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B nanHO# ri1aBe paccMaTpUBarOTCs CIETYyIOMINE 3JIEMEHTHI JJIEKTPOHHBIX CXEM, YKa3aHHbIe Ha
puc.1.1.

MHoro MecTa OTBEJIEHO ONHMCAHUIO YCTPOMCTBA M OCHOBHBIX (DM3MUYECKUX IPOIECCOB,
XapakTepUCTUKAaM M IapamMeTpaM JJeMEeHTOB. lIpuBOIATCS M MaTeMaTHYeCKHE MOJENU STHX
JJIEMEHTOB, JAeTCsl AaHAIN3 CXE€M C pPAacCMAaTPUBAEMBIMU 3JEMEHTaMH. YKa3blBalOTCA
0COOEHHOCTH MPAKTHYECKOTO IIPUMEHEHHUS ITHX 3JIEMEHTOB.

DneMeHTH AIEKTPOHHBIX CXEM
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Puc. 1.1

1.1. TIOJTYTIPOBOJIHUKOBBIE JTUO/IbI

1.1.1. Kpatkoe onucanue
NOJYNIPOBOHUKOBBIX MaTEpHaJIOB

ITonynmpoBOTHUKOBEIE ~ MaTepHanbl  (TepMaHW, KPEMHUH) TIO CBOEMY  V/CIEHOMY
DJEKTPHHECKOMY CONPOTHBICHHIO P 3AHNMAIOT MECTO MEKY MPOBOJHMKAMHU W JIHOJIEKTPUKAMH
(p = 10~"...10" Om ¢ cwm). Pa3Has BenmnumHa MPOBOAUMOCTH Y METAJIOB, TOJIYIPOBOAHUKOB U
JUDIICKTPUKOB OOYCJIOBJICHA Pa3HOW BEIMYMHOW DHEPTHH, KOTOPYIO HAJO0 3aTPATUTh HA TO, YTOOBI
OCBOOOJUTh BAJICHTHBIH OJIIGKTPOH OT CBsI3¢l C€ aTOMaMu, pAacMONOXKCHHBIMU B  y3jax
KPUCTAJUIMYECKOM penieTku. [IpruuemM npoBOAMMOCTh MOAYIPOBOJHUKOB B 3HAYNTECILHON CTCIICHU
3aBUCHUT OT HAIMYHUS MPUMECEH U TeMIepaTyphbl.

B noJaynpoBOAHHUKaAX OPpUCYTCTBYIOT IIOABUXKHBIC HOCUTCIIU 3apsaaa ABYX TUIIOB:
OTpULATCIIBHBIC DJICKTPOHBI U MOJIOXKXKUTCIIBbHBIC IBIPKH.

Yuctbie (COOCTBEHHBIC) MOJIYMPOBOJHUKY B MOJYIIPOBOJHUKOBBIX MPHUOOpPaX NMPaKTUYECKH HE
NPUMCHSIFOTCSI, TaK Kak 00JaJar0T MaJoi MPOBOJUMOCTBIO U HE 00ECIECUMBAIOT OJIHOCTOPOHHEH
MPOBOAUMOCTH. [10IBHIKHBIC HOCUTEIH 3apsiia B COOCTBEHHBIX MOJIYNPOBOJIHUKAX BO3HHUKAKOT
OOBIYHO B PE3yNIbTaTC TEPMOIrCHEpaMu. TEXHUUECKOE MPUMEHEHHUE MOJIYYMINM TaK HA3bIBACMbIC
NPUMECHBIC TOJYPOBOJHUKH, B KOTOPBhIX B 3aBUCUMOCTH OT POJia BBCICHHOW MPUMECU Mpe-
obnazaer 1100 3IIEKTPOHHAS, TUOO ABIPOUHAS TPOBOIUMOCTD.

Ecnu B KpUCTAITHMYECKYIO PEHICTKY 4-BAJICHTHOTO KPEMHHSI BBECTH TPHUMECHh 5-BalEHTHOTO
anementa (pochopa P, cypeMbl Sb, Mblmbsika As), TO YeTbIpe BAJCHTHBIX JJEKTPOHA KaKI0Ir0
MIPUMECHOTO aToMa MPUMYT Y4acTHe B 00pa30BaHUN KOBAJICHTHBIX CBA3EH C YETHIPHMsI COCCAHUMU



aToMaMH KPEMHHS, a TMATHI BaJE€HTHBIN JJEKTPOH OKaxeTcsl M30bITouHbIM. OH crnabo cBsi3aH C
aTOMOM M JIETKO TIpeBpaliaeTcs B CBOOOMHBIA. [Ipw 3TOM aToM mpuUMecH MpeBpamiaeTcs B
TIOJIOKUTENNb-HBI  HEMOABIKHBIM HWOH. YBENMYEHHWE KOHIIGHTPAIlMd CBOOOIHBIX  JJIEKTPOHOB
YBEJIMUMBAET BEPOSTHOCTh PEKOMOMHAIIMM, TIO3TOMY KOHIIGHTpAIUs MBIpOK yMmeHbmaeTcs. [lpu
HOPMAJTbHOM TeMIlepaType TPaKTUYEeCKH BCE aTOMBbI TPUMECH TIPEBPAIAlOTCSd B IMOJIOKHTEIBHEIC
HETIOZIBMKHBIE MOHBI, & YKCIIO CBOOOMHBIX ANIEKTPOHOB 3HAYMTENHHO TIPEBBIIIIAET YHCIO ABIPOK. OCHOBHBIMH
HOCHTEISIMHA 3apsiia B TaKUX IIONYMPOBOJHUKAX SIBJIEOTCS DMEKTPOHBIL, MOJTOMY TaKOM IOMYHNPOBOIHUK
Ha3bIBACTCS TIOYIPOBOJHUKOM N-THITA (NIEKTPOHHOIO ThTA). HEOCHOBHBIMH HOCHTEISIMU 3apsijia B HEM
SIBJISTFOTCS JBIPKH. [ [prMecH, aTOMBI KOTOPBIX OTHAIOT AJIEKTPOHBI, Ha3BIBAIOT JIOHOPAMH.

IIpu BBeECHIM TIpEMeECH 3-BaJieHTHOTO JieMeHTa (6opa B, muaus In, amroMmunans Al) Tpu BaJeHTHBIX
3JIEKTPOHA KaXKJOTO aToMa MPHMECH NMPHHUMAIOT yJacTre B 0Opa3oBaHWUHM TOJHKO TPeX KOBAIEHTHBIX
CBSI3EH, a ISl YeTBEPTOM CBS3M aTOM MPUMECH 3a0UpaeT JIEKTPOH U3 KaKOW-TTMOO0 JIPYroi CBS3H MEXKITY
aToMaMH KpeMHHUs, o0pa3ys IpU 3TOM JBIPKY. ATOM MpUMeECH TIpeBpaliacTcs B OTPHIATETbHBIA
HETIO/IBIKHBIA MOH. TakuM 00pa3oM, 3-BalleHTHAs! IPUMECh YBEITMYMBACT KOHIICHTPAIIHIO JIBIPOK, YTO B
CBOKD O4YEpCIb YMCHBINACT KOHIEHTPALUIO 3J1CKTPOHOB. OCHOBHBIMH HOCHTEISIMHM 3apsijia TaKhX
TIOTYIIPOBOTHUKOB SIBJISTFOTCSI JBIPKH, TTOTOMY TIONYIPOBOIHKK HA3BIBACTCS ITOIYIIPOBOIHHUKOM /?-THIIa
(mpIpouHOTO THMA). HEOCHOBHBIMU HOCHTEISIMU 3apsijia sIBISIOTCS AIEKTPOHBL. BelrecTsa, oTOMparoriie
AIIEKTPOHBI, HA3BIBAFOTCS AKIIETITOPAMH.

Yto0bl TpUMECHAsT SIIEKTPOIPOBOIHOCTL Tpeodnaana Hal cOOCTBEHHOW, KOHIICHTpAlUs aTOMOB
npuMecd N JIOJDKHA TPEBBIMIATh KOHIICHTPAITUIO 3JEKTPOHOB W, W ABIPOK p; B COOCTBEHHOM
MOJIYIPOBOJIHUKE (1, =p). [IpakTudecku Bceraa N ropasio OombIe U, U p.,

KonrieHTparys HEOCHOBHBIX HOCHTEIIEH YMEHBINIAETCS BO CTOJIBKO pa3, BO CKOIBKO Pa3 YBETMUHBACTCS
KOHIIGHTPAIIHsI OCHOBHBIX HOCHTEIIEH, DTO OOBSCHSIETCS YBEITMUEHHEM BEpO-

SITHOCTH peKOMOHMHAIMY. JIJ1s1 TPEMECHOTO TOTYIIPOBOAHUKA
CTIPABEIJTUBO PABEHCTBO

np = n!pf = n{z = pjzs

/i€ 1,p — KOHLICHTPALUS SJICKTPOHOB U JIBIPOK B IPUMECHOM MOITYPOBOAHHUKE.

Uncno aroMOB mpuMMecH Majio IO CPAaBHECHUIO C YHCIOM aTOMOB IIONYNPOBOAHHWKA. Ecmm
rcnons3oBatk (Gochop P, aTomHBI Bec KOTOPOro MpUMEPHO PAaBEH aTOMHOMY BECY KPEMHUS, U
no0aButh B 1 Kr pacmiaBa kpemHusi Tojbko 20 Mkr Qochopa, TO 3ra 100aBKa YBEIUYUT YMCIIO
CBOOOJIHBIX BJICKTPOHOB Ha 5 mopsakoB. Ha CTONBKO ke MOPAJKOB YMEHBIUUTCS KOHLICHTPALMS
HEOCHOBHBIX HOCHUTEIICH.

KoHIleHTpaIysi OCHOBHBIX HOCHUTENEH OIpeensieTcss KOHLEHTpale MpUMecH W TPaKTUYeCKU He
3aBHCHT OT TEMIIEPATYPBI, TAK KaK YKe TIPU KOMHATHOH TeMIIepaType BCe aTOMBI IIPUMECH HOHU3HUPOBAHBI, &
YHCIIO OCHOBHBIX HOCHTEINCH, BO3HUKAMOIIHMX 32 CUET TeHEpaluy Map 3JEeKTPOH-IBIPKA, MPEeHEOPESKIMO
MaJIO TI0 CPAaBHEHHIO C OOIMM YHCIIOM OCHOBHBIX HOcHTeNeH. B To e Bpemsi KOHIIEHTpalisi HEOCHOBHBIX
HOCHUTENEH Mala M CHIBHO 3aBHUCHT OT TEMIIEpaTyphl, YBEIWUMBasACh B 2—3 pa3a INpH YBEJIWYEHHUU
Temreparypbl Ha Kaxsie 10°C.

1.1.2. YcrpoiicTBO M OCHOBHBIE (U3UUECKHUE MTPOIIECCHI

TTomynpOBOTHUKOBEIM ~ TMOJIOM  HA3BIBACTCS  AJICKTPONPEOOPA30BATEIBHBIN  MTOYITPOBOIHUKOBBIN
PUOOP C OJTHAM BBIIPSMIISIOLIAM JIEKTPUICCKUM ITEPEX0/I0M, UMCIOIIUH 2 BHIBOAA.

CrpykTypa TOJYMPOBOHAKOBOTO AUOJA C DIIEKTPOHHO-IBIPOYHBIM TIEPEXOIOM M €ro  YCJIOBHOE
rpaduueckoe 0003HaUCHHE MMPHUBEACHBI HA puc. 1.2, a, 0.

BykBamu p u n 0003HaUCHBI CJIOM MOTYITPOBOAHMKA ¢ IMPOBOAUMOCTSAMU COOTBETCTBEHHO P-THIIA U N-
THIIA.
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Puc. 1.2

OOBIYHO KOHIIEHTPAIIUA OCHOBHEBIX HOCUTEICH 3apsma (IBIPOK B CIIOC p W SIIEKTPOHOB B CIIOC
n) CWIbHO paznudarorcs. ClIoH MoNMynpoBOIHNKA, UMEIOIINH OOJBIIYI0 KOHIICHTPAIUIO, HA3BIBAIOT
SMUTTEPOM, a UMEIOIIUN MEHBIITYI0 KOHIICHTPALUI0, — 0a30i.

Jlanee paccMOTpUM OCHOBHBIC DJIEMEHTHI TUOAA (P-n-TIEPEXOJ] U HEBBIIPSIMIISIONINA KOHTAKT
METaJUI-TIOIYIIPOBOIHUK), (PU3NUECKUC SBICHUS, JICKAITUE B OCHOBE pa0OTHI AMOJ]a, a TaKkKe
Ba)XXHBIC TMOHITHS, UCHOIB3YIOIIUECS M OmucaHud auoja. [myOokoe TOHHMaHHe
(hU3UYECKUX SBIICHUH W BIaJeHUE yYKa3aHHBIMU MOHATHUSIMH HEOOXOJMMO HE TOJIBKO IS TOTO,
9TOOBl TPABUIBHO BBIOMPATh KOHKPETHBIE THUIBI JUOJOB M ONPEACTATh PEKHMBI PabOTHI
COOTBETCTBYIOIIIUX CXEM, BBITIOJHSS TPAJAUIMOHHBIE pacueThl MO TOW WM HMHOU MeTonauke. B
CBS3M C OBICTPBIM BHEIpPEHHEM B TMPAKTHKY HHKEHEPHOW pPaOOTHl COBPEMEHHBIX CHCTEM
CXEMOTEXHHYECKOTO MOJICTUPOBAHUS 3TH SBIICHUS U TIOHSATHUS MPUXOJUTCSA MOCTOSHHO WMETh B
BUAY TNpPH BBIIOJHCHUA MATEMATUYCCKOr0 MojcaupoBaHus. CHCTEMbl MOJICIMPOBAHUS OBICTPO
COBEPIICHCTBYIOTCS, 1 MATEMaTUYECKUE MOJIEITN SJIEMEHTOB AIIEKTPOHHBIX CXEM BCE 0OOJee OrepaTBHO
YUUTBIBAKOT CaMbIC «TOHKHC) (’[)I/I?;I/ILICCKI/IG SIBJICHUS. JTO ACJIaCT BECbMa KEJIaTCIIbHBIM ITOCTOAHHOC
yriIyOJICHUE 3HAHWIA B OMMCHIBAEMOM 00JIaCTH ¥ HEOOXOAMMBIM TOHUMAHUE OCHOBHBIX (PU3MUCCKUX
SIBJIEHI/II\/'I, a TaKXC UCIIOJIb30BAHUC COOTBCTCTBYIOIIUX OCHOBHBIX MMOHATHH.

[IpuBeicHHOE HUXKEC OMNMCAHUE OCHOBHBIX SIBICHHUM W MOHATUM, KPOME MPOYEro, IOJDKHO
MOATOTOBUTh YUTATENA K CUCTEMAaTHUECKOMY M3YYEHHIO BOMPOCOB MATEMATUUECKOTO MOJCIMPOBAHUS
AJIEKTPOHHBIX CXEM.

PaccmarpriBaeMbIe HIDKE SIBTICHUSI U TIOHATHS HEOOXOIMMO 3HATH ITPY M3YYIEHUH HE TOIBKO IO/, HO U
JIPYTUX TIPHOOPOB.

Cmpyxmypa p-n-nepexooa. BHagarne pacCMOTPUM M30MPOBAHHEIE JIPYT OT APYTa CIOU
nonynpoBoaHuka (puc. 1.3).
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PUC. 1.3

N300pa3um COOTBETCTBYIOIINE 30HHBIC JUarpaMmel (puc. 1.4).
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Puc. 1.5

B oredecTBeHHOU IHTEpaAType MO IICKTPOHUKE YPOBHHM 30HHBIX JTUArPaMM M Pa3HOCTH 3THX
YpOBHEH YacTO XapaKTepHU3yIOT TOTEHIHMATaMH M DPa3HOCTSAMHU MOTEHIIMANOB, H3MEpSs WX B
BOJIbTaX, HAPUMEP, YKa3bIBAIOT, YTO IIMPHHA 3alIPEIIeHHOM 30HEI (s Ist KpeMmHus paBHa 1,11 B.

B To e Bpems 3apyOeKHBIE CHCTEMBI CXEMOTCXHHUYECKOTO MOCTHUPOBAHUS PEATU3YIOT TOT
MOAXO0/, YTO YKa3aHHbIE YPOBHU U PAa3HOCTU YPOBHEW XapaKTEPU3YIOTCS TOM WIM MHOM 3HEprueil u
U3MEPSAIOTCA B AJIEKTPOHBOJNBTax (3B), Hampumep, B OTBET HA 3alpOC TaKOW CHCTEMBI O INPHUHE
3aIpelIeHHON 30HbBI B cllydae KpEMHHUEBOTO JIM0/1a BBOAUTCS BennunHa 1,11 3B.

