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TEXHUYECKOE OIIMCAHUME YYEBHO-JIABOPATOPHOI'O KOMIIVIEKCA
Ha3HayeHue M TeXHHYECKHE XapaKTePUCTHKH

Y4ebHO-1a00paTOPHBIA KOMIUIEKC «AHAJIOroBasi SJEKTPOHHKA» (B JaibHEHIIEM
U3JIOKEHUU KOMIUIEKC) TMpeIHa3HAayeH [JIsi OOYy4YeHHs] CTYJACHTOB pPa3IUYHBIX
CIICLIMAJIBHOCTEN CPeAHUX CHEHUANbHBIX W BBICIIUX YYEOHBIX 3aBEJICHUH, U3YUaIOIINX
TUCUUIUIUHBL  «DU3UYECKUE OCHOBBI JJIEKTPOHUKHNY, «CxeMOoTexHUKa», «OCHOBBI
PaTrOdIEKTPOHUKN». KOMIUIEKC MOXKET OBITh HCMOJb30BaH TakkKe sl OO0ydeHHS
ydammxcsi npo(ecCuoHaIbHO-TEXHUYECKUX YUWIMIL W CIYyIIaTee OTpaciaeBbIX
Y4EOHBIX IIEHTPOB MOBBIIIEHUS KBAIM(PUKAIIUN HH)KEHEPHO-TEXHUYECKUX PaOOTHUKOB.

B cocraB kommiiekca Bxoast (puc. 1):
® Kapkac;

® MOJyJIb IUTAHUS U UBMEPECHUM;
e MOAYJb «DYyHKIIMOHAIBHBIN T€HEPATOPY;
e Jj1a00paTOpHBIC MOYJIH;
® COCIMHUTENBHBIC TPOBOJIHUKH CO IITHIPSIMHU.
Puc. 1. O6muii Bu 1a00paTOpHOTO KOMILIEKCA
TexHuuecKkne XapakTePUCTUKU KOMILJIEKCa
KonmnuecTBO MECT M OOYUACMBIX. .. ..veuurreennreeennneerieeneeenneeenaenenns 2-3
DIIEKTPOIUTAHUE OT CETU, B....ooooiiiiiiiiiiiiiiiiiiiic e 220
YacTtoTa MUTAOIIETO HANPSKEHUS, [T ..ooovviiiiiiiiiiiiii e 50
[ToTpebisiemass MOIIHOCTh, HE 0oyiee, BT ..o 50
I"abaputabie pazmepsl (6e3 TIK), MM ...........ocoiiiiiiinnii, 1004x190%610
MacCa, HE OOJIEE, KT ...cceeeeeeeeeeeeiieeeereeeieeeseseeesessesnnnnnnnensnennennneeees. 30
Junana3zon paboumx TeMIEPATYP, “C ..ovvvrriiriiiii e, —10...+35
BITarKHOCTD, 0. .ttt o 80



DJIEKTPHUYECKHE U3MEpPEeHUs

Modynb numanusa u usmepenuil (pyunasn eepcus)

Mopaynb mnuTaHUS W U3MEPEHUM SIBISETCS BCIIOMOTaTebHBIM — MOAYJIEM,
MO3BOJIAIONIUM TPOBOAUTH H3MEPEHUS DJCKTPUUECKUX BEJIWYMH MPU MPOBEICHUU
nabopaTopHbIX paboT. OH MCMONB3YETCs JUIsl U3MEPEHUS TOCTOSHHBIX U MEPEMEHHBIX
TOKOB U HANpPSOKEHUM B LEMAX CXEM Ja0OpaTOpPHBIX MOJYJIeH, a TaKkKe CIY>KUT
MCTOYHUKOM CTaOMIM3UPOBAHHOTO U PETYJIUPYEMbIX HANPSKEHUM.

OCHOBHbBIE TEXHUUYECKUE XapaKTEPUCTUKHU

Hanpsixkenune nutanust CeTh, B ... oo 220 £ 20
MakcumanbHbIA JAOMYCTUMBIM TOK CTaOWMIM3UPOBAHHOTO MCTOYHHUKA, A ....... 0,65
Jnana3oH HaNpsKeHUN peryaupyeMbIX HCTOUYHUKOB, B .. ... 0...12
MakcumanbHbIi JOIMYCTUMBIN TOK PETYJIUPYEMBIX HCTOUHHUKOB, A ................ 0,65
Juana3on uzmepeHuid HudpoBOro BOIBTMETPA, B ... 0...15
Jlnama3oH n3MepeHuil MUPPOBOTO AMIIEPMETPA, MA ... ..c.iveerieeiienieenieeeieene 0...100
JInarnas3oH 4acToT U3MEPSIEMOTO IIEPEMEHHOTO HANPSHKEHUS U TOKa, ' ....... 50-10°
["abapuTHbIe pa3zMepbl, MM, HE OoJiee:

120 3 (o701 250

10007001 03 €2 T 200

101 17007 1 S 120

VYcTpoiicTBO MOTYIIsl M KpaTKOE OIMMMCAHKUE

[lepennsis maHenb MOyJiA pa30UTa HA HECKOIBKO (YHKUIMOHAIBHBIX MOJICH:

e BEpXHee I10JIe — U3MEPUTEIbHOE, BKIItOUarolee B cedst 1Ba LU(poBbIX npudopa
JUISI U3BMEPEHUsS KaK IIOCTOSIHHOI'O, TaK U IIEPEMEHHOT0 HAIIPSKEHUS U TOKA, C BBIBOJAOM
pe3yJIbTaTa U3MEPEHHMs Ha ABYXPAa3psAHbIM CEMUCETMEHTHBIM MHAUKATOD;

e HIDKHEE TMOJIe — IIMTaHWe, CIy)Kallee [ T[OJAa4d HaIpsHKEHHUS BCETO
71a00paTOPHOTO KOMIUIEKCA U PETYIMPYEMBIX HAIIPSKEHUH.

Bremnuii Bua Moyns ¢ OpraHaMM YIIPaBJICHUS IIPUBENICH HA pUC. 2.

Moayas nUTaHUs U U3MEPEHUN 00ECTIEYNBAECT:

® HE3aBUCHMMYIO YCTAHOBKY JABYX HamnpsbkeHui B mpeaenax ot 0 no 12 B;
® BBIBOJ| pPE3YyJIbTaTOB U3MEPEHNUN HA CEMUCETMEHTHBIN UHAUKATOP;

® K3MEPEHME KaK IIOCTOSIHHOTO, TaK U MIEPEMEHHOI0 HANPSKEHUS U TOKA.

WNHukanys pexxuMoB paboThl UGPOBBIX MPUOOPOB:

® MWTaHUE JCIUMATBHOM TOYKM COOTBETCTBYIOIIETO pa3psiia CBUAETEILCTBYET 00
W3MEPEHUU MTEPEMEHHOTO CUTHAJIA;

® Ipu HECOOTIONEHNN TMOJSIPHOCTH TIOCTOSHHOTO BXOJHOTO HAMpSOKEHUS Ha
WHMKATOPE BHICBEUNBACTCS KOMOMHAITHS «—0.»;

e mpu Tmojmaye HampspkeHWss Oonee 15 B Ha wMHOUKaTOpe BBICBEUHMBACTCS
koMmOunarus «I1I1» (mepenonHenue).



Moaynb nUTaHUST W M3MEPEHUH HMEET 3alIUTy OT KOPOTKOrO 3aMbIKaHUS B
HarpyskKe.

(—|M0ﬂynb MATAHUA U UISMEPEHUNA
p N Puc. 2. Baemnuii Bug moayst

MMATAHWS U U3MEpEHni: 1 —
CEMHUCETMEHTHBIE MHIUKATOPBI
BBIBOJIA PE3yJIbTaTa U3MEPEHUS TOKA U
HANPsDKEHUS; 2 — lenuManbHas TOuKa
BBIBOJIA CTapILIEro paspsaa; 3— rues3nia
JUISL BKIIFOYEHUS! U3MEPUTEIIBHOTO
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V npuOopa B LIETIb UCCIEAYEMOM CXEMBI;
3 4 — perynsaTopsl HalpsHKEHAN; 5 —
IMuranne] A
4 Llurae | N CBETOHO/, NHINLUPYIOIINN HATUINE
HaNpsHKEHUs MUTaHus; 6 — TymOiep
o BKJTIOUCHHS TUTaHUSI TaOOPaTOPHOTO
@ KOMIUIEKCa; 7 — THe3/1a
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[Topsimok paboThl

1. YcranoButh TyMOnep 6 B  HIKHEE IIOJIO)KEHHE, COOTBETCTBYIOIIEE
BBIKJIFOUEHHOMY COCTOSTHUIO JJAOOPAaTOPHOTO KOMILJIEKCA.

2. [loakmtounTh HArpy3Ky K HCTOYHMKAM IMTAaHUSA, COONIOAas MOJISPHOCTS,
PEryJsATOpbl HamnpsKeHUs 4 yCTAHOBUThH B IOJIOKEHHWE MUHUMyMa (IIPOTHB 4acOBOU
CTPEJIKH JI0 YIIOpa).

3. BKIIOUHTh  COOTBETCTBYIOIIMH  W3MEPUTECIBHBIN  IPUOOp TpPHU  ITOMOIIU
COECIMHUTENbHBIX TPOBOJHUKOB B CXeMy JabOpaTOpHOTrO cTeHAa, colitonas
IOJISIPHOCTD IOJKJIFOYEHUS.

4. Bxmrounte TymMOnmep 6, O BKIIOYEHHOM COCTOSHMM  MOAyJs — OyJer
CBHUJICTEJILCTBOBATh CBEYEHUE CEMHCEIMEHTHBIX HHIAMKATOpoB 1 m cBerommona 3.
PazmepHOCTD pe3ynbTara M3MEpPEHHsT HAaHECEHA Ha MEPENHEN NaHeau MOAYJA, NpHU
CHATHMM U3MEPEHUM CIENYEeT YYWUTHIBATH IIOJIOKEHHE JACLUMAJIbHOW TOYKM Ha
WHJUKaTOpE.

Texanueckas 0€30MaCHOCTD

1. Moayne nuTaHusi 1 U3MEPEHUI Helb3sl pa30upaTh 0€3 OTKIIOUEHUS OT CETH.
2. He nomyckaTh nomajianus Kakoi-JIn00 KUJIKOCTA BHYTPb MOJTYJIS.



3. Ilepen npuMEHEHHEM MOJIYJs MUTAHUS W HW3MEPEHUN NIPOBEPHTE IPOBOJA,
COEAMHUTEIN HA OTCYTCTBUE B HUX TPEILLUH WIIN Pa3pPbIBOB.

4. Bo wusbexxaHue TOpYM MOMAYJIS THTAHUS ¢ U3MEPEHHH, HE HU3MepsiiTe
HaAMpsDKCHUS, 3HAY€HWs KOTOPBIX MOTYT MpeBbICUTH 15 B oTHOCHTEnsHO o0O0IIeT0
IPOBO/IA JAHHOTO JTAOOPATOPHOTO MOJIYJIS.

Mooynb 6600a/eébi8600a (KomnvromepHasa eepcusi)

JlaGopaTopHbIil MOIyNIb MUTAHUS U U3MEPEHUH TMpelHa3HaYeH IJi KOMITbIOTEPHOM
Bepcun koMmiuiekca «l{udposas snexkrponuka». OH COCTOUT W3 ammapaTHON 4YacTH |
POrpaMMHOTO 00€CTICUEHUS.

AnmnapaTHasi YacTb MOJTyJIsl BBO/Ia/BbIBO/Ia BKJIFOYAET B Ce0:

— MEPEJIHIO0 NaHeNb C THE3/1aMHU ISl IOJIKJIFOUEHUS YCTPOUCTB;

— Ha oOpaTHOW CTOpOHE MOJYJS PACHOJOXKEHbl Pa3beMbl I MOJIKIIOUYEHHS K
cereBoMy 010Ky nutanust 1 LPT wnu USB-nopty nepcoHaibHOro KOMIBIOTEPA.

[TporpammHuoe obecrnieueHre MO TyJis BBO/Ia/BbIBOJIa BKIIFOYAET B ce0:

— TporpaMMy JUIsl peJaKTHUpOBaHUsA 0as3bl JAHHBIX 1O JAOOpPaTOPHBIM paboTam
«DataBase»;

— IpOrpaMMHOE 0OecTieueHre JIJIsl BBIMIOTHEHUS JabopaTOpHbIX padboT «Analizatory;

— MYJIbTUMEINHHOE PYKOBOJICTBO K BBIIIOJHEHUIO J1a0OpaTOPHBIX paboT.

MuHuManeHble TpeOOBaHMS K amnlapaTHOMY MW MPOrpaMMHOMY OOECIEYEHUIO:
komnbioTep 486 u BbImIe, onepanroHHas cucrema Windows-98 u Bbime, 2 MO Ha
KECTKOM JHUCKE.

OCHOBHBIC TEXHHUECKHE XapaKTCPUCTUKHU

Uuciao nu@PPOBBIX BXOMHBIX KAHATIOB ....uvenereenneeenneeenneeanneeeanneeennneennnens 4
UKCI0 aHATIOTOBBIX BXOHBIX KAHATIOB. .. .uuseennseenneeennneeennneeannneennneeennneennns 4
MakcumanbHas gactoTa BeIOOpok ALIIT Ha KaHAM, KB/C ......cccevvvvivinnnnnnnn.. 320
BxonHoe cOnmpoOTUBIICHUE KAXKIOTO KaHaMa, KOM .........ccovviiiiiiiiiiiinneannnnss 100
DOpMAT BBIXOTHBIX JAHHBIX ...uereeennreeenneeennneerreneeenneens MOCJIeI0BaTEIbHBIN
JlranazoHbl U3MEPSEMBIX HAMPSIKEHUN, B ... +10
Paspsgaocts ALIIT ¢ BO3MOKHOCTBIO BBIOOPA, OHT......cuvvereennienieaniannnns 8 wm 10
OmmOKa ALLLL OHT. ...ttt e e +1
["abapuTHbIC pa3zMepbl, MM HE OoJiee:

5] 3 (70 i 248

0007101 03 £ T 200

101 17007 1 120

Kpatkoe onucanne u yCTpoicTBO MOAYJIS

BHemHui BU1 MOyJIsl C OpraHaMH yIIPaBJICHUs IPUBEJEH HA puUC. 3.

Jliis pa®oTBI C MOJYJIEM BBOJ1a/BbIBO/Ia HEOOXOIUMO:

1) coenuHUTh KaHaJlbl MOAYJS C HCCIEAYEMBIM JIaOOPATOPHBIM  MOJYyJIEM
IIOCPEACTBOM IIPOBOJIHUKOB;

2) s U3MEpPEHUs TOKa Ha JIULEBOI MaHeNN MPEAyCMOTPEHBI JaTYMKU TOKA.

6



Puc. 3. Buemnmii Bug
MOJTyJIsS BBOJIa/BBIBO/IA:

1 — ceHcopHbIli MOHUTOD; 2 —
TyMOJIep BKITIOUCHUS
MMATaHMS; 3 — OOIIHI BRIBO,
4 — aHANOTOBBIC BXO/IbI;

5 — TaTYHUKHU TOKaA; 6 —
1M(POBBIE BXO/IBI;

7 — aHaJIOTOBBIE BBIXO/IbI
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3aoanue cuznanos. Mooynv « DyHKUUOHAIbHBLIL 2EHEPAMOP)

@OyHKIIMOHAJIBHBIN I'€HEpaTOp MPEACTABISET COOOM MCTOYHHMK CHTHaja B JUANa30HE
gactoT 10 1 MI'M ¢ manbiMu HcKakeHUsIMU. BHemHuid BUA 1a00paTOPHOIO MOIYJIS
IIPUBENIEH HA puc. 4.

Jns waGmrofieHWst W UcclieoBaHus (OPMBI CUTHAjJa HEOOXOJIUMO TMOJKIIOYUTH
ocimuuiorpad (pyuHas Bepcus) win « Mojysb NMUTaHUS M U3MEPEHU» (KOMITbIOTEpHAs
Bepcusi). BcTpoeHHblil yacToToMep MOKET ObITh MCIOJIB30BaH ISl U3MEPEHHS YaCTOThI
BHemIHero curgana 1o 1 Ml .

OcHOBHBIE PYHKIIUU MOJTYJIS:

—TreHepauusi CUTrHajga CHHYCOMJAJIBHOW, TPEYroJbHOM, MPAMOYIOJBHOM U
nu000pazHoi GopMBbI;

— JMara3oH 4acToT pa3out Ha cemb aekan: 0,5 I'm...1 MI'm;

— PEryJIMPOBKA CKBAXKHOCTH/aCUMMETPHUH CUTHANIA;

— yIpaBJI€HUE YACTOTOUN reHepaTopa;

— OCHOBHOM  BBIXOJ C BO3MOYKHOCTBIO CMELICHHsS CHTHAJIA  ITOCTOSTHHBIM
HAIpsDKEHUEM WM PEryJMpyeMod aMIUIMTYJI0OM CHrHaja M OrPAaHMYEHHUEM BBIXOJIHOTO
TOKA;



— BCTPOEHHBIH YacTOTOMEpP MOXKET OBbITh HMCIOJIB30BaH [JIi M3MEPEHHUS YacTOThI
BHemHero curHaiga ao 1 Ml nubo mepuoga MOCPEACTBOM Ha)XaTHUs HAa KHOIKY
«Hacrora-Ilepuom».
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Puc. 4. Buemnuii Bug Moaynst « OyHKIMOHAIBHBIN TeHepaTopy»: 1
— CEMHCETrMEHTHbIE WHIUKATOpbl; 2 — KHONKUA MAJisi BbIOOpa
HEOOXOAMMOr0 JHana3oHa 4acToT; 3 — KHOIKa BbIOOpa pexruMa
paboThl BCTPOEHHOI'O YaCTOTOMEpPA; 4 — PEryJsITOpP CKBaXXKHOCTH;
5 — TymOzep BKIIIOUEHHUS pEKUMa MU3MEHEHUS! CKBAXXHOCTHU WM
HECUMMETPUM CHUrHaia;, 6 — THEe300 Uil MOJAa4yd BXOJHOIO
CUTHaJNla; 7 — PpEryJsaTop IJIaBHOM YCTAHOBKHM 4YacTOThI; 8 —
THE3710 BBIXOJIa OCHOBHOTO CHTHaia; 9 — TyMOyep BKIIOUYEHHS
nutanus; 10 — peryasTop aMIiMTy bl BBIXOJAHOTO curHana; 11 —
PETyJIATOP CMEIIEHMsS BBIXOAHOI'O CHTH&JIA  ITOCTOSIHHBIM
HampspkeHueMm; 12 — TymOnep mepektoyeHusi MOJISIPHOCTH
CMEIIEHUs BBIXOJAHOTO CcHrHanma; 13 — KHONKM BbIOOpa
HE0OX0IUMON (OPMBI BBIXOJHOTO CcUTHaNa; 14 — WHAMKATOP
pa3MEpHOCTH YaCTOTHI/TIEpHOJA CHUTHama; 15 — HWHIUKATOp
«Ilepuon» pexuma paboOThl yactoTOMEepa; 16 — KHOMKa
MIEPEKIIIOUECHUS PEKUMA U3MEPEHUST 4YacTOThl WM niepuoaa; 17 —
nHIuKaTop «YHacroray



OCHOBHBIC TEXHUYCCKUE XApaKTCPUCTHUKHU

YaCTOTHBIM JTHATIAZOH ..ottt ettt e e e e e e ee e ee e 0,5 I'm...1 MI't
AMITIATYIa BBIXOJTHOTO CHUTHATIA «.uvvtenntteeeennneeeeeanenaeesannnaeeeeannnneans +10B
OrpaHn4eHue BBIXOJHOIO TOKA HA BBIXOAE HE MEHEE, MA .........cccccevvinneennn.. 100
CmenieHne MOCTOSTHHOTO HAMPSIKEHHUS «.vvvennnrreeeennneennirieeeeeeessnnnnnee. <—10B—>10B
CKBOKHOCTB/ACHMMETPHIS ..vvnnrreennieeanneeennneeennseerieenniseeeesssenessssneeennenes 1,25...4
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CEMHUCETMEHTHBI HUHAUKATOP
[TorpenHoCTh YCTAHOBKH YaCTOTHI 110 BCTPOCHHOMY YaCTOTOMEDPY ......vv....... +5%
CurHan CHHYCOUIATBHON (hOPMBI
KoapdunmeHT HeTUHEHHBIX UCKAMKEHUM ....vveenveeeenneeannnnnnns 1%, 0,5 T'...1 MI'n

(teHicTBUTENBHO 17151 YPOBHS OT Max A0 1/10)
Curnan TpeyronbHON (GOpMBI

D1 0705 (53705 (0 1o b S 95%, 0,5 T'n...1 MI'ng
CurHan npsiMoyrojibHOU (popMBbI
BpeMst HAPACTAHUS MITH CTIAA .. .vveeennnnneeeennnteeeeeneeeeennneeeeannnneeenns 0,1 mxc

IpU MaKCUMaJIbHOM BBIXOJHOM CUTHaJ€E (IpH 75-0MHOI Harpy3Ke)

XapakTepuCTUKH YaCTOTOMEpa

PEeXUM UBMEPEHUS ..ot BryTtpennuii/Baenramii
Jlnana3oH u3MepeHUs BO BHYTPEHHEM U BHEIIHEM PEXKUME .......... 0,5T...1 MI'g
R4010):15: 1398292 (11105 (S WO R0 0 1 £ 1 TTJI
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[ToTHOE BXOAHOE COMPOTUBIICHHUE . ..uuuervueennnaeeeeennnneeeeanannnnss 100 kOm/150 nd
HarnpspkeHne muTaromen CeTH, B ... +15
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["abapuTHBIC pa3zMepbl, MM HE OoJiee:
1533 (010 248
1000710113 €2 200
017007 1 120

Kparkoe onucanue u ycTpoicTBO MOJTYJIs

B cocraB monyns BXomsT cheayrolue OJIOKU: T'€HepaTop, 4YacTOTOMEp M
KJIaBuaTypa. ['eHepaiuio curnaioB ocyuiectsisger Mukpocxema MAX038. Knasuatypa
YIPABJISIET BBIOOPOM PEKHMMA U3MEPEHUS YacTOThI (11 OJI0Ka 4acTOTOMEPA), BBIOOPOM
JMarna3oHa reHEPUPYEMOi 4acTOThI, BHIOOPOM (POPMBI CHTHANIA M PEeXUMa 4acTOTOMEpa
(BHYTpeHHHUIA/BHEIIHUH). BIOK peryanpoBku 3a1aéT 3HaU€HUE YaCTOThI U3 BEIOPAHHOTO
JMana3oHa, CMEIICHUE CHrHaja M CKBAKHOCTb. BBIXOAHOW CHUTrHal BBIBOJUTCS Ha
pa3béM «BbIXoa» U OJHOBPEMEHHO MOJAAETCA B OJIOK 4acTOTOMEpA, KOTOPBIM U3MepseT
YacTOTy WJIM MEPUOJ U UHAMLMPYET 3HAUEHHE HA CEMUCErMEHTHbIX MHJUKaTopax. [



U3MEPEHHUSI YacTOTHl BHEIIHEro CHUTHAJIa, CUTHAJI HEOOXOAUMO IOJaTh Ha pPa3beéM
«Bxomy.

IMopsinok paGoThI ¢ JIAGOPATOPHBIM CTEHAOM «AHAJIOTOBasI YJIEKTPOHUKA)»

[TomaBasi pa3nu4HBIC CUTHAIBI W HANPSOHKEHUS TOCPEACTBOM COCIMHHUTEIBHBIX
NPOBOJAHMKOB HA HCCIEIyeMbId MOIyldb H© colOupas CcXeMmMy COEAUHEHUI
COOTBETCTBYIOIICH J1Ta0OpaTOpHOW pabOThl, CHUMAEM XapaKTEPHUCTHUKH, 3aMOTHIEM
Ta0JIUIBI PEKUMOB palbOThl COMIACHO METOJMYECKUM YKa3aHUSIM K BBITIOJTHEHUIO
nabopatopHbix pabor. Ilocie mnpoBepku MPaBUIBHOCTH COOpPAHHOM  CXEMBI
npernojaBaTesaeM WK JJabOpaHTOM MOJIaTh MUTaHUE Ha CTeH U TyMmOnepom «Ilutanuey»
COOTBETCTBYIOIIETO MOAYJsA (JIMOO COEAMHUTENbHBIMA MPOBOJHUKAMH C MOIYJIS
MUTAHUS U U3MEPEHUI) TOIaTh HAIMPSHKEHUE TUTAHUS HA UCCIIEIYEMYIO CXEMY.

[To okoHuaHuu naOOPATOPHBIX PabOT HEOOXOAMMO OTKJIIOYUTH MUTAHUE CTEHJA,
pazobparh cxemy, MPEAOCTaBUTh CTEHJ B TMOJHOM KOMILJIEKTHOCTH U HCIPABHOCTHU
npenojaBarento uiau jgabopanty. OT4eTsl Mo J1abopaTopHBIM padboTaM 0GOPMIIIIOTCS
cornacHo TpeboBanusm ECKJI u crangapToB npeanpusiTus.

[lepedenb 1abOpPaTOPHBIX MOYJIEH, BXOJAIIUX B KOMIUIEKC

bunonspHsIii TpaH3UCTOD.

[TosieBOM TpaH3uCTOP.

IGBT tpansucrop.

Tupucrop U TUHUCTOP.

OnTomnapa u CTaOMIUTPOH.

. TpaH3UCTOPHBIN YCUIIUTEND.

CxeMbl Ha ONEpallMOHHBIX YCHIIUTEIAX.

3BeHbsI 00pATHO CBSI3H.

OUIbTpPHL.
Cralbunmn3aTopbl HAMTPSHKCHUS.
Kommaparop.
Mopynb nuTaHusl U U3MEpPEHUi (pydHasi Wil KOMIIbIOTEpHAs BEPCHST).
O yHKIMOHAIBHBIN T€HEPATOP.

O o JO WA W~

e Y
W= O

TEXHUKA BE3OITACHOCTH IIPU BBIIIOJTHEHUU JTABOPATOPHBIX
PABOT

[Ipu BbIMOTHEHUHU JaOOPATOPHBIX PabOT, MUTAHWE KOTOPHIX OCYIIECTBIISIETCS OT
cetu ¢ HampspkeHueMm 220 B, Ha MeTaluIM4ecKuX Kopiycax HpHOOpPOB MOKET IpHU
HapyUICHUU H30JSIUM BO3HUKHYTH OINACHOE JJISI KU3HU 4YEJIOBEKa HampsbkeHue. B
CBSI3U C OTUM CTYACHTaM HE pa3periaeTcsi CaMOCTOSITEIbHO BCKPBIBATh KOPIyca OJIOKOB
MUTAHUS, CTEHJO0B U MPOU3BOUTH JIEKTPOMOHTAXKHBIE TPUCOCIMHEHUS B PUOOpax.
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[Tpu BeIMOIHEHUY J1A0OPATOPHBIX PAOOT CTYIEHTaM 3aNpelaeTcs:

1) HaxonuThCs B BEPXHEU OZEXK]Ie B JabOpaTOpuu;

2) KypuTb, OCYIIECTBIATH MPUEM UM U HAMUTKOB B JIA0OPATOPHH;

3) mpou3BOAUTH KaKHe—JMOO0 paboThl ¢ Ta0OPATOPHBIM CTEHIOM, HE MMEs JOIyCKa
Ha BBITIOJHEHNE JaHHOU TaO0opaTOpHOM pabOTHI;

4) mpousBoauTh paboTel B Ja00OpaToOpuu, HE CBSI3aHHBIE HEMOCPEICTBEHHO C
nabopaTtopHOi paboTOM;

5) camMOCTOSTENbHO MOAKIIYATh CUIOBOE MUTaHKE Ta00PaTOPHBIX CTCH/IOB;

6) mogaBaTh IMTaHWE Ha COOpaHHYIO cxeMy 0€3 NPOBEPKH MPABMIBHOCTU
COCIMHEHMH MPEnoJaBaTesIeM WIH TEXHHUYECKUM MEPCOHAIOM;

7) WUCNONB30BaTh [JJIsl BBINOJIHEHUS JabOpaTOpHOM paboThl 000pyIOBaHUE, HE
BXOJIAIIIEE B KOMIUIEKT CTEHJa, 0€3 COOTBETCTBYIOIIMX YKa3aHUM MpernojaBaTessl WU
TEXHUYECKOT0 MIEpCOoHAaa;

8) MpUBOAUTH B HETOAHOE COCTOSIHUE KaK OTACJIbHbIE KOMILIEKTYIOIIUE
71a00paTOPHOTO CTEH/1a, TaK U BECh CTEH/I B LIEJIOM;

9) monaBaTh Ha CTEHJl CUTHAJbl, HE MPEIyCMOTPEHHbIE JAaHHOHN JlabopaTopHOU
paboroii;

10) mpou3BOAUTH Kakue-muOO TEPEeKITIOYeHUs Ha CTEHAE TMPU BKIIOYEHHOM
TUTAHUY;

11) yxomuth wu3 J1abopaTopwy, IO OKOHYAHWH JIAOOPATOPHOUW pabOTHI, HE
OTYUTABIINCH O KOMIUIEKTHOCTM CTE€HJAa M €ro HCIPAaBHOCTH MPENOJaBaTeNi0 WM
TEXHUYECKOMY MEPCOHAIY.

IHopsaok BeINOTHEHUs 1a00PATOPHBIX PadoT

Bxon B 1aboparoputo pazperaeTcsi TOIbKO 10 pa3pelieHHIO MPeno1aBaTes.
Ha nepBom 3aHsATHYN TpenogaBaTeb:
JICNIUAT TPYTITY Ha MOATPYIIIHI 10 2 YeTOBEKa;

® 3aKpeIUIeT KaXAYI0 MOATPYIIy 3a pabounM MecToM (CToioM) B JabopaTtopud,
KOTOPOE HE MEHSETCS B TEUCHHE BCETO CEMECTPa;

® TIPOBOAMT MHCTPYKTAX IO TEXHUKE OE30MACHOCTH;

® HANOMHUHAET CTyJEHTaM O HEOoOXOJUMOCTH OEpeKHOTO OTHOIICHHS K
1a00paTopun U O MaTepUATbHONH OTBETCTBEHHOCTH KaXXAOTO M3 HUX 32 COXPAHHOCTh
00opy10BaHusl 1 OOCTAHOBKH J1a0OPATOPHUHU.

[Tpu obGHapyXeHUU MOBPEXIECHUI 000pyAOBaHUs MMEPCOHATBHYIO OTBETCTBEHHOCTD
HECYT CTYJCHTHI, BBIMOJIHSABIINE JIA0OpPaTOPHYIO paboTy 3a ATHUM paboOYMM MECTOM.
BuHOoBHUKH 00s3aHBI BO3MECTHUTH MaTepHallbHbIe yIIepd kadeape. B 3aBepmieHue
WHCTPYKTaka CTYJICHTBl DPACIHUCHIBAIOTCS B JA0OPAaTOPHOM JKypHaJle B TOPSIKE
noJArpynn (HoMep MOArpyIIbl — HOMEp 1a00paTOPHOTO CTOJA).

3. Ilpu o3HaKOMJIEHMH C pabOYUM MECTOM IPOBEPUTh HAIUYHE HEOOXOIHUMBIX
npuOOpOB U COEIUHUTENIbHBIX MPOBOJHUKOB (B CIy4yae OTCYTCTBUS KaKOIo-Jn0o
KOMIUIEKTYIOIIETO 3JIEMEHTa JIabopaTOpHOro CTeHAa HEOOXOJUMO HEMEIJIEHHO
COOOIIUTH 00 ATOM MPENOIABATENIO UM TEXHUYECKOMY TEPCOHAIY).

o N —
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4. Tlpuctynuth K 1a60paTOpHOM paboTe MOCje MPOBEPKHU MOATOTOBKU CTYJEHTA K
BBITIOJTHEHUIO JTa0OpaTOPHOU pabOTHI B BUE KOJUIOKBUYMA (TECTa).

5. Tlepen cOopkoii 1enu MPOBEPUTH, YTOOBI BCe MPHOOPHI Ha paboveM CTOoJIe ObUIH
BBIKJTIOUEHBI.

6. CoOpaB »dJEKTPUYECKYI0 (MOHTQXHYI) CXeMy, HEOOXOIUMO MPUTIACUTh
IperoaBatess 1t €€ MPOBEPKU U TOJIBKO MOCJIE TOTO HAYaTh BRIMTOJTHEHUE PaOOTHI.

7. Ecnm BO BpeMsi TPOBEACHHUS OIBITA 3aMEUCHBI KaKWe-TMOO0 HEWCIPaBHOCTH
000pyi0BaHUsl, HEOOXOJAMMO HEMEIJIEHHO COOOIIUTh 00 3TOM NPENOAaBaTEI0 WIH
TEXHUYECKOMY MEPCOHAIY.

8. Ilocme BbINOJHEHMS U3MEpPEHUs, HEOOXOJUMO TMOKa3aTh IOJYyYEHHBIE
pe3yibTaThl TMPEMOJABATENI0 M TOJBKO TOCIAE TPOBEPKH WM  TaOJIUIBI C
HKCIIEPUMEHTAIBHBIMU JAHHBIMHU JJIEKTPUYECKYI0 CXeMy MOKHO paszOupath. Ilepen
paz00pKoil cXeMbl HEOOXOIUMO BBIKIIOYUTH UCTOUHUKHU MUTAHUS.

9. Ilocne okoHuaHus Ja60paTOPHOI pabOTHI paboyee MECTO MPUBECTHU B MOPSIOK.

MeToanyeckue yKa3aHHs K BbINOJHEHHUIO Ja00paTOPHBIX padoT

1. K BbimonHeHuto padoOThl HEOOXOAMMO NOJATOTOBUTHCS [0 Hayana 3aHATUS B
naboparopuu. Kpome ommcanusi paboThl B JaHHOM Yy4eOHOM IMOCOOMM, UCIOJIB3YWUTE
PEKOMEHJIOBAaHHYIO JIUTEpaTypy M KOHCHEKT Jiekiuil. [lpum moaroroBke mosie3HO
IPOJAyMbIBaTh OTBETHI HAa KOHTPOJIbHBIE BOMPOCHL. K  BBINOJHEHUIO PabOThI
JIOITYCKAIOTCS TOJIBKO MOJrOTOBICHHBIE CTYACHTHI.

2. Ilepen BkIIIOYEHHEM reHEpaTOpa MOCTOSIHHOTO HANPSIKEHUS] PYUYKY PEryJIHMpOBKU
HaNpsHKEHUS BBIBEIUTE BJIEBO JI0 yIIOpa.

3. I[Ipu mnpoBedeHMM DSKCIEpPUMEHTa pe3yJbTaThl M3MEPEHUH U  PpacyeToB
3aMyChIBaiiTe YETKO U KPAaTKO B 3apaHee MOATOTOBICHHbIE TaOIHIIbI.

4. Ilpu 00paboTKe pe3yIbTaTOB U3MEPEHUII:

a) IIOMHUTE, YTO TOYHOCTh PACUYE€TOB HE MOXKET MPEBBILIATH TOUHOCTH PE3YJbTaTOB
IPSAMBIX U3MEPEHUM;

0) pe3ynbTaThl U3BMEPEHU 3alMChIBAITE B BUJE TOBEPUTEIHHOIO HHTEPBAJIA.

5. Otuersl mo nabopaTopHeiM paboTaM O(OPMIISIIOTCS COIVIACHO TpPeOOBaHUSM
ECK/] u cTaHIapTOB NPEANPUATHA:

e Jara BBINOJHEHUS J1a0OPAaTOPHOM pPaOOTHI, CHUCOK CTYJIEHTOB BBIIOJHSIBUINX
JTaHHYIO JTa0OPaTOPHYIO padoTYy;

® YCPHOBUK C H3MEPEHUSIMH, BBINIOJHEHHBIMU B JIa0OpaTOPHH, MOIMUCAHHBINA
IIPENoIaBaTeIeM;

Ha3BaHUE J1a0OpaTOPHOU PabOTHI U €€ 11eIb;

UCII0JIb3yeMoe 000pY/I0BaHHUE;

XO/1 BBITIOJIHEHUS Ta00paTOPHOH pabOTHI;

Ta0JIMLIbl UBMEPEHUN U PACUETHBIX JIAHHBIX;

KpaTKHUE BBIBOJIBI 110 KaXKJ0M paboTe, aHaIN3 MOJTyYSHHBIX JaHHBIX;

e 0000mIaroNMii BEIBOJ MO BCEH J1A0OpAaTOPHON pabOTe — KpaTKOe 3aKIIOYEHUE O
pe3ynbraTax paboThl, coryiacyrolieecs ¢ ee 1eibio. BbeiBoa BKiltouaeT B cesi:

a) OCHOBHBIE YHCIICHHbIE Pe3yJbTaThl paObOThI;
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0) MOrpenTHOCTh U3MEPEHUH, B CIyuyae OTHOCUTEIILHOM morpentHoctu 6osee 15%
00s13aTeNIbHBl aHAJM3 W YKa3aHWe IMPUYWH, NPHUBEIIINX K CHIDKCHHIO TOYHOCTU
AKCIIEPUMEHTA;

B) aHaJIN3 PE3yJIbTATOB:

O CpaBHEHHUE OIBITHBIX 3aBUCUMOCTEH (TpapKOB) ¢ TEOPETUUCCKUMU;

O CpaBHEHHE TOIYYCHHBIX JKCIICPUMEHTAJIBHBIX 3HAYCHUW C TAOJMYHBIMHU, C
00s13aTEIPHBIMHA CCHUTKAMU HA UCTOYHUKHN MH(POPMAIIHH;

O CONOCTAaBJICHUE UX PACXOXKJICHUN C TOYHOCTBIO N3MEPECHUM.

