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JlTabopaTopHasa paboTta Ne3

MCCNEOQOBAHWE TPEX®A3HbLIX ONOOHbIX
NONYNPOBOAHWNKOBbLIX BbIMPAMUTENEWN

Lenb pab6oTbl: 1. Yrnybutbs 1 3akpenuTb TeopeTUdeckne 3Ha-
HUS MO YCTPOUCTBY U MPUHLUUNY OEUCTBUA CXeM TpexdasHOoro BbIMpAM-
neHus.

2. OBbyunTb CTYQEHTOB METOo4aM IKCrnepuMeHTarnbHbIX NccrenoBa-
HWUW OCHOBHbIX CXeM TpexdasHOro BbINPSMIIEHUs Npu paboTe Ha akTuB-
HYIO HarpysKy u onpegerieHns akcnnyaTaunmoHHbIX NokasaTenen.

3AOAYN SKCNEPUMEHTAJIBHOIO MCCNEQOBAHNA

1. YSICHUTb MeXaHU3M NpoTeKkaHUsl 3NeKTPOMarHUTHbIX NPOLIECCOB
B TpexdasHbIX BbINPSIMUTENSIX.

2. OnpenennTb 3KcnnyaTauWOHHbIE MOKasaTenu MUccreayemblxX
CXEM BbINPSAMIEHNS.

3. OdbopMnTb GNaHK oT4YeTa M 3aLUTUTL MOSyYEHHbIE B XOA€E 3KC-
NepuUMeHTarnbHbIX UCCIeA0BaHUN pe3ynbTaThbl.

OCHOBHbIE CBEAEHNA U3 TEOPUU

Mpouecc npeobpa3oBaHUA MEPEMEHHOIO TOKA B MOCTOSIHHBLIN
Ha3blBaeTCA BbINPAMNEHNEM, a 3NEeKTPOTEXHUYECKME YCTPOMUCTBA,
peanuaylolime Takoe npeobpasoBaHue, MONy4YnsiM Ha3BaHWe Bbinp 4-
MuTenen. Hambonblwee pacnpocTpaHeHWe B MpPaKTUKE MONy4Ynnn
cTatndeckme npeobpasoBaTenn NepeMeHHOro Toka B NOCTOSHHbIW, UC-
NONb3yloLWKne HenMHenHble NonynpoBOAHMKOBbIE NMPUOBOPbLI - BEHTUNN.
Beinpsamutenu moryT 6bITb MOCTPOEHbI Ha HeynpaBnseMblX BEHTUMSX
(anopax) n ynpasnsemMbiX BEHTUNAX (TUpUCTOpaXx).

PaboTy cxem BbINpAMUTENEN NPUHATO XapakTepu3oBaTb C MOMO-
LLbIO CrieayoLWmnX nokasaTenen:
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1. KoadbpuumeHTa cxembl — K.
2. KoathdmumeHTta obpaTHoro HanpskeHust — Kogp.
3. KoadbdpuumneHTa popmbl Kpuon Toka — Kg.
4. KoapdpuumeHTa nynbcaunm — Kn.

B nabopartopHon paboTe npoBOAUTCS UCCReaoBaHUE U 3KCnepu-
MeHTanbHOe onpeaerneHne 3TuUxX nokasartenen ansa Asyx Hambonee pac-
NPOCTPaHEHHbIX B MPaKTUKe cXeM TpexdasHOro BblINpsIMIEHNS:

- TpexdasHOW OQHOTAKTHOM O4HOMOSTYyNEPUOaHOWN;

- TpexcasHON ABYXTAaKTHOW ABYXNONynepnogHon (MOCTOBOW).

PaccmoTpum KpaTko paboTy BbilLenepeyvmCrieHHbIX BbINpsMUTENEn
6e3 yyeTa BIMAHUS urbTpa Ha UX BbIXOAHbIE NapaMeTpbl.

TpexdasHasa ogHOTaKTHas ogHoNonynepmnogHas cxema
BbINpsAMIieHns (cxema Mutkesunya). QHepreTn4eckme napamMmeTpbl U
nokasaTesim Ka4ecTBa BbINPsSMITEHUS

YCTPOMNCTBO COAEPXKUT TpexdrasHbi TpaHcopmaTop 1 Tpu anoaa
(puc. 1,a). MNepBrYHbIEe OOBMOTKM TpaHcdopmMaTopa MoryT 6biTb coeam-
HEeHbl 3BE340M UNN TPEYrofibHUKOM, BTOPUYHbIE OOMOTKM COEOUNHSIOTCS
TOJSIbKO 3BE€30W C BbIBOAOM HYNeBOW TOYKU. Pe3uctop Harpyskm Ry
BKIKOYAETCH MeXay TOYKOW COoeANHEHUA OMOLOB U HYINEeBbIM BbIBOOOM.
Takum obpasom, TpexdasHas cxema BbINPAMIEHUS C HYNEeBbIM BbIBO-
AOM SIBMSIeTCA codeTaHneM Tpex ogHOoMasHbIX BbINPAMUTENEN, NUTalo-
LLUINXCA TPEMSA CUMMETPUYHBbIMU HanpsbkeHnsamu (nocrnegHue cOABUHYTHI
Ha 120°) u paboTaloLwmx Ha OBLLYI0 HarpysKy.

Paccmotpum 6Gonee nogpobHo paboty cxembl. Ha puc. 1,6...e
npeacTaBrneHbl rpadukm HanpsikeHun U TokoB B cxeme. 1o ocu abecuuce
9TNX rpadomnKoB OTIIOXEH hasoBbIv yron at, rae o =27z f — Kpyroeaga 4va-
cToTa nuTaroLero (CETEBOr0) HanpsHKeHus.

3BECTHO, YTO YCNOBMEM MPOXOXAEHUSA TOKa Yepe3 BEHTUMb SIB-
NAeTcsa HanuyMe Ha ero aHoge MNosfoXUTENbHOro rnoTeHumnana no OTHO-
LUEeHUIO K KaTtogy. B gaHHOM BbinpsasMuTene B ftobon Npon3BosibHO Bbl-
OpaHHbIN MOMEHT BPEMEHN OTKPbLIT (MPOBOAUT TOK ) TOT AMOA, aHO4 KO-
TOPOro HaxoAuTcsa nog HambosnbLMM NOMNOXUTENbHBIM MOTEHUNANOM.
AHOObl OBYX Opyrnx anogosB 6yayT MMeTb MEHbLUMW NoTeHuuMan u atu
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Anoabl 3aKpbITbl, MOCKOMNbKY HaNbONbLUNK MNOMNOXUTENBbHbBIN NOTEHUMan
OTKPbLITOrO AN0Aa OKaXKeTCs 3anuparoLmnm ons HuX.

Hanpumep, Ha vHTepBane wt;-wt, (T.e. B TedeHue 1/3 nepuopaa)
nog HanbonbLUNM 0JI0XKUMESIbHbIM NOoTeHUManomMm dasbl a HaxoauTcs
aHog anopa VD1 (puc. 1,6). Yepes VD1, Ry n o6MoTKy dasbl a npoTte-
KaeT TOK Iyp; = Ig =I5 (puc. 1, B). MHgekc d ncnonesyetca ana ob6o3Ha-
YEHUS1 ANIEMEHTOB, TOKOB M HaNPsSKEHUN CXEMbl Ha CTOPOHE MOCTOSIHHO-
ro Toka. QTOT MHOEKC obpasoBaH OT aHrnMMCckoro crnoea “direct” — nps-
MOW. TOoYKa COeQMHEHUST KaTOOOB OKaXXeTCs NPaKTUYECKN Mo NOTEHLM-
anom Toudkm “a@” cxembl. CnepoBatenbHo, VD2 n VD3 6yayT 3akpbIThl,
TaK KaK noTeHumarnbel UX aHoOO0B (TOYKM 8 U C) B 9TOM MHTepBarne 6yayr
MEeHbLLE NoTeHUuana Tovkn a. Ha uHtepBane wt,-wt; Hanbonbwunn ro-
JioxxumersnbHbIU noTeHuuan 6yaet Ha aHoge VD2 (Touka 8), cnegosa-
TenbHo, VD2 npoBogut ToK, a VD1 n VD3 3akpbiThl. Ha nHTepBane wits—
wt, pabotaet VD3, a VD1, VD2 3akpbITbl 1 T.4.

Taknm obpasom, VD1, VD2, VD3 paboTatoT nooyepeaHo, KaXabin
B TeyeHune 1/3 nepunoga; npu 3ToOM Ha Harpysky paboTatoT COOTBETCTBY-
towme pasHble 06MOTKM TpaHcdopmMaTopa.

[MockonbKy B vMaeann3anpoBaHHOW CXEME BbINPSMMEHUS B TpaHC-
dopmaTope 1 BEHTUNE NOTEPb HET, TO MOXHO CcYMUTaTb, YTO (popma Bbl-
NpsAMIEHHOro HanpsbkeHus Uy (cMm. puc.1,e) umeet popmy ormbatolen
da30BbIX HaNpsHKeHUNn BTOPUYHBIX OBMOTOK TpaHcdopmaTtopa (Ua, Up,
Uc).

