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PABOTA Ne 1. <UCC/IEAOBAHUE I1OJIYTIPOBOJHUKOBOI'O
JUOJA U CTABM/IMTPOHA»

Ileab paGombl - CHSITME BOJIbT-aMITIEPHBIX XapaKTePUCTUK W OrpejesieHue
TlapaMeTpOB KPEMHHEBOTO /IM0/la ¥ CTaOMIUTPOHA.

INOACHEHVSA

ITo/1ynIpoBOAHUKOBBIE AMO/IbI

Hwopn npeacraBasieT co00M MacCUBHBINA He/MHEeWHbIN 371eMeHT. OH CO/IePXKUT
OWH p-N-TIepexo/l U HWMeeT JBa BbIBOJa OT p U N obsacreii. Ha ycnoBHOM
o6o3HaueHuu (puc. 1.1, a) HarpaB/ieHWe CTPeKW A1U0/ia COBIAaZiaeT C HallpaB/ieHuEM
TIPSIMOTO TOKa.

PaboTa Mo/ylIpOBOAHUKOBOTO AWO/A B JIEKTPUUECKON CXeMe OIpeensieTcs
ero BO/IbT-amIiepHOU xapakrepuctukont (BAX). BAX avoza rokasaHa Ha puc. 1.1,6.

A
| np,MA

Uoﬁp

AHod Kamod

\V

||
a) 6) I Todp,mkA

PucyHok 1.1 YcnoBHbIe 0003HaueHre a) U BOJIbT-aMIiepHasi XapaKTeprucTUKa 0)
TMOJIyIPOBOZHUKOBOTO IM0/1A

Ecnu, HanpuMep, yepe3 WO/ B HallpaB/ieHUM OT aHO/la K KaToAy IpOTeKaeT
npsiMoii TOokK BesiuuHOW 10 MA, To aHoj Oosiee TO/IOKWTE/eH, YeM Karoj. OTa
pa3HUIla HarpsbKeHUM Ha3bIBaeTCsl NpsiMbIM HanpsixceHueM nauopa. Yaille Bcero
najieHre HarpspkeHds Ha Auofie, 00yCIOB/IeHHOE TPSIMBbIM TOKOM depe3 Hero,
cocrassisiet ot 0,5 m0 0,8 B. TakuMm mazieHreM HarpsbkeHUst MOXKHO TipeHeOpeub, 1
TOTZAA AWOZ, MOYKHO pacCMaTpuBaTh KaK ITPOBOJHHUK, MPOITYCKAIOI[M TOK TOJILKO B
OJJHOM HaripaB/IeHUM.

O6pamHbIli MoK AJist AUOA0B 00I1[ero Ha3HaueHUs U3MepsIeTCs B HaHOaMITepax
(oOparvTe BHMMaHMe Ha Pa3HbIM MAacITad M3MepeHUi 10 OCH abCI[UCC /1S TTPSIMOTO



1 00paTHOTO TOKa), U ero, Kak MpaBuio, MO)KHO He NPUHUMATh BO BHUMaHUe 0 Tex
1op, TIOKa HampsbkeHWe Ha Juofie He JOCTUTHEeT 3HaueHWsl HarpsbKeHUs Tpo0osi.
OO6bIYHO, Ha AMOZ TOJAI0T TaKoe HarpsbkeHWe, KOTOpOe He MOKeT BbI3BaTh MPOOOH.
M cknroueHre COCTaBISIOT TOMBKO CTaOUIUTPOHBI.

Takum 06pa3oM, OCHOBHBIMU TlapaMeTpaMu AUO/IOB SIBJISTFOTCSI:

nocmosiHHoe npsimoe HanpsiiceHue U,, TIpU OIpefieJieHHOM [J/isi KaKJO0ro auoja
TIOCTOSIHHOM TIPSIMOM TOKE;

NOCMOsHHbIL 0b6pamHbili MOK I, TIpU OTpe/ie/IeHHOM TIOCTOSSHHOM 0OpaTHOM
HarpsKeHUU;

MAKcumasnabHo 0onycmumoe nocmosiHHoe obpamHoe HanpsisiceHue Uosp varc;
MAKCUMA/bHO 00NYyCMUMbIU NOCMOSIHHBIU Lip vaxe WA CPEOHUM np.cpmaxe TIPSIMOM TOK.

OcHoBHbIe Y1eKTpUUYecKre napaMmerpsl auoaa K/1521A

[TocTosinHOe TipsiMoe HaripsikeHue Uy,
nipu I, = 50MA He Oonee 1B

[TocTostHHBIN 00paTHBIN TOK Iosp
HpH U06p :Uo6p,MaKc, He 60]'[68 ]_ MKA

MakcrMasbHO [IoIyCTUMOe TTIOCTOSTHHOe 0OpaTHoe
HanpspkeHUe Uosp yaxe 75 B

MakcuMabHO JOMYyCTUMBINA MTOCTOSHHBIN np waxc

WU CPeAHUM Lnp. cpyace TIPSIMOM TOK 50MA
CTa0M/IMTPOHBI
CTabWIMTPOHBI - 3TO  TIOJAYTIPOBOAHUKOBBIE TIPUOOpBI, Ha KOTOPBIX

HarpspKeHWe  COXPaHsieTCsl C  OMpeJe/ieHHOW TOUHOCTBIO TPU  WU3MeHeHUH
MPOTEKAII[eT0 Yepe3 HUX TOKa B 33/[aHHOM Juaria3oHe. OTH TPUOOPHI
Tipe/IHAa3HAYeHbI /i1 CTabWInM3alvy HanpspkeHusl. Yuactku BAX, COOTBETCTBYHOIIHE
5/IEKTPUUECKUM DEXUMaM CTaOWIUTPDOHOB B peXUMe CTaOWIM3alviu, Ha3bIBAlOT
pabounmu (yuacTku a6 W 62 Ha puc. 1.2, 6). Pabounii y4yacToK cTabMIMTpOHA
pacriosiokeH Ha obpaTHoli BeTBU BAX, T. e. ipubop paboTaeT B pexxriMe 1po0Oosi.



AHod Kamod
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PucyHoK 1.2 YcioBHbIe 0003HaUeHKe a) U BOJIbT-aMITepPHasi XapaKTepPUCTHKA 0)
CTaOM/IUTPOHA

OCHOBHBIMH IapaMeTpaMH CTaﬁl/lJIl/lTPOHOB ABJ/IAOTCA:

HOMUHa/IbHOe HanpsixceHue cmabumuzayuu Ucpon - CPeJJHEe HarpsDKeHre
crabunusaiuu crabunutpoHa npu Temreparype 298 K u onpeesieHHOM ToKe
CcTabuiv3aiuy;

pa3zopoc Hanpsicenuti cmadbuauzayuu A(7CT - uHTepBa/n HamnpsOKeHUM, B
TipeJie/iax KOTOPOro HaXOASATCS HaMpshKeHUsl cTabuin3anuu rnpubopa JaHHOTO TUTIA;
nocmosiHHoe npsivoe HanpsiiceHue AU,, Tpu ompefeseHHOM [ KaK0ro
CTabUIMTPOHA MTOCTOSTHHOM TIPSIMOM TOKE;

memnepamypHbili  Ko3puyueHm HanpsiceHuss cmabuauzayuu %y,
TIOKAa3bIBaIOIIWM, Ha CKOJIbKO TIPOLIEHTOB M3MeHsieTCsl HarnpsbkeHue cTabumzauyu Uer,
TIpY M3MEeHeHWH TeMIlepaTypbl OKpy»Katoiiel cpesbl Ha 1 K;

ougpgpepenyuanbHoe conpomueneHue r., OripeJesisitolliee CTabUIN3NPYOIIYe
cBoMcTBa rpubopa ¥ ToKa3biBarolliee, Kak HarpsbkeHHe CTaOWIn3al[u 3aBUCUT OT
TOKa.

Fem = (Ucm.MaKc - Ucm.MUH )/(Icm.MaKc - Icm.muH) (11)

MUHUMA/IbHO 0onycmumblli mok cmabuauzayuu Iy, ,w, — MAHUMAIbHBIN TOK
yepe3 CTaOWIMTPOH, TIPY KOTOPOM COXPAHSIFOTCS ero CTabW/TN3UPYIOlirie CBOMCTBA;

MAKCUMa/abHO 00nycmumblli moK cmabuauzayuu I, uxe - MaKCUMaJIbHBIMA
TOK, TIPY KOTOPOM TpUO0p coxpaHsieT paboToCrocoOHOCTh AMUTeTbHOe BpeMsi.



OcHoBHbIe /IeKTpHUecK#e napaMeTpsl crabumtpona KC156A

HomwuHanbHOe HarpsbkeHHe ctabumm3zaryul Ugn

npu I, = 10 MA 5.6B
Pa36poc HanpspkeHwd crabmmzatmu AUy, 5.04...6.16 B
[TocTtosgHHOe TipsiMoe HaripsikeHue U,

nipu I, = 50 MA He Gosiee 1 B
TemriepaTypHbIi KO3QPUIIMEHT HanpsKeHus1 cTabunusaium Yu,,,

B Auana3oHe Temrieparyp -60...+125 °C +0.05% / °C

HuddepeHianbHOe COMPOTUBIEHUE Fem

npu I, = 10 MA He Oosiee 46 Om
MUHUMA/IBHO JOIMYCTUMBbIM TOK CTaOMIU3ALUN Lom yun 3 MA
MaKCUMa/bHO [JOIYCTUMBbIM TOK CTaOMIU3AMU Lom yaxc 55MA

PaccMoTpyM  mopoOHee  BO/IBT-aMIIEPHYIO  XapakTepucTuky (BAX) auopa,
n300pakeHHy0 Ha puC. 1.1,6. 3aBUCUMOCTh TOKa OT HarpshKeHUsI UMeeT B
I =Le[exp(U/Un)—1] (1.2)
rae I —tok auopa; U - npuiokeHHoe Hampsbkenue; U, =kT/q = 25,3 mB
nipu KoMHaTHoU Temrmiepatype (20 °C); g — 3apsz anekrpona(1,60 x 107 Kn);
k- mnoctosHHas Bonbivana (1,38 x 107 Dk/K); T - TemriepaTypa nepexoja B
KenbBUHax (K = °C + 273,16).

[Tpu 60/B11I0M OTpULIATEILHOM 3HaUeHUU TIPUK/Ia/IbIBaeMOro HarnpspkeHus: U
exp(U/Uy,) -0 (1.3)

ul = I, OTKyHa ciiefyeT pu3nuecKUil CMbIC/ KOHCTAHTHI losp B (1.2): Iosp SIBISETCS
TeIJIOBBIM TOKOM YTE€UKU, KOTOPBIM MPU MTOCTOSTHHOM TemIlepaType U Mpy CMeLeHUH
B 0OpaTHOM HarpaB/ieHWHd He 3aBUCHUT OT TPUJIOXKEHHOTO HarpsbKeHHs, Korjla OHO
Gosbitie 0.1 B. OO6bIUHO I, HA3LIBAIOT OOPAMHBIM IMOKOM HACBIWEHUS] WU
men/i08bIM .

Eciv K 110y MPUIOXKeHO TIpsiMOe HampsbkeHue cMertieHus 6onbiee 0,1 B, To exp(U
/Uy) > 1, Tax uTo

MO)KHO TMOACTaBUTHL 3HAY€HWs Y K U MPUHATh, uTO T - KOMHAaTHas TeMrieparypa
(20 °C wm 293 K). Torma koHctanta U, = kT/g o0OKa3bIBaeTCsd paBHOU

TIPUO/TU3UTETEHO (40B)™', TaK uTO CBA3DL Me>XKly TOKOM W HallpSDKEHUEM UMeeT BU/L:
BAX pauoma HenvMHeMHa, W €ro CTaTU4ecKoe COMNPOTUB/IEHWE TIPM CMEIeHWU B
NpssAMOM HaripasjieHUu R=U,, / I, CUIbHO U3MeHseTCd IPU HU3MEHEHUU TOKa.



[TosToMy ucmosib3yeTcsi QuHamuueckoe W ouggepeHyuaabHoe COTIPOTUBIIEHUE,
oripefiesisieMoe Kak

r=dU,, /dl,, (1.6)
Huddepenuypys (1.5), nonyunum
d Unp /dInp = 40 X IOGp [eXp (40 Unp)] = 40 Inp (1.7)
II03TOMY [JYHaMU4eCKoe CONPOTHUB/IEHUE PaBHO
r=dU,,/dl,, = 1/40 1., (1.8)
€CJIA TOK I, BEIpaXKeH B MA, TO
r=25/I,,0Mm (1.9)
CriepoBaTesibHO, JWHAMUYeCcKoe COIPOTUB/IEHUE  [UOJa obpaTHO

MPOMOPLMOHA/IBHO MpsAMOMY  TOKy. [lpsMon TOK BenmnuuHOM 1 MA  faer
[IMHaAMHWUYeCKoe COIpOTUBIIeHHe 0KoIo 25 OM.

Beipakenue (1.9) sBaAsieTCss [OCTaTOYHO TOUHBIM  [ijis  OOJIBIIIMHCTBA
MpakTUueckux 1enel. B uacTHocTH, nA7s1 mepexofa 0a3a-3MUTTEpP OTKPBITOTO
TPaH3UCTOpa OTK/OHEHVEe BeJIMUMHBI €ro JAUHAMHAYeCKOrOo COIPOTUB/IEHUSI OT
TeopeTHUYeCKOM BeJIMUMHBI MeHbIlIe, yeM /I8 OTAe/IbHOIO AUOZA.

Mopayb «Ilo/ynpoBoJHHKOBBIE JUOJ i CTA0OU/IUTPOH»

Cxema moaynsi «IIomyrpoOBOJHHUKOBBIE OO W CTAaOHUIMTPOH» MpUBEJeHA Ha
puc. 1.3. DneMeHTBl yCWIWTe/lsT Ha CMeHHOM wmoaysie Nel uMerOT cCefyromnjue
rapamMeTphbl:

VD1,VD4 - nuonel KZI521A;
VD2,VD3 - crabumurpousi KC156A.

[Ipsimyro BeTBb BA X [M0ja CHUMAIOT, BK/IFOUMB HWCIBITYEMbIM AUO B CXEMY,
TOKa3aHHY0 Ha puc. 1.4, a. [IpsAMou TOK yepe3 AWOA 3a/1aeTCsi ICTOYHUKOM ToKa UT,
XapaKTepHOW 0COOEHHOCTBHIO KOTOPOTO SIB/sieTCsl ciabasi 3aBUCHMOCTH BBIXOJHOTO
TOKa OT COMPOTHBJ/IEHUS] Harpy3ku. [171aBHO yBenuuuBas OT HyJ/sl BBIXOJHOW TOK
ucTtouHuka Toka M T, wusMepsaroT rnipaMoe HarnpsbkeHue U,, [uoja Mg psja
3HAYeHUM MPSMOTO TOKA Ipp.

O6pamHyio eemeb BA X Ouopia CHUMalOT, BK/TFOUMB UCIILITYEMbIN U0/ B
cxeMmy, TToKa3aHHY0 Ha puc. 1.4, 6. [11aBHO yBenuurBasi OT HY/Is1 BBIXOHOE
HarpsbKeHre UCTOUHUKOB HarpsbkeHuss M H1 v 1 H 2 , uamepsitoT 06paTHbIN TOK Losp
avofa J71s psiia 3HaueHu o6paTHoro HanpsokeHUs Uoep.
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Pucynok 1.3 Cxema Moayns «I1omyITpoBOAHUKOBBIE MO, M CTAaOUTUTPOH»

ITOPAJOK PABOTBI
1. IToaroroBkKa K pabore

1.1 3apucyiite cxemsl Js1 oayuenuss BAX auvozaa v crabunuTpoHa (cm. puc. 1.4, a,
6 u puc. 1.5, a, 6).

1.2 Beruepture Tabmn. 1.1 ... 1.4 Ans cHATUSA TIPSIMbIX U 0OpaTHBIX BeTBeii BAX
JIM0/Ia ¥ CTaOM/TUTPOHA.

1.3  ¥YcranoBure BoikatouaTenb CETD, BeIK/IFOUaTe/ M BCeX UCTOUHUKOB CUTHAJIOB U
WU3MepuTeNbHBIX  TIpubopoB B miosiokeHue  BBIKJI,  perynaropsl
MOTEHL[MOMETPOB BCEX WCTOYHUMKOB B KpalHee JieBOe TOJIOKEHUe,
repeK/irouaresib Jrarna3oHoB UCTOUHMKA ToKa M T - B nosioxkenre 0 - 1 0 MA.

1.4 TlogkmrounTe cMeHHBIN Mozyib Nel K pa3beMy 6a3oBoro 6710ka.

1.5 [ToacoemuHUTe IIHYP MUTAHUS K pa3beMy Ha 3a/lHEM CTeHKe CTeHZa U
BKJ/IIOUMTEe BUJIKY LIIHypa [MUTaHUA B PO3eTKY /IeKTpoceTy HanpsukeHrem 220B.

BHumaHue!

Ecnu nokaszauus Ha ducniee usmepumenbHO20 npubopa He u3MeHsOMcs npu
U3MEHeHUU Uu3MepsieMoll 8elUuUHbl, MO 6bIK/AUUMe U CHO8A BKAOUUMe €20
mym6aepom BKJI / BBIKJI.

Ecnu npu ekaoueHuu amnepmempa Ha e20 Oucnjiee omobpazcaemcsi CUMBON
AC (pedxcum u3MepeHUsi NepeMEeHHO20 HANpSIHCEeHUsl), MO BblKAUUMe U CHO8a
gkmouume amnepmemp mymbaepom BKJI / BBIKJI 045 uamepeHusi NOCMOsiIHHO20 NO
pody moka (npu 3mom Ha e2o oucniee donxceH omobpaszumbcs cumeon DC).

2. CHaTHe IpsAMON BeTBU BAX no/iynpoBOJHUKOBOI0 ANO/Aa
2.1 IlogxnrounTe BCTPOEHHBIE B CTeHJ, amIlepMeTp [/ U3MepeHUs IPSMOro TOKa



I,, ¥ BoOAbTMETD [/ HW3MepeHUs: npsMoro HampsbkeHus Uy, Auofa.
YcTaHOBUTE Mepek/oyaTelb  AUAra30HOB  M3MEpeHusl amIiepMeTrpa B
nonoxkeHve MA. TlogknrourTte nepeMmbiukoit auog VDI (cm. puc. 1.4, a).

2.2 [Tocsie TIpOBEpPKH TMPaBUIBHOCTH TIOJK/TFOUEHHsI IPUOOPOB MperiofiaBaTesiem
BKJIFOUMTe NUTaHue cTeHza Bbik/ItoyaTeseM CETD.

2.3 Bxiirounte ncTouHUK TOKa MT U MOAK/IIOUEHHBIe K CXeMe U3MepUTe/IbHbIe
TIpUOOpHI.
2.4 Perynaropamu I'PYBO u TOUYHO wucrounvika Toka UT ycraHaBnuBauTe

3HaUeHUs TIPSIMOTo TOKa I,, cormacHo Tabm. 1.1. [Iyia KaXkKAoro 3HaueHWs] TOKa
CHUMaKTe COOTBETCTBYIOLLME 3HaUeHHsI MPsAMOro HarnpsbkeHust Uy, U 3aHOCHTe
ux B Tabm. 1.1.

2.5  Brexirouute ucTOYHUK TOKa MT U MOAK/IIOYEHHbIE K CXeMe U3MepUuTesbHbIe

TIpUOOPHI..
Ta6auyal.1
IIpsmoii Tok Inp, MA 0,1 0,2 0,5 1 5 10
[Ipsimoe HarpskeHUe
Unp, B
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PucyHok 1.4 CxeMmbl A1 CHSTHS TipsiMoid 1 1 o6partHoii 2 BeTBeit BAX
T0JTyIPOBOAHUKOBOT'O ANOAA

3. CHaTue o6parHoii BeTBM BAX mo/1ynpoBOAHUKOBOIO JHO/ A
3.1 TlogkarourTe BCTPOEHHBIE B CTEH/, aMIIiepMeTp /ISl u3MepeHusi 00paTHOTO TOKa

10




3.2

3.3

3.4

Io6p Y1 BOIBTMETP /11 U3MepeHusi 0bpaTHoro HarpsbkeHus1 Uy Ao/a (CM. pHC.
1.4, 6). YcTaHoBHUTe mepek/rouaTe/lb aMriepMeTpa B TI0/I0JKeHHe MKA.
Bxitourte victouHuku Harpsbkenuss M H1 v M H2 v TIOAK/IFOUeHHbIe K CXxeme
M3MepUTe/IbHbIe TIPUOOPHI..

Perynsaropamu I'PYBO 1 TOUHO wuctounvkoB Haripsokenvss MH1 v UH2
yCTaHaB/MBalTe 3HaueHUs1 oOpaTHoro HarpsbkeHusi Uss cormacHo Tabs. 1.2.
s KaXK[oro 3HaueHusl HalpspKeHWs] CHUMauTe COOTBETCTBYHOIME 3HaueHHUs
obparHoro ToKa Ios, 1 3aHOCUTE UX B Tabs. 1.2. Ecyii amriepmeTp mokasbiBaeT
Hy/leBoe 3HaueHWe 0OpaTHOTO TOKa, TO 3amuimuTe B Tabm. 1.2, uto I, < 0,1
MKA.

Beikarounte uCTOUHUKU HanpspkeHus MH1 v MH2 W nOAK/IIOYEHHble K
cxeme U3MepuTe/bHble PUOOPHI.

Ta6auya 1.2

OoparHoe Hanpsokenue U, B 1 5 10 20 30

OoparHbIii TOK I, MKA

4. O0paboTKa pe3y/IbTaToOB KCIepUMeHTa

4.1

4.2

4.3

4.4

Ucnonb3yst ganHble Tabn. 1.1 u tabn. 1.2 mocrpoiite Tpaduku TNpsMod u
obpatHoli BeTBeli BA X TIO/MyIIPOBOAHUKOBOTO Auofa. OHU MMeET BUJ,
Tipe/icTaB/ieHHbIN Ha puc. 1.1,0.

CpaBHUTe T0/ly4eHHbIe 3HaueHUs1 MPsIMOTOo HaripsbkeHust Uy, M 06paTHOTO TOKa
Io6p CO CTIPABOUHBIMHU.

OrnpepenuTe AWHaAMUYeCKOe COTNPOTUB/IEHWE AUOJA Ha OJHOM M3 y4YaCTKOB
npsimout BeTBU BA X TMOIynpOBOAHUKOBOIO AMOMA, WCIIO/Ab3Yys BbIpa)KeHUE
(1.6) u puc. 1.1.

PaccuutaiiTe TeopeTUUeCKyH0 BeJIMUMHY JAWHAMHYECKOrO COMPOTUB/IEHUS Ha
5ToM ke yuactke BAX, wucrnonb3ys BbeipakeHue (1.9). CpaBHute
TeOopeTUYeCKoe U peajibHOe 3HaYeHUs JMHAMUYECKOrO COMPOTUB/IEHUS AUOAA.

5. CasiTHe npsaMoi BeTBH BAX cTadumrpoHa

5.1

5.2

[TogkmounTe BCTPOEHHBIE B CTEH/J|, aMIlepMeTp /il U3MepeHus IIPSIMOro TOKa
I, ¥ BOMBTMETP [i/Isl U3MepeHus TIPSIMOro HaripsbkeHusi U,, CTaOWIUTpOHa.
YcraHoBUTe Mepeksroyare/ib amriepmeTrpa B nonoxkenue MA. Ilogkmrounte
repemMbIukoM crabunutpod VD2 (cm. puc. 1.5, a).

CHumuTe nipsiMmyto BeTBb BA X cTabuwiMTpoHa Tak ke, Kak OHa Obula CHAATa
ans  auoga (n. n. 2.3 ... 2.5). Pe3ynbTaThl M3MepeHuii 3aHecuTe B Tabs. 1.3.
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Ta6auya 1.3

IIpsamoii ToK I, MA 0,1 0,2 0,5 1 5 10
IIpsimoe HamnpspkeHue Uy,
B
PAA
KT1 KT2  KT3 %1 X3 x5
g - - -
T PU1 -2 254 -6
Cahls g —)— VD1 —)— VB2 —— vB3
—_ o | I et [’
KT4
PA
KT1 KT2  KT2 1 ®3 X5
i - - -
T PU1 2 . &+ %6
St —)— VD1 . vps J— voF
L= s L L
KT4

PucyHok 1.5 CxeMbl /7151 CHITUS TIpsiMoit 1 1 obpaTHoii 2 BeTBelt BAX crabuivrpoHa

6. CHaTHe 00paTHOM BeTBH BAX cTabuiuTpoHa

6.1 Ilogk/iroudTe BCTPOEHHbIE B CTEHJ amIlepMeTp [Jisi HW3MepeHUs TOKa
crabunmmsaiuu I, ¥ BOMBTMETD AJisi U3MepeHHUsl HarpsbkeHUsl CTabuin3aluu
Ucr cTabunuTpoHa. YCTaHOBUTE TiepeK/rouaTes/ib amIiepMeTpa B TOJIOXKeHHe
MA. TToakmtounTe repembiukoi ctabumutpon VD3 (cMm. puc. 1.5, 6).

6.2 CoHumuTe obpaTHyr0 BeTBb BAX cTaOUIMTpOHA Tak ke, Kak Oblja CHATa
rpsiMasi BeTBb Ajis auoga (n. n. 2.3 ... 2.5). Pe3ynbrarbl M3MepeHUl 3aHeCUTe B
Tabmn. 1.4.