B nanHoli paboTe MCHOJB3YETCs MOAX0I, IPUHATHIA B OTCUSCTBCHHOW JTUTEpaType.

Teneps paccMOTPUM KOHTAKTHPYIOIIME CJION TIOTYIIPOBOAHUKA (puc. 1.5).

B KOHTaKTUPYIOIIKX CJOSAX MOJYIPOBOAHIKA UMEET MeCTO AU(hY3Us IBIPOK U3 CIIOS p B CIOU
1, TIPUYUHON KOTOPOM SIBJISICTCSA TO, YTO MX KOHLCHTPALMSA B CIOC p 3HAYMUTEIBHO OOJIbIIE UX
KOHIICHTPALIMK B CJIOC 7 (CYLIECTBYET IPAJAMCHT KOHIUCHTPALMU JABIPOK). AHAJIOrMYHAsS PUYUHA
obecnicunBaeT U y3ur0 IIEKTPOHOB U3 CHOSA 1 B Ciioit p. Auddy3us AbIpOK U3 CIOS p B CIIOM
7, BO-TICPBBIX, YMCHBINIAET UX KOHIICHTPAIWIO B MPUTPAHUYHON OOJACTH CIOS p U, BO-BTOPBIX,
YMEHBIIIACT KOHIUCHTPALUK CBOOOJHBIX JJICKTPOHOB B IMPUIPAHUYHON 00JacTH ClIOA 7
BcaeAcTBUe pekomOuHauu. [lono0HbIe pe3ynbTaTel nMeeT u A (y3ust IIEKTPOHOB U3 CIIOS A B
CJIOH p.

B uTore B npurpaHUYHBIX 00JIACTSAX CIIOS p M CJIOS # BO3HUKACT TaK Ha3bIBaCMBI 00€THEHHBIH
CJIOW, B KOTOPOM Majia KOHI[EHTpPAIUs MOJBUKHBIX HOCHUTENICH 3apsijga (JEKTPOHOB U JIBIPOK).
OOenHEHHBIN CIOM UMeeT OONBINOE YAEILHOE CONMpOTHBIEHHME. VOHBI TIpuMeceli 00eJHEHHOTO
CJIOsI HE KOMIICHCHPOBAHBI JIBIPKAMU WM JJICKTPOHAMU. B COBOKYIMHOCTH HOHBI 00Opa3yroT



HECKOMITEHCHPOBAaHHBIE 00BbEMHBIE 3apsi/ibl, CO3/IAIONIHNE EKTPHUECKOE TI0JIe C HAPSIKEHHOCTHIO
E, ykazanHoit Ha puc. 1.5. DT0 moJjie mpEensATCTBYET MEPEXOAYy JBIPOK U3 CJIOSI p B CIOU n U
Tepexoay 3JIEKTPOHOB M3 c¢josi # B ciod p. OHO co3maeT TaK Ha3bIBaeMBIN IPeH(OBBIM MOTOK
TIOJBUKHBIX HOCUTENEH 3apsija, MepeMEIIAoNIUi IBIPKUA U3 CIIOS /1 B CIOU p U 3AEKTPOHBI U3 CIIOS
p B cioli u. B ycTaHOBUBIIEMCS peXHMME IPeH(OBBIA MOTOK paBeH MUG(y3HOHHOMY, 00YCIOB-
JIEHHOMY TPaJHeHTOM KOHIIeHTpauuu. B HecHMMETpUYHOM p-n-miepexojie 0ojee MPOTSHKEHHBIM
SIBIISIETCS 3apsijl B CJI0€ C MEHBITIEH KOHIIEHTpAIMel IpuMecH, T. €. B 0a3e.
M30o06pazumM 30HHYIO qrarpaMMy Il KOHTaKTHPYIOMTHX clIoeB (pHc. 1.6), yIUTBIBasI, 9TO YPOBEHD

DepMu TSI HUX SIBISIETCS €IUHBIM.
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Puc. 1.6

PaccmoTperre CTpYKTypHl p-n-Tiepexoga W HW3y4YeHHEe 30HHOW mmarpamMmbl (puc. 1.6)
MOKa3bIBAIOT, YTO B OOJNACTH Tepexoja BO3HWKAET NMOTEHIHANbHBIA Oapbep. s kKpemHUS
BbicOoTa A noTeHIHuansHOro 0aprepa npumepHo pasHa 0,75 B.

ITpumMeM yciaoBHe, YTO MOTCHIIMAT HEKOTOPOH YJAJICHHON OT MEPEX0/ia TOUKU B CJIOC p PaBCH
Hymo. [loctpouM rpaguk 3aBUCHMOCTH TOTCHIUANAa () OT KOOPAMHATBI X COOTBETCTBYIOIICH
touku (puc. 1.7). Kak BUAHO U3 pUCYHKA, 3HAUCHUE KOOPAUHATHI X = () COOTBETCTBYET I'PAHMIIC
CJIOCB IMOJIYIIPOBOJIHMKA.,

BaxkHO OTMETHTB, YTO WpPEACTABICHHBIC BHIIIC 30HHBIC [UAarpaMMbl W Tpapuk Ams
noreHIana ¢ (puc. 1.7) cTporo COOTBETCTBYIOT MOJXOAY, MCIIOJNB3yEeMOMY B JHTEpaType IO
(hM3MKe TOIYIPOBOAHUKOB, COTIACHO KOTOPOMY IIOTEHITMAT OMPEACISIETCS ISl 3IIEKTPOHA,
MMEIOIICTO OTPUIIATESIIBHBIA 3apsij.

B snexTpoTexHUKe U SJIEKTPOHUKE TTOTEHIIMAT ONPEACINIAIOT KaK padoTy, COBEPIIAEMYIO CHIIaMHU
TIOJIS TIO TIEPEHOCY SIUHUTHOTO TTOJIOKUTEIBHOTO 3apsijia.

IToctpoum Tpaduk  3aBUCUMOCTH  MOTeHIMama (¢,  ONPEIEIIEMOr0o Ha  OCHOBE
3JIEKTPOTEXHUYCSCKOTO MOAX0Aa, OT KOOpAUHATHI X (puc. 1.8).

Hwxe mamexc «3» B 0003HaUeHNHN MOTeHIMana OyneM OIMyCcKaTh W HCIIONB30BATh TOJIBKO
3JICKTPOTEXHUYCCKHHA MOAX 0/ (32 UCKIIFOUSCHUEM 30HHBIX JHUATPAMM).

IIpsmoe u obpamnoe exmouenue p-n-nepexooa. HMoeanusuposannoe mamemamuyeckoe onucawue
XapaKmepucmuxu nepexood.
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TlommrounM K p-n-TiepexoTy BHEITHHI HCTOYHNK HAMPSDKEHHA TakK, Kak 3TO TToKa3aHo Ha puc. 1.9.
3T0 Tak Ha3bIBaEMOE MPSIMOE BKITFOUCHHUE p-n-Tiepexoia. B pe3ynbrare nmoTeHImambHbIH

0!
Puc 1.9 . ’ Puc1.10

Oapbep YMEHBITUTCS Ha BEIMYUHY HanpspkeHus u (puc. 1.10), apefdoBbIid TOTOK YMEHBIINATCS,
p-n-Tiepexo/1 nepen/ieT B HepaBHOBECHOE COCTOSIHIE, U Yepe3 Hero OyJIeT IpoTeKaTh Tak Ha3bIBaeMbIil
MIPSIMOM TOK.
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Puc 1. 11 Puc L 12

Toakmourm K p-n-Tiepexo/ly HICTOYHHUK HAPsHKEHHS TaK, Kak 3TO Moka3aHo Ha puc. 1.11. 3to
TaK HazbiBaeMoe 00paTHOE BKITIOUEHHUE p-h-niepexora. Ternepb NOTeHIMATBHBIA 0apbep YBETUIUTCS
Ha HanpspkeHue U (puc. 1.12). B paccmaTpuBaeMoM citydae TOK depe3 p-h-repexo OyIeT o4eHb
MaJI. DTO TaK Ha3bIBACMBIN OOpPAaTHBIN TOK, KOTOPBINA 00CCIICUMBACTCS TCPMOTCHEPAIUCH DJICKTPOHOB
U JBIPOK B 00JIACTSX, IPUJICTAFOIIMX K 00JIACTH P-N-TIePEXo/ia.

O003Ha4YMM Uuepe3 1 HAMPSHKECHUE Ha P-N-TIEPEX0/Ie, a uepe3 | — TOK nepexoja (puc. 1.13). s
HJICATBHOTO P-N-TIEPEX0/Ia UMEET MECTO CIIEAYIOIIAsl 3aBUCUMOCTh TOKA § OT HANPSDKCHUS U.

Puc 1. 13

i=i

L. s
. -(ePT —1) , mpuuem Q7 e

IJIC i -TOK HACKIIICHUS (TCIIOBOM TOK), HHJICKC § — OT aHTJIMHCKOTO saturation current, 0Jis
KPEMHHUCBBIX IHOA0B OOBIYHO is=10-1 . 10-» A;
Kk — noctosHHas Bonbumana, k=1,38-10~> Jhx/K = 8,62 « 10-° 5B/K;
T — abcoumoTHast Temiieparypa, K;
g — seMeHTapHbIi 3apsia, q=1,6-10~"" Ku;

(Or— TeMIIepaTypHbIH MOTeHIMA, ipu Temmeparype 20°C (31a TeMreparypa Ha3bIBaeTCs
KOMHATHOU B OTEUECTBEHHOM IuTeparype) ¢.= 0,025 B, pu Temmepatype 27°C (31a TeM-
Tieparypa Ha3bIBaeTCsl KOMHATHOM B 3apyOeHO# Teparype) o= 0,026 B.

N300pazum rpaduk 3aBUCUMOCTH TOKA [ OT HANPSHKCHHs U, KOTOPYHO HA3bIBAIOT BOJIBT-



aMIIepHOM XapaKTEepUCTUKOM p-n-riepexoaa (puc. 1.14).

Tlone3HO OTMETHTB, YTO, KaK CIICAYET U3 MPUBEACHHOIO BBIIIEC BEIPAKCHUS, YeM MEHBIIIE TOK
is, TeM OOJIBbIIIE HAMIPSKCHHUE U TIPH 3aJaHHOM ITOJIOKUTEIHLHOM (TIPSAMOM) TOKE. Y UUTBIBAs, UTO
TOK HACBIMICHWS KpPeMHUEBBIX (Si) IMepexoloB OOBMMHO MEHBIIEC TOKA HACHIIECHUS
repMaHueBbIX ((Ge) TepexomoB, U300paskM COOTBETCTBYIOIIUME BOJBT-AMITCPHBIC XapaKTEPHCTUKH
(puc. 1.15).

LA Ge 3

o |

Puc 1. 14

Puc 115

IIpodoit p-n-nepexooda. TIpoboem Ha3BIBAIOT PE3KOE M3MEHEHNE PeXHUMa pabOTHI Mepexo/ia, HaXOISIIerocs
MoJi OOpaTHBIM HaNpsHKEHHEM. XapaKTepHOW OCOOEHHOCTHIO JTOTO W3MEHEHUsS SIBJISIETCS Pe3Koe
yMeHblIeHne T GepeHInanbHOr0 COIPOTUBIIEHHS IEPEX0A 2o,g, KOTOPOE ONPENEIISETCS BRIpaKEHHEM

du

r{)u([) = dl

r/i¢ U — HalpsDKEHUE Ha TIEPEXO/e;
i — Tok nepexoja (cM. puc. 1.13).

IMocne Hayana npo0ost HEe3HAYUTENBHOE YBEIHUSHHE 00PaTHOTO HAMPSHKEHUS COMTPOBOKIAETCS
PE3KUM yBeInueHrneM 00paTHOro Toka. B mporecce mpo6osi TOK MOXKET YBENIU-YUBAThCS MPU HEN3MEHHOM
U JJaXxke yMeHbInamieMmcs (1o MOayJT0) 00paTHOM HanmpshKeHHUH (B TMOCIIEIHEM cliydae Jud-
(bepeHnmaIbHOE COMMPOTUBICHHE OKA3bIBACTCS OTPUILIATENbHBIM). F1300pa3uM COOTBETCTBYIOIIUI y4aCcTOK
BOJIbT-aMIIEPHOM XapaKTEPUCTHKH p-n-riepexoa (puc. 1.16).

B ocHoBe npobos p-n -nepexona iexat Tpu GU3MUECKUX SBICHUS:

*  TYHHeNBHOTro npobost p-n-niepexona (3PdexT, sBneHue
3enHepa);
* JIaBUHHOTO Npo00s p-n-nepexona;
* TEmIoBOro Mpobos p-n-mepexona.
4

S

|~ Hauano npobos (mmdxbepeHunabHOE
CONpPOTUBNEHUE I,,, = du/di pesko
YMEHBINALTCA)

[~ ————— ToK yBeJIHYMBAETCH IIPH YMEHBIEHHUA
(o Moyo) Hanpskenus (1, < 0)

Puc. 1.16

TepMuH «TIpo0OI» HCHONB3YeTCs JUIs OMUCAHHUS BCe COBOKYIMHOCTH (PM3MUECKUX SBICHUN U KaXKI0TO
OTAENBHOTO SIBJICHHUS.
U TyHHEJIBbHBIH, U TAaBUHHBIA MPO0OH MPUHATO HAa3bIBATh DIIEKTPHUECKUM MTPOOOEM.



Paccmotpum Bece Tpu Buaa npo0os.

TyunenvHulil npo6oti. ETo Ha3pIBaIOT TakKe 36HEPOBCKUM MPoO0eM 0 paMiiiuy (Zener) y4eHoro,
BIICPBBIC OIMCABIIEI0 COOTBETCTRYIOIEE ABICHUE B ONHOPOJHOM MaTepuaie. Panee siBnenueM 3eHepa
OMKIO0YHO OOBSCHSIIM U T€ IPOLIECCHI TP MPOOO0E IMepexo/ia, B OCHOBE KOTOPBIX JIeXKall JJABUHHBIN
po6oi.

B unocTpanHOIi TMTEpaType 40 CHX IOp Ha3hIBAIOT AMOJaMHU 3eHepa CTa0MIUTPOHBI (IHOIBL,
paboTatoniue B pexuMe mpo0ost) HE3aBICUMO OT TOTO, UCTIONIB3YETCsl TYHHEIBHBIA WITH JJaBUHHBIA TIPOOOH.
Hampspkenue, npyu KOTOPOM HAaYMHAETCS MPOOOH, HA3bIBAIOT HampsbkeHueM 3eHepa. s oObsicHeHus
MeXaHH3Ma TYHHETBHOTO MPOo00s CXeMaTHYSCKH U300pa3uM COOTBETCTBYIOMIYIO 30HHYIO AHArpaMMy p-
n-nepexona (puc. 1.17).

Ecnu reomerprueckoe pacCTosSTHUE MEX/y BAJICHTHOW 30HOW M 30HOM MPOBOJAUMOCTH (IIMPUHA,
TOJIIHHA 6apbepa)

30Ha NpOBOJMMOCTH
p n

S * TyRHeHpOBaHHe

BasienTHast 30Ha

Puc. 1.17

JOCTATOYHO MAJIO, TO BO3HUKAET TYHHEIbHBIH 3 (eKT — sSBICHNE MPOXOKIACHHS IJICKTPOHOB CKBO3b
MOTEeHIMATIBHBIN O0apbep. TyHHETBHBINH IPO0O0IT MMEET MECTO B p-n -Tiepexoiax ¢ 6a3oii, obaaaromei
HU3KUM 3HAYCHHEM YAEIBHOTO COIPOTHBIICHUS.

Jlasunnwiil npodoti. MexaHu3M JJaBUHHOTO MPOo00st TOZ00eH MEXaHU3MY yIapHOH MOHU3AIH B Ta3ax,
CXEMaTHYHO SABJEHUE JABUHHOTO NMpo0ost n300pazum Ha puc. 1.18.

JlaBuHHBIN TPO0OOH BO3ZHUKAET, €CIIN MPHU ABMKEHUHU JIO OYEPETHOTO COyAapeHHs C aTOMOM JIbIpKa
(uiu BIIeKTPOH) IPHOOPETAET PHEPTHUIO, JOCTATOYHYIO IS HOHHU3AINHN atoMa. PaccTostHue,

e

. B

jr—

u<l i<o0 —

Puc. 1.18

KOTOPOE MPOXOAUT HOCUTEb 3apsiia 0 COYAapeHHUsl, Ha3bIBAKOT JJIMHOM cBOOOIHOTO npobera.
JlaBuHHBIN TTPOOOI MMEET MECTO B MEPEX0/IaX ¢ BELICOKOOMHOM 0a301 (MMerolei 00JIbIIoe yelbHOe
COMPOTHBJICHHUE).

