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OBIIME TPEBOBAHUA

CTyAeHTBI JOJKHBI SIBIISATHCS HA 3aHATUSI, U3YYUB HEOOXOIUMbIE pa3/Ielibl JISKIIHM
0 TAaHHOW JUCIUIUIMHE, B 4aChl, TPEAYCMOTPEHHbIE OOIIEUHCTUTYTCKUM PACIIMCaHUEM
3aHsATHI. BXoa B mabopatopuio, a TakkKe BBIXOJ U3 HEEe pa3pelIaeTcs JIMIIb B TEUCHUE
nepepbiBa MEXIy 3aHATUAMH. B nabopaTopuu CTyAEHT H3ydaeT Ty J1abopaTOpHYIO
paboty, KoTopasi HaMme4eHa 1o rpadukxy.

[Ipexxne uyeM HauaTh paboOTy, OH JOJDKEH O3HAKOMHUTBHCS C OMHCAHHUEM
nabopaTopHo# paboThl. B x01€ pabOThI CTYAEHT JOJIKEH JeiaTh HEOOXOUMbIC 3aITUCH
B YUEHUYECKOH TeTpaau. PacueTs! 10kHbI ObITh BbINOHEHBI B cucteMe CH u mo ECK/I.

[To mponenaHHbIM paboTaM KaXKIbIM CTyA€HTOM odopmisiercss otyeT. OTUYeT mo
nabopatopHOi paboTe 3aBepsieTcsl MPEenoaBaTesieM, BEAYIIUM J1a0opaTOpHbIE pabOTHI.
Cnaya 0TYETOB MPOU3BOJUTCS B UHAMBUAYaJIbHOM Nopsake. [Ipu 3ToM CTyIeHT AOKEH
3HAaTh 3aJaud W IeJib TPOBEIACHHON JlabopaTOpHOW pPabOThI, yMEThb OOBSICHUTH
pe3ynbTaThl PacYeTOB M OTBETUTH HAa KOHTPOJBHBIE BONPOCHL. OTUET BBINNOIHIETCS Ha
muctax ¢popmarta A4. Obpazer TUTYIBHOTO JUCTA IPUBEAEH B IPUIIOKEHUU.

I[TPABUNJIA TEXHUKU BE3OITACHOCTH

[Ipu BbIMOTHEHUH JA0OPATOPHBIX PAOOT HEOOXOAUMO COOMIOAATh OOIIYIO
MHCTPYKIMIO TIO TE€XHHKE O€30MacHOCTH IMPH TMPOBEACHUHU JIaDOpaTOPHBIX paboOT Ha
kadenpe I1Y. MHCTpyKTax MO TEXHUKE OE€30MACHOCTH MPOBOAUTCS TEpe]] HadalioM
Ja00paTOPHBIX pabOT, O YeM JIeJaeTCs 3aMuch B )KypHaJe.

Paboty ciemyeT mpoBOANTH HAa CBOEM paboyeM MecTe, HEe OTBIEKas BHUMAaHUS
CTYJICHTOB, BBINIOJHSIOUIUX JApPYTrUe JiabopaTopHble padOThl, 0COOEHHO pPAaOOTHI Ha
WCITBITATEIBHBIX CTCH IAX.



JlabopaTtopHasi pab6ora Nel

HccaenoBanue moJynpoBoJHUKOBBIX 1HO0B

Llenps paboThl - CHATHE U aHAJIU3 BOJIT-aMIIEPHBIX XapaKTEPUCTUK T€PMaHUEBOTO
U KPEMHHUEBOTO JMOJIOB; OMpeeJIeHUE UX apaMeTpoB MO XapakTepuctukam (puc.l, a,
0).

[Tosscuenust. [1oynpoBOAHUKOBBINA AUOJ COIEPKUT OJIUH p-N - MEPEXO] U UMEET
JIBa BBIBOJIA OT p U N-obnacteit. Hanbosee pacnpocTpaneHbl U OOMIMPHBI IBE TPYMIIbI
JIMOJIOB — BBIIPSIMUTEIBHBIE U UMITYJIbCHBIE, HA3bIBAEMbIE B HEKOTOPBIX CIIPABOYHUKAX
YHHUBEPCATbHBIMU.

BeinmpsimuTenbHble THOJBI, B KOTOPBIX MCIIOJIB3YETCI OCHOBHOE CBOWMCTBO p-N -
Mepexo/ia - €ro OAHOCTOPOHHSS AIEKTPONPOBOAHOCTh, MPUMEHSIOTCS TJIABHBIM 00pa3oM
JUISL BBIIPSIMITCHUS IEPEMEHHOTO TOKA B Auana3zone 4actot ot 50 ['m go 100 xI'm.

NmMnynbcHbIE TUOBI MPUMEHSIOT B UMITYJILCHBIX PEKUMaX paOOThI.

PaboTa mosrynpoBOJHUKOBOTO IMOJIa B AJIEKTPUUECKON CXEME OIpEIEseTCs, €ro
BOJIBT - aMIIEPHOM Xapaktepuctukoit (BAX ).

[Ipsmyro BetBb BAX CcHHMaioT, BKIIOYMB HCHBITYEMBIM JHOI B CXEMY,
noka3aHHyro Ha puc.l,a. IIpsMoli Tok 4depe3 nuop 3amaerca reHepatopoM Toka [T,
XapaKTEpPHONU 0COOCHHOCTHIO KOTOPOTO ABJISETCS ciabasi 3aBUCUMOCTh BBIXOJTHOTO TOKA
OT CONpPOTHUBIICHHUS Harpy3ku. IlmaBHO yBenmumBas TOk re”eparopa I'T, m3mepsror
npsmoe Hanpsbkenue Upp Tuona Aiis psiia 3HaYeHU npsMoro Toka lpp.

OGpartHyro BeTBb BAX CHMMAIOT, BKJIIOYUB b ot
HCIIBITYEMBIH MO B CXEMy, IIOKa3aHHyIo Ha puc.1,6. ¥ AN
[InaBHO yBennuuBas OT HyJS BBIXOJHOE HANPSOIKECHHUE x|+
['H3, u3MepsroT 06paTHBIA TOK AMOA IS PAAa 3HAYE- r1] <5 la
HuM 00paTtHOro HanpsKeHUs Ugp. 2| - PT“ Y VDl
AHaim3 TunoBelix BAX repmaHumeBoro u iT-
KPEMHHEBOTO JHOJIOB (puC. 2) TO3BOJSET CHENaTh
CJIETYIOILME BbIBOJIBI: Pa2
I _ &) ~ (L)t
Ge| 24 W7 Y HE
7% VD2 %9 |+ XIEII: -
RCTE He el
E
Ea Puc. 1
E
Puc. 2

- IpsAMOE MajieHne HanpspkeHus Uy, Ha repMaHueBOM MO/ MOYTH B JIBA pa3a MEHBIIE,
4YeM Ha KpEMHHEBOM, ITPU OJAMHAKOBBIX 3HAYEHUSX MPSIMOTO TOKA lyp;

-TepMAaHMEBBI JIMOJT HAYMHAET MPOBOJUTH TOK MPH HUYTONKHO MAJIOM MPSIMOM
HanpspkeHud Uyp, @ KpeMHUEBbIN — Toabko npu Uy, = 0,4...0,6 B;
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- 00paTHBII TOK KPEMHHEBOTO JHOJA 3HAYUTEIHLHO MEHBINE OOpPAaTHOTO TOKa
TrepMAHUEBOTO MPU OJMHAKOBBIX OOPATHBIX HAIIPSKEHUSX.

OTHU BBIBOJIBI MMO3BOJIAIOT PAa3rPaHUYUTh HA3HAUCHHUE T€PMAaHUEBBIX U KPEMHHUEBbIX
Mo0J10B. [ 'epMaHueBbIE TUObI TIPUMEHSIOT JJ11 00pa0OTKU CUTHATIOB MAJION aMILTATY1bI
(mo 0,3 B). KpemHueBbie AMOIBI MpU MOJa4e HAa HUX CUTHAJIOB TAKOW aMIUIUATYIbI
OJINHAKOBO IIOXO MPOBOJAT TOK, KaK B MPSIMOM, TaK U B OOpAaTHOM HaIpaBIICHUSX.
KpemHueBbie 1101kl PU MOJJa4e HA HUX CUTHAJIOB TaKOW aMILIUTY/ bl OJMHAKOBO IJIOXO
MPOBOJIAT TOK, KaK B IPSIMOM, TaK M B 0OpaTHOM HampaBlieHusX. KpeMHUeBbIe TUOBI
pacrpoCTpaHEHbl MIMPE, YEM T'E€pPMAHUEBBIC, U MPUMEHSIOTCS B TEX CIIy4asix, KOrjaa
O0JBITION 0OpaTHBIN TOK HeAomycTUM. KpoMe Toro, OHM COXpaHSIFOT pab0TOCTIOCOOHOCTH
70 TeMIlepaTyphl okpyxkawomied cpensl 125...150°C, Torga kak repMaHueBbIE MOTYT
paboTath TosIbKO A0 70°C.

OCHOBHBIMM TTapaMETPaMU BBIIPAMUTEIBHBIX TUOIOB SIBIISIFOTCS:

- IOCTOSIHHOE TpsAMoe HamnpsikeHue Uy, IpU ONpeesIeHHOM Ul KaXKI0ro AUoJa
INOCTOSSHHOM TIPSIMOM TOKE WM cpenHee mnpsiMoe HampsbkeHue Upp.c, B cxeme
OJTHOTIOIYIIEPHOJHOTO BEIIPSMHUTES IIPU OIIPEIEICHHOM CPEIHEM MPSIMOM TOKE lupop U
MaKCHUMAJIBHO IOITyCTUMOM OOpaTHOM HampsHKEHUU;

- IIOCTOSIHHBIM 0OpaTHBIA TOK losp. IPH OMPENEIEHHOM IOCTOSHHOM OOPAaTHOM
HAIpsDKEHUW, WIM CpeOHUN OOpaTHBIM TOK lospcp B CXEME OAHOIOIYIEPHUOIHOTO
BBINIPSMUTEIS PU MAKCUMAJIBHO JIOMTYCTUMOM OOpAaTHOM HaIPSKEHUH U OTIPEICIICHHOM
CpEeIHEM MPSIMOM TOKE;

- MaKCUMaJIbHO JIOYCTUMOE MOCTOSHHOE 00paTHOoe HanpsbkeHue Uosp max;

- MaKCHMAaJbHO JIOMYCTUMBIH, CpeaHUM NpAMONH TOK lypcpmax, OOBIYHO
ONPENEIAEMBIN KaK CPEJHEW 3a MEepUoi MPAMOM TOK B CXEME OJHOIMOJIYIIEPHOIHOIO
BBITIPSIMUTES.

[IpeBbimieHne  Ugspmax MEPEBOIUT JAHOA B pexuM mnpoOos. Pazmuuaror
ANEKTPUUECKUN U HEIJIEKTPUUYECKUN MPoOOU  p-N-miepexoqa. DIEKTPUIECKUl mpooon
MOXXET OBITh JJABUHHBIM WJIM TYHHEJIBHBIM U HE COIMPOBOXKIATHCA pa3pylIeHUEeM p-N-
nepexona (ydactok ad Ha puc.2). Hesanexkrpuueckuii mpoOoi MOXKET ObITh TEIJIOBBIM U
MMOBEPXHOCTHBIM M, KaK MPaBUJIO, MIPUBOJIUT K Pa3pylICHUIO p-N-TIEpexojia U BBIXOIY
nuoza u3 cTpost (ydyacTok OB Ha puc. 2).

IHopsinok BeIMOIHEHHS PadOThI

1. Boerueptuth Tabn. 1 w 2 ama cHatus mpsiMoii U oOpatHoM BerBeil BAX
repmanneBoro Ge u KpeMHUEBOTO Si THOIOB.

Tabmuma 1

[MTpsmotii Tok Inp, MA 00502 |05 |1 5 10

[Ipssimoe Ge
HaIpsHKEHNE -
Urre, B Si




Tabmuma 2

O6parnoe nanpspxenne Ugsp, B | 1 5 10 20 30
Ge
Si

OO6patHbIii TOK losp, MKA

2. BeuepTuTh cucTeMy KOOPAMHAT JIJIsl TIOCTPOEHUS MPSMBIX M OOpaTHBIX BETBEU
BAX (macmrab no ocsim: |y, — B lem 2MA; Uy, —B 1 em 0,1B; o5, TepmanueBoro quoaa
- B lcm SMKA; o6 KpeMHUEBOro muona - B 1em 0,05MkA; Ugsp - B 1cM SB)).

3. 3apucoBatb cxeMsl 15 oiydyenust BAX nuonos (puc.1, a,0).

4. CoOpatp cxeMy, TMOKa3aHHyl0O Ha pwuc.l,a, wucnons3dys rpaduyeckue
o0o3HaueHuss Ha cMeHHoM naHenu 87J1 —01/1. IToouepenHo cHATH mpsimbie BeTBU BAX
repMaHUEBOr0 U KPEMHUEBOTO AUOIOB U 3aHECTU PE3YJIbTATHI U3MEPEHUN B Ta0. 1.

5. CoOpaTth cxemy, NOKa3aHHYIO Ha puc.l.6, moouepeaHo CHAThH OOpaTHHIE BETBU
BAX nuonoB u 3aHecTH pe3yabTaThl U3BMEPEHUH B Ta0M. 2.

6. [Tonp3ysick maHHbIMU TabJ.1 U 2, MOCTPOUTH MpsiMbie U oOpaTHbie BeTBU BAX
T€PMaHUEBOr0 U KPEMHHEBOTO TMOAOB B KOOPAUHATHBIX OCAX.

MeToauyeckue yKkasaHusl

1. Ilpu BBINOJIHEHNU MYHKTA 4 UCIIOIB3YIOT:

G1 (I'T) — reneparop Toka CTEH[A;

PA1 (l,p) - ABMI Ha npenene m3mepenuii << 10 MA > >;

PV1 (U,) - ABM2 Ha npenenax usmepenus << 0,5B >> u << B> >
COOTBETCTBEHHO JIJI1 FEPMAHUEBOTO U KPEMHHUEBOTO JIUOJIOB;

VD1 - uccnenyembie quoast 119 u KI[103.

2. IIpu BBINOJIHEHUH IIYHKTA S5 UCIIOJIB3YIOT:

G2 (I'H3) — ucToyHuk HampspKEHUS CTEHA, TTO3BOJISIOIINN U3MEHSITH BBIXOHOE
HanpspkeHnue ot 0 1o 100 B;

PA2 (losp) — ABO Ha npenenax uzmepenus << 0,1MA >>u << 0,01MA >>;

PV2 (Uosp) — ABM2 Ha mpenene uzmepenus << 100 B >>.

KoHTpoJibHBIE BONIPOCHI

1. Kakue oCHOBHBIE NIOJYIPOBOJHUKOBBIE THO/bI Bl 3HAETE?

2. I'te IpUMEHSIOT BBINPSMUTENbHBIE THObI?

3. KakoBbl 0COOEHHOCTH UMITYJIbCHBIX, TOYEYHBIX U MJIOCKOCTHBIX JUOJI0B?
4. CpaBHUTE T€pMaHUEBBIA U KPEMHUEBBIN JUOJIbI, MOJIB3YsCh nX BAX.

5. KakoBbI OCHOBHBIE TapaMeTPhl BBIMPSIMHUTEIbHBIX TUOA0B?



JlabopaTtopHast paboTa Ne2
HNccnenoBanue cTadMJIMTPOHA U CTAOUCTOPA

Lens paboThl — cHATHE U aHaTu3 BAX KpeMHUEBOro CTaOUIMTPOHA U CTAOUCTOPA;
OTIpEJICIICHUE UX ITapaMeTPOB IO XapakTepucTukam (puc. 3, a, 6).

[Tosicnenus. CTaOMIUTPOHBI M CTAOMCTOPHI — 3TO MOIYIPOBOIHUKOBBIEC JUOIbI, HA
KOTOPBIX HAaNpPsDKEHHE COXPAHSETCS € ONPENEJIEHHOM TOYHOCTBIO MPHU H3MEHEHUU
MPOTEKAIOIIEro Yepe3 HUX TOKa B 33JJaHHOM JHara3oHe. DTU NMPUOOPHI MpeIHa3HAYCHBI
Ui cTa0uiIM3aluy HampsokeHus. YdacTku BAX, COOTBETCTBYIOIIME 3JIEKTPUUYECKUM
peXruMaM CTaOMJIMTPOHOB M CTAaOMCTOPOB B PEXHUME CTAOWIU3aIMU, Ha3bIBAIOT
pabounMu (y4acTKHU a6 U g2 Ha puc. 4). Pabounii yuacTok cTaOMIIMTPOHA PACIIOJIOKEH Ha
obpatHoii BeTBu BAX, T.e. mpubop pabotaer B pexume mpoOos. Pabouwnii ydactox
cTabuCcTOpa pacmnojiokKeH Ha IpsiMoi BeTBU BAX.

OCHOBHBIMH NTapaMeTpaMU CTAOMIIUTPOHOB SIBJISTIOTCS:

- HOMHHAJIbHOE HampspkeHue crabmwim3aiud Ugrpow — CpEAHEE HaIpsHKEHHE
crabuinzaruu ctabunutpona rpu 298°K u onpesenneHHOM Toke cTadmiu3anuu e

- pa30poc HanpspkeHui cradunuzanuu AUg, — MHTErpas HanpsoKeHU, B Ipejienax
KOTOPOT'0 HaXxOJIUTCA HAINPSHKEHUE CTAOMIIN3alMu NpUOOpa JaHHOTO TUIIA;

" PA2 PV2
+I,r"‘I_““'~,I— +"(-i::\"- +f§[£:'l'
) T3t b &) ZOZHIN K11 K12
A Lol ¥D1 g
i
P"Jl T G
X2 - ZE - B

Punc. 3

I

Y- I-:mmax

Puc. 4 Puc. 5
TEMIIepaTypPHBIN KOI(DPUITMEHT HANPSHKEHUS CTAOMIIN3AINH Oy, TTOKA3BIBAIOIINN
Ha CKOJIbKO MPOILEHTOB M3MEHSIETCS HamnpsbkeHue cradmnuzanuu U, npu U3MEHEHUU
TeMIIepaTyphl OKpy:karouieit cpeas Ha 1 K;



-nmuddepeHIanbHoe CONPOTHBICHUE [cT, OMPENENAIoNIee CTaOUIH3UPYIOLIUE
CBOIiCTBa MPUOOPa U NMOKA3bIBAIOIIEe, KaK HAMPSDKEHUE CTaOUIIM3AIMK 3aBUCTH OT TOKA,;

U U

r = CT.MAX __ “~ CT.MIN

“ I I CT.MIN (1)

CT.MAX

-MHUHUMAJIBHO JOMYCTUMBIN TOK CTaOUIM3auu lcmin — MUHUMaIbHBIA TOK Yepe3
CTaOWUJIUTPOH, TPU KOTOPOM COXPAHSAETCS €ro CTAOWIM3HUPYIOIIME CBOWCTBA; MpHU
MEHBIINX 3HAYEHUSAX TOKA | pe3KO BO3paCTaET I U ymMmeHbmaeTcs U

-MaKCUMAJIbHO JOITYCTUMBIN TOK CTAOUIM3ALNH |l¢rmax — MAKCUMAIIBHBIN TOK, IPH
KOTOPOM MPHUOOP COXpaHsIeT paboTOCTIOCOOHOCTD JIUTEIHFHOE BpEMSI.

3HaYeHUEe TEMIIEpaTypHOTO KOod(PuUIMeHTa HANpPSKEHUs] CTaOWIM3alUM U €ro
3HaK 3aBUCAT OT HanpsiKeHUS Ucrnon. CTAOMIMTPOHBI, HANPSDKEHHE CTAOMIM3AIUU
KOTOpPBIX Oouiblie 5,5 B, UMEIOT Oley >0, T.€. IpU yBEIMYEHUH TEMIIEPATYPbI HANIPSKEHNE
U, yBenmuuuBaetcs. [Ipu HanpspkeHun Ucrpom < 5,9 B ¢cTaOUIUTPOHBI UMEIOT Oler <O U
UX HampsHkeHHe CTaOWIM3aluu C yBEJIMYEHUEM TEMIEepaTypbl yMEHBIIACTCS.
CtabuCTOphI TAaK)KE UMEIOT Olerap <O.

B crabwimszaTopax HampspkeHUs, paOOTalIMX B LIMPOKOM JIHAarna3oHe
TEMIIEpaTyp,  HCIOIb3YIOT  MPEUU3UOHHBbIE  CTAOMJIUTPOHBI €  BHYTPEHHEH
TEPMOKOMIIEHCALlMEN, B KOTOPBIX MOCIEAOBATEIBHO HX P-N-MEepexoay BKIOYEH B
NpSMOM  HampaBJI€HUM OOBIYHBIA KPEMHHMEBBIM P-N-TIEpexon €  OTpUIATEIbHBIM
TEeMIIEpaTypPHbIM KO3(P(OULIMEHTOM MPSMOTO HanpsbKeHUs (puc.S).

HuddepeHunanbHoe COMPOTUBICHUE CTAOUCTOPA [leras  PACCUMUTHIBAIOT IO
dbopmyne (cM. puc.4):

UHP.MAX B UHP.MIN

rC TAB —

IHP.MAX - IHP.MIN (2)
[Topsimok BhIMOTHEHUS Pa0OThI

1. Berueptuth Taba. 3 u Tabn.4 qis cHATHS NpsAMoil U oOpaTHoW BerBeid BAX
CTaOMIUTPOHA.

2. BpiuepTuTh KOOpJAUHATHBIE OCH AJI MOCTPOCHUS MPAMON U 0OpaTHOU BeTBEH
BAX (macmrab no ocsim: lyp —B 1 cM 2MA; Uy, —B 1 eM 0,1B; logp, —B 1 M 2MA; Ugsp — B
1 cm 1B.).

3. Berueptuth Tabn. 5 IS 3amucH pe3yJIbTaTOB M3MEPEHHUs HECTaOWUIBLHOCTH
HaNpPSDKEHUs CTAOUIIMTPOHA MPU U3MEHEHHUH MTPOXOISAIIETO Yepe3 Hero Toka.

Taobmuna 3

[Tpsmoii Tok Iy, MA | 0,1 0,5 1 2 3 5 8 10

[Ipsimoe
Hanpspkenue Upp, B




Taomuna 4

OOGpatHbIii TOK
ler, MA

OGpartHoe
Hanpspkenue Uer, B

01| 05 1 2 3 5 8 10

Ta0muna 5

Toxk cradunu3anuu
ler, MA
HecTabunpHOCTH
HaATPSDKEHUE
crabunm3anuu Uyp, B

01 (05 |1 2 3 5 8 10

4. 3apucoBarh UCCIEAYyEMbIC PIEKTPUUECKUE CXEMBI (CM. puc.3, a, 0).

5. CoOparb cxeMy, @OKa3aHHYIO Ha puc.3, a, HCHOJb3ys Tpaduyeckue
0003HaueHNUs1, HaHECEHHbIE HAa cMeHHYI0 naHenb 87J1 —01/2. Cusars npsamyro BeTBb BAX
CTaOMJIUTPOHA U 3aHECTH PE3yJIbTaThl U3MEPEHUN B Ta0J1.3.

6. CoOpaTh cxemy, MOKa3aHHYIO Ha puc. 3,0, CHATbh 00paTHy0 BeTBb BAX u
3aHECTH Pe3yJIbTaThl U3MEPEHUI B Ta0II. 4.

7. U3meputh HeCcTaOMIBLHOCTH HanpspKeHHs! OUg, CTaOMIMTPOHA NMPU U3MEHEHUU
MPOXOIAIIETO YePe3 HETO TOKA M 3aHECTH PE3YJIbTAaThl U3MEpPEHUH B Ta0M.5.

8. Iloctpouth npsimyto 1 00patHyro BeTBU BAX cTaOUIuTpoHa B KOOPAUHATHBIX
OCSIX.

9. Paccuutars quddepeHunanbHOe CONPOTUBIEHUE CTAOMIIUTPOHA U cTabucTopa
o ¢popmynam (1) u (2).

Meronuueckue ykazaHus
1. Ilpu BBINOJIHEHUH MYHKTA 5 UCIIOIb3YIOT:
G1 (I'T) — renepaTop ToKa CTEHAA;
PA1 (I,p) - ABMI1 Ha npenenax uzmepenus << 10 MA >>u << SMA>>;
PV1 (Uyp) - ABM2 Ha npenenax uzmepenus << 1B >>u << (,5B> >;
VD1 — crabunutpon [[814A.
2. IIpu BBINOJIHEHUH ITyHKTA 6 UCIIOIb3YIOT:
G2 (I'T) — renepaTop ToKa CTEHAA;
PA2 (I;) - ABM1 na npenene u3mepenust << 10 MA > >;
PV2 (8U.) - ABM2 Ha mpenenax m3mepenus << 10B >>; oGparHoe
HaIpsHKEHUE U3MEPSIIOT, 3aKOpoTHB rHe3na X13 u X14.
3. Ilpu BBINOJHEHUH MYHKTA 7 UCIIOIB3YIOT:
G2 (I'T) — reneparop Toka CTEHJA;
PA2 (I.;) - ABM1 Ha npenene u3mepenust << 10 MA > >;
PV2 (8U.) - ABO mna npenenax msmepenus << 5B >> << IB >>,
<<0,5B>>, << 0,1B >>;
G3 (I'H2) — renepaTop HanpsHKEHUS CTEHAA;
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IIpenBapurenbHO 1O M3MEPUTENO BbIxona B ycCTaHaBIMBAIOT BBIXOJHOE
Harnpsbkenne ['H2, paBHoe HampstkeHuro crabwmszanun U (Tabn. 4), u TOK uepes
CTaOMIIUTPOH, paBHbIN 1MA; IpuOOp MpU 3TOM OTKIIIOUEH.

