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Hnaccudkauua TpaHsicTopos

ITo o6aacTsaM NPHMEHEHHWS HJIH HA3HAUEHHIO TPaH3UCTOPH pasie-
JSIOTCS Ha CJAelyIOLIHe OCHOBHBE TDYNMb: MaJIOMOLUHble HH3KOua-
CTOTHHE, MaJOMOLLHEE BHICOKOYACTOTHbE, GHICTpOLEHCTByIOWIHe Mepe-
KJIOYAIONIHE, MOIUHblE HH3KOYACTOTHHle, MOIUHHE MePeKToYalouHe H
MOUlHBIe BHICOKOUacTOTHHe. Takas  kiaccHbHKaUMss  TPaH3HCTOPOB
B 3HAUHTeJbHON Mepe YCJIOBHA H 324aCTYi0 OOHH H TOT e TPaH3HCTOP
MOKeT NMPHMEHATbCS, HalpHMep, B INPEIBAPHTENbHBIX H OKOHEUHHIX Ka-
CKaZax YCH/HTeJs HH3KOH 4acTOTH, B MePEKJIOYaloUIUX cXeMaX H BH-
COKOUAaCTOTHBIX YCHJIHTENSIX HJIH TeHepaTopax.

ITo HcxXogHOMY RONYNPOBONHHKOBOMY MaTepHally BhIyCKaeMble
B HacTOsillee BPeMs TPAH3HCTOPH JeNATCA Ha repMaHHEBHE H KPeMHHe-
Bole. TpaH3HCTOPHI, H3rOTOBJIEHHHIE Ha OCHOBe KPEMHHs, AOMYCKaloT
pabory npu TeMmreparypax mo 120—150° C, B To BpeMa Kak y repMa-
HHeBbIX TPaH3HCTOPOB HaHBBICIIAsA pafoyass TeMmnepaTypa He I[PEBH-
maer 70—85°C.

CylecTeyloT TPaH3HCTOPH JABYX CTPYKTYp p-n-p W n-p-n, OTJIH-
YalOUIUXCS MPOTHBONOJOXHBIME MOJAPHOCTAMH NHTAIOLIHX Hampsike-
HuH. DTO 06CTOSATENECTBO NO3BOJISIET YNPOCTHTh [IOCTPOEHHe psiia CXeM,
HanpuMep, MOCTPOHTh IABYXTAaKTHHIA YycHiuteab 6e3 ¢asonHBepTOpa.
Tpanaucropsl, o6sanaiomne OJHHAKOBHIMH MapaMeTpPaMH, HO HMeloliHe
MPOTHBOMOJIOXHYIO CTPYKTYPY, 4acTO Ha3blBalOT TPaH3HCTOPaMu C JH0-
MOJIHHTe/IbHON cHMMeTpHeil.

ITo nmpHHLHNY H3rOTOB/IEHHSI Pa3JHYAIOT LeJblii PsJ KOHCTPYKTHB-
HO-TEXHOJIOTHYeCKHX Pa3HOBHAHOCTefl TPAH3HCTOPOB. YMOMsiHEM HaH-
Gonee H3BeCTHble H3 HHX.

Toueunbie TpaHaucropbi (puc. 1,a) COCTOAMH H3 NJIACTHHKH MOHO-
KPHCTAJITHUECKOTO repMaHHs C NPHKATHIMH K Hell OBYMs MeTaJuIHye-
CKHMH HrJaMH. BBHIY HM3KOH CTaGHJBHOCTH H IIJIOXOfl BOCIPOH3BOMH-
MOCTH 3JIEKTPHYECKHX XapaKTePHCTHK BHIYCK TOUYEYHHIX TPAH3HCTOPOB
npekpaies. B oTaHude OT BHITYCKaeMBIX TeMeph IJIOCKOCTHBIX TOYEY-
Hble TPaH3HCTOPH 061anal0T KO3(QGhHIHEHTOM YCHJIEHHS MO TOKY B CXe-
Me c ofbmeii Ga3ofi (cMm. HiuxKe) Gosee emmbuubl (10 3). DTO NO3BOVIA-
JIO PeajH30BBIBATH C MOMOIUIBIO TOUEYHBIX TPAH3HCTOPOB pPsN OPHIH-
HaJbHBIX cXeM (MYJbTHBHGDAaTOp Ha OLHOM TPaH3HCTOpe, ABYCTOPOH-
HHH YCHJHTEeNb M IP.), KOTOphle TpeGyIOT MNpPHMEHEHHS [BYX IJIOCKO-
CTHBIX TPaH3HCTOPOB. TakuM 06pa3oM, MeXaHHYeCKasi 3aMeHa TOYeYHQ-
ro TPaH3HCTOPAa ONHHM IJOCKOCTHEIM He BCerza BO3MOXKHA.

Bee HmXecnepylomue KOHCTPYKTHBHO-TEXHOJIOTHYECKHe Pa3HOBH[-
HOCTH ABJAIOTCA NJIOCKOCTHHIMH TPaH3HCTOPAaMH, y KOTOPHX p-n-mepe-
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Xobl 06pa30BaHBl IIOCKOCTAMH, HaXOXAIHMHCA B oObeMe NOAYNpoO-
BO/IHHKaA.

Cnaasuble TpaH3HcTOpHl (puc. 1,6) M3roTaBAMBAIOTCA MYTEM BIJIAaB-
JleHUs IBYX KaleJsib NPHMECHOTO BellecTBa C NPOTHBOMOJOXHBIX CTOPOHR
NIaCTHHKH HCXOJHOrO MOJYNPOBOXHHKA. TakUM MeToJOM YZmaercs IO~
JlyyaTb B OCHOBHOM HH3KOUaCTOTHHIe TPAaH3HCTOPH Masofi H Gosbluoh
MOILHOCTH.

MosepxHOCTHO-GapbepHbie TpaH3HCTOpH (pHuC. 1,8). DJEKTpOIHTH-
YecKMM METONOM OCaXIaloTCd TOHKHE CJIOH 3JIEKTPOILHOro MarepHala
B JIYHKH, NpeIBapHTeJIbHO BHITPaBJeHHbIe ¢ ABYX CTOPOH MJIACTHHKH HC-
XOaHOTo noaynpoBogHHKa. ITosepxHOCTHO-6apbepHble TPAH3UCTOPH OT-
JIHYAOTCA JOBOJBHO IMHPOKMM JHaMNa30HOM palovyHX 4YacToT (Zo He-

a)

Puc. 1. YcTpofiCTBO TPaH3HCTOPOB Pa3siHYHLIX THIIOB.
a— ToYeqHoro; 6 — CNJIaBLOro; 8 — NOBePXHOCTHO-6apbepHOro; 2 — AH(dy3HOHHO-
CN/IaBHOTO.
1 —xkpHCTaMN;, 2—31€KTPOAbl; 83— p-n-nepexonbl; 4 —KpHCTaMIoAepKaTE/b; §—3IMHT+
Tep; 6 —6a3a; ¥ — KOJLIEKTOp.

CKOJIBKUX HeCITKOB Merarepl), MaJofi pacceMBaeMofi MOIIHOCTbIO H
BecbMa HH3KOH 3JIeKTpHUecKofi npoyHocTbio. JlaxKe KpaTKOBpeMeHHBIH
HMIYJbC TOKAa B HECKOJBKO MECATKOB MHJJIHAMIED HJH HanpsiKeHHS
Gonee 5—7 & (TaKHe MMOYJBCH MOTYT BO3HMKaTb HPH Mojade MHTa-
HHUS WJIH BKJIIOYEHHWH TDPAH3HCTOPAa B CXeMy, HAXOIAWLYIOCH Moy Hanps-
JKeHHeM) 4acTO NMPHBOXAT K THOeNH TPaH3HCTOpa.

Ouddysnonnsie Tpansucropbl. HanGoslee BHICOKOYAaCTOTHHIE TPaH-
3HCTOPH], B TOM YHCJe MOLIHble BBLICOKOYaCTOTHBIE, H3rOTOBAAIOTCA NY-
TeM HCNOJ/Ib30BaHHs fBJeHHS AuGQy3nH (NPOHHKHOBEHHS) ONHHX Be-
IiecTB B ApyrHe. B Hacrosiiiee BpeMs CyllecTByeT pSA NpPaKTHYECKHX
BapHaHTOB NHGDGDY3HOHHOH TeXHOJOTHH, M03BOJSIOLIHX XOpOLIO KOHTPO-
JIHPOBaTh BBeleHHe NpHMecefi B INJIACTHHKY HCXOZHOTO MOJIYNPOBOIHHKA
H TeM CaMbIM CTPOTrO BHIIEPXKHBATb HEOOXOAHMYIO 1Jis BBICOKOYAcCTOT-
HBIX TPaH3HCTOPOB reOMeTpHIO p-n-NepexofoB. Hapany c npekpacHBIMH
BLICOKOYACTOTHBIMH XapaKTePHCTHKaMH Yy RHGQPY3HOHHBIX TPaH3HCTOPOB,
KaK NPaBHJIO, MOJIy4yaeTcs HH3KOBOJBTHHII 3MHTTEpHHIA p-n-nepexon, He
HONYCKAIOWHA TPHIOKEHHS K HeMy GOJBIIHX OGPAaTHHIX HAaNPSKEHHH.
3710 06CTOATENBCTBO OrpaHUYHBaeT NpHMeHeHHe AHGY3HOHHBIX TpaH-
3HCTOPOB B HEKOTODHIX IePeKJIOYaloUHX CXeMax.

Kpome nepeuncjeHHbIX CnocoGoB KaacCHOHKAaLHH TPaH3HCTOPOB,
MHOTa IMOJb3YIOTCS TAaKHMH ONpEeNeNeHHAMH, Kak, HalnpHMep, BHCOKO-
BOJbTHHIE TPAaH3HCTOPHI, HH3KOWIYMALIHE H T. M., KOTOPhle OTPaXKaioT
XapaKTepHOe OTJHYHEe TPaH3HCTOPOB MO KAKOMY-JHGO crenH(HYECKOMY
napametpy.

CyuiecTBylontasi B HacTosiiee BpeMsi cCHCTeMa 0GO3HaYeHHsi THIOB
TPaH3HCTOPOB IMpelyCMaTpHBAaeT IOCTPOCHHE MapKH TPaH3HCTOpa H3
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TpeX 5jeMeHTtoB. IlepBuifi sJeMenT — GykBa IT (W18 MJIOCKOCTHLIX
Tpansucropos) uau C (mns Toueunwx). Bropoft sneMeHT oGosnauenns
o6pasyercsi mopsAKOBLIM HOMEpOM THIa TpaH3HcTopa. Ilpuceoenne Ho-
Mepa THna MPOU3BOLHTCS B COOTBETCTBHH ¢ Talua. 1,

Ta6auna 1
Bropoii a1eMenT 0603HAYeHHS THNOB TPaH3HCTOPOB
HuskoyacToTHHE TPaH3HCTODH BBHICOKOYaCTOTHHE TPAH3HCTOPH
MasnomougHule MomHnule MaJsoMouiHbe

Tepmanne- | Kpemune- | Fepmanue- | Kpemune- | Tepmanne- | Kpemune- | MowHbe
BHE Bhle BHE BHIE Bhle BHE

1—100 | 101—200 | 201—300 | 301—400 | 401—500 | 501—600 | 601 ...

Hckmouenns cocraBasior Mapkd [I3 u I14, KoTopble npHCBOEHL!
MOIIHBIM HH3KOYaCTOTHHIM TpaH3ucTopaM. Tperuft anemeHT o0Go3Haue-
HHS MOXeT oGpa3oBeiBaTh Gyksa (A, B, B w T. 1.), oTAHvalomas pasHo-
BHIAHOCTH TPaH3HCTOPOB OZHOrO THNa (MOATHIIB).

B nacrosuueft 6pounope NPHBOAATCA CNPaBOYHLIe NAHHBIE MO HaH-
GoJiee pacnpOCTPaHEHHHIM THIAM TPaH3HCTOPOB 'OTEYECTBEHHOro MPOH3-
BoactBa (Tabxa. 2).

