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JlTabopatopHasa paboTta Ne4

NCCINEOOBAHNE TUPUCTOPHbIX MOJTYNPOBOOHMKOBBIX
BbINPAMUTENEWN

Lenb paboTbl: 1. YrnybuTe 1 3akpennTb TEOPETUYECKNE 3HA-
HUS NO YCTPOWCTBY U MPUHUUNY OENCTBUSA TUPUCTOPHbLIX BbINPSMUTE-
nemn.

2. OOyunTb CTyOEeHTOB MeTo[aM 3JKCrepuMeHTasrbHbIX UCCreno-
BaHUM TUPUCTOPHbLIX BbINPpAMUTENEN NpU paboTe Ha aKTUBHYKO Harpysky
N onpeneneHnsa X OCHOBHbIX SKCMyaTauMOHHbIX XapakTePUCTUK

3AOAYN SKCNEPUMEHTAJIBHOIO MCCINEQOBAHNA

1. YACHUTb MeXaHU3M NPOTEKAHNS INEKTPOMArHUTHbLIX NPOLLECCOB
B 0AHOda3HbIX TUPUCTOPHbLIX BbINPSAMUTENSIX.

2. YSICHUTb METOOMKY 9KCNepUMEHTaribHOro mnccriegoBaHnsa TUpu-
CTOpPHbIX BbinpsiMuTenen. CHATb PEryriMpoBOYHYI0 U BHELLHIOK Xapak-
TEPUCTUKM OOHOMA3HOro OAHOTAKTHOrO OAHOMNOMYNepuoaHOro U OByXx-
dba3HOro OAHOTAKTHOro ABYXMOJSyNnepuogHOro TUPUCTOPHLIX BbIMPAMU-
Tenen.

3. OpopmuTb BNaHk oTyeTa N 3aWMUTUTL NOSTy4EeHHbIE B XO4€E 3KC-
nepvMeHTarnbHbIX UCCe40BaHNN pe3ynbTaThl.

OCHOBHbIE CBEAEHNA U3 TEOPUU

TUPUCTOPHbIE BbINPAMUTENN HAXOOAT CaMoe LLUMPOKOE MpakTuye-
CKOe MPUMEHEHME B CUCTEMAaX 3NEKTPONUTaHUS COBPEMEHHbBIX CUCTEM
TENeKoOMMYHUKauuin. B npaktuke B OTNMYME OT AMOAHbLIX 3a HUMWU 3a-
Kpenunocb HasBaHuWe YnpaBnsieMblX BbINPAMUTENEN, MOCKOMbKY MO
CpaBHEHMIO C AuogamMu TMpPUCTOpPbl obnagalT 3amedyaTenbHbiM CBOK-
CTBOM NEpPexoanTb B OTKPbITOE COCTOSIHWE HE B MOMEHT €CTECTBEHHOM
KOMMYyTaLuMK, 8 B MOMEHT NOAa4YuM Ha TUPUCTOP ynpaBnstoLLero curHana.
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TUPUCTOPbI OTHOCATCA K Knaccy nepeknioyaroLwmx nosynpoBogHU-
KOBbIX npubopoB. Tupuctop npeactaBnsieT cobon cneuuanbHbI TUM
NofynpoBOAHNKOBOrO AMoaa, KOTOPbI MOXET OblTb nepeBefeH B OT-
KpbITOE COCTOsIHME ABYMS cnocobamu:

- NPUSIOXKEHNEM K TUPUCTOPY HaMNpsiKeHUsA, OOCTaTOYHOro no Be-
NNYNHE ONA ero OTKPbITUS;

- MPUIIOXKEHNEM K TUPUCTOPY HAaMPSHKEHUS, BErIMYMHA KOTOPOro
HeJoCTaTouHa AN ero OTKPbITUA, C OOQHOBPEMEHHOW MNodaden Hanps-
XEHNS Ha yNpaBsoWwmin NeKTPoL.

TUPUCTOPHLIN ogHOda3HbIN O4HOTAKTHbLIN
OHOMNONynepmoaHbIv BbINPSIMUTESb

[MpocTeniasa cxema BbINPSMAEHUS C UCMNOMNb30BaHMEM TUPUCTOpPA
nokasaHa Ha puc. 2.1 a. Ecnu a1y cxemy nogkKnioynTb K UCTOYHUKY Me-
PEMEHHOrO HanpshkeHusi, HeJOCTaTOYMHOro MO YPOBHIO AN nepeBoja
TMPUCTOpPa B NpoBOAsiLee COCTOsIHUE, NOCNegHUA B OTNKYKe OT gnona
OCTaHEeTCs B 3aKPbITOM COCTOSIHUM U TOK Yepes3 Hero 1, creoBaTesibHo,
Yyepes3 ConpoTUBIIEHME Harpysknm Ry He npoTekaeT. Ecnu ke ogHoBpe-
MEHHO C BXOAHbIM MopaTb Yynpasnswowee HanpshkeHnve (U,) mexay
ynpaBnsoWmMM 3N1EKTPOAOM N KaTogOM C MOMAPHOCTBIO, Kak MnokasaHo
Ha puc. 2.1,6, TO TUPUCTOP OTKPbLIBAETCA U NPOoLOMKaeT HaXoouUTbCsa B
OTKPbITOM COCTOSIHAM W MNOCHE CHATUA YNPaBfisloOWeEro Hanpsh»kKeHus.
[To 3TOM OCHOBHOE COMPOTUBMEHME AN UCTOYHMKA MEepPEMEHHOro
HanNpPsKeHNa CoCTaBrsieT conpoTuBneHne Harpyskm Ry. O4eBugHo, npu
N3MEHEHNN HAa NPOTUBOMNOSIOXKHYK NONAPHOCTU NPUIOXEHHOIO BXOOHO-
ro HanpsbKeHusi, TOK Yepes TUPUCTOP, a crnedoBaTernbHO, U Yepes3 Co-
NPOTUBIIEHNE Harpy3ku nNpoTekatb He BydeT Aaxe npu nopgadve Hanps-
XEHUs Ha ynpasnsloWNNn SNEKTPOA, MOCKOMbKY TUPUCTOP NpU 3TOM
BKNKOYEH B 0OpaTHOM HanpaBreHuw.

