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BUITOJIAPHBIE TPAH3UCTOPDBI

B Oonbliyio «ceMbio» TOJYIPOBOJHUKOBBIX MPUOOPOB, HA3BIBAEMBIX
TPAH3UCTOPAMH, BXOIAT JIBa BUIA: OUNOApHble U nojeegvle. llepBbie W3 HUX,
yTOOBl KaK - TO OTJIUYUTh HX OT BTOPBIX, YaCTO HA3BIBAIOT OOBIYHLIMU
mpan3ucmopamu. bUnonspHbie TPAH3UCTOPBI UCIOIB3YIOTCS HAauOoJee MIMPOKO.
VIMeHHO ¢ HUX MBI TTOKaTyld U HAYHEM. TEepMUH «TPaH3UCTOP» 00pa30BaH U3 IBYX
aHTIMICKUX clIoB: transfer - npeobpaszosamensv u resistor - conpomuesnenue. B
YOPOUIEHHOM BHJI€ OWIOJSPHBIA TPAH3UCTOP MPEACTABISET COOOM TMIACTHUHY
MOJIYNPOBOJHUKA C TpeMsl (KaK B CJIOCHOM IMUPOTe) YepeayrOUIUMUCS 001acTIMU
pPa3HOM BJIEKTPOIPOBOIHOCTH (pHUC. 1), KOTOpble 00pa3yloT ABa p - h Mepexoja.
JIBe kpaiinue o0JacTy 00J1a1at0T IEKTPONPOBOAHOCTHIO OJJHOTO THUIIA, CPEIHSS -
AIIEKTPONPOBOIHOCTBIO APYroro TUMa. Y KaxAou 007acTh CBOW KOHTAKTHBIN
BbIBOJ. Ecim B kpaitHuX 006sacTax mpeobianaer AbIpoYHas 3JIEKTPOIPOBOIHOCTD,
a B cpeaHeill oyekTpoHHas (puc. 1, a), TO makou npubop Hazvliearom
mMpPAaH3uCmopom cmpykmypot p - N - p. Y TpaH3UCTOpa cmpykmypel n - P - N,
Haobopom, TI0  KpasM  PaCIOJOXKEHBI  00MacTH ¢ DJICKTPOHHOMU
AJIEKTPONPOBOIHOCTHIO, @  MEXJAy HHMH - 00JacTb € JIBIPOYHOU

AJIEKTPOIIPOBOIHOCTHIO (pHC. 1, 0).

Puc. 1 CxemaTnuyeckoe yCTpoiicTBO U rpaguyeckoe 0003HAYEHHE HA CXeMaX

TPAH3UCTOPOB CTPYKTYPHIP-N-pH N -P - N.

Ecnu MbICIIEHHO NMPUKPBITH TI00YI0 U3 KpalHUX 00JIacTeil TpaH3UCTOPOB,

U300paKeHHbIX cxeMaTtuyecku Ha (puc.l). Uto momyumiiocs? OctaBiuuecs IBe



o0JacTi €CTh HE YTO HMHOE, KaK IUIOCKOCTHOM nuon. Eciau mpuKpsITE APYTryio
KpaifHIOI0 007acTh, TO TOXE MOJYYUTCS OUON. 3JHAYUT, TPAH3UCTOP MOMKHO
NpeACTaBUTh cebe Kak JBa IUIOCKOCTHBIX JUOJa C OJHOM o0uieil o001acTbio,
BKJIIOUEHHBIX  HAaBCTpeuy Jpyr Apyry. Ooéwyro (cpedurow) oodaacme
mpau3ucmopa Hazvlearom 0a30il, O00HY KpPAiHIOW 001acmb - IMUMMEPOM,
6MOpPYI0 KPAiiHIow 001acmy - KOAIeKmopom. ITO TPU DIIEKTPoAa TPaH3UCTOPA.
Bo Bpemst paboThl TPaH3UCTOPA €r0 SIMUTTEP BBOAUT (IMUTUPYET) B 0a3y AbIPKH (B
TPaH3UCTOPE CTPYKTYPHI P - N - P) WUIIM JIEKTPOHBI (B TPAH3UCTOPE CTPYKTYPHI N -
P - n), KOJJIEKTOP COOHMpAET 3TH SJECKTPUUECKHE 3apsiibl, BBOJAMMBIE B 0a3y
AMUTTEPOM. Paznuuue ¢ 0003HaUeHUAX MPAHZUCIOPOE PAZHBLIX CMPYKMYD HA
cxemax 3aKauaemcs Uy 6 HAnPAeIeHUuu CMpeaKu smummepa: ¢ p - N - p
mMpan3ucmopax ona 00pawieHa 6 CmopoHy 0asvl, a 6 n - P - B MPAHZUCIMOPAX -
om 0a3bl. DIEKTPOHHO - JBIPOYHBIE NEPEXOJbl B TPAH3UCTOPE MOIYT OBITh
MOJIYYeHBI TaK K€, KaK B IJIOCKOCTHBIX auojax. Hampumep, 4roObl M3rOTOBUTH
TPaH3UCTOP CTPYKTYpbl P - N - p, OepyT TOHKYIO IUIACTUHY TIe€pMaHus C
JIEKTPOHHOM 3JIEKTPOIPOBOJHOCTBIO M HAIUIABIIIOT HA €€ MOBEPXHOCTh KYCOUKH
uHAUS. AToMbl UHAUS JUGQYHIUPYIOT (IPOHUKAIOT) B TEJIO TUIACTUHBI, 00pa3ys B
Hel J1Be 00JIaCTH THUIA P - O MUTTEP U KOJUIEKTOP, & MEXKIY HUMHU OCTAETCS OYeHb
TOHKass (HECKOJIbKO MHKPOH) TMPOCIIOWKa TMOJYNPOBOJHMKA THIa n - 0asa.
TpaH3uCTOpbI, M3rOTOBISIEMbIE O TAKOM TEXHOJIOTMH, HA3bIBAIOT CILJIABHBIMHU.
3anomnu Haumenosanusa p - 1 NEPExX0008 MPAH3UCHOPA: MEIHCOY KONTEKHOPOM
u 0a30u - KOJNNEKMOPHbBLL, MeHcOy IMUmmepom u 06azon - IMummepHulil.
CxeMaTnyeckoe yCTPOMCTBO M KOHCTPYKIIMSI CIUIABHOTO TPAH3UCTOPA MOKA3aHBI
Ha (puc. 2). [Ipubop coOpan Ha METAIUTMYECKOM JTUCKE AuamMeTpoM MeHee 10 mwm.
CBepxy K OTOMY JAWCKY TIpUBapeH KPUCTAJUIOAEpPKATEb, SBISIOMIUNICS
BHYTPCHHUM BBIBOJIOM 0a3bl, a CHHU3Y - €€ Hapy>KHbI MPOBOJIOYHBIA BBIBO/I.
BHyTpeHHME BBIBOJBI KOJUIEKTOpAa M S3MHUTTEpPa NPUBAPEHBI K IMPOBOJOYKAM,
KOTOPbIE BHAsHbI B CTEKJISTHHBIE U30JISITOPBI U CIY>KAaT BHEUTHUMU BBIBOJAMH ITHX
3NIEeKTPo10B. LlenbHOMeTAIIMYeCKHA KOJIAK 3alUIIaeT IpruOop OT MEXaHUYECKHIX

MOBPEXJICHUA M BIMSHUS CBeTa. Tak YCTpoeHbl Hauboyiee pacripoCTpaHEHHbIE



MaJOMOIIHbIE HU3KOYACTOTHBIE TpaH3ucTopsl cepuit MI139, MI140, MI141, MI1142
U ux pasHoBupHocTH. bykBa (M) B 0003Haue€HHMU TOBOPHUT O TOM, YTO KOPILYC
TpaH3UCTOpa XojomHocBapHoi, OykBa (II)- mepBoHauanmbHas OykKBa CJIOB
«IIJIOCKOCTHOM», a IUQPBI - MOPSAKOBBIE 3aBOJCKKME HOMepa MpubopoB. B koHIle
o0o3HavyeHus: MoryT ObITh OYkBbl A, b, B (mampumep, MII39b), yka3biBaromiue
pa3HMIly B TapaMmeTpax TpaH3ucTopa HAaHHOW cepun. CylIeCTBYIOT JApyrue
CHOCOOBI M3TOTOBJIEHUSI TPAH3UCTOPOB, Hampumep, AUPPY3HOHHO - CIUIABHOU
(puc. 3). KomiekTtopoM TpaH3UCTOpA, M3TOTOBJIEHHOTO IO TaKOW TEXHOJOTHUH,
CIIy’)KAT TUTAaCTHHA MCXOJHOTO TMOJYIPOBOAHMKA. Ha MOBEPXHOCTHh MIACTHUHBI
HAIUTABIIAIOT OYEHB OJIM3KO OJIMH OT APYTOTo J1Ba MAJCHBKUX MIapUKa MPUMECHBIX
3ieMeHTOB. Bo Bpemsi HarpeBa 40 CTpPOro OIPEAETICHHOW TeMIlepaTypbl
npoucxoauT AU(Qy3us MPUMECHBIX AJIEMEHTOB B IUIACTUHKY IOJYIPOBOJTHHKA.
[Ipu 3TOM OoauMH mIapuK (Ha puc. 3 - MpaBbiil) 00Opa3yeT B KOJUIEKTOPE TOHKYIO

0a30By10 00J1aCTh, @ BTOPOU (Ha pUC. 3 - JIEBBIN) IMUTTEPHYIO 00JIACTb.
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Puc. 3 YcrpoiicTBo "
Puc. 2 YcTpoHCTBO M KOHCTPYKIHUA

KOHCTPYKUUA  TUPPY3HOHHO -
CINIABHOI'0 TPAH3MCTOPA CTPYKTYPHI P -

n-p.