3areM ero mOAKIIOYAT W, HM3MEHAsS BbIXOJHOE HampsbkeHue ['H2 pyuxoit
<<TouHO0>>, noOuBaroTcsa HyJNeBoro nokazanuss ABO Ha npenene 0,1 B. YBenuuusaroT
TOK 4epe3 CTAOUJIMTPOH B COOTBETCTBUHU C JAHHBIMU Tabi. 5; mpu 3ToM mpubop P12
(0U.;) mokaxeT HECTAaOMIBHOCTh HANPSHKCHUS CTAOMJIUTPOHA TMPH U3MEHCHUHU
MIPOXOJISIIIIETO Yepe3 HEero TOKA.

KOHTpOJIBHLIe BOIIPOCHI

1. Kakue yyactku BAX cTtabuintpoHa u cTabuCTOpa Ha3bIBAIOTCS padOUHMU?
2. Kak n3mensiercs HanpspKeHUE CTaOMITUTPOHA MTPH U3MEHEHUH MPOTEKAIOIIETO Yepe3
HEro Toka’?

3. Kakue cBolicTBa CTaOMIMTpOHA OLIEHUBAIOTCS U] PepeHInaTbHBIM
COIIPOTUBJIICHUEM?
4, [Touemy cTaOUIUTPOH U CTAOUCTOP IUIOXO pabOTaeT MPHU TOKaX, MEHBIIHMX

MUHUMAJIHBIX TOKOB CTa0MIM3aun?
5. KakoBbl OCHOBHBIE TapaMeTphl CTAOUITUTPOHA?

11



JlaGopaTopnasi pabora Ne3

HccnenoBanue napaMeTpuyecKoro craduansaropa
HANpPsKEeHUsI

I[fTenr paboTh — H3yYCHUE NPUHLUNA IEHCTBUS MapaMeTPUUYECKOIO
cTabuiaus3atopa HaNpsDKEHHS, €ro HCCIEeAO0BAHME IPU H3MEHEHUU BXOJHOTO
HANpSDKEHUsI U HAarpy3kH, pacyeT Ko3(ppuuueHTa CTAaOMIM3alUMH U BBIXOJHOTO
conporuBiieHus (puc. 6).

[TosicHenus. [lng nuTaHus paguod’IeKTPOHHOM ammaparypbl OOBIYHO
MCTOJIB3YIOT CTAOUIN3UPOBAHHBIE HCTOYHUKH. OCOOEHHO MHUPOKO UX MPUMEHSIOT
B anmaparype Ha TpaH3HCTOpax U MUKpocxemax. MaeanbHbIil cTaOUIN3aTOP J0JI-
*KeH oOecneunBaTh aOCOJIOTHOE TOCTOSHCTBO BBIXOJHOTO HampsbkeHus. B
peaNbHOM CTAaOUINU3aTOPE BBIXOJHOE HANPSAKEHUE BCE K€ 3aBUCUT OT BXOJHOTO.
CTabunbHOCTH BBIXOJHOTO HANPSIKEHUS OLIEHUBAIOT KO3 (PULIMEHTOM cTabuiIn3a-
UH:

kCT — AUBX Unux/(AUBux USX) ’ ( 15)

rae AUy — U3MEHEeHHE BXOJHOTO0 HANPSIKEHUS;

AU,,x —M3MEHEHUE BBIXOJHOTO HANPSXKEHUS, BBI3BAHHOE U3MEHEHUEM BXOJHOTO.
CrabunuzaTopbl OJHOBPEMEHHO CO CcTaOMiIM3alMed CriaXKMBAIOT MYyJbCalluu

BBINIPAMIIEHHOTO HANPSKEHUS, T. €. ABIAIOTCA aKTUBHBIMU (PUIIbTPAMH.

B mnapamerpuueckux cTaOMIM3aTopax HAMpPSKEHUS HCIOJb3YyeTCs Manas
3aBUCUMOCTh HANpPSDKEHUS] Ha CTaOMIUTPOHE OT MPOXOAAIIEr0 4epe3 Hero Toka
(cm. BAX cradbunutpona). Bxognoe nanpsokenue U,y (puc. 7) pacmpeaensiercs
MEXAY OTPAaHUYMBAIOIMM PE3UCTOPOM Rorp, M MHapaanenbHO BKIIOYEHHBIMHU
crabunmutponom VD wu pesuctopom Harpy3ku R,. H3mMeHeHue BXOIHOTO
HamnpsKeHUs. COIMPOBOXKIAECTCSA H3MEHEHHEM BXOAHOTOo ToKa |y Ilpu sTOM
U3MEHSIOTCS HalpsKeHUs Ha orpaHuuuBaromeM pe3uctopeUrorp 1 HE3HAYUTEIBHO
Ha CTaOUIUTPOHE U HATrpy3Ke, MOCKOIbKY pabouunit yuactok BAX cTtabunurpoHa
UMEEeT HEKOTOPBIN HAKJIOH MO OTHOLIEHUIO K OCH lo5p. [Ipn M3MeHeHUN Harpy3ku
NPOUCXOJUT TMepepacnpeneiaeHne TokoB |l u |, Mexnay cTaOMIUTpOHOM U
Harpy3Ko, a o0muit Tok lzx ocTaeTcss HEM3MEHHBIM.

m’ X1 ﬁ%ﬂ.;a\q
+O—-{%—-‘| 7
b 7Vt
ﬁkxt.ﬂb} i U,
2 & ? J
As -0
X2
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CtabunutpoH paboTaeT HOPMAJILHO, €CIU MPH MOJHOM U3MEHEHHUHU BXOIHOTO
HamnpsHOKEHUS U Harpy3KH TOK yepe3 CTaOUIUTPOH |l ocTaHeTcs B npeaenax oT ler
min A0 lermax, KOTOPBIMU OTpaHUYMBaeTCa pabounii yuactok BAX.

[TapameTpuueckuit crtabunmzatop mno3Bojaser mnoayuuts K = 20 - 30.
bonpmuit K., MOXHO MOJIy4uTh, BKIIOYUB MOCJIEJOBATEIbHO JIBA cTaOMIU3aTOpa
(mpu TakoM BKJIIOYEHHHU BTOPOW HU3KOBOJBTHBIM cTaOWIM3aTOp OYAET MUTATHCS
NpeABapUTEIbHO CTAaOUIU3UPOBAHHBIM BBIXOJHBIM HANpPSHKEHHUEM I[EPBOTO
BBICOKOBOJILTHOTO). OIHAKO TpPHU ITOM YPE3BBIYAWHO HHU30K K.M.JI. CXEMBI
(HECKOJIbKO TPOI[EHTOB).

KopoTkoe 3amMpIkaHue Ha BBIXOJI€ CTA0MIM3aTOPa HE BRIBOJUT €TI0 M3 CTPOS, a
JULIb YBEJIUYMBAET MOIIHOCTb, pACCEMBAaEMYI0 Ha pe3uctope Rorp

PRorpmax=(UBx+AUBx)2/Rorp- (16)

OTriII0OYeHHE HArPy3KU (XOJOCTOM XOJ Ha BBIXOJE€) MEPEBOJUT CTAOUIUTPOH
B HanboJjiee TSKENBINH PEKUM, TaK KaK 4yepe3 HEero mpoTeKaeT BECh BXOJHOU TOK
lsx, @ HATIpsSKEHUE OCTaeTCs NPeKHUM. MaKCUMaIbHYI0 MOIIHOCTh CTAOUIUTPOHA
pPacCUMUTHIBAIOT IO PopMylie

Pcrmax —— Ucr (Unx + AUBX = Uc-r)/Rorp- (17)

BaxxupiM  mapameTpoM = cTa0uiu3aTtopa  SBJISETCS  €ro  BBIXOJHOE
COINPOTUBJIICHUE

Rsux=AUf,lu/A]H, (18)

rae AUks — N3MeHEHNE HANPSKEHMS HA Harpy3Ke, BBI3BaHHOE U3MEHEHHUEM €€ TOKa
Aly.

BrixonHoe conmpoTHUBIEHNE TTO3BOJSET OIEHUTh Harpy304HYIO CIIOCOOHOCTH
cTabuiIM3aTopa: 4YeM OHO MEHBINE, TeM MEHbBIE BBIXOJHOC HAMPSIKCHUE 3aBUCHT
OT HATrPY3KH.

Jna pacuera koddduIMeHTa CTAOUIM3ALUUA MCCIETYEeMON CXEMbl MOYHO
HPUMEHUTH GopMYyITy, ciaeayromyto u3 Gpopmysr (15):

kc-r = AUnx URH.cp/(AUf{,H qu.cp) ’ ( 19)

rae Ugx.cp B Ury.cp — CPETHUE BXOJHOE U BBIXOJHOE HANPSKEHUS;
AU"ry — HU3MEHEHHE BBIXOJHOTO HANPSKEHUS, BBI3BAHHOE M3MEHEHHUEM
BXOOHOTO AU,,.

[Topsimok BeIMOTHEHUS pa0OTHI

1. Berueptuth Tabs. 6 111 3aNIMCH HANPSI)KEHUN U TO KOB B PA3JIMYHBIX TOUKAX
CXEMBI CTabuIn3aTopa, a TakKe KOOpJAUHATHBIE OocH (puc. 8) i mocTpoeHuUs
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3aBUCUMOCTH MOIIHOCTH, BBIJCISIONICHCS Ha Prr B
CTAOUJIIUTPOHE, OT COINPOTHUBIICHUS HArpy3KHU
I IBYX 3HaU€HHUH BXOAHOTO HanpsikeHus: Uq ‘;;g
=15BuU;=17,25 B (Mmacmitab o o C sI M : -
P — B1cm 50 MBT; R2 -~ 81 cMm 0,25 kOMm). Im_r | )
2. 3apucoBaTh DJJIEKTPHUYECKYID CXEMY 40
napaMeTpu4ecKoro crabuimnsaropa
HampspkeHust (cM. puc. 6) u cobOpath ee, o5 1 h5 2 RZ,Kk0M
H0Jb3YysCh rpaguuecKuMU 0003HAUYECHUSIMH Ha Puc. 8
cmenHol manenu 87J1-01/10.
Tabnuua 6
Hanpsixenne cetn Ui=15B | Us = 17,25 B
R2(R,), kOm 0,51 1 1,6 | 0o | 0,51 | 1 1,6 | oo

I, MA

URE[URH}" B

AU, mB

Uep B

AU, uB

Up= UC]'_"UR‘}' B
o= U, /R, MA
er — f“—-fm MA
P:.r:ft.,u

I

R MBT

3. Usmeputs Tok Harpy3ku |, m Hampsokenue Ugra(Ugy) Ha HEH, a Taxke
HampsDKeHUue Mmynbcanuii Ha Harpy3ke AUgp, HampspkeHue Ha TEepPBOM
koHneHcatope punbtpa Uci u HampspkeHHe MyJlibcalliid HAa 3TOM KOHJIEHCATOpe
AUc¢1. Pe3ynbTaThl U3MEepeHUd 3aHECTH B Ta0d. 6.

4. Beruucnuth Hanpsbkenue Ur; Ha orpaHuumBaroiieM pesucrope (Ha puc. /7
— 93T0 pe3ucTop Rorp), BXOAHOM TOK |l cTabunuzaropa, ToK o vepe3 cTabuauTpoH
¥ pPacCeMBaEMYIO Ha HEM MOIIHOCTH P¢;. Pe3ynbTaThl BRIUMCICHU 3aHECTH B TA0JI.
6.

5. IlocTtpouth TpaduKkd 3aBUCUMOCTH MOIIHOCTHU, pacceMBaeMol Ha
CTAOMJIMTPOHE, OT CONMPOTHBIICHUS HArpy3KW IJIS JIBYX 3HAYCHUW HAIPSIKCHUS
CeTH.

6. PaccuutaTh  MakcHUMalbHYIO  MOIIHOCTh, pacceuBaeMyl  Ha
OTpaHMYMBAIONIEM pe3ucTope R1 mnpm KOpPOTKOM 3aMBIKAHWMW Ha BBIXOJC
ctabmin3aTopa W MaKCUMalbHOM HampsbkeHun cetu (17,25 B), monbp3ysce
dopmynoii (16), B koTopoit Ry, = R1.

7. PaccuntaTh MakCUMaJdbHYI0 MOIIHOCTH, PACCEMBAEMYIO0 Ha CTAOMIHUTPOHE
MpU XOJOCTOM XOJI€ Ha BBIXOJE cTabmimizaropa (MpU OTKIIOYEHHOM PE3UCTOPE
Harpy3ku R2) um wmakcmmanpHOM HampspkeHum cetu (17,25 B), monb3ysichk
dopmynoii (17).
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8. H3mepuTh OCHOBHBIE COCTAaBJIAIONMINE HECTAOMIBHOCTH BBIXOJHOTO
HanpsokeHus AU'ry 1 AU"ry (Ha puc. 9 pesuctop R2 o6o3nauen Ry). Beruucauts

BBIXOJTHOE COMPOTUBICHUE U KOID(DHUIIMEHT CTAOMIM3AIMMK CXEMBbI, HCIOJb3YS
dopmyisl (18) u (19).

MeToanyeckue yKazaHus

1. ITpu BeImonHeHNU padoThl HCmob3yI0T: R1=510 Om; R2 = 510 Owm; 1 kOwm;
1,6 kOm; C1 = C2 = 50 mx®; nquoawer [[220 (K103A); VD5 — crTabunutpoHn
J814A.

2. llepemeHHOEe HampsiKeHHE € 3aXKUMOB «~15 B» m «OOmI.» HCTOYHHUKA
nutanus WUII cTerga momaroT Ha THe3ma 1 m 2 mcciaeayeMoro crabuiau3aTtopa.
TymOnep UII ycranaBnuBarT B monoxeHue «15 B»; ero mepekitoudeHue B IMo-
noxenue «15 B +15%» yBenuuuBaeT BeixogqHoe Hanpsixkenue UIT no 17,25 B.

3. Tok Harpy3ku |, usmepsitor ABM?2 nHa npenenax «50 MA», «10 MA», a
HanpskeHuss — ABMI1 Ha npenenax «25 B» u «10 By». Ilynbcauuu HanpsiKeHUM
AUci m AUc; Ha xonaencatopax Cl m C2 usmepswoTr ocmumiorpadgom. Ha-
npsikeHust Ucz, Uer 1 Ury OIMHAKOBBI, TaK KaK UX H3MEPSIOT Ha MapajielbHO
BKJIFOUEHHBIX JIEMEHTAaX CXEMBI.

4. Jlns wW3MEepeHUs HECTAOWJIIBHOCTH BBIXOJHOTO HAMPSIKCHUS CIEAYyeT
cobpath BcmoMoraTtenbpHylo cxemy (puc. 9). B kadectBe wusmeputens OUc,
ucnoab3ytor ABO (cHauana Ha npenene «5 By», a 3atreM nmo mepe KOMMOEHCAllUU
BBIXOJHOTO HAIPSDHKCHUS MPUOOp MEPEKII0YaroT Ha BCe 00Jice YYBCTBUTEIBbHBIC
npenensl: «1 B», «0,5 By», «0,1 B»), Ycrananusarot pe3uctop R2 = 510 Om u
nepeBoasaT TymOnep WII B monoxenue «15 By. Tak Kak 3TOT pexXUM
COOTBETCTBYET MaKCHUMAaJIbHOW Harpy3ke cTaOuian3aTopa IMpU MHHUMaJIbLHOM
BXOJ/JHOM HANPSIKEHUU, HA BHIXOJ[€ CXEMBbI OyJIET MUHUMAaJIbHOE HampsKEeHHE.

3ateM, uameHss HampsbkeHue ['H2, koMmeHCUpyIOT BBIXOJTHOE HAMpsKEHUE
crabunuszatopa (ABO mpu 3TOM HOJKEH MOKAa3bIBaTh HOJb, TaK KaK BBIXOJHBIC
HanpsokeHus cradunuszatopa u ['H2 oamHakoBsI).
Otknrouaror pesuctop R2 (xomoctodt Xxoa Ha
BBIXOJIE), YTO COMPOBOXKIAETCA YyBEIUYECHUEM
TOKa CTAaOMJIMTPOHA W BBIXOJHOTO HAIMPSIKCHHS.
IIpyu 3Tom ABO u3MepuT HampsKeHHE KOTOPOE
Tak)ke HeoOXOJAMMO CcKoMmIeHcupoBaTh. [anee
nepekiaovaoT Tymonep UII B nonoxenne «15B +
15%» u uzmepstor HanpsxeHue U''gy.

5. BbIX0HO€ CONPOTHUBIEHHE CTAOMIM3aTOpa PACCUUTHIBAIOT MO (opmye
(18). rne Al,— mnpupameHue TOKa Harpy3kd, COOTBETCTBYIONIECE YCIOBUSIM
usmepenus U''ry, (Al, paBen Toky Harpy3ku npu R2 = 510 Owm, Tak Kak MUHHMAaJIb-
HBIM TOK Harpy3ku npu R2 = oo paBeH HYII0).

6. Kospdunuent cradunumsanuu paccuuThiBaroT 1o ¢opmynae (19),
COCTaBJIAIONINE KOTOPOU BBIUUCISIOT cieayromum oopazom: AUg = U"ci— U'cy,
rae U'u U" — nanpsokenus Ha konaercarope Cl npu Hanpsoxkenuu 15 u 17,25 B
Ha BXOJ€ BBIIPSIMUTES;
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UBx.cp _— (Uél -+ U(,‘/l)/2, (-/Ru.cp = URHmin '1(" AU{{H/Q,

rae Ugrumin — HaIIpsDKEHHUE Ha BBIXOJIE CTabMIM3aTopa MpU HANPSIKEHUM Ha BXOJE
Boinpsamutens 15 B u R2 = 510 Owm.

KOHTpOJ’IbHLIC BOIIPOCHI

1. Tlouemy mynbcaluy HAMPSHKEHUS HA CTAOMINTPOHE HEBEJIUKH?

2. Tlouemy KOpOTKOE 3aMbIKAaHHE HA BBIXOJE HE BBIBOJUT IMapaMETPHUECKU
CTaOMIIN3aTOpP U3 CTPOA?

3. [Touemy KIIJI mapameTpudeckoro crabunu3zaropa HEBBICOK?

4. Korzna npyuMeHsIIoT mapaMeTpuyecKue cTabuin3aTopbl?

5. Kak usmensiercst pexxum padoThl CTAOMIIMTPOHA MPU Ieperpy3ke?

16



Jlabopatopnas paGora Ne 4
HccnenoBanue TYHHeIbHOTO M 00PALIEeHHOT0 THO/I0B

I[Tenp pa®GoOThl — CHITHE U AHAJIU3 BOJBT-aMIEPHBIX XapaKTEPUCTUK
TYHHEJIBHOTO M OOpalIeHHOI'0 JAUOJO0B; OIpeJelieHuEe HX NapaMeTpoB IO
xapaktepuctukam (puc. 10, a, 6).

IMosichennss. HecmoTpss Ha TO UYTO TYHHEJIbHBIE JUOJBI SBJIAIOTCA
IBYXIOJIOCHBIMM, C€ HUX T[OMOIIbIO MOXHO YCUJIHBaTb W TE€HEPUPOBATH
snekTpudeckue konebanus. CHnocoOHOCTh TYHHEIBHBIX JUOJOB BBIIOJTHATH
(GYHKIHU aKTUBHOTO 3JIEMEHTA 3JIEKTPUUECKOH 1[enH 00BACHACTCS TEM, UTO Ha OJ1-
HOM U3 ydyacTkoB BAX ux auddepeHnuaipbHoe CONPOTUBIECHUE OTPHUUATEIBHOE
(ygactok ne¢ Ha puc. 11). dusmyecku 3TO O3HAYaeT, YTO IPH YBEIUYCHHUU
HanpsHKEHUs Ha JUOJE TOK YEpPe3 HErO0 YMEHBIIAETCS.

Iﬂp Il
JT‘,.Jt —2
6
Ig
0 U U U Une
Uaﬁp n g pp
‘Imfp
Puc. 10 Puc. 11

TyHHENbHBIE JUOABI BBINOJHSAIOTCSA U3 MOJYNPOBOJHUKOBBIX MAaTEPUAIOB C
BBICOKOW KOHIIEHTpPALMEHd NPUMECEN — BBIPOXKIAECHHBIX IOJYIPOBOIHUKOB — U
UMEIOT OoJiee Y3KUM 3amuparoniuii cjioi, uem oobraabie auoabl (0,1—0,2 Mmkm), a
NOATOMY 3HAUMUTENBHO OOJIBIIYI0O HANPS)KEHHOCTh JJIEKTPUUYECKOro MOJs
sanuparomero cios (1o 10° B/cwm).

[Ipy OTCYyTCTBMM BHEIIHETrO HaNpsOKEHUs 4Yepe3 TYHHEIbHBIM U0
NpPOTEKAIOT, KaK M 4yepe3 oObIuHbIA Auon, nud@y3uoHHbIe U 'ApeiidoBbIe TOKHU
AJEKTPOHOB U AbIpoK. OJHAKO 3TH TOKU HE ONpEAeAT paboTy mpudopa U ero
BOJIbT-aMIIEPHYIO  XapakTepUCTHUKYy TMpPHU MaJblIX MOpsAMOM U  OOpaTHOM
HaNpsDKEHUsIX, B 3ToM pexume yepe3 AUWOA NPOTEKAIT TAaKXe 3HAYUTEIbHO
O0onpimMe TOKH, OOYCJIOBICHHBIE TYHHEIbHBIM 3(DGHEKTOM, KOTOPHIA MOXKHO
MOSICHUTH C MMOMOIIBIO YHEPTETUUYECKUX nuarpamm (puc. 12, a — 2).
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P dupp
Puc. 12

[ToTeHnManpHbIi  Oapbep B TYHHEIBHOM p-N-mepexone (puc. 12, a)
NPEBBIIIACT MIUPUHY 3ampenieHHon 3016 (33), mosToMy BaneHTHas 30Ha (B3) p-
o6nactu u 30Ha npoBoaumMocTu (3I1) N-ob6macTu nmepeKkprIBalOTCS — UHTEPBAI .

OnHy 4YacTh HMHTEpBalla @ COCTABJISIOT YPOBHU DSHEpPrUu, 3anoOJIHEHHBIE
AJIEKTPOHAMH, APYryl0 — CBOOOJHBIE ypOBHH. Pazymeercsa, Mexay 3aHATBIMHU U
CBOOOJHBIMHU YACTSIMU UHTEPBaAJIa @ HET CTOJIb PE3KOW I'PaHULIBI, U pacIpeaeIeHue
3JEKTPOHOB MO JSHEPTUSIM H3MEHSETCS IJIAaBHO, MPUYEM KOJMYECTBO CBOOOJHBIX
YpOBHEH YyBEJIMUMBAECTCS MNPH NPUOIMKEHUH K TOTOJKY BaJIEHTHOW 30HBI p-
00J1aCTH U yJaJ€HUU OT JAHA 30HBI IPOBOJAUMOCTH N-001aCTH.

Mexny nepeKkphIBalOLIUMUCS YacTAMHU 30H BO3MOXKEH NMEPEX0J 3JIEKTPOHOB
00 TOPU3OHTaIM 0O€3 HM3MEHEHHUsS HMX JHepruu. B 3TOM COCTOUT TyHHEIbHBIH
spdext. Ilpu TyHHENBHBIX Mepexojiax 3JIEKTPOHBI HE MPEOJ0JIEBAIOT MOTEH-
HHaJIbHBIA Oapbep, a IPOHUKAIOT Yepe3 HEr0 — TYHHEIUPYIoT. O4eBUAHO, YTO 4
TYHHEJIMPYIOUIETO 3JIEKTPOHA B 30HE, KyJa OH NEpEeXOJUT, [OJKEH ObITh
CBOOOJHBIN yPOBEHb IHEPTUH, 3HAUYEHUE KOTOPOU pPAaBHO €ro cOOCTBEHHOU 3HEP-
TUH.

[Ipy OTCYTCTBMHM BHENIHETO HANPSHKEHHS TYHHEIbHBIE TEPEXOJIbI
AJEKTPOHOB MPEACTABISIOT cO00Ml OIMHAKOBBIE NMPSIMOU |lyp. M 0OpaTHBINA loep s
TYHHEJIbHBIE TOKH.

