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(o oTpacmusm).
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HaIpaBJeHUH, U3y4YaloIUX AUCIUILUIUHBI « DIEKTPOHUKAY, « IJTEKTPOTEXHUKA U
AIEKTPOHUKAY, « IJEKTPOTEXHUKA, JIEKTPOHUKA U CXEMOTEXHUKA.
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1. Onucanue cmenoa mpenaxcepa 0ns cOOpKu u U3y4eHUus
ananozoevtx 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 MaKkd. ITO MO3BOJISIET MPOBOAUTH 3aHATHS MO PAIUOMOHTAXY B TO-
MEIIEHUSX HE0OOPYTOBAHHBIX CUCTEMOU BBITSHKHOW BEHTHIISIITUH.

Maketnas mnara AD-200 coxepxxutr 1896 Todek MOAKIIOYECHUS, 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 cTeHa TpeHaxepa s COOpKU U U3yUeHUS
a”asioroBbix cxem IDL -600

B xouctpykiuu crenna tpenaxkepa IDL-600 nmpegycMoTpeHsl:
— peryJIUpyeMbI UCTOYHUK MUTAHUS MOCTOSHHOTO Toka -15B..0..+15B /
300 MA;
— WCTOYHMK IUTAHHUS ITOCTOSTHHOIO ToKa +5B/1A;
— MCTOYHHK IMUTAHHUS OCTOSIHHOTrO ToKa -B/100MA;
— TEHEpaTop CHUTHAJOB CHHYCOHUJAIbLHOWU/TPEYTroIbHON/IPIMOYTOIHHOMN
dbopmer 11'1 1001 '11/51nana3oHos;
— 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 MO3UIMOHHBIN MOJI3YHKOBBIN MepeKIIFoYaTe b — 2 IIIT.;

— 3-MO3UIIMOHHBIA MOJ3YHKOBBIN MepeKtouaresb — 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. Ilpasuna mexnuxku 6e3onacnocmu 6 n1adopamopuu

[Ipu pabote B nabopaTopuu IEKTPOTEXHUKHU U AJIEKTPOHUKU BO H3-
OekaHMe HECUACTHBIX CIIy4YaeB, a TaKXKe MPEKIECBPEMEHHOI0 BBIXOAA W3
CTpOs IpUOOPOB U BIEKTPOOOOPYIOBAHUSA CTYJICHT MPU BBHIMOJHEHUU Jia-
OOpaTOPHBIX PA0OT JOJKEH CTPOTrO BBIMOJHSTH CICAYIONIUE MpaBUiia TeX-
HUKH 0€30MaCHOCTHU:

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

2. Tlocne o3HakoMJeHHUsI C MpaBUJIaMHU BHYTPEHHETO paclopsaka U
MHCTPYKTaXa MO TEXHUKE 0€30MaCHOCTU CTYJEHT JOJDKEH PaclucaThCsl B
COOTBETCTBYIOIIEM KypHAJIE.

3. Ilpu pabote B mabopaTopuu KaTeropu4eCKU 3arpeniaeTcsi IpuHo-
CUTh C COOOM BElIM U MPEIMETHI, 3arpOMOXKIatoIe pabouue MecTa, CIo-
COOCTBYIOIIME CO3AAHHUIO YCIOBUH, MOTYIIMX MPUBECTH K HAPYLICHUIO
paBUJI TEXHUKU O€30MACHOCTH.

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

5. Ilpuctymas x pabote B J1abopaTtopuu, CTyJIeHUECKas Tpymmna je-
JAUTCST Ha OpUrajbl, KOTOPHIE 3aTEM pPACIPEAENAIOTCS MO JabopaToOpHBIM
CTCHJIaM.

6. COOpKy »dJEKTPUUECKOW 1€MW NPOU3BOJAT COCAUHUTEIbHBIMU
IPOBOJAMH TIPHU BBIKJIIFOUEHHOM HANpPsDKEHUU MHUTAHUS B CTPOTOM COOT-
BETCTBUU CO CXEMOW, MPEACTABIECHHON B JIa0OpAaTOPHOM TMPAKTHKYME,
o0OecrieunrBasi MPU STOM HAJEKHOCTh DJEKTPUUECKHX KOHTAKTOB BCEX
Pa3bEMHBIX COCTUHEHUH.

7. llpuctymass Kk cOOpKe 3JIEKTPUUECKOM ILenHu, HeoOXoaumo yoe-
TUTHCA B TOM, YTO K CTCH]Iy HE TI0JIaHO HaIpsKEHUE.

8. Ilpu cOopke 3JeKTpUUECKO LEenu HEOOXOAMMO CIEIUTh 3aTeM,
4TOOBl COCAMHUTEIBHBIC MPOBOJIA HE TEPETUOANCh U HE CKPYUHUBAIUCH
HETIISIMU.

9. IIpuGopsl U 3JIE€KTPOOOOPY/IOBAHUE PACCTABISIOTCS TaK, YTOOBI
ObLIO yIOOHO MU TIOJIB30BATHCA.

10. CoOpannasi snexkTpuueckas Ielb NPEIbsSBISETCS A MPOBEPKH
IPEernoaBaTeN0 UK JTa00paHTy.

11. BxomtoyeHue 3JIeKTPUUECKON IIENH TMOJ HanpshkeHue (Tocie mpo-
BEPKH) MIPOU3BOJIUTCS TOJIBKO C Pa3peIICHHs U B IPUCYTCTBUH MPEIO/1aBa-
TEJIsl UK JTabOpaHTa.

12.Tlpu oOHapyXEHUM HEUCIPABHOCTEH B JJICKTPUUECKOW IICTH
HEOOXOIMMO HEMEJJICHHO OTKJIIOUUTDH €€ OT MUTAIOIIEH CETH U JOJOXKUThH
00 ATOM MpEemoaBaTeIo Uiu JTa00paHTy.



13. TlepexntoueHuss U UCHPABJICHUS B COOPaHHOM 3JIEKTPUUECKOM I1e-
U pa3peliaeTcsl MPOM3BOAUTHh TOJBKO MPHU OTKIIOUEHHOM HAINpPSKEHUU
MUTAHUA.

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

15.Ilpu paboTe ¢ KOHAEHCATOPAaMH CJIEAyeT IOMHUTh, YTO HA UX 3a-
AKUMax, OTKJIIOUYEHHBIX OT CETH, HEKOTOPOE BPEMSI COXPAHSETCS AJIEKTPH-
YECKHU 3apsiJl, MOTYIIHK OBITh MPUUYUHOU MOPAXKEHUS IJICKTPUUECKUM TO-
KOM.

16. Ilpu oOHapyKEeHUU TOBPEKICHUMN IIEKTPUUESCKOTO 000PY10BaHUS
U puOOPOB CTEHJIA, a TAKKE MPU MOSBICHUU JbIMA, CIIEHUPUIECKOTO 3a-
naxa Wjd UCKPEHUsI HEOOXOIUMO HEMEJJICHHO BBIKIIOUWTH HAIPSIKEHUE
NUTaHUS CTEH]Ia U U3BECTUTH 00 3TOM IpernojiaBarelis uin JadopaHTa.

17.Tlocne BbINIOTHEHUS 1a0OPAaTOPHON PabOThl HEOOXOJUMO BBIKIIO-
YUTh HAIpPSKEHUE MUTAHUS CTEHAA, pa300paTh UCCIEAYEMYIO AJIEKTpUYE-
CKYIO 1IEb ¥ IPUBECTHU B MOPAJIOK pabouee MecTo.

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



3. Obuue memoouueckue peKOMEeHOAUUU U YKA3AHUA NO 6bINOSIHEHUIO
aadopamopHbix padbom
Iloozomoeka k 1abopamopnou pabome

O4epeTHOCTh U 1aThl BBHIIOJTHEHUS Ta00OPATOPHBIX PAOOT OOBSICHSIOT-
Csl MpernojiaBaTeseM Ha BBOJAHOM 3aHATHH. CTYAEHT JIOJKEH 3a0yaroBpe-
MEHHO TMOJTOTOBUTHLCS K MPEJICTOSIIEMY 3aHATHUIO B Jaboparopuu. B moj-
TOTOBKY BXOJUT U3YYEHHUE COOTBETCTBYIOIIMX Pa3/IeiOB TEOPETHUUECKOIO
Kypca MO JEKIIMOHHBIM 3alHUCsAM M Y4eOHOW JUTeparype, YKa3aHHOU B
OTMMCAaHUM KaXJIO0U pabOoThI; MOAPOOHOM M3YUEHUH COACpKaHUS pabOThHI; B
aKKypaTHOM BBIYEPUMBAHUU SJEKTPUUECKUX CXEM IKCIIEPUMEHTOB U Tal-
JIUIT HaOJTI0ICHUH B OTYET JJISl BBITIOJTHEHUS JTA0OpaTOPHOM pabOTHI.

Jlo Hauana 1a00paTOpPHBIX 3aHATUN HAJO MO3HAKOMUTHCS C MpaBUIIa-
MU BBITIOJIHEHUSI Ja0OPATOPHBIX PadOT, METOJUKON OILIEHKHU MOTPEITHO-
cTel, crocobamMu MPUOIUKEHHBIX BBHIYUCICHUN, MPUEMAaMU TOCTPOCHUS
rpaMKOB U BEKTOPHBIX IUATPAMM.

Kaxnplii cTyJieHT 00513aH YCBOMTH IpaBUJIa TEXHUKU OE30MAaCHOCTH,
YMETh OKa3aTh MNEPBYIO NOMOIIb MTPU MOPAKEHUU 3JIEKTPHUUYECKUM TOKOM U
MEXaHUYECKUX TpaBMax.

CTyneHTbl, SIBUBIIMECA HA 3aHSITUE HEMOJArOTOBJICHHBIMHU, HE JOIYC-
KaloTCs K pabdoTe, U B T€UEHHWE BPEMEHH, OTBEJICHHOM ISl BBIMOJHEHUS
7a00paToOpHON PabOThI, U3YyYAIOT B UUTAIIBHOM 3ajie WK Ja0OpaTOpUu HeE
OCBOEHHBIN UMM MaTepuall 1o y4eOHOU JIuTeparype.

Omuem no nadopamopuoii pabome

OTYeT NOMKEH COAEPKATh: TUTYJIbHBIN JTUCT, CXEMbI SKCIIEPUMEHTOB,
TaONHIBl ¢ JAaHHBIMH U3MEpEHUM, rpaduKu, BEKTOPHBIC TUArpPaMMBI, pe-
3yJbTaThl BBIUUCICHUN, pacyeTHbIE (POPMYJIbI, IEPEUEHDb HUCIIOIH30BAHHO-
ro 000pyIOBaHUS U BHIBOJIBI.

[TonydeHnHble JaHHBIC HAOIIOICHUN CTYJIEHT YaCTUYHO 00pabaThiBacT
B J1abOpaTOpUH, a OKOHYATEJIbHO — JIOMa. DJICKTPUUECKUE CXEMbI, BEKTOP-
HbIE JUarpamMMbl U TpaduKu CIEAYeT BbIUEpUMBATh aKKypaTHO KapaHia-
IIIOM, TPUMEHSSI YEPTEKHbIC MPUHAJJICKHOCTH. BEKTOpHBIE aUarpaMMbl
CTPOATCS C COOIOICHNEM MaciiTaba: BEIOpaHHBIA MacIiTad yKa3bIBAETCS
pAIOM ¢ HauepyeHHOW auarpamMmou. [Ipu BelUEpUMBaHUU SIICKTPUUECKHUX
CXEM CJIeAyeT MCIOJb30BaTh YCJIOBHBIC O0O03HAYEHUS B COOTBETCTBHH C
['OCTamu. Ilpu mocTtpoeHun rpa@ukoB HEOOXOAUMO HA OCSIX KOOPJIHHAT
yKa3bIBaTh 0003HAYCHUS OTKJIAIBIBAEMBIX BEJIUYWH, €UHUIIBI UX U3MEPe-
HUi. BAonb oceil KoopaMHAT HAHOCAT JEJIEHUS] M MPEACTABISIOT B Mac-
mTabe YMCIOBbIC 3HAUCHHUS.

OTyeT BBITIOJHSAETCS PYKONMMCHO HAa CTAHIAPTHBIX JIMCTaX (opmarta
A4 (pazmepbl 210x297 mMm) u ckperisiercs: ckpenkoil. Hymepaiusi ctpa-
HUIl OT4YeTa — CKBO3Hasl (NIEPBOM CTPAHUIICH SIBISETCS TUTYJIbHBINA JIUCT).
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OT4er, MOAMUCAHHBIA CTYJICHTOM C MPOCTABIEHHOHN NaTOW BBIOJHEHUS,
IIPEJICTABIISIETCS TPEMOAaBaTell0 Ha CIEAyollee JTabopaTOPHOE 3aHSTHE.
[Ipu 3amuTe pabOTHI CTYACHT 0053aH OOBSCHUTH JHOOON BBIMOJHECHHBIM
OTIBIT WJIM PACYET U OTBETUTH Ha JOTIOJIHUTEILHBIC BOMPOCHI MPEIO/1aBaTe-
751 o panHou teme. CTyAeHTHI, HE MPEACTaBUBIINE OTYET M HE TOJIyUHB-
IMe 3a4eT M0 MpPEebIAyIIe padoTe, K BHIMOJIHEHUIO MOCIEAYIOMUX padboT
HE JIOIyCKaIOTCSI.

OOpalboTka MPONYIIEHHBIX JIA0OPATOPHBIX PadOT MPOU3BOJIUTCA B
JIOTIOTHUTEIILHOE BPEMS 110 COTJIACOBAHUIO C MIPETIojaBaTeIeM
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Jlabopamopnas paboma Ne 1
Hccneoosanue noiynpoeooOHuUKo8vlx 0u0006
[lens paboThl. I3yunTh OCHOBHBIC CBOWMCTBA, XapAaKTEPUCTUKHU M MapaMeT-
pbl TOJIYIIPOBOJHUKOBBIX JTHOJIOB M SKCIIEPUMEHTAIBHO HCCIEN0BATh UX
BOJIbTaMIIEpHbIe XapakTepuctuku (BAX).

Ilpuéopwvt u 060pyoosanue
1. Crenn mist mpoBeneHus JabopatopHsix padot IDL-600.
2. G1 (I'T) — re"eparop Toka CTeH/a;
3. PA1 (l,,) — ABMI na npenene usmepenus «10 MA»;
4. PV1(U,,) ~ABM2 na npeznenax mmepenus «0,5 B» u «1 B» cooreT-
CTBEHHO JIJI1 FEPMAHUEBOTO U KPEMHHUEBOTO JINOJIOB;
5. VDI —uccnenyembie quomast J19 u KJ[103.
6. G2(I'H3) — HCTOYHMK HampsDKEHUS CTCHIA.
7. PA1 (losp) — ABO Ha npenenax nzmepenus «0,1 MA» u «0,01 MA»;
8. PV1(U,,) — ABM2 na npenene usmepenus «100 By.

OcHnoeHnule meopemuviecKue nojio)HceHun

[1omynpOBOIHUKOBBIA THOJ COACPKUT OIHUH p-N-TIEPEXO] U HMEET
JIBa BBIBOJIA OT p U N-obnacteit. Hanbonee pacnpocTpaHeHbl U OOMIUPHEI
JIBE€ TPYNIIbI JUOJIOB — BBIIPSIMUTEIBHBIE U UMITYJIbCHBIC, HA3bIBAEMbIC B
HEKOTOPBIX CIPAaBOYHMKAX YHUBEPCAJIbHBIMH.

BeinpsimuTenbHbIe JUOABI, B KOTOPBIX MCITOIB3YETCSI OCHOBHOE CBOW-
CTBO p-N-IEpexoJia — €ro OJAHOCTOPOHHSS JIEKTPONPOBOAHOCTD, IIPUME-
HSIOT TJIaBHBIM 00pa3oM JUisl BHIIPSAMIICHUSI IEPEMEHHOTO TOKa B Juara-
30He 4actoT oT 50 I'm 1o 100 xI'm.

WmnynbCcHbIE TUOABI TPUMEHSIOT B UMITYJIbCHBIX PEKUMax paOoThl.

PaboTa moaynpoBOJHUKOBOTO HMOAA B 3JEKTPUUECKOW CXEME OIpe-
JEJSIETCS €ro BOJbT-aMIlepHO# Xapakrepuctukoil (BAX).

[Ipssmyro BeTBb BAX CHUMAarOT, BKIFOUMB UCHBITYEMBIN JUOJ B CXe€-
My, MoKa3zaHHyto Ha puc. 1.1, a. Ilpsmoii Tok yepe3 Auoa 3aaaeTcs reHepa-
TopoM Toka ['T, XapakTepHOU OCOOEHHOCTBHIO KOTOPOTO SIBIISIETCS Ciradast
3aBUCHMOCTB BBIXOJTHOI'O TOKa OT CONPOTHUBIECHUSA Harpy3ku. [lmaBHo yBe-
JUYMBasg OT HYJS BBIXOJHOW TOK reHeparopa [T, u3MepstoT mnpsamoe
Hanpspkenue U, nuona i psaaa 3Ha4eHUH IpsAMoro Toka Iy,

OOparnyto BeTBb BAX CHHMMAaIOT, BKJIIOUMB HUCIBITYEMbIM AHOI B
cxeMmy, nmokazanHyto Ha puc. 1.1, 6. [InaBHO yBenuuuBas OT HYJISI BBIXOJ-
Hoe HamnpspkeHue ['H3, n3mepsror oOpaTHblil TOK o6, AMOAA As psina 3Ha-
yeHni 00paTtHOro HanpsuKeHUs Uoqgp.
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Puc.1.1

np ’
cej |Si

Puc. 1.2

AnHanm3 TunoBbiX BAX repMaHneBOro u KpeMHHUEBOTO JIUOJIOB (puc.
2) TI03BOJISIET CACNIATh CJICIYIONINE BBIBOIBI:

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

— TEPMAHMEBBIM IHUOJ HAYMHACT NMPOBOJAWUTH TOK IPU HUYTOKHO MajOM
npsAMoM HanpskeHun U, a kpeMHUEBbI — TOIbKO 1pHu Uy,= 0,4+0,6 B;
— 00paTHbIi TOK [,5, KPEMHHEBOTO IMOJA 3HAUYUTEIBHO MEHbIIE OOPATHO-
ro TOKa TePMaHUEBOr0 MIPU OJMHAKOBBIX 0OPaTHBIX HANPSKEHUSX.

OTHU BBIBOJbI MO3BOJIAIOT pa3rpPaHUYUTh HAa3HAYCHUE T'€PMAHUEBBIX U
KPEMHHUEBBIX JTUOJO0B. ['epMaHueBbIC AMOMBI MPUMEHSIOT IS 00pabOTKU
curHaioB Mayou ammutyasl (1o 0,3 B). KpeMHueBbie 1uo/bl nipu nojaaue
Ha HUX CUTHAJIOB TAKOW aMIUIUTYAbl OAMHAKOBO IIOXO MPOBOASAT TOK KaK
B MPSIMOM, TaK U B OOpaTHOM HarpaBlieHUsiX. KpeMHueBble THUOJbI pac-

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



Korja oOpaTHbIM TOK HeaomycTuM. KpoMe Toro, oHu coXpaHsitoT paboTo-
CIOCOOHOCTH J0 TeMIlepaTypbl OKpyskarwormieil cpenbl 125—150°C, Ttorna
KaK TepMaHHEBbIE MOTYT paboTaTh ToJibko 110 70 °C.

OCHOBHBIMU NTAPAMETPAMU BBIITPSMUTENBHBIX THOJIOB SIBISIOTCS:

— MOCTOSIHHOE TpsAMOoe HanpsbkeHue Uy, IIPU ONpeneacHHOM I KaXa0ro
J10J1a IIOCTOSTHHOM IIPSAMOM TOKE UJIH cpenHee npsamoe HanpspkeHue Uy o
B CXEME€ OJHOIOJIYNEPUOJHOIO BBIIPSMUTENS MPU ONPEACICHHOM CPEI-
HEM IPAMOM TOKE Iy, o, 1 MAKCUMAJIBHO JAOITyCTUMOM OOPAaTHOM Hampsike-
HUU;

— HOCTOSIHHBIA OOpaTHBIA TOK los, MPU ONpPENEICHHOM IOCTOSHHOM 00-
pPaTHOM HalpsDKEHUM WK CPENHUN 0OpaTHBIN TOK lyspcp B CXEME OIHOIIO-
JYTIEPUOAHOTO BBIIPSIMUTENS MPU MaKCUMAaJIbHO JOMYyCTUMOM OOpaTHOM
HANPSKEHUU U OINPEJICIICHHOM CPEIHEM MPSIMOM TOKE;

— MaKCHMAaJbHO JAOIIyCTUMOE MOCTOSIHHOE 00paTHOE HAPsKEHUE Uppmax;
— MAaKCHMAaJbHO [JOIyCTHMBI CpeAHMH NPAMOU TOK lnpcpmax, OOBIMHO
ONPEAEIAEMBIN KaK CPEIHUN 3a NEPUOJ IPSAMOU TOK B CXEME OIHOIIONY-
MIEPUOTHOTO BBIIIPSAMUTEIIS.

ITpesbimenne Uggpmax IEPEBOAUT AUOM B pexuM Ipodos. Pasmuuaror
ANEKTPUYECKUN M TEIUIOBOM MPOOOM 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 Pa3pyLICHUIO p-N-TMIEPEX0/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 oOpartHbIx BetBel BAX (macmrab o ocsam:I,, — B 1 cm 2 MA; Uy, — 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. 3apucoBarh cxembl 11 noiaydeHus BAX nuonos (puc. 1.3, a, 0).

4. CoOparp cxeMy, mokazaHHyio Ha puc.l.l, a. IloouepeaHo CHSITH
npsimbie BeTBM BAX repmMaHneBOro U KpeMHUEBOTO JIMOJIOB M 3aHECTU pe-
3yJbTaThl U3MepeHuit B Tadm. 1.1

5. CobOpath cxeMy, MOKa3aHHYIO Ha puc. 1.1, 6, moouepeaHO CHATH
oOpatHbie BeTBU BAX M100B 1 3aHECTH PE3ybTaThl U3MEPEHUN B TaOJI.
1.2.

6. [Tonp3ysice manapiMu 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
IppiMA
fo
8
6
4
Uz 8 Z
ofp? 40 30 20 10
62 04 06 UpprB
Ho
20,2
g3
Puc. 1.3

Konmponwsusie éonpocul

1. Kakue oCHOBHBIE MOJYITPOBOIHUKOBBIE JUO bl Bbl 3HACTE?
2. I'me mpuMeHSIOT BRIMPSIMUTEIBHBIC THObI?
3. KakoBbl 0COOEHHOCTH HMMITYJIbCHBIX, TOUCUHBIX U TIJIOCKOCTHBIX IHO-

JTOB?

4. CpaBHUTE T€pMaHUEBBIN U KPEMHUEBBIN AMO, MONb3YsCh nX BAX.
5. KakoBbI OCHOBHBIE ITapaMETPhI BBHITPSIMUTEIbHBIX THOJO0B?

14




Jlabopamopnas pavboma Ne 2
Hccneoosanue cmabunumpona u cmaducmopa

ens pabotsl. CHATHE U aHAIU3 BOJIbT-AMIIEPHBIX XapPAKTEPUCTUK KpEeM-
HUEBBIX CTAOMIUTpOHA U crabuctopa. OmnpeaeseHre UX MapameTpoB IO
XapaKTEePUCTUKAM.

NI whPE

9.
10.
11.

12,

Ilpuéopwvt u 060pyoosanue

Crenn st mpoBeeHus TabopatopHbix padot IDL-600.

G1 (I'T) — renepaTop TOKa CTEH]Ia;

PA1(lpp) —ABMI1 Ha npeaenax uzmepenus: «10 MA» 1 «5 MA»;
PVI(Upp) — ABM2 Ha npenenax usmepenus «1 By u «0,5 By,

VD1 — crabunutpon [I814A.

G2 (I'T) — reneparop ToKa CTEH]IA;

PA2(lct) —~ABMI1 Ha npenene uzmepeHust «10 MA»;

PV2(8Uct) —ABM2 Ha nipenene u3mepenns «10 B»; oOpaTHoe Hanps-
YKEHHE U3MEPSIIOT, 3aKOpOTUB rHe3na X 13 u X14.

G2 (I'T) — reneparop ToKa CTEH/IA;

PA2(lct) —~ABMI1 na npegene uzmepenus «10 MmA»,

PV2(dUcr) —ABO Ha npenenax u3mepenus «5 By, «1 By, «0,5 By u
«0,1 By;

G3 (I'H2) — renepaTop HaNps>KEHUs CTEH/IA.

OcHogHble meopemuiuecKue noji0HCEeHuA

CTaOuUIUTPOHBI U CTAOUCTOPHI — 3TO MOJIYIIPOBOJTHUKOBBIE JTHOIBI,

Ha KOTOPBIX HAIPSIKEHUE COXPAHSIETCA C ONPEAEICHHON TOYHOCTHIO MPH

U3MEHEHUHU MPOTEKAIOIIEro Yepe3 HUX To-
Ka B 33JJaHHOM JAMana3oHe. 9TO MpUOOpPHI
npelHa3HaueHbl s cTabuiu3anuu
HanpsokeHusi. Ydactku BAX, cooTset-
CTBYIOIIIHUE DJIEKTPUIECKUM PEKUMaAM CTa-
OWJINTPOHOB M CTaOMCTOPOB B pPEXKUME
cTaOuiau3aluy, Ha3bplBalOT  pabounMu
(yvuacmxu as u 62 na puc. 2.1).

Pabounii ydacTok CcTaOWIUTPOHA
pacrosioxkeH Ha oopaTHoi BeTBU BAX, T.
e. pubop pabotaeT B pexuMe MIPoOOs.
Lem max Pabounii yuyacTok crabucropa pacmoso-

7 o
odp KEH Ha npsamoit Betsu BAX.

Puc. 2.1 BAX crabunutpoHa u craducropa

15



OCHOBHBIMU TIapaMeTpamMu CTAOMJIUTPOHOB SIBJISIOTCSI:

—  HOMHMHaJbHOE HampsbkeHue crabunuzamuu Ucr pom— CpenHee
HampspKeHUe cradbwnmzanuu craduinutpona npu 298 K u onpeneneHHom
TOoKe ctabumu3anui lcr;
—  pasbpoc HanpspkeHui cradbunuzanun AUcr — HWHTEpBal Hampsbke-
HUM, B Mpelesax KOTOPOTO HaXOJUTCS HaMpshKEHUE CTaOWIM3aluu Mpu-
0opa TaHHOTO THTIIA;
—  TeMmmepaTypHblil KOA((UIMEHT HANpsLDKEHUS CTAOMIM3aUUHU  Olycr,
MOKAa3bIBAIOIINM, HA CKOJIBKO MPOIICHTOB U3MEHSCTCS HAMPSHKCHUE CTaOu-
mu3anmu Ucr Ipu I3MEHEHUH TeMIIepaTyphl OKpyskaroriei cpeasl Ha 1 K;
—  muddepeHurnanbHoe CONPOTUBIICHUE [c1, ONPEACIAIONIee CTAOWIH-
3UPYIOIKE CBOMCTBA MprbOOpa U MOKa3bIBAKOIIEE, KaK HAMPSHKEHUE CTa0u-
JIU3alMK 3aBUCUT OT TOKa!

fer = (UCT max ~ UCT min) / (ICT max ~ ICT min) (2-1)
—  MUHUMAJBHO JOMYCTUMBIN TOK cTaOmnmm3anuu lcr min — MUHHMAaNb-
HBIM TOK 4epe3 CTaOUIUTPOH, IPU KOTOPOM COXPAHSIOTCS €r0 CTaOUIN3H-
pYIOIIME CBOWMCTBA; MPU MEHBIINX 3HAYEHUAX TOKa |lcr pe3ko Bo3pacraer
rcr 1 ymensbiaercst Uer;
—  MakCHMaJbHO JOMyCTUMBIM TOK CTAOMIM3aIMH lcr max — MaKCH-
MaJbHBIM TOK, TP KOTOPOM MPUOOP coXpaHseT pabOTOCIOCOOHOCTh JTH-
TEJIHHOE BPEMS.

3HadeHne TeMIlepaTypHOro KoddduimenTa HanpsHKeHUsT cTadbuimsa-
IIUA Oye; U €ro 3HAK 3aBUCAT OT HaAmpspKeHHS Uct yon. CTAOMIUTPOHBI,
HaIpPsOKEHUE CTaOMIM3aliu KOTOPBIX Oombiie 5,5 B, umeror oy, > 0, T. €.
Ipy yBEIMYCHUHM TeMmIiiepaTypbl HampspkeHne Uct yBenmuuBaercs. [lpwm
HanpsoKeHUU Ut yon < 5,5 B cTaOUIUTPOHBI UMEIOT Oy, <0 U UX Hampsi-
KEHUE CTAOWIHM3allUA C yBEIMYCHHEM TeMmIlepaTypbl yMeHblmaercs. Cra-
OMCTOPBHI TAKKE UMEIOT Olycras < 0.

B crabunuzaropax HampspKeHHs, paOOTalOMUX B ITUPOKOM JaHara-
30HE TEeMIEPATYP, UCIIOIB3YIOT MPEIIU3UOHHBIE CTAOUIUTPOHBI C BHYTPEH-
HEH TEPMOKOMIIEHCAIIMEH, B KOTOPBIX MOCIEIOBATEIBHO UX p-N-TIEPEXOTy
BKJIFOYECH B TPSIMOM HAIPaBJICHUU OOBIYHBIA KPEMHUEBBIN p-N-TIEPEXO0] C
OTPHUIIATEIBLHBIM TEMITEPaTyPHBIM KOA(DPHUITMEHTOM TIPSAMOTO HaIPSKEHUS
(puc. 2.2).

JuddepeHunaibHOE CONMPOTUBICHUE CTAOUCTOPA lcTap PACCUUTHI-
BaloT 1o opmyiie (cm. puc. 2.1):

Freras = (Unp max— Unp min)/ (e max— 11p min) (2.2)
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zg) Uy
IC :‘T}“ f
gz) 0,y

Puc. 2.2
3Kcnepumenmaﬂbuaﬂ yacmo
a A PAZ PVZ
g _’ 0) g e
x§.)(4
[T |61 @,, vo1 N rT\62 ORVDZ |/H2|63
xz[— X6 X8[— X14]—
d :
Puc. 2.3

1. Berueptuth Tab. 2.1 1 2.2 115 CHATUA NPAMOUA U 0OpaTHOM BeTBEM
BAX crabunurtpoHa.

2. BbluepTUTh KOOPAUHATHBIC OCU (puc. 2.4) Ui MOCTPOCHHS MPSAMOM
u oOparHoi BeTBeit BAX (Macmtad mo ocsam: Ipp-B 1 cM 2 MA; Upp — B 1
cM 0,1 B; logp-B 1 cM 2 MA; Upgp — B 1 cM 1 B).

3. Borueptuth Tabn. 2.3 ms 3anucu pe3ysbTaTOB U3MEPEHUST HECTa-
OWJIBHOCTH HANpsHKEHUS! CTAOUIIMTPOHA MIPU U3MEHEHUHU MPOXOAIIEro ye-
pe3 Hero TokKa.

4. 3apucoBaTh UCCIEIyEMBbIE AIEKTPpUUECKUEe cxeMbl (puc. 2.3, a, 0).

5. Cobparb cxemy, OKa3aHHYIO Ha puc. 2.3, a, UCNIOJb3ys rpaduye-
ckue 00O3HAueHHUs, HAaHEeCeHHbIe Ha cMeHHyo mnanenb 87J1-01/2. Cuatb
npsiMyio BeTBb BAX cTaOuMIuTpOHA M 3aHECTH PEe3yIbTaThl U3MEPECHHI B
Tabun. 2.1.

6. CobOpaTh cxeMy, TOKa3aHHYH Ha puc. 2.3, 0, CHATh OOpaTHYIO
BeTBb BAX 1 3aHecTH pe3ynbTaThl U3MEpEeHul u Tabi. 2.2.

7. VI3aMepuTh HecTaOUIbHOCTh HanpsbkeHus dUcT cTtabuiutpoHa mnpu
U3MEHEHUU MPOXOJSALIEro Yepe3 HEro TOKa M 3aHECTH Pe3ysbTaThl U3Me-
peHuii B Tabm. 2.3.

8. IToctpouts mpsimyto U 0OpaTHyto BeTBU BAX crabunutpoHa B KO-
OpPAMHATHBIX OCAX (puc. 2.4).
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Paccunrats nuddepeHranbHble CONPOTUBICHUS CTAaOMIUTPOHA U
crabucropa mo gopmynam (2.1) u (2.2).

ZppMA

N‘bmm%

Ugp8 8 6 4 2

62 04 06 08 U8

[ p N

I odp» MA

Puc. 2.4
Tabmmma 2.1
[Tpsimoit ToK Ipp, MA 01 | 05 1 2 3 5 8 10

[IpsiMoe HanpsKeHUE
U, B

Tabmuma 2.2
OO6parnsbIii TOK lct, MA 0,1 0,5 1 2 3 5 8 10

Oo6patHoe Hanpsixenue Ucr,
B

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

HecrabuipHOCTh HANPSIKEHUS CTa-
omm3auuu oUcr, MB

[IpenBapuTenbHO MO M3MEPHUTENIO Bhixoaa VB ycTaHaBIMBAaIOT BBI-
xomHoe Hampspkenne ['H2, paBHoe nHampspkenmio crabwinmsaruu Ucr
(Tabin.2.2), u TOK 4yepe3 CTaOMIMUTPOH, paBHbIM 1 MA; npubop PV2 npu
3TOM OTKJIFOUEH. 3aTeM €ro MOJAKIIOYAIOT U, U3MEHSS BbIXOJAHOE HAIpsKe-
nue 'H2 pyukoii «Touno», goOuBatoTca HyJeBoro mnokaszanuss ABO Ha
npeneie «0,1 By.

VYBEIMYHUBAOT TOK Yepe3 CTAOMIMTPOH B COOTBETCTBHH C JIaHHBIMU
tabs. 2.3, npu stom mnpudop PV2 (6Ucr) mokaxker HeCTaOMIBLHOCTH
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HaIIPsZKCHUA CTa6I/IJ'II/ITpOHa IIpY USMCHCHUHU IMPOXOAAIICTO YCPEC3 HCT'O TO-
Ka.

KOHmpo./leble e6onpocol

1. Kakue yuactku BAX crabunutpoHa u crabucTopa Ha3bIBalOT pabouu-
MH?

2. Kak u3meHsieTcsi HanpspKeHWe CTaOUITUTPOHA MPU M3MEHEHUU MPOTeKa-
IOIIETO Y€pe3 HETO TOKa?

3. Kakue cBoiicTBa cTaOMIIMTPOHA OLICHUBAIOTCS TU(depeHIInaIbHBIM CO-
MPOTUBJICHUEM?

4. Ilouemy CTaOUIUTPOH U CTAOMCTOP IUIOXO PabOTAIOT MPU TOKAX, MEHb-
1116 MUHUMAJIbHBIX TOKOB CTaOUIU3aINH?

5. KakoBbl OCHOBHBIE apaMeTPhbl CTAOMIUTPOHA?

19



Jlabopamopuasn paboma Ne 3
Hccneoosanue mynnenbnozo u 00pauwieHHO20 0U0008

ens pabotsl. CHATHE W aHAJIU3 BOJbT-aMIIEPHBIX XapPaKTEPUCTUK TYyH-
HEJIBHOTO U OOpamieHHoro aquojaoB. OmnpeneneHrue UX napaMmeTpoB Mo Xa-
PaKTEPUCTUKAM.

Ilpuéopwvt u 060pyoosanue

1. Crenn mist mpoBeneHus naboparopHsix padot IDL-600.

2. Gl (I'T) — renepaTop TOKa CTEH/IA;

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

4. PV 1 (U,,) —~ABM2 na npeznene m3mepenus «1 By;

5. VD1— tynnensubiii tuoa AU301T (unu obpammenusiit AN402T).

OcHogHble meopemuuecKue noJjlio)Hcenus

HecmoTpst Ha TO, 4TO TYHHENBbHBIE AUOABI SBIISIOTCS JABYXITOJKOCHBI-
MH, C UX IIOMOULIBIO MOXXHO YCWUJIMBATh U T€HEPUPOBATH IJIECKTPUUECKUE
kosebanusi. CiocOOHOCTh TYHHENBHBIX JAMOJIOB BBITIOJHATh (DYHKIIMH aK-
TUBHOT'O 3JIEMEHTA JIEKTPUUYECKON LENu OOBSICHSAETCS TEM, YTO Ha OJHOM
u3 yyactkoB BAX ux nuddepennuanbHoe CONpOTUBIEHUE OTPULIATEIBHOE
(yuacmok ne na puc. 3.1). DU3U4ecKu 3TO 03HAYAET, YTO MPH YBEIHMUCHUU
HaIpsHKEHUS Ha TUOJE TOK YEPE3 HETO YMEHBIIAETCS.

Lnp
7 s
6
ZS
U. 17 U U — Unp
odp n ¢ Yo
Y ooy

Puc 3.1 BAX TyHHENBHOTO AMO/A
TyHHeIbHBIE AUOBI BBITIOJIHAKOTCS U3 MOJYNPOBOJHUKOBBIX MaTepH-

aJIOB C BBICOKOM KOHUEHTpALMEN MPUMECEH — BBIPOKIAEHHBIX MOJIYIPO-
BOJHUKOB — U UMEIOT OoJiee y3KHMIl 3amuparoimiuii cjiod, 4emM OObIYHbIC

20



muonel (0,1—0,2 MKM), a TTO3TOMY 3HAYUTENIBHO OOJBIIYI0 HAMpPsHKEH-
HOCTB 9JIEKTPHYECKOT0 T0JIs 3anuparomero cios (1o 10° B/em).

