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1. OIIHCAHHUE CTEH/IA TPEHAKEPA JlVIA CbOPKH
H U3YYEHUA AHAJIOTOBbIX CXEM IDL-600

Crenn tpenaxep (puc. 1) mpencrasisieT coboit pabouee mecto, 000-
PYIOBAaHHOE€ MAaKETHOW IJIaToO 11l COOPKU PAJUOANEKTPOHHBIX CXEM IO
3aJIaHMIO TIperoAaBaTess 0e3 UCIOIb30BaHUS TPAIUIIMOHHON B TAKUX CITy-
qasx MaKd. ITO MO3BOJISIET MPOBOAUTH 3aHATHS MO PAJHOMOHTAXy B I10-
MEIIEHUSX HE0OOPYTOBAHHBIX CUCTEMOU BBITSHKHOW BEHTHIISIITUH.

Makertnas miara AD-200 coaepxut 1896 Touek MOAKIIOYEHUSI, KO-
TOpbIe 00ECIEYNBAIOT YCTAHOBKY 3JIEMEHTOB Bcex TUIOB B DIP-kopmycax,

a TaKkKe JOOBIX paguojeTageld ¢ KECTKUMU BBIBOJAMH JUAMETPOM
0,3—0,8 mm.

Puc.1.BHewnuii BUA cTeH1a TpeHaxepa s COOpPKU U U3y4eHUs
ananoroBbix cxem IDL -600

B xonctpykumu crenaa tpenaxepa |IDL-600 npexycmoTpeHsr:

— peryJIUpyeMbI UCTOYHUK MUTAHUS MOCTOSHHOTO Toka -15B..0..+15B /
300 MA;

— MCTOYHHK IUTAHHUS ITOCTOSHHOTO ToKa +5B/1A;

— MCTOYHHK IMUTAHHUS OCTOSIHHOTrO ToKa -B/100MA;

— TEHEpaTop CHUTHAJOB CHHYCOHUJAIbLHOWU/TPEYTroIbHON/IPIMOYTOIHHOMN
dopmer 11'm 100kI'11/5 1nama3oHoB;

— BOJBTMETp noctossHHoro Toka 0-30 B, kiacc Tounoctu 1.5;
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— ammepMmeTtp noctosiHHOro Toka 0-100 MA, kitacc Tounoctu 1.5;
— 2-X TIO3UIIMOHHBIN MOJ3YHKOBBIN MEepEKIIoYaTespb — 2 IIT.;

— 3-MO3UIIMOHHBIA MOJ3YHKOBBIN MepeKItouaresb — 1 mT.;

— noreHuomeTp 1 kOm — lT;

— noreHuuomeTp 100 kOm — 1 mr.;

— O-TIO3WIIMOHHBIN BpaIaIOMUNACS MepeKIIovaTesb — 1 mrT.;

— guHamuk 2 4", 8 Owm;

— pa3beM I OJHOIIOIKOCHOTO MITEKEPa TUAMETPOM 4 MM — 2 IIT.
— pazpem BNC-tumna — 2 mr.



2. IPABHJIA TEXHUKH BE3OIIACHOCTH B JIABOPATOPUH

[Ipu pabote B nabopaTopuu IEKTPOTEXHUKHU U AJIEKTPOHUKU BO H3-
OekaHHe HECUACTHBIX CIIy4YaeB, a TaK)Ke MPEKIECBPEMEHHOIO BBIXOAA M3
CTpOs IpUOOPOB U BIEKTPOOOOPYIOBAHUSA CTYJICHT MPU BBHIMOJHEHUU Jia-
OOpaTOPHBIX PA0dOT JOJKEH CTPOTO BBIMOJHATH CICAYIONINE MpaBuila TeX-
HUKH 0€30MaCHOCTHU:

1. Ilpucrynas B nabopaTopuu K padoTe, CTYIAEHTHI JOKEH O3HAKO-
MUTBCS C PaBUJIAMU TEXHUKHU O0€30MaCHOCTH.

2. Tlocne o3HakoMJeHHUs C MpaBUJIaMH BHYTPEHHETO paclopsika H
WHCTPYKTa)xa Mo TEXHUKE O€30MaCHOCTU CTYIEHT JOJDKEH PacIucarbes B
COOTBETCTBYIOIIEM KypHAJIE.

3. Ilpu pabote B mabopaTopun KaTeTOPUYECKH 3aMpeniaeTcs MPUHO-
CUTh C COOOM BElIM U MPEIMETHI, 3arpOMOXKIatoIe pabouue MecTa, CIo-
COOCTBYIOIIME CO3JAAHHMIO YCIIOBUH, MOTYIIMX MPUBECTH K HaPYIICHUIO
paBUJI TEXHUKU O€30MACHOCTH.

4. B naGopatopuu 3ampemniacTcsi TPpOMKO pa3roBapuBaTh, MOKUIATh
paboumne MecTa U NEPEXOAUTh OT OJJHOTO CTEHJA K APYTOMY.

5. Ilpuctymas x pabote B J1abopaTtopuu, CTyJIeHUECKas Tpymmna je-
JUTCS HAa OpHUTazbl, KOTOPHIE 3aT€M PACIPEIEISIIOTCS MO J1a00PaTOPHBIM
CTCHJIaM.

6. COOpKy »dJIEKTPUUECKON IeNu MPOU3BOIAT COCAUHUTEIbHBIMU
POBOJAMH TPHU BBIKJIIFOUEHHOM HANpPsDKEHUU MHUTAHUS B CTPOTOM COOT-
BETCTBUU CO CXEMOM, MPEACTAaBICHHON B JIa0OPAaTOPHOM TMPAKTHKYME,
o0OecrieunBasi MPU STOM HAJEKHOCTh BJIEKTPUUYECKHX KOHTAKTOB BCEX
Pa3bEMHBIX COCTUHEHUH.

7. llpuctymass Kk cOOpKe 3JIEKTpPUUYECKOM Lenu, HeoOXoaumo yoOe-
TUTHCA B TOM, YTO K CTCH]Iy HE TI0JIaHO HaIpsKEHUE.

8. Ilpu cOopke 3JeKTpUUECKO LEenu HEOOXOAMMO CIEIUTh 3aTeM,
4TOOBI COCMHUTEIBLHBIC MPOBOJIA HE MEPETHOAINCh U HE CKPYUHMBAIUCH
HETIISIMU.

9. IlpuGopsl U 3JAEKTPOOOOPY/IOBAHUE PACCTABISIOTCS TaK, UYTOOBI
OBLJI0 YAOOHO MU TIOJIH30BATHCA.

10. Cobpannast snekTpuueckasi Ielb MNPEIbSBISCTCS s MPOBEPKU
MIPENOIaBaTEINIO WK JTA0OPAHTY.

11. BxomtoyeHue 3JISKTPUUECKON IIENH TMOJ] HaIpshKeHue (Mociie Mpo-
BEPKH) MIPOU3BOJIUTCS TOJIBKO C Pa3peIICHHs U B IPUCYTCTBUH MPEIO/1aBa-
TEJIs UK JTabOpaHTa.

12.TIpu oOHapyKE€HUU HEHCIPABHOCTEH B DJIEKTPUYECKONM IEMU He-
00X0JMMO HEMEIJIEHHO OTKJIIOUUTDH €€ OT MUTAIOLIEH CeTH U JIOJIOKHUTH 00
3TOM MPENOJaBaTEeNI0 WK JabOpaHTy.



13. TlepexntoueHus U UCHPABJICHUS B COOPaHHOM 3JIEKTPUUECKOM Iie-
U pa3peliaeTcsl MPOU3BOAUTH TOJIBKO NPH OTKIIOUEHHOM HaIpPsHKEHUU
MUTAHUA.

14. 3anpemaeTcs nMpuKacaTbesl NaldblaMH, KapaHJalllaMU U JIPYyTrUMU
npeaMeTaMu K OTOJIECHHBIM TOKOBEIYIIUM YacCTSIM AJIEKTPUYECKOM IIeTH,
HaXOASAIIUMCS MIO]T HAMPSIKEHUEM.

15.Ilpu paboTe ¢ KOHAEHCATOPAaMH CJIEAyeT IOMHUTh, YTO HA UX 3a-
KUMax, OTKJIIOUYEHHBIX OT CETH, HEKOTOPOE BPEMsI COXPAHSAETCS IEKTPU-
YECKHU 3apsiJl, MOTYIIHK OBITh MPUUYUHOU MOPAXKEHUS IJICKTPUUECKUM TO-
KOM.

16. Ilpu oOHapyKEeHUU TOBPEKICHUMN IIEKTPUUESCKOTO 000PY10BaHUS
U puOOPOB CTEH/IA, a TAKXKE MPU MOSBICHUU JbIMA, CIIEHU(PUIECKOTO 3a-
naxa WM UCKPEHHUs HEOOXOJIMMO HEMEJJICHHO BBIKJIIIOYUTH HAMpPSKEHUE
NUTaHUS CTEH]Ia U U3BECTUTH 00 3TOM IpernojiaBarelis uin JadopaHTa.

17.Tlocne BbINIOTHEHUS 1a0OPAaTOPHON PabOThl HEOOXOJUMO BBIKIIO-
YUTh HAIPSKEHUE MUTAHUS CTEHAA, pa300paTh UCCIEAYEMYIO AJIEKTpUYe-
CKYIO 1IeMlb ¥ IPUBECTU B MOPAIOK pabouee MeCTo.

18.B cnydae mopakeHUs 4YeIOoBEKa DJIEKTPUUYECKUM TOKOM HEO0XO-
JUMO HEMEIJIEHHO O0ECTOYMTHh CTEH], BBHIKJIIIOUMB HAMPSIKCHHUE MUTAHUS.
[Ipu moTepe co3HaHUS U OCTAHOBKE JBIXaHUS HEOOXOAMMO HEMEJICHHO
O0CBOOOJUTH MOCTPAJABILIET0 OT CTECHAIOUIEH €ro OAEXIbl U JellaTh HC-
KYCCTBEHHOE JIbIXaHUe JI0 MPUOBITHS Bpaya.



3. OBIITUE METOJUYECKHE PEKOMEH/IALIUU H YKA3AHUA
110 BBITIOJIHEHHIO JIABOPATOPHBIX PABOT

O4epeTHOCTh U 1aThl BBHIIIOJTHEHUS Ta00OPATOPHBIX PadOT OOBIACHSIOT-
csl TIpernojaBaTeeM Ha BBOAHOM 3aHATHU. CTYyIEHT NOJDKeH 3a0jaroBpe-
MEHHO TOJITOTOBHUTHCS K MPECTOSIIEMY 3aHATHIO B JabopaTopuu. B mo-
TOTOBKY BXOJHUT M3YYCHHE COOTBETCTBYIOIIMX Pa3/eIOB TECOPETUUECKOTO
Kypca MO JIEKIIMOHHBIM 3alucsM W y4eOHOW JIHUTeparype, yKazaHHOU B
OMMCAaHUM KaXJI0W paboOThI; TOAPOOHOM M3YUYCHHUH COAEpKaHUs PabOTHI; B
aKKypaTHOM BBIYEPUMBAHUU SJEKTPUUECKUX CXEM IKCIIEPUMEHTOB U Tal-
JIUIT HaOJTI0ICHUH B OTYET JJISl BBITIOJTHEHUS JTA0OpaTOPHOM pabOTHI.

Jlo Havama 1abopaTOPHBIX 3aHATUM HAJO0 MO3HAKOMUTHCS C MpaBUiIa-
MU BBITIOJTHCHHS JIA0OPATOPHBIX PabOT, METOJAMKON OIEHKH MOTPEITHO-
CTeH, crmocobamMu TPUOIMIKEHHBIX BBIYMCICHUHN, MPUEMaMU TOCTPOCHUS
rpauKOB U BEKTOPHBIX JTHATPAMM.

Kaxaprii cTyneHT o0s3aH YCBOWTH IMPaBHJIa TEXHUKH OE30MAaCHOCTH,
yMETh 0Ka3aTh MEPBYIO TOMOIIb MPU MOPAKEHNUN IIEKTPUUECKUM TOKOM U
MEXaHUYECKUX TPaBMax.

CTyaeHThI, SIBUBIIMECS Ha 3aHATHE HEMOITOTOBICHHBIMU, HE JIOIyC-
KaloTCs K pabdoTe, U B T€UEHHWE BPEMEHH, OTBEJICHHOM ISl BBIMOJHEHUS
7a00paToOpHON PabOThI, U3YyYAIOT B UUTAIIBHOM 3ajie WK Ja0OpaTOpUu HeE
OCBOCHHBIA UMM MaTepHall 10 Y4eOHOU JIUTepaType.

Omuem no nadopamopuoit pabome

OTyeT NOMKEH COAEPKATh: TUTYJIbHBIN JTUCT, CXEMbI SKCIEPUMEHTOB,
TaONHIBl C JAaHHBIMH U3MEpPEHUM, rpaduKu, BEKTOPHBIC TUArPAMMBI, pe-
3yJbTaThl BBIUUCICHUN, pacyeTHbIE (POPMYJIbI, IEPEUEHDb HUCIIOIH30BAHHO-
ro 000py/I0BaHUS U BHIBOJIBI.

[TonydeHnHble JaHHBIC HAOIIOICHUIN CTYJIEHT YaCTUYHO 00padaThiBacT
B J1abOpaTOpUH, a OKOHYATEJILHO — JIOMa. DJIEKTPUUECKUE CXEMbI, BEKTOP-
HbIE JUarpamMMbl U TpaduKu CIEAYeT BbIUEpUMBATh aKKypaTHO KapaHia-
IOM, MPUMEHSSI YEPTEKHbIE MPUHAJICKHOCTU. BEKTOpHBIE TUAarpaMMbl
CTPOATCS C COOMIOICHNEM MacinTaba: BHIOpaHHBIA MaciiTad yKa3bIBaeTCA
PAIOM C HAYEpPUYEHHOU auarpaMmou. [Ipu BelUepUMBaHUU SJIEKTPUUECKUX
CXEM CJIeyeT MCIOJb30BaTh YCJIOBHBIE O0003HAYEHHS B COOTBETCTBHH C
['OCTamu. Ilpu noctpoeHun rpa@ukoB HEOOXOAUMO HA OCAX KOOPJIUHAT
yKa3bIBaTh 0003HAYEHUS OTKJIQJbIBAEMBIX BEJIWYUH, SIUHUIIBI UX U3MEPe-
HUi. BAonb oceil KoopIMHAT HAHOCAT JEJCHUS W MPEACTABISIOT B Mac-
mTabe YMCIOBbIC 3HAUCHHUS.

OT4eT BBIMIONHAETCS PYKOIMMCHO HAa CTAHIAPTHBIX JHCTaxX (dopmara
A4 (pazmepbl 210x297 mM) u ckperisiercs: ckpenkoil. Hymepaiusi ctpa-
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HUI[ OTYeTa — CKBO3HAs (IEPBOM CTpPAHMIICH SIBISETCS TUTYJIBHBIN JIUCT).
OT4er, MOAMUCAHHBIA CTYJICHTOM C MPOCTABICHHOHN NaTO BBITOJHECHUS,
IIPEJICTABIISIETCS TPEMOAAaBaTeI0 Ha CIEIyollee J1abopaTOPHOE 3aHSTHE.
[Ipu 3amuTe pabOTHI CTYACHT 0053aH OOBSCHUTH JFOOON BBIMOJHECHHBIM
OTIBIT WJIM PacyeT M OTBETUTH HA JIOTIOJTHUTEIIbHBIC BOMPOCH TPEMo/iaBaTe-
75 o ganHo Teme. CTyAeHTHI, He TPEICTaBUBIINE OTUET U HE MOTyYHB-
HIMe 3a4eT M0 MPEebIAyIIe padoTe, K BHIMOJIHEHUIO MOCIEAYIOMUX padboT
HE IOy CKaIOTCSI.

OO0paboTka MPOMYIIEHHBIX JIA0OPATOPHBIX PabOT MPOU3BOJIUTCA B
JIOTIOTHUTEIILHOE BPEMS 110 COTJIACOBAHUIO C MIPETIOIaBaTEIICM.
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JABOPATOPHAA PABOTA Ne 1
HCCIE/IOBAHHUE I10J1YIIPOBO/HHKOBbLIX /THO/IOB

[lenb paboThl. I3yunTh OCHOBHBIE CBOMCTBA, XapPAKTEPUCTUKHU U MapaMeT-
pbl OJYIPOBOAHUKOBBIX JTHOJOB M SKCIEPUMEHTAIBHO HCCIEA0BATh UX
BOJIbTaMIIEpHBIE XapakTepuctuku (BAX).

Ilpuobopwvt u 060pyoosanue
1. Crenn mist mpoBeneHus naboparopHsix padot IDL-600.
2. G1 (I'T) — rereparop ToKa CTCH/A;
3. PA1 (l,,) — ABMI Ha npenene uzmepenust «10 MA»;
4. PV1(U,,) —~ABM2 na npenenax usmepenus «0,5 B» n «1 B» coorBercT-
BEHHO ISl T€PMaHUEBOr0 U KPEMHUEBOI'O TUO/IOB;
5. VD1 — uccnenyemsie auoast J19 u KJ[103.
6. G2(I'H3) — ucTOYHUK HANPSHKEHHS CTEHIA.
7. PA1 (l,6p) — ABO na npenenax n3mepennus «0,1 MA» u «0,01 MA»;
8. PV1(U,,) - ABM2 na npenene n3mepenns «100 By.

OcHogHble meopemuuecKue noJjlio)Hcenus

[TonynpOBOAHUKOBBIA JTUOJ] COACPKUT OJIUH p-N-TIEPEXO0]] U HMEET
JIBa BBIBOJIA OT p U N-obOnacteil. Hanbonee pacnpocTpaHeHbl U OOLIMPHBI
JIBE€ TPYNIIbI IUOJIOB — BBIIPSIMUTEIBHBIE U UMITYJIbCHBIEC, HA3bIBAEMbIC B
HEKOTOPBIX CIIPAaBOYHUKAX YHHUBEPCAIbHBIMH.

BoinpsiMmuTenbHble JUObI, B KOTOPBIX HUCIOJIB3YETCSI OCHOBHOE CBOW-
CTBO p-N-Tiepexojila — €ro OJHOCTOPOHHSS JICKTPONPOBOAHOCTh, IIPUMeE-
HSIOT TJIAaBHBIM 00pa3oM JJIsl BBIIPSAMIICHUS TIEPEMEHHOTO TOKa B Jlhara-
30He 4actoT oT 50 ' 1o 100 xI'm.

NMnyibCHBIE TUOJIBI TPUMEHSIOT B UMITYJIbCHBIX PEKUMAX PAOOTHI.

PaGoTa momynpoBOJHUKOBOTO MWOAA B DIEKTPUUYECKONW CXEME OIpe-
NESIETCS €ro BOJbT-aMIepHOM Xxapakrepuctrkon (BAX).

[Ipsmyro BeTBb BAX CHMMArOT, BKIFOUYMB UCIBITYEMBIM OUOJ B CXe€-
My, TOKa3aHHYI0 Ha puc. 1.1, a. lIpsiMoii TOk yepe3 A1o 3aJaeTcs TeHepa-
TopoMm Toka I'T, xapakTepHO 0COOEHHOCTHIO KOTOPOTO SIBJISIETCS cliadast
3aBUCHUMOCTh BBIXOJIHOT'O TOKa OT COMPOTUBJICHUS Harpy3ku. [naBHo yBe-
JMYrBas OT HYyJSA BBIXOAHOW TOK reHeparopa I'T, m3mepstor npsmoe Ha-
npspkenue Uy, 1uona Ui psAaa 3Ha4€HU psMoro Toka Iy,

OO6patnyto BeTBb BAX CHMMAarOT, BKJIIOYMB HCIBITYEMBIH OHOJA B
cxemy, nokazanuyto Ha puc. 1.1, 6. [InaBHO yBenuuuBasi OT HYJIsl BBIXOJ-
Hoe HanpsbkeHue ['H3, usmepstor oOparHbiil TOK lyg, 1M0aa 11 psja 3Ha-
4yeHul 00paTHOro HanpsKeHUs Ugp.
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Puc.1.1

/7,0 ,
cej |Si

Puc. 1.2

Ananm3 TunoBbiXx BAX repMaHueBoro u KpeMHUEBOTO JIMOJIOB (puc.
2) MO3BOJISIET CACIIATH CICAYIONINE BHIBOJIBI:

— IpsMoe naaeHue HanpspkeHusa U, Ha repMaHUueBOM JUOJE IIOYTH B J1BA
pas3a MEHbIIIE, YeM HA KPEMHHUEBOM, ITPY OJMHAKOBBIX 3HAYCHUAX MPSMOTO
TOKA Iyyp;

— TEPMAHMEBBIM HUOJ HAYMHACT NPOBOJAWUTH TOK NPU HUYTONKHO MaJOM
npAMoM HanpskeHun Uy, @ KpeMHUEBBIH — TOIbKO 1pH Uy,= 0,4+0,6 B;
— 00paTHbIi TOK [,5, KPEMHHEBOTO IUOJA 3HAYUTEIBHO MEHBIIE OOPATHO-
ro TOKa TePMaHUEBOr0 MIPU OJMHAKOBBIX 0OPaTHBIX HANPSKEHUSX.

OTHU BBIBOJbI MO3BOJIAIOT Pa3rPaHUYUTh Ha3HAYCHUE T'€PMAHUEBBIX U
KPEMHHUEBBIX JTUOJO0B. ['epMaHuEeBbIC AMOMBI NMPUMEHSIOT JJIsI 00pabOTKU
curHaioB Mayou ammutyasl (1o 0,3 B). KpeMHueBbie 1uo/bl nipu nojaue
Ha HUX CUTHAJIOB TAKOW aMIUIUTYAbl OAMHAKOBO IIOXO MPOBOASAT TOK KaK
B MPSIMOM, TaK U B OOpaTHOM HarpaBlieHUsiX. KpeMHueBble THUOJbI pac-

IPOCTPAHCHLI IIUPC, YCM I'CPMAHHCBLIC, U IIPUMCHAIOTCA B TCX ClIy4dasiaX,
12



Korja oOpaTHbIM TOK HeaomycTuM. KpoMe Toro, oHu coXpaHsitoT paboTo-
CIIOCOOHOCTH J0 TeMmIepaTyphl OKpyxKaroriei cpeasl 125—150°C, Torna
KaK TepMaHHEBbIE MOTYT paboTaTh ToJibko 110 70 °C.

OCHOBHBIMH NTAPAMETPAMU BBITPSMUTEIBHBIX THOJIOB SIBISFOTCS:

— MOCTOSIHHOE TpsAMOoe HanpsbkeHue Uy, IPU ONpeneacHHOM I KaXA0ro
J10J1a IIOCTOSTHHOM IIPSAMOM TOKE UJIH cpenHee npsamoe HanpspkeHue Uy o
B CXEME€ OJHOIOJIYNEPHUOJHOTO BBIIPSMUTENS MPU ONPEACICHHOM CPEI-
HEM IPAMOM TOKE Iy, o, 1 MAKCUMAJIBHO JOITyCTUMOM OOPAaTHOM Hampsike-
HUU;

— HOCTOSIHHBIA OOpaTHBIA TOK los, MPU ONpPENEICHHOM IOCTOSHHOM 00-
pPaTHOM HalpsDKEHUM WK CPENHUN 0OpaTHBIN TOK lyspcp B CXEME OIHOIIO-
JYTIEPUOIHOTO BBIIPSIMUTENS TPU MaKCUMAJIbHO JOMYCTUMOM OOpaTHOM
HAaINPSKEHUU U ONPEJICIICHHOM CPEITHEM MPSIMOM TOKE;

— MaKCHMAaJbHO JAOIIyCTUMOE MOCTOSIHHOE 00paTHOE HAPsKEHUE Uppmax;
— MAaKCHMAaJbHO JOIYCTUMBIM CPeIHUN NPAMOHN TOK |y op max, OOBIMHO OII-
pelensaeMblid KaK CPEeJHUM 3a MEPUOJ MPSIMON TOK B CXEME OJHOIIOJYIIE-
PHUOJIHOTO BBINPSIMUATEIS.

ITpesbimenne Uggpmax IEPEBOAUT AUOMA B pexuM IpoOos. Pazmuuaror
ANEKTPUYECKUN M TEIUIOBOM MPOoOOM p-N-Tiepexoia. DIEKTPUUECKUN Mpo-
00l MOKET OBITh JIJABUHHBIM WJIM TYHHEIBHBIM U HE COMPOBOXKIATHCS pa3-
pylieHueM p-N-niepexona (yuacmok ad ua puc. 1.2). TemnoBoi mpoOoH,
KakK MPaBujIo, MPUBOJUT K PAa3pyLICHUIO p-N-TIEPEX0/Ia U BBIXOAY AUOAA U3
CTpost (yuacmok 66 na puc. 1.2).

IKkcn epumenmaibHasn 4acmos

1. Beraeptuth Tabn. 1 u 2 gjas CHATUS OpsiMOM U 0OpaTHOM BeTBEl
BAX repmanueBoro Ge 1 KpeMHUEBOTO Si TUOOB.

2. BboluepTuTh cUCTEMY KOOPAMHAT (puc. 3) AJisl IOCTPOCHUSI TIPAMbBIX
u obpartHelx BeTBell BAX (macmTab o ocsam: I, —B 1 cm 2 MA; U,y — B
1 em 0,1 B; Iosp— repmanueBoro quoga — B 1 ¢cM 5 MKA, KpEMHHUEBOTO
muona — B 1 cm 0,05 mxA; Uoop — B 1 cMm 5 B).

3. 3apucoBath cxembl i nonydennss BAX nuonos (puc. 1.3, a, 6).

4, CobOpatp cxeMy, mokazaHHyio Ha puc.l.l, a. IloouepegHo CHSITH
npsiMble BeTBU BAX repmMaHneBOro 1 KpEMHUEBOTO THOJIOB U 3aHECTH pe-
3yJbTaThl U3MepeHuit B Tadm. 1.1

5. CobOpath cxeMy, MOKa3zaHHYIO Ha puc. 1.1, 6, moouepeaHO CHATH
oOpatnbie BeTBU BAX 1100B M 3aHECTH PE3yIbTaThl U3MEPEHUN B TAOI.
1.2.

6. [Tonp3ysick nanapiMu Tabi. 1.1 u 1.2, mocTpouts mpsimbie u oOpart-
Hble BeTBH BAX repMaHueBOoro u KpEMHUEBOTO JIHOJIOB B KOOPJAWHATHBIX
OCsIX.
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Tabmuna 1.1
[Tpsimoit Tok |, MA 0,05 0,2 0,5 1 5 10
[Tpssmoe Hanpsbkenne | Ge
Uy, B Si
Tab6muma 1.2
O6paTHoe HanpsbkeHue Uyg, , B 1 5 10 20 30
OOparHbIi TOK log, , MA Ge
Si
Lpp1MA
10
8
6
4
U8 Z
odp? 40 30 20 17
6z 04 06 08 Upy,8
U
202
3 g3
JUJP ) Mﬁ.tq
Puc. 1.3

Konmponwsusie éonpocul

1. Kakue oCHOBHBIE MTOTYIPOBOIHUKOBBIE TUOIbI BBl 3HACTE?
2. 'ne npuMeHSI0T BBIIPSAMHUTEIIbHBIC TUOIBI?

3. KakoBbl 0COOEHHOCTH HUMMYJIbCHBIX, TOYEYHBIX M TIOCKOCTHBIX
TAOI0B?

4. CpaBHUTE TE€pMAHHUEBbIA W KPEMHHUEBBIM AMOJ, MOJb3YSACHh UX
BAX.

5. KakoBbl OCHOBHBIE MTAPAMETPbI BHIMPSIMUTEIbHBIX JUOJA0B?

14




JABOPATOPHAA PABOTA Ne 2
HCCIE/IOBAHUE CTABH/IHNTPOHA H CTABUCTOPA

[lens pabotbl. CHATHE W aHAIU3 BOJbT-AMIIEPHBIX XaPAKTEPUCTUK KpeM-
HUEBBIX CTAOMIMTPOHA U crabuctopa. OmnpejeneHue UxX napaMeTrpoB IO
XapaKTEPUCTHKAM.

Ilpuobopwvt u 060pyoosanue

Crenpn st mpoBeneHus TaboparopHsix padot IDL-600.

G1 (I'T) — renepaTop TOKa CTEH/1a;

PA1(lpp) ~ABM1 Ha npenenax usmepenus «10 MA» u «5 MA»;

PVI(Urp) — ABM2 nHa npenenax uzmepernus «1 B» u «0,5 By;

VD1 — crabunutpon JI814A.

G2 (I'T) — reneparop ToKa CTEH/IA;

PA2(lct) —ABM1 Ha npenene usmepenus «10 MA»;

PV2(dUcr) ~ABM2 Ha npenene usmepenus «10 By; oOpaTHOoe Hanpsi-

YKEHHUE U3MEPSIIOT, 3aKOpOTUB rue3ga X13 u X14.

9. G2 (I'T) — reneparop TOKa CTEH/A;

10. PA2(lct) —ABM1 na npeaene uzmepenus «10 MmA»,

11. PV2(8Uct) —ABO Ha npeaenax uzmepenus «5 By, «1 By, «0,5 By u
«0,1 By;

12. G3 (I'H2) —TrenepaTop Hanps>KEeHUS CTEHJIA.

PN whE

OcHnoenbvie meopemuuiecKue nojlo)yicenus

CTaOuUIUTPOHBI U CTAOMCTOPHI — 3TO TOJIYIIPOBOIHUKOBBIC JTHOIBI,

Ha KOTOPBIX HAIPSDKEHUE COXPAHSETCS C OMPESICHHOW TOYHOCTHIO MpPH

W3MCHEHUH TPOTEKAIOIIETO Yepe3 HUX TO-
Lp 12 Ka B 33JaHHOM JHara3oHe. JTO MPUOOPEI
. npeaHa3HA4YeHbl NJis CTa0WIN3alud Ha-
npsbkenusi.  Yuactku BAX, cooTBerct-
o Ypmin BYIOIIIME DJIEKTPHUYCCKUM DPEXHMaM CTa-
y —— - OWJIUTPOHOB W CTaOHMCTOPOB B PEKUME
cTaOmiM3auy, Ha3bpIBalOT  paboyumu
(yvuacmku as u 62 na puc. 2.1).

Pabounii yudacTok cTaOUIUTpPOHA
pacrnoyioxkeH Ha oOpatHoi BetBU BAX,
T.€. IpubOp paboTaeT B peXuMe MpPoOos.
Lem max PabGounii yyacTtok crabucropa pacroio-
odp KeH Ha Tpsimoil BeTBu BAX.

Ipp max

 Lop mox

Uem max
— Uem min

Puc. 2.1 BAX crabwimmrpona u crabucropa
15



OCHOBHBIMU TIapaMeTpamMu CTAOMJIUTPOHOB SIBJISIOTCSI:

— HOMHUHaJbHOE HampspkeHue cradunuzanuu Ucrnom. — cpeaHee
HampspKeHUe cradmnuzanuu craduinutpona npu 298 K u onpeneneHHom
TOoKe ctabumu3anui lcr;

— pa30Opoc HamnpsbkeHud cradunuzanuu AUcr — uHTepBasl Hamps-
KEHUM, B TMpeJesax KOTOPOTO HAXOJUTCS HaINpsHKEHHE CTa0uIu3aluu
pudopa JaHHOTO TUIA;

— TeMIIepaTypHbIA KOI(PPUUIMEHT HANPSHKEHHUS] CTAOMWIM3ALUU Olycr,
MOKa3bIBAIOIINH, HA CKOJIBKO MPOIEHTOB M3MEHSIETCSl HaIPsSKEHUE CTaOu-
mu3aimu Ucr Ipu UI3MEHEHUH TeMIIepaTyphl OKpyxatoiiei cpeasl Ha 1 K

— muddepeHnnaIbHOE COMPOTUBIICHUE [cr, ONpEaestoIee cTadu-
JU3UPYIOIIKE CBOMCTBA MprbOpa U MOKa3bIBAIOIIEE, KaK HANpsKEHUE CTa-
OWIM3aIiy 3aBUCUT OT TOKA:

fer = (UCT max”™ UCT min) / (ICT max”™ ICT min) (21)

— MHUHUMAJIbHO JOMYCTUMBIA TOK cTabunu3zanuu lct min — MHUHU-
MaJIbHBIM TOK Yepe3 CTaOUIUTPOH, MIPU KOTOPOM COXPaHSIOTCS €ro cTadu-
JU3UPYIOIIUE CBOMCTBA; TPU MEHBIIUX 3HAUYCHUSIX TOKa lcr pe3ko Bo3pac-
TaeT et U yMeHbiaercs Ucr,;

— MaKCHUMaJbHO JOMYCTUMBIA TOK CTAOMIU3AIUU lcr max — MaKCH-
MaJbHBIM TOK, TP KOTOPOM MPUOOp coXpaHsaeT paboTOCIIOCOOHOCTh JTH-
TEJIBbHOE BPEMSI.

3HaueHHe TeMIIepaTypHOro Ko3(ppuuueHTa HanpsHKeHUs: cTaduin3a-
WU Oycr U €T0 3HAK 3aBUCAT OT HanpspKeHUs Uct yoy. CTAOMIIMTPOHBI, Ha-
npspKEHUE CTa0MIM3aluy KOTOphIX Oosbiie 5,5 B, umerot oy~ 0, T.e. npu
yBeJIMUEeHUM TemIiieparypsl HanpspkeHnue Ucr yBenmuuuBaercs. [Ipu Hampsi-
KeHnH Uct 4ou< 5,5 B cTaOMmuTpoHBI UMEIOT Oy, <0 M WX HampsoKeHUe
CTaOMIIM3aIMU C YBEIHMYCHHEM TeMIlepaTypbl yMeHbInaeTcs. CTabucTopsl
TaK)K€ UMEIOT Olycras< O.

B crabunmzaTopax HampspkeHUsi, pabOTaIONMIMX B IMIMPOKOM JIHANa3o-
HE TeMIepaTyp, UCIOIb3YIOT MPEIU3UOHHbIE CTAOMJIUTPOHBI C BHYTpPEH-
HEW TEPMOKOMIIEHCAIMEN, B KOTOPBIX IOCIEAOBATEIBHO UX p-N-TIEPEXOLY
BKJIIOUEH B MPSIMOM HaNpaBJICHUM OOBIUHBIA KPEMHHUEBBIA p-N-TIepexoj C
OTpPUIIATEILHBIM TEMMEPATYPHbIM KOID(PUITMEHTOM MPSIMOTO HAMPSHKEHUS
(puc. 2.2).

HuddepennnanbHoe COMPOTUBICHUE CTaOUCTOpa lcrap PACCUUTHI-
BaloT 1o gopmyiie (cm. puc. 2.1):

rCTAE - (UHP max— UHP min)/(IHP max_— IHP min) (22)
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Puc. 2.2
3Kcnepumenmaﬂbuaﬂ qacmo
a y PAZ PV2
e .’ 8) o~ e
x’ﬂf xw Z 112
0+ xsl+pps X7|+ x3|t
[T |61 @,, vo1 N4 rT\6z oNVDZ |/H2)|63
7] Rl 1 X8[— Xia]—
G <
Puc. 2.3

1. Berueptuth Ta6. 2.1 1 2.2 1151 CHATUA NPSAMON ¥ 0OOpaTHOM BEeTBE
BAX crabunurpona.

2. BeruepTuTh KOOpAMHATHBIC OcH (pHC. 2.4) I IOCTPOCHHMS TIPSIMOM
u oOpatHoi BeTBeil BAX (macmitad mo ocsim: Ipp — B 1 cm 2 MA; Upp — B
1cm 0,1 B; lopp—B 1 cm2 MA; Ugsp — B 1 cMm 1 B).

3. Brwrueptuts Tabu. 2.3 ais 3anucu pe3ysibTaTOB U3MEPEHUs HECTa-
OMJIBHOCTU HANPSHKEHUS! CTAOUIUTPOHA TIPU U3MEHEHUHU MPOXOIAIIETO Ye-
pe3 Hero ToKa.

4. 3apucoBarh UCCIIeAyeMbIe DIICKTPUUECKHEe cXeMbl (puc. 2.3, a, 0).

5. CoOpatb cxemy, MokazaHHyto Ha puc. 2.3, a. CHATb IPSIMYIO BETBb
BAX cTabunutpoHna 1 3aHeCTU pe3yJIbTaThl U3MepeHuid B Ta0. 2.1,

6. CobOpaTh cxeMy, IOKa3aHHYH Ha puc. 2.3, 0, CHATh OOpaTHYIO
BeTBb BAX 1 3aHecTH pe3ynbTaThl U3MEpEHUN u Tad. 2.2.

7. VIamMepuTh HeCTaOMIBHOCTh HampspkeHusi OUcT cTtabuimutpoHa mnpu
U3MEHEHUU MPOXOSALIErO Yepe3 HEro TOKa M 3aHECTH PE3yJIbTaThl U3Me-
penuii B Tabm. 2.3.

8. ITocTpouts mpsimyto u 00paTHyto BeTBU BAX crabunutpoHa B KO-
OpAMHATHBIX OCsAX (puc. 2.4).

Paccuutaths nuddepeHmanbabie CONMPOTUBICHUS CTAOUIUTPOHA U
crabucropa o popmynam (2.1) u (2.2).
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Zpp>1A

'\\'I\Q\QDES

UgpB 8 6 4 2

62 04 06 08 Upy,8

F e ph

z odp MA

Puc. 2.4
Tabmuma 2.1
[Tpsimoii Tok lpp, MA 0,1 0,5 1 2 3 5 8 10

[Ipsimoe HanpsHKeHUE
Uy, B

p»

Tabmuma 2.2
OO6parnsbiit TOK lct, MA 0,1 0,5 1 2 3 5 8 10

OOpatHOe HanpsHKEHHE
UCTvB

Tabauma 2.3
Tok crabunuzanuu lcr, MA 1 2 3 5 6 8 10

HecrabunbHOCTh HaNps>KEHUS CTa-
omm3zanuu oUcr,MB

[IpenBapurenbHO MO U3MEpUTENO Bbixojaa B ycraHaBamBaroT BbI-
xonHoe Hampspkenne ['H2, paBHoe Hampspkenwio crabunmsaruu Ucr
(Tabn.2.2), u TOK 4yepe3 cTaOMIUTPOH, paBHbIA 1 MA; mpubop PV2 npu
3TOM OTKJIIOYEH. 3aTEM €ro MOAKIIYAIOT U, U3MEHSSI BBIXOJAHOE HampshKe-
nue 'H2 pyukoii «Touno», noOuBatorca HyJeBoro mnokazanuss ABO Ha
npeneie «0,1 By.

VYBeNIMUYUBaIOT TOK Yepe3 CTaOMIUTPOH B COOTBETCTBUU C JIAHHBIMU
Tabn. 2.3, npu 3toM npudbop PV2(6Ucr) nokaxker HecTaOMILHOCTh HaIpsi-
KEHUS CTAOMIIUTPOHA MPU U3MEHEHUHU MTPOXOIAIIETO Yepe3 HEero TOKa.
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KOHmPOJleble eonpocol

1. Kakue yuyactkn BAX crabunutpoHna u ctabucropa Ha3bIBalOT pa-
oounmMu?

2. Kak u3MeHsiercs HampspDKEHHE CTAOWJIMTPOHA MPU HU3MEHEHHUH
IPOTEKAIOILIEr0 YEPE3 HEro TOKA?

3. Kakue cBoiicTBa CTaOMJIMTPOHA OLIEHHUBAIOTCS AU depeHInaib-
HBIM COIIPOTUBIICHUEM?

4. IloueMy CTaOWUIUTPOH U CTAOMCTOpP IJIOXO PadOTaIOT MPHU TOKaX,
MEHbIII€ MUHUMAJIbHBIX TOKOB cTaOuIu3auun?

5. KakoBbI OCHOBHBIC MTapaMeTPhbl CTAOMIUTPOHA?
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JABOPATOPHAA PABOTA Ne 3
HCUIE/IOBAHUE TYHHEJIBHOI'O H OBPALIEHHOI'O /IHO/10B

[lens pabotbl. CHATHE W aHAIU3 BOJBT-aMIEPHBIX XapaKTEPUCTUK TYyH-
HEJLHOTO M O0palieHHoro auojoB. OnpenelieHue UxX napameTrpoB Mo Xa-
PaKTEPUCTUKAM.

