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B nmanHOIi T71aBe paccMaTpUBAIOTCS CIICIYIOIINE YJIEMEHTHI AICKTPOHHBIX CXEM, YKa3aHHBIC Ha
puc.l.1.

MHoro Mecta OTBEJCHO OINHMCAHHWIO YCTPOWCTBA M OCHOBHBIX (PU3UYECKUX IPOIIECCOB,
XapaKTepUCTUKAM W TapaMeTpaMm 3JeMeHTOB. [IpuBOASTCS WM MaTeMaTHYeCKHUE MOMAETH 3TUX
JJIEMEHTOB, JAeTCs aHallu3 CXEeM C pPacCMaTPUBAaEMBIMU JJIEMEHTAMH. YKa3bIBAIOTCS
0COOCHHOCTH MPAKTUYECKOTO IIPUMEHEHUST ITUX JIEMECHTOB.

ONEeMEHTHI ATEKTPOHHBIX CXEM
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1.1. ITOJIYITPOBOHMKOBBLIE JNO/bI

1.1.1. Kparkoe onucanue
MOJIyIPOBOJHUKOBBIX MaTE€pHUAIOB

[TonynpoBogHUKOBBIE  MaTepHaibl  (F€pMaHHi, KPEMHHM) TIO CBOEMY  YACITHLHOMY
OTMEKTPHIECKOMY CONPOTHBICHHIO P 3aHHMAIOT MECTO MEXK/Y MPOBOXHUKAMH M AMDNEKTPHKAMHU
(p = 10~"...10° Om ¢ cm). Pa3nas BenmnuyuHa MPOBOJMMOCTH y METAJUIOB, MOJYNPOBOJHUKOB U
JTUDIIEKTPUKOB 00YCJIOBIIEHA Pa3HOM BETMYMHON YHEPTHH, KOTOPYIO HAJ0 3aTPAaTUTh HA TO, YTOOBI
OCBOOOJUTh BAJICHTHBI DJIIEKTPOH OT CBS3ed C aTroOMaMH, pAaCIONOKEHHBIMH B  y3lax
KpHUCTAUINUECKOH pemeTku. [IpuyemM npoBoIMMOCTh MOJYIPOBOIHUKOB B 3HAYUTEIBHON CTENIEHU
3aBUCHUT OT HaJUYus MPUMECEH U TEMIIEpaTypHhI.

B nmonynpoBomHHMKaX ~TOPUCYTCTBYIOT TMOABUXKHBIE HOCUTENIM 3apsja JBYX THIIOB:
OTPHULIATENIbHBIE AJIEKTPOHBI U MOJOKUTEIbHbBIE JIBIPKH.

YucTeie (COOCTBEHHBIE) TTOYITPOBOHUKHU B TOJYIPOBOJHUKOBBIX MPUOOpaxX MPaKTHYECKH HE
MPUMEHSIOTCS, TaK KaK 00JIaaroT Majod MPOBOJUMOCTBIO M HE OOECIIEUMBAIOT OJTHOCTOPOHHEH
poBOoAUMOCTH. [10BMIKHBIE HOCUTENN 3apsiia B COOCTBEHHBIX MOJYIPOBOJHUKAX BO3HUKAIOT
OOBIYHO B pe3yjbTaTe TEPMOTCHEpAlHH. TeXHUYECKOe MPUMEHEHHE MOJYyYUIH TaK HA3bIBAEMBIC
MIPUMECHBIE TTOJTYIIPOBOJHUKH, B KOTOPHIX B 3aBUCHMOCTH OT POJia BBEJCHHOW MpPUMECH TIpe-
obmnamaet MO0 AIEKTPOHHAS, MO0 ABIPOYHAS TIPOBOJIUMOCTD.

Ecan B kpuUCTaNIMUECKYyI0 pEeHIeTKy 4-BaJ€HTHOrO KPEMHHS BBECTH NPUMECH 5-BAJIECHTHOTO
anemenTa (pochopa P, cyppmbl Sb, mbimibska AS), TO YeThIpe BaJCHTHBIX 3JICKTPOHA Ka)IOTO
MPUMECHOTO aTOMa MPUMYT ydacTHe B 00pa30BaHUU KOBAICHTHBIX CBSI3€H C YETHIPbMS COCETHUMHU



aTOMaMH KPEMHHSI, & TSATHIA BaJIGHTHBIA AJIEKTPOH OKaxkeTcs n30bITouHbM. OH cinabo cBsi3aH ¢
aTOMOM U JIETKO IMpeBpamiaercs B cBoOOaHbIA. [Ipu »TOM arom mnpumMecw mpeBpalaeTcs B
MOJIOKUTEIb-HBI  HEMOABIKHBIM HMOH. YBEIWYEHHE KOHIEHTpPAIMd CBOOOAHBIX AJIEKTPOHOB
YBEIIMYMBAET BEPOATHOCTh PEKOMOMHAIIMM, IOSTOMY KOHIIEHTpAUUsl AbIPOK yMmeHbluaetcs. [lpu
HOPMAJIbHOW TeMIiepaType IPaKTUYeCKH BCE AaTOMbl MPUMECH IPEBPAIIAIOTCA B IOJOKHUTEIBHBIC
HETIO/IBIKHBIE MOHBL, @ YMCIIO CBOOOIHBIX MIEKTPOHOB 3HAUMTEIBHO MPEBBIIIACT YUCIIO AbIPOK. OCHOBHBIMU
HOCUTEIISIMU 3apsiia B TaKUX IOJNYIPOBOAHUKAX SIBJISFOTCS SJIEKTPOHBI, MO3TOMY TAaKOW IOIYIIPOBOIHUK
Ha3bIBACTCS TIOMYIPOBOAHUKOM N-THIA (JIEKTPOHHOTO Trra). HEOCHOBHBIMU HOCHTEIISIMH 3apsiia B HEM
SIBISTIOTCS ABIPKH. [IpruMecH, aToMbI KOTOPBIX OTHAIOT 3JICKTPOHBI, HA3BIBAIOT JIOHOPAMHL.

[pu BBeneHnu nprMecy 3-BajIeHTHOTO AeMenTa (6opa B, unaus In, amomunus Al) Tpu BaJe€HTHBIX
AJIEKTPOHA KAXKJIOTO aToMa MPHMECH NMPUHUMAIOT YJacTHEe B OOPa30BAHHMM TOJIBKO TPEX KOBAICHTHBIX
CBSI3EH, a ISl YCTBEPTOU CBSI3M aTOM IPUMECH 3a0MPAET AIIEKTPOH U3 KaKOH-THOO0 APYTror CBSI3H MEXKITY
aroMaMd KpeMHHUs, 00pa3ys Mpu ITOM JBIPKY. ATOM TPUMECH MpPEBPAIIacTCs B OTPUIATEIBHBIN
HETOBMKHBIN HOH. Takum o0pa3oM, 3-BajieHTHAs MPUMECH YBEJIMUYMBAET KOHIIEHTPALUIO JBIPOK, YTO B
CBOIO OuYepe/lb YMEHBIIAeT KOHIIEHTPALMIO 3JIeKTPOHOB. OCHOBHBIMH HOCHUTEISIMHU 3apsa TaKuX
TMIOTYIIPOBOJTHUKOB SIBJISIIOTCS JIBIPKH, TTOITOMY MOYIPOBOIHUK HA3bIBAETCS MOIYIIPOBOJHUKOM /?-THIIa
(mp1pounoro Tumna). HeocCHOBHBIMU HOCHTENSIMH 3apsiia SIBISIOTCS ANEKTPOHBL. BelecTsa, otOuparoiye
ANIEKTPOHBI, HA3bIBAIOTCS aKIIEITOPAMH.

YtoObI MprMecHast 3JIeKTPOIPOBOHOCTh MpeolOranaia HaJ COOCTBEHHOHM, KOHIEHTpAlUs aTOMOB
npuMecd N J0DKHA TIPEBBINIATH KOHIIGHTPAIMIO JJICKTPOHOB M, W JBIPOK i B COOCTBEHHOM
MOJIyMpOBOIHUKE (7, =p). [IpakTudecku Bceraa N ropasmo Gombiie 1, u p,

KoHrieHTparyst HCOCHOBHBIX HOCHUTEIICH YMEHBIIIACTCS BO CTOJILKO Pa3, BO CKOJIBKO Pa3 YBEIMUNBACTCS
KOHIICHTPAIIHsI OCHOBHBIX HOCHTENIEH, ITO OOBSICHSETCS YBEJTMUCHHUEM BEPO-

ATHOCTU PEKOMOMHAIMH. [1J1s1 MPUMECHOTO MOTYIIPOBOTHUKA
CIPaBEIUIMBO PABEHCTBO

= 3 2 =
np =mp,=nt=p?,

TJ€ 1,p — KOHIIEHTPALIMS 3JIEKTPOHOB U IBIPOK B IPUMECHOM MOIYITPOBOAHUKE.

Yucno aTtoMoB NpUMECH MajO IO CPaBHEHHUIO C YHUCIOM aroMOB THOJYNpoBOjAHUKA. Ecmmu
ucnons3oBath (ochop P, aToMHBIM Bec KOTOpOro MPUMEPHO paBEH aTOMHOMY BECYy KpEeMHUS, U
n00aBuTh B 1 Kr pacruiaBa kpemMHHUs ToJIbKO 20 MKr ¢ocdopa, TO 31a 100aBKa YBEIMYHUT YHCIIO
CBOOOTHBIX AJIEKTPOHOB Ha 5 mopsnkoB. Ha cTONBbKO k€ MOPSAKOB YMEHBIIUTCS KOHIICHTPAIUS
HEOCHOBHBIX HOCUTEJIEH.

KonrieHTpatiysi OCHOBHBIX HOCHTENEH OIPEICISeTCS KOHIICHTpaIeld MPUMECH W TPAKTUYECKH He
3aBUCHUT OT TEMIIEPATyphl, TaK KaK YKe MPU KOMHATHOM TEMITEpaType BCE aTOMbl IIPUMECH MOHM3UPOBAHBI, a
YHCII0O OCHOBHBIX HOCHUTEJIEH, BOSHUKAIOIIUX 3a CYET T€HEepallMy Map AJIEKTPOH-IBIPKA, MTPEHEOPEKIMO
MaJIo TI0 CPaBHEHHUIO C OOIIMM YHCIIOM OCHOBHBIX HOCHTENEH. B TO jke Bpemsi KOHIIEHTpaIsi HEOCHOBHBIX
HOCHUTEIEH Majla U CWIBHO 3aBUCHUT OT TEMIIEpaTypbl, YBEMUMBAsICH B 2—3 pa3a MNpHU yBEIUYEHUU
Temreparypsl Ha kaxpie 10°C.

1.1.2. VYcTpoiicTBO 1 OCHOBHBIE (PM3UUYECKUE TTPOIECChI

[TomynpoBOAHUKOBEIM  TMOIOM  HA3bIBAETCS  JIEKTPONPEOOpa30BATENbHBINA  MOTYIPOBOIHHUKOBBIN
pruOOp ¢ OHUM BBITIPSIMITSIONIAM JJIEKTPUUIECKUM MEPEXO00M, UMEIOIIHIA 2 BBIBOJIA.

CTpyKTypa TOIYIPOBOAHUKOBOTO JIHOJA C OJJIEKTPOHHO-IBIPOYHBIM TIEPEXOIOM W €ro  yCIOBHOE
rpaduyeckoe 0003HaYeHUE TPUBEACHBI Ha pHC. 1.2, a, 0.

BykBamut p u n 0003Ha4YEHBI CJIOW TTOTYIPOBOAHKKA C TIPOBOANMOCTSMI COOTBETCTBEHHO P-THTA U N-
THIIA.



-n-Nepexona

n Karox (K) A_Bi__x

HeBunpamasiommue KOHTAKThI
METaLI-NOMYIPOBOIHUK 6)
(OMHUYECKHE KOHTAKTDI)

a)

Anon (A) 74

Puc. 1.2

OOBIYHO KOHIICHTPAIIMU OCHOBHBIX HOCHUTEJICH 3apsaa (AbIPOK B CIIOE p U JICKTPOHOB B CIIOC
n) cuiabHO pasznuyarotcs. CIIoi MoTypoOBOIHUKA, HMEIOIIHI OOJBIITYI0 KOHIIGHTPAIHMIO, HAa3bIBAIOT
AMHUTTEPOM, 2 UMCIOIIIUA MEHBIITYIO KOHIICH TPAINi0, — 0a30i.

Jlamee paccCMOTpHM OCHOBHBIE 3JIEMEHTHI JUOA (p-n-TIePeX0 U HEBBIIPAMIISIONIUNA KOHTAKT
METaJUI-TIOJIYIIPOBOIHUK), (DM3UUECKUE SABJICHHS, JIGKAIIKE B OCHOBE paOOTHI JAMOJa, a TaKXkKe
Ba)XHbIC TIOHSATHS, HCIHOJB3YIOIIUECS MJs omucaHus guoma. [nybokoe mOHWMaHUE
(bu3nYeCKUX SBJICHUN W BJaJIcHUE YKAa3aHHBIMHM MOHATHUSIMU HEOOXOJMMO HE TOJBKO JIJIS TOTO,
YTOOBI NPABUJIBLHO BBIOMPATh KOHKPETHBIC THIBI JAHOJOB H OIPEACIATh PEKHMBI PaOOThHI
COOTBETCTBYIOIIMX CXEM, BBINOJHSAA TPaJUIIMOHHBIC pacueThl MO TOW WM HUHOW MeToauke. B
CBSI3W C OBICTPBIM BHEJIPEHUEM B IMPAKTHKy HWHKXEHEPHOW pabOThl COBPEMEHHBIX CHCTEM
CXEMOTEXHUYECKOI'0 MOJICTMPOBAHUS ATH SIBJICHUSA W TOHSATUS MPUXOJIUTCS MOCTOSHHO MUMETh B
BUIY TIPHU BBINIOJHEHHUM MaTEMaTHYeCKOro MojenupoBaHus. CHCTEMbl MOACITUPOBAHHS OBICTPO
COBEPIIICHCTBYIOTCS, 1 MAaTEMaTHYECKHE MOJIEIIN 3JICMEHTOB AJIEKTPOHHBIX CXeM Bce 0oJiee OnepaTHBHO
YVUUTBIBAIOT CaMble «TOHKHE» (PU3NYECKHUE SBJICHUS. JTO JENaeT BEChMa JKeJIaTelIbHBIM IMMOCTOSHHOE
yrayOJIeHUE 3HAHUHA B OIMMChIBAEMON 00J1aCTH M HEOOXOIMMBIM TTOHUMaHUE OCHOBHBIX (DH3MYCCKUX
SIBJICHHWH, a TaK)KE MCITOJIb30BaHNE COOTBETCTBYIOIINX OCHOBHBIX ITOHATHH.

[IpuBeneHHOE HUXKE OIMMCAHWE OCHOBHBIX SBJICHUN W TOHSATHNA, KpOME IMPOYEro, JJOJKHO
MMOATOTOBHUTh YUTATENSI K CHCTEMAaTHUYECKOMY H3YYEHHIO BOIPOCOB MATEMATHYECKOTO MOJICITMPOBAHUS
AIIEKTPOHHBIX CXEM.

PaccmatpuBaembie HKE SIBIICHUSI U TIOHSTHST HEOOXOIMMO 3HATh MPU U3YUEHNH HE TOJBKO JAUO0JA, HO U
JPYTHX IIPHOOPOB.

Cmpyxkmypa p-n-nepexooa. BHadarie pacCMOTPUM M30JIMPOBAHHBIE IPYT OT JApyra CJIOu
noJaynpoBojHuKa (puc. 1.3).
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N300pa3um COOTBETCTBYIOIINE 30HHBIE TUarpaMMebl (puc. 1.4).



p

3ona 3oHa
NpOBOAMMOCTH INPOBOXKMOCTH
= -/  YpoBHH
JIOHOPOB
3anpetmentas Ypotaus
30Ha Depmst @y,
YposeHb
Depuu @y,
-
. &
YpoBHH
aKIIeNTOpOB \ BanenTtnas Banenrnas
30Ha 30Ha
Puc. 1.4
P B L
‘—

[ORCRClcXelCRCHONCHRC)
[SRCNcleXelCXClCHCONC)

p-n-Nepexon

Puc. 1.5

B oreuecTBeHHOM nuTEpaType MO IEKTPOHUKE YPOBHU 30HHBIX JUArpamMMm M pa3HOCTH ITHX
YPOBHEH 4YacTO XapaKTEepU3yIOT MOTEHIMAJaMH M Pa3HOCTSMM IOTEHIMAJIOB, U3Mepssi WX B
BOJIbTAX, HAI[PUMEP, YKA3bIBAIOT, YTO IIMPUHA 3aIllpEIIeHHON 30HbI (5 17151 KpeMHus paBHa 1,11 B.

B To xe Bpems 3apyOe)KHbIE CHUCTEMBbI CXEMOTEXHHUYECKOTO MOJEIUPOBAHUS PEATU3YIOT TOT
MOJIXO[I, YTO YKA3aHHBIE YPOBHU MU PA3HOCTH YPOBHEHN XapaKTEPU3YIOTCS TOW WIM UHOM dHEpPrueu u
U3MEPSIOTCS B AJIEKTPOHBONBTax (3B), Hampumep, B OTBET HA 3alIPOC TAKOW CHCTEMBI O IIUPUHE
3aMperieHHON 30HbI B Cllydae KPEMHHEBOT0 1M0/1a BBOAUTCS BennuuHa 1,11 3B.

B nanHo# paboTe uCcmonb3yeTcst MOAX0/, IPUHSATHIA B OTE€YECTBEHHOH JTUTEepaType.

Tenepb paccMOTPUM KOHTaKTHPYIOIIUE CIIOW TOTYIPOBOAHUKA (puc. 1.5).

B KOHTaKTHPYIOUINX CIOSIX MOJYIPOBOJHUKA UMEET MeCTO AU Py3ust ABIPOK U3 CIIOS p B CIOU
n, IPUIUHONW KOTOPOH SIBISIETCS TO, YTO MX KOHIIEHTPAIUs B CIIO€ p 3HAUUTEIBHO OOJIBIIE UX
KOHLIGHTPAIlUU B cJ0€ 7 (CYIIECTBYET rpaJiMeHT KOHUEHTPALUHU JIbIPOK). AHAJOTMYHAs MPUYMHA
obecrieunBaeT nudy3ur0 IEKTPOHOB U3 CJIOs 1 B cioit p. Auddy3us AbIpok U3 CI0s p B CIOH
n, BO-TIEPBBIX, YMEHBINIAET UX KOHIICHTPAIIUIO B MPUTPAHUYHOU OOJIACTHU CJIOSI p U, BO-BTOPBIX,
YMEHBIIAET KOHIIEHTPALMIO CBOOOJHBIX JJIEKTPOHOB B MPUTPAHUYHONW OOJACTH Clos 7
BcliesicTBUE pekoMOuHaiuu. [lomoOHbIe pe3ynbTatsl uMeeT U AuhPy3us 2JIEKTPOHOB U3 CIIOS 7 B
CJIOH p.

B utore B mpurpaHUYHBIX 00JACTSIX CIIOS p M CJIOS 71 BO3HUKAET TaK Ha3bIBAeMbIH 00€IHEHHBII
CJIOM, B KOTOPOM Majla KOHIIEHTpAIusl MOJABMKHBIX HOCUTENEH 3apsiga (3JIEKTPOHOB M JIBIPOK).
OOenHEeHHBIN CIOW MMeeT OOMBINOE yIenbHOEe compoTuBIeHUe. VoHBI mpuMeceid 00eTHEHHOTO
CIOS HE KOMIICHCHPOBAHBI JBIPKAMHU WJIM JJIEKTPOHAMH. B COBOKYHMHOCTH HOHBI 00pa3yrOT



HECKOMIICHCUPOBAHHBIE 00bEMHBIE 3aps/Ibl, CO3IAMIINE IIEKTPUIECKOE TIOJIE ¢ HAMPSIKEHHOCTHIO
E, ykazanHoii Ha puc. 1.5. DTo moje HpensTCTBYET IIepexoay ABIPOK M3 CJIOS p B CIOM n U
IepexoAy JACKTPOHOB M3 Cios n B ciod p. OHO co3JaeT TaKk Ha3bIBaeMbId APEH(OBBIN ITOTOK
MOJIBMDKHBIX HOCUTEJIEH 3apsiaa, IepeMenaronuid IbIPKH U3 CJIOS N B CIION p U 3JEKTPOHBI U3 CIIOS
p B cioil u. B ycraHoBuBIIEMCs pexume ApeidoBbiid TOTOK paBeH auddy3noHHOMY, 00YCIIOB-
JIGHHOMY T'paJUEeHTOM KOHIICHTpamuu. B HecHMMeTprUYHOM P-N-miepexoje Oojiee MpOTsHKEHHBIM
SIBJISICTCS 3apsJT B CJI0€ C MEHBIIICH KOHIICHTpaIlMeH MpuMecH, T. €. B 0ase.
N300pa3um 30HHYIO JUarpaMMy JUisi KOHTAKTUPYIOIIKX ci1oeB (puc. 1.6), yuuTbiBas, 4To ypOBEHb

depmu 1J1s1 HUX SIBIISIETCS €IMHBIM.
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Puc. 1.6

PaccMoTpenue CTpykTypel pP-N-Tiepexojia W H3ydyeHHWE 30HHOW guarpamMmbl (puc. 1.6)
MMOKa3bIBAIOT, YTO B 00JACTH Tepexoja BO3HUKAET MOTCHIHAIbHBIA Oapbep. s KpeMHUS
BBICOTa A MOTEHIIHMAIBHOTO Oaphepa mpuMepHo paBHa 0,75 B.

[Ipumem ycrioBHe, 4YTO MOTEHITHAT HEKOTOPOUW YAAJICHHOW OT Mepexo/ia TOUKH B CJIO€ p paBeH
Hymo. [loctpoum rpaduk 3aBUCMMOCTH MOTEHIHaNa ( OT KOOPAMHATHI X COOTBETCTBYIOIIEH
touku (puc. 1.7). Kak BumHO U3 pucyHka, 3Hau€HHE KOOpAUHATHI X = (0 COOTBETCTBYET I'PAHHIIE
CJIOEB MOJYMPOBOIHUKA.

BakHO OTMETHTB, 4YTO TPEICTABJICHHBIC BBIINIC 30HHBIC JWArpaMMbl W Tpaduk s
noteHnuana ¢ (puc. 1.7) CTporo COOTBETCTBYIOT IMOAXONAY, HCIOIB3YEMOMY B JIUTEpaType IO
¢busMKe MONTYMPOBOJHUKOB, COIJIACHO KOTOPOMY IOTEHIIMAN OMNpeNeNsieTcss AN SIEKTPOHa,
MMEIOIIIETO OTPUIIATETbHBIN 3aps.

B snexTpoTexHuKe U 3IEKTPOHHUKE TOTEHIIMAN OMPEACNSIOT Kak padoTy, COBEpIIIAeMYIO CHIIaMHU
TOJIS1 IO IEPEHOCY EIMHUYHOTO MOJIOKUTEIBHOTO 3apsi/ia.

[Toctpoum  rpaduk  3aBUCMMOCTH  TOTeHIMana ¢, ~ OMNPEAeNsieMOro Ha  OCHOBE
AIEKTPOTEXHUIECKOTO TTOX0/1a, OT KOOpAUHATHI X (puc. 1.8).

Hwxe nagexc «» B 0003HAUYCHUHM MOTEHIMANa OyJaeM OMyCcKaTh U MCIOJb30BaTh TOJIBKO
AJIEKTPOTEXHUUYECKHUH MOAX0/ (32 UCKITIOUCHHEM 30HHBIX THArpaMm).

IIpsivoe u obpammnoe sexnouenue p-n-nepexooa. MoeanuzuposanHoe mamemamuieckoe onucaHue
Xapakmepucmuku nepexood.
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[oaxmourM K P-N-Tiepexo1y BHEIIHUI HCTOUYHUK HAaPsLDKEHUs TaK, Kak 3TO MoKa3aHo Ha puc. 1.9.
DTO0 Tak Ha3bIBAEMOE MPSMOE BKIIFOUEHHE p-n-Tiepexofia. B pe3ysbTare NoTeHIMabHBIHI

__Ej_

T ¢
JI-‘X
U 0' .
Puc 1.9 ' ’ Puc 1.10

Oapbep YMEHBITUTCS Ha BeTUYUHY HarnpspkeHus u (puc. 1.10), apetidoBblii TOTOK YMEHBITUTCS,

p-N-miepexo]1 nepelIeT B HepaBHOBECHOE COCTOSIHUE, U Yepe3 HEro Oy/ieT NPOTeKaTh TaK Ha3bIBAEMBbIH
IIPSIMOY TOK.
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Puc 1. 11 Puc 1. 12

[Noaxsmournm K P-N-Tiepexoay KHCTOYHUK HAIPSHKEHUS TaK, KaK 3TO MOoKa3aHo Ha puc. 1.11. Oto
TaK Ha3bIBaeMOEe 00paTHOE BKIIFOUCHHE p-N-Tiepexoa. Terepb NoTeHIMaTbHbINA O0apbep YBETUYUTCS
Ha HanpspkeHue U (puc. 1.12). B paccmarpuBaeMoM citydae TOK yepe3 P-N-repexo] OyIeT OueHb
MaJ. TO TaK Ha3bIBaeMbIi 0OPATHBII TOK, KOTOPBI 00ECTIeYnBACTCS TEPMOTeHepaIei SJ1eKTPOHOB
U JIBIPOK B 00JIACTSIX, MPUJIETAIONIMX K 00JIacTH P-N-Tiepexoa.

O0603HauKM Yepe3 u HaNpsDKEHHE Ha P-N-Tiepexofie, a yepe3 | — Tok nepexoza (puc. 1.13). s
UICalTbHOTO P-N-TIepexo/ia UMEET MECTO CIIEAYIoMIasi 3aBUCMOCTD TOKA | OT HANPSDKESHUS 1.

Puc 1. 13

u

Lk
i=i; -(er —1), mpuuem ¢T=7,

rje Is -TOK HaChIIEHUs (TEII0BOM TOKS), MHJCKC S — OT aHIJIMicKoro saturation current, ozs
KPEMHHEBBIX JUOJIOB OOBIYHO i5:10-1 v 10-» A
K — TocTossHHasg bonpiiMmana, 1<=1,38-10~23 JIx/K = 8,62 ¢ 10-° sB/K;
T — alcomtoTHas Temneparypa, K;
0 — saemenTapHsIii 3apsz, q=,6-10~° Ku;

(O— TeMIIepaTyPHBIM MOoTeHIIUAI, TIpu TeMmneparype 20°C (3Ta TeMmeparypa Ha3bIBaeTCsI
KOMHATHOM B OT€4eCTBEeHHOM tuTepaTrype) .= 0,025 B, mpu remneparype 27°C (3Ta TeM-
Tieparypa Ha3bIBaeTCsl KOMHATHOM B 3apyOekHOM uTeparype) .= 0,026 B.

N300pa3um rpaduk 3aBUCHMOCTH TOKa | OT HANPSOIKCHHS U, KOTOPYIO HA3bIBAIOT BOJIBT-



aMIIepHOI XapaKTepUCTUKOM P-N-riepexosa (puc. 1.14).

[Tone3Ho OTMETHUTH, UTO, KaK CIEAYyeT U3 MPUBEICHHOIO BBIIIE BBIPAXKEHUS, YEM MEHBIIE TOK
Is, TeM OOJIbIIIC HATIPSHKEHUE U MPH 337aHHOM TTOJIOKUTEIBHOM (TIPSIMOM) TOKE. YUUTBIBAsI, YTO
TOK HACBINICHUS KpeMHHEBbIX (SI) mepexomoB OOBIYHO MEHBIIE TOKA HACHIIICHHS

repmanneBbix (Ge) mepexonoB, M300pa3uM COOTBETCTBYIOIIME BOJIBT-AMIIEPHBIC XapaKTEPUCTHKH
(puc. 1.15).

Si

LA Ge

is 0

—l

Puc 1. 14

Ilpo6ou p-n-nepexooa. IIpoboeM Ha3BIBAIOT PE3KOE U3MEHEHHE PeKHMMa pabOThI Mepexo/ia, HaXOISIIErocs
Mo OOpaTHBIM HaNpPSHKEHUEM. XapaKTEPHOH OCOOCHHOCTHIO JTOr0 HM3MEHEHUS SBISCTCS pPE3Koe
yMeHblIeHHe 1} depeHIanbHOro CONPOTUBICHHS NIEPEXOA 2yyg, KOTOPOE OIPEEIAETCS BHIPAKEHUEM

du
rdurj) = E

rae U — HampspKeHHE Ha IEpeXone;
i — 1ok mepexoza (cm. puc. 1.13).

[Tocne Hauana mpoOOs HE3HAYUTEIHLHOE YBEIHMUEHHE 00 PATHOTO HAIPSHKEHHSI COMTPOBOKIACTCSI
pE3KUM yBeNIHYeHHeM 00paTHOTro Toka. B mporiecce mpo6osi TOK MOKET YBETU-YUBATHCS TPU HEU3MEHHOM
U JlaKe YMEHbIaromemMcs (1Mo MOJYJ/Ii0) 00paTHOM HanpsKeHUHU (B MOCIICIHEM Cilydae Jud-
(depeHInanpHOoe CONPOTUBICHIE OKAa3bIBACTCS OTPHUIIATENbHBIM). F1300pa3uM COOTBETCTBYIOMINN YHaCTOK
BOJIBT-aMIIEPHOM XapaKTepUCTUKHU P-N-iepexosa (puc. 1.16).

B ocHoBe ipo6os p-n -niepexoaa nexar Tpu GU3NUECKUX SBICHUS:

. TYHHEIBLHOTO Mpo0os p-N-niepexona (3 dexr, siBieHne
3enepa);

* JIABUHHOTO TIPO0Os p-N-TIepexo/a;

* TEIUIOBOTO MPOOOs p-N-Tiepexoa.

4

| J -

>

I~ Havano npo6os (mddepeHumransHoe
CONPOTHBNEHHE [,,, = du/di pe3xo
YMEHBINAEeTCA)

[~ ToK yBEJIMYMBACTCS TIPH YMEHbIICHUH
(no moayio) Hanpsokenus (1, < 0)

Puc. 1.16

Tepmun «11po00ii» UCIIONIB3YeTCs IS OITMCAHUS BCEH COBOKYITHOCTH (PU3MYECKUX SBICHUH U KaXJ0TO
OTJEIBHOTO SIBICHUS.
W TyHHENBHBIN, ¥ TaBUHHBIA MPOOO0H MPUHATO HA3bIBATh JICKTPUICCKUM IIPOOOEM.



PaccmoTtpum Bce Tpu Brja mpo0os.

Tynnenvuoiii npoboti. ETo Ha3pIBalOT TaK)Ke 3€HEPOBCKMM IpoboeM 1o pamummu (Zener) yaeHoro,
BIIEPBbIC OMMCABIIETO COOTBETCTBYIOIIEE SIBIICHUE B OJTHOPOJHOM MaTepuaie. PaHee siBieHrneM 3eHepa
omuO0YHO OOBIICHSIIN U TE MPOIECcCh TIPU Mpoboe Mepexo/ia, B OCHOBE KOTOPBIX JICKAN JTaBUHHBIN
poOOi.

B nHOCTpaHHOM MHTEpaType 0 CHUX TOpP HA3BIBAIOT AUOAAMH 3€HEpa CTAaOMIUTPOHEI (JIHO/IEI,
paboTatroiue B pe:KuMe Mpodos) HE3aBUCUMO OT TOT'0, UCTIONB3YETCS TYHHEIBHBIN WU JJABUHHBIHN MPOOOH.
Hamnpsixenue, nmpu KOTOPOM HauWHACTCS POOOH, Ha3bIBAIOT HANpsDKeHUeM 3eHepa. s 0ObsIcHeHus
MEXaHHM3Ma TYHHEIBHOTO MPo00s CXeMaTHYeCKH U300pa3uM COOTBETCTBYIOIIYIO 30HHYIO JUarpaMmy p-
n-nepexona (puc. 1.17).

Eciu reoMeTprueckoe pacCTOSIHHE MEX/Ty BATCHTHOM 30HOH M 30HO# MPOBOAUMOCTH (IIMPHHA,
TOJNIIMHA Oapbepa)

30Ha NMPOBOAMMOCTH
P n

TysxenupoBanue

Banenrnast 30Ha

Puc. 1.17

JOCTaTOYHO MaJlo, TO BOBHUKAET TYHHEJIbHBIH 3 EeKT — sIBIICHNE TPOXO0KIACHUS 3JIEKTPOHOB CKBO3b
MOTEeHIUANBbHBIN Oapbep. TyHHENbHBIN P00l IMeeT MECTO B p-n -Tiepexojax ¢ 6a3oi, odagaromen
HU3KHM 3HaYEHHEM yIEIbHOIO CONTPOTUBIIEHUS.

Jlasunnvuii npo6oii. MexaHu3M JJaBUHHOTO IPO00st T0100CH MEXaHNU3MY YIAapHOI HOHM3aLUK B rasax,
CXEMaTHYHO SIBJICHUE JJABUHHOTO Npo0ost n300pa3um Ha puc. 1.18.

JlaBuHHBIN IPOOOY BOZHUKAET, €CJIU MPHU JABWKCHHUH JI0 0YSPEIHOTO COYIapCHHS C aTOMOM JbIpKa
(wiTu 71eKTPOH) IPHOOPETAET IHEPTHUIO, IOCTATOYHYIO JJISI MOHU3AIMU atroMa. PaccTosiHue,

P &Tﬂ% [A:’lp—@
i
ST

u<0 i<0 —_—
u

Puc. 1.18

KOTOpOE MPOXOIUT HOCUTEIb 3apsijia 10 COYAapeHHs, Ha3bIBAIOT JUIMHOW CBOOOIHOTO mpobera.
JlaBuHHBIN TIPO0OOIT UMEET MECTO B IMEPEX0/aX C BLICOKOOMHOM 0a30ii (MMeEIoIIel 00bIIoe yaenbHOe
COTIPOTHUBJIICHUE).

Tennosoti npodoii. Y BenmMueHNe ToKa MPH TEIIOBOM MPo00e 00BACHIETCS pa30rpeBOM



MOJTYTIPOBOIHUKA B 00JIACTH p-n-TIEPeX0/ia U COOTBETCTBYIOIINM YBEIIMYCHUEM YACTHHON MPOBO-
mumocTd. TeruoBoi mpoOoit XapakTeprusyeTcst OTpUlaTeIbHbIM TudGepeHInaIbHbIM
conpoTuBiieHneM. Eciu nmonynpoBogHUK — KPEMHHUIA, TO IPU YBEIHMUYEHUU OOPATHOTO
HaANPSDKEHUS TETUIOBOM MPo00i 0OBIYHO BO3HUKAET MOCHE SIEKTPUUECKOTO (BO BpeMst
3IEKTPUYECKOr0 Mpo0O0s MOITYIPOBOJIHUK PA30TrPEBAETCs, a 3aT€M HAaUMHAETCs TEIJIOBON MPOo0oii).
[Tocrne anexkTpudeckoro npodos P-N-nepexoi He U3MeHseT cBouX cBoicTB. [locne TeninoBoro
po0os, eIy MOJIYIPOBOIHUK YCIIEeNl HarpeThCsl I0CTATOUYHO CHIIBHO, CBOMCTBA Mepexo/a
HE0OpaTUMO U3MEHSIOTCS (COOTBETCTBYIOIINI MOIYIIPOBOJHUKOBBIM MPUOOP BBIXOIUT U3
CTpOS).

Aenenue uzmeHeHus HECKOMNEHCUPOBAHHBIX 0ObEMHBIX 3aps006 6 obracmu P-N-nepexooa.
bapvepnas emxocms. Kak yxe ormeuanocs, BcieacTBue TudQy3un 3JeKTPOHOB U IBIPOK Yepe3 p-N-
nepexo/1 B 001acTy NMepexo/1a BOZHUKAIOT HECKOMITEH-CUPOBaHHbIE 00BbEMHBIE (TPOCTPAHCTBEHHBIE)
3apsiIbl HOHU3UPOBAHHBIX ATOMOB IPUMECEH, KOTOPBIC 3aKPEIJICHBI B Y3/1aX KPUCTAIUTHYECKON
pEIIEeTKH MOIYITPOBOJHUKA U TO3TOMY HE YYaCTBYIOT B MPOIECCE MPOTEKAHUS SJIEKTPUUECKOTO
Toka. OTHaKO 0ObEMHBIE 3apsIbl CO3JAI0T SIEKTPUUECKOE MOJIe, KOTOPOE B CBOIO 0OYEePEIb
CaMbIM CYIIECTBEHHBIM 00pa30M BIIMSIET Ha JBUKEHHE CBOOOIHBIX HOCUTENEH JIEKTPUUYECTBA, T.
€. Ha Impoliecc MPOTEKaHMs TOKa.

[Tpu yBenuueHun 0OpaTHOTO HAMPSHKEHHS 00JaCTh IPOCTPAHCTBEHHBIX 3apsA0B (TJIaBHBIM
00pa3om 3a cyeT 6a3bl) U BEIUUMHA 3apsia B KAKJIOM CJI0€ (p U N) MOJTyIPOBOTHUKA
YBEJIIMYUBAIOTCSA. JTO YBEIMUCHUE TIPOUCXOIUT HEMPOIOPIIMOHAIBLHO: TIPHA OOJBIIIOM 1O MOJTYITIO
00paTHOM HANPSHKCHHUH 3apsil YBEIIMUIUBACTCS P YBEIIMUCHUN MOJTYIISI HATIPSDKCHUS MEIJICHHEE, YeM ITPU
MaJIOM T10 MOJTYITIO OOPaTHOM HAIPSDKCHHH.

Haaum nosicHstto1yro wutroctpanuio (puc. 1.19), rae ucnonszyem 0003HAUSHHS:

Q — mpocCTpaHCTBEHHBIN 3apsi/ B CIIOE JI TOJIYIIPOBOIHUKA,;
4 — BHEIITHEE HAINPSHKCHHE, TPHIIOKEHHOE K P-N-TIEPEX0y.

2
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e | 4
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O003HaunM depe3 f PyHKIHIO, ONMUCHIBAIOITYIO 3aBUCUMOCTh Q OT u. B cooTBeTCTBHM C
uznoxeHabM Q =f(u).

B mpakTrke MareMaTiaecKkoro MoJIeMpoBaHus (M IPH PYYIHBIX pacdeTax) yI00OHO U IIOITOMY IPHHSTO
TOJIL30BATHECS HE 3THM BBIPAKEHHEM, a JIPYTHM, ITOTy4acMbIM M3 3TOr0 B pe3yibTare TuddepeHIupoBaHusl.
Ha npakTrke mMpoKo HCHONB3YIOT TaK Ha3bIBAEMYIO OaphepHYI0 eMKOCTh Ce,, p-11 -TIEPEXO0Ia, IPHUEM I10
ompenenenuto Cg,, = |dQ/du|. U306pazum rpaduku wis Q (puc. 1.20) u Cy,p, (puc. 1.21).

AHenenue 603HUKHOBEHUS U UBMEHEHUS O6’b€MH020 3ap;10a HEPABHOBECHbLLX Hocumeﬂeﬁ ajleKnpudecmed.
Hughgysuonnas emxocms. Ecim HanpsbKEHUE BHEITHETO HCTOYHHUKA HAITPSHKEHUS CMENIAeT P-N-Tepexo B
IPSIMOM HamnpaBiIeHUH (u > (), TO HAUMHACTCS MHKEKIHS (SMHUCCHSI) — MOCTYIUICHHE HEOCHOBHBIX
HOCHUTEJICH 3JICKTPUIECTBA B pacCCMaTPHUBAaEMBbIH CIIOH MOTYIPOBOIHUKA. B cilydae HECHMMETPHYHOTO p-

n-riepexofia (4To 0OBIYHO OBIBACT HA MPAKTUKE) OCHOBHYIO POJIb UTPAET MHXKEKIIUS U3 IMUTTEpa B 6azy.

Jlanee npenamosaraeM, 4to
Mepexo,1 HECUMMETPUYHBIA U YTO
SMHUTTEPOM SIBJISETCS CJIOH p, a
0a30it — cioit n. Torma uH-
JKEKIIUST — 3TO MOCTYILICHHE
JBIPOK B cjioi 7. CaeacTBUEM
HMHKEKIINHN SIBISIETCS

dQ

Q C6ap du

v

) [0
Puc 1.20

v

[0
Puc 1.21



BO3HUKHOBEHHE B 0a3e 00EMHOT0 3apsizia ABIPOK.

HM3BecTHO, 4TO B OIYIIPOBOHUKAX UMEET MECTO SIBIICHHE AUAICKTPUUECKON peslaKkcaluu
(penaxcaun MakcBesuia), KOTOPO€ COCTOMT B TOM, YTO BO3HUKIINI 00BEMHBIH 3apsi/i MPAKTUUECKU
MTHOBEHHO KOMIEHCUPYETCS 3aps10M MOIOLIEIINX CBOOOIHBIX HOCUTENEH APYroro 3Haka. 1o
MIPOMCXOINT 3a BpeMs nopsaaka 107 ¢ unu 10" ¢.

B cooTBeTCTBIM € 3TUM NOCTYNHUBIIMIA B 623y 3apsij1 IbIPOK Oy/IET MPAKTHYECKH MTHOBEHHO
HENTpaTM30BaH TAKUM e [0 MOJLYITIO 3aPsIIOM AJIEKTPOHOB.

Hcnonp3yem 0603HaueHUS:

Q — oOBeMHBII 3apsiT HEPABHOBECHBIX HOCHUTENCH B 0a3e;
1 — BHEIITHEE HAIPSHKCHHE, TPUIIOKEHHOE K P-N-TIEpPEeXo1y;
f— ¢yHKIMs, onUChIBaIOIIas 3aBUCUMOCTE Q OT u.

Jaaum nosicHso1YI0 WutrocTparuio (puc. 1.22).

Q (3apan muipox)

\ —9 (32psiI DACKTPOHOB)

—‘{p Jin )_l Ql Coup
@ 0

Puc. 1.22 Puc. 1.23

B cootBercTBun ¢ m3noxeHHsM Q = f(u). Ha nmpakTuke yao0HO ¥ IPHHSTO ITOJIB30BATLCS HE
STHM BBIpQKCHUEM, a IPYTUM, TIOJTy94aeMbIM M3 3TOT0 B pe3ynbTare auddepenmupoBanus. [Ipu atom
HCIIONB3YIOT OHATHE AU Y3UOHHON eMKOCTH Cy,gp P-N-TIEpEX0/1a, IPUIEM 110 OIIPEICICHUIO
Coup = = dQ/du. EMKOCTH Ha3bIBaIOT

b y3nOHHOM, TaK Kak paccMaTpuBaeMblid 3apsa Q nexxut B ocHOBe AU(GY3UN HOCUTEINEH B
6aze. Cy,¢ YIOOHO M MPUHATO ONMMCHIBATH HE Kak (DYHKIINIO HAMPSOKSHUS |, a Kak QYHKIHIO TOKa | p-
N-riepexoa.

Cam 3apsg Q mpsimo mpomopuroHaneH Toky i (puc. 1.23, a). B cBoro ouepens TOK |
9KCITOHECHIIMATBLHO 3aBUCHT OT HAIPSKEHUS U (COOTBETCTBYIOIIEE BEIPAKEHHUE IPUBEICHO BHIIIIE),
modtomy npousBoaHas di/du Takske IpsIMO IPOIOPIMOHAIBHA TOKY (/IS 3KCIIOHEHITHATLHOM
(hYHKIIMH ee TTPOM3BOTHAS TeM OoJIbITie, YeM OoJbIle 3HaueHne (pyHKImm). OTCro1a ClieayeT, 4To
eMKOCTb Cy,p MIPSIMO TPOITOPIIHOHATBHA TOKY | (puc.1.23,6):

-7 .
CoudJ = ¢)_ CM = .!'_'C
! or’

TJIe ¢, — TeMIIepaTypPHbIA MMOTEHIUAN (OTIPEIETICH BHIIIIE);
T — cpemHee BpeMs mpoieTa (JUIsl TOHKOHM 6a3bl), WU BpeMs KH3HU (JI71sI TOJICTOM 0asbl).

Cpenree BpeMs poJieTa — 3TO BPEeMsl, 332 KOTOPOE HHIKEKTHPYEMbIC HOCHTEITH JIeKTPUIECTBA
TIPOXOIAT 0azy, a. BpeMsl )KH3HH — BPEMS OT WHKCKITUU HOCUTEIIS JICKTpUIeCcTBa B 0a3y 70
PEKOMOHMHAITHH.

Ob6wasn emxocms p-n-nepexood. I1a eMKocTh C,, paBHa CYMME PACCMOTPEHHBIX €MKOCTEH, T. €.
Cnep = C6ap\ + C):md)-

[Tpu o6paTHOM cMmemennn nepexonaa (U < 0) auddy3noHHast EMKOCTh MPAKTHYECKH PaBHA HYITIO 1
MIO3TOMY YUHUTBIBAIOT OapbEePHYI0 eMKOCTh. [Ipu MpsiMoM cMeIieHnH 0OBIYHO
C6ap<c»md)
Hesvinpsnsrowuii konmaxkm memani-nonynposooHux. J1ist IOMKITFOYEeHNsT BHEIITHUX BBIBOJIOB B JIMOJIAX
HCTIOJNTB3YIOT TaK Ha3bIBAGMBIC HEBBITPSMIISIOIINE (OMIYECKHE) KOHTAKTHI METAILT-TIOTYIIPOBOIHHK. ITO
TaKKe KOHTAKThI, COMPOTHUBIICHUE KOTOPBIX MPAKTUYECKU HE 3aBUCHUT HU OT TTOJISIPHOCTH, HU OT BEJIMUMHBI
BHEIITHETO HAITPSHKEHMSI.

[TomydyeHue HEBBIMPSIMIISIIONTUX KOHTAKTOB — HE MEHEE BaKHAS 3aj1a4a, YeM ToTydeHue P-N-



nepexo10B. JI1si KpeMHHUEBBIX ITPHOOPOB B KAYECTBE METaJlJIa KOHTAKTOB YaCTO UCIOJIB3YIOT aTFOMUHHIA.
CBoliCTBa KOHTAKTa METALI-IIOTYIIPOBOIHUK OIPEICIISIOTCS Pa3HOCTBIO PadOT BBIXO/A AJ1eKTpoHa. PaboTa
BBIX0/Ia DJIEKTPOHA U3 TBEPOI0 TEJIa — 3TO IPHUPALIECHHE SHEPTUH, KOTOPOE JOJDKEH MOIYIHTh
9JIEKTPOH, HAXOIAIIMICS Ha ypoBHE DepMHu, 1711 BEIXOJA U3 STOr'0 TEla.

0O0603HauMM paboTy BRIXOAA U MeTallia yepe3 A, a [uIs MoJynpoBogHuKa — 4yepe3 A, Pazmenus
paboTHI BBIXOa Ha 3apsij dJEKTPOHA (, TOJIYYMM COOTBETCTBYIOIIME MOTCHIINA-
ek ©,=A, /6, ¢,7A,/Q.

BBenem B pacCMOTPEHHUE TaK HAa3bIBAEMYIO KOHTAKTHYIO Pa3HOCTD IOTCHIIUATIOB Pt P = Pp— 9, 1151
OIIPEICIICHHO-

CTH 00paTHMCS K KOHTAKTY METaJLI-TIOTYIIPOBOAHUK N-THIIA. J{JIs ITOTyJYeH s HeBBITPSMIISIOIICTO
KOHTaKTa HEOOXOIMMO BBIIIOJIHEHUE YCII0BUS @,,<0.

N300pa3uM COOTBETCTBYIOIIHE 30HHBIC THArPAMMBI JIII HEKOHTAKTUPYIOLMIUX METalljla U
MOJIynpoBoIHUKA (puc. 1.24).

Kak crnenyer u3 aparpamMMebl, SHEPIETHUCCKHE YPOBHU B MOIYIIPOBOIHUKE, COOTBETCTBYIOIIME 30HE
IIPOBOAMMOCTH, 3aIl0JIHEHBI MEHBIIIE, YeM B MeTaiuie. [109ToMy 1ociie CoequHEHHs METAIA U
TIOJTYIIPOBOIHHUKA YaCTh 3JIEKTPOHOB IEPEHICT U3 METAIlIa B TIOIYIPOBOIHUK. ITO IIPUBEACT K YBSIIMUCHHUIO
KOHILICHTPALMH SJICKTPOHOB B IOJIYIIPOBOIHUKE THIIA /1.

Takum 00pa3oM, IPOBOIUMOCTb ITOIYIIPOBOIHKMKA B 00JIACTH KOHTAKTA OKAYKETCS TIOBBIIIEHHOM U CIIOH,
00€/THEHHBIIT CBOOOHBIMI HOCUTEIISIMH, OY/IET OTCYTCTBOBATh. YKa3aHHOE

VYposeHpb Bakyyma
Merann / Monynposoanuk n- vMma
('™ n 30Ha NPOBOAUMOCTH
Prm R YpoBun fosopos
VYposens Oepmu Prn — yposens Oepmu
MeTanna @5 NONYNPOBOAHHKA
BanenTHas 30Ha

Puc. 1.24

SIBJICHHE OKA3bIBACTCS IPHUUHOM TOTO, YTO KOHTAKT Oy/IeT HEBBIIPSMIISIONINM. J{11s1 momydeH st
HEBBIPSMIIIOLIET0 KOHTAKTa METAUT-MIOIYIPOBOAHHK P-THIA HEOOXOIMMO BBITIOJIHEHUE YCIOBUS (0, >

0.



1.1.3. XapaxTepucTUKu 1 napaMeTpbl NOJYIIPOBOJHUKOBOTO A101a

Bonvm-amnepnan xapakmepucmuxa (BAX) nonynpoeoonuxoeozo ouooa na ROCHosaHHOM MoKe (Cmamuyeckan
Xxapaxkmepucmuka). BonbT-aMIiepHasi XapaKTepUCTHKA — 3TO 3aBUCHMOCTH TOKa I, TPOTEKAIOIIET0
yepes IHOJI, OT HAIIPSDKEHMS U, IPUJI0KEHHOTO K auonay (puc. 1.25). BonsT-aMepHoii Xxapakre-
PHCTHKON HA3bIBAIOT M TPa(yK ATON 3aBUCHMOCTH.

Bnavane 0ynem monarath (cM. puc. 1.25), uyto o6patHoe HanpspkeHue (¢ < 0) mo Moyt
MEHBIIIE HAIPsKEHUs Tpo0os P-N-iepexoa. Torma B mepBoM NpUOIMKEHHHA MOYKHO CUHATATh, YTO
BOJIbT-AMIIEPHAs XapaKTEPUCTHUKA TMO/IA OMPEIEIISIETCS YKE PACCMOTPEHHBIM UACATM3MPOBAHHBIM
OIMCAHUEM XapaKTEPUCTUKHU P-N-Tiepexoa:

M
u i=i (e¥r =1).
—
N
LT

i
>

N
O,
Puc. 1.25

TemnoBoii TOK Is 00yCIOBIICH FeHepanreil HEOCHOBHBIX HOCUTENEH B 00JaCTAX, MPUJIETAlONIUX
K ob0nactu p-n-nepexoaa. OHAKO YacTO 3TO HACATH3UPOBAHHOE ONMKMCAHUE JAET HEIPUEMIIEMYIO
norpenrtHocTb. OcoOeHHO.00IbIIIas MOTPEITHOCTh BO3HUKACT MPU BBIYMCIICHHH TOKA THO/A,
BKJITOUeHHOro B 00paTtHoM Hampasiienuu (U < 0, i < 0). BeluuciieHHBIH 110 paccMaTpUBaeMOMY
BBIPXKEHUIO TOK (i=-1s ipu \u\>> (;) 11 KPEMHHUEBBIX JUOI0B OKA3bIBACTCS HA HECKOJIBKO
MOPSIKOB MEHBIIIE peajabHOro. B TO ke BpeMs CTOUT OTMETUTh, UTO B HEKOTOPBIX pacueTax
00paTHBIM TOKOM BOOOIIE MOXKHO TTPEHEOpEUb.

YkakeM MPUIHHBI OTIINIHSI XapaKTePUCTHUK PEATbHBIX JIHOJ0B OT HUJICATH3HPOBAHHBIX.
OOpaTuMcs K IPSIMOI BETBH BOJIBT-aMIIEpHOM Xapaktepuctuku auona (u > 0, 1> 0). Ona
OTJIMYAETCS OT MJICATTU3UPOBAHHON M3-3a TOTO, YTO B pEaJILHOM ClTydae Ha Hee BIIHSIOT :

* CONPOTHUBJICHUS CJIOEB MOJYIPOBOAHUKA (0COOCHHO 0a3bl);
* CONPOTUBIICHUS KOHTAKTOB METAJII-TIOJIYITPOBOTHHK.

BaxHO OTMETUTB, YTO COMTPOTUBIIEHHE 0a3bl MOXKET CYIIECTBEHHO 3aBUCETh OT YPOBHS
WHXEKIUH (YPOBEHb MHKEKIIMH IMOKA3bIBAET, KAK COOTHOCUTCS KOHIIEHTPAIUS HHKEKTHPO-
BaHHBIX HEOCHOBHBIX HOCUTENEH B 0a3e Ha TpaHuIle Mepexo/ia C KOHIIEHTPAIel OCHOBHBIX
HocuTesel B 0ase). BiusHue ykazaHHBIX COMPOTUBRICHHH MPUBOIUT K TOMY, UTO HAMPSHKEHHE HA PETbHOM
JIMOIE TIPH 33]JTAHHOM TOKE HECKOJIBKO OOJTbIIIe (0OBIMHO Ha JIONH BOJIBTA), YeM ITO CIeAyeT U3 (hOpMYJIbL.

O6patumcs k ooparnoii BeTBH (1 < 0, | < 0). OCHOBHBIE IPUYHHEI TOTO, YTO PEATLHO 00PATHBIHI
TOK OOBIYHO Ha HECKOJIBKO TOPSIIKOB OOJIBIIE TOKA |5, CICTYIOIIHNE:

* TepMOTeHEpaIWs HOCUTEIICH HEITOCPEICTBEHHO B 00712
CTH pP-N-TIepexo/Ia;
* TIOBEPXHOCTHBIC YTCUKH.

TepmoreHeparwsi B 001acTH P-N-Tiepexoj1a OKa3hIBACT CYIICCTBEHHOE BIMSHUE HA TOK TTOTOMY, YTO
00macTh iepexoza 00eIHeHa MOABMKHBIMUA HOCHTEIISIMU 3apsiia, ¥ TIPOIIeCC peKOMOHHAIINY (00paTHBII
MPOLIECCY TEHEPAIMH U B OTIPE/IEICHHOM CMBICIIE YPaBHOBEIIMBAIOIIHI €T0) 3/1eCh 3aMEIJICH.

[Tpu KOMHATHOI TEMITEpaType sl KPEMHUEBBIX IPHUOOPOB TOK TEPMOT€HEpaIi OOBIYHO CYIIIECTBEHHO
TPEBBIIIACT TEIIOBOH TOK ls.

J171s1 OpMEHTUPOBOYHBIX PACUYETOB MOYKHO CUUTATh, UTO C TIOBBINICHHEM TEMITEPATYPhI TOK s
yIBauBaeTcs MpUMEpPHO Ha Kaxabie 5°C, a TOK TepMOTeHepaIiy yABaBACTCS IPHIMEPHO HA KaXKIIbIe
10°C. IIpu Temneparype 0k0510 100°C TOK Is CpaBHUBAETCS ¢ TOKOM TEPMOTCHEPALIHH.

[ToBepXHOCTHBIE YTEUKH YaCTO COCTABILSIIOT IMOARJISTIOIIYFO JOJTF0 00paTHOro Toka. VX mpuanHaMu
SIBJISTFOTCSI:

* [MOBEPXHOCTHBIC SHEPIETHUCCKHUE YPOBHH, 0OCCIICUHBAIOIIIE AKTUBHBIC MPOIIECCHI TEHEPAITUH 1



PEKOMONHAITHH;
* MOJIEKYJIIpHbIE U HIOHHBIE TUIEHKH, IIIYHTUPYIOLIUE P-N-TIEPEXOI.

[Tpu yBenmueHnu MOyt OOpaTHOTO HANPSHKEHHSI TOK YTEUKU BHAYAJIC M3MEHSACTCS JIMHEHHO, a 3aTeM
6onee 6bIcTpo. TOK yTeUKH XapakTepu3yeTcsl TaK Ha3bIBAEMOM «TI0I3Y4ECThI0» — U3MEHEHHEM B
TE€YEHHE BPEMEHH OT HECKOJBKHUX CEKYH]I IO HECKOJIbKUX YacOB.

[Tpu npakTUYECKUX OPUEHTUPOBOUHBIX pacueTax MHOI/a IPUHUMAIOT, YTO OO 0OpaTHBIM
TOK KPEMHHUEBOI'0 JMOJa YBEJIMUUBAETCA B 2 pa3a wiu B 2,5 paza Ha kaxasie 10°C.

Jlist mpumepa n300pa3uM XapaKTepUCTUKU BEIIPSIMUTEILHOTO KpeMHHEBOTO Anoaa J[229A
MIPU pa3JIMYHBIX TEMIlepaTypax (MaKCUMaJIbHBIN cpenHuil mpsamon Tok — 400 MA, Mak-
CUMaJbHOE UMIyJIbcHOE 0OpaTHoe Hanpspkenne — 200 B). Ilpsmblie BETBU XapaKTepUCTUK
npecTaBiIeHbl Ha puc. 1.26, a oOpatHble (10 pekuma mpodosi) — Ha puc. 1.27.
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OO6paTtuMcs K peKUMy ITpoO0s MOTYIPOBOJHUKOBOTO JU0/Ia U COOTBETCTBYIOIIEMY YYaCTKY
o0paTHOM BETBH BOJIbT-aMIEPHOI XapaKTepUCTUKHU (Ha puC. 1.27 3TOT y4acTOK HEe TOKa3aH).

Jno 11 MHOTUX KOHKPETHBIX TUIIOHOMHUHAJIOB HE MPEeAHa3HAuYeHbI AJIs pa0OThl B PEKUME
po6os. [ HUX 3TOT peskuM paboThl — aBapuiiHblid. Ecniu mpu mpo6oe TOK B IenH He Or-
paHu4KMBaeTCs (HampuMmep, BHEIIHUM COIPOTUBIEHUEM), TO JUOJ BBIXOAUT U3 CTPosi. B Takux
npudopax MpH Ype3MEepPHOM YBEITMUEHUU 0OPATHOTO HAMPSDKEHUS (TI0 MOJIYJIIO) TIPAKTHYECKH
cpa3sy e HauMHaeTCs TeIUIOBOM MPo0OoH (YJ4acTOK JIEKTPUUECKOTO TTPOOO0S MPAKTHIECKH
OTCYTCTBYET).

Hampspkenne Havamna mpo0ost i pacCMaTPUBACMBIX JTINO/I0B — BEIIMUWHA HECTAOWITbHAS
(mpo6oit Haunnaercs pu U = -Unpo0. e Unpob — Tak HazbIBaeMOe HANPsHKEHHUE MPo0ost —
MOJIOKUTETbHAS BETMIHHA). F300pa3uM COOTBETCTBYIONIYIO BOJIET-aMIICPHYIO XapaKTEPUCTUKY
(puc. 1.28)./Iuo/16I HEKOTOPHIX KOHKPETHBIX THUIIOB CIIPOCKTHUPOBAHBI C PACUETOM Ha paboTy B
pexuMe TaBUHHOTO MPO00s B TEUEHHE HEKOTOPOTO KOPOTKOTO BpeMeHH. Takue 1o bl Ha3bIBAIOT
JaBUHHBIMU. Ecimi oTpe30k BpeMeHH, B TeYeHHE KOTOPOTO IO/ HAXOUTCS B pEKUME JJABUHHOTO
npo0osi, HEBENHK, TO €ro p-N-TePeXo/1 He yCIeBaeT MePerpeThes U IO/ He BHIXOAUT U3 cTpos. MHaue
JIABUHHBIN TIPOOOH MepeiieT B TEIIOBOM U IO BBIMIET M3 CTpos. 300pa3uM BOJIBT-aMITEpHYIO
XapaKTePUCTHUKY JAJIs TaBUHHOTO aAnona (puc. 1.29).

JlaBuHHBIE TMO/IBI, KaK TIPABUIIO, O0JIee HAJIEKHBI B CPABHEHNUH C OOBIYHBIMHI KPaTKOBPEMEHHBIE
THIepeHaIpsHKEHMsI HE BHIBOST JIABUHHBINA THOA U3 CTPOST).
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| Pexxum tennosoro npobos

Puc. 1.28 Puc. 1.29

JI71s1 HEKOTOPBIX KOHKPETHBIX THITOB JTMOIOB PEXKHM ITPOOOS SIBIISIETCS] OCHOBHBIM pa00vHM PEKHUMOM.
TO TaK Ha3bIBa€MbIE CTAOMIMTPOHBI, pACCMaTPUBAEMBIC HIDKE.



3asucumocmov bapvepHotl emxocmu 0uoda om nanpsidicerus. IlpuBenem rpaduk 3aBUCUMOCTH
o0mmeit emxocTr Co KpeMHreBoro auoaa 2J1212A ot o0paTHOro HanpsbkeHUs (OCHOBHOM BKJIA B
00IIyI0 €eMKOCTh BHOCHUT OapbepHast eMKocTh) (puc. 1.30). st 3Toro auoaa MakCMMaaIbHBINA
ITOCTOSIHHBINA (CpeIHUM ) MPIMOM TOK — 1 A, MaKCHMaIbHOE ITOCTOSIHHOE (MMITYJIBCHOE)
obOparHoe Hanpsbkenne — 200 B.

Bpemennvie ouacpammol moxa u nanpsidicenust ouooa npu e2o nepexuoyeruy. OdpaTuMcs K
cxeMme Ha puc. 1.31. I[Ipeanonaraercs, yrto BHayasie K04 K moakimroyaeT MCTOUHUK Hanpsi-
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wenns UL, a 3arem, B MoMeHT BpemenH t = 0, ucrounuk Hanpspkenus U2..
Ipemnonaraercs Takoke, uro Hampsbrkerns UL n U2 3Hauntess Ho O0JIbIIe TIPSMOTO TTaICHHST HAIPSDKEHHST
Ha auorie. M300pa3uM cOOTBETCTBYIOIIME BpEMEHHBIE quarpammsl (puc. 1.32).
Jlo momenTa Bpemenu t = 0 mporekaeT TOK i1, KOTOpBIii ¢ yaeTom npuHsToro yciaosus U1>> U
OTIPEIETISIETCS BBIPAKEHUEM
Y
1
R
Cpazy nocrne nepekioueHus kiroda K v B TedyeHne Tak Ha3bIBaeMOT0 BPEMEHU paccachlBaHUS {pac
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KOTOPBII OrpaHIYUBAETCsI TPAKTUYECKU TOJILKO COMPOTHBIIEHHEM R, T. €.

B a10T 0Tpe3ok BpemeHu B 6aze auoia yMEHbIIIaeTcs (paccachlBaeTCsl) 3apsii HAKOTUICHHBIX TTPH
MPOTEKAHWU TOKA |, HEPABHOBECHBIX HOCUTEJICH. 3apsiy] YMEHBIIIACTCS B PE3yJIbTaTe PEKOMOUHAIINH U
riepexojia HEOCHOBHBIX HOCHTENEH B OMHUTTEP.

[To ucredeHnn BpeMeHH lpsc KOHIIEHTpAIMsI HEOCHOBHBIX HOCUTEIEH B Oa3e Ha rpaHuiie P-N-
TIepexo/1a CTAHOBHUTCS PAaBHOM paBHOBeCHOM. B riryOnHe ke 0a3b1 HepaBHOBECHBIM 3apsij] CIIIE CYIIECTBYET.
JTITENBHOCTS BPEMEHH paccachbIBaHMs ITPSIMO TTPOIIOPITMOHATIBPHA CPETHEMY BPEMEHH KU3HU HE-
OCHOBHBIX HOCUTEJIEH B 0a3€ U 3aBUCUT OT COOTHOIIICHHSI TOKOB i1, ¥ 12 (4eM OO0JIbIIIe M0 MOIYITIO TOK



I, TeM MEHbIIIE, IPU 33J]aHHOM TOKe 11, BpeMsl paccachIBaHus).

B MomeHT Bpemenu t1 HanpspkeHHe Ha MOjIe HAYMHAET ObICTPO BO3PACTATh [0 MOJYIIIO, & TOK |
YMEHbIIATHCS IO MOAYIIO (cragaTh). COOTBETCTBYIOUINI OTPE30K BpeMEHU e, HA3bIBAIOT BPEMEHEM
crnaja. Bpems cnazia OTCUMTHIBAIOT 10 TOTO MOMEHTa {2 KOTOPOMY COOTBETCTBYET JIOCTATOYHO
Majioe (110 MOAYJII0) 3HaYeHUE ToKa I3. BpeMs criajia 3aBUCUT OT BPEMEHH JKM3HH HOCUTEIICH, a TAKKe
OT 6apbepHO EMKOCTHU AMOJa U OT CONPOTHUBICHUS R cxeMbl. UeM 00JIbllle yKa3aHHbIE €eMKOCTh U
conpotusiieHue R, TeM MeieHHee criaaeT TOK.

OTtpe3ok BpeMeHH teoc = tpac + ey HA3pIBaE€TCS BpEMEHEM BOCCTAHOBJICHHMS (BpeMEHEM 00paTHOro
BOCCTAHOBJICHUS).

ITocJ1e 3aBepIteHIs IEPEXOAHOr0 mporecca (MOMEHT BpeMeHH t3) uepes3 AMo TeUYET TOK loefyom —
00paTHBIN TOK B YCTAaHOBUBILIEMCS p&KUME (OMpeAesieMbIi 0 CTATUUYECKOM BOJIbT-aMIIEPHON
XapaKTEePUCTUKE TUOAA).

Jlst yriomsteyToro Bbime auona 2J1212A tumosoe Bpemst Bocctanosierns — 150 e (150 « 10~°c)
pu i1, =2 A (uMIyIbCHBIN TOK) U i, = 0,2 A.

Tapamempol 0uodos. J1iist TOro, 4r00bI KOIMMYECTBEHHO 0Xa-PAKTEPU30BATh AUOIbL, UCTIOIB3YIOT
0O0JIBIIIOE KOJTMYECTBO (M3MEpsieMOe JeCSITKaMH ) Pa3IMYHbIX TapaMeTpoB. HekoTo-pble mapameTpsl
XapaKTePU3YIOT JUOJIbI CAMBIX PA3IMYHBIX MOAKIACCOB. J{pyrue e XapakTepus3yroT crennbudecKie
CBOICTBA TMO/IOB TOJIHKO KOHKPETHBIX MOAKIIACCOB.

YkaxkeM HanOoJIiee MIMPOKO HCIONIB3yeMbIE apaMeTphl, MPUMEHSEMbIE K AUO0aM Pa3INIHbIX
TIOJTKJIACCOB:

Inp.makc. - MaKCUMaIbHO JOMYCTUMBIN MOCTOSIHHBIN TIPSIMOM TOK;

Upp — HOCTOSIHHOE TIPSIMOE HANPSDKEHHE, COOTBETCTBYIO-IIEE 3laHHOMY TOKY;

Uobp. maxc — MakCUMaJIbHO JIOITYCTUMOE 00paTHOE HAIpsDKe-HUE 101 (TI0JI0KUTEITbHAs
BEJIMYMHA);

lobp. maxc — MakCUMaIbHO OMYCTUMBINA TOCTOSHHBIN 00paT-HBIN TOK AM0/A (TOJIOKUTEITbHAS
BEJTMYMHA; €CITH PeaTbHbINA TOK 00JIble, ueM lobp. make, TO IUOA CUUTAETCA HEMPUTOJHBIM K
UCTIONIb30BAHUIO);

Roug - nuddepennmanbHoe conpoTUBICHHE q1U0a (TIPU 33JaHHOM PEKUME padOThI).

B Hacrostitiee BpeMst CyIecTBYIOT THOIBI, TIPETHA3HAYCH-HBIC JI pa0OThI B OYCHD IITMPOKOM
JIMaTia30He TOKOB W Ha-TIpspKeHUH. J{is Harmboltee MOITHBIX TUOA0B lnp.maxc. coctaBns-eT
kuoaMnepsl, a U 46 yaxe — KHAIOBOJIBTHI.

1.1.4. HMcnonb30BaHr€ BOJBT-aMIIEPHOM XaPAKTEPUCTUKU TUOAA IS
ONpe/eJIeHHUs ero pexxruMa padboThl

PaccMoTtpum criemyronuii mpumep.

B cxeme, nzobpaxkenroi Ha puc. 1.33, HE0OX0IUMO OTIpe-ACTUTh TOK, IPOTSKAIOIIHIA Yepe3 THO/,
HalpsDKEHNE Ha JIU-0JI¢ Y HAIPsDKEHUE Ha PE3UCTOPE.

inl (\‘ gzlua

31ech u, — HanpsHKEHUE UCTOYHUKA HAMPSDKEHHS (M3BECT-Hasl BEJIMYMHA). 3aMUIeM YpaBHEHUE
o 2-my 3akoHy Kupx-roda nis ykazaHHOW Ha pUCYHKE OPUEHTAIIUU KOHTYpa:
-Uy + Ur + Uq =0
Otcrona
-Uy+ig-R+uy=0,



u, —uy

R

['padrikomM 3TOI TUHEWHOW 3aBUCUMOCTH TOKA |11 oT Hanpsi-kenust U sBIsICTCS IpsiMast JTMHUAST —
TaK Ha3bIBaeMasi JIMHUA Harpy3ku. Cama 3aBUCUMOCTb HA3bIBAETCSl YPABHEHUEM JIMHUU HArPY3KH,
9TO OJJHO U3 yPaBHEHUH, HEOOXOAMMBIX JIJIS OIpe-AeICHUs ABYX HEU3BECTHBIX: I H U,. YpaBHeHHe
JVHHAN Ha-TPY3KH [TOKA3bIBACT, KAK CBA3AHBI TOK Ig U Hanpspkenue U B paccMaTpuBacMoil cxeme.

Bropoe HeoOxoaumoe  ypaBHEHHE — HEJIMHEHHOE — 3aBH-CHMOCTh TOKa Iy OT HAIPSKEHUS Uz
B (hopMe BOJIbT-aMIIEPHOMN XapaKTEPUCTHUKU. DTa 3aBUCUMOCTD ITOKA3bIBACT, KaK CBSA3a-HbI TOK Iy U
Hanpsbkenue U 111 KOHKpETHOro paccMaTpuBae-Moro Juoa.,

[IpakTHyeckuil aHaJIn3 SIEKTPOHHBIX CXEM B HACTOSIIIEE BPEMsI PEKOMEH1YETCsl BHIIOIHSAT Ha
OBM ¢ nomoIipo MoASIUpYRIUX nporpaMM. Ho mipu mepBoM 3HaKOMCTBE € IO J00HOK CXEeMOM
OYCHb MOYYUTEITHLHO BBIMOIHUTE ee Tpadudeckuii ananmu3. [Iycts U, =3B, R = 10 Om u
ucnonb3yercs auon J1229A npu temrieparype 25°C. BBIIoaHIM COOTBETCTBYIOIIKE rpadUueCKHe
noctpoenus (puc. 1.34).

Hckomelii TOk auoza i*y — 230 MA, uckomoe Hamnpsbkenue Ha auone n*,=0,7 B.

JIerko 3aMeTuTh, YTO OTPE30K ab — 310 nckomoe Hanpsukenne U™ Ha pesucrope R(U'r= U, —
U*,=2,3 B)
pis s .

iy

1.1.5. MaremaTuueckue MOACIIN JTUOJ0B U UX HMCIIOJIB30BaHUC AJIA aHAJIN3a
QJICKTPOHHBIX CXCM

ITpu aHamm3e 2eKTPOHHBIX cXeM Ha DBM Bce AleKTpOHHBIE IPHOOPHI, B TOM YKCIIC U IO,
3aMEHSIOTCS] UX MaTeMaTHUYECKUMU MOEIISIMU.

Maremaruueckast MOJIETb JU0/1a — 3TO COBOKYITHOCTb SKBHBAICHTHOM CXEMbI IO/Ia U
MaTeMaTUYECKUX BhIPAKEHUH, OIMUCHIBAIOIINX 3JIEMEHThI SKBUBAJICHTHOM cxeMbl. KpaTko paccMoTpum
MaTeEMaTHIECKYIO MOJIEIb IMO/a, HCIIOIB3YEMYIO B ITAKeTe IIporpamMm st aHanmsa cxem MicroCap-2.
DTO 0J1Ha U3 HanOOJIee MPOCTHIX Moierei. M300pa3uM sKkBHBaNIeHTHYIO cxemy auoja (puc. 1.35).
[TocTostHHOE compoTHUBIIEHHE R BKITFOYEHO B CXEMY C IIENbIO y4eTa Toka yreuku. Emxocts C
MOJIETIUPYET OaphepHyt0 U AU (Hy3MOHHYIO EMKOCTH TUO/IA.
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VYrpaBiisieMblii HCTOUYHHK TOKA Iy MOJICTUPYET CTATHYECKYIO BOIbT-aMIIEPHYIO XapaKTEPUCTHKY.
MareMaTHueckoe onucaHue Toka Iy 1 eMkoctu C I0CTaTOYHO TPOMO3/KOE, HO OCHOBAaHO Ha yUeTe
y’K€ pacCCMOTPEHHBIX BBIIIC PU3NYSCKUX SBJICHUHN B IHOJIE.

Mogenb SIBISETCS YHUBEPCAIBHON U XOPOIIIO MOJICIUPYET U0 KaK B CTAaTHYCCKOM (Ha
MTOCTOSIHHOM TOKE), TaK U B IMHAMUYECKOM (B IEPEXOIHBIX IIPOIIECcCcax) PEeKUME, YUUTHIBACT
BIIMSTHUE TEMIIEPATyphbl HAa CBOKMCTBA JUO/IA.

B npocreiimmx cirydasx, HalpuMep Mpyu OPUESHTUPOBOYHBIX PYYHBIX pacueTax, MHOTIa
HCIIOJB3YIOT HECIIOXKHBIC MATEMATUYCCKUE MOACIIN JUOJ0B. HpI/I O9TOM 4YacCTO ITOJIb3YIOTCA
KYCOYHO-JTHHEHHON alMmpOKCHMaIie BOIbT-aMIIEPHON XapaKTEPUCTUKH TUOAA.

N300pa3um BONBT-aMIEPHYIO XapakTepUCTHKY nuoaa (puc. 1.36), BEIMOIHUM JUHEHHYIO
aMMmpOKCUMAIINIO MPAMOA
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1 00paTHOM BETBEH 1 N300pa3siM COOTBETCTBYIOIINE SKBUBAICHTHBIE CXEMBbI TUOJIOB IJIsl IPSIMOTO (pHC.

1.37) u obpaTHoro BKItOUeHHH (puc. 1.38).
PaccmoTpum B KauecTBe IpuMepa pacyeT TOKa U HaNpsbKeHU i B pocTeiiieit cxeme (puc. 1.39).

Puc. 1.37

[TockoNbKY MU0 CMEIIEH B MPSMOM HaMpaBJI€HUU, TO UCIOJIb3YEM SKBUBAICHTHYIO CXEMY IS
MPSIMOTO BKJIFOUEHMS AUOJ1a U MOJTYyYUM JIMHEMHYIO CXEMY MOCTOSTHHOTO TOKa, PEICTaBICHHYIO Ha
puc. 1.40.

BrInmoanuM aHaiaus 3TOU IENU:

E = ur+ug;

EEI(R +r0u¢.np.) +u0’
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[Ipu npubINKEHHOM aHATU3E CXEMBI C IMOJIOM UHOT/Ia MOKHO IIPEHEOPEeUb BETUIHMHAMH y,g p U
Un 1 3aMEeHUTH BKJIFOUEHHBIN AUOJ UJleaIbHbIM HCTOUHUKOM HAIPSIKEHUS C HYJIEBOM BETUYUHOM
HaMPsHKEHUS, T. €. TaK Ha3bIBAEMOM «3aKOPOTKOII», a Takke MpeHeOpeyb 00PaTHBIM TOKOM Ig

(OJTM3KUM KHYJIIO) M COIPOTHBIICHHEM [y,p06, (OTM3KMM K OECKOHEUHOCTH ) M 3aMEHHTH
BBIKJTFOUCHHBIN JHOJ] pa3pbIBOM. DTO COOTBETCTBYET 3aMEHE PeaIbHOr0 JINO0a HICaTbHBIM,

00J1a1a0IMKUM BOJIBT-aMIIEPHON XapaKTePUCTUKOM, ITpeICTaBIICHHON Ha puc. 1.41.
M300pa3uM SKBUBAJICHTHBIC CXEMBbI HICATIBHOTO JInoj1a Jutst psimoro (puc. 1.42) u oOpatHOro

BKIIIOYeHUH (puc. 1.43).
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1.1.6. PasHOBMOHOCTH
NOJTYIIPOBONHMKOBEIX OVIOLOB

Cmabdunumpon. 10 MOITYIIPOBOIHUKOBBIN IO, CKOHCTPYHUPOBAHHBIH JIJIs1 paOOTHI B PEKUME
ANEKTPUUECKOro mpobos. YcnoBHoe rpaduueckoe 0003HaYeHHE CTAOMIUTPOHA MPEICTAaBICHO Ha
puc. 1.44, a.

B b= B B P
Puc. 1.44 .

B ykazanHoM pexrMe pu 3HAYUTEIIBHOM U3MEHEHUHU TOKA CTA0MIMTPOHA HAIIPSKEHUE
HU3MCHSETCS He3HAUYMTEIbHO. [ 0BOPST, YTO CTAOMIUTPOH CTAOMIM3UPYyET HampshKkeHue. M300-
pa3uM Il puMepa BOJIbT-aMIIEPHBIC XapaKTEPUCTHUKU KpeMHueBoro cradbunutpona 18141 (puc.
1.45).
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B cTrabunutpoHax MOKeT UMETh MECTO U TYHHEJbHBI, U JIABUHHBIN, M CMeIlIaH HbI TPO0Ooii B
3aBUCHUMOCTHU OT YAEIBHOTO COMPOTUBIIEHHUS 0a3bl. B cTaOUINTpOHAX ¢ HU3KOOMHOM 6a30i
(HM3KOBOIIBTHBIX, 110 5,7 B) uMeeT MecTo TyHHENbHBIN Mpo0oii, a B CTAOUIUTPOHAX C
BBICOKOOMHOM 0a30i1 (BBICOKOBOJIBTHBIX) — JIABUHHBIH MPOOOIA.

OCHOBHBIMH SIBIISIOTCS CIIEAYIOIINE MTapaMeTphl CTAOUIUTPOHA!

Ucm — HampsbkeHue ctadmin3zanuu (TIpy 3aJaHHOM TOKE B PEKUME Mpo0os);

1.1 20— MAHUMAJIBHO JOTYCTUMBIN TOK CTaOWMIIM3aIINH;
| e vaxe. — MAKCHMAJIBHO JOMYCTUMBIN TOK CTaOWIIN3AIINHY;

r,, — nuddepeHimanbHOe COMPOTUBICHNIE CTAOMINTPOHA (Ha ydacTKe mpo0bos), I, — du/di;

ouem (TKH) — TemnepatypHbiil ko3 puineHT HanpsKeHUs CTaOMTH3aLiH.

Bemvwuunbt Un, L1y B Lo, maxe TPAHITO YKA3bIBATh KaK MOJIOKUTEIHHBIC.

He pexomentyetcst NCob30BaTh CTAOMIMTPOH IMPH 0OPATHOM TOKE, MEHBIIIEM 110 MOAYJII0, YeM
1 .y TAK KaK CTAOMITM3AIINS HAMIPSDKEHUS TIPU ATOM OY/IET HEYIOBIETBOPUTEIHHOM
(muddhepeHnranbHOE COMPOTUBICHHE OYaeT upe3mMepHo OombimM). Eciu sxe 00paTHbIi TOK 1O
MOJYIEO TIPEBBICHT 1./y;. 1masc, TO CTAOWIMTPOH MOMKET MEPETPETHCS, HAYHETCS TETUIOBOH MTPo00ii U Ipudop
BBIAZIET U3 CTPOs. UeM MEeHBIIIe BEUUHHA 2, TEM JTyUILIe CTAOMIH3AIINS HAMIPSLKEHUS.

[To onpeneneHuro dyq, — TO OTHOILICHHE OTHOCUTEIbHO-TO M3MEHEHHUS HAITPSKESHHS
cTabMIIM3aUK K aOCOMIOTHOMY M3MEHEHHUIO TEMITEPATyPhI OKPYKAFOITICH CPEJIBbI TIPH MOCTOSTHHOM TOKE
CTa0MIN3aLIH.

[Tycth mpu Temmieparype t; HanmpsbkeHue cTaduIu3ay ObUIO PABHO U, Toraa npu
Temneparype ty HanpspKeHHe CTaOWIN3ALMH U,» MOYKHO B COOTBETCTBUH C OMPEIEIICHUEM dy;qy BHIYUCTUTD

o opmyiie



Upy = Uy T Uy O, HL—1n).

cm.

Y cTaOHIUTPOHOB € TYHHEITBHBIM TIPOO0EM KOIDPHUITEHT dy,y, OTPUTATENCH: Qe < 0. YV
CTaOUITUTPOHOB C JJABUHHBIM TIPOOOEM KOIPDUIIUECHT .y, TIOTOKHUTENEH: Aycm > 0.

WHora cTabMIIMTPOH C JIABUHHBIM IPOOOEM BKJTFOUYAIOT TIOCICIOBATEIILHO C JTHOJIOM, PAOOTAIOIIHM B
TPSIMOM HAIpaBJIeHUH. Y JIHO0/Ia COOTBETCTBYIOIIHI TeMIIePaTypHbI KOA(PMHUIMEHT OTPHIIATEIIBHBII, 1 OH
KOMIICHCHUPYET TOJIOKUTEIIbHBINA KOA(P(PHUIIMESHT CTaOMIUTPOHA.

Hns crabunutpona J[814/1 (mpu t = 25 © C)
Lo mun = 3 MA, 1o mae= 24 MA, 1,, — He 601ee 18 Om,

Auem- He 0omee 0,00095 1/° C.

Jluist mpriMepa IPUMEHEHHST CTa0MIMTPOHA 00pAaTHMCS K CXEME TaK Ha3hbIBAEMOT'O ITapaMETPUIECKOTO
crabumszaropa HanpspkeHus (puc. 1.46). JIerko 3aMeTHTh, YTO €CJIM HAIPsHKEHHE Uy, HACTOJIBKO
BEJIMKO, YTO CTAOMIUTPOH HAXOIUTCS B PEKUME IPOOOSI, TO M3MEHEHHSI TOTO HAIPSHKEHHS [IPAKTH-
YECKHU HE BBI3BIBAIOT M3MEHEHHS HAPSDKEHHUS Uy, (IIPH M3MEHEHUH HAIPSHKCHUS Uy, H3MEHSIETCS
TOJILKO TOK I, & TaK)Ke HanpspkeHue Ug @ UR= 1 R).

> ) R
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Puc. 1.46
B pexume rmpo0ost OTCYTCTBYET MHXKEKITMS HEOCHOBHBIX HOCUTEJIEH, U TIO9TOMY HET HAKOTIICHHSI
M30BITOYHBIX 3apsIOB. BeneacTBre SToro crabuiIMTpoOH SBIsiETCs: OICTPOICHCTBYIOIINM MTPUOOPOM 1
XOpOIIIO PabOTaET B UMITYJILCHBIX CXEMaXx.

Cmabucmop. IT0 NOTYNIPOBOAHUKOBBIN IO, HAIPsHKEHNE Ha KOTOPOM IPH MPSIMOM BKJITFOUEHUH
(oxoiso 0,7 B) Mano 3aBUCHT OT TOKa (TpsiMasi BETBb Ha COOTBETCTBYIOILIEM yJacTKe OUTH BEPTUKAIBHAS).
Cralucrop npeHasHa4eH JUist CTAOUIN3allMi MaJIbIX HaIpsKEHUH.

Juoo llommxu. B muone lloTTkn ucnonbs3yercs He P-N-TIepexo, a BBITPIMIISIOIINN KOHTAKT
METaJUI-TIOTYTIPOBOHUK. Y cJIOBHOE Tpadudeckoe obo3znaueHure quona LLloTTku mpenctaBieHo Ha puc.
1.44, 6.

OOparumMcst K COOTBETCTBYIOIICH 30HHOM tarpamme (puc. 1.47), KOTOPYIO MOJIE3HO CPABHUTD C 30HHOM
JUarpaMMOi IS HEBBIIPSMIISIOIIETO KOHTAKTA. J[Jis BRIIPSMIISOIIETO KOHTAKTa METALT-TIONMYIIPOBOIHUK
N-THIA XapaKTEePHO TO, YTO KOHTAKTHAS Pa3HOCTh MOTEHITHAIOB Oy = Py — @y TOJIOKHUTETBHA: Py >
0.

DHEPreTHYecKre YPOBHH, COOTBETCTBYIOIIME 30HE ITPOBOIMIMOCTH, B TIOTYITPOBOTHUKE 3aIIOTHEHBI
Oorbirie, yeM B MeTasiie. [loaroMy mociie coemmHeHnsT MeTalia v MOTYIPOBOIHMKA YacTh JIEKTPOHOB
MePEeUIET U3 MOJIYIIPOBOTHUKA B METALT. JTO MPUBEIET K YMEHBIIICHHUIO KOHIICHTPAIMH 3JIEKTPOHOB B
TTOJTYIIPOBOHHKE M-THIA. BO3HHKHET 0071aCTh IOTYyITPOBOIHIKA, 00 THEHHAs CBOOOTHBIMU
HOCHUTEJISIMH JIEKTPUYECTBA W 00J1a/1a10111as1 TIOBHIIIEHHBIM YIeTIbHBIM CONMPOTHUBIICHHEM. B 0bmactn
riepexo/ia MosBATCS. 00LEMHBIE 3apsiIbl M 00pa3yeTcs HOTEHIMATBHBIN Oapbep, PETSITCTBYFOILIHIA
JATBHEHIIIEMY TTEpEXO/TY TIEKTPOHOB U3 TIOTYIIPOBOAHUKA B METAILI.

Ecnu moax/ItounTh MCTOYHHUK BHEITHETO HAMPSHKEHUS TUTFOCOM K METAILTY, 8 MUHYCOM K
TMIOJTYIIPOBOTHHKY N-THIIA,



YpoBeHs Bakyyma
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Puc. 1.47

TO TIOTEHINAIBHBINA Oapbep MOHU3HUTCS U Yepe3 Mepexo]l HATHET MPOoTeKaTh npsimMoil Tok. [Ipu
MPOTUBOMOJIOKHOM MOJKIIOYEHUN MTOTEHIIHAIBHBIA Oapbep YBEIIHUNBACTCSA H TOK OKa3bIBAETCS OYEHBb
MaJIbIM.

ITpu padote muona LIIOTTKM OTCYTCTBYIOT MHKEKIIMSI HEOCHOBHBIX HOCHUTEIIEH M COOTBETCTBYIOIINE
SIBJICHUSI HAKOTUICHUS M paccachIBaHus, MO3TOMY Aokl LLIOTTKH — O4eHb OBICTPOICHCTRYIONINE TPUOOPHI,
OHM MOTYT pab0TaTh Ha YacTOTax 10 AecaTkoB rurarepi (1ITu=1 ¢ 10° I'm). ¥V nuona ILIoTTKM MOXKET OBITH
MaJIblii OOpaTHBIM TOK U MaJoe MPsIMOe HalpshKeHUe (TIPU MalbIX IPsAMBIX TOKax) — okono 0,5 B, uro
MEHBbIIIE, YeM Y KPEMHHEBBIX IPUOOPOB. MaKkCHMaIbHO JIOMYCTUMBIN MPSIMOU TOK MOXET COCTABIATh
JNIECATKH U COTHH aMIiep, a MAaKCUMAIBHO JOIYCTUMOE HATIPSKEHUE — COTHH BOJIBT.

s mpumepa n3o0pa3uM NpsiMble BETBU BOJIBT-aMIIEPHBIX XapaKTepUCcTUK (puc. 1.48) kpeMHUEBOTO
mroma KJ[923 A ¢ 6apeepom Illortku (muona IloTTkH), mpeaHa3HadeHHOTO I PaOOTHI B HMITYIBCHBIX
yerpoiictBax. Jist Herol,, maxe=100 MA, U,g)ae =14B (ipu t < 35°C), BpeMst sKM3HH HOCHTENEH 3apsia —
He 0onee 0,1 He, nocTosgHHBIN 00paTHbIH TOK npu U,s,=10 B nt = 25°C — He Oonee 5 MKA.
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Puc. 1.48

Bapukan. 1o nomynpoBOoTHUKOBBIN THOM, IPeIHA3HAYECHHBIN 17151 pa0OTHI B KaUeCTBE KOHJICHCATOPA,
€MKOCTh KOTOPOT'0 YIPaBIIAETCS HAaNpsHDKEHUEM. Y CIIOBHOE rpaduieckoe 0003HaueHHe BapHuKana
MIpeJICTaBIECHO Ha puc. 1.44, B.

Ha Bapukan nmomarot obpaTHoe HanpsokeHue. baprepHas eMKOCTbh BapHKala yMEHbLIAETCS IPH
yBEJIMYEHHH (110 MOZYJII0) 0OpaTHOTO HapsDKEHUA. XapaKTep U3MEHEHUs] eMKOCTH y BapuKara TaKou xe,
KaK U y 0OBIYHOTO AHOJA.

Tynuenvrolii Ou00. ITO MOTYIPOBOIHUKOBBIA JHOJ, B KOTOPOM HCTIOIB3YETCS SIBJICHUE TYHHEIHBHOTO
npo0os MpH BKIIOUSHUH B TIPSMOM HaIlpaBJIeHUH. XapaKTepPHOW 0COOCHHOCTHIO TYHHEIBHOTO JIHO/A
SIBIISICTCS] HAJIMYHME HA NPSIMON BETBU BOJBT-aMIIEPHON XapaKTEPUCTUKU YIaCTKa C OTPUIIATEIbHBIM



muddhepeHIMaTbHBIM COTIPOTHBIICHUEM. Y CJIOBHOE Tpadudeckoe 0003HaUEHUE TYHHEIBHOTO IO/
MIpeICTaBIIeHO Ha puC. 1.44, T.

s mpumepa nzo6pazum (puc. 1.49) mpssmyro BEeTBh BOJbT-aMIICPHOHN XapaKTEPUCTUKHA TePMaHUEBOTO
TyHHENIBHOTO yernuTellbHOTo auona 11104 A (/ipyae=1MA — TTOCTOSHHBIN TpsMOit TOK, U5y 1ac=20 MB),
MpeTHA3HAYeHHOT O [Tl YCHIIEHHS B quamna3one BoyH 2... 10 cM (3To cooTBeTcTBYeT yactote 6onee 11T).
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Puc. 1.49

OOr111as1 eMKOCTb JTMO/Ia B TOUKE MUHUMYyMa XapakteprcTuku coctasisieT 0,8...1,9 nd. [Toneszno
OTMETHUTh, YTO IIPOBEPKA JIUOJIA TECTEPOM HE J0ImycKaeTcsl. TyHHEIbHBIC TUOIbI MOTYT paboTaTh Ha
OYCHb BBICOKHMX yacToTax — Oosee 1 I'T.

Hamaue ygactka ¢ otpunarebHbpM i hepeHIATHHBIM COMPOTHBIICHUEM Ha BOJIBT-aMIICPHON
XapaKTEPUCTUKE 00ECTIeYMBAET BOZMOKHOCTD MCIIOJIb30BaHMS TYHHEBHBIX JUOJIOB B KAUECTBE
YCHJIMTEIIBHOTO AJIEMEHTA U B KAYECTBE OCHOBHOT'O 3JIEMEHTA FeHEPaTOPOB.

B Hacrosiee BpeMst TYHHEITbHBIC JTHOIBI HCTIOB3YIOTCS MIMEHHO B TOM KauecTBE B 001aCTH
CBEPXBBICOKHX YacTOT.

Oo6pawennplii 0uo0. ITO TIOTYPOBOAHUKOBBIN U0/, (PUBHUYECKUE SBICHHS B KOTOPOM TO00HBI
(bU3MYEeCKUM SBIIEHUSIM B TYHHETIEHOM JIHOJIE, TIO9TOMY 3a4acTyrO OOpAIlleHHbIH TOJ] pACCMATPUBAIOT KaK
BapUAHT TYHHENBHOTO Auoa. [Ipy 3ToM ydacTok ¢ oTpuriareibHbM AuddepeHIHaTB-HBIM COMPOTURICHUEM
Ha BOJIBT-aMIIEPHON XapaKTEePHCTUKE OOPAILIEHHOTO AMO/Ia OTCYTCTBYET HJIM OUEHB CIIa00 BBIPAXKEH.

OOparHast BETBb BOJIBT-aMIIEPHON XapaKTEPUCTUKK OOPAIIEHHOTO THOAA (OTINYAIOIIAsCS OUYeHb
MAaJIbIM TIa/ICHUEM HANPsDKEHHUS ) UCTIONB3YeTCS B KAaUECTBE MPSIMOM BETBH «OOBIMHOTO» THO/IA, a IIpsMast
BETBb — B KauecTBE 00paTHOH BeTBU. OTCIO/Ia M Ha3BaHUE — OOpaICHHBIN U0,

VcnoBroe rpadudeckoe 0003HaYeHNE OOPAIICHHOTO TMOoa TIPEACTaBIIeHO Ha puc. 1.44, 1.

N3006pazum 1 ripuMepa BOJIbT-aMIIEPHBIE XapaKTEPUCTUKNA TEPMAHUEBOTO OOPAIIEHHOTO T10/a
11104A (puc. 1.50), npeaHazHaue€HHOTO, KPOME IPOYETO, IS paOOTHl B UMITYJILCHBIX YCTPOUCTBAaX
(mocTosiHHBIN NpsAMOil TOK — He Oonee 0,3 MA, OCTOSHHBIN 00paTHBINA TOK — He Ooiee 4 MA
(mpu t < 35°C), oO11ast eMKOCTh B TOUKE MUHUMYMa BOJIbT-aMIIepHON Xapakrepuctuku 1,2 ... 1,5
nd).
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Puc. 1.50



1.1.7. Knaccudukamus u cucremMa 0003HauYCHUN

Kraccrdmukarmst CoBpeMEHHBIX TOTYIPOBOIHUKOBBIX o108 (LILL) 1Mo rx HazHaYeHHTO, (PH3UUCCKUM
CBOWCTBaM, OCHOBHBIM 3JICKTPHUECKHMM IapaMeTpaM, KOHCTPYKTHBHO-TEXHOJIOTMIECKUM ITPU3HAKAM,
HCXOTHOMY ITOJTYITPOBOTHUKOBOMY MaTepraly HaXOAUT OTPAKEHUE B CUCTEME YCJIOBHBIX 0003HAYCHU I
JIMOJIOB U MpuBeAeHa B [3].

Cucrema o6o3nauennii I1/] ycranosnena orpacneBbim crangaptom OCT 11336.919-81, a
CHJIOBBIX TOJIYIPOBOIHUKOBBIX ITprOOpoB — I"OCT 20859.1-89. B 0cHOBY cHCTEMBI 0003HAUCHUI
TIOJIO’KEH OYKBEHHO-ITU(POBOM KOI.

[TepBsiit amemenT (wdpa wim OykBa) 0003HAYACT UCXOMHBIN TOTYITPOBOAHIUKOBBIA MaTepual,
BTOpOI1 (OykBa) — moakiacc mpuOopoB, TpeTuit (ndpa) — OCHOBHBIE PYHKITMOHATHHBIC
BO3MOXKHOCTH MPUOOPA, YETBEPTHIM — YUCII0, 0003HAYAOITIEE MTOPSIKOBBI HOMEP pa3pabOTKH, MSThIA
3JIeMeHT — OYKBa, YCIOBHO Ompeaelsiomas Kiaccudukanuio (pa3opakoBKy MO mapameTpam)
MPUOOPOB, U3TOTOBJICHHBIX 10 €AMHON TEXHOJIOTHH.

Jli1st 0003HAYCHUS UCXOOHO20 NOIYIPOBOOHUKOBO20 MAMEPUALA UCTIONB3YIOTCS CIICAYIOIITE
CHUMBOJIBI:

I', unmu 1, — repmMaHuil WK €ro COSTUHEHNS,
K, unu 2, — KpeMHUI WK €ro COeTMHEHNS,
A, wim 3, — coeTMHEHUS TaJUINS;
U, wiu 4, — coequHEHMS HH TSI

Jliist 0603HAYEHUS NOOKIACCO8 OUOO08 UCTIONIB3YETCs OJTHA U3 CIICTYIONUX OYKB:
J1 — IrobI BBIIPSIMUTEIIBHBIC H UMITYJIECHBIC;
L] — BBIIPSMUTEIIBHBIE CTOJIOBI U OJIOKH;

B — Bapukamnsr;

W — TyHHENBHBIC TUOBI;

A — CBEpXBBICOKOYACTOTHBIE JTHO/IBI;

C — cTaOUIUTPOHBL;

[' — renepaTopsl 1Iyma;

JI — u3nydaromiye onTodIeKTPOHHbIE TPUOOPHI;
O — onronapsl.

st o603HaueHust HanboJiee XapaKTePHBIX dKCILTyaTal[MOHHBIX MTPU3HAKOB MPUOOPOB (MX
(hYHKITMOHATBHBIX BO3MOYKHOCTEH ) MCITOJIB3YIOTCS CIIeIYIOIINEe MUPHI.

Jluoowl (nooknacc /1):

1 — BBIIPSIMHTETLHBIC JUOBI C TIOCTOSIHHBIM WJIM CPETHUM 3HAYCHHEM MPSMOT0 TOKa He Ooliee
0,3 A;

2  — BBIIPSIMHUTENbHBIC TUOJIBI C TOCTOSHHBIM WJIM CPEIHUM 3HaUE€HUEM MpAMOTo Toka 6onee 0,3
A, 1O He cBhImIe 10 A;

4  — UMIIyNIbCHBIE TUOJIBI C BpEMEHEM BOCCTAHOBIIEHUS 00paTHOTO compoTuBieHus 6omaee 500
HC;

5 — uUMIynbCHBIC JUOJBI C BpeMEeHeM BoccTaHoBNeHus 0osee 150 He, HO He cBbimie 500 He;

6 — UMIyJIbCHBIE AUOIBI ¢ BpeMeHeM BoccTaHoBieHus 30... 150 Hc;

7  — UMITYJIbCHBIE AUOJIBI C BpeMEeHEeM BoccTaHoBieHHS 5...30 HC;

8 — UMITyJIbCHBIE JUOMBI C BpEMEHEM BOCCTAaHOBJICHUS 1...5HC;
9 — uMIyIbCHBIE TUOBI ¢ 3 (HEKTHBHBIM BPEMEHEM KU3HW HEOCHOBHBIX HOCHUTENICH 3apsjia MEHee
1 "HE. Bompsimumensivie cmoibwl u onoku (nooknacc L):
1— cT070BI C MOCTOSIHHBIM WUJIM CPEAHUM 3HaUE€HUEM MPSAMOTO ToKa He 6onee 0,3 A;
2 — cTONOBI C MOCTOSTHHBIM HJIM CPETHUM 3HaueHHEeM Ipsmoro Toka 0,3...10 A;
3 — OJIOKHM ¢ TTOCTOSIHHBIM WJIM CPEJIHUM 3Ha4eHHEeM Toka He 6osee 0,3 A;
4 — GJIOKM C TIOCTOSTHHBIM WJIM CPETHUM 3HAYCHHEM Ipsi-
moro Toka 0,3... 10 A. Bapukanwl (nooxnacc B): 1 — moacTpoedHbIe
BapHKaIbl, 2— YMHOKUTEJIbHbIC BAPUKAMBL. TyHHEIbHbIE OU00bL (NoOKacc H):
1 — ycunutenbHble TYHHEIBHBIC TUOIBI;
2 — TreHepaTOpHbIE TYHHEIIbHBIC JHOIbI;
3 — TmepeKIoYaTeNbHbIC TYHHEIBHBIC THOIBL;
4 — oOpalieHHbIC TUOIBI.



Ceepxsvicokouacmonitble 0uoobl (nooxnacc A):

1 — cMecuTenbHbIE TUOBI;

2 — JICTEKTOPHBIC JHOIbI;

3 — YCHIIMTEIbHBIC JUOIBI;

4 — mapaMeTpHUYECKUE JTHOIBI;

5 — mepekroYaTeabHbIe U OTPAHUYUTEIIBHBIC THOIBI;

6 — YMHOXUTEIbHBIC M HACTPOCUYHBIC JTHOJIBI;

7 — reHepaTOpPHBIC THOJIbI;

8 — MMITYJIbCHBIC TUOJIBI.

Cmabumumponwt (nooxnacc C):

1 — craGuuTpoHBI MOITHOCTRIO HEe Oosee 0,3 BT ¢ HOMUHATBHBIM HAPSHKEHUEM CTA0MITH3AINH
menee 10 B;

2 — CTaOWIMTPOHBI MOITHOCTEIO He Oosee 0,3 BT ¢ HOMUHATBHBIM HAPSHKEHUEM CTA0MITH3AINH
10...100 B;

3 — cTabWIuUTPOHBI MOIIHOCTHIO He Ooiiee 0,3 BT ¢ HOMUHAIEHBIM HAIIPSHKCHUEM CTaOUITH3aIliuu
6omnee 100 B,

4  — crabunmuTpoHsl MOIHOCTHIO 0,3...5 BT ¢ HOMMHAILHBIM HANPSHKCHUEM CTaOMIIM3aLU
Menee 10 B;

5 — crabumuTponsl MomHOCTEIO 0,3...5 BT ¢ HOMMHAILHBIM HANPSHKCHUEM CTaOMIIM3aLU
10...100 B;

6 — crabunuTpoHsl MOIIHOCTHIO 0,3...5 BT ¢ HOMHUHAIBHBIM HANPSOKEHUEM CTaOWIU3aIuK Ooee
100 B;

7 — cTaOMIUTPOHBI MOIIHOCTHIO 5... 10 BT ¢ HOMHUHAIBHBIM HaNPSHKECHHEM CTaOMIN3aIuN
menee 10 B;

8 — cTaOMIUTPOHBI MOIIHOCTHIO 5... 10 BT ¢ HOMHHAIBHBIM HaNpsbKeHHEM ctabuau3anuu 10...
100 B;

9 — cTabuaUTPOHBI MOMIHOCTEHIO 5... 10 BT ¢ HOMUHATBHBIM HaNPsDKEHUEM CTaOMIH3aIuu 0oJee

100 B. I'enepamoput uyyma (nooxnacc I):
1 — HM3KOYACTOTHBIE TE€HEPATOPHI IIIyMa;
2 — BBICOKOYACTOTHBIE T€HEPATOPHI IIyMa.
J1nst 0603HaueHUsI TIOPSIIKOBOTO HOMepa pa3pabOTKU UCTIONb3YyeTCsl AByX3HauHoe yrcio oT 01 1o
99. Ecnu nmopsiAKOBBIN HOMEp pa3paboTKu MpeBbIaeT 9ucio 99, To B JanbHeHIeM TpUMeHseTCs
Tpex3HayHoe yucio oT 101 mo 999.
B kauectBe KBaTM(UKAITMOHHOM JINTEPHI UCIIOJIBL3YIOTCS OYKBBI pyccKoro andaBuTa (3a
nckmouennem Oyks 3, O, Y, bL, 11, I11, YO, 4, b, b, D).
B xadecTBe JIOTOTHUTENHHBIX AJIEMEHTOB 0003HAYCHUS IPUMEHSIOTCS CIICTYFOIINE CHMBOJTBL:
yugpot 1...9 — nnsg o603HadeHUS Mo puKauii Tpuodopa, MPUBOAAIIUX K U3MEHEHHUIO €T0
KOHCTPYKITUHU WJIN JJICKTPUIECKUX TIAPaMETPOB;
oykea C — ninisg 0003HaueHHsI cOOpOK — HAOOPOB B 0OIIEM KOPITYCE OJJTHOTUIHBIX IPUOOPOB, HE
COGIMHEHHBIX AIEKTPHIECKU WITH COSTMHEHHBIX OTHOMMEHHBIMH BBIBOJIAMH;
yughpol, Hanucanmvie yepes deguc, — s 0003HAYCHHS CIICTYIONMX MOTU(PHUKAINN KOHCTPYKTUBHOTO
UCTIOJTHEHHS] OECKOPITYCHBIX TIPHOOPOB:
1— c ruGkuMu BBIBOJIaMU 0€3 KPUCTAIUIOACPKATEIIS;
2— ¢ THOKMMH BBIBOJIAMH Ha KpHCTaLIoaAepkarele (IoIJI0XKKe);
3 - ¢ )KECTKMMH BBIBOJIaMH 0€3 KpHUCTAIUTOACp KATES (TTOTOKKH);
4 — C )KeCTKUMH BBIBOJAMU Ha KpUCTALIOAepKaTese (MOI0XKKe);
5— ¢ KOHTaKTHBIMH TUIOIIAIKaMHU 0€3 KpUCTAIIIO e KaTems (TTOIOKKH ) ¥ O€3 BBIBOJIOB;
6 — ¢ KOHTaKTHBIMH TUTONIAIKAMU Ha KPUCTAILIOepKaTelie Oe3 BRIBOJIOB, OykBa P mocite mocieaHero
sneMeHTa 0003HaYeHUSI — ISl IPUOOPOB ¢ TapHBIM noAdopoM, OykBa I' — ¢ moxbopom B
yeTBepkH, OykBa K — ¢ moabopom B IIeCTepKu.

IIpumepn! 0003HaueHHs1 NPHOOPOB:
2/1204B — KpeMHHEBBIN BBIPSIMUTENbHBIN U0/ C TOCTOSSHHBIM U CPeIHUM 3HaueHueM Toka 0,3...10
A, HOMep pazpabotku 04, rpynma B.
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I'pymma npubopa

ITopsakoBBI# HOMED
pa3paboTku

XapakTepHble
9KCIUTyaTallMOHHBIE
IIPU3HAKA

Tozxnace npubopa

Hcexonusiit
NOJYIIPOBOAHHKOBEIN MaTepHan

KC6204 — xpemHueBbIi CTAOUIUTPOH MOIIHOCTHIO 0,5...5 BT, ¢ HOMHUHAJIBHBIM HANPSKEHUEM
crabmmzanuu 6onee 100 B, Homep paspabotku 20, rpymnma A.

3U309K— apceHnI0TALTHEBBIN ePEKIIF0YaTeIbHBIN TYHHEIBHBIM 10T, HOMep pa3paboTku 09,
rpynma X.

Ho BBenenus B 1982 r. OCT 11336.919-81 npumensiiach MHas CUCTEMa YCIOBHBIX 0003HAUCHH.
Ona Brmouania B ce0st iBa i tpu snementa (IOCT 5461 — 59).
[lepBerIit aieMeHT — OykBa Jl, XapakTepu3yrolias BeCh KJacc MOTyIPOBOJHUKOBBIX JIOJIOB.
Bropoii aneMeHT — uncio (HoMmep), onpeaestoliee 00J1acTb IPUMEHEHHMS:
1...100 — 11 TOYEUHBIX F€PMaHUEBBIX JIUOIOB;
101...200 — 1t TOYCUHBIX KPEMHHUEBBIX THOOB;
201...300 — 15 IIOCKOCTHBIX KPEMHHUEBBIX JTHOJIOB;
301...400 — st IIOCKOCTHBIX TE€PMaHUEBBIX JIHOJIOB;
401...500 — nmns cmecutensHbix CBY neTekTopos;
501...600 — st yMHOKHUTEITBHBIX THOJIOB;
601.,,700 — nJ1s1 BUIEOAETEKTOPOB;
701...749 — s mapaMeTPUUECKUX TePMAHUEBBIX THOJIOB;
750...800 — s mapaMeTpUIECKUX KPEMHHUEBBIX THOJIOB.

1.2. BUIIOJIAPHBIE TPAH3UCTOPDBI

bunonspHbIi TpaH3UCTOP — ITO MOIYITPOBOTHUKOBBINA MPHOOP € ABYMS P-N-TIepexoaaMHu,
MMEIOIINHI TpH BhIBOAA. JleHCTBIE OUITOISIPHOTO TPaH3MCTOPa OCHOBAHO HA MCIIOIH30BAHUH HOCHTEIICH
3aps1a 000MX 3HAKOB (JIBIPOK U 3JICKTPOHOB), @ YITPABJICHUE TIPOTEKAFOIINM Yepe3 HEro TOKOM OCY-
IECTBIBSIETCS C TIOMOIIIBIO YITPABJISIOIIETO TOKA.

bunonspHsIii TpaH3UCTOp SIBISIETCS HanOo0JIee PacpOCTPaHEHHBIM aKTHBHBIM TTOTYITPOBOIHUKOBBIM
puOopoMm.

1.2.1. YcTpoicTBO ¥ OCHOBHBIE (U3UYECKUE MPOIECCHI

Yempoiicmeo mpanzucmopa. BUNoNApHBIA TPAH3UCTOP B CBOEH OCHOBE COJICPKUT TPH CIIOSI
TIOJTYTIPOBOHUKA (p-H-p WM N-p-1) U COOTBETCTBEHHO JiBa P-N-miepexoa. Kaxplii cioii
MOJTYTIPOBOIHMKA YePe3 HEBBIIPSAMIISIFOIINNA KOHTAKT METAI-TIOTYPOBOAHMUK MOJICOSIMHEH K BHEIITHEMY
BBIBOJTY.

CpeaHuii 1ol ¥ COOTBETCTBYIONIHI BBIBOJT HA3bIBAIOT 0a30M, OJIMH 13 KPaHHUX CJIOCB 1
COOTBETCTBYIOLIMI BbIBOJ| HA3BIBAIOT IMUTTEPOM, A JPYrOM KpaliHHUIA CII0M U COOTBETCTBYIOIIUHI BBIBOJL



— KOJUIEKTOPOM.
JamM cxemaTrdeckoe, YIpOIeHHOE N300payKeHUE CTPYKTYPBI TPaH3UCTOpa Tuma n-p-n (puc. 1.51,
a) ¥ JBa JOIyCTUMBIX BapHaHTa yCIOBHOIO I'paduueckoro obo3nadeHus (puc. 1.51, 6).
Tpan3ucTop THIIA p-1-p YCTPOCH aHAJIOTHYHO, YIPOILICHHOE N300PpaKEHHE €r0 CTPYKTYPHI JaHO Ha
puc. 1.52, a, 6o1ee npocToit BapuaHT yCIOBHOTO Tpaduueckoro obo3nadyeHus — Ha puc. 1.52, 6.
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TpaH3uCTOP HA3BIBAIOT OUIIOJSPHBIM, TaK KaK B TIPOIECCE MPOTEKAHMSI AIEKTPUICCKOTO TOKA
Y4aCTBYIOT HOCUTEINH JIEKTPUYECTBA JBYX 3HAKOB — AJIEKTPOHBI U AbIPKU. HO B pa3nuyHbIX THUAX
TPAH3UCTOPOB POJIb AIEKTPOHOB U JIBIPOK Pa3IHYHA.

TpanzucTopsl TUMA 1n-p-n 60JIee pacIpOCTPAHEHBI B CPABHEHUH C TPAH3UCTOPAMHU Muna p-n-p, Tak
KaK 00BIYHO UMEIOT JIy4IlIe MapaMeTphl. DTO OOBACHSIETCS CIEAYIONMM 00pa3oM: OCHOBHYIO POJIb B
AIIEKTPUUECKHX MPOIEcCaX B TPAHZUCTOPAX TUIIA 71-p-H UTPAIOT AJEKTPOHBI, @ B TPAH3UCTOPAX TUTIA
p-n-p — ABIPKU. DJIEKTPOHBI k€ 0071a1al0T MOABMKHOCTHIO B ABA-TPH pasza OoJbIIeH, YeM JIBIPKH.

BaxxHO OTMETHUTD, YTO peasbHO IIOMIAb KOJUIEKTOPHOTO Mepexo/ia 3HAYUTEIbHO O0JIbIIe
TUTOIIATA SMUTTEPHOTO MepPexoia, TaK KaK Takas HECHMMETPHS 3HAYUTEIIHBHO YIydIaeT
CBOMCTBA TPaH3UCTOPA.

Konuuecmesennoe ceoeobpaszue cmpykmypol mpansucmopa. J{is onpeneneHHOCTH 00paTuMes K
TPAH3UCTOPY TUMA n-p-n. B 0CHOBE pabOTHI OUTIOISIPHOTO TPAH3UCTOPA JIeXKAT HE KaKue-Tnoo
HOBBIC (PM3MUECKUE TIPOIIECCHI, eIl HE PACCMOTPEHHBIC TTPU U3YUEHUH TTOTYITPOBOJTHHKOBOTO
JM0/a: CBOeoOpa3re TPaH3UCTOPpa ONPEACISICTC OCOOCHHOCTSIMH €TI0 KOHCTPYKITHH.

OCHOBHBIMHU 3JIEMEHTAMH TPAH3UCTOPA SBISIOTCS JIBA COSAMHEHHBIX P-N-iepexoaa. ITo
MO3BOJISIET JaTh (OpMaIbHOE MPEACTABIEHUE CTPYKTYPBI TPAH3UCTOPA, IPEICTABICHHOE HA PHC.
1.53.

JIyist TOHUMaHuS TPUHIIAIIA PA0OTHI TPAH3UCTOPA UCKIIIOYUTENHHO BAXKHO YUUTHIBATh, 4TO P-N-
MEPEXO0/Ibl TPAH3UCTOPA CUILHO B3aUMOJICHCTBYIOT. DTO O3HAYAET, YTO TOK OJJHOTO MEepexoa
CWJIBHO BJIMSICT Ha TOK JIPYTOro, 1 HA000poT. IMEHHO 3TO B3aWMOJICHCTBUE PAJUKATLHO OTIUYACT
TPaH3UCTOP OT CXEMEI C AByMs quonamu (puc. 1.54).

