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JlabopaTtopnas paGora 1
METOJINKA U3MEPEHUI1 OCHOBHBIX ITAPAMETPOB U

XAPAKTEPUCTHUK AHAJIOI'OBBIX SJIEKTPOHHBIX YCTPONCTB

Ieab padoThI - U3yYUTh U OCBOUTH MPAKTUYECKU METOJbI U3MEPEHUS OC-

HOBHBIX IMMOKa3arejied ADY.

1. TeopeTnueckue CBeJACHUA

1.1. OcHOBHBIE BUABI H3MepPeHHUI B TexHHKe ADY

bazoi mis mocrpoenns ADY pa3nMyHOTO Ha3HAYEHUsS CIYKAT YCHIIUTEIN
CUTHAJIOB Ha OCHOBE TPAH3UCTOPOB, ANEKTPOHHBIX JIAMIT U Apyrux npudopos. Ilpu
UCCJIEIOBAHUM U HACTPOMKE YCHUIIUTENEeH HamOoJiee YacToO MPUXOIUTCS U3MEPSTh
CJIEIyIOILME TapaMeTPBbI:

NOCTOSIHHBIE HANPSKEHUS U TOKUA B CXEME, XapaKTEPU3YIOLUE CTATUYECKHUMA
PEXKUM YCUIIUTEIbHBIX AJIEMEHTOB;

aAMIUTUTYIHYIO XapaKTEePUCTUKY U TUHAMUYECKUN TUANa30H yCUIIUTEIS;

aAMIUTUTYTHO-4aCTOTHYIO XapaKTePUCTHUKY;

NEPEXOAHYIO XapaKTEPUCTUKY;

BXOJIHOE U BBIXOJHOE CONPOTUBIICHUS YCUIIUTEIS;

HEJIMHEHbIE NCKAKEHMUS.

[TocTostHHBIE HANIPSKEHUSI B AJIEKTPOHHBIX CXEMaX M3MEPSIOT BOJIBTMETPOM
MOCTOSIHHOT'O TOKa JIN0O MPU OTHOCHUTENIbHO HEBBICOKUX TPEOOBAHUSAX K TOYHOCTHU
(morpemrHoCcTh TIOpsAnKa 5 - 0%) ocuusuiorpagoM B peKMMe OTKPHITOro BXoja. B
NOCJIEAHEM CIIy4ae HaNpsDKEHUE B KOHTPOJUPYEMOM TOYKE ONPEAEIISIOT IO BEp-
TUKAJIbHOMY CMEILEHHIO JIy4ya pa3BEPTKHU MPU KaTMOPOBAHHON UYBCTBUTEIBHOCTHU
ociumiorpada, BelpakaeMoil B BosibTax Ha jAenenue (B/men). ns mosbimeHus
TOYHOCTH YYBCTBUTEIBHOCTh YCTAHABIMBAECTCS TaKOW, YTOOBI CMEIIEHUE JTy4ya Obl-
J10 He MeHee 2-3 eneHui MacTaObHOM CeTKH Ha SKpaHe ociiorpada.

Toku 00BIYHO ONPEAEIISIFOT KOCBEHHBIM IIYTEM 10 MaJCHUIO HAIIPSKEHUS Ha
YYaCTKE IeMH C U3BECTHBIM CONPOTUBICHUEM.

N3mepenne aMImuTy TapMOHUYECKUX M UMITYJILCHBIX CHUTHAJIOB TaKXKe
npou3BOAIT ocuuiiorpadom, a 3((PEeKTUBHBIX 3HAYEHUNH — BOJBTMETPOM IIEepe-

MCHHOTI'O TOKa.



[Ipu npoBenaeHUN U3MEPEHHUI HEOOXOAMMO YUHMTHIBATh MOTPEITHOCTh, BHO-
CHMYIO BXOJHBIM COINPOTHUBICHUEM MpuOOpa (HAa HU3KUX YACTOTaX) U BXOJHOMU

CMKOCTBIO (Ha BBICOKHX I{aCTOTaX) IIpH MMOAKIFOYCHHHU K CXEMC.

1.2. U3mepenue aMIUIMTYAHOUH XapPaKTEPUCTUKHU

AMIMTyAHas xapakrepuctuka (AX) — amo 3asucumocmsy amnaiumyol
(unu Oeiicmeyrouiezo 3HAYEHUs) NEPeoll 2APMOHUKU 6bIXOOHO20 HANPANCCHUS
om amnaumyosl (UIU OeluCmEyru|ez0 3HAYEHUA) 2apMOHUYECKO20 CUHYCOU-
O0a/IbHO20 CUZHAIA HA 6X00€e YyCMPOolicmea.

OO0mmii BUI aMIUTUTYAHOU XapaKTEPUCTHKHU TTOKa3aH Ha puc.l.1.

A UBbix

UBI)IX MAX

UBbIX MIN

> UBX

Usx vy Uspx Max
Puc.1.1

VY uneanpHoro ycunurenss AX JNUMHEHHA U MPOXOAUT Yepe3 HA4aJI0 KOOPAH-
HaT (LUTPUXOBasl JIMHUA), @ YTOJl HAKJIOHA XapaKTEPUCTUKU K OCHU a0CIUCC OIpeie-

asieTcst KO3 PUITMEHTOM YCHUIICHUS

Upgpx = K-Ugyx. (L.1)

OtkinoHeHue AX peanbHOro ycuiauTelns (CIUIOIIHAs JIMHUSA) OT UJealbHON
Ha HA4aJIbHOM Y4YacTKe OOYCIIOBJIEHO BJIMSAHUEM IOMEX (COOCTBEHHBIE ITYMbI yCH-
JUTENS, HABOJKHU, OH U JIp.), IPUBOAAIIUX K ToMy, uTo npu Upx = 0 Ha BbIXoxe
YCUJIUTENS IPUCYTCTBYET HEKOTOPOE HamnpsbkeHue nomex Uppx # 0. Bepxuunii us-
ru6 AX peasbHOr0 YCHJIMTEN CBA3aH C HEIMHEWHOCTHIO BOJIbT-AMIIEPHBIX XapaK-
TEPUCTUK YCWIMTEIBHBIX 3JIEMEHTOB, IPUBOMSIICH K IOSIBICHUIO HEIMHEHHBIX

WCKKEHUM MPU OOJIBIINX YPOBHIX BXOJHOTO CUTHAJA.
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AMIUIMTYIHAsI XapaKTEPUCTUKA TMO3BOJSET ONPEACIUTh TAKOM Ba)KHBIN Ma-
paMeTp yCuauTeNs, KaKk JuHaMUUecKuid nuamna3oH (D).

JAMHAMUYeCKUI AMANA30H — M0 OMHOUIEHUE MAKCUMAIbHO20 YPOGHA
CUZHAA K MUHUMATLHOMY ( 07151 TUHEIHO020 YUaACMKa XapaKmepucmuKuy mozym
O0blmb UCNOIb306AHBI OMHOULEHUA 6XOOHBIX UIU 6bIXOOHBIX HANPAICEHUIL).

MunuManbHbIM ypoBeHb cursana Uy OrpaHUYMBACTCS OTHOLLIEHUEM CUI-
HaJI/TioMeXa Ha BBIXOJIe, ONpe/esieMbiM TeXxHuYeckuM 3aaanueM (T3) Ha ycuiu-
Tenab. MakcCUMalIbHBI YpOBEeHb curHana Uyax OFpaHUYEH IMOSBJICHHUEM HEJIMHEH-
HBIX MCKKCHHUH, MONMyCKaeMbIX TpeOoBaHUsAMU T3, 0OBIYHO AMHAMHUYCCKUN IHa-

I1a30H BBIPAKACTCA B I[eI_II/I6eJ'IaXI

D:ZOlgm. (1.2)
UMIN

CrpykTypHas cxema i1 U3MEPEHUS aMILIUTYAHON XapaKTEepUCTUKN IIPUBE-

JeHa Ha puc.1.2.

Hcrounuk Usx Ugiix
CUTHajia Yceunurenp Ocuusnorpad
(Er, Rr)
BonsT™meTp Bonber™erp
NEPEMCHHOTO IEPEMEHHOTO
TOKa TOKa

Puc.1.2

N3mepennst AX npoBoAsST HAa (PUKCUPOBAHHOM YacTOTE€ B CpPEeAHEN YacTu

9aCTOTHOI'O AWAalla30Ha YCHUIIUTCIIA.

1.3. U3MepeHue aMIIMTYAHO-4aCTOTHOM XapAKTePUCTUKH



Koaddunment ycunenus: B 0011eM ciaydae siBIsSeTCs KOMIIEKCHOW BEIUYH-
HOM, 4TO 00YCJIOBJICHO BIMSHUEM PEAKTUBHBIX MapaMETPOB DJIEMEHTOB CXEMBI.

AMIUIUTYIHO-4ACTOTHASA XapakTepucTuka (AUX) — amo 3asucumocmo
MO0yna KoI(puuyuenma ycunenus om 4acmomsvl 2aPMOHUYUECKO20 CUZHAA,
nooaseaemoz2o Ha 6x00 ycuiumens.

Tunosas AUX aneproandyeckoro (HEpe30HAHCHOI0) YCUIIUTENS UMEET BUI,

MMOKa3aHHbIM Ha puc.l.3.

OoCYH
Kol o/ N\
V2
Ko
f
fH fB
Puc.1.3

Cnan ycunenus B obnactu Hu3kux yactot (HY) B ocHOBHOM ompezensercs
HAJIMYUEM Pa3JeIUTENIbHBIX U OJIOKUPOBOYHBIX KOHJEHCATOPOB B LIEMSAX YCHIIUTE-
ns1. B o6mactu Beicokux yactot (BY) Ha X0 94aCTOTHON XapaKTEPUCTUKU BIUSIOT
VWHEPIIMOHHBIE CBOMCTBA YCUJIIUTENIbHBIX 3JIEMEHTOB, MAPA3UTHBIE EMKOCTH MOHTA-
’a ¥ KOMIUIEKCHBIN XapakTep CONMPOTUBICHUS peallbHON HArpy3KH.

HwxHss 1 BepXHssl rpaHUlbl YaCTOTHOIO JWaria3oHa OMNpPENeIArTCsA Mpe-
NeNbHBIMU YacToTamu fy U fp, Ha KOTOPBIX YCUIIEHHE CHMXKAETCS 10 YCTAaHOBJICH-
HOTO JTomycKkoM ypoBHs. Hanbosiee yacTo ucnosb3yercs IO0MycK 10 ypoBHIO -3 1b,
COOTBETCTBYIOIIHUI CHUKEHHUIO yCUleHus B ~/2 pa3. CTPyKTypHas cxeMa M3Mepe-
Hua AUX Ta ke, 4yTo U npu usmepennn AX.

H3zmepenusa npoeooam npu (QuKkcupoBaHHom ypoéHe 6X00H020 CUZHAA,
coomeemcmeyouiem TUHeuHomy yuacmky AX, 01a 3moz0 eeauuuny 6xo0H020
cuznana Ugy evtouparom ¢ npedenax (0,1 — 0,3)Upx nax-

J7is KOMITakTHOTO M300paxenus rpapuka AUX ucnonb3yoT Torapupmude-
CKMI MaciTad Juisi OCH 4acTOT, IPU KOTOPOM JAECSITUKPATHOMY M3MEHEHHUIO 4Yac-

TOTHI (JIeKa/Je) COOTBETCTBYIOT paBHbIE reoMeTpuueckue oTpe3ku. I'paduk crpo-
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UTCS, HAUMHAsl C HEKOTOPOUM HavanbHOU 4acTOThI fyay<fy, a KOOpAMHATHI TEKyLIEH

4acToThl f Ha OCH YaCTOT ONpPEAEIISIIOTCS MO (opMyJie

f

fHAUI

X, =b-lg : (1.3)

rae b - reomeTpuyueckas JJIMHA JEKabl.

1.4. U3MepeHue nepexoqHOl XapaKTepUCTHKHU

Iepexonnas xapaxkrepuctuka (IIX) - amo 3aeucumocmv om epemenu
MZHOBEHHO20 3HAYEHUs Hanpaxycenusn (Koigguuuenma ycunenus) na vixooe

ycuaumensa npu nooaue HA €20 6x00 CUZHAIA 6 8UOE eOUHUYHO20 CKAYKA HA-

nPAIHCEHUA.
Er
_____________ h(t) = UBI)IX/UVCT
N\
' O
t | Y Vo \ -
th 09 :
a |
o1y t
[<=>|
ty
0

Puc.1.4
ITX wucmonp3yeTcss IUisl OINEHKHW WCKWKCHWA MPU YCHUICHUH HMITYJIbCHBIX

curasioB. [lepexonHble HCKaXEHUS, KaK M YaCTOTHBIE IIPY YCUIICHUU FapMOHHMYE-
CKHX CUTHAJIOB, OOYCIIOBJICHBI BIMSIHUEM PEAKTUBHBIX 3JIEMEHTOB B CXEME YCHIIU-
tens. [Ipaktmuecku mapamerpsl 11X m3mepstor, moxaBas Ha BXOJ YCWIHTEIS IIO-
CJIEI0BAaTEIbHOCTh MPSIMOYTOJIBHBIX UMITYJIbCOB (puc.l.4, a) U KOHTPOJIHUPYS OC-

nuuiorpagomM Gopmy curHana Ha BBIXOJIE.



[Tapametpsl I1X B oOnactu manbix BpemeH (puc.l.4, 6) xapakTepu3yroT uc-
KaKE€HUs (PPOHTAa UMIYJIBCHOTO curHana. [Ipu nogaye npsiMOyrojbHOrO UMITYJIbCa
Ha BXOJ| YCWJIMTENS NEpeIHUIl (PPOHT UMITyJIbCa BBIXOJHOTO HAMPSKEHUSI OKa3bl-
BAEeTCs PacTSIHYThIM BO BpeMeHU. [1o100HbIe HCKakeHUsT PpOoHTa UMITYJIbCA OIpe-
JEJISIFOTCS. BPEMEHEM YCTAHOBJICHHS ty, PABHBIM BPEMEHHOMY MHTEPBAILY MEXIY
W3MEHEHHEM BbIXOMHOro HampstkeHus ot 0,1 mo 0,9 or ycraHoBuBLIErocs 3Haue-
HUA Uycr.

VY anepuoanyecKoro yCWJIMTENs BPEMsl YCTAaHOBJIEHUS CBSI3aHO C BEPXHEU

npenenbHoi yacToToi fg o ypoBHIO -3 1b cooTHOIIEHNEM
ty = 0,35/f]3 . (14)

Bbi0poc (ppoHTa, BOZHUKAIOLMN MTPU KOJIEOATETLHOM XapaKTepe yCTaHOB-
JICHHS BBIXOJHOI'O HAIIPSDKEHUS, XapaKTEepU3yeTCs OTHOLICHUEM HAIIpsSKEHUsS BbI-

opoca AUg =Uysx —Uyer K YCTAaHOBHUBIIEMYCS 3HAYEHHMIO BBIXOJHOIO HAIIpPs-

KCHUA:

5 =20 100% (1.5)
UVCT

HckaxkeHue miIockoi BEpIIMHbBI UMITyJIbca (00JacTh OOJIBIINX BPEMEH) OLle-
HUBAIOT OTHOCUTEJIIBHOW BEJIMYMHOM CI1a/la BBIXOJHOTO HApsLKEHUs A_, KOoTopas
U3MepSAETCS B MOMEHT OKOHYaHUs uMityJbca ty (puc.1.4.8). Bennunna crniana Bep-
LIMHBI UMITYJIbCA U3MEPSAETCS B IIPOLICHTAX OT CTALIMOHAPHOTO 3HAYEHUS UMITYJIb-

ca. Mckaxkenus BepIIMHBI UMITYJIbCA Ay, CBSI3aHBI C HUKHEN IIPEAEITbHON YaCTOTON

fy mo ypoBHt0 -31b ciieiyromum cOOTHOIIEHUEM

Ay, = UA—— = 2mf, t,,100% . (1.6)

YCT

B ciywyae npeBbIlIeHUsT BBIXOJHOTO HANPSDKEHUS HAJl CTAlMOHAPHBIM 3HA-
YyeHueM umiyibca (puc.l.4,B) UCKaKE€HUS BEPIIMHBI UMITYJIbCA OLEHUBAIOTCS TO-

JIO’)KUTEIILHBIM 3HAUCHUEM A,

1.5. U3mepeHue BXOTHOTO M BHIXOJHOT'O CONPOTHBJICHUI YCUIUTEJISA



N3mepenust npoBoaAT Ha (PUKCUPOBAHHOM YacTOTE B 00JIACTU CPEJTHUX Yac-

TOT (BEJIMUMHA U3MEPUTEIBLHOIO CUTHAJA HE JIOJDKHA 3aXO0/IUTh 3a JIMHEUHBIN y4da-
ctok AX). O6bruHO npunuMarotT f ., =./f,f; . CTpykTypHas cxema m3MmepeHus

npuBe/ieHa Ha puc.l.5. YpoBeHb cUTHalla IPpU U3MEPEHHUH JOJKEH COOTBETCTBO-

BaTh JINHEMHOMY y4acTKy AX yCHJIUTEIS.

