
Ha3BIBAIOT (pa3aMu, YUCJIO LETEH, BXOAIIUX B CUCTEMY HA3bIBAIOT YUCIIOM (ha3.

CookynHocTh DJIC, aeficTByOMMUX B MHOTO(Aa3HON cCHUCTEME, HA3bIBAIOT
MHorogaszHou cuctemoit JC, a COBOKYITHOCTb TOKOB, MPOTEKAIOIINUX B ATUX IEMAX
— Tpex(}a3zHoil cHCTEMOI TOKOB.

MHuoroda3Hsliif reHepaTop COCTOMT U3 M 0OMOTOK, CABUHYTHIX JIPYT OTHOCHU-
TEJIbHO JpYra Ha HEKOTOpKIE Yribl. Bpamas ux ¢ noCTOSIHHOM yrioBOM CKOPOCTHIO B
OJIHOPOJTHOM MarHUTHOM I10JI€, MOJTYYUM M-MHOTO(a3HbIN TeHepaTOp CUHYCOU1alb-
HbeIX DJ1C, cIBUHYTHIX 10 (a3e Ha YIIIbl, paBHBIE yTiaM MEXI1y 0OMOTKaMHu.

MHuorodasHasi cuctema Ha3bIBa€TCSI HECBSI3AHHOM, €CJIH €€ COCTaBJISIONINE
AIIEKTPUUECKH HE COESMHEHBI MKy CO00M, B MPOTUBHOM Cily4ae CCTeMa Ha3bIBa-
€TCs CBA3aHHOM.

CymiecTByeT J1Ba OCHOBHBIX CITOC00a CBSI3bIBAHUS MHOTO(Aa3HBIX CHUCTEM: CO-
€MHEHUE 3BE3710M U COCIMHEHNUE MHOTOYTOJIbHUKOM (TpeyrojabHUKoM). CoeuHeHne
3BE3/101 BBIMOJHSIOT, 00BEIUHSS Hadaaa BCceX ero (a3 B OAHY OOIIYIO TOUKY, Ha3bI-
BAaEMYIO0 HEUTpaabHOU TOUKOM. CBSI3b MEXKIAY F€HEPATOPOM M HATPY3KOH MOXKET
OCYIIECTBIIATRLCS TTPHU MOMOIIH poBoAoB A,B,C, uaymumx oT KOHIIOB BceX 0OMOTOK
(coennHeHUE 3B€3/1a-3B€3/1a), a HHOTJIa U OT HEUTpaIbHOM TOUKHU reHepaTopa (3Be3-
Ja-3Be37a ¢ HeUTpaabHBIM MPoBoAoM). [Ipu 3ToM poBoa, uayle 0T 0OMOTOK ,
HA3bIBAIOT JINHEWHBIMHU, a TIPOBOJ UAYIIUNA OT HEUTPAJIbHON TOYKU — HEUTPAJIbHBIM.
Coeaunenue 0OMOTOK T€HEPATOPa MHOTOYTOJILHUKOM OCYILIECTBIISIIOT, COSIUHSS
Hayajgo OOMOTKH KaxK10H (ha3bl ¢ KOHIIOM OOMOTKH Clieayromiei (a3bl.
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O/1C, uHayKTHpYEeMbIe B 0OMOTKAaX TeHepaTopa, HAMPsHKCHUS Ha 3aKHMax
TUX OOMOTOK U TOKU B HUX HA3bIBAIOT (pa3HBIMU, a HAMPSKEHUSI MEXK]TY COCETHUMU
JIMHEWHBIMH MPOBOJIAMH M TOKU B HUX HAa3bIBAOT JINHEHBIMHU.