CIJIABHOT O TPaH3UCTOPa

CTPYKTYPBI P - N - P.

B PE3YJIbTATC B INIACTUHC NCXOJHOTO ITOJIYIIPOBOAHHKA ITOJIYYArOTCA ABA P

- n mepexoga, oOpasyrolue TPaH3UCTOpP CTPYKTypel p - N - p. Ilo Takou



TEXHOJOTHMH W3TOTOBISIIOT, B YAaCTHOCTH, HauOOJiee MAacCOBBIE MAaJIOMOIIHBIC
BBICOKOYACTOTHBIE TpaH3ucTopel cepuil 11401-11403, 11422, 11423, I'T308. B
HACTOsAIIEE BpeMs JEHCTBYET cUCTeMa 00O03HAYeHHs! TPAH3UCTOPOB, IO KOTOPOM
BBIMYCKA€MbIE CEpUHHO MPUOOPHI UMEIOT 0003HAYEHHs, COCTOSIINE U3 YETHIPEX

anemeHToB, Harpumep: ' T1I09A, KT315B, I'T4031.

o  IlepmeIit anemMeHT 3TOM cucTemMbl 0003HaueHus - OykBa I, K nmun
A (wmm nudpa 1, 2 u 3) - xapakTepusyeT MOJyIPOBOTHUKOBBIA MaTepHa
TPaH3UCTOPA U TEMIlepaTypHbIe yciIoBHUs paboTsl nmpubdopa. byksa I' (nmm
nuppa 1) mpucBamBaeTcs repMaHUEBBIM TpaH3ucTopam, OykBa K (umum
nuppa 2) - KpEeMHHEBBIM TpaH3ucTOpaMm, OykBa A (umu mudpa 3) -
TPaH3UCTOPAM, IOJYIPOBOJHUKOBBIM MAaTE€pPUAJIOM KOTOPBIX  CIYKUT
apcenup rawms. [udpa, crosmas BMecTo OyKBbI, YKa3blBa€T Ha TO, YTO
JAHHBIM TPaH3UCTOP MOKET padOTaTh MPHU TMOBBILIEHHBIX TEMIIEPATypax
(repmanueBbIit - Boiiie 4- 60°C, kpemHHEBBIH - Boite +85°C).

o« Bropoit snement - OykBa T - HavanbHas OykBa cJoBa
«TPAH3UCTOPY.

o Tpernit snement - Tpex3HayHoe uucio ot 101 go 999 -
yKa3bIBaeT MOPSAJKOBBIM HOMEp pa3padOTKUM M HazHAayeHWE Mpuodopa. ITo

YUCJIO TMPUCBAUBACTCSA TPAH3UCTOPY [0 IIPU3HAKaM, IPUBEIACHHBIM B

TalOIuIE.
Tpancrop P, B Husxas sacrora Cpemian yacrota Buicoxas sactora
(no 3 MI'n) (330 MI'u) (ceemmre 30 MI'n)
Manoit mommoctn (o 03 Br)  101-1%9 201-299 301-399
Cpenneit mommoctr (03-3 Br) 401499 501-599 601-699

Bombwo Mowmocr# (cewiwe 3 Br) 701-799 801-899 901-999

o  UYerBepTslii 3J1eMeHT 0003HAYECHHA - 0YKBa, YKA3bIBAKOIIAS

Pa3HOBH/IHOCTH TPAH3UCTOPOB JAHHOI cepum.



Bot HekoTopbie mpumMepsl paciiudpoBKH 0003HAYEHHUM TPAH3UCTOPOB IO
stoi cucteme : I'TI0O9A - repMaHHEBBIA MaJOMOIIHBIA HU3KOYACTOTHBIN
TpaH3ucTop, pasHOBUAHOCTL A; ['T404I" - repMaHueBbli CpeaHEH MOIIHOCTH
HU3KOYACTOTHBIM TpaH3ucTop, pasHoBuaHocTh [; KT315B - kpeMHueBbld
MaJIOMOIIHBIN BBICOKOYACTOTHBIN TPAaH3UCTOP, Pa3HOBUAHOCTH B. Hapsay ¢ takoun
CUCTEMOM MpOAOHKAeT JIeWCTBOBATH M TPEXKHSSA CHUCTeMa O0003HAYeHHUS
Tpan3uctopos, Hampumep [127, 11401, 11213, MII39 u T.1. OOBSACHIETCS 3TO TEM,
4YTO TaKU€ WM MOAO0OHBIE TPaH3UCTOPbl ObUIM pa3paboTaHbl O BBEACHUS
COBPEMEHHOW MAapKUPOBKU TMOJYNPOBOAHUKOBBIX NpHOOpoB. BHemHuil BuA
HEKOTOPBIX OHWIOJSIPHBIX TPAH3UCTOPOB, HaMWOOJIee WIMPOKO HCIHOJIb3YyEeMbIX
paavonoouTensiMi, moka3zaH Ha (puc. 4). ManoMomHbI HHU3KOYACTOTHBIM
tpanzuctop I'T109 (ctpykTypsel p - N - p) UMeeT B auameTpe Bcero 3, 4 MM.
Tpan3ucropsl 3TOU cepuu IIpeIHa3HAYCHbI TUISL MUHHATIOPHBIX
PaauOBEIIATENIBHBIX IPUEMHHUKOB. VX UCIIOJIB3YIOT TAK)KE B CIIYXOBBIX aIaparax,
B AJIEKTPOHHBIX MEIULIMHCKUX Mpubopax T.1. HuameTp tpanszuctopos I'T309 (p - n
- p) 7,4 mm. Takue TpaH3UCTOPHI MPUMEHSIOT B Pa3IMYHBIX MaJorabapUTHBIX
ANIEKTPOHHBIX YCTPOMCTBAX IJIsl YCUIIEHUS U T€HEpUPOBaHUS KOJIEOAHUI BBICOKON
yactoTbl. Tpauszuctopsl KT315 (n - p - n) BBINyCKalOT B IIJIACTMACCOBBIX
KOpIycax. OTH MaJOMOUIHBbIE TPaH3UCTOPHI NpPEIHAa3HAYEHbl JUI1 YCWICHHUS U
reHepupoBaHus KojaebaHuil Bbicokor yacToThl. Tpanzuctopsl MII39 - MI142 (p - n
- p) - camble MAacCOBBIE CPEIM MAJIOMOIIHBIX HU3KOYACTOTHBIX TPaH3UCTOPOB.
To4HO Tak BBIMISASAT M aHAJIOTMYHBIE UM, HO CTPYKTYpPBI N - P - N, TPAH3UCTOPbI
MII35 - MII38. Jlmamerp Kopiyca JIFOOOTO M3 3TUX TpaH3UCTOpoB 11,5 mm.
Haubonee mupoko HX HCIONB3YIOT B YCHIUTENSIX 3BYKOBOM YacTOThl. Tak
BBITVISIAST U MAJIOMOUIHBIE BBICOKOYACTOTHBIE P - N - p TpaH3uctopsl cepuit [1401 -
[1403, 11416, 11423, ucnoyib3yemble Jisl YCUICHUS BBICOKOYACTOTHBIX CHTHAJIOB
KaK B MPOMBIIIJICHHBIX, TaK U JIIOOUTEIBCKUX PaJUOBEIIATEIbHBIX MPHUEMHHUKAX.
Tpanzuctop I'T402 (p - N - p) - npeacTaBUTEIb HU3KOYACTOTHBIX TPAH3UCTOPOB
CpemHel MOIIHOCTH. Takyro ke KOHCTPYKIHI0 umeeT ero «omusnem» ['T404, Ho