C MOMeHTa OTKPbITUA TUPUCTOPA HanpshKeHUWe Ha BbIXOAEe CXeMbl
ByaeT npakTMyeckn NoBTOPSATbL MO POpMe OCTaBLUYOCH YaCTb CUHYCOU-
Obl NOSIOXKUTENBHOrO nosiynepuoaa BXOAHOro Hanpshkenus. [ns pac-
cmatpuBaemon cxembl (CM. puc. 1,6,8) NPUMEHUTENBHO K MOSTIOXKUTENb-
HOM MOJSIyBOSIHE MUTAKOLLEr0 CUHYCOMAASIbHOrO HanpsKeHUs MOMEHT
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nepexoga MrHOBEHHbIX 3HAYE€HWW 3TOro HarnpsXKeHWs 4Yepes HOoMb U3
obnactn oTpuuaTtesnbHbIX B 00nacTb NOMOXUTENbHBLIX MITHOBEHHbIX 3Ha-
YeHMN Ha3blBaeTCs TOYKOM €CTeCTBEHHOW KoOMMyTauuu. PasoBbii yron
(unn npocTto asa), oTCUNTbIBAEMbIN OT 3TOM TOYkM (CM. puc. 1 6) oo
MOMEHTa nojayvM MMnyrnbca HarnpsXKeHUA Ha YnpasBlisgloWmUn SNeKTpos,
TUPUCTOPA, Ha3bIBAETCA y2/IoM yripassieHusi (Wnu yriom perynu-

6) AVS
lUVSl IIUVSl o
VS1 0
ALK U,
Rd
sy B) 2m
- + - ot
Uy 0 T 21
RUEN PN
a)
r) Mda
0 ot

Puc. 1. TupucTopHbIM 04HOGA3HbIN OAHOTAKTHbLIN OgHOMNONynepu-
O4HbIN BbINPAMUTENDb (@) N BpEMEHHbIE AuarpamMmMbl HanpsbkeHun (6...r)

poBaHnAa) n obosHavaeTca a. O4eBnaHo, Npu o = 0 BCA NONOXM-
TenbHasi NofyBOfIHA BXOAHOMO CUMHYyCcOMAANbHOIO HanpshkKeHusa npukna-
AblBaeTCs K conpoTmBneHnto Harpysku, a npn 0 < o < 180° K conpoTue-
NEeHno Harpyskm dygeT npuknagbiBaTbCs OCTaBLUAsICA YaCTb MCXOOQHOW
CUHYconabl NOSNIOXUTENBHOrO Nofiynepmnoaa BXOAHOro HanpshkeHua. Ta-
KUM 0Opa3oM, M3MEHSISI Yrofl o, MOXHO U3MEHSTb CpeaHee 3HavyeHue
HanpsHKeHNA Ha BbIXO4e CXEMBbI.

CpenHee 3Ha4YeHue BbINPAMIIEHHOrO HanpshXeHUs paBHO

U, -Sin-wt dwtzuﬂ(lmosa), (1)

1
Uy, =—
da o7

21T

Q —— 3

raoe U,y - aMnnNuTygHoe 3HadYeHue HanpshkeHusl Ha BTO-
pu4HOn 06MOTKe TpaHcdopmaTopa.
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BeipaxeHue (2.1) npeacrasnsietr cobon perynmpoBOYHYO Xa-
pPaKTEPUCTUKY TUPUCTOPHOro oAHOGa3HOro OAHOTAKTHOrO O4HOoMNomMyne-
punogHoro Bbinpamutens Uy, = f (o) . padmyeckn oHa npeacraBreHa
Ha puc. 2.2. N3 BblpaxeHus (2.1) n rpacuka (puc. 2) crnenyeT, 4To nNpu o
= 1 cpegHee 3Ha4YeHue BbINPAMNEHHOro HanpshkeHus Uy, 6yaet pasBHO
Hynto. Mpn o = 0 Uy,=Uqgo = Upn/n. Takum obpasom, n3aMeHeHue yrna o
B npegenax ot o = 0 40 o = © NPMBOAUT K U3BMEHEHUIO CPpeaHero 3Have-
HUS BbINPsIMAEHHOro HanpsxeHus oT Ugo=U,y, / m a0 Uy, = 0.

| I I |
0 30° 60° 90° 120° 150° 180°

Puc. 2. PerynnpoBo4dHas xapakrepuctmka TUPUCTOPHOIO
O4HOGA3HOro O4HOTAKTHOrO OAHOMONYNEPUOLHOIO
BbINpsiMUTENSA

BHewHaa xapakTtepuctnka ogHodas3HOro MOCTOBOIrO TUPUCTOPHO-
ro BbINpsMUTENS, T.e. 3aBUCUMOCTb Uy, = T (I4,) UMeeT nagatowmn xa-
pakTep (puc. 3). Npu 3TOM Kakgomy yrny ynpaBneHns COOTBETCTBYET
CBOS1 BHELLHSAA XapaKTepucTuka.

Uda
a=0

a;>a —

0>>01 —

a3>0> —

Puc. 3. BHewHAs xapakTtepuctmka TMPUCTOPHOIo oaHOMa3Horo
OAHOTaKTHOro O4HOMOSYNEPUOAHOrO BbINMPAMUTESS
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TUPUCTOPHLIN ABYX(a3HbIM O4HOTAKTHbIN
ABYXNONYyNnepuoaHbIi BbINpAMUTENb

OTa cxema (puc. 4, a) npeacrasnsaeT cobon codeTaHne ABYX CXEM
OZHONOSYNEepUOAHbIX BbiNpsiMuUTenen, paboTtarwmx Ha obLLyH aKTuB-
HYIO Harpysky.

[MycTb Npn NONOXUTENBHOW MOSYBOSIHE MUTAKOLLErO HanpshKeHud,
noTeHUMan To4kKn a OyaeT nonoXUTenNbHbIM, a NoTeHumMan To4Ykm 6 — oT-
puuaTtenbHbiM. [py oTpuuaTeribHOW NOMyBOSIHE HANPSXEeHUNA, NOTEHUN-
an Toykn 6 CTaHOBUTCS MOSOXUTENBbHLIM, @ TOYKU a — OTpULLaTENbHbIM.