R
VcTounuk v Uspix BonsTMeTp
CHUTHAJIa | CUJINTCIIb MIEPEMEHHOT 0
TOoKa 2
S2
\
S1
RHI RH2
Bonbsr™erp
MIEPEMEHHOTO
ToKa 1
Puc.1.5

JIns u3MepeHnst BXOJHOIO COINPOTUBIIEHUS CUTHANI HA BXOJ YCHJIMTENS IMO-
JAOT 4epe3 U3MEPUTENIbHBIN PE3UCTOP M3BECTHOrO HOMHHana R. Bennuumny Rpyx
OTIPENIEISIIOT KOCBEHHBIM TYyTEeM, W3MEpssi BOJITMETpOM (WM ociuiuiorpadom)
HanpspkeHue E 1o pesucropa u HanpsbkeHue Ugyx HEMMOCPEICTBEHHO HA BXOJIE YCH-

JINTCJIA:

— UBXR

= ) 1.7
E—-Ug;y (1.7)

BX

[Ipu 60onpmioM Rpx, cOM3MEpUMBIM CO BXOAHBIM COIMPOTHUBICEHUEM HCIOJb-
3yeMOI'0 BOJIBTMETpPA, JAHHAS METOAUKA MOXKET 1aBaTh 3HAUYUTEIBHYIO IOrpEll-
HOCTb. B 3TOM citydae Rgx MOXKHO OIpenenuTs, U3Mepss HaIpsKEHUE Ha BBIXOJIE
YCUJIUTENA IIPU ABYX Pa3IMYHBIX CONPOTUBIIEHUAX U3MEPUTENIBHOIO pe3ucropa R
U IIpU 3TOM IOAJEpKHMBas HEM3MEHHbIM HamnpsbkeHune E. Ha npaktuke ogHO U3

3HaueHui R OepeTcs paBHBIM HyIO (pe3UCTOp 3akopauuBaercs). Toraa



RU
RBX — BBIX.R , (1 8)

UBbIX.O - UBle.R

rae Uppix r - BBIXOJHOE HANPSKEHUE TP M0J1a4€ CUTHAJIA Yepe3 pEe3UCTOp;
Usgpix 0 - BBIXOJHOE HAIPSDKEHUE MPU 3aKOPOYEHHOM PE3UCTOPE.

BbIxo/1HOE COMPOTUBIEHUE YCUIIMTENS TAKXKE ONPEACNIIIOT KOCBEHHBIM ITy-
TEM, MOCIEAOBATEIbHO M3MEpsis HANpsDKEHHE Ha BBIXOAE YCWIMTENS HPH JBYX

Pa3IMYHBIX COMPOTUBJICHUSX HATPY30UHBIX PE3UCTOPOB Ry U Rypy:

AU
Ry =~ 2 (1.9)
BbIX AI _—

rae AUsppix = Uppixi - Uppix2,  Algpix = Ippix2 - Ippixi »

BbIX1 > BbIX2 —
RHI RH2

Jnsa namepenust Rppix MOXKHO TakXe HMCIOJIb30BaTh METOAUKY W3MEpPEHUS
Rpx Mo nepBomy crioco0y, T.e. oJaBasi CUTHAJI OT TeHepaTopa Ha BBIXO| yCHIIUTE-
JI1 4epe3 pEe3UCTOP U3BECTHOIO HOMHHAJA, ONPENAEIATh CONPOTUBIIEHUE CO CTOPO-

HBbI BBIXO/J[da CXCMbI 110 MMaACHUIO HAIIPSKCHUA HAa U3MCPUTCIIBHOM PE3UCTOPC.

2. Onucanue J1a00pPaTOPHOI0 MaKeTa

Hccnenyemblil IByXKacKaJHbI yCUIUTEND (pHUC.1.6.) BBIIIOJHEH HA TPaH3H-
cropax V1...V5 u npenacrasnser coboit YIIT ¢ HemocpencTBeHHON CBA3BIO MEXITY
KacKaJamH.

[epBriii kackag — auddepenuunanbabii, Ha Tpansuctopax VIl u VT2, BTo-
poii, Ha Tpanzuctope VT4, cobpaH 1o cxeme ¢ 00IuM SMUTTEPOM. TpaH3UCTOPHI
VT3 u VTS5 00pa3yroT UCTOYHUK CTAOMILHOIO TOKA, 3aJIalOIIUN PEKUM PaOOTHI
g epeHInaIbHOro Kackaga. BbIXol ycunuTens CBsi3aH C OJHUM U3 BBIXOJOB
mudepennnanbHoro kackaaa (6aza VT2) uenpio oTpunareabHOH oOpaTHOM CBS3U
(amemenTsl R7, R6 u C2). PasnenurensHble koHaeHcaropsl Cl1 u C4 ciyxar s
CBSI3W YCHJIUTEIS C UCTOYHUKOM CHTHAJIa M BHEIIHEW Harpy3koi. Pesucrop R1 —

U3MEpUTEIbHBIN, UCTIONIb3YeTCs MpU u3MepeHun Rpyx ycunurens. Pesuctopst R9 u
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R10 mMozmenupytoT BHEIIHIOIO HAarpy3Ky U ITO3BOJIIOT U3MEPUTH €r0 BBIXOJHOE CO-
nporuBieHrue. BxogHon curnan mogaercs Ha kinemMMmbl X2. Knemmbsr X1 ciyxkar
JUIS TTOAKJIFOYEHUS BOJIBTMETPA IIPU U3MEPEHUHM BXOJHOI'O CONPOTUBIICHUS YCUIIU-

TCJIA.

3. IloaroroBka K padore

1. 3y4nTh O PEKOMEHIOBAHHON JUTEPATYpEe OCHOBHBIE ITOKA3ATEIN YCH-
JIMTEIBHBIX YCTPOMCTB U UX MMapaMETPHI.

2. IIpoBecTH aHaIM3 CXEMBI HCCIEAYEMOI0 YCHWIHTENS 10 IIOCTOSHHOMY TO-
Ky Ipu HanpsbkeHun nutanust By = 15 B. PacueTHbIM myTeM onpenennuTh KOJIJIeK-
TOPHBIE TOKM TPAH3UCTOPOB M HAIPSKEHUS B KOHTPOJIBHBIX TOukax 1...8. Ilpwm
pacyeTax NpUHATH HanmpsbkeHue O0aza-smutrep TpanzuctopoB U, = (0,6 - 0,7)B, a
0a30BbIMM TOKaMU NpeHEOpedb, T.€. CUMTATh TOK KOJUIEKTOpa Ix paBHBIM TOKY
samurrepa . Yuects, uto B auddepeHnmanbHOM Kackajae TOKU TPaH3UCTOpoB V1
1 V2 B HCXOJHOM COCTOSIHUM IIPAKTUYECKU PABHBI.

3. PaccuuTarh OpUEHTHPOBOYHO HMKHIOK IPAHUYHYIO 4acTOTy fi 0 ypoB-
HIO -31b 1151 BBIXOAHOW LENU YCUIUTEIS IPU CONPOTUBIIEHUN BHELIHEN HArpy3Ku
Ru; = R9 u Ry, = R10, nmonaras BeIXOJHOE CONMPOTUBIICHUE ycunuTelns Rgyx mpe-
HEOPEKUMO MaJbIM.

4. PaccunTarh OTHOCUTENIBHBIN CIaJ BEPIIMHBI IPSIMOYTOJBHOIO MMITYJIbCA
Ay, IpY JUTUTENBHOCTH ty = 1MC 1 yCIOBHSX I1.3.

5. loaroroButh Tabmuiy aiga u3Mmepenus AUX ycunutens B auanazoHe
gactoT 10 I'm...1 MI'n. CeTky 4acTOT COCTaBUTh, NPUACPKUBASCH TPUHIIUIIA Y-
BoeHus dactoTel: 10, 20, 50, 100, 200, 50011 u T.1.

4. BoinoJsiHeHue padorsl (dacThb 1)

1. Bxarounts cTeHa M pydykod E+ yCTaHOBUTH HOMHHAJIBHOE HAINPSKEHUE
nutanus ycunurens EO = +15B. HanpsokeHne KOHTpoaupoBaTh ocuuiuiorpagom B
TOUKe 8.

2. U3meputh ocuuiorpaoM IMOCTOSHHBIE HANPSKEHUS B KOHTPOJIBHBIX
TOYKax l...7 U CpaBHUTh UX C pacdyeTHBIMU. [Ipu pacxokIeHHH, IPEBBIIAIOIIEM
+30% , oOpaTUThCS K MPENOAABATENIO JJI BBIACHEHHS] MPUYMH HEUCIIPABHOCTH

MaKCTa U €ro 3aMCHBI.
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S1

X2

%)
8 —
+12B
D R2 D R4 i X3
56k 1.5k 4 Y,
VT4 i
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3. Ucnonb3ys pe3ynbTaTbl U3BMEPEHUN, BBIYUCIUTD (PAKTUYECKHE TOKH TPaH-
3UCTOPOB, HampskeHHUs: Uygs KaXZA0ro TPAH3UCTOPAa M MOIIHOCTb, PACCEUBAEMYIO
Ha KOJUJIEKTOpE Kaxxaoro tpanzucropa Py = IxUgx.

4. [loAKIIOYNTh U3MEPUTENbHBIE PUOOPHI U CHATh AX yCHJIUTENS Ha Yac-
tote f= 1 x['y 11t ABYX 3HaYeHUil conpoTuBiieHNs Harpy3ku. Bennunny Ugx max
(GuUKCHpOBaTh MO Hayaly MOSBICHUS BUAMUMBIX HMCKAXKEHHM BBIXOAHOTO CHUTHAJA
(orpaHMuYeHrEe CHHYCOHUJbl). BBIKIIIOUMB NMUTaHUE Te€HEpaTopa, U3MEPUTh HaIps-
xkenue noMex Up Ha Beixoge ycunurensd. OnpenenuTs IMHAMHYECKU Iuana3oH
YCUJIUTEJNS MPU COOTHOLIEHUHM CHUTHAJ/TIOMEXa Ha BXOJE, PaBHOM €IUHUIIE, YTO
cootBercTBYeT Upx mmv = Un/K.

5. Cuare AUX ycunurens npu Ry, = R9 u Ry, = R10. Onpenenurs npe-
JIEJIbHBIC YaCTOTHI 110 YPOBHIO -31b M cpaBHUTH UX ¢ pacdyeTHbIMH. AUX H Bce 1o-
CIIEIYIOIME U3MEPEHUS BBINOJIHAIOTCS B IMHEHHOM PEXXUME NP YPOBHE BXOIHO-

ro curnana Ugy, He nipeBsimaromiem (0,1 — 0,3)Ugx max-

4. BoinosineHue padoThl (4acTh 2)

1. Bxarounts creHn u pydykod E+ yCTaHOBUTH HOMHHAJIBHOE HAINPSKEHUE
nutanus ycunutens EQ = +15B. Hanpspkerne KOHTpOIUpoBaTh ocuuiiorpagom B
TOYKE 8.

2. Usmeputh octmuiorpagomM MOCTOSTHHBIE HAIpPSKEHUS] B KOHTPOJIBHBIX
TO4Kax l...7 U CpaBHUTh UX C pacuyeTHBIMU. IIpu pacxokIeHHH, IPEBBIIIAIOIIEM
+30% , oOpaTUThCs K MPENnoAaBaTeNi0 JJis BBIACHEHMS] MPUYMH HEUCIIPABHOCTH
MAaKEeTa U €ro 3aMEHBI.

6. U3meputh Rpx u Rppx yeunurens.

7. IlepexitounTh TeHEpaTOp CUTHAJIOB Ha BXOJ (OPMHUPOBATENS MPSIMO-
YTOJIbHBIX UMITYJICOB, PACTIOJIOAKEHHOIO B HM)KHEN YaCTU CTEHAA. Y CTAHOBUB BBI-
XOJIHOE HaNpsHKEHUE reHeparopa B npenenax 1...3 B, mpokoHTpoJIMpoBaTh OCIUII-
aorpadom ¢GopMy HMIYJIBCOB Ha BbIXoje (popmupoBarens. JIUTETbHOCTh HUM-
NyJIbCOB PETYJIMPYETCS] U3BMEHEHHEM 4acTOThl reHeparopa. Pyukoii “Per.ummn.” yc-
TaHOBUTh aMIUIUTYAY HWMIIYJIbCOB, COOTBETCTBYIOIIYIO JMHEWHOMY PEXUMY YCH-
JIEHUS CUTHAJIA.

8. HMcnonb3ys NOMOTHUTENBHBIA KaOenb MOoJaTh WUMITYJIbCHBIA CUTHANI Ha

BXOI YCHIIUTCIIA U UBMCPUTD OTHOCHUTEIbHBIMN CIiaa BCpHIMHBI UMITYJIbCA IIPH JJIN



TCIIBHOCTHU tH =1mc. CpaBHI/ITI) IMOJIYUYCHHBIC PC3YJIbTAThI C PACUCTHBIMU.

9. YBenuuuTh 4acTOTy T€Heparopa B AECITh Pa3 U U3MEPUTh HCKAXKEHUS
¢dbpoHTa uMIyIbca it 000MX 3HAYEHHUM CONMPOTUBIIEHUS Harpy3ku. CpaBHUTH IO-

Jy4YE€HHBIE JIaHHBIE C PACYETHBIMU 10 pe3yibTaTaM usMepenus AUX.

1.5. KoHTpO/ILHBIE BONPOCHI

1. ITokaxkxuTe MyTH MPOTEKaHUS MMOCTOSIHHBIX TOKOB B CXEME MakeTa, 00bsiC-
HUTE METOJIUKY OPUEHTHUPOBOYHOI'O pacyeTa U U3MEPEHUs] PEKUMOB IO MOCTOSH-
HOMY TOKY.

2. JlaiiTe onpeaesieHne U NOSICHUTE METOANKY U3MEPEHHUs aMIUIMTYIHOM Xa-
PaKTEPUCTHUKHU.

3. Jlaiite ompenesieHHE W IOACHUTE METOAMKY H3MEPEHHUS AMIUIMTYIHO-
YaCTOTHOW XapaKTEPUCTUKHU.

4. Vkaxure napaMmerpbl NEpeXOJHOW XapaKTEPUCTUKH B O0JACTH MallbIX
BPEMEH U UX CB3b ¢ mapamerpamu AUX.

5. YkaxuTe mapaMeTpsl MePEeX0oTHON XapaKTePUCTUKHA B 00JACTH OOIBIIHX
BPEMEH U UX CBs3b ¢ napamerpamu AUX.

6. IlossicHUTE METOUKY U3MEPEHUSI BXOAHOTO U BBIXOJHOTO CONPOTUBIICHUN

YCUIIUTCIIA.

JlabopaTopHnasi padora 2

NCCIIEJOBAHUME PE3UCTOPHOI'O KACKAJIA HA BUITIOJIAIPHOM

TPAH3MUCTOPE

Leab padoThI - U3YUYUTh U IKCHEPUMEHTAIBHO UCCIEI0BATh PE3UCTOPHBIN

KaCkal Ha 6I/IHOJ'I$IpHOM TPaH3UCTOPC.

1. Onucanue J1aGOPATOPHOTO MAKeTA

[IpyHuMnuanbsHas cxema MakeTa npuseneHa Ha puc.2.l. Kackazn BbIogHEH
Ha Tpan3ucrope tumna KT3 151" mo cxeme ¢ obmum smutrepom. J{s crabunm3anuu
pexxuma TpaH3ucTopa npuMeHeHa nocienoBarenbHas OOC no nMoCTOSHHOMY TOKY

(omutTepHas crabunuzanus). [lorennuan 6a3bl 3amaetrcs aenutenem R2, R3. Co-
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npotuBieHue Ry = R6+R7 coBmecTtHo ¢ R2 u R3 3ama0T BeTMUnHY SMUTTEPHOTO
Toka. DnemMeHTsl R8, R9 u C7 moaenupyroT BHEIIHIOKW HArpy3Ky Kackaja, a pe3u-
ctop R1 - BHyTpeHHee comnporuBieHre ucrounuka curtana. Kongencatopsl Cl u
C6 (C5) - pazaenutenbHble, CIyXKaT JJIs1 pa3JAelICHUs [0 MOCTOSHHOMY TOKY Ienein
NMUTaHUS TPAH3UCTOPA, UCTOYHUKA CUTHAJla U BHEIIHeW Harpy3ku. Konmencartop
C3 - 010KUpPOBOYHBIN, CIyKUT i ycrpaHeHuss OOC no nepemMeHHOMY TOKy. B
3aBUCUMOCTH OT MOJIOXKEHUS Mepekitouarens S4 nubo MOJHOCTBIO YCTpaHseTcs
OOC B paboueM auamnaszoHe yactoT (mosioxkenue 1), mu6o BBogutcs OOC Z-tuna
3a cuer pesucrtopa R6 (momoxenue 2). ITogkmrouenuem konaeHcatopa C4 mamnoit
eMKOCTH (mepekirouarensb S5 B nosoxeHuu 1) ata OOC npeBpaiiaercs B 4acTOT-
HO-3aBUCHMYI0 OC M OCYILIECTBISIET KOPPEKIMIO YACTOTHOM XapaKTEPUCTHUKU B
007acTH BBICOKUX yacToT (3murTepHas BU-koppekuus). Bximouenue npoccens L1
B KOJJIEKTOPHYIO LIETb TPAH3UCTOPA MO3BOJISET KOPPEKTUPOBATH YCUIICHUE HA BbI-
COKMX YacTOTax IpH padoTe Kackaja Ha BHICOKOMMIIETAHCHYIO €MKOCTHYIO Ha-
rpy3ky. COnmpoTUBJICHHE MApPaJLIEIBHOIO PE30HAHCHOTO KOHTYpa, 00pa30BaHHOTO
UHIYKTUBHOCTBIO L1 M eMKOCTBbIO Harpy3ku, pacTeT Ha 4acTOTe pe3oHaHca, Oia-
rojaps 4Yemy yBEJIMYMBACTCS COMPOTUBIIECHUE HArpy3KH KacKaja U COOTBETCTBEH-
HO pacteT KodppuiueHT ycuiienus. Mensisi uHAYKTUBHOCTh L1, MOXHO 100MBaTh-
Cs 3aMETHOI'0 PacIIMPEHUs] YaCTOTHOM XapaKTepUCTHKU WIH €€ MOAbEMa Ha 4ac-
TOTaxX, rJe 3T0 HeoOxoauMo. Koppekuus 4acTOTHON XapaKTepUCTUKU CYIIECTBEH-
HO 3aBHUCHUT OT AOOPOTHOCTH 0OPa30BaHHOI'O PE30HAHCHOTO KOHTYpa. Llenouka R4,
C2 ucnonb3yetcs Ay Koppekiuu ycuienus B oonactu HU pabGodero auanazona
3a CYET YBEJIMYEHHUS COMPOTUBIICHUS KOJJIEKTOPHOW HArpy3KH Ha HM3KHX 4YacTo-

Tax.

