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Pa60Ta 3.4. 1f13YlJeHMe pa60Tbi TpaH3MCTopHoro yCMnMTenJi.
 
IJ,em. pa60ThI: IbY4liTb pa3JIHqHbIC PClKliMbI pa60TbI TpaH3HcTopHoro yCHJIliTCJIlI, OCBOliTb 

6a30BblC HaBblKH TCXHOJIOrHH National Instrumcnts aBTOMaTH3al.\Iili tPH3H4CCKOro 

3KcnCpHMCHTa. 

06oPYlloBaHHe: MOHTalKHall nnaTa C c06paHHbIM TpaH3HcTopHblM YCHJIHTeJICM Ha 6a3c 

TpaH3HCTopa KT315; KOMnJICKC aBTOMaTH3al.\HH H3MCPCHliH NI Elvis; KOMnbIOTCp, 3BYKOBbIC 

KonOHKIi. 

PHC. 1. KOMnJIeKC aBTOMaTH3al.\HH H3MepeHHH Nt Elvis 

HeMHoao ucmopuu 
llCPBblC naTCHTbI Ha npHHIJ,Hn pa60TbI TPaH3liCTOpOB 6bInii 3apcrHCTPHpOBaHbI B 

[cpMaHHH 1928 Ha HMlI IOJIHH 31\rap JIHnHcHtPCJII\. B 1934 HCMCI.\KHH tPH3HK OCKap XCHn 

3anaTCHTOBan nOJICBOH TPaH3liCTop. B 1947 YHnbllM IllOJuIH, ,[(lKOH Eapl\HH H YOJITCp 

EpaTTCHH B JIa60paTOpHjlx Bcll Labs BncpBblc C031\aJIH I\CHCTBYIOIl.\HH 6Hnon.pHblH 

TpaH3HcTOp, npOI\CMoHcTPHpoBaHHbIH 16 I\cKa6pll. 23 I\cKa6pjl COCTOlIJlOCb OtPHIJ,HaJIbHOC 

npcl\CTaBnCHHc H306pCTCHlijl H HMCHHO 3TOT I\CHb CQHTaCTClI I\HCM OTKpbITHlI TPaH3HCTopa. B 

1956 roIlY OHH 6bIJIH HarpalK,LlcHbI H06cncBcKoil npcMHcH no tPH3HKC «3a HCCJICI\OBaHHlI 

nOJIynpOBOI\HHKOB H OTKpbITHC TPaH3liCTOpHoro 3tPtPcKTa». ll031\HCC TPaH3HCTOpW 3aMCHHnlt 

BaKyyMHblc JIaMnbI B 60JIbWHHCTBC 3J1CKTPOHHbIX yCTPOHCTB, CBCpWHB PCBOJIIOIJ,HIO B C03l\aHHH 

HHTCrpaJIbHbIX CXCM H KOMnblOTcpoB. 

Bcll HYlK,L\amICb B Ha3BaHHH yCTpOHCTBa. llpcl\JIaranHCb Ha3BaHHlI 

«nOJIynpOBOI\HliKOBbIH TPHOI\» (scmiconductor triodc), «TBCpI\OTCnbHbIH TPHOI\» (solid triodc), 

«TpHOI\ Ha nOBcpxHOCTHbIX COCTOlIHlillX» (surfacc statcs triodc), «KpHCTaJIJIH4CCKHH TPHOI\» 

(crystal triodc) H «Iotatron», HO cnOBO <<TpaH3HcTOp» (transistor), npCI\JIOlKCHHOC ,[(lKOHOM 

rlHpCOM (John R. Picrcc), n06cI\HJIO BO BHyTpCHHCM rOJIOCOBaHHH. 

nCpBOHa4aJIbHO Ha3BaHliC (<TpaH3HcTop» OTHOCHnOCb K pC3HcTopaM, ynpaBJIjlCMblM 

HanplllKcHHCM. rlOCKOJIbKy TPaH3liCTOP MOlKHO npcl\CTaBHTb KaK HCKOC conpOTHBJlCHHC, 

pcrynlipycMoc Hanp.lKcHHCM Ha OI\HOM 3JICKTPOl\C (B 6HnonllpHbIx TpaH3HcTopax ­

HanplllKCHHCM Ha 6a3c HJIIi TOKOM 6a3bl). 

KpamKaR meOpUR. 
TpaH3HCTOp - nOJIynpoBolIHHKOBbIH npH60p C IIByMlI p-n ncpCXOllaMH, JIClKall\HH B 

OCHOBC JII060H COBpCMCHHOH paI\HOTeXHHKH. MOlKHO BbII\CJIHTb I\Ba npHHI.\HnHaJIbHO 

pa3nH4HblX KJIaCCOB YCTPOHCTB, B KOTOpblX Hcnonb3YlOTCjI TPaH3HCTOPbI. rlCPBbIH Knacc - 3TO 

I.\HtPPOBbIC yCTpOHCTBa (HanpHMCp, npOI.\CCCOpbI KOMnbIOTcpOB), B KOTOPbIX 06pa6aTbIBaCMbIC 

HanpjllKCHHC npHHHMaTb OI\HO H3 I\BYX CTpOro onpCI\CJICHHbIX 3Ha4CHHH, OI\HO H3 KOTOpbIX 

ycnoBHo npHH1ITO C4HTaTb I.\HtPPOH «0», I\pyroc - I.\HtPPOH «I». ;ZWyroH KJIaCC - 3TO 

aHanoroBblc YCTPOHCTBa, B KOTOpbIX TpaH3HCTOpHOH CXCMC npHXOI\HTCjI npc06pa30BbIBaTb 

JII060C HanpjllKCHHC B npcl\cnax 3a1\aHHoro I\Hana30Ha. rlpHMCpOM TaKoro yCTPOHCTBa 

jlRJIlIlOTCjI yCHnHTCJIH, BXOl\jlll\HC B JII06ylO aYI\HOannaparypy, B TOM 4HCJIC MP3 nJICCpbI. OT 

Ka4CCTBa HX pa60TbI 3aBHCHT Ka4CCTBO 3BYKa, KOTOpbIH Bw CJIywacTc. B l\aHHOH pa60Te BbI 

n03HaKOMHTeCb C pa60ToH TaKoro aHanoroBoro YCHnHTCJIjI H BbIlICHHTC, KaKHc PClKHMbl cro 

pa60TbI n03BOJIlIIOT Hal\CjlTbClI nOJIyqHTb KaqCCTRCHHbIH 3ByK H nOqCMY MOryT nOllBHTbCjI 

HCKalKCHHlI. 

B 3aBHCHMOCTH OT «HanpaBJICHlijl» BKJII04CHlijl p-n ncpcXOI\OB CYIl.\CCTBYIOT I\Ba THna 

TPaH3HCTOpOB: n-p-n H p-n-p. KOHTaKTbl, nOI\COCIIHHCHHbIC K COOTBCTCTBYIOIl.\HM 06JIaCTjlM 

TpaH3HCTopa, Ha3bIBalOTCjI <<3MHTTCp», «6a3a» H «KOJIJICKTOp». Ha3BaHHlI COOTBCTCTBylOT 

Ha3HaQCHHIO KalK,L\OH 06JIaCTH: 3MHTTCp licnyCKaCT (no-aHrJIHHCKK to cmit) HOCHTCJIH ToKa 

(3JICKTPOHbI, CCJIH 06JIaCTb n-THna HnH I\blpKH, ccnH 06JIaCTb p-THna), KOJIJICKTOp HX c06HpacT 

(no-aHrJIHHcKH: to collcct). Ha3Ha4cHHc 6a3bI - ynpaBAATb np0l.\cccOM npOXOlK,L\CHHlI 

HOCHTenCH 4CPC3 TpaH3HCTOp. 
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Ba~mo! B HarneH pa60Te Mbl 6YlleM HCnOJIb30BaTi. TpaH3HCTOp n-p-n THna H 

ljIopMyJIHpOBaTb npaBHJIa pa60ThI IIJIK nero. B CJIy4ac HCnOJIb30BaHHjI TPaH3HCTopa p-n-p 
nma COl\cplKaHHC npaBHJI HylKHO nOMCHlITb Ha npOTHBOnOJIOlKHOC HM. 