[Ipn oTCYTCTBMM BHEIIHETO HAIpPSKEHUS 4Yepe3 TYyHHEIbHBIN JHO
MPOTEKAIOT, KaK M Yepe3 oObIuHbIN auona, nuddy3nonHbsie U apeidoBbie
TOKHM D3JICKTPOHOB M JBIPOK. OJHAKO 3THU TOKU HE OMPEACISAIOT padoTy
nmpudopa U €ro BOJbT-aMIIEPHYIO XapaKTEPUCTUKY MPU MAJIBIX MPSMOM U
oOpaTHOM HampspKeHUsiX. B 3ToM pexxume uepes Auoj MPOTEKAIT TaKkKe
3HAUYUTEJBLHO OOJIBIIIME TOKH, OOYCIIOBIICHHBIE TYyHHEIbHBIM 3(h(eKToM,
KOTOPBIA MOXHO MOSICHUTH C TMTOMOIIBIO YHEPTETUUECKUX JUarpamMm (puc.
3.2, a-2).

al

3 p 8] 3 p n

g_gjr : Inp.r

a

} %_
83

33 l | ﬂaﬁ

Puc. 3.2 DHepretuyeckue quarpaMMbl TYHHEIBHOTO AUOA

[ToTennmanpHbIil Oapbep B TyHHEIBHOM p-N-miepexone (puc. 3.2, a)
MPEBBIIACT MIUPUHY 3aMPEIICHHONW 30HbI (33), MO3TOMY BaJICHTHasl 30HA
(B3) p-ob6nactu u 30Ha npoBoaumoct (311) n-o6mactu mepekprIBarOTCS —
WHTEpBAaI a.

OpHy YacTh MHTEPBAIA a COCTABJISAIOT YPOBHU SHEPTHH, 3aIIOJTHEHHBIC
AJICKTPOHAMH, JPYTYI0 — CBOOOJHBIE YpOBHU. PazymeeTcs, Mexay 3aHs-
THIMU U CBOOOJHBIMH YaCTSIMH MHTEPBaIa a HET CTOJb PE3KO IPAHUIIBI, U
pacnpenesieHne 3JICKTPOHOB IO JHEPTHSIM H3MEHSETCS IUIaBHO, IPUYEM
KOJTMYECTBO CBOOOJHBIX YPOBHEH YBETUYMBACTCA MPU MPUOTMHKCHUU K
MOTOJIKY BAJICHTHOW 30HBI P-00JacTH M yJaJC€HUU OT JIHA 30HBI MMPOBOIU-
MOCTH JI-00JIaCTH.

Mexny mepeKphIBAOIIMMHUCS JacTSIMH 30H BO3MOXKEH IEPEX0]T IJICK-
TPOHOB II0 TOPU30HTAIHM 0€3 M3MEHEHHsS WX JHepruu. B 3ToMm cocrtowmt
TyHHENbHBIM 3¢ (dekT. [Ipu TyHHENBHBIX Mepexoaax 3JEKTPOHBI HE Tpe-
0JI0JICBAIOT MOTCHIMAIBHBINA Oaphep, a MPOHUKAIOT Yepe3 HEro — TyHHEH-
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pytoT. O4EeBUIHO, YTO AJISI TYHHEIUPYIOLIErO JIEKTPOHA B 30HE, KyJa OH
NEePEXOIUT, AOJIKEH OBITh CBOOOJHBIN YPOBEHb DHEPTUHU, 3HAUEHHE KOTO-
poii paBHO ero COOCTBEHHOW SHEPTHHU.

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

[Ipu nomave oOpaTHOTO HANPSKEHUS MOTEHIMAJIBLHBIA Kapbep W WH-
TepBaJ MEePEeKpbITUA 30H (puc. 3.2, 0) YBEIUUUBAIOTCS U CO3/IAOTCS yCIIO-
BHUSI, IPH KOTOPBIX 3aISITBIM YHEPTETUYECKUM YPOBHSIM B BAJICHTHOM 30HE
p-00JacTH MPOTUBOCTOSIT CBOOOJHBIE IHEPTreTUYECKUE YPOBHU B 30HE
npoBoauMoctd N-obOnactu. Ilpum 3TOoM Oosiee BEpPOSTHBIMH CTaHOBSITCA
TYHHEIIbHBIE IIEPEXOMbI 3JIEKTPOHOB OOPAaTHOIO TYHHEIBHOIO TOKA logp .
OOpaTHBIN TOK CTPEMUTEIBLHO HApPACTACT W MPU OOpPATHOM HAMNPSHKEHUU
20—40 MB npubimkaercs K MAaKCUMalIbHO TOIyCTUMOMY 3HadyeHuto. [Ipu
0o0OpaTHOM HaNpsH>KEHUHU TYHHEJIbHBIE AUOIbI HE padOoTaloT.

[Ipu nmomade mpsIMOro HaIpsDKEHUST UHTEpBal a (puc. 3.2, B) yMEHb-
aeTcs U OBICTPO PacTeT NPSAMOM TyHHEIbHBIN TOK |y, ,, TaK Kak IEpeKpbl-
BAIOTCS 3aMOJTHEHHBIC YPOBHU DHEPTUU 30HBI MPOBOJUMOCTH N-007aCTH 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; JHOCTHraeT MakCUMaJIBHOTO 3HAYCHMsI, HA3blBaeMas MHKOM
XapaKTepUCTUKH, omnpenensieT Tok |, u nanpsokenue U, muka BAX TyH-
HEJIBHOTO THOJ1A.

JlanpHelIee yBEIMYECHHE NPSMOTO HAIPSHKEHUS CONMPOBOXKIACTCS
YMEHBIICHUEM TOKA |y, ., TAK KaK YMEHBIIACTCSA MHTEPBAN a U, CICIOBa-
TEJIbHO, YUCIIO YPOBHEN 3HEPTUHU, MEKIAY KOTOPHIMU BO3MOKEH TYHHEJb-
HBIU NIEPEX0J], YEMY COOTBETCTBYET IAJAIOLINN YYACTOK 716 XapaKTEPUCTHU-
ku. Touka 6, B KOTOpOH TOK |y, CTAHOBUTCS MUHMMAJIbHBIM, Ha3bIBacMasi
BIAJINHOM XapaKTEpUCTHKHU, omnpeenseTr Tok |, u Hanpspkenue U, Bnagu-
Hbl BAX TyHHENBHOTO AMOMA.

N3 30HHOW nHarpaMMbl, COOTBETCTBYIOIICH TOYKE BHAJUHBI B (pHC.
3.2, T), ciemyer, 4To SHEPreTUYSCKUe 30HbI He MepeKkphiBatoTcs (a = 0), T.
€. TYHHEIbHBIH TOK HEeBO3MOKeH. J(uddy3noHHas cocTaBisronias TOKa
npu HanpsbkeHun U, BriaanHbl HeBenuKka. CylleCTBOBAaHUE TOKA BHAJWHBI
OOBSICHSIETCSI APYTUM MEXaHW3MOM TYHHEJIHWPOBAaHMS TIPH CKBO3HOM 3a-
MPENIEHHOM 30HE. [Ipy 3TOM 3JIEKTPOH MPEOIOIEBAET €€ N0 CIOKHOMY Y-
TH, UMEIOIIEMY TOPU30HTAIbHbIC U BEPTUKAIbHBIC YYACTKH, Ha KOTOPBIX
€r0 SHEPIrUsi COOTBETCTBEHHO HE U3MEHSETCS U UBMEHSETCS.

Eme Gompimiemy mpsiMOMy HAmNpSDKEHHIO COOTBETCTBYET BTOpasi BOC-
xozsmas BeTBb BAX — y4acTOK, pacIojiOKEHHBIM Ha puc. 3.1 mpasee
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TOYKM BIaguHbl 6. Ilpu npsmom HanpsbxkeHuu, 6onpiem U,, depe3 nuon
poXoauT (PG Yy3MOHHBIN TOK.

OCHOBHBIMU ITapamMeTpamMu TYHHEJIBHOTO THOJA SIBJISIOTCS:
— 1ok |, u |; u Hanpskenus U, u U, nuka u BoajavHbI;
— HanpspkeHue pactsopa Uy, — mOpsAMoOe HaIpspDKEHUE Ha BTOPOM BOCXO-
nsueit BetBu BAX, mpu KOTOpoM MpsSIMOM TOK paBEH TOKY MUK |p;
— OTHOIIICHUE TOKA IMHMKa K TOKY BIaauHbI Ip/ 1.

OOpallleHHbIE JAHOJIbI SIBJISIOTCS PAa3HOBUAHOCTBIO TYHHEIBHBIX WU
TaKXE€ M3TOTOBJISIIOTCS U3 BBIPOXKICHHBIX IMOJYINPOBOAHUKOB, HO C HeE-
CKOJIbKO MEHBIIEH KOHIIEHTpaluend mpumeced. 30HHasg guarpaMmma oopa-
HIEHHOI'O0 JMOJAa MNpPH OTCYTCTBUM BHEIIHETO HAMNPSDKEHWS MOKa3aHa Ha
puc. 3.3, a. O6paTHOe HaNpsHKEHHE YBETUYMBACT MOTECHIIMAIBHBINA Oapbep.
[Ipu 3TOoM nepekpoiBatoTcst B3 p-obnactu u 311 n-obnactu, nosiBasieTcs u
yBEIMYMBAETCA OOpaTHbI TyHHEIbHBIM TOK. Ilpu mpsiMoM HanpskeHHH
TOK uepe3 JIM0]I CHavalla HEBEJIUK U HadaiubHbIN yyacTok BAX (puc. 3.3, 0)
UMeeT HeOOJBIION MOABEM, KaK Y TYHHEIBHOIO AM0Ja. 3aTeM, Mocie cra-
J1a, HAYMHAETCS KPYTOH MOabeM, T. €. HapacTaeT 1u(Ppy3HOHHBIHI TOK.

a)
mo, 5) Lo

Hi
33 ¥
. U v
o f;)
33% . )

o8

Puc.3.3 3onnas quarpamma (a) u BAX o6parmiennoro nuoja (0)

OOpareHHbIe AUOIBI UCIIOJIB3YIOT B KAY€CTBE BBIMPSIMUTEIBHBIX TSI
o0paboTku curHamoB manod amrmumtyasl (mo 0,3 0,4 B), mpu KoTOphIX
npsiMoit Tok "epe3 nuoxa man (10 MxA), a oOpaTHbIil — Benuk (10 MA).

Takum 00pa3om, mMpu MPUMEHEHHH OOPAICHHBIX IHOJ0B MX 00pat-
HYI0 BeTBb BAX HCMONB3YIOT KaK MPSMYIO0 OOBIYHBIX JHOJOB, a MPSMYIO
Kak oOparHyro. OTcro/1a Ha3BaHUE ATUX MPUOOPOB — OOpAIICHHBIE AHO/IHI.

IKcn epumenmaiibran 4acmos

1. Berueptuts 1abn. 3.1 u 3.2 g5 moigydeHHus mMpSMOA U 0OpaTHOM
BeTBer BAX TyHHENIBHOTO IHOA.

Tabmura 3.1

[Tpsimoit ToK Iy, MA 1234|5678 9

10

[Tpsamoe nanpsokenne U, MB
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Tabmura 3.2
O6patubiii TOK logp, MA | 1 | 2 | 3 |4 |5 |6 |78 9 10

OOpaTHOE HaIpsKEHNE
U06p, MmB

2. BeruepTuth cUCTEMY KOOpPAHMHAT (puc. 3.3) 1 nzodopaxkenus BAX

TYHHEJBHOTO anona (Macmrad mo ocam: |y, (losy) — B 1 e 2 MA; Uy,
(Uosp) —B 1 cM 0,1 B).

LA
!

8

N o™

Uptp:®
02

62 a4 06 08 1 U8

o O N D

0
1 ogp, A

Puc. 3.3 Cuctema KoopaMHAT JIJ1s1 TOCTPOCHUS MPSAMBIX U OOpPaTHBIX
BeTBel BAX.

3. 3apucoBath cxembl i nojiydeHuss BAX TyHHeNbHOTO Auoaa (cm.
puc. 3.4, a, 6).

Puc.3.4 CxemsEl ...

4. CoOpaTh cxemy, NOKa3aHHYIO Ha puc. 3.4, a, CHATh NPSIMYIO 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 U3MEPEHUMN B mao. 3.2.

Bricokoe BbixogHoe comnporusieHue ['T He mo3BossieT CHUMATh Ia-
naronii yyactok BAX TyHHENBHOrO JHMOJA, MO3TOMY MPSIMYI0 BETBb
BAX cHMMaIOT B TaKOW MOCIIEOBATENBHOCTH:

— OCTOPOKHO YBEIWYMBAIOT OT HyJA TOK I'T, ciens 3a mokazaHusMU NpU-
oopa PVI1. Ilpu goctmwxxkennn nuka BAX mpoucxoguT ckaukooOpas3HbIN
nepedpoc CTPENKU ATOro npudopa, OonpeaeasieMblid Pa3HOCThIO HaIpsKe-
Huit U, - Uy, T. €. 1101 OKa3bIBAETCs B PEKUME, COOTBETCTBYIOLIEM TUD-
dby3nonHou BeTBH BAX;

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

[Ipu Toke lg mpoucxomutr oOpaTHBIA MEPeOPOC CTPENKHU, T. €. U0
OKa3bIBAE€TCA B PEXKUME, COOTBETCTBYIOLIEM IMEPBOM BOCXOMSAIIEU BETBU
BAX.

OTH onepalvy BHITIOIHSAIOT HECKOIBKO Pa3, YTOUHSS MapaMeTphl TyH-
HEJIbHOTO AMOJa B TOYKax Nuka W BnaauHel ero BAX. IIpu nmoctpoennn
BAX Touku nuka v BOaJUHbI CIEAYET COCAUHUTD ITYHKTUPHOMN JTMHUEH.

[Ipu BbIONHEHUHU M. 5 B kadecTtBe G2 umcnonb3yroT reHepatop ['HI
CTEH/Ia, Ha BBIXOJE KOTOPOIO MEpe]] U3MEPEHHUSIMU yCTaHABIUBAIOT 1o 1B
CTEHJ|a HyJIEBO€ HampspkeHue (mepexirodarens VB ciaegyer mepeBectu B
nosnioxenue «I'H1 1 By»). OcranbHble TpuOOpPHI T€ K€, YTO U MPHU BHINOJ-
HEHUU 1. 4.

BonbT-amMnepHyo XapakTEpUCTUKY OOpAIIEHHOTO JHOJa CHUMAIOT
aHAJIOTUYHO.

6. Iloctpoute BAX TyHHENbHOrO JuoAa B KOOPJUHATHBIX OCSIX
(puc.3.3).

KOHmPOJleble eonpocol

1. VI3 kakuX MOTyIpPOBOAHUKOBBIX MAaTEPHAIOB U3TOTOBJISIOT TYHHEIbHBIS
U oOpaIeHHbIE TUOBI?

2. B yem cocTtouT TyHHEIBHBIN d(PheKT?

3. IIpu KaKuX yCIOBUSX BO3HHUKAIOT MPSMOW U 0OpaTHBIN TYHHEIIbHBIE TO-
Ku?

4. KaxoB (pu3nueckuii CMBICIT OTPHIATEIIBHOTO COIMMPOTUBIICHUS ?

5. YUem TyHHEIBHBIN UOJ OTJIMYAETCS OT OOpaIeHHOTO?
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Jlabopamopuasn paboma Ne 4

Hccneoosanue mupucmopa
ens pabotel. M3yuenue npunimna AeicTBus tupucropa. CHATHE U aHa-
JIU3 €r0 BOJIBT-aMIIEPHON XapaKTEPUCTUKHU.

Ilpuoéopwvt u 060pyoosanue
1. Crena nys mpoBeaeHus tadboparopubix padot IDL-600.
2.G1 (I'T) — renepaTop TOKa CTEH/A;
3. G2 (I'H3) — renepaTop HaNpsHKEHUS CTEHIIA;
4.PAL1 (ly) — B crenza, nepekiarodaTeslb KOTOPOro yCTaHABIUBAIOT B I10-
amoxxeHue «I'T 1 MA»;
5.PA2 (I,) — ABMI1 Ha npenenax uzmepenus «50 MA» u «10 MA»;
6. PV1 (Uy) — ABM2 na npenenax usmepenus «5 B» u «1 By;
7.PV2(U,) — ABM2 na mnpenenax usmepenus «100By», «50B», «10By,
«5By»;
8. VS — tupucrop KY101;
9. R — pesucrtop conpoTtusieHueM 3 KOM.

OcHoenvle meopemuyeckue noJA0MHCEHUA

Tupuctopsl — 53TO MOJYNPOBOJAHUKOBBIE TPHUOOPHI, 0OO0IaAaIOIINE
JIBYMsSI YCTOMYMBBIMU COCTOSTHUSIMH: OTKPBITBIM U 3aKPBITBIM. B OTKpBITOM
COCTOSIHMHM THPHUCTOPHI XOPOIIIO TIPOBOIAT IJICKTPHUESCKUH TOK, @ B 3aKPHI-
TOM OHU MPEJCTABJISIIOT CO00M OOJIbIIIOE CONMPOTUBIICHUE, COU3MEPUMOE C
COMPOTHUBIIEHUEM KPEMHHUEBOTO AHMOJa Mpu oOpaTHOM HampsikeHuu. Oc-
HOBHOE Ha3HAYCHHE TUPHUCTOPOB — 0€300phIBHASI KOMMYTAIIHSI DICKTPUIC-
CKHUX IICTIEH.

TupHUCTOPBI UMEIOT CTPYKTYPY p-N-p-N, T. €. Tpu p-nN-nepexoxa: I11,
[12 u 113 (puc. 4.1, a, 6). AHon A mipubopa coeMHEH co cioeM Pl, katos
K — co cioem N2, a ynpasnstomuii 3nekrpoa Y3 — co cioeM p2 unu nl.

ajl |A g} |A

ZLENS P YRR LU VY

y3 nt n nr
Z 2
p2 3 p2 73

n2 nl

.

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

Iq

i

pt

n? g; []R
Jylf@ pZ 3 "
R

n2

O-lz_a
Q= -
Puc. 4.2
OcHoBHoe HanpspkeHue U, pacnpenensercss Mexay nepexoaaMu npu-
oopa, npuuem s nepexonoB I11 u I13 oHo nmpsmoe, a ausa nmepexona 112
— oOparnoe. [loaTromy Oonbinast yacte HanpsikeHus: U, TpuiioxkeHa K Te-

pexony 112 1 aHOHBIN TOK TUPUCTOPA MPEACTABISAET COO0N 0OpATHBIN TOK
JTOTO IEepexoa.

fa

‘ral.‘max—

Puc. 4.3

JanpHenee yBenuueHne HanpsbkeHuss U, CONpOBOXKIAETCS YBEIU-
YeHUEM HaNpsHKEHUs Ha BcexX mepexonax. [Ipm HampspbkeHun, OIM3KOM K
Uppk, DTIEKTPOHBI U ABIPKY, NMOCTynaromue B ciaou N1 m p2 u3 cnoes pl n
N2, yMEHBIIAIOT conpoTuBieHue nepexonaa [12, 4yro conpoBoxkgaeTcs yBe-
JUYEHUEM MPSIMOTO HanpspKeHus: Ha nepexonax /7/ u 113, u Tupucrop me-
pekJrouaeTcs B NpoBo/siee coctosiHue (Touka A). Tok aHOa OTKPBITOTO
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TUPUCTOPA OMPEIEIAECTCSI B OCHOBHOM COINPOTUBIEHUEM PE3UCTOPA
Harpys3ku Ry (cm. puc. 4.2).

TupucTtop MOXET HaXOJAUTHCA BO BKIIFOYUEHHOM COCTOSIHUM HEOTPAHU-
YEHHO J0JITO: MOKA CYLIECTBYIOT YCIOBUSA JIJIsl MPOTEKAHUS B €EF0 OCHOBHOM
IEMHU JOCTAaTOYHOIO0 aHOAHOTO TOKa. [Ipu HampsskeHUW ynpaBIIsIOIIEro
anexktpoga Uy> O THPHUCTOP BKIIIOYAETCS MPHU JHOOOM IOJIOXKHUTEIBHOM
HalpsOKEHUU Ha aHoJie (HauyhHas C HECKOJIBKUX BOJIBT), MPUYEM YEM
MEHbIIIE 3TO HAMPSIKEHUE, TeM OOJBIINUM JI0JKEH OBITh TOK Y.

OCHOBHBIMH TapaMETPaMHU TUPUCTOPOB SIBIISFOTCA:

— MaKCUMAJIbHOE MOCTOSIHHOE HAIPSKEHUE B 3aKPBITOM COCTOSTHUM Usemax;
— MakCHUMaJIbHOE MpsIMOE HamNpspKEHHE, NMPU KOTOpPOM MpHOOp ocTaercs
3aKpbITHIM I1pH TOKeE |, = 0;

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

— MaKCUMAJIbHBIM MOCTOSIHHBIN TOK B OTKPBITOM COCTOSIHUU loemax;

— TOK yJep:kaHus |y, — HauMeHbIINN OCHOBHOW TOK, HEOOXOIUMBIN IS
NoJJIepKaHus TPUOOpPa B OTKPHITOM COCTOSTHUY;

— MaKCUMaJlbHasi pacCenBaeMasi MOIIIHOCTh B OTKPBITOM COCTOSIHUM P max-

IKcn epumenmaibHasn 4acmaos

N PAZ

X7 .xa | xit +

. f‘“ r#3| 62
1,)PA1 Y

X szi:-of
X3 ﬁ- X5l 4 X714+ <
AR u)Pvz []#
—  XEl— Xtap—
X4 i : | L o

Puc.4.4
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1. Berueptuth maba. 4.1 niis 3anucu pe3yiabTaTOB UCCIIEIOBaHUS TH-

pucropa.
Tabnura 4.1

[Ipsimoe Hanpspkenue U,, B U.l U.2 U.3 U4
Tok ynpasnenus |y, MA
Tok Harpysku l,, MA
Hanpskenne B OTKpBITOM CO-
crostHUH U, B

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

3. 3apucoBarh CXeMy HCCJCIOBaHHS THUpUCTOpa (cm. puc. 4.4) u co-
Oparts ee.

4. Ilpu cuatun BAX (mpubop PV 1 He noaxmitoyaior) cienyer:
— pasopBaTh Ienb yIpasisitoiero sekrpoaa (/y = 0) u 1oOuThcs, mias-
HO YBEJIWYHMBAas BBIXOJIHOE HampsikeHue reneparopa (G2, MepeKIroYeHUst
THUPUCTOPA B OTKPBITOE cocTosiHMEe. HanpsbkeHnue, npu KOTOpOM HayHETCS
3aMETHOE YBEJIIMYECHUE aHOJHOTO TOKA U TUHPUCTOP MEPEKITIOUNTCS, IBIIACT-
csa HanpsokeHueM nepekmrodeHus Up,=U,s (mpunsate U,;=0,25-Uy;
UaZZO;S'Ua4; Ua3:0,75'ua4);
— YMEHBIIUTH JI0 HYJS BBIXOAHOE HampsbkeHue (G2; mpu 3TOM TUPUCTOP
BEPHETCS B 3aKPBITOE COCTOSTHUE;
— noakiaounTh Gl, yCTaHOBHUB Ha €ro BBIXOJIE MUHUMAJbHBIA TOK, IS
yero cienyet noBepHyTh perynstopsl I'T «I'pybo» u «TouHo» mpoTuB va-
COBOM CTPEJIKH J0 yIOpa;
— ycraHoBUTh Ha BbIxoae (G2 HanpspkeHue, paBHoe Ual, u, yBenuuuBas
BbIXOHOU TOK G1, 1OOUTHCS BKIIFOUEHUSI TUPUCTOPA — TMIEPEX0/Ia B MPOBO-
AAIIee COCTOSHNE; 3aHECTH 3HaueHue Toka I, B Tadm. 4/1;
— U3MEpUTh aHOAHBIA TOK la m Hanpsbkenue Uy, TUpUCTOpPA B OTKPBITOM
COCTOSIHUU, TiepekitounB npudop PV2 na npenen «5 By;
— BBINIOJHUTh AHAJIOTUYHBIC U3MEPEHUS JISI OCTAJIbHBIX 3HAYEHHUI aHO/I-
HOT'O HAMPsKEHUS U 3aHECTH PE3yJIbTaThl U3MEPEHUN B Ta0I. 4.1,

5. [loctpoutrs BAX TupucTOpa B KOOPJAUHATHBIX OCAX.

Koumponwsnwvie 6onpocoi

1. 13 kakux moJyrpoOBOAHUKOBBIX MAaT€PHUATIOB U3TOTOBIISIOT TUPUCTOPHI?

2. IToueMy 3aKpbITOE€ COCTOSTHUE TUPUCTOPA YCTOMYUBO?

3. CoxpaHUTCS I OTKPBITOE COCTOSHUE TUPUCTOPA IIPU CHATHUM CUTHAJIA

yrpasiieHUs! (IPOBEPUTH IKCIIEPUMEHTAIIHHO)?

4. KakoBbI MpeuMYyIIeCTBa OECKOHTAKTHOT'O MEPEKIIIOUCHUS JIEKTpHUYE-

CKUX Lienei?

5. Ilo kakOMy OCHOBHOMY IMapamMeTpy TUPUCTOP MPEBOCXOIUAT TUPATPOH?
29



Jlabopamopuas paboma Ne 5
HUccneoosanue ounonapnozo mpanzucmopa,
6KJIIOUEHHO020 C 00uell 6azoil
Lens pabotel. CHITHE W aHAIU3 BXOJHBIX M BBIXOAHBIX XapaKTEPUCTHUK
TpaH3uctopa, BkiatoueHHoOro ¢ Ob. Omnpenenenue no HuM ero h-
apaMeTpoB.
Ilpuéopwvt u 06opyoosanue

1. Crenn mist mpoBeneHus JabopatopHsix padot IDL-600.
2. IIpu BeimosiHEHUHU padboThI ucciienytoT TpaH3uctop KT361A.
3. 17151 CHATHUSL BXOJAHBIX XapaKTEPUCTUK UCIIONIb3YIOT:
G1 (I'T) —reneparop ToKa CTEH/A;
G2 — npu cHatun xapaktepucTuk npu Uyxg — 0 3TOT UCTOYHUK HE TOJ-
Kirovarot, a rHezna XII u XI2 3akopauusaror. [Ipu cHATHM XapakTepuCTH-
ki ipu Uy =1 B BCcosib3y1oT 4acTh quara3oHa peryJupoBaHus BHIXOIHO-
ro Hanpsbkenuss TH1 ot 0 no — 7 B (npu peryivpoBaHHM BBIXOJAHOTO
Hanpsokeauss ['H1 B aTux mpenenax €ro moJsIpHOCTb IPOTHUBOIIONOKHA
yKa3aHHOU Ha JUIEBOM maHenu Ojoka nutaHus). [lpu cHatum xapaxrepu-
ctuku npu Uy = 10 B ucnons3yrot 'N2 crennaa;
PAT1 (I;) — ABM2 na npenenax usmepenus «10 MA», «5 MA» 1 «1 MA»;
PVI1 (Usp) — ABO Ha npenenax usmepenus «0,5 B» u «0,1 By;
PA2 (lx) — He ucnonb3yroT, a THe3Ma X7 U X8 3aK0pavyuBarOT COCIUHU-
TEJIbHBIM MPOBOJIOM;
PV2 (Uxs) — B crenpa, nepekiitoyaTellb KOTOPOTO TPU HUCIOJIb30BAHUH
['H2 ycranaBnuBaroT B nosoxenue «I'H2 25 By», a npu ucnonb3oBaHUU
['HI — B nonoxenue «I'H1 10 By.
4. JInst CHSTUSL BBIXOJHBIX XapaKTEPUCTUK UCIIOIb3YIOT:
G1 (I'T) — reneparop ToKa CTEH/IA;
G2(I'H2) — renepaTop Hanps»KeHUs CTEH/A,
PA1(l5) — ABM2 na nipenene uzmepenus «10 mA»;
PV1 (Usp) — He MOAKIIOUAIOT;
PA2(lx) — ABMI1 Ha npenenax u3meperust «10 MA», «5 MA» u «1 MA»;
TOK lxgo mipu |5 = 0 uamepsitor ABO Ha npenenax «100 MmkA» u «10 MkA»
MpU PA30MKHYTOM LEMU SMUTTEPA;
PV2(Uxs) — B cTenma, mepekimrovaresib KOTOPOTO YCTaHABIUBAIOT B I10-
noxenune «I'H2 25 B».
5. Ilpu onpeneneHun nonoxeHus padbode TOYKU NPUHATH |5 ,,=5 MA u
UKB p.T:5 B.

OcHoeHvle meopemuyecKue noa0MHCeHU

bunossipabie TpaH3UCTOPHI SIBISIOTCS HauOojiee YHUBEPCAIbHBIMU U
pacrnpoCTPaHEHHBIMU MOJIYNPOBOJIHUKOBBIMU TPUOOpAMHU, TIPEHAZHAYECH-
HBIMU JUISl YCWICHUS W TEHEPUPOBAHMS DIIEKTPUUYECKUX KOJICOAHUHU, U
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UMEIOT TPEXCIONHYI0 p-N-p- WK N-p-N-CTPYKTYpY (puc. 5.1,a,6). Kaxawlit
CJIOM MMEET BBIBOJI, HA3BAHWE KOTOPOTO COBMAJAET C HA3BAHUEM CJIOS WUIIU
obOnactu Tpan3ucropa. CpenHio 00J1acTh TPAH3UCTOPA HA3bIBAIOT 0a30M,
a KpallHHE€ — DMHUTTEPOM MU KOJUIEKTOPOM. DTH TPAH3UCTOPHI MOITYUYUIIN
Ha3BaHHUE OUIOJSPHBIX MTOTOMY, YTO MEPEHOC TOKA B HUX OCYIIECTBIISIETCS
HOCHUTEJISIMU 3apsiJia IBYX TUIIOB: JICKTPOHAMHU U JIBIPKAMHU.
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Puc 5.1

bunosnspHslii TpaH3UCTOP UMEET JABa p-N-IIEpexona — HMUTTEPHBIN
[11 u xomnexropHsbIil [12 — 1 ABa 3anMUparOnIUX CI0SI ¢ KOHTAKTHBIMU pas3-
HOCTsAMH TToTeHIManoB Uy 1 Uy, 00yCITOBIMBAIOIINX HANPSIKEHHOCTH Ey
u E snekrpruueckux mojeit B Hux. Illupuna nepexonos loy u lgp, mupuna
0a30Boil oOactu ls.

B 3aBUCUMOCTH OT BBIMOJIHSIEMBIX B cXeMe (PyHKIIUH TPaH3UCTOP MO-
XKeT paboTaTh B TPEX pEKUMAX.

B akTUBHOM pekuMe TpaH3UCTOp pabOTaeT B YCUIUTEIISIX, KOTAa Tpe-
OyeTcsl yCUJIEHUE JIEKTPUUECKUX CUTHAJIOB C MUHUMAaJIbHBIM UCKaXKEHUEM
ux ¢Gopmsbl. [Ipu 3TOM Ha SMUTTEPHBIN MEPEX0/1 MOJAIOT BHEIIHEE HAMpsI-
KEHUE B MPSAMOM HaIpaBJICHUH, a HA KOJUIEKTOPHBIN — B 00paTHOM (puc.
5.2, a). OCHOBHBIC HOCUTEIU 3MHUTTEpa Mo AckcTBHEM HampspkeHus U.g
PEOA0JIEBAIOT AIMUTTEPHBIA NEPEXOJI, & UM HABCTPEUY JIBUKYTCS OCHOB-
HbIE HOCUTEIM 0a3bl, KOTOPHIX 3HAYUTEILHO MEHBIIIE, TOCKOJIbKY KOHIICH-
Tpaiusi mpuMecHu B 0aze Mana. YacTh IBIPOK SMUTTEpPAa PEKOMOMHUPYET C
aneKTpoHaMu 0a3bl BONM3U miepexona I11, a ocTanbHbIE MHKEKTUPYIOTCS
(BIIPBICKUBAIOTCS) B 0a30BYIO0 00J1aCTb.

Ha nmyTu K KOJIJIEKTOPHOMY MEPEXO0/y YacTh ABIPOK SMUTTEPA PEKOM-
OuHUpYeT C 3JIeKTpoHamu 0a3bl (B peanbHBIX TpaH3ucrtopax oT 0,1 mo
0,001 konnuecTBa HOCUTENEH 3apsjia, HOKUHYBIIUX SMUTTEP). OcTanbHbIe
JBIPKUA JOCTUTAIOT KOJUIEKTOPHOTO MEPEX0/ia, Ha KOTOPhIN MoJaaHO o0paT-
Hoe HampsbkeHue U, M ¢ ycKOpeHueM mnepeOpachiBalOTCS B KOJUIEKTOP
nosiem nepexona I12.

Takum 00pa3oM, TOK |, OCHOBHBIX HOCUTEJIEH, MOKUAIOIINX IMUTTED,
4acTUYHO TepsieTcs B mepexone [11 u 6aze Ha pekoMOWHAIINIO, ITH TTOTEPH
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COCTaBJISIIOT TOK 0a3bl lg. OcTanbHas ero 4acTh JOCTUTAET KOJUIEKTOPa, TIe
PEKOMOUHUPYET C AIEKTPOHAMHU, MOCTYNAIOIIMMU B HETO U3 BHEIIHEH I1e-
I B BHJIE TOKa . YXOJ JBIPOK M3 DMHTTEPA BOCIIOJIHSACTCS TeHepamuen
nap 3JeKTPOH—/IbIPKa B IMUTTEPHOM 00JIACTU U OTBOJOM AJIEKTPOHOB BO
BHEIITHIOIO 1IeNb B BUC TOKA I,. Pacxoa aiekTpoHOB 0a3bl HA peKOMOMHA-
ITUI0 KOMITCHCUPYETCS UX MPUTOKOM B BHJIC TOKA 5.

Toku Tpan3ucropa, padOTAIONIETO0 B AKTUBHOM pPEXUME, CBA3aHBI
ypaBHeHueM |, = | + |, koTopoe MOKHO TIepenucarh B npupaiieHusx: Al,
= Al + Alg. TakuMm oOpazom, Ipu MOSBJICHUN MIEPEMEHHON COCTABIISAIOIICH
BXOJIHOT'O TOKa TpaH3uCcTOpa (B paccMaTpyMBaeMOM CIIy4yae 3TO TOK dMHT-
Tepa) MOSABJISIETCS MEPEMEHHAsI COCTABIISIIONIASL BBIXOJHOTO (KOJUIEKTOPHO-
ro) toka. Eciu B 1enbs KOJUIEKTOpa BKJIKOYUTH PE3UCTOP, TO MaJICHUE
HanpsbkeHuss UBUX Ha HEM OKaXeTcsl 3HAUUTENIbHO 00JIblIe TEPEMEHHOTO
HanpspbkeHuss UBX BXOZHOrO curHaiia, T. €. TPaH3UCTOpP YCUIIMBAET BXOJ-
HOW cUrHan (puc. 5.2,0).

al

Uss
1
8) Lar, Il ) I, Ix  2) Iy Ixs50
o OO, o

+ -+ + =
u.
R I (27%: - . S (1 o+

Puc 5.2

B akTHBHOM peXuMe TpPaH3UCTOP YyHpaBisieTCs B JOOOW MOMEHT
poIEcCa YCUIICHHUS], T. €. KAKIOMY U3MEHEHHUIO BXOJHOIO CHUTHAala COOT-
BETCTBYET U3MEHEHUE BBIXOIHOTO.

B pexume Hacwienus (puc. 5.2,68) Ha 00a nmepexojia TpaH3UCTOpa I0-
naercs npsiMoe HampsbkeHue. [Ipu 3Tom B 06a3y MHKEKTUPYIOTCSI MOTOKHU
OCHOBHBIX HOCHUTEJICH IMUTTEpPA M KOJIJIEKTOPAa M COMPOTUBIICHHE MPOMeE-
KYTKa KOJUIEKTOP — SMUTTEP TPAH3UCTOpPA PE3KO yMEHbIaercs. B aTom
pEXKUME TPAH3UCTOP HE YMpaBISIETCA. PeKUM HACBIIEHUS UCTIOb3YIOT B
TEX Cllydasix, Korja HeoOXO0JUMO YMEHBIIUTh MOUTH JI0 HYJISI COIPOTHUBIIE-
HUE LIENH, B KOTOPYIO BKIIFOUEH TPAH3UCTOP.

B pexxume otceuku (puc. 5.2,2) 0b6a mepexoma TpaH3UCTOPa 3aKPHITHI,
TaK KaK Ha HUX MOJAIOTCA 0OpaTHbIE HampshKEeHUs. B 3ToM pexume TpaH-
3UCcTOp 00JafaeT OOJBIIMM CONPOTUBICHUEM. OOpaTHBIE TOKU AMUTTEP-

Urs
?+
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HOTO |,5, ¥ KOJIIIEKTOPHOTO |5, TIEPEX0I0B MaJIbl (0OCOOCHHO KPEMHHUEBBIX
TPaH3UCTOPOB).

[Ipu BKIIFOUEHUH OMTIOJISIPHOTO TPAH3UCTOPA B JIECKTPUUECKYIO CXEMY
oOpa3yeTcsi JIBe ILIeNH: YIpaBisiomas U ymnpariseMas. B ympasmnsroniei
LENU JICHUCTBYET BXOJHOM CUTHAJ, KOTOPBIM OOBIYHO MOJAIOT HA SMUTTEP
uiu 6a3y. B ynpasnsieMol nenu (KOJJIEKTOPHOW WIIM 3MUTTEpHOM) dop-
MUPYETCS BBIXOJHOM CHUTHAJ, MOCTYMHAIOIINI 3aTeéM Ha BXOJ| CJIECAYIOIIEro
KacKaJia Wik B Harpy3Ky. TpeTuil 3JIeKTPOo] TPaH3UCTOpA SBIISIETCS 00ITUM
JUTSI BXOTHOM U BRIXOJHOU MEMEN.

