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Y3J1bI ¥ 3J1EMEHTHI OMOTEXHUYECKUX CUCTEM

PABOTA N° 1. «<MCCNEAOBAHME
nosivnepOBOAHUKOBOIo ANOAA M
CTABUJIUTPOHA>»

Uenv pabotel - CHATME BOJNbT-aMMNeEPHbIX XapaKTEPUCTUK W
onpeaeneHue NapaMeTpoB KPEMHUEBOIO ANOAA U CTabUNUTPOHa.

NOACHEHMA
MonynpoBoaHUKOBbIE ANOAbI

[voa npeactaBnsieT cob6oi MACCUBHBIA HESIMHENHBIN 3IEMEHT.
OH CoaepXuT OAMH p-nN-NEepexoa M WMeeT ABa BbiBOAA OT P M N
obnacreii. Ha ycnoBHoM o0603HauveHun (puc. 1.1, a) HanpaBneHue
CTPENIKX AMoAa COBMaAaeT C HarnpaB/ieHMEM NPSIMOro ToKa.

PaboTa MonynpoBOAHMKOBOIO AMOAA B 3NIEKTPUYECKON CXeMe
onpefensieTcs ero BOMbT-aMnepHoN xapakTtepuctukol (BAX). BAX
Avopaa nokasaHa Ha pwuc. 1.1,6.

AHod ~, Kamod
L~
a)
A
| np,MA
<
A4
A
alnp
Uoép
Ioﬁp,MKA

~

0)

PucyHok 1.1 YcnoBHble 0603HaveHve a) u BoSbT-aMnepHas
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Y3J1bl ¥ 3/1eEMEHTbI GUOTEXHUUYECKUX CUCTEM

XapakTepucTuka 6) nonynpoBoAHMKOBOro Anoaa

Ecnv, Hanpumep, 4yepe3 AMOA B HampaBNeHMM OT aHoda K
KaToay npoTeKkaeT MpsiMoi Tok BennumHo 10 MA, To aHoa 6onee
MOSIOXXMTENIEH, YEM KaToA. OTa pasHMUA HaMpshKEHMI HasblBaeTcs
MPSMbIM HANPsYKeHeM AMoaa. Yalle BCero nageHue HanpskeHus Ha
avope, o6ycnoBneHHOE MPsIMbIM TOKOM 4epe3 Hero, COCTaBnseT oT
0,5 po 0,8 B. TakuM nageHMEM HaMpsKEHUST MOXHO MpeHebpeub, u
TOorda AMo4 MOXHO paccMaTpuBaThb Kak MPOBOAHMK, MPOMYCKakoLWwmi
TOK TOJIbKO B OAHOM Harpas/ieHUMN.

Ob6paTtHbii TOK AN AMOL0B OBLIEro Ha3HAYeHUs U3MEPSIETCS B
HaHoaMnepax (0bpaTuTe BHMMaHWE Ha PasHblil MacliTab M3MepeHuit
no ocu abcumcc ans NpsiMoOro M 06paTHOro Toka), U ero, Kak NpaBuio,
MOXHO He MPUHUMaTb BO BHMMaHWE [0 TeX Mop, MOKa HanpshKeHne Ha
Avoae He AOCTUIHET 3HayeHust HanpsbkeHust npobosi. OB6bIYHO, Ha
AMOA MOJAT TaKoe HamnpshkeHue, KOTOPOe He MOXET Bbi3BaTb
npo6oit. UcknioyeHne coCTaBASItOT TOSIbKO CTAaBUNUTPOHLI.

Takum 06pa3oM, OCHOBHbIMM MapaMeTpamMmn AMOAO0B SBASAIOTCS:

[1OCTOSIHHOE rpsiMoe HarnpsikeHne Uy Npu onpeaeneHHoM ans
KaXkaoro amnoaa NOoCTOSIHHOM MPsIMOM TOKeE;

MIOCTOSIHHBIM ~ 06paTHei  TOK  Lep npu onpeaeneHHoM
NMOCTOSSHHOM 06PaTHOM HanpsXKeHWM;

MaKCUMasIbHO AOMYCTUMOE [TOCTOSSHHOE 06PAaTHOE HAINps)KEHne
Ub6p.marc;

MaKCUMAsIbHO JOMYCTUMBIN TOCTOSSHHBIA Inpmakc WM CPEOHWUIA
Inp.cp,MaKc I'IpﬂMof/'l TOK.

OcHOBHbIE 3J71IeKTpUYEecKMe napaMeTpbl auoaa K/J521A

MNocTosiHHOe NpsaMoe HanpsxeHue Uy
npu Inp = 50MA He 6onee 1B

MOoCTOSIHHbIN 06paTHbIN TOK Josp
npu Ubep = Uopmaxe. He 6onee 1 MKA

MakcMManbHO A0oMYCTUMOe MOCTOsSiIHHOe obpaTHoe
Hanpsbkenue Uosp.maxe 75 B

MaKcManbHO 0MYCTUMbINA MOCTOAHHBIA Ip.makc
WU CPEAHWIN Inp.cp.maxc MPAMONA TOK ~ 50MA
CTabnnuTpoHbl

CTabunuTpoHbl - 3TO MOMYNPOBOAHUKOBLIE MpUBOPbI, Ha
KOTOpbIX HanpsiKEHNE COXPAHAETCS C OMPEAESIEHHON TOYHOCTbIO Npu
M3MEHEHWUN MPOTEKAIOLIEro Yepe3 HUX TOKa B 33[1aHHOM AManasoHe.
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Y3J1bI ¥ 3J1EMEHTHI OMOTEXHUYECKUX CUCTEM

3TM npubopbl NpeaHasHayeHbl ANs CTabunmnsaumMn  HanpskeHus.
Yuactkm  BAX, COOTBETCTBYIOLIME  3IMEKTPUYECKMM  pexmmamM
CTabunuTpoHOB B pexume cTabunmsaumu, HasbiBaloT paboummu
(yyactkn a6 n Br Ha puc. 1.2, 6). Paboumit yyactok cTabunuTpoHa
pacrosioeH Ha obpaTHoit BeTBU BAX, T. e. npubop paboTaeT B
pexume npobosi.

AHod Kamod

\V

Np.MaKc

__________ 'cm MOKC

'oép

6)
PucyHok 1.2 YcnoBHble 0603HaveHne a) u BobT-aMrepHas
XapakTepucTuka 6) ctabunmTpoHa

OCHOBHbIMM NMapaMeTpaMy CTabUIMTPOHOB ABJNIAIOTCA:

HOMHHAJ/IbHOE HarnpspxeHne crabmanzaymy Ucnwon -
cpeaHee HanpsbkeHue ctabunusaumm ctabunuTpoHa npu TemnepaType
298 K 1 onpeaeneHHOM Toke cTabununsaumu;

pa3époc HanpsyxeHusd crabuamzaynn A(7CT - WHTepBan
HanmpsbkeHWn, B npedenax KOTOPOrO HAaxoAsTCs  HanpshKeHus
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cTabunuzaumm npubopa AaHHOro TUNa;

NOCTOsIHHOEe  npsiMoe  Hanpsxkenme  AlUcr npu
onpeaeneHHOM AN KaXAoro CTabunnTpoHa MOCTOSIHHOM MPSIMOM
TOKE;

TeMrneparypHbii Kos3¢ppnynenT HarpsKeHns

crabunmzaymm i/, TNOKasblBalOWMIA, Ha CKONMbKO MPOLEHTOB

M3MEHSIETCA  HanpsbkeHve cTabunusaumm Us nNpu M3MEHeHUn
TeMnepaTypbl okpyxatoulein cpeabl Ha 1 K;

AngbgpbepeHynanbHoe conpoTuBIeHHNE I, onpejensiouiee
cTabunuavpylowme cBoicTBa npubopa M MOKasbiBalowee, Kak
HanpskeHne cTabunmnsaunm 3aBUCUT OT TOKa.

fer = (U(_T.Ma/((_' - UCT.MMH )/(]LT.MaKc - .[CT.MMH) (11)

MUHUMAJIBHO [OMYCTUMbIH TOK cTabuanzaymu Iomy —
MUHUMasbHLIAN TOK Yepe3 CTabuUIMTPOH, MpU KOTOPOM COXpaHsoTCA
€ro CTabuinsmnpytoLme CBOMNCTBa;

MAaKCHMa/IbHO [OMYyCTUMbIH TOK CTabMIN3aLnN Irvanc -
MaKCUMalbHbI TOK, npu KOTOpPOM npmbop coxpaHseT
paboTocnocobHOCTbL ANNTENBHOE BPEMS.

OCHOBHbIE 3/IeKTpNYecKne napaMmeTpbl CTabunnTpoHa
KC156A

HoMuHanbHoe HanpskeHne ctabunusaummn Uer

npu I = 10 MA 5.6B

Pa3bpoc HanpsxeHui cTabunusaumm AUs 5.04..6.16 B
MNocTosiHHOE NpaAMoe HanpshkeHue Unp

npu Ip= 50 MA He bonee 1 B
TemnepaTypHbii  KO3(PUUMEHT HaMpshKeHUs cTabunusauum

@it
B Avana3oHe TemnepaTtyp -60...+125 °C +0.05% / °C
OnddepeHumanbHoe CONPOTUBIIEHUE ror
npn I = 10 MA He 6onee 46 OM

MWHUMaNbLHO AOMYCTUMBIN TOK CTabunmsaumn lermm 3 MA
MaKc1MManbHO AONYCTUMBIN TOK CTabUAM3aunn Iermae 55MA

PaccmoTpuM  nogpobHee  BOMbT-aMMEPHYID  XapaKTepUCTUKY
(BAX) aunopa, usobpaxkeHHyto Ha puc. 1.1,6. 3aBMCMMOCTb TOKa OT
HanpskeHWs UMeeT BuA

I =lhep[exp(U/Ur)—-1] (1.2)

roe I —Tok guopa; U - NpuUnoXeHHoe HarpsbkeHue; Ur
=kT/qg = 25,3 MB npu koMHaTHOM TeMnepaType (20 °C); g — 3apsia
anekTpoHa(1,60 x —I9 Kn);
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— Y3J1bl ¥ 3/1eEMEHTbI GUOTEXHUUYECKUX CUCTEM

k- noctosHHas bBonbumaHa (1,38 x —Z3 [Ox/K); T -
TemnepaTypa nepexoaa B kenbBuHax (K = °C + 273,16).

Mpn 60nbWOM OTpULUATENbHOM 3HA4YeHUM NpPUKIaabLIBAEMOro
HanpsbkeHns U
exp(U/U;) =0 (1.3)

n I = Lep, 0TKyAa cneayeT hU3NUECKMI CMbICTT KOHCTaHTbl Jogp
B (1.2): Leg €BNSeTcs TEnnoBbiIM TOKOM YTEYKM, KOTOPbLIA Mpu
MOCTOSIHHOW TeMMNepaType U Npu CMELLEHNM B 06paTHOM HamnpaBieHun
He 3aBUCUT OT NPUOXKEHHOrO HanpsHKeHWs, koraa oHo 6onblue 0.1 B.
O6bl4HO  [osp Ha3bIBAOT O6PATHBIM TOKOM HACHILEHUS WU
Tern/1oBbIM .

Ecm K guvopy nNpunoXeHO MpsIMOe HanpshkeHne CMeLleHus
6onbwee 0,1 B, To exp(U / Ur) == 1, Tak 4To

I % Lep[exp(U/Ur)] (1.4)

MOXXHO MNOACTaBMTb 3HAYEHUS g WU K W NPUHATb, 4To T -
KoMHaTHas Temnepatypa (20 °C nnun 293 K). Torga KoHCTaHTa Ur =
kT/g okasbiBaeTcs paBHOW npubnuautensHo (<40 E)—., Tak uTo
CBSA3b MeXAy TOKOM W HanpshkKeHneMm nmeeT BUA:

I % Doep [exp (40 Unp)] (1.5)

BAX avoaa HeENWHENHa, U ero CtaTUYeckoe ConpoTUBIEHUE NPU
CMeleHnn B NPsSIMOM  HanpasieHuu R=Unp [/ Ip cuibHO
M3MEHSIETCA MpU  M3MeHeHMM Toka. [loaToMy  umcnonb3yeTcs
ANHaMuyeckoe v  agugbghepeHynasibHoe ConpoTUBIIEHUE,
onpeaensieMoe Kak

r = dUnp /d]np (16)

OnddepeHumpys (1.5), nonyuum
dUnp /d]np =40X]06p[e)(p(40U/7p)]=40.[/7p (17)

NO3TOMY ANHaAMMNYECKOE COMNMpoTUBJIEHNE pPaBHO
r = dUnp /d.[np = 1/40 ]np (18)

€CNn TOK Iy BbIpaXkeH B MA, TO
r=25/Ip ,0M (1.9)

CnepoBaTtenbHO, AMHAMW4eckoe  COMPOTMBIIEHME  Auofa
06paTHO NPOMopLUMOHabHO NPSIMOMY TOKY. MpsiMOi TOK BEMYMHOMN 1
MA [aeT AuHaMmyeckoe ConpoTuBieHne okono 25 Om.

BoipaxeHne (1.9) saBngeTcs [OCTAaTOMHO TOYHLIM  ANS
6ONbIUMHCTBA MPaKTUYeCcKMX Uenel. B uacTHocTM, Ans nepexoga
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6a3a'3MMTTep OTKPbITOrO TPaH3UCTOPA OTKJ/IOHEHWE BENNYUHBLI €ro
OWHAMUYECKOro CornpoTtuBiEHNA  OT TeopeTquCKon BENMNYUNHDI
MEHbLUE, YEM AN OTAENIbHOIro anoaa.

Mopaynb «MonynpoBoAHMKOBbIE AMOA U CTAGUIUTPOH>»

Cxema moayns «[lonynpoBOAHMKOBbIE AMOA M CTabunMTpoH»
npueegeHa Ha puc. 1.3. DNeMeHTbl yCunuTens Ha CMeHHOM Moayne
N91 nMeloT cnegytowme napameTpbl:

VD1,VD4 -pvoobl KAS521A;

VD2, VD3 - crabunutpoHbl KC156A.

Mpsmyio BeTBb BA X avoja CHUMAIOT, BKJIIOYMB WUCTIbITYEMbIN
VoA B CXeMy, MokasaHHylo Ha puc. 1.4, a. lMNpsMol Tok yepes avoa
3aaeTCs UCTOYHUKOM ToKa M7, XapakTePHOM 0COBEHHOCTbLIO KOTOPOro
ABnsetrcs cnabasi 3aBMCMMOCTb BbIXOAHOMO TOKa OT COMPOTMBEHUS
Harpysku. MNaBHO YBENMYMBaAsSl OT Hy/sl BbIXOAHOM TOK WMCTOYHMKA
Toka M T, u3MepsaloT npsiMoe HanpsbxeHuwe Unp avopda ans psga
3HaYeHW NPSAMOro Toka Jnp.

ObpatHyro BetTBb BAX gmoga CHUMAKOT,  BK/IOYMB
WCMBITYEMBIN [MOA4 B CXEMY, MOKa3aHHyl0 Ha puc. 1.4, 6. MnaBHO
yBeNMUMBasE OT  HYNs  BbIXOAHOE  HamnpsbKeHWe  UCTOYHWKOB
HanpsbkeHuss MH1 v U H 2, n3mepsatoT obpaTHbi Tok Jogpy Avoaa
ANs psafja 3HaYeHW 06paTHOro HanpsikeHust Uoesp.

k1 | kT2 K3 X1 X3 X5
= I—. —~ .—? o - >
uT U X2 x4 X6
‘*"I’"‘“ 4 SIZ vD1 EIZ vD2 4§ vD3
KT4 k
r_&‘f’ oo T8
-+
WH1
LY VD4
g, 7
nH2
= ;
KTe
PucyHok 1.3 Cxema moayns «[1onynpoBOAHUKOBbLIE ANOA U
CTabnnnTpoH»
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noPAAOK PABOTDI

1. MogroToBka k pa6ore

1.1 3apucyiite cxembl ans nonydyenuss BAX avopa wm
crabunutpoHa (cM. puc. 1.4, a, 6 n puc. 1.5, a, 6).

1.2 Bblueptute T1abn. 1.1 ... 1.4 gnsa CHATMS NpsSIMbIX W
0bpaTHbIX BeTBeN BAX anoaa u cTabunntpoHa.

1.3 YctaHosuTe Bbiktovatens CETb, BblkayaTenu Bcex
WUCTOYHWMKOB CUIHANoB U n3MepuTesbHbIX npnbopos B
nonoxeHune BbIKJ1, perynsatopsbl NOTEHLMOMETPOB BCEX
WCTOYHMKOB B KpalHee NIeBOE MOJIOXKEHWE, nepeksoyaTenb

[IManas3oHOB UCTOYHMKA Toka AT -B nonoxenne 0 - 1 0 MA.

1.4 MoaknounTe cMeHHbI Moaynb N21 Kk pasbeMy 6a30BOro
6noka.

1.5 MoacoeanHWTe LWHYP MUTAHUS K pa3beMy Ha 3adHen
CTeHKe CTeHaa u BKJTIOUMTE BUMKY LUHYpa MUTaHUS B PO3ETKY
3NeKTPOCeTH HanpshxeHnem 220B.

Buumarnne!

Ecm riokazauusi Ha AUCTISIEE USMEPUTE/ILHOMO Npubopa He
UBMEHSIIOTCS PH U3MEHEHUN UIMEDSEMOU BESTUYMHDI, TO BbIK/IIOYUTE
U cHoBa BK/ToYuTE ero Tymbaepom BKJT / BbIKJT.

Ecm  ripy BK/IIOYEHMM — aMriepMeTpa Ha ero  Auciee
orobpaxkaercs cumBosi AC  (PEXUM  UBMEDEHNS  TEPEMEHHOMO
HAlPSKEHNS), TO BbIKTIOYUTE M CHOBA BK/IIOYUTE  aMIIEPMETD
Tymbriepom BKJT / BBIKJT £1/19 U3MEPEHUS TOCTOSIHHOIO 110 PO4Y TOKa
(ripyu 3TOM Ha ero gucriziee 4o/DKeH otobpasntbcs cumBos DC).

2. CHATMe npsaMoi BeTBU BAX noaynpoBOQHUKOBOIO
avopaa

2.1 MoaknounTe BCTPOEHHblE B CTEHA, aMnepMeTp Ans
U3MepeHns NpsMoro Toka Inp N BONBLTMETP AN U3MEpeHUs
NPSAMOro HanpshkeHus Unp Anopaa. YcraHosuTte

nepeknyaTesnb Avana3oHOB W3MepeHus amnepMmeTpa B
nosnoxeHue MA. Moakntounte nepemblukon avon VD1
(cMm. puc. 1.4, a).

2.2 Tlocne npoBepku NpaBuabHOCTU NOAKIOYEHNS NprbopoB
npenojasaTenem BK/IIOYUTE MUTAHWE CTeHAa BbIKOYATENEM
CETb.

2.3 BkiounTe UCTOYHUK TOKa AT 1 NOAKIIIOYEHHbIE K CXeMe
u3MepuTesbHble npubopsl.

2.4 Perynatopamu TPYBO 1 TOYHO uctouHuka Toka AT
yCTaHaBfMBaiiTe 3Ha4YeHns NpSMOro Toka Ipp cornacHo Tabn.
1.1. na KaXkgoro 3Ha4yeHus Toka CHUMalTe
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COOTBETCTBYIOLIME 3HAYEHUS MPAMOro HanpsbkeHust Upp U 3aHocuTe
ux B Tabn. 1.1.

2.5 Bbikntounte UCTOYHUK ToKa MT N MOAK/OYEHHbIE K
CXEME U3MepuTESbHbIE NPUOOP.I..

Tabsimyal.1
Mpsimoit Tok | 0,1 0,2 0,5 1 5 10
Inp, VA
MNpsiMmoe
HanpspkeHne
Unp,B

@& &

PucyHok 1.4 CxeMbl gns cHaTMst npsimoit 1 n obpaTHoi 2 BeTBel BAX
NoNynpOBOAHMKOBOIO ANoAa

3. CHaTMe o6paTtHOM BeTBM BAX NonynpoBOAHUKOBOIrO
avoaa

3.1 MoaknunTe BCTPOEHHbIE B CTEHA amnepMeTp Ans
u3MepeHust 0bpaTHOro Toka losp N BONbTMETP AN U3MEpPEHUs
obpaTtHoro HanpsbkeHuns Uoep anopaa (cM. puc. 1.4, 6). YcraHosuTe
nepeksoyaTesis aMnepMeTpa B NonoXKeHne MKA.

3.2 BrkntounTte MCTOUHUKM HanpsxkeHns MHI n MH2 n
NOAK/TIOMEHHbIE K CXeMe n3MepuTesibHble NpMbopbI..

3.3 Perynatopamm TPYBO 1 TOYHO WCTOYHMKOB
HanpsbkeHus #MH1 v MH2  ycTaHaBnvBanTe 3HauyeHUs 0bpaTHOro
HanpsbkeHus Uosp cOrnacHo Tabn. 1.2. [Ans KaXkgoro 3HayeHus
HanpsiXeHWUs! CHUMalTe COOTBETCTBYIOLLNE 3HAUYEHNST  0BpaTHOro
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Toka Josp N 3aHOCKTE KX B Tabn. 1.2. Ecnv amMnepmeTp nokasbiBaeT
HyfieBoe 3HayeHne 0bpaTHOro Toka, TO 3anuwuTe B Tabn. 1.2,

yto losp < 0,1 MKA.

3.4 BblKNoUMTE UCTOUHMKKM HanpsxkeHus MAHI n UH2 n
NOAK/IIOYEHHbIE K cxeme n3MepuTenbHble Npubopel.

Tabsimmya 1.2
O6paTtHoe 1 5 10 20 30
HanpshkeHne Uosp,
B
O6paTHbIi TOK
Tosp, MKA

4. O6paboTka pe3ysibTaTOB 3KCNEPUMEHTA
4.1 Wcnonb3ys paHHble Tabn. 1.1 u Tabn. 1.2 noctpoiite

rpacvku NpsMon u o6paTHOW BeTBeN BAX
NosynpoBOAHNKOBOro Anoaa. OHU MMEIOT BUA, NPEACTaB/EHHbIA  Ha
puc. 1.1,6.

4.2 CpaBHUTE MONy4YeHHble 3HaYeHUs1 NPSIMOro HanpsiKeHus
Unp v 06paTHOro Toka Josp CO CipaBOYHbIMM.

4.3 OnpepgenuTte AMHAMWMYECKOE COMPOTMBAEHWE AMOAA Ha
OQHOM W3 Y4YaCTKOB npsimoit BetBu BAX NONYNpoBOAHUKOBOIO
avopaa, ucnosnb3ys BeipaxkeHne (1.6) n puc. 1.1.

4.4  PaccuuTaiite TEOPETMYECKYIO BENNUYMHY AMHAMUYECKOTO
CONPOTUBNEHNS Ha 3TOM Xe yyactke BAX, wucnonb3ys
BblpaxkeHue (1.9). CpaBHMTE  TEOPETUYECKOE U peasibHOe 3HaYeHUs
AVHAMUYECKOro ConpoTuBAEHUs avoaa.

5. CHaTHe npsMoii BeTBU BAX cTabUIMTpPOHaA

5.1 MoaknounTe BCTPOEHHblE B CTEHA aMnepMeTp Ans
W3MepeHUs NPSMOro Toka Inp W BONMBTMETP ANA U3MEpeHus
NpsAMOro HanpsbkeHnus U,p ctabunutpoHa. YcTaHosuTte
nepeknioyaTesns amrnepMmeTpa B rnonoxeHne MA. Tlogknwouunte

nepemblykoi ctabunutpod VD2 (cm. puc. 1.5, a).

5.2 CHumuTe npsmyto BeTBb BA X cTabunutpoHa Tak Xe,
KaK OHa bbina cHATa  Ans anoga (n. n. 2.3 ... 2.5). Pe3synbTatbl
n3MepeHuin 3aHecuTe B Tabn. 1.3.

Tabsmmya 1.3
Mpsimoit Tok I, | 0,1 | 0,2 05 |1 5 10
MA
Mpamoe
HarnpskeHue
Unp, B
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°“|"" i VD1 iz V02— VD7

PucyHok 1.5 CxeMbl ansa cHATUs npsimolt 1 n o6paTHon 2
BeTBel BAX cTtabunutpoHa

6. CHATHe obpaTtHoii BeTBu BAX cTabunuTpoHa
6.1 MNoaknounte BCTPOEHHbIE B CTEHA aMnepMeTp Ans

U3MepeHns Toka crabunusaumm I W BONBTMETP  Ans
N3MEPEHUST HAaNpsXXeHus1 cTabunusauum Ucr  ctabunutpoHa.
YcTaHoBWTE nepeksoyaTesib aMmnepMeTpa B NnonoxXeHue MA.

MozknounTe nepeMblukoin ctabunutpoH VD3 (cm. puc. 1.5, 6).
6.2 CHumMuTe 0bpaTHyto BeTBb BAX CTabUnNUTpoHa TakK Xe, Kak

6bina cHaTa npsmas BeTBb ana auoga (n. n. 2.3 .. 2.5).
Pe3ynbTaTbl M3MEPEHMI 3aHeCUTE B Tabn. 1.4.