6.3 BbIK/IIOUMTE BCe NCTOYHHUKH CTEH/]a U U3MepHUTe/TbHbIe PHOOPHI.

Ta6auya 1.4
Tok crabummsanuu Icm ,MA 0,1 0,5 1 3 5 10
Hanpsokenue cradwmsanuu Ucm,
B

7. O6paboTKa pe3y/IbTaTOB YKCIIEPUMEHTa
7.1 Wcnonb3ysi maHHble Tabsm. 1.3 u Tabn. 1.4 mocrpoiite rpaduKd TIPSIMON |
obpartHoii BeTBeii BAX crabumuTpoHa. OHM UMEIOT BU/I, TTpeZCTaBIeHHbBIA Ha
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puc. 1.2, 6.
7.2  CpaBHurte nipsiMble BeTBM BAX avozia v cTabUIMTPOHA.
Omnpenenvre, HaXOJUTCS U HamnpsbkeHWe cTtabunmsauuu Ucr B Tipefenax
JIOTTYCTUMOTO pa30poca HarpsbkeHud crabumm3anuu AUcr
7.3 Onpefienute auddepeHiaTbHOe CONPOTHUB/IEHHE CTA0UIUTPOHA I'en HA  YYACTKE
XapaKTePUCTUKHU OT Lempun = 3 MA 10 Iemmae = 10 MA, MCTI0/IB3YA BbIpakeHue
(1.1) m puc. 1.2, 6.
7.5 CpaBHUTe TMOMy4YeHHOe 3HaueHHWe [AU(QepeHLManbHOr0 COMPOTUB/EHUS
CTaOMW/IUTPOHA I'cm CO CTIPABOYHBIM.

KOHTPOJIbHbBIE BOITPOCBI

1. Kakumu napameTrpamu XapakTepu3yrTCS [10JIyIIPOBOAHUKOBbIE AUOLbI?

2. TloueMy a1 AMOJOB U CTAaOMIMTPOHOB HWCHOMb3YyeTCS AUHAMHUYecKoe, a He
CTaTuyeCcKoe CONpOoTUBJIeHre?
O[HAKOBO /I COTIPOTUBI/IEHUE [IUO/A TIPU MIPSIMOM 1 0OpaTHOM CMellleHHn?

4. Kak ot BemmuuHbl JuddepeHIMasbHOT0 COMPOTUB/IEHUSI CTaOUIUTPOHA Ion
3aBUCST ero CTabM/IM3MpYIOLLie CBOWCTBA?

13



PABOTA Ne 2. <MCCJIEJOBAHUE BUIIOJIAPHOI'O TPAH3UCTOPA»

Ileap pabombl - cHSTWe W aHalIW3 BXOAHBIX U BbIXOAHbIX BAX TpaH3ucrtopa,
BKJIFOUEHHOT0 110 cxeme cO3; omnpejesieHre 110 HUM ero rapameTpoB.

ITIOACHEHUSA

Tunbl OUNO/IIPHBIX TPAH3UCTOPOB

TpaH3uCTOp - 3TO OAWH U3 OCHOBHBIX «aKTUBHBIX» 3JIEKTPOHHBIX
KOMIIOHEHTOB. BHWMOSIDHBIM  TPAaH3WCTOP COCTOUT W3 [BYX P-N-NIePexX0ofoB,
00pa30BaHHbLIX CJIOSIMU TIOYTIPOBOAHMKOB C TpuMmecsiMd. Ha puc. 2.1 moka3aHa
camasi TpPOCTasi KOHCTPYKLMS N-p-N-TPAH3WCTOpAa W €ro yCJI0BHOe 0003HaueHue.
Tonkuii cioii cabo JIeTMPOBAHHOTO TIO/MYTIPOBOAHUKA p-Tura (6a3a) pacronoxeH
MeXAy AByMsi Oosiee TOJCTBIMU CI0SIMA N -TUTA (3MUTTEP M KoJiekTop). TosuHa
6a3bl MOXKeT OBbITh MEHbIIIe O[HOTO MUKPOHa.

KOANEKTOP
KOAAEKTAP

JMUTTEP
IMUTTEP

PucyHok 2.1. YcTpolCTBO n-p-n TpaH3MCTOpa U ero yC/IoBHOe 0603HaueHre

TpaH3UCTOPBI CO CTPYKTYpPOW p-n-p-TUMa Haubosiee pacripoctpaHeHbl. OHU
00/1afjafoT XapaKTepUCTUKAMU, WI€HTUYHBIMH C N-pP-N-TPaH3UCTOpaMH, HO TpebyroT
HanpspKeHWs] TTUTaHWS TTPOTUBOITOIOKHOM TIo/IsipHOCTH. Ha pucyHke 2.2 Toka3aHa
CTPYKTypa p-N-pP-TPaH3UCTOPA U €ro yC/IOBHOe 0003HaueHue.

KOANEKTOP
| KOANEKTOP

P
BASA g BA3A
p

! IMUTTEP
JMUTTEP

PucyHOK 2.2 YCTPOICTBO p-n-p TPaH3MCTOPA U €ro yCJ0BHOe 0003HaueHue
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Pe)xuMbI paGoThl TPAH3UCTOPOB

B 3aBHUCMMOCTH OT BBITIOJHSIEMbIX CXeMOW (YHKLIUNA TPaH3UCTOP MOXKET
paboTark B Tpex pexxumax.

B axkmugHoM pedsicume (pexcum YcuneHusl; AUHeUHbIU pexXcum) TPaH3UCTOP
paboTaeT B YCUIUTENSAX, KOoraa TpeOyeTcsl yCWieHWe CHUTHA/IOB C MUHUMAJIbHBIM
HCKaXKeHreM WX (GopMbl. B aKTUBHOM peXXvMe TPaH3WCTOD YIIPaBJsSeTCs B 000
MOMEHT TIpoIlecca YCWJeHHs, T. €. KaKIOMY W3MeHEeHHIO0 BXOJHOTO CHUTrHaa
COOTBETCTBYET U3MeHeHHe BLIXOAHOTO.

B pejcume HacblwjeHUsi COTIPOTHB/IEHHE TIPOMEKYTKA KOJIJIEKTOP - IMUTTEP
TPaH3UCTOPA PE3KO YMeHbILaeTcs. B 3TOM pekuMme TPaH3UCTOP He YIIPAB/ISeTCs.
Pe>kM HacChIIeHUST MCTIONB3YIOT B TeX CJyuasix, Korla HeoOXO0JuMO YMEHBIINTh
TIOUTH JI0 HYJISI COTIPOTUBJIEHHE 1[eTTH, B KOTOPYIO BK/IFOUEH TPaH3HCTOP.

B pedicume omceuku TpPaH3WUCTOP 3akKpbIT. B 3ToM pekume oH oOsazaer
OOJIBIIIM COTIPOTHB/IEHUEM.

CxeMbl BK/IIOUeHHsA OUIO/ISIPHBIX TPAH3UCTOPOB

[lpy BK/IIOUEHWM OWIIONIIPHOTO TPAH3UCTOPA B 3/MEKTPUUYECKYIO CXEeMY
obpa3yeTcsi [Be 1ieru: yIpap/siiollas YW yrpaBiseMas. B yrpapmstomiedd Lenu
JeNCTByeT BXOAHOW CUTHa/, KOTOPBIM OOBIUHO TOJAf0T Ha 0a3y wiud sMurrep. B
ynpaB/sieMOX Lienu (KOJUIEKTOPHOM WX 3MUTTEpPHOM) (OPMHUPYeTCs BbIXOJZHOU
CUTHaJI, TIOCTYTAIOIUM 3aTeM Ha BXOZ, CJIeAYIOIero Kacka/ia UM B Harpy3Kky. Tpetuu
3JIEKTPOJ, TPAH3UCTOPA SIB/IIeTCS OOIIUM /1711 BXOJHOU 1 BBIXOIHOM Iernei.

[IIupoko pacrpocTpaHeHbl TPYU CXeMbl BK/IKOUEHUS TPaH3WCTOPOB: C obIiiei
6a3oii (puc. 2.3, a), ¢ 001mM 3mMutTepoM (puc. 2.3, 6) 1 ¢ 00IIMM KOosieKTopoM (puc.
2.3, B).

a) 6) B)
PucyHok 2.3 CxeMbl BK/TFOUEHHS] TPAH3UCTOPOB C 0011[eid 6a30ii a) , 061mm sMuTTepoM 6), 1
OOIIMM KOJIJIEKTOPOM 8)

BosibT-amMnepHbie XapaKTePUCTUKU

st moHMMaHusi pabOThI CXeM, B COCTaB KOTOPBIX BXOJST TPAaH3UCTOPbI, OU€Hb
T0/Ie3Hbl UX BXOZHbIE Y BBIXO/[HbIE BOJIbT-aMIlepHble XapakTepucTuku (BAX). Cxema
anst cHATHsE BAX OUWITOMSIPHOTO TPaH3WMCTOpPA, BK/IFOUEHHOTO II0 CXeMe C OO0mumMm
smuTTepoM (O3) nipuBe/ieHa Ha pucC. 2.4.
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% 2 &
KT4 KTH
PucyHok 2.4 CxeMa CHATHSI BXOHOM U BBIXOJHOM XapaKTepUCTUK OUTIONSIPHOTO
TPaH3UCTOPA.

BxogHble XapaKTepUCTUKU TpPaH3MCTOpa I[10Ka3bIBAlOT 3aBUCUMOCTU TOKa
BXO/IHOTO 3/IEKTPOZiA OT HarpsDKeHHsI MeXIy HUM W OOL[UM 37eKTpOJOM TpHU
TOCTOSTHHOM HAlpsUKeHWU Ha BbIXOAHOM 3jiektpozge. g cxembl ¢ O3 31O
3aBUCHMOCTh TOKa 0a3bl OT HamNpPsUKeHUs] MKy Hell ¥ SMUTTEPOM TIPU TTOCTOSHHBIX
HanpspkeHUsixX Ha Kosiektope (puc. 2.5): = f (U ) ipu U k 5 = const.

B cxeme C K SMUTTepHOMY Mepexofy TMPUIOKEHO NpSIMOe HarpskeHue,
rno3tomy ripu HarpsbkeHun U ks = 0 BXoaHasi XapakTepuCTUKa COOTBETCTBYET
npsiMor BeTBU B A X mosynipoBoJHUKOBOTO Auoga. [Ipy yBennuyeHUM HampsKeHUst
BXO/IHble XapaKTepPUCTHMKU CMeLalTCHd BIPABO, YTO COOTBETCTBYET YMEHbILIEHUIO
TOKa 0a3bl.

BbIXoHble XapaKTEPUCTUKWA TPAH3WCTOpPa II0Ka3bIBalOT 3aBUCMMOCTb TOKa
BBIXO/THOTO 3/IEKTPO/ia OT HaIpsDKeHUsT MeXKTy HUM U 00IITuM 371eKTpozioM. CHUMaIOT
BbIXO/IHbI€ XapAaKTEPUCTUKU [JIS Psifia TIOCTOSIHHBIX TOKOB BXOJHOIO 3/1eKTpoja. s
cxeMbl ¢ O D 5TO 3aBUCUMOCTM TOKA KOJIJIEKTOPA OT HANpsDKEHUsS MeXAy HUM U
9MUTTEPOM TIPU TTOCTOSTHHBIX TOKax 0a3bl: Ik = f (U ks) mipu I = const.

By cemelicTBa BIXOJHBIX XapaKTePUCTHK AJisl Pa3/IMYHBIX 3HaUeHui 6a30BOro
TOKa I 1oKasaH Ha puc. 2.6, a. 34eCb BUAHO, UTO C yBe/IMUeHueM HarlpsyKeHUs
KoJteKTop-5MuTTep U k5 OT Hy/nsd BHauajse TMPOMCXOAUT pe3Koe HapacTaHue
KOJUIEKTOPHOTO TOKa, TMoka Uk, He pgocturHeT 3HaueHusi 0,6B. [lanbHeliiiee
yBemvnueHue U g He3HauuTe/lbHO B/MSIeT Ha TOK KO/UIeKTopa Ik ¥ KpuBble
CTaHOBSITCS] TOPU30HTA/IbHBIMMU.
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Ue3
PricyHOK 2.5 BXozHble XapakTepuCTUKH TpaH3ucTopa B cxeMme ¢ 09

Un |

Ik Rx

A
/J
v’] . OBnacme Hacsiwerus
A
«
S

B3

e ™) 08acme ycuneHus

D8nacme omceyku Uks

a) 6)

PrcyHok 2.6 CemMelNCTBO BBIXOAHBIX XapaKTePUCTHUK TPAH3UCTOPa C TMHUEeH
Harpy3Ku(a) ¥ BeIXOHas 1eTlb cxeMbl ¢ 09(0)

Harpy3ouHas npsamMas

Ha puc. 2.6, 6 n3obpakeHa BbIXOJHas 1leMb cxeMmbl ycwiurtens ¢ OJ. Ha
CeMeUCTBe BBIXOAHBIX XapaKTepUCTUK TpaH3ucTtopa (puc. 2.6, a) mpoBefieHa mpsiMast
muans XY, DTO - AuHUs Haepysku. JIMHWS Harpy3Kd TIpeficTaBiaseT coboi
TPaeKTOPHI0, B COOTBETCTBUM C KOTOPOM [O/DKHBI W3MEHSAThCS KOJIJIEKTOPHOE
HarpspKeHre U TOK TIPY JJaHHOM Pe3UCTOpe Harpy3Ku Rk v HampsbkeHUM nidranus Un.

3 BToporo 3akoHa Kupxroda 151 BIXOAHOU LieNu YCUIATEJIS

Uks= Un -R«Ix (21)

B pe3yJ/ibTare Hp906paBOBaHI/IH nMeemM
IK = -(1 / RK) UK3 + Un/ RK (22)

YpaBHeHWe NWMHUM Harpy3ky (2.2) - 3TO BbIpa)KEHHE CBSI3U MEXAY TOKOM
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KosutekTopa Ix 1 HanpspkeHWeM KOsuleKTop- sMUuTTep U k 5 . JIMHUIO Harpys3KU J1erko
IpoBecTd uepe3 TOYKU Y u X, KOTOpble COOTBETCTBYKOT MaKCUMa/IbHOMY
KOJUIEKTOPHOMY TOKY U MaKCHMMaJ/IbHOMY HarllpsUKeHHUI0 Ha KOJIJIeKTope.

YpaBHeHue (2.2) onMcChiBaeT MNPSMYI0 C OTpULATeJbHbIM KO3(DPULMEHTOM,
paBHbIM 1/ R ¢ , TiepeceKarollyr0 OCb TOKa B Touke Y. Touka Y /iMHUU Harpysku
BbIpaKaeT cOOO0M TMIMOTeTUUeCKOe COCTOSTHYE TPAH3UCTOPA C HY/IEBBIM HarlpsbKeHHeM
Ha kosiekTope (Uxks = 0). Ilpu 5TOM HarpsbkeHHe MUTaHUS TOHOCTbIO MajaeT Ha
KOJIJIEKTOPHOM Harpy3ke. B atom coctossium [k = U, / Rk

B Touke X HactymnaeT orceuka. [Ipy 5TOM TOK KO/IJIeKTOpa CTAHOBUTCS paBHbIM
Hym0 (Ixk = 0) ¥ Mo>3TOMy HeT mMajeHusl HamnpsDKeHWs Ha pe3UCTOpe KOJJIeKTOPHOU
Harpy3ku (Rx Ik = 0). B pe3ynbrare K KO/IEKTOpPY TIPU/IOKEHO BCe HarlpsbKeHHe
nutanust (U ks = Un), uto criefyet u3 BeipaxkeHus (2.1).

Ha sivHMY Harpy3kyd MOXKHO BbIOpaTh OINTHMajbHOE T0J/IoyKeHue paboueid
TOUKH A , [/ KOTOPOrO HamnpspKeHHe Ha KOJJIEKTOpe TIPUMEPHO PaBHO TOJIOBHUHE
HanpspkeHust mutanust (U ks # Un /2). B 3ToM citydae 1ipy u3MeHeHHUsIX TOKa 6a3bl
TOJTy4YaTCs MaKCUMasbHbIe PaBHbBIE 110 BeJTMUMHE TOJIOKUTE/IbHbIE U OTPULIATe/IbHbIE
OTK/10HeHus1 HarpsbkeHus U o.

KonebaHusi KOJIZIEKTODHOTO HarpspDKeHUsI U KOJ/UIEKTOPHOTO TOKa yHOOHO
paccmaTpvBaTh B HEIOCPE[CTBEHHOM CBSI3U C XapaKTepUCTMKAMM TpaH3UCTOpa.
JIOCTOMHCTBO Takoro IoOAXOAa COCTOUT B TOM, YTO MOKHO BW/eTb peasbHble
Tnipefiesibl, B KOTOPBIX OyAyT MPOUCXOAUTH 3TH KosiebaHusi. OUeBUHO, UTO BBIXOJHOE
HaripsbkeHHe Uk, MOXKeT yBe/IMUMBATbCS TOUTH [0 HaNpspKeHWs NUTaHust (Korza
HaCTyTMaeT OTCeYKa).

HwkHuil nipefjen JIMHEMHOTO U3MeHeHUsI BBIXOAHOTO HarpsbKeHUs] HaXOAUTCS
Tam, I7e JIMHWs Harpy3kud Oosibllle He TiepecekaeT HU OJHY W3 XapaKTePUCTUK. 3a
9TOM TOUYKOW pacIio/IOyKeHa 3alliITPUXOBaHHasi 06/1acTh, KOTOpasi TIpe/iCTaB/sseT CoOO0M
peXXUM HachbllleHuss. B pekrMe HacChIL[eHWs HamnpspKeHUe MeXAy KOJUIEKTOPOM M
smuTTepoM U ks Hac oueHb Majio (00bIYHO U k5 wae < 0,2 B) 1 TpaH3uCcTOp OOsbIIIE HE
yIpaB/sieT KOJJIEKTOPDHBIM TOKOM, KOTODBIM OrPAaHWYEH TOJIbKO COMPOTHB/IEHHWEM
pe3ucTopa Harpy3ku U HanpsbkeHrueM NMUTaHus (Ik wac © Un /Rk).

TpaH3uCTOpBI, WCIIO/Nb3yeMble B TepeK/IIYalIIMX CcXemaX, paboraror
ToriepeMeHHO TO B pe)KMMe HacChILLeHs], TO B Pe)KUMe OTCEUKH.

[Tpu pa3paboTke cxeM Ha OCHOBE TPAH3UCTOPOB BXOJHbIE U BLIXOZHbIE BOJIBT-
amriepHble XapaKTepUCTUKU He TaK TI0/ie3Hbl, Kak TMpU pa3paboTke CxeM Ha OCHOBe
BaKyYyYMHBIX 3/IeKTPOHHBIX JamIl. Bo-mepBbIX, BO/bT-aMIlepHble XapaKTePUCTHKH,
yKa3bIBaeMble [/Is1 TIOTYTIPOBOJHUKOBBIX 3/IEMEHTOB, SIB/SIFOTCS «TUMUUYHBIMK», a UX
TeXHOJIOTUYeCKHU pa3bpoc MoxkeT ObITb 5- KpaTHbIM. BO-BTOpPBIX, OHU CUJIBHO
W3MEHSIIOTCA  TpU  KojebaHWsIX TemriepaTypbl. B-TpeTbux, [/ 3/IeMeHTOB,
obmagaroux jorapuMUUecKUMA XapaKTepUCTUKaMU, TaKWX, KaK p-n Tepexof,
TOUYHBIN pe3y/lbTaT TIOAy4YaeTcsl TOMbKO Ha HeOONbIIOM yuacTKe (A5 Masoro
curHasna). [loaTomMy wucrnosb3oBaHWe rpadyUyecKUXx MeTOOB pacueTa st
TPAH3UCTOPOB Ha OCHOBe MYO/JHMKyeMbIX B TACIIOPTHBIX [JaHHBIX BOJIBT-aMIIEPHBIX
XapaKTepUCTHK JacT JIOKHOEe UyBCTBO YBEPEHHOCTH B IMPAaBU/IBHOCTH MOJYUYEHHBIX
pe3y/bTaroB.
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IlapamMeTpbl OUMO/IAPHBIX TPAH3UCTOPOB

OCHOBHBIMH TTapaMeTPaMU OUTOSIPHBIX TPAH3UCTOPOB SIB/ISTFOTCS:

HanpsidiceHue HacblwjeHust Koaiekmop-amummep Uxks e, OlpefenseMoe
HarpsbKeHUeM MeXX/ly BhIBOJlaMU KOJIJIEKTOpa U SMUTTepa B PeXKUMe HaChIIeHUs TIPU
3aJlaHHBIX TOKaX 0a3bl Iy 1 KosutekTopa Ik;

HanpsixceHue — HacblwjeHusi  6aza-smummep  Usgs  we,  ONpefensieMoe
HamnpspKeHWeM MeKJy BbIBOJlaMU 0a3bl M SMUTTEpa B peXXHUMe HACIIeHUSI TpU
3a/lJaHHBIX TOKax 0a3bl [y 1 Komtekropa Ik;

KoappuyueHm nepeoauu moka 8 pedxcume Manoeo cuzcHaaa  hoi,,
orpefiesisieMblid OTHOLLIEHWEM W3MEHeHHsI BBIXOAHOTO TOKAa K BbI3BaBILEMY €ro
M3MeHeHUI0 BXOJHOTO0 TOKa B peXKMMe KOPOTKOTO 3aMbIKaHWsI BBIXOJHOWM 1[eTy 10
riepeMeHHOMY TOKY

h213 =A IK/ AIB (23)

cmamuuecKull Ko3gguyueHm nepedayu mokd 8 cxeme C 00WUM SMUMMEPOM
h21,, ompenensieMblii OTHOIIIEHHEM TIOCTOSIHHOTO TOKa KOJUIEKTOpa K TOCTOSTHHOMY
TOKY 0a3bI TTPU 3a/IaHHBIX TIOCTOSHHOM HarpsDKeHUU KOJIeKTop- sMutTep U ks U
TOKe SMHUTTepa I5 B cxeme € 0OIIMM 3MUTTEPOM

h213 = IK/ I}; (24)
MAKCUMAaabHO donycmumoe nocmosiHHoe HanpsiceHue Koanekmop-smummep U ks vaxe
MAKCUMAasnbHO 0onycmumoe nocmosiHHoe HanpsisiceHue 6aza-amummep U g3 vaxe
MAKCUMA/bLHO 00NYCMUMbIU NOCMOSHHbIU MOK KOAAeKMOPa Ik waxc
MAKCUMAAbHO 00NYCMUMbIU NOCMOSHHBIU MOK 0a3bl Iy yaxc
MAKCUMAAbHO 00NyCMuMdasi NOCMOSIHHAsI pacceusaemas MOWHOCMb KO/41eKmopa
P Kwmakc

[TpeBbillieHWe  MaKCUMa/IbHO — [IOMyCTUMBIX TlapamMeTpOB  TPUBOJUT K
pa3pyleHut0 P-N-Tepexo/j0B U BbIXOJy TPaH3UCTOPa U3 CTPOSI.

Pa3iiume MexJy CTaTUueCKUM Ko3(hdullMeHToM Tiepefauu Toka hziy U
K03 buIeHTOM MepeJjaud TOKa B peXXUMe Majioro curHasna hy;, He BCerjja OueBU/THO.
Ins Toro W A7 [APYroro cjydasi 4yaCTO WCIIO/b3YIOT TIOHATHe Ko3dduliieHTa
yCueHus1 TpaH3ucTopa 1o Toky B. Eciu ydecTs, uTo hzi, ® hyis (3a UCK/IHOUEHUEM
OueHb BBICOKMX YaCTOT), TO UCIO/b30BaHUe KO3 dulieHTa 5 BIIOHe JOMYyCTUMO.

[ns onpenenenuss ko3pduiMeHTa rnepefaud ToKa B pe)KMMe MaJjioro CMrHasa
h;;, Ha TpaduKe BBLIXOAHBIX XapaKTePUCTHK TpaH3UCTOpa 0003Hadal0T pabouyro
Touky A (puc. 2.7). CeMelCTBO BBIXOAHBIX XapaKTePUCTHK B 00/1acTh paboueii TOUKH
niepecekatoT jiuHuel U ks pr = CONSt, UTO COOTBETCTBYET KOPOTKOMY 3aMbIKaHUIO T10
riepeMeHHOMY TOKY Ha BbIXOjle TpaH3uctopa. 3ateM no dopmyse (2.3) HaxogsT hags,
rpaduuecku onpegenuB A Ix = Ik, - Ix; ¥ BbruncyiuB Alg = I, - Is; .

BennurHa Ko3dduieHTa nmepeiaud Toka OMIMOMSIPHOTO TPaH3UCTOPA 3aBUCHUT
OT TOKa KOJIJIeKTOpa. Pe3y/ibTaToM SIB/IsSieTCsl UCKaXkeHHe (POPMbI BBIXOIHOTO CUTHasia
yCUInTesiel, ecaiv 3TU CUTHAJIbl BeJTUKHU.