MoxHO cchopmynupoBaTb MpaBUIO. B CXeMe B J1l0OON MOMEHT
BPEMEHU OTKPbIT TONLKO OAWH BEHTUMb - @ UMEHHO TOT, Yepe3 KOTOPbIN
K pe3NCTOpy Harpyskm nNpunoxeHo Hambonbwee ¢das3Hoe Hanps-
XeHue (Ug, U, Unn Uyg).

ObpamHoe Harnpsi>keHue Ha anoae onpeaensdeTcs ncxoasi U3 Toro,
YTO K 3MeKTpodaM 3aKpbITbiX ANOAO0B MNPUMOXEHa pas3HOCTb NOTEHUMa-
f10B, COOTBETCTBYIOWAA /TUHE UHOMY HanNPsKEeHWO BTOPUYHbLIX 0BMO-
TOK TpaHcopmaTopa.

Kaxxpas dasHaa obmoTka TpaHcdhopmaTopa AaHHOW cxembl pabo-
TaeT NuWwb OAWH pa3 B TeyeHne ogHoW TpeTu nepuoga (cm. puc.l,
0,B,r,4) coOTBETCTBYOLLEro da3HOro HanpsbkeHus. Npu aTom TOK
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Puc. 1. TpexdasHbln OQHOTaAKTHbIW O4HOMONYNEPUOAHbIN

BbINPAMUTETb MwuTkeBuya: a — ANeKTpunveckasa rpnHunnmalsibHad cxema,

6...e — AMarpamMmmbl HanpsXKeHU U TOKOB

npoTeKaeT no obMOTKE TONLKO B OAHOM HarpaBJ1IEHNN. HOSTOMy nosAB-
J1IAl0Wandcd B 3TOM Cllydae NoCTOAHHaA COCTaBlidOWaA TOKa Bbl3blBAaeT

8bIHY)XOeHHOe noOMazHuU4YuU8aHuUe MarHMTonpoBoaa TpaHcopmaTopa.

CpeaHee 3HayeHue BbINPSAMITIEHHOro hasHOro HanpsiKeHust onpe-

aensaeTcs BblpaxeHnem (cMm. puc.2.1,6)
517/6

5717/6

17/6

1 3
4= 5r Juz-dwt =
— 717/6
3
343
:?’UZm 20,83'U2m.

Torpa U,, =U, /083.

IUZm -sinwt -dwt =
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HencTeyowee 3HayeHne as3HOro HanpshkeHns BTOPUYHOW O6-
MOTKM TpaHcopmaTopa
U, =U,,/~/2 =U,-/+/2-083=0,855-Uj,. (3)
mnynbcHoe obpaTHoe HanpsbkeHue, npuknagblBaeMoe K Hepa-
boTalWmMM BEHTUMSIM, PaBHO BTOPUYHOMY JIMHEWHOMY HaMPSKEHUIO,
TaK Kak 9T BEHTUNKN NOAKITIOYEHDBI KaXXAbIW K "CBOEN (pase”, a katogamu
— K gpyron hase yepes paboTtarowmn BEHTUNb. Takum obpasom, amnnu-
Tyaa obpaTHOro HanpshkeHus paBHa aMnnuTyge NMHENHOro Hanpshxe-
HUSA, N C y4eToM (2) umeem

Ugspmax = V3 -Upm =+/3(Uq /083)=2,1-Uy.  (4)
CpenHee 3HayeHue BbINPSIMIIEHHOMO TOKa no aHanorum ¢ (1)
3-4/3
la === hom =0.83 hom- (5)
roe lvom = Uom / Rg — amnnuTyaHoe 3HadeHue Toka gnoga. M3 ( 5)
lvom =14 /0,83 =1.21 - |,. (6)

Tok B dpase BTOpPMYHON OOMOTKM (TakK ke, Kak U TOK B COOTBET-
CTBYHKOLLEM OMoOe) NPpOoTEKAET B TEYEHME BPEMEHU, ONpPeaenaemMoro yr-
nom 2.z / 3 3a nepuopg T = 2-x, NOSTOMY AENCTBYIOLLEE 3HAYEHMNE 3TOrO
TOKa (Hanpumep, B dase a)

1 517/6 1 511/6
_ |+ [z, _ |+ 2 . 2 ) 7
I, o J.Ia dwt - Ilam sin“wt -dwt. (7)
7/6 7/6

[locne nHTerpMpoBaHns NOMYyYNM
I, = 0,587 - lg. (8)
HencTeyowee (cpegHekBagpaTUYHOE) 3Ha4YeHMe ToKa NepBUYHOMN
obMOTKM TpaHcopmaTopa

1 :
Il == 5 Ilf ° dwt . (9)

[Mocrne nHTerpnpoBaHus NOy4Ynm
1, =0,395: I, /I N=0,476 14/ n, (10)
roe n =1, / 1y — koadppnumMeHT TpaHchopmaLmm rno TOKy.

NMokasaTtenu KavyecTBa BbINpAMNeHnsa. K Takum nokasatensam
OoTHoCcATCA: KO3dhPuuneHT cxembl Kcx, KOIPMUMEHT obBpaTHOro
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HanpskeHust Kosp, KoadhdunumeHT dpopMbl KpUBOW ToKa BeHTUNS Kp, KO-
adppumumeHT nynbcaummn Kn.

[TocKkonbKy BCe 3TN KOIhPULMEHTLI ONpenensTca Yyepes pag oT-
HOLIEHNA PAa3fINYHbIX 3HAYEHUN NEPEMEHHOI0 HanpsikeHUs BO BTOPUY-
HOM oOMOTKe TpaHccopmaTopa K NOCTOSsHHOW cocTaenswouwen Uy Bbl-
NPAMIIEHHOIO HanNpPs>XXeHUs, YCTaHOBUM MX CBA3U B BUAe opmyn ans
paccmaTpmBaemMon TpexdasHOW OOHOTaAKTHOM OLHOMNONynepuogHomn
CXeMbl BbIMPAMAEHNS C y4eTOM COOTHOLIEHUN (2) u (3).

BbinpsiMneHHOe HanpsixxeHne uy corracHo puc. 2.1,e npeacras-
naet cobon YacTtb cuHycomabl B npegenax ¢gasosoro yrna 2.z / 3; ero
3Ha4YeHue onpeagenseTca U3 COOTHOLLEHMS

Uy =U,-4/2-0,83=117 -U,. (11)

3anuwem opmMynbl CBA3M HaNpsbkKeHUN Onst 4aHHOW CXEMbl Bbl-
NPAMIIEHUS:

Uy, =117 -U,;

U, =0,855-Uy; \ (12)

U,, =U,/083;

Usep.max = 2:1-Uy.

C yyeToM 3TUX CBA3EN 3anuwem Bce Ko3ad@PUUMEHTLI - MNo-
KasaTenu KayecTBa BbIMPSMIEHUs pacCMaTpMBaeMOn CXeMbl BbIMPAM-
NeHus.

1. KoodbdunmymeHT cxembl Kcx. OTO €CTb OTHOLUEHUE Aeu-
CTBYIOLLLErO 3HAYEHUS1 HaNpPsHKEHUA Ha BTOPUYHOM OBMOTKE TpaHcdop-
maTtopa U, K cpegHemy 3Ha4YeHMI0 BbIMPAMNEHHOTO HanpsxeHus Uy
U, Uy
U, 1,17 U,

CnepoBaTtenbHO, B AaHHOW CXEME BbINPSIMIIEHUS cpeaHee 3Hade-
HWe BbINPAMMEHHOIo HanpsbkeHust Uy 6onblle AeNCTBYOWEro 3Ha4YeHUs
Hanps»XXeHUss BTOPUYHOM 0OMOTKM TpaHcopmaTtopa.

2. KoodbdpunmymeHT obpaTtHoro HanpsaxeHus Kogp. ITO
OTHOLLUEHME OBPaTHOro HaNpPsXKEHNS1 Ha BEHTUNE K CpeaHEMY 3HAYEHUIO

BbINMPAMJIEHHOIO HanpsAXeHud

_UO6,O _2’1.Ud :2,1. (14)

K = =
ObP Ud Ud
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[aHHbIN KO3 PUUNEHT NoKasbiBaeT, YTO AN paccMaTpuBaeMon
CXeMbl BbINpAMIieHNs obpaTHoe HanpskeHwe B 2,1 pasa npesblllaeT
3HayeHue Uy.

3. KoaodbdpuumeHT dpopmbl KpuBon Toka Kg. ITOT KO3h-
dMUMEHT onpeaensaeTcs Kak OTHOLIEeHNe OEeNCTBYOWEro 3Ha4YeHUs Toka
B BEHTUNE lyp K CpeaHeMy 3Ha4YeHM 0 BbINPSMIEHHOro Toka g4, T.e.