Torga npu ykaszaHHOM Ha puc. 4,a nonspHoctTn (6e3 ckobok) BTO-
PUYHOIO HanpsXeHusi U, K aHogy tupuctopa VS1 npuknagbiBaeTtcs no-
NOXUTESbHbIN NOTEHUMAr, a K ero Katoay - oTpuuaTenbHbIin noTeHuuarn.
Takas nonapHoOCTb Ha Tupuctope VS1 aengaetcs Heobxoanmon ansa ero
OTKPbITUS, HO OH He ByaeT OTKPbIT 4O MOMEHTa nodadn uMnyrnbca Ha
ero ynpasnsawLwWnn anekTpod, a Tmpmuctop VS2 npu ykasaHHOM Ha puc.
4, a NONAPHOCTM HAaXOOUTCS B 3aKPbITOM COCTOSAHUN.

B MOMEeHT BpemMeHu, COOTBEeTCTBYHOLWMA pa3oBOMY Yyrny wt; =
wipta Ha ynpaenswowmn anektTpon Tupuctopa VS1 nogaetcs Mnysnbc
Uys1 OT cuUcTeMbl ynpasneHns. Tupuctop VS1 OoTKpbIBaeTCs U OCTaeTcs
B 9TOM COCTOSIHUM O MOMEHTa BpeMeHU wt,, Xxapakrepusyemoro gaso-
BbIM yrnom, pasHbiM 7w [lpu atom 4epe3 tupuctop VS1, pesucrtop
Harpyskm Ry U BEPXHIOWO MOSIOBUHY BTOPUYHOM OOMOTKM TpaHcdopma-
TOpa NpOTeKaeT TOK B HarnpasfieHUW, NoKasaHHOM CMJIOLWHbLIMU CTPeSi-
Kamu. Tupuctop VS2 B 3TO BpeMSs 3aKpbIT, TOK Yepe3 Hero He Teuder,
MOCKOJIbKY K HEMY MPUOXKEHO obpaTHOEe HanpsKeHue.

Ha uHTepBane wt;...wt, K cONpoTMBNEHU0 Harpyskm Ry npukna-
OblBAETCS BbINPAMNEHHOE HanpshKeHne Uy (CM. puc. 2.4 e), NoBTOPSIHO-
lee no opme HanpspkeHne BTOPUYHOM OBMOTKM TpaHcdopmaTtopa, u
No conpoTuBReHno Ry TeYET TOK iy, coBnagaroLwmnm no dopme ¢ Hanps-
XEHUEM Uy U ToKkoM BeHTUNa VS1 (cMm. puc. 4, e).

B MOMeEHT wt, NONAPHOCTb HaNPsHKEHUs U, Ha BTOPUYHOM 0BMOTKE
MEHSAEeTCA Ha MPOTUBOMOSIOXKHY. B pesynbTate Kk aHogy Tupuctopa
VS1 npuknagbiBaeTcs oTpuuaTesnbHbin NoTeHUMarn, a K ero katogy - no-
NOXUTENbHbIN noTeHunan (cMm. puc. 4,a). K aHogy Tupuctopa VS2
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HaoOOpPOT NpuUKNagbIBaeTCA NONOXUTENbHBIN NOTeHUMar, a K ero KkaTto-
Ay - oTpuuaTenbHbIN noTeHuman (cMm. puc. 4,a). B pesynbTaTte TMpUCTOp
VS1 3akpbiBaeTcs, a Tmpuctop VS2 He ByaeTt oTKpbIT 4O MOMEHTa no-
Aayun nMnyrbca Ha ero ynpasnsaoLWnn anekTpoa,.

B MOMeHT BpeMeHu, COOTBETCTBYIOLMA pa3oBOMY yriy wtz=n+a,
Korga Ha ynpasnsrowmn anektpon tupmuctopa VS2 nogaetca Mmnynbc
Uysz (CM. puc. 4,6). Tupuctop VS2 OTKpbIBAETCS N OCTAeTCs B 3TOM

Uvs
I \
VS VS1 6) Uysy Uyso Uysi
e [ = = ot
a V\ 0 oty OtH)=T ot;=21 ||ots
Ti'z I’ d u, oty ,  |Ot3=T+a u”

2
us o S <> P&
d £_d B)
~Usx ‘
i ot
0

i\/ 1 ~U

F) irzs\ 2m

a) : : ot

0
iVSZ

n) i"z
0 ’ ot

Ug Ug

e)

0

Puc. 4 [1ByxdasHbIn OQHOTAKTHBLIWM ABYXNOMNYNepUoaHbIN
BbINpAMUTENDb (a), AMarpaMmmbl HanpsHkeHnn n Tokos (6...e)

COCTOSIHUM O MOMEHTa BpeMeHn wt,, XapakrepmsyemMmoro pasoBbiM yr-
noMm, paBHbIM 27. [1pn aTOM 4Yepes Tupuctop VS2, pesnctop Harpysku
Rg Y HWXHIOK NOMNOBMHY BTOPUYHOM OOMOTKM TpaHcdopMaTopa npoTe-
KaeT TOK B HarnpasfieHUWN, MNOKa3aHHOM CMSIOLWHbIMK CTpenkamu. Tupu-
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ctop VS1 Ha nHTepBarne wts ...wt; 3aKpbIT, TOK Yepe3 Hero He Teuyer,
NMOCKOJIbKY K HEMY NPUIIoXeHO obpaTHoe HanpshkeHne. C MoMeHTa Bpe-
MeHN Wts = 21 + o NPoL,ecC KOMMyTaLun TUPUCTOPOB NOBTOPSETCS.

Takum obpasom, B paccmaTpuBaemMom TUPUCTOPHOM BbINPSMUTE-
ne tupuctopbl VST u VS2 npn nogade Ha ux ynpasnsitolime dnekTpoabl
UMMYNbCOB OT CUCTEMbI yrpaBfieHNA COOTBETCTBEHHO B MOMEHTbLI Bpe-
MEHN Wt; = Wig+ta N Wiz=n+a, BKAOYATCA B paboTy MU NponyckawT ToK
B Harpysky nonapHo, obecneunBasi AByxXnonynepnogHoe BbliNpsiMieHne
NnepemMeHHOro Toka B MOCTOSAHHbIMN.