Ilpuobopwvt u 060pyoosanue

1. Crenn mist mpoBeneHus naboparopHsix padot IDL-600.

2. G1 (I'T) — renepaTop TOKa CTEH]IA;

3. PA1 (l,,) —~ABM1 Ha npenene uzmepenus «10 MmA»;

4. PV 1 (U,,) —~ABM2 na npeznene uzmepenns «1 By;

5. VD1— tynnensubiii tuog AU301T (unu obpamennsiit AN402T).

Ocnoenbvie meopemuyiecKue nojlo)yHcenus

HecMoTpst Ha TO, YTO TyYHHEJIBHBIE JUOABI SIBISIOTCS JABYXIIOJIOCHBI-
MU, C UX IIOMOLIbIO MOYKHO YCWJIMBATh U T€HEPUPOBATH IJIEKTPUUYECKHE
KojebaHusi. CnocOOHOCTh TYHHENBHBIX JAMOJIOB BBINOJHATH (DYHKIIMHU aK-
TUBHOTO 3JIEMEHTA AJIEKTPUUECKOMN 1€ OOBACHAETCS TEM, YTO HA OJHOM
u3 yyactkoB BAX ux auddepeHunanbHoe CONpOTUBICHUE OTPULIATENIBHOE
(yuacmox ne nHa puc. 3.1). Duzndecku 3T0 03HAYAET, UYTO MPH YBEITHUCHUN
HaIPSDKEHUS Ha JUOJIE TOK YEpE3 HEr0 YMEHBIIIAETCS.

J”P 1
JIJ
€
IB
7 i3 U'?G
Usr 19 U Uy Uy,
! oln

Puc 3.1 BAX TyHHeIbHOrO AUOAA
TyHHENIbHBIE JUOJBI BBINOJHSAIOTCS W3 IMOJYIPOBOJIHUKOBBIX Mare-

PHAIOB C BBICOKOW KOHUEHTPAIMEW MPUMECEN — BBIPOKICHHBIX MOJY-
MIPOBOJTHUKOB — M UMEIOT 00JIee Y3KUI 3alUPAIONIAN CIION, YeM OOBIYHBIC
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muonel (0,1—0,2 MKM), a TTO3TOMY 3HAYUTENIBHO OOJBIIYI0 HAMpPsHKEH-
HOCTB 9JIEKTPHYECKOT0 T0JIs 3amuparomero cios (1o 10° B/em).

[Ipn OTCYTCTBHM BHENIHETO HAIPSIKEHUS 4Yepe3 TYHHEIbHBIM JHO/T
MPOTEKAIOT, KaK M Yepe3 oObIuHbIN auona, nuddy3nonHbsie U apeidoBbie
TOKHM D3JICKTPOHOB M JBIPOK. OJHAKO 3TU TOKU HE OMPEACISAIOT padoTy
npudopa U €ro BOJIbT-AaMIIEPHYIO XaPAKTEPUCTUKY MPU MAIbIX OPSIMOM U
OoOpaTHOM HampspKeHUsIX. B 3ToOM pexxume uepes Auoj MPOTEKAIT TakkKe
3HAUYUTEJBLHO OOJIBIIIME TOKH, OOYCIIOBIICHHBIE TYyHHEIbHBIM 3(h(eKToM,
KOTOPBIA MOXHO TOSICHUTH C MOMOIIBIO SHEPTETUUECKUX JUarpaMMm (puc.
3.2, a-2).

a)

Togor 7
_ S ne-r ~
R ——NA——— '*ézéééég\h_n“
83 83

¢l
N p

33 n Noupep
odp.7 a=0
a ézgzéa\\____
83 TTTN—

83

!
Poupp
Puc. 3.2 DHepreruueckre quarpaMMbl TYHHEIIBHOTO JUOAA

[ToTennmanpHbIil Oapbep B TyHHEIBHOM p-N-miepexone (puc. 3.2, a)
NPEBBIIIACT MIUPUHY 3aNpelieHHON 30HbI (33), MOATOMY BajieHTHAas 30HA
(B3) p-o6nactu u 3oHa mpoBoauMocTH (311) n-o0nactu nepekphIBatOTC —
WHTEpBAI a.

OnHy yacTh MHTEpPBAJia @ COCTABJISIIOT YPOBHU YHEPTUH, 3aIIOJTHCHHBIE
3JIEKTPOHAMHU, JPYTyl0 — CBOOOAHbIE YpOBHU. Paszymeercs, Mexay 3aHs-
THIMU U CBOOOJHBIMH YaCTSIMU MHTEPBaja a HET CTOJb PE3KON TPAHUIIBI, U
pacnpeniesieHle 3JIEKTPOHOB MO HEPIHsiM HU3MEHSETCs IUIAaBHO, MPUYEM
KOJTMYECTBO CBOOOJHBIX YPOBHEH YBETUYMBACTCA MPU MPUOTMHKCHUU K
MOTOJIKY BQJICHTHOUM 30HBI P-00JIACTH W yJaJICHUH OT JHA 30HBI TPOBOIU-
MOCTH JI-00JIaCTH.

Mex 1ty mepeKkphIBalONTMMUCS YaCTSIMHA 30H BO3MOXKEH MEPEXOJ] JICK-
TPOHOB MO TOPHU3OHTANU O€3 M3MEHEHMsI UX SHepruu. B 3tom cocrout
TyHHENbHBIN 3 (dexT. [Ipu TyHHETBHBIX MEepexoaax SJIEKTPOHBI HE Tpe-
0J10JIEBAIOT MOTEHUUAIBHBIA Oapbep, a MPOHUKAIOT Yepe3 Hero — TYHHENH-
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pytoT. O4EeBUIHO, YTO AJISI TYHHEIUPYIOLIErO JIEKTPOHA B 30HE, KyJa OH
NEePEXOUT, AOJIKEH OBITh CBOOOJHBIN YPOBEHb YHEPTUHU, 3HAUEHHE KOTO-
poii paBHO ero COOCTBEHHOW SHEPTHHU.

[Ipr OTCYTCTBMM BHEIIHETO HAIPSHKEHUS TYHHEIBbHBIE MEPEXO]IbI
3JIEKTPOHOB IMPEICTABIAIOT COOOM OJUHAKOBBIE MPAMOM |y, M OOpaTHBIN
lo6p.+ TYHHEJIBHBIE TOKHU.

[Ipun nmogaye oOpaTHOrO HANPSKEHUST NOTEHIMAIbHBIM Kapbep U WH-
TepBaJ MEePEeKpbITUA 30H (puc. 3.2, 0) YBEIUUUBAIOTCS U CO3/IAOTCS yCIIO-
BHUSI, IPH KOTOPBIX 3aISITBIM YHEPTETUYECKUM YPOBHSIM B BAJICHTHOM 30HE
p-00JacTH MPOTUBOCTOST CBOOOJHBIE PHEPTreTUYECKUE YPOBHU B 30HE
npoBoauMoctd N-obOnactu. Ilpum 3TOoM Oojee BEpPOSTHBIMU CTaHOBSITCA
TYHHEIIbHBIE IIEPEXOMbI JIEKTPOHOB OOPAaTHOIO TYHHEIBHOIO TOKA logp .
OOpaTHbIi TOK CTPEMHUTENILHO HapacTaeT U NpU OOpaTHOM HaIpPSKEHUU
20-40 mB npubnmxaercss K MaKCUMalbHO JOIYCTUMOMY 3HaueHuto. [lpu
0oOpaTHOM HaNpsH>KEHUU TYHHEJIbHbIE OBl HE paOOoTaloT.

[Ipu mogave mpsiMOro HampsKeHus UHTepBad a (puc. 3.2, B) yMEHb-
aeTcs U OBICTPO PacTeT NPSAMOM TyHHEIbHBIN TOK |y, ,, TaK Kak IEpeKpbl-
BAIOTCS 3alO0JHEHHbIC YPOBHU 3HEPTHH 30HbI MPOBOJAUMOCTH N-00JaCcTH U
CBOOOJHBIC YPOBHHU SHEPTUHU BAJICHTHOMN 30HBI p-o0iacTtu. [Ipsimoit Tok ue-
pe3 nepexo] ObICTPO HapacTaeT, YeMY COOTBETCTBYET MepBas BOCXOAsIIAs
BeTBb BAX (yuacTok on xapaktepuctuku Ha puc. 3.1). Touka n, B KoTO-
poil TOK lyp; HOCTHracT MaKCUMAJIBHOTO 3HAYCHMs, HA3bIBAEMas IHKOM
XapaKTepUCTUKH, omnpeaensieT Tok |, u nanpsokenue U, muka BAX TyH-
HEJIBHOTO THOJA.

JlanpHelIee yBEIMYECHHE NPSMOTO HAIPSHKEHUS CONMPOBOXKIACTCS
YMEHBIICHUEM TOKA |y, ., TAK KaK YMEHBIIACTCSA MHTEPBAN 4 U, CIEI0Ba-
TEJIbHO, YNCJIO YPOBHEU 3HEPTUM, MEXKIY KOTOPBIMHU BO3MOYKEH TYHHEIb-
HBIU NIEPEX0J], YEMY COOTBETCTBYET IaJIA0OIIUN YYaCTOK 716 XapaKTEPUCTHU-
ku. Touka 6, B KOTOpOH TOK |y, CTAHOBUTCS MUHMMAJIbHBIM, Ha3bIBacMasi
BIIQJIMHOM XapaKTEPUCTUKH, orpeaenseT Tok |, u nanpsbkenune U, Bnaau-
Hbl BAX TyHHENBHOTO AMOMA.

M3 30HHOW IHUarpaMMbl, COOTBETCTBYIOIIEH TOUKE BHAAWHBI B (pUC.
3.2, 1), caeayeT, 4TO PHEPreTUIECKUEe 30HbI He TiepeKphiBatoTes (a = 0), T.
€. TYHHEJIbHbI TOK HeBO3MOkeH. Judp¢y3noHHass cOCTaBIAOLIAs TOKa
npu HanpsbkeHuu U, BnaanHbl HeBenrka. CylecTBOBaHHE TOKA BHAJUHBI
OOBACHSIETCSl APYTMM MEXaHU3MOM TYHHEIMPOBAHUS MPU CKBO3HOM 3a-
MpPENIEHHOM 30HE. [Ipy 3TOM 3JIEKTPOH MPEOIOIEBAET €€ N0 CIOKHOMY MY-
TH, UMEIOIIEMY TOPU30HTAIBHBIE U BEPTUKAIBHBIE YYACTKH, HA KOTOPBIX
€r0 SHEPTrUsl COOTBETCTBEHHO HE U3MEHSETCS U UBMEHSETCS.

Eme 6onbiiemMy npsiMOMYy HAaNpsKEHUIO COOTBETCTBYET BTOpasi BOC-
xozsmas BeTBb BAX — y4acTOK, pacIiojiOXKEHHBIM HAa puc. 3.1 mpasee
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TOYKW BHaAuHBI 6. [Ipu npsamom HampsikeHuu, Oonbinem U, depe3 auon
poXoauT (G y3MOHHBIN TOK.

OCHOBHBIMU TapaMETPAMH TYHHEIBHOTO MO/ SBIISIIOTCS:
— 1ok |, u |; u Hanpskenus U, u U, nuka u BoajavHbI;
— HanpspkeHue pactsopa Uy, — mOpsAMoe HalpspDKEHUE Ha BTOPOM BOCXO-
nsueit BetBu BAX, mpu KOTOpoM MpsSIMOM TOK paBEH TOKY MUK |p;
— OTHOIIICHUE TOKA IMHMKa K TOKY BIaauHbI Ip/ 1.

OOpallleHHbIE MOl SIBISIOTCS PAa3HOBUAHOCTBIO TYHHEJBHBIX U
TaKXE€ M3TOTOBJISIIOTCS U3 BBIPOXKICHHBIX IMOJYINPOBOAHUKOB, HO C HeE-
CKOJIbKO MEHBIIIEH KOHIEHTpaluenl mpumeced. 30HHasg guarpamma oopa-
HIEHHOI'O0 JMOJAa MNpPH OTCYTCTBUM BHEIIHETO HAMNPSDKEHWS MOKa3aHa Ha
puc. 3.3, a. O6parHOoe HanpsHKEHUE YBETUYMBAET MOTCHIIMAIBHBIA Oapbep.
[Ipu sTOoM nepekpoiBatoTcst B3 p-obnactu u 311 n-obnactu, nosBisercsa u
yBEIMYMBAETCA OOpaTHbI TyHHEIbHBIM TOK. IIpu mpsiMoM HanpsbkeHHH
TOK uepe3 JIM0]I CHavalla HEBEJIUK U HadaiubHbIN yyacTok BAX (puc. 3.3, 0)
UMeeT HeOOJBIION MOABEM, KaK Y TYHHEIBHOTO AMOJa. 3aTeM, MOce cra-
J1a, HAYMHAETCS KPYTOH MOabeM, T. €. HapacTaeT 1u(Ppy3HOHHBIHI TOK.

a)
m G)

] odn

Puc.3.3 3onnas auarpamma (a) u BAX oGpamennoro auosa (0)

OOpartieHHbIE AUOJbI UCTIOJIB3YIOT B KQUECTBE BBITPSIMUTEIBHBIX IS
o0paboTku curHanoB manoi ammutyasl (1o 0,3 0,4 B), mpu KoTOphIX
npsiMoil Tok uepe3 auoa man (10 MxA), a oOpaTHbIil — Benuk (10 MA).

Takum 00pazom, nMpu MPUMEHEHUHU OOpAIEHHBIX TUOAOB UX OOpaT-
Hy10 BeTBb BAX uCHoNb3yIOT Kak NpsSMYyI0 OOBIYHBIX JAMOIOB, a MPSAMYIO
Kak oOpatHyto. OTCr0/1a Ha3BaHUE dTUX MPUOOPOB — OOpaIICHHBIC TUOIBI.

IKkcn epumenmaibHasn 4acmos

1. Berueptuth Tabs. 3.1 u 3.2 miaa noaydeHus MpsSIMOM U 0OpaTHOM
BeTBel BAX TyHHEIBHOTO qU0Ja.

Tadomuma 3.1

[Tpsimoit Tok Iy, MA 1234|5678 9

10

[Tpsimoe Hanpsxenue U, MB

23




Tabmuma 3.2

Oo6patubiii TOK logp, MA | 1 | 2 | 3 |4 |5 |6 |78 9 10

OOpatHOE HaIpsKEHNE
U06p, MB

2. BeruepTuth cUCTEMY KOOpPAMHAT (puc. 3.3) mis nzoopaxkenus BAX
TyHHesNBHOTO auona (macmrabd mo ocsM:ly, (los)) — B 1 em 2 MA; Uy,
(Uosp) —B 1 cM 0,1 B).

L? MA
p?
10

8

Ny & O

Ungp,B
4z

07 64 06 08 1 U8B

T = o s

I odp. MA

Puc. 3.3 Cucrtema KoopaAMHAT JIJIs1 TOCTPOCHUS MPSAMBIX U OOpaTHBIX
BeTBeld BAX

3. 3apucoBarb cxembl i nojydyeHuss BAX TyHHelnbHOTO Auoaa (cm.
puc. 3.4, a, 6).

Puc. 3.4 CxewmpbrI ...

4. CoOpath cxemy, IOKa3aHHYIO Ha puc. 3.4, a, CHATh MPSIMYIO BETBb
BAX u 3anectu pe3ynbTaThl u3mepeHuit B maou. 3.1.
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5. CobOparh cxeMy, NOKa3aHHYIO Ha puc. 3.4, 6, CHATb OOpaTHYIO
BeTBb BAX 1 3aHecTH pe3ynbTaThl U3MEPEHUN B mao. 3.2.

Bricokoe BbixoaHoe comnportusieHue ['T He mo3BossieT CHUMATh Ia-
naronii yyactok BAX TyHHENBHOrO JHMOJA, MO3TOMY MPSIMYI0 BETBb
BAX cHMMarOT B TaKOM MOCIJIEIOBATENBHOCTH:

— OCTOPOKHO YBEIWYMBAIOT OT HyJA TOK I'T, ciens 3a mokazaHusMU NpU-
oopa PVI1. Ilpu poctwxkenun nuka BAX mpoucxoguT ckaukooOpas3HbIN
nepedpoc CTPENKU ATOro npudopa, OonpeaeasieMblid Pa3HOCThIO HaIpsKe-
Huit U, - Uy, T. €. 1101 OKa3bIBAETCS B PEKUME, COOTBETCTBYIOIIEM JU (-
dby3nonHou BeTBH BAX;

— OCTOPOKHO cHUMAaIOT Tok ['T, ciens 3a mokazanusimu rpudopa PVI.

[Ipu Toke lg mpoucxoauT oOpaTHBIM TMEpeOpPOC CTPENKH, T.C. IO
OKa3bIBACTCA B PEXKUME, COOTBETCTBYIOLIEM IMEPBOM BOCXOMSAIIEU BETBU
BAX.

DOTH onepalvy BHITIOIHSAIOT HECKOIBKO Pa3, YTOUYHSS MTapaMeTphl TyH-
HEJIbHOTO AMOJa B TOYKax Nuka W BnaauHel ero BAX. IIpu nmoctpoennn
BAX Touku nuka v BOaJuHbI CAEAYET COEAUHUTh MYHKTUPHOW JTUHUECH.

[Ipu BbIONHEHUHU M. 5 B kadecTtBe G2 umcnonb3yroT reHepatop ['HI
CTEHJIa, Ha BBIXOJE KOTOPOTO NEPE] U3MEPEHUSIMU ycTaHaBIuBatoT o 1B
CTEHJ|a HyJIEBO€ HampspkeHue (mepexirodarens VB ciaegyer mepeBectu B
nosnoxenue «I'H1 1 By»). OcranbHble TpuOOpHI T€ K€, YTO U MPU BBINOJ-
HEHUH II. 4.

BonbT-aMnepHyo XapakTEpUCTUKY OOpAIlEHHOTO JHUOJa CHUMAIOT
aHaJIOTUYHO.

6. Iloctpouts BAX TyHHEIBHOrO avOJa B KOOPAMHATHBIX OCSX
(puc.3.3).

KOHmPOJleble eonpocol

1. 3 xakux mOIynpOBOJHUKOBBIX MATEPUAIOB M3TOTOBIIAIOT TYH-
HEJIbHbIE ¥ O0pallleHHbIE TUOIbI?

2. B yem cocTouT TyHHEIBHBIN d(DPEeKT?

3. Ilpu KakuX yCIOBHUSIX BO3HHMKAIOT MPSIMOM M OOpaTHBIN TYHHEIb-
HBIE TOKH?

4. KakoB pu3nuecKkuii CMbICII OTPULATEIILHOTO CONPOTUBICHUS?

5. Uem TyHHEIBHBIN O] OTJIMYAETCS OT OOpaIIeHHOr0?
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JABOPATOPHAA PABOTA Ne 4
HCUIE/IOBAHUE THPUCTOPA

ens pabotel. M3yuenune npuniuna AeicTBus tupucropa. CHATHE U aHa-
JIM3 €ro BOJIbT-aMIIEPHON XapaKTEPUCTUKHU.

Ilpuéopwvt u 06opyoosanue
1. Crena nys mpoBeaeHus tadoparopubix padot IDL-600.
2.G1 (I'T) — renepaTop TOKa CTEHJA;
3. G2 (I'H3) — renepaTop HaIpsKEHUS CTEH/IA;
4.PAL1 (ly) — B crenza, nepekiatodaTeslb KOTOPOro yCTaHABIUBAIOT B I10-
amoxxeHue «I'T 1 MA»;
5.PA2 (1,) — ABMI na npenenax uzmepenus «50 MA» u «10 MmA»;
6. PV1 (Uy) — ABM2 na npenenax usmepenus «5 B» u «1 By;
7.PV2(U,) — ABM2 na mpenenax usmepenus «100By», «50B», «10By»,
«5By»;
8. VS — tupuctop KY101;
9. R — pesucrop conpoTtusieHueM 3 KOM.

OcHoenvle meopemuyeckue noJA0MHCEHUA

Tupuctopel — 3TO NOJYNPOBOJHUKOBBIE NPUOOPHI, OO0IaNAIOIINE
JIBYMSI yCTOMYUBBIMHA COCTOSTHUSIMU: OTKPBITBIM U 3aKPBITHIM. B OTKpbITOM
COCTOSTHUM TUPHUCTOPHI XOPOIIIO MPOBOJAT DIIEKTPUUECKUN TOK, a B 3aKPHI-
TOM OHH TPEJCTABIISIIOT CO00# OOJIBIIIOE CONMPOTUBIICHUE, COM3MEPUMOE C
COINPOTUBIIEHUEM KPEMHHEBOI'O MOJa MpU OOpaTHOM HampsbkeHun. Oc-
HOBHO€ Ha3Ha4YeHHE TUPHUCTOPOB — 0€300pbIBHAS KOMMYTALUA 3JIEKTpUYe-
CKHUX IICTIEH.

Tupucropbsl UMeIOT CTPYKTYpy p-N-p-n, T. €. Tpu p-n-nepexona: 11,
[12 u 113 (puc. 4.1, a, 6). AHon A mipubopa CoeMHEH co cioeM Pl, Kkatos
K — co cioem N2, a ynpasmsitomuii 3nekrpoa YO — co cioeM p2 unu nl.

a) |.4 ¢l A
pl a7

7 11 ¥7 — 11t

VE] 1y 2
2Z_| 3 22| o
nz nz

T T

Puc. 4.1. CtpykTypa TUPUCTOPOB
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OnHa W3 BO3MOXHBIX CXEM BKJIIOUEHHs THUPHUCTOpa IIOKAa3aHa Ha
puc.4.2. I1onoxUTeNpHOE OTHOCUTENBHO KaTo/1a OCHOBHOE HampsbkeHue U,
II0JIaETCS HAa aHOJ, a yIpaBiiolee HanpsokeHue Uy — Ha ynpaBIIIOIINAN
snextpold. Ilpu Toke |y = 0 TMPUCTOP 3aKpBIT, €CIM HAIPSIKEHUE Ha €ro
aHOJIe MEHbIIIe HanpspkeHus nepekitoueHus Uy (puc. 4.3), Ipu KOTOPOM
TUPUCTOP MEPEKIIIOYACTCA B IPOBOALIEE COCTOsIHUE Aaxe mpHu |y = 0. Oto
COCTOSIHME YCTOMYMBO U MOXKET IJIUTHCS HEOIPAHUYEHHO JOJITO (Hanpu-
mep, mouxa b).

Puc. 4.2

OcnoBHoe HamnpspkeHne U, pacnpenenseTcs Mex1y nepexogaMu npu-
oopa, npuuem s nepexoqoB [11 u I13 ono npsmoe, a mrs nepexona 112
— oOparnoe. [loaTromy Oonbinas yacTe HanpsikeHus: U, IpuiioxkeHa K 1e-

pexony 12 u aHOmHBIN TOK TUPUCTOPA MPECTABIISAECT COOOM 0OpaTHBIN TOK
ATOTO MEPEXOAa.

AN\
\~<PO'CW£ 7.50
S ¥~
irz"f;if L0~ l
3 NTOYT

u

— oc UI?M

L nox
Uﬂ

|
Vscmon

Puc. 4.3

JanpHenee yBenuueHne HanpsbkeHuss U, CONpOBOXKIAETCS YBEIU-
YEHUEM HamnpsiKEHUs Ha Bcex mepexojnax. [lpu HampsbkeHuu, OMUM3KOM K
Uppk, DTIEKTPOHBI U ABIPKY, NMOCTynaromue B caou N1 m p2 u3 cnoes pl n
N2, yMEHBIIAIOT conpoTuBieHue nepexona [12, 4yro conpoBoxgaeTcs yBe-

27



JUYEHUEM MPSIMOTO HampspKeHus Ha nepexonax /7/ u 113, u Tupucrop me-
peKIIroYaeTcs B MpoBoJisiee coctosiHue (Touka A). Tok aHO/Ia OTKPBITOTO
TUPUCTOPA OMPEACIACTCS B OCHOBHOM COIPOTHBIICHHEM pE3UCTOpa Ha-
rpy3ku R, (em. puc. 4.2).

Tupuctop MOXeT HaXOJAUTHCA BO BKIFOYEHHOM COCTOSIHUM HEOTPaHU-
YEHHO J0JITO: TTOKA CYIIECTBYIOT YCIOBUS JIJIsl MPOTEKAHHUS B €r0 OCHOBHOM
IEMHU JOCTAaTOYHOIO0 aHOAHOTO ToKa. IIpu HampsskeHUW ynpaBIsIOIIEro
anextpoga Uy> O TUpUCTOP BKIIIOYAETCA MPU JFOOOM MOJIOKUTEIBHOM Ha-
NPsOKEHUH Ha aHOJie (HauMHAasl ¢ HeCKOJIBKUX BOJIBT), IPUYEM YEM MEHBIIIE
ATO HAIPSHKEHHUE, TEM OOJIBIIIUM JOJIKEH ObITh TOK Y.

OCHOBHBIMM TTApaMETPAMU TUPHUCTOPOB SBJISIFOTCS:

— MaKCHUMAaJIbHOE MOCTOSIHHOE HAIPsHKEHUE B 3aKPHITOM COCTOSTHUM U semax;
— MaKCHUMAJIbHOE MPSMOE HaNpsKEHUE, MPU KOTOPOM MHPUOOp OCTaeTCs
3aKpBITHIM IIpH TOKeE |y = 0;

— MaKCHUMAaJIbHOE MOCTOSIHHOE HAIPSHKEHUE B OTKPHITOM COCTOSTHUM U gemax;
NPSMOE HAIPSLKEHUE OTKPBITOTO MPUOOPA IIPU ONPEACIEHHOM TOKE |pp;

— MaKCUMAJIbHBIN MTOCTOSIHHBINA TOK B OTKPBITOM COCTOSIHUU locmax;

— TOK yzaepkaHus l,; — HauMEHbIINI OCHOBHOW TOK, HEOOXOIUMBIN IS
nojAepKaHus MpruoOopa B OTKPHITOM COCTOSTHUH,

— MakCHMaJlbHas paccerBaeMasi MOIIIHOCTb B OTKPBITOM COCTOSIHUM Py max.

IKcn epumenma’ibHasn 4acmos

PA?
+\=
Y7\ 4/x8 1+
A= j” rH3| 62
Iy )PAT S 21—
5{1,3 _:a,l’{ + X914+
[T Uy, ) A1 U )Pvz 1 iR
~ 15— X10[—
X4 ] | 07
Puc.4.4
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Ig,MA

30
25
20
el
10

10 26 30 40 50 60 70 80 %0 Ua,B
Puc. 4.5

1.Beiueptuth maba. 4.1 piist 3anucu pe3yiabTaTOB MCCIECIOBAaHUS TH-

pucropa.
Tabnuia 4.1

[Ipsimoe Hanpsixenue U,, B Ul U.2 Ua3 U4
Toxk ynpasnenus |y, MA
Tox Harpy3ku |,, MA
HanpsxkeHnue B OTKPBITOM CO-
crostHUM U, B

2.BeruepTuTh KOOpIMHATHBIE OCH (puc. 4.5) mns moctpoenuss BAX
tupuctopa (macirad o ocsim:l, —B 1 cm 5 MA; U, —B 1 cm 10 B).

3. 3apucoBaTh CXeMy HCCIICIOBAaHUSA TUPUCTOpa (cm. puc. 4.4) u co-
Oparts ee.

4. Ilpu cuaruu BAX (mpubop PV1 He moakioyaroT) ciaeayer:
— pasopBaTh IIenb yIpasistoiero daekTpoaa (/y = 0) u mooutsces, mias-
HO YBEJIMYMBAs BBIXOJHOE HalpsbkeHue reHeparopa G2, mepekiIroYeHus
TUPUCTOPA B OTKPBITOE COCTOsAHUE. HamnpsbkeHnue, mpu KOTOPOM HAYHETCS
3aMETHOE YBEJIMYEHNE aHOJHOTO TOKA U TUPUCTOP NEPEKITIOUUTCS, SABIISIET-
csa1 HanpsokeHueM nepekmodeHus Up,=U,s (mpunsate U,;=0,25-Uy;
Ua22095'Ua4; Ua3:Oa75'Ua4);
— YMEHBIIIUTH JI0 HYJS BBIXOAHOE HarpsbkeHue G2; mpu 3TOM TUPUCTOP
BEPHETCS B 3aKPBITOE COCTOSIHUE;
— noakiaouuTh G1l, yCTaHOBHMB Ha €ro BBIXOJI€ MUHHUMAJIbHBIA TOK, IS
4ero creayet noBepHyTh perynsatopsl ['T «I'py6o» u «Touno» npotus va-
COBOU CTPEJIKH JI0 YIIOPa;
— ycTaHOBUTH Ha Bbixojae (G2 HampspkeHue, paBHoe Ual, u, yBenuuuBas
BbIXOJIHOM TOK G1, TOOUTHCS BKIIOUEHHUS THPUCTOPA — MEpexoa B MPOBO-
AdlIee COCTOSHUE; 3aHECTH 3HaueHue Toka Iy B Tadm. 4/1;
— WU3MEpUTh aHOAHBIN TOK la u Hampsbkenue Uy, TUpUCTOpPA B OTKPHITOM
COCTOSIHUU, TiepekitounB npudop PV2 Ha npenen «5 By;
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— BBINIOJIHUTH QHAJIOTUYHBIC U3MEPEHUSI JI1 OCTAJIbHBIX 3HAYEHUW aHOJ-
HOTO HaIpPSKEHUS U 3aHECTH Pe3yJIbTaThl U3MEPEeHU B Ta0I. 4.1.
5. [Toctpouts BAX TupucTopa B KOOpAMHATHBIX OCSIX.

Konmponwsusie eonpocut

1. 3 kakux MOIynpOBOJHUKOBBIX MATEPHAIOB U3rOTOBISIOT TUPH-
CTOPBI?

2. IloueMy 3aKpbITOE€ COCTOSIHUE TUPUCTOPA YCTONYUBO?

3. CoxpaHuUTCA JIM OTKPHITOE COCTOSIHUE TUPUCTOPA MPHU CHATHU CHUT-
Haja yrpasJieHus (IPOBEPUTH IKCIIEPUMEHTAIILHO)?

4. KakoBbl NpeHMyIIECTBA OECKOHTAKTHOIO NEPEKIIOYEHUsS SJIEK-
TPUYECKUX LIETCH?

5. Ilo kakOMy OCHOBHOMY ITapaMmeTpy TUPUCTOP MPEBOCXOAUT THUPA-
TPOH?
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JIABOPATOPHAS PABOTA N 5
HCCIENOBAHHUE BHIIOJIAAPHOI'O TPAH3HCTOPA,
BKJTFOYEHHOI'O C OBII[EH FA30H

[lens paboThl. CHSITUE W aHAIW3 BXOJHBIX M BBIXOJHBIX XapPaKTEPUCTUK
TpaH3uctopa, BkiatoueHHOro ¢ Ob. Omnpenenenue no HuM ero h-
napameTpoB.

Ilpuobopwvt u 060pyoosanue

1. Crenn mist mpoBeneHus JabopatopHsix padot IDL-600.

2. [Tpu BeinonHeHUU padboThl uccaenytot Tpanuctop KT361A.

3. Jl71s CHATHUSL BXOJIHBIX XapaKTEPUCTUK UCIIOJIb3YIOT:

GI1 (I'T) — reneparop ToKa CT€H]Ia;

G2 — npu cHatum xapakTepucTuk npu Uyxg — 0 3TOT UCTOYHUK HE TOJ-
kiroyarot, a rHezna XII u XI2 3akopauuBarot. [Ipu cHATHM XapaKkTepHUCTH-
ki ipu Ugg =1 B rcnonb3yroT 4acTh quarna3zoHa peryJupoBaHus BbIXOJHO-
ro Hanpsbkenust [HI ot 0 go —7 B (pu peryinpoBaHuu BBIXOJHOTO Ha-
npsbkeans [ H1 B aTux mpenpenax ero mojaspHOCTh MPOTHUBOIOJIOXKHA yKa-
3aHHOW Ha JIMILIEBOW MaHenu Oyioka nutanus). [Ipu cHATUM XapaKTepucTu-
kv ipu Ui = 10 B ucnons3yror I'N2 crenna;

PA1 (I5) — ABM2 Ha npenenax usmepenus «10 MA», «5 MA» 1 «1 MA»;
PVI1 (Uss) —ABO nHa npenenax usmepenuns «0,5 By u «0,1 By;

PA2 (lx) — He ucnonb3yroT, a THe3na X7 U X8 3aKOpavyrBarOT COEIUHU-
TEJIbHBIM MPOBOJOM;

PV2 (Uxs) — B cTenaa, mepekiiouaTellb KOTOPOTO MPH HMCIIOJIb30BaHUU
['H2 ycranaBnuBator B nosoxenune «['H2 25 By, a npu ucnonp3oBaHun
['H1 — B monoxenue «I'HI 10 By.

4. JInst CHATHUSA BBIXOJHBIX XapAKTEPUCTUK UCIIONb3YIOT:

G1 (I'T) — reneparop ToKa CTEH/IA;

G2(I'H2) — renepatop HanpsoKeHUs CTEH/IA,

PA1(l5) — ABM2 na npenene uzmepenus «10 mA»;

PV1 (Usp) —HE MOAKIIIOYAIOT;

PA2(lx) — ABMI1 Ha npenenax m3mepenus «10 MA», «5 MA» u «1 MA»;
TOK lxgo Tipu 15 = 0 u3mepsitor ABO Ha npenenax «100 mxA» u «10 MkA»
IPU Pa30MKHYTOM 1IeMU SMUTTEPA;

PV2(Uys) — B cTenaa, mepekirovaresib KOTOPOro YCTaHABIUBAIOT B I10-
noxenune «I'H2 25 B».

5. IIpu omnpenencHUU MONOXKEHUA pabO4Yed TOYKU HPHUHATH |5y =5 MA n
Uxs p_T:S B.
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OcHnoeHnble meopemuuecKue nojioicenun

bunonsipubie TPaH3UCTOPHI SBISIOTCA HauOOJIee YHUBEPCATbHBIMU U
pacnpoCTpaHEHHBIMU MOJYIPOBOJHUKOBBIMU MPUOOpaMu, IpeaHa3HAYCH-
HBIMHU JJI1 YCWJIEHHMS] U TEHEPUPOBAHMS DJCKTPUUYECKUX KOJICOAHUH, U
UMEIOT TPEXCIONHYIO p-N-p- Uiu N-p-N-CTPYKTYpPY (puc. 5.1,a,6). Kaxaplii
CJIOMl UMEET BBIBOJ], HA3BaHHE KOTOPOTO COBMAAAET C HA3BAHUEM CJIOSl UITU
obsactu Tpan3ucropa. CpenHiow 00JlacTh TPaH3UCTOpA HA3bIBAIOT 0a30if,
a KpallHHEe — YMHUTTEPOM M KOJUIEKTOPOM. DTU TPaH3UCTOPHI MOIYyUUITU
Ha3BaHUE OUIOJSPHBIX MMOTOMY, YTO MEPEHOC TOKA B HUX OCYIIECTBISETCS
HOCHUTEJISIMU 3apsiia ABYX TUIIOB: 3JIEKTPOHAMU U JBIPKaMHU.

a) fﬂ' 7 E-K z :

7 nz d) nm nz
=, HH niftpillin
2 = i IO B A i
i 151
—] 4 ne
ls I
for. | oz b
5

Puc. 5.1

bunosnspHslii TpaH3UCTOP UMEET JABa p-N-IIEpexoaa — IMUTTEPHBIN
[11 n xonnexropHsbIi [12 — u ABa 3anMparOIIMX CI0SI ¢ KOHTAKTHBIMU pas-
HOCTsIMM TToTeHIanoB Uy 1 Uy, 00yCIOBIMBAIOIINX HANPSKEHHOCTH E
u E,, anexrpuueckux noneit B Hux. [lupuna nepexonos lo u lg,, mmpuna
0a30Boil oOactu ls.

B 3aBUCHMOCTH OT BBHITIOJIHSEMBIX B CXeMe (PYHKIIUNA TPAaH3UCTOP MO-
XKeT paboTaTh B TPEX PEKUMAX.

B akTuBHOM pexXuMme TpaH3UCTOP paboTaeT B yCHIIMTEINSIX, KOT/Ia Tpe-
OyeTrcs yCUJIEHUE JIEKTPUUECKUX CUTHAJIOB C MUHUMAJIbHBIM HCKaXEHUEM
ux Gopmbl. [Ipu 3TOM Ha SMUTTEPHBIN MEpexo/1 MOAAI0T BHEIIHEE HAIpsi-
YKEHUE B TMPSMOM HAMpaBJICHUHU, a HA KOJUIEKTOPHBIM — B 0OpaTHOM (puc.
5.2, a). OcHOBHBIE HOCHUTEIU SMUTTEpA MOJ AelcTBHEM HampsokeHust U.g
IIPEOJIOJIEBAIOT SMUTTEPHBIA MEPEXOM, a UM HABCTPEUY JIBHXKYTCS OCHOB-
HbI€ HOCUTEIMN 0a3bl, KOTOPHIX 3HAYUTEIbHO MEHBIIE, TIOCKOJIbKY KOHIICH-
Tpauusi npuMecu B 0aze mana. YacTh ABIPOK IMUTTEpAa PEKOMOMHHUPYET C
anekTpoHaMu 0a3bl BOIM3U mepexona 111, a ocranbHble MHXEKTUPYIOTCS
(BIPBICKUBAIOTCS) B 0a30BYI0 00J1aCTb.

Ha nyTu K KOJIJIEKTOPHOMY NEPEXOJy YacTh ABIPOK IMUTTEPA PEKOM-
OMHUpPYET C 3JeKTpoHaMH 0a3bl (B peanbHbIX TpaHizuctopax ot 0,1 go
0,001 konnuecTBa HOCUTENEH 3apsia, TOKUHYBIIUX SMUTTEP). OcTalbHbIE
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JBIPKA JJOCTUTAIOT KOJUIEKTOPHOTO MEPEXo/ia, Ha KOTOPhIN MoJaaHO o0paT-
Hoe HampsbkeHue U, M ¢ yCKOpeHueM mepeOpachIBalOTCS B KOJUIEKTOP
nojeM nepexona I12.

Taxkum 00pa3oM, TOK |, OCHOBHBIX HOCHUTEJIEH, MOKUIAIOIINX IMUTTED,
4acTUYHO Tepsercs B nepexoje [11 u 6a3ze Ha pekoMOUHAIIUIO, 3TU NOTEPU
COCTaBJISIIOT TOK 0a3bl lg. OcTanbHas €ro 4acTh IOCTUTAET KOJUIEKTOpa, TJ1e
PEKOMOMHUPYET C JEKTPOHAMU, OCTYNAIOIUMHU B HETO U3 BHEIIIHEH I1e-
M B BUJC TOKa I, YXOJ JBIPOK M3 SMUTTEPA BOCIOJIHACTCS TeHepaluein
nap JIEKTPOH—/IBIPKAa B OMUTTEPHON 00JIACTH U OTBOJIOM 3JIEKTPOHOB BO
BHEIITHIOKO 1IEb B BUC TOKA I,. Pacxom a1ekTpoHOB 0a3bl Ha peKOMOMHA-
IIUI0 KOMIIEHCUPYETCS UX MPUTOKOM B BHJIE TOKA Ig.

Toku TpaH3ucTopa, padOTArONIEr0 B aKTHBHOM PEXKUME, CBS3aHBI
ypaBHeHueM |, = I, + |5, KoToOpoe MOXKHO Tiepenucars B npupanienusx: Al,
= Al + Alg. Takum 00pazom, Ipu NOSIBJIECHUU TEPEMEHHON COCTaBIIAIONICH
BXOJIHOTO TOKa TpaH3UCTOpa (B pacCMaTpMBaEcMOM ClIy4ae 3TO TOK dMUT-
Tepa) MOSIBJISACTCS IEPEMEHHAsi COCTABJISIONIAs BBIXOAHOTO (KOJIEKTOPHO-
ro) Toka. Eciy B 1enb KOJUIEKTOpPa BKJIKOYUTH PE3UCTOP, TO MAJICHUE Ha-
npsokeHuss UBUX Ha HeM Oka)keTcs 3HAUYUTENbHO OOJIbIIE MEPEMEHHOTO
HanpspkeHnss UBX BXOIHOrO CUrHaia, T. €. TPAH3UCTOP YCHIIMBAET BXO/I-
HOW cUrHan (puc. 5.2,0).