Tennoesoui npobotl. YBemueHne ToKa MpH TEIIOBOM NPO00e 00BICHSETCS pa30rpeBOM



MOTYIPOBOIHUKA B 00JIaCTH p-n-TIepex0/ia U COOTBETCTBYIONINM YBEIHMUSHHEM Y/IeIbHOU IPOBO-
JquMocTH. TertoBol mpo6oii XapaKkTepu3yeTcsi OTPUIIATENHHEIM AU (D hepeHIIHATEHBIM
conpoTuBicHHeM. Ecnu moaynmpoBOJHUK — KPEMHHUH, TO TIPU YBEIMYCHUH 00PaTHOTO
HAIPSHKEHUS TeTIOBOU MPO0OH 0OBIYHO BO3HUKAET MOCIIE AIIEKTPUIECKOTO (BO BpeMs
ANEKTPUUECKOTO TPOOOS MOTYMPOBOHUK PA30TPEBAETCS, a 3aTeM HaUWHAETCS TEIUIOBOM MPOOOH ).
Tlocne snexTprdeckoro mpoodos p-n-mepexos He H3MEHSIET CBOMX CBOMCTB. [locite TemnoBoro
1po0osi, €CIU MOIYIPOBOAHHUK YCIIEN HArPEThCS IOCTATOYHO CHIIBHO, CBOHCTBA MEPEXo/a
HeOoOpaTUMO M3MEHSIOTCS (COOTBETCTBYIONIUI MOJIYITPOBOHUKOBBIN MPHUOOP BBIXOIUT U3
CTpOs).

AHenenue uzmeneHUss HeCKOMNEHCUPOBAHHBIX 0OBEMHBIX 3apa00s 6 0bracmu p-n-nepexooq.
bapvepnas emxocms. Kak yxe 0TMe4alioch, BCIEACTBUE TUPPY3UU SJISKTPOHOB U JBIPOK Uepe3 p-n-
nepexo/l B 00J1aCTH Mepexo/ia BOZHUKAIOT HECKOMIIEH-CHPOBaHHbBIE 00beMHBIE (IIPOCTPAHCTBEHHEIE )
3apsibl MOHU3UPOBAHHBIX aTOMOB ITPUMeECEe, KOTOPBIE 3aKPETJICHBI B y3lIaX KPUCTATNIECKON
pelIeTKH TOTYIPOBOAHUKA U TTOITOMY HE YYacCTBYIOT B TIPOIECCe MTPOTEKAHUS dJIEKTPHIECKOTO
Toka. OgHaKko 0ObEMHBIC 3aps/ibl CO3/AI0T DIECKTPUUYECKOE M10JIe, KOTOPOE B CBOIO OYEpe/b
CaMBbIM CYIIECCTBEHHBIM 00pa30M BIIMSACT HA JBMYKCHUE CBOOOTHBIX HOCUTENCH dIICKTPUUCCTBA, T.
€. Ha MpollecCc MPOTEKaHUs TOKa.

[Ipu yBenwdeHny 00paTHOTO HANPSIKEHHS 0071aCTh TPOCTPAHCTBEHHBIX 3aps/I0B (TJIABHBIM
o0Opa3oMm 3a cyeT 0a3bl) M BEIMUMHA 3apsijia B KAXJAOM CIIO€ (p U ) MOTYIMPOBOJHUKA
YBEJIIMYUBAIOTCA. JTO yBEITUUECHUE MPOUCXOAUT HETPOTIOPLHUOHATIBEHO: MTPH OOJBIIOM 110 MOTYITIO
00paTHOM HAIPSKEHUU 3apsyl YBETIMYHBACTCS IIPH YBEITMUCHHIH MOJTYIS HAMPSDKEHUST MEJTICHHEE, YeM TIPH
MAaJIOM TIO MOJTYITFO OOPaTHOM HaIPSDKECHHH.

Hanum mosicHsronyro mnmoctpanuio (puc. 1.19), rae ucmons3yem 0003HAYCHHUS:

Q — POCTPaHCTBEHHBIH 3apsil B CIOE 1 MOTYIPOBOTHUKA;
1 — BHEIIIHEE HAIPsDKEHUE, TPUIIOKEHHOE K P-N-TIEPEXO/1y.

-Q

0O0603Ha9NM uepe3 f (hYHKITHIO, OIHMCHIBAIONTYIO 3aBUCHMOCTE Q OT #. B cOOTBEeTCTBUU €
U3N0KeHHBIM Q =f{u).

B nipakTrke MareMaTiuecKoro MoJIeIMPOBaHHS (1 ITPH PYYHBIX PacyeTax) yA0OHO U MO3TOMY MPHUHSITO
TIOJTB30BATHCS HE ATHM BBRIPOKEHHEM, a IPYTHAM, TIOITYdaeMbIM 13 3TOTO B peaynbrare AudpepeHIpoBaHmsI.
Ha npakTrike mmpoKo HCHOJh3YEOT TaK HA3bIBACMYHO OaphepHYH0 eMKOCTh Cey, p-71 -TIEPEXOJIA, IPUYEM 110
onpeneneuuto Ce,p, = |[dQ/du|. U300pazum rpaduku aiis Q (puc. 1.20) u Cg,yp (puc. 1.21).

Henenue 603HUKHOBEHUS. U USMEHEHUs. 00EMHO20 3ap;lba HEPABHOBECHbIX Hocumeseu ajlekmpudecmsd.
Hugpdysuonnas emxocmsp. ECITN HATPsHKEHYE BHEIITHETO UCTOYHMKA HANPSDKEHUS CMEIIAST P-N-TIEPEX0/] B
psIMOM HarpaBieHu (1 > (), TO HAaUMHACTCS UHKCKIUS (IMHUCCHUS) — MOCTYIUICHUE HEOCHOBHBIX
HOCHUTEIICH DJICKTPUUYESCTBA B PaCCMAaTPUBACMBbIi CJION MONMYNPOBOIHUKA. B clydyae HECUMMETPUUHOTO p-
n-riepexoa (4To 0ObIYHO ObIBACT HA TIPAKTHUKE) OCHOBHYIO POJTb UTPACT MHXKCKIIUS 13 IMUTTEpa B 0a3y.

Janee npeanonaraem, 4to

Q Coap = dg| nepexon HCCI/IMMC’I‘]DI/IHHI)II\/:II U YTO
du SMHUTTEPOM SBIIACTCS CIIOH p, a
6a3oit — cioit n. Torma uu-
JKEKITUS — 9TO TMOCTYIIIICHHE
JBIPOK B ciior #. ClneacTBUEM
) 0 : . o > WHKCKIINH SIBIISICTCS
Puc 1.20

Puc 1.21



BO3HUKHOBEHHE B 0a3e 00bEMHOTO 3apsi/ia IbIPOK.

W3BecTHO, YTO B TIOMYIIPOBOTHHUKAX UMEET MECTO SBIICHUE TUAJICKTPUUECKOH pelaKcalum
(penaxcanmu MakcBeia), KOTOpPOE COCTOUT B TOM, YTO BOSHUKIITHKN 00BEMHBIH 3apsiy] TPAKTHIECKU
MIHOBEHHO KOMITEHCHUPYETCSI 3apsI0M TIOIOIIEIIINX CBOOOTHBIX HOCHTENEH Ipyroro 3Haka. 1o
TPOVCXOIHT 3a Bpemst mopsiaka 1072 ¢ wm 107 ¢.

B cooTBeTcTBHM ¢ 3THIM MOCTYITUBIIH B 0a3y 3apsiT IBIPOK OyAeT MPaKTHICCKA MTHOBEHHO
HEUTpaIM30BaH TaKUM e 10 MOJLYJTIO 3apsIOM AIIEKTPOHOB.

Hcrionb3yem 0003HaYEHHS:

Q — oOBeMHBIH 3aps]T HEPaBHOBECHBIX HOCUTENIEH B 0a3e;
1 — BHEIIHEee HaIpsDKEHUe, TPUIIOKEHHOE K P-N-TIepeX o1y,
f— yHKIHS, OMUCHIBAFOIIAS 3aBUCUMOCTE Q OT .

Hanum mosicHsromyro mwntoctparnuio (puc. 1.22).

Q (3apam ABIPOK)

\ ~9 (34psI DAEKTPOHOB)
i ip iy ) "n
l G/ I Q Coup

/ﬁ\
Ny
—_ 0 i 0
= a 6 L
Puc. 1.22 Puc. 1.23

B cootBerctBuH ¢ u3nokeHHBIM Q = f(u). Ha npakTrke ymoOHO U IPHUHSATO [I0IE30BATHCS HE
STHUM BBIPOKEHHEM, a APYTUM, TIOIyJaeMBIM U3 9TOTO B pe3yibrare quddeperimpoBanus. [Tpu aTom
HCIIOJIE3YIOT MOHATHE TUDPy3HnoHHON eMKocTh Cp,g p-N-IIEPEXO/IA, IPUYEM 10 OIIPEACIIEHUIO
Coup == dQ/du. EMKOCTb Ha3bIBAIOT

nuhy3MOHHOM, Tak KaK paccMaTpuBacMblii 3apsi Q JISKUT B OCHOBE UM Y3UU HOCUTEICH B
0aze. Cy,g YIOOHO Y IPHHSITO OIMUCHIBATH HE KaK (DYHKIMEO HAPSDKECHUS 1, a KaK (QYHKIHIO TOKa 1 p-
n-nepexoa.

Cawm 3apsn Q npsMo nponopLuoHalieH Toky i (puc. 1.23, a). B cBoro ouepens TOK i
SKCIMOHCHI[UAIBHO 3aBUCUT OT HAITPSIXKCHU 1 (COOTBETCTBYIOLICE BEIPOKCHUC MMPHUBCICHO BBIIIIC),
MOSTOMY MTPOU3BOAHAS di/du TakKe MPSMO TIPOTIOPIIHOHAITEHA TOKY (JIIs1 SKCIIOHCHIUATBHOM
(hyHKIIH e¢ TIPpOM3BOIHAS TeM OOIbIIIe, YeM OoJIbIIe 3HaueHHe (GyHKINH). OTCIo/Ia CIICIYET, 9TO
eMKOCTh Cy,q IPSMO TIPOTIOPIIMOHANBHA TOKY i (puc.1.23,6):

i7
C oueg = (0_ CM = ﬂ
T q’T ]

TJIe (7 — TEMIIePaTypHBIN MOTEHIIMAN (ONPE/IEIIeH BRIIIIE);
T — cpexgHee BpeMst IpoJieTa (Uit TOHKOW 0a3bl), WM BPEMsl KH3HH (JUTSl TOJICTOM 0asbi).

CpenHee BpeMs IpoJieTa — 3TO BPEMs, 32 KOTOPOE MHXKCKTUPYEMbIC HOCUTEITH JICKTPHUYCCTBA
POXOIAT 0a3y, a. BPeMs )KU3HH — BPEMS OT MHIXKEKIIUHA HOCHTEIS JJICKTpUYeCcTBa B 6a3y 10
PCKOMOHMHAITHIH.

Obwas emxocms p-n-nepexoda. Ita eMKocTh C., paBHa CYMME PaCCMOTPEHHBIX EMKOCTCH, T. €.
C/zep = C(')ap\ + C,mcb-

ITpu o6parHoM cmemiennu nepexona (u < 0) nuddy3noHHasT EMKOCTb MPAKTUYECKU PaBHA HYITIO U
TI03TOMY YUHTBIBAIOT OapbepHYI0 eMKOCTh. [Ipu mpsiMoM cMerieHun 00bIYHO
C6ap<c11mb
Hesvinpsmnsiowyuti konmarxm memani-nomynpoeooHux. J1ist IOIKITFOYCHS BHEIITHHAX BBIBOJIOB B THO/IAX
UCTIONB3YFOT TaK Ha3bIBACMBIC HEBBIPSMIISIFONIHAE (OMUYECKIE) KOHTAKTHI METAILI-TIOTYTPOBOHUK. JTO
TaKHe KOHTAKThI, COITPOTHUBIICHHE KOTOPBIX MPAKTHYECKH HE 3aBUCUT HU OT MTOJISIPHOCTH, HA OT BEJIMYMHBI
BHEITHETO HaTPsHKCHYIS.

[TonmyueHnre HEBBITIPSIMIIIOIINX KOHTAKTOB — HE MEHEE BaKHAS 33/1a4a, YeM IMOTyueHUE p-n-



nepexoy1oB. s KpeMHHEBBIX IIPUOOPOB B KAYECTBE METalIa KOHTAKTOB YacTO HCIONB3YIOT ATFOMUHHUIA.
CRolicTBa KOHTAaKTa METALI-TTOTYTTPOBOTHUK ONPENEIIIOTCS PA3HOCTBEO PaboT BBIXOZIA AMeKTpoHa. PaboTa
BBIX0JIa DJICKTPOHA U3 TBEP/IOTO TeJla — 3TO MPHUPAIIECHUE SHEPTHH, KOTOPOE IOJDKEH HOTy4HTh
ANEKTPOH, HAXOAIIHICS Ha ypoBHE DepMu, T BBIXO/IA U3 3TOTO Tena.

O603Ha49MM paboTy BBIXOZIA U MeTaylia yepe3 A, a U1 MOIyIpOBOJHUKA — uepe3 A, Pa3nenus
paboThI BBIXOJIA HA 3apsi/l JJIEKTPOHA (, TOIYYUM COOTBETCTBYIOIIHE MTOTEHIIAA-
L 9,=A,/q, 97A,/a.

BBenem B paccMoTpeHHe Tak Ha3bIBaeMYIO KOHTAaKTHYEO Pa3HOCTH MOTEHIHATIOB Pt Pue™ @ — 0, 151
OIIpeJIEeIIeHHO-

CTH 00paTHMCsl K KOHTAKTy METaJUI-IIOYIIPOBOIHUK N-THIIA. JIJIs TIOTydeH s HEBBITPSIMITSIOIIETO
KOHTaKTa HeOOXO/IMMO BBITIOJTHEHHE YCIIOBHS ¢, <0

H300pa3iM COOTBETCTBYIONINE 30HHBIE THArPaMMBI Il HEKOHTAKTUPYIOMINX MeTajlia U
noaynpoBogauka (puc. 1.24).

Kak ciemyer U3 AuarpaMmebl, SHEPreTUUeCKHEe YPOBHHU B MOIYIIPOBOIHHKE, COOTBETCTBYIOLIUE 30HE
MPOBOIMMOCTH, 3aI0JIHEHbI MEHBILIE, YeM B MeTaiuie. [103ToMy rocrie CoeIMHeHHs MeTalia U
TIOJTyNIPOBO/THUKA YaCTh MICKTPOHOB IIEPEH ICT M3 METAIIA B TIOIYIPOBOIHHK. DTO MPUBECT K YBEIUUCHUIO
KOHIICHTPAIIMH 3JIEKTPOHOB B TIOJTYTIPOBOTHUKE THIIA .

Taxum 00pa3oM, TIPOBOIMMOCTb MOTYIPOBOIHHKA B O0JIACTH KOHTAKTa OK&KETCS TIOBBIIICHHOH U CIIOH,
00€IHEHHBIN CBOOOJHBIMU HOCUTEIISIMH, OYZIET OTCYTCTBOBATh. YKa3aHHOE

VposeHs BakyyMma
Merann / \ - Honynposoxumx o mana
Py 2 3oHa MPOBONMMOCTH
Prm i Yposun goHopoa
¥posehs Sepmu Prn — yposens Depmu
MeTanna @, HONYNPOBOXHHKA
BanentHas zoHa

Puc. 1.24

SIBJICHHIC OKa3bIBACTCA HpI/I[II/]I-IOfI TOI'O, YTO KOHTAKT GY,HGT HCBBIIIPAMILAOIINM. I[JI}I TIOJTY4YCHUA
HEBBIIPAMITAIOIICTO KOHTAKTa MCTAJI-TIOTYIIPOBOJHUK P-THUIIA HCO6XOJII/IMO BBLIIOJIHEHUE YCIOBUSA @, >
0.



1.1.3. XapakTepucTuku U napameTpsl MOJIYIIPOBOJHUKOBOIO 1014

Bonvm-amnepnas xapakmepucmuxa (BAX) nonynpoeoonukoeozo ouoda na nROCHoaHHoM moke (cmamuyiecKkas
xapaxkmepucmuka). BonbT-aMrepHasi XapaKTepUCTUKa — 3TO 3aBUCMMOCTD TOKa I, TPOTEKAIOIIETro
yepe3 U0, OT HaMpPsDKeHUsS U, TPUIIOXKEHHOTo K Auoay (puc. 1.25). BonbT-aMnepHoii xapakTe-
PHUCTHKOM Ha3BIBAIOT U TPa(HK ATOH 3aBUCHMOCTH.