Ha puc. 2.7 TakxKe TOKa3aHO Kak MPU 3a/laHHbIX 3HAUeHUsIX ToKa 6a3bl Ips 1
TOKa KOJIeKTopa ks orpezieiuTh HarpsbkeHue HachleHUsT KOJI/IEKTOP-IMUTTeD
U kowac - TpaH3uCTOp HachIlljaeTcs O1arofiapsi BBeZIeHUIO B 6a3y TOKa, O0/IbIIIero uem
IK/ h213 .
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PucyHok 2.7 OnpefiesieHre TapaMeTpOB TPAH3UCTOPa B CXeMe C OOIIUM SMUTTEPOM
rpaduuecKrM MeTOozoM

OcHOBHBIE Y/IeKTpUYecKue napaMerpsl Tpansucropa KT503E
HarnpsiokeHre HachleHrs KO/TEKTOP-SMUTTEP U kauac
mpu Ix = 10m A, Iy = 1 MA He Oosee 0,6 B
TuIl. 3Hauenue 0,2 B

Harmpspkenve HacbitrieHus: 6a3a-3MUTTEp U popac
mpu Ix = 10m A, Iy = 1 MA He Oosee 1,2 B Tur.
3HaueHue 0,8 B

Crarnueckuii KO3 GUIIMEHT TTepeiaud TOKa B CXeMe C 00IIUM SMUTTEPOM ho;is

ripu Uks =5 B, I 5= 10 MA 40 ... 120
MakcrMasbHO [0MyCTUMOE MOCTOSTHHOE HarpskeHue KOJIeKTOP-3MUTTEP U ks waxe

100 B
MakcumasnbsHO [JOMyCTUMOe MOCTOsSIHHOe HarpsbkeHre 6a3a-3MUTTep U s vaxe

5B
MakcrManbHO AO0MYCTUMbIU MOCTOSTHHBIA TOK KOJJIEKTOPA Ik waxce 0,15A
MakcrMasTbHO /10Ty CTUMBIN TTOCTOSTHHBIA TOK 0a3bI Ip yaxc 0,1 A
MakcumanbHO [0y CTAMast TOCTOSTHHAsL pacCernBaeMasi MOLLIHOCTh KOJIJIEKTOPA Pyyaxc

0,35 Bt
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Mopynb «bUNOISIPHBIM TPAaH3UCTOP»
Cxema mopynst «BUTIONSIPHBIM TPAH3KUCTOP» TpYBeJeHa Ha pUc. 2.8.
VT1 -tpansucrop KT503E.

KTS KT7 7 KT8

KT2 KT3 VTt

le
L +
") @ | @ [
O=100mmi

L L -+
kT4 KTE

PucyHok 2.8 Cxema moayns «BUronsipHbIi TpaH3UCTOD.

INIOPALOK PABOTHI

1. ITogroTroBKa K padore

1.1 3apucyuTe cxemy /sl TIOTyUYeHUs] BXOAHBIX U BBIXOAHBIX BA X TpaH3ucTOpa
(cm. puc. 2.4).

1.2 Beiuepture Tabm. 2.1 ... 2.4 a1 3anTMCH pe3yIbTaTOB UCC/IeJOBaHUMA.

1.3 ¥YcranoBurte BoiKItouaTesib CETD, BhIK/IIOUaTe I BCeX UCTOYHUKOB CUTHAJIOB
Y W3MepUTe/IbHBIX MpHO0poB B mojoykeHrne BBIKJI, perynstopel MOTEHI[IOMETPOB
BCeX HCTOUHUKOB B KparHee JieBOe II0JI0JKeHHe, T[epeK/rovare/ib Juara3oHOB
ructoyHvka Toka U T - B nosioxxkenve 0-100 mkA.

1.4 TTogknrouriTe CMeHHbIN MoAyIb Ne2 K pa3beMy 6a3oBoro 6/10ka.

1.5 TlogcoeauHuTe WIHYp TWATAHUSI K pa3beMy Ha 3aJHEM CTeHKe CTeHJa U
BKJ/IFOUWTE BUJIKY LLIIHYypa MUTaHUS B PO3ETKY 3/1eKTPOCeTH HanpsukeHvem 220B.

BHumaHue!

Ecau nokazanusi Ha ducnsjee u3mepume/nabHO20 Npubopa He U3MEHSIONMCA npu
uU3MeHeHUU u3mepsieMoll 8e/IUYUHBL, MO 8bIK/AI0YUMe U CHO8A 8K/1i0UUMe e20
mymo6aepom BKJI / BBIKII.

Ecau npu ek/aioueHUu amnepmempa Ha e20 ducnsee omoopaxcaemcsi cumeon AC
(pedicum u3mepeHUs1 nepeMeHHO20 HANPSA}CeHUs1), MO 8bIK/1l0YUMe U CHO8a
ex/1ouume amvnepmemp mymoéaepom BKJI / BBIKJ/I 0aa u3mepeHus
NnocCmosiHHo20 no pody mokKa (npu 3momM Ha e20 oucniaee O00/X4CeH
omo6pa3zumbcs cumeon DC).

2. CHATHe BXOAHBIX XapaKTepPUCTUK TPAH3HCTOPA
2.1 Ons cuatus BXogHbIX BA X TpaH3MCTOpa IOAK/IOUYUTE BCTPOEHHbIE B CTEH[,
nipubopsI (cM. puc 2.4):
PA 1 - MuKpoaMIiepMeTp Jjisi u3MepeHusi Toka 6a3bl I;
PV1 - BoabTMeTp Jj1s u3MepeHusi HanpsbkeHust 6a3za-amutrep U gs;
PV2 - BonbT™MeTp /151 ©U3MepeHUs HanpskeHus KoiieKTop-sMutTep U ks;
PA2 - mMwuiaMnepMeTp J1s1 U3MepeHUsi ToKa KosuteKropa Ik;
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2.2 TTocne mpoBepKy MPaBUJILHOCTH TIOIK/TFOUEHHs TIPHOOPOB TIperofiaBaTesieM
BKJ/IFOUMUTE NMUTaHue cTeHza Beikatouatesiem CETD.

2.3 Bxmounte wuctouHuK TOKa M T, wctouHuk Harpsokenuss U H1 wu
TIOJK/TFOUeHHBIe K CXeMe M3MepHuTe/IbHbIe TPUO0PHI.

2.4 YcranoBute perynsgtopsl I'PYBO u TOYHO wucTrouHMKa HarpsokeHUs
HNH1 B kpariHue sieBble ToiokeHUs. [Ipy 5TOM 3HaueHWe HarpsyKeHUs! KOJIeKTOP-
smurtep U ks nprumepHo pasHO 0 B.

2.5 Perynsaropamu ['PYBO u TOYHO wucrounuka Toka U T ycraHaBavBauTe
3HaueHUst ToKa 0a3bl Iy cormacHo Tabs. 2.1. [Ins KaKAoro 3HadyeHusi Toka 6a3bl g
CHMMaTe COOTBETCTBYIOII[HE 3HAUeHUs HarpsbkeHus 0a3a- smMutrep U gy U
3aHOCHTe UX B Tabm. 2.1.

2.6 YcTraHOoBUTe TOOYepeJHO 3HaueHWe HarpsokeHust KosuieKTop-sMutTep U ks
paBibiM 1 B u 10 B. [Inf KaXZOro M3 3TUX HaNpsHKEHWM CHUMMTE BXOJHYHO
XapaKTepUCTUKY BBITIO/THUB II. 2.5.

2.7 Ycranosute perynaaropel ['PYBO n TOYUHO wucrounvka toka U T wu
WCTOYHMKa HanpsokeHus MH1 B KpaliHee JieBOe TIOJIO)KEHHWE W BBIK/IHOUMTE
UCTOYHUKY ToOKa U T vi Hanipskenvuss UH 1.

Ta6auuya 2.1
Tok 6a3el Is, MKA 5 10 20 40 60 80
Hanpspkenue 6a3a-sMuTTep
Uss, B, npu Uks, B 1

10

3. Cusarue BbIXOJHBIX XdPAKTEPUCTHUK TPAH3UCTOPA

3.1 [nsi cHATUA BbIXOAHBIX BAX TpaH3ucTopa W3MepuTe/bHble TPUOOPHI
JIO/DKHBI OBITh TMOZIK/IFOYEeHbI TaK >Ke, KaK yKa3aHo B ILIL. 2.1.

3.2 BkmrouuTe wucTOUHUK TOKa M T, wucTOUHUK HanpsokeHus HMH1 wu
TIOJK/TFOUeHHbIe K CXeMe M3MepUTe/ibHbIe TPUOO0pHI.

3.3 Perynsaropamu 'PYBO u TOUHO ucrtounuka Toka U T ycTaHOBUTE 3HaueHHe
ToKa 6a3bl [5 paBHbIM 10 MKA.

3.4 Perymaropamu I'PYBO wu TOYHO wucrounvka Harnpsokenus HWH1
yCTaHaB/IMBalTe 3HauUeHUs HarpsbkeHUst KosiieKTop-3mMutTep U ks cormacHo Tabs. 2.2,
[Ons xkaxporo 3HaueHus HarpspkeHUs: Uk, CHMMauWTe COOTBETCTBYIOLLME 3HaueHUs
TOKa KoJijiekTopa Ix ¥ 3aHocuTe ux B Tabm. 2.2.

3.5 CHUMUTe OCTa/IbHbIe BBIXO/IHbIE XapaKTePUCTUKHU [ijist TOKOB 6a3bl, yKa3aHHbBIX
B Ta0J1. 2.2, BLITIO/HSAA 1. 1. 3.5.

3.6 Ycranosute perynaropel 'PYBO u TOYHO wctounukoB Toka U T u
HarnipsbkeHyuss M H1 B kpaliHee jieBOe T0JIO)KeHUe U BBIK/IIOUMTe UCTOUHUK Toka U T,
MCTOYHUK HaripsbkeHvst M H 1 v TO[K/TIOUeHHbIe K CXeMe W3MepuTesibHbIe PUOOopHI.
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Ta6auya 2.2

HanpskeHue KoJ/1/1eKTOp-5MUTTEP 0,2 0,5 1 2 5 10
Uks, B
Tok xonnektopa Ik, MA, 10
npu Is, MA 20
40
60
80

4. O0paboTKa pe3y/IbTaTOB 3KCIIePUMEHTOB

4.1 Vcnionb3ys AaHHbIe Tabm. 2.1 v Tabs. 2.2 moctpoiiTe rpadyku ceMeiCcTB BXOAHBIX
Y BBIXO[JHbIX XapaKTePUCTUK TpaH3ucTopa. OHU HMMEIOT BUJ, TpeACTaBIeHHbIM Ha
puc. 2.5 u puc 2.6, a.

4.2 TlocTpouTe Ha CeMEWCTBe BBIXOAHBIX XapPaKTePUCTHMK JIMHUKO Harpys3ku. [ns
9TOTO TPUMUTE HarpspkeHue nutaHuss cxeMbl ycunutenss Up = 10 B u otmetbTe
TOouKy X Ha rpaduke xapakTepucTuk (puc. 2.9). Beibepure onTrMasbHOe MOIOXKeHe
paboueit Touku A (p. T.) ¢ HaripsbkeHHeM Uk, = U /2 = 5 B Ha XapakTepucCTHKe C
TokoM 0a3bl Iy = 40 MKA. TlpoBeguTe uepe3 HaiijjeHHble TOUKM X U A JIMHHIO
Harpy3KHu /o TiepeceueHusi C 0CbI0 TOKa Kosiiektopa Ix. O603HaubTe Ha rpaduke
TOUKY IepeceueHus Y.

4.3 Orpefienire, KakKUM [JO/DKHO OBITb COMPOTHB/IEHWE pe3ucTopa Harpy3ku R,
yToOBI pEXUMBI pabOTBI TPAaH3WUCTOPA COOTBETCTBOBA/JIA TMOCTPOEHHOW JIMHUU
Harpy3ku. [nsi 3Toro Halaute MO Tpa(UKy BLIXOAHBIX XapaKTEPUCTHUK BEIUUUHY
TOKa KoJutektopa Ik B Touke Y. Tak kak B 3TtoM coctossHuu Ik = Un / Rk, TO
paccuvtanTte corpotuiienve Rx = Up / Ik . 3aHecuTe pacCUMTaHHYHO BEJTUUUHY
corpotuByieHus R x B Tab51.2.3.

4.4 Tlo rpadvkaM BBIXOJHBIX XapaKTepUCTHK (cM. puc. 2.9) ompezaenuTte, KaKUMU
OyayT u3mMeHeHUsT HarpPsDKeHUsT KoJImeKTop-3MUTTep AU ks = Uxkoi- Uksp.r U AUk
= Ukos1 - Uks p.r TIPU yMeHbIIIEHUW U YBeJMUeHUU 3HaueHWs ToKa 0a3bl B paboueii
Touke I ,» Ha 20 MKA. 3aHecuTe pe3y/bTaThl B Ta0/. 2.3 U cfiesiaiiTe BbIBOJ,

O JIMHEMHOCTH 3aBUCUMOCTU BBIXOAHOrO HarpsbkeHUs: U ks OT BXOAHOrO TOKa Iy mipu
BbIOpaHHOM TI0/I0KeHUU paboueli TOUKH.

4.5 Tlo rpaukam BBIXOJHBIX XapaKTePUCTHUK OIpeZiesiiTe, Kak MOoKa3aHo Ha puc. 2.7
HarpspkeHre HacbIleHUs KonaeKTop-3MUTTepP U ks wac TIPU TOKe 6a3sbl Is = 80 MKA u
TOKe Kosulektopa Ik = 3 MA U 3aHecuTe ero 3HaueHuve B Tabn. 2.4. CpaBHUTe
M0JIyYeHHOe 3HaueHue CO CrpaBOYHbIM. [IpoaHammM3npoBaB rpaduKy Moy4eHHbIX
BBIXOZIHbIX XapaKTePUCTHK, CjlejlaliTe BbIBOJ, KaK HaripsbkeHHe HachileHUs Uxs wac
3aBUCHUT OT TOKa 0a3bl I5.

4.6 Onpenenute k03Gh@UIIMEHT MepelauM TOKa B peKMMe Majioro curHana hy, rpu
HaTpspKeHUH KosteKTop- SMuTTep Uks = 5 B 1 u3mMeHennu Toka 6a3bl ot 20 MKA 710
40 MKA, KaK M0Ka3aHo Ha puC. 2.7 ¥ UCTob3ys BeIpakeHue (2.3). 3aHecute
TroJTlyueHHOe 3HaueHue B Tabs. 2.4.

4.7 Onpepenute craTUuecKuil Ko3(hduUIMeHT rMepejaud TOKA B CXeme C OOIIUM
IMUTTEPOM hy15 TIPU HanpsbkeHUU KosieKTop-3MuTTep U ks = 5 B 1 Toke 6a3bl I5 = 40

23



MKA, TI0JTb3ysICb BbIpaykeHueM (2.4). 3aHecuTe MolydeHHOe 3HaueHue B Tabs. 2.4.

4.8 CpaBHuTe MoayuyeHHble 3HaueHUsI K03hduiimeHTOB nepenauu hyi, U hais Mexay
coboif. CpaBHUTe TakK)Ke TIOTyuyeHHOe 3HaueHHe CTaThyeckoro Ko3dduiyeHTa
repeJjauM TOKa B cxemMe C 0011[iM IMUTTEPOM hy;5 CO CTIPAaBOUHBIM 3HaUEHHEM.

Ta6auya 2.3
ITapametp 3HayeHue
Comnpotue/enre Harpy3ku Rk
HanpspkeHue kosutektop-3mMutTep Uksi ripu Toke 6a3bl Is = 60 MKA
HamnpsbkeHue KoyieKTop-3MUTTep B paboueti Touke Ukap.m.(1ipu ToKe 6a3bl Is = 40
MKA)
Hanpspkerue kosnektop-3MutTep Uks2 1ipu Toke 6a3bl Is = 20 MKA
Vi3meHeHre HanpspKeHUst KouieKTop-3MuTTep A UKa1 TP yBeJIMUEHUH TOKa 0a3bl Ha
20 MKA (ot 40 MKA 110 60 MKA), A Uks1 = Uks1 — Uks p. m.
Vi3meHeHre HarpsbkeHUst KouteKTop-3MuTTep AUKks2 Ipy yMeHbIIIeHUH ToKa 6a3bl Ha
20MKA ( 0140 MKA 110 20 MKA ), A Uks2 = Uk32 — UKo p. m.
Ta6auya 2.4
ITapametp JKcnepuMeHTa/ bHOe | CipaBouHOe
3HayeHue 3HaYeHue
KosdduiieHT repefaur ToKa B pe)kvMe Majioro CUrHaJja ,
h21> = A Ik/I5
Craruueckuit Ko3(PUIMeHT repejaud TOKa B CXeMe C 40...120
o6mum smutrtepom, hzis = Ik/Is
HarpsikeHure HaCBIEHHOCTH KOIIEKTOP-3MUTTED UKD nac, He 6onee 0,6
B
| » A
g =80MkA
i, -
Ik Ry 3
1 g =60MkA
A g =40MKA
2 B =20MKA
5 aUka1 "_<AUK32 . X
Uka1 Uxap m,:Un/Z Uka2 Uka=U

PucyHok 2.9 OnpezneneHue BeJIMUMHBI U3MEHEHUS BbIXOAHOIO HallPSyKeHUS
YCUTUTEJIS OT M3MeHeHHs TOKa 0a3bl.
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KOHTPOJIBHBIE BOITPOCBHI

1. UTo nipesicTaB/IAIOT COO0M BXOHBIE U BBIXOAHBIe BAX OUMO/SPHBIX
TPaH3UCTOPOB?

2. Kakrmu riapaMeTpaMu XapaKTepU3yrOTCs OUTIO/ApHBIe TPAH3UCTOPHI?

3. Kakue rapameTpsl TpaH3MCTOPa, BK/IFOUEHHOIO0 110 cxeme ¢ O3, XapakTepusyoT
ero pabouyro TOUKy?

4. KakoBbl 0c00€HHOCTH aKTUBHOI'O Pe>KMMa pabOoThI TpaH3HCTOpa?

5. Kak nepeBecTy TPaH3UCTOP B PEXKMM HACBIIEHUS U B PE)KUM OTCEUKU?

25



PABOTA Ne 3. «<MCCJIEAJOBAHMUE IIOJIEBBIX TPAH3UCTOPOB»

IJeab pabompbl - CHSITYE CTOKO-3aTBOPHBIX U CTOKOBBIX XapaKTePHCTHK TT0JIeBBIX
TPAH3UCTOPOB C p-n TMepexofioM U C W30/JIMPOBAHHBIM 3aTBOPOM U OTipejie/ieHre UX
rapameTpOB.

INIOACHEHUA
‘TUIBI I10/IeBBIX TPAH3UCTOPOB

[ToneBble TPaH3WUCTOPBI, TAK >Ke KaK U OUMO/SpHbIe, UMEIOT TPU BBIBOJA:
UCTOK, CTOK ¥ 3arBop. IIpoBOAMMOCTBIO KaHajla CTOK-UCTOK  YIIpaBiiseT
JIeKTpUUYeCcKoe IoJie, Co3zaBaemMoe IPUIOKeHHBIM K 3aTBOpY HarlpspKeHueM. 31ech
HeT IPSIMOCMeEIL|eHHBIX p-N Mepexof0B, [I03TOMY TOK uepe3 3aTBOP He TeueT, U 3TO -
Haubosiee Ba)KHOe TPEMMYILECTBO T10J/IeBbIX TPAH3WCTOPOB Tepefi OUIIO/SPHBIMHU.
[Tonyuaemoe, Kak CeICTBHe 3TOrO, BbICOKOe BXOJHOE IOJHOe COIpOTHB/eHHe (OHO
MOXeT ObiTh  Oonbimie 10 OM) CyLjecTBeHHO BO MHOTMX —IIPUMEHEHUsX.
WurerpanbHble cxembl Ha MOII-TpaH3UCTOpax PeBOIOLMOHW3UPOBAIM 1[U(PPOBYIO
5/eKTPOHUKY. Ha Masoli momagu B WHTerpajbHOM MHUKpPOCXeMe MOKeT ObITh
pa3MelrieHO OO0JIbIIIOe YMCI0 C/1abOTOUHBIX TIO/EeBbIX TPAH3UCTOPOB. [lo3TOMY OHU
0COOeHHO T0JIe3HbI AJisi co3/aHus OombiinX UHTerpaabHbIX cxeM (BUC), Takux Kak
MHUKPOKAaJIbKY/IATOPbI, MHKPOIIPOLIECCOPBI M YCTpoOMCTBa MNaMATh. [lmoc K Tomy
TI0sIB/IeHHe CUJIbBHOTOUHBIX I10JIeBbIX TPAaH3UCTOPOB I103BOJISeT BO MHOIUX C/ydasx
3aMeHUTh OWTIOJISIPHBIE TPAH3UCTOPbI, 3aYaCTYH ToJyyasi Oojiee TIPOCThbIE CXeMBI C
y/Iy4llleHHbIMU [1apaMeTpaMu.

Kak u OurmossipHble TPaH3UCTOPbI, TOJieBble TPaH3WCTOPhbl OBIBAIOT [IBYX
TOJIIPHOCTEM: N-KaHa/bHbIe (C MPOBOJAWMOCTBIO 3a CUET JIEKTPOHOB) U p-KaHaJIbHbIE
(c ApIpouHOi poBoMMOCTEI0). OfHAKO pa3HOoOOpasye MoseBbIX TPAH3UCTOPOB 3TUM
He OrpaHUYMBAeTCs, UTO MOXKeT IPUBOAUTL K MyTaHulle. Bo-lepsbIX, I0/eBble
TPaH3UCTOPbl MOI'YT M3rOTaB/JUBATLCA C 3aTBOpPAaMU [BYX Ppas/lW4yHbIX TUMOB. B
pe3ysibTare Mbl KMeeM II0jIeBble TPaH3UCTOpPbI C p-N-NlepexofoM U I0jeBble
TPaH3UCTOPBI C U30/IMPOBAaHHLIM 3aTBOPOM, Tak HasbiBaeMble MOII- TpaH3UCTOPBI.
Bo-BTopbix, MOII-TpaH3uUCTOPbI OBIBAIOT C ABYMS TUTAaMH JIeTUPOBAHKs KaHaia. JTO
JlaeT TI0JIeBble TPAH3UCTOPBI 060TaIlleHHOTo M 00eJHEHHOTO THIIA.

HecmoTpss Ha Bce obecKypaxkuBaroljee pa3sHooOpa3ue TUIIOB I10JIeBbIX
TPaH3WCTOPOB TOJIBKO MATh U3 HUX peajiv30BaHbl Ha MPAaKTUKe. A OCHOBHOU MHTEpecC
TpeCTaB/IA0T YeThIpe Caydas U3 MATHU. JTO I0JIeBble TPAaH3UCTOPLI C P-N-IIePexoi0oM
u oboraieHHble MOII-Tpan3ucTopsl. M Te, U Apyrue MOryT ObITb N-KaHa/JIbHBIMH,
mbo p-kaHanbHBIMU. [Tockonbky MOII-TpaH3uCTOpBI OUTH BCerjja oboraliieHHble, a
ToJieBble  TPaH3WCTOPLI C p-n-TiepexofioM Bcerja oOefHeHHble, TO Oyzem fanee
OIlyCKaThb 3TU MOHATUA.
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XapakTepuctuku A/OfI-TpaH3uCTOpPOB

PaccMoTpuM BHauane n-kKaHaibHbli MOII-Tpan3uctop. Ero 6umonsipHbiM
aHa/IOrOM SIB/IsIeTCs N-p-n-TpaH3ucTop (puc. 3.1). B HopMa/ibHOM pekuMe CTOK (MU
COOTBETCTBYIOLLIUM €My  KOJIJIEKTOP) HMeeT  TIOJIOKUTEeNbHbIA  MOTeHL[Hal
OTHOCUTEIbHO KCTOKa (3muTTepa). TOK OT CTOKa K MCTOKY OTCYTCTBYyeT, NOKa Ha
3aTBop (6a3y) He OyzeT TMOAAHO TIOJIOKUTEbHOE TI0 OTHOILIEHUI0 K HCTOKY
HarpsbkeHve. B 1ociezHeM ciiyyae 3aTBOPD CTaHOBUTCH «IIPIMOCMeLLleHHBIM» U
BO3HMKAeT TOK CTOKAa, KOTOPbIM BeCh MPOXOAUT K UCTOKY.

| KOANEKTOP
{TOK

NOAADXKA BA3A
3ATBOP

TEL

WCTOK IMUT]

—t

m
T

a) 0)
PucyHnok 3.1 YcnoBHble 0003HaueHUs n-KaHaibHOro MOII-TpaH3ucTopa a) u
OUIIOJSIPHOTO N-p-n-TpaH3ucTopa 6)

[171s1 TI0/IEBBIX TPAH3UCTOPOB, BK/IFOUEHHBIX 10 CXeMe C OOIIUM HMCTOKOM (pHC.
3.2 u puc. 3.6) ceMelrCTBO BBIXO/IHbIX XapaKTePUCTUK - 3TO 3aBUCUMOCTh TOKa CTOKA
Ic oT HarpsbkeHUs1 CTOK-UCTOK Ucy TIPY pa3/IMUHbIX 3HAYEHUSX HANPSDKEeHUsT 3aTBOP-
uctokK Usy ¢ Ic = f(Ucu) mipu Usy = const. CeMelCTBO CTOKOBBIX XapaKTepHUCTHK N-
kaHasibHOro MOII-Tpan3ucTopa rpvBefeHo Ha puc. 3.3, a. [1d cpaBHeHus 3[eChb e
TIpUBE/IeHO CeMelCTBO BBIXOHBIX XapaKTepHUCTHUK 0ObIYHOTO N-p-N-TPaH3KCTOpa.
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Pucynok 3.2 Cxema ucciegoBanusi n-kaHaabHOro MOII-TpaH3ucTOpa B UMITY/IbCHOM
pexume.
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Pucynok 3.3 CTOKOBbIe XapaKTepUCTUKUA n-KaHaiabHOro MOII-TpaH3ucTOpa a) U
BBIXO)KHBIE XapaKTePUCTHUKU OUIIOJISIPHOTO N-p-n-TpaH3ucTopa 6).

