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JlaGopaTtopHasi pabora Ne3
«ACCIEJOBAHUE XAPAKTEPUCTUK TUPUCTOPA»

Heas padorbi: HccienoBaHue CTAaTHYECKHX XapaKTEPUCTUK — YIPABIIIEMOIO
TUPUCTOPA.

OO0uue cBegeHus
TupucTopsl — NEPEKIIOYAIOLIUE IOJIYIPOBOJHUKOBBIE IMPUOOPHI, HMMEIOIINE
YETBIPEXCIONHYIO CTPYKTYypy. OHM HMMEIOT JBa YCTOWYMBBIX COCTOSIHHS: OTKPBITOE
(mpoBojsuiee) U 3akpbiToe (HempoBojsuiee). OHM BBIMYCKAIOTCS € JABYMS WIH TpeMs
BbIBOJaMU. B mepBoM cilydae OHM Ha3bIBalOTCS JAMHHUCTOPAMHU (MU JIMOIHBIMU
TUPUCTOPAMHU) BO BTOPOM — TPHUHUCTOPAMH (TPUOAHBIMU WIH YIPaBISIEMbIMU
tupucropamu). Mx ycnoBHble o00O3HaueHHs TMOKazaHbl Ha puc. 1. BbsiBoabl
oOo3Havarorcs: A — anop, K — karon, YO — ynpasisronuii anektpon. [IpousBoasrcs
TaK)k€ CHMHUCTOPbI — CHMMETPHYHBIE JAUHUCTOPHI M THUPHUCTOPBI, KOTOPHIE MOTYT
MPOBOJIUTh TOK B OOOMX HAMpPABICHUAX M 3KBUBAJICHTHBI JIBYM IUHUCTOPAM WIIA

TUPUCTOPAM, COETMHEHHBIM BCTPEYHO — NaPAJIJIENIBHO.
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Puc. 1. YcnoBHuble rpapuyeckue 0003HaYEHUS pa3InYHbIX TUIIOB TUPUCTOPOB

LuHucmop TpuHucmop

YetbipéxciioitHas CTPYKTypa AWUHHCTOpAa TNpeAcTaBieHa Ha puc. 2, a. [
YSICHEHUS MPUHIINIA AEUCTBUS YETHIPEXCIONHBIN MPUOOP MOKHO MPEICTABUTH KAK J1BA
TpEXCIONWHBIX Tpubopa (puc. 2, 0) Win ABa TPAH3UCTOPA, COSTUHEHHBIX KaK MOKA3aHO
Ha puC. 2, B.
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[Ipy npsIMOM MPUIIOKEHHOM HAIPsDKEHWH, IMOKAa3aHHOM Ha PUCYHKAaX, JIEBBIA U
IIPaBbIi P—N-TIEPEXO0bl OTKPBITHL, @ CPEIHUM 3aKpPBIT. Uepe3 TUPUCTOP MPOTEKAET JIUILb
HE3HAUYUTENbHBIN TOK HEOCHOBHBIX HOCUTENeH (puc. 2, r). [lo Mepe yBenndeHus mpsiMoro
HANpsOKCHUS JHEPTUs HOCUTENEH 3apsiia, MPOXOIAIIUX dYepe3 3amepThlid N1-p2
YBEJIMUMBAETCS U MpU HEKOTOpoM HanpsbkeHUU (Upgr) BOSHHMKAET ynapHask MOHU3ALUS
aTOMOB IIOJYIIPOBOJAHMKA B 30He N1-pP2 mnepexona, TOK pe3KO BO3pacraeT, JABa
TpaH3HucTopa (pUC. 2, B) OTKPBIBAIOTCA, HANPSIKEHUE HA TUPUCTOPE PE3KO MajacT, U OH
NEPEXOJUT B OTKPBITOE COCTOSIHME. BorbT-aMIiepHas XapaKTEpUCTHKA OTKPBITOIO
TUPUCTOPA aHAJIOTWYHA BOJIBT-aMIIEPHON XapaKTepUCTUKE quoja. IIpu cHukeHnn Toka
TUPUCTOP OCTA€TCs B OTKPBITOM COCTOSIHUM JO HEKOTOPOro HEOONBLIOro TOKa,
Ha3bIBaeMoOro TokoM yzaepxkaHus (lyy). OH HECKOJbKO MEHbBIIE TOKA BKJIIOYEHUS,
MOKa3aHHOTO Ha pHC. 2, T.