6.3 BbIKtounTE BCE MCTOYHWMKM CTEHAA WM U3MepUTESIbHbIe
npubopsl.

Tabnnya 1.4
Tok crabunmsauymm Icr (0,1 |05 |1 3 5 10
/MA
HanpshxeHue
crabunusauum Ucrt, B

7. O6paboTka pe3y/ibTaTOB 3KCNEPUMEHTA
7.1  Wcnonb3ys pdaHHble Tabn. 1.3 u Tabn. 1.4 noctpoiite
rpacukn npsiMont u obpaTHoii BeTBel BAX ctabunutpoHa. OHU
UMeIOT BUZ, NPEeACTaB/eHHbIN Ha puc. 1.2, 6.
7.2 CpaBHuTe npsimble BeTBM BAX avofa v CTabunutpoHa.
Onpepenute, HAXOAUTCS NN HanpsbkeHWe ctabunusaumm Ucrs
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npeaenax JIONYCTUMOro pasbpoca HanpsiKeHun ctabunusauum
AUcr

7.3  Onpegpenute  anddepeHunanpbHoe  COMpOTUBIIEHUE
CTabUNUTPOHA /crHa  ydacTKe XapaKTepUCTUKKU OT Iermmw = 3 MA 00
Ier.make = 10 MA, ncnonb3ys BbipaxkeHue (1.1) u puc. 1.2, 6.

7.5 CpaBHWTE NONy4YeHHOe 3HaudeHne anddepeHunanbHOro
COMpPOTUB/EHUS CTABUNUTPOHA /- CO CMPaBOYHbIM.

KOHTPOJIbHbIE BOIMPOCbI

1. Kakumn napameTpamu XapaKTepusyoTcs
NnonynpoBOAHMKOBbIE AMOAbI?

2. MNMoyemy pnsa pavMofoB WU CTabUAUTPOHOB  MCMONb3YETCS
ANHaMMYecKoe, a He CTaTuyecKoe ConpoTUBIEHNE?

3. OguHaKoBO /M COMpPOTMBAIEHME aAuMoAa MpuU MNpSMOM WU
obpaTHOM cMeLleHnn?

4, Kak OT BenunuunHbl aAnddepeHumanbHOro ConpoTUBAEHMS
CTabUNUTPOHA fr3aBUCAT €ro CTabunmsmpyowme cBoncTBa?

14
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PABOTA N¢ 2. <UCCNEAOBAHME BUMNOJIAPHOIO
TPAH3UCTOPA>»

Lenb paborei - cHATME N aHANM3 BXOAHbIX U BbIXOAHbIX BAX
TPaH3UCTOpPa, BK/IIOYEHHOro no cxeme cO3; onpeaeneHune rno HUM ero
napameTpoB.

NMOACHEHMA
Tunbl 6UNONSAPHBIX TPAH3UCTOPOB

TpaH3UCTOp - 3TO OANH M3 OCHOBHbIX «aKTUBHBIX» 3/1IEKTPOHHbIX
KOMMOHEHTOB. BMMONSIpHLIA  TpaH3UCTOp COCTOMT W3 ABYX p-n-
nepexoaos, 06pa3oBaHHbLIX CNOSAMU NOMYNPOBOAHMKOB C MPUMECSMMU.
Ha puc. 2.1 noka3aHa caMasg npoctas KOHCTPyKuust n-p-n-
TpPaH3MCTOpa M €ero ycrioBHoe 0603HaueHue. TOHKMI cnoi cnabo
NEerMpoBaHHOro NonynpoBoaHMKa p-tvna (6asa) pacnonoxeH mexay
fAByMs1 6onee TOACTbIMW CMOSMU /7 -TUNa (3MUTTEP M KONIEKTOP).
TonwmHa 6a3bl MOXET 6bITb MEHbLUE OAHOr0 MUKPOHA.

KOA/NEKTOP
{ KONAEKTAOP

i

BA3A
%

f

! IMUTTEP
3MUTTEP

PucyHok 2.1. YCTpONCTBO m7-p-n TpaH3WUCTOpa U ero YCIOBHOE
0603HayeHne

TpaH3uCcTOpbl  CO  CTPYKTYpot  p-n-p-Tuna  Haubonee
pacnpocTpaHeHbl. OHM 06nafaloT XapakTepUCTUKAMKU, MAEHTUYHBIMU C
N-p-N-TPaH3MCTOPaMK, HO  TpebylT  HanpshkKeHus  MNuUTaHus
NPOTMBOMOJIOXKHON NONSIPHOCTU. Ha pucyHke 2.2 nokasaHa CTPyKTypa
p-n-p-TPaH3UCTOpa U ero yCnoBHOe 0603HaveHue.

15



TKudo

prElBJIeHI/Ie AUCTAHIOHMOHHOTIO O6y‘{eHI/IH W IMOBBIILIEHU A KBaJ]I/ICl)I/IKaL[I/II/I

Y3J1bl ¥ 3/1eEMEHTbI GUOTEXHUUYECKUX CUCTEM

KOANEKTOR
% KOANEKTOP
0 {
BA3A &= BA3A
-
IMUTTEP
IMUTTEP
PucyHok 2.2 YCTpONCTBO p-m-p TPaH3WUCTOpa U €ro YCIOBHOE
0603HaueHne

Pe>xuMbl pab0Tbl TPAaH3UCTOPOB

B 3aBMCMMOCTM  OT  BbIMOJHSIEMBIX  CXEMOW  (hYHKLMNA
TPaH3UCTOp MOXET paboTaTb B Tpex pexumax.

B aKTUBHOM pDEXUME (DEXUM YCUIIEHNS], JIMHENHBIN PEXUM)
TpaH3ucTop paboTaeT B ycunuTensix, korga Tpebyercs ycuneHue
CUrHaNOB C MWHUMAJIbHBIM MUCKaXXeHNeM ux GopMbl. B akTMBHOM
pexuMe TpaH3WUCTOP YynpaBnsieTcs B /060N MOMEHT npouecca
yCUNeHns, T. €. KaXAOMy W3MEHEHWI0 BXOAHOro  CUrHana
COOTBETCTBYET U3MEHEHME BbIXOAHOIO.

B pexume  HachllyeHuss  COMpPOTUBIIEHWE  MPOMEXYTKA
KONNMEKTOp - 3MWUTTEp TpaH3MUCTOpa pe3ko YyMeHbluaeTcs. B 3Tom
pexuMe  TpaH3UCTOp He  ynpaBnseTcs. PexuM  HacblweHus
MCNONb3YIOT B TEX CNyYasx, Koraa HeobxoaMMO YMEHbLUUTbL MOYTU A0
HYNsl CONPOTUBIEHUE Lenu, B KOTOPYIO BKJTIOYEH TPaH3UCTOP.

B pexxume oTceyku TPaH3UCTOP 3aKpbIT. B 3TOM pexuMe OH
obnapaet 60/bLLIMM CONPOTUBIIEHNEM.

CxeMbl BKJ/IIOYEHUS 6UNONSAPHbIX TPAaH3UCTOPOB

Mpun BKNOYEHNM BUMNONSPHOrO TPAH3UCTOPA B 3NIEKTPUYECKYIO
cxeMy obpasyeTcsa ABe Uenu: ynpaensiowass M ynpaensiemas. B
ynpaBnsioWen Uenu AeNCcTBYET BXOAHOM CUIHAs, KOTOPbIM OBbIYHO
nopatoT Ha 6asy wnun amutTep. B ynpaensieMolt uenn (KOMIEKTOPHOMN
WM 3MUTTEPHON) (POPMUPYETCS BLIXOAHOM CUIHAN, MOCTYMaroLmMii
3aTeM Ha BXO4 Cleaylolero Kackaga WaM B Harpysky. TpeTui
3NeKTPOA TPaH3UCTOpa SBNSETCS O6WMM Ans BXOAHOW WM BbIXOAHOW
uenen.

LUnpoko  pacnpocTpaHeHbl  TpU  CXeMbl  BK/OYEHUS
TPaH3MCTOpOB: C obuwen 6azon (puc. 2.3, a), C O6LWUM 3MUTTEPOM
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(pnc. 2.3, 6) 1 c 0bwmm KonnekTopoM (puc. 2.3, B).

i
| 3 | | 3
| ¢ — | ¢
TN >

i Gl e, e ==

T u __l' U s« ;L'*

a) 6) B)
PucyHok 2.3 CxeMbl BKJTIOUEHWNSI TPAH3MCTOPOB C 0bLel 6a3oi
a) , obwmm amMuTTEPOM 6)), 1 06LLMM KONNEKTOPOM B)

BonbT-aMnepHble XapaKTepUCTUKN

ﬂ,ﬂﬂ NOHUMaHUA pa6OTbI CXeM, B COCTaB KOTOPbIX BXOOAT
TPAH3UCTOPbI, O4YE€EHb NONE3Hbl WX BXOAHbIE W BbIXOAHbIE BOJbT-
amnepHble xapaktepuctukn (BAX). Cxema pana cHatuss  BAX
6UNoNsSpHOrO  TPaH3WCTOPA, BK/IIOYEHHOrO MO CxemMe C  obwwuM
smutTepom (O3) npuseseHa Ha puc. 2.4.

KT4 KT6
PucyHok 2.4 CxeMa CHSITUSI BXOAHOW U BbIXOAHOM
XapaKTepUCTUK BUMONSIPHOIO TPaH3MCTOopa.

BxoaHble XapaKTepPUCTUKN TPaH3MUCTOpPa NOKa3blBalOT
3aBUCMMOCTU TOKa BXOAHOIo aneKTpoaa OT HanpsKeHusa Mexay HUM rn
obwnm SNNEKTPOAOM TMpPU MOCTOAHHOM HaMps>XeHNMN Ha BbIXOAHOM
snekTpoge. Ans cxembl ¢ O3 3TO 3aBUCMMOCTb TOKa 6a3bl OT
Hanps>XeHUA Mexay Heln un SMUTTEPOM TMPU NOCTOAHHBIX HaMpAXEHNAX

Ha konnektope (puc. 2.5): Is= F( Us) npn U x5 = const.
B cxemMe c K 3MUTTEpPHOMY Mepexody NPUIOXKEHO MpsaMoe
HanpsbkeHWe, nosToMy npu HanpskeHnn U ks = 0 BxogHas

XapaKTepucTuka COOTBETCTBYET npsiMoi BETBU BAX
noJslyrnpoBOAHUKOBOro Avoaa. Npu yBenMyeHnn HanpsKeHus BXOAHble
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XapakTepUCTUKM  CMeLLaoTCs BMpaBo, 4YTO  COOTBETCTBYET
YMEHbLLEHMIO TOKa 6a3bl.

BbIXxoAHblE  XapaKTEPUCTMKM  TPaH3UCTOpa  MOKa3blBaloOT
3aBMCMMOCTb TOKa BbIXOAHOrO 3NEKTPOAA OT HaNPSHXKEHUS MEXAY HUM
n obwum anekTpogoM. CHMMAIOT BbIXOAHbIE XapaKTEpUCTUKKM ANs
psiia NOCTOSIHHBIX TOKOB BXOAHOMO 3nekTpoaa. [Ansa cxembl ¢ O 3 3T0
3aBUCMMOCTU TOKA KOJIMIEKTOPa OT HarnpsiKeHUs MeXAay HUM WU
3MUTTEPOM MPU MOCTOSIHHbLIX TokKax 6asbl: Ik = F( Uks) npu Is =
const.

Bua ceMeicTBa BbIXOAHbIX XapaKTEPUCTUK NS PasfUyHbIX
3HayeHuin 6a30Boro Toka Is NokasaH Ha puc. 2.6, a. 34ecb BUAHO, YTO
C YBEJTMYEHNEM HaMpPSHKEHUS

Konnektop-amMutTep U k5 OT HYNAs BHa4dane npomcxoauT
pe3koe HapacCTaHue KOMSIEKTOPHOro Toka, noka U x 5 He JOCTUrHeT
3HaueHus 0,6B. [JdanbHeiwee yBennueHne U x5  HE3HAYUTENIBHO
BIMSET Ha TOK Konnektopa Ik M KpuBble  CTaHOBATCA
rOPU30HTaNbHbIMMU.

A
s |

U =0

A >

Ug3

PUCYHOK 2.5 BXoaHble XapakTepuUCTUKM TPAH3UCTOPa B CXEME C
03
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IK Un
I VT
Uxa
a) 6)

PucyHok 2.6 CeMelCTBO BbIXOAHBIX XapaKTepPUCTMK
TPaH3UCTOpa C NIMHWE Harpy3ku (@) v BbIXoAHas Lenb CXeMbl C
03(6)

Harpy3souyHas npsimas

Ha pwuc. 2.6, 6 n3obparkeHa BbIxOAHAs LeMnb CXEMbl YCUNUTENS
c 03. Ha ceMeicTBe BbIXOAHbIX XapaKTEPUCTUK TpaH3ucTopa (pwc.
2.6, a) nposeaeHa npamas NMHUSA XY, 3T0 - simHusa Harpy3ku. JINHWS
Harpy3sku npeacTaBnsieT coboi TPaekTopuio, B COOTBETCTBUU C
KOTOPOM AOMKHbI U3MEHSITLCS KOMIEKTOPHOE HAMPSKEHUE U TOK Mpu
[AHHOM pe3nCTope Harpyskn RxkW HanpsKeHun nutaHus Un.

M3 BTOpOro 3akoHa Kupxroda ans BbIXOAHON Lenu ycunutens

Uks= Un -Rklx« (21)

B pesynbTaTe npeobpa3oBaHus MMeem
Ik =-(1/Rk) U + Un/ Rk (2.2)

YpaBHeHWE NMHUWM Harpy3ku (2.2) - 3TO BbIpaXKeHWe CBSA3U
MeXay TOKOM KonnekTtopa Ik W HanpshkeHMem KOMneKkTop- aMutTep
U k 5 . JINHNIO Harpy3ku ferko npoBecTu yepes Toukn Y u X,
KOTOpble COOTBETCTBYIOT MAaKCUMMasIbHOMY KOJUIEKTOPHOMY TOKY U
MaKCMManbHOMY HanpspKEHUIO Ha KOMEKTOpeE.

YpaBHeHne (2.2) onuCbiIBaeT nNpsMyld C OTpULATENbHbIM
koadduumeHToM, paBHbiM 1/ R x , Nepecekalollylo oCb Toka B
Toyke Y. Touka Y JSMHUM  Harpysku  BblpaXkaeT  coboM
rMNOTETUYECKOE COCTOSIHUE TPaH3UCTOpa C HyfEBbIM HamnpsKeHWeM
Ha konnektope (Uxs = 0). lMpu 3TOM HanpskeHWe nuUTaHus
MOSTHOCTbIO MafAEeT Ha KOMIEKTOPHOM Harpyske. B 3TOM coCTOsiHUM
ITk= Un / R k
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B Touke X HacTtynaeT oTtceudka. [py 3TOM TOK KOMMeKTopa
cTaHoBUTCA paBHbiM Hymo (Ik = 0) M NO3TOMy HET naAeHus
HanpsiKeHUs1 Ha pe3ncTope konnekTopHoi Harpysku (Rk Ik = 0). B
pe3ynbTaTe K KOJIEKTOPY MPWIOXKEHO BCE HamnpshKEHUe nUTaHus
( Uxs = Un), uto cnenyeT n3 BblpaxkeHus (2.1).

Ha nuHum  Harpyskm MOXHO BblbpaTb  ONTUManbHoe
nonoxeHue paboueil Toukm A , AN KOTOPOrO HampsbkeHue Ha
KOMIEKTOPE MPUMEPHO PaBHO MOJIOBMHE HaMpsbkeHusl nuTanus (U
% Un /2). B 3TOM cnyyae npu M3MeHeHusx Toka 6a3bl

nonyvarcs MaKCUManbHbIE paBHble no BENNYUHE
MOJSIOXXMTESbHbIE M OTpULLATENbHBIE OTKIOHEHUST HanpshxeHns Uia.

KonebaHusi KONNEKTOPHOrO HAMPSHKEHUS M KOJINIEKTOPHOrO
Toka Yy#obHO paccMaTpvBaTb B HEMOCPEACTBEHHOW CBS3M €
XapaKTePUCTUKAMN  TPaH3UCTOpa. [JOCTOMHCTBO TaKoro noaxoaa
COCTOUT B TOM, YTO MOXHO BWMAETb peasibHble Npeaenbl, B KOTOpbIX
6yayt npoucxoguTb 3TU  KonebaHnusi. QueBMAHO, 4YTO BbIXOAHOE
HanpsbkeHne Uks MOXET YBENMUMBATLCA MOYTM [0 HanpshKeHus
nuTaHus (Korga HacTyrnaeT OTCeYKa).

HwkHWiA  npegen  NUHEMHOrO  U3MEHEHUS  BbIXOAHOro
HanpshKeHWUs1 HaxoAWTCS TaM, [Ae JNMHWA Harpysku 6onblue He
NnepecekaeT HW OfHY W3 XapaKTEPUCTMK. 3a 3TOW  TOYKOM
pacrnooXeHa 3alTpuxoBaHHasi 06nacTb, KOTOpasi NpeacTaBnsieT
Co60/i peXMM HacbileHWsl. B peXxuMe HacbllWeHWsl HanpshkeHue
MeXAay KOMMeKTopoM u asmMutTepoM Uks Hac o4eHb Mano (06bluHO Uxs
wac < 0,2 B) M TpaH3ucTop 6onblue He ynpaBAsieT KOMIEKTOPHbLIM
TOKOM, KOTOPbIA OrpaHMyeH TOMbKO COMPOTUMB/IEHWEM pe3ncTopa
Harpysku u HanpsbkenneM nutaHus (Ik vac = Un /Rk).

TpaH3MCTOpbl, WCMONb3yeMble B MEPEKTOYAIOWMX CXEMAX,
paboTaloT MOMEPEMEHHO TO B PEXMME HACBILEHUS, TO B PEXMME
OTCEYKM.

Mpn pa3paboTke CxeM Ha OCHOBE TPAH3WCTOPOB BXOAHbLIE U
BbIXOAHbIE BOJIbT-aMMepHble XapaKTepUCTUKM He TaK MOoSie3Hbl, Kak
npu pa3paboTke CXeM Ha OCHOBE BAKYYMHbIX 3/IEKTPOHHbIX SlaMn. Bo-
nepBbIX, BOJIbT-aMMEPHbIE  XapaKTEPUCTUKKM, YKa3blBaeMble ANs
NOMYNPOBOAHMKOBBIX 3/IEMEHTOB, SB/ISIOTCA  «TUMWYHBIMK», @ WX
TeXHONornyeckunii pazbpoc MoxeT 6biTb 5- KpaTHbIM. BO-BTOPbIX, OHM
CUNBbHO M3MEHSIIOTCS Npu KonebaHuax TemnepaTypbl. B-TpeTbux, ans
aneMeHToB, oObnajarolwmx norapudMMUECKMMN  XapakTepucTukamu,
Takux, Kak p-n1 nepexof, TOYHbIA pe3ynbTaT MoslydaeTcs TObKO Ha
HebonbLOM yyacTke (415 Manoro curHana). NosToMy ncnonb3oBaHue
rpacdmyeckmx MeTOAOB pacyeTa AN TPaH3MCTOPOB Ha OCHOBE
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Ny6/IMKYEMbIX B MacrnopTHbIX  [aHHbIX BOJIbT-aMMEPHbIX
XapaKTEPUCTMK AACT JIOXKHOE YyBCTBO YBEPEHHOCTM B MPaBUSIbHOCTY
MNoJTyYeHHbIX PE3Y/bTATOB.

MapaMeTpbl 6MNONSAPHDBIX TPAH3UCTOPOB

OCHOBHbIMM ~ napameTpamMuM  GUMONSAPHBLIX  TPAH3UCTOPOB
ABNAIOTCA:

HArpsKeHNe  HacbileHns  KosmiekTop-smutrep  Uks  wac,
onpefensieMoe HanpshKeHWeM MeXay BbiIBOAAMW KOJIeKTopa W
AMUTTEPA B PEXMME HACbILEHMS Mpu

3aaaHHbIX Tokax 6a3bl Is 1 konnekTopa Ik;

HarpsykeHne  Hacoilyerns  b6asza-smurrep  Uss Hac,
onpefensiemMoe HanpsbkeHveMm mexay BbiBoAamu 6asbl M aMuTTEpa B
peXxunMe HacbleHUsl Npu 3adaHHbIX Tokax 6a3bl Is 1 konnekTopa Ik;

KO3PULIMEHT NEPEAaYN TOKa B PEXUME Masaoro CurHasna
hz13, OnNpenensieMbli OTHOWEHWEM W3MEHEHMSI BbIXOAHOrO TOKa K
BbI3BaBLUEMY €ro WM3MEHEHWI0 BXOAHOr0 TOKa B PeXWMe KOPOTKOro
3aMblKaHWsl BbIXOAHOW LIEENW MO NMEPEMEHHOMY TOKY

hz21s =4 Ik/ Alg (2.3)

CTATUHECKMY KOIQPPULNMEHT rIEPEAAYN TOK@ B CXEME C OOLUM
SMUTTEPOM hz15, ONPEENsieMbl OTHOLIEHWMEM TOCTOSIHHOMO TOKa
KOJINEKTOpPA K MOCTOSIHHOMY TOKYy 6a3bl Mpu 3afaHHbIX MOCTOSIHHOM
Hanps>keHUM KonnekTop- amutTep U s n

TOKe amuTTepa Is B cxeme € 06LMM IMUTTEPOM

h21 =1/ Is (2.4)

MaKcuMasibHO  [OryCTUMOE [10CTOSIHHOE HAIPsKEHNE
KosnekTop-amuTTep U 3 waxc

MaKcUMasibHO A[OryCTUMOE [1OCTOSIHHOE HarnpsikeHne 6asa-
ImnTTED U 53 Makc

MaKCUMasIbHO AOrTyCTHUMbIV OCTOSIHHbIV TOK KO/I/IEKTOPA Ik wake

MaKCUMasIbHO AOMYCTUMbIN ITOCTOSSHHBLIN TOK 6a3b1 Is wakc

MaKcuMasibHO  [OryCcTuMas  [OCTOSIHHas  paccenBaemasi
MOLLHOCTb KOJI/IEKTOPA Prvakc

MpeBbllueHMe  MaKCMManbHO  JOMYCTUMbIX  MApaMeTpoB
NPVBOANT K PaspyLUEHMIO P-N-MEPEXOAO0B WM BbIXOAY TPaH3MCTOpa U3
CTpoSi.

Pasnuune Mexay cTaTMyeckuMm KoaduUUMEHTOM nepefayu
Toka hz13 n KOIDDMUMEHTOM MepedayM TOKa B pexXuMe Masoro
curHana hz1> He Bcerga odeBmaHO. [Ans TOro v Ans Apyroro cnydasi
4YacTo MCMONb3YT MOHATUE KO3 dUUMEHTA YyCUeHMsl TPaH3MCTopa
no Toky . Ecnm yuectb, uto Az15 ® hz215 (33 UCKKOYEHMEM OYEHb
BbICOKMX 4acTOT), TO WCMNOMb30BaHWe KoadduumneHTa BMOsSiHE
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[A0nyCTUMO.
[na onpepeneHns koadduumueHTa nepegadn TokKa B pexunme
Manoro curHana Azi> Ha rpaduke BbIXOAHbIX XapaKTEpUCTUK
TpaH3uncTopa 0603HauvaloT pabouyio Touky A (puc. 2.7). Cemeinctso
BbIXOZHbIX XapaKTEPUCTUK B 061acTn paboyeit Touku
nepecekaloT nmHuen Uks pr = const, YTO COOTBETCTBYET
KOPOTKOMY  3aMblkaHUIO MO MEpPEMEHHOMY TOKY Ha Bbixode
TpaH3ucTopa. 3ateM no dopmyne (2.3) HaxoaaT hzis, rpaduyecku
onpegenmB & Ik = Ik2 - Iki v Bolumcme Als = Is2 - Ie1 .

BennunHa koaddumumeHTa nepefaynm Toka 6GUNONSPHOro
TpaH3UCTOpa 3aBMCMT OT TOKa KOJIeKTopa. Pe3synbTtatoM sBnsietcs
UCKaXxeHne (opMbl BbIXOAHOrO CUrHanNa YycuauTenel, ecnm 3Tu
CUrHanbl BENUKMW.

Ha puc. 2.7 Tarke nokasaHO Kak Mpu 3afaHHblX 3HaYeHusx
Toka 6a3bl Is4a M TOKA Konnektopa Iks onpeaenuTb HanpsbkeHwe
HacbIWeHNs1 KONMNekTop-aMuTTeP Uisnac . TPaH3UCTOP HacbIWaeTcs
6narogapst BBeaeHuto B 6a3y Toka, 6onbwero yem Ik/ fzz.

| k | B

| B3

| B2

¢ Alp.T)

I k1 | B1

Is1 <lp2<lB3<lBs

»
:

U K3 yac Uks, , =const Uk3

PucyHok 2.7 OnpepgeneHve napaMeTpoB TPaH3UCTopa B CXeMe C
06LWMM 3MUTTEPOM FpacdmnyeckuM MeToA0M

OCHOBHbIe 3/1IeKTpUYecKre napamMeTpbl TpaH3ucTopa K7T503F

HanpsikeHne HacbIWweHns KonnekTop-aMuTTep Uksuac
npu Ik = 10MA, Is = 1 MA He 6onee 0,6 B

22



A
tKH¢ praBﬂeHI/le AUCTAHIOHMOHHOTIO O6y‘{eHI/IH W IMOBBIILIEHU A I(BaJIPICl)I/IICaLLI/II/I

Y3J1bI ¥ 3J1EMEHTHI OMOTEXHUYECKUX CUCTEM

TuN. 3HadveHne 0,2 B

HanpsxeHne HacbiweHns 6a3a-amutrep Ussnac
npn Ik = 10M A, Is = 1 MA

He 6bonee 1,2 B tun.