[Ipu momade oOpaTHOro HaMpsHKEHHUS NMOTEHUMAIbHBIM Oapbep M HHTEpBAJ
MEePEeKPHITHs 30H (puc. 12, 6) yBeIUUNBAIOTCS U CO3/IAIOTCS YCIOBUS, TPH KOTOPHIX
3aHSTHIM dHEPreTUYECKUM YPOBHSAM B BaJICHTHOH 30HE p-00JIaCTH MPOTHUBOCTOST
CcBOOO/IHBIE SHEPreTUYECKHE YPOBHU B 30HE MPOBOAUMOCTH N-o0nactu. [Ipu aTom
OoJjiee BEpPOSATHBIMM CTAHOBSITCS TYyHHEJbHbIE Mmepexoabl lypr 3IEKTPOHOB
00paTHOTO TYHHEJIBHOT'O TOKA lospr. OOpaTHBIA TOK CTPEMHUTENBHO HapacTaeT U

npu obpatrHom HanpsokeHuun 20—40 mB  npubnuxaercs K MakCcHUMajabHO
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NOMMYCTUMOMY 3HaudeHuto. [Ipy oOpaTHOM HamNps)KEHUU TYHHEJbHBIE JTHOJBI HE
paboTaroT.

[Ipu mojave mpsAMOro HampsKEHUs UHTepBal a (puc. 12, 8) ymMeHbIIaeTCa U
OBICTPO pacTeT NPSIMOM TYHHEJIbHBIN TOK, TaK KaK MEPEKPHIBAIOTCS 3aMOJIHEHHbIE
YPOBHU IHEPTUU 30HBI MPOBOJUMOCTH N-00JaCTH U CBOOOJHBIE YPOBHHU SHEPTHUU
BaJIEHTHOU 30HKI p-o0nactu. [IpsiMoil TOk yepes nepexoa ObICTPO HAPACTAET, UEMY
COOTBETCTBYET NepBasi Bocxoasmias BeTBb BAX (yuactok On xapakTepuCTUKU Ha
puc. 11). Touka n B KOTOPOH TOK |y, MOCTUTAET MaKCHUMaJIBHOTO 3HAYCHUS,
Ha3bIBaeMas MUKOM XapaKTEpUCTUKHU, onpenenser Tok |, u Hanpskenue U, nuka
BAX TyHHEnpHOTro auona.

JlanpHelnmiee  yBeJIWYEHHE  NPSAMOTO  HampsHKEHUs  CONPOBOXKIAETCS
YMEHBIIEHUEM TOKA lyp. TAK KaK yYMEHBIIAETCS MHTEPBAN a M, CIEIOBATENIBLHO,
YUCJIO ypPOBHEH HPHEPrUM, MEXKAY KOTOPHIMH BO3MOXEH TYHHEJbHBIM NEPEXOo/,
YyeMy COOTBETCTBYET NaJalOIINN YYaCTOK 76 XapaKTepUCTUKU. ToUKa ¢, B KOTOPOU
TOK lypr CTAHOBUTCS MHHHMMaJIbHBIM, Ha3blBacMas BIAJAUHOM XapaKTEPHUCTHKH,
omnpenaenset Tok |, u Hanpsbkenue Uy Bnaauasl BAX TyHHeNIbHOTO AU0A.

W3 30HHOW auarpamMMbl, COOTBETCTBYIOIIEH TOYKEe BIaAMHBI ¢ (puc. 12, 2),
CJIEIyeT, YTO JHEPTreTHIEeCKHE 30HbI He epeKpbhiBatoTcs (a = 0), T. e. TyHHEeIbHBIN
TOK HeBo3MOXeH. Juddy3nonnas coctapidiomas Toka npu HanpsbkeHuu U,
BnaJuHbl HeBenauka. CylniecCTBOBAHUME TOKAa BIAJAUWHBI OOBSCHSETCS APYTUM
MEXAaHU3MOM TYHHEJIHMPOBAaHUS IPU CKBO3HOW 3ampeumeHHou 30He. Ilpu aTom
AJIEKTPOH MPEOJO0JEBAET €€ MO CI0KHOMY NYTH, UMEIOIIEMY TOPU30HTAIbHbBIE U
BEPTHUKAJIbHBIE YUYACTKH, HA KOTOPBIX €r0 SHEPTHUSI COOTBETCTBEHHO HE U3MEHSIETCS
U U3MEHsEeTCH.

Eme 60npmieMy npsiMOMY HaNpsIXKEHUIO COOTBETCTBYET BTOpasi BOCXOAs A
BeTBb BAX — yuacTok, pacnosioxkeHHbIi Ha puc. 11 npaBee Touku BnaguHsel 6. [Ipu
npsiMOM HampsikeHuu, 6onpbmeM U, wepes nuon npoxoaut nud@y3uoHHBIHN
TOK.

OCHOBHBIMU MapaMeTpaMU TYHHEJIbHOTO JUOJA SABIISIOTCS;

— TOKH |y, |y n Hanpspkenns Uy, u U, MUK a ¥ BIAJAUHBL;

— HanpsikeHue pactBopa U, — IpsiMoe HanpsHKeHHe Ha BTOPOI BOCXOAsIIEel BETBU
BAX, mpu KoTOpOM NpSIMOM TOK paBeH TOKY MHKa ly;

— OTHOIIIEHHWE TOKA MHUKA K TOKY BIaguHbl I/l,.

OOpanieHHble THOAbI SIBISIOTCS PA3HOBUIHOCTHIO TYHHEJIBHBIX M TaKXke
U3TOTOBJISIOTCS U3 BBIPOXKJIEHHBIX MOJYIPOBOJHUKOB, HO C HECKOJBKO MEHbIIEH
KOHIICHTpalue mnpumMeceil. 30HHAs JuarpamMma OOpallleHHOro JIHOoJa IMPU OT-
CYTCTBHMH BHEIIHETO HAMPsIKEHUS Moka3aHa Ha puc. 13, a. OOpaTHOe Hanps>KEHUE
yBEJIMUYMBAET NOTEHIMANbHBIN Oapbep. [Ipu 3ToM nepekpriBatoTcst B3 p-obnactu
u 311 n-oGnactu, NOABISETCA U YBEJIUYUBAETCS OOpaTHBIA TyYHHENIbHbIN TOK. [Ipu
NpsIMOM HANpsI)KEHUU TOK 4Yepe3 AHOJ CHavalla HEBEJIHK W HaudaJbHbII y4acTOK
BAX (puc. 13, 6) umeeT HeOONBIION MOABEM, KaK Y TYHHEJIBHOTO AWO/Ia. 3aTEM,
noclie crnaja, HauuHaeTcsa KpyToil mojabem, T. €. HapacTaeT 1u( Qy3nOHHBIN TOK.
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Puc. 13

OOpanieHHble AMOJBl HCIOJIB3YIOT B KAa4€CTBE BBIIPSIMHUTEIbHBIX JJId
06paboTku curHanoB Manoil ammautyasl (1o 0,3—0,4 B), mpu KOTOpBIX mpsAMoOit
ToK yepe3 auoa mai (10 mkA), a ooparHeiii — Benmk (10 MA). Takum oOpasom,
MpY NPUMEHEHUHN 00paIlleHHBIX TUO0J0B UX 00paTHY10 BeTBb BAX MCHONB3YIOT KaK
NpsIMYy0 OOBIYHBIX THOJOB, a NIPAMYI — Kak oOpaTHyro. OTcroa Ha3BaHUE 3THUX
npubopoB — oOpalIeHHbIE JUOIBI.

Hopsinok BeIMOJIHeHUsI padoOThI

1. Berueptuth Taba. 7 u 8 miis monydeHus npsiMmol u oOpaTHoil BeTBeir BAX
TYHHEJIILHOTO JUO/IA.

Ta6auma 7
[Tpsmoli TOK [np, MA 1 2131410861678 9 10
[Ipsimoe nanpsixenne U,
mB
Tabmuma 8

OGpatubit Tok l,,, MA 1 2 3 4 5 G 1 7 8 9 10

O6paTHoe HanpsxKeHue
Uoﬁp' mB

2. Beryeptuth cucremy koopauHat (puc. 14) mns uszobOpaxkenus BAX
TYHHENbHOTO auonaa (MacmTad mo ocsM: lyp, (losp) —B 1 M 2 MA; Uyp, (Uosp) — B 1
cm 0,1 B).

3. 3apucoBath cxeMbl A5 nonydenuss BAX tynnensHoro auona (cm. puc. 10,
a, 0).
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4. Cobpatp cxeMy, mokazaHHyio Ha puc. 10,a, monp3ysce rpaguueckuMu
o0o03HaueHUIMU Ha cMeHHOM maHenu 87JI- 01/3, cHsATh mpsmylo BeTBb BAX u
3aHECTH PE3yJIbTAaThl U3MEPEHUH B Ta0II. 6.

5. CoOpatb cxemy, nokazanuyto Ha puc. 10,0, cHaTh o6patHyto BeTBb BAX u
3aHECTH PE3yJIbTAaThl U3MEpPEHUH B Ta0I. 7.

Lpp,MA
10
8
6
4
z
Ug_{s&,ﬁ
ﬁ P
42 p 6z 04 06 08 1 U8B
4
6
8
10
1 ogp, 14

Puc. 14
6. [Toctpouts BAX TyHHETBHOTO JMOJa B KOOPJIUHATHBIX OCAX (puc. 14).
MeToanuyeckue yKazaHus

1. Ilpu BeIMONMHEHHU M. 4 UCTIONB3YIOT:

Gl (I'T) — reHepaTOp TOKa CTEH/A;
PALl (l.p) — ABM 1 na npenene uzmeperus «10 MA»;
PV1 (Uyp) — ABM?2 na nipenene uzmepenus «1 By; VD1— tyHHenbHBIH U0

AW301T (unu obpamennsiiit AU402T).

2. Bricokoe BbIXOHOE conmpoTuBiaeHUE /1 HE MO3BOJISIET CHUMATh A a0l
yyacTok BAX TyHHeIBbHOro AMO0Ja, MO3TOMY HpsAMYyr BeTBb BAX cHumawT B
TaKO# MOCIeA0BATEIbHOCTH: OCTOPOKHO YBEIMUHUBAIOT OT HYJs TOK [ 7T, ciend 3a
nokazanusimu npubopa PV1. Ilpu pgoctmxkennun mnuka BAX mnpoucxoaut
CKauKkooOpa3Hblil nmepedpoc CTPENKH 3TOro npudopa, onpeaeasieMblid pa3HOCTHIO

HanpspkeHu Uy, — Uy, T. €. 110 0Ka3bIBaeTcs B peKUMe, COOTBETCTBYIOLIEM AU -
dby3uonHoit BetBu BAX;
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ocTopoxHO cHXarT Tok I'T, cinens 3a mokazanusimu npubopa PV1. [lpu Toke I,
NPOUCXOUT OOpaTHBIN Mepedpoc CTpEenaKu, T. €. JUOJ OKa3bIBA€TCS B pEKUME,
COOTBETCTBYIOIIEM MEPBOM Bocxoasliel BeTBU BAX.
OTH omepaluy BBINOJHSAKOT HECKOJBbKO pPa3, YTOUHSS NapaMeETpbl TYHHEIBHOTO
auojsia B Toukax nuka v BnaauHbl ero BAX. [Ipu noctpoenun BAX Touku nuka u
BIAJUHBI CIEAYET COEAUHUTh MYHKTUPHOUN JIMHUEM.

3. [Ipu BeimonHenuu n. 5 B kauecTBe G2 ncnons3yrot renepatop 'H1 cTenna,
Ha BBIXOJI€ KOTOPOTO MEPE] U3MEPEHUSIMHU YCTaHABIMBAOT 0 VB cTenna Hynesoe
HanpsbkeHue (nepeknrouartens UB cnenyert nepesectu B nmonoxkenue «['H1 1 By).
OcTanbHble IPUOOPHI T€ KE, YTO U MPU BHIMOJIHEHUH II. 4.

4. BonbpT-aMMOEpHYI0 XapaKTepUCTUKY OOpamieHHOTo JuojJa CHHUMAIT
AHAJIOTUYHO.

KoHTposbHBIE BONIPOCHI

1. W3 kxakux MOJyNpOBOJHUKOBBIX MAaTE€PUAJIOB H3TOTOBJISIOT TYHHEIBHBIC U
oOpallleHHbIC TUOIBI?

2. B ueM cocrout TyHHenbHBIN 3P dexT? [Ipr KakuX yCIoBUSIX BO3HUKAIOT MPSIMOM
1 0OpaTHBINM TYHHEJIbHBIC TOKH?

3. KakoB (puzmdeckuii CMBICI OTPUIIATEIEHOTO COMTPOTUBIICHHUS?

4. YeM TyHHENBHBIN JUOJ OTINYAETCA OT 0OpaIlEHHOTO?
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JlabopaTtopnas paGora Ne 5

HccienoBanue OUINOJAPHOTO TPAH3UCTOPA,
BKJIIOUECHHOI'0 10 cCXeMe ¢ 001ei 0a3on

[lenr paOoThl — CHSATHE U AaHAJIU3 BXOJHBIX U BBIXOJHBIX
XapaKTEepUCTUK TpaH3UCTOpa, BKIHOYeHHOTo ¢ OBb; ompenenenue mo HuM h-
napameTpoB (puc. 15).

HosicHenns. bunonspusie TPaH3UCTOPHI SABIISIFOTCS HaubOoee
YHUBEPCAIbHBIMU U PacHpOCTPAHEHHBIMU TMOJYNPOBOJHUKOBBIMU TNpUOOpaMu,
NpeJHa3HaYeHHBIMH JJI1 YCUJICHUS U TEHEPUPOBAHUS IEKTPUUECKUX KOJI€OaHU,
1 UMEIOT TPEXCIOWHYIO p-n-p- UIH n-p-n-CTpyKTypy (puc. 16 a,6). Kaxapiii cinoit
MMEET BBIBOJ, Ha3BaHWE KOTOPOTO COBMAJAET C HAa3BaHUEM CJIOS MJIM 00JacTH
Tpan3uctopa. CpeaHoo 00JIacTh TpaH3UCTOpa Ha3bIBAalOT 0a3o0il, a KpaiiHuEe —
AMUTTEPOM M KOJUIEKTOPOM. DTHU TPAH3UCTOPHI MOJYUUIIN Ha3BaHUE OUMOJIAPHBIX
OTOMY, YTO NEPEHOC TOKa B HUX OCYIIECTBIAETCS HOCHUTEISIMU 3apsia ABYX
THUIIOB: 3JIEKTPOHAMM U JBIPKaAMU.
bunonspHelii TpaH3UCTOP HMEET JBa p-n-nepexona — HSMUTTepHbIN [I1 u
KOJUIEKTOpHBINM [12 — W nBa 3amuparmniuxX cjaosd C KOHTAKTHBIMU Pa3HOCTAMU
noteHnuanoB Uy u Uy oOycioBiauBammux HamnpsikeHHocTH £Ey u  Eo
anekTpudeckux moierd B Hux. lllupwHa mepexomoB lo1 u lgp mmpuHa 06a3oBoii
obmactu ls. B 3aBHCUMOCTH OT BBIONHSAEMBIX B CXeMe¢ (QYHKIIUHA TPaH3UCTOP
MOET paboTaTh B TPEX pEKUMAX.

B akTHUBHOM pexXHUME TpPaH3UCTOp pabdOTAaeT B YCUJIUTENSAX, KOrjaa
TpeOyeTcsl yCUJIEeHUE JIEKTPUUECKUX CUTHAJIOB ¢ MUHMMAaJIbHBIM HCKAaXKEHHEM HX
¢opmpel. [Ipr 3TOM Ha SMUTTEPHBINA EepeXo] MOIal0T BHEIIHEE HAMPSX)KEHUE B TIPS -
MOM HamNpaBJICHUH, a Ha KOJUIEKTOPHBI — B oOpaTHOM (puc. 17, a). OcHOBHBIE
HOCUTEJIU SMUTTEpa Mo AeiicTBueM HanpsokeHus U,s TpeogoaeBaroT SMUTTEPHBIN
nepexo/l, a MM HaBCTpPeUy JBWXKYTCS OCHOBHBIE HOCHUTEIU 0a3bl, KOTOPHIX
3HAYUTEIbHO MEHBIIE, MOCKOJbKY KOHIIEHTpalMs mpuMmecu B O6aze mana. Yacts
JIBIPOK DMUTTEPAa PEKOMOUMHUPYET C dJIeKTpoHamu Oa3bl BOMM3M mepexona 11, a
OCTaJbHbIE MHKEKTHUPYIOTCS (BIPBICKUBAIOTCS) B 0a30BYI0 00JIaCTh.

Ha myTu K KOJIIEKTOpHOMY MEPEXO0AY YaCTh JBIPOK YMUTTEPA PEKOMOUHUPYET
c ayekTpoHamu 0a3bl (B peanbHbiX Tpanizuctopax oT 0,1 go 0,001 xonuuectBa
HOCUTENEH 3apsaa, NOKUHYBIIMX SMUTTEp). OcTalibHble IBIPKH JOCTUTAIOT
KOJUIEKTOPHOTO Tepexoja, Ha KOTOPbIA nmoaaHo oOpaTHoe HampsikeHue Ugs, U C
yCKOpEeHUEM nepeOdpachiBalOTCs B KOJUIEKTOp nojieM nepexoaa 112,

TakuMm o00pa3oMm, TOK |, OCHOBHBIX HOCHUTEJEH, MOKUIAAIOIIUX IMHUTTED,
yacTU4HO TepsieTcss B mnepexoae IIl m Ga3ze Ha pexomMOMHAIMIO, 3TH NOTEPHU
cocTaBiAOT TOK 0a3bl lg. OcTanmpHas ero 4acTh JOCTHTAeT KOJUIEKTOpa, THAe
PEKOMOUHUPYET C AIIEKTPOHAMH, MOCTYIMAIOIIMMHU B HETO U3 BHEIITHEH 1[ETIU B BUC
TOKA Ix. YXOI MABIPOK U3 OMHUTTEpPA BOCIOJHICTCS TeHepamueid  map
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AIEKTPOH—IBIPKA B YMHUTTEPHOU 00JIACTH, U OTBOJOM DJIEKTPOHOB BO BHEIIHIOIO
Ienb B BUJE TOKa I,. Pacxoa 3JIeKTpOHOB 0a3bl Ha PEKOMOMHAIIMIO KOMIICHCH-
pyeTcs UX MPUTOKOM B BHJE TOKa lg.

Toku TtpaH3ucTtopa, paboTalOmEero B AaKTUBHOM pEXHUME, CBSA3aHbI

ypaBHEHHUEM
I =Ig +Is,

KOTOPO€ MOJKHO II€PENUCATh B MPHUPALICHUAX:
Aly = Alx + Als.

Takum oOpa3oMm, MpU MOSBICHUH MEPEMEHHOW COCTABJSIONIEH BXOJTHOTO
TOKa TpaH3HCTOpa (B paccMaTpuBaeMOM CJIydae 3TO TOK IMHUTTEpa) MOSBISETCS
NepeMEHHasi COCTABJISIONIAs BBIXOJIHOTO (KOJUIEKTOPHOTO) Toka. Ecinu B 1enb
KOJUIEKTOpA BKJIIOUUTh PE3UCTOP, TO MajieHue HANpsKeHUsT Uy, HA HEM OKaXeTCs
3HAYUTEIbHO OOJbIle MepeMeHHOro HamnpsikeHuss Ugx BXOJHOTO CUrHanua, T. €.
TPaAH3UCTOP YCHJIMBACT BXOJHOM curHan (puc. 17, 6).

B akTUBHOM pexuMe TPaH3UCTOP YHpaBiseTcs B JilOOOW MOMEHT mpoliecca
YCHJIEHUS, T. €. KaXIOMy HM3MCHCHHWIO BXOJHOTO CHUTHaja COOTBETCTBYET
W3MEHEHHNE BBIXOTHOTO.

B pexume Haceimenus (puc. 17, g) Ha oba mepexoga TpaH3UCTOpaA
mojaeTcs mpsMoe HampspkeHue. [lpm 3Tom B 0a3y HWHKEKTUPYIOTCS IMOTOKH
OCHOBHBIX HOCHTEJICH ASMHUTTEpa M KOJUICEKTOpPA M COIMPOTHUBJICHHUE MPOMEKYTKA
KOJUIEKTOp — OMHUTTEpP TpaH3UCTOpPAa PE3KO yMeEHbIIaeTcs. B 3ToM pexume
TPAH3UCTOP HE ympaBisieTcs. Pexum HaCBHIEHUs] UCMOJB3YIOT B TE€X Cilydasx,
KOT/a He0OXOAUMO YMEHBIIUTh TOUYTH JI0 HYJISI COMPOTHUBJICHHUE I[€TIH, B KOTOPYIO
BKJIFOUEH TPAH3HUCTOP.

B pexume orceuku (puc. 17, 2) 0o6a nepexoaa TpaH3UCTOpA 3aKPHITHI, TAK
KaK Ha HHUX TOJAI0TCS oOpaTHbIe HampsikeHus. B 3ToM pexume TpaH3UCTOP
obmagaer OoapImuM compoTuBiaeHUEeM. OOpaTHBIE TOKH SMHUTTEPHOTO |5, U
KOJIIEKTOPHOTO lys, TEPEX0M0B MBI (0COOCHHO KPEMHHUEBBIX TPAH3UCTOPOB).

[Ipr BKIIOYECHUN OUMOJAPHOTO TPAH3WCTOpPAa B DJJIECKTPHUYECKYID CXEMY
oOpa3yeTcs IBe IENMU: yHpaBisiollas W ymnpasisiemas. B ympasisiomed 1enu
NeMCTBYET BXOJHON CUTHAJ, KOTOPBIA OOBIYHO MOJAIOT HA dAMUTTEp uiau 6azy. B
yIpaBiaseMod 1enu (KOJUIEKTOPHOW WU AMUTTEPHOU) (POpMUPYETCS BBIXOIHOMU
CHUTHAJI, TMMOCTYMAIUN 3aTeM Ha BXOJ CIIEAYIOIIEro Kackaja WJIH B Harpysky.
TpeTuit a51eKTPO TPAaH3UCTOPA ABISIETCS OOITUM JJIsI BXOJHOUM M BBIXOHOM IIeTEH.

[IIupoko pacupoCTpaHEHBI TPU CXEMbI BKJIIOUCHHS TPAH3UCTOPOB: ¢ OOIIEH
0asoii (puc. 18, @), o0mum smurTepom (puc. 18, 6) u 00mHUM KOILIIEKTOPOM (pHC.
18, 6). lna pacyera TpaH3UCTOPHBIX CXEM HCIOJB3YIOT JIBA CEMEWCTBA BOJBT-
aMIIepHBIX XapaKTEPUCTUK: BXOJHBIC U BBHIXOIHBIC.

BxoaHple XapaKTepUCTUKH TPAH3UCTOpA MOKA3bIBAIOT 3aBUCHUMOCTH TOKa
BXOJHOTO 3JIEKTPOJa OT HAMPSDKEHUS MEXAY HUM U OOIMHUM DIIEKTPOJIOM TpH
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MOCTOSTHHOM HAMPS)KEHUU Ha BBIXOAHOM 31ekTpoae. [{ms cxembr ¢ Ob 310 3aBucu-
MOCTh TOKa dMHUTTEpPa OT HAMNPSHKEHHS MEXJAYy HUM W 0a30i MpHU MOCTOSHHOM
HaNpsHKeHUH Ha KoJuiektope (puc. 19, a):

Is = f(Uss) npu Uxs = const.

BpIXO/HBIE XapaKTEPUCTUKU TPAH3UCTOpPA MOKAa3bIBAIOT 3aBUCUMOCTb TOKa
BBIXOJHOTO 7JJIEKTPOJa OT HANPSKEHUS MEXAY HHUM U OOIIMM 3JIEKTPOJOM.
CHUMaIOT BBIXOJHBIE XAPAaKTEPUCTHKHU A PAAa MOCTOAHHBIX TOKOB BXOJHOTO
anektpona. [Junga cxemsl ¢ Ob 3TO 3aBUCMMOCTH TOKa KOJJIEKTOPA OT HAINPSKECHUS
MEXJy HUM U 0230 P MOCTOSHHBIX 3HAUYCHUSAX TOKa smMutTepa (puc. 19, 0):

Ix = f(Uyxs) mpm |, = const.