Kg = IV—D - (15)
Id

[encreyowee 3HadyeHne Toka BeHTUNA lyp paBHO OENCTBYHOLLE-
MY 3HAQYEHUIO TOKa BTOPUYHOM OOMOTKKN TpaHcdopmaTopa |,. NMoatomy ¢
y4eToM BblpaxeHusi (8) koadpdpuumneHT dopMbl KPMBOW TOKA MMEET 3Ha-
JYyeHune

Kg = ':/D = 0’5?7 la _ o 587. (16)
d d

4. KoadppnynmeHT nynbcayumnm K. 310 Hanbonee LLUMPOKO
MCNONb3yeMbIN Ha MpakTUKe nokasaTtenb kadecTtBa BbinpaMutend. OH
onpegendeTcs OTHOWEHNEM aMNSIUTYOHOro 3Ha4YeHUs1 NepBON rapMOHMU-
KN pasnoxeHus B pag Pypbe KpBOW BbIMPAMNEHHOIO HaNpsXXeHns Ugim
K cpegHeMy 3Ha4YeHUIO BbINPAMMEHHOro HanpskeHust Uy

LJd

[Mpy aHannTUyecknx wmnccnenoBaHUsaX KOIpUUMEHT nynbcauum
onpegendeTcsa nNo pesyribTataMm pasfiOXeHUsT KPUBOW BbIMPAMITIEHHOIO
HaMNpPsXXeHUss B TPUroHoMmeTpuyeckun pag dypbe n oueHmMBaeTcs OTHO-
LUEHMEM aMNNTyabl NepBon (OCHOBHOW) rapMOHUKM nyrnbcaunn Ugim=
Ulm K Ud

K, = (17)

Ulm
Kn = W- (18)
[nsa paccmaTpmBaeMon CXeMbl BbINPSMIEHUS, N306paXKeHHON Ha
puc. 1, a, KpuBaa BbINPSMIEHHOrO HaNPsKeHUs Uy MMeeT BuA, NokKa-
3aHHbIM Ha puc. 1, e. PasnoxeHne ee B TPUrOHOMETPUYECKUN pPsAd CO-

rnacHo [2] gaet pesynbTaT (MPUHSAB Ug max = Uzm)

33 Ugmax l+i.co53wlt—i-c036wlt+... ), (19)
T 2 2-4 56

roe wy = 2.1/ T — yrnoeas 4actoTa NepBon rapMOHUKM.

Uy (t) =
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Bxoasiiue B aTOT psia NocTosiHHas coctasnawwas Uy 1 nepsas

rapMoHuKa (OCTarbHble He YYUTbLIBAKOTCH) NO3BOSIAT onpeaennTb Co-
oTBeTCTBEHHO Uy U Uqp:

u, =3¥3-Yem _gg27.U,; (20)
21T
3.43-U 1
U, = 2m ~0,206-U,. 21
tm m 2-4 ? b

Tenepb MOXHO paccyuTaTb KO3IMUUNEHT Nynbcaunm Ha OCHOBe
dopmynbl (18)
U 0,206 -U,,

Kp, =—2m — —0,25. 22
"y, 0,827 -U, (22)

Takoe 3HayeHune Kp; nokasbiBaeT, YTO aMmnnuTyga nepBon rapmo-
HWUKX MNEPEMEHHOW COCTaBNSAOWEN BbIMPAMIEHHOIO HaMNpPsKeHUsa Co-
CTaBMnsieT 4YeTBEPTYH YacCTb OT €ro MNOCTOSIHHOW cocTaBnsowen. 310
SIBNAETCS CYLECTBEHHbLIM JOCTOMHCTBOM MO CPaBHEHUIO C O4HOA3HbI-
MU CXeMaMn BbINMPAMITEHUS.

OTmeTuMm, 4YTO NpuBedeHHble paccyxaeHna n dopmynbl ans Kex,
Kosp, Kn cnpaBeanuebl U ANg BbINPAMNEHHbLIX TOKOB.

AHepreTUYecKue napameTpbl CXxeMbl BbiNnpAMIeHns. N3BecTHO,
YyTo npu obbl4HOM paboTe TpaHcdopmaTopa Kak npeobpasoBaTens
YPOBHEN HaMNPsSPKEHU NEePEeMEHHOro Toka, ero nosfiHagd MoOLWHOCTb oaun-
HakoBa AS11 NEPBUYHON U BTOPUYHOM OOMOTOK U paBHa Tak Ha3blBaeMou
rabapuTHoOM (cpegHen) MoWHOCTU TpaHcopmaTopa, T.e. S; =S, =
S+ (rae Si; S; — NonHble MOLWHOCTN OOMOTOK).

NHoe geno, koraa TpaHcdopmaTop paboTaeT B CXeme BbINpAMU-
Tend. VI3 npuHumnna OenucTteBns gaHHOW CXEMbl U3BECTHO, YTO MOCTOSH-
Hasi COCTaBnAlOLWAsa TOKa BbI3blBAET 8bIHY)XXOEHHOEe rnodmMazHuU4YueaHue
MarHuTonposoda TpaHcdopmaTopa. OTO NPMBOAUT K HEPABEHCTBY MOJSI-
HbIX MOLLHOCTEN B 0OMOTKax, T.e. S; < S,. B atnx ycnosuax ansa obec-
NeyYeHns1 Ha NpPUeMHNKE BbINPSMUTENS 3a4aHHOW BbIXOAHOW MOLLHOCTU
S, HYXXHO CYWECTBEHHO YBENMUYMBATbL BXOLHYH MOLLHOCTbL TpaHCcdop-
mMaTtopa S;.

[[@abapuTHas MOWHOCTb TpaHcdopMaTopa onpeaensertcs nony-
CYMMOW MOJSIHbIX MOLLHOCTEN OOMOTOK, T.€.

S = (S1+S2)/2, (23)
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rae Si1=Uq-l;; S,=U,:l, — nonHble MOLHOCTU COOTBETCTBEHHO MNEpPBUY-
HOM N BTOPUYHON OOMOTOK.

Ecnn TpaHcdopmaTtop copgepxut “N” obmoTok, TO rabapuTtHasa

MOLLIHOCTb B 9TOM Clly4yae onpegensercs
S =(S1+S,...+Sy)/2.

Belpasum anga paccmaTtpuBaeMoOW CXeMbl BbINPAMMEHUS MOJSTHYHO
MOLLHOCTb S; vepe3 Uy 1 Iy, anga yero ucnonosyem (10), (11) n koadp-
donUMEHT TpaHcopMaLnm NO HANPSXKEHUIO
~3:n U 0476
117 ¢
roe m; — 4Yuncno gas nepBnuyHoOn obMoTKM TpaHcdopmMaTopa;

P4 = Uq - Iy — aKTUBHas MOLLHOCTb, NOTpebrnaemas Harpy3kon.
[MonHas MOLHOCTb BTOPUYHON OOMOTKM

82=m2-U2-I2=3-1%-Ud-0,587-ld=1,47-Pd. (25)

Moactaensasa S; m S, B (23), nonyyum
S =(1,23-Py + 1,47-Py) 1 2= 1,35 - Pq. (26)
N3 dpopmynbl (23) BuagHoO, 4Yto Ans obecnevyeHnsa 3agaHHOM MOLLL-
HocTu Py Ha Bbixoge BbINpSMUTENS TpaHcopmaTop cam OOJSTKeH
MMETb MOLLHOCTb, Ha 35 % OGorbllylo. ITOT NokasaTtesb aBnseTcs 60-
nee BbICOKMM MO CpaBHEHMIO C 0AHOMAa3HbIMU CXEMaMU BbINPSAMIEHUS.
Ob6bI4HO oueHKka 3adhdPekTnBHOCTM paboTbl TpaHcdopmaTopa B Bbl-
NpAMUTENE OCYLLECTBNAETCA NO KO3 PULUMEHTY ncnonb3oBa-
Hna TpaHcdopmaTtopa Ky, MOA KOTOPbIM NMOHMMAIOT OTHOLUEHME
aKTMBHOW MOLLIHOCTWU Ha BbIXOAE BbINPAMUTENS K cpeaHen (rabapuTHom)
MOLLHOCTM TpaHcdhopmMaTopa
Pd _ Pd
S, 1,35-P,
CnepoBatenbHO, TpaHcdopmaTop TpexdasHOoro OAHOTAKTHOro
OAHOMONYNEPUOOHOrO BbINPSMUTENS UCNONb3YeTCs TONbKO Ha 74%.
[Ona npnbnumxeHHoOW OUEHKN 3TOro nokasaTtensi B nabopaTtopHoOu
paboTe onpenensieTca akTMBHas MOLLHOCTb, NOTpebnsiemasi Harpy3Kkom
Pg=Ugq - lg. (28)

Slzml'U1°|1=3-n-U2°|1

. Id :1,23 ° Pd y (24)
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3aTtem Ha ocHoBe BblpaxkeHun (28), (26) u (27) onpegensietca Krp

OueHnM okoHYaTesNlbHO AOCTOMHCTBA W HedoCTaTKu TpexdpasHown
OAHOTaKTHOW OHOMOSYNepmnogHON CXEMbI BbINPAMIIEHUS.

[MpMeHeHne OJaHHOW CXeMbl NO3BOSIET YMEHbLUNTb Koadhduum-
€HT Nnynbcaunn No CpaBHEHUIO C paHee PacCMOTPEHHbLIMU O4HOdA3HbI-
MU CXeMaMu.

