3/IEKTPOHUKA 1.1

IIpakTHuyeckas padora
«PACUET YCUJIUTEJISA HEPEMEHHOI'O TOKA
I'PA®O-AHAJIMTUYECKUM METOAOM»

B npakTtuueckoit paboTe cCTyleHTaM HEOOXOAWMO pacCuMuTaTh
YCHJIMTENBHBIN KacKaJ IePEMEHHOr0 TOKa rpado-aHaTUTHUYECKUM METOJIOM.

[To pe3ynbTaTaM BBINOJIHEHHON MPAKTHYECKONH pabOThl MPOBOJIUTCS €€
pelieH3us MpenojaBaTesieM, JU00 OHa Bo3Bpamlaerca Ha aopaboTky. Ilocie
10pabOTKHU Uil TIOBTOPHOTO PELIEH3UPOBAHUS IPAKTUUECKON PabOTHI B TEKCT
0053aTe€NIbHO BKJIIOYATh (POPMYIMPOBKY JOMOJHUTEIBHBIX HEOOXOIMMBIX
BOIIPOCOB, IIOJIYYEHHBIX I10CIIE€ PELEH3UPOBAHU.

[IpakTnueckass paOoTa BBINOJHAETCS W BBICBUIAETCS HA IPOBEPKY
MPENOJIaBATEII0 B COOTBETCTBUHU € TPa(pKOM U3YUYECHHUSI TUCHUILIIUHBI.

1. BapuaHTbl NPAKTH4YeCKOil padoThI

1. HcxogHsIMU JaHHBIMU Ul BBIIOJIHEHUS IMPAKTUYECKOW paboThI
ABJIIETCSA 3aJaHHBI TUN OMIOJSPHOrO TpaH3ucropa. [ 3amaHHOrO
TPaH3UCTOPA W3 CIPAaBOYHHMKA NPUBOJIUTCA: €ro KpPaTKOE OIMCAaHUE; THUIl
TpaH3ucropa (N-p-n, p-N-p), MOJIHBIN TEPEUCHD MPEICITbHBIX 1 HOMHHAIBHBIX
[1apaMeTpOB, CTaTUYECKUE BXOAHBIE M  BBIXOJHBIE  BOJBT-aMIICPHBIC
XapaKTEPUCTHKH, a TAK)KE KOHCTPYKIUS ero kopmyca [4, 5].

Homep BapuaHTa BbIaeTCS CIydaitHBIM 00pa30oM B JIEKTPOHHOM KYypCE.

2. O01mme MeToANYECKHE YKA3AHUS

2.1. IlpeneabHble pesKUMBbI PA0OTHI TPAH3UCTOPA

B mnmacnopTHBIX MAaHHBIX KaKIOTO TPAaH3UCTOPA YKa3bIBACTCA €ro
IIPEACIIBHO JOIYCTUMAasi MOIIHOCTb PAaCCEUBAaHUs, IIPEBBILICHUE KOTOPOH
HEJOMYCTUMO, T.K. BEAET K TEIUIOBOMY Pa3PYLIEHUIO IOIYNPOBOAHUKOBON
CTPYKTYphl. Bo3bmeM 310 3HaueHue momnoctu P Y, YYUTBIBAsA, YTO OHO

K JIOIT
paBHO
PK JIOTI :UKalch[on’ (1)
Oy/1eM 3a]1aBaTh IMCKPETHBIE 3HavYeHns Hanpsokernst U i U1, U, », U 3 B T.0,

H I KaXKI0TO OTOIr0 3HAUCHHA HAIPSKCHUS BBIYHUCIUM MIPCACIBHO

A0IMYCTUMOC 3HAUYCHHUEC KOJUICKTOPHOT'O TOKA |K J0m .
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OTH0XHUM STH 3HAYCHUS HAMIPSDKEHHUI U TOKOB B OCSIX KOOpAuHAT (puc. 1)
M TOCTPOMM TIO  TOJYYEHHBIM TOYKaM  KpPUBYIO, HAa3bIBAEMYIO
2unepoool 00NYCMUMbIX MOUWHOCMEU.