Bnauane 6ynem momarats (cM. puc. 1.25), uro odpatHoe Hamnpspkernue (¢ < 0) 1o MOy
MEHBIIIE HANIPsHKEHUS Mpobos p-n-iepexosna. Torma B iepBoM MPUOTKEHUN MOXKHO CUHTATh, UTO
BOJIbT-aMIIEPHAS XAPAKTEPUCTUKA TUO/IA OIPENIEISIETCSl YKE pACCMOTPEHHBIM HJICATT3UPOBAHHBIM
OIHCAHUEM XapaKTEPUCTUKH P-N-TIEpEXoa:

u i=i (% =1).
—»

st
L1

L

D
O
Puc. 1.25

TemnoBoit TOK i 00YCIIOBIICH TeHEPAINCH HEOCHOBHBIX HOCHTEIICH B 00JIACTAX, TIPHIICTAFOIIIHX
K o0nacTu p-n-nepexonaa. OqHaKo YacTo 3TO UACATM3UPOBAHHOE OMKMCAHKE 1aeT HEMPUEMIIEMYIO
norpentHocTb. OcoOeHHO.00bIIas MTOTPEITHOCTS BO3HUKAET MTPH BHIYHCICHUN TOKA JTNO/IA,
BKJIIOYEHHOTO B 00paTHoM HanpapieHuH (U < 0, i < 0). BeIYUCICHHBIN 0 paccMaTpUBacMOMY
BBIPAKEHUIO TOK (i=-I; mpu \u\>> (@) 151 KPEMHHUCBBIX JUOI0B OKA3bIBACTCS HA HECKOJIbKO
TIOPSIIKOB MEHBIIIE peanbHOro. B TO e BpeMsl CTOUT OTMETHUTh, YTO B HEKOTOPBIX pacdeTax
00paTHBIM TOKOM BOOOIIIE MOYKHO ITPEHEOPEUb.

Vkaxem OPUYKUHBI OTIIMYUSA XapaKTCPUCTUK PCAaIbHbIX AUOA0B OT MACAJIU3UPOBAHHBIX.
OOpatumMcs K TpsIMOK BETBU BOJIbT-aMIICPHOM XapakTepucTuku auoxaa (u > 0, i > 0). Ona
OTJINYACTCS OT UCATU3NPOBAHHON M3-32 TOTO, YTO B PCATLHOM CITy4ae Ha HEC BIHSIOT :

* CONPOTHBIICHUS CIIOCB MOJYIMPOBOJHUKA (0COOCHHO 0a3bl);
* CONPOTHUBIIEHUS KOHTAKTOB METAJUI-TIOTYIPOBOIHHUK.

BakHO OTMETHTB, YTO COMPOTUBJICHHE 0a3bl MOXKET CYIIICCTBCHHO 3aBUCETh OT YPOBHS
WHXEKIUHU (YPOBEHb MHXKEKIIMH ITOKA3bIBAET, KAK COOTHOCUTCSI KOHIICHTPAIIUS WHXKEKTHPO-
BaHHBIX HEOCHOBHBIX HOCHUTEJICH B 0a3e Ha TPaHUIE ITepeXoaa ¢ KOHIIEHTPAINe OCHOBHBIX
HocHTelIeH B 0a3e). BnusHue yKazaHHBIX CONMPOTHRIICHUI TIPUBOIHUT K TOMY, UTO HAIPSDKCHHE HA PEaTbHOM
JIFIOJIE TIPY 33TAHHOM TOKE HECKOJIBKO OOJBIIIe (0OBIMHO Ha JIONH BOJIBTA), YeM 3TO CIIeyeT U3 (hOPMYJIBL.

O6patumMmcs k oOpaTtHoit BeTBH (1 < 0, i < 0). OCHOBHBIE TIPHUYMHBI TOTO, UTO PEATHHO OOpATHBIH
TOK OOBIYHO HA HECKOJIBKO TTOPSIAKOB OOJIBIIIE TOKA is, CICAYIOIIHE:

* TEpPMOTCHEpAII|sI HOCHTEICH HETTOCPEICTBEHHO B 00J1a
CTH p-N-TIePEX0/a;
* TIOBEPXHOCTHBIC YTCUKH.

TepmoreHepatius B 00J1aCTH p-N-TIEPEX0/1a OKa3bIBACT CYIICCTBEHHOE BIIMSIHUE HA TOK TIOTOMY, UTO
00J1acTh nepexo/ia 00eAHEHA MOABMXKHBIMUA HOCUTEIISIMU 3apsijia, U MPOLICCC PCKOMOMHALIMK (00paTHbIN
TIPOLIECCY TEHEPAIIH U B ONPE/ICTICHHOM CMBICIIC YPABHOBEIIMBAIOIINI €r0) 37eCh 3aMEIJICH.

ITpu KoMHaTHO TeMrieparype ist KPeMHUEBBIX MPHOOPOB TOK TEPMOTCHEPAIMH OOBIYHO CYIIICCTBEHHO
MPEBBIIIACT TEIUIOBOM TOK Is.

J1J1s1 OpUCHTUPOBOYHBIX PACUCTOB MOYKHO CUUTATh, UTO C TIOBBIIICHUEM TEMIIEPATYPhI TOK iy
yBauBaCTCS MPUMEPHO Ha Kaxbie 5S°C, a TOK TSPMOICHEpalluK YIBAUBACTCS IPUMEPHO HA KaXK/IbIC
10°C. IIpu temneparype okoisio 100°C Tok iy CpaBHUBAETCSI C TOKOM TEPMOI€HEPALIHH.

IToBepXHOCTHBIE YTEUKH YaCcTO COCTABIISIOT MOAABIIFOLLYIO TOJIF0 00paTHoro Toka. Mx mpuyrHamu
SIBJISTFOTCST:

* TIOBEPXHOCTHBIC SHEPIETUUCCKIE YPOBHH, 00CCTICUNBAIOIIVIE AKTUBHBIE ITPOLIECCHI TEHEPAIN 1



PEKOMOUHAITUH;
* MOJIEKYJSIpHBIC M HOHHBIE TUICHKH, ITYHTHPYIOIIHE P-N-TIEPEXO]I.

[Ipu yBenuveHN: MOYIISE OOPATHOTO HANIPSHKEHUS TOK YTEUKH BHAYalle H3MEHSETCS JINHEIHO, a 3aTeM
Oonee ObIcTpo. TOK yTeuKH XapaKTepH3yeTcsl TAK Ha3bIBAEMON II0JI3YYECThI0» — U3MEHEHHEM B
Te4YeHHE BPEMEHH OT HECKOJILKHX CEKYH]I 0 HECKOJIBKHX YacoB.

[Ipu mpakTHYECKUX OPHUEHTHPOBOYHBIX pacYeTax WHOTA MPUHUMAIOT, YTO 00U 0OpaTHBIN
TOK KPEMHHEBOTO JIMO/Ia YBEIMYMBAETCS B 2 pa3a wid B 2,5 paza Ha kaxapie 10°C.

Jmst mpumepa n300pa3uM XxapaKTepUCTHKA BBRITPIMUTENHHOTO KpeMHHEeBOTO anoja J1229A
MIpY Pa3IMYHBIX TeMIepaTypax (MakKCUMaIbHBIN cpeauuil npsamon Tok — 400 MA, mak-
CHMalTbHOE UMITYJIbCHOE oOpaTHoe HanpsbkeHue — 200 B). IIpsMble BeTBU XapaKTEPUCTHK
rpeJicTaBlieHbl Ha puc. 1.26, a oOparnbie (10 pexxnma npobos) — Ha puc. 1.27.

h
i, MA 5 - i, veA 4
m*’c\! ﬂ 2150 _-100 . of w B
300
T B
a / =

200 / / 25°C _// -[{)
. _ 3 290
100 - 125°C -

NN : -100

0702 a4 06 .8 Puc. 1.27
- Puc. 1.26

OO0paTumcst K pexxuMy po0ost MOITYITPOBOHUKOBOTO INO/IA U COOTBETCTBYIONIEMY YHaCTKY
00paTHOH BETBU BOJBT-aMIIEPHOM XapaKTepUCTHKH (Ha puc. 1.27 3TOT y4acTOK He MoKa3aH).

JIno1bl MHOTMX KOHKPETHBIX THIIOHOMHHAJIOB HE TPpeHa3HAYCHBI IS pa0OThI B PEXKUME
po0os. JIJI HUX TOT PeXKUM paboThl — aBapuiHbId. Eciu npu npodoe TOK B LIEMH He Or-
paHnuuBaeTcs (HalpuMep, BHEITHUM COIIPOTHUBIIEHUEM ), TO JTUOJ] BRIXOUT U3 CTPos. B Takmx
npudOpPax Mpu YPE3MEPHOM YBEIIMUEHUU 0OPATHOTO HAMIPSHKEHUS (TI0 MOAYJITIO) IPAKTUUYECKU
Cpasy K€ HAYMHACTCsI TEIIOBOM MPOOOH (Y4acTOK 3JIEKTPUUECKOTO MPOoOOs MPAKTHUECKU
OTCYTCTBYET).

Hanpsioxenue Hayana npo0ost 1l pacCMaTPUBACMbIX JIMOA0B — BEIUYHHA HECTAOMIIbHAS
(npo6oii HaunHaeTcs ipu U = -Unipo06. rae Unpob — Tak HazkiBaeMOe HAMPSDKEHHUE MPOOos —
TIOJIOXKUTEIbHAS BeTMYMHA). M300pa3uM COOTBETCTBYIOIIYIO BOJIBT-aMIICPHYIO XapaKTCPUCTUKY
(puc. 1.28).]ln01p1 HEKOTOPBIX KOHKPETHBIX THIIOB CITPOSKTUPOBAHBI C PACUETOM Ha PaboTy B
PEXKHME JIABHHHOTO ITPO0O0ST B TEUSHUE HEKOTOPOT'O KOPOTKOTO BpeMeHH. Takre OBl Ha3hIBalOT
JIaBUHHBIMY. ECTIH OTpe30K BpeMEHH, B TCUCHHE KOTOPOTO TUO HAXOIUTCS B PEXKHME JTABUHHOTO
po00s1, HEBEITHK, TO €TO P-N-TIEPEXOJT HE YCIIEBAET MEPETPETHCS U IO HE BRIXOIUT U3 CTposi. MHaue
JIABMHHBIN IPOOO# TIEpeH/IeT B TEIIIOBOK M IO BRIHAIET U3 CTPOsL. MI300pa3rM BOJET-aMITEPHYIO
XapaKTepPUCTUKY IS JJaBUHHOTO quoja (puc. 1.29).

JlaBvHHBIE OB, KaK MPABHIIO, 00JIee HAJISKHBI B CPABHEHUH C OOBIYHBIMI KPATKOBPEMEHHBIC
TiepeHaNPsDKEHAS HE BHIBOISAT JIABUHHBIN JTHOJ U3 CTPOSI).
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|— PexciM JapiHHOre mpofos

. Pesxum tennosoro mpolios

Puc. 1.28 Puc. 1.29

11151 HeKOTOPBIX KOHKPETHBIX TUIIOB IMO0B PEXXUM MPOOOS SBISIETCSI OCHOBHBIM PAO0YNM PEKUMOM.
370 TaK Ha3bIBaeMble CTAOMIMTPOHBI, PACCMaTPHBAEMBIE HIKE.



3asucumocmsv bapveprol emxocmu ouoda om nanpsivicenus. [lpuBeneM rpadyik 3aBHCUMOCTH
obeti emkoctH Co kpeMHKEBOro auona 2/1212A ot oOpaTHOro HanpsbKeHuUs (OCHOBHOM BKIIA B
O0IITyI0 €eMKOCTh BHOCHT OaphepHast eMKOCTh) (puc. 1.30). [l 3Toro Amoma MakCUMalbHBIN
TTIOCTOSTHHBIHN (CpeHMi ) TIpsIMON TOK — 1 A, MaKCHMaThHOE MOCTOSIHHOE (MMITYJIBCHOE)
obpaTtHoe HanpsbkeHue — 200 B.

Bpemennvie ouazpammer moka u nanpsicenusn ouooa npu e2o nepexoyeruu. O6paTuMes K
cxeme Ha puc. 1.31. [Ipeamonaraercs, uro BHadase ko4 K omKmoyaeT NCTOYHHK HAIpsi-

Cq i K R

712 D)l Y

-100-80-60-40 -20 Ou’ B

| ]
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skenus Ul, a 3areM, B MOMEHT BpeMeHH t = 0, UICTOYHUK HanpsbkeHus U2..

[penmonaraercs Taroke, uto HanpsbkeHus Ul 1 U2 3HaunTens HO OOIBITIE MPSIMOTO TTaJCHUST HATTPSDKSHHUS
Ha auofie. M300pa3iM cOOTBETCTBYIOIIKE BpEMEHHbBIE Auarpammel (puc. 1.32).

1o MomenTa BpeMeHH t = 0 MpOTEeKaeT TOK i/, KOTOPBIN C Y4ETOM NPHUHATOrO ycnosus U1>> U
OTIPEACTISAETCS BBIPAKEHUEM
. u
i =—

R

Cpazy nocie nepexioueHus Kiroua K u B TeueHue Tak Ha3bIBaeMOI'0 BPEMEHU PACCACBIBAHUS fpqc

IPOTEKACT TOK Iy,
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Puc. 1.32

KOTOPBIK OrpaHUYUBACTCS ITPAKTUYCCKU TOIBKO COMMPOTUBICHUEM R, T. €.
u,

i 2

B atot orpe3ok BpeMeHH B 0a3e 110j1a YMEHbBIIASTCS (PaccachiBacTCs) 3apsi/] HAKOTUICHHBIX ITPH
MIPOTCKAHWK TOKA 1, HEPABHOBECHBIX HOCHTEIICH. 3apsiyi yMEHBIIACTCS B PE3YIIBTATE PEKOMOMHAIMH 1
NePEX0/1a HCOCHOBHBIX HOCUTEICH B SMUTTED.

ITo ncTeueHNH BPEMEHH £, KOHIIEHTPAIHMS HEOCHOBHBIX HOCHUTENEH B 0a3e Ha rpaHuIle p-n-
TIepeX0/1a CTAHOBUTCS PaBHOM paBHOBECHOMW. B riryOnHe »xe 6a3bl HEpaBHOBECHBIH 3apsi/l CIIIE CYIIECTBYET.
JImTembHOCTE BPEMEHH PACcCaChIBAHMS TIPSIMO MTPOTIOPIIMOHATEHA CPEIHEMY BPEMEHH KU3HHU He-
OCHOBHBIX HOCHTEIIeH B 0a3e M 3aBUCHT OT COOTHOIIICHHS TOKOB 11, ¥ 12 (4eM OOJIbIe 10 MOJIYITIO TOK



12, TEM MEHBIIIE, IIPU 3aJJaHHOM TOKeE i/, BpeMs paccachblBaHU).

B MoMeHT BpeMeHH ¢/ HanpsDKeHUE Ha IHOJC HaYMHAET OBICTPO BO3PACTaTh IO MOJAYIIO, & TOK i
YMEHBIIATbCA 110 MOYIIO (crafarh). COOTBETCTBYIOUIUI OTPE30K BPEMEHH /., HA3BIBAIOT BPEMEHEM
crnaga. BpeMs criaga oTCUHTBIBAIOT IO TOTO MOMEHTA ¢2 KOTOPOMY COOTBETCTBYET JJOCTATOYHO
Majsioe (TIo MOYIIIO) 3HAa4YCeHUE ToKa i3. BpeMs cmaga 3aBUCHUT OT BpeMeHH KU3HH HOCHUTEIICH, a TakKe
OT OapbepHOI EMKOCTH TOa M OT CONPOTHRICHHS R cxeMbl. UeM OobIlie YKa3aHHBIC EMKOCTh U
COTIPOTHBIICHHE R, TeM MEJICHHEEe CIaIaeT TOK.

OTpe3oK BpeMeHH 180C = ty,c + ., HA3BIBACTCSI BpEMEHEM BOCCTAHOBIICHHS (BpEeMEHEM 00paTHOTO
BOCCTaHOBIICHHS).

Tlocite 3aBepiiieHus TIEPEXOHOTO Ipoliecca (MOMEHT BpeMEHH t3) depe3 U0 T€UET TOK lysfyem —
00paTHBIN TOK B YCTAaHOBUBIIIEMCS pekuMe (OIpeersieMblid TI0 CTaTHYECKON BOJIBT-aMIIEPHOM
XapaKTepUCTHKE JTHO/IA).

Jms ynmomstyToro Bemie muona 2J1212 A turioBoe BpeMst BocctaHoBieHuss — 150 me (150 10~9c)
mpu i1, =2 A (MMIyJIbCHBIN TOK) ¥ i, = 0,2 A.

THapamempol 0uodos. 111 TOro, 4ro0bl KOIMMYECTBEHHO 0Xa-PaKTEPU30BATh TUO/IbI, UCIIOIB3YIOT
OOJBITIOE KOJIMIECTBO (M3MEpSAEMOE ACCIATKAMH ) Pa3TMIHBIX MapameTpoB. HekoTo-phie mapameTpsl
XapaKTEPHU3YIOT MOl CAMBIX PA3IMYHBIX MOAKIACCOB. J[pyrue ke XapaKTepu3yroT CrielupuuecKie
CBOICTBA TMOJIOB TONHKO KOHKPETHBIX TIOAKIIACCOB.