HCnOJIb3yeMhIe 0603na4eHHK. MbI 6Yl\CM 0603Ha4aTb, KaK 3TO Ii npHHlITo B paI\HOTCXHHKC, 

TOK 6yKBOH I, HanplllKcHHC 6yKBOH U. HHI\CKC Y 6yKBbl 0603Ha4acT T04KY, 4CpC3 KOTOpylO 

npoXOI\HT TOK: h - TOK 4CpC3 3MHTTCp, /r; - TOK 4CpC3 6a3Y, I K - TOK 4CpC3 KonncKTop. 

,[(BOHHOH HHI\CKC Y 6yKBbl U 03Ha4aCT HanplllKcHHC MClKl\Y COOTBCTCTBYIOll\HMH T04KaMH, 

HanpHMcp, Un - HanplllKCHHC MClK,L\y BbIBOl\aMH KOJIJICKTOpa H 3MHTTcpa. ECJIH y 6YKBbI U 
CTOHT TOJlbKO OI\HH HHI\CKC, TO OH 0603Ha4acT HanplllKcHHC Ha COOTBCTCTBYIOll\CM BbIBOI\C no 

OTHOWCHHIO K T04KC B CXCMC, nOTCHIJ,HaJI KOTOpoil npHHlIT paBHoH HyJIIO. TaKajl T04Ka 

Ha3bIBaCTClI «3CMJlCH» H 0603Ha4acTclI Ha CXCMax CHMBonOM 1. . 
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Ha3Ha'lCHHC TPaH3HCTOpHOrO yCHJIHTeJIJI - 3a C'IeT 3HCprHH, nOJIY'mcMoii OT HCTO'IHHKa 

nHTaHHJI, yBCJIH'IHBaTb (YCHJlHBaTb) HanpJllKCHHC Ha BXOI\C CXCMbI B 3al\aHHOC '1HCJIO pa3. AJIJI 

TOrO, '1T06bI yCHJIHTCJIb HC BHOCHJI HCKalKCHHii, HC06XOI\HMO, '1T06bI OH YI\OBJICTBOPJlJI 

npOCTOMY TPC60BaHHIO: JII060C 3Ha'lCHHC BXOI\HOro HanpJllKCHHJI B npCI\CJIaX 3al\aHHOrO 

I\HanaJOHa 1\0JIlKHO YCHJIHBaTbCJI B OI\HO H TO lKC '{HCJIO pa3. HHbIMH CJIOBaMH, BbIXOi\HOC 

HanplllKCHHC KaK ljJYHKl.\HJ1 BpCMCHH 1\0JIlKHO 6bITb 1101\06HO BXOi\HOMY HanpJllKCHHIO, rl\c 

K03ljJljJHI1HCHT nOl\06HJI HaJblBaCTCJI K03lj1lj1HI\HeHToM yCHJIeHHH TpSH3HcTopHoro 

yCHJIHTeJIH. ECJIH yCHJIHTCJIb YI\OBJICTBOPJlCT 3TOMY npaBHJIY, TO rOBOpJlT, 'ITO OH pa60TaCT B 

JIHHeiiHOM pelKHMe. 

fIpHHl\HnbI ljJYHKI1HOHHpOBaHHJI TpaH3HcTopHoro yCHnHTeJIJI O'lCHb npocTbI. 

TpaH3HCTOp MOlKHO npCI\CTaBHTb cc6c B BHi\C yCTPoiiCTBa C I\BYMJI Bxol\aMH H I\BYMJI BbIXOl\aMH 

(HC C'IHTaJl BXOI\OB nHTaHHJI). CHrHan Ha BbIXOI\C 1\0JIlKCH 6bITb B k paJ 60JIblllC CHrHaJIa Ha 

BXOI\C, BCnH'IHHa k Ha3bIBaCTCJI K03ljJljJHl1HCHTOM yCHncHHJI TpaH3HCTopHoro YCHJlHTCJIJI. 8 
Ka'lCCTBC «cHrHana» B Halllcii pa60re Mbi 6Yl\CM HCnOJIb30BaTb HanpJllKCHHC, H3MCHJlIOII\CCCJI C 

TC'ICHHCM BpCMCHH. 

~HaJI Ha BbIXOI\C IlC~~~ 

O'lCHb BalKHO, '1T06bI yCHJIHTCnb HC HCKa3HJI ljJOpMy CHrHaJIa. PelKHM, B KOTOpOM ljIOpMS
 

CHrH3JI3 He HCK3lKseTCH, H33b1B3eTCH JIHHeiiHblM pelKHMOM p360TbI yCHJIHTeJIH. fIO'lCMy
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HanpJllKCHHC Ha BXOI\C 

8 3TOM HHTCpBaJIC 

MCHJlCTCJI C TC'ICHHCM 

BpCMCHH BXOi\HOC 

HanpJllKCHHC 
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JIHHCiiHbIM? ACJIO B TOM, 'ITO TonbKO JIHHCiiHaJl ljJYHKI1HJI (B '1aCTHOM CJIy'lac - npJlMaJl 

npOnOpI1HOHaJIbHOCTb) 06CCnC'IHBaCT coxpaHCHHC ljJOPMbI CHrHaJIa. npOHJIJIIOCTPHpyCM 

CKa3aHHOC CJICI\YIOII\HM pHCyHKOM. fIYCTb Y Hac HanpJllKCHHC Ha BXOI\C MCHJlCTCJI C TC'ICHHCM 

BpCMCHH no CHHYCOHl\aJIbHOMY 3aKoHy. ECJIH cro npc06pa3ycT JIHHCiiHaJl ljJYHKI\HJI, TO 

BblXOI\HOC HanpJllKCHHC TOlKC 6Yl\CT MCHJlTbCJI no CHHYCOHi\aJIbHOMY 3aKoHy, cro aMnnlIT)'l\a B k 
paJ 60JIblllC aMnJIHTYl\bI BXOI\HOro cHnyca. qHCTO MaTC~IaTH'ICCKH BCJIH'IHHa k onpCI\CnJlCTCJI 

HaKJIOHOM npJlMoii, ljJH3H'ICCKH - TCM, KaK c06paHa cXCMa yCHJIHTeJlJl. 

K cOlKancHHIO, TpaH3HCTOp MOlKCT 06CCnC'IHTb nHHciiHOCTb npc06pa30BaHHJI TOJIbKO 

I\JlJI HCKOTOpOro I\HanaJOHa HanpJllKCHHii. AciicTBHTCJIbHO, npH npHJIOlKCHHH K p-n ncpCXOI\Y 

npJlMoro (TaK, '1T06bI OH 6blJI ncpcxol\ 6bIJI OTKpbIT) HanpJllKCHHJI, Mbl nOJIy'lHM TOK, KOTOpbIii 

06CCnC'IHBaCTCJI HOCHTCJIJlMH 3apJll\a - 3JICKTpOHaMH H I\blpKaMH. fIpH yBCJIH'ICHHH 

npHJIOlKCHHOro HanpJllKCHHJI TOK B03pacTacT, HO JIHIIIb 1\0 Toii nOpbl, nOKa BCC HMCIOII\HCCJI 

I\bIpKH H 3JICKTJlOHbI HC npHiii\yT B I\BHlKCHHC. nOCJIC 3TOro yBCJIH'ICHHC HanpJllKCHHJI HC 
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HeJlllHeHHaH iPYHKl(l!j( 

(c 1I3J10MOM) 

s------r-------­
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.j. 

npllBei\eT K YBeJlll'leHlIlO TOKa: HOBbIM HOClITeJlHM 3apjli\a npocTo HeoTKYi\a B3j1TbCH. MOi\eJlb 

TaKoH 3aBlIClIMOCTlI TOKa OT npllJlOlKeHHOro HanpHlKeHlIH paccMarpllBaeTcH Ha cJlei\YIOII\eM 

pllcyHKe. 