B pexxume ycuiieHUsI MaJblX CUTHaJIOB, KOrja HeauHelHocThi0 BAX MoxHO
npeHeOpedb, TPaH3UCTOP, BKIOUYEeHHBIH ¢ Ob, SKBUBaJeHTHO MPEACTaBIAIOT B
BHJIC JIMHEHHOTr0 YeThIpexmnoarocHuKka (puc. 20), BXOJHBIC M BBIXOIHBIC ITapaMETPhI
KOTOPOTO CBSI3aHbI CIEAYIONIUMHU YPABHCHUSIMU:

AUsp = hy5Als + hiys AUxs;
Alx = hg1sAls + hossAUks.

dusnyeckuit cMbIca h-mapaMeTpoB TPaH3UCTOPA COCTOUT B CIACAYIOMIEM:

hiis — BXOJHOE CONPOTHUBJIEHHUE B PEKMME KOPOTKOIO 3aMBIKAHUS HA BBIXOJE;
hiss __ xospduuueHT BHyTpeHHEH 06paTHOI CBA3M B PeKHMME X0JIOCTOr0 X0/1a Ha
BXOJIE;

his . gosdpuument mepegaunm TOka B pEKHME KOPOTKOTO 3aMBIKAHHS Ha
BBIXO/JIE;

has BBIXOJHAas MPOBOAUMOCTH TPAH3UCTOpPA B PEXKHUME XOJIOCTOrO XOJda Ha
BXOJE.
PaccuuteiBator h-napamerpsr qiis cxemsl ¢ Ob o Gpopmynam

hiis = AUss /A5 npu Uxs = const; (3)
hiss = AUss/AUxs npu I3 = const; (4)
hois = Alx /Al npu Ugp = const; (5)
hsoss = Alx /AUks npu I> = const. (6)

AHanuTHueckuit pacdyer h-mapaMeTpoB CIOKEH W HeToueH. HaMHOTO mporie
UX NOJIy4aroT usMepenueM uinu nmo BAX.
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Jlns ompeneneHus Nhj;; Ha BXOJAHON XapaKTePHUCTUKE, COOTBETCTBYIOIICH
CpeIHEMY 3HAYCHUIO KOJUIEKTOPHOTO HAMPSDIKEHUS, 0003HAYAIOT pab0UYyl0 TOYKY
A (p.T) Tpansuctopa (puc. 21, a), KkoTopas 3aJaeTcid CPEAHUMHU 3HAYCHUSIMU
BXOJHOI'O TOKa l,p . ¥ BXOAHOTO HampsikeHUust U,sp .. Uepes pabouyro Touky 4 (p.
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T) NPOBOJAT KacaTeiabHyl U cTpoaT TpeyroapHuk BCD. 3artem, ucnons3ys
bopmyny (3), HaxoasT
h]'ns = BD/CD = AUas/A]s.

s onpeneneHus Nizs HEOOXOIUMO MTOCTPOUTH JIBE BXOJHBIC XapaKTECPUCTUKHU
I ABYX 3HAUCHWUM HAMNPSDKEHWS Ha BBIXOOHOM 3jiekTponae (puc. 21. 6). Uepes
pabouyro TOuky A (p. T) mpoBOASAT JMHUIO |, = CONSt, 4TO COOTBETCTBYET
XO0JOCTOMY XOJly Ha BXOJI€ TpaH3UCTOpa IO TMEPEeMEHHOMY TOKYy. TodYku
IepPECCUYCHUS XapaKTCPUCTHKH 3TOU JIMHUHU TPOCUUPYIOT HAa 0Cch U, M oTIpeAeIstoT
AU,s. 3aTeM, ucnonb3ys Gopmyny (4), Haxoast hizs npuHsaB AUy = AUgs2 — AUge1.
Ins onpenenenus hyis ceMeificTBO BBIXOIHBIX XapaKTEPHCTHK B 00J1acTH
paboueii Touku nepecexkaroT nuHue AUgs = CONSt, 4TO COOTBETCTBYET KOPOTKOMY
3aMBIKaHHUIO TIO MEPEMEHHOMY TOKY Ha BbIXOJie TpaH3ucTopa (puc. 21, 6). 3atem
no gopmyne (5) HaxoxasaT rpapuvecku onpeneaus Al u BeraucauB haig
Aly = Iy — I5;.

Jns onpenenena hyys (puc. 21, 2)CHUMAOT BBIXOJHYIO XapaKTCPUCTHKY IS
Toka 3MutTTepa l,p . B paboueil Touke, a 3areM HaxoasaT Al u AUy u mo popmyie
(6) paccuuthiBaroT haz.

IHopsinok BeIMOJIHEHNsI padOThI

1. Berueptuth Ta6sa. 9 1 10 1t CHATHSI BXOJHBIX U BBIXOJHBIX XapaKTEPHUCTHUK
TPaH3UCTOpA.

Ta6auuma 9

Tok smurrepa /5, MA 0,1 0,2 0,5 1 2 |10
Hanpsixkenne smutrep — 6asa 0
Uas- B, npu 1
10

Ta6aunma 10

HanpsxeHue lco.n.nex'roﬁ — Gasa Uyg, B 1 2 5 10

Tox Komnekropa [y, MA, npu I, MA

QOD et —O
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2. BeluepTuTh KOOpAMHATHBIE OcH (puc. 22, a, 6) 11 TOCTPOCHUS BXOJAHBIX U
BBIXOJIHBIX XapaKTEPUCTUK TpaH3ucTOpa (MacimTad mo ocsam: |, u l— B 1 cM 2 MA;
Ues—B1lcm 0,1 B; Uy —81cm1B).

3. Berueptuts 1aba. 11 u 12 nns 3anucu h-mapaMeTpoB TPaH3UCTOpPA U €TI0
AJIEKTPUYECKUX MapaMeTpPOB B paboueil Touke.

4. 3apucoBaTh cxeMy s cHaTUuss BAX tpan3uctopa (cMm. puc. 11) u codbpath
¢e, MoJIb3ysACh rpadMIeCKUMHU 0003HAYCHUSIMHU Ha cMeHHOM manenu 87J1-01/5.

Taomumna 11
[TapameTp hiis h12s ha1s h22s
3HaueHue
Ta6anuma 12
ITapamerp Iam, MA | Ugg, o B | Iy, ., mA Ukgpp.r B
3HaueHue

5. CHATh BXOJHBIE M BBIXOJHBIC XaPAKTEPUCTUKH TPAH3UCTOpPA M 3aHECTH
pe3ynbpTaThl u3mMepenuii B Tada. 9 u 10.

6. [TocTpouTh BXOMHBIEC U BBIXOIHBIE XapaKTEPUCTHKU B KOOPAUHATHBIX OCSIX
(puc. 20, a, 6).

7. BeiOpaTh 1o yKa3zaHHWIO MpeEroaaBaTes padodyr TOYKY U HAHECTH €¢ Ha
BXOJHBIC U BBIXOIHBIC XapPaKTEPUCTHUKH.

8. BRITOJHUTH MOCTPOCHUS HA BXOJHBIX M BBIXOJHBIX XapaKTePUCTUKAX IS
omnpeneneHus h-mapaMmeTpoB TpaH3UCTOpPA, PACCUUTATh UX U 3aHECTH PE3YJIbTaThl
B Tabm. 11.

9. 3aHecTH 2JIEKTPpUYECKHE MapaMeTphl TpaH3UuCTOpa B paboueil Touke B Ta0I.
12.

MeToanuyeckue yKasaHus

1. I1pu BeimOJIHEHUHU pabOTHI uccaenytot Tpansuctop MII 425.

2. J1ng cHATUS BXOJAHBIX XapaKTEPUCTUK HUCIOJIb3YIOT:
G1 (I'T)—  reHepaTop TOKa CTEHJA;
G2 — npu cHATUH XapakTepuCTUKU NpHU Uys = 0 3TOT HCTOYHUK HE MOJKIIOYAIOT, a
rue3na X11 u X12 3akopauuBatot. [Ipu custum xapakrepuctuku npu U = 1 B
UCTIOJB3YIOT YacTh IMana3oHa peryjiupoBaHus BeIXOHOro Hanpsikenust ['HI ot 0
10 —/ B (npu peryiupoBaHUM BBIXOJHOTO HampsikeHus [ HI B 3TUX Ipeaenax ero
MOJIIPHOCTh NMPOTHUBOMNOJOKHA YKAa3aHHOW Ha JIMLIEBOW MaHean OJ0Ka MUTAHUA).
[Ipu custum xapakrepuctuku npu U, = 10 B ucnonssytor I'H2 cTenna;
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PALl (I,) — ABM2 na npenenax usMmepeHus «10 MA», «5 MA» 1 «1 MA»;
PV1 (U,s) — ABO na npenenax usmepenus «0,5 B» u «0,1 By;

PA2 (Iy) — He ncmoap3yloT, a THe3xa X7 U X8 3aKkopadyuBalOT COCAMHUTEIbLHBIM
IPOBOJIOM;

PV2 (Uw) — HB crenpa, nmepekioyaTeb KOTOPOTO IpU HMCHoiab3oBanun ['H2
ycTaHaBiauBawT B mojoxenue «I'H2 25 Bw», a npu ucnmonp3zoBanumu I'HI — B

nonoxxenue 10 By.

3. Jlnst cCHATHUS BRIXOJHBIX XapaKTEPUCTHK UCTIOJb3YIOT:
Gl (I'T) —renepaTop TOKa CTEHAA;
G2(I'H2) — renepatop Hamps>KeHUs CTCHIA;
PAl (I,) - ABM2 — ABM?2 na npeaene uameperus «10 mA»; PV1 (U,;) — He
MOJIKITI0YAI0T;
PA2 (l.) — ABM na npeaenax uzmepenus «10 MmA», «5 MA» u «1 MA»; Tok
lvo mpu 1,=0 wu3mepsor ABO Ha mpegenax «100 mxA» u «10 MxA» npu
Pa30MKHYTOU IE€MU YMUTTEPA;
PV2 (Uy) — UB ctenaa, nepekiiroyaTesib KOTOPOTO YCTaHABIMBAIOT B MOJ0KCHHE
«I"'H2 25 By.

4. Tlpu onpeneneHUN MOJOKEHUs pabodell TOUKU MPUHSTH

Isp: =5 MA u Ugppr=5 B.

KouTposbHbIe BONIPOCHI

1. TloueMy KOHIIEHTpAIUS TPUMECH B IMUTTEPE 3HAUNUTEIHHO OOJIbIe, YeM B Oaze?

2. Ilouemy HEOOXOIMMO OTBOJIWUTH TEIJIOTY OT KOJUIGKTOPHOM 0O0JacTH
TpaH3ucTOpa?

3. KakoBbI 0COOCHHOCTH aKTUBHOT'O peKHMMa padOThI TpaH3UCTOpa?

4. Kak TpaH3UCTOP MEPEBOAT B PEKUM HACHITIICHUS ?

5. Kak noOGuBaroTcst peskxnuma OTCeUKu?

6. Kakue »sriexTpuueckue mapameTpbl XapaKTepU3ylT pabdouylo  TOYKY
TpaH3ucTopa?

7. TloueMy TOK KOJUIEKTOpa IMPH IMOCTOSHHOM TOKE 3MHUTTEpa HE 3aBUCHUT OT
HaANPsDKEHUS MEXTYy KOJUIEKTOPOM U 0a30i?
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JlaGopaTopnas padora Ne 6
HcciienoBanue GUMOJISIPHOTO TPAH3UCTOPA,
BKJIOYEHHOTI'0 € 00IIMM IMUTTEPOM
[lenp paboThl — CHATUS M aHAIU3 BXOJHBIX U BBIXOAHBIX XapaKTEPUCTUK

TpaH3HUCTOpa, BKIIOUeHHOTO ¢ OD; onpenenenue mo HuM ero h-mapamerpos (puc. 23).

PA2

R
X7\ __/ A8

7
X1 %> "

+
Is ) p42 X5 Xo|l_ X1I|_
P2 { Ue 2| G2
X2 @D Pyl
X3 xiol+ xi12|+
X6 |+
IT | G1
+
Puc. 23

[Tosicuenusi. BXogHble XapaKTEpUCTUKH TPaH3UCTOpa Mpu BkItoueHHH ¢ OO
SBJISIFOTCSL 3aBUCUMOCTH TOKa 0a3bl OT HANPSHKEHUS MEXKIYy HEM U OMUTTEPOM IMpHU

MOCTOSIHHBIX HANpPsHKEHUAX Ha KoJutekTope (puc. 24, a): ls = f(Us,) mpu Uy, = const.
a
) &) IK
Igs
Is

g | Igs

Igs
Ig:

Is,
\< Igs

U
128

Puc. 24
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Brixoansie xapaktepucTuku (puc. 24, 6) npeAcTaBisioT co00i 3aBUCUMOCTH TOKa
KOJJIEKTOpA OT HANPSIKEHUSI MEXy HUM U SMUTTEPOM IIPU MOCTOSHHBIX TOKax 0a3bl: lg
= f( Uy,) npu | = const.

B pexnme ycwieHHs MajiblX CHUTHAJIOB TPAH3UCTOP, BKIOYEHHBIM ¢ OO,
OKBUBAJICHTHO MPEJICTABISIOT B BHJIE JITHEHHOTO YETHIPEXIIOMIOCHUKA (puc. 25),

ulp alE
L ]
sUgs VT alUg
—d -
Puc. 25

BXOOHBIC M BBIXOJHBIC ITAPAMCTPBI KOTOPOI'O CBA3aHbI CO CICAYIOIINMHU YPABHCHUAMMU:

AUpy =hyj5 Alg +hyp AUy
Aly =hypAlp +h s AU

Jlst cxemsbl ¢ OO h-mmapamMeTpbl pacCUUTHIBAIOT IO (hOpMYIIam:

AU,
h), = Al
2 mpu U, =const (7)
AU
hyy = &Uﬁ
K3 mpu I =const; (8)
AL
hy, = MK
5 mpu U, =const ©)
Al
hy, = &UK
k3 mpu Ig=const: (10)

Jliis onipenencHust Ny1, TPOBOAST pabouyro TOUKY A (p.T.) KacaTeIbHYIO K BXOTHOU
XapaKTEPUCTUKE U CTPOAT TpeyroibHuk BCD (puc. 26, a). Torga, cornacHo ¢opmyie
(7), momyuum:

_BC AU,
CD Al

Jlns onpenenenust Nip, BEIOMPAIOT BE BXOJHBIC XapPAKTEPUCTHKH, CHSTBHIC TPH

IBYX 3HAUEHUSAX HANPSHKEHUN MEXIy KOJUIEKTOpOM U 3MutTepoMm (puc. 26, 0), u

nmpoBoJAT yepe3 A (p.T.) muHMIO lg = CONSt, COOTBETCTBYIOLIYIO XOJOCTOMY XOAY Ha
BXOJI€ TPAH3UCTOpA. 3aT€M TOYKH IEPECEUECHMs] 3TOM JMHUU C XAPaKTEPUCTUKAMU

113
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npoerupyroT Ha 0ck Ug,, onipenensitoT AUy, = U2 — Uyo1, HaxoasaT AUg, 1 pacCUnTHIBAIOT
hi2, o popmysie (8).

s onpenencHus hyj, CeMEMCTBO BBIXOIHBIX XapaKTEPHCTHK BOJM3M A (p.T.)
nepecekaroT auHuen Uy, = const (puc. 26, g), 4TO COOTBETCTBYET KOPOTKOMY 3aMBbIKAHUIO

n) I (5] I
. | Ie
3 f{m Ig;
w 4lp
el AT
U, JUgs Uﬁj U.m
E)
I L
o 3 = Ig=const
& / £ Apr)
leos lg=const
aUsy Uk, aYics U

Puc. 26

Ha BBIXOJE TpaH3UCTOpa. 3aTeM 1o Qopmyne (9) paccuuTbiBarOT hyi,, ONpEaCHB
rpaduuecku Al u Als kak pasnocts (Ig2 — ls1).

s onpeneneHust Ny, BRIOUPAOT M3 CEMEHCTBA BBIXOAHYIO XapaKTEPUCTHKY,
CHATYIO IIpH ls, - Haxonsat npupaienue Toka kosmiekropa Aly, BoI3BaHHOE IpHpalieHueM
HarnpsokeHust AUy, Ha HeM Tpu MOCTOSTHHOM ToKe 0a3bl (puc. 26, 2), u o popmyne (10)
paccuuThIBAIOT Nyy,.

PabGouast Touka TpaH3ucTopa B cxeme ¢ OO xapakTepU3yeTCs CICTYHOIIMMHU
napamMeTpamMm: |6Ap.T.; U63.pAT.; IK.pAT. %1 UK3.p.T'

ITopsinok BbINOJIHEHHUSI PA0OTHI
1. Bserueptuth Tabn. 13 u 14 nns momydeHUs: BXOAHBIX U BBIXOJIHBIX XapaKTEPUCTUK

TPAH3UCTOPA U KOOPAUHATHBIE OCH IS UX MOCTpoeHus (Macmrab mo ocsim: lg — B 1
cM 0,1 MA; Ug,—B1em 0,1 B; Ik—B 1 cm4 MA; U, —B 1 cm 2 B).
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2.

3.

~

Taomuna 13

Toxk 6a3sr ls, MKA 50 100 200 300 400 500
0
Hanpsioxenue
0a3a—sMUTTEP 1
U63, B,
npu Ui, B 5
Taomuna 14

Hanpspkenue KoimekTop —

smutrep U, B 0.5 1 S 10

50

100

Tok xomnekTopa 200
lc, MA,

300

mpu ls, MKA 400

500

Beraeptuth Tabn. 15 mis 3ammcn h-mapameTpoB TpaH3ucTopa, BKitodeHHoro ¢ Ob
(;mabopatopnas padbota NoS) u OD.

Taomuna 15

[Tapamerp
Cxema

h11 h12 h21 h22

C o01eit 6aszoi

C o01muM 5MUTTEPOM

3aprcoBaTh CXEMY CHSTHS BXOJHBIX U BBIXOJHBIX XapaKTEPUCTUK TPAH3UCTOPA (CM.
puc.23) u cobpaTh ee, MOJIB3YysSICh rpaduyecKUMH OOO3HAYCHHSIMU HA CMEHHOU
nanenu 87J1 — 01/6.

CHATH BXOJHBIC U BBIXOJIHBIC XapaKTEPUCTUKHU U PE3YIbTaThl U3MEPECHUI 3aHECTH B
taba. 13 u 14.
[TocTpouTh BXO/IHBIE M BBIXOHBIC XapPAKTEPUCTUKU B KOOPJIUHATHBIX OCSIX.

BEITIOJIHUTE TOCTPOCHHMS Ha BXOAHBIX W BBIXOJHBIX XapPaKTEPUCTHKAX IS

onpeaeneHus: h-mapamMeTpoB TpaH3UCTOPA, PACCUYNUTATh MX U 3aHECTH PE3yJIbTaThl B
tabn. 15. B 3Ty ke Tabuuily 3aHecTH N-mapameTpsl TpaH3UCTOPA, MOJyYEHHBIC TIPH
BBITIOJTHEHUH J1Ta00paTOpHOM paboThI Neb.
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MeToanuyeckue yKasaHus

B pa6ote uccnenyercs tpanzuctop MII 425.
JI71st CHATHUSI BXOJIHBIX XapaKTEPUCTUK UCIIOIb3YIOT:

GI1 (I'T) — reneparop ToKa CTEHJIA;

G2 (I'H2) — renepatop HanpsiKeHUs CTCH/A;

PA1L (lIs) — ABM2 nHa npeaene usmepenns << 0,5SMA>>;

PV1 (Us,) — ABO na npenenax usmepenus << 0,5B>>, << 0,1B>>;

PA2 (ly) — He moaxiogaroT, a THe3Aa X7 1 X8 3aKOpadynBaloT;

PV1 (Uy,) — u3MepuTeNh HAIPSHKCHUH MEXKTY KOJZICKTOPOM H SMUTTEPOM.

Cammas xapakrepuctuky npu U,,=0, mpubop PV2 He ucnonw3ytor, G2 Takxke
HE MOJKIIoYaroT, a rue3aa X11 u X12 3akopaynBaror.

[Tpu custin xapakrepuctuku npu U,=1 B B xauectBe G2 ncnons3yror ['HI1 —
4acTh AUarna3oHa PeryJIMpOBaHMs €ro BbIXOJHOTO Hampsbkenus ot 0 mo 7 B (B atux
npeaenax U3MEHEHUsl BBIXOJHOTO HampshkeHus: nojsipHocTs 'H1 mpoTuBomnonoxua
yKa3aHHOW Ha JUIEBOM mMaHenu Onoka mnuTaHus). Beixomnoe nampstkenue ['HI
U3MEPSIOT HU3MepuTeneM Bbixona VB  cTeHma, mepekiovaresb KOTOpPOIo
yCTaHaBJIMBAIOT B nosioxkeHune <<['H1 10 B>>.

Caumas xapaktepucTtuky npu U=5 B, ucnions3yrot 'H2, BbIxoiHOE HAMIpsiKeHUE
KOTOporo uzMepsaroT B, 1715 uero ero nepekiroyaTenb yCTAaHABIMBAIOT B MOJI0KEHUE
<<I'H2 25 B>>.

JI71s1 CHATHSI BBIXOJHBIX XapaKTEPUCTUK UCTIOJIb3YIOT:

G1 (I'T) — reneparop ToKa CTeH/Ia;

G2 (I'H2) — reneparop Hanpspkerus cteaaa (mpu Uy, paBaoMm 5 u 10 B) wm 'H1
(npu Uy, paBHom 0,5 u 1B);

PAL (Is) — ABM2 na npeaenax uamepenus << 10MA>>, << SMA>>, << IMA>>
<< 0,5MA>>;

PV1 (Ug,) — HE MOAKITIOYAIOT;

PA2 (I) — ABMI1 Ha mnpenmenax wusMepeHus <<S0MA>>, <<IOMA>>,
<<SMA>>, << IMA>>u << (0,5MA>>;

PV2 (Uy,) — UB crenna, moaxarou€HHbIi K Beixomam ['H1 wmm 'H2.

KonTpoJsbHbIe BONPOCHI

1. Tlouemy h, 5 3HaunTEenBHO OOJMBIIE 17?

2. Iloyemy BXOJHOE COMPOTUBIIEHUE TpaH3UCTOpaA B cxeme ¢ OD OoJiblie, 4Yem B
cxeme ¢ OB?

3. Kakue mapameTrpsl TpaH3UCTOpa, BKIOUYEHHOTO ¢ OO, XapaKTepusylT €ro
pabouyro TouKy?

4. KakoB ¢u3nueckuii cMbici h-mapaMeTpoB M NMpH KaKUX YCIOBHUSX HX
onpeaesaoT?

5. Tlouemy cxema BriroYeHHs Tpansuctopa ¢ OD Haubosee pacnpocTpaHeHa?
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JlabopaTtopnas paGora Ne 7
HccnenoBanue noJjieBoro TpaH3ucTopa

[{enp paboThI — M3YYEHHE MPUHITUIIA ACUCTBUS TIOJICBOTO TPAH3UCTOPA, CHATHE U
ananm3 BAX, onpenenenue napamerpos (puc. 27).

[Tosicaernst. B oTiimumy OT OUIONSIPHBIX TPAH3UCTOPOB, B KOTOPBIX MIEPEHOC TOKA
OCYIIECTBIISICTCS AJEKTPOHAMH U JIBIPKAMHU, B MOJIEBBIX TPAH3UCTOPAX B IMEPEHOCE TOKA
YYacCTBYIOT TOJBKO AJIEKTPOHBI MM TOJBKO JIBIPKH; 3TO 3aBUCUT OT TOTO U3 KaKOro
MaTepHajia BBITOJIHEH poBoasIui kaHait 1 (puc. 28).

B pabote uccnenyercs tpanszuctop KII101 ¢ kanamom p-tuma. Ha GokoByto
MOBEPXHOCTh  KaHala  HAHECeHbl  CJIOM  TOJIYNPOBOJHUKA  DIEKTPOHHOM
AJEKTPONPOBOAHOCTH — 3aTBOp 2. Mexay 3aTBOpoM 2 M KaHalloM oOpasyercs P-N-
nepexoJl, OOEAHEHHBII CJIOM KOTOPOro COCPEAOTOYEH TIJIaBHBIM 00pa3oM B 00beMme
KaHalla, BBIMOJIHAEMOTO MX MaTepualia ¢ HU3KUM cojepxaHueM mnpumecu. OT kaHaia
caenanbl BoIBOJBI 3 U 4 — cToK U ucTOoK. Mctok M 006buHO 3a3eMIisitoT, a Ha cTok C
M0/Ial0T HAMPSDKEHUE, PU KOTOPOM OCHOBHBIE HOCUTEIIU 3apsi/ia YCTPEMIISIOTCS K HEMY.

B Tpan3ucrope ¢ kaHajIoM P-THUIIA HA CTOK MOAAETCs OTPUIIATEIILHOE HAMIPSKEHUE,
a Ha 3aTBOp — HAIpsDKEHUE, TPU KOTOPOM IEPEX0]l 3aTBOP — KaHAJ 3aKPHIT U TOKA HE
IPOBOJINUT.

BbIxoHOM TOK MOJIEBOTO TPAH3UCTOPa — TOK CTOKA |, 3aBHCHUT OT HaNpsDKEHUS Ha
ctoke Ug, U ¢ ero poctoM yBenuumBaercs. Kpome Toro, Tok croka l. 3aBUCHUT OT
HampsbkeHuss Ha 3atBope  U,,, KOTOpoe ympaBiseT TIyOWHON MPOHUKHOBEHHS
00eHEHHOTO CJI0sl 5 B 00beM KaHaa, a ClIeZIOBaTebHO, €r0 TOMEePEUYHBIM CEUYCHUEM.