® CIIMCOK MCIMOJIb30BAaHHOM JIUTEPATYPHI.
K BemmosHeHUto crueaymoiiei jgabopatopHoit paboTel 0e3 caaud  oT4eTa o
npeablIyIiel paboTe CTyJeHT HE JOMyCKaeTCsl.

Jlabopatopnas pabota Ne 1
NCCIEJOBAHUE BOJIbTAMIIEPHOU XAPAKTEPUCTUKHA
CTABUJINTPOHA

Lenp paboThl: M3ydyeHHE NPUHIMMA JEHCTBUS DJIEKTPOHHO-IBIPOYHOrO Mepexoja,
UCCJIEIOBAHNUE BOJHTAMIIEPHOM XapaKTEPUCTUKU CTAOMIMTPOHA.

O6nacte Ha rTpanuie AByX noaynpoBogHukoB (IIII) c¢ paznuuHbIMH TUTIAMH
3JIEKTPONPOBOJHOCTH  HA3BIBACTCA JJIEKTPOHHO-AbIPOYHBLIM (DII1) wumu  p-n-
EPEXOI0M.

/11 mpu 0TCYTCTBMH BHELIHEr0 HANIPSAKCHUSA

B pesyaprare TOro, 4ro Hocurenu 3apsga B kKaxaoMm IIII  coBepmiaror
OecropsAI0uHOe TEIJIOBOE ABIKEHHE, Ipoucxoaut ux auddysus uz ognoro I B
npyroil. Kak u npu mo6oi apyroil nuddysuu, Hanmpumep, B rasax WUiId KUAKOCTIX,
HOCHUTENIM TEPEeMEeIaloTCsl TyAa, IZI€ UX TPaJueHT KOHIEHTpaluH MeHblue. Takum
obOpazoMm, u3 IIIl n-tuna B IIIl p-tuna AupGyHAUPYIOT 3IEKTPOHBI, a B O0OpAaTHOM
HarpaBJIeHUH — TUPOYHIUPYIOT ABIpKH (pHC. 5).

B pesynprate quddysun Hocuteneil no oode cTopoHsl rpaHulbl pasgena nsyx IIIT ¢
Pa3IMYHBIM THUIIOM 3JIEKTPOIPOBOAHOCTH CO3JAIOTCA OOBEMHBIE 3apsbl PA3IUUYHBIX
3HakoB. B oOjactu n BO3HHMKAaeT OOBEMHBIM NOJOKUTENbHBINA 3apsisl, KOTOPbIH
oOpazyercs riIaBHBIM 00pa30M MOJOKUTETHHO 3apSXKEHHBIMU aTOMaMU U B HEOOJIBIIION
CTENEHU — MPHUIICAIIUMU B 3Ty o0macth Aplpkamu. [lomobHO sTOMYy B ObOiactu p
BO3HHMKACT OTPUIIATEIbHBIA  OOBEMHBIM  3apsi, OOpa30BaHHBIA  OTPHUIATEIHHO
3apsDKCHHBIMH  aTOMaMU M, OTYAacTH, MNPHUIIEAMIMMHU CIOJa 3JIeKTpoHaMu. Mexmy
00pa30oBaBIIMMHCSI OOBEMHBIMHM 3apsiiaMH BO3HUKAET TaK Ha3blBaeMas KOHTAaKTHas
pasHocTh noTeHIHanoB Uk=Q,—(, a CIEI0BaTEIbHO, U DICKTPUYECKOE IMOJIE C
HanpsDKeHHOCTbI0 Ex, T.e. B p-n-mepexoie BO3HUKAET IOTEHIMAIbHBIA Oapbep,
npenarcTByroumii 1uddy3nonHoMy nepexony Hocutened. Bpicota Oapbepa paBHa
KOHTaKTHOW PA3HOCTH MOTEHUHUAIOB U OOBIYHO COCTABIISIET JECATHIE JIOJU BOJIbTA.
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[Tpuuem, yeM OoJibllie KOHILIEHTpAIMs MPUMECEH, TEM BbIIIE KOHIEHTPAIMsl OCHOBHBIX
HOCHTeJeH U TeM OoJblee uX yucio AubyHIupyer yepes rpaHully.

[InoTHOCTE  OOBEMHBIX
3apsI0B BO3pacTaeT u
YBEIMYMBACTCS  KOHTaKTHAas
pasHocTh mnoteHuuanoB UK,
T.€. BBICOTA IMOTEHIIUATHLHOTO
Oapbepa. [Ipu 3TOoM ToONMIIMHA
p-n-mepexoja yYMEHBIAETCH,
TaK Kak COOTBETCTBYIOIIUE
00BbEMHBIE 3apsiibl
o0pa3yloTcst B MpUTrPAaHUYHBIX
CJIOSIX MEHBIIEH TOJIIIUHBI.

OHOBpPEMEHHO C
mudy3MoHHBIM  TIepeMeltie-

=

00000 |4
ST
L
000000
000000

Pacnpenenenne q
00BeMHOr0
3apsga 0

[TorenumnansHas @ UKW @@]—N

auarpamma 0 t ; Pn o
p-n-niepexoa y___ :_ N T X HUEM OCHOBHBIX HOCUTEIIEU
| : : yepe3 rpaHully IPOUCXOIUT U
oOpatHOe nepeMenieHue

Puc. 5. IIpu OTCyTCTBHM BHEIIHETO HAIIPSKEHUS p . p . n
MpOUCXOUT Apeid u nuddy3us HocuTeneu 3apsaa HocuTenen ol ACUCTBUCM
AJIEKTPUUECKOTO T10JIA
KOHTAKTHOU pasHoCTU

NOTEHIMAJIOB. DTO TOJIe MepeMeNiaeT AbIPKH M3 N-00J1acTh O0OpaTHO B p-00iacTh U
ANEKTPOHBI M3 p-00nacTu oOpaTHO B n-obnacte (Apeiid). Ilpu mnocrosHHOM
TEeMIIepaType p-n-mepexoj HAXOAUTCS B COCTOSIHUM JIMHAMUYECKOTO PaBHOBECHS.
Kaxayro cexkyHay depes TpaHuily B MPOTUBOIIOJIOKHBIX HampaBieHUsX AuddyHaupyer
ONPENIEIICHHOE YHCIIO 3JIEKTPOHOB M JBIPOK, a MOJ JEHCTBUEM IOJSL CTOJBKO K€ MX
npeiidyer B 00paTHOM HaIpaBJICHUH.

[Tepemenienne Hocuteneir 3a cuyer auddys3un obpazyer nuPPy3MOHHBIN TOK
(Ine), @ ABMOKEHME HOCUTENIEH MO ICHCTBUEM M0JIst OOBEMHBIX 3apsAI0B — TOK Apera
(Iyp). B ycTanoBuBLIEMCS PEKUME, T.€. TIPH TMHAMUYECKOM PaBHOBECUH IIEPEXOJIA, ITU
TOKM PaBHbl W MPOTHBOMNOJIONKHBI MO HampaBlieHUto. [loaTomMy MOJHBIN TOK uepes
nepexos paseH 0.

B p-n-nepexone KOHIEHTpalus SJIEKTPOHOB M JBIPOK ILJIABHO MEHSIETCS OT
MUHHMMAaJIbHOTO 3HAYEHUsS K MaKCUMajJbHOMY. B pe3ynbrare 3TOro B CpeaHEN 4acTu
nepexoyia ooOpasyercs CIOW ¢ Majoil KOHIIEHTpalHMedl HocuTesnel (Tak Ha3bIBaeMbId
oOenHeHHbI HocuTensiMu  ciioif). COOTBETCTBEHHO M YJelbHas AJIEKTpUUecKas
MIPOBOJUMOCTH p-n-niepexoaa OyJeT BO MHOTO pa3 MEHBIIE, YeM B OCTaJbHBIX YACTAX
obnmacteit n u p. Takum oOpa3oM B p-n-miepexoie BO3HUKAET CJIOW, Ha3bIBA€MBIi
3aMUpalOIIMM M OOJaJaroMMii  OOJBIIMM  CONMPOTUBICHUEM IO CPaBHEHUIO C
CONPOTHUBJICHUEM OCTaIbHBIX oOnacTei n- u p-I111 [4].

11 mpu NpAMOM HaNPSIZKEHUH
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Hanpsixenune na 9/111, y koToporo
HOJIIPHOCTH COBIIAAACT C
IIOJISIPHOCTBIO OCHOBHBIX HOCHUTENEH,
Ha3bIBAECTCS MPSAMBIM. OJEKTPOI, K
KOTOPOMY IOJKIIIOYAETCS IOJIOXKHU-
TEJIbHBIN BBIBOJI UCTOYHUKA,
Ha3bIBAIOT aHOAOM (A). DIeKTpon, K
KOTOPOMY NOAKJIIOYAETCS  OTpHULA-
TEJIbHBIN BBIBOJI UCTOYHUKA,
HazpiBatoT karogoM (K) (puc. 6).
DJIEKTPUYECKOE TOJIE, CO3JaBAEMOE
—O0+ Ur -0 I--O— lir +Of TpsAMBIM  HampsDKEHHEM  JeHCTBYET

HaBCTpedy TIOJIFO KOHTaKTHOM
pa3HOCTM MNOTeHUuanoB. Pe3ynbTu-
pyrolliee 1ojie CTaHOBUTCS ciabee, u
Pa3HOCTh MOTEHIMAIOB B IIEPEXOJE
YMEHbILIAETCs, T.€. BBICOTA MOTEHIMAIBHOTO Oaphepa IOHMKAETCS, BO3PACTAET
muby3MOHHBI TOK, TaK Kak OOJbIIEe YHUCIO HOCHUTENEH MOXKET MPEO0JIeTh
NOHIWKEHHBIH Oapbep. Tok apeiia mpu 3TOM MOUYTH HE HU3MEHSETCS, TaK KaK OH
3aBUCHUT IJIaBHBIM 00pa3oM OT 4YKCJIa HEOCHOBHBIX HOCHUTEJEH, MONAJAIOIIUX 3a CUET
CBOMX TEIUIOBBIX CKOPOCTEW Ha p-n-mepexoja W3 n- u p-obnacreil. Hanpsoxkenune Ha
nepexoje MOXHO cuutaTh paBHbIM Uy — Upp. Ilpu npsmom HanpsukeHud lnyq>Ip u
II03TOMY IIOJIHBIN TOK Yepe3 nepexo, T.e. IPsIMOU TOK, yke He paBeH 0:

ST+

Puc. 6

Ip = Do — Ip > 0.

Ecimi Gapbep 3HAUMTENBHO MOHKMXKEH, TO TOraa Iyye>>Ipp M MOXHO cuuTath, 4TO
Inne=Inp, T.6 mpsAMONl TOK B mepexoje sABIseTcd 4UCTO AU(QPy3uoHHBIM. BBeneHue
HOCUTEJEN 3apsa 4epe3 MOHMKEHHBIM MOJ JACHCTBUEM IMPSAMOrO HAIPSKEHUS
NOTEHUUANbHBI Oapbep B 00JacThb, TJ€ 3TH HOCHUTENHU SBIAIOTCS HE OCHOBHBIMH,
Ha3bIBaeTCA WHXKEKIuend Hocurtenedt 3apsma. O6mactes IIIIII, w3  koTopoi
UH)KEKTUPYIOTCS HOCHUTENIM, Ha3blBaeTcs OSMUTTEpoM. A o00jactb, B KOTOpOM
MH)KEKTUPYIOTCSI HEOCHOBHBIE JIJIsl TOW 00JIaCTH HOCUTENM 3apsijia, Ha3blBaeTcs 6a3oil.
Takum 00pa3oM, eciii paccMaTpUBaTh MHKEKLHUIO 3JEKTPOHOB, TO N-00J7acTh SIBISIETCS
OMUTTEPOM, a p-o00macTh — Oa3zoi. J[ms WHXKEKIHUH IBIPOK, HAOOOPOT, IMHUTTEPOM
CIy’)XHT p-00yacTh, a 0azoii — n-obmacth. [Ipm TpsIMOM HANPSHKEHUU HE TOJBKO
MOHM)KAETCS MOTEHUUAIbHBIN Oaphep HO TaKKe€ YMEHBIIAETCS TOJIIMHA 3alUPAOLIEro
cios U ero auddepeHunaIbHOe CONPOTUBIEHUE B MPSMOM HANpaBIEHUH CTAHOBUTCS
MasbiM (eauHUIEI —aecaTku Om). [TockonbKy BeICOTa TOTEHITHAIBHOTO Oaphepa Uy mpu
OTCYTCTBMHU BHEIIHETO HAIPSKEHUSI COCTABIISIET HECKOJBKO JECATHIX JOJEH BOJIBTA, TO
JUIsT  3HAYUTENBHOTO TIOHIKEHHUS Oapbepa W yMEHBIICHUS  COMPOTUBICHUS
3alMUPAOIIEr0 CJI0 JIOCTaTOYHO IIOABECTH K P-N-IIEPEXOAY TaKoe K€ MNpsSAMOe
HampspDKeHWe (fecsATbie 1oau  BoJbTa). [lodToMy OONBIION MPSAMOW TOK MOKHO
NOJIyYUTh TPU OYEHb HEOOJIBIIOM TPSIMOM  HampsbkeHWd. BoapTammnepHas
xapakrepuctuka (BAX) D11 npu npsMoM NpUII0KEHHOM HAIPSKEHUU MPECTaBICHA

15



Ha pucC. 7.]BCHCHCTBHC IMPOTCKAaHUA 00JILIIIOrO MpsAMOIro TOKa4, BCJIIMKA BCPOATHOCTDb

HACTYIUIEHUS TEIJIOBOrO Mpo0Oosi mpu o00IIeM IMeperpeBe p-n-nepexoia B BHUAY
YXYIUICHUS] yCIOBUN TEIUIOOTBOJA. TerioBoi mpoOoii SIBISETCS HEOOpAaTUMBIM U

MOKET IpUBeCTH K pa3pyueHuto DI [1].

Inp

OobnacTte
TETIOBOTO

npobost

0 Unp U

Puc. 7. Ilpsimas BetBr BAX nuona

11 npu 00paTHOM HANPSAKEHUHU

Ha puc. 8 npencraBnena oOpatHas BeTBb BAX nuona.

_i: I{oﬁp max 0
A

O06nacTp AMEKTPUIECKOTO
npoOost

___________ Ioﬁp max

0061aCTh TETTOBOTO
V Ioﬁp
npobost

Puc. 8. O6parnas BetBb BAX nuona

[Tox nevictBuem oOpatHoro HampsbkeHus Uppp 4epe3 mepexo] MPOTEKAeT OYCHb
HEOONBIION 00paTHBIE TOK lppp, YTO O0OBsICHSETCS ciemytonmuM oOpaszom. [lore,
co3/1laBaeMO€ OOpATHBIM HANPSIKEHUEM, CKJIAJbIBAECTCA C MOJIEM KOHTAKTHOM Pa3HOCTH
NOTEHIUANOB. Pe3ynbTupyloniee Mojie YCHWIMBAETCS, M BBICOTA MOTEHIUATIBLHOIO
O0apbepa cranoButcs paBHoi cymme Ui +Uggp (puc. 9).
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_on B e L‘i‘ n [Ipn HeOOJBIIOM TOBBINICHUU Oapbepa
L]
R E §i§ g ’% % :§ « zm(b(bysﬂcu)HHoe IEPEMEIICHUE OCHOBHBIX
82182008 0ig HOCHUTEIJICH dYepe3 Iepexo[] MNpeKpaliacTcs,
L} !
© ° ,9 © © o T.C. IIH@ZO, TaK KaK COOCTBEHHBIE CKOPOCTH

I
N —- = M U HOCHTEJIeH HeIOCTATOYHBI JUIsl TIPSO I0JICHUS
Crcs K OEP
. : Oappepa A TOK HPOBOJAMMOCTH OCTaETCS

i
0 \n i MOYTH  HEU3MEHHBIM,  IIOCKOJbKY  OH

ONpPENENISAETC TIIABHBIM 00pa3oM YHUCIIOM
@ @ HEOCHOBHBIX HOCHTEJIEH, MONAJAI0NIHUX Ha P-

n-mepexojl U3 n- U p-obynactel (y4acTok

L10- Uorr +0O O+ losr —OF
Rore [ OA) .
+ O_E BriBenenue HCOCHOBHBIX HOCHUTEJICH
Pric. O qepe3 p-n-riepexonq YCKOPAOIIUM
SJIICKTPHYCCKUM IMOJIEM, CO3JJaHHBIM

0oOpaTHBIM HaIpsHKEHUEM, Ha3bIBACTCS OJKCTpaKUUeW HocuTeneld 3apsnga. Takum
oOpa3zoM, oOpaTHbIi TOK g mpeacTaBisieT coOOil TOK MPOBOJMMOCTH, BBI3BAHHBIN
NEepPEMEIIEHHEM HEOCHOBHBIX HOCUTENEH.

OOpatHbBI! TOK TIOyYaeTcs HE OYCHb OOJBINNM, TaK KaK HEOCHOBHBIX HOCHUTEJCH
CIIMIIKOM Maji0o M, KPOME TOT0, COMPOTUBIICHHE 3alHPAIOIIETO CJIO0S MpU OOpaTHOM
HaNpsHDKEHUW OYeHb BEJIMKO. Tak Kak MpY MOBBIIIEHUH OOpPaTHOTO HANPSKEHUsS MOJIEe B
MECTE Mepexo/ia CTAHOBUTCS CUJIbHEE U MOJ JEHCTBUEM 3TOrO MOJIA OOJIbIIE OCHOBHBIX
HOCHUTEJIE «BBITAIKMUBAETCS» U3 MOTPAHUYHBIX CJIOEB B IIyOb n- M p-o0yactei, TO ¢
YBEJIMYEHHEM OOpaTHOrO0  HANPSOKEHUS  YBEIMYHMBAETCS HE  TOJIBKO  BBICOTA
NOTEHIMAIBHOTO 0apbepa, HO ¥ TOJIIIMHA 3aMUPAOIIETO CI0A. DTOT CIIOHN elle CUIbHEee
o0eHseTCA HOCHUTENSIMA, M €ro CONPOTHBIICHHWE 3HAYUTEIbHO BO3pAacTaer, T.e.
Rosp>>Rpp. Yike mpu cpaBHUTENHbHO HEOOJBIIOM OOpAaTHOM HAIPSKEHUU OOpPaTHBIN
TOK CTAHOBUTCS MPAKTUYECKHU MOCTOSIHHBIM. BllMsiHUE reHepanuu HOCHUTENEH 3apsijia B
p-n-niepexojie 00bIYHO CKa3bIBAETCSl MPH MOBBIIMICHHBIX 00paTHBIX HanpskeHusx. OHO
IPOSABIISIETCSl BHAYaj€ B HAPYLIEHUM JUHEHHOW 3aBUCUMOCTH W3MEHEHHS OOpaTHOIO
TOKa OT HANpPsKEHHUS, a 3aTeM B PE3KOM BO3pacTaHuM oOpaTHOro toka (ydactok AB),
XapaKTEPHU3YIOLIUM 3JIEKTPUUECKUI MPoOOH p-n-nepexoja. B 3aBucumMocT OT IpHYKH,
BBI3BIBAIOIIMX IOSIBJIEHUE JOIMOJIHUTENIbHBIX HOCHTENEH 3apsdla B p-h-IIEpexo/ie,
paznuyaroT JIaBUHHBIM W TYHHENbHbIM npoOoi. JlaBuHHBIA mpo0oi 00ycCiOoBIIEH
JAaBUHHBIM pa3MHOKEHHEM HOCHUTENIed B p-n-Mepexojie B pe3yJjbTaTe yIapHOU
MOHMU3ALMHA aTOMOB KPHUCTANIMYECKON pEHIeTKH OBICTPHIMU HOCUTENSIMHU 3apsaa. B
OCHOBE TYHHEJBHOr0 MPO0O0H JIEKUT HENOCPEICTBEHHBIA OTPBIB  BAJIEHTHBIX
3JIEKTPOHOB OT AaTOMOB KPHUCTAJUIMYECKOM pELIETKH TOJA JIEUCTBUEM CHUIIBHOIO
ANEKTpUYEeCcKoro mojs. JIaBUHHBIM M TyHHENbHBIA BHIBI MOPOOOS  SBISIFOTCS
oOpaTUMBIMH TIpOLECCAMM, T.€. OHM HE MNPHUBOIAT K moBpexiaeHuto /Il u mpu
CHW)KEHUU HANPSDKEHMSI €r0 CBOMCTBA COXPAHSIOTCS.

CTaOUIUTpPOHBl —  MOJYNPOBOJHUKOBBIE NPUOOPHI, HMMEIOIIME Ha CBOEH
BoJIbTaMIiepHoi xapaktepuctuke (BAX), npencrasiennoit Ha puc. 10, mpu oOpatHOM
BKJIFOUEHUH B OOJACTH AJIEKTPUYECKOTO MPOOOSI y4yacTOK, Ha KOTOPOM HAmpsOKEHHE
cnabo 3aBHCUT OT H3MeHeHHs Toka. CleoBaTeIbHO, CTAOMJIMTPOH MOXKET OBITh
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UCIIOJIb30BaH Uil crabmnu3auuud Hanpspkenus. [Ipsmas BetBb BAX craGunutpona
TakKast ke, Kak U 'y OOBIYHBIX JHOJIOB.

Ha puc. 10 ygacrok BAX crabuwmurpona Ab — o0nacte JaBUHHOTO TPOOOS
ctabmnutpoHa (pexuMm crabunusanuu), ydactok bB — o0macte TemioBoro
HeoOpaTumoro mpo6osi. K ocHOBHBIM mapameTpaM CTaOUINTPOHA OTHOCSATCS:

U,, — HampspKeHUe CTaOMIM3AIuU — 3TO HANpPsDKEHHE, MPU KOTOPOM OOpAaTHBIN TOK
CTAOMJIUTPOHA PABEH I, yous;

Lermins | — MHUHUMQIBHBIA M MAKCUMAJbHBIM TOK, IIPU KOTOPBIX BO3MOXEH
PEXKUM CTaOMIIN3AlINH;

P, .« — MaKCUMaJbHO JOMYCTUMAsi MOLITHOCTb, pacceMBaeMasi B CTAaOMIIUTPOHE;

Rpe = dU/I — muddepennmanbnoe CONpOTUBIEHHE CTAOMIMTPOHA B PEKMME
cTaOuIM3anuy, XapakTepU3yrollee KadecTBO CTa0Wiam3aluu (4eM MEHbIe ero
BEJIMUMHA, TeM Kpyuye HakiIoH BAX Ha yuactke Ab puc. 10, TeM BbIIIE KayecTBO
crabunuzanuu).  JuddepeHunanbHoe  COMPOTHBIEHHWE  NPEACTABIsSCT  COOOM
CONPOTHUBJICHUE TMEpPEMEHHOMY TOKYy. BiusHue TemmepaTypbl  OLICHHBAETCS
TeMreparypHbiM  kodddunuentom Hampsbkenus cradbwmsanun  (TKH), xoropsrit
XapakTepusyeT usMeHnenue Hanpsbkenus Ug, pu M3MEHeHUH TeMrepaTypsl Ha 1 rpamyc
U OIPENIEISACTCS CASAYIOUUM BhIPAXKEHUEM:

TKH = dU_/(U,.dT).

CT.max

Jlns  HU3KOBOABTHBIX  ctabmiautponoB TKH  —  orpunarenbHbldd,  uIs
BBICOKOBOJIBTHBIX — ITOJIOKUTEIILHBIN.

Lp

Uc‘rmin

UCTmax

U06p 0 UHP

ICTmin

A Puc. 10. BosbramnepHas xapakTepuCTHKa
AU CTaOMIMTPOHA

Al

E ICTInaX

I06p

OcHOBHas cxeMa BKJIIOYECHHUS CTAaOMJIUTPOHA TMPEACTaBIISICT COOOM MPOCTECHUIINIA
napaMeTpuyecKuil CcTaOuin3aTop HANpPsHKEHUsA, B KOTOPOM Harpy3ka BKJIFOYAETCS
napauieIbHO CTaOMiIUTpoHy. [loaTOMy B pexume crabuiu3and HalpsDKeHHE Ha
CTaOMJIUTPOHE TOYTH TIOCTOSIHHO, TaKOe K€ HampspkeHue OyaeT WM Ha Harpyske. Bce
W3MEHEHHUsI HampsDKeHUs UCTOYHMKA E mpm ero HecTaOMIBHOCTH TOYTH ITOJTHOCTHIO
MOTJIONIAIOTCS] OTPAHUYUTEIBHBIM COMTPOTUBIEHUEM Rorp (puc. 11).
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Rn'p
+ |
-  I—

E VD U Puc. 11. OcHOBHas cxeMa BKIIIOYCHHUS
cTabUIUTpOHA

HaubGonee wacto craOunmutpoH paboTaeT B TaKOM PEXUME, KOT/a HampsKEHHE
UCTOYHMKA HECTa0WIbHO, a CONpOTHUBIEHHE Harpy3ku Ry moctosnuHo. [ns
YCTaHOBJICHHSI M TOJACPKAHUS MPABUIBHOTO pPEXUMa CTaOWIH3AIMM B 3TOM CIydae
conpoTuBieHue Rorp AOMKHO HMETh omnpeaeleHHoe 3HaueHue. OObuHO Rorp
pPacCUMTHIBAIOT AJIA cpeAHeil Touku T xapakTepucTHKu ctadbmiutpoHa (cMm. puc. 10).
Ecnu wnanpspkenne E mensiercs ot Emin 10 Emax, 10 MOX)HO Rorp HaliTH 1O
cienyroen popmye:

ECP B UCT

ICP _IH

Rorp =

5

rne Eqcp — cpenHee 3HaueHHME HANPSKEHHUs MCTOYHUKA INHMTAHMS, ONPEACIIEMOE II0
(1)0pMYJ'Ie ECP:O’5 (Emin+EmaX);

Ip — cpenHuii Tok cTadmnmuzanuu ctadmmutpona, [p=0,5(1,;,+1

I;; — Tox Harpysku.

Ecnmu nanpsokenne E  MeHsieTcsi, TO COOTBETCTBEHHO OYyAET HU3MEHATHCA TOK
CTaOWJIMTPOHA, HO HAIIPSDKEHUE HA HEM, a CJIeJI0BATeNIbHO, U Ha Harpy3ke, OyJeT MoYTH
nocTOAHHBIM. [lOCKOJIBKY BCE UW3MEHEHHMS HAIpSIKEHUS HMCTOYHMKA  JIOJKHBI
MOTJIONIATECS  OTPAHUYHUTEIBHBIM PE3UCTOPOM, TO HAMOOJIbIIEe H3MEHEHHE JTOTrO
HanpsbkeHus, pasHoe E, —E . 10KHO cooTBeTCTBOBAaTH HAHOONBIIEMY BO3ZMOXKHOMY
u3MeHenuto Toka I, —I .. mnpu Koropom eme coxpanserca crabmwnmzaunusa. OTKyna
cienyer, uro ecnu 3HadeHue E wu3mensiercs Ha DE, 10 crabunmsanus Oyner
OCYLIECTBJIATHCS TOJIBKO IPY BBIIIOJIHEHUH YCIIOBHS

AES( Imax_Imin) 'Rorp-

CTaOuiIUTpOHBI YaCcTO HCIOJIB3YIOTCS KaK HCTOYHHKK OMOPHOTo (00pasiioBOro)
HaIpsHDKEHUS B yCTPOIMCTBAX CpaBHEHMs CTaOUIU3aTOPOB [3].

max) >

min»

IMopsaaok BeINoJIHEHUS] padOThI

1. Buemmnwmii Buj mnepenHel maHenu JjgabopaTopHoro Moxayis «Ontomapa u
cTabunutpon» mnpuBereH Ha puc. 12. CoOpaTh cxeMmy, IpHUBEIECHHYIO Ha puc. 13,
HNOJKJIIOYUTH MOJTYJIb TUTAHMSL.

2. IoaxmounTh U3MEPUTEIbHBIE TPUOOPHI.
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/®—| ONTOMNAPA W CTABMIIUTPOH [———

WececnepoeaHuwe ontona PbI
W% R +
l‘d!"\‘. .
PA1 Sl
: R q’:- :: g UBbI)t
i DA '
.:'.‘F’V‘E -LPVQ
U ry : Sz: YA o o
i e ‘V Puc. 12. Bueuinuii Bua nepeaHei
; | - MaHeH TAOOPaTOPHOTO MOTYJIS
A ;
0, O 0—=O0 «OnTonapa u CTaOMITUTPOH»

WececnepoeaHue ctabunurpoHa

PA

rl b
o—o-{-

Yam

'; 'Pocsrnrégﬁop"

3. 3meHsisi MOCTOSTHHOE HamnpsbKeHHe Ha Bxonle cXeMbl U, M0 TMOKa3aHUsM
npubopoB PA u PV HeoOxomuMo CHATH OOpaTHYH BETBb BOJIbTAMIIEPHOMN
XapaKTEPUCTUKHU CTAOMINTPOHA, TaHHBIC M3MEPEHUI 3aHECTH B TaOI. 1.

()
N

u
= HNVD | Ri |R2 |R3 | Ra R5@\D T

Puc. 13. Cxema nccneqoBaHust XapaKTEPUCTUKU
CTaOMIUTpPOHA
Tabnuua 1

O6paTHa51 BOJIbTaMIICpHAA XapaKTCPHUCTHUKA CTa6I/IJII/ITpOHa

U06p9 B
Io6p , mA
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M3MeHuB 1nonsApHOCTH HampspkeHWss nuTaHuss Uz, U U3MEHAs €ro BEIUYHUHY, I10
nokazanusm npuoopoB PA u PV cuars npsimyio BetBb BAX cTabunutpoHa, 1aHHbIE
U3MEpPEHU 3aHeCTH B TalII. 2.

Tabnuua 2

HpHMaH BOJbTaMIICpHAA XapaKTCPHUCTHKA CTa6I/IJII/ITpOHa

U,p, B
I

p>

[To naHHBIM U3MEPEHUI TOCTPOUTD MPSAMYIO U 00paTHYyI0 BeTBU BAX cTabunutpona
— Ip = £ (Upp) 1 Losp=1(Uosp), Ha KOTOPOH 0003HAUUTH XapaKTEPHBIE TOUKHU: Loy min, Ler.max
UCT,mirb UCT,maXa ICT.H0M7 UCT.HOM'

4. ConocTaBUTh 3HAYCHHUS XaAPAKTEPHBIX TOYEK CO CIIPABOYHBIMU 3HAUCHUSIMH.

5. Cnenatb BBIBO/IBI.

KOHTpOJILHbIe BOIIPOCHI

1. HapucoBath kayecTBeHHYyr0 BAX crabwintpoHa u o0003HAUWThL Ha HEH
XapaKTePHbIC YUYACTKHU U TOUKHU.
2. HapucoBath cxemy BKJIIOYEHHUs cTaOunuTpoHa. Yem orpaHuyeH TOK
CTAOMJIUTPOHA U KaK OH BhIOMpaeTcs?
JlaiiTe onpeaeiieHre JJABUHHOTO MPOOOs.
Yto Takoe aHoxd, KaTox?
Haiite onpeaenenue D/I1.
Yro Takoe Tok nperida?
J7ig Kakux 1enei MpUMeHSIOTCS] CTaOMIUTPOHBI?
Kak onpenenuts kordduiimeHT crabunuzanun?

XN bW

JlaGopartopnas padota Ne 2
NCCIEAOBAHUE XAPAKTEPUCTHUK BUITIOJAPHOI'O TPAH3UCTOPA

[{enp paboThI: U3yYEeHUE NAPAMETPOB, XaPAKTEPUCTUK OUIIOISIPHOTO TPAH3UCTOPA.

bunonspueie Tpan3ucTopsl npeacTaBasaoT codoit INIII1, mpuroaHeie as yCUICHHUS
AIIEKTPUUECKUX CUTHAJIOB, UMEIOIIKe 3 i 0osiee BHIBOJIOB.

Haubonee pacnpocTpaHeHbl TPaH3UCTOPHI C ABYMSI P-N-NIEPEXOJaMH, HA3bIBAEMbIC
OMIOJISIPHBIMH, TaK Kak MX paboTa OCHOBaHA Ha WCIOJIb30BAaHWUU HOCUTENEH 3apsija
000MX 3HAKOB.

[Io cBOMM CTPYKTYpPHBIM MpHU3HAKAM OWIMOJSPHBIE TPAH3UCTOPHI NETSATCS Ha JIBa
OCHOBHBIX THMA: N-p-n U p-n-p.

Cpennsist obnacTh TpaH3ucTopa HasbiBaercs 0a3oii (b). Kpaitaroro obGmacte, ot
KOTOPOUW HAUMHAIOT IBUKEHUE OCHOBHBIC HOCUTEIH 3apsiia, Ha3bIBAIOT IMUTTEPOM ().
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Hpyryto KkpaifHior0 00JacTh, K KOTOPOM CTPEMSTCS OCHOBHBIE HOCUTEIM 3apsja,
Ha3biBaloT KoJLIeKkTOpoM (K) (puc. 14). Takum 06pa3oM, B TpaH3UCTOPE UMEIOTCS 2 P-
Nn-repexo/ia: IMUTTEPHBIH (MEXIy AMUTTEPOM U 0a30ii) U KOJNJIEKTOPHBIA (MEXIy
0a30i M KOJIEKTOpoM). TpaH3UCTOp MOKET paboTaTh B TPEX peXUMax B 3aBUCUMOCTHU
OT HaMpsHKEHUsS Ha ero nepexojaax. [Ipu paboTe B aKTHBHOM pEKHUME Ha SMMUTEPHOM
nepexoAe HampsLDKEHHE NpsIMOe, Ha KOJUIEKTOPHOM — oOpartHoe. PexuMm orceukmn
(3anmMpaHusi) JOCTUTAaeTCs Moauell oOpaTHOTO HampsbkeHus Ha o0a mepexoaa. Ecnu Ha
o00oMX mepexoJax HampsbKeHUE TMpAMOE, TO TPAH3UCTOpP paboTaeT B pexKHUME
HachbImeHus [3].

Paccmotpum paboty
_L +
a — O+ TpaH3ucropa THma p-n-p B
SPPO0S
$22228 |n aKTHBHOM pexKuMe 0e3
A P9922° U5- Kk 4o Harpy3Kd, KOTJa BKJIFOYEHBI
20
+ Ir —ol)escees TOJIBKO WCTOYHUKH
ecoces |P K R,
w 5 [IOCTOSTHHBIX MMUTAFOIIAX
R Q:? 005560 HaIPsSHKEHUIA.
cesses I €,
580088 [TonmgpHOCTH UX TakoBa, YTO
3 Ha  OMHUTTEPHOM  I[EpPEXOJe
HalpsoKeHWE MpsiMoe, a Ha
—o* ~ KOJJICKTOPHOM obpatHoe.
Puc. 14 [ToaTomy COIIPOTHUBIICHUE

OMUTTCPHOI'0O ICPeXoaa MaJI0 U
A1 TIOJIYYCHHUSA HOPMAJIBHOI'O TOKa B 3TOM IIEPCXOJC AOCTATOYHO HAIIPSIKCHHA B
ACCATBIC OOJIM BOJIbTA. COHpOTPIBJ'ICHH@ KOJUICKTOPHOI'O IIEpEXOJia BCIHMKO H
HAIIPAKCHUC OOBIYHO COCTABIISICT JCCATKH BOJIBT.
HaHpH}KeHI/IH MCIKAY SJICKTpOAaMHU TPAH3HUCTOPA CBA3AHbI HpOCTOﬁ 3aBUCUMOCTBIO.

Uks = Ugg + Uss.

[Ipu paborte TpaH3ucTOpa B aKTUBHOM pexuMe 00bdHO Upy<<Uygp H,
cinenoBaresibHO, Ugy>>Ugg.

Ecnu k >MUTTEpHOMY NEpexoAy HaANpsHKEHUE HE MPUIIOKEHO, TO MPAKTUYECKU
MOHO CYHTaTh, 4YTO B OTOM TMepexoJie HeT Toka. B a3ToM ciydae o0jacThb
KOJUICKTOPHOTO Tepexoja UMeeT OOJIbIIOe CONMPOTHURIICHHE MOCTOSHHOMY TOKY. Uepes
KOJUICKTOPHBIM Iepexoj] MpOTEeKaeT JIMIIb OYEeHb HEOOJBIION TOK, BBI3BAHHBIM
IIEPEMENIEHUEM HEOCHOBHBIX HOCUTEIIEH.