YnpagsisieMble THPHCTOPbI HMEIOT KPOME OCHOBHBIX BBIBOJOB «AHOI» U
«Katom» Tperuit BbIBOA «YmpaBisoomuid siekTpoa». OH mMoka3aH Ha puc. 2, B
nyHktupoM. [lomaBas Ha HEro HUMMYJbC TOKAa MOJIOKUTEIBHON TOJSIPHOCTH, MBI
MPUHYAUTEILHO OTKPBIBAEM OJMH W3 TPaH3UCTOPOB, BTOPOWM TPaAH3UCTOP TaK¥Ke
OTKpPBIBAETCSI, TAK KaK yepe3 ero 0a3y HauMHAET MPOTEKaTh TOK KOJUIEKTOpa JIPYroro
TpaH3ucTtopa. HampspkeHue BKIIOYEHHS YMEHBIIAETCS, KaK MOKa3aHO Ha pHC. 2, T
nyHKTUpOM. [Ipu Toke ynpaBieHUs, TPEBBIIIAIONIEM OTKPBIBAIOIIUN TOK YINPABICHUS
(lorp.y) BOJNBTAMIIEpHAs XapAaKTCPUCTUKA THUPUCTOPA TMOJHOCTHIO  AHAJIOTUYHA
XapaKTePUCTUKE JUOJA.

Takum o0pa3om, THPUCTOP TPEJCTABISAET COOOW YACTUYHO YIIPaBIIsiEMbIi
BEHTWJIb, KOTOPBI MOXHO TIEPEBECTH B MPOBOSAIIECE COCTOSIHUE TNpPU HAIUYUU
OJTHOBPEMEHHO JIBYX (DAKTOpPOB: MOJIOKHUTEIbHBIA MOTEHIHAT aHOJd OTHOCUTEIBHO
KaToja; I[ojJaya yOpaBisIOLIEro CHUrHajda B BHJAE TOKAa YIPABICHHUS B LENHU
yIpaBJsroniero sekrpoaa. Eciau xotst Obl oAMH U3 3TUX (PAKTOPOB OTCYTCTBYET, TO
TUPUCTOP OYJET OCTABATHCS B 3AKPHITOM COCTOSIHUU.

YacTuuHas ynpaBiasieMOCTh TUPUCTOPA 3aKJIIOYAETCS] B TOM, UTO MOCJIE€ BKIIOUEHUS
TUPUCTOPA, I1I€Mb YIPABJICHUS CTAaHOBUTCS HEHY>KHOM, Tak Kak OH caM ce0s
MO/IJICPKMBAET BO BKIFOYEHHOM COCTOSIHUH. BBIKITIOUUTH OOBIYHBIN TUPUCTOP MO IEMHU
YOpPaBJIEHUS  HEBO3MOXXHO. IloaTomMmy OH  Has3bIBaeTcsi  0OHOONEPAUUOHHBIM
mupucmopom win B 3apyoexnoi repmunosnioruu SCR (Silicon Controlled Rectifier).
JIyist 3anupanust TAPUCTOPA HEOOXOAMMO KaKUM-THOO CIIOCOO0OM CHH3UTh aHOJHBIN TOK
10 HyJII U YJIEpKUBATh €ro Ha HYJEBOM YpPOBHE B TE€UEHHUE BPEMEHU PacCaChIBAHUS
HEOCHOBHBIX HOCHTENIEH, HAKOMUBIIUXCS B 0azax TpansuctopoB VIl u VT2,
Ha3bIBAEMOE BPEMEHEM BOCCTAHOBJIEHUS 3anuparomux cBoiucTB. Kpome Toro, ckopoctsb
HapacTaHMWs AHOJHOTO HANpPsKEHUS HE JIOJDKHA TMPEeBBIIATH JJIsI JAHHOTO THIIA
TUPUCTOPOB JOMYCTUMYIO BEJIMUUHY.
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B nacrosimee Bpemsi pa3paOOTaHbl HOBBIE THIIBI TUPHCTOPOB, TaK Ha3bIBAEMBIC
08yXonepayuoHHvle Mupucmopsl Wiu 3anupaemvie mupucmopvl. OHU SBISIOTCS
MOJTHOCTBIO YIPABIISIEMBIMU TTOTYIPOBOJHUKOBBIMH TMPHOOpPaMH, KOTOPBIE MOXKHO H
BKIIIOYNTh W BBIKIIOYUTH [0 IIETIM yIpaBiieHUs. Takoil TUpHCTOp B 3apyOe:KHOU
TepMuHONOTHH Tony4ymsi  obozHaueHne GTO-mupucmop (Gate Turn-Off). DOto
J0CTUTaeTCs Omarogaps TOMy, YTO B 00JIaCTSAX aHO/A M KaToja TaKoi MpuOOp COCTOUT
U3 OONBIIOTO YHCIA TEXHOJOTHYECKUX SYEeK, TPEACTABISIOMUX OTICIbHbIC
TUPUCTOPHI, KOTOPBIE BKIIOYECHBI MapauIeIbHO.