Jna Toro uto6n 06JIErYHTh OPHEHTHPOBKY B BONMPOCax BO3MOXKHOMH
3aMeHbl YCTapeBUIHX THMOB TPaH3HCTOPOB HOBLIMH, B CIPaBOYHLIE Ta-
6MHIbl BKNIOYEHH TaKe HEKOTOpLle THMB TPaH3HCTOPOB, CHSATHIX
¢ mpousBojcrBa. TakHe TpaH3HCTOPH OTMeYeHH B TaGJ. 2 3Be3I0YKOl.

ONeKTPHUYECKH® XapPaKTePHCTHHKH
TPaH3HCTOpPOB

CraTHYecKHe XapaKTePHCTHKH BHIPaxKaiOT 3aBHCHMOCTb MeXay TO-
KaMH M HanpsiKeHHSAMH, NeACTBYIOLIHMH B LENAX Pa3JHYHLIX 3JeKTpo-
Q0B Tpanaucropa. IIpuMensiloTcss IJIaBHEIM 00pasoM AJs pacueTa Ka-
CKajfoB, PaGoTaloWKX Npx GoJbllioM cHrHajge. B cBa3um ¢ 3THM HHXKe
Ha puc. 2, 3, 4 ¥ 5 NpHBOAATCA CTaTHYECKHEe XaPaKTEPHCTHKH TOJBKO
JUIsi MOIIHBIX TPaH3HCTOPOB NPH BKIIOUEHHH HX HaHGOJiee pacnpocTpa-
HEeHHBIM Cnoco6oM — o cxeMe ¢ o6uuM smutTepoM. Ilpr 3TOM BXOA-
Hble XapaKTePHCTHKH MOKa3HBAIOT 3aBHCHMOCTb Toka 6asn OT NpHJIO-
JKEeHHOTO K 9JIeKTpoZaM 6a3a — SMHTTepP HanpsiKeHHs. DTH XapaKTepH-
CTHKH €J1a60 3aBHCAT OT HaMpsXKeHHs KOJIIEKTOPa, eCJH OHO MpeBH-
IaeT HeCKOJbKO AeCATHIX AoJel BosabTa. BXoZHas Xe XapaKTepPHCTHKA,
COOTBETCTBYIOIAast HYJNEBOMY HAMNPSXKEHHUIO MeXAY KOJJIEKTOPOM H
SMHTTEPOM, CYUIECTBEHHO OTJIHYaeTcs.

BLIXOfHbIe XapaKTePHCTHKH MJs CXeMH C OGIIMM SMHTTEPOM Hpen-
CTaBleHH B (OpMe 3aBHCHMOCTH TOKa KOJJIEKTOpPAa OT HaNpsXKeHHs
gomexrop—aumrep NPH HECKOJbKHX TOCTOSIHHBIX 3HAYEHHAX TOKa

as3Hl.

Jns pas/HYHBIX SK3eMMJISIPOB TPAH3UCTOPOB ONHOrO M TOro XKe
THNAa BXOJHHE XapaKTEePHCTHKH OTJHYAIOTCS CPaBHHTEJBHO MaJo.
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Ta6auna 2

Ceropgnas Tabauua THOOB TPaH3HCTOD OB

TpaH3HCTOPH

TepmaHneBbie

KpeMmuuesne

TodeuHble
(p-n-p)

IlnockocTHBIE

NJIOCKOCTHBIE

p-n-p

n-p-n

p-n-p | n-p-n

MausioMouiHbIE
HH3KOYaCTOTHbIE

(P<<300 msm,

f.<<2 Mey)

CIA,B,B, IT'*

C2A, B*
C3A,B,B, I'*
C4A, b*

IMIA, B, B, T, E,
X, N*

I12A, B*
IT5A, B, B
I16A, B, B, I'*
n7

113, Mi3A
4
s
125, 1254, B
126, 1126A, B

I18

1o
i1

11104
1105
1106

1101
1102
1103

Huskowymsmue
(F,<I8 006)

I a*
Isr, o
nem*
I113B

IT9A

IT101A

MaiomMolHble
BLICOKOYacTOT-
Hble

(fo=5 Mey)

Moisbie
HH3KOYaCcTOTHHIE
P=1 em)

cljh, E*
C2B, I'*
c31, E*
C4B, I'*

2
119
11401
11402
11403, I1403A
11404, T1404A
11405, I1405A
11406
11407
11408
11409
11410, [1410A
1411, I1411A

I13A, B, B*
I4A, B, B, T, I
1201, IT201A
11202
1203
11207, I1207A
11208, T1208A
1209, I1209A
1210, M210A

IMepexoyato-
mue
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IT16, T116A, B
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Puc. 2. TunEIHele ceMefiCTBA CTATHYECKHX BHIXOAHHIX XapPAKTEDHCTHKH B cxeMme
c oflHM SMATTEPOM TPaH3HCTOpOB Tunos I[T4A—[I.

B TO ke BpeMs BBIXOJHHE XapaKTEPUCTHKH TpPaH3HCTOpa B CXeMe
¢ OGUHM SMHTTEDPOM CHJbHO 3aBHCAT OT CBOACTBEHHOTO MaHHOMY
9K3eMILIADPY 3HaueHHS Ko>(QQPHIHEHTa YCHJIEHHS MO TOKY hgia( CM. HH-
Xe), pa3bpoc [0 KOTOPOMY Y COBDEMEHHBLIX TPaH3HCTOPOB AOCTAaTOYHO

Mma | lf | ma | I§ |
400 /”" =0 200 U= 06
300 / 150 /
200 y v 100 L)
_s8 /
100 / ,/ 50—/
/

/ . -Uf / 'U6

0 0z 04 05 0,8 18 0T 05 05 08 18

a) 6)

Puc. 3. TunuyHbIe BXOAHbIEe CTaTHYeCKHE XapaKTEePHCTHKH B cXeMe
¢ o6uHv 3MHTTEpPOM TpaH3ucTopoB THNoB IT4A—]I,
a—npu hgjg = 10—20; 6 —npu hg;y = 30—50.



a ]
) e K naotA
1,25 — 25—t — ]
5 n203 hyte=70
40 N 213
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{30 — 0
0,75[=—T— 150 = 30
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0,50} 1,00 = 15
I =10%8 L — ]
0,25}~ 05— I; =5Ma
'Ul -UH
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Puc. 4. TunHuHble ceMefiCTBa BHIXOJHBIX CTaTHYECKHX XapaKTeDHCTHK B CXeMe
Cc o6AM SMHTTEPOM TPaH3HCTOPOB THMOB I1201 —203,

BeJiuK. B cBSI3M ¢ 3THM AJs NPHBOAMMBIX CeMeHACTB BHIXOJAHBIX Xapak-
TePHCTHK YKa3aH He TOJbKO THN TPAaH3HCTOPa, HO M 3HaueHHe hgjs.
TIpuMeHsisi TPAH3HCTOP C HHBLIM 3HaueHHEM hgjp, Jyullle MOJb30BAThCA
ceMefiCTBOM XapaKTepHCTHK JpPYroro NOATHNA TPAaH3HCTOPAa, HO COOT-
BETCTBYIOIHM NAHHOMY 3HaueHHIO hgje.

HuskouacToTHBle MaJIOCHTHa/bHble NapaMeTpn  XapaKTepH3YIOT
3JIeKTPHYECKHe CBOACTBA TPAaH3HCTOPA NPH YCHJEHHH MaJeIX HHM3KOYa-
CTOTHHIX curHajtoB. HauGosee pac-
MpoCTPaHeHa CHCTeMa CMeIlaHHBIX
(«rHOPHIHBIX») MaJIOCHTHAJIbHBIX
napameTpoB, OCHOBaHHas Ha 3aMe-
I”n'a‘ =58 / Hep Tpaﬂlsncropa SKBHBa/JIEHTHBIM
60 b yeThIpexmoJiiocHuKoM  (pHc.  6,a).

I / Sta cucreMa mapaMeTpOB COCTOMT
40 , A

ma| Iy
80

M3 CcJelyOIUX YeThipeX BeJHYHH:
/ hj1— BXOJHOEe  CONPOTHBJIEHHE
NpH KOPOTKOM 3aMLHIKAHMH Ha BhHI-

xone;
-Us hig— k03¢ dHHEeHT ~ O6paTHoIl
0 05 L&aJCBﬂSH N0 HaNpsiXKeHHIO TNPH XOJO-

CTOM Xole Ha BXOIe;
Puc. 5. THNHYHbHIE BXOJHHE CTaTHYe- ho1— ko3 puunent yCcHIeHHs
CKHE XapaKTePHCTHKH B cxeMe C o6GuiuM 1o TOKY np" KOPOTKOM 3aMBIKaHHH
3VHTTEPOM TPAH3HCTOPOB .
THNOB [1201 —203. Ha BHIXOZE,
hog— BEIXOJHAs TNPOBOAWMOCTD
MPH XOJOCTOM XOJe Ha BXOJe.

ITox KOpPOTKHM 3aMbIKaHHEM 3Jech INOHMMAaercs OYeHb HH3KOe,
a 10X XOJOCTHIM XOMOM OYeHb BLICOKOE CONPOTHBJIEHHE NAHHOM UenH
IOJI1 TOKOB HH3KOYaCTOTHOTo CHrHaJja. IIpu HM3MepeHHH NapaMeTpOB Ta-
KHe DEeXHMBI CO3[aloTCs NMPH NoMouis OJNOKHPOBOYHHIX KOHJIEHCaTopOB
H 3arpaxnaiouMx ppoccetei, npuyeM Ha 3JeKTPOAH TPAH3HCTOPOB IO-
JaloTCAd TOCTOSIHHbIE HaNpsMeHHsi M TOKH, ompejelsiomide paGouyio
Touky. H3aMepeHHble 3HaueHHS] MaJIOCHTHAJbHHIX MapaMeTpPoB OLHOro H
TOrO XK€ TPaH3HCTOPa 3aBHCAT OT BHIGPaHHON pabGouyeli TOukM u OT
CXeMH BKJ/IOUGHHSI TPAaH3HCTOPA. 3HaueHHS MapaMeTPOB MJsi CXeMH
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c ofmweii 6asofi OTMEYAIOTCA .JONOJHHTENBHBIM HHAEKCOM <6,
HanpuMep hges, @ LM CXeMbl C OGLMM SMHTTEPOM — HHIEKCOM <3,
HanpuMmep fhg1p. JA9 KO3Q(HUHEHTOB YCHIEHHA MO TOKY Mg M happ ua-
CTO TNpPHMEHSIOTCS CHelHalbHble 0GO3HAueHHsi: a= —hge H P=hg.

3nayeHus h-mapaMeTpoB MO3BOJSIOT PACCUHTHIBATH HANDSAMKEHHA H
TOKH YCHJIHMBaeMOTr0 CHrHaJla B lLiensfx TPaH3HCTOPA NpH MOMOWM ABYX
ypaBHeHHH:

Uy = hyyiy - hyotty;
Iy = hyyiy + hoglty,

rae 0603HAYeHHS TOKOB M HaNpSXKeHHH COOTBETCTBYIOT CHMBOJIaM Ha
puc. 6.

Ias HEKOTOPHX TPAaH3HCTOPOB YKa3HIBAIOT NapaMeTpH T-06pasnoit
3KBHBaJIeHTHOA cXeMbl (puc. 6,6), rae r, — COMPOTHBJEHHe 3MUTTEpPa;

iy i

g——— —?—‘%—
Tpanaucmop

U U,

{72 —)

a)
Puc.76.fTIpeacTapienne TpaH3ucTopa B hOpMe SKBHBAJEHTHOTO MeThIPeX-
HOJIOCHHKA (@) B NpH noMomu T-o6pasHoll SKBHBaJeHTHOH cxeMul (6).

r¢ — conpoTHBJeHHe G6a3bl; rx — CONPOTHBJEHHE KOJJIEKTOpPA H @ —
K03 DHIUHEHT YCHIEHHA 0O TOKY.