B cxeMe ¢ quogaMu TOK KaXKI0TO JTNO0JIA 3aBUCHT TOJIBKO OT HAIPSDKSHHS HA HEM CaMOM M HUKaK
HE 3aBUCHUT OT TOKa JIPYTOro JUOJA.

YkazaHHOE B3aMMOJICHCTBHE HMEET HCKITFOUNUTETHHO IPOCTYIO TIABHYIO TIPUYHHY, 2 UMEHHO:
OUYCHBb MAJIOE PACCTOSHHE

DMMHTEPHbIH Konnexropumiif
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MexX 1y niepexoaamu Tpanzucropa (ot 20—30 mkm 10 1 MKM U MeHee). DTO pacCcTosiHUE
Ha3bIBAIOT TOJIIUHON 0a3bl. IMEHHO 3Ta KOJIMYECTBEHHAS OCOOEHHOCTh CTPYKTYPBI CO3/IaeT Ka-
YECTBEHHOE CBOCOOpa3nue TPaH3UCTOpa.

BooOr11e mone3Ho 0OTMETHTD, YTO B 3JIEKTPOHUKE IOCTATOYHO YaCTO PEATU3YETCS CIICTYIOITHIMA
croco0 MOTy4YeHHUsT YCTPOHCTBA, 00JIaIal0IIEero HOBBIM Ka4eCTBOM: OCOOBIM 00Pa3oM COSAMHSIOT
JIBA OJIMHAKOBBIX, YK€ XOPOIIIO U3YYECHHBIX 31eMeHTa. [Ipu n3yuennn nuddepenimanbHOro
YCHJIUTEJSI CTAHET SICHO, YTO HOBOE KAY€CTBO MOXKHO MOJIYYUTh MPU UCTIONH30BAHUU B POJIH
TaKUX 3JIEMEHTOB YK€ CAMHUX JBYX TPAH3UCTOPOB.

Ocnognvie puzuueckue npoyeccoi. KOHIIGHTpaIUs aTOMOB TpUMeECH (M CBOOOTHBIX
AJICKTPOHOB) B OMUTTEPE CPABHUT TEJILHO BEJIMKA, TIOATOMY ATOT CJIOM HU3KOOMHBIN. KOoHIIeH -
Tpalus aTOMOB MpUMecH (U JIbIPOK) B 0a3e CpaBHUTEIBHO HU3KA, TO3TOMY 3TOT CJIOH
BBICOKOOMHBIN. KOoHILIEHTpalust aToMOB IpuMecH (M CBOOOIHBIX 3JIEKTPOHOB) B KOJIEKTOPE
MOeET OBITh KaK 00JIbIIIE KOHIICHTPAIIMU aTOMOB IIpUMecH B 0a3e, TaKk U MEHBIIE e€.

C NoMoOI1IbI0 UCTOYHUKOB HAMPSHKEHUSI CMECTUM SMUTTEPHBIN NIEPEX0/1 B MPSIMOM, a
KOJIICKTOPHBIA — B 06paTH0M HarpaBieHuu (puc. 1.55). Torna yepes SMHTTepHBII/I nepexon
[OTEYET TOK I,, KOTOPBIH OyIeT 00eCImeunBaThCs TIIaBHBIM 00pa30M HHKEKIIHEH JIIEKTPOHOB
13 aMuTTepa B 0a3y. MHXKEKIus AbIpOK U3 0a3bl B AMUTTEP OyIeT HE3HAYUTEIHbHON BCIICICTBUE
YKa3aHHOT'O BBIIIE PA3JIWUYUsl B KOHLIEHTPALMSAX aTOMOB IIPUMECEH.
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W3-3a Masnoii TomHbI 0a3kl MOYTH BCE ANIEKTPOHBL, PO 0a3y, uepes Tak Ha3bIBaeMOe BpeMsi TIpoJieTa
JIOCTUTal0T KoJulekTopa. ToJIbKo Masast 10715 AJIEKTPOHOB peKOMOUHUPY-ET B 0a3e ¢ IbIpKaMu. Y ObLIb 3THX
JIBIPOK KOMIIEHCHPYETCSI TPOTEKaHHEM TOKa 0a3bl ig. 13 M31I05KEHHOTO CIIETyeT, YTO

i6<<i3.

OOpaTHOE cMellIeHHe KOJIEKTOPHOTO MEPeXo/ia CIIoCOOCTBYET TOMY, YTO 3JIeKTPOHBL, OJOMISAIINE K
HEMY, 3aXBaThIBAIOTCS AIEKTPUUECKIM TIOJIEM TIEpeXo/ia U MEPEHOCSTCSI B KOJUIEKTOp. B To ke Bpems 310
TOJIC IIPLISITCTBYET NIEPEXO/ly BIEKTPOHOB U3 KOIUIEKTOpa B 0asy.

Tok KoJIeKTOpa Ik JIUIIh HE3HAYUTEIILHO MEHbIIIE TOKA AMUTTEpA, T. €. Ik ~I3. bosee TouHo:

=0, s+ I,
T/I€ Ay — TaK HA3bIBAEMBIN CTATUUECKUN KOAPPUITUESHT Mepeaad SMUTTEPHOTO TOKA (TepMUH
CTaTUUYECKHI TIOTIEPKUBAET TOT (haKT, UTO ITOT KOAPMHUIMEHT CBI3BIBAECT OCTOSIHHBIE TOKH );
1,, — Tak Ha3bIBaeMbIil OOPATHBIN TOK KOJIEKTOPA.
[Ipupoma 0OpaTHOTO TOKA KOJIEKTOpA Takas )ke, Kak U 'y 00paTHOro ToKa auoa (T. €. ToKa U0/,
BKJTFOYEHHOTO B 0OpaTHOM HampalieHHH). Tok 1,, IpoTekaeT 1 Toraa, Korjia TOK SMHTTEpa PaBeH HYJIIO.

Pazmaarot muddy3nonnsie (6e3apetidoprie) u apetidopbie TpaH3UCTOPHL. B muddy3rnorHbIX
TPAH3UCTOPAX KOHIICHTpAIKsi aTOMOB IIpUMecel B 6a3e MPUMEpPHO OJITMHAKOBA BO BCEX €€ YaCTHX,
MMOATOMY MOHBI aTOMOB MPUMECEH HE CO3JAI0T B 0a3e JOMOJHUTEIHHOE AIEKTPUIECKOE TOJIe,
KOTOpPOE BIIHSIIO ObI Ha JBMIKEHHUE HOCHTEIICH JIeKTprUecTBa uepe3 06asy [Ipu 3ToM IBHKEHHE
ATUX HOCUTENEH MPOXOAUT TTIaBHBIM 00pa3om B opme nuddysuu. B npeitdoBeix TpaH3ucTopax
yKa3aHHasl KOHIICHTPALUS PA3IMYHA B PA3IMYHBIX TOYKAX 0a3bl. DTO MPUBOIUT K TOSBICHUIO
JOTIOTHATENILHOTO 3JIEKTPUIECKOTO TOJIsI, KOTOPOE OKa3bIBAET CYIIECTBEHHOE BIUSHUE HA
JIBUKEHUE HOCUTENEH uepe3 06a3y (TOBOPST, UTO HOCUTENH APEUPYIOT MO ASHCTBUEM 3TOTO



nosist). Jlpelid yckopsieT IBHKEHHE HOCUTENEH yepes 0a3y, Mo3ToMy Apei(oBhIe TPAH3UCTOPHI
4acTO OTJIMYAOTCSI BRICOKMM OBICTPO/ICHCTBHEM.

1.2.2. XapakTepuCTUKHU U TTapaMETPhI

PaccmoTpuM XapakTepHbIe CXeMbl BKIIIOUEHHUS TPAH3UCTOPA U COOTBETCTBYIOLINE
XapaKTEePUCTHUKHU.

Cxema c ooweint 6azou. [lpuBeneHHast cxema BKIIOYEHUSI TPAH3UCTOPA B SJIEKTPUUECKYIO LIEb
HA3bIBACTCS CXEMOU ¢ 001Ieli 6a30ii, Tak Kak 0a3a SBISAETCS OOIIUM AJIEKTPOAOM IS ICTOYHUKOB
HanpsbkeHus. 300pa3uM ee ¢ HCIob30BaHUEM YCIIOBHOTO IpamuecKkoro 0003HaueHuUs
Tpan3ucropa (puc. 1.56).

TpaH3uCTOPHI TPATUIIMOHHO XapaKTePU3YIOT UX TaK HA3bIBAEMBIMU BXOJHBIMH U BBIXOJIHBIMU
xapakTepucTukamu. st cxemsl ¢ o0Ieii 0a30i BXOIHOM XapaKTepUCTUKONW Ha3bIBAIOT
3aBUCHMOCTb TOKA I, OT HANPSOKCHUS U, TIPH 33JAHHOM HATPSHKEHHH Uys, T. €. 3aBUCUMOCTD BH1a

i3 o f (u63lu‘6=const’

rae f-uexkoropas Gpynkmus.

BxoaHol XapaKTepuCTUKON HA3bIBAIOT U I'paUK COOTBETCTBYIOIIEH 3aBUCUMOCTH (3TO
CIIPaBEIMBO U IS APYTHX XapaKTEPUCTHK).

BbIX0qHOM XapaKTEPHCTUKOM IS CXEMBI ¢ 001IIeli 0a30i HAa3bIBAIOT 3aBUCHMOCTH TOKA I OT
HANPSKEHUS Uy IPH 38aHHOM TOKE |y, T. €. 3aBHCHMOCTb BHJIA

i" = f (u"5 Xi,:const >

rae f— HekoTopas GpyHKIHS.
Bxoouvie xapaxmepucmuxu 0na cxemvl ¢ obwet bazou. Kaxxaas BXOIHAs XapaKTEPUCTHUKA B
3HAYUTEIILHOM CTETIEHH OINPEAEISIETCS XapaKTEPUCTUKON SMUTTEPHOIO IIEPEXO/IA Y IOATOMY

aHAJIOTUYHA XapaKTepucTuke nuoza. M300pa3um BXOJHbIE XapaKTEPUCTHKH KPEMHUEBOTO
tpan3uctopa KT603A (MakcuManbHBIN ITOCTOSHHBIA TOK KoJuiekTopa — 300 MA, MakcCHUMaJIbHOE
MOCTOSTHHOE HarpshKeHue KosuiekTop-6aza — 30 B ipu t < 70° C) (puc. 1.57) . Casur xapakrepuc-
THUK BJIEBO MTPU YBETMUCHUN HATIPSKEHUS Uy; OOBSICHSIETCS TIPOSIBIICHUEM TaK Ha3biBaeMoro d(exra Dpmum
(> dexTa MOTYIISAITUK TOIIUHBI Oa3bI).

YkazaHHbIi 3PPEKT COCTOUT B TOM, UTO IIPH YBEITUIECHUHN HATIPSKEHUS Mg KOJUIEKTOPHBIN MEPEXOT

pacmmpsieTcsi (Kak 1 BCSIKUI 00paTHO CMEIeHHbIH P-N-Tiepexo). Ecri KoHIeHTpaiys aToMOB IPUMECH B
0aze MeHbIIIe KOHIIEHTPAIMH aTOMOB MIPUMECH B KOJIIEKTOPE, TO PACIIUPEHNE KOJLUIEKTOPHO-

KT603A
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TO Mepexoia OCYIIECTBISIETCS B OCHOBHOM 3a cueT 0a3bl. B moboM ciydae TonmmHa 0a3bl yMEHBIIIACTCS.
'Y MeHBIIIeHHE TOMIMHBI 0a3bl U COOTBETCTBYIOIIEE YMEHBIIICHHE €€ CONPOTUBIICHUSI IPHBOJIUT K TOMY, U4TO



PY HEU3MEHHOM TOKE |, HAIIPSLKCHHE 15, YMEHbIaeTcst. Kak ObLIo OTMEUEHO IpH paCCMOTPEHUH THO/IA,
TIPY MAJIOM TI0 MOJTYJIFO OOpaTHOM HANpPsDKEHUH Ha P-N-TIepeXo/1e 3TO HANpsHKEHUE BIUACT HA IIIUPUHY
repexoza 0oJIbIe, 4eM IpH OOJIBIIIOM HaIpshDKeHHH. 1103TOMY pa3myHbIe BXOIHBIC XapaKTEPUCTUKH,
COOTBETCTBYIOIIHE PA3IMYHBIM HAPSHKESHUAM 1,5, HS3aBHCHMO OT THIIA TPAH3UCTOPA MPAKTHUCCKHU
CIIUBAIOTCS, €CIH U,z > 5 B (nnm maxke ecnu u,; > 2 B).

BxoHbIe XapaKTepHUCTHKH YacTO XapaKTepu3yroT quddepeHIMaIbHBIM COIPOTURICHUEM 2y,
OTpeIeNIIEMbIM aHATIOTHYHO JT(QepeHIaTEHOMY COIPOTUBIICHHIO U0,
Tenepb

o |la—300annsi
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Buvixoouwsie xapaxmepucmuxu ons cxemwt ¢ ooweti bazotl. V1300pa3um BBIXOTHBIC XapaKTEPUCTHKH IS
tparzuctopa KT603A (puc. 1.58).

Kak y»ke 0TMeuasoch, eCiti KOJIUIEKTOPHBIH IIEPEX0/1 CMENIEH B 00paTHOM HampasiieHuu (u,; > 0), TO
TOK KOJUIEKTOpa MPUMEPHO PaBEH TOKY SMUTTEPA: I, ~ I,. ITO COOTHOIICHUE COXPAHSIETCS JaXe IpU
U = 0 (ecau TOK SMHUTTEpa JOCTATOYHO BEJIHK), TAK KaK M B 3TOM CITy4dae OOJBIITMHCTBO AJIEKTPOHOB,
WHXCKTUPOBAHHBIX B 0a3y, 3aXBaTHIBACTCS SJCKTPUUCCKUM TI0JIEM KOJUIEKTOPHOTO Mepexo/ia U
MIEPEHOCUTCS B KOJJIEKTOP.

TombKO eciy KOJUIEKTOPHBIH IEPEX0] CMEIIAIOT B IIPSMOM HaNpaBleHUU (Uy; < 0), TOK KOJIIEKTOpa
CTaHOBUTCS PaBHBIM HYITIO, TaK KaK [TPU STOM HAYMHACTCS MHKEKIHS SJIEKTPOHOB U3 KOJUIEKTOpa B 06a3y
(nrmu IBIPOK U3 0a3bl B KOJUIEKTOP). DTa MHXKEKIIUSI KOMIICHCUPYET Mepexo/l n3 0a3bl B KOJUIEKTOP TEX
AIIEKTPOHOB, KOTOPbIE ObLIH MHKEKTUPOBAHBI IMUTTEPOM. TOK KOJLIEKTOpa CTAHOBHUTCS PAaBHBIM HYITIO
IIPY BBIIOIHEHNH YCIIOBUSA U, < 0,75 B.

PexiM, COOTBETCTBYIOLIIHIA TIEPBOMY KBA/IPAHTY XapakKTEPUCTHK (i > 0, i, > 0, mprudem ToK
HMUTTEpPA IOCTATOUHO BEJUK), HA3bIBAIOT aKTHBHBIM PEKUMOM paboThl TpaHzucTopa. Ha koopanuHaTHOM
MJIOCKOCTH €My COOTBETCTBYET TaK Ha3bIBaeMasi 00J1aCTh aKTUBHOW paOOTHI

PexuM, COOTBETCTBYIOIIHI BTOPOMY KBaJIPAHTY (U, < 0), Ha3bIBAIOT PEKUMOM HachIIeHHs. EMy
COOTBETCTBYET 00J1aCTh HACHIIIICHHSI.

OO6parsslii TOK KosutekTopa 1,, Man (mmst KT603A 1,, < 10 mxA npu t < 25°C). [ToaTomy
BBIXO/IHAS] XapaKTEPUCTHKA, COOTBETCTBYIOIIAS PAaBEHCTBAM /5, = 0 U ik— dep * 15 + Lo= 1y0,
MPAKTUYIECKH CITMBACTCS C OChIO HAMPSHKEHHH.

[Tpu yBenmuueHun TemrepaTypbl TOK /x, Bo3pactaeT (st KT603 1, ~ 100 MxA npu t < 85° C) u Bce
BBIXO/IHBIE XapPaKTEPUCTUKU HECKOJIBKO CMEIIIAIOTCS BBEPX.

Pesxxum paboThl TpaH3UCTOPA, COOTBETCTBYIOIINIM TOKaM KOJIIEKTOPA, CPABHUMBIM C TOKOM 1y,
Ha3bIBAIOT PEXKMMOM OTCEeUKH. COOTBETCTBYIOIIYIO 00JIACTh XapaKTEPHUCTHK BOIM3H OCH HATIPSKEHHNA
Ha3bIBAIOT 00IACTHIO OTCEUKH.

B akTHBHOM peXKHUME HAMPSKEHUE Uy U MOITHOCTD P, = = Ik ® Uy, BBIICISAIONIASCS B BUJE TEIUIA
B KOJUICKTOPHOM IIE€PEXO0JIE, MOTYT OBITh 3HAYUTETLHBIL. UTOOBI TPaH3KUCTOP HE MEPETPENCs, JODKHO
BBITIOJTHATHCS. HEPABEHCTBO

P, X <P « maxc

A€ Paxe — MaKCUMabHO gonycTuMas MOIHOCTD (st KT603A Pyyue =500 MBT ipm t < 50° C).
I'paduk 3aBUCUMOCTH 1K = Pyyane,/ Ui (THIIEPOOJIA) M300paKEH Ha BBIXOIHBIX XapaKTEPUCTUKAX
MTyHKTHPOM.
Takum 00pa3oM, B aKTHBHOM PEXKMME SIMUTTEPHBIH ITEPEX 0] CMEIIICH B MPSIMOM HAaIlpaBJICHUH, a
KOJUIEKTOPHBIN — B 0OpaTHOM. B pexrMe HachImeHnst 00a repexo/ia CMEIeHbI B
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PSMOM HAIIPABJIICHUH, B PEKUME OTCEUKH KOJUICKTOPHBIA MEPEXO0] CMEIICH B 00paTHOM
HaIpaBJICHUH, 2 SMUTTEPHBIA WJIM CMEIICH B 0OPaTHOM HaNpaBIICHUH, WA HAXOUTCS IO
OYEHb MAJIBIM MPSAMBIM HANIPSKEHUEM.

TpaH3uCcTOp YaCTO XapaKTEPU3YyIOT TaK Ha3bIBaeMbIM TU( (hepeHInaTbHBIM KOd(hPHUIueHTOM
nepesayn SMUTTEPHOTO TOKA @, KOTOPBIM ONpeaesseTcsl BRIpaXKeHUEM

di,
o= i i, — Ba0aHHBIA |
4 = const

Jlnst mpupanieHns Toka KouIeKTopa Al U MPUpAIIEeHHUs TOKa IMUTTEpa Al, MOKHO 3aIHCaTh:
A, ~a- A,

KoaddurmenT a HeckombKo M3MEHSIETCSI IPU M3MEHEHUH PeKUMa paboThI TpaH3ucTopa. BaxkHo
VUUTBIBATh, YTO Y PA3IUYHBIX (BIOJIHE TOJJHBIX ) SK3EMIUIIPOB TPAH3UCTOPA OJJTHOTO M TOT'O YKE THUIIA
Kod(hdUIMEeHT @ MOXKeT 3ameTHO oTi4athest. J{st Tpansucropa KT603A npu t = 25° C @ = 0,909 ...
0,988.

Hanmume HakmoHa BBIXOIHBIX XapaKTePUCTHK, OTpaxaroliee (pakT yBeIMdeHHs TOKa KOJIEKTOpa IPH
3aJJaHHOM TOKE IMHUTTEpa NP YBEINYECHUN HATPSLKEHUS Uy, O0BICHSETCS MposiBlieHneM 3 dexTa Dpiu:
MPU YMEHBIIEHUH TOJIIMHBI 0a3bI BCe OOIBIIEe KOTMIECTBO HIEKTPOHOB, MHKEKTHPOBAHHBIX SMHUTTEPOM,
TICPEXOJTUT B KOJUICKTOP.

HaxI10H BBIXOJTHBIX XapaKTePHCTHK YMCIICHHO OMPEIEIISIIOT TaK Ha3bIBaeMbIM T ((epeHITNaTbHBIM
COIMPOTHUBJIEHUEM KOJUIEKTOPHOTO IIEpexo/ia:

ne= g
iy=const

C yuerom 3 dpexra Dpau

NPT
Iy S0 1y Ly, +— Uy

Ty

.

Cxema c oowum Imummepom. OUeHb YaCTO TPAH3UCTOP XAPAKTEPUIYIOT XAPAKTEPUCTUKAMH,
COOTBETCTBYIOIIMMH CXeMe, ITPEACTABICHHOM Ha puc. 1.59. DTy cxemy Ha3bIBalOT CXEMOM C OOLIHIA
SMUTTEPOM, TaK KaK SMHUTTEP SBISIETCS OOIIMM DIIEKTPOIOM JUTSl HICTOUHHKOB HAMPSHKCHUSL.

JUist 9TO# CXeMbI BXOTHOM XapaKTePHCTHKON HA3bIBAFOT 3aBHCUMOCTD TOKA 15 OT HAIIPSHKCHUS Us, IPU



3aIaHHOM HAITPAKCHUU Uy, T. €. 3aBUCUMOCTb BUId
= f(u&”)lunwonst’

rae f— mexoropas GpyHkIms.
BbIX0oaHOM XapaKTepUCTUKOM Ha3hIBAIOT 3aBHCUMOCTD TOKA I, OT HAIIPSDKEHUS Uy, IIPU 3aJaHHOM TOKE
Ig, T. €. 3aBUCUMOCTbH BHIA

i = [ )], —const KT603A
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Puc. 1.59 Puc. 1.60

OueHb BOXXHO YSCHUTD CIICAYIONIUX JiBa (aKTa.

1. Xapaxmepucmuku 0151 cxembvl ¢ 00uUM IMUMMEPOM He OMPANICAIOM HUKAKUE HOBblE (huzuyecKue
aghghexmobl no cpasnenuio ¢ xapakmepucmukamu 0Jist cCxemuvl ¢ 0owell 6a3oll U He HeCym HUKAKOL
NPUHYUNUATBHO HOBOU UHpOpMayuu o ceoticmeax mpauzucmopa. Jns oovicHenus ocobeHnocmell
xa-

PAKMepUCmuK ¢ 0OWUM IMUMMEPOM He HYHCHA HUKAKAS UHGopMayus Kpome motl, Ymo
Heobxoouma 07151 00bACHEeHUS 0CODEHHOCMEL XapaKmepucmuk cxemvl ¢ oouett basoti. Tem ne menee
Xapaxmepucmukuy 0s. CXeMol ¢ 00WUM IMUMMEPOM OYEHb WUPOKO UCHONb3YIOM HA Npakmuke (U
npuUBoOsim 6

CNPABOYHUKAX), MAK KAK UMU YOOOHO NOJIb308AMbCAL.

2. Ilpu pacuemax na KomMnvlomepax Mooenupyrouue NPoSpammol 6000We HUKAK He YUUMbLEAom mo,
no Kakou cxeme 6Kkouer mpausucmop. Ilpocspammol ucnonv3yrom mamemamuyeckue mMooenu
MPAH3UCTOPOB, AGTAOUWUECS eOUHBIMU OJIs1 BCEBOIMONCHBIX cXeM 8KIoueHus. Tem He menee, oueHsb
NOJLE3HO yMemb ORPeoeumb Mun CXembl KIHOHYEHUs. MPAH3UCmopd. Imo obne2uaem NOHUMAHUE NPUHYUNA
pabomvi cxembi.

Bxoonvie xapaxmepucmuxu ons cxemvi ¢ 00uum smummepom. Y1300pazum XapakTEpUCTHKH YKe
paccmotpennoro tpanzuctopa KT603A (puc. 1.60). Teneps addext Dpnu nposiBAsSETCS B TOM, YTO
NP YBEJTMYCHUH HATIPSHKEHUS Uy, XapaKTEPUCTHKH CABUTaloTcs Bpaso. Juddepennmanproe
COTIPOTHBIICHHE TENEPh ONPEJICNISIETCS] BEIPAKCHHEM

~
s du63
r‘)u¢ = T | ig-sadaummii
[6 Wy =const

Buixoonwvie xapakmepucmuku 07151 cxemvl ¢ oowum amummepom. 1300pa3uM 3TH XapaKTEPUCTUKH

st tpanzuctopa KT603A (puc. 1.61).
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OO6paruMcs K paHee NOTy4YeHHOMY BBIPAKEHUIO
=L L
B cootBeTcTBHM ¢ epBbIM 3akoHOM Kupxroda
i, =1 +is
Y C YYETOM IPEABIIYLIETO BBIPAKECHUS MTOTYUYUM
i = 0oy (B + i) + L,

OTKyIia
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Iy = g+ 'Ixo.
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BBeneMm 0003HaueHue:
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Koaddurment B Ha3pIBaroT crarmyeckum Ko3puipeHToM repeaaun 6azoBoro Toka. Ero Bemmunza
OOBIYHO COCTaBIISIET JIECSITKU — COTHH (3TO Oe3pa3MepHbIi KOIPHUIIUEHT).
JIerko 3aMeTHTh, YTO

=B, +1
o Pl

Beenem o6o3HaueHue T x =B +D-1,,.

B wrore nonysaem i, =B -ig+1,,-

310 BBIPAXKCHUC B IICPBOM HpI/I6J'II/DKeHI/H/I OIIMCBIBACT BBIXOJIHBIC XapaKTCPUCTHUKU B 001acTy aKTHBHOM
pa6OTBI, HC YUMThIBas HAKJIOHA XapPaKTCPHUCTHUK.
I[J'I}I Y4€Ta HAKJIOHA BBIPAXKCHUEC 3aIIMCBIBAIOT B BUJIC

- : o1
Iy = ﬁcr ‘Ig +Ixo +—u,,
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diK Uy —3a0annoe
ig=const
B niepsom npubmmxenun I, = (1/1+P¢;) * I, (COMPOTHBIICHHE I ONPEIEIICHO BBIIIIE).
Yacro nomnb3yroTes Tak HazbIBaeMbIM T pepeHIMATbHBIM KO3(D(HIIEHTOM Iepeadn 6a30BOro Toka f.
ITo onpenenenuto

p=Sh Ai =B A,

15| u,, = const

Jlist pupalieHus ToKa KoJuiekTopa Ai, v Toka 6a3sl Alg
MO>KHO 3aITUCaTh:

Ai, =B Al

st rparsuctopa KT603A nipu t = 25°C B = 10...80.

Bemmuuna B 3aBucut ot pexxuma paboTsl TpaHzucTopa. [IpuBeneM TinmdHbIi rpaduk 3aBucumocty B
OT TOKa AMUTTEpa (OH MPAKTUUYECKH PaBEH TOKY KOJUIEKTOpa) WA U = 2 B (puc. 1.62).

Jli11 HopMalTbHOM pabOThI TPAH3UCTOPA HA MIOCTOSTHHOM TOKE, KPOME PACCMOTPEHHOTO BBIIIES
YCIOBHSA Py < Py siaxe, TOTDKHBI BBIIOTHATBCS YCIIOBHUS

11(' < 11(211611('0 " uk‘3 S UK&).,WGKC..

A€ Livae M Ugs yaxe — COOTBETCTBEHHO MaKCUMAJIBLHO JIOITYCTHMBIN ITOCTOSHHBINA TOK KOJUIEKTOpa U
MaKCUMAJTLHO JIOITYCTUMOE ITOCTOSTHHOE HAMPSHKEHUE MEXTY KOJUICKTOPOM M SMHUTTEPOM.

Hns paccmorpennoro Beimie Tpan3uctopa K. T603A 1,4 = 300 MA, U, uue= 30 B (mpu

t<70°C).

N300pasum cxemMaTHiecKH Ha BBIXOIHBIX XapaKTePUCTUKAX I CXEMBI C OOIIM AYMUTTEPOM TaK
Ha3bIBAEMYIO 00J1aCTh O€30MacHON PadOThI, B KOTOPOH YKa3aHHBIE YCIIOBUS BRIMONMHIOTCA (puc. 1.63).

OOBIYHO JTOITYCTHMO TIPEATIoNaraTh (C TOM WM MHOW MOTPEITHOCTHIO), YTO BHIXOIHBIE XapaKTEPUCTUKI
TSI CXEMBI ¢ OOIIIM SMUTTEPOM PACIIONIOKEHBI Ha OTpe3Kax MPsIMBIX, PACXOSAIINXCS BEEpOOOpasHO 13
OJTHOM TOYKH Ha OCH HarpsbkeHui (puc. 1.64).

Hampsoxenue U, (3To MonoKuTeabHas BEIMYWHA) HA3bIBAIOT HAMPsOKEHUEM Dpiid. Jlis
tpan3uctopa KT603A U, ~ 40 B.

Hnsepcroe sxmouerue mparsucmopa. VIHOTIa TpaH3|CTOp paboTaeT B TAKOM PEKHUME, YTO KOJUTEKTOPHBIH
MIEPEXO0]I CMe-

a KT 603A

u,=2B

100 200 i MA

£

Puc. 1.62 Puc. 1.63

_UJ of u,

Puc. 1.64



IICH B IPSIMOM HANpPaBJICHUH, 2 SMUTTEPHBIH — B oOpaTHOM. [IpH 3TOM KOJIJIEKTOP UIpaeT
POJIb AMUTTEPA, @ SMUTTEP —POJIb KOJIEKTOPA. ITO TaK Ha3bIBAEMBIN MHBEPCHBIM pexKkuM. Emy
COOTBETCTBYET TaK Ha3bIBAEMbIM MHBEPCHBINA KOX(DDHIMEHT repeaaun 6a3oBoro Toka Bi. M3-3a
OTMEYEHHBIX BBIIIIC HECUMMETPUH CTPYKTYPhI TPAH3UCTOPA M PA3TMYHS B KOHIICHTPAITHASIX
puMeceil B CII0SX MOJaynpoBogauka o0eraHo Bi<<p. Yacto Binl.

M300pa3rM BBIXO/HBIEC XapaKTEPHCTHKH IS CXEMbI C OOIIIMM SMUTTEPOM U TSI TIPSIMOTO, ¥ JITTSE
MHBEPCHOrO BKIItOUeHUs (puc. 1.65).

=i e
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i6l
0 Uky
o p—
2
i
Puc. 1.65

1.2.3. MaTeMaTtuueckue MOJEIN OUIOIIPHOTO TPaH3UCTOpa

PaccmoTpum paznuyHble MaTeMaTUYECKUE MOJIEIHU OUTIONSPHOTO TPaH3UCTOPA.

IIpocmeriwuii éapuanm modenu J6epca—Monna ¢ 08yMs UCMOYHUKAMU MOKA, YNPABIAEeMbIMU
mokamu. Kak v u1s1 Tuoa, MareMaTudeckasi MOJIeb TPAH3UCTOPa — ITO COBOKYITHOCTh
SKBHBAJICHTHOW CXEMBI M MATEMATUYCCKIX BBIPAXKCHHH, OMTMCHIBAIOIINX YJIEMEHTBI 9TOW CXEMBI.

D0epc u Mo npenyoxunu B 1954 r. Mmozens, pa3audyHbie BApruaHThl KOTOPOH C pa3BUTHEM
BBEIYHCIIUTCIILHON TEXHUKH U MAIIMHHBIX METOJIOB aHAIN3a JIEKTPOHHBIX CXEM CTaJId MTUPOKO
UCITIOJIB30BATHCS HAa TIPAKTHKE.

PaccmoTpum npocrelimuii Bapuant Mozaenu (puc. 1.66), XxapakTepHblid HCIIOJIb30BAaHUEM JIBYX
YIPaBISEMbIX HCTOUHUKOB. KaxIplit U3 HUX SIBISIETCSI HCTOYHUKOM TOKA, YIIPABIS€MbIM TOKOM.
Ornpenenum elie He ONMMCAaHHbIEC BETUYUHBI:

Acemi — K02 PUIIMEHT Tepeaun KOJIEKTOPHOTO TOKa (T. €. HHBEPCHBIN Kod(hpuineHT nepegauu
TOKa, MHJIeKC | 03HaUaeT MHBEPCHOE BKIIIOUCHUE);

Qcry ia'( CGor i;
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Puc. 1.66

Ixey 15 — COOTBETCTBEHHO TOK HACHIIICHUS (TEIIOBOM TOK) KOJJICKTOpA M SMUTTEPA.

OOpaTuM BHUMaHHE HA TO, YTO TEIUIOBOM TOK OOBIYHO 3HAYUTEIHHO MEHBIIIE 00OPAaTHOTO TOKA
COOTBETCTBYIOIICTO MEPEXO0a: TOK I << lxo. ITO HEOOXOIUMO TOMHHUTH IIPH MCIIOIH30BAHUN
CHCTEM CXEMOTEXHUYECKOTO MOJCINPOBAHUSI.



VIMEHHO MCTOYHMKH TOKA, YIIPaBJIsieMble TOKAMU, OTPAXAIOT B3aUMOJEHCTBHE pP-N-IIEPEX0A0B
TpaH3HUCTOpA.
Hcnonb3ys nepssii 3akoH Kupxroda, MoKHO 3amucaTh:

s, L3
'_.',‘Pr_)__ .q .(4’1_)
i, =i, (e o/ S 1),

L U
ix =0 'ios _(e¢r _1)—iK.\‘ _(e("r —l)

HcknrountensHoO IIOYYUTCJIBHBIM ABJIACTCA ACTAJIbHOC H3YUCHUC 3T0ﬁ, Ka3aJI0Ch 6I)I,
3HeMeHTapH0ﬁ MaTeMaTUYECKOU MOI€CIIu, 0C06CHHO €CJIM 3TO U3YUYCHHUC BKJIIOYACT YUCJICHHBIC
PacCycCThI 110 IIPUBCACHHBIM (bOpMyJIaM. 3,HCCB CJICAYECT YYUTHIBATD, UYTO JJIA PYYHOI'O aHaJIu3a CXCMBI
C ylipaBJIIEMBIMU UCTOUYHHKaAMHU 06BIqHO OKa3bIBAOTCA KapAWMHAJIBHO 60Hee CJIIO)KHBIMHU, YEM 663
HUX. HYacTo TPYJHO OCO3HATH XapaKTep BIUSHUSA Ha PEKUM pabOThI CXEMbI TOTO MM HHOTO
praBHﬂeMOFO HNCTOYHHKA.

HpaKTI/ILIeCKI/I HCIIOJIB3YEMBIC MOACIN JOIIOIHAKOTCA KOHACHCATOpaMU U pE3UCTOPaMU. B takux MOACIIX
HCIIOJIB3YIOT JOCTATOYHO CJIIOXKHBIC MATEMATHYCCKUEC 3aBUCHUMOCTH. 3TI/I MOZACIIM XOPOIIO MOACIIMPYIOT
TPAH3UCTOP M B YCTAHOBUBIIIMXCS, U B TIEPEXOAHBIX PSKHUMAX, U IIPH MPSMOM, U IIPH HHBEPCHOM
BKJIFOUCHHUMU.

Bapuanm mooenu 6epca—~Monna ¢ 00HuM ucmouHukom moka, ynpaegisiemvim moxom. dacro
JA0IIyCTUMO CUUTATh, YTO

Oy iy = O, * i
3TO PaBEHCTBO 0OOCHOBBIBAIOT, JETATILHO paccMaTpUBas (PU3MUIECKYIO KAPTHHY MPOLIECCOB B UICATHHOM
TpanzucTope. s peasbHbIX TPaH3UCTOPOB 3TO PABEHCTBO YACTO BBIIOIHACTCS C OOJIBIION TOTPEITHOCTHIO.

0003HaYNM
L= Oy T = O U
Bew=0p /(1 —0a,)

Bom1 =0y / (1 — 0, ).

W3 BeIpaXkeHus
CIIEIYET, YTO

0O003HaYNM

Koaddurment Beni HaszpiBatoT ctatrnueckuM KodhHUIIMEHTOM nepeaun 6a30BOro Toka Jyist
MHBEPCHOTO BKITFOYEHHUS (00paTHBIM KO (PUIIMEHTOM yCUIIEHHS TOKA B CXeMeE C OOIIIM SMHUTTEPOM).
U3 mocneHero BEIpaXKEHHs CIIeIyeT, 4To

acml= chl/(l * chl)

Wcrionb3ys BeIpasKeHUSI IS |, U I, TIOIy4UM

b Y55 Uor.
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cr
U . Yok
Iy =i '(quT _1)_(;3 .(e‘l’r _1)
“cri

C y4eTOM COOTHOIIEHUS MEXKIY Ocp U Per U MEXKIY Ocri U Per1 MOTYyIUM

: M5 Hex
i

ﬂ: (e?r 1), :e®r -1);

cT

i,=(01+p8.)

Ugy 2 Uy

i =i, o -1)-(1+;3m)-23i5—-(e3 ~1).

crl



[Tocne mpeoOpa3oBaHUii 3TU COOTHOIICHUS TPUMYT CICAYIOIIHI BUI:

Ugs L7 s

i, =i -(er”: —1)—1'3 -(e'pT -1)+ g -(e"’T —l);
cT
Yo Mg { g
b=y e 1), 9 )= o 1),

crl

[Tocnenuss cuctema IByX ypaBHEHUH MO3BOJIAET UCII0JIb30BAaTh MAaTEMATHUYECKYIO MOJIENb
TPaH3UCTOpPA C OJJHUM MCTOUHUKOM TOKA, YIIPaBJISIEMbIM TOKOM, IIPEACTABICHHYIO Ha puC. 1.67.
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Puc. 1.67
OTOT BapuaHT MOJICIIH JISKHUT B OCHOBE 00JIee CIIOKHBIX MOJIEIICH, IMPOKO HUCITOIB3YEMbIX B

TIPAKTUKE MAaTEMaTHYECKOTr0 MOJICTTMPOBAHUSI 2JIEKTPOHHBIX CXeM (M IPUMEHSIEMbBIX B TTAaKETax
mporpamm Micro-Cap, Design Center u mp.).

DKeusanenmuas cxema mpan3ucmopa OJis pacuema cxem ¢ OOUUM IMUMmepom. Y TIpOILICHHbIE
MAaTeMaTUUECKUE MOICNTH IPUHSITO HA3bIBATh SKBUBAIEHTHBIMU CXEMaMHU.

PaccmoTpuM SKBUBATIEHTHYIO CXEMY, KOTOPYEO MOXKHO HCTIONB30BATh TOJIHKO TPH TIPSIMOM (HE
WHBEPCHOM) BKITFOUEHUH B PEKUME aKTHBHON PaOOTHI M PEKUME OTCEUKH (B PEXKMME HACBIIIICHHUS ee
UCTIOB30BaTh HETIb3s1), U B CITy4ae, KOT/la aMIUTUTY/a IepeMEHHOM COCTaBIISIONIEH ToKa
KOJIJIEKTOPA, a TAKKE aMILUIUTY/Ia IEPEMEHHOM COCTaBJISIOLIEH HarpshkeHus Uy, HeBenuka. [Ipu
BBITIOJTHEHUH STUX YCIOBUH B IEPBOM MPUOIIKEHNN BHIXOIHBIE i BXOAHBIE XapaKTEPHUCTUKI
TPaH3UCTOPA MOXKHO CYMTATh JIMHEHHBIMU. [lepexos k uaeann3upoBaHHBIM BXOTHBIM (pHC.
1.68) u BeixomHBIM (puc. 1.69) XapakTepucTHKaM TPaH3UCTOPa, KOTOPBIE MOKA3aHbI MyHK-
TUPHBIMU JIMHUASIMH, TIOJTYYUM SKBUBAICHTHYIO CXEMY TPaH3UCTOPA, MIPEACTABICHHYIO Ha PUC.
1.70.

Pe3ucTop ¢ conpoTuBieHHEM 25 OTpakaeT (GhakT HATMUKS COITPOTUBIICHUS 0a30BOr0 CIOs
TPAH3UCTOPA, a PE3UCTOP C COMPOTUBIICHUEM I, — (HAKT HATMYUS COMTPOTUBIICHUS IMHT-
TEPHOTO CJIOSL.

Puc. 1.69




NHorpa BMecTO pe3nucTopa 2, BKIIIOYAKT UACaIbHbIA AM01 [, KOTOpBIA BO BKIIFOYEHHOM
COCTOSIHMM 3aMEHSIIOT 3aKOPOT-KOH, a B BBIKIIFOUEHHOM — Pa3pbIBOM.

Emxocth C', KOTOPYIO MHOT/Ia BKJIFOYAIOT B CXEMY IIpH €€ aHaJIn3¢ Ha IIEPEMEHHOM TOKE,
oTpakaeT (akT BIUSHUS HA TOK KOJIJIEKTOpA MEPEMEHHOM COCTABISIONICH HAMPSKEHUS MEXKIY
KOJIJIEKTOPOM U SMUTTEPOM.

B nepBoM nipubnmxeHun

C.=010+p-C,

rae C, — GapbepHas EMKOCTh KOJJIEKTOPHOT'O IIEPEX0/Ia.
OcTanbHbIC 3JIEMEHTHI 9KBUBAJICHTHON CXEMBI COOTBETCTBYIOT YK€ ITOJYYCHHOMY
BBIPOKEHUIO Ik = Py 15 + | o FU,, /1

HOI[O6HI)IC 9KBUBAJICHTHBIC CXCMbI pCKOMCHAYCTCA HMCIIOJIb30BaTh B y‘~I€6HBIX HEIIX U IIpU
IIPOCTHIX HpI/I6J'II/I)KCHHLIX pacucrax.

HpO(I)CCCI/IOHaHLHBIC PaCYCThl TPAH3UCTOPHBIX CXEM PCKOMCHAYCTCA BLIITOJHATL C IIOMOIIBIO
MOJCIUPYIOHIUX IIpOorpaMM, UCIIOJIb3YIOIHUX COBPEMCHHBIC MAaTEMATHUYCCKUE MO JACIIN
TPaH3UCTOPOB.

1.2.4. Ananu3 cxeM ¢ TpaH3UCTOPAMHU

XOTs IPaKTHYECKHUI aHATU3 HJIEKTPOHHBIX CXEM PEKOMEHTYETCsI BBITOIHATL HAa DBM, 111 Tydiiiero
YSICHEHUSI TIPUHITUTIOB Pa0OTHI CXEM C TPAH3UCTOPAMH U JIJIsl IPOBEICHUS MPUKUIOUHBIX PACUETOB
CIIeTyeT 03HAKOMHTHCS C TPAPHIECKIM aHATU30M CXEM, a TAKXKE C aHAIIM30M CXEM Ha OCHOBE
MIPOCTEUIIINX SKBUBAJICHTHBIX CXEM TPaH3HCTOpA.

I'papuueckuii ananuz cxem ¢ mpanzucmopamu. Ilpu aHamu3e CXEM C TPAH3UCTOPaMHU TPpadHIECKUM
CIOCO0OM UCTIONB3YETCS TOT K€ TOAXO/, YTO U MPU aHATIM3E TUOAHBIX cxeM. [IpuMeHsroTest mmHun
Harpy3ku. Ho Tenepsb a7 aHanm3a cxeMbl HCIOJIB3YIOT JIBE IMHUU HAarpy3Ku — JIJIs1 BXOJIHOM U BbI-
XOJHOM LIETIEN.

Oo6patumcs k puc. 1.71. YpaBHeHHEe TUHUH HATPY3KH TSI BXOJAHOM IETH UMEET CIEAYIOUTUI
BUM: Eg= Is Re+ ug,. JIWHUS HArpy3Ku 171s1 BBIXOHOM LIETIH OIUCHIBACTCS BhIpaXKEHUEM Ey =i ¢ R, + .

[TocTponM nTUHUK HArPy3KHU 11 BXOAHOU (puc. 1.72) u BeixogHoi (puc. 1.73) nemneit. [1pu
aHaJIN3e HAMPSOKCHUEM «f, 9aCTO TIpeHeOperaroT (ecu HanpsbkeHue £ T0CTaTOYHO BEJTHKO).

BHauarre 1o BXOHOM XapaKTEePUCTHKE (YaCTO UCTIONB3YIOT XapaKTePUCTHKY IS Uy, = SB)
OIIPEIEIISAIOT HCKOMBIM TOK 0a3Hl Ig, a 3aT€M IO BBIXOJHOM XapaKTEPUCTHKE, COOTBETCTBYIOMICH
3TOMY TOKY, OTIPEACISIOT HCKOMBIN TOK KOJIJIEKTOPA Ik, HCKOMOE HAMPSDKEHHE MEKITY KOJUIEKTOPOM K
SMUTTEPOM Uy, 1 ICKOMOE HaNPsHKEHUE Urk Ha pe3uctope Ry. Halinennyro Touky 0 Ha3bIBatoT
HayvalbHOM paboueil TOUKOH.

Ananusz cxem ¢ UCnob308aHUEM IKBUBATCHIMHBIX CXEM mpaH3ucmopa. 3aMeHI/IM TPaH3HUCTOP B CXCMC Ha
puc. 1.71 skBuBaneHTHol cxemoil. [Tonyunm cxemy, npeacTaBieHHy0 Ha puc. 1.74 (npu 3ToM



BMECTO JHMO0/1a B SKBUBAJICHTHON CXEME MCIOIb3YETCs 3aKOPOTKA).
N3 cxemsbl Ha puc. 1.74 cinenyer, 4To

Puc. 1.71

Puc. 1.74



I6=Es/(Re+T6), 1x=i5 Bemt+ | ko, Uw=Ex - ik Rk.

Paccmotpum Gonee cinoxusiid pumep (puc. 1.75). Ha cxeme, Kak 3T0 IPUHSTO B AIICKTPOHUKE,
IIOKa3aH TOJILKO OJMH ITOJIFOC HcTouHuKa HanpspkeHus E. ITycts Be,= 99; 25 == 0,5 kOMm; ' = °°;
1.,= 0,01 MA. Onpenenum ig.

BHauasre BBINOIHNM IpeoOpa3oBaHNe CXEMbI, UCIIONB3Ys TEOPEMY 00 SKBUBAJICHTHOM I'€HEPaTope.
[Tomyunm cxemy Ha puc. 1.76. I[Ipu aTom

R _
R+ R
RI'RZ

E

Ke = EK SB’

=0,5xOm .

Riye =

R\+R,
3aMEeHUM TPAH3UCTOP €r0 SKBUBAIEHTHOM CXEMOH U MPOBEIEM aHAJIN3 MOJYYEHHOU CXEMBI (pHC.
1.77).

Bhavarie onpenenum. 7 - I =(1+8,,) - [,=1 MA.

N3 cxemsl puc. 1.77 cnenyet, 4To

Eaxa-i6 ' (Rsxc+r6)=(ﬁcm ' i6+1,xo+i6) ' R:r
Orciona i=(E,,—I, - R)/(R,+r(1+B,) - R)=0,137 MA.

Puc. 1.75 Puc. 1.76

Puc. 1.77



1.2.5. Tpu cxembl BKIIFOUEHHS TPAH3UCTOPA C HEHYJIEBBIM COIIPOTHUBIIEHUEM
HAarpy3Ku

TpaH3UCTOPHI YaCTO MPUMEHSIIOT JIJISl YCUJICHHSI IEPEMEHHBIX CUTHAIOB (KOTOPBIE TIPH
pacueTax 0OBIYHO CUUTAIOT CHHYCOUIATBHBIMHU), IIPYU ATOM B BBIXO/IHOH IIEITH TPAH3UCTOPA
IPUMEHSETCS Harpy3ka ¢ HEHYJICBBIM COIIPOTHBIICHUEM.

Bo BX0aHO¥ 11€1H, KpOME HCTOYHHKA TTOCTOSIHHOTO HAMPSIKCHKS, HEOOXOMMOT0 IS
o0ecIieyeHUs] aKTUBHOT'O PE)KHUMa PabOThI, TAKXKE HCITOJIB3YIOT HCTOYHUK BXOJHOTO IIEPEMEHHOTO
HanpspkeHus. M300pa3uM Tpu XapaKTepHBIC CXEMbI BKIIFOUCHHS TPaH3UCTOpa.

Cxema ¢ obweiti 6azotui (Ob) (puc. 1.78). Eciin conpoTHBIICHHE HArPY3KH JOCTATOYHO BEIIHMKO,
TO aMILIUTY/1a IEPEMEHHOM COCTABIISIONICH HAPSHKCHUS U,y 3HAYUTEIBHO OOJIBIIIEC aMILIUTY IbI
HAIPSDKEHUS Uey. Y UUTBIBAS, UTO gy ~ lgx, MOXKHO YTBEPIKIATh, UTO CXEMa HE 00eCIIeUrBaET
YCHJICHHS TOKA, HO YCUJIMBAeT HaIpsDKCHHME. BXOIHOM TOK TaKOW CXEMBI JOCTATOYHO OOJIBIIOH, a
COOTBETCTBYIOIIEE BXOTHOE COMIPOTUBICHUE MaJIOe.

Cxema ¢ oowgum smummepom (0 3) (puc. 1.79). Tak KaK g,y >>> Ig a IPU TOCTATOYHO
0OJIBIIIOM COTIPOTUBJICHUHU Ry aM-

&X 2
Va
-

WS

Puc. 1.78

Puc. 1.79

IJIUTY/A TISPEMEHHON COCTABIISIFOIICH HAMPSHKEHUS Uy, SHAUUTEIIHHO OOJIBIIIEC AMILIATYIBI
HAIPSDKEHUS Uy, CIIEIOBATELHO, CXeMa 00eCIIeunBaeT YCHIEHNE U TOKA, M HAIIPSKEHHMS.

BX01HO# TOK CXEMBI JOCTATOYHO MaJl, II0OITOMY BXOIHOE COIIPOTHUBIIEHHE OOJIBIIE, YEM Y
CXEeMBI ¢ 001Iel 6a30i.

Cxema c oomum konnekmopom (OK) (puc. 1.80). IIpu onpeneneHun mepeMeHHBIX
COCTABIIAIOIINX TOKOB M HAIIPSHKEHUH MCTOYHUKH IOCTOSIHHOTO HAMPSOKEHMS Ui U Up 3aMEHSIOT
3aKOpOTKaMH (3akopaurBaroT). [Tociie 3Toro K KOJIEKTOPY OKa3bIBAIOTCS IMOKIIOUEHHBIMU U
HMCTOYHHMK BXOJTHOTO HAIPSHKEHUS Uy, U COMPOTHBICHUE Harpy3ku. OTCI0/1a U Ha3BaHUE — CXeMa C
OOIIHM KOJIJICKTOPOM.

CaMo HampsKEHHE Ug, 1 OCOOCHHO MepeMeHHast COCTaBSION[ast 3TOT0 HAIPSIKCHUS
JIOCTAaTOYHO MaJIbl, IOOTOMY aMIUIUTYyAa TEPEMEHHON COCTABIISIIONIEH HATIPSIKEHUS Uy
MIPUMEPHO PaBHA aMIUIATY/IC IIEPEMEHHON COCTABJISIONICH HAMPSHKCHUS Ueyy. B COOTBETCTBUH C 3TUM
YCHIMTEIbHBIC KaCKaJIbl, B KOTOPHIX TPAH3UCTOPHI BKIIFOUCHBI IT0 CXEME C OOIIUM KOJUIEKTOPOM,
HA3bIBAIOT YMUTTEPHBIMH ITOBTOPUTEIISIMHU.



YYHUTBIBAs TAKXKE, YTO Iy« lgyy, OTMEUAIOT, YTO CXEMA YCHUIUBAET TOK, HO HE YCHIMBAET
HaIpsDKCHUE.

CxeMma oTIMYaeTcs MOBBIIICHHBIM BXOJHBIM COIIPOTUBIICHUEM, TaK KaK IIPH YBEIIMYCHUU
BXOJHOI'O HaNpsHKCHUS yBe-

Puc. 1.80

JUYCHUIO BXOJHOT'O TOKA MPEMITCTBYET YBEIUUCHUE KaK HATIPSHKCHUS Ug,, TAK U HATPSDKCHUS Ugyyy.
Ha npaxrtuke Hanbosee 4acTo UCHOIB3YETCA cXeMa C OOIIMM SYMUTTEPOM.

1.2.6. h-mapameTtps! TpaH3ucTopa

[Tpu onpeneneHNy MepeMEHHBIX COCTABISAIOMIUX TOKOB U HAMPsDKEHUH (T. €. IPH aHallu3e Ha
MEPEMEHHOM TOKE) U MPHU yCIOBHH, YTO TPAH3UCTOP paboTaeT B aKTUBHOM PEKUME, €T0 YacTO
MPEJICTABIISIIOT B BUIE JTMHEHMHOTO YeThIpexmnoatocHuKka (puc. 1.81). B ueThIpexmontocHUKe YCIOBHO
n300pakeH TPaH3UCTOP, BKIIOUEHHBIH 0 CXeMe C 00IIUM HYMUTTEPOM.

J11s pa3HbIX CXEM BKJIIOUEHUS TPAH3UCTOPa TOKU M HAIIPSKEHUSI 3TOr0-UEThIPEXITOTIOCHUKA
0003HayYalOT pa3IM4Hble TOKU U HANPsKEHUs TpaHzucropa. Hanpumep, 1is cxemsl ¢ 001IUM
AMUTTEPOM 3TH TOKH U HAIPSLKEHUS CIENYIOIINeE:

11, — MEepEeMEeHHas COCTaBJISIONIAs TOKA 0a3bl;
41 — TIePEMEHHas COCTABJIISIONIAs HAMPSHKEHUS MEXKIY 0a30i U AMUTTEPOM;

I, — mepeMeHHast COCTABJISFOIIAsi TOKA KOJUIEKTOPA;
U, — TEPEMEHHAas COCTABIISIIOLIAs HAIPSKEHUSI MEXAY KOJJIEKTOPOM M AMUTTEPOM.
Tpan3ucTop ya100HO OMKCHIBATH, HCIIOIB3Ys Tak Ha3biBacMbie h-mapamerpsl. [Ipu aTOM

uy | _| bz | |0
i hothys | Lua
i] iZ

o—>— 0
uy l l“z
o—— —o

Puc. 1.81



u=hy i+ h, u;
i2=h21 'i|+ hzz"uz.

Koaddunments hjj onpenensoT onbITHRIM TyTeM. Hanpumep, hi; onpenensior, yctaHaBimuBas
u,=0 (pe’XuM KOPOTKOTO 3aMbIKaHUs Ha Bbixojie). [Ipu aTom

Uy
hu =]

I] u1:0

u, 3aMBIKaHus Ha BbIxoJe). [Ipu aTom /*n = .
Kak nerko 3amerutsb, koaddurment hy; npencrapisier codoi BXOIHOE CONPOTHBICHUES
TpaH3UCTOpa JUIs HEPEMEHHOTO CUTHAA. .

AHaNOrn4HoO

U
hjy =

u2 i] =0

-K03((HUIIMEHT 0OPAaTHOM CBS3H 110 HAMPSHKESHUIO.

Pexxum pabotel mpu i;=0 HA3BIBAIOT XOJOCTHIM XOJIOM Ha BXOJIC.
Janee
iy
hp1 =~ s
1 1, =0

-k0a((ULIEHT Tiepeayuy TOKa,

[TapameTpbl, COOTBETCTBYIOILIHE CXeME C OOIMM AIMHUTTEPOM, 0003HAYAIOT OYKBOH «3», a CXeMe C
o0meit 6a30i — OYKBOI «O».
MOXHO MoKa3arh, 4To

hy, =r (4B, hyp, = r/Q -1 )y =B hyy = 1/ 1%

JIyist co3manmst MaTeMaTHYeCKOi MOJIENH TPAH3UCTOpa MOJHBIH Habop h-riapaMeTpoB Yacto He Tpedyercs.



1.2.7. BpemeHHbIe nuarpamMMbl TOKOB
TPaH3UCTOPA IIPH €T0 BXOXKICHUU B aKTUBHBINA PEKUM pabOTHI U 4aCTOTHBIE
(TMHAMUYECKUE) CBOMCTBA

Jlns1 XapaKTepuCTUKH MHEPIIMOHHBIX, TMHAMUYECKUX CBOMCTB TPAH3MCTOpa H300pa3uM yKa3aHHbBIC B
3aroJIoBKe BpeMeHHbIE nuarpamMmsl (puc. 1.82). Ilpu 3ToM mpeamnonaaraercsi, 4To TOK SMUTTEpPA
H3MEHSETCSI CKAaYKOOOPa3Ho.

Hanuuwre 3a1epiKKu TpH H3MEHCHHUH TOKA |, XapaKTepU3yeMOi BpEMEHEM 3aI€PKKH i,
OOBSCHSIETCS TEM, UTO JICKTPOHBI, MHXKEKTHPOBAHHBIE SMUTTEPOM, IOCTUTAFOT KOJUIEKTOPA CITYCTSI
HekoTopoe Bpems. [ImaBHOE HapacTaHre TOKa KOJUICKTOpa B TEUCHUE TaK HA3bIBAGMOTO BPEMEHH
HapacTaHus t, 00bSICHIETCS XaOTUYHOCTHIO JBUXKEHUS 3JIEKTPOHOB U UX PA3IMYHOM CpeiHen
CKOPOCTBIO.

HemocpeacTBeHHO mOCie Havaia MPOTEKaHMsI TOKA I, TOK I5 TOCTATOYHO BEIIHK, YTO
00BSCHSICTCS HAKOIUICHUEM 3apsIoB B 0a3e Tpan3ucTopa. [lociie HakoIrieH sl 3THX 3apsi/I0B TOK 0a3bl
MIPUHUMACT 3HAYCHUE, COOTBETCTBYIOIIEE KOOPDUITUECHTY B

OOpaTiMCcst K peKIMY padOThI TPAH3UCTOPA, XaPAaKTEPHOMY TEM, UTO HIMEETCS TIePEMEHHAsT
COCTABJISFOIAst TOKA Oa3bl MaJION aMILTATY IbL. JIy1s aHav3a TaKuX PEKUMOB U PaHbIIIe (IIPY PYYHBIX
pacderax) U Ternephb (P UCIIOJIL30BAHUN MAaTEMATHYECKOTO MOJICITTMPOBAHUS ) ITUPOKO MCTIOJIB3YIOT
KOMITJICKCHBIN (CHMBOIMYECKUI ) MeTo1. OOpaTUMCS K STOMY METOITY.

[Tycth |5 — KoMITIEKCHOE NeiicTBYIONIEE 3HAUCHHE (KOMIUIEKC IEHCTBYIOIIETO 3HAYEHHST)
MIepEMEHHOMN COCTaBJIAIOIIEH TOKa 0asbl, a |, — KOMIUIeKCHOE AecTBYIolee 3HAaUeHHUE TIEPEMEHHOM
COCTaBJBIFOLLEH TOKA KOJUIEKTOpa. BBEIEM B paccMoTpeHre KOMIUICKCHBIH KO QHUIUEHT nepeaadn
6azoBoro Toka B. ITo onpenenenuio B =l /15

Ha xoadpdunmenT B okaspIBatoT BIMsIHHME MHOTHE (DAKTOPBI, U B IEPBYIO OUYEpEb YacTOTa
CUTHAJIa M1 EMKOCTH P-N-IIEPEXOA0B TPAaH3UCTOPA.

Panpure, mpu py4HbIX pacdyeTax, 4aCTOTHBIE CBOWCTBA TPaH3UCTOPA YUUTHIBAIH, BKIIIOUAs B
COOTBETCTBYIOILME JKBUBAJIECHTHBIE CXEMBblI HICTOUHHUK TOKA, YIPABISEMBIM TOKOM U

XapaKkTepu3yeMblil KOMIUIEKCHBIM K03 duunenToM f. IIpu 3ToM 00bIYHO HCIIONB30BATH

HECJIOXHbIE (DOPMYIIBI, OTIMCHIBAIOIINE 3aBUCUMOCTH KOA(PUIIMEHTa 3 OT 4aCTOTHI.

YacTo B O/IHY U Ty e SKBUBAICHTHYIO CXeMY BKJIFOYANU U YKa3aHHbBIN yIPaBIseMblil HCTOYHUK,
U HEKOTOPBIE EMKOCTH (Hampumep, 0apbepHbIe EMKOCTH MEPEXOO0B).

[Ipu coBpeMEHHOM MAaIIMHHOM aHAIU3€ JIEKTPOHHBIX CXEM HCIOJIb3YIOT YHUBEPCAIbHBIC
MaTeMaTUYECKUE MOJIETN TPAH3UCTOPOB, MPABUIILHO MOJIETUPYIOLIUE CAMbIE Pa3IMYHbIE PEKUMBL. B
TaKUX MOJIEIISIX UCTIONB3YIOT YIIpaBIisieMble HCTOUHUKH C BEIIECTBEHHBIMH, 4 HE KOMIUIEKCHBIMU
kod(ppunuentamu B. [Ipu 3TOM MosIHOE OTpakK€HNE YACTOTHBIX CBOMCTB
TPaH3UCTOPA JOCTUTAETCS BKIIFOUEHHEM B €I0 MaTEMAaTUYECKYIO MOJIENb IOMOTHUTENbHBIX
AIIEMEHTOB, B 4acTHOCTHU NU(DPy3nOHHBIX eMKocTel. 3110KeHHOe OueHb MOJIE3HO OCO3HAThH KaK
pUMep TOr0, HACKOJIbKO CUIIBHO Pa3BUTHE METO/I0B BBIUYMCICHUI BIUSIET HA HHXKEHEPHBIE
MOJXO/Ibl TPU MPOEKTUPOBAHUM SJIEKTPOHHBIX CXEM.

OpnHako HCTOIB30BaHUE AJIs IPeICcTaBleHus KO (DUIIMEHTA P KOMIUIEKCHBIX YHCEN OYeHb
HaIJISIIHO, TaK KaK MO3BOJISIET OLIEHUTh KPOME aMILIUTY/Ibl BBIXOJIHOTO CUTHAJIA €r0 CABUT IO
(aze Mo OTHOIICHUIO K BXOJTHOMY. DTOT CIBUT BO3HHMKAET HA BHICOKHX yacToTax. [lo-Buaumomy,

TaKo€ MPeICTaBJICHNE OY/IET UCTIONB30BAThCS U B JAJIbHEHIIIEM.

Kpome koaddurrenta 3, B (hopMe KOMIUIEKCHBIX YHCET MPEICTABIISIIOT U APYTUe TTapaMeTphl
TpaH3ucropa (a, '« u T. 1.). M300pa3um rpaduk 3aBucumoctu Moayis |B| or wactotsr f mst
tpan3uctopa KT603A (puc. 1.83) u magum Goitee meTalbHBIM THITUIHBIN Tpa Uk 3aBUCUMOCTH
Moy |B| ot

yacToThl (puc. 1.84). 3nauenue korpdumreHTa B Ha MOCTOSHHOM TOKE B IMEET HYJIEBYIO MHUMYFO
YacTb, OITOMY P =|Bu:|. Ha rpadukax f,,.005 — npenenbHas yactora koadduimenta nepenaun Toka
B CXEMe C O0IIMM SMUTTEPOM (YacToTa cpesa), a f.pq.0n — rpaHnuHas yacTora 3T0ro0 K03 duIrenTa



(4acToTa eMMHUYHOTO YCHJICHUs). B HEKOTOPBIX KHUTAX B 3TH TEPMHUHBI BKJIA/IBIBAIOT JIPYTOM CMBICIL.
Just tpanzuctopa KT603A 1,400 — He menee 200 MI', a Ha wactote 100 MI'1 BeimomnHsieTcst
yciosue |B| > 2.

f, Mg

V] 20 40 60 80

Puc. 1.83
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Puc. 1.82 Puc. 1.84

1.2.8. Knaccudukanus u cucrema 0003HauYeHU I

Cucrema 0003HaueHHI COBPEMEHHBIX THIIOB TPAH3UCTOPOB MpHUBEICHA B [3] M yCTaHOBJIEHA
otpacieBbiM ctangapToM OCT 11336.919-81. B ocHOBY crucTemMbl 0003HAUYCHUH TTOI0KEH
OyKBEHHO-TIN(HPOBOI KOJI.

IepBbiii a1emMeHT (1udpa i OykBa) 0003HaAYaET UCXOIHBIN MMOTYTPOBOTHUKOBBIM MaTepHal, Ha
OCHOBE KOTOPOT'O U3TOTOBJIEH TPAH3UCTOP, BTOPOM AieMeHT (OyKBa) orpeiesisieT MoAKIAacC (MU TPYIIY)
TPaH3UCTOPOB, TpeTUil (IK(ppa) — OCHOBHBIE (PYHKIIMOHATBHBIE BO3MOKHOCTH TPAH3UCTOPA,
YeTBEePTHIN (UKCI0) — 0003HAYAET MOPSAIKOBBIM HOMEP Pa3pabOTKU TEXHOTIOTHYECKOTO THIIA
TpaH3UCTOPa, MATHIH (OyKBa) — YCIOBHO OIpeaenseT Kiaccu(uKaIfio mo napaMmerpam
TPaH3UCTOPOB, U3TOTOBJICHHBIX M0 €IMHON TEXHOJIOTHH.

Jnst 0603HAYEHUS UCXOOH020 MAMepUAa ACTIONB3YIOTCS CIIEAYIOIINE CUMBOJIBL:

I, unu 1, — repmaHuii WK €ro COeTUHEHUS;

K, mm 2, — KpeMHHM WM €T0 COSTUHCHMUS;

A, umm 3, — coeAMHEHUS TaJUTUs (apCEeHUT TaJlTus );
U, unn 4, — coenuHeHNUS UHIUS.

Jlmst 0003HAYEHHS TTOKITACCOB MCTTONB3YeTCs O/THA U3 IBYX OYKB: T — Oumnonsipasie u I1 — moseBsie
TPAH3UCTOPBHI.

J1yist 0003HAYEHNS Hauboee XapaKmepHuIxX SKCITYamayUOHHbIX NPUSHAKOS MPAH3UCMOPOS TIPUMEHSIOTCS
CIemyronme mudpsr:

015 MPAH3UCIMOPO8 MANIOU MOUHOCHIU (MAKCUMATIbHAs! MOIITHOCTh, paccerBaeMasi TpaH3UCTOPOM, He
oomee 0,3 Br):

1 — c rpaHnyHOIf yacToTOM KOA((PpUlIMeHTa mepeaaun TOKa M MAKCUMAITBLHON paboveli 4acToTon
(manee rpaHUYHOM YacToTOM) He Oosee 3 MI'1;

2-c TpaHrYHOM yacToToit 3...30 MI'1;

3-c¢ rpaHnyHOM YactoToi 6omnee 30 MIm;

01 mpanzucmopos cpeoneti mownocmu (0,3...1,5 BT):

4— ¢ rpaHMYHOI yacToTO# He Oonee 3 MI1;

5— ¢ rpaangHoOi yactoroi 3...30 MI11;

6— c rpanu4HOIf yactoton 6osee 30 MI'1r;

07151 mpauzucmopog borvuon mownocmu (6onee 1,5 Br):



7 — ¢ rpaHUYHOI yacToToii He 6onee 3 MI'1;
8 — ¢ rpannuHoM yactoToi 3...30 MI'11;
9 — ¢ rpannuHO# yactoToit 6onee 30 MI'm.

Jlst 0003HaYEHNS OPSIKOBOIO HOMEpa pa3pabOTKH HCIONIB3YIOT ABy3HauHOEe uncio ot 01 mo 99.
Ecnu nopsiakoBeIii HOMEp pa3padOTKHU IMPEBBIMIACT YUCIO 99, TO MPUMEHSIETCSI TPEX3HAYHOE YHCIIO
ot 101 mo 999.

B xauecTBe Ki1acCU(HUKAIIMOHHOMN JTMTEPBI PUMEHSFOTCS OYKBBI pycckoro ajidasura (3a
uckmouennem 3, O, Y, bl, 111, 111, 1O, b, b, D).

Cranzapt npeaycMaTpuBaeT TakKe BBEJICHHE B 0003HAUSHHUE Psijia IOTIOTHUTETBHBIX 3HAKOB. B KauecTe
JIOTIOJTHUATEITHHBIX AJIEMEHTOB 0003HAYEHHS UCTIONTB3YFOT CIISTYFOIIIE CHMBOJIBL:

udpsl ot 1 10 9 — a1 06003HAYCHUST MOICPHU3AIUIN TPAH3UCTOPA, IIPUBOISAIINX K U3MEHEHHIO €ro
KOHCTPYKIIUH WM DJIEKTPHUUECKUX MTapaMeTpPOB;
o0ykBa C — st 0603HaueHHsI HAOOPOB B 00IIIEM KOpIyce (TpaH3UCTOPHBIE COOPKH);
nudpa, HaMcaHHas yepe3 aeduc, a1 OECKOPIYCHBIX TPAH3UCTOPOB:
1——c ruOkumMM BBIBOAMHU 0€3 KPUCTAILIONEPIKATEIIS;
2 — ¢ TUOKMMHM BBIBOJIAaMH Ha KPUCTAJLIOIEPIKATEIE;
3—C JKECTKHUMH BBIBOJIaMH 0€3 KPUCTAILIOICPKATEIIS,
4 — ¢ )KeCTKUMH BBIBOJIaMHU Ha KPUCTAJUIOACPKATEIIE;
5— ¢ KOHTaKTHBIMH TUTOMIAIKAMH 0€3 KPUCTAILIOCPIKATENS 1 O€3 BBIBOJIOB;
6— ¢ KOHTaKTHBIMH TUIONIAIKAMH Ha KPUCTAILIOEpIKATEIIES, HO O3 BBIBOJIOB.

IIpumeps1 0003Ha4eHHsI NPUOOPOB:

KT9 37 A -2
[ Iﬂonommrexmmxﬁ
3NEMEHT 0003HAUYCHUA
I'pynmna mpubopa
ITopsankoBsiit HoMEp
a3paboTKu
XapaxTepHsie
3KCIUIyaTalliOHHBIE
NpU3HAKK

[Tomxnace npubopa

WUcxonusiii
N0y TPOBOAHUKOBBIN

KT937A-2 — xpeMHUEBBII OUTIONSPHBINA, OOIBIION MOIITHOCTH, BRICOKOYACTOTHBIH, HOMED
pa3paboTku 37, rpynmna A, GECKOPIYCHBIN, ¢ THOKUMH BBIBOJAMH Ha KPUCTAILIOAEpKa-Tee.

bunonspHbie TpaH3UCTOPBI, pa3paboTanHbie 10 1964 r. 1 BBITyCKaeMble IO HACTOSIIIEE BpEMS,
UMEIOT CUCTeMY 0003HAaYeHUH, BKIIFOYAIOIIYIO B Ce0s ABA WU TPH dIIEMEHTA.

[TepBsiit aneMeHT 0003HaueHus — OykBa 1, xapakTtepusyromasi Kiiacc OUMOISIPHBIX
TPaH3UCTOPOB, WM JBe OYKBBI MII — 17151 TpaH3UCTOPOB B KOPITyCe, TEPMETUIUPYEMOM CIIO-
coO0M XOJIOTHON CBApKH.

BTtopoii sneMeHT — IBYX- WK TPEX3HAYHOE YHCIIO, KOTOPOE OMPEIENSIET MTOPSIKOBBIN HOMED
pa3paboOTKU U yKa3bIBaeT Ha MOJAKJIAcC TPAH3UCTOpa O POAY UCXOJHOTO MOIYIPOBOJHUKOBOIO
MaTepuaja, 3HaYSHUSIM JIOIYCTUMOM paccenBaeMOM MOIIHOCTH U TPAaHUYHOM YaCTOTHI:
oT 1 10 99 — repmaHueBble MAJIOMOIIHBIE HU3KOYACTOTHBIE TPAH3UCTOPHI;
ot 101 go 199 — kpemHHEBBIC MATOMOIITHBIC HU3KOYAaCTOTHBIC TPAH3UCTOPHI;
oT 201 10 299 — repmaHueBbIE MOIIIHBIE HU3KOYACTOTHBIE TPAH3UCTOPbI;
oT 301 10 399 — KpeMHUEBbIE MOIIHbIE HU3KOYACTOTHBIE TPAH3UCTOPBI,
oT 401 1o 499 — repmanueBsie BbicOKOoUacTOTHEIE 1 CBY ManoMolHble TpaH3UCTOPBL;



oT 501 10 599 — kpemHueBbie BhicOKOUacTOTHBIE 1 CBY ManoMoIHbie TpaH3UCTOPhI;
ot 601 1o 699 — repmanueBbie BeIcOKOYacTOTHBIC 1 CBY MoIHbIC TPAaH3UCTOPHI,
ot 701 no 799 — kpemHueBbie BhICOKOUYacTOTHBIC 1 CBY MoIIHEBIC TPaH3UCTOPEL.
Tpetwnii anemeHT 0003Ha4YeHUs (Y HEKOTOPBIX TUIIOB OH MOYKET OTCYTCTBOBATh) — OYKBa, YCIOBHO
ompeestoas KiacCu(UKAIHIO 10 MapaMeTpaM TPaH3HUCTOPOB, H3TOTOBJICHHBIX 10 €TUHON TEXHOJIOTHH.

1.3. HIOJIEBBIE TPAH3UCTOPDBI

[ToneBoli TpaH3UCTOP SBIBIETCS OYCHB IIIMPOKO HCIIOB3YEMbIM aKTUBHBIM (T. €. CIIOCOOHBIM YCHITHBATh
CHTHAJIBI) ITOTYTIPOBOTHUKOBLIM ITprbopoM. Briepebie on ObuT ipemiosker B 1930 r.

[ToneBbIMU TPaH3UCTOPAMH HA3BIBAIOT AKTHBHBIC ITOTYIPOBOIHUKOBBIC IPUOOPBL, B KOTOPHIX
BBIXOJIHBIM TOKOM YIPABJISIFOT C MOMOIIIBEO 3IEKTPUIECKOTO TIOJISI (B OUTIONISIPHBIX TPAH3UCTOPAX BBIXOIHON
TOK YIIPABJIICTCS BXOITHBIM TOKOM). B aHIIIOS3BIMHON TUTEpaType ITH TPAH3UCTOPHI HA3BIBAIOT
tpansuctopamu tuna FET (Field Effect Transistor).

[ToneBbie TPaH3UCTOPHI HA3BIBAIOT TAKKE YHUIIOMAPHBIMH, TaK KaK B IIPoOIlecce MPOTEKaHUs
SJIICKTPUYCCKOI'o TOKa Y4aCTBYIOT TOJIBKO OCHOBHBIC HOCUTCIIH.

Pazmmgaror JBa BHJIa IIOJIEBBIX TPAH3UCTOPOB: C YIIPABIAIIHUM IIEPEXOJIOM U C U30JIUPOBAHHBIM
3aTBOPOM. J[JIsT omrpeieIeHHOCTH BHAYaIe 00OpaTHMCS K TaK Ha3bIBAEMOMY IOJIEBOMY TPaH3HUCTOPY C
yhpaBJIAOIIUM p—n—nepeonOM C KaHaJIOM p-TI/IHa.

1.3.1. YcTpoicTBO M OCHOBHBIE (PU3HIECKHIE TTPOIIECCHI

Yempoiicmeo mparnsucmopa. lanuv cxeMaTu4eckoe H300pakeHHUEe CTPYKTYPHI TTOJIEBOTO
TPaH3UCTOPA C YIPABJISIONINM IIEPEX0I0M B KaHaJioM P-Turma. (puc. 1.85) u ycnoBHoe rpadu-
yeckoe 0003HaueHHe 3Toro TpansucTopa (puc. 1.86,a). Ctpenka yka3blBaeT HaIllpaBiICHUE OT CJIOSI
P K clioro 1 (KaK ¥ CTpeika B U300pakeHUH dSMUTTEpa OUITOIIIPHOTO TpaH3ucTopa). B
MHTETpaJIbHBIX MUKPOCXEMaxX JMHEWHbIE pa3Mepbl TPAaH3UCTOPOB MOTYT OBITh MEHbIIE 1 MKM.

3ateop (3)
OGnacTs p-n- mepexona is
I o =
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HeBRIOpIMIAIONIAE KOHTAKTI
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Puc. 1.85
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YenpbHOE CONPOTUBIICHHE CIIOS N (3aTBOpPA) HAMHOTO MEHBIINIE YIETLHOTO COMPOTUBIICHUS
cios p (kaHala), mo3ToMy o01acTh P-N-Tiepexo/a, ooeTHeHHas! TOBUKHBIMU HOCUTEISIMU 3apsia
U UMEIOIasi O4eHb OOJIBIIOE Y/EeIbHOE COMPOTUBICHUE, PACIIONO0KEHA TJIaBHBIM 00pa3oM B CJIO€
p.

Ecnu Tunel npoBOAMMOCTH CIIOEB MOJTYIPOBOJAHUKA B PACCMOTPEHHOM TPAH3UCTOPE U3MEHUTD
Ha MPOTUBOMNOJIOXKHBIE, TO MOIYYUM MOJEBON TPAH3UCTOP C YIPABISIONUINM p-1-TIEPEXOJA0M U
KaHaJIoM N-TUIIa, €ro YCJIOBHOE Ipaduueckoe 0003HaYeHHE MpeicTaBiIeHo Ha puc. 1.86, 0.

OcHosnvle usuueckue npoyeccoi. [logaaum MoI0KUTEIBHOE HANPSDKEHNUE MEXKITY 3aTBOPOM U
HCTOKOM TpaH3UCTOpa ¢ KaHanoM p-muna: U,, > 0. OHO CMEeCTHT p-N-Tiepexo]] B 00paTHOM
HAITPaBIICHUY.

[Tpu yBenmmaeHnr 00paTHOTO HATPSLKEHUS HA p-1-TIEPEX0Ie OH PACIIUPSETCS B OCHOBHOM 32 CUET
KaHasa (B CHITy YKa3aHHOTO BBIIIIC PA3IIUMS B Y/ICIBHBIX COMPOTUBIICHHSIX). Y BEIMYCHUE IIUPHUHBI P 71 -
HIepexo/1a YMEHbIIAET TOJIIMHY KaHa/Ia H, CJIeIOBATEIBHO, YBEIIMUYMUBAET €T0 COMPOTUBIICHHE. DTO
MPUBOJIUT K YMEHBIIEHHIO TOKA MEKITY HCTOKOM U CTOKOM. VIMEHHO 3TO siBJIeHHE MO3BOJISIET YIIPABIISThH
TOKOM C TIOMOIIBIO HATIPSDKEHHS U COOTBETCTBYIOILIETO eMy liekTpuueckoro noss. Ecim nanpspxenvie Uy,
JOCTaTOYHO BEJIMKO U PABHO HAIPSHKEHUIO OTCEUKH Uy, ome, KaHAT MOJHOCTHIO IEPEKPHIBACTCS
001acThIO P-N-TIepexo/a.

B pabouem (He aBapHitHOM) pesKHME P-N-TIepeXo/T JOJDKEH HaXOAUTHCS 101 OOPATHBIM UJIH HYJIEBBIM
HanpspkeHreM. [1o3toMy B pabodeM pekuMe TOK 3aTBOpa IMPUMEPHO paBeH Hyimio (i,~ 0), a Tok cToka ¢
PUMEPHO PaBeH TOKY MCTOKA iy,

(i,=ic).
BaxHO y4HTHIBaTh, 4TO HA MIHPUHY P-N-TIEpEX0/ia ¥ TOJNIIUHY KaHaJIa IPSMOE BIIMSHUE MOXKET
OKa3bIBaTh HANIPSDKCHUE MEXKTY UICTOKOM U CTOKOM 14,

[TycTh u,; = 0 (MEXy ICTOKOM M 3aTBOPOM BKJIFOUEHA 3aKOPOTKA) U MOJAHO
MOJIOKUTENBHOE HAMPsHKEHUE Uy, (pUC. 1.87). DT0 HanpspKeHHE Yyepe3 3aKOPOTKY OKaKETCs T10-
JaHHBIM Ha MPOMEKYTOK 3aTBOP — CTOK, T. €. OKXKETCS, UTO Us. =Uy,e U UTO P-N-TIEPEX0]1
HAXOJUTCS M0/ 0OpAaTHBIM HANIPSKEHUEM.

OOpaTHoe HampsHKeHHEe B PA3IMYHBIX 00JIacTAX p-N-Tepe-xo/a pa3nuyHo. B o0nactax BOIM3H
MCTOKA 9TO HAIpPsHKEHHUE MPAKTUYECKU PaBHO HYJIO, a B 00J1acTSIX BOJIM3HU CTOKA 3TO HANpsHKEHUE
pPaBHO BENUYUHE U,.. [[03TOMY P-N-Tiepexoa OyJeT mupe B TeX 00JIaCTAX, KOTOPBIE OJIMKE K CTOKY.
OOBIYHO CUHTAIOT, YTO HAIIPSHKCHHUE B KAHAJIE OT HCTOKA K CTOKY YBEJTMYMBACTCS JTUHEHHO.
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Puc. 1.87

MO>XHO yTBEpXIaTh, YTO HPH Uye =U.;, ome KaHAT TIOJTHOCTHIO MIEpEKpoeTcs BOMM3M croka. [1pn
JanbHEHIIeM YBeTUUYCHUN HANPSHKEHUS Uy, T 00JIaCTh KaHalla, B KOTOPOH OH MEepPeKphIT, OyaeT
pacumpsithes (puc. 1.88).
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1.3.2. XapakTepuCTUKH U NTapaMeTphbl

KpaTtko oxapakrepuszyeM pa3IuIHbIC CXEMbI BKIIOUCHUS ITOJICBOTO TPAH3UCTOPA U PACCMOTPUM
€ro XapaKTEPUCTUKU U MapaMeTPhI.

Cxemvl grniouenus mpauzucmopa. J1jis IoJIeBOro TpaH3UuCTOpa, Kak | JjIsl OUITOISIPHOTO,
BBIICIISIFOT TPU CXEMBI BKJITIOUEHUS. J[JIs1 TIOJIEBOTO TPAH3UCTOPA 3TO CXEMBI C OOIIUM 3aTBOPOM
(03), o6mmm ucrokom (ON) u o6uum crokom (OC). Hanbonee 4acTo HCIOJIB3YIOTCSI CXEMBI C
OOIIIUM MICTOKOM.

Jlns noHrMMaHusl 0COOEHHOCTEH paboThl HEKOTOPOTO AJIEKTPOHHOTO YCTPOMCTBA OUEHB ITOJIC3HO
YMETh OTHOCUTHh KOHKPETHOE PEIICHUE K TOW MJIM MHOH CXEeMe BKJIIOUYCHUS (€CIU CXeMa TaKoBa,
YTO 3TO B IPUHIIMIIE BO3MOXHO).

MoaenupyroIiue mporpaMMbl IPH 3aMEHE TPAaH3UCTOPa MATEMAaTHUYECKON MOJICIbI0 HUKAK
HE YUYHUTBIBAIOT CIIOCO0O BKIIFOUCHUS TPAH3UCTOPA. BaKHO MOHSATH, UTO €CIIN JaKe HA CTAIUN
pa3pabOTKH MaTeMaTHYECKON MOJIETTH UMEET MECTO OPUEHTAIUS HA KOHKPETHYIO CXEMY
BKJIFOUCHUS, TO HAa CTAIMH UCTIIOJIH30BAHUS 3Ta MOJICIH JIOJDKHA MPABUIIBHO MOJICITUPOBATH
TPAH3UCTOP BO BCEX CAMBIX PA3IMYHBIX CUTYaIlUsIX.

[Tpu 0O0BsICHEHNH BIUSHHS HANIPSOKECHUS U, HA IMUPUHY P-N-Tiepexoia (pakTHIeCKH
MCIIOJIH30BAJIACh CXeMa ¢ OOIIMM UCTOKOM (cM. puc. 1.87). PaccMoTpuM XapakTepUCTHKH, CO-
OTBETCTBYIOIIUE ATOH cxeMe (UTO OOIIETTPHUHSTO).

Tak kak B padouem pexume i,=0, iy~i., BXOZHBIMH XapaKTEPUCTUKAMHU OOBIYHO HE IOJIB3YIOTC.
Hampumep, ns tpansucropa KIT103J1, moapoO6HO paccMaTpuBaeMOTo HUKE, ISl TOKA YTEUKH
3aTBOpa 13, mpu t<85°C BhrImonHAETCS ycmoBue 13, < 2 MKA.

N306pasum cxemy ¢ o01uM uctokom (puc. 1.89).

i
C

i

Puc. 1.89



Buvixoonvle (cmoxosvle) xapakmepucmuxu. BEIXOTHON XapaKTepUCTUKON HA3bIBAIOT
3aBUCHMOCTH BHA

fe =f(u‘“’){um= const,

rae f— nekoropas GpyHkIus.

N300pa3umM BEIXOJHBIC XapaKTEPUCTUKH ISl KpeMHUueBoTo Tpan3uctopa tuna KIT103J1 ¢ p-n-
rmepexoaoM 1 kanajaoM P-tuma (puc. 1.90).

OOGpaTtuMcs K XapaKTEepPUCTHKE, COOTBETCTBYIOIIECH YCIOBHUIO U;,=0. B Tak Ha3piBaeMOit
TUHEHHON o0nactu (u,. < 4 B) xapakTepucTHKa MOYTH JTUHEHHA (BCE XapaKTEPUCTHKHU ITOU

. OO6nacTs HacHIMEHUs
fer ?{A (axTHBH2a 061aCTh)
6 /
A/‘—L\ Obnacts
5 um = 0 / nPOGOI
[ /
Jlunelinas obmacts 4 /
(kpyrass ob61acts, ,-/ / [
001aCTh OTKPBITOIO [[ 05 7
COCTOSIHHA, «OMU- 3 [
9ecKas 00J1acThb») / _[ /L ; 1! _
2 o PO
V= ;
i y 2B v /
A1 invi
0 ) TN 1t 24 ui, B
O6nacth oTCEUKH
Puc. 1.90

00JIaCTH MPEICTABIISIIOT COOOM MOUTH MPSIMBIE JIMTHUH, BEEpOOOPa3HO BHIXOIAIINE M3 Havalla KOOP/IMHAT).
Omna onpeziensieTcs COpOTUBIICHNEM KaHasa. TpaH3ucTop, padoTaroImii B IMHSHHON 001aCTH, MOYKHO
WCIIOJIb30BaTh B KAYECTBE JIMHEMHOTO YIIPABIISIEMOTO COMPOTHBIICHUSI.

[Tpu u,. = 3 B xanan B o6macTu cToka nepekpoiBaeTcs. JanpHeiliee yBemueHne HanpsHKeHus
NPUBOJIUT K OYEHb HE3HAYUTEIILHOMY POCTY TOKa I, TaK KaK C YBEJIMYCHUEM HAIPSLKEHHS 00J1acTh, B
KOTOPOM KaHAJT TIEPEKPHIT (XapaKTEPU3YIOIIASCSl OU€Hb OOJIBIIINM YIEITBHBIM COIPOTHBIICHHEM),
pacuupsiercs. [Tpu 3ToM conpoTUBIEHNHE HA TOCTOSHHOM TOKE IPOMEXKYTKA NUCTOK-CTOK
YBEITMYMBACTCS, & TOK I MPAKTUUECKU HE M3MEHSICTCS.

Tok cToka B 0071aCTH HACKIIEHUS TIPU Uy, = () u TIPU 3aJaHHOM HAIPSHKEHUU Uyc Ha3bIBAIOT
HAYaJIbHBIM TOKOM CTOKA M 0003HAYArOT uepe3 1., JUTst paccMaTpiuBaeMbIX XapakTepucThk 1.,,, = 5 MA
npu U,.=10B. [lns rpanzuctopa tuna KI1103JI MuarManbHOe 3Ha4YeHHe TOKa 1., paBHO 1,8 MA, a
MakcuMmaibHOe — 6,6 MA. Ilpu u,. > 22 B Bo3HHKaeT mpoOoii p-n -Tiepexoaa ¥ HaunHACTCS
OBICTPBII POCT TOKA.

Tenepb KpaTKo OMUIIEM padOTy TPAH3UCTOPA MTPH PA3IUYHBIX HATPSIKEHUSAX Uz, UeM OombIie
3aIaHHOE HATIPSKEHUE U, TEM TOHBIIIE KaHaJ JI0 TIO1a4YH HATIPSHKEHUS Uy, U TEM HIKE
pacrojiaraeTcsi XapakTepUCTHKa.

Kak nerko 3aMeTuTh, B 00J1aCTH CTOKA HAMPsHKEHUE HA P-N-TIEPEXO/IC PABHO CYMME Uy, Uy
[TosToMy uem Oobliie HAPSKEHUE Us,, TEM"MEHBIIIEC HAMPSHKEHUE Uy, COOTBETCTBYIOIIEE HAYATY
po0Oos.

Korna u,, = 3 B, kaHan oka3bIBaeTcs MEPEKPHIT 00JIACTHIO0 P-N-TIepexoia yxKe 10 MoJaun
HaNpsDKEHUs U,.. [Ipu 3TOM 110 ipo0ost BeinoHseTes yeioBue ic=0. Takum oopazom, Usy ome =
=3B.

s paccMaTpuBaeMoro THMa TPaH3UCTOpa MUHUMAJIbHOE HalpsbKeHUe oTceduku +2 B, a
MakcHUMaabHOE +5 B. DT BeTHUHHBI COOTBETCTBYIOT YCIOBHUIO Ic=10 MKA. DTO Tak Ha3bIBaCMBbIi



OCTaTOYHBIN TOK CTOKa, KOTOPBIA 0003HAYAIOT YePe3 ¢ ome.

[ToneBoit TpaH3UCTOP XapaKTEPUIYESTCS CIEAYIOIUMH IPeaeIbHBIMHU ITapaMeTpaMu (CMBICIT
KOTOPBIX MOHATEH U3 0003HaYeHMM): U,c anes Uscnares Paarc:

Hns rpanszucropa KIT103JI U, ac=10 B, Useac=15 B, Pyaxe=120 MBT (Bce mipu t = 85'C).

I'paghuueckuii ananuz cxem ¢ nonesvimMu MpaH3UCmMopPamu.

Jlnst mydiiero ysiCHEHUsI IPUHIIUIIA paOOTHI CXEM C IOJIEBBIMH TPAH3UCTOPAMHU IT0JIC3HO IMPOBECTH
rpaduyeckuii ananu3 ogHou u3 HuX (puc. 1.91). Ilycte Ec=4B; onpenenum, B Kakux mnpezenax
OyJieT U3MEHSTHCS HAIIPSHKEHUE Uy, TIPU U3MEHECHHUH HAIPSHKEHUS Uy, oT 0 10 2B.

[Tpu rpacduyecKkoM aHaIM3€e UCIIOIB3YETCS TOT JKE MOAXO0/1, KOTOPBIH OBbLI UCIIOJIb30BaH IIPH
aHaJin3e CXeM C JUOJaMU U OUTIOJISIPHBIMU TpaH3ucTOpaMu. J[Jis paccMaTpuBaeMoOi CXEMBbI, B
KOTOPOM HaNpsKEHUE MEXKTYy 3aTBOPOM M UICTOKOM PABHO HAMNPSIKEHUIO UCTOYHUKA HAIPSKESHUS
U3y, HET HEOOXOAMMOCTH CTPOUTH JIMHUIO HArPY3KH JIJI BXOJHOM 1enu. JIMHUSA Harpy3Ku JJIs
BBIXOJHOM II€NH 3a/1a€TCS BhIpaKEeHUEM

EC=iC ) RC+uIIC'

[TocTponm nuHUIO HArpy3KH Ha BBIXOIHBIX XapaKTePUCTHKAX TPAH3UCTOPA, MPEICTaBICHHBIX
Ha puc. 1.92. U3 pucyHka ciaeayer, 4To Ipu YKa3aHHOM BBIIIE U3MEHEHUH HATIPSKEHUS Uy,
HaIpsHKEHUE U, OyJIeT M3MEHATHCS B Ipesenax ot 1 10 2,6 B, 4To COOTBETCTBYET MepeMEIICHHUIO
HAYaJILHOW pabodeid TOUKH OT TOUKH A 10 Touku B. [Tpu 3TOM TOK cTOKa OyAeT U3MEHSATHCS OT
1,5 o 0,7 MA.

-

Puc. 1.91

Cmoko3ameopHule Xapakmepucmukuy (XapaKxmepucmuxu nepeoayu, nepeoamoyHsle, Nepexoonble,
npoxooHvie xapakmepucmuku). CTOKO3aTBOPHOH XapaKTEpUCTUKON Ha3bIBAIOT 3aBUCUMOCTh BUJA

i, = )]

U, =const

rae f— HexoTopast pyHKIHS.

Takne xapakTepUCTUKN HE AAIOT IPUHIIUITHAIHHO HOBOW MH(GOPMAIIUH 110 CPABHEHHUIO C
BBIXOJIHBIMH, HO HHOTAa 0oJiee ya00HBI I HCIIOIb30BaHus. M300pa3uM CTOKO3aTBOP HBIC
xapaktepucTtuku aist Tpanzucropa KI1103J1 (puc. 1.93).
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JL1st HEKOTOPBIX TPAH3UCTOPOB 33/1a€TCSI MAKCUMAJIbHOE (TI0 MOJTYITIO) JIOITYCTUMOE OTPHIIATEIIHHOES
HAIPSDKSHUE 1, HanpuMep, it Tpar3ucTopa 211103 /1 5To HanpskeHHe He JOJDKHO OBITBIIO MOIYJIIO
oonwire yem 0,5 B.

Ilapamempyl, xapaxmepu3zyrouiue c60lCMea MPAH3UCHOPA YCUTUBAMb HANPAMCEHUE.
Kpymusna cmokoszameopuou xapakmepucmuxu S (KpyTu3Ha

XapaKTEpUCTUKU T0JIEBOTO TPAH3UCTOPA):

3y =3a0ankoe *

Hye =const
dlim ue

OObI4HO 3a1aeTest t=0. [Tpy 3TOM /IS TPAH3UCTOPOB PACCMATPHUBACMOTO TUTIA KPYTH3HA MAKCUMAJIbHASL.
Jns KIT103J1 S = 1,8...3,8 MA/B niput .. = 10B, uy= 0, t=20°C.

Buympennee oughgpepenyuanvroe conpomusnenue Ryc oug

(BHYTpEHHEE CONPOTHUBIICHHUE) Rycoup = %u JEp—
l e

¢ lu, = const

Jost KIT103J1 Ry ougp = 25 kOm tiput 1,,.=10B, 14,=0.

Koapdpuyuernm ycunenus
du
M= ue u,, — 3adannoe
du,, |i = const



MO0’KHO 3aMETHUTb, YTO
M=S8"R. s

Jus KIT103J1 mpu S=2MA/B 11 Ryc oup= 25kOM M == 2 (MA/B) * 25 kOm = 50.

Hneepcroe exmouenue mpanzucmopa. T1oneBoit TpaH3ucTop, Kak U OUITOJISIPHBIN, MOXKET padboTaTth B
HHBEPCHOM pexkume. [Ipu 3TOM poJib KCTOKA UTPAET CTOK, & POJIb CTOKA — HCTOK.

[IpsiMble (HOpMaTTbHBIE) XapaKTEPUCTHKU MOTYT OTJIMYATHCS OT MHBEPCHBIX, TAK KaK 00J1aCTH CTOKA
HCTOKA Pa3INYarOTCA KOHCTPYKTUBHO U TEXHOJIOTUYECKH.

Yacmommule (Ounamuueckue) céoticmea mparzucmopa. B
TIOJIEBOM TPAH3KCTOPE B OTIIMUKE OT OUTIONISIPHOTO OTCYTCTBYIOT MHYKEKIIMSI HCOCHOBHBIX HOCHUTEIICH 1 MX
TriepeMeITIeHHUE 10 KAHAITY, U TIO3TOMY HE 3T SIBIICHHS ONPEIICIISFOT TUHAMUYECKIE CBOVCTRA.
MHepLOHHOCTH MOJIEBOTO TPAH3UCTOPA OMPEIENISIeTCsl B OCHOBHOM IIpOLIeCCaMyl Tiepe3apsizia 6apbepHoi
eMKOCTH p-n -Tiepexoria. CBOE BIMSHUE OKA3bIBAIOT TAKKE MAPA3UTHBIC EMKOCTH MEKITY BHIBOJIAMH U
TIApPa3UTHBIC UHIYKTUBHOCTH BBIBOJIOB.

B cripaBouHbIX JaHHBIX YaCTO YKA3bIBAIOT 3HAUCHHS CIIEAYIOMNX AU PepeHIMATBHBIX EMKOCTEH,
KOTOPBIE MEPEUHCITUM HIXKE:
BXOJIHAs1 eMKOCTh C,; — 3TO €MKOCTh MEX]y 3aTBOPOM U UCTOKOM ITPU KOPOTKOM 3aMBIKAHUH TI0
MePEMEHHOMY TOKY BBIXO/THOM 11eMy;
poxoHas eMKOCTb Cyc — 3TO €MKOCTh MEX]Ty 3aTBOPOM U CTOKOM TP PA3OMKHYTOM MO IEPEMEHHOMY
TOKY BXOJIHOM 1IEH;
BBIXOHASI eMKOCTh C,,c — 3TO €MKOCTh MEKIY UCTOKOMH CTOKOM TP KOPOTKOM 3aMBIKaHHH 110
MIEPEMEHHOMY TOKY BXOJIHOM IIETIH.

s tpanszuctopa KIT103JI C,y,; < 20 n®, Cac« 8 n® npu uy—= 10B 1 u,=0.

Kpyrusny S, kak u koahduimenT B OumonsspHoro TpaH3uCcToOpa, B psiie CITydaeB MpeCTaBIIIOT B
dopme xomruiekcHoro uucina S. [Ipu aToMm, kak u i kodddunuenta B, onpenenstor npeaensHyo
9acTOTY fhpes. DTO Ta WacTOTA, HA KOTOPOI! BHITIONHSECTCS YCIIOBHE:

3= S

rae S,, — 3HaueHHue S Ha MMOCTOSTHHOM TOKE.

Jlnst tpanrsuctopa KIT103J1 mannbie 1o fhpeg B MCIIOIB30BaHHBIX CIIPABOYHUKAX OTCYTCTBYIOT, HO
W3BECTHO, YTO €r0 OTHOCAT K TPAH3UCTOPaM HU3KOM YacTOTHI (ITpeHa3HaueHHBIM ST paOOTHI Ha 4aCTOTax
1o 3 MIm).

1.3.3. MaTtemMatuueckue MOJEIHN MOJIEBOTO TPAH3UCTOPA

PaCCMOTpI/IM ABE MaTeMaTN4€CKUC MOJCIIU ITOJIEBOT'O TPaH3HUCTOpa.
Ynueepcanvnan mooeno.

OrmieM ¢ HeKOTOPHIMU HECYITIECTBEHHBIMH YITPOIICHUSIMHA MO/JIEITb, HCIIOJIB3YIONIYIOCS B ITAKeTe
nporpamm Micro-Cap I1.

[TpuBeneM SKBUBAICHTHYIO cxeMy TpaH3uctopa (puc. 1.94), rae o603HaueHo:
. I, ¥ . — COOTBETCTBEHHO OOBEMHBIE COMPOTUBIICHUS UCTOKA M CTOKA (3TO MaJIble BEIMYHHBI);
. I, — MCTOYHUK TOKA, YIPABJISICMbI HATIPSKCHUSIMHU.
I[TpuBeneM BblpaXkeHHUs, OMMCHIBAIOIIHE YIPABIIEMbI HCTOYHUK H ITOTyYeHHBIC HA OCHOBE aHAIIN3a
(pU3IYECKHX MPOLIECCOB:



Puc. 1.94

JUJIsL 06J18.CTI/I OTCCUKHU
Iy = 0 IpH s> Usy ome;

U1 TAHENHOU o0nacTtu 1
5 2
Iy = )B '[(Uw.omc —U, )'uuc _E'uuc]

npu 0<Uuc<Uzyomc-Usu
rac B — TaK Ha3bIBacMas yI[eJII)Haﬂ prTI/I3Ha;

JUT 00J1aCTH HACKIIIICHUS

2 1

ly =Eﬁ ’ (Usu-omc "u:m)2
npu USU ome ~ Usy < Uyc.

[Tponuddepentupyem nocaenHee BEIPAKEHUE T10 Us,:

di,
du

=S=ﬁ'(Usu.amc _uzu). .
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Orcrona caeayert, 4to pu Usy ome — Uy, =1B B =S, uto n OGT:SICH)IGT Ha3BaHHe — ynenbHas
KpyTH3HA (HO CJIeAYyeT YYUTHIBATh, YTO pa3MEepPHOCTb B — A/B? wnu MA/B )

B cooTBeTCTBIM € MPUBEICHHBIMHI BBIPKSHUSIMU TOUKH BBIXOIHBIX XapaKTEPUCTHK, COOTBETCTBYFOILIHC
HavaTy peKMMa HACHIICHHS, JIOJDKHBI JIKATh Ha Mapadolie, KOTopast OIMCHIBACTCS CIICTYFOIIM 00pasoM.
Ha rpanuie PEKIMA HACIICHHS BBINOHACTCA YCIOBHE: U.v.ome—Us,=Uyc. Y3 BBIp@XKEHUH 17151 TOKA
Iy KaK B JIMHEWHOM 00J1aCTH, TaK U B 00JaCTH HaCBIHleHI/IH MOJTYYHM:

A 2
=1y _.E'B'uuc‘

Hanum rpaduueckyro wmoctpanuto (puc. 1.95).

ica 2w 2
Ic Sy —E'B'uuc

=
E

Puc. 1.95

JInst peastbHBIX TPAH3UCTOPOB TAaKOE pa3rpaHUUEHUE JIMHEWHOM 00JIaCTH M 00J1aCTH HACBIIIIEHHS IMEeT
MECTO He Bceria (oTpunaTensHelil npumep — tpanzuctop KI1103J1).

C y4eToM czienaHHOr0 3aMEYaHus TPAH3UCTOP KHIOBJ'I B [IEPBOM TNPUOIMKEHIH MOYKHO OITUCATh
NPUBEAECHHBIMH BbIpaskeHUsIMH 1ipu B ~ 1,1 MA/B?,

Ynpowennasn sxeusanenmuan cxema 011 nepemMeHHbIX COCMABIAIOUWUX CUZHAN06. [1T1 yIeOHBIX
1eNel, a TaK)Ke UMesl B BUJTY IPOCThIC MTPUOIMIKEHHBIE PAcUeThl, pPACCMOTPUM IKBHBAJICHTHYIO
CXEMY, KOTOPYIO MOXHO MCIOJIb30BaTh, €CJIM U3BECTHO, YTO TPAH3UCTOP pabOTaET B PEeKUME
HACBIIEHUS (KOTOPOMY COOTBETCTBYET 00JIaCTh HACHIIICHUS ), U €CJIM aMILTUTY/Ia U YacTOTa
CHTHaJIa JOCTATOYHO Maubl (puc. 1.96). 3HaKOM «~» OTMEUYEHO, YTO HUCTIOJIB3YIOTCS TTIepEMEHHBIC
COCTABJISIFOIINE CHTHAJIOB.
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Puc. 1.96

3HAK«MHHYC)» B BRIPAKEHUU — S 14, OTpakaeT TOT (aKT, UYTO MPH YBEITHMUCHUN HATIPSDKCHUS
MEXK1y 3aTBOPOM U UCTOKOM TOK CTOKA YMEHBILIAECTCS.



1.3.4. Pa3HOBUAHOCTH MOJIEBBIX TPAH3UCTOPOB

Tlonesvie mpauzucmopul ¢ U30aUPOBAHHLIM 3amEopoM. B TpaH3UCTOpPax 3TOrO TUIIA 3aTBOP
OTJIeJIEH OT MOJIYIIPOBOAHHMKA CJI0EM JTUAJICKTPUKA, B KAUECTBE KOTOPOT0 B KPEMHUEBBIX MPUOOpax
OOBIYHO MCIOJIB3YETCS IBYOKHCh KPEMHHS. DTH TPAH3UCTOPHI 0003HAYAIOT a00peBHATYpO
MOII (meTama-okucen-noryrpoBoaauk) u M/II1 (MeTaiui-1u3IeKTpHK-TI0JIyIPOBOIHUK). B
aHIJIOS3BIYHON JINTEpaType UX 00bIYHO 0003HauarT abopepuarypoir MOSFET uau MISFET
(Metal-Oxide (Insulator) — Semiconductor FET).

B cBoro ouepenp M/III-Tpan3ucTopbl AeiST HA JiBa THUIIA.

B Tak Ha3zpIBaeMbIX TPaH3UCTOPAX CO BCTPOCHHBIM (COOCTBEHHBIM) KaHAJIOM (TPaH3UCTOP
00CTHEHHOI'O THIIA) | JIO IOJJaYd HANPSHKCHUS Ha 3aTBOP UMECTCS KaHajl, COSAUHSIO NN HCTOK U
CTOK.

B Tak Ha3bIBa€MBIX TPAH3UCTOPAX C MHIYLIHUPOBAHHBIM KaHAJIOM (TPaH3UCTOP 00OTaIEHHOTO
THIIa) YKa3aHHBIN BBIIIC KaHAJI OTCYTCTBYET.

M/II-TpaH3uCcTOPBI XapaKTEPU3YIOTCI OYCHBb OOIBIINM BXOAHBIM conpoTuBiieHueM. [Ipu
paboTe ¢ TAKUMH TPAH3UCTOPAMHU HAJ0 MPEAIPUHUMATE 0COOBIE MEPHI 3alTUThHI OT CTATHYECKOTO
aexkTpudecTBa. Hanpumep, mpu naiike Bce BBIBOJIBI HEOOXOIUMO 3aKOPOTHUTh.

MJ[II-mpanzucmop co ecmpoennvim kananom. KaHaa MokeT UMETh IIPOBOJUMOCTD KaK P-THIIA,
TaK ¥ N-tumna. /s onpeneneHHoCTH 00paTUMCS K TPaH3UCTOPY ¢ KaHaJoM p-Tura. Jlagum
CXeMaTHIeCKOoe N300pakeHNE CTPYKTYpHI TpaHsucropa (puc. 1.97), ycaoBHoe rpadudeckoe
0003HaYCHHE TPAH3UCTOpA ¢ KaHajoMm P-tuna (puc. 1.98, a) u ¢ kanaimom N-tumna (puc. 1.98, 6).
Crpenka, kak 00BIYHO, YKa3bIBACT HAMPABICHHUE OT CJIOS p K CIIOKO 7.

PaccmarpuBaemslii Tpan3uctop (cm. puc. 1.97) Moxet paboTaTh B ABYX peKHUMaX: 00O THCHUS U
oborareHus.

Pexxumy o0eTHeHUST COOTBETCTBYET MOJOKUTEILHOE HANIPSKEHUE Us,. [IpH yBETHUEHHUH 3TOTO
HaNpPsHKEHUS KOHIIEH-

- P
i
Kauan Honnom%ﬂ) * d
Puc. 1.97 . Puc. 1.98

TpAIs IBIPOK B KaHAJIE YMEHbBIIACTCSI (TaK KaK MOTSHITHAN 3aTBOpa OOJIbIIIe MMOTCHIIHAJIA HCTOKA),
YTO MPUBOJUT K YMEHBIIICHUIO TOKA CTOKA.

Ecnum HanpspkeHue 4, 00JIbIe HAMPSDKEHUS OTCEUKH, T. €. €CITH U5, U3y ome, TO KaHA HE
CYIIECTBYET U TOK MEXIY HCTOKOM U CTOKOM PaBeH HYJIIO.

PexxuMy oboraiiieH!s: COOTBETCTBYET OTPUIIATEIIBHOE HANPSKEHUE U, [Ipr 3TOM YeM OoJIbIIe MO TYIIb
YKa3aHHOT'O HaIPsHKEHHUS, TEM OOJIBIIIE IPOBOIMMOCTh KaHasla M TeM OOJIbIIIe TOK CTOKA.

[TpuBeneM cxemy BKIIOUEHHUS TpaH3ucTopa (puc. 1.99).

Ha Tok cToka BiHsIeT He TOJIbKO HAIPSHKCHHUE U, HO U HAIPSDKEHNE MEKTY ITOIOKKON U UCTOKOM Ly,
OnHako yIrpaBJIeHHe 110 3aTBOPY BCET/IA MPEAIIOUTHTEIIbHEE, TaK KaK ITPH TOM BXOHbIC TOKH HAMHOTO
MeHbIIe. KpoMe Toro, Haimmdye HarpsbKeHUs Ha MTOJUTOMKKE YMEHbBINACT KPYTU3HY.

[Tonoxka 00pa3yeT ¢ HCTOKOM, CTOKOM M KaHaJIoM p-N-riepexo. [Ipu ucrnons3oBaHun
TpaH3KCTOpa HEOOXOIMMO CIISINTH 32 TEM, YTOOBI HANPsHKEHUE Ha 9TOM TIepeXo/Ie He CMEIAo €ro B
MPSIMOM HarpaBiieHnu. Ha mpakTrke MoayiokKy MOJKIF0Yat0T K HCTOKY (KakK IMOKa3aHO Ha CXeMe) WK K
TOYKE CXEMBI, IMEIOILEH ITOTEHIINA, OOJIBIINI ITOTEHIHAIIA
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Puc. 1.99

MCTOKA (TIOTEHIMAJT CTOKA B TIPHBEICHHOM BBIIIE CXEME MEHbB-TIIh TTOTEHITHATa HCTOKA).

H300pazum BbIxoHbIe xapakrepuctuku M/ I-Tpan3ucropa (BCTpoeHHbIH p-kanan) tuna KI1201J1
(puc. 1.100) u ero cToK03aTBOPHYIO XapakTepucTtuky (puc. 1.101).

MTI-mparn3zucmop ¢ unoyyuposanrvim (HaseoenHvim) kana-iom. KaHan MOXXET UMETh
MPOBOJIMMOCTH KaK p-mund, Tak u
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n-tuna. s onpeneneHHOCTH 00paTUMCS K TPAH3UCTOPY ¢ KaHajoM P-tuna. Jaaum
cXeMaTH4eCcKoe N300pakeHre CTPYKTYphI TpaH3ucTopa (puc. 1.102), ycmoBHOe rpadudeckoe 060-
3HAYECHHUE TPAH3UCTOPA C MHAYIIUPOBAHHBIM KaHAIoOM p-muna (puc. 1.103, a) u kaHamom N-Tuma
(puc. 1.103, 6).
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[Ipu HyneBOM HaNpPSHKEHUU U5, KaHAT OTCYTCTBYET (puc. 1.102) 1 TOK cTOKa paBeH HYIIIO.
Tpau3zucTop MokeT paboTaTh TOJBKO B PEKUME 000TaIlleHHs, KOTOPOMY COOTBETCTBYET OT-
pHUIATeNILHOE HAMIPSHKCHUE Us,. [1pu 3TOM 14,,>0.

Ecnu BeimomnHsieTcss HepaBEHCTBO Uy5> U s nopoes THE Uys nopo. — TAK Ha3bIBAEMOE IIOPOTOBOE
HaANPSDKEHUE, TO MKy HCTOKOM M CTOKOM BO3HHKAET KaHajl P-THIIA, IO KOTOPOMY MOKET Mpo-
TekaTh TOK. KaHan p-Tumna BO3HUKAET U3-3a TOrO, UTO KOHIIEHTPAIUs ABIPOK MO/ 3aTBOPOM
YBEJIUYUBACTCS, @ KOHLEHTPALUS 2JIEKTPOHOB YMEHbIIAETCS, B PE3YyJIbTATE YEro
KOHIIEHTpAIUs JBIPOK OKa3bIBaeTCs OO0JIbIlIe KOHLIEHTPAIIUHU 3JIeKTPOHOB. ONUCaHHOE SBICHUE
M3MEHEHHs TUIMa MPOBOJUMOCTH HA3bIBAIOT UHBEPCUEH THIIA IPOBOJAUMOCTH, a CJIOH
MOJIYIPOBOJHUKA, B KOTOPOM OHO UMEET MECTO (M KOTOPBIi ABIISETCS KaHAIOM), — WHBEPCHBIM
(nHBepCHOHHBIM). HermocpeICTBEHHO O] MHBEPCHBIM CJIIOEM 00pa3yeTcs CJIOW, 00eTHEHHBIN
MOJABUKHBIMH HOCUTEIISIMU 3apsia. IHBEpCHBIN CJI0W 3HAYUTEIHHO TOHBIIIE 00€THEHHOTO
(TONIIIMHA UHBEPCHOTO CJIos 1 * 107 ...5 » 10 M, a TommHa 06eHEHHOTO ci10s1 GoubIe B 10 1
Ooitee pas).

N300pa3um cxeMy BKIItOUeHUs TpaH3ucTopa (puc. 1.104), BEIXOIHBIE XapaKTEPUCTUKH (pHC.
1.105) u cToko3aTBOpHYIO XapakTepuctuky (puc. 1.106) nius MII-Tpan3ucropa ¢ uH-
IyuupoBaHHbIM P-kaHaioMm KI13015.

[Tone3Ho OTMETHTH, YTO B TakeTe mporpamm Micro-Cap Il s MogemipoBaHus MoNeBbIX
TPaH3UCTOPOB BCEX THIIOB UCTIONB3YETCsI OIHA M Ta YK MaTeMaTH4deckast MOJIeNb (HO, ECTECTBEHHO, C
Pa3IMYHBIMU [TapaMeTpaMu).

|
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Puc. 1.104
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1.3.5. IIlpumenenne npuHIMIIA [TOJIEBOTO TPAH3UCTOPA

PaccmoTpyM HCTIONBE30BaHUE WJICH, PEATM30BAHHBIX B TIOJICBBIX TPAH3UCTOpPAX, B 00JIeE CIIOKHBIX
AJIEKTPOHHBIX YCTPOUCTBAX.

Sueiika namsamu Ha 0CHO6e NOIE6020 MPAH3UCIOPA C U0TIUPOSAHHBIM 3AMEOPOM ((h1Iu-namsms).
PaccMOTpuM CTPYKTYPY Y TIPUHLIAIT ISUCTBUS STMENHKH TaK Ha3bIBaeMOM (DIAIII-TIaMsITH.

YcrpotictBa (IBII-TIaMSITH SBJISIFOTCS COBPEMEHHBIMHU OBICTPOICHCTBYOIMMH TIPOTPAMMHUPYEMBbIMHU
TIOCTOSIHHBIMH 3artoMuHaroImmuMu yerporictBamu (I1T13VY) ¢ anekTpruyecKkoii 3aimchio U AJIEKTPHYECKAM
crupanrieM uaopmarmu (ICII-I13Y; B ab6peBuarype HeT OyKB, COOTBETCTBYIOIIMX CJIOBAM
<QIIEKTPUYECKAs 3aIMCh», TaK KaK TaKas 3aIiCh IOJIPa3yMEBaCTC ).