2 n n?
£ ny%n///,?ﬁ’ fy
u”“l’_f “ %s i ﬁyj
2'5? I&*t"‘S ?+K6
8) Lytar, ILoal, 6 I, I 2 Isgp )
r—.- ‘-—"“"‘\1
v U ?f }
_;5 1 {E 25 x5
5 s ¢ 40 g+

Puc. 5.2

B akTHBHOM peXuMe TpPaH3UCTOP yOpaBisieTCs B J0OOOW MOMEHT
npolecca yCUJIeHus, T. €. KaKIOMY U3MEHEHHUIO BXOJHOTO CUTHAa COOT-
BETCTBYET M3MEHEHNE BBIXOIHOTO.

B pexxume Hacwienus (puc. 5.2,68) Ha o0a nmepexojia TpaH3uCTopa Io-
JaeTcs mpsiMoe HampspbkeHue. IIpu 3ToM B 6a3y MHKEKTHUPYIOTCS ITOTOKH
OCHOBHBIX HOCHTEJICH dMHUTTEpa M KOJUIEKTOpPA M COMPOTHBIICHHUE TPOME-
KYTKa KOJJIEKTOP — 3MHUTTEP TPAH3UCTOpPA PE3KO yMeHbInaeTcs. B aTom
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peXUME TPAH3UCTOP HE YyMpaBigeTcs. PeXuM HachIIEHUS UCIOJIBb3YIOT B
TeX Ciyyasx, Korjga HeoOXOAMMO YMEHBIIUTE MOYTH J0 HYJIs CONPOTHUBIIE-
HUE 1EMH, B KOTOPYIO BKIJIFOUEH TPAH3HUCTOP.

B pexxume otceuku (puc. 5.2, 2) ob6a nepexojia TpaH3UCTOPa 3aKPHITHI,
TaK KaK Ha HUX MOJIAIOTCA O0OpaTHbIE HampshKeHus. B 3Tom pexume TpaH-
3ucTOp o0jazaer OONBIIMM CONpOTUBIeHUEM. OOpaTHbIE TOKH 3MUTTEp-
HOTO |l,5, U KOMIEKTOpHOTOl 5, IEPEXO/IOB MaJIbI (OCOOEHHO KPEMHHUEBBIX
TPaH3UCTOPOB).

[Ipu BrIIOYEHUHU OUTOJISIPHOTO TPAH3UCTOPA B DJIEKTPUUECKYIO CXEMY
oOpasyeTcs JIBe LIENHU: YMpaBlsdwonias U ynpapisemas. B ynpasinstomieit
IIETIA JICHCTBYET BXOJHOM CUTHAJ, KOTOPBIM OOBIYHO IMOJAIOT HA SMHUTTEP
unu 6a3y. B ynpapnsemoii 1nenu (KOJJIEKTOPHOM WJIM AMHUTTEpPHOM) dop-
MUPYETCS BBIXOJHOM CHUTHAJ, MOCTYMHAIOIINI 3aTeéM Ha BXOJ| CJIEAYIOIIEro
KacKaJia Wik B Harpy3Ky. TpeTuil 3JIeKTPo ] TpaH3UCTOpa SBIISIETCS 00ITUM
JJISI BXOJHOM U BBEIXOJHOU IENeEN.

[[Iupoko pacnpoCTpaHEHbl TPU CXEMbI BKIIFOUEHUSI TPAH3UCTOPOB: C
oOrelt 6a3zoit (puc. 5.3, a), oOIIMM 3MHUTTEPOM (puc. 5.3,6) 1 0OLIIUM KOJI-
JEKTOpOM (puc. 5.3, 6). Jlisi pacuera TPaH3UCTOPHBIX CXEM HCIHOJIB3YIOT
JIBA CEMENCTBA BOJIbT-aMIIEPHBIX XapAKTEPUCTUK: BXOJHBIE U BBIXO/IHBIC.

a) 8/
Ly I 7 113

5
Uszs Us Vs —6 ) Vs
Iﬁl_ Usy VK

BxoHble XapaKTEPUCTHKU TPaH3MCTOpPa IMOKa3bIBAIOT 3aBHCUMOCTH
TOKa BXOJHOI'O 3JIEKTPOa OT HAMPSIKCHUS MEXKIY HUM U OOIIMM DJICKTPO-
JIOM TIPH IMOCTOSIHHOM HAMpPSUKEHUU Ha BBIXOIHOM 3JCKTpojae. st cxembl
¢ OB 3T0 3aBHCHMOCTH TOKa SMHUTTEPA OT HAMNPSKECHUS MEXIY HUM U Oa-
300 TpH MMOCTOSTHHOM HampsbKEHUHU Ha KoyuiekTope (puc. 5.4, a): |, =T (U.,g)
npu U, = const.
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a) 6 I I

I N
’ off /s as
‘b"— Q*“Q f_aq
133
Ios_
_ I3y
UK6'58 I}_: 7
Uzs Ixso Uis
Puc. 5.4

BbIxoHbIe XapakTEpUCTUKH TPAH3UCTOPA MOKa3bIBAIOT 3aBUCHUMOCTH
TOKa BBIXOJHOTO 3JIEKTPOJIa OT HAMPSDKEHUS MEXKAY HUM M OOIIUM 3JIeK-
TpoaoM. CHUMAIOT BBIXOJHBIEC XapPAKTEPUCTUKH IJIS PsiJia TIOCTOSIHHBIX TO-
KOB BXOZHOTO 3yiekTpoaa. [ns cxemsl ¢ Ob 310 3aBUCMMOCTH TOKa KOJ-
JIEKTOpa OT HAMPSHKEHUSI MEXKIY HUM M 02301 IPU OCTOSHHBIX 3HAYCHUSX
Toka smutTepa (puc. 5.4,0): I, = f (Uys) mpu U, = const.

B pexunmMe ycuiieHUs MallblX CUTHAJIOB, KOrJa HEJIMHEWMHOCThIO BAX
MOXKHO TpeHeOpeyb, TPaH3UCTOp, BKIOUeHHBIH ¢ Ob, SKBHUBaJNEHTHO
NPEACTABIISIIOT B BHUJI€ JUHEWHOI'O YETBIPEXIOJIOCHUKA (puc. 5.5), BXoA-
HBbIC Y BBIXOJHBIC MapaMeTpbl KOTOPOTO CBSI3aHBI CIEAYIOIIMMU ypaBHE-
HUSIMU:

AU,5 = hyi5°Al, + hipsAU,g; (5.1)
ﬂlK = h216'ﬂ|3+ h226ﬂUK6,(52)

A1y 41,

e ——P—

O— ——O

O ¢
Puc. 5.5

dusnyecknii cMbIca h-mmapamMeTpoB TpaH3HCTOpPa COCTOUT B CIIEAYO-
IIEM:

hi16 — BXOIIHOE COMPOTUBIICHUE B PEIKUME KOPOTKOTO 3aMbIKAHUS Ha
BBIXO/IE;

hi2s — K03 duireHT BHyTpeHHEN 0OpaTHOMN CBSI3U B PEKHUME XOJIO-
CTHOT'O XOJ]a Ha BXO/IE;

hy16 — kK03 dummeHT nepenadn Toka B PeKUME KOPOTKOTO 3aMbIKa-
HUS Ha BBIXOJIE;

Ny6 — BBIXOIHAS MPOBOJAUMOCTH TPAH3UCTOPA B PEIKUME XOJIOCTOTO
X0J1a Ha BXO/JIE.
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PaccunTsiBaror h-mapamerps! s cxemsl ¢ OB 1o gpopmynam:
h116 = ﬂ.U36/ﬁ|3 npu U, = const; (53)

h126 = .'}.U36/.'J.|3 npu |, = const; (54)
h216 = ﬂ'l.lK/ﬂ'l.la npu U, = const; (55)
hoos = Al /AL ipu |, = const; (5.6)

AHaNMTUYECKHUI pacyeT /r-nmapaMeTpoB CIOXKEH U HeToueH. HamHoro
MPOUIE UX MOJYYarOT u3MepeHueM i mo BAX.

Jns onpeneneHus Ny Ha BXOMHOW XapaKTEPUCTHKE, COOTBETCTBYIO-
el cpeaHeMy 3HAUYEHHUIO KOJUIEKTOPHOI'O HampshKeHUs, 0003HayaroT pa-
0ouyro Touky A (p. T) Tpanzucrtopa (puc. 5.6, a), KoTopas 3a1aeTcs Cpe-
HMMH 3HA4EHUSIMU BXOAHOIO TOKA |3 ,, ¥ BXomHoro HampsbkeHus Usg ..
Yepes pabouyro Touky A (p. T) MPOBOIAT KacaTeIbHYIO WU CTPOSIT Tpe-
yroiasHuk BCD. 3arem, ucnonsiys Gopmyiy (3), HaX0IAT:

h116 = BD/CD = ﬂUgB/ﬂlg (57)
al I, c 4 It
137
1 Alprl 1
. Al 41 %‘?, _J_}ir
sl Uss
8 theorl? AUz Ugzconst Yy
s} I =
f o3 2) 1,
; >t fawn Y ,__,‘,.?-53”
i o Alp1)
3
Uss
] | o AU | Y
Puc. 5.6

s onpenencuus hyjg 6 HCOOXOAMMO MOCTPOUTH JBE BXOIHBIC Xa-
PaKTEpUCTUKH JUIA IBYX 3HAYEHWW HAIPSDKEHUS Ha BBIXOJHOM 3JIEKTPOC
(puc. 5.6,0). Uepe3 pabouyto Touky A (p. T) IpoBOAAT JuHHUIO |, = CONSt,
YTO COOTBETCTBYET XOJOCTOMY XOJy Ha BXOJI€ TPaH3UCTOpaA MO MEPEMEH-
HOMY TOKY. TOUYKM ImepecedeHus XapaKTEPUCTUK U ATOW JUMHUW TPOCIIH-
pytoT Ha ock Usg u ompenensitor AU»p. 3atem, ucnonb3ys Gopmyny (4),
Haxo1AT Nyos, mpuHIB AUy = Uxg, -Uxks:

Jliis onpenenenust Ny B CEMEWCTBO BBIXOAHBIX XapaKTEPUCTHUK B 00-
JacTh pabodei Touku nepecekaroT JuHuer (Ugg = const, 4T0 COOTBETCT-
BYET KOPOTKOMY 3aMBIKaHHIO TI0 TIEPEMEHHOMY TOKY Ha BBIXOJE TpaH3H-
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cropa (puc. 5.6, B). 3areM 1o ¢opmyiie (5) HaxoasT hy s, rpaduueckn om-
penenuB Alg 1 BIUuCIuB Aly = 15, — ;.

s onpenencHus Noys (puc. 5.6, 2) CHUMAIOT BBHIXOJHYIO XapaKTepH-
CTUKY JJIs TOKa SMUTTEpa lo,, B pabouell Touke, a 3aTeM HaxomaT Alg u
AUgp 1 o hopmyiie (6) paccUuThIBaIOT Ny

3Kcn epuMeHmaJleaﬂ qyacmo
VT PAZ

X3 =
"2\ 62
.[..
Puc. 5.7
&l w4 - ) LMA
10 10
1 8
6 6
4 4 |
V4 2
810703040558 2 4 6 8 U8B
Puc. 5.8

1. Berueptuth maba. 5.1ud.2 nis CHATUS BXOJHBIX W BBIXOIHBIX Xa-
PaKTEPUCTUK TPaH3UCTOPA.

Tabnua 5.1
Tox smurrepa |,, MA 01| 02 | 0.5 1 2 |10
0
Hampsixkenue smutTep — 6a3a 1
USB, B, npu 10
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Tabmnura 5.2

Hanpspxkenue komnekrop — 6a3a Ugg, B 1 2 5 10
Tox komnekropa I, MA, ipu U,, MA 0
1
2
4
6
8
10

2. Berueptuth koopauHaTHbie ocH (puc. 5.8, a, 6) A MOCTPOCHUS
BXOJ/IHBIX U BBIXOJHBIX XapaKTEPUCTUK TpaH3ucTopa (MacmTad mo ocsm: |,
ul,—Blcm2MA; Uysg—B 1 em 0,1 B; Ugg—B 1 cm 1 B).

3. Berueptuth mabn. 11 u 12 ans 3anucu h-napameTpoB TpaH3ucTOpa
U €T0 DJIEKTPUIECCKUX TTapaMeTPOB B pabodeii TOUKe.

4. 3apucoBaTh cxemy Juis cHatus BAX Tpansucropa (cm. puc. 5.7) u
coOparthb ee.

Tabmmma 5.3
[Tapamerp his Nia6 Hais Haas
3HaueHUE

Tabmunas.4
[TapameTp I5p.1, Usbpm lkp.rs Uxsp.r:
3HaucHUE

5. CHATBh BXOJIHBIE U BBIXOJHBIE XapaKTEPUCTUKU TPAH3UCTOPA U 3a-
HECTU pe3yJIbTaThl UBMEPEHUN B maoba. 5.1 u 5.2.

6. [locTpouTh BXOJHBIE U BHIXOJAHBIE XapaKTEPUCTUKHU B KOOPIUHAT-
HBIX OCsIX (puc. 5.8, a, 0).

7. BeiOpaTh 10 yKa3aHUIO NpenoaBaresis padouyo TOUKY U HAHECTH
€€ Ha BXOJIHBIE U BBIXOJHBIE XapaKTEPUCTUKH.

8. BBINOJHUTE TOCTPOCHUSI Ha BXOJIHBIX U BBIXOJIHBIX XapaKTepUCTH-
Kax JUIsl onpeseneHus: h-mapaMeTpoB TpaH3uCTOpa, pacCunuTaTh UX U 3aHE-
CTH pe3yJIbTaThl B mabi. 5.3.

9. 3aHecTH 3JIeKTpUUECKUE TapaMeTpbl TpaH3UCTOpa B paboyeil Touke
B mabn. 5.4.
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KOHmPOJleble 60NpoCol

1. [Toyuemy KOHIIEHTpALMs TPUMECH B IMUTTEPE 3HAUUTEIHHO 0OJIb-
1re, 4yeM B 0aze?

2. ITouemy HEOOXOJIUMO OTBOJIUTH TEIIOTY OT KOJUIEKTOPHOM 00Jiac-
TH TpaH3ucropa?

3. KakoBbI 0COOEHHOCTH aKTUBHOTO PEXUMA pabOThI TpaH3UCTOpaA?

4. Kak TpaH3uCTOP NEPEBOMST B PEKUM HACHIIICHUS ?

5. Kak noGuBarorcs pexkuma OTCEUKH?

6. Kakue snekTpuueckue mapaMeTpbl XapakTepu3yloT padouyio TOY-
Ky TpaH3ucTopa?

7. IloueMy TOK KOJUIEKTOpa MPHU MOCTOSSHHOM TOKE AMUTTEpPA HE 3a-
BHUCHUT OT HANIPSIKEHUSI MEXKIY KOJUIEKTOPOM U 623017
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JIABOPATOPHAA PABOTA N 6
HCCIIE/IOBAHHUE BUIIOJIAPHOI'O TPAH3UCTOPA,
BKJIFOYEHHOI O C OBLITUM SMUTTEPOM

[lens paGothl. CHSITUE W aHAIM3 BXOAHBIX M BBIXOJHBIX XapaKTEPUCTHUK
TpaH3UCTOPa, BKItOYeHHOTO ¢ OD. Onpenenenye no HuM ero h-mapamerpos.

Ilpuobopwvt u 060pyoosanue

1. Crena st mpoBeaeHus 1adoparopubix padot IDL-600.

2. G2 (I'H2) — reneparop HampsHKeHUsI CTEH/IA;

3.PAL (I5) — ABM2 na npenaene usmepenns «0,5 MA»;

4.PV1 (Ugy) — ABO na npeaenax uzmepenus «0,5 B» u «0,1 By;

5. PA2 (lIx) — He moakovaroT, a THe3a X7 U X8 3aKopaunBaroT;

6. PV2(Uk») — HM3MepuTelb HAPSHKEHUH MEXTY KOJUIEKTOPOM U OMUTTE-
pPOM.

7. GI(I'T) — reneparop Toka cTeHAa;

8. G2(I'H2) — reneparop HampsixeHusi crenna (mpu Ugs, paBaom 5 u 10
B) unu I'H1 (mpu Ugs, paBuom 0,1; 0,5 u 1 B);

9. PA1 (I5) — ABM2 Ha nipenenax usmepenus «10 MA», «5 MA», «1 MA»
u «0,5 MA»;

10. PV1 (Ugy) — He NOJIKIIIOYaloT;

11.PA2 (Ix) — ABMI1 Ha npenenax m3mepenus «50 MA», «10 MA», «5
MAY, «1 MA» 1 «0,5 MA»;

12.PV2 (Ux») — UB crenna, noakmtouaembiii K Beixoxy ['H2 wmm HI.

OcHogenvie meopemuuecKkue nOI0HCEHUA

BxonHbIMU XapaKTepUCTHKAMU TpaH3UCTOpa MpH BKIOYeHUH ¢ OO
SBJISIFOTCSL 3aBUCUMOCTH TOKa 0a3bl OT HAIPSKEHUS MEXIY HEW U IMUTTeE-
pPOM TIpU TMOCTOSIHHBIX HAMNPSDKEHUSIX Ha KoJulekrtope (puc. 6.1, a): Iy =
f(Ups) mpu Uk, = const.

BoixonHble XapakTepucTuku (puc. 6.2, 6) npeacTaBisitoT co00M 3aBuU-
CUMOCTHU TOKa KOJUIEKTOpA OT HAIPSKEHHS] MEXAY HUM U AIMUTTEPOM IPU
NOCTOSIHHBIX ToKax 0a3bl: lx = f(Uys) mipu I = const.

I
L L 26
8mA4

Iﬁ#

77 Js3

\ Isz
\E” IEF
T
128 Uy,
a) 6)

Puc. 6.1. Bxogusle (a) v BeIXOIHBIC (0) XapaKTEPUCTUKU TPAH3UCTOPA
40



B PCKHUMC YCUIICHHUA MAJIbIX CHUIHAJIOB TPAH3UCTOD, BKJIFOUCHHBIA C
09, 9KBHUBAJICHTHO IPCACTABIIAIOT B BUIC JIMHEMHOT'O YCTBIPCXITIOJIHOCHUKA

(puc. 6.2), BXOIHBIC M BBIXOJHBIC MapaMeTPhl KOTOPOTO CBSI3aHBI CIICTYIO-
IAMH YPaBHEHUSIMU:

AUgs = 5 Alg + hyon AUko; (6.1)
Al = hy1e"Alg + s AUks; (6.2)
'dlg é{ﬁ_
Oo—i r—0

4, | vr | av.,
o— o

Puc. 6.2

PaccuuteiBarot h-mapamerps 1iist cxembl ¢ O3 o hopmynam
h113 = ﬂUBglﬂIB Inpu UK3 = ConSt; (63)
h123 = ﬂUBglﬂUKg Inpu IB = ConSt; (64)
hy15 = Al/Als ipu Uy = const; (6.5)
h223 = ﬂIK/ﬂUKg Inpu IB = COﬂSt; (66)
Jlns onpenesnenus hyj5 mpoBoaAT depe3 pabouyro Touky A (p. T), Ka-

CaTEIbHYIO K BXOJTHOM XapaKTEPUCTUKE, U CTPOAT TpeyroiapHuk BCD (puc.
6.3, a). Toraa, corntacHo popmyie (6.3),
h113 =BD/CD = ﬂ.U};g / ﬁl};

a)
1 8) I
Alps) ¥ 2
o3, X ‘ —
Ib'p.r 41 5 < Ay _Is1
U3
%sw AUsgs Upsconst U
g} 2) B
I p - < X
NS = L.=const
{2const Alpr) ‘”‘ __==—-§Q-—
ISN T
Uss
- AdF) - AUy, o U3

Puc. 6.3
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s onpenenenusi hjy; BBIOUPAIOT JIBE BXOJHBIC XapaKTCPUCTHKH,
CHSIThIE TIPU ABYX 3HAYEHUSAX HANPSHKEHUM MEXIY KOJJIEKTOPOM U AMHUT-
TepoM (puc. 6.3,6), 1 IpoBOIAT uepe3 A (p. T) nuHUIO Iy = const, cooTBeT-
CTBYIOIIYIO XOJIOCTOMY XOJIy Ha BXOJI€ TPAH3UCTOpA. 3aTeM TOUYKHU Mepece-
YEHUS 3TOM JIMHUU C XapaKTEPUCTUKaMH MpoenupytoT Ha ock Ugs, ompe-
nensroT AUgs = Ugy, -Ussy, Haxoasat AUgs u paccuutsiBaroT hirs o dop-
myie (6.4).

Jliis onpenenenus hy;5 ceMEHCTBO BBIXOIHBIX XapaKTEPUCTUK BOIU3U
A (p. T) nepecekarot nuHuend Uygs =const (puc. 6.3, B), 4YTO COOTBETCTBYET
KOPOTKOMY 3aMbIKaHHIO Ha BBIXOJIE TPaH3UCTOpa. 3aTeM 1o ¢popmyie (6.5)
paccunThIBaIOT Ny1y, onpenenus rpaduuecku Al u Alg kak pasHocTh lg; —
I51

Jliis onpenenenus hyy; BEIOMpAIOT M3 CeMEMCTBAa BHIXOAHYIO XapaKTe-
pPUCTUKY, CHATYIO npH lg ,,. Haxonar npupamenue Toka koiekropa A/K,
BBI3BAaHHOE MIPUPAIICHUEM HampsikeHUs Aly Ha HEM MPHU MOCTOSHHOM TOKE
0a3sl (puc. 6.3, 1), u o Gpopmyiie (6.5) pacCUUTHIBAIOT Nyy5.

PaGouas Touka Tpan3ucropa B cxeme ¢ OO xapakTtepusyercs clie-
ayromumu napamerpamu: g,z Ugspr lkpr B Uk pa

IKcn epumenmaibHasn 4acmaos
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o el
X7\_/ X8
X1
VT
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_T x3 X5 — xo| -
am @99&!1 PV2@9 X1| -
Gi| rr - x10] + rH2| G2
+ x12| +
X4 X6
& & 4
Puc. 6.4
&') Iﬁ;HA ' d}l IK,MA
0.4 8
a3 6
0.2 4
o1 V4
a1 0.2 0,3 04 05 U,,.8 2 4 6 8 10 12Uyy8
Puc. 6.5
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1. B pabore uccnenyercs tpanzuctop KT361A.
2. Beraeptuth Ta61. 6.1 1 6.2 11 MOTyYSHUST BXOIHBIX U BBIXOJHBIX XapaKTe-
PUCTUK TPAH3UCTOPA U KOOPAMHATHBIE OocH (puc. 6.5, a, 0) I UX TOCTPOCHUS
(macmtad o ocsim:ly— B 1 cM 0,1 MA; Ugs —B 1 eMm 0,1 B; Ix— B 1 cM 4 MA;

Uk —B 1 cm2 B).
3. Berueptuts 1201, 6.3 A 3aMKCH 3JIEKTPUYCCKHUX MMapaMeTPOB TPaH3U-

CTOPOB B TPEX peXUMax €ro padoThI.

Tabmura 6.1
Toxk0as3ml |, MKA 50 100 | 200 | 300 | 400 | 500
Hanpsokenue 6aza — smut- | 0
TCp U]33,B, Ipu UK3,B 1
5
Tabmura 6.2
Hanpsbkenue KoekTop — 3MUTTEP 01 | 05 1 5 10
UK9) B
Tok xomnekropa lx, MA. ipu 50
l5. MKA 100
200
300
400
500
Tabmauma 6.3
Pexum ITapamerp
5 Uss Ik Uko
Otceuku (p. T 1)
Hacprmenus (p. T 2)
AKTHUBHBIH (p. T 3)
Tabmuma 6.4
Cxema [Tapamerp
hiis hi2s h15 h2s
C o06meii 6azoi
C 001mm™M 3MUTTEPOM

4. Berueptuth Tabma. 6.4 mas 3anucu h-mapamMeTpoB TPaH3UCTOPA, BKIIIO-

yegHoro ¢ OD.
5. 3apucoBarh CXeMy CHSTHS BXOJHBIX W BBIXOJHBIX XapaKTEPUCTHUK

TpaH3ucTopa (cM. puc. 6.4) u codbpars ee.
6. CHATH BXOJIHBIC M BBIXOJHBIC XapaKTECPUCTHKU U PE3yJbTaThl H3MeEpe-
HUM 3aHeCTH B TabJ. 6.1 u 6.2.
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7. J1nst cHATUS BXOJIHBIX XapakTepucTuk ucnonb3ytor: Gl (I'T) — rene-
parTop TOKa CTEH[a;

Cuumas xapakrepuctuky npu Uyg, = 0, mpudop PV2 ne ucnonssytor, G2,
TaK>K€ HE MOAKII0YaroT, a rue3na X11 u X12 3akopauuBaror.

IIpu cusatun xapakrepuctuku npu Uk, = 1 BB kauectBe G2 UCHIONB3YIOT
['H]l — yacTp quamna3oHa peryJMpoBaHUS €r0 BBIXOJHOIO HampsbkeHus ot 0 1o
7 B (B »THX mpezaenax U3MEHEHHUs BBIXOJHOTO HampsbkeHus nosspHocts ['H1
MPOTUBOMOJIOKHA YKa3aHHOW Ha JIMIEBOM MaHedu OJioka nmuTaHus). BeixomHoe
Hanpspbkenue ' H1 nsmepsror usmepurenem Boeixona B crenna, nepexinrodaresns
KOTOPOro ycTaHaBIUBaKOT B nosioxkeHue «I'TI1 10 By.

Cuumas xapaktepuctuky npu Ux>=5B, ucnons3ytor ['H2, BeixogHOE Ha-
npsbKEeHUE KOToporo mamepstoT VB, nis yero ero mepekirodarenb yCTaHaBIU-
BalOT B noyoxkenue «['H2 25 By.

8. IlocTpouTh BXOAHBIE U BBIXOJHBIE XaPAKTEPUCTHUKUA B KOOPAMHATHBIX
ocsix (cM. puc. 6.5, a, 0).

9. OnpenenuTh MO XapakTEPUCTHKAM DJIEKTPUUYECKUE MapaMeTphbl TPaH3U-
CTOpa B PeKUMaX OTCEUKH, HACHIIIICHUSI U aKTUBHOM U 3aHECTH UX B Ta0JI. 6.3.

[Ipu ompeneneHun 3NEKTPUUYECKUX MapamMeTpPOB TPAH3UCTOpPA B pa3iIny-
HBIX pexumax ero pabotsl npuHAth Uy = 12 B u Ry = 1,5 kOm. Jlunus Ha-
Ipy3kH pu 3ToM miepecedeT ocH lx u Ugs COOTBETCTBEHHO B Toukax 8 MA u 12
B (cm. puc. 6.1,0).

Paboune Touku p. T 1 U p. T 2 COOTBETCTBYIOT pEXUMaM OTCEYKU U Ha-
chillleHus. Pabouyto TOUKy p. T 3 TpaH3HCTOpa B aKTUBHOM PEXUME BBIOUPAIOT
IIOCEPEANHE YJaCTKA P. T | — p. T 2 IMHUM HArpy3KH.

10. BBIMOTHUTH MTOCTPOCHUS HA BXOTHBIX M BBIXOJIHBIX XapaKTEPUCTHKAX
IUIsL ompeseneHus h-mapaMeTpoB TPaH3UCTOpa, PACCUYUTATh UX U 3aHECTH pe-
3yJbTaThl pacyeToB B Tab. 6.4.

KOHmPOJleble eonpocol

1. I[Touemy hy;5 3HaUUTENBHO OOJIBIIE 17?

2. Tlouemy BXOJHOE CONPOTHUBIEHUE TpaH3UCTOpa B cxemMe ¢ OO
oounrIe, ueM B cxeme ¢ OBb?

3. Kakue mapaMmeTpsl TpaH3UCTOPA, BKIOUEHHOTO ¢ O3, XapakTepu-
3YIOT €ro pado4yr0 TOUKY?

4. KakoB (pusudeckuii cMbICa h-TTapaMeTpoB M IIPH KaKUX YCIOBHSIX
UX ONPEACIISIIOT?

5. ITouemy cxema BKIIFOUCHHUS TpaH3ucTopa ¢ OO Hamboee pacmpo-
cTpaHeHa?

44



JABOPATOPHAA PABOTA Ne 7
HCCIE/IOBAHHUE ITOJIEBOI'O TPAH3UHCTOPA

[enb padboThl. 3ydyeHue npuHIMNa JSHCTBUS TOJIEBOTO TPAH3UCTOPA, CHATUE
Y QHAJIU3 €TO BOJIbT-AMIIEPHBIX XapAKTEPUCTUK, ONPEICTICHUE TAPaMETPOB.

Ilpuobopwvt u 060pyoosanue

1. Ctena nnst mpoBeaeHus tadboparopubix padot IDL-600.
2. Gl ('H1) — ncrounuk Hanpspkenus Usy Ha 3aTBope. [IpeaBaputensHO
ClIelyeT YCTaHOBUTH 0 U3MepuUTeNto Bbixoaa VB cTrenna HyneBoe Hamnps-
JKEHHE Ha BBIXOJIE 3TOr0 MCTOYHUMKA. BrixomHoe nampsbkenune ['HI1 pery-
JUpyroT B npenenax ot 0 no — 7 B, npu 3TOM €ro moiasipHOCTh TPOTUBO-
MOJIOKHA YKA3aHHOW Ha JUIEBOW MaHeNu OJIoKa MUTaHUsS. YBEIUYUBATH
BbIXOJHOE HampspkeHue ['H1 B 3ToM uHTEpBane peryjinpoBaHUs CIEAYET
Bpalias peryJsiTopbl IPOTHUB YaCOBOM CTPEJIKU;
3. G2 (I'H2) — ucTOYHMK HAIPSKEHUS MEKIY CTOKOM B UCTOKOM Ucy;
4. PV1 (Usy) — w3MepuTeNb HANPSDKCHUS HA 3aTBOPE 1O OTHOIICHHIO K
uctoky (JIBM1 na npenene usmepenus «2,5 By»);
5. PA1 (I¢) — m3meputens Toka ctoka (JIBM2 Ha mpenenax w3mepeHus
«50 MA», «10 MA», «5 MA» 1 -1 MA»);
6. PV2 (Ucy) — u3MepuTesb HalpsDKSHHS Ha CTOKE 10 OTHOIICHHIO K HC-
ToKy (B crenaa, nepexiirodyaresib KOTOPOro yCTaHABIMBAKOT B MOJIOXKE-
Hue «I'H2 25 B»), Caegyer nOMHUTh, YTO MaKCUMaJIbHO JOIYCTUMOE Ha-
NpsHKEHUE MEXy CTOKOM M MCTOKOM JUIsl UCCIIEyEMOr0 TPaH3UCTOpa Co-
crasisaer 10 B.

OcHnoenvle meopemuueckue noa0MHCeHUA

B otninuue oT OGUIIONISIPHBIX TPaH3UCTOPOB, B KOTOPBIX MEPEHOC TOKA
OCYILECTBIISICTCS AJIEKTPOHAMM M JIBIPKAMH, B IIOJEBBIX TPAH3UCTOpAx B
IIEPEHOCE TOKA YYaCTBYIOT TOJIBKO JIEKTPOHBI UM TOJBKO JBIPKHU; ITO 3a-
BUCHUT OT TOr0, U3 KAaKOTrO Marepuaja BBINOJHEH MNPOBOAAIIMI KaHail |

(puc. 7.1).
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B pabore uccnenyercs tpansuctop KII101 ¢ xanamom p-tuma. Ha
OOKOBYIO TIOBEPXHOCTh KaHaJla HAHECEHBI CJIOU IMOJIYNMPOBOJHUKA DJIEK-
TPOHHOM 3JIEKTPONPOBOJHOCTA — 3aTBOP 2. Mexay 3aTBOPOM 3 U KaHa-
JoM 00pazyetcs p-N-nepexoi, 00 THEHHBIN €0l KOTOPOTO COCPENOTOUCH
IJIaBHBIM 00pa3oM B 00beMe KaHaja, BBIMOJHIEMOTO U3 MaTepuayia ¢ Hu3-
KUM cofepkanueM npuMecn. OT KaHana cAeJaHbl BBIBOABI 3 U 4 — CTOK U
uctok. ctok M 00BIUHO 3a3eMIISIIOT, a HAa cTOK C MOJaroT HampshKEeHHE,
P KOTOPOM OCHOBHBIE HOCUTEIH 3apsiia YCTPEMIISIFOTCS K HEMY.

B TpaH3ucTope ¢ KkaHaJIOM p-THUIIa HA CTOK MOJIA€TCsl OTPULIATEIIBHOE
HaIpsHKEHUE, a Ha 3aTBOP — HAIPSKEHUE, TP KOTOPOM MEPEXO]T 3aTBOP
— KaHaJI 3aKpbIT U TOKA HE TPOBOAUT.

BpIxoaHOM TOK MOJIEBOTO TpaH3UCTOpAa — TOK CTOKa lc 3aBUCHUT OT
HanpsokeHns: Ha cToke Ucy U ¢ ero poctoM yBenuuuBaercs. Kpome toro,
TOK CTOKa lc 3aBUCHT OT HampsikeHus Ha 3atBope Usy, KOTOpoe yrpaBiisieT
rIIyOMHOW MPOHUKHOBEHUS O0EIHEHHOTO ¢JI0sl 5 B 00bEM KaHala, a Cleao-
BATEJbHO, €T0 MONEPEUYHBIM CEUCHUEM.

[Tpu nanpsixkennn Ucy = 0 Hanpsbkerue Usy BBI3BIBAET YMEHBIICHUE
MOTIEPEYHOI0 CeUeHMs KaHana (puc. 7.2,a) U yBEJIMUYECHHUE €T0 COMPOTHUBIIC-
Hus. [losBnenue Hanpspkenus Ucy U3MEHsAET KOHPUTYypaluo o0eJHEHHO-
IO CJI0sl, MPUYEM CeUeHHE KaHayla ¢ MPUOIMKEHHEM K CTOKY YMEHBIIIAETCH,
MOCKOJIbKY YBEJIIMUYMBACTCS PA3HOCTh MOTEHIIMAIOB MEKIY 3aTBOPOM M Ka-
HasioMm. [Ipu HekoTopom HanpsbkeHUW Ucy, ONPENENIEHHOM I KaXKIOTO
3HaueHus1 HanpsokeHus:t Uszy, oOeIHEHHBIE CJIOU CMBIKAKTCs (Touka A Ha
puc. 7.2, 0) u Hacrynaet Hacwienue. Hanpsokenne Ucy = Ucy yae Ha3BI-
BalOT HanpstkeHuem HacwieHus. [Ipu Usy = 0 HanpshkeHHe HaChIECHUS
MaKCHUMAJIbHO.
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VYBenuuenue HanpsikeHus: Ucy TPUBOAMT K CMEIICHHIO TOYKU A B
HarpasJjeHuu uctoka (puc. 7.2, B). Tok |c moaaep:xuBaeTcs 3a CUET BIIPHI-
CKMBaHHS OCHOBHBIX HOCHUTEJICH KaHala B 00CAHEHHYIO 00JIaCTh TOYHO TaK
ke, KaK B KOJUIEKTOPHOM Iiepexoje OumnoispHoro Ttpansucropa. llpu
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nanbHeleM yBeandeHuu HarpsokeHus Ucy MPOUCXOIUT MpoOO U BRIXOA
TPaH3UCTOPA U3 CTPOAL.

CToKo-3aTBOpHAs XapaKTEPUCTUKA MOJIEBOTO TpaH3ucTopa (puc. 7.3,
a), CHUMaemasi Iipyu MOCTOSIHHOM HanpsikeHUU Uy, HO3BOJISAET ONPEIEIUTh
HanpsoKkeHue 0TCeYKU Usy ore, MPU KOTOPOM TOK CTOKA CTAHOBUTCSI PABHBIM
HYJIIO, U HaYaJIbHbIA TOK CTOKA ¢ 4,4, pOTEKatomuii yepe3 kanan npu Usy
=0.

Takum 00pa3oM, BBIXOJHON TOK MOJIEBBIX TPAH3UCTOPOB H OTIMYHE
OT OMMOJIAPHBIX OMpeessieTcs HanpsbkeHueM Ha 3atBope Usy, MpU 3TOM
TOK 3aTBOpa OJIM30K K HYJIO, MOCKOJBKY 3TO OOpaTHBIN TOK p-N-Tiepexo/ia.
AHQIUTUYECKH CTOKO-3aTBOPHAS XAPAKTEPUCTHUKA BBHIPAKAETCS YPABHEHU-
EM.

Ic= f(UgI/I) npu Ucn = const.

aj I d)

Crgy

Puc 7.3

Ha puc. 7.3, 6 moka3aHO ceMENCTBO CTOKOBBIX XapaKTEPUCTHUK TOJIe-
BOI'0 TPAH3UCTOPA, MPEACTABISAIONIUX COOOW PsiJl 3aBUCHMOCTEN TOKa CTO-
Ka lc oT HanpsKeHUst MeXay CTOKOM H UCTOKOM Ucy s psna mocTosiH-
HbIX HanpsbkeHuil Ha 3atope Usy:

IC = f(UCH) HpI/IU3I/I = const.

OCHOBHBIMU TIapaMeTpaMH IOJIEBOTO TPAH3UCTOpA SIBISIOTCS KpPY-
THU3HA CTOKO-3aTBOPHOM XapaKTEPUCTUKU S U aKTHWBHAs BBIXOHAs MPOBO-
JAUMOCTB Joop.

Kpyrtusna S mokasbeiBaeT, Ha CKOJBKO MWJUIMAMIEDP U3MEHUTCS TOK
ctoka |lc npu n3menenun Hanpsixenus: Ha 3atBope Usy Ha 1 B 1 nocross-
HOM HaMpsbKEHUU MEXKy CTOKOM U UICTOKOM Ucy, T. €.

S= ﬂlc/ﬂUgH Ipu UCI/I: const (71)

OTUM MapaMeTPOM OMPEAECISAIOTCS YCUIUTEIbHbBIE CBOMCTBA MPUOO-
pa. OOBIYHO KPYTU3HY U3MEPSIOT WM PACCUMUTHIBAIOT VISl PEKUMA, COOT-
BETCTBYIOILIETO JIMHEMHOMY Y4YacTKy CTOKO-3aTBOPHOW XapaKTEPUCTHUKH.
st atoro crposrt tpeyroasauk ABC (puc. 7.3, a), 10 KOTOPOMY HaxOAsT
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npupaiicHus Toka Alc u Hanpsbkenus AUsy, u o ¢popmysie (7.1) paccuu-
THIBAIOT KPYTU3HY S.

AKTHBHas BBIXOJHAs MPOBOAUMOCTb QJpy OMPENENseTCS HAKJIOHOM
CTOKOBOM XapaKTEepPUCTUKU B 00JIacTU HachlleHus (puc. 7.3,0). DToT ma-
paMeTp HaxonsaT moctpoeHueM Tpeyroiraruka ABC, mo kotopomy omnpene-
ast0T npupaiieHus: Toka Alc u Hanpsokenust AUcy. Torna akTuBHas BbI-
XOJTHAsI IPOBOJAUMOCTH

O2om = ﬂlc/ﬂUCH npu U3H = const (72)

IKcn epumernmaibHasd 4acmaos

PAT
+ -—
X5 Ao
x712Y2 yo| —
gf@ 2|67
Agl+ xiol+
)\
Puc 7.4
a) ) ]E’_HA d‘) JcJMA
2 2
w6 16
h2 12
08 08
06 04
UyB2 151 05 1 23456789 #0,,8
Puc. 7.5

1. Berueptuth Tabn. 7.1 U 7.2 105 CHATUS CTOKO-3aTBOPHBIX CTOKO-
BBIX XAPAaKTEPHUCTHK IOJEBOTO TPAH3UCTOpPAa U KOOPAMHATHBIE OCH (pHC.
7.5, a, 0) 171 UX TOCTPOECHUS.

