Pacuyer TpaH3nCTOPHOro KacKkapa
Ha bBunonapHOM TpaH3UcTope

TPAH3UCTOP - nonynpoBOAHWKOBLIN Npnbop AN YCUNEHUS, FreHEepPUPOBaHUS U
npeobpasoBaHus 3N1eKTPUYECKUX KonebaHun, BbIMOTHEHHbIN Ha OCHOBE
MOHOKpUCTAN/IMYEeCKOro nonynposogHunka (Si - KpeMHus, unn Ge - repmaHus),
coaepxauero He MeHee Tpéx obnacten C pasIMYHON — SNEKTPOHHOM (N) N AbIPOYHOWM
(p) — nposoanMocTbio. N306peTéH B 1948 amepukaHuamm Y. LWoknu, Y. bpaTTreHOM 1
k. BapanHoM. Mo pusnyeckom CTpyKType U MexaHU3My ynpaBieHs TOKOM pasinyatoT
TPaH3MCTOPblI bunonspHole (Yawe Ha3biBalOT MPOCTO TPAH3UCTOPaMKM) U YHUNONASPHbIE
(4awe Ha3bIBAlOT MosieBbIMU TpaH3UCTOpamMun). B nepBbIX, cogepXxawmx asa, unm bonee
3NEeKTPOHHO-AbIPOYHbIX NepexoAa, HOCUTENsSMU 3apsaga CNyXaT Kak 3/1eKTPOHbI, TakK U
AbIPKW, BO BTOPbIX — NMB60 3N1eKTPOHbI, NM60 AblpkN. TEPMUH «TPaH3UCTOP>» Hepenko
NCNONb3YyT A9 0603HaYeHMs MNOPTATMBHbIX pagMoBeLLaTEesIbHbIX MPUEMHUKOB Ha
NnoaynpoBOAHUKOBbIX Mpubopax.

YnpassieHne TOKOM B BbIXOAHOW Lenu OCYLeCTBASeTCS 3a CYET U3MeHeHus
BXOAHOIO HanpshXeHuss uan Toka. Hebonbwoe maMeHeHue BXOAHbIX BEIMYUH MOXET
NpUBOAMTbL K CyLLECTBEHHO 60nblUEMY N3MEHEHMIO BbIXOAHOIO HanpsXXeHUsa 1 Toka. ITO
yCUNUTENbHOE CBOWCTBO TPaH3UCTOPOB WCMONb3yeTCqd B aHaNOroBOM TeXHUKe
(aHanorosble TB, pagno, cBA3b U T. N.).

BUnonsapHbIN TPaH3UCTOP

BunonspHbln  TpaH3uUCTOp MoOXeT ObiITb n-p-n 1 p-n-p

npoBoAMMOCTU. He 3arnsgbiBags BO BHYTPEHHOCTW TpaH3UCTOpa, —@ —@
MOXHO OTMEeTUTb pa3HULy MPOBOAMMOCTEN NUWb B MOJSPHOCTHU

NOAKMIOYEHNST B MNpPAKTUYECKUX CXeMaX WCTOYHWKOB MUTaHUS,
KOHAEHCATOpPOB, AMOAOB, KOTOpPble BXOAAT B COCTaB 3TUX CXeM. Ha
PUCYHKe cnpaBa rpadunyeckn n3obpaxeHsl N=p-n 1 p=-N=p TPaH3UCTOPbI. Y TpaH3uUCTopa
Tpu BbiBOAa. Ecnn paccmatpmBaTb TPaH3UCTOP KaK YeTbIPEXMOAKCHUK, TO Yy Hero
AO/MKHO 6biTb ABa BXOAHbLIX U ABa BbIXOAHbIX BbiBoAa. CnenoBaTesibHO, KakKOM TO U3
BbIBOZOB A0/1XEH ObITb 06WKMM, KaK AN BXOAHON, TaK U AN BbIXOAHOW LEMNWU.

n-p-n  p-n-p

PasnnyaloT cxembl BKAKOYEHMA TPaH3UCTOPA.

CxeMa BKJ/IIOYEHUSA TPaH3UCTOopa C 061WMM SMUTTEPOM — NpeaHa3HavyeHa A1
yCUNeHUs aMnanTyAbl BXOAHOMO CMIrHana rno HanpsiKeHUIo 1 no TOKY.
Mpn  3TOM  BXOAHOW  CWUrHan, YCWIMBAsACb  TPaH3UCTOPOM,
nHBepTupyetca. [pyrmmm cnoBamMu dasa BbIXOAHOrO CUrHana
nosopauymBaeTcs Ha 180 rpagycoB. JTa cxeMa, ABNSeTCS OCHOBHOW,
03 ANS YCUNEeHUS CUrHanoB pas3HOM amnnuTyabl U ¢dopmbl. BxoaHoe

COMNpOTUBIIEHNE TPAH3UCTOPHOIro Kackaaga ¢ O3 6biBaeT oT coTeH OM
A0 eAVHUL, KUI0OOM, @ BbIXOA4HOE - OT eAMHUL, A0 AECATKOB KUI00M.