[Ipu  yBenmyeHMH  TpsAMOro  BXOAHOro  HampspkeHuss Upy;  IOHMXKaeTCs
MOTCHIIMAIBHBIA Oapbep B ASMUTTEPHOM IEPEX0JIe U COOTBETCTBEHHO BO3PACTaeT TOK
yepe3 3TOT Iepexon — TOK oMurrepa Is. JIBIpKM 3TOro TOKa WHXKEKTHPYIOTCS W3
sMuUTTEpa B 0a3y u Omaromapsi qud@dy3un MpOTEKAIOT CKBO3b 0a3y B KOJUIEKTOPHBIN
MEepexXoJl, YBEIMYMBAsI TOK KoJuiekTtopa Ix. B pesynbraTre TOro, 4ro KOJUIEKTOPHBIN
nepexo]1 padboTaeT npu oOpaTHOM BKJIFOUEHHUH, B 3TOM IMEPEX0/Ie BO3HUKAIOT 0ObEMHBIC
3apsi/ibl, KOTOPhIE CO3JAI0T 3JeKTpuueckoe mojie. OHO CIOCOOCTBYET MPOJBHKECHHUIO
(3KCTpaKIMu) Yepe3 KOJUICKTOPHBIA MEePeXo]] IbIPOK, MPHUIICANINX CI0Ja U3 dIMUTTEPA,
T.€. BTSTUBAET JBIPKH B 00J1aCTh KOJJIEKTOPHOTO nepexoja. Yem OoJblie TOK SIMUTTEDA,
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TeM OO0JIbIlIe ABIPOK MPUXOAUT K KOJUIEKTOPHOMY NEPEXOAY U TEM MEHBIIE CTAHOBUTCS
ero conpoTtuBieHrue. COOTBETCTBEHHO YBETUYMBAETCS TOK KOJIEKTOPA.

Ecnmu Tommuua 6a3bl AOCTATOYHO Maja W KOHIIEHTpAalUs 3JEKTPOHOB B HEH
HEBENMWKa, TO OOJIBIIMHCTBO JBIPOK, TMpOHAsS uepe3 0Oa3zy, HE yCIeBaer
PEKOMOMHUPOBATH C 3JIEKTPOHAMH 0a3bl U TOCTUraeT KOJUIEKTOPHOro mnepexoja. JIuib
HEOOJIbIIIas 4YacTh ABIPOK peKOMOMHUPYET B 06a3e ¢ JIeKTpOHAMHU, CO3/1aBas TOK 0asbl I
OOblyHO TOK 0a3bl COCTaBISIET MaIyl JIONK0 TOKa »MuUTTepa, T.e. [p<<I,,
CJIeIOBaTEIbHO, TOK KOJUIEKTOpa JIMIIb HE3HAYUTEIHHO MEHbILIE TOKa SMHUTTEpa U
MOXHO cuutars [[>>1,.

bunonspHelii TpaH3UCTOP SABISETCSA YNPaBISIEMbIM HEJIUHEHHBIM 3JIEMEHTOM, €ro
BOJIbTAMIIEPHBIE XAPAKTEPUCTUKH MOTYT OBITh MpPEACTaBICHbl B COOTBETCTBHM C

puc. 15.
3aBUCUMOCTh TOKa KOJJIEKTOPA OT HAIPSLKEHHSI MEXIY KOJUIEKTOPOM M 3SMUTTEPOM
— L=f(Uxs) mpu QuKCHpOBaHHBIX 3HAUEHHUSAX ToKa 0a3pl — Ig=const Ha3bIBAIOT

CEMEMCTBOM BBIXOJIHBIX (KOJUIEKTOPHBIX) XapaKTepUCTUK TpaH3ucTopa (puc. 15, a).
3aBUCUMOCTh MEXJy TOKOM UM HaNpsOKEHUEM BO BXOJHOM IENU TpaH3UCTOpa —
I=f(Us,) Ha3bIBaIOT BXOAHOM Wik 0a30BOM XapaKTEpUCTUKOM TpaH3ucTopa (puc. 15, 0).
Bxonnas xapakTepucTuKa MPaKTUUECKU HE 3aBUCUT OT HanpspkeHus: U,. BeixoaHbie
XapaKTepPUCTUKU TOYTH NPSIMOJIMHEWHBI B IIMPOKOM JIMANa30HE HW3MEHEHUS
HanpspkeHust [1].

|K,MKA / |6,MKA
ls=800mkA |1
80 — 800 : /
/ fe=600MkAL— 500 Uw=1.20 E/’ Puc. 15. BonbTamnepHsie

60— ) XapaKTEepUCTUKHU
n ls=400mkA_—~ OUIIOJIAPHOTO TPAH3KUCTOPA:

|/~ =0 _ a — BBIXO/IHBIC; O — BXOJIHAS
oolff L 15=200mkA — 500 /

V ls=0mkA - L~

0710 20 30 40 Uop 2 02 04 06 Usp

a) 0)

IHopsinok BeIMOJIHEHHsI padOThI

1. Buemnuii Bua mnepeaHed manenu — yaboparopHoro wmoayis «bumonspHbii
TpaH3uCTOp» TpuBeAeH Ha puc. 16. CoOpaTh cxemy MpeACTaBICHHYIO Ha puc. 17.
[ToakTIOYUTE U3MEPUTENBHBIE TPUOOPHI, K MOAYIKO OUIOJISIPHOrO TPAH3HCTOPA, CXEMa
C OOIIKUM SMUTTEPOM, U MOJIYJIb TUTAHUS B COOTBETCTBHU CO CXEMOM.

a) CHATh BXOJHYIO XapaKTEPUCTUKY OMIOJIIPHOTO TpaH3ucTopa. MI3MeHssl BEMUYUHY
BXOJIHOTO HAaIpsOKEHUs, 3amucarh MokasaHus npuoopoB PV1 u PAI. Pesynbrarsl
U3MEpEHU 3aHeCTH B TalII. 3.
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- {BMNONSAPHBLIA TPAH3UCTOP |————————
o
C o6wum amutTepom  PA1 H‘;A }g—:l‘g
"_.‘\ ‘ ]
O0——O000~A0—Q v O [UMPE
U iopnp n-p-n i
BX LA PV A
iV VT 2 LV iPV2
O et Puc. 16. Buennuii Bua nepenneit
o—00 o—0C naHead J1abopaToOpHOTO MOMYJIS

«bHIONIAPHBIN TPAH3UCTOP»

o~
< 1=

AJ

Ve’

Q

PHMO
"Pocyunputop"

Puc. 17. Cxema uccnenoBanust XapaKTepUCTHUK
OUIIOJIIPHOTO TPAH3UCTOpA THUIA N-pP-n

Tadmuna 3
Bxoanas xapakrepucTika OUTIOISIPHOTO TPaH3UCTOpa
U599 B
IB; MA
[To pe3ynbpTaTaM U3MepeHuil MOCTPOUTh BXOAHY0 BAX TpaH3ucrtopa.
0) CHATh BBIXOJHBIC XaAPAKTEPUCTUKH OUIOISIPHOrO TpaH3ucrtopa. W3menss

BEJIMYMHY BXOJHOIO HAIpPSDKEHUs, 3amucaTh MokasaHus npubopoB PV2 u PA2, nns
Tpex puKCcUpoBaHHBIX 3HaUeHMM Toka 6a3bl (I;=0, 1;=0,51; max, [;=I; max) KoHTpOII 32
BEJIMYMHONM TOKa 0a3bl OCYIIECTBIsAETCA ¢ momoinbio amnepmerpa PAl. Pesynbrarsl

U3MEpEHU 3aHecTH B TalI. 4.
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ITo pe3ynbTaTam U3MEPEHU NOCTPOUTH BhIXOIHbIe BAX TpaH3ucropa.

Tabauia 4
BbIxo1HBIC XapaKTEPUCTUKHU OUMOIIPHOTO TPaH3UCTOPA
IB = MA, IB = MA, IB = MA,
Uy, B; I, A; Uy, B; I, A; Uy, B; Ik, A;

HccnenoBarh XapakTepUCTUKH OUIOISPHOrO TPAH3UCTOPA THIA P-N-P, BKIOYUB €TI0
B CXEMY MCCIIEJOBAHHUsI, B COOTBETCTBHH C pHUC. 18.

Puc. 18. Cxema uccienoBaHusi XapakKT€pUCTUK
OWIOJISPHOTO TPAH3UCTOPA THUIA P-N-P

KoHTpoJibHBIE BONIPOCHI

1. Kak BBITJISAST BBIXO/IHBIE U BXOJIHBIE CTATUUECKUE XapaKTEPUCTUKUA TPAH3UCTOPA
B cxeMe ¢ O93?

2. Yto Takoe cTaTHYeCKas XapaKTEepUCTUKA MpsMOM mepenauu mo Toky? Kak eé
noctponuth? Kak oHa U3MEHSAETCS IPU HATUYAH HATPy3Ku?

3. Kak onpenensiercst cratudeckuit ko puiment nepenayu Toka hy 5?

4. Kak CHATbh CTaTUYECKHUE BXOJHBIE XapaKTEPUCTUKN?

5. Ykaxure QpakTopbl, ONMpPEeISIONUE CUITY TOKa, TPOTEKAIOLIEro Yepe3 KOJUIEKTOp
OUMOJSPHOTO TPAH3UCTOPA.

6. UTo MOXHO CKa3aThb MO BBIXOJHBIM XapaKTEPUCTUKAM O 3aBUCUMOCTH TOKa
KOJUIEKTOpa OT TOKa 0a3bl M HANPSDKEHUS KOJIEKTOP-IMHUTTEP?

7. 3aBucut 1u auddepeHIHaNbHOe BXOIHOE CONPOTHBJICHHE OWIOJISIPHOTO
TPaH3UCTOPA OT TOKA IMHUTTEpA?

Jlabopatopnas padota Ne 3
NCCIEAOBAHUE CXEM BKJIIOUEHUS BUITOJAPHOI'O TPAH3UCTOPA
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[leap paboOTHI: HM3ydyEeHHE CXEM BKIIOUEHHS U PEKUMOB pabOThl OUIOISIPHOTO
TPaH3UCTOPA.

[Ipu pemiennu 3a1a4 yCHUIIEHUS JIEKTPUYECKUX CUTHAJIOB B YACTHOCTH HCIIOJIB3YIOT
OunonsipHbie TpaH3UCTOPLIL. [IpocTeluM ycunurenem sSBIeTCs YCUIUTENbHBIA KacKa]
(puc. 19), conmepxamuii HEIUHEWHBIM YOPABISIEMBIA B3JEMEHT YD, B YaCTHOCTH
OUMOJNSPHBIA  TPAH3UCTOP, PE3UCTOP R M HMCTOYHMK BIEKTPUUECKON HHEPruu.
YCUINUTENBbHBIA KacKaJ HMMEeT BXOAHYH0 Lielb, K KOTOPOM IOABOJMUTCS BXOAHOE
HanpsokeHue Uy, (ycniauBaemblid CHUTHAN), M BBIXOJHYK LE€Nb U IOJTY4YEHMs
BbIXOZIHOTO HamnpspkeHuss Uyyx (YCWIEGHHBIM CHUrHam). YCWJIEHHBI CUTHal HMeEeT
3HAYUTENIbHO OOJIBIIYIO0 MOILITHOCTD [0 CPABHEHUIO CO BXOAHBIM CUTHAJIOM. Y BEIHUEHHUE
MOIIIHOCTHA TIPOUCXOJUT 3a CYET MCTOYHMKA JJIeKTpuyeckor sHeprum E. Ilpomecc
YCUJIEHUS OCYILECTBIAETCA IIOCPEACTBOM H3MEHEHMS CONPOTHUBIICHUSA HEJIUHEHWHOIO
YOPABISIEMOrO0 3JIEMEHTa YD, a Clel0BaTelbHO, M TOKAa B BBIXOJHOM LEMH MOJ
BO3JIEVICTBUEM BXOJHOIO TOKA.

A
C)E Puc. 19. CtpykrypHas cxema yCUIUTEIbHOTO
l 3 U smix KacCkaa
U'IKN

o

CyliecTByeT TpU CXEMbl BKJIIOYEHHUSI OUMOJIIPHOTO TPAH3UCTOPA B YCHUIIUTEIBHBIX
Kackajax:

— cxema ¢ o6mmmm amutrepom (09);

— cxema ¢ o6mum kosuiekropom (OK);

— cxeMma ¢ obmreit 6azoit (OB).

Omuoit w3 HamboJiee PaACHpPOCTPAHEHHBIX CXEM BKJIIOUEHUS]  OUIOJSPHBIX
TPAH3UCTOPOB SBJISIETCSA CXeMa ¢ OOIIMM dMUTTEpPOM. B 3Toi cxeme sSMUTTEp SIBIsSETCS
OOIIMM DJIEKTPOJAOM JJIsI BXOJAHOM W BBIXOAHOW Iiemei, a pe3uctop R, KoTopwrii
ABJISICTCSl HAarpy3KOM KacKaja, BKJIIOYAETCA B KOJUJICKTOPHYIO ILI€Nb TpaH3ucTtopa. s
KOJIJIGKTOPHOM 1I€NH YCUJIUTEIBHOTO Kackajga B COOTBETCTBHMH CO BTOPBIM 3aKOHOM
Kupxroda M0oxHO 3anucaTh CISAYIOIIEe ypaBHEHUE:

U, = U, HRI.

Pacuer Ttakon HemuHEWHOM uenu, TO ecTb onpeneineHue g, Urx u Ugy s
pa3NUYHBIX 3HA4YeHUW TOKOB Oaszbl Iz W comporuBieHuit pesucropa R, MoxkHO
npousBecTu Tpaduuecku (puc. 20). Jlmg 3Toro Ha ceMEMCTBE KOJIJICKTOPHBIX
XapaKTepUCTHK  HEOOXOJMMO  TIOCTPOUTH  BOJBTAMIIEPHYIO  XapaKTEPHUCTUKY
KOJUIEKTOPHOTO pe3ucTopa RK (JIMHUIO HAarpy3kd IO IOCTOSSHHOMY TOKY). OTy
XapaKTePUCTUKY CTPOSIT MO JBYM XapaKTEPHbIM TOUKAM:

pexum XX opu [=0 Ue =Ug

pexum K3 npu U,=0 I,=U,/R..
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Touku mepecedyeHus JTUHUM HArPYy3KU C KOJUJIEKTOPHBIMH XapaKTEPUCTUKAMH JAIOT
nepexoinyto xapakrepuctuky I, = f(I;).

['paduuecknii pacuer pexuma padOTHl TPaH3UCTOpA C OOIIUM SMHUTTEPOM
npenacrasiieH Ha puc. 20, ¢ 00IIUM SMUTTEPOM MPOU3BEACH IS pekuMa A, IpH YPOBHE
BxoaHoro curHana Ug,=0,4 B. bunomnsphslii TpaH3UCTOp C XapaKTEpUCTHKAMH,
noka3zaHHbsIMU Ha puc. 1, mpu U, =40 B u R=500 Om obecnieunBaeT ypoBE€Hb BBIXOIHOTO
curHana U,,=25 B, koddpdunueHt ycuneHus 1o Hanpsbkerwio hl12=62,5 wu
ko3 durment nepenayn mo Toky h21=100 [1].

I, MA 1., MA

1,=800
180 80

K>

1,=600
B ) [ 604
i 1,=400

=200 Puc. 20. I'paduyeckuii pacyer
-9  YCWIHTEIBHOIO Kackaja C OO0IIUM

I, 800 6b0 400 20(:) 0 0 10 20 300 40U,,B OMUTTCPOM
MKA : : H

Ihug

I,mkA800 600 400 200 0

IHopsinok BeIMOIHEHHSI padOThI

1. IMocnemoBaTenbHO COOpaTh CXEMbI, IPE/CTaBIeHHbIE Ha pUC. 21. YcTaHOBUTH
HanpspkeHue Ugy, Ha ypoBHe 12 B, nampsbkenue Upgy, Ha ypoBHe 1 B. 3ammcats
noka3aHusi IpubopoB B Ta0IM. 5.

JUisl yKa3aHHBIX CXEM BKIIIOUEHUS OTIPEACTUTH CIEAYore KO3 PUIIHNESHTHI:

a) BxonHoe conpotusienue h;;=Upy/I5x;

0) ko3 purment nepenayun no HanpsxeHuro h ,=Upy/Upgpix;

B) Koa(pdunmeHT nepeaaun mo Toky h,,=lIgp«/Igx;

T') BBIXOJHAS MPOBOAUMOCTD h,,=Ig; /Ugy.

3HadeHust K03PPULIKUEHTOB CBECTU B Ta0. 5.

2.CpenaTth BBIBOJABI O BO3MOXXHOCTHM MCHOJB30BAHMS CXEM  BKJIIOYEHUS
TPaH3UCTOPOB B YCUJIUTENBbHBIX KaCKaIaX HANpPsHKEHUs], TOKA U MOLUTHOCTH.
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Puc. 21. Cxembl BKITIOYEHHS OUMOISIPHOTO TPAH3UCTOPA TUMA N-p-N: @ — C OOIIUM SMUTTEPOM
(093); 6 — ¢ o6mmMm komiekrTopoM (OK); B — ¢ 061eit 6a3oit (Ob)
Tabnuua 5

HCCJIGI[OBB,HI/IC CXCM BKIIIOYCHUA 6I/IHOJ'I5{pHI)IX TPaH3UCTOPOB

CxemMa BKJITIOUCHHUS C o6mmm smmutopom | C obmmum kosutektopoM| C obrieit 6a3oi

UBX: B

UBbIX) B

IBX, A

IBBIX) A

hll

3. IloctpouTe nepenarounyro xapakrepuctuky (mpu R=100 Om) um cpaBHUTH
NOJIy4eHHbIE KOA(DPUIIMEHTHI ¢ TPapUUECKUM PacueToOM.

UccnenoBanne cxeM BKIOUEHUs1 OumnosisipHoro tpansucropa (03, OK, Ob) Tumna
p-n-p. IlocnenoBarenbHO coOpaTh CXEMbI MPENCTABICHHBIE HA pPUC. 22. YCTaHOBUTh
HanpsokeHne Upy, Ha ypoBHe 12 B, nampsbkenue UBX1 Ha ypoBHe 1 B. 3ammcats
MOoKa3aHus MpuOOpoB B TadI. 5.

Puc. 22. Cxembl BKIIIOUEHUS OUTIOJIIPHOTO TPAH3UCTOPA TUIIA P-N-p: @ — ¢ OOIIUM IMUTTEPOM
(093); 6 — ¢ o6mmMm komiekTopoM (OK); B — ¢ 06meit 6a3oit (Ob)

28



KouTpouabHbIe BOnpochl

Kak BeiOpaTh pabodyro TOuKy mokos B kiaccax A, B, /1?
KakoBo Ha3zHaueHUE IEMEHTOB YCUIUTENA?
N300pa3ure BO3MOKHBIE CXEMbI BKJIFOUEHHUSI OUIIOJISIPHOTO TPAH3UCTOPA.
Yem ompenensercs mojaokeHrne pabodeit Touku OUTIONISIPHOTO TpaH3ucTopa?

5. Ilpu kakoM yCIOBUU OWIOJSIPHBIM TPaH3UCTOP OyAeT HAXOAWTHCA B PEXKUME
OTCEYKHU?

6. UeMm ompenensieTcs MaJeHUE HAMPSDKCHUS MEXKIY KOJIJIEKTOPOM U AMUTTEPOM B
pEKUME HACBIIICHUA?

=

JlaGopatopnas pa6ota Ne 4
NCCIEAOBAHUE XAPAKTEPUCTHUK ITOJIEBOI'O TPAH3UCTOPA

[{ens pabOTHI: M3yUYCHHUE TTAPAMETPOB, XapPAKTEPUCTHK TOJICBOTO TPAH3UCTOPA.
[ToneBbie TpaH3ucTOpsl mpesacraBiusioT coboi I, oGmamaroniue BBHICOKHM
BXOJIHBIM COIIPOTHBIICHUEM.

ITo CBOUM CTPYKTYpPHBIM

BT @ . MpU3HAKaM TIOJIEBbIE TPaH3UCTOPHI

+ %gg Uo- ko al + JEIATCA Ha ABa OCHOBHEIX THUIIA. C N-
] KaHaJIOM U P-KaHAJIOM.

5558 DIIEKTPOA, U3 KOTOPOro B KaHAI

@ BBITEKAIOT ~ OCHOBHBIE  HOCHUTEIHN

ki , o+ U o R sapsina, maseiBator ncroxom (M). U3

KaHaja HOCHUTENTH  TEpexXoasT K

@ ANEKTPOJY, KOTOpPBIA  Ha3bIBaCTCS

CTOKOM (C). Ynpasisironuia

_od 0 U —Orp | |- OJEKTPOA, INpEAHA3HAYCHHBIN  JUIs

pEeryJIMpoBaHMs IUIOIIAA TOIMepey-

Puc. 23 HOTO CEYEHMs KaHajla, Ha3bIBAETCS

3aTBOpOoM (3) (puc.23)

Buemnunii Bug nepennei na"enu JjabdoparopHoro moayia «lloneBoil TpaH3ucTop»
IIPUBEJICH HA puc. 24.

PaccMOTpuM IIpUHIMIT ACHCTBUSA IIOJIEBOIO TPAH3UCTOpA C n-KaHaioM. llpu
U3MEHEHUM BXOJIHOTO HAMPSDKEHUS HU3MEHSETCS OOpaTHOE HaIlpshKEHWe Ha p-n-
nepexojie, ¥ OT ATOTO M3MEHSETCS TOJIIMHA 3amuparoniero (0O0eTHEHHOr0) Closl.
COOTBETCTBEHHO ITOMY HM3MEHSIETCS ILJIOINIA/b MOMEPEYHOro CEUCeHHs 00JlacTh, 4Yepes
KOTOPYIO TMPOXOJUT TMOTOK OCHOBHBIX HOCHUTEJIEH 3apsiia, T.€. BBIXOJAHOM TOK. JTa
00J1acTh Ha3bIBACTCS KaHAIOM [4].

Ecnu yBenmuuBarh HampsbkeHue 3atBopa Usy, TO 3anMparolinil ClIol p-n-nepexona
CTAHOBHUTCS TOJIIE M IUIOMIAJb MONEPEYHOTO CEUYCHHUS KaHajla YMEHBIIACTCS.
CrnenoBaTenbHO, €r0 COMPOTUBIICHHE MTOCTOSSHHOMY TOKY R, Bo3pactaeT u Tok cToka I
ctaHoBUTCS MeHble. [Ipu HexkoTopoM 3amuparomieMm HanpsikeHUU Us;y;ap IUIOMIAJB
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IIONIEPEYHOr0 CEYeHUs1 KaHaja craHeT paBHOM 0 u TOk [- cTaHeT O4YEeHb MaybIM.
Tpanzucrop 3anupaercs. A npu Usy, = 0 ceuenne kaHana HauOoJIbLIEE, COIPOTUBICHHE
R, Hanmenb11ee (0kos10 coreH OM) U Tok I moyyaeTcst HauOOIbLINM.
[ToneBoli TpaH3UCTOP SBISETCA YIPABIAEMBIM HEIMHEHHBIM 3JEMEHTOM, €ro
BOJIbTAMITEPHBIE XapaKTEPUCTUKU MOTYT OBITh MTPEICTaBICHBI B COOTBETCTBHUH C pHUC. 25.
3aBHCUMOCTh TOKa CTOKa OT HAIPsDKEHUS MEXIY CTOKOM U uctokoM — Ie = f(Ug,)
IpU (PUKCUPOBAHHBIX 3HAYEHMSIX HAIIPSDKEHUS MEXAY 3aTBOPOM U UCTOKOM — U,,=const
Ha3bIBAIOT CEMENCTBOM BBIXOAHBIX XapaKTEPUCTUK TpaH3UCcTOpa (puc. 25, a).
3aBHCUMOCTh MEXJy TOKOM M HalpsDKEHHEM BO BXOJHOM ILI€NM TpaH3UCTOpa —
[4=f(Us,) Ha3bIBatOT BXOAHOM Uil 6a30BOM XapaKTePUCTUKOMN TpaH3ucTtopa (puc. 25, 6).
BxonHas xapakTepucTHKa MpakTU4YeCKH He 3aBUCUT oOT HanpskeHus Ucy.
BrixogHble XapaKTepUCTHKU MOYTH MPSIMOJIMHEHHBI B IIUPOKOM JUANa30HE U3MEHEHUS
Hanpsokenus [1].

- | MONEBOW TPAH3UCTOP | \

C o6wum amutTepom

Uem H
C obuein bazoi ! .
0—0—0< Puc. 24. Buemnuii U1
u : niepeaHel maHenm
BX 7
VP na60paT0PH0ro MOy IS
[ «Ilonesoii TpaH3uCTOP»
Ucw G'_c

Q "Pcuc?\'jnrpl:eliop"
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Ic,MA
80 ]
11 iy '
60 Uan=0|B / I']O
40/ U.au=58 )
0olf | Uau=10B | 3
7
j Uw=158 =, Uwmp |
0" 10 20 30 40 Uep 10 5 0
a) 0)

Puc. 25. BonbTaMiepHbie XapaKTEPUCTHKHU MOJIEBOT0 TPAH3UCTOPA:
a — BBIXOJIHBIE; O — BXO/IHAS

IMopsinok BHINOJITHEHHS PAdOTHI
1. CoOparb cxemy, mpeACTaBICHHYIO Ha puc. 26. [loakIt0unTh U3MEpPUTEIIbHbBIC

npuOOpbl K MOIYJIO TMOJIEBOTO TPAaH3HCTOpPA, CXeMa € OOIIMM HMCTOKOM, U MOMAYJb
IIUTAHKS B COOTBETCTBUU CO CXEMOM.

Puc. 26. Cxema ucciienoBaHus XapaKTEPUCTUK
MI0JIEBOT'O TPAH3UCTOPA C N-KaHAJIOM

a) CHATh BXOAHYIO XapaKTepucTuKy mnosieBoro tpansuctopa [;=f(Us,). U3menss
BEIIMYMHY BXOJHOTO HANpsDKEHMsI, 3amucaTh MokazaHusi mpudopoB PV1 u PA2.
Pesynbrarel m3mepenuid 3aHectd B Taba. 6. Ilo pesynpraraM u3MepeHUN MOCTPOUTH
BX0JHYI0 BAX Tpan3ucropa.

0) CHATb BBIXOJHBIC XapakTepucTuku TmoneBoro Tpansuctopa [~=f(Ugy,) mpu
Usy=const. M3MeHsss BenmnunHy BXOXHOro HampsbkeHus Ugy, 3anmcarb NOKa3aHWs
npubopoB PV2 u PA2, nns tpex ¢ukcupoBaHHbIX 3HaueHuil HanpsokeHus (Us;y,=0,
U3r=0,5Uspes . Usy=Uspuax)  KOHTPOJIB 32 BenuuuHOW — HampspkeHus — Usy
OCYILECTBIISIETCA C NMOMOIIBIO BoibTMeTpa PVI1. PesynpraThl m3mepeHuN 3aHECTH B
Tab. 7.

Tabauia 6

Bxoanas xapakTepucTUKa MOJIEBOT0 TPaH3UCTOPa
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U3I/I) B

13, MA
Tabnuua 7
BrixogHbie XapaKTCPUCTUKHU ITOJICBOT'O TPAH3UCTOpa
U3I/I: MA U3I/I: MA U3I/I: MA
Uqp B Io, A Uqp B I, A U B I, A

2. Ilo pe3ynbTraram U3MepeHuil NOCTpOUTh BeIXxoaHble BAX TpaH3ucTopa.
3. HccnenoBaTh XapaKTEpPUCTUKHA IIOJIEBOTO TPAH3UCTOPA C WHIAYLUPOBAHHBIM
KAaHaJIOM, BKJIFOUHB €TI0 B CXEMY HCCIIEIOBAHUS B COOTBETCTBUU C pUC. 27.

o+

PA Puc. 27. Cxema ucciieoBaHus XapaKTEPUCTUK
UBx2 MOJICBOTO TPAH3UCTOPA C UHAYLIMPOBAHHBIM

+a @ E VT2 KaHaJIOM
Usx1 @ @

O . o —

KoHTpoJibHbIE BOPOCHI

Kakue TpaH3ucTOpbI Ha3bIBAOT MOJEBBIMU?
Kak ycTpoeH noseBoil TpaH3UuCTOp C YIPABISAIOIIKM pP-N IEPEXO0M?
[lepeuncnuTe TUIBI TOJEBBIX TPAHZUCTOPOB.
Kakue xapakrepHblie o0nacTu Beies0T Ha BAX noneBoro tpansucropa?

5. KakuMm mnpenMyniecTBOM OOJIaJaloT MOJIEBBIE TPAH3UCTOPBHI IO CPABHEHMIO C
OUMOJSIPHBIMU?

b S

JlaGoparopnas pa6ota Ne 5
NCCIEJOBAHUE CXEM BKJIIOUEHMUSI ITOJIEBOT'O TPAH3UCTOPA

[lear paboThl: HW3y4YEHHE CXE€M BKIIOYEHHS M PEXKUMOB PpabOThl IOJIEBOTO
TPaH3UCTOPA.

32



[Ipu peuiennu 3a1a4 yCUIIEHUS JIEKTPUUECKUX CUTHAJIIOB B YACTHOCTH UCIOJIB3YIOT
MOJIEBBIE TPaH3UCTOPBI. IIpocTeNIMM yCUIUTENEM ABISETCA YCHIWTEIbHBIA KacKajl
(puc. 28), comepKallMii HENMHEHHBIA yOpaBIseMbId 3JIEMEHT YD, B YacTHOCTHU
OUMONSPHBIA  TPAH3UCTOP, PE3UCTOP R M HMCTOYHUK DIEKTPUUYECKON IHEPrHUu.
YceunuTenbHbI KAacKaJ HMMEET BXOAHYKO IL€lb, K KOTOPOM ITOABOJIUTCS BXOJHOE
Hanpsbkenne Uy, (ycwiMBaeMblid CUTHad), M BBIXOJAHYHO IE€Nb MJI TOJYyYEHHUS
BBIXOJHOTO HanpskeHUs: Uy, (YCHUJIGHHBIM CUTHaN). YCHWJIEHHBIM CHUTHAI UMEET
3HAYUTENILHO OOJIBITYI0 MOUTHOCTD [0 CPABHEHUIO CO BXOJIHBIM CUTHAJIOM. Y BEJIMUCHUE
MOILIHOCTHA IIPOUCXOJUT 3a CYET MCTOYHMKA JJIeKTpuyeckor sHeprum E. Ilpomecc
YCUJICHUSI OCYUIECTBIISIETCSI TOCPEACTBOM HM3MEHEHUS COMPOTHUBJICHUS HEJIMHEHNHOIO
YIPaBJISIEMOrO 3JIEMEHTa Y3, a CJIeI0BaTeIbHO, M TOKA B BBIXOJHOW LENU MOJ
BO3JIEVICTBUEM BXOJIHOT'O TOKA.

CymiecTByeT TpU CXE€Mbl BKJIKOYEHHS IIOJEBOrO TPAH3UCTOPA B YCHUIIUTEIBHBIX
KAacKaJax:

— cxema ¢ o6mum uctokoMm (ON);

— cxema ¢ oommm ctokoM (OC);

— cxema ¢ oommmm 3atBopoM (O3).

t 0 'y Puc. 28. CTtpykTypHas cxema yCUIUTEIbHOTO
<> E Kackaaa

— VD

U BblX
Uli.\'i

=

OpHoli U3 HamboJiee PacIPOCTPAHEHHBIX CXEM BKIIFOUEHHMS TOJIEBBIX TPAH3UCTOPOB
SBIIIETCS CXeMa C OOIMM MCTOKOM. B 3T0i#l cxeme UCTOK SBIISIETCS] OOIIKUM DJIEKTPOIOM
JUIA BXOJHOM WM BBIXOJHOM LENEH, a pe3uctop R, KOTOpBIM SBISIETCS HArpy3KOu
Kackaja, BKJIIOYAETCS B CTOKOBYK LENb TpaH3ucTtopa. [lnsg cTokoBOWM Lenu
YCWIMTEIBHOTO KacKaja B COOTBETCTBUM CO BTOPHIM 3akoHOM Kwupxroda MoxHO

3aIucaTh CIEAYIOIEe YpaBHEHUE:
U, = U tRI.

PacueT Takol HeMMHEWHOM 1enu, To ecTh onpeneneHue I, Uy u Ug, g pa3mnaHbixX
3HAYCHUW TOKOB 3arBOpa I, W CONpPOTHUBICHUU pe3ucTopa R, MOXHO mpou3BeCTH
rpadpuueckn (puc. 29). Jlng 3TOro Ha ceMEHCTBE KOJUIEKTOPHBIX XapaKTEPUCTHUK
HEO0OXO0MMO TOCTPOUTH BOJILTAMIIEPHYIO XapAaKTEPUCTUKY KOJUIEKTOPHOTO PE3UCTOpa
R, (uHUIO Harpy3ku MO MOCTOSIHHOMY TOKY). DTy XapaKTEpUCTUKY CTPOAT MO JIBYM
XapaKTEPHBIM TOUKAM:

Pexum XX npu [.=0 Ug,=Uy;

Pexum K3 ipu U, =0 I.=U/R..

Toukn mnepecedyeHus: JIMHUM HATPY3KH CO CTOKOBBIMU XapaKTEPUCTHUKAMHU JTAIOT
OJIHO3HAYHYIO MepeXoHyt0 Xxapakrepuctuky I, = f(L).

le,mA Uw=08B




Puc. 29. I'padmueckuii pacueT yCUIUTENBHOIO KacKaia
C 00IIMM UCTOKOM

I'paduueckuii  pacuer pexuMa pabOThI TpaH3WCTOpPa C OOIIMM HMCTOKOM
IpeACTaBlIeH Ha puc. 29, ¢ oOIMM UCTOKOM IPOU3BEIECH A pexuma A, Ipu ypOBHE
BxoaHoro curHana Ug,=7,5 B. IloneBoil TpaH3UCTOp € XapaKTEpUCTHKAMH,
nokazaHHsiIMu Ha puc. 29, mpu U,=40 B u R=667 OmM oOecneunBaeT ypOBEHb
BbIX0HOTO curHana Ug,,=6 B, koo dunuent ycunenus no Hanpspkennto K,=2,4 [1].

Iopsinok BeINoIHeHNsI padOThI
1. TlocnenoBaTenbHO coOpaTh CXeMbI, MpeAcTaBieHHble Ha puc. 30. YcTaHOBUTH

HanpsbkeHne Ugy, Ha ypoBHe 12 B, nHanpsbkenue Upy, Ha ypoBHe 1 B. 3anmcath
noKaszaHusi mpuOopoB B Tad. 8.

Puc. 30. Cxembl BKITIOYEHHUS MTOJIEBOTO TPAH3UCTOPA C N-KAHAIOM: a — C OOLIUM HCTOKOM
(ON); 6 — ¢ o6mum crokom (OC); B — ¢ o01um 3aTBopoMm (O3)

2. Jl;1sl yKa3aHHBIX CXEM BKITFOUCHHSI ONPEACIIUTD CIEAYIOIHe KO3(PPUITUEHTHI:
a) koddduruent nepenayuun no HanpskeHuo Ky=AUcu/AUzy;
0) kpytusHa s=Al-/AUzy;
B) muddepeHimanpaoe (BHyTpeHHEEe) CONMMPOTUBICHUE Ty =AUcp/Alc;
r) mudepeHnranTsHOe COMPOTUBICHUE YYacTKa 3aTBOP — CTOK R3c=AUjc/Alc.
3HadeHus k03P GUIIMEHTOB CBECTU B Ta0. 8.
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Tabomuna 8

HCCHCZ{OB&HI/IC CXCM BKIIFOYUCHUS IMOJICBOTO TPAH3UCTOPA

Cxema BxitoueHust | C oOLIMM UCTOKOM C 0o01mmM CTOKOM C o6mmmm 3aTBOpOM

UBX: B
UBI)IX) B
IBX) A
IBBIX: A
S

I'BRIX

I'px
Rsc

3.Cnenate BBIBOJBI O BO3MOXHOCTHM HCIIOJB30BAaHHUS CXEM  BKJIIOYEHHS
TPaH3UCTOPOB B YCUJIUTENBbHBIX KaCKaIaX HANPSHKEHUS], TOKA U MOLTHOCTH.