OH CTPYKTYpHI (n - P - n). X, 0OBIYHO MCHOJB3YIOT B Mape, B KaCKaJaax yCUICHHUS



MOIIHOCTH KoOJIeOaHWi 3BYKOBOM uacToThl. Tpanzucrop I[1213 (repmanueBblit
CTPYKTYPBIL p - N - p) - OAMH U3 MOUIHBIX HU3KOYACTOTHBIX TPAH3UCTOPOB, IIUPOKO
UCIIOJIb3YEMBIX B OKOHEUHBIX KacKaJaxX yCHJINTENEH 3ByKOBOH 4acTOThl. Jlnamerp
3TOr0, a TAaK)KE AaHAJOTWYHBIX eMy TpaH3ucTopoB [1214 - I1216 u HEKOTOpBIX
Opyrux, 24 mM. Takue TpaH3UCTOPBI KPENsAT HA MIACCH WIN MAHENSAX IPU MTOMOIIU
¢nanueB. Bo Bpemst paOoTbl OHM HArpeBarOTCs, MOTOMY MX OOBIYHO CTaBAT Ha
CHelUalbHble TEIUIOOTBOMASIINE PAJAATOPHI, YBEIUYUBAIOIIME IMOBEPXHOCTH
oxnaxaeHus. KT904 - cBepXBbICOKOYACTOTHBIM KPEMHHUEBBIM N - P - N TPAH3UCTOP
OosbiIoN MomrHOCTH. Koprmyc meTamiokepaMUyecKui ¢ KECTKUMHU BBIBOJIAMHU U
BUHTOM M5, C MOMOIIBIO KOTOPOrO TPAH3UCTOP KPEMIT Ha TEIIONPOBOIALIEM
paguaTope. OyHKIMIO paguaTopa MOXKET BBIIIOJHIATH MACCUBHAS METAJINYECKAs
IUIACTUHA WJIM METAUIMYECKOE IIACCH PaJUOTEXHUYECKOro yCTpolcTBa. Bricora
TPAH3UCTOpPA BMECTE C BBIBOAAMM M KPEMEXKHBIM BHUHTOM 4yTh OOJjble 20 MM.
TpaH3uCTOpPBl 3TON CEpUM NPEIHA3HAYAIOTCS Il T€HEPAaTOPOB M yCWIHTEIEH
MOIITHOCTH pajJidoanmaparypsl, pabortaromieii Ha wyactotax Bbimie 100 M,

HarpuMep auarnasona YKB.
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TPaH3UCTOPOB.

CxeMbl BKJIIKOYEHHS U OCHOBHbIE MapaMeTpbl OUIOJISIPHBIX

TPaH3UCTOPOB



Wrak, OMNONSPHBIN TPAH3UCTOP, HE3ABUCUMO OT €TO CTPYKTYPHI, SIBIISICTCS
TPEXANEKTPOAHBIM MpHOOpoM. Ero amekTpossl - SMUTTEp, KOJUIEKTOp U 6aza. s
UCIIOJIb30BAHUSI TPAH3UCTOpPAa B KAueCTBE YCHJIUTENS HANpsOKEHUs, TOKa WITU
MOIITHOCTH BXOJHOU CHUTHaJ, KOTOPBIM HAJAO YCHJIUTh, MOKHO IMOJIaBaTh Ha JiBa
KaKuX - JIMOO 3JIEKTPOJia U C ABYX DJIEKTPOJOB CHUMATh YCUJICHHBIN curHai. Ilpu
IMOM 0OUH U3 ITIEKMPOO08 00a3amenvHo 0yoem oouwum. OH - TO U ONPENEISIET
Ha3BaHHE CIOCO0a BKIIOUCHUSI TPAH3UCTOPA: HO cxeme oduiezo Imummepa (03),

no cxeme oowezo konnekmopa (OK), no cxeme oowieii oaszwt (Ob).

e Brkawuenue p-n-p mpanszucmopa no cxeme O3mnoxazano Ha (puc. 5,
a). HampsokeHue MCTOYHMKA NMUTaHUS Ha KOJUIEKTOpE TpaH3ucTtopa V mojaercs
yepe3 pe3uctop Rk, sABISIONIMiicS Harpy3Koil, Ha SMHUTTEp - 4epe3 OOIIHii
«3a3€MJICHHBIN» MPOBOJHUK, 0003HAYAEMBI Ha CXeMaX CIEUUAIbHBIM 3HAKOM.
Bxonno#t curnan yepe3 koHjaeHcaTop cBsi3u CcB. mojaercs K BbIBOAaM 0a3bl U
AMUTTEPA, T.€. K Y4acTKy 0a3a - SMHUTTEp TPAH3UCTOPA, a YCHIICHHBIH CHUTHAI
CHHUMAETCSl C BBIBOJIOB AMUTTEPA U KOJUIEKTOpA. DMUTTEP, CIEA0BATEIBHO, MPU
TaKOM BKJIIOUYEHUU TPaH3UCTOpaA SIBJISIETCS OOIIMM JJIsi BXOJHOM W BBIXOJIHOMU
neneit. Tpanzucrop, 1o cxeme ¢ OO, B 3aBUCUMOCTH OT €r0 YCHJIUTEIbHBIX
cBoiicTB MoxeT naTh 10 - 200 - kpaTHOE yCHJIEHUE CHTHAIA MO HANpshKeHHo u 20
- 100 - kpatHOe ycuJeHME cuUrHajga Mo TOKy. Takoil cmocod BKIIOYCHUS
TpaHsucropa no cxeme ¢ OO monb3yercs y paauoIro0uTeneil HamOOJbIIeH
nonyJaspHOCThiO. CyIIeCTBEHHBIM HEJIOCTAaTKOM YCHJIUTEIBHOTO Kackaja Ha
TPAH3UCTOPE, BKIOYEHHOM I10 TAKOW CXEMe, SIBJISIETCSI €r0 CPABHUTEIBHO Majioe
BxoaHoe comnpotusiieHne - Bcero 500-1000 Om, 4TO YCIIOXKHSET COINIACOBaHUE
YCUJIMTEIBHBIX KaCKaJ 0B, TPAH3UCTOPHI KOTOPBIX BKIIFOYAIOT MO TAKOH KEe CXeMe.
OOBsiCHSIETCS ATO TEM, YTO B JIAaHHOM CJIy4ae SMUTTEPHBIM P - N TEepexoj
TPaH3UCTOpAa BKIIOYEH B MPsIMOM, T.€. IMPOMYCKHOM, HAaMpaBiCHUU. A
CONPOTHUBJIEHUE MPOIYCKHOTO MEPEX0Jia, 3aBUCAIIECE OT IPUKIAIBIBAEMOr0 K

HEMY HaAIIpSAKCHUA, BCEra Malo. Yro xe kacaercs BbIXOAHOI'O COIIPOTHUBJICHHA



TAKOro Kackada, TO OHO JocTaTouyHo Oosbmioe (2-20 kOM) u 3aBHCHT OT

COIMPOTUBJICHUS HAI'PY3KHU Rk n YCUIIUTCIIBHBIX CBOMCTB TPpaH3UCTOpA.

Beixod

'

a)

e Puc. 5 CxeMbl BKJIIOYCHUS

TPAH3HCTOPOB.

e  Brarwuenue mpanzucmopa no cxeme OK nokazano Ha (puc. 5,
0). BxonHo#l curHan mopmaercss Ha 0a3y M SMUTTEp YE€pe3 SMHUTTEPHBIM
pe3uctop Ra, KOTOpbIN SBASETCA YaCThiO KOJUIEKTOPHOM 1enu. C 3Toro xe
pe3ucTopa, BHIMOJHAIOMIETO (DYHKIMIO Harpy3KH TPAH3UCTOPa, CHUMAETCS U
BBIXOJIHOW curHaja. TakuM o0Opa3oMm, 3TOT Y4acTOK KOJUJIEKTOPHOM Ienu
SBJIICTCSI OOIIMM JIJIi BXOJTHOM M BBIXOJHOM IIENeH, MOATOMY U Ha3BaHUE
cnocoba BkoueHus Tpanzucropa - OK. Kackax c¢ Tpan3uctopowm,
BKJIFOYEHHBIM 10 TaKOW CXEME, M0 HAIPSHKEHUIO J1aeT YCUJIEHUE MEHbIIE
EAVHMIIBL. Y CUIIEHHE K€ 110 TOKY MOJy4YaeTcsl IPUMEPHO TAKOE K€, KaK €CIu
Obl TpaH3zucTop Obul BrItoYeH 1o cxeme O3. Ho 3ato BXxogHOE
CONPOTHUBJICHUE TaKOro Kackaaa Moxer coctaBisaTth 10 - 500 kOwm, yto
XOpOIILIO corjacyercs ¢ OONbIIUM BBIXOJHBIM CONMPOTUBIIEHHEM KacKaja Ha
TpaH3ucTope, BKIroYeHHOM 1o cxeme O3. Ilo cymecTBy, Kackaa HE Haer