[[Inpoko pactpoCTpaHEHBI TPH CXEMbI BKJIIOUECHHUS TPAH3UCTOPOB: C
o01ieit 6a3oit (puc. 5.3, a), OOLUIUM SMUTTEPOM (puc. 5.3,6) U OOIIUM KOJI-
JEKTOpOM (puc. 5.3, 6). Jlis pacuera TPaH3UCTOPHBIX CXEM HCIHOJIB3YIOT
JIBa CEMENCTBA BOJIbT-aMIIEPHBIX XaPAKTEPUCTUK: BXOAHBIE U BBIXOJIHbIC.

a) d)
L. L i
s
Usg Uxs Ues
I, l Uss I
Puc. 5.3

BxoaHbIC XapaKTEPUCTHKH TPAH3UCTOPa MOKAa3bIBAIOT 3aBHCHMOCTH
TOKAa BXOJHOI'O 3JIEKTPOJa OT HAMPSIKCHUS MEXKIY HUM M OOIIMM DJIEKTPO-
JIOM TP IMOCTOSIHHOM HAMpPSUKEHUU Ha BBIXOIHOM dJCKTpojae. st cxembl
¢ OB 3T0 3aBHCHMOCTH TOKA SMHUTTEPA OT HAMNPSHKECHUS MEXIYy HUM M Oa-
300 TpH MMOCTOSTHHOM HampsbKEHUW Ha Kosuiektope (puc. 5.4, a): |, =T (U,g)
npu U, = const.

a)l
L §
By

Ty

31
I;=0
v,

Usg Ixs0
Puc. 5.4
BbIX0o/IHBIE XapaKTEPUCTUKU TPAH3UCTOPA MOKA3BIBAIOT 3aBUCUMOCTD
TOKa BBIXOJHOTO 3JICKTPOJIa OT HAMPSKEHUS MEXKIY HUM U OOLIUM DJICK-
TpoaoM. CHUMAIOT BBIXOJIHBIE XapAKTEPUCTUKH JJIs PSJia TOCTOSHHBIX TO-
KOB BXOJIHOTO 3JiekTpoaa. st cxembl ¢ Ob 3T0 3aBUCMMOCTH TOKa KOJI-
33
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JIEKTOpa OT HAMPSHKEHUSI MEXKIY HUM M 02301 TPU OCTOSHHBIX 3HAYCHUSIX
Toka amurrepa (puc. 5.4,0): I, = f (Uy) npu U, = const.

B pexumMe ycuiieHUs MajlbIX CUTHAJIOB, KOTJa HEIMHEHHOCThI0 BAX
MOXHO TMpeHeOpeub, TPaH3UCTOp, BKIOYEHHBIH ¢ Ob, 3KBUBaJIEHTHO
IPEACTABIISIIOT B BHUJI€ JUHEWHOI'O YETBIPEXIOJIIOCHUKA (puc. 5.5), BXoA-
HBIE U BBIXOJIHBIEC MAPAMETPBI KOTOPOTO CBSA3aHbI CIAEAYIOIIUMHU YPABHECHU-
MU

AU,5 = hy15°Al, + hyp6°AUsg; (5.1)
Al = hy15°Al, + AU, (5.2)
AIJ A!K
i ———
O )
A 05‘5 vr AUKS
O O
Puc 5.5

®dusnyeckuii cMbICK h-TlapaMeTpoB TPaH3UCTOpPA COCTOUT B CIIEIYIO-
EM:

hi16 — BXOJHOE CONMPOTHBIICHUE B PEKUME KOPOTKOTO 3aMbIKaHHUs Ha
BBIXO/IE;

hi2s — Ko3(hdUIIMEHT BHYTPEHHEH OOPAaTHOW CBSI3U B PEKUME XO-
JIOCTHOTO X0O/1a Ha BXOJE;

hy16 — K03 duIMeHT nepenadn Toka B PeKUME KOPOTKOTO 3aMbIKa-
HUSI HA BBIXOJIE;

hy6 — BBIXOJHAS MPOBOJUMOCTH TPAH3UCTOPA B PEKMME XOJIOCTOTO
X0/1a Ha BXOJIE.

PaccunrtsiBatoT h-nmapamerpsl it cxembl ¢ Ob o ¢popmynam:

hi16 = AU,6/Al, mpu U, = const; (5.3)
hi2s = AU,6/Al, ipu |, = const; (5.4)
hy16 = AL/AL ipu U, = const; (5.5)
haos = Al /AL tipu |, = const; (5.6)

AHaNUTUYECKUI pacyeT /r-nmapaMeTpoB ClIOkKEeH U HeToueH. HamHoro
MPOUIE UX MOTYyYaroT u3MepenrueM win no BAX.

Jlnst onpenenenus hy;s Ha BXOAHOW XapaKTEPUCTHKE, COOTBETCTBYIO-
HIel CpeHEeMy 3HAUCHHUIO KOJUIEKTOPHOIO HamNpspbKEHHUs, 0003HA4aloT pa-
0ouyro Touky A (p. T) TpaHzucrtopa (puc. 5.6, a), KoTopas 3a7aeTcsi Cpe/l-
HUMH 3HAQYEHUSIMU BXOJHOIO TOKa |5 ,, M BXOAHOro HampsikeHUs Usg i
Uepesz pabouyto Touky A (p. T) IPOBOJAT KacaTeIbHYIO M CTPOST Tpe-
yroiasHuk BCD. 3arem, ucnons3ys Gopmyiny (3), HaX0IAT:

h116 = BD/CD = AUQB/AIQ (57)
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Jis onpeneneHus hyj; 6 HEOOXOAUMO MOCTPOUTH JBE BXOIHBIC Xa-
PaKTEPUCTUKH JJIA IBYX 3HAYEHUU HAIPSDKEHUS HA BBIXOJHOM 3JIEKTPOC
(puc. 5.6,0). Uepe3 pabouyro Touky A (p. T) IpoBOAAT JuHUIO |, = CONSt,
YTO COOTBETCTBYET XOJOCTOMY XOJy Ha BXOJE TPAH3UCTOpA MO MEPEMEH-
HOMY TOKY. TOUYKH mepecedeHus XapaKTEPUCTUK U ATOW JTUHUU TPOEIH-
pytoT Ha ocb Usp u onpenensitor AUy, 3atem, ucnonsdys dopmyiy (4),
HaxoiT Nys6, mpuHaB AUy = Uk, - Uks:

Jliis onpenenenus hy B CEMEWCTBO BBIXOAHBIX XapaKTEPUCTHK B 00-
jJactTu paboued Touku nepecekaroT JuHued (Ugpg = const, 4TO COOTBET-
CTBYET KOPOTKOMY 3aMBIKaHHIO IO TIEPEMEHHOMY TOKY Ha BBIXOJIC TPaH3H-
cropa (puc. 5.6, B). 3atem mo ¢opmyne (5) Haxomat h,is, rpaduuecku
onpenenuB Aly u BeranciuB Aly = |5, — 15,

s onpenencuus Nys (puc. 5.6, 2) CHUMAKOT BBIXOJHYIO XapaKTepH-
CTHKY Ul TOKa sMutrepa lo,, B pabodel Touke, a 3ateM Haxomar Alx u
AUggp 1 1o popmyiie (6) pacCuuThIBAIOT Nyyg.

IKcn epumernmaibHasn 4acmos




a}Ig,HA J) Jy,MA

10 10
8 8
6 6
4 4 F
2 z
01 02030405 Uys,8 2 & 6 8 U8B
Puc. 5.8

1. Berueptuth mabn. 5.1 v 5.2 115 CHATHAS BXOJHBIX U BBIXOJHBIX Xa-
PaKTEPUCTUK TPAH3UCTOPA.

Tabnuma 5.1
Tox smurrepa |,, MA 01| 02 | 0.5 1 2 |10
0
Hanpspkenue smurtep — 0asza 1
USE, B, mpu 1 0
Tabmnuma 5.2
Hampsioxenue komiexkrop — 6a3a Ugg, B 1 2 3) 10
Tox kosnekropa |, MA, ipu U,, MA 0
1
2
4
6
8
10

2. Beraeptuth KOOpAUHATHBIC OCH (puc. 5.8, a, 6) N MOCTPOCHHMSI
BXOJHBIX U BBIXOJHBIX XapaKTEPUCTUK TpaH3UCTOpa (MacmTad mo ocam: |,
ul,—Blcm2MA; Uysg—B 1 em 0,1 B; Ugg—B 1 cm 1 B).

3. Berueptuth maba. 11 v 12 qis 3anucu h-napameTpoB TpaH3ucTOpa
U €ro 3JIEKTPUYECKUX MapaMeTpoB B paboyeii TOUKe.

4. 3apucoBath cxemy Ui cHatus BAX Tpansucropa (cm. puc. 5.7) u
cobpaTs ee.
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Tabmnura 5.3

ITapamerp hits Ni2s Hais Haas
3HayeHue

Tabnuuas.4
HapaMeTp I3p.T1 USBp.T’ IKp.T1 UKB‘p.T1
3HaueHue

5. CHTBh BXOJIHBIE U BBIXOJIHBIE XapaKTEPUCTUKHU TPAH3UCTOPA U 3a-
HECTH pe3yJIbTaThl U3MEPEHUN B maob. 5.1 n 5.2.

6. [TocTpouTh BXOAHBIE ¥ BBIXOIHBIE XapaKTEPUCTHKU B KOOPIUHAT-
HBIX OCsIX (puc. 5.8, a, 0).

7. BeiOpaTh 10 yKa3aHUIO NPENojaBaTesis padouyo TOUKY U HAHECTH
€e Ha BXOJIHbIE U BBIXOJIHBIE XapaKTEPUCTUKH.

8. BBIMoIHUTE OCTPOEHUS Ha BXOJAHBIX U BBIXOJIHBIX XapaKTEePUCTHU-
Kax JUIs OnpeiesieH sl h-rmapaMeTpoB TpaH3UCTOpa, PACCUUTATh UX U 3aHE-
CTH pe3yJIbTaThl B mabi. 5.3.

9. 3aHecTH JIEKTPUUYECKHUE TTapaMeTPhl TPAaH3UCTOPpa B pabouel Touke
B maba. 5.4.

KOHmPOJleble eonpocol

1. IloueMy KOHIIEHTpalusi IPUMECH B AMUTTEPE 3HAYUTEIBLHO OOJbIIE,
yeMm B Oaze?

2. Tlouemy HEOOXOAMMO OTBOJUTH TEIUIOTY OT KOJUIEKTOPHOM 0O0jacTu
TpaH3ucropa?

3. KakoBbl 0COOEHHOCTH aKTUBHOTO pEKUMa pabOThl TpaH3UCTOpa?

4. Kak TpaH3UCTOp MEPEBOMST B PEKUM HACHIILICHUS ?

5. Kak no0OuBaroTcs pexkuma OTCEUKH?

6. Kakue »siexTpuueckue MapaMeTpbl XapaKTEepU3yIOT pabdouylo TOUYKY
TpaH3ucTopa?

7. IloueMy TOK KOJUIEKTOpa MPU MOCTOSHHOM TOKE IMUTTEPA HE 3aBUCHUT
OT HaMNpPsHKEHUS MEXK]Ty KOJIEKTOPOM U 06a30i1?
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Jlabopamopnas paboma Ne 6
Hccnedosanue ounonapuozo mpanzucmopa,
BKJIIOUEHHO20 C OOUWUM IMUMMEPOM
Ilenp pabotbl. CHATHE M aHAIM3 BXOJHBIX U BBIXOJHBIX XAPAKTEPUCTHK
TpaH3ucTOpa, BKIOYeHHoro c¢ OO. OmnpeneneHue no HuUM ero h-
apameTpoB.

Ilpuéopwvt u 060pyoosanue

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

2. G2 (I'H2) — renepaTop HaIpsiKEHUs CTEH]IA;

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

4.PV1 (Ugs) — ABO Ha npeaenax usmepenus «0,5 B» u «0,1 By;

5. PA2 (lx) — He moakao4aroT, a rHe3a X7 1 X8 3aKopadrBaroT;

6. PV2(Uk») — u3MepuTens HAPsHDKEHUH MEXITY KOJUIEKTOPOM U OMUTTE-
poM.

7. GI(I'T) — reneparop Toka cTeHAa;

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

9. PA1 (Is) —ABM2 nHa npenenax usmepeHus «10 MA», «5 MA», «1 MA»
n «0,5 MA»;

10. PV1 (Ugs) — He HOJKIII0YAIOT;

11.PA2 (Ix) — ABMI na npenenax uamepenust «50 MA», «10 MA», «5
MAY», «1 MA» 1 «0,5 MA»;

12.PV2 (Ux») — UB crenaa, noakmoyaeMbiii Kk Beixoay ['M2 wim THI.

OcHnoeHnbvie meopemuuecKue nojlo)icenus

BxonHbIMU XapaKTepUCTHUKAMU TpaH3UCTOpa MpH BKIOYeHUH ¢ OO
SIBIISIFOTCS] 3aBUCUMOCTU TOKa 0a3bl OT HAIPSKCHHS] MKy HEH U AMUTTE-
POM TP TIOCTOSIHHBIX HANPSIKCHHUSX Ha KoJuiektope (puc. 6.1, a): Iy = f
(Ugs) mpu Uy, = const.

BoixonHble XapakTepucTuku (puc. 6.2, 6) npeacTaBisitoT co00l 3aBuU-
CUMOCTHU TOKa KOJUIEKTOpA OT HAIPSKEHHS] MEXAY HUM U AIMUTTEPOM IPU
nocTOSTHHBIX Tokax 0a3bl: |y = f(Uys) mpu I = const.
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Puc. 6.1 Bxoausbie (a) 1 BeIXOIHBIC (0) XapaKTEPUCTUKN TPAH3UCTOPA
B pexxnMe yCwiIeHHs] MallbIX CHUTHAJIOB TPAH3UCTOP, BKIIOYCHHBIA C
O3, 3KBUBAJICHTHO MPEJICTABIIAIOT B BU/JIC IMHEHMHOTO YETHIPEXIIOIIOCHUKA

(puc. 6.2), BXOIHBIC M BBIXOJHBIC MapaMeTPhl KOTOPOTO CBS3aHBI CIETYIO-
UMW YPaBHCHUSIMH

AUgs = hyi5°Alg + hya5'AUks; (6.1)
Al = hy15°Alg + Naps AUxs; (6.2)
'd!g 41
O]
s, | vr | au,
O Q
Puc. 6.2

PaccuntsiBaroT h-mapamerps 11t cxeMbl ¢ O3 o hopmynam
h113 - AUBQ/AIB Inpu UK3 = ConSt; (63)
h123 = AUBQ/AUKg Inpu IB = ConSt; (64)
hy15 = Alg/Alg mpu Uy = const;  (6.5)
h223 = AlK/AUK3 npH |]; = Const; (66)

Jlns onpenesnenus hyj5 mpoBoaaT depe3 pabouyro Touky A (p. T), Ka-
caTeJIbHYIO K BXOJHOM XapaKTepUCTUKE, U CTPoAT TpeyroiabHuk BCD (puc.
6.3, a). Torna, cornmacuo dopmyiie (6.3),

h113 =BD/CD = AU53 / AIB

a)
| 15
I Al |3 a1 S Alp®p 151
5p1 6
Uss
%5!”' 4U 82 E&;‘Cﬂﬂﬁ UKJ
g) 2) ]
F 5 ~p K
’ SAS 3 Ig=const
! const A (,07 ) 2 ——
Itpr A
UEJ

Puc. 6.3
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s onpenenenusi hjy; BBIOUPAIOT JIBE BXOJHBIC XapaKTCPUCTHKH,
CHSIThIE TIPU JABYX 3HAYEHUSAX HANPSHKEHUM MEXIY KOJJIEKTOPOM U OMHUT-
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 3TOW JIMHUU C XapaKTepUCTHKAMU MpoenupyrotT Ha ock Ugs, ompe-
nensioT AUgsy = Ugs, - Uy, Haxonat AUg, u paccunthiBaioT Ny mo dop-
myie (6.4).

Jliis onpenenenus hy;5 ceMEHCTBO BBIXOIHBIX XapaKTEPUCTUK BOIU3U
A (p. T) mepecekaroT auauel Uyxs = const (puc. 6.3, B), 4TO COOTBETCTBYET
KOPOTKOMY 3aMbIKaHHIO Ha BBIXOJIC TpaH3ucTopa. 3areM 1o Gopmyie (6.5)
paccUnThIBAIOT Ny1y, onpenenus rpaduuecku Al u Alg xak pasHocTs g, —
I51

Jliis onpenenenus hyy; BEIOMPAIOT M3 CeMEMCTBA BBHIXOAHYIO XapaKTe-
PUCTUKY, CHATYIO npH lg ,,. Haxonar npupamenue toka xoyuekropa A/K,
BBI3BaHHOE TIPUPAIICHUEM HampsikeHUs Aly Ha HEM MPHU MOCTOSHHOM TOKE
0a3sl (puc. 6.3, 1), u o ¢popmyiie (6.5) paccUUTHIBAIOT Nyy5.

Pabouas Touka TpaHzuctopa B cxeme ¢ OD xapakTepus3yeTcs cleny-
oMy napaMmerpaMu: g, Ugspry lkpr B Uks pir

IKcn epumenmaibHasn 4acmos

PA2
oo 0y
X7\_/ X8
X1
VT
10
szE _
_T x3 X5 xo| -
e @ap\n PV2@9 X11] -
Gi| rr ! x1o] + rH2| G2
+ x12[ +
X4 X6
4 s 4
Puc. 6.4
al) I, mA : &) I MA
24 8
03— 4
8.2 4
of 2
a7 0.2 03 0% 05 Uy 8 7 % 6 8 10 17Uep8
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1. B pabore uccnenyercs tpanzuctop KT361A.

2. Borueptuts Tabn. 6.1 u 6.2 nus8 moayyeHUs BXOJHBIX U BBIXOJHBIX Xa-
PaKTEpUCTUK TPAH3UCTOPA U KOOPAHHATHBIE ocH (puc. 6.5, a, 0) 11 UX TOCTPO-
enus (macmrad mo ocsim: ly—B 1 ecm 0,1 MA; Ugs —B 1ecM 0,1 B; Ixk—B 1 cm
4 MA; Uy —B 1 cm 2 B).

3. Borueptuth Tabi. 6.3 I 3aMKCH NEKTPUUECKUX TTapaMeTpOB TpaH3U-
CTOPOB B TPEX PEKUMAX €ro paboThI.

Tabmura 6.1
Tok 6a3bl |, MKA 50 100 | 200 | 300 | 400 | 500
Hanpsokenue 6aza — smut-| 0
TCp UBQ’ B, Ipu UK3, B 1
5
Tabmuia 6.2
Hanpsbkenue KoekTop — 3MUTTEP 01 | 05 1 5 10
UKQ) B
Tok xomnekropa lx, MA. ipu 5. 50
MKA 100
200
300
400
500
Tabmuma 6.3
Pexum ITapamerp
|]; U];3 IK UK3
Otceuku (p. T 1)
Hacprmenus (p. T 2)
AKTHUBHBIH (p. T 3)
Tabmuma 6.4
Cxema [Tapamerp
hiis hi2s hyi5 h2s
C o06eii 6azoi
C o0umM SMUTTEPOM

4. Berueptuth Tabma. 6.4 mas 3anucu h-mapamMeTpoB TPaH3UCTOPA, BKIIIO-
yeHHoro ¢ O0.

5. 3apucoBaTh CXE€MY CHSTHS BXOJHBIX U BBIXOAHBIX XapaKTEPUCTHUK
TpaH3ucTopa (cM. puc. 6.4) u codbpars ee.

6. CHATH BXOJIHBIC U BBIXOJHBIC XapaKTEPUCTUKU U PE3yJIbTaThl U3MEpe-
HUM 3aHeCTH B TabJ. 6.1 u 6.2.
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7. J1nst cHATUS BXOJIHBIX XapakTepucTuk ucnonb3ytor: Gl (I'T) — rene-
paTop TOKa CTEH[a;

Cuumas xapaktepuctuky npu Uy, = 0, mpubop PV2 ne ucnonssyior, G2,
TaK>K€ HE MOAKII0YaroT, a rue3na X11 u X12 3akopauuBaror.

IIpu custun xapakrepuctuku npu Ux, = 1 B B kauecTBe (G2 UCMIONB3YIOT
['H]l — yacTp quamna3oHa peryJMpoOBaHMs €ro BBIXOJHOTO HarpsikeHus ot 0 1o
7 B (B »THX mpezaenax U3MEHEHHUs BBIXOJHOTO HampsbkeHus nosspHocts ['H1
MPOTUBOMOJIOKHA YKa3aHHOW Ha JIMIEBOM MaHedu OJioka nmuTaHus). BeixomHoe
Hanpspbxenue ' H1 n3mepsror usmepurenem Beixoaa VB crenna, nepeximrouarens
KOTOPOro ycTaHaBIUBaKOT B nosioxkeHue «I'TI1 10 By.

CHumas xapakrepuctuky npu Ug»=5B, ucnonbsyror I'H2, BbIXOmHOE
HaIpspKeHUe KoToporo m3mepsitor VB, asa dero ero nepexitoyaTesb yCTaHaB-
nuBaroT B nojoxenue «I'H2 25 By.

8. IlocTpouTh BXOJHBIE U BBIXOJIHBIE XAPAKTEPUCTUKUA B KOOPAUHATHBIX
ocsix (cM. puc. 6.5, a, 0).

9. OnpenenuTh N0 XapaKTEPUCTUKAM JIEKTPUUECKHE apaMeTpbl TpaH3U-
CTOpa B PeKUMaX OTCEUKH, HACHIIIICHUSI U aKTUBHOM U 3aHECTH UX B Ta0JI. 6.3.

IIpu ompeneneHuy 3JEKTPUUYECKUX NAPAMETPOB TPAH3UCTOPA B PA3JIHY-
HBIX pekuMax ero pabotsl mpuHiATh Uy = 12 B u Rg = 1,5 kOM. Jlunus
Harpy3ku npu 3ToM nepeceder ocu lg 1 Ugy COOTBETCTBEHHO B TOUKaX 8 MA U
12 B (cm. puc. 6.1,0).

Paboune Touku p. T 1 U p. T 2 COOTBETCTBYIOT PEKHMaM OTCEUKU M
HachlleHus. Pabouyto Touky p. T 3 TpaH3UCTOpa B aKTUBHOM pEXUME BhIOMpa-
IOT IIOCEPEINHE YyYacTKa p. T | — p. T 2 TMHUM HAarpy3KH.

10. BBIMOTHUTH MOCTPOCHUS HA BXOJIHBIX M BBIXOJHBIX XapaKTEPUCTHKAX
Ui ompeeneHus h-mapaMeTpoB TPaH3UCTOpa, PACCUYUTATh UX U 3aHECTH pe-
3yJbTaThl pacueToB B Tab. 6.4.

KOHmPOJleble eonpocol

1. [Touemy h;;5 3HaUUTENBHO OOIBIIE 17?

2. [Touemy BXOJHOE COMPOTHUBIICHUE TPaH3UCTOpPA B cxeMe ¢ OD Ooblie,
yeM B cxeme ¢ OB?

3. Kakne mapameTpsl TpaH3UCTOpPA, BKIOUYEHHOTO ¢ OO, XapaKkTepHu3yroT
€ro pabo4yr TO4Ky?

4. KakoB ¢u3nueckuii cMbICI h-mlapaMeTpoB M MPHU KaKUX YCIOBUAX HMX
ONpEeaEstoT?

5. Ilouemy cxema BKJIIOYEHHS TpaH3ucTopa ¢ OD Hauboliee pacnpocTpa-
HeHa?
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Jlabopamopnas paboma Ne 7
Hccnedosanue noneeozo mpanzucmopa
[lens pabotel. M3ydeHwe npuHIMIIA JEHCTBUS IIOJIEBOTO TPaH3UCTOPA,
CHSITHE W aHAJIU3 €r0 BOJbT-aMIEPHBIX XAPAKTEPUCTUK, ONPEACICHUE Ma-
paMeTpPOB.

Ilpuéopwvt u 06opyoosanue

1. Ctena nnst mpoBeaeHus tabopatopubix padot IDL-600.
2. G1 (I'H1) — uctounuk HanpspxkeHust Usy Ha 3aTBOpe. [IpeaBaputensHO
CJIEy€eT YCTAaHOBUTH MO U3MepuTento Boixona B crenna HyneBoe Hamps-
KEHHE Ha BBIXOJIE 3TOr0 MCTOYHMKA. BrixonHoe Hampsbkenue I'HI pery-
aupyroT B peaenax ot 0 no —7 B, mpu 3ToM ero noyisipHOCTh MPOTUBOIIO-
JI0’KHA YKa3aHHOM Ha JIMIICBOW MaHeNu OJ0Ka MUTAHUs. YBEJIWYHUBATh BbI-
xoaHoe HampspkeHue ['H1 B 3ToM umHTEpBane peryiaupoBaHUsl CIEAYET
Bpalliasi peryJjsiTopbl IPOTHUB YaCOBOU CTPEJIKU;
3. G2 (I'H2) — MCTOYHUK HAIPSKEHUS MEXKTy CTOKOM U UCTOKOM Ucy;
4. PV1 (Usy) — u3MepuTellb HANPSDKCHUS HA 3aTBOPE IO OTHOIICHHIO K
uctoky (JIBMI na npenene uzmepenus «2,5 By);
5. PA1 (Ic¢) — usmeputens Toka ctoka (JIBM2 Ha mpenenax u3mMepeHus
«50 MA», «10 MA», «5 MA» 1 -1 MA»);
6. PV2 (Ucy) — u3Meputenb HapsHDKSHHSI HA CTOKE 10 OTHOIICHHIO K HC-
Toky (B cTtenma, mepekitodaresib KOTOPOTrO YCTaHABIMBAIOT B IMOJIOXKeE-
nue «['H2 25 By), Crnenyer mOMHUTH, YTO MAaKCUMAJIbHO JOIYCTUMOE
HaIPSHKEHUE MEXAY CTOKOM U MCTOKOM JIJIsi MCCIEAYEMOIO TPaH3UCTOpa
cocrasisier 10 B.

OcnogeHble meopemuuecKue noja0HceHus

B oTiuuane oT GUNONSPHBIX TPAH3UCTOPOB, B KOTOPBIX MEPEHOC TOKA
OCYIIECTBIIACTCS 3JCKTPOHAMHM M JBIPKAMH, B IOJICBBIX TPAH3UCTOpPaxX B
NIEPEHOCE TOKA YYaCTBYIOT TOJIKO 3JICKTPOHBI MJIM TOJIBKO JBIPKHU; 3TO 3a-
BHCUT OT TOr0, M3 KaKOr0 Marepualia BBITOJHCH NPOBOAAIIMN KaHai 1
(puc. 7.1).

NN NN
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B pabore uccnenyercs tpansuctop KII101 ¢ xanamom p-tuma. Ha
OOKOBYIO TOBEPXHOCTh KaHalla HAHECEHBI CJIOM MOJIYNMPOBOJHUKA DJIEK-
TPOHHOM 3JIEKTPONPOBOJHOCTA — 3aTBOP 2. Mexay 3aTBOPOM 3 U KaHa-
JoM 00pazyercs p-N-nepexoi, 00ETHEHHBIN CII0 KOTOPOTO COCPEA0TOUYECH
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 HOCHUTENH 3apsifia YCTPEMIISIIOTCS 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.

BbIXxogHOM TOK MOJEBOrO TPAH3UCTOPA — TOK CTOKA l¢ 3aBUCHUT OT
HanpsikeHns: Ha cToke Ucy U ¢ ero poctoM yBenuuuBaercs. Kpome toro,
TOK CTOKa lc 3aBUCHT OT HampsikeHus Ha 3atBope Usy, KOTOpoe yrpaBiisieT
rIIyOMHOW MPOHUKHOBEHUS 00EHEHHOTO CJIosl 5 B 00beM KaHalla, a CIefo-
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-
'O CJIO0sl, MPUYEM CeUeHHE KaHasla ¢ MPUOIMKEHUEM K CTOKY YMEHBIIAETCH,
MMOCKOJIbKY YBEJIMUYMBACTCS PA3HOCTh NOTEHIIMATIOB MEXK/1y 3aTBOPOM M Ka-
HasioMm. [Ipu HekoTopom HanpsikeHUH Ucy, ONMPENENIEHHOM I KaXIOTO
3HaueHus1 HanpsokeHus:t Uszy, oOeHEHHBIE CJIOU CMBIKAIoTCs (Touka A Ha
puc. 7.2, 0) u nacrynaet Hacwimenue. Hanpsokenne Ucy = Ucy wae Ha3BI-
BalOT HanpstkeHuem HacwieHus. [Ipu Usy = 0 HanpsikeHHe HaChIECHUS
MaKCHUMAJIbHO.

al Uay =0 ¢/ 'Uﬂf- U(ﬂ noc 8) |- Uc;f U{n HoC
U e Yl-» %
Z A
7 “
“ A
I 727 l
Z
% A Ul + +
"

Usu Usy
1 1T 1
Puc 7.2
YBenuuenue HanpsikeHus: Ucy NPUBOJUT K CMENICHHIO TOYKU A B
HampaBieHun uctoka (puc. 7.2, B). Tok lc mommepxuBaercs 3a cUeT
BIIPHICKMBAHUSI OCHOBHBIX HOCHUTEJICH KaHaja B 00eIHEHHYIO 00JIacTh TOY-
HO TaK €, KaK B KOJUIEKTOPHOM NEPEXOAE OHUIOJISIPHOIO TPaH3UCTOPA.
[Ipu nanpHelimeM yBenndyeHUM HanpspkeHUs Ucy MPOUCXOOUT MPoOoH U
BBIXOJ] TPAH3UCTOPA U3 CTPOSL.
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CToKO-3aTBOpHAs XapaKTEPUCTUKA MOJIEBOTO TpaH3ucTopa (puc. 7.3,
a), CHUMaemasi lipy MOCTOSTHHOM HanpsikeHUU Uy, MO3BOJSET ONPEIETUTD
HanpspkeHre 0TCeUKU Usy ore, IPU KOTOPOM TOK CTOKA CTAHOBUTCSI PaBHBIM
HYJIO, 1 HAaYaJIbHBIA TOK CTOKA ¢ a4, MpOTEKatomuii yepe3 kanai npu Usy
=0.

Takum 00pa3oM, BBIXOJHON TOK MOJIEBBIX TPAH3UCTOPOB H OTINYHUE
OT OUIOJSIPHBIX OMpPEAENsIeTCA HalpsbkeHueM Ha 3atBope Usy, IpU 3TOM
TOK 3aTBOpa OJIM30K K HYJIIO, MOCKOJIBKY 3TO OOpaTHBIN TOK p-N-iepexoa.
AHQIUTUYECKH CTOKO-3aTBOPHAS XAPAKTEPUCTHUKA BBIPAKAETCS YPABHEHU-
CM.

Ic = f(Usy) mpu Ucy = const.

a) I, 4 I
I

Cray

Puc 7.3

Ha puc. 7.3, 6 moka3aHO CeMENCTBO CTOKOBBIX XapaKTEPUCTHUK TOJIe-
BOT'O TPaH3UCTOPA, MPEACTABISIOMNUX COOOM psii 3aBUCUMOCTEN TOKa CTO-
Ka lc OT HanmpspKeHUs: MEeKIy CTOKOM H UCTOKOM Ucy I7s psiga mOCTOSIH-
HbIX HanpsbkeHuil Ha 3atope Usy:

IC = f(UCH) Ipu U31/1 = const.

OCHOBHBIMU TapaMETpaMH IOJEBOT0 TPAH3UCTOPA SIBISAIOTCS KpY-
THU3HA CTOKO-3aTBOPHOM XapaKTEPUCTHKU S U aKTUBHAsI BBIXOAHAsI MPOBO-
JAUMOCTB Joop.

KpyTtusna S nokasbiBaeT, Ha CKOJIbKO MHJLJTUAMIIEp U3MEHHUTCS TOK
cToKa lc mpu n3mMeHeHuu HanpsbkeHus: Ha 3aTtBope Usy Ha 1 B u nmocrosn-
HOM HalpsDKEHUHU MEXAY CTOKOM U UcToKoM Ucy, T. €.

S = Alc/AUsy ipu Ugy = const (7.1)

OTUM napamMeTpoM OMNPEIESIOTCS YCHUINTENIbHbIE CBOMCTBA MPUOO-
pa. OOBIYHO KPYTH3HY U3MEPSIOT WIH PACCUUTHIBAIOT ISl PEKHUMaA, COOT-
BETCTBYIOILIETO JMHEHHOMY YYacTKy CTOKO-3aTBOPHOW XapaKTEPUCTUKH.
Jlist aToro ctpost Tpeyroasauk ABC (puc. 7.3, a), Mo KOTOpOMY HaXOMIST
npupaineHus Toka Alc u Hanpsbkenust AUsy, u o gopmysie (7.1) paccuu-
THIBAIOT KPYTU3HY S.

AKTHBHAsi BBIXOJIHAsE TPOBOAUMOCTb {pyy OMPEAEISETCS HAKIOHOM
CTOKOBOW XapaKTEPUCTHKU B 001acCTU HacklieHus (puc. 7.3,0). DToT na-
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paMeTp HaxondT noctpoeHueM tpeyroibruuka ABC, mo kotopomy omnpene-

nst0T npupaiieHus: Toka Alc u nanpsbkenust AUcy. Torna akTuBHas Bbl-
XOJHAasi TPOBOJUMOCTh

O2om = Alc/AUcy npu Uy = const (72)

IKkcn epumMernma’ibHasA 4acmos

Pal
+ —
vit1x p{]
X1 1+67 Ix3 X7 PVZ yof
FH1 pw g@ 2|62
2] # A6+ x1ol+
- <
Puc 7.4
a) i It.'tm' 5) JC:NA
2 2
1,6 16
n2 ¥4
0,8 a8
Hes 04
UppB2 151 05 1234 567809 00,8
Puc. 7.5

1. Berueptuth Tabn. 7.1 U 7.2 105 CHATUSL CTOKO-3aTBOPHBIX CTOKO-
BBIX XApPaKTEPUCTHUK IOJEBOTO TPAH3UCTOpPAa U KOOPJAMHATHBIE OCH (pHC.
7.5, a, 0) A1 UX TIOCTPOEHUS.

Tabmuna 7.1
Hanpspokenune 3atBop — uctok Uszy,| O 0,2 04 {0812 |16
B
Toxk ctoka lc, MA, Tipu 5
HaIpsKEHUU CTOK —— ucTok | 10
UCVI) B
Tabmuna 7.2
Hanpsixenue ctok — uctok Ucy,| 1 2 3 |5 | 8 9 | 10
B
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Toxk cToka lc, MA, Tipu 0
HaIPSDKCHUH 3aTBOP 0,3
nuctok Usy, B 0,6
0,9
1,2

(macmrad mo ocsim: Il —B 1 em 0,4 MA; Usy—B1¢0,6 B; Ucy—B 1 cm
1 B).

2. 3apucoBaTh CXeMy JJI CHATHSA XapaKTEPHUCTHK MOJEMUT TPaH3H-
ctopa (cMm. puc. 7.4) u codparts ee.

3. CHATh CTOKO-3aTBOPHYIO XapaKTEPUCTHKY, 3aHOCA PE3YJIbTaThl
u3MepeHuit B Tabu. 7.1, mocTpouTh €€ B KOOPAMHATHBIX OCSX Ha puc. 7.5, a
U ONpPENeNuTh MapaMeTpbl, HEOOXOAUMBIC IJIs pacyeTa KpYyTHU3HBI S, 1O
dopmyne (7.1).

4. CHATH CTOKOBBIC XapaKTEPUCTUKH, 3aHOCS PE3yIbTaThl H3MEPCHHIA
B TabJ. /.2, IOCTPOUTh UX B KOOPJUHATHBIX OCSAX HA puUC. 7.5, O , onpene-
JUTH TTapaMeTPhl, HEOOXOAUMBIC JIJIs pacdeTa aKTUBHOMN BBIXOJIHON MPOBO-
JUMOCTH (11, IO popmyiie (7.2).

5. Paccuuratsh S u Qop.

KOHmPOJleble eonpocol

1. Kakue TpaH3uCTOpbI Ha3bIBAIOT MOJIEBBIMU?

2. Yem 0OBsICHSIETCSI BBICOKOE BXOJHOE COMPOTUBIICHHUE IMOJIEBBIX TPaH3U-
CTOPOB?

3. Yem oTamvaeTcs moJIeBOM TPAH3UCTOP OT OUIIOJISIPHOTO?

4. KakoB NpUHIMI YCUJIEHUS] CUTHAJIOB C TOMOUIBIO MOJIEBOTO TPAH3UCTO-
pa?

5. I'ne npuMEHSIOT MOJEBBIE TPAH3UCTOPHI?
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Jlabopamopuasn paboma Ne 8
Hccneoosanue 08yxnoynepuooHoll cxemvl 6bINPAMIEHUA
[lens paboThl. MccnenoBanue ABYXIOIYIIEPUOIHON CXEMbI BBIIPSIMIICHUS
C HYJEBBIM BBIBOJOM U criaxuBawomiero RC-gunbtpa. Iloctpoenue
Harpy304HOM XapaKTEPUCTUKHU BBIIPSIMUTEIS.