PA1
ASUM@

=P

X7 X9

X3
C) PI2 GEB r'H2| G2
Usu ) PV
Xg |+ X10|+

xif,

X2

Puc. 27 Puc. 28

[Tpu nanpspoxkenuu Uy, = 0 Hanpsbkenne U,y BbI3BIBAET YMEHbBIIIEHUE MTOMIEPEYHOTO
ceyeHus kKaHanma (puc. 29, a) u yBenuueHue ero comnpoTuBieHus. llosBaeHuUs
HanpsokeHus: U, n3MeHseT KoHGUTypaiyio 00€THEHHOTO CJIOs, MPUYEM CEUCHHE KaHama
C TpUOMMKEHHWEM K CTOKY YMEHBIIACTCS, ITOCKOJIbKY YBEIMYHMBACTCS Pa3HOCTH
MOTCHIIMAIIOB MEXJy 3aTBOpOM M KaHajoMm. IIpum HekoTopoM HampsokeHUH Uy,
OTIPEICICHHOM JIJIs Ka)XJ10T0 3HaYeHus1 U,,, 00€THEHHBIE CJIOM CMBIKAIOTCS (TOuka A Ha
puc. 29, 6) u Hacrynaer HackimeHue. Hanpsokenue Ugy = Ugyue. Ha3bIBaeTCS
HanpsbkeHreM HacelmeHus. [pu U,, = 0 HanpsbkeHue HaCBIIEHUS MaKCUMAJTBHO.
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. |Uu.; -ﬂﬂ Uae™ Unesae U = Ulaesone
A L
1| M 7 7z
m /
% A
U e iy
= sl | il |

Puc. 29

Croko-3aTBOpHasi XapaKTepUCTHKA TMojeBoro Tpam3ucropa (puc. 30, a),
CHUMaeMasi MpU MOCTOSIHHOM HanpsokeHUH Ug,, TMO3BOJIAET ONpENeNuTh HalpsiKEHUe
oTcedKU U,y ore, TP KOTOPOM TOK CTOKA CTAHOBHUTCSI PaBHBIM HYJIIO, U HauaJIbHbIA TOK
CTOKA l¢ yaq., IpOTEKArOIIHMI Yepe3 kaHai mpu U, = 0.

Umm

Puc. 30

YBennuenue HanpsokeHust U, MPUBOIUT K CMEIICHUIO TOYKA A B HaIlpaBJICHUU
ucroka (puc. 29, 8). Tox |, mommepxkuBaeTcss 3a CYET BIPHICKMBAHUS OCHOBHBIX
HOCHTEJICH KaHajia B 00€JTHEHHYO 00JIaCTh TOYHO TaK K€, KaK B KOJUICKTOPHOM TEePEX0/Ie
ounonsipHoro  TpaHsucropa. llpu mampHelimeM yBenudeHuW HampsokeHUs Ugy,
MIPOUCXOUT MPOOOH M BBIXO TPAH3UCTOPA U3 CTPOSL.

Takum o00pa3oMm, BBIXOJHOM TOK TIOJIEBBIX TPAH3UCTOPOB B OTIWYUU OT
OUMOJIIPHBIX ONPEIeTsAeTCs HanpsbKeHneM Ha 3aTBope Uy, TP 9TOM TOK 3aTBOpa OJIM30K
K HYJIIO, TIOCKOJIbKY 9TO 0OpaTHBIN TOK P-N-miepexo/ia. AHATUTHIECKH CTOKO-3aTBOPHAs
XapaKTEPUCTHUKA BbIPAXKAETCSA YPABHEHUEM:

l=f(U,,), mpu U =const.
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Ha puc. 30, 6 mnoka3aHO CeMEWCTBO CTOKOBBIX XapaKTEPUCTHK IOJEBOTO
TPaH3UCTOPA, MPEJCTABISAIONIETO COOO0H Psiji 3aBUCUMOCTEN TOKa CTOKa | OT HanpsiKeHus
MEXIY CTOKOM U UCTOKOM Ugy JIJIS psiia MOCTOSIHHBIX HANpsDKeHUM Ha 3aTBOpE Uy

l=f(U,,), 1pu U, =const.

OCHOBHBIMU TTApaMETPAMH TOJIEBOTO TPAH3UCTOPA ABJISIOTCS:

-KpyTH3HA CTOKO-3aTBOPHOM XapaKTEPUCTHKHU S;

-aKTHBHAs BBIXOHAS IPOBOJIUMOCTD (J22y.

KpytusHa S mokaspiBaeT Ha CKOJBKO MUJUIMAMIIEP M3MEHHUTCS TOK cToKa lc mpu
W3MCHCHUM HaIpspDKeHUs Ha 3aTBope U,;, Ha 1 B M MOCTOSHHOM HaIpPsSHKCHUU MEXKITY
CTOKOM M UCTOKOM Uy, T.€.:

S=AI./AU,, npu Ugy=const. (11)

OTUM TapamMeTpoM OIpPEAENIeTCs yCHIUTENbHbIE CBOKCTBAa mpubopa. OOBIUHO
KPYTU3HY U3MEPSIIOT WIH PACCUUTHIBAIOT JIJIS1 PEXKUMa, COOTBETCTBYIOIIETO TUHEHHOMY
YYaCTKy CTOKO-3aTBOPHOM XapaKTEpHUCTUKU. JlJig 3TOr0 cTposT TpeyroiabHuk ABC (puc.
30, a), mo xKoTopoMy ompeneNstoT npupaimieHue Toka Al. u Hanpstkerne AU, u 1o
dbopmyrne (11) paccUUTHIBAIOT KPYTU3HY S.

AKTUBHAsI BBIXOJHAs IPOBOAUMOCTb (224 ONpPENEISETCS HAKIOHOM CTOKOBOM
XapakTepUCTUKU B obmactu Haceimenus (puc. 30, 6). DTOT mapaMmeTrp HaXOIAT
noctpoeHueM TpeyrojpHuka ABC, mo KoTopoMy onpenensitoT npupatieHue Toka Ale u
HanpsokeHust AU Torna akTuBHasi BBIXOAHAS! MPOBOAMMOCTh PaBHA:

goon &= Alc/AUcn NpHu U3y1 = const. (12)

IHopsiaok BeINOJIHEHUSI padOTHI
1. Boraeptutrh Tabm. 16 wm 17 ana CHATHS CTOKO-3aTBOPHBIX CTOKOBBIX
XapaKTEPUCTUK TMOJEBOrO TPAH3UCTOPA M KOOPAMHATHBIE OCH JUIsl MX MOCTPOCHUS

(macmtad o ocsim: Ic—B 1 ecm 0,4 MA; U,y —B1em 0,5B; U —B 1 cm 1 B).

Taomuna 16

Hanpsixenune 3arBop —

nctokUsy , B 0 0,2 0,4 0,8 1,2 1,6

Toxk cToka |, MA, 5
IIPH HANIPSHKCHUN

crok —uctok Ug,, B | 10
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Taomuna 17

Hanpsixenue cTok —

nerox Ugy, B 1 2 3 5 8 9 10

0

0,3
Tok ctoka e, MA, pu
HanpsbkeHuu 3atop — | 0,6

ncrok Us,, B
0,9

1,2

2. 3apucoBaTh CXeMy AJIs CHATHSI XapaKTEPUCTUK MOJIEBOTO TPaH3UCTOPa (CM. pHUC.
27) u cobpath ee, MoJb3ysCh rpauuecKUMU 0003HaUYCHUSIMU Ha CMEHHOM mmanenn 87J1
—01/7.

3. CHATHb CTOKO-3aTBOPHYIO XapaKTEPHUCTHKY, 3aHOCS PE3yJbTaTbl U3MEPEHUN B
Ta611.10, MOCTPOUTH €€ B KOOPJUHATHBIX OCSIX U OMPEACIUTh MapaMeTpbl, HEOOXOIUMBIE
JUIA pacueTra KpyTu3HbI S, o opmye (11).

4. CHATh CTOKOBBIE XapaKTEPUCTHKH, 3aHOCS pe3yJbTaThl U3MepeHuil B Ta0m.17,
MOCTPOUTh MX B KOOPAMHATHBIX OCSIX, ONPEIEIUTh MapamMeTpbl, HEOOXOIUMBIE s
pacyeTa aKTUBHOM BBIXOAHOU MPOBOJUMOCTH J224, 110 opMmysIe (12).

MeToauyeckue yKkasaHusl

1. B pa6ote uccnenyercs tpanszuctop KIT101.

2. JIns cHATUS XapaKTEPUCTUK MCIOJB3YIOT:

G1 (I'H1) — ucrounuk Hanpsokenust U, Ha 3atBope. [IpeaBaputenbHO clieayer
YCTaHOBUTH IO U3MEpPUTENIO Bbixoaa VB cTeHna HyneBOro HampsbDKEHHUsS Ha BBIXOJIE
3TOro uctTouHuka. Beixognoe Hanpsbxenust ['H1 perynupytror B npenenax ot 0 1o — 7 B,
IIpU 3TOM €ro MOJSIPHOCTh MPOTHUBOMOJOKHA YKa3aHHOM Ha JIMLEBOW MaHenu Onoka
nuTaHus. Y BeJIMYUBaTh BhIX0AHOE HarpsbkeHre ['H1 Ha ToM nHTEepBasie peryaupoBaHus
CJIelyeT Bpalliasi peryJasiTopbl IPOTUB YACOBOM CTPEJIKU;

G2 (I'H2) — uCTOYHUK HAIPSKEHUS MEXKAY CTOKOM U UCTOKOM Ucy;

PV1 (U,,) — u3Mepurenp HamnpspDKCHUS Ha 3aTBOPE MO OTHOIIECHUIO K UCTOKY
(ABM1 na npenene usmepenus << 2,5B >>);

PV1 (l.) — u3amepurenn Toka ctenaa (ABM2 Ha npeaenax usmepeHust << SOMA>>,
<< 10MA>>, << SMA>> 1 << IMA >>));

PV2 (U.,) — u3MepuTesb HANPsHKEHUST Ha CTOKE MO OTHOIICHHI0 K UcToky (B
CTEH/a, MEepPEeKIIIoYaTesb KOTOPOro YCTaHaBIMBAIOT B mosiokeHne <<['H2 25 B>>).
Cnenyer NOMHHUTB, YTO MaKCHMAJIBHO JOMYCTHMOE HANpPSIKEHHWE MEXIY CTOKOM H
MCTOKOM JIJIsl UCCIIEIYyEMOTO TpaH3ucTopa coctaniseT 10 B.

39



KoHTpoabHBIE BONPOCHI

1. Kakue TpaH3uCTOphl HA3bIBAIOT MOJIEBHIMU?

2. UeM 00BSICHICTCS BEICOKOE BXOJHOE COIMPOTHUBIICHUE TIOJICBBIX TPAH3UCTOPOB?
3. UeM oTiM4aeTCs MOJIEBOM TPAH3UCTOP OT OUIOJIIPHOTO?

4. KakoB MPUHIIMIT YCUJIEHUSI CUTHAJIOB C IIOMOIIBIO TIOJICBOTO TpaH3UCTOpa?

5. I'ie npuMeHSIOT MOJIEBBIE TPAH3UCTOPHI?
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JlaGopaTopnas padora Ne 8
HccaenoBanue THpUCTOpa

Lenb pabOThI — M3yUEHUE IEHCTBUSA TUPUCTOpA; CHATHE 1 aHanu3 BAX (puc. 31).

[Tosicnenusa. Tupuctopbl — 3TO MOIYNPOBOJAHUKOBBIE TPUOOPHI, 00JATAIONINE
JIByMSI YCTOMYUBBIMU COCTOSIHUSIMU: OTKPBITBIM M 3aKpPBIThIM. B OTKpBITOM COCTOSTHUU
TUPHUCTOPHI XOPOIIO MPOBOJAT SIEKTPUUECKUN TOK, a 3aKPHITOM OHHU MHPEICTaBISIIOT
c000i1 OOJBIIIOE COMTPOTUBIIEHUE, COM3MEPUMOE C COIPOTUBIIEHUEM KPEMHHUEBOTO AUOA
npu oOpaTHOM HampsbkeHud. OCHOBHOE Ha3Hau€HHUE TUPHUCTOPOB — 0e300pbIBHAsS
KOMMYTaIIUs ANEKTPUIECKUX LIETICH.

TupHucTOpbl UMEIOT CTPYKTYPY P-N-P-N, TO ecTh Tpu P-N-niepexona; [, Iy, 13 (puc.
32, a, 6). AHon A mpubopa coemuHeH co ciaoeMm Pi1, katom K — co cioem Ny, a
YIPABJISIOMIMNI JIEKTPoa YO — CO CJIoeM P2 U Nj.

OznHa U3 BO3MOXHBIX CXEM BKJIIOYEHHMS THPUCTOpa IOKa3aHa Ha puc. 33.
[TonoxxurenbHOE OTHOCUTENIBHO KaTOJJa OCHOBHOE HarpsbkeHue Ua mojaeTcs Ha aHo, a
ynpasJstouiee HanpsbkeHue Uy — Ha ynpasisttomuid anexktpo. [Tpu toke ly = 0 Tupucrop
3aKpBbIT, €CJIM HATIPSKEHHUE Ha €r0 aHO/1€ MEHbIIIE HANpshKeHUs! nepekitoueHus Uy (puc.
34), mpu KOTOPOM TUPHUCTOP MEPEKITIOYAETCS B MPOBOJIALIEE cOCTOsIHUE naxe npu |y = 0.
OTO COCTOSTHME YCTOMUMBO U MOXKET JJIUTHCSI HEOTPAHUUEHHO JI0JITO (HarpuMep, TOUKa
b).

OcHoBHoe HampsokeHue Ua pacmpenersieTcss MEXAy MepexonaMu mpudopa,
npuuem s nepexonoB I1; u I3 ono npsimoe, a ans nepexoaa Il oOpatHoe. [TorTomy
Oompinas yacTs HanpspkeHus: Uy npuioskena k nepexony [1; v aHomHBIN TOK THpUCTOpa
MpeCTaBIAEeT CO00M 00OpaTHBIN TOK ATOTO Mepexoa.

HaneHeiiiiee yBenmuueHue HampsokeHuss Ua  CONMPOBOXKIAETCS  YBETMYCHHUEM
HanpspKeHUs Ha Beex nepexoax. Ilpu HanpsokeHuu, 01u3koM K Uppk, 3JIEKTPOHBI U
IBIPKY, MOCTYHAIOIINE B CJIOU N1 M P2 U3 CIOEB P1 U Ny, YMEHBIIAIOT COMPOTUBIICHUE
nepexoja [, 4To conpoBokaaeTcsi yBeIUUEHUEM NPSIMOT0 HAMPsLKEHUS Ha Mepexoax
I1; u I13, u TUpHUCTOpP MepekIoUaeTcs B MpoBoJsiiee coctosiuue (Touka A). Tok aHoma
OTKPBITOTO THPUCTOpPA OMNpEIEsieTcss B OCHOBHOM CONPOTHBIEHUEM PpE3HCTOpa
Harpy3ku Ry (cm. puc. 33).

TupucTop MOXEeT HAXOIUTHCS BO BKIIOYEHHOM COCTOSIHUM HEOTPAHUUYEHHO JI0JITO:
MOKa CYIIECTBYIOT YCJIOBHUS Uil TIPOTEKAaHUS B €r0 OCHOBHOW IEMU JOCTATOYHOTO
aHogHoro Toka. [Ipm HampspkeHuM ympasistoniero snektpoga Uy>0  Ttupuctop
BKJIFOYACTCSl TPU JTIFOOOM TIOJIOKUTEIHHOM HANpsDKEHWW Ha aHoie (HaduHas ¢
HECKOJIbKMX BOJIBT), IPUYEM YE€M MEHBIIIE 3TO HAIPsHKEHHUE, TeM OOJIbIIe HOKEH OBITh
TOK Y.

OCHOBHBIMU TTapaMEeTPaMU TUPUCTOPA SBISIOTCS:

-MaKCHUMaJIbHO€ TOCTOSHHOE HAmNpsKEHHE B 3aKPBITOM COCTOSHUM Uscmax —
MaKCHUMaJIbHOE NPSIMOE HampshKEHHE, TPU KOTOPOM MPHUOOP OCTAETCS 3aKPBHITHIM NPHU
Toke l,=0;

-MaKCHUMAaJIbHOE€ TIOCTOSIHHOE HANpPsDKEHHWE B OTKPBITOM COCTOSHUM Uoemax —
npsIMO€ HalpsKEHHE OTKPBITOro Mpubopa Npu ONpeeeHHOM TOKeE |yp;

-MaKCHUMAaJIbHBIN MMOCTOSHHBIM TOK B OTKPBITOM COCTOSIHUH loc max;
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-TOK ynepxaHus |y, — HauMeHbIIMI OCHOBHOM TOK, HEOOXOIUMBIH IS
HoJJepXKaHus IpUOOpa B OTKPBITOM COCTOSIHUH;

IO
b Bl }:11|+
Al - VS rHd G2
Iy JPAL _/ x12[-
X2+
— ]
3|+ X5+ w0 +
I'T| @v PV1 U, E
Puc.31
i
9 |A I Y A/T\
A
pl ya | Pl i

3

B BB

HEE

—AE[EE

dREE
I+‘z:1 £
3

HE

E,
Puc. 32 Puc. 33
L. L
T0AK——
A? \
\\
\ Poc max
\(
Ea N I.,=0
IV2>IV1 Iyl>0\
/ \7 Y B j *=
8 / /[_/}-—/ £
U
U a
B Unpx Usc max
Puc. 34

-MaKCHUMaJibHasd pacCCuBacMasi MOIIHOCTb B OTKPBITOM COCTOSHHUHN Poc.max-
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IHopsaok BeINOTHEHUsI padoThI

1. Borueptuts Ta01. 18 1 3amucu pe3yiabTaTOB HUCCIIE0BAHUS TUPUCTOPA.

Taomuna 18

[Mpsimoe Hanpskerune Ua, B Uai Ua2 Uas Ua4

Tox ynpasnenus ly, MA

Toxk Harpy3ku la, MA

HanpsixeHne B OTKpBITOM
cocrosgauu Uy, B

no

Boerueptuth KoOpauMHaTHBIE Ocu J1st ocTpoeHuss BAX tupucropa (Macurrad mo

ocsiMm: la —B 1 cM SMA; Us —B 1 cMm 10 B).

3.  3apucoBarh cxeMy HccleqoBaHus Tupuctopa (cMm. puc. 31) u coOpath ee,
HOJIB3YACH TpaduIeCKUMHU 0003HaUYCHUAMU Ha cMeHHO# manenu 87J1 — 01/4.

4. BBIMOTHUTH U3MEPCHUS U 3aHECTH PE3yJIbTaThl B TA0IHITy 18.

5. Tloctpoutrs BAX TupHucTOpa B KOOPJAUHATHBIX OCSIX.

MeToanuyeckue yKasaHust

1. Tlpwu BeImOTHEHUU PAOOTHI UCTIONB3YIOT:

G1 (I'T) — renepaTop Toka CTEH/A;

G2 (I'H2) — renepatop HanpsHKeHHsI CTEH/IA;

PAL (ly) — VIB cTenna, mepekirovareb KOTOPOro YCTAHABIMBAIOT B MOJIOXKCHHE

<< I'T ImMA > >;

PA2 (1) - ABMI1 Ha npenenax usmeperust « 50 MA» u «10 MA»;

PV1(Uy) - ABM2 Ha nmpenenax u3mepenust << 5B >>u << 1 B> >;

PV2(U,) - ABM2 na mnpenenax m3mepenns << 100 B >>u << 50 B>>, <<10

B>>, <<5B>> ;

VS —tupuctop KY101; R — pesucrop conpotusierrem 3 kOm.
2. Ilpu custuu BAX (mpubop PV1 He moakito4aioT) ciemyer:

-pa3opBaTh lenb ympasistomero snektpoaa (ly = 0) m poOuthbes, NIaBHO
YBEJIMYMBAsl BBIXOJHOE HampspkeHue reHepatopa (G2, mepekitoueHus TUPUCTOpPA B
OTKpBITOE cocTosiHue. HampsikeHue, mpy KOTOPOM HAUYMHAETCS 3aMETHOE yBEIUYEHUE
AHOJIHOT'O TOKa U THPUCTOP MEPEKITFOUUTCS, IBJISECTCA HANPSLDKEHUEM MepeKItoueHus Uy
=Uns (HpI/IHHTB Ua = 0,25UA4; UA2=O,5UA4; UA3=0.75UA4);

-YMEHBIIIUTH 0 HYJIS BbIXOJHOE HanpspkeHue G2; mpu ’TOM TUPUCTOP BEPHETCS B
3aKpBITOE COCTOSIHUE;

-nojkounTh G1, ycTaHOBUB Ha €ro BbIXOJ€ MHHUMAIbHBIA TOK, AJII YEro
ciaeayetr moBepHyTh peryisaTopsl I'T <<[py6o>> u <<To4HO>> MpPOTHUB YacCOBOM 0

ynopa;
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-yCTaHOBUTH Ha Bbixoe G2 nampspkenue, paBHoe Uaj, U yBeIMUMBasi BBIXOAHON
ToK G1, 10OUTHCS BKIIOUEHUS TUPUCTOPA — [IEPEX0AA B IPOBOJSILEE COCTOSHUE; 3aHECTU

3HadyeHue Toka ly B Tabmuiy 12;
-M3MEPUTh aHOAHBIN TOK |4 1 HanpspkeHne Uy THPUCTOpPA B OTKPBITOM COCTOSTHUH,

nepekyirouuB puoop PV2 Ha mpegen << 5B >>;
-BBITIOJIHUTh AHAJIOTUYHBIC M3MEPEHUS JJI OCTaJbHBIX 3HAUCHUN AHOIAHOTO H

3aHECTH pe3ysIbTaThl B Ta0auiry 18.
KoHTposbHbIE BOPOCHI

1. 13 kakux IMOJYIIPOBOJHHUKOBBIX MATCPUAJIOB U3TOTABJINBAIOT TI/IpI/ICTOpBI?

2. ITouemy 3aKpbITOE COCTOSIHUE TUPUCTOPA YCTONUUBO?
3. CoxpaHUTCS T OTKPBITOE COCTOSIHUE TUPUCTOPA IIPU CHATUU CUTHAJIA YIIPABICHUSA

(IpOBEPUTH IKCIIEPUMEHTATHHO)?
4. KakoBbl IpeUMYLIECTBA OECKOHTAKTHOIO MEPEKIFOUEHUS FIEKTPUUECKUX LIETIeH?

5. I1o kakOMy OCHOBHOMY IIapaMeTpy TUPUCTOP MPEBOCXOIUT TUPATPOH?
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JlaGopaTopnas padora Ne 9

PexxuM Kackaga ¢ 001IuM YMUTTEPOM 10 MOCTOSTHHOMY TOKY

Ilenp pabGoThl — U3yYEHHE CIOCOOOB TMONYyUYEHHUS PEXHUMA TPAH3UCTOPHBIX
KACKaJl0OB MO MOCTOSSHHOMY TOKY; SKCIIEpUMEHTaJIbHAas MPOBEPKA pacyeTa 3JEMEHTOB
pa3IMYHBIX BAPHAHTOB cXeM (puc. 35).

[loscuenus. [IpaBuIBbHO NOCTPOCHHBIM YCHIIMTEIIbHBINA
KackaJ JOJDKEH JaBaTh MAaKCHUMAaJlbHOE YCWJICHHE TMpHU
MUHUMAJIBHBIX JIMHEHMHBIX MCKAXKEHUSX U MaKCUMaJIbHOM
UCIOJIb30BAaHUU BO3MOKHOCTEH YCHUIIUTENIBHOTO 35ieMeHTa. [1pu
TOM HauOoJyiee OTBETCTBEHHBIM MOMEHTOM SIBJISIETCSI BBIOOD
paboyeil TOYKM Kackajga — OJJIEKTPUYECKOTO COCTOSHUS
YCWIATEIBHOTO JJIEMEHTa IO IIOCTOSIHHOMY TOKY JO
MOCTYIJIEHUST BXOAHOTO CHUTHajla. DTOT PEKHUM Ha3bIBAIOT
TaK)K€ PEKUMOM IOKOH.

Pabouas Touka TpaH3UCTOpA, BKIIFOYEHHOTO MO CXEME C Puc. 35
0D, onpexensaercs YeTbIPbMS TapaMeTpaMu: TOKAMH lgpr U lip s
1 HanpsKeHUAMHA Ugyp r M Uip .

VYrpoliieHHas cxema TPaH3UCTOPHOrO Kackaja Ha TPaH3UCTOpE P-N-P-CTPYKTYpPhI
mokaszaHa Ha puc. 36.