O6e cHCTeMBl IapaMeTPOB pPaBHO3HAYHLl, M BCerfa BO3MOXKeH Ie-
pexon OoT OAHOH cHcTeMH K apyro#f. OTMeTHM, B 4acCTHOCTH, 4TO

1
r,.=71"".
K hyos

Illlympakrop Fi — xo3duuHeHT, noka3bBaIOWUA, BO CKOJbKO pas
YXYAaeTcss OTHOLIeHHe CHTHAJ/IIYM NPH YCHJIEHHH CHTHaJa HNaHHHIM
TpausucropoMm. lllyMbaktop Bhpaxkaercs B menuGenax. Huskne 3Ha-
YeHHs ero HeoGXOAMMBl HJISi TPaH3HCTOPOB, NPHMEHAEMEIX B INE€PBHIX
KacKaJax BHICOKOUYBCTBHTENbHHIX YCHJIHTeNeH.

BHICOKOYACTOTHBIE OAapaMeTphl TpaH3WUCTOpa. ['pamnuHas dga-
cTora KodpduuHeHTa yCHIEHHS MO TOKY B cxeme c ofme# Gasoht f, —
4acToTa, Ha KOTOPO# Besuuupa o cuumaercd go 0,7 cBoero HH3KOua-
CTOTHOTrO 3Hauenud. IToCKONLKY Y NJIOCKOCTHHIX TPaH3HCTOPOB HAa HH3-
KHX 4YacToTax a GAH30K K eQWHHLe, A1 HHX [, ONMpeNeNsdioT Kak da-
cToTy, Ha KoTopoil @ = 0,7. O6biuno spdexTHBHass paboTa TPaH3HCTOPOB
BO3MOXHA Ha yacTOTax HHXe f.,

EMKkocts koamsmekTopa C, — €MKOCTb KOJJIEKTOPHOTO p-fi-Nepexosia

npu OﬁpaTHOM CMEULEeHHH.
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BEICOKOYACTOTHOE CONMpPOTHBIEHUE 6a3bl 75, — COMPOTHBICHHE OGpaT-
Hofl CBA3H B cxeme c ofuief G6as3off, H3MepeHHOe Ha MOCTAaTOYHO BLICO-
KO uacToTe, mpuueMm rg, F# rg (OOBMHO 75, B HECKOJBKO a3 MeHblie
HH3KOYacTOTHOTO Napamerpa rg).

Bennuyuns rg, ¥ C, OrpaHHYMBAIOT YCHJEHHE TPAaH3HCTOPA HA BHICO-
KHX 4acTOTax H BO MHOTHE pacueTHble (POPMYJIEI BXOAAT B BHIE NpPOH3-
Bejenusa rg,C,. B cBA3H C 3TUM AJA HEKOTOPHIX TPaH3HCTOPOB yKa3wl-
BaeTCs HENOCPEJCTBEHHO BeJHUHHA NpousBejeHHs rg,C,, KOTOpoe HMeeT
pPa3MepHOCTb BpeMeHH M 4acTO HMEHyeTCS ,IOCTOSHHOH BpPeMeHH 06-
paTHOH cBA3H®.

VY Han6oJee BLICOKOYACTOTHHIX TPAaH3HCTOPOB HENOCPENCTBEHHOE H3-
MepeHHe napamerpa f, CTaHOBHTCS 3aTPYAHHTENbHHIM, H TOrga npuGe-
raloT K H3MEepeHHI0 MAaKCHMaJbHOH 4aCTOTH TEeHeDHPOBAHHA [umaxc —
HanGoJlee BHICOKOH YaCTOThl, Ha KOTOPO# MOXKHO TOOHTbCS TeHepalHH.
OTo 03HayaeT TaKKe, YTO YACTOTA fyaxc OMHOBPEMEHHO XapaKTepH3YET
co6oft yacTOTHHIi mpepges NeficTBHSI TPaH3HCTOPa H B KayecTse YCHJIH-
Tessd, W60 reHepallusi BO3MOXHA NO TeX HOP, NMOKA TPaH3HCTOp YCHJIH
BA€ET MOILHOCTD.

Mexny mnapamerpamn f, H fuaxc CyIlecTByer Ompeje/eHHAs
cBsA3b. OGLIYHO CYMTAIOT, UYTO

fa

30r5,Cx

rie fwaxc MONMydaeTcs B THCAYAX Merareplu, ecan f, NOACTAaBJIEHO
B Merarepuax, rg,— B oMax, a Cx — B nuxodapazax.

Jns XxapaKTepHCTHKH YacTOTHOTO IPexesa TPaH3HCTOPOB, H3rOTOB-
JIEHHBIX N0 AHGGY3HOHHONH TEXHOJIOTHH, BMECTO f,, U [maxc HHOTAQ
YKa3HBAOT NpeleNbHYI0 WacTOTY YCHJEHHs NO TOKY B cXxeMe ¢ OGIIHM
SMUTTEpPOM fj — 9acTOTy, Ha KOTOpPO# KO3()GHUHEHT YCH/IEHHS IO TOKY
B cXeMe € OOLUIUM SMHUTTEPOM hg1; yMeHblIaeTcs 10 €RHHHIBL.

Beuay Toro uto B 06JacTH AOCTAaTOYHO BHICOKHX HacTOT MOAYJIb
(aGcomoTHoe 3HaueHHe) mapaMerpa Hgi; OGpPaTHO NpPOMOPLUHOHAJNEH 4a-
CTOTe, pajH anomemm H3MEPeHHH 4acTo ONpefeJslOT He BeJHUHHY fi,
a 3Hauenue |Ag15| Ha ompelesneHHol yactore f. [Ipn stoM

f1=|hna|f-

OGpaTHbie H HavajbHble TOKH. O6paTHBIfl (MK HYJeBOA) TOK KOJ-
nektopa [x.o — TOK, NPOXONAWHH uepe3 KOJIIEKTOPHBIH p-n-lmepexon
NpH NPHJIOXKEHHH K HeMy OGPaTHOrO HaNpsiKeHHA H OTKJIOYEHHOM Bhi-
Boje smuTTepa (/,=0).

OGpatHbiii (#iu Hyneso#t) Tok smuTTepa [, ,— TO XK€ AAd IMHT-
TepHoro p-n-nepexoma mnpu I, =0.

Toxku I, u I, , XapaKTepH3ylOT KayecTBO p-n-MePeXofioB TpPaH3H-
CTOpa; 3HaHHE HX HEO6XOOHMO AJf pacdera CTaGHJbHOCTH paGouelt
TOYKH TPAH3HCTOPa, OCOGEHHO MPH MOBLILIEHHHX TeMNepaTypax, Koraa
9TH TOKH CHJIbHO BO3DacTaioT (IPH MOBHILEHHH TEeMIEpaTyps Ha Kax-
able 10° C o6paTHbE TOKH YBeJHIHBAIOTCA INPHMEPHO BIBOE).

HayanpHeifl TOXK KOJMIEKTOPa [x.n — NMOCTOSIHHBIA TOK B Lemu KoJ-
MeKTopa MpH 06paTHOM HAMps’KeHHH, KOTa SMHTTeP CoelHHeH ¢ Ga3oll
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HAKOPOTKO HJIH Yepe3 OrOBOPEHHOe CONMpoTHBJeHHe. XapakTepusyer BO3-
MOXXHOCTh yCTOHUYHBOR PaGOTH TPAH3HCTOPAa B HEKOTOPHIX cXeMax NpH
6o/bIIOM ~CHTHAJIE.

NMapameTpn TpaH3uCTOpa B pexume Goabmoro curuana, Cpennss
KPYTH3Ha XapaKTepHCTHKM S INOKa3hnBaeT OTHOUIeHHe NPHpaLIeHUA
TOKa KOJIEKTOPA K BbI3BaBLIEMY €ro M3MEHEHHIO HampskKeHus Ha SMH-
TepHOM Nepexofe. YKasHBAaeTCsA [JIaBHEIM 00pasoM [Jsi MOIIHEIX YCH-
JIMTENbHBIX TPAH3HCTOPOB B (opMe NMHAMHUYECKOTO NapaMmerpa, H3Me-
pAEMOro NpH OmpeieNeHHOM Harpy3ouHOM CONMPOTHBJIEHHH B IeNH KoJ-
JIeKTOopa.

Ko>HuuesT YcHIeHHA N0 NOCTOAHHOMY TOKy B (4as cXeMH
C o6wHM 35MHTTEpPOM) — OTHOUIEHHe IIOCTOSIHHOTO TOKa KOJJIEKTOPA
K BHI3BaBIIEMy €ro NOCTOAHHOMY TOKY, BBEJeHHOMY B Lenb Gasu TpaH-
3HCTOpA.

OcTaTouHOE HaMpsiKEHHe HJIH HaNpsKEeHHe HACHIIEHHs KOJJIEKTOPA
Uy yac — HeGoabIIoe  OCTAaTOYHOE HANpsKeHHe HA MPOMEXKYTKE KOJIeK-

TOP—3MHTTED B PeXHMe HACHILIEHHS, KOrga MNpH NaHHOM TOKe Gashl
BeJHYHHA TOKa KOJJIEKTOpa OrpaHHd4eHa Harpy3ouHHIM CONMPOTHBAEHHEM
H OKasuiBaeTcs Memblue, ueM B [g,

Hapsany c¢ napamerpoM Ug.nac HHOTZA OrOBapHBAalOT BEJHYMHY CO-
TNPOTHBIEHHSA HACHIIIEHHS KOJJEKTOPA Iy.mac. ECAH 3HaueHHE Ux.rac
H3MepeHo NpH TOKe KOJJIEKTOPa Iy nac, TO

Uk.rac
Tk.mac =lx nao

TakuM 06pa3oM rx.mac SABIAETCA CONPOTHBJEHHEM IIPOMEXYTKa
KOJIIEKTOP — SMHTTED [/ NOCTOSTHHOTO TOKa B DEXKHME HACHILEHHS.

IMapameTrpnl B, Ux.nac ¥ Fx.nac XapPaKTEpPH3YIOT NOBeJEeHHE TPaH-
3HCTOpa B MNEPEKJIOYAIOUIHX CXeMaXx.

Kosdduunent ycunenus mo momHocrn Kp. s paga THHOB TpaH-
3HCTOPOB YKa3bBaeTcsl HeMoCPeACTBEHHO KO3(pdHUHEHT YCHJEHHS IO
MOLIHOCTH, oGecneyHBaeMbiii TDAaH3HCTOPOM B ONpelEJIEHHOH cXeMe YCH-
JauTenis. Besuunny sToro KosdoduuHeHTa YKasHBAwOT B Aenubenax.
B npHBOOMMLIX HMXe CNOPaBOYHbLIX TalJMLAaX YKas3hBaeTcs BeJHYH-
Ha Kp B cxeMe HH3KOYaCTOTHOrO YCHJHTeJs C 0COG0 OroBapHBaeMH-
MH 3HaUeHWSIMH COMPOTHBJIEHHS HarpyskH Rs M reHeparopa (MCTOUYHH-
Ka cHriana) Ry.

MakcumanbHoe 3HaueHHe Kp mpuoGpeTaeTr mpu BKJIOUEHHH TPaH3H-
cTopa Mo cXeMe ¢ OOIHM 3MHTTEpPOM.

3HaHHe 3TOrO MapaMeTpa OCOOEHHO MNOJe3HO AJIi MOLIHBLIX TpaH-
3HCTOPOB, NPHMEHAEMbIX B OKOHEUYHHIX KackaJax.

Ilpu HenbiTamIAX TPaH3HCTOPOB TpeGylOT, uTOGH 3agaHHOe 3HaUe-
HHe Kp o6ecneunBajoch NP OrpaHHYEHHHX HeJHHeMHBLIX HCKaXKeHHAX
(o6biuHOo He Gosee 15%).