2. IloaroroBka k padorte

1. M3yuuTth 1o peKOMEHJOBAHHOU JIUTEpAType MPUHIUIT paObOThI, OCHOBHbIC
napaMeTpbl U XapaKTEPUCTUKH PE3UCTOPHOIO Kackajga Ha OUIMOJISIPHOM TpaH3U-
cTope (MeTobl 3aJaHusi paboueld TOYKH, aMIUIMTYJHAsh XapaKTePUCTUKA, HEIU-
HEWHBbIE UCKaXXEHUs, KOdDPUIIMEHTHI YCUTICHUS, YACTOTHASA M TIEPEXO/IHAs XapakK-
TEPUCTUKH, METOAbI Koppeknun AUX B pabodem amamazoHe yacTtotr). M3yunth

cxeMmy J1a00paTOPHOTO MaKeTa, ONPE/ISIIMB Ha3HAYCHUE BCEX JICMEHTOB.
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3. IlpoBecTu aHaNM3 CXEMbl MAKeTa IO MOCTOSSHHOMY TOKY IPHU HaNpsKeHUU
nutanus Ey= +15B. Beraucnute HanpspkeHus B KOHTpoibHbIX Toukax KT1...KT3,
onpenenuth BemuuuHbl Lok, Uok, Px. Jlanubie cBectn B Tabmuiyy. [Ipu pacuerax npu-
HATh Uy = 0,6...0,7 B, a moCTOSHHBIM TOKOM 0a3bl TpeHEOPEUb.

4. Ucnonw3ys crpaBounble JnaHHble TpaH3ucropa KT315I (hyyumw = 50;
hyivax= 350; | hy | =2,5 ma f= 100 MI'm; Cx = 7 nd; =500 T1C), OTIpeneuTh cie-
IYIOIIME €0 MapaMeTphbl:

a) cpenHui KOA(DPUITUESHT YCUIICHUS TIO TOKY
hy = hyndonax

0) BXOIHOE COTIPOTUBIICHUE TPAH3UCTOPA B 3aIAaHHOM paboyeM peKuMe

hy) =15 + 155,
K . _ _ 07 _ .
Fﬂe I‘E/ :C— N rB|9 — 1‘3(1 +h21) N 1‘3 —I_, (PT— 25 MB,
K 2

B) KPYTU3HY TPaH3UCTOpa

I') IPEJICTbHYIO0 YaCTOTY YCUJICHUS 110 TOKY
fi1= | hy, | fam -

5. BBIYMCIIATD CUTHAJIBHBIE MTApaMETPhl KacKaja B UCXOAHOM COCTOSIHUM BCEX
NEPEKITIOYATENEN:

a) KO3(QPUUMEHT yCUIICHUS HANIPSKEHUS

R5RS

Ko=vy2Rxn, THE R\, =R5/R8=—"+"7-"—";
0~ Y21kku pi | KH R5+ RS

0) BXOJTHOE COTPOTHUBIICHUE

RBX = h]l//Rz//R?) )



B) CKBO3HOM K03(PPUITMEHT TIepenauu
Kg = KoRpx/(R1+Rgx) ;
T') BXOAHYIO TUHAMHYECKYIO €eMKOCTh

Co = CprtCx(1+S;Rkn) , tae Si=hy/rgn= 1/r5,a Cyn=12nfni1575 ;

1) BEpXHIOIO TPAaHUYHYIO 4acTOTy fp

1
b 21(Tg + Tgy) ’

rae tg; = RoxpCo — MOCTOSIHHASI BpEMEHH BXOJIHOM LIETIH,
132 = RkyCy — MOCTOSIHHAS. BpEeMEHH BBIXOHOM TSN
Rskg = (R1+15)//155 — DKBUBaJIGHTHOE aKTUBHOE COMPOTHUBJICHNE BXOTHOM IIETIH,
Cy = C7+Cpp — €MKOCTb Harpy3KH,
Crp = 100 n® - BXOHAS EMKOCTH MTPUOOPOB, MOJKIIOUYAEMBIX K BBIXOAY KacKasa;

€) HIDKHIOIO T'PaHUYHYIO 4acToTy fy, yU4UTBIBAasl TOJBKO BBIXOJHYIO LEIb,

] I 1
" 2mr, 2nC5(R5+R8)

3. BoinosiHeHune padorhl (4actbl)

1. BknrounTh CTEHH, yCTAaHOBUTH HAIIPsSKEHHME NMUTaHusA Makera By = +15 B.
Harnpsixenue KOHTpOaupoBaTh OCUMIIIOrpagoM B KOHTposIbHOM Touke KT4.

2. V3MepuTh NOCTOSIHHBIE HANpsHKEHUS B KOHTPOJbHBIX Toukax KT1..KT3,
BBIYMCIIUTD BEIMYUHBI 5, Uks, Px. CpaBHUTE NOJTy4eHHBIE JaHHBIE C PACYETHBIMU.

3. IoaxmounTh U3MEpHUTENbHBIE TPUOOPHI U Ha yacTtoTe 1 K[ mpu Ry = R8
CHSTH aMIUTUTYIHYIO XapakTepucTuky kackaga 6e3 OOC u ¢ OOC.

4. WUcnonb3ys pe3zuctop R1, u3mepurh BXOJHOE CONMPOTUBIIEHHE Kackaaa Oe3
OOC u ¢ OOC. KommyTtupys pesuctopsl R8 n R9, usmeputh BbIXOAHOE CONMPOTUB-

JICHHUC KaCKala IIPpH TCX KC YCIIOBUAX.
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5. U3meputp AUX kackana 0e3 OOC npu Ry = R8. Onenuts BausiHue Benu-
yuHbI pazaenuresbHoi eMkocTH (CS5 win C6) u eMkoctu Harpy3ku (Cy = C7 + +Cpp

i Cy = Cppp) Ha TIOJIOCY YCUIICHUS.

3. BoinoJiHeHHne padoThl (YacTh 2)

1. BknrounTh CTEHH, yCTAaHOBUTH HAIpsDKEHHE NMUTaHUs Maketa By = +15 B.
Harnpsixenue KOHTpoIupoBaTh ocuuuiorpagom B KOHTposIbHOM Touke KT4.

6. M3meputh AUX kackaga ¢ OOC. Ouenuts nusmenenue AUX npu BBeJIeHUN
smutTepHOM BU-KOppekuu.

7. Cuarp AUYX kackaaa ¢ uHayktuBHoM BU-koppekuuei npu ycinoBun Ry = =
RO.

8. Cuarb AUX kackajna ¢ BBeieHHOH 1enbio HY-koppekiuu npu ycinosuu Cp =
C6, Ry=R9.

9. Ucnonw3ys hopMupoBaTens MPsIMOYTOJIbHBIX UMITYJILCOB HA CTEHAE, U3Me-
pUTh TapaMeTphl MEPEXOJHON XApaKTEPUCTUKHU Kackaaa (BpeMsl yCTaHOBJIEHUS ty,
BBIOpOC (ppoHTA d¢% , CKOI BepirHbl A%) miis ycnoBuit m.m.S. - 8. CKoJI BepIIUHBI

OOCHHUBATH IIPHU JJIMTCIIBHOCTHU UMITYJIbCA th= 1 Mmc.

4. KOHTpOJILHBIE BONIPOCHI

1. Ykaxure npuyrHbl HECTAOMIIBHOCTH PeKUMa OUIOJIIPHBIX TPAaH3UCTOPOB B
YCUJIUTENBHBIX KacKaaax.

2. OOBACHUTE MPUHLIMII SMUTTEPHON CTAOMIIM3AIMU PEKUMa pabOThl TpaH3U-
cTopa.

3. Kak ycunuTenbHble CBOMCTBA KacKaja 3aBUCAT OT pexXuma paboThl TpaH3H-
CTOpa ¥ BEJIMYHMHBI HAIPY3KH 10 IEPEMEHHOMY TOKY?

4. IlokaxuTe 3aBUCMMOCTb BXOJHOTO M BBIXOJHOTO CONPOTHUBIIEHUM KacKaaa
OT MapaMETPOB TPAHZUCTOPA U Er0 PEKUMA MO MMOCTOSHHOMY TOKY.

5. OObsAcHUTE, YeM OMNpPEAEIAIOTCS CBOMCTBA TPAH3UCTOPHOIO PE3UCTOPHOIO
Kackaja B 00J1acTH BBICOKHMX YaCTOT.

6. O0BsicuuTe, Kak Gpopmupyercst AUX kackaga B oomactu HY.

7. IlosicauTe npuHLAI SMUTTEPHOU BYU-KOppekun.

8. [losicauTe mpuHIMIT HHAYKTUBHON BU-koppeknunu.

9. lMosicauTe mpunnun koppekiuu AUYX B o6mactu HY.
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10. Ilokaxure, KaK M3MEHSAETCS NEPEXOJHAs XApAKTEPUCTUKA KacKaja IpHU

BBeaeHur BU- u HU- koppekTupyronmx neneu.

JlaGoparopHnas padora 3

NCCJIEIOBAHUE SMUTTEPHOI'O I UCTOKOBOI'O
[IOBTOPUTEJIEN

]_Ie.]lb paﬁoTbl — HCCJICAOBATH BJIMAHHC PA3JIMYHBIX CXCMHBLIX 3JICMCHTOB Ha
napaMeTpbl SMUTTCPHOIO M HUCTOKOBOI'O HOBTOpHTeﬂeﬁ. 3aerHI/ITB HaBBIKM 3KCIIC-

PUMCHTAJIBHOT'O UCCIICAOBAHUA YCUIINUTCIIBHBIX KACKaIOB.

1. KpaTkue TeopeTnuyeckne CBe1eHUsA

OMUTTEPHBIM M MCTOKOBBIM MOBTOPUTENU HIUPOKO HCHOJB3YIOTCS B YCHIIH-
TEJbHBIX YCTPOICTBAX B KAUE€CTBE COTJACYIOIIMX M BBIXOJHBIX KackKajoB. TumoBas
CXEMa 3MUTTEPHOrO MOBTOPUTENS MPUBEACHA HA puc. 3.1. YmpomeHHo 3Ta cxema
nu3o0paxaeTcs B BUje, okazaHHOM Ha puc. 3.2. 3aeck Ry = Ry//Ry, roe Ry — Bxog-
HOE€ COINPOTHUBIICHUE CIECAYIONMIEH LIENN WA Kackaaa. Takou ke BUJ UMEET peabHas
CX€Ma SMUTTEPHOTO MOBTOPUTENA B CIIy4yae HEMOCPEICTBEHHOW CBSA3U C HCTOYHUKOM
CUTHAJIA Y HATPY3KOM.

B smutTepHOM MOBTOpUTENIE TPAH3UCTOP BKJIIOUEH IO CXEME C OOLIMM KOJI-
JeKTopoM. BxomHoe HamnpspbKkeHHe MPUIIoKEHO K ydacTky Oaza-kosuiektop (Upx =
Ugk), BBIXOJHOE - CHHMaeTcs ¢ ydacTtka 3MUTTep-KoIeKTop (Ugpx = Uks). Ilo-
ckoibKy Ugx = Ugps + Ugpix, TO KOADPHUIIUESHT YCUIICHUS 110 HAIIPSHKEHUIO dMUTTEP-
HOT'O ITIOBTOPHUTEIISI BCErla MEHBIIIE €UHHUIIBI, T.€. IOBTOPUTEID HE YCUIIUBAET IO HA-

NPSKEHUIO:

KO — UBI)IX — UK3 . (31)
Ugx Upy+Ugy

HOCKOHBKY UK3 = 13R3H = (IB‘|‘IK)R3H, U53 = IBh113 n IK/IB:h213 , TO

1+h R
)= (I+hy5)Rqy ‘ (32)
hy5 +(1+hy5)R5y

20



B T0 e Bpems SOMUTTEPHBIM TOBTOPUTEIND SBJISIETCS YCHIIUTEIIEM TOKA C MAKCUMAaJIb-
HBIM KO3()(PUIIMEHTOM yCHJIEHHUS, TaK KaK BXOJIHBIM TOKOM SIBJsIeTCSl 0a30BbId, a BbI-

XOAHBIM — C-)MPITTGpHBIﬁ:

K,=tmex Do dstle oy (3.3)
IBX b IB

Ecnn 3a1aThCsl OMSPHOCTHIO HAIPSDKEHUSI HCTOYHUKA CUTHAJIA M IPOCMOTPETH
BCE MYTH NMPOTEKAHUS IEPEMEHHBIX TOKOB, TO HETPYAHO YOEAUTHCS B TOM, YTO SIMUT-
TEPHBI IOBTOPUTENIb HE U3MEHSIET MOJSPHOCTH YCUIIMBAEMOIO0 CUTHAJIA, T.€. SIBJISET-
Cs1 HE NHBEPTUPYIOLIEN CXEMOM.

BxonHoe conpoTHBIIEHNE CXEMBI ¢ OOIIMM KOJUIEKTOPOM B 00JIACTH HU3KUX U
CPEIHUX YaCTOT BEJIMKO IIPHU YCIOBHUHM, YTO HArpy3Ka IPEICTaBISIET COOON 3aMETHYIO

BEJIMYMHY TI0 CPAaBHEHHUIO C h;5 TpaH3UCTOpA:

Rext=hiin + (1 +hyn) Roy . (3.4)

[lern muTaHus 6a3pl IO TOCTOSHHOMY TOKY CHIDKAIOT BXOJHOE COIPOTHBIIC-
Hue kackana. B cxeme (cm.puc.3.1) Rgx = Rpx.1//Rg, tae Ry = Rgi//Rg,. s ymeHsb-
IICHUS IITYHTUPYIOIIETO JACHUCTBUSI 0a30BOT0 IEIUTENS UCTIONB3YIOT CXEeMY, TOKa3aH-
Hyto Ha puc.3.3. [Ipu ko duiuente nepenayu YSMUTTEPHOTO MOBTOPUTEIS, OJTUZKOM
K €IWHUIIC, HAMPSHKEHUE HAa €TO BBIXOJIC MPAKTHUUECKH HE OTIMYAETCS OT BXOJIHOTO
HU 0 aMIUIUTyJAe, HU 1o (aze. Briarouenue koHjeHcaropa 00mabmon eMkocTd Cep
MEXy TOYKOW BBIXOJIa CXEMBI M CPEIHEH TOYKOM JENUTENs B 1enu 0a3bl 3aKOpadyu-
BaeT ATU TOYKH I10 MIEPEMEHHON COCTABJISIONICH W MIPUBOAUT K TOMY, UYTO MOTCHIINA-
JIbI HA BEPXHEM M HM)KHEM KOHIIaX CONPOTHUBICHMS Rj OoKa3plBalOTCSA NMPaKTUYECKU
OJIMHAKOBBIMH, a TIAJICHUE HAIPSOKEHUSI CUTHAJIA HA HEM CTPEeMUTCS K Hyo. OTCyT-
CTBHE MAJICHUS HAPSYKECHHUs Ha CONPOTUBJICHUU Ry CBUIETENBCTBYET O TOM, YTO TOK
CUTHAaJa M0 HEMY He MPOTEKaeT, U 0a30BbIN JACIUTEINb MIePECTaeT IIYHTUPOBATh BXO]]
Kackaga. BxogHoe compoTHBiIeHHE Kackajla MpUOSMKAETCS K 3HAYCHHIO BXOJHOTO
CONpPOTHUBIICHUS TpaH3ucTOopa Rpx = Rpx.r. [IpakTnueckn ymeHbIICHUE HAIIPSKEHUS

CHUT'HaJIa Ha COIIPOTHUBJIICHUHN RI[ 9KBUBAJICHTHO €T'0 YBCIIMUYCHUIO 10 3HAYCHUA!

Ryp= 1 (3.5)
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BrIxomHOE COMPOTHBICHUE KacKajla Majo W 3aBUCUT OT CONMPOTHUBIICHUS HC-
TOYHHUKA CUTHAJIa (TeHepaTopa):
h,,+R

R gy = 12—, 3.6
BbIX 1_'_111219 ( )

Bce nepeunciennbie napameTpbl GU3HUECKH OOBSICHSAIOTCS TEM, YTO KacKaJl ¢
00IIMM KOJUIEKTOPOM MOXKET paccMaTpUBAThCS KaK Kackaj ¢ OOLIUM SMUTTEPOM, OX-
BaueHHBIN 100%-1 oTpHIaTeIbHON OOpAaTHOM CBSI3bIO IO HAIPSKEHUIO MOCIEI0BaA-
TeNbHOU 1Mo BxoAy (rocienosatenbHas OOC no HanpsHKEHHI0). JTa CBA3b ONpees-
€T TaKXKe IIMPOKOIMOJIOCHOCTh KAacKaJa U MaJible HEJIMHEWHbIE MCKaKEHUs] CUTHAaJA.
[lo cpaBHeHHIO CO CXeMOW € OOIIMM SMUTTEPOM 37E€Ch 3HAYUTEIBHO OCIabIEHO
BIUSIHUE EMKOCTH Tiepexoja 0a3a-sMUTTEP, TaK KaK OHa HAXOAUTCS MO HaNpsHKeHU-
€M, PaBHBIM pA3HOCTH €ro BXOJHOI'O M BBIXOJHOIO HampspkeHui, a mpu K = 1 3ra
Pa3HOCTb CTPEMHUTCS K HYJIIO.