OTH YCTPOHCTBA SIBJISIFOTCS SHEPrOHE3aBUCUMBIMH, TaK KaKk HH()OpMAIIHMs HE CTUPASTCS MPH
OTKJIIOUCHUU NUTaHus. Sueriku namsitu BeaepkuBatoT He MmeHee 100 000 uukios
3aIMCH/CTUPAHMSI.

N300paziM ympoItieHHy 0 CTPYKTYpY stueiiku rom-amsta (puc. 1.107).

" C
/T Buibupaoomuii
C —r .’ (ynpasasioiiKii) 3arsop
Ii ,}__—— Inasalomuit 3aTBOp
e, \n+
(e

!

I

Puc. 1.107

Crou momynpoBOIHKKA, 0003HAYEHHBIE Yepe3 N+, UMEIOT MOBBIIIEHHYIO KOHIICHTPAIIO aTOMOB-
JIOHOPOB. 3051511151 3aTBOPOB IS YIIPOLLEHUSI pUCYHKA He noka3aHa. CTpyKTypa s4eiiKi B HEKOTOPOM
OTHOIIIEHUHU MoAo0Ha cTpykType M/III-Tpan3ucropa ¢ MHIYIIMPOBAaHHBIM KaHATIOM N-THTIA.

OpuH U3 3aTBOPOB HA3bIBAIOT IUIABAOIIMM, TaK KaK OH TaJIbBAHMYECKU HE CBS3aH C JIEKTPOIaMU
npuOOopa 1 ero MOTEHIUAT U3MEHSIETCS B 3aBUCHMOCTH OT 3apsiia Ha HeM («IUIABAFOIIINID TIOTCHITHA).

[Tpu 3armvcy nHGOPMAITUH B SIYEHKY TAMSITH 3JIEKTPOHBI U3 UCTOKA TYHHEITUPYIOT Yepe3 TOHKHI CITON
M30JIMPYIOIIETO OKKCIIA KPEMHUS (TOJIIIMHON OKOJIO 1 © 108 M) ¥ TIEPEXOIAT Ha IUIABAFOIINIA 3aTBOD.
HaxkormieHHbIi oTpHliaTenbHbIN 3apsi/T Ha TUIABAOIIEM 3aTBOPE YBEJIMUMBACT MOPOrOBOE HATPSDKEHUE U, 1000
[ToaTomy B Oyayiem npu oOpalieHnu K TpPaH3UCTOPY TaKoH sueiiku OH OyJeT BOCHPUHUMATHCS KaK
BBIKJTFOUEHHBIH (TOK CTOKA pPaBEH HYJIIO).

[Tpu cTupanyy HHGOPMAIH TIEKTPOHBI YXOIAT C IDIABAOIIEr0 3aTBOpA (TAKKE B pe3yJIbTaTe
TYHHEJIMPOBAHHs) B 00JIacTh UCTOKA. TpaH3ucTop 63 3apsiaa Ha TIaBaoIeM 3aTBOPE BOCIIPHHUMAETCS
MIPU CUUTHIBAHUYU HH(DOPMAITNH KaK BKIFOUCHHBIN.



JIMTebHOCTS IHMKIIA CYUTHIBAHUS (YTeHMsT) MHpOpMaIiu cocTaBisieT He 6onee 85 He. CocTosiHUE
STYCHKH MMaMSATH MOXKET COXpaHAThcs 6onee 10 mer.

Tonynposoonukoswie npubopwi ¢ 3apsdosoi céaswio (I13C). ITpuOop ¢ 3apsaoBoii CBS3bI0 IMECT OOJIBIIIOE
YKCJIO PACHOI0KEHHBIX HA MAJIOM PACCTOSIHUM 3aTBOPOB M COOTBETCTBYIOIIMX UM CTPYKTYpP METaJl —
TUAICKTPUK — monynpoBoaHuK (MJIIT). M306pasiM yrpoleHHy 0 CTpyKTYpy IprOOpa C 3apsi10BOM
cBs3b10 (puc. 1.108).

[Tpu oTpHLIaTETLHOM HANIPSKEHUH HA HEKOTOPOM 3aTBOPE MO HUM CKAIUTUBAIOTCS JIBIPKH,
COBOKYITHOCTh KOTOPBIX Ha3bIBAOT MAKETOM. | [akeTsl 00pa3yroTcest U3 AbIPOK, MHXKEKTUPOBAHHBIX HCTOKOM
WJT BO3HUKAIOIIMX B PE3YJIbTATe TeHEpaIUH Map AJIEKTPOH-bIPKa ITPY MOTJIOMIEHUH OTUYECKOTO

U 31 32 33 34 35 36 C
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Puc. 1.108

n3mydenys. [Ipu cooTBeTCTBYIOIIEM M3MEHEHUHM HAPSDKEHMI HA 3aTBOPAX MAKETHI IEPEMELLAIOTCS B
HaIpaBJIEHUU OT UCTOKA K CTOKY.

[TprGOpHI ¢ 3apsIOBOI CBA3BIO UCIOIB3YIOTCS:

* B 3aMOMUHAIONIMX yCTpoiicTBax DBM;

* B YCTpOMCTBaxX MpeoOpa30BaHMs CBETOBBIX (ONTUYECKUX ) CUTHAJIOB B AJICKTPHUYECKHE.

Kiraccudukarys osieBbIX TpaH3UCTOPOB TaKas ke, KakK ¥ OUTIONIIPHBIX TPAH3UCTOPOB, T. €.
UCIIOJIL3YeTCsl OYKBEHHO-IIM(POBON KOJI, B KOTOPOM BTOPOH AsieMeHT — OykBa I, onpenenstomias
noakiace [3].

IIpumeps1 0003HAYEeHNST TPUOOPOB:

KI1310A — xpeMHUEBBII TPaH3UCTOP MaJIOil MOIITHOCTH, ¢ TpaHUYHON YacToToi 60mee 30 MI 1,
HOMep pa3pabotku 10,rpynna A;

2117015 — xpeMHHEBBIN TPaH3UCTOP OOJIBIION MOIIIHOCTH, C TPAHUYHOM yacToToi He 6omee 30
MI 1, Homep pa3pabotku 1, rpynna b.

1.4. TUPUCTOPBI
1.4.1. YcTpoicTBO M OCHOBHBIE (DM3UYECKUE TTPOLECChI

TuprcTopaMi Ha3BIBAOT MOTYITPOBOIHUKOBBIC TIPHOOPHI C IBYMST YCTOMIMBBIMI PEXKUMaMH PaOOTHI
(BKJTFOUEH, BBIKITFOUEH ), IMEFOIIIME TPH WITH OoJiee P-N-TIepex0I0B.

Tupucrop o cBoeMy MPUHIIUITY — MPUOOP KIHOUYEBOTO ASHCTBHS. BO BKIIFOUEHHOM COCTOSIHUM OH
M0100€H 3aMKHY-TOMY KITF0UY, a B BBIKIIFOYEHHOM — Pa30MKHYTOMY KJTIO4y. Te THPHCTOPBI, KOTOphIE
HE UMEIOT CTIIELUATbHBIX 3JIEKTPOIOB JJIsI MO/IaYl CUTHAJIOB C LIEJTbEO M3MEHEHHUS COCTOSTHUS, @ UMEIOT
TOJIBKO JIBA CHJIOBBIX DJIEKTPO/IA (aHO M KaTo/1), HA3bIBAIOT HEYIPABIISIEMBIMH, WM JTHOTHBIMHU,
TUPUCTOpaMH (JIMHU-CTOpaMH ). MilHaye TUPUCTOPBI HA3BIBAIOT YIPABISAEMBIMH TUPUCTOPAMH, HITH
MPOCTO TUPUCTOPAMHU.

OHM SBIISIIOTCSI OCHOBHBIMU AJIEMEHTAMH B CUJIOBBIX YCTPOMCTBAX 3JIEKTPOHUKH, KOTOPBIEC HA3bIBAIOT
TaKOKe YCTPOMCTBAMH IPeoOPa30BaTeIIbHON TEXHUKH. TUIMYHBIME TPSICTABUTEIISIMA TaKHX YCTPOMCTB
SIBJISTFOTCS YIIPABJISIEMBIE BBIIPSIMUTENH (PEOOPa3yIOT MEPEMEHHOE HAMPSHKCHNE B



OJTHOHAITPABIICHHOE) U MHBEPTOPHI (IIPeoOpa3yroT MOCTOSTHHOE HAITPSHKEHUE B TIepeMeHHOe). JIMHICTOpEI,
KaK MPaBUIIO, UCTIONB3YIOTCS B CJ1A00TOUHBIX MMITYJILCHBIX YCTPOMCTBAX.

CymiectByet 00JIbIIOE KOTMYECTBO Pa3IMYHBIX TUPUCTOPOB. Jlisl onpeienieHHOCTH BHaYasie 00paTUMCst
K TaK Ha3bIBAEMOMY YIPABIISIEMOMY 10 KaToTy HE3ar1paeMoMy TUPHCTOPY € TPEMSI BEIBOJIaMU (J1Ba CHIIOBBIX
Y OJIMH YTIPABJISIOLIMIA), KOTOPBIM MPOBOJUT TOK TOJILKO B OTHOM HAaIlpaBICHUH.

Jammm ynporreHHOe n300pakeHre CTpyKTypbl Tuprctopa (puc. 1.109) u ero ycioBHoe rpadudeckoe
o6o3Hauenue (puc. 1.110).

OOparumMcs k npocreimeit cxeme ¢ Tupuctopom (puc. 1.111), rae ucmonb30BaHbI
clenyromnme 0003HaYCHHS:

Yrpapnsionuii
i anekrpox ()
p n p n
o—— . ——o0
Axox (A) cnoi p; lcnodi ny leno# p, [co# n, Karon (K)

TIepexoj Mepexoj Tepexoj
111 I12

13 A
HesninpamMnsiomuye
KOHTAKTH MeTaI-

MONYTPOBOXHHUK

Puc. 1.109
~(
Puc. 1.110

Cxema ¢dopMupoOBaHHs
HMITYJIECOB YHPABJICHAS

Puc. 1.111

* I3 — TOK aHO/a (CUJIOBOM TOK B IIEMTH aHOJI-KATO]] THPUCTOPA);

* Uy — HAIPSDHKEHHUE MEXIY AaHOJIOM U KaTOAOM;

* |y — TOK YIPABJISIIOLIETO 3JEKTPOo/ia (B pealIbHBIX CXEMaX UCIOIb3YIOT UMITYJIbChI TOKA);
* Uy, — HaIPHKCHUE MEXKIY YIIPABIISIOLIMM JIEKTPOAOM U KaTOJIOM;

*  Upyy — HANPSDKEHUE TTATAHUSL.



[Tpenrnonoxum, 4To HaIPSHKEHUE TMTaHUS MEHbIIIE TaK Ha3bIBAEMOT'0 HAIIPSHKEHUS ITePEKITIOUCHHS
Usiep (thpum < Unep) ¥ 9TO MOCIIE MOAKITFOUEHHS HCTOYHNKA [TMTAHUST HMITYJILC YITPABJICHHS HA THPHCTOP HE
niofaBasicst. Tora THpUCTOP OYET HAXOUTHCS B 3aKPBHITOM (BBIKIIFOUSHHOM) cocTostHHUH. [Tpu 3TOM p-n1 -
niepexonibl [1; 1 I3 OymyT cMelieHs! B mpsiMoM HartpaBiieHuH, a epexo [I, — B o6patHOM
nanpasiienuu (cM. puc. 1.109), mosromy Tok THprcTopa 0ymer ManbM (i,= 0) u OymyT
BBITIOJIHSITHCSI COOTHOIICHHUS Uy = Upym, Ur = 0 (Harpy3Ka OTKJIFOUYEHA OT HCTOYHUKA TUTAHMUS).

Ecmu npeanonoxuTk, 9To BHITOTHACTCS COOTHOIICHUE Uyy=>Unep WM UTO TTOCIIE MOAKITIOUCHHUS
HCTOYHMKA ITUTAHUS (Ja’Ke IIPH BBITOJHECHUH YCIOBUS Unym< Unep) OBLI ITOIaH UMITYIIBC YIIPABICHHUS
JIOCTaTOYHOM BEJIMUYMHbI, TO TUPUCTOP OY/ICT HAXOAUTHCS B OTKPBITOM (BKJIFOUCHHOM) COCTOSIHHH. [Ipr 31OM
BCE TPH IIepexoa OyIyT CMEIICHBI B IIPSIMOM HalpaBJICHUN U OYyT BBITOIHATHCS COOTHOLICHUS Uy
~1B, i3 = Unum/RH, UR = Unum(T. €. Harpy3ka okasanach IMOAKIIOUYEHHON K HCTOYHHUKY ITUTAHHS).

Cy11ecTBYIOT TUPUCTOPHI, TSl KOTOPBIX HanpspkeHue Unep Ooubie, yem 1kB, a MakcuManbHO
JOITYCTHMBIN TOK I; 00JIbIIIE, ueM 1KA.

[Tpu n3yvyeHny pUHIMIIA PadOThI THPUCTOPA OUEHBb BKHO ITOHSATh, YTO MPOUCXOUT B MOMEHT €r0
BKJTFOUCHUSI ¥ TIodeMy Tiepexoz [ Bo BKIFOUEHHOM COCTOSIHMM CMEITICH B IPSIMOM HarpaBiieHuH. s
COOTBETCTBYIOIIUX OOBSICHEHUI 00paTHMCS K YCJIOBHOMY H300PKEHHUIO CTPYKTYPBI THPUCTOPA (pHC.
1.112). MoOXHO 3aMETHUTh, UTO TaKas CTPYKTypa COOTBETCTBYET CXeMe Ha IBYX TpaH3ucTopax (puc. 1.113).

BHagaje paccMOTPHM IIPOIECC BKIIOUEHNS THPUCTOPA IIPH Uy, = = U,p ¥ iy= O (Tak Ha3BIBaEMOE
BKJIFOUCHHUC I10 aHOI[y), OOIHAKO TaKOU CII0co0 BKIIFOYECHUS HE PEKOMEHAOYETCA UCIIOJIb30BaTh HAa IIPAKTHUKE.
y
,yrin 3
l g | Po
ny | —o0K

Prc. 1.112

a=la g, b

Puc. 1.113

HMeroT MeCTO COOTHOIIEHHUS:

ikl = acml 'ial +Ixol’

‘ixz = acm2 ' i:oZ + ImZ’

1€ Acm1,8cm2s ko1, ko2 — COOTBETCTBEHHO cTaTHUECKHE KOI((UIMEHTHI IIepeiaur TOKOB YMUTTEPOB
U 00paTHbBIE TOKU KOJUIEKTOPOB TpaH3ucTopoB T1 1 To.



O603naunM uepes |l , o0mmii 06paTHBIN TOK P-N-niepexona [, Torga

Ixa= KOI+IK02’
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’a_ ’31 - 132_ lxl + le!
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Kak yxe orMeuanoch, ko3 PHUIIUEHTHI epeaaui TOKOB TPAH3UCTOPOB U3MEHSIOTCS TIPH
M3MEHEHUHN PEKUMOB PadOTHI TPAH3HUCTOPOB.

[Tpu ManbIX TOKAX Ayt Aemr<<l B 4€pe3 THPUCTOP MPOTEKAET TOK 1.=lko Ilpu yBenuuenuun
HAIPSKEHUS Uy, TOK 1., BO3pAcTaeT, U BMECTE C THM BO3PACTAOT KOAD(DHUIUCHTHI 0o U depy2. [IpH
IPUOIIMKEHUN CYMMBI Qe+ dem2 K €TUHMIIE TOK 14 PE3KO, CKAYKOOOPAa3HO BO3PACTAET U THPUCTOP
MEPEeXOAUT B OTKPHITOE (BKIIFOUYEHHOE) COCTOSHHUE, ITOCIIC YEro TOK B CXEME OTPaHUYNBACTCS
TOJIBKO CONPOTHUBJICHUEM Harpy3ku R,. Bpems, B TedeHHEe KOTOPOTO TUPHUCTOP MEPEXOJAUT BO
BKJIIOUCHHOE COCTOSIHUE, COCTABIISACT JOJIU MHUKPOCEKYH/IbI MJIU €AUHUIIBI MEKPOCEKYH] (3TO
TaK Ha3bIBAEMOE BPEMsI BKIIOUCHHUS L.

Tak kak Toku 0a3 TPAH3UCTOPOB BEIMKH U MPUOIMIKAIOTCS 110 CBOUM 3HAYEHUSM K TOKaM
KOJUICKTOPOB, 00a TpaH3UCTOPa HAXOIATCS B PEKUME HACBIIICHUsI. DTO 03HaJaeT, uTo nepexo [,
TUPUCTOPA CMENIEH B IPSIMOM HaIlpaBJICHUHU.

[Tporecc BKIIFOUSHHUSI THPUCTOPA MOXKHO OOBSICHUTH M HE MPUOETas K MPeICTaBICHUIO
THPUCTOPA B BUJIE ABYX TPaH3UCTOPOB. Ho M mpu TakoM aHam3e BBIBOJI OCTACTCS TPEKHUM:
niepexos [, Bo BKIIFOYEHHOM COCTOSIHMHM CMEIIEH B IIPSIMOM HarpaBiICHUH. Takoe COCTOSHUE
niepexoa I, obecrieunBaeTcst HamuIueM U30BITOYHON (1TO0 CPAaBHEHHUIO C BBHIKJIIOYCHHBIM
COCTOSIHEM THPHUCTOPA) KOHIICHTPAIIUEH B CI0SX 711 M P2 HCOCHOBHBIX M OCHOBHBIX HOCHTENCH
AJIEKTPUYECTBA. DTO O3HAYAET, UTO BO BKIFOUCHHOM COCTOSIHMU B YKa3aHHBIX CJIIOSX HUMEIOTCS
M30BITOYHBIC 3aPSJIbI.

JIMHUCTOPBI, €CTECTBEHHO, MOT'YT BKJIFOUAThCS TOJIBKO MO aHOJY.

Temnepb pacCMOTPUM MPOIIECC BKIIOYECHUS TUPUCTOPA MPH MTOJa4e UMITYJIbCA YIIPABICHUS U TIPU
YCIIOBHH, UTO Uy <U,.p (TaK Ha3pIBaGMOE BKIFOUCHHE 10 YITPABIISIOIIEMY JIEKTPOTY). DTO
PEKOMEHYEMBIH CIOCOO BKIIOUCHHS.

OO6parumcs K SKBUBAJICHTHON cxeMe Ha ABYX TpaH3ucropax (cm. puc. 1.113). Jlerko yBuaers,
YTO M0/1a4a MOJ0KUTEILHOTO HAMPSIKEHUS HA YIPABJISIONIMNA 3JIEKTPOJT OTHOCUTEIHLHO KaToa
BBI3BIBACT IOSBIICHUE TOKA 0a3bl TpaH3UCTOpaA T2. DTO MPUBOAUT K BKIIFOUCHHIO TPAH3UCTOPOB
AKBHUBAJICHTHOU CXEMBI, T. €. K BKIIOUCHHUIO TUPUCTOPA, TPUIEM UyeM OOJIbIIIe TOK yIIpaBIICHHUS,
TEM IIpU MEHbBIIIEH BeIMYMHE HANIPSHKEHUS Uy, TTPOUCXOAUT BKIIOUEeHHE THpHcTopa. [Tocie
OKOHYAHMS UMITYJIbCA YIIPABJICHUS THPUCTOP OCTACTCS BKIFOUYCHHBIM.

XapakTepHoil 0COOCHHOCTHIO PacCCMaTPUBAEMOT0 HE3AIMN-PAEMOT0 TUPHUCTOPA, KOTOPHIH OYEHb
ITUPOKO MCIOIB3YETCS Ha TPAKTHUKE, SBJISIETCS TO, YTO €0 HEJIB3S BHIKIIIOUYUTH C TTIOMOIIBIO TOKA
yIpaBJICHHUS.

JI1s BEIKITIOUCHHSI TAPUCTOPA HA TIPAKTHKE HA HEro MOJAal0T 00paTHOE HaNpshKeHHE Uy,< O H
MO/IJICP’)KUBAIOT ATO HANIPSHKEHUE B TEUESHHUE BPEMEHH, OOJIBIIIETO TaK HA3bIBAEMOT'0 BPEMEHHU
BBIKITFOUCHHUS 14y, OHO OOBIYHO COCTABIISCT €AMHUIIBI HITU IECATKH MUKPOCEKYH/I. 3a 3TO BpeMst
M30BITOYHBIE 3aPSAAbI B CIIOSX N1 | pp KCUE3ArOT. J{71s BBIKITFOUCHHS THPUCTOPA HANIPSDKEHUE
MIUTAHUS Uy, B IPUBEICHHOMN BhIIIe cxeMe (cM. puc. 1.111) T10KHO U3MEHUTD TOJIIPHOCTD.

ITocne ykazaHHOM BBIACPKKH BPEMECHH Ha THPHUCTOP BHOBH MOYKHO ITOAATh IPAMOE HaIIPSOKCHHUE
(M1>0), 1 OH OYJIET BBIKIIOUYCHHBIM JI0 MOJIa4X UMITYJIbCa YIIPABICHUS.

THPHUCTOP BBIKIIIOYAETCS TAKXKE B CIydae, KOra 00paTHOE HAIPSLKEHNE HE ITOAAaeTCs, HO TOK Iy
YMEHBIIAETCS 10 HEKOTOPOU MaJIOi BEIMYNHBI, HA35IBAEMOU TOKOM yaep KaHus lyg. [Ipu sToM
HaIpsoKCHUE Ha THPUCTOPE YBEIMYMBAETCS CKaukooOpa3Ho. Takoi croco0 BHIKITIOUCHUS HA
MPAaKTUKE UCIOJb3YETCS PEAKO, TAK KaK BPpEeMs BBIKJIIOUECHUS MIPU 3TOM OKa3bIBAETCA
3HAYUTEIbLHBIM.



CyIecTByIOT Tak Ha3bIBaeMbI€ 3aMUPAEMBIC TUPUCTOPBI, KOTOPBIE MOTYT OBITH BBIKIIFOUCHBHI C
MIOMOIIBIO TOKA YIIPaBJICHHUS.

Ecnu Ha THpHCTOp NOAaHO 00paTHOE HaNpsKeHUE Uy <0, To mepexoss! I1, u 13 cmemarorcs B
00paTHOM HAIPaBJICHHH M Y€Pe3 TUPUCTOP MPOTEKAET MAJIbI 0OpaTHBIM TOK.

CyIIeCTBYIOT U IITUPOKO UCIOIB3YIOTCS TaK Ha3bIBAEMbIC CHMMETPHYHBIC THPUCTOPBI
(cuMHCTOPBI, TpUakK). KaxKIplii CHMUCTOP IMOJA00CH Mape PacCCMOTPEHHBIX THPHCTOPOB, BKITIO-
YCHHBIX BCTpeUYHO-TapauieapHo (puc. 1.114). Jlanum yciioBHOe rpadguieckoe 0003HaUYCHUE
cumucrtopa (puc. 1.115).

I

B Y YA
i : |
]
Puc. 1.114 Puc. 1.115

1.4.2. XapakrepucTuku

N300pa3umM ceMelCcTBO CTaTHYECKHUX BBIXOIHBIX BOJIBT-aMIIEPHBIX XapaKTepUCTHK THpUcTOopa (puc. 1.116).

Paznuunsie XApPaKTCPUCTHUKU COOTBECTCTBYIOT PA3JIMYHBIM 3HAUYCHHUAM NOCTOSIHHOT'O TOKA YIIPABJICHUA.
Ho Baxxno IIOMHUTDB, YTO Ha MPAKTHUKE TUPUCTOP 0OBIYHO BKJIFOYAIOT HE IMOCTOAHHBIM, @ UMITYJIbCHBIM
TOKOM YIIpaBJIEHUS.

IIpu pacuere TUPUCTOPHBIX CXEM UCIOJB3YIOT TAKKE XapaKTEPUCTUKY LIENH yIPaBICHHU TUPUCTOPA, T. €.
e YIPABJISIFOLIMI 3IEKTPOI-KaToA. DTO 3aBUCUMOCTD BHa Iy =f(Uy,),

riae f— HekoTtopas dyskims. Takast xapakTepUCTHKA 1MO100HA XapaKTEPUCTHKE TOIA.

h A V4acToK XapaKTepHCTHKH,
/ MOROGHBIH XapaKTEPHCTHKE
aHoaa

i >0, >0

Puc. 1.116

B zakmmouenue 1300pazim ceMeicTBO CTATUUECKUX BBIXOIHBIX BOJIBT-aMIEPHBIX XapaKTEPUCTHK
cumuctopa (puc. 1.117).



a A

Puc. 1.1¥7
1.4.3. I'papuueckuii aHasIu3 CXEM C TUPUCTOPAMHU

Brinonnum ananus cxemsl ¢ Tupuctopom (puc. 1.118).

Puc. 1.118

CocraBuM 15 BBIXOZHOTO KOHTYpa YpaBHEHHUE JIMHUM HATPY3KU:

Up,=E—1i Ry
[ocTponm 3Ty JIMHUIO HAarpy3KK Ha BEIXOHBIX XapakTepucThKax Tupuctopa (puc. 1.119). Jlns

oTpesieNieHUs] 3HAYCHHH I3 U Uy, HEOOXOTUMO HAUTH TOK YIIPABIICHHUS:
i A

. E __
=g,
H
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u
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v

E
Puc. 1.119



TaK KaK HaITPSHKCHUE 1, OJIM3KO K HYITIO.

Ecmu iy > iy, , TO peskuM pabOTBI TAPUCTOPA COOTBETCTBYET TOUKE A (TOK Iy BEJIHK, a
HaIPSKEHUE Uy, MAJIO), T. €. TAPUCTOP BKITFOYCH.

Ecmu iy < iy1, TO 151 ompeaeieH st MOJI0KEHHUs paboueii TOUKH THPHCTOPa HYXKHA
JIOTIOJTHUTEIIbHASI MH(GOPMAITHS O MPEIBICTOPUH €ro paboThl. Ecii OH yrke ObLT BKITFOUEH, TO PEKUM padOThI
COOTBETCTBYET TOUKE A, €CITi ObLT BEIKITIOUEH, TO PEXKHUM pabOTHI COOTBETCTBYET TOUKE B.

1.4.4. Knaccuduxarms
U cucTeMa 0003HauYeHHUH

Brimyckaembie ¢ 1980 r. THpHUCTOPHI UMEIOT KIIACCU(UKAIIMIO U CUCTEMY 0003HAYCHHI,
ycranoBieHHbie ['OCT 20859.1—89 u npuBenennsie B [3]. Bmecte ¢ TeM B 3KCIUTyaTaiu
HAXOJISITCSI TAPUCTOPBI, CHCTEMa 0003HAYCHHH KOTOPBIX periaamerTupoBayiack ctannapramu (I'OCT
10862—72, T'OCT 14069—72 u np.), B HacTosIIIIee BpeMsi OTMCHCHHBIMU. B 0CHOBY 0003HaueHHI
THPHCTOPOB MOJIOKEH OYKBEHHO-IIM(POBOI KOJI, cocTosImi 13 ueThipex snementoB (TOCT 10862-72):

Tlepswiii snemenm (6yksa wimm 1ugpa) 0003HaYaeT UCXoaHbIi MaTepuai: I', unu 1, — repmanuii; K,
WK 2, — KpeMHMI; A, uin 3, — apCeHu 1 TaJlInsl.

Bmopoii snemenm (6yxkBa) — Bug npubopa: H — nuoaHblil Tupuctop (quHucTOp); ¥ —
TPUOTHBIA TUPUCTOP.

Tpemuii anemerm (4ucao0) 0003HaYaeT OCHOBHBIE (DYHKIIMOHAIIEHEIE BO3MOYKHOCTH IIPHOOpA U HOMEP
pa3pabOTKH:

ot 101 1o 199—auoaHbIe U He3amKpaeMble TPHOAHBIE TUPUCTOPBI MasToi MOITHOCTH (lye. < 0,3
A, lyc.cp — CpemHUl TOK B OTKPBITOM COCTOSIHUH);

oT 201 10 299—naunoHbIe ¥ He3aNupaeMble TPUOAHBIE TUPUCTOPHI CPETHEN MOIITHOCTH
(093Aoc.cp < Ioc.cp< 10 A):

ot 301 10 399 —TtpuoHbIe 3anupaeMbie TAPUCTOPBI Maoi MOITHOCTH (lye.p, < 0,3 A);

ot 401 10 499 — tpuoaHbIe 3anupaembie TUPUCTOPHI cpeaner MomHocTh (0,3 A <y, <10A);

ot 501 10 599—cummMeTprYHBIE He3amupaeMble TAPUCTOPBI Mol MOIITHOCTH (lyeqp <0,3 A);

ot 601 10 699 — cummeTpuYHbBIE He3anmupaeMbie TUPUCTOPHI cpeaHert MomHocTH (0,3 A <y
<10 A).

Yemesepmuii snemenm (0yksa) A, b, B u T. 1. 0003Ha4aeT THIIOHOMHHAI TPUOOpA.

BykBenno-1mmpposoii koa cricrems B cooterctBun ¢ [[OCT 20859.1—89 cocTout u3 ciaenyronmx
AIIEMEHTOB:

nepewiti 31emenm — OyKBa WiH OykBbI, 0003Havaromue Buj npudopa: T — tupucrop; TJI —
naBuHHBINA TUpHUCTOP; TC — cummeTpuuHbIi THpUCTOP (cumuctop); TO — ontorupuctop; T3 —
3anupaemsbiii Tupuctop; TBK — koMOuHUPOBaHHO BBIKITIOUaeMblid THpUCTOp; Tl — TupHcTop-
JIOL;

eémopoti 21emenm — OyKkBa, 0003HAYAIONIAs TTOABU THPHUCTOPA MO0 KOMMYTAIlHOHHBIM
xXapakTepucTukaMm: Y — BBICOKOUACTOTHBIH (OBICTPO BKITFOYAOIIMIACS ) TUPUCTOP; b —
OBICTPOICUCTBYIOIIHI; 11 — UMITYJIHCHBII;

mpemuiti snemenm — 1dpa (ot 1 7o 9), o6o3Havaromas MOPSAKOBEIM HOMEp MOAM(pHKAIH
(pazpaboTtkn);

yemeepmutil snemenm — 1udpa (ot 1 10 9), o603Hayaronast KIacCUPUKAIMOHHBIN pa3Mep KopIiryca
npudopa;

nsamotii snemenm — 1udpa (ot 0 10 5), 0603HaYArOIIAST KOHCTPYKTHBHOE MCIIOJTHEHHE;

wecmotl 1eMeHm — YUCII0, PABHOE 3HAYCHHIO MaKCUMAIIBHO JIOIMYCTUMOTO CPETHETO TOKA B OTKPHITOM
COCTOSIHUH JIJTsl THPUCTOPOB, JIABUHHBIX TUPUCTOPOB, ONITOTHPHC-TOPOB, KOMOMHUPOBAHHO BBIKITIOYACMBIX
THUPUCTOPOB, MAKCUMAJILHO JIOITYCTUMOT'O UMITYJILCHOTO TOKA JJIsI IMITYJTLCHBIX THPUCTOPOB,
MAaKCUMAJTHHO JOITYCTUMOTO ISHCTBYIOIIETr0 TOKa JJIsl CAMUCTOPOB M UMITYJICHOTO 3aITIPaeMOro ToKa Juis
3alyUpaeMbIX THPUCTOPOB. [l THPHCTOPOB-HOIOB ILIECTOM 3JIEMEHT COCTOUT U3 APOOU, B UHCITUTEIIE



KOTOPOH — 3HAYCHHE MAaKCUMAJIbLHO JOITyCTHMOTO CPEAHEr0 TOKAa B OTKPHITOM COCTOSIHHH, a B
3HaMEHaTeJIe — 3HAYCHUE MaKCHMAJIbHO JIOITYCTUMOTO CPEIHEro TOKa B 0OPATHOM IPOBO/ISIICM
COCTOSIHUH;

ceobmotl snemenm — OykBa X I IpUOOPOB ¢ 00paTHOM MOJIIPHOCTHIO (OCHOBAHKME KOpIyca —
KaTox);

80CbLMOLL dN1eMeHn — YUCII0, 0003HAYAIOIIEE KJIACC 0 MOBTOPSIOIIEMYCS UMITYJIbCHOMY HAIPSDKCHHUIO B
3aKPBITOM COCTOSTHUHM (COTHH BOJIBT);

Oessimblil d1emenm — rpyina nudp, 0003HavaroIIas cCoueTaHne KiIacCu(PUKaIMOHHBIX ITapaMeTPOB:
(du,/dt),p a1t HU3KOYACTOTHBIX MPHOOPOB (aOOpeBHATYpa «3C» O3HAYAET 3aIIEPTOE COCTOSHUE, a
ab0peBuaTypa «kp» — Kpurudeckoe 3HaueHue); (dU,/dt),p ¥ 0, IS BEICOKO-4aCTOTHBIX
upr00opoB; (AU,/dt)xp, tecr U Leye IS OBICT-POACHCTBYFONIMX IPHOOPOB; IS CAMMETPHYHBIX THPH-
CTOPOB (CHMKCTOPOB) U THPUCTOPOB-1010B BMecTO (dU,./dt),, KIaccupukalmoHHBIM TApaMETPOM
sBisteT-Cst (diye/dt)p.

ITpumep ycnoBHBIX 0003HaueHni Tuprctopos o 'OCT 20859.1-89:

TJ1171-320-10-6 — TuUpHUCTOp JTaBUHHBIN ITIEpBOM MOIU(HU-KAIIUH, pa3Mep IIECTUTPAHHUKA IO/
KITI0Y» 41 MM, KOHCT-PYKTHBHOE UCIIOJTHEHHE — IITHIPEBOE C TMOKKUM KaTOJHBIM BBIBOJIOM,
MAaKCHMAJIbHO JIONYCTUMBII CPETHHUI TOK B OTKPBI-TOM cOCTOSTHUHU 320 A, mOBTOpSIOIIeecs
HMITYJbCHOE Hamps-KeHue B 3aKphIToM coctosauu 1000 B (10-it ximacc), KpuTu-4eckas CKOpOCTh
HapacTaHHs HaIPsLKEHHS B 3aKpbIToM coctosiHuu 500 B/MKc.

1.5. OITOSJIEKTPOHHLIE ITPMBOPEBI

1.5.1. OO6mas xapakTepucTuka
ONTO3JIEKTPOHHBIX TPHUOOPOB

OnTo3NeKTPOHHBIMH HAa3bIBAIOT MPUOOPHI, KOTOPHIE UyBCTBUTEIIHHBI K AIEKTPOMArHUTHOMY U3TYUEHHUIO
B BHJIMIMOM, HH(PAKPACHOU 1 YIIBTpa(roIeTOBOM 001acTsIX, a TAKXKE MPUOOPHI, TIPOU3BOISIINE HITH
HCIIOJIB3YIOIIME TAKOE N3ITyYEeHHE.

W3nydeHne B BUAMMOA, MHMpaKpacHOH 1 yIbTpadHoIeToBON 00IaCTIX OTHOCST K ONTUYECKOMY
Janazony criekrpa. OObIMHO K YKA3aHHOMY JIMAria30Hy OTHOCSIT ANIEKTPOMAarHUTHBIE BOJIHBI C JUTMHOM OT
1 HM 10 1 MM, YTO COOTBETCTBYET YacToTaM npumepHo ot 0,5 ¢ 10" 'y o 5 » 10Y T, Vinorna
TOBOPAT 0 Oosee y3koM anana3one 4actoT — oT 10 um 10 0,1 MM (=5 » 1025+ 10T ).
Bunumomy amana3ony cooTBeTCTBYIOT AMMHBI BOJH OT 0,38 MkM 10 0,78 MKM (4acToTa OKOJI0, HO
menbime 107 I'm).

Ha npaxtuke mmpoko UCTIONB3YIOTCSI HCTOUHUKY W3TYUeHHs (M3ITy4aTelTn ), IPUEMHUKN U3Ty9eHHs
((oTompreMHHKH) ¥ OITPOHBI (OMTOMAPHI).

OnTpoHOM Ha3bIBAIOT MPUOOP, B KOTOPOM UMEETCS U HICTOYHHUK, ¥ TIPUEMHHK U3TyYEHUS,
KOHCTPYKTUBHO OOBEIMHEHHBIE U TIOMEIICHHBIC B OJTMH KOPITYC.

W3 NCTOYHMKOB M3ITydeHHS HAIIUTH IIUPOKOE IIPUMEHEHNE CBETOIMOBI U J1a3€phl, a U3 MPUEMHUKOB
— (poTopesucropsl, poToaHoBI, POTOTPAH3UCTOPHI U POTOTUPUCTOPHL.

[[InpoKo UCIONMB3YIOTCS ONTPOHBL, B KOTOPHIX IPHUMEHSFOTCS ITaphl CBETOAMOA-(DOTOIHO, CBETOIMO-
(oToTpaH3UC-TOP, CBETOANO-(OTOTHPHCTOP.

[epeurcnrM OCHOBHBIE TOCTOMHCTBA OIMTOAJIEKTPOHHBIX MPHOOPOB:

* BBICOKAsI TH(GOPMAITMOHHAS EMKOCTh ONTUYECKUX KAHAJIOB MEpeIaun MH(OPMAIIUH, UTO SBIISICTCS
CIIE/ICTBHEM OOJIBIIMX 3HAUSHUI UCTIONB3YEMBIX YacToT;

¢ II0JIHAs raJiJbBaHHYCCKaA pa3BA3Ka HCTOYHUKOB U IIPUECMHUKOB HU3JTYUYCHUA,

¢ OTCYTCTBHEC BJIMAHHWA IIPUCMHHUKA U3JTYYCHUA HA HCTOYHUK (OHHOHaHpaBHeHHOCTB IIOTOKa I/IH(bOpMaHI/II/I);
¢ HCBOCIIPUHUMYHUBOCTD ONITHUYCCKUX KAaHAJIOB K 3JICKTPOMArHUTHBIM I1OJISAM (BBICOKaSI
MTOMEXO03aIIHUIIECHHOCTB ).



1.5.2. U3ny4varouuii quop (CBETOANOT)

W3nydaromuii 1101, paboTaoImuid B BUIMMOM JHAITa30HE BOJIH, YaCTO HA3bIBAIOT
CBETOU3TYUYAIOIIMM, M CBETOMOIOM.

PaccMoTpuM ycTpoOHCTBO, XapaKTEPUCTHKH, ITAPAMETPhl H CHCTEMY 0003HAYCHHI H3TyJYaronuX
JIMOJIOB.

Yempoticmso. Cxematndeckoe H300pakeHHE CTPYKTYPhI U3Ty4JaloIero JHoa MPEJICTaBICHO
Ha puc. 1.120, a ero yciaoBHoe rpaduyeckoe o0o3HaueHune — Ha puc. 1.120, 6.

N3nydyenune BOZHUKAET MPU MPOTEKAHUM MIPSIMOTO TOKA JIUOJIa B pE3yJbTaTe peKOMOMHAIINHT
AJIEKTPOHOB U JABIPOK B 00JIACTH P-N-TIEpexo/ia U B 00JIACTSIX, MPUMBIKAIOIINX K YKa3aHHOM
obnactu. [Tpu pekoMOMHAIIMY U3ITy4atOTCs ()OTOHEI.

Xapaxkmepucmuku u napamempal. J{Jis U3Ty9arOMUX TUOJ0B, PAaOOTAONINX B BUIUMOM
JIrarna3oHe (IJMHA BOJHBI OT

Crexno wsi TMacTHK

Puc. 1.120

0,38 1o 0,78 MKM, 4acTOTa OKOJIO, HO MEHBIIIE 10%° ['11), IMPOKO UCTIONB3YIOTCS CIIEAYIONTHE
XapaKTEPUCTUKH:
. 3aBHCHUMOCTH SIPKOCTH U3JIy4eHus L oT Toka quona i
(IpKOCTHAs XapaKTEPUCTUKA);
. 3aBUCHMOCTB CHJIBI CBeTa 1y OT TOKa auoaa i.
Jnist u3mydaromuyx JU0/10B, padOTAOIINX HE B BUITUMOM
JIMara3oHe, UCTIONB3YIOT XapaKTEPUCTUKH, OTPAKAOIIE 3aBUCUMOCTh MOIIIHOCTH M3NyueHus P ot
TOKa A1oaa i.

M300paziM SIPKOCTHYEO XapaKTEepUCTHKY TSl cCBeToM3myda-torero auoaa tumna AJI102A (puc. 1.121).
L[BeT cBeUEHHUS ITOTO IUO0J]Ia — KPACHBIH.

L, aut = xa/m?

30

20

10 /
0 2 4 6 8 i, MA
Puc. 1.121

N300pa3um rpadrik 3aBUCUMOCTH CHJIBI CBETa OT TOKA JUIS CBETOM3ITydarolero auoja tuna AJI316A
(puc. 1.122) (uBeT cBeueHUs — KPacHbI).



N300pa3um 30Hy BO3MOXKHBIX mojioxkeHui (puc. 1.123) rpaduka 3aBHCHMOCTH MOIITHOCTH
M3ITy4CHHS OT TOKA JJIs M3mydarorero apona Tama AJI119A, paboraromiero B HH(ppaKpacHOM JHara3oHe
(mmaa BoHE! 0,93...0,96 MKM)

[IpuBenem g auoma tTuma AJI 119A ero HeKOTOpBIE ITapaMETphI:

* BpeMs HapacTaHMs UMITyJibca n3nydeHuss — He 6osee 1000 Hc;
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* BpeMs Crajia UMMyJibca u3rydeHus — He 6onee 1500 ne;

* IIOCTOSIHHOE TpsiMoe HanpspkeHue mpu | = 300 MA — He Ooiree 3 B;

* TIOCTOSIHHBIA MaKCUMAJIbHO JIOIYCTUMBIN MpsMOi TOK npu t< +85°C — 200 MA;
* Temmeparypa okpyxatomen cpeast —60...+85°C.

Jnst uaopmary 0 BOSMOKHBIX 3HAYEHHUSIX KO QUITMEHTA TIOJIE3HOTO ISUCTBUSI OTMETHUM, UTO
m3myvatore auofpl tamna 3JI1115A, AJI115A, paboraromue B nH(GpaKpacHOM JManazoHe (JTHHA
BOJIHBI 0K0J10 0,95 MKM, mupuHa criektpa He 6oree 0,05 MkMm), UMEIOT KOA(DGUIIUEHT MOIE3HOTO
nerictBus He MeHee 10%.

Cucmema 0603naueruil. JIaBHO CYITIECTBYFOIIAs CHCTEMaX 0003HAYCHUH ITPE/IITOIIaraeT UCIIOJIb30BaHHE
JIBYX WM Tpex OykB u Tpex 1udp, Hanpumep AJI316 mm AJIC331 u npuBenena B [3]. [lepas OykBa
YKa3bIBAET HA MaTepHall, BTopas (MM BTOpas  TPEThs) — HA KOHCTPYKTHBHOE HUCTONHEHUE: JI —
eIUHUIHBIA cBeToanoa, JIC — psm nau Matpuma cBeTo-auoaoB. I[locieayronwe mudpsl (a mHOrIA
OyKBBI) 0003HAUAOT HOMEP Pa3pabOTKH. Hemb3st He pu3HATh TaKyI0 CHCTEMY HECOBEPIIICHHOM.

B Hacrosiiee BpeMsi ICTOUHUKY HU3ITy4eHHs] 0003HAYA0TCsI KaK YaCTHBIN CITydail MHAMKaTOpOB.
CoBpeMeHHbIE 0003HAUEHHST MHIUKATOPOB COJICPKAT CEMb IIEMEHTOB.

Ilepswiii snemenm — OykBa U, 0603Havaromas mpuHaIeKHOCTh IPUOOpa K
3HAKOCUHTE3UpYyIouM uHaukaropam (3CH).

Bmopoti snemenm — OykBa, 0003Hauaromas Bua nHaIukaropa: H — BakyyMmHbIe
HakaguBaemblie; JI — BaKyyMHBIC DJIEKTPOIIOMUHECIIEHTHBIC; XK — ®uakokpuctammuieckue; [1 —



TTOJTYTPOBOTHUKOBBIE; D — 3JIEKTPOJIOMUHECIICHTHBIC.

Tpemuii snemenm — OyKBa, XapaKTepu3yroias oToopaxaeMmyto napopmanuro: J[ —
enquanaHas; 1] — mudposas; B — OykBenno-mudposas; T — mkanbHass; M — MHeMoHH4Yeckast; I
— rpaduyecKasl.

Yemeepmuiil 31eMeHm — YHACIIO, YKA3bIBAIOIEE HA MOPSIAKOBBIM HOMEP pa3paboTKu: HOMEp C
1-ro mo 69-it — mHAMKATOPHI O€3 BCTPOCHHOTO yrnpasiacHus; ¢ 70-ro mo 99-ii — co BCTPOSHHBIM
YIIPaBJICHUEM.

Ilamwiii sn1emenm — OykBa, 0003HAYAOIAST TPUHAICKHOCTh MHAMKATOPA K OJTHON 13
KJTaCCH(DMKAIMOHHBIX TPYII IIPHOOPOB, H3TOTOBJICHHBIX 110 O0IIEMY TEXHOJIOTHYECKOMY TIPOIIECCY.
Hcnoms3yrorest OykBbI pycckoro andasuta ot A 1o S (He ynorpebistores 3, O, bl, b, b, 111, I1).

Lllecmoti 3nemenm — npoOb WK MIPOU3BEACHUE, XapaKTEpU3YoIice MH(DOPMAITOHHOE TT0JIe
MHJIMKATOpa (KPOME €IMHIYHBIX MHIMKATOPOB). /1151 OMHOpa3psITHBIX 1 MHOTOPA3PSTHBIX CErMEHTHBIX
UHIUKATOPOB — JIPOOB, YUCIUTEIH KOTOPOH — YHCIIO CETMEHTOB, 3HAMEHATEh — YHCIIO Pa3psi-
JI0B. J1y1s1 OZTHOPA3PSITHBIX ¥ MHOTOPA3PSTHBIX MAaTPUYHBIX HHIMKATOPOB — JIPOOb, YHCIUTEIb KOTOPOH
— YHCII0 pa3psioB, 3HAMEHATENIb — MPOU3BEACHUE YHCIIA DJIEMEHTOB B CTPOKE Ha YKCIIO
AJIEMEHTOB B CTOJIONE.. /|11 MAaTpUYHBIX HHAMKATOPOB 03 (DMKCHPOBAHHBIX 3HAKOMECT —
MIPOM3BEICHNE YMCIIA AJICMEHTOB B CTPOKE Ha YHCJIO DJIEMEHTOB B CTOJIOIIE. J[71s1 MHEMOHMYECKHX 1
MIKATBHBIX WHIMKATOPOB IIECTOM AJIEMEHT YKA3bIBACT YMCIIO 3JIEMEHTOB MHIUKATOPA.

Ceovmoti 21emenm — OykBa, 0003HaYaroas 1BET CBeUeHUs. JIJ1s1 OJTHOIIBETHBIX WHIUKATOPOB:
K — kpacubrii, J1 — 3enensbiii, C — cunuid, XK — xentoiid, P — opamkeblid, [T — romyooit (uist
OJTMHOYHBIX 1 TIOTYITPOBOTHIKOBBIX HHIMKATOPOB BCEX BUAOB). /(1T MHOTOIIBETHBIX MHIMKATOPOB BCEX
BHJIOB — OykBa M.

O003HaYeHHE OCCKOPITYCHBIX ITOTYIPOBOIHHUKOBBIX HHAUKATOPOB COACPIKUT LUPPY — 680CbMOI
9eMeHm, OTpe-. NSJSFOIIHA MOTU(DHUKAIIIO KOHCTPYKTUBHOTO HCIIOJIHEHUS: | — ¢ THOKMMH
BBIBOZIaMU 0€3 KpUCTAUIOAEPKATENs OAI0KKH;, 2 — ¢ THOKUMU BBIBOJAMU Ha
KpUCTaJUIoJIepkarTesie; 3— C )KECTKUMHU BBIBOJAMU 0€3 KpUCTALUIOAEPKATENs; 4 — C )KECTKUMH
BBIBOJIaMH Ha KPUCTAILIOACPIKATENE; S — ¢ KOHTAKTHBIMU IUIOMIAKaMH 0€3 KPUCTAILIOACPIKATES
Y BBIBOJIOB; 6 — ¢ KOHTAKTHBIMH ILIOIIAIKaMH Ha KPUCTAJLTOIEpKaTee 0e3 BBIBOIOB, KPUCTAILT Ha
MOJIJTOKKE; 7 — C )KECTKUMH BBIBOJAMH 0€3 KPHCTAJLIOIEpIKaTels, He pa3/ieJIcHHBIMHU Ha O0IIei
MJIACTUHE; 8 — C KOHTAKTHBIMH TUTACTHHAMHM 0€3 KPUCTAILIOACPKaTe sl M BRIBOJIOB, Ha 00IIIei
TJTaCTUHE.

Nuorna nepen Oyksoii 1 mosieisiercst 6yksa K, aro 0603HagaeT mpuOop mmpoKoro
0OIIENPOMBIIIIICHHOTO TTPUMEHEHHSI.

1.5.3. ®orope3ucrop

DOoTOPE3UCTOPOM HA3BIBAIOT MOIYIPOBOIHUKOBBIN PE3UCTOP, CONPOTUBIEHHE KOTOPOTO
YYBCTBUTEJBHO K 3JI€KTPOY MarHUTHOMY M3JIy4EHHUIO B OITHYECKOM Auana3oHe crnekrpa. Jaaum
cxeMaTHueckoe n300pakeHne CTpyKTypbl poTopesucropa (puc. 1.124,a) u ero ycioBHoe
rpaduyeckoe obo3Hadenue (puc. 1.124,6).
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[Torok GOTOHOB, MATAFOIIKX HA MOIYITPOBOTHIK, BEI3BIBAET MOSIBIICHHE TIAp AJIEKTPOH-IBIPKA,
YBEIUYHUBAIOLIUX TPOBOIUMOCTD (YMEHBIIAIOUIUX COMPOTUBIICHUE). DTO SBICHUE HA3bIBAIOT
BHYTpeHHUM (oTodPdexToM (3hdhexTom HOoTOrpOBOIUMOCTH).

DOTOPE3UCTOPHI YACTO XAPAKTEPU3YIOTCS 3aBUCUMOCTBIO TOKA | OT ocBelieHHocTr E npu
3aJJaHHOM HaIpsDKEHUHU Ha pe3ucTope. DTO Tak Ha3biBaeMas JIIOKC-aMIIepHask XapaKTEepUCTHKA.

N300pa3uM Takyro xapaktepucTuky aist potopesucropa tuna @CK-I'7, kotopsrit padbotaer B
BUIMMOM "yacTu criekTpa (puc. 1.125).
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YacTto UCIONB3YIOT CIIEIYHOIIHE TapaMeTpbl (POTOPE3UCTOPOB:
HOMUHAJILHOE TEMHOBOE (TIpY OTCYTCTBHH CBETOBOTO MoTOKa) conpoTusieHue (st ®CK-I'7 sto
comnpoTuBIieHHe paBHo 5 MOwm);
WHTETPATTBHYIO YYBCTBUTEIILHOCTD (TYBCTBUTEIILHOCTD HA3bIBAIOT MHTETPATHHOM, TaK KaK €€ ONPEICIISTFOT
TIPH OCBEIIEHUH (hPOTOPE3UCTOPA CBETOM CIIOKHOTO CIIEKTPATLHOTO COCTaBa).

WHTerpaipHas 9yBCTBUTEIIBHOCTD (TOKOBAs! TyBCTBUTEIIBHOCTH K CBETOBOMY TTOTOKY) S
OTIPEICIIIETCS BRIPAKCHHEM

rae iy — Tak Ha3bIBaeMbIi (POTOTOK (ITO PA3HOCTH MEK/Y TOKOM IPH OCBEIICHUH M TOKOM IIPH
OTCYTCTBHH OCBEIICHHS);

@ — CBETOBOM IMOTOK.

s potopesucropa DCK-I'7 S= 0,7 A/nm.

1.5.4. ®oToauon
PaccMmoTpum ycTpoiicTBa, OCHOBHBIC (DU3NUECKUE MTPOIIECCHI, XapaKTEPUCTHKH B TTapaMeTPhl
dboToamona.

Yempoticmeo u ocnogmvie usuueckue npoyeccul. 1300pa3uM yIpouieHHYIO CTPYKTYPY
doroaunona (puc. 1.126, a) u ero ycioBHoe rpadudeckoe odbo3znauenue (puc. 1.126, 6).
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®du3nyecKue MpoIecchl, MpoTeKawIne B GOTOAN0AaX, HOCAT OOpaTHBIN XapaKTep Mo
OTHOIIEHHIO K TIpOolleccaM, IPOTEKAIOMUM B CBeTOAN01ax. OCHOBHBIM (DHM3UUYECKHUM SIBICHUEM
B (OTOAMO/IE SABIACTCS TEHEPAIUs Mmap JIEKTPOH-IbIPKa B 00J1aCTH P-N-TIepexo/ia U B
MPUJICTAIONIUX K HEMY 00JIaCTAX IO ACHCTBHEM U3ITYYCHUS.

DIIEKTPUYECKOE TOJIe P-N-TIepexoa pas3eiseT dJIEeKTPOHbI U AbIpkH. HeOCHOBHBIC HOCUTETH
3JICKTPUYECTBA, JIS1 KOTOPBIX MOJIE SIBJISETCS YCKOPSIOIINM, BRIBOJIATCS STUM TI0JIEM 32 TIEPEXOI.
OCHOBHBIC HOCUTENH 3a/ICPKUBAIOTCS MTOJIEM B CBOCH 00J1aCTH MPOBOIUMOCTH.

['eHepanus nap JIEKTPOH-ABIPKA MPUBOIUT K YBEITHYCHUIO 00PaTHOTO TOKA TN0J1a TIPH
HAIMYUU OOPATHOTO HAMPSKCHHSI U K TOSBICHUIO HAMIPSHKCHHUS Uy, MEKY aHOJOM U KaTOJI0M
P Pa30MKHYTOHU 1ienu. [IpruuemM B COOTBETCTBUM CO CIICTAHHBIM 3aMEYaHUEM O Pa3JielIeHUH
AJIIEKTPOHOB U JBIPOK Uy, > 0 (IBIPKU IEPEXOIAT K aHOIY, a JIEKTPOHBI — K KaTOJy).

Xapaxmepucmuxu u napamempwvi. DoToanob1 yIOOHO XapaKTePHU30BATh CEMEHCTBOM BOJIBT-
aAMIIEPHBIX XapaKTEPUCTHK, COOTBETCTBYIOIINX PA3IMYHBIM CBETOBBIM ITOTOKaM (CBETOBOM MOTOK
H3MEpSETCS B JIIOMEHAX, JIM) WJTU Pa3JIMIHBIM OCBEIIEH-HOCTSAM (OCBEIIEHHOCTh U3MEPSETCS B
JIOKCax, JK).

OO6parumcs K BOJbT-aMIIepHBbIM Xapaktepuctukam (BAX) dotoauona (puc. 1.127). Ilyctb
BHayalle CBETOBOM MOTOK paBeH HYJI0, Torna BAX doroauona paktuuecku moBTopsieT

@ — cBeTOBOH IOTOK
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Puc. 1.127

BAX o6sryHoro auoaa. Eciu cBeTOBOIM MOTOK HE paBeH HYIO, TO (POTOHBI, TPOHUKAs B 001acTh P-N-
MePex0/1a, BBI3BIBAIOT TCHEPAIHIO TTap AJICKTPOH-AbIpKa. [0/ 1elicTBHEeM ICKTPHIECKOTO OIS P-
N-Tiepexo/ia HOCUTEIH JIEKTPOJIa IBUKYTCS K JIEKTPOoaM (JIBIPKUA — K IJIEKTPOY CJI0sI p,
AIIEKTPOHBI — K AIEKTPOY cios 7). B pe3ynbraTe Mexay dJIeKTpoAaMHu BO3ZHUKAET HANPsKEHUE,
KOTOpPOE BO3PACTAET MPHU YBEIUYEHUU CBETOBOTO MOTOKA. [Ipy MOMOKUTETHHOM HAMPSKEHUN
AHOJI-KaTOJ TOK JHOJIa MOKET OBITh OTPUIIATENbLHBIM (YETBEPTHIM KBaJAPAHT XapaKTEPUCTUKH).
[Tpu sToM npubop He MOTPedIseT, a BHIpadaThIBAET IHEPTHIO.

Ha mpakTtuke ¢poToano1bl HCHIONB3YIOT U B TaK Ha3bIBa€MOM pexkuMe GhoToreHeparopa
(poToranpBaHMUECKUIT PEXKUM, BEHTUIIBHBIN PEKUM), M B TAK Ha3bIBAEMOM pexuMe (oTompe-
oOpazoBatens ((hOTOIUOIHBIA PEKUM).

Pesxxum ororenepaTopa umeet mecto mpH u > 0 u i< 0 (uerBepThIit KBagpant). [Ipu 3TOM 1101
OTJIaeT SHEPIHIO BO BHEMTHIOK 11emb (¢ * | < 0). B aToM pexkrmMe pabOTarOT COTHEYHBIE DIEMEHTEL B
HaCTOsIIIIee BpeMst KOA((HIIMESHT ITOJIC3HOTO ASHCTBHUS COMHEYHBIX 3JIeMeHTOB gocTturaeT 20%. IToka
SHEPIUsL, BEIPAOATHIBAEMAsi COJTHEUYHBIMHU JIEMEHTaMH, PUMEPHO B 50 pa3 T0poke SHEPTHH,
noJryqaeMon u3 yriisi, HedTH uik ypana. Ho oxkumgaercs, 4To CTOUMOCTh SHEPTHH, TIOTYy9aeMOH C
MIOMOIIIHIO COTHEUHBIX OaTapeii, OyIeT CHIKAThCS.

Pexxum doronpeodpazoBaresist COOTBETCTBYET cooTHOMmEHUIM ¢ < 0 u | < 0 (TpeTHii kBaapaHT). B
ATOM peKUME (POTOTUO TOTPEOIISAET FIHEPTHIO (1 * | > 0) OT HEKOTOPOTO 00sI3aTEIHHO
MMEIOIIEeTOoCS B I[EN BHENTHEr0 UCTOYHUKA HanpshkeHus (puc. 1.128). I'paduueckuit ananms
ATOTO PEKKMA BBITIOIHSETCS MIPY UCTIONB30BAHUH JIMHUH HATPY3KH, KaK U I 00BIYHOTO uofa. [Tpu
3TOM XapaKTEPUCTHUKH OOBIYHO YCIIOBHO H300paxaroT B IepBOM kBajpante (puc. 1.129).
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DoTOANOBI SIBIISIOTCS O0JIee GLICTpo;[eﬁCTBonm?HMH HPI/IGOpaMI/I 110 CPaBHEHHUIO C
doropesucropamu. Onu paGorarot Ha yacrorax 10—10™ 'y, dorommon yacto ucnons3yercs B
onToIapax cBeToAnoa-hoToanoa. B 3ToM ciiydyae pa3inudHble XapakTepucTuku (hoToauona
COOTBETCTBYIOT Pa3IUYHBIM TOKaM CBETOAHOA (KOTOPBIH IIPHU 3TOM CO3/1a€T Pa3IMYHbIC CBETOBBIC
OTOKH ). 300pa3uM COOTBETCTBYIOIINE TOKY CBeTOaUoAa 20 MA XapakTepUCTHKH (BOTOANOA,
Bxosmero B onto-napy AO112A-1 (puc. 1.130, a).

[Tpu 5TOM TOK | ¥ HampspKeHHe u (OTOANO0IA COOTBETCTBYIOT OOBIYHBIM ISl THOI0B
YCIIOBHO-TIONIOKUTENBHBIM HampaBieHusm (puc. 1.130,6).
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1.5.5. ®otorpan3uctop U HOTOTUPUCTOP

BrixomHbIe XapakTepUCTUKH (OTOTPAH3UCTOPA MOJOOHBI BRIXOAHBIM XapaKTEPUCTHKAM
0OBIYHOTO OUITOISIPHOTO TPAH3UCTOPA, HO TEMEPD MOJIOKEHUE XapaKTEPUCTHK OMPEAEIISETCS HE
TOKOM 0a3bl, a ypOBHEM OCBEIICHHOCTH (WJIM BEJIMYUHON CBETOBOTO MOTOKA).

CsoiicTBa (hoTOTHPHCTOPA TTOJOOHBI CBOMCTBAM OOBIYHOTO THPHUCTOPA, OJTHAKO C TOM JIMIIh
0COOEHHOCTHIO, UTO BKITIOUEHUE THPUCTOPA OCYIIECTBIISETCS HE C TIOMOIIBI0 HMITYJIbCa TOKA
yIpaBJ€HHUs], @ C TOMOIIbIO CBETOBOTO UMIYJIbCA.

1.5.6. OnTpon (ontonapa)

OnTpoH — MOTYIMPOBOTHUKOBBIN IPHOOP, COACPIKAITUN UCTOUHHK U3TYICHHUS U IIPHEMHHUK
U3ITy4eHUsI, OOBECIMHEHHBIC B OTHOM KOPITYCE U CBSI3aHHBIC MEKTY COOOM ONTUYECKH, IIEKTPUICCKH
WJIA OTHOBPEMEHHO 00enMU cBs3siMH. OUeHb IMPOKO PACTIPOCTPAHEHBI ONTPOHBI, Y KOTOPBIX B Ka-
YeCTBE MPHEMHHKA M3TYUCHHS UCTIONB3YIOTCS (hoTopesrcTop, (hoToanoa, GoTOTpaH3UCTOp U
doToTHUpHUCTOP.



B PE3NCTOPHBIX ONTPOHAX BBIXOIHOE CONPOTHBICHNE NPU H3MCHEHUH PEKIMA BXOJIHOH IIEITH MOYKET
msmensitbest B 107...10° pas. Kpowme Toro, BoibT-aMIIepHas XapakTepucTHKa (poTope3ncropa
OTJINYAETCS BEICOKOM JINHEHHOCTBEO 1 CHMMETPHUYHOCTBIO, YTO M 00YCIIOBIIMBACT IIMPOKYIO ITPUMEHH-
MOCTh PE3UCTOPHBIX OMNTOINAP B AaHAIOTOBBIX YCTpoHCcTBax. HemocTarkoM pe3uCTOPHBIX ONTPOHOB
siBysieTcst Hu3Koe OpicTpoaeiicteue — 0,01...1 c.

B nensix nepeaaun mugpoBbIX HHHOPMAITMOHHBIX CUTHAIOB IMPHUMEHSFOTCS TTIaBHBIM 00Pa30M JTHOTHBIC
Y TPaH3WUCTOPHBIE OITPOHBI, a JIs OINITUYECKOM KOMMYTAITMN BHICOKOBOJIETHBIX CHIIbHOTOUYHBIX 1IEeTIeH —
THPUCTOPHBIC ONITPOHBI. BHICTPOICHCTBUE TUPUCTOPHBIX U TPAH3UCTOPHBIX OIITPOHOB XapaKTePU3yeTCs
BpPEMEHEM TIEPEKITIOUCHHUS, KOTOPOE YacTO JIKHUT B auria3zoHe 5...50 Mkc. J{11 HEeKOTOPBIX ONTPOHOB
3TO BpeMsI MEHBIIIC.

PaccMoTpuM HecKoIBbKO MoApoOHee onTorapy cBeToauo-horoaron. Jamim yernoBHoe rpadudeckoe
o0o3HaveHue 1ot onronapsl (puc. 1.131, a).

VEIIRE: Ve

HartoManM, 9T0 M3Tydaronwii Juo; (ClieBa) T0/DKEeH ObITh BKITFOYECH B IIPSIMOM HAIPaBIICHUH, &
dhoroguon — B MpIMOM (pexkuM (OTOreHepaTopa) Wik B 00paTHOM HaIIpaBJICHUH (PEKUM
(hoTonpeoOpa3zoBares).

Bocnonbsyemcst 001IenprHATHIM BBIOOPOM YCIIOBHO-TIOJIOXKHUTEIBHBIX HAIPABJICHHI U TOKOB H
HAIPSDKCHUH THOJIOB orrTonapsl (puc. 1.131,6).

M300pa3uM 3aBUCUMOCTD TOKA |4, OT TOKA gy MIPH U4,y =0 1t orrromapsr AOJ[107A (puc.
1.132).
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VkazanHast orrroriapa npeHazHaveHa st padoThl Kak B (DOTOTEHEPATOPHOM, TaK 1 B
(hoToIpeodpa3oBaTEIILHOM PEXKHUME.

1.5.7. Pa3HOBUAHOCTH UHIUKATOPOB

K 0CHOBHBIM THITaM MHIUKATOPOB OTHOCSTCS: TIOTYIPOBOAHMKOBBIC HHAUKaTOpHhI (I1T1H), BakyymHbIe
JmroMuHecHeHTHbIe nHuKaTopsl (BJIN), razopaspsiaabie unaukarops! (I'PH) 1 xKuIKOKpUCTaIMUECKHe
unaukatopsl (KKN).

[Tpocreitmmmvu TN sBasroTest cBeToaroanl. [IoMrMO HUX BBITyCKarOTCS ITUGPOBBIC U OYKBESHHO-

U POBBIC, OJJHO-U MHOTOpa3psaHbIe, MKaIbHbIC 1 MaTpuaHbie [1T11. OHn XapakTepu3yroTcs BRICOKOM
SIPKOCTBIO, OOJIBIIIM CPOKOM CITYKOBI, HU3KUM Pab04YHrM HAIIPSHKCHHEM, UMEIOT MaTYHO
HMHEPIMOHHOCTh U OYEHb CTOMKHN K MEXaHUYECKUM BO3JICUCTBHSM.



BJIN mpencraBnstoT co60i BaKyyMHBINM TPUO, COAEPKAIIUMA MPSIMOHAKAIBHBIA KATOM, CETKY
U HECKOJIBKO aHOJO0B, MOKPBITHIX JIIOMUHOGOPOM U PACIOIOKEHHBIX B OJHOU TuiockocTH. [1pu
10Jlaue HAIpPsXKEHUS HAKaJIa KaTOJ UCIIYCKAET 3JIEKTPOHBI, KOTOPBIE MO IECTBUEM
AIEKTPUUECKUX TOJIEH CETKH U aHOJOB YCTPEMIISIFOTCS K aHOJaM, ¥ JIIOMUHO(OpP aHOJ0OB HAUMHAET
CBETUTHCS.

WuaukaTopsl 3TOro TUna 001agatoT 60IbIIO0N SIPKOCTHIO U I0JITOBEYHOCTHIO, HE3HAUNTEIbHON
NnoTpeOIsieMOi MOIIHOCTBIO ¥ XOPOIIO conpsAraroTcs ¢ Mukpocxemamu Ha MIII-cTpykTypax.

["azopaspsgabie nHaUKaTOpHI 10 nosBiienus BJIN u [1I1U Obuin 0OCHOBHBIMHE ITpUOOpaMu
TEXHUKHU MHAMKAMU. W celiuac OHU MUPOKO MPUMEHSIOTCS H3-3a BBICOKOM SIPKOCTH, MAJIOW
noTpeOIsIeMO MOIIIHOCTH U BBICOKOTO ObICTpoaelicTBUs. Ho 3HAunTenbHBIE paboyune
HanpsKeHUs (COTHU BOJBT) HE MO3BOJIAIOT MOAKIIOUUTH [ P HEenocpencTBeHHO K
MHUKPOCXEMaM.

IIpakTnuecku Bce ['PU npeacraBiasroT coOoi ra3opa3psaHbie JUOAbI, COASPIKAIINES OTUH WU
HECKOJIBKO KaToA0B U aHo.. [Ipu yBenn4yeHnun pa3zHOCTH NOTEHIMAIOB MEXIY aHOJIOM U
HEKOTOPBIM KaTOJIOM TOK Y€pe3 TaKOM MO PE3KO BO3PACTAET, a ra3 HAUUHAET CBETUTHCH.

KKU umerot HeGonpiue pa3Mepsl, MUTAIOTCS OT UCTOUHUKA C HU3KUM HaNpsHKEHUEM,
MOTPEOIAIOT OUYEHb MaJlyt0 MOIIHOCTH (He 0ojee 100 MxkBT) 1 00ecieunBarOT XOpOIIYIO YETKOCTh
3HAKOB IIPY CAMOM Pa3JIMYHOM Hapy>KHOM OCBEILICHHU.

[Tosichum moapoOHee, YTO K€ TaKoe KUJKUE KpucTauibl. Cpenn OOJBIIOro KOJINYeCcTBa
Pa3TUYHBIX BEIIECTB, HAXOISALIUXCS B dKUJAKOM COCTOSIHUHU, 3HAYUTEIIbHAS YaCTh COCTOUT U3
MOJIeKYII, uMeronux Gopmy HuTH. [0 BO3EHCTBIEM K TPHUYECKOTO TIOJS M B OIIPEICIICHHOM
nuanaszone tremiepatyp (10...55°C) B Takux BellecTBaX BO3ZHUKACT crielupuueckuii 3hdext
JUHAMUYIECKOTO PACCCHBAHUS, B PE3YIbTaTE KOTOPOTO UX KOIPDUIIUEHT MpeoMIIeHus (KaK It
MIPOXOSIIETO, TaK U JIJISl OTPAXXKEHHOTO CBETA) U3MEHSIETCS, M )KUJIKOCTh, HEIIPO3pauHas B
HOPMaJIbHOM COCTOSIHMH, HaUMHAET MIPONYCKaTh CBET (OHA OKa3bIBaeTCs MOAOOHON TBEPIOMY
Kpuctaiy). TakuM 06pa3om, caMu KUJIKOKPUCTATUIMYECKUE UHAUKATOPBI CBETA HE U3IIy4aloT.
Ji1s HUX HEOOXOIMMBI UICTOYHUKH TOCTOPOHHETO CBETA TOW MJIU MHOM JJIMHBI BOJIHBI.

1.6. OIEPAIIMOHHBIE YCNJIMTEJIN

Onepannonusit yeunutens (OY) — 3TO BEICOKOKAYECTBEHHBIN YCUIIUTEINb, IPEJHA3HAYCHHBIN
JUISl YCUJIEHUS! KaK MOCTOSTHHBIX, TAK U IEPEMEHHBIX CUTHAJIOB. PaHee Takue yCUJIuTenu
MCITIOJIb30BAJIM TJIaBHBIM 00pa30M B aHAJOTOBBIX BHIYMCIHUTENBHBIX YCTPOMCTBAX [T BHITOTHEHUS
MaTeMaTUYECKUX OTNepanuil (CIOKEHUs, BBIYUTAHUS U T. J1.). DTO OOBACHSIET MPOUCXOKICHHIE
TepmuHa «onepaulMOHHBINY. B HacTos1Iee BpeMsi O4EHb IIMPOKO MCITOJIb3YIOTCS ONIEPAllMOHHbBIC
YCHUJIU-. TEJIK B BUJIE MOTYIIPOBOAHUKOBBIX HHTETPAIBHBIX CXEM. DTH CXEMBI COJIEpPKaT OOJIbIIIOE
YUCIIO (JIECATKH) DJIEMEHTOB (TPaH3UCTOPOB, TUOOB U T. 11.), HO IO pa3MepaM B CTOMMOCTH TIpH-
OMIKAIOTCS K OTJICIBHBIM TpaH3ucTopaM. OKa3anock, YTO OTNEPANMOHHBIC YCHIIUTEN OYEHb
yA00HO UCIOJIB30BATh JIJISl PEIICHUS CAaMBIX Pa3IMYHBIX 33/1a9 MPeoOpa30BaHMs U TEHEPUPOBAHUS
MaJIOMOIIHBIX CUTHAJIOB, TIOATOMY 3TH YCHJIUTEIU OYEHb LIMPOKO UCIOJb3YIOTCS Ha MPAKTUKE.

[Tpu nH)eHEepHOH pa3pabOTKe AEKTPOHHBIX YCTPOICTB HA OCHOBE OTNIEPAIIMOHHBIX YCUITUTENeH
MOJIE3HO UMETh MPE/ICTABICHUE O BHYTPEHHEN CTPYKTYpE ONEPAIMOHHBIX YCUIIUTENEH,
0co0eHHO 00 yCTpOHCTBE BXOJHBIX U BBIXOJHBIX KaCKaJ0B, YTO TIOMOTAET MPABUILHO peliaTh
BOITPOCHI COTJIaCOBAHUS ONEPAMOHHBIX YCUIUTENEH C HCTOUHUKAMU BXOJAHBIX CUTHAJIOB U
MIPUEMHUKAMH TIPE0OPa30BaHHBIX CUTHAJIOB.

OmHako BO MHOTHX CITy4asx HET HEOOXOJIMMOCTH YUYUTHIBATh OCOOCHHOCTH AJIEKTPOHHOM
CXEMBI, peaTM30BaHHON B TOM WJIM MHOM OIEepaIrmoHHOM ycuiuTene. [Ipu 3ToM oneparimoHHbIHI
YCUWJIMTEINIb PACCMATPUBACTCS KaK «UE€PHBIH SIIHK», KOTOPBIN OMUCHIBAETCS XapaKTEPUCTUKAMU U
napamMeTpaMu, COOTBETCTBYIOIIMMHU TOKaM U HAMPSOKEHUSIM TOJIBKO BHEIITHUX BBHIBOJIOB.
Oco0eHHOCTH ANEKTPUYECKUX MTPOLIECCOB BO BHYTPEHHUX LIEMSAX OMEPAIMOHHOTO YCUIIUTEINS IPU
TaKOM IO/IXO0/I€ HE YUUTHIBAIOTCS. IMEHHO 03TOMY HauaJgbHbIE CBEACHUS MO ONEepalliOHHBIM
YCWJIHMTEIIAM JIal0TCsl B HAYAJIbHOM pas3Jiesie Kypca 3JIEKTPOHUKH, B KOTOPOM H3Yy4aroT
AJIEKTPOHHBIE TPUOOPHI (IMOIbI, TPAH3UCTOPHI U T. 11.).



Boo01ie cnegyer oTMETHTB, UTO MpU OOpaIlIEeHUU K TOMY UM HHOMY OOBEKTY Kak
3JIEKTPOHUKH, TaK M APYTUX 00JACTEH HAYKU U TEXHUKHU BCET/Ia MOKHO BBIICIIUTH CIICAYIOIINE
JBe TeHeHIUU. [lepBas TEHACHIIUSA COCTOUT B CTPEMJICHUH KaK MOYKHO TIOJIPOOHEE U3YUUTh U
y4ecTh BHYTPEHHIOIO CTPYK-,TYPY U BHYTPEHHHE MPOIECChl 00BEKTA, a BTOpasi — B CTPEMIICHUHN
0XapaKTepU30BaTh OOBEKT TaK, YTOOBI 3TA CTPYKTYpPa M 3TH MPOIECCHl YUUTHIBAIMCH KaK MOYKHO
MEHbIIE. B OTHOIIEHUH ONEpalMOHHOTO YCUIIUTENSI MOKHO CKa3aTh, YTO MIPEACTABICHUE €T0 B
dhopmMe «UEepHOTo ANMKA» 3HAYUTEIBHO YITPOIIAET aHAIN3 DJICKTPOHHBIX CXEM M OOBIYHO J1aeT
BJIOJIHE TIPUEMJIEMbIE TPAKTUYECKUE PE3yIbTAThI.

1.6.1. Kpatkoe onucanue
ONEPALUOHHOTO YCUIIUTENS

PaccmoTrpum Hanbosee mupoKo UCMOJIb3yeMbIe Pa3HOBUIHOCTH ONEPAIIMOHHBIX YCUIUTENCH,
JUUISL IUTaHUS KOTOPBIX MPUMEHSIFOTCS 1Ba UCTOYHUKA HanpsbkeHus (00bruHo +15B u —15B). Tlo-
JIPYroMy 3TO Ha3bIBAIOT MUTAHUEM OT UCTOUYHUKA C HYJIEBBIM BBIBOJIOM MJIM OT PACUICTIIICHHOTO
ucToyHuka +15B.

[IpuBeneM ouH U3 BapHAHTOB YCIOBHOTO rpaduueckoro 0003HauYeHUsI OIepariOHHOTO
yeunutens (puc. 1.133). O6o3nadenne o61iero BeiBoaa «0V» pacmmpoBbIBacTCS KaK «HOJIb
BOJIBTY. JIJIs ySICHEHMSI HA3HAYEHUS BBIBOJOB H300pa3uM TUITHYHYIO CXEMY Ha OIepalliOHHOM
YCHIIUTENE — CXeMY MHBepTupyromuiero ycunurens (puc. 1.134).

HuBepTupyionuiii Bxox —s __6 - < Brixon

Hewnnpeprupyomuii BXOX —s ——
BeiBOABI WIS MOAKIIIOYESHWS

TIONIOXHTENBHOTO 3 — {4+ 1]
¥ OTPHIATENHHOTO _
HANPSKEHMUs! THTAHUS —-U

O6mwuii susog —> —{ 0V

Puc. 1.133

Hixe 6yz[eT IIOKa3aHO, YTO €CJIUM BXOAHOC HAIIPSAIKCHUC Ug, JOCTATOYHO MAJIO 110 MOAYJIKO, TO
BBIXOAHOC HAIIPAKCHUC U,y OTIPEACIIACTCA BBIPAKCHUECM

Puc. 1.134



UYacro Ha cxemax BbBoabI +U, —U u OV He yka3bIBaloT (HO, €CTECTBEHHO, ITOIPa3yMEBAIOT) U
UCITOJIB3YIOT YIIPOILICHHOE YCIIOBHOE Tpaduueckoe obo3HaueHue (puc. 1.135). ITpu a3TOM npuBeacHHAS
BBIIIIE TUTTMYHAS CXeMa MPHOOpeTaeT ynporeHHbId By (puc. 1.136).

uA,,,l Ry :Ilum

Puc. 1.135 . Puc. 1.136

B nureparype, 0cobeHHO 3apyOeKHOI, 4aCTO UCTIONB3YIOT YCIIOBHEIC Tpadideckre 0003HAUCHYISL, HE
COOTBETCTBYIOLIUE CTAHAPTY, PUHATOMY Yy Hac (puc. 1.137).

WuBepTHPYIOMMi BXOX = +U
¢ Bexon

ﬁenﬂsemnpymmlﬁ BXopx —7 U

Puc. 1.137

OG603HauuM HaNpsKEHUs Ha BbIBOJAAX OoNepanuoHHOro ycunurens (puc. 1.138).

] I > F"

11“‘ — ¢

Puc. 1.138

Hanpsoxkenue uy,, MEXIy HHBEPTUPYIOIIUM U HEMHBEPTU-PYIOIINM BXOJaMHU Ha3bIBAIOT
nuddepennmansHpIM HanpskeHneM (auddepeHnnaibHbIM CUTHAIIOM). SICHO, 9TO
Uougp=U+"U_

OrnepallnOHHBIC YCHIIUTETU KOHCTPYUPYIOT TAaKUM 00pa3oM, 9ToObl OHU KaK MOXHO OOJIbIIe
M3MCHSIIA HAIPSDKCHUE U,y IPH U3MEHEHNH UM PEpEeHIINAIBHOTO CUTHAJA (T. €. Pa3HOCTH Uy —
#_) ¥ KaK MOYKHO MCHBIIIC U3MEHSITH HATPSKEHUE Uy, TPU OAUHAKOBOM M3MEHEHUH HATTPSHKCHUH 144
uu_.



ITycTh uy,p = 0. Cnenaem o003HAUCHUE: Ucp= U+ = U . HanpsDKEHUE U Ha3bIBAIOT CUH(DA3ZHBIM
HanpspKkeHueM (CHH(pa3HBIM CUTHAIOM). MCnonbs3ys 3TOT TEPMUH, MOXKHO CKa3aTh, 4TO
omepalioOHHbIC YCHIIUTEIN KOHCTPYHUPYIOT TAKMM 00pa30M, 4TOObI BIUsSHNUE CHH(A3HOIO CUTHAIA
Ha BBIXOJIHOC HAMPSHKCHUE OBLIO KaK MOXKHO MEHBIIIE.

1.6.2. [lepenatounasi XxapaKTEpUCTHUKA

OnepanMoHHBIM YCUIUTENb XOPOIIO XapaKTepHU3yeT eTro MepeaaToyHas XapakKTepUCTHKA —
3aBHCHUMOCTh BUJA

ucux = f(uM):
rae f-nekoropas dyukums.M300pasum rpaduk stoii 3aBucumoct (puc. 1.139) mis oaepaioHHOro

yewutens K140V [1b (310 oivH 13 epBBIX OTEUECTBEHHBIX OMEPAI[MOHHBIX YCHIIUTENECH). DTa
KOHKpeT-

Ugux: B
10
8 +U,=+12,6 B
-U.=-126B
R, =5x0m
T 1 4
2. & & 8 U g, MB
Puc. 1.139

Hasl XapaKTepUCTHUKa HE TPOXOAUT UYepe3 HAaualo KOOPJAMHAT. Y Pa3iIMYHBIX SK3EMIUISIPOB
ONEPALMOHHBIX YCUIUTENIEH OJHOTO U TOTO K€ TUIIA 3Ta XapaKTePUCTUKA MOXKET IPOXOIUTh
KaK CJIeBa, TaK U CIIpaBa OT HayaJla KOOpJAMHAT. 3apaHee MPEeACKa3aTh TOUHOE MOJIOKEHHUE ITOU
XapaKTEPUCTUKN HEBO3MOKHO. 3HAUEHUE HANPSIKEHUS Uy,,q, IPU KOTOPOM BBITIOJIHSAETCS
YCIIOBUE U,y = 0, HA3BIBAIOT HANIPSDKEHUEM CMEIEHUs (HAmpsHKEHUEM CMEIeHUS HYIIsI) U
o6o3HauvaroT uepes U, s onepanronnoro ycuautens tuna K140V /{1 u3BecTHO TONBKO TO,
1o Hanpspkerue U, mexur B quanazone ot — 10mMB g0 +10MB. A 310 03Havaer, 4To mnmpu
HYJICBOM HANPSIKECHUU Uy, HATPSHKEHUE U,y MOXKET JISKATH B MPEIeax OT MUHUMAIILHO
BO3MOKHOTO (0K0JI0 —7B) 10 MakcuMaibHO BO3MOXKHOTO (0K0J10 +10B).

st TOoro, 94TOOBI TP HYJIEBOM YCHJIMBAEMOM CHUTHAJIE HAMPSHKEHUE HA BBIXOJIE OBLIO
PaBHBIM HYJIIO, T. €. IS TOTO, YTOOBI MepeaTOuHas XapaKTepUCTUKA MTPOXOIUIIA Yepe3 Havyaio
KOOPAMHAT, IPEAyCMaTPUBAIOT MEPHI IO KOMITEHCAIIUU HATIPSKEHUSI CMEIIECHUS
(bamaHCHMpPOBKA, KOPPEKIUS HYJISA, HACTPOUKA HYJIs ). BHEKOTOPBIX OmepalmoOHHBIX
yeunutensax (B Tom yucie u tuna K140V /[15) He nmpeaycMoTpeHbl criennanbHbIe BBIBOIBI,
BO3JICHCTBYS Ha KOTOPHIE MOXKHO OBIIIO OB KOMIIEHCUPOBATH HAIIPsDKEHUE cMeleHus. B
ATOM CITy4yae Ha BXOJIbl OTIEPAIIMOHHOTO YCUIIMTENS, KPOME YCUIIMBAEMOTO CUTHAA, HYKHO
MO/IaBaTh HAIPSIKEHHUE, KOMIIEHCHUPYIOLIEe HAMPsHKEHUE CMENIeHUs. B HeKoTopbIx
OTIEPAITMOHHBIX YCHITMTEISIX JIJIsl KOMITIEHCAIIMY HAMTPSDKEHHST CMETIEHHS TTPETyCMOTPEHBI
CHelMaTbHbIC BBIBOABL. 300pa3rM THITOBYIO CXeMY BKITIOUECHHS ONIEPAIIMOHHOTO YCHIIUTEISI THTIA
K140Y/I8A, B KOTOpOM IpelyCMOTPEHBI TakKe BbIBOABI (puc. 1.140).
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Puc. 1.140

Yepez NC 0603HaueHBI CIIeIIUATbHBIC BBIBOIBI 111 OamancupoBKkH. [{udpamu 0603HaUYCHBI
HOMEPA BBIBOJIOB.

Jlnana3oH BBIXOJHOTO HANPSDKEHUS, COOTBETCTBYIOIIUN TIOYTH BEPTUKAIEHOMY y4acTKy
NepeaaToOuHON XapaKTepUCTUKH, Ha3bIBaeTCs 001acThio yeusieHuss. COOTBETCTBYIOIIUI 3TOMY
JIara3oHy PeKUM pabOThl HA3bIBAIOT PEXKUMOM YCUJICHUS (JIMHEHHBIM, aKTUBHBIM PEKUMOM). B
JUHEHHOM pexume

Upo™ K Uy, ,

rae K — koadduiuenT ycunenus mo HanpspkeHUIo (Ko GHUIMEHT YCUIICHUS HaPsHKCHUS,
kod(urueHT ycmienus 1uddepeHInaTbHOr0 CUTHANA).

OO6pruHo BenmurHa K nexxut B mpenenax 10%..10°. K IpUMEpPY, JJIsS ONEPAMOHHOTO YCHIUTEIIS
turma K140V 116 K = 1350...12000, s oneparmonnoro ycunutens K140V [14A K ve menee
50000.

Jlrana3oHbl BEIXOTHOTO HAITPSHKEHHST BHE 00JIaCTH YCHIICHHS HA3bIBAKOTCS O0JIACTSMU HACBIITICHUS.
COOTBETCTBYIOIIHI ATHM 00JIaCTSIM PEKHUM HA3bIBAIOT PEXKMMOM HachIieHHss. OOBIMHO CUMTACTCS, UTO B
PEKUME HACHIIIICHNS BBITOTHSIETCS YCIIOBUE

Uepy = T Unun -3B (HPH Uoup > O)

WIH
Uepix = - Unun +3B (HPH Udugp < O)’

rae + U,um 1 - Up,m — HanpsbKeHUs MUTAHMS.

B npuGmmkeHHBIX pacyeTax MHOT/IA CYMTAFOT, UTO B PEKUME HACBIIICHUS Upyy =+ um WITH Upyy = -
Unumr

PeanbHBIe A5IEKTPOHHBIE YCTPOKCTBA HA OCHOBE OTIEPAIIMOHHOTO YCHITUTEIIS TIPAKTHUECKH BCETIa UMEIOT
KOA(PPHUIMEHT YCUIICHNS 3HAYMTEIILHO MEHbIIe K, Tak Kak B HUX UCITOJIb3YETCS OTPHUIIATEIbHAS
oOparHast cBs13b. [IprMep cxeMbl ¢ OTpHUIlaTeIbHONW 00paTHOM CBA3bI0 TTpHBEACH Ha puc. 1.134.

Jlerko 3ameTuTh, uTO YeM Oobine koddduiment K npu 3anannpix HanpsokeHusx + Uyym 1 - Uy,
TEM MEHBUIE TOT JUaNla30H 3HAYCHNUN HANPSIKEHHUS Uoyp, KOTOPBIA COOTBETCTBYET

pexumy ycunenus. Tak, ecu K=50000 u + U,ym = |- Ulum=

=15 B, TO BeNMUMHA |1g,| HE MOXKET MpeBbIMATh 3Ha4eHus 15 / 50000 = 300 « 10-° B = 300 mMkB.
Eciu Hanepe 1 n3BECTHO, YTO ONEPAMOHHBIN YCHITUTENh PA00TaeT B PEXKUME YCHUIICHHSI, TO TIPU
MPaKTHYECKUX pacyerax 00BIYHO MPUHIMAIOT,

Yro u()ud;:O.

1.6.3. BiusHue pa3nuyHbix (JaKTOPOB HAa BBIXOJHOE HAMPSKEHUE
ONEPALUOHHOTO YCUIIUTENS

[Tpu nmpakTUYECKOM UCIIOIB30BAHUH OTEPAIIMOHHOTO YCHUIUTENSI HEOOX0IUMO YYUTHIBATH, YTO
pasznuyHbie PAaKTOPBI MOTYT CYIIECTBEHHO BIHATH Ha €r0 BHIXOJHOE HAMPSIKEHUE.

Bnusanue cungpaznozo nanpsicenus na 6bixo0Hoe Hanpaycenue. O6parumcs k cxeme (puc. 1.141),
B KOTOPOU UMEETCS TOIBKO CUH(A3HBIA CUTHAT U p(Ugup— 0). 1300pazum THUUHBI Tpaduk
3aBUCHMOCTH Ug, OT Ucgy JUIS1 OTIEPALMOHHOrO yeunuTens (puc. 1.142).



Puc. 1.141
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Puc. 1.142

Ecau Moayinb |u.p| cpaBHUTETBHO MaJl, TO CHH(DA3HBINA CUTHAI CJ1a00 BIMUACT HA HAMTPSIKCHUE Uy
Wuade ero BiusHUE, Kak clieayeT u3 rpaduka, MOKeT ObITh OUEHB CYIIECTBEeHHBIM. Ecnu
cuH(pa3HBIN CUTHAT OKA3bIBAETCS YPE3MEPHO OOJBIIUM MO MOAYJIO, TO ONEPAIIMOHHBIN, YCUTUTENb
MOJKET BBIMTHU U3 CTposi. BnusiHue cuHpa3zHOro curHaia mpu ero MajblX M0 MOAYIIO 3HAUCHUSIX
XapakTepu3yroT KoddPuimeHTom ycuneHus cuadaznoro curnana K., u ko duimentom
ocnabnenus cuH(pasHoro curHana Ko cg:

u K
ch‘: e ’ Koc.c¢ =

ucdr cd

Koaddumment K Bcerna monoxkurenes. Koapbunuentsr K.y v K. MOTYT OBITH KaK
MOJIOKUTETHHBIMH, TaK H OTPUIATEIbHBIMHU. HO B ClIpaBOYHBIX JJAHHBIX OOBIYHO YKa3bIBAIOT MOJTYJTH
aTuX K03 punmenToB. Moaynb ko3 dummenta K4 00bIMHO OJIM30K K €IMHUIIE, TOATOMY MOIYIh
koadurmenta K., 0OOBIIHO TAKOTO k€ TIopsiaka, uTo u kKodddunueHnt K. Koadpdumment Ko 4
9acTo U3MEPSIOT B Jlenubenax, 0003Haydast ero B 3ToM cirydae depes Koe cgos:

K,e. o025 = 20 - log [K, .

Hanpumep, ansa onepanumonnoro ycunutens tuna K140V {16 npu manpsbkenun nutanus £12,6
B cundasznbIii curHAI U 4 JOJDKEH JIeXkKaTh B Iipeaenax —6...+6 B. [l aToro ycumurens
kodhpuimenT Ko cpos: HE MeHbIe 60 0b. D10 03HauaeT, 9T0 Moayib |Kyc | He Mersire 1000.

Bausanue 6xo0nvix mokoe na evixo0noe nHanpascenue. PaccMoTpuM cXemMy ¢ OIepariOHHBIM
YCUJIMTENIEM, BO BXOJIHOM I1€TIM KOTOPOTO BKIIOUEHBI J1Ba pe3uctopa (puc. 1.143).

B 3T0#1 cXeMe UCTOYHUKH BXOJHBIX CUTHAJIOB OTCYTCTBYIOT, OJIHAKO BXOHBIC TOKH I+ M | JIJIs
peaNbHBIX OTIEPAIIMOHHBIX YCHIIUTEIEH HE paBHbBI HYJIIO. DTH TOKH MOTYT OBITh B 3aBUCHUMOCTH OT
THUIIA OTIEPAIIMOHHOTO YCUIIUTENS U TTOJIOKUTEIBHBIMU, U OTPHUIIATEIbHBIMUA. ECIM BO BXOTHOM
KacKajie OTepallHOHHOTO YCUIUTEIS UCIIOIB3YIOTCS OUTIOISIpHBIS



Puc. 1.140

TPaH3UCTOPBI, TO TOKH I+ ,i  OOBIYHO JIKAT B MPe/iesiaX OT IECATKOB HAHOAMIIED JI0 IMHHIT
MUKpOAMIIEp, a €CIIHA UCTIONB3YIOTCS TIOJIEBbIE TPAH3UCTOPHI, TO OHU OOBIYHO JIGKAT B IIPEeiaX OT JA0JeH
MMUKOAMIIEP JI0 JecsITKOB HaHoammep. K npumepy, it oneparmyonnoro yewmuress trma K140V /115
TOKH I+, I mipu t = 85° C e npesbimaioT 11 MKA (BO BXOAHOM KacKajie — OUIOJISIPHBIC
TpaH3uCTOpPHI), a As yerurensa K140V I8 A tunoBoe 3naueHue 3Tux TokoB mpu t = 70°C pasno 10
HA (BO BXOZHOM KaCKajie — IOJICBBIC TPAH3HCTOPBI C P-N-IEPEXOIOM).

Jlaxke ecii BBIMOJIHACTCS PABEHCTBO I+ = I , HO compoTtuBieHus R+ u R_ pasmuunsl (R+ =R_),
pPa3HOCTb MAJICHUH HAMIPSHKSHUSI HAa STUX COHpOTI/IBJ'IeHI/I}IX OyJeT BOCIIPUHSATA YCHIIUTEIEM Kak
b bepeHINaTBHBINA CUTHAT U BHI3OBET MOSIBJICHHUE HANPsKeHUs Ha Harpyske. [loaToMy cTpemsrcs k
TOMY, 4TO0bI SKBUBAJICHTHBIC COLPOTUBIICHHSI LICTICH, MOAKIIFOYCHHBIX K HHBEPTUPYIOLLIEMY U
HEMHBEPTHUPYIOIIEMY BXOaM, ObLIIH OJJHHAKOBBIMH. K COKalIeHHIO, TOKH i+ M | HE BCeria OMHAKOBbI,
U 3TO SIBISIETCSI €111e OHOM MPUYMHOM HApYIICHUS pexuMa paboThI OMEPAIIMOHHOTO YCHUITUTEIS.

Bnusinue memnepanypol, HANPaYICEHUS RUMAHUS U PEMEHU (CIAPEHUs) HA 8bIXOOHOE HANPAICEHUE.
BrusiHue ykazaHHbIX (DAKTOPOB MPOSIBIISIETCS B TOM, UTO IO/ MX BO3ICHCTBHEM U3MEHSIETCS HAMPSHKEHUE
cmemtenus U,,,. .JIins mpuOIvKeHHON OIICHKH 3TOTO BIIMSIHHUS MOKHO CUHTAaTh, 4TO Hanpspkenue U,
MOYKET U3MEHSITHCS CIISAYIOIM 00pa3oM:

Ha eUHUIBI — JIECITKA MUKPOBOJIBT MPU U3MEHEHUH Temreparypsl Ha 1C;
Ha €UHUIBI — JIECATKH MUKPOBOJIBT MPU U3MEHEHUH HAIPsDKEHUs UTaHus Ha 1 B;
Ha JI0JIM — €MHHIIBI MUKPOBOJIBT MPH YBEIHMUEHUHU CPOKA CITYKObI cXeMbl Ha 1 Mecsll.

1.6.4. AMIIIUTY THO-4aCTOTHAs,
(dha3zogacToTHAS XapaKTEPUCTUKH OMEPAIIMOHHOTO YCHIIUTEIS U €T0
SKBUBAJICHTHAs CXEMa

Lpu yBemmyenuu yactotsl T ymeHbimaercst koadpduiment K u BosHukaer ciagur o dasze (G Mexmy
HANPSHKEHUSIMHE Uy V1 Ugey (TIPEITIONATASTCS, YTO ITH HAPSHKEHUS CHHYCOMIANbHBIE). J[71s yueTa 3Toro
yI00HO UCITOJTL30BATh KOMIUTCKCHBII

KO2(PUITMEHT yCUIeHU 10 HanpsiKeHuto K.
.U
K= —.l“-ll-
Uugp
r1e Ugn,Upg -COOTBETCTBEHHO KOMITJIEKCHBIE IEHCTBYIOIIME 3HAYCHUSI TIEPEMEHHBIX
HAIPSDKEHUN Upygh U Ugyy. Ha TIPAKTHKE MIMPOKO UCTIONB3YIOT MPAUKH aMILTUTYTHO-4ACTOTHOM U

¢bazouacToTHOM XapakTepucTuk A K. Kaxxayio oTienbHyro XapakTeprCTUKY WM [apy 3THX
XapaKTEPUCTHK Ha3bIBAIOT AuarpaMmoii boze.

3

Ha npaktrke Momysb |K] yacTo u3mepsitoT B ermoernax, 0003Hayast ero mpu 3tom uepes |K] 0b.
[To onpenenenuto |K]os =20Ig|K].



N300pa3um cxeMaTudecKy aMIUTUTY/THO-9ACTOTHYIO H (Pa-304aCTOTHYIO XapaKTePUCTUKH IS
orneparmonnoro ycwmrens tumna K140Y 18 (puc. 1.144, a, 6).
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Puc. 1.144

I[To ocu opauHaT Oynem oTKiIaapIBaTh Kak 3HaueHus K|, Tak u 3nauenus K| ob.

OO0patum BHUMaHUE Ha TOT (aKT, YTO JUIs OCH a0CLMCC KaXI0ro rpadrka UCTIONIb3yeTcs
JIorapupMUUECKUil MacITao.

OueHb B&KHO OTMETUTb, YTO HECMOTPSI Ha TO, 4TO MOJTyJb |K| 1 ciBUT O (ha3e HAaUMHAIOT YMEHBIIATHCS
yIKe TIPU O4eHb MajiblX yacToTax (okoso 10 I'my), momoOHbIe onepalnoHHbIe YCHIIUTEH MOTYT BIIOJHE
YCHEIIHO paboTaTh Ha 3HAYUTENHHO 00Jiee BEICOKMX YacTOTaX (B IECATKU U COTHH KHJIOTEPIT).

Jleno B TOM, 4TO B MMPAKTHYECKUX CXEMaX, KaK Y>K€ OTMEYAIOCh, 00OBIYHO HCONB3YeTCs OTPHIIaTeTbHAsS
o0paTHasi CBs13b, @ OHA, KaK Oy/IeT MOKa3aHO HIDKE, 3HAYUTENIFHO YITy4IlIaeT YaCTOTHBIEe CBOKCTBA CXEM Ha
OCHOBE OIIEPALIMOHHBIX YCUIIUTEIIEH.

Y HEKOTOPBIX OMEPAITMOHHBIX YCHUITHTENCH YaCTOTHBIC XapaKTEPUCTUKN TAKOBBI, 4TO BO3MOXHO
CaMOBO30YKIICHHUE (TIPU 3TOM YCHITUTEITh Ha OCHOBE OTIEPAIIOHHOTO YCHIIATEITS IIPEBPAIIAcTCs B
reHeparop). st HeoOXOMMOro H3MEHEHHSI YaCTOTHBIX XapaKTEPUCTHK HCTIONIB3YIOT KOPPEKTUPYIOIINE
ycTpoiicTBa (KoHieHcaTopbl i RC-11ernoukw). BEIBO/IBI OIEpalliOHHOIO YCHUIIUTENIS, PEAHA3HAYCHHBIC
JUTS TIOZTKITFOUEHUST KOPPEKTUPYIOIIKX 1ereit, 00o3HayaroT uyepe3 FC (ot anri. frequency correction).
Oneparmonnsiid ycunutennb K140V /18 He TpeOyeT UCTIONb30BaHMS BHEIITHIX KOPPEKTUPYIOIIHX TICTICH.

[pocretimast S5KBUBaICHTHAS CXEMa OTIEPAIIMOHHOTO YCHIIUTENs n300paxena Ha puc. 1.145. Ona
MOYKET HUCTIOJIH30BATHCS TOJIBKO HA HU3KUX YacTOTaX (MJTH Ha MMOCTOSIHHOM Toke). DyHkuus f (145,4)
OTpakaeT 0COOCHHOCTH MepeAaTOYHON XapaKTePUCTHKH OTIEPAIIMOHHOTO yCHuTeNs. YacTo mpuHiMa-
10T, 4TO Ry=°° (Ii_ =1+ = 0), Ry = 0, K-> ©°,

Wuseprupylommit
BXOJ
‘ u b T Rex
Heunseprupyrouui
BXOJ, i

Puc. 1.145



1.7. ”HTEI'PAJIBHBIE MUKPOCXEMbBI

HHTerpanbHble MUKPOCXEMBI YaCTO HA3bIBAIOT ITPOCTO MHTErPAIBLHBIMU cxeMaMu. [1o
onpeaeneHuto unmezpanvias cxema (UC) — MUKPOIIEKTPOHHOE U3/eIHe (T. €. U3eNIUe C
BBICOKOI CTENIEHbI0 MUHUATIOPU3AIINH ), BHITTOJIHSIOIIEE OMPEICICHHYIO (DYHKIIHIO
npeoOpazoBaHus U 00padOTKHU CUTHAA U UMEIOIIEe BHICOKYIO INIOTHOCTh YIAKOBKH 3JIEKTPUUYECKU
COCIMHEHHBIX 2JIEMEHTOB (MJIM 3JIEMEHTOB U KOMIIOHEHTOB) U (MJIH) KPUCTAIIOB, KOTOPOE C
TOYKH 3pEHHs TPeOOBAHMI K UCIIBITAHUSAM, IPUEMKE, TOCTAaBKE U SKCILUTyaTalliy pacCMaTPUBAETCS
KaK €MHOE 11eJI0€.

Dnemenm uHmezpaibHOU cxembl — 4acTb HHTETPATBHON CXeMBbl, peanu3yomas GpyHKIHo
KaKoT0-JIM00 3IEKTPOPaaInodJIeMeHTa (pe3ncTopa, JUo/1a, TPAaH3UCTOpa | T. 1.), IPUUEM 3Ta
9acTh BBIIOJHEHA HEPA3eIbHO OT APYTUX YaCTeH U HE MOKET OBITh BhIJICNICHA KaK
CaMOCTOSITEIbHOE U3/IEJIUE C TOUKHU 3pEHUs TPeOOBAHUM K UCIIBITAHUSM, IPUEMKE, ITOCTaBKE U IK-
CILTyaTaluH.

Komnonenm unmezpanvhoti cxemvl B OTINYKE OT AJIEMEHTA MOXKET OBITH BBIJIEJICH KaK
CaMOCTOSITEIIBHOE U3/IEINE C YKa3aHHOM BbIILIE€ TOUKHU 3PEHUS.

[To KOHCTPYKTUBHO-TEXHOJIIOTMYECKUM MTPU3HAKAM UHTETPAIbHbIE CXEMBI OOBIYHO Pa3/IETSAIOT
Ha:

* TOJIYIIPOBOJHUKOBBIE;
* THOpPHUIHBIC;
* TUICHOYHBIE.

B nonynpoBoIHUKOBOM cX€Me BCE DJIEMEHTHI U MEKAJIEMEHTHbBIE COCIMHEHHUSI BHITIOJTHEHBI B
00beMe UK HA TTOBEPXHOCTH MOJIYIIPOBOIHUKA. B Takux cxemax HeT KOMIIOHEHTOB. DTO Hanboliee
pacmnpocTpaHeHHas! pa3HOBUHOCTb HHTETPAIbHBIX CXEM.

HNHuTerpanpHyro cXemMy Ha3bIBAlOT THOPUIHOM, €CIIM OHA COJEPKUT KOMITIOHEHTHI U (WUJIN )
OT/AEJIbHBIE KPUCTAJIIBI MTOJYITPOBOJHHUKA.

B niieHOYHBIX MHTErpaIbHBIX CXEMaX OTIAEIbHBIE FTIEMEHTBI U MEXIIEMEHTHBIE COSAMHEHNS
BBITTOJTHSFOTCS HA TIOBEPXHOCTH JTMANIEKTPUKA (0OBIYHO UCTIONB3YeTCsl KepaMuka). [Ipu aTom npumeHsttoTest
Pa3IMYHBIE TEXHOJIOTMHM HAHECEHU S TUIEHOK U3 COOTBETCTBYIOILIMX MaTEPUAIIOB.

[To pyHKIMOHATBHBIM MPU3HAKAM UHTETPATTbHBIE CXEMBI TTOIPA3ICIISIOT Ha aHAJIOTOBBIE
(omepaIMoOHHBIC YCHUITUTENN, UICTOYHUKHA BTOPUYHOTO HJIEKTPOITUTAHKS U JP.) ¥ IU(POBBIE (JIOTUIECKHE
AIIEMEHTHI, TPUTTEPHI U T. 11.).

Kpamxaa ucmopuueckas cnpagka. 11epBble OINBITHI IO CO3/IAHHIO MOTYIIPOBOTHUKOBBIX
MHTErPATHHBIX CXeM ObUTH OCYIIIECTBIICHHI B 1953 T., a MPOMBINITIEHHOE MPOU3BOICTBO HHTETPATBHBIX
cxeMm Havasoch B 1959 r. B 1966 r. Ob11 Ha4aT BBIITYCK MHTETPATBHBIX CXEM CPETHEN CTETICHH
MHTETpalyy (YUCIIo 3J1eMEHTOB B 0HOM Kpuctasuie 70 1000). B 1969 r. 6bu11 co3nansl
MHTErpaIbHbIE CXeMbI OOITBIIIEH CTETIEHN UHTETpalvK (0ombiue nHTerpaibabie cxembl, BUC),
conepsxkane 10 10000 3neMeHTOB B OJHOM KpHUCTAJLIIE.

B 1971 r. 61 pa3paboTaHbl MUKPOTIPOIIECCOPhI, @ B 1975 r. — HHTErpajgbHbIe CXEMBbI
CBEpXOOIBIIION CTeIeHH WHTerparmu (cBepxOobiie nHTerpaibHbie cxembl, CBUC), conepxarue
6omnee 10000 snemenToB B 0JHOM KpucTaie. [1one3Ho OTMETHTh, YTO MpeAeabHas 4acToTa
OUIOSIPHBIX TPAH3UCTOPOB B TIOMYIIPOBOJHUKOBBIX MHTETPATBHBIX cxemax gocturaet 15 I'T1 u Gonee
(1 I'Ta=HKTm).

K 2000 r. oxxumaeTcs mosiBIEHUE HHTETPAIBHBIX cXeM, coaepkaniux 10 100 maa MOII
TPaH3UCTOPOB B OJHOM KpHCTAJLIC (pedub HICT O MU(POBBIX CXeMax).

Cucmema 06031ayerHutl. Y CIIOBHOE 0003HAYCHHE MHTETPATHHBIX MUKPOCXEM BKIIFOUAET B ce0sI OCHOBHBIC
Ki1accu(UKalMOHHbIe pu3HaKi. OHO COCTOUT M3 YETBIPEX AJIEMEHTOB U MTPUBEAEHO B [3].

[TepBolit a1eMeHT — mHdpa, COOTBETCTBYIONIAS KOHCTPYKTUBHO-TEXHOJIOTUIECKON TPYIITIE.
[Mudpamu 1, 5, 6 u 7 B iepBoM dMeMeHTe 0003HAYAFOTCS TTOTYTIPOBOAHUKOBBIC MHTETPATTHHEIE
MHKPOCXEMBI. [ HOpUIHBIM MUKpOCXEMaM MPUCBOEHBI 1udpsl 2, 4 u 8. [leHouHbIe, BAKYYMHBIC .1
KEpaMHUYCCKUEC MHTCTPAJIbHBIC MUKPOCXCMbI 0003HaYaroTCs ]_[I/I(l)pOﬁ 3.

BTopoii anemeHT, onpeaensonnii HopaAKOBBI HOMEp pa3pabOTKU cepHu, COCTOUT u3 ABYX (ot 00
10 99) i Tpex (ot 000 70 999) udp.

Tperuii aeMeHT, 0003HAYAIOIIHH TOATPYIITY W BUI MUKPOCXEMBbI, COCTOMUT U3 IBYX OYKB (CM.
TabIUILY).



YeTBepThIii 3JIEMEHT, 0003HAYAIOLIHIA TIOPAIKOBBII HOMEp pa3paboTKH MUKPOCXEMbI JaHHOH cepuu,
COCTOUT U3 OAHOM MM HECKOJIBKUX LUP.

K 3TuM O0CHOBHBIM 371€MeHTaM 0003HAaUEHUH MUKPOCXEM MOTYT AOOABIIATHCS U IPYTHUE
KJIacCU()MKAIIMOHHbBIE IPU3HAKH.

JomnonHuTenpHas OykBa B Hadajie YETHIPEXIIEMEHTHOTO 0003HaUEHHs YKa3bIBaeT HA 0COOEHHOCTh
KOHCTPYKTHBHOT'O MCIIOJTHCHHUS:
P — nnactmaccoBslii kopityc tuna JIUIT;
A — TuTacTMacCcOBBIN MJIaHApHBIN KOPITYC;
E — meramnononumepHsiii kopryc tuna JIAIIT;
C — crexnokepamuueckuii kopnyc Tumna JANII;
N — creknokepaMU4eCcKui INIAHAPHBIA KOPITYC;

K P 1 34 JA2

Howmep pa3paGotku B
CEpHU

DyHKIHOHAIBHOE Ha3HAYEHHE
(U-HE)

TTopankoBbI# HOMED CEPHH

Ipynna no KOHCTPYKTHBHO-TEXHONOTHYECKO-
MY UCTIONHEHHIO (NONyNpOBOAHHKOBAA)

Tun kopmyca (nmracTMaccoBblii)

Xapaxrtep npyMeHeHus (MPOKHi)

H — xepamuueckuii «0€3BBIBOHONY KOPITYC.

B Hayane 0603Ha4eHus 11 MUKPOCXEM, UCTIONIb3YEMBIX B YCIIOBUSIX IIMPOKOTO MIPUMEHEHHS,
npuBoauTcs Oyksa K.

Cepun GECKOPITYCHBIX TIOMYTPOBOAHMKOBBIX MUKPOCXEM HAUHHAIOTCS ¢ IUGPBI 7, a O€CKOPIYCHBIE
aHAJIOTH KOPIYCHBIX MUKPOCXeM 0003HauaroTcs OykBoi b riepes ykazaHueM cepuu.

UYepes neduc nocne 0003HaueHUs YKa3bIBaeTCs HUbpa, XapaKTepu3yrolas MOI(DUKAIIIO
KOHCTPYKTHUBHOT'O UCTIONHEHUS: | — ¢ THOKUMU BBIBOJIAMU; 2 — C JICHTOUHBIMH (T1a-y4KOBBIMH)
BBIBOJIAMH, B TOM YHCIIE HA MTOJIMAMUIHOM HOCHUTENE; 3 — C ’KECTKUMU BBIBOAAMU; 4 — Ha oOuiei
TJIacTUHE (Hepa3aesieHHbIe); 5 — pa3ziesieHHbIe 0€3 MOTepH OPUECHTUPOBKH (HAKJICCHHBIC Ha
MJIEHKY); 6 — ¢ KOHTaKTHBIMH TUIOIIAKaMu 0€3 BHIBOJIOB.
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2 AHAJIOI'OBBIE

3JIEKTPOHHBIE
e YCTPOWCTBA

2.1. KITACCUDUKAILA,
OCHOBHBIE ITAPAMETPEI .
N XAPAKTEPUCTUKHU YCUJIMTEJIEN

YcunmmTens — 3TO AJIEKTPOHHOE YCTPOMCTBO, YIIPABIISIONIEE TOTOKOM YHEPTHUHU, HIYIIEH OT
WUCTOYHUKA MTUTAHMS K Harpy3ke. [I[puyemM MonHOCTh, TpeOyromascs i YIpaBJIeHUs, HAMHOTO,
KaK IPaBHUJIO0, MEHBIIIE MOIITHOCTH, OT/IaBA€MOM B HATPY3KY, a OPMBI BXOJHOTO (YCHINBAEMOTO)
Y BBIXOJHOTO (Ha Harpy3Ke) CUTHAJIOB COBIMAIaloT (puc. 2.1).

Hcrounuk
TIUTAHUS

Wcrounuk

Yeunurens -
aeMor ) -
ycr;nms a;; 0 R e > Harpyska

Puc. 2.1



Bce ycunmutenn MOXHO KiIaccu(PHUIIMPOBATH MO CIEAYIOIIUM PH3HAKAM:

—TI0 YacTOTe YCHIMBAEMOIO CUTHANIA: YCHIIUTENN HU3KOM yacToTsl (YHY) 11t yeueHrs CUTHaJIoB OT
JIECSITKOB T'€pI JI0 JECATKOB WM COTEH KUJIOTEPLL; ITMPOKOIOIOCHBIE YCUIINTENH, YCUIUBAIOILIE CUTHATIBI B
©IIMHULIBI U JIECATKH Merarepiy, i301pare/ibHble YCUIUTEIH, YCUIMBAIOIINE CUTHAIIBI Y3KOM IOJIOCHI
4acToT;

—TI10 POy YCHJIMBAEMOI'0 CUTHAJIA: ycuuTenu rnocrosHHoro Toka (Y1IT), yeunusarorme
JJIEKTPUUYECKUE CUTHANIBI C YaCTOTOM OT HYJISI FepL U BBIILIE; YCUIIUTENIN IEPEMEHHOIO TOKA,
YCWIMBAIOUIUE AIEKTPUYECKNUE CUTHAJIBI C YaCTOTOM, OTJIMYHOMN OT HYJIS;

—T10 (pyHKIIMOHATTFHOMY Ha3HAUCHHIO: YCUITUTEITN HAMPSDKSHNS, YCHITHTEIH TOKA U YCHITUTEIN
MOIITHOCTHY B 3aBUCIMOCTH OT TOT'0, KAKOH U3 NapaMeTPOB YCUIIUTEN b YCUIIUBAET.