Ota KpuBas MAETUT BCIO IUIOMIAAL TEPBOTO KBaJIpaHTa CEMEHCTBa
BBIXOJHBIX XapaKTEPUCTUK Ha pabouyio u Hepabouyio obnactu. Ecnu Tenepp
COBMECTHTB 3Ty KPHBYIO C BBIXOJHBIMHU XapPaKTEPUCTUKAMH TPAH3UCTOPA, TO
OYEBHJIHO, YTO JIMHHUS HATPY3KH HE JIOJDKHA BBIXOIUTH 33 MPEebl padoueit
o0racT, YTOOBI HE BEIBECTU TPAH3UCTOP U3 CTPOSL.

Ha puc. 1 3amrpuxoBana pabouas o0JacTb CEMEUCTBA BBIXOIHBIX
XapaKTEPUCTHK TPAH3UCTOPA JIJISI CXEMBI C OOILIIM SMHUTTEPOM.

U

K3 poml u Kd omn2 U K3 0m3 u 3 nond U -

Puc. 1. 'uniep6osia 1OMyCTUMBIX MOITHOCTEH

2.2. Pacuér paGouero pe:kuMa TpaH3uCTOpa

Kax y»xe Obu10 OTMEUYEHO BHIIIIE, B TIOJIABIISIONIEM OOJBITUHCTBE CIIy4acB
TPAH3UCTOpP YCWJIMBAET CUTHAJIbl IEPEMEHHOr0 TOKa, T. €. Ha BXO]
TPAH3UCTOPA MOIACTCS Yallle BCEro 3HAKOMEPEMEHHbIN curHai. Ho mockoJibKy
AMUTTEPHBINA p—N-TIepexo]i 00yiaiaeT BEHTWIHHBIMU CBOMCTBAMHU, TO 4epe3
HErO0 MPOUJET TOJBKO IOJIOKUTENIbHAsI MOJIyBOJIHA BXOJIHOIO CHUTHaja, a
oTpuIlaTebHAs TOJyBOJAHA OyJeT WM cpe3aHa WU, CJIeI0BaTeNIbHO,
yCUJIMBAThCs HEe OyeT. st Toro 4To0bl 3TOro He ObLI0, YTOOBI YCHIIUTh BECh
CUTHAaJ, BO BXOJIHYIO IIEITb TPAH3UCTOPA BBOASAT TaK Ha3bIBAEMOE CMeluyeHue.

CMBICT CMEILICHUS SICEH U3 PUC. 2.
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Puc. 2. Cmemenne ycuinBaeMoro CUuruaina

3HAaKONEpEMEHHBI  BXOAHOW curHan U,,  HakiIaJblBaeTcsd Ha

ITIOCTOAHHOC HaIIPs’KCHUC CMCIICHUA ECM TaKHUM o6pa30M, qTo

pesynbTupyomee  HampsbkeHue  Ug,  OCTaeTcss  OJHONOJAPHBIM  H,
CIeAOBaTEIbHO, MOXET OBITh  YCHUJIEHO  TpaH3ucTtopoM. IloaTomy
MPUHIUITHATBHAS CXE€Ma YCUIIUTEIBLHOTO Kackaja B 9TOM CIIydae BBITJISAIUT
Tak, KaK MpeICTaBJICHO Ha puc. 3, a.

HNcTOYHMK HamnpssKeHHsT CMEIICHHWS CO3/1aeT BO BXOAHOW  IIEMU
TPaH3KMCTOPA MOCTOSHHBIN 110 BEJIMYMHE TOK cMelneHus |, . s Toro 4roosl

UCKJIFOYUTH BIMAHUE UCTOYHUKA E_, Ha MCTOYHHUK BXOJHOIO CHIHAJIA, B LIENb
BBOJAMTCS DPa3JCIUTENbHbIM KoHAeHcatop C;, KOTOPbIM MNPOIYCKAET

IIEPEMEHHBIM BXOJHOM CHUTHAJ, HO CO3JaeT Pa3BA3Ky IO IOCTOSHHOU
coCTaBisIrOLIEN. /[ TakoM ke LEenu CIIy’)KUT BBIXOJHOM pa3AeiIMTENbHBIN
KoHJeHCcaTop C,, KOTOpBIA IPOIYCKacT IEPEMEHHYIO COCTaBJIAIONIYIO
BBIXOJJHOT'O HANPSKEHUS U HE MTPOITYCKAET €0 MOCTOSHHYIO COCTABIISIFOLLYIO.