OueBUHO, uTO n-KaHaibHble MOII-TpaH3uCTOpPEl U OUTOJSIPHBIE N-p-N-

TPAH3UCTOPbl BO MHOTOM TOXOXU. [100OHO n-p-N-TpaH3WUCTOpY, y TI0JIeBOTO
TpaH3uctopa T1ipu HanpsbkeHud Ucu cBbilie 1..2 B TOK crokKa Ic T1iouTHM He
u3MeHsieTCs. OTy 00/lacTh CTOKOBBIX XapaKTePUCTUK Ha3bIBAalOT — 00/1aCThIO
HachblleHuss. To ob6macTs B cripaBa OT MyHKTUPHOW JIMHKHK Ha puc. 3.3, a. [Tomo6HO
OUIIO/IIPHOMY TPaH3UCTOPY, ueM Oosiblile CMelljeHHe 3aTBOpPa OTHOCHTETbHO MCTOKa,
TeM 0oJbIe (B 00/1aCTH HACBIII[eHUsT) TOK CTOKA.
Ob6nactb A CTOKOBOW XapaKTepUCTUKU (C/ieBa OT MyHKTUPHOW JIMHWH) Ha3bIBAlOT
NMUHeMHOM. B 3Toii 06sacTi TOK cToKa I¢ muHeliHO 3aBucUT OT HanpsbkeHus Ucy , T.e.
TOJIeBOM TPaH3UCTOp BefeT cebsi Kak Pe3UCTOp C COTpPOTHB/IEHMEM KaHaja CTOK-
UCTOK Rcu = Uen / Ic. Hanpsokenne Usy CrocoOHO W3MEHSATh BeTUUKHY
CONpOTHB/IEHUS] Rey. DTO BUAHO M3 TOTO, YTO HAK/IOH CTOKOBBIX XapaKTepUCTUK B
obmacti A 3aBuUcUT OT HanpsbkeHUss Usy. Takum obpa3om, T0/ieBOM TpaH3UCTOP
MO)XHO MCITI0/1b30BaTh, KaK yrnpas/sieMbld HalpsoKeHUeM IepeMeHHbINM pe3ucTop. JTa
BO3MOKHOCTb UCIIOJIb3YeTCSl B CUCTeMaxX aBTOMAaTU4yeCKOW PeryIMpOBKU YCUJIEHUS U
B yIIpaBJ/IsSieMbIX HallpsUKeHHWEM aTTeHKaTopax.

Ha puc. 3.4 mnpuBejeHa CTOKO-3aTBOpHAsl XapaKTepPUCTUKA N-KaHAJIbHOI'O
MOII-Tpan3suctopa. OHa CHUMAaeTCs MPU MOCTOSSHHOM HarlpsyKeHUM CTOK-UCTOK Ucu
B o0sacTi HachillleHHs Y TIOKa3biBaeT 3aBUCHMOCTb TOKA CTOKA OT HampshKeHHs
3aTBOP-UCTOK: Ic = f(Usu) mpu Ucy = const. Tak Kak B 00/1aCTH HACBIIIEHUs TOK CTOKA
Ic mpakTMyeCcKyd He 3aBUCUT OT HampsbkeHuss CTOK-UCTOK Ucy, TO BCe CTOKO-
3aTBOpHbIE XapaKTepPUCTHMKU C/AVBAIOTCS B OJHY JIMHUIO. HarmpspkeHue 3aTBOp-UCTOK

28



Usy, TIpY KOTOPOM HauyMHaeT Teyb TOK CTOKa Ic Ha3biBaeTcs roporoseiM fA3u. mop- Ha
NpaKkThKe 3a(UKCUPOBaTh BEJIWYMHY IOPOroBoro HanpsokeHUs: Uspaop TPYZAHO,
II03TOMY 3a [IOPOroBOe HallpsyKeHWe MPUHUMAOT BeJIMUKWHY HallpsyKeHUs 3aTBOp-
VICTOK, IIPH KOTOPOM TOK CTOKa JOCTUraeT 3aJaHHOI0 HU3KOIO 3HAUEHNs.

Al{

>
U 3n.nop U M

PrcyHok 3.4 CTOKOBO-3aTBOpHas XapakKTepucTuKa n-kaHajabHOro MOII-TpaH3ucTopa.

XapakTepucTHKHU MOJIeBbIX TPAH3UCTOPOB P-N-IiepPexofoM

Y MOII-TpaH3uCTOpOB 3aTBOP M30JIMPOBaH OT IPOBOJSALEr0 KaHaja TOHKUM
c0oemM OKWca. B pesynbrare Ha 3aTBOpD TakOro TPaH3UCTOpa MOXHO I10JaBaThb
HarfpsbkeHWe H000M TOJSIPHOCTH OTHOCTeBbHO UCTOKa. [Ipu 3TOM yepe3 3aTBOp He
Oymer TIpOXOAWTH HHUKakKoW TOK. Iloatromy MOII-TpaH3uCTOpbl TIPOCTHI B
NpYMeHEeHUMU.

B 1osieBbIX TpaH3UCTOpax p-N-TepexofioM 3aTBOP 00pa3yeT C PaCIiO/IOKeHHBIM
MOJI HUM KaHaJIOM MOJIyIIPOBOJHUKOBBIM p-n-niepexof. CienoBarenbHO, B MOJ€BOM
TPaH3UCTOpPe C p-N-TlepexoioM BO u30ekaHWe TPOXOXKAEHHs TOKa Yepe3 3aTBOP
TIOC/IeIHUM He JI0/DKeH ObITh CMellleH B TIPSIMOM HarlpaB/ieHUM OTHOCHUTEeTbHO KaHara.
3aTBop pabotaer Oymyuu cMelljeHHBIM B 0OpaTHOM HarlpaB/IeHUH T10 OTHOIIEHHIO K
KaHa/ly M B LeNu 3aTBOpa HET HUKAKOrO0 TOKA, KPpOMe TOKa YTeUKU. YCJIOBHOE
00603HaueHre N-KaHa/IbHOTO TI0JIEBOTO TPAaH3UCTOPa C P-N-TIepexo/ioM U300pa>keHo Ha
puc. 3.5, a cxema /i CHATUSA ero XapaKTepUCTUK - Ha puc. 3.6.

1

7

PI/ICYHOK 3.5 YcnoBHOe 0003HaueHue n-KaHaJabHOTO TPaH3UCTOPA C p-n-riepexoaoMm.
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PucyHok 3.6 Cxema [/ CHATHSA XapaKTePUCTUK N-KaHA/bHOTO T10JIeBOT0
TPaH3UCTOpPA C P-N-TIePEXO0M.

CToKOBble XapaKTePUCTUKU N-KaHAa/JbHOTO TI0JIEBOI0 TPaH3UCTOpa C P-N-Mepexo/oM
(puc.3.7) Takyke UMeIOT /iBe 00/1aCTH: TMHENHYTO - A W HaCkIleHus - B.

I c
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PucyHok 3.7 CTOKOBbIe XapaKTepPUCTUKHU N-KaHA/JIbHOTO T0JIeBOT0 TPaH3UCTOpa C p-Nn-
repexozioM; A — 00/1acTh IIepeMeHHOT0 COTIPOTHB/IeHUs , B — 00/1acTh HaChII[eHUS.

['paduk  CTOKO-3aTBODHOM  XapakKTEPUCTUKM  N-KaHAJbHOIO  I10JIEBOrO
TPaH3UCTOpa C Pp-N-lepexofoM (puc.3.8) INOMOXKeT YSICHUTb ero OTIuuve OT -
kKaHajapHOoro MOII-Tpan3ucropa. MOII-TpaH3ucTop He IPOBOAUT TOK, II0OKa
TOTeHLMaJI 3aTBOPA He CTAHeT IOJIOKUTE/bHBIM 0 OTHOLLIEeHUI0 K UCTOKY (Usy > 0).
Haob6opoT, TOK CTOKa I0/IeBOTO TpaH3UCTOpa C p-N-fepexofoM OyzeT paBeH
MaKCUMa/JbHOMY IIpU MOTeHLiMaje 3arBopa paBHOM moTteHuuyany ucrtoka (Usuy = 0).
OTOT TOK Ha3blBaeTCs Haua/IbHbIM TOKOM CTOKA Ic wav. 151 IIOSIy4eHUs Hy/IeBOTO TOKa
CTOKa 3aTBOp [IO/DKEH HMeTh o00paTHOe CMellleHWe, KOTOpOe Ha3bIBaeTCst
HanpspkeHueM 0TCeUKU Usy or. Ha mpakTrke 3auKcHpoBaTh BeTMUMHY HaNpsDKeHUs
orcedku Usy orc OYEHb TPYLHO, IIOSTOMY 3a HalpsbkeHWe OTCEeYKU [PUHUMAIOT

30



BE@/IMUMHY HalIpsPKeHWA 3aTBOP-KUCTOK, IIPXU KOTOPOM TOK CTOKd AOCTHUIde€T 3aIdHHOI'O
HHU3KOI'O 3HAYeHHA.

-
y

U au OTC U 3

Pucynok 3.8 CTOKO -3aTBOpHasi XapaKTepuCTHUKa N-KaHa/IbHOr0 TPaH3UCTOpa C pP-N-
1epexo/OM.

IlapameTpsbl N0/IeBbIX TPAH3UCTOPOB

OCHOBHBIMM IapaMeTpaMU I10JIEBbIX TPAH3UCTOPOB SIB/ISIFOTCS:

HauaabHblll MoK cmoka Ic ., OTIpeJesisieMblii TOKOM CTOKa TpaH3UCTopa C p-n-
Nepexo/iOM MNpPU HaMpsyKeHWA MeXy 3aTBOPOM M MCTOKOM, PAaBHOM HY/HO, U MpHU
HamnpspKeHWW Ha CTOKe, PAaBHOM WJ/IM TMPEBBIMIAIOLIEM HalpshKeHWe HaChIeHUs
Ucnsacs

HanpsidiceHue omceuku Usy o OTIpefiesiseMoe HarpsbkeHUeM MeXXAy 3aTBOPOM
Y HCTOKOM TpaH3UCTOpa C p-n-TiepexofoM, TPU KOTOPOM TOK CTOKA [JOCTUraeT
3a/JaHHOTO HU3KOTO 3HaUeHUs;

nopozogoe HanpsixceHue (Usu.op , OMpefiesiseMoe HamnpsKeHUeM MeXay
3aTBOPOM W HCTOKOM TpaH3WCTOpa C U30JMpOBaHHbIM 3atBopoM (MOII-
TPaH3WUCTOpa), IPU KOTOPOM TOK CTOKA JOCTUraeT 3aZJaHHOIO0 HU3KOIO 3HAUEHUSI;

Kpymu3Ha xapakmepucmuku S , onipefienisieMasi OTHOILIEHUeM W3MeHEeHUsI TOKa
CTOKA K HW3MEHEHWIO0 HarpsbkeHusl Ha 3aTBOpe IIPU KOPOTKOM 3aMbIKAHHWU 10
riepeMeHHOMY TOKY Ha BBIXO/le TPaH3UCTOpa B CXeMe COOOIIUM HCTOKOM;

conpomue/neHue CMoOK-UCMOK 8 OMKPbIMOM COCMOSIHUU Rcy o« OTIPEZEIsieEMOe
COMPOTUBJIEHUEM MEXAY CTOKOM W HWCTOKOM B OTKDBITOM COCTOSIHUM TPaH3MCTOpa
TIpU 3aZIJaHHOM HarpsbKeHUM 3aTBOP-UCTOK U TOKe CTOKa;

MakcumaabHo donycmumoe HanpsidiceHue cmok-ucmok Ucy vaxc;

MakcumaabHo donycmumoe HanpsidceHue 3ameop-ucmok Usy waxc;

MAKCUMAAbHO 00NYCMUMbIU NOCMOSIHHbIU MOK CMOKA ¢ waxc;

MAKCUMA/AbHO 00NyCmuMblll NpsiMOll MOK 3ameopa TIOJIeBOTO TPaH3UCTOpa C p-N-
repexoioM I3 yaxc;

MAKCUMA/bHO 00NyCMuMadsi NOCMOSIHHAS pacceusaemast MOWHOCMb P .
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Y BCcex TUIIOB M0JIeBBIX TPAH3UCTOPOB TOKOM CTOKa YIIpaB/isieT HarlpsyKeHue
3aTBOpP-UCTOK Usy. Takum o6pa3oMm, 0 criocoOHOCTH TO/EeBbIX TPaH3UCTOPOB
YCU/IMBATb HY)KHO CYAUTb 10 BeJIMYMHE OTHOLIEeHUsI TOKa CTOKa K HarpsyKeHURO
3aTBOP-MCTOK. JTa BeJIMYMHA HA3bIBAeTCSI KPYTU3HOU S U HaXOAUTCS KaK OTHOLLEHHUE
rpupaileHus Toka cToka Alg K TipUpallieHUr0 HarnpsiKeHUs: 3aTBOP-UCTOK AUsy

S= AIC / AU31/1 (31)

Pa3mepHOCTb KPyTU3HBI BbipaxkaeTcss B MA / B v B Cumencax (1 Cm =1 A/
B). OOBIYHO KpYTH3HY TIOJIEBOTO TPAH3WCTOpPA pPACCUMTBIBAIOT [JIS1  PEXKUMA,
COOTBETCTBYIOI[Er0 JIMHEMHOMY Yy4YacTKy CTOKO-3aTBOPHOM XapaKTepPUCTUKH. [ljis
3Toro ctposTt TpeyronbHUK ABC (puc. 3.4 u puc. 3.7) , MO0 KOTOPbIM HaXoAsT
ripupaitieHus Toka Alc v HarnpsbkeHusi AUsy, U 110 dopmyne (3.1) pacCUUTHIBAKOT
KPYTHU3HY S.

KpyTr3Ha TMo/MeBbIX TPAaH3UCTOPOB 3aBUCUT OT TOKa CTOKa. B obnactu
HaCbILLIeHUsI OHA pacTeT IMPOIIOPLMOHA/IBHO Y2 KOPHIO KBaJ[paTHOMY M3 TOKAa CTOKA
S=(klc)".

3mech ObLTM PAaCCMOTPEHbI «-KaHa/lbHbIe 10JIeBble TPaH3UCTOPbI, P-KaHa/ibHbIe
ToJieBble TPAH3UCTOPbl CUMMETPUYHBI N-KaHA/IbHBIM B TOM K€ CMBbIC/Ie, B KakOM
SBJISTIOTCS TAKOBBIMHM N-p-N- U P-N-p-TpaH3ucTopbl. OOBIYHO p-KaHa/IbHbIE T10JIeBbIe
TPAaH3UCTOPbl WMEIT Oosee TIIOXHME TlAapamMeTphbl, a WMeHHO O0ojiee BBICOKOE
TIOPOTOBO€e HarpsbkeHHe, 0ojiee BBICOKOE COMPOTHB/IEHHE CTOK-UCTOK B OTKPBITOM
COCTOSIHUU Rcy orv. VI MEHBIIIMK HaYa/IbHBIM TOK CTOKA Y IPUMEHSIFOTCS pexke.

OcHOBHBIe /1eKTPpUUYeCcKHe napaMeTpsbl N-KaHA/IbHOI0 M0/IeBOr0 TPaH3UCTOpa C
p-n-nepexogom KI1303/]

KpyTu3Ha XxapakTepucTUky S,

nipu Ucu = 10B, Usu =0 B He MeHee 2.6 MA/
B
HauvanbHbIN TOK CTOKA Ic uau

nipu Ucu = 10B, Usu =0 B 3.0...9.0 MA
Hanpsokenue orceuku Usy orc

nipu Ucy = 10B, Ic=0.01 MA He Gosiee -8.0 B
MakcuManbHO [0MyCTUMOe HarpsikeHue CTOK-UCTOK Uct waxe 25
B
MakcumasibHO JOIyCTUMOe HanpsbkeHre 3aTBOP-UCTOK Usy vaxc -30 B
MakcrManbHO JOMYCTUMBIM MOCTOSTHHBIU TOK CTOKA I¢ wac 20
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MA

MakcruManbHO A0MYCTUMbBIU NPSIMOW TOK 3aTBOPA I3 vaxc 5,0
MA

MakcumasibHO JOIyCTUMast MOCTOsIHHAsA paccernBaeMasi MOLLIHOCTD P yaxc 200
MBT

OcHoBHbBIe JIEKTPpUUIECKHE IMapaMeTPbl N-KAdHA/TBHOI'O MOH-TpaH3I/ICTOpa

IRFD024

KpyTtrsHa xapakTepucTUky S

nipu Ucu = 25B, Ic= 1A He meHee 960 MA/
B
[Toporosoe HaripspkeHUe Usp.nop

nipu Ucy = Usy, Ic= 0.25MA 2,0...4,0
B
Conporusnenne CTOK-MICTOK B OTKPBITOM COCTOAHNM Rcyt vaxe

mpu Usp=10B;Ic=1,0 A He 6os1ee 0,20
Om
MakcumanbHO J0IyCTUMOe HarpspkeHUe CTOK-UCTOK Uci waxc 60
B
MakcuMasbHO oIy CTUMOe HarpskeHue 3aTBOP-UCTOK Usy waxc +20B
MakcruMasbHO 0y CTUMBINA MTOCTOSHHBIMA TOK CTOKA ¢ waxe 1,7
A
MakcumasibHO JOIyCTUMasi MOCTOsIHHAsA paccernBaeMasi MOLLIHOCTb P yaxc 1,3
Bt

CHarue xapaktepuctuk MOII-TpaH3ucTOpa B UMITYy/IbCHOM pPeXKumMe

XapakTepyuCTUKH TIOMIeBbIX TPAH3WUCTOPOB CpeAHeN W OOJbIION MOIHOCTH
00BIYHO TMOJYYalOT B UMITY/IbCHOM Pe)KuMe paboThbl, TaK KaK MPU 3TOM MaKCHMasbHO
[OIyCTUMasl paccerBaeMasi MOLJHOCTb IpeBbIlIaeTCs B TeYeHVe BpeMeHU, KOTOPOro
He/[0CTaTOYHO, YTOObI TPAH3UCTOP MOT BBIUTH U3 CTPOSL.

Cxema u3MmepeHus, TIpUBeJeHHas Ha puC. 3.2, MO03BO/SIeT CTPOUTH CTOKO-
3aTBOPHYI0O M CTOKOBBbIE XapaKTepUCTHMKU N-KaHajibHOro MOII-TpaH3ucTopa B
VIMITY/IbCHOM pekhMe. VIMITy/ibChbl Ha 3aTBOP TPaH3UCTOpa MOJAK0TCS C reHeparopa
NPSAMOYTO/IbHBIX UMITY/1bCOB I'ITH. YacToTa uMnynbCoB - 1 KI'1, ckBaXKHOCTG - 10.

[TepBbiM KaHasiom ocuuiorpaga PS1.1 u3MepstOT aMIUIUTYy UMIY/IbCOB
HanpsKeHus 3aTBOP-UCTOK Usy .

[Ons onpefeneHvss BeJWUMHBI TOKA CTOKA TPaH3UCTOpa Ic BTOpOM KaHas
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ocuywuiorpada PS1.2 nopkmrouaroT K WYHTY Ry . TOK CTOKa pacCYMTBIBaKOT MO
dbopmyre:
Ic =U 111 / R]_u (32)
rge U - aMIviMTyZa UMITy/IbCa HalpsDKeHWs Ha LIyHTe, W3MepeHHas BTOPbIM
KaHasioMm ocuusiorpada; Ru — conpoTtvBieHye myHTa.
[ usMepeHusi HaNpsDKeHUs TIUTaHUs CIY>KUT BosibTMeTp PV1. HanpsiokeHue
CTOK-UCTOK orpenesisseTcs pasHOCTbO Ucy = Up- U 1 .

Mopaynnb «IlosieBble TPaH3UCTOPHI»
Cxema mognynsa «IlonmeBble TpaH3WCTOPBI» MpUBeLeHa Ha puc. 3.9. DyeMeHThI
yCUINTe IS HA CMeHHOM Mogysie Ne3 UMerOT Ciieyrolue napaMeTphl:
VT1 - tpansucrop KII1303/1;
VT2 — tpaunsuctop IRFD024

Ry = 1000mMm
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Pucynok 3.9 Cxema moayns «lloneBble TpaH3UCTOPbI»

INOPAJOK PABOTBI
1. IToaroroBKa K padore

1.1 3apucyuTe cxeMmbl Jjis UCCAe[0BAHUS TIOJIEBOTO TPAH3UCTOPa C P-N-TIePex0ioM
(cm. puc. 3.6) u M O II - Tpan3ucTtopa (cm. puc. 3.2).

1.2 BeiuepTuTe TaOMULIBI JIs CHATUSI XapaKTePUCTUK TPAH3KCTOPOB.

1.3 YcranoBute Boik/mouaTens CETD, BbIK/IOUaTe/M BCeX MCTOUHUKOB CHUTHA/IOB U
n3MepuTenbHbIX NpubopoB B mosokeHrne BBIKJI, perynsitopel MOTEHIIMOMETPOB
BCeX MCTOUHUKOB B KpalHee JieBOe MOJIOKEeHHe.

1.4 TogkrourTe cMeHHbIN Mozyib Ne3 K pa3beMy 6a3oBoro 6/10ka.

[lopcoenvHuTe IMHYD NUTaHWS K pa3beMy Ha 3aJHel CTEHKe CTeHJa W BKJIFOUWTE
BUWIKY IIHypa MTATaHUs B PO3eTKY 3JIeKTPOCeTH HarpsbkeHueM 220B.

BHumaHue!

Ecau nokazaHus Ha ducnsjee usMepume/abH020 npubopa He U3MeHSIoNMCA npu
uU3MeHeHUU u3MepsieMoll 8e/IU4UHbIL, MO 8bIK/1I0YUIMe U CHOBA BK/1I04UMe e20
mymo6aepom BKJI / BBIKIL.

Ecau npu eK/104eHUU amnepmempa Ha ezo oucnsee omoopaxcaemcsi cumeon AC
(pedicum usmepeHus1 nepeMeHH020 HaNpsidceHusl), Mo 8bIK/1l0YUmMe U CHO8A
ex/rouume amnepmemp mymoaepom BKJI / BBIKJI 0415 u3mepeHusi
NOCmMosIHH020 NO pody MoKa (nNpu 3mMom Ha ez2o0 oucnsiee 00/1HCeH
omo6pa3zumbcs cumeon DC).

2. CHATHE CTOKO0-3aTBOPHBIX XapPaKTEPHCTHK M0/IeBOT0 TPAH3UCTOPA C pP-N-
nmepexo/ ;oM

2.1 CobGepure cxeMmy, roKa3aHHYIO Ha puc. 3.6.

2.2 [nAd CHATHAS XapaKTepUCTUK II0JIeBOT0 TpaH3UCTOpa C  Pp-N-Iepexofom
TIOAK/TIOUNTE BCTPOEHHBIE B CTeH/| PUOOPHI:

PA1 - mwuiMamIiepMeTp /i U3MepeHus TOKa CToKa Ic;

PV1 - BonbTMeTp /151 U3MepeHUs HarpskeHus 3aTBOP-UCTOK Usy;

PV2 - BosnbT™MeTp AJis1 U3MepeHuUs HarpsikeHUs CTOK-UCTOK Ucy;

2.3 Tlocme TIpOBepKH TNPAaBWILHOCTU TIOAK/IIOUEHHs TIPUOOPOB TMperiojiaBaresiemMm
BKJIFOUMTe nuTaHue cteHza BoikrouaresieM CETD.

35



2.4 Bxurounte ucTouHUKU HanpsbkeHus MH1 v UH3 1 NOAK/IIOUeHHbIe K CXeMe
M3MepuTe/ibHbIe TPUOOPHI.

2.5 Perynaropamu I'PYBO u TOUHO ucrounuka Hanpsbkenuss M H1 ycraHoBute
HarpspkeHue CTOK-UCTOK Ucn U, paBHOe 5 B.

2.6 Perynaropamu I'PYBO u TOUHO wucrouHuka HarpsbkeHuss M H3 ycraHoBuTe
HarpsbkeHue 3aTtBOp-UCTOK Usy = 0, ompefenuTe Mpy 3TOM BeJIMUMHY Ha4yaJabHOTO
TOKa I¢was TPAH3UCTOPA U 3aHECHUTE ee 3HaueHue B Tabs1. 3.1.

2.7 VI3aMeHsliiTe HampspkKeHWe 3aTBOP-HUCTOK COIVIacHO Tabs. 3.1 U 3amuchbiBaiiTe B 3Ty
Tab/MLly COOTBETCTBYHOIIME 3HAUeHHsI TOKa CTOKa Ic.

2.8 AHa/IOrMYyHO CHUMHTE CTOKO-3aTBOPHYIO XapakKTepPUCTUKY TpaH3UCTOpa IpU
HarpsbkeHud Ucy = 10 B.

Ta6auya 3.1
Hanpsokenue 3arBop-uctok Usn, B 0 -0,5 |-1,0 | -1,5 | -2,0 | -3,0 | -4,0
Tok croka Ic, MA ipu 5 Ic.nau =
nanpsokeaun Ucn, B 10 | Icmau=

3. CHfATHe CTOKOBBIX XapaKTepHCTHK M0/IeBOr0 TPaH3UCTOpPa C p-n
nepexo/ oM

3.1 YcranoBure HarnpskeHue Usy = 0.

3.2 N3mensiiiTe HarpsbkeHHe CTOK-UCTOK Ucy cornmacHo Tabs1. 3.2 W 3anMchbiBaiiTe B
9Ty Tab/IUlly COOTBETCTBYIOIIME UM 3HaUeHHUsI TOKa CTOKa.