4. Tloctpouth nepenaTounyr xapakrepuctuky (mpu R=100 Om) u cpaBHUTH
NOJIy4eHHbIE KOA(DPUIIMEHTHI ¢ TpapUUECKUM PacueToM.

5. UccnenoBanne cxeM BKIOYeHHUs mosieBoro Tpanzucrtopa (OU, OC, O3) c
WHIYIIMPOBAaHHBIM 3aTBOpoM. [locienoBarenbHO coOpaTh CXEMbl, MPEACTABICHHbBIE Ha
puc. 31. YcranoButh HanpsbkeHne Ugy, Ha ypoBHe 12 B, Hanpsikenue Ugy, Ha ypOBHE
1 B. 3anucate nokazanusi npuOOpoB B Ta0. 8.

o +

UBx2

Puc. 31. Cxembl BKIIFOUCHHS MTOJICBOT0 TPAH3UCTOPA C MHAYIIMPOBAHHBIM 3aTBOPOM:
a — ¢ obmum uctokoM (ON); 6 — ¢ o6mum crokom (OC); B — ¢ obmrum 3atBopom (O3)

KOHTpOJIbHLIe BOIIPOCHI

1. KakoBo Ha3HaYEHUE JIEMEHTOB YCUIUTENA?

2. KakoBbl 0COOCHHOCTH MPUMEHEHHUS IOJICBOTO TPAH3UCTOpPa B 3aBUCHMOCTH OT
MOJIOXKEHUSI €T0 paboueil TOYKHM Ha BBIXOJHBIX XapaKTEePUCTUKAX?

3. KakoBbl OCHOBHBIE CXE€MbI BKJIFOUEHHS TTOJIEBOTO TpaH3UCTOpa?

4. TlpuBenute BpEMEHHYIO AUArpaMMy IMOJIEBOTO TPAH3UCTOPA.
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5. Ykaxure Ko3(PPUIUEHT YCUIICHHUS 110 TOKY ISl pa3JIMYHBIX CXEM BKIIFOUECHHS.

Jlabopatopnas pabota Ne 6
NCCIEJOBAHUE XAPAKTEPUCTHUK IGBT TPAH3UCTOPA

[ens paboTsl: n3yuenue napametpoB IGBT tpanzucropa.

IGBT TtpaH3uctop sBASETCS YIPaBISEMbIM HEJIWHEWHBIM 3JEMEHTOM, €ro
BOJIbTAMIIEPHBIE XAPAKTEPUCTUKKA MOTYT OBbITh MpPEACTaBICHbl B COOTBETCTBUU C
puc. 32. 3aBUCMMOCTh TOKa KOJUIEKTOpa OT HANpsDKEHUS MEXKIY KOJUIEKTOPOM U
amutrepoM — g = f(Uy,) npu (UKCHUpOBAHHBIX 3HAYCHUSX HAMPSIKEHUS 3aTBOpA —
U,=const Ha3bIBAlIOT CEMEWCTBOM BBIXOJAHBIX (KOJUIEKTOPHBIX) XapaKTEPUCTHK
TpaH3ucTopa (puc. 32, a). 3aBUCUMOCTh MEXJIy TOKOM M HANPSIKCHHUEM BO BXOIHOM
uenu tpansucropa —Ik = f(U,,) Ha3pIBatOT BXOJHOM WJIM 3aTBOPHOW XapaKTEPUCTUKON
Tpanszucropa (puc. 32, 0).

BxonHas xapakTepucTruka MpakTUYECKU HE 3aBUCUT OT HanpsbkeHus: Uy,. BeixoiHbie
XapaKTepUCTUKUA TOYTH MPSMOJUMHEHHBI B IIMPOKOM JHANA30HE U3MEHEHUS
HamnpspbkeHus [6].

Puc. 32. BonbramnepHsie xapaktepuctuku IGBT
TPaH3UCTOpA: & — BHIXOJHBIE; O — BXOAHAS

a) 6)
IMopsaaok BeINOJTHEHUSI padOThI

1. BHemHuii BuI mNepeAHENd MNaHEIn nabopatopuoro moxayns «lloneBoit
TpaH3UCTOp» mnpuBefeH Ha puc. 33. CoOparb cxemy, MPEACTaBICHHYIO Ha puc. 34.
[MonkmounTs U3MeputTeabHbe Tpudopsl Kk Moayio IGBT Tpansucropa, cxema ¢ o0Imm
OMUTTEPOM, U MOAYJIb IUTAHUS B COOTBETCTBUHU CO CXEMOM.

a) CHarp BxoaHyr xapakrepuctuky IGBT tpansucropa [ =f(U;,). W3menss
BEJIMYMHY BXOJHOTO HANpsDKEHMsI, 3amucaTh MokasaHusi npubopoB PV1 u PA2.
Pesynbratel u3mepenuit 3anectu B Tad1. 9.

z
>
N

U33=O ' IK'MA
80
3=bB __— ) ’
60 10

/- |
40 y U33=£B____/ X
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Puc. 33. Bueunuii Bua nepenHeit
naHen 1a00paTOPHOTO MOIYJIsSt
«IGBT Ttpaun3uctop»

Ucma_é

C ob onne! o]
WMM KONMekTopom PA1

"Pocyunpubop”

PHMO

UBx?2

Puc. 34. Cxema uccieoBaHus XapaKTEpUCTHK
IGBT Tpan3ucropa

Tabmuma 9

Bxonnas xapakrepuctuka IGBT tpan3ucropa

Usy, B

IK) MA

[1o pe3ynbpTaTaM U3MepeHnid MOCTPOUTh BXOAHYI0 BAX TpaH3ucropa.

0) Cuatp Beixoansle xapakrepuctuku IGBT tpansucropa [ =f(Uy,) npu Usy=const.
N3mensis BenuuuHy BxoJiHOTO HampsikeHus: Uy, 3anucarh nokazanusi npudopos PV2 u
PA2 nna tpex ¢ukcupoBanHbix 3HaueHuid HampspkeHUs (Usy=0, Us;5=0,5Us5, .,
U35,=Us5,ax)> KOHTPOJB 32 BeNMUUMHOM HarpsikeHus: Us, OCYIIECTBISETCS C MOMOIIBIO
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BoiabT™MeTpa PV1. PesynbraThl msmepenuit 3anectu B Tabn. 10. Ilo pesynpTaram
M3MEPEHUN MTOCTPOUTH BbIXOiHbIe BAX TpaH3ucTopa.

Tabauma 10
Boixoausie xapakrepuctuku IGBT tpan3ucropa
U39: MA U33: MA U39: MA
Uy, B I, A Uy, B I, A Uy, B I, A

AW N~

KoHTpoJibHBIE BOIPOCHI

. Yewm sBnsercs IGBT Tpanzucrop?
. M300pa3ute BHyTpeHHIO0 cTpykTypy IGBT Tpan3ucropa.
. M3o0pa3ure BXxoaHYIO U BbIX0/HYIO xapakTepuctuku [GBT Tpan3ucropa.
. Ilepeuncnure ocHoBHbIe peuMmyiecTBa IGBT Tpan3ucropa.

JlaGopatopnas pa6ota Ne 7
NCCIEAOBAHUE CXEM BKJIIOUEHUS IGBT TPAH3UCTOPA

[{enp paboThl: U3yueHUE PeKUMOB padboThl U cxeM BkitrodeHust IGBT Tpan3ucropa.

[Ipu pemiennu 3a1a4 yCHUIICHUS dJIEKTPUYECKUX CUTHAJIOB B YACTHOCTH HCIIOJIB3YIOT
ounonsipasie Tpanuctopsl ¢ MOII-ynpaBinenuem. [Ipocteilinm ycunurenem siBisieTcst
YCWIMTENbHBIN Kackaja (puc. 35), comepxkalliuii HEIMHEWHBIA YIPABISIEMbIA 3JIEMEHT
V3, B wactHoctu IGBT Ttpansucrop, pe3uctop R 1 HCTOYHUK ANEKTPUUECKON SHEPTHUH.
YCUINUTENBbHBIA KacKaJ HMMEeT BXOIAHYH0 Lelb, K KOTOPOM IOABOJMUTCS BXOAHOE
HanpsokeHue Uy, (ycniauBaemblii CHUTHAN), M BBIXOJHYK LE€Nb JUIA IOJTY4YEHMs
BbIXOZIHOTO HamnpspkeHuss Uy,x (YCWIEGHHBIM CHUrHam). YCWIEHHBI CUTHal HMEeT
3HAYUTENIHO OOJBIIYI0 MOIIIHOCTb 10 CPABHEHUIO CO BXOAHBIM CUTHAJIOM. Y BEJIMUEHUE
MOIIIHOCTHA TIPOUCXOJUT 3a CYET MCTOYHMKA JJIeKTpuuyeckor sHeprum E. Ilpomecc
YCUJICHUS OCYILECTBIAETCA IIOCPEACTBOM H3MEHEHMS COIPOTHUBIICHUS HEIUHEHWHOIO
YIOPABJISIEMOTO 3JIEMEHTa YO; a CJIEA0BATEIBbHO, M TOKA B BBIXOJHOM LENH IOJ
BO3JCHCTBHEM BXOJHOIO TOKa [7].

—1 ¥D

U BX

U BBIX

Ok

Q
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Puc. 35. CtpykrypHas cxema
YCUJIMTENBHOTO KacKaaa




CymectByet Tpu cxeMbl BKiroueHus IGBT TpaH3ucTopa B yCHIIUTENBbHBIX KACKAIaX:

— cxema ¢ oommm amutTepom (0D);

— cxema ¢ 06mum kosiekropoM (OK);

— cxema ¢ oommmm 3atBopoM (O3).

Opnoli w3 HamOoisiee pacrpocTpaHeHHbIX cxeM BkitoueHus [GBT Tpan3ucTopos
SBJISIETCA cXeMa C OOIMM SMHUTTEpOM. B 3Toil cxeme »MUTTEp SBISIETCS OOIIMM
ANEKTPOAOM JUIsI BXOJHOM M BBIXOJHOW IeNer, a pe3uctop R, KOTOpeI sBisercs
Harpy3kol Kackaja, BKIIOYAETCSd B KOJUIGKTOPHYIO IIelb TpaH3uctopa. [l
KOJUICKTOPHOM IE€MU YCUJIUTEIBLHOTO Kackaja B COOTBETCTBHU CO BTOPBHIM 3aKOHOM
Kupxroda MoxHO 3anucaTh ClIeAyIOIIee ypaBHEHUE:

U, = U, tRI.

Pacuer Takol HelMHEWHOM LENH, TO ecTh onpeaeneHue I, Uy u Uy, I1d pa3nuyHbIxX
3HAYEHUH TOKOB 3aTBopa [, M compoTuBieHHMI pe3uctopa R, M0XHO mnpowusBecTH
rpaduuecku (puc. 36). Jlig 3TOro Ha ceMEHCTBE KOJUIEKTOPHBIX XapaKTEPUCTHK
HEO0OXOJMMO TIOCTPOUTH BOJBTAMIIEPHYIO XapaKTEPUCTUKY KOJUIEKTOPHOTO pPE3UCTOpa
Ry (MuHUIO HArpy3KHU [0 TOCTOSTHHOMY TOKY).

L sa=0

I:,M.IE'-‘
a0

--60

-
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U.=108 Puc. 36. I'paduueckuii pacuer
YCUIIUTENILHOTO KacKaia ¢
Us:=158 OOIIMM 3MUTTEPOM

—

5 10 5 0| 10 20 30 40 Uns
U Uenor

DTy XapaKTepUCTUKY CTPOST IO ABYM TOUKAM:

pexum XX opu [ =0 U, =Ug

pexum K3 npu U, =0 I.=Uy/R..

Touku mepecedyeHus: JIMHUM HArpy3Ku ¢ KOJUICKTOPHBIMH XapaKTEPUCTHKAMH JAlOT
OJTHO3HAYHYIO MEPEXOAHYIO XapaKTEPHUCTUKY

IK = f(IG)

['paduueckuii pacyeT yCUIUTENBHOTO Kackaja ¢ OOLIUM 3MUTTEPOM IPe/ICTaBIICH
Ha puc. 36, ¢ oOUUM SMUTTEPOM MPOU3BEACH MJs pexXuma A, TpU aMIUIUTY]E
BxogHoro cur"ana Ug,=7,5B. lausslii Tun tpansuctopa npu U,=40 B, R=667 Om
obOecrieunBaeT aMIuUTyay BeixogHoro curHana Ug,=10 B u xoadduruent ycuneHus
no Hanpspbkenuro K,=60 [1].

IHopsinok BeIMOJIHEHHsI padOThI
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1. IocnenoBaTenbHO coOpaTh CXEMbI, MpEACTaBiICHHbIE Ha puc. 37. YCTaHOBUTH
HanpsbkeHue Ugy, Ha ypoBHe 12 B, nanpsbkenue Upgy, Ha ypoBHe 1 B. 3ammcath
nokazaHust mpubopos B Tadd. 11.

2.CnenaTh BBIBOABI O BO3MOYKHOCTH  HCIIOJB30BAHHUS CXEM  BKIIIOUEHHUS
TPaH3UCTOPOB B YCUJIUTENBHBIX KaCKaIaX HAPSHKEHUs], TOKA U MOLTHOCTH.

3. [locTpouTs nepenarouynyto xapakrepuctuky (mpu R=100 Om).

Tabauma 11
Uccnenoanue cxeMm BkintoueHus IGBT tpansucropa
Cxema BKIIIOUEHHUS C o6mum C o6mmm C 0o6mmm 3aTBOpOM
SMUTTEPOM KOJJIEKTOPOM
UBXa B
Uspix, B
IBX’ A
Ippix, A

— 0

0) B)

Puc. 37. Cxemsl Britouenust IGBT Tpansuctopa: a — ¢ o6mum amutrepom (0O3); 6 — ¢ 00mum
kosutekropoM (OK); B — ¢ o6mmmm 3atBopom (O3)

KoHTpoJibHBIE BONIPOCHI

1. KakoBo Ha3HaYEHHUE JIEMEHTOB YCUIUTENA?

2. Wzo6pasute Bo3MoKHbIE cxeMbl BkitoueHus IGBT Tpan3uctopa.

3. Kakas wu3 cxem Brmouenus IGBT tpansucrtopa sBisercss HauOosiee
pacrpoCTpaHEHHOM ?

4. Yewm ompenensiercs nojioxenue padouei Touku IGBT Tpanszucropa?

5. Uemy paBeH koD PUITUEHT ycuneHus?
Jlabopatopnas pabota Ne §

WCCJIEJOBAHUE BOJbTAMITEPHOI XAPAKTEPUCTUKH
TTMHUCTOPA

[lenb pabOThI: O3HAKOMJICHHE C MPUHIUIIOM JCHCTBHUS AMHUCTOPA, MCCIEIOBAHUE
€r0 BOJIBTAMIIEPHOU XapaKTEPUCTUKH.
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JIMOTHBIMU TUPUCTOPAMU HA3BIBAIOT MOJYNPOBOJAHUKOBBIE MPUOOPHI ¢ TpeMs p-n
nepexolaMy, IpeAHA3HAYCHHBIE ISl UCIIOJIb30BaHUs B KAUECTBE AJIEKTPOHHBIX KIIFOUEH
B CXEMax IIEpEKIIIOYEHUs DJIEKTPUYECKUX TOKOB. /IMHHUCTOpPBI MMEKT [Ba BBIBOAA,
yepe3 KOTOpbIE NPOXOAUT KAaK OCHOBHOM TOK, TaK M TOK YNPABJICHUA. Y CIOBHO-
rpaduueckoe ob6o3nauenne qunucropa (YI'O) npuseneno Ha puc. 38, a.

B cBoeit cTpykType TUPUCTOP UMEET TpU p-n nepexona (puc. 38, 0), mpuyém nBa u3
Hux (I1; u [1;) paboTatoT B mpsiMOM HampaBiieHUH, a cpeanuii nepexox I1, — B o6paTtHoM
HaIlpaBJICHUM.

KpaiiHioro 005acTh p Ha3bIBAlOT AHOJOM, a KpailHIOI 001acTb 7 — KaTOHOM.
TupHucTop MOKHO IPEACTABUTH B BUJI€ SKBUBAJIEHTHOM CXEMBbI (MOJIEIH), COCTOSIIECH U3
nByx TpaH3uctopoB VIl m VT2 tuna n-p-n u p-n-p, COEAUHEHHBIX, KaK IMOKa3aHO Ha
puc. 38, B. [lonmyuaercs, yto nepexons! I1; u I1; SBASIOTCS SMUTTEPHBIMU NIEPEXOIAMHU
TUX TpaH3UCTOpoB, a mnepexon Il, paGoraer B 000OMX TpaH3MCTOpaX B KadyecTBE
KOJUIEKTOPHOTO MEPEX0/a.

Uepes mepexonsl II; u Il;, pabotaromue B NpsMOM HampaBJICHHH, B 00JACTH,
IIpuUMBbIKaome K mnepexony Il,, MHKEKTHpPYIOTCS HEOCHOBHBIE HOCHUTENIH 3apsja,
KOTOPBIE YMEHBIIAIOT conpoTtuiieHue nepexona Il,. M npu npespilieHnn HanpsiKEeHUs
BKJIFOYEHHUS TaKast CTPYKTYypa IEPEXOAUT B IIPOBOJAIIECE COCTOSTHUE.

KauectBennass BAX nunucropa npeacrasieHa Ha puc. 39. BHemHni BUI nepensen
naHenu JiabopaTopHoro Moayist « TUpHUCTOp M IUHUCTOPY MpHUBEACH Ha puc. 40.

[Ipn yBenuyeHun NpsSAMOrO HAIPSDHKEHHsS HAa AUHUCTOPE CHAYala TOK HEBEIUK M
pPacTET MEJIEHHO, YTO COOTBETCTBYET yuacTKy 0 A. B 3TOM pexnme TUHUCTOP 3aKPBHIT.

Ha conportuBnenue komiektopHoro nepexoza I, (cM. puc. 38) BIUSIOT ABa B3aUMHO
IPOTHUBOIONOKHBIX Tpouecca. C 0JTHON CTOPOHBI MOBBILIEHUE OOPATHOTO HAIPSKEHUS
Ha TOM IE€PEXO0/Ie YBEIMUMUBAET €T0 CONMPOTUBIICHHUE, TaK KaK MOJ| BIUSHUEM 00paTHOTO
HanpspkeHus: nepexon I, Bcé Oombine oOegHsieTcss OCHOBHBIMM HocutensiMu. Ho ¢
JIPYTrOf CTOPOHBI, MOBBIIIEHNE MPSIMBIX HANPSHKEHUN HA SMUTTEPHBIX nepexoaax II; u
I1; ycunuBaeT MHXKEKLHIO HOCUTENIEH, KOTOphIe, moaxoas K nepexony Il oOoramaror
€ro ¥ YMEHBIIAT €ro conpoTusieHue. /1o Toukn A nepeBec UMeET MepBbIi NMPOLECC U
CONIPOTHUBIICHUE PACTET, HO BCE MENJICHHEE U MEIUICHHEE, TAaK KaK II0CTEIIEHHO
yCUJIUBAETCs BTOPOH mporiecc [7].

Okono TOYKM A TpU HEKOTOPOM HANpPSKEHWH, Ha3bIBAEMBIM HAINPSKEHUEM
BKIIIOUEHUS Uy, BIMSHUE OOOMX MPOLECCOB YPAaBHOBEIIMBAETCS, a 3aTEM HUYTOKHO
MaJIo€ MOBBILIEHNE HANIPSKEHNs CO34AET MEPEBEC BTOPOIO IMPOLECCa U CONPOTUBIICHHUE
nepexona Il, HaumHaeT ymeHblaTbes. BceneacTBUE BO3HUKAET JIaBUHOOOpA3HBIM
npouecc OBICTPOrO  OTHHPAHUSL JUHUCTOpA. OITOT TMPOLECC COMPOBOKIACTCS
CIENYIOIIMMHU SIBJICHUSIMHU: TOK CKaukoM Bo3pactaeT (yudactok AbB), Tak Kak
yBenunueHnue HanpsokeHud Ha 1) u I1; ymensmaer conporusienue 11, u HanpsikeHne Ha
HEM, 3a cU€T 4ero emé OoJibllie Bo3pacTtaeT HampsbkeHue Ha I1; u I3, a 310, B CBOIO
ouepellb, MNPUBOIUT K em€ OoybllIeMy BO3PACTAHUIO TOKA, YMEHBIICHHUIO
conpotuieHus II, u Tak ganee, T.e. BO3HUKACT IMOJIOKHUTEIbHAs O00paTHasi CBSA3b IO
TOKy. B pe3ynbraTe ycraHaBIuBaeTCsi OOJIBIION TOK MPU MAJIOM HaIpsLKEHUHU (Y4acTOK
bB). Tok B 3TOM pexume, Korja MpuOOp OTKPHIT, OMPEEsieTCs, TIIaBHBIM 00pa3oM,
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MMOCJICAOBATC/IbHO BKIKOYCHHBIM COIIPOTUBJICHUCM HArpy3KH RH 3a cu€T BO3HHKIIIETO
OOJIBIIIOrO TOKA BCE HAIIPSOKCHUC HCTOYHHKA ITUTAHUA MTaJaCT Ha HATI'PY3KE RH

=15, : R,
A | — —
92
p 732 R« ml|p 9| k VT1
3= Bj d( K1
n_ *|{b2(K1) nvVi—n
m RafblK2) E P /P4 o E_
n ®| Dl T VT2 Ix,=Ig n é 31 T
I _— -
=15 |5
a) 0) B)

Puc. 38. luognsiii Tupuctop: a — YI'O auogHoro tupucropa; 6 — CTpyKTypa
JMOJHOIO TUPUCTOpA (AMHUCTOPA); B — SKBUBAJICHTHAsI CXeMa JAMHUCTOpA Ha JIBYyX

TpaH3UCTOpax
!
YA e TMPUCTOP U AUHWUCTOP
Lo Puc. 39. BAX nuonHoro tupucropa
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Puc. 40. BHennuii Buj nepeaHen naHean 1adopaToOpHOTO MOTYJIs
«Tupucrop u nMHUCTOP»

[Iporiecc ckaukoOOpa3HOTO MEPEKIIOUEHHS] TUPUCTOPA U3 3aKPBITOIO COCTOSIHUS B
OTKPBITOE MOXHO OY€Hb MPOCTO OOBACHUTH NMyTEM JOTMYECKUX paccyxkjaeHuid. U3
HKBUBAJICHTHOU CXeMbI (CM. puc. 38, B) BUJIHO, YTO TOK THPUCTOpA | SBISIETCS TOKOM
nepsoro smurrepa [, minm TOokOoM BTOporo smurrepa l,. MHadue tOok I MOXKHO
paccMaTpuBaTh KaKk CyMMY JBYX KOJUIEKTOpHBIX TokoB I, u [, paBHBIX
cooTBeTcTBeHHO 011, u 02l,,, rae al u a2 — ko3 PULIKUEHTH mepeaayu IMUTTEPHOTO
toka Tpan3uctopoB VT1 u VT2. Kpome Toro, B coctaB Toka [ BXOIUT emié HayaaIbHbIN
TOK KOJUIEKTOPHOTO niepexoAa Iko. Takum 00pa3zom, MOXKHO 3aIIUCaTh BBIPAKEHUE

[=oall,, +a2l, + L.

YuursiBag, uto I,; = I,, =1, momyyaem cienyroliee BoIpaXxeHUE:
[=all+ a2l + 1.
Pemwras koropoe oTHOCUTENBHO I, momyyaem:
I[=1,/(1-( al+a2)).

[Tpu MamnpIx TOKax KOIPPHUIMESHTHI o] ¥ 02 3HAYUTEITFHO MEHBIIIE €IUHUIBI U CyMMa
UX TaKXe MEHblIe eIWHUlBl U ToK | momydaerca HeOGonbmuM. C yBeTWYEHHEM TOKa
3Ha4YeHMs o] U 02 pacTyT, 4TO MPUBOJIUT K Bo3pacTaHuto Toka I. [Ipu HekoTopom Toke,
ABIIIOIUMCS. TOKOM BKJItoueHus I, ., cymMma (ol+a2) CTaHOBUTCS PaBHOU €IUHULE U
TOK | Bo3pacrtan Obl 10 OECKOHEYHOCTH, €l Obl €ro HE OrPAHUYUBAIIO COMPOTUBIICHUE
Harpy3ku. JIMOIHBIM TUPHUCTOp XapaKTEpU3yeTCsd MaKCUMAaJbHBIM JIOIyCTUMBIM
3HaYe€HUeM Mmpsmoro Toka I, TpuU KOTOpoM Ha npubope Oyner HeOOoNbIIoe
HanpspkeHue U, o

Ecnmu ymeHpImath TOK, TO IpHU HEKOTOPOM €ro 3HAYEHUH, HA3bIBAEMBIM TOKOM
yaepxanus I, TOK pE3KO yMEHBLIAETCHA, a HANPHKEHHE PE3KO IMOBBINIACTCS, T.€.
npubop CKaykooOpa3HO MEepPeXoauT oOpaTHO B 3akpbiToe coctosHue. [Ipu obpaTtHOM
HaNpsOKEHUU XapaKTEpUCTUKAa IOJydaeTcsl TaKOW e, KaKk M Juid oOpaTHOro TOKa
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OOBIYHBIX JHMOJIOB, MOCKOJBKY K mepexomam II; m II; OyaeT mpuiokeHo oOpaTHOe
HaIpsDKEHUE.

Bpewms BkIItOUeHUST TUPUCTOPOB OOBIYHO HE Oojiee eIMHHUI] MUKPOCEKYHJI, a BpEeMs
BBIKJIFOUCHUS, CBS3aHHOE C PEKOMOMHAIMEW HOCHUTENIeH, TOXOIUT JO JIECSITKOB
MUKpOCEeKyH. [103TOMy THPHCTOPBI MOTYT pabOTaTh TOJBKO Ha CPABHUTEIHHO HU3KHUX
yactoTax [1].

IHopsinok BbINOIHEHHSI padOThI

1. Cobpate cxemy mpeactaBieHHy0 Ha puc. 41. IlogkimounTs H3MEpUTEIbHBIC
npuOOphI K MOIYJIIO JUHUCTOPA U MOJYJIb TUTAHUSI B COOTBETCTBUU CO CXEMOM.

a) CHATb HpsAMYI0 BETBb BoOJIbTamIepHOM xapaktepuctuku IGBT aguHucTopa
[;;p=f(Upp). U3MeHsist BeMuYrHy BXOJHOTO HANPSDKEHMS, 3aMMCaTh MOKa3aHusl IPUOOPOB
PV1 u PAl. Pe3ynbrarsl u3MepeHuii 3aHecT B Tabdi. 12.

R
@) :
Puc. 41. Cxema ucciaenoBaHus
Uiy S VS @@ U, BOJIbTAMITIEPHOW XapaKTEPUCTUKH
JTUHHUCTOpA
o o)
Tabanma 12
IIpsimast BETBb BOJIBTAMIIEPHOM XapaKTEPUCTUKU JUHUCTOPA

UHP) B
IHPs MA

[Tpumeuanue: HaOMIOAATh 3aropaHUE CBETOAMOJA MPHU MEPEKIOYEHUH IUHHCTOPA.
[Ipu BKJIIOYEHHOM COCTOSIHUM TUHUCTOpa cBeToanoa HL2 ropwur.

06) Cusath oOpaTHYIO BeTBb BoJIbTamrepHOW xapaktepuctuku IGBT munuctopa
Logp=f(Upgp), M3MEHUB TMOJISIPHOCTh MOJAKIIOYCHHs. VI3MEHSsI BENMYMHY BXOJHOTO
HanpsDKeHUs, 3amucarh nokasaHus npudopoB PV1 u PAl. PesynpraThl u3MepeHuit

3aHecTH B Ta0. 13.
Taomuna 13

O6paTHaH BCTBb BOHBTaMHepHOﬁ XaApaKTCPUCTUKHU JUHUCTOPA

UHPa B
IHP: A

1o pe3ynbpTaTam n3mepennit nocrpouts BAX nuHucTOpa.
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KoHTpoJbHBIE BOIPOCHI

1. HapucoBatb kauecTBeHHYI0 BAX aunucropa.

2. O6o03HauUMWTh Ha BOJBTAMIIEPHOM XapaKTEPUCTUKE JWHUCTOpPA XapaKTEepHbIC
YYacCTKU U TOYKH, IOACHUB 0003HAYCHMUS.

3. IIpuBecTH CTPYKTYpPHYIO CXEMY JUHUCTOPA.

4. KaxoBa 005acTh IpUMEHEHUS JUHUCTOPOB?

5. HapucoBaTb cxeMy BKJIFOYEHUS TUHHUCTOPA.

JlaGopartopnas pa6ota Ne 9
HCCJIEJOBAHUE BOJbTAMIIEPHOM XAPAKTEPUCTHKH TUPUCTOPA

[lens pa®OThI: 03HAKOMJIEHHWE C MPUHIIMIIOM JIEUCTBHSI TUPHUCTOPA, UCCIIEIOBAHUE
€ro BOJbTAMIEPHOU XapaKTEPUCTUKH.

Ecnu oT ogHO# 13 6a30BBIX 00nacTel clieflaH YNpaBJISIIONIUA BBIBOJ, TO MOTY4YaeTCs
yIOPaBISiEMbId MEPEKITIOYAIOIUN TPUOOp, Ha3bIBAEMBIM TPHOJHBIM THPHUCTOPOM HIIU
tpuHuctopoM. Ero YI'O u BAX mnpencrasnensl Ha puc. 42. [lomaBas ynpasnstoliee
OpsIMOE HANpsOKEHUWE Ha Tepexoi, padoTalolMii B MPSIMOM HaIlpaBJIE€HUU, MOXKHO
perynauposath 3Ha4enne Uy, ,. Yem GoJiblie TOK Yepes Takoi yrpasistomui nepexon I,
TeM HUxe Uy, T.€. 4eM OO0JbIlIe 3TOT TOK, TEM CUJIbHEE MHXKEKIUSI HOCUTENIEeH 3apsia
OT COOTBETCTBYIOLIETO DMUTTEPA K CPEIHEMY KOJUIEKTOPHOMY IIEPEXOLYy U TEM
MeHblIee TpeOyeTcs HaNpsKeHHE Ha TUPHUCTOpE JUIsl Hadala Mpouecca OTHUpaHUs
tupuctopa. Hamnbonee Bbicokoe Uy, MoiydaeTcss Ipu OTCYTCTBUM TOKAa YNpPAaBIICHHUS,
KOI'Zla TPUOJIHBIM THUPUCTOp IpeBpamaercs B aAvonHblid. IIpu 3HauuTensHoM Toke Iy
XapaKTEepPUCTHKA THUPUCTOPA NPUOIMKAETCS K XapaKTEPUCTHKE OOBIYHOTO JIUOAA.
[TonoOHBI TUPHUCTOP HA3BIBAIOT TUPHUCTOPOM C YIPABJICHHEM IO KATOAY, TAaK Kak
YIOPABJISIIOIIMM 3JIEKTPOJOM sIBIsieTcsl 0a3oBasi 00jacTh p, OnwpKailiias K KaTOAHOU
00JacTH n.

OObIYHBIE TPUHUCTOPHI HE 3AMMPAIOTCS MO YNPABISAIOMICH LENU U JIJs 3alupaHus
HEOOXOIMMO yMEHBIIUTh TOK B TPUHHCTOpPEe A0 3HadeHus Hmwke Iy, OnHako
CYILIECTBYIOT TaK Ha3biBaemble 3anupaembie TpUHUCTOPHI (GTO), KOTOpBIE 3aMBIKAIOTCS
Opu Mojadye uYepe3 YIPaBIAIOMUN 3JIEKTPOJl KOPOTKOTO HMITyJbca OOpaTHOTO
HanpsokeHus. Pa3paOoTaHbl Takke CHMMETPUYHBIE THUPUCTOPHI WU CHMHCTOPBI,
UMEIOIINE N-P-N-p-n UM P-N-p-N-p CTPYKTYPhl, KOTOPbIE OTIHPAIOTCS HpHU Jt000i
NOJIAPHOCTH HAIpSOKEHUST M HPOBOAAT TOK B 00a HampaBlIEHHsS, MO3BOJISSA
KOMMYTHUPOBATh 00€ MOJIYBOJIHBI BXOJHOTO HAMPsKEHUS.
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Puc. 42. YO u BAX
TUpPHUCTOPA

I

— — [an

UBKJ'Il UBKJ’[Z UBKJ'B

Io6p

U06p.max
i

[TonynpoBOHUKOBBIE TEPEKIIOYaTEIbHbIE MPUOOPHI MIMPOKO HCHOJIB3YIOTCS IS
yIOpaBlIEHUsI SPKOCTbIO OCBETUTENIBHBIX MPUOOPOB WM CKOPOCTHIO BpalleHUS
nBUraTener. B kauecTBe pEeryMpyrolnux 3JIEMEHTOB B TAKUX CXEMax HCHOJIb3YIOTCA
cumuctopel. Ilpu ympaBieHMH HArpy3KOM TIEPEMEHHOIO TOKA HMCIOJIb3YETCS
3ama3/bIBAlONIEe BKIIOUEHUE cUMUCTOpa. M3MeHssi Bpemsl 3aJepKKH OTHUPAIOLIErO
UMITyJIbCa Ha YMPAaBISAIONIEM 3JIEKTPOJIE OTHOCUTEIBHO Mepexoja ¢azbl MUTAIOUIETO
HaIlpsSDKEHHUST 4Yepe3 HOJIb, MOXHO YIPABIATbH BPEMEHEM OTKPBITOTO COCTOSHUS
CUMHUCTOpA, a CIEeJ0BAaTEeIbHO, M CPEAHEH MOITHOCTHIO, MOTPEOIIIeMON Harpy3KoOi,
CBOJIS TIPY HE0OX0IMMOCTH e€ K HyIIro [1].

IHopsinok BbIMOIHEHHSI padOThI

1. Cobparp cxemy mnpencTaBieHHYr0 Ha puc. 43. Iloakmouuth U3MEpUTEIbHBIE
npuOOphI K MOIYJIIO TUPUCTOPA U MOIYJIb ITUTAHUS B COOTBETCTBUU CO CXEMOM.

2. N3mensia 3Hauenus U, o nokazanusm amnepmerpoB PA1 u PA2 u BonbT™METpa
PV2 neobxomumo cuate BAX tupucropa, 1isi ogHOTO (UKCHPOBAHHOTO 3HAYCHUS
TOKa ynpasieHus l,. Pe3ynbrars! usmepenuii 3anectu B Ta0i. 14.

Taomuna 14

[Ipsimast BeTBb BOJIBTAMIIEPHOM XapaKTEPUCTUKU TUPUCTOPA

Iy= MA

Upp, B
IHP, A

[Tpumeuanne. HabmronaTe 3aropanve CBETOAMOJA MPU MEPEKIIOYEHUU THUPUCTOPA.
[Ipu BKIIOYEHHOM COCTOSIHMM TUpHCcTOpa cBeToanoa HL1 ropwur.
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Lo m2

PA

ol ,

Puc. 43. Cxema uccneoBaHusi BOJIbTaMIIEPHON
XapaKTEePUCTUKU TUPUCTOPA

[To pe3ynbTaTaM usmepenuii nocrpouts BAX tupucropa.

3. Ha mocTtpoeHHON XapaKTEPUCTUKE MOKA3aTh HAIIPSHKEHHUE BKIIOUEHUS TUPUCTOPA
U,y TOK BKIFOYCHHS I, TOK ynepikanus I, v HaOpsHDKCHUE HA THPUCTOPE MPU STOM
TOKE.

4. CobOpath cxemy, mpejacTaBieHHyI0 Ha puc. 44. [loaxiouuTh U3MEpPUTEIbHBIE

HpI/I60pBI K MOOYJIIO TUPUCTOPA U MOAYJIb IIMTAHUA B COOTBCTCTBHUH CO CXEMOM.

BKJI?

Lo m2
5—!:!—09
PA
ol/,
il Y Vs
o—1 @ Puc. 44. Cxema uccieoBaHus pSKUMOB pabOThI
U, @@ THPHCTOPA
&
o o

B kauecrBe Hanpspkenuss U, HCHOIb30BaTh IEPEMEHHOE CHUHYCOHJAIBHOE
HaInpspKeHWe, oJlJaHHoe ¢ Moy nuTaHus yactorod f = 50 I'n u ammurynoit 16 B
(~ 16 B). 3MeHsist BeTMUKMHY MOCTOSIHHOTO yrpasiisitoiero HanpsbkeHus: Uy, 1o0OUThCs
oTKpbIBaHMs TupucTopa. [locTtpouts BpemenHble auarpammbl U, =f(t). OO0bscHUTH
XapakTep BPEMEHHBIX JuarpaMM M Ha HUX OOO3HAUYUTh aMIUIMTYAHbIE U BPEMEHHBIC
napameTpsbl. [Io BpeMeHHBIM AuarpaMMaM ONpPENEIUTh BPEMS OTIIMPAHUS THPUCTOPA.

KoHTpoJibHBIE BOIIPOCHI

1. HapucoBats kauecTBeHHY10 BAX TpuoaHoro tupucropa.

2. O0O3HAUUTHh Ha BOJBTAMIEPHOW XapPAKTEPUCTUKE XapaKTEPHbIE YYACTKU H
TOYKH, MTOSICHUB Ha3HAYEHUE.

3. IlpuBecTu CTPyKTYpHYIO CXEMY TUPUCTOPA.
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4. HapucoBatb cxemy THPUCTOpA.