OcHOBHbIM HegocTaTKOM TpexdasHon cxeMbl MuUTkeBu4a aABnsaeT-
CHA BbIHY)XOEHHOE nogmMarHM4MBaHMe MarHuTonposoga TpaHcdopmarto-
pa, YTO NPMBOAMUT K MOBLILEHNIO ero rabapuTHOM MOLLHOCTM MO Cpas-
HEHWIO C aHanormyHou Ong ogHogasHOM MOCTOBOM CXEMbl BbiNpsMIe-
HUS.

Mo TpexdrazHoM oaHOMNOMNYNEPMOLHON CXEME BbIMOSTHAKTCH Bbl-
NpAMUTENN cpeaHen N BOMNbLION MOLLHOCTH.

TpexdasHaa aByxXTakTHaa ABYyXnonynepuoaHas
cxema BbInpamMneHns (cxema JlapnoHoBa) QHepreTndeckmne
napamMeTpbl U NoKasaTenn KavyecTBa BbINPSAMIIEHUS

TpexdasHbln MOCTOBOW BbINPSIMUTESNbL (PUC.2) COCTOUT U3 TPEX-
drasHoro TpaHcdopmaTopa MU KOMMNekTa AnoaoB, cobpaHHbIX NO Tpex-
drasHon mocToBomn cxeme (cxema npodpeccopa A.H. JlapuoHosa).

B cxeme Bbinpsmutena ucnosnbdyetcs wectb anogos: VD1...VDG6.
Tpu guoga (VD1, VD3, VD5) coeanHeHbl B KaTOAHYO rpynny. Nx obuias
TOYKa UMeET MNONOXUTESbHYIO NONAPHOCTbL. M3 9TuX Tpex AnoaoB npo-
BOOAWMM ByOeT TOT, Ha aHo4e KOTOPOro B JaHHbIM MOMEHT Haubonee
BbICOKMIA NOSNOXUTENbHLIA NoTeHuman. Tpu anoga (VD2, VD4, VD6) co-
eanHeHbl B 0Oy TOYKY aHogamu u obpasyloT aHogHyto rpynny. Ux
obLaa Touyka MMeeT oTpuuaTenbHY NONApHOCTL. VI3 ononoB aHOOHOW
rpynnbl NpoBoadaWnM ByaeT TOT, Ha KaToge KOToporo Hambonee oTpu-
uaTtenbHblM NoTeHuuan. B kaxabllh MOMEHT BPEMEHM B paccMmaTpuBae-
MOW CXEME BbINPAMUTENS, KaKk U B 0gHOMA3HON MOCTOBOW CXeMe, OT-
KpbITbl ABa AnoAda: O4WH - B KATO4HOW, a APYron - B aHOAHOW rpynnax.
Kaxgbin guog paboTtaeTt B Te4eHne ogHou TpeTu nepuoga (puc.2, r, a),
YTO OTPa)KEeHO Ha rpadukax anst TokoB KaTogHom (iypx) U aHOOHON (ivpa)

rpynn.
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Ha puc. 2,6 naobpaxeHbl KpnBble MIHOBEHHbIX 3HA4YE€HUN Hanps-
XeHNN B pasax BTOPUYHLIX OOMOTOK TpaHcopmaTtopa U,, Up, U, a Ha
pUC. 2, B - KPUBbIE BbINPSIMIIEHHbBIX HANPSXXEeHUA Uy U TOoKa iq. Ha nHtep-
Bane wt;-wt,, paBHoM 7/3, HanpsbkeHne dasbl a (U;) MmeeT Hambonb-
Lee NONOXWUTENbHOE 3HavyeHune Wu, cregoBaTenbHO, Ha aHode auoda
VD1 noTteHuman Hanbonee BbICOKMI, T.e. Anoa VD1 oTkpbIT. Handonb-
Lee oTpuuaTenibHOE 3HAYEHWE Ha 3TOM Xe MHTepBare UMeeT Hanps-
XeHue asbl b(uy), T.e. kaTtog anoaa VD4 nmeeT HambonbluMn oTpuua-
TEeNbHbIN NOTEHUMAN, OTNMPaoLWNA 3TOT Anoa.

A B C U

Ua Up Uc
6)
Ua Up Uc
wtz wt4 wiy
o ' * ! *
wty \|/ wts X
N
. L Ug
Ug, i ]
VSVS o i e
T/ B) AN 7\ ld Ugq
6\0 1-4]1-6|3-6(3-2 [5-2|5-4[1-4 $/Id
311/6 wt
VDK
rovama | 2m/3 /3
AN
N N VWV VWV VY
lvD1 lvD3 IvDs
0]
L\{DA
rpynna/
n) \f\ ) Y VW
lvDa lvpe lvp2 lvDa wt
o | .

Puc. 2. TpexdasHbln MOCTOBOW BbINpAMUTESb JlapnoHoBa
a — aneKkTpu4yeckasl NpuHUUNUanbLHas CXxema,;
6...0 — ouarpaMmbl HanNpPsHXeHUn N TOKOB
Takmm obpa3om, Ha wuHTepBane wt; — wt, K CONPOTUBMNEHUIO
Harpy3kn 4yepes oTkpbiThble anoabl VD1 n VD4 6yneTt npunoXeHo Inu-
HernHOe HanpsKeHne Mmexay Toukamu a n b (ugp). lNoa gencremem aToro
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HanpsbkeHnMsa Tok byaeT npoTekaTtb no uenu: + u,, VD1, Ry, VD4, -u,. B
MOMEHT wt, (M; - TOuKa eCTeCTBEHHOM KOMMYyTauMn ANOLO0B) MIHOBEH-
Hble 3HAYEHUS HaNPSXXEHUM Uz N U, PaBHbl, a Janee HanpsbkeHue U
Oynet bonee oTpuuaTenbHbIM. OTO NpuBeaeT K OTKpbITUO Anoga VDE.
HOvog VD1 6ygeT octaBaTbCs OTKPbITLIM, TaK Kak U, OCTAeTCs MOSIOXKU-
TeNbHbIM.

Ha nHTepBane ot, — wt3, Takke paBHOM 7t/3, ByayT OTKPbITbI ANO-
Abl VD1 n VD6, K conpoTUBAEHUIO HArpy3kn 0ygeT npuroXeHo NUHeNn-
HOE HanpspkeHne Mexay ToudkaMu a U ¢, U Tok byaeT npoTekaTb B TOM
e HanpaBreHuu no uenu: +u,, VD1, Ry, VD6, -u.. B MOMeHT wt; (To4ka
N1) npounsonget nepekntodeHme anogos VD1 n VD3; anoag VD3 oTKpo-
eTcsl, TaK KaK U OygeT paBHbIM U, M Aanee 6onbwum, a gnog VD1 3a-
KpoeTcs.

Ha nHTepBane wts - wty oTkpbITEl gnoabl VD3 u VD6, Tok bynet
npoTekaTb Mo uenu: + u,, VD3, Ry, VD6, -u.. [lanee npoueccokl nepe-
KNnoYeHns gmonos npoucxodaT B Todkax M, (VD6 n VD2), N, (VD3 n
VD5), M3 (VD2 u VD4), N3 (VD5 u VD1), obecneumBada npoTekaHue To-
Ka rno Harpyske B 04HOM HarnpaBreHuun.

[MockonbKy Ha Harpysky paboTaloT ABe nocrnegoBaTenbHO coeaun-
HEHHble BTOPUYHble ra3oBble OOMOTKM TpaHcdopmaTopa, To rpaduk
BbINPAMSIEHHOIO HanpsXXeHnsa Uq npeacrasndeT cobon cymmy ormbdato-
LLKMX doa30BbIX HANpPs>KeHu padoTarowmx oOMOToK TpaHcdopmaTopa.

MoXHO cchopmynupoBaTb MpaBUIO. B CXeMe B J1lOOON MOMEHT
BPEMEHWN OTKPbITbI TONbLKO ABa BEHTUSS - @ UMEHHO Te, Yepes3 KOTopble K
PEe3nCTopPYy Harpysku NpunoxeHo Hambonblwee NUHEWHOE Hanps-
KEHME Uy = Uap = Ua~(- Up), Uy = Upe= Up~(- Uc).

MrHoBeHHblE 3Ha4YeHUA B dbasax, HanNnpuMep, a n 8 3anucbiBatoTcs
B BUAE

Ug = Uom Sin wt; Uy = Uy, Sin (wit-27/3).
Torpa
Uy = Uap = Uo [(Sin wt- sin (wt-27/3)] = N3-Usy, cos (wt-nl3). (29)
[Mepnog VU3MEHEHUS OCHOBHOM FapMOHUYECKOW MNEPEMEHHOW CO-
CTaBMAOWEN BbINPSMIAEHHOIO HanNpsXeHus, Kak BUAHO U3 puc.2,8, B 6
pa3 MeHblUe nepuoga uameHeHust Toka cetu (T,=T./6). CnenoBaTenb-
HO, YacToTa 9TOM rapMOHKKM B 6 pa3 bornblle 4acToTbl TOKa nNUTaloLWwen
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ceTu (f;=6f.). HecmoTpsa Ha To, 4TO cxema nosfyyaeT ANEKTPonUTaHue ot
TpexdasHoro TpaHcdopmaTopa, KpuBas BbINPSMIIEHHOIO HanpsXXeHud
COOTBETCTBYET LLUeCTUda3HON cxeme.