Jlnst TpexdazHoi CUCTEMBI

e, = E, sinot ,e; = Emsin[Ecot —z—ﬂj,ec = Emsin[a)t —4—”J = Emsin(a}t +2_”j
3 3 3

2n j4l _jzi
E;=E,e ® =Ee ® =Ee 3,

7]477r 27 Ar

E.=E,e 3 =Ee ® =Ee 3.
e“
A B C
0 ol
X \
N—
2 2w
3

Puc.1 BonHoBast u BekTOpHBIE AUarpaMMbl Tpex(a3zHOM CHCTEMBbI TeHepaTopa

CooTHoleHuss Mexay (pa3HbIMU U JIMHEWHBIMUA TOKaMHU U HaNPSHKEHUSIMU
ONPEAEIISIIOTCS TUIIOM COEIMHEHUS U TUIIOM HArpy3Ku — CAMMETPUYHOM WJIU HECUM-
METPUYHOH (OJTHOPOJHOM MIIM HEOJHOPOIHOM, pPABHOMEPHOM HIJIM HEPABHOMEPHOM )

JInsi CHMMETpUYHOM Harpyske 2, =2, =2.,2,, =2, =Z,

IIpn paBHOMEpPHON HArpy3Ke MOAYJIM CONIPOTUBJIEHUN PABHBI
Lo =Ly =L Loy =1Ly =Lgy

IIpy 0AHOPOIHOM HATPY3KE @, =@, =P, , Poy = Ppe = Py - PAZHBIN YTOJI KAXKIAOU
dassl ¢, =arctg(X, /R,), rae X,,R,- peakTUBHAS U aKTUBHAsI COCTABJISIONIAS KOM-
IUIEKCHOTO COTIPOTHUBIICHHUSI HATPY3KH COOTBETCTBYIOMIEH (ha3bl.

3Be3na-3Be3/1a ¢ HyJIeBBIM NPOBOAOM IPH JIK000i1 HATpy3Ke:

dasuble TokM |, =U,/Z ;1, =U,/Z,;1.=U,/Z,

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

JIMHeHHoe Hanpspkerne U, =U /3

3Be3aa — 3Be311a ¢ HyJ1eBbIM IIPOBOIOM IIPH CHMMETPHYHOI HArpy3Ke:
®a3znble TOKM |, =1, =1,=U,/z,, TOK B HEUTpAJIBLHOM IpOBOJE |, =0
3Be3na-3Be3/1a 0e3 HyJ1eBOro NMPOBO/AA MPH JIH000i HATPY3Ke:

o u,Y U Y +ULY
Hanpsoxenne cMmereHus HelTpamu U, = =22 TXele T cXc
- Ya+Yg+Yc+Y,y

3Be3a-3Be3/1a 6e3 HyJIeBOro MPoBoa NMPH CHMMETPHYHOIl HATpY3Ke:
Y.U,+U,+U
:—l :XB:\LC,XNFL,QON:_A(_A =2 _C)ZO'
L, +Z Zy Y+ Yy

——A
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Torma 1, =0 ¥ HEUTpAJIBHBIM ITPOBOJ HE HYKEH.
Toku B a3HBIX IPOBOAAX:

u,-uU
|, ==A"=ov-yy,,
A ZO+Z = A—A
U, -U
g ===—5=U,Y,,
Zy+Z
U ]
LIS === =U.Y,
Zy,+2Z

OJIMHAKOBBIE 110 BEJIMYMHE U MOCIEN0BATENbHO cMenleHsl 1o ¢asze Ha 120°, To
eCThb

Ia+1g+1.=0.

JIuneiinple TOKU paBHBI (ha3HBIM

HecMoTps Ha 3aMeTHOE yI0pOKaHUE JIMHUA SJICKTPOTIEPEIadyy MPU UCITOIH30-
BaHWM HEUTPAIHHOTO MPOBOA, €TO TEM HE MEHEE B MMOTPEOUTEIILCKOM CETH TTPpUMe-
HSIOT BCJICJICTBHE BO3MOKHON HECUMMETPHUU CUCTEMBIL. [Ipu 3TOM ceueHue HyJIeBOTro
POBOJIa OEPYT WIIM PaBHBIM CEUCHHIO JIMHEWMHOTO MPOBO/IA, UJTU 1a’KE€ MEHBIIINM.