CMeleHre MOKET BBOAMUTHCS KaK IPU IMMOMOIIM OTJIEIBHOTO UCTOYHHKA
E., (puc. 3, a), Tak M C HUCIOIB30BAHHEM JUI1 JTOM ILIENM HCTOYHHKA
KOJIJIEKTOPHOIO NUTaHusg E . OTO MOXHO caenaTh NPH MOMOLIM JEIUTENA

Hanpsokenuss R1 u R2 (puc. 3, 6). Tok |, mporekarmuii 1Mo JETUTEIIO

e
HanpsokeHust R1-R2 mon nelictBuem ucTouHuka muraHus E., co3maer Ha
pesucrope R2 maneHue HanpspkeHUs
Ugro =1,R2, )
KOTOPOE JIOJKHO ObITh PAaBHO TpeOyeMOii BeIMUHMHE HANPSKEHHS CMelleHus E ., .
IIpu pacyete nenuress TOK |, BEIOUPAIOT B HECKOJIBLKO pa3 00JIbIIE TOKA
CMCILICHHUS:

1,=(3...5) lgy,. (3.48)
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Puc. 3. CnocoObI co3qaHus CMEIIEHNS] BXOAHOTO CUTHAIA:

a — BBCACHUECM MCTOYHHUKA ECM ; 6 — (I)I/IKCI/IpOBaHHLIM HAIIPSPKCHUEM

6 — q)HKCI/IpOBaHHI)IM TOKOM
N36pITOYHOE HANpsHKEHNE UCTOUHUKA MTUTaHUS nagaeT Ha pesuctope R1:
I, Rl1=E, —Ug,. (3)
Takoli crmoco® BBeNeHHMA CMELIEHHUS  HA3bIBACTCS  CMeujeHue

DUKCUPOBAHHBIM HANPANCEHUEM.
Hpyro#i cnoco0 BBEIEHUSI CMEIICHUS 3aKJIIOYAeTCs B HUCIOJb30BAHUU

OannactHoro pesuctopa Rg B 0a3oBoil memu Tpansuctopa (puc. 3, g).

Boarom caydae TOK, mporekaromuii mo uenu (+E.; smurrep — 0Oaza
TpaH3ucTopa; Rs; —E, ), 10JKeH OBITh paBEH TOKY CMEILECHHS
E.-Us
Loy =— > (4)
Rs
Orcrona BenuuMHa Ry 107KHA OBITH paBHA
Ec —Us
Rg=—X —0 (5)

ICM
Takol crioco0 Ha3bIBaETCs cMeweHue QUKCUPOBAHHBIM MOKOM.
4
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2.3. JluHaMn4yecKkne XapaKTepUCTHKH TPAH3UCTOPa

XapaKTeprUCTUKHN TPAH3UCTOPA, KOI/Ia B €r0 BHIXOJHYIO LEMb BKIOYAIOT
pazIMyHble BHJbBl HArpy30K, Ha3bIBalOT JIMHAMHUYECKUMHU, a PEXHUMBI,
BO3HUKAIOIINE IIPH ITOM, — OUHAMUYECKUMU PENCUMAMU.

Paccmorpym  pabOTy  TPaH3UCTOPHOIO  YCHJIMTEJIBHOIO  KacKaja,
BKJIFOYEHHOT'O 110 cXeMe ¢ o0muM sMutrepoM (puc. 4). Eciu BXomHON cUrHad
OTCYTCTBYET (U,, =0), JIMHUS HArPy3KH MOXKET OBITh IIOCTPOEHA OIHMCAHHBIM

E
paHee METONOM IO JBYM ToukaM: E. Ha ocm abcumce U | a0 :R—K Ha OCU
K

opAauHar.