OCHOBHBIM KOJIMYECTBEHHBIM T1APAMETPOM  YCHJIMTEIIS sIBIsieTcss  Kod(uimeHT ycuneHus. B
3aBHCHMOCTH OT (DYHKIIMOHAJIFHOTO HA3HAYCHUSI YCUITUTENS PA3IIaroT KOOPMUIMEHTHI YCUIICHUS T10
HanpspkeHuto Ky, Toky K mimm momnoct Kp:

Yoo BT BTR

rae Uey, lex — aMIIIUTYqHBIC 3HAYCHUS ITEPEMEHHBIX COCTABJISIOIINX COOTBETCTBCHHO HAIPSLKCHUS 1
ToKa Ha BXOJE; Uy ,1sy — aMIUIMTYIHBIC 3HAYCHUS TICPEMEHHBIX COCTABIISIOIINX
COOTBETCTBEHHO HAIPSHKEHUS M TOKA HA BBIXOIE;

Pey , Py — MOIITHOCTH CUTHAJIOB COOTBETCTBEHHO Ha BXOJIE U BBIXOJIE.
KoadduimenTs! ycuneHus 4acTo BhIPKAIOT B JIOTApUPMUYECKUX eIUHUIAX — Aenndenax:

Ky(ab)= 20LgK,; Ki(nb) = 20LgK,; Kp(ab) = 101gKp.

Yeunuresbs MOXKET COCTOSITh M3 OJHOTO MJIM HECKOJIBKUX KacKaIoB. [[Jisi MHOTOKACKaTHBIX YCHITUTENCH
ero Ko3(OUIMEHT YCUIICHHS paBeH MTPOM3BEICHUIO KO PHUIIMEHTOB YCHIICHHUS OTACIBHBIX €Tr0
kackanoB: K=K, ¢ K5 »... * K. Ecitn koa(ppurmenTs! yermeHns KackazioB BIP&KEHBI B JICITHOEIIax, TO
00wt KoduIMeHT ycunieHus paBeH cymme Ko GUIMEHTOB YCHIICHUS OTIEIBbHBIX KACKaI0B:

K(nb) = Ki(nb) + Ko(ab) +... + Ky(ab).

OOBIYHO B YCHJIUTEJIE COACPYKATCS PEAKTHUBHBIE AJIEMEHTHI, B TOM YHCIIE M «TTapa3UTHBIC, & UCTIONb3yeMbIe
YCHIATEITBHBIE 3JIEMEHTBI 00J1a/TAF0T HHEPIIMOHHOCTRIO. B CHITy 3TOr0 KOS GHUIIMEHT YCHUIICHHS SBIISETCS
KOMIUIEKCHOM BEJINYMHOM:

kuzK"'eN)

riae K, = Ugyy /Uex— MOIystb K03 hUIMEHTa YCHUITCHHUS,

¢ — caBuT (ha3 MEXKITY BXOJTHBIM 1 BBIXOAHBIM HANPSHKCHUAMH ¢ aMITATyAaMu Ug, B U,y

[TomMumo koxhpuIMeHTa YCHITEHHS BaXKHBIM KOJIMIECTBEHHBIM ITOKa3aTelieM sBJseTcs KodhpumueHT
MOJIE3HOTO JIECTBUSA

’
Pucm b

rae Py, — MOIIHOCTB, TOTpedsieMast yCHIIUTENIEM OT HCTOYHUKA IMATaHMUS.
Poib 3TOro0 mokazaresnst 0COOCHHO BO3pacTaeT JUI MOIIIHBIX, KaK MPaBHII0, BEIXOJHBIX KaCKaI0B
YCUJTUTESL.

K xom14yecTBeHHBIM TIOKa3aTeNsIM YCHITHTENST OTHOCSITCSI TAK)KE BXOTHOE R4y, M BEIXOTHOE Reyy
COIPOTUBIICHUS YCUIIUTEIIS:

U _ AU 41|

R, =—%2 R, ='—-
ax ]ax, 6bix lAIsuxl’



rae Ug 1 1, — aMIUTUTYIHBIC 3HAUCHUS HAPSHKEHUS U TOKA HA BXOJIE YCUIIUTEIIS;

AU 1 ALy, — TIpUpAICHNS AaIUTUTYAHBIX 3HAYCHUM HAMIPSDKEHNS M TOKA Ha BBIXOJIE YCUIIUTEIS,
BbI3BAaHHbIE M3MEHEHUEM CONPOTUBIICHHS HATPY3KH.

PaccmoTpuM Tereph OCHOBHBIE XapaKTEPUCTHKU YCHITUTENEH.

Amniumyonas xapakxmepucmuxka — 3TO 3aBUCHMOCTb aMILITUTYbI BBIXOJHOTO HAITPsHKEHHUS (TOKA) OT
aAMILTUTY/I6I BXOTHOT'O HanpsokeHus (Toka) (puc. 2.2). Touka 1 cOOTBETCTBYET HAIPSIKEHUIO IIYMOB,
n3MepseMoMy Npu Ug= O, Touka 2 — MUHUMAILHOMY BXOJHOMY HAIPsHKEHUIO, IIPH KOTOPOM Ha
BBIXOJIC YCHJIUTEIISI MOYKHO pa3inyarh curaai Ha (poHe myMoB. Y4acTok 2—3 — 3T0 pabounii y4acToK, Ha
KOTOPOM COXPAHSETCS MPOIOPIMOHAIEHOCTh MEXKIY BXOAHBIM M BHIXOAHBIM HAIIPSDKEHUSAMU Y CHUIHTEIIS.
[Tocie Touku 3 HAOMIOJAIOTCS HETMHEHHBIE HCKAXEHUS BXOAHOro curdana. CTeneHb HEIMHEHHBIX
UCKa)KCHUH OLCHUBACTCS KOA(P(MUIIMECHTOM HEJTMHEHHBIX UCKaXKEHUH (MIIH KO3 (PUITMESHTOM rapMOHHMK):

_ JUi, +UR 4t U2,
Ulm -7

Kr

Peanpras

rae Uim, Uam, Usm, Upm — ammumutyasr 1-# (ocHOBHOI), 2, 3 1 N-i TApMOHUK BBIXOHOTO HAITPSDKECHUS
COOTBETCTBEHHO.

Bennuuna

XapaKTepHU3yeT TMHAMMYECKHI IUANa30H YCUIUTEN.

PaccMoTpum nipuMep BOZHUKHOBEHUS HEJTMHEWHBIX UCKKEHUH (puc. 2.3).

[Tpu mogade Ha Ga3y TPaH3MCTOPA OTHOCHTENBHO SMUTTEPA HAMTPSKEHUS CHHYCOMIANBEHOM (hOPMEI
Ug, B CHJTY HETMHEMHOCTH BXOJHOM XapaKTePUCTUKHU TpaH3ucTopa ig = f(Ugs,) BXOQHOM TOK
TPaH3KMCTOPA g (@ CIIE0BATENBHO, M BHIXOIHOM — TOK KOJUIEKTOPA) OTJIMYEH OT CHHYCOUIb, T. €. B
HEM MOSBIISIETCS Pl BHICHIMX FAPMOHHK. M3 IIPHBEIEHHOrO PUMEpA BUIHO, YTO HEJIMHENHEIE
VICK)KEHUSI 3aBUCAT OT aMIUIATYIbI BXOJHOIO CUTHAJIA M TIOJI0XKEHHS paboUeii TOUKU TPaH3UCTopa 1
HE CBS3aHbI C YACTOTOM BXOJIHOTO CUTHAJIA, T. €. Il yMEHBIIEHUS MCKaKEHHs (JOPMBI BHIXOJHOTO CHIHAJIA
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BXOJTHOM JIOJDKEH OBITh HU3KOYPOBHEBBIM. [109TOMY B MHOTOKACKATHBIX YCHIIUTEIISIX HEITMHCHHBIC
HCKaXEHUS B OCHOBHOM IOSIBJISIIOTCSI B OKOHEUHBIX KAaCKa/aX, Ha BXOJ KOTOPBIX MOCTYIAKOT
CHUTHAJIBI C OOJIBIIION aMILIATY/IOM.

Amnaumyono-uacmommnas xapakmepucmuxa (A4X) u ¢pazo-uacmomnas xapakmepucmuxa (©4X)
yeunumerns. AHX — 3T0 3aBUCUMOCTh MOJYJIS KO3 (PUIMEHTA YCHICHUS OT 4acTOThl, a DUX —
9TO 3aBHCHMOCTD yTJla cABUTA (a3 MEKy BXOJIHBIM U BBIXOHBIM HAIIPSDKEHUSMU OT YaCTOTHI.
TunoBass AUX npusBeznena Ha puc. 2.4. Yactotsl f, u f, Ha3pIBatoTCs HIXKHEW U BEpXHEH
IPaHUYHBIMU YacTOTaMH, a ux pasHocts (f,— f,) — momocoii npomyckanus ycumauress.

[Tpu ycueHnu TapMOHUYECKOTO CUTHANIA JOCTATOYHO MaJIOW aMILTUTY bl HCKaKEHUSI OPMBI
YCUJICHHOT'O CUTHAJIa HE BO3HUKAET. [Ipu yCuneHun ciroHOro BXOJHOI0 CUTHAJIA, COIEP KAlLero
PSAI TAPMOHMK, 3TH TAPMOHUKH YCUJIMBAIOTCS YCUIIMTEIEM HEOJUHAKOBO, TaK KaK PEAKTUBHBIE
COIIPOTHUBIICHHS CXEMBbI MIO-PAa3HOMY 3aBUCAT OT YaCTOThI, U B PE3YJIbTATE 3TO MTPUBOJIUT K
MCKKEHUIO (POPMBI YCHIICHHOTO CUTHaJIA. Takne NCKaXeHUsI Ha3bIBAIOTCS YaCTOTHBIMU U
XapakTepU3yrTCst KOAP(UINEHTOM YaCTOTHBIX UCKAXKEHUM:

M—_—E.Q.

Kf
rae K —wmoaynb kodgduirenTa yCuaeHus YCUInuTeNs Ha 3alaHHON 4acToTe.
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L
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Puc. 2.4



Koaddunuentsr uactroTabix uckaxenuit M, = Ko /K, u Mz = Ko /K  Ha3pIBatOTCS COOTBETCTBEHHO
K03 pULIMEHTaMU UCKAXEHUH Ha HUKHEW U BepXHEH rpaHMUYHBIX 4acTOTaxX.

AYX MoxeT ObITh TOCTPOEHA U B JIorapudmuyeckoM MacmTade. B aTom ciryuae oHa
HazbiBaeTcst JIAUX (puc. 2.5), ko3 PUIMEHT yCUTICHUS YCUITUTENS BRIPAXKaloT B Aenuodenax, a

K, ab
) 8 A 0 n1B/mex
+20 nb/nex =
\_ : —20 1B/mex
V-
: N
1 10 100
T 1 >
| T e S f
= ¢
Puc. 2.5

110 OCH aOCIMCC OTKIIA IBIBAIOT YacTOThI Yepe3 aekaay (uHrepBai yactoT Mexxay 10f u f). OObruHo B
Ka4yecTBe TOYEK OTCUeTa BLIOMPAIOT yacToThl, cootBercTBytomue f= 10". Kpussie JIAUX umeror B
Ka)KJI0M 9aCTOTHOM 00J1aCTH ONpeeICHHbBIN HaKI0H. ETo m3Mepsitor B Aenubenax Ha JIeKay.

Tunosas @YX npuBeneHa Ha puc. 2.6. OHa TaKKe MOXKET OBITh IIOCTPOCHA B
norapudgmuueckom mMacimTabde. B o6mactu cpeqHUX 4acTOT JOMOTHUTENbHbIE (Pa30BbIe HCKAKEHUS
MuHUManbHbl. DUX mo3BoNISET OIeHUTH (ha30BbIe NCKAKEHHS], BOSHUKAIONINE B YCUIUTEIAX MO
TEM k€ MPUYUHAM, YTO U YaCTOTHBIE.

Puc. 2.6

[Tpumep BO3HUKHOBEHHS (ha30BbIX HCKAKECHHUI MPUBEICH Ha puc. 2.7, T/Ie TIOKa3aHO YCUIICHUE
BXOJIHOTO CUTHAJIa, COCTOSIIIIETO U3 JIBYX TaPMOHHUK (ITYHKTHP), KOTOPbIE IIPU YCUICHUU
npeTeprieBaroT (a3oBble CABUTH.

Puc. 2.7




Ilepexoonasn xapakmepucmuka ycuiumens — 3TO 3aBUCUMOCTh BBIXOJTHOTO CUTHalA (TOKa,
HANPSDKEHUs) OT BPEMEHHU MPH CKauKo0Opa3HOM BXOAHOM Bo3zeicTBuu (puc. 2.8).

YacroTHas, ¢pa3zoBas U epexoHasi XapaKTePUCTUKH YCUIIUTENS OJHO3HAYHO CBS3aHbI APYT C
npyrom. O0iacTv BEpXHUX YaCTOT COOTBETCTBYET MEpeXoqHasi XapaKTepUCTUKA B 00JIACTH MaJIbIX
BpEeMEeH, 00J1aCTH HIYKHUX YacTOT — MepPeXo/Hasi XapaKTeprucTruka B 0071acTH OOIbIINX BPEMEH.

u 0 — BHIOPOC (DPOHTA UMITYJIBCA .
& A — cnap BepIIMHbBI UMITYJIbCa
A
U FOL- e P
0 »!
Puc. 2.8

2.2. OBPATHAA CBA3b B YCUINTEJAX

[Tonsitue «obpatnas cBsizb» (OC) MIMPOKO UCIIONB3YETCs KaK B TEXHUKE, TaK U B IPYTUX
obnacTsax 3HaHui. OOpaTHOMN CBA3BIO HA3BIBAIOT BIMSHUE HEKOTOPOU BHIXOJHOW BEJTMYMUHBI HA
HEKOTOPYIO BXOJIHYIO, KOTOpasi B CBOIO OUYEpe/ib CYIIECTBEHHBIM 00pa30M BIUSET Ha BHIXOIHYIO
BEJIMYUHY (OIpeeNsieT 3Ty BBIXOJAHYIO BETUUYNHY). B ycunurensx, Kkak mpaBujio, UCIOIb3YETCs
TaK Ha3bIBaeMas oTpuiarenabHas ooparaas cBsa3b (OOC), koTopas u OyJIeT paccMaTPUBATHCS HIKE.
[Ipu HaNMMuUUKM OTPULIATEIIHHOM OOPATHOM CBSI3U BBIXOJHOM CUTHAJ TAKUM 00pa3oM BIIUSIET HA
BXOJIHOM, YTO BXOJIHOW CUTHAJI YMEHBIIIACTCSI U COOTBETCTBEHHO MTPUBOJIUT K YMEHBIIICHUIO
BBIXOJTHOTO CUTHAJA.

Korga B 1928 r. Obuta npeAnpuHsTa MOMBITKA 3aIaTEHTOBATh OTPUIIATEIILHYIO 00pAaTHYIO CBSI3b,
TO DKCIIEPTHI HE YBUJEIU €€ MOJE3HOCTU U J1aJld OTPULIATENbHbIN OTBET. M 1eiicTBUTENbHO, Ha
MepBbIN B3I, OTpUIIaTEeNIbHAS 00paTHAs CBSA3b TONIBKO YMEHbBIIAET KOOPDUIIUEHT YCUICHUS
yeunutens. OqHako, Kak 3TO 4acTO OBIBAET B TEXHUKE BOOOIIE U B DJIEKTPOHUKE B YaCTHOCTH,
OJIMH HEJJOCTATOK TOT'0 MJIM UHOTO PEIICHHUS] MOKET 3HAUYUTEIbHO MEPEBEIINBATHCS €T0 J0C-
tonHcTBaMu. OTpHIIaTebHast 0OpaTHAs CBA3b, XOTS M YMEHbIIaeT KOdPDUIIHEHT YCUIEHUS, HO
HCKJIIOYUTENIFHO 0Jar0OTBOPHO BIMSET HA MHOTHE ITApAMETPhI M XapaKTEPUCTHKU ycunuTens. B
YAaCTHOCTH, YMEHBINAIOTCS HCKAXEHUSI CUTHAJIA, B 3HAYUTEIILHO OOJBIIEM TUANa30He YacTOT
KOA((PUIMEHT YyCHIICHUST OKa3bIBAETCS HE 3aBUCSIIIUM OT YaCTOTHI U T. .

2.2.1. Knaccudukarusi 0OpaTHBIX CBSI3€l B YCUIHUTEIAX
Paznuuator cneayromux 4 Busa oOpaTHBIX CBsAzel B ycunutene (puc. 2.9):

* TIOCIIeIOBaTeNIbHAS MO HANPSHKCHUIO (a);
* TIapaJuIeNIbHas 10 HanpsoKeHUro (0);

* TI0oCieaoBaTeIbHAS 1O TOKY (B);

* TapajuieNbHas Mo TOKy (T).



Puc. 2.9

Ha puc. 2.9 o603naueHo: K — ko3 dunmenT npsaMoi rnepeaadn, Wi Kod(pdOUIMEHT YCHIICHHST
ycHIMTess 0e3 00paTHOM CBsI3H; B — koadunmeHT nepegauu 1enu ooOpaTHOM CBS3H.

st onpenenenus Bua ooparHoit cBsizu (OC) Hy)KHO «3aKOPOTUTBY» Harpy3Ky. Ecimi ipu 3ToM curHan
00paTHOM CBs3M OOpaIiaeTcs B HyJib, To 370 OC 1o Hanpsbkenuto, ecu curaan OC He oOparaercs B
HyJIb — T0 3T0 OC 1o Toky. ITpu 00paTHO¥ CBS3H IO HANPSHKEHUIO CUTHAT 00pPaTHOM CBSI3H,
TIOCTYTIAFOIIH C BBIXOJIA YCUITUTENIS Ha BXO]T, IPOTIOPIMOHATICH BBIXOJHOMY HarpspkeHuro. [Ipu oOpaTHoit
CBSI3U I10 TOKY CUTHAJI OOPATHOM CBSI3M MPOMOPIIMOHAICH BBIXOJHOMY TOKY. [ IpH ocnenoBarenbHOM
00paTHOM CBSI3M (CO CTIOKEHUEM HAIIPSHKEHHI ) B KAUeCTBE CUTHAIA 00PATHOM CBSI3U MCITOJIb3YETCS
HarpsbKEHHE, KOTOPOE BEIYUTAETCS (JUIsl OTPULIATENIHHOM 00OPATHOM CBSI3H) U3 HAIIPSKEHHUS BHEIITHETO
BXOJHOro curHaia. [Ipu napannensHoit 0OpaTHOM CBsA3M (CO CIOKEHNEM TOKOB) B KaUeCTBE CHTHAIA
00paTHOM CBSI3U UCTIONB3YETCS TOK, KOTOPBI BBIYUTACTCS U3 TOKA BHEIITHETO BXOTHOTO CUTHAA.

2.2.2. AHanu3 BIUSHHS OTPHUIIATEILHON 00paTHOM CBS3M Ha IIPUMEPE
MOCJIEZIOBATENILHON OOPATHOM CBSI3M 110 HAIPSIKEHUIO

Paccmotpum BimstHre OOC Ha ipuMepe YCHITUTESS, OXBAUYSCHHOTO TTOCIIEIOBATEIBHONM 0OPaTHOM
CBSI3bI0 110 HanpspKeHUTo (puc. 2.10).

B cTpykTypHYIO CX€MY BXOHT LIEMb MPSIMOM Iepeaady U 11eMb 00paTHOM CBsI3H (IIETh 0OPaTHOM
niepenaun). [Ipearonaraercs, 9ro ykazaHHBIC IISNH JIMHEHHbIe. Ha yenmmTes ¢ 00paTHOM CBSI3BIO ITOIASTCS
BHEIITHUI CHHYCOMJIAJTbHBIN BXOJJHOM CUTHAI Uy @ Ha IEIb IPSIMOM Iepe/ilaull — CUTHAI Ugyo. LIeTb
TIPSIMOM TIepeIaun XapaKTepU3yeTCsi KOMITIEKCHBIM KO-
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Puc. 2.10



3¢ uUnKHeHTOM yculieHus 1Mo HanpspkeHuto K, (Ko GUIueHToM npsMoil epeadn):

Ku - UGbLX

. _—— 9

UaxZ

rae Ugo , Upyx -COOTBETCTBEHHO KOMIUICKCHBIE ICUCTBYIOIINE 3HAYCHUS HATPSDKEHUH Ugx) U Upyx. Ll€TIB
00paTHOM CBSI3U XapaKTEPU3yeTCsI KOMILIEKCHBIM

K023 pureHTOM 00paTHOH CBSI3U f:

3 Uoc
B_ U ’

6bIX
raeU,. — KOMIUIEKCHOE AEHCTBYIOLIEE 3HAUYCHUE HANPSKEHUsI OOPATHON CBSI3H Uy,

Koagppuyuenm ycunenus ycunumens, oxeauennozo oopamnoii céaszvio. 1ot Kod3hpurmment K.

onpezaensiercs no Gopmyse

rae Ugg— KOMIUIEKCHOE JICUCTBYIONICE 3HAUCHUE HATIPSIKCHUS U JIETKO 3aMETUTB, UTO

UaxZ = chl - Uoc’
Uaxl = chZ + Uoc'
ITosTomy
K . Ucwc _ Ku 'chZ = Ku 'stZ
i Uaxl (]cxl + Uac chz + B > Uswc

- Ku'stZ - Ku
U,,+B-K, U, 1+BK,

Taxum oOpazom,

K

u

. T,
“ 1+B-K,

Bemnuuny |44 * K, Ha3pIBarOT riyOnHON 00paTHOM CBsI3U (K03 (DUIIMEHTOM IpyOOCTH CXEMBI), a
BeNUYMHY ff * K), Ha3bIBAIOT METIIEBBIM ycuiieHHeM. Eciu rimyOrHa oOpaTHOM CBA3H JOCTATOYHO
BeNUKa, 10 | f* K, 1 u

K =

uoc

| -



Ortcrona MOXHO CJIeNIaTh CIEAYIONIMI OUYeHb BKHBIN BBIBOJI: €CITH IITYOHHA OTPHULIATENBHON 0OpaTHOM
CBSI31 JIOCTATOYHO BEJMKA, TO KOADDHUIMEHT YCHICHUS YCUITUTEIIS, 0OXBAYEHHOTO 00PAaTHOM CBS3BIO Ky,
3aBHUCHUT TOJILKO OT CBOMCTB IIENK OOPATHOM CBSI3HM U HE 32 BUCUT OT CBOMCTB IIETTH MPSIMO
nepeiayum.

B mrermm nipsiMoii riepeiaum HComb3yOTCs aKTHBHBIE IPUOOPHI (TPAH3UCTOPEI, OTIEPAITMOHHBIE
YCHJIUTEIH U T. 1.), KOTOpPbIE 00BIMHO HE OTJIMYAIOTCSI BBICOKON CTAaOMIIBHOCTBIO apaMeTpoB. M3-3a
aToro U ko3 dunueHt K, sBnsercs HecrabwibHbIM. Ho ecim ucnonb3yercst TyooKast OTpuIa-
TeJIbHAast 00paTHAsI CBSA3b U B IIEMA OOPATHOW CBSI3U MPUMEHSIOTCSI BRICOKOCTAOMITbHBIC TTACCHBHBIE AJIEMEHTHI
(pe3ucTophl, KOHICHCATOPHI U TAK JAJIEe), TO OOIHiA KOdQPUITEHT yerneHus K, OKa3bIBaeTCs
CTaOUJIbHBIM.

Jaxe ecimm rryOmHa 00paTHOM CBSI3M HE HACTOJILKO BEJIMKA, YTO MOXHO MpeHeOperath eIMHUIICH B
BBIPOKCHUH

1+ f * K, oTpunaTensHast oOpaTHas CBsi3b, KaK MOYKHO ITOKa3aTh, YMEHbBIIAET HECTAOUILHOCTD

kodppunmenta K.
BakHO YSICHHTB, YTO C/IC/TaHHBIN BBIBOJI CIIPABEIIMB HE3ABUCHMO OT TOT'0, KAaKUE JISCTAOMIT3UPYFOIIHC
(haKTOpBI BIMSIIOT HA U3MEHEHNE BEIMUMHBI K, (TeMIieparypa, ypOBeHb PaIMalliy | T. I1.).

Yacmommubvie XapaKmepucmuKu ycunumeis, 0X6a4eHHo20 00pamHoil céa3v0. Eci paccyxaarb
(dbopManbHO, TO MPU HATMYUH YACTOTHBIX XapakTepucTuk s K, u B yactoTHbIe

XAPaKTCPUCTUKH JJIA Kuoc OKa3bIBatOTCA OJHO3HAYHO OIIPCACIICHHBIMU BbIPAKCHUEM
Ko =r
uoc 1 +B . K .
u

W Tem He MeHee OYeHb MOYUUTENHHO Oonee JETabHO PacCMOTPETh BOIPOC BIMSIHUSI OTPHULIATEIbHOM
o0paTHOM CBsI3M Ha 4YacTOTHble cBoicTBa ycunurens. [lycte koapduuuentsl K, u f saBisorcs
BellecTBeHHbIMU. Torna u koddduuuent K, — BellecTBeHHBIH. byaem mis sToro cimyyas wuc-
nons3oBath o0o3HaveHust Ky, f u Ko . IlycTh B HEKOTOpOM YacTOTHOM Juanasone koddduiment K,
mmensierca B mpeaenax ot 10000 mo 1000 (ma 90% mno otHomenuto k 3Hadenuro 10000), a
kodd¢unment B sBaserca moctosubiM, f = 0,1. Torma B coorBercTBUM C opmymnon it Ky
oKakercs, 9to K. OymeT u3MeHsThcs B mpenenax oT 9,99 no 9,9 (mpumepno Ha 1%). Takum
o0Opa3om, u3mMeHeHrne kod(huiMeHTa yCuieHus mocne BBeeHNs] OTPULIATENTbHON 00paTHOM CBsI3U CTa-
HET 3HAYUTEITLHO MEHBIITIM.

BaxxHO ysSICHHTB, 9TO €ciH BCe yKe He00X0IMMO TTOBBICUTH Kodd hurment ycunenns g0 10000, To u B
3TOM CJIy4ae MCIOIb30BaHUE OTPULIATEIBHON 00PATHON CBS3H 3HAUYUTENIHHO YITYUIIUT CTAOIBHOCTb.

[TycTb myst momy4enust 60Jb10ro Ko3(h(hHUIMEHTa YCHIICHHS UCTIOJIb30BaHbI 4 BKIIFOUCHHBIX
MOCJIEI0BATEIHHO OMMCAHHBIX YCHIUTENS, OXBAYEHHBIX OTPUIIATENIbHON 00paTHOM cBsi3bl0. Torma B
paccMaTprBAEMOM JTMAIIA30HE YacTOT 00 KOI(D(GUIIMEHT YCHIICHNS OyIeT U3MEHSITHCS B IIpeieax OT
9960 (9,99 * 9,99 « 9,99 « 9,99) 10 9606 (9,9 * 9,9 + 9,9 + 9,9).

N3menenune coctaBut 3,6% ((9960-9606)/9960+100%). D10, 0OUEBHUIHO, 3HAYUTEITHHO MCHBIIIC
90%.
B ToM auanasone 4actot, B KOTOpOM BBIONHsETCS YeioBHe | f ¢ K, [»1, koaddunmeHT K)\p. MOKHO

ONPCACIINTDb U3 BBIPAKCHHUS

| Kuoc | = 1/18]
B niepBoM npuOmmKeHIN MOXKHO CUATATh, YTO €AMHHIIEH MOKHO NPEeHEeOpedb MPH YCIOBUH, UYTO

1<|BK,|.
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Otcrona nonyuaewm | K, | > 1/|6|

[TycTh B KauecTBe LM MPSAMON IEPEAAYH UCIIOIB3YETCS PACCMOTPEHHBIN BbILIE ONEPALMOHHBINA
yewmresib K140V /I8, a B kauecTBe 11enu 0OpaTHOM CBS3U — JEIHUTENb HANPSKEHUS,

npudeMm S = = 0,1 (puc. 2.11).
Jlerko 3ameruts, yto U,.=U,,,,*0,1

Takum 006pa3zom, st ITON CXEMBI IeHCTBUTEIHHO

B= Yo =0,1.

U guax

B coorBercTBHM © MOJIYYCHHBIM BBIIIC HEPABCHCTBOM MOXXHO, B IICPBOM HpI/I6J'II/I)KeHI/II/I, CUUTaTh, 4YTO

| Kyuoc |~ 1/8=10 B TOM quana3sone 4actot, B Kotopom | K, | > 10.

[TosTOoMy 1UIs OTIpeIeNeH s YacTOThI cpe3a fep o YCHITUTEIS, 0XBAYCHHOTO OTPHIIATEIILHOM 00paTHOM
CBSI3bI0, B TIEPBOM MPUOIIMIKEHHUH JOCTATOYHO POBECTH TOPU30HTAIBHYIO JMHHIO Ha ypoBHE | K, | = 10

JI0 TIEPECCUCHHSI C aMILTUTYIHO-YaCTOTHOM XapaKTEPHCTHKOM UCITONB3YeMOT0 OIEPAIIMOHHOTO YCHUTHTEIISI
K140V /8. U3 puc. 2.12 Buano, uTO fep 0=

- . .\
K, |, |K, | B
g [oolos
418
10
103 60 \\
10° |40 \\
\
0 20
0 N
1 f, Iy
1 (10 167 16 1d 16 Qo(’
fcp ep. ve
Puc. 2.12

=5« 10° I'1t, 9TO 3HAYUTENHHO GOJBIIE YACTOTE cpe3a fep onepanmonnoro yeumurens (fo, =10 I'),
HE 0XBAUYCHHOTO 00OpaTHOM CBS3BI0. XapaKTEPUCTHKA, N300payKeHHAS YKUPHOW JIMHUEH, IIPECTaBIISET
c000ii B IepBOM MPUOIMKEHUU aMJIUTYTHO-YACTOTHYIO XapaKTEPHUCTHKY YCHIIUTENS C OTPHLIATEIILHON
00paTHOM CBSI3BIO, KOTOPAsl, ECTECTBEHHO, OKa3bIBAET OJ1arOTBOPHOE BO3JCHCTBUE U Ha (Pa304aCTOTHYIO
XapaKTEPUCTHKY.

Bxoonoe conpomuenenue ycunumens, oxeauerntozo oopamnoii ceazbto. OOpaTiMcs K CTPYKTYPHON CXeMe
YCUJIMTEIIS € TIOCNIEI0BAaTEIbHON OTpULIaTeIbHON 00paTHOM CBsI3bIO (pHc. 2.13).



Puc. 2.13



O0603HaUNM qepe3 ZBX BXO/THOC€ KOMIIJIIEKCHOEC COITPOTUBJIICHUE LICTIH HpﬂMOfI nepeaaydu:
Z.: = stZ
éx — I ’
GX
rae iex -KOMIIJICKCHOC ,Z[eﬁCTBYIOIHee 3HAYCHHUE TOKA iex.

Haiinem BXOAHOE KOMIUIEKCHOE COIIPOTHBIICHUE Zegy o YCHIIUTENSA, OXBAUCHHOTO 00paTHOM
CBS3BIO:

U
Zgroe =—=2L.
exoc i,
ITomyunm : ; 2 2 ; s
Z — U:cxl = ch2~+ Uoc — Uaxz +Usu:c 'B—z
- ICI IBX IIX
U +(§m K, _ (;a'xz (+K,-B)=Z_-A+K, B) .

Takum oOpaszom, .
Zovoe=Zes (14K, ) .

[Tycts k03 dunmentsr K, u B sBisrores Bemectenusivu (K, = Kyu f = f), Torna
Zax.oc = Z&x '(1+Ku B) .

OTCIOI[a CJICOYCT, UTO MOCJIICAOBATCIIbHAA OTPHULIATCIIbHAA 06paTHa$1 CBA3b YBCIMYHMBACT BXOOAHOC
COIMPOTHUBIICHUE I10 MOAYIJIIO. HpaKTqucm BCEra 3TO ABIACTCA IOJIOXKUTCIIBbHBIM (paKTOpOM.

Buvixoonoe conpomuenenue ycunumerns, 0XeaueHHozo oopamuoi céazvto. O003HaUNM depe3 Ly,
1 Zgyx oc COOTBETCTBEHHO BBIXOHOE KOMIUICKCHOE COITPOTHBIICHHE TIETIH ITPSIMOM TTepe/Iavi ¥ BBIXOIHOS
KOMITIEKCHOE COMPOTHUBJICHUE YCUJIUTESSI, OXBAaYEHHOT0 00paTHOM cBsi3blo. [1o orpeenenuio

Zoiic __AQeux ;
8bix

rae AUg,x, Algy — TpUpaAIEHNs] KOMIUIEKCHBIX JEHCTBYIOIINX 3HAYE€HUN COOTBETCTBEHHO
HAMPSKEHUS Ugyy U TOKA gy, [IPH 3TOM Mpe/ImosiaraeTest, 9to o0paTHast CBsI3b OTKIIFOUEHA (Harpumep,
BBIXOJI IIETI OOPATHOM CBSI3M 3aKOPOUEH).

Taxoke mpeanomnaraercs, uTo Uey = CONSt, a n3menenune Benuuud Uy, 1 |4, BBI3BAHO N3MEHEHUEM

COIPOTHUBJICHNS HAIPY3KU.
ITo onpenenenuto

Zaux oc —%—’
‘ Al

8bix

HO TIPH 3TOM TIPEATIOIAraeTcsi, 9To oOpaTHas CBs3b AeHCTBYET M 9TO Uey= CONSL.
B oM ciydae npruarHON BO3HUKHOBEHUS TipuparieHust AU, SBISIETCS HE TOJIBKO TaficHe
HaNpsDKEHUST HA BBIXOAHOM COTIPOTUBIICHUU Zey,y, HO U TOSBIICHUE TTPUPAIICHHS



AU, KOMIUIEKCHOTO JACHCTBYIOIIETO 3HAYCHUS HATIPSHKEHUS Uy,
CrenoBatenbHO,

Aanx = _Ajw 'wa _AUoc 'Ku «

3HAKH «MUHYC) HCIIOIb30BAHbI [IOTOMY, YTO U YBEJIMUEHHE TOKA gy, H YBEIIMUCHUC HAIPSKCHHS Uy,
BBI3bIBAIOT YMEHBIIICHUE HAPSDKCHUS Uiy

Orcrona ¢ yaeroM, uto AU, =4Ue,x * f, OTydnm

AUcwc =—Aisu 'Zcux _AUeux 'B'Ku:
AUobtx =_Al.eux_g'8—ux'_'
1+B-K,

B cooTBeTCTBUH C 3TUM
Z

AUW — (1109

Z =——8 = X
6bix.0C Al,,. 1+p-K,

[Tycth ko3 dunrenTs! Ky U [ ABIAIOTCSA BeIECTBEHHBIMU. ToT1a, OUeBUIHO, OTpULIATEIbHASL
o0paTHas CBsI3b IO HAIMPSDKEHUIO YMEHBINAET BBIXOJIHOE COMPOTUBIICHHE yeunuTens. O4eHb 4acTo
9TO SABJSICTCS MOJIOKUTEILHBIM (DAKTOPOM.

2.2.3. Pa3HOBUIHOCTH OTPHIIATEIIBHBIX OOPATHBIX CBSI3€H WM aHAIM3 UX BIUSHHS

Jns ynporeHus u3JI0KeHUsI IPUHUMAaeM yCJIOBHE, UYTO IEMb MPSIMOU Mepeiavu U 1eMb
00paTHOM CBSI3U XapaKTEPU3YIOTCS BEIIECTBEHHBIMU KO3(PMUIITMEHTAMU B YTO BCE TOKU U
HaIpsKEHMS! ONMCHIBAIOTCA BEIIECTBEHHBIMU JACHCTBYIOIIMMU 3HAYECHHUSIMH.

OO6patumcst kK 00paTHOH CBSI3U O HaNpsKeHUI0. OHa MPEMSITCTBYET M3MEHEHHUIO BBIXOTHOTO
HaIpsHKEHUs IPYU U3MEHEHUH CONTPOTHUBIICHUS HArpy3KH. DTO 03HAYAET, YTO BBE/ICHHE
OTPUIATENBHON 00pPATHOW CBSA3M MO HAMPSDKEHUIO YMEHBIIAET BHIXOHOE COMTPOTUBIICHHE
YCUJIMTENSI. DTOT K€ BBIBOJ] OBLT C/IENIaH BBIIIIE HA OCHOBE MOJTYYEHHOTO MAaTeMaTHYE€CKOTO BbI-
paKeHUs! U1l BBIXOJHOTO COMTPOTUBJICHHS. MOYKHO MOKa3aTh, YTO XapaKTep U3MEHEHHUS BBIXOIHOTO
COTIPOTHUBIICHUS HE 3aBUCUT OT TOTO, SIBJIIETCS CBSI3b MapauIeIbHON WM MOCIEI0BATEIHHOM.

O6patumcs k 00paTHOM CBsA3M 10 TOKY. OHa MPEMSITCTBYET U3MEHEHUIO BBIXOHOTO TOKA MPHU
W3MEHEHHUU COMPOTUBJICHUS HATPY3KU. ITO 03HAYAET, YTO BBEACHHUE OTPHUIIATEILHON 00paTHOM
CBSI31 TI0 TOKY YBEIMYHMBAET BBIXOHOE COMpOTHBICHHE. [Ipn TOM XapakTep H3MEHEHHS BBIXOIHOTO
COTIPOTHUBJICHUS TAKKE HE 3aBUCUT OT TOTO, SIBJIICTCS JIU CBSI3b NapajlJICIbHON WUITH
MOCJIEIOBATEIbHOM.

[Tono6HbIe paccyxaeHus (U COOTBETCTBYIOIINE MaTEMATUUECKUE BBIPAKECHHS ) TOKA3BIBAIOT, YTO
napajuieNibHasi OOpaTHasl CBSI3b YMEHBIIIAET BXOIHOE COTIPOTUBIICHUE YCUIUTENS, OXBAYEHHOTO
€10, a TIOCJIeIOBaTeNbHAS YBETTMUMBAET (YUTO MOATBEPKIAET MOTyYEHHOE BhIIIE MATEMAaTHIECKOE
BbIpaXeHHE). XapaKTep U3MEHEHHS BXOJIHOTO COTIPOTUBIICHUS HE 3aBUCUT OT TOTO, SIBISIETCS JIH
oOpaTHast CBSI3b CBSI3BIO 10 TOKY WJIH M0 HAIPSKCHHUIO.

OOpatuMcs K CTPYKTYPHOU CXeMe YCHIIMTENIS C OTPHUIATEIIFHOM TTOCIeI0BaTeILHON 00paTHOM
CBSI3BIO 10 HAMPSHKEHUIO U K MOJYYEHHOMY BBIPaXKECHUIO

; K,
Ko =t
14K, B



Ecnu okaxercs, 4To Ha HEKOTOPOM YaCTOTE apryMEHT () KOMIUIEKCHOM BennuuHbl K, * f
OKa)KeTCsl paBeH 7, TO ATO OyJeT 03Ha4aTh, YTO HANPSHKEHUE 0OPATHOM CBA3M U, IO (pa3e coBmasaeT
C HaIIPSDKEHUEM ey U HATIPSHKEHUEM Uyr. B 3TOM citydae okaxercs, 4To oOpaTHast CBSI3b CTaHET
HOJIOKUTENBHOU. ECiIM K TOMY K€ OKa)KeTcsl, UTO Ha pacCMaTPUBAEMOM YacTOTE BBIIOIHSIETCS
ycnosue | K, ¢ f/>1, To 310 Oyner o3HayaTh, YTO CUTHAI, MPOXOISIIIHIA MTOCIEIOBATEIHHO UYepes3
LeNb NPSIMOH Nepeaun U Lelb 00paTHOM CBsI3H, ycuiauBaercs. [Ipu 3ToM U B citydae HYJI€BOTrO
HATPSKEHUS Ugy; HAIPSIKECHUS Ugy2, , Ugpix, ,Uoc OKAKYTCS HEHYJIEBBIMH, T. €. YCUIIMTENb 110 CYIIECTBY
IPEBPATUTCS B TEHEPATOp. DTO SBJICHUE HA3bIBAIOT CAMOBO30YXK/IEHUEM YCUIINTEIIS.

Jliis npenoTBpallieHns: caMoBO30YXIEHHUST HE0O0XOIMMO MPEAIPMHUMATD MEPBI (HAIIPUMED,
OCYILIECTBIISITh YACTOTHYHO KOPPEKLIMIO ONEPALIOHHOTO YCHIIUTEIS, UTPAIOILErO POJib LEMNH MPsIMOM
nepeaayn), 00eCreynBaroIIUe BHIIOIHEHUE OJHOTO U3 CIEAYIOLMX, [10 CYTH PABHOLICHHBIX, YCJIOBH:

o=m, lKu-Bl<1;

KH-B]=1,(p<1t.

Ha mpakTrke 00bIMHO MOJIB3YFOTCS BTOPHIM YCIIOBUCM.
VYrou a, onpeaenasieMblid BRIPAXKEHUEM 0. = T — (, Ha3bIBAIOT 3allacOM YCTOMUHBOCTH I10 (hase.
3amnac ycroiunBocTy 1o (aze nomxeH 0bITh He MeHee 30...60 unn naxe 65 rpaaycos.

2.3.YCUJIUTEJIN HA BUIIOJIAPHBIX TPAH3UCTOPAX
2.3.1. PexxumMbl pabOTHI TPAH3UCTOPA B YCUIIUTETIE

[Mepen TeM Kak 1o/1aBaTh HA BXOJI YCHITHTEIIS HA TPAH3UCTOPE CHTHA, TIOUICKAIINIA YCHIICHHUIO,
HE00XO0MMO 00ECIICUHTh HAYaIbHBINA PEKUM pabOThI (CTATUYECKUI PEXKUM, PEKHM I10 TIOCTOSTHHOMY
TOKY, PEKUM TTOKOsT). HauambHBIH peskum paboThl XapaKTepH3yeTcst TOCTOSIHHBIMU TOKAMH JIEKTPOJIOB
TPAH3KUCTOPA M HAIPSDKSHUSAMU MEKIY STUMH SJICKTpoAaMu. VICIIONB3YIOT TEPMHH «HAYATLHBIN PEXKUM
paboThI TpaH3UCTOpa» U (DAKTHYIECKH PABHOIICHHBIN €My TEPMUH «HAYAILHBIN PEKUM PAOOTHI YCHITUTEIISD).
Jltst onpenenieHHOCTH 00paTiMCS K CXeMe ¢ OOIIM SMUTTEPOM M COOTBETCTBYFOIIIAM BBIXOHBIM
XapaKTePHCTHKAM TpaH3ucTopa. Torna HadyabHBIMPEKUM PabOTHI XapaKTEPHU3yeTCs TIOJI0KEHUEM TaK
Ha3pIBaeMoi HayanbHOM padoueit Touku (HPT) ¢ koopauHatamu (U, l), Tae Uksy ¥ Ly —
HavyaJIbHOE HAIPSHKEHNE MEXY KOJUICKTOPOM UM SMHTTEPOM M HayaJbHBIA TOK KoJUIeKTOpa. J{ms
CTaOMIILHOM pabOThI YCHIIUTENS CTPEMATCS HE I0MYCKaTh U3MEHEHHUS MOJI0KEHUSI HauyaJIbHOM
paboueli TOUKH.

JInst XapakTepUCTUKH MPOOJIEMBI 00€CIICUCHHUST HaYaIbHOTO PEXKUMA TPATUIIMOHHO M BIIOJIHE
OTPaBJAaHHO PACCMATPUBAIOT CIACAYIOIIHNE TPU CXEMBI:

* ¢ (pukCcpOBAaHHBIM TOKOM 0a3Fbl;
* C KOJUICKTOPHOW CTaOMIIH3aIuei;
* COMHUTTEPHOU cTaOMIN3AIINEH.

Ha npakTuke mepByI0 U3 3THX CXEM ITOYTH HUKOIJa HE UCIONB3YIOT. M3 OCTalbHBIX ABYX
CXEeM IPEANOUTeHHE YaCTO OTJA0T CXeMe ¢ SMUTTEPHOU cTabuim3anueii. PaccMoTpuM Kakayro
U3 9THX CXEM.

Cxema ¢ gpukcuposannvim moxkom oazwt (puc. 2.14). Ha mo1oOHBIX CXeMaxXHUCTOYHUK
HanpspkeHus Ey, 0ObIYHO He N300 paxkaroT.



Puc. 2.14

B cooTBercTBHM cO BTOpBIM 3aKk0HOM Kupxroda
- + —
iR, U, —E.=0.

Orcroia HaXOIMM TOK KOJIIEKTOpa iy

4TO COOTBETCTBYET JIMHEHHOMN 3aBUCUMOCTH BUa y = a *x + D. DTO ypaBHEHHE ONKCHIBACT TaK
Ha3bIBACMYO JIMHUIO HArpy3KH (KaK U VISl CXEMBI C TOIOM). 1300pa3riM BBIXOTHBIC XapaKTePUCTUKA
TpaH3KUCTOpA U JIMHUIO Harpy3ku (puc. 2.15).

E/R. 4Z

x

Puc. 2.15

B cootBerctBUU co BTOphIM 3akoHOM Kupxroda
. +
Is°’Rs Uz, — E,=0.

Orcrozia HaxoguM TOK 0a3Hl g:
ig =-Us, /IRs + E | Rs
Bynem npeHeOperaTh HanpsHKeHUEM Uy, Tak Kak 0OBIYHO U, << E,. Torna ig =E, IR;.

Takum 00pa3oM, B pacCMaTpHBaeMOii CXeMe TOK Ig 3a1aeTcs BenunHamu E, u R; (Tok
"¢puxcuponan"). [Ipu aToM

ix=PBe s+ Igp

[Tycth ig= igp. Torma HPT 3aiiMeT TO moJioskeHHe, KOTOpoe yKa3zaHo Ha puc. 2.15. Jlerko
3aMETHTb, YTO CaMOE HIDKHEE BOSMOYKHOE TIOJIOYKEHHE HAYAITBLHOM paboUeii TOYKH COOTBET-



CTBYeT Touke Y (PeKuM oTceukH, ig = (), a camoe BepxHee MOJI0KeHUE — TOUKe Z (PeKUM
HACBIIICHHUS, 16> lgg).

Cxemy ¢ pUKCUPOBAaHHBIM TOKOM 0a3bl HCIIOJB3YIOT PEKO 110 CICAYIOIIUM IIPUYUHAM:

* [IPU BO3JICHCTBUU JACCTAOMIM3UPYIONIUX (PaKTOPOB (HAIPUMED, TEMIICPATYPhl) H3MEHSIOTCS
BEITUUMHEI Se; ¥ |, ,4TO U3MEHSAET TOK |y M IOJI0KEHNE HAYaIbHOM pabodeil TOUKH.

* IS KQXKIOT0 3HAYCHUS f; HEOOXOAMMO MOA0UPaTh COOTBETCTBYIOIIEE 3HAUCHUE Rg, 4TO
HEXeJIaTeJIbHO IPH HCIOJIb30BAHUH KaK JUCKPETHBIX MMPUOOPOB (T. €. MpHOOPOB, H3TOTOBJICHHBIX
HE IO MHTETPaIbHONW TEXHOJOTHH ), TAK U MHTETPAIBHBIX CXEM.

Cxema c Konnrekmophou cmaounuzayueii (puc. 2.16). Ita cxema o0ecIeunBaeT JyUIIYIO
CTaOWIIBHOCTh HAYaJIbHOTO pe-

Puc. 2.16

*uMa. B cxeme nmeer MecTo otpuliaTenbHas o0paTHas CBsI3b [10 HAMPSKEHHUIO (BBIXOJ] CXEMbI —
KOJUJIEKTOP TPaH3UCTOPa COEIMHEH CO BXOJIOM CXEMbl — 0a30il TpaH3UCTOpa C MOMOILBIO
conpoTusienns Rg.). PaccMoTpum ee nposiBienue Ha ciepyromeM npumepe. [Tycts no kaknm-imdo
NPUYMHAM (HaIIpUMEp, W3-3a MOBBIIIEHUS TEMIIEPATYPhl) TOK Ix Hayasl YBEJIMUMBATLCA. DTO TIPUBEICT
K YBEJTHUCHUIO HAPSDKEHHUS UR,, YMEHBIIICHUIO HAMIPSKEHUS Uy, © YMEHBIIICHUIO TOKA Ig

(is= uy, IRg,), UTO OYAET MPEMATCTBOBATH 3HAYMTEILHOMY YBEIMUCHHUIO TOKA Ik, T. €. OyHeT
OCYIIECTBIIATHCS CTAOMTH3AIMS TOKA KOJLIEKTOpA.

Cxema ¢ amummepnou cmaounuzayuent (puc. 2.17). B 3apyOexHOM UTEpaType TaKyro CXeMy
HasbLIAOT cxeMoi ¢ H-cme-

O+EK

Puc. 2.17

meHreM (KoHUrypauws cxemsl cootserctByeT Oykse H). OcHoBHast nyies, PeaM30BaHast B CXEME,
COCTOHT B TOM, YTOOBI 3a)MKCHPOBATH TOK I, M 4€pe3 3TO TOK Iy (I, = i,). C yKa3aHHOI 1IeNbIO B LIETh
IMHUTTEPA BKIIOYAIOT PE3UCTOP R, M CO3IAIOT Ha HEM MPAKTUYECKU IOCTOSHHOE HAIPSDKEHUE UR,. [Tpn
3TOM OKAa3bIBAETCS, UTO

. u
iy =—22=const.
3



Jns coznanust TpeOyeMoro HampsHKEHUS UR, UCTIONB3YIOT ISIUTENb HAIPSHKEHUS Ha pe3ucTopax Ry
u Ry. ConpotuBinieHust Ry 1 R, BBIOUPaIOT HACTOIBKO MaJIBIMK, YTO BEJTHUYMHA TOKA |5 TPAKTUYCCKH
HE BIUSIET HA BEJTUUUHY HAINPSDKEHUS Ugy.. [Ipu s3TOM

R,
R +R,

B cootBercTBrm co BTophIM 3akoHOM Kupxroda

Ug, =Eg -

Upy,™ Upy — Ug,

[Tpu BO3IEHCTBHM 1eCTA0MITM3UPYIOMIKX (DAKTOPOB BEIU -UHHA Ug, U3MEHSIETCS MaJIO, TIOITOMY
MaJio U3MEHsIeTCS M BETTMYHMHA UR,. Ha mpakTrke 0OBIYHO HAIMPSIKEHUE UR, COCTABIISIET HEOONBIITYIO
JIOJFO HarpspKeHus E,.

Paznuuarom creoyrowue pesicumul pabomul mpansucmopa (knaccwt pabomut): A, AB, B, C u D.
PaccmarpuBaembie RC-ycrmuremm 00pIMHO padoTaroT B pexknMe A. B pexxnme A TOK KOJIJIEKTOpa BCeTia
6ombire uyis (i, > 0). IIpu 5TOM OH YBEIMUMBACTCS MM YMEHBIIIAETCS B 3aBUCUMOCTH OT BXOIHOT'O
curtana. B pexume B |,,= 0, mo3ToOMy TOK KOJUIEKTOpa MOET TOJIBKO YBETHUMBATHCS. [Ipn
CHHYCOMIAJIbHOM BXOJTHOM CHUTHAJIE B IIETH KOJUIEKTOPA MPOTEKAIOT MOJIOKUTEIBHBIE TIOTYBOITHBI
Toka. Pexxum AB sBiisiercs mpoMexyTodHbIM Mexay pexnMamu A u B. B pexxume C Ha Bxoz
TPaH3UCTOPA MOAACTCS HAUYATLHOE 3aITUPAOIIee HAITPSDKEHUE, TIO3TOMY B LIEMH KOJUIEKTOPA B KK/IBIN
MIEPUO]] BXOJJHOTO CUTHAJIA TOK MIPOTEKAET B TEUYCHHUE BPEMEHH MEHBIIIETO, YeM MOJIOBHHA MEpUO/Ia.
Pexumom D Ha3bIBaIOT KIHOYEBOU PEKUM PAOOTHI (TPAH3UCTOP HAXOJUTCS WU B PEXKUME
HACBIILICHUS, UITH B PEKUME OTCEUKH).

2.3.2. YcunuTenab ¢ SMUTTEPHON cTabuIn3anuei

Pacemorpum RC-ycunmrenb, B KOTOPOM TPaH3KUCTOP BKITFOUEH 0 CXeME € OOIIM SMHUTTEPOM U
UCTIONB3YeTCS SMUTTEP-Hasl CTAOMIN3alKs Ha4allbHOTO pexuma padboTs (puc. 2.18).

Konnencarop C; Ha3pIBaeMBbIi pa3aeUTeTbHBIM, IPETISITCTBYET CBS3U IO TIOCTOSIHHOMY TOKY
HMCTOYHUKA BXOJHOTO CHTHAJIA C YCHIIUTEJIEM, YTO MOYKET BBI3BaTh HAPYIIICHUE PEXKIMA PaOOThI
TpaH3UCTOpa 1o MOCTOTHHOMY TOKY. KoHneHcatop Cp, Takoke Ha3bIBaEMBbI Pa3Ie/IMTENbHBIM, CITYKUT TS

—0+E,

Rr
e |

Puc. 2.18

paszeneHus BBIXOAHOW KOJUIEKTOPHOM LENU OT BHELIHEH HAarpy3KH 110 IIOCTOSIHHOMY TOKY.
Konpnencarop C, obecrieunBaeT yBeqndeHre KO3PPUIUEHTa YCUIEHUS YCUIIUTENS 110 HAIIPSIKEHUIO,
TaK KaK YMEHbIIAET aMIUIUTYy IEPEMEHHOW COCTABIISIONICH HAMPSIKEHUS Uy, (TOBOPSAT, YTO



koHAeHcaTop C, IMKBUAMPYET OTPULIATEIBbHYIO OOPATHYIO CBS3b Ha IEPEMEHHOM TOKE).

Jlerko 3aMeTHTb, YTO JUIsl PACCMATPUBACMOI CXEMBI JIMHUS HArpy3KH Ha ocTossHHOM Toke (JTH,
1pH Ugx=0) OMUCHIBACTCS CIASAYIONIMM BBIPAKCHHEM, MOJyYSHHBIM IIPU 3aMEHE TOKa YMHUTTEpa
TOKOM KOJIJIEKTOpa (TaK Kak 1,=Iy):

1
 ———r | B
RedRs 2. Rp+Rs

iK= 'EK.

I[TycTth mapaMeTphl 2JIEMEHTOB CXEMBI TAKOBBI, YTO B HAYAJILHOM PEKUME PabOTHI ig= igy.
COOTBETCTBYIOIICE MTOJIOKCHUE HaYaIbHOI padodel TOUKH yKazaHo Ha puc. 2.19. Ha ocHoBaHumM
MIPUBEICHHOTO BBIIIE KPATKOTO aHAIM3a CXEMbI C SMUTTEPHOM CTaOMIIHM3aI|eH MoTydacM

Ex Ry
e
o ~Ex-Ry P—— i _¥ry _Ri+R;
R =R IR R R2 459> 3 =p- R,

[Tpu pacuerax yacTo NPUHUMAIOT, YTO Ugy= 0,6...0,7 B (11151 KpeMHHEBBIX TPAH3UCTOPOB).
[penedperast TOkoM |, OMydaeM ix= fe; * iz YUUTBIBas, 9TO i,= i+ lg, OTydaeM

ig =i, /(1+f; ) . OTCrOma ClleAyeT, 4TO B CXeME C IMUTTEPHOI

cTabunu3anuei Tok 6a3bl HEMOCPEACTBEHHO 3aBUCUT OT TOT'0, KaKoe 3HaueHue KOdPGUIMEHTA fer
OyIeT UMETh KOHKPETHBIN UCITOIb3yeMbI TpaH3ucTop. Ecim 3HaueHne koddduimenrta LS,
OKaXXeTCs OONBIIMM, TO TOK 0a3bl OyeT MaJIbiM, 1 HA00OPOT.

[IpenmoioxxuM, 4TO HaANpsDKEHUE MUTaHUS E, 3a7aHO0 B TpeOyeTcs 00eceunTh HadaIbHbBIN
PEKHUM pabOTHI ITPH 3a/IAaHHOM HAYaIbHOM TOKE 1y

N310XUM MOPSIOK MpeIBapUTEIBLHOTO OnpeaeaeHus BeandrH R,, Ry 1 Ro.
Hamnpspxenve ugr» BRIOUPArOT M3 COOTHOICHUS

ury= (0,1...0,3)°E,.

3arem, yUuTBIBas, UTO |, ~ I, OMpeaessioT R,:

u
Ry = ABD
Igy



OnpeaenstoT MaKCUMATbHBIH TOK 0a3bI 15,4xe; COOTBETCTBYIOIINNA MUHUMAILHOMY 3HAYCHHIO f3,,
koa(durmenta f:

Igy

ig. maxe = B .
Mun

BBIOHPArOT TOK iy, JCTATEIIS HANPSHKEHIS Ha pe3nucTopax Ry 1 Ry, mpoTekaromuii Ipu OTKIFOYECHUH
0a3el TpaH3UCTOPa OT AcauTels. [Ipyu 3TOM MOIb3YIOTCSA COOTHOMIECHUEM 190 =(8... 10) *Iguauc-
Haxoast cymmy conpotuBnenuit R1+R;:

R1+R2 = E, [ijes
OrnpeensitoT HanPsDKEHUE Urp= Urs+ Ugy.
[Ipu aTOM cumTarot, 4To U, = (0,6...0,7) B.
Ormpenernstor
u
R,=-%
boen

W, UCTIOJIB3YS BBIYUCIIEHHOE BBILIIE 3HaueHHe cyMMBI (R1+R5), momydaror
Ry :(R1+R2)-R2.

N3noxeHHbIN MOpsAa0K pacueTa BeaudrH R,, R1 1 Ry, a Taxke npyrue momo0HpIe METOIMKA
pacyera JIEKTPOHHBIX CXEM J0 TPUMEHEHHS MaTEMaTHUECKOrO MOJIETIMPOBAHHS COCTABIISUIA OCHOBY
PYYHOTO IPOEKTUPOBAHMS YCTPOUCTB IeKTPOHUKH. [Tocie momoOHbIX pacueToB U3 KOHKPETHBIX JJIEK-
TPOPAJANOTEMEHTOB N3rOTABIMBAIIM MAKET YCTPOUCTBA U B PE3YJILTATE €ro MPAKTUIECKOTO UCCIICIOBAHUS
YTOYHSUTH 3HAYEHHUSI [TApaMETPOB JIEMEHTOB CXEMBI (K IPUMEPY, OIPEIEIISUTH JCHCTBUTEIBHO
HeoOXxoauMoe 3HaueHue R,).

B nacrosiiee Bpemst 3Ha4eHHE MTOJJOOHBIX PACYE€TOB COCTOUT B TOM, YTO OHHU:

BO-TIEPBBIX, IOMOTAIOT YSICHUThH B3aUMOCBSI3b PA3IMYHBIX TAPAMETPOB 3JIEMEHTOB IEKTPOHHOM CXEMBI,
T. €. TIO3BOJISIIOT O0J1ee TTyO0KO MPOHUKHYTH B CYIIIHOCTh SIBJIEHUH, IMEFOIIIIX MECTO B 9TOM CXEME;
BO-BTOPBIX, MTO3BOJISIIOT MOJTYYHUTh NPEABAPUTENLHBIC, OPUEHTUPOBOYHBIEC 3HAUECHUS ITapaMEeTPOB
AJIEMEHTOB, KOTOPbIE UCTIONB3YIOTCS IPH MaTEMaTUIECKOM MOJICITMPOBAHUH JUIs1 ONPEAEIICHUS
OKOHYATEeJIbHBIX 3HAUYEHUH.

IIpoBeneM aHaNM3 YCHUITMTENSI C SMUATTEPHOM cTabmm3aiieii. [IocKonbKy B TaHHOM CXeMe JICHCTBYIOT
OJTHOBPEMEHHO TIOCTOSTHHBIE U TIEPEMEHHBIE HAIIPSHKEHHSL, TO OCYIIECTBISIIOT aHAJIN3 CXEMBI CHavaa 1o
MIOCTOSTHHOMY TOKY, a 3aTeM 1o riepeMeHHoMy. Ho /1715t 3T0r0o BHauasne n300paxaroT SKBUBAJICHTHYIO
CXEeMY 3aMeIIeHUsT YCUITUTEIS, 3aMEHSIs1 TPAH3UCTOP €r0 SKBUBAJIEHTHOM cXeMoit 3amerieHus. s
VIIPOIIEHHSI aHAJIN3a YaCTO B DKBUBAICHTHOM CXEME 3aMEIECHHS TPAH3KUCTOPa HCTOYHUKOM TOKa |y, 1
PE3UCTOPOM TI'x IPEHEOPETAIOT, TAK KaK I'y BEIUKO (I'x -»0), a |",, Mamno (I°,->0). [Tony4aror
HKBUBAJICHTHYIO CXEMY 3aMelenus ycunurens (puc. 2.20).

[TapamMeTpbI 27IEMEHTOB YCUITUTENS (B 9YaCTHOCTH, eMKOCTH KoHaeHcaTopoB Cy ,C; u C,) BeIOMparoT
TaKuM 00pa3oM, YTOOBI B 00JIACTH CPEIHUX YaCTOT MEPEMEHHBIE COCTABIISIO-

Rr

Puc. 2.20



mue HanpspkeHuil Ha koaeHcaropax Cp ,Co u C, 6buH peHeOpEeKUMO Mallbl.

[Tos1e3HO OTMETUTH, UTO AMIUIUTY/ bl YKA3aHHBIX IEPEMEHHBIX COCTABJISIOLINX 3aBUCAT HE
ToabK0 OT eMkocTel C1 ,Cou C,. B COOTBETCTBUH € U3JI0KEHHBIM B IMHENHON SKBUBAJICHTHON
CXEMe€ Ul CPEIHUX YacTOT COMPOTHUBIICHUSIMU YKa3aHHbBIX KOHJEHCATOPOB IPEHEOPETatoT.

TpaH3ucTOp IS YCUITUTEINS BRIOUPAIOT TAKUM 00pa3oM, YTOOBI B 00JIACTH CPEAHUX YacTOT
YXYJIIEHUE €r0 YCUIIMTEIbHBIX CBOMCTB IIPU YBEJIIMUEHUH YACTOThI ObLIIO HE3HAUUTENbHBIM. Eciu
00paTUThCs K KOMILICKCHOMY Kodddurmenty b, To ckazanHoe 03HayaeT, 4YT0 BEIOHPAIOT
TPAH3HCTOP C TAKOM MPEETbHON YacTOTOH frped, KOTOpask HE MEHBIIIE HAMOOJIBIICH YaCTOTHI U3
obnactu cpeAHUX 4acToT. [1o3TOMy B IMHENHHON SKBUBAJIEHTHON CXEMe YCUIIUTENS TSl CPETHUX
YaCTOT HE UCIIONB3YIOT EMKOCTH TPAaH3HCTOPA, a KO3 (GHUIUEHT D CYUTAIOT BEIIECTBEHHBIM U
IIOCTOSTHHBIM.

B cooTBeTCTBUN € U3II0)KEHHBIM, A TAK)KE C LEJIbIO YIIPOIIEHUS PACYETOB, B OKBUBAJICHTHON
CXEM€ TPaH3UCTOpPa OCTABJIEHBI TOJIBKO PE3UCTOPHI C CONIPOTUBIIEHUEM g, I, 1 ICTOYHUK TOKa,
YIIPABISIEMbIN TOKOM f3* .

[TockonpKy HaC HHTEPECYIOT TOJIBKO MEPEMEHHBIE COCTABIISAIOIINE TOKOB U HAIPSLKEHUH, TO
BEJIMYMHON E; U CONPOTUBIECHUEM UCTOUHMKA TUTaHUs E, npeHeOperatoT. byaem cuurars, 4to
R=0 u BnustareM pesuctopoB R u Ry Ha KoappuumeHT ycuneHus nepeMeHHOro CUrHama Ugy
MOKHO IPEeHEOpEYb.

PaccMoTpuM MHEHHYIO SKBUBAJICHTHYIO CXEMY JJIsl CPEAHUX YacTOT, H300paKEHHYIO Ha PUC.
2.21.

[TeHHOCTB 3TOM CXEMBI HE OTPAaHUYUBACTCS TEM, YTO OHA IO3BOJISAET BBINOJHUTH PYYHOU
pacuer pexuma ycuieHus. Eme Oosiee BaKHO TO, YTO 3Ta CXeMa IIOMOI'aeT YSICHUTh BIIUSTHUE
[apaMeTPOB PA3JINYHbIX JIEMEHTOB YCHJIUTENS Ha CIOCOOHOCTh YCUIIMBATh BXOAHOM curnain. U3
9TOM CXEMBI XOPOLIO BUIHO, YTO JJIsl IEPEMEHHBIX COCTABIAIOUINX TOKOB U

Puc. 2.21

HaIpsDKEHUH pe3ucTopbl Rk 1 Ry BKIFoueHsb! napaiienbHo. [Ipu pydHBIX rpadiyecKux pacueTax
3TOT (DaKT HAXOJUT OTPAKEHHUE B TOM, YTO Ha BBIXOJHBIX XapaKTEPUCTUKAX CTPOST TaK
Ha3bIBAEMYIO JIMHUIO HArpy3KH Ha TiepeMeHHoM Toke JIH, HakJI0H KOTOopo# onpesensercs
BEJIMYNHOMN

Bblie yka3sIBaaoch, 4TO HAKJIOH JIMHUHM Harpy3Ku Ha moctositHHOM Toke JIH onpenensercs
BenuunHOU Rx+Ry. Mmenno no muaum JIH nepementaercs padouas Touka PT (ve HPT!),
XapaKTepHU3YIIIas peKUM paOdOThl YCUIUTEINS MIPH HATMYUHU TIEPEMEHHOTO BXOTHOTO CUTHAJIA
Uy Ha puc. 2.22 yxazana amrumaryna U, HanpsoKEeHUs Ha Harpy3Ke Uy, paBHASI aMIUIATY/IE
TIEpPEMEHHOM COCTABIISIFONICH HAIIPSDKCHHS Uy, © COOTBETCTBYIOIINE MPEICIIbHBIC TOUKHU K U € Ha
auann JIH . TIpu aToM mipeamonaraercs, 4To TOK 0a3bl H3MEHSIETCS B IPEENIax OT g1 10 Ig3.
N300pa3um BpeMeHHBIC JUarpaMMBbl, XapaKTepu3yoIre padoty ycwmmmrens (puc. 2.23).



OOpatum BHUMaHHE HA TOT (DAKT, YTO BBIXOJIHON CUTHAN Uy CABHHYT OTHOCHTEIHHO BXOJIHOTO
Uqx Ha 180 rpamycos, T. €.
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Puc. 2.23

RC-ycunmurens MHBEPTUPYET CUTHAMI 110 (ha3ze. MIHOraa 3ToT hakT NoTIepKUBAOT TEM, UYTO CUUTAOT
KOO PHIMEHT YCHIICHHS 110 HANIPSDKSHUIO OTPHIIATEIILHON BETUIMHOM.

KoaddurmeHT yerneHus yCHauTes 1o HanpsbkeHuto K, sBisiercst oM 13 Hanbosiee BayKHBIX
napameTpoB ycwutens. [1pu yciaosun, uro Ry=0, koadpurnuent K, onpenensercs BoIpakeHrEM

KH :UH.m/UGX.m

rae Uy m —aMIUTMTy/1a BXOJHOT'O HAMPSDKEHUS U, OOpaTUMCS K JIMHEHHOMN SKBUBAJICHTHOM CXEME JIs
cpemaux 9actoT (puc. 2.21). O603uaunm uepes g, aMIInTy 1y IEpEMEHHON COCTABIISIONIEH Ig. TOKA
6asel. Torma ammmryaa 1,, IepeMEeHHON COCTaBIISIONIEH ToKa sMuTTepa I, paBHa (1+5)1;,,, a
BemmmunHa U, 1 onpenensieTcsl BRIpaKeHUEM

Uex.m= 16.m ° 7"5+(|+,B) ° i6.m e r,= |6m ° [r6+(1+ﬁ) ° ra]-



Benmuuuna U, onpenensiercs BeIpaKeHUEM
Unm:ﬁ.lﬁ.m .(RK.RH)/(RK+RH)
C yuetrom BoipakeHu#t 1 Ugm u U, moayuum
Rg ‘R
B- VK A

—_ Rg+Ry
" r++PB)ry

0O603HaYNM Yepe3 Iy, BXOIHOE THDhepEHIHAIBHOE CONPOTHBICHHUE TPAH3UCTOPA IS CXEMBI C OOIIM
smutTepoM. OUEeBUIHO, UTO Iy, = Fg+(1+f) o 1,
B coOTBETCTBHUH C THM MOYKHO 3aIIMCATh:

p.Rx Ru
RK+RH

7.09

K=

BaxnpiMu napamMeTpaMu YCUIIUTEINS SIBJISIOTCS €70 BXOJIHOE M BBIXOJHOE CONPOTUBIICHUS. N3
JIMHEMHON SKBUBAJIEHTHOW CXEMbI, COOTBETCTBYIOIIEH TPUHATHIM JIOMYIIEHUSIM, XOPOLIO BUIHO,
YTO BXOJITHOE COTIPOTHRIICHUE YCUITUTENS (DaKTHUECKH SBIISICTCSI BXOIHBIM Tu(hepeHIIrmaIbHBIM
COIMPOTHBIICHUEM TPAH3UCTOPA /ISl CXEMBI ¢ 00LM SMUTTEPOM (F5p5). OUEBUIHO U TO, YUTO
BBIXOJTHOE COMPOTUBIICHUE YCUIIUTEIIS PAaBHO BeJIMUKHE Ri.

Koaddumnment ycunenus o Toxy Ki onpeaenstor BeipakeHHEM

I

- H.m
K; =t

st.m

Trac 16xm ;1Hm — COOTBCTCTBCHHO aMIINIMTYJAbl TOKAa KCTOYHHUKA BXOAHOI'O CHUI'HAJIa 1 TOKa

Harpy3Ku.
B cooTBeTcTBHM ¢ IPUHATHIMU AOMYIIEHUAMHA 1,y,= |5y, JIETKO 3aMETUTB, UTO

Rk *Ryg
_RK +RH

Iu.m=B'I6.m Ry

C y4eTom 3TOro noiay4um

K: =B._‘R_K__.
! RK+RH

AUX n @YX ycunurens: aHaJOTUYHbI TUIIOBBIM XapaKTEPUCTUKAM, PACCMOTPEHHBIM B
npeasiaymiem maparpade. Cmag AUX B 00/1acTH HU3KUX 9acTOT OOYCIOBIICH YMEHBIIICHHUEM
K02 PUIIMECHTA YCUIICHHS YCUIUTEIS 3a CUET YBEIWUCHUS PEaKTUBHOTO CONMPOTUBIICHUS
emkocteit Cq ,Cp, C,. Crmam AUX B 0051acTH BRICOKHX 9aCTOT 00YCIIOBJICH OIrPaHUYCHHBIMHA Ya-
CTOTHBIMHU CBOMCTBAaMH TPAaH3UCTOPA.



2.4. YCUWINTEJIA HA ITOJIEBBIX TPAH3UCTOPAX

B xauectBe npumMepa paccmorpuM RC-ycunmurerns Ha MoJIeBOM TPAH3UCTOPE C P-N-TIEPEXOIOM,
BKJIFOYEHHOM C OOIIMM HCTOKOM (puc. 2.24). Mcnosib3yeM TpaH3UCTOp ¢ KaHaJIOM N-THIIA.
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Puc. 2.24

JU1s ICoITB3yeMOoro TpaH3MCTOpa HAYATbHOE HAIMPSDKEHUE 1y, TOJKHO OBITH TIOJIOKUTEIILHBIM ([P-N-
TICPEXO/T JIOJDKEH HAXOUTHCSI TTO]] 3AITMPAIOIIUM HarpspkeHrneM). C 1ENBIO MOTyYEeHHs 3TOr0 HANPSHKCHUS B
LICTIb MCTOKA BKJIFOYAIOT PE3UCTOP Ry, Ha KOTOPOM BO3HHUKACT MaJCHUE HAIIPSHKCHUS UR, OT
MPOTEKAHMS 110 HEMY Ha4aJIbHOTO TOKa UcToka |, Hampsbkenue ug, gyepes pesucrop Rz mepenaercs Ha
3aTBOp. Tak Kak TOK 3aTBOpa MOJICBOIO TPAH3UCTOPa MPEHEOPESKUMO Mal, MTaJICHUE HAIIPSDKEHUS Ha
CONPOTUBIIEHUHU R3 IPaKTHMYECKH PABHO HYJIIO, TOATOMY Uy | URy .PaCCMOTpPEHHYIO cxeMy obec-
MICYCHHUS HAYaIBHOIO PEXKMMA PAOOTHI HA3bIBAIOT CXEMOM ¢ aBTOMATHYECKUM CMEILICHUEM.

ITycTh 3anaH HavaabHBIH TOK CTOKA ( |y = |iy) M HAYanbHOE HanpspkeHue U,,,, MKy HCTOKOM H
3arBopoM. Toraa conpotuBienue R, cneayer BEIOpaTh U3 COOTHOIICHUS

_Unsn
3 .
Icy

Conporusienne Rz 06p14HO BbIOUpatoT nopsaka 1 MOwm.

ITone3Ho OTMETHTB, UTO paccMaTprBaeMas cxemMa 00eCTIeUeHNS HA9aIbHOTO PeKUMa paboThI
XapaKTepU3yeTCs TIOBBIIICHHON CTaOMIHLHOCTRIO. ECii 1Mo KakuM-JTmO0 mpuiIrHaM Ha9albHBINA TOK CTOKA
|y HAYHET YBEJIMUMBATRCS, TO 3TO MPUBEACT K yBeIWUeHHIO Hanpsbkeauid Ug, n Uy, 9T0 Oymer mpe-
MIATCTBOBATh 3HAUYNTEIILHOMY YBEJTMUCHHIO TOKA |y

Momyns koadhduIneHTa yCUIeH!s Kackaaa B 00JIaCTH CPETHUX YaCTOT ONPEIENISETCS PABEHCTBOM

K,=sRc Ry

3 +R,

Rc + Ry
rjae S — cTaTHyeckas KpyTH3Ha XapaKTePUCTUKH TOJIECBOTO TPAH3UCTOPA, ONpeeisieMast 1o
crpaBounukaM. Haznauenne kongencatopoB Ci ,Cy u C4 aHAJIOTHYHO HA3HAYCHUIO COOTBETCTBYIOIINX
KoHAeHCcaTopoB RC — ycuuTelns Ha OUITOISIPHOM TPAH3UCTOPE.

YacToTHBIE XapaKTePUCTUKU PACCMATPUBAEMOTr0 YCHIIUTEIS TTOT00HBI YaCTOTHBIM XapaKTEePUCTUKAM

RC — ycuiuTens Ha OUITOISPHOM TPaH3UCTOPE.



2.5. JUHENHBIE CXEMbI HA OCHOBE ONEPAIIMOHHBIX
YCWIMTEJEM (OY)

Kak y»xe oTMedasnoch, orepalMoHHbIE YCHIIMTEIHN B HACTOSIIICE BPEMSI MCTIONB3YOTCS B CAMBIX PA3TMYHBIX
ANIEKTPOHHBIX YCTPOHCTBAX. VX MMPOKO MPUMEHSIOT KaK B aHATIOTOBBIX, TaK M B UMITYJIbCHBIX YCTPOMCTBAX
AJIEKTPOHUKH. B TO 7K€ BpeMsl CYILIECTBYIOT M YaCTO MCTIONB3YFOTCSI THIIOBBIC JIMHEHHBIE CXEMBI HA OCHOBE
OTIEPAIIMOHHBIX YCHIUTENCH. Takue THITOBBIE CXEMbI JOJDKEH 3HATh KaXK/IbIi MHYKEHED, UCTIOJIb3YFOIIHMA
AJIEKTPOHHBIC YCTporcTBA. FIMEHHO Takue CXeMbI paCCMATPUBAFOTCS HIDKE.

OueHb 1M071e3HO OBJIA/IETh JJOCTATOYHO MPOCTHIMU MIPUEMAMH PYYHOT'O aHAIT3a AJIEKTPOHHBIX CXEM Ha
OCHOBE OTIEPAITMOHHBIX YCUIMTENIEH. ITO 3HAYMTEIBHO OOJISrYUT IIOHUMAHKE TIPUHIIMTIA ISHCTBUS
KOHKPETHBIX YCTPOWCTB 3IEKTPOHUKH U OYJIET CIOCOOCTBOBATH MOTYYEHUIO JIOCTOBEPHBIX PE3YIILTATOBR
MAIIIMHHOTO aHaJI3a. YKa3aHHbIC PUEMbI aHATT3a OCHOBAHBI HA PAZIC JOMYIIICHUM, IPUHUMACMBIX B
TPETIONIOKEHNH, YTO HCTIONIB3YEMBbIC OTIePAIIMOHHBIC YCUITUTENN JOCTATOYHO OJIM3KU K HIICATbHBIM.
[TpakTrka pacyeToB MOKA3bIBAET, YTO PE3YJIbTATHI, TOTy4acMbIe Ha OCHOBE JIONYIIEHUH, UMEIOT BITOJIHE
TIPUEMIIEMYIO TIOTPEIITHOCTb.

[Tpumem cemyromme JOMyIeHuUs:

1. BxomHOE COMPOTUBIICHHE OTIEPAIIHIOHHOTO YCHIIUTENIS PaBHO OECKOHEYHOCTH, TOKH BXO/IHBIX
9JIEKTPOAOB paBHBI HYIIO (Ry->00, i.=i.).

2. BbIX0/THOE CONPOTHBIICHHE OTNIEPAIMOHHOTO YCHUIIUTEIIS PABHO HYJIIO, T. €. OTIepaIlMOHHBIHA
YCHIIUTENH CO CTOPOHBI BBIXO/1a SABJISETCS MACAIbHBIM HCTOYHUKOM HanpskeHHs (R4, =0).

3. Koo duimeHT yerienus 1mo HanpsbkeHuro (koddduipent yernenus auddepeHipaibHoro Curaaia)
paBeH OCCKOHCUHOCTH, a MU hepeHIMATBHBINA CUTHA B PSKUME YCHUJICHHUS PaBEH HYIHO (IIPHU 3TOM HE
JIOITYCKAETCsI 3aKOPauYMBAHUS BHIBOJIOB ONEPAIIMIOHHOTO YCUJIUTEJIS ).

4. B pexxrMe HaChIILICHHS HAIPSDKEHUE Ha BBIXOJIC PABHO 10 MOJIYJIIO HAIIPSHKCHUIO ITUTAHMS, a 3HAK
OIpEACIIACTCS MOIIPHOCTHIO BXOAHOTO HanpsKeHus. [Toie3H0 00paTUTh BHUMAHKE Ha TOT (PaKT, YTO B
pEeKUME HaChIeHUs T (epeHIMATbHbIN CUTHAJT HEJIB3S BCETJIa CUMTATh PABHBIM HYJIIO.

5. CunH(azHbIil CUTHAIT HE ICHCTBYET Ha ONICPAIIMOHHBIA YCHIIUTETb.

6. HanpsbkeHne cMenieHnst HyJIsl paBHO HYJTIO.

2.5.1. MuBeprupyromuii ycunurenb Ha ocHoBe OY

PaccMoTpum cxeMy MHBEPTHPYIOIIETro yeunuTens (puc. 2.25), U3 KOTOpoil BUIHO, YTO B HEl
NeiCTBYeT napasuienbHas

1) Ry
R i S
i Ry i:. N ‘
0
u l “oup T Iv‘a’“
a F
Puc. 2.25

oOparHas cBs3b 110 HaNpspKeHHIo. Tak kak i = 0, To B COOTBETCTBUU C MEpBbIM 3akoHOM Kupxroda
il =i2.

[penmnonoxum, 4To ONepalOHHbIA YCHIIUTENb PA00TAET B pEeXKUME YCHIICHUS, TOTAA Uyp = 0. B
COOTBETCTBUM C ITUM Ha OCHOBAHMUM BTOPOro 3akoHa Kupxroda noryanm

3 2 U
,ll =— 12 = ——

Ry’ Ry



YuuTBIBas, UTO iy =iy, MOIYUACM Uy, = -Usx R2/R1.

Takum 00pazoM, THBEPTUPYIOLIUI YCHITUTENb XapaKTepru3yeTcs: KOIP@UIIMEHTOM YCUIIEHHS 10
HAIPsDKEHUIO, PaBHBIM

Hampumep, ecnu R; =1KOM,R; =10kOM, Torma

Ugx =—10-1,,.

I[JISI YMCHBIICHW S BIIMAHKWA BXOJHBIX TOKOB OIICPALMOHHOI'O YCUIIMTEIIA Ha BBIXOJHOC HAIIPSDKCHUC B
1IeMb HEMHBEPTUPYIOIIETO BX0/a BKIIOYAIOT PE3UCTOP € conmpoTuBieHneM Rs (puc. 2.26), koTopoe
OIPECIIACTCS U3 BBIPAKCHHS

R3 =Rl//R2 =M

o__éf,_m—
D

R;

-0

BxonHoe conpoTrBiieHre MHBEPTUPYIOILErO YCHIIMTENS HA HU3KHX YacTOTaX 3HAYUTENIBHO HIKE
COOCTBEHHOI'0 BXOHOT'O COIIPOTHUBIIEHUSI ONEPALIMOHHOTO YCHITUTENSL. DTO MOTHOCTBIO COOTBETCTBYET
CJIEJIaHHOMY paHHee BBIBOJTy O TOM, YTO HapasulesibHas OTpULlaTeNIbHasi 00paTHask CBA3b, UMEIOIAsi MECTO
B CXEME, YMEHBIIIAET BXOTHOE COTIPOTUBIIEHUE. Y UUTBIBAS, UTO Uyy,g ~ 0, JIETKO 3aMETUTh, YTO BXOJHOE
COIPOTHUBJIEHHUE YCHIUTENS HAa HU3KHUX YacTOTax NPUOIU3UTENBHO PaBHO Rj.

BbIxoHOE cONpOTHBIICHIE HHBEPTUPYIOIIETO YCHUIIUTEIS HA HU3KUX YaCTOTaX Reyy oc CYIIECTBEHHO
MEHBIIIE BBIXOJHOTO CONPOTHBIICHHS HA HU3KUX YacTOTaX Re,, COOCTBEHHO ONEPAIMOHHOTO YCHITUTEIS.
3710 SABIAETCA CIE/ICTBUEM JCHCTBHS OTPULIATENBLHOM 0OPATHOM CBSI3U MO HANPSHKEHUIO.

MosxHo oka3arb, 4To
Ry, =— Rewr
8bIX.0C Rl ’

14 KL
R,

rac K— KOB(I)(I)I/H_I,I/ICHT YCUJICHUS 110 HAIIPSDKCHUIO ONICPALITMOHHOT'O YCUITUTCIIA.

2.5.2. HenHBEPTUPYIOIMUHI YCHIINTEND HA OCHOBE OY

PaccMoTtpuM cxemy HEMHBEPTUPYIOILEro yeuuTesis (puc. 2.25), rie UMEET MECTO Mocie0BaTeIbHAs
OTpHUIIATENIbHAS CBS3b 110 HANMPsDKEHUIO. BHAYaIIe BBITIOIHUM aHAIU3 CXEMBI,
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WCTIOJTB3YSl IPUHSTHIE JOMYIIEHHS, a 3aTE€M BBIITOJTHUM aHAJIN3 Ha OCHOBE BBIPKEHUM, TOTyYSHHBIX IS
YCUIIUTENS C YKa3aHHOM 00paTHOM CBS3BIO.

B cooTBETCTBHM C paHee MPUHATHIMU JOMYIICHASIMA BXOIHbIC ToKH OY paBHBI HYJHO, T. €. 1_ =i+ =0
U, CJIEIOBATEIBHO, i1=I).

[ TpearomnoxuM, 4To OTepaIiMOHHbIA YCHIIUTENh padoTaeT B pexkume ycuiienus, Toraa Uy, = 0, Ha
OCHOBaHHUU BTOPOro 3akoHa Kupxroda nomydaem

UR) = —Ugys UR) T Ugy —Ugpyx -

[Ianee HNMCECM CIICAYIOIINC BbIPAKCHUSA:

» . . u
iy Ry ==ugy, Iy Ry =g —Ug s q=~—ﬁ,
1
Z Uy ueux Ugx _uex_udux u _L+_1_ _usux
R, ' R R, ’ R R ) R’
R +R, R,

Ugye = Ug, | 1 +—=

Takum 00pa3oM, HEMHBEPTUPYIOIIMI YCHIIUTENb XapaKTepr3yeTcs: KOI(hGHUIIMEHTOM YCUIIEHHS 110
HAIPSHKEHUIO

K,,=l+£3-.
Ry

Bocmonb3yemcst 00mmmm BeIpakeHueM Uit Kod(pduimeHTa yCHIeH sl yCUITUTENs, OXBAYSeHHOTO
TMIOCJIEIOBATENFHOM OTPHIIATENHLHON 00PATHOM CBS3BIO MO HanpshKeHHTo. [Ipemonokim, uto
UCTIONTB3YETCSl BXOJTHOM CHTHA HU3KOM YacTOTHI, M TIO9TOMY OY/IEM HCIIOIb30BaTh BEIIECTBEHHEIC
koddurments! K, f u K, ,.. B cooTBeTCTBUU C OOIIMM BBIpaKEHUEM

K
K, =—".:
u.oc 1+K'B
[Tpu K-»o0
1
Ku.oc = 'E E

Koadduuument £, kak MOXKHO 3aMETHTb U3 pUC. 2.27, onpesiensieTcss BRIpaKeHHEM

R,

p—R1+R2'



Takum o6pazom, nipu K -» o

R
Ky.oc =1 +”§2”

1

YTO COBIAJAET C PE3YJIbTaTOM, IIOJy4€HHBIM HA OCHOBAHUH HCIIONB3YEMbIX JOITYILECHHUIA.
ITycte, Hanpumep, R1 = 2x0m, Ry = 4kOm n u,,,=2B. Torpa

4-10%

2.10° =B,

gy =2°| 1+

OO0parumcst K 00IIMM BBIPKESHHSIM JIJISI BXOTHOT'O 1 BBIXOTHOTO conpoTHBIIeHu. [ Ipemmnonarast, 4ro
YCHJIHTENh PaboTaeT Ha HU3KOKM YacTOTe, HCIOJb3YeM BEIIECTBEHHBIC CONPOTUBICHUS Ry Ry oc

Reuix sRspix.0c -110TydaeM, 9TO BXOAHOE CONMPOTUBIIEHUE PACCMATPUBAEMOT0 YCHITATES
npudeM npu K -» o0 Rgy o -» 00 @

Rsx.oczRux' 1+K—R!—

R+R, | AHaQJIOTUYHO

1R
R1+R2

OueBugHO, pu K -» © Ryi—> 0. 3aMeTHM, 4TO MOTYyYEHHOE BRIPAKEHHE COBITAIACT C
MPUBE/ICHHBIM BBIIIE BEIPKEHUEM ISl YCHIIUTENS C apalIeNIbHOM OTPULIATENTbHOM 0OpaTHOM CBSI3bIO.

Ha Bxonax onepaiioHHOTO YCUIIUTESI, UCIIOJIb3YIOIIETOCsS B HEMHBEPTUPYIOIIEM YCUIIUTEIE,
UMeeTCsl CHH(a3HbIM CUTHAI, PaBHBIN HANIPSDKCHUIO Ugy. DTO HEJIOCTATOK TAKOTO ycuiuTens. B
WHBEPTHUPYIOIIEM yCHIINTENE CHH(A3HBIN CUTHAT OTCYTCTBYET.

2.5.3. IloBTOpUTENH HANIPSIAKEHUS HA OCHOBE OY

Cxema nostopurens (puc. 2.28) 1erko MoKeT ObITh MOJyYeHa U3 CXE€Mbl HEMHBEPTUPYIOLIETO
YCHIJIUTENS IPU

R1 —» o, R, —» 0. 3aeck npenanonaraercs, 4To ONeparMOHHBIA YCHIIMTENb pad0TaeT B PEXKUME
YCHIIEHHS (Ugyg ~0). ICXOIT M3 HOTYYeHHOTO BBIIITE OOIIEr0 BEIPKEHIS JUTS HAPSDKCHUS Uy HITH
WCIIONB3Ys BTOPOi 3akoH Kupxroda, nomydaem
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U uﬁ:l
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Ugpix =Ugx-

Puc. 2.28



2.5.4. CymMmmarop HanpsHpKeHHM
(MHBEPTUPYIOUIUN CyMMaTOp)

PaccmoTpum cxemy cymMmaropa, MpuBEeJeHHYIO Ha puc. 2.29.

Usxi Upn

ITpeamnonoxim, 9To OIEPAMOHHBIN YCHIUTENb PA0OTACT B PEKUME YCHIICHUS, TOTIA Uy,g ~0.
YuureiBas, uto i_ =i =0, moxyunm

n - .
b3 G .
=

IIpu uyup ~0 momydnm
UR; =HUgx j , J=Lywun;
uRDc = Ugpry.

Ha ocHoBaHMM 3THX BBIpayKEHHUI! ITOCIIE HECIIOXKHBIX ITPeoOpa30BaHHM, AHAJIOTHYHBIX BBITOIHEHHBIM IS
MHBEPTUPYIOILETO YCUIIUTENIS], OJTy4acM

n

Ugpex = —Roc.* 2
=1 Rj

uaj

I[J'IH YMCHBIICHUS BIMAHNA BXOJHBIX TOKOB OIICPAIIMOHHOI'O YCUIINUTCIIA B LICIIb

HCUHBCPTHPYIOLICTO BXOAa BKIOYAOT PE3UCTOP C COIIPOTUBIICHUEM
R,= Ru,//Ro/l.../IRo/Roe

2.5.5. BeruuTamoumuyii yCuImTeNb
(ycunmutens ¢ nuddepeHInaabHbBIM BXOI0M)

B Briuntaromem ycunutene (puc. 2.30) o1UH BXOJHOM CUTHAI MOJAETCS HA UHBEPTUPYIOLIUI
BXOJI, @ BTOPO — Ha HEWHBEPTUPYIOIIHA. [ Ipernonoxkum, 4To ornepalioHHbIi YCHITUTENTh padoTaeT B
JIMHEHHOM pexume. Tora Bce yCTpOCTBO MOKHO CUMTATh JUHEUHBIM U TSl aHAIK3a UCTTOJIh30BaTh
TIPUHITAT CYTIEPIIO3UITNN (HATTOKESHUS ).
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Ugxs Hgpx

—o<— O

Puc. 2.30

[Ipeamnonoxum, 4To Uy ~ 0, TOrIa COOTBETCTBYIOIIEE BHIXOHOE HAIIPSIKEHUE Uy, OyIET
OTIPENIEISITHCS BRIPAXKEHUEM, COOTBETCTBYIOIIIMM HHBEPTUPYIOIIEMY YCHIIUTEIIO:

' _ R2
Ugpx = —Ugy] — -

Ry

OnpenenuM HAIPSHKEHUE HAa BBIXOJIE U,y ,&CIH Uy = 0. JIJIs OLICHKH BO3ICHCTBUS
HAIMPSHKCHUS U, TICTIECOO00PA3HO BHIMOJIHUTH, HA OCHOBE TEOPEMBI 00 SKBUBAJICHTHOM I'€HEpa-
TOpe, Mpeodpa3oBaHue LENH, MOAKIIOUYEHHON K HEMHBEPTU-pYIolIeMy BxoAy (puc. 2.31),

R, Rys «a»
".le R, =l e ,
I ; I

Kak cnenyer u3 ykazaHHOW TEOpPEMBI,

u u _'_R4 ———
axe = Hex2 ’ = :
R3 + R4 R3 + R4
B paccMarpuBaeMoM Cllydae HalPSHKEHHE Ha BHIXOE Uy, OYIET ONPENENATHC BEIPAKEHHEM,
COOTBCTCTBY}OH_H/IM HeI/IH-BepTI/Ipy}OI_L[eMy YCI/I.HHTC.HIO:

g R \_. R
W =Wis * 1+E2 =u“2-——R1:_‘R4- l+-—1é-
3

B cootBercTBHM C IPHUHOUIIOM CYIICPIIO3UIINH, O6HIGG HANPsXXCHUC HA BBIXOAC Uy
OMpECaACIIACTCA U3 BEIPAKCHHUA

R R R
U AUy Sy ——— | 1+ |y =2

- R+R, | R ) ™R npu Ri=R,=Rs=R4

u

Ugpix = Ugx2 = Uex]-



2.5.6. CxeMbl ¢ [UOoJaMu
U CTaOUIUTPOHAMHU Ha ocHOBe OY

PaccmarprBaeMble cXeMbI SBJISIFOTCS] HETMHEUHBIMU, TaK KaK COAECPKAT HEIMHENHBIE 3JIEMEHThl —
JTUOJTbI U cTaOUIUTPOHBL OHAKO YacTO TaKHe CXeMbl aHATU3UPYIOT, 0e3 ncrnob3oBanus DBM, kak
nuHelHbie. [Ipr 3ToM yacTo 110kl ¥ CTAOWIMTPOHBI CUMTAIOT UICATHHBIMH H 3AMEHSIIOT OTKPBITHIE
JIMOJTbI U CTAOMITUTPOHBI 3aKOPOTKAMHU, 3aIePThIE AUObI U CTAOMIUTPOHBI — pa3pbhIBaMH, a
CTaOUITUTPOHBI, PA0OTAOIINE B PEKUME MPOO0s, — MCTOYHUKAMHE HAIPSKCHUS.

[pu rcob30BaHMH MTOJJOOHBIX CITOCOOO0B JIMHEAPH3AIMH HETMHEHHBIX CXeM OCHOBHAsI IIpo0IiemMa
COCTOUT B TOM, YTOOBI ITEPE]] aHATTU30M OIPE/ICITUTh, B KAKOM PEXKUME Pad0TaeT KaKIbIi HETMHEHHBIHI
AJIEMEHT. 3/1eCh OOJIBIIIYIO IIOMOIIH MOXKET OKa3aTh OMbIT aHAIKU3a MOI00HBIX cxeM. [1ycTh caenano
HEKOTOPOE MPEATNOJIOKEHHE O COCTOSHIUM HEJIMHEMHBIX 3JIEMEHTOB (HAIPUMED, ITPEATIONaraeTcs, YTo
MIEPBBIN TMO/ OTKPBIT, BTOPOH 3aKPBIT U T. 11.). Tor/aa rnocie aHamsa CXeMbl, BBITOJIHEHHOTO HA OCHOBE 3TOT0
MPEIONIOKEHHS, HEOOXOIMMO IMPOBEPHUTH €r0 MPaBUIbLHOCTh. HamprmMep, He00X0IUMO YOSIUTHCS, 4TO
Yepe3 MPeAoNIOKUTENTBHO OTKPBITHIN IMO/1, 3aMEHEHHBIN 3aKOPOTKOM, TOK ITPOTEKAET B MPSIMOM HAIPaB-
neHun. [Ipy MalmMHHOM aHaM3e CXEMBI, IOJI00OHBIE PACCMATPUBAEMBIM, AHATU3UPYIOTCSI KaK HENTMHEIHBIE.

s mpuMepa BBITIOJIHMM aHAJIW3 CXEMbI Ha puc. 2.32, mpeamnonaras, 4To J10Abl — HJI€aJIbHBbIE.
IIycTe BHauane

ug = 1B. Eciu quon D1 oTKpBIT (3aMEHsIEM ero 3aKOpOTKOH), a uoa D2 — 3akpeIT (3aMEHUM €ro
pa3pbIBOM), TO MOJYYHM SKBUBAJICHTHYIO CXEMY, IPUBEICHHYIO Ha puc. 2.33. V3 1aHHOM cXeMbl
CIIE/TyeT, YTO

R
Ugpxy =Ugy * 1+E2- =3B.

D
N
P
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Puc. 2.32

10x ipy

Puc. 2.33



[TpoBepruM MpPaBUITLHOCTH CACTAHHOTO MPE/ITOIOKEHHUS, IS YeT0 ONPEISIUM TOK Ipy Auoaa D1 u
HanpsbkeHue Upy tnoaa D2. Miconb3yst JOIyIIEHUE O TOM, YTO Uy,g = 0, moaydaem Up, = —2 B 1
ip1 = 0,2 mA. Tak kak HanpspkeHue Ha auoae D2 orpumarenshoe, a TOK uepes auoa D1 monoxkure-

JICH, MOYKHO YTBEPIKIIATh, YTO IPE/ITONIOKEHIE ObLTO TPABHIILHBIM.
[TycTh Teneps uq,=-1B. Ilpennonoxum, uro auoxa D1 3akpeIT, a nuoa D2 otkpeit. Tornma
MOJIYYHUM DKBHBAJICHTHYIO CXEMY, IIPUBEICHHYIO HA pHC. 2.34, U3 KOTOPO# IMOJTy4aeM, 4TO

W gy S gy 1+R£l =-1B .

Jliist TpOBepKH NMPAaBUILHOCTH CAEIAHHOTO MPEITOI0KEHHS OMPEICITUM ipy:

- 1

-
R, 5.10°0

ipy =ig| =

OueBuaHO, uTo Up1 = 0. [TorydeHHBbIC Pe3yabTAThI TO3BOJIIFOT YTBEPIKIATh, YTO MPEITIONIOKEHUEC
OBUIO MPABUIIHHBIM.

Puc. 2.34

2.6. YCUJIMTEJIA IIOCTOAHHOI'O TOKA

Ycunurens Ha3BIBAOT ycuiauTeneM noctosstuaoro tToka (YIIT), ecnu oH MOXKET yCHUIHBaTh
MOCTOSTHHBIE ¥ MEIJICHHO U3MEHSIOIINECS] CUTHAIBI. TaKoW YCHUIIUTENb MOXKET UCIIOJIb30BaThCS 1
JUUISL YCUJICHUS TIEPEMEHHBIX CUTHAJIOB.

Belmmie paccMOTpeHBI OneparioHHbIC YCHIIUTEIH, SIBIISIONINECS YCHIUTEISIMH TTOCTOSTHHOTO
Toka. Ho BHyTpeHHee yCTpOMCTBO ONEPAIIMOHHBIX YCUIIUTENEH HE pacCMaTpPUBAJIOCh.

Jlnst TOrO, 4TOOBI MOCTOSTHHBIC MJIM MEJICHHO U3MEHSIO IIIMECS CUTHAIIBI MOTJIN OBITh IepeaaHbl
C BX0/J1a YCWJIMTEJIA Ha €ro BBIXOJI, JOJIKHBI KCTIOJB30BAThCS TOJIBLKO FraIbBAHUUECKHUE CBS3U MEXKAY
OTJICIbHBIMU YaCTSAMHU YCHUJIMTEIIS HJIU 3TH CUTHAJIBI IOJDKHBI OBITh MPe0Opa30BaHbI B
nepeMeHHblie. [lomydyeHHbIe IEpeMEHHBIE CUTHAIIBI MOTYT OBITh YCHJICHBI C IOMOIIIBIO yCUIIUTENEH
MEPEMEHHOT0 TOKAa, B KOTOPBIX TAJIbBAHUYECKHUE CBS3U Pa30pBAHBI C TOMOILbIO KOHAEHCATOPOB
niu TpanchopMaropoB. IToce ycniteHns nepeMeHHbIe CUTHAIBI JTOJKHBI OBITh PeoOpa30oBaHbl B
MTOCTOSTHHBIC UJTH MEJICHHO W3MEHSIIOIINECS.

[Tpu nmoctpoenun YIIT ¢ ucronap3oBaHuEM TaJbBaHUUYECKOM CBSI3M MEXAY KacKagaMH
nosrydaroT YIIT, koTopomy mpucylie Takoe BpeaHOE sBIeHUE, Kak Aped Hyms. ITox
nperidoM HyJIS MTOHUMAIOT CaMOTIPOU3BOJILHOE H3MEHECHHE BBIXOIHOTO HAIPSDKEHUS MTPU
HEU3MEHHOM HYJIEBOM BXOHOM. OCHOBHBIMH MPUYMHAMU JApeiida HyJIs YCUITUTENS SBIISIOTCS:



M3MEHEHHUE NTapaMETPOB AJIEMEHTOB CXEMBI, IIPEXKAE BCETO TPAH3UCTOPOB, 3a CYET U3MEHEHUS
TEMIIepaTyphl OKPYKAIOIIEH Cpe/ibl; N3BMEHEHHE MTUTAIOIINX HAPSKEHUI; TOCTOSHHOE N3MEHEHUE
[1apaMeTpPOB aKTUBHBIX U [TACCUBHBIX AJIEMEHTOB CXEMbI, BBI3BAHHOE UX cTapeHueM. Curuan
npeiida Hyls MOXKET ObITh COM3MEPUM C MOJIE3HBIM CUTHAJIOM, [T03TOMY ITpu noctpoeHun YIIT
MPUHUMAIOT MEPHI 10 CHUKEeHUIO Aperda Hyas. OCHOBHBIMU MepaMU CHIDKEHUs Apeida SBIsSoTCs
JKECTKasi CTaOMIM3aUsl HCTOYHUKOB IMUTAHUS YCUIIUTEIIEH, UCIIOJIb30BaHUE OTPULIATENIbHBIX
00paTHBIX CBs3EH, MpUMEeHeHe OalaHCHBIX KoMIeHcanuoHHbIX cxeM YIIT, ucnons3zoBanue
AJIEMEHTOB C HEJIMHEWMHOW 3aBUCUMOCTBIO [TAPAMETPOB OT TEMIIEPATYPHI JJIsI KOMIIEHCALUU
TemreparypHoro apeida, npumenenue YIIT ¢ mpoMexyTOUHBIM MPeoOpa30BaHUEM H JIP.

Baxubim Bonrpocom nipu noctpoeHur YIIT gBisieTcss Takke cOriacoBaHUE MOTEHIMAIOB
COCEIHMX KacKaJ0B, COIVIaCOBAHME NCTOYHUKA BXOHOro curHana ¢ YIIT, a Taxxe noaxiro
yerne Harpy3ku K YIIT Takum o6pa3om, 4ToOBI Py HYJIEBOM BXOJHOM HANPSIKCHUU,
HANPsDKEHUE Ha Harpy3ke ObUIO Takke paBHO HYIIO. [loaTomy mpocreiimue YIIT, cocrosiue u3
HECKOJIbKMX KaCKaJl0B, BKJIFOUEHHBIX MOCIEA0BATEIbHO U COEUHEHHBIX raJbBaHUYECKOMN
(HemoCpeICTBEHHOMW) CBA3bIO, JJaXKe MPU YCIOBUH COTJIACOBAHUS MOTEHI[MAIOB 001a1a10T
PSAIOM HEIOCTAaTKOB, TTIABHBIM U3 KOTOPBIX SIBISETCA Apeild Hyms.

Taxum 00pa3om, Ui yCTpaHeHHsI OTMEUEHHBIX Bbiie HenocTaTkoB YIIT cTposT B Bume
napasuieIbHO-0aJaHCHBIX KaCcKaJI0B, IPECTABISIONINX OO0 cOalaHCHPOBAHHBINM MOCT, B OJTHO
IJIEY0 KOTOPOI0 BKIKOYEHA HArpy3Ka, a B Ipyroe — MCTOYHMK nuTaHusa. Cxema takoro YIIT
npuBejeHa Ha puc. 2.35.

Komnnexropusie conpotusieHust Ryxi u Rko, Tpansuctopsl 71 u T, pe3uctop R, 06pa3yroT MocT, K
OJHOM AMArOHAIM KOTOPOro MOJKIIOYEH UCTOYHHK MUTaHUs Ek, a B APYTYIO TUAaroHalb — MEXKIY
KOJUJIEKTOPAMH TPaH3UCTOPOB — BKJIKOYAETCS HArpy3Ka.

PR | . o °

.'+E1(

Puc. 2.35

I[Tpu HyJIEBBIX BXOAHBIX CHTHAIAX U MONHON cuMMeTpun cxeMbl (Rx1 = Ry, T1 1 T, ogMHAKOBEI)
MOTEHIINAJBI KOJUIEKTOPOB TPAaH3UCTOPOB T1 M Ty OMMHAKOBBI U Uy, PABHOE Uy] — Uy, PABHO HYITIO.
Bpbicokast cTaOMITBHOCTB CXEMBI OOBSICHSACTCS TEM, UTO IPH U3MCHEHUH HAIPSUKEHHS ICTOYHMKA TTMTAHHS
WY TIPY OJTMHAKOBBIX M3MEHEHHMSIX TTapaMETPOB TPAH3UCTOPOB (HAITpUMED, 3a CUET TEMIIEPaTyPhl)
MOTEHIIMATBI 000HX KOJIJIEKTOPOB TIOTYUYaIOT PaBHbIE IPUPAIICHUS U, CIIEIOBATEIILHO, BEIXOTHOE
HaIpsDKEHNE OCTAETCS PaBHBIM HYJO. B peanbHbIX cxeMax Beeria IMeeTcsl HEKOTOpast HECUMMETPHS TTeY
U CYILIECTBYET HEKOTOPBIN Ipeii) HyIsl, XOTS OH M 3HAUUTETHLHO MEHBIIIE, YeM B JIPYTHX cxemax. BxomHoit
CHUTHAJT B 3TOHM CXeMe MOXKET T0/IaBaThCs MO0 MEXITy OazaMH, OO Ha OiHY 13 0a3 mpu (PUKCHPOBAaHHOM
MTOTEHIINAJIE IPYTOM.

[pencrapus R, B Brjie MBYX MapauIebHO COSIMHEHHBIX COMIPOTHBIICHUH YIBOCHHON BETHYNHBI
(cMm. myHKTHD Ha pHC. 2.35), MOXKHO YBHJIETh, UTO paccMarpuBaeMblid YIIT npencrasisier coOoit aBa
KacKaJia C SMHTTEPHOM cTaOMIHM3aIueii, 00beIMHEHHBIX COOTBETCTBYIOIIM 00pa3oM (CM. BEpTHUKAIILHBIC
pazaenuTeNbHbIC JIMHAH ). BKITFOUMB 1ocienoBaTesibHO ¢ R, TOTOMHUTEIBHBIN HCTOYHUK E,, MOXXHO



00€eCIICUHTh TAKOH HauaIbHBIN PEXKHM PabOTHI TPAH3UCTOPOB, IIPH KOTOPOM ITOTCHITHAJIBI BXOJIOB PABHBI
HYJIIO H, CJIEI0BATEIILHO, BO3MOXKHO YOpaTh U3 CXEMBI CONpOTHBICHHS aeimTenel Ry Ry, R3, R4 .B
pe3yJbTaTe MOIyIUTCs cxema TudGepeHIMATBHOIO YCHIUTEIS.

2.6.1. uddepeHunanbHblil yCUTUTETh Ha OUMOJIAPHBIX TPAH3UCTOPAX

Cxema mudepeHnmaIb-HOro YCHUTeIs IpeicTaBiieHa Ha puc. 2.36. Kak u nipu aHanmze
OTIEPAIIMOHHOTO YCHIIMTEJISA, ITPU PACCMOTPEHUH TU(PGEPEHITMATEHOTO YCHITUTENS ITMPOKO UCTIONB3YIOT
g depeHITnaTbHOE BXOAHOE HAMPSDKEHHUE Uy 9y M CHH(GA3HOE BXOAHOE HAMIPSKEHUE Ugy. cyngh - ITH
MOHSATHUS MPU OOPAIIEHUH K OTEPAIIMOHHOMY YCHJIMTEIIO UCITOIB3YIOT TOTOMY, YTO B KAUYECTBE €T0
BXOJIHOTO Kackaja nmpuMmeHsiercs auddepeHanbapii yeunutenb. J{uddepennmanbHoe BXogHOE
HaMpsKCHUE ONPEALISCTCS BEIpAXKCHUEM

Ugx.ougp —Uegx2~Ugx1

ITycTb tey pugp = 0, TOTTA Uy cungy=Ugx] =Ugx2. HATIPSIIKEHNE Ugyyy ougy HA3BIBAIOT BHIXOIHBIM

auddepeHIaTbHbIM CUTHAIOM, IPHYUEM Ugyy gugy = Uss — Usc2-

OcHoBHas ujes, pealn3oBaHHas B 1U(hepeHIINaILHOM KacKaae, Kak 3TO ObLIO ITOKa3aHO
BBIIII€, COCTOUT B MCIIOJb30BAHUHU B OJIHOM II€JIOM ABYX COBEPIICHHO OJMHAKOBBIX IMOJOBUH. JTa
ujes T0CTaTOYHO YacTO MPUMEHSETCS B DJICKTPOHHUKE.

Hcnonb3oBaHue IByX OJUHAKOBBIX MOJOBHH IIPUBOAUT K TOMY, YTO BBIXOJHOC HAIIPSIXKECHUE
Ugpx.ouy OUEHB CII1A00 3aBUCUT OT BXOJHOI'O CHH()A3HOr0 HANpPsKEHUs U IIPaKTU4ec-

| R
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Puc. 2.36

KU ONPEJIETAETCS TOIbKO HAIPSHKEHUEM Ugy gugh. Y CUINTEND Ha3bIBAIOT T dEpEHIATBHBIM IIOTOMY, UTO
Ugprx. ouqy TIPOTIOPLIMOHATBHO HATIPSLKEHHUIO Uy 9y (IPOTOPLIMOHATBHO PA3HOCTH HATIPSKEHNH] Uy U Ugy2)
Hpyrue necrabrmupyronme (Gpakropsl, KpoMe CHH(A3HOTO HANPsHKEHNUS, TAKKe OKa3bIBAIOT ci1aboe

BIIUSIHUE HA BEJIUYUHY Ugy gug-

Ecnu yBenmumnack Temreparypa i BO3pOCIH TEIIOBbIe TOKU |'yo1 ¥ | x»2 COOTBETCTBEHHO
TpaH3uCTOPOB T1 1 T, TO U3-3a U3MEHEHHMSI HAPSDKEHUH Urk1 M Urk2 Ha pe3ucTopax Ri, u Rkz
W3MEHSFOTCS HANPSDKEHUS Uy U Uyo. Ecin conpotrBiienns Rk, 1 Rz paBHBI, @ M”3BMEHEHHS TOKOB |'jo] 11
| <02 OTMHAKOBBI, TO HANPSKEHHE Ugy;x, 0ugy HE M3MEHUTCSL

JIoIryCTHM, YTO TOK g SIBIISICTCS HEM3MEHHBIM, a CXEMa ITOJHOCTBI0 CHMMETPUYHA U Uy,p = 0,

TorAa Iy = I~lp/2, TaK KaK TOK KOJUICKTOPA K&KIOT0 TPaH3KUCTOpa IMPUMEPHO PaBEH TOKY SMUTTEpa. B



CITy4yae M3MEHEHHSI BXOJTHOTO CHH(A3HOIO CHTHAJIA TOKH Ik| U Iko HE M3MEHSIIOTCS M IO3TOMY HE
U3MEHSIOTCS HAIIPSHKEHUS Uy U Uy, HE TOBOPS YIKE O HANPSDKEHHUU Uy, ougy -B COOTBETCTBHM C OTUM B
peaNbHBIX YCHIIMTEISIX BMECTO Pe3nucTopa R, M MCTOUHMKA HAIIPsHKEHUS F, 94acTo JUIst OCalieHus
BIMSIHUSI CHH()a3HOTO CUTHANIA UCTIONB3YIOT TY WIIM UHYIO CXEMY Ha TPaH3HCTOpax, KOTOPast BBITIOIHSIET

(YHKIMIO HCTOYHHKA TOKA. DTy CXeMy IPH aHaJI3¢ OOBIMHO 3aMEHSIOT UCTOYHUKOM TOKa (Ha puc. 2.36

MYHKTHUD).

B uHTErpanbHBIX cxemMax 00J1acTH MOMYIPOBOAHKKA, COOTBETCTBYIOIIME TPAH3UCTOPAM, PACIIONaratoT
O4eHb OJIM3KO JPyT OT Apyra. [1lo3ToMy mapamerphl TpaH3UCTOPOB OKA3hIBAFOTCSI OUEHD OJIM3KHMH, YTO
obecreyrBaeT CHMMETPHIO JH((HEpeHINATBHOIO YCHUITATEIS.

PaccMoTprM KpaTKO MPOLIECChl, MPOUCXOISIIHE B YCHIUTEE IPH IMTOCTYIUICHUH HA €0 BXOJT
TIOJIOYKUTEITBHOTO CUTHANA Uy gy - 11PH YBEJIMUEHUH 3TOIO CUTHAJIA, BO-TICPBBIX, YBEIMUUBAIOTCS TOK
0a3bI ¥ TOK KOJUIGKTOPA TpaH3UcTopa To. ITO MPUBOIUT K YBEITUMUCHHIO HAITPSDKCHUS URK2 M YMEHBITICHUIO

HAIPSDKEHUS 1. BO-BTOPBIX, YMEHBIIAIOTCS TOK 0a3bl U TOK KOJUIeKTopa TpaHsucropa T,. 31o
MPUBOJIUT K YMEHBILICHHUIO HATIPSIKEHUS Urk1 U YBETTUUCHUIO HAIIPSHKEHUS Uy ). B pesynbrare
HAIPSDKEHNE Uy oy YBEMUMBACTCS. ECIN HAPSDKEHUE Uy 91y YPE3MEPHO BEIMKO, TO TpaH3ucTop T
MOKET BOMTH B PEKHUM HACHIIIICHUS, @ TPAH3UCTOP |1 — B peKUM oTceuku. [Ipu orpuriareisHoMm

HAIPSHKEHUH Ugy. gy TPAH3UCTOPBI MEHAIOTCS POJISIMU.
Ha npaxTuke mupoKo HCHOIIb3YIOTCS Takoke quddepeHIaabHbIe YCHIUTEIN Ha MOJIEBBIX
TPAH3HUCTOPAX.
[TpoBeneM KOIMYECTBEHHBIN aHAIN3 PACCMOTPEHHOTO BhIle yeuuTems (puc. 2.36). ITycTh uy,gp
= 0 1 ycTaHOBJIEH (PMKCHPOBAHHBIN TOK lg. O003HaunUM uepes D.; ,bemr cTaTHUECKHE
K02 UIMEHTHI TIepeJaun ToKa 0a3sl, a uepes by b, muHammueckre ko3P GUIMEHTH COOTBETCTBEHHO

1t tpan3ucTopoB Ty u To. Ecnu b= ez = bepy,b1=b= Db, Torna 8 nauanenom pexxnme

. . Yo Yo
lg1 =lgy = it ’
2'(1+ﬁc'r) 2'ﬂc1'

fig i
= = —,
K1 = K2 2

Homyctum, Rk1 =Rk2 = Rk, Torma

=0.