YCUJICHUA 110 HAIPAKCHUIO, da JIMIIb KakK OBI IMOBTOPACT HOHBGHGHHBIﬁ K



HeMy curHaj. [losToMy TpaH3UCTOpBI, BKJIOYAEMbIE IO TAKOM CXEME,
Ha3bIBAIOT  TAKXKE  IMummepHvimu  noemopumenamu.  Ilouemy
SMUTTEpHBIMUA? [loTOMY 4YTO BBIXOJIHOE HANPSHKEHUE HA OSMHUTTEPE
TPaH3UCTOPA MPAKTHUYECKH IOJHOCTHIO MOBTOPSET BXOJHOE HANPSKEHHUE.
[ToueMy Kackaa HE yCUIIMBAET HanpsbkeHue? /[aBailTe MBICIEHHO COEIMHUM
pe3UCTOpOM 1enb 0a3pl TPaH3UCTOpAa C HWXKHUM (MO CXeMe) BBIBOJOM
AMUTTEPHOTrO pe3ucTopa R, kak mokazaHo Ha (puc. 5, 0) MTPUXOBBIMU
JUHUASMHU. OTOT PE3UCTOP - HKBUBAJIECHT BHYTPEHHEIO COIMPOTUBIICHUS
UCTOYHUKA BXOJHOTO curHaiza RBx., Hanpumep MukpodoHa WIH
3ByKOCHMMaTend. Takum o00pa3oM, OSMUTTEpHas LEMb OKa3bIBACTCS
CBs3aHHOM uepe3 pe3uctop RBx. ¢ 0azoil. Korma Ha Bxoa ycumuTens
IIOJAETCS HAIIPSDKEHHWE CUTHAJIA, Ha pe3uctope Ro, ABisromemcs Harpy3kon
TPAH3UCTOPA, BBIACISIETCS HANPSKEHUE YCHIEHHOTO CHUTHajla, KOTOpOeE
yepe3 pe3uctop RBX. okas3piBaeTCsl MPUIIOKEHHBIM K 0aze B mpotuBodase.
[Ipu >TOM MeXAy SMUTTEpHOM M 0a30BOM ULEMAMH BO3HUKAET OYEHb
CWJIbHAsl OTpHUIlaTeNIbHAas oOpaTHasi CBS3b, CBOJSINAS HA HET YCUJICHUE
Kackaga. JTo MO HAIpPSKEHUIO. A TIO TOKY YCHJIEHHUS MOJy4aeTcs TaKkoe Xke,
KaK U MPpHU BKJIOYEHUH TpaH3ucTopa no cxeme ¢ O3.

. Tenepv o exnrouenuu mpauzucmopa no cxeme ¢ Ob (puc. 5,
B). B aTOM cnyuae 06aza udepe3 koHaeHcaTop CO Mo NMEpeMEHHOMY TOKY
3a3eMJICHa, T. €. COCIMHEHA C OOIMM ITPOBOJHUKOM IHTAaHHUSA. BxomHOM
cUrHai uepe3 konjeHcatop CcB. MOAAIOT HA AMUTTEP U 0a3y, a YCUIICHHBIH
CUTHaJ] CHUMAIOT C KOJUIEKTOpa MU C 3a3eMJieHHOW ©0a3bl. baza, Takum
oOpa3oM, SIBISETCS OOIIMM DJEKTPOJOM BXOJHON M BBIXOJHOM Iiemeit
Kackana. TakoW Kackaj MAaeT YCHJIEHHME IO TOKY MEHBIIE €IWHUIIbI, a IO
HaIpPsHKEHUIO - TAKOE )K€, KaK TPaH3UCTOpP, BKIOUEHHbIHN 110 cxeme ¢ OO (10
- 200). M3 - 3a oOuyeHb MaJoOro BXOJHOro compotuBieHusi, bBK
MPEBBIIAIONIETO HECKOJAbKUX AecaTkoBoM (30-100) Owm, BkIIOYEHUE

Tpan3ucTtopa no cxeme Ob HCMONB3YIOT TMIaBHBIM 00pa3oM B reHepaTopax



SJICKTPHUICCKHX KOJ'IC63HHI>1, B CBCPXTCHCPATUBHBIX KackKaaax,

MIPUMEHSEMBIX, HAIIPUMED, B aNMapaType paauoyIpaBiICHUs MOJICISIMU.

Yame Bcero Kak s YK€ TOBOPHJI THPHUMEHSIIOTCS CXEMbI C BKIIOYCHHUEM
Tpan3ucropa ¢ 09, pexxe ¢ OK. Ho 310 TOJMBKO cOCOOBI BKIIIOUEHUSA. A PEKUM
paboOThl TpPAaH3UCTOpAa KaK YCHUJIUTEIS OMPEACIAETCS HAMPSHKEHUSIMH Ha €ro
ANEKTPOJIaX, TOKAMH B €r0 LEMsIX U, KOHEYHO, MMapaMeTpaMu CaMOro TPaH3UCTOpa.
KauecTBo U ycuUIUTENbHBIE CBOWCTBA OUMOJSPHBIX TPAH3UCTOPOB OLIEHUBAIOT IO
HECKOJBKAM DJICKTPHUYCCKUM IMapaMeTpaM, KOTOPbIe H3MEPSIOT C ITOMOIIBIO
cCrenuaibHbBIX MpuOOpoB. Bac ke, ¢ mpakTUYecKOW TOYKU 3PEHHS, B TEPBYIO
ouepenb JOJKHBI HMHTEPECOBATh TPU OCHOBHBIX TIapaMmeTpa: OOpaTHBIA TOK
koyiekTopa Ikdo, ctatnyeckuii Ko3dduumeHt nepeaaun toka h213 (unraroT Tak:

alll IBa OJMH 3) ¥ TpaHWYHAas yacTtoTa Kod(pduirenTa nepeaadyu Toka Fep.

o Obpammnwvtii mox konnekmopa Ik6o - smo neynpaegnaemwvlii
MOK uepe3 KOJIeKMOPHLIL P - I nepexoo, Co30aiuuiica HeOCHOGHbIMU
Hocumenamu moka mpanzucmopa. OH XapakTepuzyeT KauyecTBO
TPAaH3UCTOpPA: YE€M YHCJICHHOE 3HaueHWe mnapamerpa I[kO0 MeHbIle, Tem
BBIIIIE KAUYEeCTBO TPAH3UCTOpa. Y  MaJIOMOIIHBIX HHU3KOYACTOTHBIX
TpaH3UCTOPOB, Hampumep, cepuii MII39 - MII42, [k6o He nmowKeH
npesbimiaTh 30 MKA, a y MaJIOMOIIHBIX BBICOKOYAaCTOTHBIX 5 MKA.
Tpanzuctopsl ¢ OonbIUMH 3HAYCHUSIMU [KOO B paboTe HEYCTOWYHNBHI.

o Cmamuueckuit koIppuyuenm nepeoauu moxka h2l>
xapaxmepusyem ycuaumenbHble ceoiicmea mpan3ucmopa.
Cmamuueckum €20 HAa3b16AI0M NOMOMY, YMO IMOM RNAPAMEMp
uU3MepAIm npu HEUIMEHHBIX HANPANCCHUAX HA €20 INEeKMmpooax u
HEU3MEeHHbIX MmOoKax 6 e20 uensax. bykBa «39» B 3TOM BBIPAKECHUU
YKa3bIBa€T Ha TO, YTO MPU U3MEPEHUU TPAH3UCTOP BKIIIOUAIOT 1o cxeme O3.
Koaddumment h21s xapakrtepusyercss OTHOIIEHHEM IOCTOSTHHOTO TOKa
KOJUIGKTOpAa K TIOCTOSHHOMY TOKY 0a3bl TIpH 3aJaHHBIX TOCTOSHHOM

oOpaTHOM HaNpsHDKEHUM KOJUIEKTOP - AMUTTEP U TOKe 3MHUTTepa. YUem



Oosblle yuclieHHoe 3HaueHne koddduuuenta h213, Tem Gombliee ycunenue
CUTHaja MOXXET 00€CIIeYUTh JaHHBIA TPAH3UCTOP.

o  Ipanuunaa wacmoma rorgppuyuenma nepedauu moxa Fep,
GLIPAICEHHAA 6 KUW102epuax uIu mezazepuax, no3eojsaem Ccyoumsp o
603MOMNCHOCHU UCNONIb306AHUA MPAH3UCMOPA ONA YCUTIEHUA KONe0aHUll
mex unu uHvlx yacmom. I'pannyHas 4dactota Frp Tpansucropa MII39,
Hanpumep, 500 kI'm, a tpansucropoB 11401 - 1403 - Gompme 30 MI'm.
[IpakTyeckn  TPaH3UCTOPHl  MCHOJB3YIOT U  YCWJIEHMS  4acTOT
3HAYUTEIPHO MEHBIIE TPAaHUYHBIX, TaK KaK C IMOBBIIIEHUEM YacCTOTbI

koaddurenT h2 1 TpaH3ucropa ymeHbIIaeTCs.