VYkakeM Han0OosIee MMUPOKO KCIONIB3yEeMBIC TTapaMETphI, MPUMEHSIEMBIC K TUOAaM Pa3IAIHBIX
TIO/IKIIACCOB:

Inp.makc. - MaKCUMaJTbLHO JIOITYCTUMBIN TIOCTOSIHHBIN TIPSIMOH TOK;

U, — NOCTOSIHHOE IPSAMO€E HaIPsKEHHE, COOTBETCTBYIO-IIIEE 3aJAHHOMY TOKY;

Uobp. maxc — MaKCHUMAITLHO JTIOITYCTUMOE 00paTHOE HAIPsiKe-HUE AUO0/A (TTOOKUTEHHAS
BENIMYMHA);

lob6p. maxc — MakCUMAaITEHO TOMYCTUMBIH TIOCTOSTHHBIN 00paT-HBIH TOK AM0AA (TTOOKHUTETbHAS
BEJIMYMHA; €CJTY PEATIbHBIN TOK Ooubie, ueM [obp. Makc, TO TUOJ CUATAETCS HEPUTOTHBIM K
HCTIOJIL30BAHHIO);

Rough - nubdepennmanbHOe CONPOTHBICHUE AMO A (IIPH 3aJaHHOM PEeKMME paboThI).

B Hacrosiiiiee Bpemst CYIIeCTBYIOT TUOIBL, MPEAHA3HAYCH-HBIC 17151 PA0OTHI B 0YCHB HIMPOKOM
JIMara30He TOKOB M Ha-MpshKeHUH. J{s Harbosiee MOIIHBIX JUOI0B [np. Makc. COCTaBIIA-CT
xkujioamnepsl, a U o6y axe — KUIOBOJIBTHI.

1.1.4. VMcnonb3oBaHKE BOJIbT-aMIIEPHOM XapaKTEPUCTUKH AUO0Aa AT
OTpe/ieNIEHUsI ero pexuma padoThl

PaccMoTpuM crienyroIuii mprMep.
B cxeme, n3o00pakeHHOH Ha puc. 1.33, HEOOX0UMO OTIPE-ACIUTh TOK, MPOTCKAIOIINH Yepe3 U0/,
HanpsbKEHUE Ha TU-0/I€ U HANPSDKEHUE Ha PE3UCTOpE.
Ug
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3neck 1, — HaNpsHKCHUE NCTOYHWKA HaMPsHKCHUs! (M3BECT-HAs BEIMUMHA). 3aMuIleM YpaBHCHUC
1o 2-my 3akoHy Kupx-roa jyisi ykazaHHOW Ha PUCYHKE OPHCHTAI[MU KOHTYpa!
Uy, +u,+u; =0
Orcrona
-y, tig-R+us;=0,
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I'padykom 3ToM NTHHEHHON 3aBUCUMOCTH TOKa 111 oT Hanpsa-keHus Un SBAsSETCS npsMast THHUS —
TaK Ha3bIBaeMas JIMHUS Harpy3ku. Cama 3aBUCUMOCTh Ha3bIBACTCS YPABHEHUEM JIMHUU HArpy3KH,
3TO OJHO U3 YPaBHEHUM, HEOOXOIUMBIX IS OTIpe-AeNeHUs ABYX HEM3BECTHBIX: iy U Uy. Y paBHEHHE
JUHUY Ha-TPY3KH MTOKA3BIBAET, KaK CBS3aHBI TOK iy U HanpspkeHne Ul B paccMaTpuBaeMoi cxeMe.

Bropoe HeoOxonuMoe ypaBHEHHE — HEJTMHEHHOE — 3aBU-CHMOCTh TOKa iy OT HampshkeHus Un
B (hopme BOJIBT-aMIIEpHOM XapaKTEPUCTUKH. DTa 3aBUCUMOCTH MTOKA3bIBAET, KaK CBsI3a-HbBI TOK iy U
HanpsbkeHne U 11 KOHKPETHOTO paccMaTpruBae-Moro AHoja.,

IIpakTudeckuii aHaIM3 YIEKTPOHHBIX CXEM B HACTOSIIEE BpeMs PEKOMEHyeTCS BBITIOJIHSITh Ha
DBM ¢ moMoIIp0 MOJISIUPYIONINX MporpaMM. Ho ipu mepBoM 3HaKOMCTBE C TIOJIOOHOM cXeMoi
OUYeHb MOYYHUTETHHO BBHITIOTHUTE ee rpadudecknit anamus. [Iycts u, =3B, R = 10 Om u
ncronb3yercs auon J1229A nipu temrieparype 25°C. BbIomHIM COOTBETCTBYIOIINE TpadudecKre
noctpoenus (puc. 1.34).

Hckompriii Tox auona i *y — 230 MA, uckoMoe HanpspkeHue Ha auoae u*,=0,7 B.

Jlerko 3aMeTUTh, UTO OTPE30K ab — 3TO HcKkoMoe Hanpsbkenne U* . Ha pesucrope R(u'r= Uy —
U*=2,3 B).

1.1.5. Maremarnueckue MOJ€EIN JUOA0B ¥ UX UCHOJIL30BaHUE JI aHAIN3a
AIEKTPOHHBIX CXEM

Tpu aHaTH3E MEKTPOHHBIX cXxeM Ha DBM Bce 3eKTpOHHBIE MPHOOPHI, B TOM YHCIIE U IO/,
3aMEHSFOTCS MX MaTeMaTHUYECKUMH MOJICIISIMHL.

Matemartuieckas MOJENb JUOa — 3TO COBOKYIMHOCTh SKBHBAJICHTHOM CXEMBI THO/IA U
MaTeMaTHYEeCKHUX BhIPKEHUH, OIMUCHIBAIOIIIX IIEMEHTHI SKBUBAICHTHON cXeMbl. KpaTtko paccMoTpum
MaTeMaTHUCCKYIO MOJICIb JMO/IA, UCMONB3YEMYO B ITAKETE MPOorpamm Juist aHanusa cxem MicroCap-2.
D710 oxHa U3 HauboJIeE MPOCTHIX Moaelei. M300pa3uM SKBUBATICHTHYIO cxeMy auoza (puc. 1.35).
ITocTostHHOE compoTHBIIEHNE R BKITFOYEHO B CXEMY C IICNBIO yueTa TOKa yreuku. EMxocts C
MOJICTIUPYET OaphePHYIO U TU(PQY3UOHHYFO EMKOCTH JIMO/IA.
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YrpasisieMblii HCTOYHUK TOKA i, MOJACITUPYET CTATUYECKYIO BOJIBT-aMIIEPHYIO XapaKTEPUCTHKY.
MaremaTuueckoe onrcanue Toka i, 1 eMKOCTH C J0CTaTOYHO TPOMO3IKOE, HO OCHOBAHO Ha y4eTe
YK€ PACCMOTPCHHBIX BhIIIE (PU3NUYCCKUX SABICHUN B TUOJIC.

Mojienb SBISCTCS] YHUBEPCAILHON M XOPOILIO MOJCIMPYET MO KaK B CTATHYCCKOM (Ha
MOCTOSTHHOM TOKE), TaK ¥ B JMHAMUYECKOM (B MEPEXOHBIX MPOIIECCAX) PEKUME, YUUTHIBACT
BIIMSIHHE TEMIIEPATYPhl HA CBOKWCTBA THO/A.

B npocreiimux cinydasx, HanpuMep Ipyu OPUEHTUPOBOYHBIX PYUYHBIX pacueTax, AHOIAA
UCTIOIB3YIOT HECTIOKHBIC MATEMATUUCCKUE MOICTIM JUOA0B. IIpu 3TOM 4acTo MOab3yIOTCs
KYCOYHO-JIMHECHHON almpOKCUMAaIIMe BOIbT-aMIEPHON XapaKTEPUCTUKU AU0/1A.

MN300pa3umM BOJIBT-aMIEPHYIO XapaKTePUCTUKY auoaa (puc. 1.36), BHITOJIHUM JTUHEHHYIO
anMpoOKCUMAaLUIO MPSIMOU
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1 00paTHOM BeTBeH U M300pa3uM COOTBETCTBYIOIIHE SKBUBATICHTHBIE CXEMBI TUO0B ISl IPSIMOTO (pHC.
1.37) u obpatHoro BriIroueHui (puc. 1.38).
PaccmotpuM B KadecTBe IpUMepa pacdeT TOKa U HaIpsDKEHUH B ITpocTenmei cxeme (puc. 1.39).

Puc. 1.37

TlockoabKy MO CMEIICH B IPSIMOM HAaIPaBICHUH, TO UCHOJb3YyeM SKBUBAICHTHYIO CXEMY IS
MIPSIMOTO BKIIFOUCHHMS TUOJIA U TOIYYUM JTUHEHHYIO CXeMY MTOCTOSIHHOTO TOKA, MPEACTaBICHHYIO Ha
puc. 1.40.

BrinmosHuM aHanu3 3TOH IIeNu:
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[Ipu mpuOIMKEHHOM aHAIN3e CXEMBI C AMOI0OM HHOTJA MOKHO MpeHeOpedb BETUUUHAMH Ty, np U
Un 1 3aMeHHUTH BKIIFOYEHHBIN A0 UICATbHBIM HCTOUHUKOM HAIPSIKEHUS C HYJIEBOM BETUUMHOM
HaIpsDKEHUS, T. €. TaK Ha3bIBaeMOM «3aKOPOTKOI», a TaKXKe MpeHeOpedsh 00paTHBIM TOKOM ij

(ONMU3KMM KHYITIO) ¥ COITPOTUBICHUEM [y06, (OTM3KHUM K OSCKOHEYHOCTH ) U 3aMEHHUTh
BBIKTIOYCHHBIN THOJT Pa3phIBOM. DTO COOTBETCTBYET 3aMEHE PEAIbHOT'O JTUO/1a UCATbHBIM,

00J1aTafOITM BOJIBT-aMIIEPHON XapaKTEPUCTHKOM, IpeACTaBIcHHON Ha puc. 1.41.
N300pa3zuM 3KBUBANIEHTHBIE CXEMBI HACATHHOTO U0 IS IpssMoro (puc. 1.42) u obpaTtHOTO

BKUTFOUeHnH (puc. 1.43).

._..!3-;
R
+
E
ug
Puc. 1.39
; Puc. 1.40
it Xapaxvepuor
H p;lm-&!om :uao!:a A A A A
Xapaxrepucria— .:'/
HIEAIBHOTO OHONA !
u . K K K K
Puc. 1.42 Puc. 1.43

Pac. 1.41



1.1.6. PasHOBMOHOCTH
TNOJTYIIPOBOOHMKOBRIX OMOTOB
Cmabunumpon. IT0 NOTYNPOBOJIHUKOBBINA U0, CKOHCTPYUPOBAaHHBIN A pabOTHI B pexKUMeE

3JIEKTpUUECKOro npobos. YcnoBHoe rpadruyeckoe 0603Ha4eHHE cTa0OUINTPOHA MPEACTABICHO Ha
puc. 1.44, a.

S B B - P
Puc. 1.44 -

B ykazaHHOM pekuMe NP 3HAYUTEITLHOM U3MCHEHUH TOKAa CTA0MIMTPOHA HATIPSDKCHUC
W3MEHsIETCSl He3HAUUTENbHO. ['0BOPAT, UTO CTAOUIUTPOH CTAOUIU3HpPYET HanpsbkeHue. 1300-
pasuM JJIs IprMepa BOJIbT-aMITEPHBIE XapaKTePUCTHKH KpeMHHEeBOro ctadmmmtpona J[814/] (puc.

1.45).
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B crabunutpoHax MOXET UMETh MECTO U TYHHEIIbHBIHN, 1 IABUHHBIN, M CMEIIaHHBIN TPOoOOH B
3aBUCUMOCTH OT yJIETHLHOTO COITPOTUBIICHHUS 0a3bl. B cTaOMIUTpOHAX ¢ HU3KOOMHOMN 0a30i
(HU3KOBOJIBTHBIX, A0 5,7 B) IMeeT MeCTO TYHHEIbHEIN MPo00ii, a B CTAOUIUTPOHAX C
BBICOKOOMHOM 0a30# (BBICOKOBOJIBTHBIX) — JIABHHHBIN TTPOOOH.

OCHOBHBIMH SIBJISIOTCS CIEAYIONINE TapaMeTphl CTAOUITUTPOHA;

U.,, — HanpspKeHUE cTaOuIu3aIuM (MpHy 3aJaHHOM TOKE B PEKUME TPOo00s);

1 ey syy— MUHUMAITBHO JIOTTYCTUMBIN TOK CTAOWMITN3AIINM;
/e saxe, — MAKCHMAIBHO JIOMYCTHMBIN TOK CTA0MIIN3AIUY;

7 — nuddepeHnmanbrHoe COMPOTHBICHUE CTAOMIUTPOHA (Ha ydacTke po0os), r, — du/di;

ouem (TKH) — TemmepaTypHbIif KO3GGUIMCHT HAPSIKCHUS CTAOHITN3aLIUHL.

Benuuunst U, mpmu A 1em, maxe TPAHATO YKA3bIBATh KaK MOJOKUTCIHHEBIC.

He pexoMeHayeTcst UCMob30BaTh CTAOMIUTPOH NPH 00PATHOM TOKE, MCHBILICM 10 MOZYJII0, YeM
1 ey TAK KK CTAOMIM3ALINSI HAMIPSKCHUSI TIPH 3TOM OYZIET HEYI0BJICTBOPUTEIBHOM
(muddepennuanbHOE CONMPOTUBICHUE OYIET Ype3MepHO OoubimMm). Eciu sxe 0OpaTHBI TOK 10
MOJIYJTEO TIPEBBICUT 1 o1y, maxe, TO CTAOMIIUTPOH MOMKET IIEPETPETHCS, HAUHETCSI TEIIOBOM NPo0oH U mprudop
BBIAACT U3 CTpOosi. UeM MEHBIIIC BETWUNUHA 2y, TEM JTYUIILC CTAOMIN3ALMS HAITPSKCHUS.

Ilo onpenencHuO @4, — 3TO OTHOLLCHUE OTHOCUTEIBHO-IO U3MECHEHUS HAIIPSKCHUS
CTadWIIM3aIMKU K a0COIFOTHOMY M3MEHCHUIO TEMIICPATYPhl OKPYXKAIOIICH CPEIIbl IIPU TOCTOSTHHOM TOKE
CTa0UIM3AIHH.

ITycTh mpu TeMnepaType ¢; HanpsHKeHUe CTa0uIM3alui ObLIO PABHO U, Toraa nmpu
TEeMIIeparype ¢, HaPsHDKeHNE CTAOWITHBALNH U,,;,» MOYKHO B COOTBETCTBHH C OTIPEICIICHHEM Ay, BRITUCIIATE
o hopmyie



Uy = Uy + Ugmy Oy, (B — 1) -

YV cTabuUIITPOHOB C TYHHETBHBIM MPO00eM KOIDGDHUIIUEHT dyey, OTPULIATENCH: Gy < 0. Y
CTaOMJIMTPOHOB C JIABUHHBIM IPOO0EM KOIDPUIHUEHT a0y TIONOXKUATENECH: Ayjcy > 0.

WHorna cTaOrIuTpOH ¢ TAaBUHHBIM TIPOO0EM BKITFOUAIOT TIOCTIEOBATENBHO C JIMOMIOM, PaOOTAFOIIM B
TPSIMOM HarIpaBJieHuH. Y JIMO/Ia COOTBETCTBYIOIINI TeMITEpaTyPHBIN KO3((PUITMEHT OTPHIIATENBHBIHN, U OH
KOMITCHCHPYET TIOJIOKUTEITLHBIN KO (HUITUCHT CTaOMIUTPOHA.

Hns cradunmurpona [1814/1 (pu ¢ = 25 ° C)
Lem, mun = 3 MA, Lem. maxe= 24 MA, r,, — He Oonee 18 OmM,

ayem- He 0oiee 0,00095 1/° C.

Jnis mpuMepa prUMEHEHHS! CTa0WITUTPOHA 00pAaTUMCS K CXeMe Tak Ha3bIBaeMOTr0 IapaMeTPIIECKOro
crabmm3aropa HanpsbkeHus (puc. 1.46). JIerko 3aMeTUTh, UTO €CTH HAIPSDHKEHUE Ug, HACTOIBKO
BEJIMKO, YTO CTAOMIMTPOH HAXOTUTCS B PeKUME TIPOOOSI, TO N3MEHEHHS 3TOTO HAIPSLKEHVIS TIPAKTH-
YECKH HE BbI3bIBAIOT M3MCHCHHS HAMIPSDKCHUS U, (IIPU UBMECHEHUU HATIPSKECHUS Uy, U3MCHSICTCS
TOJIBKO TOK 1, @ TAK)KE HAIPSDKCHUE Up © Up=1 R).

