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KJIACCH®HKAL U TPAH3HCTOPOB

ITo o6nacTsM NpHMeHeHHsi HJIH Ha3HAYeHHIO TPAH3HCTOPHI pa3feni-
I0TCsl Ha CJeAYIollde OCHOBHble T'PYMIbl: MaJOMOUIHBIE HH3KOYaCTOTHLIE,
MaJIOMOLIHble BBICOKOUACTOTHbIE, GHICTPOAEHCTBYIOLIKE MepeKIoualollHe,
MOLIHble HH3KOYACTOTHBIE, MOIIHbIEe MepeK/Ioyarollye H MOLIHbBIE BBICOKO-
gactoTHble, Takas KiaaccHpUKauWsA TPaH3HCTOPOB B 3HAUHTEJbHOH Mepe
YCJOBHa, U 3aYaCTYi0 OJHH H TOT e TPAH3HCTOP MOXET NPUMEHATHCH,
HanpHMep, B MpeJBapPHTENbHBIX H OKOHEYHBIX KacKaJdax YCHJIHTeNs HH3-
KOi YacToThl, B MEpPEeKJIOYaIOlHX CXeMaxXx H BBICOKOUACTOTHHIX YCHJHTE-
JsX WK reHepaTtopax. ITostomy B nociensee BpeMs HaMeuaeTcss TEH/EH-
M KJIaCCHOHUMPOBATH TPAH3HCTOPH C TOYKH 3PEHHS BO3MOXHOCTEH HX
NPHMEHEHHs: TOJIbKO MO JABYM BaXKHeHIUMM INpPH3HAKaM: MO MOLIHOCTH H
Mo YaCTOTHOMY Tpejedy.

ITo ucxoaHOMY MOJNYNPOBOJHHKOBOMY MaTepHasy BHIIyCKaeMble B
HacToslllee BpeMsi TPAH3HCTOPHI JeJATCA Ha FepMaHHeBble H KpeMHHeBbie.
TpansucTOpEl, H3TOTOBJIEHHHIE Ha OCHOBe KpeMHHS, NOMYCKalOT pa6oTy
npu tTemnepatypax 10 120—150° C, B To BpeMsi KaK Y repMaHHeBHIX TpaH-
3HCTOpPOB HaHBBICIIas paGouas TeMmnepaTypa He npeBbiiaer 70—85° C.

CylecTBYIOT TPAH3HCTOPH ABYX CTPYKTYp: p-n-p H n-p-n, OTJIHYAIO-
IHXCsl TIPOTHBOMOJIOKHEIMH MOJISIPHOCTSIMH MHTAIOUHX HanpsKeHuil. 1o
06CTOATENbCTBO NMO3BONAET YIPOCTHTh NMOCTPOEHHE Psilia CXeM, HampuMep
NOCTPOHTh ABYXTaKTHBI ycuautenp Ge3 ¢azounsepropa. TpaHsucTophl,
o6Jajaioliie OJHHAKOBBIMH NapaMeTpaMH, HO HMeIOllHe IPOTHBOMONOX-
HYI0 CTPYKTYpY, YacTO Ha3blBalOT TPaH3HCTOpaMH C JOMOJHHTE/bHOM
CHMMeTpHeil.

Ilo npuHUHTY H3rOTOBJIEHHS Pa3JHYalOT UeJblH PSA KOHCTPYKTHBHO-
TEXHOJIOTHIECKHX Pa3sHOBHIHOCTell TpaH3HcTopoB. HauGonbluee pacmpo-
CTpaHeHHe MOJNYYHJIH CM1aBHple ¥ JAH(OY3HOHHBIE TPaH3HCTOPHI.

Cnaapuble TpaH3ucTOpnl (PHC. 1,@) H3roTaBJHBAIOTCH NyTeM
BIJIaBJIeHHs1 [ABYX Kamejp NPHMECHOro BellecTBa C MPOTHBOMOMOMHBIX
CTOPOH TWIACTHHKM HCXOZHOrO NOJYIPOBOAHHKA. TakuM MeTOLOM yIaer-
Cfl MOJy4aThb B OCHOBHOM HH3KOYaCTOTHble TPAH3HCTOPHI Masoit H 60Jb-
IO MOLIHOCTH.

Huddysnounsie tpansucropst (puc. 1,6). BpicokouyacToTHble TpaH-
3UCTOPbLI, B TOM YHCJ/Ie MOLUHbie BBICOKOYACTOTHBIE, H3TOTOBIAIOTCH MyTeM
HCNOJ/Ib30BaHHA ABJeHHs AH(OY3HH (NPOHHKHOBEHHS) ONHHX BeIUECTB
B Apyrue. B HacTosiee Bpems CYIeCTBYer psifi NPAKTHUYeCKHX BapHaH-
ToB aHG(Y3HOHHOA TeXHOJIOrHH, NMO3BOJSIOUIHX XOPOUIO KOHTPOJHPOBATD
BBeJleHHe NpHMeceil B JIaCTHHKY HCXOJHOro MNOJYNPOBOAHHKA H TeM
CaMbIM CTPOro BblJepKHBaThb HEOGXOJHMYIO /sl BHICOKOYAaCTOTHHIX TPaH-
3HCTOpOB reoMeTpHio p-n nepexopos. Hapsay ¢ mpekpacHHIMH BBICOKO-
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YAaCTOTHLIMH XapPAKTepHCTHKaMu y AHGQY3UOHHBIX TPAH3HUCTOPOB, KakK
NpaBuJIo, TOJYyYaeTcss HH3KOBOJLTHBI 3MHTTEPHbIA p-n mepexon, He
ROTYCKAIOLM{ NMPHIOKEHHsT K Hemy O6ObLIMX OGPATHBIX HAMpSXEHHH.

KpoMe mepeuHc/ieHHBIX cnoco60B
Kaaccu®HKalUUy TPaH3HCTOPOB, MHOTAA
MOJb3YIOTC TaKHMH  ONpeneJeHUsIMH,
KakK, HanpuMep, BbICOKOBOJIbTHEIE
TPAaH3HCTOPBI, HU3KOWYMAILKE U T. I,
KOTOpble OTPaXKaloT XapakTepHOe pas-
JM4He TPaH3UCTOPOB IO KAKOMY-JH60
crneunpuyecKkoMy napamerpy.

Jo 1964 r. Bce THMBI TPaH3HCTO-
pOB  OTeYecTBEHHOTO  IPOH3BOACTBA
0603HaYaJNHChb MapKOH, COCTOSIBIIEH M3

Puc. 1. ¥crpoiicTBo cnnaB- Tpex 3jieMenToB. [IlepBbifi 31€MeHT —
HOro (a) H ﬂu¢¢)y3}10ﬂ- GYKBa I'I, oTMeuyalowiass TMpUHALJIeXK-
HO-CILIaBHOTO (6) TpaH3u- HOCTb MapKH K TJIOCKOCTHOMY TpaH3H-
CTOpOB. ctopy. BTopoit snemeHT — MOPSAKOBBHIA

1 — KpHETann; 2 — 3JeKTPOMbI; HOMep THIa TpaH3HcToOpa, MpHCBaHBae-
3 —p-n nepexoabl; 4 — KpHC- MbIfi B COOTBETCTBHM C KJaccH(pHUKallH-
:Zg;"°‘1ﬁep_"‘g‘;3e;'f; o ot OHHoOt Tabauueir (taba. 1). Hckmoue-
TOp. HHe coctasasau Mapku I13 u I14, npu-

CBOGHHBlE MOIUHBIM HH3KOYacTOTHBIM
TpausuctopaM, TpeTuit (He o6s3aTenb-
HbIfi) s/1eMeHT 0603HaueHHs MOTJa 06pa3oBbBaTh GykBa (A, B,BuT. 1),
OTJHYaIollasi PA3HOBHIHOCTH TPAH3HUCTOPOB OQHOrO THma (MOATHMBL).

Ta6auua 1
BTopoit aneMeHT cTapoil cHCTeMb 0003HaYeHHst THNOB

TPaH3HCTOPOB
HU3KOYaCTOTHbHIE TPAHBHUCTOPH BricokouacToTne
TPAH3UCTOPH
MajlOMOWHbE | MoOmIHEe ManroMomHLe
Mo~
repMa-| kpeMmnue- | repMaHue-| kpemuue- | repmanie-| kpemHHe- | Hble
HHEBbIe Bbie BHE BHe BHe BHle

1—100] 101—200 | 201—300 | 301—400 401—500‘501—-600\ 60l...

B cBs3H ¢ BBefieHHeM HOBHIX YHHOHUHPOBaHHbIX 06osoYeK (Kopmy-
coB) K 0603HaYeHMdM MHOIHX TMIIOB TPaH3UCTOPOB Obila nobasiena
snepeau 6ykBa M, Hampumep MI116 (mo 3/7€eKTPUYECKHM XapaKTepUCTH-
KaM 3TOT TPAH3UCTOp aHajordyuen Tpausuctopy I116 u oTiMyaeTcs TOMb-
Ko HOBOH KOHCTPYKLMel KOpmyca).

B Hnacrosimiee BpeMst IEACTBYeT HOBas CHCTeMa 0GO3HAYeHUsl THIOB
TPaH3UCTOPOB, MpeaycMaTpHBaiollas 00pa3soBaHHsg Mapku TpaH3HCTOpa
H3 yeTbipex 3JIEMEHTOB.