3HayeHue 0,8 B

CraTnyecknin k0adUUMEHT Nepeaayum Toka B cxeme C 06LMM
3MUTTEPOM 215

npy U = 5B, I3= 10 MA 40 ... 120

MakcuManbHO aonycrumoe NOCTOsSIHHOE HanpshkeHue
konnekTop-aMuTTep Uksmaxe 100 B

MaKcMManbHO [AOMYCTMMOE MOCTOSIHHOE HanpsbkeHue 6asa-

3MUTTEP U3 Makc 5B

MaKcuMMarnbHO AOMYCTUMBIA MOCTOSIHHBIN TOK KonnekTopa Ik waxc
0,15A

MaKcMManbHO [AOMYCTUMbIA MOCTOSIHHbIA TOK 6a3bl I waxc
0,1A

MaKcMManbHO  JOMyCTMMasi  MOCTOsIHHasi  paccemBaemasi
MOLLHOCTb KonnekTopa Awarc 0,35 BT

Mopaynb «BUNoNsipHbIA TPAH3UCTOP>

Cxema mopynsi «BUMONSIpHbIN TPaH3WUCTOP» MpUBEAEHa Ha
puc. 2.8.
VT1 -tpaH3nctop KT503E.

KT4 KT8
PycyHok 2.8 CxeMa Moayns «bunonsipHblid TpaH3nCTop».

NnopPAAOK PABOTbI

1. MoproToBka K pa6orte
1.1 3apucyiiTe cxeMy AN MOSYYEHMS BXOAHLIX WM BbIXOAHbIX
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B A X TtpaH3ucTopa (cM. puc. 2.4).

1.2 Bblueptute Tabn. 2.1 ... 2.4 gns 3anMcu pesynbTaToB
nccnefoBaHui.

1.3 YcraHoBute BbikNtoYaTens CETb, BblkItoYaTenn BCeX
WUCTOYHUKOB CUTHaNOB W W3MepUTENbHbIX NpMOOPOB B MNOMOXeEHne
BbIKJ1, perynsitopbl MOTEHUMOMETPOB BCEX MCTOYHWKOB B KpalHee
NeBOE NOJIOXEHNe, nepekoyaTesb AMana3oHoB UCTOYHKKa Toka AT
- BnonoxeHne 0-100 MkA.

1.4 Mopgkntounte cMeHHbI Moaynb N92 K pa3beMy 6a30BOro
6noka.

1.5 MoacoeanHUTE LWHYP NUTaHMSI K Pa3beMy Ha 3adHel CTEHKE
CTEeHAA W BKITOYUTE BWIKY LUHYpA MUTAHWUS B PO3ETKY 3MEKTPOCETU
HanpspkeHnem 220B.

Brumarne!
Ecm riokazaHms Ha AUCIIIEE UMEPUTE/IBLHOIMO puobopa He
UBMEHSIIOTCS 1pu USMEHEHNU — U3MEDSEMON  BE/IMYNHBI, — TO

BBIK/TIOYUTE U CHOBA BK/TIOYUTE €0 Tym6riepom BKJ1 / BbIKJI.

Eom  npyu  BrItOHYEHMM  aMriepMeTpa  Ha - €ro  AuCIviee
orobpaxaercsi cumMBosi AC (PEXUM  UMEPEHUS  [TEPEMEHHOIO
HAIPSIKEHNS), TO BLIK/IIOYUTE U CHOBA BK/TIOYUTE amMnepmeTp
Tymbriepom BKJ1 / BbIKJT a1 uameperHus [10CTOSIHHOIrO 110 poay
TOKa (Ipy 3TOM HA Ero ANCI/IEE [OIDKEH 0T06pPa3nNTLCH CUMBOJT
DC).

2. CHATHMe BXOAHbIX XapaKTepUCTUK TPaH3UCTopa

2.1 [na cHATMSA BXOAHbIX BAX TpaH3uCTOpa MOoAKIoYUTE
BCTPOEHHbIE B CTeHA npubopsl (cM. puc 2.4):

PA 1 - myukpoamnepMeTp Ans namepeHns Toka 6asbl Is;

PV 1 - BONbTMETP ANS U3MEPEHUS HanpsxkeHus 6asa-smuttep
Uss,

PV2 - BONbTMETP ANS U3MEPEHUS HAMPSHXKEHWUS KOMEKTOpP-
amutTep Uxs;

PA2 - MmunnvamnepMeTp ANns U3MepeHus ToKa KonsekTopa
Ix;

2.2 Tocne npoBepku MNpaBUIbHOCTU MOAKIOYEHUS NpubopoB
npenogasaTeneM BKIOUNTE NUTaHUE CTeHaa BbikovaTenem CETh.

2.3 BknounTe UCTOYHMK Toka M T, WCTOYHMK HanpsKeHus
A H 1 v nogknoveHHble K cXxeMe n3MeputesibHble Npubopsl.

2.4 YcraHoBute perynatopbl PYBO n TOYHO wucTovHuka
HanpsbkeHuss MH1 B KpalHuWe neBble NONMOXeHUs. [pu 3ToM
3HaYEHNE HanpsHKeHUs KOnekTop-amMutTep Uxs npuMepHo pasHo 0
B.

2.5 Perynatopamm TPYBO n TOYHO wuctouHuka TOoka MU T
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yCTaHaBNMBaiTe 3Ha4yeHuss Toka 6asbl Is cornacHo Tabn. 2.1. Ansd
Ka)goro 3HauyeHusi Toka 6asbl Is CHMMalTe COOTBETCTBYOLWME
3HaueHus HanpshkeHns 6asa- aMuTTep Ues U

3aHOCuTE KX B Tabn. 2.1.

2.6 YcraHOoBMTE  noo4yepefHO  3HAYEHWEe  HanpsHKEHWUS
KonnekTop-aMuTTep Uxs pasHbiM 1 B 1 10 B. [Ana kaxagoro u3 3Tux
HanpsiXXeHW CHUMUTE BXOAHYIO XapaKTePUCTUKY BbINOMHMB M. 2.5.

2.7 YctaHosuTe perynatopbl I'PYBO n TOYHO mcTovHMKa Toka
M T v ctouHuka Hanpsbxenuss MH 1 B KpallHee NeBOE MOMOXEHME U
BbIK/TIOUMTE UCTOUHUKM TOKa M T v Hanpsxxenna AH 1.

Tabnanya 2.1
Tok 6a3bl Ib, MKA 5 10 20 40 60 80
HanpsbkeHne 6asa- | 0
smuttep UB3, B, |1
npu UK3, B 10

3. CHATHUe BbIXOAHbIX XapaKTepPUCTUK TPaH3UCTOpa

3.1 Ang cHATUA BbIXOAHbIX B A X TpaH3ucTopa nsMeputesibHble
nNpubopbl AOMKHBI BbITh NOAKMIOYEHBI TAK XXE, KaK yKa3aHo B n.n. 2.1.

3.2 BknwounTe UCTOYHMK Toka M T, WCTOYHMK HanpsKeHus
M H 1 v NOAKIIOYEHHBIE K CXEME U3MEPUTENbHbIE NPUOOPbI.

3.3 Perynatopamm PYBO n TOYHO wuctouHuka TOoka MAT
yCTaHOBUTE 3HayeHue Toka 6a3bl Is paBHbIM 10 MKA.

3.4 Perynatopamu TPYBO n TOYHO uCTOYHMKA HaNpsHKEHWUS
M H1 ycTaHaBnvMBalTe 3HAYEHUSI HaMpsHKEHWUS! KOMNEKTOP-3MUTTEP
U cornacHo Tabn. 2.2. [Ana KaXporo 3HadeHus HanpsbkeHuss Uis
CHMMaTe COOTBETCTBYIOLWME 3HAyYeHus Toka konnektopa Ik M
3aHoCuTe KX B Tabn. 2.2.

3.5 CHMMUTE oCTanbHble BbIXOAHbIE XapaKTEPUCTUKN A4S TOKOB
6a3bl, yKasaHHbIX B Tabn. 2.2, BbiNonHAa n. n. 3.5.

3.6 YcraHosuTe perynatopbl [PYEO n TOYHO ncTouHMKOB TOKa
UT wn Hanpskenus MH1 B KpaillHee ieBOe TOJIOXKEHUE U
BbIK/IIOYMTE WUCTOYHUK TOoka M T, WUCTOYHUK HanpsxkeHns AHI w
NOAKJIIOUYEHHbIE K CXEME M3MepuTebHble NprbopsbI.

Tabsinya 2.2
HanpsxeHue konnektop- | 0,2 0,5 1 2 5 10
amuTTep UK3, B
Tok konnekTopa | 10
Ik, MA, npu IB, MA | 20
40
60
80
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4. O6paboTka pe3ynbTaToB 3KCNEePUMEHTOB

4.1 Wcnonb3ys AaHHble Tabn. 2.1 u Tabn. 2.2 noctpounTte
rpadmkyu  CEMENCTB  BXOAHbIX W BbIXOAHbIX  XapaKTEPUCTUK
TpaH3uctopa. OHM UMEIOT BWUA, NPEACTaBNEHHbIA Ha puc. 2.5 n puc
2.6, a.

4.2 MoCTpoiNTE Ha CEMENCTBE BbIXOAHbIX XapakTEPUCTMK JIMHMIO
Harpysku. [ns 3Toro npuMuTe HanpsbkeHue nUTaHUS  CXEMbI
yemnmtend Up = 10 B mn ormetrbTe TOouky X Ha rpadwmke
XapakTepuctuk (puc. 2.9). Bbibepute ONTUMaNbHOE MOJSIOXKEHME
paboueli Toukn A (p. T.) € HanpsbkeHneM Uk pr = U [/ 2 = 5 B Ha
XapaKkTepuctuke ¢ Tokom 6a3bl Is = 40 mkA. lpoBeanTe uyepes
HalaeHHble ToYkM X M A JIMHUIO Harpy3Ku A0 NMepPeceyYeHunst C OCblo
ToKa konnektopa Ik. O6o3HaybTe Ha rpaduke

TOUKY nepeceyeHns Y.

4.3 Onpegenurte, KakMM [OO/MKHO OblTb  COMPOTUBIIEHME
pe3uctopa Harpyskm Rk, 4T0bbl pexuMbl paboTbl TpaH3uCTOpa
COOTBETCTBOBASIM NMOCTPOEHHONM NIMHUM Harpysku. Ons 3Toro Hanaute
no rpaduKy BbIXOAHbIX XapaKTEPUCTUK BEMYMHY TOKa KonnekTopa Ik
B Toyke Y. Tak kak B 3ToM coctosium Ik = Unm / Rk, TO
paccuuTaiiTe conpoTtueneHne Rk = Unpn / Ik . 3aHecuTe
pacCUMTaHHYIO BEIMUYNHY CONpOTMBAEHMS R« B Tabn.2.3.

4.4 Mo rpadvkaM BbIXOAHbIX XapaKTepuctuk (cMm. puc. 2.9)
onpegenuTe, KakMMu OyayT M3MEHEHUsI HanpsiKeHUs KOMneKTop-
amutTep AUw1 = Ui - Ukep.r MW AU = U1 - Uk p.r NpU
YMEHbLIEHWWN U YBESIMUYEHMMN 3HAYEHUS TOKa 6a3bl B pabouen Touke Is
p.r Ha 20 MKA. 3aHecuTe pe3ynbTaTbl B Tabs. 2.3 1 caenainTe BbIBOA

0 NMHENHOCTM 3aBUCMMOCTM BbIXOAHOMO HampsbkeHust Uks OT
BXOZHOro Toka Is npu BbIGpaHHOM MOSIOXEHUM paboyelt TOUKW.

4.5 Mo rpadmkaM BbIXOAHbIX XapaKTEPUCTUK OrpeaennTte, Kak
MoKasaHo Ha puC. 2.7 HanpsbkeHue HacblleHUs KONEKTOp-aMuTTep
Uxs wac Npy TOKE 6a3bl Is = 80 MKA 1 Toke Konnektopa Ik = 3 MA n
3aHecuTe ero 3HauveHve B Tabn. 2.4. CpaBHWUTE NOMyYEHHOE 3HaYeHne
CO CnpaBo4HbIM. poaHannanMpoBas rpaduKmn NOyYeHHbIX

BbIXOZHbIX XapaKTepUCTUK, CAENaiTe BbiBOA, Kak HanpshkeHue
HacblWweHns Uks vac 3aBUCUT OT Toka 6a3bl Is.

4.6 Onpegenute KO3(PMUUMEHT nepegayun ToKa B pexume
Manoro curHana Ahzi> Npn Hanps>keHun KonnekTop- aMutrep Uks =
5 B n nameHenun toka 6asbl ot 20 MKA Ao

40 MKA, KaK MokasaHo Ha puc. 2.7 U UCNOMb3ys BblpaXkeHue
(2.3). 3aHecuTe nonydeHHoe 3HayeHune B Tabn. 2.4.

4.7 Onpepenute ctaTuyeckni koacduUUMEHT nepeaayn Toka B

26



A
tKM¢ praBﬂeHI/le AUCTAHIOHMOHHOTIO OGy‘ieHI/IH W IMOBBIILIEHU A KBEU]I/ICl)l/II(aL[I/II/I

Y3J1bl ¥ 3/1eEMEHTbI GUOTEXHUUYECKUX CUCTEM

cxeme C obwmM aMuTTEpoM  Az13 NpU  HaNpsHKEHUM  KOMNEKTOpP-
smuttep U = 5 B u Toke 6asbl Is = 40 MKA, nonb3ysicb
BblpaXkeHneM (2.4). 3aHecnTe nonydeHHoe 3HayeHne B Tabn. 2.4.

4.8 CpaBHUTE TMOSlyYEHHblE 3HA4YeHUs  KO3DULMEHTOB
nepegaun hzi> v hz13 mexgy coboii. CpaBHUTE TaKXe MOSyYEHHOE
3HayeHue cTaTuuyeckoro koadduumeHTa nepeaadnm Toka B CXeme C
06LWMM 3MUTTEPOM A215 CO CMPABOYHBIM 3HAYEHUEM.

Tabsinya 2.3
MapameTtp 3HayeHue
ConpoTtusnenune Harpysku RK
HanpshkeHne konnektop-amuttep UK31 npu Toke 6a3bl
Ih = 60 MKA
HanpsikeHne KOMNIeKTop-3MUTTEP B paboyeil Touke
UK3p.1.(npun Toke 6a3bl 6 = 40 MKA)
HanpsbkeHne konnektop-amuttep UK32 npu Toke
6a3bl J6 = 20 MKA
N3MeHeHne HanpshkeHus KonnekTop-amMutTep A UK31
npu yBenuyeHun Toka 6a3bl Ha 20 MkA (oT 40 MKA Ao
60 MkA), A UK31 = UK31- UK3p. 1.
N3MeHeHne HanpspkeHns Konnektop-amuttep AUK32
npv YMeHblUeHnn Toka 6a3bl Ha
20MKA ( 0140 MKA o 20 MKA ), A UK32 = UK32 -

UK3p. 1.
Tabnnya 2.4
MapameTtp dkcnepuMeHTanbHoe | CnpaBoyHoe
3HayeHue 3HayeHue
KoachpumumeHt  nepepaym
TOKa B pexXume Masnoro
curHana , h21s=A IK /
Ip
CraTnyeckmi 40...120
Ko3(ppuUMeHT  nepefauu
ToKa B Cxeme C o06wum
smutTepoM, h21s3= IK/
Ib
HanpshkeHue He 6onee 0,6
HaCbILLEHHOCTWN KOJNEeKTOop-
smutTep UK3 Hac, B
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|K A
| 5 =80MKA
__Un MK
IK'E. Y
1 I g =60MKA
A | =40MKA
2 | 5 =20MKA
L alUka1 =<AUK32 . X
Uk31 Ukspm=Un/2 Uk32 Uks=U Uks

PucyHok 2.9 OnpeneneHve BennymHbl U3MEHEHNS BbIXOAHOIO
Hanps>XeHusa ycunutena ot USMEHEHUA TOKa 6a3bl.

KOHTPOJIbHbIE BOIMPOCbI

1. Yto npeactaBnaoT coboit BxoAHble WU BbIxoAHble BAX
6UNoNapHbLIX  TPaH3UCTOPOB?

2. KakvMu napameTpamu XapakTepusylTcs  bunonsipHble
TPaH3UCTOpPbI?

3. Kakve napameTpbl TPaH3MCTOpa, BKJIKOYEHHOrO MO CXeMe C
03, XxapakTepusyloT  ero pabouyio ToUKy?

4. KakoBbl 0COBEHHOCTM aKTUBHOrO pexuma  paboTbl
TpaH3ucropa?

5. Kak nepeBecTn TpaH3MUCTOp B PEXUM HACbIWEHUS U B PEXUM
OTCEYKN?

28



A
tKM¢ praBﬂeHI/le AUCTAHIOHMOHHOTIO OGy‘ieHI/IH W IMOBBIILIEHU A KBEU]I/ICl)I/II(aL[I/II/I

Y3J1bl ¥ 3/1eEMEHTbI GUOTEXHUUYECKUX CUCTEM

PABOTA N? 3. «MCCNNEAOBAHME MNOJIEBbIX
TPAH3UCTOPOB»

Uenv paborpl - CHATUE CTOKO-3aTBOPHbIX W  CTOKOBbIX
XapaKTEPUCTMK MOMEBbIX TPaH3UCTOPOB C p-77 MEPEXOAOM U C
M30/IMPOBAHHLIM 3aTBOPOM U ONpPEeAesieHNE UX NMapaMeTpoB.

NOACHEHUA
Tunbl noneBbiX TPAH3UCTOPOB

MoneBble TPaH3UCTOpPbI, TaK Xe KaK U BunonspHble, UMeIoT Tpu
BbIBOAA: WCTOK, CTOK M 3aTBop. [MpOBOANMOCTbIO KaHana CTOK-UCTOK
yrpaBnsieT >3MeKTpUYeckoe Mosfe, CO34aBaeMOe MPUIOXKEHHBIM K
3aTBOPY HaMpsHKEHWEM. 34eCb HET NPSIMOCMELLEHHbIX p-7 NEPEXOAO0B,
Mo3TOMy TOK 4epe3 3aTBOpP He TeuyeT, U 3T0 - Haubonee BaXKHOe
NpenMyLLEeCcTBO  MOMEBLIX  TPaH3UCTOpPOB nepen  GUNoNspHbIMU.
Monyyaemoe, Kak CneacTtBMe 3TOrO, BbLICOKOE BXOAHOE MOJSIHOE
conpoTuBneHne (OHO MOXeET 6biTb 6onblie 10 OM) cyllecTBEHHO BO
MHOMMX MpuMeHeHusx. MHTerpanbHble cxeMbl Ha MOI-TpaH3ucTopax
PEBOSIIOLMOHM3NPOBaNM LUMPOBYIO 3MEKTPOHMKY. Ha Manol nnowaam
B MHTErpasibHOM MWKpocxemMe MOXeT OblTb pasMelleHo 60nblioe
uncno cnaboToUHbIX NOMEBbIX TPAH3UCTOPOB. M03TOMY OHWM OCO6EHHO
nonesHbl Ans co3aaHus 6onblumx uHTerpanbHbix cxeM (BUC), Takux
KaK MWKPOKasbKYNSTOPbl, MUKPOMPOLECCOPbl M YCTPOMCTBA NamsTu.
Mnioc K TOMy MOSIBAIEHWE CWUNBbHOTOYHBIX MOMEBLIX TPaH3UCTOPOB
NO3BONSIET BO MHOMMX Clyyasix 3aMeHUTb BGMNonsipHble TpaH3UCTops,
3auacTyto nonyyas 6onee npocTble CXeMbl C  YAy4lleHHbIMU
napameTpamu.

Kak u 6unonspHble TpaH3WCTOpbl, MNOMEBble TPaH3UCTOPSI
6bIBalOT ABYX MONSIPHOCTEN: N-KaHasbHble (C MPOBOAMMOCTBIO 3a CYET
3M1EKTPOHOB) U p-KaHanbHble (C AbIPOYHONM NPOBOAMMOCTLIO). OaHako
pa3Hoobpa3ve noneBbIX TPaH3UCTOPOB 3TUM HE OrPaHUYMBAETCS, YTO
MOXEeT MpuBOAUTbL K MyTaHuue. Bo-nepBblX, MOSiEBble TPaH3UCTOPbI
MOryT W3roTaBAMBATbCA C 3aTBOPaMuM [ABYX pasfivyHbIX TUMOB. B
pe3yfnbTaTe Mbl UMEeM MOoJSieBble TPaH3UCTOPbI C P-N-NepexoaoM U
noneBsble TPaH3UCTOpbl C M30/IMPOBAHHBIM 3aTBOPOM, TaK Ha3blBaeMble
MOIT- TpaH3uctopbl. Bo-BTOpbIX, MOFIFTpaH3nUCTOpbl 6blBAOT C
ABYMS TUNaMu NerMpoBaHnsa KaHasnaa. OTo AaeT NnoJsieBble TPaH3UCTOopbI
oboralyeHHoro n obegHeHHOro Tuna.

HecMoTps Ha BCe obeckypaxuBaiowwee pasHoobpasve TUMNoB
MONeBbIX TPAH3UCTOPOB TOMbKO MATb W3 HWX peanv3oBaHbl Ha
npakTMke. A OCHOBHOM WHTEpec NPeACTaBsloT YeTblpe ciyyas u3
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nNsTW. 3TO MoneBble TPaAH3UCTOPbl C P-N-NepexoaoM U oboralleHHble
MOIM-TpaH3ucTopbl. U Te, n apyrne MoryT 6bITb N-KaHanbHbIMKU, NM6O
p-kaHanbHbiMK.  ockonbky  MOI-TpaH3uCTOpbl  NOYTM  BCeraa
oboralleHHble, a MoseBble TPAH3UCTOPbI C p-/7H1epexoaoM Bceraa
obeaHeHHble, TO Byaem ganee onyckaTb 3T MNOHATUS.
Xapakrepuctuku A/ OSl-TpaH3UCTOpPOB

PaccMOTpMM BHayane n-kaHanbHbli  MOIM-TpaH3ucTop. Ero
6unoNapHLIM aHanoroM SBASEeTCa Nn-p-n-TpaHsuctop (puc. 3.1). B
HOPMasibHOM peXmMe CTOK (MM COOTBETCTBYIOLMI €MY KOJUIEKTOP)
MMEET MOMOXUTENbHbIA NOTEHUMAN OTHOCUTENBHO UCTOKA (AMUTTEPA).
TOK OT CTOKa K UCTOKY OTCYTCTBYET, MoKa Ha 3aTBop (6a3y) He byaeT
NnoJaHo MOJIOXKUTENBHOE MO OTHOLWEHWIO K MUCTOKY HarnpsbkeHue. B
nocnefHeM cfydyae 3aTBOP CTAHOBUTCH <«MPSAMOCMELLUEHHBIM» U
BO3HWMKAET TOK CTOKA, KOTOPbIN BECh MPOXOAUT K UCTOKY.

| KOANEKTOP

BA3A
3ATBOP

| 5
| 3MATTEP

a) 0)
PucyHok 3.1 YcnoBHble 0603HaveHns r-kaHanbHoro MOM-
TpaH3ucTopa a) vt bunonsipHoro n-p-r-TpaHsucropa 6)

[na noneBbIX TPaH3UCTOPOB, BKJIKOYEHHbIX MO cxeMme C 06LwmuM
MCTOKOM (puc. 3.2 1 puc. 3.6) CEMENCTBO BbIXOAHbIX XapaKTEPUCTUK -
3TO 3aBMCMMOCTb TOKA CTOKA Ic OT HanpsbkeHus CTOK-UCTOK Ucn Mpu
PasNYHbIX 3Ha4YeHUsIX HanpskeHust 3aTBOP-UCToK Usn @ Ic = flkn)
npu Usn = const. CeMENCTBO CTOKOBbLIX XapaKTEPUCTMK N- KaHa/IbHOro
MOI-TpaH3ucTOpa NpuBeAeHo Ha puc. 3.3, a. [N cpaBHeHWs 34ecb
e NpVBELEHO CEMENCTBO BbIXOAHbIX XapaKTEPUCTMK 0BbIYHOrO N-p-n-
TpaH3ucTopa.