5. UeMy paBeH TOK yJep>KaHUSI TUPUCTOPA — TOKY YNPABJICHHS WIA aHOJHOMY TOKY
Tupucropa’?

6. Kak M0OXHO NOOHMTbCS OTHHMpaHMs THPUCTOpA, €CIM TOK ympasieHHs I, paBeH
HYJI0?

Jlaboparopnas padora Ne 10
HUCCJEJTOBAHUE BOJbTAMIIEPHOM XAPAKTEPUCTHKH
OIITODJIEKTPOHHBIX IIPUBOPOB

[lens paboThI: H3yuyeHHE BHUIOB U TNPUHIMIIOB pPaOOTHI OCHOBHBIX BHJIOB
ONTORJEKTPOHHBIX MPUOOPOB HMHAMKAIMU, HCCleqoBaHUEe U cpaBHeHne BAX
Pa3IMYHBIX TUIIOB CBETOAMOA0B ¢ BAX 00bIYHOTO HOAA.

[TonynpoBOTHUKOBBII npudop O0TOOpaKEHUS uHbopMaIu — 3TO
NOJyIPOBOJHUKOBBIM ~ W3JyyaTeslb  SHEPrud  BHJAMMOM  00JacTHM  CIEKTpa,
npeaHa3HaYeHHbIN 17151 0TOOpakeHUs BU3yaIbHOU MH(pOpMaLUu.

Undpakpacueiit m3nywatomuii  auon (MK-mmon) — 9T0  MOMyNpOBOIHUKOBBIM
U3Iy4yaTellb, TMPEACTABIAIOMUNA CO0OM  JMOJ, CIOCOOHBIM U3Iy4yaThb OSHEPTHUIO
uHpakpacHoil obmactu cnektpa. llomynpoBogHUKOBBIE TPUOOPHI OTOOpPAKEHHUS
uHbOpMaIlMU, B CTPYKTYpEe KOTOPBIX HUMEETCS BBINPAMIISIONINN 3IIEKTPUUECCKHIA
nepexoj1 (p-n—repexoa iy rerepornepexon) (puc. 45) [2].

W3nydyeHre MOJyNPOBOJHUKOBBIX MPUOOPOB OTOOpakeHUs HHQOpMaUUU U

nH(}paKpacHbIX M3JTyYarOIINX JINOJIOB

BBI3BAHO CaMOTIPOU3BOJILHON PEKOMOMHAIIUECH

N m V Ae HOCUTEJIEN  3apsna  IIpu HpOXO)K,Z[CHHI:I
T e ol pgggg_;:__ MPSMOTO TOE(& yepe3  BBIIPSIMIISIONTUNA

SO0 AIEKTPUYCCKUN  Tiepexos.  PekomOuHaius

n gggg HOCHUTEJIEH 3apsiia MOKET MPOUCXOIUTh KaK B

S — CaMOM  BBIIPSIMIISIIOIIEM  3JIEKTPUUECKOM

@ K Mepexo/ie, Tak U B MPWIETAIOIIUX K 3TOMY

R, nepexoay o0macTsXx  CTPyKTypbl. UTOOBI
KBaHTBI SHEPTUHU — (DOTOHBI, OCBOOOTUBIITHECS

npu pEeKOMOUHAINH, COOTBETCTBOBAIH

KBaHTaM BHUIAMOTO CBETAa, HIMpUHA

-0 3aIpeleHHON 30HBI UCXOJIHOTO
Puc 45 MOJIYTIPOBOJHUKA JOJDKHA OBITh  OTHOCH-

TeabHO OoubIoi (AD>1,7 53B). IIpu MenbICH
IIMPUHE 3alpelieHHONH 30HBI HCXOJHOTO TMOJYNPOBOJHWKA KBAaHThI OJHEPTHUH,
OCBOOOKIArOIMECs TPH  PEKOMOWHAIIMM  HOCHTENeH 3apsga, COOTBETCTBYIOT
uHppakpacHoi  obOmacth  W3MydeHud. TakuM  o0Opa3oMm, pasHHULA  MEXKIY
MOJIYITPOBOJHUKOBBIMU ~ TIprOopamMu  oToOpaxkeHus: uHGoOpManuu  (BU3YaJTIbHOTO
npeacraBieHus HWHGoOpManMM) U UHPPAKPACHBIMU  HM3JIYYAIOIIMMU  JTHOJAMHU
3aKJIFOYAETCS TOIBKO B OTJIMYUHU UCXOTHOTO TOJIYITPOBOJHUKOBOT'O MaTepraa.
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OCHOBHBIM MeTOJOM (OPMHUPOBAHUS P-N-IIEPEXOIOB U TETEPONEPEXOJOB IIpU
CO3JaHUH IIOJIYIIPOBOJHUKOBBIX H3JIydarelied Ha OCHOBe apceHupa rammms GaAs,
¢ochuna rammus GaP, TBepabix pacTBOpoB 3THX coenuHeHud GaAs]-xPx sBisgercs
METO/] AMUTAKCHALHOTO HaparuBaHus. OObIUHO 3TO XHUIKO(Da3HAs SMUTAKCHS, HHOTA
— SMUTAKCHUS U3 Ta30BOHU (Ha3bl.

Jns popmupoBaHus p-n-mepexofoB B kapOuae kpemuust SiC HCMONB3YIOT METOA
muddy3un npumecer, a UHOrJa U METOJl AMUTAKCUAIBLHOrO HapaumBanud. OgHoOW u3
MHTEPECHBIX OCOOEHHOCTEH KapOuja KpEeMHHs SBISETCS €ro IMOJMTHUIH3M, T.€.
CYILIECTBOBAHHE HECKOJBKUX KPUCTAUIMYECKUX MOIU(UKAIUN, OTIMYAIOLIUXCS, B
YACTHOCTH, IIIMPUHOM 3aIlIpELICHHON 30HBI.

Bricokas (u3uko-xumMuyeckass CTaOWIBHOCTh KapOWaa KPEMHHS U OTHOCHUTEIBHO
Masble Koa(g¢uuueHTsl aud@y3un npuMecel B HEM CO3JAOT IPENNOCBUIKM IS
U3rOTOBJICHUS BBICOKOCTAOWJIBHBIX MOJYIPOBOJHUKOBBIX H3JIydareleil Ha OCHOBE
3Toro Marepuaiga. OAHAKO TEXHOJOTUS HW3TOTOBJICHHS MOHOKPHUCTAJUIOB KapOuia
KPEMHHS U TEXHOJIOTHsSI (POPMHUPOBAHUS BBIIPSAMIISIIOIINX 3JIEKTPUUECKUX TIEPEXO0J0B B
3TUX MOHOKPHCTAJUIAX OTJIMYAIOTCS CIOKHOCTBIO. KpoMe Toro, B MOJIyITpOBOIHUKOBBIX
U3ITy4daTessax U3 Kapouaa KpeMHUS HE YJAeTCsl MOJIYYUTh BBICOKHI KBAHTOBBIN BBIXOJ.

bospmiont wHTEpEC JUIL  WM3TOTOBJICHMS  IOJIYNPOBOJHHUKOBBIX — M3JIydaTeseun
npenacTasiser HUTpun raums GaN, uMmeronii HanOOoNbUIYI0 MIUPHUHY 3aIllpeIieHHOM
30HBI (AD = 3,5 3B) cpeau coequnennii Tuna AIIIBV, oCBOGHHBIX B TEXHOJIOTHYECKOM
OTHOLIEHUHU. DHEPruu (DOTOHOB, KOTOPBIE MOTYT OBITH BO30YKIEHBI B 3TOM MaTepHalie,
NEPEKPHIBAIOT BCIO BUAUMYIO 00dacTh crekTpa. OpHako He3aBUCMMO OT METoJa
IOJTyYEHUS U JIETUPOBAHUS HUTPUJ rajuiusi 00JaaeT TOJIBKO 3JIEKTPOIPOBOAHOCTHIO N-
tuna. [loaToMy I monydeHMs] H3JIyd4EeHUs OpH PEKOMOMHAIMM HEPaBHOBECHBIX
HOCHUTEJIEH 3apsia B JAHHOM CIIy4ae HaJ0 CO3JaTh BBIIPSMIISIOIMUN 3IEKTPUYECCKUN
nepexon B Buje nepexona [IIoTku Ha KOHTAKTE METaJIa C HUTPHUJIOM TS,

ConocraBienne d(PPEKTUBHOCTH  JTIOMUHECHEHIIMM  Pa3IMYHBIX MaTepHalIOB
IIOKAa3bIBAET, YTO KBAHTOBBIA BBIXOJ PACTET C YBEJIMYEHHUEM JUIMHBI BONHBL [losTOoMy,
€clii  3pUTENbHOE BOCHpUATHE HWHGPOPMALMM HE  SBISETCS  00sA3aTENbHBIM,
NPEANOYTEHUE CJEeAyeT OTAaTh MH(PAKPACHBIM H3Iy4arOUUM [MOJAaM Ha OCHOBE
apceHua rayuus [1].

[TomynpoBoIHUKOBBIE TPUOOPHI OTOOpaXkKeHUs WHGOPMAlMU B 3aBUCUMOCTH OT
CTPYKTYpPbI, KOHCTPYKIIMHA ¥ HA3HAYEHUsI MOTYT OBITh Pa3JeieHbl Ha CBETOU3ITYYaIOLI1e
JTMO/1b], TOJYTPOBOAHUKOBBIE 3HAKOBBIE MHANKATOPHI, IIKAJIbI U SKPaHHbI.

Cerousnyvaronii  AMOJI — 3TO MOJYNPOBOJAHUKOBBIM MpHOOp OTOOpa)keHus
uH(pOpMaIuy, PEACTABIAIOIUN COO0H TUOI.

Takum oOpa3oM, B CTPYKType CBETOM3IYYAIOLIET0 AMOAA €CTh TOJIBKO OJHH
BBIIPSIMIBIFOLMN ~ DJIEKTPUYECKUA  IIEepexo], WIM  OJMH  IOJyIPOBOJHUKOBBIN
V3JIY4YarOLIAN 3JIEMEHT.

[ToympoBOTHUKOBBIN H3TYUYAIONIUNA 3JIEMEHT — YacTh MOJIYNPOBOJIHUKOBOTO MPUOOpa
0TOOpakeHHUsI MHPOpPMAIMK, COCTOSAIIAs U3 M3Iydarolled MOBEPXHOCTH M KOHTAKTOB
JUTS IOJKJTFOUEHUS K DJIEKTPUYECKON CXEME.

[TorynmpOBOJHUKOBBIN 3HAKOBBIA WHAMKATOP — 3TO IMOJYIPOBOJHUKOBBIA IPHOOP

oTOOpakeHHsl HMH(POpPMAIMH, COCTOAIIUN U3 MOJYIPOBOJHUKOBBIX H3IIy4aIOIINUX
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3JIEMEHTOB, TNpPEAHA3HAUYEHHBIM JUIs MPEACTaBICHUS HWH(OpPMALMKM B BHUJIE 3HAKOB U
OpPraHW30BaHHBIN B OJIMH UJIU HECKOJIBKO Pa3psiioB.

[Tpumep KOHCTPYKIIMK OJHOPA3PSAIHOTO 3HAKOBOIO MHAMKATOPA IMOKA3aH Ha puc. 46.
CTpyKTypa 3TOro 3HaKOBOTO MHAMKATOPa COCTOUT U3 CEMHU M3JIYYaOIIHUX 3JIEMEHTOB U
NEUMMAIBHOM TOYKH, T.€. BOCBMH p-N-IIEPEXOJOB B OJHOM MOHOKPHUCTAJUIE
IIOJIYTIPOBOJHUKA, U3JIYHYAIOIINUX CBET IIPU MPOXOKICHUHU TOKA B IIPSIMOM HAIIPABIICHUM.
Paznuynple KOMOWHANMK H3IyYarolIMX D3JEMEHTOB, OOECHeurBaeMble BHEIIHEH
KOMMYyTallieH, MO3BOJIAIOT Bocnpou3BecTd Hudpsl o 0 10 9, nenumanbHy0 TOUKY H
pa3JINYHbIE CHMBOJIBI.

I I Puc. 46. KoHCcTpyKIusi 0AHOPa3psIAHOTO 3HAKOBOTO
I I uHAUKaTopa (IM(pPOBOro MHANKATOPA)
guuut

[TonynpoBOJHMKOBAs IIKaJla — 3TO MOJYNPOBOAHUKOBBIM MpPUOOpP OTOOpaKEeHUS
uH(popMaIMK, COCTOAIIMHA W3 MOJYINPOBOJHUKOBBIX H3JIYYAIOIIMX 3JIEMEHTOB,
IpeIHa3HAYCHHBIN JUIsl PECTABICHUS aHATIOTOBOM HH(POPMALIUH.

CTpyKTypa HOJYyNpPOBOJHUKOBOM IIKadbl MOXET IMPEACTABIATh COOOW HECKOJIBKO
CBETOM3JIYYaOIINX JUOJI0B, PACIIOI0KECHHBIX BJIOJIb OJHOU JIMHUH, UIIM HECKOJIBKO pP-N-
NEPEXO0/I0B, TAKIKE PACIIOIIOKEHHBIX 110 OJHON JIMHUU Ha OOIIEH MOIIOKKE.

[ToympoBOHUKOBBIA IKpaH — 3TO TOJYHNPOBOIHUKOBBIN MPUOOpP OTOOpaKEHUS
UHGOpMAIUH, COCTOALININ U3 U3IyYarOIIUX 3JIEMEHTOB, PACIIOIIOKEHHBIX BJIOJIb OJIHOM
JMHUAWA, W COJAEpXKAIMKA N CTPOK M3IYYAIOUIUX DJIEMEHTOB, IPEIHA3HAYCHHBIN I
WCIIOJIb30BAHUS B yCTPONUCTBAX OTOOPAKEHUS aHATIOTOBOM U MG POBOI HH(pOpMaIuu.

[IpuMepoM MOTyNPOBOJHMKOBOIO JKpPaHAa MOTYT CIYKUTh IOJIYyIPOBOJIHUKOBBIE
npudopsl oToOpaskenus nupopmanuu AJI306A — AJI306U, BeimyckaeMble, OHAKO, KaKk
3HAKOBbIE MHAUKATOPBI. OHU COCTOAT U3 36 NUCKPETHBIX CBETOU3IYYAIOMIUX JUOMOB,
COCIMHEHHBIX B MAaTpHIly (CEMb CTPOK MO MATh IUOAOB W OJUH JHUOJ OTAEIBHO) C
NEPEKPECTHOM KOMMYTAlUEN U MO3BOJISIONINX BOCHPOU3BOIUTE LU(PBI U OYKBHI [7].

OcCHOBHBIC XapAKTEPUCTHKH U MapaMeTPbl ONITO3J1eKTPOHHBIX MPUOOPOB

ApkocTs  u3ay4YeHusi.  SIpKOCTb  WBIYYEHHS  SIBJISIETCS  MapaMeTpoM
MOJIYIIPOBOJHUKOBBIX MPUOOPOB OTOOpakeHus mHpopmanuu. Egununei spkoctu B
cucreme CU cnmyXuT KaHzaena Ha KBaJpaTHBIA METp (KI[/MZ) — APKOCTh HMCTOYHUKA
U3IIYyYEHUS, KAXIbI KBaAPATHBIM METP U3IyYarolleld MOBEPXHOCTH KOTOPOTO UMEET B
JAHHOM HAMpaBJI€HUU CUJTy CBETa, pPaBHYIO OJHOU kaHjene. CreayeT OTMETUTbh, UYTO
CBETOBBIE HW3MEPEHHUS, CTPOrO TOBOpsA, HE BIOJIHE OOBEKTUBHBL. (CHOBHBIM
«mpudOpPOM», C TOMOIILI0O KOTOPOTO MOKHO MU3MEPATh CBETOTEXHUUECKUE BEIUYUHBI, B
KOHEUHOM CUeTe, SIBsEeTCS TJ1a3 yenoBeka. (HPEeKTUBHOCTh BO3JEHCTBUS CBETA Ha Ija3
YeJIOBEeKa OIpeAeNsaeTcs CINEUUaJbHON BEJIMYMHOM, KOTOpas IMOJy4yuia Ha3BaHUE
BUJHOCTH. BumHocts V — 3T0 OTHOIIEHHE CBETOBOro nortoka @ (T.e. oleHMBaeMOM
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HalllUM TJIa30M MOIIHOCTH) K COOTBETCTBYIOIIEH HWCTUHHOW, TOJHOW MOIIHOCTH
nyyucton sHepruu O,:
V =0/,
Ha puc. 47 npuBeneHa 3aBUCHUMOCTb BHUJHOCTH OT JJIMHBI BOJIHBI, OINPEICIICHHASA
Mexnynaponnoit komuccuerd mno ocenieHuto (MKO). UYyBcTBUTENBHOCTH TIJ1a3a
MaKcuMaJlbHa Ha JUTHHE BOJHEI 0,555 MKM.

It {1555 M V /B
7 &7
/7\\
||
a7 — &
I : : | Puc. 47. OtHocurenapHas K u adcoiroTHas
0 07 : | : V BHUAHOCTHU CTaH,I[apTHOI‘O
’ : | L} doTromeTpuueckoro HabIrOAATENS B
| : : : : 7’ 3aBUCUMOCTH OT AJIMHBI BOJIHBI I/IBJ'Iy‘-IeHI/IH
Qﬂﬁj i f i
| ]
o vl 3 Wi « a7
00001 | N

as; g4 4s  gs 7z A e

st crangaptHoro (ortomeTpuueckoro HaOmogarens | BT myuucroit sHeprum B
MaKCUMyM€ UYyBCTBUTEIBHOCTU rja3za cooTBeTCTBYeT 680 M. OTHOIIEHUE BUIAHOCTH
CBeTa JAaHHOW JUIMHBI BOJHBI VA K MaKCHMaJlbHOW BUIHOCTH V,_,. Ha3bIBAOT
OTHOCUTEIHHON BUIHOCTHIO

K=VLA/V,

Takum oOpa3om, U3nydareab, KOTOPbIA BCIO CBOIO SHEPIHIO OTAAET TOJBKO B BHUJEC
U3JIydeHus ¢ JauHoM BoaHbl 0,555 MKM, oOsamaer HauOOJbIIEeH SPKOCTBIO H
SKOHOMHUYHOCTBIO C TOYKHM 3pEHHUs rja3za 4esioBeka. OJIHAKO MOYNPOBOJHUKOBBIC
U3IIydaTeNld 4YacTO WCHOJB3YIOT HJsi Tepenadyud WHGOpMalMud B BUAE HMITYJIHCOB
U3JIyYEHUs, KOTOpHIE IOCTYNAlOT HA TMPUEMHUKH U3JIYYEHUS CO CHEKTPaJIbHBIMU
XapaKTepUCTUKAMHU, CYIIECTBEHHO OTJIMYAIOUIUMHUCS OT CIEKTPAIbHON XapaKTEPUCTUKH
BUJIHOCTU TIJ1a3a 4YesloBeka. B 3ToM ciydae SIpKOCTh HU3JIYYEHUS MOXKET OKa3aThCs
COBEpIICHHO OECTHOJe3HbIM TMapaMeTpoM. Tak, uis HHPPAKpaCHBIX H3ITyYalolInuX
JMOZ0B OCHOBHBIM MapaMeTPOM SIBJISICTCS MOJHAS MOUIHOCTh M3JIyYEHHUS B BaTTax WIIH
MUJUTMBATTAX MIPU ONPEACIICHHOM IPSIMOM TOKE [5].

SApxocTHas XapaKTepuCTHKA. [TonynpoBOIHUKOBEIE U3JIy4aTeau c
BBITIPSIMJISIONIUM  DJICKTPUUECKUM  TEPEeXOJ0M O0O0JaJal0T OTHOCHUTEIIBHO MaJibiM
CONPOTHUBJIEHUEM IIPU BKJIFOUEHHUH ITOTO MEpPEXoJia B MPsIMOM HarpaiieHUH. [loaTomy
Takhe W3JIy4yaTeldu CJIeJyeT CUMTaTh TOKOBBIMU MpUOOpamMu, NHUTAaEMbIMH OT
VMCTOYHUKOB WJIM TEeHEpATOopoB TOKa. COOTBETCTBEHHO SIPKOCTHOM XapaKTEPUCTUKOU
MOJIYIIPOBOJTHUKOBBIX TPHOOPOB OTOOpakeHWs HHGPOPMAIMK SBJISETCS 3aBUCUMOCTH
SAPKOCTH OT TMPOXOAAIIEro uepe3 mnpubop Toka. KemarenrbHO UMETh MPSAMYIO
MPOIMOPIIMOHATIBLHOCTh  IPKOCTH  U3IYYEHHs] OT TMPOXOASIIEr0o TOKa, 4YTO Oyner
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COOTBETCTBOBAaTh HEM3MEHHOCTH KBAHTOBOI'O BBIXOAA WJIM HEM3MEHHOCTH OTHOLIEHUS
U3NTydaTeNbHbIX U O€3bI3NIydaTelIbHbIX aKTOB PEKOMOMHAIMK TMPU W3MEHEHUH TOKa.
AHanoroM SIPKOCTHOM XapakTEePUCTHKU I HHPPaAKpaCHBIX H3IYYAIOIUX JTUOJIOB
SBIIAETCS 3aBUCHMOCTD MOIIIHOCTHU U3JIy4YE€HHSI OT IPOXOISILErO TOKA.

CnekTpajbHasi XapaKTePUCTHKA — 3aBUCUMOCTb MOIIIHOCTH U3JIyYEHHUS OT JJIMHBI
BOJIHBI M3JIy4aeMbIX JJIEKTPOMArHUTHBIX KoseOaHuil. B mepBomM mnpubimxeHuu
CHEKTpPaJbHBI COCTaB HM3JIYYEHUS MOYKHO XapaKT€pU30BaTh I[BETOM CBEUYCHMS
MOJYNPOBOJHUKOBBIX MPUOOPOB OTOOpakeHUs wuHopMmanmu, a uHOpPaKpacHbBIX
U3ITy4aTeIbHbIX JIMOAOB — JUIMHOW BOJHBI M3JIYy4Y€HUS B MAKCHUMyMe€ CIEKTPaJIbHON
xapaktepuctuku. Ho Oosiee monpoOHble CBEAEHUS AA€T, KOHEYHO, CIEKTpajbHas
XapaKTepHUCTHKA.

[TapameTpbl, MOMYNPOBOJHUKOBBIX M3IydaTelied KaK 3JIEMEHTOB JJEKTPUUECKOMN
CXEMBI OIPENICIISIOTCS BOJbTAMIICPHON XapaKTEePUCTUKOM. Pazinuusa npsambIx BETBEN
BAX mnosiynmpoBOAHUKOBBIX HM3JIy4aTeNel M3 Pa3HbIX MAaTEPHAIOB BBI3BAHBI, MPEXKIE
BCEro, paziMyMeM B IIMPHHE 3aIPEIICHHONW 30HBI M COOTBETCTBEHHO B BBICOTE
NMOTEHIIMAIBHOTO Oaphepa Ha p-n-niepexoae (puc. 48). O6parnbie BeTBU BAX He
IPEICTABIAIOT NPAKTUYECKOIO MHTEpECA, TaK KaK MOJYyHPOBOAHUKOBBIE M3ITydaTeIu C
BBIMPSAMIISIIONINM  3JIEKTPUYECKUM TEPEXOJOM JIOJDKHBI  paboTaTh TOJBKO IMpH
BKJIIFOUEHHM B NpsMOM HampaieHuu. Crenyer, OJHAKO, WMETb B BHUIY, YTO
HanpspDKeHUs Mpo00s  MOJYyNPOBOJHUKOBBIX — M3IydaTeled C  BBIIPSIMISIFOLIUM
IIEKTPUUYECKUM MEPEXOJI0M HE MPEBBIIAIOT HECKOJIBKUX BOJIBT.

{1 P
; [ 1
Gifls SE Puc. 48. BosnpramnepHslie XapaKTEepUCTUKU

4 HOJIyTIPOBOJHUKOBBIX M3JTyuyaTesell, U3rOTOBIEHHBIX
Ha OCHOBE Pa3JIMYHBIX MTOJIYIIPOBOJHUKOBBIX

2 MaTepHuaoB

é%/

g 7 7 7 4o

NHEepIMOHHOCTD IIOJYIIPOBOJHUKOBBIX

U3JIy4yaTesnel XxapakTepru3yoT BpeMEHEM HApACTAHUSI UMITYJIbCA U3TyYEHUSI U BPEMEHEM
Crajia UMIyJibca U3TyYEeHUs, KOTOPbIE IPUHATO U3MEPATh MEKAY YPOBHIMU U3IIYUYEHUS
0,1 u 0,9 oT aMITUTYABl MUMITYJbCA HM3ITYUYEHUS. DTH BPEMEHA COCTABJISIIOT OOBIYHO
CAVHULIBI WIH JIECSIThIE O MUKPOCEKYHIbl. TakuMm o0pa3oM, BpeMeHa HapacTaHUs U
craja HMIYJibca U3JIYyYEHHUs OKa3bIBAIOTCS HECYIIECTBEHHBIMM TapaMeTpaMH Jis
MIOJTYITPOBOJTHUKOBBIX MPUOOPOB OTOOpaxkeHus: WHPOPMAIMK, TPEIHA3HAYCHHBIX JIJIS
BU3yaJIbHON MHIUKAIIMYU, TaK KaK WHEPIIMOHHOCTH TJia3a YeJIOBEKa JOCTATOYHO BEJIMKA
(o010 50 Mc).
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Haobopot, mis mHdpakpacHbIX H3Iy4arolUX AUOJOB, KOTOpPHIE MpeIHa3HAYCHBI
st o6pabotku uH(oOpManMu 0e3 BHU3yalu3allid, BpeMeHa HapacTaHus U claja
UMITYJIbCA U3JTyYEHUSI MOTYT OBITh OJTHUMH U3 OCHOBHBIX MapaMeTpoB [1].

Buemnuii Bun mepenHed maHenw J1abopatopHOro Moayisa «OnTodIeKTPOHHBIC

puOOpPHI MHIUKAIMI TIPUBEEH Ha puc. 49.
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IHopsinok BeINOIHEHHSI padOTHI

s~ 1. CobOpars cxemy, mpeactaBieHHyro Ha puc. 50.
o\ [TonkmounTh U3MEpPUTEIbHBIE TPUOOPHI U MOJYJb
NUTaHUus K MOAyNno «OnTodIeKTOpHHBIE TPHOOPHD» B

COOTBETCTBUHU CO CXEMOM.

R1

@ A4 /VD1

o
Puc. 50. Cxema ucciienoBaHus BOJIbTaMIIEPHOMN
XapaKTEPUCTUKU CBETOANO/1A

2. H3MeHss TOCTOSIHHOE HamnpsDkeHHe Ha BXoAe cXxembl Uy, MO0 TNOKa3aHUSIM
npubopoB PAl wu PVI1 HeoOXoauMo CHATh MPSAMYI0 BETBb BOJIbTAMIIEPHOMN
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XapaKTEPUCTUKU OOBIYHOTO MOJYyIpPoBOHMKOBOTO cBeTonuoaa VD1 (L-531D), nannsie
U3MepeHui 3aHecTy B Tabm. 15.
Tabawnma 15

[Ipsimast BEeTBb BOJIBTAMIIEPHOM XapaKTEPUCTHUKU MOJIYIIPOBOJHUKOBOIO CBETOIHOA

Ul_[P) B
Ip, MA

3. BkimounTth B CXEMy MCCIEAOBAHUSA IIOCIEAOBATEIbHO JPYTM€ CBETOIHUOMBI,
BXOJSIINE B COCTAB MOJYJIA:

VD2 — cynepsipkuii cBeroguon (L-53SRD-H); VD3 — mwuraromuii CBETOAMOI,
conepkuT BcTpoeHHbM TeHeparop (L-56BSRD-B); VD4 — cunwmii cseronuon (L-
53PBC); HL — nByXUBETHBIN CBETOAMO/I, COJICPKUT JBA CBETOAMOA B OJJHOM KOpITyCe
(L-59SRSGW-CC).

[ToBTOPUTS 1. 2 MTAGOPATOPHOM PAOOTHI ISl KAXA0T0 BUIAa CBETOIUO/A.

4. ITonKII0YNTh CBETOAMOMBI, BBICTABUTH ITOCTOSIHHOE HAIIPSKEHUE HA YpPOBHE
Uxx=12 B u BU3yalIbHO CpaBHUTH SIPKOCTH CBEUYEHHS CBETOAMO0/0B. [lo HabmoaeHusIM
cIenaTh BBIBOJ O XapaKTePE SIPKOCTU CBEUCHHUS KaKJIOIO CBETOAMO/IA.

5. Cobparp cxemy, mpencraBieHHyto Ha puc. 51. IlogkmounTe H3MEpUTEIbHBIC
npuOOpbl U MOJYJIb MUTAHUS K MOJIYJIIO ONTO3JEKTOPHHBIE MPUOOPHI B COOTBETCTBUU
CO CXEMOM.

6. [Iyrém [IOCJIEI0OBATEIILHOIO MOAKJIFOYEHUSA KaX10Tro cBeTOAMOMAA
CEMHUCETMEHTHOTO WHAMKATOpa 3alloJHUTh Tabia. 16, B KOTOpod oToOpakaeTcs
3aBUCUMOCTb CBETSIIETOCS CUMBOJIA OT KOMOMHALMY MTOAKITIOYEHHBIX CETMEHTOB.

Tabmuma 16
3aBUCUMOCTH CBETSIIETOCS CUMBOJIA OT KOMOWHAIIMH ITOIKITFOYEHHBIX CETMEHTOB
L2 39568938 | mw|C]a]E]E]C 2228k,
A
B
C
D
E
F
G
H
+
o
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KOHTpOJILHbIe BOIIPOCHI

1. HapucoBaTh KayeCTBEHHYIO BOJBTAMIIEPHYIO XapaKTEPUCTUKY CBETOAHMOJA H
0003HAYNTh HA HEH XapaKTePHbIC YYACTKU U TOUKHU.

2. HapucoBaTtb cxemy BKJIKOYEHUS CBETOAMOAAa. YeM OrpaHWYMBaeTC TOK
ceeroanoa’?

3. Ilpu kakoil HMIMpPUHE 3alPEIIEHHOW 30HBI MCXOJHOTO IMOJIYIPOBOJHUKA KBAHTHI
SHEPrUH, OCBOOOXKAAIOIIECHCS PU PEKOMOMHAIIMM HOCHUTENEH 3apsija, COOTBETCTBYIOT
BU3YaJIbHOM 00JaCTH U3IyYE€HUN M NPU KaKOH MH(PpaKpacHOU 00IaCTH U3ITydeHUs?

4. CpaBHUTH 3T 3alPEIICHHBIC 30HBI MEXAY COOOIA.

5. OmnpeneneHne NOJIUTUIIU3MA.

6. UeM BBI3BaHO H3IyYECHHE IMOIYIPOBOJHUKOBOTO MpuOOpa MPH MPOXOKIACHUU
IPSAMOTO TOKA 4yepe3 HUuX?

7. OnpeneneHue MoIynpoBOJHUKOBOrO 3HAKOBOTO MHIUKATOPA.

8. OmnpeneneHne CIEKTPAIbHON XapaKTEPUCTHKHU.

9. B kakux mojaynpoBOJAHHKAX ONMTOAIEKTPOHHBIX MPUOOpaxX BpeMeHa HapacTaHUs U
crajia UMITyJIbCa U3JIYUYEHUS SIBISIOTCS HECYIIECTBEHHBIMU MapamMeTpamMu U HaoOOpOT
JUISl KaKuX TOJYHPOBOAHUKOB OMNTORJIEKTPOHHBIX TMPUOOPOB SIBISIOTCS OJHUM U3
OCHOBHBIX MapamMeTpoB?

Jlaboparopnas padota Ne 11
HNCCIIEAOBAHUE BOJBTAMIIEPHOU XAPAKTEPUCTHUKHA OIITOITAPBI

[leap pabOTHI: O3HAKOMIIEHHE C MPUHIUIOM JCHCTBUS ONTONApbl, U3yUYEHUE €€
BOJIbTAMIIEPHBIX XapaKTEPUCTHK.

PaboTa pa3nuyHbIX MOIYIIPOBOIHUKOBBIX TPUEMHUKOB U3ITy4eHUs (POTOPE3UCTOPHI,
dboTtoauonpl, (OTOTPAH3UCTOPHI, (POTOTUPUCTOPHI) OCHOBaHA Ha WCIOJB30BAaHUU
BHyTpeHHero (hoToddpekrra, KOTOPHI COCTOUT B TOM, YTO O] ICHCTBUEM H3TyUYCHUS B
HOJYPOBOJHUKAX IPOUCXOIUT TeHepalus MHap HOCUTENEW 3apsiioB 3JIEKTPOHOB U
JBIPOK. DTU JTOTIOJHUTENbHBIE HOCUTENIH YBEIWYUBAIOT SJCKTPOHHYIO MPOBOIUMOCTS.
Takas goGaBouHasi MPOBOAMMOCTB, OOYCIOBIIEHHAs ACHCTBHEM (POTOHOB, MOJydUIIa
Ha3BaHue (GOTONPOBOAMMOCTH. B HekoTopeix mpubopax 3a cueT (¢HOTOreHepaluu
AJIEKTPOHOB U JbIpoK Bo3HMKaeT D/[C, kortopyro mpuHiTO HaszbiBaTh (Poto-O/C, u
TOT/1a 9TU NMPUOOPHI PadOTAIOT KAaK UCTOYHUKH TOKA.

TpansucropHas onromnapa BBITIOTHSETCS ¢ (POTOMPUEMHBIM IIEMEHTOM Ha OCHOBE
dotopesucropa. Kak mnpaBuio, B ONTpoHaxX HCHONB3YIOTCA (HOTOTPAH3UCTOPHI CO
CTPYKTYPOM n-p-n Ha OCHOBE KPEMHMsI, YyBCTBUTEIbHBIE K U3ITYYEHUIO JJIMHOW BOJIHBI
okosio 1 Mxm. M3nydarensMu cityxaT OOBIYHO apCEHHMTaUIMEBbIE TUOAbI, MAKCUMYM
CIICKTPAIIPHOTO  HM3JIyYCHHUS KOTOPHIX JIGKUT BOJIM3M  00JacTH  HAMOOJIbIICH

55



qyBCTBUTEIBHOCTH  (poToTpaH3ucTopa. M3mydaTenpHBIH  IUON  KOHCTPYKTHBHO
pacmojioKeH Tak, 4To OoJyblas YacTh CBETa HaMpaBisAeTCs Ha 0a30BYH 00JacTh
dotorpanzucropa (puc. 52). Tak ke, Kak U B JPYTrdX ONTOMApax, U3JIydaTellb U
MPUEMHHK U30JIMPOBAHbI APYT OT Apyra ONTHYECKHU MPO3payHOil cpenoni [4].

Ry

-O—

Puc. 52

[Ipn OTCYTCTBUM H3JIy4YEHUS B LIETIH KOJUIEKTOpa (POTOTPAH3UCTOPA, BKIIOUEHHOIO
no cxeme c¢ OD, mnporekaer o0OpaTHbI (€MHOBOH) TOK, AaHAJIOTHYHBIA IO
MIPOUCXOXKJICHUIO M XapaKTEPUCTUKAM TOKY B OOBIYHBIX OHWIIOJISIPHBIN TPaH3UCTOPAX.
[Ipyn mOBBIIEHUHM TEMIIEpaTypbl Ha JAECITh TPaayCcoB OOpaTHBIA TEMHOBOM TOK
IPUMEPHO yJIBABAETCSI.

[Tpu oGmydyennn B 0a30BOil 00JacCTH TEHEPHUPYIOTCS Maphbl «INEKTPOH — IBIPKaA».
ONEKTpOHBI BBITSATUBAKOTCA M3 0a3bl B CTOPOHY MOJOKUTEIBHO 3apSKEHHOTO
KOJJIEKTOpa, a JBIPKU OCTAIOTCS B 0a3e W CO3Jal0T MOJIOKUTENbHBINA 3apsia. ITo
SKBUBAJIEHTHO BO3HUKHOBEHHIO OTIHPAIOIIETO TOKA TPAH3UCTOPA, BCIAEACTBUE YETO TOK
KOJUIEKTOpa Takxke yBenunuuBaercsa. COOTHOLIEHHWE MEXAy TOKOM 0a3bl M TOKOM
KOJUIEKTOPA MOKHO MPEICTABUTH CIIETYIOUIUM BBIPAKEHUEM:

Igpix=hy 51D,
rae lgx — BBIXOJAHOM TOK B IENU KOJUIEKTOPA; hy;5 — KO3 (GUUUEHT nepeaadnd ToKa
0a3el TpaH3ucTopa; Oy — reHepUPOBAHHBIN H3TyUyaTeneM GOTOTOK B 6aze TpaH3UCTOPA.

Takum 06pa3zom, poroTpanzucTop 00JagaeT BHYyTPEHHUM YCUJIEHHEM (OTOTOKA.

TpaH3uCTOpHBIE  ONTOMAPHI  HAXOJAT MPEUMYIIECTBEHHOE MNPUMEHEHUE B
aHAJIOTOBBIX M KIJIFOUEBBIX KOMMYTATOpaxX CUTHAJIOB, CXEMAaX COTJIACOBAHMS ATYMKOB C
U3MEpPUTEIbHBIMU  OJIOKAMH, JJiS TalbBAHMYECKOW pa3BA3KU B JIMHUSAX CBSI3H,
ONTOANEKTPOHHBIX pene. [lpumepom wmoryt cayxuth onromapsl thuna AQOTI10,
AOTI127 [2].