[MepBbifi 37eMeHT — GyKBa uau uupa, o60o3HayalOLlad HCXOAHbIA
MOJYNPOBOJHHKOBLI MaTepuan (Ta6.. 2).
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BTopbiM 37eMeHTOM 0603HaYeHHsi TPAH3UCTOPOB sBJsiercss OykBa T.

Tperuit ajeMeHT — TpeX3HayHOe YHCJO, MpHUEM COTHSA, B Mmpeaenax
KOTOpO#i BBHIGPAHO 3TO YHCJIO, YKa3biBaeT Ha NPHHAMJIEKHOCTb TPaH3UC-
Topa K TO# MJH HHOR TPYyNne No BeJHYHHe MOLLHOCTH M FPaHHYHOH pa-
6oyesr yactote (TaGa. 3), a nociednve aBe UHDpPH SBIAOTCA HOPAAKO-
BLIM HOMEPOM NaHHOTO THIIA TPaH3HUCTOpa B 3TOM rpymme.

B kauectBe uerBepTOro

HEOGA3aTeJLHOIO  JIeMeHTa Ta6auua 2

0G03HAYeHUS MOTYT MPHME-  [leppuil aeMEHT HOBOTO 0GO3HAHEHHS

HaTbest GykBnl (A, B, B THRa TPaH3HCTOPA

H T. A.), OTJIHYaAIOLHe pa3Ho-

BHIHOCTh TPaH3HCTOpa HaH- 7 PR— OGosuauenne

Horo THMa. foAyNpOBOAHHK uudposoe ’GyKDeHHOG
OGo3HaueHHst no HOBOIl

cucreme NpHCBaHBAIOTCS

TO/IbKO BHOBb paspabartbiBae- [ epmanuit . . 1 r

MBIM TPaH3HUCTOpAM; cTapble
¥Ke TPaH3HCTOPbI MPOAOJIKa-
IOT BbINYCKaTbCs MOA MpPEX-
HUMH MapKamH,

B Hacrosiieft Gpoluiope NPHBOAATCSA CNPaBOYHBIE JaHHLIE MO HanGo-
Jiee pacnpocTPaHeHHbIM THIIAM TPAH3UCTOPOB, ycTapeBllHe TPAH3HCTOPHI,

Kpemuuit . . - 2 K

Ta6auua 3
Tpernii aneMeHT HOBOro 0G0O3HAYEHHS THMA TPAH3HCTOPA

MakcuManbHas paccenBaeMas MOMIHOCTD'
IIpeneabnas uactora
YCUMEHUA TPAHIHCTOPA PL0,3 T 0,3 6T<PL1,5 8T P>1,5 ¢r
fr<3Mey 101—199 401—499 701—799
3 May<f, <30 Mey 201—299 501—599 801—899
fr>30 Mey 301—399 601—699 901—999

! lna tpausucropos ¢ P< 0,3 6r BeauuyuHa pacceHBaeMOd MOILHOCTH onpesne-
sagercss Ge3 [NONMOJMHUTENBHOTO TeMI00TBOAa, a ¢ P>0,3 6T — npu HCNONbL3OBaHUH
AOMOJHUTEJIBHOIO TEMJI0OTBOAA.

CHSITble ¢ MPOM3BOJACTBA, B CIPaBOYHHK He BKJUeHb.. CienyeT umerh B
BHLY, uYTO [0 Mepe YCOBEpIIEHCTBOBAHHS TEXHOJIOTHH IPOH3BOACTBA H
KOHTPOJIA MapaMeTpoB TPaH3UCTOPOB KiaacCH(HKaUHOHHbIE HOPMbl Ha
HeKOTOpble THMbl TPAH3HCTOPOB MOABEPraioTCsl TeM HJIH HHbIM YTOYHe-
HUsAM Ge3 H3MeHeHHs Mapok TPaH3UCTOPOB. B mpuBoauMBIX HHXKe Tal-
Mumax COfepKaTca CNpaBoyHble MAHHBIE, COOTBETCTBYIOLIHe MOC/AEAHHM
TeXHUYeCKMM YCJIOBHSIM MO COCTOSIHUIO Ha Hayamno 1966 r.

3JIEKTPUYECKHE MAPAMETPbLI TPAH3UCTOPOB

HH3KOUacTOTHBie  MaJIOCHTHAJIbHblE NapaMeTPbl  XapaKTepH3YIOT
9JeKTpHYeCKHe CBOMCTBA TPAH3UCTOPA MpPH YCHJIEHHH MaJbIX HH3KOua-
CTOTHBIX curHaioB. HanGosee pacmpocTpaseHa cucTeMa CMeWw aH-
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HblX («<ruGpHHB X») MaJOCHTHAlbHbIX MapaMeTPOB, OCHOBaHHAas
Ha 3aMeHe TPaH3HCTOpPA SKBHBAJICHTHHM YETHPEXNOJIOCHUKOM (puc. 2).
OTa cucTeMa NapaMeTpOB COCTOMT M3 CJEAYIOUMX YeThlpeX BeMHUHH:
hy) — BXOAHOe COMpPOTHBNEHHe NPH KOPOTKOM 3aMLIKZHHM Ha BHX0Je;
h1z — KO3(HIHEHT O6GPaTHOH CBA3H NO HANPSAKEHHIO NPH XOJIOCTOM
Xoje Ha BXole;
hot — KO3 UIUHEHT YCHIEHHS 1O TOKY MpH KOPOTKOM 3aMLIKAHHH Ha
BbIXOII€;
hg; — BbIXOAHES LPOBOAHMOCTE MPH XOJNOCTOM XOle Ha BXOJe.
Ilon kopoTkuM 3aMblKaHHeEM 31ech

I, A MOHMMaeTcsl OYeHb HH3KOE, a MOJ XOJIO-
= =~ CTBIM XOJOM OYeHb BBICOKOE CONPOTHB-
Toansucmop NleHHe NaHHON LeMH AJIsi TOKOB HH3KO-
4acTOTHOro cHrHaja. IIpH uaMepenuu

4 % napaMeTpoB TaKHe PEXHMbl CO3AAIOTCA
l IpH NOMOLH GJOKHPOBOUYHBIX KOHEH-

o) o caTopoB H 3arpaxkAalolux ApoCCened,
MpHYEM Ha 3JIEKTPOAEI TPaH3UCTOPOB

Puc. 2. [IlpencrasieHue MOLAIOTCs MOCTOSIHHblE HAMpsMKeHHs U
TpaH3ucTopa B dopme TOKH, oIpefelsioliHe paGouylo TOUKY.
SKBUBAJICHTHOT'O 4YeThIPex- H3MepeHHble 3HAueHHS MasOCHTHaMb-
0JIOCHHKA. HbIX [apaMeTPOB ORHOFO M TOr0 Xe

TPaH3HCTOpPA 3aBHCAT OT BbIGpaHHOM
paGouell TOUKH H OT CXeMbl BKJIOYEHHS
TpaH3ucTopa. 3HaueHus NapaMeTpoB AJIS CXeMbl ¢ ofiied 6asot oTMeua-
10TCSl NONOJHHTENbHHM HHAEKCOM «G», HanmpuMep hges, a /A CXeMbl
C OGLINM 3MHTTEPOM — HHIEKCOM «3», Hampumep fgaiy. Jais kosdduuu-
€HTOB YCHJIEHHS 1O TOKY MHo1s M hgis 4acTO NMPHUMEHAIOTCH CREUMAJbHbIC
o6osHaueHus @@= —hgyg H P=Hhys,.
3HaueHus h-napaMeTpPoB MNO3BOJIRIOT DPacCUHTHIBATH HANpPSAXKEHHS H
TOKH YCHJIHBAeMOro CHrHajla B LeNnsX TPaH3MCTOpa NpPH MOMOMHIM ABYX
YpaBHEHHH:

Uy=hy Iy + iUy

Iy =hgy Iy 4 hay Uy,
Tle 0603HaueHHsi TOKOB H HaNpsxeHHH COOTBETCTBYIOT CHMBOJIAM Ha
pHc. 2

3uaueHns h-napameTpoB NpH PasaHYHBIX cXeMax BK.IOYeHHs TpaH-
3HCTOpa CBS3aHH MeXAY coGOH CJAeAYIOLIHMH COOTHOLIEHHSAMH:

hyi6 = —h—u-a—; s = _hus
I+ has 1+ Ao
o= = S T



B cnpaBouyHBIX AaHHBIX MO TPAH3HCTOPAaM PelAXO NPHBOAATCH 3HA-
wenns napamerpa hy;. Tlpu Manbix Tokax smurtepa (/5 =0,2+5 ma) ero
BeJMYHHA B cxeMe ¢ o6litefl 6a30f cOCTaBJsAET:

hys = ——— , oM.
L (ma)’

KosdbdunueHnt myMma—uucio, NoKasuiBaiollee, Bo CKOJIbKO
pas yxyiuiaeTcsi OTHOUIEHHEe CHTHAJ/UIYM NPH YCHJIEHHH CHrHana [OaH-
HbIM TpausuctopoM. Kosdduuuent wWyma BbipaxkaeTcas B AeluGenax.
Huskue 3naueHHs ero HeoGXOAMMBI AJIsi TPAH3UCTOPOB, NMPUMEHSNEMBIX B
DepBEIX KacKafax BHICOKOYYBCTBHTE/bHBIX YCHJHTeNeH.