30



A
tKH¢ praBﬂeHI/le AUCTAHIOHMOHHOTIO O6y‘{eHI/IH W IMOBBIILIEHU A I(BaJIPICl)I/IICaLLI/II/I

Y3J1bI ¥ 3J1EMEHTHI OMOTEXHUYECKUX CUCTEM

KT11
VT2 | LTI |
1€
1 -
KT7  5( |44 ,
. \ 4
|+ af L VH2 <;va)
NANS ~ '
S~ — P
S \_/
o | e . *
KT8 KT9 KT10 KT12
Ruw

PucyHok 3.2 CxeMa nccnegosaHus r-kaHanoHoro MO/
TpaH3uUCTopa B UMMYNbCHOM peXuMe.

s Lk

-

e

— — —>

a) ) 6)

PucyHok 3.3 CTOKOBble XapaKTepUCTUKKU n-kaHanbHoro MO/ST-
TPaH3MCTOPa @) 1 BbIXOXHbIE XapaKTEPUCTUKN BUNONSPHOIO N-p-r-
TpaH3ucTopa 6).

OueBMagHO, 4YTO  nh-kaHanbHble  MOI-TpaH3ucTopbl ¥
6unonspHbie N-p-N-TPaH3UCTOPbl BO MHOIOM MOXOXMW. [1ogo6bHO n-p-n-
TPaH3UCTOPY, Y MOMEBOro TpaH3uUcTopa Npu HanpsbkeHun Uen CBblle
1...2 B TOK cTOKa Ic MOYTM He M3MeHsieTcs. 3Ty 06nacTb CTOKOBbIX
XapaKTEepPUCTUK Ha3biBaloT 061acTblo HacklweHus. OTo obnactb B
crnpaBa OT NYHKTUPHON NNMHUK Ha puc. 3.3, a. MogobHo 6unonspHoMy
TpaH3ucTopy, 4YeM 6onblue CMeLleHne 3aTBopa OTHOCUTENbHO UCTOKA,
TeMm 6onblue (B 06nacTv HacbIWeHNs) TOK CTOKa.

Obnactb A CTOKOBOWM XapaKTepuUcCTUKK (cneBa OT MYyHKTUPHOM
NIMHWK) Ha3blBaOT JIMHENHOW. B 3TOM 0bnactu Tok cToka Ic NMHEWHo
3aBUCMT OT HanpskeHuss Uev , T.e. MOMEBOM TpaH3UCTOp BeaeT
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cebq Kak pe3ncTop C CONpPOTUBIIEHMEM KaHana CTOK-UCTOK Ran = Utn /
Ic. Hanpsbkenne Usu CnocOBHO W3MEHSATb BEMUMYMHY COMPOTMBIIEHUS
Ron. 9TO BMAHO M3 TOrO, UTO HAKMNOH CTOKOBbIX XapaKTEPUCTUK B
obnactn A 3aBucuT OT HanpsbkeHus Usp. Takum obpas3oM, nonesou
TPAH3WUCTOP MOXKHO MCMO/b30BaTb, KaK yrpaBisieMblil HamnpshKeHUEM
MEepeEMEHHbIV pe3ncTop. 3Ta BO3MOXHOCTb WMCMOJb3YETCS B CUCTEMAX
aBTOMATMYECKOW  PEryfIMpoOBKM  YCWIEHWS W B YMpaBsiEMbIX
HanpsbkeHWeM aTTeHnaTopax.

Ha puc. 3.4 npuBeaeHa CTOKO-3aTBOPHasi XapakTepucTuka n-
KaHanbHoro MO/T-tTpaH3nctopa. OHa CHMMaeTcs Mpu MOCTOSIHHOM
HanpsKeHUU CTOK-UCTOK Uty B 06M1acTu HacbllWeHWs M MokasbiBaeT
3aBUCMMOCTb TOKa CTOKa OT HanpskeHust 3aTBop-uctok: Ic = f{lkn)
npn U = const. Tak Kak B 0651acTM HacblweHuss ToK cTtoka Ic
NPaKTUYECKN He 3aBUCUT OT HamnpshkeHWs CToK-uctok Ucy, TO BCe
CTOKO-3aTBOpHblE  XapaKTEPUCTUKM C/MBAOTCA B OAHY JIMHWIO.
HanpsbkeHve 3aTBOp-ucTok Uki, MpM KOTOPOM HA4YMHAaeT Te4yb TOK
ctoka Ic Ha3biBaeTca noporoBbiM - fA3n. nop- Ha npakTtuke
3aMKCMpoBaTb BEMYUMHY MOPOroBOro HanpsbkeHns Usp.nop TPYAHO,
MOSTOMYy 3@ MOPOroBOe HanpshKeHne MPUHUMMAOT  BEINYMHY
HanpsbkeHWsl 3aTBOP-UCTOK, MpW KOTOPOM TOK CTOKa [AOCTUraeT
33/1aHHOrO HU3KOro 3HaYeHus.

Alc

AU3m

S
B U s

PucyHok 3.4 CTOKOBO-3aTBOpHas XxapakTepucTuka n-
KaHanobHoro MOI-TpaH3ncTopa.
XapaKkTepucTUKU NoJieBbIX TPAaH3UCTOPOB p-n-nepexoaom

Y MOFFTpaH3nCTOpPOB 3aTBOP M30/MPOBaH OT MPOBOASLLEro
KaHana TOHKMM CfloeM OKucna. B pesynbTaTe Ha 3aTBOp Takoro
TPaH3MCTOpa MOXHO MofaBaTb HanpsbkeHne nobor MoNsipHOCTM
OTHOCTENbHO UCTOKA. [Mpu 3TOM yepe3 3aTBOp He byaeT npoxoauTb
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HUKaKoW TOK. Mo3ToMy MOIM-TpaH31CTOpbI MPOCTbI B MPUMEHEHMN.

B nonesbIx TpaH3MCTOpax p-N-nepexoaoM 3aTBop 06pasyerT C
PaCroiOKEHHLIM  MOA  HUM  KaHanoM  MO/ynpoOBOAHMKOBbLIA  p-n-
nepexod. CnenoBaTenbHO, B MOJIEBOM TPAH3UCTOPE C P-N-MEPEXOAOM
BO M36eXaHMe MPOXOXKAEHUS TOKa Yepe3 3aTBOp MOCNEAHWI He
AO/MKEH BbITb CMELLIEH B MPSMOM HanpaB/iEHUM OTHOCUTENLHO KaHana.
3aTBop paboTaeTr 6yayuM CMELLEHHbIM B 06pPAaTHOM HanpasfieHWUK Mo
OTHOLLEHMIO K KaHaNy M B LIEMW 3aTBOPa HET HMKAKOro TOKa, KpOMe
TOKa YTeUYkU. YC/IOBHOE 0603HAYeHWEe N-KaHaNbHOrMO MOJeBOro
TpaH3ucTopa C p-N-NepexooM 13obpaxkeHo Ha puc. 3.5, a cxema ans
CHSATWSI €0 XapaKTEPUCTMK - Ha puc. 3.6.

C

7

PucyHok 3.5 YcnoBHoe 0603HauyeHne n-KaHanbHOro TpaH3ucTopa ¢ p-

/-NEPEXOAOM.
KT3 — KT4 KTS
 (pA——
&( (PVA’U— e @
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PucyHok 3.6 CxeMa anst CHATUS XapaKTepUCTUK N-KaHanbHOMo MoneBoro
TpaH3MCTOpa C pP-N-NepexosoMm.

CrokoBble XapaKTEPUCTUKN N-KaHa/lbHOIro noneBoro

TpaH3ucTopa ¢ p-n-nepexogoM (puc.3.7) Takxe MMeloT Ase obnacrtu:
NMHEWHYIO - A 1 HacblleHus - B.
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U 3u1=0

-U 3u2

-U 3us3

-U 3us

- U 3us

.
}

Ucn
PucyHok 3.7 CTOKOBblE XapakTePUCTUKN /-KaHanbHOro
nosieBoro TpaH3ucTopa c p-n-epexoaoM; A —obnactb nepeMeHHoro
CONpOTUBEHNS , B —061acTb HacbILWEHMS.

lpachMK  CTOKO-3aTBOPHOM  XapakKTEPUCTMKU  N-KaHanbHOMO
NnoneBoro TpaH3MCcTopa C p-n-nepexogoM (puc.3.8) NOMOXET YSACHUTb
€ro oTM4mne OT n-kaHanbHoro MOI-TpaH3ucTopa. MOI-TpaH3ucTop
He MpoBOAUT TOK, TMOKa MNOTEeHUMan 3aTBopa He CTaHeT
MOJIOXUTESbHBIM MO OTHOLWIEHMIO K UcToky (Ukn > 0). HaobopoT, Tok
CTOKa MONeBOro TpaH3ucTopa C p-n-nepexogoMm 6yaeT paseH
MaKCMManbHOMYy nNpu MOTeHUMane 3aTBoOpa paBHOM MoTeHuuany
ucroka (Usn = 0). OTOT TOK Ha3bIBaeTCs HadanbHbIM TOKOM CcToka Jc
wau. NS MOMyYEHUS HYNEBOrO TOKAa CTOKa 3aTBOpP AO/MKEH WMETb
obpaTHOe CMelleHMe, KOTOpPOe Ha3biBAETCS HAMpPSHKEHWEM OTCEYKU
U1 orc. Ha mpakTuke 3adukcMpoBaTh BENMYMHY HAMPSXKEHUS OTCEUKU
U1 orc  OYEHb TPYAHO, MO3TOMY 3a HanpshKeHWe OTCEUKM NMPUHUMAIOT
BE/IMUMHY HaNpshKeHUs 3aTBOP-WCTOK, MpU KOTOPOM TOK CTOKa
LOCTUraeT 3alaHHOr0 HU3KOro 3Ha4eHusl.
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Uam 0T1c U3M

PucyHok 3.8 CTOKO -3aTBOpHAas XapaKTepUCTMKa N-KaHasIbHOro
TpaH31CcTopa C pP-N-NepexosoM.

MapameTpbl NOsIEBbIX TPAH3UCTOPOB

OCHOBHbBIMM NapaMeTpaMu NONEBLIX TPAH3UCTOPOB ABNSAIOTCS:

HayasibHbid Tok cToka Ic wav, ONPEOENsiEMbIi TOKOM CTOKa
TpaH3UCTOpa C p-N-NepexoaoM MpU HanpsXKeHUU Mexay 3aTBOPOM U
WCTOKOM, PaBHOM HYJIIO, U NPU HAMPSHKEHWN HA CTOKE, PaBHOM WK
npeBbIWAloLLEM HaMNpsKeHWe HacbiweHUs Ut vac;

Harnpspkerne orcedky Usn orc OMpeaensieMoe HanpskeHuem
MexXay 3aTBOPOM UM WMCTOKOM TPaH3UCTOpa C p-7-1€PeExXomoM, npu
KOTOPOM TOK CTOKa AOCTUraeT 3ajaHHOro0 HU3KOro 3HaYeHus;

noporosoe  Harnpskerne  (Usn.nop , onpegensiemoe
HanpshKeHWeM Mexay 3aTBOPOM W WUCTOKOM  TpaH3WuCTopa C
N301MpoBaHHbIM 3aTBOpoM (MOIM-TpaH3uCcTOpa), NpuU KOTOPOM TOK
CTOKa AOCTUraeT 3aaHHOr0 HU3KOMO 3HaYeHus;

KDYTU3Ha XapaKTepuCTuku S , onpepensieMasl OTHOLIEHWEM
M3MEHEHMS] TOKa CTOKA K M3MEHEHMIO HanpshKeHUs Ha 3aTBOpe npwu
KOPOTKOM 3aMbIKaHUW NO NepeMeHHOMY TOKY Ha BbIXOAe TpaH3ucTopa
B CXeMe COO6LUMM UCTOKOM;

COMpPOTUB/IEHNE CTOK-UCTOK B OTKDLITOM COCTOSHIMM Ron otk
ornpegensieMoe COMPOTMBMEHNEM MeXAy CTOKOM W MUCTOKOM B
OTKPbITOM COCTOSIHUM TpaH3UCTOpa MpW  33JaHHOM  HarmpsiXeHWuu
3aTBOP-UCTOK U TOKE CTOKa;

MaKCUMasIbHO AOMYCTUMOE HANMPSIKEHNE CTOK-MCTOK Uch vaxc;
MaKcuMasibHO [OrMYCTUMOE HANPsKEHNE 3aTBoP-1CcTok Usn vaxc;
MaKcUMasIbHO Oy CTUMbIY TOCTOSHHBIN TOK CTOKA Ic wa;
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MAaKCUMAasIbHO fOMyCTUMBIM PSMOY TOK 3aTBOPa TONIEBOr0
TpaH3ucTopa C p-n- nepexoaoM Is vaxc;

MaKcMasabHO  fOrlyCTuMasi  [1OCTOSIHHAs — paccenBaemasl
MOUIHOCTD P waxc.

Y BCEX TMMOB MOJIEBbLIX TPAH3UCTOPOB TOKOM CTOKA YNpaBisieT
HanpsbkeHve 3aTBop-ucTok Ukn. Takum obpasom, O cnocobHoCTU
NONEBbLIX TPaH3UCTOPOB YCWIMBAaTb HYXHO CyAUTb MO BeNNYMHe
OTHOLUEHNS1 TOKa CTOKa K HampshKEHWI0 3aTBOP-MCTOK. 3Ta BeNMYMHA
Ha3bIBAETCA KPYTU3HOM S M HaxoAMTCS KaK OTHOLWIEHME MpupaLleHns
ToKa cToka Alc K MpupalleHunio HanpshkeHus 3aTBop-UcTtok & Usu

S=Alc/ Al 3.1)

Pa3mMepHOCTb KpyTM3HbI Bblpaxaetcas B MA / B wim B
CumeHcax (1 Cm = 1 A/ B). O6bI4HO KPYTWU3HY NONEBOro TPaH3MUCTOpa
paccuUnTLIBaAOT A/ PEXMMA, COOTBETCTBYIOLLErO SIMHEMNHOMY YYacTKy
CTOKO-3aTBOPHON XapaKTepUCTUKW. [ns 3TOro CTPOST TPeyronbHUK
ABC (pvc. 3.4 v puc. 3.7) , N0 KOTOPbLIM HaxoasT MpupalleHust Toka
Alc v Hanpskenns Alkn, v no dopmyne (3.1) paccunTbiBalOT
KPYTU3HY S.

KpyTn3sHa noneBbix TPaH3UCTOPOB 3aBWCUT OT TOKA CTOKa. B
0obnacT HacbIWeEHNsS OHa pacTeT MpOMOPUMOHANbHO Y2  KOPHIO
KBaApaTHOMY U3 TOKa CTOKa

S=(klIc)V?,

30ecb  6blIM pacCMOTpeHbl  «-KaHaslbHble  MONeBble
TpaH3uUCTOpbl, P-kaHanbHbIE MoOsEBble TPAH3MCTOPbI CUMMETPUYHBI N-
KaHanbHbIM B TOM Xe CMbIC/e, B KaKOM SIBNSIOTCS TaKOBbIMU /7-p-/1- U
p-N-p-TpaH3ucTopbl. OB6bIYHO p-KaHanbHblE MONEBbIE TPAH3UCTOPSI
uMetloT 6onee nnoxve napaMeTpbl, a WMeHHO 6onee BbiCOKOE
NMOpoOroBoe HanpspkeHue, bonee BbICOKOE COMPOTUMBEHNE CTOK-UCTOK
B OTKPbITOM COCTOSIHUM Rcn or. M MEHBLUMIM HayasibHbIA TOK CTOKa U
NPUMEHSIIOTCA pexe.

OCHOBHbI€ 3/1eKTPUYecK1e napaMeTpbl N-KaHa/IbHOro nosne-
BOro TPaH3UCTOpa C p-rr-nepexonom K/1303/

KpyTuaHa xapakTepucTukn S,
npn U = 10B, Usn =0 B
He MeHee 2.6 MA/B
HayanbHbli TOK cToKa Jcrau
npn Uwm = 10B, Usn = 0B 3.0...9.0 MA
HanpsihkeHne otcevkn Usn orc
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npu U = 10B, Ic= 0.01 MA He 6onee -8.0 B
MakcMManbHO AOMyCTUMOE HamnpshKEHNE CTOK-UCTOK Ucy makc 25B
MaKcMManbHO AOMYCTUMOE HanpsiKeHWe 3aTBOP-UCTOK Uk mac-

30B
MaKcuMMarnbHO A0MYCTUMbIN MOCTOSAHHBIN TOK CTOKA Ic maxc
20 MA
MaKcMManbHO AONYCTUMbIN MPsSIMOI TOK 3aTBOPA I3 makc
5,0 MA
MaKcMManbHO  JOMyCTMMasi  MOCTOsIHHasi  paccemBaemasi
MOLLHOCTb Puakc 200 MBT
OCHOBHbI€ 3/IeKTpUYecKkue napaMeTpbl n-kaHanbHoro MOIM-
TpaH3uctopa IRFD024

KpyTu3Ha XapakTepucTtuku S
npu Uwm = 25B, Ic= 1A He MeHee 960 MA/B
MoporoBoe HanpskeHue Usn.nop
npn Uen = Usy, Ic = 0.25MA 2,0..408B
Conpotusnenne CTOK-MCTOK B OTKPbITOM COCTOSAHUU
RCI/I MaKC
npu Usn=10B; Ic=1,0A He 6onee 0,20 OmM
MakcMManbHO AOMyCTUMOE HamnpshKEHNE CTOK-UCTOK Ucy makc 60B
MakcMManbHO AOMYCTUMOE HanpskeHWe 3aTBOP-UCTOK Usy wakc
+20B
MaKCcMManbHO AOMYCTUMBIN MOCTOSIHHBIN TOK CTOKA Ic makc 1,7 A
MakcMManbHO ~ gonyctumass  MOCTOSIHHasi — paccemBaeMas
MOLLHOCTb P vakc 1,3 Bt
CHsATHe xapakTepucTtuk MOl-TpaH3ucTopa B UMMNYJ/IbCHOM
pexume

XapaKTepuUCTMKKN MOEBbIX TPAH3UCTOPOB CpeaHel U 60MbLUION
MOLLHOCTM O6bIYHO MOMy4YaloT B WMMMYNbCHOM pexuMme paboTbl, Tak
KakK Mpu 3TOM MakCcuMMasbHO AOMyCcTUMas paccemBaeMasl MOLLUHOCTb
NPEBbLILLAETCA B TEYEHUE BPEMEHW, KOTOPOro HeAoCTaTO4YHO, 4TO6bI
TPaH3WUCTOpP MO BLIATU U3 CTPOSI.

Cxema wu3MepeHusi, npuBefeHHas Ha puc. 3.2, NO3BONSET
CTPOUTb CTOKO-3aTBOPHYIO U CTOKOBbIE XapaKTEPUCTUKW N-KaHasIbHOro
MOTM-TpaH3ncTopa B WMNYNbCHOM pexuMe. MMnynbcbl Ha 3aTBOp
TpaH3UCTOpa MOoJAlTCA C reHepaTopa MpsIMOYrofbHbIX WMMYSbCOB
TN, Yactota uMnynbcoB - 1 KM, ckBaXkHOCTb - 10.

MepBbiM  KaHanom ocuwmnnorpacda PS1.1  w3MepsiloT
aMnNAnUTyay UMMNYNbCOB HaMNpsXKeHUs 3aTBOP-UCTOK Usu .

[na onpeaeneHusl BenWUMHbL TOKA CTOKa TpaH3ucTopa Ic
BTOpOW kaHan ocumnnorpacda PSI1.2 noaknoyaloT K WyHTY Ruw . Tok
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CTOKa paccyMTbIBalOT No opmMyne:

Ic =Uw/ Ruw (3.2)

roe Uw - aMninTyaa wWMNynbCa HaNpaXeHUd Ha LWYHTE,
U3MEPEHHaA BTOPbIM KaHa/iIOM OCLl,VlﬂﬂorpaCba; Rw - conpoTuB/iEHNE
LWyHTa.

Ona un3MepeHns HanpshkeHUsl NUTaHWUS CITYXKUT BONbTMETP
PV1. Hanps>xXeHne CTOK-UCTOK onpeaensieTcs pasHocTblo U = Ui -
Uw.

Moaynb «MoneBble TPaH3UCTOPbI>

Cxema moayns «[lonesble TPaH3UCTOPbLI» NpUBEAEHa Ha puUc.
3.9. 2JnemeHTbl ycunuMTens Ha CMeHHOM wMoayne NO3  wumeloT
cnegyrowme napameTpbl:

VT1 - tpaH3uctop KI13034;

VT2 —TpaHsuctop IRFD024

Ruw = 1000wM™
KT3 Ic KT4 KTS
oc - ® ®
/7 I\ VT
KT1 5 ,
i i e
oh P A - el
UH3 | U |MH1
g l -
+ -
® . ®
KT2 KT6
KT11
VT2 A
_lc
t +
KI'] 3 “.: =il o

e ey 2|y,
MU U

Ic
_ —mellly
v ~ {V
- - e *— e —————
KT8 KT9 = KT10 KT12
Ruw

PucyHok 3.9 Cxema moayns «[llonesble TpaH3MCTOpbI»
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noPAAOK PABOTDI

1. MoproToBka Kk pa6orte

1.1 3apucyilTe cxembl AN WUCCNEAOBaHMSI  MOSIEBOro
TpaH3ucTopa C p-n-nepexogoM (cMm. puc. 3.6) n M O I7- TpaH3ucTopa
(cm. puc. 3.2).

1.2 BbluepTuTe Tabnuubl AN CHATUS  XapaKTEPUCTUK
TPaH3MCTOPOB.

1.3 YcraHoeute BbikatodaTtens CETb, Bbikao4aTenu BCex
WUCTOYHUKOB CUTHanoOB W W3MepUTENbHbIX MpMOOPOB B MOMOXeHue
BbIKJ1, perynsitopbl NMOTEHUMOMETPOB BCEX WCTOUYHMKOB B KpaliHee
NleBoe MonoXeHve.

1.4 Moakniounte cMeHHbIM Moaynb N3 K pa3beMy 6a30BOro
6noka.

MoacoeavHWTE LUHYP MUTAHWUS K pa3beMy Ha 3agHeN CTeHKe
CTEeHAA W BKITOYUTE BWIKY LUHYpA MUTAHWUS B PO3ETKY 3MEKTPOCETU
HanpshkeHnem 220B.

Buumanne!
Ecmm riokasaHmsi Ha AUCIIZIEE U3MEPUTE/ILHOro rnpnbopa He
U3MEHSFOTCA TP U3MEHEHNN M3Mep,qu0//7 BEJINYUHBI, 70

BBIK/TIOYUTE U CHOBA BKJTIOYUTE €ro Tymbsiepom BKJT / BbIK/.

Ecmm  ripy  BKIOYEHMM  AMIIEDMETPA HA €ro  Aucriee
orobpaxaercsi cumMBosi AC (PEXUM  UMEPEHUS  [TEPEMEHHOMO
HArpsuKeHns1), TO BbIK/IIOYUTE M CHOBA BK/IHOYUTE amriepmeTp
Tymbsiepom BKJT / BbIK/T 47151 uameperns [TOCTOSIHHOIo 110 pogy
TOKa (ripy 3TOM Ha €ro ANUCIiee JO/DKEH 0TOOPAa3NTECI CUMBO/T
DC).

2. CHATME CTOKO-3aTBOPHbIX XapaKTEpPUCTUK MONEeBOro
TpaH3MCTOpa C p-n-nepexoaom

2.1 Cobepute cxeMmy, NoKa3aHHyIo Ha puc. 3.6.

2.2 [Ina CHATUS XapaKTepUCTUK MOMEeBOro TpaH3ucTopa ¢ p-n-
nepexoaoM MOAKIYNTE BCTPOEHHBIE B CTeHA Npubopsl:

PA 1 - munnuamnepmeTp 458 U3MepeHus Toka cTtoka Ig;

PV 1 - BONbTMETP A9 U3MEPEHUS HanpsHXXeHUs 3aTBOP-UCTOK
Usn;

PV2 - BONbTMETP AN U3MEPEHUS HaMNpsXKEHUS CTOK-UCTOK
Un;

2.3 MMocne nNpoBepkM MNpPaBWUNbLHOCTU MOAKIOYEHUS NpubopoB
npenogasaTeneM BKIOUNTE NUTaHWe cTeHaa BolkoyaTenem CETb.

2.4 BknounTte UCTOYHMKM Hanpskenus AHI n UH3 n
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NOAKJIIOYEHHbIE K CXEME M3MepuTeNbHbIE NpMHOopHI.

2.5 Perynatopamn MPYBO n TOYHO nCTOYHMKA HanpshkeHus
A H 1 ycTtaHOBUTE HanpshkeHue CTOK-UCTOK Ucy 1, paBHoe 5 B.

2.6 Perynatopamm TrPYBO n TOYHO ncTOYHMKA HaNpsKeHUs
M H3 ycTtaHoBWTE HanpspkeHue 3aTBop-uctok Usn = 0, onpegenute
npv 3TOM BEeSIMYMHY HayasibHOro TOoKa Jcway TPAH3UCTOPA M 3aHecUTe
€e 3HauyeHwue B Tabn. 3.1.

2.7 V3MeHsiiTe HanpskeHWe 3aTBOP-UCTOK cornacHo Tabn. 3.1
W 3anucbiBaMTe B 3Ty Tabnuuy COOTBETCTBYOLLME 3HAYEHMS TOKA
cToka Ic.