TpenenpHo AoONyCTHMble SKCIUyaTauHOHHbe AaHHbE cooGaOTCS
AN OrPaHHYEHHS peasbHBHIX PeXHMOB NPHMEHEHHS TPAaH3UCTOPOB B Le-
JIAX NMpefOTBpalleHHs] UX NpexIeBPeMeHHOro BhIXOAa M3 cTpos Orpa-
HHYEHHA HaKJaJbBAIOTCA Ha MOIUHOCTb, pacceMBaeMyio NpHGOpOM, HA
oﬁparﬂue HanpsiXKCHHA, TMPHKIaAbiBaeMble K KOJNEKTODHOMY H 3MH-
TEPHOMY MepexonaM, Ha QHana3oH paGouyHX TeMmepaTyp OKpyxKaroile#
Cpellnl MJM KOpmyca TPaH3HCTOpa M Ha MaKCHMaJbHbie 3HAY€HHs TO-
KOB B IleNsX 3JIeKTPOLOB.
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Momnoctb, paccedBaeMass TPaH3HCTOPOM, B oflleM CAyuae ckJa-
LbIBaeTCs M3 MOL(HOCTefl, PaCCEMBAEMBLIX KaXIBIM p-n-MEPEXOAOM;

P=P +P,=1U +1U,,

rAe HampsxKenus xoanextopa U, u amurTepa U, OTCYHTaHB OTHOCH-

TeJbHO 6a3H.
B ycuimrenbHoM pexuMme Y IUIOCKOCTHBIX TPaH3HCTOPOB =1,

TaKHM 00pa3oM
P=I (Uy+Us)x=r1,U;,+U,),

H TIOCKOJBKY 0Ob1uHO U, € Uy, TO 4aCTO MOXHO CUHTATB:
Px=P =1U,,

OTa MOLHOCTD HArpeBaeT TPaH3UCTOP U TeM CHJbHee, YeM XYXkKe
TEeIJIOOTBOA. B CBA3H ¢ 3TUM NPH NMOBHILICHHH TeMIEPaTYPH Cpeldbl HJH
Kopmyca BO H36elXaHue BHYTDEHHero NeperpeBa TpPaH3HCTOPA pacceH-
BaeMas MM MOLULHOCTb JOJIKHa CHMXkaThcA. HeoGxonnMoe cHHKEHHE MOIL»
HOCTH PaccuMTHIBaeTcd 1o opmyie

P nom — Tx.m;; —'T" ’
x4

rie R, — Tak HasmBaeMOe TeMNJOBOE CONPOTHBJEHHE TPAaHIUCTOPA, Xa-
paKTepu3ylollee TeIIOOTBOJ OT KOJJIEKTOpPa K KOPNyCy HJH
K OKpyxarome# cpepne;
Ty.jon — MAKCHMajbHAA ONYCTHMAA TeMmepaTypa KOJIEKTOpa;
T — TeMmepaTypa Kopmyca HJIH OKpYXKaiome# cpeinl (B COOTBET-
CTBHHM C YCIOBHAMH OmpefeneHus R.).

PasnuyaloT MaKcHMaJbHble JOMYCTHMbie TOKH B PeXHMax ycuie-
Hufl M MepekiioueHHsi (B NOCHeJHEM CJayyae OHH 3ayacTylo OHIBAIOT
SHAUHMTeJbHO GoJblue).

MakcuManbHbie JONYCTHMEle HampsiXeHHs Ha KOJJIEKTOpPe MOryT
CYLIECTBEHHO B3aBHCETb OT CXeMH BKJIOUeHHs TPaH3HCTOPa M OT BeJH-
YHHH COMpPOTHBJEHHS [OCTOSHHOMY TOKY B LemH Ga3sml.

Haun6oJsblilee 06paTHOE HampsiKeHHe MOXKHO MPHKJAIBBaTh K KOJ-
JIeKTODHOMY [ME€pexOfy, ecl: lenb 3MHTTepa OTKJIOUEHA HJH HMeeT
OueHb GOJIbLIOE COMPOTHBJIEHHE M/ NOCTOSHHOrO TOKa (eAMHHIB — fe-
cATKH KunooM). JlomycTHMOe B 3TOM cliyuae Hanpsikenne 0Go3Hauaer-
¢ cuMBOJOM Ux.zon. TI0 Mepe TNOBHILEHHS TeMIePaTyphi BeJHYHHA
Ux.non OOGLIYHO MOHHXAeTCA M INPH HAWBBICWIed NOMYCTHMOH TeMmepa-
Type Kouextopuoro p-n nepexofa (Tx.mon) y OOMBIIHHCTBA TPaH3M-
CTOpOB NajaeT BABOE.

HauMenblllero 3nauenus AONYCTHMOe HANMpsXKeHHe KOJJIEKTopa MpH-
o6peraer B cayyae, KOrfa OHO MPHKJAAbIBA€TCS OTHOCHTEJHHO SMHT-
Tepa W Uenb 6a3bl OTKJIOYeHa HJM 0o6JiafaeT BBICOKHM CONPOTHBJIEHHEM
1 TOCTOSAHHOrO TOKA (EXMHHIE — JeCATKH KHJOOM). DTo Hampsxe-
HHe TpPHHATO 0603HauaTh Ux.e.gon. BennunHa Ux.o.monm TaKKe CHHXKAeT-
¢l MpH TOBHIUIEHHH TeMIepaTypsl, KOCTHras NpH MAKCHMAJNBHOM TeM-
nepaType MOJOBHHHOIO 3HaYeHHS.
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Ecin  3axumbl 5MuTTep — 6a3@ 3aMKHYTHI 1O NOCTOAHHOMY'
TOKY HaKOPOTKO HJIH MeXJy HHMH BKJIOUYeHa uenb ¢ HeGOJbUIHM CO-
NPOTHBJEHHEM, TO HONYCTHMOe HaNpsXEeHHe MeXAy KOJUIeKTOpOM H
SMHTTEPOM B OGIIEM Cjiydae HMmeeT NpoMexyTouHoe MeXAy Ux.pon H
Ux.s.non 3HaueHHe.

Jlnl mOBbIIIEHHS HAJEKHOCTH paGOTH KaK caMOro TPaH3HUCTOpa, Tak
H CXeMbl, B KOTOpOii OH MPHMeHeH, OCOGEHHO NpH MNOBBLILIEHHOH TeMme-
paTtype, Bcerga mnenecoo6pasHo CTPOHTb uenb 6a3a—sMHTTeD TAKHM
06pa3om, uTOGH €e CONpPOTHBJEHHE [Jii MOCTOSIHHOrO TOKa Oblio MO
BO3MOXHOCTH HeGOJIbIIHM (He GoJslee eqUHHI, KHJIOOM).

YKasaHHA N0 NPHMEHEHHIO TPaH3HCTOPOB

BuoiGop THNMOB TPAaH3HCTOPOB AJsl Pa3iHu#bIX Kackamos. B MaJo-
MOIIHBIX (TpeABapHTE/bHEIX) KAaCKalax yCHJEHHS HH3KOH 4acTOThl NpaK-
THYeCKH MOTYT NPHMEHATbCA MaJIOMOLIHblE TPAH3HCTOPH JIOGLIX THIOB.
Jluwb B mepBOM Kackane BBHICOKOYYBCTBHTEJBHBIX YCHJIHTENeHl DeKOMeH-
ZIlyeTcs NPHMEHATb TPAH3UCTOPH ¢ MajbiMu wymamu. Ecam ycHienune
MepBOro Kackaja MaJjio, TO HH3KOLIYMAWIM{ TPaH3HCTOP MOXeT NOTpe-
G6oBaThcsl M BO BTOPOM Kackaje. IlJs CHHXKeHHs COGCTBEHHEIX IIYMOB
TPaH3HCTOPOB MNOJIE3HO CTABHTb HX B OO6JeryeHHbii PeXHM (TOK IMHT-
Tepa mopsanka 0,3 ma u HanpsikeHHe koJulekTopa 1—2 g). Ilpu 3ameHe
OJHOTO THNA TPaH3HCTOpPa APYrHM B YCHJHTele HH3KOH yacTOTH Leje-
c006pa3Ho MPHMEHATL TPAH3HCTOP CO 3HAUEHHEM Moy He HHXKe, YeM y 3a-
Mensiemoro. IIpH HepjocTaTOYHBIX Mepax cTabHau3aUHH paboyeil TOUKH
MOXeT MoTpe6GOBaTbCA HHAMWBHAYAJbHBI MOZ6OD CONPOTHBJIEHHS B LeNH
6a3el AJs YCTaHOBKH HEOGXOLHMOIO TOKa KOJJIEKTOpa.

KpemuueBble TpaH3uCTODH B CBoeil Macce OGJAgaloT XyIIIHMH
3/JeKTPHYeCKHMH XapaKTePHCTHKAaMH, 4YeM TepMaHHeBble, a NOTOMYy HX
npHMEHeHHe ONMpaBAaHO JHIIb B cjyyae PaGoThl MpH 0COGEHHO BEICOKOH
temneparype (Boime 70°C) wuau npH HeoGXOZMMOCTH HMeThb OCOOeHHO
Majble HayajbHble TOKH.

Jlnsi pe3oHAHCHBIX YCHJIHTeseH BLICOKOR HJH NPOMEXKYTOUHOH ua-
CTOTHl H BHICOKOYACTOTHHIX T€HEPAaTOPOB LeJecoo6pasHo mMpHMEHAThb
TPaH3HCTOPH, y KOTOpHIX 3HayeHue [, 1o kpaiiHeli mepe B 3—5 pas,
a fwaxc —B 2—3 pasa mpeBbllIaeT HaHBHICUIYI0 pabouyylo yacroTy
Kackajga. B BBHICOKOYUACTOTHHIX KacKalaX, Kak NpaBunio, noJjesHo pato-
TaTb C BO3MOXHO GoJiee BBHICOKHM Hamps:KeHHeM KOJJIEKTOpa, uTO CO-
JeHCTBYeT MOBHILEHHIO YCHJIEHHS H CTa0H/JbHOCTH KaK yCHJIEHHd, TaK
H HacTpoiikd. OfHaKO uYpe3MepHO BBICOKOE HaTMpsiXKeHHe KOJIEKTopa
MOXKeT MpPHBECTH K POCTY LIYMOB BbICOKOYACTOTHOrO YCHJIHTENf.

Tpx 3ameHe TPAH3HUCTOPOB B BHICOKOYACTOTHBIX CXeMax B MEpPBYIO
ouepegb Hamo o6palaTh BHUMAHHE Ha 3HAYeHHs MapaMeTpoB [, (WH

fmaxc), rgr H Ck. Cienyer umerb B BHMAY, YTO 3aMeHa TPaH3HCTOpa
B HaJlaXKeHHOM CXeMe APYTHM, Jaxe NPeBOCXONALIHM MEpBHIA MO BCEM
mapamMeTpaM, MOXeT NOTpe6oBaTh MOACTPOHKH KoJ/eGaTeNbHbIX KOHTY-
poB W nop6opa BHOBb 3JEMEHTOB HefiTpanusylouleil Lenouxku, Ges uyero
BO3MOMKHO pe3koe yXyauienHe paGoThl KacKala H JaikKe CaMoBO30yX-

JIeHHe.
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B MOIHBHIX HH3KOYACTOTHBIX YCHJHTEJAX BO H30€XaHue CHJBbHBIX
HesJMHeHHBIX HCKaXeHHH HeoOXONMMO MPHMEHATb TPaH3HCTOPhH ¢ BO3-
MOXHO GoJee cla6o BHIPaXKEHHOH 3aBHCHMOCTbIO Ko3bdHLHeHTa YCH-
JIeHHs OT ToKa (mpH GOJBIUHX TOKaX 3HaueHHs hy W B 3aMeTHO yMeHb-
waiores). BaaumoszameHa TPaH3HCTOPOB B TaKHX YCHIHTENSIX BO3MOXKHA
B PaMKaX DOICTBEHHbIX MOATHMOB HJHM 3a cyeT NPHMEHEHHS TPAH3UCTO-
POB, paCCYHTaHHBIX Ha OOJBIIYIO MOULHOCTb, 4YeM 3aMeHseMbii. IIpH
3TOM cJenyeT ofpamaTb BHHMaHue Ha 3HaueHWs napametrpoB B uan S.
Jljis OBYXTakTHBHIX ycuJuTesledl lenecooGpasHo NMoAa6HpaTh Napn TpaH-
3HCTOPOB € OJH3KHMM 3HaYEHHAMH 3TKX NapaMeTpoB.