YMeHbIIIEHHe BXOJHOTO COMPOTHBIICHUS IMOBTOPHUTENS HAa BBICOKHMX YacTOTax
(puc.3.4, a) onpenensieTcss B OCHOBHOM BJIIMSIHUEM €MKOCTHU KOJUIEKTOPHOI'O MEpPEXo-
71a, K KOTOPOU MPHUIIOKEHO BXOJIHOE HaMpshKeHHE (depe3 00beMHOE CONMPOTHUBIICHHE
0a3bl Iy TpAaH3UCTOPA). BRIXOAHOE COMPOTHUBIICHHE KACKAJIOB HAa BHICOKMX YaCTOTaX
Bo3pacraeT (puc.3.4, 6) ¥ B HEKOTOPOM JHalia30He 4acTOT HOCUT MHAYKTUBHBIN Xa-
pakrep.

UctokoBeiii moBTOpuTensh (puc.3.5) mnpencraBisieT co0oil Kackaa ¢ OOIIMM
CTOKOM, ¥ OCHOBHBIC CBOMCTBA €T0 aHAJIOTHYHBI CBOMCTBOM AMHUTTEPHOTO MOBTOPH-

tenst Koo uuueHT ycunenus no HarnpsKeHUIo

_ Uw _ SRy

- - (3.7)
U, +U, 1+SR,

0

rae S — KpyTH3Ha TpaH3UCTOpa B pabouel Touke, Ry — compoTuBieHHe Harpy3Ku
KacKaJla, COCTOAIIEEC M3 NapajUIeIbHOIO COCIWUHEHUS CONpOTHBICHUU Ry m Ry.
BxonHoe cOmpOTUBIEHHE MCTOKOBOIO MOBTOPUTEIS MPAKTUYECKH OMPEAEISAETCS pe-

3UCTOPOM B LIEIH 3aTBOPA, T.€. Rgx = R3. Ha BbICOKMX yacTOoTax BX04 HOM
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Puc.3.5 Puc.3.6

HMIICAAHC OIIPCACIIACTCA BXOI[HOﬁ I[I/IHaMI/IT-ICCKOI\/’I CMKOCTBIO, KOTOpasd 3HAYUTCIbHO
MCHBIIC BXOI[HOI>'I €MKOCTHU CXCMBI C O6H_II/IM HCTOKOM M B OCHOBHOM OIIPCACIIACTCA

€MKOCTBIO 3aTBOP-CTOK (puc.3.6):

Co= Csc + Cap(1 - K) + Cyy (3.8.)

rae Cy — eMKOCTh MOHTa»Xa BXOJHOM IIEMH.

BrixogHO€ COMpPOTHUBIEHUE HCTOKOBOTO MOBTOPUTENS B OOJACTU HU3KUX M
CpeAHUX YacTOT JOCTATOUYHO Majo U MPU UCIOIH30BAaHUU TPAH3UCTOpa C OOJBIION
KPYTU3HOM OINpeaensieTcs BhIpa)KEHUEM

1

R ix =5 (3.9)

Kak BumnHo u3 (3.9), BEIXOIHOE COMPOTUBIIEHNE KAaCKajla 371€Ch HE 3aBUCHUT OT COIPO-
TUBJICHUS] UCTOYHUKA CUTHAJIA, B OTJIUYUE OT SMUTTEPHOTO MTOBTOPUTEIS.

BepxHsisi TpaHMIla 4aCTOTHOrO JAMarnia3oHa OMpPEACSSIETCS MO0 BXOAHOM Ienu
npu Rr # 0 emkocteio Cy 1 mapasuTHOM MOHTaXHOU Cyyp, a IO BBIXOJHOW — €MKO-

cTbio Harpy3ku Cy, eMKOCThI0O MOHTaxka Cy, 1 eMKOCThIO Cey:

1

= (3.10)

fg,

= ! = S , (3.11)
21ChcnRppx  27mC e

fB2

rae Cpx=CotCymi, Cocn=Cen+Cu+Cy.

2. Onucanue 1a00paTOPHOTro MaKeTa

Cxema nabopaTopHoro Makera (puc. 3.7) COIEp>KUT SMUTTEPHBII TOBTOPUTEND

Ha OumoasipHOM TpaH3ucTope VT1 M UCTOKOBBIM MOBTOPUTEIIH HA MOJICBOM TPaH3H-
crope VT2.
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Pesucroper Rl u R2 MopenupyroT BHyTpEeHHEE COIPOTHBIIEHHWE HWCTOYHHKA
curana. llepexnrogarens S2 ucnosb3yercs Mpu U3MEPEHUU BXOIHOTO COIPOTHUBIIC-
Hus nosropurenei. Pesuctopel R11 u R12 MonenupyroT conpoTrBIIEHHE HArPY3KU U
IO3BOJISAIIOT OLIEHUTh BENUYMHY Rppx 000ux noBToputeneil. IlogkmoueHre KOHIEeH-

catopa C8 Moaenupyer U3MEHEHHE EMKOCTH Harpy3KHu.
3. IloaroroBka K padore

1.M3yunth cxemy nabopatopHoro Makera no puc.3.7. Ucnons3ys cBeneHus o
HOMMHAJIaX 3JIEMEHTOB pacCMaTPUBAEMOM CXEMBI M CITPABOYHBIE JTAHHBIC TPAH3UCTO-
pa KT315B, paccuutaTh OCHOBHBIE ITapaMeTPbl SMUTTEPHOTO MMOBTOPUTENS MPU TOKE
KoJuiektopa Ix = 1 MA.

Hannasie Tpanzuctopa: hyisumw = 50; hyismax = 350; Cx = 7 nd; mocTostHHAs
BpeMend 1ienu OC 1 = Cyrp= 500 1ic; |hy| = 2,5 Ha wacrote f= 100 MI'11.

IIpu pacyeTe NpUHATH BO BHUMAHUE CIIEAYIOIINE COOTHOLIEHHUS :

hy5 = \/h213MAX L ETEIVINE hyjp =15 +155
_¢hyy S = hyi5 Corr = 1
gy =—"" ", = B =8 ~ . >
| 2xf,
KO Igny Tp1Tpn

rie  ¢,=28mMBuopuT= 298’ K; fio1 = fip/hois 5 fp=lhoi |t
2. Wcnionw3ys SKBUBAJIEHTHYIO CXEMY TpaH3ucTopa (cxeMmy JPKHUKalIeTTo), CO-
CTaBUTh IIOJIHYIO SKBUBAJICHTHYI) CXEMY OMUTTEPHOrO IOBTOPUTEINS U PACCUUTATH
€ro napameTpsl:
1) xoopdumnment ycunenus: no HampspkeHuro K 1 nByX 3HaueHUI BHELIHEH
Harpy3ku (R11 u R12);
2) BXOJIHOE conmpoTuBIeHHE Rpx ¢ yderoM BimsiHUS 0azoBoro aenutens RS u
R6.
3) BBIXOAHOE CONPOTUBIEHUE Rppix I ABYX 3HaYEHUMN CONPOTHUBIICHUS UCTOY-
Huka curtana (R1 u R2);

4) BEpXHIOIO MIPEACIbHYIO YacTOTY CKBO3HOI0 Kod(duiiuenta nepenayu ais Rr
=RI1, Ry =RI11I;
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Ry +h; 5 +(1+S5)Ry
2n[Cystys(Rp +15 +Ry) +Cy (R +15)(1+hy )Ry ]

fB -

5) HIDKHIO TPEACbHYIO YaCTOTY BBIXOJIHOW 1IEMH AMUTTEPHOIO MOBTOPUTEIS
st Rr=R1, Ry=RI11I:
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1
21Cp,y (Rppx +Ry) .

fiy

6) mepexoHble UCKAKEHUS IMUTTEPHOIO MOBTOPUTENS (BpeMsl yCTaHOBIIE-
HUs ty CKOJ BEpIIMHBI UMITyJbca). [Ipu onpeneneHun ckojia BEpUIMHBI UMITYJIbCa
MPUHATH ty = 1 McC.

3. HapucoBarh MOJHYIO 3KBUBAJEHTHYK CXEMY HCTOKOBOT'O ITOBTOPHTEIIS.
Paccuntate mapaMeTrpbl HMCTOKOBOrO IOBTOpUTENS. JlaHHBIE TpaH3UCTOpA
KII302A: S =5 MA/B; Csy =20 n®@; Cey = 7 nD; C3¢ = 8 nd:

1) koappuueHT nepeaaun Mo HaMPSHKEHUIO 7S IBYX 3HAYECHUN COMPOTHUB-
JICHVS BHEUIHEN HAarpy3KH, YUYUThIBas, 4To B cxeMe Ha puc. 3.7 Ry = R9 + R10;

2) BBIXO/IHOE COIIPOTUBJICHUE CXeMbI Rppx;

3) BXOOHYIO JUHAMHYECKYIO eMKOCTb Cpx jum;

4) BepXHIOIO MpeaeNbHYI0 4acToTy BxojaHOW wuenu fg; npu Rr=R2 u Cyy =
= 20n®;

5) HIKHIOIO TPAHUYHYIO YaCTOTY BBIXOJIHOM 11enu fy, mpu Ry = R12

6) nepexoaHble UCKaXKEHHsI UICTOKOBOTO moBToputens ty u A_. [Ipu pacuere

A_ npuHATH ty = 1 Mc.

3.4. Ilopsinok BbINOJIHEHUSA Pa00THI (YacThb 1)

1. Bxarounts crena. Pyukoir E+ ycTaHOBUTH HampshKE€HHWE NMUTAHUS MaKeTa
+12B. KoHTpoib ocyiiecTBiseTcs 1Mo npudopy B JEBOM YacTH CTEHJIA, BCS IIKaa
—20 B.

2. CHATh aMIUIUTYAHYIO XapaKTEPUCTUKY SMUTTEPHOTO MMOBTOPUTEIIS HA Yac-
tore 1 kI'm nmpu Rr = R1 u Ry =R11. Onpegenuts kord¢uimeHT ycunaeHus mo
HaIpPsHKEHUIO U CKBO3HOM K03 (DUITMEHT Tiepeadi.

3. Hcnosnp3ys nepekirovarens S2, ONpeleIuTh BXOJHOE CONPOTUBIIEHUE T10-
BTOPUTENS JUIsl ABYX 3HAUEHU BHeIIHeH Harpy3ku R11 u R12.

4. 3meputh BXOJHOE COMPOTUBJIEHUE MOBTOPUTENSL CO CXEMOU HEHTpann3a-

MU IIYHTUPYIOLIETO AEUCTBUS Oa30BOT0 ACINATENS.



5. VI3MepuTh BBIXOJHOE COMPOTUBJICHUE MOBTOPUTENSA. OLIEHUTH 3aBUCUMOCTD
Rppx OT COMPOTUBIICHUSI ICTOYHUKA CUTHAJIA.

6. CHaTb ckBo3HYI0 AUX noBroputens npu Rr = R1 1714 3HaueHuit Harpy3Ku:
R11,R12,R12 u C8.

3.4. Ilopsinok BbINMOJTHEHUSA PA0OTHI (4ACTH 2)

1. Bxarounts crena. Pyukoir E+ ycTaHOBUTH HanmpshKE€HHWE MUTAHUS MaKeTa
+12B. KoHTposib ocyuiecTBisieTcs o Npuoopy B JIEBOWM YacTH CTEHJA, BCS LIKaja
—20 B.

7. llepexiouarenieM S5 NOAKIIOYUTH BHELIHIOO HAarpy3Ky K BBIXOAY MCTOKO-
BOI'O IIOBTOPUTENS M IPOU3BECTH M3MEpPEHMs 1o mi.2-3 u mi.5-6 npu R = R2.
CpaBHUTH NOJYYEHHBIE JAHHBIE C COOTBETCTBYIOIIMMH IapaMeTpaMy SMUTTEPHO-
r'0 MOBTOPUTEJIA.

8. Ucnonb3ys opmupoBaTens NpsMOYTOJbHBIX UMITYJIbCOB B HI)KHEW 4acTH

CTEHJia, IPOU3BECTU U3MEPEHHUS NTapaMeTPOB NEPEXOTHON XapaKTEepPUCTHKH (ty,dq

U A) IO yCJIOBUSAM 1.6 1Jisi 000MX MOBTOpUTENEH. 151 SMUTTEpPHOTO MOBTOPUTENS

ucnons3oBath Rp = R1, a nna ucrokoBoro — Ry = R2. Ilpu uzmepennn A_ npu-

HATB t; = 1 Mc.

3.5. KoHTpoJ/ibHBIE BONPOCHI

1. HapucyiiTe noJiHyl0 M YaCTHbIE SKBUBAJECHTHBIE CXEMbl SMUTTEPHOTO TIO-
BTOPHUTENS ISl HHI3KOYACTOTHOM M BBICOKOYACTOTHOM 00JIacTei.

2. JlaliTe CpaBHUTEJBbHYIO OIIEHKY MMapaMeTPOB IMUTTEPHOTO MOBTOPHUTEIIS T10
OTHOILICHUIO K IapamMeTpaM CXEMbI C OOLIUM SMHUTTEPOM.

3. ITosiICHUTh NPUHIUIT HEUTPATU3alH IIIYHTUPYIOIIETO JEUCTBUS ACIUTENS B
0a30BOM 1111 TOBTOPUTEIIS.

4. HapucyiiTe MOJIHYIO U YaCTHbIC SKBUBAJICHTHBIE CXEMbI HCTOKOBOI'O TTOBTO-
puTeNs Il HU3KOYACTOTHOM M BRICOKOYACTOTHOM 00JIacTei.

5. CpaBHUTE napaMeTpbl UCTOKOBOT'O TOBTOPUTEIISI C TapaMETPaMU CXEMBI C
OOIIMM HCTOKOM.

6. [Toxaxkure, Kak B HICTOKOBOM IMOBTOPHUTEJIE JTAOOPATOPHOTO MaKeTa 3aJacT-
CA PEXUM TPAH3UCTOPA MO MOCTOSHHOMY TOKY M YEM ONPEIECIISIETCS BXOJAHOE CO-

IMPOTHUBJICHHUC KaCKa/ia.
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JlabopaTtopnas paGora 4
NCCIIEAOBAHUE TUOOEPEHIITUAJIBHOI'O KACKAJIA

Leab padoThbl — U3y4YUTh OCHOBHBIE CBOMCTBA M MapaMeTpsl quddepeHun-

AJIbHOT'O KaCKaJla Ha 6I/IHOJI}IpHLIX TPaH3UCTOpAX.

4.1. KpaTkue TeopeTnyecKkue cBeJeHUs

Huddepennmansubie kackaasl (JIK) nMeroT odeHb XOpoInyo cTabMIbHOCTh
pexuMa, UX MOKHO COCAMHSTH MOCIEA0BATEIbHO 0€3 MEePEeXOHBIX KOHAEHCATO-
poB. UnTerpansubie JIK 001aaaroT MansiMu OIIMOKaMU YCUIJIEHHS] TIOCTOSIHHOM CO-
CTaBJIAIOUIEH CUTHAJIA, MAJIbIMU UCKAXEHUSMU IPU BOCITPOU3BEACHUU BBICOKOYAC-
TOTHBIX U UMITYJIbCHBIX CUTHAJIOB. JTOT THH KacKaJa ABJISIETCS OCHOBHBIM CXEMO-
TEXHUYECKUM 3JIEMEHTOM JIJI JTUHEHWHBIX YCUIUTEIbHBIX MUKPOCXEM C MOBBIIICH-
HOU uHTEerpamuei (onepauoHHbIe YCUIIUTENIN, KOMIapaToOphl, CTAOUIN3AaTOPHI)

OcHoBHas cxema JIK Ha OUMIOSIPHBIX TPAH3UCTOpAX MpUBeeHa Ha puc.4.1.
Hcxoanbii pexuM TPaH3UCTOPOB 3aaETCA TOKOM Iy B amurrepHou uenu. Benu-
YMHA TOKAa YCTAHABIIMBAETCS pe3UCTOPOM Ry b0 reHepaTopoM CTaOMIBHOTO TOKA
(I'CT) na tpan3sucropax (puc.4.2).

OtaumuurensHas ocodeHHocTh [IK 3akimodaercs B TOM, 4TO OH 0OecCIIeurBa-
€T YCWICHHE PAa3HOCTH CUTHAJIOB, MPUJIOKEHHBIX K €ro BXOJaM, U OCIadIIsieT CUH-
¢dazHble 1711 000UX BXOJI0OB COCTABJISIONIME CUTHAJIOB.

K ocHoBHBIM mapamerpam, xapakrepusyromum /K B pexume manoro cur-
Hasa, oTHocsATcs Auddepenumanbabiil Ky 1 cundassbiii K¢ koaddunments! nepe-
naun, ko3 dunment ocnadnenus cuapaznoro curnana Kooc, muddepenmanpHoe
Kpx g u cuH(pazHoe Kpgx ¢ BXOAHBIE CONPOTUBIIEHMS, BBIXOJHOE CONPOTHBIICHHUE
Rppix-

Juddepenunanbubiii ko3pdunuent nepegaun Ky MoxHO mojcuuTars, uc-
MOJIb3Ysl SKBUBAJIICHTHYIO cXeMy BxojaHo enu (puc.4.3). [{ns ynporieHus pacue-
TOB TIPUMEM TapaMeTPhl TPAH3UCTOPOB MU hepeHIInaTbLHON Tapbl UACHTUIHBIMA
U TIPEIO0JIOKUM, YTO BHYTPEHHEE CONMPOTUBIICHUE UCTOUHMKA curHaia R;<<h,,,
a HarnpsbkeHue curHana Ec 61mu3ko k Hymio (341ech hjj5 — BXOJHOE CONMpPOTUBIICHUE
TPaH3UCTOPA C OOIIUM AIMUTTEPOM ).