2.8 AHaNOrMYyHO CHUMWUTE CTOKO-3aTBOPHYIO XapaKTepUCTUKY
TpaH3ucTopa Npy HanpsbxeHnn Uon = 10 B.

Tabsimya 3.1
HanpskeHue o - - - - - -
3aTBop-ucrok U3U, B 0510|1520 30| 40
Tok croka IC |5 | IC.Hay
MA npm =
HanpsHKeHuun 10 | IC.Hay
ucH, B =

3. CHaTHe CTOKOBbIX XapaKTepUCTUK noJsieBoro
TPaH3UCTOpa C P-Nn NepexoAoM

3.1 YcraHosuTe HanpskeHue Usn = 0.

3.2 U3MeHslTe HanpshKeHWe CTOK-UcTok U cornacHo Tabn.
3.2 1 3anucbiBaiTe B 3Ty Tabnuuy COOTBETCTBYIOLLME MM 3HAYEHMSI
TOKa CToKa.

3.3 AHaNOrM4yHO CHUMUTE CTOKOBblE XapaKTEPUCTUKU MpK
Hanps>keHusx 3aTeop-uctok -0,5 B; -1,0 B n -1,5 B.

Tabsmmya 3.2

HanpshkeHune ctok- | 02|05 | 1 2 5 10 | 15
ucrok UCH, B

(/]

-0,5

-1,0

-1,5

4. N3mepeHue HanpsKeHus OTCEeUYKHU noJsieBoro
TpaH3UCTOpa C p-n-nepexoaom

4.1 YcTtaHoBuTe Hanpsbkenne U = 10 B.
4.2 N3MeHssa HanpsbkeHwe 3aTBOP-UCTOK Uky, YCTAHOBUTE TOK
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ctoka Ic = 0,01 MA (IOMKA). 3anuwmnTe COOTBETCTBYIOLLEE 3TOMY
3HaYeHUIO TOKa CTOKA 3HayYeHne HanpshkeHust otceykn Usn orc B TabN.
3.3.

4.3 BbIKNOUNTE WUCTOYHUKM HanpsbkeHus MH1I w UAH3 w
NOAKIIIOYEHHBIE K CXEME n3MepuTenbHble NprbopsbI.

5. O6paboTka pe3ynbTaToOB 3KCNEPUMEHTOB C NOJIEBbIM
TPaH3UCTOPOM C p-N-nepexoaom

5.1 3aHecnTe u3 Tabn. 3.1 B Tabn. 3.3 3HaueHMEe Ha4anbHOro
TOKa CTOKa, HalaeHHoe npwv Hanpsbkennn Ucv = 10B.

5.2 Wcnonb3ys paHHble Tabn. 3.1 u Tabn. 3.2 nocTpoiTe
rpacdmKn CEMENCTB CTOKO-3aTBOPHbIX M CTOKOBbIX XapaKTepUCTMK
TpaH3uctopa. OHM UMEIOT BWUA, NPEACTaBNEHHbIA Ha puc. 3.7 U puUc
3.8.

5.3 BblMONHMTE Ha  CTOKO-3aTBOPHOW  XapaKTepuCTUKe
HeobxoanMble NOCTPOEeHUs ans onpeaeneHus KPYTW3HbI
XapaKTEPUCTUKM MpU U3MEHEHUN HanpsxeHuss Usn ot 0 B go -0,5 B
(cM. puc. 3.8). PaccuuTaliTe 3HauyeHWe KpYTU3HbI, WCMOSb3ysl
BblpaxkeHue (3.1) u 3aHecuTe pesynbTaT B Tabn. 3.3.

5.4 CpaBHuMTEe napaMeTpbl  TpaH3UCTopa,  MOJyYeHHble
3KCNepMMeEHTaNbHbIM MyTeM, CO CMPaBOYHbLIMW 3HAYEHUSMU.

Tabsinya 3.3

MapameTtp SKcnepuMeHTanbHoe | CnpaBoyHoe
3HayeHue 3HayeHue

HauyanbHbIi TOK CTOKa 3,0....9,0
IC.Hay., MA npun UCH
=10B, U3M=0B
HanpsbxeHne oTceukm He 6onee -
U3hn.orcc, B npn UCH 8,0
=10 B, 1C=0,01mMA= 10
MKA
KpyTusHa He MeHee
XapaKTepPUCTUKHN S, 2,6
MA/B npun UCHA =10B,
Usn=08B

6. NUamepeHue noporosoro HanpsHKeHus Morn-
TpaH3ucTopa

6.1 [Ona wccnepoBaHus MOIMM-TpaH3ucTtopa cobepute cxemy,
NMoKa3aHHYIo0 Ha pwuc. 3.2.
Ona wn3MepeHus HanpskeHusa nuTaHua Up noaknaouuTe
BOJIbTMETP, BCTPOEHHbIV B CTEHA.
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Mookniounte nepBbiM  KaHan ocuunnorpacda PS1.1
HanpspKEHUIO 3aTBOP-UCTOK Uk TpaH3ucTopa. [pu 3ToM 0b6wwm
BbIBOA BXOAHOro kabens ocuunnorpada noakItounTe K UCTOKY.

CurHanbHbIn  BbIBOA BXOAHOMO kabens BTOPOro KaHana
ocumnnorpada PSI1.2 nogknoumute K KOHTakTy KT 10 CMEHHOoro
MOAynsi, a ero obluii BbIBOA - K KOHTakTy KT9. B 3ToM criyyae Ha
BTOPOW KaHan ocumnnorpada nofaeTcs nafeHne HanpskeHus Ha
WwyHTe Uu, NponopuMoHanbHoe ToKy cToka Ic.

Ecim  ocumnnorpad wMeeT  (YHKUMIO  WHBEPTMPOBaHMS
CUrHana BTOpPOro KaHana, TO BkuuTe ee. B 3ToM cnyyae Ha
ocuMnorpaMMe MMMysbCbl HaMpsHKEHUS Ha WyHTe 6yayT wMeTb
NOJIOXXUTESbHYIO NMONISAPHOCTb.

6.2 locne nNpoBepKM MNpPaBUIIbHOCTM MOAK/IOYEHMST NpMBOpOB
npenogasaTeneM BKOUMTE UCTOYHUKN FTTHM, MH2 n NoaKIYeHHbIe
K CXeme n3mepuTenbHble npnbopol.

6.3 Perynatopamm FrPYBO  TOYHO UCTOYHMKA HaMpsiKeHUs
HH2 yctaHoBuTe HanpsbkeHue nuTtaHnsa Un = 10 B (3aecb U = Un).

6.4 VaMeHsIs aMnanMTyay UMMybCOB HanpshKeHus 3aTBOP-UCTOK
Usn perynatopamm FPYBO m TOYHO reHepatopa npsMOyrosibHbIX
uMnynbcoB F11A yctaHOBUTE aMNAUTYdy UMMYSIbCOB HaMpshKeHUs Ha
WyHTe Ruw paBHol 25 MB. B 3TOM cnyyae Tok cTtoka paBeH Ic = U /
Rw = 25/100 = 0,25 MA.

6.5 OnpegenuTe amMnaMTyay MMMNYbCOB HanpshkeHns Usn nop u
3aHecuTe 3HayYeHne NoporoBoro HanpsbkeHus B Tabn.3.9.

7. CHATME CTOKO-3aTBOPHOI Xxapaktepuctuku MOI-
TpaH3uCcTOpa

7.1 [na  CHATMS  CTOKO-3aTBOPHOM  XapaKTEepPUCTUKM
n3MepuTesbHble Npubopbl A0MKHLI 6biTb NOAKIOYEHbI TaK, Kak
yKasaHo B n.n. 6.1.

7.2 PerynatopaMn MUCTOYHMKA HanpskeHuss MH2 ycTaHoBuTe
HanpsbkeHve nutanus Up = 10,5 B.

7.3 W3MeHAs amMnauTyay WMMynbCOB  HanpsbkeHus  Usn
perynatopamu [T/ ycTaHOBUTE aMNAUTYAy UMMYNbLCOB HaMpshXeHWs
Ha wyHTe Uu = 500 mB.

7.4 W3MmepsiiTe aMnauTyay WMMyAbCOB HanpsbkeHust  Uhn.
3aHecuTe pe3ynbTaTtbl B Tabn. 3.4.

7.5 [eicTBysl aHaNorMyHo, yctaHaBnuBamnTe 3Havyenns Uu n Un
YKa3aHHble B Tabn. 3.4 U CHUMUTE OCTasIbHblE TOYKN CTOKO-3aTBOPHOW
XapaKTepUCTUKM.

K
i
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Tabmmya 3.4
HanpshkeHue ctok-uctok UCH = UM - ULl =10 B
HanpshkeHus nutanusa U/7, B 10,5| 11,0 | 13,0 | 15,0
HanpshkeHue Ha wyHTte UL, B 05 | 1,0 30 50
HanpshkeHue 3aTBOp-UCTOK U3/,
B
Tok ncroka Il = Ul / RW = | IC1I | IC2 | IC3 | IC4
ull (B) / 0,1 (xOm),MA =5 | =10 | =30 | =50

8. CHsATHe CTOKOBbIX XapakTtepuctuk MOlM-TpaH3ucTopa

8.1 [na CHATMA CTOKOBbIX XapaKTEPUCTUK W3MepUTesbHble
nNpubopbl AOMKHBI 6bITh NOAKMIOYEHBI TAK, KaK yKa3aHo B n.n. 6.1.

8.2 PerynatopamMuM UCTOYHMKA HanpsbkeHus MH2 yctaHosuTe
HanpsbkeHue nutanus Up = 15B.

8.3 YcraHoBuTe perynatopamu 1T 3HayeHne Hanps>keHus Ha
wyHte U = 0,5B.

8.4 Onpepenute HanpsxeHns Usn 1 M 3aHECUTE ero 3HavyeHve B
Tabn. 3.5.

8.5 MameHsiiTe HanpsbkeHve nutaHus Up cornacHo Tabn. 3.5 u
3anucbiBaiTe B 3Ty Tabnuuy COOTBETCTBYIOWME WM  3HAYeEHUs
aMNAMTYAbl MMMYbCOB HanpshkeHnss Ha wyHTe U . 3aHecute
pesynbTathbl B Tabn. 3.5.

8.6 [elictBys aHanorMyHo (kak ykasaHo B n.n. 8.2 ... 8.5),
CHMMMWTE CTOKOBbIE XapPaKTEPUCTUKM A4S HAMNPSHKEHWUIN Ha WyHTe U =
1,0B; 3,0B; 5,0B (npu HanpsbxeHnn nutanua Up = 15B). Pe3ynbTathl
3aHOCUTE COOTBETCTBEHHO B Tabn. 3.6, Tabn. 3.7, n tabn. 3.8.

8.7 BblknounuTe WUCTOYMHUKU I, MH2 v noakIloYeHHble K
cxeMme u3MepuTenbHble npnbopsl.

8.8 PaccuuTaiite 3HAYEHUS HAMNPSXKEHUSI CTOK-UCTOK Ucn = Un
- Uu v Toka ctoka Ic = Uu / Ru , rae Uu - B BonbTax; Ru - B
kunoomax; Ic - B MunaMamnepax. 3aHecute pesynbtaTbl B Tabn. 3.5.
Tabn. 3.6, Tabn. 3.7, n Tabn. 3.8.
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Tabnuua 3.5

Hanpskenue 3aTBOP-HCTOK Uy g

Hanpsixenne nuranns Uy , B 0.5 1.0 2,0 5,0 10 15
Hanpskenue Ha wynre U, , B 0,5
Hanpsixenue crok-uctok Uey = Uy - U, , B

Tok croka /c = Uy, / Ry, = U, (B) /0,1 (kOMm), MA

Tabnuua 3.6

Hanpsixenue 3atBop-HcTok Usy »

Hanpsikenue nuranns Uy, , B 0,5 1,0 2.0 5,0 10 15
Hanpskenue va wyure U, , B 1,0
Hanpskenue crok-uctok Uey = Uy - Uy, B

Tok cToka /c = U, / R, = U, (B) /0,1 (kOm). MA

T'abnunua 3.7

Hanpskenne 3a1Bop-HeTok Usy - =

Hanpsikenne nuranus Uy , B 0,5 1.0 2,0 5.0 10 15
Hanpskenne Ha wyure U, , B 3,0
Hanpskenue cTok-ueTok Ucy = Uy - U, . B

Tok cToka /c = Uy, / R, = U, (B) /0,1 (kOm), MA

Tabnuua 3.8

Hanpskenne 3atBop-netok Usy y =

Hanpskenne nuranus Uy , B 0,5 1,0 2,0 5,0 10 15
Hanpsxkenue Ha wynre U, , B 5.0
Hanpskenue cTok-uetok Uqy = Uy - U, . B

Tok croka Ic = Uy, / R, = Uy, (B) /0,1 (kOm), MA

9. O6paboTka pe3y/sibTaTOB 3KCcnepuMmeHToB Cc MOIl-
TPaH3UCTOPOM

9.1 Ucnonb3ys faHHble Tabn. 3.4 n Tabn. 3.5 ... 3.8 nocTpoliTe
rpadukn CTOKO-3aTBOPHOW XapaKTEPUCTMKM U ceMelcTBa CTOKOBbIX
XapaKTepuCTUK TpaH3uctopa. OHM UMeIOT BWA, NPEeACTaBfIEHHbIA Ha
puc. 3.4 v puc 3.3, a. 3

9.2 TMpoBeauTe kacaTenbHyld K rpaduKy CTOKO-3aTBOPHON
XapaKTepuUCTUKN B

Touke Ic = 50 MA (cM. puc. 3.4). PaccuuTaiTe 3HayeHue
KPYTU3HbI, UCMOb3Ys MOMYYEHHBIN TPEYroNbHUK U BbipaxkeHue (3.1).
3aHecuTe pesynbTat B Tabn. 3.9.

9.3 CpaBHMTe napaMeTpbl  TPaH3MUCTOpPa, MOJyYeHHble
3KCNEepUMEHTaNbHbIM MyTEM, CO CMPaBOYHbLIMUA 3HAYEHUSMU.

Tabnuua 3.9
ITapamertp DKCNEPHMEHTAIBHOE 3HAYCHHE CnpaBoyHoe 3HaueHHe
IMoporosoe Hanpskenne Usy wp» B
npu /c = 0,25 MA 2,0...40

Kpyrusna xapakrepuctiku S, MA/B He MeHee 960

npH Uey = 10 B, /o = 50 mA mpH Uey =25B, Ic=1 A

44




amy
tKM¢ praBJleHI/Ie AUCTAHIOHMOHHOTIO O6y‘~IeHI/IH W IMOBBIILIEHU A I(BaJII/ICl)I/IKaLLI/II/I

Y3J1bI ¥ 3J1EMEHTHI OMOTEXHUYECKUX CUCTEM

KOHTPOJIbHbIE BOIMPOCbI

1. Kakune TpaH3MCTopbl Ha3blBalOT NOMEBLIMU?
2. YeM 0b6bSICHSETCS BbLICOKOE BXOAHOE COMPOTMBIIEHME
NOJEBbIX TPAH3UCTOPOB?
3. YeM oTMYaETCA MOSEBO TPAH3UCTOP OT BUNONSPHOrO?
4. KakoBbl OCHOBHblE NMapaMeTpbl NONEBbIX TPAH3UCTOPOB?
5. TAe npuMeHsIIoT nosieBble TPaH3MCTOopbI?
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PABOTA N° 4. «<MCCNEAOBAHUE TUPUCTOPA>

Uenp paborel - cHATVE W aHANW3 AHOAHOW XapaKTEpPUCTUKM
TUpUCTOPA; onpefeneHne 3NeKTPUYECKUX
napaMeTpoB TUPUCTOPa.

NMNOACHEHUMA
KoHcTpykuus

Tupuctopbl -  3TO  MOMYNpPOBOAHMKOBbIE  MpuUBOPSI,
obragatoime [ABYMSt YCTOMYMBBIMU  COCTOSIHUSIMW:  OTKPbITBIM 1
3aKpbITbiM. B OTKPbITOM COCTOSIHMM TUPUCTOPbI XOPOLIO MNpPOBOASAT
3MEKTPUYECKMA TOK, @ B 3aKpbiITOM OHW MPeAcTaBnsioT Ccobou
6onblioe  CONPOTUBAIEHWE, COM3MEPUMOE C  COMPOTUBIIEHNEM
KpeMHMeBoro auoga npu obpaTHoOM  HanpsbkeHun. OcCHOBHOE
Ha3Ha4yeHne TMPUCTOPOB - 6e306pbIBHAs KOMMyTauUMs INEKTPUYECKNX
uenen.

Tupnctop, Kak nokasaHo Ha puc 4.1, a, sABngeTcs
YETbIPEXCIONHBIM  YCTPOWCTBOM  (p-r1-p-r7). OAHAKO €ero YCroBHOE
o603HayeHne (puc 4.1, 6) BLIrNSAMT MPOCTO Kak BbINPSMUTENbHbIN
AVOA C AOMOSHUTENbHLIM YNPABASIOWMM 3N1EKTPOAOM. HanpsikeHue
MeXay OCHOBHbIMW BbIBOAAMM TMPUCTOPa (@aHOAOM M KaTOAOM) M TOK,
npoTeKalwWwmii Yepe3 HWX, Ha3blBAlOTCS OCHOBHbLIMW. HanpsbkeHue
MeXay YNpaBnstOWMM 3M1EKTPOAOM M KaToAOM M TOK, MpOTeKatoLimii
yepes HWX, Ha3bIBalOTCA YNPaB/soLWLMMMU.

O6BSCHUTL NPUHLMN AEUCTBUS TUPUCTOPA MOXHO, NPeACTaBuB
YyeTblpe ero cnos B BUAE ABYX B3aMMHO CBSI3aHHbIX TPaH3UCTOPOB, Kak
nokasaHo Ha puc. 4.1, B, T.
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a) 6) B) r
PucyHok 4.1 Tupuctop : a) cTpykTypa, 6) ycnosHoe
0603HaueHWe, B) TPaH3UCTOPHLIN 3KBUBANEHT, ) SKBUBANEHTHas!
CXema C TpaH3uCTopamu.
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MpuHuun pgeiicTeus

Ha cxeme, npuBeaeHHOW Ha pwvc. 4.2, yKa3aHbl TOK Harpysku
Ia, ynpaBnstowmii Tok Iy, KONNEKTOpHbIM ToK Iki TpaH3ucTopa V71 u
KOMNEKTOPHbIN  ToK  Ik2 TpaH3uctopa V72, TlonoxuTenbHoe
OTHOCUTENBHO KaTofa OCHOBHOE HanpshkeHue (snoaaeTcs Ha aHog, a
ynpaensiowee HanpsbkeHue Uy - Ha ynpasnsowmin snektpog. Mpw
ynpasnawoweM HanpskeHun Uy = 0 Tok Iy Tarkoke paseH Hymo. Ecnu
NpuM 3TOM HanpsHXKEHWE Ha ero aHoAe MeHbLle HarnpshKeHns
nepeknoveHnss  Umw (puc. 4.3), TO Tupuctop 3akpbiT (ob6a
TpaH3auctopa V71 u V72 3akpbiTbl). 3TO COCTOSIHME YCTOMYMBO M
MOXeT [IUTbCA HeorpaHudeHHo ponro. Ha puc. 4.3 310
XapaKTepucTnka 2 3akpbiTOro COCTOSIHUSA TMpUCTOpaA.

[anbHelllee yBENMYEHWE HAMpSXKEHUS s yYMeHblUaeT
CONPOTUB/EHNE CMELLEHHbIX B OOpaTHOM HampaBneHWu MepexosoB
6a3za-konnekTtop TpaHauctopoB V71 wu V72, Mpu Hanpskenun Uq =
Unex TPaH3UCTOPbl OTKPbLIBAOTCA, U TUPUCTOP MEpPEKYaeTcs B
nposogsiuee cocTosHuWe. ToK aHoda OTKpbIToro Tupucrtopa Ioc
onpefenseTcs conpoTuBieHneM Harpysku (cMm puc. 4.2). Ha puc. 4.3
3TO XapaKTepucCTMKa I OTKPbITOr0 COCTOSIHUS TUpUCTOpa. TUpUCTOp
MOXET HaXOAUTbCS B OTKPbITOM COCTOSIHUM HEOrpaHW4eHHO AOSro:
MoKa CyLLeCTBYKT YCNOBUS Afil MPOTEKaHWs B €ro OCHOBHOW Lenw
aHOAHOrO Toka 6onbLiero, Yem TOK yaepxkaHus Iya.

Hazpyska p—O +

Ynpabaswowuu
3nekmpod

Kamod

i O

PucyHok 4.2 Cxema , 0b6bsicHsitoWwasn paboTy TMpMCTopa C TOYKM
3pEHNS TPAH3UCTOPHOIO 3KBMBAJIEHTA.

Ecnun Ha ynpaBnstowmin anekTpoa 3akpbiToro TMpUCTopa noaaTh

HanpsbkeHue ynpasneHus Uy > 0, To B uenun 6a3bl TpaH3uctopa V' 71

noTeyeT ynpaBnsiowmnii ToK Iy, KOTOPbIN OTKPOET 3TOT TpaH3ucTop. B
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CBOIO O4Yepeab, NOSIBUBLUMICS TOK konnekTopa Iki TpaHauctopa V71
OTKpoeT TpaH3uctop V72 wn Tupuctop oTkpoeTtcs. Yem 6onblie
yrnpaBnsoWwmMin Tok Iy, TEM MEHbLUMM Hanps>KeHWEM Ha aHome Ui
oTKpbiBaeTcst Tmpuctop (cM. puc. 4.3). KonnektopHbli Tok k2
OTKPbITOro TpaHaunctopa V' 72 6yaer yaepxuBaTb TpaH3ucTop V71 B
OTKPbITOM COCTOSIHUKM (XapakTtepuctuka 1 Ha puc. 4.3) gaxe, ecnu
HanpsikeHve ynpaBneHns Uy 1 ynpaBnsiowmnii Tok Iy cTaHyT paBHbIMU
HYy0.
Takum  06pas3oM, OTKpbITb  TUPUCTOP  MOXHO  ABYMS
cnocobamu:
- YBENYMB AHOAHOE HanpsikeHue A0 BenuuuHbl Us = Unex
npw Toke ynpasnenus Iy = 0;
- MoAaB KpPaTKOBPEMEHHLIN MMMYbC TOKa ynpaBfeHns Iy npw
AHOAHOM HanpsbkeHun Ua < Urex.
3aKpbiTb TUPUCTOP MOXHO, YMEHbLIMB aHOAHbIM TOK A0
BenuunHbl Ia < / Iyp.

oc

|7 —

| 41

PucyHok 4.3 AHOA4Has XxapakTepUCTMKa TUpUCTOpa , He
nposoasLlero B 06paTHOM HanpasfieHnn: 1-xapakTepucTuka
OTKPbITOrO COCTOSIHUS; 2-XapaKTEPUCTUKM 3aKPbITOMO COCTOSIHUS.

BHyTpeHHsIs obpaTHas CBA3b AenaeT TMPUCTOP Ype3BblYaiHo
3hPeKTUBHBLIM U BLICTPbIM MEPEKIOYAIOWMM YCTPOUCTBOM (TUMNYHOE
BpeMsi BKAOYeHMs 1 MkC). MM MOXHO BOCMOSb30BaTbCA AN
ynpaBneHus oyeHb 60MbWMMWM  MOLHOCTSIMKM, MOCKOMbKY — p-17
nepexoabl MOXXHO cAenaTb Takumu, YTobbl OHM BblAEpXXMUBaNU MHOMe
COTHM BonbT npu cCMeweHun B 06paTHOM HanpasneHun. [pu
COOTBETCTBYIOLWMX pasMepax p-/7 NepexofoB C MOMOLbLIO TUPUCTOpa
MOXHO Mepek/ouaTb TOKU BEIMYMHOM COTHM AMMep M Npu 3TOM Ha
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HEM NajaeT Hanpsh>KeHMe BCEro /NMILb nopsaka BonbTa mnmn okono
3Toro. Takoro coYyeTaHust BbICOKOrO HanpsixeHust npobosi ¢ 60MbwuM
3PEKTUBHBIM KO3MDMDULIMEHTOM YCUIIEHUSI TOKA@ HENb3S A0CTUYbL B
MOLLHOM TpaH3uctope: 60nbluoi  KO3(hPULMEHT YyCUneHus ToKa
TpebyeT, uTobbl 06nacTb 6a3bl 6blfla TOHKOW, @ 3TO MPUBOAUT K
HU3KOMY HanpshXeHuto Npobosi.