CFWT )

Puc. 4. Cxema YCUJIUTCIIBHOI'O KaCKa/la

.+ Ex

Just  Toro 4YTOOBI MCKa)XEHWs YCHUJIMBAeMOIO0 CHUTHajlla  ObLIN
MHUHUMAaJbHBIMU, CMEIIEHUE HAaJ0 BhIOpATh TakK, 4YTOObI HauyajdbHas padbouas
TOYKa (MpU OTCYTCTBMM BXOJHOTO CHUTHajla) pacrmojiaraiach B CEpeIuHe
JMHEWHOTO yJacTKa BXOJIHOW XapaKTepUCTHKH (Touka A Ha puc. 5, 6).

Torna, mpu M3MEHEHMHM BXOJIHOIO CUTHasa, Hamnpsbkenue Ug, Oyner

HU3MCHATBHCA HA BCIUYNHY U63 max ©OT HA4aJIbHOI'O 3HAYCHUS U63 0> BbI3bIBAsA

M3MEeHEeHue 0a30BOro Ha BEIMYUHY OT Ha4aJbHOTI'O 3HaUYeHHA |y, (puc.

I6max
5, 6). KomnekTopHbIii TOK TpU 3TOM OyAE€T H3MEHATHCS OTHOCHUTEIHHO
HA4aJIbHOTO KOJUIEKTOpPHOro ToKa | (pHuc. 5, 6), COOTBETCTBYIOILETO

6azoBoMy TOKY |, , B CTOPOHY YBEJIMYECHHUS U B CTOPOHY YMEHBIIIECHUS Ha

cM?
BEJIMYMHY aMIUIMTYAbl TEPEMEHHOM COCTaBISAIOEH |

HalnpsyKeHUe U

«max - DBPIXOIHOE

pex  HPH O3TOM 6Y)1€T TOXE H3MCHATHBCA OT HA4YaJIbHOI'O

3HaueHus U, ., B OOJNBIIYIO M B MEHBIIYIO CTOPOHY Ha BEJIMYMHY aMILIUTYIbI

CBOEH IEPEMEHHOM cocTaBsromen U, - .
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Puc. 5. /luHaMuueckue XapakTepUCTUKHU TPaH3UCTOpA

OTMGTI/IM, 9TO0 B paCCManHBaeMOﬁ CXCMC YBCIIMYCHHIO BXOJHOI'O CUI'HaJ1a
COOTBCTCTBYCT YBCIIMYCHHC 0a30BOro TOKa, a CJIICAOBATCI/IbHO U KOJUICKTOPHOI'O
TOKa, a BBIXOAHOC HAIIPSKCHUE Uy, . IIPH 3TOM YMCHBIIACTCA. N3 yero CJIICOYCT,

YTO B OTOM CXE€ME€ BXOJAHOEC M BBIXOJAHOE HAIPSHKCHUS HW3MEHSIOTCS
B potuBO(aze. llepemeHHass coCTaBisIONIAs BBIXOJAHOIO  HANPSHKEHUS
IIPOXOJIUT YEPE3 Pa3ACIIUTENbHbIN KOHIEeHCaTop Cy U BBIACIACTCA HA Harpy3Ke

R,
CJICYIOIIETO KAacKaJa YCUIICHUS, a XapaKTep Harpy3KH B OOIIEM CITydae MOXKET
OBITh pa3nm4yHbIM. 1o mepeMeHHOMY TOKY Harpyska yCHINTENBHOIO Kackana R,

B kauectBe Harpyskm MOXCT CIHIYXXUTb H BXOJHOC COIIPOTHUBJICHUC

COCTOUT M3 NapaJlIeNIbHO BKIIIOUSHHBIX CONPOTUBIEHNH R, 1 R, (puc. 5):

Ry =R ©)
R + Ry

6
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da II0 IIOCTOAHHOMY TOKY — TOJIBKO RK. HOBTOMy U JIMHUA HaArpys3kKu IIO