BbIX0J,
BXOJA

O

CxeMa BKJIIOUYEHUSA TPaH3UCTOopa C 06MM KOJIJIEKTOPOM —

npegHasHadyeHa Ans yCUieHus aMnanTyabl BXOAHOrO CuUrHasna no BLIX0A
TOKY. YCU/IEHUSI MO HaMpsHKEHWUIO B TaKoi cxemMe He mpoucxoauT. ° oA
MpaBunbHee ckasaTb, KO3(MOUUMEHT yCUNeHMs Mo HanpsxeHuo © O
faxke MeHblle eAuHuUbl. BXoaHOW CcuUrHan TpaH3UCTOPOM He OK

WHBEPTUPYETCSH.



BxogHoe conpoTuBneHne TPaH3MUCTOPHOro kackaga ¢ OK 6biBaeT OT AeCcATKOB A0
COTEH KMIOOM, a BbIXOAHOE B npegenax CoTHU OM - eaAnHUL, KniooM. bnarogaps Tomy,
YTO B UENu 3MUTTEepa HaxoAUTCH, KaK MNpaBuNO, Harpy3o4vHbll pe3ncTop, cxema
obnapaetr 60sbWKMM BXOAHbIM cornpoTuBneHmeMm. Kpome Toro, 6narogapsi ycuneHuto
BXOAHOro TOKa, oHa obniagaeT BbICOKOM Harpy3o4yHOM CrnoCobHOCTbIO. DTU CBOWCTBA
CXeMbl C O6WMM KONNEKTOPOM WCMOAb3YIOTCA A7 COrlacoBaHUSA TPaH3UCTOPHbIX
KackagoB - Kak "6ydepHbl Kackan". Tak Kak, BXOAHOW CUrHan, He ycuamBasiCb Mo
amMnautyae "nosBTopsieTcs" Ha BbIXOAE, CXeMYy BK/IKOYEHUS TpaH3ucTopa C obuwum
KOJIJIEKTOPOM eLlé Ha3biBaloT DMUTTEPHbIA NOBTOPUTEb.

NmeeTca ewé CxeMa BKJIOUEHUA TPaH3UCTOpa C obuen
6a30M. DTa cxeMa BKJIIOYEHUS B TEOPUU €CTb, HO B MpaKTUKe OHa

BX0A BbIXOA peanunsyeTcs oUeHb TSXXeno. Takas cxeMa BKIHUYEHUS UCNONb3YeTCs
o B BbICOKOYACTOTHOM TexHuke. OCOB6EeHHOCTb €€ B TOM, 4YTO y Heé
OE HM3KOe BXOAHOE COMPOTUBJ/IEHUE, M COrflacoBaTb TaKOW Kackaz Mo

BX0O4Yy CNOXHO. CxeMa BKOYEHMS TpaH3MCTopa C obuwen 6asom -
TeMa AN TEOPETMKOB M 3KCNEPUMEHTATOPOB. Ha MpakTuUKe OoHa BCTpeYaeTcs KpalhHe
peako. O6bACHAETCS 3TO CBOMCTBAMM 3TOM CXEMbl BKJTHOYEHUS: BXOAHOE COMPOTUBIEHME
- OT eanHuL Ao aecatkoB OM, a BbIXOAHOE CONPOTUBIEHME - OT COTEH KUJTOOM A0 eANHNL,
mMeraom. Takue cneuymdunyeckme napamMeTpbl - peakas NoTpebHOCTb.

BunonsipHeln  TpaH3ucTop MoXeT paboTtaTb B  KAKYEBOM WU JIMHENHOM
(ycmnutenbHOM) pexumax. KnoueBon pexmM UCNONb3yeTCs B PasfIMYHbIX Cxemax
ynpaBneHus, Nornyeckux cxemax wm aAp. B knwyeBOM pexumme, TPaH3UCTOP MOXET
HaxoauTbCAd B ABYX pabounX COCTOSIHUAX — OTKPbITOM (HACbIWEHHOM) WM 3aKpbITOM
(3anepToM) cOCTOSAHUU. JIMHENHbIN (YCUNUTENbHbIN) PEeXUM UCMONb3YETCS B CXemax
YCUNEHNA TapMOHMYECKUX CUrHanoB u TpebyeT noaaep)XaHus TpaH3ucTopa B
«HaMNO/IOBUHY>» OTKPbITOM, HO HE HaCbILWEHHOM COCTOSIHUMN.