MapameTpbl TUPUCTOPOB

OCHOBHbIMM MapaMeTpaMn TUPUCTOPOB ABMAIOTCA:

[IOCTOSIHHOE HArpsKEHNE B OTKPLITOM cocTosHm Uoc -
OCHOBHOE HanpsKEHUE Ha OTKPLITOM TUPUCTOPE MpWU onpeaesieHHOM
CpefilHeM OCHOBHOM TOKE B OTKPbITOM COCTOSIHUM Toc.cp;

TOK yaepxanus lyg - HauUMEHbLIMA  OCHOBHOM  TOK,
HeobxoauMbIV Anst NMoaaep)KaHusl TUPUCTOPa B OTKPLITOM COCTOSIHWM,
npu onpeaeneHHoOM OTMMPaloLIEM MOCTOSIHHOM TOKE ynpaBneHus Iy
oT,

oTrmparoumyi - IoCToSHHBIM  Tok  yripasienns Iy or -
HaUMeHbLUMIA MOCTOSIHHbIA  TOK  YMpaB/ieHWsl, HeobXoauMbIA  Anst
BK/IIOYEHUST TUPUCTOPa, NPWU OMpeaeNeHHOM MOCTOSIHHOM OCHOBHOM
HanpsiXXeHWN B 3aKPbITOM COCTOSIHUK Usc,

OTIIMPAIOLLEE [TOCTOSIHHOE HarnpsxkeHne yrpasnenns Uy ot -
NMOCTOSIHHOE HanpsixeHue ynpaBieHus, COOTBETCTBYHOLLEE
OTNUpaloLWeMy  MNOCTOSIHHOMY  TOKY  ynpaBrieHuss Iy ot npu
ornpeaeneHHOM MOCTOSSHHOM OCHOBHOM  HamnpsbKEHUW B 3aKPbITOM
COCTOSIHMM TUpncTopa Usc

MaKCUMasabHOE  [MOCTOSHHOE — HAlPSKEHNE B  3aKpPbITOM
cocrosiHm Usc vakc - MakCUMManbHOE NpsSIMOe OCHOBHOE HamMpsKeHUe,
npv KOTOPOM NpUBOp OCTaeTcs 3akpbITbiM Npy Toke Iy = 0;

MaKCUMasIbHO Z0MyCTUMOE rOCTOSIHHOE obparHoe
Harpskerye Uosp.Make; MaKCUMarabHO AOMYyCTUMBbIY [1OCTOSHHBIA U/
CpesHmi TOK B OTKPLITOM COCTOSIHMM Toc.Makc;

MaKCUMasabHO fOMYCTUMbIM [TOCTOSIHHbIM TOK  YIIPaB/IEHUS
Iy.makc;

MaKCUMasabHO [OMYCTUMAs CDEAHSIS PACCENBAEMAs MOLHOCTH
Per.makc,

OcHOBHbIE 3J/IeKTPUYECcKMe napaMmeTpbl Tupucropa KV10156

lNocTosHHOE HanpsiXeHne B OTKPbITOM COCTOSAHUN Uoc

npu Iocce = 75 MA 2,5B
Tok yaepxxanus Iyg
npu Iyor =0 0,5...25MA

OTnMpatoLwmin NOCTOSIHHLIN TOK yrnpaBneHus Iy ot
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npu Usc=10B 0,05...7,5 MA

OTnupatoLlee NoCTosiHHOe HanpskeHne ynpasnenus Uy ot

npu Usc= 10 B 0,25...10B

MakcMManbHOEe  MOCTOSHHOE — HanpshkKeHMe B 3aKpblTOM
COCTOSAHUM Usc Make 50 B MakcuMarnbHO A0onyCcTUMOe NoCTOSIHHOE
obpaTHoe HanpsbkeHue Uosp.makc 50 B MakcumanbHo
[OMYCTUMbIA MOCTOSAHHBIN MW CPEAHUA TOK B OTKPbITOM COCTOSIHWM
Toc.makce 75 MA

MaKcuMMasnbHO AOMYCTUMbIN MOCTOSIHHBIN TOK yrpaBneHns Iy.makc

15 MA

MakcuManbHO [oMnycTUMas cpefiHas paccemBaeMast MOLLHOCTb

Pcp.makc 150 MA

Moaynb «Tupucrop>»

Cxema moaynsi «TMpuCTop» npusBefeHa Ha puc. 4.4. DneMeHTbl

CXeMbl Ha CMeHHOM Mopayre N24 nmeloT cneaytome napaMeTphbl:

V51 -tupuctop KY1015;
pe3uctop Ry = 510 OM.
HGI - cBeToanon [-934LSRD

i
/‘
U Ru ® £Z9
‘ - HGT
‘KTS
lIA
KTé KT7 KT9
e ) ©

T2 k3 \/ VS1 "

k11 [y K
MT+ T Y3 K UA MH1

Ug -
0-10MA

E ! ‘,

s & @

KT KT8 KT10
PucyHok 4.4 Cxema moayns «Tupuctop»
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noPAAOK PABOTDI

1. NopgroToBka k paborte

1.1 3apucyitte cxemy ans nNony4yeHUs aHOAHOMN XapaKTepPUCTUKK
TMpuctopa (cm. puc.  4.5).

1.2 Bblueptute Tabn. 4.1 ..4.3 pns 3anMcu  pesynbTaToB
nccnefoBaHui TMpUcTopa.

1.3 YcraHoute BbikatodaTtens CETb, Bbikao4aTenu BCex
WUCTOYHUKOB CUTHaNOB W W3MepUTENbHbIX NpMOOPOB B MNOMOXeEHUe
BbIKJ1, perynsitopbl NMOTEHUMOMETPOB BCEX WCTOUYHMKOB B KpaliHee
NEBOE MNOJIOXEHNE, NnepeksyaTesb AMana3oHoB UCTOYHNKa Toka M T
- BnonoxeHne 0 - 1 0 MA.

1.4 Mopaknounte cMeHHbI Moaynb N24 Kk pa3beMy 6a30BOro
6noka.

1.5 MoacoeanHUTE LHYP NMUTaHKSA K Pa3beMy Ha 3afHel CTEHKe
CTEeHAA W BKITOYUTE BWIKY LUHYpA MUTAHWUS B PO3ETKY 3MEKTPOCETU
HanpshkeHnem 220B.

+ Ha1

KT6 KT7 KT9

1_4-

+

—
7
| 0-1omA
KT4 KT8 KT10
PucyHok 4.5 Cxema Moaynsa «TMpucTop » € NOAK/TIOYEHHbLIMU
n3MepuTesbHbIMU Npubopamu.

Bunmarne!

Ecim nokazaHmsl Ha ANCITIEE UIMEPUTEILHOIO rnpnbopa He
U3MEHSIIOTCS pH USMEHEHMN — U3MEDSIEMOM — BE/IMYUHBI,  TO

BbIK/IIOYUTE M CHOBA BKJTIOYUTE €0 Tym6repom BKJ1 / BbIKJI.
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Ecmm  ripy  BK/IIOYEHMM  AMIIEDMETPA HA €ro  AUcriee
orobpaxaercsi cumMBosi AC (PEXXUM  UMEPEHUS  [TEPEMEHHOIO
HAIPSKEHNST), TO BLIK/TIOYUTE U CHOBA BK/TIOYUTE aMnepmeTp
Tymbriepom BKJ1 / BbIK/T qriss nameperns MIOCTOSIHHOMO 110 poay
TOKa (ripy 3TOM Ha €ro gNUCIiee JO/DKEH 0TO06PAa3NTECI CUMBO/T
DC).

2. OnpepneneHne 3/IEKTPUUHECKUX napameTpos
TUpUCTOpa

2.1 [ina uccnegosBaHns TUPUCTOpa MOAKIUYNTE BCTPOEHHbIE B
CTeHa npubopbl:

PA1 - MMKpoaMnepMeTp ANs N3MepeHust Toka ynpasneHus ly;

PAZ - munnanamnepMeTp ans naMepeHust Toka aHoga Ia;

PV1 - BONbTMETP AN U3MEPEHUS HarpshKeHus ynpasreHus
Uy,

PV2 - BONbTMETp AN M3MEPEHUS] aHOAHOrO HanpsiKeHUs
Ua;

2.2 Tlocne npoBepku npenofasaTenieM  MNpaBUILHOCTU
NOAKoYeHNs NpUBOPOB BKIIOUMTE NMUTAHWE CTEHAA BbiK/OYaTenem
CETb.

2.3 BkounTe WUCTOYHUK TOKa # 7, WUCTOYHUK HanpsKeHus
U H 1 v NOAKTOYEHHBIE K CXEME U3MEepPUTENbHbIE NPUBOPbI.

2.4 Perynatopamu MPYBO n TOYHO nCTOYHMKA HanpshkeHusl
M H1 ycTaHOBWTE 3HayeHWe aHoAHOro HanpskeHuss U4 paBHbiM 10
B.

2.5 Perynatopamm FPYBO n TOYHO wuctouHuka Toka 4T
yBENUUMBAWTE 3HAYeHWst Toka ynpasneHus Iy [0  OTNMpaHus
TMpUCTOpa (B MOMEHT OTNUPaHWUS HarnpsbKeHWe Ha aHode TUMpUCTopa
Ua pesko YMEHbLUAEeTCsl, aHOAHbIn Tok Ia yBenuumBaetrcs u
ceBetoamoa H G 1 HaumHaeT CBETUTLCH).

2.6 3aHecuTte B Tabn. 4.1 3Ha4YeHMs oTnMpatoLero NOCTOAHHOro
ToKa yrnpaenenus Iy OoT u oTnupalowero NnocTOSHHOIO HarnpshkeHue
ynpasneHusa Uy or.

2.7 YcrtaHoBuTe TOK ynpasneHus Iy = 0. Ybeautecb, 4TO
TUPUCTOP OCTasICA B OTKPbITOM COCTOSIHUM.

2.8 MnaBHO yMeHbLUaNTe aHOAHbIN TOK Ia, perynmpys BeMUMHY
HanpsiXeHWUs1 UICTOYHMKA NUTaHua # H 1, noka TMPUCTOp He nepenaet
B 3aKpbITOE COCTOSHME.

2.9 3aHecnTe BENMUYMHY aHOAHOro TOKa, NPy KOTOPOM TUPUCTOP
3aKkpbinica Ia = Iya B Tabn. 4.1.
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Tabrmuya 4.1

MNapameTp JKkcnepuMeHTanbHoe | CnpaBo4vHoe
3Ha4yeHve 3Ha4veHue

OTnupaowmin NoCTOSIHHbIA TOK 0,05...7,5

ynpaenenua Iy.or npn Usc= MA

108

OTtnupatowee NOCTOSIHHOE 0,25...10B

HanpsbkeHve ynpasnenuns Uy.or

npu Usc=108B

Tok yaepxanus Iy npu Iy=0 0,5..25 MA

MoCTosiHHOE  HanpsbkeHne B He  6onee

OTKPbITOM cocTosinum Uoc 2,5B

3.CHATME XapaKTepPUCTUKMU 3aKpbITOr0 COCTOSIHUNA
TUpUCTOpa nNpm
Iy=09yor

3.1 YcraHoBMTE  MWHMMaNbHOE  3HayeHWe  aHOAHOro
HarnpsHKeHUsa perynatopaMu UCTOYHUKa M H 1.

3.2 YcTaHoBWTe 3HayeHne Toka ynpasnenus Iy = 0,9 Iy or.

3.3 Perynupyss BenuUMHY HaNpsXKeHUs UCTOYHMKA MUTaHWUS
WH1 ycTaHaBnuBaiiTe 3HA4YeHWsI QaHOAHOMO HanpsbkeHus Ua
cornacHo Taén. 4.2. [na Kaxaoro 3HayeHWs aHOAHOro HampshKeHUs
Ua CcHMMalNTe COOTBETCTBYHOLUME 3HAYEHUS aHOAHOro Toka Ia = Iscu
3aHoCuTeE KX B Tabn. 4.2.

Tabmmuya 4.2
Tok ynpasnenus Iy=0,9ly.or
AHOgHOE HanpsbkeHuve | 1 5 10 15
UA=U3¢, B
AHOAHbIN TOK JA=13C, MA

4.CHATME XapaKTEpUCTUKN OTKPbITOrO0 COCTOSIHMS
TMpUCTOpa

4.1 Ecnn TUPUCTOP HAxXOAMTCA B 3aKPbITOM COCTOSHWW, TO
nepeseauTe ero B OTKPbITOE COCTOSIHWE, BbIMOSHMB M.M.2.4 1 2.5.

4.2 YcTaHOBMTE MaKCMMasnbHOE 3HauyeHuWe  HanpskeHus
UCTOYHMKA NnTaHus M H 1. Tpu 3TOM aHoAHbI Tok Ia 6yaer umeTb
MaKCMMasnbHOE ANst AaHHON CXeMbl BKtOYEeHUs 3HadeHne a3 = Iamakc.

4.3 YcTaHOBUTE 3HayeHMe Toka ynpasnewus Iy = 0 MA.
Y6eauTech, YTO TUPUCTOP OCTaNCA B OTKPLITOM COCTOSIHUK. 3aHecuTe
3HayeHns aHopgHoro Toka / Ias = Iamakc M COOTBETCTBYIOLLErO eMy
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aHoaHoro HanpsxeHuss U4 = Uoc B Tabn. 4.3. 3HauyeHne aHOAHOro
HanpsbkeHus Uoc 3aHecuTe Takke B Tabn. 4.1.

4.4 PaccuuTainTe 3Ha4yeHuss aHoaHoro Toka Ia= 0,5 (Iamakc +
Iva)  Iai= (Iya + 1MA). 3aHecuTe nx B Tabn. 4.3.

4.5 YcTaHaBnvBanTe 3HayeHust aHogHoro Toka Ia2 n Iai wm
CHMMaMNTe COOTBETCTBYIOLLME 3HAUYEHUSI aHOAHOMO HaMpskeHns Ua =
Uoc. Mony4deHHble pe3ynbTaTbl 3aHOCKUTE B Tabn. 4.3.

4.6 BbIKOYMTE UCTOYHMK TOKA AT, NCTOYHWK HanpshkeHnus VMH1
N NOAKSIIOYEHHbIE K CXEME U3MepuTeNbHbIe NprbopsI.

Tabmuya 4.3
Tok ynpasnenusa Iy = 0
AHoAHbIM TOK IA = Joc | IA1 = A2 = IA3 =
MA IAmakc =
AHOOHOEe  HanpshkeHwe
UA = Uog, B

5. O6paboTka pe3y/nbTaTOB 3KCNEPUMEHTaA

5.1 Ucnonb3ys aaHHble Tabn. 4.1 cpaBHUTE 3KCMEPUMEHTAsIbHO
NOSlyYEHHbIE 3HAYEHMSI 3MEKTPUYECKMX MapaMeTpoB TMPUCTOpa CO
CNpaBOYHbIMM 3HAYEHNSMM.

5.2 Wcnonb3ysa pAaHHble Tabn. 4.2 n 4.3 noctpounte rpaduk
aQHOAHOM  XapaKTepucTuku  Tupuctopa. OHa  UMeeT  BuUgA,
npeAcTaBieHHbIN Ha puc. 4.3.

KOHTPOJIbHbIE BOIMPOCbI

KakoBO Ha3HauyeHue TUPUCTOPOB?

Kakue ycnoBusi Heo6xoAMMbI Af1s OTNMPaHUs TUpUcTopa?
Kakue ycnoBusi HeO6XoAMMbI A 3anupaHust TpucTopa?
KakvMu napaMeTpaMmn XapakTepusyTCs TUPUCTOPbI?

B kakoM cnyyae TupucTop 6ymeT BecTM cebs, Kak
NoNyNpOBOAHVKOBLIV Anoa?

uhwn =
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PABOTA N2 5. «MCCJIEAOBAHUE YCUJINTEJZIbHOI'O
KACKAQA HA TPAH3UCTOPE»

Lenb pab6orbl - pacdeT n 3KCNepuUMeHTaslbHasi NpoBepKa
pexxuMa paboTbl B paboueii Touke Kackaga ¢ OOC: cHsiTue
aMMAUTYAHO-YaCTOTHOW M aMIIMTYAHOM XapaKTEPUCTMK Kackaga C
OOC no nepeMeHHOMYy TOKYy W Kackajga C  LWYHTUPYIOLMM
KOHAEHCATOPOM; CPaBHEHME HENMHEMHbIX WUCKaXXEHW U MapaMeTpoB
3TUX KaCKajoB.

NMNOACHEHUA
PexxuMm kackaga ¢ O3 no NOCTOSAHHOMY TOKY

CocTosiHMe ycunuTens npuv paBHOM HyNO BXOAHOM CUrHane
Ha3blBaeTcs paboyelt TOUKOM KackaZa WnmM pexumoM rnokos. Pabouas
Touka Kackaga ¢ O3 onpenenseTcs YeTblpbMa NapamMeTpaMu: ToKamu
Is n Ik. M HanpsbkeHnsaMKn Ha 6ase Usu konnektope (k.

Pabouas Touka B cxeme puc. 5.1 3agaeTcs (PUKCMPOBAHHbLIM
HanpsbkeHneM 6asbl Us OTHOCUMTENbHO OOLEN TOYKM C MOMOLLbIO
6azoBoro pgenutens R 1, R2. Tok penutens HanpshKeHus
YCTaHaB/MBAlOT Ha NOpsiAoK Bbilwe Toka 6a3bl (In =

10 Is ), noaToMy uM3MeHeHus Toka 6a3bl cnabo BAMSAIOT Ha
noteHuunan 6a3el. HanpsbxeHue 6a3bl onpegensetcs no dopmyne

U=Un"R2/(R1 +R2) (5.1)

roe - Un - HanpsbkeHue NUTaHUS CXEMBb.

Tak kak nepexoa 6asa-smMutTep CMelWeH B MPsSMOM
HanpasneHun, TO Ha HeM nagaeT npubnusmtenbHo 0,6 B. MMosToMy
noTeHUMan aMnTTEpa HUXe noTteHumana 6asbl Ha 0,6 B.

U= Us-0,6. (5.2)

OTciola MOXHO HalTW BENNUYMHY TOKa aMUTTEPA

L =U>s/R>5. (5.3)
Mockonbky Is = Ik + Is, @ Is <= Ik, TO MOXHO CUMTATb, YTO
Ik & Is (5.4)
HanpsixeHne Ha KONNeKTope TpaH3ncTopa

k = Un -1k Rk. (5.5)
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NHTepecHO OTMETUTb, YTO B MNPUMBEAEHHOM  pacuyeTe
OTCYTCTBYET HECTAbU/IbHbIN KO3MMPULIMEHT YCUNEHUS MO TOKY A 2 1 5
TpaH3ncTopa. PaKTUYeCKn eauHCTBEHHBLIM MapaMeTpoM TpaH3uCTopa,
B/IUSIIOLLMM Ha pexknMm paboTbl CxeMbl, SBASETCA Hanpskenve Us s
KOTOpOE MpUHATO paBHbIM 0,6 B 1 U3MEHSIETCA OYeHb Masno

( MmeHbwe 0,1 B) oT ogHOro TpaH3ucTopa K apyromy. lNageHue
HanpsKeHWs1 Ha 3MUTTEPHOM pe3uctope R 5 AO0/MKHO 6biTb 6onblue
BO3MOXHbIX M3MeHeHWU HanpsxeHns U ss5. OBbIYHO MNoAXoAALMM
aBngeTcs HanpsbxeHne 1 B. Ucxoasa us

BbILUEN3MOXKEHHOrO, MOXHO 3aK/OUYWUTb, 4YTO MOJIOXKEHUE
pabouyeli TOUKM B JaHHON CXEME MMEET BbICOKYIO CTabUNbHOCTb.

K +Un
R1 Rk
EP1 UBle
Uex VT
o
—l R2 R3 ..l L3
O 0B

PucyHok 5.1 CxeMa ycunutenbHOro Kackaga ¢ O3 ¢ 3a3eM/ieHHbIM No
nepeMeHHOMY TOKY SMUTTEPOM.

MaKcMManbHO BO3MOXHOE 3HauyeHue Toka 6a3bl B paboueit
TOuKe

Iemake = Ik / h2]3MV|H ( 5.6 )

roe hzzww - MUHMMaNbHO BO3MOXHBIN KO3(DUUMEHT
ycuneHus TpaH3ucTopa no Toky B cxeme ¢ O3.

[nsa TpaH3ncTopoB Mapkun K7T503E koadbduumeHT hzzs wn = 40.
Tak Kak y pa3HbIX TPaH3uUCTOpoB Tuna K7503E BenuuuHa hzis wmm.
MOXeT WMeTb 3HayeHne oT 40 go 120, To TOYHOe 3HayeHue Ig
paccunTaTb Hesb3s.
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YcunuTenbHbli Kackag C LWWyHTUPYIOWMM KOHAEHCaTOpoOM B
uenu asMuTTEpa

Kackagbl ycMneHusi 3ByKOBOM YacTOTbl Yallle BCEr0 BbIMOMHAIOT
Ha TpaH3WUCTOpax, BKJIIOYEHHBLIX ¢ O3, Tak KakK Mpu 3TOM MOJy4YaloT
YCUNEHME M MO HanpsKeHWo U No Toky. B cxeme Ha puc. 5.1
KoHAeHcaTop 6onbwoi  emMkoctTh C3  LWYHTUMPYET  3MUTTEPHLIN
pesucTop. MMneaaHc 3Toro KoHAeHcaTopa x (. AO/MKEH 6biTb ropasao

MeHblUe COnpOTUBAIEHNS pe3ucTopa R 5. TakuMm 06pas3oM, MOXHO
CYMTaTh, UTO A/ NMEPEMEHHOrO TOKA 3MUTTEP TPaH3MCTOpa COeAMHEH
C 06LLeN TOYKOM CXEMBI.
ConpotuBneHme nepexoga asMuTrTep-6a3sa co CTOPOHbI
aMuTTEpa

SMUTTEP TPaAH3MCTOPA UMEET COBCTBEHHOE COMPOTUBIIEHWE /3 ,
KOTOpOE BbICTYMAET B KAYECTBE NOC/EeA0BATENLHOMO [A1S SMUTTEPHOM
uenu BO BCEX TPAH3UCTOpPHbIX CXeMax. BenuuuHa  3Toro
COMPOTUB/IEHMSI PACCUMTLIBAETCS MO hopMyne

rn=[25/1k(MA)] Om, (5.7)

roe Ik (MA) - TOK KONeKTopa, B3sTbIM B MUaMnepax.

Ecnm pesuctop R >, Kak B [aHHOW Cxeme, 3allyHTUPOBaH
KOHAEHCATOPOM WAW BENWYMHA €ero COMpOTUBNEHUS CPaBHUMa C
BENMYMHOW 73, TO B pacyeTax HeobXoAMMO YUMTbIBaTb BEUUNHY /.

3aBMCMMOCTb  TOKA KO/IEKTOpa OT  HanpsbkeHust  6asa-sMuTtTep
TpaH3uCTopa AOCTAaTOYHO TOYHO OMMCHIBAETCS YpaBHeHWeM J6epca-Monna:

Ik=To[exp(qgUs5/kT) -1] (5.8)

roe Io - TOK yTeuku KomnekTop-6a3a, npoTekatowwmi npu Us > = 0;
g - 3apsan anexkTpoHa (1.60 x —I9 Kn); k - nocrosHHas BonbLiMaHa
(1,38 x =23 [x/K); T - TemnepaTypa nepexoda B kenbsuHax (K = °C +
273,16).
Mpw KOMHaTHOW Temnepatype 7= 20 °C =293 Kunpn Us 5 >
0,1 B 3Ta 3aBMCMMOCTb MMEET BUL,

Ik=To[exp (40 U5 5)] (5.9)

JVHaMMYecKoe ConpoTUBIEH e nepexoa 6a3a-3MUTTEP CO CTOPOHbI
3MuTTEpa (U1 Marnoro cMrHarna) onpeaensieTcs Kak

r=d Uss [dI &d Uss/ dIk (5.10)
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Onddeperumpys (5.9) u yuntsisas (5.10), nonyunm
dIk / dUs>s = 40Ik=1/r (5.11)

MoSTOMy COMPOTUBIIEHME NEPEXOAA SMUTTEP-Hasa CO  CTOPOHbI
3MUTTEPA PaBHO

s =1/401k (5.12)
CnenoBaTenbHO, COMPOTUBIIEHME Mnepexofa amuTTep-6a3a obpaTHO

MpOMopPLIMOHaNBLHO TOKY KOSUeKTopa. TOK KOJIIEKTOpa BeMYMHON 1 MA ager
COMpOTUB/IEHNE 15 Okomo 25 OM. BoipaxkeHue (5.12) siBnsieTcs AOCTaTOMHO
TOYHbIM 151 6OMBLUMHCTBA MPaKTUUECKWX LIENEN.

NS ManbiX U3MEHEHW CUIHATIOB BbIXOAHOE HaMPsXXEHWE PaBHO

Usex = - kRk (513)

Bbipasum Tok konnekTopa 13 BbipaxkeHust (5.10)

k=Ue6s [I (5.14)

Moacrasum (5.14) B (5.13) 1 nonyumm

Usoix = - ( Usx/ 15 )R/( (515)

KoacdhdhuumeHT ycuneHnsa nepeMeHHOro HanpsikeHms

M3 BbipaxeHus (5.15) koaddUUMEHT yCuNeHnss NepeMeHHoro
HanpsihXeHust Ans cxembl puc. 5.1 paBeH

K =Usx/ Ux=- Rx/rs=-40 Rclk (5.16)

3HaK MMHYC FOBOPUT O TOM, 4YTO YyBeSMYEHMe MoTeHumana
6a3bl AaeT yMeHbLUeHMEe NoTEHUMana Konaekropa.