BHICOKOYACTOTHBE NapaMeTpnl TPaH3ucTopa. ['paHHuYHas Yya-«
cTOoTa KOos3ddHHIHMEeHTAa YyCHIEHHA NOo TOKY B cXe-
Me ¢ of6menn 6a3oi f, —uacToTa, Ha KOTOPOi BeJHYHHA O CHH-
)Kaercs n0 0,7 cBoero HH3KO4YacTOTHOro 3HaueHus. Ilockoabky y io-
CKOCTHBIX TPAH3HCTOPOB Ha HH3KHX 4acTOTax O GJH30K K eqHHHHe, AAsS
HHX f, OnpenensioT Kak 44acToTy, Ha KoTopofi @ =0,7. O6piuno 3adpdek-
THBHas paGoTa TPaH3UCTOpa BO3MOXHA Ha 4acTOTax HuXe f, .

EMKOCTSs KOJAJNEKTOpaA Cg — eMKOCTb  KOJUIEKTOPHOrO
p-n nepexoga npu 0GpPaTHOM CMellEHHH.

BhicokouacToTHOe CconmpoTHBJAEHHe Gasn r;—-
CONMpOTHBJIeHHe OGpaTHOfi CBf3H B CXeMe ¢ OCHIeHl Ga3ofi, H3MepeHHOe
Ha JOCTaTOYHO BLICOKOH 4acToTe.

Beanuunnt r; # C, OrpaHHyHBalOT YyCHJEHEE TPAaH3UCTOPA HAa Bt~
COKHX YacTOTax M BO MHOrHe pacueTHsle GOpMyA:l BXOLAT B BuAe npo-
ussepenns rg C . B cBA3N ¢ STHM [/ HEKOTOPHIX TPAH3UCTOPOB YKa-

I
3bIBaeTCSl HEMOCPEACTBEHHO BeAHYHHA mpoH3BeneHHs rg C,, KoTopoe

HMeeT Pa3MePHOCTb BpeMeHH H 4aCTO HMEHYeTCs <«TIOCTOSHHOH BpeMeHH
0o6paTHOf CBA3U>. '
V HanGoJiee BBICOKOYACTOTHBIX TPAH3HCTOPOB HEMOCPEACTBEHHOE H3-
Mepenue napamerpa [, CTaHOBHTCA 3aTPYIAHHTENbHHIM, M TOrAa IpH-
GeraloT K M3MEpeHHI0 MAKCHMaJbHOH YacTOTH reHepHpO-
BaHHUSA Jyaee — Hanbosiee BLICOKOA YacCTOTHl, HA KOTOPOfi MOXHO [0-
6uThCA renepalidd. JTO O3HAYAET TaKKe, UTO YAaCTOTA fyaxc ONHOBpPEMeEH-
HO XapakTepH3yeT COGOH YacTOTHBIH Npejesn AEACTBHS TPAH3UCTOPA H B
KayecTBe YCHJIHTeNsl, H6O reHepalus BO3MOXHA /0 TeX MOp, NoKa TpaH-
33ch(}£ YCHAHBAEeT MOIIHOCTb.
exay napameTpaMmu f, M [, CYLIECTBYeT onpejeieHHas CBA3b.
OGBIuHO CYHTAIOT, YTO

fa

Suake = —_— 3

’
30rg C,,
rhe [, TOTyuaeTcs B ThicAuax Merarepil, eciu f, TNOACTaBieHO B
’

Merarepluax, rg — B oMax, a C, — B nukodapanax.

B nocnenHee BpeMms A/ BHICOKOYACTOTHBIX TPAH3HCTOPOB HAUHHA-
10T YKa3niBaTb BMeCTO [, MM f,qa. . TpeNeNbHYIO YACTOTY YCH/IEHHA MO

TOKy B cxeme ¢ OOLHM SMHTTepoM [,



dTo yacTola, Ha KOTOPOH KO3PGHUHEHT YCHJAEHHS MO
TOKY B cxeMe ¢ o6umum smmurtepom (B) chuxkaercs Lo
cannunbl, VIMeHHO 1o 3HaueHHio 3TOro napaMeTpa IMOAPa3AIANTCH
TPaH3UCTOPbl HA YaCTOTHble TIPyNnsl B HOBOH KaaccHdukaunuu (CM.
Taba 3).

B 06.1aCcTH BbICOKMX 4acTOT MOAYJb (aGCO/MIOTHOe 3HaueHHe) napa-
MeTpa f, o6o3navaemuit | B |, 06paTHG NPONOPLUHOHANEH YACTOTe, NPHYEM

[MostomMy nas onpenenenus fr nocratouno usMeputs |B| Ha He-
KoTopoit yacrtote f
BeJnuxHa f, cBssaHa co 3HaueHneM f, TOro e TPAH3HCTOPA

NpoCTbiM COOTHOWIEHHEM
fo=Hf,,

rae k~1,2 nis CnNaBHbIX TPaH3HCTOPOB, a AJS TPAH3UCTOPOB, H3ro-
TOBJAsSieMBIX AH(PGY3HOHHLIM METOAOM, MOXeT aocTHrath 1,6.

Bpemsi nepeksioyenust. I/l HEKOTOpPBLIX THNOB TPaH3UCTOPOB, Npes-
Ha3HAYeHHBIX AJ18 paGoThl B GLICTPOAEHCTBYIOLIHX MEPEKJIOYalOIHX cXe-
Max, yKasbiBaeTcsi BpPeMs BKJAIOYEHUS fpyy U BPEMS BB~
KNIOUeHUSA Zpygq WIH BPDeMs NepeKJIOYeHHS fpep (Gonbimas
H3 BEJHUYHH fggy M Ppyyn). DTO BpeMsd, 3aTpaudBaeMoe TPaH3UCTOPOM
H4 Tepexoj H3 3aMepToro cocTOfHHA B HachlllleHHOoe (fgkn) HJIH Ha-
000pOT (fpykn) B pexHMe nepek/ioueHHs. BBUAY CHABHON 3aBUCUMOCTU
GblcTpONeCcTBHST TPAH3UCTOPA-TIEPEKJIIOUATENE OT PEKHUMA U CXeMbl NMpPH-
MeHeHus NMPUBOJAMMBle CNPaBOYHble 3HAUeHHS fpky M lpuga (HIH fpep)
c/lelyer paccMaTpuBaTb JIHIIb KaK OPHEHTHPOBOYHBIE.

OGpaTubie u HayadbHple TOKH. OGpaTHHEH TOK KOJdJEK-
Topa [Igg— TOK, NPOXOAALIHH uYepe3 KOJJIEKTOPHBEI p-n mepexoa
NPy NPUJIOKEHHH K HEMY OGpPaTHOTO HampsKeHHS H OTKJIOYEHHOM Bbl-
Boje 3MutTepa (I, =0).

O6paTHbét TOok 3aMuUTTepa [0 —TO Xe ANA 3IMUTTEp-
Horo p-n mepexoma npu Iy =0.

Toku I,o u 15 XapakTepusywT KauecTBO p-n NEPEXOAOB TpaH-
3MCTOpa; 3HaHHe HUX HEOGXOAMMO AJs pacyeTa cTaGH/IbBHOCTH paboued
TOYKH TPaH3UCTOpa, ocoGeHHO NpU MNOBbIIIEHHBIX TeMnepaTypax, Koria
5TH TOKH CHJIbHO BO3pacTaloT (NpH MOBbIIIEHHH TeMMepaTypbl Ha KaX-
Able 10° C o6paTHble TOKH YBe.THYHBAIOTCS npnmelpno BIBOE).

Havanbusit Tok Koasektopa [y — NOCTOSIHHBIN TOK
B leny KOJUIGKTOpa npu OOPaTHOM HanpsiKeHHH, KOTAAa SMUTTEp coelH-
Hen c 6a3oifi HAKOPOTKO HJM Yepe3 OrOBOPEHHOe CONMPOTHBJEHHE; Xapak-
TepH3yeT BO3MOXKHOCTb YCTOH4#BOH pabGOTHl TPAH3HCTOpPa B HEKOTOPBLIX
cxeMax npH Oo/bLIOM CHTHAJe.

Ilns TpaH3MCTOPOB, PACCUHTAHHbLIX HA NPHMEHEHHe B MEPeKJIoualo-
IiMx cxeMax, HHOrja YKasbiBaeTcs TOK KOJJeKTOpa 3ameps
TOTo TpaH3HCTOpa [lyg DTO MOCTOAHHBIA TOK B LeNH KOJJIeK-
TOpa MNPH ONpefeJeHHOM HAaNpSXKeHHH MeXKAY KOJUIEKTODOM H 3MHUTTe-
POM NpH YCJIOBHH, YTO 3MUTTEPHBIA NMepexoh 3amepT He6GOJbLIMM oGpart-
HbIM HanpsixkenueM (o6biuno 1,5 ). Bennunna lx.s Moxer B 2—3 pasa
npeBbllaTh 06paTHBIA TOK KoasekTopa /o

Mapamerpui TpaHsucropa s pexume Ooabworo cursana, Cpen-
Hig KpyTH3Ha XapaKTepHCTHKHU Scp MoKa3bBaer OT-
HOllleHHe MpHpalleHHss TOKAa KOMJIeKTOpa K BHI3BAaBIIEMY €ro H3MeHEHH
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HanpsiXKeHHss Ha 3MHTTEDPHOM MNepexojle. YKa3blBaeTcsi IJ1aBHBIM 06pasoM
AJsi MOUIHBIX YCHJHTE/bHBIX TPay3HcTOpoB B ¢opMe [JHHAMHYECKOro
napaMeTpa, H3MepsieMOro NMpH onpejeieHHOM Harpy30YHOM COMpPOTHBJe-
HHH B LieNH KOJJIEKTOpa.