B MaJoMOLIHBIX MepeKMOYAOmHKX (MMIYJAbCHBIX) CXeMax MpH He-
BLICOKHX TpeGOBaHHAX K ObICTPOAEHCTBHIO MOTYT IIPHMEHAITbCS TPaH3H-
CTOpHl JOGHIX THIIOB, YAOBJETBOPAIOLIHE TPEOOBAHHAM CXEeMbl K MH-
HUMaJbHOMY 3HauYeHHI0 Ko3(pbuuueHta ycHieHHs Mo TOKy. B ObicTpo-
HefCTBYIOIHX [epeKNIoYalolIHX cXeMaX Xopowo paboTaioT BHICOKOYA-
CTOTHblE CIJIaBHBIE H NOBEPXHOCTHO-6apbepHble TPAH3UCTOPH, a B OT-
CYTCTBHE GOJIbLUIHX HMMIYJbCOB OGPAaTHOrO HAampsiXKeHHA Ha 3MHUTEPHOM
nepexoge — H aupdy3HOHHDIE.

Jlnsi mepekJMIOYaloLIMX CXeM C HerocPelCTBEHHOH CBSI3bIO, INpHMe-
HAEMBIX JJISi TOCTPOEHHS HEKOTOPHIX THMOB UH(POBLIX BbIUMCAMTEIbHBIX
ycTpoiicTs, HauGosee MOAXOAALIUMH CYMTAIOTCS [OBEPXHOCTHO-Gapbep-
HBIE TPaH3HCTOPHI.

B MoOLHEIX Mepex/MIOYalolmHX H PeryiHpyIoOLlHX cXeMmax, B TOM YHC-
Je mpeo6GpasoBaTensix MOCTOSHHOIO TOKa, CTaOHJAH3aTOpax HampsiKeHud,
YCHJHTENSAX CHHXPOHHO-CJENAUHX CHCTEM M T. I, IAXOAAT NPHMEHEHHe
Te e THUNbl TPAH3HCTOPOB, YTO H B MOIIHBIX HH3KOYAaCTOTHHIX YCHJH-
TeJAX, NPHYEM NOBOJbHO yacTo TpeGoBamue Kk caaGoii saBHcuMocTH B
OT TOKa CTAaHOBHTCH He CTOJb CYLIeCTBEHHBIM.

3aMeHy TpPaH3HCTOPOB YCTapeBLWIHX THIIOB MOXHO MPOH3BOJAHTD,
DYKOBOACTBYSICb peKomenjamuamu Ttabm. 3.

Ta6anua 3
PexoMeHAYyeMas 3aMeHa TPAaH3HCTOPOB YyCTapeBUIHX THOOB

Crapult THR HoBuifi THR Crapuft THO Hosu#t TN
TpaH3HCTOpA TPaH3HCTOpA TPaH3HCTOpA TPaH3HCTOPa
I1IA, B, B, E 13 I12b I125*
Ir TI13A I13A, B, B 11202, T1203**
Mg T1136 I16A, B 13
IMHK 114 I16B IT14
Tu 115 Tier IT13A
T12A 1261 T16/1 I113b

+ IIpn yclOBHH, YTO pacCeHBaeMass TPaH3HCTOPOM MOILHOCTb He IpeBHlllaeT

200 mem.

#» [Ipn naHHOM 3ameHe TpaHaucTOpH I1202 m I1203 MoryT

JOMOJMHHTEJbHOrO TEMJOOTBOAA.

npuMeHsiTbcst  6€3

TMpr moGbIX 3aMeHax TPAH3HCTOPA OQHOr0 THNAa APYruM HeoGXo-
IHMO CJeIHTb 3a TeM, 4TOGbl NpelejbHo HOMYCTHMEE DEXHMbI BHOBb
BLIGDAHHOrO THIA TPaH3HCTOPa AONMYCKa/lH €ero NpUMeHeHHe B JaHHOM

Kackaze.
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Mpocreiine crnoco6u nposepku TtpaH3ucTopoB. llesocTb u Kaue-
CTBO p-n-nepexof0B TPAH3HCTOPAa MOXKHO OLEHHTb MPOBEPKOH MPOXOK-
JEHHS ToKa uYepe3 KaxXMObli H3 MepexomgoB B NPAMOM HamnpaBJieHHH
(Ranpumep, ¢ NMOMOMWIBIO TecTepa HJAH OMMETPa, NpHYEM, OMHAKO, TOK
He [JOJXKeH INpeBbIIIAaTh HNOMycTHMOe /s AaHHOro TPaH3HCTOpa 3HA-
yeHHe) H H3MepeHHeM OGpPATHOro TOKAa € MOMOILbIO NOAXOAsLlero MHK-
poaMnepmerpa (npH 3ToM o6paTHOe HampsiXKeHHe TaKke He IO/IKHO
MpeBHIIATh JONYCTHMOE AJS IaHAOrO p-n-mepexona 3Havenne). OGpar-
Hbll TOK HoJKeH Obifb B Tpeiesax HODM (CM. CIPaBOuYHbie TaGJHIE).
Ilpu Ttakoit mnposepke HaZd c¢)6M01aTh MNPABUJBHYI0 NOJAPHOCTD

Puc. 7. CxeMH H3MepPeHHS o6paTHHIX (HyJeBbIX) TOKOB KOJ/IEKTOpa (@), TO Xe 3MHT-
Tepa (6) © Ha4aJbHOrO TOKa KoJJeKTopa (8). BepxuHe cxeMbl— /st TPaH3HCTOPOB
CTPYKTYPhHI p-n-p, HHXHHE — n-p-n.

HCTOYHHKA TOKAa B COOTBETCTBHH CO CTPYKTypoH NHpOBepseMOro TPaH3H-
cropa (puc. 7).

Ouenky ko3ddHuUHEHTa yCHJIEHHSI MO TOKY B cXxeMe ¢ OGLIHM 3MHT-
Tepomgn-pome BCero MPOM3BECTH NPH MOMOLIK CXeMHl, NMPHUBENEHHOR Ha
puc. 8.

KoadpduuneHT ycuieHHs N0 ToKy NPHOJIHMKEHHO paccUHTHIBAercs
no ¢opmyne

IR
h213:‘~" E

rae E — wanpsikeHue HCTOYHMKA MHTaHHA (He MeHee 2—3 8).

CHATb 3aBHCHMOCTb KO3h(HuHeHTa YCWIEHHs 1[0 TOKy OT TOKa
KOJZJIEKTOPA MOXHO MYTEM MHOTOKDATHHIX H3ViepeHHH Agi, MPH pasamuy-
HBIX 3HaueHHAX R.

Bo n36exanne NOBPeXAEHUS TPAH3HCTOPAa HAYHMHATL H3MepeHHE
Hano ¢ GosibmuMm compoTuBieHHemM R (mopsaka 200—500 xom), mocte-
MEHHO YMeHblUasi ero, eclH TOK KOJIJIEKTOpa OKa3biBAeTcs MaJlbiM.

BaxHueiillne npaBuia SKCNAyaTauWH TpausucropoB. Jlas npedor-
BpAILEHHS MEeXaHHYEeCKKX IMOBPeIKIeHHl TPAH3HCTOPOB CJEAYET OCTO-
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poxHO o6pamartbcsl ¢ WX BbIBOJAMH, He TOIBepraTh BHIBOAbI MHOrO-
KpaTHbIM neperu6am, u3GeraTb OCTPbIX YrjoB Nepern6a, NMPOH3BOAHTH
u3ru6 BBHIBOJOB JIHIIb HAa PacCTOSHHH He MEHee HECKOJBKHX MHJIHMET-
pPOB OT OCHOBaHHA TPaH3HCTOpa. XOTS TPAH3HCTOPH B LesaoM 06Jamaior
BBICOKOH MexaHHYecKoll MPOYHOCTBIO, BCE XK€ HX ciaeayer obeperath OT
najnenus c Goabwoil BeicoThl, IIpu oKcniyaTaumu B yCJaoBHAX BHOpa-
uuil (Ha TpaHCHOpPTE) TPAH3UCTOPH BceX THMOB Heo6XoaHMo MPOYHO
KpellHTh 32 Kopmyc.

HaunGonee onacHelM AJi TPaH3HCTOPOB SIBASIETCS BO3JNEHCTBHe BhI-
cokofi temnepaTypnl (Bbimie 100°C g repMaHHeBhHIX H Bbiule 150—
200° C pas kpemuueBbix). ITosToMy HeoGxoZuMbl ompexesneHHble Mpel-
OCTOPOXKHOCTH INPH BMAaWBAHHH TPAH3HCTOPOB B cXeMy H mnpu paGoTe
nasibHAKOM BOJH3H BMOHTHDOBAHHHIX TpaH-
3ucropoB. [lognauBaTh BBHIBOAB TpPaH3HCTO-
poB Hajmo ObicTpo (B TeueHHe 2—3 cex) Ha
BO3MOXKHO OoJblleM PAacCTOSIHHH OT Kopmyca.
INose3Ho npHMEHATb  HH3KOTeMIepaTypHbie
NPHNOH M Ma/IOMOLLHble Nas/bHHKH. IIpH He-
BO3MOXHOCTH BHIIOJHHTb 3TH PEeKOMeHaluHH
BO BpeMs NaifiKu BbHIBOJAOB MeXAYy [pHIaH-
BaeMmoil TOYKOf H KOpHycOM TpaH3HCTOpa Ha-
IO cO031aBaTh TENJOOTBOA, HampHMep IHepe-
JKHMaTb TNpHMaHBaeMbiii  BHIBOJ TyGKaMH
Puc. 8. Tlpocreftinast cxeva  miockory6ueB, MpHYeM OTHYCKaTh MJIOCKOryG-

H3VvepeHHsd Ko3)bHlUHeHTa
ycHMenHs no Toky. B cay- bl HAAO JHIIb II0CJA€ OCTbIBAHHAA MeCTa

uae TpaHsucTopa CTpyk- NafKH.

TYPH  7i-p-n  NOJAPHOCTH
Henouned marasan (B o He Meﬂeg onaceH Neperpes TPaHsHCTOPA
MHJLIHaMIepMeTPOB BO BpeMsl paGoThl, KOTOPbii MOXKET NpPOH30M-
o6patHuie. TH B pe3yJibTaTe PacloJIOXeHHs TPaH3UCTOpa

BGJIH3H JPYrHX HArpeBalOLIHXCA 3JeMEHTOB

(1aMm, TpaHchopmaropoB M T. I.) HJIH 3a
cyueT cOGCTBEHHOrO TemJOBbIAeNeHHs TpaH3ucTopa. Konerpyupys ammapa-
TYpy € TPaH3HCTOPaMH, CJedyeT NPOAYMHIBATbL YC/IOBHS OGLIero Tefio-
oGveHa paspaGaTelBaemMoro mpu6opa ¢ BHelHed Cpelo#, mpeaycMaTpu-
BaThb OTBEPCTHA s BHIXOJa TEmJIOro BO3AyXa M3 Kopmyca npu6opa
(sTH Mepbl 0COGEHHO HYXHbl B NpHGOpax ¢ GOJBHIAX CYMMapHbIM [O-
Tpe6/ieHHEM MOUIHOCTH).

HopmanbHas pa6oTa MOWIHBIX TPaH3WUCTOPOB, Kak MNpaBHJoO, Tpe-
6yeT mpHMEHEHHs NONOJNHHTEJbHHYX TenJooTBOZ0B. B kauecrse Temio-
OTBOAA MOTYT MNPHMEHATbCA MeTa/UIHYecKHe NIAacTHHH (W3 KpacHo#
Meo¥ HJH aNIOMHHHS), MeTajIHUecKHe IIAacCH, Ha KOTOPHIX Kpemarcs
TPaH3UCTOPHl, HJH ClelHalbHble PaTHaTOPHl, HajgeBaeMble Ha TPAH3H-
ctopsl. TemnooTBox 3aBHCHT OT oOlledl TIOBePXHOCTH pajinaTopa, mo-
3TOMY A SKOHOMHH MECTa BBIFOJHO JeJaTh panHaTOPel PEGPHCTHIMH.
Bricokas 3¢ @eKTHBHOCTb BCeX TEMJIOOTBONALLMX 3JEMEHTOB JOCTH-
raercsl TOJbKO MPH YCJAOBHH, YTG MeXIy COMPHKACalOLlKMHCA TIOBEpX-
HOCTAMH KOpTyca TPaH3HCTOPa M TeIOOTBOAA HeT BO3AYIUHLIX MpoO-
cnoeK. DTH 4YacTH ITIOBEpXHOCTeH 4YacTO TIOMHPYIOT.