B Takom ycunutene npu  YCNOBUM, YTO HarnpsbXeHue
Konnektopa B paboyen Touke coctaensetr 0,5 Un = Rc k pr.,
KO3 DULUMEHT YCUNIEHNS MO HAMpPsHKEHUIO ANs1 MASIoro curHasna paseH

K% 20U (5.17)

4yTO cneayeT u3 BblpaxeHus (5.16).
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BennuunHa koachduumeHTa ycuneHms HanpskeHust K 3aBucuT oT
TOKa KOJJIEKTOpa, MO3TOMY HalvaeHHoe w3 BbipaxeHus (5.16)
3HayeHne koapdmumeHta K MMEeT CMbICT TOMbKO ANS  Masoro
curHana i <= Ik (NepeMeHHbI TOK /i ropa3ao MeHbLUEe ToKa Nnokos Jk pr)
. Ecnv Ha BXoA [@aHHOrO ycunuTens NoAaeTcsl TPeYrosibHbI CUrHan, a
Ha BbIXOAE AEMCTBYET MAKCMMaJIbHOE HEOrpaHWMYEHHOE HaMpsKEHWE,
TO OHO 6ydeT MMeTb HeNMMHEWHble MCKAaXKEeHMS, NOKa3aHHble Ha
puc. 5.2.

AMNINTYAHO-4aCTOTHasA XapaKTepUCTUKa

LUyHTMpYlOWMIA  3MUTTEPHBbIN  KOHAEHcaTop C3  cneayet
BblbMpaTb Tak, 4TOObl MMMEeAaHC napanfienbHOro CoeAvHeEHUs
pesnctopa R> MW KoHAeHcatopa C3 He BAMAN Ha KoapduumeHT
ycunennss K B HY)XHOM AManasoHe 4actoT. [ns 3Toro uMneaaHc
KoHaeHcaTopa C3 aomkeH 6bITb HEDOMbLUMM MO CPABHEHMIO C /5 Ha
CaMOW HU3KOW M3 MHTEPECYIOLMX Bac YacToT F(x (. < r3) win

1/2n Cs = 1/40 k (5.18)

YactoTa, Ha KOTOpOA uWMMemaHC KoHaeHcatopa C3 u
COMpOTMBIIEHNE SMUTTEPA /5 PaBHbI
=40 Lk/2nC> (5.19)

PaspgenutencHble koHAaeHcaTopbl CI M C2 UCNOMb3YHOTCA Ans
M30M15LUMKN BHELLHMX Lieneil 0T MOCTOSIHHBIX HaNPsXKeHWN, MEKOLLMXCS]
Ha 6a3e 1 KONIeKTope B peXMME MOKOSI.

[ns OUEeHKN BAMSIHUS 4acTOTbl CUrHana  Ha KoadduumeHT
ycunenns K UCMonb3yloT aMmiauTyAHO-YaCTOTHYIO XapaKTepucTUKy
(AYX) ycunutens (puc. 5.3). Tonocoit nponyckaHus ycunuTens
Ha3blBalOT MHTEpBan 4acToT , B npegenax KOTOpOro
K03 DUUMEHT YyCUNEHUSI CHWMXAeTcs He 6onee, 4em Ha 3 ab (mo
ypoBHs 0, 707) NO OTHOLUEHMIO K €ro 3HAYEHMI0 Ha CPeaHMX YacToTax
Ko(8ns ycunutenst HM3Kkom Yactotel ¢ p = 400 ... 1000 u).
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donbwoe
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PucyHok 5.2 ®opMa BXOAHOro 1 BbIXOAHOIO CUrHana B cxeMe ¢
WYHTUPYIOLWMM KoHAeHcaTopoM (puc.5.1) npu 6onbluoi aMnautyae
konebaHui. BxogHoM curHan nokasaH B YBENMYEHHOM MacluTabe asist
yaobcTBa CpaBHEHNMS

BxoaHoe conpoTtuBneHue B nonoce nponyckaHus ycunurens
uMmnegaHc KoHgeHcatopa Cl  MeHblWle wuMnedaHca  BXOAHOMO
CONpoTMBNEHNs CxeMbl rBx. Tak Kak koHaeHcaTtop Cl1 u BXxogHoe
COMpOTMBEHME COeAMHEHbl MOCNeaoBaTeNlbHO, TO MOSIHOE BXOAHOE
COMPOTUBNEHNE YCUNUTENS B MOJSIOCE MPOMYCKaHUs paBHO BXOAHOMY
COMPOTUBNEHWUIO ZBX ~ IBX.

BxogHoe conpoTuBneHne paHHoh cxembl (puc. 5.1) pans
nepeMeHHOro curHana onpegensieTcs napannienbHbiM COeAuHEHUEM
pe3uctopa aenutens RZ2 n BXOAHOMO COMPOTUBIIEHWNS TPaH3UCTopa Co
CTOPOHbI 6a3bl /5. O6bIYHO /5 < R2. B faHHON cxeme

rs=Us>/h=us>(has+1)/ 5% rnhas (5.20)

C y4YeToM Toro, uto is = A hais+1); o= Uss/13; has
e
Tak Kak KoapduumeHT hzozs MOXET CUbHO OTAMYaTbC Yy
pa3HbIX 3K3EMMNJISIPOB OAHOMO M TOTO XKE TUMA, TO MOXHO ONpeaenuTb
TOSIbKO MMHUMAJSIbHO BO3MOXKHOE 3Ha4YeHWe BXOAHOMO COMPOTMBIIEHMS
TpaH3MCTopa CO CTOPOHbI 6a3bl

re wn (KOM) = 15 0215w = W 213w / 40 Ik (MA) (5.21)
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MWHMManbHOE 3HaYeHWe BXOAHOrO COMpPOTUBIIEHUS CXEMbl PUC.
5.1 pns nepeMeHHOro cMrHana paBHo

rexvwun = e R2/ (r5mun +R2 ) (5.22)

HwmxHsasa rpaHu4yHas yacrora Korga mMmneaaHc
KoHAaeHcaTopa CI paBeH BXOAHOMY COMPOTUMBIIEHUIO CXEMbl g,
K03 UUMEHT ycuneHus naaaet Ha 3 ab. OTcloa HUXHAS rpaHMYHast
YyacToTa ycunurens

fu=1/2nC1 rax (5.23)

BbixogHoe conpoTuBsieHne OO6blYHO BLIXOAHOM MMMedaHC
ycunuTenenh UMeeT Pe3nCTUBHLIA (OMUYECKMI) XapakTep B LUMPOKOM
AnanasoHe 4actoT. [103TOMy B YCUAUTENSIX FOBOPST O BbIXOAHOM
conpotmeneHnn.  BbixogHoe — conpoTuBneHne cxemMbl Cc O3
onpedensieTcsd Kak napannenbHoe coeauvHeHwe pe3nctopa Rk U
BbIXOAHOIO COMPOTMBMEHNSI TPAH3MCTOpPa CO CTOPOHbI KOMMIEeKTopa.
Konnektop obnagaer o4yeHb 60MbWKWM COMNPOTMBAEHWEM (nopsiaka
meraOM), MO3TOMY  BbIXOAHOE  COMPOTMB/IEHME  ONpeaenseTcs
KONNEKTOPHbIM PE3NCTOPOM

rebix ~ Rk (5.24)

BepxHsas rpaHuyHas 4yacrota BepxHss rpaHuMyHas 4yacroTta
ycunuTens HaxoamTcs no dopmyne

fz =1/ 2nCqRu (5.25)

roe Cw - EeMKOCTb Harpy3kMm W €eMKOCTU repexoaos
TpaH3MCTOpa; Ry - CONPOTUBEHUE MapasnfienibHO COEAUHEHHBIX IBbix
N CONPOTUBIIEHNS Harpy3Ku.
AMNAUTYAHasi XapaKTepucTuKa

Ans ycunuTenei BakHa Takoke aMmIMTYAHAs XapakTepucTuka
(AX), Bblpaxalowas 3aBUCMMOCTb BbIXOAHOMO CUrHana Usx OT
BXOAHOMO Us (puc. 5.4). Tak kak ydactok 0 - 1 ee NMHENHbLIN,
KO3 dUUMEHT ycuneHnss K OO0 HAMNPSHKEHUS Usx makc COXpaHsieT
NOCTOSIHHOE 3HayeHue. HaunHas ¢ Toukn 1. poCT BbIXOAHOMO CUrHana
OTCTaeT OT pOCTa BXOAHOro. JTO OObSACHSETCA TeM, YTO BbIXOAHOE
HanpsKEHWE HaYMHAET OrpaHMuYMBaTLCA HaMpshKeHWeM nuTanus. Mpu
3TOM pe3K0o BO3PaCTaloT HENTMHENHbIE UCKAXKEHMS.

61



A
tKH¢ praBJIeHI/Ie AUCTAHIOHMOHHOTIO O6y‘{eHI/IH W IMOBBIILIEHU A I(BaJII/ICl)I/IKaL[I/II/I

- Y3J1bI ¥ 3J1EMEHTHI OMOTEXHUYECKUX CUCTEM

Ko
0,707Ko

PucyHok 5.3 AMNAUTYAHO-4YaCcTOTHAs XapakTepucTuka ycunuTens.

U MXA

Ubux.maxc

[ N —

” Uﬁx

U Bx.makc

PucyHok 5.4 AMNMTyQHasa XapakTepucTuka ycunuTens.

YcunutenbHbIA Kackag ¢ OOCNo nepeMeHHOMY TOKY

KoacdhdbuumeHT ycuneHnsa HanpsKeHus

Cxema ycunutenbHoro kackaga ¢ O3 n ¢ OOC no nepeMeHHOMY
TOKY npvsefeHa Ha puc. 5.5. PacdeT pexuma no nocTossHHOMY TOKY
3TOM CXEeMbl aHaNlorMyeH pacyeTy AN CXEMbl C  LWYHTUMPYIOLMUM
KOHAeHcaTopoM B uUenn 3mutTepa. B cxeme puc. 5.5 Het
WyHTUpYoWero pe3sunctop Rs> KoHaeHcaTopa. CnegosaTenbHO, Ha
pe3nctope R> NOSIBUTCA MEPEMEHHOE HarnpshkeHue. JTO HanpshkeHne
NPOMOpPLMOHaNbHO TOKY SMUTTEPA, @ 3HAYUT U TOKY KosekTopa

62



A
tKM¢ praBﬂeHI/le AUCTAHIOHMOHHOTIO OGy‘ieHI/IH W IMOBBIILIEHU A KBEU]I/ICl)I/II(aL[I/II/I

Y3JIbl ¥ 3JIEMEHThI GUOTEXHUYECKUX CUCTEM
W= HR kRs (5.26)

B pesynbTate K ynpasnsioweMmy TpaH3UCTOPOM Mepexoay
6a3a-sMMTTEpP NPUKIaAbIBAETCS Pa3HOCTb BXOAHOIO HaMPsSXeHUs Us U
HanpsbkeHuss OOC no Toky Us (Tak Kak Us MPOMOpPLMOHAnbHO
BbIXOAHOMY TOKY /)

Uss =Us- U3 (5.27)

Jonyctum, yto Ha 6a3y noaaH NepeMeHHbI BXOAHOW CUrHan
Us. HanpsbkeHve Ha 3MuTTEpe 6yaeT MNOBTOPSITb  M3MEHEHWE
HanpsbkeHWst Ha 6ase Us = Us . DTO MPUBEAET K M3MEHEHUIO ToKa
aMUTTEpa

b=Ww/(R+mr)=u/(R+rn) ™~ ul/R (5.28)
TaK Kak 06bI4HO 75 << R>.
TpaH3ncTop MMeeT 60Mbluoi KO3IMULMEHT YCUNEHWUS TOKa
hzz5#:1. CnepoBaTenbHO, TOK KOMeKTopa npubnu3nTenbHO paBeH
TOKY aMUTTEepa

i b= us| R (5.29)

WTak, nepBoHayanbHOE M3MEHEHWE HanpsXeHus Ha 6ase
BbI3bIBAET M3MEHEHME HAMNPSHKEHUS HA KOJJIEKTOPE

Uk = - kRk=-Us Re/ R> (5.30)

OTctiopa KO3 ULMEHT YCUTIEHNS HaNpsXXeHNs cxeMbl ¢ OOC no
ToKy (puc. 5.5) paseH u3 (5.30)

K =Usx/ Ux=Ux/Us = -Rk/ R> (5.31)

3HaK MUWHYC rOBOpUT O TOM, YTO YBe/NMYeHVe NOoTeHuuana
6a3bl JaeT yMeHblueHMe noTeHuMana KosnsekTopa. M3 BblpakeHus
(5.31) BMAHO, 4YTO KOI(PDUUMEHT YCWUIEHMS MO  HaNPSHKEHUIO
yeunutenss ¢ OOC BenuuvHa MOCTOSiHHAs W 3aBUCUT TOMbKO OT
OTHOLUEHMS| COMPOTUBNEHWUI pe3ncTopoB. CrieaoBaTenbHO, Takow
ycunuTenb obnagaeT BbICOKON CTabunbHOCTBIO U He UCKaXaeT (opMmy
BbIXOAHOIO CMrHana. Tu 3aMevaTtesibHble KayecTBa yCunmTens C

OOC  pocTturaloTcs LieHOM CUJIbHOIO YMEeHbLLEHUSA
koadduumeHTa ycunenus K (B yeunutene 6e3 OOC K= - Rx/ rs; s <&
R5).
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PucyHok 5.5 Kackag ycuneHust nepemeHHoro toka ¢ OOC B uenu
aMuTTEpa

BxoaHoe conpoTtuBneHue B nonoce nponyckaHus ycunurens
uMmneaaHc KoHgeHcatopa Cl  MeHblWe wuMneaaHca  BXOAHOMO
COMPOTUB/EHNSI CXEMbl Ix. TakK Kak koHAeHcatop Cl wu BxogHoe
COMpOTUBEHME COeAMHEHbl MOCNeaoBaTeNlbHO, TO MOSIHOE BXOAHOE
COMPOTUBNEHME YCUNUTENS B MOJSIOCE MPOMYCKaHUs paBHO BXOAHOMY
COMPOTUBIEHWNIO ZBX ~¢ IBX.

BxogHoe conpoTuBneHue cxeMbl puc. 5.5 ana nepemeHHoro
CUrHana onpegensieTcs napannenbHbiM COeAMHEHMEM PE3NCTOPOB
penvtens R1I v R2 wn BXOOHOrO CONPOTUBIEHWUS TpaH3MCTOpa CO
CTOPOHbI 6a3bl /5.

BxogHoe conpoTuBeHe TPaH3MCTOpa CO CTOPOHbI 6a3bl

s =Us/ Is (5.32)
[ns nepemMeHHOro HanpshXeHus

Uus=Ws= p( Ro+7r3)* bR (5.33)

TaK KaK << Rs.

Kpome Toro

s =ik h23 % jf hois (5.34)

Moacraeue Boipaxenus (5.33) mn (5.34) B BbipaxeHue (5.32)
nony4yMM, YTO CONPOTUBJIEHUE TPAH3UCTOPA CO CTOPOHbI 6a3bl
5= Rshzs (5.35)

Ona Toro, 4Tobbl M3MeHeHMs Toka 6a3bl He BAMSNWM Ha
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noteHuman 6a3bl, conpoTuBneHne genuTens  (NapannenbHoe
coeanHeHne RI v R2 ansi NnepeMeHHOro Toka) AO/MKHO OblTb MeHbLUue
CONPOTUBEHNS TPaH3UCTOPa CO CTOPOHbI 6asbl 75 CnegoBaTenbHo,
BXOAHOE CONPOTUBIIEHNE ONpeaenseTcs napannenbHbiM coeguHEHNEM
RIn R2

rsx=RI1R2/(RI +R2) (5.36)

Tak Kak COMpOTUBNEHME TPaH3MCTOpa CO CTOPOHbI 6asbl /5 B
cxeMe ¢ OOC 6onble, 4YeM B CXeMe C  LYHTMPYHOLWMM
KOHAEHCATOPOM, TO U BXOZHOE COMPOTUB/IEHME 3TOMN CXeMbl HOsbLLE.

BbixogHOE COMPOTMBJIEHME, HWXXHAS WU BepXHAA
rpaHu4Hble 4acTtoTbl ycunutensa ¢ O O C no NepemMeHHOMY TOKY
onpefensoTca BblpaxeHnamu (5.24), (5.23) u (5.25), kak n ans
ycunuTens ¢ WyHTUPYIOWMM KOHAEHCAaTOPOM B Lienu aMuTTepa.

MetoaMka u3MepeHUss BXOAHOrO0 COMPOTUBJIEHUA
ycunutenemu

[ATS n3MepeHusi BXOAHOr0 COMPOTUBIIEHUS YCUIUTENS MeXAy
reHepaTopoM M BXOAOM WCCNEAYEMOM CXEMbl BK/OYAIOT PE3NCTOP C
M3BECTHLIM CONPOTMBNEHWEM /. 3aTeM C NOMoLbio ocumnnorpada
WM BbICOKOYACTOTHOrO  BOSbTMETPA C  BbICOKMUM  BXOAHbIM
COMpPOTUB/IEHNEM U3MEPSIIOTCS HAMPSHKEHUS U1 U U2 N0 06e CTOPOHbI
pesucTopa 7 (CM. puc. 5.6).

Ecnn /sy - nepeMeHHblii BxogHoW Tok (B AMnepax), To,
cornacHo 3akoHy OMa Ha pe3ucTope /i nagaeT HanpshkeHne

ui - U2 = fifax (5.37)
MNoatomy

ax =(-w)/n (5.38)
Mo 3akoHy OMa MCKOMOe BXOAHOe COMPOTMBIIEHME YCUNUTENS
rex = uz2 / isx (5.39)
CnepoBaTenbHO, € y4eTOM BblpaxeHus (5.38)

rex=riuz [ (U -u2)=r/[(U1[/u2)-1] (5.40)

HanpspkeHnss uim U2 yaobHee onpegensite Ha  BbIxoge
YCUAWUTENS: UIM3MEPSIETCS MPU  HEMoCPeACTBEHHOM  MOAK/YEHNUM
reHepatopa KO BXOAy YCUIMTENsl, @ U2 - MpW MOCNefoBaTeNbHOM
BKJIIOYEHWUM CO BXOAOM pe3uncTopa /i .IOCKONbKY B BbIpaXeHUU ANS rax
NPUCYTCTBYET TOSIbKO OTHOLLEHWE U1 [ Uz, TO KOIPUUNEHT yCUNeHuns
YCUNIUTENS HE UFPaeT HUKakow ponn (Ui / Uz = usx: [ Use = Kusx | K
Usxz = Uskix 1/ Ussix 2). TIpeanonaraeTcs, YTo Npu BbIMOSHEHUN 3TUX
M3MEPEHMI  HaMpsXKEHWE Ha BbIXOAE reHepaTopa  OCTaeTcsl
HEU3MEHHbIM.
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Fi ;
_é‘ — §3 Loy YCUAMTENb
FEHEPATOP U e U P

PucyHok 5.6 M3MepeHne BXOAHOIrO CONPOTUBIIEHMSI YCUNTUTENSL.
MeToauka nsMepeHusl BbIXOQHOI0 CONpOTUB/IEHUS
ycunurtenei

MpaKTnyeckuin cnocob n3MepeHnst BbIXOAHOTO COMPOTUBIIEHNS
Ieix MOKa3aH Ha puc. 5.7. 34ecb BbIXOAHOE HarpshKeHWe X00CTOro
X0Aa@ Uskix 1 U3MEPSIETCA OCUMNIOrPacdOM C BbICOKOOMHbBIM BXOAOM MU
BbICOKOYACTOTHbIM  BONbTMETPOM, a 3aTeM BbIXOAHbIE  KJIEMMbI
WYHTUPYIOTCS  Harpy3kod Ry C  W3BECTHbIM  COMPOTUBIIEHUEM.
YMeHbLUEHHOE MOAK/IOYEHNEM HArpy3ku BbIXOAHOE HAMpPSXKEHWE Usbix
2 N3MEepSIETCS TEM XXe U3MePUTESbHbIM NPUOOPOM.

I'IaneHwe Hanps»xXeHus Ha BbIXOAHOM conpoTuBneHUn
YCUAWUTENS NMPU NOAK/IIOYEHHOW HArpy3ke paBHO Pa3HOCTM MOKa3aHWM
n3MepuTensHoro npubopa

N Usbix = Usbix 1 = Usbix 2 (5.41)
BbIXOAHOM TOK MPU HA/IMUMK HArpy3Ku

Igeix = Upbix2 / Ru (5.42)
no3TOMy

reex =0 Usbix / lsix = (Usbix 1 - Uskix2) Ry [ Usbix 2 (5.43)
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PucyHok 5.7 N3mepeHune BbIXOAHOMO CONpPOTMBIIEHUSA
ycunuTens.

OCHOBHbIE 3J/IEKTPUUYECKUE NapaMeTpbl TpaH3ucTopa K75035

HanpsikeHne HacbiweHns Konnektop-aMuTTep Uianac

npu Ik = 10MA, Is = 1 MA He 6onee 0,6 B

Tvn. 3HadveHne 0,2 B

HanpsihkeHve HacbiweHns 6a3a-amMuTTep Usswac

npu Ik = 10MA, Is = 1 MA He 6onee 1,2B

Tvn. 3HadveHne 0,8B

Cratnyecknin k0ahdULUMEHT Nepeaadn Toka B cxeme € 06LInMM
3MUTTEPOM h215

npu Uks = 5B, Is = 10 MA 80...240

MakcuManbHO ~ [OMyCTUMOE  MOCTOSIHHOE HanpshkeHue
konnekTop-aMnTTep Ukamakc 60B

MakcuManbHO [OMycTUMOe FOCTOSIHHOE HanpshkeHue 6a3a-
3MuTTEpP Ussmake 5B

MakcuManbHO AOMYCTUMBINA MOCTOSIHHBIN TOK KOMekTopa Ik makc
0,15A

MaKkcuManbHO [JOMYCTUMbIA MOCTOSIHHBLIM TOK 6a3bl Is  wmac
0,1A

MakcuManbHO — JonycTuMasl  MOCTOsIHHasi — paccenBaemas
MOLLHOCTb KONIeKTopa Pruakc 0,35BT
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Mopaynb «YcunurtesibHbIW KacKkag Ha TpaH3ucTope»

CxeMa Moaynsi «YCUIMTENbHbIA Kackag Ha TpaH3ucTope»
npvBeaeHa Ha puc. 5.8. JnNeMeHTbl ycunutenss Ha CMEHHOM Moayne
N5 mnMeloT cnegytowme napameTpbl:

V71 - TpaH3ucrop K7503r;

pe3uctopbl R1 = 91kOM; R2 = 11kOM; R3 = 8,2kOM; R4 = r;
=1kOM; R5 = 7,5 kOwm;

koHaeHcaTopbl C1 = 0,1 1 1,0 Mk®; 2 = C3 = 100 MKO;

SB1 - kHoMKa 6e3 dumKkcaumm NonoXxeHus.

KT6
® +Up (MHS)
2
SB1 ; X6 KT7
—Q_L\f?* e
r 1 KT L

o Uskix
_J it we B
.. e I T
0o T H R2 F Re = @3 |
1100 e l S '
. e
KT2 i M o T ke
PucyHok 5.8 CxeMa Moaynst «YCUIMTESNbHbIN Kackad Ha
TpaH3ucTope»
NnOoPAAOK PABOTDI

1. NogroroBka k paborte

1.1 3apucyiite cxembl yemnutens ¢ OOC no nepeMeHHOMY TOKY
(cM. puc. 5.5) n ycunutens ¢ WyHTUPYIOWMM KOHAEHCATOPOM B Lienu
amutTepa (cM. puc. 5.1).

1.2 BbluepTute HeobxoamMble Tabnuub.

1.3 PaccumTaiiTe peXxuM kackaga no MOCTOSSHHOMY TOKY (TOKM
6a3bl Ismae W KOMNEKTOPA Ik M HanpskeHWs Ha 6ase Us, amuttepe Us
n konnektope Uk) M 3aHecuTe pesynbTaTtbl pacyeToB B Tabn. 5.2.1.
MNpu pacyetax NpUMUTE HarpshkeHue NuTaHusa cxemol Uz = 15B.

1.4 PaccuutaiiTe napameTpbl ycunutens ¢ OOC no
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nepeMeHHoMy  TOKy  (KO3(MUUMEHT  yCUNIeHuss  NepeMeHHOro
HanpsbkeHust K, BXOAHOE COMpOTMB/IEHWE NEPEMEHHOMY TOKY /sx,
HWXXHME TpaHnyHble YacToTbl fizun fiz (ana C1 = 0,1 n 1,0 MKD) 1
BbIXOQHOE COMPOTMB/IEHNE TMEPEMEHHOMY TOKY /Bex). 3aHECUTe
pe3ynbTaTbl pacdeToB B Tabn. 5.3.4

1.5 PaccuuTaiTe napaMeTpbl YCUIMTENS C  LIYHTUPYHIOLWUM
KOHAeHcaTopoM B uenn 3MuTTepa  (KO3UUMEHT  ycuneHus
nepeMeHHOro HanpsbkeHuss K, MUHMManbHO BO3MOXHOE BXOAHOE
COMpPOTUB/IEHNE TEPEMEHHOMY TOKY /Bx wmwi, HWXHWE TpPaHUYHble
yactotbl fr n fiz (ana C1 = 0,1 n 1,0 Mk®) n BbIxOAHOE
COMpPOTUB/IEHNE TMNEPEMEHHOMY TOKY /Bbx). 3aHecuTe pe3ynbTaThbl
pacyeToB B Tabn. 5.4.4.