Puc. 1.46
B pesxume npo0ost OTCYTCTBYET MHKEKLIMS HEOCHOBHBIX HOCHTENICH, M TIOITOMY HeT HaKOILICHHUS
M30bITOYHBIX 3apsI0B. BenencTue 310ro CTrabiIMTPOH SABISICTCS ObICTPOACHCTBYIOIIMM IIPHOOPOM U
XOpOLIO PabOTaeT B UMITYJIbCHBIX CXEMaX.

Cmabucmop. IT0 TIOTYIPOBOHUKOBEIH IO, HAMPSHKEHUE Ha KOTOPOM TPH TTPSIMOM BKITFOUCHUHU
(oxoio 0,7 B) maiio 3aBUCHT OT TOKa (TIpsiMast BETBh HA COOTBETCTBYIOIIEM YIACTKE TIOUTH BEPTUKATIHHAS).
Crabucrop npeaHa3HaueH I CTA0MTU3AIIUN MaITbIX HAIPSKEHUH.

Luoo Lllommxu. B nuone LLIoTTKH Bcmonb3yeTcst He p-N-TIePeXol, a BHIIPSIMITSIFOIINI KOHTAKT
METAUT-TTOTYITPOBOIHHMK. Y CITIOBHOE Tpadhrdeckoe o0o3HaueHue quoaa IIoTTky mpecTaBIeHo Ha PHC.
1.44, 6.

OOpaTMCcst K COOTBETCTBYFOIIICH 30HHOM auarpamme (prc. 1.47), KOTOPYrO IMOJIE3HO CPABHUTH C 30HHOM
JMarpaMMOi JiJIsl HeBBIPSMITSFOILICTO KOHTAKTA. J[y1s BBIIPSMITSIFOLIIETO KOHTAKTA METAILI-TIOTYTIPOBOHUK
N-THMNA XapaKTEPHO TO, YTO KOHTAKTHASI PA3HOCTh MOTCHIIUAIOB Qyy = Oy —@y TIOJOKUTEIBHA: Py >
0.

DHEPreTUUeCKUe YPOBHH, COOTBETCTBYIOLIME 30HE MPOBOANMOCTH, B MOIYIPOBOAHUKE 3aII0JIHCHBI
oombie, uem B MeTaiwie. [ToaToMy mocre coeAnHeHns MeTarlia U MOTYIPOBOTHUKA YacTh 3JICKTPOHOB
NeperIeT U3 MOJIYIPOBOAHKKA B METAILL. DTO MPUBEIICT K YMCHBIICHHIO KOHIICHTPALIMH 3JICKTPOHOB B
TMOJTYITPOBOIHUKE H-THIIA. BO3HUKHET 00/1aCTh MOIYNPOBOAHMKA, 00CIHCHHAS CBOOOIHBIMU
HOCHUTEJISIMU 3JICKTPUYCECTBA U 00J1a/1a01[ast TOBBIIICHHBIM YSILHBIM COMPOTHBIICHUEM. B obnactu
Niepexo/1a MosBSTCS 00bEMHbIC 3aps bl M 00pa3yeTcsl MOTCHIMATBHBIN Oapbep, MPEHSTCTBYOIIUIN
JATbHEHIIIEMY TIEPEXO/Ty HICKTPOHOB U3 TTOTYIPOBOAHUKA B METAJLI.

Ecnu noax1r04nTh KICTOUHMK BHEIIHETO HAMPSHKEHHS TUIFOCOM K METAJLTY, @ MUHYCOM K
TIOYTIPOBOAHUKY N-THIIA,



YpoBeHE Bakyyma

MeTtamn / IMonynpoBomHAK n- THIIA
3 3 -~
. 30Ha NPOBOMHMOCTH
© Dy
Vposens Depmu YposHw 10HOPOB
METALA  Qeym L Ngrr — Vposems Mepv

IO/ yIPOBOAHMKA

BanentHas 30Ha

Puc. 1.47

TO TIOTEHIIHAIBHBINA Oapbep MOHU3UTCS U Yepes3 Mepexo]] HauHeT MPoTeKaTh mpsiMoit Tok. [Tpu
MPOTHBOIIOJI0KHOM MTOAKIIOUESHHH TTOTEHIIHAIBHBIN Oapbhep YBEIUYUBACTCS M TOK OKa3bIBA€TCS OYCHb
MaJIbIM.

[Tpu padoTte arona LIIOTTKM OTCYTCTBYIOT WHYKEKIIMSI HEOCHOBHBIX HOCUTEJIEH W COOTBETCTBYIOIIHE
SIBIICHUSI HAKOTIICHUS U paccachIBaHwsl, Mo3ToMy quo bl [IIoTTkr — 0YeHb OBICTPOACHCTBYIONTHE TPUOOPHI,
OHHM MOTYT paboTaTh Ha YacToTax Jo AecsTkoB rurarepn (1TTu=1 ¢ 10° T'm). ¥V nuona IIoTTkH MOKET OBITh
MaJiblii 0OpaTHBIM TOK M Malloe MpsIMOe HanpshKeHHe (MIPY MaJbIX IPSMBIX TOkax) — okono 0,5 B, uro
MCHBIIIE, YeM Y KPEMHHUEBBIX TIPUOOPOB. MaKCUMAaITLHO JTOMYCTUMBIH MIPSIMON TOK MOYXET COCTaBIATH
JIECATKY U COTHU amIiep, a MaKCHMAIBHO JIOITyCTUMOE HANpPSHKCHUE — COTHU BOJIBT.

Jiis npuMepa n300pa3umM npsiMbie BETBU BOJIBT-AaMIIEPHBIX XapakTepUCTUK (puc. 1.48) KpeMHHUEBOTO
muona KJ1923 A c 6apeepom IllotTku (auoxa IloTTku), mpeHa3HAYCHHOTO IS PA0OTHI B UMITYJIbCHBIX
yerpoiictBax. st Hero /. mac=100 MA, U,gp0acc =14B (ipn ¢ < 35°C), BpeMst KU3HH HOCHTENEH 3apsiia —
He 0onee 0,1 He, mocTosHHBIN 00paTHBIH Tok pH U,q,=10 B nt = 25°C — He 6onee 5 MKA.
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Puc. 1.48

Bapuxan. 910 n0ynpoBOIHUKOBBIH AHOI, MPEIHA3HAYCHHBIN ST pa00ThI B KAUeCTBE KOHJCHCATOPA,
€MKOCTh KOTOPOTO YIIPABIACTCSA HANPSHKEHHEM. Y ClTOBHOE rpaduueckoe 0003HaUeHHE BapyKara
npeJcTaByIeHo Ha puc. 1.44, B.

Ha Bapukam nojmarot o0paTHoe HanpsukeHue. bapbepHas eMKOCTh BapHUKara YMEHBIIAETCS TPH
YBENMYEHUH (110 MOJIYJTI0) OOPAaTHOTO HANPSHKEHHS. XapaKTep U3MEHEHUs] eMKOCTH Yy BapHUKama Takoil xe,
KaK M y OOBIYHOTO JTHO/IA.

Tynnenvhwviti Ouod. ITO MOTYIPOBOAHUKOBBIN N0/, B KOTOPOM HCTOJB3YETCs SIBICHHE TYHHEILHOTO
npo0Oos MPHU BKIIOUCHUH B IIPSIMOM HaTpaBJIeHHH. XapaKTePHOU 0COOEHHOCTHIO TYHHENTBHOTO AHO/1a
ABJISIeTCS HAIMYKE HA TIPSMON BETBH BOJBT-aMIIEPHON XapaKTEPUCTHKU yIacTKa ¢ OTPULATEIILHBIM



I depeHIanbHBIM CONPOTHBICHUEM. Y CI0BHOE rpaduieckoe 0603HaUeHNE TYHHEIBHOTO TUO0AA
TpeicTaBieHo Ha puc. 1.44, r.

Jast npuMepa uzobpaszum (puc. 1.49) npsiMyro BeTBb BOIbT-aMIEPHON XapaKTEPUCTUKH FepPMaHUEBOTO
TyHHENBbHOTO ycrunuTelbHOro auoaa 1M104A (/ipyae=1MA — MOCTOSTHHBIN NPAMOH TOK, Ulg) =20 MB),
IpeTHa3HAUYCHHOT O Vsl YCHIICHHS B Mara3oHe BoiH 2... 10 cM (3To cooTBeTcTBYeT yacrote 6omee 11T).
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Puc. 1.49

OO0I111as1 eMKOCTB JWO/Ta B TOUKE MHHHUMYyMa XapakTepucTHKH coctasigeT 0,8...1,9 nd. [TomezHo
OTMETHTD, YTO IIPOBEPKA AUOAA TECTEPOM He JIomyckaeTcs. TyHHEIbHbIE qUOBI MOTYT paboTaTh Ha
OYCHB BBICOKHX JacToTax — Ooiee 1 I'T.

Haymiue ygactka ¢ oTpHIaTebHbIM U GepeHIMATBHBIM COITPOTHBICHHEM Ha BOJIBT-aMIICPHOM
XapaKTEPHCTHKE 0OSCIIeUNBACT BOSMOYKHOCTh HCIIOIB30BAHIS TYHHETBHBIX JUO/IOB B KAYCCTBE
YCUJIMTEHHOT'O 3JIEMEHTa U B KQUeCTBE OCHOBHOIO AJIEMEHTa IreHepaToOpOB.

B Hacrostitiee BpeMst TyHHEITBHBIC TUOIBI HCTIONB3YFOTCSI MIMCHHO B 9TOM Ka4eCTBE B 001aCTH
CBEPXBBICOKHX YaCTOT.

Obpawyenmpiii 0uoo. ITO TIOMYTIPOBOAHUKOBBIH IO, (PU3UIECKHE SBICHHUS B KOTOPOM MOTO0HBI
(hU3MYCCKUM SIBJICHUSIM B TYHHEITBHOM JIUOJIC, TIOOTOMY 3a4acTyr0 OOPAILICHHBIH O] PACCMATPUBAIOT KaK
BapHaHT TYHHEIBHOTO /trona. [Ipu 3ToM ydacTok ¢ oTprriatenbHbpM phhepeHIMATEHBIM CONPOTUBICHAEM
Ha BOJIET-aMITEPHOMN XapaKTEPUCTHKE O0PAIIICHHOTO JIM0/a OTCYTCTBYET M OYECHB CITa00 BBIPAXKEH.

OOparHas BEeTBb BONET-aMITEPHOMN XapaKTEPUCTUKY O0PAIlleHHOTO U0/1a (OTINYAIOIIAsICS OUeHb
MaJTbIM TIaJICHUEM HaNPsHKEHHS) UCTIONB3YETCS B KAUECTBE IMPSMOM BETBH «OOBITHOTOY U0, a TIpsiMast
BETBb — B KauecTBe o0paTHoM BeTBU. OTCIO/1a 1 Ha3BaHUE — OOpaIlleHHBIN TUO/I.

YcmoBHOE Tpadudeckoe 0003HaUEHIE OOPAIICHHOTo THOAa IPEICTaBICHO Ha puc. 1.44, 1.

N300pazum 111 mprMepa BOJTBT-aMITePHBIE XapaKTePUCTUKH TePMaHUEBOTO O0PAIIEHHOTO TU0Aa
11104A (puc. 1.50), npeqHazHau€HHOT0, KPOME IIPOUETO, TSt pAOOTHI B UMITYIILCHBIX YCTPOHCTBAX
(MOCTOSIHHBIHN MPsIMOi TOK — He 0osiee 0,3 MA, TOCTOSTHHBIN 00paTHBIN TOK — He Ootee 4 MA
(npu t < 35°C), 001mast eMKOCTh B TOYKE MUHAMYMa BOJIbT-aMIIepHON Xapakrepuctuku 1,2 ... 1,5
n®d).
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1.1.7. Knaccuduxkanus u cuctema 0003Ha4eHUH

Kraccrdukarys coBpeMeHHBIX MOTYIPOBOIHHMKOBBIX 0 10B (L{LL) 1o mx HazHa4eHHEO, (hIB3UYECKIM
CBOWCTBaM, OCHOBHBIM 3JIEKTPUYECKIM TTapamMeTpaM, KOHCTPYKTHBHO-TEXHOJIOTHYECKIM ITPH3HAKAM,
HCXOTHOMY TTOTYTIPOBOHUKOBOMY MaTepHaly HAXOJIUT OTPaXKEHHE B CUCTEME YCIIOBHBIX 0003HAYCHHH
JINONIOB U TIprBejieHa B [3].

Cucrema o6o3nauenuti [1]] ycranoBnena orpacieBbiM ctangaptom OCT 11336.919-81, a
CHJIOBBIX MOTYIPOBOAHUKOBEIX TIprOopoB — ['OCT 20859.1-89. B ocHOBY cucTembl 0003HAYEHUIH
TIOJIO’KEH OYKBEHHO-TIM(POBO KOJI.

IlepBoiit snemenT (1rdpa wiv OykBa) 0003HAYAST UCXOMHBIN MOIYIIPOBOIHUKOBBIA MaTepral,
BTOpO# (0yKBa) — MOJKIacc MpuOOpPoB, TpeTuil (1mdpa) — OCHOBHBIC (PYHKIIMOHAIHHEIC
BO3MOXHOCTH IIpHOOpa, YeTBEPTHIA — YHCIIO0, 0003HAYAFOIIIEE TIOPSAIKOBBI HOMEpP pa3pabOTKH, TIATHINA
3JIeMEeHT — OYKBa, YCJIIOBHO OIpeIeNistonas KiacCupuKanuio (pa3opakoBKy IO apaMeTpam)
npUOOPOB, U3TOTOBIICHHBIX MO SIUHOW TEXHOJIOTHH.

st 0003HA"CHUS UCXOOH020 NOYNPOBOOHUKOBO20 MAMEPUALA UCTIONB3YIOTCS CIICIYIONTHE
CHUMBOJIBI;

T', wmm 1, — repmaHuit WM €T0 COCAMHEHUS,
K, unu 2, — kpeMHUI UK €ro COeTUHEHHUS
A, wnm 3, — COeAMHEHHUSI TAILTHS;
U, umn 4, — coeauHCHNS UHINA.

s 0603HaUEHUS 10OKAIACCO8 OU0008 UCTIONB3YETCS OJHA U3 CIIEAYIOIINX OYKB:
J| — nuoas! BEIIPSIMUATEIBHBIE U UMITYIHCHBIC;
1] — BBIIPSIMUTENTLHEIE CTOJIOBI U OJIOKH;

B — Bapukarsr;

W — TyHHENbHBIC TUOJIBI;

A — CBEpXBBICOKOYACTOTHBIC JVOIBI;

C — cTa0WIUTPOHEI;

I' — reneparops myma,;

JI — u3nyvaromme onToO3ICKTPOHHBIC IPHUOOPHI;
O — onronapsl.

nst o603HaUeHNS HanboIee XapaKTePHBIX IKCIUTYaTallMOHHBIX TPU3HAKOB TPUOOPOB (KX
(hYHKIIMOHATBHBIX BO3MOXXHOCTEH ) HCTIONB3YIOTCS CICAYIONUE ITU(PHI.

Juoowt (nooknacc /]):

1  — BEIIPSAMHUTETHHBIE JUOJBI C TOCTOSHHBIM HITH CPETHUM 3HAYCHUEM MPSMOTO TOKa He OoJee
0,3 A;

2 — BBIIPSIMUTEIBHEIC TUOBI ¢ TIOCTOSHHBIM WJIA CPETHAM 3HaYE€HUEM IPSIMOTro Toka 6oiee 0,3
A, Ho He cBpIme 10 A;

4  — UMIYIBCHBIC JUOJBI C BPEMEHEM BOCCTAHOBIICHIS 0OpaTHOTO conpoTuBieHus 6onee 500
HC;

5  — AMIOYJIbCHBIC IUOMABI C BPEMEHEM BoccTaHoBIIeHHs Ootee 150 He, HO He cBbiire 500 He;

6  — WUMIYIBCHBIC ANOMBI C BpeMcHeM BoccTtaroBieHUs 30... 150 He;

7  — AMIIYJIbCHBIC IMO/BI C BPEMEHEM BOCCTaHOBIICHHUS 5...30 HC;

8 — HMMIYIbCHBIC AUO/IbI C BPEMCHEM BOCCTAHOBIICHUS 1...5HC;
9 — uMNyabCHBIC AUO/IbI ¢ 3D (HEKTUBHBIM BPEMEHEM JKM3HM HCOCHOBHBIX HOCUTEIICH 3apsi/ia MCHEE
1 He. Boinpsimumenviivle cmonowl u onoku (nookuacc L]):
1 — cT0710BI C TOCTOSHHBIM WM CPESAHUM 3HAaYCHUEM MpsAMOro Toka He bonee 0,3 A;
2 — cT0n0BI C MOCTOSTHHBIM HJIM CPETHUM 3HaueHUEM mpsMoro Toka 0,3...10 A;
3 — OJIOKH C MOCTOSHHBIM UM CPEIHHMM 3HaueCHUEM Toka He 0osee 0,3 A;
4 — OJOKU C TMOCTOSIHHBIM HIIA CPETHUM 3HAYCHUEM IIpsi-
moro Toka 0,3... 10 A. Bapuxanwt (nooknacc B): 1 — noacTpocuHbIC
BapHKaIbl; 2— YMHOKUTCIbHBIC BapuKarbl. TyHHembHble Ouodbl (nooknacc H):
1 — ycunurensHbIe TYHHEILHBIE THO/IBI;
2 — reHepaTopHbIe TYHHEIbHBIE JUOIHI,
3 — mepeKITroUYaTeNbHBIC TYHHEBHBIE THObI;
4 — oOpaineHHbIE THOJIBI.