Hanp~lKeHlIe Ha Bblxoi\e 

uh 

- -

} 
----------­
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B 3TOM lIHTepB3J1e 

MeH~eTCH C 
J :c>,--"",:~._ ___ Te'leHlIeM BpeMeHlI 

BbIXOi\HOe 

HanpHlKeHlIe 

HanpHlKeHlIe Ha BXOi\e 

B 3TOM lIHTepBaJle
 

MeHjleTCH C Te'leHlIeM
 

BpeMeHlI BXOi\HOe
 

HanpjllKeHlIe
 

/ 
/ 

,. 

, 
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PaCCMorpllM, 'lTO npo1l3oil!1eT, eCJllI BXOi\HOH ClIrHaJl Bblil!1eT 3a 06J1aCTb JllIHeHHocTlI. 

Ha pllcyHKe BepXHjI~ 'laCTb BXOi\HOro clIHyca nonaJla Ha 1I3J10M iPyHKl(lIl1. B pe3YJlbTare 

BbIXOi\HOH ClIHYC nOJlY'lllJlCH lICKalKeHHblM. npo TaKylO clIryal(lIlO roBOP~T, 'lTO B03HlIKJlO 

OrpaHlI'leHlIe ClIrH3J1a. 

MOlKHo JIll 60pOTbCH C TaKlIMlI lICKalKeHlI~MlI? B npllBei\eHHOM npllMepe - MOlKHO. 

06paTlIM BHlIMaHlIe Ha TO, 'lTO eCJllI CMeCTlITb BeCb BXOi\HOH ClIHyC Bi\OJlb KOOpi\lIHaTHOH OClI 

BJleBO, TO OH nOnai\eT B 06J1aCTb JllIHeHHOCTlI (CM. CJlei\YIOII\lIH pllCyHOK). 
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HanpHlKeHlIe Ha BXOi\e:\,J, 
TaK CT3J10 nocJle 

CMeIl\eHlIH. BXOi\HOH 

ClIrHaJl onHTb nonaJl B 

06J1aCTb JllIHeHHOcTlI 

, TaK 6blJlO paHblIIe. 

BbIXOi\HOH ClIrH3J1,, 
OrpaHlI'leH, 

I 'I". 

I~\ 

nOCKOJlbKY p-n nepeXOi\ B o6paTHylO CTOpOHY TOK He nponYCKaeT, TO iPYHKl(lI~ 3aBlIClIMOCTlI 

TOKa OT Hanp~lKeHlI~ B HlIlKHeH 'laCTlI TOlKe lICnblTblBaeT 1I3J10M, n03TOMY, eCJllI 6b1 MbI 

CMeCTlIJllI BXOi\HOH ClIrHaJl CJllIlliKOM i\aJleKO, TO O~Tb B03HlIKJlO 6bl orpaHlI'leHlIe clIHyca, 

TOJlbKO YlKe C i\pyroH CTOpOHb!. 3Ha'lllT, JlY'llIIe Bcero 6Yi\eT, eCJllI BXOi\HOH ClIHyC 

paCnOJlOlKlITCjI TaK, 'lTO ero HOJlb nOn3i\eT TO'lHO B Cepei\lIHY 06J13CTlI JllIHeHHOCTlI. 3TO 

i\OcTlIraeTCjI nOi\a'leH Ha BXOi\ cooTBeTcTBYIOII\erO nOCTO~HHoro HanpHlKeHl!j(. npol(ei\ypa 

yCTaHoBKlI TaKoro HanpjllKeHlIH Ha3blBaeTCH BbIliOPOM PAliO'lEH TO'lKII. 
PaccMorpllM cxeMy YClIJllITeJlH, lIcnoJlb3yeMylO B i\aHHOH pa6OTe. B HeH BXOi\HOH 

ClIrHaJl (HanpHlKeHlIe) nOi\aeTCjI Ha 6a3y rpaH311CTOpa 'lepe3 6330BbIH pe311CTOp R6 . nOCTO~HHoe 

HanpjllKeHlIe MOlKHO MeHjlTb, BpaIl\aH py'lKy nOTeHl(1I0Merpa 1IJ111 I1\eJlKaH «MbIWKOH» 

paCnOJlOlKeHHblH nOi\ HlIM l(lIiPPOBOH lIHi\lIKaTOp (II TO II TO BbI3bIBaeT Oi\lIHaKOBOe i\eHCTBlIe ­

nOJlb3yHTecb, 'leM Yi\06Hee). B Tex cJlY'lajlx, KOri\a nOHai\0611TC~ lICnOJlb30BaTb i\pyroH 

BXOi\HOH ClIrHaJl, ero MOlKHO 6Yi\eT nOi\KJlIO'lllTb nOCJlei\OBaTeJlbHO C 3TlIM nOCTOHHHblM 

HanpHlKeHlIeM. EII\e pa3 06paTlIM BHlIMaHlIe, 'lTO BbipalKeHlIe «nOi\aeM HanpjllKeHlIe Ha... » 
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03Ha'iaeT, 'ITO Hanp~lKeHHe nOl\aeTC~ OTHOCHTenbHO «3eMnH». Bce «3eMnH» Ha peanbHoll CXeMe 

·8 

B 

COel\HHeHbl npOBOI\HHKOM, 

HanpHMep, (<3eMn~» BXOI\HOrO CHrHana H «3eMn~» 3MHTTepa. 

Bblxol\Holl CHrHan CHHMaeTC~ C KOnneKTOpa TpaH3HCTOpa (Ha Hawell CXeMe K 3Toll 

TO'lKe nOI\COel\HHeH BOnbTMeTp, CHHMalOlI\Hll Hanp~lKeHHe UK)' BTopoll KOHTaKT BOnbTMeTpa 

nOI\KnIO'IeH K «3eMne» H '1epe3 Hee C006lI\aeTC~ C 3MHTI'epOM TpaH3HCTOpa. TaKHM 06pa30M, 

3MHTTep B Hawell CXeMe nOI\KnlO'IeH '1epe3 «3eMnlO» H K BXOI\HOMY H BblXOI\HOMY CHrHany. 

TaKa~ cxeMa TpaH3HCTOpHOrO YCHnHTen~ Ha3b1BaeTCJI cxeMoii C 0611\HM 3MHTTepOM, 3TO CaMa~ 

pacnpOCTpaHeHHa~CXeMa TpaH3HCTOpHOrO YCHnHTen~. 

I1paBHnbHblll Bhl60p pa6o'leii TO'lKH COCTOHT B TOM, '1T06bl Hanp~lKeHHe Ha 

KOnneKTOpe 6bJnO paBHO I10JIOBHHE HAI1P.H)l(EHJU! I1I1TAHYUI, B 3TOM cnY'Iae BblXOI\HOll 

CHrHan He HCKa3HTC~, ecnH em aMnnHryl\a 6YI\eT 1\0CTHraTb Y:z Hanp~lKeHH~ nHTaHH~. CaMO 

HanpJllKeHHe nllTaHHe YCTaHaBnllBaeTCJI C nOMOlI\blO BToporo nOTeHQIIOMeTpa. TaKHM 06p330M, 

BhI MO)I(ETE YnPABJl.HTh PAEOTOH. TPAH3l1CTOPHOrO YCI1JII1TEJl.H, 

PEryJII1PYIO HAnPjJ)I(EHl1E I1I1TAHYUI I1 HAnP.H)I{EHl1E HA EA3E. 