[Ipu KOHCTPYHPOBAHUU PATUOTEXHUUECKUX YCTPOMUCTB HAJO YUUTHIBATH U
TaKue MapameTpbl TPAH3UCTOPOB, KaK MAKCUMAJbHO JIONMYCTUMOE HANpsHKEHUE
KoJulekTop - 3MmuTTep UKd max, MakCMMajgbHO IOMMYCTUMBIA TOK KOJUIEKTOpa
Ik.max a Takke MaKCUMaJIbHO [JOMYCTHUMYIO pacCEUBAEMYI) MOIIHOCTh
KOJUIEKTOpa TpaH3ucTtopa Pk.max - MOIIHOCTh, NPEBPAILAIOIIYIOCS BHYTpU

TPaH3UCTOPA B TEILIO.
IHoJsieBoi TpaH3UCTOP

B »TOoM mnonynpoBOAHMKOBOM MpuOOpe ympaBieHHe padboYruM TOKOM
OCYIIECTBJISIETCS. HE TOKOM BO BXOJHOHM (0a30BOM) Iienu, Kak B OHUMOJISIPHOM
TPaH3UCTOPE, a BO3ACHCTBUEM HAa HOCUTEIIN TOKa 31eKmpuueckozo noasn. OTciona
¥ Ha3BaHUE TPAH3UCTOpPA «Ho1e60i». CXeMaTHIeCKOe YCTPOMCTBO U KOHCTPYKLIUS
MOJIEBOTO TPAH3HUCTOPA C P - N TIEPEX0I0M ToKa3aHbl Ha (puc. 6). OCHOBO# TaKOTO
TPAH3UCTOPA CIYKHUT IUTACTUHA KPEMHHUS C DJIEKTPONPOBOJHOCTHIO THMA N, B
KOTOpPOW HMMEETCS TOHKas 00JIaCTh C AJIEKTPONPOBOAHOCTBIO THHa p. [lmactuny
npudopa Ha3bIBAIOT 3aTBOPOM, a 00JacTh THMA p B Hed - kaHaioM. C oaHOM
CTOPOHBI KaHaJ 3aKaHYMBAECTCSI HICTOKOM, C APYTOil CTOKOM - TOXKE 00JIaCThIO TUIIA
P, HO C IIOBBIIIEHHOM KOHLIEHTpALMEN ABIPOK. MeXay 3aTBOPOM M KaHAJIOM

CO34acTCA P - n IEPEXOd. Ot 3aTBOpa, UCTOKAa M CTOKa CACJIaHbl KOHTAKTHBIC



BBIBOJIbI. ECiIM K HCTOKY MOJAKIIOYUTH TMOJOXKHUTENbHBIM, a K CTOKy -
OTpHULATEIBHBIN NOJOCH! OaTapen nuTanus (Ha puc. 6 - 6arapes GB), To B kaHane
MOSIBUTCSL TOK, CO3HAIOLIUNCS IBUKEHUEM IBIPOK OT MCTOKAa K CTOKY. JTOT TOK,
Ha3bIBAEMBI TOKOM CTOKa IC, 3aBUCHUT HE TOJILKO OT HAIPSKEHUS dTOU Oarapew,
HO ¥ OT HaIpsKEHUs, ACHUCTBYIOIIETO MEXIY HCTOYHUKOM U 3aTBOPOM (Ha puc. 6 -
anemeHT G). M BoT mouemy. Korza Ha 3aTBOpe OTHOCUTENIBHO UCTOKA JIEUCTBYET
MOJIOKUTENIBHOE 3aKPBIBAIOLIEE HAIIPSKEHUE, 00€THEHHAas 001acTh p - N Mepexoaa
pacummpsiercst (Ha puc. 6 TMOKa3aHO IITPUXOBBIMU JMHUAMH). OT 3TOro KaHail
Cy’Kaercs, €ro CONPOTUBIECHUE YBEIUYMBAETCA, M3 - 3@ 4YEro TOK CTOKa
ymenbpmaercsi. C  yMEHBIIEHHMEM MOJOKUTEIBHOTO HANpsDKEHHST Ha 3aTBOPE
o0eHEeHHas 00JIacTh p - N epexoaa, Ha00OPOT, Cy’KaeTCsl, KaHaJ paclIupseTcs, U
TOK CHOBa YyBenuuuBaeTcs. Eciaum Ha 3aTBOp BMeECTE€ C MOJIOKHUTEIbHBIM
HalpsHKEHUEM CMEIIECHUS TMOAaBaTh HU3KOYACTOTHBIA WM BBICOKOYACTOTHBIN
CUTHaJ, B LENH CTOKAa BO3HUKHET MYJbCHPYIOIIMI TOK, a Ha Harpyske,
BKJIIIOYEHHOW B 3Ty 1€Nb, - HaNOpsDKEHHE YCUJIEHHOro curHaina. Tak, B
YIOPOIIEHHOM BHUJIE YCTPOEHBI U pabOTaIOT MOJIEBbIE TPAH3UCTOPHI C KAaHAJIOM THIIA
p, Hampumep Tpansuctopel KII102, KII103 (6yxBet K wu Il o3Havator
«KPEMHHEBBIN MOJeBOI»). [[puHIIMIHAIBEHO TaK XK€ YCTPOEH U padOTaeT IMOJIeBOM
TPAH3UCTOP C KaHAJIOM THUMA N. 3aTBOP TPAH3UCTOpPA TAKOW CTPYKTYphI 00JsiagaeT
JIBIPOYHON BJIEKTPONPOBOAHOCTHIO, MO3TOMY Ha HEro OTHOCHTEIbHO HCTOKa
JIOJDKHO TIO/aBaThCsl OTPUIATEIILHOE HANPSIKEHHWE CMEILCHMS, a Ha CTOK (TOXe
OTHOCUTEJIBHO MCTOKA) - TMOJIOKHUTEIBHOE HAINpsHKEHUWE MCTOYHMKA nuTaHus. Ha
YCIIOBHOM TpauueckoM H300paKE€HUU TOJIEBOI0 TPAH3UCTOPA C KaHAJIOM THUIIA N
CTpEeJIKa Ha JIMHUU 3aTBOpa HaIpaBJieHa B CTOPOHY MCTOKA, a HE OT UCTOKA, KaK B
0003HaYEHUU TPAH3UCTOpa C KaHajioMm Tumna p. [lomeBoil TpaH3UCTOp - TOXKE
TPEXdNAEKTPOAHbIN Tpubop. [loaToMy ero, kak W OUMOJAPHBIN TPAH3UCTOP,
BKJIIOYATh B YCUJIMTENIbHBIN KacKaJ MOKHO TpeMsl CIIOCOOaMM: 1O CXeMe 00Iero
ctoka (0C), no cxeme obiero ucroka (OH) v o cxeme odbiero 3aTsopa (03). B
panuoMOOUTENbCKOM MPAKTHUKE MPUMEHSIOT B OCHOBHOM TOJIBKO TIEpBHIE [1Ba