ans n3y4yeHund pa60Tb| TPaH3UCTOpPa, Mbl * O+l un
pacCMOTpUM CXeMYy BKJTIOHEHUSA TPAH3UCTOPa C O6UJ,VIM Rsi
l—o ebIX00

3MUTTEPOM, KaK Hanbosiee BaXKHYI CXeMY BKJIHOUEHMUS. C
CxeMa wusobpaxeHa Ha pucyHke. Ha cxeme VT - éxod
cobcTBeHHO TpaH3uctop. Pesunctopbl Re1 M Re2 -
Lenoyka CMelleHus TpaH3ucTopa, npeacrasnstowas
coborn  O06bIKHOBEHHbIM  AenuTenb  HanpsiXXeHus. 52
MmMeHHO 3Ta uenb obecneymBaer cMeweHune O * O
TpaH3MCcTOpa B «pabouyto TOUKY>» B pexuMe yCUeHus -
rapMOHMYECKOro curHana 6e3 wuckaxeHui. Pe3nctop Rk - Harpy3ouHbli pe3uncTop
TPaH3UCTOPHOroO Kackaja, npeAHa3sHayeH An18 NoABoAa K KOMMEKTOpY TpaH3ucTopa
3/IEKTPUYECKOro TOKa UCTOYHMKA MUTAHUSA U €ro OrpaHMYeHns B pexumme "oTKpbIToro"
TpaH3ucrtopa. Pesnctop Rs — pe3uctop obpaTHOM CBA3M, MO CBOEN CYTU yBENUYMBAET
BXOAHOE COMPOTUBNEHNE Kackaga, Npu 3TOM, YMEHbLUAET YCUIeHNne BXOAHOro CMrHana.
KoHgeHcaTopbl C BbINOAHAKT @GYHKUUIO rasbBaHUYEeCKOM pas3BsA3KM OT BAUSHUSA
BHEWHUX Lenen.

UYTo6bl 6bINO MOHATHEe, Kak paboTaeT 6MNONSAPHbLIA TPaH3UCTOP, Mbl NpoOBeAEM
aHanoruto ¢ 06bI4YHbIM AenuTeneM HanpsxeHusa (CM. puc. HUXxe). [na Havana, pe3ncTop
R2 penutens HanpsikXeHuss caenaeMm ynpasnsieMbiM (MepeMeHHbIM). M3MeHss
COMPOTUB/IEHNE 3TOr0 pe3ncTtopa, OT Hynsa Ao "6eckoHe4yHO" 60AbWOro 3Ha4YeHus, Mol
MOXEM MONYyYMTb Ha BbIXOAe TaKOro Aenutensa HanpshKeHue OT HynAs A0 3Ha4yeHus,
nogaBaeMoro Ha ero Bxog. A Tenepb, nNpeacrtasum cebe, uto pesuctop Ri genutens
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HaNps>XXeHUsl — 3TO KONITIEKTOPHbIN pe3ncTop TPaH3MCTOPHOro Kackaaa, a pe3mctop Rz
AenuTena HanpshkeHuss — 3TO nepexon TpaH3MCTopa KOMNeKTop-aMutTep. Mpu 3ToM,
nogasas Ha 6a3y TpaH3ucCTOpa ynpasnsiollee BO3AENCTBME B BUAE I/IEKTPUYECKOrO
TOKa, Mbl U3MEHSIEM COMPOTUB/IEHNE NMepexoaa KOMEKTOP-3MUTTEP, TEM CaMbiM MEHSIEM
napamMeTpbl aenutens HanpsbkeHus. OTnMuMe OT NEepPeMEeHHOro pe3mcrtopa B TOM, YTO
TPpaH3UCTOp YynpasnseTca cnabbiM TOKOM. VIMEHHO TakKk W paboTaeT 6uNoNapHbIN
TPaH3UCTOp. BbilweykasaHHOE M306paxxeHO Ha PUCYHKE HUXKeE:

RI RI Rx (R1)

_> _> VT (R2)
R2

O g O O——+ O O * O

Ons paboTbl TpaH3UCTOpa B pexXuMe YCUIeHuMs CurHana, 6e3 uncKaxeHus
nocneaHero, Heobxoammo obecneymTb 3TOT cCaMbli pabouynminn pexuMm. [oBOpAT O
cMeweHun 6asbl TpaH3ucTopa. [paMOTHbie crneumanucTbl TewaTt cebs npaBuIOM:
TpaH3UCTOp ynpasnsieTCa TOKOM — 3TO akKCuMoMa. HO pexmMm cMmeweHuss TpaH3ucTtopa
yCTaHaBAIMBaeTCa HanpsxeHnem 6asa-aMmTTEpP, @ HE TOKOM — 3TO peanbHOCTb. M y Toro,
KTO He YUYMUTbIBAET HarnpshXeHne CMeLeHUs, HUKAKoON ycunutenb pabortatb He bypert.
Mo3ToMy B pacyétax ero 3HayeHne AO/MKHO YUYMUTbIBATbCS.