Ilpuéopwvt u 06opyoosanue

1. Crenn ans mpoBenenus taboparopubsix padot IDL-600.

2. VDI u VD2 — nuonaer 1220 (K/1103A);

3. pesuctop R1 =200 Owm;

4. xonaencaropsl Cl1 = C2 emkoctbio 20 u 50 MKkD;

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

6. PA(l) ucnons3yrot Ha peaenax «50 MA» u «10 MA».

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

OcHogHble meopemuuecKue nojli0)Hcenun

Boimpsmurensamu (puc. 8.1) Ha3bIBaIOT YCTPOWCTBA, CIyXallUe IJIs
npeoOpa3oBaHus MEPEMEHHBIX HAIPSKEHUW U TOKOB B MOCTOSHHBIC, HC-
MOJIb3YEMbIE ISl TUTAHUS PAUOAJIEKTPOHHON anmnapaTypsl. [lepemenHoe
HanpsbkeHue U; ceT MmocTymnaeT Ha MepBUYHYI0 0OMOTKY TpaHcdopMmaro-
pa T, ¢ BTopu4HOIl 0OMOTKHM KOTOpOro HampspkeHue U, mopaercs Ha Bbl-
npssMuTeNb B. BeImpsiMiieHHOE MyJIbCUPYIOIIEE HANPSHKEHUE CrilaKuBaeT-
cst hpunbtpoM @, mpeBpaniasich B NocTosiHHoe Hanpsbkenue Uy, 101 nurta-
HUS YCTPOMCTBA, SKBUBAJIEHTHO MPEACTABICHHOTO PE3UCTOPOM HArpy3KHU

Ry.
r
Uy u| B @ RH Urw
Puc. 8.1
1x1 Ol x3 R1 - S
~O 1 X4 b
LR
C1 c2
3 VD2
X2 N
~NO > 5

Puc. 8.2 JIByxnonynepuoaHasi CXeMa BBITPSAMIICHUS
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CxeMa JBYXMOJYNEPUOIHOTO BBIIPSMUTENSL C HYJIEBBIM BBIBOJOM
TpancopmaTopa (BBIBOJA 2) ¢ aKTUBHOM Harpy3koil Ry mokazana Ha pwuc.
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 MTOTYIIEPUO/, KOT/Ia B TOYKE 1 OTHOCH-
TEJIHHO TOYKU 2 JCWCTBYET IMOJIOKUTEIHLHOE HAMPSHKEHHUE, a B TOUKE 3 —
orpurnatenbHoe. Hanpsokenune U,' Bei3biBaeT ToK lyp; (puc. 8.3, B), KOTO-
pBIil mpoxoaut 1o menu (puc. 8.3, a): BeiBoA 1, auon VD1, pesuctop Ry,
BEIBOJ 2. Takum oOpa3oM, TOK B Harpy3Ky OTJAeT BEpXHsS MOJOBHHA BTO-
pU4HOM OOMOTKHM TpaHcpopmaropa. IDTOT TOK CO3JAET Ha PE3UCTOPE
Harpy3ku Ry nagenue nanpsoxkenust Uy, (puc. 8.3, 1), NOASIPHOCTh KOTOPO-
ro ykazaHa Ha puc. 8.3, a, a aMIUIUTy/la paBHA aMIUIUTYI€ HaIPSKEHUS
U, T. e. Uyy. B Teuenue storo nmomynepuoaa auoa VD2 3akpsIT Hampsi-
KEHUEM, JIEUCTBYIONIUM MEXIY BbIBoJaMu 1 u 3, a, cieaoBaTelbHO, €T0
MakcuMaibHOE HampsbkeHue paBHo 2U,n, (puc. 8.3, €). Ha muome VDI,
MPOBOSAIIEM TOK B TEUCHHUE BCETO IMOJIyIEpHoaa, o0Opazyercss HeOOJIbIIOe
npsMoe najaeHue HanpspkeHus Urpp.

a = VD1
) 1C+( ) =
~ U2' —_— I
Tvp1 H ‘\
20— +
~ U — vz [|Ru Ui
3c_(+) D{ VD2 7] l I

} |r ot

r) Imz_.'_J_#_l_]:E#

) Urs '
]

e) Uw1
Uwp?2

Puc. 8.3 Cxema u nuarpammbl pabOThI BHITPSMUTES

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€ MOJAPHOCTH, YTO U B MEPBBIM moJiynepuoa. B Teue-
HUE 3TOTO noJiynepuoaa auoa VD1 3akpsbit.

Takum o0Opa3om, AMOJBI MOOYEPEIHO KAXKIbIA B TEUECHHE (CBOETO
MOJTYTIEpHO/JIa TIPOBOJISAT TOK B OOIYIO Harpy3ky. Yactora mysbcaiuii Bbl-
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XOJTHOTO HaIpsSKEHUS JBYXITOIYNEPUOIHON CXEMbI paBHA YJIBOCHHOMN 4Ya-
CTOTE CETH, TaK KaK 3a MNEPUOJ HANPSIKEHUS CETH TOK B HArpy3ke u
HaIpsHKEHUE Ha HEW JBAXKIbl JOCTUTAIOT MakcuMyMa. J[ByXmoiiyrepuo/-
HYIO CXEMY NPUMEHSIOT B CUJIbHOTOYHBIX HU3KOBOJIBTHBIX BBITPSIMHUTENSX.
OTO 00BSCHSETCA TEM, YTO B LIENIM TOKA HAarpy3Kd B JHOOON MOMEHT BbI-
IPSIMUTEIBHOTO MPOLIECCA HAXOAUTCS TOJIBKO OUH AUO/L.

[lynbcanuu BBIIPSAMIIEHHOTO HANpsDKEHUsT OLEHUBAIOT KO3 UIu-
CHTOM MyJbcalii Ky, SIBISIOIIUMCS OTHOIICHWEM aMIUTHTYABI TEPBON
rapMOHHUKU Uy K CpEIHEMY 3HAYEHHIO HANPsDKEHUS Ha HArpys3Ke Ury, op.

kH - Ulm / URHac- (81)

Koaddumuent mynbcanuii IBYXIOIYIEPUOTHON CXEMbI BBITIPSIMIIC-
HUs Oe3 criaxkuBatomiero ¢uibrpa Ky = 0,67. CriaxuBarommid QUILTP
yMmeHbIaet K. DTo ero cBOWCTBO OmeHUBAETCs KOA((GUITUSHTOM CIIIaXU-
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 HampsbDKeHHE Ha Bxojae (uiabTpa OJIM3KO K
MaKCUMaJIbHOMY, KOHJEHCATOp OTJAET 3alaCEHHYIO 3HEPTUI0 B HATPY3KY
Py YMEHBIIEHUH BXOJHOr0 HampsbkeHus. B cxeme, kotopas Oblia moka-
3aHa Ha puc. 8.2, CTIAXKUBAIOIIUM MOXKET ObITh, HAIlpUMEpP, KOHJECHCATOP
Cl. KoadduuueHt criaxuBaHusi eMKOCTHOTO (PUIbTpa TeM BbILIE, YEM
0oJbllle eMKOCTh KOHAeHcaTopa. [IpaBaa, mpu 3TOM yKOpauuWBarOTCS WM-
IyJIbCBl TOKA IMOJ3apsAa KOHAEHCATopa, a, CIEA0BATENIbHO, pacTeT U aM-
IUIUTYZQ, YTO YCIIOXKHSIET pabOTy BBIIPAMUTEIbHBIX AUOI0B. EMKOCTHBIE
GUABTPHI MHUPOKO MPUMEHSIOT B MCTOYHUKAX MUTAHUS PATUOIICKTPOH-
HBIX YCTPOWCTB, TaK KaK OHM MPOCTHI U HEIOPOTH.

Hamuoro s¢dextuBHee criaxuparomuil (QuibTp, COCTOSIUNA U3
nByx 3BeHbeB: eMKOcTHOro Cl m RC-3Bena u3 snementoB R1 u C2.
Hamnpsixenue Ha xongeHcarope Cl mogHuMaercs MOYTH 10 aMIUTATYAbI
BXOJIHOTO, ITPH 3TOM IPEABAPUTENIBHO CIIIAXKUBAOTCA MyJibcauuu. s ux
OKOHYATEJNBHOTO CIJIAKMBAHUS CIY>)KHT BTOpPOE 3BEHO. Takoil (uibTp
npocT B u3rotosieHuu u Henopor. Hemocrarkom RC-dunsTpoB sBisercs
Hu3kuil k. O0euHO Ha pe3uctope R1 tepsercs 1o 10% BIIpsIMAEHHOTO
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 qis 3amucu pe3yabTaTOB M3MEPECHHUN U
KOOPJMHATHBIC OCU JJI1 M300pa’K€HUsI OCIIMIUIOIPAMM, CHSTBIX B CXEMeE
0e3 gunbTpa (puc. 8.4, a) u ¢ puibTpom (puc. 8.4,6), a TakKe IJisl TOCTPO-
CHHS HArpy30YHOM XapaKTEPUCTUKH BHITIPAMUTENS (pHC. 8.5).

Tabmuma 8.1
JIeMEHTbI CXEMBI R1, kOm © 1.6 1 0,51
. C1=C2 mx®20]50| 20 | 50 | 20 | 50 | 20 | 50
Ucy, B
AUCl, MmB
AUCZ, MB
I, MA
URH (URZ): B
Kna= (Pewix/ Psx) '100%
a) U, ) U,
¢ ¢
Uyps v
y c1
Yp2 t 0, ;
Uy ,
t
Puc. 8.4
Uy Ust ey (R229°)

&5 1 1S RZ,xOM

Puc. 8.5
2. 3apucoBaTh JJICKTPUUYCCKYIO CXEMY HCCIICIYEMOI'O BBIIPAMUTEIIS
(cm. puc. 8.2) u cobpars ee.
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3. V3MepuTh 3NEKTPUUECKUE MApaMETPbl CXEMBbI BBIIPSIMUTEIA IS
npuBeaeHHBIX B Tab. 19 3nauenuit R1 u C1 = C2, paccuurarh KIj 1 3a-
HECTH Pe3yJIbTaThl BHIYUCICHUHN U U3MepeHuii B Ta0m. 8.1.

ITepemenHoe HampsiKEHHE MOABOMSIT K THe3maM 1 u 3 uccieayemon
CXEMBI OT KpalHHUX 3a)KMMOB cTouHMKa nutanus UII ctenna, a k rHe3ny 2
— ot 3axuMa «O6ur.». [Tonoxxenne tymonepa UII 3HaueHus: He UMeET, HO
IIPU BBINOJHEHUU paOOThI €r0 HE CIEAYET U3MEHSTh, TaK KaK B 3TOM CIY-
yae Ha 15% HM3MEHUTCSA BXOJIHOE HAIPSHKEHHE, YTO BHECET ITOTPEIIHOCTD B
U3MEPEHUS.

B kauectBe m3meputens toka Harpy3ku PA(I) ucnonp3zyror ABM2
Ha nipenenax «50 MA» u «10 MA». [TocTosiHHBIE HANPSI)KEHUSI B CXEME U3-
MepsaroT ABM1 na npenenax «25 B» u «10 By». IlepemenHOoe HanpsiKeHHe
Ha BXOJ€E cxeMbl u3MepsaroT B crenaa, nepeBoas Nnepekitodareiib B IMo-
noxenue «AIT ~ 25 By.

Ilynbcanuu B cxeMe U3MEpSAT MUJLIMBOJIBLTMETPOM MB creHna Ha
npeaenax «5 By, «1 By, «500 MB» u «100 MBy, a ux ¢popmy Habmomator ¢
MTOMOIIBIO ocHuuIorpada.

B koopaunaTHBIX ocsix (cMm. puc. 8.4, a, 0) cieayeT MOCTPOUTH HE
MEHEE JIBYX MOJIHBIX NEPUOAOB MyJIbCAIMK C YYETOM MOCTOSIHHOW COCTaB-
JIAIOLIEH.

Kna BeIIpAMUTENS BBIUUCISIOT KaK OTHOIIEHHWE MOIIHOCTH Ha
Harpy3ke PBBIX = UR2I k MOITHOCTH Ha BXOJI€ CIIIAKUBAIOLIETO PUIbTPA
PBX = UCI1I, BblpaxkeHHOE B IPOIICHTAX.

4. Berauciauth K03(QGUIUEHTHI MyIbCAUA U CTIKUBAHUS ISl MaK-
cuManbHOi Harpy3ku (R2 = 510 OM) u 1ByX HOMHHAJIOB KOHJIEHCATOPOB
C1 u C2, nonb3ysick hopmynamu (8.1) u (8.2) u nanupiMu Tadm. 8.1.

5. CHATH ¥ 3apucoBaTh B KOOPAMHATHBIX ocsiX (cMm. puc. 8.4, a, 0)
OCIIUJIIOrPaMMBbl HAMPSHKEHUN B CXEME BBITIPSIMUTES.

6. [TocTpouTh B KOOPAMHATHBIX OCSIX (pUC. 8.5) Harpy304HYIO Xapak-
TEPUCTHUKY BBIIIPSIMUTEIS, IOJIb3YSICh JaHHBIMU Ta0JI. 8.1.

Konmponwvnwsie eonpocwi
1. CkoJIbKO TUOJ0B OJHOBPEMEHHO HAXOJMTCS B IIEMU TOKA UCCIIETOBaH-
HOT'O BBIMPSIMUTEISA?
2. IloyeMy HampspKeHUs Ha KpallHUX BBIBOJAX TpaHChOpMaTopa TOKHBI
OBITh OJIUHAKOBBIMU?
3. KakoBa 4acTora mysjibcanyii Ha BbIXOJ€ BBIIPSIMUTENS?
4. Kak BIUSIOT KOHJEHCATOPHI (PUIBTpa HA MyIbCAUN?
5. [loueMy ucclieyeMyr0 CXeMy MPUMEHSIIOT B CUJIbHOTOYHBIX BBIIPSIMHU-
TeJSIX?
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Jlabopamopuan paboma Ne 9
Hccneoosanue mocmoesoii cxemvl 6bINpAMIAEHUA
[lens pabotel. UccnenoBanue ogHO(pa3HOM MOCTOBOM CXEMBI BBITIPSIMIIC-
HUs cO craaxuBaromM RC-puiabTpom.

Ilpuoéopwvt u 060pyoosanue
1. Ctena nns mpoBeaeHus tabopatopubix padot IDL-600.
2. muoxast J1220 (KII103A)
3. pesuctop R1 =200 Owm;
4. xonpencaropel C1 = C2 emkoctbio 20 u 50 MkD;
5. pesuctop R2 conporunenuem 510 Om, 1 kOwm, 1,6 kOm.

OcHoenvle meopemuyeckue noOJA0MHCEHUA
MocTtoBas cxeMa BBIIPSAMIICHUS Ja€T TOYHO TaKOM K€ pe3yJibTar,
KaK JABYXIOJIyIIEpUOHAs, HO UMEET Oosiee MpocTor TpaHchopMaTop ¢ O-
HOI BTOpUYHON OOMOTKOM, pacCUMTaHHOU Ha Hanpsbkenue U,.
Cxema MOCTOBOT'O BBIIPSMUTENS 03 PUIIbTpa U €€ BpeMEHHbIE JTua-
rpaMMBbl TOKa3aHbl Ha puc. 9.1, a—e.

a) I”;'_(_) Vo1 d) @ﬂ——mﬁ—

|
VD, |
+
> ”‘Z{j_!—w—!'
| R
20— _ 2 IHI-—I—-L,JF L%_i?!\
Hi | — t

d) Y d
é’) I:; 2
G =

Puc. 9.1 Cxema MOCTOBOTO BBIIPAMHUTEIS 0€3 PUIbTpa U
€€ BPEMEHHbBIE AUarpamMMbl
[Tyctes B mepBelil monynepuos (puc. 9.1, a—a) Hanpsixenust U, Ha
BbIBOJIC | BTOpUYHOM OOMOTKHM TpaHchopMaTopa JAEHUCTBYET MOJIOKUTEb-
HOE T10 OTHOIICHHUIO K BBIBOAY 2 HAMPsHKEHUE U TOK |14 MPOXOAUT 1O 1ETIH:
BbIBOA 1, nuon VDI, pesucrop Ry, nuon VD4, BeiBog 2. IIpu 3TOoM Ha
Harpy3ke Ry oOpasyercs nagenue HanpsikeHus Ugy, MOJSIPHOCTh KOTOPO-
ro ykaszana Ha puc. 9.1, a. ®opma nHanpsokenuss Ug, — 3TO craegyromme
OJIVH 3a JPYTUM CHUHYCOHUJaJIbHbIe UMITYJILCHI (puc. 9.1, n). duoast VD2 u

VD3 B TeueHue 3TOro noynepuoaa Toka He MPOBOJAT, TaK KaK 3aKPBITHI
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MOCTYNAIINM Ha HUX Yepe3 OTKpbIThie [uoasl VD1 u VD4 Hanpsiokenuem
Uom (puc. 9.1, e). MakcumanbHOoe 00paTHOE HANPSKEHHUE 3aKPBITHIX THO-
JIOB paBHO amIumutyae HanpsikeHust U,y Ha 0OMOTKe TpaHchopmaTopa, T.
€. BABOE MEHBIIE, YEM B JBYXITOIYIIEPHOTHON CXEME.

B cnenyromuit nonynepuos, KOrjaa 3HaKU HAIpsHKEHUs Ha BTOPUY-
HOM OOMOTKEe TpaHC(hOpMaTopa U3MEHSAIOTCS Ha MPOTHUBOIMOJIOXKHBIE (HA
puc. 9.1, a oHM JaHBI B CKOOKax), TOK lp3 (puc.9.1, r) OyaeTr mpoxXoauTh 1o
nenu (puc.9.1, a): BeiBog 2, nuoa VD2, pesucrop Ry, nnox VD3, BeiBog 1.

JIOCTOMHCTBO MOCTOBOM CXEMBI 110 CPABHEHHIO C JBYXIOJIYIEPUOI-
HOM COCTOUT B TOM, YTO JHUOJABI MOTYT OBITb PACCUMTAHbI HAa BJIBO€ MEHb-
mee oOpaTHoe Hampspkenwe. OHAKO B LIEMH MPAMOro TOKa B K000 Mo-
MEHT BBIIPSIMUTEIBHOTO TIpOILlECCa HAXOMATCA JBa IMOCIEA0BATEIBHO
BKJIIOUCHHBIX JMOJa, YTO CHIKAET YIKOHOMUYHOCTh CXEMBbI U3-3a MaJICHUS
HaIPSDKEHUST HA HUX MPU MIPOXOXKJICHUH MPSIMOTO TOKa. B BBITIPAMUTENSX,
BBITIPSAMIICHHOE HaNPsHKEHUE KOTOPHIX 3HAYUTENIHHO BBIIIE MIPSMOTO Iajie-
HUS HANpsDKEHUS Ha IMOJIaXx, 3TOT HEJIOCTATOK He3ameTeH. B tex ke ciy-
Yasix, KOrjla BBIIPSMIIEHHOE HAIPSKEHUE COU3MEPUMO C MPSAMBIM IMa/ICHU-
€M HaIpsHKEHUS, IPUMEHSIOT IBYXIOJIYIIEPUOIHYIO CXEMY.

B MocTOoBO# cxeMme, Kak U B IBYXMHOJYNEPUOLHOM, YACTOTA IyJIbCaA-
UM paBHA YJIBOEHHOU 4aCTOTE CETH.

IKcnepumenmanvHas uacmoy

1 X VD1 X3 R1 PA

VD3 0 e [] R?

2 VD4
O H—. -
) /2 X4 I

Puc 9.2 Ongnodaznas MocToBast cxeMa BBITIPSMIICHHS CO CTJIAKUBAIOIINM
RC-¢punpTpom

Borueptuth Tabnuiy, aHanoruuHyto tadi. 8.1 B padore Ne 8, a Takxke
KOOpIUHATHBIC OCH (CM. puc. 8.4, a, 0) I TOCTPOEHUST BPEMEHHBIX JTHa-
rpamm.

2. 3apucoBaTh JIEKTPUUYECKYIO CXEMY HCCIIETYyEMOIO BBIPSMUTEI
(cm. puc. 9.2) u coOpats ee.

[lepemenHOE HampsHKEHUE TOJABOJAT K THE31y | mcciemyemMoil cxe-
MBI OT OJHOTO U3 KpalHUX 3aKMMOB uctouHuka nutanus UII crenaa, a x
rHe3ay 2 — OT 3axkuma «O01L.».

3. BeimmonauTts 1. 3—6 3amanus k padore Ne 8.
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KOHmPOJleble 60NpoCol

1. Cxonpko mocneqoBaTeNbHO BKIOYEHHBIX THOJIOB UMEETCS B LIEMH TOKA
Harpy3K Ipy MOCTOBOM CXEME BBINPSIMIICHUS?

2. KakuM JT07KHO OBITh MAKCUMAIBHO JOMYCTUMOE 0OpAaTHOE HANPSIKEHUE
TOoJIa B MOCTOBOI cxeme?

3. Kak BIuSIOT KOHAEHCATOPHl (UIbTPAa U COMPOTUBIICHUE HArPy3KU Ha
aMIUTATYy MyJIbCaluuid?

4. Kakoit OyzeT ocuusuiorpaMma HampspKeHUsl Ha Harpys3ke, €l OJIMH U3
JTAOJIOB OTKJIFOUEH?

5. Koraa npuMeHsAI0T MOCTOBYIO CXEMY BBIPSMIICHUS?
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Jlabopamopnas paboma Ne 10
Hccneoosanue napamempuueckozo cmaduiuzamopa HanpasceHus

[lens paGotel. M3ydenue nmpuHIUA JESHCTBUS MapaMeTPUUECKOTO CTaOu-
Jau3aTtopa HaIpsHKEHUs, €ro HUCCIEAOBaHUE IMPU H3MEHEHHH BXOJHOIO
HaIPSOKEHUsI M Harpy3KH, pacuer Kod(puiuuenta cTabmin3aluyd U BbIXOI-
HOTO CONPOTHUBIICHHUS

Ilpuobopwvt u 060pyoosanue

1. Crena nnst mpoBeaenHus tadoparopubix padot IDL-600.

2. Ilpu BoInoTHEHUH pabOThI UcoNb3YIOT: R1 =510 OM; R2 =510 Owm; 1
kOM; 1,6 kOm; C1 = C2 = 50 Mx®; nuoast 1220 (KJ[103A); VD5 — cra-
ownutpon J814A.

3. IlepemenHOe HampspDKeHHE C 3aKUMOB «~15 B» u «OO011.» UCTOUYHMKA
nutanus U1 ctena nmogaroT Ha THE3/1a/M 2 UCCIIEAYEMOro CTabuJIn3aTopa.
TymOnep UII ycranaBnuBaroT B nojioxkeHue «15 By»; ero nepekitoueHue B
nonoxenne «15 B +15%» yBennuuBaer BeixogHoe Hampspkenue UIT no
17,25 B.

4. Tok Harpy3ku Iy uzmepsitor ABM2 Ha npenenax «50 MA», «10 MA», a
HanpsokeHuss — ABMI1 Ha npenenax «25 B» u «10 By.

OcHogéHble meopemuuecKue nojloxHcenun

JI1st muTaHusl paiod’JIEKTPOHHOM anmapaTrypbl OOBIYHO MCIOJIB3YIOT
CTaOMIM3UPOBaHHBIE MCTOYHUKU. OCOOCHHO MIMPOKO WX MPUMEHSIOT B
anmapatype Ha TpaH3UCTOpax M MUKpocxemax. MmeanbHbIi cTabunuzaTop
JOJDKEH o0ecreurnBaTh a0CONMIOTHOE TMOCTOSIHCTBO BBIXOJHOTO HAaIpsiKe-
HUsA. B peanbHOM cTabunm3aTope BBIXOJHOE HAMPSIKEHHE BCE YK€ 3aBUCUT
oT BXOJHOT0. CTaOMILHOCTh BBIXOJHOTO HAMNPSIKEHUSI OLIEHUBAIOT KOA(-
(GUIIMEHTOM CTaOUITHU3AIUU:

Ker = AUgx Uppix / (AUBBIX UBX), (10-1 )

rae AUgx — n3MeHeHue BxoaHoro HanpspbkeHus; AUgpx — u3MeHe-
HUE BBIXOJHOTO HAMPSHKEHUSI, BBI3BAHHOE U3MEHEHHUEM BXOJIHOTO.

Crabunu3atopbl OJHOBPEMEHHO CO CTAaOWIM3ALMEN CriaaXuBaroT
MyJbCAllUM BBIMPSIMJICHHOTO HAMNPSIKEHUS, T. €. SBJISIIOTCS aKTHUBHBIMU
bunsTpamu.

B mnapamerpuueckux cTaOuiIM3aTopax HANPSHKEHUS HCMOJIb3yeTCs
Majias 3aBUCUMOCTb HaNpsKEHUS Ha CTAOMJIM TPOHE OT MPOXOIAIIETO Ye-
pe3 Hero Toka (cM. BAX crabunmurpona— puc. 2.1).

56



Puc. 10.1

Bxongnoe wampsixkenue Upgx (puc. 10.1) pacnpenensierca Mexmy
OTrPAaHUYUBAIOIIUM PE3UCTOPOM Ry, U IapauiebHO BKIIOYEHHBIMHU CTa-
owmmtpoHoM VD u pe3uctopoM Harpy3ku Ry. M3MeHeHHe BXOIHOIO
HaIPSDKEHUST COMPOBOXKIACTCS U3MEHEHUEM BXOJHOTO Toka lgx. [Ipu aTom
U3MEHSAIOTCS HaIIPSDKEHMs HA OrpaHnYuBaromeM pe3ucrtope Ugrqp U HE3HA-
YUTEIBHO Ha CTAOMIIUTPOHE W Harpys3ke, MOCKOJbKY paOO4Hil ydacToK
BAX ctabunutpoHa Bce K€ UMEET HEKOTOPbhI HAKIJIOH MO OTHOILIECHUIO K
ocH lygp. IIpy M3MEHEHMH HArpy3KH IPOUCXOIUT IEPEPACHPEIACICHUE TO-
KOB lcr 1 |y MeXly CTaOMIMTPOHOM M HArpy3kol, a o0 Tok lgx ocra-
€TCSl HEU3MEHHBIM.

CtabunuTpoH paboTaeT HOPMAIBHO, €CJIM MPH MOJTHOM W3MEHEHUU
BXOJTHOTO HAIPSDKEHUSI U Harpy3KH TOK 4epe3 CTaOMWIUTPOH lcr ocTaHeTcs
B npenenax let min® let max, KOTOPBIMH OTPAaHUYMBACTCS PAOOYMM yUacTOK
BAX.

[TapameTpuyeckuii cTabUIN3aTOP MO3BOJISACT MONYyUnTh Ker — 20 +
30. Bombmuit Ko MOKHO TOIY4YHTh, BKIIOYUB MOCIIEI0OBATEILHO IBa CTa-
ownnzaTopa (MpU TaKOM BKIIFOYEHUH BTOPOM HU3KOBOJIBTHBIN CTaOWIM3a-
TOp OyJeT MUTaThbCS TPEABAPUTEIIHHO CTAOWUIU3HPOBAHHBIM BBIXOIHBIM
HaIpSYKEHUEM TEPBOr0 BBICOKOBOJIBTHOr0). OQHAKO MpPHU 3TOM YPE3BHI-
4allHO HU3OK KIIJ CXeMbI (HECKOJBKO MPOIICHTOR).

KopoTkoe 3ampbikaHne Ha BBIXOJE CTA0OUIIM3aTOPa HE BHIBOJUT €r0 U3
CTpOsl, & JIUILb YBEIUYUBACT MOIIHOCTD, PACCEUBAEMYIO Ha PE3UCTOPE Ry

PR orp max = (UBX+ AUBX)Z/ Rorp. (102)

OTxiroueHue Harpy3kH (XOJOCTOM XOJ1 Ha BBIXOJI€) MEPEBOIUT CTa-
OWJIM3UPYIOMINM JIEMEHT B HauOoJIee TSHKENIbIA PEXXUM, TaK KaK uyepe3 He-
ro MPOTEKAeT BECh BXOAHOUW TOK lpyx, a HampspKEHUE OCTAETCS MPEKHUM.
MakcuMalibHYH0 MOITHOCTh CTAOMJIUTPOHA PACCUUTHIBAIOT 1O (popMyIie

PCT max — UCT (UBX + AUBX - UCT) / Rorp- (103)

BaxxHpiM mapaMeTpoM cTabWiIn3aTtopa SBISIETCA €r0 BBIXOAHOE CO-

HpOTI/IBJ'IeHI/IC
Ry = AUg,' / Al (10.4)
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rae AUg, — W3MEHEeHHE HampsHKCHUS Ha Harpys3Ke, BRI3BAHHOE H3-
MeHeHueM ee Toka Al,,.

BrixogHoe compoTHBIIEHHE MO3BOISET OIEHUTh HArpy304YHYHO CIIO-
COOHOCTh CTAOWJIM3aTOpAa: YEM OHO MEHBIIE, TEM MEHBIIE BBIXOJIHOE
HaIpPsKEHUE 3aBUCUT OT HATPYy3KH.

Jlns pacuera ko3dduilMeHTa CTaOMIU3aIMU HCCIETYEMON CXEMBI
MOKHO MPUMEHHUTH GopMyITy, cieayronryro u3 opmyssl (10.1):

kCT = AUBX URH Cp/ (AURH" UBX cp)a (105)

rae Uy op B Ugy op — CpelHHE BXOIHOE M BBIXOJHOE HAIPSKCHUS;
AUg," — u3MEHEHHUE BBIXOJHOI'O HAMNPSKEHHS, BHI3BAHHOEC HM3MEHEHHUEM
BxoaHoro AU,,.

IKcn epumenma’ibHasn 4acmos

Puc. 10.2

1.  Borueptuts Tabn. 10.1 nns 3amucu HanpsoKEHWW W TOKOB B
Pa3JIMYHBIX TOYKAX CXEMbI CTAOMJIM3aTOpa, a TaKXKe KOOPJIWHATHBIE OCHU
(puc. 10.3) nnst mOCTpOEHUs 3aBUCMMOCTH MOIIHOCTHU, BBIACNSIONIEHCS Ha
CTAOMIUTPOHE, OT COMPOTHUBIICHUS] HATPY3KHU ISl ABYX 3HAUYCHHUU BXOJHO-
ro Hanpspkenusi: U; = 15 B u U, = 17,25 B (Macmrad o ocsim: Per — k 1
cM 50 MBT; R2— 8 1 cm 0,25 kOm).

Tabauua 10.1
Hanpsixenue cetn U, =15B U,=17,25B
R2(Ry), kxOm 0,51 1 16 | 0 |051]| 1 | 16 | »
Iy, MA
Urz (Ury), B
AURz, MB
Ucy, B
AUc1, Ui - Ury, B
IBX= UR]_ / Rl, MA
ler = Igx— Iy, MA
Pcr= ler Ury, MBT
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Pem ,MBM

250
200

150
100
50

a5 1 L5 2 R2,k0M

Puc. 10.3

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

3. W3meputh Tok Harpy3ku ly u Hampsbkenue Ug, (Ur,) Ha Held, a
TaKKe HaNpsHKEHUE MmyJibcanuii Ha Harpy3ke Ugp, HampspDKeHHE HAa MEPBOM
KoHjieHcaTope ¢unbTpa Uc; 1 HanpsiKeHHUe MyJibcalluii Ha TOM KOHJIEHCa-
tope AUci. PesynbTarel n3mepenuii 3anectu B Tadm. 10.1.

4. Boruucnuth HanpsikeHue Ug; Ha OrpaHUYMBAIOINIEM PE3UCTOPE (Ha
puc. 10.1 — 310 pesucrop R,rp), BxogHo# ToK Ipx crabunmzatopa, Tok lcr
yepe3 CTaOUIIMTPOH U pacceMBaeMyr0 Ha HEM MOITHOCTh Pcr. Pe3ynbTaTh
BbIUKCIIEHUM 3aHecTH B Ta0d. 10.1.

5. IlocTpouTth rpadvKy 3aBUCUMOCTH MOIITHOCTH, PacCEHMBAeMON Ha
CTaOMIIUTPOHE, OT CONMPOTHUBJICHUS HATPY3KU JJIA JBYX 3HAUCHHUI Hampsi-
YKEHHUSI CETH.

6. Paccuntarh MakCMMaldbHYIO MOLIHOCTh, PACCEMBAEMYIO Ha Orpa-
HUYHMBaloIIEeM pe3uctope R1 mpu KOpoTKOM 3aMbIKaHUU Ha BBIXOJIE CTaOu-
JU3aTopa U MakCUMaJIbHOM Hampspkenuu cetu (17,25 B), nmons3ysice dhop-
myaoi (10.2), B kotopoii Ry, = R1.

7. PaccunTaTh MakCHUMaJIbHYI0 MOIIIHOCTb, PACCEMBAEMYIO Ha CTaOU-
JUTPOHE TIPU XOJOCTOM XOJIe Ha BBIXOJIe cTabmin3aTopa (IpU OTKIFOYCH-
HOM pe3ucTope Harpy3ku R2) m makcumanbHOM HampsbkeHuu cetu (17,25
B), monb3ysick hopmyioit (10.3).

8.  VI3MepuTh OCHOBHBIE COCTABIIAIONINE HECTAOMIHBHOCTH BBIXOJ-
Horo HampspbkeHuss AUg, n AUg," (Ha puc. 10.1 pesuctop R2 0603HaueH
Ry). BerancnuTe BBIXOJHOE COMPOTHBICHHE U KOA(DPUIMEHT cTabuin3a-
ITUU CXEMBI, HCTIoNb3ys popmytbl (10.4) u (10.5).

4. JInsg u3MepeHust HeCTaOMIbHOCTH BBIXOJIHOTO HAMPSHKEHUS CIeAY-
€T coOpaTh BcrioMoratenabHyto cxeMy (puc. 10.4). B kauectBe usmepurens
6Ucr ucnonsizytor ABO (cHauana Ha mpenerne «5 By, a 3atem mo mepe
KOMIIEHCAIIMKM BBIXOJIHOTO HAIPSKEHUS] TPUOOP MEePeKToUatoT Ha Bce 00-
Jee yyBCTBUTEIbHBIC npenenbl: «1 By, «0,5 B», «0,1 By), YcranaBnuaror
pesuctop R2 = 510 Om u nepeBoasat tym6nep MII B nmonoxenue «15 By.
Tak kak 3TOT PeXXUM COOTBETCTBYET MaKCHUMAaJIbHOW Harpys3ke ctadbmin3a-
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TOpa IIpU MUHUMAJIBHOM BXOJHOM HAIIPAKCHHUH, HA BBIXOAC CXCMbI 6y,Z[CT
MUHUMAJIbBHOC HAIIPAKCHUC.

.p,q .pv

VN2 [] k2 mz e

Puc. 10.4

3ateM, wu3MeHsA HanpsbkeHue ['H2, KOMIEHCHUPYIOT BBIXOJIHOE
HamnpsbkeHue cradbunuzaropa (ABO mpu 3TOM AOMKEH MOKa3bIBaTh HOJb,
TaK KakK BBIXOJHBbIC HampspkeHus ctadbmnmzatopa u ['H2 omxunakoBer). OT-
KJIFOYaroT pe3uctop R2 (XomocTol X0 Ha BBIXOJE), UTO COMPOBOKAAETCS
YBEJIMUYCHUEM TOKa CTAOMJIMTPOHA U BBIXOJHOTO HampsikeHus. [Ipu aTom
ABO m3meput Hanpspkenue AUg,', KOTOpoe Takke HEOOXOUMO CKOMIICH-
cupoBathb. Jlanee nepexitouaroT Tymonep UII B monoxxkenue «15B + 15%»
U U3MePSIOT Hanpskenne AUgy'".

5. BwIxogHO€ COMpPOTUBIEHHE CTAOWUIU3AaTOpPa PACCUUTHIBAIOT IO
dopmyne (10.4), rne Aly — npupaimeHre Toka Harpy3Kd, COOTBETCTBYIO-
niee ycnosusim m3mepenus AUg,' (Aly paBen toky Harpysku npu R2=510
OM, Tak KaK MUHUMAaJIbHbIA TOK Harpy3Kku rnpu R2 = oo paBeH HyI10).

6. KoadduruenT crabunmzanuu paccuuthiBaioT mo gopmyite (10.5),
COCTAaBJISIFOLIME KOTOPOW BBIYUCIISIIOT CIAEAYIOIIMM 00pa3oM:

AUgx = Uc¢;" - Ugy'

rae Uci" u Uc,' — nanpspkenust Ha konjaeHcatope Cl npu Hanpsixenuu 15
u 17,25 B Ha BX0/i€ BBIIPSIMUTEIIS;
UBX cp = (UCl" + UCII)/2 , URH cp - URHmin + URH"/21

1€ Urumin — HaIpsKEHHUE Ha BBIXOJI€ CTAOMIM3aTOpa MPU HANPSIKEHUU HA
Bxoze Boinpsamutens 15 Bu R2 =510 Owm.

Konmponwsusie éonpocul

1. Ilouemy mymnbcaluy HANPSDKEHUS Ha CTAOMIIUTPOHE HEBEITUKU?

2. IToueMy KOpOTKOE€ 3aMbIKaHHE Ha BBIXOJIC HE BBIBOJUT MapaMeTpuye-
CKHI CTaOMIN3aTOp U3 CTPOs?

3. [Toyemy K mapamMeTpudecKoro crabuinzaTopa HEBBHICOK?

4. Korpa npyuMeHSIOT MapaMeTpUUECKUE CTaOMIN3aTOPhI?

5. Kak m3MensieTcs pexuM paboThl CTAOMIUTPOHA TIPH TIeperpy3Ke?
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Jlabopamopuasn paboma Ne 11
Hccneoosanue KomneHcauuoHHO20 CMAOUIUIAMOPA HANPANCCHUS

[lens paboThl. M3ydueHne nmpuHLIKIA JEHUCTBUS KOMIICHCAIIHOHHOTO CTaOu-
JaU3aTopa HANpsHKEHWS M €ro MCCIENOBAHHME MPU M3MEHEHUM BXOJHOIO
HAIpPSOKEHUsI M Harpy3KH; pacyeT Ko3(pPuureHTa cTaOMIN3aluid U BbIXOI-
HOTO CONPOTHUBIICHHUS

Ilpuéopwvt u 060pyoosanue

1. Crenn mist mpoBeneHus naboparopusix padot IDL-600.

2. Ilpu BeIMoaHEHNM padoThl UcToNb3yOT: R1 = 1,6 kOM; R2 = 7.5 kOwm;
R3 =200 Om; R4 = 2,2 xOM (nepemennsiii); R5= 1 kOm; R6=510 Om, 1
kOwm; 1,6 kOMm; C1 — 50 Mx®; C2 = 20 mx®; VDI — VD4 — nuonmr
11220 (KA103A); VT1 u VT2 — tpaunsucropsl KT361A; VD5 — crabu-
muTpoH JI814A.