Bsuny Toro uro y GoJIBIIMHCTBA TPAH3HCTOPOB C KOPHyCOM Heilo-
CPeICTBEHHO COENMHAETCs OXMH M3 3JeKTPOnOB, 4acTO MPHXOAHTCSH BBO-
IHTb 3JIeKTPHYeCKYio H30JIALMI0 KOpIyca OT TeMJOOTBOAALLEro SJeMeH-
ta. Jlaa Toro uto6el NMpH 3TOM He CJAHIIKOM YyXYILIaTh TelIOOTBOZL,
B KauecTBe H30JSLHOHHOA MNpPOKJaJKH HCIOJb3YIOT ToHuUaRIIKHA JIMCTOK

CIOObI.
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UeM Gosbuie MOIIHOCTb, —
pacceusaemas TpaHsucropoM cm#lL-S
B JaHHO{i cXeMe, M UYeM BHI-
e TeMmepaTypa OKpYyXaio-
me#f cpenH, TeM CcoBepied-
Hee JOJMeH OWTb TemIooT-  zpon n4
sox. Ha puc. 9 qas mekoro-
PbIX THIOB TPAH3UCTOPOB NpPH-
BefleHbl rpadukH aas onpe- 1209~
Aejedus obuiefl fIOBePXHOCTH -Nn210
paguatopos. CJenyer ToM-
HUTb, 4TO y w™HOrHXx THmoB 1500 7
TPaH3HCTOPOB NpPHU IOBHIlLIEH- ! Tr207-
HOMl TeMmepaType CHHXaeTcs 207 12,
HE TOJbKO JOMYyCTHMas MOII- 21203
HOCTb, HO M JQOMYCTHMbie Ha-

IPAXKEHHS, I / /
. 1000

IMpuunHOd BHIXOZA TpaH- /
3HCTOPOB M3 CTPOS  MOXeT A AY.
Takxe ObITb KpaTKOBpeMeH- )4
Has ieperpyska HMIYJbCOM IV D&%
6O/IbLIOr0 HaMPSXeHHS HJIH 4
toka. [Ipexae Bcero mpu MOH- 500 17/
Ta)xe TPaH3HCTOPOB M HaJja: VA
JKHBaHHH CXeM C TPaH3HCTO- /
pPaMH Hamo MpPOBepATh H30- /
JSUHIO KOpHyca MasJbHHKA | p
OT ero HarpeBaTeJbHOrO AJe- |
MeHTa, Jlanee, BcAKHe Tepe- 0 10 20 30 8m
nafiki B MOHTaxe, TOMKJIO-

YEeHHA H 3aMeHH OTAeJbHHIX Prc. o, padpuk Ans onpeseneHHss HeoGXOLH-
getanefi cjemyer mpOH3BO- MOAY nopepXxHocTH pagnaTopa S (c ABYX CTO-
POH) B 3aBHCHMOCTH OT MOLIHOCTH P, pacceH-
AHTb TIPH  CHATOM CO CXEMEl  paeyop wouyumiMe TpanamcTopamm,Qnph TeMme-
nuTauud.  BoJspmylo omac- paType oKpyXaiollero Bo3ayxa +25° C,
HOCTb MPENCTABJASAET OTKJIO-
yeHHe BbIBoJA 0a3nl TpaH3H-
CTOpa NpH HANHYHH TMHTAHHA, NORKJIOUEHHE SMHTTEPA K Uemd ¢ 3aps-
JKEHHBIM KOHAeHcaTopoM. IIpH HeoGXOZHMOCTH TPHCOENHHEHHs TpPAaH3U-
CTOpPa B CXeMY, HaXOOAILYIOCA TOA HanpsKeHHeM, B TEPBYIO ouepelb
Hajll0 NPUCOeNHHATH 6a3y, 3aTeM 3MHTTep H B NOCJEAHIO ouepelb KOJ-
aektop. OTK/IOueHHe TpaH3uCcTOpa Ge3 CHATHA HANPSKEHHH [IPOH3BO-
uuTes B 06paTHOM MOC/TENO0BATENbHOCTH.

Onacuble Al COXPAHHOCTH TPAH3HCTOPOB HMIYJAbCH MOTYT BO3HH-
KaTb B HeYJAauHO CIPOEKTHPOBAHHHIX CXeMaX B pe3yJbTare NEPeXoHHX
TpPOLECCcOB NpH NOJaye W CHATHH NHTAHHA, a TAKXe MNPy PasJHYHLIX
NepekJIOYeHHAX B cxeMe. Pajau NMOBHIIEHHS HAAEXKHOCTH PaGOTH amma-
paTypel C TPaH3HCTOpaMH IIOCJe H3FOTOBJIEHMA KaXKIOr0 anmapara
HJH MaKeTa OYeHb NOJIE3HO MPOBEPHTb 3KCHEPHMEHTAJNbHO MPH MOMOILH
3J€KTPOHHOrO OCHHJJIOrpad)a OTCYTCTBHE ONACHBIX NEepeHanpsiKEeHAR H
BCIIJIECKOB TOKAa B LeNfAX TPAH3HCTOPOB NMpH JIOGHX BO3MOMKHBIX KOMMY-
TaUMAX OpPraHOB YNPaB/ieHHS M NPH BKJIIOYEHHH H BBIKJIIOYEHMH IH-
TaHHUSA.

B uensix MOBbLIIeHHS HANEKHOCTH He PEKOMEHAyeTcs MPHMEHSATDb
TPaH3HUCTOPHl B PEKHMAX, COUETAIOWHX MAKCHMAJIbHO NOMYCTHMble MOLU-
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HOCTH, HaNpfAXKEHHA H TeMOeparypy, a Tak)e BBOAHTb B LeNb 6a3bl
BBICOKOOMHBIE CONMPOTHBJIEHHA.

CnpaBou4HbI® TabnHUbI
9IEKTPHYECKHX NapameTPOB TPaH3HCTOPOB

YcnoBHbe 0c603HaAauYeHUsI NapaMeTpPoOB

B — xo3¢dunueHT ycuneHHs MO NOCTOAHHOMY TOKY B CXe-
Me C OGLIHM 3MHTTEpPOM.
C, — eMKOCTb KOJIeKTOpa.
f,— rpaHHuHasA yacTOTa YCHJIEHHA IO TOKY B CxeMe C 06-
meit 6a3oil.
fuaxec — MaKCHMaJIbHas 4acTOTA eHepalHm.
F,, — mymdakTop Ha uactore 1000 24.
hyogs Pojes Pggg — HHBKOUACTOTHBIE 3HAUEHHS MaJIOCHTHAJBHEIX MapaMeT-
poB (cM. cTp. 8).
I, — ToK KoJJeKTOpa.

Ty jon — TO e, MaKCHMaJbHO NONMYCTHMBIA B pexuMe ycuie-
HHSA.
I yyn— TO Xe, MaKCHMa/ibHO NOMYCTHMEI B pexuMme mepe-
KJIIOYEHHs,
I, —Hauansubift Tok Koanextopa (npu Ug o= 0).
I, —o6patubiii Tok Koanekropa (npu [, =0).
I, — Tox sMuTTepa.
K p—KoschbHuHeHT YCHJIEHHS N0 MOIIHOCTH.
Py, x — BbIXO[HAs MOLIHOCTH YCHIHTEJA.

P on (T)—MakcuManbHO JONYCTHMAs MOLIHOCTD, paccenBaeMas
TpPaH3uCTOPOM G6e3 [ONOJIHHTEJBHOrO TeMJI00TBOAA
NpH TeMnepaType OKpyXaiollefi cpenbi He Bhille
T°C.
Pon(To) — TO Xe C JOMOJHHTE/NbHHIM TENJOOTBOLOM TPH TeM-
nepatype o6osouky TpaHsucropa ne Bhime T °C.
rg— CONpOTHBJIEHHE 6a3bl HH3KOYACTOTHOE.

rer — TO € BBICOKOYAaCTOTHOE.

R, — compoTtuBienHe resepaTopa.
R, — cOnpoTHB/IEHHE HArpysKH.
R,— TemnnoBoe COMPOTHBJEHHE KOHCTPYKUHHM TPAaH3UCTOPA

OTHOCHTEJIbHO BO3LYyXa.
R, , — TO Xe OTHOCHTeNbHO OGOJIOUKH TPaH3HCTOPA.

S, — nuHaMuueckas KPYTH3HA XapaKTEePHCTHKH YCHICHHS.
T — HM3Mas M BbiCIIast JONYCTHMbiE TeMNEepaTyph KoJ-

K.pon
JIEKTODA.
U, — Hanpsxenne KoJiekTop—o6a3a.

Uy zon (1) —To0 xe MaKCHMAJbHO JOMYCTHMO® NPH TeMreparype
He soitme T° C.
U — MaKCHMAaJIbHO JONYCTHMOE HampsixKeHHe KOJJIEKTOp—

K-3. 1001
SMHTTEP
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— OCTaTOYHO® HANMPTKEHHE MEXAY KOJJEKTODOM 1
SMHTTEDOM B peXKHME HaChIlleHHS.
— MaKCHMaJIbHO JONYCTHMOE HanpsKeHue SMHTTEP—

6asa.

UK.nac

US. Aon

CoKpameHHbe 0603HAYEeHHA KNAaCCOB TPAH3HUCTOPOB

C — cnsaBHo#f.

J1C — nuddysuonHo-cnIaBHOR.
16 — noBe pxHOCTHO-Gapbe PHBIM.
Ge — repMaHHeBHIf.

Si — kpeMuueshiil.

p-n-p

} — CTPYKTYpa TPaH3HCTOPA.
n-p-n

Huxe B Tabn. 4—6 ykasaHul HOPMBI Ha 3HAUYEHHs] 3JEKTPHUECKHX
napaMeTpoB TPaH3HCTOPSB. BBuay cymecTsenHoro paspoca 3JeKTpH-
YeCKHX XapaKTePUCTUK H COBEPLIEHCTBOBAHHS MPOM3BOACTBA TPAH3HCTO-
poB peasbHble 3HAYEHHS MapaMeTPOB 3ayacTylo OKA3HBAIOTCA 3HAYH-
TeNbHO Jyuyllle YKasbiBaeMblX B TaGJHHax.

B psage ciyyaes B TaGiuuax ykasaHbl THIHYHble 3HAueHHs Mapa-
MeTpPoB, He HOPMHpPYeMbX [OeHCTBYIOIIHMH TEXHHYECKHMH YCJOBHSIMH.
3HayeHHs TaKHX TMapaMeTpOB B3ATHI B CKOGKH.

KoHCTpYKTHBHBIE YeDTEXHM W 1OKOJNEBKa TPaH3HCTOPOB MOKAa3aHH
Ha pue. 10.

B Tta6a. 7 npuBeleHn MpefeNbHO AOMYyCTUMbie PEXKHMHI fIPUMEHE-
HHA TPaH3HCTOPOB OTEYECTBEHHOTO MPOH3BOACTBA.