NTtak, pabota 6MNONSAPHOro TPaH3UCTOPHOrO Kackaja B pexXumMe YyCUieHus
NPONCXOAUT Mpu onpenenéHHOM HanpshKeHUn cMmeleHusa Ha nepexoge 6asza-amutTep.
ANns KpeMHMEBOro TpaH3MCTOpa 3HAYeHUEe HanpsHKeHUsS CMeLleHus NeXxnT B npegenax
0,6...0,7 BonbT, anga repmanmnesoro — 0,2...0,3 BonbTa. 3Hass 06 3TOM MOHATUN, MOXHO
He TONbKO pacCCYuUTbiBaTb TPaAH3UCTOPHbIE Kackaabl, HO W MPOBEPSATb WCMPaBHOCTb
noboro TpPaH3UCTOPHOro YCUNUTENbHOro Kackaga. [ocTtaTouyHO MySbTUMETPOM C
BbICOKMM BHYTPEHHMM COMNPOTUBAEHMEM U3MEPUTb HanpshkeHne cmeweHnsa 6aza-
3MUTTEp TpaH3ucTopa. Ecnm oHo He cooTBeTcTBYeT 0,6...0,7 BONLT AN KPEMHUSA, UK
0,2...0,3 BonbTa ANg repmaHus, Torga UWKTE HEUCnpaBHOCTb MMEHHO 34ecb — Nnbo
HeucnpaBeH TpaH3UCTop, NM6O0 HeucnpaBHbl LEnn CMeWeHUs WM pasBsS3KM 3TOro
TPaH3UCTOPHOro Kackaaa.

BblweykasaHHoe, u306paxeHo Ha rpaduke - BOSbTAaMMNEpPHOW XapaKTepucTuke
(BAX).

/' 1 Bxodnou cuznan\ls{  BsixodHoii cuzHan NV



NHorga roBopsT, UTO BbIXOAHAs XapaKTepuCTMKa TpaH3ucTopa npeacTaBsieHa Ha
npasoM rpaduke! MoscHUM, TaM BCE nNpaBW/IbHO, @ Ha4yasoCb 3TO C 3J/IEKTPOHHO-
BaKyYyMHbIX Jlamn. PaHbwe BONbTaMNEPHON XapaKTEePUCTUKOM JfiaMnbl CYUTANOCh
nageHuve HanpsXxeHumss Ha aHogHoOM pe3uctope. Cendyac, nNpoao/HKAKT U3MepsTb Ha
KOMINEeKTOPHOM pe3nctope, a Ha rpaduke npunucebiBaloT 6ykBbl, 0603Hauatowme
nageHne Hanpsi>XeHUsa Ha TpaH3ncTtope, B 4YéM rnyboko owmnbatoTca. Ha nesom rpaduke
Is — Uss nNpencraBneHa BXOAHAs XapakKTepuCTuUKa TpaH3ucTopa. Ha ueHTpanbHOM
rpamke Ik — Uws nMpeacrtaBneHa BbIXOAHAs BOJbTaMnepHass XapakTepucTuka
TpaH3uctopa. A Ha npasoM rpaguke Ir — Ur nNpeacrtaBsieH BOJSIbTaMMepPHbIN rpaduk
Harpyso4Horo pe3suctopa Ry, KOTOpbIn 06bIYHO BblAAT 33 BOJSIbTAMMEPHYHO
XapaKTepUCTUKY CamMoro TpaH3ucropa.

Ha rpaduke mMeeT MeCTO SIMHEMHbIM Y4YacTOK, WCMOSb3yeMbln AN JIMHEWHOrO
YCUNEeHUss BXOAHOrO CUrHana, orpaHumyeHHblin Todkamm A n C. CpegHsis Touka - B,
ABNSETCA WMMEHHO TOM TOYKOWM, B KOTOpPOM HeobxoaMMO coaepxaTb TPaH3UCTOP,
paboTalOWwmMin B YCUNUTENBHOM pexuMme. DTOM TOUYKe COOTBETCTBYET onpeaenéHHoe
Hanpsi>keHne cMeleHns, KoTopoe npu pacyétax obbiyHO bepyT: 0,66 BONLT ANS
TpaH3ucTopa W3 KpeMHusa, unm 0,26 BOAbT A9 TpaH3UCTopa U3 repMaHus.