Tabmuna 7.1
Hamnpspkenue 3aTBOp — HMCTOK 0 0,2 04 {0812 |16
U3]/1,B
Toxkcroka lc, MA, ipu Ha- 5
NpsHKEHUH CTOK —— ucTtok | 10
Ucu, B
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Tabmnura 7.2

Hanpspokenue ctok —— uctok Ucy,| 1 2 3 5 8 9 10

B

Tok croka lc, MA, mpu Ha-| O
npsbkeHuu 3atpop — uc- | 0,3
ToK Uszy, B 0,6
0,9
1,2

(macmtad mo ocsiM: Ilc—B 1 em 0,4 MA; Usy—B 1 ¢ 0,6 B; Ucy—B 1 cm
1 B).

2. 3apucoBaTh CXeMy JUIsl CHATHUSL XapaKTEPUCTUK IOJIEIUT TPaH3U-
ctopa (cMm. puc. 7.4) u codparts ee.

3. CHATh CTOKO-3aTBOPHYIO XapaKTEPUCTHKY, 3aHOCA PE3YIbTAThI
U3MepeHuil B Tadu. 7.1, mocTpouTh €€ B KOOPAMHATHBIX OCSIX Ha puc. 7.5, a
U OMPEJCNIUTh MapaMeTpbl, HEOOXOIUMBIE AJisi pacuera KpyTH3HBI S, 1O
dopmyne (7.1).

4. CHATh CTOKOBBIE XapaKTEPUCTHKH, 3aHOCS PE3yJIbTaThl U3MEPEHUN
B TaOJ. 7.2, IOCTPOUTh WX B KOOPJMHATHBIX OCAX HA pHC. /.5, O, omnpene-
JUTh TapaMeTpbl, HEOOXOAUMBIE JUIsSl pacyeTa akTUBHOM BBIXOJHOW MPOBO-
JTMUMOCTH (o1, IO popmydie (7.2).

5. Paccuurats S u gpop.

Konmponwsusie éonpocut

1. Kakue TpaH3uCTOpPBI HAa3bIBAIOT MOJIEBBIMU?

2. UeM 0OOBsCHSIETCS BBICOKOE BXOJIHOE COINPOTHUBIICHUE IMOJIEBBIX
TPaH3UCTOPOB?

3. Uem oTiIMYAETCs MOJEBOM TPAH3UCTOP OT OUMOJIIPHOTO?

4. KakoB NIpUHIIUIT YCUJIEHHS] CUTHAJIOB C TOMOIIBIO MOJIEBOTO TPAH-
3ucropa?

5. I'ie npuMEHSIIOT MOJEBbIE TPAH3UCTOPHI?
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JABOPATOPHAA PABOTA Ne 8
HCCUIE/IOBAHHUE /IBYXIIOJIYIIEPHO/IHOH CXEMBbI
BBIIIPAMI/IEHUA

Lenps padotel. MccnenoBanue ABYXIOTYNEPUOAHON CXEMbI BBITPAMIICHUS
C HYJIEBBIM BBIBOJIOM M criaxuBaromiero RC-¢unprpa. [loctpoenue Ha-
I'PY304YHOU XapaKTEPUCTUKU BBITPSIMUTEIIS .

Ilpuobopwvt u 060pyoosanue

1. Crena nnst mpoBeaeHus tadboparopubix padot IDL-600.

2. VDI u VD2 — nuonaer 11220 (K/1103A);

3. pesuctop R1 =200 Owm;

4. xonpencaropsl C1 = C2 emkoctbio 20 u 50 MkD;

5. pesuctop R2 conporusnenuem 510 Om, 1 kOwm, 1,6 kOm.

6. PA(l) ucnonb3ytor Ha npeaenax «50 MA» u «10 MA».

7. 1locTOsIHHBIE HANPSDKEHUS B CXEME M3MEPSIOT Ha mpenenax «25B» m
«10B».

OcHnoeHnbvie meopemuuiecKue nojlo)yHcenus

Bompsmurtensamu (puc. 8.1) Ha3bIBaIOT YCTPOMCTBA, CIyXKallue IJIs
npeoOpa3oBaHus MEPEMEHHBIX HAIPSKEHUW U TOKOB B MOCTOSHHBIC, HC-
MOJIb3yEeMbI€ JIJISI TUTAHUSI PAJIMOAJIEKTPOHHON anmnapaTypsl. [lepemenHoe
HanpspkeHue U; ceTu mocTynaeT Ha NEePBUYHYI0 OOMOTKY TpaHchopMaTo-
pa T, ¢ BTopuyHOil 0OMOTKHM KOTOpOro HampspkeHue U, mopaercs Ha Bbl-
npsMuTeNb B. BeImpsiMileHHOE MyJIbCUPYIONIEE HAMPSHKEHUE CTIaXKUBAET-
cs punbTpoM @, mpeBpaiiasch B mocrosiHnoe Hanpspkenue Uy, 1S muTa-
HUS YCTPOMCTBA, SKBUBAJIEHTHO MPEACTABICHHOTO PE3UCTOPOM HArpy3KH

Ry.
-
Us u:| B ¢ Ry Urw
Puc. 8.1
Ix1 YO x3 Rt PA_ 4
~O 1 X4 A
2 |
O—

C1
VD2
~3X2| N T

+
.|.C2

Puc. 8.2. J/IByxnomynepuoaHas cXeMa BhIIPSIMIICHUS
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Cxema ABYXMHOJIYIIEPUOJHOTO BBIIPSIMUTENS C HYJIEBBIM BBIBOJIOM
TpaHnchopmaTopa (BbIBOJ 2) ¢ aKTUBHOM Harpy3kod Ry mokaszana Ha puc.
8.3, a. Bropuunas oOmoTka TpaHchopmaTopa BBINIOJHEHA TaK, 4TOOBI B
Toukax 1 u 3 ObLIM OAMHAKOBBIE, HO MPOTUBO(hA3HBIE OTHOCUTEIHHO TOUKU
2 manpspkenns U,' u Uy" (puc. 8.3, 0).

PaccmoTpuM paboTy cxembl B MOJYyNEpPUO/], Korja B Touke 1 oTHOCH-
TEJIbHO TOYKHU 2 JEHUCTBYET MOJOXUTEIBLHOE HANpPSKEHUE, a B TOUKE 3 —
orpunatenbHoe. Hanpsokenue U,' Be3piBaeT TOkK lyp; (puc. 8.3, B), KOTO-
pBIil mpoxoaut o menu (puc. 8.3, a): BeiBoA 1, auon VD1, pesuctop Ry,
BbIBOJI 2. Takum 00pa3oM, TOK B HArpy3Ky OTJIa€T BEPXHssI MTOJIOBHUHA BTO-
pU4HOM OOMOTKHM TpaHchopMaropa. DTOT TOK CO3/1aeT Ha PE3UCTOpE Ha-
rpy3ku Ry magenue nanpspkenust Ug, (puc. 8.3, 1), HOISPHOCTH KOTOPOTO
yKa3zaHa Ha puc. 8.3, a, a aMIUIMTy/la paBHA aMIUIUTye HanpsokeHus Uy,
T.€. Uom. B Teuenue storo nonynepuona nuoj VD2 3akpbIT HAPSIAKEHUEM,
JNEUCTBYIOIMM MEXIy BbIBOoJamu | u 3, a, cienoBaTEIbHO, €r0 MAaKCH-
MajbHOE HarpspkeHue paBHO 2U,y (puc. 8.3, e). Ha nuoxe VDI, mpoBso-
JSIIEM TOK B TEUEHHME BCETO MOJIYNEepHoaa, oOpazyeTcs HEOObIIoe mpsi-
MO¢€ najicHue HanpsikeHus Upp.

a s VD1
) 1C+( ) =
~ Ué —_— I
vp1 H ‘\
20— +
~ Ut — VD2, [|RH Ui
- t—PHvo2 I/
||

r) oz} .|_4_¢_.|_]:]2-"‘:

o) Ur
I

e) Uw1
Uwp?2

Puc. 8.3 Cxema u nuarpammbl pabOThI BHITPSIMUTES

B cnenyrommit momynepuon auon VD2 HaumHAET NMPOBOAUTH TOK
lvo2 (puc. 8.3, T) mo nemw (puc. 8.3, a): BeBoA 3, nuoa VD2, pesuctop Ry,
BbIBOJ 2. [Ipn 3TOM Ha Harpy3Ke MOSIBISETCA CUHYCOWAAIbHBIA UMITYJIBC
HaMpsKEHUST TOW K€ TMOJIPHOCTH, YTO U B MEPBBIN Mojiynepuoa. B tede-
HUE 3TOTO noJiynepuoaa auoa VD1 3akpsbit.

Takum o0Opa3om, AMOJBI MOOYEPEIHO KAXKIbIA B TEUECHHE (CBOETO
MOJTYTIEpHO/JIa TIPOBOJSAT TOK B OOINYI0 Harpy3ky. Yactora mysbcaiuii Bbl-
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XOJTHOTO HAaIpSHKEHUS IBYXIIOJTYNEPUOAHON CXEMBI paBHa YABOECHHOW Yac-
TOTE CETH, TaK KaK 3a MEePUOJ HAIPSKEHUSI CETH TOK B HArpy3Ke W Hamps-
KEHWE Ha HEW JBaXKAbl AOCTUTAOT MakcUMyMa. J[ByXMHOJIyIEpUOIHYIO
CXEMY MPUMEHSIOT B CHJIBHOTOYHBIX HU3KOBOJIbTHBIX BBIIPAMUTENSAX. DTO
OOBSACHSIETCS TEM, YTO B LIEMHU TOKA HArpPYy3KU B JIFOOOK MOMEHT BBINIPSMHU-
TEJIBHOTO MPOLIECCA HAXOAUTCS TOJIBKO OAUH AUO/I.

[lynbcanuu BBIIPSAMIIEHHOTO HANpsDKEHUsT OLEHUBAIOT KO3 UIu-
CHTOM MyJbcalii Ky, SIBISIOIIUMCS OTHOIICHWEM aMIUTHTYABI TEPBON
rapMOHUKH Uy K CpeiHEMY 3HAUEHUIO HAIPsLKEHUs Ha HArpy3Ke Ugy op:

kH - Ulm / URHac- (81)

Koaddumuent mynbcanuii IBYXIOIYIEPUOTHON CXEMbI BBITIPSIMIIC-
HUs Oe3 criaxkuBaromero ¢uibrpa Ky = 0,67. CriiaxuBarommid QUIbTp
yMmeHbImaet K. DTo ero cBOWCTBO OmeHUBaeTCsl KOA((GUITUESHTOM CTIIaXKH-
BaHUS K., KOTOpBIA SBISETCS OTHOMICHHEM KOX(PQUIIUCHTOB IyJIbCAIUNA
Ha BXoJe Ky px ¥ BeIx02e Kp ppix prbTpa:

Kern = Kgx / Knispix. (8.2)

[IpocTeitmmmM criaxuBarmuM (QUIBTPOM SBISIETCS €MKOCTHBIN, CO-
CTOSIIIMKA W3 KOHJAEHCATOpa, MOJKIIOYEHHOIO IMAapaulesIbHO Harpyske Ry.
3apspkasch BO BpeMs, KOTJla HampsDKeHHE Ha Bxojae (uiabTpa OJIM3KO K
MaKCUMaJIbHOMY, KOHJAEHCATOpP OTJAAET 3allaCEHHYIO 3HEPIUI0 B HATPY3KY
Py YMEHBIIEHUH BXOJHOr0 HampsbkeHus. B cxeme, kotopas Oblia moka-
3aHa Ha pucC. 8.2, CTIAXKUBAIOIMIUM MOXKET ObITh, HAIlPUMEpP, KOHJEHCATOP
Cl. KoadduuueHt criaxxuBaHusi eMKOCTHOTO (PUIbTpa TEM BbILIE, YEM
0oJbllle eMKOCTh KOHAeHcaTtopa. [IpaBaa, mpu 3TOM yKOpauuMBarOTCs UM-
IyJIbCBl TOKA IMOJ3apsAa KOHAEHCATopa, a, CIEA0BATENIbHO, pacTeT U aM-
IUTUTY/1a, YTO YCJIOXHSET paOOTy BBIIPSIMUTEIBHBIX AMOJI0B. EMKOCTHBIE
GUABTPHI MHUPOKO MPUMEHSIOT B MCTOYHUKAX MUTAHUS PATUOIICKTPOH-
HBIX YCTPOWCTB, TaK KaK OHH MPOCTHI U HEJJOPOTH.

Hamuoro s¢dextuBHee criaxuparomuil (QuibTp, COCTOSIUNA U3
nByx 3BeHbeB: eMKOcTHOro Cl m RC-3BeHa u3 anemenroB R1 n C2. Ha-
npsbkeHue Ha konjaeHcarope Cl moaHMMaeTcss MOYTH A0 aMIUIUTYIbI
BXOJHOTO, IIPU 3TOM MPEIBAPUTENBHO CTIAXUBAIOTCS MyJibcauu. Jist ux
OKOHYATENIbHOTO CTJIaXUBAaHUS CIYXKUT BTOpoe 3BeHO. Takoit (uibtp
npocT B u3rotosieHuu u Henopor. Hemocrarkom RC-dunsTpoB sBisercs
HU3Ku# K. O0sraHo Ha pesuctope R1 tepsercs no 10% BeImpsMIIEHHOTO
HaMpPSOKEHUs, YTO JOMYCTUMO TOJIbKO B MaJOMOIIHBIX HUCTOYHUKAX IMHTa-
HUSIL.

Bueminsis, wiM Harpy3oudHasi, XapakTepUCTUKa MCTOUYHHMKA MUTAHUS
BBIPAXKAET 3aBUCHMOCTD BBIXOJIHOTO HAMPSKEHUSI OT TOKA HArpy3Kd U MO-
Ka3bIBAE€T, B KAKOW CTENEHH YMEHBIIAETCS BBIXOJHOE HAIPSKEHUE UCTOY-
HUKa NIPU YBEJIUYEHUU HATPY3KHU.
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IKkcn epumenmaiibnan 4acmos

1. Berueptuth Taba. 8.1 ms 3anmucu pe3yabTaToOB U3MEPEHUN M KO-
OpAMHATHBIE OCH JJISl M300pa)KEHUsI OCLIMIIJIOTPaMM, CHSTBIX B cxeme 0e3
¢unwTpa (puc. 8.4, a) u ¢ punbTpoM (puc. 8.4,6), a TakxKe JUIsl HOCTPOCHUS
HaArpy3049HON XapaKTEPUCTUKHU BRIIPSMUTENS (puc. 8.5).

Tabmura 8.1
R1,kOMm o0 1.6 1 0,51
Cl=C2, mx®|20(50/ 20 | 50 | 20 | 50 | 20 | 50

DJIEeMEHTBI CXEMBI

UCls B
ﬂUCLMB
ﬂUCQ,MB

I, MA
URH (URZ)a B
KHI[: (PBBIX/ PBX) ‘100%

a) U, s} U,
¢ (
Uvm v
Z ct
Uypz /
¢ UCZ
Yy p
t
Puc. 8.4
UH‘ Uymgx {R2=52)

65 1 L5 RZ,x0m

Puc. 8.5
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2. 3apucoBarh INEKTPUUECKYIO CXEMY HCCIIENYEMOTO BBINPSIMUTEIS
(cM. puc. 8.2) u cobparts ee.

3. V3MepuTh 3IEKTpUUECKHE MapaMETPbl CXEMbI BBIIPSIMUTEINS IS
npuBeaeHHbIX B Tab. 19 3nauenuit R1 u C1 = C2, paccuurars K u 3a-
HECTH Pe3yJIbTaThl BHIYUCICHUHN U U3MepeHuii B Ta0m. 8.1.

ITepemenHoe HampsiKEHHE MOABOMSIT K THe3maM |1 u 3 uccieayemon
CXEMBbI OT KpalHMX 3a;KkMMOB cTouHMKa nuTanus UII ctenaa, a k rHe3ny 2
— ot 3axuMa «O6ur.». [Tonoxxenne Tymbnepa UII 3naueHus: He umMeeT, HO
IIpU BBITIOJTHEHUU PA0OTHI €T0 HE CIIEYET U3MEHSTh, TaK KaK B 3TOM CIy-
yae Ha 15% HM3MEHUTCSA BXOJIHOE HAIIPSHKEHHE, YTO BHECET ITOTPEIIHOCTD B
U3MEPEHUSL.

B kauectBe uzmepurenss toka Harpy3ku PA(I) ucnonszyror ABM2
Ha nipenenax «50 MA» u «10 MA». [TocTosiHHBIE HANPSI)KEHUSI B CXEME U3-
MepsaroT ABMI1 na npeaenax «25 B» u «10 By».IlepemenHoe HanpsikeHHe
Ha BXOJI€ cXeMbl u3MepsaT VB cTeHna, nepeBods MepekiIodaresib B Mo-
noxenue «UIT ~ 25 By.

Ilynbcanuu B cxeMe U3MEpAT MUJLIMBOJIBTMETPOM MB creHna Ha
npenenax «5 By, «1 By, «500 MB» u «100 MBy, a ux ¢popmy Habmomaror ¢
MOMOIIBI0 ocHuuiorpada.

B koopnunaTHbIX ocsix (cM. puc. 8.4, a, 0) ciaeAyeT MOCTPOUTh HE
MEHEE JIBYX MOJIHBIX NEPUOAOB MYJIbCAIUN C YYETOM MOCTOSSHHOW COCTaB-
JIAIOLIEH.

Knpg BeImpssMHUTENS] BEIYUCISIOT KaK OTHOIIEHUWE MOIIHOCTH Ha Ha-
rpy3ke PBBIX = UR2I k MomniHoCTH Ha BXOJ€ CIJIa)KMBAIOIIETO (PriibTpa
PBX = UCII, BblpaxkeHHOE B IPOLICHTAX.

4. Berunciuth K03 PUIUEHTHI yJIbCAIUA U CTIIAKUBAHUS JIJIST MaK-
cumanbHOi Harpy3ku (R2 = 510 OM) U 1ByX HOMHHAJIOB KOHAEHCATOPOB
C1 u C2, nonw3ysce popmynamu (8.1) u (8.2) u nanubimMu tad. 8.1.

5. CHATH ¥ 3apucOBaTh B KOOPAMHATHBIX ocsiX (cM. puc. 8.4, a, 0)
OCIMJIOTPaMMBbl HAMPSHKEHUN B CXEME BBITTPSMUTENS.

6. [TocTpouTh B KOOPAMHATHBIX OCSX (pUC. 8.5) Harpy30UHYIO Xapak-
TEPUCTHUKY BBITIPSIMUTEIIS, TIOJIB3YSICh JaHHBIMU Ta0I. 8.1.

Konmponwsusie éonpocul

1. CKkoIBbKO THOJOB OJHOBPEMEHHO HAXOAUTCS B LIEMH TOKA UCCIIE-
JIOBAHHOT'O BBITIPSMUTEIIS?

2. Tlouemy HampspkeHHST Ha KpaHHX BBIBOAAaxX TpaHchopmaTopa
JOJDKHBI OBITH OJTMHAKOBBIMU?

3. KakoBa yacToTa myjabcanuid Ha BBIXOAE BBIPSIMUTENS ?

4. Kak BIUSIFOT KOHJEHCATOPHI (DUIIBTpa HA MyJIbCAIUN?

5. Ilouemy uccieayeMyro cXemMy MNPUMEHSIOT B CUJIbHOTOYHBIX BbI-
MPSMUTENSAX ?
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JJIABOPATOPHAA PABOTA Ne 9
HCCIEJOBAHUE MOCTOBOH CXEMbI BHIIIPIMJ/IEHUA

[ens pabotsl. UccnenoBanue oHO(a3HOM MOCTOBOM CXEMbI BBINIPSAMIIC-
HUS O craaxuBarmmM RC-puiabTpom.

Ilpuobopwvt u 060pyoosanue
1. Crena nnst mpoBeaeHus tadboparopubix padot IDL-600.
2. muoanr /1220 (KJ1103A)
3. pesuctop R1 =200 Owm;
4. xonaencaropsl Cl1 = C2 emkoctbio 20 u 50 MKkD;
5. pesuctop R2 conporusnenuem 510 Om, 1 kOwm, 1,6 kOm.

OcHoenvle meopemuyecKue noa0MNCeHUA
MocroBas cxeMa BBIIPAMIICHUS AACT TOYHO TAKOM K€ PE3yJbTar,
KaK JBYXIIOIyIIEpHOHAs, HO UMeeT OoJiee MpoCcTor TpaHchopmarop ¢ of-
HOM BTOpUYHON 0OOMOTKOM, pacCUMTaHHOUW Ha Hanpspkenue U,.
Cxema MOCTOBOI'O BBIIPSAMUTENS 0€3 PUIIbTpa U €€ BpeMEHHbIE Jua-
rpaMMBbl IOKa3aHbl Ha puc. 9.1, a-e.

a i d) U.
+
a) 10 O - ¢
7
+
~ s iRy Or, g Iy

=/

L
2 i
—+) | &) Ips FA— Al 1 — LA

8) Uy ALY e A At
9) Tu }
NN
G =
ML AL

Puc. 9.1 Cxema MOCTOBOIO BBIIPAMUTENA 0€3 PUiIbTpa U
€€ BpEMEHHbBIE IharpaMMbl

[Tycth B mepBbiit nonynepuon (puc. 9.1, a-B) HanpspkeHus: U, Ha BbI-
Bojic 1 BTOpHYHON OOMOTKH TpaHC(hOpMaTOpa AEHCTBYET MOJOKHUTEIHHOE
10 OTHOIIEHUIO K BHIBOAY 2 HAMpsHKEHUE U TOK |14 MPOXOAUT MO LENU: BbI-
Boa 1, nuon VDI, pesucrop Ry, nnox VD4, BeiBoa 2. Ilpu 3ToM Ha Ha-
rpy3ke Ry oOpasyercs manenue HampspkeHus Ugy, TOJISPHOCTH KOTOPOTO
yka3zaHa Ha puc. 9.1, a. ®opma HanpsixkeHus: Ur, — 3TO CIEAYIOIINUE OJUH
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3a APYTUM CHUHYCOUAaNbHbIe UMITYJbCHI (puc. 9.1, n). Juonsr VD2 u VD3
B TE€YEHHUE ITOTO MOJIYIIEPUOJa TOKA HE MPOBOJAT, TAK KaK 3aKPBITHI MO-
CTYHAIOIINM Ha HUX 4yepe3 OTKphIThie auoasl VDI m VD4 HanpspkeHuem
Uom (puc. 9.1, e). MakcumanbHoe 00paTHOE HANPSKEHHUE 3aKPBITHIX JTHO-
JIOB paBHO amIuntyae HanpsbkeHus: U, Ha 0OMOTKe TpaHchopmaTopa, T.
€. BJBO€ MEHBIIIE, YEM B JIBYXITOIYTIEPUOIHONU CXEME.

B cnenyromuit nonynepuos, KOrjaa 3HaKd HAIpsKEHUsS HAa BTOPUY-
HOM OOMOTKe TpaHc(hOpMaTopa M3MEHSAIOTCS Ha MPOTHUBOMOJIONKHBIE (HA
puc. 9.1, a oHU JaHBI B CKOOKax), TOK |3 (puc.9.1, r) Oyaer mpoxXoauTh Mo
nenu (puc.9.1, a): BeiBox 2, nuon VD2, pesuctop Ry, nuox VD3, BeiBox 1.

JIOCTOMHCTBO MOCTOBOM CXEMBI 110 CPABHEHHUIO C JIBYXIIOJIYyIEPUOI-
HOM COCTOUT B TOM, YTO OBl MOTYT OBITb PACCUMTAaHbI HAa BJIBO€ MEHb-
mee oOpaTHoe HampsbkeHue. OIHAKO B LENH MPAMOro TOKa B K000 Mo-
MEHT BBIIPSIMUTEIBHOTO TIPOLIECCa HAXOAATCS JiBa IOCIEA0BATENbHO
BKJIFOUCHHBIX JMOJA, YTO CHIXKAET YIKOHOMHYHOCTh CXEMbI M3-3a TMaJICHUS
HaIPSDKEHUST HA HUX MPU MIPOXOXKJICHUH MPSIMOTO TOKa. B BBITIPAMUTENSX,
BBITIPSAMIICHHOE HANPSHKEHUE KOTOPBIX 3HAYUTENBHO BBIIIE MPSMOTO Maje-
HUS HANpsDKEHUs Ha IMOJIaX, 3TOT HEJIOCTATOK He3ameTeH. B tex ke ciy-
Yasix, KOrjla BBIIPSMIICHHOE HAMPSKEHUE COU3MEPUMO C MPSMbBIM I1aJICHU-
€M HaIpsHKEHUS, TPUMEHSIOT IBYXIOJIYIIEPUOIHYIO CXEMY.

B MocToBOM cxeme, KaKk U B JABYXIIOJYIEPUOIHOM, YaCTOTa MyJbCa-
LU paBHA YJIBOEHHOU 4aCTOTE CETH.

IKcn epumenmaibHasn 4acmaos

Vi1 PA ,
1 x1 X3 R1 N\ 3
N O= ¢ IH *—O
+ +
Vo3 (0 = []RZ

2 I%M
~O & & &
X2 . X4 l

Puc 9.2 Onnodaznast MocTOBasi cxeMa BBITPSIMIICHUSI CO CTJIaKHMBAIOIIUM
RC-dpunsTpom

Brrueptutsh Tabnuily, ananoruynyto tadi. 8.1 B padote Ne 8, a Takxke
KOOpIUHATHBIC OCH (CM. puc. 8.4, a, 0) JJIs1 MOCTPOEHUST BPEMEHHBIX JTHa-
rpamm.

2. 3apucoBaTh IEKTPUUYECKYIO CXEMY HCCIIETYyEMOTO BBIPSIMUTEIS
(cm. puc. 9.2) u coOpats ee.
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[lepemenHoe HampsKeHHWE TOABOAAT K THe3Ay | mcciemyeMoin cxe-
MBI OT OJTHOTO M3 KpalHMX 3aXMMOB HcTouHuKa nutanus UII crenma, a k
rae3ny 2 — ot 3axuma «O0mr.».

3. Bemonnuts 1. 3-6 3aganus k padore Ne 8.

Konmponwsnsie éonpocut

1. CkoJIbKO MOCIIETOBATENIBHO BKIOYEHHBIX THOJIOB UMEETCS B 1IENMHU
TOKa Harpy3Kd IMPU MOCTOBOU CXEME BBITIPSMIICHUS ?

2. Kakum 10/mKHO OBITH MAaKCHUMaJIBHO JOMYyCTUMOE OOpaTHOE Ha-
NIPSDKEHHE TH0JIa B MOCTOBOM cxeme?

3. Kak BIusIOT KOHJEHCATOPHI (PUIbTpPa U COMPOTUBIICHUE HATPY3KHU
Ha AMIUTATYly ITyJIbCallyii?

4. Kako#t Oyner ocuwiorpaMMa HampspKEHHS Ha Harpyske, €Ciu
OJIMH U3 JUOJOB OTKIIIOYEH?

5. Korzia npuMeHsIFoT MOCTOBYIO CXEMY BBITPSIMIICHHUS ?
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JABOPATOPHAA PABOTA Ne 10
HCUIE/IOBAHUE TAPAMETPUHYECKOI'O
CTABUH/IU3ATOPA HAIIPAIKEHHUA

[lens paGotel. M3yyeHne npuHIUNa JEHCTBUSL MapaMETPUUECKOTO CTaOu-
JaU3aTtopa HanpspKEHUs, €ro UCCIEI0OBaHUE MPH U3MEHEHHH BXOJHOIO Ha-
NpsDKEHUS. U Harpy3Ku, pacuer ko3 duireHTa crabuin3aiui U BbIXOJHO-
IO CONPOTUBIICHHUS

Ilpuobopwvt u 060pyoosanue

1. Crena nnst mpoBeaeHus tadboparopubix padot IDL-600.

2. Ilpu BoInoHEHUU padOThI UCONB3YIOT: R1 =510 OM; R2 =510 Owm; 1
kOM; 1,6 kOm; C1 = C2 = 50 Mx®; nuoasr /1220 (KJI103A); VD5 — cra-
ownutpon J814A.

3. IlepemenHoe HampspkeHHE € 3aKUMOB «~15 B» u «O0u1.» ucTOuHMKA
nutanus NI ctena nmogaroT Ha THE3/1a/M 2 UCCIIEAYEeMOro cTabuanu3aTopa.
Tymb6nep UII ycranaBnuBaroT B osioxkeHue «15 By; ero nepexitodyeHue B
nonoxenne «15 B +15%» yBennuuBaer BeixogHoe Hampspkenue UIT no
17,25 B.

4. Tok Harpy3ku Iy usmepsitor ABM2 Ha npenenax «50 MA», «10 MA», a
HanpsokeHnss — ABM1 Ha npenenax «25 B» u «10 By.

OcHogHble meopemuuecKue nojlio)Hcenun

JIJist muTaHusi paguodJIeKTPOHHON anmapaTrypsl OOBIYHO UCTIOIB3YIOT
CTaOMIIM3UPOBAaHHBIE MCTOYHUKU. OCOOCHHO MIMPOKO WX MPUMEHSIOT B
anmapatype Ha TpaH3UCTOpax M MUKpocxemax. MmeanbHbIN cTabuinuzaTop
JOJDKEH o0ecreunBaTh aOCONMIOTHOE MOCTOSIHCTBO BBIXOJIHOTO HAaIpsiKe-
HUs. B peasibHOM cTaOMIM3aTOpE BBIXOAHOE HAIPSIKEHHUE BCE KE 3aBUCUT
oT BXOJHOT0. CTaOMJILHOCTh BBIXOJHOTO HAMNPSIKEHUSI OLIEHUBAIOT KOA (-
(GUIIMEHTOM CTaOUITHU3AIUU:

Kcr = AUpx Ugpix /(AUgrix Upx), (10.1)

rae AUgx — u3meHeHue BxoaHoro HanpsikeHus; AUgpx — U3MeHe-
HUE€ BBIXOJHOTO HAMPSHKEHUSI, BBI3BAHHOE U3MEHEHUEM BXOJIHOTO.

Ctabunu3atopsl OJHOBPEMEHHO CO CTaOWIM3aIMed CrIaKUBaIOT
MyJbCAllUM BBIMPSMIICHHOTO HAMNpPsDKEHUS, T.€. SBISIIOTCS AKTUBHBIMU
bunsTpamu.

B mnapamerpuueckux crTaOuiau3aTopax HaMpsHKEHUS MCIOJIB3YETCS
Majias 3aBUCUMOCTb HaNpsKEHUS Ha CTAOMJIM TPOHE OT MPOXOJIAIIETO Ye-
pe3 Hero Toka (cM. BAX craduimutpona — puc. 2.1).
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Puc. 10.1

Bxoanoe nampsixenue Ugx (puc. 10.1) pacmpenensieTcss Mexy or-
PaHWYMBAIOIMM PE3UCTOPOM R, ¥ MapamiesbHO BKIIOYEHHBIMU CTaOH-
amutpoHoM VD u pesuctopom Harpysku Ry. M3MeHeHne BXOQHOIro Hamps-
YKEHUSI COMTPOBOXKIACTCA U3MEHEHHEM BXOJHOTO ToKa lgx. [Ipu 3TOM n3me-
HAIOTCSl HANPSDKCHHA HA OrpaHm4uBaroiieM pe3ucrope Urep U HE3HAYU-
TEJIbHO HAa CTAOUIIMTPOHE M HArpy3Ke, MOCKOJbKY padounii yuactok BAX
CTAOMJIUTPOHA BCE K€ MMEET HEKOTOPHIM HAKJIOH MO OTHOIICHHIO K OCH
lo6p- 1Ipy M3MEHEHNH HArpy3KH IPOUCXOIUT IIEPEPACIPEACICHUE TOKOB ot
U lg Mexay cTaOMIUTPOHOM M HArpy3Ko, a oOmuii Tok lgx octaercs He-
VU3MEHHBIM.

CtraObuuTpoH paboTaeT HOPMAJIBHO, €CJIM MPU MOJHOM U3MEHEHUU
BXOJIHOTO HAIPSDKEHUS U Harpy3Ku TOK 4epe3 CTaOMWIUTPOH lcr ocTaHeTcs
B nipeaenax ler mintler max, KOTOPBIMH OTpaHUYMBAETCST pabOUYUil yuyacTOK
BAX.

[TapaMeTpuyeckuii cTaOUIM3ATOP MO3BOJIACT MONYyUuTh Ker — 20 +
30. Bosapmuii Ker MOXKHO MOJTyYHTh, BKJIFOUMB OCICIOBATEIILHO JIBA CTa-
ownuzaTopa (MpU TaKOM BKIIFOYEHHH BTOPOM HU3KOBOJIBTHBIN CTaOWIM3a-
TOp OyJeT MUTaThbCS TPEIABAPUTEIIHHO CTAOWUIU3HPOBAHHBIM BBIXOIHBIM
HaIPsHKEHUEM TEPBOT0 BBICOKOBOJIBTHOTO). OJHAKO MPU 3TOM UYPE3BHI-
4allHO HUBOK KIIJ CXeMbI (HECKOJBKO MPOIICHTOB).

KopoTkoe 3aMblkaHuE Ha BBIXOJ/I€ CTAOMIIN3aTOPA HE BBIBOJUT €T0 U3
CTpOs, a JIMIIb YBEJIMYUBACT MOIIHOCTb, PACCEUBAEMYIO Ha Pe3UCTOpE Ry

I:’Rorpmax (UBX +ﬂ-UBX)2/ Rorp (102)

OTkiroueHue Harpy3kH (XOJOCTOM XOJI Ha BBIXOJI€) NEPEBOAUT CTa-
OMITM3UPYIONIMI AJIEMEHT B HanboJiee TSKENbIA PEeKUM, TaK Kak 4epe3 He-
ro MpPOTEKAEeT BECh BXOAHOUW TOK lpyx, a HampspKEHUE OCTAETCS MPEHKHUM.
MakcumanbHy10 MOIIIHOCTh CTA0OMIUTPOHA PACCUUTHIBAIOT 1O (GopMyJie

PCTmaX = UCT (UBX + ﬂUBX- UCT) / Rorp- (103)

BaxxapIM mapaMeTpom cTabmiIm3aTopa SBISIETCS €r0 BBIXOIHOE CO-
MPOTUBJICHHE

Ry = AU, / Al (10.4)
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rae AUg, — W3MEHEHHUE HamnpsHKEHUs Ha Harpyske, BhI3BaHHOE W3-
MEHEHHEM ee ToKa Al,,.

BrixogHoe compoTHBIIEHHE MO3BOISET OIEHUTh HArpy30YHYHO CITO-
COOHOCTh CcTaOMIM3aTOpa: YeM OHO MEHBINIE, TEM MEHBIIIE BBIXOJHOE Ha-
MPSDKEHHUE 3aBUCUT OT Harpy3KH.

Jlns pacuera ko3dduiieHTa CTAOUIU3AIMU HCCIEAYEMON CXEMBI
MOJKHO MIPUMEHUTH popMyiy, creayronryro u3 opmysst (10.1):

kCT = ﬂUBXURH cp/ (ﬂ'URH"UBX cp)’ (105)

rae Ug op B Ugy op — CpeaHHE BXOIHOE M BBIXOJHOE HAIPSKCHUS;
AUg,"' — HU3MEHEHME BBIXOJHOTO HAIpPSHKEHUS, BbI3BAHHOEC M3MEHEHUEM
BxoaHOro AU,,.

IKcn epumernmaibHasd 4acmao

Puc. 10.2

1.  Boiueptuts Tabn. 10.1 nns 3amucu HanpsoKEHUW W TOKOB B
Pa3IMYHBIX TOYKAX CXEMBbI CTA0MIN3aToOpa, a TaKKe KOOPJIWHATHBIE OCHU
(puc. 10.3) nnst mOCTpOEHUs 3aBUCMMOCTH MOIIHOCTHU, BBIACNSIONIEHCS Ha
CTAOMIUTPOHE, OT CONMPOTHUBIICHUS] HATPY3KHU JJISl ABYX 3HAUYCHHUU BXOJHO-
ro Hanpspkenusi: U; = 15 B u U, = 17,25 B (macmtad o ocsam: Per — k 1
cM 50 MBT; R2— 38 1 cm 0,25 kOm).

Tabauna 10.1

Hanpsixkenue cetu U, =15B U,=17,25B

R2(Ry),kOm 0,51 1 16 |« 051]| 1 1.6 oo
IH, MA

Urz (Ury), B
ﬂxURz, MB

Uct, B

AUcy, Uey - U2, B
IBX= UR1/ Rl, MA
lor = lIgx— gy, MA
Pcer= lcrUro,MBT
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Pcm,HBm

250
200
150
100
50

g5 1 hs 2 RZ Kx0M
Puc. 10.3

2. 3apucoBaTh IEKTPUUECKYIO CXEMY MapaMEeTPUUYECKOro CTaOMIH-
3atopa HanpspbkeHus (cMm. puc. 10.2) u codpats ee.

3. M3meputh Tok Harpy3ku ly u Hampspkenue Ug, (Ur,) Ha Held, a
TaKXe HaNpsHKEHUE MmyJibcaluil Ha Harpy3ke Ugp, HaNpshDKEHHE HA MEPBOM
KoHjieHcaTope ¢unbTpa Uc; 1 HanpsiKeHHUe MyJibcalluid Ha TOM KOHJIEHCa-
tope AUc;. Pe3ynbTaThl u3mepenuit 3anectu B Tadi. 10.1.

4. Boruucnuth HanpsikeHue Ug; Ha OrpaHUYMBAIOINIEM PE3UCTOPE (Ha
puc. 10.1 — 310 pesucrop R,rp), BxogHOH! TOK Igx crabunuzatopa, TOK lcr
yepe3 CTaOWIMTPOH U pacCeMBaeMyr0 Ha HEM MOIIHOCTh Pcr. PesynbTaTh
BbIYHCIICHMI 3aHecTy B Ta0a. 10.1.

5. IlocTpouTth rpaduKy 3aBUCUMOCTH MOIITHOCTH, PacCEHMBAeMON Ha
CTaOMIIUTPOHE, OT CONMPOTHUBJICHUS HATPY3KH I ABYX 3HAUCHUH Hampsi-
YKEHUSI CETH.

6. Paccuntarh MakCUMaJIbHYIO MOIIHOCTb, PACCEMBAEMYIO Ha Orpa-
HUYHMBaloIIEeM pe3uctope R1 mpu KOpOoTKOM 3aMbIKaHUU Ha BBIXOJIE CTaOu-
JU3aTopa U MakKCUMaJIbHOM Hanpspkenuu cetu (17,25 B), nmons3ysick dhop-
myaoi (10.2), B kotopou Ry, = R1.

7. PaccunTaTh MaKCUMAaJIbHYIO MOIIIHOCTh, PACCEMBAEMYIO Ha CTaOU-
JUTPOHE TIPU XOJOCTOM XOJIe Ha BBIXOJIe cTabmin3aTopa (IpU OTKIFOYCH-
HOM pe3ucTope Harpy3ku R2) m makcumanbHOM HampsbkeHuu cetu (17,25
B), noaw3ysicek hopmyoii (10.3).

8. I3aMepuTh OCHOBHBIE COCTABJISIFOIINE HECTAOUIIBHOCTH BBIXOHOTO
Hanpsbkenus AUg,' m AUg," (Ha puc. 10.1 pesucrop R2 obGo3nauen Rpy).
BbIunCIUTh BBIXOJHOE COMPOTUBJICHUE W KOIPDUIIMEHT cTaOuIu3anuu
CXeMbl, ucrionb3ys ¢popmyisl (10.4) u (10.5).