BHemHui Bua nepegHend IMaHENu nabopatopHoro wMoxayis «Onrtomapa u
CTAOMIIUTPOH» MIPUBEJIEH Ha puc. 53.
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———— ONTONAPA U CTABUNIUTPOH |———

Wccnepgoeanue ontonapsi
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«Onronapa u cTabUIUTPOH»

WeccneposaHue ctabunutpoHa

Q "Pocst:{nr[lﬁ%p"

HOpHI[OK BBINTOJIHCHU A paﬁoTbI

1. Cobpatb cxemy, mnpeacraBieHHYr0 Ha puc. 54. IloakIOYuTh H3MEPUTEIIbHBIC
npuOOPHI K MOTYJIIO ONTONAPhl U MOJYJIb MUTAHUS B COOTBETCTBUH CO CXEMOM.
a) M3mensis BxoaHoe Hamnpspbkenue U,,, MO0 MOKa3aHUSIM U3MEPUTEIbHBIX MPUOOpPOB

PV1 u PA1 HeoO6xoauMo CHSTh BXOJAHYIO BOJIBTAMIIEPHYIO XapaKTEPUCTUKY OMTOMAPHI.
Pesynbrarel u3amepenuit 3anectu B 1a01. 17.

[lo pe3ynbratam U3MEpPEHUN MOCTPOUTH BXOJHYIO XapaKTEPUCTHKY — 3aBUCHUMOCTb
BXOJHOTO TOKa OT BXxoaHoro Hanpstkenus — I, =f(U,,).

0) CHATh BbIXOJHBIE XapakTtepucTuku ¢ortorpansucropa I =f(Uy,) npu I, =const.
W3mensis BennuuHy HanpsbkeHust Uy, 3anucaTh nokaszanus npudopoB PV2 u PA2 nns
Tpex (ukcupoBanHbix 3HaueHuit Toka (I,=0, 1.,=0,51,, ... [x=lix yax)» KOHTPOJIB 3a
BEJIMYMHOM TOKAa  OCYLIECTBIIETCS € nomombilo ammnepmerpa PAl. PesynbraTsl
U3MEpeHHii 3aHecTu B Tabi. 18.

[lo pe3ynbraramMm U3MEpeHUl HEOOXOAMMO IMOCTPOUTH BBIXOJHBIE XAPAKTEPUCTUKH
dotorpansucropa [ =f(U,) — 3aBUCHMOCTH, TOKa KOJUIEKTOpa [, OT HampsHKCHUS
KoJutekrop—amurrep U,,.
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PAZ Ussix

U &y (e=L (b2

Puc. 54. Cxema uccinenoBaHus XapaKTEPUCTHK ONTONApPbI

Tabanma 17
BxonHas BogbTamMmepHasi XapakTepUCTHKA ONTONaphl
UBX’ B
IBX: MA
Tabawnma 18
BrixoHbIe XapaKTEPUCTUKH TIOJEBOTO (POTOTPAH3UCTOPA
IBX: A IBX: A IB)(: A
Uy, B I A Uy, B I, A Uy, B I, A

B) /Jlis ompeneneHus 3aBUCMMOCTH JJIUTEIBHOCTH BpeMEHH ()POHTA U BPEMEHHU
cnaja mnpu paboTe B KIIOYEBOM PEXKUME OT BXOAHOTO MMITYJIbCa HAa BXOJA CXEMBI
HEOOXOMMO MOJIaTh C BHEIIHET0 TeHepaTopa NPsSMOYTOJIbHBIE UMITYJIbChI YaCTOTOM
10 xI'm m ammmutynoil 4 B OTHOCHTENBHO KaTola CBETOAMOJA, PACIOJIOKEHHOIO
BHYTPH TpaH3UCTOpPHOW onronapbl. OAHUM KaHajioM ocuuuiorpaga HeoOX0AUuMO
noouepénuo HabmoaaTh Tok Ha Bxonae (PA1l) u Hanpsikenue Ha Bbixose cxeMbl (PV2).
[Io pesynprataM WM3MEpEHMI HEOOXOMUMO MOCTpouTh Tpaduku Qyukumi t,=f(L,,),
t.,=f(1,;) — 3aBHCUMOCTH AJUTEIBHOCTU BpeMeHH (PPOHTA U BPEMEHU CIiajia Mpu padboTe
B KJIIOYEBOM PEKHUME OT BXOJHOTO UMITYJIBCHOTO TOKA.

KoHTpoJibHBIE BONIPOCHI

Omnpenenenue GOTOITEKTPUISCKOTO TTPUOOPA.
B uem coctout BHyTpeHHMH (HOTOIPDHEKT?
[To xakoit cxeme BKiItOYeH (hoTope3uctTop?
B kakux cxemax mpeuMyIIeCTBEHHO MPUMEHSIOTCS TPaH3UCTOPHBIE ONTONAPHI?
Omnpenenenue poropesuctopa?
Uro Takoe onTomnapa?
JlaGoparopnas pa6ota Ne 12
NCCIEAJOBAHUE MAPAMETPOB U XAPAKTEPUCTHUK YCUJIMTEJIA

AN
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C OBPATHOM U BE3 OBPATHOM CBS3U

[lenr paboThI: HCCAEAOBAaHHE OCHOBHBIX XapaKTEPUCTHUK MHOTOKACKAJIHBIX
TPAH3UCTOPHBIX YCUIIMTENIEH C pE3UCTUBHO-EMKOCTHOM CBSI3bIO.

DJIEKTpUYECKasd CXEMa TPAaH3UCTOPHOTO YCHUIIUTENS CONEPKUT JIBA YCUIIMTEIBHBIX
Kackana Ha OunonspHsix TpaHzucrtopax VI1 m VT2 tuna KT312A, BKIIOUEHHBIX O
cXeMe ¢ 00IIHUM YMUTTEpPOM (puc. 55).

Ex=+12B

p3

: BhE \ \ \

h 4
S
)
>
)

7
3

Puc. 55

Bce cxembl yCHIMTENBHBIX KAacKaJOB MUTAIOTCA OT OJHOIO OOLIEro HCTOYHUKA
nutanus ¢ Ex=12 B. Ha Bxozxe u BbIX01€ KaXXA0T0 KACKaa HAXOAATCS Pa3AcINTEIbHBIC
kougencaroper C,1, C.2, C,3 s pasmencHus KacKaJoB MO MOCTOSHHOMY TOKY.
Hemurenn HanpsokeHuss R—R,, R;—R, ciayxar mis nmomauyd mpsiMOro CMENIEHUsS Ha
Bxoa TpaH3uctopoB VTl um VT2. Pesucropel R; u Ry, co3maroT oTpuuatenbHyro
00paTHYIO CBSI3b 10 MOCTOSHHOMY TOKY JJI TeMIlepaTypHOH craOuiu3auuu padboueit
Toukn nokosA. Konumencaropel C,, m C,, myHTHPYIOT pe3uctopsl Ry, m Ry, 1o
NEPEMEHHOMY CUTHaly. Pe3uctopsl Ry, u Ry, SBASIOTCS KOJUIEKTOPHBIMA Harpy3kaMu
Ka)k70To Kackaza [6].

C nomompto koHaeHcatopa Cy- U pesucropa Ry B ycunurene cosznaercss obmas
nocJieJoBaTeNbHasi 00paTHas CBS3b MO HANPSHKEHUIO C BBIXO/IA YCUIIUTEINS HA €ro BXO/I.
Pesnctop R yuuThIBaeT B cxeme BHYTPEHHEE CONPOTHUBIICHHWE HMCTOYHMKA CUTHAJA.

Bxognoe mnampsbkenne Upy yCWIMBaeTcs TMEPBBIM KAaCKaaOM YCHIMTENS Ha
Tpan3uctope VT1. Curnai, ycwIeHHBIM NMEPBBIM KackaigoMm, yepe3 KoHaeHcatop Cp,
IIOCTYNAET HAa BXOJ BTOPOr0 KACKaJa, BBINIOJHEHHOrO Ha TpaHsucrope VT2. Harpyskoi
BTOPOT'O KAaCcKaJa sIBJISIETCA PE3UCTOp Ry;.

KadecTBO paboThl ycHUauTENsl ONpenenseTcss aMIUIUTyAHou (puc. 56) U 4acTOTHOM
(puc. 57) xapaKTepUCTUKAMHU.

u

BbIX 'B

RI=

u

BblIXmax
2,0

—

0,707

1,5
/



Puc. 56. AMnuTynHast XapakTepUCTHKA Puc. 57. AMnuTyiHO-4acTOTHAst
XapaKTEPUCTUKA

AMIUIUTYIHAasI XapaKTEPUCTUKA YCUJIUTENS MPEIACTaBIAeT CcOOOW 3aBHCUMOCTh
Ugpx=f(Upx) mipu f=const. OHa jauHEHA MPU MaJIbIX BXOJHBIX HAIPSKEHUSX U YTOJ
HaKJIOHA OIpeAenseT KO3(pPUIUEHT yCUIIeHUS:

Ky=Ugix/Upx=K1'Ky,
rae K; u K, — koo dunirenTs! ycuneHus nepBoro ¥ BTOporo KackajoB COOTBETCTBEHHO.

JluHerHasg 4acTh XapakTepucTUkKu orpaHndyeHa Upgy... Ecin Ugyx..>Ugx, TO Ha
BBIXOJIE YCUJIUTENSI MMEETCS HampsDKeHWe HEUCKaKeHHOW ¢opmbl. B ciydae ecnu
Upx®Upxmaxs TO GOpMa BBIXOJHOTO HAINPSDHKEHUS HCKAXKAETCS H3-32 HEIMHEHHOCTU
XapaKTepUCTUK TPAH3UCTOPOB. JIMHAMUYECKHI AMana3oH YCWIUTENsS IO BXOIY
onpenensercs no Gpopmyiie

Dix = Usxmax’ Usxmin-

AMIUIMTYJTHO-4aCTOTHAsI WJIA MPOCTO YaCTOTHAsI XapaKTEPUCTHUKA YCUIUTENSA (CM.
puc. 57) npeacrasiser coboi 3aBucumocth K=F(f) npu Ugy=const, rne K — moaynn
kodhdunreHTa yCWIeHHs 10 HAMPSOKeHUI0; f — 9acToTa yCHIMBAeMOTO HaIpsKEHUS.
Ymenbiienue kodpPuiiuenTa ycuaeHus B 00J1aCTH HU3IIUX U BBICHIUX YACTOT CBSI3aHO
C YaCTOTHBIMM HCKaXKEeHHSMHU. [IpM yCWIEHUHM HECHHYCOUJAIbHBIX CHUTHAJIOB
OTJIETIbHBIE COCTAaBIIAIOIIME HMX YCHUJIMBAIOTCS MO-Pa3HOMY U3-3a HEPABHOMEPHOCTH
YaCTOTHOM XapaKTepUCTUKH, U TOITOMY (opMa YCUIECHHOTO CHTHAJla Ha BBIXOJIEC
YCWJIMTENS OTJIMYAETCS OT POPMBI CUTHAJIA Ha €r0 BXOJIE.

YMeHbleHrne k03P GUIIMeHTa YCUIIEHUS OlleHUBaeTcsl Ko pUiimeHTaMu 4aCTOTHBIX
UCKakeHUd My 1 My B 00J1aCTH HUKHUX U BEPXHUX YACTOT:

My=Ko/Ky, Mg=Ko/Kg,
rae Ky, Ky, Kz — koadpdunuentsr ycunenust B obnactu cpenuux f,, HwkHHX f; U
BBICOKHX 4acToT fj [3].

IHopsinok BeINOIHEHHSI PadOTHI

1. BHemHuii Bua TmiepenHel mMaHenu  JabopaToOpHOro Moayis «TpaH3UCTOPHBIN
ycuwiutenb» mpuBereH Ha puc. 58. CoOparb cxeMy, HpelcTaBleHHYI0 Ha puc. 59.
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[MoaxmtouuTh H3MEpPUTENbHBIE NPUOOPHI, MOAYJIh MHUTAHUS W (PYHKIMOHAIBHBIN
reHepaTop K MOJIYJIIO TPAH3UCTOPHOTO YCUIIUTENS B COOTBETCTBUH CO CXEMOI.

2. YcTaHOBUTH NEPEKIIIOYATeNId CONPOTUBIECHUN renepatopa SAl B mojoxenue Ry,
Harpy3ku SAS — B Ry, (R = 1 kOM) u pazaenurenbHbIX KOHAEHCATOpOoB SA2 1 SA4 —
B Cp; 1 Cp; COOTBETCTBEHHO.

—————— TPAH3UCTOPHbI/ YCUNUTENb

e [']R,d; o [

|
|
|
A
Co Cpa

Puc. 58. Buemnuii Bua nepeaxein
MaHeny 1a00paToOpPHOTO MO ISt
«TpaH3UCTOPHBIN YCUTUTENbY
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Puc. 59. Cxema nccnenoBanusi XapaKTEPUCTUKU TPAH3UCTOPHOIO YCHIIUTENS

Ha Bxon ycunurens mogaTh CMHYCOMAAIbHBIN curHan dactoror 100 ['m ¢ momyns
(yHKUMOHANBHOTO TeHepaTopa, W3MeHss BxoaHoe HamnpsbkeHue Ugy ot 0...4 B,
3amucaTh MoKa3aHus MPUOOPOB U 3aHECTH WX B Tabm. 19.
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[To nmanHpIM Tabna. 19 NOCTPOUTH aAMIUIUTYIHYH XapaKTEPUCTHKY YCHUIUTENs
Ugpix=f(Ugx)-

3. Onpenenutp pabounii y4acTOK XapaKTEpUCTUKH, AUHAMMUYECKUN Auamna3oH Dgy
YCWIHTENS M MaKCUMaJIbHBIH HEUCKaKEHHBI BBIXOJHON curHan. OnpenenuTs
napametpbl ycumutens: K'y, Ky, K, Kp npu 3HaueHMM coOnpOTUBIEHUS Harpy3Ku
Ry=1 xOm. [l sTOrO Ccnemyer M3MEpUTh HanpsDKEHWE HMCTOYHMKaA curHana Gsin,
BxonHOe Upx M BbIXOHHOE Upyy HANpsDKEHUS HAa JMHEHMHOM y4YacTKE aMILIUTYIHOMN

XapaKTEPUCTUKH.
Taomuna 19

AMITTUTYTHAsI XapaKTEPUCTUKA YCUIIUTENS

UBX: B
UBI)IXa B

4. CHATh aMIUITMTYJHO-4aCTOTHYIO xapaktepuctuky ycunutens K/Ko=F(f) npu
Upy=const, n3MmeHss yactoty BeixogHoro curdana ot 10 I'm mo 100 k[ Pe3ynprars

u3MepeHuit 3anecu B Ta0. 20.
Tabmuna 20

AMIITUTY THO-4aCTOTHASL XapaKTEPUCTHUKA YCUITUTENS

f, I'ng
UBXs B
UBI)IXa B

5.Ilo manHbM TaOaunel 20 NOCTPOUTH AMIUIUTYAHO-YACTOTHYIO XAPAaKTEPUCTUKY
yemurens K/Ko=F(f).

6. Onpenenuth TMOJOCY MNPOMYCKAHHWS YCWIMTENS MO0 aMIUIMTYAHO-4aCTOTHOM
XapaKTEepUCTHKE ITPU M=MH=MB=\/5 :

7. YCTaHOBUTH MEPEKIIOYATENN CONPOTUBIEHUN reHeparopa SA1 B nosoxenue R,
Harpy3ku SAS5 — B Ry; (Ry3 = 3 kOM) u paznenuTenbHbIX KOHJIeHCAaTOpOB SA2 u SA4 —
B noJioxkenue C’p; u C’p; cooTBETCTBEHHO. [TOBTOpUTH M. 1-6.

HccaenoBanue napaMeTpoB M XapaKTEePUCTHK YCHJIUTEISI C 00PATHOM CBA3BIO

BBectu B cxemy ycunmrtens oOpaTHYIO CBsi3b, 3aMKHYB TyMOiep SA3. [loBroputsb
MYHKTHI BBIMTOJTHEHUS T1abopaTopHOU padoTsl ¢ 1 1o 7.

KoHTpoJibHBIE BONIPOCHI
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1. KakoBo Ha3HaUY€HHE DIIEMEHTOB yCUIUTENS?

2. Yrto Takoe 00J1aCTH aKTUBHOTO YCUJICHUSI, HACBIILIEHUS U OTCEUKH ?

3. KakoBo Ha3Ha4yeHHUE 2JIEMEHTOB B cxemax ycuiuteneid ¢ O u ON?

4. Yrto mpowmsoiiner B cxeMe ycuaurtens ¢ OO, eciau Bo3HukaeT mpoboinr C2, C3,
0o0prIB B niensix R1, R2?

5. UYro mpousoiinet B cxeme ycuiurens ¢ OU, ecnu Bo3HukaeT npo6oit C2, oOpbIB
nenu R2?

6. Uto Ha3bIBacTCAd AMIUIMTYJIHOW XAPAKTEPUCTUKOW YCWIMTENS, KAK CHATH €€
AKCIEPUMEHTAIBHO?

7. UTo Ha3BIBAETCA AaMIUIMTYJIHO-4YaCTOTHOM XApAaKTEPUCTUKOU YCHIIMTEINA, Kak
CHSATH €€ DKCIIEPUMEHTAIBHO?

8. UTo Takoe HEIWHEMHOE WCKaXEHUEe, KaK OIpEIeIuTh HX MOSBJICHUE
HKCIEPUMEHTAIBHO?

9. Yemy paBHO K 11o1€BOro TpaH3ucToOpa ¢ HUHAYLIUPOBAHHBIM KaHAJIOM?

10. Kak BnusieT conpoTtusiienre Harpy3ku Ha K; B cxemax ¢ OO0 u O1?

11. Kak s3xcnepuMeHTaabHO CHATH 3aBUCUMOCTh Ki;, Ry 0T R, B cxeme OD u OU?

12. KakoB BuA BpeMeHHbIX auarpamMm s cxeMbl ¢ O3, OU eciu Ha BXxOA
NOCTYIIAeT TAPMOHUYECKNN CUTHAN?

13. Kak 3KcnepruMEHTaIbHO U3MEPUTHh BBIXOJHOE COIPOTUBIICHHE YCHUIIUTEIBHOIO
Kackazaa?

JlaGoparopnas pa6ota Ne 13
NCCIEAOBAHUE XAPAKTEPUCTUK CTABUJIU3ATOPA

[{eas pabOTHI: M3yYeHHWE BUIOB M TMPHUHIIMIIOB PaOOTHI JTMHEHHBIX CTaOMIN3aTOPOB
HaIpPsDKCHUS, HWCCIACAOBAaHHUE W CPAaBHCHUE XapPaKTEPUCTHK PA3JIMYHBIX THUIIOB
CTaOMIN3aTOPOB.

Crabunn3aTop — 3TO YCTPOMCTBO, KOTOPOE CIYKUT JUISl MOJAECPKAHUS TOCTOSHHOTO
TOKa WJIM HaMpsHKEHUS Ha BBIXOJIE YCTPOHCTBA, K KOTOPOMY MOJKIIOYEHA HArpy3Ka.

Crabunu3aTtop MpeAcTaBIIeT COOOW YETHIPEXIOMIOCHUK, CBS3bIBAIOIIUNA MEXKIY
co00¥ MUTAIONIYI0 CETh W COMPOTUBIICHHE HArpy3ku. TpeOoBaHus K cTaOMIM3aTOpam
TOKa M CTa0MIIN3aTOpaM HAIMPsDKCHUS Pa3IHuHBI:

— pH U3MEHEHHWU CONPOTUBICHHUS HArpy3ku R, HIM H3MEHEHHH BXOIHOTO
HanpsokeHus: Uy, TOK Ha BBIXOJE Iy JOMDKEH ocTaBaThbcs HEM3MEHHBIM (CTAOMUIM3ATOD
TOKA);

— MpU HU3MEHEHHM CONPOTHUBIIEHUS Harpy3ku R, HIM H3MEHEHHM BXOJHOTO
HanpsokeHust U, HampspkeHne Ha BbixoA€ Uy JOKHO OCTaBaThCsl HEU3MEHHBIM
(crabunuzarop HanpspkeHus) [8].

IMapamerpuueckuii cradbuamsarop. Ilpocrelimum TUmoM  cTaOUIU3AaTOPOB
ABIIAETCS  MmapaMmerpuueckuid. g craOunM3aluMyd  TOCTOSHHOIO — HAIpPSKEHUs
UCIOJb3YIOT IOJIYIPOBOJAHUKOBBIE MapaMETPUUECKHE CTAOMIM3aTOPhl, B KOTOPBIX
IJIABHBIM 3a/1al0IUM 3JIEMEHTOM SBJISIETCS IOTYTPOBOIHUKOBBIM CTAOMIUTPOH.
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[TonynpOBOHUKOBBIA CTAOMJIMTPOH — ATO AMOJ, PACCUUTAHHBIA Ha paboTy B
pexuMe dIeKTpUdYecKoro npobdod. Ilpu pabore cTabuaUTpoHA B CXeMe CTaOMIM3alUU
HaAMPsHKEHUST UCIIOJIb3yeTCsl oOpaTHasi BETBb €ro BOJIbTAMIEPHOW XapaKTEPUCTHKU,
npeAcTaBieHHOW Ha puc. 60. MakcumanabHO JOMYCTUMBIM TOK HArpy3kKu Jis
crabuinzaTopa co CTaOMIUTPOHOM Majoi momHocTH coctaBisger 10...20 MA. Jlro6oe
JanabHEWIlee YBEIMUEHUE Harpy3Ku NPUBOAUT K YMEHBIIEHUIO TOKA JUOAa HACTOJIBKO,
YTO OH BBIXOAWT U3 peknMa crabmnm3aruu (yuactok Ab Ha puc. 60).

Hawubonee panuoHanbHBIM pEIICHWEM TaHHOW MPOOJEMBI SIBISCTCS TPUMCHCHHE
AMUTTEPHOIO MOBTOpUTENs (puc. 61), Torga MaKCHMAaJIbHBIA BBIXOJHOM TOK TaKOro
cTabuiin3aTopa BO3PACTAET B YHUCIO pa3, paBHOE KOADPUIMEHTY Neperayd Mo TOKY
TpaH3UCTOpa U OYyJEeT OrpaHUYEeH TOJbBKO MAKCHMAJIbHBIM TOKOM TpaH3UCTOpa H
MOIIHOCTBI0, PACCEMBAEMON HA HEM.

L,
==
Usg |1 0 U.,
: ----------------- Ichin
! Puc. 60. BoibTamMnepHast xapakTepUCTHKA
T CTaOMJIMTPOHA
o =
B ------------------ Icrmax
B
Ioﬁp
Vi1
P i
¥/ .
— i+ T []f
' Puc. 61. IlpunnunuansHas cxema
Uy =1 N V0T napaMeTpUIecKoro cTabuamzaropa
O

YacTo nis TMOBBIMIEHUS] BBIXOJHONW MOIIHOCTH M KO3 (dUIMEHTa cTaOuiu3anuu
UCIIONB3YIOT cocTaBHOM Tpan3uctop VT. Ilpum pacuérax Takux CTaOUIM3aTOPOB
ClelyeT Y4YWUThIBAaTh, YTO HAMNpsOKEHHE CTAOWIM3alMM CTAaOUIIMTPOHA BBIOMpAETCs
OOJIBIIMM Ha BETMYMHY MaJCHUs HAIPSDKEHUS Ha TIEpeXoie TPaH3UCTOopa 0a3a—3MHUTTED
(0,5...1,0 B), uem Tpebyemoe HarpsKEeHUE Ha Harpy3Ke.

banmnactHoe comporuBienue R1 paccuuThiBaeTCsi B COOTBETCTBUHM C PEKHUMOM

crabunuzaiuu, no popmyre:

u. ..U
R1 = —Bxmin H 1
ICT.min + I6 ’ ( )
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rae Uy, nin — MUHUMAaJIBbHOE BXOAHOE HamnpspkeHue, B; U, — HanpspkeHne Ha Harpyske,
B; I, min — MUHUMAaJIbHBIN TOK cTabunu3auuu, A; Iz — Tox 6a3bl TpaHsucropa, A. Ilpu
UCTIOJIb30BaHUU TaKOr0 cTabuiamzaTopa 0coboe BHUMAaHHE JOHKHO OBITH OOpaIieHo Ha
HEJONYIIEHUE KOPOTKOIO 3aMBIKAHUS Ha BBIXOAE. ECiu B pe3yipTare 3TOro TpaH3ucTop
VT ObL1 BBIBEJIEH U3 CTPOS TaK, YTO MEXK]Y KOJJIEKTOPOM M SIMUTTEPOM y HETO HYJIEBOE
CONPOTHUBJIEHUE, TO BCE BXOJHOE HAMPSKEHNUE CTA0MIN3aTOPa OKAKETCS MPUIOKEHHBIM
K €r0 BBIXOAY U BBI30BET HEOOpATUMBbIE MTPOLIECCHl B MUTaeMOM cxeme. [IpoMbliieHHbIe
CXeMbl OOBIYHO BKJIIOUAIOT B CeOsl JATUMK TIOBBILIECHUS HANpPSHKEHUS HA BBIXOJIE,
NOJKJIIOYEHHBIA K THUPUCTOPHOMY YCTPOMCTBY, KOTOPOE OBICTPO IIYHTHUPYET MIUHY
IIUTaHUs, CBOJAS  BBIXOJHOE HANPSDKEHUE K HYJIIO IMPEKIE, YEM OHO JOCTUTHET
ONacHOTo ypoBHs (puc. 62).
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OCHOBHBIM  TapaMeTpoOM,  XapakTEpHU3YIOIIMM  KadecTBO  paboThl  Bcex
CTabMIM3aTopoB, sBIseTcs Kodbduiument crabunuzanuu. Jos crabunuzaTopa
HamnpsOKEHUST  KOd(pPUIMEHT  cTaOWiM3aluu 10  HANPSHKCHHUIO — OMpPEIesieTCs
CJIEIYIOIM BBIPAKCHHUEM:

Puc. 62

AU AU
KCT.U — U BX . BbIX , (2)

BX.HOM UBI:IX.HOM
rae Usgx, Usux — HOMUHAJIBHBIE 3HAYEHUSI BXOJHOTO M BBIXOJAHOTO HanpsbkeHu, B; AUy,
AUy, x — IpUpAIICHU BXOJHOTO U BBIXOJHOT'O HANPSKCHUM.
Koaddumment mnone3Horo AeMCTBUS cTaOMIM3aTOpa XapaKTepU3yeT MOITHOCTD
MOTEPh B HEM, SBIISICTCS OCHOBHBIM DHEPTreTHMUYECCKHMM TIOKa3aTeleM CTaOuau3aTopa H
OIPEICIISAETCS CICAYIOIIUM BBIPAKECHUEM:

P
H
BX
rne Py, — mnone3Has MOIHOCT, Ha Harpys3ke, Brt; P, — BXOIHas MOIIHOCTH

crabunuzaropa, BT.
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CrneayoomuM MapaMeTpoM CTa0WIM3aTOpa HANPSDKEHHUS  SIBJISETCS  BBIXOAHOE
COITPOTHUBIIEHUE, OKA3bIBAIOIIEE, BO CKOJIBKO Pa3 U3MEHUTCS HAIPSIKEHUE Ha BBIXOJE
crabmmzatopa AU, nmpu U3MEHEHUM TOKa HArpy3KH, W OIPEACNACTCS CIETYIOIUM
BBIPAKCHUEM:

AU

R =—=2.
AL
[Tpu muTaHUU YCHIUTENCH TIEPEMEHHOTO TOKa OOJBIIIOE BBIXOJHOE COIPOTHBIICHHE
cTabuiau3aTopa IPUBOIUT K TIOSBJICHUIO I1apa3sUTHBIX OOpaTHBIX CBSI3eH uepes
UCTOYHUK TMTAHUSA, BBI3BIBAIOIIUX H3MEHEHMS TapaMETPOB  YCHIIMTEIICH W
caMoBO30yxkaeHue. [1o3ToMy CHIKEHHE BBIXOJHOTO CONPOTHUBIICHHUS CTaOWUIIM3aTOpa
SIBJIIETCSI BaXKHOM 3amaueid [1].

KoMneHcauMOHHBIH ~ CTA0MIM3ATOP — 3TO CHCTEMA  aBTOMATHYECKOTO
peryaupoBaHusi, B KOTOpPOM, Oyiaroiapsi HaJu4MIO OTPULIATENIbHON OOpaTHOU CBs3H,
o0OecnieurBaeTcs IOCTOSHCTBO TOKAa WM HANpsOKEHWsT Ha Harpy3ske C BBICOKOM
CTENEHbIO TOYHOCTH. KOMIIEHCAIMOHHBIN  CTAOMIM3aTOpP  BKIIOYAIOT  MEXITY
CriaXuBaromMM  (puiabTpoM U Harpy3koi. KoMmeHcanMoHHbIM — cTabmin3arop
HaIPsDKEHUS, CTPYKTYpHAsl CX€Ma KOTOpOro MpeACTaBlIeHa Ha puc. 63, COCTOUT W3
ucToYHuKa onopHoro HanpsbkeHust MOH, cpaBHuBatoiero ycrpoiictea CC, ycunurens
MOCTOSIHHOI'O TOKa Y W PEryJHPYIONIETo AjieMeHTa (TpaH3uctopa) PO.

CrpykTypHas cxema, mnogoOHas puc. 63, peaau3oBaHa B  MHKPOCXEME
MC78MO5CDT. Crabunn3atop HanpsKEHHsS BBIIOJIHEH B OJHOM  KOpILyCe.
Mukpocxema wumeer Tpu BeBoma (1, 2, 3), cxemMa COEOIUHEHUN SJIEMEHTOB
crabunuzaropa Hanpspkenus Ha UMC nipeacrasieHa Ha puc. 64.

Buemnuii Buj nepeaHeil maHenu — sabopatopHoro Mopayis «CTaObuin3aTopsl
HaIpsDKEHMS» PUBEIEH Ha puc. 65.

[] - Puc. 63. CtpykTypHas cxema KOMIIEHCAIIMOHHOTO
Usx crabunusaropa
DAT
o ST P M
U ] 5 o Puc. 64. IIpunuunuansHas cxema
T L7 s 4 R, KOMIICHCALIMOHHOTO crabunuzaropa Ha
5 NMC

JlanHast MUKpocxema 001a1aeT CIAeAYIOMUMA XapaKTEPUCTUKAMU
BXOJIHOE HamnpsixeHue — S...18 B;
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BBIXOJIHOE Hanpsikenue — S5 + 0,2 B;
TOK cTabmnm3anuu — 350 MA;
temneparypHbii pexum — 0 < T <125 °C.

Pa3paboraHo MHOro MHKpOCX€M — CTaOWJIM3aTOPOB  MOJIOKUTEIBHOH U
OTPHULIATETIHLHOM MOJIIPHOCTH JUTsl psifia GUKCUPOBAHHBIX BBHIXOJIHBIX HampspokeHun. Ecmu
B IPOEKTUPYEMOM YCTPOMCTBE Tpedyercs HECTaHJapTHOE 3HAYEHHE

CTAOMJIM3UPOBAHHOIO BBIXOJHOIO HANPSKEHUS WM IJIABHOE €ro PEeryjJupoBaHHUE, TO
yA00HO  HCHOJB30BATh  CHELHUAIU3UPOBAHHBIE  PETYIUPYEMbIE  MHUKPOCXEMHBIE
crabuinzaTopbl. Takue MHUKPOCXEMbl MUMEIOT HHM3KYIO CTOMMOCTBH, Majble pa3MeEphl,
BBICOKYIO CTAOMJIBHOCTD BBIXOJJHOTO HaNpsKEHUS [2].

—— CTABUNU3ATOPbI HAMPSXEHUS F——
. KomneHcaumoHHeIA ctabunusaTtop Ha UMC .
PA1 DA
+B-O-(A)> s jr— o)
PR2{ A’}
+1C1 ] i
UEX T ] "’== = UBHX G
VIV u':v} PV2
' Puc. 65. BHemnuil Bu1 nepenneit
'I‘ HaHeian na60paT0pH0r0 MOIYIIA
<<CTa6I/IJ'H/I3aT0pBI HaIIPsHKCHUS>
NapameTrpuuyeckwin crtabunusatop
P2 A}
0000
e,
f‘\;:: PV?2 Ru1|Ru2|Ru3
o
19
0
L4 PHMO
1oYpry %<8 "Pocyunpuop"

IMopsaaok BeINOJHEHUSI padOThI
1. CoOpath mociie1oBaTeNHbHO CXEMBI, MIPEACTaBICHHBIE HAa puc. 66. [loakmounTs

U3MEpUTEIbHBIE TNPUOOPHI K MOIYJIO CTa0WIM3atopa ©W MOAYJIh THUTAaHUS B
COOTBETCTBUHU CO CXEMOM.
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Puc. 66. Cxembl HcClieI0BaHMS XapaKTEPUCTUK CTa0OUIN3aTOPOB

a) MI3MeHss MOCTOsTHHOE HampskeHue Ha Bxoje cxeMbl Ugx oT 1 mo 12 B, 3anectu
nokasanus npudopos PV1, PV2, PA1 u PA2 B ta6m. 21.

[To nanubiM U3Mepenuit paccuntarb K- u n no popmynam (2) u (3). [lo 3HaueHusam
tabs. 21 noctpouts xapaktepucTuku K =f(Ugy) u N=f(Ugy).

0) YcTaHOBHUTH BEJIMYMHY BXOJHOTO HampsbkeHUss Ha ypoBHe 12 B. M3menss
CONPOTUBJICHUE HArpy3KH, 3aHecTH mokazaHus npudopoB PV1, PV2, PAIl u PA2 B
Tabsn. 22.

[To nanupiM m3Mepenui paccuutath Kot u n no gopmynam 2 u 3. [lo 3HaueHusAM
Tabmuibl  noctpouth  xapaktepuctuku  K-=f(Ry), n=f(Ry) u BHemHI OO

xapakTepucTuKy Upgpx=f(Iggx)-
Tabaua 21

HccnenoBanue XapaKTCPUCTUK CTa6I/IJII/ISaT0pa

Taomuna 22
HccnenoBanne XapakKTepUCTUK CTAOMIIM3aTOPa

Ry Ri|Ry||R3 | Ry[[Rs R;||R3 Ri||Ry R, R, R;
UBX’ B
Uppix, B
IBX’ A
Ippix, A
Ker

N
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KonTpoabHbIe BONPOCHI

1. Ha3nauenue crabmim3aTopa HAMPSOKCHUS U CTaOMIM3aTOpa TOKAa, UX OCHOBHBIC
OTJINYHS.

2. Tlepeuucnurte U 3aUIIMTE OCHOBHBIE MAPAMETPhl CTAOMIN3aTOPOB HANIPSKEHUS.

3. Yem 3a7aHO ONOPHOE HANPSKEHHE B KAXKJIOM U3 BUAOB CTa0UIN3aTOPOB?

4. Hapucyiite cxeMy DNapaMeTpUUECKOro CTaOMiIu3aTopa HANpPsHKEHUS  CO
CTaOHMCTOPOM B KQUE€CTBE UCTOYHUKA OMIOPHOI'O HAIIPSKEHUSI.

5. YeM orpaHMueH MaKCUMaJbHbBIN TOK B K&KJIOM U3 CTa0MIIN3aTOPOB HAIIPSKEHUS ?

6. IIpoananusupoBaTh pabOTy cXeMbl Ipu MpolOoe Nepexoja KOJIEKTOP-IMUTTEP
Tpansucrtopa VT nmapaMeTprueckoro cTabuian3aTopa HampsKeHUs..

7. Tlepeunciure dnemMeHTHl  cxembl, cHuWwkawomue KIIJ  crabunmzaropa,
Ipe/ICTaBIICHHbIE Ha pUC. 61.

8. Kakas BerBp BAX cTaOMmuTpoHa HCHOIB3yeTCS IpPU €ro BKIKOYEHUH B
CcTadMIIM3aTOpax HANPSKEHUs, IPEACTABICHHBIX Ha puc. 607

9. Kakoe HampsokeHne OyAeT Ha BBIXOJIE NMapaMEeTPUUYECKOro CTaOWiIn3aTopa, €ciiu
BKJIFOUHUTH CTAOMIUTPOH VD B psIMOM HampaBJiieHUU?

Jlabopatopnas pabota Ne 14
NCCIEAOBAHUE XAPAKTEPUCTUK HEMHBEPTUPYIOLIEI'O
YCUJIMTEJA

[{exs pabOTHI: H3yYEeHHUE CBOMCTB M XapaKTEPUCTUK HEHWHBEPTUPYIOIIETO YCHUITUTEIIS
(puc. 68).