Mo BONbTaAMMEPHOM XapaKTEPUCTMKE TpaH3UCTOpa Mbl BMAUMM cCregytowee: npu
OTCYTCTBMW, WAM MasiOM HaMNpsHXXeHun CMeweHns Ha nepexoge 6asa-amutrep
TpaH3uUCcTopa, TOK 6a3bl M TOK KOJIJIEKTOpA OTCYTCTBYIOT. B 3TOT MOMEHT Ha nepexoje
KONNEeKTOp-3MUTTEp NafdaeT BCE HanpsiKeHue UCTOYHMKA nuTaHus. MNpu ganbHenwem
NOBbIWEHUN HaNpsXKeHns cMmeleHns 6a3a-aMmuTTep TpaH3UCTOpa, TPAH3UCTOP HauMHaeT
OTKPbIBATbCs, NOSBNAETCA TOK 6a3bl M BMeCTe C HMM pacTéT TOK Konnekrtopa. [Mpwu
AocTmxeHun "pabouen obnactn" B Touke C, TPaH3UCTOP BXOAWUT B JIMHEMHbIA PEXUM,
KOTOpbIA NpoAo/mkaeTcs A0 Toukun A. lpu 3TOM, nageHue HanpshKeHus Ha nepexone
KO/INEKTOP-3MUTTEP YMEHbLUIAETCS, a Ha Harpy3oyHoM pe3uctope Ry, HaobopoT
yBenunumpaetcs. Touka B — paboyas Touka cMeleHns TpaH3nCTopa, - 3TO Takas ToYKa,
npu KOTOPOM Ha nepexoAe KOJNJIEKTOp - 3MUTTEp TpaH3ucTopa, Kak npaBwuio,
yCTaHaBMBaeTCs MNafAeHne HanpshkeHUs paBHOE pPOBHO MOJSIOBUHE HaMNpsXeHUs
NCTOYHMKA nuTaHmsa. OTpe3ok AYX oT Toukm C, A0 Toukm A HasbiBaloT pabouen
obnactbto cMeuweHus. MNMocne Toukn A , Tok 6a3bl U cnegoBaTeNbHO TOK KOJIJIEKTOpa
pe3KOo BO3pacTatoT, TPAH3UCTOP MOJSIHOCTbIO OTKPbIBAETCS - BXOAUT B HacblweHue. B aToT
MOMEHT, Ha nepexoje KOJUIeKTOp-aMUTTEp najdaeT HanpshkeHne o6ycnosneHHoe
CTPYKTYpPOM Nn=-p-n nepexoaos, KoTtopoe npubnusmtensHo pasHo 0,2..1 BONbT, B
3aBMCMMOCTU OT TuMa TpaH3ucTtopa. Bcé octanbHoe HampsXeHue MCTOYHMKA NUTaHUS
nagaeT Ha COMPOTMBIEHMW HArpy3kKum TpaH3ucTopa - pe3unctope Rk., KOTOpbIN KpoMe
TOro, orpaHunymBaeTt AanbHENLWNN poCT ToKa KonnekTopa.

Mo HWKHMM "AONOMHUTENbHBLIM" pUCYHKAM, Mbl BMAUM, KaK W3MEHseTCcs
Hanps>XeHne Ha BbIXo4e TPaH3UCTopa B 3aBUCMMOCTU OT NMoAaBaeMoro Ha BXoz CMrHana.
BbixogHOe HanpsikeHue (NageHWe HanpshKeHUss Ha KOJIIeKTope) TpaH3ucTopa
npotneodasHo (Ha 180 rpagycoB) K BXOAHOMY CUTrHany.



Pac4yéT TpaH3UCTOpPHOro Kackaga ¢ oowmum amuttepom (0OI)

Mpexae 4eM NepenTn HeNOCPeACTBEHHO K PacYéTy ° O +Uun.
TPaAH3UCTOPHOro Kackaga, o6paTMM BHWMaHMe Ha Rir L C
cneaywowme TpeboBaHus n yCnoBus: C

e PacyéT TpaH3WCTOPHOro Kackaja MNpPOBOAAT, KaK 6xod |—o 66tx00
npasuno, C KoHUa (T.e. C BbIX04a); °_|

e [1na pacyeTa TPaH3UCTOPHOrO Kackaga HYXHO
onpefennTb nNajeHWe HanpsXeHus Ha nepexone Rs2 T
KOJIJIEKTOP-IMUTTEP TpPaH3UCTOpa B pexume nokod O * 1 O