1.6 YcraHoBuTe BbikntodaTtens CETb, BbikIO4aTenM BCeX
WUCTOYHMKOB CUMHanoB M M3MepuUTESbHbIX NpuBopoB B MOMOXeHWe
BbIKJ1, perynstopbl NMOTEHLMOMETPOB BCEX WCTOUYHMKOB B KpalHee
NeBOE MNOMOXeHMeE.

1.7 Moakntounte cMeHHbI mMoaynb N95 kK pa3beMy 6a30Boro
6noka.

1.8 MoacoeaAnHUTE LWHYP MUTaHMS K Pa3beMy Ha 3a/IHEN CTEHKE
CTeHAa W BKIIOYMTE BWIKY LUHYpa NUTAHWS B PO3ETKY 3/1EKTPOCETU
HanpshkeHnem 220B.

2. WNccnepoBaHue pexuMa MO MNOCTOSHHOMY TOKY
Kackapa c 03

2.1 TMocne paspelleHns npenofasaTens BKOYUTE MUTaHUe
cTeHaa Bbikntoyatenem CEThb.

2.2 BKIOUMTE UCTOYHUK NUTAHUSA CXeMbl MHS.

2.3  WU3MepsitTe BONMbTMETPOM CTeHaa APVI  3HayeHus
HanpsHXeHUs NUTaHus ycunutens Up, HanpsbkeHud Ha 6asze Us,
amutTepe Us n konnektope Uk TpaH3UCTOpa W 3aHecuTe pesynbTaTbl
nsMepeHuin B Tabn. 5.2.1.

2.4 BbIKNIOYMTE NUTAHNE CXEMBI.

2.5 PaccuuTaiiTe uM3MepeHHble TOK Konnektopa /K U
MaKCUMaslbHO BO3MOXHbIV TOK 6a@3bl Is wakc , MOMb3YSICb U3MEPEHHBIM
3HA4YeHMEM HanpsxeHus Ha amutTepe Us U U3BECTHbIMU 3HAYEHUSAMU
R> v hzi3mn. 3aHecuTe pesynbTaThl pacyeToB B Tabn. 5.2.1.

2.6 Wcnonb3ys AaaHHble Tabn. 5.2.1 cpaBHMTE pacCYMTaHHbIE U
M3MepeHHble 3HAYEHUS MapaMeTpPOB TpaH3UCTOpa B paboyen Touke.
CpenaliTe BblBOA.
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Tabmmuya 5.2.1
Mapamerp PaccynrarHbiii | U3mepeHHbIi
HanpsxeHne nutaHua | 15
Un, B
HanpshkeHve Ha 6aze Ub, | Ub =
B UT*RZ/(R1+R2)=
HanpsihxeHue Ha | U2 =Ub—-0.6 =
amutTepe U3, B
HanpsxeHne Ha | UK = Ul — IKRK
Kkonnekrope UK B =
Tok Konnektopa IK, MA IK = U3/R3
MaKcuMarnbHBbIi IF makc = IK/
BO3MOXHbIN TOK 6a3bl 16 | h215 MuH =
MaKc, MA

3. WCCNEOQOBAHME YCWIMTENA C O00C O
MNEPEMEHHOMY TOKY

3.1 CHATME aMN/IMTYAHO-YAaCTOTHbIX XapaKTepUCTUK
ycunurtens ¢ OOC no nepeMeHHOMY TOKY

3.1.1 Ha cMeHHOM Moayne OTCOEAUHUTE  LUYHTUPYIOLLWIA
KoHAeHcaTop C3 OT 3MUTTEPHOro pe3nctopa R4 U pe3nctop Harpysku
R5 oT Bbixoga YycunuTens. [oaknwounTe  pa3genuTesbHbIN
koHaeHcaTop C1 = 1,0 Mk®. CoeanHWUTe nepemblukoi Bbixoa /[CC
1:10 co BXOAOM ycunuTens.

MoaknounTe NEepBbi KaHan ABYXKaHanbHOMO ocuunnorpada
KO BXOAY YyCWuTens Ans U3MepeHus 4acTtoTbl U BEMUYUHBI BXOAHOMO
HanpsHKeHns Usax.

MoaknounTe BTOPOW KaHan ABYXKaHanbHOMO ocumniorpada K
BbIXOAY  yCunuTens  ANnd  U3MEpeHuUs  BEeSIMUYUHBI  BBIXOAHOMO
HarpshKeHNUs Ussix.

3.1.2 BKOYMTE UCTOYHMK MUTAHNS CXEMbI MHS.

3.1.3 TMepeknoyatenem /[CC ®OPMA yCTaHOBUTE pEXUM
WCTOYHMKA HanpshXeHns cMHycouaanbHow (opMbl U BKtounte /[CC.

3.1.4 YcTaHOBWTE YacToTy HanpskeHust /CC paBHoW 1 KL,

3.1.5 Perynatopamn AMIUJIUTYAA /CC ycTaHOBUTE BENUYUHY
pa3Maxa BbIXOAHOrO Hanpsbkenust Ussx  (Vamp) MCCNegyemoro
yeunutens okono 4 B. Onpegenute npu 3TOM BeIMYMHY pa3Maxa
BXOAHOIO HanpspKeHusl Usx U 3aHecuTe ee B Tabn. 5.3.1.

3.1.6 TloppepxuBas BENWYUHY BXOAHOMO HAMPSXKEHUs  Usx
NOCTOSiHHOW (ee 3HayeHWe 3aHeceHo B Tabn. 5.3.1), usMmeHsiite ero
YyacToTy cornacHo Tabn. 5.3.1. [ns KaXpaoro 3HayeHusl 4acToThl
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onpeaenaTe BeNMUMHY pa3Maxa BbIXOAHOrO HanpshKeHUs Ussix W
3aHocuTe pe3ynbTaT B Tabn. 5.3.1.

3.1.7 Bblkaounte nuTaHne cxembl uM  [CC. TloakntouuTe
pasaenuTenbHblii koHaeHcaTop C1 = 0,1 MkO.

3.1.8 Bknwouute nuTaHne cxembl u [CC. CHumnte AYX
yennutens npn CI = 0,1 mk®, BbinonHas n.n. 3.1.6.

Tabmuya 5.3.1
BxoaHble
Hanpsh>keHne
usx, MB
Yactota F ,|0, |0, |O, |0,(0,]0,|1|2|5]|1
Ky 01 (02|05 |1 |2

(O]

BxogHoe
Hanpshxe
Hue
uswlx, B
npm
€MKOCTU
Cl, MkK®
Koadhu
LUMEHT
ycuneHm
a K =
UBbIX/UB
X npu
€MKOCTHU
Cl, Mk®

~

~

= OO0

~

~

= OO0

3.2 CHATHE aMIUIUTYAHON XapaKTEepUCTUKN YCUIUTeNs C
OOC1no nepeMeHHOMY TOKY

3.2.1 lMNepea CHATUEM aMMAUTYOHON XapaKTEPUCTUKU AOSKHbI

6bITb BbIMOSHEHDI nn. 3.1.1 .. 3.14. [Ond nonydyeHus
HeobxoanMOoN BENNUYNHBI BXOAHOMO HanpsHKeHns Uax
noakntoYanTe BXoa ycunutens K soixogam 1:1 unm 1:10 [CC
3.2.2 /3MeHsIiATe BEIMYMHY pa3Maxa BXOAHOrO HanpsKeEHUs Ugx
cornacHo Tabn. 5.3.2. [na Kaxporo 3HayeHus BeNYUHBI
BXOAHOMO HanpshKeHus Ugx onpedensaTe  BeNWUYMHY  pa3Maxa
BbIXOHOMO HarpshKeHUs Ussx U 3aHOCUTE pe3ynbtat B Tabn.

5.3.2. Habniogaiite ¢hopMy BbIXOAHOrO HAMNPSDKEHUS  YCUIIUTENS
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Ugsx MPU KAXXAOM U3MEPEHUMN.
3.2.3 Bbiktounte nutaHme cxemol n CC.

Tabma 5.3.2
BxogHoe  Hanpsbkenne |04 |08 | 1,2 |16 |20 |3,0 |40
usx, B
BbixogHOE HanpshxeHue
uBbix, B

3.3 OnpepeneHne HaNNuMA HEJIMHEWHbIX UCKA)XKEHUH B
ycunuTtene ¢ OOCno

nepeMeHHOMY TOKY

3.3.1 Beinonnute n.a. 3.1.1 ... 3.1.2.

3.3.2 Tllepekntoyatenem pexumoB pabotbl /CC ycCTaHOBUTE
PEXMM WCTOYHMKA HampsHKEHUSt TPeyronbHOW (opMbl M BKIIOUUTE
rcc

3.3.3 YcTaHOBWTE YacTOTy HanpskeHust /CC paBHoW 1 KI'u,.

3.3.4 Perynaropamn AMIJIUTYQA /CC ycTtaHOBUTE BENYMHY
pa3Maxa BbIXOAHONO HanpsHKEHUS Ussx  UCCNEAYEMOro yCWIMTENs
okono 10 B.

3.3.5 YT06bl CpaBHMBaTL (OpPMYy CUrHanoB 6bINIO YAOGHEN,
WHBEPTUPYMTE OAMH M3 curHanoB (ecnM B ocuunnorpacde UMeeTcs
Takas (yHKUMS) U ycTaHoBUTE Takne KoahULUMEHTbI BEPTMKANIBHOIO
OTK/IOHEHWs KaHanos ocuunnorpada, 4tobbl ocumnnorpammel 060mx
CUrHaNoOB Ha 3KpaHe UMEeNN NPUMEPHO OANHAKOBLIN pasMax.

3.3.6 3apwvcyiTe ocUMNNOrpaMMbl BXOAHOIO Usy U BbIXOAHOMO
UBsx HAMPSYKEHWUIN yCUnuTensi.

3.3.7 BolknounTe nuTaHue cxemol n CC.

3.4 U3MepeHne BXOAHOIO U BbIXOAHOr0 CONpPOTUBEHU
ycunutens ¢ OOCno nepeMeHHOMY TOKY

3.4.1 Boinonnute n.n. 3.1.1 ... 3.1.4.

3.4.2 Perynatopamn AMIJIUTYAA /CC yctaHOBUTE BENNYUHY
pa3Maxa BbIXOAHOrO HamnpshkeHUs #: UCCNeQyeMoro yCUnuTens okKoso
2 B. 3aHecnTe 3710 3Ha4yeHue B Tabn. 5.3.3.

343 Ha c<MeHHOM Moayne nMOAKIUYMTE  PesnucTop /i
nocnefoBaTeNbHO CO BXOAOM YCUNUTENS, HaxaB KHomky SEBI1.
M3MepsiiTe HOBOE 3HauYeHWe pasMaxa BbIXOAHOIO HamMpsHKEHUs /2.
3aHecuTe 3TO 3HadeHue B Tabn. 5.3.3.

3.4.4 N3MepsiiTe 3HauYeHWE BbIXOAHOMO HAMPSDKEHWUS Ussixz MPU
He HaXkaToW KHormke SBI. 3aHecuTe 3TO 3Ha4yeHue B Tabn. 5.3.3.

3.4.5 TlogknounMTe K BbIXOAY YCUAUTENs COMpOTUBNEHUE
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Harpy3kn R5 = 7.5kOM. W3mMepsiiiTe HOBOE 3HAYEHWE BbIXOAHOMO
HanNpPsHKEHUS Usexz. 3@HECUTE 3TO 3HaYeHue B Tabn. 5.3.3.
3.4.6 BbikntounTe nutaHune cxemol n CC

Tabsmya 5.3.3

Bua nsmepeHus N3mepeHne N3mepeHne
BXOAHOIro BbIXOZHOMO
COMNpOTUBAEHMS COMNpPOTUB/IEHNS
YCUIUTENS rBX YCUNUTENS rBbIX

BbixogHoe ul = uBbIx1=

HanpsxxeHue usBbixl, B

BbixogHoe u2 = UBbIX2=

HanpskeHue uBbix2, B

3.5 O6pa6oTka pe3y/nbTaTOB SKCNEPUMEHTOB

3.5.1 PaccumTaiite KO3(PMOUULMEHTHI YCUNEHUS YCUAMTENs Ha
pa3HbIX YacTOTax M 3aHecuTe UX 3HadeHust B Tabn. 5.3.1. Ucnonb3ys
JaHHble Tabn. 5.3.1 nocTpoiite rpadukn  AYX ycunutens c
pasgenutenbHbiMu KoHaeHcatopamn C1 = 0,1 n 1,0 mk® B ofgHuKX
KOOpAMHATHBIX 0CsAX. HaHecuTe 3HavyeHus YacToTbl Ha rpaduke A4X B
norapudmMmnyeckoM Maclutabe. CpaBHUTE rpadvku U caenanTe BbIBOA.

3.5.2 Onpegenute no rpadukam AYX BENNYUMHBI HUXKHUX
rpaHnyHblX YactoT fwz (npy C1 = 0,1 MKD) u frz (npy C1 = 1,0MKD).
3aHecuTe uX 3HadeHus B Tabn. 5.3.4. CpaBHuUTE paccyMTaHHble U
n3MepeHHble 3HaUYEHUS1 HMXKHMX MPaHUYHBIX YacToT. CaenaiTe BbIBOA.

3.5.3 Onpepenute no rpacdukam AYX BenUUMHY BepXHEN
rPaHMYHOM YacToThl fz. 3aHecUTe ee 3Ha4yeHune B Tabn. 5.3.4.

3.5.4 Wcnonb3yss paHHble Tabn. 5.3.1 3aHecuTe BENUYMHY
u3MepeHHoro koadduumeHTa ycuneHns K B MoA0CE NPOMycKaHWs
ycunutens B Tabn. 5.3.4. CpaBHUTE pacCuMTaHHble U U3MEpPEHHble
3HaueHus koadduumeHTa ycuneHus K. CoenanTe BbIBOA.

3.5.5 Wcnonb3ys aaHHble Tabn. 5.3.2 noctpoiiTe rpaduk AX
yeunutens. Mo rpadwvky AX onpepenute MakCMManbHOE BXOAHOE
HanpsKEHWE Usx makc , KOTOPOE AaeT MakCMMasnbHOE He OrpaHu4eHHoe
HanpsbKeHWEM NUTaHUS HanNpPsKEHWE Ha BbIXOAE YCUSTUTENS UBkix makc.

3.5.6 CpaBHuTe ocuuniorpamMMbl BXOOHOrO UM BbIXOAHOrO
CUrHaNoOB YCUAUTENs, MNOJyYEHHbIE MpU BbINOAHEHUM N. 3.3, U
cfenaWiTe BbIBOA: MCKaXaeT Nin yeunutenb opMy BXOAHOMO CUrHana.

3.5.7 Ucnonb3yss paHHble Tabn. 5.3.3 u Bblpaxenus (5.40),
(5.43) paccumTaiite U3MepeHHble 3HaYeHNst BXOAHOIO Iex U BbIXOAHOIO
Iss1x COMPOTUBIIEHUIA YCUNUTENS. 3aHecuTe MoJTlyYEHHbIE 3HaYEeHUs B
Tabn. 5.3.4. CpaBHUTE pacCuUMTaHHble W W3MEpeHHble 3HaveHus
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conpoTtuBneHuii. Caenaite BbIBOA,

Tabmmya 5.3.4
MapameTp ycunurens PaccunTaHHbIN M3MepeHHBIit
KoadhpumumeHT K =-RK/R3I =
ycunenunsa K
HmkHss rpaHudHas | fn.l1 = 1/2/1C1
vacrota fH4.1, Iy npw | rBx
Cl = 0,1mk®
HmkHss rpaHudHas | fn.2 = 1/271C1
vacrota fH.2, [y npw | rex
Cl = IMK@®
BepxHss rpaHn4YHas
yactota /8, ly | ---—--
BxogHoe rBx rBx = ri/f(ul/u2)-1] =
conpotusnenne  rBx, | =R1*RZ/(R1+R2)
KOM =
BbixoaHoe r8bix #RK = IBbIX =(uBbix. 1 -
CONPOTUBIIEHWE  IBbIX, uBbIX.2)*R5/ uBbIx.2=
KOM

4. UCCNEOQOBAHUE YCWIUTENA C WYHTUPYHOLLM
KOHAEHCATOPOM B LIENMN SMUTTEPA

4.1 CHATUE aMNIUTYAHO-YACTOTHBIX XapaKTepUCTUK yCunuTens
o LYHTMPYIOLWMM KOHAEHCATOPOM B Lienu aM1TTepa

4.1.1 [Ona nonyyeHuss HeO6XOAMMON BeNMUMHBLI BXOAHOMO
HarnpshkeHUs Usx NOAKIIIOUUTE BXOA ycunuTens K Bbixogy 1:100 /CC.

4.1.2 CHumuTe AYX ycunutens Kak ykasaHo B M. 3.1, HO C
MOAK/IOYEHHbIM  NapanfiefnbHo  pe3nuctopy R4 WYHTUPYIOWUM
KoHaeHcaTopoM C3 = 100 Mk®.

4.1.3 3aHecuTe pe3ynbTaTbl U3MepeHuii B Tabn. 5.4.1.

Tabmuya 5.4.1
BxogHble
HanpsbkeHne  uBx,
mMB
YacrtoTa £, kl'y o (0 |0,10,/0 [1]2]5/1]2|5]1
02 |05|1 |2 |5

o o

BxogHoe | C1=1,0
Harnpsbke | MKO
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Hue Ci1=0,1
usbix, B | MK®
Koapdm | C1=1,0

UMEHT MK®D
ycunenn | C1=0,1
a K =|Mkd
UBbIX/UB

X

4.2 CHATME aMIJINTYQHOW XapaKTepUCTUKKN yCunuTens

(o KOHAEHCaTOpOM B Lienu sM1uTTepa

4.2.1 MNepen CHATUEM aMMUTYAHOW XapaKTEPUCTUKU AOMKHbI
6bITb BbIMOSHEHDI n.n. 3.1.1 ... 3.1.4. OTAn4Me TONbKO B TOM,
YTO MapannensHo pesunctopy R4 JomkeH  6bITb  noakoYeH
LYHTUpYIOWMI KoHaeHcaTop C3 = 100 mkd n  ans noslydeHus
HeobXoaAMMON BENNUYUHBI BXOAHOMO HAnpsKeHUs Usxy  MoakovanTe
BXOA, yemnutens K sbixogam 1:100 nnm 1:10 /CC.

4.2.2 YBennuuBamTe BENUUMHY BXOJHOTO HAMPSHKEHMS Usy A0
Tex rnop, noka BbIXOAHOE HanpshkeHue Ussix  He HauHeT
OrpaHMYMBATLCS HaMPSHXKEHNEM nUTaHNS. Onpegenute
BE/IMYMHY pa3Maxa MakCMMasibHOro HeorpaHWYeHHOro
HanpsKEHWEM NUTAHMS BXOAHOMO HAaMNPSHXKEHMS Uax makc.

423 Mpumureusy 1 = 0,2 Usx make ; Usx 2= 0,4 Usx makc ; Usx 3= 0,6

UBx makc; Usx 4= 0,8 UBX make } UBX 5= UBx makc } UBx 6 = 2UBX makc ; UBX
7= 3UBX vakc ; 3aHETE 3HAYEHNS1  BXOAHBIX HAMPSDKEHW Uy 7 ... Usx 7 B TaON.
5.4.2.

4.2.4 N3MeHsiTe BENNYMHY pa3Maxa BXOAHOTO HanpsXXeHWs Usy
cornacHo Tabn. 5.4.2. [OAna Kaxaoro 3HayeHuss BeNYUHBI
BXOAHOIO HanpsXeHus Usx onpenensaiTe  BeNWUYMHY  pa3Maxa
BbIXOAHOMO HarpshKeHUs Ugsx U 3aHOCUTe pesynbtat B Tabn.
5.4.2.

4.2.5 BbikntounTte nutaHune cxemsol u MCC.

Tabmyas.4.2
BxoaHoe usx.l1 | uex.2 | uex.3 | usx.4 | usx.5 | uBx.6 | usx.7
HanpsbkeH | = = = = = = =
ve usx, B
BbixogHoe
HanpsH>keH
ne UBbIX,

B
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4.3 OnpegeneHne HanuMunus HEMHEWHbIX WCKaXXeHWH B

ycunuTene ¢ WYHTUPYIOLWMM KOHAEHCAaTOPOM B Lienu sMnTTepa

4.3.1 CHAMWTE M 3apuUCyiTe OCLMAIOrPaMMbl BXOAHOIO Usx M
BbIXOHOTO Ussx HAMPSDKEHUIA YCUNIMTENS KaK YKasaHo B M. 3.3, HO C
MOAK/TIOYEHHBLIM  MapasnenbHo  pe3uctopy R4 WYHTUPYIOLMM
KoHaeHcaTopoM C3 = 100 Mk®.

4.4/3MepeHne  BXOAHOTO W BbIXOAHOMO  COMPOTMBEHUN
yCUNUTENs ¢ LWYHTMPYIOWMM KOHAEHCAaTOPOM B LIEenNu aMmnTTepa

4.4.1 W3MepsitTe BXOAHOE W BbIXOAHOE COMPOTUBIIEHUS
ycunuTenss nepeMeHHOMY TOKY KakK ykasaHo B n. 3.4. OT1aunuus:
NoaKIIOUMTE  MapajfieNlbHO  pe3nctopy R4 WYHTUPYIOLWMIA
KoHaeHcaTop C3 = 100 MK®, noaKNUNTE BXOA YCUNUTENS K BbIXOAY
1:100 'CC, ycTaHOBUTE BENIMUMHY pa3Maxa BbIXOAHOMO HaNPsHKEHWUS
U1 ccneayeMoro yeunutens okono 4 B.

4.4.2 Pe3ynbTaTbl M3MEPEHUI1 3aHOCKTE B Tabn. 5.4.3.

4.4.3 BblKNOUMTE BCE UCTOYHMKM CUTHANOB CTeHZa W
n3MepuTesbHble NpMbopbI.

Tabmya 5.4.3

Bua nsmeperus N3mepeHne N3mepeHune
BXOAHOMO BbIXO4HOMO
COMNpOTUBNEHMUS COMpOTUB/IEHNS
YCUIUTENS rBX YCUNUTENS rBbiX

BbixoaHoe ul = UBbIX1=

HanpshkeHue usBbixl, B

BbixogHoe uz = UBbIX2=

HanpshxeHnve uBsix2, B

4.5 O6paboTka pe3yNnbTaToOB 3KCMEPUMEHTOB

4.5.1 Ucnonb3ys AaHHble COOTBETCTBYOWMX N.3 Tabnuy n. 4,
BbINOMHUTE BbIYMCNEHNS U NOCTPOEHUS FPpacuKOB, Kak yKasaHo B M.
3.5.

4.5.2 PesynbTathl 3aHocute B Tabn. 544 wun B
COOTBETCTBYtOLWME N. 3 Tabnuupl n. 4.

4.5.3 CpaBHUTE XapaKTepuCTUKM W napaMeTpbl ycunutens c
OOC no nepeMeHHOMY TOKY C COOTBETCTBYIONMU XapaKTepPUCTUKAMM
W napameTpaMmn ycunurtensa C WyHTUPYIOWMM KOHAEHCATOpPOM B Lenu
3MUTTEpa.
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MapameTp PaccunTaHHbI M3MepeHHbIiA
ycunutens

KoacpdmumenT | K = -40 RK/RI =
ycunenunsa K

HuxHas fH.1 = 1/2[ICI rBx =
rpaHuYHas
yactota fH.1,
y npm C1 =
0, 1MKk@

HuxHss fH.2 = 1/2[1C1 rBx =
rpaHun4Has
yactota fH.2,
y npn C1 =
IMKD

BepxHsis
rpaHn4yHas
yacrtoTa /8, /'y

BxoagHoe Bx = rb.muHRZ/( rb.muH | rBx = ri/f(ul/u2)-1]
conpotuBnenn | +R2); =
e rBx, KOM rb.muH(kOM)=h213/40*IK(MA

).

BbixoaHoe 1Bbix ~RK = IBbIX =(uBbix. 1-
COMPOTUBIIEHN UBbIX.2)*R5/uBbix.2
e 1BbIX, KOM =

KOHTPOJIbHbIE BOIMPOCbI

1. Kak B paccMOTpeHHbIX ycunuTenax obecrneynsaeTcs
TeMmnepaTypHas cTabunibHOCTb paboueit TOUKKU?

2. Kak nosnuser Ha AYX ycunutens C  WYHTUPYIOLUM
KOHAEHCATOPOM B UENW 3MUTTepa YMEHbLUEHWE EMKOCTUM 3TOro
KOHAeHcaTopa?

3. Nouemy B cxeme ¢ OOC nO nepeMeHHOMy TOKY npu
OOMHAKOBOM 3HayeHWM EeMKOCTW pasAenuTeNlbHOro KoHAeHcaTopa
nosioca NponyckaHWs B CTOPOHY HUDKHWUX YACTOT LUMPE, YEM B CXEME C
LUYHTMPYIOLWMM KOHAEHCATOPOM?

4. KakoW 13 BYX pacCMOTPEHHbIX YCUnuTenen uMeet 60bLuni
KO3 (PULMEHT yCUNEHMS N Nodemy?

5. Kakon 13 [ABYX pacCMOTPEHHbIX YCUIIMTENEN He UCKaxaeT
(opMy BbIXOAHOIO CUrHana u noyemy?
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