113MeHeHHe C nOMOlI\blO perynHpOBOK Hanp~lKeHH~ MelKllY 3neKTpOl\aMH TpaH3HCTopa 

(6a3a-3MHTTep H 6a3a-KonneKTOp) npHBOI\HT K TOMY, 'ITO COOTBeTCTBYIOlI\He p-n nepeXOl\bl 

MOryT 6bITb OTKpblTbl IInH 3aKpblTbl (nponycKaTb HnH He nponYCKaTb TOK). p-n nepeXOI\ 

OTKpbIT, ecnH K 06naCTH p npHnOlKeH nOTeHQHan 60nbwHll, '1eM K 06naCTH n. B 3aBHCHMOCTH OT 

Toro, KaKoll H3 I\BYX nepeXOI\OB TpaH3HCTopa OTKpbIT, a KaKoll 3aKpblT, Bbll\en~1OT TpH 

OCHOBHblX pelKHMa pa60Tbl TpaH3HCTOpa. 

1. JIHHeiiHblH pelKHM. 

B 3TOM pelKHMe Hanp~lKeHH~ nOl\6HpalOTCJI 

TaKHM 06pa30M, 'ITO nepeXOI\ «6a3a­

3MHTTeP» OKa3b1BaeTC~ OTKpbITbIM, a 

nepexOI\ «633a-KonneKTOp» - 3aKpblTblM. B 

TaKoM pelKHMe He60nbwOH TOK 6a3bJ 

ynpaBn~eT 60nbwHM TOKOM KonneKTopa: 

h={Jh, /3»1, 'ITO npHBOI\HT K OCHOBHOMy 

CBOHCTBy TpaH3HCTopa YCllnllBaTb 

CHrHanbl. I10MHMO nOJl~pHOCTH 

npHnOlKeHHoro HanpJllKeHH~ He06xol\IIMO 

Cnel\HTb 3a Bbl60pOM pa60'leH TO'lKH C TeM, '1T06bl nOl\aBaeMoe Ha BXOI\ (TO eCTb MelK!1Y 633011 

H 3MHTTepoM) YlKe H3MeHJIIOlI\eeC~ Hanp~lKeHHe CHrHana, nOl\nelKalI\ero yCHneHHIO, He 

nepeKnlO'IHJlO COOTBeTCTBYIOlI\HH nepeXOI\ 

B «HenpaBHJlbHoe» HanpaBneHHe. 

~I@~~~ 

2. Pe>KHM OTCe'lKH. 

ECJlH 3aKpblT He TOJlbKO nepeXOI\ 

633a-KOnJleKTOp, HO H 633a-3MHTTep~:E5E?~~~ 
(KOTopblll 1\0nlKeH 6blTb OTKpblT B 

JlHHeliHoM pelKHMe), TO TpaH3HCTOp HaXOI\HTC~ B pe>KHMe OTCe'lKH. TOK '1epe3 Hero 

npaKTH'IeCKH He Hl\eT, H cxeMa Hecnoc06Ha yCHnHBaTb CHrHan. Bo BpeM~ BbmonHeHH~pa60Tbl 

BbI CP33Y noliMeTe, KOrl\a TpaH3HCTOp OKa3anc~ B pelKHMe OTCe'lKH no TOMy, 'ITO npOnal\eT 

Bblxol\Holl CHrHan, HanpHMep, HC'Ie3HeT 3ByK H3 nOI\COel\HHeHHblx K YCHJlHTenlO KonOHOK. 

3. Pe>KHM HaChlHleHHH. 

EcnH, Ha060poT, 06a nepexol\a 

OK33aJlHCb OTKpblTbIMH, TO TpaH3HCTOp 

OK33anCJI B pelKHMe HaCblll\eHHH. B 3TOM 

pelKHMe Bce CB060l\Hble HOCHTenH 3ap~l\a 

(l\blPKH H 3neKTpOHbl), 1jl0pMHpylOlI\He TOKE::~@~~ 
B 06naCTH «633a-KonneKTOp», YlKe 

«3al\eHCTBOBaHbI», a 3Ha'lHT, ecnH BXOI\HOH 

CHrHan yBenH'IHTCJI, TO Bblxol\Holl YlKe He 

CMOlKeT - I\nJl 3Toro npOCTO He 6Yl\eT 

«I\OnOnHHTenbHbIX» HOCHTeneH TOKa. 

Bce CK33aHHoe HJlnlOcTpHpYIOT BhlXOI\Hhle BOJlbT-aMHepHhle xapaKTepHcTHKH 

TpaH3HcTopa - 3aBHCHMOCTH KOJlJleKTOpHoro TOKa OT HanpJllKeHHJI Ha KonneKTOpe npH 

p33nH'IHbIX BeJlH'IHHaX TOKOB 633bJ. I1onY'l3lOTc~ OHH TaK. 3311aeTc~ HeKoTopblll TOK '1epe3 

6a3Y, a Hanp~lKeHHe Ha KOJlneKTOpe MeH~eTC~ OT Hyn~ 1\0 HeKoero 3Ha'leHHlI. I1onY'laeTC~ 

JlHHHlI, nOKa3aHHa~ Ha rpaljlHKe. Tenepb HeMHoro H3MeHHM TOK 6a3b1, HanpHMep, yBenH'IHB ero. 

HOBOMy 3Ha'leHHIO TOKa 6a3bl cooTBeTcTByeT I\Pyra~ KpHBa~ Ha rpaljlHKe. pacnonolKeHHa~ 

~., ~~. ~ ~ _.~ .~Bblwe neoBoH. YBenH'IHB elI\e TOK 6 .. ...... _.. - ...... . ....... .. ... ........ 

I k, MA 0.06 

0054 
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Tenepb BcnOMHHM, KaK pa60TaeT YCHnHTenb: H3MeHeHHe TQKa '1epe3 633y 1\0nlKHO npHBOI\HTb K 

H3MeHeHHIO TOKa '1epe3 KonneKTOp: Jr{Jh. 113MeH~~ TOK 6a3bl, Mbl KaK 6bl nepeXOI\HM C 

ol\Holl KpHBOH Ha rpaljlHKe Ha I\PyrylO, Bel\b KalKl1a~ H3 HHX nOCTpoeHa I\n~ onpel\eneHHOro 

TOKa 633bJ. KaK H3MeH~eTC~ KOJlneKTOpHoe Hanp~lKeHHe? 113MeHeHHe TOKa 633bl Is npHBOI\HT K 

H3MeHeHHIO KonneKTopHom TOKa IK. JJ:Jl~ 3al\aHHOH BenH'IHHbl HanpJllKeHH~ nHTaHH~ U nHT 

KOJlneKTOpHoe HanpJllKeHHe paBHO pa3HOCTH HanpJllKeHH~ nHTaHH~ H Hanp~lKeHHJI, n3l1alOlI\em 

Ha KOJlJleKTOpHOM pe3HCTope: UK=UnHT - R.JK . 3TO ypaBHeHHe MOlKHO 3anHcaTb «Ha060poT»: 

KaK 3aBHCHMOCTb KOJlneKTOpHoro TOKa OT Hanp~lKeHHlI Ha KonneKTope: .JK = (UnHT - UK)/R. 3TO 

- ypaBHeHHe np~MOH, KOTopa~ HapHCOBaHa Ha rpaljlHKe BblXOI\HblX xapaKTepHCTHK CHHHM 
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QBeTOM. Mellil~ TOK KOJlJleKTOpa (OH, HanOMHIIM, ynpaBJI~eTCJI TOKOM 6a3bI), MbI MeHJleM 

BeJlllqllH)' KOJlJleKTOpHOrO Hanp~lKeHlIJi. B KaKIfX npe.!leJlax? ECJllI KOJlJleKTOpHbIM TOK paBeH 

HyJlIO, TOK qepe3 KOJlJleKTOp, a CJle.!lOBaTeJlbHO, II KOJlJleKTOpHblM pe311CTOp He TeqeT, TOr.!la 

Hanp~lKeHlle Ha KOJlJleKTOpe paBHO HanpJllKeHll10 nliTaHlliI (TOqKa E Ha rpaljlIlKe). Ho nOqCMY 