3. Tok Harpy3ku |y uzmepsitor ABM2 (Ha npenenax uzmepenus «50 MA» u
«10 MA»), nanipsikenue — ABMI (Ha npegenax «25 B» u «10 By), nyinb-
Cally HaNPSKEHUSI — MUUIMBOJIBTMETpOM MB (nelicTBytolliee 3Ha4YECHUE)
U ocruuiorpagoM (M3MEpSAIOT aMIUIUTYIHOE 3HAYCHHE W HaOII0JaloT
dbopmy mynbcaiui, uX 4acToTy).

OcHogHble meopemuuecKue noa0MHCeHus
3HAYUTEIBHO JIYYIITUMHU MMapaMeTpaMu 00J1alaeT KOMIIEHCAIMOHHbBIN
CTAOMIM3AaTOp HANPSKEHUS: ero KOd(PhUIMEHT cTaOunu3aiuu MOXET J0-
CTUTaTh COTCH M Jaxe Thicsad eauuuil. Hambomee pacnpocTpaHeH KOMITCH-
CAIlMOHHBIA CTAOMIM3AaTOP HANPSHKEHUS, PETYyIUPYIONIUNA 3JIEMEHT KOTO-
pOro BKIIFOUEH MOCIIe0BaTeIbHO Harpy3ke (puc. 11.1).

o :

Puc. 11.1
Ha Bxox cxembl mogaetcsi oTGUIBTPOBAHHOE HECTAOMIN3UPOBAHHOE
HanpspkeHue Ugy (€ro mpenenbHble OTKJIOHEHHUS OT CPEHEro 3HAYEHUS
+AU), KoTopoe pacupeieisieTcss MEeXAy pPeryJIHpyolUM TPaH3UCTOPOM
VTI u conporuBnenuem Harpy3ku R4, 1. e.
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Ugx = Ukovri + Uspix (11.1)

[IpuHoMn aeicTBHUs crabwim3atopa COCTOMT B clieayromieM. Ecim
yBenmuuutcs: Ugyx, TO aBTOMaTUYECKU MOYTH HA CTOJIBKO K€ YBEIUYUTCS
Uxkovri, @ Upprx — He3HauuTenbHO. [Ipu ymenbiienun Ugyx yMEHbIIAeTCS
UKQVTl a UBBIX — HCE3HAYUTCIIBHO.

Ycunurens CUrHajga pacCcorjiaCOBaHMSI BBINOJIHEH Ha TPaH3UCTOPE
VT2, Ha SMUTTEpPHBIM NEPEXO] KOTOPOrO0 MOCTYMNAET JBAa HANPSKECHUSA:
onopHoe Upp, BhIpaOaThiBaeMOE€ MapaMETPUUECKUM CTaOWIIM3aTOPOM Ha
ctabunutpone VD,

u HanpspkeHue KUgprx, MPOMOPIHUOHATILHOE BBIXOJHOMY HAIPSHKEHUIO (X

—K03(hPUIMEHT AeNeHUs NENUTENs, BBIIIOJHEHHOTO Ha MOTEHIIMOMETPE

R3). Curnan paccoriacoBaHus CKJIAJIBIBACTCS U3 ITUX JIBYX HAIPSAKEHUMN:
Up = Ukovre = XUgpix - Uor, (11.2)

YCWJIMBAETCA W TOCTyMHaeT Ha 0a3y peryjJupyrollero TpaH3ucTopa
VTI, noreHumnan 3MUTTEPA KOTOPOI'O PABEH BBIXOJHOMY HAIPSKEHUIO
Uppix cTabwimszatopa. HampsbkeHne B SMUTTEPHOM ILIeMU TpaH3HCTOpa
CKJIQJIbIBACTCS U3 IBYX HAIPSKECHUMN:

Ukovr1 = Ukvr2 — Ugpix. (11-3)

VYBennueHue BXOJHOTO HANPSKEHHSI COMPOBOXKIAETCS YBEIUUEHUEM
BBIXOJIHOTO, a, Clie/IoBaTeNibHO, HanpsbkeHus XUk, [Ipu 3TOM Hampsoke-
Hue Ugoyt, M TOK KOJUIEKTOpa TpaH3ucrtopa VT2 yBenuuuBaroTcs, a
HanpspkeHus: Uy, 1 Ugsymt B cooTBercTBUU ¢ (popmyroit (11.3) ymeHs-
matorcsi. OJHOBPEMEHHO YMEHBIIAETCS KOJUIEKTOPHBIA TOK TpPaH3UCTOpPA
VTI, 4T0 paBHOIEHHO YBEIWYEHUIO COMPOTUBIICHUSI €r0 MPOMEKYTKa
KOJUIEKTOP—IMUTTEP U, ClefoBaTeNbHO, HanpsbkeHuss Uksyri. TakuM 00-
pa3om, MOYTH Bce npupanieHue HanpsbkeHus Uy TPUXOAUTCS HA PErysiu-
pytomuii Tpansucrop VT1, a nanpspkenune Ugpix B COOTBETCTBUU € OPMY-
noit (20) ocraeTcss HEM3MEHHBIM. BbhIXO/HOE HaIpspDKeHHE cTaduin3aTopa
BCE K€ M3MEHSETCS, TaK KakK JJIsl MOAJACP)KAHUS HOBOI'O 3JIEKTPUYECKOTO
cocTosiHug TpaHzuctopa VI'1 He0OX0auM HEKOTOPBIM CUTHAJ Paccoriiaco-
BaHUsI, TEM MEHBIIHM, YeM BbIIIE KOIPPHUIIUEHT YCUIICHUS YCHIUTEIS
CUTHAJIa PACCOTJIACOBAHMUSL.

YMeHbIIIeHHE BXOJHOTO HAIPSHKEHUS CXeMa KOMIICHCUPYET YMEHb-
IEHUEM COIMPOTUBIICHUS MTPOMEKYTKA KOJUIEKTOP — AMUTTEP TPAH3UCTO-
pa VT1, nanpsbkeHre Ha KOTOPOM YMEHBIIIAETCS, @ BBIXOAHOE HAMPSKCHUE
CTaOMIM3aToOpa M3MEHSETCS HE3HAYMTEIbHO. AHAJOTMYHO CTaOWUIIHM3aTOP
pearupyeT Ha MyJbCallii BXOJIHOTO HAaIpPsPKEHUS, 3HAUUTEIBHO OCHa0IIsIs
UX Ha BBIXOJIE.

[Ipn U3MeHEHNH MOJIOKEHUA ABUXKKA MOTeHHHOMEeTpa R3 n3menser-
csi BeIxoiHOe HampspkeHne Ugpyx cTabmimm3aTopa. ITO MPOUCXOIUT MOTO-
My, 4TO B CXEM€ aBTOMATHUYECKHU MOIIAECPKHUBACTCS COOTHOIIEHUE MEXKITY

62



HaIPSDKCHUSIMH B SMHUTTEPHOM 11enu TpaH3uctopa VI2 B COOTBETCTBUU C
dopmyoii (21). U3 aroii dpopmynsl cienyer, uto Uppx = Uon/. Eciu
JBIXKOK MOTeHIIMoMeTpa R3 cMecTUTh K BepXHEMY IO CXEME BBIBOAY (a =
1), TO BBIXO/IHOE HANPSIKEHUE CTAOMIIN3AaTOPa IPUOTUZUTCS K OTIOPHOMY.
[Ipy yMmeHblIeHUHM & (CMEIIEHUE ABMXKKA MOTeHIHoMmeTpa R3 «k
HIDKHEMY BBIBOJly) BBIXOJHOE HANpPSIKEHUE YBEIUYUBAETCA U COOTBET-
CTBEHHO yMeHbIaeTcs HanpsbkeHue Uysymi oka Tpansuctop VT1 He me-
peiner B Hacwienue. Torna Ugpx = Upx — UkovTinee = Upx. B 3TOM pe-
xume Tpanzuctop VT1 nepecraer ynpaBisiTbCsi, a CTAOMIM3aTOp — CTaOU-
JTU3UpOBaTh HanpsbkeHue. OOBIYHO HAMNPSHKEHUE HA MPOMEXKYTKE KOJUICK-
Top — »Mmurtep Tpanzucrtopa VIl cocraiser He meHee 3—5 B npu mak-
CUMaJIbHOM HANps’)KEHUH Ha BBIXOJIE CXEMbl. Takoe k€ MHUHMMAaJIbHOE
HanpspkeHue Uysyti HE00X0IUMO IS CTUTaKUBAHMS TYJIhCAITUM.

IKcn epumenma’ibHasn 4acmos

11 YO s
~ 0% ﬁ —
v

Vb3
2 V4
X2 Y4
Puc 11.2
.E P4 3 .% PV
Rvos  []#z mzl6
Puc. 11.3
1.  Boerueptuts Tabm. 11.1 mis 3amucu 3IEKTPUYSCKHX PEKUMOB
CXEMBbI CTaOMIM3aTopa.
Tabomuna 11.1
Hanpsixenue cetn U =15B U,=17,25B
R6(Ry), kxOM 0,51 1 16 | o |09l 1 | 16| o
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UC., B
AUCl, MB
UKVTZ; B

Uksvri, B
AUksvT1, MB

Ugsvr, B
Prvr1 = luUksvri, MBT

2. 3apucoBaTh AMEKTPUUECKYIO CXEMY HUCCIEAYyEMOro cTabuiam3aropa
(cm. puc. 11.2) u coOpartsb ee.

3. BeIMoJHUTE U3MEPEHUS U 3aHECTH pe3yIbTaThl B Ta0d. 11.1

4. PaccunTaTh MOIIHOCTh, paccemBaemyro TpaHzuctopom VT1, mpu
BCEX PEKMMax pabOThl CTAOMIM3ATOpA U OMPEACIUTh PEXKUM, KOTJa OHA
MaKCHUMaJIbHa.

5. Ilonw3ysach ganHbiMu Tabn. 11.1, paccuurars ko3PuueHT cra-
OWJIM3alMU U BBIXOJJHOE COMPOTUBIIEHUE CTAOMIN3aTOpA.

4. I u3MepeHusi HeCTaOMIbHOCTH BBIXOJIHOT'O HANPSHKEHUS CIEy-
€T coOpaTh cxeMy, MOKa3aHHYI0 Ha puc. 11.3 (mpubop, usmepswonmi He-
CTaOMJIBHOCTh BBIXOJHOTO HAIpPSDKEHUS CTaOMIIN3aTopa, MOJKIIOYA0T K
rHe3ny 4 cxemsl, npuBeAeHHOM Ha puc. 11.2), u ucnons3yror ABO cHaua-
na Ha npezgene «5 By, a 3aTeM 1o Mepe KOMIEHCAUH BBIXOJIHOTO Hampsi-
KEHUs cTabuiM3aTopa NepeKioyas Ha Bce 0osiee YyBCTBUTEIbHBIE TIpee-
ae1 uaMmepenus («1 By, «0,5 By, «0,1 By).

3arem yctanaBnuBatroT R6 = 510 Owm, nepeBoasat tymOnep UII B no-
noxenue «15 B + 15 %»; npu 3TOM HanpsKeHHUe Ha BBIXOJE CTaOMIM3aTO-
pa noipkHO ObITh paBHO 10 B. M3mensist nanpspkenue 'H2, kommeHcupytot
BBIXOJTHOE HampspkeHue cradunusaropa (ABO mokaswsiBaeT HOJMb, KOTHA
HaIpsHKEHUE Ha BbIXOJax uccienyemoit cxemsl U ['H2 onnnakoBsl). 3anu-
CBHIBAIOT 3HaU€HUE TOKa Harpy3ku ly (mpu R6 = 510 Om) u oTkIIO4aroT pe-
3uctop R6. IIpu 3TOM BBIXOAHOE HANpsHKEHUE CTa0UIM3aTopa yBeJInyuBa-
etcst Ha GURgg’, UTO M SBISETCS €r0 HECTAOMIBHOCTHIO, BEI3BAHHOU M3Me-
HEHHEM TOKa Harpy3Kd. BBIXOJIHOE CONMpPOTHBIEHUE CTaOWiIM3aTOpa pac-
cuuThIBalOT 10 opmyne Rppix = Uge’/ Aly, rne Aly — m3MeHeHue Toka
HArpy3KH, BbI3BaBIliee M3MEHEHHE BBIXOJHOTO HampsbkeHust Ha OUgg’, B
naHHoM ciydae Aly = Iy mpu R6 =510 Om, Tak Kak TOK Harpy3Kku Opu OT-
KJIFOUEHHOM pe3uctope R6 paBeH Hyiio.

5. BHoBb ycranaBnuBaioT R6 = 510 Om, u3MepstoT Hanps>KeHUe Ha
koHgeHcarope Cl (HMOCTOSHHYIO COCTaBIISIFOLIYI0) U KOMIIEHCUPYIOT BbI-
XOJIHOE HampshkeHue crabmimsartopa. [lepeBoast TymOnep WII B momosxe-
Hue «15 B» u cHOBa M3MepsI0T HanpsbkeHue Ha koHaeHcarope Cl, a tak-
ke OUgs'. KoadduumeHnt crabunmzanuv pacCUUTHIBAIOT 1O (opMyrie
2(Uc1' - Uc1")

64



_2(UC1’ -UcC1”) . S5UR6’
kCT - ] ” " ) »l
UC1'+ UC1 UR6'-0,56UR6
rae Uci' u Uq)" — Hanpspbkenust Ha koHaeHcaTtope Cl npu HanmpsikeHUsIX
Ha Bxojie ctabmnuzaropa 17,25 u 15 B; (Uc;' + Uc")/2 1 Ugs' — 0.5 Ugg"
CpeIHMEe HanpsDKEHUS Ha BXOJIE U BeIXoAe cTtadbmmm3aTopa; dUgrs"' — n3me-

HCHHUC BBIXOJHOI'O HAIIPAKCHHUA, BBI3BAHHOC HM3MCHCHHCM BXOIHOI'O Ha
15%.

Konmponsusie éonpocut

1. KakoB npuHUHUI IE€WCTBUS KOMIIEHCAIIMOHHOIO CTaOWIM3aTopa Hamps-
KeHus?

2. Kakue MakCuMaJgbHOE U MUHUMAJIbHOE HAIPSIKEHUS MOYKHO IOIYYUTH
Ha BBIXO/JIE UCCIIETYEMOM CXEMBI?

3. Kak Bnusier conpotuBiieHue pesucropa R2 Ha koapduumeHT cradbuim-
3alun’?

4. IToueMy KOMIIEHCAIMOHHBIN CTAOMIIN3ATOP CIIIAKUBAET ITYJIbCALIUH ?

5. B KakoM pexrMe MOIIHOCTb, paccenBacMas TPAaH3UCTOPOM, MUHUMAJIb-
Ha?
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Jlabopamopnas paboma Ne 12
Hccneoosanue napamempuueckozo cmaduiuzamopa moxa
[{ens pabOTHI. M3yYeHHUE IPUHIIMIIOB JACHUCTBUS CTaOMIN3aTOPOB ToKa. Vc-
CJIeIOBaHHUE MapaMEeTPUUECKOTO CTa0MIM3aTopa TOKa MpU U3MEHEHHUH CO-
INPOTUBJICHUS HATPY3KHU U BBIXOJHOr0 HanpspkeHus (puc. 12.1).

T
[H2
L T
|61
2 L
Prc.12.1

Ilpuéopwvt u 060pyoosanue
1. Crenn mist mpoBeneHus naboparopHsix padot IDL -600
2. [1pu BbITOJIHEHUH PaOOTHI UCIOIB3YIOT:
R1 =1 kOwm; R2 = 0 (mepemsbruka); 510 Om; 200 Om; 1; 1,6; 2; 2,4; 3 kOwm;
VT — tpanzuctop KT361A;
3. G1 — reneparop Hanpspkenuss I'H1 crenna (MHTEpBan peryiupoBaHUs
BBIXOJHOTO HanpspkeHus ot 0 10 — 7 B; cneayer moOMHUTh, YTO B 3TOM MH-
TEpPBAJIE PETYJIUPOBAHUS MOJSIPHOCTH BBIXOAHOIrO HampspkeHus ['HI1 mpo-
THBOIIOJIOKHA YKAa3aHHOM Ha JIMIIEBOU MaHeIr 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».

OcHoenvle meopemuyecKkue noa0HCeHUus

JInst nuTaHus HEKOTOPBIX KacKaJ0B PaIuOdIEKTPOHHOM anmnapaTypbl
UCIIOJIB3YIOT CTAOMIM3aTOPbl TOKA, KOTOPbIE HA3bIBAIOTCSl TakKe reHepa-
TOpPaMHU TOKa U UMEIOT BBICOKOE BBIXOJHOE CONPOTHBIICHUE, 3HAYUTEIIBHO
OoJblliee cCONPOTUBIEHUS HAarpy3ku. [loTOMy BBIXOAHON TOK CTaOMIM3aTO-
pa TOKa HE 3aBUCUT OT CONPOTHBIICHUS HATPY3KH U OCTAETCS MOCTOSTHHBIM
npu ero u3MeHeHuu. CtaOuan3aTopbl TOKa ObIBAIOT MapaMETPUUYECKUMU U
KOMIIEHCALIHOHHBIMHU.

B mapamerpuueckux ctaOuiau3aropax TOKa HCIOJIb3YeTCs 0COOEH-
HOCTh BAX TpaH3ucTOopa — Majlas 3aBUCHMOCTh TOKAa KOJUIEKTOpA OT
HaIpPsKEHUST KOJUIEKTOPHOTO MEPEX0/Ia MPU MOCTOSHHOM TOKE 3MHTTEpPA
(mmst cxemsl ¢ OB) u 6a3w1 (st cxembl ¢ O3). KomnieHncannonneie cradu-
JU3aTOPbl TOKA BBIMOIHSIOTCS aHAJOTUYHO KOMIIEHCAI[MOHHBIM CTaOMIIH-
3aTOpaM HaIPSKEHUS.

66



Puc. 12.2

CxeMa mMmapaMeTpHUYECKOro CTadWiau3aTopa TOKa Ha TPaH3UCTOPE,
BKiroueHHOM ¢ OB, mokaszana Ha puc. 12.2. B BXogHyI0 1IeTh TpaH3UCTOPa
BKJIFOYEH MCTOYHUK MUTaHUS, 31C Esp KOTOPOro BBI3BIBAET AMUTTEPHBIM
TOK

|5 = (Ess — Usg) / Ry,
rae Usp — HampsbkeHue SMUTTep — 0a3a TpaH3ucTopa (IUisi TepMaHUEBBIX
0,2—0,3 B, a ans kpemnauesbix 0,4—0,6 B); Ry — pe3ucrtop, orpaHuyuBa-
O TOK AYMUTTEPA.

N3 stoii hbopMynbl ciaedayeT, 4yTo mpu crabunuzanuu 3AC Esp TOk
KOJIJIEKTOpa OyAeT CTaOWiIeH, TaK Kak

Ik = hyslos.

MakcumanbHOE€ CONMPOTUBIICHHE pe3uctopa Ry ompenensior 1o
dbopmyre:

RH max EKB/ |H1

UKE

_ Es

Puc. 12.3

[Tosicaum a1y dopmyny. Toky smurrepa |5 cooTBeTCTBYET TOK KOJI-
aektopa lx = hysls (puc. 12.3), Tak kak NMpU KOPOTKOM 3aMBIKAHUH
Harpy3ku (Ry = 0) TOk B KOJUICKTOpPHOW Iiend HE M3MeHseTcs (pabouas
TOYKa KacKajJa HaXxOJWTCS B TOYKE 1), BCE HAMPSIKEHHE MCTOYHUKA KOJI-
JIEKTOpHOTO nuTaHusi Exp OyJeT MPUIOKEHO K KOJJIEKTOPHOMY TEPEXOy
U BbIE/IsiIeMasl HA HEM MOIIHOCTh OyJeT MaKCUMalibHa. Y BEJIMYEHHUE CO-
NPOTUBJICHUsST pe3ucTopa Ry cOmpoBOXKAAETCS YBEIMYCHUEM MaJCHUS
HaIPSOKEHUS, BhI3bIBaeMbIM TOKOM ly. [Ipm 3TOM pabodas Touyka Kackama
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CMeNIaeTcsl BJIEBO (TOYKa 2), HaNpsHKEHHWE Ha KOJUIEKTOPHOM IEpPEeXojie
YMEHBIIAETCS, @ KOJUIEKTOPHBIM TOK OCTAE€TCS HEU3MEHHBIM, T. €. IIPOMUC-
XOJUT IepepaCIPENCIICHUE HAIIPSIKEHHUS:
Exg = Ugs + IkRy.

[Ipu HEKOTOpPOM conpoTuBIIEHUU Ry nm.x Tak pe3uctopa Ry Hampsbke-
HUE€ Ha KOJUIEKTOPHOM IIEPEXO0JE€ YMEHBIIUTCS 10 HYJI U BCE HANPSDKEHUE
Exp OKaKeTCs NPUIIOKEHHBIM K 3TOMY pe3ucTopy. Ha BBIXOAHON XapaKTe-
PUCTHUKE ATOT PEXKUM COOTBETCTBYET TOUke 3. J[aibHENIIEe yBEIUYEHHE
COIIPOTHUBIIEHUs pe3UCTOpa Ry CONMPOBOKAAETCA YMEHBIIEHUEM TOKA KOJI-
JIEKTOpA.

BoixonHOE  CONPOTHBJIEHUE MMAPaMETPUUYECKOr0  CTaOMIM3aTOpa
OTpeEIoT 1o hopmyJie:

RBI)IX = AUKB/ AIK, (121)

rae Alg = lg; — lgs, @ lgy 1 lgs — Toku kosuiekTopa B Toukax 1 u 3

Vit Z,

Puc. 12.4

Cxema KOMIIEHCAIITMOHHOTO CTaOMIM3aToOpa TOKa IOKa3aHa Ha pUC.
12.4. B COOTBETCTBUU C MIPUHILIMIIOM JEHUCTBUS KOMIICHCAIIUOHHOTO CTa0u-
JU3aTopa HaIpSOKEHUs, OMUCAHHBIM B TMOSCHEHUAX K pabore Ne 11,
HalpsOKEHUE Ha pe3uctope Ryr Oyner moaaepXKuBaThCs MOCTOSHHBIM
HE3aBUCUMO OT BXOJHOI'O HAIMPSHKEHUS U COMPOTUBJICHUS HArpy3ku Ry.
JIefCTBUTENBHO, €CITM M0 KaKUM-JTHOO0 MPUYMHAM YBEIUYUTCS BBIXOHOM
TOK, TO yBenn4darca HanpsokeHue Ugs; U KOJUIEKTOPHBIA TOK TPaH3UCTOpa
VT2. IIpu stom HanpspbkeHue Ugytz YMEHBIIUTCS, YTO MPUBEIET K YBEIH-
YEHUIO CONpPOTUBJICHUA TpaH3ucropa VTl W yMEHBIIEHHWIO MOYTH [0
MPEKHEro 3HaUYCHUS BBIXOJHOTO TOKA CTaOMIIM3aTopa.

IKcnepumenmanvbHan 4acmao
1. Berueptuth Tabm. 12.1 u 12.2 11t CHATHSI BHEIIHUX XapaKTepH-
CTUK CTa0MIM3aTOpa TOKA M 3aBUCUMOCTEN TOKA HArpy3KU OT HANPSIKEHUS
Exp KOJUIGKTOPHOTO MUTAHUs, a TaK)Ke KoopAuHATHBIC ocH (puc. 12.5) ms
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ux noctpoeHus (Macmrad mo ocam: R2 —8 1 cm 500 Om, Exg —B 1 c™m 2 B;
lu—B1cMm2 MA).

i
6 6
4 4
2 2

? 4 3 4 RZ,k0m Z 46 8 1012 1417608
Puc 12.5

2. 3apucoBaTh JMEKTPUUECKYIO CXEMY UCCIEAYEMOro cTabminzaropa
ToKa (cM. puc. 12.1) u cobpars ee.
3. CHATH BHEIIHUE XapaKTEPUCTUKUA CTAOMIIN3ATOPA, 3aHOCS PE3YJib-
TaThl U3MepeHud B Tadu. 12.1, U MOCTPOUTh UX B KOOPAMHATHBIX OCSX,
NpUBEJIEHHBIX HA puc. 12.5,
Tabmuma 12.1

Comnpotusnenne Harpy3ku R2, kOm| 0 021051 1 |16|24 | 3
Tok Harpy3ku ly, MA, 3) 2
npu Eyg, B 10 4
15 6
Tabmuma 12.2
Hanpsixkenue ncrounnka Eyg, B 1 2 4 8 16
lkz=2MJI | R2=1 kOm
R2=2 xOm
Tox Harpy3k# Iy, MA,| lz=4MJI | R2=1 xkOm
npu R2=2 kOm
|K3:6MA R2 =1 kOm
R2=2 xOm

4. CHATHh 3aBUCUMOCTH TOKa HArpy3kH OT HaIpsKEHUS] KOJUICKTOP-
HOTO MUTaHUs, 3aHOCS PE3yJIbTaThl U3MEPEHUN B Ta0. 12.2, 1 MOCTPOUTH
WX B KOOPJMHATHBIX OCSIX, MPUBEICHHBIX Ha puc. 12.5.

5. Tlonp3ysick pe3ysbTaTaMU U3MEPEHHUH, PaCCUUTATh BBIXOJIHOE CO-
MIPOTHUBJICHHUE CTaOUIM3aTOpa.

6. BHemHne xapakTepUCTUKU CTAaOMIM3aTOpa CHUMAIOT B TaKOU I10-
CJIeI0BATEIbHOCTH:

- YCTaHaBJIMBAKOT B THE3JA JJIA MOJKIOUCHUs pe3ucrtopa R2 mepe-
MbIuky (R2 = 0), a na Beixoge 'N12 no B — nanpsixenue, paBHoe 2 B;
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- U3MEHsA BbIXOJHOE HanpspkeHue ['H1, ycraHaBIMBarOT BBIXOJHOM
TOK CTaOMIM3aTopa, paBHBIN 2 MA;

- W3BJIEKAIOT NMEPEMBIYKY M YCTAHABIMBAIOT B THE3/A ISl MOJKIIO-
4yeHus pe3nctopa R2 oIuH 3a ApyruM pe3nCTOpbI, CONMPOTUBIICHUS KOTO-
pBIX yKa3aHbl B Ta0J. 12.1, u3mepsis npu 3TOM TOK Harpys3KHu.

AHaNOru4yHO CHUMAIOT JIBE JIPYTU€ XapaKTEPUCTUKH.

/. 3aBUCUMOCTH TOKa Harpy3Kd OT HaIpPSKEHUs KOJUIEKTOPHOIO IH-
TaHWs CHUMAIOT B TAKOW MOCIEA0BATEIbHOCTH

— yCTaHaBIMBAIOT Ha BbIxoje ['H2 makcumanbHOE HampsiKEHUE, a B
THE3/1a IS MOAKIIF0YEHU pe3ucTtopa R2 — nepembIuky;

— U3MEHss BhIXOAHOE HampstbkeHue [H1 moOuBaroTcst momyueHus
BBIXOJTHOTO TOKa CTAOMJIN3aTOpPa, PAaBHOTO 2 MA;

— YCTaHAaBJIMBAKOT BMECTO NepeMbIUKU pe3ucTop R2 = 1 kOwm;

— CHWXXAIOT HAIPSHKEHHUE B KOJJIEKTOPHOM LIEMH B COOTBETCTBUU C
JAHHBIMU Ta0J1. 12.2, u3mMepsis TOK Harpy3KH.

AHaNOru4yHO CHUMAIOT OCTaJIbHbIE 3aBUCUMOCTH.

8. BeIxogHOE COMPOTHBIIEHHE CTAaOMIM3aTOpa TOKA PACCUUTHIBAIOT
no opmyne (12.1) u manubiM Tabm. 12.2 mist Iy = 6 MA 1 R2 = 2 kOwm,
npuHsiB AUgg =15 B,aA=1"—1", rae I' u |I" — Toxku Harpy3ku npu Koi-
JIEKTOPHBIX HanpspkeHusix 16 u 1 B.

Konmponwsusie éonpocul
1. Yem otnuyaeTcsi CTaOMIM3aTOP TOKA OT CTAOMIIM3aTOpA HAMIPSHKEHUS?
2. Kakne ocoOeHHOCTH cXeMbl BKJIIOUEeHHs! TpaH3uctopa ¢ Ob ucmnosb3y-
I0TCSl B cTabUiIn3aTope Toka?
3. Tlouemy cTaOWIU3aTOP TOKA BBIJIEPKUBACT KOPOTKOE 3aMbIKaHHE Ha
BBIXOJ1E?
4. B xakoMm pexuMe paboThl cTabWIN3aTOpa TOKA TMa KOJUIEKTOPE TpaH3H-
CTOpa paccemBaeTcsi HAanOOJbIIask MOIIHOCThH?
5. KakuM 10KHO OBITH BBIXOJIHOE COMPOTUBIICHHE MEATHHOTO CTAOMIH-
3aTopa Toka?
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Jlabopamopnas paboma Ne 13
Pesrcum kackaoa c oouwgum IMummepom no nOCHMOAHHOMY HOKY

ens padotel. M3ydenue crnocoOOB MOIyUYEHHUS PEKUMA TPAH3UCTOPHBIX
KacCKaJ0B 0 MOCTOSSHHOMY TOKY. DKCIIEpUMEHTaIbHAs MPOBEPKA pacyeTa
AJIEMEHTOB PA3JIMYHBIX BAPUAHTOB CXEM.

Ilpuéopwvt u 060pyoosanue
1. Crenn mist npoBenenus naboparopHsix padot IDL -600.
2. I1pu BbITIOTHEHUH paOOTHI HCTIOJIB3YIOT:
- JUISL CXEMBI CMeIeHus (PUKCUPOBAHHBIM TOKOM (cM. puc. 13.3, a) R1 —
100 kO™ (niepemenHnsiin); R3 =1 kOwm;
- JUI CXEMBI CMeIeHUs (PUKCHPOBAaHHBIM HampsbkeHueM (cM. puc. 13.3,0)
R1 —22 kOwm (nnepemennsiit); R2=300 Om; R3=1xOwm;
- JUISL CXeMbI AMUTTEepHON cTradbmimm3anuu (cM. puc. 13.3, r) R1 = 10 kOm
(nepemennnbiii); R2 — 1 kOwm; R3 — 1 kOm; R4 =300 Owm;
VTI1- tpan3uctrop KT361A.

OcnogeHble meopemuuecKue noja0HceHus

[IpaBUIIBHO TIOCTPOCHHBIN YCHJIMTEIBHBIM KacKaJ JOJDKEH JaBaTh
MaKCUMAaJIbHOE YCUJICHUE NMPU MUHUMAJIbHBIX HEJIMHEHHBIX UCKAKCHUSIX U
MaKCUMaJIbHOM UCIOJIb30BAaHUU BO3MOKHOCTEW YCUIIUTEIBbHOIO 3JIEMEHTA.
[Ipu 3TOM Hanbosee OTBETCTBEHHBIM MOMEHTOM SIBJISIETCSI BBIOOP paboueit
TOYKH KacKaJia — 3JIEKTPUUYECKOTO COCTOSIHUS YCHIIUTENBHOTO 3JIEMEHTA 110
MOCTOSSHHOMY TOKY /0 TOCTYIUIEHUSI BXOJHOTO CHUTHana. DTOT PEXKUM
Ha3bIBAIOT TAKXKE PEKUMOM MOJTYAHHUS.

Pabouas Touka Kackama Ha TpaH3ucTope, BKirodeHHOM ¢ Ob, ompe-
JETIAETCA YETBIPbMS MapaMeTpaMu: TOKaMH lsp, U lkp, ¥ HanpsHKeHUAMU
UBBp.T u UKBp.T-

Pabouas Touka Kackajga Ha TPaH3UCTOPE, BKIIIO-
yeHHOM ¢ OO, TakXe ONpeaessseTcs YEeThIpbMs Iapa-
METpaMu: TOKaMH |lop; 1 Ik, 1 HanpsokeHusAMU Usg, 1
UKBp.T-

B akTuBHOM pexumMe pabouyr0 TOYKY TpaH3U-
CTOpa YCTAaHABJIMBAIOT MOJaYyel MPsIMOTO HAIPSKEHUS
Ha YMUTTEPHBIA MEPEX0] U 0OpPaTHOTO Ha KOJIJIEKTOP-
HBI.

VYrpoileHHast cxema TPaH3UCTOPHOIO Kackaja Ha
TpaH3UCTOpE p-N-p-THUIa Moka3aHa Ha puc. 13.1. Puc .13.1

B cxeme Ha TpaH3ucTope N-p-N-TUIA NOJSIPHOCTh UCTOYHUKA MHUTA-
HUsL OyJeT MPOTHUBOIOJIOXKHOW. JIJIsl KOJUIEKTOPHOW IIeM KacKaaa crpa-
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BenBO cooTHoleHne Uy = Ex — IkRg, Ha3pIBaeMoe ypaBHEHUEM JTMHUU
Harpy3kud. JTOMY YpaBHEHUIO COOTBETCTBYET JIMHUS, MEpeceKaromas Ko-
opaunatubie ocH lx u Uk (puc. 13.2, a) B Toukax Ex / Rx u Ex u Ha3bIBa-
eMasi JINHUEW HAarpy3KHu.

[Ipy HEM3MEHHBIX HANPSHXKEHUU NMUTaHUS Ex U cONpoOTUBIIEHUU pe3u-
ctopa Rgx paboyasi Touka TpaH3UCTOpa B JIEOOOH MOMEHT YCHJIMTEIHHOTO
IIPOLIECCA HAXOUTCS HA 3TOU JIMHUMU.

Ha nuHumn Harpy3ku BBIIEISAIOT padOUYMid y4acTOK B MpeAenax KOTo-
poro paboyasi Touka CMENIAeTCs MO/ IeMCTBUEM BXOJAHOTO CUTHAJA MEXKITY
ToukaM b u B, O1u3KuMH COOTBETCTBEHHO K 00JIACTAM HACHIIICHUS U OT-
CCUKH.

JIJist mydinero MCMojab30BaHMS TPAH3UCTOpPa pabouyyr0 TOUYKY BHIOU-
paroT nocepeauHe padboudero yyactka — Touka A (p. 1). IlonoxxeHue Touku
A (p. 1) onpexnensercs TpeMs napamerpamu: lgyq, lipr 1 Ukspr, 4€TBEPTHIA
napameTp Ugs,; MOTy4aroT mepeHocoM pabodell TOYKM HAa BXOJHYHIO Xa-
paktepuctuky (puc. 13.2, 6).

Ex/ Rk

A (p.T)

13- S

4
v

Uxa UsaPpr. Uss

0)

Puc. 13.2
Pexum TpaH3UCTOPHOTO Kackaja Mo MOCTOSSHHOMY TOKY oOecreuu-
BaIOT JIBYMsI OCHOBHBIMH CIIOCOOaMU: CMelIeHueM paboyeill TOUKH Moja-
4yeil PUKCHUPOBAHHOTO TOKa WM (PUKCUPOBAHHOTO HampsikeHus. [lpu cme-
meHuu (UKCUPOBAaHHBIM TOKOM (puc. 13.3, a) compoTHUBIIEHHE PE3UCTOPA
R1 BeIOMpAIOT U3 yCIOBHS

R1 = (Ex — Ugops) / lspr = Exc/ lgpr. (13.1)
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B) r)
Puc. 13.3

OOBIYHO UCTIONB3YIOT MPUOIMKEHHYIO (OPMYJTy, TaK KaK HampshKe-
Hue Ugsp, ; 3HAUUTENBHO MEHBIIIE HANpsDKEHUs! uTaHus Ex.

DTOT cnocol MpOCT, IKOHOMHUYEH, HO MMEET CYIIECTBEHHBIC HEIO-
CTaTKU, OTPAaHUYMBAIOIIUE €ro MPUMEHEeHHE. Tak, pekuM Kackaja 1o To-
CTOSIHHOMY TOKY M3MEHSIETCS, €CJIM TIPH 3aMEHE TPAH3UCTOP UMEET JIPyroe
3HaueHue h, 5 [loaTomy moaOuparoT TpaH3UCTOP ¢ OJIM3KHUM IO 3HAYCHUIO
h,15 wim conpoTtuBieHne pe3ucTopa R1, uyTo He Bceraa Bo3MoxkHO. M3Me-
HEHUE TEeMITepaTyphl Tak)Ke HapyIIaeT PEKHM IO MTOCTOSHHOMY TOKY, TIO-
CKOJIBKY HEYIPaBIIeMbId TOK KOJUIEKTOpa lyxso ¢ pOCTOM TeMmmeparypsl
YBEJIMYHMBACTCS, YTO BBI3BIBACT YBEIMYCHHE BCEX TOKOB TPaH3HMCTOpA H
npuOImKeHne padodeit Toukr Kackaaa Kk Touke b (cm. puc. 13.2, a).