4. JIns u3mMepeHust HeCTaOMIbHOCTH BBIXOJIHOTO HAMPSHKEHUS CIEAY-
eT cobpath BcroMorarenbHyto cxemy (puc. 10.4). B kadectBe nusmepurens
dUcr ucnonb3yror ABO (cHauana Ha mpenene «5 By, a 3atem mo mepe
KOMIIEHCAIIMKM BBIXOJIHOTO HAIPSKEHUS] TPUOOP MEepeKIrouaroT Ha Bce 00-
Jee uyyBCcTBUTEIbHBIC Npenenbl: «1 By, «0,5 By», «0,1 By), YcranaBnuBaroT
pesuctop R2 = 510 Om u nepeBoasat tym6nep MII B nmonoxenue «15 By.
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Tak Kak 3TOT PCKHUM COOTBETCTBYCT MaKCHUMaJIbHOU Harpy3kKe cTabmIm3a-
TOpa IpU MUHUMAJIBHOM BXOJHOM HAIIPAKCHHUH, HA BBIXOAC CXCMbI 6yz[eT
MUHUMAJIbBHOC HAIIPAKCHUC.

. A 3 . Py

7N 05 f] k2 2|6

Puc. 10.4

3ateM, u3MeHss Hanpsbkenne ['H2, KoMIneHCHpyrOT BBIXOAHOE Ha-
npsbkeHue cradunuzaropa (ABO mpu 3ToM 10KEH OKa3bIBaTh HOJb, TaK
KaK BBIXOJIHbIC HampsikeHus: crabunmsaropa u ['H2 ogmnakoBsl). OTKITIO-
qaroT pe3ucTop R2 (X010CTOM X0/ Ha BBIXOJIE), YTO COMPOBOXKIAECTCS YBE-
JMYEHUEM TOKa CTaOUJIUTPOHA U BBIXOAHOTO HanpsbkeHus. [Ipu atom ABO
u3Mmeput Hanpspkenue AUg,', KOTOpoe Takke HEOOXOJAMMO CKOMIIEHCHUPO-
Bath. Jlanee mepexmtouaroT Tymosiep UII B monoxenne «15B + 15%» u
u3MepsitoT HanpsikeHue AUg,,'".

5. BeIxogHO€ COMpPOTUBIEHHE CTAOWUIU3AaTOpPa PACCUUTHIBAIOT 10
dopmyne (10.4), tne Aly — mpupanieHue Toka Harpy3ku, COOTBETCTBYIO-
miee ycnopusMm m3mepenus AUg,' (Aly paBen Toky Harpysku npu R2=510
OM, Tak KaK MUHUMAaJIbHbIA TOK Harpy3Ku rnpu R2 = 00 paBeH HyI10).

6. Koapduiuent cradbunuzanuu paccuuthiBaioT mo Gopmyite (10.5),
COCTABJISIFOLIME KOTOPOW BBIYUCIISIIOT CIEAYIOIIHUM 00pa3oM:

AUgx = Uc" - Ug)'
rae Uci" u U, — Hanpsbkenust Ha koHaeHcatope Cl npu HanpsixkeHuu 15
u 17,25 B Ha BX0/i€ BBIIPSIMUTEIIS;
Uncep= (Ucr” + Uct1 )2 ;U ep = Urimint U2,
r71e Urymin — HampsbKEHUE Ha BBIXOJIE CTAOMIN3aTOpa MPU HAMPSHKEHUN Ha
Bxoze Boinpsamutens 15 Bu R2 =510 Owm.

KOHmPOJleble e6onpocol

1. [Toyemy mysbcalvy HANpsHKEHUS HA CTAOUITUTPOHE HEBEIUKHU?

2. IToueMy KOpOTKOE€ 3aMbIKaHHE Ha BBIXOJIC€ HE BBIBOJAMT IapameT-
PUYECKHI CTaOMIM3aTOP U3 CTPOS?

3. [Touemy K mapaMeTpUUYECKOro CTabUIN3aTOpa HEBBICOK?

4. Korjia mpuMeHsI0T NapaMeTpuiecKre cTabuin3aTopbl?

5. Kak uzmensiercs pexxum paboThl CTAOUIUTPOHA MPHU Neperpyske?
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JABOPATOPHAA PABOTA Ne 11
HCUIE/IOBAHUE KOMIIEHCALTHOHHOI O
CTABUH/IU3ATOPA HAIIPAIKEHHUA

[lens paboThl. U3ydueHue nmpuHLIMNA ASUCTBUS KOMIIEHCAIIUOHHOTO CTaOu-
JM3aTopa HANPSOKEHUS U €ro UCCIEe0BaHNE NPYU U3MEHEHUH BXOJIHOIO Ha-
NpsDKEHUS. U Harpy3Ku; pacuer Kodd@uuueHTa ctabuin3aiuy U BEIXOIHO-
IO CONPOTUBIICHHUS

Ilpuobopwvt u 060pyoosanue

1. Crenn mist mpoBeneHus naboparopusix padot IDL-600.

2. Ilpu BeIMoOaHEHNM padOThl UcToNb3yOT: R1 = 1,6 kOM; R2 = 7.5 kOwm;
R3 =200 Om; R4 = 2,2 kOM (nepemennsiit); R5= 1 kOm; R6=510 Owm, 1
kOwm; 1,6 kOMm; C1 — 50 Mx®; C2 = 20 mx®; VD1 — VD4 — nuonmr
11220 (KA103A); VT1 u VT2 — tpansuctropsl KT361A; VD5 — crabu-
muTpoH JI814A.

3. Tok Harpy3ku |y usmepsitor ABM?2 (Ha npenenax uzmepenus «50 MA» u
«10 MA»), Hanipsixkennie — ABM1 (Ha npegenax «25 B» u «10 By), nynb-
Cally HaNPSKEHUSI — MUUIMBOJIBTMETpOM MB (nelicTBytolliee 3Ha4YECHUE)
U ocimuiorpagoM (M3MEpSAIOT aMIUIUTYIHOE 3HA4Y€HHE W HaOIIoJaroT
dbopmy nynbcanui, UX 4acToTy).

OcHogeHbie meopemuuecKkue no10IHCeHUus
3HAYUTENBHO JIYUIIMMU apaMeTpamMu 00J1aJaeT KOMIIEHCAIIMOHHBIHI
CTaOMIIN3aTOp HAMPSDKEHHS: er0 KOA(DPHUIIMEHT CTaOUIU3aMi MOKET JTOC-
TUTaTh COTEH U Jaxke Thicsiu equHul. Haunbonee pacmpocTpaHeH KOMIIEH-
CAllMOHHBIN CTaOUIN3aTOp HANPSIKEHUS, PETYIUPYIOMUNA 3JIEMEHT KOTO-
pOro BKITIOUCH MOCIIEA0BATEbHO Harpy3ke (puc. 11.1).

Ukavrs
m\

Puc. 11.1
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Ha Bxon cxembl mogaercsi OTGUIBTPOBAHHOE HECTAOMIIU3UPOBAHHOE
HanpsbkeHrue Upgy (€ro npeaenbHble OTKJIOHEHUS OT CPEIHEr0 3HAYEHUS
+AU), KOTOpoe pacupeAcssieTcss MEXIY PEryIupyrIUM TPaH3UCTOPOM
VTI u conpotuBienuem Harpy3ku R4, 1. e.

Ugx = Uksvri + Usgix (11.1)

[IpuHMn AeicTBUs cTabWIM3aTopa COCTOUT B clienyromiem. Eciu
yBenMuuTCS Upyx, TO aBTOMAaTHYECKH IMOYTH HA CTOJIBKO K€ YBEIUYUTCS
Ukovti, @ Upprx — He3HauuTenbHO. [Ipu ymensinenun Ugyx yMEHbIIIaeTCs
Ukovri @ Upprx — HE3HAYHUTEIBHO.

Yceunurenb curHana paccoriiacoBaHUsl BBINOJHEH HA TPAH3UCTOPE
VT2, Ha SMUTTEpHBIA HEPEX0] KOTOPOro IMOCTYIMAET JBAa HANPSHKEHUS:
onopHoe Uopp, BbIpabaThiBaeMoOe MapaMETPUUYECKUM CTaOMIU3aTOPOM Ha
cradbunutpone VD,

u HanpsikeHue ®Ugppx, MPOMOPIHMOHAIBHOE BBIXOJHOMY HAIMPSIKEHUIO
(¢ —K03pbUIUEHT AeICHUS ACINUTENS, BBIIOIHECHHOIO HA IMOTCHIIMOMET-
pe R3). Curnan paccoriacoBaHusi CKJIaJbIBAETCS U3 3TUX JBYX Hampsike-
HUM:

Up = Uksvre = XUppix — Uom, (11.2)

YCWJIMBAETCA W TOCTyMHaeT Ha 0a3y peryjJupyrolliero TpaH3ucTopa
VTI, noreHumnan smMuUTTEpPA KOTOPOIO PABEH BBIXOJHOMY HAIPSKECHUIO
Uppix cTabmimszatopa. HampsbkeHne B SMUTTEPHOM LENU TpaH3HCTOpa
CKJIQIBIBAETCS U3 ABYX HAMPSKCHUMU:

Ukovri = Ukvr2 — Ugpix. (11.3)

YBenuueHne BXOJHOIO HANPSIKEHUS COMPOBOXKIAACTCS YBEIUUYCHUEM
BBIXOJIHOTO, a, clieioBaTenbHOo, HanpsikeHust K Ugyx. [Ipu 3TOM Hampsixe-
Hue Ugsyry M TOK KoJulekTopa TpaHzuctopa VT2 yBennuuBarorcs, a Ha-
npspkeHnst Uxyt, 1 Ugsyr B cooTBeTcTBUM ¢ hopmynon (11.3) ymeHsbImna-
oTcsi. OZHOBPEMEHHO YMEHBIIAETCA KOJUIEKTOPHBIA TOK TpaH3UCTOpA
VTI1, 4TO paBHOLEHHO YBEJIUYECHUIO COINPOTUBJICHUS €ro MPOMEKYTKA
KOJUIEKTOP — AOMUTTEP M, cieaoBaTenbHO, HampsikeHus Ugoyri. Takum
o0pa3om, MouTu Bce npupaiienre HanpsikeHus Ugyx NPUXOIUTCS HA pery-
mupyrommii Tpanucrop VT1, a nanpsbkenne Ugppx B COOTBETCTBUHU C
dbopmynoii (20) ocTaeTcs HeM3MEHHBIM. BhIX0o1HOE HANpsHKEHWE CTaOWITH-
3aTOpa BCE K€ U3MEHSETCS, TAK KaK I MOAACPKAHUS HOBOT'O BJICKTpUYe-
CKOro coctosiHus TpaHzuctopa VI1 HeoOXoauM HEKOTOPHIA CUTHAN pac-
COTJIaCOBAHUS, TEM MEHBIIHMI, YeM BBIIIe KOADPHUITUEHT YCUTICHUS YCHITH-
TeJIsl CUTHaJIa pacCoTJIaCOBaHMSI.

YMeHbIlI€HHE BXOJIHOTO HAIpSHKEHUSI CXeMa KOMIIEHCUPYET YMEHb-
IEHUEM COIMPOTUBIICHUS MTPOMEKYTKA KOJUIEKTOP — AMUTTEP TPAH3UCTO-
pa VT1, HanpsbkeHre Ha KOTOPOM YMEHBIIIAETCS, @ BBIXOAHOE HAPSKEHUE
cTabmin3aTopa M3MEHSETCS HE3HAYMTEIbHO. AHAIOTHYHO CTaOWIN3aTOP
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pearupyer Ha IMyJbCallid BXOJHOTO HaIPSKEHUs, 3HAUUTEIbHO OCIa0Isis
UX Ha BBIXOJIE.

[Ipu u3MeHeHnH MOJIOKEHUS ABUKKA oTeHImomMeTpa R3 uzmenser-
csi BbIXxoHOe HanpspkeHne Ugpx cTabmnmzaTopa. ITO MPOUCXOIAUT MOTO-
My, YTO B CXEME€ aBTOMATHYECKU MOJJICPKUBACTCI COOTHOLICHUE MEXKIY
HaIpsUKEHUSIMHA B DMUTTEPHOM LMK TpaH3ucTopa V12 B COOTBETCTBHH C
dopmynoii (21). U3 stoir dopmynbr caenyet, 4to Uppx ~Uon/. Ecim
JBHXKOK MOTEHIMOMETpa R3 cMeCTUTh K BEpXHEMYIIO CXEME BBIBOAY (a =
1), TO BRIXOAHOE HANPSKEHUE CTa0UIU3aTopa MPUOIU3UTCS K OOPHOMY.

IIpu ymeHblmieHUH © (CMEIIEHUE ABWIXKKAa MoTeHuuomerpa R3 k
HUKHEMY BBIBOJY) BBIXOJHOE HAMPSKEHHUE YBEIUYMBACTCA U COOTBETCT-
BEHHO yMeHblaercs HanpsbkeHue Ugsyri moka Ttpansuctop VT1 He me-
peiner B HackimeHue. Torna Ugpx = Upx —UkovTina™ Upx. B 3ToM pe-
xuMme Tpansuctop VT1 nepecraer ynpaBisiThCs, a CTaOUIN3aTOP — CTa0u-
JIU3UpOBaTh HanpskeHue. OObBIYHO HANpPsHKEHHE Ha MPOMEKYTKE KOJUICK-
TOp — 3mutTep Tpan3uctopa VT1 cocrasusier He menee 3—5 B npu mak-
CUMaJIbHOM HaNpPsKEHUH Ha BBIXOJIE CXEMbl. Takoe e MUHUMAaJbHOE Ha-
npsokeHue Uyoyt He0OX0AMMO IS CTIIaKUBAHUS TyJIbCAIUH.

IKcn epumenmaibHasn 4acmaos

Puc 11.2

. A 3 . Py

ViNZA] f] k2 2|6

Puc. 11.3
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1. Bereptuts Tabn. 11.1 ang 3anmucu 3JIEKTPUUECKUX PEKUMOB
CXEMBbI CTa0MIN3aTopa.

Tadbmuma 11.1
Hanpsixenue cetn U =15B U,=17,25B

R6(Ry), KOM 051 1 [16] o |051] 1 |16] e
UC, B

ﬂUCL MB
UKVTZ; B

Ukovri, B
AU KovT1, MB

Ugsvre, B
PkvT1 = luUksvri, MBT

2. 3apucoBaTh JIEKTPUUECKYIO CXEMY UCCIIEAyEeMOro CTabmimn3aTopa
(cm. puc. 11.2) u cobparts ee.

3. BBINOAHUTE U3MEPEHUSI U 3aHECTH pe3ynbTaThl B Ta0. 11.1

4. PaccunTaTh MOIIHOCTh, pacceuBaemyto TpaHzuctopom VT1, npu
BCEX peKUMax pabOThl CTAOMIM3AaTOpa U ONPENEIUTh PEXKUM, KOrJa OHa
MaKCHUMaJIbHa.

5. Tllonw3ysach ganubiMu Taba. 11.1, paccuutarh kKo3hPUIUEHT cTa-
OWJIM3AIMU U BBIXOJTHOE COMPOTUBIIEHUE CTAOMIN3aTOpA.

4. Jlns n3MepeHusi HeCTaOMIIbHOCTH BBIXOJHOTO HAPSIKEHUS CIIETy-
€T coOpaTh cxeMy, MoKazaHHywo Ha puc. 11.3 (mpubop, usmepstomui He-
CTAOMJILHOCTh BBIXOJHOTO HAMPSDKEHUs CTaOWIM3aTOpa, MOAKIIOYAOT K
rue3ny 4 cxemsl, npuBeaeHHOM Ha puc. 11.2), u ucnons3yror ABO cHaua-
Ja Ha mpenene «5 By, a 3aTeM o Mepe KOMIIEHCAUU BBIXOJIHOI'O HaIpsi-
KEHUsl cTabuiiM3aTopa nepekioyas Ha Bce 0osiee YyBCTBUTEIbHBIE MIpee-
abl u3mepenus («1 B», «0,5 By, «0,1 B»).

3arem ycranaBnuBaroT R6 = 510 Owm, nepeBoasat tymOaep UII B mo-
noxenne «15 B + 15 %»; npu 3TOM HanpspKeHHUE Ha BBIXOJE CTaOMIN3aTo-
pa noipkHO ObITh paBHO 10 B. M3mensis nanpsokenue 'H2, kommeHcupytot
BBIXOJIHOE HampsibkeHue cradbuimzaropa (ABO mokasbiBaeT HOJb, KOT/a
HaIpsOKEHUE Ha BhIXOJax vccieayeMmont cxembl U 'H2 onuHakoBbl). 3amnu-
CBHIBAIOT 3HaU€HUE TOKa Harpy3kH ly (mpu R6 = 510 Om) u oTKIIIOYAIOT pe-
suctop R6. [Tpu 3TOM BBIXOAHOE HAMpsHKEHUE CTAOMIM3aTOpa yBEIUUNBa-
ercst Ha 8Ugg’, 9TO U ABIISIETCS €r0 HECTAOMIIBHOCTHIO, BEI3BAHHOUW M3Me-
HEHHEM TOKa Harpy3Kd. BBIXOJIHOE CONMpOTHBIIEHUE CTaOWUIM3aTOpa pac-
cuuThIBAlOT 110 opmyne Rppix = 6 Ure’/ Aly, roe Aly — m3MeHeHue Toka
HArpy3KH, BBI3BaBIlIeC M3MCHEHHE BBIXOMHOTO HampspkeHus Ha OUgg’, B
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naHHoM ciydae Aly = Iy mpu R6 =510 Om, Tak Kak TOK Harpy3Ku MpH OT-
KJIFOUEHHOM pe3uctope R6 paBeH Hyiio.

5. BHoBb ycranaBiauBatroT R6 = 510 OmM, U3MepSIOT HaNpsHKEHUE Ha
koHgeHcatope Cl (IOCTOSHHYIO COCTaBIISIFOIIYI0) U KOMIICHCUPYIOT BBI-
XO0JIHO€ HampsbkeHue cradunuzaropa. [lepeBoasat tym6aep MII B monoxe-
Hue «15 B» 1 cHOBa n3MepsArOT HanpsbkeHue Ha KoHaeHcarope Cl, a Tak-

xe OUge". Koaddumument crabunmusamuu pacCUUTBHIBAIOT MO (GopMyIie
2(Uci" - Uet")

_2(UC1’ - UC1”) SUR6’

Ker= UC1'+UC1” ~ UR6E'—0,55URE"’

rae Uci' m Ue)" — Hanpsbkenust Ha koHzaeHcaTtope Cl npu HanmpsKeHUsIX
Ha Bxoje ctadmmm3aropa 17,25 u 15 B; (Ucy' + Uc")/2 1 Ugs' — 0.56 Ugg"
CpeIHHE HanpsDKEHUST Ha BXOJIE U BhIXOje cTabmimmsaTopa; 6 Ugs"' — n3me-
HEHHE BBIXOJHOTO HANPSHKCHHS, BBI3BAHHOE W3MEHEHHUEM BXOJHOTO Ha

15%.

Konmponwsusie éonpocut

1. KakoB NpuHUHUI AEUCTBUS KOMIIEHCAIIMOHHOIO CTaOMIM3aTOpa
HaIpsHKEHUs ?

2. Kakue MakCUMaJIbHOE U MHUHUMAJIBHOE HANPSKEHUS MOYKHO ITO-
JyYUTb Ha BBIXOJIE UCCIEAYEMON CXEMBI?

3. Kak BnusieT conpoTuBieHue pesuctopa R2 na koaddunueHt cra-
ounnuzanun?

4. TloyeMy KOMIIEHCAllMOHHBIA CTAOMIM3ATOP CIIAXUBAET IyJIbCa-
18050504

5. B xakoM pexxume MOIIHOCTb, paccenuBaemasi TPaH3UCTOPOM, MHU-
HUMAaJIbHA?
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JABOPATOPHAA PABOTA Ne 12
HCUIE/IOBAHUE TAPAMETPUHYECKOI'O
CTABH/IU3ATOPA TOKA

[lens padoTel. U3ydyeHue NPUHIIMIIOB IEUCTBUS CTA0MIM3aTOpOB ToKa. Mc-
CJIEIOBAaHHUE MApaMETPUUECKOro CTadMIM3aTropa TOKa MPU U3MEHEHHH CO-
TIPOTHBJICHUS] HATPY3KHU M BEIXOAHOTO HanpspkeHus (puc. 12.1).

Py /J_/_i (2
[H?
L E
rH11G1
2] L
Puc.12.1

Ilpuoéopwvt u 060pyoosanue
1. Crenn mist mpoBeneHus naboparopHsix padot IDL -600
2. [1pu BbITOJIHEHUH PaOOTHI UCIOIB3YIOT:
R1 =1 kOwm; R2 = 0 (mepemsbiuka); 510 Om; 200 Om; 1; 1,6; 2; 2,4; 3 kOwm;
VT — tpanzucrop KT361A;
3. G1 — reneparop Hanpspkenuss I'H1 crenna (MHTEpBan peryaupoBaHUs
BBIXOJIHOTO HanpsbkeHus ot 0 1o — 7 B; cnegyer NOMHUTB, YTO B 3TOM HH-
TEpPBAJIE PETYJIUPOBAHUSA MOJSIPHOCTH BBIXOAHOTrO HampspkeHus ['HI mpo-
THBOIIOJIOKHA YKAa3aHHOM Ha JIMIIEBOU MaHeIn OJIOKa MUTaHUs CTEHA);
4. G2 — reneparop Hanpspkenus ['H2 crenna;
5. PV(U) — ABMI1 Ha npenenax uzmepenus «25 B», «10 By, «5 By»;
6. PA(1) — ABM2 na npenenax n3meperus «10 MA» u «5 MA».

OcHoeHnvle meopemuyecKue noJa0MHCeHUA

JI1st nUTaHUs HEKOTOPBIX KaCKaJ0B PaIMOAJICKTPOHHON anmnapaTypbl
UCIIOJIB3YIOT CTAOMIN3aTOPhl TOKA, KOTOPHIE HA3BIBAIOTCS TAKXKe T'eHEpa-
TOpaMU TOKa U UMEIOT BBICOKOE BBIXOJIHOE CONPOTHUBIICHUE, 3HAUUTEIIHHO
Oompliee conpoTuBiieHus Harpy3ku. [loToMy BBIXOIHOM TOK cTabUIM3aTO-
pa TOKa HE 3aBUCUT OT CONMPOTUBIICHUSI HATPY3KU U OCTAETCS MOCTOSIHHBIM
npu ero usmMeHeHn. CTabuaInu3aTopbl TOKAa OBIBAIOT MApAMETPUICCKUMU U
KOMIIEHCAIIHOHHBIMHU.

B mapamerpuueckux craOuiau3atopax TOKa HMCIOJIb3YeTCs 0COOEH-
HOocTh BAX TpaH3ucTropa — majas 3aBUCUMOCTh TOKa KOJIJIEKTOpa OT Ha-
NPSDKEHUST KOJUIEKTOPHOTO TMepexofa MNpU MOCTOSIHHOM TOKE 3MHTTEpa
(mmst cxemsl ¢ Ob) u 6a3w1 (s cxembl ¢ O3). KommneHncannonueie crabu-
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JIN3A4TOPbI TOKA BBIITOJIHAIOTCA aAHAJIOTHYHO KOMIICHCAITMOHHBIM CTaOMIIH-
34TOpPaM HAIIPAKCHHUA.

PN~
£, \ U,: “

5 I; %5\‘, JK EKE

—O ? S O +
Puc. 12.2

Cxema mapaMeTpUuecKOTo CTaOWiIM3aTopa TOKAa Ha TpPaH3UCTOpPE,
BiroueHHOM ¢ Ob, mokasana Ha puc. 12.2. Bo BXOAHYIO 11eTTb TPaH3UCTO-
pa BKJIIOYEH MCTOYHUK MUTaHMS, 31C E5p KOTOPOTO BBI3BIBAECT IMUTTECPHBIN
TOK

I5 = (Ess —Usp) / Ry,
riae Usg — HampspkeHue SMUTTEp — 0a3a TpaH3ucTopa (1 repMaHUEBBIX
0,2-0,3 B, a ais kpemuueBbix 0,4—0,6 B); Ry — pe3ucrop, orpanuunBato-
IIUH TOK SMUTTEpA.

N3 stoii hbopMynbl ciaeayeT, 4yTo Mmpu craduiuzanuu 3AC Esp TOk
KOJUJIEKTOpa OyeT CTaOuiIeH, TaK Kak

Ik = hyslos.

MakcumanbHOE CONpOTUBIICHUE pe3ucTopa Ry omnpenensoT mno
dbopmyre:

RH max EKB/ |H1

I’f(.z' 2 7
URH :[_
|
| |
s
- U"fﬁ . Ems
Puc. 12.3

[Tosicaum a1y dopmyny. Toky smutrrepa |5 cooTBeTCTBYET TOK KOJI-
aekropa lx = hysls (puc. 12.3), Tak Kak npu KOPOTKOM 3aMbIKaHWUW Ha-
rpy3ku (Ry = 0) TOK B KOJUIEKTOPHOU 11eMK HE U3MeHseTcs (pabodasi TOUka
KacKajJia HaxOJHWTCS B TOUKe 1), Bce HAMpsHKEHUE MCTOYHUKA KOJUIEKTOP-
HOTO MUTaHusS Exp OyneT mpHiioKeHO K KOJISKTOPHOMY TIEPEXOAY M BHI-
nensieMass Ha HeM MOIIHOCTh OyleT MakcuMallbHa. YBEJIWYEHUE COIpo-
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TUBJIEHUS pe3ucTopa Ry compoBOXKIaeTCs yBEIUUEHUEM IMAJACHUS HAIpPs-
YKE€HUsI, BbI3bIBa€MbIM TOKOM ly. IIpu 3TOM pabouas Touka Kackaja cmelia-
€TCs BJICBO (TOYKA 2), HANPSHKEHUE HA KOJUICKTOPHOM IIepexo0/ie yMEHbIIIa-
€TCs, a KOJUIEKTOPHBIM TOK OCTA€TCSd HEU3MEHHBIM, T. €. MPOUCXOAUT Ie-
pepacrpeieiieHue HanpsHKEHUS
Exs = Uks + 1kRu.

[Ipu HEKOoTOpOM comnpoTuBIIeHUU Ry nm.x Tak pesuctopa Ry Hampsbke-
HUE€ Ha KOJUJIEKTOPHOM IEPEX0JI€ YMEHBIIUTCS J10 HYJIA U BCE HAMPsHKEHUE
Exp OKaxeTcs NMpHII0KEHHBIM K 3TOMY pe3ucTtopy. Ha BeIxogHOU xapakre-
PUCTHKE ATOT PEKUM COOTBETCTBYET Touke 3. JlanmbHelliee yBelUdeHue
CONIPOTHUBJICHUS pe3ucTopa Ry CONMpPOBOXKIAETCS YMEHBIIIEHUEM TOKa KOJI-
JIEKTOpA.

BrixogHOE CONMpPOTHBIICHUE MapamMEeTPUUYECKOro cTaduiau3zaropa oll-
peaensdroT no Gopmyiie:

RBLIX: ﬂUKB/ ﬂIK, (121)

rae Alg = lg; —lgs, @ lx; 1 lgz — TOKM KoIeKTOpa B Toukax 1 u 3

Vit Z,

Puc. 12.4

Cxema KOMIEHCAIMOHHOTO CTa0WiIM3aTOpa TOKAa MOKa3aHa Ha pHC.
12.4. B COOTBETCTBUU C MIPUHILIUIIOM JEHUCTBUS KOMIICHCAIIUOHHOTO CTa0u-
JM3aTopa HAINpPsKEHUs, OMUMCAHHBIM B MOsSICHEHUsIX K pabore Ne 11, Ha-
NpsDKEHUE Ha pe3uctope Ryr OyAeT mojaepKuBaThCs MOCTOSTHHBIM He3a-
BUCUMO OT BXOJHOI'O HAIIPSKEHUsI U CONPOTUBIICHUs HAarpy3ku Ry. Jlen-
CTBUTEBHO, €CIIM M0 KaKUM-TMO0 MPUYMHAM YBEJIMYUTCS BBIXOAHOU TOK,
TO yBenmn4uarcsa HanpsbkeHue Ups M KOJUIEKTOPHBIM TOK TpaH3ucrtopa V2.
[Ipu sTom Hanpsikenue Uxyt, YMEHBIIUTCS, UTO MPUBEIET K YBEIHMUYCHUIO
CONPOTHUBIJIEHUS TpaH3ucTopa VT1 M yMEHBIIEHHIO MOYTH 10 MPEKHErO
3HAYEHHUSI BBIXOJHOTO TOKa CTaOMIIN3aTOPA.
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IKcnepumenmanvHas uacmoy
1. Berueptuth Tabn. 12.1 u 12.2 nas CHATHS BHEITHUX XapaKTepH-
CTHK cTaOuUiInM3aTopa TOKA U 3aBUCUMOCTEN TOKa HArpy3Ku OT HaIPsKEHUS
Exp KOJUIEKTOPHOTO MUTAHUs, a TaKKe KoopAuHaTHBIC ocu (puc. 12.5) mis
ux noctpoeHus (Macmrad mo ocam: R2 —B8 1 cm 500 OMm, Exg —B 1 cMm 2 B;
lu—B1cm2 MA).

JnmA IjsmA
}

6 6

4 4

2 2

172 3 4Rikom 2 4 6 8 1012 14 16U,,.8
Puc. 12.5

2. 3apucoBaTh IEKTPUUECKYIO CXEMY MCCIEAYEMOro CTa0MIN3aTOpa
ToKa (cM. puc. 12.1) u coOpars ee.
3. CHATH BHEIIHUE XapaKTEPUCTUKU CTAOMIIN3ATOPA, 3aHOCS PE3YJIib-
TaThl U3MepeHuil B Tabu. 12.1, U MOCTPOUTH UX B KOOPAMHATHBIX OCSX,
pUBEJEHHBIX Ha puc. 12.5.
Tabmuma 12.1

Comnporusnenue Harpy3ku R2xkOm | 0 02051 1 (16|24 | 3
Tok Harpy3ku ly, MA, 5 2
npu Exg, B 10 4
15 6
Tabnuma 12.2
Hanpspxkenue ucrounnka Eyg, B 1 2 4 8 16
lk3=2MJI | R2=1 xOm
R2=2 xOm
Tok Harpy3k ly, MA,| lxz=4mJI | R2=1 kOm
npu R2=2 xOm
ks =6 MA | R2=1 xOm
R2=2 kOwm

4. CHATHh 3aBUCUMOCTH TOKa HArpy3kH OT HANpPSKEHUS KOJUIEKTOP-
HOT'O MHUTaHUs, 3aHOCS PEe3yIbTaThl U3MEPEHUN B TaON. 12.2, U MOCTPOUTH
UX B KOOPJIMHATHBIX OCSX, MPUBEACHHBIX Ha puc. 12.5.

5. Ionw3ysch pe3yabTaTaMi U3MEPEHUH, PaCCUUTATh BBIXOJHOE CO-
IPOTUBJICHHE CTAOUIIM3aTOpA.

71



6. BHelHne xapakTepUCTUKHU CTaOUIM3aTopa CHUMAIOT B TaKOM Mo-
CJIEIOBATEIBHOCTH:

- YCTaHAaBJIMBAIOT B THE3/a IS MOJKIKOYEHUs pe3uctopa R2 mepe-
Mbruky (R2 = 0), a na Beixoae 'M2 mo UB — nanpsikenue, papHoe 2 B;

- U3MEHAA BbIXOJHOE HanpspkeHue ['H1, ycraHaBnmBaroT BBIXOOHOM
TOK CTa0MIN3aTopa, paBHbIN 2 MA;

- U3BJICKAIOT NEPEMBIUKY M YCTAaHaBJIMBAIOT B THE3/a JUISl MOJKIIIO-
4yeHus: pe3uctopa R2 onuH 3a ApyruM pe3ucTOphl, COMPOTUBIEHUS KOTO-
PBIX YKa3aHbl B Ta0. 12.1, u3Mepsist Ipu 3TOM TOK Harpy3KH.

AHAJIOTUYHO CHUMAIOT JIBE JIPYTHE XAPAKTEPUCTHUKHU.

/. 3aBUCUMOCTH TOKa Harpy3KH OT HANpPSHKEHHS KOJUIEKTOPHOTO MH-
TaHHs] CHUMAIOT B TaKOW MOCIEN0BATEIbHOCTH:

— yCTaHaBIMBaKOT Ha Bbixojae ['H2 makcuManbHOE HampshKEHHUE, a B
rHe3/1a JJId MOAKII0UeHUs pe3ucTtopa R2 — nepeMbluky;

— U3MEHss BbhIXOAHOe HampspkeHue ['H1 moOuBaroTcs momyuyeHus
BBIXOJIHOTO TOKa CTa0MJIN3aTOpPa, PABHOTO 2 MA;

— YCTaHaBJIMBAIOT BMECTO MEepeMbIUKU pe3ucTop R2 =1 kOwm;

— CHWXXAIOT HAIIPSDKEHHWE B KOJIEKTOPHOM LIEMM B COOTBETCTBUU C
JTaHHBIMH Ta0J1. 12.2, U3Mepss TOK Harpy3KH.

AHaJIOTHYHO CHUMAIOT OCTaJIbHbIE 3aBUCUMOCTH.

8. BbpIXogHOE CONMPOTHBIIEHHE CTAOMIIM3aTOpa TOKA PACCUUTHIBAIOT
no gopmyie (12.1) u manubiM Taba. 12.2 s Iy = 6 MA 1 R2 = 2 xOwm,
npuHsB AUgg=15B,a A =1'—1", rae I' u |" — Toku Harpy3ku npu KoJuiek-
TOPHBIX HanpspkeHusax 16 u 1 B.

Koumponwsnwie eonpocwi

1. UeM oTnuyaeTcsi cTabMIM3aTOp TOKA OT cTabMiIM3aTOpa HampshKe-
HUS?

2. Kakue ocoOeHHOCTH cXeMbl BKJIIOUeHHs Tpanzucropa ¢ Ob wc-
MOJIB3YIOTCSI B CTAOMIIM3aTOpE TOKA?

3. Ilouemy cTabuaM3aTOp TOKA BBIICPKUBAET KOPOTKOE 3aMbIKAHUE
Ha BbIXOJE?

4. B xakom pexuMe paOOThl CTAOWIM3aTOpa TOKA Ma KOJIJIEKTOPE
TPaH3UCTOPA PACCEUBACTCS HaUOOJIbINAsI MOITHOCTH?

5. Kakum 10KHO OBITH BBIXOJIHOE COMPOTHBIICHUE HI€ATTLHOTO CTa-
ownmn3aropa Toka?
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JABOPATOPHAA PABOTA Ne 13
PEKUM KACKAJIA C OBLIITHM SMHTTEPOM
110 IIOCTOAHHOMY TOKY

Henp padotel. M3yyenue cnocoOOB MOTY4YEHUS PEXUMA TPAH3UCTOPHBIX
KacKaJIoB MO MOCTOSIHHOMY TOKY. DKCIEpUMEHTaIbHasi IPOBEpPKa pacuera
AJIEMEHTOB PA3IMYHBIX BAPUAHTOB CXEM.

Ilpuéopwvt u 060pyoosanue
1. Crenn mist mpoBeneHus nadoparopusix padot IDL-600.
2. I1pu BbITIOTHEHUHU paOOTHI HCIOJB3YIOT:
- JUIsL CXEMBI CMeIeHUs (PUKCUPOBAHHBIM TOKOM (cM. puc. 13.3, a) R1 —
100 kO™ (niepemennsiit); R3 = 1 kOwm;
- JUIL CXEMBI CMeIeHUs (PUKCHPOBAaHHBIM HampsbkeHueM (cM. puc. 13.3,0)
R1 —22 kOwm (nepemennsiit); R2=300 Om; R3=1xOwm;
- JUISL CXeMBbI dMUTTEepHON cradbmwimu3anuu (cM. puc. 13.3, r) R1 = 10 kOm
(mepemennsbiii); R2 — 1 kOwm; R3 — 1 kOm; R4 =300 Owm;
VTI1- tpan3uctrop KT361A.

OcHogHble meopemuuecKue noa0MHceHus

[IpaBUIBbHO TOCTPOEHHBIN YCUJIMTEIBHBIN KAaCKaJ NOJDKEH JaBaTh
MAaKCHUMaJIbHOE YCUJICHUE NTPU MUHUMAIbHBIX HEJTMHEHHBIX UCKAXKECHUSIX U
MaKCHUMaJIbHOM HMCIOJIb30BAHUU BO3MOXHOCTEW YCUIIUTEIBHOTO 3JIEMEHTA.
[Ipu 3TOM Hanbosee OTBETCTBEHHBIM MOMEHTOM SIBJISIETCS BHIOOP paboueii
TOYKH KACKaJa — JIEKTPUYECKOTO COCTOSIHUS YCUIIUTEIBHOTO 3JIEMEHTA 110
MOCTOSIHHOMY TOKY JI0 MOCTYIUICHUSI BXOJHOI'O CUTHaja. DTOT PEXKUM Ha-
3BIBAOT TAKKE PEKUMOM MOJITYAHUSL.

Pabouas Touka Kackaja Ha TpaH3uctope, BKIoueHHoM ¢ OB, omnpe-
JETAETCA YEThIPbMs NapaMeTpaMu: TOKaMH lsp U lkp: ¥ HaNpsHKEHUAMU
UBBp.T u UKBp.T-

Pabouas Touyka kackaja Ha TPaH3UCTOPE, BKIIIO-
yeHHOM ¢ OD, Takxke omnpeaensercss YeThlpbMs Mapa-
METpaMu: TOKaMH |y, 1 lkp» 1 HanipsokeHusAMU Unsgy 1
UKBp.T-

B akTuBHOM pexuMe pabodyr0 TOYKY TpaH3HU-
CTOpa YCTaHABJIMBAIOT IMOJAa4eil MPSAMOTO HaNpsSIKECHUS
Ha YMUTTEPHBINA MEPEX0o]l U 00paTHOTO Ha KOJUIEKTOP-
HBIM.

YnpoliieHHast cxema TPaH3UCTOPHOrO KacKajaa Ha
TpaH3UCTOPE p-N-p-THUIIa MOKa3aHa Ha puc. 13.1. Puc .13.1
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B cxeme Ha TpaH3ucTope N-p-N-THUMa MOJSIPHOCTh UCTOYHUKA TUTAa-
HUs OyJeT MPOTHUBOIOJIOXKHOM. JIJIsl KOJIEKTOpPHOM LienH Kackaja crpa-
BeNIMBO cooTHouienue Uy, = Ex —IkRk, Ha3piBaeMoe ypaBHEHHEM JTUHUU
Harpy3kud. JTOMY YpaBHEHUIO COOTBETCTBYET JIMHUS, MEpeceKaromas Ko-
opauHatHble ocH Ik u Ugs (puc. 13.2, a) B Toukax Ex / Rx n Ex u Ha3bI-
BacMasl JIMHUEU Harpy3KHu.

[Ipu Hen3MEeHHBIX HANPsDKCHUHW MUTaHus Ex ¥ conmpoTHBIeHNH pe3u-
ctopa Rg paboyast Touka TpaH3UCTOpa B JIOOOH MOMEHT YCHJIMTEIHHOTO
mpoliiecca HaXOAUTCS Ha ATOU JIMHUU.

Ha nuaum Harpy3ku BBIIETSIOT pabOUMid ydyacTOK B IMpejesiax KOTo-
poro paboyasi Touka CMEIIAeTCs MO/ IEMCTBUEM BXOJHOTO CUTHAJA MEXKITY
ToukaM b u B, O1u3KUMH COOTBETCTBEHHO K OOJIACTSM HACHIIICHUS U OT-
CCUKHU.

JUJist TydInero MCrojiab30BaHMS TPAH3UCTOpPa pabOuyyr0 TOUYKY BBIOU-
paroT nocepearHe padbodero yuactka — Touka A (p. T). [lonoxxeHue Touku
A (p. 1) onpexnensercs TpeMs napamerpamu: lgyq, lipr ¥ Ukspr, 4€TBEPTHINA
napamerp Ugp,, MOIy4YalOT MEPEHOCOM pabodedl TOUYKH Ha BXOJHYIO Xa-
pakrepuctuky (puc. 13.2, 0).