HeT TOKa 'Iepe3 TpaH3I1CTOp? fiOTOMy 'ITO 06a p-n - nepeXO.!la OKa3aJlllCb 3aKpblTbI, TO eCTb 

TpaH311CTOp OKa3aJlC~ B pelKliMe OTCeqKH (KpaCHa~ 06J1aCTb Ha rpaljlHKe). Ha060pOT, MOlKHO 

C.!IeJlaTb KOJlJleKTOpHbIM TOK MaKCIIMaJlbHbIM (OH .!IJlJI 3a.L1aHHoro Hanp~lKeHlI~ nliTaHlI~ 

orpaHlIqllBaeTCJI BeJlH'IliHOM KOJlJlCKTOpHOro PC311CTopa), Tor.!la BCe HanpJllKeHlle yna.LIeT Ha 

pe311CTOpe, nOTeHQlIan KOJlJleKTOpa 6Y.!lCT He ClIJlbHO OTJlHqaTbCJI OT nOTeHQllana «3CMJllI». 3TO 

B n-p-n TpaH311CTOpC npllBO.!lllT K OTKpblTlilO KOJlJlCKTOpHOro nepcxo.!la, TpaH311CTOp OKa3aJlCJI B 

pelKliMe nacbIII\ellllH (ClIH~~ 06J1aCTb Ha rpaljlIlKe). 

IK	 Muo:JIMomJIl) 

U1 

BalKHO, 'IT06bI B npoQecce pa60TbI TpaH311CTOp He nonan B TaKlie pelKlIMbI. }:\JIJI 3TOro 

BbI6epeM pa60'IylO TOqKY Tat<, KaK 3TO npC.!IJlaraJlOCb paHee: qT06bI HanpJllKeHlIe Ha KOJlJleKTOpe 

paBHJlJlOCb nOJlOBliHe HanpJllKeHlliI nliTaHIIJI. Ha pllcyHKe 3TO COOTBeTcTBycT TOqKC 8. 
Yl3MeHeHIIJI TOKa 6a3bl (rpaljlllK cnpaBa OT OCHOBHoro rpaljlllKa) qepe3 1I3MCHeHlIe 

KOJlJICKTOpHoro TOKa np"BO.!\JIT K 113MeHCHllIO HanpJllKeHIIJI Ha KOJlJleKTOpe (rpaljlllK CH1I3Y OT 

OCHOBHOro rpaljlllKa). CYlUeCTBeHHO 3.!1eCb TO, 'ITO B HCKOTOpOM 06J1aCTII (YCJlOBHO roBOpJl, 

MClK.!\Y TO'IKaMII A II C Ha rpaljlllKe) BbIXO.!lHble XapaKTepliCTlIKlI TpaH311CTOpa HaXO.!lJlTCJI Ha 

paBHOM paCCTOJlHlIlI .!Ipyr OT .!Ipyra, CCJlII COOTBeTcTBylOlUliC 11M TOKli 6a3bI OTJlllqalOTCJI Ha 

O.!lH)' II TY lKe BeJlII'lIlHy. YlHbIMli CJlOBaMII, YBeJlIl'IeHlle 6a30Boro TOKa Ha KaKylO-To BeJlllqllH)' 

nplIBO.!lllT K TaKoMy lKe (c TO'lHOCTblO .!IO 3HaKa) 1I3MeHCHllIO KOJlJleKTOpHoro HanpJllKeHlIJI, 'ITO 

II YMCHbllIeHlle 6a30Boro TOKa Ha TY lKC BeJlll'IIIHy. 3TO - JlHHeiiHbIii pelKHM pa60TbI 

TpaH311cTopa (3CJleHaJi 06J1aCTb Ha pIICYHKe). 

C.!IBllr pa60'IeM TOqKII B 06J1aCTb A 1IJ111 C Ha rpaljJliKC nplIBe.!leT K TOMY, 'ITO 

J1HHeMHOCTb HapyllilITCJI, II KOJlJleKTOpHoe HanpJllKeHlIe 6Y.!leT lICKalKeHO. 

,l:\pyroM BalKHOM xapaKTcpllCTliKOM TpaH311cTopHOro YClIJlIITCJlJI JlBJlJlCTCJI ero BXO.!lHaH 

xapaKTepHCTHKa - 3aBIICliMOCTb TOKa 6a3bI OT HanpJllKCHIIJI Ha 6a3e. ECJlII 3Ta xapaKTcpliCTIIKa 

J1I1HeMHa, TO MOlKHO roBOPllTb 0 BXO.!lHOM conpOTIIBJlCHlI1I KaCKa.LIa - OTHOllIeHlIlI 6a~Boro 

HanpJllKeHIIJI K TOKY. BCJlII'IliHa BXO.!lHOro conpOTIIBJleHIIJI onpC.!ICJIJleT B03MOlK;rOCTb 

nO.!lKJIlOqeHHJI YCHJllITeJl~ K lICTO'IHIIKY ClirHaJla, KOTOpbIM BCer.!la xapaKTep1l3yeTcJI CBOIIM 

BbIXO.!lHbIM conpOTlIBJlCHlieM (aHaJlOr BHyTpeHHero conpOTlIBJleHlliI IICTO'IHlIKa, eCJllI 

paccMaTpliBaTb IICTO'IHlIK CllrHaJla KaK 6aTapeMKY - lICTOqHlIK 3}:\C). BbIXO.!lHOC 

conpOTlIBJleHlle IICTOqHIIKa II BXO.!lHOe conpOTIIBJlCHlle YClIJllITeJl~ OKa3bIBaeTCJI coe.!lllHCHbI 

nOCJle.!lOBaTeJlbHO II «.!ICJlJlT» MelK.!\y C060M HanpJllKeHIIC Bbl.!\aBaeMOe lICTO'IHIIKOM. ECJlII 

conpOTIIBJlCHliC YClIJlHTeJlJl OKalKeTCJI MeHbllIe BbIXO.!lHOro conpoTlIBJleHlIJi IICTOqHIIKa, TO eMy 

.!IOCTaHCTCJI He60JlbllIaJl qaCTb HanpJllKeHIIJI IICTOqHIIKa - Bce yna.LIeT Ha BbIXO.!lHOM 

conpOTlIBJlCHlili IICToqHlIKa. 

npaBl1na pa60Tbi TpaH311CTopa n-p-n Tl1na B nl1HeHHOM pelKl1Me. 
1.	 IIoTeHQHaJl KOJlJleKTOpa BLlrne nOTeHQlIaJla 3MHTTepa: UK>U3. <I>aKTlI'IeCKII 3TO 

03Ha'iaeT, 'ITO, nO.!lCOe.!lllHJIJI cxeMy K lICTOqHlIKY nIlTaHIIJI, HylKHO CJle.!lIlTb, 'IT06bI 

«nJIIOC» lICTOqHlIKa nO.!\XO.!lIlJl K KOJIJleKTOpy (B03MOlKHO, 'Iepe3 KaKlIC-TO 3J1eMeHTbI 

cxeMbI), a «MIIHYC» - K 3MlITTepy. 

2.	 IIepexo.!l «6a38-KOJlJleKTop» - 3aKpLIT, a nepexo.!l «6a3a-3MHrrep» - OTKpbIT. 

}:\OCTlI'Ib 3TOro MOlKHO, eCTeCTBeHHO, TOJlbKO nO.!l60pOM 3HaKa HanpJllKCHIIJI MelK.!\Y 

cooTBeTcTBYlOlUliMli BbIBO.!laMlI, .!IJlJI qcro lIcnoJlb3YlOTCJI pe311CTopbI. 

3.	 HylKHO nOMHHTL, 'ITO K8lK.!\bIii TpaH3HCTOp HMeeT CBOH npe.!leJlLHbIe 3Ha'leHHH h, 
/r;, UK) H pacceHBaeMoii MOIl\HOCTH h·UK). 3a npCBblllIeHlIe )THX 3Ha'ieHIIM 

nplIXO.!lHTCJI paCnJlaqllBaTbCJI HOBbIM TpaH311CTOpOM. 