(koraa OTCYTCTBYET BXOAHOM curHan). OHo

BblbMpaeTcs TakuM, 4TOObl MOMYyYMTb MaKCMMaNbHO HEWUCKaXeHHbIn curHan. B
OAHOTAKTHOM CXeMe TPaH3UCTOPHOro Kackaga paboTtatowero B pexumme "A" 370, Kak
npasuno, nosioBMHa 3Ha4YeHuns HanpsH>XeHns MCTOYHMKA NUTaHUS;

e B sMuTTEepHOM uUenu TpaH3ucTopa 6eXxuT aBa ToKa - TOK Kosuiektopa (no nyTu
KONNekTop-amMutTep) U ToK 6a3bl (No nyTn 6asza-amMuTTep), HO TaK KakK TOoK 6asbl
AOCTAaTOYHO Man, UM MOXHO npeHebpeyb U MNPUHATb, YTO TOK KOJIJIEKTOPA paBeH TOKY
3IMUTTEPAQ;

e TPaH3UCTOP — YCUINTENbHbIN 31IEMEHT, NO3TOMY CrnpaBeasimeo byaeTt 3aMeTuUTb, 4YTO
CNOCOBHOCTb €ro ycunmBaTb CUrHasbl AO/XKHA BblpaXaTbCA KaKOW-TO BEJIMYUHOMN.
BennunHa yCUneHus Bblpa)kaeTcs nokasartenem, B3ATbIM n3 Teopuu
YETbIPEXMOMIOCHNKOB - KO3MPUUMEHT ycuneHus Toka 6asbl B CXeMe BKJYEHUSA C
obwmm smuttepoM (0O3) m obo3HavaeTcs OoH - hai. Ero 3HadeHme npuBoaMTCA B
CNpaBOYHMKAX AN KOHKPETHbIX TUMNOB TPAH3MCTOPOB, NPUYEM, 06bIYHO B CMPaBOYHMKAX
npusoautca Bunka (Hanpumep: 50 - 200). Ona pacyétoB 06bl4HO BbibMpalT
MUHUMaNbHOE  3Ha4yeHue (n3 npumepa Bblbnpaem 3HayeHue - 50);

e KonnektopHoe (Rk) u amutTepHoe (Rs) CONpOTUBNEHUSA BAUSAIOT Ha BXOAHOE W
BbIXOAHOE COMPOTUB/AEHUS TPAH3UCTOPHOro Kackaga. MOXHO cuuTaTb, YTO BXOAHOE
conpoTuBrieHne kackaga Rex=Rs*h21, a BbixogHOe paBHO Reux=Rxk. ECin BaM He BaXxHO
BXOAHOE COMpPOTUB/EHWE TPaH3UCTOPHOrO Kackaja, To MOXHO obonTucb BoBCe 6e3
pe3uctopa Rs;

e HoMuHanbl pe3nctopoB Rk U Rs OrpaHnuMBalOT TOKM, MpoTekawlme uepes
TPaH3UCTOP N paccenmBaeMyto Ha TPaAH3UCTOPE MOLLHOCTb.

Mopsaaok u npumep pacyéTta TPaH3UCTOPHOro kackaga ¢ O3

NcxoaHble AaHHble:

MuTtatowee HanpsxeHne Uu.n.=12 B (yKasaHO Ha cxeMe uau B 3aaHnNn)
Bbibpaem TpaH3ncTop (yKasaHO Ha CxeMe WaW B 3aZlaHWNK), HanpuMep:
Tpan3uctop KT315l, aonsa Hero:

Pmax=150 MBT; Imax=150 MA; h21>50.

MpuHnMmaeM Ry=10%*R,

Hanps>keHne 6-3 pabouen Toukn TpaH3aucTtopa npuHmmaem Uss = 0,66 B nnn
yKa3aHHOe B CMpaBOYHMUKE

PeweHwue:

1. OnpegenvM MakKCMMasnbHYl CTATUUYECKYH MOLWHOCTb, KoTopas 6yaer
paccenmBaTbCsA Ha TPAH3UCTOPE B MOMEHTbI MPOXOXAEHUSA NEPEMEHHOIO CUrHana, Yepes
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pabouyo TOouky B cTaTMyeckoro pexwmma TpaH3uctopa. OHa [A0/MKHA COCTaBNATb
3HayeHne, Ha 20 npoueHToB MeHbwe (KoadpdunumeHT 0,8) MakCMManbHOM MOLLHOCTHU
TPaH3UCTOpa, yKa3aHHOM B CNpaBOYHMUKeE.

MpuHNUMaeM Ppac.max=0,8*Pmax=0,8*150 MBt=120 MBT

2. Onpegenum TOK KONIEKTOpa B CTaTUYEeCKOM pexume (6e3 curHana):
IK0=Ppac.max/UK30=Ppac.max/(UM.n./z) = 120MBT/(1ZB/2) = 20MA.

3. YunTbiBas, 4YTO Ha TpaH3UCTOpe B CTAaTUYECKOM pexunme (6e3 curHana) nagaer
NONOBMHA HaNpPsSXXeHUs NMTaHUs, BTopas NOI0BUHA HaNpsXXeHMs NnuTaHus byaeTt nagatb
Ha pe3ucTopax:

(R«+R5)=(Uu.n./2)/Ivo = (12B/2)/20MA=6B/20MA = 300 Om.