3Be3aa-TpeyrosfibHUK Npu nobon Harpyske
U

C ca

¢aznbie Hanpsoxenust U, =U,, =U, =
JIMHENHbIe HanpsbkeHus U, =U
JUHEUHBIC TOKH 1, =1, — 1, lg =1, =1, 1c =1, -1,
3Be31a-TpeyroJIibHUK NP CHMMETPUYHON HATpy3Ke
JIMHENHBIE TOKH | :\/§|¢; l,=1,=1,=I

C

pasHbre TOKH 1, =1, =1, =1,=U,/Z

MoumHocTh B Tpex(pa3HOM cucTeme:
AxTtuBHas P, + P, + P, =P,

u,l .
P=3Ugl,cosp Ugl, =—=,P=3U,l,Ccos¢p = \3Ulcosg, rae unmexc « JI » (muHelHbIe

NE]
BEJINYMHBI) OOBIYHO OITYCKaeTCH .
[Tpu cummerpuaHoil Harpyske a3 P = 3P, .Cucrema, o0nagaromasi TAKHM CBOHCTBOM
, Ha3bIBACTCS YPABHOBEIIICHHOM.

PeakTuBHas MomHOCTE Q=Q, + Q4 + Q.
WA IIPU CUMMETPUYHOM Harpy3ke Q =3U 1 sing = \3Ulsing .
[Tomuas MOII[HOCTb npu CUMMETPUYHOU Harpyske

S=3U,l, =+3-U,S=P? +Q’

M3mepenune MOITHOCTH B TpeX(pa3HOW CHUCTEME MOXKHO MPOBOIUTH TPEMS U
nByMsi BaTT™MeTpamu. CxeMa ¢ TpeMsi BATTMETpaMu Tpe/roiaraeT HaIudue HyJIeBOro
MPOBOJIA, a CXeMa C IByMs BaTTMeTpamu (cxema ApoHa) Oojiee yHUBEpcallbHA: T10-
Ka3aHUs BAaTTMETPOB B ATOU CXeMe ompeesieTcs o popmynam:

P —P
P,=U,Il ,cos(¢—30"); P,=U 1, cos(p, +30°);p=arctg—-=

1+2
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IIPU CUMMETPUYHOU Harpy3ke P, + P, =U ;1 , cosg;P, —P, =U ;1 ,sing

3. 3AJJAHUE HA PABOTY

3.1 CoenunHenue 3Be31a-3B€3/1a C CHMMETPUYHOM HArpy3Kkou puc. 2,3

3.1.1 Ilo ncxoaHbIM AaHHBIM Ta0J.1 onpeaenuTh 3HaUCHUS TMHEHHBIX U (ha3HbBIX
TOKOB U HaIIPSKEHUU

3.1.2. [1o nogy4eHHBIM 3HaUYEHUAM I1.3.1.2. ONpenenuTh aKTUBHYIO, PEAaKTUBHYIO
Y TIOJIHYIO MOIIIHOCTH Harpy3KH.

3.1.3. IlocTponTh BEKTOPHYIO AUarpaMMy TOKOB M HAIIPSIKEHUN

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

3.2.1. [loBTroputh nyHktsl 3.1.1.-3.1.3

3.3. CoennHeHME 3BE3/1a-TPEYTOJIBHUK C CHMMETPUYHON HArpy3KoM puc.5

3.3.1. Ilo ucxoaHbIM JaHHBIM Ta01.2. OMPEACIUTh 3HAUCHUS JTMHEHHBIX U (ha3HBIX
TOKOB U HAIIPSDKEHUH

3.3.2 IloBroputs myHKTHI 3.1.2.-3.1.3

3.4. CoenuHeHue 3Be3/1a-TPEYTrOJIbHUK C HECUMMETPUYHOW HArpy3Kkou puc.6
3.4.1. [loBTroputh nmyuktsl 3.1.1.-3.1.3

4. TIOAT'OTOBKA K PABOTE U ITPOI'PAMMA EE BBITIOJIHEHN 4.

a.
b.

® o

N3yuuts onrcanue paboThl.

[ToaroToBUTH OJIAHK OTYETA U MUJJTUMETPOBYIO OyMary JJist CHSTHS OC-
LAJIIOTPAMM.

Cobpatb cxemy

[ToakmounuTh TPUOOPHI

VY CTaHOBUTH YacCTOTY M ICUCTBYIOIINE 3HAUCHHUE U a3y CUTHAJIA TeHe-
paTopoB

YcTaHoBUTH HEOOXOIUMBIEC 3HAUEHUS COTIPOTUBICHUHN KX 101 13 (a3
CHATh noKa3zaHus npuOOpoB

CpaBHHTB C paCYETHBIMH, CAENATH BBIBOJIBI 10 KAXKJIOMY U3 COCINHEHUN
3apucoBathb MoKa3aHus ocHuiorpada, caenaTh BbIBOBI.