4.	 OCHoBHoe npaBHJlO pa60Tbi TpaH3HcTopHoro YCHJlHTeJlH. ECJlII BbInOJlHeHbl npaBIIJla 

1-3, TO TOK KOJlJleKTOpa CBJl3aH C TOKOM 6a3bl COOTHOllIeHlIeM IIF!Jh. BeJlIl'IIIHa fJ. 
Ha3bIBaeTCJI K03lj1«!lHQHeHTOM YCHJleHHH TpaH3HCTopa no TOKy (He nyTaTb C 

K03ljlljlllQlIeHTOM YClIJleHHJI TpaH3HCTopHoro YCHiIllTeJlJl, KOTOpbIM XapaKTepll3yeT 

YCIIJleHIIC HanpJllKeHlIJI). K03ljlljlHQlIeHT YClIJleHHJI no TOKy onpe.!leJlJleTCJI caMIIM 

TpaH311CTOpOM II YKa3bIBaeTCJI B CnpaBO'IHHKaX, K03ljlljlHQIICHT YCIIJlCHIIJI 

TpaH311CTOpHoro YCHJllITCJlJI onpe.!leJIJleTCJI CXCMOM, B KOTOpylO BKJIIO'IeH TpaH311CTOp 

(HOMliHanOM lIcnoJlb3yeMblx pC311CTOpOB) II paCCqllTbIBaeTCJI Ha 3Tanc npoeKTlIpOBaHliJi 

cxeMbl IICXO.!\JI 113 3a.!laq, KOTOpbIe .!IOJllKeH pClIIaTb KOHKpeTHbIM YClIJlIlTeJlb. 

TIOCKOJlbKY BeJlll'IliHa fJ.y TpaH311CTOpa BeJlIIKa (nOpJl.!lKa 100-300), TO OcHOBHoe 

npaBlIJlO pa60TbI onpC.!ICJIJleT II OCHOBHoe CBOMCTBO YCIIJllITeJlJl: He60JlbllIOM TOK 6a3bI 

ynpaBJlJleT 60JlbllIliM TOKOM KOJlJleKTopa. 

5.	 H3BecTHO, 'ITO n8 OTKpLITOM p-n nepexo.!le y repMaHlleBoro TpaH311CTOpa na.!laCT 

npliMepHo 0,7 B, Y KpeMHlIeBoro (HcnoJlL3yeMoro B Harneii yCTaHoBKe) 0,6 B. TaKoe 

HanpJllKCHIIC B Hallicii cxeMe .!IOJllKHO na.!laTb Ha OTKpbITOM nepeXO.!le «6a3alH<3MIITTep». 

npaKmUlieCKaR lIaCmb. 

BKJlIO'IIITe KOMnbIOTep, MO.!lYJlb 3J1BIIC. }:\J1J1 BKJlIO'IeHlIJi 

3J1BIICa He06xo.!lllMO BKJllOqllTb TYM6J1cp Ha 3a.!lHeM 

naHeJlll np1l60pa II Ha nepe.!lHeM naHCJlII, npll noM 

3arOpalOTCJI lIH.!IIIKaTOpbI Ha nepe.!lHeii naHeJlll. 

9	 10 



BHHMaTeJIbHO H3y'lHTe cxeMy yCHJIHTeJIlI, C KOTOpblM BaM npei\cTOHT pa60TaTb. 

Haili\HTe Ha MOHTalimoil nJIaTe Bce 3JIeMeHTbI, 0603Ha'leHHbIe Ha cxeMe. 

.... \ \ 1\ \1\ \\\ \\\11\1111 III 
ED1X00507 

PIlCYIlOK 2. P3Cn0J1o*eIlHe 3J1eMeHTOB H3 MOHT3*HOii IlJ13Te 

3anycTilTe nporpaMMY. Ha60p YIlpalKHeHllii oTo6palKaeTclI B BIli\e MeHIO C 3aKJl3i\K3MH, 

Ha KOTOpoil BbIIlllcaH HOMep ynpalKHeHllll. 

BbI6epHTe 3aKJIai\KY «HacTpoilKa». nOCMOTpllTe HOMHHaJIbl pe3HcTopOB, 

paCnOJIOlKeHHblx Ha MOHTalKHOil nJIaTe, H BBei\IlTe HX B cooTBeTcTBYlOlI\He n03Hl\HH, a TaKlKe 

l3111i1lllile lIW'leHlill R lelpa.. lh. Bce BeJIH'IHHbl Hai\o BBOi\HTb B KOM. 

H.O'I',ollu I Yltp , I Y""' "t2 JJ y.. ~ u3 i r" "u. t 
Yc:r~ a .......... 1M..........,. fil••••r• .. u""..,.,...r.'.....T~••, , .............,); ... '!!""a.IMIAMaTe. 

R., <OM 

RD. .oM 

TOJIbKO nOCJIe 3Toro nepeXOi\IlTe K ynpalKHeHHlIM. 

Ynpa>KHeHMe 1. ~3MepeHMe K034>4>MIIMeHTa YCMlleHMH TpaH3McTopa no 
TOKY M M3y'IeHMe pa60Tbi TpaH3McTopa B pa3Hbix pe>KMMax. 

HIOTJloJ.. 9""...-;'..... 1' 1'-IIP.".IIU2:! )'110-8".."",3 I Y"np.IHl ..... ~ I 

HaopM6'tMe He! KOnneKropEl Li, B 

TOK ~ea",~. MA 

TOt( Konn9K"rope_. MA-8 

KOtl<p<PHLtIil9HT yc.HIleHHAnoTOIlY l3 

B 

No'I HanpA>Kelillle mrr8HlIlR, B TOK 683bl, MA TOK J<onneKTOps, MA K03¢¢J1II4~eHT YCWleH~~ no TOllY 11 

Pai\IlOTeXHH'IeCKall CXeMa ynpalKHeHHlI 1 n03BOJIlIeT BaM MeHllTb HanplllKeHlle nllTaHllll 

Un"" a TaKlKe HanplllKeHHe U6 , Iloi\aBaeMOe Ha pe31lCTOp 6a3bI, B Ilpei\eJIax OT 0 i\o +lOB. 
Ii(\unlnBLI(.' C_f{~.. l)lOUl~K) la6.1I1.11) 

N2 HaIlplllKeHlle 

IlIlTaHHlI, B 
TOK 6a3bl, MA TOK KOJIJIeKTOpa, 

MA 
K03<P<lml\lleHT 

YCIlJIeHllll no TOKY B 

nepei\ Ha'laJIOM 1l3MepeHilii y6ei\HTeCb, 'ITO K TpaH3HcTopHoMy YCHJIIlTeJIIO He IlOi\KJlIO'IeHbI 

HIlKaKHe BHeWHlle yCTpoHCTBa. 
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1.	 Y CTaHOBHTe MaKCHMaJIbHOe 3Ha'IeHHe HanpHlKeHIUI Un"T . lf3MeHHH HanpHlKeHHe U6 , 
1\06eHTecb onTHManbHoro pelKHMa pa60Tbl TPaH3HcTopa, npH KOTOpOM KonneKTopHoe 

HanpHlKeHHe UK 6Yl\eT npHMepHO paBHO Yz Un"T HalKaTHeM KHonKH «,!:{06aBHTb» 

3aljJHKCHpyHTe nony'IeHHbIH pe3ynbTaT B Ta6nHl.\e Ha MOHHTope KOMnblOTepa H 

lI~r~lllllIIItI~ flO 1)'IClIH"I~ "ta'I~HH" B I('[pd.:!h. Ecnll BaM nOHaA06HTCH Yl\anHTb KaKoe­

TO 3Ha'IeHIle H3 KOMnblOTepHOH Ta6nHI.\bl (3l\eCb H B nocnei\YIOII.\HX ynpalKHeHIUIX), TO 

cnepBa Yl\aJIHTe, HCnOnb3yH KnaBHarypy KOMnblOTepa, H3 ::lTOH Ta6nHI.\bl HOMep 

H3MepeHHH, nOTOM HalKMIlTe KHonKy «Yl\anHTb». 