Onepanuonnbiii  ycwinrenb (OY) — 53TO BBICOKOKAUYECTBEHHBIM  YCHIIMTEIb
MOCTOSSHHOTO TOKa € OOJbIIMM KOI()DPUIIMEHTOM YCWJICHHS, BBITIOJHEHHBINH 110
WHTETPaJIbHON TEXHOJIOTUH, NIPEHA3ZHAYEHHBIHN JUIs1 BHITIOTHEHUS PAa3IMYHBIX ONEepalnii
HaJ aHAJOTOBBIMHM BEJIMYMHAMH TpH paboTe B CXEME C OTPHUIATEIbHOW 00paTHOI
cBsa3bio (OOC).

OnepaloOHHbIA YCUIIUTENb SIBIIAETCS YCHWIUTEIEM MOCTOSHHOIO TOKAa C BBICOKOM
BEpXHEH I'paHUYHON 4YacTOTOM Ojarogapsi O4eHb BBICOKOMY KO3((DUIIMEHTY yCHUICHHS
(IeCATKM M COTHHU ThICS4) M IIMPOKOMY AMANa3oHy YCHJIMBAEMBIX YacTOT 3a CYET
BBEJICHUS PA3JIMYHbIX OOPATHBIX CBS3EH, MO3BOJISIET CO3aBaTh YCUIIUTEIbHbIE KaCKaIbl
peanu3yroume  MHOXECTBO  (DYHKIIMOHANBHBIX  mIpeoOpa3oBaHuid.  OOnacTsiMu
MIPUMEHEHUS ONEPALMOHHBIX YCWIMTENIEH ABJISIETCS aHAJOroBas TEXHMKA, ammapaTrypa
00pabOTKM CUTHAJIOB, DPAJUOU3MEpUTEIbHAs TEXHUKA, a TakKe IMPUMEHEHUE IS
reHepalyy IEKTPUIECKUX KoJieOaHUM pa3auiyHON (hOPMBI U YaCTOTHI.

[Tapametrpbr  peanpHbix OV  oTiauyarorcss OT  NAapaMeTpoOB  HJICAIBHOIO,
CJIEIOBATENIbHO, WX CTpPEeMsTCs MNpUOMU3UTh K napaMmerpaMm uaeanbHoro OVY.
Nneanbubiit OY — 3TO YCUIUTENh TOCTOSHHOTO TOKA, UMEIOIIIHIA:

e uddepeHInanbHbIil BXOA C YCHWICHHEM MO HanpsbKeHHIo auddepeHnnanbHoro
curHasia Ky—o0 U MOJHBIM BXOAHBIM COMPOTHUBIEHUEM Zpx OECKOHEUHO OOJBIINM Ha
BCEX YaCTOTax;
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O0eckoHeuHbIN Ko hUIMeHT ocnabiaeHus cuH(pa3HbIX CUTHAJIOB;

HYJIEBOM Jpeiid, UTyM U CABHUT HYJIS;

HYJIEBBIE BXOJIHBIE TOKH CMELIEHUS U CIIBUTA;

HYJIEBOE BBIXOJIHOE COIIPOTHBIICHHUE;

BBIXOJHOW CUTHAJ  HANPSDKEHUsA, MMEKIHUK  BO3MOXKHOCTH  OJMHAKOBO
U3MEHATHCS B CTOPOHY, KaK IIOJIOXKUTEIBHOIO HANPSDKEHUSA, TaK U OTPULATEIBHOIO
HaIIPsKEHMS] OTHOCUTENIBHO MOTEHIMaNa TOUYKH TOKOS BBIXO/A.

Ha mnpaktuke mMPOKO NPHUMEHSIOTCS WHBEPTUPYIOIIME W HEHWHBEPTUPYIOLIUE
cymmatopel Ha OY. B cxeme HeumHBepTUpPYIOIIEro ycuiutens (puc. 67) BXOIHON
CUTHaAJ IOCTyNaeT Ha HeumHBepTupyrommi Bxox OV, a Ha HMHBEPTUPYIOLIUN BXOX
nonaérca curHain oOpatHod cBsi3u. B HeumHBeprupyromem ycuiurene OY oxBaueH
nocnenoBarenbHbli OOC no Hanpsixenuto [ 1].

ITockonbky Upgy m curHan OOC mopatoTcsa Ha pasHble Bxoael OV, 1O mis
uaeanbHOro OY Ugy onpenensercs CaeayoUM BbIpaXKEeHUEM:
Upx=Ugpix(R2/(R2+R)).
Torga kKo3(pPUUUEHT yCUIEHUS HEHMHBEPTHPYIOLIETO YCHUIIUTENS IO HAMPSKEHUIO

OIIPpCACIIACTCA CIICAYIOIINM BbIPA)KCHUCM
K

=1+R/R2.

U.HeuHB

Roc
74

Fbx —O Ubsx
B o-—— Puc. 67. Cxema HEMHBEPTUPYIOIIETO YCHIIUTEINS

Eﬁz

CpaBHI/IBaSI KU.HeI/IHB nu KU.I/IHB’ MOJKHO 3aIlluCaTh CJIACAYIOIIYIO (I)OpMy.TIy:
KU.HGPIHB: 1 +KU,I/IHB‘

IMopsaaok BoINOJHEHUSI padOThI

1. CoOpaTh cxemy, MpeACTaBICHHYI0 Ha puc. 67. [loakIrounTh H3MEPUTEITHHBIC
npuOOpbl U MOAYJIb MUTAHUS K MOYJIIO ONEPAIIMOHHBIE YCUIUTEIN B COOTBETCTBUH CO
cxemoi. [loakmounts BeiBOA nenurens HanpsukeHUs Upprx; K BIBOAY Upy yCHIUTENA.

2. V3MeHss BEIMYMHY BXOAHOTO HANpPSLKEHMSI, IJI HECKOJNbKUX 3HAaueHU R,
CHATh aMIUIMTYAHYIO XapakTepucTuky Uppx=f(Upx). Rpc u3MeHsercs mnyrtem
MOMKJIIOYCHHUST Ha0opa pE3UCTOPOB WM WX KoMOWHamwmid. Pe3ynbTaThl w3MepeHui
3aHecth B Tabn. 23. Ilo [aHHBIM M3MEpPEHUH TOCTPOUTh AMIUIMTYIHYIO
XapaKTEPUCTHKY .
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(—I CXEMbI HA ONEPALMOHHbIX YCUINMTUTENAX I—\

+U, [OenuTenu HanpsxeHus
+U +U +U
u

WHBepTUpyloWwmMin cymmaTop

a3

HeuHBepTupylowmin ycunutens OudrhepeHunansHbIi yeunuTens
oC

Puc. 68. Buemnuii Bua nepeaxei
MaHeny 1a00paToOpPHOrO MO ISt
«CxeMbI Ha OTepaIlMOHHBIX

YCUITUTEIISIX»
0
4
[ PHMNO
Hovpry 4 ':l "Pocyunpubop”
Tabauma 23
AMIIIUTY1HAsl XapaKTEepUCTUKA HEMHBEPTUPYIOLLETO yCUIIUTENS
UBX]: B
UBX2a B
UBX37 B
UBbIX: B
KoHTpoJibHBIE BONIPOCHI
1. Yro Takoe onepanuOHHbIN YCUINTEIND?
2. Yro Takoe aMIUIUTYHAs U AMIUIUTYIHO-UMITYJIbCHAS XapAKTEPUCTUKH ?
3. 3apucyiite AUX He HHBEPTUPYIOLIETO ONEPALMOHHOTIO YCUIIUTEIIA.
4. Yro Takoe npend Hya?
5. Kakue kackaJpl UCIIOJIB3YIOTCS B OCHOBE ONEPALIMOHHOIO YCHIIUTENA?
6. IlpuBenuTe cxeMbl MHBEPCHOTO BKIIFOUEHUSI ONEPALIMOHHOIO YCUIIUTETIS.

Jlabopatopnas pabora Ne 15
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NCCIIEJOBAHHUE XAPAKTEPUCTHUK UHBEPTUPYIOILIEI'O
CYMMATOPA

[{enp paGoThI: U3yUeHHE CBOMCTB U XapaKTEPUCTUK HHBEPTUPYIOIIETO CyMMaTOPA.

Ha mnpakTuke MHMPOKO TNPUMEHSIOTCS HWHBEPTUPYIOIIME U HEUHBEPTUPYIOIIUE
cymmaropel Ha OY. Ha puc. 69 mnpencraBiieHa cxema MHBEPTUPYIOIIETO CyMMaTopa.

[Ipu ucnonp3oBanuu uaeabHOro OY MOXKHO CUHUTATh, YTO CyMMa BXOJHBIX TOKOB
YCUJIUTEIIS], BbI3BAHHBIX HANpsKeHUSAIMU Ugy;, Ugx, , Ugxs paBHA TOKY, POTEKAOIIEMY
10 Ry, TO €CTh MOXKHO 3amuCcaTh CIEAYIOIIEE BEIPAKEHHUE:

U U U U
BXI |, UBX2 4 UBX3 __ “BBIX

Rl RZ R3 ROC
Hcnonb3ys BeIIEIPUBEIEHHOE BRIPAXKEHUE, 3aMUIIEM CIIEAYIONLYI0 GopMyy:

UBXI 'Roc n UBX2 'Roc n UBX3 'Roc

U =-
BBIX R, R, R,
Roc

Fix —

o1
Y Rox oA Puc. 69. Cxema MHBEPTUPYIOLIETO CyMMAaTOpa

Py —o Ubsix

o1

HOpﬂI[OK BBIINTOJIHCHU A paﬁoTbI

1. Cobpatb cxemy, mnpeacraBiieHHYr0 Ha puc. 69. IlonkiIouuTh H3MEPUTEIIbHBIC
npuOOpsl U1 MOAYJb MUTAHUS K MOAYJ0 «ONepallMOHHbIE YCUIIUTENN» B COOTBETCTBUU
co cxemoi. Ilopkmrounts BeIBOABI aenutesied HanpskeHUs Uppixi, Uppxzs Uppxs K
BbIBOJAM Ugy;, Ugx,, Ugxs CyMMaTopa.

2. I3MeHsis BEMYMHY BXOJHOTO HANpPsDKEHUsS, Uil HECKOJIbKMX 3HadeHuM R,
CHATh aMIUIMTYAHYI0 XapakTepucTuky Upgpx=f(Upy). Rpc u3Mensercs myTtem
NOJKJIIOYEHUs] Habopa pe3UCTOPOB WM UX KoMOuHauwmid. PesynbTaTsl u3MepeHUi
3aHecTH B Tabm. 24.

Tabmauma 24

AMIITUTYTHAsl XapaKTEPUCTUKA HHBEPTUPYIOILIETO YCUIIUTENS

Uspx1, B

UBX2a B

Usxs, B

UBI:»IX: B

3. Ilo naHHBIM U3MEPEHHUN IIOCTPOUTH AMILIUTYIHYIO XapaKTEPUCTUKY .
KonTposbHbIe BONPOCHI
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1. Yro Takoe aMIUIUTyHASA U AMIUIUTYIHO-UMITYJIbCHAS! XapAKTEPUCTUKH ?

2. 3apucyiite AUX HHBEPTUPYIOLIETO ONEPALMOHHOTO YCUIIUTETIS.

3. B yeM pa3Huna MeXIy HWHBEPTUPYIOIIMM M HEUBEPTHPYIOIINM BXOAOM
ONEPAIMOHHOTO YCUIUTENS?

4. TlpuBenurte cxemy HEMHBEPCHOI'O BKIIFOUECHUS ONEPAIMOHHOTO YCUITUTENS.

5. 3anuiuTe CBA3b MEKY BXOJHBIM U BBIXOJHBIM HAMPSKEHUSIMU.

JlaGoparopnas pa6ota Ne 16
NCCIEJOBAHUE XAPAKTEPUCTUK JUOD®EPEHIIUPYIOLET'O
YCUJIMTEJA

[lens paboThI: uU3yYeHUE CBOMCTB U  XapakTEPUCTHK AU PepeHIInaIbHOrO
YCUJIMTEIIS.

Huddepenunanbapiii  (pa3HOCTHBIA) ycunutens (puc. 70) Ha OY  MOXHO
paccMaTpuBaTh KaK COBOKYINHOCTh HWHBEPTHPYIOIIETO M HEMHBEPTUPYIOLIETO
BapHaHTOB. BXOjHBIE CHTHanbl MOJAIOTCS KaK HAa MHBEPTUPYIOLIUMN BXOJ Tak W Ha
HEWHBEPTUPYIOLIUH.

Jlnst Uppix pa3HOCTHOT'O YCHIJIMTEIS 3aIUIIEM CIIEYIOLIee BhIpakeHue:

Uppix=KumsUsx1+ KusemsUBx2 Ri / (RexTRpx).

[nst wactHoTrO cityyas, korna Roc=R; 3anumem BeipaxeHue:
Usprix = Upx2o— Usxi.

[lopTomMy cnemyer, 4YTO YCTPOWCTBO MOXKET OCYIIECTBISATH BBIUMTAHUE JBYX
HampsDKEHU ¢ KO3(POUIMEHTOM  TPOMOPIHUOHATBLHOCTH, PAaBHBIM  EIUHUIIE.
HenmoctaTkoM  pa3HOCTHOTO — YCHUJIUTENSL — SIBIIIETCSL  CIIOKHOCTb  PETYJIUPOBKH
kodhduirieHTa yCWICHHS € pa3Has BeJIMYMHA BXOJHBIX COMNPOTUBICHUN. OTH
HEJIOCTAaTKH YCTPaHSIOTCS B YCTpPOMCTBaX Ha HeckoibkuxX OV, Tak Kak pa3HOCTHBIM
YCUJIUTEIh  MOXHO  paccMarpuBaTh  Kak  CyMMYy  HHBEPTUPYIOIIETO U
HEWHBEPTUPYIONIETO ycuiuTenen. JuddepeHmanbHbie YCUIATEIN TPUMEHSIIOTCS, KaK
NpaBWJIO, B TEX Ciyyasx, KOrjJa HexelaTeJbHble TIOMEXM HaBOIATCA Ha
COCAMHUTEIBHBIX TMPOBOAAX. JTa TMpoOsieMa 4YacTO BO3HUKAET TMPU HAIUYUU
MPOMBINIJICHHBIX TOMEX, KOTJa 4YYyBCTBUTEJbHBIE SJIEKTPOHHBIC W3MEPUTEIIbHBIC
npuOOpHl JAOJKHBI paboTaTh PAIOM C AIEKTPUUYECKUMHU MEXaHM3MaMH, OT KOTOPBIX
MOTYT UCXOAUTh 3HAYUTEJIbHBIE TTOMEXH [1].

Iopsinok BeINOIHEHNsI padOThI

1.Cobpats cxemy, mnpeacraBieHHyr0 Ha puc. 70. [logkmouuTh H3MEPUTEIIbHBIC
pUOOPHI U MOJYJIb MTUTAHUS K MOJIYJIIO ONEPAIIMOHHBIE YCUIUTEIN B COOTBETCTBUU CO
cxeMoi. [ToakmiounTe BBIBOBI AenuTenen HanpsokeHus Ugp iy, Ugpxy K BbIBOJAM Ugy,
Ugx, muddepeHnanbHOro yCHINTENS.
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fov | n
uox7 o'%:/_ o U Puc. 70. Cxema 1u()(pepeHINaTEHOrO yCHINTENS
Ubx2
R7

2. DKCIIEPUMEHTAIBFHO OMPEJEIUTh BBIXOJTHOEC
HanpspkeHue TuQGepeHITHaTbHOTO YCUIUTENS B CPABHHUTH €T0 C PACYETHBIM 3HAYCHUEM
10 HUKEMPUBEIEHHOU PopmyTie

Uppix = Upxo— Upxi-

3. Ompenenuth  k03hduUIMEHT ycwieHus B  wuHBeptUpytomedn Ky, #
HenHBepTupyromen nenu Ky -

KOHTpOJILHbIe BOIIPOCHI

1. Kak coamancupoBath qudpepeHImanbHbIi yCUITUTENh?

2. Yro Takoe ko3 puieHT ociiabaeHusi cuH)a3zHOro curHana?

3. [lpuBenure CcXxeMy BKJIIOUCHHS ONECPAMOHHOTO YCWIHTEISI B  PEKHAME
nuddepeHInanTbHOT0 YCUITUTEIIS.

4. 3anuiuTe CBA3b MEXKITY BXOJHBIM U BBIXOJHBIM HAMPSXKEHUSIMH.

JlabopaTtopnas pabora Ne 17
HNCCJIEJOBAHUE XAPAKTEPUCTHK ®UJIBTPOB HU3KOM YACTOTHI

[lenp paOoOThI: HW3y4YEHHE MPUHLMIIOB IIOCTPOEHHUS, CBOWCTB M XapaKTEPUCTHUK
aKTUBHBIX (UIBTPOB HU3KOH YaCTOTHI.

AxTuBHbIe RC-QunbTpbl TpemIHa3HA4YCHBI IS BBIACICHHUS M3 CIIEKTpa CHUTHaja
00J1aCTH YacTOT U Mepeauyd 3THX YacTOT C BbIXOAa Ha BXoj. Bce yacToTsl, Jexanime
BHE IOJIOCHI POMYCKaHUs, JOJKHBI ObITh MOJJABJICHBI.

JloOuThes MaeanbHOrO paslelieHUusT 4acToT HeBOo3MOxkHO. Ha norapudmuueckoit
aMIUTUTYJHO-4acTOTHOU Xapaktepuctuke (JIAUX) mroboro ¢unbTpa CylmecTBYIOT
obnmactu crnaga. C nobGaBieHWeM TONIOCOB (GUIbTpa (YBEIWYECHUEM €ro TOPSIKA)
KpyTH3HA CIajia YBEJIMUYNBACTCS.

Hapsigy ¢ nmorapudmMuyueckoi amMIUTMTYTHO-4aCTOTHOW XapaKTepUCTUKOWU (UIBTpa
HU3KUX 4YacToT (puc. 71) ©W mOYTM Bcerga NPUXOJIUTCS  YUYUTHIBATh  HX
norapumuyeckyro ¢$a3zoByr0 4HacTOTHYIO Xapakrepuctuky (JIOUX) (puc. 72), a Bo
MHOTHX CITy4asiX — U IEPEXOAHYIO XapaKTePUCTUKY TTPU UMITYJIbCHBIX BO3ICUCTBUSIX.
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Y akTuBHBIX (QUIBTPOB BTOPOTO TMOPSAIKA IPH COOTBETCTBYIOIIEM TOI00pE
HOMMHAJIOB PE3UCTOPOB M KOHJEHCATOPOB HAKJIOH acuMNTOT coctaBisieT 40 nb/mex
(20 nb/nex y ¢punbTpoB mepBoro nopsaka) [2].

|KU|A u A

logf, Ny

fcp Iog f, |:LI,

Puc. 71. JIAUX ¢unbtpa Hu3koi yactotel  Puc. 72. JIOUX guiibTpa HU3KON 4aCTOTHI

Takum o0Opa3zom, MOKHO TONYyYUTh (UIBTPHI PA3TUYHBIX THUIIOB, XapPaKTEPUCTUKU
KOTOpbIX uMeroT Buj ¢yHkuuu battepBopra, UebOnimeBa, beccens, nmpuuém BeIOpaTh
HAWTYYIIYIO HeJIb3sl, TaK KaK KakJas PyHKIUS SBISIETCA HAWITYYIled B CMBICIIE TeX WU
uHBIX cBoicTB. DunbTp barrepBopTa XOpoIl, e€civ Hy)XHa MaKCUMaJbHO IUIOCKas
XapaKTepUCTHUKa B Tosoce npomyckanus. Ouibtp YeOnimeBa odecriednBaeT Hanbosee
KPYTOH cIaj OT MOJIOCHl MPOMYCKAaHUSA K TOJOCe 3aJepXaHHs, HO C TOSBICHUEM
HEKOTOPOH HEPaBHOMEPHOCTHU XapaKTEPUCTUKU B IoOJIoce NpomyckaHus. OuibTp
beccenss wumeer Hamnyumryro (a3odyacTOTHYIO  XapaKTEPUCTUKY  (TIOCTOSIHHOE
3ara3/bIBaHie CUTHAJIa B TIOJIOCE MPOITyCKaHUS).

OCHOBHBIE TOCTOMHCTBA aKTUBHBIX (PUIBTPOB TAKOBBIL:

® MaJjioe YHCJIO0 AIEMEHTOB, KaK aKTUBHBIX, TaK U MTACCUBHBIX;

® JErKOCTh PEryJIUPOBKY;

e Majoe BIMSHUE Pa30pOCOB MapaMEeTpPOB, B OCOOEHHOCTH 3HAYEHUN €MKOCTEH
KOH/ICHCAaTOPOB;

® OTCYTCTBHE XKECTKUX TPeOOBAHMIA K IPUMEHIEMOMY OTIEPAIMOHHOMY YCHUITHTEIIO
(CKOpOCTh HapacTaHMs CHTHAJIAa HA BBIXOJIE, IIMPHUHA TOJOCHI MPOITyCKaHUS, MOTHOE
BXOJHO€ CONPOTHUBIICHHUE);

® BO3MOKHOCTH CO3/[aHUSI BEICOKOIOOPOTHBIX (DUIIBTPOB;

® HEYYBCTBUTEIHHOCTh XapPaKTEPUCTUK (PUIBTpa MO OTHOUICHHIO K MapameTpam
3JIeMEHTOB U Koahdunmenty ycunenus OVY.

B Tabn. 25 mpuBeneHsl crnpaBouHble naHHBIE Kodpduimenta ycuineHus K wu
HOPMHPYEMOTO MHOKUTENS f}; 11 GuimbTpa Kaxa0ro TUIIA.

Tabmuma 25
[TapameTpsl GUIBTPOB
ITapa- OuibTp DOuibTp OunpTp Yebnimena
MeTpbl | barrtepBopTa beccens (0,5 n10) (0,2 n6)
i 1 1,274 1,231 0,907
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| K | 158 | 1268 | 1,842 | 2,114 |
Yacrota cpesa f 1100 3naueHns RC Beruucsitores no popmyiie
RC = 1/m 21 f},.

[Ipn ucnonp30BaHMM B KayecTBe 3nemMeHTa cxembl OY MOXHO CHHTE3UpPOBATH
xapakTepucTuky arooro RLC—punbTpa 06€3 nmpuMeHeHUs KaTylleK HHIYKTUBHOCTH.
Taxue 6e3UHAYKTUBHBIE (QUIBTPBHI U3BECTHBI 1101 HA3BAHUEM «AKTUBHBIE (DUIBTPHD) U3-
3a HaJIM4Us B UX CUCTEME aKTUBHOTO 3JIEMEHTA (YCUIIUTENS).

AKTHUBHBIE (UIBTPBI MOYKHO HCIOJIb30BaTh AJIS peaau3alud (QUIbTPOB HUKHHUX U
BEPXHUX YaCTOT, MOJOCOBBIX (MIBTPOB, BbIOMpas TUN (PUIBTpPa B 3aBHUCUMOCTH OT
HaubOosiee BaXKHBIX CBOMCTB  XapaKTepUCTUKH, TaKUX, Kak MaKCHUMaJbHas
PaBHOMEPHOCTb YCWJICHHUS B MOJIOCE MPOITyCKaHUs, KPYTHU3HA MEPEXOAHON 00JIacTH WU
HE3aBUCHUMOCTh BPEMEHH 3ara3blBaHus OT 4acToThl (puc. 73) [1].
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Puc. 73

HOpHI[OK BBIINTIOJIHCHU A paﬁoTbI

1. BHemHu#t Bua nepenHeld naHenu aadopaTopHOro Moayiisd «DUnbTpbl» NpUBEICH
Ha puc. 74. CoOpate cxeMy, NpeacTaBieHHy0 Ha puc. 75. ITloaxkmounTh
U3MepUTEIbHbIE MPUOOPHl U (YHKIMOHAIBHBIM TE€HEpaTop K MOIYJI0 «AKTUBHBIE
(GUIBTPHD» B COOTBETCTBUU CO CXEMOM.

2. I3meHsis 9acToTy BBIXOJHOTO CHHYCOMJIAJBHOTO CHTHajda (QYHKIMOHAIHHOTO
rereparopa ot 10 I't 1o 30 kI’ ¢ ammmutynoit 4 B, orieHUTH Benu4nHy Kodduimenrta
yCWICHHSI U CIBUT (pa3bl CUTHAJIA TIPU TEPEXO0JI€ OT BXOIHBIX 3Q)KMMOB K BBIXOIHBIM,
pe3yIbTaThl U3MEPECHHM 3aHECTH B TA0II. 26.

I1o pe3ynpTaTaM H3MEpPEHUN IMOCTPOUTH XapaAKTEPUCTHUKHU.
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Puc. 74. Buemnuii Bua nepeHein
naHeIu 1a60paTOPHOTO MOTYJIS
«PUIBTPHI»
o0/ I >—0
BX R2 Ugeix
0, 0
\_ j
£ PHMNO
oYpry @ "Pocyunpubop”
{
I1
]
r r
o %
Ubpix o
o Puc. 75. ®uibTp HU3KOM YaCTOTHI BTOPOTO MOPSIKA
Ubx =/ —&°
[] 77
o o
Tabauia 26
AMIUTMTYTHO-4aCTOTHBIE U ()a30BO-YaCTOTHBIC XapaKTEPUCTUKU (PHIIBTpa HU3KOU
4acTOThI BTOPOIO MOPsIJIKa
f, '
UBX) B
Uspix, B
Ks
®p, T'pan.

1. Uro Takoe akTUBHBINA QUILTP?
2. Yo Takoe puIbTp HU3KOM YaCTOTHI?
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3. Tlpuenure AUX husibTpa HU3KOM YaCTOTHI IEPBOTO U BTOPOTO MOPSIKA.
4. TlepeuncnauTe OCHOBHBIE >KeJaTelIbHbIE CBOMCTBA, KOTOPHIMH JIOJDKEH 00JadaTh
(bUIBTP HU3KON YaCTOTHI.

Jlaboparopnas pabota Ne 18
HUCCJIEJOBAHUE XAPAKTEPUCTHK ®HUJIBTPOB BEICOKOM YACTOTHI

[lenp paOoThl: HW3y4YEeHHE TMPUHLMUIOB IOCTPOCHUS, CBOWCTB M XapaKTEPUCTHUK
aKTUBHBIX (PUIBTPOB BHICOKON YaCTOTHI.

AxtuBHble RC-QuibTpbl TpenHa3HA4YeHbl U1 BBIACICHUS M3 CIEKTpa CHUrHaja
00J1aCTH YacTOT U Mepeavyd dTHX YacTOT C BbIXOja Ha Bxoj. Bce "acToThl, Jexaniue
BHE TOJIOCHI MPOIMYCKaHUs, JOJKHBI OBITh MTOJJABJICHBI.

JloOuThcs WaeanbHOTO paslelieHUusT 4acTOT HEeBO3MOkHO. Ha morapudmmdeckoit
aMIUTHTY THO—4acTOTHOU xapaktepuctuke (JIAUX) moboro ¢uibrpa CymecTBYIOT
obnactu cnaga. C pobaBieHHeM MONOCOB (puinbTpa (yBEIMYEHHEM €ro MOpsaKa)
KpyTH3HA CIajJia yBEIUYUBACTCS.

Hapsiny ¢ norapudmuyeckoil aMIUIUTYTHO-4aCTOTHOM XapaKTepUCTUKON (PUiIbTpa
BBICOKMX YacTOT (puc. 76) W TOYTH BCEra TMPUXOIUTCS YYHTHIBATh HX
norapudmuyeckyro (a3oByro yacToTHyio xapakrepuctuky (JIOUX) (puc. 77), a BO
MHOTHX CIIy4asiX — U IEPEXOAHYIO XapaKTePUCTUKY IPU UMITYJIbCHBIX BO3ICUCTBUSIX.

Ku| 4 o

]
1
[ 1

> 0 >
fep log f, I'n fop log f, I'np

Puc. 76. JIAUX ¢unbtpa Beicokoii yactotel  Puc. 77. JIOUX dunbTpa BEICOKOIMA
Y4aCTOTHI

Yactora cpes3a f- GuibTpoB BeICOKOHN 4acTOThI MO0 3HaueHUs RC BhIUMCISIOTCS
o gopmyiie
RC = 1/n 21 f;.

Jna peanuzanuud (QUIABTPOB HIKHMX M BEPXHUX YacCTOT MOXKHO HCIIOJIb30BATh
aKTUBHBIC (DUIBTPHI, BBIOMpas TUN (UIBTPAa B 3aBUCHUMOCTH OT HamOoJee Ba)KHBIX
CBOMCTB XapaKTEPUCTHKH, TAKUX, KaK MaKCHMallbHAs DPaBHOMEPHOCTh YCUJICHHS B
MI0JIOCE TPOITYCKaHHWs, KPyTH3HA TMEePEeXOJHONW 00JACTH WM HE3aBHUCHMOCTh BPEMEHH
3anas3AbIBaHMs OT 4acTOTHI [1].

Ilopsinok BHINOJIHEHHS PadOTHI
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1. Cobparb cxemy mpeacTaBlieHHYH0 Ha puc. 78. [loAKIOUUTh H3MEPUTEIIbHBIC
npuOopbl ¥ (GYHKIIMOHAIBHBIM TEHEpaTOop K MOAYJII0 «AKTUBHBIE (GUIBTPH» B
COOTBETCTBUU CO CXEMOM.

e

o—f——i— %%

R7

—0 Ubbix
Puc. 78. ®unbTp BRICOKOM YaCTOTHI BTOPOTO MOPSAIKA

Ux [1#7
R

o J_ O

2. I3MeHsi1 4acTOTy BBIXOJHOIO CHHYCOMJAJIBHOIO CHIHaja (PYyHKIMOHAIBHOTO
redHeparopa ot 10 I' 1o 30 kI'y ¢ ammuTynoi 4 B, olleHUTh BeTUUYHHY KO3 puumeHTa
YCWICHHS] U CIBUT (Pa3bl CUTHAJIA MPU MEPEXO0/I€ OT BXOIHBIX 38KMMOB K BBIXOIHBIM,
pe3yJIbTaThl U3MEPEHUN 3aHECTH B Ta0m. 27.

Tabnuua 27

AMIUTMTYTHO-4aCTOTHBIE U (Pa30BO-4AaCTOTHBIE XapaKTEPUCTUKU (QUIIBTPA BHICOKOU
YaCTOThI BTOPOTO MOPSAKA

f, I'ng
Ugx, B
UBBIX; B
Ks

@g, TP

3. Ilo pe3ynpraramMm U3MEPEHUN MOCTPOUTH XaPAKTEPUCTUKH.

KoHTpoJibHBIE BOIPOCHI

1. Uto Takoe QuIbTp BHICOKOM YaCTOTHI?

2. Ipusenure AUX ¢unbTpa BEICOKOH YaCTOTHI IEPBOTO M BTOPOTO MOPSIKA.

3. IlepeuncnuTe OCHOBHBIE JKEJAaTEIbHBIE CBOMCTBA, KOTOPHIMU JOJDKEH 00JaaaTh
aKTUBHBINA (DUIBTP BHICOKOW YaCTOTHI.

JlaGoparopnas pa6ota Ne 19
NCCIEAOBAHUE XAPAKTEPUCTHUK ITOJOCOBOI'O ®UJIBTPA

[lear paOoThI: HW3ydeHHE TPHUHIUIOB IOCTPOCHUS, CBOWCTB M XapaKTEPUCTHUK
AKTUBHBIX TIOJIOCOBBIX (DUIIBTPOB.
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Ha norapudmuueckold amMIummtygHO-4acTOTHON Xxapakrepuctuke (JIAUX) mroboro
¢unpTpa cymectByloT obOmactu cmaga. C  pmoOaBieHHMEM TMOJIOCOB  (pUIbTpa
(yBenuueHueM ero mopsjakKa) KpyTU3Ha cmajaa yBenuuuBaercs. Hapsany ¢ dumbTpamu
HU3KUX YaCTOT HCIOJIB3YIOT MOI0CcOBOM GuibTp (puc. 79) [1].

Ky

H_'_,_,_,—o—'—'_'—‘_‘—‘——.

\V'S

feps fopn log f

Puc. 79. JIAUX nonocoBoro ¢unbtpa

Yacrorta cpe3oB f 1160 3HaueHns RC BBIYUCISIOTCS TO CIEAYIOIUM (GopMyIam:
RC = 1/m 2115

IMopsinok BHINMOJIHEHHS PAadOTHI
1. Cobpatp cxemy, npencraBieHnyio Ha puc. 80. [logkmounTs W3MEpUTEIHHBIC

npuOopbl ¥ (PYHKIMOHANBHBIA TEHEPAaTOp K MOIYII0 «AKTHBHBIE (QUIBTPH» B
COOTBETCTBHUH CO CXEMOM.
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o~ <

—0 buix

p 07 R Puc. 80. ®uibTp BHICOKO YAaCTOTHI BTOPOTO MOPSIIKA
X

R1
(e, J_ O
2. I3MeHsis 4acTOTy BBIXOJHOTO CHHYCOMJIAJBHOTO CHTHajda (PYHKIHMOHAIBHOTO
rereparopa ot 10 I't 1o 30 kI’ ¢ ammmutynoit 4 B, orleHUTH BenTu4nHy Kodduimenrta

YCUJICHUS M CIBHUT (ha3bl CUTHAIA MPHU MEPEX0Je OT BXOIHBIX 3KMMOB K BBIXOIHBIM,
pe3yJbTaThl U3MEPEHUH 3aHeCTH B Ta0. 28.

Tabmuna 28
AMIUTUTYTHO-4aCTOTHBIE M ()a30BO-YaCTOTHBIC XapaKTEPUCTUKH TTOJIOCOBOTO (priibTpa
f, '
UBX, B
Uspix, B
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L\
Qp, I'pan.

3. ITo pe3ynpTaram U3MEpEeHH TOCTPOUTh XaPAKTEPUCTUKH.

KOHTpOJILHbIe BOIIPOCHI

1. Yto Takoe 1moiaocoBoi GuiabTp?

2. IlpuBenure AUX nonocoBoro ¢puabTpa.

3. Ilepeuncnure OCHOBHBIE KeJlaTe€JIbHbIE CBOWCTBA, KOTOPHIMU JOJDKEH 00J1aJaTh
aKTUBHBIN QUIBTD.

4. HapucyiiTe cxemy Moja0coBOT0O (GUIbTpa.

Jlaboparopnas padota Ne 20
KACKAJHOE COEAJUHEHUE ®BY 1 ®HY U ®OPMUPOBAHUE
XAPAKTEPUCTHUK ITOJOCOBOI'O ®UJIbTPA

[lenp paOoOThI: HW3y4YEeHHE MPUHLMUIOB IOCTPOCHHUS, CBOWCTB M XapaKTEPUCTHUK
AKTUBHBIX IOJIOCOBBIX (PUIBTPOB, MOJYUYEHHBIX NpU KackagHoMm coeauHeHnn ®BY u
OHY.

Jljis oTy4YeHHs MOJIOCOBOTO (PMIIBTPa MOXKHO HCIIOJIB30BATh KACKaIHOE BKIIOUYCHHE
®BY u ®HY. Ilpu stom AUX mosocoBoro ¢GpuibTpa MOTYy4YaeTCs] MyTEM CIIOKEHUS
yacTOTHBIX XxapakTepucTuk ®BY u ®HY. YacroTa cpeza ®BY nomxHa ObITh MEHbIIIE
yacToThl cpe3a PHUY.

JloOUThCST MOeaNbHOTO pa3leleHuss 4acTOT HEeBO3MOXkHO. Ha morapudmmueckoit
aMIUTUTYTHO-4aCcTOTHOU Xapaktepuctuke (JIAUX) mnroboro ¢uinbTpa CylmecTByIOT
obmactu cnaga. C gobGamieHueM MOMIOCOB (PuibTpa (YBEIMYCHHUEM €ro IMOpsIKa)
KpyTH3HA CHiajia YBEJIMYUBACTCS, HApsIAY C JIOrapu(PMUUecKOol aMIUIUTyAHO-4aCTOTHON
XapaKTEPUCTUKON PUIIbTpa HU3KUX YacToT (puc. 81) [1].

UYacrtora cpe3oB f- mu60 3HaueHust RC BBIUUCHSAIOTCA 110 ClenyomuM Gopmyiam:

R2C2 = 1/7[ 2foH9
R1C1 =1/n 2foB-

Puc. 81. JIAUX nonocoBoro ¢puibTpa
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IHopsinok BbINOIHEHHSI padOThI

1. CoOpath cxemy, mpejactaBieHHyto Ha (puc. 82). Ilonkimounth u3MepuUTEIbHBIC
npubopsl ¥ (QYHKIMOHAIBHBIA TEHEPATOp K MOIYJII0 «AKTUBHBIE (UIBTPB B
COOTBETCTBHUU CO CXEMOM.

R (2
— i
(7 (1
- j>”’“ R2
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Ubx [|pr—=—o

[I] R3
o
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Puc. 82. ®unbtp nonocoBoi

2. I3MeHsAsT 4acTOTy BBIXOJHOTO CHHYCOMJAJIBHOTO CHUTHala (PYHKIIMOHAIBHOIO
rereparopa ot 10 I't 1o 30 kI’ ¢ ammmutynoit 4 B, orleHUTH BenTu4uHy Kodduimenrta
yCHJIEHUS! U CcABUT (a3bl CUTHAJA MPU MEepexoie OT BXOAHBIX 3aKHMOB K BBIXOJHBIM,
pe3ynbTaThl U3MEPEHUI 3aHECTH B Ta0I. 29.