@dusnuecKkue MpOIECcChl, MPOTEKAIONINE B 3aMHPAEMbIX TUPHCTOPAX, BO MHOTOM
aHAJIOTUYHBI YK€ PAaCCMOTPEHHBIM I OJHOOIEPAIIMOHHOTO THpUcTOpa. MckioueHnue
COCTaBJISET MPOLIECC BHIKIIOYCHUS OTPHUILIATEIbHBIM TOKOM YIIPABICHHUSL.

Bo BKIIOYEHHOM COCTOSHUM BCE€ TEPEXOJbl TUPUCTOPA HAXOJSTCS B COCTOSHUH
HachlleHuA. [Ipy TOCTaTOUHON BENMYMHE, JJIUTEIIBHOCTH YIIPABIIIONIETO TOKA, a TAKXKE
PaBHOMEPHOCTH €T0 paclpeneNicHus] M0 BCeM sidelKaM, H30BITOYHAs KOHIICHTpAIHS
HOCHUTENICH 3apsiia CHIDKAeTCsl O Hyisl BOJNM3M KOJUIEKTOpHOTrO mepexoma. Ilpu stom
KOJUICKTOPHBIN MEPEX0/ CMEIIaeTcss B OOPaTHOM HArpaBjeHHU. TpaH3uCTOphl HAYMHAIOT
paboTaTh B aKTHBHOM PEXHUME U B CTPYKTYypE BOZHHMKACT TOJIOKHUTEIbHASI 00paTHAast CBS3b
Opyd  OTpHUIIATETIbHOM  0a30BOM Toke B N—p-N-tpamsuctope VT2. Bcenencreue
JTABUHOOOPA3HOTO YMEHBIIICHHSI 3apsJiOB B 0a30BBIX O0JACTSX AHOMHBIA TOK HAYMHACT
cHmKarbest. Tpansuctop VT2 N—p—N-Tuma nepBblii BXOIUT B PEXHUM OTCeukH. JlelicTBue
MIOJIOXKUTENIHHOW OOpaTHOM CBSI3U TPEKpallaeTcsi, M NajJbHEWIMN CHaj aHOJHOTO TOKa

OIpeJieNisieTcs peKOMOMHAILIMEN B N 06a3e TUpUCTOpa.

BonpT-amnepHas = XapakTepucThKa  3alUpPaeMoOro  THUPUCTOpA  aHAJOTUYHA
XapaKTEepUCTUKE He3amupaemoro Tupucropa (puc. 3). Ha smektpuueckux
MPUHIMITHAIBHBIX CXEMaX 3alupaeMble TUPHUCTOPHI 0003HAYAIOTCS  YCIOBHBIMU
0003HauYEHUSMH, TIPEICTABICHHBIMU Ha pUC. 4.
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Puc. 4. YcnoBubie 0603HaUCHUS
3aMMpaeMbIX THPUCTOPOB
C YIpaBJIEHUEM MO aHOAy (a),
C yIpaBieHHueM 1o karoxay (0)

Puc. 3. BonpT-amnepHas
XapaKTEPUCTUKA JIBYXOIIEPALUOHHOTO
TUPUCTOPA
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Onucanue Makera JJabOpaTOpHOM YCTAHOBKH.

Cxema MakeTa 1JabOpaTOpPHON yCTAaHOBKH MPEICTAaBIICHA HA PHC. .
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Puc. 5. [lpunuunuaneHas cxema J1abopaTOpHOI YCTaHOBKHU JUISl UCCIIEAOBAHUS
XapaKTePUCTUK TUPUCTOPA

B 3aBucumoctu ot monoxeHus rnepekiarouarencii [W], [Space] cxema mosBossier
CHSTH MPSMYIO M OOpaTHYIO BETBU BOJIbT-aMIIEPHON XapaKTepucTUKU Tupucropa VS1.
Hwxaee monoxxenue nepexirouaress [W] cooTBeTcTByeT OTHHparomield MmoJpHOCTH
HampspKeHUsT ucTtouyHumka EI1, BepxHee ToONOXKEHWE — 3amUpaONIeH MOJIPHOCTH
HarpspKeHUs: ucTounuka E2.