)
Ug =U = E —E 'RK s Ugxoug

B gacTHOCTH, ecin

E - E
iy =—1£-,'l‘0 Ul =uUga =——L.
Ry :

Takoi HadaJIbHBIN pekUM paboTHl oOecreynBaeT MaKCMMalbHO BOZMOYKHBIN HANa3oH
VW3MEHEHUS HANPSHKEHUM Uy,

U2 B Ugpix. ougp ('EK... + E[()
Onpenemim ko3(QUIMEHT yCHIIEHNS 1O HANpsbKeHUIo it nuddepennuansaoro curnana Kyug. Ilon



BO3€eiicTBHEM BXOJHOTO AU((HEPEHINATEHOrO HAMPSHKEHUS Uy gugp TOKH l1 U lg2 MOy HIIN
HPUPALICHHS, MOAYIIb KOTOPBIX 0003HaUUM uepes |Alg|. Ecinu ugy 0up>0, TO mpupaienue Toxa isy

OyZIeT MOJIOKUTEIILHBIM, a TOKA lg — OTpUIaTebHBIM. ECM B S5KBHBaJICHTHOW CXEME TPaH3UCTOpa
YYUTBIBATH COIIPOTUBJICHUEC I, 1 HE YUYUTBIBATHE COTPOTHUBJICHUC I, TO

uex.()udw =2 (B +l)' Lo |Ai6| .
HertpynHo 3ameTuTs, 4To
usux.0u¢ = lAiGI' ﬁ . RK -2,
C y4deToM BBIpOKEHUH IS Uy, gugp Y Ugpix. dugp TIOTYIUIM

Ugerx.ougp - ﬂ R, RK

Ugx.oug B (ﬂ+1)'r3 Ts

Koup =

Kax H3BECTHO, IIPU YBCIIMYCHUU HAYAJIBHOT'O TOKA B LICTIN
AMUTTEPA BEIMYMHA I, YMEHBIIAECTCS, a IPU YMEHBIIEHUH yBeIrn4uuBaercs. [loaTomy npu yBennyeHun
TOKa lg Kodduument K, yBeanuuBaercst. ITo MO3BOISAET H3MEHSTh KOIQ(GHUIMEHT YCHICHHS, H3MEHSIS

HaYaJIbHBIA PEXKUM PaOOTHI yCHUIIUTEIS.

2.6.2. YcunuTenb NOCTOSIHHOTO TOKA € MOAYJISINUEN U TEMOIYJISIIUEN
(ycunutens Tuna MJIM)

B ycnnurensix paccMaTpruBaeMOro TrIa BXOTHOM TTOCTOSTHHBIN WITH MEJIIEHHO W3MEHSFOILIUICS CUTHA,
KakK y’e 0TMeUaJIoch, IpeoopasyeTcs (MOIYITUPYETCsi) B IEPEMEHHBIH ITOBBIIICHHOW YaCTOTHI.
HOJ’Iy‘IGHHBIfI CUrHajl yCHJIMBACTCA C IOMOIIBIO YCUIIMTCIIA IICPEMCHHOI'O HAIIPSXKCHUS, 4 3aTEM BHOBb
npeoOpazyeTcs (JIEMOYIIMPYETCs) B TIOCTOSIHHBIN WM MEJUICHHO M3MEHsTIoIHiCs. YacToTa mepeMeHHOro
HAIPsHKEHUSI 4aCTO COCTABIISIET ACCSITKUA KHJIOTEPIL.

CrpykrypHas cxema yermmresst Turia MJIM nipuBeniena Ha puc. 2.37. Moaynsatop npeodpasyer
MOCTOSTHHBIN MJIM MEJJIEHHO N3MEHSIOLIMIACS BXOHON CUTHAIT B IEPEMEHHOE HAMPSKEHHUE C YaCTOTON
fon, OTIpeNIENISIEMO¥ TEHEPATOPOM OTIOPHOTO HANIPSDKEHHMS, U aMIUTHTYIOU, TIPOTIOPIIUOHATBHOM
BXOJHOMY curHaiy. [lepemMenHoe HampsbkeHue U,, ¢ BBIXOa MOJIYJISTOpA MOCTYTAET Ha BXO]
HHM3KOYACTOTHOTO YCHIIUTENISI IEPEMEHHOTO TOKa. JleMoaynsTop — (a3ouyBCTBUTENbHBII
BBHIMPSMUTENH — MpeoOpa3yeT NEPeMEHHOE HAMPSKEHHUE B MOCTOSHHOE, IPUYEM BEJTUMHA
MIOCTOSIHHOTO HAIPSLKEHHSI TIPOTIOPLIMOHATFHA aMILTUTY/IE TIEPEMEHHOTO HAPSHKEHMUSI, a CIIeI0BATENNbHO,
TIPOITOPITUOHATEHA BXOHOMY CHUTHATY.

BpemeHHbIe rarpaMMbl YKa3aHHBIX Ha CXeMe HAIPSDKEHUH, TTOSICHSIOIINE PaboTy yCHITHTENS,
npuBeAeHbI Ha puc. 2.38.

Bcnencreue Toro, uro B ycuimmtessix Tura MJIM pazopBaHbI ralbBAHHUECKHE CBSI3M MEXKTY KacKaJlaMH,
yIIaeTCsl JOCTUYb
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BBICOKOT'O KauecTBa yCHJICHHMS, TaK Kak JApeiid Hyls B TaHHOW cxeMme oTcyTcTBYyeT. Takue
YCUJIUTENIN MOTYT MCIOJIb30BaThCS B BBICOKOTOUHBIX (MPEM3UOHHBIX) ycTpoicTBax. Eme oquum
JIOCTOMHCTBOM ycusurenen tuna M/IM sBiseTcst BO3MOKHOCTb U30IMPOBATh € IIOMOLIBIO
TpaHchopMaTopa BXOAHYIO U BBIXOAHYIO YacTu. M3omupyromue YCUIUTEIN MUPOKO UCIOIb3YIOTCS,
K IIPUMEPY, B MEAULIUHCKOM IIEKTPOHHUKE.

2.7. YCUWIWTEJIM MOILITHOCTU
(MOIIHBIE BBIXOJAHBIE YCUIUTEIHN)



YcunureneM MOIIHOCTY HAa3bIBAIOT YCHUIIUTEINb, TIPEAHA3HAYCHHBIN A1 00ecTieueHrs 3aJaHHOM
MOIIHOCTH Harpy3ku Py py 3a1aHHOM CONTPOTUBJICHUH HArpy3ku Ry. Y cuinuTenb MOIIHOCTH
SBIISICTCS] IPUMEPOM YCTPOMCTB CHIIOBOM AeKTpoHUKU. OCHOBHAA LI€Ib PU pa3paboTKe TaKuX
YCTPOICTB COCTOUT B TOM, UTOOBI OT/IaTh Harpy3Ke 3a/IaHHYI0 MOIIHOCTb.

B npoTHBONON0KHOCTh YCTPOKWCTBAM CHUJIOBOW JIEKTPOHUKH IPU IPOEKTUPOBAHUH YCTPONCTB
nHbOpMAaTUBHOU (MH(GOPMAIIMOHHON ) 3JIEKTPOHUKHA OCHOBHAS IEJIb COCTOUT B TOM, YTOOBI
BBIMIOJTHUTH 33JJaHHYI0 00pa0OTKY CUTHala U MOJTYYUTh BBIXOJHBIE CUTHAIBI, COJIEpKAIINE Ty HIH
WHYI0 HH()OPMAIIHIO O BXOAHBIX. B KadecTBe mpuMepa MOXKHO Ha3BaTh YCTPOMCTBA,
OTMpeeIIsAoIIre, B KAKOH MOMEHT BPEMEHH BXOIHOW CUTHAJI MPUHUMAET MaKCUMaIbHOE 3HAYCHUE.
B ycTpoiicTBax nH()OPMATHBHOI 3JIEKTPOHUKH, KaK MPABUIIO, CTPEMSTCSI CHU3UTh MOIIHOCTh
00pabaTbIBaEMbIX CUTHAJIOB JI0 TAKOTO YPOBHSI, P KOTOPOM IMOMEXOYCTOMYHUBOCTh YCTPOMCTBA
ewe npuemiieMa. B ycTpoiicTBax CHIIOBOM 3JEKTPOHUKHU TAKYHO 3a7a4y B COOTBETCTBHUU C
M3JI0’)KCHHBIM HEJIb35l CTABUTH B MPUHLIMIIE.

PeanbHOE yCTpOICTBO MOXKET CO/IEPKATh YEPTHI KaK CHIIOBOM, Tak U MH()OPMATUBHOU
3IEKTPOHUKH, HO 00 YKa3aHHOM Pa3iIM4MH CJIeyeT MOCTOSHHO MOMHUTh. Heo0X0IMMO OTMETHTb, YTO
(byHKUIMH yCTpOHCTB MH(OPMATUBHOMN JIEKTPOHUKH BCe Yallle 0epyT Ha cebst Mukporporeccopsl. Ho
MHKPOIIPOIIECCOPBI, ECTECTBEHHO, HE B COCTOSTHUU BBIIIOJIIHATH (PYHKIIMH YCTPOICTB CHIIOBOM
3JIEKTPOHUKH.

Ha ycunuTens MOIIHOCTH, KaK MPaBUIIO, MIPUXOAUTCS MOAABIISIONIAS YaCTh MOIIHOCTH, TOTpedisieMast
TEM YCTPOMCTBOM, COCTAaBHOM YaCThEO KOTOPOr'o OH sBJIsieTcs. [103TOMy BCeMEpHOE BHUMAHUE YIEISETCS
TOBBIIICHHIO KOA((DHUIMEHTa TOJIC3HOTO JCHCTBHUS YCHIMTENIS MOIIHOCTH. [Ipyroi BaXKHOH IIpo0IeMoi
SBJIIETCSl YMEHBIIIEHUE Ta0apuUTHBIX Pa3MEPOB U BeCa YCUIIUTENSI MOLITHOCTH, TaK KaK OHU YacTO
OIPEIEIISTFOT rabapyUTHBIC pa3MephI M BEC BCero ycTporcTra. [TpobreMpl OBBIIICHHUST KO3 PHIEHTA
TIOJIE3HOTO JICUCTBUS M YMEHBIIIEHHS TA0APUTHBIX Pa3MEPOB TECHO CBSI3aHbL, IIOTOMY YTO ra0apUTHbIC
pa3Mepbl ¥ BEC YCHIIATENSI CUJIbHO 3aBUCST OT TabapUTHBIX Pa3MepoB U Beca oxuiaaureneid. Yem Gonbiie
K03 GUILIMEHT MOIE3HOT0 JEHCTBUS, TEM MEHBIIIE ra0apUTHBIE pa3Mephl i BEC YCHIIUTEIS.

TpaH3uCTOPBI YCUIHUTEINEH MOIITHOCTH PabOTAIOT B PeKUME OOJBIIION0 CUTHANA, KOTJIA aMILTATY/IbI
MIEPEMEHHBIX COCTABIISIFOIINX TOKOB U HANIPSDKEHUIM JOCTATOYHO BenMKU. [Ipu 3T0M 3ameTHO
MPOSIBIISIFOTCS] HEJTMHEWHBIE CBOMCTBA TPAH3UCTOPOB M BOHUKAIOT HEMHEIHBIE UCKKEHHUS BXOJJHOTO CHT-
Hasa. C Apyroi CTOPOHBI, OOBIYHO HE JOMYCKAETCsl, YTOOBI BBIXOIHOM CUTHA ObUT CHITBHO MCKKEHHBIM.

YpoBeHb HenmHeNHbIX HekaxeHud u KIIJ[ ycunnTtenns MOIHOCTH CyIIECTBEHHO 3aBUCAT OT
HAYaTbHOTO peXXUMa padOThI, PUYEM HEJTMHEHHBIE UCKAKEHHUS 00YCIIOBIMBAIOTCS HETMHEMHOCTHIO HE
TOJIBKO BXOJTHBIX, HO M BBIXOJIHBIX XapaKTEPUCTUK TPAH3UCTOPOB, TAK KaK OHU PaOOTAIOT B PEXKUME
0O0JIBIIIOTO cUTHANIA. MUHMMATEHO BO3MOXKHBIM YPOBSHD HEJTMHEHHBIX HCKKEHH MOYKHO 00CCIICUUTh B
pexuMe Kinacca A, a MakcuMmaiibHO Bo3MoskHbIN KITJ] — B pexume kiaccoB B wm AB.

YcunuTenmm MOIITHOCTH OBIBAIOT OTHOTAKTHBIC U IBYXTAKTHBIE, IIPUYEM TIEPBbIE PA0OTAIOT B PEKUME
KJacca A, a Bropble — B pexuMe kiaccoB B unu AB. OHOTakTHBIE YCUIIUTENH MOIITHOCTH
MIPUMEHSIOTCS TP OTHOCHTENIEHO MaJIbIX BBIXOIHBIX MOIIHOCTSIX (€/JMHUIIBI BATT).

B cooTBeTcTBHU ¢ TpeOOBaHKEM 00ECTIEUNUTD 33/IaHHYIO MOIIHOCTh Harpy3ku Py, mpu paspabotke
YCHIJIATEIIS] MOIITHOCTH JIOJDKEH OBITh PEIlieH BOMPOC O COOTBETCTBYIOIIEM BHIOOPE HAMIPSHKEHHS ITUTAHUS
yeunutens E. Tpennonoxxum, 4to yCUIMTeNb ¢ yKa3aHHBIM HalpsHKEHUEM IMUTaHUS MOYKET CO3/1aTh Ha
Harpy3Kke CHHYCOUIATbHBIN CUTHA C MAKCUMAILHO BO3MOXKHOW aMILTATYI0M HAITPSKEHUS
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Torma MakCHMaTBHO BO3MOYHASI MOIITHOCTD HATPY3KHU Pyyaee ONPEICITUTCS BEIPOKEHAEM
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Ecmu no kakum-u60 nmpuarHaM BeIOpaTh MoJTydeHHOE 3HaueHue E He mpeacTaBisercs BO3MOXKHBIM,
JUTSL COTJTaCOBAHMS YCHJIUTEISI M HArPY3KH MOYKHO UCTIONB30BaTh Tpancdopmarop. OmHako TpaHchopMarop
YacTo SABJBICTCS HEXKENATEIIbHBIM 3JIEMEHTOM YCHUJIUTEIISI MOIITHOCTH, TaK KaK 3TO CPaBHUTEIIHHO
JIOPOTOE M CJIOYKHOE B M3TOTOBJICHUH YCTPOWCTBO.

PaccMoTpuM corntacoBaHre Harpy3Ku M YCHIIMTENIS C TIOMOIIbI0 TpaHchopmaTopa (puc. 2.39).
Yepez W1 u W, 0603Ha4€HO COOTBETCTBEHHO KOJIMYECTBO BUTKOB ITIEPBUYHON M BTOPUYHON 0OMOTOK
Tparcopmaropa, a gepe3 Uyyx U Rpyx — COOTBETCTBEHHO BBIXOHOE HANPSDKEHHE U BBIXOHOE COTIPO-
THUBJICHUE YCUITUTEIIS.
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[Tpu onpeneneHny MOLUTHOCTU HAarpy3Ku 3Ty CXE€MY MOYKHO 3aMEHUTh SKBUBAJIEHTHON CXEMOH,
npuBeaeHHON Ha puc. 2.40. B Heilt uepe3 R'y 0003HaueHO pUBEIEHHOE COIPOTUBIECHUE HArPY3KU
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N3mensis kodppuimeHT TpanchopMaIfy, MOXHO TOOMTHCS HEOOXOAMMOTO COTIIaCOBAHUS
YCHIIUTENS U Harpy3KH, IPHYEM U3BECTHO, YTO MaKCHMaJIbHAsE MOIITHOCTh B HATPY3KY OTAACTCS MPH
Reux=R'n- OTcloz1a OTIpeienuM oNnTUMaIbHOE 3HaUeHHE KOd(PUImeHTa TpancPopmaIiu:
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2.7.1. TpanchopMaTOpHBIC YCHIUTEIN MOITHOCTH

PaccMoTpuM OTHOTAKTHBIN YCHIIMTENb MOIIIHOCTH, B KOTOPOM TpaHC(hOpMAaTOp BKIIFOUEH IO
cxeme ¢ OO (puc. 2.41). Tpauchopmaropsr TP; u TP, npeanaznadeHsl 11 COTIIACOBAHUS
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Harpy3Ky ¥ BBIXOJHOT'O COITPOTUBIICHHS YCHIIUTEISA U BXOJHOTO COIMPOTUBIICHUST YCHIIUTEIS C
CONPOTUBJICHUEM UCTOYHUKA BXOJHOT'O CUTHAJIa COOTBETCTBEHHO. DneMeHThl R u D ob6ecneunBaror
HaYaJIbHBIA PEXUM paOOThI TPAaH3UCTOPA, a C yBEIMUMBACT MEPEMEHHYIO COCTABIISIFOIILYIO,
TMOCTYMAOITYI0 Ha TpaH3ucTop T.

Jlnst aHanmm3a cxeMbl 1300pa3uM CEMEHCTBO BBIXOIHBIX XapaKTEPUCTUK TPAH3UCTOPA, TUHUN HATPY3KH U
BpeMeHHbIe AuarpaMmsbl (puc. 2.42). Jluaus 1 — 3T0 IMHUA HArPY3KU MO MOCTOSIHHOMY TOKY,
BBIXOJIAIIAS U3 TOUKH, COOTBETCTBYIOLLIEN £y, @ HAKJIOH €€ ONPENEISETC OMUUYECKAM COITPOTUBIIEHUEM
nepBuUuHOI 00MoTKH TpaHchopmaropa TP,. Touka 0 sBHsieTCS HaUaTbHOM paboueit TOUKoi
TpaH3ucTopa. Yepes Hee NPOXOIUT JIUHUS HArpy3KH MO EPEMEHHOMY TOKY 2, HAKJIIOH KOTOPOU
OIpEAENAETCS NPUBEACHHBIM CONPOTUBICHUEM
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MOCTPOEHUII CIIeAyeT, YTO HANPSKEHHE Ha TPAH3UCTOPE MOXKET JOCTUTaTh MOYTH YABOCHHOM



BEJIMYMHEI E,.
IIpoBenemM KONIMYECTBEHHBIA aHAIN3 PACCMAaTPUBAEMOU CXEMBL:

rzae P'y — BbIX01HAs1, MOIITHOCTb, IPUBECHHAS K IEPBUYHOI 00MOTKe TpaHchopmaropa TPy;

Py =Py -Nzp,

TaeC nrp - KHH TP2 (L;Tp = 0,75 - 0,95)

MonHoCTb, MoTpeldiseMas yCUIUTENIEM OT UCTOUHHMKA IMTaHus Prorp ~ Ex 1, . CnenoBarensno, KI1J1

YCUIIUTEIS

_ Py, 11U, -1,
Prorp 2 Ex-Ipy "

n

Hns nneansroro ycwmatenst Uy, = Ei by = L, n7p = 1, @ ciegoBarenbHo, Teopetnyeckuii KIT
YCUIHTENSA N 1eop= = 0,5. Peanbnslii xe KI1/]

Neeir= 0,3 + 0,35.

PaccMmoTpuM ABYXTaKTHBIN YCHITUTENH MOITHOCTH (pHcC. 2.43). TpaH3ucTopbl MOTYT OBITH
BKJIFOYEHBI 110 cxeme Jnbo ¢ O3 (puc. 2.43, a), iubo ¢ Ob (puc. 2.43, 0).

O0e cxembI MOTyT paboTaTh B pekume kinacca B (pesuctopsl Riu Ry He ucnonb3yrores) 1ubo B
pexxumax kinaccoB AB unn A (pesuctopsl R1 1 Ry obecreunBaroT COOTBETCTBYIONTNI HAYAIBHBIH
PEXUM PabOTHI TPAH3UCTOPOB).
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Bpemennbie ruarpaMmbl, COOTBETCTBYIOMIME Kiaccy B (puc. 2.44), moka3bIBaloT, 4TO
JIBYXTAKTHBIN YCHIIUTEh MOKHO PAaCCMaTPUBATh KaK JIBE HE3aBHCHUMBIE CXEMBbI, Pa0OTaroI e
TI00YEPETHO, KAK/Tast B TEUCHHUE MOTYIIEpHO/Iia BXOJHOTrO curHasa. [ [poBeneM KoMYeCcTBEHHbIN aHAIN3
JIBYXTaKTHOTO YCHUJIUTEJIS, pabOTAIOIIETO B peKUME Kilacca B mpu BKIFOYEHUH TPaH3UCTOPOB 1O CXEME
¢ obmreit 6a3oii (puc. 2.43, 6). CpemHuii TOK (ITOCTOSIHHAS COCTABIISTIOIIAS ) KAXKIOr0O U3 TPAaH-3UCTOPOB C
ydeToM 00paTHOro Toka Iy
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Taxum 00pa3oM, TOK ¥ MOILTHOCTb, TOTPEOIIsieMbIe YCUITUTENIEM OT UCTOYHHKA TOKa, COOTBETCTBEHHO
PaBHBL:
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Tak KE, KaK 9TO ACIAJIOCh PAaHEC I OAHOTAKTHOI'O YCHIINTEIISA MOIITHOCTH, OIMPEACINM
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CnenosarenbHo, KIT/I 1ByXTaKTHOTO yCHIIMTENSI MOLITHOCTH B peXuMe Kiiacca B

= =—— T‘TP
PIIOTP 4 Ex'Il

n

Hns upeansroro yewmurens Uy = E L = 11, nrp =1, 2

cienoBatenbHo, Teoperuueckuiit KITJ n7gop = n/4=0,78. Peanbusiii sxe KITJ] cocrasnser 0,6 - 0,7.

ITockonbKy TpaHchopMaTop SABJISIETCS HeXKeIaTeIbHBIM AICMEHTOM YCHUIIMTEIICH MOIITHOCTH, TaK KaK
uMeeT OOJIbIIINE Ta0apHUTHI U BEC, OTHOCUTEIBHO CIIOXKEH B M3TOTOBJICHHH, TO B HACTOSIIICE BPEMS
HaAMOOJIBIIIEE PACIIPOCTPAHEHHE HAXOIAT OeCTpaHC(hOPMATOPHBIC YCHUITUTEIH MOIITHOCTH.

2.7.2. bectpancdopmMaTOpHbIC YCUIUTEIN MOIITHOCTH

PaccMoTpyM ABYXTaKTHBIN YCHITATEb MOIITHOCTH Ha OUITOJIIPHBIX TPAH3UCTOPAX Pa3InIHOrO THUTIA
IIPOBOAMMOCTH (KOMIUIEMEHTAPHBIN SMUTTEPHBIN IOBTOPHUTEID, YCHIIUTEINb C JOTIOJTHUTEIILHOM
cummetpueit) (puc. 2.45). Tpanzuctopsl yeunutens padoTaioT B pesxkume kinacca B. [lpu moctymnennn

Ha BXOJl YCHJIUTEIS TIOJIOKHUTEIBHOM MOYBOJIHBI HAMIPSKEHUS U, TpaH3UuCTOp T1 paboTaer B
pexXuMe yCuiieHus, a TpaH3uctop To — B pexume orceuku. [Ipu mocTynineHnn oTpuLaTeabHOu
MOJIYBOJHBI TPAH3UCTOPHI MEHSIOTCS pOJIsiMU. Tak Kak HampsbKeHUE MEKy 0a30il U SMUTTEPOM
OTKPBITOrO TpaH3ucTopa Majo (okoso 0,7 B), HAIPSKEHHUE Uy, ONMU3KO K HATPSKEHUIO Upy.
OnHAKO BBIXOJIHOE HAMPSIKEHNUE OKA3hIBACTCS MCKAKCHHBIM M3-3a BIMSHUS HETMHEHHOCTEN
BXOJIHBIX XapaKTEPHUCTHK TPAH3UCTOPOB. [IJIsl paccMaTpuBaeMoOro yCHJIMTENSI MaKCUMaTIbHO
BO3MOXHas aMIUTUTYa HanmpsbkeHus Ha Harpy3ke Upy paBHa E. [TosToMy MakcumanbHO
BO3MOYKHAsI MOIITHOCTh HAarpy3KH OMPEIENIIeTCS BRIpaKEHUEM
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MO03KHO TOKa3aTh, YTO IIPH MaKCUMAJTbHONM MOIITHOCTH HAarpy3KH YCHIIUTEIb TIOTPEOIIIECT OT
WCTOYHHUKOB MIUTAHUS MOIITHOCTb, ONPENIENIIEMYIO BRIpAKEHHEM
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Orcroza mory4aeM MaKCUMAJIBHO BO3MOYKHBIN KOA()(PUIMEHT MOJIe3HOTO ACHCTBUS YCUITUTENS

P T
n s H.Make . 0,78.
o K nomp .maxc 4

J1n1st yMeHbIIeHs HETMHEHHBIX NCKaYKeHHUI 00eCIeYBalOT HEKOTOPOE HAYalIbHOE CMEIIICHHE Ha
BXO0J1aX TPAH3UCTOPOB M TEM CaMbIM ITEPEBOIAT MX B pekuM Kiacca AB (puc. 2.46). ITpu aTom
KO3 PHUIMEHT MMOJIE3HOTO ACHCTBUS HECKOIBKO YMEHBIIACTCS.

PaccMOTpyM JBYXTAKTHBIN YCHITMTEITh MOIITHOCTH C OIIEPAIIMOHHBIM ycuiuTeneM (puc. 2.47). B cxeme
UCIIOJIb30BaHa 00I11ast OTpHUIlaTe/IbHast 00paTHas CBsI3b (pe3ucTopsl Ry U R;), oxBarsiiaroriias 0ba
KacKkaza (Ha OrepalMoHHOM YCHIIUTENE U Ha OMITOJSPHBIX TPAH3UCTOPax), Oaroapsi KOTOpOH cxema
CO3/Ia€T HACTOJILKO MaJIble HEeIMHEHHBIE NCKAKEHUS], YTO YacTo
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HC Tpe6yeT JOMOJHUTENBHBIX 1IeTIe cMeleHus A1 KacKaja Ha TPpaH3UCTOpax T1 u Ts. HOCKOJIBKy
HaIIpsAKCHUEC HAa HAI'PY3KE RH MNPUMCPHO paBHO HAIIPSAXKCHUIO HAa BBIXOAC Oy, TO MOIIMHOCTH Ha
BBIXOZI€ BCCT'O YCHUIIMTECIIA OTPaHUYINBACTCA BBIXOJAHBIM HAIIPAKCHUCM oV.

2.8. AKTUBHBIE ®UJIbTPbI

OUIBTPOM HA3BIBAIOT YCTPOUCTBO, KOTOPOE Mepenaet (MPOoIyCcKaeT) CUHYCOUJAIbHbBIE
CUTHAJIbI B OJTHOM ONPEAEICHHOM JMana30He 4acToT (B MOJI0CE MPOMYCKAHUs) U HE TIepeaaeT



(3aepKUBaET) UX B OCTAJIBLHOM JIMaIa30He 4acToT (B MoJioce 3a/iepKUBaHus1). EcTecTBeHHO,
(bUIBTPBI UCHONB3YIOT 15 Iepeayl He TOJbKO CUHYCOUAANbHBIX CUTHAJIOB, HO, OMPEIeIss
MOJIOCHI IPOITYCKAHUS U 33JIeP>KUBAHUS, OPUEHTHUPYIOTCSI MMEHHO HAa CUHYCOUAATbHbIE CUTHAIIBI.
3Has, KaK QUIbTP NepeaaeT CHHYCONIaIbHbIE CUTHAIIBI, 00BIYHO JOCTATOYHO JIETKO ONPEIEUTh,
KakK OH OyZIeT nepeaBaTh CUTHAJBI U APYroi hopMel. B ycTpoiicTBax 31eKTPOHUKH (PUIBTPHI
HCIOJIB3YIOTCA OUYEHb IUPOKO. PaznuyaroT ananorosslie v iudpoBbie puibTpsl. B aHamoroseix
bunpTpax oOpabdaThIBaEMbIe CUTHAIBI HE MPEo0pa3yoT B u(ppoBy0 Gopmy, a B MUPPOBBIX MEpe
00pabOTKOI CUTHAJTIOB OCYIIECTBISIOT TAKOE MPE0Opa3OBaHue.

Hwuxe paccmatpuBaroTcs aHanoroBbie GUIbTphl. Takue GUIBTPBI CTPOST HA OCHOBE KaK
MACCUBHBIX (KOHIEHCATOPOB, KAaTYyIIEK HHAYKTUBHOCTH, PE3UCTOPOB), TAK U AKTUBHBIX JIEMEHTOB
(TpaH3UCTOPOB, OMEPAIIMOHHBIX ycunauTeneit). s aHanoroBoi (puiIbTpamuu MupoKo
HCIIONIB3YIOT TAKXKE ICKTPOMEXaHUYECKHE (PUITBTPHI: MbE30 JICKTPHUUECKHE U MeXaHnIeckue. B
MBE30JICKTPUICCKUX (DUITBTPAX MCIIONB3YIOT €CTECTBEHHBIN M NCKYCCTBEHHBIN KBapIl, a TAKKE
nbe30KkepaMuKky. OCHOBY MEXaHUUYECKOro (hUIIbTPa COCTABIISIET TO WJIM'MHOE MEXaHUYECKOE
YCTPOMCTRO.

Baxxno paznuuats TpeboBaHUsL, IpeIbsBIseMble K (GUIbTpaM CHIIOBON U MHGOPMATUBHOM
(uH(pOPMALIMOHHOIT) 3NEKTPOHUKU. DUIBTPHI CUIIOBON SJIEKTPOHUKHU JOJKHBI UMETh KaK MOKHO
Oonpimnii K03pbULHEHT moNe3HOro AeicTBUS. J{JIsi HUX O4eHb BaXXHOU SIBIAETCS MpoOIeMa
yMEHbIIIEeHUs rabapuUTHBIX pa3MepoB. Takue GUIBTPBI YACTO CTPOSIT HA OCHOBE TOJIBKO
MAaCCUBHBIX 3JIeMEHTOB. K (priibTpam CHIIOBOM AIEKTPOHUKH OTHOCSITCS CTIIXKUBAIOIIUE
(GUIBTPBI, pacCMaTPUBAEMBIC ITPU U3YICHUN BTOPUYHBIX UCTOYHUKOB MUTAaHUS. DUIBTPHI
WH(POPMATHBHON AJIEKTPOHUKH Yale pa3padaThIBAlOT MIPH MCIOJIb30BAHUH aKTUBHBIX
sneMeHTOB. [Ipr 3TOM MIMPOKO UCTOIB3YIOT ONEPAIMOHHBIC YCUITUTEIIHN.

OuiIbTPHI, COACPIKAIINE AKTUBHBIE JIEMEHTHI, Ha3bIBAIOT aKTUBHBIMU. Hike paccMaTpuBaroTCs
AKTHUBHBIC QUIBTPHI, B KOTOPBIX OOBIYHO HE MCIIONB3YIOTCS KaTYIIKHA WHAYKTUBHOCTH. [loaTOMY
OHH MOT'YT OBITh U3TOTOBIICHBI C TPUMEHEHHEM TEXHOJOTUH MHTErPAIbHBIX MUKPOCXEM (KaTyILIKU
¢ O0BIION MHAYKTUBHOCTBIO HE YAA€TCA U3TOTOBUTH IO YKa3aHHOH TexHoioruu). Hepeako
aKTUBHBIE (PUIBTPHI OKA3BIBAIOTCS JEIIEBIE COOTBETCTBYIONUX (PHIBTPOB HA MACCUBHBIX JIEMEH-
TaxX ¥ 3aHUMaIOT MEHbIINE 00beMbl. AKTUBHBIE (DUIBTPHI CIOCOOHBI YCUIIMBATh CUTHA,
JeKaluil B mojoce Mponyckanus. Bo MHOTHX cllydasiX WX JOCTaTOYHO JIETKO HACTPOUTh. Y KaKeM
TaKk)ke€ U HEJIOCTATKH aKTUBHBIX (DPUIBTPOB:

* HCIOJB30BAHUE UCTOYHUKA MTUTAHUS,
* HEBO3MOXXHOCTh pabOThI HA TAKMX BBICOKUX YaCTOTaX, HA KOTOPBIX UCIIOIb3yEMbIE
OTIEPAIIMOHHBIE YCUITUTEH YK€ HE CTIOCOOHBI YCUIMBATh CUTHAI.

2.8.1. OGmiee MmaTeMaTHYECKOE ONKUCcaHne PUIbTPOB

q)I/IJ'IBTpI)I 13006111e 1 aKTUBHBIC (bI/IJ'II)TpBI, B YaCTHOCTH, ABJIAIOTCA HACTOJIBKO BaXXHBIMH
YCTpOﬁCTBaMH QJICKTPOHHKH, YTO BOIIpOCaM UX CTPOIoro, MaTCMaTHu4CCKOI0 OIIMCaHUA Y€~
JSUTOCH U YIIENSIeTCsl caMoe cepbe3Hoe BHUMaHue. [Ty0inuKyeTcst O0bIIoe Yucio HaydIHBIX CTaTeH
Y KHUT, TTOCBSIIEHHBIX (punmbTpam. st Toro, 9To0b! MHKEHEP WIIM HAyYHBIN paOOTHUK OBLT B
COCTOSTHUU BOCIIOJIB30BAThCS YKA3aHHBIMU UCTOYHHUKAMU UH(POPMAIINH, a TAKXKE CPEICTBAMU
ABTOMAaTHU3UPOBAHHOTO MPOEKTUPOBAHMUS, OH JOJKEH XOTS ObI B OOIIMX YepTaxX 3HATh
0COOEHHOCTH MAaTEeMaTUYE€CKOTO OMUCAHUs (DUIBTPOB.

OO0b1yHO DUITBTP aHATU3UPYETCS KaK KOHEYHAs IMHEWHas SJIEKTPOHHAs cXema C
COCpeNOTOUYCHHBIMH NTapaMeTpamu. Eciau peanbHas cxema GUIbTpa sIBISETCS HEMMHEHHON (Ha-
MIpUMeEp, COACPIKUT TPAH3UCTOPHI MJIU OTIEPAIlMOHHbBIC YCHUIIUTEIIN), TO IIPH aHAIM3€ OHA
JMHEAPHU3yeTCs U 3aTeM PacCMaTPHUBACTCS KaK JTMHEHHAs.

B cooTBeTCTBUM ¢ U3JI0KEHHBIM (l)I/IJ'IBTp ONHUCHIBAETCA OOBIKHOBEHHBIM JIMHEHHBIM
nuddepeHImaIbHBIM ypaBHEHHEM HEKOTOPOTO MOopsiIKa N

a*! d d"x d~'x dx
y+'"+a'%+a“y=b"?+b‘_‘"F+"'+b'E+b°&




rae x = X(t) — BxoaHo#t curnan puiabTpa (00BIYHO — BXOJAHOE HANPSKCHUE);
y = y(t) — BbIXOAHO¥ curHan GpuiabTpa (00BIYHO — BBIXOJAHOE HAIIPSHKCHHE),
ai ,i=0,...,n; bj ,i = 0,...,m — BemecTBeHHbIE KOAPPHUIIUEHTHI.

Jnst punbTpoB, KOTOPHIE MOTYT OBITH PEATM30BAHbI, BBIMIOJIHAETCS COOTHOLICHHUE 71> 7M.
BennuuHy st Ha3bIBaIOT Takke MopsakoM ¢uibTpa. Ecinu, Hanpumep, N = 2, TO TOBOPST, YTO
GbuILTp BTOPOro MOPSIKA.

Heo0xo1muMo OTMETUTh, YTO BMECTO 3alIMCAHHOT'O OJIHOTO YpaBHEHUSI (PUIBTP MOXKET OBITh
OTIMCAH JIMHEWHOUN crucTeMol u3 n nuddepeHIaIbHBIX YPaBHEHUN TEPBOTO MOpsIKa (CHCTEMOM
nuddepenunanpHbIX ypaBHeHU B hopme Komm). [TokazaHno, 4To BenTWYuHA U paBHA WA
MEHBIIIE KOJTUYECTBA PEAKTUBHBIX dJIEMEHTOB (KOHJCHCATOPOB M KaTYIIEK WHIYKTUBHOCTH)
¢bunabTpa. Hampumep, eciu B pruIbTpe TpU KOHIASHCATOPA, TO OH MOXKET OBITh TPETHEr0 HIIH
MEHBIIEro mopsiaka. MHkeHepy HyKHO 3HATh, YTO MOPSAOK GHUIBTPA OMPEACIISICTCS
KOJIMYECTBOM TeX HAIPSKCHHUI Ha KOHJEHCATOPaX M TOKOB KaTYIIIEK HHIYKTUBHOCTH, KOTOPBIC
MOTYT 33J]aBaThCs KaK HadaJlbHbIe HE3aBUCUMO JIPYT OT JIpyra.

s npuMmepa oOpaTUMCs K CXeMe, MPUBEJICHHON Ha puc. 2.48.

T
[]

VYike 10 cocTaBieHus 0HOTo HuddepeHIInalIbHOr0 YpaBHEHHS WU SKBUBAJICHTHONW CHCTEMBI
nuddepeHnnanbHbIX YpaBHEHUI MOXKHO CKa3aTh, YTO 3TO CX€Ma BTOPOTO MOPsIKA, TaK KaK
HayaJlbHbIE HANPSLKEHUS [IPU pacyeTe MePEXOTHOTo MpoLiecca MOYKHO 3a/1aBaTh HE3ABUCUMO IS IBYX M3
TpEX KOH/IEHCATOPOB.

[TprMeHnM K IPUBEICHHOMY BBIIIIE YPaBHEHUIO TIPsIMOE TipeoOpasoBanue Jlaruiaca u onpenienmm
niepeaatouHyto GyHkiuo T(S) Kak OTHOIIEHHE ONepaTOPHOTO H300paxkeHus Y (S) BHIXOIHOM
BEJIMYMHBI K ONIEPATOPHOMY H300pakeHHIO X(S) BXOIHOM BEJIMUMHBL:

Y(s) _bys" +bpys" " +utbis+hy

T(s)=

2

X(s)  a,s"+a, ;" +utays+ag
I/ie S — KOMILIEKCHAs 4acToTa.
3anmuieM nepenaTouHyto GYHKIHIO B CIEIYIONIEM BUJE:

sy g BN 2) (5= 2,)
(s=-p)s=p,)-(s-p,)°’

rje K— BelecTBeHHbIH KO3 DUIUEHT; Z;...Zy — ...KOPHH MOJIMHOMA YUCITUTENS (MX TPUHITO
Ha3bIBATh HYJIIMK);
P1...pn — KOPHH MOJMHOMA 3HAMEHATENsS (MX MPUHATO HA3bIBATh MOJFOCAMH).

MI3BeCTHO, YTO TOJTFOCHI U HYJTH MOT'YT OBITh HJTH BEIIECTBEHHBIMH, HJTH KOMITIEKCHO-
CONPSKCHHBIMHL.

Kak y»e 0T™Me4aiock, py OIMMCAHUK CBOUCTB (PUIIBTPOB OOBIMHO OPUEHTUPYIOTCS Ha CHHYCOUTAITHBIC
cUrHAITBL. [Ipr 5TOM MMEFOT B BUTYy YCTAHOBUBIIIMIACS PEXKHM PaOOTHL. B Takoi cuTyarmu mmpoko
UCTIOJB3YIOT YaCTOTHYFO TepeIaTouHy o GyHKIH0 T(JW), KOTOPYIO MOIYYaroT U3 OOBIYHOM TIe-
penaTouHoM (hYHKIMHU TP UCIIOJIb30BAHUH ITOCTAHOBKH

S =jw,

rae W — KpyroBas 4acToTa, pajl/cex.



[Tomydaem

(Jo-z)(jo-z)..(jo-z,)
(jo-p)(jo-p,)..(Jo-p,) "

T(jo)=K

YKakeM TpH XapaKTEPUCTUKH, KOTOPBIE IIUPOKO HCIIONB3YIOTCS IS ONMUCAHUS (QUITBTPOB:
* AMIUIMTYJHO-4acCTOTHAs,
* (azouactoTHas;
* BpPEMEHHM 3aMeJIeHUs (TPYIIIOBOTO BPEMEHHU 3aMEJICHUS ).

AMIITUTYTHO-4aCTOTHAsI XapaKTEPUCTUKA MPEJICTABIACT COOON 3aBUCHMOCTh BHa

A@) =|T(jo)|.

3naueHue A(W) Ha HEKOTOPO# YacTOTe AaeT OTHOIICHUE JCHCTBYIOMIUX (M aMILTUTYTHBIX )
3HAYCHUH CHTHAJIOB Ha BBIXOJIC U BxoJe huibTpa. Ha nmpakTuke NMpoOKO UCIOIb3YIOT
aAMILUIMTYJHO-4YaCTOTHYIO XapaKTEPUCTUKY B JIeIMOeNax, KOTopasi MpeCTaBIseT co00M
3aBHCHUMOCTH BUJA

Az(@) =201g|T(jo)|.

q)aSO‘IaCTOTHa}I XapaKTepI/ICTI/IKa — 9TO 3aBUCUMOCTH BHJ1Aa
p@)=argT(jo).

3naueHne p{W) Ha HEKOTOPO YacTOTE SBJSIETCS CABUTOM 110 (ha3e BBIXOAHOM BETHUUHBI 110

OTHOILICHHUIO KO BXOHHOﬁ.
XapaKTepI/ICTI/IKa BPCMCHHU 3aMCAJICHHA — 3TO 3aBUCMMOCTDb BHUJad

__do(®)
7(w) = i

Benuunna T(W)— 3T0 Bpems 3ameuieHus (rpymnmnoBoe). OHO XapaKTepH3yeT CABUT IO
BPEMEHU BBIXOJAHOMN BEIUYUHBI [10 OTHOLIEHUIO K BXOIHOM.

Hau6onee mmpoko UCMoNb3yIOT aMIUTUTYIHO-YaCTOTHYIO U ()a3049aCTOTHYIO XapaKTePUCTHKH.
XapakTepucTuka BpEMEHH 3aMeIJICHUS] He HECET MPUHIIMITUAIBHO HOBOM HH(OPMAIINH 110
CpaBHEHHIO C ()a309aCTOTHOM XapaKTEPUCTUKOM, HO SIBISIETCS BEChMa MOJIE3HON U UCIIONB3YeTCs
JIOCTATOYHO YacTo. st yACHEHUS pOJIM BPEMEHHU 3aMeJICHUs] IPH aHainn3e (PUIbTPOB KPaTKo
paccMOTpuUM MpooIeMy UCKaKEeHUsT OPMBI CUTHAIIA, COAEPIKAIIETO HECKOIBLKO TAPMOHHUK, TTPH
MPOXOXKACHUH ero yepe3 hunbTp. HamoMHuuM, yTo GUIBTP paccMaTpuBaeTCs Kak JIMHEHHOE
YCTPOWCTBO, MO3TOMY P€UYb UJIET HE O HETMHEHHBIX UCKAKEHUAX. IMEIOTCS B BUY UCKAXKEHHUS,
MIPUYUHON KOTOPBK SIBIISIETCSI HECOBEPIIEHCTBO (pa304aCTOT-HOW XapaKTePUCTHKH (PUIBTPA.

Bragane paccmMoTpuM GHIIBTP ¢ HACTOJIBKO COBEPIICHHON ()a309acTOTHOM XapaKTePUCTHKOM,
YTO MCKaKeHUE (POPMBI CUTHAJIA OTCYTCTBYET. Takas pazodacToTHast XapaKTEPUCTHKA SIBJISICTCS
JTUHEHHOUN 0 JHOPOAHON (DYHKIIHEH KPYTrOBOM YACTOTHI U OMPEIENSIeTCS BhIpaXKEHUEM

qD(W) = —KW,

/i€ K — MOCTOsIHHAS MOJIOKUTENbHas BenuunHa. [IpuBeaem cooTBeTcTBYyIONUI rpaduk (puc.
2.49). IlycTh BXOJHBIM CUTHAJIOM SIBJISIETCS HANIPSKEHUE Ug,, COZICPIKAILICE IBE TAPMOHUKH (pHC.
2.50):
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Puc. 2.49 Puc. 2.50
J11s1 epBoii rapMOHUKH (DHIIBTP 0OECIIeurBaeT CABUT 10 (haze ¢1(W) = —~xWs, a UIst BTOPOI
TFapMOHUKH CJBHT 110 (aze OyaeT paBeH ¢z(W) = —xWp = —2xkW;. O603HaunMm uepes 71, u 1r

MIEPUOJIBI COOTBETCTBEHHO ITEPBOM M BTOPOM rApMOHHUK, a yepe3 f1 u f, — ux gactoTsl. Onpenenum
CIBUTH IO BpeMeHHU 1 u t, COOTBETCTBYIONIME cABUTAM 110 da3e g1 U ¢o. OOpaTUMC K IepBOi

rapmonuKke. J{ist Hee ciBur o aze —27 COOTBETCTBYET Nepro iy 71 a CIIBUT 110 (pase ¢, COOTBETCTBYET HC-
KOMOMY BpEMEHH 1.

Cocrasum npornopuuto - =21 _ Tj

3
¢ 4

OTCrOJa

l]=(P]'Tl= 7:..—.. (Pl =—ka)l=k'

-2 -2 -@ -

AHaJIOTUYHO TIOJTydaeM

Takum o0pa3omM, B pacCMaTpUBaeMOM cllydyae rapMOHUKU OyyT CIBUHYTHI [0 BPEMEHU Ha
OJIHY U TY K€ BEJIMUMHY K U TIO9TOMY CUTHAI He OyJIeT UCKaXeH, T. €. popma ero ocranercs
npexHeil. Ho, ecrecTBEeHHO, BBIXOAHOM CUTHAI OyIeT CBUHYT OTHOCHTEIBHO BXOJIHOTO HA BpEMs
+x (B paccMaTpUBaeMOM Cllydae BBIXOJHOM CUTHAN OyAET OTCTaBaTh OT BXOJHOI'O Ha BpeMs K).

Onpenenum A5 paccMaTpUBaeMoro (GUIbTpa BpeMs 3aMe ICHUS:

wo)=- LD

Takum 00pa3oM, B pacCMaTPUBAEMOM CITydae BpeMs 3aMeJIJICHHSI — 3TO BpeMsi, Ha KOTOPOe
BBIXOIHOH CHTHAJ OyJIeT CABUHYT OTHOCHTEIIEHO BXOJIHOTO.



Ecnu da3zodacTorHas XapakTepuCTHKa He OYAET TMHEHHOW OJHOPOAHOM PYHKIMEH KPYTOBOM
YacTOTHI, TO Pa3JIMYHbIE TAPMOHUKHU OyIyT CABUHYTHI (DUIBTPOM Ha PA3IUYHBIE OTPE3KU BPEMEHH,
U 103TOMY (popMa CUTHaa, COJIEpkKALIEro He OJHY TapMOHUKY, OyAeT ucKakaTbcs. Uem Ommke
azouacToTHas XapaKTEPUCTHKA HEKOTOPOro (hUbTpa K JIMHEHHOU 0THOPOAHON HYHKIUU (M YeM
MEHBIIIe 3HAaUCHUsI BPEMEHU 3aMeIJICHHUSI OTJIIMYAl0TCS OT HEKOTOPOH KOHCTAHTHI), TEM
UCKa)KeHUs Oy1yT MEHBLIE.

[ToaTOMY IpH UCITOIB30BAHUM CUCTEM aBTOMAaTU3MpoBaHHOTO NpoekTrpoBanus (CAIIP)
XapaKTePUCTUKY BPEMEHU 3aMEJICHHUS YacTO BBIBOAT HA DKPaH KOMITBIOTEPA U UCIIONB3YIOT JIJIs
OIIEHKM MCKKCHUH CUTHATIOB GUIbTpoM. Bpems 3ame yieHNs Ha3bIBAIOT TAK)KE€ BPEMEHEM
3amna3/IbIBaHuUs.

W3 M31105)KEHHOTO CIIEAYET, YTO YaCTOTHBIC XapaKTEPUCTUKHU (PUIIHTPA TTOTHOCTHIO
OTIpeIeNIAIOTCS 3HaYeHHEeM Koddduinenta K nepenaTrogyHor GyHKINH, a TAK)KE 3HAUYCHUEM €€
HyJel 1 momocoB. Hyim 1 mosrockl 4acTo n300pakaroT B BUJIE TOUEK HA TNIOCKOCTH KOMITJICKCHON
YacTOTHI (S-IIJIOCKOCTH), OTy4asi TaK Ha3bIBAEMYIO JUarpamMmy Hysei u mojrocoB. Takas
quarpaMma BMecTe ¢ KoadduirenToM K HeceT MOIHY0 HHGOPMAIUIO 0 YACTOTHBIX CBOMCTBAX
bunbTpa. imest tuarpaMMy HyJ€#l U MONIOCOB, JIETKO OMPEIeINTh 3HAUSHHS] MOIYJIA U apTyMeHTa
YaCTOTHOU NepenaToyHoi QyHKIUH, T. €. KOd(hGUIIMEHT YCUIEHUS U CABUT 1O dase.

JlonmycTuM, 4TO HEKOTOPBIH MOJIOC p, PACIION0KEH Ha S-TNIOCKOCTH TaK, Kak MOKa3aHO Ha PUC.
2.51. Ilyctpb kpyroBast yacTora paBHa Wy. Torna ass ydera moitoca p, B 3HaMEHaTeNlb IpooH,
omnpenenstonei Bennuuny |T(Jw)|, cienyer 1060aBUTh COMHOKUTEIb, PABHbIH JJTHHE BEKTOPA C
HAYaJioM B MOJIOCE P, U OKOHYaHHEM Ha MHUMOM OCH ¢ OpAMHATON W1, a B aire0pandecKkyro
CYMMY, ONIpEIENSIONYI0 BEIUIUHY

Ims 4

V]

Res

Pe

Puc. 2.51

argT(jw), cnexyer 1006aBUTH ciiaraeMoe —@ ,ITIE ¢ — YTOJI, YKa3aHHbI Ha PHCYHKE.

2.8.2. Knmaccudukanust GuibTpoB MO BUY UX aMILUTUTYIHO-4aCTOTHBIX
XapaKTEepUCTUK

PaccMoTpuM OCHOBHBIE THITBI (DHIIBTPOB, KIACCUMDHUITUPYEMBIX 10 BUY aMILUTUTYTHO-
YaCTOTHBIX XapaKTEPUCTHUK.

Dunvmpul HudicHux ywacmom. Jns GuabTpoB HUKHUX yacToT (PHY) XapakTepHO TO, 4TO
BXOJHBIC CUTHAJIBI HU3KHUX YaCTOT, HAYMHAA C IOCTOAHHBIX CUTHAJIOB, IIEPCAAOTCA HAa BBIXO, a
CUTHAJIbl BBICOKHUX YaCTOT 3aACPKHUBAIOTCA.

[TpuBeneM IprUMepbl AMILTUTYAHO-9aCTOTHBIX XapaKTePUCTUK (DUIBTPOB HIDKHHUX YacToT. Ha
puc. 2.52, a moka3aHa XapaKTepUCTHKA UACAILHOr0 (HE peaan3yeMoro Ha mpakThke) GuibTpa (ee
WHOT/Ia HA3bIBAIOT XapaKTEPUCTHKON THITA «KKUPIIMYHAS CTeHa»). Ha npyrux pucyHnkax
MIPEJICTABJICHBI XapaKTEPUCTHKN PEATBHBIX (PUITBTPOB.
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[Tonoca mpomyckaHus JIKUT B Ipe/iesiax OT HYJIEBOM YaCTOTHI 10 YacTOTHI cpe3a We. OObIYHO
YacTOTY Cpe3a OMpeeNsoT Kak YacToTy, Ha KoTopoi BennunHa A(W) paBaa 0,707 ot
MaKCHUMAaJIbHOTO 3HA4YeHUs (T. €. MeHbIIIe MAaKCUMAJILHOTO 3HaYeHus Ha 3 1b).

[Tonoca 3aaepkuBanus (I01aBIICHNUS) HAUMHAETCS OT YACTOTHI 3aJIepKUBAHUS W3 U
MIPOIOJDKACTCS 10 OSCKOHEYHOCTH. B psijie cirydaeB 4acToTy 3aJepKUBAHUS OMPEACIAIOT KaK Ja-
CTOTY, Ha KOTOpOH BenmunHa A(W) MEHbIIIe MaKCUMaIbHOTo 3HaYeHUs Ha 40 b (T. €. MeHbIIe B
100 pas3).

Mesx Ty TIoJI0ocaMu MPOITYCKaHUS U 3a/ICPKUBAHUS Y PEATbHBIX (DUIBTPOB PACIOIOKEHA
nepexo IHast ToJioca. Y uaeanbHOro (puibTpa nmepexoHas mojoca OTCyTCTBYET.

Qunbmpul gepxuux yacmom. OUIBTP BEPXHUX YACTOT XapaKTEPEH TE€M, UTO OH MTPOIYCKAeT
CUTHAJIBl BEPXHUX U 33/I€P)KUBAET CUTHAJIBI HJKHUX YacTOT.

YacToTHbIE XapaKTePUCTUKU (PHIIBTPOB BEPXHUX YACTOT, KAK U XapaKTePUCTUKHU HUIBTPOB
HUKHUX YaCTOT, MHOTOOOpPa3HbI B CBOUX JIETaNX.

N300pa3um 1t MILTIOCTPAIUH JIBE XapaKTePUCTHKH: HIeabHYI0, Hepeanuzyemyto (puc. 2.53,
a), ¥ OJIHY U3 TUIIUYHBIX peanbHbIX (puc. 2.53, 6). Uepe3 W, 1 W3 0003Hau€HBI YaCTOTHI Cpe3a U
3aJIep)KUBAHUSL.

A(w) A(w)
E——
o ® 0,0 o
a 6
Puc. 2.53

Tlonocosvle ¢hunompui (nonocno-nponyckaiowsue). 11010c0oBOY (GHIBTP MPOITYCKAST CHTHABI OJTHOM
TIOJIOCHI YaCTOT, PACIOI0KEHHON B HEKOTOPOM BHYTPEHHEH 4acTh ocy 4acToT. CUrHAJIbI ¢ 4acTOTaMHy BHE
9TOH TOJIOCHI (DPMITBTP 3a/IEP>KUBACT.

M300pa3um aMIIMTYJHO-4aCTOTHYIO XapaKTepPUCTHKY TS UICATbHOTO (Hepeain3yeMoro) GumbTpa
(puc. 2.54, a) 1 OJJHY U3 TUITMYHBIX PEATbHBIX XapaKTepUCTHK (puc. 2.54, 6). Uepe3 W.; u W,
0003HaYeHBI IBE YaCTOTHI cpe3a, Wy — cpenHss yacTora. OHa onpeernsieTcs: BRIpaKeHUEM
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Puc. 2.54

Peoicexmoprvle ghunbmpuol (nonocro-3azpasicoarouiue). PexxexkTopHble (DMILTPBI HE TIPOITYCKAIOT
(3aIeP>KMBAOT) CUTHAJIBIL, JISKAIIIE B HEKOTOPOU ITOJIOCE YaCTOT, U MTPOITYCKAIOT CHTHAIIBI C IPYTUMA
yacrotamu. M300pa3uM aMIUTUTYIHO-YaCTOTHYIO XapaKTePUCTHKY TSl HICATBHOIO (Hepeaan3yeMoro)
dbunbsTpa (puc. 2.55, a) ¥ OJHY U3 TUUYHBIX PEATLHBIX XapaKTepUCTHK (puc. 2.55, 0).

A(w)A A

ev

0 W, @

Puc. 2.55

Bcenponyckarowue gpurompul (ghazosvie koppexmopot). It QUIBTPHI MTPOMYCKAIOT CUTHAJIBI JIFO00
4acTOTHI. [IOCTPOMM COOTBETCTBYIOIIYIO aMILIUTY/THO-4YaCTOTHYIO XapaKTepUCTUKY (puc. 2.56).
Takue GUIBTPHI UCIIOIB3YIOTCSA B HEKOTOPOU AJIEKTPOHHOM CHCTEME IS TOTO, YTOOBI H3MEHUTH C
TOM UM MHOH 1eTbI0 (a30YaCTOTHYIO XapaKTEPUCTUKY BCEU CUCTEMBI.

A(w) A

ev

Puc. 2.56

Hcxons u3 IpuBEIEHHOTO BBIIIIE MATEMAaTHYECKOTO OITUCAHUS (PMIIBTPOB, HETPYIHO ClieaTh
BBIBOJI, UTO XOJ] AMIUIUTYHO-YACTOTHOM XapaKTEPUCTUKH HA IOCTATOYHOM YJIaJI€HUHU OT MOJIOCHI
MIPOITYCKAHHUS MPSAMO OIPEACIIIeTCs MOPSIKOM GUIbTpa. DTOT (PAKT XOPOIIO WILTIOCTPHPYIOT
aMITTUTYTHO-9aCTOTHBIC XapaKTECPHUCTHUKH, BRITIOJTHEHHBIC B JJoTapu(pMUIeckoM Macirade.
PaccmoTpum ykazaHHBIE XapaKTEPUCTHKHU TSI HEKOTOPBIX (GHUIBTPOB PA3IMIHOTO MOPSIKA,
MMEIOIINX OAMHAKOBBIC KOA((PUIIMEHTH YCUIICHUS Ha HYJIeBOM yacTore, paBHbie 100 (puc. 2.57).

N3 maTemMaTH9IeCKOTo OMUCaHUs CISAYeT, YTO Ha JOCTATOYHOM PACCTOSHHH OT TOJIOCHI
MPOTMYCKAaHMS HAKJIOH XapaKTePUCTUKHI
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paBen —20n nb/nek, rae n — nopsaaok duiabrpa. Hakinon —20 ab/nek o3Havaer, 4To yBEIHMYCHHE
gacToTsl B 10 pa3 npuBoAUT K yMeHbIlIeHUIO Kodddunmenta ycunenus B 10 pa3, a Hakinon —40
nb/nex o3Havaer, 4To yBeIMYCHHUE 9acTOThI B 10 pa3 MpUBOAMUT K YMECHBIIEHUIO KOADdUITHEHTA
ycuienus B 100 pas.

VI3 MBII0’KEHHOT'O CII/TYET, YTO €CII HEOOXOIMMO 00CCIIeUrTh OoJiee OBICTPOE M3MEHEHHE KO3 HUITMEHTa
YCHJICHUSI Ha YIAJICHUH OT TIOJIOCHI TIPOITYCKAHKSI, TO CIISYET YBEIIUYUTE TIOPSIIOK (DFIIETPa (HO TIPH 3TOM
cxeMa (DHIIbTpa YCIOKHSICTCS).

2.8.3. Knaccudukanus puisTpoB
110 0OCOOEHHOCTSM TIOJIMHOMOB, BXOISIINX B IEpeIaTOYHbIE (DYHKITUH

PaccmoTpuM 3Ty Kitaccudukaiuio Ha npuMepe GUIbTPoB HU3KOM yacToThl. CBOMCTBA
(GUIBTPOB CUIBHO 3aBUCAT OT TOTO, KAKUMHU MTOJIMHOMAMU OMHCHIBAIOTCS UX TEPeaTOUYHBIE
GyHKIUY, UK, APYTUMHU CIIOBaMH, OT TOTO, KaK pacCMoI0KEeHbI HYJIU U TOJIOCHI Ha MIOCKOCTH
KOMILUIEKCHOM 4acTOThl. YKa3aHHbIE 0COOEHHOCTH MaTEeMAaTUYECKOTO OMUCAHUS OMPEAEISIOT X0
aMIUTUTYTHO-4ACTOTHBIX XapaKTEPUCTHUK B MOJOCE MPOMYCKAHUS U B IEPEX0AHOM nosoce. Xon
XapaKTEePUCTUK HA yAaJI€HUU OT MOJOCH MPOMYyCKAHUS, KaK YK€ OTMEUalioCh, ONPEIesIeTCs
MOPSIIKOM (DHUITBTpA.

Ha npakTrke mmpoko ucnoib3yroTcs: GUIBTPHI, OTIIMYAIONINECS XapaKTePHBIMHU
0COOEHHOCTSIMH TMOJIMHOMOB TepeaaTouHbIX GyHKIH. 10 hunbTpel barrepBopTa, UeObIméRa,
beccens (Tomcona).

Hns dpunsTpoB baTTepBopTa XapakTepHO TO, YTO MOIOCHI JIEKAT Ha MOTYOKPYKHOCTH B JICBOM
nosioBuHE S-TutockocTu. [lomtocer punbTpa YeObIiméBa pacmonokeHsl Ha YacTH dsutunca. [Tomrocs
dunbTpa beccens pacnonoxeHbl Ha KPUBO, JIe)KaIlIel BHE YKa3aHHOM MOIYOKPYKHOCTH.
CkazaHHoe WUTIOCTpUpYETCs Ha puc. 2.58. XapakTep pacroaoKeHUsI MOJII0COB ONpeaeseT
ClenyIone 0COOEHHOCTH 3TUX (DUIBTPOB.

OunbTpel batTepBopTa XapakTepu3yrTCs Hanbosee MI0CKON aMIUTUTYTHO-4aCTOTHOM
XapaKTEPUCTUKOM B MOJIOCE MPOMYCKaHMs. DTO UX JOCTOMHCTBO. Ho B mepexoaHoii mosoce
YKa3aHHBIE XapaKTEPUCTUKH CIIA0T TJIaBHO, HEJIOCTATOYHO PE3KO.

OunbTpbl YeObIIEBA OTINYAIOTCS PE3KUM CIIAJIOM aMIUTUTYHO-YaCTOTHBIX XapaKTePUCTHUK B
MePEXO0THOU MOJI0CE, HO B MOJIOCE MPOMYCKAHUS 3TH XapPAKTEPUCTUKH HE SBIISIIOTCS TUIOCKUMH.
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®unbTpsl beccens xapakTepu3yroTcsi O4eHb MOJIOTMMHU YYaCTKAMH aMIUTUTYIHO-4aCTOTHBIX
XapaKTepUCTUK B IMEPEXOHOM mosoce, emre 0oyiee moJoruMu, ueM y hpunstpoB bartep-Bopra. Mx
(ha304acTOTHBIE XapaKTEPUCTUKH JOCTATOYHO OJIU3KHU K UJI€aTbHBIM, COOTBETCTBYIOIIHM
MOCTOSIHHOMY BPEMEHH 3aMeJJICHUS, TOITOMY Takue (GUIbTPHI MaJio UCKaXaloT (OpMYy BXOJHOTO
CUTHAaJIA, COIEPKALIEr0o HECKOJIBKO FapPMOHHK.

N300pa3uM aMILUIUTYAHO-9aCTOTHBIC XapaKTePUCTHKH (DUIBTPOB yKa3aHHBIX THIIOB (pHC.
2.59). [Ipeanonoxum, 4ro Bce GUILTPHI UMEIOT OJIMHAKOBBIM MOPSIAO0K M OJIM3KHE KOA(DDHITUCHTHI
YCHJICHUS B TIOJIOCE TTPOITyCKaHus. J[71s1 TOoro, 9T00BI XapaKTepUCTUKH ObLTH 0COOSHHO
HaTJISTHBIMU, BOCIIOIB3yEeMCS JTMHCHHBIM MacIITaOOM.

[Toste3HO BBHIIOTHUTH CPABHEHHE TUTIOB (PMIIBTPOB U IO UX TIEPEXOIHBIM XaPAKTEPUCTUKAM (T. €.
BO BPEMEHHO 0071acTh).

Ha puc. 2.60 moka3aHbl THITUYHBIE IEPEXOIHBIC XaPAKTEPUCTUKH (PUIBTPOB, T. €. BPEMEHHbIE
JIMarpaMMbl BBIXOJIHBIX HAMPSHKEHUH MPU CTYIIEHYaTOM U3MEHEHUU BXOAHBIX HampsikeHuil. 13
pUCYHKa CJIeIyeT, YTO BO BpeMeHHO# obnactu GpuiasTp beccens nMeeT HaumydIie CBOMCTBA,
¢bunbTp UeObiméBa — HaMXyALINE CBOWCTBA, a puibTp baTTepBopTa o cBoMM cBOKCTBaM
3aHUMAET MPOMEKYTOUHOE MOJIOKEHHE.
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2.8.4. OcoOeHHOCTH MPOEKTUPOBAHUS AKTUBHBIX (QUIBTPOB

Texaudeckue TpeOOBaHUS MIPU MPOSKTUPOBAHUN aKTUBHBIX (DUIBTPOB OOBIYHO OMPEICIISIIOT
OCHOBHBIE TTapaMeTPhl aMIUIUTYAHO-9aCTOTHON U ()a309aCTOTHOM XapaKTEPUCTHUK, a TAKXKE IPYTUe
TpeOoBaHus, Hanbosee BaKHbIE IS 3akazunka. Cpeain yKa3aHHbBIX IPYTUX TpeOOBaHUN 4acTo
burypupyrot TpeOOBaHUs B OTHOLICHUH YyBCTBUTEIILHOCTH YaCTOTHBIX XapaKTEPUCTHUK K
M3MEHEHHIO NTapaMeTPOB JIEMEHTOB, BXOIAIIHUX B (PUIBTP (CONPOTUBIICHUI PE3UCTOPOB, EMKOCTEH
KOHZIGHCATOPOB U T. J1.). Ec/ 4yBCTBUTENBLHOCTD BBICOKA, TO (PUITBTP MOXKET MOTPEOOBATH CIIOKHOM
HACTPOMKH, U CYILIECTBYET OMACHOCTb, YTO B IIPOLIECCE €0 IKCILTyaTalliy [IPU CTAPEHUH AJIEMEHTOB
CBOIicTBa (DMIIBTPA HAUHYT U3MEHSATHCS.

[Tpu npoexkTupoBaHum (HUIBTPOB BBICOKOTO MOPSAKA /1 YACTO HCTIONB3YIOT CIICTYFOLIMIA TOIXO/,
Buauane Oyniem cuntath, 4To N — deTHOE yncio. [lepenarounyro ¢yHkuio T(S) MpeiCTaBIIsIOT B BUJIE
TIPOU3BEICHUSI COMHOMKHUTENIEH, TIPHUYEM KaXKIIbIi COMHOYKHUTEIb SIBJISIETCS TIEpeaTOuHON (DyHKIIMEH
BTOPOT'O MOpsiIKa:

y .
7(s) = T17;().
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[Tpu 3TOM PHITBTP MOPSIIKA 72 CTPOUTCS KaK CXeMa, COCTOSIIAS U3 KACKAIOB B KOJIMUECTBE N/2, IpUIeM
KaX]IbI KacKaJT SBISETCS (DUIILTPOM BTOPOTO MOPSIKA K COOTBETCTBYET OIPEACIICHHOMY COMHOHUTETIO
Ti (S). YacTo MCIOIB3YIOT OIHY M TY 3Ke 6a30BYIO CXeMY I BCeX KackazoB. [lapaMeTphl s51eMEHTOB 9TOi
CXEMBI (COIPOTHBIICHHS PE3UCTOPOB U EMKOCTH KOHJEHCATOPOB) IS Ka¥KI0TO I-r0 KacKa/ia OrpeIestoT
Tak, 4TOOBI KaCKaJl OMMCHIBAJICS MepeaaTouHoi Gpyukuei Ti(S). B 00iueM ciydae mapameTpbI
AJIEMEHTOB PA3JIMYHBIX KACKAJIOB PA3JIMYHbIL. ECITH 4MCII0 M HeUeTHOE, TO B CXeMy (DHJIBTpa JOTIOTHUTEIBHO
BKJTFOYAIOT OJIH KACKa/T, SIBJISTFOIUICS IIETIBIO TIEPBOTO TIOPSIIKA.

2.8.5. CxeMbl akTUBHBIX (PUIBTPOB

[puBeneM B Ka4ecTBe MpUMepa JIBE CXEMbI (DHIIBTPOB BTOPOT'O TTOPSIIKA.

Brauarne m300pazum cxemy (GpriibTpa HKHHX 9acToT (puc. 2.61). MokHO 3aMETHTh, YTO Ha HU3KUX
4acToTax (M Ha MOCTOSITHHOM TOKE) QUIIBTP UMEET KOA(PDHUIIMEHT YCHUIICHUS, KOTOPBINA OMCHIBACTCSI
CJICTYIOIIIM BBIPKEHHEM:
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[TpuBeneHHOE BBIpAKEHUE COOTBETCTBYET HEMHBEPTUPYIO-IIIEMY YCUITUTEIIO.

[Tpu yBenMUeHNN 9acTOTHl BXOJHOTO CUTHAJIA HAMPSHKEHUE HA BBIXOJC YMECHBIIIACTCS. Y KaXeM
JIBE TIPUYHMHBI 3TOTO YMEHbBIIICHHsI. BO-TIepBhIX, yMEHBIIIACTCS HAIIPSHKEHNE Ha HEMHBEP-TUPYIOIIEM
Bxojie (T. €. Ha eMkocTH Cy) U3-3a YMEHBIIICHUS MOYJIsI KOMILUIEKCHOTO COITPOTHBIICHUS EMKOCTH
C,. Bo-BTOPBIX, yMEHBIIIAETCS HANPSDKEHHE U, U3-32 TOTO, YTO MOJYJIb KOMILIEKCHOTO
COMPOTUBIICHHUS eMKOCTH (1 YMEHBIIIAETCS U Yepe3 ATy EMKOCTh C BBIX0JIa YCHUIIUTEIIS B TOUKY «a»
MOAETCs TOK, KOTOPBIM 3HAYUTEILHO CIABHHYT 10 (Da3e OTHOCUTEIBHO HANPSHKCHUS Uy

Janee paccMoTpuM cxemy (HUIbTpa BEpXHUX YacToT (puc. 2.62). Ha BrICOKHMX yacToTax
kod(uimeHT ycwienus ¢punbtpa paBeH K. PaccmoTrpeHHble QHIBTPBI MOTYT COCTABIISATH
ocHOBY (GuiabTpoB barrepBopra, UeObimépa, beccens unn GuiIsTpoB APyroro THia B
3aBHCHMOCTH OT IMapaMeTpoB pe3uctopoB R; u Ry konpencaropos Ci u Ca.

Kpamxas xapaxmepucmuxa akmusHbix ¢puibmpos Ha nepexouaemvix konoencamopax. IlepexmodaeMbit
KOHJICHCATOp — 3TO CBOETO POJia 03aTOp, MEPEIAIOIINI CTPOTO OMpee/ICHHBIE 3apsIbl U3 OTHOM
AIIEKTPUIECKOH 1IeTH B APYTYI0. M300pa3uM yIrpoIeHHYO CXeMY, MOSICHSIOIIYIO paboTy NEpEeKIodaeMoro
KoHJIeHcaTopa (puc. 2.63). Kimtoun S; u S; padotarot
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B IIpOTUBOdA3e, T. €. KOTJa KoY S1 3aMKHYT, KITI0Y Sy pa3oMKHYT, U Ha000poT. [Tocite 3aMbIkanust
KJTF04a S; KOHJICHCATOP HAKAIUTMBACT 3apsiy u,, C, TIOJTydast €r0 OT HCTOYHUKA BXOJHOT'O HAIIPSKECHUS.
[Tocne 3amMbIKaHus KJTF0Ya Sy KOHAESHCATOP OTAACT YKa3aHHBIN 3apsi/ B LICTb STOro Kiroda. Yem variie Oy-
JIYT TIEPEKITIOYAThCS KITFOUH, TeM OOJIBIIHMI 3apsil B €MHHUITY BpeMEHH OYJIeT TepeiaBaThCs B YKa3aHHYIO
1ICTIb, T. €. TeM OoJIbIle OyIeT cpeaHee 3HaueHue ToKa I. Mcnoap30BaHue MepeKII0YacMOro
KOHJICHCATOpa IM03BOJIICT U3MEHSTh CPEIHEE 3HAYCHHE TOKA | ITyTeM U3MEHEHHUS 4aCTOThI
nepeKIroueHus. B 3ToM cMbICIie NepeKroyaeMblii KOHAEHCATOP UTPAET pojib PE3UCTOPA C PErYIUPYEMbIM
COIPOTHUBIICHUEM.

AKTUBHBIE (PUIBTPBI HA IEPEKITI0YAEMbIX KOHJICHCATOPaX UMEIOT CIISAYIOIIME JOCTOMHCTBA:

. OHHM JIOCTATOYHO JICIIEBBIE, TAK KaK IMPU UX U3TOTOBJICHUU UCITOIB3YETCSI OTHOCUTEIHHO
MpocTask TEXHOJIOTHSI;
. HX JIETKO TepecTpanBaTh HA APYTHUE YaCTOTHI, IS Y€TO JOCTATOYHO U3MEHSITh YacTOTy

MepeKTIoueHnsl. AKTUBHBIE (PUIBTPHI HA MEPEKITI0OYAEMbBIX KOHAEHCATOPAX Y¥KE JIOBOJIBHO JIOJITO
HCTOJIB3YIOTCS Ha MPAKTUKE.

2.9. TEHEPATOPBI TAPMOHUYECKHUX KOJIEBAHUI

['erepaTopoM rapMOHHYECKHX KOJICOAHHWI Ha3bIBAIOT YCTPOMCTBO, CO3AAI0IIEe TEPEMEHHOE
CUHYCOUJAIbHOE HAPSKEHUE IPU OTCYTCTBUH BXOJHBIX CUTHANIOB. [ eHepaTop mpeoOpa3yeT



SHEPIrUI0 UCTOUYHUKA MTOCTOSSHHOTO HANPSIKEHUS B SHEPTUIO IEPEMEHHOT0 BBIXOIHOTO CUTHAA.
Paznuuator nBa pexuma Bo30yxaeHus reueparopa. [lpu Tak Ha3pIBaeMOM MSATKOM PEXUME
KoJieOaHus (CUTHAJ Ha BBIXO0JI€) BO3HUKAIOT MOCIE MOJKIIOYEHHUS TeHepaTopa K HCTOYHHUKY
MUTaHUS CaMOIIPOU3BOJIBHO. MSTKHIT peKUM Ha3bIBAIOT TAKXKE PEKUMOM caMoB0o30yxkaenus. [1pu
YKECTKOM PEXXHUME /1JI1 BOSHUKHOBEHUS KoJieOaHuil TpeOyeTcsl BHEUTHUI HavyalbHbBIN CUTHAIL.
OO6patuMcs K CTPYKTYpHOH CXeMe reHepaTopa ¢ IoclIeI0BaTeIbHON MOJIOKUTEILHON 00paTHOM
CBSI3bIO 1O HaNpsbKeHUIo (puc. 2.64). Jta cxema aHAJIOTMYHA paHee U3YYEHHON COOTBETCTBYIOIIECH
CTPYKTYPHOM CXEME YCHUJIUTENISI C OTPULIATEIbHON 00paTHOM CBA3bI0. AHAJOTHYHBI U 0003HAUYCHUS
BEJIUYMH.
[Tpu Hanuyuu KoeOaHUit
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3anuineM 3T0 YCJIOBUE B Pa3BEPHYTOM BUJIE:

|K-BI1;
o+y=2mn,n=0,1, ..

TJIe ¢ — CIBHT 1O (ha3e IS LemH IPsSMOii iepeaadn (sl yCUITUTEIA);
\|/— cuBur no dasze s nenu 0OpaTHOI CBSI3H.

Bripakenue | K ¢ f|= 1 Ha3bIBAIOT yCIOBUEM OalaHca aMILTUTYI, a Beipaxenue ¢ + \|/ =2ztn —
ycioBueMm Oananca ¢as.

Ecmu ycroue camoBo30yxaeHust K ¢ = | BBIMOIHSETCS TOIBKO IS OTHOM YACTOTHI, TO HA BBIXOJIE
reHepaTopa MoIep>KUBaeTCsl CHHYCOUAATLHOE HANPSKEHNE ITOM YaCTOThI (MMEHHO 3TO XapaKTEPHO JIS
TeHEepPaTOpOB rapMOHUYECKHX KoJieOanuii). Ecim 310 ycoBre BBIONHSETCS ISl HECKOJBKHUX YacTOT, TO
BBIXOJTHOE HAMPSHKEHHNE OKA3bIBAETCSl HECUHYCOUIATIBHBIM, B HEM UMEETCS] HECKOJIBKO TapMOHHUK.

VI3 MBNOXKEHHOT O CIIETYET, YTO TEeHEePaTop TAapMOHUYECKUX KOIeOaHHH JIOIKEH CO/Iep KaTh 10 KpaitHei
Mepe O/IHYy YaCTOTHO-U30MPATENBHYIO 1IeTb, KOTOopasi Obl 0OecrieurBaia BbIIOJIHEHHE YCIOBUS
CaMOBO30Y K/ICHHS Ha 33JJaHHOM YacToTe. B 3aBHCMMOCTH OT BH/Ia 9YaCTOTHO-M30MPATEIHHOM T1ETIH, H1C-
MOJIB3YIOIIEHCS B FeHepaTope, FeHepaTop OTHOCAT K TOMY WJIM HHOMY Tuny. B Tak Ha3siBaeMbix LC-
reHepaTtopax ucnonb3yrca LC-niermn. B RC-rerepaTtopax ucnons3yorca RC-nenu. B kBapriieBbIx
reHepaTopax UCHOIb3YIOT KBAPLEBBIE PE30HATOPBL. B HEKOTOPBIX CXEMaX COBMECTHO UCIIOJIb3YHOTCSA
KkBapueBble pe3oHaTopbl U LC-koHTyphl. CyIIECTBYIOT TaKKe FeHepaToOphl C KEPAMUYECKUMH U
MECXaHUYCCKUMH (3J'IeKTpOMeXaHI/I‘-IeCKI/IMI/I) pe30HaTOpaMu.



2.9.1. RC-renepatopsl ¢ MocToM Buna

MocTtom BuHa 00bI9HO Ha3BIBAIOT CXEMY, IIPUBEICHHYIO Ha pUC. 2.65.
[Tpu yacToTe BXOJHOIO CHIHAJA, PaBHON Pe30HAaHCHOM dacToTe fo, HampsuKeHHe HaA BBIXOE
Ug,y PABHO HYJTIO (ITPU HEHYJICBOM BXOJIHOM HAIPSDKEHHUH Ug,. JIETKO MMOKa3aTh, YTO

1
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Wuorma MmoctoM BuHa Ha3bIBaOT cXxeMy, IPUBEICHHYIO Ha puc. 2.66. Ha uactore fj
KO3 PUIUEHT Mepeaun TaKOH CXEMbI f = gyt =1/3
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Janee moctoM Brina OyieM HasbIBaTh IIEPBYIO CXEMY € KOH(UTYpaLUE, TEHCTBUTEILHO XapaKTepHOM
JUISL MOCTOBBIX CXEM, a CXEMY Ha puc. 2.66 — yIpoIIeHHbIM MOCTOM BuHa.

B peanbHBIX cxeMax reHepaTopoB IS MOIEPKAHUS KOJICOaH i HEOOXO0IMMO, YTOOBI Ha YacTOTEe
KOJICOAHHMI HAITPSHKEHHUE Uy, HECKOJIBKO OTJIMYAIIOCh OT HyJIs. [103TOMYy peambHO MOCT paboTaeT ¢
HEKOTOPBIM PaccOoriacOBaHUEM, KOT/Ia OTHOIIIEHHE CONPOTHBICHH R1/Ry— HECKOIBKO OTIMYAETCS OT
2 (6ostee Touno, R1/Ry > 2).

J1st reHepaTOpOB TAPMOHMUYECKUX KOJICOAHWIA BayKHOM MPOOJIEMOI SIBISIETCS] aBTOMaTHIECKast
CTaOMITM3AIMS aMITIATY/IHI BEIXOTHOTO HAMPSDKEHSL. ECITi B cxeMe He MpeTyCMOTPEHBI YCTPOMCTBA
ABTOMATUYECKON CTaOMITM3aINK, YCTOHUMBast paboTa reHepaTopa OKaKeTCss HEBO3MOXKHOM. B aTom
CITydae Tocjie BO3HUKHOBEHHSI KOJIEOaHUI aMITIUTY/a BBIXOHOTO HAMPSHKEHUSI HAYHET MOCTOSTHHO
YBEJIMUYMBATHCS, U 3TO IMPUBEJIET K TOMY, UTO aKTUBHBIN 2JIEMEHT reHeparopa (K puMepy, OrnepariioHHbII
YCHJIUTEIh) BOWICT B PEXKUM HACHIIIIEHHS. B pe3ynbrare HanpsokeHHe Ha BBIXOJIE OyIeT OTIINYaThes OT
rapMoHu4eckoro. CxemMbl aBTOMaTHUECKON CTAOMIN3AIH aMILUTUTYbl MOTYT OBITh JOCTaTOYHO
CJIOKHBIMHU U COJEPKATh, K MPUMEPY, HECKOJIBKO JIOMOJIHUTENIbHBIX OMEPALMOHHBIX YCHIIUTENEH.

N300pa3um cxeMy reieparopa Ha ONEpPallMOHHOM YCHIIUTEIIEC C OYCHBb IIPOCTOM CXeMOit
aBTOMATHYECKOM CTAOMIM3AIMK aMIUTATYABI (puc. 2.67), KOTOPYIO 00€CIIeYnBaIOT THO/IBI.
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ITosicHuM uX posb Ha cienyromeM npumepe. Eciau no kakum-

Tu00 MPUYMHAM aMIUIUTY1a HANIPSKEHUS HA BBIXOJIE Uy, YBEINUYIIACH, TO YBEITHUUTCS
aMIUTUTYZa MOTYBOJIH TOKA, IPOXOIAIIMX Yepe3 Auojibl. Ho 9To mpuBeaeT kK ToMy, 4TO I KaXKI0T0
nuoja yMmeHbIuTes nuddepeHnmranbHoe CONPOTUBICHNE U COMPOTUBIICHUE HA MTOCTOSIHHOM TOKE
JUIS. COOTBETCTBYIOIIIUX MOMEHTOB BPEMEHU. ITO SKBUBAJIIEHTHO YMEHBIIICHUIO COPOTHUBIICHUS B
[ENU MEX/y BBIXOJOM ONEPAIMOHHOTO YCHIIMTEIS U €r0 HHBEPTUPYIOIINM BXogoM. Ho Takoe
YMEHBIIEHUE, KaK U3BECTHO, MPUBOJUT K YMEHBIICHUIO KO PUIIMEHTA YCUICHHS YCUITUTENS
Ha ocHoBe OV, 0XBaueHHOTro oTpuaTeNbHON 00paTHOM cBsa3bio (OOC). B pe3ynbrare BIXOAHOE
HaIpPsDKEHNUE YMEHBIIUTCS, BO3BPATUBIIUCH K UICXOAHOMY 3HaUeHHUIO. HazHaueHue nmoreHmomeTpa
— peryJupoBaHuE aMIUTATYbI BEIXOHOTO HAMPSHKCHUS.

[Ipenpiaymyro cxemy MOKHO MPEJICTaBUTh TaK, KaK MoKa3aHo Ha puc. 2.68. Torma craHoBUTCS
OYEBUHBIM, YTO ITYHKTHPOM

Puc. 2.68

00BE/ICH YCUIINTEINb, TIpeAcTaBIstonuil u3 ceds OV, oxBaueHHbIN 1enbio OOC 1 uMeronuii
kodduiment ycuwinenust K. C moMoIipo 4acToTHO-3aBucuMoi RC-11enu (ynpoIeHHbIi MOCT
BuHa) 3TOT ycunuTe b OXBAYEH IEMBIO MOJIOKHUTEILHOM 00paTHOM cBsi3u. Ha gacrore fy

ko3¢ hHUIUEeHT Tepenaun ynpomeHHoro Mocta Buna f= 1/3. CnenoBaTenbHO, 1151 COOTIOACHUS
ycioBus 0alaHca aMIUTUTYQ HeoOXxoauMo, 9To0sl K * f>1, T. e. (mpeHebperast mpsMbIM
COIPOTHBIIEHUEM IHO0B D1 1 D>)
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T. €. TOJTy4aeM TOT JKe pe3ysbTaT, 4To U paHee, HO Oosiee crporo. [Ipy nmpakTH4ecKoM MpUMEHEHUH
OJ00HBIX TEHEPATOPOB HAIPY3KY YaCTO XKEJAaTCIbHO MOIKIIYATh Yepe3 JIOMOJHU TCIbHBIA TaKk
Ha3bIBaeMbIl Oy(PEPHBIN YCUIIUTEIbHBINA KacKa/l.

2.9.2. KBapiieBble reHepaTopbl

Kak y>xe oTMedanoch, OCHOBY KBapIIEBBIX TEHEPATOPOB COCTABIISIIOT KBAPIICBBIE PE30HATOPBI.
KBaprieBbIii pe30HaTOp — 3TO TUIACTUHKA KBapIla, 3aKPETUICHHAs ONPeIeIICHHBIM 00pa3oM B
KBapIie/iepyKaTesie M IPECTaBIISTIOIIas COOO0H AIEKTPOMEXaHIMUYECKYIO KOJIeOATEeIbHYO0 CHCTEMY. ITH
PE30HATOPBI OTHOCATCS K TIbE303ICKTPHYESCKIM AJIEMEHTAM, IIPUHIIUTT JISHCTBUS KOTOPBIX OCHOBAH Ha
HCITOJIL30BaHUH MPSMOro U 00paTHOro mbe303hdekTa. [Ipsmoli mbe303(h(EKT COCTOUT B TOM, UTO
MeXaHWYeCKasl Harpy3Kka Ha MaTepHat JIEMEHTA BbI3bIBACT MOSBIICHHE YJICKTPUIECKOTO HAMPSHKEHUS
ME]Ty COOTBETCTBYIOIIMMU ITOBEPXHOCTSIMH dJieMeHTa. OOpaTHbIi mbe303(h(EKT COCTOUT B TOM, UTO
ANIEKTPUUECKOE HANPSDKEHUE MEKTY COOTBETCTBYFOIIMMHE TIOBEPXHOCTSIMH JICMEHTA, CO3/1aBaeMOE C
TIOMOIIIBIO BHEIITHErO NCTOYHHKA HAIPSDKCHIS, BBI3BIBACT TOSBIICHUEC MEXaHMICCKUX HAIPSHKEHUH, KOTOPBIE
MOT'YT U3MEHSTH (hOPMY U pa3Mepbl AJIEMEHTA.

KBaprieBbie pe30HaTOpbI M3rOTaBIMBAIOT U3 TIPUPOIHOTO M HCKYCCTBEHHOT'O MOHOKPHUCTAJUTMYECKOTO
KBap1a. M3 3aroToBku BBIPE3AIOT TUIACTHHBI, TPAHU KOTOPBIX ONPE/ICTICHHBIM 00pa30M OpUEHTUPOBAHBI
OTHOCHUTEJILHO KpUCTAIIIOrpaduIecKux oceli MOHOKpHCTaLIa. B paboyem peskiMe Ha 00KITaKax TUIACTHHBI
MMEETCsI TIEPEMEHHOE HAIPSDKEHNE M IMEFOT MECTO MEXaHWIECKUE KOJICOaHMs! TUTACTHUHBL. VICTIONB3YFOTCSI
KOJICOaHMSI COKATHSI-PACTSDKEHUS, M3rn0a, KpyJIeHUs U JpyTre.

[Tpu aHamM3e CXeMBI ¢ KBapIIeBBIM PE30HATOPOM (pHC. 2.69, a) ero ymo0HO 3aMEHSTh
SKBHUBAJICHTHON CXEMOM, IpeACTaBICHHON Ha puc 2.69, 0.

Heo0xoamMo 0TMETHTE, YTO IMEHHO 3Ta SKBUBAJICHTHAS CXeMa KBapIIEBOTO PE30HATOPA HCIIONB3YETCS B
nakere nmporpamm PSpice 1y1st MoIeIMpOBaHus SJIEKTPOHHBIX CXeM. B 9KBMBaJIEHTHON CXEME MOTYT
MMETh MECTO Y MapasuiesIbHbIN, U MOCIeI0BaTeNbHbIN pe3oHaHc. Ha mpakTrke HCnons3yoT 00a Bua
pe3oHaHca.
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B manazoHe yactor Mexty W, 1 Wy PE30HATOp BEIET ce0sT Kak HEKOTOPast HHYKTUBHOCTb.

KBaplieBble pe30HaTOphl XapaKTEPH3YIOTCS BBICOKOM CTaOMIIBHOCTEIO U 10OpOTHOCTEIO (Qk= 10* -
10°). Vcrio/Ib30BaHMe KBApLEBbIX PE30HATOPOB [TO3BOJISIET CHU3HTH OTHOCHTENBHOE H3MEHEHNE
YaCTOThI TEHEPATOPOB 10 OUCHb MaJIbIX 3HAUCHUH (1 0°- 10'9).

I[puBeneM 1 MprUMeEpa YIPOIICHHYIO CXeMY KBapIIeBOr0 reHepaTopa Ha OCHOBE OIEPAI[HOHHOTO
YCUITUTEIIS TIPU UCITOJIb30BAHMH TTOCIIC0BaTEIbHOIO pe3oHanca (puc. 2.70). Ha yacrore
TIOCJIC/IOBATEIEHOTO PE30HAHCA B CXEME UMECT MECTO CHIThbHAS TIOJIOYKHUTEIIbHAS 00paTHast CBSI3b, YTO U
TMIOJICPKUBAET ABTOKOJICOAHUSL.
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2.10. BTOPUYHBIE NCTOYHUKU ITUTAHUA

BTopuuHble HCTOYHUKY MUTAHUS MPEeIHA3HAUYECHBI JAJIS TOTY4YEHUS HAIIPSKEHUS,
HE00XO0MMOT0 JJIsl HETTOCPEICTBEHHOTO MUTaHMsI AJIEKTPOHHBIX U IpYruX ycTpoicTs. [Ipeanona-
raercs, 4To BTOPUYHbIE HICTOYHHUKHU B CBOIO OYepeb MOIY4Yal0T SHEPTUI0 OT NEPBUUHBIX
MCTOYHUKOB MUTAHUS, BbIpadaThIBAIONINX JIEKTPUUECTBO — OT F€HEPATOPOB, AKKYMYJISITOPOB U
T. 1. [TuTath 37€KTpOHHBIE YCTPONUCTBA HEMOCPECTBEHHO OT MEPBUYHBIX HCTOYHUKOB OOBIYHO
HEJb3s.

BTopuuHble HCTOYHUKH MMUTAHUS SBISAIOTCA OAHUMH U3 HanboJee BaKHBIX YCTPOMCTB
IEKTpOHUKU. Hanpumep, 4acTo HaeKHOCTbh TOTO WJIM MHOTO YCTPOMCTBA 3JIEKTPOHUKH
CYILLECTBEHHO 3aBHCHUT OT TOT'0, HACKOJIBKO HAJEKEH €r0 BTOPUYHBIA HCTOYHUK MUTAHHUS.
OO1enpuHATO BTOPUYHbIE HCTOYHUKHU HA3bIBaTh HCTOYHUKAMU MUTAHUS.

PaccMoTpuM TUIIMYHBIE CTPYKTYPHBIE CXEMBI HCTOUHUKOB TUTAHMSL, ITOJIYYAIOLUX SHEPTUIO OT
MPOMBILUIEHHOU ceTu ¢ yacToToi 50 I'.

PaccMoTpuM BHauase UCTOUYHUK MUTaHUS 0e3 mpeoOpa3zoBaTeisi 4aCcTOThl, CTPYKTYpHas cxema
KOTOPOTro NpeacTaBieHa Ha puc. 2.71.
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TpancdopmaTop npeaHa3HaAuCH IJIs TaIbBAHHYECKON pa3BsA3KHU IMUTAIONICH CETH U HarPy3KH B
M3MEHCHHS YPOBHS MEPEMEHHOTr0 HanpsbkeHus. OObIYHO TpaHChOPMATOP SBIISICTCS
MOHWXKAIOMUM. BeIpsaMuTenp npeodpa3yeT nepeMeHHOe HapsHDKEHUE B HAMTPSDKEHUE OTHOM
nosipHOCTH (Tysbcupyroniee). CriakuBaromui GUIbTP YMEHBIIACT MYJIbCAIIUN HAIIPSKECHU S
Ha BBIXOJ¢ BeIMpAMUTeas. CTabunnu3aTop yMEHbIIAeT U3MECHEHHS HAMPSOKCHUS Ha Harpy3Ke
(cTabuM3upyeT HANPSHKEHUE), BEI3BAaHHBIE HN3MEHEHUEM HaIPsDKCHHUS CETH U U3MEHEHUEM TOKa,
MOTPEOIIEMOT0 HAarpy3KOM.

HampspkeHne B ceTr 0OBIYHO MOKET U3MEHSThCS B Auarnas3one +15...—20% oT HOMHUHAIILHOTO
3HAYCHMUS.

PaccMOTpeHHBIN HCTOYHHK MTUTAHUS SBJISICTCS HCTOYHUKOM MUTaHUs Oe3 mpeoOpa3oBaHus
4acTOThl. Takue UCTOUHUKY MUTAHUsS PAHEE UCIOJIb30BAIUCH IUPOKO, OJHOKO B MOCJIEC/IHEE
BpEMsi BMECTO HHUX BCE Yallle MCIOJIB3YIOT HCTOYHHUKY C MpeoOpazoBaHueM 4acToThl. [IpuanHoi
ATOTO SBJIAETCS TO, YTO B UCTOUYHUKAX O€3 mpeoOpa3oBaHMs YaCTOTHI BeC U rabapuThI
Tpanchopmatopa, padoTaromiero Ha yactore 50 ['1, a Takke criaxuBarmnero GuibTpa
OKa3bIBAIOTCS JIOBOJIBLHO OONbIIUMHU. TeM HE MEHEe, pacCMaTPHUBAEMble HCTOYHHUKH IMHUTAHUS
UCIIOJIB3YIOTCS M B HACTOSIIIIEE BPEMSI.

PaccmoTpuM uCTOUYHMK TUTAHUA € TpeoOpa3oBaTeeM YacToThI (puc. 2.72).
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B 3THX UCTOYHMKaX HANpPsKEHUE OT CETH MOJAETCsl HEMOCPEICTBEHHO Ha BhIpsimuTens 1. Ha
BBIXOJI€ CTIIaXUBAroIero GpuibTpa 1 co3maercs NOCTOSIHHOE HApsKEHUE, KOTOPOEe BHOBB
npeoOpa3yeTcsi B IepeMEHHOE C MIOMOIIIbIO TaK Ha3pIBaeMoro uHBepropa. [lonydyennoe
MepEMEHHOE HaIPSHKEHUE UMEET YacTOTY, 3HAUUTENbHO TpeBbimarolryto S0 ' (o0br4HO
WCITOJIB3YIOT YaCTOTHI B ICCATKH KUJIOTEPIT). 3aTeM HAMPsDKEHUE TiepeaeTcs dyepes
TpanchopMaTop, BEITIPSIMIISIETCS U GUIBTpyeTcs. Tak Kak TpaHCPOpMaTOp B ITOM cxeme padoTaeT
Ha TTOBBIIIICHHOM YacTOTe, TO €T0 BEC U radapuThl, a TAK)KE BEC U Ta0apUTHI CTIAKHUBAIOIIETO
bunpTpa 2 0Ka3bIBAIOTCS OYCHBb HE3HAUNUTENIbHBIMU. Kak 1 B mpenpiayiei cxeme, OCHOBHAsI POJIb
TpaHcopmaTopa COCTOUT B raJIbBAHUUECKON pa3BsSI3Ke CETH U HArpy3ku. UHBepTOp,
TpaHnchHOPMATOpP U BBIIPSIMUTEIND 2 00pa3yloT KOHBEPTOP — YCTPOMCTBO JJII U3MEHEHUS YPOBHS
MOCTOSIHHOT'O HAIPSKEHUS.

Heob6xoaumMo 0TMETUTBH, YTO B TAKOW CXE€ME HHBEPTOP BBIMOIHSIET POJIb CTAOUIN3aTOpa
HanpsbKeHUs. B kauecTBe akTUBHBIX IPUOOPOB B MHBEPTOPE UCTIONB3YIOTCS TPAH3UCTOPHI
(ObumonspHble WK MOJeBbIe). NHOT/Ia MPUMEHSIOTCS TUPUCTOPHL B m000M cydae akTHBHBIE
pUOOPBI PAOOTAIOT B KITFOYEBOM PEXKUME (HAMIPUMED, TPAH3UCTOP WITM BKITFOUYEH U HAXOAUTCS B PEXKIME
HACBIIIEHNS, WITH BBIKITIOYEH U HAXOAUTCS B PEKUME OTCEYKH ), IOITOMY UCTOYHUKH MTUTAHUS C
npeoOpa30BaHIEM YacTOThl HA3bIBAIOT TAKXKE UMITYJILCHBIMU. OIHAKO ClieTyeT UMETh B BUILY, UTO U B
MCTOYHHKAX 0e3 MpeoOpa3oBaHmsl YaCTOTHI MOT'YT UCTIONIb30BATHCS UMITYJILCHBIE CTaOMIT3aTOPBI, 5
KOTOPBIX TPAH3UCTOPHI PAOOTAIOT B KITFOUEBOM PEXKHME.

PaccmarprBaeMble HICTOUHUKY IUTAHKS IIUPOKO HUCTIONB3YIOTCS B COBPEMEHHBIX YCTPOMCTBAX
ANEKTPOHUKH, B YACTHOCTH B KoMIIbloTepax. OHM 001a/1a10T, KaK MPaBUJI0, 3HAYUTENHHO JIyIITMMHU



TEXHHUKO-O9KOHOMHNYCCKHMMM ITOKA3aTCIIIMK B CPABHCHUH C PaCCMOTPCHHBIMH BBIIIC HCTOUYHHUKAMKU 0e3
Hp606'p330BaHI/I$I YaCTOTHI.
HepeﬁzleM TEIEPh K PaCCMOTPECHUIO OTACIbHBIX 3JIECMCHTOB CTPYKTYPHBIX CXEM UCTOUYHHWKOB ITUTAHMA.

2.10.1. Bempsamurenn

B ManoMOIIHBIX KCTOYHUKAX MUTAHUSA (10 HECKOJIBKUX COTEH BAaTT) OOBIYHO HCIIOJIB3YIOT
01HO(a3HBIEC BRIMPSIMUTENIN. B MOIIHBIX HCTOYHHUKAX I1€JIECO00Pa3HO MPUMEHSTH Tpex dha3HbIe
BBITIPSIMHUTETH.

BeimpsMuTtenu UMEIOT CIIETYIOIME OCHOBHBIE TTApaMETPhI: a) CpeHee 3HAUCHNUE BBIXOHOTO
HATPSKEHUS Ugyx

T
Ucp =-1:E[)u3wdt,

rae 17— nepuo HarpsbKeHUs CETH (7151 IPOMBIIIIeHHON ceTu — 20 McC);
0) cpeaiHee 3HAYEHUE BBIXOHOTO TOKA lgyx

1z
ICp=7(.’;‘mxd’;

B) KOO(QPUIHMEHT MyIbCAIli BBIXOJHOTO HANIPSKEHUS

E=

3
U,
rae Uy — amMmumntyaa Husmel (OCHOBHON) TapMOHUKH BBIXOIHOTO HampsikeHus. YacTto
KO3 UILMEHT MyabCcalluii U3MEPSIOT B MPOLIEHTaX.

O6o3Ha4nMm ero yepes £%: ¢ % =Up,/U.,100%

YkazaHHBIE TapaMETPHI SBIISIOTCS HarOoJIee BAYKHBIMU IPH UCIIOJIb30BaHUU BBIMPSIMUATEIS.

[Tpy MpoeKTUPOBAHHUM BBITIPSIMHUTENS TUPOKO MPUMEHS IOTCS TAaKXKE CIICIYIOITUE TTapaMeTpPhI,
XapaKTepHU3yIOIUe er0 BHYTPEHHNE 0COOCHHOCTH

a) aeicTBytomiee 3HaueHue U, BXOJHOTO HaNpsKEHUs BHITPSIMUTENS;

0)MakcuMaabHOE 0OpaTHOe HanpsKeHUe Uypp yaxe HA OTICTBHOM JIHOJIC HIIH TUPUCTOPE (T. €.
Ha BEHTUJIC). DTO HAIPsDKEHUE IPUHATO BRIpaXKaTh Yepe3 HanpsokeHue U,,;

B)CpeaHee 3HaUeHHE 1, ., TOKA OTACIIBHOTO BEHTHIIS,

T') MaKCUMAJTbHOE (aMIUTHTYIHOE) 3HaYeHHE 1 ;0 TOKA OTICITHLHOTO BEHTHIISA.

Toxu 1, ., 1 1,0 TPHHSATO BBIpaXKaTh uepe3 1., 3Hauerue U sy e HCTIOIB3YETCS IJI BBIOOpA
BEHTHUJIS 110 HANIPSDKCHUIO. 3HaUeHUS 1)) U 15,0 HCTIONIB3YIOTCS JJIE BBIOOPA BEHTHIIS 11O TOKY.
31ech ciaeayeT UMETh B BUIY, YTO BCJICICTBUE MAJIOH TEIJIOBOM HHEPIIMOHHOCTH
MTOJTYITPOBOTHUKOBOTO BEHTHIISI OH MOYKET BBIUTH M3 CTPOS JaXKE B TOM CIIydae, KOrJia €ro CpeHuH
TOK 15, MaJI, HO BEJTMK MaKCUMAITLHBIN TOK 1y 5

OonHoghasmbvill 00HONONYNEPUOOHDIL BLINPAMUNEND SBISETCS IPOCTEHIITUM U UMEET CXEMY,
n300pakeHHYI0 Ha puc. 2.73, a. B TakoMm BEIIpAMHUTENIE TOK Yepe3 Harpy3Ky MPOTEKaeT JIHUIIb B
TEUEHHE IMOJIyIIepHoAa CETEeBOT0 HampspkeHus (puc. 2.73, 6).
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HCXOJI?[ W3 NPUBCACHHBIX BBIIIC OHpeILGJIeHI/Iﬁ, MMOJIYyYHUM OCHOBHBIC IMAapaMETPhI:
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Takoil BEITPSIMUTENb HAXOAUT OTPAaHUYEHHOE TPUMEHEHHUE B MAJIOMOIIIHBIX YCTPOWCTBAX.
Kpome mpouero, xapakTepHOil OTpULIaTEIbHON YePTON OJHOMOIYIIEPHUOTHOTO BBITPSIMUTENS
ABJISIETCS] MPOTEKAHNUE MMOCTOSHHOM COCTABIISAIONIEH TOKA BO BXOJIHOM 11enu. Eciiu BRITPSIMUTEND
MUTaEeTCs Yepe3 TpaHnchopmaTop, Kak Moka3zaHo Ha puc. 2.73, B, TO HAIMYHE YKa3aHHOU
MOCTOSIHHOM COCTAaBIISAIOIIEH TOKA BHI3BIBACT MMOJMarHMUMBaHUE CepJIeUHIKa TpaHchopMaTopa,
YTO NMPUBOJUT K HEOOXOIUMOCTH YBEITUUUBAThH €r0 raapUTHBIE pa3MeEphI.

Jlsyxnonynepuoonulil gbinpsamumenb co cpeoneli moukol MPeJCTaBIsIET COO0H MapaJlIeIbHOE
COCIMHEHHUE JIBYX OJHO-TIONYIIEPUOIHBIX BBITPSMUTENEH. PaccMaTprBaeMblil BBIIPSIMUTENb MOKET
UCIIOJIh30BAThCS TOJIBKO ¢ TPAaHC(HOPMATOPOM, UMEIOIIIM BBIBOJ] OT CEPEAMHBI BTOPHIHON
ooMoTKH (puc. 2.74, a).
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Jlnoap1 cXemMbl MPOBOIAT TOK ITOOYEPEIHO, KK B B TeUCHHUE TTomyriepuoja (puc. 2.74, 0).
OCHOBHBIE TApaMeTPhl TAKOTO BBIIPSIMUTEIIS TOTYYUM aHAJIOTUYHO TOMY, KaK 3TO JICNIAJIOCh paHee:
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rae U, — neicTByroliee 3HaYCHUE HANPSDKSHMS KaXKI0W TTOJIOBUHBI BTOPHYHONH OOMOTKH;
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PaccMaTprBaeMblii BBIIPSIMUATEIH XapaKTEPU3YETCs IOBOJBHO BBICOKHMMH TEXHUKO-I)KOHOMHYESCKIMHU
TMIOKA3aTeJIsIMU M IIPOKO UCTIONB3YETCs Ha MpakTrke. [Ipy ero mpoekTpoBaHuHU MOJIE3HO IOMHHUTB O
CPaBHUTENHHO OOJBIIIOM OOpAaTHOM HAIPsHKEHUH Ha AUOJAX.

Oonoghasnwiti mocmogotl geinpsmumens (puc. 2.75, a) MOKHO CUATATh TIPEAETIOM COBEPILIEHCTBA TEX
o7iHO(ha3HBIX BHIIPSIMHUTENEH, KOTOPBIE MOTYT HUCTIONB30BaThes Oe3 TpaHchopmatopa. He n3BectHa
npyras onHogasHas cxema 0e3 TpaHcgopmaTopa, B KOTOPO Obl TaK PaIIOHAILHO HUCTIONb30BATHCH
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JHOJTBL. JIO/IBI B paccMaTpruBacMoi cXeMe BKITFOUAFOTCS M BRIKITIOYAroTCs mapamu. O1Ha mapa — 3To
muonel D1 u D2, a npyrast — D3 u D4. Takum o6pazom, k mipumepy, auoasl D1 u D2 unu o6a
BKITFOUCHBI U TIPOBOJISIT TOK, HJTM 00a BBIKJIFOUEHBI (puc. 2.75, 0). Eciiu He 3a0bIBaTh MBICJICHHO 3a-
MEHSITh K&K/IbIM BKJIFOUCHHBIN MO/ 3aKOPOTKOM, a KaXK/Iblil BBIKJIIOYEHHBIN — pa3pbIBOM IIETTH, TO
aHaM3 pabOThI ATOM CXEMbI OKa3bIBAETCS] COBCEM HETPYTHBIM.

OcHOBHbIE MapaMeTPbl YCUIUTENS CIEIYIOIINE:

Uy =2-£-U&x ~09-U,,

Ug =1,11-U,

1
Id.cp =—2-'Icp:
V2-U, n
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Takol BBIIPSIMHUTEIb XapaKTEPU3yETCsl BHICOKUMHU TEXHUKO-?KOHOMUYECKUMU MOKA3aTeNsIMU U
HIMPOKO UCIONIb3YyEeTCsl Ha MpakTuke. YacTo Bce YeThIpe AMO/1a BHIIPSMUTENS TIOMEIIAIOT B OJIUH
KOpIyc.

Cxema mpexghaznozo epinpamumerns ¢ HyJ1e6biM 6b16000M W €TO BPEMEHHbBIE AUArpaMMbl paOOThI
MpUBEAECHBI Ha puC. 2.76.

KoadrrmenT mynbcaruii BRIPSAMICHHOTO HanpsbkeHus cocTasiisger 0,25, B TO BpeMs Kak s
JBYXTIOJYTIEPUOTHOTO
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oaHO(a3HOTO BRIIPAMUTENS KO3 GUIIMEHT mynbcaruii paBeH 0,67. Yactora mynbcamnuii B
Tpexda3zHOM BBIPSIMUTENIC B TPU pa3a BBIIIC YACTOTHI IMTUTAIONICH CETH.

Cxema mpexghaznozo mocmoeozo evinpamumens (cxema Jlapuonosa) npvusencHa Ha puc. 2.77.
Hcnionb3yembie B JTaHHOU cxeMe 6 THO0B BBRIMPSIMIIIOT KaK MOJOKUTEIbHBIE, TaK U OT-
pHILIATENHHBIE TIOTYBOJHBI TPEX(PA3HOTO HAMIPSHKEHUS. ITOT BBIIPSIMHUTEIb SIBJISIETCS] aHATIOTOM
0/THO(ha3HOTO MOCTOBOT'O

A

DIZA D27 D37
K paze A o——9

KpaeB © R, [u o
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Puc. 2.77



BBITIpSIMUTENIS. PaccmaTpuBaeMblil BBHIIIPSIMUTEIb XapaKTePU3YyETCs BBICOKUMH TEXHHUKO-
SKOHOMUYECKHMH MOKA3aTEISIMU U OYEHb IIMPOKO UCIOIb3yeTcs Ha npakTuke. Koaddumment
MyJIbcanuii cxembl oueHb Mai (€ = 0,057), a yacToTa ImysbCalliidi B IIECTh Pa3 BBIIIE YaCTOTHI CETH.
Bce 3T0 n03BoIIsIET B HEKOTOPBIX CIy4asX HE UCMOIb30BaTh BBIXOAHOW (HIIBTP. AHAIN3 pabOThI
paccMaTpuBaeMoOl CXEMBI CIIOJKHEE, YeM aHajIu3 padoThl 0JHO(PA3HOTO MOCTOBOIO BHINPSMUTES,
OJIHAKO HE COMPSDKEH C KAKUMH-TMOO0 MPUHIMITUATIBHBIMU 3aTPYIHEHUSMHU.

2.10.2. CranaxxuBaromue GuiIbTPhI

BbInpsiMiieHHOE HanpsbKeHUE UMEET CYIIECTBEHHBIE MYIIbCALMH, TIOITOMY LIMPOKO UCIOB3YIOT
CIIIKUBAIONIME (PUITBTPBI - YCTPOMCTBA, YMEHBINAIONINE 3TH MTyIbcallui. BakHeH UM mapaMeTpoM
craaxuBatoniero GuiabTpa siBisercs koaddunuenT crnaxuanus S. [To onpenenenuto S=e1/ey,
IpUYEM &1 U &2 OTIPEACISIIOT KaK KO PHUIIMEHTHI MyJIbCAIlUil Ha BXOZE U BBIXO/IE (PHUITBTPa
COOTBETCTBEHHO.

JIJ1st eMKOCTHOTO (HIIBTPA, Y KOTOPOTO BXOJT M BBIXO/ (DAKTHYECKH COBMAIAOT, TIOJ &1
MOHUMAIOT KO3(PPUIIMEHT MyJIbCalil 10 TOAKIIOYCHUS QUIBTPa, a oA &2 — KO3 GHUIMEHT
nyjabcanui mocie ero noakiardeHus. KoappunueHT criaxuBaHus MOKa3bIBaeT, BO CKOJIBKO pa3
GbwibTp yMeHbInaeT mysbcaiyi. Ha Beixoze hunbTpa HanpshKeHUE OKa3bIBACTCS XOPOIIO CITIKEHHBIM, a
KO3 PHIIMEHT MyJIbcaliuii MOKEeT UMEeTh 3HaueHus B auama3one 0,001 .... 0,00003. .

[Tpocreitm ¢ubTpoMm siBiseTcs eMKocTHOU GuibTp (C-unstp). PaccMoTprM ero paboty Ha
nprMepe 0HO(A3HOTO OHOTOTYIIEPHUOTHOTO BhIpsiMuTens (puc. 2.78). EMkocTHOM GunbTp
MOJIKJTFOYAIOT MapaJuIeIbHO Harpy3ke (puc. 2.78, a).

Ha otpe3ke Bpemenn t1...t2. quot OTKpBEIT ¥ KOHIEHCATOp 3apsbkaercs (puc. 2.78, 6). Ha orpeske
t2...t3 n1rox 3aKpHIT, HCTOYHHUK BXOJHOTO HAINPSDKEHHS OTKITFOUECH OT KOHJICHCATOpa M Harpy3ku. Paspsi
KOHJICHCATOpa XapaKTepU3yeTcst KCIIO-HEHTOH ¢ mocTostHHOM Bpemenu T = R, C. TOK uepe3 auon
MPOTEKAET TOJIHKO YacTh Momyrneprosa (otpe3ok tl...t2). Yem kopoue otpe3ok tl...12, Tem Gombie
aMILTUTY/Ia TOKA ANO0JIa TIPH 33JaHHOM CpeTHEM TOoKe Harpy3ku. Eciu emMkocts C oueHb BenKa, TO
otpe3ok t1...t2 oka3pIBaeTcst OUeHb MaJIbIM, a AMIUIATYA TOKA IO OUYEHb OOJIBILION, 1 IO MOYKET BBIATH
u3 cTpost. Takoii GUIBTp MUPOKO UCTIONH3YETCS B MATIOMOIIHBIX BBITPSIMUTEISX; B MOIITHBIX
BBINIPSIMUTENISIX OH HCIOJIb3YETCs PEAKO, TaK KaK PeKUM padOThI AMOJA U COOTBETCTBYIOIIHX
AIIEKTPUIECKUX TIeMei (K mpruMepy, 0OMOTOK TpaHC(hopMaTopa) J0CTaTOUHO TSHKEIL.

B kadectBe (huiibTpa MOXKHO HUCTIONB30BATh M MHIYKTUBHOCT. JIETKO JI0Ka3aTh, YTO MHIYKTHBHBIN
¢buwistp (L-punbTp) mpakTryecku He JaeT mojae3Horo ¢ dexta B 01HO()a3HOM OTHOMOIYIIEPHUOTHOM
BhINIpsAMUTENe. PaccMoTpuM paboTy MHIYKTUBHOTO (DPUIIBTpa HA PHUMEPE 0THO(A3HOTO MOCTOBOTO
BbIIPSIMUTENSL. IHAYKTHBHBIN (DHIIBTP BKITFOUYAIOT MOCIIEI0BATENBHO € Harpy3kol (puc. 2.79, a). Yacto
UCTIOJTB3YIOT
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KaTYILKy UHIYKTUBHOCTH (PEaKTOp) HA MAarHUTHOM CEPJICUHHKE C 3a30POM.

[peamnonoxum, uTo moctostHHas BpemeHu T , onpenaensemast BeipakenneM T=L/R,, nocTtarouno
BeJIMKa (KaK 3TO 0ObIYHO ObIBAET Ha MpaKTUKe). Toraa TOK Harpy3KH OKa3bIBaeTCsl IPAKTHUECKU
NOCTOSTHHBIM (puc. 2.79, 6). Takoil GUIBTP MHPOKO MCIIOIB3YETCS B BBIIPSIMHUTENSIX, 0COOCHHO
MOLIHBIX. Pesxum paboThl AMO1I0B (M COOTBETCTBYIOLIMX 3JEKTPUUECKUX Leneil) He sABIseTcs
TSYKEIIBIM.
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-y ve TUIbI GUIbTpoB (puc. 2.80): HHAYKTUBHO-
er ! I | l I'-o6pa3ubiii RC-punwstp (0), IT-00pa3usbiii LC-
N

s — -

OG6sbruno I'- u [T-o6pa3zusie RC-punbTpsl NpUMEHSIOTCS TOJIBKO B MaIOMOIIHBIX CXeMaX, TaK
KaK OHHM TOTPEOIISIOT 3HAUNTENBHYIO JOJI0 SHepTun. Ha mpakTuke MpuUMEHSIOT U Ipyrue, 6oiee
CJIOXHBIE (QUITBTPBHI.