[1o BXOJTHOM LIENH YCHIIMTENS OT UCTOYHHUKA CUTHAJA TEYET TOK
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I _ EC ~ EC
ca— ~ )
! R;+hy5+h; 5 //Ry(1+hy5) 2hyy

4.1)

rae R, — conpoTuBneHue B 1€ YMUTTEPOB;

h,15=Ix/l5 - KO3pIULIUEHT ycUIeHHs KOJUIEKTOPHOTO ToKa B cxeme ¢ O0;

hy15//R5(hy15+1) — mapannensHOE coeMHEHNEe CONPOTUBIEHUM hy 5 U Ry(hyy+1).
[IpupareHus BBIXOIHOTO CUTHAJIA Ha KOJJISKTOPHBIX CONMPOTHBJICHUSAX PaB-

HbI

BeixonHoit auddepeHuuanbHblii CUTHAT MEXAY KOJUIEKTOpaMH TPAaH3UCTO-

poB OyjeT B ABa pa3a Oosnbiie, yeM AUg:

E
AUgpx =2AUg =2—“—h, 3Ry, (4.3)
119
a nuddepeHnuanbHbi KodQPUIMEHT nepenadn
AU h
Ky = BbIX = 2B Ry =y, Rk, (4.4)
Ec hy5

r71€ Vo1 = hy1s/h15 — KpyTH3HA TpaH3UCTOPA.

U3 gopmynsl (4.4) cienyer, yto nuddepeHuranbHbii KoahPUIMeHT nepe-
naun JIK paBeH koadpuienTy ycuiaeHus: OAMHOYHOro kackaaa ¢ O3. DTo npowuc-
XOAUT MOTOMY, YTO B pexume, OJIM3KOM K OajaHCy, Ha KaXKAbId TPaH3UCTOP IO-
CTyINaeT HampsbkeHue curHana Ec/2, a mpupaimieHus CUTHaJOB Ha KOJUIEKTOpax
TPaH3UCTOPOB CYMMUPYIOTCS.

KpyTuzna OUMNOJISpHOrO TPaH3MCTOpa CBSI3aHA C TOKOM SMHUTTEpPA COOTHO-

MCHUEM

Yo =1y /0 =1,/20, , (4.5)
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rae @, = kT/q — temneparyprbiit moterrman (k =1,38-107> x/rpax —ocrosiHHas

19
boneivana; T — abcomotHast Temneparypa; q=1,6-10" Ki — 3apsn anmekTpona);
Iy — cymMMapHBIi TOK B OMUTTEPAX TPAH3UCTOPOB.

N3 3TOr0 COOTHOIIEHUS CleayeT, 4To AuQQepeHnanbHbii KO3PPUIUESHT

nepenadn

I
K;=—2Rg (4.6)
g 20,

IPSIMO TIPOTIOPIIMOHAJICH CONMPOTUBIICHUIO Harpy3ku Ry, Bemmumue Toka Iy m 00-
paTHO TPOTIOPIIMOHATICH TEMIIEpaType, a TaKKe HE 3aBHCHT OT KOI(PPHUIMCHTA
YCWJICHHS IO TOKY hy ;5 (Tocnenee cnpaBeiyiuBo mpu hy 5 >>1).

Bxonnoe muddepennmansaoe conporusnenue K, cymecTBytomee Mexmay

ero Bxojamu (cM.puc.4.3), paBHO

20, _2¢,(+hy5) 49, (d+hy5)

R ~2h, ~ ~
BX.I 19 I I I,

(4.7)

Cundaszubiii K03QGUIMEHT TIepeiadyd MOKHO OIPEACIUTh U3 SKBUBAJICHT-
HOM CXeMbl BXOAHOM 1ien (puc.4.4).
Tox cuH(]a3zHOr0 cHUrHajga, MPOTEKAIOIMMWK MO BXOJHBIM LIEMSM TPAaH3UCTO-

pOB, paBeH

ECC ECC (48)

loc = ~ ’
hi15/2+Ry(1+hy5)  Ry(1+hyy)

rae Ecc — HanpsbkeHue HCTOYHMKA CUTHATA.
[To xaxxnomy u3 Bxoa0B JIK mpoTekaeT TOK BABOE€ MEHBIINM, BbI3BIBAOIIUNA

HN3MCHCHHUC TOKOB TPAaH3UCTOPOB HAa BCIIMYNHY

AIK — ICCh213

5 , 4.9)

a KOJUICKTOPHOTO HAIIPAXKCHUA Ha
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h213ECC R

R, ~E . —& 4.10
2R4(1+hy) © CC2R, (4.10)

AUgpixc =AIgRyg =

Cundaznsiii koappunuent nepeaaun 1K K¢ paBen

AUgpix.c _ Ry

K.= .
¢ Ec 2R,

4.11)

Takum 00pa3om, abCONIOTHOE 3HaUYeHUE CUH(a3Horo koddduireHTa nepe-
JlauMl TeM MEHbIIe, YeM OoJbIle BhIOpaHo cooTHouieHue Ry u Rg. [{ns yBenuuenus
ATOT0 COOTHOIIEHUSI BMECTO pe3ucTtopa Ry B 11enmb SMUTTEPOB TPaH3UCTOPHOM Ma-
PBI BKJIFOYAIOT T€HEPATOp CTa0MIBHOIO TOKA Ha TpaH3HCTOpax (cM.puc.4.2).

DKBUBAJICHTHOE BBIXOJHOE COMPOTHBIICHHUE IO MEPEMEHHOMY TOKY TaKOTO
redeparopa Roxp=1/hy5 1 cocTaBnser 1ecITKM-COTHU KHIIOOM.

Ecnu Beixomno# curnan JIK cHuMaeTcsi TOJIBKO € OJHOTO BBIXOJA, TO CHUH-
da3zHyro ommoOKy (momMexy), KOTopas HaKJIaJIbIBae€TCs Ha BXOMHOW auddepeHIu-
QTBHBI CUTHAJI, MOKHO TIEPECUYUTATh BO BXOJHYIO II€TIh Yepe3 MOJHbIN audde-
peHIManbHbIl kodg¢uuueHT nepenaun K. BreixonHele cuH(paszHble OMMOKK Iie-
penaydu, NpuBeIEHHBIE KO BXOY, MO3BOJISIOT ONPEACIUTh MUHUMAIbHBINA YPOBEHb
MOJIE3HOTO CUTHajia MEX]y BXOJIlaMHU, KOTOPBI MOXKET ObITh OOHApYykeH Ha (oHe
BBIXOJIHBIX CHH(A3HBIX OMIHOOK (ITOMEX ).

Takum oOpaszoMm, HanpsokeHne Ecc, IpUCyTCTBYIOIIEE Ha BXOAAaX, BBI3BIBACT
MEX Iy STUMHU BXOJaMH dKBHBAJICHTHOE MU PepeHIInanbpHOe HATPSHKSHUE OMNOO0K

(momex)

AU E~~K
AUc kg = I]zblx'c = ?{C €= ECCK_ : (4.12)
)i pif A

KauectBo JIK xapakrepusyercsa otHomeHneM Kq/Kj, kotopoe ¢ yuérom BeIpake-
Huii (4.4), (4.5) (4.11) MOXXHO HaWTH Yepe3 mapaMeTphbl Kackaja CICAYIOIIUM 00-

pazom:

K¢ _ Ry /2R5 _ 1 __ P
Kp  vyaRk  2y5R5 3R,

(4.13)
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riae Ry — mubo compoTHuBIIeHHE B IIENTU AMUTTEPOB, JTUOO BBIXOJHOE COTPOTHUBIIC-
HHUE TeHEepaTopa TOKa.
Koapdunment ocnabienus cuHba3zHOTO CUTHATIA MOXKET ObITh MPE/ICTABICH

B jjorapudpmudeckon hopme

Koce =201g(K /Ky) [1B], (4.14)

Cospemennsie JIK nmeror Koo -60...-100 nb.

Ecnu BBIXOAHBIM CUTHAJIOM SIBIIICTCS CUTHAJ MEXKTy BbIxogamu 1 u 2 (cuM-
METPUYHBIN BBIX0]T), TO KOG PHUIIMEHT ociaabieHus: CHH(pa3HOro curHaia (IOMeXH)
3aBUCUT HE TOJBKO OT cooTHomeHuss Kc/Ky, HO U OT creneHu cumMmerpuu Iuied

g depeHInaIbHOT0 KacKaaa:

Ky (1+h213)h213 Rx  Rp+R;{ Ryg R,

Kocc.cum =201g , (4.15)

rae hy1s = (hy51 + hy132)/2 - cpennee 3HaueHne KOAPPUIIUEHTOB YCUIICHUSI TPAH3H-
CTOPOB 10 TOKY;

Rk = (R + Rk2)/2 - cpenHee 3HaueHHE KOJUIEKTOPHBIX CONTPOTUBIICHUMH;

R = (Rg; + Rpy)/2 - cpenHee 3HaueHrEe CONMPOTUBIICHUM B IIETTH 0a3bl;

R; = (R + Rp)/2 cpennee 3naueHne CONMPOTUBICHUN HCTOYHUKOB CUTHAJIOB;

Ahyis = (ha1m1 - h2132)/2; ARp = (R - Rpp)/2; ARk = (Rg; - Rk2)/2; AR = (Rg; -
- Rpy)/2 — OTKIOHEHUS MMapaMeTpoOB 3JIEMEHTOB KaXKJIOT0 Tuieda Kackaaa OT Cpell-
HETO 3HAYCHUS.

N3 ananu3za BeipaxkeHus (4.15) MOXKHO caenaTh CIEAYIOUIUME BBIBOJBI: BO-
MEPBBIX, MIPU MOJHOM CUMMETPUU CXEMBI, T.€. IPU PABHBIX HYJIO OTKJIOHEHUSAX OT
CpEeIHEro 3HaueHUs MapaMeTPOB JIEMEHTOB, KOA(P(UIIMEHT MOJaBICHUS CUH(A3-
HOM COCTaBJIAIOIIEH paBeH OCCKOHEUHOCTH; BO-BTOPHIX, MMOCKOJIBKY 3HAUYCHUS OT-
KJIOHCHUS MOTYT UMETh Pa3IMuHbIC 3HAKH, AHAJIOTUYHBIN Pe3yJIbTaT MOKHO TOJY-
YUTh, YIPABIAS OTKJIOHEHHUSIM 3JIEMEHTOB OT CPEIHEro 3HAUCHUS TaKuM o0pas3om,
9TOOBI MOJTYJIb B BRIpaXeHUU (4.15) ObLT paBeH HYJIIO.

[Tocneauwmii BEIBOA, SIBISCTCS OYSHb Ba)KHBIM, TaK KaK ITOKA3hIBACT BO3MOXK-
HOCTh TOJIaBJICHUSI CUH(A3HOW COCTaBIISIONICH MPH peabHO CYIIECTBYIOIIUX OT-

KJIOHeHUsX mapameTpoB siemenToB JIK. Ha nmpaktuke Hanbosiee 4acTo MCHONB3Y-
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€TCS CAMMETPHUPOBAHHE CXEM IYTEM PETYJIMPOBAHUS OTKIOHEHUs Ry — conmpoTus-
JIEHUW B LENAX KOJUIEKTOPOB, HAIPUMEDP B MHTETPAIBHBIX ONEPALMOHHBIX yCHUIIH-
TEIAX.

CuH(azHoe BXOJHOE CONPOTHUBIEHUE B COOTBETCTBHM C HKBHUBAJICHTHOU

cxemoi puc.4.4 MOKHO ONPENENHTh 10 (hopmyJie

h
Rpx.c :%3+R3(1+h213)zR3(1+h213) . (4.16)

B cBsi3u ¢ 601b1IMM 3HAUYEHHEM CHH(A3HOrO BXOJHOIO CONPOTUBIICHHS U3MeEpe-
HUE €ro MMEET HEKOTOpble OCOOEHHOCTH. JJI1 MCKIIOYEHUS! BIUSHUS BXOJHOTO
CONPOTHUBJIEHUSI BOJBTMETPA Ha PE3yJbTaThl UBMEPEHUS OH MOJKIIOYAETCS K OJI-
HOoMY U3 Beix0oA0B JIK. 3aTeM uzmepsaroTcs ABa 3HaU€HUS BHIXOIHOTO HAIPSIKEHUS:
U,c — npu nojadye BXOAHOIO CUTHAJIA HernocpeacTBeHHO Ha Bxobl JAK u Uyc — npu
110/1aye 3TOro ke curHana Ha Bxonbl /K uepes nmociaenoBarebHO BKIHOYEHHOE CO-
nporusieHue R.

Pe3ynbraT nuaMepeHuil BeIYuCisieTcs 1o hopmyie

R
Uct/Uey -1

Rpxc= (4.17)

BrixogHoe comnportusnenue K, neicTByromee MeXAy €ro BbIXOJAaMU, OI-
pelersieTcs MoCiIe10BaTEIbHbIM BKIIOUEHUEM BBIXOJHBIX COIPOTHUBIICHUM KaX]10-

T'0 M3 BBIXOJIOB 10 OTHOIICHUIO K 0011el Touke 1K

1 1 2
+ =
hypm +1/Rgy hpyny +1/Ry;  hypn +1/Rg

Rppix = ~2Ryg ,

rae hysi, hys, — BBIXOAHBIE MPOBOIMMOCTH TPAH3UCTOPOB AU(hepeHInaIbHON
napebl.
OO0o00mmeHHbIE APKBUBAJICHTHBIC CXEMBI BXOJHOW M BheIxogHou menu JIK

npecTaBieHbl Ha puc.4.5 u puc.4.6.

4.2. Onucanme JJaGOPATOPHOI0 MAKeTAa
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JlaGopatopuslit MakeT (puc.4.7) coctout u3 auddepeHuarbHOro Kackaia,
BBINIOJIHEHHOT'O Ha MHTerpainbHoil mape tpansucropo K159HT1 (DA1.1 u DA1.2).
B nens sMUTTEPOB mapbl ¢ IOMOIIBIO NEpPEKIYaTens S3 MOKHO BKJIHOYATh JINOO
pe3ucTop, MO0 reHepaTop TOKa, BHIINOJIHEHHBIM Ha MHTErpajlbHBIX TPAH3UCTOpaX
K159HT1(DA1.1 u DA1.2). JluckpeTHas peryiaupoBKa TOKa 3MHUTTEPOB TpPaH3U-
cropoB DA1.1 u DA1.2 ocymecTBasieTcs mocpeacTBOM nepeknoyarens S4.
Pesucrop R2 u nepexmrouarens S1 UCMIONB3YIOTCSA MPU U3MEPEHUSAX BXOIHBIX CO-
npoTuBIeHUN Kackaga. Ilepexmiouarens S2 obecrieunBaeT AudQepeHInanbHOe
wi cuHdasznoe BkimrodeHue BxonoB [IK. Pesuctoper R4, R7, R8 mpennasHaueHsl
st 6anancupoBku (cummerpun) JIK. [lepexmtodarens S5 moakimro9aeT Harpys3Ky
(pesuctop R15) ko Bxonam JIK, usmepurensHblil ycunurenb A npeaHazHayeH s
u3MepeHust KodpuuueHTa ocaadaeHus: cuH(pa3HOrO CUrHAIA TP CUMMETPUIHOM

Bxoje JIK.
4.3. IloaroroBka k padore

1. I3y4uTh COOTBETCTBYIOIIME Pa3€iIbl PEKOMEHAOBAHHON JIUTEPATYPBI.

2. I3y4uuTh CXEMy UCCIEAYEMOT0 KACKAIa.

3. Paccuutate no dopmynam (4.6), (4.7), (4.11), (4.14), (4.16) nuddepen-
nuaneHblil Ky u cundassenii K¢ ko3¢ dunuenTsl ycunenus,

Takke ko3 duimeHt ocnabnenus cuadaznoro curnaia Kooc 175 1ByX 3Ha-
yeHui Toka SMuTTEPOB [) = 0,1 MA u [y = | MA TIpu BKJIIOYEHUH B IIENIb SMUTTEPOB
pesuctopoB RS u R6.

[Ipu pacuérax mpuHATH 3HaAUeHUE Napamerpa hy;; paBHBIM CpeHEMY T€o-
METPUYECKOMY 3HA4YCHUIO hy 5. [lms Tpan3uctopoB mukpocxem KP159HTI1A ume-
eM hy 15 v = 20 1 hyis make = 80.

4. IloBTOopuTh pacué€rsl I.3. Il Ciaydas MCIIOIb30BaHUS I'€HEpaTropa CTra-
OWJIBHOTO TOKA, IIPU 3TOM BBIXOJIHOE CONPOTUBIICHHUE reHepaTtopa Ry npuHsTh paB-
HbIM 1/hyy5 , T1e hyyy = (15— 10) Cwm.

4.4. Ilopsaaok BbINOJIHEHHsI padOThI (4acTh 1)

1. CHATh aMIUTUTYAHYIO XapakTtepucTuky (AX) mis auddepeHnaibHOro

curHasia. CurHas resepartopa nofa€rcs Ha kinemmy «BxX.1», MUIIIMBOIBTMETpPBI
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KOHTPOJIMPYIOT HalpspKeHHe Ha KiemMme «BX.2» W Ha OJHOM U3 BBIXOJIOB
(«Boix.1» wnn «Bbix.2y»). U3MepeHus: Npou3BecTy NMPU BKIOUYECHUHU B 1IETh AIMUT-
TepoB pe3ucropa RS mpu 3Hauenusx toka Iy = 0,1MA u [y = 1MA (mmonoxxenus me-
pexitouatens S4 «1» u «2» cooTBeTcTBEHHO). OJIHOBPEMEHHO KOHTPOJIUPOBATH
dbopmy curnanos Ha apyrom Beixoze JIK ¢ momomipio ociimiuiorpada. J[Bmkok me-
peMeHHoro pe3uctopa R7 HomxkeH HAXOAUTHCS MPUOIU3UTEIBHO B CpPEHEM IIO-
JIOKECHUH.