KosdpdHuneHT YyCHAEHHS NO MNOCTOAHHOMY TO-
Ky B (mas cxeMbl ¢ OGIIHM 3MHTTEPOM) — OTHOLIEHHE MOCTOSHHOrO
TOKa KOJIIEKTOpa K BbI3BaBIleMY ero NOCTOSSHHOMY TOKY, BBEIEHHOMY
B uenb 6a3bl TPaH3HUCTOPA.

OcTaToYHoe HanmpsaXeHWe HJIH HAaNpAKEHHE
HachlleHUss KoJaaekTopa Ugpyac — He6oJbioe OCTaTOYHOE
HanpsiXKeHHe Ha MPOMEXYTKe KOJIEKTOD — 3MHTTEp B peXHMe Hachile-
HHs, KOrja NpH AAaHHOM ToKe Ga3bl BeJHYHHa TOKa KOJUIEKTOpa orpa-
ggqeua HarpysoyHbIM CONMPOTHBJEHHEM M OKa3biBaeTcsl MeHbllle, ueM

6

Hapany ¢ mnapamerpom Ug.yae HHOr4a OrOBapHBAIOT BeJHUHHY
CONPOTHBJEHHUS HAacCHUeHHSH KOJJEKTOPA Ik.pac. EC-
Ju 3HayeHne Uy yac M3MepeHO MPH TOKe KOMJIEKTOpa ly.mac, TO

UK-HaC
Tg.mac = I—_ .
K.Hac
Takum 06pasoM, ry.yac SABASAETCA COMPOTHBIEHHEM NPOMEXYTKA
KOJIIEKTOp — 3MHTTep AJIsA MOCTOSHHOIO TOKa B peXXHMe HacChILICHHS.
TMapametpet B, Ug.yac M 7g.pac XaPaKTEPH3YIOT NOBeLeHHE TpPaH-
S8HCTOpa B NepeK/IoYaloLUX cXeMaXx.
peleiblble (MaKCHMaJbHble) SKCMJAYaTaUHOHHblE XapPaKTEPHCTHKH
coo6WaloTest A/ OrPaHHYEHHsl DeasbHBIX PEXHMOB NPHMEHeHHs TPaH-
SHCTOPOB B LeJAX NpPEAOTBpAllleHHss HX NpPeKIEeBPEeMEHHOro BLIXOJa H3
cTpos. OrpaHHYeHHs HAK/IA[bIBAIOTCA HA MOLIHOCTb, PACCEUBAEMYIO MPH-
GopoM, Ha oGpaTHble HAMpSIXKeHHSl, NPUKJIAJABIBAEMble K KOJJIEKTOPHOMY
H SMHTTepHOMY [epexonaM, Ha AHama3oH pabouux TeMmmeparyp OKpy-
XKalolleil cpebl MM Koprmyca TPaH3HCTOpa M Ha MaKcUMalbHble 3Haye-
HHUf TOKOB B LeNfAX 3J€KTPOJOB.
MomuocTs paccenBaemMas TPaH3HCTOPOM, B 06-
HieM cJyyae CcKJajbiBaeTcsi H3 MOLIHOCTEl, pacceHBaeMblX KaXKAblM

P-n nepexonoM:

P=PK+P9 = IKUK.G + ISU9.61
Tle HanpsikeHus Kosjektopa Ugeg M 9MuTTepa Usgg OTCYHTAHBI OTHO-
CUTENbHO 6a3bl.

. B ycuidresbHOM pexHMe y MJIOCKOCTHBIX TpaH3HCTOpoB Iy = /g,
TakuM o6pasom,

P =1y (Uke+Use) =I5 Uk + Uss),
H NOCKOJIBKY 06bIHO Us.6&Uk.6, TO YacTO MOXKHO CUHTATh:
P=Py=1,Uyg.
DTa MOLIHOCTh HarpeBaeT TPAH3HUCTOP M TeM CHJbHEE, u4eM XYXKe
TEm100TBOA. B CBA3H c 3THM NpH MOBBIUIEHHH TeMIEpaTypbl CPeAbl HIH
Kopnyca Bo M36eXaHHe BHYTpeHHEro NeperpeBa TpPaH3HCTOpa pacceH-

BaeMas HM MOLIHOCTb JOJIKHA CHHKaTbesl. Heo6xoauMoe cHHKeHHe MOILL-
HOCTH pacCYHTBIBaeTcsi mo ¢opMyae

Tn.maxc _ T

R: '

Pyage =



rae R;— Tak Ha3niBaeMoe TeljOBOe COMPOTHBJEHHE TPaH3HCTUPA,
XapaxTepH3yiolliee TEMJIOOTBOJ OT p-n NEpexofoB K
KOpNycy MMM K OKpyXaioillefi cpele;
Trh.maxe — AONyCTHMas (MaKcuMaJjbHas) TeMmepaTypa mefeXoioB
TPaH3HKCTOPA;
T — TéMnepaTypa Kopmyca WM OKpyXKaloueil cpeabl (B co-
OTBETCTBHM C YCJIOBUSIMH onpeneneHus Rr).

Pa3nuyalor MaKCHMaJdbHBHA TOK B pexXUMax YycH-
NeHHsA W NepexkNOYeHHUS (B MOCIAeLHEM CJyyae OH 3a4acTylo
6biBaeT 3HAUHTENbHO Goabllue).

MakcuManpbHOe [ONyCTHMOe HanpsXeHHe Ha
KOJNJEeKTOpe CYyLeCTBeHHO 3aBHCHT OT CX€Mbl BKJIOUEHHSI TPaH3H-
CTOpa M OT BE/JHYHILI CONMPOTHUBJIEHHs MOCTOSIHHOMY TOKY B LienH Ga3ui.

Hau6onbiiee o6paTHoe HanpsixeHHe MOXHO NPUKAAABIBaTb K KOJ-
JIEKTOPHOMY Tepexoly, €C.H lenb 3MHTTepa OTKJIOUeHa HJIH HMeeT
oYeHp G6oJblUoe COMPOTHBIEHHe MAJIs NOCTOSHHOTO TOKa (EeXHHHILI —
ZecATKH KuaooMm). JlonycTuMoe B 3TOM ciydae HampsieHHe 0Go3HayaeT-
ca cumBosoM Uy 6.vakc. 10 Mepe MOBHIIEHHSI TeMmepaTyphl Be/HYWHA
Ug.6.maxe MOXKET MOHUKAThCA W NPH HaHBHICIIER JOMYCTHMOH TeMmmepa-
Type p-n mnepexonos (Tp.mikc) YacTo majgaer BjBOE.

HauMenbiero sHa'leHns [0ONyCTHMOe HampsikeHHe KOJJIeKTopa [0-
cTHraer B CJydae, KOrga OHO NPHKNAJbLIBAaeTC OTHOCHTe/IbHO 3MHTTepa
H lenb 6a3bl OTKJAIOYeHa HAH 06JaZlaeT BLICOKHM CONPOTHB/IEHHEM N/
NOCTOSIHHOTO TOKa (€AHHHI — JeCSHTKH KHJIOOM). DTO HampsiKeHHe
o6osnavaercs Uy.s.yake. BeanunHa Ug.gnake TaKXKe CHHXKAeTCs Npu
NOBHILIEHHY TeMMepaTyphl.

Echu 3aXXHMbl IMHTTEp — 6a3a 3aMKHYTH MO MOCTOSHHOMY TOKY
HAKOPOTKO WJIH MeXAY HUMH BKJIOUEHa Iienb C FeGOJIbIIHM CONMpOTHBJE-
HHEM, To AOMYCTHMOe HampsikeHHe MeXAY KOJIIEKTOPOM H 3MUTTepOM
B ofieM cayyae HMeeT npoMexyTouHoe MeXAY Ux.s.make B Ux.6.maxc
3HaueHKe.

Ins noBbilleHHst HafeXHOCTH paGoThl KaK caMoro TPaH3HCTOPa,
TaK KM CXeMbl, B KOTOPOii OH NpPHMeHeH, 0COGeHHO NMpH MOBLILIEHHON TeM-
nepaTtype, Bcerja liesecoo6pasHo CTPOHTb lienb 6a3a — SMHTTED TaKHM
o6pa3oM, 4yTOGHl ee COMPOTHBJIEHHE IS MOCTOSAHHOIO TOKa GbLIO MO BO3-
MOXKHOCTH HeGOJIbIKM (He Goslee eNHHHL, KHJIOOM).