PaccmoTpuM BHeENIHUE XapaKTEPUCTUKU BBITIPSMUTENEH ¢ puiabTpamu. BHem s
XapaKTePUCTHKA, — ITO 3aBUCUMOCTh CPETHETO 3HAUCHHUSI BBIXOAHOTO HANIPSHKCHUS (HATIPSKSHUS
Ha Harpy3Ke) OT CPEJIHETo 3HAYCHUS BBIXOJHOTO TOKa (TOKa Harpy3ku). [Ipu yBenndeHun
BBIXOJHOT'O TOKA BBIXOJTHOE HANIPSDKEHUE YMEHBIIIAeTCs U3-3a YBEJIMUCHUs NaJCHUs HAMIPSHKEHUS Ha
0o0MOTKax TpaHcopmaTopa, JUo1axX, MOJABOISAIINX MPOBOAX, deMeHTaxX (GpuipTpa.

PaccmoTpum TUIIMYHBIE BHEIIHHE XapaKTepUCTHKU (prc. 2.81), KOTOpbIE MOTYYatoT, U3MEHSIS
COTMPOTUBIIEHUE HATrPY3KH, MOAKIIOYEHHOE K BBIXOMYy (GribTpa. HakioH BHEITHEN XapaKTepUCTUKH MPH
TOM HJIM UIHOM TOKE 1, XapaKTepr3yIOT BBIXOIHBIM COMPOTUBICHUEM Re,x, KOTOPOE OMpeensercs
BBIP)KEHUEM

_|dUg

R
8biX dlcp

1, — 3ajaHHHA :

Yewm meHbIIIe BEMMUUHA Reyy, TEM MEHBIIE BHIXOJHOE HAMPSDKEHUE 3aBUCUT OT BBIXOHOTO TOKA, YTO
OOBIYHO U TpeOyeTcs.

Kak cnenyet u3 puc. 2.81, Bempsimutens ¢ RC-GuibTpoM XapakTepu3yeTcst MOBBIIICHHBIM
BBIXO/THBIM COIPOTHBIICHHEM. 371eCh OTPHUIIATEIILHYIO POJIb UTPaeT Pe3UCTOp (PritbTpa.
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2.10.3. CtaOunu3aTopsl HANPSKEHUS

Baxneiiiimuy napamerpamuy cradiim3aTopa HapsLKEHUS ABISIOTCS KO3 OUIIMEHT cTa0uiIn3aiu
Km, BBIXOAHOE CONPOTUBIIEHUE Rey M KOIDPHUIIMEHT MOJIE3HOTO ACUCTBUA 1).

KoaddrmenT crabmmmsaipy ornpenesisiioT U3 BEIPOKESHUS

Au,,
K’ uGX
T Au,,
8bIX
ueux

TA€ Ugy,Upyx. — TMOCTOSTHHBIE HAMPSXKEHUSI COOTBETCTBEHHO HA BXOJIE M BBIXO/E CTAOMIM3ATOPa; AUy
— U3MEHEHHE HANPSHKEHUS Ugy;

AUgx — U3MEHEHHUE HAMPSHKEHUS Ugyx, COOTBETCTBYIOIIEE

W3MEHECHHIO HAMPSHKEHUS AUgy.

Takum o0pa3om, K03 (HUIUEHT CTAOUITH3AME — TO OTHOLICHHE OTHOCUTEILHOTO M3MEHCHHS
HAIPSDKEHUS Ha BXOJIC K COOTBETCTBYFOILIEMY OTHOCHTEIBHOMY H3MEHECHHIO HAIIPSHKCHHS Ha BBIXOJIE
crabunuzaropa. Uem OoJibiie KO3hGHUIMEHT CTAOUIM3AIMN, TEM MEHBIIIE HM3MEHSETCS BRIXOHOES
HAPsDKEHHUE TPH M3MCHCHUH BXOTHOTO. Y TPOCTEHIIINX CTaOMIIM3aTOPOB BEIMUMHA K, COCTABIIACT
CJIMHHUIIBL, a y 00JIee CIIOKHBIX — COTHH U THICSYH.

BeIxomHOe conpoTHBIIeHNE CTa0MIM3aTOpa OMPEIEISIeTCS BRIPKSHUEM

Au

R - 8bixX
AiGMX ¢

rae Aug, — U3MEHEHHUE MMOCTOSTHHOTO HANPSHKEHHS Ha BBIXOJIE CTA0MIIN3aTOPa;

Algx— M3MEHEHNE TIOCTOSIHHOTO BBIXOIHOTO TOKA CTA0MIIN3aTOpa, KOTOPOE BHI3BAJIO N3MEHEHHE
BBIXOHOTO HAMPSHKESHUSI.

BeIxomHOE COMPOTHRIICHHE CTAOMIIM3aTOpa SBJISIETCS BEIMUMHOM, aHATIOTUIHON BBIXOIHOMY
COIPOTHUBIICHUIO BBITIPAMUTEIS ¢ (QIITETPOM. UeM MEHbIIIe BEIXOTHOE COIPOTHBIICHHE, TEM MEHBIIIS
M3MEHSITCS BBIXOTHOE HAIMPSDKEHUE TTPU M3MEHEHNH TOKA HArpy3Kd. Y TIPOCTEHIINX CTaOMITN3aTOPOB BEITH-
ynHa Ry« cocTarisieT equauiibl OM, a y 0oJiee COBEPILIEHHBIX — COTBIE U ThICSIUHBIE 107U OMa.
Heo0XxoamuMo OTMETHUTD, YTO CTAOMIN3aTOp HANPSHKEHUST OOBIYHO PE3KO YMEHBIIIAST TyIIbCaIH
HaMPsHKEHUSL.

KoadduimenT monesHoro neicTBus cTabmuiImM3aTopa 1, — 3TO OTHOIIEHHE MOIITHOCTH,
OTJIaBaeMOM B HArpy3Ky P, K MOIITHOCTH, TIOTPEOIISIEMOM OT BXOAHOTO MCTOYHMKA HAMPSDKEHUS Py,

P
ncr :.._H_.

Fx

TpaauimoHHO CTaOMIM3aTOPBI PA3ICISIIOT HA TTAPAMETPUIECKUE U KOMITEHCAIIMOHHBIE.

Tapamempuyeckue cmadbunu3amopsl SBISIOTCS TPOCTESHITMMHI YCTPOWCTBAMU, B KOTOPBIX MaJIble
M3MEHEHUSI BEIXOTHOTO HAMPSDKEHUS JIOCTUTAFOTCS 32 CYET MPHUMEHEHHS 2JIeKTPOHHBIX TPUOOPOB C IBYMSI
BBIBOJIAMH, XapAKTEPU3YIOIIUXCS SIPKO BBIPAKEHHON HEIMHEHOCTHIO BOJIBT-AMIIEPHON XapaKTEPUCTUKH.
PaccmoTpiM cxemy mapaMeTpruuecKoro cTadims3aTopa Ha OCHOBE cTaOMIuTpoHa (puc. 2.82).
[Tpoananu3upyem nanuyro cxemy (puc. 2.82, a), 715 4ero BHavale ee npeoodpa3yem, UCHOIb3Ys
TeopeMy 00 IKBUBAJIGHTHOM TeHeparope (puc. 2.82, 6). [Ipoananusupyem rpaduuecku paboTy
CXEMBI, IOCTPOUB Ha BOJIbT-aMIIEPHOI XapaKTePUCTHKE CTaOMIUTPOHA JIMHUK HArPY3KU JUIS Pa3IMUHbIX
3HAYEHUN SKBUBAJICHTHOT'O
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HaIpsHKEHUSI, COOTBETCTBYIOUIUX PA3IMYHBIM 3HAUEHUSM BXOJHOTO HanpsbkeHus (puc. 2.82, B).
U3 rpaduueckrx mocTpoeHUit 0YEBUIHO, YTO MPU 3HAUYUTEILHOM U3MEHEHUU 3KBUBAJICHTHOTO
HanpspKeHus U, (Ha AU,), a 3HAUUT, U BXOJJHOTO HAMPSIKEHUS Ugy, BBIXOTHOE HAMIPSHKEHUE
W3MEHSETCS Ha HE3HAUUTENbHYIO BETUUUHY Atlyyy. [Iprdem, uem menbie auddepeHpaibsHoe
COIPOTHUBJICHUE CTAOUIUTPOHA (T. €. YeM OoJiee TOPU3OHTATIBHO UAET XapaKTePUCTHKA
CTaOUITUTPOHA), TEM MEHBILE Aig, . ONpeIeTUM OCHOBHBIE MTapaMETPhl TAKOTO CTadWIM3aTopa, s
Yero B UCXOJHOU cXeMe CTA0MIUTPOH 3aMEHUM €r0 3KBUBAIEHTHOM CXEMOM U BBEIEM BO BXOJHYIO
1ens (puc. 2.82, 2¢) ICTOYHUK HAMPSHKEHUSI, COOTBETCTBYIOIINN N3MEHEHHIO BXOITHOTO HAIPSHKEHUS
Aug, (Ha CXE€ME IYHKTHUD):

Reux =Ty I Ry = 1y, Tak Kak Ry;>> 13,

o= uauxIH — uw{rIH - Ko = Auex i Auebtx
uaxIax uax(IH +Ic'r) °r

Tak Kak 00BIYHO Iy« Ry

~uw Ty +R0
u ko

CnenoBaTenbHO, K
cT

éx

OOBIYHO MapaMEeTPUUYECKUE CTAOMIN3aTOPBI UCIIOIB3YIOT JJISI HArPY30K OT HECKOJIBKUX €IMHUII
JI0 TeCcATKOB Muiunamnep. Hanbonee 4acTo OHM UCMOIB3YIOTCS KaK HCTOYHUKHU OTIOPHOTO
HaIpsHKCHHUS B KOMIICHCAITMOHHBIX CTa0MIM3aTOpax HAIIPSIKCHUS.

Komnencayuonnvie cmabunuzamopul IpeACTaBIAIOT COOOH 3aMKHYTBIE CUCTEMBI
ABTOMATUYECKOTO PEryIupoBaHusl. XapaKTepHBIMH dJIEMEHTaMH KOMIIEHCAIITHOHHOTO
cTabmiIM3aropa sIBJSI0TCS HCTOYHUK OMopHOro (3taionHoro) HanpsbkeHus: (MOH), cpaBuuBaronuit
u ycwmBatomuii sneMent (CYD) u perynupytromuit anement (PD).Hanpsbkenne Ha BbIXojie
CTAa0WIIM3aTOPA WM HEKOTOPAs YacTh ATOTO HAPSHKEHHS IIOCTOSTHHO CPABHUBACTCS C TAIOHHBIM
HaIpsHKeHHEeM. B 3aBUCHMOCTH OT UX COOTHOIICHUS CPABHUBAIOIIUM ¥ YCHIIUBAIOIIIM
9JIEMEHTOM BBIpA0ATHIBACTCS YIPABIISIIONIANA CUTHAT JJIsl PETYJIMPYIOIIEro 2IEMEeHTa,
U3MEHSIOIINN €ro pekuM paboThl TAKUM 00pa3oM, 4TOOBI HANPSKEHHE HA BBIXOJIE
cTabunm3aTopa 0cTaBajgoCh MPAKTHUECKU MOCTOSHHBIM.

B xagectBe IOH 00bI14HO MCHIOIB3YIOT Ty WM HHYIO SJIEKTPOHHYIO 1I€Th Ha OCHOBE
cTabunuTpoHa, B kKauecTBe CYD 4acTo UCHONB3YIOT ONEepallMOHHBIN YCHIIUTENb, a B KauecTBe PO
— OMTIOISAPHBIN WM TIOJICBOM TpaH3UCTOp. Yalie Bcero perymupyronui 3JJEMEHT BKITFOYAOT
MOCJIEIOBATEILHO C HArpy3Koil. B aToM ciydae cTabmim3aTop Ha3bIBAIOT MOCIIEOBATEIBHBIM (PHC.
2.83, a). lnorma perynmupyromnmii 3JIeMeHT BKIIFOYAIOT MapajuIeIbHO Harpy3Ke,  Toraa
CTa0MIN3aTOp HA3BIBAIOT MapayieabHbIM (puc. 2.83, 0, 3mech CYD u MOH ¢ nenpio ynpoimeHus He
MoKa3aHbl). B mapamiensHOM cTabnuiIn3aTope UCIONIb3yeTes 0alIacTHOS COMMPOTUBIICHHE Ry, BKITIO-
yaeMoe MOCIeI0BAaTEIbHO ¢ Harpy3Kou.
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B 3aBHCHMOCTH OT peKrMa pabOThI PEryJIHPYIOIIETO JJIEMEHTa CTa0MIN3aTOPhI Pa3AC/IsIOT Ha
HETPEPBIBHBIC M UMITYJIbCHBIE (KJIFOUEBBIC, PelieiiHbIe). B HeNpephIBHBIX CTa0MIIM3aTOPaxX
PEryJIUPYIOMUNA 3JIeMEHT (TpaH3UCTOP) paboTaeT B aKTUBHOM PEKHUME, & B UMITYJIbCHBIX — B
HUMITYJIbCHOM.

PaccMoTpyM THIMHYHYIO MPUHIMIHAIBHYIO CXEMY HEIPEPBIBHOTO cTabuinzaTopa (puc. 2.84, a).
DTa cxeMa COOTBETCTBYET IPUBEICHHOMN BHIIIE CTPYKTYPHOH CXEME MOCIEI0BATEIbHOTO
crabunuzaropa. st Toro, 4ToOBI BHINIOJHUTH HanbOOJIEe MPOCTO aHAJIM3 dTON CXEMbI Ha
OCHOBE T€X JIOIYy-

vr DA

O_—XT’ L N . _l [Y]“‘q]“’[:

Puc. 2.84

€HHI, KOTOpbIe ObLTM paCCMOTPEHBI TIPH U3YYESHHH OTIEPAIOHHOTO YCHITHTEITSI, N300pa3uM 3Ty CXeMYy T10-
npyromy. ITpy 5TOM LieTi TUTaHKs ONIEPAIMOHHOTO YCHITUTENIS TSl YIIPOIICHUST PUCYHKa H300paXkaTh HE
oynem. 3 cxemsl (puc. 2.84, 0) oueBHIHO, 4TO Ha AnieMeHTax Ry, R3 ,DA u VT nocrpoen He-
WHBEPTUPYIOLTHI YCHITUTEb Ha 0CHOBE OY ¢ BBIXOHBIM KaCKaJOM B BHIC SMHTTEPHOTO TOBTOPUTEIS Ha
tpau3ucTope VT, a BXOIHBIM HANPHKEHHEM IS HETO SIBISIETCS BEIXOAHOE HAIPSDKEHHE
rapaMeTpUIecKoro CTabriIn3aTopa HanpspkeHns Ha diaeMenTax Ry u VD. B cooTBercTBHH C
YKa3aHHBIMH BBIIIE JIOMYIICHASMH TOTyIacM:

Upy = Uy, T. €. Iy Ry= U
Ups = Upz — Ugps

¥t

fpp =—ipgy = i
R2 R3 R
3

[Moncrasisist BRIpaKEHUE TSI Ir B MIPEIBITYINEE YPABHEHUE, TIOTYIUM
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CJeIOBaTeNRHO,

R
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[TocnenHee BbIpaKEHNE B TOYHOCTH TIOBTOPSIET COOTBETCTBYIOITHE BHIPAXKCHUSI IS
HEHHBEPTUPYIOIIETO YCHIATENS (BXOAHBIM HAPSHKEHUEM SIBJIICTCS HAITPSHKCHUE Ueyy,)-

[Tone3no ormetuth, uTo OOC 0XBaTHIBAET JIBa KACKaJla — Ha ONEPAIMOHHOM YCHIIUTENE U Ha
Tpanzucrope. PaccmarpuBaeMast cxema sIBJISIeTCsl YoM TEIbHBIM IIPUMEPOM, JEMOHCTPUPYIOIIAM
TIPSHMYIIIECTBO OOILICH OTPHIIATEIEHOM OOPATHOM CBSA3U 10 CPABHCHHIO C MECTHOM.

OCHOBHBIM HEZIOCTATKOM CTaOMJIM3aTOPOB C HEMPEPHIBHLIM PETYIMPOBAHUEM sIBIIsICTCS HeBbICOoKmi KI T/,
TIOCKOJIBKY 3HAUMTEIIBHBIN PACX0]] MOIITHOCTA UMEET MECTO B PETYJIMPYIOIIEM 2JIEMEHTE, TaK KaK
4yepes HeTO MPOXOUT BECh TOK Harpy3KH, a MajcHUE HAMPSDHKEHUS HA HEM PABHO Pa3HOCTH MEXIY
BXOJHBIM U BBIXOJHBIM HAMPSDKCHUSMU CTa0UIN3aTopa.

B xon1ie 60-X roJ10B cTaIM BBITYCKAaTh HHTETPATLHBIE MUKPOCXEMbI KOMIICHCAITMOHHBIX
CTaOMIIM3aTOPOB HAIPSDKEHUS C HEMpepbIBHBIM perynupoBannem (cepusi K142EH). B sty ceputo
BXOJISAT CTAOMIIN3AaTOPHI C PUKCUPOBAHHBIM BBIXOTHBIM HAIIPSKCHUEM, C PETyTHPYEMbIM
BBIXOJHBIM HAIPSOKCHUEM U JIBYXITOJISPHBIM M BXOJHBIM M BBIXOAHBIM HampsbKeHUsIMU. B Tex
ClIy4asix, KOTrjia yepe3 Harpy3ky HeoOX0IMMO MPOMyCKaTh TOK, MPEBBIIIAIONIAN MPEIeTbHO
JIOTTYCTUMBIE 3HAYCHUSI HHTETPAIbHBIX CTAOMIM3aTOPOB, MUKPOCXEMY JOTIONHSIOT BHEITHUMH
PETYJIMPYIOIIMMU TPAH3UCTOPAMH.

HexkoTopble mapamMeTpbl HHTErpaIbHBIX CTAOMIN3aTOPOB MPUBEICHHI B Ta0JI. 2.1, a BapuaHT
MOAKJIIOUEHUS K CTaOUIIu-

Tabmuma 2.1
Tun Us, B Usux, B In, A Puaxe, BT
KI142EH1B 40 3+12 0,15 0,8
K142EH2B 40 12+30 0,15 0,8
K142VH3; 4 40 15+ 30 1 4
K142EH5A 35 5 3 10
K142EH6 £30 +15 0,2 4

3aropy K142EH1 BHemnHux aneMeHToB — Ha puc. 2.85. Pe3ucrop R npennaznadex st
cpabaThIBaHUSI 3aIIUTHI 10 TOKY,

11,13

16 R
4 S 10
Uu U
* s| Ki42eH1 |, o
== X !I]Rl
T
8 2
O

Puc. 2.85

a Ri— nns perynupoBanust BIxoHOTO HanpspkeHus. Mukpocxemsl K142VHS, EH6, EHS
SBJISTIOTCS (DYHKITMOHATILHO 3aKOHUYEHHBIMU CTAOMIN3aTOpaMu ¢ (PUKCUPOBAHHBIM BBIXOTHBIM
HaIpsDKEHUEM, HO He TPEOYIOT MOKITFOYEHUST BHEIITHUX YJIEMEHTOB.

Hmnynvcrvle cmabunuzamopuvl HanpsidxceHus B HaCTOSIIEe BPEMS MOJIYYHIIA PacIpOCTPaHEHHE
HE MEHbIIIee, YeM HETPePhIBHBIC CTA0MIN3aTOPhI. biiaromaps mpuMeHEHHIO KITIOYEBOTO PEXIMa
paboThI CUIIOBBIX AJIEMEHTOB TAKUX CTAOMIIN3aTOPOB, JaXKe MPU 3HAYUTEIbHOM pa3HULIEe B YPOBHSIX
BXOJIHBIX ¥ BBIXOJIHBIX HampspkeHUH MoxHO nonyuuth KI1/, paBusiii 70- 80 %, B TO BpeMst Kak y
HENPEPBIBHBIX CTA0MIN3aTOpOB OH coctaBisieT 30-50%. B cunoBom snemenTe, paboTaromem B
KJIFOYEBOM PEKUME, CPEIHSS 32 MEPUOJI KOMMYTAIIMU MOITHOCTh, pacceuBaeMasi B HEM,



3HAYUTEIIbHO MEHBIIIE, YEM B HEIIPEPHIBHOM CTA0MIIN3AaTOPE, TAK KaK XOTS B 3aMKHYTOM CO-
CTOSIHUM TOK, MIPOTEKAIOIINMA Yepe3 CUIOBOU 3JIEMEHT, MaKCUMaJIeH, OJJTHAKO MajJeHue
HampsHKEHUS. Ha HeM OJIM3KO K HYJIO, @ B PA30MKHYTOM COCTOSIHUU TOK, IPOTEKAIOIINI yepes
HEro, paBeH HYJII0, XOTS HaNpshHKEHHEe MaKCUMallbHO. TakuM 00pa3oM, B 000HX clTydasx
paccerBaeMasi MOILITHOCTh HE3HAYUTENIbHA U OJIM3Ka K HYJIO.

Mauibie moTepy B CHIIOBBIX JIEMEHTAX MPUBOJAAT K YMEHBIICHUIO UITH J1aXKe UCKIIIOUEHUIO
OXJIQKJIAIOLINX PAIMaTOPOB, YTO 3HAYUTEIILHO YMEHBIIAeT MaccorabapuTHele mokasarenu. Kpome
TOT'0, UCTI0JIb30BAHUE UMITYJILCHOTO CTAOMIIN3aTOPA MO3BOJISIET B PAJIE CIy4aeB UCKIIOUYUTH U3
CXEMBI CUJIOBOH TpaHcdopMmaTop, padoTaronuii Ha yactote 50 ['1, yTo Takke ymydmiaeT
MOKAa3aTeu CTabuIN3aToOpoB.

K HenmocTaTkam UMMIYJIbCHBIX HCTOYHUKOB MUTAHUS OTHOCST HAJIMYUE MYJIbCAIMI BBIXOIHOTO
HaIpPSHKCHUS. .

PaccMoTprM UMITYJIBCHBIH ITOCIIEIOBATENIbHBIN cTa0mm3aTop HanpsbkeHus (puc. 2.86). Kimrou S
NEePUOANYECKH BKIIIOUAETCS U BBIKIItOUaeTcs cxemoit ynpasieHus (CY) B 3aBUCMOCTH OT
3HAUEHUS HANpPsDKEHUs Ha Harpyske. HampsbkeHue Ha BBIXOJIE PEryUpYIOT, U3MEHSIsI OTHOLIIEHHE
temltebm/z: rae tem

Puc. 2.86

T'gticn — JUVITMTEIIBHOCTU OTPE3KOB BPEMEHH, HA KOTOPBIX KJIF0Y HAXOAUTCSA COOTBETCTBEHHO BO
BKJIFOYEHHOM U BBIKJIFOUEHHOM COCTOSIHUSIX. UeM OoJibliie 3TO OTHOILIEHKE, TeM OO0JIbIlie Ha-
NpsOKEHHUE Ha BBIXOJIe. B KauecTBe KITto4a S 4acTo MCIONB3YIOT OUTIOISIPHBIN WITH MOJIEBOM
TpaH3ucTop. Jluoa odecreunBaeT NpoTeKaHNE TOKA KaTYIIKU WHIYKTUBHOCTH TOT1a, KOT/1a KJIIOY
BBIKJIIOUEH U, CJIEJIOBATEIbHO, HCKIIIOYAET MOSBIEHUE OMACHBIX BEIOPOCOB HANPSKEHUS Ha KIIIOUe
B MOMEHT KoMMyTanuu. LC-QmIbTp CHIKAET MyJIbCcalliy HAPSDKEHHS Ha BBIXOJIE.

2.10.4. IuBepTOpHI, YMHOKUTEIHU
HaMpsKCHUs U YIPaBJISIEMbI€ BBITIPSIMUTEIN

Hneepmopvl — 310 ycTpoiicTBa, Mpeodpasyroliye NOCTOSHHBIN TOK B epeMeHHbIN. V300pa3um
YIIPOILIEHHYIO CXeMY HHBEPTOpa Ha OMIOJISPHBIX TpaH3ucTopax (puc. 2.87), riae uMeeT MecTo
COOTHOIIEHUE Uct =Uc2 =1/2uq. B cxeme 4acTo UCTIONB3YIOT ANIEKTPOIUTUIECKUE KOHIEHCATOPBI
(GompImI0# eMKOCTH). TpaH3UCTOPBI padOTAIOT B KITFOUYEBOM PEXKUME:
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BKJTFOYAIOTCS M BBIKJTIOUAIOTCS TToouepeHo. Ha BpIXoe cXeMbl BO3HUKAET IEPEMEHHOE
HaIpsHKEHUE.

Ymnoorcumenu nanpsiocenus mpeodpasyroT IepeMEHHOE HANIPSIKCHUE B MIOCTOSTHHOE, TPUYEM
BBIXO/IHOE TIOCTOSTHHOE HAIPsHKCHHUE 3HAYUTEIIBHO MPEBBIIIACT aMIIUTYAY BXOJIHOTO
MEPEMEHHOTO HampsDKeHUA. Pa3nnyaroT CHMMETpUYHBIE U HECUMMETPUYHBIC YMHOXKUTEITH
HaMPSKCHUS.

PaccmoTpumM cxeMy CHMMETPHUYHOTO yABOMTENS HanpsbkeHus (cxemy Jlatypa) (puc. 2.88).
Jlnoipl BKIIFOYAIOTCS B Pa3HbIC MOJIYIIEPHO/IbI BXOHOTO HAMPsKEHUs. B Te mosrynepuoibl, Koraa
<0, Bkimroyaercs quon D1 u 3apsokaercs konaencatop Ci B Apyrue moayrneproanl (i, < 0),
BKITFOYaeTcs 1uoj D2 u 3apspkaercs konaencarop Co.
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Puc. 2.88

HarpsbkeHnst Ha KOHJIGHCAaTOpax MPH XOIOCTOM XO71e MPUOIHNKAIOTCS K aMIUTUTYAHOMY 3HAYCHHIO
Uex.m BXOJTHOTO HANIPSIKEHUS, TIOITOMY Uy = 2Uexm
Cxema HeCUMMETPUYHOTO Y/IBOUTEJIS HAIPSDKEHHST UMEET BUJI, TOKa3aHHBIN Ha puc. 2.89.
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B otpuriatenbHbie MOMynepro/ Il BXOIHOTO HanpsokeHus (u.,< 0) uepe3 auox D1 3apsokaetcs
KoHJieHcaTop Cp 10 aMIUTMTYTHOTO 3HAUSHHST BXOAHOTO HANPSHKEHUS, a B TTOJIOXKUTEIIbHBIC
MONTYTIEPUOIBI (U.=> 0) uepe3 auoa D2 mon aelicTBrEM CyMMBI HAMPSDKEHUH Uy, U U1, JSUCTBYFOLIAX
COTJIACHO, 3apsbkaeTcst KoHaeHcatop Cy 10 YIBOSHHOTO aMITTUTY/HOTO 3HAUYEHHUSI BXOHOTO HAIPSKEHUSL.

AHaoruuHbIM 00pazoM cTposTt yrpoutenu (puc. 2.90, a), yuerBepurenu (puc. 2.90, 0) u apyrue
YMHOXKHMTEIIM HalpspDKeHUs. B 3THX cxemax HampspkeHue Ha KoHaeHcaTope C; paBHO aMIDTUTYJHOMY
3HAUCHHUIO BXOJIHOTO HAIPSDKEHUS, @ Ha BCEX OCTAJIBHBIX KOHACHCATOPaX — yJIBOCHHOMY
aMILUTHTYTHOMY 3Ha4YEeHHIO BXOJIHOTO HaNpspKeHsL. BXOTHOE HaNpsDKEHHE Ha TAKHe YMHOKUTEITA
TIOCTYITAeT OOBIYHO CO BTOPHYHOM OOMOTKH TpaHc(hopMaTopa, ¥ TOTAa TaKOe YCTPOMCTBO Ha3bIBAIOT
BBIIPSMHUTEIIEM C YMHOKEHHEM HarpspkeHus. OOBIYHO OHH TIPUMEHSFOTCST B BBICOKOBOJIBTHBIX
BBINIPSIMHUTEIISIX, ITOTPEOISTIONTNX HEOOIBIIION TOK (€IMHHIIEI MIJITHAMITED ), HAIIPUMED JUTS ITHTAHUS
KUHECKOIIOB TEJICBH30POB.

PaccMoTpeHHbIe paHee BBITPSIMUTENH SBISUIMCH HEPETYJIMPYEeMbIMH, TaK KaK BEJIMYMHA BBIXOJHOTO
MOCTOSTHHOTO HATPSKECHUS
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OJIHO3HAYHO OTPEAEIsIach BXOJAHBIM HAMPSKEHUEM BBIIPSIMUTEIS.
YnpasJisieMble BBIIPSIMUTEIU [T03BOJISIIOT PETYJIMPOBATh BEIXOAHOE HamnpskeHue. OHU, Kak
MIPABHJIO, IOCTPOEHBI HA OCHOBE OJJHOOIEPAIIMOHHBIX (OOBIUHBIX, HE3AMUPAEMBIX ) THPU CTOPOB.

Jiis mpuMepa paccMOTPUM cXeMy OJIHO(A3HOTO IBYXIIONY-TIEPUOIHOTO YIIPABISIEMOTO
BBIIPSIMUTES CO cpesiHelt Toukoii (puc. 2.91).

Ecnu uMnynecel yripaBiaeHus MNOAat0TCs cpa3y Mocie NOsBICHUS Ha TUPUCTOpPaxX
MOJIOKUTEBHBIX HANIPSDKEHUH, TO cxeMa OyieT paboTaTh TOYHO TaK XKe, KaK cCXeMa Ha JUO0/Iax.

N300pa3um BpeMeHHYIO IMarpaMMy BBIXOJHOTO HAMPSHKEHUS IS CJIydasi, KOT/1a UMITYJIbChI
YIPaBIICHUS TTOJAIOTCS C

CxeMa

ynpasie+
HHA

Puc. 2.91

U gox | 3anepxky et 3anepxxa eCTh

Puc. 2.92



HEKOTOPOM 3aJIep’KKOM 110 OTHOLIEHMIO K YKa3aHHBIM MOMEHTaM BpeMeHHU (puc. 2.92, xupHas
auHus). Yepes t,,, 0003HaUCHA yKa3aHHAs BBILIE 3a/1epKKa. YacTo BpeMeHHbIE AUarpaMMbl
NO0JOOHBIX CXE€M M300pa)xarT, OTKJIAAbIBAs 10 TOPU3OHTAIBHOM OCH HE BpeMms 1, a BeIMUUHY
W t(w— kpyroBas actota). Toria yka3aHHOMU 3a/1ep>KKE COOTBETCTBYET ONPEICICHHBINA YTOM ey,
c/BUra o ¢aze Mex/1y HalpsHKeHUEM Ha TUPUCTOPE U UMIYJIbCaMHU YIPABICHUS, IPUYEM

Ogeg = O * Loy,

VYTOI @y, HA3BIBAIOT YIJIOM yIipaBiieHUs. [ paccMaTprBaeMOld CXEMBbI yrol YIPABJICHHS, KaK JIETKO
3aMETUTh, MOXKET U3MEHSIThCS B Tipesenax ot 0 1o « (ot 0 1o 180 rpan.). YemOboubiiie yrou
yYHpasJICHHUA, TEM MCHBIIC CPCAHEC HAIIPAXKCHHUEC HA BbIXO/IC BBIIIPAMHATCIIA.

[TyHKTHpPOM M300pakeHa BPEMEHHAS JHarpaMMa, COOTBETCTBYIOMIASI OTCYTCTBHUIO 3aJICPIKKH.
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HUOPOBASI
Y AMITYJIbCHASI
(G JIEKTPOHUKA

3.1. UMITYJIbCHBIA PEXKUM PABOThI
N HAPPOBOE INPEACTABJ/IEHUE
ITPEOBPA3YEMOU UH®OPMALIMU

My nbCHBIN pexuM paboThl 2JIEKTPOHHOTO YCTPONHCTBA XapaKTepeH Pe3KUMU U3MEHEHUSIMHU
TOKOB M HamnpsipkeHu. [Ipu 3ToM B ipoMexyTKax BpeMEHH MEXAY 3TUMHU U3MEHEHUSIMU TOKU U
HaNpPsHKEHUSI MEHSIOTCS CPaBHUTEIBbHO Maso. VIMIylIbCHBIN peKUM HIMPOKO UCIOJIB3YETCS B
YCTPOICTBaX KaK CHUJIOBOM, TaK U UHPOPMATHUBHOMN JIEKTPOHUKH.

Yacro akTHBHBIE TPUOOPHI (HAIIPUMED, TPAH3UCTOPBI) YCTPOMCTBA ANEKTPOHUKH, pabOTAIOLIETO
B HMITYJIbCHOM PEXKHME, UCTIONB3YIOTCS KaK KIIFOUHU, T. €. OCHOBHYIO JOJII0 BPEMEHU HAXOIATCS WIIH
B OTKPBITOM, WJIH B 3aKPHITOM COCTOSIHHH, M TOJBKO B TEUEHHE OUYEHb KOPOTKHUX OTPE3KOB BPEMEHU
Ha-, XOAATCS B IPOMEKYTOYHOM COCTOSIHUU. DTO TaK HA3bIBAEMBIN KJIIFOUEBOU PEKUM PaAOOTHI
AKTUBHBIX TPUOOPOB. B COOTBETCTBHM ¢ 3TUM UMNYJILCHBIN U KJIHOYEBON PEXKUMBI HHOT/IA
oToxaecTBIAIOT. [llupokoe ncnonb30BaHNE UMITYJIBCHOTO PEXUMA OOBSCHIETCS MHOTUMH €T0
npenumyniecTBaMu. IMIyabCHBIN PEKUM YCTPOMCTBA CUIIOBOM 3JEKTPOHUKHU MO3BOJIAET
CYIIIECTBEHHO MOBBICUTH KOG (OUIIMEHT MOJIE3HOTO NEHCTBUS.

Hanum cooTBeTcTBYyIOLIUE MOsICHEHUS. [IycTh B yCTpONCTBE UCTIOIB3YETCSl CUIIOBOM TPAH3UCTOP,
paboTaronuii B pexkuUMe KIIr04a, IPUYEM B OTKPBHITOM COCTOSIHUHU TPAH3UCTOP HAXOUTCS B PEIKUME
HACBIIIeHN (HApsHKEHUE Ha TPAH3UCTOPE MaJjio), a B 3aKPHITOM — B PEKHUME OTCEUYKH (TOK uepes
TpaH3ucTop Mai). Toria MOIHOCTE, WAYIIAsk Ha HArPEB TPAH3UCTOPA, Majla KaK B €70 OTKPHITOM, TaK U
33aKPBITOM COCTOSIHUAX. DTa MOIIHOCTh BO3PACTAET B MOMEHT MEPEKITIOYEHHS TPAH3UCTOPA U3 OJHOTO
cocTosiHus B ipyroe. Ho nporiece nepexiitoueHus NpoTeKaeT JOCTaTOYHO ObICTPO, U B CPEAHEM
MOITHOCTb OKa3bIBACTCSI MAJIOM.

NmimynbCHBINA pexxrM paboThl YCTPOMCTB MH(DOPMATUBHOM EKTPOHUKH UMEET CIICTYIOIIME JIBA
BKHEHIIINX ITPEUMYIIIECTBA:

PE3KO MOBBIIIAETCS TOMEX0YCTOWYUBOCTD, TaK KaK M ITPH BHICOKOM YPOBHE TTIOMEX OOBIYHO HE
BO3HHUKAET MPOOJIEMbI OTIIMYUTH OJJTHO COCTOSIHUE CXEMBI OT JIPYTOT0, 8 UMEHHO COCTOSIHIE CXEMBI
onpeziesnseT MHPOPMAIHIO O TPeodpasyeMOM CUTHAJIE;

uHGOPMAIHS O CUTHAJIC IPOCTHIM M €CTECTBEHHBIM 00pa3oM MPEICTaBIIsIeTCs B IU(ppoBoii hopme, 9To
TMO3BOJISIET UCTIONB30BATh OOJIBIIIME U BCE BO3PACTAIOIINE BOSMOXKHOCTH IT(POBOIT 00paboTKU
UH(OpMALIUH.

3.1.1. Onucanue UMITyJIbCHBIX CUTHAJIOB

PaccmoTprM ocHOBHBIE TepMHUHBL. OOpaTHMCSI IS ITpUMEpa K WICATN3HPOBAHHOMY UMITYITBCY, KOTOPBIA
Ha3bIBAIOT TpanenenaaIbHbIM (puc. 3.1, a). YyacTtok umirynbca AB Ha3pIBarOT (hpOHTOM, yIaCTOK
BC — Bepmmnoii, yaactok CD — cpe3om; oTrpe3ok BpeMern AD — ocHoBanuem. MHoraa yua-
ctok AB HazwiBaroT nepegauM GpoHTOM, a yuactok CD — 3agaum ppoHTOM.

Ha puc. 3.1, 6 npuBeneHs! Apyrue naeaaTn3upoBaHHbIE UMITYIILCHI XapaKTePHBIX (POPM U JJaHbI UX



Ha3BaHMUs.
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Puc.3.1

OOpatiMcs K uaeann3MpoBaHHOMY, HO OoJ1ee CI0KHOMY o (hopMme UMIyibey (puc. 3.2, a).
‘Y4acToK UMITYITbCa, COOTBETCTBYIOIINI OTPULIATEIHHOMY HAIIPSHKEHHIO, HA3bIBACTCS XBOCTOM
UMITYJIbCA, VT OOPaTHBIM BEIOPOCOM.
JIy1s1 BenIvH, yKa3aHHBIX HA PUCYHKE, OOBIYHO UCITOB3YIOT CIICAYIOIIHAEC Ha3BAHMS:
{, — IIMTENBHOCTh UMITYJIBCA;
tp — mmurensHOCTH (hpOHTA UMIYIIBCA;
t; — JUIUTENBHOCTH Cpe3a UMITYIIbCa;
tx — JUITMTETHLHOCTh XBOCTA UMITYJIbCA,
Uy — ammuTyaa (BbICOTa) UMITYJIbCA,
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AU— cnia BepIIMHbBI UMITYJIbCA;
U6, -aMIuIMTYy1a 0OpaTHOTO BHIOpOCA.

[Tpu ompeneneHny MapamMeTpoOB PeATbHBIX UMITYJIECOB OOBIYHO HET BO3MOKHOCTH
OJIHO3HAYHO Pa3/eIUTh UMITYJIbC Ha XapaKTEPHBIC yYACTKH, IIO3TOMY B ATHX CIyYasX MMapaMeTphbl
UMITYJILCOB OMPEIEIISIOT UCXOIS U3 TeX WM MHBIX coriamieHnid. Hanmpumep, M TeNsHOCTH UMITYIIbCa
U (pOHTA UMITYJIHCA YACTO OMPEICIIAIOT TaK, KaK 3TO MOKa3aHo Ha puc. 3.2, 0.

OO0paTtuMcs K IePUOANIESCKY TIOBTOPSIFOIIIMMCS UMITylibcaM (puc. 3.3).

0f  |dupldn, t

B sToM crydae ucnons3yroTest Creayrolue napameTpor: T — nepro MOBTOPEHUS UMITYJIbCOB;
f =1/T-4yacToTa MOBTOPEHHUS UMITYJIHCOB;

{, — IIMTEIBHOCTH May3hI;
Q=T/t,-CKBaOXXHOCTb UMITYJIHCOB,;
K, =1/Q=t,/T— ko3 duireHT 3anomrHeHus.

3.1.2. AHanu3 nepexoAHbIX MPOIECCOB (IMHAMUYECKUX PEKUMOB) B UMIYJIbCHBIX
cxemax

3anaya aHaiKM3a NePEeXOTHBIX MPOIECCOB SABISAETCS HauOoIee BaXKHOW U XapaKTEPHOM Jis
UMITYJICHBIX CXeM. JTO Of[HAa U3 HauOoJiee TPYIHBIX BEIYMCIUTEIbHBIX 3a/1a4. OHA COCTOWT B
OTIpEIETICHUN YaCTHOTO PEIICHUSI CUCTEMBI OOBIKHOBEHHBIX TU(DPEepeHIINATFHBIX YPAaBHEHHH,
YIOBJIETBOPSIIONIETO 3aJaHHBIM HavYaJbHBIM YCIOBUIM. DTO TaK Ha3bIiBaeMas 3amada Komm mist
0OBIKHOBEHHBIX MU epeHImanbHbIX ypaBHeHHH. OCOOCHHO CII0KHOU 3a7ady JeJaeT TO
00CTOSITETBCTBO, YTO yKa3aHHAsI CUCTEMa YPaBHEHHM JIJIsl TPAKTHYECKHU UCIIOIB3YEMBIX CXEM
OKa3bIBACTCSl HEIMHEWHOW M3-3a MPOSIBJICHUS HEJIMHEMHOCTH XapaKTEPUCTHK TUOJO0B,
TPAH3UCTOPOB U T. 1. DTO MPUBOJUT K TOMY, YTO ISl pealibHBIX 00Jiee UITH MEHEE CIIOKHBIX CXEM
3a/1aua aHaJIn3a MepexoHBIX MPOIIECCOB BO BCEH MOTHOTE MOXKET OBITh pellieHa TOIbKO
YUCIIEHHO MPU UCIOIb30BaHUU KOMIIBIOTEPA.

OpnHako ciaenyeT YUUThIBaTh, UTO B COBPEMEHHBIX, TPAKTUUYECKH UCIIOJIb3YEMbBIX MAKeTax
porpaMM JJisl aHajIu3a 3JIeKTPOoHHbIX cxeM (Micro-Cap u ap.) YMClIeHHbIE METO/IbI UCTIONB3YIOTCS
HE B KJIaCCHYECKOM (hopMe, a B 0c000M, MOKHO CKa3aTh, CXeMOTeXHUUeCKor hopme. Takoe
HCIIOJIb30BaHUE 3TUX METOJIOB CTAJI0 PE3YIbTaTOM INTyOOKOI0 MEPEOCMBICIEHUS CYITHOCTH
3aJa4¥ U B3aUMOCBSI3U MTPUKIIAAHON MaTEMATHUKHU U JIEKTPOHUKH. DTO Hanbosee 3G HEeKTUBHBIN
COBpEMEHHBIN TPOoGhECCHOHANBHBIN MOAX0/] K aHATTU3Y MEPEXOIHBIX MPOLECCOB B ANEKTPOHHBIX
cxemax. HactosaTenpHO peKOMEHAYETCs BBITOIHATh aHAIN3 IEPEXOJHBIX IPOLIECCOB B PEAIbHBIX



CXeMax ¢ IOMOIIBI0 COBPEMEHHBIX MAaKeTOB MporpaMM. JHPEeKTUBHOCTD TAKUX pPAcCUE€TOB
UCKJIIOUUTEIHHO BBICOKA.

B yueOHbIX 1ensix A ysaCHEeHUs 0COOCHHOCTEH MepexoaHbIX MPOIECCOB B T€X MJIM UHBIX
3JIEKTPOHHBIX CXEMaX OY€Hb IOJIE3HO BHINIOJIHATH YIIPOIIECHHBIN, pyYHOI aHAIN3 TUHAMU YECKUX
PEXKUMOB.

[Tpu pyyHOM aHaNIM3€ YacTO MPUHUMAIOT CIEAYIONIUE AOMYIECHUS:

JIEKTPOHHAS cCXeMa SIBJISIeTCS TMHEHHON WM KBa3WJIMHEHHOM (T. €. XapaKTePUCTHKHU 3JIEMEHTOB
CXEMBI SIBJISIFOTCS] KYCOYHO-TUHEHHBIMU );

AIIEKTPOHHAS CXeMa SIBJIAETCS CXEMOW MEPBOro Mopsiika (T. €. Ha KaKIOM OTpe3Ke BPEMEHHU cXema
OTKCHIBACTCSA OJHUM OOBIKHOBEHHBIM JU((hepeHIaIbHbIM YPaBHEHHEM IIEPBOTO MOPSIKA);
B CXE€M€ HE HapyLIAIOTCS 3aKOHBI KOMMYTAIUHU (T. €. IPEAINOIaraeTcs, 4To HaNpsHKEHUE Ha
KaXJIOM KOHJICHCATOPE M TOK KaXKJI0W KaTYyIIKU HHAYKTUBHOCTU HE U3MEHSIOTCS CKauKo0o0pa3Ho);
BXO/IHBIEC CUTHAIIBI SIBJISIFOTCS TOCTOSIHHBIMH WJIM KYCOYHO-TTOCTOSITHHBIMU.

Wuorna cxemy yaaetcs pa3feliuTh Ha HECKOJIBKO HE CBSI3aHHBIX MEXIy cO00i yacTe, Kaxaas
U3 KOTOPBIX SIBIISIETCS CXEMOU mepBoro nmopsiaka. Mi3BecTHO, YTO €cliu cXeMa SIBISIETCS CXeMOU
MIEPBOTO MOPSI/IKA, & BXOJHBIE CUTHAJBI SBISIOTCS TOCTOSHHBIMU, TO U3MEHEHUSI TOKOB U
HaMpPsHKEHUI OMUCHIBAIOTCS HKCIIOHEHIIMATBbHBIMUA (DYHKIIUSAMU. ITO MO3BOJISIET O€3 TPOMO3IIKHX
pacueToB U300pakaTh BPEMEHHbIE IUarpaMMbl TOKOB U HanpsbkeHui. [Ipu aTom Het
HEOOXOAMMOCTH JaXKe 3alKChIBATh UCXOMHBIE MU depeHIInanbHbIe ypaBHEHHUS.

['paduk sKCTIOHEHIIMATBHON (DYHKIIMU JIETKO H300pa3HuTh, 3Hask HAYAbHYIO TOUYKY SKCIIOHEHTHI,
ACHMITTOTHYECKUI YPOBEHB (T. €. TOT YPOBEHB, K KOTOPOMY CTPEMHUTCS SKCIIOHEHTA) U
MOCTOSTHHYIO BPEMEHH, XapaKTEPHU3YIONIYIO SKCIIOHEHTY.

HavanpHyro TOUKY SKCIIOHEHTHI HaXO/IST, UCTIOIb3YS 3aKOHBI KOMMYTAIH. ACHMIITOTUYECKUNA
YPOBEHB U TIOCTOSIHHYIO BPEMEHH ONPEIEISIIOT B pe3yJibTaTe aHan3a (Kak MPaBUiIo, HECIOKHOTO)
CXEMBI.

Jlns mpuMepa BBITIOTHUM aHalli3 IePeXoJHOTO Mpolecca B mpocreiiiieit anekTponHoit RC-
cxeme TIPU BO3JICHCTBUU Ha Hee MPSIMOYTOJILHOTO UMITYJIbca. DTO TaK Ha3bIBaeMas 3a/laya aHaiau3a
IPOXO0XKJIEHUS MPSIMOYTOJIBHOTO UMITyJIbca yepe3 npocreiiryto RC-nens. M306pa3zum
aHanmsupyemyro cxemy (puc. 3.4, a) u BpeMeHHbIe Auarpammsl (puc. 3.4, 0), XxapakTepu3yolne
nepexoaHoil mponecc. PaccMaTpuBaemast cxema xapakTepu3yercst moctosiHHoi Bpemenu T =RC. B
ATOH cXeMe, eCTeCTBEHHO, BCE TOKHM M HaNPSIKEHUs U3MEHSIOTCS C OJHON U TOH e
IIOCTOSTHHOM BPEMEHH.

[Tpu aHanmm3e cxeM NepBOTO MOPSIIKa HEOOXOAMMO 3HATHh XapaKTEPHbIC 3HAUCHHSI
HKCHOHEHIUAIBHBIX (QyHKIMNA. 300pazum
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COOTBETCTBYIOIIME BPEMEHHBIEC AUarpaMMmbl (puc. 3.5) st GyHKImi
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3.1.3. IludpoBoe npeacrapieHue
npeodpazyemMoit tHGOpMaILIUK U JIOTUYECKUE COCTOSTHUS

Jlnst uudposoro npeacTaBieHus HHGOPMAIMKU XapaKTEpHO MOJHOE a0CTparupoBaHUe OT
0COOEHHOCTEHN IEKTPUUYECKUX MTPOLIECCOB B AJIIEKTPOHHOM CXeMe, BBIITOJIHAOLIEH 00paboTKy
CUTHAJIOB.

B ycTpoiicTBax 1inpoBoii 2eKTPOHUKH B OOJNBIINHCTBE CIIy4aeB UCIOJB3YIOTCS CUTHATIBI ABYX
YPOBHEN — BBICOKOTO M HU3KOTO. [Ip1 5TOM 00BIYHO UMEIOTCS B BUIY YPOBHU HATIPSDKEHHS, a HE
Toka. L{ludpoBbie cxeMbl KOHCTPYUPYIOT TAKUM 00pa3oM, UTOOBI BO3/IEHCTBHE HEKOTOPOTO
CUTHaJIa OIIPEAEISUIOCh HE KOHKPETHBIM 3HAYEHUEM €r0 HAIPSIKEHNUsI, a TEM, K KAKOMY U3 JABYX
Pa3HOBUIHOCTEW CUTHAJIOB (BBICOKOTO MJIM HU3KOT'O YPOBHS) 3TOT CUTHAN oTHOocuTcs. [Ipennona-
raercs, YTO Ka) bl CUTHAJ XapaKTepU3yeTCs «pa3yMHbIM» YPOBHEM HamnpspokeHus. [lpu
KOHCTPYUPOBAHUH ITUPPOBBIX CXEM MPEANPUHUMAIOTCS BCE MEPBI K TOMY, YTOOBI, HAIIpUMED,
CUTHAJI BBICOKOT'O YPOBHSI ObUI HE OY€Hb MaJIBIM U HE OY€Hb OOJIBIINM I10 HamnpshkeHuto. Ecnu
HaIpsHKEHUE CUTHAJIA HAXOAUTCS B YCTAHOBJIEHHBIX ITPEZeNax, TO KOHKPETHOE 3HAYEHUE
HANPSDKEHUS MPAKTUYECKU HUKAK HE BIUSET Ha PEAKIUI0 TOrO yCTpoicTBa udpoBoit
AIIEKTPOHUKH, HA KOTOPOE ATOT CUTHAMI MoAaH. Takue CUrHaiIbl IPUHATO HAa3bIBATh UM POBHIMHU.
CurHainsl, He SIBISFOIIHECS U(PPOBBIME, Ha3bIBAIOT aHAJIOTOBBIMH.

N300pa3um quarpaMmy, HOSCHSIONIYIO H3J10keHHOe (puc. 3.6). Ha aToit ntuarpamwme,
COOTBETCTBYIOIIEH ITU(PPOBBIM CXeMaM TpaH3UCTOpHO-TpaH3ucTopHoii Joruku (TTJI), numeromieit
HaIpsKEeHUE nuTaHus 5 B, ykaxkeMm 1uana3zoHbl HAMPS>KEHUU JJ1s1 BXOJIHBIX U BBIXOJIHBIX CUTHAJIOB
(3aIITPUXOBAaHHBIE MPSIMOYTOJIBHUKH). DTO TaKHE JIMaIla30Hbl, YTO CUTHAJI, OKA3aBIIUChH B OJTHOM
U3 HUX, 0€301I1M00YHO KBAIM(DUIIMPYETCs KaK CUTHAJI BHICOKOTO MM HU3KOTO YpOBHs. Bricokomy
Y HU3KOMY YPOBHIO CUTHAJIOB CTaBSITCS B COOTBETCTBHE JIOTHYECKUE cOCTOsAHUA | («ucTtuHa») u 0
(«10kb»). Eciu BBICOKOMY YPOBHIO CUTHAJIOB CTABUTCS B COOTBETCTBUE COCTOSIHUE 1, @ HUBKOMY
— cocrosiHue 0, TO TOBOPSAT O TaK Ha3bIBAEMOM MO3UTUBHOU
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Puc. 3.6

Joruke. Ecim BBICOKOMY YpOBHIO COOTBETCTBYET cocTostHUE (), @ HU3KOMY — 1, TO TOBOPST O Tak
Ha3bIBAEMOM HEraTUBHOM JIOTHKE.

3.2. TPAH31UCTOPHBIE KJIFOUYU

TpaH3UCTOPHBINA KITFOY SBJISIETCS] OCHOBHBIM JIEMEHTOM YCTPOMCTB IU(POBOH SIEKTPOHUKU 1
OYE€Hb MHOTHX YCTPOMCTB CHJIOBOM AJIEKTPOHUKH. [ [apaMeTphl 1 XapaKTEpUCTUKKN TPAH3UCTOPHOTO KITFO4a
B OY€Hb OOJIBILION CTENEHH OMPEIENsIOT CBOMCTBA COOTBETCTBYIOIIMX cXeM. KauecTBeHHOe yiTydllieHne
MApaMETPOB U XapaKTEPUCTUK TPAH3UCTOPHBIX KIIFOUEW IPUBOIUT K PAIUKAIBHOMY YITYUILIEHUIO
JIEKTPOHHBIX YCTPOMUCTB U YaCTO COIPOBOMKAACTCS MIEPECMOTPOM UCTIONIB3YIOLIUXCS CXEMOTEXHUYECKUX
PpEIICHUM.

3HaHHe OCHOBHBIX OCOOEHHOCTEHN TPaH3UCTOPHOTIO KITF0YA SIBISETCS 00s3aTeIbHBIM YCIIOBHEM MIPH
pa3pabOoTKe UMITYJILCHBIX CUJIOBBIX YCTPOMCTB. DTH 3HAHUS OKa3bIBAIOT CYILIECTBEHHYIO IIOMOIIIb U IPU
KOHCTPYHMPOBAaHUH YCTPOUCTB MHPOPMATUBHOM 3JIEKTPOHUKH.

3.2.1. Kiitoun Ha OUIOJIIPHBIX TPAH3UCTOPAX

N300pazimM cxeMy MpoCTEHIIero Kirovya Ha OUIOISIPHOM TPAH3UCTOPE, BKITFOYEHHOM I10 CXeME ¢ OOIIIM
SMHUTTEPOM, U COOTBETCTBYIOIILYIO BPEMEHHYIO IHarpaMMy BXOIHOTO HanpskeHus (puc. 3.7).

Braugare paccMoTpuM paboTy TPaH3UCTOPHOTO KITFOYA B YCTAHOBUBIIMXCS pekuMax. J1o MOMeHTa
BpeMeHH {; SMUTTEp-HbIIA Mepexo/] TPaH3UCTOpa 3aMepT U TPAH3UCTOP HAXOAUTCS B PEKUME OTCEUKH.
B stom pesxxume ix = —Iig =lko (Iko — 0OpaTHBII TOK KOJUIEKTOPA),
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i, =0. MasbiM ToOKOM 1,, 4aCTO MOKHO IIPeHeOpedb U CYUTATh, uTo ik = ig =0. [Ipu 3TOM URs =

= uRKZO; Upy = _UZa Uk :'EK9

B mpomexyTke BpeMeHH ...t TpaH3UCTOp OTKPHIT. JlJisl TOro, YTOOBI HAMIPSKEHHE HA TPAH3UCTOPE
Uy, OBIJIO MUHUMAITbHBIM, HamnpsbkeHne U; 00bIYHO BEIOUPAIOT TaK, YTOOBI TPAH3UCTOP HAXOIUIICS
WU B PEKUME HACBHIIIIEHHUS, UK B IOTPAHIYHOM PEXKUME, 0YeHb OJIM3KOM K PEXKUMY HACBHITICHHUSI.
Onpenenum TOKU U HATIPSHKEHUS [T PACCMaTPHUBAEMOTO

OTpe3Ka BPEMEHU: B U-us, U [ = E, -u,,

A =

° R, R * R

K

_E.
R

ToK KOJUTIEKTOpa B PEKUME HACBIIIICHHS 0003HAYNM 4Yepe3 1y, . Takum o06pasoM, 1y, = EdR,.
HanpspkeHnue B pexxuMe HachIeHNs y TPAH3UCTOPOB PA3HOTO THIA Pa3iuiHO. OOBIMHO OHO JICXKHT B

npenenax 0,08... 1 B.

J11s1 OlIeHKH TTyOWHBI HACBIITICHHS ITOJIB3YFOTCS TaK Ha3bIBaeMbIM KOA(D(PHUITUEHTOM HACBIIEHUS (;ac,
MTOKa3bIBAIOIIUM, BO CKOJIBKO pa3 peaibHbI TOK 0a3bl OOJIBIIE TOrO MHHUMAIIBHOTO 3HAUSHHS TOKa 0a3bl,
KOTOpOE HEOOXOMMO JIJ1s1 0OECTIeUeH S peKrMa HachIieHHs. OYeBHTHO, YTO MUHUMAIILHBIN TOK Oa3bl
16 1ac.oun HEOOXOMMMBIN TSI peKMMA HACHIIICHHS, ONPEACISICTCS BRIPOKEHUEM
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[Tpu BeIOOpE 3HAYEHMS KOA(DUIEeHTa HACBIIIEHNS 11 KOHKPETHOTO TPAH3UCTOPHOTO KITFOUa OOBIYHO
HCTIONB3YIOT CIIEAYIOIINE COOOPKEHUSL:

* PEKUM HACBIILIEHUS TOJDKEH ObITh 0OeceyeH I Pa3InuHbIX SK3EMIUISIPOB TPAH3UCTOPOB BHIOPAHHOTO
THIIa IpY paboTe Kit0Ya B 33JaHHOM JIMaria30He TeMIIepaTyphbl;

* yBEJIMUCHHUE TOKA 0a3bl B PEKMUME HACBIIICHUS YMEHBIIACT HAMPSHKEHUE MEKTY KOJUIEKTOPOM U
SMUTTEPOM, YTO YMEHBIIAET MOIIHOCTb, BBIICIISIOIIYIOCS B BBIXOIHOM IIETTH TPAH3UCTOPa, HO 3TO
YMEHBIIICHUE TIPAKTHYUCCKH ITPEKPAIACTCS IPU (a0 =3;

* Ype3MEpPHOE YBEIIMUECHUE TOKA 0a3bl MPUBOAUT K 3aMETHOMY YBEJIMYEHHUIO MOIIIHOCTH, BBIJIESISIEMON
BO BXO/THOM 1IEMU TPAH3UCTOPA.

Kpome 311X cooOpakeHHiA, OTHOCSIIMXCS K YCTAHOBUBIIIEMYCS PEXKUMY, YUUTBHIBAIOT BIMSHUE BEITMYUHbI
TOKa 0a3bl Ha JUTUTENILHOCTh TIEPEXOIHBIX MPOIIeccoB. Yem Oobiie TOK 0a3bl, TeM OBICTPEe BKITFOYACTCS
(T. €. BXOJIUT B PEXKUM HACHIILICHHS) TPAH3UCTOPHBIN KITFOY, HO JTUTEILHOCTD MEPEXOHOr0 Mpoliecca
BBIKJTFOUEHHSI TPAH3UCTOpA P 3TOM yBennuuBaeTcs. [lonpoOHee 3Tu BOITPOCKH! pacCMaTPUBAIOTCS HUKE.
Yacro Benmu4uHY J,,c BEIOUpAIOT U3 AuanaszoHa 1,5...2. 300pa3um BpeMeHHbIE uarpaMmel,
COOTBETCTBYIOIIKE Mpolieccy BKIOYeHUs (puc. 3.8).
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Puc. 3.8

Yepes s, nopo. 0003HAUEHO TTOPOTOBOE HAIIPSHKEHUE MEXKITY 0a30d M SMUTTEPOM, KOTOPOE
COOTBETCTBYET HEKOTOPOMY MaJIOMy 3HAYEHHUIO TOKa Oa3bl.

Hampumep, cuuTaror, 4To HAMPSIKEHUE Us,, nopo. COOTBETCTBYET TOKY 0a3bl, B 10 pa3 MEeHbIIIEMY
TOKa 16‘H(ZC.JMMH'

Yepes 1 iopo- 0003HAUEH TOK KOJICKTOPA, COOTBETCTBYIOLIHIA HAITPSDKEHUIO U nopoe-

Nutepan t;...1o HA3pIBAIOT UHTEPBAIIOM 3aJICPKKH BKIFOUEHUs, MHTEpBal ty....13 — HHTEpBajoM
dbopmupoBanus GpOHTA, a HHTEpBa t3...t4 — WHTEpBaAJIOM HaKOILICHUS 3apsaa. PasHocTs tz—1;
Ha3bIBAIOT BPEMEHEM BKITIOUCHMUSI.

JlmutenpHOCTH MHTEpBaa (hopMHUpOBaHUS (PPOHTA ONPEACIIICTCS TOKOM 0a3bl, TOKOM
HACHIIIEHUS KOJUIEKTOPA 1y 114, BEMMUMHOM b TpaH3ucTOpa, a TAaK)KE BPEMEHEM KM3HU HEOCHOBHBIX
HOocuTenel B 0aze.

Ha unTepBane 3anepKKu BKIIOUCHUS! U3MEHSIOTCS HATPSKEHUS] HA SMUTTEPHOM U
KOJUIEKTOPHOM TIepeX0/aX, U MO3TOMY U3MEHSIOTCSI 00beMHbBIE HECKOMIICHCUPOBAHHBIE 3apsi/Ibl B
00J1aCTH 3TUX TIEPEXO0/I0B. ITO HAXOAUT OTPAKEHUE B TOM, YTO BOSHUKAIOT TOKH JJIEKTPOJIOB
Tpan3ucTopa. Ho Tok KoJuiekTopa Ha paccMaTpUBaEMOM MHTEpBaje Mall. Y Ka3aHHOE SIBICHUE



M3MCHECHHS 3aps10B YCIOBHO HA3bIBAIOT Iepe3apsioM OapbepHBIX EMKOCTECH SMHUTTEPHOTO U
KOJUIEKTOPHOTO nepexooB. OIHaKO He clieyeT 3a0bIBaTh, 4YTO OaphepHBbIC EMKOCTH, KaK U
nudhy3uoHHBIC, ABISIOTCS MO onpeaeacHuo nuddepeHuaibHBIMA eMKOCTIMU. [ToaToMy K
TEPMUHY «IIepe3aps» CIEAYET OTHOCUTHCS C OCTOPOKHOCTHIO. Harpumep, eciiu HanmpsiKeHHue
MEX1y 0a30i ¥ SMUTTEPOM paBHO HYJIIO, 3T0 He 03HayaeT, 4To HEKOMITIEHCUPOBAHHBIN 3apsiT B
00J1acTH YMUTTEPHOTO MEPEX0a PaBEH HYIIO (a 3apsj] «0OBIYHOI» EMKOCTH PaBEH HYIIIO MPH
HYJIEBOM HampsikeHuH ). K KOHITy HHTepBajia 3aJepyKKH HAIPsDKEHNE MEX Ty 0301 M SMUTTEPOM
YBEJTMUUBACTCS JI0 3HAYCHUS Ups ngpoo-

Ha untepBaiie popMupoBanus GpoHTA TOKH 3JICKTPOOB TPAH3UCTOPA SBJISIOTCS
3HAYUTEIbHBIMH. B Hauaje 3Toro nHTEpBaia Npoa0JbKaeTCs M3MEHEHNE HAIIPSHKCHHS Ha DMUTTEP-
HOM mepexoje. B TeueHne Bcero nHTepBaia U3MEHSIETCS HANIPSHKCHUE Ha KOJUIGKTOPHOM
nepexojie. DTO BBI3bIBACT M3MEHEHUE COOTBETCTBYIOIIMX HECKOMIICHCHUPOBAHHBIX 00BEMHBIX
3apsioB. Ha mHTEpBane ¢popmupoBanus GpoHTa, KPOME 3TOTO, IPOUCXOIUT HAKOILICHUE
HEPaBHOBECHBIX HOCUTEJICH 2JIEKTpUUYECTBA B 0a3e TPAaH3UCTOPA. ITO YCIOBHO HA3bIBAIOT
MIPOLIECCOM HAKOIUICHHsI HEOCHOBHBIX HocHuTelel. Ho ciemyeT yuauThiBaTh, 4TO 3apsii HEOCHOBHBIX
HOCHUTEJICH MPAaKTHYECKH MTHOBEHHO KOMIICHCUPYETCS 3apsiIoM OCHOBHBIX HocuTenel. [lonpoOHee
3TOT BOIPOC PACCMOTPEH MPU U3YYCHUH TTOJTYITPOBOHUKOBOTO IMOA U SIBJICHHS
JIUAJICKTPUYECKON penakcanuu (penakcanuu Makcsesuia). Yem Oosibiie Kod()(GUIIMEHT HACHIIIICHUS,
TEeM MEHBIIIC IJTUTEILHOCTh (PpOHTA 1.

Ha unrepBaiie HaKOTUICHUS 3apsiia MPOAOIKACTCA HAKOTIIICHNE HEPAaBHOBECHBIX HOCUTEIIEH
anekTpudecTBa. [Ipu 3TOM HaNpsOKEHHE Uy, HE3HAYUTEILHO YMEHBIIAETCS, a TOK KOJJICKTOpa
HE3HAYUTEIbHO YBEIUYHNBACTCS.

MN300pa3uM BpeMEHHBIC JUATPAMMBbI, HILTFOCTPUPYIOIIHE MIPOIECC BRIKIIOYCHUS (puc. 3.9).

Ha puc. 3.9 BBenens! cienyronme 0003Haue€HNs UHTEPBAJIOB BPEMEHH
* 1;...t, — paccaceiBaHus 3apsa;

e t)...t3 — dbopMupoBaHus criaa;

e f3....ty — ycraHoBneHus.

Pa3HocTh t3 — 1 Ha3BIBaOT BpeMeHEM BhIKIIOUeHHs. Ha mHTEepBale paccacblBaHUs TOK 0a3bl
OTpUIATEIBLHBIA U OTpaHUYUBAETCS pe3ucTopoM Rs. .Ecim npeneOpeus HanpspKeHUeM ug,, TO
is=-U2/R; . Ha 5TOM uHTEpBaie MPOUCXOANT YMEHBIIEHHE KOHIIEHTPAI[UH HEPABHOBECHBIX
HOCHUTEJIEH AIEKTPUYECTBA, U K KOHILY MHTEpBaja TPAH3UCTOP BBIXOJAUT U3 pEKUMa HACHIIICHUS.

Yewm Goubiie K03(OGUITUESHT HACBIIIICHUS, TEM OOJIbIIIE BpeMs paccachiBaHUS tpac. UeM OosbIie 1o
MO/TYJIFO TOK lg, TEM MEHBIIIE BPEMsl pacCachIBaHHSI.
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Ha unTepBane ¢popcupoBaHus craja Mpoa0KaeTCsd YMEHbIICHUE KOHIICHTPAIlUU
HEPAaBHOBECHBIX HOCHTEJIEH, TOK I, 3HAYMTEIHHO YMCHBIIACTCS, a HANPSHKEHHUE Ha KOJUICKTOPHOM
Nepexo/ie U HAPSHKCHUE Uy, 3HAYUTEIIBLHO BO3pacTaeT. MI3MeHeHne HalpsHKSHHS Ha
KOJIJICKTOPHOM TIepeX0Jie MPUBOIUT K U3MEHEHUIO 00BEMHBIX HECKOMITEHCUPOBAHBIX 3apsiIOB B
00J1acTH 3TOro Mepexoa (ToBOpsT, 4To OapbepHas KOJUICKTOPHAsS €MKOCTh IIepe3apsiyKaeTcs).

Ha uHTepBase ycTaHOBICHUS HANPSHKEHUE Ug, U3MEHSACTCS OT BETMYUHBI Ugs nopo. 10 —Uo. Tpn
3TOM M3MCHSIOTCS He-CKOMIICHCHPOBAHHBIC 00BEMHBIC 3aps bl IEPEXO0JI0B TPAH3HUCTOPA.

ITociie MOMeHTa BpeMeHH {3 TOK KOJUICKTOpa CTAHOBUTCS PaBHBIM TOKY 0a3bl, SMUTTEPHBII
MepexoJ] CMENIaeTcss B 00PaTHOM HaNpaBJICHUHU, TOK 0a3bl OBICTPO YMEHBINASTCS [0 MOIYITIO U
CTAHOBUTCS HYJICBBIM.

KonnyecTBeHHBIN aHAIN3 TMHAMHUYECKUX PEKUMOB TPAH3UCTOPHBIX KIFOYCH HACTOSATEIBHO
PEKOMEH/IYETCS BBIIIOJIHUTH C IIOMOIIBIO ITAKETOB IIPOTPAMM JIJIs MAIlIMHHOTO aHaIu3a
snekTpoHHbx cxeM (Micro-Cap V u zp.). DTH makeTsl IPOrpaMM MO3BOJISIOT aHAIM3UPOBAThH
MIEPEXOJIHBIC MPOIIECCHI ITPH CaMbIX CIIOXHBIX BXOJHBIX CUTHalaX. PaHee 11 pacueTa MmepexoaHbIX
IIPOIIECCOB B TPAH3UCTOPHBIX KIIFOUAX MPUMEHSIIUCH YIPOIICHHBIC METOIUKH, IPEANOIararoime K
TOMY K€ MCITOJIb30BaHHE IMPOCTHIX BXOHBIX CUTHAJIOB. B HacTosIIIee BpeMs 3TH METOAMKHU
PEKOMEHIYIOTCSI IPUMEHSITh TOJIBKO B YYCOHBIX IIETISX.
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Puc. 3.10

~y

W3 137105%K€HHOTO CJIETYET, YTO BpEeMsI BKIIFOUCHHS KITF0Ua MOKHO YMEHBIIIUTh, YBETUINBASI
OTHUpAIOINKA TOK 06a3bl. B TO e BpeMs yBennuuBatTh KOG OUIIMEHT HACKITIICHUS HEXKENATEIbHO,
TaK KaK 3TO yIJIUHSIET BPEMS BBIKIIOUCHHS. AHAJIOTHYHO BPEMsI BBIKITIOUEHUSI MOYKHO
YMEHBIIIUTD, YBEITUUUBAS 3aTUPAIOIIHI (OTPUIIATETbHBIN) TOK Oa3bl.

[IpeacraBuM cxemy TPaH3UCTOPHOTO KiTtoua ¢ (OPCUPYIOMNUM KOHACHCATOPOM, KOTOPBIN
YBEJIMYMBAECT MOJIOKHUTEILHYIO U OTPHUIATETIFHYIO aMILTUTYBI TOKa 0a3bl M TEM CaMBIM MOBBILIACT
osicTpoaeiicTBue (puc. 3.10). PaboTy KiIroua MosSCHSIOT BpeMEHHBIC JuarpaMMsbl. [10100HBIE CXeMBbI
HIMPOKO UCTIONB3YIOTCS Ha MPAKTHUKE.



3.2.2. HeHachblleHHBIE KIIOYNA
Ha OUTIOJIIPHBIX TPAH3UCTOPAX

OpxHUM U3 CIOCOOOB MOBBIMIEHHS OBICTPOICHCTBHUS SBISETCS MPEAOTBPAICHUE HACHIIIICHUS
TpaH3HCTOpa. ITO, KAK OTMEYAJIOCh BHIIIE, YMEHBIIIACT BPEMsI paccachiBaHHs. BakHO yUUTHIBATH,
YTO MPEAOTBPAICHHE HACBIIICHHUS OOBIYHO JJOCTUTACTCS HE YMEHBIIICHUEM OTITUPAIOIIET0 0a30BOro
TOKa, TaK KaK 3TOT CIoco0 NMpe0TBPAICHHS HACHIIIICHUS HMEET CYIECTBEHHBIC HEe0CTaTKH. Bo-
ICPBLIX, CCJIM OPUCHTHUPOBATLHCA HAa YMCHBIICHUC TOKA 63351, TO OPUACTCA MPUHATH MCPBLI I10
TOYHOU PEryJIMPOBKE 3TOT0O TOKA. MIHa4e KIF0Y Ha OJJHOM 3K3eMIUIIPE TPAH3UCTOPA, HMEIOIET0
Mastblii KO (UIIUEHT P, HE OyIET MOJHOCTHI0 OTKPBIBATHLCS, & KITFOY Ha PYTOM SK3EMILISpE
TPaH3HCTOPA, UMEIOIIEro 00bIIONH KO3(PPUIIUEHT p, BCe-TaKu OyIeT BXOIUThH B PEKUM
HACBIIEHUs. BO-BTOPBIX, paboTa KiIoua MOXKET OKa3aThcs HecTabmibHON. Hanpumep, cyrecTBeHHOE
JIeCTaOMITU3UPYIOIIee BO3ICHCTBHUE MOXKET OKa3aTh TeMIeparypa. B-TpeTbux, JIUTETbHOCTh (hpOHTA
UMIyJbca OyAeT 3HAYUTEIHHOM.

Bnauane paccMoTpuM HaeaTM3upOBaHHYIO CXEMY HEHACHIIIEHHOTO Kiitoya (puc. 3.11, a),
MIPUHITUIT ACHCTBUS KOTOPOTO JIErKO NOHATh. Hanpsokenune cmemenus U, T0KHO OBITh MOpsIKA
0,4...0,6 B. Jlo Tex mop, moka peKxuM padOoThI TPAaH3UCTOPA HE MIPUOIMIKACTCS K PEKUMY
HacklmeHus, 1o VD ocraercst 3aKphIThIM M BECh TOK HCTOYHHKA BXOJHOTO CUTHAJIA TIOCTYIIACT B 0a3y
TPaH3KMCTOPA, BBI3bIBAS €ro ObICTpoe oTIMpanue. Ha rpaHuile akTHBHOTO pekrMa U PeXKMMa HACHIIIICHUS
HAPSDKEHUE Uy,; OKA3BIBACTCS OJIM3KUM K HYJICBOMY, 1

Puc. 3.11



JIMOJ1 HAUMHAET OTKpBIBaThCs. [lociie 3Toro 4acth TOka HCTOYHUKA BXOJIHOTO CUTHAJIa OTBETBIISIETCS
B II€TIb MO/, TOK 0a3bl YMEHBIIACTCS, U TPAH3UCTOP HE BXOAUT B PEKUM HAChIIIEHUS. Takum
00pa3oM, B cxeMe UMeeT MECTO HeJIMHEWHas OTpuIaTeIbHas oOpaTHas CBs3b M0 HaMpsKeHUo. B
TAKHUX CXE€Max JOJIKHBI UCIOJIb30BATHCS BBICOKOYACTOTHBIE AUO/IBI.

OueHb XOPOIIKE Pe3yIbTaThl JaeT ucnoib3oBanue auonoB Lotk (puc. 3.11, 6). [Ipu
PacCMOTPEHHUH ATHX JUOJ0B OTMEYAJIOCh, YTO OHU OTINYAIOTCS OOJIBIIUM OBICTPOICHCTBUEM U
MaJjibIM NaJieHueM HanpsiKeHus (BpeMsi BOCCTAHOBIICHHUS MOXeET ObITh nopsaaka 0,1 HC u MeHblIIe,
HanpsbkeHue ornupanus okoio 0,25 B). [1pu ucnons3oBanuu Anoa0B LIOTTKM HCTOYHUKA
HaNPsDKEHHS CMEIeHHsT He TpeOyroTcs. bumomnsipusiil Tpan3uctop ¢ aunoaom LloTTku cramm
Ha3bIBaTh «TpaH3uctop LloTTkn» n 0003HAYaTh, KaK MOKa3aHo Ha puc. 3.11, B.

Kpome nocTonHCTB, clieayeT UMETh B BUY U CIEIYIONINE HEJJOCTATKN HEHACHIIIEHHBIX
KJIFOUEH:

* TOBBIIIEHHOE HANPSKEHHUE HA OTKPHITOM KIIIOYE;

* TIOHWYKEHHAsl IOMEXO0YCTONYNBOCTb;

* TMOHIKEHHAs TeMIepaTypHas CTaOMIbHOCTb.

HecMoTps Ha yKa3zaHHbIE HEIOCTATKH, HEHACHIIIEHHbIE KJIOYM IUPOKO UCIOJIb3YIOTCS Ha
MPaKTHUKE.

3.2.3. AHajnoroBBIe KOMMYTATOPHI (aHAJOTOBBIE KIIFOUN) Ha OUIOJIPHBIX
TPaH3UCTOPAX

Belie paccMOTpeHBI KITFOUH, B BBIXOIHBIX LETISIX KOTOPBIX UCIIOJIb3YIOTCSI HCTOYHUKHI
IIOCTOSIHHOTO HalpshKeHUs (MCTOYHUKM NuTaHus). HazHaueHue Takux Kito4yeld COCTOUT B TOM,
yTOOBI CO37aTh Ha BBIXOJE WM HAIPSKEHUE, OJTM3KOE K HYIIO (KOTAa KJIF0Y OTKPBIT), W
HanpspKeHue, OJM3K0e K HAIPSHKEHUIO MUTaHUA (KOTIa KITF0Y 3aKPBIT, a TOK, MOTPEOIsIeMBbIit
Harpy3KoM, oJICOeIMHEHHOM K KIII0UY, TOCTaTOYHO Mai). Takas paboTa xapakTepHa Juis KIto4uel
U(POBO AIEKTPOHUKHU (MX HA3BIBAIOT LU(PPOBBIMU KIFOUAMH) U CHIIOBOM 3JIEKTPOHUKU.

B undopMaTUBHON 37€KTPOHHUKE MCIIOIB3YIOTCS TAK)Ke U KIIIOUU, UMEIOLIUE Ipyroe
Ha3zHauyeHue. OHO COCTOUT B TOM, YTOOBI COEIUHATH UM PACCOEUHATh HCTOYHUK BXOJHOTO,
coJiepKalero HHGOpMaIMio aHaIOrOBOIO CUTHANIA M TPUEMHUK 3TOr0 CUrHaja. Takue KIo4YH
IIPUHSTO Ha3bIBaTh aHAJIOrOBBIMU. VX Taxke Ha3pIBalOT aHAJIOTOBBIMM KOMMYTaTOPAMH.
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Puc. 3.12



PaccMoTpum mpocreiiiime cxeMbl aHATOTOBBIX KITF0Uel Ha OUTONIIPHBIX TpaH3ucTopax. Ha puc.
3.12, a npeacTaBieHa cxema ¢ 001muM 3MuTTepoM. M300pazuM BbIXOIHBIE XapaKTEPUCTUKH
TpaH3UCTOpPA JAJIS IPSAMOTO U HHBEPCHOTO BKJIIOUEHHUS B 00J1aCTH, OJIM3KOM K HaYaly KOOPAUHAT
(puc. 3.12, 0).

Yepes ug, 0003HaYEHO BXOJHOE HAMPSXKEHHUE, KOTOPOE B 3aBUCUMOCTH OT YIIPABIISIOIIETO
CHUTHAJIA Uy, TOJACTCS WX HE ToJaeTcs Ha Harpy3ky Ry. Hanpsiokenue u,, MOXeT ObITh Kak
MOJIOKUTEIBHBIM, TaK U OTpULIaTeNbHbIM. Ecin u,, > 0, To paccmMaTpuBaeMblil aHAIOTOBBIN KITIOY
paboTaer Tak ke, Kak U3yUYCeHHBIN KJIF0Y C MOCTOSTHHBIM HaNpsDKeHUEM nmuTanus. Ecmu u,, < 0,
TPAH3UCTOP padOTAET B MHBEPCHOM PEKHME.

OnHUM U3 HEIOCTATKOB OUIIOJISPHOTO TPAH3UCTOPA C TOYKH 3PCHHS IPUMEHEHHUS €T0 B
AHAJIOTOBBIX KJIFOYaX SIBJISIETCS TO, YTO BBIXO/IHBIC XapPAKTEPUCTUKU HE IPOXOJIAT Yepe3 Hayaio
KOOpAUHAT. BCIeacTBIE 3TOrO TOK I, M HANIPSHKEHUE Uy, OYAYT PABHBI HYITFO HE TOT/IA, KOT/IA Uy
0, a mpu HEKOTOPOM TOJIOKUTEITHFHOM BX01HOM Hamnpspkenuu U. Hanpspkenue U 00bI9HO
cocrasisgeT 10... 100 MB. D10 HanpskeHne Ha3bpIBalOT OCTATOYHBIM MJIH HaIPsOKSHUEM
CMEIICHUS.

Ha npaktuke 115 ymeHbIeHus Benu4uHbl U TpaH3UCTOp BKIIFOYAIOT TaK, YTOOBI POJIb
SMHUTTEPA UTPaJl KOJUIEKTOP, & POJIb KOJJIEKTOpa — SMUTTEpP. M300pa3uM cOOTBETCTBYIOIINE
XapaKTEPUCTHKHU U CXEMY, KOTOPYIO HHOTJ]a Ha3bI'eatoT CXeMOM ¢ 00IIMM SMUTTEPOM MPHU
WHBEPCHOM BKJIIOYECHHH TpaH3ucTopa (puc. 3.13).

N3-3a HECUMMETPUU CTPYKTYPBI TPAH3UCTOPA, PA3JINUMS B KOHIICHTPALIUSIX ITPUMECEH B
Pa3IMYHBIX €ro 00JIACTAX OCTATOYHOE HAMPSHKEHUE JUIsl HHBEPCHOTO BKItoUeHus U, 00BIYHO
3HAYUTENIbHO MeHbIe Hanpspkerus U. Yacto U, coctaBnser 1...5MB. Ho, ncnionp3ys naBepcHOE
BKJIFOYCHHE, CJIEYEeT IOMHUTh, YTO MAKCUMAJIBHO JOMYCTUMOE 3alIMpaIoIIee HAMIPSKEHUE
SMHUTTEPHOTO MEPEexo/ia 0OBIYHO 3HAYUTEILHO MEHBIIIE COOTBETCTBYIOIIETO HAMPSIKEHUS 115
KOJUIEKTOPHOTO MEePEex0/a.
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Puc. 3.13

OOpaTuMcs K TpeThei mpocTeiIei cxeMe — cxeme ¢ 00muM KoiekTopoM (puc. 3.14). MoxHO
3aMETHUTh, YTO MOCIICIHSS cXeMa (PaKTHIECKH IIOBTOPSIET PEABIIYIIYIO, OTIMYAsCh TOJIBKO YCIIOBHO-
TIOJIOYKUTETHLHBIMHU HAIIPABJICHUSIMUA TOKOB U HanpsbkeHU. [10100HBIM 00pa3oM COOTHOCSTCS U



XapaKTePUCTHKHU.
PaccMoTpum KOMITEHCAITMOHHBIN aHATIOTOBBIN KITFOU Ha OUIOJISIPHBIX TpaH3ucTopax. C 1esbo

YMEHBIIICHUSI HATPSHKEHUS HA OTKPBITOM KJTFOUE MCIIONB3YIOT TIOCIEI0BATEIbHOE BKITFOUCHHE

OJTMHAKOBBIX TPAH3UCTOPOB. [ [POMBIILTIEHHOCTh BBITYCKACT HHTETPATBLHBIE CXEMBI, COZICPKaIIIUE TTaphl

TPaH3UCTOPOB,
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Puc. 3.14

Puc. 3.15

NpeaHa3Ha4YeHHBIE IS TAKOTO MCIOJIb30BaHusA. M300pa3uM MpUHIUITHATIEHYIO CXEMY
unTerpanbHoit Mukpocxembl 101KT1A (puc. 3.15). Takue ycTpoiicTBa Ha3bIBAIOT TAKKE
npepeiBarensiMu. M300pa3uM cxemy aHaJIOTOBOTO KJIF0Ya HA OCHOBE TaKOW MUKPOCXEMBI (pHC.
3.16). BxogHOW CUTHAN U,y MOXKET OBITH TOCTOSIHHBIM JTFO00M MOJSIPHOCTH WM TTEPEMEHHBIM.
YrpaBisoonuii CUTHAT epenaeTcs uepes Tpanchopmarop.

[1ycTb B HEKOTOPBIM MOMEHT BPEMEHU UMEIOT MECTO T€ MOJISPHOCTH BXOJHOTO HAIIPSKEHUS U
HANPSDKEHUS Ha BTOPUYHON 0OMOTKE TpaHcpopMaTopa, KOTOPhIE yKa3aHbl 0€3 CKOOOoK, Toraa
TPaH3UCTOPBI OYIET OTKPBITHI U BXOJHOM TOK lex OyI€T ONOXKUTENbHBIM. Tpansuctop 7 Oymer
paboTaTh B HOpMaJIbHOM PEKUME, IPUYEM OH BKIIIOUEH 110 CXeMe ¢ 00IIKUM KOJUIeKTopoM. B
COOTBETCTBHUH C MPUBEJICHHBIMU BBIIIE XapaKTEPUCTUKAMH B PEKUME HACBIILEHUS Uy, < 0.



Tpausucrop 7, OyneT paboTaTth B MUHBEPCHOM peXUME. B COOTBETCTBUU C IPUBEICHHBIMU BHIIIIE
XapaKTEePUCTUKAMU JJI CXEMBI C OOIIUM SYMUTTEPOM IIPU HHBEPCHOM BKIIOUEHUH Us,>> 0. Takum
00pa3oM, OCTaTOYHbIE HAMPSHKEHUS Ha TPAH3UCTOPAX OYAyT B3aMMHO KOMIIEHCHUPOBATHCA.
[TosTOMy Takue aHaJOroBbIE

Puc. 3.16

KJIFOYM Ha3bIBAIOT KOMIICHCUPOBAHHBIMU. biiaronaps aToMy ob1iee HanpspKeHUE Ha
TPaH3UCTOPAx OKa3bIBACTCS OUYCHBb MasbIM. JIJI1 yKa3aHHONW MHUKPOCXEMBI 3TO HalpsbKeHHUE He 00-
nee 100 mxB.

Jlnst ysicHeHHs: 0COOCHHOCTEH pabOThI CXEMBI TIOJIC3HO YYUTHIBATh CJICJIAHHOE BBIIIE 3aMEYaHUE O
TOM, YTO UCIOJIb3yeMbI€ B PACCMAaTPUBAEMOM KJIIOYE MPOCTEHUIINE CXeMbI (PaKTUUECKH
COBITQIAIOT. B ciryyae Takoit MOJSIPHOCTH HAIIPSDKEHUS Ha BTOPUYHON 00MOTKe TpaHcdopMaTopa,
KOTOpas yKa3zaHa B CKOOKax, KJItou Oy/eT 3akpbIT. [yt JTaHHOM MUKPOCXEMBI TOK YTEUKH He Oosee
40 HA. MakcuMaabHBIN TOK OTKpPBITOrO Kitoya — 10 MA.

KoMmneHncupoBaHHbIe TPAaH3UCTOPHBIE KITFOUM BXOJST B COCTAB PA3JIMYHBIX MUKPOCXEM CEpHil

124,129, 162.

3.2.4. Kirouu Ha MOJEBBIX TPAH3UCTOPAX

Kiroun Ha 11oneBEIX TPAH3UCTOpAX MKUPOKO UCHOJB3YIOTCA JIA KOMMYTAalluU aHAJIOTOBBIX U
UG POBBIX CUTHAJIOB.

B aHa/IoroBRIX KiIt0Yax OOBIYHO UCIOJIB3YIOT TPAH3UCTOPHI C YIIPABISIOMIMM P-N-TIEPEeX0a0M
nau M/II1-TpaH3ucTopsl ¢ MHAYIIMPOBAHHBIM KaHAIOM. B IudpoBBIX KIt0Uax 00BIYHO
ucnonb3yroT M/III-TpaH3ucTopbl ¢ MHAYIMPOBAHHBIM KaHAJIOM. B mociieHee BpeMs MOJICBbIS
TPaH3UCTOPHI BCE YaIlle UCITOIB3YIOT B CHJIIOBON UMITYJIbCHOM 3JICKTPOHUKE.

Kiroun Ha MoJIeBBIX TPaH3UCTOPAX OTIMYAIOTCS MaJIbIM OCTaTOYHBIM HampspkeHueM. OHU
MOTYT KOMMYTHPOBATh CJIa0ble CUTHAIIBI (B €IMHHUIIBI MUKPOBOJIBT U MEHBIIIE). DTO CIICICTBUE TOTO,
YTO BBIXOJHBIC XapaKTEPUCTHUKH MTOJICBBIX TPAH3UCTOPOB MPOXOJIAT Yepe3 Hayaslo KOOpUHAT.

Jns mpumepa n300pa3uM BBIXOJHBIC XapaKTEePUCTUKU TPAH3UCTOPA C YIIPABISIONIAM
Iepexo0M M KaHAJIOM p-muna B 00JIacTH, MpHIICTAONICH K Hadary koopauHart (puc. 3.17).
OO6patum BHUMAaHHE, YTO XapaKTEPUCTUKH B TPETHEM KBaJpaHTE



Puc. 3:17

COOTBETCTBYIOT 33/IaHHBIM HANPSHKEHUSIM MEX]Ty 3aTBOPOM U CTOKOM.

OnHaKO MUHUMAJIBHOE CONMPOTUBIICHUE BKIIOUYEHHOTO KJII0Ua Ha MOJIEBOM TPAH3UCTOPE
MOJKET OBITh 0OJIbIIIE, YeM KJTF04a Ha OUITOJISIPHOM TPAH3UCTOPE (T. €. HAKJIIOH CaMOW KPYTO
MOJHUMAIOIIEHCS XapaKTEPUCTUKH TMOJIEBOTO TPAH3UCTOPA MOXKET ObITh MEHBIIIE, YEM HAKJIOH
COOTBETCTBYIOIIEH XapaKTEPUCTUKU Ha OUTIONSAPHOM TpaH3ucTope). [ToaTomy npu 3HAYUTEIBHOM
TOKE I1aJICHHUE HAIIPSDKEHUS Ha TTOJICBOM TPAH3UCTOPE MOKET OBITh OOJIbIIIE, YEM TaJICHUE
HaIpsDKEHUS Ha OUIIOJIIPHOM TPAH3UCTOPE.

MHorma ocTaToYHBIM HAPSDKEHUEM Ha KITFOYE HA3bIBAIOT HE TO HAIPSDKEHHE, KOTOPOE
COOTBETCTBYET HYJEBOMY TOKY, a TO, KOTOPOE€ COOTBETCTBYET HEKOTOPOMY 3HAUUTEIBHOMY TOKY
KJIt0Ya. ITO HY)KHO UMETh B BHJTY, YTOOBI TIOHATH CMBICIT Ha TIEPBBIA B3TJISAI TapaJI0KCATLHOTO
YTBEPKIEHHUsI, BCTPEYAIOIIETOCS Y HEKOTOPBIX aBTOPOB U COCTOSIIIETO B TOM, YTO OCTATOYHOE
HampsHKEHUE KIIF0YeH Ha TOJIEBBIX TPAH3UCTOPAX OOJIbIIe, YeM KITFOUeH Ha OUIIOISPHBIX
TPaH3UCTOPAX, U MIOITOMY «IIOJIEBOM TPAH3UCTOP 00JIaTAeT XYAIIUMHU KIIFOUEBBIMUA CBOMCTBAMU T10
CpaBHEHHUIO ¢ ounossspHbIMY». KcTtatu OyaeT cka3arh, 4TO HATMYKE TTOT00HBIX HA TIEPBBIN B3I
MIPOTUBOPEUYMBBIX YTBEPKIACHHM IMOJIE3HO BOCIIPUHUMATH KaK 3HAK TOTO, YTO BHIOOP KOHKPETHOTO
peuieHus (B JaHHOM CJIydae BBIOOD JJIE KOMMYTAIIUU ITOJIEBOTO WIJIH OUIOJIIPHOTO TPAH3UCTOPA)
CJIEeAyeT OCYUIECTBIISITh HA OCHOBE BCECTOPOHHETO aHAJIN3A.

B crarndeckom COCTOSIHMH KJTI0U Ha MOJICBOM TPAH3UCTOPE MOTPEOIIIeT 0UYSHb MaJIbIi TOK
yrnpabieHusa. OHAKO 3TOT TOK YBEJIUYUBACTCA MPU YBEIMUYECHUH YaCTOThI MepekiitoueHus. O4eHb
0OJIBIIIOE BXOTHOE CONTPOTHRIICHUE KITFOUEH Ha IMOJIEBBIX TPAH3UCTOPaX (pakTHUeCKH 00ecIeunBaeT
rajJbBaHUYECKYIO Pa3BI3Ky BXOJHBIX M BBIXOJHBIX IIETICH. ITO MO3BOJIIET 00OUTHCH 03
TpaHchopMaTOPOB B IEMAX yrpaBieHus. KilFoun Ha MOJeBbIX TPAaH3UCTOPaX YaCcTO MEHEE
OBICTPOICHCTBYIONINE B CPABHEHHUH C KITFOYaMU Ha OUTTOJISPHBIX TPAH3UCTOPAX.

N3o06pazum cxemy mudposoro kiaroua Ha MJIII-Tpad3uc-Tope ¢ HHAYIUPOBAaHHBIM KaHAIOM N-
THIIa ¥ PE3UCTUBHOU HArpy3KOM M COOTBETCTBYIOIINE BpeMEHHBIC AuarpaMmel (puc. 3.18). Ha
cXeMe M300pakeHa eMKOCTh Harpy3ku C,, MOJESIHPYIOas EMKOCTh YCTPOMCTB, MOIKIIFOUEHHBIX K
TPaH3UCTOPHOMY KJTtouy. OUeBUIHO, YTO TIPH HYJIEBOM BXOAHOM CHUTHAJIC TPAH3UCTOP 3aIePT U U,
= E.. Ecniu HanpspkeHue ug, 00JIbIIe MoporoBoro HanpsoKeHUsS Uy, yop0. TPAH3UCTOPA, TO OH OTKPHI-
BAETCs U HAINPSHKEHUE U, YMEHBIIIACTCSI.

Kiroun Ha mosieBbIX TPAH3UCTOPAX C YIPABISAIONIUM p-n-TIEPEX0JIOM BXOSAT B COCTAB
pa3IMYHBIX MUKpOcxeM cepuit 284, 504 u ap..

HamnpsbkeHne Ha KIIro4e B €ro BKIIOUEHHOM COCTOSTHHH Uy, 3aBHCHUT OT CONMPOTUBIICHUS CTOKA
R¢, BeTMYMHBI BXOJTHOT'O CUTHAIA K OCOOCHHOCTEH CTOKOBBIX XapaKTEPUCTUK TPAH3UCTOPA.
CKopocTh U3MEHEHHS HAITPSKEHUSI Ha BBIXOJIE€ OIPEJIEIsAeTCsl CONpOoTUBIeHUEM R¢, eMkocThio C, 1
YaCTOTHBIMU CBOWCTBAMHU TPaH3UCTOPA.
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N3o6pazum cxemy 1rdpooro kmoda Ha M/l I-tpan3ucrope ¢ Harpy3ounbiv MIII-tpan3uctopom (c
JMHAMUYECKOM Harpy3koi) (puc. 3.19). OTMeTnm, 4TO NpH UCTIOIH30BAHUH UHTErPATLHON
TEXHOJIOTHH TaKOH KITFOY, KaK HU CTPAHHO Ha ITEPBBIIA B3IJISI, U3rOTOBUTH IPOIIIE B CPABHEHHH C PACCMOT-
PEHHBIM BBIILIE, IMEIOIIMM Harpy304HbIii pe3uctop. Tpansuctop 771 Ha3bIBAIOT aKTUBHBIM, & TPAH3UCTOP
T> — Harpy304HbIM.

Bnauarne paccmMotprM 3akpeitoe coctosiHue Kitoua. [Tpu aToM 1,< U, nopoat ,T1€ Usynoposl —
MOPOTOBOE HAMPSKEHUE AJIs TpaH3UCTOpa T1,
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B atom citydae Tpanzuctop 77 3aKphIT U 4epe3 00a TpPaH3UCTopa MPOTEKAaeT OY€Hb MaJIblid TOK
(06b1yHO He Oonee 1 HA). [Ipu A TOM HanpsHKEHUE U, OTU3KO K HANIPSKEHUIO E,, a HATPSHKEHUE U,
OMM3KO K HYIMO. B paccMaTprBaeMoM COCTOSTHUM TPAH3UCTOP 7% TAKKE 3aKPBIT, XOTS HAMPSHKEHHE MEKTY
3aTBOPOM M KCTOKOM 3TOT'0 TPAH3UCTOPa IMOJIOKUTEIBHO (0YEBUIHO, UTO Usy,» = Uy2). HO cOOTHOIIEHNE
MEXIy TapamMeTpaMH TPaH3UCTOPOB 00ECTICUNBACTCS UMEHHO TaKOE, YTOOBI B 3aKPHITOM COCTOSIHUH
KJTFOYa BBIMOJIHSIIOCH COOTHOILICHUE Uy, ; = E.. [10 KpailHel Mepe 04EBHUIHO, YTO HAIIPSIIKEHUE U2 HE
MOKET OBITH OOJIBILIE TOPOrOBOrO HAMPSHKEHHS Uy nopoe2 711 TpaH3UCTOpa 17, MHAaYe ObI TPaH3UCTOP T2



OTKPBUICS U HANPSHKEHUE HA HEM YMEHBIINIIOCh.

Teneps pacCMOTPUM OTKPBITOE COCTOSHUE KITt0UaA. IIPU 3TOM to>1ty,10001. TPaH3UCTOP 71 OTKPBIT U
HaIpPsLKEHHE U, OTTM3KO K HYITIO, 8 HANPsDKEHHUE Ha TpaH3ucTope 7, OJM3KO K HANIPSDKEHUIO UTaHus. B
paccMaTpuBaeMOM COCTOSIHUM TPAH3UCTOP 17 TaAKKE OTKPBIT, IIPU 3TOM Us,2 = Uey2 = E.. HO
TPaH3UCTOPBI KOHCTPYUPYIOT TAKUM 00pa3oM, YTOObI yIelbHAS KPyTH3HA TpaH3ucTopa 7, Oblia HAMHOTO
MEHBIIIE, YeM yIeTIbHAs KpyTU3Ha TpaH3ucTopa 11 .JIMeHHO m03TOMY B OTKPBITOM COCTOSIHUU KIJIFOUa
g, = 0 (9acTo 310 HanpspkeHue aekuT B penenax 50...100 MB). Tak kak ynenbHast KpyTU3Ha
TpaH3ucTopa 17 Maia, TOK, POTEKAIOIIMI Yepe3 OTKPBITHIN KITFOY, CPABHUTEIBHO MaJl.

N306pazum cxemy 1udpoBoro kiova Ha KomruieMeHTapHbpIX MITT-Tpan3ucTopax (KoMIuIieMeHTapHbIH
M Al T-kmrou, KMOII-kirou) (puc. 3.20). 31ech UCIOIb30BaHbl B3aUMOJOTIONHSIOIIHE IPYT Apyra
(KOMILIEMEHTapPHBIE ) TPAH3UCTOPBI: TPAH3UCTOP 7, C KaHAIOM N-TUIIA U TpaH3UCTOp 17 C KaHAJIOM -
tuna. O603Ha49uM uepe3 Uy, nopo-1 B Usy nopoo2 TOPOTOBBIE HAITPSIYKEHUS JJISI TPAH3UCTOPOB
cooTBeTCTBEHHO 71 U T5. CTOUT 0OpaTUTh BHUMAHHE, YTO KOKII0C N3 YKa3aHHBIX TTOPOrOBBIX HAMPSKSHHUN
SIBJISIETCS TIOJIO>KUTEITBHBIM.

ITycth ue= 0, Torma, O4eBUIHO, TPAH3UCTOP |1 3aKPHIT, @ TPAH3UCTOP 12 OTKPHIT. [Ipn 3TOM 1))
=E., uy; = 0. Eciu ue, > U,y 0p0-11, TOTIA TpaH3ucTOp 71 OTKPHIT. I1ycTh, KpOMe TOTO,

Uer>Ei— U, nopoe2, TOTIA Tpau3ucTop 1> 3akpeIt. [pu otoM ue,; =0, u,.=FE.,.

Hano otmerutb, uto eciu E. < U,y nopoe; + Usinopoz2, TO TP KI3MEHEHHUHU BXOIHOTO CUTHAJIA HE
BO3HMKAET CUTYAIHs, KOT1a 00a TpaH3|CTOpa BKIFoYeHbL. Ho ecii JaHHOe HEpaBeHCTBO HE BBITTOJHSETCS, TO
TaKasi CUTyaIrus Oy/IeT IMETh MECTO TP HEKOTOPOM ITPOMEKYTOYHOM HAIPSDKEHUH Uy, ¥ TOT/IA YEPE3
TPAH3UCTOPBI MTPOTEKACT TaK Ha3bIBACMbIl CKBO3HOM TOK. ECim MTeNbHOCTS MepeaHero ppoHTa u
JUTUTETLHOCTB Cpe3a (3aTHEro (hpoHTa) BXOTHOTO UMITYJIhCa MaJia, TO CKBO3HOM TOK

Up2

Puc. 3.20

MPOTEKAeT KOPOTKOE BPEMSI, HO M B 3TOM CIIy4ae OH OKa3blBaeT HETaTUBHOE BIUSHHUE HA paboOTy
CXEMBI.

Kak cnenyer u3 U310KEHHOTO, B KaXKJIOM M3 ABYX YCTAHOBUBILIUXCS PEXUMOB, T. €. U B
OTKPBITOM, U B 3aKPHITOM COCTOSIHUH, KJIFOY MMPAKTUYECKH HE MOTPEOISeT TOK OT UCTOYHHKA
MUATaHUs. DTO MEPBOE BaXKHOE TOCTOMHCTBO KOMIIEMEHTAPHOTO KJIF04a. BTOPBIM Ba)KHBIM
JIOCTOMHCTBOM KOMITJIEMEHTApHOTO KJTFOUA SIBISIETCS PE3KOE OTIIMYNE BBIXOHOTO HANIPSIKEHUS B
OTKPBITOM COCTOSTHHH KJTF04a (€TUHUIIBI MUKPOBOJIHT M MEHEE) U BBIXOHOTO HAIPSDKCHUS B
3aKPBITOM COCTOSIHUH (3TO HAMPSHKEHUE MEHBIIE HAMIPSKEHUS TUTAHUS BCETO JIMIIb HA €IMHUIIBI
MUKPOBOJIBT U ME€HEE). DTO 00eCIeunBaeT BbICOKYIO TOMEX0YCTOMUYHNBOCTD IU(POBBIX CXEM Ha
KOMIUJIEMEHTAPHBIX KITIOYaXx.

TpeTbuM BaXKHBIM JOCTOUMHCTBOM KOMIIJIEMEHTAPHOTO KJIF0Ua SIBJISIETCS €r0 MOBBIIIEHHOE
owsicTpoaeiicTBHEe. OHO MOXKET OBITh Ha MOPSAOK OOJIbIe, YeM Y ABYX APYTUX paHee U3ydeHHBIX
KJTIIOYel Ha MOJIEBBIX TpaH3ucTOpax. [IoBbIIIeHHOE OBICTPOACHCTBHIE OOBSICHIETCS TEM, YTO KaK
paspsan eMkocT C,, TaK U €€ 3aps]l IPOUCXOUT Yepe3 COOTBETCTBYIOLINUN OTKPBITHIN TPAH3UCTOP
(EMKOCTh pa3psiKaeTcs uepe3 TpaH3UuCTop T1 U 3apsikaercs uepe3 Tpanzuctop 7). [Ipu s3ToM B Ha-
qase 3apsjia uin paspsaa yepe3 COOTBETCTBYIONIUM TPAH3UCTOP MPOTEKAET OOJBINION TOK,
KOTOPBIN OBICTPO M3MEHSET HAMPSDKEHUE EMKOCTU. ECTECTBEHHO MPENOI0KUTh, YTO BXOAHOM
CUTHAJI MOCTYNAET OT TAKOI'0 ke KII0Ua, T. €. WIH Ug=0, uiu u,= E.. B 3TOM ciy4ae, yem GoJbiie



HaNpsOKEHUE MUTaHUs £, TeM OOJIbIIIC OTIHPAIOIIUH CUTHAI HA COOTBETCTBYIOIIEM TPAH3UCTOPE U
TeM 0OJIbIIIE €r0 HAYaIbHBIN TOK (K IPUMEPY, IPH Ue=0, u,;= E.). Ilo3TOMY IIpH yBEITHYCHUH Ha-
NPSOKEHHS MTUTAaHUS OBICTPOJCHCTBUE KOMIIEMEHTAPHOTO KJTI0UYa YBEIUYMBACTCS.

OrnucaHHbIC TOCTOMHCTBA, & TAK)KE OTPAOOTAHHOCTh TEXHOJIOTUH U3TOTOBIICHUS SIBHJIMCH
NPUYUHON MHUPOKOTO ucioab3oBanuss KMOII-karoueii.

PaccmoTpum nipocTetinnyro cxemy aHanorooro kimoda Ha M /[I1-rpan3ucrope (puc. 3.21). DTa cxema
MOJTyJaeTCs U3 MPEABLIYIIESH MPY 3aMEeHe TpaH3UuCTopa 1) Pe3UCTOPOM Harpy3KH, a UICTOYHHKA
MMUTAHUS — UCTOYHUKOM BXOJIHOTO CUTHAJIA.

b

Puc. 3.21

Ioanoxxka TpaH3MCTOpa MOIKIIIOYEHA K IOJIOKUTEIIHOMY IOJIFOCY MCTOYHUKA IIUTAHUS, T. €. K TOUKE C
HanOOJIBIIIMM TIOTSHITAJIOM, ISl TOTO YTOOBI P-N-TIEPEXO0/IbI MEXKTY IMOJUIOKKON M UICTOKOM H TIOJUTOMKKOM
Y CTOKOM HE OTKPBIBAJIHCh.

Tpar3urcTOp ATOrO AHAIOrOBOI'0 KiIF0UYa paboTaeT Mo00HO TOMY, KaK padoTaeT TpaH3ucTop 77
PaccMOTPEHHOTO KOMILIEMEHTAPHOTO Kitoua. Harpumep, 1 oTnvpanys TpaH3ucTopa Heo0X01uMo,
YTOOBI HANTPSHKCHUE Uy, OBLTIO MAJIBIM.

Ki1rou MOskeT KOMMYTHPOBATh KakK MOJIOKUTENBHOE, TAK U OTPULIATEIBHOE BXOJHOE HAIPSHKEHUE.

Paccmotpum Terieps AByHAIpaBIIeHHBIN aHAIOTOBBIN KITFOU (TIepeIarolii BEHTHITb) Ha KOMITIEMEHTapHBIX
Tpam3ucTopax (puc. 3.22). Kitou npeanasHaueH A nepeaayn HanpsiKeHUs U, C BBIBOJA A Ha BBIBOJ
B v Hanipsbkenue u, ¢ BbiBoa B Ha BeiBo A. [Ipeamonaraercsi, 4to 5T HANPSDKEHKST HAXOJIITCS B
npenenax ot 0 no +£,. Tpauszuctopsl 71 u T2 00pa3yroT pacCCMOTPEHHBIN BBIIIE KOMITJIEMEHTAPHBIN
KIItOU. /[ByHanpaBieHHbIN KIIF0Y OTKPBIT, KOTA Uy,,= +E,. B 3TOM ciyyae 1o kpaHen Mepe OJUH U3
TpaH3ucTOpoB 731 T4 OTKPHIT. Kitrou 3aKphIT, KOTIA Uy)p,= 0.
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Ecmm cxeMy W3MEHUTB 1 Ha 3aTBOPBI TPAH3UCTOPOB 73 U 74 110/1aBaTh HE TOJIBKO MOJIOKUTENIbHBIC, HO U
OTpHIIATEIIbHBIE HAITPSHKECHHS, TO KITF0Y OYJIET B COCTOSTHUM Pad0TaTh HE TOJILKO IPH TOJIOKHUTEITBHBIX, HO 1
OTPHIIATEIIHFHBIX HAITPSDKCHUSX U, U Up .

Kimroun Ha 1os1eBBIX TpaH3UCTOpax ¢ M30JIMPOBAHHBIM 3aTBOPOM BXOST B COCTaB MUKPOCXEM CEpHit

168, 547 u np., a Ha KOMIIJIEMEHTAPHBIX TPAH3UCTOPaXx — B COCTaB MUKpocxeM cepuid 590, 591,
176, 561, 1564.



3.3. JOTUHYECKHUE SJIEMEHTDBI

Jloruueckuii a7eMeHT (JIOTMYECKUN BEHTUIIb) — 3TO AJIEKTPOHHASI CXEMA, BHITOIHSIONIAs
HEKOTOPYIO MPOCTEHIIYIO JIOTHYECKY0 onepanuio. Ha puc. 3.23 npuBeneHbl NpUMeEPhI YCIOBHBIX
rpadryecKrx 0003HAYCHUI HEKOTOPHIX JIOTHIECKHUX 3JIEMEHTOB.

Jloruyeckuii 3IeMEHT MOYKET ObITh peaIM30BaH B BUJIE OT/ICIILHON MHTETPAILHOM cXxeMbl. Yacto
MHTErPaIbHAsI CXEMA COAEPIKUT HECKOJIBKO JIOTUUECKUX JIEMEHTOB.

H H-HE HITH HIIH-HE HE (unsepmop)
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Puc. 3.23

Jloruveckue 3eMeHThI UCTIOIB3YIOTCS B YCTPOMCTBAX MU(DPOBOM SJIEKTPOHUKH (JTOTUYECKUX
YCTPOMCTBAX) JIJIs1 BBIMIOJIHEHHS IPOCTOr0 MPpeoOpa3oBaHus JTOTUUYECKUX CUTHAIIOB.

3.3.1. Knaccuduxkaiys u OCHOBHBIE TapamMeTphl

PaccMoTpuM Hanbomee mMUpoKo UCIIOIb3yeMYI0 HCTOPUYECKH CIIOKUBILIYIOCS
knaccudukanuio. OHa MOCTPOEHA U C YUETOM TOT0, KaKUE SJICKTPOHHbBIE PUOOPDI SBISIOTCS
OCHOBHBIMHU B COOTBETCTBYIOIINX MHTEIPATLHBIX CXEMaX, M C YUETOM 0COOCHHOCTEH
HCNOJIb30BAHHBIX CXEMOTEXHUYECKUX PEIICHUM.

Bruigensrores cneayroniyie Kiracchl JOTHYECKUX 3JIEMEHTOB (TaK Ha3bIBAEMBIC JIOTHKH ):

* pe3ucTtopHO-TpaH3ucrtopHas joruka (PTJI);

* nHOJHO-TpaH3uctopHas soruka (ATJI);

* TpaH3UCTOpPHO-TpaH3ucTopHas joruka (TTJI);

* SMUTTEpHO-CBA3aHHas noruka (JCJI);

* TPaH3UCTOPHO-TpaH3UcTOpHas joruka ¢ auonamu lortku (TTJILL);

 Jsoruka Ha ocHoBe MOII-Tpan3ucTopoB ¢ kaHanamu Tuna p (p-MJIIT);

 Jsoruka Ha ocHoBe MOII-Tpan3uctopoB ¢ kananamu tumna n (n -MJIT);

* JIOTHKAa Ha OCHOBE KOMIUJIeMeHTapHbIX knwdeit Ha M/II-tpan3ucropax (KM/II, KMOII);
* HHTETpajibHasi MHKEKIIMOHHAs JIOTHKA 2T,

* JIOTHMKA Ha OCHOBE MOJIYIIPOBOTHUKA U3 apceHuaa rajums GaAs;

B Hacrosmee BpeMs HanboJliee MUPOKO UCTONB3YIOTCS caenyromntue joruku: TTJI, TTJIII,
KMOII, 9CJI. Ycrapena u npaktudecku He ucnonb3yercst PTJI. Jlns pazpabaTteiBaeMbIX B
HaCTOSIIEe BpeMsl YCTPOHUCTB MOXKHO PeKOMEHA0BaTh ucoiab30Bath KMOII-noruky, a Taxxke
JOTUKY Ha ocHOBe GaAS.

Jlornueckwue 3eMeHThI B Ipyrre U(POBbIE JIEKTPOHHBIE YCTPOIMCTBA BBIITYCKAIOTCSA B COCTaBE
cepuit MukpocxeM. CepHsi MUKPOCXEM — 3TO COBOKYITHOCTh MUKPOCXEM, XapaKTEPU3YEMbIX
OOIIMMH TEXHOJIOTUYECKUMH U CXEeMOTEXHUYECKUMHU PEIICHUSIMU, a TAK)KE YPOBHIMHU
ANEKTPUYECKUX CUTHAJIOB U HANIPSKEHUS UTAHUS.

[TpuBenennas kiaccupuKaIus OXBaTbIBaeT HE TOIHLKO COOCTBEHHO JIOTUYECKUE DTIEMEHTHI, HO U
npyrue nudpoBble YCTPOMCTBA, B TOM YHCIIE MUKpOIpoiieccopHbie. OTHAKO 3/1€Ch ClIeAyeT
YUUTBIBATh, YTO MPH MPOU3BOJCTBE CIOKHBIX U(PPOBBIX YCTPONUCTB HEKOTOPHIE IOTUKH HE
WCTIOJIb30BAJIMCh U HE UCITOJIB3YFOTCHL.

[Tpueenem mpumepsl cepuu mukpocxem: TTJI — K155, KM155, K133, KM133; TTJIII - 530,
KP531, KMS531, KP1531, 533, K555, KM555, 1533, KP1533; 9CJI - 100, K500, K1500; KMOIT -
564, K561, 1564, KP1554; GaAs -K6500;

Kaxnasa cepust MUKpOCXeM, HECMOTPS Ha TO, YTO OHA OOBIYHO COJIEPIKUT CaMble
pa3HooOpa3HbIe ITU(GPOBBIE YCTPOHCTBA, XapaKTEPU3yETCS HEKOTOPHIM HAOOPOM TTapaMeTpoB,
TAIONINX JOCTATOYHO MOAPOOHOE MpeIcTaBiIeHue 00 3Toit cepuu. [Ipu onpeaeneHnu dTUX



napaMeTpoB OPUEHTUPYIOTCS UMEHHO Ha JIOTHYECKUE DIIEMEHTHI — MPOCTEHINNEe yCTPOHCTBa
cepuy MHUKpocXeM. B cOOTBETCTBUU € ATUM TOBOPST O MapaMeTpax HE CEPUU MUKPOCXEM, a O
napameTpax JOTHYECKHX 3JIEMEHTOB JJaHHON CEepHH.