Ceepxevicokouacmombie 0uodvl (nooxnacc A):

1 — cMecHUTEeNbHBIE TUOIBI;

2 — NeTEeKTOPHBIC TUOJIBI;

3 — YCHUIUTEIIbHBIC TUOMBL;

4 — mapaMeTpHUYECKHUE THOIBI;

5 — mepekIroYaTeNIbHBIC M OTPaHUYUTEIBHBIC TUOIBI;

6 — YMHOXHUTEIbHbBIC U HACTPOCUYHbBIE THOIBL;

7 — reHepaTopHbBIE TUOIBI;

8 — UMIYIbCHBIC JUOIBI.

Cmabummponst (nooknacc C):

1 — cTaOMIIMTPOHEI MOIIHOCTEIO He 00jee 0,3 BT ¢ HOMUHAIBLHBIM HaIllpsHKEHHEM CTaOMIH3aIliN
menee 10 B;

2 — CTaOMIMTPOHBI MOITHOCTHIO He Ooiiee 0,3 BT ¢ HOMUHANBHBIM HapsKEHUEM CTaOUIU3aIllun
10...100 B;

3 — cTa0WIMTPOHBI MOITHOCTHIO He Oosiee 0,3 BT ¢ HOMUHANBHBIM HANPSDKEHUEM CTaOUITU3aIUN
oonee 100 B,

4  — cTaOuIUTPOHBI MOIIHOCTHIO (,3...5 BT ¢ HOMUHANBHBIM HANPSDKEHUEM CTaOMITU3alnN
menee 10 B;

5 — cTabmmuTpoHEl MOIITHOCTEIO 0,3...5 BT ¢ HOMMHATEHBIM HANIPSKEHUEM CTAOVITH3AIII
10...100 B;

6 — cTa0uIUTPOHBI MOMTHOCTHIO 0,3...5 BT ¢ HOMUHAILHBIM HaNPsHKCHUEM CTa0WIIH3anuu Ooee
100 B;

7 — CTaOWIMTPOHBI MOIMHOCTEIO 5... 10 BT ¢ HOMHHAIBHBIM HaNPsDKCHHUEM CTAOMITH3aINH
menee 10 B;

8 — CcTaOMJIMTPOHBI MOITHOCTHIO 5... 10 BT ¢ HOMMHANIBHBIM HanpsbKkeHueM craduausaiuu 10...
100 B;

9  — cTa0WIUTPOHBI MOIMIHOCTHIO 5... 10 BT ¢ HOMUHANIBHBIM HANIPSYKCHUEM CTaOMIIM3aluu Ooiiee

100 B. I'enepamopwi utyma (nooxnacc I ):
] — HU3KOYACTOTHEIC TCHEPATOPHI IITyMa;
2 — BBICOKOYACTOTHBIC TCHEPATOPHI IITyMa.
Jlis 00603HaYCHHS TIOPSAKOBOrO HOMEpa pa3pabOTKU UCIOIB3YETCs ABYX3HaUYHOE uncio oT 01 go
99. Eciu mopsiAKOBBIM HOMEP pa3padOTKH MPEBHIIIACT YACI0 99, TO B NaTbHEHUIIIEM IPUMCHSICTCS
Tpex3HauHoe uucno ot 101 mo 999.
B xauecTBe kBaM(hUKAIMOHHOM JUTEPHI UCIONB3YIOTCS OYKBBI pycCKOro andasuTa (3a
uckmouenreM O0yks 3, O, Y, bl, 111, 111, 1O, 41, b, b, 3).
B xauecTBe TOMOTHHUTEBHBIX 3JICMEHTOB 0003HAYCHUS IPUMEHSFOTCS CIICTYFOIHE CHMBOJTBI:
yughpsi 1...9 — st 0603HaueHUST MOAU(PHUKAIII TPUOOpa, MPUBOASIINX K H3MEHEHHUIO €ro
KOHCTPYKITHH HITH DIICKTPUIECKUAX TTAPaAMETPOB;
oyxea C — mis 0003HaueHUS cOOPOK — HAOOPOB B 00IIIEM KOPITyce OTHOTUITHBIX IPHOOPOB, HE
COCIMHEHHBIX JIEKTPUUCCKU I COSTMHEHHBIX OTHOMMEHHBIMH BHIBOIAMU;
yugpol, HanucanHvie yepes deguc, — Ak 0003HAUCHHUSI CIIETYFOIIIX MOAU(PHKAINA KOHCTPYKTHBHOTO
WCTIOTHEHHSI OECKOPITYCHBIX ITPHOOPOB:
1— ¢ rubkuMU BeIBOIaMU 0€3 KPUCTAIOICPIKATEIIS;
2— ¢ ruOKUMH BBIBOJIaMU HA KPUCTAILIOJIEPIKATENE (TTOIIOKKE);
3 - ¢ )KECTKUMHU BBIBOJIAMHU 0€3 KpuCTa/LIoaepkaresist (MOIT0KKH);
4 — C >KeCTKMMH BBIBOJIaMH Ha KPUCTAIIOIEpKaTene (TOAI0KKE);
5 — ¢ KOHTaKTHBIMHM ILIOMIAAKAMHU 0€3 KPpUCTAILIO EpKaTeNs (ITOUI0KKH) U O3 BBIBOJIOB;
6— ¢ KOHTAKTHBIMH IIOIIAIKAMU HA KPUCTAILI0 IepkaTesie 0e3 BbIBOIOB, OyKkBa P nociie nocieatero
3IeMEHTa 0003HaYCHUST — JJIs1 IPUOOPOB ¢ MapHbIM HoabopoM, oykBa I — ¢ mogdopom B
yeTBepkH, OykBa K — ¢ moa0opoM B IIECTEPKH.

IIpumepsi 0003Hauenus npudopoB:
2/1204B — KpeMHHUEBHIH BRITPIMUATEILHBIN MO ¢ TIOCTOSTHHBIM M CpeIHUM 3HaueHneM Toka 0,3...10
A, HoMmep pazpaboTku 04, rpynmna B.



I'pymma npuGopa
Topsaxopsiii HOMep
paspaboTku

XapaxTepHele
IKCIULYATANMOHHEIE
TPH3HAKH

Iomciace mpu6opa

Hexonusiit
NOTYTIPOBOIHHKOBEIA MaTepHal

KC6204 — xpeMHUEBBIH CTAOMIUTPOH MOITHOCTRIO (,5...5 BT, ¢ HOMUHATEHBIM HANIPSKEHUEM
crabmmmzanuu 6onee 100 B, Homep paspaboTku 20, rpymma A.

3U309)K— apceHUIOTAIINEBEIN epeKI0UaTeIbHBIN TYHHEIBHBIN U0, HOMep pa3padotku 09,
rpynna K.

Jo BBenenus B 1982 r. OCT 11336.919-81 npumMeHsiach UHas CHCTEMa YCIOBHBIX 0O03HAYCHHH.
Ona BrurOUana B ceds na wiu Tpu dnmementa (I'OCT 5461 — 59).
IlepBrIii p1eMeHT — OyKBa /I, XapakTepHu3yIomas BeCh KIacc MOIYIIPOBOTHUKOBBIX IUOIOB.
Btopoii snemeHT — yncno (Homep), onpeaeisoniee 00IacTh MPHUMEHEHHS:
1...100 — nJ1s1 TOUEUHBIX TEPMAHUEBBIX JUOOB;
101...200 — py1s1 TOYCUHBIX KPEMHHUEBBIX JHOJIOB;
201...300 — 181 TNIOCKOCTHBIX KPEMHHUEBBIX AHOIOB;
301...400 — m1st TUTOCKOCTHBIX TEPMAHHUCBBIX THO/OB;
401...500 — nasa cmecutenbHbix CBY neTekTopos;
501...600 — gy151 yMHOXKHUTEJIBHBIX TUOJIOB;
601.,,700 — st BUIEOACTEKTOPOB;
701...749 — nng mapaMeTpUYECKUX FEPMaHUEBBIX THOOB;
750...800 — n14 mapaMeTpUYECKUX KPEMHUEBBIX TUOJIOB.

1.2. BUIIOJIAPHBIE TPAH3UCTOPDBI

bumnossipHbIi TPaH3UCTOP — 3TO MOJIYIIPOBOAHUKOBBIN NIPHUOOD C ABYMS P-N-TIEPEX0aaMHu,
VMMEIOIINH TpH BBIBOAA. [leficTBrEe OUITOISIPHOTO TPAH3UCTOpa OCHOBAHO HA MCTIOIF30BAHUN HOCUTEICH
3apsizia 000X 3HAKOB (IBIPOK U JIEKTPOHOB), & YIIPABJICHUE MPOTEKAIOIIMM Yepe3 HEro TOKOM OCY-
LIECTBIISIETCS € MOMOLLBEO YITPABJISIFOLLIETO TOKA.

bunonspHbIi TpaH3KUCTOp SBISCTCS HAMOOIIeE PACTIPOCTPAHCHHBIM AKTUBHBIM TIOTYITPOBOAHUKOBBIM
npUOOPOM.

1.2.1. YcrpoilcTBO 1 OCHOBHbIE (P3UUYECKUE MPOIECCHI

Yempoticmeo mpanzucmopa. bunonspHbIid TPaH3UCTOP B CBOCH OCHOBE COACPKUT TPU CIOS
MOJIYIPOBOIHUKA (p-1-p WIIU N-p-1) K COOTBETCTBCHHO JIBa p-n-niepexoja. Kaxkplii cioi
MOJIYIPOBOAHUKA YEPE3 HEBBIIPSMIISIONIHI KOHTAKT METAILI-IONYIPOBOAHUK MOACOSIMHEH K BHELLTHEMY
BBIBOJTY.

Cpennuii CI0M M COOTBETCTBYFOLLMI BBIBO HA3bIBAIOT 0301, OJIMH U3 KPAHHUX CIIOCB
COOTBETCTBYIOLIHI BBIBOJ HA3BIBAIOT SMUTTEPOM, a IPYrol KPaiHMI CII0H M COOTBETCTBYIOIIMNA BBIBOJ



— KOJIJICKTOPOM.
JamimM cxemarrdeckoe, YIpoIeHHOE H300paXkeHHe CTPYKTYPhI TpaH3uCcTOopa Tuna n-p-n (puc. 1.51,
a) ¥ JiBa JOMYCTUMEIX BapHaHTa YCIOBHOTO Ipadudeckoro odbo3nadueHnus (puc. 1.51, 6).
TpanH3ucTop THIIA p-n-p YCTPOESH aHAIOTHYHO, VIIPOITIEHHOE H300paKeHHE er0 CTPYKTYPHI TaHO Ha
puc. 1.52, a, 6onee mpocToil BApHaHT yCIOBHOTO rpadudeckoro o0o3Hayenus — Ha puc. 1.52, 6.

O6NACTs SMHTTEpHOTO O06nacTs KOMIEKTOPHOrO
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TpaH3UCTOp HA3BIBAIOT OUTIOSIPHBIM, TaK KakK B MPOLIECCE MPOTEKAHUS DIEKTPUIECKOTO TOKa
YYaCTBYIOT HOCUTEITH JIEKTPUIECTBA ABYX 3HAKOB — 3JIEKTPOHEI U BIpKHA. HO B pa3mUYHBIX THUITAX
TPaH3UCTOPOB POJIb HJIEKTPOHOB U JILIPOK pa3IUYHA.

Tpan3ucropsl TUNA 1-p-n 00JIce PACHPOCTPAHCHBI B CPABHCHUH C TPAH3UCTOPAMU Mund p-n-p, Tak
KaK OOBIYHO MMCIOT JIYYIIHE [TapaMETPhI. DTO OOBSICHSIETCS CIEIYIOLIMM 00Pa3oM: OCHOBHYIO POJIb B
ANEKTPUICCKUX MTPOIIECCaX B TPAH3UCTOPAX THIIA A-p-1 UTPAIOT JJIEKTPOHBI, a B TPAH3UCTOPAX THIIA
p-n-p — OBIPKH. DIIEKTPOHEBI K¢ 001a4a10T OABUKHOCTBIO B IBA-TPH pasa OOJbIICH, YeM IbIPKU.

BaxxHO OTMETHTB, YTO PeaNbHO IUIOMIAh KOJUICKTOPHOTO Mepexo/ia 3HAYUTEIILHO O0JIbIIIe
TJIONIAI AMUTTEPHOTO TICPEeX0/ia, Tak Kak Takas HeCHMMCTPHUSA 3HAYUTCIBHO YIIYUIIacT
CBOMCTBA TPaH3UCTOPA.

Konuuecmeennoe ceoeobpazue cmpyxmypol mpauzucmopd. JIJis ONpeaeICHHOCTH 00paTuMCst K
TPAH3UCTOPY THIA 1-p-H. B OCHOBE paOOTHI OUITOJIIPHOTO TPAH3UCTOPA JICIKAT He KaKue-I0o
HOBBIE (PH3NYECKUE TPOIIECCHI, €I HE PACCMOTPEHHBIC PHU H3YICHUHU TTOTYITIPOBOHIKOBOTO
JIM0Ja; CBoeoOpa3ue TPaH3UCTOpa OMPEAEISICTCS OCOOSHHOCTSMH €T0 KOHCTPYKITHH.

OCHOBHBIMU 3JIEMEHTAMU TPAH3UCTOPA SBIISIOTCS JIBA COCIUHEHHBIX P-n-mepexoaa. ITo
MO3BOJISIET 1aTh (hOPMaNIbHOE MPEICTAaBICHUE CTPYKTYPBI TPAH3UCTOPA, TIPEJACTABICHHOS Ha PHC.
1.53.

Jlns norrMaHus puHIUIIA PaboThl TPAH3UCTOPA UCKITFOYUTEIIBHO BAXKHO YYUTHIBATH, UTO P-N-
MePEX0/Ibl TPAH3UCTOPA CUIBLHO B3aUMOJICHCTBYIOT. DTO 03HAYACT, YTO TOK OJHOTO Iepexoa
CHUJIBHO BJIMACT HA TOK ApYyroro, u HaO60pOT. I/IMCHHO 9TO B3aHMO}1€I>’ICTBI/IC paguKajlbHO OTJINYACT
TPaH3UCTOP OT CXEMBI ¢ IBYMs auoAamu (puc. 1.54).

B cxeme ¢ nromaMu TOK KaXI0T0 TM0/1a 3aBUCHUT TOJILKO OT HAIIPSHKCHHS HA HEM CaMOM M HUKaK
HE 3aBUCHUT OT TOKA JAPYroro JAUoa.

YKkazaHHOE B3aUMOJICHCTBUEC HMEET UCKITIOUUTEIIBHO MTPOCTYIO TIIaBHYIO TPUYMHY, @ HMEHHO!
OYCHb MAJIOE PACCTOSIHUC

DMMHTEDHBII Konanexrophsii

p-n-nicpexog,  B3auMO- p-n-nepexon
nelcTeHe

3 nip T pln K

Puc. 1.53 Puc. 1.54



MeX Iy nepexoaaMu Tpansuctopa (o1 20—30 MxM 10 1 MKM U MeHee). DTO pacCTOSHHE
Ha3BIBAIOT TOIIIMHON 0a3bl. IMEHHO 3Ta KOJTMYeCTBEHHAs! 0COOCHHOCTh CTPYKTYPHI CO3/IacT Ka-
YeCTBEHHOE CBOe0Opasue TpaH3UCTopa.

Boo0r11e mone3Ho 0TMETHTH, YTO B 3JIEKTPOHHUKE JJOCTATOYHO YACTO PEATM3YyEeTCs CIETYIOIII
CHoco0 TOTyYeHUsT YCTPOUCTBA, 00JIaAr0IIer0 HOBBIM KaueCTBOM: OCOOBIM 00pa30oM COSITUHSIOT
JIBa OJIMHAKOBBIX, YK€ XOPOIIO U3y4YeHHBIX drieMeHTa. [Ipn u3ydenun quddepeHnnarsHoro
YCHJTUTEIIS CTaHET SICHO, YTO HOBOE KaueCTBO MOYKHO IMOJTYYHUTh NMPU UCIIOIL30BAHUH B POITH
TaKWX AJIEMEHTOB YK€ CaMHUX JBYX TPaH3UCTOPOB.