YKA3AHHUA MO NPUMEHEHHIO TPAH3HCTOPOB

BuiGop THNOB TPAH3HCTOPOB [Jisi PasjH4HLIX Kackapos. B mano-
MOLHbIX (NpelBapHTENbHBIX) KacKajaX YCHIeHHs HH3KOH 4acToThl mpak-
THYECKM MOTYT NPHMEHATbCS MaJIOMOUIHble TPAH3HCTOPb HIOGHIX THIIOB.
Jluup B mepBOM KacKaje BbICOKOYYBCTBHTEJbHBIX YCHJHTe/NeH PeKOMeH-
AyeTca NMPHMEHSTb TPAH3HCTOPHI C MajbiM ypoBHem wliymoB. Eciu ycu-
JleHne TNEPBOro KacKkala MaJjo, TO HU3KOUIYMSIUHA TPAH3HCTOP MOXKeT
noTpeGoBaThcsi U Bo BTOPOM Kackage. Ilisi cHuXKeHHs! cOGCTBEHHOro Iy-
Ma TPaH3HCTOPOB M0JIE3HO CTABHTb HX B OG/IErYeHHBIN PeXUM (TOK IMHT-
Tepa okovio 0,3 Ma u HampskeHHe koiuekTopa 1—2 8). Ilpn 3amene
OJHOro THMA TPaH3HCTOPa APYTHM B YCHJIHTEJe HHU3KOH YacToThl liesle-
c006pa3Ho MPHUMEHATb TPAH3UCTOP cO 3HaueHHeM P He HHXe, ueM y 3a-
MensieMoro. [Ipu HemocTaTOYHbIX Mepax cTaGH/M3aumuu paGoyeli TOUKH
MOXeT MnoTpe6OBaTbcsi MHAMBHAYANbHBIE MORGOP COMPOTHB/IEHHS pe-
3ucTOpa B HenH 6asbl A/l YCTAHOBKH HEOOXOJAUMOro TOKa KOJWIEKTOpa.
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KpemuueBble TpaH3UCTOPHl B cBOell Macce 06J1aJaloT XYALUIHMH 3JI€KT-
PHUECKMMU XapaKTePHCTHKAaMH, YeM repMaHHeBble, a [OTOMY HX NpHuMe-
HeHHe ONpaBJaHO JIHLIb B ciayyae paGoThi MPH OCOGEHHO BHICOKOH TeMIle-
patype (Bbime 70°C) My NpH HEOGXOJHMOCTH HMETb OCOGEHHO MaJihie
HayaJbHble TOKH.

Jlisi pe30HAaHCHBIX yCHJMTE el BBICOKON HJIH INPOMEXYTOYHOH 4acTo-
TBl U BbICOKOYAaCTOTHBIX TeHEepPaTOpOB LeJecoO6pa3Ho NPUMEHATh TPAH3H-
CTOpHI, Y KOTOpHX 3HaueHHe f, , fMaKc U fT no Kpa#Heii Mepe B 3—

5 pas mpeBblllaeT HAHBHICIIYIO PaboOYyld YacTOTY kackaja. B Bbicoko-
YaCTOTHBIX KacKajax, Kak NpaBHJIO, MOJEe3HO paGoTaTh ¢ BO3MOXKHO Go-
Jiee BBLICOKHM HampsixeHHeM KOJJIEKTOpa, 4TO CMOCOGCTBYET MOBHILIEHHKO
YCUJIEHHsi M CTaGWJbHOCTH KaK YCHJIeHMs, Tak M HacTpoiiku. Omuako
Ype3MepHO BEHICOKOe HAMpsiXKCHHe KOJJIEKTOpa MOXKeT NPHBECTH K POCTY
COGCTBEHHOrQ IIyMa BBICOKOYACTOTHOTO YCHJIHTEJS.

Ipu saMeHe TPaH3HCTOPOB B BHICOKOYACTOTHHIX CXEMax B MEpBYIO
oyepelb HaAO o6palllaTb BHHMaHHE HAa 3HAYUEHHA napaMeTpoB [,

’
(fuyaxer fr) 76 H C,. Crenyer umeTh B BHAY, YTO 3aMeHa TPaH3HCTO-

pa B Ha/laXXeHHOHA cXeMe APYTHM, [Ja)Ke NPEBOCXOASILIMM IMEPBHIA MO
BCeM NapaMeTpaM, MOXeT MOTpeGoBaTh MOACTPOHKH ycHJHTens, Ge3 yero
BO3MOXKHO pe3Koe YXyAlleHue paboThl Kackaja M jaaxe caMoBO36yX-
JeHue.

B MOIIHBIX HH3KOYACTOTHBLIX YCHJIHTENAX BO H36eXKaHHe CHJbHBIX
HeJIMHeAHBIX HCKaXKeHu#l Heo6XO0LHMO MPUMEHSTb TPAH3HCTOPHI C BO3MOXK-
HO Gonee cnaGOBhIpaXKeHHOH 3aBUCHMOCTLIO KO3 (HIHEHTa YCHIEHHS OT
Toka (npu GOJNbHMX TOKax 3HaueHus § u B 3amMeTHO yMeHbILAIOTCs).
B3aumo3aMeHss€eMOCTL TPaH3HCTOPOB B TAKHX YCWINTENX BO3MOXKHA
B paMKax pPOJACTBEHHHX MOATHNOB HAH 3a CYeT NpUMeHEHHs TpaH3H-
CTOpPOB, pPacCUHTAHHLHIX Ha GO/bLIYI0O MOIIHOCTb, yeM 3aMeHsieMbil. Ilpu
3TOM cJlefyeT o6palllaTh BHUMaHHE Ha 3H3ueHHd napametpos B uan Scp.
Ina nByXTakTHbIX YycHAuTedefi lelecoo6pa3sHo MOAGHPATb NapH TpaH-
3uCTOpPOB ¢ OMIH3KHMM 3HAaYEHHSMH 3THX I1apaMeTpoB.

B MasoMoumnux NepekaOYalolIMX (HMIOYJAbCHHIX) cXeMax IpH He-
BBICOKMX TpeGOBaHHsIX K GHCTPOAEHACTBHIO MOTYT NMPHUMEHSATHCS TPaH3HC-
TOpb JIIOGHX THIOB, YAOBNETBOpAIOUIHe TPeGOBAHHAM CXeMbl K MHHH-
MaJIbHOMY 3HaYeHHI0 KO3 (uIHeHTa YCHJeHHs N0 TOKy. B GwbicTpoaeii-.
CTBYIOLIHX [€pPeKJIoYalollluX CXeMax Xopoulo paboTaloT BHICOKOYAcTOT-
Hble TPAaH3UCTOpPH, U3rOTOBJeHHble MeTonoM AH(DY3un nmpuMecei.

B MOIUHBbIX Mepek/IOYAOUHX U PEry.MPYIOIMX CXeMaX, B TOM uHCJe
npeoGpasoBaTeNiix NOCTOAKHOTO TOKa, CTabW/IH3aTOpaX HampsiKeHHs,
YCHIUTENSAX CAeASIUX CHCTEM H T. I, HAXOASIT NPHMEHEHHe Te XKe
THOB TPAH3HCTOPOB, YTO H B MOIUHBIX HH3KOYACTOTHHIX YCHJHTENsX,
npuyeM ROBOJIBHO yacTo TpeGoBaHHe K cJaGoi 3aBHCHMocTH B oT Toka
CTAHOBHTCSH HE CTOJb CYIEeCTBEHHHM.

Ipu J06bix 3aMeHax TPaH3HCTOPA OAHOTO THMA APYTMM HeOGXOLH-
MO C/eMTb 3a TeM, YTOGH KOMYCTHMble PEKHMH BHOBb BbIGPaHHOTO TH-
Na TPAH3HUCTOpPA NO3BOJIAJH MPHMEHHTb €ro B JaHHOM Kackaje.

pocTefilike cnocoGni npoBepkyu TpausucTopos. llesocts u kauect-
BO p-n NePexOROB TPAaH3HCTOPA MOMKHO OIEHHTb MPOBEPKOH mpo-
XOXIEHHST TOKa Yepe3 KaKAWfA H3 MepexoioB B NpPsSMOM Ha-
npaBjeHuu (HampuMep, € TNOMOLLLIO TecTepa HJH OMMeTpa, NpHYeM
TOK He [JOJKEH [peBblaTh AOMYCTHMOe AAs [JaHHOro TPaH3UCTOpAa 3HA-
yeHue) M HM3MepeHueM OOPaTHOrO TOKAa C IOMOLIbIO MOAXOASILErO MH-
KpoamnepMeTpa (OpH 3ToM 06paTHOe HampsKeHHE TaKkKe HE JOJIKHO

11



npeBbiliaTh JOMYCTHMOE AJA [aHHOTO p-n mnepexoga 3Hayenue). O6-
paTHBIi TOK ROJXKeH GbITb B Mpejenax HopM (cM. cnpaBounble Ta6uu-
unt). Ilpm Takoit mposepke Hajgo co6m0faTh NPaBUABHYIO MOJSIPHOCTb
UCTOYHHKA TOKA B COOTBETCTBHM CO CTPYKTYPOH MpPOBEpPSIEMOro TPaH3H-
cTopa (pHc. 3).

Puc. 3. CxeMbl u3MepeHusi 0GpaTHBIX TOKOB KOJIEKTOpA

éa), sMHTTEpa (6) ¥ HauaJbHOrO TOKAa KOJJIEKTopa (8).

epXHHe CXeMbl — AJIS TPaH3HCTOPOB CTPYKTYPHl p-n-p,
HHXKHUE — N-p-11.

Ouenky ko3ddUUHENTa YCHTEHHS MO TOKY B CXeMe ¢ OGIIUM IMHT-
TEPOM MpOle BCEro NPOM3BECTH NMPH MOMOLLH CXeMBl, NpUBENEHHOH Ha
puc. 4.

Kosduuuent ycunenus no Toky npubiuKeHHO pPaccYMTHIBaeTcs MO
thopmy.ie
~ IK R

ﬁ"' E ’

rie E — Hanpsikenue HcTouHHKA nutanua (3—5 a),

CHAITb 3aBHCMMOCTb KO3()OdHUHeHTAa YcHJEHUs 1O TOKY OT TOKa
KOJITIEKTOpa MOXKHO NMyTeM MHOTOKpaTHBIX u3MepeHuit B npu pasauunbix
3HayeHHsiX R.

Bo u3sGexanue moBpexKieHHs TPaH3HCTOpA HAYHHATbL M3MepeHHe Ha-
00 c GoabwuM compotusiaeHdeM R (mopsaka 200—500 xom), nmocremew-
HO yMeHblIas €ro, eclid TOK KOJIJIEKTOpa OKa3biBaeTCs MaJbM.