Cnemnaiite BbIBOJ 110 paboTe
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Z3a
"JIL;F 0.1k Ohm
| W
mlL;F 0.1k Ohm
el
":'IL;F 0.1 k Ohm
11
Tnscilloscope |
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Puc. 6 cxema MofenupoBaHus 3B€3/1a — TPEYTOJIbHUK ¢ HECUMMETPUYHOM HArpy3Kou
Zab # Zbc # an

5. COJIEPXKAHHME OTYETA I10 JIABOPATOPHOM PABOTE

OTueT COCTaBISACTCS OTJCIILHO KAXKIBIM CTYICHTOM M BKJIFOUYACT B CEOS:

- KPaTKYI0 XapaKTEePUCTUKY PabOThI, B KOTOPYIO BXOMIST 1€JIb PA0OTHI U KPaTKHE
TEOPETUICCKHE CBEICHUS;

- BBITIOJTHEHHOE TIPEIBAPUTEIILHOE JIOMAIITHEe 33/ 1aHHE;

- CBOJIHYIO Ta0JIUILy Pe3y/IbTaTOB 3aMEPOB U PaCUETOB;

- BBIBOJIBI 11O paboTe.

6. KOHTPOJIBHBIE BOITPOCBI.

6.1 [laiiTe onpeaeneHue MHOTo¢pa3HOM CUCTEMBI

6.2 Uto Takoe TpexdaszHas cucTeMa U Kakue cXeMbl coeuHeHus ucTouHukoB DJIC ¢
NOTpEeOUTENIMU TIPUMEHSIOTCA. JlIOCTOMHCTBA M HEJOCTATKHU PA3NMYHBIX CXEM CO-
€AUHEHUS.

6.3 CocTaBbTe BBIpQXKEHHUS JIJISI MTHOBEHHBIX 3HaueHUi PazHpix JJ[C 1 ux KoMILIeK-
COB JJI IBYX, YETHIPEX, IIECTU U ABEHAALATHU(AZHBIX CUCTEM.

6.4 Kakas Harpy3ka Ha3bIBA€TCS CHMMETPUYIHOU, pABHOMEPHOU U OJTHOPOTHOM

6.5 YKaXuTe COOTHOIICHHS MEX Ty ()a30BBIMU U JIMHEWHBIMUA TOKAMH U HATIPSKEHU-
SIMU B Pa3JIMYHBIX CXEMaX COCIMHEHUS

6.6 Kak n3MeHsieTcst mpu CUMMETPUYHOW Harpy3k€ MIHOBEHHOE 3HAUEHHUE B KaXKI0U
daze u cymmMapHasi MTHOBEHHAs! MOIIIHOCTh

6.7 UTo MOHMMAIOT MOJ CMEUIEHUEM HEUTPANIH, B KAKUX CIy4asiX 3TO BO3ZHUKAET U
KaK ONPEACIUTh

6.8 HeoO6x01MMOCTh HEUTPATBLHOTO MPOBOAA

6.9 YTo MOHMMAIOT MOJ] aKTUBHOM, PEAKTUBHOM U TIOJIHOM MOIHOCTH 3-X Qa3zHoM
cucteMsl. [IpuBenure pacueTHbie (POPMYJIBI.

6.103apucyiite cxemy U3MEpPEHHsI MOIIHOCTH TPEMsI BATTMETPAMH

6.113apucyiite cxemy ApoHa

6.12 Kak n3meHsieTcss MOIIHOCTh MOTpeOIsieMas CHMMETPUYHOM Harpy3Ko# MpH Ie-
PEKIIFOYEHUH €€ CO 3BE3/1bl B TPEYTOJIbHUK

18



19

bubauorpadguuecknii Ciucoxk

1. XKaBoponkoB M.A. DneKTpOTEXHHUKA U FIEKTPOHUKA: yueOHOE TTocooue s
By30B/M.A. XKaBoponkos, A.B. Ky3un.-M.: Axkagemus, 2005.-400c.