MrHOBEHHOE 3Ha4YeHMEe BbINPSIMIIEHHOIO HanpshKeHUst paBHO K-
HEMHOMY HanpsXXeHUo paboTarLwmx 0gHOBPEMEHHO (haa:

3-17/6 \/» 3.17/6
_3 '\/§U2m[sin(wt —")TW/G = ﬂum ~165-U,,,.
m 3 /6 T
Torpa U,,, =U, /165. (31)

3aBsncumoctn mexgy Uy 1 asHbIM M JIMHENHBIM HanpsXXeHUsIMK
NMEIOT BN, COOTBETCTBEHHO
Ug = 1,65:Up2 = 2,34-U,. (32)
Uq = (2,34 /1 \3)-Upy-= 1,35:Ug. (33)
HencTeyowiee 3HayvyeHne as3HOro HanpshkeHna BTOPUYHOW O6-
MOTKM TpaHcopmaTopa
U, =U,./~2 =U,-/~2-165=0,43-U,. (34)
mnynbcHoe obpaTHOe HanpshkeHne onpeaenseTcsa aMmnnauTygomn
NIMHENHOro HanpsXeHusi, T.K. Napa nocnegoBaTesfibHO BKITHOYEHHbIX 3a-
KPbITbIX ANOA0B HaxoauTcsa nog obpaTHbIM Hanps»XeHUWeM, paBHbIM K-
HEMHOMY Hanps>KeHWo BTOpUYHOM 0OMOTKM. C yyeTom (31) nonyymm

Uo6pmax \/§ U2m \/_(Ud /165) 1,05- Ud (35)
CpeaHee 3HayYeHne BbINPSIMIIEHHOrO Toka no aHanorum ¢ (30)
lg :¥.|2m =165 -lom- (36)

[MockonbKy Yepes napy AMOL0B TOK NpoTekaeT B TedeHue 1/3 yactu
nepuoga, To cpegHee 3Ha4vyeHue Toka anoaa lyp = 14/3, a makcumanbHoe
3HayeHue ToKa Yepes napy AMoaoB C yyeTom (33)

’\/2 ‘Uzn Ud ’\/2 37
IVDm — — - :1,05 'Id. ( )

Ry Ry 135
[na onpeageneHvs AeUCTBYKOLLEE 3HaYeHne BTOPUYHOro Toka doasbl
cnegyet MeTb BBUAY, YTO B dpase BTOPUYHOM OBMOTKM TpaHchopma-
TOopa B TedeHue 1/3 4actn nepuoga MMET MeCTo ABa UMMYIbCa TOKa i,

B OAHOM HanpaBneHuu, a nocne naysbl B 1/6 Yyactu nepuoaa - ABa UM-
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nynbca Toka iy B MPOTUBOMNOMIOXKHOM HanpasfeHuu, Takke B TedeHme 1/3

yacTu nepuoga. C y4eToMm 3TOro 06CTOATENBLCTBA AENCTBYHOLLEE 3HAYeE-
HMe BTOPUYHOro Toka asbl MMeeT BUA;:

3m/6 511/6
2+2 ) 1 i
|2 - % |§ 'dwt - E jlgm S|n2wt'dwt. (38)
/6 /6
[ocrne nHTerpmpoBaHusa Noy4Ymm
I, = 0,815 - |g. (39)

KpnBasi nepBnYHOro Toka noBTopdeT No oopme KpUBYH BTOPUYHOIO
TOKa, NO3TOMY AeUCTBYoLWEee 3HaYeHNe NepBUYHOrO Toka C Yy4eTOM KO-
adopuumeHTa TpaHcgopmaumm paBHO

l, =0,815 14 /n, (40)
3anuwem opmMyrnbl CBA3M HanNpshkKeHUn Onst 4aHHOW CXeMbl Bbl-
NPAMIIEHNS:
Ug = 1,65 U2 = 2,34-Uy;.
Ug = (2,34 /N3)' Uy, = 1,35 U
Uy = 0,43-Ug; ;
Uom = Uq /1,65;
UoGpmax =1,05'Ud J

(41)

C yyeToM 3TMX CBSI3EN 3anuLLIEM BCE KOIMPUUMNEHTBI - NOKasaTe-
NN KadecTBa BbINPAMIIEHUS pacCMaTPUBaAEMOUN CXEMbI BbINPSAMITEHUS.

1. KoodbdunmymeHT cxembl Kcx. OTO €CTb OTHOLUEHUE AeW-
CTBYIOLLLErO 3HAYEHUS1 HaNpPsHKEHUA Ha BTOPUYHOM OBMOTKE TpaHcdop-
maTtopa U, K cpegHeMy 3Ha4YeHUIO BbIMPAMITIEHHOro HanpsikeHnsa Uy
_U, _ Ug
U, 2,34-U,

CnepoBaTtenbHO, B JaHHOW CXeMe BbINpsIMIeHNa cpeaHee 3Haye-
HWe BbINPAMMEHHOro HanpsbkeHust Uy bonblle AenCTBYOWEro 3Ha4yeHus
HanpskeHMss BTOPUYHOM 0BMOTKKM TpaHcdopmaTopa, Yem B cxeme Mut-
KeBu4a.

2. KoodbdpunmymeHT obpaTtHoro HanpsaxeHusa Kogp. OTO
OTHOLLUEHME OBpaTHOro HanpPsXKEHNS Ha BEHTUNE K CpeaHEMY 3HAYEHUIO
BbINPSAMSIEHHOIO HaMNPSKEHUS

—0,43. (42)




Kosp = = ~d _1,05. (43)

[aHHbIN KO3 PUUNEHT NoKasbiBaeT, YTO ANs paccMaTpuBaeMon
CXeMbl BbINPAMIEHUS obpaTHoe HanpshkeHue nuwb B 1,05 pasa npe-
BblllaeT 3HayeHne Uy. 3HaunT agnoabl B 3TON cxeme paboTtatoT B obner-
YEHHOM peXnMe.

3. KoadbdpuumeHT dopmbl KpuBon Toka Kg. ITOT KO3h-
doMUNEHT onpenenseTcs Kak OTHoLeHNe OeNCTBYIOLEro 3Ha4eHUs ToKa
B BEHTUNE lyp K CpeaHeMY 3Ha4YeHM IO BbINPSMIEHHOro Toka lq4, T.€.

Kg = vo _ _la _ g 33 (44)
4 314

4. Koo dpuuyumeHT nynbcauynmn K, OTOT nokasaTtenb onpe-
agensetca no pesynbTaTaM pPasfnoXeHUst KPUBOW  BbIMPAMIEHHOMO
HanNpskeHUs B TPUroHoMmeTpuyeckun psg Pypbe n oueHmBaeTcsl OTHO-
LUEHMEM aMNNTyabl NepBon (OCHOBHOW) rapMOHUKM nyrnbcaunn Ugim=
Ulm K Ud

Ulm

[1na paccmaTpnBaemMon cxembl BbINPsSIMIEHNS, N306paKeHHON Ha
puUc. 2, a, KpuBasi BbINPSIMIIEHHOrO HaMNPsKeHUs1 Uy UMeeT BuA, Noka-
3aHHbIN Ha puc. 2, B. PasnoxeHne ee B TPUrOHOMETPUYECKUN pAL CO-
rnacHo [2] gaet pesynbTaT (MPUHSAB Ug max = Uzm)

Kn1 =

ug(t) = 6 'u;max (% + 51.7 -cos6w;t —

roe wy, =2 - 1w/ T—yrnosasi YactoTa NepBoOn rapMOHMKN.

Bxogdawme B 9TOT pan NOCTOsAHHas coctasngwowaa Uy v nepead
rapMoHuKa (OCTaribHble He YYUTbLIBAKOTCH) NO3BOSIAIT onpeaennTb Co-
oTBeTCTBEHHO Uy N Uqp:
6-Uom |

1 3 .cosl2w t +...), (46)

1
Uy, = 6 ':2”' 1 _o0055 U, (48)

Tenepb MOXHO paccyuTaTb KO3IMOUUNEHT Nynbcaunm Ha OCHOBe
dopmynbl (45)
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K, - Uim _ 0,055-U,,
U, 0,955-U,,

Takoe 3HayeHune Kp; nokasbiBaeT, YTO aMmnnuTyga nepBon rapmMo-
HUKW MEPEMEHHOMN COCTaBMSOLWEN BbINPSMIAEHHOrO HanpsikeHus Cco-
cTaBnsAeT OKono 6% OT ero NOCTOAHHOMN COCTaBNSALWEN. OTO ABNAETCH
CyLEeCTBEHHbIM JOCTOMHCTBOM MO CPaBHEHUIO C TpexdasHoN OQHOTaKT-
HOM CXEMOW BbINPSMIEHUS.