B sakmiouenne (raba. 8) jgaroTcs gaHHble HEKOTOPHLIX THIOB TPaH-
3ucTOpOB 3apy6exxkHoro nmpousBoAcTBa. CJeayer HMeTb B BHALY, 4TO €CJH
ISl OTEYECTBEHHbIX TPAH3UCTOPOB NPHBOAATCA rapaHTHpPOBAaH-
Hble 3HaueHHsA NapaMeTpoB (T. e. HaHXYAIIHe H3 PeaJbHO BO3MOX-
HBIX), TIpHYEM HX THNHYHble 3HaueHHs ObIBAIOT 3HAUMTE/NbHO Jyullle, TO
3apy6exuble GpUPMH yamie BCero MyGJHKYIOT THNHUYHHE (T. e. cpel-
HHe) 3HAUeHHs NapaMeTpos, MpHYEM N0 MOJIOBHHbI TPAH3HCTOPOB AaH-
HOro THMa MOryT o6afaTh XYALIMMH XapaKTepHCTHKaMH.

Beuay Goabuioro pasbpoca 3HaueHH#t KoshduuueHTa YCHJEHHs MO
TOKY Y TPaH3HCTOPOB OJHOTO M TOTO K€ THNa HEKOTOphle 3apyOeXHhe
$HUPMH HAaHOCAT Ha KOpMyca TPAH3HCTOPOB lBeTHHle METKH AJs yKasa-
HHA NpefesoB, B KOTOPHIX JEXHUT 3HaueHWe mapaMeTpa hgi, HAHHOTO
sk3eMmisipa. IIpH 3TOM HCHO/b3yeTcs MeXAYHapOIHBIi HBETOBOA KOX:

ILlsem Ycaosnas yugpa Buaxenue hgjg
qepHbIf 0 —
KOpHYHEBbI 1 —
KPacHbIX 2 20. . .30
OpaHxKeBblIi 3 30. . .40
KeJThill 4 40. . .50
3eseHbIl 5 50. . .60
cunnit 6 60. . .75
¢$uoNeTOBHIH 7 75. . . 100
cepsiii 8 —
GeJbiit 9 = 100

2* 19



— || =)ee=| — — (=093 e'e>| 16'0= q1=> JOLI
g | — [0§=160=|ee= | — —  [+-01'93| 3=| ¥6'0=< g1= | 1 | g—|3xoL| g9l
— 0S|S0 = | — —  |»-01'93| 3= 6:0= gI> a9
— |0g=|10%| — | — — |s-01g>|ee>| 6'0< 0g> VoLl
- €0=Z| 01> | — — | -01-€)|9!2>|56'0—g6‘0| 06> s
— €0=| 81> | — — | (-01-€)|9!3>966'0—26'0| 0€> JSII
g | — g0=| (en) | — — | G-01-€)|9:8>1966'0—26°0| SI= | 1 | g—|ewol|dSl
- g 0= (@) | — — | 6-01"9){9!2>| g6'0= g1=> qsII
- go=| @) | — — | eo018) |e'eS|  g6'0< 0e=> VoLl
— R — - $6:0= (5002 | 01 |$5— dzl
v | — el B VA S - - $6°0<  |:002= | ¢ |0g— |9KOL| V3l
0SI=|0V>|9 15| €= | 08 | 003 1= | — =1 96.0= 02= W1l
051> |gp>) 1) €= | e | 0031 | — = g60= 03> X111
vV o|0g1=>109>(60=| g€ | 06 | 0001 | — €€ #6100 5= a1
— | — [0S 81> | eeZ | 009> | — =1 ¥60= gI= d-u-d | M1
- POZ| — 8= 009> | — =1 960, | 08 | 1 |o1—| @D |JII
- 10| g8 | 8= | 00V | — 1= 26'0-€60 | S1= o | 4l
— 10| ge> | ge= | 00> | — B> e60=" | 08 diu
- o) — joes| — — || 6= (g VIl
g n § owaw AW v T -
CE
m rdiowedeu aHMOILHALIAIE .mﬂ:ﬂwh_wwam .m m
L)
godoldHeHedl XITH1)0MI0KN XMMH1OL)BhO MEHH XMHMOKOrew rdiaweden auMIonHdINAKEC
enHrgel

20



05>

001= o= — | — 005> — |se=|  w0e= 6002 | S71 | 56— 911
001=10s> (30| — | — | 003> — |983| e108—08 | «006= | ! |ge— Vo2l
00I=10s=(2.0=| — | — | 00> — |9i€>| aSE—0I | 6003 | S'1 |gE— 9311
001= 10> 30| — | — | 005> — |sig=| w0e= | 005> | §'z |0zg—|°™ °L| gzl
00I=10,=120=| — | — | 008> — |9.€| 0903 | s002= | G:3 | 06— Vol
01=|0,>|30<| — | — | 005> — |§'€>| wa%c—01 | 008> | '3 | 06— 4l
— | - = — — — | 00I—SF | Sg= 91
- | =] 1= — — — 105—0E | #55> g— | 9% oLl V9IL
— | | = - - | - 18608 | +52> 91l
0g1=108=| 2= = — || g6l | gI> gIu
051> 105> 1= - — |82 96.,0= gI= ~ | qud | U
— |05=810= — |s-0193 =1 260=< | 01 ol I (11
— |0s=]gl0= — |-0193 2= 60 | 1S §—| °O | vei
— 0S| 0= —  |s-01'GS{E'eS| 760 g O | e
— 09=>9'1= — |01 93€E>] g6l0=Z | gIS 111
— o] 1= —  |-01'9>8'e=| 960 qI= ud-u| Ol
— |09>|5'0= — |»01'9= &= 360, | SIS ¢ | %0 | Vel
— |09=(80= —  [+-01'9>| &=| ¢6°0—60 | SI=> 0 6L
— |go>|1'0= —  |e-01-g>|e'e> 6'0= 08> 8l
- | = - - 966°0—L6°0| 08> g— (™ol i
— log>|g 0= — |»01'9> 60 qr> g— 7911

21



XMHIKBLOO X309 BIY ® ‘Ow 3'0=S1H 8 | =¥ gII sounL BrY

YoMQO,d INIXD € —gII SOUHL BLY ‘wox (g ".._M H wo 009 =7y mdn

‘8 09—

€18y eunbHISg o

s 001— =% mdu ¥'¥| pumpmrag ¢

n udu B ennnurag
‘ow o1="1 1 8 [— =¥ udu g exunureg ,
‘s g1+ =90 B 8 gj— =" Bdu ewomrdL osoidouec edOLiNIKION MOJ o

‘ow [ =S m 8 o]— =" ud]] 4

‘e 05— =¥ udyr,
*0 001— =" udjI ¢

‘ow g'0=Fnegr="p

wo 009 =1y Bdu h2 000 | 310108 BH WOdaLlLHWE WHITIQO d 9WaxXd ¢ ¢

(9z1) wox g’z ="y m wo gz ="y
"re (YglI) wox of =By ® wo oo =Ty ‘%G1 991r09 9H HHHINENOH XMHYSHHIIH 9LHIHNHOGEON ‘wew (0] HLOOHMOW HoHXYoxMe udu Hoseg
111 SOLHL KUY

WOdILLHNE WHINQO D 3WaXd &—[[LI—gll H

= |G]gio=| — | — | (003) — | =] e0= | (0 d-ud | 90111

g | — || — | — | (002 — |eie=] 60 | (0 | v | ¢—| IS | oIl

— (g 1= — | — (002) — (eS| 6'0< (‘o) O | yoIlI

— (o 1| — | — — | G-01-9) eS| 6'0= (1'0) d-u| €01

= (oopiso=| — | = | = |Gorn| @3] seo= | G0 | | |“RY| 0

g | — |on|zo=Z| 8> | — — |G-or-g)leie=  60= | (1'0) 5 |vioi

— (o|z0=| — | — — |G-019)|e'eS| 0= (i*0) 1011
55 f = 30
FER Y ﬂwo .Mu_\ 90 ai9e “IN | wo 0 %y emmwﬁ otzy .uu_.ﬂ ﬂ.ﬂ oy § | 58
z= e | &E
&3 38
m ndianeden dENOILHALNAIE .MM .."MMHM d .m m

¥ vovw onmaxncvogod [

22



002> - = 007 - 01> [966°0—66'0 [ 2= deu-d [VIIFLL &
€ 005=> — = 00V = — ors> 66:0—596°0( &= g | g—| op | JI¥L
00€= — = 003= ... 01= |966:0—66°0 | 7= o |VoIvll
00e> — = 002 — ors 66°0—g96°0| T O1¥LI
00g 1= - (>) e | (0z=) | L'9> g6‘'0= = d-u-d |VSOPLI
w | 00511 — | (6>) e | (0z=) | Li9= 56.0= $= lggle—| op |, SOPL
002 1> — (>) g | (1) | L'9> £6'0= = app |Yvora
00L 1> — ) = | (1D | 1> £60= o yovLI
005= - s 01 — g 16°0<, = d-u-d |VEOVLI
g 005> - 01=> 031= — 6= | 60760 | 9= | ¢ |g— | op | €OPU
000 1> — ors 09= — ¢S ¥6'0=< g oy | dovl
00g g> — gI> e - g> $60< o= 10%11
000€= | 0SI= | 03> — 08= ¢=> 56.0= 9= 60711
Ir | ocosz>| o> 0= — 0= = 86 0= 9= 1 | g— |9%ol| go¥ll
0052 | 051 | 03 — ¢= = 86 0= 9= 6111
— ogr> 0= - 05 = g6 0= 9> dud| J0p11
N — s> 0= — 0= > 860 9> 1 |9— | °D | 9orll
— S 0= — g = 86‘' 0= 9= o} 414
SR NaoH hew hew owaw Dyw ow 9 bl a9
wm Moy 19 %o ‘/9u du o ddEM| LY 985y Olsy ©"; ey | =g m Mm.
&2
= .
= mdioweden suxd apudiNarE .M%ﬂw.mMM # .m m

godoloneHRdl XMH10108h0Y0OME XNHIOKOKeR MdloWeden emNdonHdiNaKg



(09—)g>"| (0e—)p 0>

ONN 3 ﬂl 3 . — T
e e oz | S0 oo 813"l .\Mmm 0] $9€ | 403 T | 88— €031
r e B 0= = gz | 0ol | ov | %3023 20G-LE
foe—k= | ¢ mlvﬂo/ g0 0v= — (g2) | ¢'z| s¥ | oy |#e‘0|SI— | VIozl
0g—)g 00> | g'o=> 02 — (@) | g'z| ov | ov | ¥e'0 | SI— 10311
(ogoz=> | (01—l 0> — 0e= — =
(oe—)oz= | (o1—lw'0>| g‘0> | oe—sI1 — WMA e
M| (ge—)og> | (oI—w'0>| g0 | 01= — 0= ]| o1 83 | g1 1 | 92— o
09—z | (01— 10> | g0 | oy—s1 — anl
Z =2 8= q
(0s—og> | (01—)g'0S |~ — = — |oz= 43
Vll
- (os—)o1> - = — | g=
H — (0g—)o1=> - = — = | 1 ‘ aen
- — - 02 | S e1‘'o | 93— qen
(os—lo1> = - L= vell
Wvon (8) o (e) DW L oBH'Y €1z . d we wo wo o s
§& | (oM g |°® g1 ¥ ofv's 1007y | xmagl cmy |y | x| i | pgosome
—
53 -Hedl aHH
m rdlaneden auddsbHdLIAIE . WOodalLHNE WHIIQO O dUHIK oneHeo%0
H -oiryg ‘y eddeury HALOOHMIOW BIF9LHIPHIA JIWIXD qd
_— 18odoloueHedl XMH101DBhONEHH XNHMOK MdloWeden ouMdonmdidorg
g BUHIQE] .