B cxeMe Ha TpaH3ucTOpe N-P-N-CTPYKTYpHI MOJISIPHOCTh HMCTOYHHUKA MHUTAHUS
OylIeT MpPOTUBOIOJOXKHOW. JIJs KOJJIEKTOpHOM IIeMM KackKajga CIpaBeIJIMBO
cootHomenne Uy, = E¢ — IRy, Ha3piBaemoe ypaBHEHHEM IIMHUU HArPy3Kd. DTOMY
ypaBHEHUIO COOTBETCTBYET JIMHUS, Mepecekaromias koopauHatueie ocu |, u Uy, (puc. 37,
a) B Toukax FE /Ry, m —E. Ha3piBacMas JHHUECH Harpy3ku. IlpM HEM3MEHEHHBIX
HaANPsHKCHUH MUTaHus £, 1 COMPOTUBICHUS pe3ucTtopa Ry pabodas Touka TpaH3UCTOpa
B JIF000M MOMEHT YCUJIMTEIILHOTO IPOLIeCCa HAXOAUTCA Ha 3TOU JIMHUU.

oy K 5 s
B, E/Re
Y E
Ry I,
Uy — IS Apr Leor Apr

U —E¢ -Uy, Uepr U,

Puc. 36 Puc. 37
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Ha nuaun Harpy3ku BBIAENISIOT pab04Mil y4acToK, B Mpeaeaax KOTOporo padoyas
TOUYKA CMEIIaeTCs Mo/ ISHCTBUEM BXOAHOTO CUTHANIA MEXK Ty Toukamu b u B, Onm3kumu
COOTBETCTBEHHO K 00JIaCTSIM HACHIIICHUS U OTCEYKH.

JIis  JIydIero WCIoNb30BaHWS TpaH3UCTOpa pabodylo TOYKY BBIOMpAIOT
nocepeauHe pabodero ywactka — Touka A (p.1.). Ilomoxenue Touku A (p.T.)
onpeaensercss TpeMs napaMmerpamu: lgpr, lopr B Uk pr, yeTBepThId napametrp Ugspr
HOJIYYal0T NEPEeHOCOM paboyeii TOUKHM Ha BXOJHYIO XapaKTepucTuky (puc.37, 0).

Pexxum TpaH3UCTOPHOTO Kackada Mo MOCTOSHHOMY TOKY OOECHEeYMBAIOT JIBYMS
OCHOBHBIMH CIIOCOOAaMU: CMEIIECHHEM paboueil TOukd mojauei (PUKCHPOBAHHOTO TOKa
Wi (UKCUpOBaHHOTO HampspkeHus. [Ipu cmerennn pukcrupoBaHHBIM TOKOM (puc. 38,
@) compoTUBIIeHHE pe3ncTopa R1 BEIOMpAOT U3 yCIOBUS:

R1 _ EK _UE:)P.T ~ EK

I BP.T IBP.T ( 1)

OOBIYHO HCHOJB3YIOT NPUOIMKEHHYI0 (opMyiy, Tak Kak HampskeHue Ugspr
3HAYUTEITFHO MEHBIIIEC HAMPSIKEHUS MUTAHUS E.

i) B) E) L)
Ey Ey Ey
Rl I.| [E3 RE3
Rl
I T oo I b
Lo ol b
U53 1;Ii|' T UE3 1;.;'- T

Puc. 38

O10T cnocod NPOCT, HPKOHOMUYEH, HO HMMEET CYIIECTBEHHbIE HEJOCTATKH,
OTpaHWUYMBAIONINE €ro TMPUMEHEHHEe. Tak, peXuM Kackaja MO IOCTOSTHHOMY TOKY
U3MEHSCTCSI, ECJIU MPH 3aMEHE TPAH3UCTOP UMEET JIpyroe 3HadeHue Ny, (ko3ddunmeHt
nepeayu TpaH3UCTopa Mo TOKY B CXeMe ¢ 00ImmM pe3uctopom). [losTomy nmoadouparot
TPAH3UCTOP C OJM3KUM IO 3HAYCHHIO Nyj, WM compoTuBieHue pesucropa R1, uro He
BCeT/Ia BO3MOXKHO. MI3MEHEHHE TeMIIepaTyphl TakKe HAPYIIAeT PEKUM IT0 TIOCTOSTHHOMY
TOKY, TOCKOJBKY HEYIpPaBJSIEMBI TOK KoOJIEKTOpa |, C poOCTOM Temmeparypbl
YBEJIMYMBAETCSI, YTO BBI3BIBAET CAMOMPOM3BOJBLHOE OTKPBIBAHUE TPAH3UCTOPA,
YBEIIMYCHHE BCEX TOKOB U CMEIICHHE paboyei TOUKM Kackaaa K Touke B (cm. puc.37, a).

[Ipu cmemniennu ¢GUKCHPOBAHHBIM HampsbkeHueMm (puc. 38, 6) pabouas Touka
3ajaetcs HanpsbkeHueM Ug,p r, 00ecrieunBaromuM ToK lgpr, @ CI€10BATENBHO, TOK |y 1
HanpspkeHue Uysp . OOBIYHO TOK 0a30BOT0 AETUTEINS BHIOMPAIOT U3 YCIOBHSL:

1= (2...5) lop,
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a COMPOTHUBJICHHSI PE3UCTOPOB PACCUUTHIBAIOT MO (pOopMyIam:

| — EK - UBBP.T
L+ Tger )
R, = M
b 3)

OTOT crocod AaeT XOpOoIINe Pe3yibTaThl IPU 3aMEHE TPAH3UCTOPA U U3MEHEHUU
TEMIIEPaTyphl, OJIHAKO MEHEE SKOHOMHYEH M3-3a MOTEPU YaCTH DHEPTHH HCTOYHHKA
nuTaHus B 6azoBoM nenutene. Kpome Toro, conpotuBiieHue 0a3oBOro aenuTens (s
BXOJIHOTO CUTHAJIa 3TO NapajuleJIbHO BKIIOUEHHBIE pe3ucTtopbl R1 u R2) myHTHpyrOT
BXOJHYIO II€Nlb TPAH3UCTOpa, HAarpyXas HUCTOYHHK BXOJHOTO CHUTHAJa M YyMEHBbIIas
BXOJTHOE CONPOTHUBIIEHUE KACKa/I.

JJ1 HOCTPOEHUs TPAaH3UCTOPHOTO Kackaa, yCTOMUKMBO padOTAIOLIETO B IIUPOKOM
JMana3oHe U3MEHEHUs TEMIIEPATYpP, HE MOAXOAUT HU OJJHA U3 3TUX CXEM.

[TpocTeiiuM cnoco6oMm TemMnepaTypHOU cTabuiu3anuu padoyei TOUKHy SBISIETCS
KOJUIeKTOpHas ctabunuzanus (puc. 38, 6). IIpu pocte TeMmreparypbl yBETUYMBAIOTCS
TOKH lgp 1+ ¥ lip.r, YTO BBI3BIBAET YMEHBLICHNUE HANPSHKEHUS HAa KOJJIEKTOPE, TaK Kak:

UK3 :EK - (|6p.T + IKp.T)RB,
a, CJICA0BATCIIBHO, U TOKA 0a3bl
|6p.T = (UK3 - U63p.T)/R1-

YMeHnbilieHue Toka 6a3el cornacHo Gopmyibl |, = Bls TPUBOAUT K YMEHBIIEHUIO
TOKa KoJulektopa. Ilpu 3ToM yBenuueHue TOKOB 0a3bl U KOJUIEKTOpa He OylIeT CTOJIb
3HAYUTENIbHBIM, KaK MpU CMEIIEHNU (PUKCHPOBAHHBIM TOKOM.

Jlydmmii pe3ysbTaT JaeT SMUTTEpHas ctabuim3anus padoder Touku (puc. 38, 2).
Conporusnenue pe3uctopoB R4 u R2 paccunrtsiBatoT no popmynam:

g, - (0109,
lvpr (4)
R,=(5..15)R,, ., (5)

rae Rgxrp —CONMPOTHUBIEHUE BXOAHOW IIEMHM TpPaH3UCTOpa B paboyeil TOUKe, KOTOpOe
ONPENIEISIOT KaK Ry rp = Ni1».
Comportusnenue pesuctopoB R1 u R3 onpenenstor mo popmynam:

R, = =

1

B UBBP.T -U
IH +1,;

R4 .

(6)
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0.5E,

PaccmoTpuMm mporiecc smMuTTepHOM cTabunm3anuu padoueit Touku. [Ipu pocrte
TEMIIEPATYPHI YBEIMUUBAIOTCS HEYIIPABIIIEMBIN TOK KOJUIEKTOpPA |y, HanpskeHue Ugyp 1,
a TakXe TOKH 0a3bl lg 1 KouiekTopa | 1 COOTBETCTBEHHO pacTeT Ma/IeHNUE HAIPSHKEHUS
Ha pe3uctope R4 B smutTepHOM nienu — Ugs. [laienne HanpspkeHus: Ha CONPOTUBICHUN
R2 — Ug, mpakTu4ecku HE 3aBUCUT OT TEMIIEPATYpbl, TaK KaK €ro TeMIlepaTypHbIH
K03 punueHT conporusiaeHus Mai. Hanpsoxenue Ug,p+ MOXKHO OnpeaenuTs no popmysie

R, =

Ussp.r = Ur2 — URa.

Takum oOpazom, mnpu yBenuueHuu Temneparypbl HanpsokeHHue  Ugspr
YMEHBILAETCS, CIEA0BATEIBHO cortacHo BXxoaHoi BAX (puc. 37 6) ymensimaercs lgpr, a
TaKxke, cornacHo Gopmyisl | = Bls, ymenbmaercs |1, 9TO IPUBOAUT K CTAOMIM3ALUN
MOJIOKEHUS pabouell TOUKY Ha IMHUM HATrpy3KH.

ITopsI0K BBINIOJTHEHHSI PA0OTHI

1. Borueptuth Taba. 19 s pacueTHBIX UM HKCIEPUMEHTAIBHBIX MOJIYYCHHBIX
3HAUYEHUN SJIEMEHTOB CXeM cMemieHus u Tabn. 20 mig 3amucu 3HAYEHUM SJIEMEHTOB
CXEMbl, TOKa3aHHOU Ha puc. 38, 2, U psijia paboynx TOYEK.

2. BpluepTUTh KOOPAMHATHBIE OCH M TIOCTPOUTH BXOJHBIE M BBIXOJIHbBIC
XapakTepucThku Tpanzuctopa MI142b.

Tabmauma 19
Conporusnenne, KOM
Cxema Pesucrop
pacueTHoe IKCTIIEPUMEHTAIBHOE
Puc. 38, a R
R1
Puc. 38, 6 RO
R1
R2
Puc. 38, ¢ R3
R4
Taomuma 20
Hanpsoxerune xomtektop — smurtep Uy, B 1 2 3 5 8

R1 (mpu R2 =1 xOm), kOMm

R2 (mpu R1 =22 kOm), kOm
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3. 3apucoBaTh HCCIEAYEMYIO AJIEKTPUUYECKYIO CXEMY IMaHeIu ¢ JabopaTopHOTo
CTCH/IA.

4. Cobpatb cxeMy cMmelieHus PuKcupoBaHHBIM TOKOM (cM. puc.38, a). [TogoOpath
compoTuBiieHUE pe3uctopa R1 Tak, 4ToOBI HampsHKEHHE Ha KOJUIEKTOPE TPaH3UCTOPA
cocraBnsio 0,5FEy u wm3meputh ero. Paccumtarh compoTuBieHue pesucrtopa R1,
noJyb3ysich Gpopmyioit (1). Pe3ynbraTel u3mMepeHuii 1 pacueToB 3aHecTH B Ta0J.19.

5. CoOpatb cxemy cMmelleHus: (UKCUPOBAHHBIM HampspbkeHueM (cMm. puc. 38, 6).
OTtperynupoBaTh LIE€Tb CMEIIEHUS TaK, YTOOBI HAMPSKEHHE Ha KOJUIEKTOPE COCTaBIISIO
0,5Ex. VI3MepuTh CONMPOTHUBIICHUS PE3UCTOPOB IIEMH CMEIICHUS W PacCYUTaTh WX TIO
dopmynam (2) u (3). Pe3ynbrarel m3amMepeHnii U pacueToB 3aHeCTH B Ta0.19.

6. Cobpath cxemy SMHUTTEpHOU cTabuinm3anuu (cMm. puc. 38, 2). OTperyampoBarh
LIETIb CMEIICHHS TaK, YTOOBI HAIIPSKEHUE HA KOJJIEKTOPE TpaH3UucTopa cocTaBisiio 0,5 Ey.
N3mepuTh CONTPOTHUBIICHUSI PE3UCTOPOB IETTH CMEIICHHS M pACCYUTATh UX 110 (hopMysIam
(4), (5) u (6). Pe3ynbrarhl U3BMEpEHU U pacuyeToB 3aHeCcTH B Ta0.19.

7. TlocTpouTh B KOOPJIMHATHBIX OCAX BXOJHYIO U BBIXOJHYIO XapaKTEPUCTUKH
TPaH3UCTOPA, MPOXOAIINE Yepe3 pabodylo TOUKY, U ONPEICIUTh B ATOM TOUYKE €ro
napameTphl.

8. OTperynupoBaTh CXeMy SMUTTEPHOUN cTabunu3aiuu (cM. puc. 38, 2) Tak, YTOOBI
HaNpsDKEHUE Ha KOJUIEKTOpPE MPUHUMAJIO Psiji 3HA4YCHWM, NpuBeACHHBIX B TaOi.20.
U3MEpUTDh 3HAUCHUSI CONPOTUBIICHUH pe3ucTopoB R1 u R2 u 3anectu ux B Ta6:1.20.

MeTozmqecnme YKazaHuA

1. IIpu BbINOSHEHUHU PaOOTHI UCTIONB3YIOT:

-JUISL CXEMBI CMEIeHHs (PUKCUPOBAaHHBIM TOKOM (cM. puc. 38, a) R1 = 100 kOm
(nepemennsiii); R3 = 1 kOwm;

-JUTS CXEMBI CMeIIeHusT (PUKCUPOBAaHHBIM HampsbkeHueM (cM. puc. 38, 6) R1 = 22
kOwm (niepemennsiin); R2 = 300 Om; R3 = 1 kOwm;

-JUIS  CXeMbI SMUTTepHOM crabmimm3anuu (cM. puc 38, 2) R1 = 10 xOwm
(mepemennsbiii); R2 =1 kOwm; R3 = 1 kOm; R4 = 300 Owm;

-VT1 — tpansuctop MI142b.

2. YcTaHOBUTH Ha BBIXOJ€E HCTOYHHKA KoJuiekTopHOro nutanus (I'H2) crenma mo
m3meputento Beixoga MB nanpsbkenne 10 B. Hampsbkenuwe usmepsitor ABM2 Ha
npeaenax <<10 B>>, <<5 B>> <<1 B>> u <<0,5 B>>, a comnpoTuBicHHE
perynupoBouHbIX pe3uctopoB — ABO Ha npenenax <<100 kOm>> u <<10 kOm >>,

3. Conpotusienue pesucropa R1 qjs cxeMbl cMenieHus: GUKCUPOBAHHBIM TOKOM
OTIPENICIISIFOT B TAKOM MOCJIEI0BATEIHHOCTH:

-pacCUYUTHIBAIOT TOKH KOJUIEKTOPA lip+=0,5 E/R2 1 6a3bl lgp+ = lip+/N215 (3HAUCHNTE
h,1, 6epercst u3 Tadma. 15 B maboparopHoii padore Ne 6);

-3Hasi TOK lgpr, ONIPENENSAIOT MO BXOAHOM XapakTepuctuke HanpsikeHue Ugspr, a
3areMm 1o opmyre (1) paccunuThIBalOT conpoTuBieHHEe pe3nuctopa R1.

4. DneMeHTbl JBYX APYTHUX CXEM PACCUUTHIBAIOT MO OMPEAEICHHOMY B 1.3 TOKY

|6p.T-

49



KoHTpoabHBIE BONPOCHI

1. Yem o00BsicHseTcss 0OoJiee BBICOKAasA CTAaOMIBHOCTh CXEMBI CMEIIECHUS
(UKCHPOBAHHBIM HAIPSHKCHUEM 110 CPAaBHEHHIO CO CXEMOH CMeIeHUs (DUKCUPOBAHHBIM

TOKOM?
2. KakoBbl MNpUHIMIBI JEHUCTBUS CXEM KOJJIEKTOPHOH H SMHUTTEPHOM

crabmim3anun?

3. B kaxoif u3 cxem pexuM Kackaja Mo MOCTOSSHHOMY TOKY MaJjlo 3aBHUCHT OT
napamMeTpoB TpaH3HCTOpa?

4. B KakoM peKHME OKAXKETCS CXeMa IMUTTEPHOM CTAOMIN3ALNH IPU OTKIOYEHUU
pesuctopa R1 nmm R2?

5. 3aBuUCAT U TeMIEpaTypHasi CTAOMIIBHOCTh CXEMbI OT TOKA 0a30BOr0 JEIUTEN?
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Jla6opaTopnasi paGora Ne 10

HccaenoBanue ycwinTesss HANPSKEHUs
3BYKOBOM 4aCTOThI HA TPAH3HCTOPE

Lens paboThl — M3y4YeHHE NPUHIMMNA ACHCTBUS YCHJIMTENS 3BYKOBOM YacCTOTHI
(Y34) na TtpaH3uUCTOpE, BKJIIOYEHHOM C OOLIUM 3MHUTTEPOM; 3KCIEPUMEHTAIbHAS

HpOBepKa pacqua SJICMCHTOB CXCEMbI U OHpeI[CJ'IeHI/IC €€ OCHOBHBIX napaMeTpOB (pI/IC
39).

cr

.__".'#
Rl R Cca
1 . - o |

3
X ‘—| J:Ix'rlf !

rs 03 (cd.,
rR2| |R4 — =5
w2 Uxatxy | [ Ixs
Puc. 39

[Tosicnenusi. Kackaapl yCHIIEHUS HANpsOKEHUS 3BYKOBOM YacCTOTHI Yalle BCETO
BBITIOJIHSAIOT HAa TPAH3UCTOpPAX, BKIIOYEHHBIX ¢ OO, Tak KaKk IPU 3TOM MOJy4aroT
HauOoJIbIllIeEe YCUJIIEHUE CUTHAJa 1O MOIIHOCTH (IO CPaBHEHUIO C ABYMS JIPYTrUMU
cxemMamu BkiItoueHust Tpauzuctopa — ¢ Ob u OK). PaGouyro TOYKY YyCHIUTEIHLHOIO
KacKaJa BBIOMPAIOT B KaXKJIOM KOHKPETHOM CIIy4ae B 3aBHUCUMOCTH OT MapameTpoB,
KOTOpPBIMU ~ JOJDKeH  oOmamate  ycwiurenb.  OCHOBHBIMM — TpeOOBaHUSIMH,
MIPENBABIIEMBIMU K KaCKaay, SBIISIOTCS:

-MaKCUMaJbHOE YCWICHHUE 10 HAIIPSKEHHUIO;

-MUHHUMAJIbHBIE YACTOTHBIE U HEJIMHEWHBIE NUCKAKEHUS;

-BBICOKas1 JKOHOMUYHOCTB;

-TeMIepaTypHasi yCTOM4UBOCTb.

OAHOBpPEMEHHO BBIMIOJIHUTH BCE TPEOOBAaHUS HEBO3MOXKHO. Tak Mpu OOJIbIIOM
YCUJIEHUU CHUKAETCS] yCTOMYMBOCTD pabOThl yCUITUTENISA, KOTOPBIH JIETKO BO30YXKAaeTcs,
npeBpalasch B TEHEpAaToOp, M HapylIaeTcsd €ro HopMaibHOE (YHKIIMOHUPOBAHUE.
VYBenuueHue TeMnepaTypHoi CTaOMIbHOCTH 00513aTEIBHO COMTPOBOMKIAETCS CHUKEHUEM
YCUJIEHUSA U K.II.1.

B nannoii paboTe uccnenyeTcst yCUIMTelb, K KOTOPOMY NMPEAbABISAIOT TpeOOBaHUS
MUHHMMAaJbHBIX UCKAXEHNW YCUIMBAEMOr0 CUTHAJA P MAKCUMAJIbHOM HCIIOJIb30BaHUN
BO3MOXKHOCTEM TpaH3uCTOpa. Pabodyl0 TOYKY Takoro Kackajga BbIOUpalOT B
ONPENEIICHHON MOCIEN0BATEIbHOCTH.

Ha cemelicTBe BBIXOHBIX XapaKTepUCTHK TpaH3ucTopa (puc. 40, @) cTposT JIMHUIO
Harpy3ku bB (cM. moscuenus k padote Ne 9), ucxoas u3 cneayronmx ycIoBuil:
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<081 yaxs
R, (8)
EK g 0,8 ¢ UK3.MAX' (9)
9 I 5
Ew'Rz B \ P
Is Ie L me E

I -
Ap.1) ﬂ Is I o A (p.1)

Ugpr |B Ue;,

U N

£

Um Wity Un o

Usa

Uy

Puc. 40

Brinonnenne HepaBeHCTBa (8) HEOOXOAMMO IMOTOMY, YTO KOJUIEKTOPHBIH TOK
HACBILIEHHOT'O TPAH3UCTOPa JOJKEH ObITh MEHBIIIE MAaKCUMAJIbHOIO JIOIYCTUMOTO TOKa
I« max. Koaddunment 0,8 rapanTupyeT BBHINOJHEHUE STOTO HEPABEHCTBA MpU pa3dpoce
COTIPOTHUBIIEHUS pe3ucTopa R, 1 HecTaOMIBHOCTH UCTOYHMKA UTaHUs Ey. BeimomHeHue
HepaBeHCTBa (9) obecnieunBaeT HaIEKHYIO padOTy TPAH3UCTOPA B PEXKUME OTCEUKU MPU
oOpeiBe 1enu pe3uctopa RI, korga HanpspkeHHE HAa KOJUIEKTOpE TpaH3HCTOpa
MOJHUMAETCS IMOYTH 110 E..

PabGouass Touka kackama A (p.T.) BbIOMpaeTcCsi MocepeauHe pabouero yyactka
auHuK Harpy3ku BB um xapakrtepusyercs Tpemsi mapameTpamu: TOKaMu lgpr U lipr 1
HanpspkeHueM U,pr 3aTeM ee MepeHOoCAT Ha BXOAHYI0 XapaKTEpPUCTUKY TPaH3UCTOpa,
CHATYIO NIpU Uy, = Uyopr, M 1O HAWJAEHHOMY 3HAUEHUIO lgp 1 ONIPENEISAIOT HANpsKEHUE
Ussp.r (puc. 40, 6).

Bxonnoit curnan (ero Tok lg., HampsikeHue Usg,~) BBI3BIBACT TMOSIBJICHUE
MEPEMEHHBIX COCTABJISIOLIMX TOKA KOJJIEKTOPA |y~ M HANIpsIKEHUS HA KOJUIEKTOpE Uys-=
l.-R5 (cm. puc 39). OmutTepHsbIit pe3uctop R4 u3 1enu nmepeMeHHOro Toka MCKITIOUEH,
MOCKOJIbKY IIYHTUPYETCS MaJIbIM COIPOTHUBIIEHUEM KOoHAeHcaTtopa (3.

PaccuntaeM korduIMEHT ycuieHHs MO HampsbKeHUio Kackana. Hampsbkenue
BxozHoro curHana U, oT reHeparopa G nocrtymnaer yepes pa3aeiuTeabHbIN KOHAECHCATOP
Cl na 6a3y tpanszuctopa VT1 u BbI3bIBaeT lg,~, KOTOPBIM MpPOXOAUT B LENU Oa3bl
TPaH3UCTOpPA M YIPABISET €ro TOKaMU. BXOJHBIM CONPOTHMBIEHHWEM Kackajaa JUis
rerepaTtopa G, o6s1agaroniero BHyTpeHHUM CONPOTUBJICHUEM R, IBISIOTCS MapajlienbHO
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BKJIIOUEHHBIC pe3nucTopbl 0a3oBoro nenurens R1||R2 m BxomHoe comporuBienue Ny,
TPaH3UCTOPA, T.C.:

Rux = RL [IR2 |11 (10)

OO6b1uHO compoTuBiieHus: pe3uctopoB R1 u R2 3HauutensHO GoJibIlIE BXOJHOTO
conpoTtuBiieHus Ny, TpaH3ucTopa, modToMy hopmyiy (10) MOKHO yIPOCTUTH:
2

RBX ~ h113 (11)

Ilens renepaTopa BXogHOro curHama G, KOTOPbIM MOXET OBITH KacKaj
IPEIBAPUTEIILHOTO YCWJIEHUS, AQHAJIOTMYHBIM paccMaTpuBaeMoMy, B OOIIEM ciyyae
IPEJCTaBIsAET COOOM MOCIIEe0BATENbHO BKIIOUYEHHBbIE BHYTPEHHEE CONPOTUBICHUE R;
reHepaTopa 1 BXOJIHOe conpoTuBieHue R,y kackana. Corinacuo ¢popmyie (11):

UBK

Iox = ¥,
(Ri +RBX) (12)

TaK KaK NepeMEHHbIMU TOKaMU, IPOXOASAIIMME uepe3 pe3uctopsl R1 u R2 ot reneparopa
G BBUAY UX MAaJOCTH MOXHO npeHeOpeub. OTciofa nmepeMeHHasi COCTaBISIIOIIasi TOKa
KOJUIEKTOpa paBHa!