2. M3meputh auddepennmansupiii koadduinuent nepenayu JIK B cepeanne
JUHEWHBIX yyacTKOoB AX mpu ABYX 3HA4YEHUSX TOKa Iy, mpu »Tom Harpy3ka R15
muddepenumanbHoe Rpx i, cuH(pazHoe Rpx ¢ BXOIHBIE CONPOTUBIIEHUS, a TOJIKHA
ObITh OTKIItOUEHA. [Ipu M3MEepeHnr MOXKHO UCTOJb30BATh U3MEPUTEIBHBIN YCUITH-
Tenb A, kKo3hdUIMEHT mepenayu KOToporo uist auddepeHIuanbHoro Kackanua
K=1.3. Casate AX JIK mst cundazHoro curnasia rnpy yciaoBusix 1.1.

4. Usmeputh cundazublii koagduiment nepenaun Ke mpu 1Byx 3HaAUSHUSIX
Toka Ip=0,IMA ul,=1MA B cepeanHe TMHEHHBIX y4acTKOB AX.

5. PaccuutaTh K03 puLeHTH! 0ciadaeHusl CUH(Aa3HOrO CUTHANA.

4.4. Ilopsa0oK BHINOJIHEHHSI Pa0OTHI (4acTh 2)

6. Msmeputs auddepennumaibHoe U CuH(Aa3HOE BXOJHBIE CONMPOTUBICHUS
JAK npu ycnoBusax m.2. u m.4.

7. Iogkirounts K dMuTTEpaM TpaH3uctopoB DA 1 BMecto pesuctopa RS
reHepaTop Toka DA 2. IToBroputs usmepenuss n.a.l - 6.

8. MccrenoBaTh BAMSHUE CUMMETPHUH CXEMbl HAa KO3 (ULIMEHT NOaBICHUS
cuH(}a3HOr0 CHUTHaja MpU CUMMETPUYHOM BbIXxoze. [IOaKIIOUNTh MUIUTUBOJIBT-
MeTphI K Ki1eMMaM «Bx.3» u «Bbix.3», mogats Ha BXobl JIK cuHba3HBIN CUTHAT B
cooTBeTCcTBUM C M.4. Perynupys monokeHue ABUXKKa pe3uctopa R7, Habmronath
n3MeHeHue kodpdunnenTa nepenaun cuHdazHoro curxana. MsmMeputh 3HaYCHUS
K¢ 1 Kooc ipy IByX KpaiHUX TTOJIOKEHUAX IBUKKA, & TAKKE MUHUMAIBHOE 3HA-
yeHue K¢ u cooTBeTcTBYIOYI0 €My BelInunHy Kooc.

9. N3meputh BeixogHoe conpotusienue JIK (R15 = 15kOm).

10. CpaBHUTH pe3yabTaThl SKCHEPUMEHTAIBHBIX UCCICIOBAHUN U TEOPETH-

YECKUX Pacy€ToB.
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4.5. KoHTpo/abHBIE BONIPOCHI

1.ITouemy kodddunment nepemaun K mpu HeCHMMETPHUYHOM BBIXOJE B
JIBA pa3a MEHbIIE, YeM Yy KacKaJia C 00IUM dIMUTTEPOM?

2.Ilouemy muddepeHnnanipbHoe BxoaHOE compoTtuBieHre JIK B 1aBa paza
MEHbIIIE, 4eM cuH(pazHoe?

3.Kakum 00pa3oM MOXHO OCYyIIECTBUTh cuMMeTpupoBanue [[K?

4.3anumuTe BhIpaxkeHus Uil nuddepeHnraibHoro koddduiuenTa nepea-
gqr JIK ¢ CHMMETPUYHBIM 1 HECUMMETPHYHBIM BBIXOJJaMH.

5.3anummute BoIpakeHus s cuHdazHoro koddduimenta nepenaun K c
CUMMETPUYHBIM U HECUMMETPUIHBIM BBIXO/IAMH.

6.M300pasurte NpuHIUNHATBHYIO deKTpudeckyto cxemy K ¢ reHepaTopom
TOKa B ILIETIA SMUTTEPOB MPH OJHOMOIIPHOM MUTAHUH, HECUMMETPHUYHOM HCTOY-

HUKC CUTHAJIa 1 HCCHMMGTPHQHOﬁ Harpy3ke.

JlaGopaTopHuasi padora 5

NCCIIEHJOBAHUE BECTPAHCO®OPMATOPHOI'O YCUJINTEJIA

MOII[HOCTH

Leab padoThl - U3YyYUTh OCHOBHBIE XapaKTEPUCTUKU OecTpaHchopmaTop-
HBIX YCUJIUTENEH MOITHOCTH Ha MPUMEPE CXEMbl C OKOHEUHBIM KacKaJiOM Ha KBa-

3UKOMIUIEMEHTAPHOM Nape TPaH3UCTOPOB.

5.1. KpaTkue TeopeTnyeckue CBeIeHUsA

bectpanchopmaTopHbie CXeMbl YCWIHTENEH MOIIHOCTH TMOJYYUTIU Hau-
Oosblilee pacrpoCTpaHEHHE B COBPEMEHHOW YCHWIIMTENbHON TexHuke. OHM IIupo-
KOTIOJIOCHBI, 00€CTIEYMBAIOT Majble HEIMHEHHBIE WCKAKEHUS CUTHaja, NAIOT Cy-
IIECTBEHHBIN BBIMIPHIII B rabapurax, Macce U 0ojiee MPOCThl B HUCIOJIHEHUH T10
CPaBHEHUIO C TPAaHCHOPMATOPHBIMU CXEMAMHU.

[TpunHIunEl MOCTpOCHUS OECTpaHCPOPMATOPHBIX YCUIUTEIEH COOTBETCTBY-
I0T TpeOOBAHUSM HUHTETPATIBLHON TEXHOJIOTUU U IIUPOKO UCIOIB3YIOTCS B MUKPO-

cxXemax.



bectpanchopmaToOpHbIil yCHIMTENIbh MOIIHOCTH COJACPKUT OKOHEYHBIM U
MPEIOKOHEYHBIN KaCKaJbl, a TAKKE YaCTO M BXOAHOM YCHUJIUTEIIbHBIN KacKal, OX-
BayeHHBIE OOIIEH OTpHUIATEIbHOW 0OpaTHOM CBSA3BIO KAaK MO MOCTOSSHHOMY, TaK U
I10 IIEPEMEHHOMY TOKY.

OKOHEUHBIN KacKaJ| BBIMOJHSIETCS OOBIYHO IO JIBYXTaKTHOM cxeme, o0ecrie-
yuBaroled padboTy TpaH3ucTtopa B pexxume B nmubo 61m3kom k Hemy AB ¢ Bbico-
kum KIIJI. HauGonee mmpoko mpuMeHsieTCs Kackaj ¢ mapauieIbHbIM BO30YK/Ie-
HUEM OJHO(A3HBIM HAIPSHKEHUEM Ha KOMIUIEMEHTapHOW TIape TPaH3UCTOPOB
N-p-n U p-n-p THMOB, BKIIOYEHHBIX MO CXeMe ¢ OOIUM KOJUIEKTOpOoM. BapuaHT ¢
JBYXTOJISIPHBIM MUTAHUEM (pHUC.S.1) MO3BOJISIET MOIKIIOUYUTL HATPY3KY HETOCPE/I-
CTBEHHO K BBIXOAY Kackazja. [Ipy oqHONOISIPHOM MUTAaHWU HArpy3Ka MOJKIF0YacT-
Csl 4epe3 pasleNnuTeNnbHyo EMKOCTh C,. DTa eMKOCTh OJHOBPEMEHHO SIBIISECTCS Ha-
KOMUTEIBHOM, oOecrieunBas 3a CU€T CBOETO 3apsana pabory Tpansuctopa VI2 B Ty
IIOJIOBUHY NEPHUOJIa CUTHAJIA, Koraa TpaH3uctop VT1 3akpeit.

MakcumalibHasi MOIIIHOCTh, KOTOPYIO JBYXTaKTHBIM Kackaja CHOCOOEH OT-
JaTh B Harpy3Ky IIpY 3aJJaHHOM HAIIpsLKEHUU NuTaHus Eyg U conpoTuBiIeHUU Ha-

rpy3ku Ry , paBHa

(g —2Uqer)”
SR

: (5.1)

PH.MAX =

rae Uocr = (1-2)B - ocTtaTouHOe HampshKeHUE Ha OTKPBITOM TPaH3UCTOPE BBIXOJI-
HOTO KacKaJa.

JIi1st BO30YXI€HUsI OKOHEYHOTO KacKaja MCMOJb3YyeTCs PE3UCTUBHBINA Kac-
KaJl Ha TPaH3UCTOpPE B pexuMe A, BKIIOYEHHOM IO CXeME C OOIIMM SMUTTEPOM
(puc. 5.2). Jlns yMeHbIIIEHUSI HEJTMHEHHBIX MCKXKEHUM CUTHaja Ha 0a3bl TpaH3M-
CTOPOB OKOHEYHOI'0 Kackaja noaaercs HanpsbkeHue cmenieHus Ucy, KOTopoe 3a-
JTAeT MOJIOKEHHE pabdoyell TOUKH, COOTBETCTBYIONIEE peaJbHOMY pexumy B mmbo
pexumy AB. Hampsixenue cmenienust oopasyercs Ha pesuctope R npu npoxox-

JICHUU TI0 HEMY MOCTOSTHHOM COCTaBJIAIOIIECH KOJIEKTOpHOrO Toka VT 1:

Ucm = Ugsa + Upns = Ik Rr.

Jlnst obecrieyeHust CTaOMIIBHOCTH TOJIOKEHHSI pabodeil TOUKH IpH U3MEHE-

HUU TEMIEPATYPHOTO peXUMa TPAH3UCTOPOB OKOHEUHOI'O Kackaja B KauecTBe Ry
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IPUMEHSIOT TEPMOPE3UCTOP C OTPUIATEILHBIM TEMIIEPATYPHBIM Kod(huimeHTom
CONMPOTHUBJIECHUS, MPUUYEM pa3MEIIAIOT €ro Ha paguaTopax 3THX TPAH3HCTOPOB.
Jlyumine pe3ynapTaThl JAaET MCIIONb30BAHKUE MOIYIPOBOAHUKOBBIX MPUOOPOB B Ka-
4yecTBE dJIeMEeHTa TepMocTabunu3anuu (puc.5.3). B ocHOBe neXUT TeMieparypHast
3aBHCHMOCTbH MPSIMOM BETBU BOJIbT-aMIIEPHON XapaKTEPUCTHKHU p-n Mepexoja, Ko-
TOpasi XapaKTEepU3yeTCsl OTPULIATEIbHBIM TEMIEPATyPHbIM KO PuImeHToM (0KO-
7o -2,2 MB/°C st kpeMHUEBBIX NPUOOPOB) U TMO3BOJSET B HACATBHOM CIyyae
OCYILIECTBUTH IOJIHYIO KOMIIEHCALMIO TEMIIEpaTypHOro Apei(a ToKa MOKOs OKO-
HEYHBIX TpaH3UCTOpoB. Kpome TOro, majoe JTUHAMUYECKOE CONPOTHUBIIEHUE OT-
KPBITOTO P-n TMepexosia 00ecrneynBacT OJJMHAKOBbIE YCIOBHs BO30YXKICHUS TpaH-
3uctopoB VI2 n VT3.

Hyxnyto Benmnuuny Ucy HOTyYaroT, UCIONB3Ysl MOCIEI0BATEIBHOE BKIIIO-
yeHue auojoB (puc.5.3, a) m1ub0 NMpUMeEHsiss CXeMy ¢ TpaH3ucTtopom (puc.5.3, 0), B

KOTOpOH

R1
Ur =1 1+— |, 5.2
CM BBT( sz ( )

rae Ugst =(0,6 - 0,7)B - naneHue HanpsKeHUs Ha riepexojie 6a3a-sMUTTEp TPaH3U-
cropa VTt.

Pabora TpaH3ucTOpa MPETOKOHEYHOrO Kackaja B pexuMe A c OONBIION
aMILUTUTYZ0M curHasia (OKOHEUHbBIN KacKaj HE YCWJIUBAET MO0 HANPSKEHUIO) CBsI3a-
Ha ¢ OOJBIIMMHU 3aTpaTaMy MOITHOCTH U YXYAIICHUEM JUHEHHOCTU. sl UCKITIO-
YeHUs OeCMoJie3HbIX MOTEePh MOIIHOCTH Ha PE3UCTOPE CBS3U Ry MCMONB3YIOT pe-
meHue, nokazanHoe Ha puc.5.4. Ilonkmouenue Ry k BbIxoay ycwiurtens (Todka
"6") COOTBETCTBYET IOJOXKHUTECIHPHOW OOpaTHOW CBS3M, OXBATBHIBAIOIICH OKOHEY-
HBIN KackaJl. Tak Kak MTHOBEHHbIC 3HAUEHUS HANPsKEHUs CUTHAJIa B Toukax "a" u
"6" coBmamaroT no (aze M OJU3KU MO aMIUIUTY]IE, TO IEPEMEHHAsI COCTABJISIONIAS
TOKa KOJJIEKTOpAa MPETOKOHEYHOTO Kackajia MPaKTUYECKU HE MPOTEKAET MO0 Pe3u-
cTopy Rg. DT0 5KBHBaJIEHTHO YBEIUYCHHUIO €TI0 COMTPOTHUBIICHUS /10 3HAUCHUS
Rk

Ry =—K—,

(5.3)
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rae Kox <1 - ko3 puuumeHT ycuiieHnss OKOHEYHOr 0 KacKaia 1o HanpsHKeHHUIO.
B pesynbTaTe Harpy3kou Kackaja Mo CUTHAJy SIBISIOTCS HEMOCPEACTBEHHO 0a30-
BbI€ IIEMHM BBIXOAHBIX TpaH3UCTOpoB. OOmIas cTabWiIM3alus peKUMa YCUICHHS
ocymiecTBisieTcs ranpBanndeckoir OOC Y-tuna, nmogaBaemoit Ha 6azy VT1 gepes
pesuctop Ry HegoctaTkom CBsI3M TaHHOTO TUNA SBJSETCS CYLIECTBEHHOE YMEHb-
HIEHUE BXOAHOTO CONMPOTUBIICHUS YCUIIATEIIS.

B ycunutensx 60ab1101 MOITHOCTH, a TaKXKe MPU UHTETPATIbHOM HCIIOJIHE-
HUU YCUJIUTEINSI BOSHUKAIOT TPYJHOCTH B TI0100p€ KOMIUJIEMEHTaApHON Mapbl MOLI-
HBIX TPAH3UCTOPOB OKOHEUHOI'0 Kackaja. B 3TUX cioydasXx UCHONBb3YIOT COCTABHbIE
TPAH3UCTOPHI, 00pa3yOINUe TaK Ha3bIBACMYK0 'KBa3WKOMILIEMEHTApHYIO Mapy"
(puc. 5.6). 3aech Benylme ManoMoIHbie Tpan3uctopsl VI3 u VT4 -paznoit
CTPYKTYpHI, a Beaomblie MolHbie VTS u VT6 - oguHakoBoil cTpykTypsl. B 1ienom
VT3 u VTS5 00pa3yroT cocTaBHON TPaH3UCTOP CTPYKTYphl n-p-n, a VT4 u VT6 —
CTPYKTYpBl P-n-p.

Pesuctopsr Rgs,Rps 1 Rys, Ryg yirydimaroT yacToTHbIE CBOMCTBA COCTABHBIX
TPaH3UCTOPOB, CHIKAIOT aCUMMETPHUIO IJIeY OKOHEYHOIr'0 KacKaaa mpu paszdpoce
napamMeTpoB TPAH3UCTOPOB, & TAKXKE MOBBIIIAIOT TEMIEPATYPHYIO CTaOUILHOCTh
pexuma. DPGEeKTUBHOCTh UX JIEUCTBUSI BO3pACTaeT C yMeHbIIeHUEM Rgs, Rps u
yBenuueHneM Rnss, Rog, ogHako mpu atom yxymmaercs KIIJ[ kackana. HauGonee
cymectBeHHO Ha KII/] BausitoT pesuctopsl mecTHOM OOC Rys u Ry, KOTOpBIE 110
CUTHAJTy BKJIIOUEHBI MOCJIEAOBATEIBHO C HArpy3Koil. B cxemax ¢ HU3KOBOJIbTHBIM
nuTaHueM (IepeHOCHas armapaTypa) 3TH pe3UCTOPhI, KaK IPABUIIO, HE CTaBSITCA.