CpenHee 3Ha4YeHve BbINPAMIIEHHOrO HanpshXeHUs paBHO

m
1 : U
Uda:—jUZm-sm-wt dwt="2"(1+cosa), (2)
m m
a
rae U,y - aMnnuTygHoe 3HayYeHne HanpsbkeHUs Ha KaXkgom BTOPUYHOM
nonyobmoTke TpaHcopmaTopa.

[na Heperynupyemoro pexmma npu o= 0 (4TO COOTBETCTBYET Bbl-
npaMmuTento Ha gnogax) Uge = 2U, / 7.

BelpaxeHne (2) npeactaBnsieT cobon perynmpoBOYHYH Xa-
pPaKTEPUCTUKY TUPUCTOPHOro ABYXdas3HOro OAHOTAKTHOro ABYXMnosyrne-
puogHoro Bbinpsamutenst Ug, = f(a) . [padmyeckn oHa npeactasneHa Ha
puc. 5. V13 BolpaxeHua (2) un rpaduka (puc. 5) cnegyet, 4To NpU o =
cpeaHee 3HadYeHue BbINPSIMAEHHOro HanpskeHus Uy, 6yaet paBHO Hy-
no.

| I I |
0 30°  60° 90° 120° 150° 180°

Puc. 5. PerynnpoBo4dHas xapakrepuctmka TUPUCTOPHOrO
AByX(asHOro oAHOTAKTHOro ABYXMNOSynepnogHoro
BbINpsIMUTENSA
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Mpn o = 0 Uge=Ugo = 2U,n/n. Takum obpasom, U3SMEHEHME yrra o
B npegenax ot o = 0 40 o = © NPMBOAUT K UBMEHEHUIO CpeHero 3Have-
HUS BbINPSIMAEHHOro HanpsxeHus oT Ugo=2Uon/mt 4o Uy, = 0.
BHeLHAS xapakTepucTmka TUPUCTOPHOro ABYyXdpa3HOro ogHOTaKT-
HOro ABYXNOMYyNnepuogHOro BbINPSAMUTENS, T.e. 3aBUCUMOCTb Uy, = f

(lge) MMeeT nagawowmm xapaktep (puc. 6). MNpu aTom Kaxgomy yrny
yrnpaBneHnst COOTBETCTBYET CBOSI BHELLHSAS XapaKkTepucTuKa.

Udcx
a=0

a=>a —

0>>01 —

az>0a —

Puc. 6. BHellHAA xapakTepucTuka gByxgpasHoro o4HOTaKTHOro
ABYXNONyNepuogHOro BbINPSMUTESS

OCHOBHBbIE MNMPABUITA N MEPbI BE3OINACHOCTW TPA
MPOBEOEHVM NABOPATOPHbIX 3AHATUN

C Touku 3peHust besonacHocTn paboT, NPOBOAUMBIX B X04€e 3Kcne-
PUMEHTanNbHbIX MCCNeaoBaHUW, cnegyeT 3HaTb, YTO nabopaTopHble
YCTaHOBKM KOHCTPYKTMBHO CMOHTUPOBaHbI Ha yHMBepcanbHoM nabopa-
TOPHOM CTOfeE.

Ha nuueBbiXx naHensix BbIrPaBUPOBaHbl CXEMbl WUCCNeayeMblX
YCTPOWCTB M pacnosioXeHbl opraHbl ynpasneHuns. B yuebHon ayantopum
pa3MeLLEHO YeTblpe yHMBepcarbHbIX nabopaTopHbiX cTona. Tpexdas-
Hoe W ogHodasHoe HanpshkeHus K nabopaTopHbIM CTONam nogaeTcs
LEeHTPann3oBaHHO OT aBTOMaTUYECKUX BblkNoYaTtenen. Ha cxemy kax-
aon nabopaTopHOM YCTaHOBKM HanpsKeHWe nogaeTcsd Yyepe3 COOTBET-
CTBYHOLLMI BbIKMtoYaTENb.

Mpu npoBegeHnn nabopaTopHbIX paboT 06s3aTeNbHbIM ABNSETCS
BbIMNOJSTHEHME CrneayroLWnX NnpaBun:



-11 -

1. MNMepen Havanom akcnepuMeHTa opraHbl yrnpaBfeHUs U MHAW-
KauMm Ha nuueBon naHenu gaHHom nabopaTOpHOM YCTAHOBKU LOSMKHbI
ObITb YCTAHOBIEHbI B UICXOAHOE MOJSIOXKEHNE.

2. BknioyeHne cxembl nabopaTOpHOM YCTaHOBKWM AoMyckaeTcs
TONbLKO C paspeLlleHnsa pyKoBOANTENS 3aHATUS.

3. 3anpeliaeTca npukacaTtbCs K ToKoBeAyLUMM 4YacTtam nabopa-
TOPHbIX YCTAHOBOK, MPOU3BOAUTb MEPEKNYEHNs, HE OroBOPEHHbIE B
PYKOBOACTBE K AaHHOW nabopaTopHoun paboTe.

4. B cnyyae nopaxeHust anekTpm4yeckum TOKOM Heobxoanmo:

- HeMeNeHHO OTKIYNTL NuTaHne fiabopaTopHON YCTAaHOBKK, a Takxke
aBTOMaTMYECKNI BbIKITOYaTENb NMMTaHNS BCEX NabopaToOpPHbIX CTOMOB,

- ocBO6OAUTL NOCTpagaBLLUEro OT COMPUKOCHOBEHUSA C 3feKTpuye-
CKOW uenbto, obecneuns npeaBapmnTenibHO COOCTBEHHYIO 6€30MacHOCTb;

- OOSIOXKUTb O CIyuYMBLUEMCH PYKOBOAWUTENIO 3aHATUA, BbI3BaTb
MeONLMHCKOro paboTHUKa W, HE OoXuaascb ero npubbliTus, 6es npo-
MeaOneHust NPUCTYNUTb K OKa3aHWIo NepBOM NOMOLLM NOCTpagaBLLUEMY.

COCTAB TABOPATOPHOW YCTAHOBKM

YHuBepcanbHas nabopaTopHas yCTaHOBKa npegHasHadeHa Ans
3KCNepuMeHTarnbHOro uccrnegoBaHma oaHodasHoro, TpexdasHoro wu
LecTndasHoro ANOAHLIX U TUPUCTOPHBIX BbINPSMUTESEN.