3.3 AHa/OTMYHO CHHUMHTE CTOKOBble XapaKTepUCTUKU TIPU HaIpPsyKeHUSX 3aTBOp-
ucrtok -0,5 B; -1,0 Bu -1,5 B.

Ta6auya 3.2
Hanpsoxenue crok-ucrok Ucu, B | 0,2 0,5 1 2 5 10 15
0
-0,5
-1,0
-1,5

4. N3MepeHHe HanNpsHKeHUsI OTCEUKH T0/IeBOT0 TPAH3UCTOPA C P-N-
nmepexo/ ;oM

4.1 Ycranosure HanpsbkeHue Ucy = 10 B.
4.2 V3MeHssa HampspkeHue 3aTBOp-UCTOK Usy, ycraHoBute Tok ctoka Ic = 0,01 MA
(FOMKA). 3anuiuuTe COOTBETCTBYIOIlee S5TOMY 3HAUEHHIO TOKa CTOKA 3HaueHUe
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HanpspkeHUst 0TCeUkU Usy ore B Ta0/. 3.3.
4.3 BrIik/tounTe UCTOYHUKU HaripsbkeHuss MH1 v HH3 1 1mOAK/IIOYeHHbIe K CXeme
M3MepuTe/IbHbIe TPUOOPHI.

5. O0pal6oTKa pe3y/IbTaTOB KCIIEPHMEHTOB C M0/IeBBIM TPAH3UCTOPOM C P-N-
nepexo/ ;oM

5.1 3anecure u3 Tabs. 3.1 B Tabs. 3.3 3HaUEHHE HAUYA/JBHOI'O TOKA CTOKA, HalJeHHOe
ripu HanpsbkeHud Ucy = 10B.

5.2 Ucnonb3ys gaHHbie Tabm. 3.1 u Tabn. 3.2 nocTpoiite rpadmKy CeMeiCTB CTOKO-
3aTBOPDHBIX M CTOKOBBIX XapakTepuCTUK TpaH3ucTtopa. OHU UMEKT BUJ,
ripe/icTaB/eHHbIN Ha puc. 3.7 v puc 3.8.

5.3 BbirnosiHuTe Ha CTOKO-3aTBOPHOM XapaKTepUCTHKe HeoOXoAUMbie TTIOCTPOeHUs 1St
onpejie/ieHHs] KPYTU3HbI XapaKTePUCTUKU NPU U3MeHeHUM HanpsbkeHust Usy ot 0 B g0
-0,5 B (cm. puc. 3.8). PaccurraiiTe 3HaueHHe KPYTU3HbI, UCII0/Ib3Yys BbipaxkeHue (3.1)
Y 3aHecuTe pe3ysbTar B Tabsm. 3.3.

5.4 CpaBHUTe TapaMeTpbl TPaH3UCTOPA, MOJIyUYeHHbIe 3KCIIepUMEeHTA/IbHbIM IyTeM,
CO CIPABOYHBIMHU 3HAUEHUSIMU.

Ta6auya 3.3
ITapametp JKcnepuMeHTabHOoe | CripaBo4HOe
3HaYeHHe 3HAYeHHe

HauanbHbli ToK cToKa Ic.ua., MA mpu Ucn =10 B, 3,0....9,0
Usu=0B
Hanpsokenne orceuku Usit.ome, B npu Ucn =10 B, He Oosee -8,0
Ic=0,01MA= 10 MKA
Kpytusna xapakrepuctuku S, MA/B npu Ucn He MeHee 2,6
=10B, Usu=0B

6. N3mepenue noporosoro Hanpspkenusa MOII-Tpan3sucropa

6.1 [ns uccnegoBanusi MOII-TpaH3ucTopa cobepuTe cxeMy, TOKa3aHHYIO Ha DWC.
3.2.

Ons  wv3mepeHusi HanpsbkeHUs: TmdtaHust Up  NOAK/IHOUMTE  BOJBTMETD,
BCTPOEHHBIN B CTEHJ,

[MogkirounTe mepBbid KaHan ocuuuiorpada PS1.1 K HarnpsbkeHWRO 3aTBOD-
uctok Uy Tpan3uctopa. [Ipu aTom o01mii BeIBOZ, BXOAHOTO Kabens ocuuinorpada
TIOAKJIFOUUTE K UCTOKY.

CurHa/IbHbIM BBIBOJ, BXOAHOTO Kabesiss BTOporo KaHasa ocuusuiorpada PS1.2
nogkrourTe K KoHTakTy KT 10 cMeHHOTO MOAY/IsA, a ero OOIHi BBIBOJ, - K KOHTAKTY
KT9. B »sTtom ciyyae Ha BTOpOM KaHa/i ociuuiorpada moJaeTcss MajieHue
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HarpsbkeHus Ha wyHte Uy, NpornopLuoHaabHoe TOKY cToka Ic.

Ecm ocuminorpad vMeeT (YHKLMIO WHBEPTMPOBAHUSI CUTHala BTOPOTO
KaHajia, TO BK/IFOUUTe ee. B 3TOM ciiydae Ha OCLIW/IJIOrPaMMe MMITY/IbChl HallpSKeHUs
Ha ILIyHTe OyIyT UMeThb TIOJIOKUTETHbHYIO MO/ISIPHOCTb.

6.2 Tlocne TipoBepKM TIPAaBWJILHOCTH TIOJK/IOUeHUsT TIPUOOpPOB TIperiofiaBaTesieM
BK/ItounTe UCTOuHUKM I'ITH, MH2 v TOAK/IIOYEHHble K CXeMe H3MepUTe/bHbIe
TIpUOOpHI.

6.3 Perynsaropamu I'PYBO u TOYUHO wucrounuka Hanpsbkenuss MH2 ycraHoBuUTe
HarpsbkeHre nutanus Up = 10 B (3geck Ucu *Up).

6.4 V3MeHss1 aMIUIUTYZly UMITY/IbCOB HarlpsyKeHUs 3aTBOP-UCTOK Usy perynsitopamu
I'PYBO u TOYHO reHepatopa NpsaMOYroyibHbIX uUmIyabcoB I'ITHM ycraHoBUTE
aMIUUTYZly MUMITY/IbCOB HamnpsbKeHUs Ha LIyHTe Ry, paBHoM 25 MB. B sTOM Ciiyuae
TOK CTOKa paBeH Ic = Uw / Ry = 25/100 = 0,25 MA.

6.5 Ornpesenure aMIUIUTYAy UMITYJIbCOB HarpsokeHust Usy TIOp U 3aHeCcUTe 3HaueHue
TIOPOTOBOT0 HanpsbkeHUs B Tab1.3.9.

7. CHATHe CTOKO-3aTBOPHOU xapakTepuctuku MOII-TpaH3ucropa

7.1 [na CHATUS CTOKO-3aTBOPHOM XapaKTePHUCTHUKK HW3MepUTeTbHbIe TPUOOPHI
JIO/KHBI OBITH TOJK/TFOUeHbI TaK, KaK yKa3aHo B ILIIL 6.1.

7.2 Perynsatopamy WCTOUYHMKA HanpsokeHus MH2 yCcTaHOBUTe HarlpsyKeHUe MUTaHUs
Ur = 10,5 B.

7.3 W3MeHsi1 aMIUIMTYLy WUMIY/IbCOB HanpsokeHuss Usy perynstopamu I'ITA
yCTaHOBUTEe aMIUIMTYAY UMITY/IbCOB HarpsbkeHus Ha wwyHTte Uy = 500 mB.

7.4 V3mepsiiTe aMIUVIMTYQy UMOY/AbCOB HanpsbkeHUs1 Usy. 3aHecuTe pe3y/bTaThbl B
Tabs1. 3.4.

7.5 JleCTBysl aHa/IOTUYHO, ycTaHaBauBaiTe 3HaueHUs1 U v Up yKa3aHHbIe B TaOJl.
3.4 ¥ CHAMHUTE OCTa/IbHbIE TOUKA CTOKO-3aTBOPHOM XapaKTEePUCTUKU.

Ta6auya 3.4
Hanpsokenue cToK-uctok Ucn = Un— Um =10 B
Hanpsokenuss nuranus Un, B 10,5 11,0 13,0 15,0
Hanpsokenue Ha myHTte U, B 0,5 1,0 3,0 5,0

Hamnpsikenue 3atBop-uctox Usn, B

Tok ucroka It = Um / Rt = Um (B) / 0,1 (kOm),MA | Ic1=5 | Ic2=10 | Ic3=30 | Icsa=50

8. CuaTue cTokoBbIX XapakTepucTuk MOII-TpaH3ucropa

8.1 1711 CHATUSI CTOKOBBIX XapaKTePUCTUK U3MepUTe/bHbIe MPUOOPHI JO/DKHBI OBITh
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TIOZIK/TFOUYeHbI TaK, KaK yKa3aHo B 1.1. 6.1.

8.2 PerynsitopamMu UCTOUHMKA HanpsbkeHus MH2 ycTaHOBUTE HarpsyKeHWe TTATaHUs
Un = 15B.

8.3 Ycranosure perynsatopamu I'TIH 3HaueHue HarpsbkeHus Ha wyHte Uy = 0,5B.
8.4 Onpenenute HaripsbkeHus: Usy 1 ¥ 3aHecHTe ero 3HaueHue B Tabsm. 3.5.

8.5 M3mensiiiTe HaripsbkeHWe nutanus Up cormacHo Tabm. 3.5 W 3amuchbiBaiiTe B 3Ty
Tab/MIy COOTBETCTBYIOI[I@ UM 3HAueHHs aMIUIUTY[bl WMITy/TbCOB HarpsDKeHHs Ha
myHTe U . 3aHecuTe pe3ysbTarsl B Tab/. 3.5.

8.6 [eiicTBys aHanornuHo (Kak ykasaHo B 1.m. 8.2 ... 8.5), cHUMHUTe CTOKOBbIe
XapaKTepUCTUKU [ HanpsbkeHnd Ha wmyHre Uy = 1,0B; 3,0B; 5,0B (mipu
HanpsbkeHuu nutanusi Uy = 15B). Pe3ynbraThl 3aHOCUTe COOTBETCTBEHHO B Tab. 3.6,
Tabs. 3.7, u Tabsm. 3.8.

8.7 Beikmrounte uctounuku I'ITHA, WH2 v TIOAK/TIOUEHHbIE K CXeMe U3MepUTe/bHbIe
1110)7(010)0) 58

8.8 Paccuuraiite 3HaueHus: HarpsbkeHUs: CTOK-UCTOK Ucy = U - U ¥ ToKa ctoka Ic
= Uw / Rui , tae U - B Bonbrax; R - B KWioomax; I¢ - B MALIMaMIiepax. 3aHeCcuTe
pe3ynbTaThbl B Tabs. 3.5. Tabn. 3.6, Tabn. 3.7, u Tabs. 3.8.

Tabnuua 3.5
HanpsbkeHue 3atBop-uctok Usy | =
Hanpsxenue nuranus Uy , B 0,5 1,0 2,0 5,0 10 15
Hanpsxenne Ha mynre Uy, , B 0,5
Hanpsxenne ctok-uetok Uey = Up - U, B ;
Tokcroka Ic = U, /R, = Uy (B) /0,1 (kOMm), MA
Tabnuua 3.6
Hanpsbkenue 3aTBop-uCToK Usy, =
Hanpskenwne nuranus U , B 0,5 1,0 2,0 5,0 10 15
Hanps:xenue va mynre Uy, , B 1,0
Hanps:xenue crok-uctok Uey = Up - U, , B
Tok cToka /¢ :I_Jmf/Rm = Uy (B) /0,1 (kOm), MA

Tabnuua 3.7

Hanps:kenue 3arBop-uctok Usy ; =

Hanpsxenue nutanus Uy, B 0,5 1,0 2.0 5,0 10 15
Hanpsxenue Ha wynre U, , B 3,0
Hanpsskenne ctok-uctok Ucy = Uy - U, , B

Toxk cToka I = Um/ﬁ = U, (B) /0,1 (kOm), MA

Tabnuua 3.8

Hanpskenue 3aTBop-uctok Usy 4 =
Hanpsikenue nuranus Uy , B 0,5 1.0 2,0 5,0 10 15
Hanps:xenue na wynre U, , B 5,0
Hanpskenne crok-uctok Uqy = Uy - U, , B
Tok cToka Ic = Uﬂﬂu = Uu (B) /0,1 (kOm), MA

9. O0paboTka pe3ybTaToB 3KcriepuMeHToB ¢ MOII-TpaH3ucTopom
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9.1 WUcnonb3ys paaHHble Tabn. 3.4 u Tabn. 3.5 ... 3.8 mocTpoiiTe rpauKu CTOKO-
3aTBOPHOM XapaKTePUCTHMKU M CeMeWCTBa CTOKOBBIX XapaKTEePUCTHMK TPaH3WUCTOpa.
OHM UMerOT BUJI, Ipe/iCTaB/IeHHbIM Ha pyc. 3.4 v puc 3.3, a.

9.2 TIpoBeuTe KacaTenbHYIO K TpapUKy CTOKO-3aTBOPHOW XapaKTePUCTHUKU B

Touke Ic = 50 MA (cMm. puc. 3.4). Paccuurainite 3HaueHWe KPYTU3HBI, UCIIOJb3YS
TI0/TyUeHHBINA TPeyro/JbHUK U BeIpakeHue (3.1). 3aHecure pe3ysbTar B Tabit. 3.9.

9.3 CpaBHuTe rapameTpbl TPaH3UCTOPA, IOJyUYeHHbIe SKCIIePUMEHTAIbHbIM IyTeM,
CO CIPABOYHBIMHU 3HAUEHUSIMU.

Tabnuua 3.9

[lapameTtp DKCMEPHMEHTAILHOE 3HAYEHHE CripaBoyHoe 3HaYeHHe
[Toporosoe nanpsixkenne Usy, g 5B
npu /e = 0,25 MA 20540

Kpyrusna xapakrepuctuku S, MA/B He MeHee 960

npu Ucy = 10 B, Ic =50 MA npu Ucy =25 B, Io=1A

KOHTPOJIBHBIE BOITPOCHI

Kakue TpaH3UCTOPBI Ha3bIBalOT MOIEBLIMU?

YeMm 00BSCHSIETCS BLICOKOE BXOIHOE COTIPOTHBIIEHUE TI0JIeBBIX TPAH3UCTOPOB?
YeM OT/IMUAETCS TIOJIEBOM TPAH3UCTOP OT OUTIO/SIPHOTO?

KakoBbI OCHOBHbIE TlTapaMeTPbl T0J/IeBbIX TPAaH3UCTOPOB?

AR

['1e NpUMeHSIIOT MOJIeBble TPaH3UCTOPHI?
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PABOTA Ne 4. <UCCJIEJOBAHUE TUPUCTOPA»

Ileab paGombl - CHSITHE W aHAAM3 aAHOJHOW XapaKTePHUCTHKW THPHUCTOPA;
oripefie/ieHUe 371eKTPUUYeCKHX MapaMeTpoB TUPUCTOpa.

INOACHEHUSA
KoHcTpykuus

TupucTopsl - 3TO TOMYIIPOBOJHUKOBBIE TIPUOOpLI, 00MajaroIe AByMsI
YCTOWUMBBIMU COCTOSIHUSIMM: OTKDBITBIM M 3aKDbITBIM. B OTKPBITOM COCTOSIHUA
THUPUCTOPBI XOPOIIIO TTPOBOAST 37IeKTPUUeCKHI TOK, a B 3aKPhITOM OHU TIPeZCTAB/ISIOT
coboii 0osbIlIoe COTPOTUB/IEHHE, COM3MEPUMOEe C COMPOTUB/IEHHEM KPEeMHHEBOTO
avofia TIpU  oOpaTtHOM HampspkeHWMH. OCHOBHOe Ha3HaueHHWe THUPHCTOPOB -
6e300pbIBHAs KOMMYTALIUs TeKTPUUEeCKUX 1IeTiet.

TupucTop, Kak TiOKa3aHo Ha puc 4.1, a, sAB/AAETCS YeThIPeXCIOUHbIM
yCcTpoucTBoM (p-n-p-n). OmHaKo ero ycioBHOe obo3HaueHue (puc 4.1, 0) BBITISAUT
TIPOCTO KaK BBIMPSIMUTE/TbHBIN U0/, C JOTIOTHUTETbHBIM YTIPAB/ISIOIIUM 3/IEKTPO/IOM.
HarmpspkeHrie MeXX/ly OCHOBHBIMU BBIBOZIAMHM TUPHCTOpA (aHOJIOM M KaTO/IOM) U TOK,
TIPOTEKAIOIINM  uepe3 HHUX, Ha3bIBAalOTCS OCHOBHBIMU. HampsbkeHue MexXay
yTIPaBJISIFOILUM 37IeKTPO/IOM M KaTOOM U TOK, MPOTeKAaIMii yepe3 HUX, Ha3bIBalOTCS
yTPaB/ISFOIUMH.

OOBSICHUTL TIPUHLIMIT ZeNCTBUS TUPHUCTOPA MOXKHO, TIPeJCTaBUB UeThbIpe ero
C/1051 B BU/le IBYX B3aMMHO CBSI3aHHBIX TPaH3UCTOPOB, KaK MOKa3aHo Ha puc. 4.1, B, T.

Ynpabaswowud
Inekmpod
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a) 0) B) r)

PucyHok 4.1 TupucTop : a) CTpPyKTypa, 6) ycioBHOe 0603HaueHue, B) TPaH3UCTOPHBIN
5KBUMBAJIEHT, I') 5KBUBAJ/IEHTHasA CXeMa C TPaH3UCTOPaMH.

ITpuHUuUn gercTBUs

Ha cxeme, nipuBeieHHOM Ha puC. 4.2, yKa3aHbl TOK Harpy3ku l, ynpas/sitoimuyn
TOK ly, KO/mIekTOopHbIM TOK Ixi TpaH3uctopa VT1 U KO/UIEKTOPHbIA TOK Iko
TpaH3ucrtopa VI2. ITonoxutesbHOE OTHOCUTE/IBHO KaToJa OCHOBHOe HanpsukeHue Uy
TOJlaeTCsl Ha aHo/|, a yrpas/stolee HanpsokeHre Uy - Ha ynpaB/siIOLIUNA 371€KTPOZ.
ITpu ynpasnstoijeM HarpsbkeHud Uy = 0 ToK Iy Takke paBeH Hy/m0. Eciu npy 3ToMm
HarpsbkeHUe Ha ero aHofie MeHblile HafnpsbkeHus riepekmtoueHusi Uppk (puc. 4.3), To
TUpUCTOpP 3akpbIiT (06a TpaHsuctopa VT1 u VT2 3akpbiThl). IJTO COCTOSIHUE
YCTOMUMBO W MOXET [JINThCS HeorpaHnueHHO jponaro. Ha puc. 4.3 370
XapaKTepUCTHKa 2 3aKpPbITOr0 COCTOSIHUSI TUPUCTOPA.

HanvHeliiee yBenuuyeHue HanpsokeHUsi U, yMeHbLIaeT CONPOTHBIIEHUE
CMeIlleHHbIX B O00paTHOM HarpaB/ieHUM T1epexofioB 0a3a-KosuieKTOp TPaH3UCTOPOB
VT1 u VI2. I1lpu HanpskeHud Ua = Uppk  TPaH3UCTOPBI OTKPBIBAOTCS, U TUPUCTOP
TepeKk/IroyaeTcss B IPOBOAdIee cocTosgHUe. TOK aHoza OTKphITOro tupucropa loc
omnpejie/isieTCsl COMPOTUBAeHWeM Harpy3ku (cm puc. 4.2). Ha puc. 4.3 310
XapaKTepyCTHKa 1 OTKPBITOIO COCTOSIHUSA TUPUCTOpA. TUPUCTOP MOXKeT HaXOAUThCS B
OTKPBITOM COCTOSIHUM HeOrPaHWYeHHO [OJ/Ir0: I0Ka CYLeCTBYIOT YCJIOBUS IS
MIPOTEKaHUs B er0 OCHOBHOM 1€l aHOAHOTO TOKA OOJIbIIIero, ueM TOK yaepskaHus lyy.

Hazpyska p—O +

Ynpabasowuu
3nekmpod

¥,
~

Kamod

= o

PucyHok 4.2 CxeMa , 06bsicHsIO1ast paboTy TUPUCTOPA C TOUKU 3peHUs
TPAH3UCTOPHOT'O SKBUBAJIeHTa.

Eciv Ha yrpaB/sifOLUi 3/1eKTPO/, 3aKPhITOr0 TUPUCTOPA MOJaTh HarpsyKeHre
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ynpasiyienust Uy > 0, To B 1ieru 6a3bl TpaH3ucTopa VT 1 1oTeueT yIpaB/sION[UANA TOK
Iy, KOTOpBIM OTKpPOET 3TOT TPaH3UCTOp. B CBOW ouepenb, MOSBUBIIMMCA TOK
Koutektopa  Iki TpaH3ucrtopa VT1 otkpoer TtpaH3uctop VT2 U TUPUCTOP
oTkpoetcsi. UeM Oosibliie ympaBastOIIMM TOK Iy, TeM MEHBIIIMM HalpskeHHeM Ha
aHozie Ua oTkpbiBaeTcst TUPUCTOP (cM. puc. 4.3). KonnekTopHbid TOK Ik, OTKPBITOrO
TpaH3uctopa VT2 OyzeT yzep)kuBaTh TpaH3ucTop VT 1 B OTKPBITOM COCTOSIHUU
(xapaktepuctuka 1 Ha puc. 4.3) gaxe, ecau HanpspkeHue ynpasnenusi Uy u
yTPaBJISIFOLIUM TOK |y CTaHyT paBHBIMU HYJIIO.

Takum 00pa3oM, OTKPBITH TUPHCTOP MOXXKHO ABYMS CIIOCOOAMM:
- YBe/IMUMB aHOJHOe HarpspkeHue 10 BeiuuHbl Uy = Uppx TIpU TOKe yripaBieHus ly
=0;
- TI0/IaB KPaTKOBPEeMEHHbIM UMMY/IbC TOKA yrnpaBiaeHus Iy ipyu aHOJHOM HarpsyKeHUU
Ua < Unpx.

3aKpbITh TUPUCTOP MOKHO, YMEHBIIMB aHOAHbBIM TOK 10 BeJIMUUHBI [4 </ Iyj.

u npod

_ Uoc U
// u npK BEmai

o

PricyHOK 4.3 AHOZIHast XapaKTepPUCTHUKA TUPUCTOPA , He TIPOBOJSAIIIETO B 0OpaTHOM
HamnpapJ/ieHUU: 1-xapakTepUCTHUKA OTKPBITOTO COCTOSTHUS; 2-XapaKTePUCTUKU
3aKPBITOTO COCTOSIHUSL.

BHyTpeHHsis1 oOpaTHasi CBsA3b Jle/laeT TUPUCTOP upe3BbluaitHO 3((dEeKTUBHBIM U
ObICTPBIM TIEPEK/THUAOIINM YCTPONUCTBOM (TUITMUHOE BpeMs BK/ItoueHus1 1 MKC). Vim
MO>KHO BOCTIO/Ib30BaThCsA /ISl yYIIPaBlA€HUs OdeHb OOJIBIIMMUA  MOIIHOCTSMU,
TIOCKOJ/IbKY p-n Tiepexo/ibl MOXKHO CZie/laTh TaKUMH, YTOObI OHU BbIJep)KUBaIM MHOTHEe
cOoTHU BosnbT mpu cmelleHnyd B oOpaTHOM HaripaBieHUW. [Ipd COOTBETCTBYHOIIMX
pa3Mepax p-n TIepexXof0B C TIOMOLLBI0 THUPUCTOPA MOXKHO TepeK/oYaTh TOKU
BeJIMUMHONM COTHU AMIep M MpPU 3TOM Ha HeM [aJilaeT HarpsbKeHue BCero JIWIlb
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nopsiika BosibTa mim 0komo 3Toro. Takoro coueTaHusl BEICOKOTO HAITPSDKEHUST TTPo0ost
c 6onmpmmM 3 dekTHBHBIM KO3GhGUIIMEHTOM YCUIeHHS TOKa Hemb3sd [OCTHUbL B
MOIITHOM TpaH3UCTOpe: OOMbINON KOI(POUIMeHT yCHIeHHS TOKa TpeOyeT, 4TOOBI
obsacTb 6a3bl Obl/Ia TOHKOM, a 3TO TIPUBOAUT K HU3KOMY HampsyKeHHUI0 TIpo0osi.