[Ipu cmemennn GuKCUpPOBaHHBIM HampspkeHuem (puc. 13.3, 6) pa-
Oouas Touka 3afgaercs HanpsbkeHueM Ugs,, obecniednBaromuM ToK lg, ., a
CIE0BATENbHO, TOK |y, ¥ Hanpsbkenue Ugs, .. OObIMHO TOK 6a3oBoro ae-
JUTEISI BBIOUPAIOT U3 YCIIOBHUS:

|)1 = (0,5 - 2) “Bmax;
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a CONMPOTHUBJIEHUS €r0 PE3UCTOPOB PACCUUTHIBAIOT MO (hopMyIam
R1 = (EK - U];gp.T)/( II[ + IBp.T); (132)
R2 = U};gp'T/ IE. (133)

DTOT cnocob AaeT XOpOIIUe Pe3yibTaThl IPHU 3aMEHE TPaH3UCTOPa U
W3MEHEHUU TEMIIepaTyphl, OJTHAKO MEHEe YKOHOMUYEH M3-3a MMOTEPH YaCTH
SHEPruu UCTOYHUKA MUTaHUs B 0a3oBoM Jnenutenie. 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.

J1Jist MOCTpOEHMsT TPAH3UCTOPHOTO KacKaja, YCTOMYMBO padoTarolie-
rO B JIMaria3oHe TeMIEPaTyp, HE MOJXOIUT HU OJTHA U3 ITHUX CXEM.

[Ipocteitmmm crocoOoM TeMmmepaTypHO cTabmimu3anuu padodeit
TOYKH SIBJISIETCS KOJUIEKTOpHast cradunuzanus (puc. 13.3, B). Ilpu pocte
TEMIIEPATYPhl YBEIUYUBAIOTCS TOKU lpy; U iy, UTO BBI3BIBAET YMEHbILIE-
HHMe HampsokeHus Ha Koiutektope Uxs = Ex - (Igpr + lkpr) R2, a cnenona-
TeNbHO, TOKa 0a3bl lgpr = (Uxs — Ussp,) / R1. Ilpu 3TOM yBenuuenue to-
KOB 0a3bl U KOJUIEKTOpa HE OYyJIeT CTOJIb 3HAUUTENIbHBIM, KaK TIPU CMeIlle-
HUU (PUKCUPOBAHHBIM TOKOM.

Jlyummii pe3ynbTar AaeT SMUTTEpHAs cTaOmin3anus paboyeit TOUKH
(puc. 13.3, r). Conpotusnenus pe3uctopoB R4 u R2 paccuutsiBarorcs 1o
dbopmynam

R4 = (0,1 + 0,3) Ex/ Ixpa; (13.4)
R2 = (5 + 15) Rpx 1p, (13.5)
rae Rgx tp — BXOJHOE COMPOTUBIEHUE TPAH3UCTOPA B pabouel TOUKe, KO-
TOPOE OTPEICTSAIOT Kak hy 5 B padote Ne 6.
Comporusnenus pe3uctopoB R1 u R3 onpeaensror o popmynam
Rl = (EK - Uggp.T - UR4) / (Iﬂ + IB p)! (136)
R3=(0,2 +0,5) Ex/ Ixpa- (13.7)

PaccmoTpuM mporiecc SMUTTEpHON cTabuimu3anuu padoueld TOYKH.
[Ipu pocTe Temmeparypsl YBEIMUNBAIOTCS HEYMPABISIEMBI TOK KOJUIEKTO-
pa lxpo, Hanpsoxenue Ugs, ., a Takke TOkU 0asbl |y 1 komiekropa lx u co-
OTBETCTBEHHO PACTET IMaJICHUE HANPsOKCHHS Ha pe3uctope R4 B amutTep-
HOM 11er. CXeMy MOYKHO pacCYuTaTh TaK, YTO MMPU YBEIWYESHUN HAIMPSDKE-
HUst U, MPOUCXOIUT MTOYTH TaKOE e yBenudeHue HanpspkeHus Ugg, B pe-
3yabpTare 4ero HanpspkeHue Ugs, ; Ha yIpaBisIoIeM Iepexoie TpaH3UuCTo-
pa u3MeHseTCsS He3HAuuTeNdbHO. [IpM 5TOM MOYTH HE H3MEHSIOTCA H
OCTaJIbHBIE TIApaMeTPhl TPAH3UCTOpa B pabodyell TOYKE, YTO CBHUACTEIIb-
CTBYET O €€ CTa0MIILHOCTH.
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IKkcn epumenmaiibnan 4acmos

-Ex
O

1

Puc. 13.4

X6 x7J_ +

1. Beueptuth Tabn. 13.1 nis 3anucu pacueTHBIX U IKCIIEPUMEH-
TaJbHO TMOJYYEHHBIX 3HAUYCHUM AJIEMEHTOB CXEM CMelleHus u Tadn. 13.2
JUISL 3aIIMCH 3HAUEHUN 3JIEMEHTOB CXEMBbI, ToKa3aHHOH Ha puc. 13.3, r, nus
psna paboynx TOYEK.

al

05
84
0.3

o1

N-hb\ﬂaa

04 06

Puc 13.5

2. Berueptuth xoopauHaTHbie ocu (puc. 13.5, a, 0) U TNOCTPOUTH
BXOJHBIE U BBIXOJHbIE XapakTepucTuku Tpanzucropa KT361A, B3siB naH-
HbIe B Ta0J. 6.1 1 6.2.

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

4. Cobpatb cxemy cMmemieHusi GUKCUPOBAaHHBIM TOKOM (CM. puC. 64,
a). [lono6pates conporuBieHue pesuctopa R1 tak, 4yToObl HanpsiKeHUE Ha
KOJUUIEKTOpe Tpan3uctopa coctasisiio 0,5 Ex, u usmeputs ero. Paccuurars
compoTuBieHne pesucropa R1, mons3ysce ¢opmyroit (13.1). PesynbpraTs
U3MEpPEeHHUI U pacyeToB 3aHecTH B Ta0. 13.1.

Taomuna 13.1

Conportusnenune, KOM

Cxema Pesucrop
pacyeTHoe AKCIIEPUMEHTAIILHOE
Puc. 13.3,a R,
Puc. 13.3, 6 R1




R2
R1
R2
R3
R4

Puc. 13,3, 2

Tabmuna 13.2
HanpsbxeHne KOJIEKTop —— AIMHUTTED 1 2 3 5 8
UK3, B
R1 (mpu R2 = 1 kOm), kOMm
R2 (mpu R1 = 22 kOm), kOm

5. Cobparb cxeMy cmelieHus: (GUKCUPOBAHHBIM HANPSKEHUEM (CM.
puc. 13.3, 6). OTperynupoBatrh IIellb CMEILIEHUS TaK, YTOOBI HANPSIKEHUE
Ha KoJuiekTtope coctasisuio 0,5 Ex. 3mMeputb conpoTuBIIEHNs pe3UCTOPOB
LEMU CMENIEHUs U paccuutarh ux mno popmyne (13.2) u (13.3). Pesynbra-
Thl U3MEPEHUIN U PACUETOB 3aHECTH B Ta0I. 24.

6. CoOparb cxemMy SMUTTEpHOM crabumuzanuu (cM. puc. 13.3, r).
OTperynupoBarth 1eMb CMEIICHHS TaK, YTOOBI HAMIPSKEHUE HA KOJIEKTOPE
Tpan3uctopa coctaBisuio 0,5 Ex. M3mepurh conpoTUBICHUS PE3UCTOPOB
U CMEIICHUS M paccuuTaTh ux 1mo dopmynam (13.4), (13.5) u (13.6).
Pe3ynbTaThl ©13MepeHuil U pacyeToB 3aHecTu B Tadd. 13.1.

7. IlocTpouTh B KOOPJAMHATHBIX OcsX (cM. puc. 13.5, a, 6) BXOJIHYIO U
BBIXOJIHYIO XApPaKTEPUCTUKU TPAH3UCTOPA, MPOXOJSIIME Yepe3 padouyio
TOYKY, U OPEACIUTH B 3TOM TOYKE €r0 NapaMeTphI.

8. OTperynmupoBaTh CXeMy SMHUTTEPHOW cTaOmnm3anuu (CM. puc.
13.3, ), Tak, yTOOBI HAINpPsHKEHNWE HA KOJUIEKTOpPE MPUHUMAJIO s 3Haye-
HUM, IPUBEICHHBIX B Ta0. 13.2. MI3MepuTh 3HaUCHUS COMPOTUBIICHHUN pe-
3uctopoB R1 u R2 u 3anectu ux B Tadn. 13.2.

9. VYcraHOBUTHL Ha BBIXOJE MCTOYHHMKA KOJUICKTOPHOTO MHUTaHUS
('H2 crenna) no usmepurento Bbixoaa B nanpsikenue 10 B. Hampsike-
Hue nm3MmepsaroT ABM2 Ha npenenax «10 By», «5 B», «1 B» u «0,5 B», a co-
MPOTUBJIEHUS PETYJIUPOBOYHBIX pe3uctopoB — JIBO Ha nmpenenax «100
KOMm» 1 «10 kOm».

10. Conpotunenue pesucropa R1 mis cxemsl cmernieHus: GUKCUPO-
BaHHBIM TOKOM OIPECIISAIOT B TAKOM MOCIIEI0BATEIIHHOCTH:

- pacCUMTHIBAIOT TOKH Koyuiekropa lx,. = 0,5 Ex/R2 n 6a3sl I, = lipr /
h,15 (toe hy;5 = 55 — cpenHee 3HaueHUe ATOrO Mapamerpa TPAH3UCTOPa
KT361A);
- 3Had TOK lg,,, ONPENEIAIOT O BXOMHOM XapaKTEPUCTHUKE HAIPSKEHUS
Ugopr, @ 3aTeM 1o ¢Gopmyne (13.1) paccuuThIBalOT CONPOTUBIIEHUE PE3HU-
cropa R1.
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11. DneMeHThI ABYX APYTUX CXEM PACCUMTBHIBAIOT MO OMPEIEICHHO-
My B II. 3 TOKY lgp 1.

Konmponwsnsie éonpocut

1. Yem oObsicHsieTcs 0ojiee BBICOKAsi CTAOMJIBHOCTh CXEMBI CMe-
eHUs1 PUKCUPOBAHHBIM HAMPSHKEHUEM 10 CPABHEHHIO CO CXEMOM CMellle-
HUSL QUKCUPOBAHHBIM TOKOM?

2.  KakoBbl NpUHIIUIBI ACHCTBHSA CXEM KOJUIEKTOPHOM U AMUTTEP-
HOU cTadwim3anmn?

3. B kakoif u3 cxeM pexuM Kackaja 1Mo MOCTOSHHOMY TOKY Majo
3aBHUCUT OT MTAPAMETPOB TpaH3UCTOpa?

4. B KakoM pexuMe OKa)XeTcs CXeMa AYMUTTEPHOUN CTaOMIN3aluu
pu OTKIIOUeHUU pesuctopa R1 wimm R27?

5.  3aBHUCHUT M TeMIlepaTypHasi CTaOUIBHOCTh CXEMbI OT TOKa Oa-
30BOTO JICTUTENS?
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Jlabopamopnas paboma Ne 14
Hccnedosanue ycunumens HanpaydceHus 36yK0G0H Yacmomal
Ha mpaun3zucmope
[lens pabGothl. M3ydeHue NpUHIMUINA JEUCTBUS YCHIMTEIS HaNpsHKEHUS
3ByKOBOM 4acToThl (Y3U) Ha TpaH3UCTOpE, BKIIOUEHHOM C OOIIUM IMUT-
TEPOM; PKCIIEPUMEHTAIIbHASI IPOBEPKA pacyeTa 3JIEMEHTOB CXEMbI U OIpe-
JIEJICHNE €€ OCHOBHBIX IMapaMETPOB.

Ilpuobopwvt u 060pyoosanue

1. Crena nns mpoBeaeHus sabopatopubix padot IDL -600.

2. Ilpu BeImosnHeHU: padoThl UCHONB3YyIOT: R3 = 1 kOMm; R4 = 200 Om; R5
=2 kOm; C2 = 100 mx®; VT1 — tpan3ucrop KT361A; conporuBieHus
pesuctopoB R1 u R2 paccuutsiBatot no dhopmynam (36) u (37), a eMKOCTb
konaeHcaropoB Cl, C3 u C4 3anarot B Tpex Bapuanrtax: Cl = 0,1 Mx®, C3
= 10 Mx®D, C4 = 0,01 mx®; C1 =10 mx®; C3 = 0,1 mx®, C4 = 0,1 mxD;
Cl1=C3=10Mx®, C4=0,01 MxD.

OcHoeHble meopemuuecKue noa0HceHus

Kackanpl ycuiieHus HampsDKEHUsT 3BYKOBOM YacTOThI 4Yallle BCEro
BBITIOJIHSIOT HA TPAH3UCTOPAX, BKIOYEHHBIX ¢ OO, Tak KaK MpU 3TOM IO-
Jy4aloT HauOOoJIblIee YCUICHUE CUTHAJIA MO MOILIHOCTH (TI0 CPaBHEHUIO C
JIBYMs IPYTUMH cxeMaMu BKJItoueHus Tpanzucropa — ¢ Ob u OK). Pabo-
Yyl TOYKY YCHUJIMTEJIBHOTO KackKajia BBIOMPAIOT B Ka)XJOM KOHKPETHOM
cllydae B 3aBUCMMOCTH OT MapaMeTpPOB, KOTOPHIMU JOKEH 001a/1aTh yCH-
mutenb. OCHOBHBIMU TPEOOBAHUSAMH, MPEIBABISIEMBIMH K KacKamy, SBIIs-
IOTCS: MAaKCUMAaJIbHOE YCUJIEHUE MO HANPSIKEHUIO; MUHUMAaJIbHbIE YacTOT-
HbI€ U HEJMHEWHbIE MCKAXXEHHs; BBICOKAs SKOHOMUYHOCTB; TEMIEpATyp-
Hasl CTa0MIIBHOCTb.

OnHOBpPEMEHHO BBINOJIHUTH BCE 3TU TPEOOBAHUS HEBO3MOXHO. Tak,
npu OOJIBIIOM YCHJIEHUHU CHHUXAETCS YCTOWYMBOCTH PAOOThI YCUIIMTEN,
KOTOPBIN JIETKO BO30YXKIAeTCsl, MPEBpaIlasich B T€HEpaToOp, U HApyLIAETCs
€ro HOpMaJIbHOE (PYHKIIMOHUPOBAHHUE. Y BEJIMYECHHUE TEMIIEPATYpPHOU cTa-
OMJIBHOCTH 00513aTEJIbHO COMPOBOXKAACTCS CHUKEHUEM YCUIICHHS U KII[.

B nanHo# paboTe ucciemyeTcss yCHINTeNb, K KOTOPOMY TIPEIbSIBIIS-
I0T TpeOOBaHME MHHHMAJIbHBIX HCKAXEHUH yCHJIMBAEMOI'O CHUTHANA MpU
MaKCUMaJIbHOM HMCHOJb30BaHUU BO3MOXHOCTEH TpaH3ucTopa. Pabouyio
TOYKY TaKOTO KacKaJa BEIOMPAIOT B OMPEIEICHHON MOCIeI0BaTEILHOCTH.

Ha cemeiicTBe BBIXOJIHBIX XapaKTepUCTUK TpaH3ucTopa (puc. 14.1, a)
CTpoAT JuHUI0 Harpy3ku BB (cM. mosicnenus k padote Ne 13), ucxoxas u3
CHEAYIOIMX YCIOBUM:

Ex/R3 < 0,8 Ik max; (14.1)
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Ex < 0,8 Uk max. (14.2)
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Brimosnaenne HepaBeHcTBa (14.1) HEOOXOIUMO TOTOMY, YTO KOJUICK-
TOPHBIA TOK HACBHIIIEHHOTO TPaH3UCTOpa JTOJDKEH ObITh MEHbIIE MaKCH-
MaJIbHO JOMYCTUMOTO TOKa li max Koaddumument 0,8 rapantupyer BBITIOJN-
HEHHE ATOT0 HEPABEHCTBA IMPHU pa3zdpoce COnmpoTUBIICHUs pe3uctopa R3 u
HECTAOMJIBPHOCTH HWCTOYHWKAa TuTaHus Ex. Brimonnenune HepaBeHCTBa
(14.2) obGecrieunBaeT HAJCKHYIO padOTy TPAH3UCTOPA B PEIKUME OTCEUKH
WM Tpu 00pbIBe menu pe3uctopa R1, korga HanmpspbkeHHE Ha KOJUIEKTOPE
TpaH3UCTOPa MOJHUMAETCS ouTH 10 Ek.

Pabouas Touka kackaga A (p. T) BEIOMpaeTCs MocepeinHe padbodyero
ydacTKa JUHUU Harpy3ku bB u xapakrepusyercs TpeMs mapameTpamu: To-
KaMU lp,; ¥ iy 1 HanpskeHueM Ugo, ;. 3aTEM €€ IIEPEHOCAT Ha BXOJHYIO
XAapaKTEPUCTUKY TPAH3UCTOPA, CHATYIO IPU Ugy = Ugop . T, B IO HAWJEH-
HOMY 3Ha4eHUIO lg, ; onpenemnstor Hanpsokenue Ugs, ;- (puc. 14.1, 0).

-Ex
O

C1 | x3

X1

ray [] -

X2 X4

Puc. 14.2

Bxonno#i curnan (ero tok lg~ Hampsbkenne Ugs~) BBI3BIBACT IMOSB-
JIEHWE TIEPEMEHHBIX COCTABJISIIOIIMX TOKa KOJUIEKTOpa |y~ W HampspKeHUs
Ha koyuiekTope Uiy~ = Ix~R3 (cM. puc. 66). OmutrepHsiil peauctop R4 u3
IEMH NMEPEMEHHOI0 TOKa UCKIIIOYEH, MOCKOIBKY HTIYHTUPYETCS MaJIbIM CO-
IPOTUBJIEHHEM KOHJeHcaropa C3.

Paccuntaem xoaddunuent ycwneHnus HanpsbkeHuss K kackana.
Hanpspokenue BxoaHoro curHana Ugyx oT reHeparopa G moctymaeT uepes
pazaenutenbHbIl koHAeHcatop Cl Ha 6a3y Tpanszuctopa VT1 u BbI3bIBaeT
TpHU TOKa. /[Ba u3 HUX, mpoxoxasamue yepes3 pe3uctopsl R1 nu R2 nenurens,
OecroJie3Hbl, a TpeTuil, lg~, MPOXOaUT B 11eNH O6a3bl TPAH3UCTOPA U YIIPaB-
JSIeT ero Tokamu. BXOJHBIM CONPOTHUBIEHUEM Kackaaa Juisi reneparopa G,
o0Jaaroniero BHyTPEHHNUM COMPOTHUBIICHHEM R, SBISIOTCS MapajuieibHO
BKJIIOUCHHBIC pe3ucTopbl 0a3oBoro aemutens R1 || R2 u BXogHoe compo-
THUBJICHHUE h; 5 TpaH3HCTOPA, T. €.
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RBX =R1 ” R2 ” h113 (143)

OO6b1uHO compoTtuBiieHus pe3uctopoB R1 u R2 3HauntensHo Oosbiie
BXOJHOTO CONPOTHBJICHUA hjj5 TpaH3ucTopa, modTomy (opmyny (33)
MOKHO YIIPOCTHUTH:

Rex ~ his. (14.4)

Ilens reHepaTopa BXogHOTro curHajia G, KOTOPHIM MOXKET OBITh Kac-
KaJl TIpEeABAPUTEIHHOTO YCUJICHHUS, aHAJOTUYHBIN paccMaTpuBacMoMy, B
o0lleM cilyyae MpeJCTaBiIsieT CcOo0O0Ml TMOCen0BaTEIbHO BKJIIOUCHHbBIC
BHYTPEHHEE CONpOTHBJIEHUE R; reHeparopa u BXOJHOE COMPOTHUBIICHUE
Rex kackana. CoriacHo ¢opmysie (14.4),

Isx = Ugx/ (Ri + Rex) = Is~

TaK Kak MEPEMEHHBIMU TOKaMU, MPOXOSAIUMHU Yepe3 pe3uctopsl R1
u R2 ot reneparopa G BBUAY MX MaJlOCTH MOXHO NpeHeOpeub. OTcrona
NepEMEHHAasi COCTaBJISIONIAs TOKA KOJIJIEKTOpa

Ik~ = hy15 15~ = hy15 Uex /( Ri + Rex),

a HampsDKEHHE Ha KOJUIEKTOPE, MPEACTaBIISIoIIee COO0M BBIXOHOE
HaIpsDKEHUE,

Uio~ = Ik~R3 = hy15 Usx R3/( R + hi1n) = Ugpix.

Torna koaduIueHT ycuaeHust HanpsHKeHUs

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

OTOT mapameTp YCWIMTENS 3aBUCUT OT YaCTOThl U aAMIUIUTYbl YCHU-
JMBAEMOT0 CUTHAJIa. DTO OOBACHSETCS TE€M, YTO C MOHUKEHUEM YaCTOTHI
najieHusl HanpsbkeHus: Ha KoHaeHcaropax Cl u C2 mon neiicTBUeM BXO-
HOTO ¥ BBIXOJTHOTO TOKOB KacKaJla yBEJIUYMBAIOTCS U MPEICTABISIOT COO0OM
MOTEPHU HANPSIKEHUs CUTHaja, a KoHjaeHcaTtop C3 Bce MEHbIIE HTYHTUPYET
pe3uctop R4, yTo yBEeIMYMBAET MOJTHOE COMPOTUBIEHUE YMUTTEPHOM 1IETTH
TPaH3UCTOPa U IIYOUHY OTPHUIIATEILHON OOpaTHOM CBS3U IO MEPEMEHHO-
My TOKY, @ CJIeJOBaTeIbHO, YMEHbIIAET KO3(DPUUUEHT yCUJIEHUS HAMpsi-
xenus K.

[Ipu MOBBINIEHUH YACTOTHI CHUTHAJIa HEOOXOAMMO YUUTHIBAThH BIIHS-
HHUE BXOJHOW M BBIXOJHOMW €MKOCTE€M TPAH3UCTOPA, IIYHTUPYIOIINX BXO-
HOE U BBIXOJIHOE COMPOTHUBIICHUSI KAaCKa/a, YTO MPOSIBISAETCS YMEHBIIICHU-
€M TI0JIE3HOT'O TOKa, MOCTYMNAIOIIero Ha €ro BXOJ U B Harpy3ky (Ha puc.
14.2) oaHa W3 TaKMX €MKOCTEH PKBMBAJICHTHO IMPEACTABIICHA KOHACHCATO-
pom C4).

JI71s1 OLICHKH BJIMSTHUSI YaCTOTHI CUTHAJA Ha KOY(PGUIIMEHT yCUICHUS
HaMpSOKEHUS.  UCMOJB3YIOT — aMIUIMTY/IHO-YaCTOTHYIO — XapaKTEPUCTHUKY
(AYX) ycunurens (puc. 14.3, a). Ilonocoir mponyckanus Il ycunurens
Ha3bIBaIOT MHTEepBal yacToT Af, B penenax KkoToporo ko3hPHUIMEHT yCH-
JeHusl cHUxkaetcsi He 0osee yem Ha 3 n1b (mo ypoBus 0,707) mo oTHoIIIE-
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HUIO K €ro 3HaueHHUI0 Ha cpeaHux yactoTax Ko (ms Y3 vacrora fep = 400
= 1000 I'm).

a) K 0/ Vg
K-
07K f—— ——————

= f 4 o sy max

Puc 14.3

Baxna Taxke amMImIuTyaHas XxapakTtepucTuka (AX) Takoro yCWIHTe-
JI51, BBIpaKAroIias 3aBUCHMOCTh BBIXOAHOTO curHama Ugpx OT BXOIHOTO
Usx (puc. 14.3, 6). Tak kak yyactok 0—1 ee nuHelHbINA, KOIPHUIIMEHT
ycwieHus: A0 HanpsokeHUs Upx max COXpaHSIET TOCTOSHHOE 3HAYCHHE.
Haumnas ¢ Touku 1 pocT BBIXOJHOTO CHUTHAJIa OTCTAET OT POCTa BXOIHOTO.
D10 00BSCHAETCS TeM, YTO pabouas TOYKa TPAH3UCTOpPA MO JIEUCTBHEM
BXOJIHOTO CHTHaja BBIXOAMUT 3a Mpefensl pabodero ydactka bB nunuun
Harpy3ku (cMm. puc. 14.1, a). [Ipu 3TOM pe3ko BO3pacTalOT HEIUHEUHbIC
VCKKCHHUSL.

3Has mapaMeTphl TpaH3UCTOpa B paboueli ToYke, MOKHO pacCunTaTh
conportusiieHus: pe3uctopoB R1 u R2 6azosoro nenurens. Tok I nenaure-
J1s. OJDKEH OBbITh B 2—5 pa3 Oouiblie ToKa 0assl g, . Takoil nenurens mos-
BOJISIET BBIMIOJHUTH TOCTATOYHO CTAOWJIBHBINA MPU U3MEHEHUU TeMIIepaTy-
pBI KacKaJ MpU OJHOBPEMEHHOM BBITIOJHEHUU TPeOOBaHMSI SKOHOMHYHO-
CTH.

UJx

Ha pe3uctope R2 nenurenst qomKHO AEHCTBOBATh HAMPSIAKECHUE

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

R2 = Ug,/ Iy, (14.6)
Toraa

R1 = EK - UR2/ (IBp.T + Iﬂ) (147)

Tak kak BbIOpaHHasi paboyasi TOUKa HAXOJUTCS MOcepenHe paboue-
ro yuactka bB nuHuM Harpy3ku, 3To MO3BOJISET MO1aBaTh HA BXOJ1 KacKaaa
W CHHUMAaTh B €ro BBIXOJa MaKCUMajibHble cuUrHaibl. Hepeako pabouyto
TOYKY BbIOMparoT Onmxe Kk Touke B. [Ipu aToM Kackan motpediiseT oT uc-
TouHMKa Eyx 3HAYMTENTbHO MEHBIIYI0 MOIIHOCTh M CIOCOOEH YCHIIMBATh
JIUITH HEOOJIBINE TI0 aMIUIUTYJE CUTHAJIBI, TIOCKOJBKY TPEOOBaHHE O He-
JOMYCTUMOCTH CMEIIICHUS padodell TOUKHU 3a Ipejeiibl padoyero ydacTka
JIMHUU Harpy3ku octaercs B cuiie. OOBIYHO TaK BBIMOJHSIIOTCS MPEaBaApPHU-

TCIbHBIC KaCKalbl YCUJICHU .
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IKkcn epumenmaiibnan 4acmos

1. Berueptutp T1abn. 14.1-14.3 nns 3anmucu peXMMOB TPaH3UCTOpPa
110 TIOCTOSTHHOMY TOKY M PE3yJbTaTOB, TOJYUYEHHBIX MPHU CHATHU €r0 aM-
IUTUTYTHO-9aCTOTHON M aMIUIUTYIHOW XapaKTEPHUCTHK, a TakKe KOOPIH-
HaTHbIe ocH (puc. 14.4, a, 0) g ux nocrpoenus (Macmrad mo ocsim: Upyx

—B 1 cMm40 MB, UBbIX —BlcMm 0,5 B)

e, s 8
a} d) Vg
K 25
K; 2

f,53=
Ko
? !

g%

GP2005018205 1 2 5 10 20 501004«

40 80 120 160 200U 118

Puc. 14.4
Tabmuma 14.1
Hapametp TParsHeTopa B Paccuuranneii  |M3MepeHHBIN Hocre
paboueit Touke KOPPEKIU
IB‘p.Ta MA
UE3p.T1 B
IKD.T’ MA
UK3D.T1 B
Tabnuna 14.2
YacroTa, k11 0,02 005| 0,1 |0,2|05] 5 |20 50100
Kosddumment  Bap. 1
ycunenus K Bap. 2
Bap. 3
Tabnuua 14.3
50 | 100 | 200 | 300 | 400 | 450 | 500

BxonHoe HanpsiokeHue
UBX, MB

Brixognoe nanpsi- | Bap. 1
KCHUC UB])])(, B

Bap. 2

2. 3apucoBaTh 3IEKTPUUECKYIO CXEMY HCCIIEAYEMOr0 YCUIUTENA (CM.

puc. 14.2) u cobpars ee.
3. Ucnonwiyst hopmynsl (14.5), (14.6) u (14.7), paccunurarh comnpo-

THUBJICHHUA PC3UCTOPOB 0a3o0BoOro ACIUTCIIA 1 YCTAHOBHUTH UX B CXCMY.
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4, Tlocne pacuera conpoTuBiieHnit pesuctopoB R1 u R2 ycranasnu-
BAIOT B CXEMY PE3UCTOPHI U3 KOMIUIEKTA ChEMHBIX 3JIEMEHTOB cTeHaa. Co-
MPOTUBJICHUS] 3TUX PE3UCTOPOB JOKHBI OBITH HECKOJIBKO OOJIbIIE (HIIH
MEHBIIIE) PACCUUTAHHBIX. B KauecTBe KOPPEKTUPYIOLIETO UCIOIb3YIOT Ie-
peMenHslii pesuctop R1 =22 xOwm.

5. Jlns pacuera pexxuma 0a30BOM 1ienu ciefayet npuHaTh Ex = 10 B,
a HaIpsDKEHHUE Ha KOJUIEKTOpE TPaH3UCTOpa yCcTaHOBUTH SB. M3mepenus
BoINIOTHAIOT ABM?2 (Ha npenenax «10 By, «5 By», «1 B» u «0,5 By), Tok
0a3bl lg,; ONPENENAIOT 10 BXOAHON XapaKTEPUCTUKE TPAH3UCTOPA, CHATON
B pabote Ne 6, a TOK KOJIJIEKTOpa pacCYUTHIBAIOT 1O (hopmyIie

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

6. B kayecTBe HCTOYHHMKA BXOJHOTO CHTHAJIa HMCHONb3ylOT I'3Y
CTEH/Ia, BBIXOJJHOE HampshKeHUe KoToporo udmepsoT B (npenen uamepe-
Hus 1 B pgelictByroniero 3HadeHust). YacToTy BBIXOJHOTO CUTHajla H3Me-
psaror UM crenna, 1 dero nepexiroyarens VB ycraHaBinuBaroT B M0JIO-
xenue «4YM», a tymonep «UYM-I"3U» — B nonoxenne «I'3U». BeixogHoe
HaMpPSKEHUE YCUITUTENS U3MEPSIOT OCIIILIOTpadoM, a Mpu HAMPSHKEHUSIX,
MeHbux 1 B, — mumuBosbTMeTpoM MB crenaa. VMICTOUHMK NUTaHUS
cxeMmbl — 'H2 crenpa.

7. Caumarot aBe AX Ha yactrotre 1000 I'y ayis cxeMbl BapuaHTta 3
(cm. Taba. 14.2). Ilpu cusatun BTopoit AX comnpoTuBieHue pesucropa Rl
CJIEAYET YBEIIMYNUTH BIBOE.

8. M3MepuTh mapameTpbl pexxuMa TPaH3UCTOPa MO MOCTOSIHHOMY TO-
Ky ¥ 3aHECTHU PE3yJbTaThl U3MEPEHUM, a TAKXKE pacuETHbIC MapaMeTphl B
Tabn. 14.1. [IpousBecTu KOPPEKTUPOBKY PEKHUMA 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, 0).

Koumponwsnwvie 6onpocoi

1. Uto mpoucxoaut ¢ paboueid TOYKOW MPU YBEIUYCHUU COMPOTHB-
nenus pesucropa R1 nmm R2?

2. Kakue snementsl cxembl BiusitoT Ha AUK ycunurens B obnactu
HUKHUX (BEPXHHX) YaCTOT CUTHaNA?

3. Kak mposiBAsitOT ce0si HEMMHEWHbIE NCKAXEHUS TIPU YCUJICHUH CH-
HYCOUJTAJIbHBIX CUTHAJIOB?

4. Kak U3MEHUTCSl YCUIICHHE KACKaJla, €CJIM UCKIIFOUUTh U3 HETO KOH-
nencarop C3?

5. Kakyto ¢hopmy OyaeT uMeTh BBIXOJHON CHUTHAI MPU OTKIIOYCHUU
pesucropa R17?
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Jlabopamopnas paboma Ne 15
Hccneoosanue amummepnozo nosmopumens
[lens pabotel. HabGmronenre paboThl SMUTTEPHOTO TTOBTOPUTENS M €T0 HC-
CJIEIOBAaHUE B PEKUMaX MEpeladynd CUHYCOUIaTbHOTO U UMITYJILCHOTO CHT-
HaJIOB

Ilpuéopwvt u 06opyoosanue

1. Crenn mist mpoBeneHus Jaboparopasix padot IDL-600.

2. Ilpu BeImosHeHUU padboThl ucnoib3yloT: R1 = 20 kOMm; R2 = 10 kOm u
2,4 kOm; R3 =510 Om; R4 =1 xOm; CI = C2 = 10 mx®; C3 = 0,033 MkD;
VT — tpanzuctop KT361A.

OcHogHble meopemuuecKue noJjlio)Hcenus

B »SMHUTTEpHBIX MNOBTOPHUTENSIX TpPaH3UCTOPHI BKIro4arorcs ¢ OK
(puc. 15.1). IIpu 3TOM BCe BBIXOJHOE HAIPSHKEHUE, CHUMAEMOE C PE3UCTO-
pa R, B nenu smutTepa, neHCTBYET B YHPABISIIOUIEH IIENU TPAaH3UCTOpPA
MOCJIEIOBATEILHO BXOJAHOMY HaIpsDKEHUIO M IpoTuBodazno emy. Cuemo-
BaTeJIbHO, KaCKaJl OXBauyeH OTPHUIIATEIIbHON 00paTHOM CBs3b10. Koadduru-
SHT TIepeaun IIeNnu OTPHUIATEIbHOW o0paTHOH cBs3u [ = 1, T. €. oOpaTHas
cBs3b paBHa 100%. Otcroma k03(pGUIMEHT yCHICHHS SMUTTEPHOTO IO-

BTOPUTEJIS 110 HANIPSYKEHHIO
Kon =Kos / (1 +Kop) (15.1)

Puc 15.1

rae Kos — Moaynbs koadduimenta yCuineHus no HarpsHKeHHIO cXe-
MbI C OOIIMM 3MUTTEPOM, COMPOTUBIIEHHE HArpy3KH KOTOPOM pPaBHO CO-
IPOTUBJICHHIO pe3ucTopa Ry.

N3 dopmyner (15.1) crnegyer, 4To SMUTTEPHBIH MOBTOPUTENL HE
YCUJIMBACT HampsbkeHue, Tak Kak Koy < 1 (wem 6ombine Kos, Tem Esp Omu-
K€ K €IMHUILIE), a JIMIIb IOBTOPSET BXOJAHOW CHUTHAJI MO aMIUIUTYJE C He-
KOTOpbIM ociiadieHueM. [Ipu 3ToM Ha BBIXOAE SMUTTEPHOIO MOBTOPUTEIS
MOBTOPSIETCS TaKXke (pa3a BXOJHOTO CUTHAJA.
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DOMHUTTEPHBIA TOBTOPUTENb B Ny5 + 1 pa3 ycuiInMBaeT TOK BXOJHOTO
curHajia u B Ny 5 pa3 — €ro MOIIHOCTb.

BxonHoe conmpoTuBiIeHHE YMUTTEPHOTO MOBTOPUTENS BEIMKO M 0€3
y4eTa COMPOTUBJICHUS PE3UCTOPOB 0A30BOTO JIEIUTENS MOXKET OBITh pac-
CUMTAHO MO CJIeAYIONIEH MPUOInAKEeHHON Popmyre:

Rexon = s Ry <1k (15.2)

Bepxuuit pesien BXOAHOTO CONMPOTUBIICHUS SMUTTEPHOI'O MMOBTOPH-
Tensi Rpxsn OrpaHMuYeH CONMPOTUBIECHUEM [ CMEIIEHHOTO B OOpaTHOM
HaIPaBJICHUU KOJJIEKTOPHOTO MIEPEX0/1a, KOTOPOE JIJIsi COBPEMEHHBIX TPaH-
3UCTOPOB COCTABJISIET €IUHUIIBI METAOM.

dopmyima (15.2) cnpasemnusa st hy ;5 Ry < (0,1 + 0,2).

BrIX0oIHOE COMPOTUBIECHUE SMUTTEPHOTO ITOBTOPHUTEIIS MAJIO, JICKHT
B IIpejiesiax OT A0JIEH OM JIJIsi MOIIHBIX TPAH3UCTOPOB JIO JCCATKOB OM JIJIS
MaJOMOIIHBIX M C JOCTAaTOYHON TOYHOCTHIO MOXKET OBITH OMPEEICHO TIO

dbopmyie

Repxom =25/ 1. (15.3)
al
K
3ﬂ"
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002005010285 1 2 5 10 20 50 100 #, 4/
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Ugyr 8
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Ecnu tok |5 BeIpaXkeH B MUJIIMAMIIEpax, TO CONMPOTUBIICHHE Rppix 5n
nosry4aroT B omax. @opmymna (15.3) cnpaBeanuBa npu Toke 15 < 3 + 5 MA.

Bosbiioe BXoHOE M Majioe BBIXOJHOE CONMPOTUBICHUE YMUTTEPHBIX
MOBTOpPUTEJIEH MO3BOJISIIOT UCIOIB30BaTh UX B KaUeCTBE KacKaJoB, cOIJia-
CYIOIIIMX BBICOKOOMHBIN BBIXOJI OJHOM CXE€Mbl C HH3KOOMHBIM BXOJIOM
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JIPYrorl Wid ¢ HAU3KOOMHOM Harpyskou. Kpome Toro, ux mpuMeHstoT Jist
nepeayu CUrHajoB 0e3 m3MeHeHUsl OpMbI, aMILTUTYAbl U (da3bl, HO MpU
3HAYUTEIBHOM YCUJIEHUH TOKA U MOITHOCTH.