2. fIOBTOpHTe H3MepeHIle I\Ba pa3a npH I\pyrHx 3Ha'IeHIUIX Un"T. 
nOHCHeHHe K pa60Te KOMnhlOTepHoro H3MepHTenhHoro KOMnneKca. BKnlO'IeHHble B cxeMy 

aMnepMeTpbI H3MepHIOT TOKH I K H h, nOCJIe 'Iero nporpaMMa HaXOI\HT HX OTHoweHHe ­

K03ljJljJHI.\HeHT yCHJIeHHH no TOKy f3. KalKl\Oe H3MepeHHe nporpaMMa npOBOI\HT 100 pa3 Il 

BblBOI\HT B Ta6JIHI.\Y Cpel\Hee 3Ha'IeHHe C paCC'IHTaHHOH Cpel\HeKBal\paTH'IHOH norpewHocTblO 

(HO 6e3 oKpyrJIeHHH 1\0 cooTBeTcTBYIOII.\eH 3Ha'IaII.\eH I.\HljJpb[ - 3TO BbI Cl\eJIaeTe caMH, 

nepenHcblBaH pe3YJIbTaTbl B TeTPal\b). 

3.	 Y6eI\HTeCb, 'ITO B JIHHeHHOM pelKHMe pa60TbI TPaH3HCTopa ,8 npaKTH'IeCKH He 3aBHCHT 

OT 3Ha'IeHHH Un"T ,!:{JIH 3TOro OI.\eHHTe no l\aHHblM BaIIIHX H3MepeHHH, Cpel\Hee 

3Ha'IeHHe,8H ero OTHOCHTeJIbHYIO norpewHocTb. 

4.	 «3aroHHTe» TPaH3HcTop B pelKHMbl HaCbIII.\eHHH Il OTCe'IKH, MeHHlI HanpHlKeHlle U6 (npH 

3TOM He YMeHbWaHTe ::lTO HanpHlKeHHe 1\0 HyJIH: B yCTIIHOBKe BCe paBHO 6Yi\YT 

npOTeKaTb IIIyMoBb[e TOKH, n03TOMY pe3YJIbTaT paC'IeTa B ::lTOM cny'lae 6Yl\eT 

HenpaBHJIbHbIM). I:!3MepbTe BeJIH'IHHy ,8 B 3THX pelKHMax. 

IIheKep I\nH nOI\KnlO'IeHIUI 

HCTO'IHHKa 3ByKa (BTbIKaeTCH B 

C06CTBeHHblH nneep HnH B 

aYI\HOBbIXOI\ Ha 3ByKOBOH nnaTe 

KOMnblOTepa I\ml 

t 

•• 
I 

J 

• 

5.	 EcnH y Bac eCTb MP3-nJIeep, HCnOJIb3yiiTe ero B Ka4eCTBe HCTO'IHHKa 3BYKa, npH 

OTCyTcTBHH - HCnOJIb3yHTe nJleep KOMnblOTepa. fIol\KnlO'Ime 3BYKoBble KOJIOHKH K 

BbI6paHHoMy HCTO'IHHKY 3BYKa. fIOCJIywaHTe He60JIbIIIOe MY3bIKaJIbHOe npOH3Bel\eHHe. 

Tenepb HCnOJIb3yHTe yCHJIHTeJIb, npel\BapmeJIbHO yCTaHoBHB Un"T Ha MaKCHMaJIbHOe 

3Ha'IeHlle. fIOI\KJIlO'IHTe HCT04HHK 3ByKa K BXOI\Y yCIlJIHTeJIH, KOJIOHKH - K BbIXOi\Y. 

lf3MeHlIli Benll'IHHy U6, 1\06eHTecb Hall60JIee 'IHCTOrO 3By'IaHHH Ha cnyx. CpaBHIlTe 

Bb[CTaBneHHoe npH ::lTOM 3Ha'IeHHe U6 C TeM, KOTopoe BbI nony'IaJIH I\JllI OnTHMaJIbHoro 

pelKHMa pa60Tbi TPaH3HcTopa B nyHKTe I. 06bHcHHTe pe3YJIbTaT cpaBHeHHH H 3anHWHTe 

ero B TeTPal\b. 3anHIIIHTe 3Ha'IeHHe UK. CpaBHHTe Ha CJIyx rpOMKOCTb 3By'IaHHH My3blKK 

npH HenOCpel\CTBeHHOM nOI\KnlO'IeHHH KonOHOK K HCTO'IHHKy 3ByKa H npH 

nOI\KJIlO'IeHKH 'Iepe3 yCHJIHTeJIb. ~alll'lllltlL' pC·I) .11.[ a r cpaBIIClIlt" (KdK Bh' ~r,' 

BO(UPHIIJ1\taelt") H lelpa;{h. 

6.	 He OTKJIlO'Iali KOJIOHKH H IlCTO'IHHK 3BYKa, (OarOHItTe» TpaH3HcTop B pelKHMbl 

HaChlII.\eHHH H OTCe'IKH. OueHKTe Ha CJIyx Ka'IeCTBO 3BY'IaHHlI, OnHWItTe CBOH 

0II.\YII.\eHHlI B TeTpal\b. 06blICHme npH4ltHY nOlIBHBWHXCli HCKdlKeHKH. 06paTHTe 

BHHMaHHe, BBOi\lI TPaH3HCTOP B OTCe'IKY, 'ITO KOrl\a U6 YMeHbwaeTCH 1\0 npllMepHo 0,6 
B, 3BY'IaHlte My3blKH npeKpaII.\aeTcH. 06blICHHTe noT 3ljJljJeKT 06blICHC'H1C IdllHlIlHIC B 

IClpa,!h. 
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YnpalKHeHl1e 2. ~3MepeHl1e BXOAHoiil xapaKTepl1CTI1KI1 TpaH311cTopHoro 
YCl1nl1TenH 

HUTP"U 1 y",.......u 1 iIn,......... '2 J :fntiouM..... lI 1...,·..•...•.. 1
 

PaI\HOTeXHWleCKa» cxeMa ynpall<HeHH» 2 n03Bon»eT BaM MeH»Tb aMnml1:YIlY nHno06pa3Horo 

(TO eCTb H3MeHHlOlI(eroc» OT 0 1\0 aMnnHTYI\HOro 3HaqeHH» nHHeHHO C TeqeHHeM BpeMeHH) 

Hanp»lKeHH» U6 B npel\enax OT 0 1\0 +lOB. 

Ilepel\ Ha'lanOM H3MepeHHH y6e1\HTeCb, 'ITO K rpaH3HCTopHOMy yCHnHTenlO He nOI\KnlOqeHbI 

HHKaKHe BHernHHe yCTpoHCTBa. 