B coctaB nabopaTopHON YyCTaHOBKM BXOOAT:

1. JlabopaTopHbIN NynbT.

2. ONEeKTPOHHbIN ocumnnorpadg.

JInuesasa naHenb NabopaTopHOro nysibTa COCTOUT U3 TPEX COCTaB-
HbIX YacTen: NeBON, LeHTpanLHOW 1 rnpaBon. Jleeasi n npasas naHenu
SABMSAIOTCSA CTaUMOHAPHBLIMK, a LieHTparbHasa BMECTE C YCTaHOBMEHHbIMU
Ha Hen anemMeHTamMu 1 nnatamMmm BNAeTCs CbeMHOMN.

Ha neesou nuueBon naHenwu:

- BbIrpaBMpoOBaHbl CxeMbl TpexdasHoro M ogHoda3HOro TpaHC-
dopMaTopoB C pasfnYHbIMU BapuaHTaMn COEOQMHEHUS BTOPUYHBLIX Lie-
nenm;
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- pa3meleHbl BonbTMeTp PV1 n amnepmetp PA1, npegHasHayeH-
Hble OJ151 U3BMEPEHNA NePEMEHHbIX N NOCTOSIHHBIX HAMNPSXXEeHU N TOKOB B
Pa3fNYHbIX TOYKaX N3yHaeMbIX CXEM;
- yCTaHoBMeHbl KHonku 3esieHoz2o ueta TPEXPA3SHAA CETb-
BKJ1, OQHO®PA3HAA CETb-BKJ1 u kpacHozo uBeta TPEXDPAIHAA
CETb-BbIKI1, O4HOPA3HAA CETb-BbIKII.
Ha ueHmpasnbHoOU nuueBOW NaHENN BbirpaBUPOBaHbI:
- CXeMbl BEHTUSTbHBIX rpynn AnoaHbix TpexdasHoix (VD1...VD12)
BbINPsIMUTENEWN;
- cxembl anopgos (VD13...VD16);
- cxeMbl TMpuctopos (VS1...VS2);
- cxeMbl koHaeHcaTopos C1...C4);
Ha npaeoud nvueBown naHenwu:
- BbIlfPaBMpOBaHbl CXEMbIl ANIEKTPUYECKMX CrIIaKmMBaoWmMX unb-
TPOB;
- pa3meLleHbl BonbTMeTp PV2 n amnepmetp PA2, npegHasHa4veH-
Hble OS5 U3BMEPEHMS NOCTOSAHHbIX HAMNPSXKEHUW N TOKOB Ha BbIXO4e UC-
cnegyemblx cxem BbinpamMneHna. B gaHHon paboTte BonbTmeTp PV2 13-
MepseT cpeHee 3HayYeHne BbINPSMIEHHOro HanpsxxeHna Uy 1 cpegHee
3Ha4YeHne BbINPAMMNEHHOIO TOKa Ha BbIXO4E UCCNeayeMbIX CXEM Bbl-
APAMIIEHUSI.
- ycTtaHoBreH Bbikntoyatens CETb ana nogaun nutatowero
HanpsHKeHUsa Ha YCTaHOBKY;
- YCTaHOBIEHbI PErynAaATOPbl BENNUYMHbLI COMPOTUBMEHUS HArpy3Kku

Ru.reyso M Ru.touHo-
Mpubopbl PV1, PA1 1 PV2 nmeloT nepeknovaTenu pexmma name-

peHna onsa n3aMepeHust nepeMeHHbIX U MOCTOAHHbLIX HANPS>KeHUN 1 ToKa.
Mpeaenebl namepeHna npmnbopos PV1, PA1 n PV2, PA2 nepeknto-
YalTCA aBTOMATUYECKN B 3aBMCUMOCTU OT peXmnma U3MepeHust «nepe-
MEHHbIW - MOCTOSAHHbIN» N TUMa NOAKNKYaeMOro cMeHHoro 6soka.
OnNEKTPOHHbIN ocuunsiorpad - Ans CHATUS OCUMIINIorpamMm BbIXO4-
HOro HanpsXeHUsa uccrengyemblix BbiNpAMUTESEN.

NMNOPAOOK BbINOJNHEHNA PABOTbI
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1. UccnepoBaHne TUPUCTOPHOro ogHOda3HOro O4HOTAKTHOro oA-
HOMOJSTyNepuogHOro BbiNpAMUTENS.

1.1 CHATME perynmpoBoYHON xapaktepuctukmn Uy, =f (a) npu 4 =
const.

1.1.1. CobpaTb cxemy Ansa wmccriegoBaHUst TUPUCTOPHOrO OOHO-
dra3HOro ogHOTaKTHOro OZAHONOYNEPUOAHOro BeinpaAMmUTens (puc. 7.).

1.1.2. Ha npaBou nvueBon naHenu rnaagHo NOBEPHYTb PYYKY pery-
natopa Ry toyqo MPOTMB YacoBOW CTPESIKM A0 yrnopa, a py4yKy perynsaro-
pa Ru.rpyso MOCTAaBUTb B NMOSIOXEHNE «3».

1.1.3. Moakntounte BXOL ocumnnorpada Kk rHesgam 6, 7 Ha nuue-
BOW naHesnu nynbTa. Bknountb ocumnnorpad.

1.1.4. NpepcTtaBnTb CXEMY Ha MPOBEPKY NpenogaBaTtento unn 3a-
BeayoLwemMy nabopatopmen.

1.1.5. Ha npaBon nuueBoW nNaHenNu BKIOYUTL BbIKIHOYaTENb
CETb.

1.1.6. Ha neBou nuueBoun naHenun HaxaTb 3eNeHyt KHOMKY

OOHOPA3HAA CETb-BKII.

1.1.7. C nomoLLblo OpraHoB ynpasrieHus ocuunorpadga nonyyntb
Ha €ero 3JKpaHe YCTOM4YMBOE M300paXXeHne KpuBOM BbINPAMITIEHHOIO
Hanps>XXeHUsa nccregyemMom cxemol.

P p——— —]
| . o
I 1. | | Cxema |
| 2 | | ynpaeneHnsa | |
| 220B VEY |
| 3 3 I VS2 O |
| |
| | | Yron o :
N ——
| — |
|
[ 5 s s o J NN .