YuutbiBas CywecTBYOLWMN psg HOMWHANOB Pe3NCTOPOB, @ TakKXe TO, YTO HaMu
Bbl6bpaHo cooTHoweHne Rk=10*R5, HaxoANM 3HAYEHNSA PE3NCTOPOB :

R« = 270 OM; R; = 27 Owm.

4. Hangem HanpshXeHue Ha KonnekTope TpaH3ucTopa 6e3 curHana.
UKO=(UK30+ IKO*R3)=(Uu,n,' IKO*RK) = (12 B - 0,02A * 270 OM) = 6,6 B.

5. Onpegenum Tok 6a3bl ynpaBneHUs TPaH3UCTOPOM:
Ie=I«/h21=[Uu.n./(Rck+R5)]/h21 = [12 B/ (270 Om + 27 Om)] / 50 = 0,8 MA.

6. MNMonHbIN 6a30BbIN TOK ONpeaensaeTcsa HanpsXxXeHmeM cMeleHns Ha 6ase, KoTopoe
3ajaeTca pgenuteneMm HanpsbkeHUs Rei, Re2. TOK pe3ncTtMBHOro 6a3oBoro aenutens
AomkeH 6bITb Ha MHoro 6onbwe (B 5-10 pa3) Toka ynpaBneHums 6as3bl Is, 4TOObLI
nocneaHnn He BAUSAN Ha HanpshxeHue cMmelwleHusi. Bolbupaem ToK genutena B 10 pas
60nblLIMM TOKa ynpasneHus 6asbl:

Re61, R62: Inen.=10*Is = 10 * 0,8 MA = 8,0 MA.
Toraa nosiHoe ConpoTUBIEHME PE3NCTOPOB
Re61+R62=Uu.n./Ipen. = 12 B/ 0,008 A = 1500 Om.

7. Hangém HanpskeHmne Ha aMuTTepe B pexume nokos (OTCyTcTBUSA curHana). lMNpum
pacyeTe TPaH3UCTOPHOro Kackaja HeobxoaMMO yuuTbIiBaTb: Hanpsi>keHne 6asa-aMutrep
paboyero TpaH3ncTtopa (KpeMHUeBOro) He MoXeT npesBbicuTb 0,7 BonbTa! HanpsxeHue
Ha aMUTTEpe B pexuMe 6e3 BXOAHOro CMrHassa npuMepHo paBHO:

Us=I.0*R> = 0,02 A * 27 Om= 0,54 B,

roe Iko - TOK MOKOA TPAaH3UCTOpPaA.

8. OnpepensieM HanpshxeHune Ha 6ase



Us=U>+Ues>=0,54 B+0,66 B=1,2 B

OTcroaa, yepes popMyny AennTens HanpsXXeHUs HaxoauM:

Ré2= (R61+R62)*Us/Uu.n. = 1500 0m * 1,2 B/ 12B = 150 Om
Re1= (Re61+R62)-Re2 = 1500 OM - 150 Om = 1350 Om = 1,35 kOm.

Mo pe3ncTopHOMYy psiay, B CBA3WU C TeM, YTO Yepe3 pe3ncTtop Re1 TEUET elwé 1 Tok 6a3bl,
BblbMpaem pe3ncTtop B CTOPOHY yMeHblieHUs: Re1=1,3 KOM.

9. PazgenutenbHble KOHAEHCATOpbl BbibMpatloT ncxoasa n3 tpebyeMom aMnanTyaHo-
4aCTOTHOM XapakKTepuUCTUKKM (NONOChI NPONyCcKaHns) Kackaga. [Ansg HopManbHoM paboThbl
TPaH3UCTOPHbLIX KackagoB Ha dYactotax Ao 1000 Ty Heobxoammo BbibUpaTb
KOHAEeHcaTopbl HOMMHANOM He MeHee 5 MKO.