Baxmuefime npaBmia IKCIyaTaluuu TpaH3ucTopos. J[as npemor-
BpallleHUss MEXaHHYECKHX MOBPEXHXEHHH TPAH3HCTOPOB CJIEAYeT OCTOPOXK-
HO 06pamaTecsi ¢ HX BBIBOJAMH, He NMOLBEPraTh BBHIBOAbI MHOTOKPATHHIM
neperu6aM, u3beraTb OCTPbIX YIJIOB neperu6a, MPOH3BOAHTb H3THO BHI-
BORKOB JIHIIb HAa pPAcCTOSHHH He MeHee HECKOJbKHX MH/JIHMETPOB OT
OCHOBAaHHA TpaH3ucTopa. XOTf TPaH3HCTOPH B LeJOM 0G/JIaRalOT BHICO-
KOH MeXaHHYecKo#l MPOYHOCTBIO, BCE Ke HX ciaefyerT obeperatb OT mna-
NeHus c Gosbwio#l BeicoThl. IIpu 3Kcmiyatallid B YCIOBHAX BHOpauuil
(na Tpaucmopre) TPaH3HCTOPHl BCEX THUNOB HEOGXOLHMO MPOYHO KPENmHTH
3a KopHyc.
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Hau6Gonee onacHbiM A/l TPaH3HCTOPOB SABJSETCH BO3AeHCTBHE Bhi-
cokoli Temnepatypu (Bbie 85—100° C s repMaHKeBHX u Bbille 120—
150°C nas xpemHueBbix). ITosToMy HeoGXOAHMBI ompejeleHHble NpeA-
OCTOPOXKHOCTH TNPH BNaWBaHHH TPAH3HCTOPOB B CXeMy H npu pabore
nas/bHUKOM BGJH3H BMOHTHPOBAaHHBIX TpaH3HcTopos. IloanauBaTh BHI-
BOJbI TPAH3HCTOPOB Halo ObiCTPO (B TeueHue
2—3 cexk) Ha BO3MOXHO 60JiblUEM paccTosi-
HHH OT Kopmyca. [lojie3Ho nmpHMeHATb HU3KO-
TeMnepaTypHbie NpPUNOH W  MaJOMOLIHbIe
NasJbHHKH.

IIpy HEeBO3MOXHOCTH BLIMOJAHHTL 3TH pe-
KOMeHJauu¥d BO BpeMs NaiKH BHIBOJOB MEX-
Ay TnpunauBaeMoOi TOYKOH W KOpHMycoM TpaH-
SHCTOpa HajA0 cO3/aBaTh TeMIOOTBOA, HAMpH-
Mep mnepexXHMaTb NpUMAMBAaeMblii  BHIBOJ
NJIOCKOry6uaMy, npHYeM OTNYCKATh MJIOCKO-

ry6ubl Hafo JMIIb M0CJAe OCTHIBAHHA MecTa Puc. 4. Tlpocreii-
nanku. asg cxeMa usmepe-

He Menee onacen neperpes Tpansuctopa HUA Koo duuHeHTa
BO BpeMsi paGOThbl, KOTOPLIH MOXET NpoH30M- YCHJIEHHS TO TOKY
TH B pe3y/bTaTe pPaclo/IOXKeHHsi TPAaH3UCTOpa (n1s  Tpamsucropa
BOJH3H [PYTHX HAarpeBalolluXcs 3JeMeHTOB CTPYKTYPH  R-p-n
(namn, TpaHchOpPMaTOpOB M T. m.) WM 3a MOJIAPHOCTH HCTOY-
CYeT COGCTBEHHOro TeluIoBbijenenusi. KoHcT- HHKa W MHUJUIHAM-
pyupys ammapaTypy C TPaH3HCTOpPAaMH, cle- nepMerpa  o6par-
AyeT NpPOAYMBIBaTb YCJNOBHS OGIUero TemJo- Hble).

o6Mena paspaGaTHBaeMoro npH6opa ¢ BHelI-

Hell cpenofl, mpeiycMaTpUBaTL OTBEPCTHA AJs

BLIXO4a TemIoro BO3AYXa M3 Kopnyca npHGopa (T Mephl 0COGEHHO
HYXHB ¢ GOJIbIUNM CYMMapHbIM MOTpebJeHHeM MOILHOCTH).

HopMmanbhas pa6oTa MOLIHBIX TPaH3HCTOPOB, Kak npasuJo, Tpeby-
€T HNpHMeHeHMs NOMOJHHTENLHBIX TeMJIOOTBONOB. B KayecTBe TemJIooT-
BOla MOTYT MPUMEHSTHCS MeTa/siMdeckKHe NJIAaCTHHBI (M3 KpacHOH Meau
WIH aJIOMHHHS), MeTa/uIHYeckUe LIACCH, HAa KOTOPHIX KPENsATcss TPAaH3U-
CTOpEl, HJH CHeUHa/lbHbie PaLHaTOPhl, HaJeBaeMble Ha TPaH3UCTOPHI.
TennipoTBOA 3aBHCHT OT OGLueli MOBEPXHOCTH pajHaTOpa, N03TOMY AJISt
S9KOHOMHM MeCTa BBLIFOAHO HesaTh pajAHaTOpbl peGpHcThIMH. Bhicokas
5Q(eKTUBHOCTL BCEX TeMIOOTBOASILMX 3/eMEHTOB JOCTHIAeTCs TOJBKO
NpH YCJIOBHH, YTO MeXAY CONpPHKACAIOUMMHCA NOBEPXHOCTAMM KOpMHyca
TPaH3HCTOPA M TEMJIOOTBOAA HeT BO3AYLIHBIX NPOCAOeK. DTH YacTH Mo-
BEpPXHOCTEH YacTO MOJIHPYIOT.

Beuay Toro uto y GosbLIMHCTBA TPaH3UCTOPOB C KOPNYCOM Hero-
CPeICTBEHHO COEJMHAETCA OMMH W3 3/JEKTPOLOB, YaCTO MPHXOJHMTCS BBO-
IMTb 3JIEKTPHYECKYIO H30JIALUHKIO Kopmyca OT waccd. s Toro 4to6bl
NpH 9TOM He CJHLIKOM yXyIIlaTh TENJIOOTBOX, B KAaYeCTBE M3OJSLUOHHOM
NPOKMAAKH HCMOJIB3YIOT TOHYaHIIMH JIHCTOK CJIOABI, KOTOPHLIM OTAEJsi-
10T PAaAHaTOp OT WIACCH, a He TPAaH3UCTOP OT pajuaTopa.

CaenyeT NOMHHTb, YTO y MHOPMX THMNOB TPaH3HCTOPOB NpH MOBEI-
lIeHHOH TeMmepaType CHHXAeTCSl HE TOJbKO JONMYCTHMAs MOLIHOCTb, HO
M JIONYCTHMble HampsDKEeHHs.

IMpuuvnodl BBIXOMA TPaH3UCTOPOB M3 CTPOS MOMKET TaKKe ObiThb
KpaTKOBpeMeHHasi Meperpyska HMIyJbCOM GOJBIIOrO HaNpsMKeHHs WJH
toxa. Fpexne Bcero mpu MOHTa)ke TPaH3HCTOPOB H HaMaXHBAHHH CXEM
C TPaH3HCTOPAMM HaJ0 MpPOBEPATb H3OJALMIO KOpmyca nasjbHHKa OT
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€ro HarpeBaie/ibHOro 3JeMenTa. [la/iee BcsikMe nepenankH B MOHTaxe
HOJK/IOYEHHUsI H 3aMeHbl OTAE/bHLIX AeTajefl clefyeT NPOH3BOAHTbL NPH
BHIK/IIOUEHHOM Hamps)KeHHH OmHTaHHA. Dosbllylo onacHocTb NpeAcTaBis-
eT OTK/IoYeHHe BbiBOAa 06a3bl TPaH3HCTOpA NpH HAJHYHH TNHTaHHA, &
TaKkKe NOJKJIOUEHHe 3MHTTEPa K leNH C 3apsMEHHbBIM KOHJEHCATOPOM.
Ilpu HeoGXOAMMOCTH NMPHCOELHHEHHA TPAaH3UCTOpPAa K cxeMe, HaxoAsLiefi-
csl MOJ HanpsiXKeHHeM, B NMepPBYIO ouyepeib HaJO NPHCOEAHHHTbL 6a3y, 3a-
TEeM 3MHTTEp M B NOCJAEAHIOI0 odepelb KosieKTop. OTK/IOueHHe TpaH-
suctopa 6e3 CHATHA HanpsAxKeHUs NPOH3BOAHTCH B OOpaTHOH mOCJeno-
BaTeJIbHOCTH.