criocoba  BKJIIOYEHHMs, TO3BOJISIIONIME C  HaumOoJyble  3()QPEeKTUBHOCTHIO



WCIIOJB30BaTh TMOJIEBBIE TPAH3UCTOPBL. YcunumenvHovlili KACKAO HA NOIEBOM
mpanzucmope oonaoaem o04eHv OOAbUWUM, UCUUCTIACMBIM ME2AOMAMU,
6X00HBIM conpomueieHuem. ITO TIO03BOJAET TOAaBaThb HAa €ro  BXO]
BBICOKOYACTOTHBIE M HH3KOYACTOTHBIE CHUTHAJILI OT HMCTOYHUKOB C OOJBIINM
BHYTPEHHUM CONIPOTHUBJICHUEM, Harpumep OT MbE30KEPAMUUECKPTO
3BYKOCHUMATEJsI, HE OIacasiCh MCKAKCHUS WU YXYAIICHUS YCUJICHHUS BXOIHOTO
curHana. B omom 2naenoe npeumywiecmeo nojiegvix MmMpAH3UCMOPO8 HO
CPagHeHUul0 ¢  OunonapuvimMu.  YcunumesbHbvle — CEOUICHEA  NOJ1€8020
mpan3ucmopa  xapaKkmepuszyiom  KpPYMU3HOU  Xxapakmepucmuku S -
OMHOWIEHUEM UBMEHEHUA MOKA CIOKA K U3MEHEHUIO HANPAXNCCHUA HA 3ameope
HpU KOPOMKOM 3AMBIKAHUU NO NEPEMEHHOMY MOK)Y HA 8blX00e MpaH3ucmopa,
6K1104eHH020 no cxeme OH. Yucnennoe 3nauenue napamempa S evlparxcarom 6
MUNMUAMREPAX HA B0JIbM; O0J1 PA3AUYHBIX MPAHZUCHOPO8 OHO MOXHCem
cocmagaams om 0,1 - 0,2 00 10 - 15 mA/B u o60oavuwe. Yem o601vute Kpymu3sna,

mem Oo1buiee ycuienue cuZHanla morcem oamb mpan3ucmop.

e

¢
Mngemunxa
Hemok Kewan — [mox KpeMHUA
K ¢ p=N nepexodors
b Cmeknnnbli
-+ U3onrmep

Puc. 6 Koncrpykuusi u rpadudeckoe n3odpakeHue 1moJieBoro

TPAH3UCTOPA ¢ KAHAJIOM THHA (P).

/lpyzoii napamemp noneeozo mMpan3ucmopa - HANPA}CEHUE OMCeyKu
Usu.omc. - 310 00paTHOE HANpSDKEHUE HA P - N MEpexojie 3aTBOP - KaHaj, IpH

KOTOPOM TOK Yepe3 OTOT IEpPexXO] YMEHbIIAETCS [0 Hyds. Y Pa3IM4HbIX



TPaH3UCTOPOB HAINPSIKEHUE OTCEYKHM MOkeT cocTaBisate or 0,5 mo 10 B. O
MOJIEBBIX TPAH3UCTOPAX M MX YHHUKAIBHBIX CBOMCTBaX MOKHO TOBOPHUTH €IIIE
MHOTO, S5 TONBITAICA paccka3aTb O Haubosiee cymiecTBeHHBIX. [loneBbiM
TPAaH3UCTOpaM IOCBSILEHBI LeNble Y4eOHUKH, MO3TOMY s OoJiee IeTalbHOro
U3y4eHHs] UX CBOWCTB M OOJIACTH TMPUMEHEHHUS, HYKHO OyAeT CaMOCTOSTEIBbHO

Pa3bICKaTh JUTEPATYPY U AETATBHO U3YUYUTb.
OnbITHI ¢ TPAH3UCTOPOM

B »3TOoro ypoka s ckaszaia, 4YTO OMIOJAPHBIA TPaH3UCTOP MOXKHO
NpEeACTaBUTh ce0e KaK JiBa BKJIIOYEHHBIX BCTPEYHO IUIOCKOCTHBIX JAHOJA,
COBMEILIEHHBIX B OJHOM IJIACTUHE MOJIYNPOBOAHMKA. B 3TOM HETpynHO yOeauThes
Ha ONBITaX, JUIsl KOTOPBIX MOTpeOyeTcs 0001 OBIBIIMK B yHOTPEOJIEHUH, HO HE
VICITOPYEHHBIN N€PMAHUEBBIM HU3KOYACTOTHBIM TPAH3UCTOP CTPYKTYPHI p - N - p,
Harpumep MII39 unu nogoOubie emy Tpansuctopbl MI140 - MII42 (koux ceifuac
BEJIMKOE MHOXECTBO B CTapblX OpOCOBBIX TEJIEBU30paX, TPAH3UCTOPHBIX
paavoNpuEMHUKAX U T.J., T.€. [IOKYIIaTh KaK IPaBUJIO HUYETO HE HYXHO, a €CIU U
npuigeTcs, TO 3a KomeWku). Mexay KouiekTopoM u 0a30il TpaH3HUCTOpa
BKJIFOUMTE MOCJIEA0BATENBLHO CoeIMHEeHHbIE OaTapero 3336J1 wim qpyroil HCTOYHUK
nutanuss Ha 4,5 B M jaMmouky oT KapMaHHOro (oHaps, pPAacCUMTaHHYIO Ha
Hanpspkenue 2,5 B u tok 0,075 wium 0,15 A (puc. 1). Eciu nosioxxuTeabHbIi M0JIH0C
Oarapen (GB oxaxercs coenMHEHHBIM (Yepe3 JIaMIOUKYy) C KOJUIEKTOPOM, a
OTpULATEIBHBIN - ¢ 6a30if (puc. 1, a), To Jamnoudka aomkHa ropetb. [Ipu apyroi
MOJIIPHOCTH BKJItOUeHHs Oarapeu (puc. 1, 6) nmammouka ropetrb He Oyner. Kak

OOBSICHUTH OTH SIBJICHUS?



a)

Puc. 1 OnbIThI ¢ OUNOJASIPHBIM

TPAH3UCTOPOM.

CHayasla Ha KOJUIEKTOPHBIA p - N Mepexo] Bbl MOAABAIN TNPSIMOE, T. €.
IPOIMYCKHOE HampsbkeHue. B 3ToMm citydae KOJIEKTOPHBIN p - n Nepexo]l OTKPHIT,
€ro COINpPOTUBIEHHE MajO0 W dYepe3 HEro TedyeT MpsIMOW TOK Koyiekropa Ik.
3HayeHue HTOro0 TOKAa B JIAHHOM Cllyyae ONpeZenseTcss B OCHOBHOM
CONPOTHBIICHUEM HUTU Hakajaa JaMIOYKW U BHYTPEHHUM COINPOTHUBIICHUEM
Oarapeu. Ilpu apyrom BkiIrOueHHMHM OaTaped ee HampsDKeHHe MOoAaBajloch Ha
KOJUIEKTOPHBIM TIepexo]; B OOpaTHOM, HEMpPONMYCKHOM HampaBieHnu. B 3Tom
cllydae Mepexo]] 3aKpbIT, €ro COMPOTUBICHUE BEIMKO M YEpe3 HEro TeueT JIUIIb
HEOOJbIION O0O0paTHBIM TOK KoJieKTopa IkO0 VY HCHpaBHBIX MaJTOMOIIHBIX
HU3KOYACTOTHBIX TPAH3UCTOPOB OOpaTHBIM TOK KOJUIEKTOpa He mpeBbimaeT 30
MKA. Takoii TOK, €CTECTBEHHO, HE MOT HaKaJWTh HUTh JJAMIIOYKH, IOATOMY OHA U
He ropena. [IpoBenuTe aHATOTWYHBIA OMBIT C AMUTTEPHBIM P - N TIEPEXOOM.
Pesynbrar OyAeT TakuM ke: Npu 0Opammuom HANPSHKEHUN Tepexo]] OyIeT 3aKphIT
- JJaMIIOYKa HE TOPUT, a MPU HPAMOM HATPSHKCHUH OH OYJET OTKPHIT - JaMIOYKa

TOpHUT.