Ex/ Rk

A (p.T)

13- S

4
v

Uxa UsaPpr. Uss

0)

Puc. 13.2

PexxuM TpaH3MCTOPHOTO KacKaja I0 IMOCTOSSHHOMY TOKY OOecCIeyu-
BalOT JIBYMsSI OCHOBHBIMH CIIOCOOaMU: CMeEIIeHuEM padodeil TOYKH Tojaa-
4yell (UKCHUPOBAHHOTO TOKA MM (PUKCHUPOBAHHOTO HampspkeHus. [Ipu cme-
meHNH (PUKCHPOBAHHBIM TOKOM (puc. 13.3, a) COMpOTHUBIICHHE PE3UCTOPA
R1 BpIOMpAIOT U3 yCIOBHS

R1 = (Ex—Usopa) / Ispr™ Ex/ Igpa. (13.1)
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[] Rz % R4

B) r)
Puc. 13.3

OOBIYHO WCTIONB3YIOT MPHUOIIKEHHYIO (POpMYyITy, TaK KaK HaIpsKe-
Hue Ugy,» 3HAYUTEIBPHO MEHBILE HAPSDKCHUA uTanus Ex.

DTOT cnocod MPOCT, PJKOHOMHYEH, HO UMEET CYIIECTBEHHBIC HEIO0C-
TaTK{, OTPAaHUYUBAIOIINE €r0 MpUMEHEeHue. Tak, pexuM Kackaja 1Mo IO-
CTOSTHHOMY TOKY U3MEHSETCS, €CIIU MPU 3aMEHE TPAH3UCTOP UMEET JIPyroe
3HaueHue h, 5. [loaToMy noaOuparOT TPAaH3UCTOP C OIU3KUM MO 3HAYCHUIO
h,15 uau conporuBneHue pesucropa R1, urto He Bceraa Bo3MoxkHO. M3me-
HEHHE TeMIIepaTyphl TAKKE HAPYIIACT PEKUM I10 TTOCTOSHHOMY TOKY, I10-
CKOJIbKY HEYIPaBISIEMBI TOK KOJUIEKTOpa lxgo C poCcTOM TemmepaTypsl
YBEIIMYMBACTCS, YTO BBI3BIBACT YBEIMYCHHE BCEX TOKOB TPAH3UCTOpa M
npubIMKeHue pabouelt Touku kackaaa Kk Touke b (cMm. puc. 13.2, a).

[Ipu cmeniennn ¢GpuKCUpoBaHHBIM HampsbkeHuem (puc. 13.3, 6) pa-
Ooudas Touka 3agaercs HanpsbkeHueM Ugs,, oOecrieunBaromuM ToK lg, ., a
CIIE0BATENBHO, TOK |y, 1 Hampspkenue Uy, .. OOBIYHO TOK 0a30BOrO ze-
JUTENIS BRIOUPAIOT U3 YCIOBHS:

|)1 = (0,5:— 2) “Bmax;
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a CONMPOTHUBJIEHUS €0 PE3UCTOPOB PACCUUTHIBAIOT MO (hopMysIam
R1 = (EK _UBSp.T)/( I/:[ + IBp.T); (132)
R2 = U};gp'T/ IE. (133)

DTOT cnocob AaeT XOpOIIUe Pe3yibTaThl IPHU 3aMEHE TPaH3UCTOPa U
U3MECHEHUH TEMITepaTyphl, OJTHAKO MEHEE YKOHOMUYEH M3-3a MMOTEPH YaCTH
SHEPrUU UCTOYHUKA MUTaHUsI B 0a30BOM Jenutene. Kpome Toro, compo-
TUBJICHHE 0a30BOTO JAEIUTEeNs (I BXOJHOTO CHUTHAJIA ATO MapaylieabHO
BKJTFOUCHHBIE pe3ucTopbl R1 1 R2) myHTHpYyeT BXOMHYIO IIE€Nh TPAH3UCTO-
pa, Harpy>kasi MICTOYHUK BXOJIHOTO CUTHAJIA.

J1J1st TOCTPOEHMST TPAH3UCTOPHOIO Kackaja, yCTOMYMBO paboTarolie-
rO B JIMaria3oHe TeMIEPaTyp, HE MOJXOIUT HU OJTHA U3 ITHUX CXEM.

[Ipocrelimum croco6oM TemmepaTypHOW cradunu3anuu padoueit
TOYKHU SIBIISIETCA KOJIIEKTOpHas ctabwmimsarus (puc. 13.3, B). IIpu pocrte
TEMIIEPATYPhl YBEIUYUBAIOTCS TOKU lpp; U iy, UTO BBI3BIBAET YMEHbILIE-
HHMe HampsokeHus Ha Koiutektope Uxs = Ex - (Igpr + lkpr) R2, a crenona-
TeNbHO, TOKa 0a3bl lgpr = (Uxs — Ussp,) / R1. Ilpu 3TOM yBenmuuenue to-
KOB 0a3bl U KOJUIEKTOpa HE OYyJIeT CTOJIb 3HAUUTENIbHBIM, KaK TIPU CMeIlle-
HUU (PUKCUPOBAHHBIM TOKOM.

Jlyumuii pe3ynbTar AaeT SMUTTEpHAs cTadmin3anus paboyeit TOUKH
(puc. 13.3, r). Conpotusnenus pe3uctopoB R4 u R2 paccuutsiBarorcs 1o
dbopmynam

R4 =(0,1 + 0,3) Ex/ lxpn; (13.4)
R2 = (5 - 15) RBXTP; (135)
rae Rgx tp — BXOJHOE COMPOTHUBIIEHNE TPAH3UCTOPa B pabouel TOYKe, KO-
TOPOE OTPECTSIOT Kak h 5 B padote Ne 6.
Comporusnenus pe3uctopoB R1 u R3 onpeaensror o popmynam
R1 = (EK_UBC-)p.T _UR4) / (II[ + IBp); (136)
R3 =(0,2+ 0,5) Ex / lxpa. (13.7)

PaccmoTpuM mpouecc 3MUTTEPHOW CcTaOWIM3alUU pabodeil TOUKH.
[Ipu pocTe TeMrepaTypsl YBEIIMUNBAIOTCS HEYMPABIISIEMBIH TOK KOJUICKTO-
pa lxpo, Hanpsoxenue Ugs, ., a Takke TOkU 0asbl |y 1 komiekropa lx u co-
OTBETCTBEHHO PACTET MaJICHUE HANPsOKCHHS Ha pe3uctope R4 B amutTep-
HOM 11enu. CXeMy MOJKHO pacCUuTaTh TaK, YTO MPU YBEIWUYECHUU HAMPSDKE-
HUs1 Uy MPOUCXOIUT MOYTH TaKOe Ke yBenudeHue HanpspkeHus Ugg, B pe-
3yapTare 4ero HanpsbkeHue Ugs, ; Ha yIpaBisIoeM Iepexoie TpaH3UuCTo-
pa M3MEHSCTCS HE3HAUYMUTENIbHO. [Ipu 3TOM MOYTH HE M3MEHSIOTCS U OC-
TaJbHBIC TTapaMeTPhl TPAH3UCTOPA B paboUel TOUYKE, YTO CBUICTEIIHCTBYET
0 €€ CTaOMJIHbHOCTH.
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IKkcn epumenmaiibnan 4acmos

X3 -Ex
O

R2
X3

1. Berueptuth Tabn. 13.1 s 3amucu pacueTHBIX U IKCIIEPUMEH-
TaJIbHO TOJIYYEHHBIX 3HAUYCHHUU SJIEMEHTOB CXEM cMelleHus u Taon. 13.2
JUIs1 3alIMCH 3HAYEHUM 2JIEMEHTOB CXEMBbI, TTOKa3aHHOU Ha puc. 13.3, 1, s
psiaa pabo4ynx TOYEK.

X6 x7J_ +

Puc. 13.4

al d)

fs,HA IK sMA
05
04
0,3
82
o7

Ne & o Co S

02 04 06 Ugd 2 4 6 B8Uys

Puc. 13.5

2. Boerueptuth koopaumHaTHBIE ocu (puc. 13.5, a, 6) U MOCTPOUTH
BXOJIHbIE U BBIXOJHbIE XapakTepucTuku TpaHizuctopa KT361A, B3sB ngaH-
HbIe B Ta0J. 6.1 1 6.2.

3. 3apucoBaTh HCCIEAYEMYIO JIEKTPHUECKYIO cxemy (cM. puc. 13.4).

4. CoOpatb cxemMy cMmelleHHus] GUKCUPOBAaHHBIM TOKOM (CM. puc. 64,
a). [lono6paths conpotuBieHue pesuctopa R1 tak, 4ToObl HanpsHKEHUE Ha
KOJIJIEKTOpe TpaH3ucTopa coctanisuio 0,5 Ex, u uameputs ero. Paccunrarh
compoTuBieHne pesucropa R1, moms3ysce ¢popmymoit (13.1). Pesynbprats
M3MEpPEeHUI U pacuyeToB 3aHEeCTH B Tab. 13.1.
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Taomuna 13.1

Conportusnenue, KOM
Cxema Pesuctop
pacyeTHoe HKCIIEPUMEHTAJILHOE
Puc. 13.3, a R;
R1
Puc. 13.3,6 RO
R1
R2
Puc. 13,3, 2 R3
R4
TaOmuma 13.2
HanpsbxkeHne KOIeKTop —— IMHUTTED 1 2 3 5 8
UK3: B

R1(mpu R2 = 1 kOm), kOm
R2(npu R1 = 22 kOm), kOm

5. Cobparb cxeMy cmelieHus: (UKCUPOBAHHBIM HANPSKEHUEM (CM.
puc. 13.3, 6). OTperynupoBatrh IeNb CMEIICHUS TaK, YTOOBI HAMPSKCHHE
Ha KoJuiekrope coctasisuio 0,5 Ex. I3Meputs cOnpoTUBIIEHHS pE3UCTOPOB
LENy CMENIeHus U paccunutarh ux no gopmyne (13.2) u (13.3). PesynbTa-
Thl U3MEPEHUN U PACUETOB 3aHECTH B Ta0I. 24.

6. CoOpaThb cxeMy SMUTTEepHOM cTabmiu3anuu (cMm. puc. 13.3, 1).
OTperynupoBarh UMb CMEIIEHUS TaK, YTOObI HAMIPSKEHUE HA KOJIEKTOPE
Tpanzucropa coctasisuio 0,5 Ex. M3aMeputrh conmpoTHUBIIEHUS PE3UCTOPOB
U CMEIICHUS M paccuuTaTh ux 1mo dopmynam (13.4), (13.5) u (13.6).
PesynbTaThl n3MepeHuii U pacyeToB 3aHecTy B Ta0d. 13.1.

7. IlocTpouTth B KOOPAMHATHBIX OcsX (cM. puc. 13.5, a, 6) BXOaHYIO U
BBIXOJHYIO XapaKTEPUCTUKU TPAH3UCTOPA, MPOXOIAIIME Yepe3 pabouyro
TOYKY, U OIIPEACIIUTH B 3TOM TOYKE €r0 NapaMeTpBhl.

8. OTperynupoBarth CXeMy SMHUTTEPHOW cTabmnu3auuud (CM. puc.
13.3, r), Tak, 4TOOBI HANPSHKEHUE HA KOJUICKTOPE NPUHUMAIIO Psij] 3HAUe-
HUH, IPUBEACHHBIX B Ta0. 13.2. I3MepuTh 3HaU€HUSI CONPOTUBIICHUN pe-
3uctopoB R1 u R2 u 3anectu ux B Tadn. 13.2.

9. VYcraHOBUTH Ha BBIXOJE HCTOYHUKA KOJUIEKTOPHOTO MHUTAHUS
(I'H2 crenpa) no uamepurento Bbixoaa MB nanpsixenue 10 B. Hampsike-
Hue u3mepsarT ABM2 Ha npenenax «10 By, «5 B», «1 B» u «0,5 B», a co-
MPOTUBJICHUS PETYIUPOBOUYHBIX pe3uctopoB — JIBO Ha mpenenax «100
KOM» 1 «10 kOm».

10. Conpotusnenue pesucropa R1 mis cxembl cmenieHus: GUKCUpo-
BaHHBIM TOKOM ONPENIETSIOT B TAKON MOCIIEI0BATEILHOCTH:
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- PACCUMTBIBAIOT TOKU KoJuleKTopa lyx,, = 0,5 Ex/R2 u 6a3sl Iy, = lkps /
hy15 (tme hy;5 = 55 — cpenHee 3HaueHUe ATOrO MapaMmerpa TPAH3UCTOPA
KT361A);
- 3Has TOK lg,,, OIpenensroT Mo BXOJHOM XapaKTEPUCTHKE HAIPKCHUS
Ugopr, @ 3aTeM 1o opmyie (13.1) pacCUnTBIBaIOT CONPOTUBICHHUE PE3HU-
crtopa R1.

11. DneMeHThI ABYX OPYTHMX CXEM PACCUUTHIBAIOT MO ONPEAECICHHO-
My B II. 3 TOKY lgp .

KOHmpo./leble e6onpocol

1.YeM oOBscHsieTca OoJiee BBICOKAs CTAOMIBHOCTb CXEMbI CMEIIe-
HUS (DUKCUPOBAHHBIM HAMNPSKEHUEM IO CPAaBHEHHUIO CO CXEMOM CMEIICHUs
(UKCHPOBAHHBIM TOKOM?

2. KakoBbI MIPUHIUIIBI IEUCTBUSL CXEM KOJUIEKTOPHON U IMUTTEPHOU
crabmm3auun?

3. B kakoif u3 cxem pexuM Kackajia 1o MOCTOSIHHOMY TOKY Majio 3a-
BHCHUT OT IAPAMETPOB TPaH3UCTOPA?

4. B kakoM pEXHME OKaXeTCid CXeMa SMUTTEPHOM CTaOWIM3alUU
py OTKIIIOUeHUM pesuctopa R1 mmm R27?

5. 3aBUCHT JIM TeMIepaTypHas CTaOUILHOCTh CXEMBI OT TOKa 0a30BO-
r0 JCIIUTEIIS?
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JABOPATOPHAA PABOTA Ne 14
HCCIEJOBAHHUE YCH/IUTEJIA HAIIPAJKEHHA 3BYKOBOH
YACTOThHI HA TPAH3UCTOPE

[lens paboTel. M3yueHue NpuHIMMA JCHUCTBUS YCHUIUTENS HANPSKEHUS
3ByKoBO# 4acToThl (Y3Y) Ha TpaH3uUCTOpE, BKIIOYEHHOM C OOIIHMM IMUT-
TEPOM; IKCIIEPUMEHTAIIbHAS MIPOBEPKA pacyeTa 3JIEMEHTOB CXEMBI U OIpe-
JICJICHNE €€ OCHOBHBIX MTapaMeTpOB.

Ilpuoéopwvt u 060pyoosanue

1. Crena nns mpoBeaeHus abopatopubix padot IDL -600.

2. I1pu BoImosiHeHUU paboThl Ucnoab3yioT: R3 = 1 kOwm; R4 = 200 Om; R5
= 2 kOm; C2 = 100 Mx®; VT1 — tpansucrop KT361A; conporuneHus
pesuctopoB R1 u R2 paccuuteiBaroT o popmynam (36) u (37), a eMKOCTb
koHzaeHcatopoB Cl, C3 u C4 3aparor B Tpex Bapuanrax: Cl = 0,1 mx®, C3
=10 mx®, C4 = 0,01 Mmx®d; C1 = 10 mx®; C3 = 0,1 mx®D, C4 = 0,1 mMxD;
Cl=C3=10 mx®, C4 =0,01 MxD.

OcHogHble meopemuyecKue noa0HceHus

Kackanpl ycwieHuss HanpspKeHHsT 3BYKOBOM 4YacTOThI 4Yallle BCETO
BBITIOJTHSIOT HA TPaH3UCTOPAX, BKIOUEHHBIX ¢ OO, Tak KakK MpU 3TOM IO-
JTy4aroT HauOoJbllee YCUICHUE CUTHAJIA 0 MOIIHOCTH (TI0O CPaBHEHHIO C
JIBYMs IPYTHUMH cxeMaMu BKitoueHus: Tpanzuctopa — ¢ Ob u OK). Pa6o-
YYI0 TOYKY YCHUJIMTEIHHOTO KackKajia BBHIOMPAIOT B KaXJIOM KOHKPETHOM
cilyyae B 3aBUCHMOCTH OT MapamMeTpoB, KOTOPBIMU JOJDKEH 00J1a1aTh YCH-
autenb. OCHOBHBIMHM TPEOOBAHUSIMU, MPEIBIBISEMbIMU K KacKay, SIBJIS-
IOTCSI: MAaKCUMaJIbHOE YCUJICHUE MO HAIPSHKEHUIO; MUHUMAaJIbHBIE 4acTOT-
HbIC U HEJIMHEWHBbIC MCKAXKCHUS;, BBICOKAss SKOHOMUYHOCTb, TeMIIepaTyp-
Has CTaOMIIBHOCT.

OnHOBpPEMEHHO BBIMIOJHUTH BCE 3TU TPEOOBAHUS HEBO3MOXKHO. Tak,
npu OOJIBIIIOM YCWJIEHUU CHHUXKAETCS YCTOWYMBOCTH PAOOTHI YCHIIUTEIS,
KOTOPBIN JIETKO BO30YXKIAETCs, MPEBPAIAsACh B T€HEPATOP, U HAPYIIAETCS
€ro HOpMaJibHOE (PYHKIIMOHUpPOBAHUE. YBEJIMYCHUE TEMIIEPATYpHOU CTa-
OWJILHOCTH 00513aTE€JILHO COMPOBOXK/IAETCSI CHUKEHUEM YCUJICHUS U KIIJ.

B nanHo# pa®oTe uccienyeTcss yCHUIUTENb, K KOTOPOMY IPEabsIBIIS-
I0T TpeOOBAaHWE MUHUMAJIBHBIX HCKAKCHUN YCUJIMBAEMOI'0 CUTHAJa MPHU
MaKCHMAaJIbHOM HCITOJIb30BaHUH BO3MOXKHOCTEH TpaH3ucTopa. Pabouyto
TOYKY TaKOT'0 KacKaJia BRIOMPAIOT B OMPEJEICHHOMN MOCIE0BATEIbHOCTH.

Ha cemeiicTBe BBIXOJIHBIX XapaKTEPUCTUK TpaH3ucTopa (puc. 14.1, a)
CTposT JuHUIO0 Harpy3ku BB (cMm. mosicHenust k padote Ne 13), ucxons us
CIEIYIOLINUX YCIOBUM:
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Ex/ R3 < 0,8lxmax; (14.1)
Ex= 0,8Uiomax. (14.2)
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Puc. 14.1, 06
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Brimonnenune HepaBeHctBa (14.1) HE0OX0UMO MOTOMY, YTO KOJIJIEK-
TOPHBIN TOK HACHIIIEHHOTO TPAH3UCTOPA JIOJKEH OBITh MEHBIIIE MaKCH-
MaJIbHO JOMYCTUMOTO TOKa li max Koaddumuent 0,8 rapantupyer BHITIOJ-
HEHHE 3TOT0 HEPABEHCTBA IpHU pazdpoce conmpoTuriieHus pesucropa R3 u
HECTAaOWJIBHOCTH MCTOYHMKA muTaHusi Ex. BblllodHEHHEe HepaBeHCTBa
(14.2) obecnieurBacT HaACKHYIO PabOTy TPaH3MCTOpPA B PEIKUME OTCCUKHU
WU TIpu 00pbIBE 1ienu pe3uctopa R1, korjga HanpspkeHUE Ha KOJUIEKTOpE
TpaH3UCTOpa MOJHUMAETCs ouTu 10 Ek.

Pabouas Touka kackaga A (p. T) BEIOMpaeTCs MocepenHe padbodyero
ydacTKa JIMHUU Harpy3ku bB u xapakrepusyercs TpeMs napaMeTpaMmu: TO-
KaMU lg,; U iy 1 HanpskeHueM Ugo, ;. 3aTEM €€ IIEPEHOCAT Ha BXOJHYIO
XAapaKTEPUCTUKY TPAH3UCTOPA, CHATYIO IPU Uys = Ugoy . T, B IO HAWJEH-
HOMY 3Ha4eHUIO g, ; onpenemnstor Hanpsokenue Ugs, ;- (puc. 14.1, 0).

-Ex

O
[]r
1
O
| C1 [ x3
+!
X1
r34 R2
X2 X4 +J_ X8

Puc. 14.2

Bxonno#i curnan (ero tok lg~ Hamnpsbkenue Ugy~) BBI3BIBACT MOSB-
JIEHWE MEPEMEHHBIX COCTABIISIIOIIUX TOKA KOJUJIEKTOpa lx~ W HanmpsiKeHHs
Ha kosutekTope Uyy~ = Ix~R3 (cM. puc. 66). OmurrepHslil pesuctop R4 u3
LEMH MEPEMEHHOIO TOKA UCKIIIOYEH, MOCKOIbKY IIYHTUPYETCS MaJlbIM CO-
IPOTUBJIEHHEM KOHJeHcaropa C3.

Paccuntaem kospduinment ycunenus Hanpspkenus K kackaga. Ha-
npsbkeHue BxogHoro curnana Ugy oT reHeparopa G mocTymaer yepes pas-
nenutenbHbld KoHaeHcarop Cl Ha 6a3y Tpansucropa VT1 u BbI3bIBaeT Tpu
Toka. JIBa u3 HuX, nmpoxojsinue yepe3 pesuctopsl R1 u R2 genurens, 6ec-
MIOJIC3HBI, a TPETUH, lg~, TPOXOAUT B 1IenU 0a3bl TPAH3UCTOPA U YIIPABIISICT
€ro Tokamu. BXOIHBIM CONPOTHUBIIEHHEM Kackaja s reneparopa G, o0-
JAJA0Ier0 BHYTPEHHUM COMNPOTUBJICHUEM R;, SBISAIOTCA MapaiieiabHO
BKJIIOUEHHBIE pe3ucTopbl 0azoBoro aenutens R1 || R2 u BxogHoe compo-
THUBJICHHUE h;|5 TpaH3HCTOPA, T.C.

Rex = R1||R2 | hy1s (14.3)
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OO6bryHO compoTuBieHUs pe3ucTopoB R1 u R2 3HaunTenbHO OOJIbIIe
BXOJIHOTO CONpOTUBIIEHUsI hjj5 TpaH3ucrtopa, mosromy (opmyny (33)
MOKHO YIIPOCTHUTH:

RBx'f‘v" h113. (144)

Ilens reHepaTopa BXogHOTro curHaia G, KOTOPHIM MOXET OBITh Kac-
KaJi MPEIBapUTEIBHOIO YCUJICHUS, aHAJIOTUYHBIA pPacCMaTpUBAEMOMY, B
o0lleM cilyyae MpeJCTaBiIsieT CcOo0O0M TMOCen0BaTEIbHO BKJIIOUCHHbBIC
BHYTPEHHEE CONpOTHBJIEHUE R; reHeparopa u BXOJHOE CONMPOTUBIICHUE
Rex kackana. CormacHo popmyse (14.4),

Isx = Uex/ (Ri + Rgx) =I5~

TaK KaKk MEPEMEHHBIMHU TOKaMHM, IPOXOASAIIMME uepe3 pe3uctopsl R1
u R2 ot reneparopa G BBUIY WX MaJIOCTH MOXKHO npeHeOpedb. OTcrona
NepEMEHHAasi COCTABJISIIONIAS TOKA KOJIJIEKTOpa

Ik~ = hyi5 Ig~ = hy15Uex/(Ri + Rex),

a HampsDKEHHE Ha KOJUIEKTOPE, MPEACTaBIISIoIIee COO0M BBIXOHOE
HaIpsHKEHUE,

Uks~ = 1k~R3 = h;15UexR3/(R; + hi15) = Ugpix.

Torna xkoahPUIMEHT ycuneHrs Hanps>KeHUsI

K = Ugpix / Ugx = 215 R3/( Ri + hyyn).

OTOT mapameTp YCUJIUTENS 3aBUCUT OT YaCTOTHI M aMIUIUTY/Ibl yCH-
JIMBAEMOTO CUTHaJa. DTO OOBSICHSETCS TEM, UTO C MOHUKEHHEM YaCTOThI
najicHus HanpsbkeHus: Ha koHjeHcartopax Cl m C2 nmoa 1encTBueM BXO/I-
HOT'O U BBIXOJTHOI'O TOKOB KacKa/ia YBEJIMYUBAIOTCS U MPEICTABISIOT COOOM
MOTEPHU HANPSIKEHUS CUTHaJa, a KoHjeHcaTtop C3 Bce MEHbIIE ITYHTUPYET
pesuctop R4, 4To yBenMUMBaeT MOJHOE COMPOTUBICHUE SMUTTEPHON LIETIH
TpPaH3UCTOPa U TIIyOMHY OTPHUIIATEILHON 0OpaTHOM CBSA3U MO MEPEMEHHO-
My TOKY, a CJIeJOBaTeIbHO, YMEHbIIAEeT KOd(DPUIIMEHT yCUIICHUs HAmpsi-
xenus K.

[Ipu MOBBIIEHWH YaCTOTHI CHUTHAJIa HEOOXOAMMO YYHTHIBAThH BIIHSI-
HHUE BXOJHOM U BBIXOJHOM €MKOCTEM TPAH3UCTOPA, IIYHTUPYIOLIUX BXO-
HOE U BBIXOJIHOE COIMPOTHUBIICHUS KacKaja, YTO MPOSIBISETCS YMEHbIIICHU-
€M T0JIE3HOTO TOKAa, MOCTYMNAIOIIEero Ha €ro BXOJ U B Harpy3ky (Ha puc.
14.2) onHa U3 TaKUX €MKOCTEH 3KBHBAJCHTHO IMPEICTaBICHA KOHJICHCATO-
pom C4).

JIJist O1IeHKH BJIMSIHUS YacTOTHI CUTHAJIA HA KOA((DHUIIMEHT yCcuIeHus
HAMPSOKEHUST  UCIOJB3YIOT  aMIUTUTYAHO-YACTOTHYIO — XapaKTEPUCTHUKY
(AYX) ycunurens (puc. 14.3, a). [Tomocoit nponyckanus I1 ycunurens Ha-
3pIBAOT MHTEpBaN yacToT Af, B mpenenax KoToporo Ko3¢pQGUIMEHT yCuie-
HUS CHUXaeTcs He Oosiee ueM Ha 3 1b (10 ypoBHsi 0,707) MO OTHOIIEHHUIO K

ero 3HaueHMI0 Ha cpeanux vacrotax Ko (mis ¥Y3Y uacrora fep = 400 +
1000 I'm).
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a) K 0 Uy
K, |-—
0.707K A ————————

- 1 - f ¢ Uﬁx max Ud‘x

Puc. 14.3

Baxna Taxke aMIIuTyaHas XapakTepucTuka (AX) Takoro yCUIHTe-
JIs, BBIp@XKAIOIIAs 3aBUCUMOCTh BBIXOJHOTO curHaida Ugpx OT BXOZHOTO
Usx (puc. 14.3, 6). Tak kak yyactok 0—1 ee nuHeWHBINH, KOIPHUIUEHT
ycwieHus: 10 HanpspkeHUusl Ugxmax COXpaHSET MOCTOSIHHOE 3HaudeHue. Ha-
YrHasi ¢ TOYKKA | POCT BBIXOJHOTO CHTHAJa OTCTA€T OT POCTAa BXOJHOTO.
DTO0 OO0BSACHAETCS TeM, YTO pabouas TOYKa TPAH3UCTOpPA IO JICUCTBHEM
BXOJIHOTO CHUTHaJIa BBIXOJUT 3a Mpeenbl padodero yyactka bB nuaun Ha-
rpy3ku (cm. puc. 14.1, a). IIpu 3TOM pe3ko BO3pacTaroT HEIUMHEWHbIC HC-
KaKCHHUSI.

3Has mapaMeTphl TpaH3UCTOpa B pabouell TOUKe, MOKHO pacCunuTaTh
conpotuBieHus pesucropoB R1 u R2 6azosoro nemurens. Tok |y nenute-
s JoJKeH ObITh B 2—5 pa3 Oouiblie Toka 0a3bl lg,,. Takoi nenurens mo-
3BOJIICT BBIMIOJHUTH JOCTATOYHO CTAOWUIBHBIN MPU U3MEHEHHH TeMIepa-
Typbl KacKkaJ MPH OJHOBPEMEHHOM BBHITIOJIHCHUH TPEOOBAaHUS YKOHOMHUY-
HOCTH.

Ha pesucrope R2 nenurens 0MKHO IEMCTBOBATH HANIPSKEHUE

Urz = Upopr + Urs, (14.5)
OTKY/1a COITPOTHBIICHHUE

R2 = URQ/ |)1, (146)
Toraa

R1 =Ex - Uga/ (Igpx + I). (14.7)

Tak xak BbIOpaHHasi paboyasi TOUKa HAXOJUTCA MocepenHe padboye-
ro yyactka bB nmuHuM Harpy3ku, 3TO MO3BOJISET IOJAaBaTh HA BXOJ KacKaaa
W CHHMAaTh B €ro BBIXOJa MaKCHMajlbHbIe cuTHaibl. Hepeako pabouyio
TOYKY BBIOMparoT Oimxke Kk Touke B. IIpu aToM Kackaa moTpebiiseT oT uc-
ToYHHMKAa Eyx 3HAYMTENHPHO MEHBIITYI0 MOIIHOCTH M CIOCOOCH YCHJIMBATH
JUITH HEOOJBIINE TI0 aMIUIUTYJE CUTHAJIBI, IOCKOJBKY TPEOOBaHHE O He-
JOMYCTUMOCTH CMEIIECHUsI paboydeil TOUKU 3a Mpenesibl padovyero yyacrka
JMHUM HArpy3Ku ocTaercs B cujie. OOBIYHO TaK BBIMOJHSIOTCS MpPeaBapHU-
TEJIbHBIE KaCKabl YCUJICHUS.
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IKcnepumenmanvHan yacmo
1. Berueptuth T1abu. 14.1-14.3 s 3anmucu pekMMOB TPaH3UCTOpPa
[0 TIOCTOSIHHOMY TOKY M P€3yJIbTaTOB, MOJYYECHHBIX MPHU CHATUHU €T0 aM-
IUTUTYTHO-4aCTOTHOM U aMIUIUTYIHOM XapaKTEPUCTHK, a TakKe KOOpau-
HaTHbIe ocu (puc. 14.4, a, 0) ns ux nocrpoenus (macmrad mo ocsim:Ugyx —
B 1 cm 40 MB, UBBIX —Blcm 0,5 B)

U w8
a} CU Sorx
K 25
K, 2
1.5
Ko
- }
2
1753

Q20050102085 1 2 8 10 20 50004y 40 40 3'20!60200%’,,!45

Puc. 14.4
Tabmuua 14.1
ITapameTp Tpan3zucrTopa B o . [Tocne
P p pv P Paccuuranusrii HN3mepennbin
pabouelt Touke KOPPEKIUU
IB‘p.Ta MA
UBQD.T1 B
IK‘p.Ta MA
UK3p.T1 B

Ta6nuna 14.2

Yacrora, k11 0,02 005| 01 |0,2/05| 5 |20 |50 |100
Kosddumuent  Bap. 1
ycuiieHusa K Bap. 2
Bap. 3

Tabnuna 14.3
Bxonnoe HampsikeHne 50 | 100 | 200 | 300 | 400 | 450 | 500
Ugx, MB
Brixognoe nanps- | Bap. 1
keane Uppix, B | Bap. 2

2. 3apucoBaTh NEKTPUUYECKYIO CXEMY UCCIIEAYEMOIr0 YCUIUTENS (CM.
puc. 14.2) u cobparts ee.
3. Ucnonesyst dopmynsr (14.5), (14.6) u (14.7), paccuurtath COIpo-
TUBJICHUSI PE3UCTOPOB 0A30BOI0 JCIUTEIISI U YCTAHOBUTH X B CXEMY.
4. Tlocne pacuera conpoTuBiieHuil pesuctopoB R1 u R2 ycranasnu-
BaIOT B CXEMY PE3UCTOPHI U3 KOMIUJIEKTa CheMHBIX 3JIeMeHTOB cTeHa. Co-
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IMPOTUBJICHUS] ATUX PE3UCTOPOB JOJKHBI OBITH HECKOJBKO OOJIbIlE (WU
MEHBIIIE) pacCUNTaHHBIX. B KauecTBE KOPPEKTUPYIOIIETO HCHOJB3YIOT IIe-
peMenHsIil pezuctop R1 =22 kOwm.

5. Jlns pacuera pexxuma 0a30BOM 1ienu cinefayet npuHaTh Ex = 10 B,
a HaIpsDKEHHUE Ha KOJUIEKTOpPE TPaH3UCTOpa yCTaHOBUTH SB. M3mepenus
BBINOJIHAIOT ABM?2 (Ha npeaenax «10 By, «5 B», «1 B» u «0,5 B»), Tok
0a3bl lp,; ONMPEnEsoT N0 BXOAHON XapaKTEPUCTUKE TPAH3UCTOPA, CHATON
B pabote Ne 6, a TOK KOJIJIEKTOpa pacCYUTHIBAIOT 1O (hopmyIie

IKp.T = (EK - UKBp.T - UR4) / R3.

6. B kadecTBe HMCTOYHHMKA BXOJHOTO CHTHaja ucmoias3yrorT ['3U
CTeH/Ia, BBIXOJIHOE HaIpsikeHue kotoporo udmepsitor B (nmpenen uzmepe-
Hus 1 B gelictByronero 3HaueHust). YacToTy BBIXOAHOTO CUTHala H3Me-
psaror UM crenna, 1 dero nepexiroyarens VB ycraHaBinuBaroT B 10JI0-
xenue «YMy», a tymonep «UYM-I'3U» — B monoxenune «['3U». BrixogHoe
HaIpPSOKEHUE YCUITUTENS U3MEPSIOT OCHMILIOrpadoM, a Mpu HANPSHKEHUSIX,
MeHbux 1 B, — mummmBosbTMeTrpoM MB crenaa. MCTOYHMK NUTaHUS
cxeMmbl — 'H2 crenpa.

/. Caumarot aBe AX Ha yacrore 1000 I'm nius cxembl BapuanTa 3
(cm. Tabn. 14.2). Ilpu cusatuu BTOoport AX compoTuBieHue pesucropa Rl
CJIEYET YBEIIMYUTH BIBOE.

8. M3MepuTh napameTpsl pexxuMa TPaH3UCTOpa MO MOCTOSIHHOMY TO-
Ky M 3aHECTH PE3YJbTaThl U3MEPEHUHN, a TAK)KE pacUETHbIC NapaMeTphl B
tabn. 14.1. [IponsBecTy KOPPEKTUPOBKY PEKMUMA MO MOCTOSHHOMY TOKY U
3aHECTH pe3yJbTaThl B Ta0. 14.1.

9. Cusate AUX u AX ycunuTens, 3aHOCS pe3yIbTaThl U3BMEPEHHM CO-
OTBETCTBEHHO B Ta0u. 14.2 u 14.3, 1 mOCTpOUTh UX B KOOPJAUHATHBIX OCSIX
(puc. 14.4, a, 6).

KOHmPOJleble eonpocol

1. Uto mpoucxoaut ¢ paboueid TOYKOW MPU YBEITUUECHUU COMPOTHUB-
nenus pesucropa R1 nimm R2?

2. Kakue snemenTbl cxembl BausaOT Ha AUK ycunurens B obnactu
HIDKHHUX (BEpXHHX) YaCTOT CUTHaa?

3. Kak mposiBAsitoT ce0si HeMMHEWHbIE NCKAXEHUs PU YCUIICHUH CH-
HYCOUJATbHBIX CUTHAJIOB?

4. Kak U3MEHUTCSl YCUIJICHHE KACKaJla, €CJIM UCKIFOYUTh U3 HETO KOH-
nencarop C3?

5. Kakyto ¢popmy Oyner uMeTh BBIXOJAHOW CUTHAJ MPU OTKIIOYCHUU
pesucropa R17?
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JABOPATOPHAA PABOTA Ne 15
HCUIE/IOBAHUE ODMHTTEPHOI'O IIOBTOPUTEJIA

[lens pabotel. HaGmronenne paboThl SMUTTEPHOTO TTOBTOPUTENS M €T0 HC-
CJICIOBAaHNE B PEKUMaxX Nepeaadrd CHHYCOUIATLHOTO M UMITYJILCHOTO CHT-
HaJIOB

Ilpuéopwvt u 060pyoosanue

1. Crenn mist mpoBeneHus nadoparopHsix padot IDL-600.

2. Ilpu BeImosHEeHUU padboThl ucnoib3yloT: R1 = 20 kOMm; R2 = 10 kOm u
2,4 kOm; R3 =510 OMm; R4 =1 xOwm; CI = C2 = 10 mx®; C3 = 0,033 mxD;
VT — tpansuctop KT361A.

OcHogHble meopemuuecKue nojli0)Hcenus

B »SMHUTTEpHBIX MNOBTOPHUTENSIX TpPaH3UCTOPBI BKiIro4arorcs ¢ OK
(puc. 15.1). IIpu 3TOM BCe BBIXOJHOE HAIPSHKEHUE, CHUMAEMOE C PE3UCTO-
pa Rs B menu smutTepa, NEWCTBYET B yHPABISIIONIEH IIEMU TPaH3UCTOPA
MOCJIEIOBATEILHO BXOJAHOMY HaIpsDKEHUIO M TpoTtuBodaszno emy. Cuemo-
BaTeJIbHO, KacKaJl OXBauyeH OTPHUIIATEIIbHON 00paTHOM CBs3b10. Koadduiu-
SHT Mepeavyu enu OTpUIaTeIbHOM 00paTHOM cBs3u ff = 1, T.e. oOpaTHas
cBs3b paBHa 100%. Otcroma xk03(pGUIMEHT yCHICHHS SMUTTEPHOTO IO-
BTOPUTEIIS IT0 HAIIPSIKEHUTO

Ko =Kos / (1 +Kop) (15.1)

Puc. 15.1

rae Kos — Moayns koadduiinerHTa yCUIeHus o HaNpsHKEHUIO CXe-
MBI C OOIIMM 3MUTTEPOM, COMPOTHUBJICHHWE HArpy3KH KOTOPOH PaBHO CO-
MPOTUBJICHUIO pe3ucTopa Ry,

N3 dopmyner (15.1) crmemyer, 9TO 3MUTTEPHBIA TOBTOPUTENH HE
YCUJIMBACT HampshkeHue, Tak Kak Kop< 1 (uem 6ombine Kos, TeM Eqp Omu-
K€ K €JUHUIIE), a JUIIb MOBTOPSET BXOJAHOW CUTHAJ MO aMIUIUTY/E C He-
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KOTOPBIM ociabieHueM. [Ipu 3ToM Ha BBIXOAEC SMHTTEPHOTO TTOBTOPHUTEIIS
TIOBTOPSIETCS TakXKe (Da3a BXOJHOTO CHTHAJIA.

DOMHUTTEPHBIA MOBTOPUTEND B Ny5 + 1 pa3 ycuinBaeT TOK BXOJHOTO
curHajia u B Ny»ppa3 — ero MOIIHOCTb.

Bxo/mHOE CONPOTUBJICHHE YMHUTTEPHOTO ITOBTOPUTENS BEIUKO U Oe3
ydeTa CONPOTHUBIICHUS PE3UCTOPOB 0a30BOI0 JICTUTEIISI MOXKET OBITh pac-
CUMTAHO MO CJeAYIONIeH MpUOInAKEeHHON Popmyre:

Rexsn®hais Ry <rk. (15.2)

BepxHuii mpeaen BXOIHOTO COMPOTUBIICHUS SMUTTEPHOTO ITOBTOPH-
Tens Rpx s OTpaHUYEH CONMPOTHBIICHHEM k CMEIIEHHOI'O B 00paTHOM Ha-
IIPaBJICHUHU KOJUICKTOPHOTO TIepexoaa, KOTOPOE IS COBPEMEHHBIX TPaH3H-
CTOPOB COCTaBJISCT CAMHHUIIBI META0OM.

dopmyna (15.2) cnpaBemusa ais hy15 Ry = (0,1 + 0,2).