[Tpu nepexiroueHUH nepekitoyaresns [Space] B BepxHee MOJOKEHHE Ha TUPUCTOP
VS1 nomaercs ympaBistoniuii curaan. HikHee monoskeHue mepekirouatens [Space]
MO3BOJISIET OTKPBITh THPUCTOP TPU OTCYTCTBUU YIPABISIIONIETO CUTHaNa, T.€.
MPEJICTaBUTh TUPUCTOP, B KAYECTBE JUHUCTOPA.

JInst  WM3MEHEHWsT 3HA4YCHUS COMPOTHBIICHHUS IOTEHIIMOMETPOB B  CTOPOHY
yMeHbIIIeHNsT HakuMaeM kiaBuiny [Q] wiau [R], ansa yBenudenus — 3axumaem [Shift] u
knasumny [Q] wim [R].

3ajanus Ha J1a00pPaTOPHYIO padoTy

3aganue 1: ucciegoBaHHWE TMPSAMONW BETBH BOJIBT-aMIIEPHOW XapaKTEPHCTHUKU
TUPHUCTOPA:

1.1. CobGepute ¢ momompio mepekmodareneir [W], [Space] cxemy,
MPE/ICTABJICHHYIO0 Ha puc. 5. B manHom skcnepumente tupuctop VS1 BKIHOYUTCS MO
JOCTIOKEHUH ONPEACIEHHOTO HANPSHKCHHS BKITFOUCHHUS MEKIY aHOJIOM U KaTtoaoM (Tpu
OTCYTCTBUH  YIPABIAIONICTO CHTHAla), 4YTO SBISCTCS YACTHBIM ClIydaeM M
COOTBETCTBYET THWUIy THUPHCTOPA, HA3bIBAEMOrO JHWHUCTOPOM. 3adukcupyiire
HaIpsHKEHUE BKIIFOUCHUSI TUPUCTOPA U 3aHECHUTE €ro B TabI. 1.

1.2. YcranoBure conpotusiieHue Harpy3ku 500 Om.
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1.3. YcranoBure conpoTtusieHue norenmuomerpa R1=1 Om.

1.4. Ymenpmas conpoTuBiieHHE MOoTeHuuomeTpa R1 cHuUMHTE mNOKa3aHUS C
BosbT™MeTpa V1 u amnepmerpa Al (5...7 3nauennii). [lanHble 3anummure B Ta0. 1

1.5. Tlocme TOro Kak THUPHCTOP BKIIOYWICA OH caM ceOs TMOJAepPKUBAECT B
OTKPBITOM CcOCTOSHHH. [l ero BBIKIIIOUEHUs TepeBeante nepekiarodarens [W] B
BEpXHEE IMOJIOKEHUE (TEM CaMbIM CO3JIaB 3allUPAIOIIYI0 MOJIIPHOCTh HAMIPSHKEHUS JUIS
TUPUCTOPA) U JIOKIUTECh, KOTAAa TOK Ha ammnepmeTpe Al CHU3UTCS 1O MUHHUMAIBLHOTO
3HaueHus. BeiBenure 3HaueHune noreHnuomerpa R1 Ha MakcumanpHOE 3HaUeHuUE. 3aTeM
nepeBenuTe nepexiodarens [W] B HIKHEe TOJI0KEHHE.

1.6. IloBropsiem npeiictBust 1. 1.4, yMeHblias 3HA4Y€HUE CONPOTUBIICHUS
noreHuuomerpa R1, noBenute ero 3HaueHHE JO MUHUMAIBHOIO 3HAYEHMs] PaBHOTO
75%, npu sTOoM (uUKCHpys mokazaHus BoiabTMeTpa V1 u ammepmerpa Al (3...5
3HAYEHMIT). 3anucaB py 3ToM B Ta0ul. 1 HanpspkeHue BrimodeHust UBKIIZ2 ¢ BOJIbTMETpa
V2 mpu 3HaYeHWH COMPOTUBIEHUS MOTCHIMOMETpa paBHOTO 75%. 3arem momanTe
CUTHAQJI YIPAaBJICHUSA, MEPCKIIOYUB TEpeKIovarenb [Space] B BepxHEE IOJI0KCHUE.
JloKIuTeCh, KOTJIa THPUCTOpP BKJIOUMTCS (HampspbkeHue Ha BojbTMeTpe V1 mmMeer
MUHUMAaJIbHOE 3HaYeHHE, TOK Ha amrepmerpe Al — MakcUMalIbHOE) U 3apUKCUPYHTE
3Ha4YeHUS TOKA U HampspkeHus. Jlanueie 3anecute B Ta0m. 1. Beikmrounte Tupucrop VS1
ITOBTOPUB 1. 1.5.