B cxeme Ha puc.5.5 npeloOKOHEUHBI KACKaJ BBINOJHEH HAa TPaH3UCTOpE
VT2. lns cHuXeHus NoTepb Ha pe3ucTope cBsi3U Ry, OH pa3nenéH Ha JBE 4acTH
(Ry<<Rg><Rg,'), a B Touky "0" uepe3 xouaeHcatop Coc, MOJAHO HAIPSIKECHUE
nonoxurenbHo OC ¢ BeIxoga ycunurens. [I[puHnun neicTBrs cXemMbl aHAJIOTH-
YEH pPAaCCMOTPEHHOMY BBIIIE, OJHAKO 31E€Ch UCKIIOYEHO MPOXO0KICHUE MOCTOSH-
HOH cocTaBJsitoIIe Toka kouiekropa VT2 uepes Harpysky. B nens obmeir OOC
H-tuna (mo HampsiKeHUIo, OCIeI0BaTENHHOM M0 BXOy) BKIIOYEH BXOJIHOM Kac-
ka1 Ha Tpansucrope VT1. OOparHas cBs3b MO MOCTOSSHHOMY TOKY 3aech 100%-
Has, 4TO 0OecreYrBaeT BHICOKYIO CTAOUIIBHOCTh peKUMa CXeMbl. B mepBoMm mpu-
OMMKEHUH MOXKHO cuuTaTh, 4yTo TiyomHa OOC mo mepeMeHHOMY TOKY, OIpeje-
asirorias Kod(QPUIMEHT YCUIIEHUS U BXOJHOE COMPOTUBIICHUE YCUIIUTENS, 3a1aET-

Cs COOTHOLIEHUEM PE3UCTOPOB R U Rocy.
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B uHTerpaiabHbIX YCHUIUTEISX MOIIHOCTH IIMPOKO HCIOJIB3YETCS CTPYKTY-
pa, mokazaHHas Ha puc.5.6. OcoOOEHHOCTBbIO CXEMbl SIBIISIETCA HCIOJIb30BaHUE
nuddepentnanbaoro BxoaHoro kackanaa (VT1 u VT2) u BBICOKOOMHON Harpysku
B MPEJOKOHEYHOM Kackaje. Takoil Harpy3kou CIy>XKHT T€HEepaTop CTaOUIBLHOTO
toka ['CT2, BbIOTHSIEMBIA HAa OUIOISIPHOM TPAH3UCTOPE MO OJHOM M3 pacrpo-
CTpaHEHHBIX cXxeM. Bricokoe nunamnueckoe conporupienue I'CT npakrnuecku
VCKJIFOYAET OTBETBJIEHNUE HAa HETO NEPEMEHHOW COCTABISAIOIIEN TOKAa KOJUIEKTOpA
npenokoHeyHoro kackana. [Ipumenenue auddepennmanbaoro kackamaa u 100%-i
raibBaHnueckoit OOC, nmogaBaemoit Ha 6a3y VT2 uepes pe3uctop Rocs, obecrie-
YUBAET BBICOKYIO CTAOMIIBHOCTH pexkuMa cxeMbl. [ myouna OOC no nepeMeHHOMY
TOKY omnpenenseT KO3 OUIUEHT YCUICHUS
_1_Rpa +Roe 14 Roc

+—, (5.4)
p Roa Roa

rae B - koapdunuent nepenauu nenu OOC.

OcHOBHBIE IIPHUHIOUIIBI TTOCTPOCHHA I[&HHOIZ CXCMbI HIMPOKO IMPUMCHAKOTCA

M B YCHUJIMTCIIIX HAa JUCKPCTHBIX 3JICMCHTAX.

5.2. Onucanue J1a00PaTOPHOro MaKeTa

Maket conepXUT OecTpaHCPOPMATOPHBINA YCUIUTENb MOIIHOCTA C OKOHEY-
HBIM KacKaJIoM Ha kBaszukomiuieMeHtapHou nape (VT3, VTS u VT4,VT6), npeno-
KOHEYHBIM KackanoM Ha VT1 u BxoaubiM auddepeHimaibHbIM KackaJaoM Ha UHTe-
rpaneHbIX Tpansucropax DA1.1 u DAL.2 mukpocxemsl K1S9HTI1A (puc.5.7).

Pexxum paboOThl OKOHEUHOr'O Kackaja 3ada€Tcs MCTOUYHMKOM CMEIICHUs Ha
tpansucrope VT2. OrpunatenbHas oOpaTHas CBsSI3b OXBAThIBAET BCE KACKAJlbl YCH-
auTens u nojpaéres dyepe3 pesuctop R12 Ha 6a3y Tpansuctopa DAL.2 nuddepen-
nuanbHoro kackaaa. I'myomna OOC 1mo mepeMeHHOMY TOKY PEryJMpyeTcss H3MeHe-
HueM conpotusieHuss R7. MectHas yactoTHO - 3aBucumas OOC yepe3 KoHAEHCa-
top C3 B mpeJOKOHEYHOM KacKaJle MOBBIIIAET YCTOMUYUBOCTh ycunuTes. [loactpo-
euHbli pe3uctop R3 cioyxut juist 6anaHCUPOBKU CXEMBI 110 TOCTOSSHHOMY TOKY.

Harpyska ycunurens (pesuctopsl R17 - R23) usmensercsa nepexitouarenem S1 B
npeaenax ot 4 1o 20 Owm.

JIJis KOHTPOJISL CXEMBbI 10 MUTAHUIO KCIOJIb3YETCS M3MEPUTENbHBIN Mpulop, pac-

MOJIO’KEHHBIN B JIEBOM YacTH J1aOOPaTOPHOTO CTEH/IA.
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B pexxume uzmepenus Hampspkenus (monoxenus "Ey" u "Ey/2" nepexitoua-
TeJs1) KOHTPOJIMPYETCS HANpsDKEHHE MCTOYHUKA MUTAaHUA U OalaHC YCUIIUTENS 110
IOCTOSIHHOMY TOKY, T.€. HaIllpsSDKEHHE B CpEIHEH TOUYKE OKOHEYHOro Kackaja. Bes
mkana npubopa npu 3ToM cooTrBeTcTByeT 20 B. B pexxume msmepenus norpeo-

JSIEMOr0 yCUJIMTENEM TOKa (TosioxkeHue “1” mepekirovaTesns) Mpeaen u3MepeHus

paBeH | A.

HoMunaibl 371€eMEeHTOB cXeMbl pUC.S.7 IPUBEICHBI B CIIEYIONICH TabuIIe:

R1 =47k R6=5100m RI1=3900Mm R16=0,50m R21 =12 Om
R2=43 k R7=22x R12 =24« R17=40m R22=160Om
R3=6,8 k R8 =1k R13=2000m RI8=60Om R23=200m
R4 =750 Om R9=1k R14=2000m R19=8 Om

R5=27x R10=1,5k R15=0,50Mm R20=10 Om

Cl1 =10 Mmx® C2=22mMg® C3=1ud C4=41 mx® C5=1000 mxD

DAI1-K159HT1A VTIL,2-KT361 VT3-KT503  VT4-KT502 VT5,6-KT817A
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5.3. lloaroroBka Kk padore

1. U3yunTh 0o pekoMeHayeMoil uteparype paboty 6ectpaHchopmMaTopHO-
IO YCUJIUTENS MOUTHOCTH.
2. I3yunTh NpUHUUNHAIBHYIO CXEMY MakeTa Ha puc.S.7.
3. BBINIOMHUTE 3HEPreTHYECKUN pAacd€T OKOHEYHOTO KacKada Io CIIEeIyo-
IITUM UCXOJHBIM TAHHBIM:
-MOIIHOCTb, BhIACIIsIEMas B Harpy3ke, Py =0,5...5 Br;
-COIMPOTHUBIICHHE HATPYy3KH - U3 psaa 2, 4, 8, 16, 20 Om; (KonkpeTHbIC BETUYHNHBI
Py u Ry 3amatorcst mpenogaBatenem).
-0CTaTOYHOE HanpsbKeHue Ha Tpan3uctope BoixoaHoro kackana (KT817A) Upcr =
=1,5...2 B;
~MaKCHMAaJIbHAs TEMIIEpATypa OKpyKarowei cpepl tc yax= 35°C;
~MaKCHMAJIbHO JOMyCTHMAs TEMIIepaTypa p-N Mepexoa TPaH3UCTopa t vax =
= 150°C;
~TEIIOBOE COIPOTHBICHHE y4aCTKa MEPeX0a-KopIyc Tpam3uctopa Ry = 5C/BT.

Paccuurats:
-HampspKeHUe NMUTaHus yeunurenst Ey > 2(1/PHRH + UOCT) ;
-aMIUIUTY Ay BbIXogHOrO HampsikeHust Uy = E/2-Ugers
-aMILUIMTYJy BBIXOJHOTO TOKa Iy =2 Py /Uy s
-CpemHUM TOK 3a epuox I, = Iy /7;
-MOIIIHOCTb, IOTPeOIsIEMyI0 OT UcTouHMKa nmutanus Py =1 E;;

-MOIIHOCTH, PAaCCCHUBACMYIO Ha KOJIICKTOPC KaXXIOI'0 TpaH3HUCTOpPa BBIXOJHOI'O
KACKAJIA
Po—Py .

kT

b

k0o duIMeHT ToNe3Horo AehcTBus 1= Py /Py ;

-MaKCUMAJIbHYIO MOIMHOCTb, paCCCUBACMYIO Ha KOJJICKTOPC

p. —_Eo
K.MAX 47’[2RH D

-T€TUIOBOE COMPOTHUBIICHUE paiuaTopa u ero 3PpQGeKTUBHYIO MIONIAh
48



0 0

t —t
Roge = H.MAXP CMAX R
K
g 1400 (o),
T.KC

0
raie Rrxc ¥ R (C/BT) — TemioBbIe CONMPOTHBIICHHUS yYacTKOB KOpITyc-cpena

(panuaropa) U IepexoI-KOpIyC COOTBETCTBEHHO.

5.4. llopsinok BINoJIHeHHs padoThI (4acTh 1)

1. Cobpath cxeMy M3MEpEHUs OCHOBHBIX IapaMeTPOB YCHIIMTENS: KO BXOIY
MOJKJIIOYUTH TEHEPATOP CUTHAIOB U MWJUIMBOJIBTMETP, K BBIXOY - ocimuiorpad u
BTOPOW MUJUIMBOJIBTMETD.

2. Bxmounts cteHa u pyukon "Per. Ey" yCTaHOBUTH pacCUMTaHHOE HaIpsKe-
Hue nuTtaHus. [IpokoHTponMpoBaTh OallaHC CXEMbl YCHUJIUTENS] MOIIHOCTH MO IO-
CTOSIHHOMY TOKY.

3. YcraHOBUTH CONPOTHUBIICHHWE HArpy3KH, paBHOE PAcUETHOMY JuOO Ou-
xammee kK HeMy. Ha wacrore f = 1 k['11 CHATH aMIUIMTYIHYIO XapaKTEPUCTUKY YCHU-
mutenst Ugpx = @(Upx) mpu munuManbHoi riyoune OOC. OnHoBpeMeHHO (PUKCH-
poBaTh 3HaYEHUE NOTpedIsieMoro ycunurenem Toka I, . I1o pesynabraTtam namepenunii
BBIYUCIIUTh U TpaQUUYECKH MOCTPOUTh 3aBUcUMOCTH Py, Iy, Py, Px u | oT ypoBHs
BXOAHOTrO curHana. CpaBHUTh paCUETHBIE U U3MEPEHHBIC BEIIMYHHBI.

4. YcTaHOBUTH HamOOJIbIlIee COMPOTHBIICHHE Harpy3ku Ry = 20 Om u ompe-
nenuTh Upx max, COOTBETCTBYIOIIEE MOSIBICHUIO BUIMMBIX MCKa)KEHUN CHTHAJIA Ha
Boixosie yerwimtens. [logaepxuBas Ugx = Ugx Max B TOCIEAOBATEIBHO YMEHbIIAS

HArpy3Ky, ONpeaeIIUTh 3aBUCUMOCTH |y, Py, Py, Px 1 | oT Benmuunnsl Ry.

5.4. Ilopsinok BHINOJTHEHHSI pA0OTHI (4acTh 2)
1. CobpaTh cxeMy M3MEpPEHHsSI OCHOBHBIX MapaMETPOB YCHIUTEIS: KO BXOIY

MMOAKIIOYHUTL I'CHEPATOP CUTHAJIIOB U MUJIJIMBOJIBTMCTP, K BBIXOAY - ocummorpa(b n

BTOpOﬁ MWUINBOJBTMCTD.
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2. Bxmounts cteHa u pyukon "Per. Ey" yCTaHOBUTH pacCUMTaHHOE HAIpsKe-
HUe nutaHus. [IpoKOHTpOIMPOBATH OAJIAHC CXEMbl YCHIIMTENSI MOIIHOCTH MO TO-
CTOSTHHOMY TOKY.

5. Cuare AUX ycumurens npu Ry = Ry pacy, @ Takke npu HanmOoJbIIEM U
HAaWMEHBIIIEM CONMPOTUBIICHUSIX Harpy3ku. M3mepenne npoBoast npu Ugy, COOTBET-
ctBytomiemM Py = 0,1Py yax 11 TaHHOTO CONMPOTHUBIIEHUS HArpy3ku (cMm. dhopmyiy
5.1).

6. IToAKTIOUMB K BBIXOAY YCWIHUTENS U3MEPHUTENh HEIMHEHMHBIX MCKAKCHUH,
Ha yactote f = | kI’ CHATH 3aBUCUMOCTh KO3 (DHUITMEHTa HETMHCHHBIX UCKAKCHUN
OT BBIXOAHOM MOIIHOCTH NIPU Ry = Ry pacu.

7. YBenuuuth rnyouny OOC B 2...4 pa3za (3Hauenue F 3aduxcupoBathb) u mno-
BTOPUTH M3MepeHus 1o 1.6. CpaBHUTH JaHHBIE C TPEABIIYITUMHU MPU OJUHAKOBBIX

BBIXO/JHBIX MOITHOCTX.

5.KOoHTpoO/IbHBIE BONIPOCHI

1. YeM 00OBSACHAIOTCS BBICOKHE KaueCTBA (CTAOUIBHOCTD, HIMPOKOIOIOCHOCTb,
MaJlble HEJIMHENHbIE NCKa)XKEHHUS, MaJIO€ BBIXOJJHOE CONIPOTUBIICHHE, OOJIBIIOE BXOI-
HOE COMPOTHUBIICHUE) YCUIIUTEIIEH, MPEICTABICHHBIX HA pUc.5.5 — puc.5.7?

2. Kak 3amaercs pexum pabOThl OKOHEYHOTO Kackajia?

3. K ywemy npuBoaut pasnenenue Harpy3ku win BkirodeHue ['CT B koiek-
TOPHOM LIENHU IIPEIOKOHEYHOro Kackana?

4. Kak obecrnieunBaercsi yCTOMUYMBOCTh MHOTOKAaCKaJHOTO YCHUJIUTENS, OXBa-
YEHHOT'O OTPHUIATEIbHONU 00paTHOM CBSA3BIO?

5.Kaxk 3aBUCHUT BBIXO/IHAS] MOIIHOCTb OT COIPOTUBIIEHUS HAIPY3KU?

6. Kak 3aBucsT BbIXOJIHasA, noTpedisiemasi, paccenBaemasi MomHocTd 1 KIT/]

OT aMILUTUTY /bl HAIPSDKEHUSI BXOJJHOTO CUTHAJa?
JlaGopaTopHasi padora 6
NCCIEJOBAHUE MHOI'OKACKAJZIHOT'O YCUJINTEJIA C HEITAMU

OBPATHOU CBS3U

Leas padoTbl — HCCIIEIOBATH BIMSHUE PA3IMYHBIX BUIOB OTPULATEIBHOU

O6paTHOﬁ CBsA3HU Ha OCHOBHBIC ITAPaMCTPbI YCUIIUTCIIA.
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6.1. KpaTkue Teopernyeckue cBeeHHUs.

[Ilupokoe MpUMEHEHUE B YCWIMTENSAX PA3IUYHBIX Iereil oOpaTHOU CBS3H
00yCJIOBIIEHO TE€M, YTO OHA CIYKUT OY€Hb YJOOHBIM HHCTPYMEHTOM, MO3BOJISIO-
MM HU3MEHATH B IIMPOKUX Ipeesiax Bce napameTpsl yeunutend. OCcyecTBiser-
cst oOpatHast cBs3b (puc. 6.1) ¢ MOMOMIBIO TIETIH, CBS3BIBAIONIEH BBIXO yCHIIHTEIS
C €ro BXOJIOM H IO3BOJISIONIEH MepeaaTh ¢ BbIX0/la HA BXOJl YacTh 3HEPTUU YCH-
JeHHoro curHana. Kak BuaHO u3 puc.6.1, 4eTbIpEXIOMIOCHUK YCUITUTENS U YEThI-
PEXTOMIOCHUK O0OpaTHOM CBsI3W 00pa3yloT 3aMKHYTYIO 1I€Mb, Ha3bIBAEMYIO METIIEH
00paTHOM CBS3H.

Brnusinue oOpaTHOW CBsI3M Ha MapamMeTphbl YCUIUTENs OMpeesieTcss BUIOM
00OpaTHOU CBSI3M, €€ 3HAKOM U HaIUuMeM (WJIM OTCYTCTBHEM) B ILiemu oOpaTHOM
CBSI3U YaCTOTHO-3aBUCUMBIX (B moJioce nporyckanus ycwiutens 6e3 OC) sneMen-
TOB.

Kak BugHo 13 puc. 6.1, netns odpaTHOMN cBsi3u 00pa3oBaHa ABYMsS YETHIPEX-

NOJIFOCHUKAMU: COOCTBEHHO YCWIMTEN W oOpaTHOW cBsi3u. B 3aBucumocTH OT
crnoco0a COeIMHEHUs] BXOJIHBIX U BBIXOAHBIX 32KMMOB 3THUX YETHIPEXTIOIIOCHUKOB
paznuyaroT CIEQYyIONIMe BHJIBI OOpAaTHOM CBS3U: MO HANPSDKEHUIO WA MO TOKY
(cmoco6 cwéma OC) u mocieaoBaTEIbHYIO WM MapajljieibHy0 (Crocod BBOJA
00).
[Tpu napamnensHoit OC no BXOJy BXOJHAs Mapa 3aKMMOB YCWJIMTENS, BBIXOJHAsS
napa 3aKMMOB 1€l 00paTHOM CBSI3U M 3a)KMMbI HCTOYHHMKA CUTHAJa BKIIOYAKOTCS
napayensHo (puc.6.2,a). IlocnenoBarensHas OC mo BXoIy XapakTepuzyercs
MOCJICIOBATEIbHBIM BKIIOYEHUEM ITUX Map 3axKUMOB (puc.6.2,0).

OOpaTHas cBsI3b 110 HANPSKEHUIO 00paszyeTcs MpH MapajljieIbHOM COelnHe-
HUU BBIXOJHOM Maphl 3aKUMOB YCHIIUTENS, BXOJHOM Mapbl 3aKUMOB -

YETHIPEXIIOIIOCHUKA, 00paTHOM CBA3W W Harpy3ku (puc.6.3,a). Ilpu obpart-
HOM CBSI3W N0 TOKY BCE 3TU TPU MHapbl 3aKMMOB BKIIIOUEHBI MOCIEAOBATEIHHO
(puc.6.3,0).