3Kcnepumenmaﬂbnaﬂ yacmo

X19
O
£
X1 7
O
r 1
g3 AE3 [)AR4

T

Puc 15.2

Borueptuts Tabn. 15.1, 15.2 u 15.3 g 3anucu pekMMOB TpaH3U-
CTOpa SMUTTEPHOTO MIOBTOPUTEJS O MOCTOSTHHOMY TOKY M CHSTHUS €TO aM-
IUTUTYTHO-9aCTOTHON M aMIUIUTYIHOW XapaKTEPHUCTHK, a TakKe KOOpIH-
HaTHbIe ocH (puc. 15.3, a, 6 u 15.4, a, 0) g UX MOCTPOEHUS U U300paXKe-
HUs ocisuiorpaMm (Macirad o ocsam: Ugy u

d)
U B1cm0,2 B).
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2. 3apucoBaTh 3JIEKTPUUECKYI0 CXEMY AMHUTTEPHOTO MOBTOPUTEIS
(cm. puc. 15.2) u cobparts ee.
Tabmuna 15.1

Cunycounnanb-Ilonoxurens-| Orpunaresns-
Bun curnana o N .
HBII IMITYJIBC [HBIM UMITYJIBC| HBIH UMITYJIBC
UB, B
[TapameTp B paboueit U, B
TOYKE 5, MA
UES, B
Tabmmma 15.2
Yacrora f, kI'1 0,02 | 0,05 | 0,1 0,2 0,5 10 50
Koaddumment ycunenus
Kon
Tab6mauma 15.3
Bxoanoe nanpspkenne Ugy, B 0,2 0,4 0,6 0,8 1

Brixognoe Hanpsoxenue Ugpx, B

3. V3MepuTh mapaMeTpbl pPeKMMOB TPAH3UCTOpAa B paboyell TOUKe
IpU Tepesaye TPEX Pa3IMYHbIX CUTHAJIIOB M 3aHECTH PE3YJIbTaThl U3MEpe-
Hui B Tabm. 15.1.

4. Cuarb AUX u AX 3MUTTEpHOTO MTOBTOPUTENSL B PEXKUME Tepeia-
YU CHHYCOWJIAJIBHOTO CUTHAJIA, 3aHECTH PE3YJIbTaThl U3MEPEHHUI COOTBET-
CTBEHHO B TaOu. 15.2 u 15.3 u mocTpouTh XapaKTEepPUCTUKU B KOOPAUHAT-
HBIX ocsX (cM. puc. 15.3, a, 0).

5. CHATh oCHWUIOrPaMMbl MUMITYJIbCHBIX HAaNpsDKEHUN Ha BXOJE U
BBIXOJIC SMUTTEPHOTO TOBTOPUTENS B PEKUMAaX MEPEIaun MOJ0KUTETbHO-
ro U OTPHULIATEIBHOTO UMITYJILCOB U U300pa3UTh UX B KOOPJIUHATHBIX OCSIX
(puc. 15.4, a, 6).

6. IIpu cOopke cxembl Il Mepeayrl CUHYCOMJIAIBHOTO CHUTHANa B
kadyecTBe reHeparopa G ucnonb3yroT ['3Y cTeHma, 4acTOTy BBIXOJHOIO
CUTHAJIa KOTOPOTO M3MEPSIOT yactoTomepoM UM, a BBIXOQHOE HampshKe-
nue — VB (npenen uzmepenus — 1 B neiicTByo111€ro 3Ha4eHU:).

7. Ilpu uccnenoBaHWU CXEMbl B PEKHUME TEpeayd UMITYJIbCHOTO
curHaia B kadectse reneparopa G ucnons3yror ['TIN crenna B nuanazone
1000 T'y (mepexmtouarens ['TIM qoimkeH HAXOAUTHCS B TAKOM K€ TOJI0XKe-
HUW), a aMIUIUTY]1y BBIXOJIHOTO MMIYJibCca, paBHYIO 3 B, ycraHaBiuBaioT
o ocryuiorpady.

8. IMITynibCHBIE CHUTHAJIBI CTPOST OTHOCHTEIIBHO OCH HYJIEBOTO IIO-
TEHIIMAJa C Y4€TOM MOCTOSHHOW COCTABJIAIOIICH.

9. [Ipu u3MepeHusIX UCTIOIb3YIOT:
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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 — Ha npegnene «1 By;

ABMI1 — na npeaenax «50 MA», «10 MA», «5 MA» u «1 MA». D10
M3MEPEHUE BBIMOJIHSIOT C MOMOIIBIO O10Ka-nepexoanuka [12, B ruezna X3
1 X5 KOTOporo ycraHasiuBaroT pe3uctop R3, a k raeznam X2 n X4 nona-
kiarouaror ABMI;

MB — Ha npenene «1 B».

KOHmpo./leble e6onpocol

1. KakoBbl 0COOEHHOCTH BKJIFOUEHUs TpaH3ucropa ¢ OK?

2. Kak BiusieT 6a30BbIil A€IUTENb HA BXOJIHOE COMPOTUBIIEHUE SMUT-
TEPHOI'O IOBTOPUTEIIS?

3. KakoBO Ha3HaUY€HUE IMUTTEPHBIX TOBTOPUTEIEM ?

4. KakoBbl 0COOEHHOCTH MOCTPOEHHUS CXEMbI YMUTTEPHOTO TOBTOPHU-
TEJs I IIepeJadl UMITYJIbCOB Pa3IMYHOM NOJISIPHOCTH?

5. UeM 0OBsICHSIETCS HU3KOE BBIXOJHOE CONMPOTHUBICHUE SMUTTEPHO-
ro MOBTOPUTEIISA?
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Jlabopamopnan paboma Ne 16

Hccneoosanue 06yxmaKkmmozo ycuaumens MOWHOCmu
Lens pabothl. M3yueHue npuHIMNA JEHUCTBHUS JIBYXTaKTHOrO OecTpaHc-
(OopMaTOPHOTO YCHUIIUTENS MOLIHOCTH; CHATHE U aHAJIN3 €ro aMILUIUTYIHO-
YACTOTHOM M aMIUIUTYAHOU XapaKTEpUCTUK M HaOrojeHue paboThl B pe-
xumax AB u B.

Ilpuobopwvt u 060pyoosanue

1. Crenn mist mpoBeneHus Jaboparopasix padot IDL-600.
2. Ilpu BeimonHeHnu paboThl ucnonb3yroT: R1 =51 kOm; R2 = 3,3 kOm u
10 kOm (nepemennsriit); 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 K103A (2 wrt.); VI3 — Tpan3uctop KT315A;
IIEPEMBIUKY.

OcHoenvle meopemuyeckue noOJA0MHCEHUA

Yceunurenu MOIHOCTU ObIBAIOT OJJHOTAKTHBIMU U ABYXTAaKTHBIMHU.

OIHOTaKTHBIE YCHUIIMBAIOT CUTHAJI OJHUM TPAH3UCTOPOM B TEUYEHUE
BCETro MEepUojia 3a OJAUH TaKT, MOTYT pabOTaTh TOJIBKO B JIMHEITHOM pEKUME
A ¥ UMEIOT HEBBICOKUI YPOBEHD HEJIMHEMHBIX HCKAKEHUN. OTHAKO PEXKUM
A HE’KOHOMUYEH, TaK KaK TOK KOJUIEKTOpa TPaH3UCTOpa B paboyeil Touke
JIOJDKEH OBITH JOCTAaTOYHO OOJIBIIMM, YTOOBI MOYKHO OBLIO €ro IO JEH-
CTBHEM BXOJHOI'0 CHUTI'HaJa KaK YBEIMYMBATh, TAaK U yMEHbIIATh. [[ns pe-
KMMa A XapakTEpPHO TAK)KE PABEHCTBO TOKA B PEKUME OXKUJIAHMS BXOJIHO-
ro CUTHaJIa CPEAHEMY TOKY IPH MOSIBIICHUH 3TOTO CUTHAJIA, T. €. TAXKE TEO-
pernueckuii KIIJ[ omHoTtakTHOrOo ycumurensa coctaBisier 40—45%. 3Oto
OTPaHUYMBAET UX ITPUMEHEHUE.

JIBYXTaKTHBIE YCUIIUTENN YCUIIUBAIOT CUTHAJ JBYMSI TPAH3UCTOPAMHU
3a Ba TakTa. B TedyeHue mepBOro moyynepuoaa OOUH U3 TPaH3UCTOPOB
YCUJIMBAET CUTHAJI, & IPYrOM B 3TO BpEMs TOKAa HE MPOBOJUT, a B TCUCHUE
BTOPOTO TOJIyTiepruoaa — Hao0opoT. Paboune Touku TpaH3MCTOPOB BHIOU-
palOT B CAMOM HA4aJle BXOJHBIX XapaKTEPHUCTHK, T. €. IPU OTCYTCTBUHU
CUTHAJIa TakoW Kackaj Toka He moTpediser. Tak paboTaeT yCHIMTEINb
MOIIHOCTH B pexkuMe B. B aTom ciyuae ycunurens 3koHOMU4eH, ero KIT/]
nocturaet 70%, a HeTMHEWHbIE HCKAKEHUS BBILIE, YEM Y OJTHOTAKTHOTIO.

[Ipu pabore nByXTakTHOro ycwiuTtens B pexume B (puc. 16.1, a)
BXOJHOM; curHai Upgyx B NEPBBIM MOJYNEPUOJ], BO3JACUCTBYS Ha OJUH W3
TPaH3UCTOPOB, BBI3BIBAET CHHYCOMAANBHBIA TOK 0a3bl lp~. Komnekrop-
HBII TOK 3TOTO TPaH3UCTOpa OYJIET TaKKe CUHYCOUJIAIbHBIM, HO TOJIBKO B
TEUECHUE MEPBOTO Moaynepruoaa. Bo BTopoil moiynepruos BXOAHON CUTHAI
Ugx aHAJIOTUYHO BO3JICUCTBYET Ha BTOPOM TpaH3UCTOp. CXeMy yCUIUTENs
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BBITIOJIHSIIOT TaK, YTOOBI Yepe3 Harpy3Ky MpOXOoAuil TOK, (hopmMa KOTOPOTo
O0JM3Ka K CUHYCOMJAIbHOM, MOBTOpsIOIIEH GopMy cymmapHOTO 0a30BOT0O
TOKa IBI~-

@) I d) I,
Iy .
Us3ar 7
15/~ 5]~
Uﬁi Afpf) [/531 AJ’ Uﬁ,
¢ ¢
gmp.r_ L, A, ;
8.
Is;
5
6 Ugy Ut
B ~~
Puc. 16.1

JId  CHWKEHUST HEIMHEUHBIX HWCKAKECHUM IMPU HE3HAYUTEIbHOM
YMEHBILEHUU KIIJI UCHOJIb3YIOT MIPOMEXKYTOUHBbIA pexxuM AB. B aTtom pe-
XKUMe paboure TOUYKH TPAaH3UCTOPOB BHIOMPAIOT MPU HEOOIBIINX TOKAX UX
0a3, T. €. Ip1 0’KUJIAHUU BXOJHOTO CHUTHAJIa CXeMa MOTPeOIIIeT OT UCTOY-
HUKa MATaHUsA HeOobmon ToK. Pexxnm AB mmpoko pacmpocTpaHeH, Io-
CKOJIbKY 1O CPAaBHEHHUIO C 00Jiee SKOHOMUUYHBIM pekuMoM B npu Hem 3Ha-
YUTEJIIbHO MEHbIIE HEIIMHEWHBIC UCKAXKCHUSL.

VYpaBieHue TPaH3UCTOPAMH JBYXTAKTHOTO YCHJIMTENSI MOIIHOCTH B
pexume AB mnokazano Ha puc. 16.1, 6. [lononHuTensHOE HaNpsHKEHHUE
Ugopr, TOaBAEMOE HA SMUTTEPHBIN NIEPEXOJ, CMEIAECT BXOAHBIE XapaKTe-
PUCTUKH OTHOCUTENBHO ApYT apyra. [Ipu sToM cymmapHblii 0a30BbIl TOK
I51~ cXxembl OJIU30K K CHHYCOUJATLHOMY.

B 1ByXTakTHBIX KacKaJlax YCUJIUTENIEW MOIIHOCTU HUCIIOJB3YIOT BCE
TPHU CXEMBI BKJIIOUEHHS TpaH3ucTopos: ¢ Ob, O3 u OK.

Bxitouenue tpan3uctopoB ¢ Ob mo3BOIISIET MOTYYUTh CXEMY C He-
3HAYUTEIbHBIMA HEJIMHEHHBIMUA HCKAKCHUSAMH, XOPOIIEH TeMIIepaTypHOU
CTaOMJIbHOCTBIO U MaJibiIM M3MEHEHHEM MapaMeTpOB MpPH 3aMEHE TpaH3U-
cTopoB. OHAKO AJIsl YNIPABICHUS TAKOM CXEMOMW IPEIBAPUTEIIBHBIN YCHU-
JIUTENb JOJIKEH ObITh MOIIHBIM, TaK KaK JIJIsl YIpaBJIeHUs TPAH3UCTOPAMH,
BKJIIOUeHHBIMU ¢ OB, HE00X0aUM TOK SMHUTTEpa Ja)xe HECKOJIbKO 00Jib-
IIAM, YEM BBIXOJHOU KOJUIEKTOPHBIN TOK.

[Tpu BKItOUCHHMH TPaH3UCTOPOB ¢ OD B Nhyj5 pa3 cHUXKaeTcs MOII-
HOCTb CUT'HaJa YIIPABJICHHS, HO HECKOJIBKO BO3PACTalOT HEJIIMHEHHBIE HC-
KOKEHUS. 3aMEHa TPaH3UCTOPA B TAKOW CXEME BBI3BIBAET U3MEHEHUE pe-
KMMa KacKaja 10 MOCTOSIHHOMY TOKY, IO3TOMY TpeOyeTcs o moadop
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napbl TPaH3UCTOPOB C OAMHAKOBBIMU IapaMeTpamu, JIMOO JOMOJTHUTENb-
HbIE€ MEPHI M0 BOCCTAHOBJICHUIO CHUMMETPHUH CXEMBbI, YTO 00s13aTE€IHLHO CO-
npoBoxaaeTcsa cHwkeHueM KIIJ[ u poctom kordduiineHTa HETMHEHHBIX
VICKaKCHU M.

[Ipu BriroueHun TpaH3ucTopoB ¢ OK cxema paboTaeT ¢ MUHUMAab-
HbIMU HEJIMHEWHBIMU MCKaxkeHUsiMU. CUTHAJl YNpPaBJICHUS B TaKOW cCXeMe
BEJIMK — €r0 MOUIHOCTh OJIM3Ka K MOIIHOCTH BXOJIHOI'O CHIHajla Kackaja
Ha TpaH3uctopax ¢ Ob. Jlyg 3Toil cxembl moAOHUpaOT Mapy OJAMHAKOBBIX
TPaH3UCTOPOB, MOCKOJBKY TOJBKO TaK MOXHO OOECIEYHUTh MaJible Helu-
HEWHBIE UCKAXKECHUA.

B mnacrosmiee Bpemsi Hanbosee pacmpocTpaHeHbl OecTpaHcdopma-
TOPHBIE YCHJIUTEIA MOIIHOCTA 3BYKOBOM 4YacCTOTHI, BBINOJHEHHBIE Ha
TPAH3UCTOPAaX Pa3HbIX TUIOB AIEKTPOIPOBOAHOCTH MUJIM OJHOTO THUIIA.

-Ex
& )
[] R1
VT2
X8
c3
1
C1 |x3 LS VD1 {—1 o
+ | I
X1 X6
VT3
A [] R2 R [] R5
+
| x2 | x4 X7 X11 1 +l X12

Puc 16.2

JIist yripaBiieHHsI TPaH3UCTOPAMH Pa3HBIX THUIIOB JJIEKTPOTPOBOIHO-
ctu (cM. puc. 16.2) Tpebyercs oauH curHaji. Tak, eclii B IEpBBIN MOJTyIIe-
pHOJA BXOIHOM CHTHANl yBEIMYMBAET TOK 0a3bl Tpanzuctopa VT2, omHO-
BPEMEHHO YMEHbINIaeTcsi TOK 0a3bl Tpaniuctopa V1. Bo BTopoit momyme-
puoa — HaobopoT. Takum 00pa3omM, BXOIHBIE €M TPAH3UCTOPOB MO OT-
HOIIICHWIO K MCTOYHHWKY CHUTHaja BKIIFOYCHBI MapaljIebHO, BBIXOIHBIC TIO
OTHOIIEHUIO K WCTOYHUKY NMUTaHWs Eyx — mociemoBareinbHO, a MO Tepe-
MEHHOMY TOKY — TapajuiesibHO Ha oOIIyt0 Harpy3ky RO.

Jlyist yripaBiieHUs TPAH3UCTOPAMH OJTHOTO THUTIA AJIEKTPOIPOBOTHOCTH
Tpebyercs (hasomHBEpPCHBIN Kackas (puc. 16.3), Ha BBIX0/I€ KOTOPOTO JCH-
CTBYIOT JBa OJMHAKOBBIX W TpoTtuBOda3zHbix Hampspkerus U; u U, Dtu
HAMPSOKEHUS U YIPABIAIOT TPAH3UCTOPAMH, KOTOPBIE TOOYEPETHO OTKPHI-
BafOTCS M 3aKPBIBAIOTCHI.
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PaccmoTpuM paboTy Kackazia yCUiIeHUs MOIIHOCTH B pexxkume B (cMm.
puc. 16.2). B cxeme ucnosb3yercs kpemaueBblil auon VD1, Ilpu nonoxu-
TEJIBHOM IOJYNEPUOIE IEPEMEHHOM COCTABIISIIOMIEW KOJUIEKTOPHOTO
HanpspkeHus Tpan3uctopa V1 npenBapuTenbHOro yCUIUTEIS TPAH3UCTOP
VT2 3akpeiBaercs, a TpaH3suctop V13 yCHIMBAET CUTHAN, UCIIONb3Ys KaK
VMCTOYHUK MHUTaHUsA 3apskeHHbIN npuMmepHo 10 0,5 Ex konaencarop C3. B
TEUYEHUE 3TOr0 MOJYNEPUOJa TOK IMPOXOIWUT MO LEHH: MPABBIM JIEKTPOJ
koHzeHcaTopa C3, 3apsiKEHHBIN TMOJOXKHUTENBHO, PE3UCTOP HArpy3ku RS,
KOpIYC, MPOMEXKYTOK KOJUIEKTOP — 3MUTTEp Tpanzucropa VT3, neBwii
anektpoa kouaeHcatopa C3. EmMkocTth koHaeHcatopa C3 nomkHa ObITH
HACTOJIbKO OOJBIION, YTOOBI 32 BpEMs CaMOI0 JJIUTEIBLHOIO MOIYIEpruoaa
(camast HU3Kas yCWJIMBaeMas 4acToTa) OH pa3psixkaics HE3HAUUTEIbHO.

ITpu oTpunarensHOM noaynepuoje Tpau3uctop V13 3akpsiBaercs, a
Tpan3uctop VT2 oTkpeiBaeTcs, ycuiuBas cCUTrHajid. KOJJIEKTOPHBIM TOK
Tpan3zucropa VT2 npoxoaut no nenu: + Eg, KOpIyc, pe3ucTop Harpy3ku
RS , kongencaropa C3, mpoMeXyTOK 3MUTTEP — KOJUIEKTOP TPaH3UCTOpa
VT2, -Ex.

Takum 06pazoM, uepes pe3uctop RS, Ha KoTOpbI moouepeaHo pado-
TalOT JIBa TPAH3UCTOPA, YIPABIISIEMbIE OJHUM CUTHAJIOM, IIPOXOJUT TEpe-
MEHHBIM TOK YCWJIEHHOIO CUTHAJIa — CyMMa MEPEMEHHBIX COCTABJISIONINX
SMHUTTEPHBIX TOKOB TpaH3ucTopoB V12 m VT3. Otcroaa cienyer, 4To 1o
OTHOIICHHWIO K MCTOYHUKY CUTHAJIA TPAH3UCTOPHI BKIIFOYEHBI MO CXEME C
OK, xoTopas ycunmBaeT MOIIHOCTh CUTHAJA, TOBTOPSISL €r0 HANPSIKEHHUE.

Bxirouenne kpemHueBoro auoaa VDI yBenuuuBaeT HampsKeHUE
Mexay 0azamMH TPaAH3UCTOPOB, U UX pabovKe TOUYKM CMEIIAIOTCA K Hayaly
BXO/IHBIX XapaKTEPUCTHUK, T. €. KaCKaJ MEPEXOJUT B pexkuM B. DTOT nepe-
XOJI CTAaHOBHUTCS 3aMETHEE, €CIM MCIOJb3YIOT [IBa IMOCIEA0BATEIBHO
BKJIFOUEHHBIX KPEMHHUEBBIX JTUOJIA.
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OnnoBpemenHo auoj VD1 ciayXuT mis TeMnepaTypHOM cTabuiin3a-
1My 0a30BBIX IeNel TPaH3UCTOPOB. [Ipu MOBBIIEHUN TeMIIepaTyphbl BXO/I-
Hasl XapaKTEPUCTUKA TPAH3UCTOPA CMEIIAETCS BJIEBO, UTO O3HAYAET YyBE-
JUYEHHEe TOKa 0a3bl IPU MOCTOSHHOM HANpPsDKEHUW HAa SMUTTEPHOM Iepe-
xoze. OnHako Tok 0aswl Mpu BKIOYeHUU Auoaa VD1 yBenuuuBaeTcs 3Ha-
YUTEIBHO MEHBIIIE, IIOCKOJIBKY MPSIMOE HANPSKEHUE HA HEM IPU YBEIUYE-
HUU TEMIIEPATYPbl TAKKE YMEHBIIAECTCS.

IKcn epumernmajibHasd 4acmao

1. Berueptuts Ta0a. 16.1 1 16.2 1151 CHATHS aMIUTMTYTHO-4aCTOTHOM
U aMIUIMTYJTHOW XapaKTEPUCTUK YCUIIUTENS U KOOPAUHATHBIE OCU (CM.
puc. 15.3, a, 6 B pabore Ne 14) mis ux moctpoeHus (MacmTad Mo OCsAM:
UBX —B1lcm 20 MB, UBBIX —B 1 cMm 200 MB)

Tabmuua 16.1

Yacrora f, k' 002/01/0,5] 1 | 10 | 100
BBIXOHOE HAIPSIKEHUE C2=5 mMx®
Ugiix, B, ipu emxoctn €3=0,1 mx®
KOHJICHCATOPOB C2 =50 Mxd
C3=50 Mk®D

Tabmuma 16.2
Bxoanoe nanpsbkenne Ugy, B 20 40 60 80 100 | 120

Brixognoe manpsoxenue Ugpx, B

Tabmanma 16.3

Pexum Curnan otcyTcTBYeT | MakCMMalbHbBIN CUTHAT
Ilepe Hnon Ilepe Jnon
MBbIYKa KJII103A MBbIYKa KI103A
OJVH | JBa OIWH | JBa

Toxk |, moTpebnsiemblit
IpeBapUTEIbHBIM YCUITU-
TeaeM, MA
Tox |, moTpebisiemblii Bcem
ycunureneMm, MA

Taomuna 16.4

I'uesno X3 | X5 | X6 | X8 | X9 | XI0
Hanpsioxenue, B, npu IIEPEMBIYKHU
BKJIIOUYCHUH nrona KJI103A
IBYX IMOJIOB
KA103A
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2. Berueptuts Tab1. 16.3 115 3anucu TOKOB, MOTPEOISIEMBIX yCUITHU-
TEJIEM IIPU Pa3HBIX PEKUMaX pabOTHI.

3. Berueptuth Tab1. 16.4 1714 3amucu mapamMeTpoB PeKUMOB TPAH3U-
CTOPOB MO MOCTOSIHHOMY TOKY.

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

5. CHSTh aMIUTUTYIHO-YAaCTOTHYIO U aMIUTUTYAHYIO XapaKTEPUCTUKU
YCUJIUTEJISA, 3aHOCS PEe3ybTaThl U3MepeHuit B Tao. 16.1 u 16.2, u mocTpo-
UTh UX B COOTBETCTBYIOIINX KOOPJIUHATHBIX OCSX.

6. 3Meputh TOKH, MOTPEOIIIEMbIe YCHUIIUTENIEM MPU PA3IUYHBIX pe-
KUMax palOOThl, 3aHOCS pe3yJbTaThl M3MepeHuid B Tabda. 16.3. OmHoBpe-
MEHHO H3MEPSTH MapaMeTPhbl PEKUMOB 10 TTOCTOSTHHOMY TOKY, 3aHOCS pe-
3yJbTaThl U3MEPEHUH B Ta0. 16.4.

7. YcranaBnuBatroT o VB crennma Hanpspkenue 12 B Ha BbIXOJE
['H2, noxkiiroyast €ro ¢ COOII0JICHUEM MOJISIPHOCTH K THe3JaM «—Ex» u
X12, a 3arem wm3mepsaror ABMI1 (na npenene «10 B») B ruezme XIO
HaIpsKEHUE, KOTopoe N0kHO cocTaBisTh 0,5 Ex. Ecnu 3T0 He Tak, ycra-
HABIIMBAIOT BMECTO pe3ucTopa R2 conporupnenueM 3,3 kOM nepeMeHHbIN
pesuctop comnpotuBieHreM 10 kOM u 10OMBarOTCs, YTOOBI HANIPSHKCHHUE B
rae3ne X10 cocrasnsno 6 B.

8. Ilonkio4aroT K BBIXOAY YCUIIUTENS MIILTUBOILTMETp MB crenna
(3axxuM MB «~» cOenMHSIIOT C THE3I0M | HCCIeAyeMOi CXEMBbI, a 3aXKUM
«1_» — craesnom X11) 1 ycTraHaBIMBAIOT €r0 MEPEKIIIOYATEb Ha MPEIe
«1 B».

9. VcranaBmuBaroT Ha Beixone 134 wactory curnama 1000 I, mis
Yero ero nepekiroyarens «Jluanazon» nepeBodsaT B nojioxkeHue «1 xkl'my.
J{ns u3mMepeHust 4acToThl BbIXOJHOrO curHaia ['34 ¢ momolbo 4acToTo-
mepa UM tymbnep «UM-I"3U» ycranaBnuBaroT B nosioxenue «I'3Y», me-
pexmrouarens UB — B monoxenne «4YM», a nepexmtouarens YM— B no-
noxenue «5 k['my. [oaxmouator I'3Y k uccnenyemoit cxeme (3axxum ['34
«1 : 10» coequusroT ¢ THe3a0M X1, a 3akum «_l_» - ¢ THe3moMm X2). Ycra-
HABJIMBAIOT HA BXOJIC YCUJIUTENS TAKOM CUTHAJI, IPU KOTOPOM HAMNPSIKEHUE
Ha ero BeIXojie Oyner paBHO 5 B nelictBytoiero 3HadueHus. [lpu cHsTun
AUX HeoOXoauMO CJIEAUTh 3a CTAaOWJIBHOCTBIO aAMIUIUTYAbI BXOJHOTO
HaIpsDKEHUST U MPU U3MEHEHUM KOPPEKTHpoBaTh ee peryssitopoMm 34
«AMmmityaa». BeixogHoe Hanpsbkenue 134 usmepsitor UB crenpa, ais
YEro ero NepeKIroYaTeb CICAYET MEPEBECTH B MOJIOKEHUE «[ 3U».

10. ITpu cHATHUY aMIUTUTYAHOM XapaKTEPUCTUKHU BXOJI ociiuiorpada
noAKIovaroT K rHe3ay X1, a BeiBoa «_l_» - k rHe3ny X7. Habmonas dop-
My HaIpsKEHUSI HA BBIXOAE YCUJIUTEISA, OTMEYAIOT, IIPU KaKOM BXOJHOM
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HaIPSOKEHUU UCKaKEHUS (POPMBI BBIXOHOTO HAIPSHKEHHS CTAHOBSITCS 3a-
METHBIMM Ha ri1a3. MMEeHHO ¢ 3TOro 3HaueHHUs BXOJHOI'0 CHUTHAla aMILIH-
TyJIHasl XapaKTEPUCTUKA OTKIIOHUTCSI OT MPSAMOM JIUHUHU.

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

12. Ilpu nucnonp30BaHUK KpeMHHUEBOTO auoaa VD1 ycuimurens Mor-
HOCTH OKa3bIBAa€TCs B pexxumMe B (Miu 61M3KOM K HEMY).

13. Ilpu wucmoab30BaHMM JABYX TOCIEIOBATEIBHO BKIFOYEHHBIX
KPEMHHEBBIX JUOJOB YCUIUTENb NepexoauT B pexxuM AB. IIpu 3Tom ycu-
JIUTENb 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 B».

Konmponwsusie éonpocul

1. IToueMy OJHOTAKTHBIE YCUJIUTEIIA MOIIIHOCTH UCIIOJIB3YIOT PEIKO?

2. UeM O0OBsCHSAETCS 3KOHOMUYHOCTh JIBYXTaKTHBIX YCUJIIUTENEH
MOIITHOCTH, paboTaronux B pexume B?

3. Kakue mapameTpsl BBIXOJHOTO CUTHAJA 3aBUCAT OT €EMKOCTH KOH-
nencaropa C3?

4. IloueMy npu yMEHBILIEHUH €MKOCTU KOHJeHcaropa C2 yBennydu-
BAIOTCSl YACTOTHBIC UCKAXKEHUS B 00JACTH HMKHUX YaCcTOT?

5. Kak BiusieT pexkum pabOThl yCHIIMTEN Ha HEIMHEHHBIE UCKaXKe-
HUsI?
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Jlabopamopuasn paboma Ne 17
Hccneoosanue ycunumens nocmoannozo moka
[lens pabotel. M3ydyenue npunHiuma aeicTBus auddepeHImaibsHoro yCu-
mutenst noctostHHoro Toka (YIIT) u mpuoOpeTeHne HaBbIKOB €ro OaaHCcH-
POBKH; CHATHE M aHAJIN3 aMIUIUTYIHBIX XapaKTePUCTHUK.

Ilpuéopwvt u 06opyoosanue
1. Crenn mist mpoBeneHus Jaboparopasix padot IDL-600.
2. [1pu BoimonHEHUH padOThl UCIONB3YIOT: R1 = R9 =12 kOm; R2 =R10 =
620 Om; R3 =R8 =1; 2,4; 4,3 kOm; R4 = 2,2 xOm (nepeMenHsIi); RS =1
kOwm (nepemennsiif); R6 — 470 Om (nepemennsiit); R7 = 510 Om, 1,2 u
2,4 xOm; VTI u VT2 — tpansuctopst KT361A; 0nok-niepexoauuk [13.

OcHogHble meopemuuecKue noa0MHCeHu

Yeunurenu moCTOSSHHOTO TOKa MpeIHa3HAYEHbI ISl YCUJICHUSI CUT-
HaJIOB B Auarna3oHe 4actoT oT f = 0 (OCTOsTHHBIN TOK) 10 HEKOTOPOU MakK-
CUMAJIbHOM YaCTOTHI sy, OOBIYHO OMpenesseMoil YaCTOTHBIMU CBOMCTBa-
MH TPaH3UCTOPOB. ITa YACTOTA MOXKET JIOCTUTaTh COTEH Merarepil.

[Tpocrerimas cxema YIIT (puc. 17.1) ucnonb3yercs B KOMIIEHCALIH-
OHHOM cTabunuzaTope HampspkeHus (cMm. paboty Ne 11). [Ipu HOMUHANB-
HOM BXOJHOM HampsikeHuu Upyx cTaOWiM3aTopa Ha d3JEKTPOJiax TpPaH3U-
ctopa VT Takke ycTaHaBIMBAIOTCS HOMUHANIbHBIC HanpsihkeHust Usy,
Ugvr 1 Ugyt. Hanpsoxkenue Usyt co3naercst mapamMeTpu4eckum cTadbuiimn3a-
TOpOM Ha ctabmnmuTpore VD u He 3aBUCUT OT BXOHOTO HamnpspkeHus Ugky,
a HanpspkeHust Ugytr 1 Ugyr usMensitorcs. Bxognoe nHanpsbkenue YIIT
Ugpyr SBIsIETCS 4acThlo BBIXOAHOTO Hampsbkenuss alUppy cTabuiamsatopa
(rne @ = R2/(R1 + R2) — xoaddunuent nenaeHus aenureis R1R2). Koin-
nexktopHoe HamnpspkeHue Uyt YIpaBisieT peryaupyrolM TPaH3uCTOPOM
crabuiauzaropa (cm. puc. 11.1).

Puc. 17.1
Ecnu nmo xakoii-nmbo npudyuHe BbIxoaHOE HanpsibkeHue Ugpry cTaOu-
JY3aTopa U3MEHUJIOCh, U3MEHUTCS U HanpspkeHue aUppx, HapuMep, mo-
aBUTCs mpupaiieHue HanpsikeHuss +Ug. [Ipu 3ToM 0a30BBIN TOK TpaH3H-
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cropa VT ymenbmures Ha Alg = AUg / hy15, a koyutekTopHBIH — Ha Alg =
hy15 Alg = hy;5 AUg \ hy5 1, cliemoBaTellbHO, YBEIHUNUTCSA KOJJICKTOPHOE
Hanpspkenne Ha AUyg = Alg / lx. O1o manpsbkenne AUy siBsieTcst BBIXOJI-
HbIM HanpsbkeHueM YIIT, BbI3bIBarOIMM KOMIIEHCHUPYIOLIEE U3MEHECHUE
ANEKTPUUYECKOTO COCTOSHUS PEryJIHUPYIOLIEro TPaH3UCTOpa CTaOUIMU3aTo-
pa.

B paccmarpuBaemom ciryuae npu +AUg Ha Beixone YIIT nossnsercs
—AUyg, cnocoOCTByIOII€e YMEHBIIEHUIO 0a30BOr0 TOKa PEryJIUPYIOIIETO
TPaH3UCTOPA, YTO PABHOCUJIBHO YBEIWYECHHIO COMPOTUBIICHUS MPOMEKYT-
Ka KOJUIEKTOP—O3MUTTEP, HNPHUBOJIAIIETO K YMEHBIICHHIO BBIXOJHOIO
HanpspkeHus: cradunmzaropa Uppx.

Koaddunment ycunenuss nanpsokenust YIIT ompepenstor mo dop-
MyJIe:

K= AUK/ UB = RK h213 / h113.

CnenoBaresibHO, U3BMEHEHUE BXOHOTO HanpspkeHust YIIT Boi3biBaeT
B K pa3 GosbIiiee u3MEHEHHE €ro BHIXOIHOTO HAMPSHKEHUS.

Kpome toro, YIIT moxker ycunuBarh NEPEMEHHOE HAIPSIKEHUE 10
HEKOTOPOM TMPENEIbHOM YacTOThbl, KOTOpas OIPEAEISIETCS YaCTOTHBIMU
CBOMCTBaAMHU TPaH3UCTOPOB, YTO OCOOCHHO Ba)XXHO B CTaOWIM3aTOpax, pa-
OOTaIINX HA CXEMY C UMITYJIbCHBIM MTOTPEOICHUEM.

Ha Beixoge YIIT nosBisgeTcss CUrHal Jake B TOM Clly4yae, €CJIM Ha
BXOJIE €r0 HET. DTO SBJICHUE, Ha3bIBaeMoe JpeioM HYyIIsI, IPOSBISETCA
HECTAOMJIHLHOCTHIO BBIXOJHOTO HampspkeHws. Jlpeiid Hymns mpeacTaBiser
coOOM JIOKHBIA BBIXOJIHOM CHUTHaJ, MPUYUHON KOTOPOTO SBISIETCS HE
BXOJIHOW cUTHal, a BozueWcTtBue Ha cxemy YIIT pecrabunuzupyrommx
(dakTopoB, HauboJIEe CEPHE3HBINA U3 KOTOPHIX — U3MEHEHUE TEMIIEPaTyphbl
OKpY>Kalollle Cpelibl, BIUSIONIEC HAa BCE 0€3 WMCKIIOYEHUS DJIEMEHTHI.
Y CTpaHUTh WM MOJHOCTHIO CKOMIIEHCHPOBATH 3TO BIUSHUE HEBO3MOXKHO.

Tak, B YIIT, mokazannom Ha puc. 17.1, ¢ pocTtom TeMneparypsl u3-
3a YBEIIMYEHUSI TOKA KOJUIEKTOPA YMEHBIIAETCS OTPULIATEIBHOE KOJUIICK-
TOpHOE (BBIXOJIHOE) HAIPSHKEHUE, YTO PABHOCUIIBHO TMOCTYIUICHHUIO Ha
BXOJ] CUTHajIa OTPUIIATEILHON MOISIPHOCTH. Jlpeiid BBIXOAHOTO HaMpshKe-
HUSI MOXKET OBITh CKOMIIEHCHUpOBaH nogaveil Ha Bxon YIIT curnana HeoO-
XOJIMMBIX 3HAUEHUS W TMOJIIPHOCTU, HA3bIBAEMOTO Jiperiom HyIIsl, TIpUBe-
neHHbIM KO Bxoay YIIT. 3nas abcomoTHBIN BBIXOAHOM Apeiid A u xkodd-
bunmeHT ycuiaeHus HanpspbkeHus K, MOXXHO oOmnpenenuTh MPUBEISHHBIN
npeiid & = A/K. IlpuBenenusiii apeid ompenenseT 4yBCTBHUTEIBHOCTH
VIIT, T. . MUHUMAJILHBIN CUTHAJI HA €70 BXOJI€, KOTOPBIA OyAET pa3inium
Ha BeIXOJIe. Tak, eciii MpUBECHHBIN Apeiid nMpu BO3ACHCTBUHU ONPECICH-
HBIX JecTabun3upytomux ¢aktopoB cocrarisier 100 mxB, mogaBath Ha
Bxoa YIIT curuam 1 MkB He mMmeer cMpIciia — OH ToTepseTrcs Ha (poHe
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npeitda. Curnan xe, COU3MEPUMBIN ¢ MpUBEACHHBIM Jpendom, Oyner 3a-
MeTeH Ha Bbixojie. CieaoBaTesibHO, CHUYKEHHE MTPUBEIEHHOTO0 Jpeiida co-
IIPOBOKIAETCS MOBBIIEHUEM YyBCTBUTENBHOCTH YIIT.