1.7. Tloropute 0. 1.6 ¢ IByMs MUHUMAaJIbHBIMUA 3HAYEHUSMU conpoTuBieHus R1 B
nuanasone 60% ...65%.

Tabmuma 1

Uskial= B
Ul,B
11, A

Uski2= B
Ul,B
11, A

Uskin3= B
Ul,B
11, A

Uskn4d= B
Ul,B
11, A

3aganmue 2: ucciuenoBaHWe OOpPATHOW BETBH BOJIBT-aMIIEPHON XapaKTEPUCTHKH
TUPUCTOPA:

2.1. Cobepure c¢ mnomomplo mnepemouarencit  [W], [Space] cxemy,
MPEICTaBJICHHYI0 Ha puc. 5 mpu 3ToM mepekirouareiab [W] BkitoueH B BepxHee
MOJIOKEHUE, KOTOPOE COOTBETCTBYET 3amnuparoiiei Ay tupuctopa VS1 nosisspHOCTH.

2.2. YcraHoBuTe conpoTtubiieHre Harpy3ku 500 Om.

2.3. Ycra"oBuTe conpoTuBieHue noreHmomerpa R1=1 Om.
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2.4. YMeHbllasg CONPOTUBJICHHE IMOTeHIHOMeTpa R1 cHuMHTE TOKa3aHUs C
BosbT™MeTpa V1 u amnepmerpa Al (5...7 3Hauenwii). /lannplie 3anummre B Ta071. 2.

2.5. Y0eautech, 4yTO MpHU 3alHpAIONICH MONSAPHOCTH HAIMPSDKEHUS YCIOBHMA ISt
BKJIIOUEHUSI HE CYIIECTBYET Jake NpH HAJIWYUHM CHUTHAja YIpaBiCHHs, NEPEBOIsS
nepeKrouaTesb [Space] B BepxHee moJioKeHue.

Tabmuma 2

IIo pe3yiibTaTaM SKCIICPUMCHTOB HOCTpOﬁTe BOJIbT-aMIICPHBIC XAPAKTCPUCTHUKU B
OIHUX OCiIX: IPAMYIO BCTBb B IICPBOM KBaJAPAaHTC, o6paTHon BCTBb B TPECThCM
KBaJApaHTC.

KoHTpobHbIE BONPOCHI
Kakue Tvnbl THpUCTOPOB BBl 3HAETE U YEM OHM OTIMYAKOTCS APYT OT Apyra?
Kak pabGoTaeT AMHUCTOP, KAKOBBI €70 OCHOBHBIE XapAKTEPUCTUKH ?

wnN e

Kak BiausieT Temieparypa Ha XapakKTEpUCTUKU TUPUCTOPOB?

4. Kak wu3MeHSETCA BOJbTAMIICPHAS XapaKTEPUCTHKA TPHUHHCTOpA IIpHU
YBEJIMYCHUH BEJIUYUHBI YIIPABISIONICTO UMITYJIbCa U MOYEMY?

5. IloueMy TUpHCTOp HA3BIBAIOT YACTUYHO YIIPABISAEMBIM BEHTHUIEM?
6. Hapucyiite CTpyKTYypy p-N-TIepeX0I0B TPUHUCTOPA U MOAIHUIIUTE €0 BHIBOJIBL.

7. Uem omiMyaercss CHMHCTOpP OT TPUHHCTOpAa TI0 CTPYKType H IO
XapaKTEePUCTUKaAM?

8. KakoBbI yc10BUS OTKPBITHS TPUHHUCTOpA?

9. Kakwue ycroBus 10JKHBI ObITh BBITIOIHEHBI, YTOOBI TPUHUCTOP 3aKPbUICS?
10. Yem aByxormneparioHHbIA TUPUCTOP OTIUYAECTCS OT OJHOOTIEPAIIMOHHOTO?