Puc. 7. Cxema gnsa nccnegoBaHnst TMPUCTOPHOro ogHoda3Horo
OAHOTaAKTHOro 04HOMNONYNePUOLAHOro BblnpaAMUTEnd
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1.1.8. Pyukon nepekntovatens «BPEMA/OEN» ocumnnorpada no-
NyYnUTb Ha ero dKpaHe n3obpaxkeHue MONOXUTENbHOM NOMYBOSMHbLI KpK-
BOW BbINPAMSIEHHOIO HaMpaXXeHUs UCCregyeMon CXeMbl Ha MHTepBarne
B mpu bonbwux deneHus (Npyn 3TOM Kaxaomy 6onbliomy geneHuto 6y-
[eT cooTBeTCTBOBaTh yron B 60°).

1.1.9. Ha ueHTpanbHOW NUUEBOU NaHENN PyyKy NOTEHUMOMET-
pa «yrosn o» 11agHo NOBEPHYTbL NPOTUB YaCcOBOW CTPESIKN A0 ynopa.

1.1.10. Mo ocuunnorpamme BbIXOQHOro HanpsikKeHUs1 Ha 3KpaHe oc-
yunnorpada 3amepuTb 8 Masibix 0esieHUSIX WKasbl MaKCUManbHOE Ug max
3HayeHne BbINPSAMIEHHONO HanpsXeHUa. YMHOXUTb €ro Ha MHOXWUTENb,
NPOTMB KOTOPOro yctaHoBneHa pyyka nepekntodatena «V/OEN.» ocuun-

norpada, n 3anucaTtb B Tabn. 1 amMnnntygHoe 3Ha4YeHUe BbINPSIMIIEHHO-
ro HanpsxeHua Uop,.

1.1.11. lNnaBHO noBopaymMBas pPy4yKy NOTEHUMOMETpPa «yrom a» o
Yyacoeou cmpesike , YCTaHOBUTb MO OocuunsiorpaMmme BbIMPAMEHHOTO
HaMpsXKeHWs1 Ha aKkpaHe ocumnnorpada yron o = 30°. 3aHecTn B Tabn.
2.1. nokasaHus npmubopa PV2.

1.1.12. lNocnepoBaTesibHO ycTaHaBnMBas 3Ha4YeHUd YyrroB perynu-
poOBaHMA A, yKa3aHHbIX B Tabn. 1., BeinoniHnTb n. 1.1.11. 3apucoBaTtb ocC-
UMAnorpaMmbl BbIXOLHOrO HanpsbkeHust anst o = 30°, 60°,90°, 120° u
150°.

Tabnuuya 2.1
Cxema MapameTphl
BbINPAM- N3mepstoTca Bbluncnsaetcs

nexHuA Uom, B | @, pap | Uy, B Uge B

30

60
000 90

120

150

1.1.13. Ucnonbays BblpaxeHue (1), paccunTtaTb BENNYUHY MOCTO-
SIHHOW COCTaBnSOLLEN BbINPSAMIEHHOro HanpshkeHnsa Ugyq ONs yKa3aHHbIX
YrmnoB perynupoBaHns a u 3anucatb B Tabn. 1.;
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1.1.14. Mo gaHHbIM Tabn. 1. noctponTb rpaduk Uy, =f (a).

1.2 CHATne BHelwHen xapaktepuctunkn Uy =f (l14o) Mpu a = const.

1.2.1. Ha npaBow nvueBoun naHenu py4dky peryndaropa Ry rpyso NO-
CTaBuUTb B nosioxxeHne «0».

1.2.2. BeinonHntb n. 1.1.9.

1.2.3. [InagHo noBopaynBas pyyky NOTEHUMOMETpa «Yyrosi a» o
yacoeou cmpesike, YCTaHOBUTb MO ocuunnorpaMmme BbIMPAMIEHHOMO
HanNpsXXeHWs1 Ha aKpaHe ocumnnorpada yron o = 60°. 3aHecTn B Tabn.
2.2. nokasaHus npmbopos PV2 n PA2.

1.2.4. Ha npaBown nuueBoun naHenun pydky perynartopa Ry rpyso NO-
CTaBuUTb B nosioxeHne «1». 3aHecTn B Tabn. 2. nokasaHua npubopos
PV2 n PA2.

1.2.5. TlocnegoBatenbHO yCTaHaBnMBas Pydky perynsatopa
Rurpyso B MONOXeEHUA «2»...«11», 3aHecTn B Tabn. 2. nokasaHus npu-
bopos PV2 n PA2.

1.2.6. [lo gaHHbIM Tabn. 2. noctpounTtb rpadmkn Uy, =T (144).

1.2.7 Ha neBon nuueBon naHenn Haxxatb 3eeHy0 KHOMKY

OOHOPA3HAA CETb-BKII.

1.2.8. Ha npaBon nuueBon NaHenu BbIKNKOYUTL BbIKIOYATEND
CETb.

1.2.9. PasobpaTb cxemy.

Tabnuuya 2

MonoxeHus py4kn perynatopa Ry reyso

Yron a Jda/Ud

ol 112131 4] 5] 6] 7] 8] 9l10][11
|

a = 60° Ud:a
|

a = 90° ud:a
|

a = 120° U";
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2. WccnepoBaHne TUPUCTOPHOrO ABYXda3HOro OAHOTAKTHOro
ABYXNOMNYyNnepuogHOro BbINpsSMUTENS.

2.1 CHATHe perynupoBoYvHon xapaktepucTtnkm Uq, =f (a) npu ly, =
const.

2.1.1. Cobpatb cxemy Ons muccriegoBaHuUsi TUPUCTOPHOrO OAHO-
dra3HOro ogHOTaKTHOro OAHONONYNePUoOAHOro BeinpsAMmnTens (puc. 8.);

2.1.2. Ha npaBou nuueBon naHenu miagHo NoBepHYTb PYYKYy pery-
natopa Ry.toyqo MPOTMB YacoBOW CTPESIKM A0 yrnopa, a py4yKy perynaro-
pa Ru.rpyso MOCTAaBUTb B NMOSIOXEHNE «3».

2.1.3. Moaknountb BXO[ ocumnnorpada K rHesgam 6, 7 Ha nuue-
BOW naHenu nynbTa. Bknountb ocumnnorpad.

2.1.4. lNpencrtaBntb CXxeMy Ha MPOBEPKY npenoaBaTtento unn 3a-
BeayowemMy nabopatopmen.