Ha HWMXXHMX 4acToTax aMnauMTyAHO-4acCTOTHas Xxapaktepuctmka (AYX) kackaga
3aBUCUT OT BpPEMeHU nepesapsaga pasgenmTeNlbHblX KOHAEHCATOpPOB 4yepe3 gpyrue
3/1EMEHTbl Kackaja, B TOM YMCNE U 3MIEeMEHTbl COCEAHMX Kackaaos. EMKOCTb A0MXHa
ObiITb Takon, u4Tob6bl KOHAEHCATOpPbl He YycneeBanu nepesapsxatbCcs. BxoagHoe
COMpPOTUB/IEHNE TPAH3UCTOPHOro0 Kackaga MHOro 6osblie BbIXOAHOrO COMPOTUBNEHMUS.
A4YX Kkackaga B 06N1aCTM HMXHMUX 4acTOT onpeaensieTcsas MOCTOSSHHOM BpeMeHU
ti=Rex*Csx, e Rex=Rs*h21, Csx - pa3aenntenbHas BxoaHas eMKOCTb Kackada. Cewix
TPaH3UCTOPHOro Kackaaa, 3To Cex CNeaylowero Kackaga U pacCynTbiBaeTCa OHa TakK Xe.
HumxHa8 dacTtoTa cpe3a Kackaga (rpaHuyHas 4actota cpesa AYX) fu=1/tu. Ons
KauyeCTBEHHOro0  YCWUNEHUs, TMpU  KOHCTPYMPOBAHMM  TPAH3UCTOPHOro  Kackaga
HeobxoaMMo BbibUpaTb, UT06bl cooTHoweHne 1/tu=1/(Rex*Cex)<<fuy B 30-100 pas3
Ans BcexX KackagoB. [lpn 3TOM 4yeM 6onblie KackagoB, TeM 6onble Ao/mKHa 6biTb
pasHuua. Kaxablh Kackaj CO CBOMM KOHAeHcaTopoMm pobasnser csBon cnag AYX.
O6blYyHO, AOCTAaTOYHO pa3saennutenbHon eMkocTn 5,0 Mk®. Ho nocneaHnn Kackaa, vyepes
Ceuix OObIYHO HarpyXeH HU3KOOMHbLIM COMPOTUB/IEHNEM AMHAMUYECKUX T[00BOK,
NO3TOMY eMKOCTb yBenunuymsatoTt Ao 500,0-2000,0 mk®, 6biBaeT 1 6onbLue.

Cnag A4YX B obnactu BepxHMX 4acToT onpegensieTcd MNOCTOSAHHOW BpPEMEHU
nepesapsga tB=RBbIX*Ck=RKCk, rge CK - napa3suTHass €MKOCTb KOJIJIEKTOPHOIO
nepexoda (ykasblBaeTcsa B CnpaBoO4YHMKax). [N 3BYKOBbIX 4acToT, €MKOCTb
KONINEeKTOPHOro rnepexoAa He3HauyuTeslbHa, MO3TOMY MapasuTHON EMKOCTbIO MOXHO
npeHebpeuysb.

Pac4éT KntoyeBoro pexmma TpaH3MCTOPHOroO Kackaaa

PacuéT kno4eBoro pexmnma TpaH3NCTOPHOro Kackaja npon3sBoanTca abcontoTHO Tak
Xe, KaK 1 paHee NpoBeAéHHbIM pacyéT yCUAnTenbHoro kackaga. Otnmuuve 3aknoyaeTcs
TONIbKO B TOM, 4YTO KJ/IHOUYEBOM pexuMm npeanonaraet ABa COCTOSHUS TpaH3ucTopa B
pexume nokos (6e3 curHana). OH, unm 3akpbIT (HO HE 3aKOPOYEeH), UK OTKPbIT (HO He
nepeHacobiweH). MNpu aToM, paboune Toukn "Nokos", HaxoaAaATCAa 3a npeaesnamm Touek A
n C nsobpaxéHHbolx Ha BAX. Korga Ha cxeMe B COCTOsSiHUMM 6e3 curHana TpaH3UCTop
AOKeH 6bITb 3aKpbIT, He06X0AMMO M3 paHee N306paxxEHHOM CxeMbl Kackaja yAanuTb
pe3nctop Re1. ECcnin xe TpebyeTcs, 4Tobbl TPAH3UCTOP B COCTOSIHUM NOKOS 6blN OTKPbIT,
HeobxoAMMO B cxeMe Kackafa yBennuutb pe3nctop Re2 B 10 pa3 oT pacyé€THoro
3Ha4YeHus, a B OTAE/NbHbIX Cy4yasx, ero MOXHO yAaluTb U3 CXEeMbl.

PacyéT TpaH3NCTOPHOro Kackaga OKOHYeH.



TpebosaHua K oTyeTy

OTyeT caaeTcs Ha OTAesIbHbIX UCTax 6YMaI'l/I.

B oTuyeTe:

1. 3apgaHne (TpaH3UCTOp, HanNpsXeHue nNUTaHUSA CXeMbl, psa HOMWHANOB
pe3ncTopoB).

2. MNMapameTpbl TpaH3UCTOpPaA U3 CNpaBOYHMKA.

3. CxeMa TpaH3MUCTOPHOro Kackaga. Ha cxeme AomXHbl 6bITb YKa3zaHbl HOMUHANbI U
MOLLHOCTU pPe3nCTOpPOB YCNOBHbIMK 3HAKaMu (CM. n. 5 Huxe).

4. MNMocnepoBaTeNbHbIN pacuyer TPAH3UCTOPHOr0 Kackaaa. HOMUHanNbHbIE
COMpOTUBJIEHNS pe3nCTopoB BblbupatoTcsa no psaay E12 nnu E24 B cOOTBETCTBUM C
3aaHuneM.

5. PacyeT MOWMHOCTMN pEe3nUCTOpPOB.