ITapameTpsbl TUPUCTOPOB

OCHOBHBIMM NTapaMeTpaMU THUPUCTOPOB SIBISIFOTCSI:

NOCMosIHHOe HanpsiceHue 8 omkpbimom cocmosiHuu  Upc - OCHOBHOE
HanpsbKeHre Ha OTKPBITOM TUPUCTOPe TIPU OMNpe/ie/IeHHOM Cpe/IHeM OCHOBHOM TOKe B
OTKPBITOM COCTOSTHUM loc cp;

mok yodepycaHusi lyq - HaUMEHBIIIMM OCHOBHOW TOK, HEOOXOJWUMbBIA JJIst
noJiiep>kKaHusi TAPUCTOPa B OTKPHITOM COCTOSIHUM, TIPY OTpeJie/IeHHOM OTITHMPAoIleM
TIOCTOSTHHOM TOKe yripaBieHus ly or;

omnuparowjuti NOCMosiHHbIU MOK ynpagaeHusi Iy or - HAaUMEeHBIINM M0CTOSTHHBIN
TOK yIIpaB/ieHUsl, HeOOXOAUMBIN AJisi BK/IHOUEHWs TUPHCTOpPA, TpH OIpeje/ieHHOM
TIOCTOSTHHOM OCHOBHOM HarpspKeHHH B 3aKPBITOM COCTOSTHUU Usc;

omnupaiouwjee NOCMosiHHOe HanpsiceHue ynpaeneHuss Uy or - TIOCTOSIHHOE
HampspKeHWe YIIpaB/ieHHs], COOTBETCTBYIOI[ee OTIMPAIOIeMY TTOCTOSHHOMY TOKY
ynpaBieHuss ly or TpU ompezieieHHOM ITOCTOSSHHOM OCHOBHOM HarpsDKeHWHd B
3aKpBITOM COCTOSIHMY TUpHcTOopa Usc;

MAKCUMA/nbHOe NOCMOSIHHOe HanpsijceHue 8 3akpblmom cocmosiiuu Usc vakc -
MaKCHMajbHOe TpsiMOe OCHOBHOE HarpsbkeHWe, TIpU KOTOpOM TIpUOOp OcCTaeTcs
3aKpbITHIM MpHU Toke Iy = 0;

MAKCUManbHO donycmumoe nocmosiHHoe obpamHoe HanpsixceHue Uogspmakc;

MAKCUMAAbHO 00NyCMUMbIU NOCMOSIHHbIU UAU CPeOHUll MOK 8 OMKpbIMom
cocmosiHuu locmakc;

MAKCUMA/bHO 00NYCMUMbIL NOCMOSIHHbIU MOK ynpasneHust Iymakc;

MAKCUMAa/nbHO 00NyCMuMasi CpeoHsisl pacceusaemas MOWHOCMb Pcpyaxkc;

OcHOBHBIE Y/1eKTpUYecKue napamerpsl Tupucropa KY101b

[TocTosiHHOE HanpsKeHue B OTKPBITOM COCTOSHUU Uoc

1pu loccr = 75 MA 2,5B
Tok ynepxxauus Ly

1pu Iyor =0 0,5... 25 MA

OTnuparoiMii NOCTOSTHHBIM TOK yIipaBieHus ly or

ripu Usc =10 B 0,05...7,5 MA
Ornvpatoliiee TIOCTOSTHHOE HanpsbKeHue yripasiienus Uy or
nipu Usc = 10 B 0,25...10B
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MakcrMasbHOe IOCTOSHHOE HarpskeHre B 3aKPbITOM COCTOSTHUM Usc makc 50B
MakcrMasbHO JI0ITyCTUMOe TTOCTOsTHHOe oOpaTHoe HanpsbkeHue Uoppmakc S50 B
MakcumanbHO Oy CTAMBIN IMOCTOSIHHBINA WY CPeHUM TOK B OTKPBITOM COCTOSIHUU
Ioc.makc 75 MA

MakcrManbHO AO0MYCTUMbIN MOCTOSTHHBIU TOK yTipaB/ieHUs Iymakc 15 MA
MakcumasibHO [OIyCTUMas CPeHss paccerBaeMasi MOIHOCTb Pcpyakc 150 MA

Mopynas «Tupucrop»

Cxema mopynsi «Tupucrop» npuBeleHa Ha puc. 4.4. DjieMeHTbl CXeMbl Ha
cMeHHOM Mogy/e Ned MMeroT ciiefjyrolue rnapameTpsl:
VS1 -tupucrop KY1015;
pesuctop Ry = 510 Om.
HG1 - cetoguon L-934LSRD

A /_,\/},
[J RH (72\}
' HG1
® KT5
Ia
L 2
KT6 KT7 KT9
" e R 'Y
A A
< R PTR KT3 /XZ 1o +
P > @ o
g T Y3 K Us MH1
NT Uy =
0-10MA |
PY Y @
KTt KT8 KT10

PucyHok 4.4 Cxema moayns « Tupuctop»
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ITIOPANOK PABOTbI

1. ITogroroBka K padore

1.1 3apucyiiTe cxeMy AJ1s1 TIOJIyYeHHsI aHOJHOM XapaKTePUCTUKU TUPUCTOPa (CM. pUC.
4.5).

1.2 Boruepture Tabi1. 4.1 ...4.3 11 3aMvcy pe3y/IbTaToOB UCC/Ie0BaHUI TUPHUCTOPA.

1.3 Ycranoute Boik/mouaTens CETD, BbIK/IrOUaTe/mM BCeX MCTOUHUKOB CHUTHA/IOB U

M3MepuTesibHbIX TpubopoB B mosiokeHue BBIKJI, peryastopbl MOTEHI[MOMETPOB

BCeX HCTOUHUKOB B KparHee JieBOe II0JIOJKeHHe, I[lepeK/rouare/ib /Juara3oHOB

UCTOYHUKA ToKa M1 T - B nosioxkenue 0 - 1 0 MA.

1.4 TogknrourTe cMeHHbIN Mofy/ib Ned K pa3beMy 6a3oBoro 6/10ka.

1.5 IlomcoenrHUTe IHYDP NMUATAHUSA K Pa3beMy Ha 3aJlHEW CTeHKe CTeHZA W BK/IFOUUTE

BUWIKY IIHypa MUTAHUs B PO3eTKY 3/IeKTPOCeTU HarpsbkeHueM 220B.

KT7 KT9
@

KT1 . KT2 KT3
43 K
A @ ~
0-~10MA

KTk KT8 KT10

PucyHok 4.5 Cxema Moay/si « TUPUCTOP » C MOJK/IFOUEHHBIMHA H3MEePUTEeTbHBIMU
nipubopamu.

BHumaHue!
Ecau nokazaHus Ha oducnjee uzmepume/bHO20 npubopa He U3MeHSIIOMCA npu
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uU3MeHeHUU u3MepsieMoll 8e/IUYUHBL, MO 8bIK/I0YUMe U CHO8A 8K/1i0UUMe e20
mymo6aepom BKJI / BBIKII.

Ecau npu ek/iioueHuUu amnepmempa Ha e2o0 ducnsiee omoopaxcaemcsi cumeon AC
(pedicum u3mepeHUs1 nepeMEeHHO20 HANPSXCeHUs1), MO 8bIK/1l0YUMe U CHO8a
ex/mouume amnepmemp mymosepom BKJ/I / BBIKJ/I 0as u3mepeHusi
NnocmMosiHHO20 no pody mMoka (npu 3mMoM Ha e20 oucn/ee 00/XHCeH
omoopazumbcs cumeon DC).

2. OnpepgeneHue 31eKTPUUECKHX MapaMeTPOB TUPUCTOPA

2.1 15 ucciefoBaHMsl TUPUCTOPA TIOAK/IIOUUTE BCTPOEHHBIE B CTeH/] PUOOPHI:
PA1 - mukpoamiiepMeTp [Jig U3MepeHus TOKa yrpas/eHus ly;
PA2 - muumaMnepmeTp Aj1s U3MepeHUs TOKa aHoza la;
PV1 - BosibTMeTp /i U3MepeHus HarpsykeHus yripasieHus Uy,
PV2 - BosbTMeTp /151 U3MEepeHUs: aHOAHOTO HarpsokeHus U ;

2.2 Tlocse mpoBepKU TiperiofiaBaTesieM TTPaBUJIbHOCTH TIOAK/TIOUeHUsT TIPUOOPOB
BKJIFOUMTe NUTaHWe cTeHza Bbik/IroyaTeneM CETD.

2.3 Bxitounte uUCTOYHUK TOKAa MT, UCTOUHUK Hanpsbkenus MHI1 wu
TIOAK/TIOUeHHbIE K CXeMe U3MepUTesIbHbIe PUOOPHI.

2.4 Perynstopamu I'PYBO u TOYHO wucrtouHvka Hanpsokenus WH 1
yCTaHOBUTe 3HaUeHHe aHOAHOro HarpsbkeHus U, paBHbIM 10 B.

2.5 Perynsaropamu I'PYBO u TOYHO wuctouHvka Toka M T yBenduuBauTe
3HaueHUs TOKa ympaBieHus Iy [0 oTmupaHuss TUpPUCTOpa (B MOMEHT OTMHpaHUs
HampspkeHWe Ha aHofe Ttupuctopa U, pe3Ko yMeHbIIaeTcsi, aHOAHbIA TOK Ia
yBeruuuBaeTcs U ceetoauod, H G 1 HauvHaeT CBeTUTHCS).

2.6 3aHecute B Tabm. 4.1 3HaueHWs OTIMpAIOIETO TIOCTOSHHOTO TOKa
yripaBjieHus [y OT ¥ oTIMparoLero rnoCToAHHOIO HarpspkeHye yrpasneHus Uy or.

2.7 YctaHoBuTe TOK ympaeiaeHus Iy = 0. YbequTech, UTO TUPUCTOP OCTAJICS B
OTKPBITOM COCTOSIHUM.

2.8 [11aBHO yMeHbIIIAUTe aHOJHBIM TOK 1A, peryIupysi BeJIMUMHY HarlpshKeHUs
VCTOUHUKA nuTanust M H 1, moka TUPUCTOP He MepeusieT B 3aKPbITOe COCTOSTHUE.

2.9 3aHecuTe BeJIMUUHY aHOAHOTO TOKA, IIPU KOTOPOM THUPHUCTOP 3aKpbLICA Ia =
Iyn B Tabm. 4.1.

Tabauya 4.1
[TapameTp OKCIepuMeHTabHOe CnpaBouHoe
3HaueHHe 3HaueHne

OTnvparoIMii TOCTOSHHBIA TOK yrpasieHust ly.om 0,05...7,5MA
npu Usc= 10B
Ortnvparolijee IMOCTOSHHOE HAlpsDKeHWe YIIpaBleHUs 0,25...10B
Uy.om nipu Usc=10B
Toxk yuepxxanus Iyo ripu Iy=0 0,5...25 MA
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ITocTosiHHOE HarpsbkeHWe B OTKPBITOM COCTOSTHUM He Gosee 2,5 B
Uoc

3.CHaTHE XdPAKTEPUCTHUKHU 3dKPBITOI'0 COCTOAHHUA TUPUCTOPA IIPHA
Iy = 0,9 Iy oT

3.1 YcraHoBuTe MHHMMa/JIbHOE  3HaueHWe  aHOJHOIO  HarlpsOKeHUs
peryasatopaMu uctouHuka MH1 .

3.2 YcTaHOBUTe 3HaUeHUe ToKa yrpapneHus Iy = 0,9 Iy or.

3.3 Perymupys Be/MuMHy HarpsokeHUsI WCTOYHMKA TdraHus HWH1
yCTaHaB/IMBalTe 3HaUueHWsI aHOAHOTO HampspkeHusi U, commacHo Tabn. 4.2. s
KKIOr0 3HAueHUs] aHOAHOrO HamnpsbkeHuss U, CHUMaWTe COOTBETCTBYHOLME
3HauUeHUs1 aHOAHOTO ToKa I = 3¢ 1 3aHOCHTe UX B Tabm. 4.2.

Tabauya 4.2

Tok yripasnenust [y=0,91y.om
AHogHoe Hanpsbkenne UA=U3sc, B 1 5 10 15
AHopHbIM TOK IA=13c, MA

4.CHaATHE XdPAKTEPUCTUKH OTKPLITOI'0 COCTOAHHUA TUPUCTOPA

4.1 Ec/v TUPUCTOP HaXOAUTCS B 3aKPBITOM COCTOSIHMY, TO IepeBeUTe ero B
OTKpPBITOE COCTOSIHUE, BBITIO/IHUB I1.11.2.4 1 2.5.

4.2 YcTaHOBUTE MaKCHMMa/lbHOE 3HaueHWe HamnpspKeHUsI MCTOUHUKA TMUTaHUS
WHI1. Ilpu 3TOM aHOAHBIM TOK I, OyzeT WMeTh MakCHMasbHOe [l JAHHOW CXeMBI
BKJIFOUeHUS 3HaueHUe a3 = [a makc.

4.3 YcraHoBuTe 3HaueHWe TOKa yrpaBneHus Iy = 0 MA. Ybeaurech, uTO
TUPUCTOP OCTAJICS B OTKPBITOM COCTOSIHUM. 3aHeCUTe 3HaueHUs aHOAHOTO ToKa / a3 =
Iamakc ¥ COOTBETCTBYIOI[ETO eMy aHoAHOro HampspkeHWs Us = Upc B Tabm. 4.3.
3HaueHre aHOAHOTO HarpsbkeHust Uoc 3aHecuTe Takxke B Tabs. 4.1.

4.4 PaccurraiTe 3HaueHUs1 aHOJHOTO ToKa [a= 0,5 (Iamakc + Iyn) ¥ [a1= (Iyg +
1mMA). 3aHecure ux B Tab. 4.3.

4.5 YcraHaB/IMBaWTe 3HAUueHHUS aHOAHOrO TOKa I, W Ia; MW CHUMaKTe
COOTBETCTBYIOLIIMEe 3HaueHUs1 aHOAHOro HarpsokeHUss Ua = Upc. IlomydeHHbIe
pe3y/bTaThl 3aHOCUTe B Ta0/I. 4.3.

4.6 BbIKItOUMTEe UCTOYHUK TOKa M1, UCTOUHUK HanpsbkeHus HMHI wu
TIOJJK/TFOUeHHBIe K CXeMe M3MepHUTe/IbHbIe PUO0PHI.

Tabauya 4.3

Toxk ynpasnenus Iy = 0

AHogHbIY TOK IA = Toc, MA | Ia1 = | Ia2 = | IA3 = IAmaxc =
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Anopnoe Harpskenve UA = Uoc,
B

5. O6pa6oTKa pe3y/IbTaTOB YKCIIEPUMEHTa

5.1 Ucnonb3ys gaHHble Taba. 4.1 cpaBHUTe 3KCMePUMEHTAIbHO MOTy4YeHHbIe
3HaYeHUs 5/1eKTPUYECKUX TTapaMeTPOB TUPUCTOPA CO CIIPAaBOUHBIMU 3HAYEHUSIMU.

5.2 Wcnonw3ys paHHbie Tabn. 4.2 u 4.3 moctpoiite rpadvk aHOAHOU
XapaKTepUCTUKU TUpUCTOpa. OHa UMeeT BUJI, Mpe/iCTaB/IeHHbIM Ha puc. 4.3.

KOHTPOJIBHBIE BOITPOCHI

1. KakoBo Ha3zHaueHue TUPUCTOPOB?

2. Kakue ycioBusi He0OOXOAUMBI /1J1s1 OTIIMPAHUS TUPUCTOPa?

3. Kakue yc/ioBust HeoOXOAUMBI /1Sl 3aTTMPaHUs TUPUCTOPA?

4. Kakumu rapameTpamu XapakTepUusyrTcsl TUPUCTOPHI?

5. B kakoMm ciyuae Tupuctop OyzmeT BecTH cebsi, Kak MOTYTPOBOJHUKOBBIM U0/ ?
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PABOTA Ne 5. <MCCJIEJOBAHUE YCWINTE/IbBHOI'O KACKAJA HA
TPAH3UCTOPE»

IJeab pabombl - pacueT U KCTIePUMeHTaIbHas TIPOBEPKa pexkrMa paboTel B paboueit
TOuke Kackazga ¢ OOC; cHATME aMIUVIMTYJHO-YaCTOTHOM W  aMIUIMTYJHOU
XapakTepuCTUK Kackaga ¢ OOC 110 riepeMeHHOMY TOKY M KacKaza C IIyHTUPYIOLLUM
KOH/IEHCATOPOM; CpPaBHeHMe HeJTMHEeWHbIX UCKA)KEHUW U TlapamMeTpOB 3TUX
KaCKa/loB.

ITOACHEHUSA
Pexxum Kackajga ¢ O3 1o noCTOSHHOMY TOKY

CocrosiHWe ycuauTesss TpYU paBHOM HY/I0 BXOJHOM CHIHajle Has3blBaeTCs
paboueil TOUKOM KacKaZla WIA PEeXXUMOM TIOKosi. Pabouasi Touka Kackajga ¢ O3
oripeie/isieTCsl YeTbIpbMsI apameTpaMu: TokamH I v Ik. 1 HanpsbkeHusimu Ha 6a3e Us
y KoJuiektope Uk.

Pabouasi Touka B cxeme puc. 5.1 3azaeTcsi GHUKCUPOBAHHBIM HaIpPSHKEHHUEM
6a3bl Us OTHOCUTEBHO 0011]eli TOUKM C TOMOIIbio 6a3oBoro genmurtensi R 1, R2. Tok
JleJTATe sl HarlpspKeHHsl yCTaHaB/IMBAIOT Ha MOPSIIOK BhIlile TOKa 6a3bl (I >

10 Iy ), mo3ToMy wu3MeHeHUs TokKa 0Oa3bl Cab0 BAUSIOT Ha TIOTeHIMAn 0a3bl.
HamnpsokeHne 6a3bl oripeiensieTcs 1o ¢hopmysie

Us=Un-R2/(R1 +R2) (5.1)
rae - U - HafnpsbkeHUe MUATaHUSI CXEMBI.
Tak kKak mepexo[; 6a3a-3MUTTep CMelljeH B MPSIMOM HarpaB/ieHUM, TO Ha HeM TajiaeT

npubnusutensHo 0,6 B. TlosToMy moTeHIMan SMUTTepa HWKe TMoTeHLMana 6a3bl Ha
0,6 B.

U= Us-0,6. (5.2)
OTcrofa MOXKHO HAaWTU BeJTMUMHY TOKA IMUTTEpa
Ir =Us/R>5. (5.3)
ITockonbKy I5=Ix + I5, a Iy < Ix, TO MOXKHO CUMTaTh, UTO
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HaHpH)KEHI/Ie Ha KOJ/UVIEKTOPE TPaH3HUCTOPa
UK = UH -IK RK. (55)

HTepeCcHO OTMeTHTh, UTO B TPHBEJAEHHOM pacueTe OTCYTCTBYeT HeCTaOWIbHBIN
KO3 dULMeHT yCuieHus 1o TOKY h ;5 TpaH3uctopa. @akTUUeCcKu elMHCTBEHHbIM
rapaMeTpoM TPAH3WUCTOpa, BAMSIONIMM Ha PEeXAM paboThl CXeMbl, SIBJ/ISETCS
HarpspkeHue U s 5 , KOoTopoe NpuHATO paBHbIM 0,6 B 1 n3MeHsieTcs OueHb Majio

( menbiie 0,1 B) or ogHoro tpaH3uctopa K Agpyromy. [lageHue HanpspkeHUsi Ha
IMUTTEPHOM pe3nucTtope R 5 [JO/MDKHO ObITh Oosbllle BO3MOMKHBIX W3MeHeHU
HanpspkeHUs U 5 5 . OOBIUHO MMOAXOASAIINM sIB/IsieTCsT HanpsbkeHue 1 B. Vicxoas u3
BBIIIEU3/I0)KEHHOTO, MOYKHO 3aK/IFOUWTh, UTO TOJI0o)KeHue pabouell TOUKW B JAaHHOU
cxeMe UMeeT BbICOKYH0 CTaOM/IbHOCTb.

_ +Un
R1 Rk
Cpt Do
Uex VT1
i
1 R2 Ra o). k3
o 0B

Pucynok 5.1 Cxema ycuinTesibHOTO Kackazia ¢ OO € 3a3eMJIeHHBIM 10 [IlepeMEHHOMY
TOKY 3MUTTEPOM.

MakcrMasIbHO BO3MOKHOE 3HaUeHMe TOKa 0a3bl B paboueii Touke

IE.ME[KC = IK / h213 MUH ( 5 . 6 )
I'ne hysww - MUHAMaIBHO BO3MOXXHBIM KOS((ULIMEHT yCUIeHUs TPaH3UCTOpa
I10 TOKY B cxeMe ¢ OD.

HOns tpan3uctopoB Mapku KT503E ko3p@uumeHT hzs ww = 40. Tak Kak y pasHbIx
TpaH3ucTopoB Tuna KT503E BenvuuHa hyis wuw. MOXKeT MeTh 3HaueHue oT 40 go 120,
TO TOYHOe 3HayeHue Iy paccuuTarh HeJlb3dl.

YcunurebHbIM KacKa/, C IIYHTUPYIOLIUM KOH/JE€HCAaTOPOM B LiellM SMHUTTepa

Kackazbl ycuieHWss 3BYKOBOM YaCTOThl Yallle BCEro BBIMOJHSOT —Ha
TPaH3UCTOpaxX, BK/AOUEHHBbIX ¢ O3, TaK Kak TpPU 3TOM TONy4yarOT YCUIeHWe U MO
HanpsDKeHWI0 U TI0 TOKYy. B cxeme Ha puc. 5.1 koHgeHcatop 6Gosbiioit emkocty C3
IIYHTUPYET SMUTTEePHbIN pe3ucTop. MIMreaaHC 3TOro KoHAeHcaTopa Xc, Jo/bKeH ObITh
ropaszio MeHbIIle COTIPOTUBJIEHHUS pe3rcTopa R 5. TakuM 06pa3oM, MOXKHO CUHTaTh,
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YTO ZI/IsI [IepeMeHHOT0 TOKa SMUTTEP TPaH3UCTOpa CoelHeH C 0011[eli TOUKOM CXeMbl.
ConpoTtuB/ieHHe nepexoja ’MUTTep-0a3a co CTOPOHBI IMUTTEpPA

OMUTTep TpaH3WCTOpa HMeeT COOCTBEHHOe COTIPOTHBEHWe s , KOTOpOe
BLICTyTIaeT B KauecTBe I10C/e/JOBaTe/IbHOTO [jiss SMUTTEPHOW I[eMd BO BCeX
TPAH3UCTOPHBIX CXeMax. BejMurWHa 3TOTO COTPOTHBIEHUS PpaCCUATHIBAETCS TI0

dbopmyiie
rs = [25/ Ik (MA)] Om, (5.7)

rae Ik (MA) - TOK KoJ/IJIeKTOpa, B3SThIM B MUJI/IMAMITIepax.

Ecnu pe3uctop R 5, Kak B JJaHHOW CXeMe, 3alllyHTHPOBaH KOH/IeHCAaTOPOM WJ/TH
BeJTMUMHA ero COTIPOTHB/IEHHsI CpaBHUMaA C BeJIMUMHOMU I's, TO B pacueTax HeoOXoAuMOo
YUUTBLIBaTh BEJIMUMHY I5.

3aBUCMMOCTh TOKAa KOJ/UTeKTOpa OT HampsbkeHusi 0a3a-3MUTTED TpaH3UCTOpa
JIOCTaTOuHO TOYHO OIMMChIBAeTCsl ypaBHeHreM Dbepca-Morina:

Ik=lolexp(qUs>/kT) - 1] (5.8)

e I - TOK yTeuku KosutekTop-0a3a, TipoTekatoriyii pu U 5 5 = 0; q - 3apsij 371eKTpoHa
(1.60 x 107°Kn); k - mocrosiHast Bombipvana (1,38 x 107° Dk/K); T - Temreparypa
riepexo/ia B keibBUHax (K = °C + 273,16).

[Tpn komHatHOU Temmeparype T= 20 °C = 293 K u npu Us>> 0,1 B 31a
3aBUCUMOCTh UMeeT B

IK = Io [EXP (40 U BED )] (59)

JlHaMIUeCcKoe COTIPOTHR/IEHHE Tiepexo/ia 6a3a-3MUTTeP CO CTOPOHBI SMUTTEPA ([1/1s1 Masioro
CUTrHaJIa) OTpe/esisieTCsl Kak

rs=dUss /dIs*d Uss/ dlk (5.10)
uddepenimpys (5.9) 1 yuurbiBag (5.10), momyunm
dlx / dUss = 40Ik=1/r> (5.11)
TI03TOMY COTIPOTUB/IEHHE TTepexofia SMUTTep-0a3a Co CTOPOHbI SMUTTEPA PAaBHO
rs =1/40 Ik (5.12)

CnenoBare/nbHO, COTPOTUB/IEHHE riepexo/ia SMUTTEp-0a3a obparHo
MPOMOPLMOHA/IBHO TOKY KO/JIeKTopa. TOK KOJleKTopa BeMuuMHOM 1 MA  f1aer
COTPOTHB/EHHE I's 0Koso 25 Owm. BreipakeHue (5.12) siBisieTCsl 1OCTaTOUHO TOUHBIM JIJIsT

OOMBITIMHCTBA MPAKTHUeCKUX LIeJTei.
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17151 MasTbIX M3MEeHEeHH CUTHAJIOB BBIXOJHOE HalpsDKEeHHE PaBHO

Upx — - iK RK (5.13)
BbIpasyM Tok KorieKTopa 13 BeIpaykeHus (5.10)

Ik =Ugs /1> (5.14)

[oncraBum (5.14) B (5.13) 1 nonmyurm

Upx — - ( Upx/ I ) RK (5.15)

Ko3ddunueHT ycuieHHs epeMeHHOr0 HanpsDKeHus
3 BbipaxkeHus (5.15) koahPUieHT ycueHus: lepeMeHHOT0 HarpsDKeHUs JJ1st
cxembl puc. 5.1 paBeH

K = Up/ Usx=- Rx/ Iy = -40 Ry Ik (5.16)

3HaK MMHYC TOBOPUT O TOM, UTO yBeJWueHue ToTeHI[Masa 0a3bl [aeT
yMeHbIlIeHWe MOoTeHL1ana KoIeKTopa.
B TakoM ycuiuTesie TIpU YCJIOBUM, UTO HarpsbKeHHe KOJIIeKTopa B paboueii

touke coctapser 0,5 U = Ri Ik ., ko3bdUILMenT ycuneHns no HanpsukeHUo s
MaJIoro CUrHaja paBeH

K~20U (5.17)

yTO clefyeT U3 BbipaxkeHus (5.16).
BenuuuHa ko3(dulLMeHTa yCWieHUsi HamnpsbkeHHss K 3aBUCMT OT TOKa
KOJIJIEKTOpa, TI03TOMY Haii/leHHOe 13 BbipaxkeHUsi (5.16) 3HaueHue ko3dduimenta K

nMeeT CMBIC/I TOJIBKO /I MaJ/IOI'O CHI'HaJ/ld Ik < Ix (HEpEMEHHbIﬁ TOK Ik ropasao

MeHbllle Toka mokoss Ix ;) . EciM Ha BXOJ /JAHHOTO YCUIUTeNsl MOJaeTcs
TPEYro/ibHbli CUTHa/, a Ha BbIXO/e [EeMCTBYeT MaKCHMa/JbHOe HeOorpaHU4YeHHOe
HarpsbkeHWe, TO OHO OyZieT MMeTh He/IMHeiHbIe MCKa)KeHHsl, T0Ka3aHHble Ha PUC.
5.2.
AMIIMTYJHO-4aCTOTHAsA XapaKTepUCTHKaA

[IyHTHUpYIOLHN SMUTTEepHBIN KoHAeHcaTop C3 ciieyeT BbIOMpATh Tak, YTOObI
VMIIe/IaHC Tapasifie/lbHOr0 coeiluHeHUs pe3ucTopa R 5 u KoHJeHcaTtopa C3 He BAMSI
Ha Ko3bduimeHT ycuneHusi K B Hy)KHOM [uaria3oHe 4acToT. [I7is1 9Toro umreaaHc
KoH/leHcaTtopa C3 o/DKeH OBITh HeOOJIBIIIMM 110 CPaBHEHUIO C I's Ha CaMOM HU3KOM
13 UHTepeCyIOIUX Bac uacTorT f (X¢, & ry ) win

12nf Cs ¢ 1/40 Ik (5.18)

53



YacroTa, Ha KOTOpOU UMMeaHC KoHAeHcaropa C3 U CONpOTHB/IEHHEe SMUTTEpA I's
PaBHBI

f=40 Ix/ 2nC> (5.19)

PasgenutensHble KoHAeHcaTopbl C1 u C2 UCHOMB3YIOTCA A/ U30JSALUU
BHEIITHUX 1lerei OT TTIOCTOSIHHBIX HarpsbKeHWM, UMeloIuXcsi Ha 6a3e M KOJJIeKTope B
peXXrMe TTOKOSI.

st OLeHKU BJWSIHMS 4acTOThl curHana [ Ha kKo3¢gduuueHT ycuneHus K
WCIIO/b3YOT aMIUIUTYIHO-YaCTOTHYIO XapakTepucTuky (AUX) ycunurens (puc. 5.3).
[Tonocov mpomycKaHWsi YCWJIWTE/ISI Ha3bIBalOT WMHTEpBaa 4acTtoT Af | B mpejenax
KoToporo Ko3(hduieHT ycuneHUsl CHKaeTcss He Oosiee, uem Ha 3 Ab (0 ypOBHs
0,707) 1O OTHOIIEHHIO K €ro 3HaueHWI0 Ha CpelHMX uactotax Ky (gas ycunuress
HU3KOU 4acToThl f. p = 400 ... 1000 I'w).

y
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PricyHok 5.2 ®opma BXOJHOTO U BBIXOAHOTO CUTHAJ/IA B CXeMe C IIIyHTUPYIOLUM
KOH/IeHCaTopoM (puc.5.1) npy O0MbILION aMITUTY/e KoebaHui. BxogHOM curHan
TOKa3aH B yBeJIMUeHHOM Maciiitabe /7151 yno6CTBa CpaBHEHUS

BxoaHoe comporuB/ieHHe B mosoce MpomycKaHWs YCUIUTeNsT WMITe[aHC

KoHjleHcaTopa C1 MeHbIIle UMITeZIaHCa BXOAHOTO COTIPOTHUB/IEHUsI CXeMbl I'eX. Tak Kak
koHzeHcatop Cl W BXOZHOe COTMpPOTHB/IEHWE COeAUHEHBI IT0C/IeA0BaTebHO, TO
TIOJTHOe BXOJHOE COTPOTUB/IEHWE YCWINTEeNsS B TIO/I0Ce TIPOMYCKAHUS PaBHO
BXO/IHOMY COTIPOTHBJIEHHIO Z8X ~ I'8X.