2.1.5. Ha npaBon nuueBoW nNaHenu BKIIOYUTb BbIKNKOYaTENb
CETb.

2.1.6. Ha neBon nuueBoun NaHesnu HaxaTb 3efeHyl KHOMKY

OOHOPA3HAA CETb-BKII.

2.1.7. C nomoLLbiO OpraHoB ynpasreHus ocuunnorpada nonyunTb
Ha €ero 9JKpaHe YCTOM4YMBOE M300paXXeHne KpuBOM BbINPSAMITIEHHOIO
HanpsHKeHNa nccrnegyemom Cxemoil.

2.1.8. Pyukon nepekntovatens «BPEMA/OES.» ocuunnorpada
NONYYNTb Ha ero akpaHe n3obpakxeHmne NONOXUTENbHOW NONYBOSHbI

T pe— — 1 ]
| | | |
|
| 1] Cxema | | |
| 5 ynpasnexus | | I :
12208 |
| 3 3 O || |
|
|
| Yron O : ' |
SR | |
| - N :
|
[8 8 8 e e J __________ e - - - _ _ |

Puc. 8. Cxema onga nccnenoBaHust TMPUCTOPHOIO AByxdasHoro
OOHOTAKTHOro ABYXNOMYNepuUogHOro BbiNpPsMUTESS
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KPMBOW BbINPSAMMEHHOIO HanpsKeHUa uccrnenyemMonm CXembl Ha UHTep-
Bane B mpu bonbwux desieHus (Npn 9TOM Kaxaomy bonbliomy gerne-
Huo ByaeT cooTBeTCTBOBATL yron B 60°).

2.1.9. Ha yeHTpanbHOW NUUEBON NAHENN PYy4YKy MOTEHUMOMET-
pa «yrosi a» 1a8Ho NOBEPHYTb NPOTMB YaCOBOW CTPESIKM A0 Yrnopa;

2.1.10. o ocumnnorpaMmmMe BbIXOOAHOIO HaNpPSXXeHUs Ha aKpaHe oc-
yunnorpadga 3amepuTb 8 Masibix desleHUsIX WKasibl MaKCUManbHOE Ug max

3HayeHue BbINPAMIIEHHOrO HanNPsPKEHUs. YMHOXUTb €ro Ha MHOXUTENb,
NPOTMB KOTOPOro yctaHoBneHa pyyka nepekntodatens «V/OEN.» ocuun-
norpada, un 3anucatb B Tabn. 2.3 aMmnnuMTyaHoe 3Ha4yeHue BbiNnpaMIeH-
HOro HanpsaxeHua U,p,.

2.1.11. TlnaBHO nNoBopa4vmMBas pPy4yky NoTeHUMOMETpa «yrosl a» o
yacogou cmpesike , YyCTaHOBUTbL MO OcuunisiorpaMmme BbIMPAMEHHOTO
HanNpsXXeHWs1 Ha aKkpaHe ocumnnorpada yron o = 30°. 3aHecTn B Tabn.
3. nokasaHusa npmbopa PV2.

2.1.12. lNocnepoBaTenbHO yCTaHaBNMBasa 3HAYEeHUS YrroB perynu-
pOBaHMA d, YKaszaHHbIX B Tabn. 3., BbinonHMTb N. 2.1.11.; 3apucoBaTtb
OCLMNNorpaMMbl BbIXOAHOMO HanpsbkeHust anst o = 30°, 60°,90°, 120° u
150°.

2.1.13. Ncnonb3y4a BbipaxeHue (2.2), paccintaTb BENUYMHY MNOCTO-
SIHHOM COCTaBnALLEeN BbIMPSAMIIEHHOrO HanpsKeHns Ugq ONA YKa3aHHbIX
YrioB perynmpoBaHna a 1 3anucatb B Tabn. 3.

2.1.14. Mo gaHHbIM Tabn. 3. noctpouTb rpadmk Uy, =f (a).

Tabnuua 3
Cxema MapameTphl
BbINPAM- N3mepstoTca Bbluncnsaetcs
nenwa Um, B | a, rpaa | Ug, B Ug B
30
60
000 90
120
150
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2.2 CHATMe BHelwHen xapaktepuctukm Uy, =f (I4,) Mpu a = const.

2.2.1. Ha npaBon nuueBon naHenun pydvky perynsatopa Ryreyso
NOCTaBUTbL B nosioxxeHne «0»;

1.2.2. BbinonHutb N. 2.1.9.;

2.2.3. lnaBHO noBopayvmMBas pyyKy MoTeHUMoMeTpa «yrom a» 1o
yacoeou cmpesike , YyCTaHOBUTb MO OocuunniorpaMme BbINPAMAEHHOMO
HaMNpsXXeHWs1 Ha aKpaHe ocumnnorpada yron o = 60°. 3aHecTn B TabnN.
4. nokasaHus npndopos PV2 n PAZ;

Tabnuua 4
[MonoxeHus pydkn perynsatopa Ry rpyso
Yrona Jdd/Ya
O| 12| 3| 4| 5| 6| 7] 8] 91011
Ida
- (@]
a =60 U
Ida
_ (@]
a=90 U
Ida
- (@)
a=120 U

2.2.4. Ha npaBou nuueBon NaHenm pyyky perynatopa Ryrpyso NO-
CTaBUTb B nonoxeHne «1». 3aHectn B Tabn. 4. nokaszaHust npnbopos
PV2 n PA2;

2.2.5. [TlocnepoBaTtenbHO YycTaHaBnvBas pPYy4vKy peryndaropa
Rurpyso B MONOXeEHUA «2»...«11», 3aHecTn B Tabn. 4. nokasaHus npu-
6opos PV2 n PA2;

2.2.6. No gaHHbIM Tabn. 4. noctponTb rpaukn Uy, =f (l44).

2.2.7 Ha neBon nuueBon naHenn Haxxatb 3eNeHy0 KHOMKY

OOHOPA3HAA CETb-BKIT,

2.2.8. Ha npaBon nuueBon MaHenu BbIKNKOYNTL BbIKOYATEND
CETb;

2.2.9. PasobpaTb cxemy.

CooepxaHue oT4yeTa
1. CxeMmbl 3neKkTpuyeckne npuHUMNuanbHble Uccnegyembix Bbl-
npamutenen (Puc. 1,a, 4,a,).
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2. Tabnuubl 1, 2, 3, 4 ¢ pesynbTataMn USMEPEHUN N BbIYUCTIEHNNA.
3. Ocumnnorpammbl KpUBLIX BbIMPAMIEHHbLIX HANPSKEHNN.
4. I'padhmkm 3aBucumocten Uy, =f(a) U Uy, =f(l4e) NS ogHOGa3-
HOro N ABYX(asHOro TUPUCTOPHbLIX BbINPSMUTESIEN.
5. BeiBOgbI NO pesynbTaTtam nccrnegoBaHun.