3. Ilo pe3ynpTraram U3MEPEHUM HOCTPOUTH XaPAKTEPUCTUKH.

Tao0muma 29
AMITTUTYTHO-YaCTOTHBIC M (Pa30BO-YaCTOTHBIC XaPaKTEPUCTHKH TIOJIOCOBOTO (QHIBTPA
f, '
UBXa B
Uspix, B
%
(Pp, I'pan.

KonTposbHBIE BONPOCHI

1. Yto Takoe moiaocoBoi GuiabTp?

2. TlpusBenutre AUX ¢uibTpa nepBoro U BTOPOro mopsijaKa.

3. Ilepeuucnure OCHOBHBIE >KEJaTeNIbHbIE CBOMCTBA, KOTOPHIMH JOJDKEH 00Ja/iaTh
aKTUBHBIN (QUIBTD.

4. Hapucyiite CTpyKTypHYIO CXEMY IOJIOCOBOTO (PUIBTpA.

JlaGoparopnas pa6ota Ne 21
HNCCIEAOBAHUE AMILIUTY IHO-YACTOTHBIX
U ®A30BO-YACTOTHBIX XAPAKTEPUCTHUK 3BEHBEB OGPATHOM
CBsA3U

HCJII) pa6OTBI: HCCIICAOBAHUC YACTOTHBIX XapPaKTCPHUCTHUK 3BCHLCB O6paTHOﬁ CBs3H.
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JlaGopaTopHbIii MOAYJb COACPKUT IIECTh OCHOBHBIX CXEM OOpaTHBIX CBs3el

Pa3INYHBIX THIIOB.
1. I'-o6pasznoe RC-3BeHO mpecTaBieHo Ha puc. 83.

YacToTa cpe3a paccuuThIBaeTcs o Gpopmyie: fe=~/6 /27RC.
2. T'-o6pa3noe CR-3BeHO mipencTaBieHo Ha puc. 84.

YacroTa cpes3a paccuuThIBaETCS 10 popMyIie: f=1/2nJ6 RC.

R R R C C C
— — — T I T
| I |
Upy =11 =/ = Upx Upe P[] }?[] P[] Upnx
Puc. 83. I'-o6pa3noe RC 3BeHO Puc. 84. I'-o6pa3noe CR 3BeHO
3. T-o6pa3noe RC-3BeHO TipencTaBieHo Ha puc. 85.
Yacrora cpesa paccuutsiBaercs no ¢opmyie: fc=1/2n/R,R,C,C, .
4. Moct BuHna npezacraBiieH Ha puc. 86.
YacroTa cpe3a paccuutbiBaetcs o ¢opmyie: f-=1/2nRC.
7 2
I I
1 ”[7 I Il
= I £ 2
Up, =7 I-]l]/ez Ubyy Une /Pj’[‘] =3 Uy
Puc. 85. T-o6pa3noe RC 3BeHO Puc. 86. Moct Buna

5. Iapannensnoe LC-3BeHO npeicTaBiaeHo Ha puc. 87.

YacroTa cpe3a paccuutbiBaetcs o gpopmyie: f=1/2n+/LC.
6. Moct BuHa ¢ KBap1ieBbIM pe30HATOPOM MPEACTABIICH Ha pucC. 88.

R
- Ba 7
Ny [l
'I]' Il
b A §‘ Beix. U o 2= p I:I U b
Puc. 87. [Tapaiensroe LC 3BeHO Puc. 88. Moct Buna

C KBapIICBBIM PE30HATOPOM

7. CxeMa 3aMelnIeHns KBapleBOr0 pe30HaTopa npeacTaBieHa Ha puc. §89.
Yacrtora cpe3a paccuuTbiBaeTcs 1o Gopmysie:

fe=1/21,/L,C,, .
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BHemHuii BuI mnepenHed IaHEnu

CBsSI3W» MpUBENEeH Ha puc. 90.

//'?/(ﬁ. [m" Z’(ﬁ'
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[ak
Il
|
———— 3BEHb$1 OBPATHOW CBA3UN |————

I"-oﬁpasnoe CR-3BeHO

TTT

r'-oﬁpa:moe RC-3BeHO
T-o6pasHoe RC-3BeHo
c1 c2

A

it . i MapannensHoe LC-3BeHo
R1 R2 R

Cc |L

Ui o

MocTt BuHa c kBapUueBbIM pe3oHaTopoMm MocTt Buna

BQ "01 R1 C1
o—o| 0 o3oH
—— 2 [II]R ==C2| |R2
0, O 0, O]
\h J
|_fr? Q PHMNO
toYply 4 "Pocyunpubop”
padoThI
1. [TocnenoBarenbHO  COOpaTh  CXEMBI,

MMpCaACTaBJICHHBIC Ha

1abopaToOpHOTO MOAYJS «3BEHbS OOpaTHOM

Puc. 89. Cxema 3amelieHus: KBapLeBOoro

pe3oHaTopa

Puc. 90. Buewnuii Buz nepenneit
naHe 1a00paTOPHOTO MOIYJIS
«3BEHBS 0OPATHOM CBSI3U»

IopsnoK BBINOJTHEHUS

puc. 83-89.

[MonkmouuTh U3MEpUTETbHBIE MPUOOPHI M (PYHKIIMOHAIBHBIA T'€HEpaTop K MOJYJIO
«3BEHbsI OOPaTHOW CBSI3W» B COOTBETCTBUH CO CXEMOM.

3. U3MmeHsst 4acTOTy BBIXOJHOTO CHHYCOMIAIBHOTO CHUTHala (PYHKIIMOHAIBHOTO
rerepatopa ot 10 I'p mo 30 xI'y ¢ ammutynoit 4 B, onienuts BenuuuHy KoddduiimeHTa
yCUJICHUSI 3B€HAa M CIOBUT (pa3pl CUTHAja TMPHU MEpPeXofe OT BXOAHBIX 3aKUMOB K
BBIXOJIHBIM, PE3YJIbTaThl U3MEPEHUI 3aHecTH B Tab. 30.

Taomuna 30

AMHJ’II/ITy,HHO—‘-IaCTOTHBIe )41 (baSOBO-‘IaCTOTHLIe XApaKTCPUCTUKHU 3BCHLBCB O6paTHOﬁ CBA3HU
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f, I'ng
Ugx, B
UBBIX; B
Ksp

@g, TP

[To pesynmbTaTaM HU3MEPEHH MOCTPOUTH YACTOTHBIC XaPAKTEPUCTUKH 3BEHHEB
00paTHOM CBSI3HU.

KoHTpoJibHbBIE BOIPOCHI

1. HazoBute BUbI 3BEHbEB OOPATHOMN CBS3U U OCOOEHHOCTH KaK/10T0 3BEHA.

2. HapucyiiTe cxeMy OJHOTO M3 3BEHbEB OOpaTHOW CBS3UM MO YCMOTPEHUIO
IpenoaaBaTes.

3. 3anumuTe (opMynbl UIsI pacyeTa 4acTOThl Cpe3a Ka)J0ro 3BeHa 0OpaTHOU
CBSI3U.

4. TloueMy Ha HU3KHX 4acCTOTax BbITOJHEee MpUMEHITh RC-3BeHbst 00paTHOM CBS3U?

5. Hapucyiite u 06bsacante AUX n ®UX napamnensuoro LC-3BeHa.

6. Kakoe npenmyIiiecTBO y 3B€HbEB 0OpATHOM CBSI3U C KBapIlIEBBIM PE30HATOPOM?

7. HapucyiiTe cxembl 3B€HbEB 00OPAaTHOI CBSI3U C KBAPIIEBBIMU PE30HATOPAMHU.

Jlabopartopnast pa6ota Ne 22
NCCIEJOBAHUE XAPAKTEPUCTUK ABTOT'EHEPATOPA

[lenb pabOThI: M3YyUNTh BUIBI U TPUHIUIBI PabOTHl TEHEPATOPOB TAPMOHUYECKHIX
KoJIeOaHWi, WCCIeNoBaTh BIUSHUE OOpPAaTHBIX CBsI3€l HAa TIPOIECC U YCIIOBHS
BO30Y)KICHHSI T€HEPATOPOB TAPMOHUYECKUX KOJICOAHUIA.

DONEeKTPOHHBIM TEHEPATOPOM TapMOHHYECKHX KOJeOaHWil Ha3bIBAIOT YCTPOMCTBO,
npeoOpa3yloiee  DHEPrul0  UCTOYHHMKA  TOCTOSHHOTO  TOKa B DHEPIHIO
AJIEKTPOMArHUTHBIX KOJEOaHWN CHHYCOUTAIbHOW (OpMBI TpeOyeMol MOIIHOCTH U
yacToThl (puc. 91) [8].

Puc. 91
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DNEeKTPOHHBIA T€HEPATOP COCTOUT U3 ycuiuTens ¢ Koddduiumentom ycunenus K,
IEMU TOJIOKUTEILHON 00paTHOM CBs3u ¢ Kod(dduimeHToM oOpaTHOW CBS3U [ |
MCTOYHUKA MUTAHUS TOCTOSHHOTO TOKA.

Jlns cymecTBOBaHUS YCTOMYMBBIX KOJICOAHHMM Ha BBIXOJIE TeHepaTopa He0OXO0IUMO
BBITIOJTHEHUE CIEAYIOUIUX YCIOBHIA:

Ky Koc =1 (1)

jic* jp=2pn, 2)
7€ Jx — CABUT (asbl CUTHAIA yCUIIUTENEM; g — CABUT (ha3bl CUTHAIIA LENBIO OOPaTHOM
cea3u; n=0,1,2,3, ...

Beipaxkenne (1) ompenenser ycimoBue OajlaHca aMmIUIMTYA, a paBEeHCTBO (2)
XapakTepu3yeT yciaoBue OanaHca ¢as.

B cxemax reHepaTopoB CTallMOHAPHBIX TAPMOHUYECKUX KoyieOaHUU BhIpakeHus (1)
U (2) BBIMONHAIOTCS HA OJHOW (PUKCHPOBAHHOM YACTOTE Wp, KOTOpAs SIBIISIETCS
PE30HAHCHOM WJIM KBa3UPE30HAHCHOM [1].

IMopsaaok BoINOJTHEHUSI padOThI

1. CoOpatb cxemy, mnpeacraBieHHYr0 Ha puc. 92. IoakiIoYuTh H3MEPUTEIIbHBIC
npuOOpbl MOAYJb ONEPAlMOHHBIE YCWIUTEIW W (DYHKIUOHAIBHBIA TEHEpaTop K
MOJIYJIO «3BEHbsI 00paTHOM CBSI3U» B COOTBETCTBUH CO CXEMOM.

R4

I |
S

Rbx A
Puc. 92. O606mieHHas cxema aBToreHeparopa
Fheno 1
P i o 2. JIng  Kaxmoro 3BeHa OOpaTHOM CBS3H
oA OIPENIEIUTD 4acToTy 51 AMIUIUTY 1Y

TEHEPUPYEMOTO CUTHAJIA, Pe3yJIbTaThl H3MEPEHUIN
3aHecure B Tabm. 31.

Tabnuua 31
XapakTepUCTUKH aBTOI'€HEPATOPOB
I'-06pa3- | I'-00pa3- | T-o0Opas- Moct | TapamiesbHoe Moct Buna ¢
3BeHo OC HOE HOE HOE Buina LCosBeto KBapLIEBbIM
RC-3Beno | CR-3BeH0 | RC-3BeHO pEe30HaTOPOM
f, I'ny
UBbIXa B

3. ConocTaBUTh PE3yJIbTATHl C YACTOTHBIMU XapaKTEPUCTUKAMH 3BEHBEB OOpaTHOU
CBSI3H.
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KoHTpoJbHBIE BOIPOCHI

1. HaznaueHnue aBTOKOJIC0ATEIHHBIX CUCTEM.
2. Ha xkakue TumObl NOAPA3LAEISAIOTCS TreHepartopsl curHaioB? Hapucyiite
CTPYKTYPHYIO CXEMY aBTOI'€HepaTopa.
4. IlpuBenute ycioBHs BO30YyKIE€HUS aBTOI€HEPATOPA.
5. C dero HauYMHAETCS MPOIIECC BO3OYKACHUS KOJIeOaHmii B aBTOreHepaTope?
JlaGoparopnas padota Ne 23
NCCIEJOBAHUE NNEPEJATOYHbBIX XAPAKTEPUCTUK KOMITAPATOPA

[lens pabOTHI: O3HAKOMJIEHHWE C MPUHLUIIOM PabOThl, OCHOBHBIMU IapaMeTpaMH,
XapaKTEPUCTUKAMH.

KommapaTop (0T JaTUHCKOTO CJI0Ba «comparator — CpaBHUBAIOUINI) — YCTPOMCTBO
CpPaBHEHMS aHAJIOTOBBIX CUTHAJIOB.

Ha puc. 93 mnpencraBiieHa THUCTEpPE3UCHAsi CXE€Ma CPAaBHEHHS C CHUMMETPUYHOMN
[IEPEIaTOYHON  XapaKTEPUCTUKOM. Jlimd 1modydeHus  pasjidyHbIX  HAIPSIKCHUU
oTnyckanuss u cpabareiBanus B menu [IOC OY HeoOXoauMO HCIOJIB30BATh
YEeTHIPEXIOIIOCHUK, KOI(DPUIIMEHT mepeaur KOTOPOro 3aBUCUT OT MOJSPHOCTU €T0
BXOJHOTO HAIPSKEHUS.

R, DA !
fe E l D Vo) U BbIX
BbIXmax
Puc. 93. I'ucrepe3ucHas
U Rnoct g Uy, CXEMa CPaBHEHMS: @ —
BX Ll BbIX cxeMa MPUHIUIIHAAILHAS;
U,| o Uep pHHLL ;
Rioc2 0 — mepegaTouHas
o ° Uy — XapaKTepUCTUKA
L
a) 0)

B kadecTBe 4YETHIPEXIMOIIOCHUKA MOXHO WCIIOJB30BaTh U0, Kod(hduiumeHT
nepenauu [1OC Oyner 3aBUCETh OT MaJeHUS HANPSDKCHHSI Ha TIPSIMOCMEIIICHHOM JTHO/IE
VD. Ilpu oTpunaTeIbHBIX BBIXOJHBIX HANPSKCHUSAX JTUOJ 3alepT M HaNpSKEHHE
OTIyCKaHMs OMpeAessieTcss Kak U B cxeme Ha puc. 94, a. Ha puc. 94, 6 npuBeneHa
nepeaTouHasl XapakTepUCTHKa JaHHOM CXeMbl, OYEBUJIHO, YTO OHA HECUMMETpPUYHA
OTHOCUTEJIBHO Hayajaa KOOpAUHAT.

Hecummerpun nepenatoyHol XapaKTepUCTUKN CXEMbI CPABHEHHSI MOXKHO JOOUTHCS
3a CYeT JOMOJIHUTEIbHBIX HCTOYHMKOB CMEIIeHMs, puc. 95, a. 31ech HCTOYHHK
CMEIICHUS MOAKIIOYEH IMOCIEI0BATEIbHO C Pe3ucTopoM Ry, nmemutens nenu [1OC.
OTO MNPUBOIUT K CMEIICHUIO BCEM XapaKTEepUCTUKU HAa BEIUYUHY HaMpPsHKCHUS
cmemnienusi. Ha puc. 95, 6 mokasaHa mnepenaTouyHas XapakTEPUCTHKA CXEMbI C
UCIIOJIb30BAaHUEM HAIPSDKEHHUS] CMEUIEHUS TMOJIOKUTENbHOW mnonsipHocTH. Crnexyer
OTMETUTh, YTO B JAaHHOM CJy4Yae HalpaBJICHUE CMEIICHUS MepeaaTOYHOM
XapaKTePUCTUKHU COBIAJIAET C MOJSIPHOCTHIO UCTOYHUKA CMEIICHUSI.
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Puc. 94. T'ucrepesucnas cxema cpaBHEHUs ¢ Lenbio HenuHerHou [10C: a —

R DA CcXeMa MpUHIHUIIUATIbHAS;
BX U ?
> o TR 0 — mepeagaTouHas
- XapaKTepUCTUKa
R U
noc1
UBX UBI::IX U 0 U BX
oT A
Rnocz[l] SZ VD
O T 'e) 'Usblxmax
3 © Puc. 95. I'ucrepesuchHas cxema
CpaBHCHUA IIpU RBX DA
COBIIaJAaKOIINX o— 11— > 0O
HOJ'I?IpHOC;U[X Uy
nanpsokennit Upx Rnoct
1
uEBEcv:a—cxema i Uy,
HPUHIUITHATbHAS Rnoc2 Uor Uep
; 0 UCM UBX
2
0 — Ecm
nepenaToyHast o o
XapaKTepUCTUKaA -

Ecnu HanpspkeHre cMerieHus noAarh Ha nHBepTupyoomuii Bxox OV (puc. 96, a), To
HampaBlieHUE CMEIIEHUS TepeqaTOYHONW XapaKTepUCTHKH OyAeT MPOTHUBOIOIOKHO
HOJISIPHOCTHU HANpPSHKEHUS! HICTOUHUKA CMEILEHHS, T. € CMEIeHHE OyJIeT OTpUIaTeIbHbIM

(puc. 96, 0) [1].

Buemnuii Bug nepenneit nanenu jgadopatopHoro Moayisi «KommnapaTtop» npuBeieH

Ha puc. 97.

Puc. 96. I'ucrepe3ucHas CpaBHEHUS IPU HECOBNAAAIOIIMX NOJAPHOCTAX HanpsukeHu Uy, 1

E.\: a — cxema npuHnMnuanbpHas; 6 —

nepeaaroyHas XapaKTCpuCTHKa
voMnapatTap |
KOMNAPATOP
g | )
RB:{ DA1
Ugy i : U
E Rioet -
i D O——1—
i Rno:‘.E
E |Reu o J o = mm
E [] R Rnoca i
E O O0—(—1+—
o
E u UCM1 u UCM2 n i
Puc. 97. Buemnuit ]
R DA AV B = 1VE ¥ VD1 ::V‘:- PV2
B ] Uguix N
o— 1 3 o ;
Rem J :
U Rnoc1 U UOT Ucp D O—a
BX 1 BbIX U, ol u @
M BX
ECM [l] Rnocz j
O O PHNO
1 ’% @ Q "PocyunpuBop"

6)




BU/J TIepeiHel naHenu JabopatopHoro MmoyJist «Kommaparopy»

IHopsinok BbINOIHEHHSI padOThI

1. [locnenoBarenbHO coOpaTh CXEMBbI, MpencTaBieHHble Ha puc. 98. IloakmounTh
U3MEepUTEIbHbIE TPUOOPHI K MOYJII0 KOMIIapaTopa U MOJYJIb TUTAHUS B COOTBETCTBUU
CO CXEMOM.

2. VI3MeHss IOCTOSTHHOE HANPsKEHHE Ha BXoze cxeMbl Ugx B CTOPOHY YBEJINYEHUS
ot 0 no 12 B, a 3ateM B cTpoHy ymeHblnenus oT 12 B 1o 0, mo nokazanusim npudbopoB
PV1 u PV2 HeoOXoaMMO CHATh MEpEeNaTOYHYIO XapaKTEPUCTHUKY KOMIIapaTopa s
TpeX 3HAYEHUN COMPOTUBICHUS Rypoc;, NaHHBIE H3MEpeHHi 3aHecTn B Tabm. 32.
Bemnunny ECM ycranosuts ot 1 1o 3 B.

R
. Rgy DA
o—— ]——
! o—v—:lj > +—O
UBX E u i i U
: BX 1 ! BbIX
A L Rroct L
1V iPV1 20 —1 s
N iV IPVI CH—i{vipPv
] g e ;
o—i i i
J_ (o T O
RBX DA
O—s 1 y D —O
Rex DA Ugx E R i Uguix
o——{ ] > —0 : noc1 '
U E E U "L~ :’L‘
: R : Iy PV IV IPV2
BX ] BbIX v . s 5
',L\ CM RI'IOC1 "l.~‘ - R1 -’
(‘ ;PV1 | } (‘V ,lPV2 . E
a Ecm[l] R1 a s oud E
o i T H o o— 1 HEPN

Puc. 98. Cxembl ncciaenoBanus nepeaTouHoN XapaKTepUCTUKU
KoMIlapaTopa
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Taomuna 32

[lepemaToynast xapakTeprCcTHKa KOMIIapaTopa

Yeemnuenue Ugy Ymenbiienue Ugy

Rioci= OM| Rpoes™ OM | Rpyges™ OM | Rygei= OM | Rpyge,= OMm Rpocs= Om

UBX UBBIX UBX UBBIX UBX UBBIX UBX UBI:»IX UBX UBI:»IX UBX UBI:»IX

3. I1o 1aHHBIM U3MEPEHHUI MOCTPOUTH MEPEAATOYHBIE XaPAKTEPUCTHKHU.
KonTposbHBIE BONPOCHI

1. Yrto Takoe kommaparop?

2. Jly1g yero BBOAUTCS MOJIOKUTENbHASI 0OpaTHAas CBS3b?

3. Kakyro nmepenaTouyHyr0 XapakTEpUCTUKY HMEET TUCTEpPEe3nuCHas CXeMa
cpaBHEHHUS?

4. Kak MOXHO U3MEHHUTb MOPOT cpabaThIBaHUSI CXEMbI CPaBHEHUS ?

5. Kak 3agmaerca cmenieHue nepefaTOYHOM XapaKTEpPUCTUKH B THCTEPE3UCHBIX
cXeMmax CpaBHEHUA?

JlaGoparopnas padota Ne 24
NCCIEJOBAHUE PABOTBI KOMITAPATOPOB HA IEPEMEHHOM
CHUT'HAJIE

[{ens pa®oThI: O3HAKOMIJIEHUE C TIPUHIIUIIOM Pa0OThl U TPUMEHEHUEM KOMITapaTOPOB
Ha ONEPAlMOHHBIX YCHIIUTEIAX.

Bxonnsie ananorossie curHaisl komnaparopa: Ugx — uccneayemsiid curHait U Upp —
OTIOPHOE HaNpsDKeHHE CpaBHEHUs, BbIXonHOM curHan Uppx — uudpoBoit curhai,
conepxammii 1 6ut uHpopManuu. [loaToMy KOMMmapaTopsbl yaie BCErO UTParoT POjb
DJIEMEHTOB CBSI3W MEXKJY AHAJIOTOBBIMU W ITU(POBBIMU yCTPONUCTBAMH, T.€. SBIISIOTCS
MPOCTEUIITUMHU  aHAJIOTO-ITU(POBBIMU  TIpeoOpa3zoBaTensiMA. TakkKe KOMITApaTOPbI
MIPUMEHSIOTCS B UMITYJIbCHBIX T€HEPATOPaX, OrPAHUYUTEIISIX, TOPOTOBBIX YCTPOUCTBAX
1 T.11. COCTOAHUE KOMITAPATOPA OMPEAEIACTCS BEIUUYMHON €TI0 BBIXOJHOTO HANPSKEHUS
Uppix, KOTOPOE MOXKET IpUHUMATh J1Ba 3HaueHust Uy u U;:

U', ecmn Uy > Uy,

0 .
U", ecmu Uy, < Uy,

Wuorna Ty QyHKIMIO KOMITapaTopa ONpPeeIsoT Tak:

1, nopu A >0
ABBIX: = S g(ABBIX) b
1, opu A <0

UBLIX:

rae Sg — mornueckas PyHKIMS 3HaKa BXOJHOTO CUTHaNA Apgpx.
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UToOBl COCTOSIHME KOMITApaToOpa HM3MEHWJIOCh Ha KOHEYHYIO BEJIUYMHY, IPHU
OECKOHEYHO MaJOM HW3MEHEHUU BXOJIHOTO HANpsDKEHHUsS, HEOO0XOJUMO HMETh
O0eckoHeuHO OoubinoN Kod(duiment ycuwnenus (dmopa 1 puc. 99) mpu oTcyTcTBUU
IIYMOB BO BXOJHOM CHUTHaje. Takyl XapakTEPUCTHKY MOXXHO MMHUTHPOBATH IABYMS
croco0aMu: BO-TIEPBBIX, HCIOJb30BaTh YCUIUTENh C OONBIIUM KOIPPHUIIMEHTOM
YCWICHHSI, 2 BO-BTOPBIX, BBECTH IMOJIOKUTEIBHYIO 00paTHYyIO cBs3b. [Ipu Upx>>0, kax
Obl BEJIMKO HU OBUIO yCWJICHHE, XapaKTePUCTHUKAa MMEET BHJI, MPEIACTABICHHBIA Ha
puc. 100. DTo mnpuBeneT K CIEAYIOUUM TOCIEACTBUSAM: MpPU OYEHb MEIJICHHOM
n3MeHeHnr UBX, CUTHAJI Ha BBIXOJIe OyET TaKKe U3MEHATHCS 3aMEICHHO, YTO TUIOXO
0oTOOpa3uTcs Ha paboTe CAEAYIOIIMX JIOTHUECKUX cXxeM (3mtopa 2 Ha puc. 99). Ilpuuewm,
npu TakoM MemieHHOM u3MeHeHuHn Upy OKOJIO HYyJs, BBIXOJ ONEPAIIMOHHOTO
YCWIHNTENS MOXKET MHOTOKPAaTHO U3MEHSITh CBOE€ COCTOSIHME IO BO3JCMCTBUEM IIIyMOB
u iomex (3mtopa 3 Ha puc. 99), 4To NpUBEIET K COOSIM B CUCTEME.

[TpumeHsieMblil BBIXOJ] U3 TIOJIOKEHHS — BBEJIEHUE MOJIO0KUTEILHON 00paTHOM CBS3H,
OXBAaTHIBAIOIIEH YCUIUTENh C OonbmuM Kodduimentom ycuienus Ky, KOTOpbIi
0o0bryHO mpenctaBisier mnoaodbue OV, T.e. umeer auddepeHIUaNbHBINA BBIXOA U
00b110M KOADPUITMEHT YCUTIEHUS TIO TOKY.

Paccmorpum paboty OV B pexkume kommnaparopa. [lpu Upx<<Upp BBIXOTHOM
curHal — «0» u Uog,>>0. IIpu Ri<<R, u Upx>>Ugpp BbIXOJI CXE€MBbI MNEPEKITIOUUTCS B
«1». B MOMEHT mepeKIroUYeHUs] Ha BXOJE «+» BO3HHUKHET CKA4OK ITOJOKUTEIHHOTO
HanpsDKeHUS: Uy Ri/(R1+R2)>>Ui,Ri/R,,  yaepxkuBaronuit cxemy B COCTOSSHUM
«1», naxe ecnu Ugx U KauHETCs B OTpUIIATENbHYIO cTOpoHY. Hamnpsikxenue Ugpx cXeMbl
noaTBepxkaaeT BxoaHoe BozxaelictBue (3a cuer [IOC) m duxcupyer ee cocrosHuE.
UtoOsl miepeBecTH BBIXOJ CXeMbl 00paTHO B «0», moTpeOyeTcsl 3HaUeHHe CUTHaIa He
Upx>>Uon, a Upx>>Uon — Ul Ri/Ry. Tlpu 3TOM 3Hauenun Upyx pa3HOCTH
MOTEHIINAIOB MEXIy BXOJAMH «+» HIIA «—» KoMmmaparopa mpouaer depe3 0 B, uro u
BBI30BET €T0 MEPEKITIOYCHIE, IIPU YTOM BXOJHON CUTHAI, cTaB «0», CIIBUHET MOTEHIIAAI
Ha BXOJIE «+» B OTPHUIATEIBHYI) CTOPOHY — HaNpsDKEHHWE Ha BXOAC «+» CKAYKOM
U3MEHUTCSl B OTPHUIATENBHYIO CTOPOHY Ha BenMUMHY — Uogx'R1/Ry, uT0 moaTBepaut
BozniericTBue u3meHeHus Ugy. [lpu nepexmouenusix usmenenne Uppx, TOATBEpkKAas
TEeHJEeHIMI0, o0ycioBleHHyl0 Ugy, YCKOpSieT MNpoIEecC TMEpEeKIIOUeHUs, U €eclid
ycuiienne B neriie [IOC>1, To cxema oOnagaeT THCTEpe3UMCOM U BeAET ceds Kak
ycwurtenb ¢ 0eckoHeuHo OonbiuM Ky u ObICTpoaeiicTBHEM, OTpaHUYEHHBIM TOJBKO

CBOMCTBaMU €ro BHyTPeHHUX 1enen [1].
UBX U
U, //\

BbIX | 1

Puc. 99. Bpemennsie quarpaMmmMbl paboThl KOMIIapaTopa
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U

BbIX

1 / Puc. 100. U3MeHeHne HanpsKEHUs Ha BBIXOAE KoMIapaTopa

/ UBX

Ha puc. 101, a npexacraBieHa cxemMa KOMIIapaTopa C MOJOXKHUTEIbHON 0OpaTHOM
cBsi3bto (Tpurrep llImuara). Ilpu OTCYTCTBUM Ha €ro BXOJE OINOPHOTO HAIPSKEHUS
(Uon = 0) xommaparop cpabarbiBaeT 1o coOCTBEeHHOMY mopory. Ha Bwixome Oyner
curHan Uppx=U*m (Touka 1 Ha puc. 101, 6), a Ha HECMHBEPTUPYIOIIEM BXO/IE:

Ul = B-Utm.

Koadpdunuent nonoxurensuoit OC omnpenensieTcsi pe3sucTopamMu B LeNd 0OpaTHOU
ces3u OY: b =RI1/(R1 +R2).

Ecnu BxomHOE HanpspkeHre OObIe HYJIS U YBETUIUBACTCS, TO MPU CPABHEHUH €0
aMIUTUTYAbl C OIOPHBIM, paBHBIM HampsbkeHuro cpadarbiBanust  Ucp =f-Utm,
KoMIIapaTop mnepekitoyaercs. [Ipy 3ToOM NMpOUCXOAUT CKaYOK BBIXOJHOTO HAIPSHKEHUS
co 3HaueHust U+tm, Ha 3Hauenne U—m (nmepexo oT Touku 2 K Touke 3 Ha puc. 101, 0).

0

Rex DA U Puc. 101. Komnaparop: a — cxema
o—1{ 11— b o 5 Unlq N NpUHIMIIHAIBHAS; 0 — IepeIaToIHas
U, XapaKTEePUCTUKA
R Y u
1 BX
UBX 1 UBbIX
d
5 Uor 0 Uep
Zgl ol
o _L o 4 u m6) 3
a) 6) .
HanbHenmee YBEJIIMYCHUE

BXOJHOTO HANpPsDKEHUS HE W3MEHUT COCTOSHUSI KOMIIapaTtopa, U HalpsbKeHHE Ha
HenHBepTUpymieM Bxojae OV ocraHercss mOCTOSHHBIM. [Ipu yMEHbIIEHHUH BXOJIHOTO
CUTHAJIa JI0 3HAYEHMsI OMOPHOro, paBHOro HampspkeHuro otmnyckanus Upx = Uorn =
B-U—m, mnpousoiaeTr BO3BpaT KOMIIapaTopa B MCXOAHOE cCOCTOsiHUE. BbIxoaHoe
HanpsbkeHue u3Mmenutcs ¢ U-m va U+tm (mepexon oT Touku 4 k Touke 5 Ha puc. 101,
0).

Takum o0pazom, mepegaToyHash XapaKTEPUCTUKAa MMEET BHUJ TMETIN THCTEpEe3uca.
Takoli koMmmaparop oOJyamaer

Ugy Mg sinot TPUTTEPHBIM (TIEPEKITIOYAOIIIIM)
Uy, R U | K addexrom. Kommapatoper ¢
KOp BbIXmaX/ uo[ /-~ U" -
 Um\p + ¢ THCTEpEe3ncoM (Tpurrepst
O O } } T T
g 1 ofly & Nt i/ [IIMuaTa) TO3BOJIAIOT YCTPAHUTH
“Uspixmax/Kuo [ 177~ LT AT zxpe663r HYIJIA. B Hux mnocie

IMMCPCKIIOUCHUA KOMIIaparTopa,
HaIIPAKCHHUC IrucTepe3uca

U BbIX U BbIX

i
| Yeexmax Usuixmax T :T_‘_Z \
i | T2/ t
i Ugixmax/Kuo U 5 }t T } ‘t ; .T
: i BX i 2, 3 4
“Uguixmax®uo 0 i -U _‘_/ i

BblXmax

-U

BbIXmax



Ur=Ucp +Uorn =2-B-U,, CIOyXKUT 3amacoM Ha IOMEXOYCTOMYHMBOCTh, ITOCKOJIBbKY
BO3BpaT KOMIIapaTopa B HCXOJHOE COCTOSHHME BO3MOXEH JHIlb, Korma Ugy
yMeHbnTes Ha BenmuuHy Ur. [Ipu 3TOM momexu, BennunHa KOTopbix MeHble Ur, He
MOTYT BBI3bIBATh CIy4allHOTO cpabaThiBaHMs KoMIapaTopa. PaccMoTpum citydaii, korja
IIPY U3MEHEHUU BXOJHOIO0 HANPSIKEHUS BBIXOAHOE HAIPSIKEHUE HOCTUTHET CBOETO
MaKCHUMaJIbHO BO3MOKHOTO ypoBHs (puc. 102).

Puc. 102. [lerexTop HyA:
a — cxema NpUHIUIIKAIbHAS;
0 — nepenaToyHasi XapaKTepUCTHKA;
B — BPEMEHHBIE IMarpaMMBbl

[Tycts OY o0namaer HECKOJBKO OTJIMYHBIM OT OECKOHEYHOCTH KO3(DPHUIMEHTOM
ycunenust Ky 1 Ha Bxoll ycunuTens nojgaeM nepementoe Hanpsbkenue Upx= Uy, sinwt,
npuueM ammiautyna U, Oojblle MakCHUMajdbHOTO 3HAUEHUs BXOJHOIO CHUTHAJA,
oOecnieunBaroIIero paboty 0e3 OrpaHMYEHHs BBIXOJHOrO HampsbkeHus. HerpynaHo
3aMETUTh, YTO 4eM OoJblle Mo abcoioTHOMY 3HaueHHto U,,, TeM MEHbBIIYI 4acThb
nepuosa OyJeT COXpaHITh MHPOMOPLUOHAIBHOCTh MEXIY BXOJHBIM U BBIXOJHBIM
HaNpsOKEHUSIMU M TE€M JIoJbllie BBIXOJHOE HampsbkeHne OY Oyner paBHO cBOeMy
MakcuMyMmy. Takoe BpeMs MmoTpeOyercs Ui WU3MEHEHUs BBIXOJHOTO HAIPSDKEHUS OT
Uspixmax 10 —Ugpixmax [2]-

ITopsnok BbINOJHEHUSI pa0OTHI

1. Cobparp cxemy, mpeacraBieHnyto Ha puc. 103. [MoaxmouuTh HW3MEpPUTEIHHBIC
npuOOpkl, GYHKIIMOHATBHBIN FeHEepaTOp U MOAYJIb MUTAHUS K MOJIYJIFO KOMIIapaTopa co
CXEMOM.

o o o
A i H Puc. 103. CtpykrypHas cxema
(U Gy, &V IPVI | KOMMAPATOP LV iPV2 UCCIIEN0BAHUS PEKUMOB pabOTHI
T H b Pa3IHYHBIX KOMIIAPATOPOB

o o 4

2. Hcnonb3ys pas3iIdyHble CXEMbl KOMIIApaTopoB ( CcM. puc. 98), yCTaHOBHTH
aAMIUIATYTy BBIXOAHOTO CHMHYCOHUJAIBHOTO CHTHaJIa (DYHKIIMOHAIBHOIO I€HEpaTopa Ha
ypoBHe 4 B ¢ vacroroii 50 I'u. 3apucoBaTh OCHWLIOIPAMMBI BXOJHOTO U BBIXOJIHOTO
curHasioB. 3. ComocTaBUTh  BpPEMEHHbIE  JAMarpaMMbl  C  [EpPeJaTOYHBIMHU
XapaKTEPUCTUKAMU COOTBETCTBYIOIIMX KOMITAPATOPOB.
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KoHTpoJsbHBIE BONIPOCHI

1. Kakue BBIXOJHBIE HANpSOHKEHUS MOTYT (OPMHUPOBATHCS HAa BBIXOJE CXEMBbI
cpaBHEHHUS?

2. TlocTpouTh BpEeMEHHYIO qUarpaMmy paOOThl TUCTEPE3UCHON CXEMBbI CPAaBHEHHS C
HeanaeitHeIM T1O0C.

3. IlocTpouth BpeMEHHYIO AHAarpaMMy paOOThI TUCTEPE3UCHON CXEMbI CPAaBHEHUS C
rmonoxkutenbHBIM [1OC.

4. TlocTpouTh BPEMEHHYIO JUarpaMMmy paOOThl THCTEPE3UCHOW CXEMbl CPABHEHUS C
orpunarensHeimM [1OC.
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