PaccmoTpum Hanbosee BaxkHbIE U3 TApaMETPOB.

bricTponeiicTBrE XapaKTEepU3yIOT BPEMEHEM 3aJI€PKKH PaCIpOCTpaHeHus curuania t;, u
MaKCHUMaJbHOU pabouel 4acTOTON Fyac. OOpaTHUMCS K H1eaIu3upOBaHHBIM BPEMEHHBIM
JquarpaMmmam, cooTBercTByromuM d1ementy HE (naBepropy) (puc. 3.24). Uepes U,y 1t Ugyx
0003HaYCHBI YPOBHH BXOHOTO U BBIXOJHOTO HAMPSIKEHUN, COOTBETCTBYIOIIHNE JIOTHYECKON
equamIe, a uepe3 Uy 1 Ug,xo — COOTBETCTBYIOIINE JIOTUYECKOMY HYIO. Pa3nmuyaior Bpems
3aJIePIKKH 1,79 pacIIpOCTpaHEHUS TIPY NIEPEKIIIOUEHUU 13 cocTostHus 1 B cocTostaue 0 U mpu
nepexiroueHnn u3 coctosiHus 0 B cocrosiaue 1 — t,,); ,a Takke cpegHee BpeMs 3aIePKKH
pacripocTpaneHus ts, ,ipudem t;,=0,5(t;,,0+t550,). BpeMs 3a1epKKu PUHITO OMPEACTIATH 11O
nepenaaam ypoBuei 0,54U,, u 0,54U,,,x. MakcumanbHas padodast 4acToTa Fyae. — 3TO YacToTa,
IIpU KOTOPOil coxpaHsieTcss paboTOCIOCOOHOCTh CXEMBI.

HarpysouHnast cnocoOHOCTh XapakTepusyeTcs Ko3phuimeHToM o0beruHeHus o Bxoay Kqs u
K03(GHLUEHTOM pa3BETBICHUS 110 BBIXOAY Kpqs (MHOT 1A HCTIONB3YIOT TEPMUH «KO-
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s punmeHT oObeTMHEHUS 110 BRIXOAY»). Bemnmunnaa Kyg — 3TO 4nCIio TOrnyeckux BXOI0B,
BenmmunHa K,),; — MakCHMallbHOE YHCIIO OJHOTHITHBIX JIOTHYECKUX IJIEMEHTOB, KOTOPHIE MOTYT
OBITH TTOAKITIOYCHBI K BEIXOY JAHHOTO JIOTHYSCKOTO 2JIEMEHTA. TUIMMYHBIC 3HAUYCHHS UX TaKOBBI:
Kos = 2...8, Kpas = 4...10. [1151 51€EMEHTOB ¢ MOBBIIIEHHOW HArPy304HOU CIIOCOOHOCTRIO Kiyys =
20...30.

[ToMexX0yCTOMYNBOCTh B CTATHYSCKOM PEKHUME XapaKTepu3yioT HanpsbkeHueM U, KoTopoe
Ha3bIBAIOT CTATHYECKOM IMTOMEX0YCTONYNBOCTHIO. DTO TaKOE MAaKCUMAJIBHO JOMYCTUMOE
HanpsHKEHUE CTaTHYECKOM IMTOMEXH Ha BXOJIe, IPU KOTOPOM €IIle He MTPOMCXOIUT N3MEHEHHUE
BBIXOHBIX YPOBHEH JIOTHYECKOTO AJIEMEHTA.

BaxHBIM ITapaMeTpoM SIBJISIETCS MOIITHOCTD, ITOTPeOIIIeMasi MUKPOCXEMOM OT HCTOYHHKA TTHTAaHHSI.
Ecmm sTa MomHOCTS pa3mudaHa TSl IBYX JIOTHYECKHUX COCTOSHHM, TO YaCTO YKA3bIBAIOT CPETHIOI0
MOTPEOJIIEMYIO MOIITHOCTH JIJIsl 9TUX COCTOSIHUM.

BaxHBIMH SBIISIOTCS TakK)Ke CISAYIONIHNE ITapaMeTPHI:

* HamNpsHKCHHE IMUTAaHUS;

* BXOJIHBIC IIOPOT'OBBIC HAMPSHKECHUS BHICOKOTO M HU3KOTO YPOBHS Usxi noport Ugy. onopors
COOTBETCTBYIOIINE U3MEHEHUIO COCTOSHHS JIOTHYECKOTO DJIEMEHTa;

* BBIXOJIHBIC HAIPSKEHUS BBICOKOTO M HU3KOTO YPOBHEH Upyx U Ugyxo,



Hcnone3yroT u Apyrue napaMeTpsbl.

3.3.2. OcoOEHHOCTH BBIXOIHBIX KaCKaJ0B IIU(DPOBBIX MUKPOCXEM

YacTo BO3HUKAET H606XOI[I/IMOCTB IOJKIOYCHU A BBIXOJ0B HECKOJIBKHUX I_II/I(prBBIX MHKPOCXEM K
O,Z[HOI>'I Harpyske. O,I[HI/IM H3 CIIOCO0O0B 06TJCHI/IH6HI/I$I BBIXOA0B SABJIACTCS UCIIOJIB30BAHUEC B
BBIXO/JHBIX KaCKagaX MUKPOCXEM TPaH3HUCTOPOB, OJHMH U3 BBIBOJOB KOTOPBLIX (KOJ'IJ'ICKTO'p,
OMUTTEP, CTOK, I/ICTOK) HUKYJa HEC ITOAKIKOYCH. Takoi BbIBO/J] HAa3bIBAKOT OTKPBLITHIM.
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Puc. 3.25

[Tokaxem cxemaruuecku (puc. 3.25), kak 00bEAUHSIOTCS BBIXOIbI MUKPOCXEM C OTKPBITHIM
KOJIEKTOpoM. Takyro cxemy Ha3bIBalOT «MOHTaXXHBIM (MpoBOAHBIM) MJII».

Ecnu OTKpBITHIM sIBIISIETCS KOJIEKTOP TPAH3UCTOpA H-p-n-THIIA, SMUTTEP TPaH3UCTOpa p-
N-p-TUMa, CTOK TPaH3UCTOpa C KaHAJIOM N-THUIA, UCTOK TPAaH3UCTOPA C KaHAJIOM p-THUIA, TO
BBIBOJT 0003HA4YalOT cUMBOJIOM Q. . Eciii OTKPBITHIM SIBIISIETCS KOJUIEKTOP TPAH3UCTOPA p-H-p-THIIA,
SMUTTEP TPAH3UCTOPA H-p-N-TUIA, CTOK TPAH3UCTOPA C KaHAJIOM p-TUIA, UICTOK TPAH3UCTOpa C
KaHaJIOM H-THUIIa, BEIBOJ 0003Ha4ar0T cHMBOJIOM O.

BrixomHbIE KacKaIbl HEKOTOPBIX MUKPOCXEM MOTYT pab0TaTh B TAKOM PEXUME, KOT/1a
MHKPOCXEMa OKa3bIBACTCS (PAKTHUYECKU OTKIIIOUCHHOM OT Harpy3Ku. ITO TaK Ha3bIBAEMOE TPEThE
(BBICOKOMMIIEZITAHCHOE) COCTOSIHIE MUKPOCXEeMBI. VICTI0JIb30BaHNE TPETHETO COCTOSIHUS SIBIISIETCS
elIe OJJHUM CITOCOOOM OOBETMHEHHS BBIXOJIOB MUKPOCXEM, KOTOPBIM IUPOKO MUCIOJIb3YETCS B
BBIYUCIUTEIbHON TEXHUKE, MIPH TOJKIIOYCHUN K 00IIeH MMHE MHOTUX YCTpoHCTB. [IpuBenem
(bparMeHT cXeMbl, MOSICHSIONIEH BOSHUKHOBEHHE TPETHETr0 cocTosiHus (puc. 3.26). Ecinu 06a
TPaH3UCTOPA 3aKPBITHI, TO MUKPOCXEMa U Harpy3ka (paKTUYECKH SBISIOTCS Pa3beIUHEHHBIMH.
Hanuaue Tpetbero coctosiHus 0003HAYAIOT CUMBOJIOM €.
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[Tpu Mcmonb30BaHNU B €IMHOM IU(DPOBOM YCTPOHCTBE MHUKPOCXEM PA3TUYHBIX CEPHIA, U B
O0COOCHHOCTH Pa3IMYHbBIX JIOTHUK, MOKET BO3HUKHYThH MTPOOJIEMa COTIacOBaHUs YPOBHEH BXOJHBIX U
BBIXOJIHBIX HaNpspKeHUH. [ yKa3aHHBIX LeJIed IPOU3BOAATCS CIEUaIbHbIE MUKPOCXEMBI,
KOTOPBIE€ HA3BIBAIOT MMPE00pPa30BATENSIMU YPOBHS CUTHAJIOB.

3.3.3. OcOOEHHOCTH JIOTUUYECKUX
DJIEMEHTOB Pa3JIMYHBIX JIOTHK

J1J1s1 KOHKPETHOM cepruu MUKPOCXEM XapaKTepHO HCIOJIb30BaHUE TUIIOBOTO AJIEKTPOHHOIO y3I1a
— 0a30BOT0 JIOTUYECKOTO AJIEMEHTA. DTOT JEMEHT SIBIISICTCSI OCHOBOW MOCTPOSHUS CaMBIX
pa3zHo00pa3HBIX HU(PPOBBIX MEKTPOHHBIX YCTPOUCTB.

Hwxe paccmorpum ocoOeHHOCTH 0a30BBIX JIOTHYECKHUX 3JIEMEHTOB PA3JIMUHbBIX JIOTHK.

Onemenmvl Mpan3UCMOPHO-MPAH3UCMOPHOT 1o2uky. XapakrepHoi ocodeHHocTbio TTJI siBnsieTcs
MCIIOJIb30BAHNE MHO-TOAMUTTEPHBIX TPAH3UCTOPOB. ITU TPAH3UCTOPHI CKOHCTPYHUPOBAHBI TAKUM
00pa3om, 4TO OTACIBbHBIC SMUTTEPHI HE OKA3BIBAIOT BIMSHUS APYT Ha Apyra. Kaxaomy
AMUTTEPY COOTBETCTBYET CBOM P-N-miepexoj. B nmepBoM nmpuOIMKEeHUN MHOTOAMUTTEPHBIN
TPAH3UCTOP MOKET MOACIMPOBATHCS CXEMOM Ha Au0aaX (CM. ITYHKTUP Ha puc. 3.27).

VYupomennas cxema TTJI-anementa npusenena Ha puc. 3.27. [Ipu MbIciieHHON 3aMeHe
MHOT'O3MHUTTEPHOTO TPAH3UCTOPA AUOJAMU MOIYYAEM JIEMEHT IUOIHO-TPAH3UCTOPHOU JIOTUKU
«-HE». V3 ananu3a cxeMbl MOXHO CJI€JIaTh BBIBOJ, YTO €CIIM Ha OJMH U3 BXOJIOB WJIM Ha 00a
BX0/I1a MOAAaTh HU3KUI YpOBEHb HANIPSKEHUS, TO TOK 0a3bl TpaH3ucTopa T, OyneT paBeH HyIIO, U Ha
KOJIEKTOpe Tpan3uctopa Ty Oyzner BbICOKHI ypoBeHb HanpsbkeHus. Eciau Ha 06a BxoJa moaaTh
BBICOKHI YpOBEHb HampsDKEHUs, TO uepe3 6a3y T, TpaHzucTopa OyaeT mpoTeKaTh OOIbIION
0a30BBIi TOK U Ha KOJIJIEKTOpe TpaH3uctopa Ty OyaeT HU3KHUIl ypOBEHb HANPSIKEHUS, T. €.

TaHHBIN dneMeHT peanu3yeT pyHkiuo U-HE: u,,,, = ug uy . bazoseiii anement TTJI cogepxut
MHOTOOMUTTEPHBIN TPAH3UCTOP, BHIMOJHAOIINHI JIOTUYECKYIO onepauuto U, u

cioxxHbIN mHBEpTOp (pHC. 3.28). Ecnu Ha oauH nim 006a BX01a OTHOBPEMEHHO MOAaH HU3KUH
YPOBEHb HANPSHKEHHS, TO MHOTOOMHTTEPHBIN TPAH3UCTOP HAXOAWUTCS B COCTOSIHUN HACHIIIICHHS F
Tpau3ucTop T2 3aKPBIT, a CIICIOBATEIHHO, 3aKPBIT U TPAH3UCTOP T4, T. €. HA BBIXO/IE OY/IET BHICOKHI YPOBEHD
HarpsbkeHust. Ecrt Ha 0001x BX0aX OTHOBPEMEHHO JICHCTBYET BBICOKUI YPOBEHb HAPSDKEHKS, TO

+Ex

Puc. 3.27

TpaH3ucTOp T2 OTKPBIBAETCA M BXOAWT B PEXKUM HACBIILIEHHS, YTO IIPUBOIUT K OTKPBITUIO U HACHIILIEHUIO
TpansucTopa T, 1 3anupanuto Tpausucropa Ts, T. €. peammzyercs ¢pyukims U-HE.

Jlna yBenmmueHust ObIcTpoaericTBUS eMeHTOB T TJI ucrmonb3yroTes TpaH3ucTopsl ¢ quoaamu LlorTku
(Tpam3ucrtopsr LLloTTkN]).



Puc. 3.28

bazoewiti nocuneckuii snemenm TTJILL (na npumepe cepuu K555). B kauecTBe 0a30BOro sjieMeHTa
cepun MukpocxeM K555 ncnonp3oBan snement U-HE. Ha puc. 3.29,a n3o0pakeHa cxema 3Toro
AJIEMEHTA, a YCIIOBHOE rpaduueckoe o0o3HaueHue Tpansucropa lllortku npuBeneHno Ha puc. 3.29,0.
Tako¥l TpaH3UCTOP SKBUBAICHTEH PACCMOTPEHHOM BBIIIIC TIAPE U3 OOBIYHOTO TPAH3UCTOPA U INO1a
[otTku. Tpanszuctop VT4 — 0OBIYHBIN OUMOSPHBIA TPAH3UCTOP.
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Ecrmi 062 BXOTHBIX HAMPSDKEHUS Ugy; Y Ug,2 AMEFOT BRICOKHUH ypOBeHB, TO muoasl VD3 u VD4
3aKpBITHI, TpaH3UCTOPBI VT1, VTS OTKPBITHI M Ha BBIXOJ/IE€ UMEET MECTO HAIPSKEHUE HU3KOTO

YPOBH:L. Ecnu xotst ObI Ha OAHOM BXOJ€ MMCCTCs HAIIPAXKCHNUEC HU3KOI'O YPOBHA, TO TPAH3UCTOPLI VT1

u VT5 3akpbIThl, a Tpau3ucTopsl VT3 1 VT4 OTKPBITHL, U Ha BXOJI€ UMEET MECTO HampshKEHUE
HI3KOro ypoBHs. [Tone3Ho otMeTHTh, 4to Tpanzuctopsbl VT3 u VT4 00pa3yroT Tak Ha3bIBaeMblil
COCTaBHOM TpaH3uCTOp (cxemy JlapmuHrToHa).
Muxkpocxems! TTJILL cepun K555 xapakrepr3yrorcs clieayrolMMH TapaMeTpaMu:
* HamnpspkeHue nutanus +5 B;
* BBIXOJHOE HAIpPsDKEHHUE HU3KOTO ypoBHs — He Oosee 0,4 B;
* BBIXOJIHOE HANPSIKEHHUE BHICOKOTO YPOBHS — HE MeHee 2,5 B;
* TOMEXO0yCTONYHMBOCTh — He MeHee 0,3 B;
+ CpelHee BpeMs 3aJIepKKH pacipocTpaneHnus curaana —20 Hc;
* MakcHUMalibHas pabouas yactota — 25 MI'm.

Mukpocxembl TTJIII 0ObI9HO COBMECTHMBI TIO TIOTUYECKUM YPOBHSM, IOMEXO0YCTOHYNBOCTH U

HalnpspKeHUto nutanus ¢ mukpocxemamu TTJI. Bpemsi 3aiepkku pacnpocTpaHEeHUs CUTHATIA
anemenToB TTJILL B cpennem B 1Ba pa3a MEHbIIE IO CPABHEHUIO C AHAJIOTUYHBIMU 3JIEMEHTAMU
TTJL

Ocobennocmu opyeux noeux. OCHOBOM 0a30BOro Jorudeckoro sementa DCJI saBseTcs TOKOBBIH
kmou. Cxema TokoBoro kitoua (puc. 3.30) mogobHa cxeme mudhepeHInaTbHOT0 YCUIUTES.



Heobxonumo oOpaTuth BHUMaHKE HA TO, 4TO MUKpocxeMbl DCJI mUTal0TCS OTpHUIIATEIHHBIM
HanpsbkeHueM (K npumepy, —4,5 B s cepun K1500). Ha 6a3y Tpanszucropa VT2 nomgaHo
OTpHUIATENIbHOE NOCTOSTHHOE onopHoe HampsikeHue U,,,. .MI3MeHeHrne BXOJHOTO HAMIPSDKCHUS Uy
MPUBOJUT K TIEpEepaCIPEICIICHUIO TOCTOSIHHOTO TOKA /50, 38JJAHHOTO COMPOTUBIIEHUEM R, MEeXIY
TPaH3UCTOPAMH, YTO UMEET CIIEACTBHEM U3MEHEHUE HANPsXKEHUH Ha X KOoJuleKTopax. TpaH-
3UCTOPBI HE BXOJST B PEKUM HACBIIICHUS, U 3TO ABISETCS OJHOW U3 IPUUYUH BBHICOKOTO
ObicTpoaericTBus daemeHToB DCJI.

Muxkpocxemsl cepuit 100, 500 umeroT cieayroiye napaMeTpbl: HaMpsHKeHUE MUTanus- -5,2 B;
norpebissemast MomHOCTh — 100 MBT; k03 purrieHT pa3BeTBICHUS 10 BBIX0AY — 15; 3a1epkKa
pacnpocTpaHeHus curHaita — 2,9 Hc.

Puc. 3.30

B muxpocxemax N-MOII u p-MOIT ncnionb3yroTcs Kitouu coorBeTcTBeHHO HAa MOII-
TPaH3UCTOPaxX ¢ N-KaHAJOM U JUHAMHUYECKON Harpy3koi (paccmoTpensl Boiie) u Ha MOII-
TPAH3HUCTOPaX C P-KaHAJIOM.

B kauecTBe mpumepa paccMoTpum dneMmeHT Jioruku n-MOII, peanusyromuii Gpyukiuo MJIN-
HE (puc. 3.31). OH cOCTOUT W3 HArpy304HOTO TPaH3UCTOpa T3 M IBYX YIPABIISIOMIUX TPAH3UCTOPOB
Ty u T,. Eciiu 06a tpansuctopa 71 u T2 3aKphITHL, TO Ha BBIXOJIE YCTAHABINBAETCS BHICOKUI
YpOBEHb
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Puc. 3.31
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HanpspkeHus. Ecimv omHo i 00a HanpspKeHUs 1 U Uy UMEFOT BBICOKUI YPOBEHb, TO OTKPBIBAETCS OJTMH
i 06a Tpansucropa T1 1 T 1 Ha BBIXOJIE YCTaHABIMBAETCS HU3KHUI YpOBEHb HANPSKEHUS, T. €.
peanu3yeTcss QYHKIMS Ug, =U1 T Uz . JI UCKITIOYEHHUS TOTPEOJICHHS MOIITHOCTH JIOTHYECKUM
AJIEMEHTOM B CTAaTHYECKOM COCTOSIHMM MCTTIONB3YIOTCA KoMIuiemMeHTapHbie M/[I1 — noruueckue
anemenThl (KM/IT unu KMOII-noruka). B mukpocxemax KMOII nenosnb3yroTcst KoMIIeMEHTapHbIe
Kroun Ha MOII-rparsucropax. OHM OTIIMYArOTCs BBICOKOM MOMEX0YCTONUMBOCTBIO. JIorrka KMOIT
SIBJIIETCS] OYCHB TIEPCIIEKTUBHOMN. PaccMOTpeHHBIN paHee KOMITIEMEHTAPHBIN KITF0Y (haKTUUECKU
seisiercst aneMenToM HE (mHBEepTOpOM).



Paccmorpum KMOIT — nornyeckmit3neMenT, peanusyroiuil pynkiuto MJIM-HE (puc. 3.32).
Ecnu BXOHBIC HAPSDKEHUST UMEIOT HU3KKHE YPOBHHU (M, U U2 MEHBIIIE IOPOTOBOT0 HAMPSKEHHS N-
MOII-Tpan3ucTopa U,y nopor.n), TO TpaH3UCTOPHI T1 1 T 3aKpbITHI, TpaH3UCTOPBI T3 B T4 OTKPBITHI
Y BBIXO/THOE HaIPsKEHUE UMEET BBICOKUN YpOoBeHb. Eciin 01HO niu 00a BXOIHBIX HANPSKCHHS
U1 ¥ U IMEIOT BBICOKHH YPOBEHB, MPEBIMIAOIIHNN U,y nopor.ni, TO OTKPBIBACTCS OJIUH WK 00a
Tpan3uctopa T1 u T, a MEXTy HICTOKOM U 3aTBOPOM OJIHOT'O MJIM 000MX TPaH3UCTOPOB T3 u Ty
YCTaHABJIMBACTCS HU3KOE HAMPSDKEHUE, YTO MPUBOJIUT K 3alIMPAHUIO OJHOTO WA 000X
TpaH3ucTopoB T3 u Ty, a ce10BaTEIBHO, HA BBIXO/IC YCTAHABIMBACTCS HU3KOE HaNpsbKeHue. Takum
00pa3oM, 3TOT JIEMEHT peaanu3yeT PYHKIUIO Uz =U1 T U2 U IOTPEOJIACT MOIIHOCTh OT
HMCTOYHUKA MMUTAHUS JIMITh B KOPOTKHE MPOMEKYTKH BPEMEHH, KOTJa MMPOUCXOJTUT €T0
MEepPEKIIOYCHHUE.

Nurterpanbuas nnxexkunonHas goruka (MNJI wiun I/IZH) IIOCTPOEHA HA UCITOJIb30BaHUU
OUIIOJISPHBIX TPAH3UCTOPOB M MPUMEHEHUH OPUTHHAIBHBIX CXEMOTEXHUYECKUX U TEXHOJIO-
TMYECKUX penieHui. JJig Hee xapakTepHO OY€Hb SKOHOMUYHOE UCI0JIb30BaHUE TUIOIIAIN
KpHCTasia MoJIyNpOBOHUKA. DJIEMEHTBI 17 60)| MOT'YT OBITh pEaIM30BaHbI TOJBKO B HHTET PAIbHOM
WCIIOJIHEHUH Y HE UMEIOT aHAJIOTOB B JJUCKPETHOM CXEMOTEXHUKE.
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Puc. 3.32

CTpyKTypa TaKoro 3J€MEeHTa M €r0 SKBUBAJICHTHAsI CXeMa MPUBEICHBI Ha puc. 3.33, U3 KOTOPOro
BUJIHO, YTO TPAH3UCTOP 11 (p-1-p) pacloNokKeH TOPU30HTAITLHO, @ MHOTOKOJIEKTOPHBIN TPAH3UCTOP
Ty (n-p-n) pacnonoxxeH BepTUKaIbHO. TpaH3ucTop T1 BRIMOIHSAET POJIH UHKEKTOPA,
o0ecrnevynBaroIero MNOCTYIUIEHHE JBIPOK U3 AIMUTTEpA TpaH3ucTopa 11 (Ipu 1mojaye Ha Hero
MOJIOKUTENBHOTO HAMPSDHKEHUS Yepe3 OrpaHuIMBAIOIINI pe3ucTop) B 0a3zy Tpansuctopa To. Ecnu
U1 COOTBETCTBYET JOTUYECKOMY «0», TO MHKEKIIMOHHBIM TOK HE TIPOTEKaET 1Mo Oaze
MHOTOKOJIJIEKTOPHOTO TpaH3ucTopa T2 U TOKHU B LEMIX KOJUIEKTOPOB TpaH3ucTopa To He
MPOTEKAIOT,
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Puc. 3.33



T. €. Ha BBIXO/1aX TpaH3ucTopa T, ycraHaBinuBaroTcs Joruueckue «1». [Ipu HanpsoKeHuu
COOTBETCTBYIOIIEM JIOTHYECKOU « 1, MHKEKIIMOHHBIN TOK IIPOTEKAeT 1o 6a3e TpaH3zucropa T 1 Ha
BBIXOJIaX TpaH3uCcTopa Ty — Joruueckue HysIu.

PaccmoTpum peanuzanuto snementa MJIM-HE Ha ocHOBe 3meMeHTa, IpeIcTaBICHHOIO Ha PHUC.
3.34 (my1s1 yripoImeHust Ipyrue KOJUIEKTOPhI MHOTOKOJUIEKTOPHBIX TPaH3UCTOPOB T3 u T4 Ha pUCyHKE
He TokaszaHsl). Korma Ha ouH nin 00a BX01a MOIaeTCs JOTHYSCKUM CUTHAI «1», TO HanmpsHKEeHUE
Uewy COOTBETCTBYET JIOTHYECKOMY HYIIO. ECiin Ha 000MX BX0/1ax JIOTHYECKHE CUTHAIIBI «0», TO
HAMNPSKCHUE U,y COOTBETCTBYET JIOTHUECKOU €IMHULIE.

Jloruka Ha OCHOBE MOJIYIIPOBOAHMKA U3 apceHmn1a rayumus GaAs xapakrepusyercst Hanbolee
BBICOKHUM OBICTPOJACHCTBUEM, YTO SBIIICTCS CICACTBHEM BBICOKOW MOABUKHOCTH JICKTPOHOB (B
3...6 pa3 OoJIbIIIC 10 CPABHEHHUIO C KpeMHHEM). MUKpocxeMbl Ha ocHoBe GaAsS MoryT paboTaTh Ha
gactorax nopsaka 10 I'T u 6onee.
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3.4. KOMBUHAIIMOHHBIE ITU®POBBIE YCTPONCTBA

Jlornueckue ycTpoicTBa pa3IeNaioT Ha JBa Kjlacca: KOMOUHAIMOHHBIE U
MOCJIE0BATEIIbHOCTHBIE.

YeTpoiicTBO Ha3bIBAIOT KOMOMHAIMOHHBIM, €CJIH €70 BBIXOIHBIE CUTHAIIBI B HEKOTOPBIN
MOMEHT BPEMEHH OJJHO3HAUYHO OMPENENAIOTCS BXOAHBIMU CUTHAJIAMH, UMEIOLIUMUA MECTO
B 3TOT MOMEHT BPEMEHH. .

Nuadve ycTpolicTBO HAa3BIBAIOT MOCTIEIOBATEILHOCTHRIM I KOHEUYHBIM aBTOMATOM (U POBHIM
aBTOMAaTOM, aBTOMAaTOM C MaMsATKI0). B mocieoBaTelbHOCTHBIX YCTPOMCTBAX 00s13aTEIEHO UMEIOTCS
aneMeHThI mamsATH. COCTOSIHUE ATUX AJIIEMEHTOB 3aBUCHUT OT MPEIBICTOPUH TMTOCTYIUICHUS BXOTHBIX
CUTHAJIOB. BBIXOHBIE CUTHAJIBI MTOCIIEIOBATEIHFHOCTHBIX YCTPONCTB OMPEISTSIOTCS HE TOJIBKO
CUTHAJIaMH, UMEIOIIUMHICS Ha BXOJaX B JAHHBIH MOMEHT BPEMEHU, HO U COCTOSTHUEM DJIEMEHTOB
namsaTu. Takum oOpa3om, peakiiys Mocie10BaTeIbHOCTHOTO YCTPOUCTBA HA ONpeie/ieHHbIE
BXOJTHBbIC CUTHAJIBI 3aBUCHUT OT MPEABICTOPUU €TO PaOOTHI.

Cpenn kak KOMOMHAIIMOHHBIX, TAK U TIOCIEI0BATEIbHOCTHBIX YCTPOUCTB BBIACISIIOTCS
TUIMOBBIE, HAUOOJIee MUPOKO MCIIONIh3yeMbIe Ha MTPAKTHKE.

3.4.1. llludparopsl, gemmudparops! U mpeoOpa3zoBaTean KOIOB

HIugppamop — 3T0 KOMOMHAIIMOHHOE YCTPOMCTBO, TPeoOpasyroliee NeCATUIHBIC YHCa B



JBOMYHYIO CHCTEMY CUMCIICHHS, IIPHYEM KKIOMY BXOIY MOXKET OBITh IIOCTABJICHO B COOTBETCTBUE
JIECATUYHOE YKCIIO, @ HA0OP BBIXOIHBIX JIOTHYECKUX CUTHAJIOB COOTBETCTBYET OINPEACICHHOMY
nsonyHoMy Koay. IlIndparop HHOrIA Ha3BIBAIOT «KOAEPOMY (OT aHIII. COOEr) u MCIONb3YIOT,
HaIMpuMep, IS epeBoJia JeCATUYHBIX YUCces, HaOpaHHBIX Ha KJIaBUAType KHOITOYHOTO ITyJIbTa
VITPaBJICHNS, B IBOMYHBIC YHCIIa. ECTM KOIMMYECTBO BXOIOB HACTOJIBKO BEJMKO, UTO B IIM(paTope
HCIIOJIB3YIOTCS BCE BO3MOYKHBIE KOMOWHAITMH CUTHAJIOB HA BBIXOJIE, TO TAKOM IMIM(PATOp HA3bIBACTCS
TIOJTHBIM, €CITH HE BCE, TO HETTOIHBIM. YKCII0 BXOI0B U BBIXOO0B B MOJHOM IH(paTOpe CBA3aHO
COOTHOIIEHUEM 1 = 2", T1ie n — YUCII0 BXOIOB, M — YKCIIO BBIX0A0B. Tak, 11 Npeodpa3oBaHus
KOJIa KHOTIOYHOT'O TTYJIbTa B YETBIPEXPA3PSITHOE IBOMYHOE YUCIIO JOCTATOYHO UCTIONIB30BATh JUIIbL 10
BXOJIOB, B TO BpeMsI KaK IOJTHOE YMCII0 BO3MOYKHBIX BXO/I0B OyzieT paBHO 16 (N = 2= 16), mosTomy
mudparop 10x4 (13 10 B 4) OyzeT HEMOIHBIM.

PaccmoTprM iprMep mocTpoerust mvdparopa st IpeoOpa3oBaHus JeCATUPA3PSHOTO SIMHUYHOTO
koJia (aecaTyHbIX uncen ot 0 10 9) B nBonuHbIM koa. [Ipu 3TOM npenonaraeTcs, 4To CUrHal,
COOTBETCTBYIOIIHI JIOTHYESCKOW STMHUIIE, B KK/IBIi MOMEHT BPEMEHH IOJIACTCS TOJIBKO Ha OJIMH BXO/I.
YcnoBHOE 0003HaYECHKE TAKOTO MKM(paropa v TabIMiia COOTBETCTBHS KOJa MPUBEICHBI Ha puC. 3.35.
Hcrnonb3ys JaHHYO TaOJIUIy COOTBETCTBHS, 3aITUIIIEM JIOTUUECKHIE BRIPKECHHSI, BKITFOUAs! B JIOTHUECKYIO
CYMMY T€ BXO/IHBI ITIEPEMEHHBIE, KOTOPBIE COOTBETCTBYIOT SAMHHUIIC HEKOTOPOI BBIXOIHOM IIEPEMEHHOM.
Tak, Ha BbIXOJIe y1 OyAeT Jorudeckas «1» Torma, Korja Jjorudeckas «1» OyneT wim Ha BXoJe X1
Jan X3, Wik Xs, WIK X7, WA Xg, T. €.

=X+ X3+ X5+ X7 + Xo.
AHaJIOTUYHO NOJTy4aeM
y2:X2+X3+X5+X7.

y3=Xa+ X5+ Xp + X7, ya= Xg + Xo.

[TpencraBum Ha puc. 3.36 cxeMy Takoro mudparopa, ucronb3ys sneMentsr M.
Ha nmpaxTtike yacto ucnons3yroT mmmdparop ¢ nproputeToM. B Takux mmdparopax Ko JBOHYHOTO
Y1Cia COOTBETCTBYET HAaUBBICILIEMY HOMEPY BXO/1a, HAa KOTOPBIH ITOJAH CUTHAII

X ‘ Jecaruunoe | JIsowausni xox 8421
x‘fg:‘? ) ameno [y, [ys [y,
] | o, 0 0 10 10 |0
X: o—03 1 0 10 |0 |1
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Puc. 3.35
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«1», T. €. HAa MPUOPHUTETHBIH MHU(DPATOP JOMYCKAETCS MM01aBaTh CUTHAJIIBI HA HECKOJIBKO BXOJIOB, a
OH BBICTaBJISIET Ha BBIXOJIE KOJI YHCJIA, COOTBETCTBYIOIIETO CTAPILIEMY BXOY.

PaccmoTpum B kauectBe mpumMepa (puc. 3.37) mudparop ¢ NpuOpUTETOM (IPHOPUTETHBIH
nmmdpatop) K555UB3 cepun muxpocxem K555 (TTJIL). Iludparop umeer 9 MHBEpCHBIX
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Puc. 3.37

BX0710B, 0003HaueHHbIX uepe3 PRI,...,PR9 . AGGpeBuarypa PR o6o3HauaeT «ripuopurer».
HIudparop nmeeT yeTsipe HHBEPCHBIX Bbixoaa Bl,...,B8 . AGOpeBuarypa B o3Hauaer «mmHa» (OT
anri. bus). L{udpser onpenensror 3HaYeHHE aKTHBHOTO YPOBHS (HYJIs1) B COOTBETCTBYIOIIEM pa3psijie
nBouyHoro yucia. Hanpumep, B8 0003HauaeT, 4To HOJIb HA 3TOM BBIXOJIE COOTBETCTBYET YHCTY 8.
OueBUIHO, YTO ATO HEMOIHBIN MHUdpaATOP.

Ecnu Ha Bcex BXOAax — JIOTMUYECKasl €MHNIIA, TO Ha BCEX BBIXO/AX TAKKE JIOTHYECKas STMHHUIIA,
4TO COOTBETCTBYET unciy 0 B Tak HazpiBaeMoM MHBepcHOM Kojie (1111). Eciin xoTst b1 Ha otHOM

BXOJI€ UMEETCS JIOTHYECKUMN HOJIb, TO COCTOAHHC BbIXOAHBIX CUTHAJIOB OIIPECACIIACTCA HanOOJIBIINM

HOMEPOM BX0/1a, HA KOTOPOM UMEETCS JIOTUUECKUH HOJIb, U HE 3aBUCHUT OT CUTHAJIOB Ha BX0J1aX,
MMEIOIINX MEHbIIUA HOMED.

Hampumep, ecnu Ha Bxoae PR1 — ynoruveckuii HOJIb, a Ha BCEX OCTAJBHBIX BXOJaX —
JJOoru4yeckada €AMHuIa, TO Ha BbIXO4aX UMEC-



10TCs cnenyromue curaansl: B1 -0, B2 -1,B4 - 1,B8 - |, uTo cOOTBETCTBYET YHCIy | B MHBEPCHOM
koze (1110).

Ecnu na Bxone PR9 norudeckuii HOb, TO HE3aBUCHMO OT JPYTUX BXOJTHBIX CUTHAIOB HA
BBIX0JIaX UMEIOTCS CIEAYIOLIE

curHansl: B1-0 ,B2-1 ,B4-1, B8-0, uyto cooTBeTCTBYET unciy 9 B nuHBepcHOM Koje (0110).

OcHoBHOe Ha3HavyeHue mudparopa — Mpeodpa3oBaHre HOMEPA UCTOYHHUKA CUTHANA B KOJI
(Hampumep, HoOMepa Ha)KaTON KHOTKY HEKOTOPOH KJIaBUATYPHI).

Hewugppamopom HazpIBaeTCI KOMOMHAIIMOHHOE YCTPOMCTBO, IpeoOpasyroliee N-pa3psaHbIii
JBOMYHBINA KOJI B IOTUYECKHUI CUTHAI, TOSBIISIONIMNCSA HA TOM BBIXOJIE, JECATUYHBIA HOMED
KOTOPOTO COOTBETCTBYET JBOMYHOMY KOy. UHCIIO BXO/IOB M BBIXOJIOB B TaK HA3IBAEMOM TIOJTHOM
nenppaTope CBA3aHO COOTHOIIEHHEM m = 2", TJIe 1 — YKCIIO BXOJOB, a 71 — YKCIIO BBIXOJIOB.
Ecnu B pabote nemmdparopa UCOIB3YETCs HEMOIHOE YUCIIO BBIXOJIOB, TO TaKoU AemudpaTop
Ha3bIBACTCs HEMONMHBIM. Tak, HarpuMep, Aemudpatop, umeromuii 4 Bxoaa u 16 BEIX0A0B, OyneT
MOJTHBIM, & €CJIM OBl BBIXOJIOB OBLIO TOJIBKO 10, TO OH SBISUICS ObI HEMOJIHBIM.

Oo6parumcs mist mpumepa k aemudparopy KS55SU6 cepun KS55 (puc. 3.38). Jlemmdparop
uMeeT 4 IpsSMbIX BXOJa,
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Puc. 3.38

0003HaueHHbIX uepe3 A1, ..., A8. A6OpeBuarypa A ob6o3Hauaet «ampecy (0T anri. address).
YkazaHHbIE BXOJIbI HA3BIBAIOT aJpecHbIMU. [{udprl onpenensor 3HaueHNss aKTUBHOTO YPOBHS
(eIMHHUIIBI) B COOTBETCTBYIOIIEM Pa3psAe ABOMYHOTO YHCIA.

Heumdpartop nmeet 10 naBepcHBIX BbIX00B Y0,...,Y9 . Lludpsr onpeaensior necaTuaHoe
4HCII0, COOTBETCTBYIOIEE 33JaHHOMY ABOUYHOMY YHCIY Ha BXxojax. OUeBUIHO, YTO 3TOT
nemudpaTop HEMOIHBIN.

3HayeHrEe aKTUBHOTO YPOBHS (HYJIs1) UMEET TOT BBIXOJI, HOMEP KOTOPOTO PABEH JECATUUHOMY
qHCITy, ONPEAEIIEMOMY JBOMYHBIM UMCIIOM Ha Bxoze. Hanpumep, eciin Ha Bcex BXoJax —
JIOTMYECKHUE HYJH, TO Ha BbIXoze Y0— joruueckuii HOMb, a Ha OCTAJIbHBIX BBIXO/IaX — JIOrHYecKast
eauHuna. Eciu Ha BXoae 42 — norudeckasi €IMHULA, a HA OCTAIbHBIX BXOAAaX — JIOTHUECKUN
HOJIb, TO Ha BBIXOZE Y2 — JIOTMYECKHIA HOJIb, @ Ha OCTAIBHBIX BBIXOJaX — JIOTUYECKasl eIUHUIIA.
Ecnu Ha BXOJie — JBOMYHOE YHUCIIO, MpeBbIIatoniee 9 (Hanpumep, Ha BCEX BXO/aX €IUHULIBL, YTO
COOTBETCTBYET ABOMYHOMY uuciy 1111 u necatuunomy uuciy 15), To Ha Bcex BbIXOJaX — JIO-
ru4ecKkas eIMHHUIIA.

JemmdpaTop — 0JHO U3 HIMPOKO MCTIONB3YEMBIX JOTMUECKHUX YCTpOHCTB. Ero npumensor nmis
MOCTPOEHUS Pa3INYHBIX KOMOMHAIIMOHHBIX YCTPOMUCTB.

PaccMoTpenHble mugpaTopsl U AemindpaTopsl SIBISIIOTCS TPUMEpaMu MPOCTEUIINX
npeoOpazoBareei Ko/I0B.

Ilpeoopazosamenamu k0006, B 0011IEM CiTydae, Ha3bIBAIOT YCTPONCTBA, TPeAHA3HAYCHHBIC JIJIS
npeoOpa3oBaHUsl OAHOIO KOJA B IPYTOM, IPU ITOM 4acTO OHH BBINOIHSIOT HECTaHAAPTHBIE
npeobpaszoBanus ko10B. [IpeodpazoBatenu ko108 0603Hava0T yepe3 X/Y.



PaccmoTpuM ocoOeHHOCTH peanu3aiy mpeodpa3oBaTelis Ha MpUMepe Mpeodpa3oBaTes
TPEXAIEMEHTHOTO KOJIa B IIS-TUAJIEMEHTHBIN. JlomycTUM, 4TO HEOOXOAUMO peann30BaTh
TaOJIMIly COOTBETCTBUS KOJIOB, IPUBEACHHYIO Ha puc. 3.39. 3aech uepe3 N 0003HAUEHO JECSITHIHOE
YHCII0, COOTBETCTBYIOIIEE BXOJAHOMY JBOUYHOMY Koy. [IpeoOpazoBarenn K0JJOB 4acTO CO3AAI0T O
cxeme nemudparop — mudpatop. Jemmdparop npeodpazyer BXOAHOU KOl B HEKOTOPOE
JECSITHYHOE YUCIIO, a 3aTeM H(paTop GopMHUpPYyeT BEIXOAHOM Koj. Cxema npeodpa3oBaTers,
CO3/IaHHOT'O TI0 TAKOMY MIPUHIUITY, pUBeieHa Ha puc. 3.40, rie UCToIb30BaH MATPUYHBIN THOAHBIN
mmmdparop. [IpuHIMn paboTel Takoro mpeodpazoBareis 10BOJILHO MpocT. Hampumep, koraa Ha
BCeX BXojax aemmudpa-
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Topa soruueckuii «O», To Ha ero Bbixoje 0 mosBisgeTcs Jorudeckast «1», 4To MPUBOAUT K
MOSIBIICHUIO «1» Ha BBIXOJIAX Y4 | s, T. €. peaTu3yeTcs MmepBasi CTpoKa TaOJIHIIBI COOTBETCTBHS
KOJIOB.

[TpOMBITIIIEHHOCTH BBIITYCKAET OOJIBIIOE YHUCIIO MTHU(PATOPOB, e (PaTOPOB U
npeoOpa3zoBareneii KoJaoB, Takux Kak naemmdparop 4x16 co crpodbupoBanuem (KS55M/13), mpeoo-
pasoBarteNb Koja s yIpaBieHus: cBetoaunoanon marpureit 7x5 (K155M1/18), mpeobpazoBarens
KoJa JUIsl yrpaBiieHus mKaibHeIM uHaukatopoM (K155MU115) u ap.

3.4.2. MyJIbTHUILIIEKCOPBI
U 1eMYJIbTUIIIIEKCOPBI

Mynvmunnexcopom Ha3pIBalOT KOMOWHAIIMOHHOE YCTPOMCTBO, 00ECIIeUMBAtOIIIee epeady B
JKeaeMoM Mopsiike nuppoBoi HH(POPMAIIHH, TOCTYIAIOIIEH 10 HECKOJIBKUM BXOJaM Ha OJUH
BbIX0JI. MynbTHILIEKCOPBI 0003Ha4aroT yepe3 MUX (ot anrit. multiplexor), a takxe uepes MS (ot
anri. multiplexor selector). CxemMaTHueCKH MyJIBTHILIEKCOP MOYKHO H300Pa3HTh B BH/IE



KOMMYTaTopa, 00eCIeunBarOIIero MOJKII0UEHNE OJTHOTO U3 HECKOJIBKUX BXOJIOB (MX Ha3bIBAIOT
nH(OPMAIMOHHBIMH) K OJJHOMY BBIXOJy ycTpoiicTBa. Kpome nHopMalnoHHbIX BXOJIOB B
MYJIBTHUILIEKCOPE UMEIOTCS aIpECHBIE BXO/IbI U, KaK MPAaBUIIO, pa3peliarolnue (CTpoOupyoIIre).
CurnHansl Ha aJpeCHBIX BX0JIaX ONPEIENISIOT, KaKO KOHKPETHO WH(OPMAaIIMOHHBIN KaHall
MOJIKITIOYEH K BbIxoAy. Eciu Mexny unciom nHGOPMaIMOHHBIX BXOA0B U U YUCJIOM aIpECHBIX
BXOJIOB /7 JIEUCTBYET COOTHOIIEHHE 71 = 2", TO TaKOM MYJIbTHILUICKCOP HA3bIBAIOT MOJHBIM. Eciu n
< 2", TO MyJBTHILIEKCOP HA3bIBAIOT HEMOJIHBIM.

Paspemaronyie BX0bI HCIIONB3YIOT ISl pacIUpeHus: PYHKIIMOHATBHBIX BO3MOKHOCTEH
MyJbTUILIeKCOpa. OHU UCMIOJIB3YIOTCS [T HapallluBaHUs pa3psAHOCTU MYJIbTUILIEKCOPA,
CHHXPOHU3AIMH €T0 padoThl ¢ paboToil Ipyrux y3;10B. CHrHAIBI HA pa3pelIalonuX BX0JaX MOTYT
paspelaTh, @ MOT'YT M 3alIpEIaTh MOJKJIIOUEHUE ONPEJEIEHHOr0 BX0/1a K BBIXO/Y, T. €. MOTYT
0JIOKMPOBAThH JICHCTBUE BCETO YCTPOMCTBA.

PaccmoTpuM ¢GyHKIIMOHMPOBAHKE IBYXBXOIOBOTO MYJIBTUILIIEKCOpa (2—>1), KOTOPBIH YCIOBHO
n300paxKeH B BUJI€ KOMMYTATOpa, a COCTOSIHUE €ro BX0J0B X1 X2 U BbIxoa Y MPHUBEACHO B
tabnuue (puc. 3.41). Ucxoas u3 Tabauiisl, MOKHO 3amKcarh cleAyrollee ypaBHEHUE:

Y = X;A+X5A.

Ha puc. 3.42 noka3zanbl peaau3aius TAaKOTO YCTPOICTBA U €ro YCI0BHOE rpaduueckoe
ob6o3naueHrne. OCHOBOH JTAaHHOW CXEMBI SIBIITIOTCS JIBE CXEMBI COBITQJICHHS Ha dJIeMeHTax U, ko-
TOPBIC MTPH JIOTHYECKOM YPOBHE «1» Ha OJTHOM M3 CBOMX BXOJIOB IIOBTOPSIOT HA BBIXOJIE TO, UTO
€CTh Ha IPYrOM BXOJI€.

Ecnu Heo0X0auMo paciiupuTh YUCIIO BXOAOB, TO UCMOJB3YIOT KaCKa/IHOE BKIIOYCHHE
MYJIBTHUILICKCOPOB. B kKadecTBe mpumepa pacCMOTPUM MYJIBTHILICKCOP C Y€ThIPbMS BXoaamu (4-
>1), MOCTPOCHHBIN Ha OCHOBE MYJIbTUILIEKCOPOB (2->1).

S T 5 A,zxpecrgnﬁ BXOJ Bw;(on Y
: |

1 X5
Y
X
- —J Puc. 3.41
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Puc. 3.42

Cxema ¥ TabJInIa COCTOSTHUI Takoro MyJIbTUIUIEKCOpa MPUBEIEHBI Ha puc.3.43.
MynbTUIIIIEKCOPHI SABISIOTCS YHUBEPCAIBHBIMU JIOTHUECKUMH YCTPONCTBAMHU, HA OCHOBE
KOTOPBIX CO3JIAI0T PA3IMYHbIe KOMOMHAIIMOHHBIE U MTOCIIEI0BaTEIbHOCTHBIE CXeMbl. Myiib-
TUIIJIEKCOPBI MOTYT MCIOJIb30BaThCA B IEJINUTENAX YaCTOTHI, TPUITEPHBIX YCTPONUCTBAX,
CABUTAIOIINX YCTPOUCTBAX U Ap. MyJIbTUIIEKCOPHI HYaCTO UCTIOIB3YIOT JJIsl TpeoOpa3oBaHus

X, MuX
X, AnpecHbie pxonp!| Brixox |
T _—L— MUX | & Ay A, Y
] 0 0 Xy
e X l 0 L X
Al i 1 0 X5
A2 1 1 Xs |

Puc. 3.43



napauieIbHOTO IBOUYHOTO KOJa B TIOCIEOBATENbHBIN. JIJI1 TaKoro mpeoOpa3oBaHusl 1OCTATOYHO
noJaTh Ha UH(GOPMAIIMOHHbBIE BXOJbl MYJIbTUILIEKCOPA MapaIeIbHbIN IBOMYHBIN KO, a
CUTHAJIbI Ha aJIPECHBIC BXO/IbI MI0/1aBaTh B TAKOM MO CIEA0BATEIILHOCTH, YTOOBI K BHIXOAY
MOOYEPEHO MOAKIIOYATUCH BXO/Ibl, HAUMHAS C NIEPBOT0 U KOHYAs MOCIETHUM.

PaccMoTpuM npuMep UCIOIb30BAaHUS MYJIBTUILIEKCOPOB AJI PEaM3aliu TaK Ha3bIBAEMOTO
KOMOMHAIIMOHHOTO YCTPOMCTBA CABHUTra, 00ECIIEUUBAIOIIETO CABUT IBOMYHOTO, YHCIIA IO pa3psaaM.
[TpuHuun GyHKIMOHUPOBAHUS JAHHOTO YCTPONCTBA MOHSATEH U3 CXEMbI YCTPOUCTBA U TaOIHUIIBI
COCTOSIHUI €ro BXOJIOB U BBIX0J0B (pHc. 3.44).

B 0003HaueHNN MYIBTHILIEKCOPOB UCTIONB3YIOT JiBe pycckue OykBol KII, Hampumep,
MIPOMBIIIEHHOCTBIO BBIITYCKAIOTCS Takue MysbTuriekcopsl, kak K155KII1, K5S31KIIIS,
K561KII3, K555KII17 u np.

Hyo- X, MUX
X
X % | ——>
Ao Yo
Xio- |Mux
\—a
Ajo—1| Yi
A o—
X, MUX
—o
Ago—T| ¥z
A o—
Xia
o MUX
t—o
AiAy V3 'y Y Yo Ay o— y3
0 | % | x | x Xo -
01 X3 Xy Xo X1

10 Xi Xo X i X2
11 Xo X X X3

Hemynomunnexcopom Ha3bIBaIOT YCTPOMCTBO, B KOTOPOM CHIHAJIBI C OTHOTO MH(OPMALIMOHHOTO
BXOJ1a, TOCTYTAIOT B JKEIAEMON MOCIIE/IOBATEIILHOCTH 10 HECKOJIBKHAM BBIXOZIaM B 3aBUCHMOCTH OT KOJia
Ha aJIPeCHBIX MIMHAX. TakuM 00pa3oM, IEMYIIBTHILIEKCOP B (DYHKIIMOHATLHOM OTHOIICHHUH MPOTHBO-
TIOJIO’KEH MYJIBTHTIICKCOpY. JleMyIbTrIuiekcopbl o0o3HadaroT uepe3 DMX uimun DMS.

Ecnmu cooTHOIIEHNE MEX/Ty YMCIIOM BBIXOIOB 71 M YUCIIOM JPECHBIX BXOJIOB 71 OIIPEAeIIAeTCs
paBeHCTBOM 7 = 2", TO TaKO# JeMYJIbTHIUIEKCOP HA3bIBACTCS TOIHBIM, TipH 1 < 2" 1ie-
MYJIBTUILIEKCOD SIBJISACTCS] HEMOMHBIM.

PaccmoTpum GyHKIMOHUPOBaHUE IEMYJIBTHILIEKCOPA C IBYMs BBIXOAaMH, KOTOPBIN YCIOBHO
U300pakeH B BUJIe KOMMYTATOpA, & COCTOSHUE €r0 BXOJIOB 1 BBIXO/IOB PUBEZICHO B Tabuu1e (pHC.
3.45). U3 3T0i1 TabnuIbl CleayerT:

A = :
- — === o Y]
1 o AnpecHblit
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X ) 2 0 X | 0
1 0 X
' l Y,

Puc. 3.45



Y1=X A4, Y, =X A4, 1. e. pealiu30BaTh TaKO€ YCTPONCTBO MOXKHO TakK, KaK MOKa3aHO Ha puc. 3.46.

1
A, & Y,
X .
Y,
-

JI1s HapalMBaHUs YMCIIa BBIXOJIOB JEMYIIBTUILIEKCOPA UCTIONB3YIOT KaCKaTHOE BKIIFOUCHHE
JIeMYJIBTHIIIEKCOpoB. B kauecTBe mpumepa (puc. 3.47) paccMOTpUM IOCTPOEHUE Je-
MYJIBTUILUIEKCOPOB ¢ 16 Bhixogamu (1->16) Ha OCHOBE IEMYJILTHIIIIEKCOPOB ¢ 4 Beixomamu (1->4).
[Tpu HanMuMK Ha aaPECHBIX MHHAX Ag U A1 HyJIeH HHGOOPMAITMOHHBINM BX0 X MMOIKITIOYEH K
BepxHEMY BbIxoy DMX( 1 B 3aBUCHUMOCTH OT COCTOSTHUSI aIPECHBIX IIIMH Ao M1 Az OH MOYKET OBITh ITOJIKITIO-
4YeH K 0JTHOMY 13 Bbixo10B DMX; .Tak, mpu Ay = Az = O Bxoa X moakitoueH K Yo. [Ipu Ag=1n

A1 =0 Bxox X noaxiroyed kK DMX,, B 3aBUCUMOCTH OT COCTOSIHUSA Ay B A3 BXOJ COEIUHSIETCS C
OJIHUM U3 BBIXOH0B Y4-Y7 H T.1.
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OYHKIHMH 1EMYIbTUILIEKCOPOB CXOIHBI ¢ GyHKIMAME IemudpaTopoB. JemudpaTtop MOxKHO
paccMaTpHBaTh KaK Je-MYJIbTUILIIEKCOP, Y KOTOPOTO WH(OPMAIIMOHHBIN BXOI TOACPKUBACT
HaIPsKEHUE BBIXO/I0B B aKTUBHOM COCTOSIHHM, a aJJPECHBIE BXO/IbI BBIITOIHSIOT POJIb BXOJIOB
nemmdparopa. [loaromy B 0003HaUECHUH KaK Aemn(DpaTOpPOB, TaK U AEMYJIbTHILICKCOPOB
UCTIOJNIB3YIOTCS OJTuHAKOBBIC OykBbI — W /1. BeimyckaroT nemudpaTops! (1eMyIbTUIIIICKCOPHI)
K155 A3, KS31UA7 u ap.

[Tpu ucnons3oBannu KMOII-TexHOI0IMH MOYKHO IIOCTPOUTH JBYHAIIPABICHHBIC KIIOUH,
KOTOpBIE 00J1a/1alI0T BO3MOXHOCTBIO IMPOIYCKAaTh TOK B 000MX HalpaBJICHUSX U MepeaaBaTh He
TOJIBKO UG POBBIE, HO U aHAJIOTOBBIE CUTHAJBI. biiarogapst 3ToMy MOKHO CTPOUTH
MYJIBTUIUIEKCOPBI-IEMYIbTHILIEK-COPbI, KOTOPbIE MOTYT MCIOIb30BAThCS JTMOO0 KaK MYJIbTUILICK-
COpBI, TMOO0 KaK AeMYJIbTHILIEKCOPB. MYIbTHUILIEKCOPBI-IEMYIbTUILIIEKCOPHI 0003HAYAIOTCS
yepe3 MX. Cpenu BbIITyCKaeMbIX MYJIBTUILIIEKCOPOB-AEMYIbTUILIEKCOPOB MOKHO BBIICITUTH
takue, kak K564KII1, K590KII1. MynbTuriiekcopbl-1eMyIbTUIUIEKCOPBI BXOST B COCTaB CEpUid
K176, K561, K591, K1564.

3.4.3. Cymmaropsl

CyMMaTopsl — 3TO KOMOMHAIIMOHHBIE YCTPONUCTBA, MPEAHA3ZHAYCHHBIE JISI CIIOKCHHS YHUCEIL.
PaccmoTpum croskeHre ABYX OJTHOPA3PSIHBIX JBOMYHBIX YUCEI, JJI YETO COCTaBUM TaOIHILy
cIoxeHHs (TabIuIly HCTUHHOCTH ), B KOTOPOM OTpa3uM 3HAUYE€HMs BXOJHBIX urcell A u B, 3HaueHue
pe3ynbTaTa CyYMMUPOBAaHUS S U 3HaYEHHE MepeHoca B crapiuii pa3psa P (cm. puc. 3.48).

ot K2 Ll (=R o v

el =l [l fen f o v
O|=|= O

Puc. 3.48

PaGora yctpoiicTBa, peanm3yromero Tadiuily MCTUHHOCTG (puc. 3.48), omuCchIBaeTCs ClEAyIOIMUMU
YpaBHEHUSIMH

S=A4B + AB;P = AB . O4eBUHO, UTO 10 OTHOIIIEHUU: K CTONOIY S peanu3yercs JoruuecKast
dbyskmus «uckmodaroriee UJIN», T. e. S = 4 + B. YcTpoiicTBO, peanu3yroiiee Tabauiry (puc.
3.48), Ha3BIBAIOT MOJIYyCYyMMAaTOPOM, U OHO UMEET JIOTUYECKYIO CTPYKTYPY, H300pakeHHYIO Ha pUC.
3.49. ITockonbky

x A-B ,
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TMOJTyCyMMATOpP UMEET TOJIBKO JIBa BXOIa, OH MOYKET UCTIONB30BAThCS TSl CyMMUPOBAHKSI JIMIIIH B MITAIIIEM
paspsize.

[Tpu cyMMUpPOBaHHUH IBYX MHOTOPA3PSIIHBIX YHUCEN TS KOKIOro paspsiaa (KpoMe MITAJIIIEero)
HE0OXOIMMO UCTIONB30BaTh YCTPOHCTBO, MMEIOIIIEE JIOTIONTHUTEIBHBIN BXOJ IIepeHoca. Takoe ycTpoicTBO
(puc. 3.50) Ha3BIBAIOT MMOJIHBIM CYMMATOPOM U €r0 MOYHO ITPEACTAaBUTh KaK 00bEAMHEHUE ABYX
norycymmaTopoB (Ppx — momosiHuTENnbHBIN BX0 iepeHoca). Cymmarop o6o3Havarot yepe3 SM.

9= Mony- —0
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Puc. 3.50

3.4.4. ludpoBbie KOMIApaATOPHI

[{udpoBsie KOMIapaTOPHI BEIIOIHSIIOT CPAaBHCHHE JIBYX YMCEIN, 33/IaHHBIX B JBOMYHOM KOJIC.
OHHU MOTYT ONpEAENATh PABEHCTBO JBYX JBOMYHBIX Yncell A U B ¢ 0JIMHAKOBBIM KOJMYECTBOM
pa3psioB b0 BuA HepaBeHcTBa A>B nnn A<B. LudpoBbie koMmapaTopsl UMEIOT TPU BBIXO/A.

Cxema oJTHOpa3psITHOTO KOMIIapaTopa MpeAcTaBisieT COO0N CTPYKTYPY JIOTHYECKOTO AIeMeHTa
«uckmoyvaromiee MJIM-HE» (puc. 3.51).

& _ D=A+B(A<B)

1 F=ABVAB(A=B
>Z }———«‘ ‘
1 & T C=A-B(A>B)

\w T>I

b

LA,

1

W3 ananuza cxemsl cienyeT, uto eciim A = B, To F = 1, B mpoTuBHOM ciydae, T. €. ipu A /= B,
F=0.EcouA>B,1.e. A=1,B=0,ToC=1,aeciu A<B, .. A=0,B=1,ToD=1.

Ecnm momapHO paBHBI MEXTy COOOM BCE paspsiibl IBYX #-Pa3psTHBIX TBOUIHBIX YHCET, TO PAaBHBI U
o1 JBa uncia A u B. IIpumensis iudhpoBoii KoMITapaTop A1l KayKIoro pa3psija, HalpuMep,
YeThIPEX3HAYHBIX YHCEI, U Onpeessis 3HaueHus F1, Fo, F3, F4 mormdeckux nmepeMeHHBIX Ha BBIXO1aX
KOMIapaTopoB, ¢pakT paBeHcTBa A = B ycraHoBuM B citydae, korna F=F; e Fy e F3 ¢« Fy= 1. Ecniu
xe F=0, To A/=B.

HepasenctBo A > B obecrieunBaeTcs (111 YETHIPEXPA3PsIIHOTO YHUCTIA) B YETHIPEX CIIyYasX:
Wi A4 > By, mmu Ay = Ba 1 Az > B, uin Ay = By, Az =Bsu A,>B), itn Ay = By, A3 =B3, Ay =
B, u A1 > B (roe Ay u By — crapmme pa3psast uucen A u B). OdeBuaHO, 9TO €CIIi TOMEHSTH
Mectamu Aj 1 B ,To OyaeT BEITOMHATHECS HepaBeHCTBO A < B.

[{udpoBbie KOMITapaTOPhI BHITYCKAIOT, KaK MPABUIIO, B BUAE CAMOCTOSTEIBHBIX MUKPOCXEM.
Tak, mukpocxema K564UII2 (puc. 3.52) ABisieTcs 4eTHIpEXpa3psAHBIM KOMIIApaTopoM, B KOTOPOM
K KJIbIA U3 OAHOPA3PSAHBIX KOMIIApAaTOPOB aHAJIOTHYEH PAaCCMOTPEHHOM paHee cxeme. JlanHas
MHKpOCXeMa UMeeT pacumpsitorme Bxoabl A<B, A=B, A>B, uTo no3Bossier HapamBarh pa3psaHOCTb



000ux umce. J{ist 3Toro KoMraparopsl COSIMHSIOT KaCKaTHO WITH MapaJuieIbHO (MMpaMUAAAIBHO).

10 o
11 00—
7 o——
9 +—-— A<Bp—=a12
20—
] A=B—3
159

TrE2ERER

14—

A>B—=13

5 | A<B
6*— A=B
4%—1A>B

Puc. 3.52

Paccmotpum kackagHoe coequnenue kommnapatopoB KS64UII2 mist cpaBHeHus 1ByX
BOCbMUPa3psAHbIX yKcel (puc. 3.53). [Ipu 3TroM coenuaenuu Beixoasl A =B u A <B npeﬂbmymeﬁ
MHKPOCXEMbI (MIIAIIIHE Pa3psiibl) MOAKIFOYAIOT K COOTBETCTBYIOIIMM BXO/1aM Tocieyroreid. Ha BXO/IbI
A<B A=B, A>B MUKpOCXeMbI MJIAIINX Pa3pszIoB TIONAIOT COOTBETCTBEHHO MOTEHUHMATBI U, Ut u
U¥( U0 cootBerctByert sormueckomy 0, a Ut — «1»). B mocieayromux MEKpocxeMax Ha BXogax A
> B noaaepKuBaroT MOTEHITMAN JIOTHUECKOU equHuIb U,

Bs Ul._— A>B
X U'e—]A=B

Bs Ul A<B
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A=B
A<B

Puc. 3.53



3.5. MOCJEJOBATEJbHOCTHBIE IU®POBBIE YCTPOMCTBA
3.5.1. Tpurrepsbl

Tpurrep — npocreiiiee nocie10BaTeIbHOCTHOE YCTPOHCTBO, KOTOPOE MOKET HaXOUTHCS B
OJIHOM M3 JIByX BO3MOKHBIX COCTOSIHUM U NMEPEXOJIUTh U3 OJJHOTO COCTOSIHUS B JIPY- FO€ MO/
BO3JICHCTBUEM BXOHBIX CUTHATIOB. Tpurrep sBiseTcs 6a30BbIM JIEMEHTOM
MOCJIeA0BATEIbHOCTHBIX JIOTUYECKUX YCTPOUCTB. BXObI TpUrTepa pa3aenstoT Ha
UHGOPMAITMOHHBIC U YITPABJISIFOIINE (BCIOMOTAaTEIbHBIC). DTO pa3eiieHUue B 3HAYUTEILHON
CTENeHH YCI0BHO. TH(MOpMAIIMOHHBIE BXOIBI UCTIONB3YIOTCS JUISl YIPABJICHHS COCTOSTHIEM
TpUrrepa. Y IpaBIISIONIUe BXO bl OOBIYHO UCTIONB3YIOTCS Ul IPEABAPUTEIBHON YCTAHOBKHU
TpUITEpa B HEKOTOPOE COCTOSIHUE U ISl CHAHXPOHU3AIINH.

Tpurrepsl MOTyT UMeTh 2 BbIX0oa: psaMoit Q u nuBepcHbIN Q.

Tpurreps! KJIaCCHPHUIUPYIOT TIO PA3TUIHBIM IPU3HAKAM, [TO3TOMY CYIIECTBYET JIOCTATOYHO
OosnbIoe uncio kraccupukanuii. K coxxanenuro, 3Ta KiiacCuPuKanuu He 00pa3yoT CTpOHHOM
CHUCTEMBI, HO HHXKEHEepPY HE0OXOMMO UX 3HATh.

Tpurreps! KIaCCHGHUIMPYIOT IO CIASAYIONIUM TPU3HAKAM:
* croco0y npuema HHGOPMAIIUH;

* MPUHIUIY MOCTPOCHHUS;

* (YHKIHOHATHHBIM BO3MOXHOCTSIM.

PaznuuaroT acCHHXPOHHBIE U CHHXPOHHBIE TPUTTEPHI.

ACHHXPOHHBIN TPUTTEP U3MEHSIET CBOE COCTOSIHIE HEITOCPEICTBEHHO B MOMEHT MOSIBICHUS
COOTBETCTBYIOIIEr0 HHPOPMAIIMOHHOTO CUTHAA.

CHHXPOHHBIC TPUTTEPHI PEATUPYIOT HA HHPOPMAITMOHHBIC CUTHAJIBI TOJILKO ITPH HATUINU
COOTBETCTBYIOIIIEr0 CUTHAJIA HAa TaK Ha3biBaeMoM Bxoje cuaxponuzamnuu C (ot auri. clock). Otor
BXOJI TaKXe 0003HAYAIOT TEPMUHAMHU «CTPOO», «TAKT».

CHHXPOHHBIEC TPUTTEPHI B CBOIO 0Yepe/b TOAPA3/ICIISIOT Ha TPUTTEPHI CO CTATUICCKUM
(cTaTdeckre) U AMHAMAYECKUM (JUHAMUYECKUE) YIIPABJICHUEM 110 BXOAY CHHXpoHu3aiuu C.
Crarudeckue TPUTTEPhl BOCIPUHUMAIOT WH()OPMAIIMOHHBIE CUTHAIBI TIPpH Mogade Ha Bxog C
JIOTUYECKOUW eTUHUIIBI (TTPSMOM BXO/) WIIM JIOTHYECKOTO HYJs (MHBEPCHBIN BXxoa). JuHaMudeckue
TPUTTEPHI BOCIPUHUMAIOT HH(POPMAIIMOHHBIE CUTHAIIBI TPH U3MEHEHHH (TIepernajie) CUrHala Ha
BxoJie C ot 0 k 1 (mpsamoit nunamudeckuii C-BxOn) i ot 1 x O (MHBepcHBIN nuHamudeckuit C-
BXOJ).

CraTuueckue TpUrTephl B CBOIO OUYEpeb MOIPA3ACISIIOT HAa OJHOCTYIIEHUAThIe (OTHOTAKTHBIC) U
JIBYXCTyIEHUYaThIe (IBYXTaKTHBIE). B 0IHOCTyMeHUaTOM TpUTTEpE UMEETCsI OIHA CTYTIEHb
3alIOMUHaHWS HH(POpPMaIHH, a B JIBYXCTYIICHYATOM —JIBE TaKKe CTyIeHU. BHavYae nHbopMarms
3aICHIBACTCS B IIEPBYIO CTYIIEHb, a 3aTEM MEPENICHIBACTCS] BO BTOPYIO U MOSIBIISIETCS HA BBIXOJIE.
JIByxcTyneHuyarsii Tpurrep 00o3nadarot uepes3 TT.

Io pyHKIMOHATTEHEIM BO3MOYKHOCTSIM TPUITEPHI PA3/ICIISFOT Ha CIISTYIOITHE KITacChl:

* ¢ pasaenbHOM yctaHoBKO#M cocTosiaus 0 u 1 (RS-Tpur-
TephI);
* yHuBepcanbHble (JK-Tpurrepsi);
* ¢ npuemoM uH(popMaiuu 1o ogaomy Bxoay D (D-Tpurrepbl, Wi TpUITEephI 331CPHKKH);
* co cuetHbIM BxosioM T (T-Tpurrepsr).
Bxo1b1 TpHIrTepoB 00BIMHO 0003HAYAIOT CIIETYOIIM 00Pa3oM:
S — BXOJ 171 YCTAaHOBKH B COCTOSIHHE «1»;
R — Bxox 7151 ycTaHOBKH B cOCTOSTHHE «0»;
J — BXOJ ISl yCTAaHOBKH B COCTOSTHHE «1» B YHUBEpPCAIIbHOM TPUITEPE;
K — Bxon ans ycraHoBKHU B cocTosiHUE «0» B YHUBEPCAIbHOM TPUITEPE;
T — cuerHbIH (0OIIUIT) BXO;
D — Bxon ans ycTaHOBKHU B cocTosiHUE «1» miin B cocTosiHue «0;



V — JIONOJIHUTEIBHBIN YIIPaBJISIOMIUKA BXO IS Pa3pelIeHUs MpreMa HHGOopMaIiy (MHOT 1A
ucnons3yrot 0yksy E BMecto V).

PaCCMOTpI/IM HEKOTOPBIC THIIBI TPUITCPOB U NX PCAIM3alIO Ha JIOTHYCCKUX OJICMCHTAaXx.

OO6paTumcst K aCHHXpPOHHOMY RS-Tpurrepy, nMeromeMy ycioBHOE rpaduieckoe 0003HaUCHUE,

npuBeneHHoe Ha puc. 3.54. Tpurrep uMeer aBa nHGOPMAMOHHEIX BXoaa: S (ot anri. set) u R (ot
aHri. reset).

3aKoH (hYHKIIMOHUPOBAHHS TPUTTEPOB YIOOHO OIMUCHIBATH TAOJHUIICH ITEPEXOJIOB, KOTOPYEO MHOTJIA TAKKE
Ha3bIBAIOT TAOMUIIeH HCTUHHOCTH (puc. 3.55). Uepes S',R',Q' 0603HaueHbI

T
e 2
B I )
Puc. 3.54
st R Q! PexumM
0 -["0 Q' |Xpanenue
1 1 0 1___|Veranoska 1
0 1 0 |Ycranoeka(
1 1 —__|HeonpeneneHHoCcTh
Puc. 3.55

COOTBETCTBYIOILME JIOTMYECKHE CUTHAIIBL, UIMEFOIIE MECTO B HEKOTOPBII MOMEHT BpEMEHH t, a
qepeSQHl — BBIXOJHOW CUTHAJ B CIEAYIONINI MOMEHT BpemeHH t+1. KomOnHanmno BXOIHBIX
curnanoB S' =I,R' =1 yacTo Ha3bIBAIOT 3aNPEIICHHOM, TaK KaK ITOCIIC HEee TPUITEP OKAa3hIBACTCS B CO-

crosiauu (1 wm 0), mpesickazath KOTOpoe 3apaHee HEBO3MOXKHO. [10100HBIX CUTYaIINid HYKHO
n30erars.

PaccmatpuBaeMblii Tpurrep MokeT ObITh peanmizoBad Ha nByx snementax MJIN-HE (puc. 3.56).
HeobOxoaumo yoenuThCest, uTo 3Ta cxema (PyHKIIMOHUPYET B IOJTHOM COOTBETCTBUH C TIPHBEICHHON
BBIIIIC TAOJHUIICH ITEPEXO/IOB.

Mukpocxema K564TP2 conepxut 4 acHHXpOHHBIX RS-TpurTrepa v 0IMH yIpaBiIsSIONIHA BXOJT
(puc. 3.57). IIpu momade Ha BX01 V HU3KOTO YPOBHS BBIXObI TPUTTEPOB OTKITFOYAOTCS OT BHIBOJIOB
MHKPOCXEM U TIEPEXOJIAT B TPEThE TaK HA3bIBAEMOE BHICOKOMMITEITAaHCHOE cocTosiHue. [Ipu momaye Ha

BX0/ V JIOTUUECKOTro curHaia «1» Tpurrepsl paboTaroT B COOTBETCTBHUH C BBIIICTIPUBEICHHOMN
TaOJUTIEH TIEPEXOIOB.
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R — 4 »——— 81 Ql—-e2
o0 3 e—|R1)
6 o §2 Qp—-e9
I8
12 oy S3 Qe 10
1 11 e=—R3
WG 14 o——154 | Ql—et
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Puc. 3.56 . Puc. 3.57



B acunxponnom RS-tpurrepe Ha anmemenTtax M-HE nepekitodeHre mporu3BOIUTCS JIOTHYSCKUM
«0», mojaBaeMbIM Ha BXoJ R miu S, T. €. peanu3yercs oOpaTHasi pacCCMOTPEHHON paHee TadauIa
nepexo1oB (puc. 3.58). 3anpeneHHass KOMOMHAIUS COOTBETCTBYET JOTHYeCKUM «(0» Ha 000UX
BXO/IaX.

Puc. 3.58 .

PaccmoTpum cunaxponnbiii RS-tpurrep (puc. 3.59). Eciiu Ha Bxoge C — moruueckuii «0», To 1
Ha BBIXOJIe BepXxHero BxoaHoro 1eMenTa «-HE», u Ha BeIXo1e HKHEro Oy/er jorudeckas «1». A
3TO, KaK OTMEUaJIoCh BhIIIe, 0O0ecTieunBaeT XpaneHne napopmarun. Takim oOopazom, ecii Ha Bxoje C
— norudeckuii «0», ToO BO3ACHCTBHE HA BXOBI R, S HE IPUBOANUT K U3MEHEHHIO COCTOSIHUS TPUTTEPA.
Ecnu >xe Ha Bxon cunaxponmsarmn C rojiaHa JIoTHiecKas €IMHHIIA, TO CXEMa pearupyeT Ha BXOHbIC
CHTHAJTBI TOYHO TaK K€, KaK U pacCMOTpeHHasi panee (puc. 3.56).

Rl St Qﬂl C ‘

1 0 0 ] —s|T |2
0 1 1 1 — 6’
0 0 Q 1 —iR .
1 1 — 1

Puc. 3.59

PaccmoTpum npyHIMIT TOCTPOEHUS IBYXCTYIIEHYATOrO TPUTTEPA, KOTOPHIN HA3BIBAIOT TaKkKe
tpurrepom tumna MS (ot anri. master, slave, uto nepeBoaSIT 0OBIYHO KaK «BEIYIIHI» U
«BeIOMEIIY). Ero yrporeHHas cTpykTypHas cxema rpusesieHa Ha puc. 3.60. B cxeme umeroTcs 18a
OJTHOCTYIIEHYATHIX TpHUrTepa (Beaymmuii M u BeoMbIi S) 1 aBa d5eKTpoHHbIX Kiaroda (Kitl u
Kn2).

Bxoonsie
ungopma-
YUOHHbIE Beixoonsle

CUCHATbL ol b m K2 b s CUZHaNbL

Puc. 3.60
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Puc. 3.61

BpemenHnas quarpaMma cHTHaIA CHHXPOHU3AIHH, TIOSICHSIIOIIAst paboTy TpHUITepa, MPUBEeHA Ha PHC.
3.61.

PaccmoTpum psiji BpEMEHHBIX MHTEPBAIOB YKa3aHHOW JarpaMMBbl:
t <ty — Beaymumii TpUrrep OTKJIIOYEH OT WH(OPMALIMOHHBIX BXO/IOB, BEIOMBII TPUTTEP MOAKIIOUEH K
BEJLyLIEMY;
ta<t<t,— Bemymuii TpUrrep OTKJIIOUEH OT WH(HOPMALIMOHHBIX BXO/IOB, BEIOMbII TPUITEP OTKIIIOYEH OT
BEJIYILIETO;
ty<t<t. — Bemaymuii TpUIrTep MOJIKIIOYCH K HH(OPMAIIMOHHBIM BXOJIaM, BEJIOMBII TPHITEP OTKIIIOYCH
OT BemyIiero. B Beaymmii Tpurrep 3anvchiBaeTcs HHGOPMAILIYS, TTOIaHHas Ha BXO/IBI;
t< t< ty— Bemymuii TpUITEp OTKIIIOUYECH OT WH(OPMAIIMOHHBIX BXOJIOB, BEIOMBIN TPUTTEP OTKIIFOUYECH
OT BEIYILIETO;
ty< t— Bemymuii TpUTTEp OTKIIOYCH OT HH(POPMAIIMOHHBIX BXOJIOB, BEIOMBII TPUTTEP TIOIKITFOUCH K
BEyILIEMY, MH(MOPMAIHS U3 BEIYIIETO TPHITEePa EPENUCHIBACTCS B BEIOMBINA. ITO MPOUCXOTUT
cpasy mocjie MOMEHTa BPpeMEHH ty M 03Ha4YaeT, 94To (PaKTHUECKU ABYXCTYIICHYATHIA TPUTTEP
cpabaThIBaeT Npu U3MEHeHNHU curHaia cuaxpoHuzanuu ot 1 x 0. [Ipu 5ToM BBIXOTHBIE CUTHAIIBI
OIPEIEISIFOTCS TEMU BXOTHBIMU MH(DOPMAIIMOHHBIMH CUTHAJIAMU, KOTOPBIE UMEH MECTO He-
MOCPEICTBEHHO Mepe]l OTPULIATEIbHBIM (DPOHTOM CUTHATA CHHXPOHH3AIHH.

Paccmorpum JK-Tpurrep (ot anri. jump u keep), otnruaroniuiics or paccMorpensoro RS-
TpUTTEpa TEM, 4TO MOABJICHUE HAa 000MX HHPOPMAIIMOHHBIX BXoax (J u K) JToruueckux emuHuIL (st
TPSIMBIX BXOJIOB) MIPUBOMT K U3MEHEHUIO COCTOSIHUS TpHUTTepa. Takas KoMOUHAIUSI CUTHAIOB st JK-Tpur-
repa He sBIsieTcs 3anpenieHHoi. B ocramsHoM JK-Tprrrep mogo6en RS-Tpurrepy, npudem poitb
BXO0Ja S urpaeT BXoJ J, a poib Bxoaa R — Bxox K. JK-Tpurrepsl peanusyroT B BUIC TPUTTEPOB
tuna MS wiu B BUie TMHAMUYECKHX TPUTTEPOB (T. €. JK-TpUrreps! SBISIOTCS CHHXPOHHBIMH).

Ha puc. 3.62 npuBeneHo ycinoBHOe rpaguueckoe o003HadeHue IByxcTynenyaroro JK-tpurrepa.

| T |2

—Jc _

— K ()..Q_
Puc. 3.62

OO6paTuMcst K JMHAMUAYECKUM TpUrrepaM. Jliist Hux xapakTtepHo O710KupoBaHue HH()OPMAITMOHHBIX
BXOJIOB B TOT MOMEHT, KOT/Ia MOJTydeHHast HH(OpMaIIHst TiepeaeTcst Ha BeIxos. Hy)kKHO OTMETHTB, 4TO B
OTHOIIICHUH PEAaKIINH Ha BXOIHBIE CHTHAIBI MHAMHYECKUIA TPUITED, CPAOATHIBAIOIINIA ITPH H3MEHEHUN
curnana Ha Bxojie C ot 1 k 0, mogo6eH paccCMOTpEHHOMY IBYXCTYIEHIaTOMY TPHITEPY, XOTS OHH
OTJIMYAIOTCS] BHYTPEHHNUM YCTPOHCTBOM.

st mpsimoro Hammdeckoro C-Bxo/ia UCTIONB3YIOT 0003HAUEHUsI, PUBEICHHbIE Ha puc. 3.63, a, a
JUTSL KHBEPCHOTO JiHaMIdeckoro C-BXo/1a, UCTIONB3YIOT 0003HA4YeHMs], IPHBEICHHBIE Ha puc. 3.63, 6.

Paccmotpum D-tpurrep (ot anri. delay), moBropsorniuii Ha CBOeM BBIXOJIE COCTOSIHHUE BXOJIA.
Paccyxnas uncro Teopernuecku, D-Tpurrep MoxHO 00pazoBaTh U3 J00bIX RS- win
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Puc. 3.63

JK-Tpurrepos, eciiv Ha UX BXO/IbI OJJHOBPEMEHHO I10/IaBaTh B3AaUMHO WHBEPCHBIE CUTHANBI (pucC. 3.64).
Xpanenue nadopmaru B D-Tpurrepax odecrieunBaeTcs 3a CHYET CHUHXPOHHU3ALNH, TI0ITOMY BCE
peansHble D-Tpurre-psl UMEIOT ABa BXxoAa: nHGopManuoHHei D u cuHXpoHu3a-

Q"

(o]

Puc. 3.64

ouun C. B atom TpUITEPEC CUI'HAJl HAa BXOAC I10 CUIHAally CHHXPOHHU3allMH 3aIl1MChIBACTCA U
nepcaacTcCs Ha BBIXO/. Tak xak I/IH(bOpMaIII/ISI Ha BBIXOAE OCTACTCA HEU3MEHHOU J0 IIpuxoga
O4UCpCaAHOro nMIyjabCa CHHXpPOHHU3alluH, D-TpI/IFFep Ha3bIBAIOT TAKXC TPUITCPOM C
3alOMUHAaHNEM HH()OPMAIUK WU TPUTTEPOM-3aIICITKOM.

YcnosHoe rpadguueckoe odbo3nauenue D-Tpurrepa npuseneHo Ha puc. 3.65.

Paccmotpum T-Tpurrep, KOTOpBI U3MEHSIET CBOE JIOTMYECKOE COCTOSIHUE Ha
MIPOTUBOMOJIOKHOE M0 KAKIOMY aKTUBHOMY CUTHaITy Ha uH(popMariionHoM Bxoze T. YcrnoBHoe
rpaduveckoe

LI7]e m|e

- — T —

B P51 I 1 [
Puc. 3.65 Puc. 3.66

0003HaYeHHE IBYXCTYIEHUATOro0 T-TpUrrepa npuBeaeHoO Ha puc. 3.66.

3.5.2. CyeTynkn UMIyJIbCOB

CYeTynKk UMIYJILCOB — 3TO MOCAEA0BATEIILHOCTHOE ITU(POBOE YCTPOHCTBO, 0OECIICUNBAIOIIEE
XpaHeHHue c0Ba MH(OPMAIIUY U BBITTOJTHEHHE HAJl HUM MHKPOOIIEPAIMH CUeTa, 3aKITFOYAIOIICHC s
B M3MCHCHUH 3HAYCHUS Yncia B cueTurke Ha 1. [To cymecTBy cueTynk npeacraBiseT co0oi
COBOKYITHOCTh COSAMHEHHBIX OIPEJICIICHHBIM 00pa3oM TpurrepoB. OCHOBHOM MapaMeTp CYeTUHKa
— MOJYJIb cyeTa. ITO MAaKCHMAJIBHOE YUCIIO €AMHUYHBIX CUTHAJIOB, KOTOPOE MOXKET OBITh COCUMTA-
Ho cuerunkoM. CueTunku o603HauaroT yepe3 CT (ot anri. counter).

CYeTYuKH KJIaCCHPUIUPYIOT:
1O MOOYIIIO CUema.
* JIBOMYHO-JCCATUYHEIC;



* JIBOUYHEBIC;

* C IIPOM3BOJIBHBIM ITOCTOSIHHBIM MOJYJIEM CUETa,
* C IIepEMEHHBIM MOJIYJIEM CUETa;

HO HANPAGIeHUIo CHema.

*  CYMMHpYIOIIHE;

* BBIYHTAIOIINC;

* PCBEPCHUBHEIC;

1O CnOCoOY oOPpMUPOBAHUSL BHYMPEHHUX CEA3EUL.
* C IOCIIeIOBATEIHHBIM MTEPEHOCOM;

* C MapaJuIeIILHBIM TIEPEHOCOM;

* ¢ KOMOMHHPOBAHHBIM IIEPEHOCOM;

* KOJIbIICBBIC.

PaccmoTpuM cymmupyronuii cuetduk (puc. 3.67, a). Takoil cueryrk MOCTpoeH Ha dyeTbipex JK-
TPUITEPax, KOTOPHIC ITPY HATMYUHU Ha 000MX BXOJIaX JIOTHYSCKOr0 CUTHAJIA «1» MepeKodaroTcs B
MOMEHTBI TIOSIBJICHHS Ha BXOZIaX CHHXPOHU3AIMHI OTPHUIIATEIBHBIX TIEPETIaIoB HAPSHKCHHS.

BpeMeHHbIe TuarpaMMbl, WUTFOCTPUPYIOLIHE pa0doTy CYeTYMKA, IIPUBEACHBI Ha puc. 3.67, 0. Uepe3
K¢ 0603HaueH Moaysb cyeta (kodddurmeHT cuera uMysibcoB). COCTOSIHUE JICBOTO TpUTTEpa
COOTBETCTBYET MIIAIIIIEMY Pa3psiLy JBOMYHOIO YKCIIA, a IPAaBOro — cTapiieMy paspsaay. B
HCXOHOM COCTOSTHHH Ha BCEX TPUITEpax YCTAHOBJICHBI JIOTMUSCKHe HyH. Kaykiplil Tpurrep MeHseT
CBOE COCTOSIHUE JIUIIIb B TOT MOMEHT,
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Puc. 3.67

KOT/Ia Ha HETO JIEUCTBYET OTPHIIATENIbHBIN TIepenaa HanpspKeHus. Takum o0pa3oM, JaHHBIHA
CYETUHK PEATM3yeT CYMMHUPOBAHUE BXOAHBIX UMITYJIbCOB. M3 BpEMEHHBIX HarpaMM BHJIHO, YTO
4acTOTa KaXJ10T0 MOCIEAYIOLIEr0 UMITYJIbCa B JIBA Pa3a MEHBIIE, YEM NPEAbIAYILAs, T. €. KaX bl
TPUITEP JIEIUT YACTOTY BXOJHOTO CUTHAJIA HA JIBA, YTO M UCIOJIB3YETCS B IETUTEINAX YaCTOTHI.

PaccmoTpuM TpexpaspsaHbIi BEIYUTAIOMIUN CYETUHK C MTOCIEA0BATEIBHBIM IEPEHOCOM,
CXeMa U BpEMEHHBIE JMarpaMmbl paboThl KOTOPOTo MPUBEIEHBI Ha puc. 3.68. B cuetunke
ucnonb3yores Tpu JK-tpurrepa, kaxaplil U3 KOTOpeIX paboTaeT B pexxume T-Tpurrepa (Tpurrepa
co c4eTHBIM BXoz0oM). Ha Bxonbl J u K kaxkoro Tpurrepa nojgaHsl Iorudeckue 1, moaromy mno
NPUXOY 33/IHEr0 (PPOHTA UMITYIIbCA,
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0JIaBAEMOTI'0 Ha €r0 BXOJ CHHXpOoHU3aLuy C, KaXKIbIii TPUITEP U3MEHSET NPEbIIYIIEE COCTOSHUE.
Bhauarne curnanel Ha BBIXOJ]aX BCEX TPUITEPOB paBHBI 1. DTO COOTBETCTBYET XPAHEHHUIO B CUETUHKE
nBonyHoro uncia 111 wim gecaruynoro yucina 7. [locne okoHyaHus nepBoro ummynbca F nepsiit
TPUITEp U3MEHSET cocTosiHME: curHan Q craner paBHbIM 0, @ Q1 — 1.

OcTanbHble TPUTTEPBI IPU 3TOM CBOE COCTOSTHUE HEe M3MEHSTIOT. [1ociie okoHuaHus BTOPOTro UMITyJIbca
CHHXPOHU3ALUH

TIEPBBII TPUTTEP BHOBb M3MEHSIET CBOE COCTOSIHUE, Tiepexois B coctosiaue 1, {Qx =0). O1o
o0ecrieynBaeT M3MEHEHHE COCTOSHUSI BTOPOTO TPUTTEPA (BTOPOH TPHITEP U3MEHSIET COCTOSTHUE C
HEKOTOPOH 3a/1eP>KKOH TI0 OTHOIIIEHHIO K OKOHYaHHIO BTOPOTO UMITYJTECa CHHXPOHHU3AIHH, TaK KaK JUIsl €ro
OTPOKHIBIBAHHST HEOOXOIMMO BPEMSI, COOTBETCTBYIOIIEE BPEMEHHU CPadaThIBAHHS €r0 CAaMOTO H ITEPBOTO
tpurrepa). [Tocie nmepsoro nmmysbca F cuerunk xpanut cocrosiaue 110. [anbHeliee mmeneHre
COCTOSIHHSL CUETUMKA IPOMCXOAUT aHAIOTUYHO U3J10keHHoMY Bbiwe. [Tocne cocrosnus 000 cueTunk
BHOBb IIEPEXOIUT B cocTostHMe 111.

PaccMoTprM TpexpazpsiHbIii CaMOOCTaHABIMBAOIIMIACS BHIUMTAIOINN CUETUHK C
nocjenoBaTeNbHBIM iepeHocoM (puc. 3.69). Ilocne nmepexoaa cuetunka B coctossiuue 000 Ha
BBIX0JIaX BCEX TPUTTEPOB BOSHUKAET CUTHAJI JIOTHYecKoro (), KOTOpBIi MoaeTcs uepes3 JTOrnuecKuit
snemenT MJIN Ha Bxozp! J 1 K mepBoro Tpurrepa, mnocjue 4ero 3TOT TPUITEP BBIXOIUT
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Puc. 3.70

u3 pexxuma T-Tpurrepa u rnepecraeT pearupoBaTh Ha UMITYJIbCHI F.

PaccMoTpum Tpexpa3psaHblii peBEpPCUBHBIN CYETUUK C MOCIIEIOBATEIILHBIM IEPEHOCOM
(puc. 3.70). B pexxuMe BpIYMTaHUS BXOAHBIC CUTHAJIBI JIOJDKHBI MOJaBaThcs Ha Bxoa T, Ha BXon
T. npu 3TOM nojaercsi curnan jorudeckoro 0. ITycts Bce Tpurrepsl HaxoaaTcst B coctosiHuu 111.
Korna nepBslii curnan nocrymnaet Ha BxoJ Ty, Ha Bxoze T nepBoro Tpurrepa nosiBiasieTcst
jJorudeckas 1, u oH u3MeHsieT cBoe coctosinue. [lociie 3Toro Ha ero MHBEPCHOM BXOJ1€
BO3HMKAET CUTHAJI Jiornueckoi 1. [Ipu mocTymiennu BToporo umiylibca Ha BxoJ Ty Ha BXoze
BTOPOT'O TPUTTEPA MOSBUTCA JIOTUYECKAs! 1, TO3TOMY BTOPOU TPUTTEP U3MEHUT CBOE COCTOSTHUE
(TIepBBIi TPUTTEP TaK)KE U3MEHHUT CBOE COCTOSHUE IO IMPHUX0JTy BTOPOTO UMIyJbca). JlanpHelee
WU3MEHEHHUE COCTOSIHUS MPOUCXOIUT aHAJIOTHYHO. B peknMe cliokeHHs cueTInK padboraer
AQHAJIOTUYHO 4-pa3psIHOMY CYMMHUpPYIOIeMy cdeTduKy. I1pu aToM curnan mogaercst Ha Bxof Te.
Ha Bxox T, nogaercs nornueckuii 0.

B kaudecTBe mprmMepa pacCMOTPUM MUKPOCXEMBI PEBEPCUBHBIX cUETUUKOB (puc: 3.71) ¢
napajuiebHbIM IepeHocoM cepu 155 (TTJI):

HNE6 — nBOMYHO-IECITUYHBIN PEBEPCUBHBIN CUCTUHK;
WNE7 — nBOWYHBIN PEBEPCUBHBIN CUETUYUK.
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Puc. 3.71

Hanpasnenue cuera onpeaensercst TeM, Ha Kakoi BBIBOA (5 uiu 4) MoAaroTCs UMITYITbChI. BXOIbI
1,9,10, 15 — undopmaimonnsie, a Bxoa 11 UCIoOnb3yeTcs A MPeABAPUTEIBHOM 3amucu. ITH 5
BXOJIOB ITO3BOJISIIOT OCYIIICCTBHTH IIPEABAPUTEILHYIO 3aITUCh B CUCTUHK (IIPSIyCTaHOBKY). Jiist 3T0ro
HY>KHO IT0JIaTh COOTBETCTBYIOIIHE TaHHBIC Ha HH()OPMAIMOHHBIC BXOJIBI, a 3aTe€M I0OJaTh UMITYIIbC 3aITHCH
HU3KOro ypoBHS Ha BXOJ 11, U cueTunk 3anoMHUT umncio. Bxon 14 — Bxon ycranoBku O nipu nogade
BBICOKOTO YPOBHSI HANPSDKEHISL. [711 TOCTPOEHHS CYETIMKOB OOITBIICH Pa3psAHOCTH UCTIONB3YIOTCS



BBIXO/IBI IPSIMOTO M 00paTHOTO mepeHoca (BeiBoAbI 12 nl3 coorBeTcTBeHHO). C BRIBOAA 12 cUTHAT
JIOJI’KEH M0IaBaThCs Ha BXOJI MPSMOTI0 cueTa CIeAYIOIero kackaa, a ¢ 13 — Ha BXoJ; o6paTHOro
cuera.

3.5.3. Peructpsl

Peructp — 370 mocienoBaTeIbHOCTHOE JJOTHYECKOE YCTPOMCTBO, UCIIOJIB3YEMOE TSI XpaHEHUS
N-pa3psiIHBIX IBOUYHBIX YHCEN U BBIIOJHEHUS TpeoOpa3zoBanuil HaJl HUMU. Peructp
MPEACTABISIET COOO0M YIOPSIOUCHHYIO IMOCIEI0BATEILHOCTh TPUITEPOB, YHCIO KOTOPBIX
COOTBETCTBYET YUCITY pa3psaoB B ciioBe. C KaxabIM PETHCTPOM OOBIYHO CBSI3aHO KOMOWHAIIH-
OHHOE ITU(PPOBOE YCTPOICTBO, C MOMOIIBIO KOTOPOTO 0OECIICYHBACTCS BHIMOTHEHUE HEKOTOPBIX
orepaiuii HaJl CJIOBaMH.

TUNUYHBIMU SIBIISIIOTCS CIICAYIONIAE OIEPALINN:

* TIpUEM CJIOBA B PETUCTD;

* Tiepeaayva CJioBa U3 PEerUcTpa;

* TIOpa3psIHBIC JTOTHYECKUE ONCPallH;

* CJBWT CJIOBA BJICBO WJIM BIIPABO HA 33JJaHHOE YUCIIO PA3psI0B;

* mpeoOpa3oBaHUE MOCIIEI0BATEILHOTO KOJIa CJIOBA B MapaljIeIbHBIA U 00paTHO;
* YCTaHOBKA PETHUCTPA B HaYaJbHOE COCTOSTHUE (cOpOC).

dakTudecku JI000e MUPPOBOE YCTPOMCTBO MOKHO IIPE/ICTABUTh B BUIC COBOKYITHOCTH
PETUCTPOB, COSAMHEHHBIX IPYT C IPYTOM IPU MOMOIIH KOMOWHAIIMOHHBIX TU(DPOBBIX YCTPOUCTB.
Peructpsl Ki1acCHPUITUPYIOTCS 1O CICAYIONUM BHJIAM:

* HAKOMWTEJIbHBIE (PETUCTPHI MaAMATH, XPAHCHUSA );
* CIBUTAIONIME.

B cBo10 ouepenb cIBUTAIONINE PETUCTPHI IETATCS:
* 10 croco0y BBO/a-BhIBOAA HH(OPMALIUU HA
—TnapaJieibHbIC,

—T0CIeI0BATEbHBIE,

—KOMOWHHUPOBAHHBIE;

* [10 HAIPABJICHUIO TIepelaun HHOpMaIuu Ha
—O/JTHOHAIPaBJICHHBIE,

—pEBEPCUBHBIE.

PaccmoTpuM HaKOMUTENBHBIN PETUCTP C TAPALISTLHBIMU BBOJIOM U BBIBOJOM MH(POPMAIIUH
(puc. 3.72). OcHoBoit
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Y, = | — napanieibHas 3annch;
Y, =Y, = 0 — xpanenue;
Y, = 1 — mapaLieNbHOE CUUTHIBAHME.

Puc. 3.72



peructpa aBistoTcs D-Tpurrepsl, KOTOpble Ha CBOMX BBIX0J1aX MOBTOPSIOT 3HAYEHUsI CUTHAJIOB Ha
BxoJiax X1 —X4 (MH(MOPMAaLMOHHBIE BXO/IbI) IIPU JIOTHUECKOM CHTHaie | Ha BXOJe CHHXPOHU3alUU
(T. e. ocylecTBIsETCS apaljiesIbHbII BBO BXOAHON nHbopMaluu B peructp). Ha uetsipex
JIBYXBXOJ10-BbIX 3JIeMeHTax «W» peann3oBaHbl CXeMbI COBIAJCHHS, BXOJHBIE CUTHAIIBI KOTOPBIX
COBMAJIAIOT C BBIXOJIHBIMH CUTHAJIaMU TPUTTEPOB B TOM cllyuyae, Korja ia Bxoa Y; mojaHa Jioruyec-
Kasi eiuHULAa. TakuM 00pa3oM OCYIIECTBIISIETCS MapaiiesibHbIi BEIBO HH(MDOPMAILIMH.

B kauectBe mpumepa paccMotpuM Mmukpocxemy peructpa K1551P15. IlpuBegem ycinoBHoe
0003HaYeHHE U TAOIUIIBI BHYTPEHHUX M BBIXOIHBIX COCTOSIHUH (puc. 3.73).

Ha puc. 3.74 npeacrasieH cABUTAIONINI perucTp. B HCXOIHOM COCTOSIHUM Ha BBIXOJIaX BCEX
TPUITEPOB Jiornueckuid curnain «O». [Ipu nomaye norudyeckoro curtana «1» muazaimiero paspsia
YKCia Ha BXOJ | -TO TpUrrepa OH 3allOMUHAETCS B HEM B MOMEHT JACHCTBUS MOJIOKUTEIBHOTO
neperaaa TakToBoro uMmnyibca. COCTOSIHHUE K€ OCTaJbHBIX TPUITEPOB HE MEHSETCSI, TaK KaK Ha UX
BX0J1aX ObUIN JIOTHuecKue curHaibl «0». Bo Bpemst BTOporo TakToBOro MMIYJIbCa Ha BXOJIE MEPBOTO
Tpurrepa
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R | C | E E; |D; | Qs Pexnm
0|l ~ O 0 0 0 IlapamienbHEIA BBOX
0!~ 0 0 1 | 1 IlapannensHbii BBOX
0 [* 1 * * Q5 Xpanenne
0 [ * * 1 * QY Xpanexne
1| * ¥ * * 0 YcranoBka 0
Bexonmt | EZ; | EZ, | Q Pexav
'PETHCTPOB
0 01 0 0 | BeiBog midp
1 0 0 1 | BruBox mabp
* 1 * Z | Beixons! OTKIDOY
* * 1 Z. | BBIXOIBI OTKIHOY

3HaKk * o3Hayvaer M060E COCTOSTHME
3nak | osHagaer nepeanMit GpoHT UMMnyIbca

3uak Z o3Hayaer TPETHE COCTOSIHUE

Puc. 3.73



0001

o}
O
0
)
]
a

Ne takra | Jammme | Q) | Q, Q, Qi | «
0 0 0 0 0 0
1 i 1 0 0 0
2 0 0 1 0 0
3 0 0 0 1 0
4 0 0 0 0 1
Puc. 3.74

JIEUCTBYET JIorMuecKuid curHan «0», Ha BX0Jie BTOPOro TPUTTEepa — JIOTUUYECKHUM curHai «1», Ha
BXOJI€ TPETHET0 U YETBEPTOTO — JIOTHUECKUE CUTHANBI «0». DTH CUTHAJIBI 3aIIOMUHAIOTCS
TPUITEPAMU, Ha BXOE KOTOPBIX OHU JIEUCTBOBAJIH, T. €. OCYIIECTBIISCTCS CIBUT €IMHULIBI BITPABO U T. 1.
Takum 00pa3om, 3a YeThIPE TAKTA OCYIIECTRILSIETCS TIOCIICIOBATENIBHBIN BBOJ] B PETHCTP 4-pa3psiTHOTO
JIBOMYHOT'O YHCIIA.

B xauecTBe npumepa rpuBeneM MUKpocxemy capuratoriero perucrpa K155MP13 u ero Tabnuiy
coctostHui (puc. 3.75).
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3.6. INU®POBBIE 3AITOMUHAIOILNN YCTPOUCTBA
3.6.1. O0mas xapakTepuCTUKa YCTPOUCTB

[{upoBbIMH 3aITOMUHAIOIIMMH HAa3bIBAIOT YCTPOMCTBA, TIPEIHA3HAUYCHHBIE JIJIS 3alIMCH, XPaHEHUS 1
CUYMTBIBaHMSI MH(GOPMAITUH, TIPSJICTABIICHHON B IIM(POBOM KOJIe. 3artoMuHaroIme ycrpoiicrsa (3Y)
KJIaCCH(UIMPYIOT IO HA3HAUCHHIO, TEXHOJIOTMH M3TOTOBIICHHSI, CIIOCO0Y ajpecaliuy, Croco0y XpaHeHUs
urbopmaruu 1 T.11. [1o Ha3HAYECHIO 3aMTOMHHAIOIIHE YCTPOHCTBA MOAPA3IEISIIOT HA OTIEPATHBHEIC
3anomuHaroue ycrpoictsa (O3VY) u nocrosiHHbIe 3anomMuHaromue ycrpoiicrsa (I13Y). O3V
o0ecreyrBacT PEKHM 3aIliCH, XPaHSHHUS U CUMTHIBAHUS HH(OpMaLuK B rporecce ee 0opadotku. [13Y B
paboueM peKUME JIOMYCKAEST TOJIBKO CUMThIBAHUE HH(POPMAILIHH.

[To TexHonorum n3rotoienus 3Y pemnsarcs Ha ouronspasie (TTJI- TTJILL-, 3CJI-, I/IZ.H-TCXHOJIOI‘I/II/I) u
yuaunossipasie (N-MOIT, KMOII- u qpyrue TexHonorun).

ITo ciocoby aapecaru Bee 3Y mensarcs Ha aApecHbIe 1 Oe3apecHbIe (accomaTruBHbIe). B aapecHbIx
3V obparieHue K AIeMeHTaM MaMsTH IIPOM3BOIUTCS B COOTBETCTBUH C MIX aJIPECOM, 3a/1aBaCMbIM
JBOMYHBIM KoZIoM. bonbimacTBO 3V sBIISIIOTCS aipecHbIMU. B acconmatuBHBIX 3Y CUNTHIBAaHHE
UH(OPMAITIH OCYIIECTBIISIETCS TI0 €€ COACPIKAaHHIO U HE 3aBUCHUT OT (PU3HUYECKUX KOOP/IMHAT 3JICMEHTOB
namsTH. AcconaTuBHbIe 3Y HE HIMEIOT BXO/IOB aJIPECHBIX CUTHAJIOB.

K ocHoBHBIM mapamerpam 3Y OTHOCATCS MH(GOPMAITMOHHAS €MKOCTb, IIOTPeOIIsieMast MOIITHOCTb,
BpeMsI XpaHEHUsT HHPOpMAIH, OBICTPOACHCTBHIE U JIP.

HudopmarmonHas eMKOCTh OMPEIEISETCS YUCIIOM siueeK rmamsaT 3Y U yKa3bIBaeT MaKCUMATbHBIN
00beM xpanuMoit nHpopmMarn. Eciin 3Y paccunTaHo Ha XpaHEHUE 72 9UCE (CIIOB), K&XKIIOE M3 KOTOPBIX
MMEET OT pa3psiioB, TO MH(OpMaMoHHass eMKoCTh N omnpejensercs BeipakeHueM N = n » m. Tax,
Harmpumep, eciim 3Y MpeIHa3HaueHO I XpaHeHus 16 cI0B, Kaxk10€ U3 KOTOPBIX COASPKUT 4
paspsiaa, To 3Y uMeeT CTPYKTYpHYIO opranu3anuio 16 x 4 u uandopmanmoHHyro eMkoctb N=16x4 =
64 6uT. 3Y eMKOCThIO 64 OMT MOXET OBITH Oprann3oBaHo U kak 3V 32 x 2 (32 cimoBa 1o 2 pas3psiaa
kaxaoe). EMkocTs yacTo BeIpaxkatot B Oaifrax (1 6aiit = 8 6ut). EMrocTs 3V cocraBnser oT
HECKOJIBKHX JIECSTKOB /10 HECKOJIBKIX MUJUTHOHOB OHT.

[Totpebnsiemast MOITHOCTh — MOIIHOCTb, OTpedseMas 3Y B yCTAaHOBUBILIEMCSI PEKIUME PAOOTHL.

Bpewms xpanenust uHpopmairu — UHTEPBAIl BpEMEHH, B TeUeHHEe KOTOporo 3Y coxpaHsieT
uH(OpMAIIHIO B 33JaHHOM PEXKUME.

BricTponelicTBre — TPOMEXKYTOK BpeMEHHU, HEOOXOMMBIH JIJIS 3a1IMCH WA CUMTHIBAHHS
uHbOpMaLIUH.

OcHoBoi1 1100010 3Y SIBIIsIeTCS MaTPHIIA TTAMSTH (HAKOIMTEITh ), KOTOPast COCTOUT U3 7 CTPoK. Kaxkmast
CTpPOKa UMEET m STYEEK MaMATH, 00pazyrolpx M.-paspsiaHoe cioBo. COOTBETCTBYIONINE IIIMHBI B MATPHIIE
MaMSTH YIPABIISIOTCS OT ACII(PATOPOB CTPOK M CTOJIOOB. BBI0OOP TpeOyeMoil sraeiiky maMsTH
OCYIIECTBIISIETCS C TIOMOIIIBIO ISMIM(PATOPOB CTPOK M CTOJIOIIOB ITyTEM IMO[a49X Ha HUX COOTBETCTBYFOIIIUX
aJIPECHBIX CUTHAJIOB.

3.6.2. OnepaTuBHBIC 3aITOMUHAIOIINE YCTPOUCTBA

O3Y (ux 0003HAYAIOT AaHTIIMKUCKOM ab0peBraTypoit RAM) moapa3nensroTcs Ha CTATHYECKUE U
JuHamudeckre. B cratnaeckux O3Y 3anmoMuHarommas siaeiika mpecTapisieT coOok Tpurrep Ha
OUITONSPHBIX WITH TTOJIEBBIX TPAH3UCTOPAX, YTO OMPEIEISIeT MOTEHINAIBHBIN XapaKTep YIPaBISFOIIIX
CHUTHAJIOB U BO3MOYKHOCTh CUMTHIBaHMs MH(opMaru 6e3 ee paspyiienus. B muaamuaeckux O3Y
5JIEMEHTOM TIaMSITH SIBJISIETCS EMKOCTh (HampuMep, 3aTBOpa MOJIEBOTO TPaH3UCTOpa), UTO TpedyeT
MEePUOANYECKOT0 BOCCTAHOBJICHHS (pereHepallii) 3aTMCaHHON HH(POPMAIIH B MPOIEcce ee
XpaHEHHUSI.

O3Y nguHaMHYECKOTO THIIA TTO3BOJISIOT PEATM30BaTh O0JIBIION 00bEM ITaMsATH, HO OHH CIIOKHEE
B HCIIOJI30BaHUH, TaK KaK HEOOXOIMMO HAIMYKE CIIEIIUATLHON CXEMBI YIIPABICHUS PEKUMaAMH
paboTel. B coBpeMeHHBIX nuHaMudeckux O3Y HMEIOTCS BCTPOSCHHBIC CHCTEMbBI pereHepaly U
cuaxponu3anuu. Takne O3Y mo BHEHNTHUM CHUTHaAJIaM yIIpaBjiICHHS HE OTJIMYAIOTCS OT
crarndeckux O3VY.

PaccmotpuMm B kauecTBe nmpuMepa HekoTopeie MukpocxeMbl O3V (puc. 3.76).
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BrIBoIbI MEKpOCXEM UMEIOT cienyromre HazHaueHus:: CS — BBIOOp MUKPOCXEeMBI, A; —
anpecHble Bxosl, DI; — nnpopmanmonnsie Bxoasl, DO; — unHpopmMarmonnsie Beixoasl, W/R —
pazpemienue 3anucu/cuntbiBanus, RAS — ctpob aapeca ctpoku, CAS — cTpob agpeca cTondiua,
CE — curHan paspeueHusl.

Mukpocxema K155PY2 — 310 cratnueckoe O3V ¢ OTKPBITBIM KOJJIEKTOPHBIM BBIXOAOM —
BhITIOJIHEHA Ha ocHOBE TTJI-cTpykTyp emMKkocThio 64 6uT. iMeeT cTpykTypy 16x4, T. €. MOXKeT
XpaHUTh 16 cioB AyMHOM 4 paspsga KaxIoe.

Muxkpocxema K537PY8 — at0 crarnueckoe O3V o6bemoMm 2 Kbaiita, BeIIIOIHEHA HA OCHOBE
ctpyktyp KMOII, no Bxoay u Beixoay coBmectrMa ¢ T TJI-ctpykrypamu. meeT nByHanpaBieHHYO 8-
Ppa3psiIHYIO IIMHY JaHHBIX, KOTOPast UCTIONB3YETCsI U JUIS 3aMCH, U [T CYUTHIBAHUST MH(POPMAIIUH.

Muxkpocxema K565PY5 — sto nuramudeckoe O3Y Ha ocHoBe N-MOII-cTpyKTyp, 110 BX0aM 1
BbIxos1aM copmectuma ¢ TTJI-ctpykrypamu, nmeer opranmzarmto 64Kx 1. [1lnna agpeca paboTaer B
MYJIBTUTUIEKCHOM pekiMe. BHauasie Ha Helt BRICTABIISIIOTCS aJipeca CTPOK, KOTOPBIE 3aIIOMUHAIOTCS BO
BHYTPEHHEM pPErucTpe 1Mo cnaay curaana RAS. 3ateM BBICTaBIIFOTCS apeca CTOJIO0B, KOTOPhIE
3armoMUHArOTCs 10 criaay curHaima CAS.

3.6.3. IlocTOsIHHBIE 3aIIOMHUHAIOIINE YCTPOUCTBA

Bce 113V MoxHO pa3faenuTs Ha CICIYFOIIHE TPYIIILL;
porpaMMHUpYyEMBIE TIPH U3roTojiennn (00o3Ha4arot kak I13Y uim ROM);
C OJTHOKpPaTHBIM TIPOrPAMMHPOBAHKEM, TTO3BOJISFOIIIAM TIOJIK30BATEIIO OTHOKPATHO U3MEHUTH COCTOSIHUE
MAaTpPHIIHl TAMSTH JIEKTPUUECKUM ITYTEM IO 33JIaHHO# Tporpamme (06o3HavaroT kKak 113V wm
PROM);
riepenporpaMMIpyeMbIe (PEpPOrpaMMUpPYEMBIE), C BO3MOKHOCTHEO MHOTOKPATHOTO AJIEKTPHUYECKOTO
TIEPENpPOrPaMMHIPOBAHHUS, C AEKTPUIECCKUM WM YABTPA(pHOJIETOBBIM CTUPaHHEM HH(pOpMaIHn
(o6o3navarot kak PI13Y uan RPROM).

Jlst oGecriedeHnst BO3MOYKHOCTH O0BEIMHEHHS 110 BRIXOAY IPH HaparyBaHuy mamMsty Bee [13Y mveror
BBIXOIBI C TPEMsI COCTOSTHHSIMU HJTH OTKPBITHIE KOJJIEKTOPHBIE BBIXO/IBL.

B II13Y HakonuTenb NOCTPOEH Ha 3alIOMUHAOIIMX sTYEHMKaX C MIaBKUMU ITEPEMbIUKAMH,



M3rOTOBJICHHBIMU M3 HUXpOMa WJIM APYTMX TYTOIUIABKUX MarepualioB. [Iporiecc 3amucu cocrout B
M30MPATEITHHOM TePSKUTaHNH TUIABKUX TIPEMBIUEK.

B PII3VY 3anomunaromue siueiiku crpostes Ha ocHoBe MOII-rexHonoruit. Mcrions3yrorest
pazuHbIe (GH3UYECKUE SBJICHHS XPpAaHSHUS 3apsijia Ha TPAHKILIE MEXKITY IBYMS PA3IAIHBIMU
JMRICKTPUICCKUMHU CPEIaMy WJTH TIPOBOJISIIICH 1 TUAIEKTPUIECKON CPEIoi.

B niepBom ciiydae muaniekTpuk nof 3atBopoM MOII-TpaH3ucTopa IenaroT U3 AByX CJIOSB: HUTPHIA
kpemuws 1 apyokucu kpemuust (SiNg — SiO,). Beiio 00Hapy»)eHO, 4TO B CII0KHOM CTpyKTYype SiNg
— SiO; npu U3MEHEHHH DIIEKTPHUYCCKOTO HAIPSDKEHNS BO3HUKACT MMCTEPE3HC 3apsia Ha IPaHmIIe pas3-
JieT1a IBYX CIIOEB, YTO M ITO3BOJISIET CO3/IaBaTh 3alIOMUHAIOIINE STUCHKH.

Bo BTOpOM CiTydae 0CHOBOM 3aITOMHHAFOIICH SYCHKU SBJISICTCS JTJaBUHHO-UHKEKIMOHHBIM MOII-
TpaH3ucTop ¢ miaBarormM 3arsopoM (JIMII3 MOII). YrporeHHas crpyKTypa Takoro TpaH3UuCTOpa
npuBejaeHa Ha puc. 3.77.

OcHoOBHOH 3aTBOP
TInaBaromm¥ 3aTBOp

Hcrox

Tloanoxka

Puc. 3.77

B naBUHHO-MH)KEKIIMOHHOM TPAH3UCTOPE C TUIABAFOIIMM 3aTBOPOM IIPH JOCTATOYHO OOJIBIIIOM
HaIpsHKEHUH Ha CTOKE IMTPOMCXOAUT OOPAaTHMBIiA JIABUHHBIN IMPOOOH AUAJICKTPHKA, U B 00JIACTh
TUIABAFOIIIETO 3aTBOPA MHYKEKTHPYFOTCS HOCUTENH 3apsizia. [ [oCKOMBKY IIaBaroIyii 3aTBOp OKPY)KEH
JIJIEKTPUKOM, TO TOK YTEUKH MaJl ¥ XpaHeHHE HH(OpMAIUK 00eCTIeuBaeTCs B TEUCHHE JJTUTEIIHHOTO
MIPOMEKYTKA BpeMeHH (fecsTkH jeT). [Ipy momade HanpspkeHUs: HA OCHOBHOM 3aTBOP MTPOUCXOIUT
paccachIBaHHE 3apsijia 3a CY4EeT TYHHEIBHOTO 3(h(eKTa, T. €. CTUpaHHe HHPOPMAITHH.