2. KyxexoB C.JI. 'opoackue snexktpuueckue cetu: YuedHoe nocooue/C.JI.
Kyxexos, C.B. I'onuapos.-Poctos-u//1.: MapT, 2001.-256c.

3. Pexyc I'.I'. COopHUK 335124 ¥ YIIPOXKHEHUH 10 AJIEKTPOTEXHUKE U OCHOBAM
ANIEKTPOHUKH: YdueOHOe mocoOure Il HedJIEKTpOTeXHHYecKuX crell. By3os/ I'.I". Pe-
kyc, A.W. benoycos.- 2-¢ uza. nepepad.-M.: Beiciias mkosa, 2001.-416¢.

4. KontoxoBa E.A. DnekrpocHabxxeHne 00bekToB: Yued. mocodue s
cpea.npod. oopazoBanus/E.A.Kontoxosa .-M.: Mactepcto.Bricmr.mk.2001.-320c.

5. lllexoBioB B.I1. PacyeT u mpoekTHpPOBAHUE CXEM DJICKTPOCHAOKEHHUS. :
ydueOHoe nmocobue s cpeaHero npodeccruonanibHoro oopazonanust/B.I1.111exoB110B.-
M.: ®opym. Uadpa-M.2005.-213c.

6. BanoB 1.1. DnexTporexnuka.: yueOHuk it By3os/ .M. Nsanos, I'.U.
ConosbeB, B.C. PaBnonuk. — 4-¢ uzn. Crep.-CII6 u ap.: Jlans, 2006.-496¢.

7. [TanaueBnbiit b.U. Kypc anexkrporexuuku.: yueOHuk 11 By308/ b.U. [1ana-
4YeBHBIN. — 2-¢ u3n. gopad.-Pocros-u//1: Topcunr, 2002.-288c.

8. Hukomnaesckas 1. A. UnxeHepHble ceTH U 000pyI0BaHUE TEPPUTOPHH, 371a-
HUHW U CTPOUTUIOMIAJOK: yueOHUK 171s cpen. mpod. O6pazoBanus/ M.A. Hukonaes-
ckas, JI.A. I'opnonanosa, H.FO. Mopo3osa.-M.: Akagemusi, 2004.-224c.

9. 3aiinieB B.E. DnektpoTexHuka. DIeKTpoCcHAOKEHNE, FIEKTPOTEXHOJIOTUS U
AIEKTPOOOOPYIOBAaHUE CTPOUTENBHBIX IJIONMIAIOK: yueO. mocodue aJis cpell. mpod.
obpazoBanust/ B.E. 3aiinie, T.A. Hecteposa.-2-eu3a. Mcnp.-M. Akagemus, 2004.-
128c.

10. Yc.A.I'. DnextpocHaOkeHHE MPOMBIIUIEHHBIX IPEANPUATUN U TpaXKaaH-
CKUX 3[laHui yueOHoe mocoOue st cpenHux yueOHbix 3aBenaenuit/ A.I'. Y, JLU.
EBmunoB.-Munck: HITOOO «IIuony, 2002.-457c¢.

11. DnekTpoTexHUKa U dJIEKTPOHUKA: yueOHoe mocodue s By308/B.B. Kono-
HeHko u 11p.: oA pen B.B. Kononenko. — 4-e uzn. — Pocros-u//{: ®ennke.2008.-
778c.

12. Kyxekos C.JI. [IpakTuyeckoe mocoOue mo 371eKTPUIECKUM CETIMU K-
tpoobopynoBanuto/ C.JI. Kyxekon, C.B. ['onuapos.-4e uzn. norm. u nepepad.- Po-
croB-H//[:Dennkc. 2010.-493c¢.

19



	Лабораторная работа № 1. ЭЛЕКТРОТЕХНИКА. ИССЛЕДОВАНИЕ МНОГОКОНТУРНОЙ СИСТЕМЫ ПОСТОЯННОГО ТОКА.
	Лабораторная работа № 2 ЭЛЕКТРОТЕХНИКА. ИССЛЕДОВАНИЕ ТРЕХФАЗНЫХ ЦЕПЕЙ.
	Звезда-треугольник при любой нагрузке
	Библиографический список