JHepreTnyecKkue napameTpbl cxeMbl BbinpAaMeHusA. 13BeCcTHO,
YyTO npu obbl4HOM paboTe TpaHcdopmaTopa Kak npeobpasoBaTens
YPOBHEN HaMNPS>KEHU NEPEeMEHHOro ToKa, ero nosfiHagd MOLWHOCTb oaun-
HakoBa AS1s1 NEPBUYHON U BTOPUYHOM OOMOTOK U paBHa Tak Ha3blBaeMou
rabapuTtHoOM (cpegHen) MoWHOCTU TpaHcopmaTopa, T.e. S; =S, =
S+ (rae Si; S; — NonHble MOLWHOCTN OOMOTOK).

N3 npuHUMna OencTBUA OaHHOM CXeMbl crefyeT, YTO B Kaxkaou
drasze BTOpUYHON 0OMOTKM TpaHcdopmaTopa B TeveHume 1/3 yactu ne-
puoga MMeEKT MEeCTO ABa MMMyrbca ToKa ip B OOQHOM HanpasneHuu, a
nocne naysbl B 1/6 4actn nepuoga - ABa UMnysibca Toka ip B NPOTUBO-
NOMOXHOM HanpasneHuun, Takke B TedeHne 1/3 yactm nepuoga. B pe-
3ynbTate NoCcTossHHAA COCTaBMAKLWAA TOKa He BbI3blBAET 8bIHY)XXOEHHO-
20 nodmMazHuU4uBaHuUsi marHutTonposoga TpaHcdopmartopa. loatomy ra-
GapuTHble MOLLUHOCTM 000MX OBMOTOK TpaHcgopmaTopa OAWHAKOBHI,
T.e.

= 0,057. (49)

S;p =S :82:3-0,815-Id-:%:1,05-Pd, (50)

roe Py = Ug - |y — akTMBHast MOLWHOCTbL, NOTpebnsiemast Harpy3komn.

N3 (50) BnaHo, 4to Ansg obecneyvyeHns 3agaHHOM MOLLHOCTU Py Ha
BbIXO4€E BbINpsMUTENS TpaHcdopMaTop caM AOSMKEH UMETb MOLLHOCTb,
nnuwb Ha 5 % Gonbluyto. ATOT NokasaTenb ABnsieTcs 6onee BbICOKUM MO
CpaBHEHUIO C TpexgasHoM OOHOTAKTHOW O4HOMNONYNEepMoLHON CXEMOW
BbINPSIMIEHNSL.

Ob6bI4HO oueHKka adhdPekTnBHOCTM paboTbl TpaHcdopmaTopa B Bbl-
npssMUTENE OCYLLECTBNSAETCA MO KO3 PUUMEHTY Mcnonb3oBa-
HUa TpaHcdopmaTtopa Ky, NOA KOTOPbIM MOHMMAIOT OTHOLLUEHWE
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aKTMBHOW MOLLIHOCTWU Ha BbIXO4E BbINPAMUTENS K cpeaHen (rabapuTHom)
MOLLHOCTM TpaHcdopmMaTopa

Py _ Py
S;» 1,05-P,

CnepoBaTtenbHO, TpaHcdopmaTop TpexdasHoro ABYXTAKTHOrO
ABYXNONYyNnepruoaHoro BbINpsMUTENS UCnonb3yeTcs Ha 95%.

[Ona npnbnumxeHHOW OUEHKN 3TOro nokasaTtensi B nabopaTtopHou
paboTe onpenenseTcs akTMBHasi MOLWHOCTb, NoTpebnsemasa Harpyskom

Pg=Ugq - lg. (52)
3aTeM Ha ocHoBe BblpaxeHun (2.50) n (2.51) onpegensetcsa Krp.

[locTonHcTBa TpexdasHOW ABYXTAaKTHOM MOCTOBOM CXeMbl Bbl-
NPSAMIIEHNS MO CPaBHEHMIO C MpeablaywmMMn CXeMamu nepeymcrieHbl
HUXeE.

1. OTCcyTCTBME BBIHYXXQEHHOIO NOAMarHUYMBaHUSA MOCTOAHHOM CO-
CTaBnAOWEN BbINPSMIIEHHOrO TOKa, YTO obecrneymBaeT BbICOKOE 3Ha-
YyeHne KoapdurumeHTa ncnonb3oBaHus TpaHchopmartopa.

2. Manas amnnntyga obpaTHOro HanpsiKeHus.

3. BO3MOXHOCTb BKIIHOMEHUA BEHTUNEN HenocpeacTBEeHHO B CETb
nepemeHHoro Toka (6e3 TpaHcdopmaTopa), ecrnv Hanps>keHne umeet
Tpebyemyto BENMUYNHY.

OCHOBHbIM HEAOCTATKOM OAHHOW CXEeMbl BbINPAMIEHNSA SABNSIETCS
HeobXoAMMOCTb NPUMEHEHUS LLIECTU BEHTUNEN BMECTO Tpex Mo cpas-
HeHWo C npeablaylen cxemon Mutkesuya.

TpexdasHble MOCTOBbIE BbINPSIMUTENM HaxoOaAaAT Hanbonee wunpo-
kKoe npumMmeHeHue B CII1 cuctem TenekoMmyHuKaumm.

[na npaktnyeckoro onpenenieHns BenuymnHbl KoagopuumneHTa nyrsb-
cauumn BeinpamneHHoro HanpsxeHna FOCT yctaHasnmBaeT bosnee npo-
CTO€ OTHOLUEHNE:

K_ = Uy max ~ Ydmin
n - L]
2U, (53)
30ecb Ugmax, Udgmin — MakCMManbHOE U MUHUManbHOE MIHOBEHHbIE
3HaYEeHUS BENUYMHbBI BbINPAMIIEHHOrO HanpsikeHusl. IX pasHOCTb Ug max
- Ug.min OMpeaendeT pas3max nyrnbcauumn, a norioBMHa 3TON pas3HOCTU
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Ug max — Yd min
2
Aaet amnnutyay nynbcaunn. Pasmax nynbcauun BugeH Ha SKpaHe oc-
uunnorpada, nodTomMy ero U3mMepsitoT C NOMOLLbIO OTKannMbpoBaHHOIO
ocuunnorpada, a sBenninny Uy namepsitoT BonbTMETPOM. BbipaxeHnem
(43) Nnonb3yrOTCA B TEXHUYECKUX pacyeTax npu onpeneneHnn koagpdu-
LMEHTa nynbcaunm.

OCHOBHBbIE NMPABUITA N MEPbI BE3OINACHOCTW MNPU
MPOBEOEHMN NABOPATOPHbIX 3AHATUN

C ToukuM 3peHnda 6e3onacHOCTM paboT, NPOBOAUMBIX B XO4€e 3KCne-
PUMEHTarnbHbIX UCCrefoBaHUK, criegyeT 3HaTb, 4TO nabopaTopHble
YCTaHOBKN KOHCTPYKTUBHO CMOHTMPOBaHbl Ha yHMBepcanbHoM nabopa-
TOPHOM CTOTSE.

Ha nuueBbix naHenax BbirfpaBUMPOBaHbI CXEMbl WUCCeayeMblX
YCTPOWCTB M pacnosioXeHbl opraHbl ynpasneHud. B yyebHon aygmutopum
pasMeLleHo YeTblpe YHMBepCcanbHbIX nabopaTtopHbix cTona. Tpexdas-
Hoe U ogHodasHOe HanpsikeHust K nabopaTopHbIM CTOoNam nogaeTcs
LEeHTpann3oBaHHO OT aBTOMAaTUYECKMX BbIKMNoYaTenen. Ha cxemy kax-
Aon nabopaToOpHOW YCTAHOBKW HanpsKeHwe nopgaeTca 4yepes3 COOTBET-
CTBYHOLLNW BbIKNOYaTESb.

[Mpu npoBeaeHnn nabopaTopHbIX paboT ob6a3aTenbHLIM BASETCA
BbIMNOSTHEHME CrneayrLWnX NnpaBun:

1. MNMepen Havanom akcrnepumeHTa opraHbl ynpasreHUs U NHOU-
KauMn Ha NUUEBOW naHenu gJaHHOM nabopaTOpPHOM YCTAaHOBKU OSMKHbI
ObITb yCTAHOBIEHbI B UCXOAHOE NOJIOXKEHUE.

2. BknioyeHne cxembl nabopaTopHOW YCTaAHOBKM [OMyCKaeTcs
TONbLKO C paspeLlleHns PpyKoBOAUTENSA 3aHATUS.

3. 3anpeliaeTca npukacaTtbCs K TOKOBeOyLMM 4YacTam nabopa-
TOPHbIX YCTAHOBOK, MPOU3BOAUTbL MEPEKNIOYEHNHA, HE OrOBOPEHHbIE B
pyKOBOACTBE K AaHHOW nabopaTopHon paboTe.