Bxo/iHOe COTIPOTHB/IeHNWEe JaHHOW cXeMbl (pHC. 5.1) A/t IepeMeHHOro CUTHasla
OTIpeJiesisieTCsl Tapa/Uie/lbHbIM COeJUHeHWeM pe3ncTopa fenutens R2 U BXOAHOTO
COTIPDOTHBJIEHUs] TPaH3MCTOpa CO CTOPOHBI 6a3bl I's. OObUHO I's < R2 . B pgaHHOMU
cxeme
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rB:uES/iB:uBS(h213+1)/i3%r3h213 (5.20)

c yuetom Toro, uto Ip =15/( has+1); rs= Uga/I5; hus 21,

Tak kak ko3 duieHT hy;5 MOXKeT CUTBHO OT/IMYAThCS Y Pa3HbIX 3K3eMILISPOB
OJHOTO U TOTO K€ TUIla, TO MOXXHO OIpeJeSUTb TOJbKO MWHHMMATbHO BO3MOXKHOE
3HaueHue BXOJHOTO COMPOTHB/IEHUS TPAH3UCTOPA CO CTOPOHBI 6a3bl

I's mun (KOM) =TIs h213MUH = h213 MUH /40 IK (MA) (521)

MuHrMa/ibHOe 3HaueHue BXOAHOI0 COTIPOTUBI/IEHUS CXeMbl pUC. 5.1 Ay
TepeMeHHOr0 CMrHajia paBHO

I'BXmur — T'bvun RZ/ (rB MHH +R2 ) (522)

HwxHusasa rpanuuHasa uyacrora Korzma umnegaHc koHgeHcaropa CI paBeH
BXOZIHOMY COTIPOTUB/IEHUIO CXeMbI I'px, KOI(QUIMeHT ycuneHus: rnajaetT Ha 3 1b.
OTcrofla HYKHSISI TPAHUYHAS 4YaCTOTa yCUTUTes

fH =1 / 2 T[Cl I'ex (523)

BoixoaHoe conpoTuB/ieHHe OOBIYHO BBIXOAHOW MMIIEIAHC YCUTUTEIe UMeeT
PEe3UCTUBHBIM (OMUYECKUM) XapakTep B IIMPOKOM Juaria3oHe 4actoT. [losTtomy B
YCUNUTENSIX TOBOPSIT O BBIXOAHOM COMNPOTHB/IEHUM. BBIXOAHOE COMpOTHB/IEHUE
cxeMbl ¢ OO ompefensieTcss Kak TapasjiesibHOe CcoefiluHeHHWe pe3ucTtopa Rk u
BBIXOZJHOTO COTIPOTUB/IEHUSI TPaH3UCTOpPa CO CTOPOHBI KojuleKTopa. KosiekTrop
obafjaeT oueHb OOJIBIIIMM COTIPOTHB/IEHHEM (Topsizika MeraOM), TT03TOMY BBIXOZHOE
COMNPOTHBJIEHUE OTpe/ensieTCsl KO/IJIEKTOPHBIM pPe3MCTOPOM

I'epix ® Rx (524)

BepxHsisi rpaHMYHasA YacTOoTa BepxHsisi rpaHWYHAas 4acToTa yYCUTUTE st
HaxoAuTCs 1o (hopmysie

fs = 1/ 2nCy Ry (5.25)

rge Cy - eMKOCTb Harpy3Kyd U €MKOCTH T1epexo/I0B TPAaH3UCTOPa; Ry - CONpOTUB/IEHKEe
rapasiie/ibHO COeIMHEeHHBIX I'spix M COMTPOTUB/IEHUS] HArPy3KHU.

AMIUIMTYJHasA XapaKTepUCTUKA
Onsi  ycunuTeneld Ba)kHa TakKe aMIUIMTyAHasi Xapakrepuctuka (AX),

BBID@)KAOIIlasi 3aBUCUMOCTb BBIXOAHOIO CHrHana Ug,x OT BXOAHOrO Ugx (puc. 5.4).

Tak kKak y4actok O - 1 ee sMHelHbIN, KO3QPuimeHT ycunenus K 10 HanpsokeHust Ugx
waxe COXpaHsieT TIOCTOSIHHOe 3HaueHWe. HauvHast ¢ Touku 1. poCT BBIXOAHOIO CUTHasa
OTCTaeT OT POCTa BXOJHOT0. DTO OOBSCHSETCS TeM, UTO BbIXOJHOE HarpsbKeHHe
HauvHaeT OrPaHWYMBaTBCS HamNpsDKeHWeM MUTaHus. [Iph 3ToM pe3Ko Bo3pacTaroT
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HeTMHeNHbIe NCKa)KeHUSI.

PucyHOK 5.3 AMIIZIMTY/THO-UaCTOTHAsi XapakKTePUCTUKA yCU/IUATE/IS.

U &mx‘

UbbiX.MGKC

[ SN -

" Uﬁx
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PucyHok 5.4 AMIUIUTY/HasA XapaKTepUCTUKaA YCUTATEIS.

Ycunurenbubii Kackaj ¢ OOC no nepeMeHHOMY TOKY

Ko3¢puiiueHT ycuneHus HanpsHKeHUs
Cxema ycunutesibHOro Kackaza ¢ O3 u ¢ OOC 110 riepeMeHHOMY TOKY IpUBeJeHa Ha
puc. 5.5. Pacuer pexvMa Mo MOCTOSIHHOMY TOKY 3TOW CXeMbl aHaJIOTUUeH pacyeTy
[JI CXeMbl C LIYHTHUPYIOLMM KOHZEHCAaTOpPOM B Lienu 3MuTTepa. B cxeme puc. 5.5
HeT LIYHTHPYHOLero pesuctop Rs KoHgeHcaropa. CrieoBaTesibHO, Ha pe3ucTtope Rs
TIOSIBUTCSL TIepeMEeHHOe HarpsbkeHre. OTO HampspkeHue TPOIOPLMOHATbHO TOKY
SMUTTEpa, a 3HAYMT U TOKY KOJUUIeKTOpa

Us = i3 Ry~ ix R5 (5.26)

B pe3ynbrare K ympap/siolleMy TpPaH3UCTOPOM Tepexofy 0a3a-3MuTTep
TIPUKJ/IaJbIBaeTCsl PasHOCTb BXOAHOrO HanpsbkeHUs: Up U HarpsokeHuss OOC 110 TOKY

U5 (Tak Kax U3 MPONOpIMOHANIBHO BEIXOJHOMY TOKY k)
Uss — Up - Us (5.27)

Homyctum, uro Ha 6a3y TofiaH rMepeMeHHbIM BXOAHOM curHan Ug. HaripspkeHue Ha
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MUTTEPe OyZleT OBTOPSITh M3MeHeHHe HarpsbkeHrs Ha 6a3e Uy = Ugp . ITO MpuBefeT
K U3MEHEHUIO TOKa SMUTTepa

i3=113/( R3+I"3)ZUB/( R3+r3)“uB/R3 (5.28)
Tak Kak 06b1uHO 'y KR .

Tpansuctop wumeeT 60/blION KO3(pUIMEHT ycuneHMs Toka hpis>1.
CnenmoBaTesibHO, TOK KOJIJIEKTOPA MPUOIM3UTE/ILHO PaBeH TOKY IMUTTEPA

Ik~ Iy = us/R5 (5.29)

I/ITaK, [epBOHA4Yd/IbHOE M3MEHEHKMEe HAlIPpAXKEHKS Ha 0a3e BLI3BIBAET U3MEHEHHe
HalIps>kKeHHMs Ha KOJIJIEKTOpe

Uk = -iKRK: - Ug RK/ R5 (5.30)

Otcroga ko3 duieHT ycuaeHUs HarnpsbkeHUs: cxembl ¢ OOC no TOKy (puc. 5.5)
paBeH u3 (5.30)

K = U/ Usx=ux/Up = -Rx/ R> (5.31)

3HaK MHUHYC TOBODUT O TOM, 4YTO YyBe/JWdYeHUWe TOTeHIMana 0asbl [Jaer
yMeHbllleHUe TOoTeHLMasa Kosiektopa. M3  BeipaxeHusi (5.31) BHAHO, UTO
K03(pPULIMEHT yCH/IeHUs 10 HarnpsbkeHuto ycunuTess ¢ OOC BenvuvHa MOCTOSIHHAS
Y 3aBHUCUT TOJIbKO OT OTHOILIEHHSI COTIPOTHMBIEHUNM pe3ucTopoB. CriefoBaTesbHO,
TakoW ycwiuTeslb 00/afiaeT BLICOKOM CTaOMIBHOCTBIO W He UCKaxkaeT (opmy
BBIXOZJHOTO CUTHasa. DTU 3aMeuare/ibHbie KaueCcTBa yCUTUTeIs C
OOC pocTuraroTcsi 1leHOW CUIBHOTO yMeHbllleHUs kosdduimeHta ycuwieHuss K (B

ycumarese 6e3 OOC K= - R/ 5. r3 < R3).

& O+Uﬂ

Rk
{:2 U Boix

U ex }—O
o—{|— VT1

R1

PucyHok 5.5 Kackaz ycusieHus nepemeHHoro toka ¢ OOC B 1jenu smutTepa

BxopHoe conmporuB/ieHHe B 10/0Ce MPOIMYCKaHUSI YCUIUTES UMITeJaHC
KoHpeHcatopa C1 meHbllle MMIIeJaHCa BXOAHOIO COTIPOTUB/IEHUSI CXeMbI I'gx. TaK Kak
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KoHZeHcatop C1 M BXOLHOe CONPOTUB/IEHWE COeAUHEeHbl I10C/el0BaTe/IbHO, TO
TIO/ITHOe BXOJHOE COMpOTUB/IEHUEe YCUIUTe/ss B II0JI0Ce IIPOIyCKaHWs PaBHO
BXOZJHOMY COTIPOTUBJIEHUIO Z8X ~ I'8X.

BxopHoe compoTvBieHWe CXeMbl pPUC. 5.5 IS IepeMeHHOro CUrHasa
orpeziesisieTcsl Mapasule/lbHbIM COeJVHEeHVWeM pe3rCTopoB Jenutens R1 v R2 u

BXO/IHOTO COTIPOTUBJIEHUSI TPAH3UCTOPA CO CTOPOHBI 0a3bl Is.
BxoziHOe COTIPOTHBIIEHHe TPaH3UCTOpa CO CTOPOHBI 0a3bl

I's =Ugp/Ip (5.32)
1151 IepeMeHHOT0 HaTPsDKEeHUST
uB=u3=i3( Ry +rs )m ir Ry (5.33)
Tak Kak ' < R5.
Kpowme Toro
is = ix/ hois ® is/ hois (534)

[ToacraBuB BeipakeHus (5.33) u (5.34) B Bblpaxkenue (5.32) mMomayudMm, 4YTO
COMPOTHBJ/IEHHE TPAH3UCTOPA CO CTOPOHBI 0a3bl

I”E = R3 h213 (535)

IOns Toro, utoObl M3MeHeHUs ToKa 0a3bl He BAWSIM Ha TOTeHIMan 0as3bl,
COTPOTHB/IEHUE JenuTesis (MapajiienbHoe coefuHeHWe R1 u R2 nisi iepeMeHHOro

TOKa) JO/DKHO OBITb MEHbIIle COMPOTHB/IEHMS] TPAaH3WCTOPA CO CTOPOHBI 0asbl Is.
CnenmoBatenlbHO,  BXOJHOE  COMNpPOTUB/IEHWE  ONpejensieTcsl  Mapasuie/ibHbIM
coenuHeHueMm R1 u R2

Isx = R1 R2/(R1 + R2) (5.36)

Tak Kak COTpOTHB/IEHWE TPAH3UCTOpPa CO CTOPOHBI Oa3wl I's B cxeme ¢ O O C
Oosibllle, yeM B CXeMe C MIYHTUPYIOLIUM KOH/I€HCAaTOpOM, TO U BXOZAHOE
COMNPOTHUB/IEHNE 3TOW CXeMbl OosIbLIIe.

BbIxoHOEe CONPOTHUB/IEHUE, HM)KHASI U BePXHASA TIPaHMUYHbIe YaCTOThI
ycumutenst ¢ O O C no nepeMeHHOMY TOKY OMpeJessitoTCsl BbIpakeHUussmMu (5.24),
(5.23) u (5.25), KaK ¥ [yig yCcuIuTensl C LIYHTUPYIOIIUM KOHJ€HCAaTOPOM B LieMur
SMUTTepa.

MeTtoarika u3MepeHHs BXOAHOT0 CONPOTHB/IEHHUS YCU/INTe IeH
[Ts1 u3MepeHrst BXOAHOTO COMPOTHUB/IEHUS YCUIUTESI MEXKy TeHEPaTOPOM U BXOZ0OM

VCCIelyeMOU CXeMbl BK/IFOUAIOT PE3UCTOP C U3BECTHBIM COTPOTHB/IEHUEM [y 3aTeM C
TIOMOIIIBI0 OCLWIOrpada Wik BhICOKOYAaCTOTHOTO BOJIBTMETPA C BBICOKUM BXOAHBIM

COTIPDOTHBJIEHUEM W3MEpPSIIOTCS HamlpsyKeHWs Ui U U, 10 00e CTOpOHBI pe3ucTopa I
(cm. puc. 5.6).
Ecny igx - mepeMeHHbIM BXOAHOM TOK (B Amriepax), TO, COIVIaCHO 3akoHY Oma

Ha pesucTope I'; MaJjaeT HanpsDKeHHe
u - U = I igx (5.37)
[TosTOoMy
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igx =(Ww-u)/T; (5.38)
[To 3akoHY OMa MCKOMOe BXOZHO€e COTIPOTUBI/IEHHUE YCUTUTE/IS

'ex = W/ Ipx (5.39)
CrnefoBaTenbHO, C yueTOM BeIpakeHUs (5.38)
rBX=I’iu2/(u1-u2)=ri/[(u1/u2)-1] (540)

HanpsbkeHus u1u U, ynoOHee oripe/ie/iSITh Ha BBIXO/le YCUIUTEIS: Uh3MepsieTCst
TIpU HEMOCPeJCTBEHHOM TOAK/IIOUeHUH reHepaTopa KO BXOAY YCWIUTeIsl, a Uy - TIpU

noc/jea0BaTe/IbHOM BK/IHOUEHHMH CO BXOAOM pe3HCTOpd I .HOCKOJ'[BKY B BBIPpA’KEHHUH
OJId rpx NMPUCYTCTBYeT TOJIBKO OTHOLIEHHE U; / up, TO KOB(b(l)I/IL[I/IEHT YCuIeHHA
YCWINTE/IA HE UT'DAET HUKaKoOU poJin (l.h /vy = upx: / upxs = K upx; / K Upxo = Uppix 1/
UBkix 2). HPE,E[HOHaFaETCH, UTO IIPpW BBIIIO/JIHEHHUH 3THUX I/IBMepeHI/Iﬁ HAIIpsDKeHKMe Hd
BBIXO/ie IreHepaTopa OCTAaeTCAd HEM3MEHHBIM.

5 :
_%‘?—[:3 S % YCUAUTE/b
FEHEPATOP [ u, .. U, o
4 ~ +

PucyHok 5.6 M3mMepeHrie BXOJHOTO COTIPOTUBJIEHUS YCUTATEJIS.

MeTtoauka u3MepeHusi BbIX0/JHOTO CONPOTUB/IEHHUS YCU/TUTe IeH

[TpakTrueckuii crioco® n3MepeHHs BBIXOHOTO COTIPOTUBIIEHUS I'ppx TTOKa3aH
Ha puc. 5.7. 3mech BBIXOAHOE HarpsyKeHWe XOJIOCTOTO XOZAA Upsix 1 M3MepseTCs
ocuiorpaoM C BBICOKOOMHBIM BXOZIOM W/ BbICOKOUACTOTHBIM BOJITMETPOM, a
3aTeM BBIXOAHbIE K/JeMMbl LIYHTUDYKOTCI Harpy3kou Ry C  W3BeCTHBIM
COTIPOTUB/IEHUEM. YMEeHbILIeHHOe MOJK/IFOUeHHeM Harpy3KU BBIXOJHOE HarlpsyKeHue
Uppix > A3MEPSIETCS TEM Ke U3MepUTeTbHBIM IPHOOPOM.

[Tagenne HarmpsDkeHUs] Ha BBIXOJHOM COMPOTUB/IEHUM YCWIWTENIS TpHU
TOJK/TFOUeHHOM Harpy3Ke paBHO Pa3HOCTH TOKa3aHUM U3MeprTeIbHOTo nprubopa

A Uppix = Uppix 1= UBbix 2 (5.41)
BBIXOHOU TOK TIPY HAJIMUMK HAarpy3Ku
IBprx = Uppix2/ Ru (5-42)
T03TOMY
resix = A Uppix / Ippix = (uBbIXl - uBbIXZ) Ry / uppix 2 (5.43)
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PucyHok 5.7 V3MepeHre BBIXOJHOTO COTIPOTUBJIEHUS YCUTATEIA.

OcHoOBHBIE Y/IeKTpuYeckKue napaMmerpsl Tpansucropa KT503I

HanpspkeHre HachIeHNs KO/L1eKTOP-3MUTTeP Ukouac
npu Ik = 10MA, Is = 1 MA He Oosee 0,6 B
TuIl. 3HaueHue 0,2 B
Hanpsokenne HachlmeHus1 6a3a-3MUATTEP Usspac
nipu Ik = 10MA, Is = 1 MA He bosee 1,2B
TUIl. 3HaueHue 0,8B

Crarnueckuii K03 dUIIMEHT Tepeiaud TOKa B CXeMe C 00IyM 3SMUTTepoM hois
npu Uxs = 5 B, I3 = 10 MA 80...240

MakcumasnbsHO JOMyCTUMOe MTOCTOSIHHOE HarpsbKeHHe KO/UIeKTOP-3MUTTEP Ukovaxc
60B
MakcuManbHO JOTyCTUMOe MOCTOsTHHOe HarpsbkeHue 6a3a-aMUTTep Ussvae
5B
MakcumasnbHO JOMYCTUMbINA MOCTOSTHHBIA TOK KOJLJIEKTOPA Ik wakc
0,15A
MakcruMabHO IOy CTUMBINA TTOCTOSTHHBIA TOK 0a3bI I§ yaxe
0,1A
MakcruMaabHO JOMyCThMasi MOCTOSIHHAsT paccerBaeMasi MOLHOCTh KOJJIEKTOPA Prxyaxe
0,35BT

Mopaynb «YcunureabHbIM KAaCKaj Ha TPAH3UCTOPe»

Cxema MOZy/sl «YCUINTeTbHBIM KacKa/, Ha TPaH3UCTOpe» MpHBeJleHa Ha pHC.
5.8. OneMeHThI yCcuauTessi Ha CMeHHOM Mozysie Ne5 UMeroT Cieiyrolue rnapameTphl:

VT1 - tpansuctop KT503I;

pesuctopbl R1 = 91kOm; R2 = 11kOwMm; R3 = 8,2kOm; R4 = r; = 1kOm; R5 =
7,5 KOM;

koHpeHcartopbl C1 = 0,1 u 1,0 mx®; C2 = C3 = 100 MKD;

SB1 - kHOTKa 6e3 (huKcaluu MoI0KeHusl.
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Pucynok 5.8 Cxema Moaynst «YCUIUTe/IbHBIM KacKa/l Ha TPAH3UCTOPE»

ITOPAIOK PABOTbBI

1. IToaroroBKa K pabore
1.1 3apucyrite cxemsl ycunuresnsg ¢ OOC 110 iepeMeHHOMY TOKY (CM. puc. 5.5)

Y yCUUTENs C ITYHTUPYIOLIWM KOHZIEHCAaTOPOM B Lieruy 3MuTTepa (cM. puc. 5.1).

1.2 Berueptute HeOOXOAMMBIE TAO/IULIBI.

1.3 PaccuuraiiTe pe>xuM Kackazia 10 TIOCTOSIHHOMY TOKY (TOKM 0a3sbl g yae U
KosutekTopa Ix v HanpsbkeHus Ha 6a3ze Us amutrepe Us u konnekTope Ux) U 3aHecuTe
pe3ysibTaThl pacueToB B Tabs. 5.2.1. Ilpy pacueTrax NpUMUTe HarpsbKeHHe TUTaHUs
cxembl U = 15B.

1.4 Paccuuraiite mapametpbl ycuiutens ¢ OOC 1O NepeMeHHOMY TOKY
(ko3(pdULIMeHT ycuieHUs TepeMeHHOro HaripsbkeHus K, BXO[HOe COMNpPOTHBJ/IEHUE
TIepeMeHHOMY TOKY Iy, HYPKHUE TPAaHUUHbIE YaCTOThI fu U fw (11 C1 = 0,1 u 1,0
MK®) 1 BbIXOJHOE COMNPOTUB/IEHUE MEPEMEHHOMY TOKY I'gpix). 3aHECUTE Pe3y/bTaThl
pacueToB B Tabs. 5.3.4

1.5 PaccuvraiTe nmapamMeTpbl YCWIUTENS C IIYHTUPYIOLIWM KOHZEHCAaTOPOM B
Lernuy sMmuTTepa (k03P dULMeHT yCcuieHus repeMeHHOro HamnpsibkeHus: K, MUHUMa/TbHO
BO3MO)XHOE BXOZJHOE COTMPOTUBI/IEHHE TIePEMEHHOMY TOKY Iy wuu, HAKHUE FDAaHUUHbIE
yacToThl fm U fo (s C1 = 0,1 u 1,0 MK®) U BBIXOJHOE COMPOTUB/IEHUE
TIepeMEeHHOMY TOKY I'spix). 3aHECUTE Pe3y/IbTaThl pacyeToB B Tabm. 5.4.4.

1.6 YcraHoBute BbikItOuaTens CETD, BbIK/ItOUaTe/IM BCeX UCTOYHUKOB
CUTHAJIOB W W3MepuTeNbHbIX TiprbopoB B TionokeHre BBIKJI, perynsropsl
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TIOTEeHI[MOMETPOB BCEX MCTOUHUKOB B KpaliHee JIeBOe TI0JI0XKEHHE.
1.7 IoaxkntourTe CMeHHBIN MOAY/Mb Ne5 K pa3semMy 6a3oBoro 0/10Ka.