155=h I :h:'.a'UE}:

213 "B~ {_R;""‘RB};]:

a HampsHKeHHE Ha KOJUIEKTOpe, NpEeCTaBisioniee co00i BBIXOIHOE HaIpPsHKEHUE
BBIYUCIISCTCS IO popMyJIe:

; h

U -R3
— - = pix BX =
B~ _I:'{"'- R3 (R!_'_h;;aj ["Eb;.“.

Torga k03 UUKEHT HAPSHKEHUS! PABEH:

K= Usix _ h:;?'RS'
U (R; +hy,)

BX

Koadduiment ycuneHuss mo HanpsDKEHUIO 3aBUCUT OT YacTOThl U aMILIUTYIbI
YCUJIMBAEMOT'0 CUTHaja. DTO OOBACHSAETCS TEM, UYTO C MOHM)KEHUEM YacTOThI MaJlaHus
HanpsbkeHuil Ha konaeHcaropax Cl u C2 noa nelicTBUEM BXOJHOTO U BBIXOJIHOTO TOKOB
KacKka/la yBEJIWYUBACTCS M MPEACTABIAIOT COOOM NOTEpH HAIpsHKEHHWsS CUTHaNIa, a
koHgeHcaTop C3 Bce MeHbIIEe WIIYHTUPYET pe3uctop R4, 4To yBenuuyuBaeT MOJIHOE
COMPOTHUBJICHUE SMUTTEPHOU LEMU TPAH3UCTOpA U TIyOHWHY OTPUIIATENIbHOM CBSI3U 11O
NEePEeMEHHOMY TOKY, a CJIeOBaTeIbHO, YyMEHbIIAeT KOIP(GUIMEHT YCUICHUS
HanpsbkeHus K.

[Ipu noBBIIIEHNN YaCTOThI CUTHAJIa HEOOXOUMO YUUTHIBATh BIUSHUE BXOJHON U
BBIXOJHOM  €MKOCTEM TpaH3UCTOpA, LIYHTUPYIOIIMX BXOAHOE U  BBIXOJHOE
CONPOTUBJIEHUE KacKajga, 4YTO MPOSBIAETCA YMEHBIICHHEM IIOJIE3HOTO  TOKa,
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MOCTYTAIOIIET0 Ha €ro BXOA W B Harpy3ky (Ha puc.39 omHa W3 TaKuX €MKOCTEH
9KBUBAJICHTHO MPEJICTaBlIcHa KOHaeHcaTopoM C4).

J1J1st OTICHKY BIUSTHUS 9aCTOTHI CUTHAJA Ha KOA(DPHUIIMEHT yCUIIeHUST HalPsKCHUS
UCIIOJIB3YIOT aMILUIUTYIHO-4aCTOTHYIO XapakTepucTuky (AUX) ycumurens (puc.4l, a).
[MTonocoit mpomnyckanus [1 ycunurens Has3biBaloT UHTEpBai 4acToT Af, B mpenmemax
KOTOpPOTO KO3(PPUIIMEHT YCUIICHUs CHIKaeTcs He 6osee ueM Ha 31b (1o yposas 0,707)

110 OTHOUICHUIO K ero 3HaueHuto Ko Ha cpeqnnx gactorax (ans Y3 gacrora fo, = 400 —
1000 I'm).

LY B)
K
Kﬂ .
oI g —f—————
- H . f
Puc. 41

Baxxna Ttaxxe aMmrummTyaHas —xapaktepuctuka (AX) Takoro yCHIMTES,
MpEeCTaBIIAIONIAs COO0N 3aBUCUMOCTh BBIXOAHOTO curHana Uy, oT BxogHoro Uy, (puc.
41, 6). Tak kak ee yuactok 0 — 1 — nuHeHbIN, KOAPOULIMEHT YCUIICHHS 10 HAPSHKEHUS
Usx max COXpaHsi€T MOCTOSIHHOE 3HaueHue. HaunHas ¢ Touku 1 pocT BBIXOJAHOTO CUTHAla
OTCTAET OT POCTa BXOJHOTO. DTO OOBSACHAETCA TEM, YTO paboyasi TOUKa TPAH3UCTOPa MO/
JEHUCTBUEM BXOAHOTO CHTHajla BBIXOAUT 3a Mpenaesbl padodero ydactka bB nuHuun
Harpy3ku (cm. puc.40, a). [Ipu 3ToM Bo3pacTaroT HEJTMHEHHBIE HCKAKECHUS.

3Hasg mapaMeTpbl TpaH3UCTOpa B pabodyeil Touyke, MOXHO paccuuTaTh
conportuBieHue pe3nctopoB R1 u R2 6a3zoBoro nemurens. Tok |, nenurens q0KeH ObITH
B 2 —5 pa3 Goubuie Toka 0a3bl lgp .. Takoil aqenuTens Mo3BOJSET MOJIYYUTh JOCTATOYHO
CTaOWJIBbHBIA K M3MEHEHHIO TeMIIepaTyphbl Kackaj MpU OJHOBPEMEHHOM BBIMOJIHEHUU
TpeOOBaHMSI SKOHOMUYHOCTH.

Ha pe3ucrope R2 nenutenst 1OMKHO AEMCTBOBATh HAIPSHKEHHE:

Ugs = Ugopr +Upy (13)

OTKyJa COIIPOTHUBJICHHC

A (14)
TOTA:

(15)
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Tax xak BbIOpaHHas TOYKa HAXOJIUTCS mocepeauHe padoudero yyactka bB nunun
Harpy3ky, 3TO IIO3BOJISIET IIOAABaTh HA BXOJ Kackala M CHHMATh C €ro BBIXOJA
MaKcHUMasbHble cUrHaibl. Hepeako pabouyro Touky BeIOMparoT Onmke K Touke B. mpu
ATOM KacKaJ NOTpedseT OT MCTOYHHMKA FE, 3HAYUTEIBbHO MEHBUIYIO MOIIHOCTH, HO
CIOCOOEH YCUIIMBATh JIMIIb HEOOJIBIINE M0 AMIUTUTY/IE€ CUTHAJIBL, TOCKOJIBKY TpeOOBaHHUE
O HEJONMYCTUMOCTH CMEIIEHHUs pabouell TOUKHU 3a Ipenesbl padoyero ydyactka JUHUU
Harpy3ku octaercst B cuiie. OOBIYHO TakK BBIMOJIHAIOTCS NPEIBAPUTEIbHBIE KACKaJlbl
YCUJICHHUSL.

Iopsaok BeINOJTHEHUsSI padOThI

1. Beraeptuts 1a07. 21 — 23 A1 3aUCH PEKUMOB TPAH3UCTOPA IO MIOCTOSHHOMY
TOKY ¥ pe3yJIbTaTOB, IOJYyYEHHBIX IPH CHATHU €T0 AaMIUTMTYJHO-4aCTOTHOW U
aAMIUTUTYTHOM XapaKTePUCTUK, a TaKKe KOOPAMHATHBIE OCH JUISI WX TOCTPOCHHSI
(macmtad 1o ocsim: Ugy — 1 cm 40 MB; Upyx — 1 cm 0,5 B).

Tabmuma 21

ITapameTp TpaH3ucTopa B
paboueii Touke

|6p.T ) MA
U63p.T 5 B
lipr, MA
Uxap.T 5 B

Paccunranubiit H3mepennblit ITocne xoppekuuu

Tabmauma 22
YacroTta, kI'11 0,02 | 0,05 | 01 0,2 0,5 5 20 50 100

Koaddu-

UEHT

YCUJICHUS
K

Bap.1
Bap.2
Bap.3

Tabnuma 23
Bxonnoe Hanpsokenue Ugx , MB 50 100 200 300 400 500
Brixomnoe Bap.1
HanpsokeHne Ugyi
MB Bap.2

2. 3apucoBaTh IEKTPUUECKYIO CXeMY HccleayeMoro ycunutens (cMm. puc.39) u
coOpaTh ee, ToJB3ysACh TpaduueckuMu 00O3HAYCHUSIMU HA CMEHHOUW manenu 87J1 —
01/14.

3. Ucnionw3ys dopmyisl (12), (13) u (14), paccuntarh CONPOTUBICHUE PE3UCTOPOB
0a30BOT0 JEIUTENS U YCTAHOBUTH MX B CXEMY.

55



4. 3MepuTh napaMeTphl pekuMa TPAH3UCTOPA [0 NOCTOSSHHOMY TOKY U 3aHECTH
pe3ynbTaThl U3MEpPEHUN, a TakKe pacueTHble MapameTpsl B Tabn. 21. mpowusBectu
KOPPEKTUPOBKY PEKUMA IO MOCTOSTHHOMY TOKY M 3aHECTH Pe3yJibTaThl B Ta0i. 21.

5. Cuarts AUX u AX ycunurens, 3aHOCS pe3yJIbTaTbl U3MEPEHUN COOTBETCTBEHHO
B Ta0J1. 22 1 23, ¥ IOCTPOUTH UX B KOOPAMHATHBIX OCSX.

MeToanyeckue yKazaHus

1. ITpu BemmoaHEHUU pabOoTh UCTIONB3YIOT: R3 =1 kOM; R4 = 200 OMm; R5 =2 kOwm;
C2 = 50 mx®; VT — tpansuctop MII42b; compotuBnenus pesuctopoB R1 um R2
paccunThiBaroT 1o hopmyiam (13) u (14), a emxocts koHAeHCaTOpoB C1, C3 1 C4 3amatot
B Tpex BapuanTtax: C1 = 0,1 mx®; C3 =10 mx®d; C4 = 0,01 mx®d; C1 = 10 mx®d; C3 = C4
= 0,1 Mmx®; C1 = C3 =10 MmxD; C4 = 0,01 mxD;

2. Ilocne pacuera compoTtuBiieHUd pe3uctopoB R1 R2 ycTaHaBIMBalOT B CXeMy
pPE3UCTOPHl M3 KOMIUIEKTa CHEMHBIX JJeMEHTOB cTeHJa. CONpOTUBIEHUS 3THUX
PE3UCTOPOB JIOJKHBI OBITH HECKOJIBKO OoJibllle (MM MEHbBIIE) pacCUUTAHHBIX. B
KauecTBe 0a30BOM IEMU UCIOJIB3YIOT epeMeHHbIN pe3uctop R1 = 22 kOwm.

3. ns pacuera 6a3oBoil nenu ciuenyer npuHath E, =10 B, a Hanpsbkenue Ha
KOJUIEKTOpE TpaH3uCTOpa ycTaHOBUTH 5 B. MI3Mepenus BeimonHstor ABM2 (Ha npegenax
<<10B>>, <<5B>>, <<1B>> u <<0,5B>>). Tok 0a3bl lg, ONpenensoT mo BXOAHON
XapaKTePUCTHKE TPAH3UCTOPA, a TOK KOJIJICKTOPA PaCCYUTHIBAIOT 1O (popmyrie:

E,-U U

I _ =Kk~ MxoprT  “R4
KP.T R
4. B xauecTBE UCTOYHHKA BXOJHOTO CUTHaNa Ucnoib3ytoT ['3Y cTenaa, BEIXOJHOE
HanpsHKEHUE KOTOPOTO M3MEPSIIOT ¢ MOMOIIbI0 ociuiorpada. YactoTy BBIXOIHOTO
curHasia u3mepsaror UM crenpma, g yero nepekntouarens VB ycranasnuBaror B
nosioxkerue “UYM”, a rymonep UM —I'34 — B monoxkenue “I'3U”. BoixogHoe HanpsiKeHUE
YCHIIUTENS U3MEPSIOT ocumiiiorpadom. Mcrounuk nuranus cxembl — ['H2 crenna.
5. Caumator nBe AX Ha vactore 1000 I'ty st cxemsl BapuanTa 3 (cM. Tabi.23).
[Ipu cHsTum BTOpoi AX conpoTtuBieHue pesuctopa R1 ciienyer yBeaTuuuTh BABOE.

€]

KonTposbHbIe BONIPOCHI

1. Yro npoucxoauT c¢ pabouyell TOYKOW NpH YBEIUYEHHH CONPOTHUBIICHUS
pesuctopoB R1 unu R2?

2. Kaxkue cxembl 3eMeHTOB BAMSIOT Ha AUX ycunutens B 001acTd HUXKHUX
4acTOT CUrHaia?

3. Kakue cxembl anemeHToB BiMsitoT Ha AUX ycunutens B o0JacTd BEpXHHUX
4acTOT CUrHaa?

4. Kak 3aBUCUT CTaOMJIBHOCTb CXE€MbI OT BEJIMYMHBI TOKAa 0a30BOr0 JEIUTENS
HanpsHoKeHus ?

5. Kak 3aBUCHT BenM4MHA BXOJHOTO CONPOTHUBIIEHUS KACKAAa OT BEJIMYMHBI TOKA
0a30BOr0 JEINUTENS HANIPSKEHUS?
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JlabopaTtopnasi padora Ne 11
HccnenoBanue SMUTTEPHOTO MOBTOPHUTEJISI

Lens pabGoTel — HaOMOAEHUE pPabOThl AMUTTEPHOTO TMOBTOPUTENSI U €ro
UCCJIEIOBAHUE B PEKMMAX TEpeaur CUHYCOUIAIbHOTO U UMITYJIbCHOTO CUTHAJIOB (pHC.
42).

[TosicHeHus1. B SMUTTEpHBIX MOBTOPUTEISIX TpaH3UCTOPHI BKItoyatores ¢ OK (puc.
43).

) -
gﬁ? -

Puc. 42 Puc. 43

[Ipu sTOM Bce BXOOHOE HamNpsDKEHHWE, CHMMaeMoe ¢ pesuctopa R3 B memnm
AMUTTEPA, ACHUCTBYET B YNPABJISAIONICH 1IENMU TPAH3UCTOPA MOCIEA0BATEIHHO BXOAHOMY
HANpPsDKEHUIo0 1 TipoTuBodazHo eMy. ClieoBaTeNbHO, KacKaJ OXBaueH OTPHUIATEIHHON
oOpaTHO#1 cBA3bt0. Koo duuneHT nepenayn uenu oTpUIaTeIbHON 00OpaTHON CBS3H 3 =
1, t.e. obpatHas cBsa3p 100 %. Orcioma KOIDPUIIMEHT YCUTIEHUS SMHUTTEPHOTO
HOBTOPUTEIS IO HAIIPSPKEHUIO PABEH:

K — K03
oIl !
1+ K03 (16)

rie Ky, — monynbs koddduiimeHTa yCWICHHS MO HaNPSHKEHUI0 CXEMbl € OOLIUM
AMUTTEPOM, COMPOTUBIIEHUE HATPY3KH KOTOPOTO paBHO CONPOTUBIIEHUIO pe3uctopa R3.

N3 dopmynsr (16) ciemyer, 4TO SMUTTEPHBIA TOBTOPUTEIL HE YCHIUBAET
Harnpspbkenue, Tak kak K,;<1 (uem Oombiie Ko, Tem K,; Onuxe K enuHUIE), a JIUIIb
MOBTOPSIET BXOJAHOW CHUTHAJ MO0 aMIUIUTY/AE C HEKOTOPBIM ocliabienuem. [Ipu sTom Ha
BBIXOJIE IMUTTEPHOTO TTOBTOPUTEISI TOBTOPSETCA Takke (pa3za BXOHOTO CUTHAA.

DMmuTTepHbIi oBTopuTes B (N1, + 1) pa3 ycuinuBaeT TOK BXOJHOTO CUTHAJIA U B
h,1, pa3 — ero MOIIHOCTb.

BxoaHoe compoTHBIIEHHE 3MHUTTEPHOTO TOBTOPUTENS BEIUMKO U 0e3 ydyeTa
COMNPOTHUBJICHUSI PE3UCTOPOB 0A30BOTO JEIUTENIE MOXET ObITh PAcCUUTAHO IO
cieayroomiei mpuoImKkeHHON dhopmyre:

RBX am — h213R <[k (17)
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BepxHuuil mnpenen BXOJHOTO COMNPOTUBICHUSI SMUTTEPHOTO MOBTOPUTENS Rpxsn
OTPaHUYCH COMPOTUBIIEHUEM [, CMEIIIEHHOT'0 B 00paTHOM HampaBJICHUN KOJIJIEKTOPHOTO
nepexoia, KOTOpOE ISl COBPEMEHHBIX TPAH3UCTOPOB COCTABIISIET €IMHULIBI METAOM.

BrIxogHO€ CONPOTUBIIEHUE SMUTTEPHOTO MTOBTOPUTEIISI MAJIO, JIEKUT B IIpEIeIax
OT JOJEW OM JUIi MOIIHBIX TPAH3UCTOPOB JO JNECATKOB OM IS MAJIOMOIIHBIX U C
JOCTATOYHOU TOYHOCTBIO MOXKET OBITh OMPEICIICHO 110 hopMyIIe:
R, -2

BbIX.DIT I "
> (18)
Ecnu tok |, BelpaxkeH B MUJUIMaMIiepax, TO COMPOTUBICHUE Ry oy MOIyYaOT B
Omax. @opmyna (17) cnpaBegyuba ipu Toke |, < 3...5 MA.
bosibioe  BXOJHOE W Majio€  BBIXOAHOE COMNPOTUBICHUE OSMUTTEPHBIX
MIOBTOPUTEJICH MO3BOJIAIOT MCIIOJIB30BaTh MX B KAayeCTBE KaCKaJoB, COTJIACYIOLIHUX
BBICOKOOMHBIW BBIXOJT OJJHOM CXE€MbI C HI3KOOMHBIM BXOJIOM JIPYTOM WUJIM C HU3KOOMHOM
Harpy3koi. Kpome Toro, ux npuMeHstOT ISl Iepejaul CUTHaI0B 0e3 u3MeHeHust GOpMbl,
aMIUTATYABI U Pasbl, HO MPU 3HAYUTEITLHOM YCUJICHUH TOKA U MOIIIHOCTH.

ITopsaok BbINOJIHEHHUS Pa0OThI

1. Beraeptuth Tab:m1. 24, 25 u 26 118 3anMcy peKHMOB TPAH3UCTOPA IMUTTEPHOTO
MOBTOPUTENS. TO TMOCTOSHHOMY TOKY W CHSATHIO €ro aMmIUIUTYyJAHO-4YaCTOTHOU U
aMIUTUTYJTHOM XapaKTepUCTUK, a TakKe KOOPAMHATHBIE OCH JJI UX TOCTPOCHUS U
n300pakeHus ocruuiorpamMm (Macimtad mo ocsiM: Uy 1 Uy — B 1 cM 0,2 B).

2. 3apucoBaTh IEKTPUUECKYIO CXEMY SMUTTEPHOTO MOBTOPUTENS (CM. puc. 42) u
coOpaTh ee, MOoJb3yACh TpaduueckuMu 00O3HAYCHUSIMU Ha CMEHHOW manenu 87J1 —
0.1/15.

3. 3mepuTh mapamMeTphbl peXKUMOB TPaH3UCTOpa B pabodeii TOUKe Mmpu mepenade
TPEX Pa3IUYHBIX CUTHAJIOB M 3aHECTH PE3yJIbTATHI B Ta0II. 24.

Tabnuia 24
Cunyconpanssbiii | [lonoxurensHenii | OTpunaTenbHbINA
Bun curnana
CUTHAII HAMITYJIbC VMITYJIBC
Us, B
ITapamertp U,, B
B paboueit
TOYKE >, MA
U63 5 B
Tabnuma 25
Yacrora f, xI'1l 002 |005| 01 | 02 | 05 10 50

Koaddumnuent ycrnennst Ky
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TaoOmuna 26

Bxoanoe Hanpsbkenue Ugx, B 0,2 0,4 0,6 0,8 1

Breixognoe Hanpsiokenue Ugux, B

4. Cuarp AUX um AX BSMHUTTEpHOrO NOBTOPUTENS B PEXUME NEperadu
CUHYCOHMIaJIbHOTO CUTHAJIA, 3aHECTH PE3YJIbTaThl U3MEPEHUI COOTBETCTBEHHO B Ta0I. 25
1 26 ¥ IOCTPOUTH XapaKTEPUCTUKN B KOOPAMHATHBIX OCSIX.

5. CHATh oCHMJIIOTPaMMBbl UMITYJIbCHBIX HAIPSOKEHUHM Ha BBIXOAE U BXOJE
AMUTTEPHOTO MOBTOPUTEINS B PEKUMAX MEPEadu MOJIOKUTEIBHOTO U OTPULIATEIBLHOTO
UMITYJICOB U N300pa3UTh UX B KOOPJIAUHATHBIX OCSX.

MeToauyeckue yKkasaHusl

1. Ilpu BemosHeHHH padoThl Hcoib3yioT: R1= 20 kOM; R2 = 10 kOm u 2,4 kOwm;
R3=510 Om; R4=1xOwm; C1 = C2 =10 mx®; C3 = 0,033 Mx®d; VT — tpanzucrop MI142b;
HMCTOYHUK KOJUIEKTOpHOro nutanus £ — reneparop ['H2 crenaa, Ha BBIXOAE KOTOPOIO
ycraHaBnuBaroT 1o 1B Hanpspkenue 10 B.

2. Ilpu cOopke cxembl sl MepeJayd CHHYCOMAAIBHOIO CUTHAla B KadyecTBE
reaepatopa G wucnone3ytor ['3U crTeHma, 4acTOTy BBIXOJHOTO CHUTHalla KOTOPOTO
M3MEPSIOT yactoroMepoM UM, a BBIXOAHOE HaNpsiKEHUE OCHMILIOTpadom.

3. Ilpu uccnenoBaHuMM CXEMBI B PEXUME IEpeladyd HWMITYJbCHOTO CUTHajla B
kauectBe reHeparopa G wucnonsdytor [TIM crenpa B nuamazone 1000 T'ip
(nepexrovarens ['TIN nomkeH HaXOAWTHCS B TaKOM K€ TOJIOKEHUH), a aMIUTUTYLy
BBIXO/IHOTO UMITyJIbCca, paBHY10 3B, ycTaHaBnuBaroT no ocuiorpady.

4. VIMITybCHBIE CUTHAJIBI CTPOAT OTHOCUTEIBHO OCH HYJIEBOIO NOTEHIMANIA C
YYETOM IOCTOSIHHOM COCTaBJISIOLLEH.

5. Ilpu n3mepeHusax UCIob3yIoT:

ABMI1 — na npezenax << 10B >>, << 5B >>, << 2,5B >> u << 1B >>;

ABM2 — Ha npeaenax << 10B >>, << 5B >>, << 1B >>, u << 0,5B >>;

ABO — na nipegene << 1B >>;

ABMI — nHa npenenax << S0MA >>, << [OMA >> u << IMA >>.

KonTposbHbIe BONIPOCHI

1. KakoBbI 0cOOCHHOCTH BKIIOUEHHUs TpaH3ucTtopa ¢ OK?

2. Kak Brnuser 0a30BbIf JENUTEIh HAa BXOJHOE COMPOTHUBIICHUE YMUTTEPHOTO
MMOBTOPUTENS?

3. KakoBo Ha3HaueHHE YMUTTEPHBIX TTOBTOPUTENECH?

4. KakoBbl 0COOCHHOCTH TOCTPOEHUSI CXEMbl SMUTTEPHOTO TOBTOPUTEINS IS
repesayu UMITYJIbCOB Pa3IMYHON MOISIPHOCTH?

S. Yem O0OBACHSETCS HHU3KOE BBIXOJHOE COMPOTUBIECHUE SMUTTEPHOTO
MOBTOPUTEIS?
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JlaGopaTopnasi padora Ne 12
HcciienoBanue IBYXTAKTHOIO YCUJIMTEISI MOIIHOCTH
[lenp pabGoTh — W3y4YEHHE TMPUHIUIA JACHCTBUS ABYXTAKTHOTO

6€CTpaHC(1)OpMaTOpHOFO YCHUIIUTCIIA MOIIHOCTH, CHATHUC 151 aHaJIn3 cro
aMHHHTYHHO-qaCTOTHOﬁ )41

AMIUIUTYTHON XapaKTEPUCTHUK _? £
M HaOmojgeHue paboTHl B R1 n
pexumax AB u B (puc. 44).

IMosicuenusa. Ycuiurenu

i ,
MOIIIHOCTH OBIBAIOT
OJTHOTAKTHBIMHU u X7
BYXTAKTHBIMH.

JBY 39 o5

OIHOTAKTHBIE YCHUJIMBAIOT
CHUTHAJ OJHUM TPAH3UCTOPOM B
TEYEHHUE BCEro Imepuoaa 3a
OJWH TaKT, MOTYT paboTaTh Puc. 44
TOJIbKO B JMHENHOM pE€XHME A M UMEIT HEBBICOKMH YpPOBEHb HEJIMHEHHBIX
nCKaxeHun. OmHako pexnuM A HEIKOHOMHYEH, TaK Kak TOK KOJJIEKTOpa
TpaH3uCTOpa B paboyeil TOUKE JOJKEH OBITh JOCTATOYHO OOJBIIUM, YTOOBI MOXKHO
ObIJIO €ro MoJ JeHCTBMEM BXOJHOTO CUTHAJIAa KaK YBEJIUUYUBATh, TAK U YMEHBIIATh.
Jlnst pexxuma A XxapakTepHO Tak)Ke PaBEHCTBO TOKA B PEKUME OKUJTAHUS BXOJHOTO
CHUTHAaJa CpeIHeMY TOKY MPU MOSBICHUU dTOTO CUTHANA, T. €. JaXKe TCOPETUUECKUN
K.II.J. OJHOTAKTHOTO ycmiutens cocTaiaseT 40-45%. DTo orpaHMYHMBAET HX
NpUMEHEHUE.