MMOCTOSTHHOW W TIEPEMEHHON COCTABJISIONUM OyIeT MPOXOAUTH MO-Pa3HOMY.
Tax, ecii CONPOTUBIICHNE HAIPY3KH R/ 10 NEPEMEHHOMY TOKY MeHbIe R, —

COIPOTHUBJICHUS 10 TIOCTOSTHHOMY TOKY, TO JIMHHS HArPY3KH OYIET MPOXOIUTh
yepes Ty ke pabouyro TOUKy A, HO IO APYTUM YIIIOM o ;
o' =arctg(R}), @)

CIIeZIOBATENIbHO, JIMHUSA HArPY3KH MOMIET KpyUe.

PaccMoTpeHHbIEe 3aBHCHUMOCTH MOYKHO PAaCIIOIOKUTh Ha OJHOM PHCYHKE
TaKk, 4TO B IEPBOM KBaJpaHTE I[MOMECTHTh BBIXOIHBIC XapPaKTEPHCTHKH
TPaH3UCTOpa C MOCTPOCHHON JMHUEH HArpy3kd, a B TPETbEM KBaJpaHTEC —
BXOJHbIC XapakTepucTuku (puc. 6). Toraa, UCMONB3ysl TOUKH MEPECECUCHUS
JMHUN Harpy3Kd IO MEPEMEHHOMY TOKY C BBIXOJHBIMH XapaKTePUCTUKAMHU
Y BXOJIHbIC  XapaKTePUCTUKA TPAH3UCTOPA, CTPOMM  XapaKTEPUCTHUKY

ynpasnenus | = f(l5) TpaHsucTopa MmO NEpeMEHHOMY TOKY, KOTOpas

Terepb, MPU paboTe ¢ HArpy3KoM, Ha3bIBACTCS OUHAMUUECKOU.

BBIX Max

i 1
|64i|63 l62 161

BBIX MaX

U63w

Puc. 6. Jlunamudeckue XxapakKTepUCTUKH TPaH3UCTOPa
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2.4. Pexxum Kiacca A

Pexum knacca 4 xapakTepusyeTcsl TeM, YTO HayalbHas pabodasi TOUKa,
ompeznensieMas CMEIIEHUEM, HAaXOIUTCA B CEPEIMHE IMHEHHOIO Yy4dacTKa
BXOJHOM XapaKTEPUCTUKH, a CIEA0BATEIBHO U XapAKTEPUCTUKU IIEPENAYH 110

Toky |, = f(l6). AMIUIMTYJla BXOJIHOTO CHTHaJa 371eCh TaKoBa, YTO

cymmapuoe 3Hadenue (U, +Ug, ) HE HMEeT OTPHUATEIbHBIX 3HAUCHHIL, a
1o3ToMy 0a30Bblil TOK i, a CIEJOBATEIbHO U KOJUIEKTOPHBIM TOK i, HUI/E
HE CHIDKAIOTCS 10 HyJs (puc. 7).

A
IK

1 Iapix max

C DA
D .

U63V

Puc. 7. Ycunenue B pexxume kiacca A

Tok B BBIXOJHOW WEMH NMPOTEKAET B TEUEHHE BCErO MEPUOAA, & YIroJ

orceukn O pasen 180°. Tpamszucrop paGoTaeT B AKTHBHOM PEXHME Ha
OJIM3KUX K JIMHEWHBIM YYacTKaxX XapaKTePUCTUK, IO3TOMY HCKaKEHUS
YCWJIMBAEMOI'0 CHUTHaJIa 34eCh MUHUMaIbHbl. OpHAako u3-3a OONIBIIOTO
3HAaYEHMs HAyanbHOIO KoJuleKTopHoro toka | KIIJ Taxoro ycumurens

HU3KUHU (TeopeTnuecku He Ooinee 25 %, a peanbHbIE 3HAYEHUS U TOTO HUXKE),
MOATOMY TaKOM PEXUM TMPUMEHSIOT B  MAJOMOIIHBIX  KackKajax
MIPEABAPHUTEIILHOTO YCHIICHHUS.
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