Cnedyrwowuit onsim, WUTIOCTPUPYIOIIMA OJUH U3 PEKUMOB PpabOTHI

TPAH3UCTOPA, MPOBOJUTE MO CXEMeE, MOKa3aHHOU Ha (puc. 2). Mexay SMUTTEpOM U



KOJUIEKTOPOM TPaH3HCTOPA BKJIIOUYHUTE IOCIEIOBATENbHO COCAMHEHHBIE OaTapero
3336J1 m Ty xe naMmodky HakayuBaHUSA. [lOJOKWUTEIBHBIA TOJIOC OaTapew
JIOJDKEH COENUHSTHCS C DMHUTTEPOM, a OTPUIATENbHBIA - C KOJUIEKTOPOM (uepes
HUTHh Hakana). ['oputr nammnouka? Her, He roput. CoeguHUTE NPO - BOJOYHOMU
NepeMbIUKO 0a3y C SMUTTEPOM, KaK IMOKa3aHO Ha CXEME IITPUXOBOW JIMHUEH.
Jlammouka, BKJIIOYEHHAs B KOJUIEKTOPHYIO IIENb TPAH3UCTOPA, TOXE HE Oyner
ropeThb. Y IAIMTE IMEPEMBIYKY, 4 BMECTO HE€ NOAKIIOUHUTE K OTUM DJIEKTPOJIaM
MOCJIEIOBATEILHO COeNMHEHHbIE pe3ucTop RO comporusienuem 200-300 Om u
OJIMH rajbBaHUYECKUW 351eMeHT GO, HarpuMmep, TUIa MUHUATIOPHOM NMaTbYUKOBOM
OarapellKu OT KHUTAWCKOr0 KapMaHHOIO NPUEMHHMKA, HO TakK, 4YTOObl MHUHYC
3yIeMeHTa ObLI Ha 0a3se, a IUIoC - Ha aMuTTepe. Teneps naMmnoyka JOJKHA TOPETh.
[loMensiiTe MeCTaMU MOJIIPHOCTh MOJAKIIOYEHHs AJIEMEHTa K 3THM JJIEKTPOAaM
TpaH3UCTOpa. B 3TOM cirydae J1aMnodka ropers He JoJDKHA. [IoBTOpHUTE HECKOIBKO
pa3 3TOT ONBIT U Bbl YOEAUTECH B TOM, UTO JIAMIIOYKa B KOJUIEKTOPHOH 1ienu Oyaer
ropeTh TOJBKO TOIJa, KOTJa Ha 0a3e TpaH3UCTOpa OTHOCHTEIIBHO 3MUTTEpa
JIEUCTBYET OTpHUIlaTeIbHOE HanpshKeHue. PasdbepeMcs B 3Tux onbitax. B mepBom u3
HUX, KOTJa Bbl, COEJJUHUB MEPEMBIUKON 0a3zy C IMUTTEPOM, 3aMKHYJIM HaKOPOTKO
SMUTTEPHBIN MEPEXOJI, KOJUIEKTOPHBIN MEPEXO CTaI IIPOCTO AUOIOM, Ha KOTOPBII
noJlaBajoch  oOpaTtHoe  HampsbkeHue. Yepe3  TpaH3WCTOp €A JIMIIb
HE3HAUUTEIbHBI OOpaTHBIA TOK KOJUIEKTOPHOIO IMepexo]a, KOTOpbI HE Mor
HAKaJIUThb HUTbH JAMIIOYKH. B 3TO BpeMs TpaH3UCTOP HAXOAWICSA B 3AKpbILMOM
cocmoanuu. 3aTeM, yJ1aJuB NEPEMBIUKY, Bbl BOCCTAHOBUJIN AYMUTTEPHBIN MIEPEXOI.
[lepBbIM BKIIIOUEHHEM »3J€MEHTa MEXay 0a30if MU SMUTTEPOM BbI MOAATM Ha
AMUTTEPHBINA MEPEXOJ NPSIMOE HAIPSHKEHUE. DMUTTEPHBIN MEPEX0] OTKPBUICS, U
yepes HEero noues npsiMor TOK, KOTOPBIM OTKPBUI BTOPOU MEPEXO0 TPaH3UCTOpa -
KOJUIEKTOpHBIN. TpaH3ucTop OKa3ajics OTKPBHITHIM M IO LIETH 3MUTTEp - Oa3a -
KOJUICKTOP IOLIEN KOJUIEKTOPHBIA TOK TPaH3UCTOpA IK, KOTOPBIM BO MHOIO pa3s
OoJbIIIe TOKA LU SMUTTEP - 0aza. OH - TO U HakaJIW HUTH Jlamnodyku. Korga xe
Bbl M3MEHWJIM TOJSPHOCTh BKIIOYEHHsS 3JEMEHTa Ha OOpaTHylo, TO €ro

HAIpsHKCHUE  3aKPBLIO C-)MI/ITTepHI:Jﬁ nepexoa, a BMCECTEC C TCEM 3aKpbLICA H



KOJUIEKTOpHBIN Tniepexon. [Ipm 3TOM TOK TpaH3ucTOpa NOYTH NPEKPATHIICS

(MpUCyTCTBOBAJ TOJIBKO OOPATHBINM TOK KOJUIEKTOPA) U JIAMIIOYKA HE Tropena.

Puc. 2 OnbIT, WWIIOCTPUPYOIINMA pad0oTy TPAH3UCTOPA B

PEKUME MEPEKIIIOICHUS.

KakoBa posnb pesuctopa R6? B mpunIiumne 3Toro pe3ucropa MOXET U HE
ObITh. Sl e peKOMEeHJOBal BKIIOUUTH €T0 MCKIIOYUTENIBHO [JIi TOTO, YTOOBI
OTpaHUYUTh TOK B 0a30Boil menu. MHaue depe3 SMUTTEPHBIA MEPEXO] MOUIET
CJIMILIKOM OOJIBIION MPSMOM TOK, B PE3yJbTaTe YEro MOXKET MPOU30MTH TEIIIOBOU
npo0oil mepexola W TPAH3UCTOP BHIUACT H3 CTpos (MO aHAIOTUU  CO
CTAaOMJIMTPOHOM, OTHUM PE3UCTOPOM MOKHO 3a/aBaTb PEKUMBI  PabOTHI
TPaH3UCTOPA, BBIBOJS €ro Ha JUHEHHBIN yyacTok BAX, HO 00 3TOM no3:xe). Eciu
Obl MpU TPOBEJECHUU STUX OMBITOB B 0a30BYI0 W KOJJICKTOPHYIO IE€MU ObUIH
BKJIFOUEHBI U3MEPUTEIbHBIE MPUOOPHI, TO MPU 3aKPHITOM TPAH3UCTOPE TOKOB B €T0
HEMsIx MouTy He Ob110 Obl, [Ipy OTKPBITOM ke TpaH3UCTOpe TOK 6a3bl 16 OB ObI
He Oonee 2 - 3 MA, a Tok koiekTopa Ik cocrasisn 60 - 75 MA. DTo 03HAYaeT, 4ToO
TPAH3UCTOP MOXKET OBITh YCHJIMTEIEM TOKa. B 3THX ombITax TpaH3UCTOp OBLI B
OTHOM U3 JBYX COCTOSIHUI: OmMKpoimom uau 3aKkpvimom. llepeximroueHue
TPAH3UCTOPA W3 OJHOIO COCTOSIHHUS B JAPYro€ MPOUCXOIWIIO TMOJ JEHCTBUEM
HampspkeHust Ha  O6aze  UO. Takoit  pexum  pabOThI  TpaH3UCTOPA,

OPOMJUTIOCTPUPOBAHHBIA  Tpadukamu Ha (puc. 2), Ha3bIBAIOT PeHCUMOM



nepeKnoYenua uil, Ymo mo xce camoe, Kiiouesvim. Taxoil pexum padbOThI
TPaH3UCTOPOB UCIOJIB3YIOT B OCHOBHOM B MPHOOPAX U yCTPONCTBAX 3JIEKTPOHHOU
aBTOMAaTUKHA. B paaumoBeniaTeNbHBIX INPUEMHUKAX W YCHIMTENSAX TPaH3UCTOPHI
paboTtaroT B pexume ycuieHus. OTaudaercss OH OT PEeKUMA NEPEKITIOYEHUS TEM,
YTO, UCTIOJIb3Ys Masble TOKU B 0a30BOM IETH, MBI MOKEM YIPABIIATh 3HAUUTEIBHO

OOJBIIMMU TOKaMU B KOJUIEKTOPHOM LIENH TPAH3UCTOPA.