BBIX01HOE CONMPOTHRIICHHE SMUTTEPHOTO IMOBTOPUTES MAJIO, JICKUT
B IIpeieiax OT JIOJICH OM JIJIsi MOIIHBIX TPAH3UCTOPOB 0 JIECATKOB OM JIJIS
MAJIOMOIIHBIX M C JOCTATOYHON TOYHOCTHIO MOKET OBITH OINPEACICHO 10

dbopmyre

Repxom =25/ 1. (15.3)
al
P,
3”,
a5
Q02005010205 1 2 5 10 20 50 100 #,K/y
)
U )B
@) Uyy8
08
f n t
0.6 5
04 I _
02 4
01,8
G2 Q¢ 06 08 U, 8 I :
Puc. 72
2 -
Ip—————
4 =

Puc. 73

Ecnu tok |5 BbIpaxkeH B MUJUIMaMIIepax, TO COMPOTUBIEHUE Rppix sm
nosry4aroT B omax. @opmyma (15.3) cnpaBeaymBa npu Toke 15 < 3 + 5 MA.
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BoJbiioe BXOJHOE M Majo€ BBIXOJHOE CONMPOTUBIECHUE SMUTTEPHBIX
MOBTOPUTEIIEN MO3BOJISIIOT HCIOJIb30BATh UX B KAYECTBE KACKAJIOB, COIJa-
CYIOLIMX BBICOKOOMHBIN BBIXOJ OJJHOM CXEMbl C HH3KOOMHBIM BXOJIOM
JIPYroM Wid ¢ HA3KOOMHOM Harpyskou. Kpome TOro, ux mpuMeHstoT It
nepeadyn CUTHAJIOB 0e3 M3MeHeHUs: (POpMBbI, aMIUIMTYbl U (a3bl, HO MpHU
3HAYUTEIbHOM YCHJIEHHH TOKA U MOILLIHOCTH.

3Kcnepumenmaﬂbnaﬂ yacmo

X10
O
—EK
7
O
H+
R3 .]_53 R4
T I mft

Puc.15.2

Berueptuts Tabn. 15.1, 15.2 u 15.3 i 3anucu pexxuMoB TpaH3U-
CTOpa AIMUTTEPHOTO TOBTOPUTEJIS 1O MOCTOSIHHOMY TOKY W CHSTHS €0 aM-
IJTUTYAHO-YaCTOTHOM M aMIUIUTYJHON XapaKTEPUCTHUK, a TaKKE KOOPIu-
HaTHBIE ocH (puc. 15.3, a, 6 u 15.4, a, 0) 1i1g UX MOCTPOCHUSA U U300paXke-
HUs ocrntorpamm (Macmtad mo ocsiM:Upyx 1 Ugpix B 1 cm 0,2 B).

a) 5)
Kmf wa,_s
8
a5 g
06
002005010285 1 2 5 10 20 50 100 f,x/y 04
0,2
Puc. 15.3 62 04 06 0,8 Uy B

89



a) Uy,,8 0)Y,,,.»8
r ‘ 1k t
o di
LT T T I —
¢ -
Puc. 15.4

2. 3apucoBaTh JJIEKTPUUYECKYID CXEMY AMHUTTEPHOTO IMOBTOPUTEIS
(cm. puc. 15.2) u cobparts ee.
Taomuna 15.1

Cunycounnanb-Ilonoxurens-| OTpunaresns-
Bup curnana o . .
HBII IMITYJIBC [HBIA UMITYJIBC| HBIH UMITYJIBC
Ui, B
[TapameTp B paboueit U, B
TOYKE I5, MA
U];g, B
Tab6mauma 15.2
Yacrora f, kI'g 0,02 | 0,05 | 0,1 0,2 0,5 10 50
Koaddumment ycunenus
Kon
Ta6mwmma 15.3
Bxoanoe nanpsbkenne Ugy, B 0,2 0,4 0,6 0,8 1

Brixognoe manpsoxenue Ugpx, B

3. V3MepuTh mapaMeTpbl peKUMOB TPAH3UCTOpAa B pabouell TOuke
IIpU Nepeaadye TPEX Pa3IMYHBbIX CUTHAJIOB U 3aHECTH PE3YJIbTAThl U3MEpe-
HU# B Tabm. 15.1.

4. Cuarb AUX u AX 3MUTTEpHOTO MTOBTOPUTENSL B PEXKUME Tepeia-
YU CUHYCOUJAJIIBHOTO CUTHAJIA, 3aHECTHU PE3YJbTAThl U3MEPEHUNU COOTBET-
CTBEHHO B TaOu. 15.2 u 15.3 ¥ moCTpOUTHh XapaKTEPUCTUKU B KOOPJIUHAT-
HBIX ocsiX (cM. puc. 15.3, a, 6).

5. CHATH OCHMIUIOTPAMMBI MMITYJIbCHBIX HANpsOKEHUW HAa BXOJIE U
BBIXOJIE DMUTTEPHOTO MOBTOPUTENS B PEKUMAX MEPEAAUM MOJTOKUTEIBHO-
TO ¥ OTPHIATEIIBHOTO UMITYJIbCOB U M300pa3nTh UX B KOOPJIUHATHBIX OCSIX
(puc. 15.4, a, 0).

6. Ilpu cbopke cxeMmbl IS Mepeaaund CMHYCOMAAIBLHOTO CHTHajla B
kadyecTtBe reHeparopa G ucnons3ytor 13U creHma, 4acToTy BBIXOIHOTO
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CUTHAJIa KOTOPOTO M3MEPSIOT yacToToMepoM UM, a BBIXOJHOE Hampsike-
nue — VB (npenen nusmepenus — 1 B neiicTByo1Iero 3Ha4eHU).

7. Ilpu uccienoBaHUU CXEMbl B PEXKUME IE€pEaayd HUMITYJIHCHOIO
curHaia B kayectse reHeparopa G ucnonbs3ytor ['TIN crennga B tnanazone
1000 I'u (mepexmtouarens ['TIN qoikeH HAXOIUTHCSI B TAKOM K€ MOJIOXKE-
HUW), a aMIUIMTY]ly BBIXOJIHOTO MMIYJibCca, paBHYIO 3 B, ycTraHaBiuBaroT
1o ocuusuiorpady.

8. IMITynibCHBIE CHUTHAJIBI CTPOST OTHOCHTEIIBHO OCH HYJIEBOTO IIO-
TEHIIHAJA C YYETOM IMMOCTOSHHOW COCTABJIISAIOIICH.

9. [Ipu u3MepeHHsIX UCTIOIB3YIOT:

ABMI1 — Ha npeaenax «10 By», «5 B», «2,5 B» u «1 By;

ABM2 — Ha npeaenax «10 By», «5 B», «1 B» u «0,5 By;

ABO — na npegnene «1 By;

ABMI1 — na npeaenax «50 MA», «10 MA», «5 MA» u «1 MA». D10
M3MEPEHUE BBITIOJHSIOT C MOMOIIBI0 O10Ka-nepexoauuka [12, B ruezna X3
1 X5 KoToporo ycraHasiuBaroT pe3uctop R3, a x rHeznam X2 u X4 nonx-
kmodaror ABM1;

MB — Ha npenene «1 By.

Konmponwsusie éonpocul

1. KakoBbI 0COOEHHOCTH BKJIFOUEHUS TpaH3ucropa ¢ OK?

2. Kak BausieT 6a30BbIi J€IUTENb HA BXOJHOE CONTPOTUBIICHUE YMUT-
TEPHOI'O MOBTOPUTEIS?

3. KakoBo Ha3Hau€HUE IMUTTEPHBIX TOBTOPUTEIECH?

4. KakoBbl 0COOCHHOCTH MMOCTPOCHUS CXEMBI YMUTTEPHOTO MTOBTOPH-
TeJs 1Sl Iepejayu UMIYJIbCOB PAa3JIUYHOM MOISIPHOCTH?

5. UeMm 0OBSCHSETCA HU3KOE BBIXOJHOE CONPOTUBIECHUE IMUTTEPHO-
IO MMOBTOPUTEIIA?
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JABOPATOPHAA PABOTA Ne 16
HCUIE/IOBAHUE /IBYXTAKTHOI' O YCHJ/TUTEJIA MOIITHOCTH

[lens pabotel. M3ydeHue mpuHIMIIA JEUCTBUS ABYXTAKTHOTO OECTpaHC-
(GbopMaTOPHOTO YCUIIMTEISI MOLITHOCTH;, CHATUE U aHAJIU3 €r0 aMIUTUTYIHO-
YaCTOTHON U aMIUTUTYJHON XapaKTEpUCTUK U HaOJojeHuEe padOThl B pe-
kumax AB u B.

Ilpuobopwvt u 060pyoosanue

1. Crenn aiist mpoBenenus nadoparopusix padot IDL-600.
2. Ilpu BeImonHeHUH padboThl ucnoas3yloT: R1 =51 kOMm; R2 = 3,3 kOm u
10 kOm (nepemennsiit); R3 = 200 Om; R4 = 4,3 kOm; R5 = 100 Owm; C1 =
5 Mx®; C2 =5 u 50 mx®; C3 = 0,1 u 50 Mx®@; VTI u VT2—rpan3ucropsl
KT361 A; VD1 — auox K{103A (2 mt.); VI3 — Tpan3uctop KT315A;
MIEPEMBIUKY.

OcHnoenvle meopemuyecKkue noa0NCeHUA

YcunuTenu MOIHOCTH OBIBAIOT OTHOTAKTHBIMU U JIBYXTaKTHBIMU.

OIHOTaKTHBIE YCUJIMBAIOT CUTHAJI OJHUM TPAH3UCTOPOM B TEUYEHHUE
BCET0 MEepUOoia 3a OJMH TaKT, MOTYT pabOTaTh TOJILKO B JIMHEHHOM PEKHUME
A ¥ UMEIOT HEBBICOKUI YPOBEHb HEIMHEMHBIX UCKAKEHUN. OTHAKO PEXKUM
A HE’KOHOMUYEH, TaK KaK TOK KOJUIEKTOpa TPaH3UCTOpa B paboyel Touke
JIOJKEH OBITH TIOCTATOYHO OOJIBIIMM, YTOOBI MOKHO OBLJIO €0 IOJI JIEHUCT-
BHEM BXOJIHOTO CHTHAJIa KAK YBEJIMYMBATh, TAK U YMEHbIIATh. JlJisl pexu-
Ma A XapakTE€pHO TaKKE€ PAaBEHCTBO TOKA B PEKUME OXKUJIAHUS BXOJHOIO
CUTHAJIa CPETHEMY TOKY MPHU MOSIBIICHUU 3TOTO CUTHAJIA, T. €. JaXe TeOope-
tuueckuit KIIJI ogqnotakTHOrO ycunurens cocraiseT 40—45%. 31o orpa-
HUYMBAET UX IPUMEHEHHUE.

JIBYXTaKTHBIE YCUIIUTENN YCUIMBAKOT CUTHAII ABYMSI TPAH3UCTOPAMHU
3a JABa TakTa. B TeueHwe mepBOro MOJIyNnepuoaa OAWH U3 TPAH3UCTOPOB
YCUJIUBAET CUTHAJ, a IPYroil B 3TO BPEMs TOKA HE MPOBOJIUT, & B TCUCHUE
BTOPOTO MOJIyTniepruosia — Hao00poT. Paboure ToUukr TpaH3UCTOPOB BHIOU-
paroT B CAaMOM Hayajle BXOJHBIX XapaKTePUCTHK, T.€. IPU OTCYTCTBUU CHTI-
Hajla TaKOM KackaJ TOoKa He noTpebiser. Tak paboTaeT yCUIUTEIh MOIIHO-
ctu B pexume B. B atom cinydae ycunmurens 3koHoMuueH, ero KII/ moc-
turaet 70%, a HETMHEHHBIE UCKAKEHUS BBIIIE, YEM Y OJHOTAKTHOTO.

[Ipu pabore nByXTakTHOro ycwiutens B pexume B (puc. 16.1, a)
BXOJHOM; curHan Upx B NEPBBIM MOJYNEPUO], BO3IACUCTBYS HAa OAUH U3
TPaH3UCTOPOB, BBI3bIBAET CHHYCOWIAIBHBIA TOK 0a3bl lg;~. Komaexkrop-
HBIN TOK 3TOT0 TPAH3UCTOpaA OYJIET TaKKe CUHYCOUAAIbHBIM, HO TOJIBKO B
TEUEHUE MIEPBOTO MOaynepuoa. Bo BTopoit monynepuos BXOAHON CUTHAI
Upx aHAJIOTUYHO BO3JICUCTBYET HA BTOPOW TpaH3UCTOp. CxeMy yCUiIuTens
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BBITIOJTHSIOT TaK, 4TOOBI Yepe3 Harpy3Ky MpoXoAiI TOK, (hopMa KOTOPOTO
0JIM3Ka K CUHYCOMJAIBHOM, MOBTOpsIOIIEH GopMy cymmapHOTro 0a30BOT0
ToKa lg;~.

4} Iy, J) I,
I
U 4T I

Ussz |Alprlf  Uss Ar Ugas

4 ¢

Usapr| 7 Az
I5; '
I/
é' ng Uﬁ!
Puc. 16.1

Jns CHMXKEHUSIT HEIMHEMHBIX MCKAXCHUM IIPU HE3HAYUTEIBHOM
YMEHBILIEHUU KITJI UCMOJIb3YIOT MPOMEXKYTOUHbIA pexxuM AB. B aTtom pe-
XKUMe paboure TOUYKH TPAaH3UCTOPOB BHIOMPAIOT MPU HEOOIBIINX TOKAX UX
0a3, T. €. IpHu 0XKUJAAHUU BXOJHOTO CUTHAJIa CXeMa MOTPEOIsieT OT UCTOYU-
HUKa NMUTaHus HeOoJblIoNW ToK. Pexxum AB mumpoko pacnpocTpaHeH, o-
CKOJIbKY 1O CPAaBHEHHIO C 00Jiee IKOHOMUYHBIM pekuMoM B npu Hem 3Ha-
YUTEJIBHO MEHBIIE HEJTMHEUHBIE NCKAKECHUS.

Y1paBieHHE TPAH3UCTOPAMH JBYXTAKTHOTO YCWIMTENSI MOIIHOCTH B
pexume AB mnokazano Ha puc. 16.1, 6. JlononHuTenbHOE HaNpsHKEHHUE
Ugopr, TOaBAEMOE HA SMUTTEPHBIN NIEPEXOJ, CMELIAET BXOAHBIE XapaKTe-
PUCTUKH OTHOCUTENBHO ApYT Apyra. [Ipu sToM cymmapHblii 0a30BbIi TOK
I51~ cxembl OJIU30K K CHHYCOUJATLHOMY.

B nByXTaKTHBIX KacKaJax yCWIMTEIEH MOIIHOCTH HCIOJIB3YIOT BCE
TPpHU CXEMBbI BKJItOUeHHs TpaH3ucTopos: ¢ Ob, O3 u OK.

Bxitouenue tpan3uctopoB ¢ Ob mo3BOJISIET MOTYYUTh CXEMY C He-
3HAYUTEIbHBIMA HEJIMHEHHBIMUA HCKAKCHUSAMH, XOPOIIEH TeMIIEpaTypHOU
CTaOMJIBHOCTBIO U MaJIbiM U3MEHEHUEM MapaMeTpOB MPHU 3aMEHE TpaH3U-
cTopoB. OIHAKO MU yOpaBJIEHUS TaKOM CXEMOW MpEIBAPUTENBHBIN YCH-
JIUTENb JOJIKEH ObITh MOIIHBIM, TaK Kak JiJIsl YIIPaBJICHUS TPAH3UCTOPAMH,
BKIIOUeHHBIMU ¢ OB, HEOOXOIUM TOK SMHUTTEpa Jaxe HECKOJIbKO 00Jib-
WA, Y€M BBIXOJHOW KOJUIEKTOPHBIN TOK.

[Tpu BrtoYeHMM TpaH3ucTopoB ¢ OO B hy5 pa3 cHmkaercs Mori-
HOCTb CUT'Haja YIIPABJICHWS, HO HECKOJIBKO BO3PACTalOT HEJIIMHEMHBIE HC-
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KOKEHUS. 3aMEHa TPAH3UCTOpPAa B TAKOW CXEME BBI3BIBAET M3MEHEHUE pe-
KUMa KackajJa Mo MOCTOSTHHOMY TOKY, MO3TOMY Tpedyercs: JTubo moadop
napbl TPaH3UCTOPOB C OAMHAKOBBIMU TapaMeTpamu, JIMOO JOMOJTHUTENb-
HbIE MEPHI M0 BOCCTAHOBJICHUIO CHUMMETPHUH CXEMBbI, YTO 00s513aTE€IHHO CO-
npoBoxaaercsa cHukeHueMm KIIJ u poctom kKo3duuneHTa HETUHEHHBIX
VICKAKEHUM.

[Ipu BriroueHnu TpaH3ucTopoB ¢ OK cxema paboTaeT ¢ MUHUMAab-
HBIMHU HEJIIMHEWHBIMU UCKaXCHUSIMHU. CUTHAI yIPaBICHUS B TaKOM CXEME
BEJIUK — €ro MOIIHOCTh OJIM3Ka K MOIIHOCTHA BXOJIHOTO CHTHajia Kackaja
Ha Tpanszuctopax ¢ Ob. [l 3Toi cxembl moAOUparoT mapy OJIMHAKOBBIX
TPaH3UCTOPOB, MOCKOJBKY TOJBKO TaK MOXHO OOECIEYHUTh MaJible Helu-
HEWHBIE UCKAKECHUA.

B nacrosiiee Bpemsi HauOosiee pacnpocTpaHeHbl OecTpaHcdopma-
TOPHBIE YCHWJIUTEIA MOIIHOCTH 3BYKOBOW 4YacCTOTHI, BBIIIOJHEHHBIE Ha
TPAH3UCTOPAaX Pa3HbIX TUIOB AIEKTPOIPOBOAHOCTH UM OJHOTO THUIIA.

-Ex
)
[] R1 Rd
VT2
X8
c3
1
C1 |x3 TS VD1 X10 |— o
+ I ,
X1 X6
VT3
e []RZ RY =02 []R5
+
| x2 | xa X7 X11 1 +lx1z
Puc. 16.2

JIist yripaBiieHHsI TPaH3UCTOPAMH Pa3HBIX THUIIOB JJIEKTPOIPOBOIHO-
ctu (cM. puc. 16.2) Tpebyercs oauH curHai. Tak, eclid B TIEPBBIN MOTyIIe-
pHOJA BXOIHOM CHTHANl yBEIMYMBAET TOK 0a3bl Tpansuctopa VT2, omHO-
BPEMEHHO YMEHbINIaeTCsi TOK 0a3bl Tpanizuctopa V1. Bo BTopoit momyme-
puoa — HaobopoT. Takum 00pa3omM, BXOIHBIE €M TPAH3UCTOPOB MO OT-
HOIIICHWIO K MCTOYHHWKY CHUTHajJa BKIIFOYCHBI MapaijIebHO, BBIXOIHBIC TIO
OTHOIIEHUIO K WCTOYHUKY TNMUTaHWs Eyx — mociemoBarenbHO, a MO Tepe-
MEHHOMY TOKY — TapajuiesibHO Ha oOIIyt0 Harpy3ky RO.

JIiist yripaBiieHUs TPAH3UCTOPAMH OJTHOTO THUIIA AJICKTPOIPOBOIHOCTH
Tpebyercs dasomHBEpPCHBIN Kackas (puc. 16.3), Ha BBIX0/I€ KOTOPOTO JCH-
CTBYIOT JBa OJMHAKOBBIX M MpoTuBOGa3Hbix HanpspkeHus U; u U, Dtun
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HaIIPsAKCHUA U YIIPABILIIOT TPAH3UCTOPAMHU, KOTOPBIC ITOOYCPEIHO OTKPHLI-
BAarOTCA U 3aKPbIBAIOTCA.

+Ek
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[]m R4
c2
: °U1 V/\
c1 VT
Ay o— |
c2 u A
I ° \V/
ERZ R3
Puc. 16.3

PaccMmoTpuM paboTy Kackazia yCUJIEHUs MOIIHOCTU B pexxume B (cMm.
puc. 16.2). B cxeme ucnosnb3yercsa kpeMaueBbiid nuox VDI1. [Ipu nonoxu-
TEJIBbHOM IMOJYIIEPUOAE NMEPEMEHHOM COCTABISIONIEH KOJUIEKTOPHOIO Ha-
npspkeHus: Tpansuctopa VT1 npenBapuTenbHOro yCHIMTENS TPAH3UCTOP
VT2 3akpeiBaercs, a TpaHsuctop VT3 yCUIMBAaeT CUTHAN, UCIOIb3Ys KaK
VMCTOYHUK NMHUTaHUsA 3apsKeHHBIN npuMmepHo 10 0,5 Ex konaencarop C3. B
TE€YEHUE 3TOr0 MOJYNEePUOJa TOK MPOXOJIUT MO LENH: MPABBIM 3JIEKTPOA
KoHzeHcaTopa C3, 3apsKEHHBIN IOJOKHUTENBHO, PE3UCTOP HAarpy3ku RS,
KOpIYC, MPOMEXKYTOK KOJUIEKTOP — 3MUTTEp TpaHzucropa VT3, neBwii
anekTpon kKonaercaropa C3. EMkxocTts koHAeHcaTopa C3 momkHaA OBITH Ha-
CTOJIbKO OOJIBIION, YTOOBI 32 BpEMSI CaMOro JJIMTENBHOIO MOJIYyNepHoia
(camast HU3Kasl yCWJIMBaeMas 4acTOTa) OH pa3psKajcs HE3HAUYNUTEIBHO.

[Ipu orpunarensHoM noaynepuozae Tpansuctop VT3 3akpeiBaercs, a
Tpan3uctop VT2 oTkpeiBaeTcs, ycuiuBas curHai. KoJjaeKTOpHBIM TOK
tpan3ucropa VT2 npoxonurt no nenu: + Eg, Koprnyc, pe3ucTop Harpy3ku
RS , xonaencaropa C3, mpoOMEKYTOK SMUTTEP — KOJUIEKTOP TPaH3UCTOpa
VT2, -Ex.

Takum oGpazom, yepes pe3uctop RS, Ha KoTOpEIi TOOUEpeaHo pado-
TaOT JIBa TPAH3UCTOPA, YIPABISEMbIE OJHUM CUTHAJIOM, NMPOXOJUT Iepe-
MEHHBIN TOK YCHUJIEHHOTO CHUTHaja — CyMMa IEPEMEHHBIX COCTaBIIIOLINX
OMUTTEPHBIX TOKOB TpaH3ucTopoB VT2 m VT3. Otcrona cieayer, 4ro mno
OTHOLIEHUIO K MCTOYHUKY CUTHAJIa TPAH3UCTOPHI BKIIOYEHBI MO CXEME C
OK, koTopast ycCuJIMBaeT MOIIIHOCTh CUTHAJIA, MOBTOPSISL €r0 HAMPSKEHUE.

Bxitouenue kpemHueBoro nuoja VDI yBenumuuBaeT HampsbkeHUE
Mexay 0azaMH TPaH3UCTOPOB, U UX padOYHe TOUYKM CMEIIAIOTCA K Hadaly
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BXOJHBIX XapaKTEPUCTHK, T. €. KacKaJ MEpeXoauT B pexxum B. OToT nepe-
XOJ CTAaHOBUTCS 3aMETHEE, €CJIM MCIOJIb3YIOT [JBa MOCIEA0BATEIBHO
BKJIFOUEHHBIX KDEMHUEBBIX TUO/IA.

Opnopemenno nuoa VDI cioyxut juist TemnepatypHoil cradumnusa-
1My 0a30BBIX IeNel TpaH3UCTOPOB. [Ipu MOBBIIEHUU TeMIIepaTyphbl BXO/I-
Hasl XapaKTEPUCTHUKAa TPAH3UCTOPA CMEIIAETCS BJIEBO, YTO O3HAYAET YBE-
JMYEHHE TOKa 0a3bl IPU MOCTOSIHHOM HAMPSHKEHUW HA SMUTTEPHOM Iepe-
xoje. OnHako TOk 0a3wl Mpu BKIOYeHUHU Auoaa VD1 yBenuuuBaeTcs 3Ha-
YUTEJIbHO MEHBIIIE, TOCKOJIBKY IPSMOE HAMPSKEHUE HA HEM MPHU YBEIUYE-
HUU TEMIIEPATYPhI TAKKE YMEHBIIACTCS.

IKcn epumenmaibHasd 4acmao

1. Berueptuth Ta0a. 16.1 1 16.2 1151 CHATUS aMIUIUTYTHO-4aCTOTHOM
U aMIUIMTYJTHOM XapaKTEPUCTUK YCUIIUTENS U KOOPAMHATHBIE OCU (CM.
puc. 15.3, a, 6 B padore Ne 14) nnst ux mocTpoeHusi (MacuiTad mo OcsaMm:
UBX —B1cm20 MB, UBI)IX —B 1 cMm 200 MB)

Tabmuma 16.1

Yacrora f,x[ 1 002/0,1/0,5| 1 10 | 100
BrixogHoe HanpsikeHue €2=5 Me®
U B, ipu emxoctH €3=0,1 Mx®
BI;?(()'H ’eHI::aTo (2=50 Mx®@
& poB C3=50 Mx®D

Tabmauma 16.2
Bxonnoe nanpsokenue Upy,B 20 40 60 80 100 | 120

Brixognoe nanpsixenue Ugpx, B

Taomuma 16.3

Pexum Curnas orcyTcTBYeT | MakCMMaIbHBIN CHTHAJ
ITepe- Hnon ITepe- Jnon
MBIYKa KJI103A MbIYKa KJ103A
OJIVH | JBa OJIMH | J1Ba

Tox |;, morpebaseMplit
MpEABAPUTEIbHBIM YCUITU-
TeaeM, MA
Toxk |, noTpebsiembiii Bcem
YCUJIUTEIIEM, MA
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Tadmuna 16.4

I'uesno X3 | X5 | X6 | X8 | X9 | XI0
Hampsoxenue, B, IIEPEMBIYKHU
IIPY BKJIFOYEHUH nuroaa KJI103A
JIBYX INOJIOB
KJI103A

2. Berueptuts Tab1. 16.3 nis 3anucu TOKOB, MOTPEOISIEMBIX yCUIIHU-
TEJIEM IIPU Pa3HBIX PEKUMaX pabOTHI.

3. Beriueptuth Tabs. 16.4 14 3anvcu napameTpoB PEXUMOB TPaH3H-
CTOPOB 1O MOCTOSIHHOMY TOKY.

4. 3apucoBaTh IEKTPUUYECKYIO CXEMY UCCIEAYEMOTO YCUITUTENS (CM.
puc. 16.2), coOpaTh ee U OTPEryJIHpOBaATh PEKUMBI PAOOTHI YCUIIUTENS MO
MIOCTOSIHHOMY TOKY.

5. CHATh aMIUIUTYIHO-YAaCTOTHYIO U aMIUTUTYAHYIO XapaKTEPUCTUKU
YCWJIMTEIIS, 3aHOCS pPe3yIbTaThl u3MepeHuil B Tadn. 16.1 u 16.2, u moctpo-
UTh UX B COOTBETCTBYIOIINX KOOPJIUHATHBIX OCSX.

6. I3aMepuTh TOKHU, NOTPEOJIIEMbIC YCUIIUTEIIEM MPU PA3TUYHBIX pPe-
AKUMax palOOThl, 3aHOCS pe3yJbTaTbl U3MepeHud B Tabda. 16.3. OnHoBpe-
MEHHO M3MEPSTH MapaMeTphbl PEKUMOB 10 TTOCTOSTHHOMY TOKY, 3aHOCS pe-
3yJbTaThl U3MEpPEHUH B Ta0. 16.4.

/. YcranaBnuBaroT no MB crenga Hanpsokenue 12 B Ha BbIxOze
['H2, moakirodast ero ¢ COOII0ICHUEM TOJSIPHOCTH K THe3aaM «—Ex» u
X12, a 3arem uzmepsitor ABM1 (na npenene «10 By») B rHezne XI0 Ha-
npshKEHHE, KoTopoe NokHO coctaBisaTh 0,5 Ex. Ecnu 310 He Tak, ycra-
HAaBJIMBAIOT BMECTO pe3ucTopa R2 conporusnenuem 3,3 kOM nepemMeHHbIN
pesuctop cornpoTtuiieHneM 10 kOM u 100UBaOTCs, YTOOBI HANIPSIKEHUE B
rae3ne X10 cocrasnso 6 B.

8. [lonkimro4aroT K BBIXOAY YCUIUTENST MIULTUBOITMETp MB crenna
(3axuM MB «~» coeUHSIIOT ¢ THE3/IoM | uccienyemMoil cXeMbl, a 3aKUM
« 1 » — crre3gom X11) 1 ycTaHaBIMBAIOT €T0 MEPEKITI0YATEh Ha TIPEIeI
«1 B».

9. VcranapmuBaroT Ha Beixoqe 134 wactory curnama 1000 I, mis
YEero ero mepexiarovarens «Jluamnazon» nepeBoadar B nojoxenue «l xlmy.
s u3mepennst 4actoThl BBIXOAHOTO curHasia ['3Y ¢ moMouipo 4actoTo-
Mepa UM tymbnep «UM-I"3U» ycranaBnuaioT B nosioxkenue «I'3U», ne-
pexmrouarens UB — B nonoxenue «YM», a nepexiirouarens YM — B no-
noxenne «5 kI'uy. Iogkmrouarot I'3Y k uccnenyemoit cxeme (3axxum I'34
«1 : 10» coeguusroT ¢ THe3a0M X1, a 3akum «_1_» - ¢ rHe3mom X2). Ycra-
HABJIMBAIOT HA BXOJIC YCUJIUTENS TAKOM CUTHAJI, IPU KOTOPOM HAMPSIKEHUE
Ha ero BeIXojie Oyner paBHO 5 B nelictBytoiero 3HadeHus. [Ipu cHsTHH
AUYX HEoO0X0aUMO CIIEIUTh 32 CTAOMIHLHOCTHIO aMILIUTYAbl BXOJHOTO Ha-
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MPSOKEHUS U IPU U3MEHEHUM KOPPEKTUPOBaTh ee peryisitopom ['3U «Am-
mutyaa». Beixognoe Hanpspbkenue 134 usmepsitor B crenpa, st yero
€ro MepeKIroYaTelb CIEayEeT MepeBeCcTH B noyioxkeHue «I3U».

10. [Ipu cHATUY aMIUTMTYTHOW XapaKTEPUCTUKHU BXOJ] ociiiiorpada
NOAKIIOYaroT K THe3ny X1, a BeiBoa «_1 » - k rHe3xy X7. Habmonas dop-
My HaIpsiKEHUsI HA BBIXOJAE YCUJIUTENSA, OTMEYAIOT, IIPU KaKOM BXOJHOM
HaIpPSHKEHUU UCKaKEHUS (POPMBI BHIXOJHOTO HAIPSKEHUS! CTAHOBSITCS 3a-
METHBIMM Ha rJ1a3. MMEeHHO ¢ 3TOro 3HaueHUsS BXOJHOI'O CHUTHAjla aMILIH-
TyJIHasl XapaKTEPUCTUKA OTKJIIOHUTCS OT MPSIMOM JIMHUU.

11. IMotpebnsemplii Tok m3MepsstoT ABMI1, mis dero 3axuM «—»
I'H2 coequnsioT ¢ 3axxumMoM «—» ABMI, a 3axum «+» ABM1 — ¢ rHe3-
oM «—FEx».

12. Ilpu ucnonp30BaHUKM KpeMHHUEBOTO auoaa VD1 ycunmurens Mot-
HOCTH OKa3bIBaeTCs B pexxume B (Mau 61M3KOM K HEMY).

13. Ilpu wucCHoab30BaHUM JBYX MOCIEIOBATEIHbHO BKJIFOUYEHHBIX
KPEMHUEBBIX JIMOJIOB YCUJIUTEb niepexoaut B pexuM AB. IIpu sTom ycu-
JUTENH TTOTPEOISET TOK MPU OTCYTCTBUU BXOJHOTO CHUTHAJIA.

14. TTapameTpsl peKUMOB MO MOCTOSTHHOMY TOKY H3MepsitoT ABM?2
Ha npeaenax «10 By, «5 By», «1 B» u «0,5 By.

KOHmPOJleble eonpocaol

1. IToueMy OJHOTAKTHBIE YCUJIUTEIA MOIIIHOCTH UCIIOJIB3YIOT PEIKO?

2. Uem OOBSCHSETCS SKOHOMUYHOCTh JBYXTAKTHBIX YCHJIHTENEH
MOIIIHOCTH, paboTarmux B pexume B?

3. Kakue nmapamerpbl BBIXOJHOTO CUTHAJIA 3aBUCAT OT EMKOCTH KOH-
nencaropa C3?

4. Ilouemy npu yMEHBIICHUU €MKOCTH KOHJeHcartopa C2 yBenuyu-
BAIOTCS YaCTOTHBIC UCKAXKEHUS B 00J1aCTH HIXKHUX YacTOT?

5. Kak BiusieT pexkum pabOThl yCHIIMTENS Ha HEIMHEHHBIE UCKaXKe-
HUA?

98



JABOPATOPHAA PABOTA Ne 17
HCUIE/IOBAHUE YCHIIMTEJIA IIOCTOAHHOI'O TOKA

[lens pabotel. M3ydyenue npuHiuma aeicTBus auddepeHImaibHoro yCu-
nautenst noctostHHoro Toka (YIIT) u nproOpereHre HaBbIKOB €ro OalaHCu-
POBKH; CHATHE M aHAJIU3 aMIUIUTYIHBIX XapaKTePUCTHUK.

Ilpuéopwvt u 060pyoosanue
1. Crenn mist mpoBeneHus nadoparopHsix padot IDL-600.
2. [1pu BoImoHEHUH padOThl UCTIONB3YIOT: R1 = R9 =12 kOm; R2 =R10 =
620 Om; R3 =R8 =1; 2,4; 4,3 kOm; R4 = 2,2 xOm (nepeMenHsIi); RS =1
kOwm (nmepemennsiif); R6 — 470 Om (nepemennsiit); R7 = 510 Om, 1,2 u
2,4 kOm; VTI u VT2 — tpanzucropsl KT361A; 6nok-nepexoanuk I13.

OcHogHble meopemuuecKue noa0MHCeHU

Yeunurenu moCTOSHHOTO TOKa MpeIHa3HAYEHBI ISl YCUJICHUSI CUT-
HAJIOB B uara3oHe 4acTtoT OT f = 0 (MOCTOSIHHBIN TOK) 0 HEKOTOPOI MaK-
CUMAJIbHOM YaCTOTHI sy, OOBIYHO OMpenensseMoil YaCTOTHBIMU CBOMCTBa-
MH TPaH3UCTOPOB. ITa YACTOTA MOXKET JIOCTUTaTh COTEH Merareplil.

[Tpocrerimas cxema YIIT (puc. 17.1) ucnonb3yercs B KOMIIEHCALIH-
OHHOM cTabuiuzaTope HampspkeHus: (cMm. padoty Ne 11). [Ipu HoMuHAIIB-
HOM BXOJHOM HampsikeHuu Upyx cTaOwimM3aTopa Ha d3JEKTPOJiax TPaH3U-
ctopa VT Takke ycTaHaBIMBAIOTCS HOMUHAJIbHbIC HanpspkeHUus Usyr,
Ugvr 1 Ugyt. Hanpsokerune Uyt co3maercs mapaMeTpuiIecKuM cTabuim3a-
TOpOM Ha ctabmnuTpore VD u He 3aBUCUT OT BXOaHOTO HanpspkeHus Ugky,
a HanpspkeHuss Ugytr 1 Ugyr usMensitorcs. Bxognoe nanpsbkenue YIIT
Ugyr SBIsIETCS 4acThiO BBIXOAHOTO HampsbkeHus aUppry cTaOmiam3atopa
(rne @ = R2/(R1 + R2) — xoaddunuent neiaenust aenurenas R1R2). Koin-
nexktopHoe HamnpspkeHue Uyt YIpaBisieT peryaupyrolM TPaH3uCTOPOM
crabuiauzaropa (cm. puc. 11.1).

e Uy —
- Boix
w8 (1%
vr
Yox Usir=Upy
Usvr | a2
+ Yo
o : —c
- +
Puc. 17.1
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Ecnu no xakoif-nubo npuymHe BeIXoAgHOE HampsbkeHue Ugpx cTabu-
JM3aTopa U3MEHWIOCh, U3MEHUTCA U HamnpsikeHue aUpyx, HarpuMep, mosi-
BUTCS npupaiienue HanpsbkeHus: +Ug. [lpu 3Tom 6a30BbIi TOK TPaH3UCTO-
pa VT ymenpmurcsa Ha Alg = AUg / hy», a KoiekTopHbIii — Ha Alyg =
hy15415 = hy15AUg \ hyou, caenoBareabHO, YBEIUYUTCS KOJJICKTOPHOS Ha-
npspkenne Ha AUy = Alg / lx. Oto Hanpsbkenne AUy sBIsieTCsS BBIXOTHBIM
HanpsbkeHrueM YIIT, BbI3bIBAlOIIMM KOMIICHCUPYIOLIEE U3MEHEHHUE DJIEK-
TPUYECKOTO COCTOSIHUS PETYJIHPYIOLIEro TPAH3UCTOpa CTa0MIM3aTopa.

B paccmarpuBaemom ciyuae npu +AUg Ha Beixone YIIT nossasiercs
—AUyg, cnocoOCTByOIIEe YMEHBIIIEHUI0 0a30BOT0 TOKa PETryJUPYIOIIETO
TPaH3UCTOPA, YTO PABHOCUIBHO YBEIUYECHUIO CONPOTUBIIEHUS ITPOMEKYT-
Ka KOJUIEKTOP—3MUTTEDP, NPUBOASAIIEIO K YMEHBIICHUIO BBIXOJHOI'O Ha-
npsbkeHus ctabunusaropa Ugpx.

Koadpduuument ycunenus nanpsoxkenuss YIIT ompepenstor mo dop-
MyJIe:

K= ﬂUK/ UB = RK h213 / h113.

CnenoBaresibHO, U3MEHEHUE BXOHOTO HanpspbkeHust YIIT Bei3biBaeT
B K pa3 Oonbiiee n3MeHeHNe ero BEIXOJHOTO HAIPSHKEHUSI.

Kpome Toro, YIIT mMoxer ycuinBarh NEPEMEHHOE HANPSIKECHUE JI0
HEKOTOPOM IMPEIEIbHOM 4YaCTOThI, KOTOpas OMNPEAEISIETCS YaCTOTHBIMHU
CBOMCTBaMH TPaH3UCTOPOB, YTO OCOOEHHO BAXKHO B CTaOMIM3aTOpax, pa-
OOTAarOIIMX HA CXEMY C UMITYJIbCHBIM MOTPEOJICHUEM.

Ha Beixoge YIIT mosBisgeTcs cCurHan gaxe B TOM ClIy4dae, €CiId Ha
BXOJIE €ro HeT. DTO SBJICHUE, Ha3blBaeMoe Jpei(oM HyIIsl, MPOSBIsSETCA
HECTaOWJIBHOCTBIO BBIXOJHOTO HampsbkeHus. Jlpeld Hyms mpeacTaBiisieT
cOOOM JIOKHBIM BBIXOJIHOW CHUTHAJI, MPUYUHON KOTOPOTO SBISIETCS HE
BXOJIHOW curHaj, a Bo3jaeicTBue Ha cxemy YIIT necrabunmzupyroniyx
¢dbakTopoB, HanOOIEEe CEPHE3HBINA M3 KOTOPHIX — U3MEHEHHUE TEMIIePaTypPhl
OKPY>KaIOIIEH CPeJibl, BIUAIOIICE HA BCE O€3 UCKIIOUEHUS JIEMEHTHI. Y CT-
PaAHUTh WX MOJHOCTHIO CKOMIIEHCUPOBATH 3TO BIMSHUE HEBO3MOKHO.