[TpuBeaem HekoTopbie XapakrepucTuku 113V (tadm. 3.1).

Tabmuma 3.1
BricTponeii- Torpooumenes HNudopmatmonnas
ALY cTBUE nﬂc MOPIHOST®: emxgcrbul(oSm '
? MBrt/6ur ’
IN3Y u III13Y Ha . .
GUIONAPHBIX CTPYK-{ 15—150° 0,01—0,8 ° <64
TYpax
M3Yull3Yma | o0 400 | 0,01—0,3 <256
MOTII-cTpykTypax
PII3Y 50—1500 <0,1 <256

[TpoMBIIIIEHHOCTB BBITYCKaeT O0IbInoe KomraecTBo MukpocxeMm [13Y. IprBeneM B kauecTBe mpumepa
nBe mukpocxeMbl I13V (puc. 3.78). Ha cxemax ucmop30BaHbl CAeAyOMKUe 0003HaueHus: Aj —
aapecHsie Bxobl; Di — nndopmanmonnsie Bexoasl; CS — Bbi6op Mukpocxemsr; CE —
pa3pelieHue BbIXOa.

Mukpocxema K573P®5 — sto penporpammupyemoe [13VY (PI13Y) ¢ ynsrpaduoneroBsim
ctupadneM, umetoriee cTpykrypy 2Kx8. 1o Bxomy 1 BeIxoy 3Ta MukpocxeMa copmectuma ¢ TTJI-
crpykrypamu. Mukpocxema KS56PTS5 — 310 onHo-
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kpatHO nporpammupyemas 113V, Bemmonnena na ocaoe TTJIL-cTpykTyp, 110 BXOy U BBIXOAY
coBmectnma ¢ TTJI-cTpykTypamu, umeromas CTpykrypy 512 out x 8.

3.7. YCTPOUCTBA JJIsI ®OPMUPOBAHMUS
N AHAJIOT'O-IIMPPOBOI'O IPEOBPA3Z0OBAHUSA CUT'HAJIOB

3.7.1. AMIUTUTY/IHbIEC OTPAHUYHUTEIH

Paznmuaror 0IHOCTOPOHHKE U JBYCTOPOHHUE aMILTUTY/IHBIC OTPAaHUIHTEIIH.

OonocmopoHHUll 02paHuyumesib — 3TO YCTPOMCTBO, HAPSHKEHUE HA BBIXOZE KOTOPOTO
U,..x(t) ocTaercs Ha mocrosstaaom yposHe U,,,p, Korma Bxoaunoe Hanpsukenne U, (f) mibo mpessi-
maeT HeKoTopoe rmoporoBoe 3HaueHue Unpop (OrpaHudeHre cBepxy), MO0 HIKE TOPOrOBOTO
3Ha4YeHus (orpaHuveHue cHU3y). MlHaue BbIXO/IHOE HalNpsKEHUE OBTOPSIET (POpMY BXOAHOTO.

leycmoponnue oeparuuumeny OTPAaHIYUBAIOT CUTHAT Ha JIBYX YPOBHSIX.

Ha puc. 3.79, a npuBeaeHsl iepeaToyHas XapakTepUCTUKA U TPadUKK BXOITHOTO U BHIXOAHOTO
HAIpsHKEHUH 1711 OMHOCTOPOHHETO OrpaHUYHTENS CBEpXY, Ha puc. 3.79, 6 — 11 OTHOCTOPOHHETO
OTPaHUYUTENS CHU3Y, a Ha puc. 3.79, B — AJsl ABYCTOPOHHETO OTPAHUYHUTEITSL.

Haubornee npocTbIMu SBIISIFOTCSL OTPAHUYUTENH Ha IUOJaX (IMOAHBIC OTPAaHUYUTEIH ).

JlrotHbIe OrpaHuYUTeNN OBIBAIOT MOCTEIOBATENIFHEIC U TTapaUIienbHble. B mocienoBaTenbHbIX
OTPaHUYMTEIISX JIFO]T BKITFOUCH TIOCIIEIOBATENILHO C HATPY3KOH, a B apalIe)IbHBIX — THapajlieIbHO
Harpys3ke.

PaccMoTpum neamm3upoBaHHYIO CXeMY MOCIEA0BATEIHHOTO TUOAHOTO orpannuuTens (puc. 3.80).
Jlo Tex mop moka BXOHOE HaNpshKEHUE MEeHbIe E,, 110 3aKphIT U Uy, paBHO
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E,. B mpoMexxyTkax BpeMEHH, KOT/1a BXOJIHOE HaMpsHKEHUE MPeBbIaeT £, 1101 OTKPBIT U Ug,,
noBTopsieT Uy, Takum 006pa3om, pacCMOTPEHHBIN OrPaHUIUTEINb SBIIETCS TIOCIICI0BATECILHBIM
JIMOJTHBIM OTPaHUYUTEIIEM Ha IMOJI0KUTEITHHOM YPOBHE CHU3Y.

[IpakTudeckn UCIIOIB3yeMast CXeMa PaCCMOTPEHHOIO OrpaHUIMTe s npuBeacHa Ha puc. 3.81. Ona
MO3BOJISICT PETYJIMPOBATh YPOBEHb OrPAaHWYCHHS, C/ICNIAB OJTHO U3 COMPOTUBIICHUH Ry nmm R
nepeMeHHbIM. J[aHHYI0 cXeMy MOYKHO TIpeoOpa3oBarh B PEBIIYIITYI0, IPEMEHUB TEOPEMY 00 SKBH-
BajicHTHOM reneparope. Toraa R, u E, OyayT uMmeTh ciaenyromiue 3Hadenus: R, = Ri/Ry, Ey =
ER/(R; + Ry).

PaccmoTpuM nmpuHIUI ASHCTBUS MapalIeNbHOTO JUOAHOTO orpanuuuTens (puc. 3.82). Jlumb B
MIPOMEKYTKAX BPEMEHH, KOT/Ia BXOJHOE HaIpsDKeHUE 00Jiee OTPUIIATENIbHO, YeM E,, U0 OTKPBIT
(ero mpu a”HaIM3€ MOKHO 3aMEHUTH 3aKOpOT-Koi) U U, paBHO E. Bo Bce ocTanbHbIE MOMEHTHI
BpEMEHU
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JIMOJT 3aKPBIT (€r0 MPH aHATTN3e MOYKHO 3aMEHHTD pa3pbIBOM I1enin) U U,,,, moBTOpsieT U, Takum
00pa3oM, JaHHBIN OTPAHUIUTEINb SBISCTCS HapaUICIbHBIM JTMOAHBIM OTPaHUIHTEIEM Ha OTPHUIIATSIIEHOM
YPOBHE CHH3Y.

PaccmoTprM paboTy napaiiebHOro OrpaHiUUTENs B CIydae, KOra COPOTUBIEHNE Harpy3KH
COM3MEPHUMO C orpaHuuuteneM (puc. 3.83).

Hcxonnas cxema (puc. 3.83, a) mo Teopeme 00 SKBUBATCHTHOM T'eHepaTope npeodpaszyercs B
AKBUBAJICHTHYIO cxeMy (pHc. 3.83, 6), B KOTOPOIl OrpaHUYMBAETCS YK€ HE BXOJHOE HANPsDKEHHE, a
SKBHUBAJIEHTHOE, SIBJISIOIIEECS PE3YIIbTaTOM
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JICTICHHS BXOTHOTO HAMPSHKEHUST MEX Iy conpotuBiacHusMu Ry 1 R, U, ,.=UnR,/(R,+Ry),
R,=RolIR,. lnarpaMMbI paboThI 3TOTO OTpaHUYHUTENS MPUBEIEHBI Ha puc. 3.84. B MOMeHT Havana
orpannuehus (t1) BXo[HOE HapsbKEHHe OyIeT COOTBETCTBOBATH HEKOTOPOMY HANPSDKEHUI0O —E; |

PaccMoTpuM BYCTOpOHHUM TUOTHBINA OrpaHUYHUTENb (pHUC. 3.85), KOTOPBIN SBISETCS
KOMOHMHAIMEN ABYX MapasuIeNbHBIX OJHOCTOPOHHHX JUOMHBIX OrpaHnuuTerne. 3 aHammza cxemMbl
BUJTHO, 4TO MO J{! OTKPBIT JIUIIIL B IPOMEXKYTKAX BPEMEHH, KOTJa BXOJAHOE HaMpshDKEHUE MeHbIe-E
u U,y Ha 9TOM IIPOMEXKYTKE OTpaHUunBaeTcs Ha ypoBHE —E1 Jlnon Jl; OTKpBIT TUIIb B
MIPOMEXYTKaxX BpemeHH, koraa U, 6onbIne, ueMm Er, 1 B 3THX MPOMEXKYyTKax BpeMeHU Uy
OTPAaHUYHUBAETCS YPOBHEM F».

[Inpokoe pacrpocTpaHeHre HAITUTA OTPaHYMTEH aMILTATY/IbI, HOCTPOSHHBIE Ha ocHOBE OV,
Paccmotpum Hekotopeie 13 Hux. Ha puc. 3.86, a mpuBeeHa cxeMa OJITHOCTOPOHHETO OrpaHHuIUTeNIs
Ha ocHoBe OV, Ha puc. 3.86, 6 — mepemaroyHast XapaKTCPUCTHKA OTPaHUIUTEIIS, a Ha puc. 3.86, B
— BPEMEHHBIC TarpaMMbl €0 paOOTHI.

OCHOBOI TAHHOTO OIPAHMYMTESIS SIBJISIETCS UHBEPTUPYIOUIMIA yeuuTelb Ha ocHoe OY. B
MPOMEXKYTKAX BPEMEHHU, Koraa HanpsbkeHue Uy, oTpuIiarenibHoe Wim MeHble, yeM U, +U , o 3akphIT



(ero mpu aHaIM3€¢ MOYKHO 3aMCHUTDH Pa3phIBOM IICTIH) U YCTPOMCTBO Pa0d0TACT KaK OOBIYHBIN HHBEP-
tupyromui ycunutens (U, — HanpsbkeHne crabun3aiuu ctadbuinurpona, Uy — mpsMoe mazeHue
HaIpsOKCHUS Ha THoe). B mpomexxyTkax BpemeHu, Korja Harpsbkenue U, Beime ypoBas U, + Uy,

JTIMOJT OTKPBIT, & CTAOMJIMTPOH HAXOUTCS B POKIME CTAOMIM3AIKK 1 HArpspkeHHe Uy, OrpaHNYMBaeTCs Ha
ypoBue U.,,+U,. Bxognoe Hanpsbkenue Uy, Ipu KOTOPOM HAYMHACTCS OIPAHUYCHUE BBIXOTHOTO,

OIIPEIEIISACTCS BRIPKECHHEM
U1=-(Ue+UpIK,
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Puc. 3.86

PaccmoTpum aByctoponHMit orpannuntens Ha ocHoBe OV (puc. 3.87, a). Ecnu k crabunutpony
IPHUII0KEHO NTPSAMOE HANPsKEHUE, TO OH BBINONHAET QYHKIUH 110/a, U HanpsbkeHue Uy, Ha HeM
noctatouHo Maiio (okojo 0,7 B). [TosTomMy mpu MOI0KATETEHOM BBIXOTHOM HAMPSKCHUHT
ctabunutpon CT1 BeimonHsieT QyHKIUU AMOAA, U KaK TOJBKO BHIXOJAHOE HAMPSIKEHUE IOCTUTAET
ypoBH: Ucp+Uy,, OHO orpaHHYmMBaeTCs Ha



Puc. 3.87

stoM ypoBHe (U - Hanpsokenue ctadbumusarmu crabunmutpona CT2). [lpu otpunatesbHoM
BBIXOAHOM HanpspkeHnn ctadmmtpod CT2 ncnone3yercs kak muoj. Kak Tonpko HanpspkeHue U,
nocturaet 3HaueHus -(Ucr+Uy,), 0HO orpannunBaercst Ha 3ToM ypoBHE (puc. 3.87, 0) (Uer —
HarnpsbkeHue crabmmm3anuu cradbunurpona CT1). Bxogubsie Hanpsokenust Uy i Uy, Tpu KOTOPBIX
HAYMHAIOTCS orpanuuenust, onpeaesstores BopaxeHusMu U= (Uer +U VK, Uz = -(Ue + Unp)/K,
rac K :Rzl Rl

3.7.2 lludpoananorossie mpeodpazoBaTeIn

[udpoananorossie npeodpazobarenu (LIAIT) mpenHazHadeHs! A7t mpeoOpazoBaHus I(POBHIX
CHTHAJIOB B aHAIOTOBBIE. Takoe mpeoOpa3oBaHre HEOOXOMMO, HAIIPUMED, TIPH BOCCTAHOBICHUH
aHAJIOTOBOTO CUTHAJIA, IPEBAPUTEIHHO MPE0Opa30BaAHHOTO B IM(POBOI IIs epeiaurt Ha OIS
PacCTOSTHUE WIT XPaHEHUS (TAaKUM CHTHAJIOM, B YaCTHOCTH, MOXET OBITh 3BYK). JIpyroi mprmep
WCIIONB30BAHUS TAKOTO TIPE0OPa30BaHUs — TOJIyUEHUE YITPABJISIONIETO CUTHAIIA TIPU [TU(POBOM
YIPABICHUH YCTPOHCTBAMH, PEXUM PabOThI KOTOPHIX OMPEAEIAETCS HETOCPEICTBEHHO aHATIOTOBBIM CHTHATIOM



(4TO, B YACTHOCTH, UIMEET MECTO IIPH YIIPABJICHUH JIBUTATEIISIMH ).

K ocnoBHbM napamerpam LIATT oTHOCST pasperaroiyro criocOOHOCTh, BpeMsl YCTAaHOBJICHUS,
MIOTPEITHOCTh HEJIMHEHHOCTH U Ap. Pa3pemaromas crmocoOHOCTh — BeJIMYMHA, OOpaTHas
MaKCUMAaJIbHOMY YHCITY I1IaroB KBAHTOBAHMS! BEIXOIHOTO aHAJIOTOBOTO CUTHAJIA. Bpemst ycTaHOBICHHS
tycr — WMHTEPBAI BPEMEHH OT T10/1a4H KOZ[a Ha BXOJI IO MOMEHTA, KOT/Ia BBIXOAHOM CUTHAJ BOMIIET B
3aJJaHHBIC TTPEJIEITbI, ONPEIeIsIeMbIe TOTPEITHOCTHIO. [TorpenHOCTh HEMMHEWHOCTH — MaKCUMaJlb-
HOE OTKJIOHEHHE IpahrKa 3aBUCMOCTH BBIXOHOTO HAIMPSHKEHUST OT HAIPSDKEHUS, 33]1aBacMOTO
U(POBBIM CUTHAIIOM, 110 OTHOIICHHIO K UICAILHOM MPSMON BO BCEM JIMAIIa30He MpeoOpa3oBaHus.

Kak u paccmaTpuBaembie HIbKe aHaoro-nmudpossie npeodpaszosarenu (AL, ITAII sBistoTcs
«CBSI3YIOIIUM 3BEHOM)» MEXIY aHAIOTOBOW U IU(PPOBOH NIeKTPOHUKON. CYyIIECTBYIOT pa3IUIHbIC
npuHIunbl nocrpoenus ALIIL.

PaccmorpuM Hanbotee ucronb3yembie u3 HuX. Ha puc. 3.88 npusenena cxema L[AII ¢
CYMMHUPOBAHHEM BECOBBIX TOKOB.

Kitrou S5 3aMKHYT TOJIEKO TOTra, KOria pa3oMKHYTHI Bce Kirroun S1...S4 (rmpu 5TOM u,,,=0).
U,— omopHoe HanpsikeHue. Kaxaplii pe3ucTop BO BXOJHOM IETH COOTBETCTBYET OINPEICICHHOMY
paspsiiy IBOUYHOIO YHCIA.

ITo cymectBy 3TOT LIAIl — MHBEPTUPYIOMIUNA YCHIUTEIb HA OCHOBE OTICPAIIMOHHOTO
YCUIIUTENS. AHAIU3 TaKOW CXeMbl HE MPEJCTaBIsAET 3aTpyAHEHUH. Tak, eciir 3aMKHYT OJIMH K04

Sla TO uBle:'UOROC/Ra



YTO COOTBETCTBYET B IIEPBOM U HYJISIM B OCTAJILHBIX pa3psaax.
W3 aHanm3a cXeMbl CIISIYET, YTO MOJIYJIb BBIXOIHOTO HAIIPSHKCHUS IIPOIIOPIHOHAICH YUCY,
JIBOMYHBIN KOJ KOTOPOTO OIpeaenseTcs: coctossuueM kimrodert S1...54. Toku kinrodei

T
]
—>o

Puc. 3.88

S1...54 cyMMHUPYIOTCSI B TOUKE «a», IPUIEM TOKH PA3IMYHBIX KITFOUCH Pa3IMIHbI (MMEIOT Pa3HBIHA
«BEC»). ITO U OIpeIeIIsieT Ha3BaHUE CXEMBI.
3 BBILLIEN3II0KEHHOTO CIIEAYET, YTO

RO(.‘

gy S

T. €. usux =-Uo %(SS“ +4S3 +2S2 +Sl)’

Ugyx = UO oc SI UO S3

Uoly

rae S ,i = 1,2, 3, 4 npuarMaeT 3HaYeHHE |, €CIIM COOTBETCTBYIOIIMIA KIFOY 3aMKHYT, U 0, ecin
KJIFOY Pa30MKHYT.

CocTosiHIE KITFOUEH OMpEeIeIseTCsT BXOIHBIM MPpeoOpazyeMbIM KosioM. CXxeMa IpocTa, HO UMEET
HEJIOCTaTKH: 3HAUMTESTbHBIC N3MEHEHMS HAMPSHKEHUS Ha KITFOUaX M UCTIONB30BaHUE PE3UCTOPOB C CUITLHO
OTJIMYAFOIIIMMUCS COITPOTUBIICHUSAMU. TpedyeMyro TOYHOCTD 3THX COMPOTHBIICHHI 00ECTICUHTh 3aT-
PYIHUTEITHHO.

Paccmotpum LIAIT Ha ocHOBE pe3uCTUBHOM MaTpHUIlLl R — 2R (MaTpHIIBI MOCTOSITHHOTO
conpotusiieHus) (puc. 3.89). B
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CXEMe MCITOJIb30BaHbI TaK Ha3bIBaEMBbIC ITEPEKHIHbIC KITFouH S1...S4, KaX bl U3 KOTOPHIX B OJJHOM M3
COCTOSTHHH TOJKIIOUCH K 0OIIel TOUYKE, ITO3TOMY HAIIPSHKEHUS Ha KiTFouax HeBelnku. Kimrou S5
3aMKHYT TOJBKO TOTrJa, Koraa Bce kimroun S1...54 moakirodeHsl K 001miei Touke. Bo BXxogHOoM
LIETTM MCIIOJIb30BAHbI PE3UCTOPBI BCETO C ABYMS PA3IMYHBIMH 3HAYCHUSIMI COIIPOTHBIICHHH.

W3 ananm3a cXeMbl MOYKHO YBHIETb, UTO H IS HEE MOJIYJIb BEIXOJHOTO HAIPSDKEHHS IPOIIOPIIMOHATICH
YHCITY, JBOUYHBINA KOJI KOTOPOTO OIPEACsaeTcs cocTosHueM Kimroueh S1...S4. AHami3 Jierko
BBITIOJIHUTh, YUUTHIBas crieyroree. [ lycts kaxapiit 3 kimtoueid S1...54 moakimrodeH K oOmieil Touke.
Toraa, KakJIerko 3aMETHTh, HAIPSDKCHHUE OTHOCUTEIILHO OOIIEH TOYKH B KaXKI0H CIICTYIOIICH 13
TOYEK «a»...«d» B 2 pa3a OoJblie, ueM B npempiayineii. K npumepy, Hanpsbkerue B Touke «by B 2 pasza
OoutbIie, yeM B Touke «ay (HampsokeHus U,, Up, U: 1 Uy B ykazaHHBIX TOYKAX OMPEASIISTIOTCS
cnenyromum odpazom: Uy = Uy; Ue = Uo/2; Up = Upld; Uy = Uy/8). JlomycTuM, 4TO COCTOSIHIE
YKa3aHHBIX KITFOUCH H3MCHIIIOCH. TOr/Ia HAIIPSDKEHHS B TOUKaX «a»...»d» He M3MEHSTCS, TaK KaK
HaIPSKEHUE MEX Ty BXOJIaMH OIICPALIMOHHOTO YCHITUTEIS IIPAKTUICCKH HYJICBOEC.

W3 BBIICH3II0KEHHOTO CIICTYET, UTO:

=-U -0 Dloc g 0 lec. g 0 TPoc. ¢
Ma™"S0ag TV " IR % 4 BR T 8 ZR
T. €.: lleux =—U0 Roc (8S4 +4S3 +2S2 +S|)1
16R
rae Si,i =1, 2, 3, 4 npuarMaeT 3HayeHue 1, e COOTBETCTBYIONIMI KIIFOY 3aMKHYT, u 0, eciu

KIIFOY Pa30MKHYT.
Paccmorpum LIATIT st mpeoOpazoBanmst TBOMYHO-IECATHYHBIX yrcel (puc. 3.90).
Jnst mpencTaBieHys Kakaoro pa3psjia JeCSITHYHOTO YKCiia UCIIOob3yeTces oTenbHas Matpuna R
— 2R (0603Ha4YeHBI MPSIMOYTOIBHUKAMH). Zo...Z3 0003HAYAIOT YHCIIa, OTIPE/IeIICHHBIC

Uo 1/10 Uo 1100 Uo 1/1000 Uo

81R 81R 81R 9R

Z3 Z2 Z Zo
THICRS COTHH ACCATKH |  |GUHHHITEE Roc
WO T T T 17 LT L] ]
1D
Upx
Puc. 3.90 ‘[— I

COCTOSIHHEM KJIrouei Kakoi MaTpuibl R—2R. [TpuHIun neiicTBIS CTaHOBUTCS IIOHSTHBIM, €CITH
YUeCTb, YTO COIMMPOTHUBIICHUE KaXKI0M MATPHIILI R, M eCli BRITIOJIHUTE aHaln3 (hparMEeHTa CXEMBI,
MPEJCTaBICHHOTO Ha puc. 3.91.

81R

Ui R =R
U2

Puc. 3.91



W3 ananusa cinepyer, 4To

_ RII9R
27718 1R+RI9R’
me RfjoR=22R _oor
R+9R

CnenoBarensho U, = 0,1 U;. C yaeToM 3TOr0 mOIyIHM
W =-U(,II;AR-10'3(103 Zy+10%-Z, +10- Z, +zo).

Haubonee pacnpocrpanennbvu siBisitorest LIATT cepuii mukpocxem 572, 594, 1108, 1118 u 1p. B
Tab:. 3.2 npuBeneHbI HapaMeTpbl HekoTopbiX LIATL

N Ta6auua 3.2
Tur cxeMBt p;?p::m tyer, Mkc| Uy, B Unyo/Tnur B/A I:Z’
K59411A1 12 3,5 9+11 |(5+15)/2,5-15/3,5} 2
K1108ITAl 12 0,4 |22+10,5| +5/15 —16/46 5
K57211A1A 10 5 —17++17 G172 1
K57511A2A 10 15 ~15++15 5/2 15/2 0,8

3.7.3 Amnanoro-uudpoBbsie IpeoOdpa3zoBaTeau

Amnanoro-mugpossie mpeodpazosatenu (ALIT) — 3To ycTpoiicTBa, mpeaHa3HAUYSHHbIE s
npeoOpa3zoBaHusl aHATIOTOBBIX CUTHAJIOB B IM(poBkIe. /[ Takoro mpeobpazoBaHusi HEOOXOIUMO
OCYIIECTBUTH KBAHTOBAHKE AaHATIOTOBOIO CUTHAIIA, T. €. MTHOBEHHBIE 3HAUEHHUS aHATIOrOBOTO CUTHAJIA
OTPaHUYUTh OMPEICTICHHBIMU YPOBHSMH, HA3bIBAEMBIMH YPOBHSIMH KBAaHTOBAHUSI.

XapakTepucTUKa UACaIbHOIO KBAHTOBAHMS IMEET BUI, MPUBEICHHBIA HA puc. 3.92.

KBanToBanue npeacTaBisieT co00i OKpYTIICHHE aHAJIOTOBOM BEJIMIHMHBI JI0 OJIFDKAKMIIIEro YpOBHS
KBaHTOBAHMS, T. €. MAKCMMaJIbHasl MOTPENTHOCTh KBaHTOBaHus paBHa +0,5h (h — miar
KBAaHTOBAHUS ).
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Puc. 3.92

K ocnoBHbM xapaktepuctukam AL oTHOCAT "yrcio pa3psiioB, BpeMsi peoOpa3oBaHusl, HETMHEHHOCTh
1 1ip. Yncno paspsiioB — KOJUYECTBO Pa3psAa0B KOJIa, CBI3aHHOTO ¢ aHAJIOIOBOW BEIIMYMHOM, KOTOPOE
MokeT BeIpabarbiBath AL, Yacto roBopsit o paspemiaroriieii criocoonoctu AL, KoTopyro onpeaeisror
BEJIMYMHOM, 00pPaTHOM MaKCUMAITLHOMY YHMCITY KOJOBBIX KomOuHarmii Ha Beixoze ALIIL Taxk, 10-
paspsizesii AL mveer pasperaoryro criocobrocts (210 = 1024) ™, 1. e. npu mkane AL,
cootBercTByrolieii 10B, abcomoTHOe 3HaYeHu e 11ara KBaHTOBaHU He npeBbiaeT FOMB. Bpewms mpe-
oOpa3oBaHus t,, — MHTEpBaJ BpeMEHU OT MOMEHTA 33JJaHHOTO M3MeHeHus curHasa Ha Bxoae AL 1o
TIOSIBJIEHUS HA €T0 BBIXOJIE COOTBETCTBYIOIIETO YCTOMYMBOIO KOAA.

XapakTepHbIMH METO/IaMH ITPe00pa30BaHuUS SBISIOTCS CICAYIOIINE: apauIeIbHOTO
npeoOpa3oBaHus aHATIOTOBOM BEJIMUMHBI M TIOCTIEZIOBATENIHHOTO MPEe0Opa30BaHMUsI.

Paccmotpum ALIIT ¢ mapamiensHbIM TpeoOpa3oBaHueM BXOIHOTO aHATIONOBOro curHaia. [To
napauieIbHOMY METO/Ty BXOHOE HaIpsHKEHUE OJJTHOBPEMEHHO CPABHUBAIOTCS C N OMIOPHBIMHU
HAIMPsDKEHUSIMH U OTIPEJIENISIOT, MEXK/Ty KaKHMMH JIByMsI OTIOPHBIMH HAIIPSHKEHUSIMU OHO JISKUT. [Ipu a3TOM
PpE3YIIBTAT MOTY4atoT OBICTPO, HO CXeMa OKa3bIBACTCS JIOCTATOUHO CIIOXKHOM.

Pacemotpum npunnun aeiicteust Takoro AL (puc. 3.93). ITpu Uy, = 0, mockonbKy ais Bcex
OV pasnocts Hanpspkenuid (U — U_) <0 (Us, U_ — HanpsbkeHHs OTHOCHTENILHO OOIIEH TOYKU
COOTBETCTBEHHO HEMHBEPTUPYIOIIET0 U MHBEPTUPYIOIIETO BXO/1a), HAMPSKEHUS Ha BhIxoj1e Bcex OY
paBubl — E,,,,, @ HA BbIXOAaxX koaupyrotiero npeodpazosarens (KI1) Z,, Z;, Z; ycTaHaBIuBaOTCS
aymu. Ecim U, >0,5U, Ho Menbme 3/2 U, mums mis auxHero OY Uy — U_ > 0 u numib Ha ero
BBIXO/I€ TOSBIISIETCS HANPSDKEHUE +E,,,, 4TO IPUBOJUT K MosiBNIEHMIO Ha Bbixogax KII cnenyrommx
curHanos: Z, =1, Z, = Z;=0. Eciu Ug, > 3/2 U, Ho Menbie 5/2 U, To Ha BeIXO1€ ABYX HUKHIX OY
TOSIBIISIETCS HANPSDKEHUE +£,,,,, 9TO PUBOIUT K nosiByieHUI0 Ha Beixoaax KII koxa 010 u T. 1.

PaccmotpriM koHKpeTHBIH BapranT ALII ¢ mocnenoBarensHpIM MPeoOpa3oBaHeM BXOIHOTO CUTHANA
(mocnenoBaTeBHOrO cuera), Kotopbiii HasbBatoT ALII co cnensieit csi3bio (puc. 3.94). B AL
paccmaTpuBaeMoro tuna ucnonb3dyercs LIAIl u peBepcHBHBIN CUETUHK, CUTHAJT C KOTOPOTO
obecrnieunBaeT 3MeHeHne HanpsbkeHnst Ha Beixoze LIAIT Hactpolika cxeMbl TakoBa, YTO 00E€CTIEIMBACTCS
NpUMEpHOE paBeHCTBO HanpspkeHui Ha Bxone U, 1 Ha Beixone LIAIl — U. Ecnu BxonHoe
Hamnpsikenue U, 6onpine Hanpspbkenus U Ha Beixone LIATL, To cueTdnk mepeBOUTCS B PEKUM
MPSIMOTO CYETA M KO Ha €0 BBIXOJIC YBEIMUMBACTCS, 00ECTICUMBAast YBEIMUCHUE HAPSDKEHUST HA BBIXOJIE
LTAII. B momenT paBenctBa U, 11 U cueT mpekpalaercst ¥ ¢ BbIXOAa PEBEPCUBHOIO CYETUMKA
CHHMMAETCS KOJI, COOTBETCTBYIOIINI BXOTHOMY HAIPSDKEHHUIO.

Meron nocrnenoBaTensHOro mpeodpazoBanus peammsyercs U B AL Bpemst — umMiyibcHOTO
npeoOpaszoBanus (ALII c reneparopom nuHeltHo u3Mensomerocs Hanpsokenus (I'JIMH)).
[Tpunuun neiicrBust paccmarpusaemoro AT



| cxema |UeeU |NEPEKIIOYEHUS

+ 128 D X7
7U
- Ba2U b
? . D Xe
= 11720
? % D Xs
o L
R
:P I> X4
720 b
R
>
? X3
520 b
' R
? D X2
3/20 s
R
1] b
X1
120
1/2R j
e

Puc. 3.93

CPABHEHUS HAITPABJIEHISA

KOTVIPYIOLAH TIPEOBPASOBATEh
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puc. 3.95) ocHOBaH Ha MOJICYETE YKCIIa UMITYJIBCOB B OTPE3KE BPEMEHH, B TEUEHHE KOTOPOTO
JMHEHHO n3MeHnsttonieecst Harpspkenue (JIMH), yBenmmunBasich OT HyJIEBOTrO 3HAYEHUSI, TOCTUTACT
ypOBHS BXOHOTO HamnpspkeHus Ug,. Miconb3oBansl cienyromue obo3nauenus: CC — cxema
cpaBHeHus, ['1 — reneparop nmmynbcoB, Kin — anekTpoHHBIN K04, C4 — CYETYHK
UMITyJIbcoB. OTMEUYEHHBIN BO BPEMEHHOM TMarpamme
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MOMEHT BPEMEHH {1 COOTBETCTBYET HAYAIy U3MEPEHHUS BXOJHOTO HAIIPSKEHUS, @ MOMEHT BPEMEHU
> cooTBeTCTBYET paBEHCTRY BXOAHOTO HanpsbkeHus 1 HanpsbkeHust [ JIMH. TlorpenocTs u3mepeHus
onpenessieTcs maroM KBaHToBanus BpemeHu. Kimou Kit moximoyaeT kK cCHeTUHKy reHepaTop UMITYIIbCOB OT
MOMEHTa Hadasia u3MepeHus 10 MoMeHTa paBeHCTBA Ug i U . Uepes U, 0003HaueHO HanpshKeH e Ha BXO-
Je cuetdrka. Koz Ha BBIXOJIE CUETUMKA IPONOPIIMOHATIEH BXOAHOMY HapspKeHH0. OTHAM 13
HEJIOCTaTKOB 9TOM CXEMBI SIBJISIETCS] HEBBICOKOE OBICTPO/ICIHCTBYE.

Paccmotpum ALIIT ¢ 1BOMHBIM HHTETPUPOBAHUEM, KOTOPBIH TAKKE PEAsTM3yeT METO
TOCTIeIOBATEILHOTO PeoOpa3oBaHms BXOJHOTo curHana (puc. 3.96). Mcnonb30BaHbl caeayonme
ob6o3nauenus: CY — cucrema ympasnenus, [ I — reaepatop ummnysiabcoB, Cu — CUETUHK
uMIysbcoB. [Ipunnmn nevictust ALIIT cocrouT B onpesiesieHny OTHOIIEHHS IBYX OTPE3KOB BPEMEHH, B
TEUEHHE OJTHOTO M3 KOTOPBIX BHIMOMHSIETCSI HHTETPUPOBAHUE BXOIHOTO HanpspkeHUsT Uy,
nHTEerpaTopoM Ha ocHoBe OV (Hanpsbkenue Uy Ha BBIXO/Ie HHTETPATOPa H3MEHSIETCS OT HYJIS 10
MaKCHUMAaJTbHOM TI0 MOTYJTIO BEJIMYMHBI), @ B TEUCHHUE CIEAYIOIIET0 — WHTErPUPOBAHUE OTTIOPHOTO
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Puc. 3.96



Hanpspkenus Uo, (Uy MeHsIeTCS OT MaKCUMAIIBHOM 110 MOIYIIIO BEIUYHMHEI 10 HYIs) (puc. 3.97).
[TycTh Bpems t] MHTErpUPOBAHUS BXOIHOTO CUTHAJIA TIOCTOSTHHO, TOT/Ia YeM OOJIbIIIe BTOPOM
OTPEe30K BpeMeHHU 1y (0OTPE30K BpeMEHH, B TCUEHHE KOTOPOT0 HHTETPUPYETCS OTIOPHOE
HaIpsDKeHue), TeM Oosbiiie BXxogHoe Hanpsbkenue. Kimou K3 npennasHadeH 11 yCTaHOBKH
HWHTErpaTopa B HCXOJHOE HYJIEBOE COCTOSIHUE. B mepBblil U3 yKa3aHHBIX OTPE3KOB BPEMEHH KITFOY
K1 3amknyT, ki1rou K2 pa3oMKHYT, a BO BTOPOi, OTPE30K BPEMEHH X COCTOSHHE SBJISICTCS
00OpaTHBIM MO OTHOIIEHHUIO K YKa3aHHOMY. OJTHOBpEMEHHO ¢ 3aMbIKaHHeM Kiro4da K2 uMITynbCs ¢
reHeparopa umiyibcoB I'YI HaunHaloT nocrynars uepes cxemy yrpasienust CY Ha cuetuuk Cu.
[TocTymienue 3TUX UMIYJIbCOB 3aKAHYMBAETCS TOTAA, KOT/1a HAMPSIKEHUE Ha BBIXOJIE
HMHTErpaTopa OKa3bIBACTCSl PABHBIM HYJIIO.

Harmpskenue Ha BbIXOZIe MHTErpaTopa o UCTEUEHUH OTpe3ka BpeMeHu t ompenensercs
BBIpa)KCHUEM

U,(4)= ’%C)‘ :i‘U«;d‘ =—U..-4)/RC.
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t
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Puc. 3.97

Hcrionb3ys aHAIOTMYHOE BBIPaKEHHE [T OTPE3Ka BPEMEHH 1o, momyunm
= —(RC/U,,) U(1).

[MoacrasuB croaa Beipaxenue st U, (1), momyaum
4, =(U /U,

otkyna U,= Ugalofts.

Kon Ha BbIXO/Ie cUeTdrKa Onpe/iesiseT BETMYNHY BXOAHOTO HAMIPSKEHHUSI.

OpmanM 13 ocHOBHBIX TipeumyiiectB ALIIT paccMaTprBaeMoOro THITA SIBIISIETCS BRICOKAS
TIOMEX03aIUIIEHHOCTh. CITyJaifHbIe BRIOPOCH! BXOHOTO HAITPSHKEHHMS, IMEIOIINE MECTO B TCUCHUE
KOPOTKOTO BPEMEHH, MPAKTUUSCKA HE OKA3bIBAIOT BIMSHUS HA TIOTPEITHOCTh IpeoOpa3oBaHusl.
Henocrarok ALl — manmoe ObIcTpoaelicTBHE.

Hau6Gonee pacripocrpanennbvu sBistrotes AL cepuit mukpocxem 572, 1107, 1138 u np. (tadir.
3.3)

W3 TabnuIIel BUAHO, YTO HAMITYIIIIM ObIcTpoaeiicTBueM obnagaer ALl maparnnensHOro
npeoOpazoBanus, a Hanxymum — ATl mocrnenoBarensHOTO MpeoOpa3oOBaHMSL.



Tabmuma 3.3

Yucno ta Unier, Prow,
Tun M/cxeMu P m‘(’; - M;: Tlpeo6pasoBaHme
K110711B] 6 0,1 +5 —6 800 . |ITapamiemsHoe
K110711B2 8 0,1 +5 —6 3000 |TMapainemsHoe
KP572I1B1A 12 110 | 5+15—15 30  |IocnenosarensHoe
K57211B3 8 15 5 25  |IloctenoBaresioe
K57211B4 8 32 5 15  |HocienoBarensHoe
K1108TIB1A 10 0,9 9 -5,2 800 |TTociezoBarensHoOe
KI1138MIB1A 10 30 5 —I5 225 | ITocienoBaressHoe

3.8. TEHEPATOPbBI UMITYJIbCHBIX CUI'HAJIOB

Hawubomnee pacmpocTpaHeHbl TeHEPATOPHI MPSIMOYTOJIBHBIX U JIMHEHHO H3MEHSIONTUXCS (MTMI000Pa3HBIX )
HMMITYJIbCOB HAIIPAXKCHU A .

['enepaTopbl UMITYJILCHBIX CUTHAJIOB (MMITYJIbCHBIE TE€HEPATOPBI) MOTYT PabOTaTh B OTHOM U3 TPEX
PEKUMOB: aBTOKOHe6aTCJH)HOM, KAYUIEM WKW CUHXPOHHU3AINH.

B aBToKONIEOaTETEHOM PEKUME TEHEPATOPHI HEMPEPHIBHO, HOPMHUPYIOT UMITYTbCHBIC CUTHAIBI 0€3
BHEIITHETO BO3/AEUCTBHS. B jKymem pexume renepaTopbl JOpMHUPYIOT UMITYJILCHBIN CUTHAJ JIHIIH 110
IPUXO0JIe BHELTHETO (3aIyCKAIOIIET0) CUrHaNA. B pe)kuMe CHHXPOHU3AIMU TeHEPaTOPhl BRIPA0ATHIBAIOT
UMITYJIbChI HAMTPSDKCHUS, YaCTOTA KOTOPHIX PaBHA MJIM KPaTHA YaCTOTE CHHXPOHHM3UPYIOLIETO CUTHAIA.

PaccmoTpuM HEKOTOpBIE M3 TE€HEPATOPOB UMITYIBCHBIX CUTHAIIOB.

3.8.1. I'enepaTopsl NPAMOYTOJIbHBIX UMITYJIbCOB

['eHepaTophl MPSMOYTOIBHBIX UMITYJILCOB JIETISTCS HA MYJIbTUBHOPATOPBI M OJIOKUHT-TeHepaTophl. M Te n
JPyTue MOTyT pabOTaTh Kak B aBTOKOJICOATEIBPHOM, TaK U B JKIYIIEM PEKUMAX.

PaccmoTprM BHavane aBToKoIe0aTeIbHBIC MY THBHOPATOPHI.

Taxkue TrCHCPAaTOpPElI MOTYT 6I)ITI) IIOCTPOCHBI HAa JTUCKPECTHBIX, JTIOTMYCCKUX JJIEMCHTAX WJIA HA
OTIEPAIIMOHHBIX YCHUITUTENSAX. ABTOKOJIeOATeIbHBIA MyIbTHBHOpaTOp Ha ocHOBe OY TpeicTaBlIeH Ha PHC.
3.98. B nanHoii cxeMe ¢ TOMOIIBbIO pe3ucTopoB Ry 1 R, BBemeHa momoxuTeabHas 00paTHAs CBSA3b, YTO
SABJIACTCA HCO6XOI[I/IMI)IM YCJIOBHEM J1JI1 BOSHUKHOBCHUA
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B CXEME 3JICKTPHUYECKHUX KOJICOaHW. B 3aBUCMIMOCTH OT HanpspDKEHUS Ha BBIXOJ1E (KOTOPOE MOXKET OBITh
paBHO 00 +E,;;, 160 — Eyy, T11€ By — Hanpsbkenus nutanus OY) Ha HEMHBEPTUPYIOIIEM
Bxozie OY ycranaBmmBaercs win Hanpspkenue Uy, umu HanpspkeHue U,p, nmpudem
_ R, _ R,

U+l "Enum R|+R2’ U+2 = Ermm R1+R2 b

Emxocts C, BXOJSI1Ias B IIETIb OTPUIIATEIIEHONM 0OpaTHOM CBSI3U, IIepe3apsiKaeTcs ¢ IOCTOSHHOMN
Bpemenu = RC. Hanpsbxkenue U Ha eMKOCTH, paBHOE HalpspkeHUo U Ha MHBEPTUPYIOILEM BXOJIE,
CTpeMHTCS JTHOO0 K YPOBHIO +E (pHt Ugyy="+E ), MO0 K ypoBHIO -E e (pyt Uy =-Epyr). 10 Mo-
meHnTa Bpemenu t) U,— U_=U,; — U, > 0, cnegoatenpHo, OY HaXOIUTCS B p&KUME HACHIIICHNS 1
Ha ero BBIXOJIE yAepKUBaeTCs HanpsbkeHue +E ;. Haunnas ¢ MomeHTa BpeMenu t; 3Ta pa3HOCTh MEHSET
3HaK, 4TO MMPUBOJIUT K U3MEHEHUIO HanpshkeHus Ha Beixoge OY Ha — Eqy,. [Tociie MomenTa Bpeme-
HU 1) emkocTh C mepe3apspKaeTes, IpUYeM €€ HalpsHKEHHE CTPEMHUTCS K YPOBHIO — Eyr.
OueBuaHO, uTO 10 MoMeHTa BpemeHu tr, Ui-U =U,»—U < 0, 9To u yaepKruBaeT BEIXOIHOE Ha-
npspkeane OY Ha ypoBHe —E ;. HaunHas ¢ MoMeHTa BpeMenu 1y, 3Ta pa3HOCTh BHOBb MCHSET
3HaK, IPOUCXOIUT U3MEHEeHHE HanpsokeHUs Uy, 1 T.11. TakuM 00pa3oM, JaHHBIA MYyJIETHBAOPATOP
(hopMHpyeT MPSIMOYTOJTbHBIE UMITYJIBCHI HarpsbkeHus. [ lepro crienoBanms UMITyJIbCcoB T orpeiensiercst
BBIPKEHUEM

T=2RCIn|1+2 &
R,
B ciyuae ucnonp3oBaHus BMECTO pe3ucTopa R IByX pa3HBIX pe3HCTOPOB U JUOI0B MOYKHO
MOCTPOUTH HECUMMETPUYHBIN MyJIbTUBHOpaTOp (puc. 3.99, a), y KOTOPOTo ATUTEIBHOCTH
MOJIOKHUTEIBHOTO M OTPHUILIATEILHOTO UMITYJIHCOB HE COBNAAIOT. [ [puHImI paboTsl MyJIbTUBHOpATOpa
HOSICHSIOT BpeMeHHbIe tuarpamMmsl (puc. 3.99, 6).
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I/IS NPHUBCIACHHBIX HOCTpOGHI/II\/II OYCBHU/IHO, YTO pasHasi JJIMUTCIbHOCTD ITOJIOKUTCIIBHOTO 1
OTpHUIATCIbHOI0O UMITYJIBECOB 06GCHGI—II/IBaeTC$I PAa3HBIMU ITIOCTOAHHBIMU BPEMEHHU IICPEC3apaaa
€MKOCTEH T1 U To.

=R C 1,=R*(,

rone R" > R".

Paccmotpum xaytimii MmynbTuBHOpaTop Ha ocHoBe OV (puc. 3.100), KOTOPHBI HHOT]Aa HA3BIBAIOT
OTHOBHOPATOPOM.

HeTrpyaHo 3aMeTHTh, 9TO 3Ta cCXeMa aHAJIOTHYHA CXEME aBTOKOJICOATeIbHOTO MYJIETUBHOpATOpa, HO
B Hee BBEICHBI THOJ D) (15 0CYyIIeCTBICHUS XKIYIIETO PEeKUMA) U IETh 3aITycKa Ha dJIEeMEHTax
C1,R3, D1 (puc. 3.100, a). Cxema UMeeT OJHO YCTOMYMBOE COCTOSIHIE, KOT/Ia HalpsDKEHUE Ha BBIXOJIE
oTpuIaTeabHoe (MpUMepHO paBHO — Ey;). Eciii ObI 0 KaKo#-InO0 MpHUYrHE HaNpsDKCHNE Ha
BBIXOJIC OKA3aJIOCh MOJIOKHUTEIBHBIM (+E,), TO B pe3ybTaTe pacCMaTprBaeMbIX TATHIIE TIPOIIECCOB
COCTOSIHAE CXEMbI H3MEHHUIIOCH OB

B ucxognom cocrosinuu (Ha Beixoae — Epyp) anoa D2 OTKpEIT, HanpskeHre Ha



MHBepTUpYoleM Bxoje U_ nmpuMepHO paBHO HYIIO, a HanpsbkeHue Uy Ha HEMHBEPTUPYIOILEM
BXO/I€ OIIPEACIISIETCS BIPAXKEHUEM

: R
+ +2 num Rl +R2 ’
U:—U_<0wu Uz =—E. duon D1, moakirodeHbli K HCHHBEPTUPYIOIIEMY BXOY, 3aKphIT. B

MOMEHT BpeMEHHU {1 BXOHOM CUTHAJII OTKPLIBAET 3TOT MO/, HA HEMHBEPTUPYIOIIUI BXOJI IIOJIACTCS
TIOJIOKUTEITbHBIN CUTHAT (Ha MHBEPTUPYIOIIEM BXOJIE OCTAeTCsl HYJeBOM curHai), 1 OY nepexoauT B pexumM
C IIOJIOXKUTEIbHBIM HalpsDKEHUEM Ha Bbixozie. [locne storo HaunHaercst 3apsiy koHaeHcaropa C. Korna
HaIIPpsOKCHUEC HAa HEM CTaHOBUTCA OoJibIle HaIIPsPKCHU A U+]_, OIPCACIIICMOI0 BhIPAKCHHUEM

U+l = nm—éﬁ—
I+R2

muddepentmanbabiil curaan Uy — U_ ctaHoBuTcs oTpunateabHsiM 1 OY BO3BpaiaeTcs
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B MCXOJIHOE YCTOMYHMBOE COCTOSIHHE (B TAKOM COCTOSTHHUH T (DEpEHIMAIBHBIA CUTHA OTPUIIATCIBHBIH ).

W3 Bpemennsix auarpamum (puc. 3.100, 6) cnemyeT, 4To JHUIIb TOCIE MOMEHTa BpeMeHH {3
MO’KHO TO[aBaTh OUEPEIHOM 3aTyCKAFOIIUN UMITYJIbC.

CyIIECTBYIOT CXEMBI JKIYIIIX MYJIBTHBUOPATOPOB HA IMCKPETHBIX M JIOTMYECKHX JIEMEHTAX.

J11s1 mory4eHust MOILHBIX MIPSAMOYTOJIBHBIX UMITYJILCOB MAJIOH JJTUTEILHOCTH (OT J10JIe
MHUKPOCEKYH/BI JI0 10JIe MAJLTUCEKYH/IbI) U CKBRKHOCTBIO JI0 HECKOJIBKUX JIECATKOB THICSY UCTIONB3YIOT
OnoKUHT-TeHepaTopbl. OCHOBHBIM 3JIEMEHTOM TaKUX T'€HEPATOPOB SIBIISETCS MMITYJILCHBIN TpaHC-
dopmarop. briokuHr-reneparop MoxeT paboTaTh B aBTOKOJIE0ATETIHHOM, HKIYIIEM PEXUMAX WU PEXKIME
CHHXPOHU3ALIHH.

PaccmotpriM cxemy aBTokoseOaTelbHOro O10kuHr-reHepa-Topa (puc. 3.101, a). Bo Bpems may3sl
(BBIXOHOE HAIPSKEHUE OTCYTCTBYET) MPOUCXOAUT Tiepe3apsii KoHieHcaropa o nenu E—R—W, ¢
nocrosiHHOM Bpemenu 11 = RC. B MOMEHT BpeMeHH, Kor/ia HanpsbkeHue Ha KoHaeHcarope C (1, cieno-
BaTEJIbHO, HA 0a3€ TPAH3UCTOPA) CTAHOBUTCS PABHBIM HYITIO, TPAH3UCTOP HAYMHAET OTKPHIBATHCS (BBIXOIUTH
13 PeKHMa OTCEYKH ), HAUUHAET MPOTEKAaTh TOK KOJJIEKTOPA, YTO BBI3BIBACT MMOSIBIICHUE CHTHAJIA
TIOJIOYKMTEITLHOM 00paTHOM CBsi3u (depe3 00MOTKY TpaHchopmaTopa W»), Mo aeicTBHEM KOTOPOK
TPaH3UCTOP CKAYKOOOPa3HO MIEPEXOHT B pexkuM HachimeHust. [Ipu atrom kormeHcatop C nepesapsxkactes
o uenu Wy—C — BXO/IHOE CONPOTUBJICHUE TPAH3UCTOPA Iy C TIOCTOSHHOM BPEMEHU T = Igy® C.
[Tpu yBenuueHuu HanpsbkeHus Ha koHaeHcarope C Tok 6a3bl HAUMHAET YMEHBIIATHCS U B KOHIIE
KOHIIOB TPAH3UCTOP BBIXOIUT U3 HACHIILICHHS U HAYMHACT 3aKpbIBaThcsl. Bo3HMKaeT curHan
TMIOJIO>KUTENLHOM 00paTHOM CBSI3U, KOTOPBIN CKAYKOOOPA3HO MEPEBOUT TPAH3HUCTOP B 3AIIEPTOE COCTOSIHHE.
[Tocne 3TOro sHeprus, 3armaceHHasl B MHIyKTUBHOCT HAMarHUUMBAHUSI, PACCEUBACTCS HA COMPOTUBIICHUT
Harpy3ku. Tak Kak Ig«R, TO BpeMsi HAX0XKJIEHUS TPAH3UCTOPaA B OTKPBITOM COCTOSIHUH 1), a
CJIeI0BATENLHO, U

i Us
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Puc. 3.101



JUTHTETHOCTh UMITYJIbCA HA HAarpy3Ke 3HAYUTEILHO MEHBIIIE TIEPHO/Ia CICOBAHUS IMITYITHCOB.
Bpemennbie auarpaMmbl paOOThI aBTOKOJICOATEILHOTO OJIOKMHI-TeHepaTopa puBeAeHbI Ha puc. 3.101,6.

3.8.2. 'enepaTopbl TMHEHO
H3MCHAIOIICTOCS HAIIPAKCHUA

JIuneitno nsmensromumcs HanpsbkeareM (JIMH) Ha3zpiBarOT HanpsKeHUE, KOTOPOE B TCUCHHUE
MIPOMEXYTKA BPEMEHHU, Ha3bIBAEMOTO Pab0YUM XOJ0M, U3MEHSETCS 110 JTUHEHHOMY 3aKOHY, a

3aTeM B TEUYCHHUE MPOMEKYTKA BPEMEHH, Ha3bIBAEMOT'0 OOPATHBIM X0I0M, BO3BPAIIACTCS K
HCXOJTHOMY ypOBHIO (puc. 3.102).
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Puc. 3.102

Ha puc. 3.102 npunsts! cienyromue oboznadenus: U, — HadanbHbIN ypoBeHb, Uy — amruintyna
JIMH, T, — Bpewms pabouero xona, T, — BpeMs 0OpaTHOTO X0/1a.
Jluneiinocts JIMH onennBaetcs kodpuIrieHTOM HETMHEHHOCTH, KOTOPBIA OMpeIeNseTcs o

bopmyne

U'(0) - U'(T,)|
U'(0)|

2

rae U'(0) — nepBast mpou3BOIHAS HAMIPSKEHUS 110 BpeMeHH (CkopocTh u3menenust JIMH) B
Hauvaje padouero xoxaa; U'(T,) — mepBasi mpon3Bo/IHAS HANIPSHKEHUS 110 BPEMEHH B KOHIIE
pabouero xofa.

YerpoiicTBa, npeaHasHadeHHbIe 11s opmupoanust JINH, HaseBatot reneparopamu JIMH (I'JIVH).
I'eneparopsr JIMH gacto Ha3pIBarOT TeHepaTopaMu MIJI000PA3HOTO HAIPSDKEHHS.

[MTpurIm nocrpoenus resepatopos JIMH ocHOBaH Ha 3apsiiie eMKOCTH TIOCTOSTHHBIM WITH TIOUTH
noctostHEbIM TokOM. OcHoBo# ['JIMH (puc. 3.103) siBisieTcs eMKOCTh, 4Yepe3 KOTOPYIO OT UICTOYHHKA
MOCTOSTHHOTO ToKa M T mipoTekaeT MOCTOsIHHBIN TOK, Oaroapst 4eMy MpH pa30MKHYTOM KITFOUEBOM
yerpoiictBe KY HanpspkeHHe Ha eMKOCTH OIPeIeNisieTcsl BRIpaKEHUEM

Puc. 3.103
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(rpu i =1= const), T. e. U3MEHsETCs M0 JIMHEHHOMY 3aKoHY. [Ipu 3aMbikannu KY eMKocTh paspspkaercs
yepes conporusiieHne KY u t. n.

I'JIMH moryt padorats 1160 B xkaymem (puc. 3.103, a), 1160 B aBTOK0JIeOATEIIBHOM PEKHUME
(puc. 3.103, 6). I'JIMH B aBTOKONEOaTEIBEHOM peskume Gopmupyet JIMH peryisapHo, a aj1st moTydeHust
JIVH B I'JIMH B >x1y1mieM pexkumMe HeoOXOAUM BHEIITHUN UMITYJIbC HapsokeHUs U,.

Bce I'NTIMH moxHO pa3aennTh HA TPU THIIA:

a) ¢ uHTerpupyromeit RC-enoukoi;
0) ¢ TOKOCTAaOMJIM3UPYIOIIUM JIBYXITOJIOCHUKOM;
B) ¢ KomIeHcupymuiei oopatHoii cBs3bio (OC).

B mpocreiimem cinygae (puc. 3.104) ocnoBoii ['JIMH siBnsiercs uaterpupyromas RC-menouka.

B sToii cxeme

; YU
c R y = dt

du, du, U-U,
™ RC °

ITpu 1= RC »t; Uy « U 1, cnenoBaresbHo, Ha oTpeske BpeMenu [0, 1]
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Puc. 3.104



du, U
—~ = —— = const

dt .RC

T. €. Ha HA4YaJIbHOM y4YacCTKe 3KCIOHEHThI CKOPOCTh U3MEHEHUs HarpsbkeHus U, mpruMepHO OCTOSIHHA
U [Ipy MaJIbIX 3HadeHusx t popmupyercs JIMH.

JI0CTOMHCTBOM JIaHHBIX T€HEPATOPOB SBJIAETCS IPOCTOTA UX peam3auun. CylieCTBEeHHBIM Ke
HEJIOCTaTKOM SIBJISIETCS TO, UTO IS OTy4deHus Majioro koddduimenta HelnmMHeHHOCTH He00X0IuMO,
yT0OBI HanpsDKeHUe renepaTopa U 6110 Topaszno (Ha mopsaok u 6onee) 6osbite amroaty sl JIMH.

Takoii reHepaTOp MOXKET OBITh PeaJIM30BaH Ha OCHOBE TPAH3UCTOPHOTO Kirtoua (puc. 3.105).

Jlo MoMeHTa BpeMeHH 1; TPaH3UCTOPHBIN KIIFOY HAXOJAUTCS B PEKUME HACHIIIIEHHS, T. €.
Hanpspkenue U,,, a 3HauuT, 1 HanpsikeHue Ug,x paBHbI Hym10. [Ipu ojiaue B MOMEHT BpeMeHH tg
3aMUPAIOIIETO UMITYJIbCA HAPSKEHUS TPAH3UCTOP BXOUT B PEXKUM OTCEUKH, U eMKOCTh C 3apsbKaeTcs
ot ucrouynuka Ey yepes conpotusienne Ry, mpruyueM HanpsbkeHHe Ha eMKOCTH CTpeMUTCs K ypoBHio E. B
MOMEHT BpeMeHH ) TpaH3UCTOp BHOBb BXOJIUT B PEKUM HACBIIICHUS, 1 EMKOCTh Yepe3 MaJloe
COITPOTHUBIICHUE ITPOMEKYTKA KOJUIEKTOP-IMUTTEP TPaH3UCTOpa paspsokaeTcs. Eciu nmpomexyTok
Bpemenu t; — t; ropasno menbie RC, To, kak ObUIO TOKa3aHO BBIIIE, HAMTPSKEHUE HA EMKOCTH
M3MEHSIETCs 10 JIMHEIHOMY 3aKoHYy. /|15 mpeoTBpariieHus mpoOos TpaH3UCTopa (HaIpumep, Ipy yBe-
JIMYEHHH JUTUTEIHHOCTH BXOTHOTO UMITYJIBCA) K €0 KOJUIEKTOPY MOAKIIOUEH JUOAHBINA orpanuuuTens (D,
E). Ecnu o kakoi-m6o npuurHe HarpsbKeHe Ha eMKOCTH YBEJIMYMBAETCS, TO, KaK TOJIBKO OHO
nocturHet ypoBHS Eg, nuon D oTkpeiBaetcs u HanpsokeHue Uy, yaepkuBaeTcs Ha ypoBHE Ey,.

Paccmotpum npuniun nocrpoenust ['JIMH ¢ TokocTaObu-m3upyrommm JBYXIOJIOCHHKOM,
00€eCTICYMBAFOIIM TTPOTEKAHKE Yepe3 HEro MOCTOSIHHOTO TOKA HE3aBUCHUMO OT TIPHIIOKESHHOT'0

Hanpsokenus. Cxema, nosicHstomas npuHun nocrpoenus rakoro I'JIMH, npusenena na puc.
3.106.
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Puc. 3.106

B a10i1 cxeme yepe3 nByXmomocHUK R u emkocTs C mpoTeKaeT TOK ir, ONpeaeIsaeMbIil
BeipakeHueM ir =(U-U)/R.

ITo mepe pocTa HanpspKeHHUS Ha eMKOCTH U YUCITUTENb 3TOTO BBIPKECHHS YMEHBIIIACTCS, HO BO
CTOJIBKO K€ Pa3 YMEHBIIIACTCS U COMIPOTUBJICHUE ABYXITOIOCHUKA R, Tak 4TO 4acTHOE OT JIeJICHUS
OCTaeTCS HEM3MECHHBIM.

[ IpocTeiimM TOKOCTAOMITM3UPYIOIM JIEMEHTOM SIBIISICTCS TpaH3ucTop. IIpu mocTossHHOM TOKe 6a3bl
(HarpuMep, i), AaKe IPH 3HAYUTEILHOM YMEHBIIICHHH HAPSDKEHHS Uy, MEXKTY SMUTTEPOM H
KoJIEKTOpOoM (Hampumep, oT Uz 10 U;) KOIUIEKTOPHBIH TOK TPaH3UCTOPa YMEHBINACTCS HE3HAYHUTEIIHHO.
OTH U3MEHEHHS OIPE/ICIISTIOTCS BBIXOAHON XapaKTEPUCTUKOM TPaH3UCTOPa, IIpHYeM pabodas TOUKa
Tpam3ucTopa repemerniaetcs u3 Touku A B C (puc. 3.107, a). I3mMeHeHne Toka KoJIeKTopa 0003HAYEHO
yepe3 Alj.

Bortee TOYHBIN TOKOCTAOMITMBUPYFOIIMIA IBYXTIOJFOCHUK HA OCHOBE TPAH3UCTOPA IMPUBEIICH HA PHC.
3.107, 6. IIpeanoioKum, 4To HAIPSHKCHUE 1y, yMeHbInaeTcst oT Uy 10 Uz, IpH 3TOM KOJUICKTOPHBIH
TOK TOXKC CTPEMUTCA YMCHBIINTECA. 3TO JOJDKHO IIPUBECTU K YMCHBIICHUIO TOKA i3, a 3Ha4uT, U K
YMEHBIIEHUIO TaJeHUS HAIPSDKEHMS I, * R Ha conporuBiaeHun R. COraacHo BBIPAKEHHUIO Uy = E —
I, * R HampsOKEHUE Usg

e

Prc. 3.107

IPH 5TOM BO3PACTET, YTO MPUBEIET K YBETMICHHUIO TOKa 0a3bl ig. B KOHEYHOM UTOTE TOK KOJUIEKTOPA Iy
YMEHBIITUTCS MEHEE 3HAYUTEIHHO B CPAaBHEHHUH CO CTydaeM, KOorja TOK 0a3sl He u3meHsiercs. Ha puc.
3.107, a m3MeHEeHNEe TOKa KOJUIEKTOpa, COOTBETCTBYIOMICe cxeme puc. 3.107, 6; o0603HaueHO yepes
Alp.

I'ereparop JIMH ¢ TOKOCTaOMIM3HPYFOIIMM JBYXIIOIFOCHUKOM MpHBeeH Ha puc. 3.108.

I[To npuHIWMITY AEHCTBHA JaHHBINA TEHEPATOP aHATIOrM4eH paHee paccmorperHomy [ JIMH ¢
uHTerpupyroniei RC-1iernoukoil, HO Terepb BMECTO CONPOTUBIIEHUS Rk ncnonb3yercs



TOKOCTAaOMITM3HPYFOIINI JBYXIIOIIOCHHK.

Henocratkom 1aHHOM CXEMBI SIBIISIETCS TO, YTO MPH IMOIKITFOYEHUN K BBIXOMY (T. €. K eMKocTH C)
CONPOTHUBJICHHS HATPY3KU UCKKACTCS JIMHEMHOCTh BBIXOTHOTO HaNpshKeHus. M30exarh 3Toro MOXHO,
peammzoBas I'JIMH Tak, kak mokazano Ha puc. 3.109. I1o orHOImIEHHIO K BRIXOAY 2 Ha Tpan3zucrope T1
MIOCTPOEH AMHUTTEPHBIIN MIOBTOPUTEID, O1aro1apst 4eMy K STOMY BBIXOJTy MOKHO TOJKTFOUHUTD
HM3KOOMHYIO Harpy3Ky, He uckaxas ¢opmy BbixoaHoro JIMH.
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Puc. 3.109

Paccmorpum I'JIMH ¢ komnencupyromeit OC. Tosichum mpunImn aevicteus takoro ['JIMH (puc.
3.110). Kommrercupyroriee Hanpsokeane Uk moBTopsieT HanpsbkeHne Ha eMkocTi Ug ipu
pa3MBIKaHUH KJTI0Ya U 3apsifie eMKOCTH oT uctouHuka U. ITockoapky KoMIIeHCHpyroIee
HaIPsHKEHUE BKITFOYEHO BCTPEYHO 110 OTHOIIIEHHUIO K HAMPSDKEHUIO HA EMKOCTH, TO HaNpsDKEHHE,
MIPUJIOKEHHOE K COMPOTUBIIEHUIO R, Bce BpeMs moctossHHO U paBHO U. CriemoBaTenbHO, TOK, TIPO-
XOJIAIINI Yepe3 COMPOTUBIICHHE, a 3HAYHUT, U YePe3 EMKOCTh, TAKKE TTOCTOSIHEH, YTO U 00ECTICUMBaET
JIMHEWHOCTH BBIXOIHOTO HAIPSKEHUSI.

VxpyrHenHas crpykrypHas cxema takoro I'JIMH npusenena va puc. 3.111. s 3Toi cxembl
CIIpaBeUIMBHI CIEAYIOIINE COOTHOILICHHUSI:
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Up=E+ Upy— U; Up = KU, = U, (. x. K=1);
UR=[R. Ru

Perirast uX OTHOCHUTENBHO IR, MOTYYHM

C y‘{eTOM TOro, 4ToO TOK | B TAKUX CXEMaXx npeHe6pe>1<HMO MaJl, MOKHO 3aI1uCaTb
i. = ir= const.

Tak Kak TOK, MPOXOJISIIHIA Yepe3 EMKOCTb, TOCTOSHEH, TO HAIIPSDKEHHUE Ha HEll, a 3HAUMT, U Ha BBIXOJIE
M3MEHSIETCS T10 JIMHEHHOMY 3akoHy. [1o okorvanuu ¢popmupoBanus npssmoro xoaa JIMH kmrou Ko
3aMbIKaeTcs U HarnpsikeHue Uy, yCTaHaBIMBAeTCs Ha HYJIEBOM YPOBHE.

[IpunnmnuansHas cxema reseparopa JIMH npusenena Ha puc. 3.112.

o -Ex

Puc. 3.112



Ha tpansucrope T1 peann3oBaH HACHILIEHHBIM TPAH3UCTOPHBIN KJII0Y, a Ha TpaH3uctope T2 —
SMHTTEPHBIN OBTOPUTENL. B icXomHoM coctossHru eMkocTh G paspsokena: Ug = 0, U=0; nuoxn
OTKPHIT, a 3HAUUT Uy = E,. [Ipu mogave BXOIHOTO 3aITUPAIOIEro HAPSsHKEHUS (TIOT0KHUTEIBHOTO)
tpan3ucTop T1 3anupaercs, eMxkocTh C HaUMHACT 3apspkaThest, a HanpsokeHus Ug 1 U HaumHaioT
Bo3pacTtaTh. Ciie1oBaTeIbHO, TOTEHITMAT TOYKH «a» CTAHOBUTCS MEHbIIIE —E, N0/ 3aKphIBACTCS U
3apsin eMkocty C mmporcxoaut 3a cueT paspsaa emkoct Co. Tak kak Ug = Ugp + U — U U= U, To
Ur = U .Hanpspkerne U n3eHsieTcsl HE3HAYUTENBHO, TOATOMY TOK, IPOTEKAIOIIHH T10
conpotuBiicHUIO R, 1 eMkocTH C, IPaKTUYECKH HE U3MEHSCTCS, UTO M 00ECIICYMBACT IMHCHHOCTh
BBIXOJTHOTO HarpsbkeHus. [{1st oOecrieueHust TOCTOSHCTBA TOKA HEOOXOIMMO, YTOOBI 32 BpeMst
(hopMHUpOBaAHKS IPSMOTO X0J1a HANPsDKEHHE Ha eMKOCTH Co COXPaHSI0Ch IPUMEPHO ITOCTOSIHHBIM,
TI03TOMY BEJIMYMHY eMKOCTH Co BRIOMPAIOT KaK MOXKHO OOJIbICH. B MOMEHT OKOHYAaHHSI BXOTHOT'O
3aIIUPAFOILCTO HAIPSDKEHMS TpaH3ucTop T1 BXOIWT B pEeKHUM HACBIIICHUS, M eMKOCTh C pa3psbKaeTcs.
I'JIMH MoxHo peanu3oBaTh, ucnoias3ys OV (puc. 3.113, a).

AHanm3 Takol CXEMBI IPOCT U He TpeOYeT 0COOBIX MOSCHEHUH (B MOMEHT BpeMeHH t; kimrou K
Pa3MBIKACTCS M OCYIIECTBIISCTCS IPSIMOM X0/, @ B MOMEHT BpeMeHH {, KITF0Y 3aMBIKAeTCs, EMKOCTD
C pa3pspkaeTcs M Ha BBIXOJI€ YCTaHABIIMBACTCS HYJICBOE HANPsDKEHNUE). I3 TpUBEICHHBIX
HIDKE BBIPOKEHHUH CIITyeT, 9TO eMKOCTh C 3apspKaeTcsl TIOUTH IOCTOSTHHBIM TOKOM, a 3HAYUT, HAITPSDKEHNE
Ha Hell (kak u Hanpsbkenne U,,,,) H3MEHsIETCs 110 JTUHEHHOMY 3aKOHY (puc.3. 1 13,6).

IIporexatomuii 4epes pe3ucTop R TOK OnpeesseTcs BbpaXeHneM ir= (E—U,)/R.

Eciu OV 6mu3ok x uaeansuomy, (K—oo, U, —0, i_—0), To ir= E/R = const, u U,,,,= -Uc+ U, =
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W3 Beipaskenus ig = icti_ ¢ yuetom, uto i = 0, mosxyuuM I = i¢c. CrieoBaresbHO,

i 1 (E E
== [inat == [7rar = 35t

COBPEMEHHDIE I1OIXOAbI K AHAJIM3Y "
‘(‘ CUHTE3Y DJIEKTPOHHBIX YCTPOMCTB

JJist co3anust 3IEKTPOHHOTO YCTPOMCTBA, 00J1a/1at0IIer0 BBICOKUMHU TEXHUKO-
YKOHOMHUYECKUMU MOKA3aTeNSIMH, PUXOJAUTCS PaCCMaTPUBATh Pa3IMYHbIE BAPUAHTHI €r0
CXEMOTEXHUYECKOH peaan3allii U BHIMOIHATH MHOYKECTBO CaMbIX pa3HOOOpa3HBIX PACUETOB.
Hanpumep, MoxeT moTpedoBaThCs OINpe/ieieHue TOKOB U HAMPSKEHUI CXeMBI, pacyeT aMILTUTY/I-
HO-YaCTOTHOW XapaKTEPUCTHKH, BEIYUCIEHNUE BXOIHOTO COMTPOTUBIICHHUS.

B Hacrosmee Bpemst HanGomnee 3¢pGheKTUBHBIM CITOCOOOM MOTYYESHHs caMOi pa3HOOOpa3HOi
uH(pOpMaIIMHU, XapaKTepU3YIOlIel pa3padaTbiBaeMOe FNEKTPOHHOE YCTPONCTBO, SIBISETCS
MaTeMaTU4YeCKOe MOICTUPOBaHHE.

4.1. BBOJAHBIE CBEJIEHUA

IO MATEMATUYECKOMY
MOAEJIMPOBAHUIO SJIEKTPOHHBIX
YCTPOUCTB

MaremMaTrnueckoe MOJACTUPOBAHNE — ATO MCIOJIB30BAHNE BMECTO PEaTbHOTO O0OBEKTA €T0
MaTeMaTuyeckor Mozenu. B cBoro ouepeab MaTemMaTuyeckast MOJIENb MO CYILECTBY SIBIISETCS
KOJIMYECTBEHHBIM OMUCcaHueM 00bekTa. CIIOBO «MaTeMaTndecKas» B TePMHUHE «MaTeMaTHUECKas
MO/IEIb)» TIOYEPKUBAET TOT (DAKT, UTO ITO OMHCAHUE OTIUYAECTCS CTPOTHM MAaTeMaTH4eCKUM
XapaKkTepoM.

JIJ1st COBpEMEHHOTO CTIEUATNCTa HCKITFYUTEIFHO BaXKHO OCO3HATH cieayromuit ¢pakrt. K
HACTOSIIIEMY BPEMEHHU Pa3BUTHE HAYKH JIOCTUIIIO TAKOTO YPOBHS U KOJIMYECTBEHHOE OIKCaHUE
Pa3INYHBIX 00BEKTOB SIBIISIETCS HACTOJIBKO TOYHBIM, YTO OYCHb MHOTI'asA OTCYTCTBYIOIIasa
nHpopmarus 06 00bEKTEe MOKET OBITH MOTyYeHa Ha OCHOBE TOJIBKO TOTO OMHCaHus, 0e3
WCIIOJIb30BAHMS CAMOTO OOBEKTA.

B ompeneneHHOM CMBICIIE MAaTEMAaTHYECKOE MOJICTUPOBAHNE — 3TO YPOBEHb PA3BUTHS HAYKH B
Hacrosmee BpeMs. OcoOyro poib IIpH MaTeMaTHYeCKOM MOJCIHPOBaHNN UrpaeT DBM,
SIBJISIIOIASICS HHCTPYMEHTOM MOJICTMPOBaHMsI. MaTeMaTinieckoe MOJSIMPOBAHUE PATUKATIEHO
oBbBIMAeT 3(PPEeKTUBHOCTD TPY/Ia CICIHAINCTA.

Oco0eHHO BaXKHYIO POJIb MATEMATHYECKOE MOJICITUPOBAHKNE UTPAET B DJICKTPOHUKE. 371€Ch



HaI/I6OJIee CYIICCTBCHHBLIMU ABJIAIOTCA CICAYIOIIHUEC OGCTOHTCJ’ILCTB&I

* OoJIBIIIasl CIIOKHOCTD M OOJIBIIIOE pa3HOOOPa3Ue AICKTPOHHBIX YCTPOMCTB; TPaIUIIMOHHBIC
METO/Ibl aHAJIM3a ¥ CHHTE3a U TeM 00Jice MHTYUTHBHBIC IIPEJICTABICHUS O PadOTE YCTPOMCTB
4aCcTO OKA3bIBAIOTCS OECIOJIC3HBIMU;

* 0co0o0e 3HaYeHHE JIEKTPOHUKU B COBPEMEHHOM MHPE, KOTOPOE 3aCTaBIISICT HANIPABIISATh
OOJIBIIIME YCUJTHS Ha €€ pa3BUTHE; TaK KaK 3TO Pa3BUTHE BO3MOYKHO TOJBKO IMPU MOCTOSIHHOM
COBCPIICHCTBOBAHHNH MATEMATHUYCCKOT'O MOACIUPOBAHHUA JICKTPOHHBIX CXEM, EMY YACIIACTCA
0C060€ BHHUMAHHUC W BBIACIIAIOTCA 3HAYUTCIIbHBIC CHJIBI U CPCACTBA,

* HEO0OXOJMMOCTh PE3KOI'0 COKPAILCHUS CPOKOB pa3pabOTKU U BHEAPCHUS HOBBIX 3JICKTPOHHBIX
YCTPOMCTB, YTO HEBO3MOXKHO 0€3 MaTEMaTHUECKOTO MOJICIUPOBAHUS; HAIIPUMEP, B HACTOSIICE
BpC€Ms HA IOATOTOBKY OIIBITHOI'O 06])3,31_[3 QJICKTPOHHOI'O yCTpOﬁCTBa C MOMEC€HTAa BblLAA4YN
TEXHUYCCKOI'O 3aJaHUA MOXET OTBOAUTHCA 2—3 HCOCIIH,

+ CPaBHHUTEJLHO XOPOIas U3yYEHHOCTh (PU3UIECKHUX MPOIIECCOB, TPOUCXOAIINX B
3JIEKTPOHHBIX TPUOOPAX U YCTPONCTBAX, M HAJTUYUE PA3BUTON TCOPUH, UTO SBJISICTCS
0J1aroJaTHOM MOYBOM JUIST MATEMAaTHYECKOTO MOJIEITMPOBAHUS; ICHOCTh 3a7a9i MOICITUPOBAHHMS
AJIEKTPOHHBIX CXEM, ITPO3PAYHOCTH MPOOIIEMBI OIIMCAHUS YCTPOHCTB AICKTPOHUKH CPEICTBAMHU
MaTeMaTHK{ CTUMYJIMPYET MPUMEHEHHE MaTEMAaTUIECKOTO MOZICITMPOBAHUSL.

MateMaTH4eCcKOe MOJICITUPOBAHKUE DJICKTPOHHOM CXEMbI HAauMHAaeTCs ¢ BBoza B DBM unbopmaliim 00
AJIEKTPOHHBIX MPHOOPAX (MJIH AJIEMEHTAaX X KOMIIOHEHTAX MHTEIPAIbHBIX CXEM) U CIIOCO0e UX
COCIMHEHMSI.

ITpy MCTIONB30BAHIH COBPEMEHHBIX CHCTEM CXEMOTEXHHYECKOTO MOJIETMPOBAHHS, OCHAIICHHBIX
CMCIMAILHBIMH ITPOTrpaMMaMH (TaK Ha3bIBAEMBIMU I'PahUeCKUMH pezLaKropaMH) BBOJI yKa3aHHon
uHpopMaImu odecrieunBaeTCs I300pakeHueM Ha dKkpaHe IBM alieKTprdIecKoi MPUHIMITHATEHON CXEMBI
MOZICIMPYEMOT'0 YCTPOMCTBA M YKa3aHHEM THIIOB MIEKTPOHHBIX IIPHOOPOB.

Ha puc. 4.1 npuBeneH npumep 371eKTpoHHOM cxeMbl (RC-ycumTerns Ha GUITOIIpHOM
TPaH3UCTOPE), IIOATOTOBIICHHOM

K MOJICJIMPOBAHHMIO C MMOMOIIbIO akeTa nporpamm Micro-Cap-V.

[To ykazaHHOMY THITY TpHOOpa CHCTEMa MOJISTUPOBAHUS 00paIaeTCs K COOTBETCTBYIOMICH
MaTeMaTUYECKON MOJIeNH Mpudopa 1 3aMeHseT el mpudop, n3o0paxeHHbI Ha cxeme. Kak yxe
OTMEUAJIOCh TPU PACCMOTPEHUHU OTIENBHBIX TPUOOPOB, MaTEMaTHUYECKask MOJIeh Mpubopa — 3TO
COBOKYITHOCTb €r0 3KBUBAJICHTHOM CXEMbI U MATEMATHYECKUX BBIPAXKEHUI, OMMCHIBAIOIINX
AIIEMEHTHI SKBUBATEHTHOM cxeMbl. [1ocie 3aMeHbI KaKI0ro nmprudopa ero SKBUBAJICHTHON .CXEMOM
o0pazyercsi MaTeMaTudecKast MOJIENTb BCETO JIEKTPOHHOTO YCTPOMCTBA, T. €. COBOKYITHOCTh
AKBHUBAJICHTHOM CXEMBI YCTPOMCTBA U MATEMATHYECKUX BbIPAKEHUH, OMMCHIBAIOLIUX 3JIEMEHTBI ATON
SKBUBAJICHTHOMN CXEMBIL.



JlocTraTouHbIe 7S IEPBOTO 03HAKOMIICHUS TIPECTABICHHUS 00 UCTOJIB3YIOIUXCS
MaTEeMaTUYeCKUX MOJIEIAX NPUOOPOB AAal0T PACCMOTPEHHBIE BbIILIE MOACTH IMOJIOB U
TPaH3UCTOPOB.

4.2. OCOBEHHOCTU MATEMATHNYECKOI'O
MOJEJIMPOBAHWMA PA3ZJIMYHBIX PEXXMUMOB PABOTHI
OJIEKTPOHHBIX YCTPOHUCTB

Cospemennbie nmporpammubie cuctemsl (Micro-Cap, Design Center 6.2 u ap.) mo3BOJISIOT
ABTOMATU3UPOBAHHO MOJICIHPOBATH MPAKTUIECKU BCE PEKUMBI PA0OTHI AJIEKTPOHHOTO YCTPOICTBA,
MIPEJICTABIISIONINE UHTEPEC ISl CIICHUATHCTA.

PaccmoTpum 0COOCHHOCTH MOJICTUPOBAHUS PA3TUYHBIX PEKUMOB, UCIIOIB3YS X
HaUMEHOBAHUSI, XapaKTEPHBIC JJIsI MATEMAaTHYECKOT'0 MOJIETUPOBAHUSL.

Peotcum nocmosnnozo moka. 1o peKuM NOKOS1, HAYAJIbHBIN PEXXUM pabOThI AJIEKTPOHHON CXEMBI.
[Ipu MoaenMpOBaHUHU 3TOTO peXUMa MPEANOIAraeTcsl, YTO K AIEKTPOHHOMY YCTPOUCTBY YXKe
JIOCTATOYHO AOJITO MOJKJIOYEHBI TOJIBKO UICTOUHUKHU TOCTOSHHOTO HANPSKEHUS U TOKA.

MopenupoBaHue paccCMaTpUBAEMOTr0 peXMMa OCHOBAHO Ha UCIOJIb30BaHUM MeToaa HeroToHa
(HproTona—Padcona) 11 penieHust CUCTEM HEIMHEHMHBIX YpaBHEHHUH MM MOAU(DUKALIUN
JAHHOTO METOAA. DTOT METO/I IBJISIETCS UTEPALUOHHBIM. XapaKTEPHOH ero 0COOEHHOCTHIO
ABJISETCS IMHEApU3alusl CUCTEMbl HEJIMHEWHBIX YPABHEHUI Ha Ka)KJIOM 3Tale BbIYMCIICHUS
o4epeHON uTepanuu (MpuOIMKEHUS K PEIICHUIO).

BaxHO OTMETUTB, UTO B CUCTEMAX CXEMOTEXHUUYECKOTO MOJICTUPOBAHUS STOT METO]T
pealln30BaH HE B KJIACCHYECKOUN (hopMe, pacCMaTPHBAEMON B Pa3IMYHBIX PYKOBOJICTBAX IO
BBIYUCIIUTEILHBIM METO/IaM, & B OPUTUHAIILHON CXEMOTEXHUYECKON (popme, OTIIHYaroieics
JIOTUYECKOU KPacoTOM, COBEPIICHCTBOM U OPHUEHTUPOBAHHON HMEHHO Ha MOJCIHPOBAHUE
AJIEKTPOHHBIX cXeM. Moenupyrorias nporpamMmma, GakTUUeCKH pelias CUCTEMY HETMHEWHBIX
ypaBHEHHI, OMMCHIBAIONIYIO AIEKTPOHHOE YCTPOMCTBO, HEe (hOPMUPYET ATy cucTemy. BmecTo sToro
MIPY BBIYMCICHUU OYE€PETHON UTEpalluy KaXKIbli HETMHENHBIN 3JIEMEHT YKBUBAJIEHTHOM CXEMBbI
AIEKTPOHHOTO YCTPOMCTBA 3aMEHAETCS JIMHEIHOM TaK Ha3bIBAEMOM AUCKPETHOU MOJENBIO,
cooTBeTcTBYIOIIEeH MeTony HetoToHa. B pe3ynbrare oOpasyercs ITMHEWHas cxema, aHaJIu3 KOTOpoit
Y IPUBOJIUT K ONPEACICHUIO OUePETHON UTEpaALIUH.

J11st mosydeHHO#M TMHEHHOM CXeMbl MOJEUPYIOIas mporpaMma (OpMUPYET CUCTEMY JIMHEHHBIX
Y3JIOBBIX YPAaBHEHUM, B KOTOPOI HEM3BECTHBIMH SIBJIIIOTCS Y3JIOBBIE HANTPSIKEHUSI (TTOTCHITHAIIBI).
3aTem 3Ta mporpamMma pelraeT MoJy4eHHYI0 CUCTEMY JIMHEHMHBIX aireOpandecKuxX ypaBHEHUH,
ncronb3ys LU-dakropuzanuro. LU-dakTopusamnus BEIMOIHIETCS Ha OCHOBE METO/1a HCKITFOUSHHUS
["aycca ais penieHnst CuCTeMBbI JIMHEWHBIX alnreOpandeckuX ypaBHEHHM uiu 1o anroputmy Kpa-yra,
KOTOPBIH MO CYIIECTBY sBIsieTCss Monudukaiueit metona nuckimtouenus ['aycca. CoBpeMeHHbIE
MOJIEIUPYIONINE MPOTPAMMBI YIUTHIBAIOT Pa3pEKEHHOCTh MATPUIIBI CUCTEMBI y3JIOBBIX YPaBHEHUIM.
DTO 3HAUYUTENIBHO COKPAIIAET 3aTPaThl MAIIMHHOTO BpeMEHHU U namATu. [lo 3aBepiieHun
peIIeHUs] CUCTEMBI Y3JIOBBIX YPaBHEHUN OMPEAEIsIOTCS BCe OCTaIbHbIe UCKOMBIE TOKU™® U
HaIPSIKEHUS CXEMBI.

[Tocye BEIYMCIIEHUS HEKOTOPOTO KOJIMYECTBA UTEpalluid (HampuMep, HECKOIbKHUX JECATKOB)
ONpeAeIsieTCs peuleHue, T. €. HAaXOAUTCS YCTAHOBUBIIHUICS PEKUM CXEMBI.

Ha puc. 4.2 npusenen rpaduk 3aBucumoctu HanpspkeHus VCE(QI) Mexy kosuiekTopoM u
SMHUTTEPOM TpaH3HUCTOpa OT HanpsokeHus nmutanus V(V2) ais cxemsl puc. 4.1.

DTOT rpaduK MOIydYeH NMPU aHAIN3E PEKUMA IMMOCTOSHHOTO TOKA B Pe3yIbTaTe MHOTOKPATHOTO
pacdeTa yCTaHOBHBIIIETOCS PEXKUMA.

Ha puc. 4.3 nokazaHo COOTBETCTBYIOIIEE OKHO JUIS 3aIaHUSI TapaMEeTPOB MOJEITUPOBAHHS.

Junamuueckuil pexcum. ITUM TEPMUHOM 0003HAYAIOT PEXKUM PaOOTHI AJIEKTPOHHOTO
YCTPONCTBA, TIPH KOTOPOM MOTYT UMETh MECTO pa3JInuHbIe TIEpeXOoaHbIe mpoIiecchl. [1o cymecTBy
JTUHAMUYECKUNA PEXUM — 3TO pEaIbHBIA PEXUM PaOOTHI
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AJIEKTPOHHOM CXEMBI BO BCEM €TI0 MHOTO00pa3uH, pa3BUBAIOIIUNCS BO BpeMeHH. [Ipu
MOJICIUPOBAHUU TUHAMHUYECKOTO PEKUMA YUHUTHIBACTCS BO3JCHCTBHE HA CXEMY CaMBbIX Pa3HO00-
Pa3HBIX HICTOYHUKOB CUTHAJIOB.

MonenupoBaHre JUHAMHUYECKOTO PEKMMa OCHOBAHO HA MCITOJIb30BAaHUHM HESIBHBIX METOJIOB
PEIICHHS CHCTEM OOBIKHOBEHHBIX MU (hepeHINATBHBIX ypaBHEHUH. OOBIYHO HCTIOIB3YIOTCS
MeTtobl ['mpa (popmynsl nuddepeHmpoBanms Ha3am).

B cucremax cxeMOTEXHHYECKOTO MOJICIIMPOBAHUS YKa3aHHBIE METOJIBl TAK)KE pPeaan30BaHbI HE
B KJIACCHYECKOM, a B CIIelu(PUISCKON CXEMOTEXHUYECKON (hopMe, B HAUBBICIICH CTEIICHU
COOTBETCTBYIOIICH 3a/1aue MOACIMPOBAHUS TTEPEXOTHBIX MPOIIECCOB B JICKTPOHHBIX CXEMaXx.
Cucrema MOJIEIMPOBAHUS BBIIOTHSIET YUCICHHBIN pacyeT MepexoJHbIX MPOIeCCoB Oe3



(dbopMUpPOBaHUS COOTBETCTBYIOIIEH CHCTEMbI OOBIKHOBEHHBIX MU (hepeHITNATEHBIX ypaBHEHUH.
Jlns onpenenienrs TOKOB U HANPSKEHUN CXEMbI B HEKOTOPBIH cleAyIoIeil MOMEHT BPEMEHH BCe
pPEaKTUBHbBIE 3JIEMEHTHI (KOHJIEHCATOPHI U KaTYIIKA HHAYKTUBHOCTH) 3aMEHSIOTCS TUCKPETHBIMU
MOJIEISIMHU, COOTBETCTBYIOIIMMHU HCIIOJIb3yEMOMY HESIBHOMY MeTony. B pe3ynpraTe 0O6paszyercs
cxema 0e3 peaKTHUBHBIX 3JIEMEHTOB, aHAIU3 KOTOPOM U MPUBOJUT K OMPEIEICHUIO YKa3aHHBIX TO-
KOB U HanpspkeHU. MHOTOKpaTHOE OBTOPEHHUE OMMCAHHBIX ACMCTBUI U 0OecrieunBaeT aHaINu3
JTUHAMHYECKOTO peXruMa B TeUEHHE I0CTaTOYHO JJIUTEIHHOTO OTPE3Ka BPEMEHH.

Ha puc. 4.4 npuBeneHsl BpeMeHHbIE AuarpaMMbl HanpsbkeHud Ha Bxoge (V(7)) u Beixoze
(V(5)) cxeMbl, OJIyYCHHBIC TPH aHATU3E TUHAMHYECKOTO PEKHUMA.

Ha puc. 4.5 noka3aHo cOOTBETCTBYIOIIEE OKHO JUIsl 3a/IaHMsI TapaMETPOB MOJEIUPOBAHUS.

Peotcum nepemennozo moka. 1o yCTaHOBUBILHUICS PEXKUM paOOTHI CXEMBI ITPH
BO3/ICHCTBUH HA HEE CUHYCOMJAJIBLHOI0 BXOJHOIO CUTHAJIA HACTOJIBKO MaJlOi aMILUIUTY/IbI,
YTO HEJH-
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HEIHHOCTH XapaKTEPUCTUK IEKTPOHHBIX TPUOOPOB HE MPOSBISIOTCS M CXEMa MOKET
aHAJIM3UPOBATHCS KaK JIMHEWHas. B paccMarpuBaeMoM peskuMe ONPEICIsIOT pa3indHble
YaCTOTHBIC XapaKTEPUCTHKH IEKTPOHHBIX CXeM, HanOoJIee yIOTPEOUTEIbHBIMH U3 KOTOPBIX
SIBIISIFOTCS aMIUTMTYIHO-9aCTOTHAS U ()a309acTOTHASI XapaKTEPUCTHKH.

MozenupoBaHue pexuMa MePEMEHHOT0 TOKa OCHOBAHO Ha MCITOJIb30BAaHHH KOMILIEKCHOTO
(CHMBOJIMYECKOT'0) METO/Ia aHAJIN3a AJIEKTPOHHBIX cXeM. [Ipu 3TOM 15l KaXK 101 YaCTOTHI
BXOJIHOTO CHTHaJIa (popMHUpYETCs cCUCTeMa JIMHEHHBIX allreOpanvecKuX ypaBHEHUH,
OTIMCHIBAIOIAS PACCMATPUBAEMBIN PEKHUM U UMEIOIIAst KOMIJIEKCHYIO MATPHUILY
KOd((HUIIMEHTOB U KOMIUICKCHBIN CTOJIOCI MPaBbIX YacTei. Pemenne 3Toi cucTeMbl MO3BOJIsSeT
OTIPEJICIIUTH MTEPEMEHHBIC COCTABIISIONINE TOKOB U HAMPSDHKEHUH U 3HAYCHUS COOTBETCTBYIOIINX
napamMeTpoB CXeMbl. [Ipy 3TOM HCMONB3YIOT T€ K€ YKa3aHHBIE BBIIIE METOJIbI PEIICHUS
CUCTEM JIMHEHHBIX aNTreOpanyecKux ypaBHEHUH, KOTOPHIC MPUMEHSIIOTCS MIPU aHATU3E
peXKrMa MOCTOSIHHOTO TOKa (/I KOTOPOTO XapaKTEPHO MPUMEHEHHE BEIECTBEHHBIX MATPUI]
K03 PHUIIMEHTOB U CTOJONOB MpaBbIX yacTeil). [loBTOpeHnEe TaKUX BBIYUCICHUHN TTPH
Pa3IUYHBIX YaCTOTaX 00ECIEUYNBACT aHATIM3 PACCMATPUBAEMOT0 PEKUMa B TpeOyeMOM
JIara3oHe 4acToT.

Ha puc. 4.6 npuBeieHbl aMILTUTYIHO-4aCTOTHAS M (Pa30-4aCTOTHAS XapaKTEPUCTHKH CXEMBbI
puc. 4.1, HoJIy4YeHHBIC IPU aHAJIU3E PEXKUMA IIEPEMEHHOTO TOKA.

Ha puc. 4.7 mokazano COOTBETCTBYIOIIEE OKHO JUIS 3aJaHHs ITapaMeTPOB MOICITUPOBAHHUS.
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4.3. YPOBEHb COBPEMEHHbLIX CUCTEM
MATEMATHUYECKOI'O MOJAEJIMPOBAHWSI
OJIEKTPOHHLIX YCTPOUCTB

CucreMbl MATEMATUYECKOT'O MOJICIIMPOBAHUS YCTPOUCTB JIEKTPOHUKHU HA MIPOTSHKCHUU
JUTUTEIHHOTO BPEMEHHU MMOCTOSIHHO Pa3BUBAIOTCS 1 COBEPIICHCTBYIOTCS. Y KaXKeM XapaKTepHBIE
BO3MOYHOCTH COBPEMEHHBIX CUCTEM MOAECITUPOBAHUS.

Mooenuposanue cmerianHbix AHAIO20-YUPPOBLIX ycmpoiicme. DNEKTPOHHAS CXeMa, MOJUIeKaIast
MOJICIMPOBAHUIO, MOXKET COCTOSITh KaK U3 aHAJOTOBBIX, TaK M MU(PPOBBIX YCTPOUCTB. BaxkHO
OTMETHTBh, YTO JIOMYCKAETCs UCMOTb30BaHUE 00paTHBIX cBsi3eil. LludpoBbie ycTpoiicTBa
MOJICTTUPYIOTCS Ha JIOTUYECKOM ypoBHE. CucTeMa MOJIEIMPOBAHUS B aBTOMAaTHYECKOM PEKUME
obecrieunBaeT B3aMMO,ICHCTBHE aHAJIOTOBBIX M IIU(PPOBBIX YCTPOMCTB, MMOATOMY MaTeMaTHYeCKas
MOJIeNIb BCETO aHAJIOTO-IIU(POBOTr0 YCTPOICTBA NIEKTPOHUKHU (HYHKITMOHUPYET KaK €INHOE
1eJ10€, aIeKBaTHO OTpaXkast 0COOEHHOCTH pabOThl PEAIbHOTO YCTPOUCTBA.

Ha puc. 4.8 npuBenen npumep aHaaoro-1u@poBoi CXeMbl, MOATOTOBICHHON K
MOJICTUPOBaHHUIO ¢ ToMOIIbIo maketa Micro-Cap V. B a1oit cxeme KpoMe aHaTIOTOBBIX
3JIEMEHTOB HcTob3yeTcs JK-Tpurrep.

Cmamucmuyeckutl anaau3z. J1Jist OCHKU BIUSHUS U3MEHEHUS MapaMETPOB DJIEMEHTOB
SJIEKTPOHHOU CXEMBbI (B paMKax WX 3aJJaHHBIX JOIYCKOB) HA PEXKHUM €€ padOoThl, OTpeIeICHIE
YyBCTBUTEIBHOCTH pEXUMa PabOThI CXEMbI K MU3MEHEHHUIO IMapaMeTPOB JIEMEHTOB CUCTEMa
MOJICTUPOBAHHMS BBITTOIHSIECT MHOTOKPATHBIM aHATN3 CXEMBI, CIIYYalHBIM 00pa3oM U3MEHSIS
TpeOyeMble TapaMeTphl 3JIEMEHTOB. [Ipyu 3TOM H3MEHEHHUS BBITIOJHSIOTCS B COOTBETCTBUH C
KOHKPETHBIMM 3aKOHAMH pacrpeaeaeHus.

Cnexmpanvnubiii ananus. CUTHANBL, TOJIyYE€HHBIE IPU MOJIETTUPOBAHUU, MOXKHO MOABEPTHYTh
CIIEKTpaJIbHOMY aHAIM3Y, pasiiaras B yceueHHbIH psig @ypbe. MOryT yuUuTBIBaThCS 00JIee COTHU
TapMOHHUK.

Ananuz wiymos. 11py MoIeTMPOBAHUH MPETYCMOTPEHO 3aJaHNE TYMOBBIX IMTAPAMETPOB
AJIEMEHTOB 3JIEKTPOHHBIX CXEM.



Puc. 4.8

Hcrnonp30BaHKe 3TUX MapaMeTPOB AACT BO3MOXKHOCTH OIEHUBATh TyMOBBIC CBOMCTBA
3JIEKTPOHHBIX YCTPOWCTB.

Hcnonvzosanue ghynxkyuonanvuvix 610x06. OTACTBHBIE Y3JIbI 2JICKTPOHHOTO YCTPONCTBA MOTYT
MOJICTTPOBATHLCS KaK (DYHKIIMOHAIBHBIE OJIOKH, OIMCHIBAEMEBIC ITEPEAaTOYHBIMU () YHKITUSMHU.
Henunelinpie nepeaaToyHbie GyHKIIMA MOTYT 33]aBaThCS KaK aHAJTUTUYECKH, TaK U B
TaOJIMYIHOM hopMe.

Tapamempuueckuii cunmes (napamempuueckas onmumuzayus). J1nst KOHKPETHON CXEMBI
AJIEKTPOHHOT'O YCTPOMCTBA MTPOTrpaMMHAasi CUCTEMA MOKET OCYIIECTBUTH MTOUCK HAUITYUIIETO
COOTHOIICHUS ITapaMETPOB JIEMEHTOB CXEMBI B COOTBETCTBHH C 3aJJaHHOM 11eJIeBOM (DYHKIIHEH.
[TapameTpuueckuii CHHTE3 MO3BOJISIET CO3/1aBaTh YCTPOMCTBA DIEKTPOHHUKH, 0013 aroII1e
HaWBBICIIUMH TEXHHUKO-I)KOHOMHUYECKUMHU MOKA3aTEISIMHU.

Cmpyxmyphwiti cunme3. CXeMbl 2JIEKTPOHHBIX YCTPOUCTB OTAEIBHBIX KJIACCOB (B YaCTHOCTH,
AKTUBHBIX (DUITBTPOB) MOTYT CO3/1aBaThCs B ABTOMATHU3UPOBAHHOM PEKHME B COOTBETCTBUU C
3a/IaHHBIMHA TPEOOBAHUSIMH.

Co3z0anue mamemamuyeckux mooenetl snemermos. CUCTEMbI MOJICTUPOBAHUS KOMIUICKTYIOTCS
porpaMMaMu, 00ECIICUNBAIOIIUMH MTOJTydeHHE B aBTOMATH3UPOBAHHOM PEKHME MAaTEMAaTHICCKUX
MO/IeJIeH DJIEMEHTOB AJIEKTPOHHBIX cXeM. [Ipu 3TOM UCTIONB3YIOTCS CITpaBOYHbBIC JaHHBIE,
XapaKTEePU3YIOUIUE ITH DJIIEMEHTHI.

Ha puc. 4.9 npuBenen npumep rpaduka 3aBucuMoctr koddduimenta b TpansucTopa oT ToKa
KOJIJIEKTOPA, KOTOPBIA CTPOUTCS IO TOUKAM, 33/1aBA€MbIM IOJIb30BaTEIEM Ha OCHOBE CITPAaBOYHBIX
JAHHBIX.

Ilpoexmuposanue neuamuuvlx niam. B mocnennee BpeMs MOSIBUIMCH IPOTPAMMHBIE CHCTEMBI
(Design Center 6.2, Design Lab 8.0), obecrieunBarorue, KpoMe MOJACITUPOBAHHUSI
ANEKTPOMATHUTHBIX MPOIIECCOB, TAKKE M MPOSKTUPOBAHKE MEYATHBIX IJIAT JIEKTPOHHBIX
ycTpoicTB. Panee 1715 TOro mpoeKTUPOBAHUS HCIIOIb30BANTNCH CIICIINATU3UPOBAHHEIE
nporpammsl pa3zpadotku neuaTHbix mwiat (P-CAD, OrCAD), KoTopblie He OCYIIEeCTRIISLIIH
MOJICTTMPOBAHUS ITHX TpoIieccoB. TakuM 00pa3om, B HACTOSIIIEe BPeMs B paACIIOPsKEHUH pa3-
paboTUrKa UMEIOTCSI CHCTEMBI CKBO3HOTO MTPOEKTUPOBAHMUSI, 00ECIICUNBAIOIINE BHITIOJHEHNE BCEX
OCHOBHBIX ATAmNoB pa3pabOTKU YCTPOUCTB AIEKTPOHUKH.
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4.4. BIMAHUE PAZBUTUSA
MATEMATHYECKOI'O MOJIEJINPOBAHUSA
HA XAPAKTEP TPYJIA PASPABOTYUKA
JIEKTPOHHBIX YCTPOUCTB

JIi1st MpOTyKTUBHOM pabOTHI IO CO3JIaHUIO YCTPOMCTB ANEKTPOHUKH BaXKHO OCO3HATh, YTO
JIOCTYDKCHHST MAaTEMaTHIECKOTO0 MOJICTMPOBAHUS AJICKTPOHHBIX CXEM B OYCHb CHIIBHOM CTEIICHH
M3MEHUJIN XapakTep paboThl COBPEMEHHOTO crienranucTa. Tenepb 3p¢heKTUBHOCTD €ro
JIeITEIIBHOCTH HETIOCPEICTBEHHO 3aBUCUT OT YPOBHS MOATOTOBKH B 0071aCTH MOJCITUPOBAHUS.
V3ke MOKHO yTBEpIK/IaTh, 4TO O€3 OBIIaJICHUSI OCHOBAMH MaTEeMaTHYECKOTO MOJICTTMPOBAHUS
MMPAaKTUYECKH HEJIb3s HAACATHCS Ha MOJYYECHHUE PE3YIbTaTOB, COCTABIIIONINX KOHKYPEHITH O
pe3ynbTataM paboThl T€X CHEIMAIUCTOB, KOTOPHIE XOPOIIO OCBOMUIIN MOJEIUPOBAHUE.

B T0 ke Bpems Ba)XHO pacCMOTPETh BOIPOC O TOM, YTO MOXKET JaTh MaTEMaTHUYECKOE
MOJICITHPOBAHKE U YETr0 OHO, TT0 KpaifHEe# Mepe B HACTOSIICEe BPeMs, JaTh HE MOXKET.

Marematrueckoe MoAeITupoBaHue OepeT Ha ce0st MHOTHE ITPEKHNE 00s3aHHOCTH pa3padoTynka
OJICKTPOHHLBIX CXEM, HO IIPH OTOM BO3J1aracT Ha HECTO HOBEIC O6$[33HHOCTI/I, YTO MOKHO CUHUTATh
BITOJTHE CIIPABE]IIMBOM TIIATOH 33 HOBBIC, HCKITFOUUTEILHO TOJIC3HBIC BO3MOMXKHOCTH.

CymiecTByeT 320y JICHHE, B COOTBETCTBUU C KOTOPBIM HCIIOJIH30BAaHHE MAaTEMAaTHICCKOTO
MOJICITUPOBAHMS OCBOOOXKIAET OT HEOOXOAMMOCTH TITyOOKO M3y4aTh OCOOCHHOCTH MOCTPOCHUS
KOHKPETHBIX JJICKTPOHHBIX CXEM, a TAKXKC IIPOUCXOAAIINX B HUX ITPOICCCOB. BO3MO)KHO, 3TO
3a0JTyIeHUE BO3HUKIIO IIOTOMY, YTO MaTEMaTHIECKOE MOJICTUPOBAHNE B BBICIICH CTEIICHU
MMOJIE3HO JJIA YACHCHHA CaMbIX CJIIOXKHBIX BOIIPOCOB, BOSHUKAOIIUX IIPHU U3YUCHHUH JJICKTPOHHBIX
CXEM, 1 IIOOTOMY BO MHOTHUX ClIydasaXx 6LICTpO KOMIICHCUPYET Hp06enm B HadaJbHOHU IIOATOTOBKE.
Ho 310 He onpaBbIBaeT 3a01yK/ICHHE, @ TOBOPHUT TOJHKO O TOM, YTO MAaTeMaTHIECKOE
MOJICJTMPOBAHUE CIIeAYET UCIIOIh30BaTh BCe OoJIee IMMPOKO M Ha BCe OoJiee paHHMX Tarax
M3y4deHHs DJIEKTPOHHUKHU. UTO e KacaeTcsl caMUX 3HAHHUW B 00J1aCTH 3JIEKTPOHUKH, TO OHU
0e3yCIIOBHO HEOOXOIUMBI IS TIJIOA0TBOPHOM pabOTHI ¢ HCIIOJIB30BAHMEM TIaKETOB
CXEMOTCXHHNYCCKOI'0O MOJACIIUPOBAHMUS.

COBpeMeHHBIfI 9Tall MaTeMaTU4YCCKOI'O MOJCIHNPOBaAHUA XapaKTCPCH TEM, UYTO IMTPAKTUUCCKH
BCE KITIOUEBBIC PEIICHUS TIPH CO3aHHH JICKTPOHHON CXEMBI IIPUHUMAET pa3paboTYHK, a He
CUCTeMa MoJIeTupoBaHus. [109TOMy HETOTIOHMMAHNE TEX WM MHBIX 0COOCHHOCTEH AIICKTPOHHOU
CXEMBI IIPUBOIUT K BHIOOPY HEONTHUMAIILHBIX BAPHAHTOB CXEMBI, 3HAUCHUH MapaMeTpOB
3JIEMEHTOB, a TAKKE PSKUMOB paboThL. [Ipr 3TOM CyIIeCTBYeT OMACHOCTh, YTO MOJICIIMPOBAHUE HE



BBISIBUT BCE XapaKTEPHBIE PEXKUMBI paOOThI CXEMBI, B TOM YHCIIE M OTIACHBIE, TaK KaK IMEHHO
pa3paboTUuK ompeeNsieT HadalbHbIe YCIOBUS MoaenupoBanus. Hy)XHO 0CO3HATh, YTO OCHOBHAs
GYHKIHS MOJCIUPYIONIESH TPOTPAMMBI COCTOUT B MOJTYYCHUH YUCICHHBIX 3HAUYCHUN TEX WU
WHBIX TIEPEMEHHBIX, OMPEICIISIEMBIX IO JOCTATOUYHO KECTKUM aJiropuT™MaM. MoieupoBaHue He
CHHUMaeT ¢ pa3paboTyrKa 0053aHHOCTH KaUYCCTBCHHON MHTEIICKTYaJIbHON OLICHKH M CAMOM CXEMBI,
Y IIPOUCXOIAIIMX B HEX MPOLIECCOB.

Ha pa3paboTumke IeKUT BCS OTBETCTBEHHOCTH 32 OKOHYATEIBHBIN BRIOOP KOHKPETHON CXEMBI
JIaXKe B CIydae aBTOMaTU3UPOBAHHOTO CTPYKTYPHOT'O CHHTE3a TUIOBBIX YCTPOUCTB. OH TOJKEH
WJIM HETIOCPEJICTBEHHO YCTaHABIMBATh, UJIM U3MEHATH TapaMeTPhl 2JIEMEHTOB CXEMBbI, WIH
OTIPEIETIATH IENEeBYI0 (DYHKIMIO JIJIS TApAMETPUICCKOTO CHHTE3a. Y CIEIIHO PeliaTh 3TH 33a1auu
MO>KHO TOJIBKO TIPH TTyOOKOM MOHUMAaHUU PadOThl ycTpoiicTBa. HeoOX0AMMBIM SBIISIETCS
3HAHUE OCHOBHBIX KOJUYECTBEHHBIX COOTHOIICHUM, XapaKTePU3YIO KX IEKTPOHHYIO CXEMY U
SIBJISIFOILIMXCST OCHOBOM JUTsl BHIOOpA HaYa IbHBIX 3HAYCHUM NTapaMeTPOB 2JIIEMEHTOB, a TaKkKe
HaMpaBJICHUS U CTENICHU U3MEHEHUS 3TUX NTapaMeTpOB.

[Tpuctymass kK MareMaTHYeCKOMY MOJCIHPOBAHUIO, CIENYET YSACHHUTH, YTO HEOOXOIUMBIM
YCIIOBUEM I TIOJNYYCHUS TIOJIOKHUTEIBHBIX PE3YIbTATOB SBISIIOTCS 3HAHHUS B 00JacTH
MaTeMaTUYEeCKUX MOJIeJIed JJIEMEHTOB W  METOJOB  BBIYMCICHUM, pPEAIU30BAHHBIX B
MOJICIMPYIOLINX MporpamMmax. BaxHo ¢ caMOro Hadaja MOHSTH, YTO PE3YJIbTAThl MOJCIHPOBAHHS
HEKOTOPOH 3JICKTPOHHON CXEMbI OLPECISAIOTCS HE TOIBKO €€ XapaKTePHBIMH 0COOEHHOCTSIMU, HO
U 0COOCHHOCTSMU HCHOJIB3yEMbIX MAaTEMAaTUYECKUX MOJIENEH U alfTOPUTMOB. 31ech OyAeT KCTaTu
BCIIOMHUTH TOT (PaKT, YTO U MPH IKCIEPUMEHTAIBHOM HCCIEAOBAHUU PEATbHBIX AJIEKTPOHHBIX
YCTPOICTB pe3yabTaThl 3aBUCAT U OT 0COOEHHOCTEH OpraHM3alliy SKCIIEPUMEHTA, U OT MapaMeTpOB
U3MEPUTENbHBIX MPUOOPOB. TOUHO Tak e, Kak HeMpaBUIIbHAsS HACTPOMKA IKCIIEPUMEHTATbHOM
YCTaHOBKHU M UCMOJIb30BAHUE HE COOTBETCTBYIOIIMX LIETTH SKCIIEPUMEHTA UCIIBITYEMbIX 00pa3IoB U
pruOOPOB ABJISIOTCS MPUUYMHAMU OIIMOOYHBIX SKCIEPUMEHTATIbHBIX PE3yJIbTATOB, HEMPABUIbHBIC
IIPUMEHEHUE MAaTEeMAaTUYECKUX MOJENe, HAacTpoMKa M MCHOJIb30BAHUE BBIUMCIUTEIbHBIX
QITOPUTMOB MIPUBOJAT K OJTYUYECHHUIO OIIUOOYHBIX PE3yJIbTaTOB MOJCINPOBAHHUS.

KoHeuHo, HeKOTOphIE MOJIB30BATENN MPEANOWIH OBl T€ IPOrPaMMHBIE CPEACTBA, KOTOPHIE
BOOOIIIe HE TPEOYIOT 3HAHUS HCIIONB3YIONIIUXCS B HUX MOJIENEeH U METOJOB MOJACTUPOBAHHUSI.
OaHaKo TakuX MPOrPAMMHBIX CPEACTB HE CYIIECTBYET U OHM BPSAJ JIU MOSBSTCS.

XapakTepHOU YEPTOUN MPEKHUX MOAXOJ0B K AaHAIHN3Y U MPOCKTUPOBAHUIO AJIEKTPOHHBIX
CXEM SIBJISIETCA TO, YTO JIJISI KAXKJIOTO OT/IETFHOTO KJlacca AJEKTPOHHBIX CXEM (YCHIIMTENH,
CTAaOMIIN3AaTOPHI U T. [I.) UCTIONB3YIOTCS CIISIUATM3UPOBAHHBIC TPUEMBI U METOABI. DTH IPUEMBI U
METO/Ibl, KaK MPaBUJIO, JIOTUUECKH c1a00 cBsi3aHbl. [l0aTOMY €c1a00 CBSA3aHBI U pa3IMUHbIC
pas3zieibl PYKOBOJICTB TI0 PacueTy AIEKTPOHHBIX CXEM.

CoBpeMeHHBIE MOX0/IbI K MATEMAaTHYECKOMY MOJICIMPOBAHUIO DJIEKTPOHHBIX CXEM XapaKTePHBI
MCITIOJIb30BAaHUEM JIOCTATOYHO MAJIOTO YHCJIa YHUBEPCATHHBIX A()(PEKTUBHBIX METOJI0B, OCHOBAHHBIX
Ha TMOCJEIHUX JIOCTIKEHUAX MPUKIATHON MATEMATUKHU U SJICKTPOHUKUA. DTH METOBI TTO3BOJISIOT
BBITIOJTHSAT aHAJIM3 M pACcUYeT PA3IUNYHBIX JIEKTPOHHBIX CXEM €IMHOO00PA3HO, ¢ UCTIOJIB30BAaHHEM
€IMHBIX UCXOAHBIX Mo3uIHii. Ho JaHHBIE METObI, OTIMYAIOIIUECS TTTYOUHON peain3yeMbIX UeH,
JIOCTATOYHO CJIOKHBI. VIX ycBOoeHHE TpeOyeT riiy00KOH BCECTOPOHHEH MPOpaOdOTKH.
[IpencraBnsieTcss BO3MOXXHBIM MPOBECTH aHAJIOTHIO MEXKTY TIEPEX0I0M K COBPEMEHHBIM METOaM
MOJICITUPOBAHMS M TIEPEX0/IOM K IIIUPOKOMY HCITOJIb30BAaHUIO UM PEepeHIIHATHFHOTO UCUHCIICHNUS,
CIIeJIaBIINM HEeHY>KHBIMU MHOTHE TIPEKHHUE TPUEMBI B CITOCOOBI PEIIEHUS] KOHKPETHBIX YaCTHBIX
3a/1a4 MaTEMaTHKHU.

OnHaKo JOMOJHUTENbHBIE 00A3aHHOCTH pa3paboTUMKa IEKTPOHHBIX CXEM TI0 BBIOODY,
CO3JIaHUIO0 U KOPPEKTUPOBKE MATEMATUUECKUX MOJIEJICH, HACTPOUKE MOJIETHPYIOIIUX MPOTPaMM U
KOHTPOJTIO 332 X PabOTONH MHOTOKPATHO KOMIIEHCHPYIOTCSI BO3MOKHOCTSIMHU OBICTPO U C BHICOKOH
TOYHOCTBIO BBITIOJHATH CAMbIE CJIOKHBIE PACUETHI, A0COTFOTHO HEBO3MOKHBIC TIPH MCTIOJIb30BAHUN
MPEXKHUX MOIX0/I0B. MaTeMaTH4YeCcKOe MOICIIUPOBAHNE OCBOOOXKIACT OT PYTHUHHON PabOThI U
pPagNKaIbHO YBEIIMYMUBAET BO3MOKHOCTH ISl TBOPUYECTBA B AIICKTPOHUKE.
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