1.8 IloacoemuHWTe LIHYp MUTAHUSI K pa3beMy Ha 3a[iHEM CTEeHKe CTeHJa U
BKJ/IIOUMTE BUJIKY LIIHypa [MUTaHUS B PO3eTKY 3/1eKTpoCceTy HanpsukeHrem 220B.

2. VccienoBanue pe)xuma 1o oCTOAHHOMY TOKY Kackaja ¢ O3

2.1 Tlocnme paspellieHuss [perojaBaTesid BK/JIKOUWTE [WUTAaHWE CTeHja
BbIK/TtouaresieM CETD.

2.2 B/irounTe MCTOYHUK NUTaHus cxeMbl MHS.

2.3 N3mepsitite Bo/abTMeTpOM cTeHJa PVI1 3HaueHUWs] HarpsbKeHUs] MUTaHUS
ycunmutens Up, HanpsbkeHuid Ha 6a3e Us, smuttepe Us 1 Kosstektope Uk TpaH3UCTOPA
Y 3aHeCHTe pe3y/bTaThl U3MepeHui B Tabm. 5.2.1.

2.4 BBIK/IOUUTE TIUTaHUEe CXeMBbI.

2.5 PaccunTaniTe U3MepeHHbIe TOK KOJIJIEKTOPa /K U MaKCMMalbHO BO3MOKHBIN
TOK 0a3bI 5 yaxe , TO/IB3YSICh U3MepPeHHBIM 3HaueHHeM HarpsbkeHusi Ha smutTepe Us U
W3BeCTHLIMU 3HAUeHUSAMH R5 ¥ hy5 vy 3aHECHTE pe3y/bTaThl pacyeTos B Tabi. 5.2.1.

2.6 Ucnonb3yst pgaHHble Tabn. 5.2.1 cpaBHUTe pacCuMTaHHble W H3MepeHHbIe
3HaueHUs MapaMeTpOB TPaH3MCTOpa B paboueit Touke. CresaiiTe BHIBO/I.

Tabauya 5.2.1
ITapamemp Paccuumannbiii H3mepeHHbIll
Harnpspkenue nmuranus Un, B 15
Hanpspkenue Ha 6a3ze Us, B Us = Un*R2/(R1+R2)=
Haripsxkenue Ha smuttepe U3, B Us=Ub-06=
Harnpspkenue Ha kosiektope UK, B | UK = UnT- IKRK =
Tok konnekropa Ik, MA Ik = Us/R>
MakcumanbHbIN BO3MOXXHBIN TOK IB maxe = Ik/ h213 mum =

6a3bl I Makc, MA

3. UCCJIEJOBAHME YCWINUTEJIA C OOC I10 IIEPEMEHHOMY TOKY
3.1 CHATHe aMIVIMTYAHO-YAaCTOTHBIX XapaKTepuCTUK ycuaurens ¢ OOC
T10 IepeMEeHHOMY TOKY

3.1.1 Ha cmeHHOM Mofy/e OTCOeAUHUTE LIYHTUPYIOL[UKA KoHAeHcatop C3 oT
SMUTTEPHOrO pe3uctopa R4 u pe3ucTop Harpy3ku R5 OT BbIXOZA YCUIUTEJIS.
[Topknounte pa3genutenbHbIM KoHAeHcaTop C1 = 1,0 mk®. CoeguHUTE TTepeMbIYKOU
BbIxoz ['CC 1:10 co BXOA0M yCHUIUTEJIA.

[TonknmrounTe TiepBbIM KaHa/l [ABYXKaHa/JbHOTO oOcCLWIIOrpada KO BXOAy
YCUJIATeIS /11 U3MePeHUs YaCTOThl U BeJIMUMHbI BXOZAHOTO HallpsKeHUs Upy.

[TogkirounTe BTOPOM KaHa/l [ByXKaHaJbHOrO ocLwiiorpadga K BbIXOAY
YCUJIATeJI /11 U3MePeHUs BeJIMUKMHbI BBIXOJAHOI'O HarlpsKeHUs Ugsix.

3.1.2 BxyirourTe UCTOUHUK NUTaHUsA cxeMbl MTHS.

3.1.3 Ilepexmouatenem I'CC ®OPMA yCTaHOBUTE pEXUM UHCTOUHUKA
HanpspKeHUs: CUHycouzianbHoM (popmbl 1 BKtourTe I'CC.

3.1.4 YcranoBute yactoty HarnpsbkeHus I'CC paBHou 1 kI'w.

3.1.5 Perymaropamu AMIUVIMTYJAA I'CC ycraHOBUTe Be/IMUMHY pasMaxa
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BBIXOZJHOTO HampsbkeHUs Ugpx  (Vamp) HCCAEAYEMOro ycuauTensi okono 4 B.
OrnpesienmuTe NpU 5TOM BeJIMUMHY pa3Maxa BXOJHOT'O HaMpPsDKEHUS Ugx U 3aHECHTE ee B
Tabs. 5.3.1.

3.1.6 Tlopnep>kvBas Be/IMUMHY BXOJHOI'O HAamlpsDKeHUs] Upx MOCTOSIHHOU (ee
3HaueHue 3aHeceHO B Tabs1. 5.3.1), W3MeHsliTe ero YacToTy coriacHo Tabn. 5.3.1. s
K@KIOrO0 3HAYeHUsi YaCTOTbl OMpeje/siiTe BeJWYMHY pa3Maxa BbIXOAHOTO
HaMpsDKEHUS Upsix U 3aHOCKTE pe3ysibTar B Tab. 5.3.1.

3.1.7 BbikmounTe mnutaHue cxembl U I'CC. Ilogkirouute paszfenuTe/TbHbIU
koHzeHcarop C1 = 0,1 M.

3.1.8 Bxirouute nutanue cxemsl U ['CC. CHumure AYX ycunurens npu C1 =
0,1 Mk®, BeITIONHAA 1I.11. 3.1.6.

Tabauya 5.3.1
BxomHble HanpsKeHWe Uex, MB
YacTtoTa f, kl'y 0,01)002(005|01}021] 05 |1(2|5|10|20]|50]| 100
BxogHoe HanpspkeHue 1,0
Uesix, B ipu emkocTu C1, 01
MKD ’

Koadduiment ycunenus | 1,0
K = uevix/Uex TIPU €MKOCTHU 01
C1, Mkd ’

3.2 CHATHEe aMIUVIUTYAHOM XapaKTepPUCTHKH ycuauTenasa ¢ OOC no nepeMeHHOMY
TOKY

3.2.1 Hepe,q CHATHEM aMHHI/ITy'[LHOﬁ XdPAKTEPUCTHUKH [OJ/IKHBI OBITh BBITOJ/IHEHEI

. 3.1.1 ... 3.1.4. [Ina monydyeHusi HeoOXOAMMOM BeTMUHUHBI BXOJHOTO
HarnpspKeHUs Upy TOJK/IIOUanTe BXOJ ycunuTens K Bbixogam 1:1 wmm 1:10
I'cc.

3.2.2 V3MeHsiiiTe BeJIMUMHY pa3Maxa BXOJHOTO HarpsDKeHHSI Ugxy COTJIaCHO TabJl.
5.3.2. [Insg Ka)KAOro 3HaueHWs BeJIMUMHbI BXOJHOTO HAarpsyKeHUsT Ugx
onpefessiiTe BeJIMUMHY pa3Maxa BbIXOAHOTO HArpSDKEHHUS Uppx M 3aHOCUTE
pe3ynbtar B Tabm. 5.3.2. HabGsmropaiite ¢dopmMy BBIXOAHOTO HarpspKeHHs
YCUJIATEJIS Upprx IIPU KaXKI0OM U3MepeHUHU.

3.2.3 Beikitourte nutaHue cxemsl U ['CC.

Tabauya 5.3.2

BxosiHOe HanpspkeHUe Usx, B 0,4 0,8 1,2 1,6 2,0 3,0 4,0
BrixogHOe HanpsDKeHUe Ussix, B

3.3 OnpepesieHue Ha/IMUMs HeJTMHEMHBIX UCKA)XXeHUM B ycuuTene ¢ OOC
no
nepeMeHHOMY TOKY

3.3.1 Bemosiaure 1a. 3.1.1 ... 3.1.2.

3.3.2 [lepekmtouatesieM pe>kuMOB paboTel I'CC yCTaHOBUTE PEXXUM HUCTOUHHKA
HarpspKeHUs TpPeyroyibHou ¢opMbl U BK/tounte I'CC.

3.3.3 YcranoBute yactoty HarnpsbkeHus I'CC paBHou 1 kI'w.
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3.3.4 Perynaropamu AMIUINTYJA I'CC ycraHOBUTe BeWUYMHY pa3Maxa
BbIXOZHOT'O HallPsKEHUS Uppix UCCIEAYEMOro ycunuTess okosio 10 B.

3.3.5 Uto0bI cpaBHMBaTh (HOPMY CUTHA/IOB OBIIO yI0OHEH, HHBEPTUPYUTE OfUH
Y3 CUrHaJIoB (ecm B ocuusuiorpade uMmeeTcs: Takass (PyHKLUsSI) U YCTaHOBUTe TaKue
KO3 bUIMeHTb BePTHUKA/JILHOTO OTK/JIOHEHHSI KaHa/JoB ocrhwiuiorpada, dToObI
OCLIWIJIOTPaMMbI 000MX CUTHA/IOB Ha 3KpaHe UMeJd TIPUMepHO OIMHAKOBbIN pa3Max.

3.3.6 3apucyute OCUWIIOTPaMMbl BXOAHOTO Ugx W BBIXOAHOTO  Ugpix
HarpspKeHUU YCUTUTEIS.

3.3.7 Beiktourte niutanue cxemsl U I'CC.

3.4 N3MepeHue BXOJHOT0 U BBIXOJHOr0 CONMPOTHB/IeHUH ycuauTtesnsa ¢ OOC
no
nepeMeHHOMY TOKY

3.4.1 Bemosiaure 11 3.1.1 ... 3.1.4.

3.4.2 Perynaropamu AMIUVIMTYJAA I'CC ycraHOBUTe Be/IMUMHY pasMaxa
BBIXOJJHOTO HAarpspKeHUst U; UCCIeAyemMoro ycuiutesnss okono 2 B. 3aHecure 3TO
3HaueHue B Tabm. 5.3.3.

3.4.3 Ha cmeHHOM MoOAy/ie TOAK/IIOUMTE PEe3UCTOp Iy TOC/Ie[0BaTe/lbHO CO
BXOJIOM YCU/IWTe/sl, Ha)kaB KHOMKY SBI1. M3MepsiiiTe HOBOe 3HaueHHWe pa3Maxa
BBIXO/THOTO HarpsDKeHUs U,. 3aHeCuTe 3TO 3HaueHue B Tabm. 5.3.3.

3.4.4 N3MepsiiTe 3HayeHHE BBIXOAHOTO HAIPSDKEHUS Uex: NPU HE HaXKaTOU
KHoOTIKe SB1. 3aHecuTe 3TO 3HaueHue B Tabi1. 5.3.3.

3.4.5 Ilopk/rounTe K BBIXOAY YCWIWTeNs CONPOTUB/IEHWE Harpysku R5 =
7.5kOM. M3mepsiiTe HOBOe 3HAaue€HUE BBIXOJHOTO HAIPSDKEHUS Ugxo. 3AHECUTE 3TO
3HaueHue B Tabm. 5.3.3.

3.4.6 Breiktourte nutanue cxemsl U I'CC.

Tabauya 5.3.3
Bu v3mepenus N3mepeHne BXOTHOTO N3mepeHuie BHIXOAHOTO
COTIPOTUB/IEHUS] YCUIUTEJIS Tex | COMTPOTHB/IEHUST YCUTUTEJIS Tebix
BrixogHoe HanpsbkeHUe Uesix], B Ui = Uebix] =
BrixogHOe HanpsbkeHUe Uesix2, B u = Uebix2 =

3.5 O6paboTKa pe3y/IbTaTOB 3KCIIEPUMEHTOB

3.5.1 PaccuuraiiTe KO3((QULIMEHTb YCU/IEHWS YCUIUTEN Ha pa3HbIX 4acTOTax M
3aHecHTe UX 3HaueHWs B Tabn. 5.3.1. Ucronb3ys gaHHbie Tabn. 5.3.1 mocTpoiiTe
rpaduku AYX ycunuresis ¢ pasfenuTenbHbIMA KoHeHcatopamu C1 = 0,1 u 1,0 Mk®
B OJJHUX KOOD[MHATHBbIX Ocsix. HaHecuTe 3HaueHWs] uyacToTbl Ha rpaduke AUX B

norapudmuueckom Maciitabe. CpaBHUTe TpadyKU U C/iesiaiiTe BHIBO/.
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3.5.2 Onpegenure 110 rpagukam AYX BeIMUMHBI HYXKHUX TPaHUYHBIX YaCTOT fu; (TIpU
Cl = 0,1 Mk®) u fu, (mpu C1 = 1,0mkdP). 3aHecuTe WX 3HaueHUs B Tabm. 5.3.4.
CpaBHUTE pacCUATAHHbIE U W3MEpPEHHble 3HAYeHWs HIWKHUX TIPDAHWYHBIX YaCTOT.
CpenaiiTe BbIBOZ,

3.5.3 Onpegenute no rpadhvkam AYX BelWuMHY BepXHel TpaHWYHOM UYacCTOTHI fg.
3aHecuTe ee 3HaueHUe B Tabs. 5.3.4.

3.5.4 MWcrnonb3ysi paHHbie Tabn. 5.3.1 3aHecuTe BeMUMHY UW3MEpPEHHOTO
Ko3(dduienta ycuneHuss K B To/oce TIPONyCKaHWS ycuauTens B Tabm. 5.3.4.
CpaBHUTe pacCuMTaHHble M U3MepeHHble 3HaueHUs Ko3(p¢uuueHTa ycuieHus K.
CpaenaiiTe BBIBO/I.

3.5.5 Wcnonb3ys faHHbie Tabs. 5.3.2 noctpoiite rpaduk AX ycunurens. 1o rpaduky
AX omnpefenire MakCMMa/IbHOe BXOJHOe HaNpsDKeHUe Upx wae , KOTOPOE [laeT
MakKCHMaJ/IbHOe He OrpaHHuYeHHOe HarlpspkeHWeM ITMTaHusl HalpshkeHue Ha BbIXOge
YCUITUTEIIS UBBIX waxc-

3.5.6 CpaBHHUTe OCUW/IOrPAMMBbI BXOZHOTO W BBIXOJHOTO CHUTHAJIOB YCUJIWATES,
TIOJTyYeHHbIe TPU BBIMOJIHEHUM I1. 3.3, M CJe/lanTe BBbIBOJ: WCKaKaeT JIU YCUIUTEb
(dhopmMy BXO/IHOTO CUTHAJIA.

3.5.7 WUcnonb3ys panHble Tabn. 5.3.3 u Bbipaxkenus (5.40), (5.43) paccuuTaiite
Vi3MepeHHbIe 3HaYeHUsI BXOJHOIO I'sx U BBIXOJHOTO I'ppix CONPOTUBIEHUN yCUTUTENS.
3aHecuTe TIOMy4YeHHble 3HaueHWs B Tabm. 5.3.4. CpaBHUTE pacCUMTaHHbIe WU

V3MepeHHbIe 3HaUeHUsl COMPOTUBIeHUH. CreanTe BbIBO.

Tabauya 5.3.4

[TapameTp ycunuTens PaccunTaHHbIN V3MepeHHBIN

Kosdduiment ycunenusi K

K =-RK/R3 =

Hwxusist rpaHWuHast yacrora fu.1, I'y
npu C1 = 0,Imk®P

fu.1=1/2I1C1 rex

Hwxasist rpaHWuHas yacrora fu.2, I'y
npu C1 = 1mk®D

fu.2 = 1/2TIC1 rex

BepxHsis rpaHMYHas yacTorTa f8, 'y

BxozpHoe conpotuBnenue 1gx, KOm

rex =R1*R2/(R1+R2) =

rex = ri/[(ul/u2)-1] =

BbIxofiHOe conpoTuBieHue I'ebix, KOM

rebix *RK =

rebix =(uebix.1 — usblx.2)*R5/ uebix.2=
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4.

NCC/IEJOBAHUE YCI/INTEJIA C IMYHTUPYHOILIIM

KOHJEHCATOPOM B IIEIIN SMUTTEPA

4.1

4.1.1

CusTtue AMIUVIUTYJHO-UYAdCTOTHBIX XdPAKTEPUCTHK YCWIHNTE/IA C

IIYHTUPYIOILUM KOH/AeHCAaTOPOM B Liely 3MUTTepa

[nis  monydyeHrss HeoOXOJUMOW BeJIMUMHBI BXOAHOTO HArpsDKeHUs Ugx

TIOAK/TFOUMTE BXOZ, ycuauTesis K Bbixoay 1:100 I'CC.

4.1.2

CHumure AUX ycwiuTesns Kak ykasaHO B II. 3.1, HO C IIOAK/IHOYEHHBIM

rapasuie/ibHO pe3ucTopy R4 myHTUpyrowmum KoHgeHcaTtopoM C3 = 100 MKD.

4.1.3 3aHecuTe pe3y/nbTaThl U3MepeHui B Tab. 5.4.1.
Tabauya 5.4.1

BxoziHble HanpspkeHue Usx, MB

Yacrora f, k'Y 0,02|1005| 01 |02 ]| 05 |1|2|5]10| 20| 50| 100
Bxopnoe Hanpsokenue | C1=1,0Mk®

Usbix, B C1=0,1Mk®

KoadduimeHnt C1=1,0MxP

ycunenust K = uesw/Usx | C1=0,1MKD

4.2 CHATHe aMIUVIMTYJHOM  XapaKTepHMCTHKH  YCWIUTeNsl C

KOH/I€HCATOPOM B 1€l SMUTTEPA

4.2.1 Tlepen CHATHEM aMIUTUTYAHON XapaKTEPUCTUKH JO/DKHBI ObITb BBITTOTHEHBI

4.2.2

i 3.1.1 ... 3.1.4. OTiMuure TOBKO B TOM, UTO TapauiesibHO pe3ucTtopy R4
JIOJDKEH OBITh TOAK/IIOUeH IIyHTHpYoui kKoHAeHcarop C3 = 100 Mk® wu
JJIsT  TIOJTyueHWs HeOoOXOJUMOM BeMUWHBI BXOJHOTO HAMpsDKEHUS  Ugpy
MOJIK/TFOYaunTe BXOA, ycuuteist K Bbixogam 1:100 wim 1:10 I'CC..
YBenuuuBarTe BeMUMHY BXOJHOTO HAarpsDKeHWs Upx [0 TeX IOp, I0Ka
BBIXOJJHOE HarpsDKeHUe Uppx HE HAyHeT OrpPaHWUYMBATLCS HarpsyKeHUeM
MATaHUS. Ornpepenure BEJINUVHY pasMaxa MaKCUMaIbHOT O

HeOI'paHNYE€HHOI'O HallpsDKeHHWEM IIMTaHWA BXOAHOI'O HAIIPSDKEHHUS UBX makc.

423 ITpvvure upx ; = 0,2 Ugx waxe 5 Usx 2 = 0,4 Upx waxc ; Usx 3= 0,6 Upx maxc ; Usx « = 0,8

UBX makc , Ugx 5 = UBx MaKc; UBx 6 — 21-lBX Makc , UBx 7 — 31-lBX Makc , BaHeC[/He 3HaueHuA

BXOJHBIX HAalPsDKEHNH Upy ; ... Upx 7 BTaOM 5.4.2.

4.2.4 V3MeHsiliTe BeIMUMHY pa3Maxa BXOJHOTO HarpsDKeHUs Upx COIJIAaCHO TaoiI.
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5.4.2. [Ong Kak[Oro 3HayeHWs BeJMYUHbI BXOJHOIO HalPsDKEHUs Ugx
onpeiesisiiTe BeJIMUMHY pa3Maxa BbIXOAHOTO HarpsDKEHUS Uppx M 3aHOCUTE
pe3ynbTaT B Tabs. 5.4.2.

4.2.5 Beikmrounte niutaHue cxemsl U ['CC.

Tabauyas.4.2
BxogHoe HarpsikeHue Usx, B Usx.1= | Uex.2= | Uex.3= | Uex.4= uex.5= Uex.6= | Uex.7=
BrixomHOe HanpshKeHUe Ussix, B

4.3 OmnpepeneHvie Ha/IU4YUA HEJIUHEUHBIX HCKa)KEHUH B yCHIHMTe/le C
IIYHTUPYIOIIMM KOHAEHCAaTOPOM B Llelld IMUTTepa

4.3.1 CHUMUTE U 3apUCyMTe OCLWIJIOrPAaMMbl BXOZHOTO Upy U BBIXOJHOTO Ugpix
HarnpspKeHWW yCUINTeNIsl KakK yKa3aHo B M. 3.3, HO C MOAK/IOYEeHHbIM MapasijiesbHO
pe3ucTtopy R4 myHTupyrommm KoHzgeHcatopom C3 = 100 mx®d.

4.4 VIamepeHye BX0/JHOTO ¥ BbIX0/JHOTO CONPOTUBJ/IEHUH YCH/IUTE/IA C
IIYHTHUPYIOIIUM KOH/AEHCATOPOM B Lielld 3MUTTepa

4.4.1 VismepsuTe BXOAHOE W BBIXOAHOE COINPOTUB/IEHUS yCUIUTENsS] MePeMeHHOMY
TOKY KakK yKas3aHO B II. 3.4. OTiuuus: IOAK/IIOUWTE TapasijieJibHO pe3ucTopy R4
IyHTUpYyroIuK KoHJeHcatop C3 = 100 mk®, moAKItOUMTe BXOJ, YCHUIWTENS K
BbixoAy 1:100 I'CC, ycraHOBUTe Be/JIMUMHY pasMaxa BbIXOAHOIO HalpsuKeHUs U;
HCCIeyeMoro yCUiuTesist okosio 4 B.

4.4.2 Pe3ynbrarhl M3MepeHU 3aHoCcUTe B Tabs1. 5.4.3.

4.4.3 BBIK/TIOUMTE BCe UCTOUHUKY CUTHAJIOB CT€HZA U U3MepUTe/IbHbIe PUOOPHI.

Tabauya 5.4.3
Bug usmepenus W3mepeHrie BXOLHOTO N3mepeHre BBIXOJHOTO
COMNPOTHUBJIEHUS] YCUJIUTEJIS I'ex | COTIPOTUBJIEHUS YCHUJIUTEJIS Terix
BrixogHoe HarpsbkeHue Uesx], B Ui = Uenix] =
BoixosHOe HarpsbkeHue Uesix2, B uz = Uebix2 =

4.5 O0padoTKa pe3y/1bTaToB YKCIIePUMEHTOB

4.5.1 HWcnonb3ys [AaHHbIE COOTBETCTBYIOU[WX 1.3 Tabnuil 1. 4, BBLITIOJHUTE
BBIUMCJIEHUS U TTOCTPOeHUs1 TpaUKOB, Kak yKa3aHo B 1. 3.5.
4.5.2 Pe3ynbrarel 3aHOCUTE B Tab/1. 5.4.4 ¥ B COOTBETCTBYIOII[MeE T1. 3 TaO/MULIbI T1. 4.

4.5.3 CpaBHUTe XapaKTepUCTUKU U TnapameTpsl ycunuresiss ¢ OOC 110 nepeMeHHOMY
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TOKY C COOTBETCTBYIOIIIMMHU XdPAKTEPUCTHUKAMHM W IIdpaMeTpaMM YCW/INTE/IA C

IIYHTUPYIOIIUM KOH/IeHCAaTOPOM B L€l SMUTTepa.

[TapameTp ycunuresis

PaccuuTaHHbIN

V3mepeHHbIN

KoadduimeHt ycunenus K

K = -40 RK/R3 =

HwkHsist rpaHyYHast yacTora fu.1,
I'y npu C1 = 0,1mMKD

fu1=1/2I1C1 rex =

HwkHsist rpaHAYHas yacToTa fu.2,
I'y npu C1 = IMKk®P

fu2 =1/2IIC1 rex =

BepxHsisi rpaHUYHasi yactora fe, I'y

BxopHoe conpotuBnenue reéx, KOm

rex = rE.MuHR2/( I'B.mun +R2),'

F5.un(KOM)=h215/40*TK(MA).

rex = ri/[(ut/u2)-1] =

BrixosHOe conpoTyrB/ieHre I'eblx,
kOm

rebix *RK =

rebix =(ueblx.1-uebix.2)*R5/uebix.2=

KOHTPOJIBHBIE BOITPOCBI

1. Kak B pacCCMOTPeHHBIX YCWIHTEeSX 00ecreurBaeTcsi TemriepaTrypHasi
CTabM/IbHOCTb paboueit TOUKH?

2. Kak nosnusier Ha AUX ycunuTesis C IUYHTUPYHOLIIMM KOHZE@HCAaTOPOM B Lieru
SMUTTEpa yMeHbIIeHWe eMKOCTH 3TOr0 KOH/leHcaTropa?

3. Ilouemy B cxeme ¢ OOC 1o repeMeHHOMY TOKY IIPH OAMHAKOBOM 3HaUeHUU
€MKOCTH pa3fie/IMTe/IbHOr0 KOHZeHCaTopa Mo/10ca MPOnyCKaH!s B CTOPOHY
HWKHUX 4aCTOT LIMpPe, YeM B CXeMe C IIYHTHUPYIOLIUM KOH/JeHCaTOpOM?

4. Kakoit U3 IByX paCCMOTPEHHBIX yCU/TUTeel uMeeT 00JbIHii KO3 uiireHT

YCU/IEHUA U HO‘-IGMY?

5. Kakol 13 JByX pacCMOTpPEHHBIX YCUIUTe/IeHd He UCKaKaeT ()OPMY BBIXOJHOTO

CWMrHasa v nouemy?
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