4. B cnyyae nopaxeHust anekTpm4yeckum TOKOM Heobxoanmo:
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- HEMEAJIEHHO OTKMNIYUTbL NUTaHMe nabopaTopHOM YCTaHOBKM, a
Takke aBTOMATUYECKUM BbIKMOYaTeNb NUTaHMA Bcex NabopaTopHbIX
CTOIOB;

- ocBO6OAUTL NOCTPagaBLLUEro OT COMPUKOCHOBEHUSA C aneKkTpuye-
CKOW uenbto, obecneuns npeagBaputTenbHO cOOCTBEHHYIO 6€30MacHOCTb;

- OONOXMWTb O CNyYMBLUEMCSI PYKOBOOMUTESO 3aHATUS, Bbi3BaTb
MeOUUMHCKOro paboTHMKa 1, He OOXMAasaAcb ero npubbiTns, 6e3 npo-
MeaneHns NPUCTYNUTb K OKa3aHM NepPBON NOMOLLM NOCTpaaaBLLEMY.

COCTAB TABGOPATOPHOW YCTAHOBKM

YHuBepcanbHaa nabopatopHad yCTaHOBKa npegHa3HaveHa Ans
9KCNEPUMEHTANIbHOro UccrneaoBaHnUsa oaHogasHoro, TpexdasHoro u
LecTngasHoro AMO4HbIX N TUPUCTOPHbLIX BbINPAMUTESEN.

B coctaB nabopaTopHON YyCTaHOBKM BXOOAT:

1. JlabopaTopHbIN NynbT.

2. ONEeKTPOHHbLIN ocuunnorpad.

JInuesasa naHenb nabopaTopHOro nysiTa COCTOUT U3 TPEX CO-
CTaBHbIX YacTeun: NIeBOW, LeHTpanbHON 1 npaBoi. Jlesasa n npaeas na-
Henwn sABNSTCA CTauMOHAPHbLIMK, a LeHTparibHas BMeCcTe C yCTaHOB-
NEHHbIMU Ha HEW 3rieMeHTaMn 1 nNraTamu ABMgeTCs CbeMHOWN.

Ha nmeesou nuueBon naHenwu:

- BbIlPpaBMPOBaHbl CXeMbl Tpex@asHoro u ogHoda3HOro TpaHc-
doopmaTopoB C pasfnMyHbIMN BapuaHTaMn COeANHEHUS BTOPUYHBLIX Lie-
newu;

- pasmelleHbl BonibTMeTp PV1 1 amnepmeTtp PA1, npegHasHa4veH-
Hble ONA U3MEPEHNS NePEeMEHHbIX U MOCTOSAHHbIX HaNPSXXeHUN 1 TOKOB B
pPasfnn4YHbIX TOYKax ndyvyaemMmbolx cxeM. B gpaHHoun paboTte BonbTMeTp PV1
n3mepsieT gencTeyollee 3Ha4YeHne HanpsikeHnst U, BO BTOPUYHON 06-
MOTKe TpaHcdopmaTopa, a amnepmeTtp PAL - gencreyrowlee 3HadeHmne

TOKa |, B 9TOM OBMOTKE M TOKa B BEHTUIE UMK rpynne BeHTunen lyp;

- YCTaHOBMEHbl KHonku 3ereHoz2o ueta TPEXPA3HAA CETb-
BKJ1, OQHO®PA3HAA CETb-BKJ1 u kpacHozo ueta TPEXDPAIHAA
CETb-BbIKI1, OAHO®PA3HAA CETb-BbIKII.

Ha ueHmpasnbHoOU nuueBOW NaHENN BbirpaBUPOBaHbI:
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- CXeMbl BEHTUSTbHbIX Fpynn gnoaHblx TpexdasHbix (VD1...VD12)
BbINpAMUTENEN;

- cxembl anopgos (VD13...VD16);

- cxembl TMpuctopos (VS1, VS2);

- cxeMbl koHaeHcaTopos C1...C4);

Ha npasoud nvuueBown naHenwu:

- BbIrpaBUpPOBaHbI CXeMbl 3NTIEKTPUYECKMNX CriaxuearoLmx puns-
TPOB;

- pa3melleHbl BonbTMeTp PV2 n amnepmetp PA2, npegHasHa4veH-

Hble ONA U3MEepPEeHNs NOCTOSHHbIX HanpPsXXeHUN U TOKOB Ha BbIXO4e UC-
cnegyemblx cxem BbinpamMneHna. B naHHon pabote BonbTMmeTp PV2 u
amnepmeTp PA2 namepsoT cpeaHee 3Ha4YeHne BbINPAMIEHHOro Hanps-
XeHna Uy 1 cpegHee 3HayeHune BbINPsIMIIEHHOro Toka g Ha Bbixoae uc-
criefyeMbiX CXeM BbINPAMNEHUS.

- ycTaHoBrieH BblknodaTens CETb ansa nogadn nurarowlero
HaMpPs>XeHUs1 Ha YCTaHOBKY;

- YCTAHOBIEHbI PEerynaTopbl BENIMYNHbLI CONPOTUBIIEHUS HArpy3Kn
Ru.reyso M Ru.TouHo-

Mpubopbl PV1, PA1 n PV2 nmeloT nepeknovaTenu pexmmva ms-
MEPEHNS ONA U3MEPEHUSA MEPEMEHHbIX U NMOCTOAHHbBIX HaMpsXeHUn n
TOKa.

Mpegensl namepenusi npnbopos PV1, PA1 n PV2, PA2 nepeknto-
4YalTCA aBTOMATUYECKN B 3aBMCMMOCTU OT pexmma U3aMepeHus «rnepe-
MEHHbIN - NOCTOSAHHbLIM» N TUMAa NOAKIIYAEMOro CMeHHoro 6noka.

ONEKTPOHHbIN ocuunnorpad - Ang CHATUSA ocuunnorpaMmm BbIXoa-
HOro HanpsXXeHUa uccrefnyemblix BblinpaMuTenen.

NOPAAOK BbIMNMOJIHEHNA PABOTHI

1. UccnepoBaHue TpexdasHoOM OO4HOTAKTHOWM OLHOMONynepmogHom
CXEMbI BbINPSAMIEHUS.
1.1. CobpaTb cxemy Ons uccnegoBaHmsa TpexdasHom ogHOTaKT-
HOW 0gQHOMONYNepPMOaAHON CXeMbl BbiNpsMIieHNs (puc. 3).
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1.2. Ha npaBou nuueBOW naHenu raeHo NoBePHYTb PY4YKY pery-
natopa Ry.toyqo MPOTUB YacoBOM CTPESIKM 0 yrnopa, a Py4yKy perynaro-
pa Ry rpyso MOCTaBUTL B NOJSOXKEHUE «3».

1.3. MNoakntounte BXO[ ocumnnorpada kK rHesgam 6, 7 Ha nuue-
BOW NaHenu nynbTa. BknounTtb ocumnnnorpad.

1.4. lpencraButb CxeMy Ha MPOBEPKY npenogaBaTento Um 3a-
Beayouemy nabopaTtopmen.

1.5. Ha npaBou nuueBon naHenu BkN4YNTb BbikntovaTens CEThb.

4 4 |

Puc. 3. Cxema gnsa nccnegoBaHust TpexdasHom OgHOTaKTHON
OAHOMONYNepMUoOgHON CXEMbI BbINMPAMIEHNS

1.6. Ha neBon nuueBon naHenn HaxaTb 3efieHyto KHornky TPEX-
OA3HAA CETb-BKIJI.
1.7. C NnoMOLLbI0O OpraHoOB yrpasrieHns ocuunnorpada nonyunTb
Ha €ero 9KpaHe YCTOMYMBOE Mu300paeHne KPpUBOW BbIMPAMIEHHOMO
HaMpPsXXeHUs1 uccnegyemMomn CxXembl.

1.8. 3aHecTn B Tabn. 2.1. nokaszanus npmnbopos PV1, PA1 n PV2,
PA2.

1.9. lNo ocumnnorpamme BbIXOLHOrO HarpsXeHUs Ha 3KpaHe OcC-
yunriorpadga sameputb MakCUManbHOE Ugmax U MUHUMArbHOE Ug min 3Ha-
YeHUNS BbINPSMIIEHHOIO HaMpPsXXeHUss B ManbiX geneHnax wkanbl. YMHO-
XWUTb PA3HOCTb Ugmax - Ugmin HA MHOXWUTEMb, NPOTMB KOTOPOro yCTaHOB-
neHa pydka nepekntoyartens «V/OEJ.» ocunnnorpadga. Ncnonb3ysa Bbl-
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paxeHna (20), (21) paccunTtaTb BENNYNHY NOCTOSHHOM COCTaBNAOLWEN U
aMnnMTygHOe 3HayeHuWe MepBOM FAapPMOHUKM MNMEepeMEHHOM COCTaBIisio-
LLler BbIMPAMIEHHOIO HanpsXeHns. Belumcnntb no goopmyrne (22) koad-
doumumneHT nynbcaumn K; 1 3anucaTb B NEBYI YacTb KOMOHKN K; Tabn. 1.
Onsa wnamepeHna Uggp, ocuunnorpad cnegyetr NOOKMIOUUTL Mexay
rHesgammn “2” a3z a nu 8 n OencTBysa No BbILLEONMUCAHHOMY anropuTMmy,
onpegenntb amnnntyaHoe 3HavyeHne Uogp m.