Tak, B YIIT, nokazanHoMm Ha puc. 17.1, ¢ pocToM TeMneparypsl u3-
32 YBEJIMYEHHUs TOKAa KOJUIEKTOpPAa YMEHBIIAETCS OTPULIATENBHOE KOJLJIEK-
TOPHOE (BBIXOJHOE) HAIPSIKEHUE, YTO PABHOCWIBHO MOCTYIUICHUIO Ha
BXOJI CUTHAJia OTPHUIIATEIBLHON MOIApHOCTH. Jpelid BBIXOAHOTO HampshKe-
HUS MOXKET OBITh CKOMITEHCHpOBaH noAaveit Ha Bxox YIIT curnama HeoO-
XOJIUMBIX 3HAUCHUS M TOJSIPHOCTH, HA3bIBAEMOTO ApeiidomM HYIIs, MpUBe-
neHHbIM KO Bxoay YIIT. 3Has aOComtOTHBIN BBHIXOAHOM Apeid A u xkodd-
bunMeHT ycuieHus HanpspbkeHus K, MOXXHO omnpenenuTh MPUBEISHHBIN
npeiip & = A/K. IlpuBeneHHbiii apeid ompenensieT 4yBCTBHTEIHLHOCTH
VIIT, T. . MUHUMAJILHBIN CUTHAJI HA €T0 BXOJI€, KOTOPBIA OyAET pa3inium
Ha BbIxojie. Tak, eciu mpuBeAeHHBIN Apeiid Mpu BO3ACHCTBUN ONPEACIICH-
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HBIX AecTabunusupyoomux ¢akropoB cocrasiser 100 mxB, mogaBath Ha
Bxoa YIIT curnan 1 MxkB He mMeer cMbiciia — OH moTepseTrcs Ha (PoHe
npeitda. Curnan xe, COU3MEPUMBIN ¢ MpUBEACHHBIM aperdom, Oyner 3a-
MeTeH Ha Bbixojie. CiegoBaTesbHO, CHUYKEHHE MTPUBEIEHHOTO apeiida co-
IIPOBOKIAETCS IMOBBIIEHUEM YyBCTBUTENBHOCTU YIIT.

Jis  ymeHblieHus Japeiidpa  HyJss UCHOJNB3YIOT —HapajlieiabHO-
6anancusie YIIT (puc. 17.2), KOTOpbIe COCTOAT U3 JBYX OJIMHAKOBBIX KacC-
KaJI0B, MapaJUIeIbHO MOAKIIOYEHHBIX K MCTOUYHMKY nutanus Ex. Ilepen
HavyasioM paboTel YIIT OanaHcHUpyrOT Tak, YTOOBI MOTEHIIMANBI BXOAHBIX 1
U 4 ¥ BBIXOJIHBIX 2 U 3 32KMMOB OBLIN MOMAPHO OJIMHAKOBBI. ITO COCTOS-
HUE€ COOTBETCTBYET OTCYTCTBHIO BXOJHOI'O CUTHAJIA.

o+£
RS [‘]m ul
k]
¥iz p—=0 %
R6 | |[RE
Puc. 17.2

KosnekTopHble 1€y TPaH3UCTOPOB 00Pa3yt0T MOCT, BEpXHUMU I1JIe-
4aMy KOTOpOTO ABISAIOTCSA pe3uctopbl R3 n RS oamHakoBeIX conmpoTuBie-
HUM, & HUKHUMHU — TMPOMEKYTKH KOJUIEKTOP — 3MUTTEP TPAH3UCTOPOB
VTI u VT2, BxitoueHHbIE NocienoBaTenbHo pesucropam R4 u R6, comnpo-
TUBJICHUSI KOTOPBIX OOBIYHO HEBENUKH. COMPOTHUBICHUS HUXKHUX IIJIed
MOCTa Tociie OaTaHCHUPOBKHU CTAHOBSATCS OJMHAKOBBIMH.

ITon nelicTBuEeM BXOJHOTO cUrHaja (B MPOCTEHIEM ciiydae ero mo-
AT MEXIy 3axuMmamu 1 u 4) 0a30BBIM TOK OJHOTO W3 TPAH3UCTOPOB
YMEHBIIAETCS, IPU 3TOM COINPOTHUBICHHUE €0 MPOMEKYTKA KOJUIEKTOP —
OMUTTEP YBEIUYHMBACTCS, OJHOBPEMEHHO 0a30BBIA TOK JPYroro TpaH3H-
CTOpa YBEJIWYMUBACTCS, @ CONPOTUBIICHUE €r0 MPOMEKYTKA KOJJIEKTOP —
SMUTTEP yMEHbIIAETCS. ballaHC MOCTa HapylIaeTCsl U Ha BBIXOJE CXEMBI
MOSABJISACTCS CUTHAN. BXOIHOW CUTHAJI MPOTUBOIOJIOXKHOW MOJISIPHOCTH BbI-
3bIBACT MOSIBJICHWE HA BBIXOJE CXEMbI CHTHaja TAK)KE MPOTHUBOMOJIOKHOMN
noJIsIpHOCTU. TakuM 00pa3oM, BBIXOJIHOW CUTHAJ COJCPKHUT MHMOpMAITIIO
HE TOJBKO O 3HAYEHWH BXOJIHOTO CUTHaJIa, HO U O ero 3Hake. [Ipu monHoun
CUMMETPHUH CXEMBbI Jpeh(Pbl BEIXOTHBIX HAMPSHKEHUN OTACIBHBIX KaCKaI0B
OynyT oauHakoBel. [loToMy Ha Harpyske, NOAKIIOYEHHON K 3aKuUMaM 2 U
3, npetipa BooOme He OyneT. B peambHBIX cxeMax apeiid BBIXOAHOTO Ha-
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npsDKEHUsST BCe e HaOJII0AaeTcs, OJJHAKO OH 3HAYUTEIHHO MEHbIIIE, YEM B
cXxeMe, MOKa3aHHOU Ha puc. 17.2.

Uccnenyemsiii B nannoi padote YIIT (cM. puc. 17.3) BINOJIHEH 1O
napauienbHo-0anancHon cxeme. Takue YIIT HaspiBaoT Takxke audde-
pEHITHATBLHBIMH, TIOCKOJIPKY WX BBIXOJHOE HANPSHKCHUE MTPOTIOPIIMOHATBHO
pPa3HOCTH MOTEHIIMAIOB BXOJIOB.

R10

XéJ:U

Puc. 17.3

Haunyudieit ¢ TOUky 3peHHsi MUHUMAIBHOTO Jipeiida aBisieTcs cxe-
Ma YIIT ¢ cuMMETpUYHBIMU BXOJOM W BBIXOJAOM. BXOJIHOM cHUrHaN 1oja-
€TCS Ha U30JIMPOBAHHBIC OT KOPITyca 3aKUMBbI | 1 4, a BBIXOAHON CHUMAET-
Csl TAKXKE C M30JIMPOBAHHBIX OT KopIityca 3auMoB 2 U 3. PexxuMm 6a30BbIX
LeNel TPaH3UCTOPOB 00ECEUMBACTCS OJUHAKOBBIMU JICIUTEISIMHU HaIpsi-
»keHust R1R2 u R9R10. HanpsikeHust SMUTTEPHBIX MEPEX0A0B 00pa3yroTCs
Ha pesuctopax R2 u R10. Pesucrop R4 ciayxut nist 6aJaHCUPOBKHA CXEMBbI
— BBIPaBHUBAHUSI MOTCHIIMAIOB Ha 0a3ax TPaH3UCTOPOB. B KoyekTopHbIC
LENU BKJIFOYECHBI UMEIOIINE OJIMHAKOBBIE COITPOTUBIIEHUS PE3UCTOPHI R3 n
R8.

ITorenunomerp RS mpenHaszHadeH il YCTAHOBKU HYJIS Ha BBIXOJIE
VIIT npu nyneBoMm BxoaHom curHaie. [lorenuuomerp R6 ciayxut ais
BBITIOJTHEHUSI aHAJIOTUYHBIX (DYHKIIUM W, KpOME TOTO, JIJIsi BRIPABHUBAHUS
HEOJMHAKOBBIX COMPOTUBJICHUN IMUTTEPHBIX O00JacTEel TPAH3UCTOPOB U
co3ganusi HeOoboi mo ryornHe OOC, JOMOTHUTEIHLHO CTA0OUITU3HPYIO-
W pEeXUM TpaH3UCTOPOB. Pesucrop R7 nmpennaznaden s sSMUTTEpHON
cTabuin3anuu pabodnx TOYEK TPAH3UCTOPOB, YTO CHIKACT Apeiid HyJs.
Hanpspokenue ucrounuka E, mogouparot Tak, 4ToObl MOTEHITUATBI SMUTTE-
POB TPAH3UCTOPOB OBUIM OJM3KU K HYJIIO, & CAMU TPAH3UCTOPhI HAXOH-
JIMCh B aKTUBHOM PEKHUME.

[Ipu BBIMOSIHEHUU PabOTHI HaAMpsKEHHWE MCTOUHMKA E, mombuparoT
Tak, YTOObl HANpsKEHWE UCTOUYHUKA B pacnpenensioch TOPOBHY MEXKITY
MPOMEXKYTKAMU KOJUIEKTOP — SMUTTEpP TPAH3UCTOPOB U PE3UCTOPAMU B
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KOJUIEKTOPHBIX LersX. [Ipu ucrnonp30BaHUM TPaH3UCTOPOB C OJUHAKOBBI-
MU napameTpamu U pe3uctopoB R1 = R9, R2 — R10 u R3= R8 cxema 1o-
cie OaJIaHCUPOBKHM OyJIeT CUMMETPUYHOU, a Jper(bl MOTEHIIMAIOB KOJI-
JIEKTOPOB TPAH3UCTOPOB — OAMHAKOBBIMU. CienoBaTesbHO, Aperd HyIs
Ha Harpy3Ke, BKIFOUYEHHOU MEXy KOJUIEKTOpaMmu, OyJIET paBeH HYJI0, TaK
KaK MPEJCTaBJIsIET cCOO0M Pa3HOCTh JPe(POB OJMHAKOBBIX MOJIOBUH YCH-
JIUTEIIA.

[lepen HauamoMm pabOTHI cxema J0JKHA ObITh cOaJaHCUpOBaHa, IS
Yero HeoOXOIUMO:

— YCTAHOBUTH JBWXKH MoTeHIuoMeTpoB R4, RS u R6 B cpeanee no-
JI0)KEHUE;

— MOJKIIFOYUTh K THE3/1aM 2 U 3 CXEMBI BOJIBTMETP C MPEAEITbHBIM
3HAYEHHUEM IIKaJbl, paBHbIM E2, 1 3akopoTuts THe3aa 1 U 4;

— YCTAaHOBUTH MOTEHIIMOMETPOM RS HysieBoe HampsiKEHUE Ha BBIXO-
ne YIIT, onHoBpeMeHHO Mepekiitouasl BOJIBTMETP Ha Bce 0o0Jiee 4yBCTBU-
TeJIbHbIC TpeJiesibl (MOTEHIUOMETP R6 MCMONB3YIOT MPU PEryJIHMpPOBKE Ba-
puanta 1 cxemsl YI'1T Ha MUHUMAaNBbHBIA Apeid B auana3oHe TemIepa-
Typ; OH MOKET OBbITh UCKIIFOUEH, a BCE THE3/1a JIJISl €ro MOJIKIIOYCHHS 3aK0-
pOYEHBI; B paboTe ucciaeayercs Takxke BapuanT 2 cxembl YIIT, korma yc-
TaHOBKY HYJIS BBIIOJHAIOT NOTEHIUOMETpOM R6, a moreHumomerp RS uc-
KJIFOYaIOT);

— packopoTuTh BXOJbl 1 u 4, BOCCTAaHOBUTH MOTEHUHOMETpOM R4
HYJIEBOE HAIPSKEHUE HAa BBIXOJE;

— 3aKOpPOTHUTH CHOBA rHe3/1a | u 4 U pu NMOSABICHUN HANPSIKEHUS HA
BBIXO/IC TOBTOPUTH 0AaJTAaHCUPOBKY B TOH K€ MOCIIEAOBATEIILHOCTH.

+ U&u
o mad” ™ i
i
~Us,  ~Usymox E + Uy,
+ de max
~Ypsix max
- Uﬁm
Puc. 17.4

[Ipu mojkroueHUn K THE3Ay 1 MOJIOKUTETLHOTO TTOJIFOCa UCTOUYHHKA
BXOJIHOTO CHTHajla, a K THE3My 4 — OTPHUIATEIILHOTO TOK OyJeT Mpoxo-
JUTH TO Tienu: THe3A0 1, 6aza — smurrep VT1, R6 (ecam oH ecTh), SMUT-
Tep — 6aza VT2, rae3no 4. Otum TokoMm Tpanzuctop VT1 Oynmer 3akphi-
BaThCSl, U OTPUIATEILHOE HAMPSHKEHUE HA €r0 KOJJIEKTOPE HAYHET PacTH, a

103



Tpan3zuctop VT2 OyneT OTKphIBaThCS, U OTPUIIATEIILHOE HANpsDKEHHE Ha
€ro KOJUIEKTOPE HAa4YHET yMeHbaTbes. CleaoBaTENbHO, BOJIBTMETD JIS
VU3MEPEHUS BBIXOJHOTO HAINPSHKEHUS MNPH YCTAHOBJIEHHOW MOJISIPHOCTH
BXOJHOTO CUTHAJa CJIEAYET MOJKIIOYUTh IUIFOCOM K THE3Y 3, a MUHYCOM
— K rHe3ay 2.

IIpr HEKOTOPOM BXOJHOM CHTHaJIe TpaH3ucTop VTl HayHET 3aKphI-
BaThCS, a TPAH3UCTOP VT2 OKakeTcs B peKUME HACBIIIEHUS, T. €. IPEKpa-
TUTCSI BO3JIECTBUE BXOAHOTO curHana Ha YIIT. DToMy COCTOSTHUIO CXEMBbI
cOOTBETCTBYIOT HANpPsLKEHUS +Upprx max M1 —Ugpix max (puc. 17.4), orpanu-
YMBAKOIINUE JIMHEWHBIM yYaCTOK aMIUIUTYJHOW XapaKTEPUCTUKH, B IIpEHe-
Jax KOToporo ko3 GUIIMEHT YCUIIeHUs HAMPSKEHUS TIOCTOSHEH, T. €.

K = Uppix max / Ugx max- (171)

Ocob6enHoctbio cxembl auddepennmansaoro YIIT sBrusiercs oTcyT-
ctBue BHyTpukackagHoi OOC npu BKIOYEHHH B OOIIYIO AMUTTEPHYIO
1enb pesucropa R7, coOmpoTUBIIEHHE KOTOPOTO OMNPENEAETCsS TOJNbKO Ha-
NPSHKEHUEM UCTOYHUKA TuTaHus E,.

IKcn epumenmaibHasn 4acmaos

1. Berueptuth Ta0n. 17.1 u 17.2 nas CHATUS aMIUIUTYAHBIX XapakTe-
puctuk YIIT (nns BapuantoB 1 u 2 cxemsl YIIT raesna 1is moakir0ueHust
COOTBETCTBEHHO pe3ucTopoB RS wim R6 3akopaumBaroT) U KOOpJIUHATHBIC
ocu (puc. 17.5) nna ux noctpoenust (macmrad mo ocsam: Ugx — B 1 cm 0,2
B, UBBIX —Blcm?2 B)

8l UM,,;I
6
4
UpB z AN
o5 il
! 650604022 820406081
&
[
3
VapA|
Puc. 17.5

2. Beiueptuth Tabn. 17.3 pis 3anucu pexxumMoB TpaH3uctopos YIIT
110 TTIOCTOSTHHOMY TOKY.

3. 3apucoBaTh CXEMY HCCIEIYEMOr0 YCHJIMTEIS MOCTOSIHHOTO TOKa
(cm. puc. 17.3), coOpaTth ee BapuaHT 1, CHATH aMIUIUTYIHYIO XapaKTepH-
CTUKY U 3aHECTH pe3yJibTaThl U3MepeHui B Tadi. 17.1.

4. Cob6parp BapuanT 2 cxembl YIIT, CHATh aMIIUTYIHYIO XapaKTe-
PUCTUKY JUISl TPEX 3HAUYCHUN KOJUIEKTOPHBIX PE3UCTOPOB, 3aHECTH PE3YJib-
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TaThl U3MEpPEHUN B Ta0d. 17.2 U U3MEPSITH PEKUMBI TPAH3UCTOPOB MO TO-
CTOSIHHOMY TOKY, 3aHOCSI pe3yJbTaThl U3MepeHuit B Tadu. 17.3.

Tabmuma 17.1
Bxoanoe nanpsixenue Ugy, B 01/102(03]04 /05| 06| 0,7
BxonHoii Tok lgx, MKA BrixogHoe
HanpsbkeHue Ugpix, B

Ta0muma 17.2
Bxoanoe nanpsixenue Ugy, MB 10 | 20 | 30 | 40 | 50 | 80 | 100
Bxonnoii Tox lgx, MKA, mpu| 1
COTIPOTUBJICHUU PE3UCTOPOB| 2,4
R3 — R8,xkOmMm 4,3
BrixogHoe HanpspkeHUe 1
Ugwix, B, mpu conpotusne- | 2,4
Huu pe3uctopoB R3=R8 | 4,3

kOm
Tabmuua 17.3
ConpoTtusienue pesuctopoB R3 = R8, kOm 1 24 | 4.3
Hanpsixenue nutanus E,, B

Pexxum Tpansuctopa, B VT1 Us
Uk

Us

VT2 Us

Uk

Us

5. Iloctpouts amrumtynHele xapakrepuctuku YIIT B koopaunat-
HBIX 0csX (cM. puc. 17.5).

6. Bpruncnute kosdduimentsl ycuinenus Hanpsbkenus YIIT nns
JBYX BapUaHTOB CXEMBI, IMOJIB3YsCh (hopmyioit (17.1).

7. IlepBplii BapuaHT cxembl coOuparoT, ucnoiyib3ys: R1 = R9= 12
kOM; R2 = R10 = 620 Om; R3 = R8 = 4,3 xOm; R4 = 2,2 kO™ (nepeMeH-
HBI); RS 3akopaumBatoT ¢ momoristo 6noka-nepexoannka [13; R6 = 470
OwMm (nmepemennsbiit); R7 = 2,4 kOwm;

E; — reneparop nanpsioxenus ['H2 crenpa;

E, — reneparop nanpspkenust [H1 crenna;

ABM2 — u3mMmepuTelb BBIXOJIHOTO HampsbkeHus Ha npexaene «10 By
(mo Mepe OaJaHCUPOBKU CXEMBbI MTPUOOP MEPEKITIOYAIOT HA Bce 0ojiee UyB-
CTBUTEJIbHBIE TPE/EIbl; OKOHYATEIbHYI0 OalaHCUPOBKY MPOU3BOIAT Ha
npeneine «0,5 B»; HeTOUHOCTh yCTaHOBKH HyJs Ha Beixoae YIIT He momxk-
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Ha TPEBBIIATH MOJOBHHBI JiefeHus mKainbel «0,5 By», uro cocrasuser 10
MB);

ABO — u3Mepurenb BXOAHOTO HanpsbkeHus (Ha npenene «1 By ms
nepBoro BapuanTa cxemsl 1 «0,1 By miist BToporo) ;

B — u3mMepurens BXOJHOTO TOKa Ha npezene «1MA» (mepekioyda-
tenb B ycranaBnuBatot B nonoxkenue «I'T 1 MA»);

I'T — renepaTop TOKa CTEHa — MCTOYHUK BXOJHOI'O CUTHAJA.

8. Iy cHATUS aMIUIMTYAHON XapaKTEPUCTUKU CIEAYET TOIKIFOYHTh:
I'H2 — x tHe3mam «—E» u X5; 'HI — k raesnam «+E» u X2; I'T —
rue3naM 1 m4 ABO — x rae3ngam X1 n X3; ABM2 — x rae3gam 2 u 3.

9. Jlns cOOpKM BTOPOTO BapHaHTa CXEMbI HEOOXOJIUMO: OTKIIOYHUThH
pesuctop R6 u, yctaHoBUB Ha ero mecro Onok-niepexomaHuk I13, 3akopo-
TUTh COCIUHUTENBHBIM MPOBOJIOM THE3/a ISl MOJKIIOUEHUS] Pe3UcTopa
R6\ ycranoButh RS, R3=R8=1kOMmu R 7=510 Om (npu R3 =R8 =24
kOM pesuctop R7 = 1,2 kOwm, a npu R3 = R8 =4,3 kOM R7 = 2,4 kOm).

10. Hampsbxenue uctouHuka nutanus E2 mpu Bcex H3MepeHusax
noA0OUPaIOT TaK, YTOOBI HAMPSHKEHNE Ha KOJUIEKTOPaX TPaH3UCTOPOB TOCIIe
OalaHCUPOBKHM OBLJIO PAaBHO TMOJOBUHE HAIPSKEHUS UCTOYHUKA MUTAHUSA
E1, koTopoe HeoO6xoaumMo ycranoBuTh o VB cTenaa pasusim 10 B.

11. PexuMbl TpPaH3UCTOPOB IO IOCTOSHHOMY TOKY H3MEPSIOT
ABMI Ha npenenax usmepenusa «10 B», «5 B», «2,5 B» u «1 By, noxn-
KJIFOYasi €ro 3aMMaMU «+» U «—» COOTBETCTBEHHO K THE31y X4 U HYX-
HOM TOYKE UCCIIEyEMOUN CXEMBI.

12. JIna GanaHCUPOBKHU CXEMbl HEOOXOJAMMO: 3aKOPOTUTH THE3Aa 1 1
4, noOUTHCA MOTEHIIMOMETPOM ycTaHOBKH Hyms (R5 unu R6) mynmeBoro
HaNpsDKCHHUS Ha BBIXOJIC; MEPEKIIFOYNTH BBIBOJ OT 3axuMa «+» ABM?2 B
rHe3nno X4, orkinounB ABM2 u ycranoBuB nepexntouatenem ABM1 mpe-
nen uaMepenusa «10 By; ycranoButh perymnsitopom ['H1 «I'py6o» Takoe
HaIpsOKEHUE UCTOYHWKA E, Ha BBIXOJE, PU KOTOPOM Ha KOJUIEKTOpax
TpaH3uCTOpOB OyaeT o — 5 B. banaHcupyroT cxemy Kak OMUCaHO B IO-
SCHEHUSX K pabore.

13. JIns mocTpoeHus aMIIUTYIHBIX XapaKTEPUCTUK BTOPOTO BapH-
anTa cxeMbl YIIT HeoOxoaumo m3mMeHuTh MaciTad mo ocu Upx B 10 pas,
T. €. B 1 cM gomxHo ObITE 0,02 B.

KOHmPOﬂbele 60NpoOCyl

1. KakoBbl ocobenHocTu cxem YIIT?

2. Yto Takoe aperd Hymsa?

3. [louemy yMeHbIIICHHE TPUBEACHHOTO Apeiidha HyJISI COMPOBOXKIa-
€TCSI POCTOM 4yBCTBHUTENBHOCTH YIIT?
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4. KakoBbl NMPUYUHBI U OCHOBHBIE CIOCOOBI yMEHBIIICHHS Apeiida
HYyJ51?

5. Kakue mapaMmeTpsl TpaH3UCTOpA 3aBUCAT OT TEMIIEPATypPhl OKPY-
KAIOIIEH Cpebl?
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JABOPATOPHAS PABOTA Ne 18
HCCIEAOBAHHUE OFPATHBIX CBA3EH B YCUJ/IUTEJIE
3BYKOBOH YACTOTBI

Lens pabotel. M3yyeHnue BausHHUS OOpaTHBIX CBsi3ed Ha pabOTy JByXKac-
KaJHOTO YCUJIMTENS 3BYKOBOM 4aCTOThI

Ilpuobopwvt u 060pyoosanue
1. Crenn mist mpoBeneHus nadoparopusix padot IDL-600.
2. IIpu BeIMONTHEHNH pabOTHI UCTOL3YIOT: R1 = 82 kOMm; R2 = 5,1 kOwm;
R3 =10 kOm; R4 = 6,8 kOm; RS = 10 kOm (nepemennsiit); R6 = 51 kOwm;
R7 =10 xOm; R8 = 3,9 kOm; R9 = 510 Om; R10 = 22 xOm (nepemen-
Heiii); R11 = 7,5 xOm; C1 = 5 mx®@; C2 = 10 mxd; C3 = 0,01; 0,1 u 20
MK®D; C4 =5 Mmx®; C5 =20 Mx®@; VT1 u VT2 — tpansuctopsl KT361A;

OcnogeHble meopemuuecKue noja0HceHus

B mpouecce ycuneHus CUrHald HCKaXaercs, T.€. U3MEHSIOTCA €ro
dbopma U yacTOTHbINA crekTp. [IpUunHON 3TOrO SABISIETCS HEIMHEHHOCTH
BOJIbT-aMIIEPHBIX XapPAKTEPUCTUK TPAH3UCTOPOB, MNPOSBISIOMIAICA IPHU
YCWJIEHUH CUTHAJIOB OOJBIINX aMIUIUTY, a TAKXKE YaCTOTHAs 3aBUCUMOCTb
CONPOTHUBJIEHUN PAa3IEIUTEIbHBIX U IIYHTUPYIOINX KOHJEeHcaTopoB. Mc-
Ka)K€HUS! YMEHbLIAIOTCS, Koraa padouyre TOUYKH YCUITUTENbHBIX AJIEMEHTOB
OCTalOTCs B Mpe/eNiax JUHEWHBIX y4acTkoB BAX, a Takke Mpu UCHOIb30-
BaHUU KOHAEHCATOPOB 0OJIBLION EMKOCTH.

OCHOBHBIMU TPEeOOBAHMSIMU, MPEIBABISIEMbIMU K YCUIIUTESIM 3BY-
KoBOM yactoThl (Y3Y), SBISIOTCS MUHMMAaIbHbIE HEJIUHEWHBIE U YaCTOT-
HbI€ HCKaXEHUS MPHU JOCTATOYHOM KO3 (dUIMEHTE ycuieHus, O0JbIIoe
BXOJ/IHO€ U MAJIOE€ BBIXOJIHOE COMPOTUBIICHUS. BRIMOIHUTE 3T TpeOoBaHUsA
MO3BOJISIIOT 0OpaTHbIe CBA3U. OOpaTHbIE CBSI3U MOTYT OCYIIECTBIISATHCA B
npejaenax OJIHOro kKackajga — BHyTpukackaanbsie OC (Hampumep, B SMUT-
TEpHOM TOBTOpUTENE — CM. paboty Ne 15), a Takke MeXIy BBIXOJOM JIIO-
O0ro mocieayronero Kackaaa (B ToM 4ucie MOCIEIHET0) U BXOAOM JIF000-
ro MpeAbIIYIIEro (B TOM YUCIE TIEPBOTO).

JleiicTBue OOpaTHBIX CBsI3€l COCTOUT B cienyromeM. Curuani, mo-
CTYNMBIINI HA BXOJ YCUJIUTENS MO LEenu oOpaTHOM CBSI3U U COAEpIKAUTUN
uH(dopMalro 0 ero padbore U BceX BUAAX MCKAXKEHUMN, TaK BO3JIEUCTBYET
Ha BXOJHOM CHTHAJI, UCKa)Xas €r0 B pE3yJIbTaTe CI0KEHUS, YTO B BBIXOJI-
HOM CHUTHAJIC 3TH MCKa)XCHMSI TUOO yBEIMUYUBAIOTCS, TUOO YMEHBIIAIOTCA.
Hanpumep, ecnu curnan oOpaTHO# CBSI3U COBMAAaeT mo (ase ¢ BXOIHBIM
CUT'HAJIOM, BCE MCKAXXEHUsI, BHOCUMBIE YCUJIMTEIEM, YBEIMUYMBAIOTCA. Ta-
KyI0 00OpaTHYI0 CBsI3b Ha3bIBaoT noJjoxuTesnbHou (IIOC). Ecnu sxe curnan

O6p21THOI>i CBA3U IMPOTHUBOIIOJIOKCH I10 (1)2136 BXOJHOMY CHUI'HAJTy, HCKAXKC-
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HUS yYMeHbIIatoTca. Takyio oOpaTHYIO CBS3b HA3bIBAIOT OTPUIATEIIBHOU
(00C).

[TonoxxutenpHas oOpaTHas CBS3b yBeIWYHMBaeT KO3 UITMEHT yCH-
JIEHUS YCUJIUTEIIS:

Knoc =K/ (1- KB), (18.1)

rae [ — ko3¢ duimeHT nepegadu mnenu oopatHou cszu; K — koad-
(GUIIMEHT yCUIICHUS YCUIUTEIs 0€3 00paTHOM CBS3U:

OtpunarenbHasi oOpaTHasi CBS3b YMEHBIIAET KOA()(PUIMEHT ycuiie-
HUS YCUJIUTEIS:

KOOC:K/(1+ Kﬁ) (182)

[Tpu TTOC Bce mapamMeTpbl yCHIIUTENS YXYIIIAKOTCS: YBEIUYUBAKOTCS
HEJIMHEWHBIE W YaCTOTHBIE HMCKAXKECHUS, CHUKAETCS TEeMIEpaTypHas cra-
OWJIBHOCTb PEKUMOB YCHJIMTENIbHBIX 3JIEMEHTOB, YMEHBIIIAETCSI BXOAHOE U
YBEJIMYHMBACTCA BBIXOJHOE compoTuBieHue cxemsul. [Ipu Kf = 1 3namena-
Tenb B hopmyne (18.1) oOpamraercs B Hynb, a Kjoc — B 0€CKOHEUHOCT.
du3znyuecku 3TO 03HAYaeT, YTO OECKOHEYHO MAaJIOe CIIy4yalHOE M3MEHEHUE
HaIPsDKEHUST Ha BXOJIE YCHJIMTEIS IPUBOJAUT K MOSBJICHUIO HA €r0 BBIXOJIE
3HAUYUTEILHOTO CUTHAJIA, OTPAHUYEHHOTO TOJIBKO MOIIHOCTHIO UCTOYHHUKA
MUTAHUSL U TPEACIbHBIMU NapaMeTpaMHu YCHIMTENIbHBIX 3JeMeHTOB. [Ipu
ATOM YCUJIUTEIIb CAMOBO30YK/1a€TCs, MIPEBPAIAsICh B T€HEPATOP HAIpsHKe-
HUS CJIOKHON HECHHYCOMIAIBHON (hOPMBI.

OOBIYHO MOJOKUTEIbHBIE OOpaTHBIE CBS3U B YCHUIIUTENSAX TMapazuT-
HbIE M BO3HHUKAIOT MPU HEBEPHO BBIIIOJIHEHHOM MOHTa)ke. BeposTHOCTH
caMOBO30YKJIGHHUsSI YCUJIUTENS TE€M BBIIIE, 4YeM OoJblie Kod(ppuimeHt
ycuieHus. CaMmoB030yXeHHE MOXXHO MPEAOTBPATUTh BBEJACHUEM JIOTOJI-
HutenbHo 1enu OOC win yBETWYEHUEM €€ TIYOUHBI M0 MUMEIOIIUMCS
nernsiM. OIHaKO CHavajia OOBIYHO OMNPEEISIOT MPUUYKHY, BBI3BIBAIOIIYIO
CaMOBO30YXKJICHHE YCWINTENS, YCTPAHSIIOT €€ U TOJIbKO 3aT€M BBEIICHUEM
OTpHULIATETTLHON OOpaTHOM CBSI3M YBEIWYUBAIOT YCTOWYMBOCThH YCUIIUTETS,
JIOBOJIS1 €0 MapameTphl 10 3aJaHHBIX.

OtpunatenpHas oOpaTHasi CBSA3b YJydIllaeT BCE MapamMeTphbl yCHIIH-
Tessi, Kpome KoddpuimenTa ycuieHus, KOTOpbld yMeHbIaeTcs. Brnusaue
OOC Ha BXOJIHO€ M BBIXOJHOE COMPOTHBIICHUS 3aBUCUT OT CIIOCO0a mojia-
yy curHasia OOC Ha BXOJ YCWIHUTENS MO OTHOIIEHUIO K BXOJIHOMY CHTHAa-
7y, @ TaKKe OT TOr0o, KAKOMY M3 MapaMeTPOB BBIXOJHOTO CHUTHaJa (TOKY
WJIU HAIIPSDKEHUIO) OH MPONOPIIMOHAJICH.

[Tpu mapamiensHoM crioco6e mogaun curaania OOC BXomaHOE COMPO-
TUBJICHUE YCUJIUTEIN YMEHBIIAETCS, a MPU MOCIEI0BATEIbHOM — YBEIH-
yuBaercs. B 3aBucumocTtu ot Toro, mponopiuoHaiieH curHain OOC BbI-
xoaHoMmy HanpspbkeHuto (OOC mo HanpspKeHWIO) WM BBIXOJHOMY TOKY,
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BBIXOJITHO€ CONPOTUBJICHUE YCUIUTEISI COOTBETCTBEHHO YMEHBIIAETCS WU
YBEJIIMYMBAETCS.

B nanHoi pabote uccinenyercs ABYXKAaCKaIHBIA YCHINTEIh HU3KOM
JaCTOTHI C JIBYMS IIEISIMH MOJIOKUTEIbHOU 00paTHO# cBsa3u R5C3 u R10,
KOTOpBIE MPU HUCIOJIb30BaHUU OjoKa-nepexogHuka 112 moryt ObITh mpe-
BpaiieHsl B nenu OOC.

IKcn epumernma’ibHasn 4acmos

O
X1
R10
X2
Bx1 C1
Bbix 2
R11
X12 +_|_}(13

Puc. 18.1

1. 3apucoBaTh cxemy uccieayemoro ycuiautenas (cm. puc. 18.1) B
JIBYX BapuaHTax:

— npu BapuanTe | B rHe3na X1 u X2 ycranoButh koHaeHcarop C5,
OTKJIFOUMTH JIEBBIM (IO cXeMe) BBIBOJ pe3uctopa RS oT amutTepHoOl 1ienu
Tpan3uctopa VT1 u npucoeAMHUTH K ero 0a30BOi;

— npu BapuaHTe 2 B rHe3aa X1 u X2 ycraHoButh koHaeHcarop C5,
OTKJIFOYMB €r0 HIKHIOI OOKIaNKy OT 0asbl Tpanszuctopa VT1 u mpucoe-
JTHUB K SMUTTEPY .

2. CoOpatb BapuaHT 1 cxembl, OJIb3YSCh YKA3aHUSIMU II.

3. HccnenoBarh yCWINUTENb, OJHOBpEMEHHO oxBadeHHbIM [IOC u
OO0C.

4. To e MOBTOPUTH JJIsI BapUaHTA 2 CXEMbl YCHIIUTENS U UCCIENO-
BaTh €T0 B PEKUME BRICOKOUYACTOTHOTO BO30Y KICHHSI.

5. 3apucoBaTh OCHMIIJIOTPAMMBI HAIPSIKEHUS HA BBIXOJIE YCUIIATENS,
Ha0JII0/1aeMbI€ MPU €T0 UCCIICIOBAHUMU.

6. IIpu cOopke BapuaHnTa 1 cxembl BMecTO pe3uctopa RS ycranaBmu-
BarOT nepexoaHuk 12 Tak, 9ToOBI €ro mMThIPh X6 ObUT COCTUHEH C KOH/ICH-
catropoM C3. YcranaBnuBaroT B rHe3ga X3 u X5 nepexoanuka [12 nepe-

MEHHBIN pe3uctop RS, a rHe3no X4 coeauHsAI0T MPOBOJIOM C THE3IOM X3
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uccienyemon cxembl. Kongencarop C5 ycranaBinuBaroT B rHe3na X1 u X2
nepexoanuka I12.

7. YcranasnusaroT no VB Ha Beixone ['M2 nanpspokenue 10 B u noa-
KJIFOYAIOT €ro ¢ COOJIOJICHUEM MOJSPHOCTH K THe31aM «—Ex» u X13.

8. YcranaBnuBawT no yacroromepy UM Ha Beixone ['3U curnan
gactoToi 1 xI'm1, ms gero tymonep «UM-I"3U» nepeBoAsT B MOJIOKEHUE
«['3U», tymonep «fx — fx — 465 k['m» — B mostokeHue «fy», mepeKitto-
yarenau «/Iuanazon» I'3Y — B nonoxkenue «1 xI'ty, UM— B moyIokeHUE
«5 kI'm», UB— B mnonoxenue «UYM». Perymupyror pyukou «Hacrtora»
4aCTOTY BBIXOJHOro curnaia ['3Y4.

9. Ioakmouaror 3axumbl [3Y «1:10» 1 «_| » cCOOTBETCTBEHHO K
rHe3naMm 1 u X4, a ocrmmuiorpad — k rae3gam 2 (Bxoa) u X12 (BeIBOA
«_| »). Perymsaropom ['34 «AMIumnTy1a» yCTaHABIMBAIOT TaKOH BBIXOIHON
CUTHaJ, IPU KOTOPOM HMCKAKEHUS €Ill€ HE3aMETHbI Ha TJ1a3 (COMpPOTHUBIIE-
Hus pe3uctopoB RS u R10 makcumaibHbl).

10. I1naBHO ymeHbInasi conpoTuBieHue pesucropa R10, nobuBaroTcs
caMOBO30YKJICHUSI yCWJIMTENA, OTMEYas, YTO C YBEIWYCHUEM TTyOUHBI
[1OC yBenuuuBaercs: KO3PPUIMEHT YCUIEHUS U PAaCTyT HEJIUHEUHBIC HC-
KOKEHMsI. 3apUCOBBIBAIOT OCHWIJIOTpAMMYy CHUTHalIa MNPH BO30YKICHUH
yeunurens. [naBHO ymeHbI1as conpoTuBiieHUe pe3uctopa RS, BoccraHas-
JIMBAIOT HOPMAJIbHYIO paboTy cxembl, HaOJIroAast 3a MPEBpaIlCHUEM HCKa-
YKEHHOT'0 CUTHaJla B UCXOJHBIN. DTU AEHUCTBUS MOBTOPSIOT HECKOJIBKO pa3
(1o moHOTO 3aKOpayuBaHus pe3uctopoB RS u R10).

11. Ymenpmarot riamyouny OOC, yBenu4uBas CONMPOTHUBICHUE PE3U-
ctopa R5, u moOuBarOTCsA 3aMETHBIX Ha Ijla3 UCKAKEHUN BBIXOTHOTO CHT-
Haja. YBenuuuBas conpoTtuBieHue pesucropa R10 (rmybomna I[1OC
YMEHBIIIAETCs), CHUMAIOT MCcKakeHus. [Ipu 3ToM HEoOXoaumMo 0OpaTvTh
BHUMaHHUe Ha TO, 4To npu ymeHbuieHuu riyouasl OOC u I1OC ko3 du-
IUCHT YCUJICHUS] COOTBETCTBEHHO YBEJIUYUBACTCS U YMEHBIIIACTCHI.

12. Jlna cOopku BapuaHTa 2 CXEMbl yCTAaHABIMBAIOT IITHIPh XO Tie-
pexonnuka I[12 B rue3no X1, a mreipp X1 — B rHe310 X2; COCAUHSIOT
rue3fqo X4 nepexoqanuka 12 npoBogom ¢ rHe3qoM X6 UCclenyeMoi cxe-
MbI; ycTaHaBiIMBatOT koHAeHcaTtop C5 B rHe3na X3 u XS nepexoanuka 112,
a pe3uctop RS — B ero rues3zia Ha CMEHHOUW MaHEIIH.

13. TloBTOpsAOT 1. 6 U 7 17151 BapuaHTa 2 CXEMBI.

14. VYcranaBnuBatot koHjeHcatop C3 = 0,01 mx® u nmoOGuBaroTcs
BBICOKOYACTOTHOTO BO30YKJACHUS CXEMbl, YMEHBbIIIasi COMPOTUBJICHUE pe-
3uctopa RS. 3apucoBBIBAIOT OCHMILIOrpaMMy HAIPSKEHUSI HA BBIXOJE U
yoexpaatorcs, uto BBegaeHrne OOC (yMeHbIIIEHUE COMPOTUBIICHUS PE3UCTO-
pa R10) mo3BoJIsSIET ¥ B 3TOM CJIy4dae CHSITh BO30YKJICHUE.

15. IToBTopstoT 1. 10 aiis konaeHncaropa C3 = 0,1 Mx®d.
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KOHmPOJleble 60NpoCol

1. Jl5s 4ero npuMeHSIOT 0OpaTHbIE CBSI3U?

2. KakoB npunnun aeicteust OOC?

3. KakoBsl npuunnsl Bo3HUKHOBEeHUS [1OC B ycnnnresax?

4. Kak I1OC B ycunurene komnencupyetr OOC?

5. Tlouemy c¢ yBennueHHEM KOA(DPPUIMEHTa YCUJICHUS YCHIUTENS
pacTeT BEpPOSITHOCTb €0 CaMOBO30YKICHUS?
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