Onachble AJi5 COXPAHHOCTH TPAH3MCTOPOB HMMIYJbChl MOTYT BO3HH-
KaTb B HEYJa4yHO CIPOEKTHPOBAaHHbLIX CXeMaX B pe3yJibTaTe NMePexOAHbIX
npolieccoB NPH MOAAayYe H CHATHH NMHTAaHHA, a TaKXkKe NPH PA3/IHYHLIX Ie-
pekJ/itoueHHsX B cxeMe. [/ MOBBILIEHHS HaNeXHOCTH paboThl anmapa-
Typbl C TPAaH3HCTOPAMH MOC/Ie M3TOTOBJEHHS KaXJAOro anmapara Wi Ma-
KeTa OuYeHb MOJIe3HO MPOBEPHTh 3KCMePHMEHTaJbHO HPH NOMOILH 3JeK-
TPOHHOrO OCHHJUIOTpaca OTCYTCTBHE ONACHbIX MNepeHaNpsKeHHA K
BCIJIECKOB TOKa B IeNsaX TPAH3HCTOPOB NpPH JIOGbIX BO3MOXHBIX KOM-
MyTalHsiX OPraHOB YNpaBJIeHHS M MPH BKJIOYEHHH H BLIKIIOYECHHH IH-
TaHH. -

B uesndx noBbllieHHsi HaJeXHOCTH He PeKOMEHIYeTCsi NPHMEHATb
TPaH3HCTOPH B PEXHMax, COYETalOH[HX MaKCHMaJbHYI0 MOMHOCTb, Ha-
npsixKeHHe U TeMNepaTypy, a TakKxke BBOAHTb B Iienb 6asnl BBICOKOOM-
Hble CONPOTHBJIEHHS.

CNPABOYHBIE TABJIHLLBI

Huxe npuBoiAaTca cnpaBouHbie Ta6/MIbI 3JEKTPHYECKHX mapaMer-
pOB MaJIOMOILIHBIX HH3KOYaCTOTHHIX (Ta6a. 4), Ma/JOMOILHBIX BBHICOKO-
yacTOTHBIX (Ta6J. 5) M MOIIHBIX HH3KOYacTOTHHIX (Ta6.. 6) TpaHsucro-
poB. MakcuMaJ/ibHble 3HaueHHs MOLLHOCTeH, HanpsiKeHHH, TOKOB H TeM-
nepaTyp AJsl BCEX TUNMOB TPAH3HCTOPOB CBeAeHHl B OJHY O6ILyl0 TaG.u-
uy (taba. 7), B KOTOPOH JHaHbl TaKkKe 3HAYEHHs] TEMJIOBOTO COMPO-
THBJIEHHS.

B ra6nuuax nNpUMeHeHH cleAylOlliHe YCJIOBHble 0GO3HAaueHHA 3JeK-
TPHYECKHX NapaMeTpOB:

B — ko3 dHUHEHT YyCHIEHHs! MO MOCTOSAHHOMY TOKYy B CXeMe
c oOLIUM SMHTTEPOM;
Cy — eMKOCTb KOJlJIeKTOpa;
f. — rpaHHYHasi 4acTOTa YCHJEHHS MO TOKY B cxeMe C o6uieft
6asof;,
Fuaxc — MaKCHMaJbHasi 4acToTa reHepaluu;
fr — npeleibHas yacToTa yCHIEHHs HO TOKY B cxeMe ¢ 06-
IHHM 3MHTTEPOM;
Fy — koagdunuent myma na uactore 1000 ey;
h3s6 — BHIXOAHAS NMPOBOAUMOCTb B cxeMe ¢ o6ieil Ga3of;
Iy — TOK KOJIIEKTOpa;
Iy.a — TOK KOJJIEKTOpPa 3amepToro TPaH3HCTOPa;
K.Make — MAKCHMaJIbHbIHE TOK KOJIIEKTOPa B DeXHMe YCHJEHHS;
k-ump — TO Xe B pexuMe NepekNIOUeHHS;
I.a(Ux) — nauanpHeiit ok Kosnekropa (npu Ug.,=0) mpu Hamps-
KeHuu Uy
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Iy(U,) — o6pathuiii Tox Koanekropa (npu /g =0) mpu HanpsKe-
HuH Ug.6;

I, — Tok 3MuTTepa;

Ppagc(T) — MakcHMasbHas MOLLHOCTb, pacceMBaeMasi TPaH3HCTOPOM
Ge3 OMOJIHHTENBHOTO TEIJIOOTBOAA NPH TeMiepaType
OoKpYyXaiolliefi cpeabl He Bbiie T° C;

Pyagc(To) — TO Xe ¢ IONONHUTENbHHIM TEMJOOTBOJAOM TpH TeMmepa-
Type oGosouku He Beie T,°C;

’
7' — CONPOTHBJIEHHE 6a3bl BbICOKOYAaCTOTHOE;
T'x.nac — CONPOTHBJIEHHE KOJIJIEKTOPA NPH HaCHILEHHH;

RT—TGHJIOBOC COTIpOTHBJIEHHE KOHCTPYKUHH TpPaH3UCTOPA OT-
HOCHTEJIbHO BO3AYXa,;

Ry.0— TO Xe OTHOCUTeNbHO OGOJIOUKH TPaH3HCTOPa;
Scp — cpeaHAs KPYTH3HA XapaKTePHCTHKH YCHJEHHS;

fnep — BpEMs NMepeKJIOUEHHS;
Makc — MaKCHMaJlbHasl TeMIlepaTypa BO31yXa;

Th.uakec — MaKcHMaJibHasi TeMnepaTypa NepexoloB;
Ug.o — HanpsikeHHe 6a3a — sMHTTEp;

Uk.6 — HanpsixkeHHe KOJWIEKTOp — 6a3a;

Ux.6.uaxc(T) — TO Kc MaKcHMaJbHOe MpH TeMnepatype He Beimie T°C;
Ug.s — HanpsixeHHe KOJJIEKTOP — IMUTTED;

Ug.s.maxc(T) — MakcHMaJibHOe HampsiKeHHe KOJUIEKTOP — 3MHTTEP NpH
TeMnepatype He Beilie T°C;

Ug.nac— OCTaTOUHOE HanpsKeHHe MeXIY KOJJIEKTOPOM H 3MHT-
TEpOM B pPeHMe HachlIeHHs;

Uy .6.:akc — MaKCHMaJIbHOE HanpsiKeHHe 3MHTTep — 6asa;

B — ko3 dHUHEHT yCH/eHHSs TO TOKy B CXeMe ¢ OOLIHM
3MUTTEPOM.

Coxpauennbie 0603HaueHHs KNaccoB TPaH3HCTOPOB

C — cnaaBHo#
IC — aud¢ysnoHHO-CnIaBHOI.
Ge — repMaHHeBBIi,

Si — KpeMHHeBHIL.

p-n-p\ __
n- p-n} CTPYKTYpBl TpaH3HCTOpa.

KoHCTPYKIHA H pacnojioXeHAe BbLIBOZOB TPAH3HCTOPOB NOKAa3aHLI
Ha pHc. 5 u 6.
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Ta6auua 6

dnekTpHUECKHEe NapaMeTphl MOIHBIX HH3KOYaCTOTHHIX
TPaH3HCTOPOB !

BnexTpHYECKHe MapaMeTphi? =
g
Tun © 5
Tpansu- o | o £
cTopa 8 Sepr al8 S| 8 |1y #a| L Uy o) HalS s
‘ S <5
M4A 5 — — (150{ 0,5(10 ) 50(50 s8)
T4B 15—40 — 0,5{150| 0,4(10 s) 20(60 8)
4B >10 — 0,5(150| 0,4(10 &) 2035¢8) |A
n4r 15—-3) — 0,5]150| 0,4(10 ) 20(50 8)
Mn4a >3) - — | 150 0,4(10 8) 20(50 8)
11201 >20 — — | 100} 0,4(20 8) —_
T1201A >40 — 2,5/200| 0,4(20 6 —_ B
11202 >20 —_ 2,5/100| 0,4(30 s) —
11203 — 1,2—1,8( 2,5{200| 0,4(30 6) —_
Ii210 >158 7—15 | — [ 100 8(45 8) 404(65 8) B
I210A >15 9 — | 100 8(45 8) 404(65 8)
213 20—5038 — 0,5 |150| 0,15(45 8) 20(30 s)
I213A >20 — — 1150 1(45 6) 10(30 6)
Ii213b >40 — 2,5|150 1(45 8) 10(30 g)
I214 20—60 —_ 0,9 (150| 0,3(60 s) 30(45 8)
T214A 50—150 — 0,9 150 0,3(60 s) 30(45 8)
112146 20—150 —_ 0,91150{ 0,15(60 6) 30(45 6)
T1214B >20 —_ 2,5(150| 1,5(60 6) 10(55 &)
1n2i4r >20 |1,4—2,112,5{150{ 1,5(60 8) 10(55 6)
1215 20—150 — 0,9|150| 0,3(80 8) 30(60 &)
1216 >185 — 0,758{ 100{ 0,5(40 s) — r
I1216A 20—807 —_ 0,756{ 100|{ 0,5(40 s) —_
12166 >10 —_ 0,5|100| 1,5(35 8) 20(35 8)
I1216B >30 —_ 0,5 (100 2(35 8) 20(35 8)
r2ier >5 —_ — | 100} 2,5(50 8) 50(50 &)
I1216] 15—30 —_ 0,5 (100 2(50 8) 20(50 ¢)
1217 >15%8 —_ 16 {100 0,5(60 s) _
T217A 20—60 —_ 18 |100| 0,5(60 s) —
T12176 >20 —_ 1¢ |100| 0,5(60 s) —
T1217B 15—40 — 0,5 100 3(60 8) 20(60 8)
M217r —_ —_ 18 | 100 3(60 8) 20(60 8)
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OkonuaHue Taba. 6

dnexTpuuecKHe mapaMeTpui? ¢
Tun ® EA
TpaH3H- ol o
cTopa B Scp: @/8 2| R | ko (Uko) #a| Ixu(Un.s), #a|5 ¢
= S Sa
=) e x <
11302 >108 — — (200 0,1(35 8) 1(40 8)
11303 Se — 20 {100| 0,1(60 6) 1(70 &)
oms a
T1303A >6 — 20 [100| 0,1(60 8) 1(70 &)
oms
11304 >5 — — | 50| 0,1(60 8) | 1(100 &)

1 Bce TPaH3HCTODH CNJaBHHE repMaHHeBBle p-n-p, Kpome Tunos TI1302—-T1304
(KpeMHHEBbIE p-n-p).
2 [IpefefbHble 3HAUeHHS (MHHHMaJbHble Ias f, H MaKCHMaJbHble LJfi OCTallb-

HBIX NapaMeTpoB).
3 KoapdHuHeHT yCuieHHs: MO NOCTOSHHOMY TOKY B.