Hnnrwcmpuposamsv pabomy mpanzucmopa 6 pex3cume yCuiaeHus MOXKHO
cieayromuM onbiToM (puc.3). B KOUIEKTOpHYIO Ielb TPaH3UCTOpa V BKIIOYUM
AJIEKTPOMArHUTHBIN Tenegon B1, a Mexay 6a30ii 1 MUHYCOM MCTOYHUKA MUTAHUS
GB (6arapes 3336J1) - pesuctop R6 conporusnenunem 200 - 250 kOm. BTopoit
tenedon B2 moakimounMm K ydacTKy 0a3a - SMUTTEp TpPAaH3UCTOpPA, HO uepes
koHzeHcatop CcB. emkoctbto 0,1 - 0,5 Mx®. VYV Bac moayduTcsi NPOCTEUIIUN
YCUJIUTEIh, KOTOPBIA MOXET BBIMOJHATh, HAMPUMEpP, POJb OJHOCTOPOHHETO
tenedoHHOro anmapara. Ecnu Bami mpusitesas OyJIeT HETpOMKO TOBOPHUTH TEpen
tenedoHoM B2, BKIIOYEHHBIM Ha BXOJI€ YCWJIMTENSA, €ro pa3roBOp Bbl Oynere
ciepiiath B Tenedone Bl, BkiIoueHHOM Ha BbIxoAe ycuiautTens. Ha Bxon
ycwiurens BMmecto Tenedona B2 moxHO momate mr000i  Apyrod  crnaObiid
anekTpuueckuil curnan. Torga B Ttenegone Bl o OyaeT Xopoiio U A0CTaTOYHO
I'POMKO TpociymuBaTbes. B kagectse B1, B2, M0okHO HCTI0JIB30BaTh TEJIE(POHBI OT
cTapbiX TenepoHHBIX ammapaToB, ¢ MapkupoBkoi (TOH-1, TOH-2 u np.). Jus
HaIllUX OIBITOB JKEJaTeIbHO IMApOYKy pa3bICKaTh, YTOObI OHU OBUIM B BalleM
apcenanie. KakoBsl 31mech ¢ynkumn pesuctopa R6 n xongencatopa Ces.? Yepes
pesuctop RO Ha 6aszy Tpan3uctopa ot 6arapeu nutanus GB nomaercst HeOoIbIIOE
OTpULIATEIBHOE HAIpPSKEHUE, HA3bIBAEMOE HANPANCEHUEM CMeui{eHus, KOTopoe
OTKpPBIBACT TPAH3UCTOP M TEM CaMbiM OOECIEYHBAET €My padoTy B peKUME
ycuieHus. be3 HayanbHOTO HANpPsKEHUsI CMEIICHUS AYMUTTEPHBIN p - N Mepexoj
TpaH3UCTOPa OYyJIET 3aKPHIT U, MOJOOHO MUOAY, OYAET «Cpe3aThy MOJOKUTEITHHBIC
MOJIYIEPUO/IbI BXOJHOTO HANPSLKEHMsS, OTUEr0 YCHIIEHHE OYIET CONMPOBOXKAATHCS

HCKaXCHUSIMU. A KOHICHCATOP CcB. BBITIOJIHSACT q)YHKI_II/IIO CBA3YIOIICTO 3JICMCHTA



Mexay tenedoHoMm B2 u 6azoii Tpansucropa. OH OeCpensITCTBEHHO MPOIMyCKaeT
KoJieOaHMsT 3BYKOBOM YAacCTOTBI W TpErpakaaeT MyTh IOCTOSIHHOMY TOKY U3
0a3oBoii 1enu K TeiedoHy. be3 Takoro pasmenmTenhbHOro KOHJEHcaTopa 0asa
TPaH3UCTOPA IO TIOCTOSSHHOMY TOKY OKa3ajlaCh Obl COCTMHEHHOW C AMHUTTEPOM U
peXKHM yCWiIeHHS ObUT Obl HapymieH (3TOT KOHACHCATOP TaK W Ha3bIBAIOT
KOHOEHCamopom c6a3u, CpeAr PaguoTIOONTENeii MOXKHO €Ille YCIBIIATh TaKoe

TIOHSTUE KaK HPOXOOHOIL).

Puc. 3 OnpIT MUIIOCTPUPYIOLIUIA TPAH3UCTOP B

pe:xXumMe yCHJIeHUs.



B 3TOM ombITe Ha BXOJ yCHIMTENS MOJABAIOCH MMEPEMEHHOE HANPSHKCHUE
3BYKOBOM YaCTOTHI, HCTOYHUKOM KOTOpPOTO OBLT TenedoH, mpeoOpa3yrommii, KaK
MUKPO(OH, 38yK06ble Kolebanusn 6 nekmpuueckue (Ha puc. 3 - rpaduk a). 1o
HaIpsHKEHUE CO3/1aBajio B IIEMK OMHUTTEP - 0a3za KojeOaHWs MOCTOSHHOTO TOKa
(rpaduk 0), KOTOpBIE YIPABISUIM 3HAYUTEIIBHO OOJBIIMM TOKOM B KOJIJIEKTOPHOM
uenu (rpadux B). Ipoucxoouno ycunenue 6xo0nozo cuznana. YCUJICHHBIA Xe
TPaH3UCTOPOM CHUTHAI MpeoOpa3oBbiBaics Tenedonamu B1, BKIIOUYECHHBIME B 11€TTH
KOJUIEKTOPa, B 38YK08ble KOJI€0AHUA C NOMOWibI0 memoOpanvl. TpaH3UCTOP
pabotan B pexxume ycusienus. [Iporecc ycuieHus B 00X yepTax MPOUCXOIUT
ciemyronuM obpazoM. IIpu oTCyTCTBUM HaNpsHKEHUS BXOJAHOTO CHTHAJA B IETISAX
0a3bl M KOJUIEKTOpA TEKYT HEOOJbIIINE TOKH (Ha pUC. 3 - JIEBbIE yU4aCTKH IpaduKoB
© w B), ompeaeNseMble HANMPsHKCHUEM MCTOYHWKA TMTAHWS, HANPSOKCHUEM
cMenieHusl Ha 0a3e M YCHJIMTENIbHBIMU CBOMCTBaMM TpaH3uctopa. Kak Toibko B
neny 0as3bl MOSIBISIETCS] CUTHAJ, COOTBETCTBEHHO €My HAUYMHAIOT U3MEHSATHCS U
TOKA B NEIMAX TPAH3UCTOPA: BO BPEMsl OTPUIIATEIBHBIX ITOJTYIEPHUOAOB, KOTIA
CyMMapHOE€ OTpHUIIATEIbHOE HaIpshKeHUe Ha 0a3e BO3pacTaeT, TOKH IIeTel
YBEITMYHUBAIOTCS, @ BO BPEMS TIOJIOKUTEIBHBIX TTOJYIIEPHOI0B, KOTAa HAMPSIKEHUS
CUTHAJ]a M CMEIICHUS MPOTUBOIOJIOXKHBI U, CJEAOBATEIbHO, OTPHUIIATEIILHOE
HampspDKeHUE Ha 0a3e YMEHbIAeTCsA, TOKA B 00EUX IEMAX TOXE YMEHbIIAIOTCS.
[Ipoucxoaut ycuieHrne Mo HampsbKEHUI0 U TOKy. Ecin Harpyskoil TpaH3ucTopa
Oynyt He TenedoHBI, a PE3UCTOpP, TO CO3JAIOIICecs HAa HEM HaNpsHKCHHE
MIEPEMEHHON COCTaBJISIONICH YCHJICHHOTO CHTHaJla MOXHO OyJaeT IoaaTh BO
BXOJIHYIO IICTIb BTOPOTO TPaH3UCTOpa JUISl JOTOJTHHUTEIBHOTO ycuieHUs. OauH
TpaH3UCTOp MOKeT ycunuTh curHaid B 30 - 50 pa3. Touno Tak paboTaroT u
TPAH3UCTOPHI CTPYKTYPHI N - P - n. Ho 1)1 HUX MOSIPHOCTH BKIIIOUCHUS OaTapew,
MUTAIOMEH 1enu 0a3bl W KOJIJIEKTOpa, JAOJKHA OBITh HE TaKOW, Kak y p - N - p
TPaH3UTOPOB, & O0OPAmMHOEU TOITOMY N - P - N TPAH3UCTOPHI €II€ HA3bIBAIOT
oopamuvimu. Hysxcno 3anomuumos: 011 padomvl mpanzucmopa 6 pexcume
ycuienus Ha e20 0azy (OMmHOCUMENbHO IMUmMMmeEPA) eMecme ¢ HANPAXHCeHUem

ycuiiueaemoco cuznaia 0053amenbHo  00JIICHO NO0ABAMBCA NOCHLOAHHOE



HANpPAJICCHUE CMEW|eHUsA, OMmMKpbléaouiee mMpaH3uCmMop u yCmpaHawuiee
UCKQJICeHUe muna CmyneHbKa, K JTOMY THIy HCKa)KCHUW CUTHajda Mbl €IIe
BepHeMcs. [l repMaHueBbIX TPaH3UCTOPOB OHO NOJKHO cocTaBiaTs 0,1-0,2 B, a
JUIsl KpeMHUEBbIX TpaH3ucTtopoB 0,5-0,7 B. Hanpsokenue cmemieHus Ha 0a3y He
NOJAOT JIMIIb B TEX CIydYasX, KOrAa SMUTTEPHBIA IIEpPeXoj TPaH3UCTOpa

HCTOJIB3YIOT AJIAA ACTCKTUPOBAHUA PAAUOYaCTOTHOTIO MOAYJIMPOBAHHOI'O CUTHAJIA.