1.10. Ucnonb3ysa gaHHble n.n. 1.8 1 1.9, no dopmynam (13),_(14),
(15), (53) paccuntatb 3Ha4yeHuss KoaddpnumeHToB: Kcx, Kosp, Ks U Kn 1
3anuncatb B Tabn. 1. 3HavyeHne Ky 3anncaTtb B NpaByko 4YacTb KONMOHKN K
Tabn. 1. lNo popmynam (28), (26), (27) paccumtaTb 1 3anucaTtb B Tabsn. 1
3Ha4eHune Kqp.

Tabnuua 1
Cxema [TapamMeTpbl
BbINPAM- N3mepstoTca BbluncnawoTcs
nexHns U2 I2 Ud Id Uo6p.m IVD Ud.max Ud.min Ud Ulm Kn ch Ko6p KB KTp
B A B A B A |B B B B %
TOO
Tan

1.11. 3apucoBaTtb ocuunnorpaMmmy BbIXOQHOIO HaNPSKEHUS;

1.12. Ha neBon nuueBon NnaHenn HaxxaTb KpaCHYH KHOIMKY

TPEX®ASHAA CETb-BbIKII.

1.13. Ha npaBou nuueBoW NaHENM BbIKNKOYNTL BbIKNOYaTENDb
CETb.

1.14. PasobpaTb cxemy.

2. WccnepoBaHne TpexdasHoW ABYXTAKTHOW LBYXMNOnynepuogHom

CXeMbl BbINPAMMNEHUS.

2.1.CobpaTb cxemy And uccnegoBaHus TpexdasHoW OBYXTaKT-
HOW ABYXNOMYNepuogHOM CXeMbl BbINpsiMieHus (puc. 4.).

2.2. Ha npaBoun nuueBon naHenu rnjiasHo NOBEPHYTbL PYYKY pery-
natopa Ry toyqo MPOTUB YacoBOW CTPESIKM 0 yrnopa, a py4vKy perynsaro-
pa Ry rpyso MOCTaBUTb B NOSNOXEHUE «3».
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2.3. MNoagkntounte BXO[ ocumnnorpada kK rHesgam 6, 7 Ha nuue-
BOW naHenu nynbTa. BknounTtb ocuunnorpad.
2.4. lpencrtaButb CXxeMy Ha MpoBepKy npenogasaTesito unu 3a-
Beayouemy nabopatopmen.
2.5. Ha npaBou nuueBon naHenu BKNO4YNTL Bbikntovatens CEThb.

Puc. 4. Cxema ans nccnenoBaHusi TpexdgasHom AByXTakTHOM
ABYXMOSyrnepuogHON CXeMbl BbiNpSAMITEHUSA

2.6. Ha neBou nuueBon naHenn HaxaTtb 3eSIeHY0 KHOMKY

TPEX®ASHAA CETb-BKII.

2.7. BeinonHutsb n.n. 1.7...1.8.

2.8. o ocuunnorpaMmmMme BbIXOQHOrO HarpsXeHus Ha 3KpaHe OcC-
yunnorpadga samepuTb MakCUMarbHOE Ugmax U MUHUMASTbHOE Ug min 3Ha-
YeHMS BbINPSIMIIEHHOIO HaNpPsXKEHNA B ManblX AeNeHnaxX LWkKasnbl. YMHO-
XWUTb PaA3HOCTb Ugmax - Ugmin HA MHOXWUTEMb, NPOTMB KOTOPOro yCTaHOB-
neHa pydka nepekntoyartens «V/OEJN.» ocunnnorpadga. Ncnonb3ysa Bbl-
paxeHus (47), (48) paccunTtatb BEMNYNHY MOCTOAHHOM COCTaBNAIOLWEN U
aMnnNuUTygHoe 3HayYeHwe nepBouM FapMOHMKU MNepeMEHHOW COCTaBnAto-
LLier BbIMPAMIEHHOrO HanpseHns. Belumcnntb no goopmyrne (49) koad-
doumumneHT nynbcaumn K; 1 3anucaTb B NEBYIO YacTb KOSTOHKN K7 Tabn. 1.
Ona un3amepeHnss Upgp,, Ocuunniorpad criegyer noakniounuTb Mexay
rHesgamun “1” a3 a n 8 N OencTBya No BbILLEONMUCAHHOMY anropuTMmy,
onpenenuTb amnnuTygHoe 3HavyeHne Uogp m.
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2.9. Ncnonb3ysa gaHHble n.n. 2.7 u 2.8, no dopmynam (42), (43),
(44), (53) paccuntaTtb 3Ha4yeHus koadppnumeHToB: Kex, Kosp, Ks U Kn 1
3anuncatb B Tabn. 1. 3HavyeHne Ky 3anncatb B NpaByto 4YacTb KONMOHKN K
Tabn. 1. MNo popmynam (50), (52), (51) paccuntaTb 1 3anucaTb B Tabn. 1
3Ha4eHune Kqp.
2.10. BoinosniHute n.0. 1.11...1.14.

COOEPXAHWE OTHETA

1. CxeMbl afieKTpuyeckne npuHuMnuanbHble nccrnenyembiX Bbl-
npamutenen (Puc. 1, a, 2, a).

2. Tabnuua 1 ¢ pesynbTataMmm U3MEPEHUIN N BbIYUCIIEHNIN, OCLINST-
norpammsbl KpMBbIX BbINPAMMNEHHbIX HANPSKEHNN.

3. BeiBOAbI NO pesynbTatam nccnegoBaHun.

KOHTPOJIbHBLIE BOIMPOCHLI

1. HayepTuUTb CTPYKTYPHYK CXemy BbINpaAMUTENA U OOBACHUTH
Ha3Ha4YeHne arIeEMEHTOB CXEMBDI.

2. lNepeuncnnTb Nokasatenun KavyecTsa BbINMPAMUTENEN.

3. Knaccundgmkauma seinpaMmmTenen.

4. TNosAcHUTL BbipaxeHue: "TpexdasHbl O4HOTAKTHbLIM O4HOMOSY-
nepuogHbIN BbINPAMUTENDL".

5. MosacHUTb BbipaxeHue: "TpexdasHblii ABYXTAKTHbIA OBYXNONY-
NepuoaHbIN BbINPSMUTENDL".

6. Hayeptntb cxemy TpexdasHoro ogHOTAKTHOro OA4HOMonynepu-
OAHOro BbINpAMUTENA N OO BACHUTL ero paboTy.

7. Hauyeptntb cxemy TpexdasHoro ABYXTAKTHOro AByXnonynepu-
OAHOro BbINpAMUTENSA U OO BACHUTL ero padoTy.

8. UTto HasbiBaeTca koadhdumumeHToMm nynbcaumn? Cnocobbl ero
onpeageneHna?

9. Ut0 HasbiBaeTcs koadhdnuMeHTOM obpaTHOro HanpsxxeHun? Kak
OH onpeaensanca B nabopatopHon paboTte?

10. YTo HasbiBaeTcsa KoaddpuuneHToMm BeHTUNA? Kak oH onpene-
nanca B nabopartopHon padoTe?
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11. YTOo HasbiBaeTcs KoadpduumeHToM cxeMbl? Kak oH onpege-
nanca B nabopartopHon padoTe?

12. Onpepenutb KO3(PPUUMEHT 0BpaTHOro HanpshkeHnst B Tpex-
dpa3HOM OAHOTAKTHOW OAHOMOSTYNEPUOSHON CXeMe BbINPSIMIEHNS, eCrn
U, = 62,8 sin wt.

13. Kak nameHuntca Uy B TpexdasHOM MOCTOBOW CXeMe BbIMPSM-
neHusa B criydae obpbiBa aHOAHOW LIENW OLHOrO U3 BEHTUMNEN KaTOLHON
rpynnel, ecnv u; = 31.4 sinwt ?

14. OnpenenuTb cpeaHee 3HayYeHue BbINMPAMIEHHOIO Hanpsixe-
HUS N KO3 dMUMEHT obpaTHOro HanpsXxeHust B cxeme Mutkesu4ya, ecnm
U, = 15,7 sin wt.

15. Onpegoenntb KoaddUUMEHT nynbcaunn B TpexdasHoM Mo-
CTOBOM Bbinpsimutene, ecnu U,,, = 31,4 B.

16. [NpoBeanTe paHXMpoBaHWE HMXKENPUBOAUMBIX CXEM BbINPSM-
neHnsa rno KoagpuumMeHTy nynbcaumi:

- AByX(a3Hasi o4HOTaKTHada ogHonosiynepnogHas;

- ogHohasHaa AByXTaKTHas ABYXNonynepuoaHas;

- TpexdpasHasa ogHOTaKTHasa ABYyXnonynepuoaHas
AprymMeHTUpynuTe CBOU OLIEHKM.

17. MNpoBeante paHXUpOBaAHNE HUMXENPUBOAUMbBIX CXEM BbIMNPAM-
neHns No KoadMUMEHTY 0B6paTHOro HanNPsKEeHWUS:

- oAHoha3Hasa AByXTaKTHas AByXnonynepuoaHas;

- TpexdpasHasa ogHOTaKTHas O4HOMONynepuoaHas;

- TpexdasHasa ABYXTaKTHadA AByxnonynepunogHas
AprymeHTupymnTe CBOU OLIEHKM.
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