JIByXTakTHbI€ YCUJIMTEIU YCUJIMBAIOT CUTHAJ JBYMS TPAH3UCTOPAMH 3a JIBA
TakTa. B TeueHwe mepBOTro MoJynepuojia OJAWUH M3 TPAH3UCTOPOB YCHUIIMBAET
CHUTHAJ, a IPyrod B 3TO BpEMsS TOKAa HE MPOBOJUT, & B TEUEHUE BTOPOrO IMONY-
nepuoga — HaoOopoT. PaGoumne TOUkM TPaH3UCTOPOB BHIOMPAIOT B CAMOM Hadaje
BXOJHBIX XapaKTEPUCTHUK, T. €. MPU OTCYTCTBUU CHUTHAJIa TAKON KackaJ TOKa He
notpebnser. Tak paboTaeT ycuiauTenb MOIIHOCTU B pexume B. B aTom ciyuae
YCUJIUTEh SKOHOMUYEH, eTo K.Mm.J. gocturaeT /0%, a HeIUHEHHBIE MCKAXCHUS
BBIIIE, YEM Y OJJTHOTAKTHOTO.

[Ipu paboTe ABYXTAaKTHOro ycuiuTens B pexume B (puc. 45, a) BxoaHou
curHail Ugx B TIEpBBIA MOJyNEpUOJ], BO3ACHUCTBYS Ha OJUH U3 TPAH3UCTOPOB,
BBI3BIBACT CUHYCOUJATbHBIN TOK 0a3bl ls.. KoNneKkTOpHBIN TOK 3TOTO TpaH3UCTOpa
OyJeT Tak)XKe CUHYCOUJIaJbHbIM, HO TOJILKO B T€UEHHE MEPBOTro nojaynepuoaa. Bo
BTOpPO# monynepuo]l BXoqHou curHail U, aHaTOTMYHO BO3JIEMCTBYET Ha BTOPOU
TpaH3ucTop. CxemMy YCUIHUTEIIS BHIMOJIHSIIOT TaK, YTOOBI Uepe3 Harpy3Ky MPOXO U
TOK, (opmMa KoTOoporo OJM3Ka K CHUHYCOUIAIbHOW, MOBTOpAIOMEH ¢dopmy
cymmapHoro 6a3oBoro Toka lg-.

JIii  CHUXKEHHUA  HEIMHEHWHBIX  HMCKAXEHUW TMNPU  HE3HAYUTEIbHOM
YMEHBIIEHUHU K.II.JI. HCIIOJB3YIOT IPOMEKYTOUHBIA pexuM AB. B aTom pexnme

X2
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0) X,

(//5?7

¥ g,

Puc. 45

pabouue TOYKU TPAH3UCTOPOB BHIOMPAIOT MPU HEOOJIBIINX TOKAX UX 0a3, T. €. Mpu
0’)KMJJaHUU BXOJIHOTO CHUTHajla cxema TMOoTpedJseT OT HUCTOYHUKA MHUTaHUSA
HeOoubol Tok. Pexum AB mupoko pacnpocTpaHeH, NOCKOJbKY 10 CPaBHEHUIO
c 6oyiee SKOHOMUYHBIM pEeXUMOM B mpu HeM 3HAYUTENBHO MEHbIIE HEJIUHEHHbIE
HUCKaKECHUS.

YnpaBiaeHue TpaH3UCTOPAMH JBYXTAKTHOTO YCHJIMTENS MOUIHOCTH B PEXKUME
AB noxka3zano Ha puc. 45, 6. lononuutenbHoe HanpsixkeHneUg,p 1, MO1aBa€MoOe Ha
SMUTTEPHBIN MEPEX0J, CMEIAET BXOJHBIE XapPaKTEPUCTHUKU OTHOCHUTEIBHO APYT
npyra. Ilpu »sToM cyMmapHbiii 0a30BbId TOK cXeMbl lg. OJUM30K K
CUHYCOHJAILHOMY.

B AByXTaKTHBIX KaCKaJaxX yCHIUTEIECH *+ O+[f,
MOIIIHOCTH MCHOJB3YIOT BCE€ TPH CXEMBI

BKJIOUEHHUS TpaH3ucTOopoB: ¢ Ob, OD mn A | 162 7
Bkiurouenue Tpansuctopos ¢ OB (1 v
II03BOJISIET IIOJIy4YUTh CXeMy ¢ Ugo l vr 3
HE3HAYUTEIbHBIMU HEJIWHEHUHBIMHU N l—o 4, .Dv_
HCKAXECHUSIMHU, XOPOLIEH TEeMIIEPATYpHOU 22 R4

CTaOMJIBHOCTHIO M MaJlbIM HU3MEHEHUEM

apaMeTpoB IpPU 3aMEHE TPAH3UCTOPOB.

OnHako nns yhnpaBieHUSI TaKOM cXeMou Puc. 46.
NpeaBapUTEIbHbBIM  YCHUIIUTENb  JOJDKEH

OBITh MOIIIHBIM, TaK KakK JJIsl yIpaBJIE€HUS TPAH3UCTOpPAMHU, BKIOUYEHHbIMU ¢ Ob,
HEOOXOJAUMM TOK OJMHUTTEpa Jaxe HECKOJbKO OOJIbIINNA, YeM BBIXOJIHOU
KOJUIEKTOPHBIN TOK.

[Mpu BriroueHuu TpanzuctopoB ¢ OO B hy, pa3 CHUIKACTCS MOIIHOCTH
CUTHaJIa YNPAaBJIEHHUS, HO HECKOJBbKO BO3PACTAKT HEJIWHEWHBIE MCKaXKCHMUS.
3aMeHa TpaH3UCTOpa B TAKOW CXEME BBI3BIBAET M3MEHEHHE PEKMMa Kackajaa 1o
MOCTOSIHHOMY TOKY, MO3TOMY TpeOyeTcs aubOo moadop mapbl TPaAH3UCTOPOB C
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OJIMHAKOBBIMH IapamMeTpaMu, Ju00 OMOJHUTENbHbBIE MEPbl 0 BOCCTAHOBIECHUIO
CUMMETPHHU CXEMBbI, 4TO 0053aTEIbHO COMPOBOXKIACTCS CHHXEHUEM K.M.J. U
pocToM K03 dUIIHMEHTa HEIMHEHHBIX UCKAXECHUM.

[Ipu BxitoueHuu Ttpan3uctopoB ¢ OK cxema pabGortaer ¢ MUHUMAaJbHBIMU
HEJIMHEHHBIMU UCKaXeHUsiMU. CUTHAN ynpaBlIeHUS B TaKOW CXEeMe BEIIMK — €ro
MOIIHOCTh OJIM3Ka K MOIIHOCTH BXOJHOI'O CHUTHaJla Kackajaa Ha TPaH3UCTOpax C
Ob. lna sToit cxeMbl MOAOUPAIOT Mapy OJMHAKOBBIX TPAH3UCTOPOB, MOCKOJBKY
TOJIBKO TaK MOKHO 00€CTeYUTh Majble HETUHEHHBIC UCKAXKECHUS.

B nactosmee Bpems Haubolsiee pacupocTpaHeHbl OecTpaHcPopMaTopHBIE
YCHJIUTENIM MOIIHOCTH 3BYKOBOH 4YacTOTHI, BBINOJHEHHBIE Ha TPaH3UCTOPax
Pa3HBIX TUIIOB JEKTPOMPOBOJHOCTH MU OJHOTO THUIA.

a5 ynpaBieHUs TpaH3UCTOPAMH Pa3HBIX THUIIOB JJIEKTPOMPOBOIHOCTH (CM.
puc. 44) TpeOyercss oquH cuUrHaia. Tak, €ciau B MEPBBIA MOJYNEPHOJ] BXOIHOU
CUTHAJ YBEJIWYMBAEeT TOK 0a3bl TpaH3zuctopa V12, oJHOBPEMEHHO yMEHBILIAETCS
Tok 0a3el Tpansuctopa VT3. Bo Bropoit monynepuoa — HaobopoT. Takum
00pa3oM, BXOJHBIE LIENU TPAH3UCTOPOB IO OTHOLICHHWIO K MCTOYHUKY CHUTHAaja
BKJIIOUEHBI NTapajieIbHO, BBIXOJAHBIE [0 OTHOIIEHNUIO K UCTOYHUKY MUTaHUA E.—
IOCJIEIOBATEbHO, a M0 IEPEMEHHOMY TOKY — HapajuleIbHO Ha OOIIYI0 Harpy3Ky
RS.

Jlns  ynpaBlieHUsT TpPaH3UCTOpPaMHM OJHOIO THUMA 3JIEKTPONPOBOJHOCTH
TpeOyeTcsa paszomHBepcHbIN Kackas (puc. 46), Ha BEIX0JI€ KOTOPOTO JEHCTBYIOT JIBa
OJMHAKOBBIX U MPoTUBO(Da3HbIX HanpspkeHus Us u Uy, DTH HanpsKeHUs U yIpaB-
JSAIOT TPAH3UCTOPAMH, KOTOPHIE TOOYEPETHO OTKPBHIBAIOTCS M 3aKPBIBAIOTCS.

PaccmoTpum paboTy Kackaja yCHJICHHS MOIHOCTH B pexxume B (cM. puc. 44).
B cxeme wucnonb3zyercs kpemMHueBbli auoa VD1, Ilpu mnonoxutenbHOM
MONyNepuoJe TEePEeMEHHONW  COCTaBISIOMIEH  KOJJIEKTOPHOTO  HAaNpsHKEHHS
Tpansuctopa VT1 npeaBaputenbHOro ycunutens Tpan3uctop VT2 3akpeiBaeTcs, a
Tpansuctop VT3 ycuiIuMBaeT CHUTHaJ, HWCHOJb3YySd KaK HMCTOYHUK MHUTAHUS
3apsiokeHHbI mpuMmepHo 1o 0,5F koraencatop C3. B Tedenue sToro noaynepuoia
TOK MPOXOJIMUT IO IENH: HpaBblil 3JeKTpoa KoHAeHcaTtopa (3, 3apsKEHHbIN
HNOJOXKHUTEIbHO, PE3UCTOp Harpy3ku RS, koprmyc, MpOMEKYTOK KOJUIEKTOp —
SMUTTEP TpaH3ucTtopa VT3, neBbld »iekTpoa koHaeHcatopa C3. EmkocTh
koHneHcaTopa C3 A0KHA OBITH HACTOJIBKO OOJBINON, YTOOB 32 BpeMs CaMOro
IIUTEIBHOTO MOJIyTIeproia (camMmas Hu3Kas ycuianBaeMas 9acToTa) OH pa3psiKamcs
HE3HAYUTEIHHO.

[Ipu oTpunarenbHoM mnojynepuoae TpaHucTtop VT3 3akpbeiBaercs, a
TpaH3uctop V12 oTkpbiBaeTrcs, ycuiupas curdai. KoJJnekTopHBIM TOK
Tpansuctopa VT2 mpoxoaut mo uenu: +E,, kopmyc, pesuctop Harpy3ku RS,
koHJeHcaTopa C3, MPOMEXKYTOK IMUTTEP — KOJIEKTOp TpaH3uctopa VT2, — E..

Takum o6paszom, uepes pes3uctop RS, Ha KOTOpHI MooYepeHO paboOTAIOT ABA
TPAH3UCTOpPA, YMpaBisieMble OJHUM CHUTHAJIOM, MPOXOAUT TEPEMEHHBIN TOK
YCHUJICHHOTO CUTHaJla — CyMMa MEePEeMEHHBIX COCTaBISIOLIIUX SMUTTEPHBIX TOKOB
tpansuctopoB V12 u VT3. Otrciona ciaeayer, 4To MO OTHOUIEHUIO K MCTOYHUKY
CUTHAaja TPaH3UCTOPHI BKIOYeHHI o cxeme ¢ OK, koTopas ycunuBaeT MOIHOCTh
CUTHAaJja, MOBTOPSS €ro HalpsKeHUe.
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Bxurouenne kpemHueBoro numona VD1 yBennuuBaeT HampsiKeHHE MEXIY
0a3zaMu TPaH3UCTOPOB, M MX pabodyuWe TOYKH CMEIIAIOTCS K Haydaldy BXOJHBIX
XapaKTEePUCTHUK, T. €. KaCKaJ MepeXxoJuT B pekuM AB. DToT mepexo] CTaHOBHUTCS
3aMeTHEe, €CJIM HCIIOJb3YIOT JBa IOCJEA0BATEIbHO BKJIKYEHHBIX KPEMHHEBBIX
IHoJa.

OnnoBpeMenHo auona VD1 cinyxuT aias TeMmepaTypHOW cTaOMIM3alluU
0a30BBIX IleTied TpaH3UCTOpoB. Ilpu mMOBBIIEHUH TEMIIEpaTypbl BXOJHAs
XapaKTepUCTUKA TPAH3UCTOPA CMEIIACTCS BICBO, YTO O3HAYAET yBEIUUCHHUE TOKA
0a3bl MPU MOCTOSSHHOM HANPSKEHUH HAa YMUTTEPHOM Tepexone. OgHako TOK 0a3bl
npu BkmodeHun amona VD1 yBenmuuBaeTcss 3HAUMTEIBHO MEHBINNE, TOCKOJIBKY
MpsIMOE HAMPSKEHUE HAa HEM NIPH YBEJIWYCHUU TEMIIEpPaTyphl yMECHBIIIACTCS.

ITopsaok BbINOJIHEHHUS PadOThI

1. Boriueptuth Tabn. 27 u 28 nud CHIATUS aMIUIMTYJIHO- YacTOTHOW H
AMIJIUTYAHON XapaKTEPUCTUK YCUIHTENIS W KOOPJIAMHATHBIE OCHU [UIS MX
noctpoenus (macmrtab mo ocsaiMm: Uy — B 1 cm 20 MB, Ugyx — B 1 cM 200 MB).

2. Berueptuth Ta61. 29 nis 3anMcU TOKOB, MOTPEOISIEMBIX YCUIUTEIEM TPH
pPa3HBIX peXUMax pabOTHI.

3. Berueptuts Tabsn. 30 qus 3anucu nmapaMeTpoB PEeKUMOB TPAH3UCTOPOB IO
MMOCTOSTHHOMY TOKY.

4. 3apucoBaTh IJIEKTPHUUYECKYIO CXEMYy HCCIENYEeMOTr0 YCHJIUTENs (CM. pHC.
44), coOpath ee, Mmoyb3ysich rpaduueckuMu 0003HAYCHUSIMU HA CMEHHOW MaHeIn
87J1-01/16, u oTperyupoBaTh peKUMbI PAaOOTHI YCUIUTEIS 10 MOCTOSIHHOMY TOKY.

5. CHATP aMIUIUTYJHO-YAaCTOTHYI ¥ aMIUIUTYJAHYI0 XapaKTepUCTUKHU
YCHJIUTENS, 3aHOCS PEe3yAbTaThl U3MEpEeHHUH B Ta0n. 27 u 28, U MOCTPOUTH UX B
COOTBETCTBYIOIUX KOOPAUHATHBIX OCSX.

TaOnuma 27
Yacrora [, kl'y 0,021 0,1 | 0,5 1 10 | 100
Beixognoe Hanpsike- | C2 = 5 Mk®
Hue Uyyyx, B, npu emxo- | C3 = 0,1 Mx®P
CTH KOHJEHCATOPOB C2 = 50 Mx®
C3 = 50 mMx®
Tabnuma 28
Bxoanoe wanpaxenune Ugyx, B 20 40 60 80 100 120

Buixoanoe nanpsixkenue Uy, B
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TaOnuma 23

Curnan orcyrcrsyer MakcumanbHuii curuana
Pexxum [Mepe- Iuon IMTepe- Huon
MBIYKa KI103A MbIYKa KA 103A
OAMH | ABa OAKH | ABa
Tok I, norpeGasiembiii
NpeABapHTEJbHLIM YCHJIH-
Tenem, MA
Tok [, norpebasembiii
BCEM ycuautesem, MA
TaOnuma 24
lwesno X3 | X5 | X6 | X8 | X9 | X10

Hanpsaxeunue, B, | nepembluku
NPH BKJIOYEHHH

auona KJI103A

ABYX AHOAOB
KJ1103A

6. UsMeputs TOKH, MOTpeOIsiEeMble YCUIUTEIEM MPHU Pa3TUUYHBIX pPEKUMAX
paboThI, 3aHOCS pe3ynabTaThl U3MepeHHH B Tabys. 29. OMHOBPEMEHHO H3MEPSATh
nmapaMeTpbl PEKHUMOB IO MOCTOSSHHOMY TOKY, 3aHOCS Pe3yJbTaThl U3MEPEHUH B

tabu. 30.
MeToanueckue yKazaHus

1. I1pu BeimonHeHUU padboThl ucnoab3yroT: R1 = 51 kOm; R2 =3,3 kOM u 10
kOwm (mepemennsiit); R3 = 200; R4 = 4,3 xOm; Om; R5 =100 Om; C1 =5 mx®d; C2
=5 MK® u 50 Mmx®; C3 =0,1 Mx® u 50 Mx®D; VT1 u VT2 — rpan3uctopst KT361A;
VD1 — nuon KJI103A (2 mrt.); VT3 — Tpanszuctop KT315A; nepembruky.

2. YcranaBnuparotr no MB crenma manpsbkenwe 12 B Ha Beixome I'H2,
MOJIKJIFOYasi €T0 C COOJIIOJICHUEM MOJSIPHOCTH K THe3maM «—FEo» u X12, a 3atem
m3mepstor ABM1(ua npenene «10 B») B ruesne X10 nHampsokeHHe, KOTOpoe
noJkHO cocTaBisATh 0,5E. Ecnu 3TO He Tak, yCTaHaBIMBAIOT BMECTO PE3UCTOPA
R2 conportusnenuem 3,3 kOM nepemMeHHbI pe3uctop conporuienrueM 10 kOM u
nobuBaroTcs, 4ToObl HamnpsikeHue B THe3ae X10 cocrtasisno 6 B.

3. INoakmo4amT K BBIXOAY YCHUIUTENsA ocuuaorpad. (CHTHaIbHBIH BXOJ
ocumuiorpada COeIUHSIOT ¢ THE3I0M | HCCIeyeMOH CXEMBI, a 3aKHM «L1» — ¢
rae3gom X11).
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4. YcranaBnuBaroT Ha Bbixoje 134 wactory curnana 1000 I'n, nns yero ero
nepekiovarenb «Jlnanazon» nepeBoiaT B nmoioxenue «1 kl'my». Jus uzmepenus
4acTOThl BhIXoaHOro curnaina ['34 ¢ momompbio wactoromepa UM tymb6aep-«UM-
I'34U» ycranaBnuBaroT B nonoxenune «I'3U», nepexntouarens 1B — B monoxeHue
«YM», a nepexnatoyatenab UM — B mosoxkenue «5 kl'u». IHogkmrwouaror 134 k

uccienyemont cxeme (3axuM ['34 «1 : 10» coequusoT ¢ tHe3g0oM X1, a 3a)kum >
— ¢ TrHe30oM X2). YcTaHaBIMBAIOT Ha BXOJIE€ YCHJIUTENS TaKOW CHUTHAN, MPH
KOTOPOM aMIJIMTYy/ia HANpsKeHUsl Ha ero Beixoje Oyner paBHa 5 B. Ilpu cHsATUH
AUYX HE0OX0IMMO CIEeAUTH 32 CTAOMIBHOCTHIO AMIIJIUTY bl BXOJHOTO HAMPSIKEHUS
U TpH U3MEHEHUM KOppeKTHupoBaTh ee peryiasitopom [3U «AmMnautynay.
Brixonnoe nanpsixkenue ['3U usmepsior ocurumiorpadom.

[Ipy CcHATUM  aMIUIMTYAHOM  XapakTEpUCTUKM  BXoJA  ocHuuiorpada

NOJKJIIOYAIOT K THe3ny X1, a BLIBOIL“-L» — k tHe3ny X7. HabGnwonas dopmy
HaNpPsKEHUS Ha BBIXOJE YCUIUTE, OTMEUAIOT, IPU KaKOM BXOJHOM HaNpPsKECHUU
UCKaxXeHUsT (GOpMBI BBIXOJHOTO HAMNpPSAKEHUS CTAHOBITCS 3aMETHBIMU Ha TIJjas.
NMeHHO C 3TOro 3HayeHHsT BXOJHOTO CUTHajla aMIUIMTyJAHas XapaKTEpUCTUKA
OTKJIOHUTCS OT MPAMOU JIMHUU.

[ToTpebasemsbiii Tok usmepsitor ABM1, niist yero 3axum«—»I'H2 coequHSIOT ¢
3akuMoM «—>ABMI, a 3axum «+» ABM1 — ¢ rae3gom «—E».

[Ipu wucnons3oBaHuM KpemHHeBoro amona VD1 ycunurens MOIIHOCTH
OKa3bIBaeTcs B pexume B (nyim 6J1U3KOM K HEMY).

[Ipu wucnoNb30BaHUM JBYX MOCJIEIOBATEIbHO BKJIIOUYEHHBIX KPEMHHEBBIX
JIMOI0B YCUJIUTENb MepexoauT B pexkxuMm AB. [Ipu aTom ycunurtens noTpediisieT ToK
IpU OTCYTCTBUU BXOJHOIO CUTHAMA.

[TapamMeTpsl peKMMOB IO MOCTOSIHHOMY TOKY u3MepsaoT ABM?2 Ha npenenax
«10 B», «5 B», «1 B» n «0,5 B».

KoHTpoJibHBIE BOIIPOCHI

1. IToueMy OJTHOTAaKTHBIE YCUIIUTEIN MOLIHOCTH UCTOIB3YIOT PEAKO?

2.YeM OOBsCHIETCS JKOHOMHUYHOCTh JIBYXTAaKTHBIX YCHUJIUTENIEH MOIIHOCTH,
paboTaromux B pexxume B?

3. Kakue nmapameTpbl BBIXOJHOTO CUTHAJa 3aBUCIT OT EMKOCTH KoHJeHcaTtopa C3?

4. TloueMy mnpu YyMEHBIIEHWHM €EMKOCTH KoHJeHcaropa (2 yBeIMYHUBAIOTCA
YaCTOTHBIE UCKAKEHUS B 00JIACTU HUYKHUX YaCTOT?

5. Kak Binusier pexxuM paboThl YCUIIUTENS HA HEJTMHEHHbIE HCKAKESHUS?

Cnncok jureparypbl

OcHoBHas nuTeparypa

1. Makcuna E.JI. DnexkTpoHuka [DNEKTpOHHBIM pecypc]: ydueOHoe mocooue/
Makcuna E.JI.— DnekTpoH. TekcToBble nanHble.— CaparoB: Hayunas knura, 2012.—
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159 c.— Pexum mocrtyma: http://www.iprbookshop.ru/6270.— 3BC «IPRbooksy», mo
apoJIIO.

JlononmHuTeNbHAS IUTEPATYPa

1. Ckapxena B.A. DJeKTpOHHKa U MUKPOCXEMOTEXHMKA: y4eOHUK B 2 4. Y.1.
DneKkTpoHHBIC yCcTpoiicTBa wHpopMmanuoHHoW aBTomatnku / B.A. Ckapxkema, A.H.
Jlynenko; mox obmr. pea. A.A. KpacHompomienoit. — Kues: Bpima mkosna. 1989. — 430
C.

2. 3a6ponun 1O.C. IlpomsblnuieHHas sieKkTpoHuKa: YueOHuk s By30B / HO.C.
3abpoaun — M.: Beicui. mkona, 1982. — 496 c.
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[Ipunoxenue. Obpazey mumynvbHo2o aucma omuema no 1abopamopHou pabome

MHNHOBPHAYKHN POCCHUA

denepaibHOE TOCYAAPCTBEHHOE OI0/PKETHOE 00pa30BaTEIbHOE YUPEKICHUE
BBICILIET0 00pa30BaHMs
«Tynpckuii rocy1apCTBEHHBIN YHUBEPCUTET»

HMHcTuTyT BBICOKOTOYHBIX cucTeM uM. B.11. I'psasesa
Kadenpa «I[Ipubops! ynpaBneHus»

Ortuer
o laboparopHoi padbote No
«Haszeanue nabopamophoti pabomoiy

1O TUCITUTLIINHE
«nekTpoHuka-1y

Bemonnun: crynent rp. XXXXXX
Damunus U.0.
[IpoBepui: yu. cmenenv, @amunus U.O.

Tyna 20XX r.
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