4 TOK KOJIJIeKTOPa 3aKpHITOro TpaHsucropa npu U 6.5 =+1,5 8.
5 Ipu 1K=4 awu UK.9-=l 8. .

SMpu I =4amn I5=05 a.

TTlpu Uy g=58uly=1la

® 3HaveHHe 7y yac-

9 He yka3saHHEIE Bbllie PeXXHMbI H3MePeHHs NapaMeTpOB:

(B UK.Hac ('K.Hac) fa
Tunu TpansucTopos Ulgé’ I, a I, a lg, a Ugs I, a
MM4A—T1410 10 |2 2 0,3 — —
11201—I1203 10 0,2 2 0,3 10 0,2
1210, T210A 2 |5 — — 20 | 0,1
213 5 |1 3 0,37 10 | 0,1
N213A, 12136, Ti214B, 5 10,2 2 0,3 10 | 0,1
[214T
MN214, Ti214A, T1214B, 5 10,2 3 0,37 10 | 0,1
215
112166 — IN1217B 3 |12 2 0,3 10 | 1,0
1302 — 11201 10 | 0,12 0,15 | 0,05 20 | 0,12
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MakcumaabHbie (RONyCTHMbiE) PeXHMB NPHMEHEHHS

Tunsl TPaH3UCTOPOB P uaxca T(T)l' P Mm%cr(ro)' Ul((i‘ﬁ).‘ ugxc Ux.s.ngxc‘r )
n4A 2(20°) 20(40°) —60(40°) | =50(40°)
4B 3(20°) 25(40°) -70(40°) | —60(40°)
4B 3(20°) 25(40°) | ~-40(40°) | ~85(40°)
nr 3(20°) 25(40°) —60(40°) =50(40°)
A 3(20°) 25(40°) —60(40°) | =-50(40°)
MII9A, MITIO, 0,15(55°) — +15(50°) | +430(50°)

MII11, MII11A
MIT10A, MII10B 0,15(55°) — +4-30(50°) +-15(50°)
m2, [112A, 1406, 0,03 — —6(50°) —6

11407
MI113, MII13B, 0,15(55°) - —15(50°) -—15(50°)

MIT114, MII15,

MITI5A
MIT14A, MII14B 0, 15(55°) — —30(50°) =20(50°)
MI116, MII16A, 0,2(45°) - =15 =15

MI116B
MI120 0,15(35°) - =50 —30
MII21A, MII21B 0,15(35°%) -— —70 —35
MI125, MII25A, 0,2(35°) — —40 =403

MI1256
MI126, MII2_A, 0,2(35%) -~ —70 -—70°

MI1265
127, 128 0,03(55°) - -5 —58
MI1396, MII40, 0,15(55°) - -—10(40°) —105(40°)

MIH41, MI41A
MII40A 0,15(55°) —_ —20(40°) | =—20%(40°)
MII42A, MII426 0,2(55°) —_ —15 —15°
MIT101, MIT101B 0,15(75°) - +20° +20
MII101A, MIT102, 0,15(75°) - +10° +10

MIT103 , MIT103A
MIII01B, MITO2B, | 0,15(75° — 10 10

MII103B %) + +
MI1104 0,15(75°) - —60(75°) | «60(75°%)
MIT105 0,15(75°) — —30(75°) | =30(75°)
MIT106 0,15(75°) — —15(75°) | =—15(75°)
11201, 201A 1(20°) 10(50°) —302 —222
11202, 1203 1(20°) 10(50°) —552 =302
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TaG6auna 7
H TenJoBhie XaPaKTEPHCTHKH TPaAH3HCTOPOR

Uagpee | Do | emm | G| age | | e
—50(40°) S5a S5a 23 2 90 70
—60(40°) 5a 5a 23 2 90 70
—35(40°) 5a 5a 23 2 % 70
—5Q(40°) 5a 5a 23 2 90 70
—50(40°) 5a 5a 23 2 90 70
15(50°) 20 150 200 - 85 70
-+30(50°) 20 150 200 - 85 7
—6 5 30 — — 85 70
—15(50°) 20 150 200 - 85 70
—30(50°) 20 150 200 —_ 85 70
— 50 150 200 - 85 70
_ _ 300 330 - 85 70
—_ - 300 330 -— 85 70
—40 — 400 200 - 75 70
—70 — —
— 6 — —_ —_ 85 70
-5 40 150 200 - 85 70
—5 40 150 200 — 85 70
— 30 150 200 - 85 70
+20 20 10 500 — 150 120
+10 20 10 500 — 150 120
+5 20 10 500 - 150 100
— 10 50 200 —_ 150 120
— 10 50 200 — 150 120
— 10 50 200 —_ 150 120
— 1,5a 2a 65 3,5 85 70
— 2a 2,5a 65 3,5 85 70
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Tunsl TPAaH3UCTOPOB PMa;c; ' | P Maxc (T ) U!&_é).]r:fa‘;(c Uli.rs).lnfa:c
11210, I1210A 1,5(20°) 30(55°) —65 —50
n213 1,7(20°) | 11,5(45°) —45 —30
I213A, N2136 1,7(20°) 10(45°) —45 —30°
n214, M214A, 1,7(20°) 10(45°) —60 —45

112146
I1214B, M2141 1,7(20°) 10(45°) —60 555
n215 1,7(20°) 10(45°) —80 —60

11216, M216A 1,7(20°) 30(25°) —40 -—30
1121656, 112168 1,7(20°) 24(25°) —35 —358
ne1e6r, 121611 1,7(20°) 24(25°) —50 —503
N217, M217A, 1,7(20°) 30(25°) —60 —45

112176

[1217B, M217r 1,7(20°) 24(25°) —60 —603
11302 2(20°) 7(50°) —354 —35¢
11303, M1303A 2(20°) | 10(50°) —60% —604
11304 2(20°) 10(50°) —80* —80¢
1M401—T403A 0,05(20°) — —10 —10
1414—I1415B 0,1(20°) —_ —10 —108
11416, T416A, 0,1(45°) — —15(45°) —125(45°)

114166

1M420—I[1423A 0,05(20°) — —10 —12(40°)
I'TI08A—TT108T | 0,075(20°) — —15 —6
[ TIO9A—-I'T109T 0,03(20°) — —15 —6
['T309A—IT309E 0,05(20°) — —10 —108
I'T310A—T'T310E 0,02(30°) — —12 -6
1T303A—I1T303E 0,1(40°) — —12 —10°%
1T308A—1T308I" 0,15(45°%) -— —20(45°) | —125(45°)
27301, 2T301A, T, 0,15(60°) — —20 —203

I,E, X
2T301B, 2T301B 0,15(60°) — —30 --303

! TemnepaTypa yKa3nlBaeTCfl, €CJAM OHa HHIKe oﬁoaHaquHoﬂ B rpade «7T makc?.

2 [Ipu TeMmnepaTtype 060JI0YKH TpaH3ucTopa A0 50° C

3 TIpH KOpPOTKOM 3aMmblKaHHH 6a3a — 3MHUTTep.

4 Ilpu TeMnepartype nepexonos no 100° C.

5 IIpu conpoTHe/eHHH B Uenu 6a3nl He Gosee 50 om (mna tpaxaucropos I1213A,
(IM414— H4I5B I1416—TI14166, TT309, 1T303, 1T308), 3 Kom (MII42A, Mn42F)
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Okonuarue Taba. 7

Us.o.uz;kc (n, lx.ri;'x‘;(c' I"'ﬁ?z”"’ °§/Ta'r 138/%‘1- Tna%akc, T""Qéc’
—25 12 a 12 a 40 1 85 70
—15 5a 5a 35 3,5 85 70
—10 5a 5a 35 4 85 70
—15 5a 5a 35 4 85 70
—10 5a 5a 35 4 85 70
—15 5a 5a 35 4 85 70
—15 7,5a 7,5a 35 2 85 70
—10 7,5 a 75a 35 2,5 85 70
—10 7,5a 7,5 a 35 2,5 85 70
—15 7,5 a 7,5a 35 2 85 70
—10 7,5a 7,5a 35 2,5 85 70

- 500 500 65 10 150 120
- 500 500 65 10 150 120
- 500 500 65 10 150 120
—2 10 — 500 — 85 70
—1 10 30 670 — 85 70
—3(45°) 25 120 400 — 85 70
— 10 —_ 2 000 — 70 55

— 10 — 800 — 80 55
- 20 - 1800, — 80 55

— 10 —_ 2 000 - 70 55

— 10 — 2000 — 75 55
—1,6 15 120 400 — 80 70
—3(45°) 50 120 250 — 85 70
—3 10 — 600 — 150 120
—3 10 — 600 — 150 120

T1213B, I1214B, I1214T), 500 ox (MII26—MII265
u 10 kon (MIT39B—MII41A).

, MII27, MII28), 1 Kxom

29



25

@17,
@21

Ay

&

D 164
[ §

’1]

F
Sag

0
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