B peanbHOM ycunutene oOpaTHas CBsI3b MOXET ObITh CMEIIAHHOM, T.€. Ha
BXO/JI€ U Ha BBIXOJIE MOT'YT IPUCYTCTBOBATh OJJHOBpeMeHHO 00a Buja OC.
st ouenku 3@ dpexkruBHOcTH OC BBOJATCS TaKUE MOHATUSA, KaK KO PUIIMEHT
netieBoro ycunenus Ky u rmyOuna odpatnoit csizu F. Koagduuuent nerneBoro

YCWJICHHS OTIpeieNiaeTcs Kak Kod(pPUIueHT nepeiayu no pa3oMKHYTOH neTiie 00
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paTHOM cBsi3u. [{ns Haxoxaenus Ky meTiro oOpaTHOM CBSI3U pa3phIBAIOT B JIIOOOM
yaA00HOM MECT€E, a ICTOUHHMK CHUTHAJIa 3aMEHSIOT €ro BHYTPEHHUM COTPOTUBJICHU-
eM (puc.6.4), Ha koH1ie netin OC BKIIOYAIOT CONMPOTUBIICHHUE, SKBUBAJICHTHOE
CYIIECTBOBABIIEMY B 3TOM MecCTe 10 pa3psiBa netiu. Ha puc.6.4 3To conpoTusiie-
HUE ONPEACIISIETCS MapaieIbHbIM COCIMHEHUEM BXOJHOTO COMTPOTUBIICHUS YCHU-

auTens 0e3 00paTHOM CBA3U U CONPOTUBIICHUS] ICTOYHUKA CUTHAJA:

Rpx Ry

(6.1)

RBKB =

Koadduiment nerneBoro ycuiieHus onpezensercss Kak OTHOLUIEHUE Harpsi-
JKEHUS Ha BBIXOJI€ Pa30PBAHHOM METIN 00paTHOM CBS3HM K HANPSHKEHUIO Ha €€ BXO-
ne:

U2
Ul

Koadduiment nerneBoro ycuneHus B psijie ciaydyaeB y100HO MPEACTaBUTD B

. 6.2)

BU/JIC IPOU3BEJICHUS IByX MHOXKUTENEH, OAUH U3 KOTOPHIX sIBJsieTcs KodhpuimeH-
ToM ycusieHus yeunurens 6e3 OC, a BTopoil — koahGuireHToM nepeaadu uenu
00paTHOM CBS3H:
B o6mem cnydae Ky siBisieTcst KOMIUIEKCHOM BETMYMHON U XapaKTepU3yeTcs MO-
nysieM U (hazoii:
. B j(pF 4
KH — KH ] s (6. )
r7ie @f SIBJISETCS cABUTOM 10 ¢aze mexay Hanpsokenuem Ul u U'l.

Benuuuna, paBHas 1 - Ky, Ha3pBaeTcs riryOMHOM 0OpaTHOM CBS3U M 000-
3HavyaeTcs OykBoH F:

F=1-K . (6.5)
I'mybuna oOpatHoi cBsi3u F mokaspiBaeT, BO CKOJIBKO pa3 H3MEHSAETCS

CKBO3HOM KOd(hHIMEHT ycuiieHus pu BBeAeHUH B ycuureab OC, cieaoBaresnb-

HO:
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= (6.6)

Paznuuatror nonoxurensHyro u orpunarensHyo OC. IIpu nmonoxurenbsHOU
oOparHo#t cBsizu HanpspkeHua Ul u U'l umerotr oguHakoBble (asbl, B pe3ysbTare

qCcro

pp=0", Ky=Kpy, F=1-K,. (6.7)

Ipu orpunarensroit OC nanpskenus Ul u U'l uMeloT oauHakosble Basbl, B pe-

3YyJIBTATC Y€ro

ep=180", Ky =-Kp, F=1+K. (6.8)

[TonsipHOCTH OOpaTHOM CBSI3U BCeria onpeesieTcs A 0oaactu padbodyero
JMana3oHa 4acTOT yCHIIATEIS.

CornacHno (6.6), orpuniarensHas OC (OOC) ymenspinaetr ko3 HUIUEHT yCu-
aenus yeunurens. Oanako OOC nonyyuniia HauOosbliee pacIpOCTPAHEHUE B YCH-
JUTEJIbHON TEXHHUKE, TaK KaK OHA MO3BOJIIET YMEHBIIUTh YaCTOTHBIE, IEPEXO0IHBIC
U HEJIMHEWHbIE NCKAKEHUSI U TTOBBIIIAET CTA0UILHOCTH BCEX MApaMeTPOB YCUITHU-
TEJ.

Biusane oOpaTHOM CBA3M HA BXOJHBIE M BBIXOIHBIE COMPOTUBIIECHUS yCHIIN-
tens 3aBucHt oT Buaa OC. OrpunarensHas OC, napajuienbHas 10 BXOy, YMEHb-
[1aeT BXOJHOE CONPOTUBIICHUE YCUIIMTENS, a TIOCIIeJOBaTEIbHAS — YBEIMYHUBACT.
Otpunarenbias OC 1o HaNPSHKEHUIO YMEHBIIAET BBIXOJHOE COMTPOTUBIICHUE YCH-
mutenst, a OOC 1o TOKy — yBEITMUUBAET.

OOGpaTHas cBsI3b HA3BIBACTCSl YACTOTHO-HE3aBUCUMOM, ecnu B enu OC ot-
CYTCTBYIOT YaCTOTHO-3aBUCUMBIE ()51 pa00Yero auara3oHa 4acToT YCUIIUTEs)
aneMeHThl. Eciy B ienu f MMEIOTCsl 4aCTOTHO-3aBUCHUMBIE 3JIEMEHTHI, TO TaKasl
CBSA3b Ha3bIBAETCS YACTOTHO-3aBUCUMOI.

YacroTHO-3aBUCHMAasi 0OpaTHAsI CBSI3b BHOCHUT B YCHJIUTENb YACTOTHBIE UC-
Ka)KE€HU, 00paTHbIE UMEIOUIUMCS B LIETIH P .

YacTtoTHO-3aBUCUMBIN (DA30BBIN CABUT, CYIIECTBYIOIINI B CAMOM yCHIIUTEIIE
WIN B LIEIH OOpaTHOW CBSI3U, MOXKET MPUBECTU K CHWKEHUIO YCTOMYMBOCTU yCH-

JUTCIA U IIOABJIICHHUIO CaMOB036Y)KI[eHI/I$I. MHOFOKaCKaI[HI)Ie YCHIINTCIIN, OXBAYCH-
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Heie OOC, BechMa CKJIOHHBI K CaMOBO30YXICHHUIO, TaK KaK C pOCTOM 4HClia KacKa-
JIOB PacTET U 4YaCTOTHO-3aBUCUMBIN (Pa30Bblil cABUT. [103TOMY B peanbHBIX yCUIIH-

Tensix oxBaThiBatoT nemiét OC He 6osee TpEX KacKaJoB.

6.2. Onucanue JJaGOPaTOPHOT0 MAKeTA

[IpuHuunuanpHas cxema HcciIeqyeMoro ycuiautens (puc.6.5) cocTouT w3
SMHUTTEPHOrO MOBTOPUTENS Ha TpaH3ucTtope VT1 u TpéXkackagHOTO yCUIUTENS HA

Tpan3ucrtopax V12 - VT4.

Ycunurens MOXKET OBITH OXBadcH Pa3jIMYHbIMU BUIaMH OoC qepe3 COOTBCT-

CTBYIOIIIME 1€, TOAKIIOYAEMbIE C IOMOIIBIO NIepekitouareneit S1 - S8.

[lepexmrouarens S2 HCHONAB3YyETCS MPU H3MEPEHUM BXOJHOIO CONPOTUBIIEHUS

yCUIuTens, a S7 — Ipu U3MEPEHUU €T0 BBIXOAHOTO COMPOTUBIICHHUS.

I'enepaTtop curnanos nogkirovaercs K kaemMmam X1 u X2, a ypoBeHb BXOA-

HOT'O CUTHaJIa KOHTPOJIMPYETCS MUJUTMBOJILTMETPOM Ha KiieMMax X3, X4. K BbIxo-

Ny YCUJIUTENS U3MEPUTENbHBIE TPUOOPHI MOIKIIIOUAIOTCS Yepe3 KiieMMbl X6, X7 u

X8, XO.

HoMunabl 371eMEHTOB CXeMbI PUC.6.5 MIPUBEICHBI B CIIEIYIONIEH TabuIIe:
R1 =1 kOm R10=(360+120) kxOm R19 =3 xOm
R2 =220 xOm R11=4,1 xOm R20 =510 Om
R3 =47 xOm R12 =76 Om R21=2,5 kOm
R4 =10 kOm R13 =39 Om R22 =21 xOm
R5 =5 kOm R14 = (42+10) kOm R23 =3,2 kxOm
R6 =10 xOm R15 = (1+0,2) kOm R24 =2 xOm
R7 =2 xOm R16=1,6 kxOm R25 =330 Om
R8 =25 xOm R17 =21 xOm R26 =2 xOm
R9 =24 xOm R18 =3,2 kxOm R27 = 82 xOm
Cl=1wmxd C6 =10 mx®d Cl11=10 Mx®
C2=11,2ud C7=120 10 C12 =10 mx®
C3=1,0 Mmx® C8 =470 Mmx®D C13 =1 mMx®d
C4 = 5800 n® C9 =1 Mx® Cl4 =1 mMx®
C5=5600 n® C10 =100 Mx®

6.3. IToaroroBka Kk padore

1. U3yuuThb BONPOCHI, CBA3aHHBIE C OOPATHOM CBSI3bIO, 10 PEKOMEHJOBAHHOM

JUTEpATYPE.

55




2. I3yunTh NpUHIMNHAIBHYIO cxeMy (puc.6.5). HaliTu Bce 0OpaTHbIe CB3H,
CYILIECTBYIOILIUE B 3TOM YCHUIIUTENE, U 0XapAKTEPU30BaTh UX.

3. Paccuurars rmyouny mapamiensHoit OOC mo HanpsoKeHHIo, KOTopasi 0X-
BaTHIBACT KacKajpl Ha TpaH3ucrtopax V12, VI3 u VT4.

Jlano:

a) koaddurment ycunenus yeunurelns Ha VT2 — VT4 6e3 OC — K = 346;

0) KOJUIEKTOPHBIN TOK MOKOs TpaH3ucTopa VT2 Ipx=1 MA;

B) mapaMeTphl TpaH3zuctopa V12

@r :(PT‘hzl

r5r=150 Om , h21 =60 , Ipn =
Ob IOK

, pr=26MB.

[Topsanok pacuéra:

a) HATU NapajuielIbHyI0 0OpaTHYIO CBSA3b 10 HAIMPSYKEHUIO, OXBAThIBAIO-
IIyI0 Kackajpl Ha TpaH3uctopax V12 — VT4. Belienuts B HEMl CXEMY YCUIIATEIS

6e3 ooparHoit cBs3u u 1enb OC. Pazopsate nermo OC Ha Bxojae ycunurens (co-
riacHo puc.6.4) U ompeneauTh, U3 KAKUX DJIEMEHTOB COCTOUT COIPOTHBIICHUE
Rske (Rppix Kackaga Ha Tpan3uctope VT1 cunurars paBHbIM 0);

0) BXOJHOE COMPOTUBIIEHUE TpaH3ucTopa VT2 ompenenuTts ¢ y4éToM MecT-
HO 00paTHOM CBs3M 3a CYET conmpoTuBieHus R13;

B) OIpEJEINTh BXOJHOE CONMPOTUBICHUE YCWIMTEIHHOTO Kackajaa Ha TpaH-
suctope VT2 (¢ yu€Tom nenurens B 1ienu 0asbl);

r) onpenenuTb Royg;

n) onpenenuts kodpounuent mnepenaun B nenu OC (comportuienue R10
B35Th paBHBIM 400 KOm);

€) onpenenuTh K03 UIIMEHT meTaeBoro ycuienus u rinyouny OC.

6.4. Ilopsiiok BhINOJIHEHHsI pa0OTHI (4acTh 1)

1. Bxmrounte nutanue TymoiepoMm “Eoc” Ha mepeaHell maHenu CTOMKH H
pyukoii “Per. Eoc” ycranoBUTh HamnpsikeHue 12 B (HampskeHue KOHTPOIUpPYeTcs
1o JIeBoMy NpubOpy Ha CTOMKe, IIKana cooTBeTcTByeT 20 B).

2. BBIKITI0YMTH BCe 00111e 0OpaTHBIE CBA3H.

3. CHATh aMIUIUTYIHYIO XapaKTEPUCTUKY YCUIIUTENS HAa TpaH3ucTopax VT2
— VT4. ITpu 3Tom BxonHoe HanpspkeHnue u JJ]C u3mepsTs Ha 3akumax X3 — X4, a
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conpotusiieHue R7 paccmarpuBaTh Kak CONPOTHUBICHUE UCTOYHUKA curHana. ['e-
HEpaTOp CUTHAJIOB MOJAKIIIOUUTH K 3akuMam X1 — X2.

4. CHATh 4YaCTOTHYIO XapaKTEPUCTUKY YCUIIUTEIS.

5. Onpenenuth CKBO3HOM KO3 dunueHt ycuneHuss Kg mis ycunurens Ha
TpaH 3ucrtopax VI2 — VT4.

6. Ucnonb3ys conporusnenue R7, usmeputs Rpx ycunurens.

7. Ucnonws3ysa conporuBieHue R26, W3MEpUTh BBIXOJHOE CONPOTHUBIICHUE

YCUIIUTCIIA.

6.4. Ilopsiiok BHINOJIHEHHSI PA0OTHI (4aCTh 2)

1. Bxmrounte nuranue TymosnepoMm “Eoc” Ha mepeaHell maHenu CTOMKH H
pyukoii “Per. Eqc” ycraHoBUTH HanpsbkeHue 12 B (HanpsbkeHHe KOHTPOJIUPYETCs
1o JIeBOMy NpuOOpy Ha CTOMKe, IIKaja cooTBeTcTBYyeT 20 B).

2. BoikiounTh Bce 001IMe 0OpaTHbIE CBS3H.

8. Brectu B ycunutens napauienbHyro OOC 1o HanpsKeHHUIO U YCTaHOBHUTh
riyouny OC, paBnyto n1ByM (F=2).

9. IlpoBect u3MepeHus no M.0.3 - 7 I YCUJIUTENs ¢ JTaHHOM OOpaTHOU
CBSI3BIO.

10. BeixatounTts napauienbHyo OC 1Mo HaNpsyKEHUIO U BKIIIOUUTH MOCIIEN0-
BarenbHyt0 OC no Toky, npoBectu uzMepenus g 3roi OC no n.n.3 - 7.

11. MccnenoBarh BIMSIHUE HAa BXOJHOE CONPOTHUBIICHUE YCWIMTENS Mapall-
nenpHOM OC no Toky u nocnenoarenbHor OC no HANPSKEHUTO.

12. UccnenoBars BausHue OC MO HANPSIKEHUIO HA BBIXOJHOE COMPOTHUBIIC-
HUE YyCUIUTENs (Harpy3ka H3MEHSAETCS MyTEM MOJKIIOUEHUS COMPOTUBICHUS
R26).

13. CHATh YACTOTHYIO XapaKTEPUCTUKY IEMHU, cojepkamieil nBoiHon T-
00pa3HbIil MOCT (Y4acTOoTa HACTPOMKM MOCTa Haxonautcs B mpeaenax oT 500 go
5000 I'm).

14. C nmomoIpi0 MOCTa OXBaTUTh YCHIIUTEIh YaCTOTHO-3aBUCUMOM oOpart-
HOM CBSI3bIO M CHATB €r0 YACTOTHYIO XapaKTEPUCTHKY.

15. Usmensist nanpspkenue nutanus Ha 20%, u3MepuTh HECTaOUIBHOCTh KO-

s dunrenTa ycusieHus: ycuintelst 6e3 o0paTHON CBSI3H.



16. Bxirounts OC 110 HaNpsKEHUIO, MAPAIIIENBHYIO 110 BXOy, U IOBTOPUTH
U3MEpEHNE HECTAOMIBbHOCTH KO3(PPUIIMEHTA YCUIICHHS YCUITUTENS IPU U3MEHEHUN
HarnpspbkeHus nutaHus. CpaBHUTH pe3ysIbTaThl U3MEpeHU 1o m.m.15 - 16. I'myou-

HY 00paTHOM CBs3U BbIOpaTh paBHOU nByM (F=2).
6.5. KoHTpo/IbHBIE BONIPOCHI

1.Yto Takoe oOpaTHasi CBA3b U JJI YETO OHA MPUMEHSETCS?

2.Yto Takoe netas OC, netieBoe ycuieHue, riyouna OC?

3.Kakue Busibl 0OpaTHOM CBSI3U UCIOJIB3YIOTCS B YCHIIUTEIBLHON TEXHUKE?

4.Kak oOpaTHas CBSI3b BIUSET HA MMapaMeTPhl yCHIIUTEIS?

5.HaiimuTe Bce 0OpaTHBIE CBSI3H, CYIIECTBYIOIINE B CXeME PHUC.6.5.

6.Kak u3MeHstoTCS mapameTpsl ycunutens (puc.6.5.) moj Bo3AeicTBHEM
KaKJI0M U3 UMEIOIUXCSl OOpaTHBIX CBA3EH?

7.Boinenure 3 - 1enb 115 KaKI0U MeTIn 00paTHOM CBSI3U B cXeMe puc.6.5.

8.Kak onpenenuts kodpdutinent B 1 kaxaoi BeiaeneHHo netau OC?
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