P2



|o—ow
-

. BOOBL'M HMIDOHWIONW EIALHIHIA OJOHJIMBLXAEY JWIXD § »
*g eHnnurag enecedA €18y adeds a gjz—0311 souui sodordHenedl BIYf

z—

z—
05—
ol—
ol—

012—603LI

) .u:

Q.ND

edolonenedy mH]

¥
JBH a

€15y

SHHMOIAY 31D

OBHY ) y €10y godiomeden kuHIdOWESH WHXSJ ¢
"EOUAL XIMHSLBLIO [BIY %G| 921109 oH H YT '] ‘g ‘Qyll 90UHL BLY %(] 9909 3H PHHOKENOH XINHEOHALSH SLHoHNAMGEON HA]] ¢
‘d-u-d rdA1u£did amaauHewdas aMHaerund MdolonsHedl 339

(bo—)g> | (goa1>| 9'0> =< 6< - | — |- |- VolzL

" (09—)8> | (g9—)g1> | 1—5°0 i€ |o1—g's| — | — | — | — oIzl
(oS | (G| o'o> gI= 6= - | = =1 =1 ¢ — V60311
o) | (@8> | 1—6' i< |o1—¢g's| — | — | — | — 60311
(09—)o1= | (g9—)ez> | 9'0> = | gI= - = | =1- V8031

w (091> | (99)g> | 1—¢‘0 < |oz—11 | — | — | — | — 80311
(oro1=> | @IS | 90> | ov—Ll g1 | — | — | — | — | o1 ¢— | Vvziozu
oo | (Gr—ersS | 1—5‘0 SI= | 0g—11 - | = =1 — 10311

25



6,

: K

$8,3
“©
"5
[
il
A b
§
abn I
HE Py On 6{oBo)s
- $8,5 ®83
=1 Opanwcebas
e [ a 237 af [ erm':ma
10,4 912 UL e ms
R J % w
1 I R
i b
r A E
925
36 x 6 % s i
-
@apnumeﬁan =<
Kot Pf
27T
e Oparxceban J s
-~ ¢/ movxa ﬁg’g& lﬁ §
18 P NS
L*HHF‘ } ) !
d N S ETFoss 8 S
& |
“
3y
| i ]
W 3 M

Puc. 10, KOHCTpYKTHBHLIE YepTeXU H I{OKOJeBKa



100

231

100

o 17

TpaHaucropos (K Tabx, 4, 5, 6).



001+09— | — |oog | o | o1 | (ogdoz+ | (.09do1+ | (.09)0z+ — (.g2)s10 11—81

g/4+09— | — Jooo1| — | s — (.09)s‘9— | (.08)e1— — | (cS2)sr0‘0 A

001+09— | — | 00¢g os | or | Gogloe— | (.08do1— | (.09)0e— — (.82)s1‘0 T—Vvoll

g/+o9— | — Jooo1| — of | Gogloz— | (ogdoi— | (co9doz— — | (cg3)sz0‘0 T—VveLl

(oglos— | (08)oe— | (c08)09— §1621

(ogdos— | (ogos— | (c09)09— RiZi

06+09— | @ e — | 2g| (09¢e— | (.09)ee— | (-0900%— | (-08)oe (.52)z a0 |

(c0909— | (c08)09— | (-09)0.— ayll

Goglos— | (0gdoc— | (c09)o9— vl

0sy dell

ostoo— | — o1 — 092 — - (o2)os— | (c09)s‘e (.qeN gaell

081 vell

474 (.80)os— dqzu

ostoo— | — | o01 | — o1 — — (-82)001— (-82)83 0 V3l

otoo—| — [ o011 | — | & - - (.08)0z— — (-08)50°0 U—viu

o 38 B uz H mz . 0 .

.:oﬂ.w& ] § m m «(g) BoT"€ o u_.b D =ood.= n .Ao.mﬂou. g “ (BT g -:wawwwﬂﬂh

godolducHedl miumlondoldedex oMNEOKNOL H BMHOHOMMAN NKWHXAd oMMHL)AnoY oHIraXed|l

L BUNHIQR]

28



“ex4yeos

*9cBQ HOHHAhOIXNLO HAU—EOUHL XMHAKERLIO KIKY (01g—605LI) #0 0] B (80— 03LI)

(D 9SS - Bdn) o 0g = YOU 7 jo11 eumL kIY 4
osamoiexx£dyo mdAiedounal 9aMWHLIAUOY OoHAraYadn MueEeNA ¢ H ZI] SOUHL BIYY g

wo G “‘(yII) wo G 909 SH MEBQ HUSN HEHAraHioduod mdn UOY'€N onecenk 0lg— L0311 ‘Y11 sounl sodoioneHedl BIYL ¢
gg+09— | — |009 | ~ | 03 — (-58)9— (o5B)8— - (G@i'o | 11y—o1vlr
g8+09— | — |o0008| — | S (oge)s— | (se)g'v— (o5g)s— - (oge)10'0 | S0¥—pOPLY
gg+0o— | — | 00S — | o1 Gee)i— | (egedoi— | (o98)oz— — (5810 €0F—10¥11
_ — - (c52)09— | (ocg2)eo— | (.e2do9 | (oSB)g‘1 v ‘o1l
s8+09 1] € vl Geaor— | (.gaer— v ‘60211
_ . _ (o52doe— | (o92009— | (oSB)S9— vV ‘sogll
g8+09— | 9'0| ¥ 2% | (aoz— | (eador— | (aaer— | 59001 | (08l v ‘20211
T _ . (c09)s— | (c08)oe— | (c09)09— €051
oortoo— | S'¢| oOF 781 | Codee— | Codge— | Goddoe— | 91| leogh 05— 10211
(cop)s1— | (cOn)Sr— . SOILI
osi+oo— | — [ oos| oS | 03 | Govey— | (.0pdoe— | (.0P)GH— — (.82)s1‘0 SOII1
Goroo— | (c0%)001— $0O111
ogito9— | — |o0s | — | 02 - (ogzko1+ | (cg2k01+ — | Gsog1'o | egor—10111
(552)001— . q 'V ‘ol
o,+09— | — | 002 oor | — - — (-82)09— — (.88)z‘0 g 'V ‘sall

3 . m»o*

o6F09— | — |oootrf oe | § | (09oz— | (08)9— | (c5e)oe— — €00 | ‘so¥ ‘61U
o01+09— | — fo0s [ os | or | (ogloe— | (08)g1— | (s09)pe— — | (ga)siio L9I—€Il
ggtoo— | — | 008 0 g (0L)o— (-08)9— (.02)9— — (-02)20'0 |20¥ ‘90% ‘ZILI

(=
N



Ta6auna 8

l(panme CnpaBOYHbIe JaHHbBIe HEKOTOPHIX THOOB TPAH3HUCTOPOB

3apyGexHbIX GHPM

& .
Tun Kanace Pyg, usm 2 E » far M2y
bg. :é g -;6:

CK721 p-n-pa.d. 33 —221 10 40 0,8
CK722 p-n-pH.u. 33 —22 1 10 >9 0,6
0Cl16 p-n-pau., M 5em | —32| 3a — —
0C30 p-n-pud., M 1,6em | —32| la — —
0C45 Dp-n-ps.u. 100 —15( 10 40 6,0
0C70 p-n-pu . 25 —30| 10 30 0,5
0C71 p-n-puu. 25 —30| 10 50 0,5
0C72 p-n-pu.u., I1 170 —30 | 250 60 0,35
0C390 p-n-pB.4. 50 —20( 10 [>20| >3
0C400 p-n-ps.A. 50 —20( 10 {>20| >7
0C410 p-n-pB.u. 50 —20| 10 | >20| >I12
0C601 p-n-pu.d. 50 —20| 20 | > 930,25
0C602 p-n-puu. 50 —20 | 20 35| >0,25
0C604 p-n-pH.Y. 50 —30 | 50 65 | >0,7
0C604 Spez | p-n-pu.u., I 300 —30 | 500 — —
0C612 Dp-n-ps.u, 50 —15 | — 30 6
0C613 D-n-pB.A. 50 —15 { — 45 10
0OD603 p-n-pad., M 4em | —30| 3a — —
0D604 pn-ppu, M 1,6 6m | —27 | 2a — —
OD605 p-n-pad., M 15 em | —30 | 10a — —
904 n-p-ns.u., Si 150 430 | 25 24 5
904A n-p-ns.u., Si 150 430 | 25 40 | >8
905 n-p-ns.., Si 150 430 | 25 50 6
951 n-p-nau M Si| lem | 450 | 60 15 —
952 n-p-naa MSi| 1em | 480 | 50 15 —
953 n-p-naa. M Sif 1 em (4120 | 40 15 —
2N34 p-n-pay., Il 150 —40 | 100 40 0,6
2N35 n-p-nu.4., Il 150 440 | 100 40 0,8
2N43A p-n-puy., Il 240 —45 | 300 65 1,3
2N44 p-n-pu.u., I 240 —45 | 300 43 1,3
2N78 n-p-nB.u. 65 +15 | 20 135 9
2N94 n-p-nuu. 50 +20 | 50 80 2
2N102/13 n-p-nad., M 20 6m | 430 | la 55 —
2N104 D-n-pH.u. 150 —30 | 50 44 0,7
2N107 p-n-pau., I1 50 —10 | 100 20 1
2N109 p-n-pau., I1 50 —25| 75 75 —_
2N112A p-n-pB.u. 50 —10 8 1 >20 5
2N113 p-n-pB.u. 50 —10 8 | >20 10
2N114 p-n-pB.U. 30 —6 5 | >20 20
2N123 p-n-psu., I1 150 —20 | 125 65 8
2N135 P n-ps.u, 100 —20 | 50 20 4,5
2N136 p-n-pB.A. 100 —20 | 50 40 6,5
2N170 n-p-np.u, 55 410 | 20 32 5,0
2N176 pn-paa, M | 106m | —401 3g 90 —

30



I podorxcenue thaba. 8

=
& .
Tan Kaace Py, mom 2 5 o | fa Meu
| g3 §

2N188A p-n-pa.a., I1 200 —25 | 200 54 1,2
2N193 n-p-ns.u. 50 415 | 50 15 3,5
2N207A p-n-pad. 50 —12| 20 | 100 2
2N212 n-p-nB.4. 50 410 | 50 30 4
2N213A n-p-nu.w., I1 150 40 | 100 | 250 —
2N214 n-p-nu.g., I 180 440 | 100 | 100-{ 0,8
2N226 p-n-paa., I1 250 —30 | 150 60 0,4
2N257 p-n-pp.4., M 46m | —40| 5a 50 —_
2N307A pn-pua, M | 10 em | —35| 2a 21 0,4
2N338 n-p-ns.4., Si 125 440 { 20 | 100 0
2N371 p-n-pB.u. 80 —24 | 10 60 30
2N384 p-n-pB.. 120 —40 | 10 60 100
2N406 p-n-pu.d. 150 —20| 35 35 0,65
2N425 p-n-pu., 11 150 —30 | 400 30 4
2N426 pn-psa,IT | 150 —30 | 400 40 6
2N428 p-n-ps.a., I1 150 —30 | 400 80 17
2N502A p-n-ps.u. 25 —20 | — 45 | 500 res.
2N503 p-n-pB.u. 30 —20 | 50 65 | 100 ycua;
2N650 pn-pua., I1 200 —45 | 500 49 1,5
2N651 p-n-puu, I1 200 —45 | 500 80 2
2N652 p-n-paa., I1 200 —45 [ 500 | 130 2,5
2N700 p-n-ps.u. 75 —25 | 50 10 800
2N711 p-n-pB.a. 300 —12 | 50 20 300
2N835 n-p-ns.u., Il 300 425 | 200 40 450
2N1008 pn-pau, I1 150 —40 | 300 85 0,5
2N1097 p-n-puy., I1 140 —16 | 100 55 2
2N1185 p-n-puu., I1 200 —45 | 500 | 300 3
2N1371 p-n-puu., I1 150 —45 | 150 | 100 2
2N1395 p-n-pB.uY. 120 —40 | 10 90 30
2N1397 D-n-pB.u. 120 —40 10 90 120
2N1400 p-n-pB.U. 50 —30 | 10 | 5 ua 150 My,
2N1401 p-n-pB.. 50 —30| 10 | 5 na 100 Mey
2N1465 p-n-paua, M 20 em |[—120 | 3a 40 —
2N2043A pn-puu., I1 200 |—105 | 200 70 0,75
2N2081 pn-pua., MJIT| 170 em | —50 | 15a | 50 —_

IMMpaMeuanne. M—moOwHHA TpaH3HcTOp; [1—mnepeKsiovaiomHEA TpPaH3H-
CTOp; H.4.—HH3KOYACTOTHHI TPaH3HCTOP; B.4,~—BbICOKOYACTOTHHA TPaH3HCTOP.
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