1.	 YCTaHOBHTe MaKCHMMbHoe 3Ha'leHHe Hanp»lKeHH» U6 . nporpaMMa aBTOMaTH'IeCKH 

nOl\aCT Ha cxeMy Hanp»lKeHHe U6 B 100 TO'IKax npH H3MeHeHHH OT 0 1\0 BbiCTaBneHHoro 

3Ha'leHH» C paBHblM lIIarOM H H3MepHT npOTeKalOlI(HH 6a30BbIH TOK h. no nony'leHHblM 

3Ha'leHH»M 6Yl\eT nocrpoeH rpaljlHK h(U6) - BXOI\Ha» xapaKTepHcTHKa rpaH3HcTopHoro 

yCHnHTen». BHHMaTenbHo 113y'lHTe nony'leHHbTH rpaljlHK. 06paTHTe BHHMaHHe, 'ITO npH 

HanpRlKeHHH U6 '" 0,6 B Ha rpaljlHKe Ha6nlOl\aeTc» H3nOM. 06b»cHHTe nony'leHHblH 

pe3ynbTaT. llepcpH<~ HIe 1I11.1~ '1HBll1l"I('» I P'lI~IIK B TCTpa.lh 
2.	 H3MepbTe BXOI\HOe conpoTHBneHHe yCHnHTen». Hcnonb3yHTe Cnel\YlOlI(HH MeTOI\ 

H3MepeHH». 3aMeHHTe KalKi\b1H H3 y'lacTKoB rpaljlHKa orpe3KoM np»MOH. }:In» 3Toro B 

OKHa nporpaMMbl «Ha'lano nHHHH» H «KoHell nHHHH» BBel\HTe 3Ha'leHIl» HOMepoB 

Ha'lanbHOH H KOHe'lHOH TO'leK BbT6paHHoro Y'laCTKa, opHeHTHpy»Cb Ha IlMelOlI(HHc» 

rpaljlHK. rlporpaMMa nocTpoHT OTpC30K np»MoH, paCC'IHTblBa» ero MeTOI\OM 

HaHMeHblIIHX KB3i\paTOB (0 MeTOl\e HallMeHblIIHX K.Bal\paTOB MOlKHO np0'lHTaTb B 

noc06HH C.H. CeprecBa «06pa60TKa pe3ynbTaToB ljlH3H'IeCKoro 3KcnepHMCHTa B 

na60paTopHH ljlH3H'IeCKoro npaKTHKyMa»). HaKnoH nony'leHHoH np»MoH onpcl\en»eTc» 

!1U. 
BXOI\HbTM conpoTHBneHHeM: = M ;', KOTopoe paCC'IIlTbTBaeTc» nporpaMMOH.RHX 

3anHllIHTe nony'leHHoe 3Ha'leHHe B TeTp3i\b. H3-3a HanH'IH» H3nOMa Ha rpaljlHKe Bhl 

onpel\CnHTe I\Ba BXOI\HblX conpOTHBneHH». KaKoe H3 HHX, no BalIIeMY MHeHHIO, HMeeT 

npaKTH'IeCKOC 3Ha'leHHe? 

3.	 IloBTOpHTe H3MepeHIl» IIpli I\pyroM 3Ha'leHHH U6. 
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YnpalKHeHl1e 3. ~3MepeHl1e BblXOAHoiil xapaKTepl1CTI1KI1 TpaH311cTopHoro 
YCl1nl1TenH 

1'I'0'TJ0"1I r :r..,aM.II.. 1 1lI'!l,.,,_t 2 yii,........ 3 1YIl,...""." r­

He"'Blb~OTC'4eT ~ 

K_4""IM OWleT ~O 

8xotlHOQ conpolMlilneHMe. KOM fN;N---'.'--' 

NQ I TOK683bl,MAi 

TOK 6",..... MA 10:004"-'---

PaI\HOTeXHHqeCKa» cxeMa ynpalKHeHH» 3 n03Bon»eT BaM MeHRTb aMnnHTYI\Y nHno06p33Horo 

Hanp»lKeHH» UITO" B npel\enax OT 0 1\0 +lOB. 

YCTaHOBHTe MaKCHManbHoe 3Ha'leHHe Hanp»lKCHH» UnlIT' YCTanOBHTe KaKoc-nH60 
3Ha'leHHe U6 > 0,6 B. nporpaMMa aBTOMaTH'IeCKH nOl\aCT Ha cxeMy Hanp»lKeHHC UnHT B 

100 TO'lKaX npH H3MeHeHHH OT 0 1\0 BblCTaBncHHoro 3Ha'leHIl» C paBHblM lIIaroM, 

nocrpOHT rpaljlHK 3aBHCHMOCTH KonneKTopHoro TOKa OT Hanp»lKeHH» Ha KonneKTOpc 

H3MepHT npOTCKalOlI(llH 6a30BbIH TOK 16 HalKMIlTe KHonKy «):(06aBHTb». IlOCTpOCHHbIH 

rpaljlllK 6Yl\eT 3anOMHCH nporpaMMOH, B Ta6mll\Y 3aHeceH H3MepeHHblH TOK 633b1. 

113MeH»» 3Ha'leHHe U6, nocrpoiiTe ceMeHCTBO 113 5 rpaljlllKOB. KaK II B npel\bli\YlI(HX 

ynpalKHeHlI»X, YI\MeHlle HeHYlKHblX rpaljlllKOB npOIl3BOI\HTC» nyTeM crnpaHIl» HOMcpa 

HeHylKHoro rpaljlllKa B Ta6nlllle II HalKaTlieM KHonKIi «Yl\anHTb». '~apHC) IITC 

Tll),j~ lICHflT.IC XapJ.KTl~PH('I m\H B TCrpl.t lb.. ~ Ka'mB ~l HI K3>K}OH ~n lilt'\. Hla4CHH~ 6a''SOBOrO 

lOha l'p(lHe~'lHTl' Ha Ipil(~HKe HalP) i()lHI)K) IIPSlM)kl H tHlpC__ll'lHTC IlpH[ilHHtH',.IbHO 

,,6,lJClb r~Hh.Hbl TpaU"HtCIOpa HHfHC:HHfl\1 Pl~:il01\1e pl:,KH'\13X ttaChIllleUH.S1 H \JllC"LIf\H 

2.	 Y l\am-ITe Bce rpaljlllKIl, KpOMe OI\HOro. HarpeHTe rpaH3IlCTOP, OCBClI(a» ero naMnO'lKOH. 

Y6e1\1lTeCb, 'ITO BbTXOI\Ha» xapaKTepHCTIiKa <(Honomna». nOI\YMaHTe, K KaKIiM 

nOCneI\CTBIl»M 3TO MOlKeT np"BeCTI, 06b»CHIlTe, KaKIiM 06p330M MOlKHO 1l36clKaTb 

H3MeHeHIl» xapaKTcpHcTIiK YCllnllTen» B npO,lIeCce pa60Tbl. 
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Ynpa>KHeHMe 4. Ha6I1IOAeHMe npOXO>KAeHMH CMrHaI1a 'fepe3 

TpaH3McTopHblH YCMI1MTeI1b M M3MepeHMH K03epepMLlMeHTa YCMI1eHMH 
Hu,.,..lu 1~n"u t I Y1t'-~.-'21 YR'.ltl ..ua ~.."':",,.4- fIT. 

1.	 YCT3HOBI1Te 3H34eHI1e Vn., T3KI1M lKe, KaKI1M OHO 6bIJIO B ynp3lKHeHI111 1. 
2.	 nOl\aiiTe Ha YCI1J1l1TeJlb CI1HYCOl1AaJJbHbIH Cl1rH3J1, ero ljJOpMy BM MOlKeTe BI11\eTb H3 

Hl1lKHeH OCL\I1J1J10rp3MMe. 

3.	 P3CCMoTPI1Te Hel1CKalKeHHbIH Cl1rH3J1 H3 BepxHeH OCL\I1J1J1orp3MMe. H3MepbTe 

aMnJlI1l)'l\bl 060HX Cl1rHaJJOB 11 H3HI\I1Te K03ljJljJl1L\l1eHT YCI1J1eHl1l1 BaweH YCT3HOBKI1. 

P~I) '1olaJ l.IIHlIJJI"~. qTO MOlKHO CKa33Tb 0 ljJ33e BblXOI\HOrO Cl1rH3J13 no OTHOWeHI1IO K 

ljJ33e BXOI\HOrO cl1rHaJla? Y6e1\11TeCb, 'lTO Hel1CK3lKeHHbIH Cl1rHaJJ nOllBJllIeTCli npl1 TOM 

lKe 3Ha4eHI111 V6, 'lTO 11 B ynpalKHeHl111 1. 
4.	 H3MeHI1Te 3H3'leHI1e V6 1\0 Tex nop, nOK3 He nOllBRTCli I1CK3lKeHI111. nOCMOTPI1Te ljJOpMy 

I1CK3lKeHHoro Cl1rHaJJ3. 
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