Jist  yMeHbllieHHs: JApedida HyJs HUCIONB3YIOT —Mapasuielb-HO-
6anancusie YIIT (puc. 17.2), KOTOpbIe COCTOAT U3 JBYX OJIMHAKOBBIX KacC-
KaJIOB, MapaJyIeIbHO MOJKIIOUCHHBIX K MCTOYHUKY nutaHus Eg. Ilepen
HayajoMm paboTel YIIT GanaHcupyrOT Tak, 4TOOBI MOTEHIIMATBI BXOJHBIX 1
1 4 ¥ BBIXOJIHBIX 2 U 3 3QKMMOB OBUINA MOMAPHO OJIMHAKOBBI. ITO COCTOS-
HUE€ COOTBETCTBYET OTCYTCTBHIO BXOJHOT'O CUTHAJIA.

4 &> O
R1 [1#3 s [ 177 +Ex
Z2 3
fo— VI?T VY12 4
RZ | [R% R6 | |R8
Puc. 17.2

KomnnekTopHbie 1enu TpaH3uCTOPOB 00pa3yloT MOCT, BEpXHUMH TLIe-
4yaMy KOTOpOTO SBISAIOTCS pe3ucTopbl R3 u RS onuHakoBBIX cOmpoTHBIIE-
HUW, & HUWKHUMH — TIPOMEXKYTKUA KOJUIEKTOP — AMHUTTEP TPAH3UCTOPOB
VTI u VT2, BxitoueHHbIE NociieioBaTebHO pe3uctopam R4 u R6, conpo-
TUBJICHUSI KOTOPHIX OOBIYHO HEBEIUKHU. CONMPOTUBIICHUSI HYDKHUX TIJIEY MO-
CTa mocJjie OATAHCUPOBKHU CTAHOBSITCSI OJJUHAKOBBIMU.

ITon nelicTBuEeM BXOJHOTO cUrHaja (B MPOCTEHIIEM ciiydae ero mo-
AT MEXIy 3axuMmamu 1 u 4) 0a30BBIM TOK OJHOTO W3 TPAH3UCTOPOB
YMEHBIIIAETCS, MPU 3TOM COMPOTUBIICHHE €r0 MPOMEXKYTKA KOJUIEKTOP —
OMUTTEP YBEIUYHBACTCS, OJHOBPEMEHHO 0a30BBI TOK JPYroro TpaH3H-
CTOpa YBEJIUYMUBAETCSA, & COMPOTUBJIIEHUE €r0 MPOMEKYTKA KOJIJIEKTOpP —
SMUTTEP yMEHbIIAETCS. balaHC MOcCTa HapyIIaeTcsi U Ha BBIXOJIE CXEMBI
MOSABJISECTCS CUTHAI. BXOIHOW CUTHAJI MPOTUBOIOIO0XKHOW MOJISIPHOCTU BbI-
3bIBACT MOSIBJICHWE HA BBIXOJE CXEMbI CHTHaja TAKKE MPOTHUBOMOJIOKHOMN
noJIsipHOCTU. TakuM 00pa3oM, BBIXOJIHOM CHUTHAJ COJICPKUT MHPOpMaIuio
HE TOJBKO O 3HAYEHUH BXOJIHOTO CUTHAJa, HO U O €ro 3Hake. [Ipu moiHOM
CUMMETPUU CXEMBbI Jpei(Pbl BEIXOHBIX HAMPSXKEHUN OTACIbHBIX KaCKaI0B
OynyT oauHakoBel. [loToMy Ha Harpyske, MOAKIIOYEHHON K 3aKuUMaM 2 U
3, npeitdha BooOme He Oymer. B peambHBIX cxemax apeiid BBIXOIHOTO
HaIPSDKEHUS BCE Ke HAOJI0aeTCsl, OJHAKO OH 3HAYUTEJIbHO MEHBIIE, YeM
B CX€Me, MMOKa3aHHOW Ha puc. 17.2.
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Uccnenyemslii B nanHoit padore YIIT (cMm. puc. 17.3) BbITIONHEH 110
napauienbHo-0anancHon cxeme. Takue YIIT HaspiBatoT Takke audde-
PEHITMATBHBIMU, TIOCKOJIbKY WX BBIXOJHOE HANPSDKEHUE MPOIOPITMOHATIBHO
Pa3HOCTH IMOTEHITUAIIOB BXOJIOB.

+£,
Puc. 17.3

Haunyudieit ¢ TOUky 3peHHus MUHUMAIBHOTO Jipeiida AaBisieTcsl cxe-
Ma YIIT ¢ cuMMETpUYHBIMU BXOJOM W BBIXOAOM. BXOJIHOM cHUrHa’N 1oja-
€TCS Ha U30JIMPOBAHHBIC OT KOPITyca 3aKUMBbI | 1 4, a BBIXOJHOW CHUMAET-
Csl TAKXKE C M30JIMPOBAHHBIX OT KoOpIryca 3akuMoB 2 U 3. PexxuMm 06a30BbIX
HENel TPaH3UCTOPOB 00ECEUNBACTCS OJUHAKOBBIMU JICUTEISIMHU HaIpsi-
»kenust R1R2 u R9R10. HanpsikeHust SMUTTEPHBIX MEPEX00B 00pa3yroTcs
Ha pesuctopax R2 u R10. Pesucrop R4 cioyxut nist 6aqaHCUPOBKH CXEMBbI
— BBIPaBHUBAHUS MOTCHIIMAIOB Ha 0a3ax TPaH3UCTOPOB. B KoyekTopHbIC
LENU BKJIFOYECHBI UMEIOIINE OJIMHAKOBBIE COITPOTUBIIEHUS PE3UCTOPHI R3 n
R8.

ITorenunomerp RS mpenHaszHaueH 1Uisl YCTAaHOBKU HYJIS Ha BBIXOJIE
VIIT npu nyneBom BxoaHoMm curHaie. [lorenuumomerp R6 ciayxkut s
BBITIOJTHEHUSI aHAJIOTUYHBIX (DYHKIIUM W, KpOME TOTO, JIJIsi BRIPABHUBAHUS
HEOJIMHAKOBBIX COIMPOTUBIICHUN SMUTTEPHBIX 00JacTeld TPaH3UCTOPOB U
co3ganusi HeOobioi mo rayonHe OOC, JOMOTHUTEIHLHO CTAOUITU3HPYIO-
W pEeXUM TpaH3UCTOPOB. Pesucrop R7 mpennaznadeH s SMUTTEpPHOM
cTabmin3anuu padounx TOYEK TPAH3UCTOPOB, YTO CHIDKACT Apeiid HyJs.
Hanpspokenue ucrounuka E, mogdoupatoT Tak, 4ToObI MOTEHITUATBI SMUTTE-
POB TPAH3UCTOPOB OBUIM OJM3KU K HYJIIO, & CAMU TPAH3UCTOPhI HAXOH-
JIMCh B aKTUBHOM PEKHUME.

[Ipu BBIMOSIHEHUU PabOTHI HaAMpsKEHHWE MCTOUYHMKA E, mombuparoT
Tak, YTOObl HAMpsKEHWE UCTOUYHUKA Eji pacnpenensioch TOPOBHY MEXKITY
MMPOMEXKYTKAMU KOJUIEKTOP — 3MUTTEpP TPAH3UCTOPOB U PE3UCTOPAMU B
KOJUICKTOPHBIX Hensax. [Ipu mcnosib30BaHUM TPaH3UCTOPOB C OJIMHAKOBBI-
MHu napamerpamu 1 pe3uctopoB R1 = R9, R2 — R10 u R3= R8 cxema mo-
cie OIaHCUPOBKHM OYyJIeT CUMMETPUYHOU, a Jipel(bl MOTEHIIMAIOB KOJI-
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JIEKTOPOB TPAH3UCTOPOB — OAMHAKOBBIMU. CienoBaTesbHO, Apeid HyIs
Ha Harpy3ke, BKIIIOUEHHOM MEXAy KOJUIEKTOpaMu, OyJeT paBeH HYJII0, TaK
KaK MPEJICTAaBIIET COOOM pa3HOCTh APE(POB OJMHAKOBBIX MOJIOBUH yCH-
JIUTETIA.

[lepen HauamoMm pabOTHI cxema J0JKHA ObITh cOajJaHCUpOBaHa, IS
4ero HeoOXOoANUMO:

— YCTaHOBWTH ABWXKKHM noteHumoMeTpoB R4, RS u R6 B cpennee no-
JI0)KEHUE;

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

— YCTAaHOBHUTh MOTEHUMOMETPOM R5 HyneBoe HanmpsiKEHHUE Ha BBIXO-
ne YIIT, omHoBpeMeHHO Tepekitodas BOJITMETP Ha BCe 0oJiee YyBCTBU-
TeJIbHbIE Mpeiebl (MoTeHunoMeTp RO MCronb3yloT npu peryaupoBKe Ba-
puanta 1 cxembl YI'1T Ha MUHMMaJIbHBIA Apeid B auana3oHe TemIiepa-
Typ; OH MOKET OBbITh UCKIIFOUEH, a BCE THE3/1a JIJISl €ro MOJKIIOUEHUS 3aKO0-
poueHbl; B paboTe uccieayercs Takxe BapuaHT 2 cxembl YIIT, xorna
YCTAHOBKY HYJISI BBINIOJHAIOT MOTEHIHOMETpoM R6, a morenmuometrp RS
UCKJIFOYAIOT);

— packopoTuTh BxoAbl | W 4, BOCCTaHOBUTH MOTEeHIMOMETpoM R4
HYJIEBOE HAIIPS)KEHHUE HA BBIXOJIC;

— 3aKOpPOTUTh CHOBA rHe3Aa | ¥ 4 u npu MOSBICHUH HANPsHKEHUS Ha
BBIXO/I€ TOBTOPUTH 0AaJTAHCUPOBKY B TOM K€ MOCJIEA0BATEIILHOCTH.

~ Yausr max
~ g
Puc. 17.4
HpI/I MMOAKJIIOYCHUU K THC31Y 1 OJIOKUTEILHOTO MOJOCAa UICTOYHUKA
BXOJIHOTO CHTHaja, a K THE3ly 4 — OTPUIIATEILHOTO TOK OyAEeT MpoXo-

JTUTh MO 1enu: rue3no 1, 6aza — smurrep VT1, R6 (ecau oH ecTh), IMUT-
Tep — 6a3za VT2, raue3no 4. Otum TokoMm Tpansuctop VT1 Oyner 3akpbl-
BaTbhCsl, U OTPULATEIBHOE HANPSKEHUE HA €r0 KOJUIEKTOPE HAYHET PACTH, a
Tpan3uctop VT2 OyneTr OTKphIBaThCS, U OTPUIATEILHOE HAIPSIKEHUE Ha
€ro KOJUIEKTOpE HAauyHeT yMeHbIIaThcs. ClelnoBaTesbHO, BOJBTMETP IS
U3MEPEHHsI BBIXOJHOTO HAINPSIKEHUS NPH YCTAHOBJIEHHOM MOJSPHOCTH
BXOJHOTO CHUTHaJa CJIEAYET MOJIKIIOYUTh ILIFOCOM K THE3Y 3, 8 MUHYCOM
— K THe31ay 2.
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IIpr HEKOTOPOM BXOJHOM CHUTHaJIe TpaH3ucTtop VTl HauHET 3aKphI-
BaThCs, a TpaH3UCTOp VT2 OKaxeTcs B peKMME HACBIIIEHUS, T. €. IPEeKpa-
TUTCSI BO3JIEMCTBUE BXOAHOTO curHaja Ha YIIT. DToMy COCTOSTHUIO CXEMBbI
cooTBeTCTBYIOT HAPsHKEHUS +Uppix max Y1 —Ugpix max (pHcC. 17.4), orpanu-
YUBAIOIIUE JIMHEWHBIM YYaCTOK aMIUIUTYJAHON XapaKTEpPUCTUKHU, B IIpele-
Jax KOTOPOro Ko3(pPUIMEHT YCUIICHUSI HANPSHKEHUS MOCTOSIHEH, T. €.

K = Ugpix max / Upx max- (17-1)

Ocob6enHocthio cxembl auddepennmansioro YIIT sBisiercs oTcyT-
ctBue BHyTpukackagHoi OOC npu BKIIOYEHUH B OOIIYIO SMUTTEPHYIO
uenb pesuctopa R7, conmpoTHBIEHHME KOTOPOTO OINPENENSETCs TOJIBKO
HaIpsKEHUEM HUCTOYHUKA MUTAHUSA Ej.

IKcn epumenma’ibHasn 4acmos

1. Berueptuth Ta0n. 17.1 u 17.2 nas cHATUS aMIUIUTYAHBIX XapakTe-
puctuk YIIT (s BapuanToB 1 u 2 cxemsl YIIT rueszna s noakitoueHus
COOTBETCTBEHHO pe3ucTOpoB RS mim R6 3akopaumBaroT) U KOOpJUHATHBIE
ocu (puc. 17.5) nna ux moctpoerus (macmrad mo ocsim: Ugxy — B 1 cm 0,2
B, UBBIX —Blcm?2 B)

U.
8.
5
4
U, .8 Z [TANY ]
8;: %'_
!asaéa.wzz 0.2 0% 06 46
6
8
G|
Puc. 17.5

2. Berueptuts Tabn. 17.3 ansa 3anucu pexxumoB Tpan3uctopoB YIIT
10 IOCTOSTHHOMY TOKY.

3. 3apucoBaTh CXeMy HCCIEAYEMOr0 YCHUIIUTENS MOCTOSHHOIO TOKa
(cm. puc. 17.3), coOpaTh ee BapuaHT 1, CHATH aMIUIMTYJIHYIO XapaKTepH-
CTUKY M 3aHECTU pe3yJIbTaThl U3MepeHuid B Tadn. 17.1.

4. Cob6parb BapuanT 2 cxeMbl YIIT, CHATh aMITUTYAHYIO XapakTe-
PUCTUKY ISl TPEX 3HAUEHUM KOJUIEKTOPHBIX PE3UCTOPOB, 3aHECTU PE3YIIb-
TaThbl U3MEPEHUN B Ta0I. 17.2 ¥ U3MEPSTh PEXKUMBI TPAH3UCTOPOB IO IO-
CTOSIHHOMY TOKY, 3aHOCSI P€3yJIbTaThl U3MEpeHuid B Tadi. 17.3.

Taomuna 17.1
Bxonnoe nanpsbkenne Ugy, B 010203040506 | 0,7
Bxongnoii Tok lgx, MKA BrixomHoe
Hanpspbkenne Uggx, B
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Tabmuma 17.2
Bxonnoe nanpsbkenne Ugy, MB 10 20 | 30 | 40 | 50 | 80 | 100
Bxomnoit Tox Igx, MKA, mpu| 1
CONIPOTHUBJICHUU PE3UCTOPOB| 2,4
R3 — R8, kxOm 4,3
BrixoiHOE HampsKeHUE 1
Uswix, B, pu conpotusne- | 2,4
Huu pe3uctopoB R3=R8 | 4,3

KOM
Ta0muna 17.3
Conpotusnenue pe3uctopo R3 = R8, kOm 1 2,4 4,3
Hanpsixenue nutanus E,, B

Pexxum Tpansucropa, B VT1 Us
Uk

Us

VT2 Us

Uk

Us

5. Iloctpouts amrumtyaHeie xapakrepuctuku YIIT B koopaunat-
HBIX 0CsX (cM. puc. 17.5).

6. Berancnute koddduimentsl ycwnenus Hanpsokenus YIIT mns
JIBYX BapHaHTOB CXEMBI, MOJIB3Ysch (hopmyoit (17.1).

7. TlepBoIii BapuaHT cxeMmbl coOuparot, ucnoib3ys: R1 = R9= 12
kOmMm; R2 = R10 = 620 Om; R3 = R8 = 4,3 kOm; R4 = 2,2 kOm (nnepemeHn-
HbIl); RS 3akopauuBaroT ¢ nomoibio Osoka-nepexonnuka [13; R6 = 470
Owm (niepemennslin); R7 = 2,4 kOwm;

E; — reneparop nanpsoxenus ' H2 crenna;

E, — reneparop nanpsbxkenust [ HI crenpa;

ABM?2 — u3mepuTenb BIXOJHOTO HanpsbkeHus: Ha npenaene «10 By
(mo Mepe 0amaHCHPOBKU CXEMBI IPUOOP MEPEKITIOYAIOT HA Bce Oojiee uyB-
CTBUTEJIbHBIE TPEJEIbl; OKOHUYATENIbHYIO0 OaJaHCHUPOBKY IMPOU3BOISAT Ha
npeneine «0,5 B»; HETOUHOCTh YCTaHOBKU HYJIsl HA Bhixojae YIIT He momxk-
Ha MPEBbIIATh MOJOBUHBI JAeyeHusa mKaibl «0,5 By», uto cocrasnsier 10
MB);

ABO — u3Meputenb BXOAHOTO HanpsbkeHus (Ha nipeaene «1 By ns
nepBoro Bapuanrta cxemsl u «0,1 B» miist BToporo) ;

NB — u3Mepurenb BXOJHOTO TOKa Ha mipeaene «MAy (mepekitoya-
tenb B yctanaBnuBaroT B nojoxeHue «I'T 1 MA»);

I'T — renepaTop TOKa CTEH1a — WCTOYHUK BXOJHOI'O CUTHAJIA.
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8. Jlns CHATHS aMIUIUTYJHOM XapakTEPUCTHUKU CIETYET MOIKIIO-
ynTh: | H2 — x tHe3gam «—E» u X5; I'H1 — k rHe3gam «+E» m X2; I'T
— krae3naM 1 1 4 ABO — k rae3nam X1 u X3; ABM2 — x rHe3naM 2 u
3.

9. JInst cOOpKM BTOPOTO BapWaHTa CXEMbI HEOOXOAMMO: OTKIIOYUTH
pesuctop R6 u, ycraHoBuB Ha ero mecto Onok-nepexonHuk I[13, 3akopo-
TUTh COCIUHUTENIBHBIM MPOBOJIOM THE3/a ISl MOJKIIOUEHUS] Pe3ucTopa
R6\ ycranoButh RS, R3=R8=1kOMmuR 7=510 Om (mpu R3=R8 =24
kOM pesuctop R7 = 1,2 kOwm, a mpu R3 = R8 = 4,3 kOm R7 = 2,4 kOm).

10. Hanpsoxenue ucToyHWMKA NMUTaHusA E2 mipu Bcex HM3MEpPEHHSIX
noA0UPaIOT TaK, YTOOBI HAMPSHKEHUE HA KOJUIEKTOPaX TPaH3UCTOPOB TOCIIe
OalaHCUPOBKHU OBLIO PAaBHO MOJOBUHE HAIPSDHKEHUS MCTOYHUKA MUTAHUSA
E1, koTopoe HeoOxoauMo yctanoBUTh 110 MIB cTenaa pasueim 10 B.

11. Pexumbl TpPaH3UCTOPOB IO IOCTOSSHHOMY TOKY HW3MEPSIOT
ABMI Ha npenenax usmepenusa «10 B», «5 By», «2,5 B» u «1 B», noxn-
KJIFOYasi €ro 3aKMMaMU «+» U «—» COOTBETCTBEHHO K THE31y X4 U HYX-
HOW TOYKE UCCIIEAYEMOMN CXEMBI.

12. JIna GanaHCUPOBKH CXEMbI HEOOXOAMMO: 3aKOPOTUTH THE3Ma 1 U
4, noOUThCA MOTEHIIMOMETPOM ycTaHOBKH Hyms (R5 unu R6) myneBoro
HaIPSOKEHUST HA BBIXOJIE; MEPEKIIOUNUTh BBIBOJ OT 3akuma «+» ABM2 B
rae3no X4, otkimounB ABM2 u ycranoBuB nepekitouateiem ABMI npe-
nen uaMepenus «10 By; ycranoButh perymnsitopom ['H1 «I'py6o» Takoe
HaIpsOKEHUE UCTOYHWKA E, Ha BBIXOJE, PU KOTOPOM Ha KOJUIEKTOpax
TpaH3UuCTOPOB OyaeT mo — 5 B. bamancupyroT cxemy Kak OMUCaHO B TO-
SCHEHUSX K pabore.

13. JIns mocTpoeHus aMIUTUTYIHBIX XapaKTEPUCTUK BTOPOTO Bapu-
anTta cxembl YIIT HeoOxoaumo m3mMeHuTh Macitad mo ocu Ugx B 10 pas,
T. €. B 1 cM gomxHO ObITE 0,02 B.

Konmponwsusie éonpocul

1. KakoBsl ocobennoctu cxem YIIT?

2. Yto Takoe apend nymnsa?

3. Ilouemy ymeHbIIIEHHUE TPUBEICHHOTO Apeiida Hyss CONMpOBOXKIAACTCS
pocToM uyBCTBUTENBbHOCTH YIIT?

4. KakoBbI IPUYMHBI 1 OCHOBHBIE CITOCOOBI YMEHBIIICHUS petida Hyis?

5. Kakune napaMeTpsl TPaH3UCTOPA 3aBUCAT OT TEMIIEPATYPbI OKPYKAOLIEH
cpenbl?
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Jlabopamopnas paboma Ne 18
Hccneoosanue odpamusix ceaseil ¢ ycuiumelie 36YK080U UaACHONbl

Lenp pabotel. M3yueHue BausHUS 0OpaTHBIX CBs3ed Ha pabOTy JByXKac-
KaJIHOT'O YCUJIMTEIS 3BYKOBOM YaCTOThI

Ilpuobopwvt u 060pyoosanue
1. Crenn mist mpoBeneHus nadoparopHsix padot IDL-600.
2. [Ipu BeImoNHEHUN padOTHl UCTIONB3YIOT: 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 Mx®D; C5 =20 Mx®; VT1 u VT2 — tpansucropel KT361A;

OcnogeHble meopemuuecKue noa0HceHus

B mpouecce ycuneHus CUTHal MCKaKaeTcs, T. €. U3MEHSIOTCSA €ro
dbopma u 4acTOTHBIA creKTp. [I[pUUUHON ATOTO SABISIETCS HEITUHEHHOCTH
BOJIBT-aMIIEPHBIX XAPAKTEPUCTUK TPAH3UCTOPOB, MNPOSBIAIOLIAICA TPHU
YCUJICHUU CUTHAJIOB OOJIBIIINX aMIUIUTY/I, a TAKYKE YACTOTHAsI 3aBUCUMOCTh
CONPOTHUBJICHUN Pa3AEIUTEIbHBIX U IIYHTUPYIOIUX KOHAEHCATOpPOB. Mc-
KOKCHUSI YMEHBIIIAIOTCS, KOrja padoyue TOUKH YCUIUTEIIbHBIX AJIEMEHTOB
OCTalOTCs B Mpe/eNiax JMHEWHBIX y4acTkoB BAX, a Takke Mpu UCHOIb30-
BaHUM KOHJICHCATOPOB OOJIBIION €MKOCTH.

OcHOBHBIMU TPEOOBAHMSIMU, MPEIBABISIEMBIMU K YCUIUTEISIM 3BY-
KoBOM yactoThl (Y3Y), SBISIOTCS MUHMMAaIbHbIE HEJIWHEWHBIE U YACTOT-
HbI€ HCKaXEHUS MPHU JOCTATOYHOM KO3 (dUIMEHTE ycuieHus, O0JbIIoe
BXOJIHOE U MaJIO€ BBIXOJHOE COMPOTURJICHHUS. BBIMOIHUTE 3TH TpeOOBaHUs
MO3BOJISIIOT 00paTHbIe CBsi3M. OOpaTHBIC CBSI3M MOTYT OCYIIECTBIISITHCS B
npejenax OJIHOro kKackajga — BHyTpukackaanbsie OC (HampuMmep, B SMUT-
TEpHOM TOBTOpUTENE — cM. paboty Ne 15), a Takke MEXIy BBIXOJOM JIIO-
O0ro mocieayronero Kackaaa (B ToM 4ucie MOCIEIHET0) U BXOAOM JIF000-
ro MPEebIAYIIEro (B TOM YUCIIE MEPBOTO).

JlefictBue oOpaTHBIX CBsi3ed cocTouT B cieayromieM. CurHai, mo-
CTYNUBIIIUKM HA BXOJl YCHUJIMTENS IO e 0OOpaTHOM CBSI3M M COJIEPIKAITUN
uH(popmaImo o ero padoTe U BCeX BHUAAX MCKAKEHUH, TaK BO3JCHCTBYET
Ha BXOJHOM CHUTHaJI, UCKaXas €ro B Pe3yJIbTAaT€ CJIOKEHHUS, YTO B BBIXO/I-
HOM CHUTHAJIC 3TH UCKaKECHUS TUOO YBEIWYUBAIOTCS, JIMOO YMEHBIIAIOTCA.
Hampumep, ecnn curaan oOpaTHOW CBSI3U COBMAaeT Mo (a3e ¢ BXOJAHBIM
CUTHAJIOM, BCE MCKAKCHUS, BHOCUMBIC YCUJIUTEIIEM, YBEIMYUBAIOTCA. Ta-
KYI0 00paTHYIO CB3b Ha3biBatOT nonoxkutenbHou (ITOC). Ecim e curaan
0oOpaTHOM CBSI3U MPOTHUBOIOJIOKEH 10 (Paze BXOJHOMY CHUTHAIY, UCKaXKe-
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HUS yYMeHbIIatoTca. Takyio oOpaTHYIO CBA3b Ha3bIBAIOT OTPHUIATEIHHOU
(000).

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

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

rae [ — ko3 uiueHT nepeaayu nuenu oopatHon cesazu; K — koad-
(ULHEHT yCUJIeHUs yCUIIUTENs 0€3 00paTHOW CBSI3U:

OTtpunatenbHasi oOpaTHasi CBsI3b yMEHBIIAET KOA(PUIMEHT ycuiie-
HUS YCUJIUTEIIS:

KOOC:K/(1+ Kﬁ) (182)

[Tpu ITOC Bce mapameTphl YCHIIMTENS YXYIIAOTCS: YBEIUUUBAOTCS
HEJIMHEWHBIE W YaCTOTHBIE HMCKAXKCHUS, CHUKAETCS TEeMIEepaTypHas cTa-
OMJIBHOCTD PEKUMOB YCHJIMTENIBHBIX 2JIEMEHTOB, YMEHBIIIAETCS BXOJHOE U
YBEJIMYHMBACTCS BBIXOJHOE compoTuBiieHne cxeMbl. [Ipu KfS = 1 3Hamena-
Tenb B hopmyne (18.1) oOpamraercs B Hylb, a Kjoc — B 0€CKOHEUHOCTD.
®du3znyecku 3TO 03HAYaeT, YTO OECKOHEYHO MAaJIOe CIIy4yalHOE M3MEHEHUE
HaIPSHKEHUS. Ha BXOJIE YCWIMTENS MPUBOJAUT K MOSIBJIEHUIO HA €r0 BBIXOJE
3HAYUTEJILHOTO CUTHAJIA, OTPAHUYEHHOTO TOJIBKO MOIIHOCTHIO UCTOYHHUKA
MUTAHUSL U TPEACIbHBIMU NapaMeTpaMHu YCUIUTENIbHBIX 3JeMeHTOB. [lpu
ATOM YCUJIUTENIb CAMOBO30YK/1a€TCs, MIPEBPAIAsICh B TEHEPATOP HAINpshKe-
HUS CJIOKHON HECHHYCOMIAIBHON (hOPMBI.

OOBIYHO TOJOKUTEIbHBIE OOpaTHBIE CBS3W B YCHUIIUTENSAX TMapazuT-
HbIE M BO3HUKAIOT MPU HEBEPHO BBIMOJIHEHHOM MOHTaxe. BeposiTHOCTH
caMOBO30YKJICHHUSI YCUJIUTENS TEM BBIIIE, 4eM OoJbiie Kod(ppuimeHt
ycuieHus. CaMmoB030yXIeHHE MOXXHO MPEAOTBPATUTh BBEJACHUEM JIOTOJI-
HutenbHo e OOC wiM yBeIWYEeHHEM €€ TIIYOMHBI 10 MMEHOIUMCS
nernsiM. OIHaKO CHavajia OOBIYHO OMNPEESIOT MPUUYKHY, BBI3BIBAIOIIYIO
CaMOBO30YXKJICHHE YCWIUTENS, YCTPAHSIIOT €€ U TOJIbKO 3aT€M BBEJICHUEM
OTpHULIATETTLHON OOpaTHOM CBSI3M YBEIWYUBAIOT YCTOWYMBOCThH YCUIIUTETS,
JIOBOJIS1 €0 MapameTphl 10 3aJaHHBIX.

OtpunatenpHas oOpaTHasi CBA3b YJydIllaeT BCE MapamMeTphbl yCHIIH-
Tessi, Kpome KodduimenTa ycuieHus, KOTOPbIi yMeHbIIaeTcs. BiausHue
OOC Ha BXOJIHO€ M BBIXOJHOE COMPOTHBIICHUS 3aBUCUT OT CIIOCO0a mojia-
gy curHasia OOC Ha BXOJ] YCUJIUTEIIS 110 OTHOIICHHUIO K BXOJHOMY CHUTHa-
7y, @ TaKKe OT TOro, KAKOMY M3 MMapaMeTPOB BBIXOJHOTO CHUTHaJA (TOKY
WJIU HATIPSDKEHUIO) OH MPONOPIIMOHATICH.

[Tpu mapamiensHOM crioco6e mogaun curaaia OOC BXomaHOE COMPO-
TUBJICHUE YCUJIUTEIN YMEHBIIAETCS, a MPU MOCIEI0BATEIbHOM — YBEIH-
yuBaercs. B 3aBucumocTtu ot Toro, mponopuuoHaiieH curHan OOC BbI-
xoaHomy HanpspkeHuto (OOC mo HanpspKeHUIO0) WM BBIXOJHOMY TOKY,
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BBIXOJTHOE CONPOTHUBJICHUE YCUIIUTEIS COOTBETCTBEHHO YMEHBIIAETCS WU
YBEJIIMYMBACTCS.

B nanHoi pabote uccinenyercs ABYXKAaCKaIHBIA YCHINTEIh HU3KOM
4aCTOTHI C JIBYMS IEISIMH MOJIOKUTEIbHOU o0paTHO# cBs3u R5C3 u R10,
KOTOpBIE MPU HUCIOJIb30BaHUU OjoKa-nepexogHuka 112 moryt ObITh mpe-
BpaiieHsl B nenu OOC.

IKcnepumeHmaibHasA 4aACmb

Buix 2

R11

X12 +_|_ X13

Puc. 18.1

1. 3apucoBaTh cxemy uccieayemoro ycuiurens (cm. puc. 18.1) B
JIBYX BApHUAHTaX:

— npu BapuanTe | B rHe3na X1 u X2 ycraHoButs koHzaeHcarop C5,
OTKJIFOUUTH JIEBBIN (IO cXeMe) BbIBOA pe3uctopa RS oT smutTepHOil Lenu
Tpan3uctopa VT1 u npucoeAMHUTH K ero 0a30BOi;

— npu BapuaHTe 2 B rHe3aa X1 u X2 ycraHoButh koHaeHcarop C5,
OTKJIFOYMB €r0 HWKHIOK OOKIaaKy oT 0a3bl Tpanzuctopa VT1 u mpuco-
€IUHUB K DMUTTEDY.

2. CoOpatb BapuaHT 1 cxembl, OJIb3YSCh YKA3aHUSIMU II.

3. HccnenoBarh yCUIIUTENb, OJHOBpPEMEHHO oOxBadueHHbIM [IOC u
OO0C.

4. To e MOBTOPUTH JJIsI BapUaHTa 2 CXEMbl YCHIIUTENS U UCCIENO-
BaTh €r0 B PEKHUME BHICOKOUACTOTHOT'O BO30YKICHUSI.

5. 3apucoBaTh OCHUIUIOrPAMMBI HAIIPSIKEHUSI HA BBIXOJIE yYCUIIUTEN,
HaO0JII0AaeMble MPU €ro UCCIEIOBAHUN.

6. IIpu cObopke BapmanTa 1 cxembl BMecTO pe3ucropa RS ycranaBmu-
BatOT nepexoaHuk [12 tak, 4ToObl ero mThIph X6 ObLI COEMHEH C KOHICH-
catopoMm C3. YcranaBnuBaroT B rHe3qa X3 U X5 nepexonnuka [12 nepe-
MeHHBIN pe3uctop RS, a rHe3no X4 coequHSIOT MPOBOJIOM C THE3IOM X3
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uccienyemon cxembl. Kongencarop C5 ycranaBnuBaroT B rHe3ga X1 u X2
nepexoHuka I12.

7. YcranasnusaroT no VB Ha Beixone I'M2 nanpspokenue 10 B u noa-
KJIFOYAIOT €0 C COOJIFOJICHUEM TOJISIPHOCTH K THe3AaM «—Ex» 1 X13.

8. YcranaBnuBatot no yactoromepy UM na Boixone ['3Y curnan va-
croroii 1 kl'u, nns yvero tymOnep «UM-I'3U» nepeBoIAT B MOIOKEHUE
«['3U», tymonep «fx — fx — 465 k['m» — B mostoskeHue «fy», mepeKiTto-
yarenu «/Iluanazon» 1’34 — B nonoxenue «1 xI'my, YUM— B noyoxeHue
«5 kl'm», UB— B monoxenne «YM». Perynupyrort pyukon «Hacrora» ya-
CTOTY BbIXOJHOTO curHana ['3Y4.

9. Ioakmouaror 3axumbl [3Y «1:10» 1 «_| » cOOTBETCTBEHHO K
rae3gam 1 u X4, a ocumsuiorpad — K rHe3gam 2 (Bxoa) u X12 (BeIBOA
«_| »). Perynsaropom I'3Y « AMILIMTY1a» YCTaHABIMBAIOT TAKOW BBIXOIHOU
CUTHaJI, IPU KOTOPOM HMCKKEHHS €Ill€ He3aMETHbI Ha TJia3 (COMpOTHUBIIE-
Hus pe3uctopoB RS u R10 makcumaibHbl).

10. ITnaBHO ymeHbIIas conpoTuBienue pesucropa R10, nobuBarorcs
caMOBO30YKJICHUSI yCWJIMTENA, OTMEYas, YTO C YBEIWYCHUEM TTyOUHBI
[NIOC yBenuuuBaeTcss KOd(PPUIMEHT YCUICHUS U PACTYT HEJIMHEHHBIC HC-
KOKEHUsI. 3apUCOBBIBAIOT OCHWIJIOTpAaMMYy CHUTHaJIa TPU BO30YKIECHUU
ycunurens. [naBHO ymeHbIas conpoTuBiieHue pe3uctopa RS, Boccranas-
JIMBAIOT HOPMAJIbHYIO paboTy cxeMmbl, HaOJIroAast 3a MPEBpaICHUEM HCKa-
YKEHHOTO CUTHaJa B UCXOJHBIN. JTH JIEHUCTBUS MOBTOPSIOT HECKOJBKO pa3
(1o moHOTO 3aKOpayuBaHus pe3uctopoB RS u R10).

11. Ymenpmarot rmyouny OOC, yBenu4uBas CONMPOTHBICHUE PE3U-
ctopa R5, n moOuBarOTCsA 3aMETHBIX Ha Ijla3 UCKAKEHUN BBIXOTHOTO CHT-
Haja. YBenuuwBas comnpoTtuBieHue pesuctopa RI10 (rmybuna IT1OC
YMEHBIIIAETCS), CHUMAIOT MCcKakeHus. [Ipu s3ToM HEoOXoaumMo 0oOpaTvTh
BHUMaHHUE Ha TO, 4TO npu yMmeHblieHuu riyounsl OOC u I1OC ko3¢ du-
IUECHT YCUJICHUSI COOTBETCTBEHHO YBEINYMBACTCS U YMEHBIIIACTCH.

12. Jns cOopku BapuaHTa 2 CXEMbl YCTAaHABIMBAIOT IITHIPh X6 Tie-
pexonnuka I12 B rue3no X1, a mreipp X1 — B rHe310 X2; COCAUHSIOT
rae3n0 X4 nepexonnuka 112 nmpoBomom ¢ rHe3gom X6 HCCaEayeMOM Cxe-
MBI, ycTaHaBIUBatOT KoHAeHcaTtop CS B rHe3na X3 u XS nepexonnuka [12,
a pe3uctop RS — B ero rues3ia Ha CMEHHOW MaHEeJH.

13. TloBTOpsArOT M. 6 U 7 117151 BapuaHTa 2 CXEMBI.

14. VYcranaBnuBatot koHjeHcatop C3 = 0,01 mx® u nmoOGuBaroTcs
BBICOKOUYACTOTHOTO BO30YKJCHUS CXEMbI, YMEHbIIIAasi COMPOTUBJICHUE pe-
3uctopa RS. 3apucoBBIBAIOT OCHMILIOrpaMMY HAIpsHKEHUSI HA BBIXOJE M
yoexpaatorcs, uto BBegaeHrne OOC (yMeHbIIIEHUE CONPOTUBIICHUS PE3UCTO-
pa R10) mo3BosisieT 1 B 3TOM CiIy4dae CHATH BO30YXKICHUE.

15. IToBTopstoT 1. 10 gist konaeHcaropa C3 = 0,1 Mx®d.
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KOHmpo./leble eonpocol

1. JI;s1 9ero mpuMEHSIOT 0OpaTHBIE CBS3U?

2. Kakos npunnun aevicteust OOC?

3. KakoBsl nprunnbl Bo3HUKHOBEeHUS [1IOC B yennurensax?

4. Kak I1OC B ycunurene komnencupyetr OOC?

5. Tlouemy c¢ yBenuueHueM KoOd(PPUIIMEHTA YCUTICHUS YCHIUTENs
pacTeT BEPOSITHOCTh €r0 CaMOBO30YKICHHUS?
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