KOHTpONbHbLIE BOMPOCHI

1. N306pa3untb 1 nosicHnte BAX Tupucropa.

2. N1306pa3nTb 1 NOSACHNTL XapakTep nameHenma BAX TupucTopa
ANga TpexX 3HaYeHUn Toka yrnpaBneHus ly; > ly, >lys.

3. YKasaTtb yCcrnoBus BKITHOYEHNA TUPUCTOpPA.

4. [laTb onpeaeneHne yrrna perynupoBaHus TMpMCTopa.

5. 1306pa3nTb CTPYKTYPHYHO CXEMY TUPUCTOPHOIO BbIMPAMUTENS U
NOSAICHUTbL Ha3Ha4YeHMEe ee 3rIEMEHTOB.

6. 1306pasunTb NpoOCTENLLYIO CXEMY TUPUCTOPHOrO BbINPAMUTENSA U
NOSICHUTL ee paboTy.

7. 306pasnTb U NOACHUTb BHELLHIOK XapaKTepUCTUKY TUPUCTOPHO-
ro ogHoa3HOro O4HOTAKTHOrO OAHOMOSYNEepPMUaHOro BbINPSMUTENS.

8. N306pa3snTb U NOACHUTL BHELLHIOK XapaKTepUCTUKY TUPUCTOPHO-
ro AByxdasHoOro 0gHOTAKTHOro ABYXNONynepuaHoro BbiNnpsMUTENS ANs
ABYX YIIIOB perynmpoBaHng a; 1 d, (0 > ay).

9. 3anncatb MaTteMaTUyecKoe BblpaKeHne peryrnmpoBOYHON xa-
paKkTEPUCTUKN TUPUCTOPHOIO OAHOGA3HOro O4HOTAKTHOro ogHononyne-
PUAHOro BbINpAMUTENS.

10. N306pa3nTb amnarpamMmmy BbIXOAHOIrO HanpsXXeHUs TUPUCTOPHO-
ro ogHoa3HOro O4HOTAKTHOro OAHOMONYNEPUAHOroO BbINPAMUTENS NPU
yrne perynmpoBaHua a = 0°.

11. N306pa3nTb amnarpamMmmy BbIXOAHOIrO HanpsXXeHUs TUPUCTOPHO-
ro ogHOga3HOro 0gHOTaKTHOro O4HOMNONYNEPULAHOrO BbINPAMUTENS MPU
yrne perynmposaHua a = 30°.

12. N306pas3ntb gmnarpamMmmy BbIXOAHOrO HanpsXXeHnsa TUPUCTOPHO-
ro AByx(asHoro 0gHOTAKTHOro ABYXNONynepuaHOro BeINpsMUTENS Npu
yrne perynmposaHus a = 90°.
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13. Onpegenutb Uyq Ha BbIXOAe TUPUCTOPHOIro ogHOoMasHoro ogHo-
TaKTHOro 04HOMNOSYNePMOLHOro BbIMPAMUTENS, ecnu AaHo: lgq =0, Uoy,
= 62,8 B; a = 150°.

14. Kak cnegyeT WU3MEHWUTb Yron perynmpoBaHunsa o, 4ToObl npwu
yMeHbLUueHun U, Ha 5 % cpegHee 3HayeHue BbINPSIMIIEHHOrO Hanpsxe-
HUS Ha BbIXxo4e OAHOMa3HOro MOCTOBOrO TUPMUCTOPHOrO BbIMPAMUTESS
He M3MEHUIIOCh.

3agavy pewmnTb Anga AByX Ha4varnbHbIX 3Ha4YeHnn a (a; = 120° a, =
60°). N306pa3nTe Auarpammbl BbIXOAHbLIX HaMNpPsKeHU BbinpaMUTens
ANs 9TUX Yrios.

15. TloAACHUTL BblpaxeHne: "TUPUCTOPHbIN OAHOMA3HbLIN OAOHO-
TaKTHbIN 0gHOMNONYNepuoaHbIN O4HOMNONYNEPUOLHbIN BbINPSMUTENDL".

16. lNosicHNTL BblpaxeHune: "TUPUCTOPHLIN ABYXda3HbIN OOHOTAKT-
HbIW OBYXMNOMynepuoaHbIN BbiNpsaMUTens".

Cnncok ucnonb3oBaHHOM NuTepaTypbl

1. DnekTponuTaHne ycTponucTB cBA3n: YuebHuk ona BY30B/
A.A. bokyHsieB, B.M. bywyes, A.C. XepHeHko u gp: lNog peq. HO.4.
KoansaeBa.-M.: Paguo n cBsa3sb, 1998. 328 c.

2. KpaTkuin Kypc maTemMaTndeckoro aHanunsa:yY4yebHuk ans BY3O0B.
A.®. bepmaHT, U.I'. ApamaHoBuy — Cl16: N3gaTtenbctBo’JlaHb”, 2005. —
736 c.



	«ИССЛЕДОВАНИЕ ТИРИСТОРНЫХ
	ПОЛУПРОВОДНИКОВЫХ
	ВЫПРЯМИТЕЛЕЙ»
	Методическое руководство к лабораторной работе

	Лабораторная работа №4
	ЗАДАЧИ ЭКСПЕРИМЕНТАЛЬНОГО ИССЛЕДОВАНИЯ
	ОСНОВНЫЕ СВЕДЕНИЯ ИЗ ТЕОРИИ
	Тиристорные выпрямители находят самое широкое практическое применение в системах электропитания современных систем телекоммуникаций. В практике в отличие от диодных за ними закрепилось название управляемых выпрямителей, поскольку по сравнению с диодам...