OcHosnbie (huzuueckue npoyeccwi. KOHIIEHTpaIUs aTOMOB IIpUMecH (M CBOOOTHBIX
3JIEKTPOHOB) B AIMUTTEPE CPABHUT TEIBHO BEJIHKA, IO3TOMY 3TOT ClIoM HU3KOOMHBIN. KoHIeH-
Tpalus aTOMOB IIpuMecH (M ABIPOK) B 0a3e CpaBHUTEIHLHO HHU3KA, IIOITOMY 3TOT CIIOH
BBICOKOOMHBINA. KOoHITeHTpamus aToMoB mpuMecH (M CBOOOIHBIX 3JIEKTPOHORB) B KOJIJIEKTOPE
MOXeT OBITh KaK 00JIbIIle KOHI[EHTPAIIH aTOMOB IIPUMeECH B 0a3e, Tak U MEHBIIIE ee.

C MoOMOIIIBI0 UCTOYHUKOB HAITPSHKCHUS CMECTHM SMUTTEPHBIN IepeXo/] B IPSIMOM, a
KOJUICKTOPHBIN — B 00paTHOM HampasieHn (puc. 1.55). Torma uepes aMHTTEPHBIN TTEPEX0/
MIOTEUET TOK i,, KOTOPBIH OyAeT 00eCTIeUMBATHCS TIaBHBIM 00pa30M WHXKEKIIHCH 3JICKTPOHOB
U3 HMUTTepa B 0a3y. HkeKius ABIPOK U3 0a3bl B HOMUTTEP OyAeT He3HAYUTEIHHOW BCIIEICTBHE
YKa3aHHOTO BBIIIE PA3IHUUS B KOHI[EHTPAITUAX aTOMOB IPUMECEH.
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W3-3a MasIoli TONMIKMHBI 0a3bl IOYTH BCE HIECKTPOHBL, IPOHAs 0a3y, 4epe3 Tak Ha3bIBaeMoe BpeMs IpoIeTa
JIOCTUTAIOT KOJUTEKTOPA. TONBKO Matast IOJs AJIEKTPOHOB PEKOMOMHUPY-ET B 0a3€ ¢ IbIpKaMu. Y ObLTh ATHX
JIBIPOK KOMITCHCHUPYETCSI IPOTEKAHUEM TOKa 0a3bl ig. M3 U3T0MKEHHOTO CIIEIYET, UTO
i 6<< 13

O0parHOe CMEIIeHHE KOJUTEKTOPHOTO ITepexo/ia CIIOCOOCTBYET TOMY, UTO IEKTPOHBI, TIOIOIIEIIIHE K
HEMY, 3aXBaTbIBAIOTCS AJICKTPUIECKHIM TIOJIEM TIEPeX0ia M TIEPEHOCSTCS B KOJUIEKTOp. B To ke Bpems 310
TIOJIE TIPETIITCTBYET MIEPEXO/TY ITEKTPOHOB M3 KOJIIEKTOPa B 0a3y.

ToKk KOJIIEKTOpA ik UIIb HE3HAYUTEIBHO MEHBIIIE TOKA OMUTTEPA, T. €. ik ~i3. boiee TouHO:

k=0, l+ 1T,

I7I€ Ay — TAK HA3BIBAEMBbIM CTATHYCCKUI KOI(PDHUIIMEHT Mepeaadn SMUTTEPHOIO TOKA (TEPMUH
CTATUYECKHUIA TTOUEPKUBACT TOT (haKT, UTO ITOT KOA(P(PUIMEHT CBSI3BIBACT MIOCTOSHHBIC TOKH);
1o — TaK Ha3bIBaCMbIil 0OpPaTHBIN TOK KOJICKTOPA.
ITpupoga oOpaTHOro TOKa KOJUICKTOpA TaKas JKe, Kak ¥ y 00paTHOro ToKa 11oa (T. €. ToKa AUo/a,
BKJIFOUCHHOTO B 00paTHOM HarpasiicHuH). Tok /,, MPOTEKaeT 1 TOr/a, KOr/ia TOK SMUTTEPA PABCH HYJIIO.

Pazmiuaror muddysuonnsie (6e3apeiidonbie) u npetihobic TpaH3ucTopbl. B auddy3rnoHHbix
TPAH3UCTOPAX KOHIICHTPAIIKS AaTOMOB MpUMecei B 0a3e MPUMEPHO OJMHAKOBA BO BCEX €€ YaCTHX,
MO3TOMY MOHBI aTOMOB IIPUMECEH HE CO3JIal0T B 0a3e IOMOJHUTEIBHOE IEKTPUUECKOE TI0JIE,
KOTOPOE BIUsIIO OBl HAa JABMKCHHE HOCUTENEH dnekTpuuectBa yepes 6asy [Ipu aTom nBuxeHue
9THUX HOCHUTEJICH MPOXOAUT riIaBHBIM 00pa3oM B popme auddysuu. B npeitdoBbix TpaH3zucropax
yKa3aHHAs KOHIICHTPAIUS Pa3IiYHA B PA3JIMYHBIX TOUKaX 0a3bl. DTO MPUBOAMT K MOSBIICHUTO
JIOTIOJTHUTENBHOTO YJIEKTPUYIECKOTO MOJIsi, KOTOPOE OKa3bIBAET CYNECTBEHHOE BIUSHHUE HA
JBIDKEHHE HOCHUTENel yepe3 0a3y (TOBOPST, UTO HOCUTEINH APEH(YIOT 1Mo JeHCTBHEM 3TOTO

om



nois). peid yckopseT IBHKEHUE HOCUTENICH uepes 0a3y, o3aToMy JAper(hoBbie TPaH3UCTOPHI
4acTO OTJIMYAIOTCS BBICOKAM OBICTPOJCHCTBHEM.

1.2.2. XapakTepuCTHKHU U TapaMeTphbl

PaccMoTpuM xapakTepHble CXeMBbI BKIIFOUEHHS TPAH3UCTOPA U COOTBETCTBYIOIINE
XapaKTEePUCTHUKHU.

Cxema c o6wein 6aszoii. llpuBenerHas cxemMa BKITIOUSHHS TPAH3UCTOPA B AIEKTPHUIECKYIO TIeTIh
Ha3bIBACTCS CXEMOM ¢ 00IIIel 0a30i, Tak Kak 0a3a sIBIIIETCS OOIIMM 3JIEKTPOIOM JUI HCTOYHHUKOB
HanpspkeHus. M300pa3uM ee ¢ MCIoIb30BaHuEM YCIOBHOTO TpauiIecKoro 0003HaUCHUS
Tpan3ucrtopa (puc. 1.56).

TpaH3uCTOPHI TPAAUIIMOHHO XapaKTEPU3YIOT UX TaK Ha3bIBAEMBIMH BXOJHBIMU U BBIXOJHBIMU
XapakTepucTHKaMU. 11 cXeMbl ¢ 001el 6a30i BXOIHOM XapaKTePUCTHKON HA3BIBAIOT
3aBUCHUMOCTH TOKA 1, OT HaIPSKEHUS Ug, IPU 3aJJAHHOM HAPIKEHUH Uy, T. €. 3aBUCUIMOCTD BUJA

iy= I (u63 lu‘é =const’

rae f-Hekotopas GyHKIHS.

BxomHOM XapakTepruCTHKON HA3BIBAIOT U IPa(yik COOTBETCTBYIOIIEH 3aBUCUMOCTH (3TO
CIIPaBEIIMBO U JJIS IPYTUX XapaKTECPUCTHK).

BrIxo1HOM XapaKTEPUCTHKON IS CXEMBI ¢ 00ITIeH 0a30i Ha3bIBAIOT 3aBUCHMOCTH TOKA iy OT
HaTMPSHKCHUSI Uys TIPH 32TAHHOM TOKE 1y, T. €. 3aBHCUMOCTh BHJIA

b 2 f(u"ﬁ li,r-comt ’

rae f— HekoTopas (QyHKITHA.
Bxoonvie xapaxmepucmuxu o5 cxemul ¢ oowerl bazori. Kaxias BXOIHASI XapaKTEPUCTUKA B
3HAYUTEIILHOM CTEIICHHU OIPE/CIISACTCS XapaKTCPUCTUKOM SMUTTEPHOTO IIEPEX0/1a U [IOATOMY

aHAJIOrMYHA XapaKTepUCTUKe auoza. M300pa3umM BXOAHBIC XapaKTEPUCTUKU KPEMHUEBOTO
tpanzucropa KT603A (MakcuManbHBIN MOCTOSTHHBIN TOK KoyuekTopa — 300 MA, MakcUMallbHOE
TIOCTOSTHHOE HampshKeHue KoiiekTop-6aza — 30 B ipu t < 70° C) (puc. 1.57) . CnBur xapakrepuc-
THK BIICBO MPH YBEITWMYIECHUH HANIPSDKEHUS LUy; OOBSICHSISTCS TPOSBIICHHUEM TaK Ha3bIBaeMOro d(ekra Dpmm
(3 heKTa MOTYIIAIMH TOIIIUHEI 0a3bl).

VxazauHbli 3hEKT COCTOUT B TOM, UTO TPH YBEIMUCHUN HAMTPSHKCHUS Uy KOJUICKTOPHBIN TIEPEXOT

pacmmpsiercs (Kak ¥ BCSIKHIA 00paTHO CMEIIEHHBIH p-n-Tiepexo). Ecim KoHTIeHTparys aTOMOB IIPUMECH B
0aze MEeHBIIIE KOHIICHTPAITMH aTOMOB TIPUMECH B KOJIGKTOPE, TO PACIMPEHUE KOJUTIEKTOPHO-

KT603A
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TO nepexo1a OCYIECTBIACTCA B OCHOBHOM 3a CUHET 6a3el. B moboMm Clrydac ToJIIIHa 6asel YMEHBIIACTCH.
‘VYMeHbllieHne TOJINIMHBI 0a3bI ¥ COOTBET CTBYIOIICE YMCHBIUICHUE €€ COIIPOTHUBIICHUS IIPUBOAUT K TOMY, YTO



IIPY HEU3MEHHOM TOKE 1, HAIPSDKEHHUE Ug, YMeHbITaeTcs. Kak ObUI0 OTMEUEHO MPH PAaCCMOTPEHUHM JTHOJIA,
TIPY MAJIOM TI0 MOJIY/IIO OOpaTHOM HANpsLKESHHH Ha p-N-IIepeXxo/ie 9TO HaIpsLKEHUE BIMSET Ha IIUPHHY
repexoaa 0oJIbIIIe, 4eM IPH OOIBITOM HampsHKeHUH. 1103ToMy pa3idHbIe BXOMHBIC XapaKTepPHUCTHKH,
COOTBETCTBYIOITHE PA3TAIHBIM HATIPSHKCHHSIM 1,5, HE3aBHCHMO OT THITA TPAH3UCTOPA MPAKTHICCKH
CIIUBAIOTCS, €CIH Uy > 5 B (Wm maxe ecnu uy; > 2 B).

BxomHbIe XapaKTepHUCTHKH 9aCTO XapaKTePU3YIOT UM GEePEeHIATHHBIM COIPOTHRICHUEM 25,4,
oTpeIeNsieMbIM aHATIOTMYHO MU GEePEHITMATLHOMY COIIPOTHBIICHHUIO HOTA.
Tenepb

iy—3a0aHnbiil
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Buixoonwle xapaxmepucmuxu 0ns cxemul ¢ 0oweti 6azoil. I300pa3uM BBEIXOIHBIC XapaKTePUCTHKH IS
tpanzucropa KT603A (puc. 1.58).

Kak yxe oTMedanoch, eciii KOJISKTOPHBIN MEPEX0/I CMEIICH B 00paTHOM HaMpaBJICHUH (U > 0), TO
TOK KOJJIEKTOpa MPUMEPHO PABEH TOKY SMUTTEPA: iy ~ iy. ITO COOTHOIIECHHE COXPAHSAETCS AaKe IIPH
s = 0 (€cIM TOK IMHUTTEpa TOCTATOTHO BEIUK), TAK KaK U B 3TOM CITydae OOBITMHCTBO JIEKTPOHOB,
WHXCKTHUPOBAHHBIX B 0a3y, 3aXBaTHIBACTCS DIICKTPUICCKUM ITOJIEM KOJUTEKTOPHOTO IMTePEeX0a ’
TIEPEHOCUTCSI B KOJJIEKTOP.

TonbKo eCiM KOJIISKTOPHBIH MEPEX0/T CMEIIAOT B IPSIMOM HaITpaBICHHH (i, < (), TOK KOJIIICKTOpa
CTAaHOBUTCS PABHBIM HYJIO, TaK KaK MPH 3TOM HAYMHAETCS MHXKEKIINS HJIEKTPOHOB M3 KOJUIEKTOpa B 6a3y
(v ABIPOK M3 0a3bI B KOJUIEKTOP). DTa MHXKEKIIMS KOMIICHCHPYET TIEPEXo] U3 0a3bl B KOJUIGKTOP TEX
AIIEKTPOHOB, KOTOPBIC OBLTH WHIKEKTUPOBAHBI SMUTTEPOM. TOK KOIIIEKTOpa CTAHOBUTCS PABHBIM HYITIO
TIPY BBITIOJTHEHUH YCIIOBUSA i, < 0,75 B.

PesxiM, cOOTBETCTBYIOIIMI IEPBOMY KB/IPAHTY XapaKTEPUCTHK (uUys > 0, i, > 0, mprueM Tok
AMUTTEPA JJOCTATOUHO BEJIMK), HA3bIBAKOT AKTHBHBIM PSKUMOM PadOThI TpaH3ucTopa. Ha koopuHaTHON
IJIOCKOCTH €My COOTBETCTBYET TaK Ha3biBacMasi 00J1aCTh aKTUBHOM PabOThI.

PexxrM, COOTBETCTBYIOIIHI BTOPOMY KBAAPAHTY (s < (), HA3BIBAIOT PSKUMOM HaChIIICHHS. EMy
COOTBETCTBYCT 00/1aCTh HACKIIIICHHS.

OOpatHbIH TOK KoJteKTopa 1, Mai (it KT603A 7,, < 10 MxA npu t < 25°C). I[Toaromy
BEIXOJ[HAS XapaKTEPUCTHUKA, COOTBETCTBYIOIIAS PaBEHCTBAM /, = 0 M ix— dey * /5 + L1o= 110
MIPAaKTHYECKU CIMBACTCS C OChIO HAMIPSHKCHHIA.

ITpu yBemmUeHMH TEMITEpaTyphI TOK /i, Bo3pacTaet (st KT603 1,, ~ 100 MxA mpu t < 85° C) u Bce
BBIXOHBIC XapaKTEPUCTHUKH HECKOIBKO CMEIIIAFOTCS BBEPX.

Pesxxum paboThI TpaH3UCTOPa, COOTBETCTBYFOIINI TOKAM KOJUIEKTOPA, CPABHIUMBIM C TOKOM /4,
Ha3bIBAIOT PSKUMOM OTCEUKH. COOTBETCTBYIOILYIO O0JIACTh XaPaKTEPUCTHK BOJIM3H OCH HATPSKCHUIMA
Ha3bIBAIOT 00JACTHIO OTCEUKH.

B akTHBHOM peXKMME HANPSHKCHHE Uys U MOIITHOCTD Py = = ik ® Uys, BBIACISIONIASCS B BUJC TEIlIa
B KOJUIEKTOPHOM IT€PEXO/IE, MOTYT OBITh 3HAUMTEIEHBL. UTOOBI TPAH3UCTOP HE TIEPErperics, JOHKHO
BBIIIOJIHATHCS HEPABCHCTBO

P X <P «x maxe

¢ Piyaxe — MaKCHMaNIBbHO momycTuMas MOITHOCTE (i1t KT603A P, uxe =500 MBT mipm ¢ < 50° C).
I'paduk 3aBUCUMOCTH ix = Pyyune,/ U (TAIIEP0OOIIA) M300pAKEH HA BHIXOJHBIX XaPaKTCPHCTUKAX
IYHKTUPOM.
Takum 00pa3oM, B aKTHBHOM PSKMME SMUTTCPHBIH IICPEX 0.1 CMEIICH B IIPSMOM HAIIPaBICHMH, a
KOJUJICKTOPHBII — B 00paTHOM. B peskuMe HachllieHHst 00a NIepexo/ia CMEILICHbI B
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npsAMOM HaIllpaBJICHUHU, B PCKHUME OTCCUKH KOJ‘IJ‘IEKTOpHHﬁ nepexoa CMCIICH B 06paTHOM
HallpaBJICHUH, a 3MI/ITTepHI>II71 HUJIN CMCIICH B 06paTHOM HanpaBJICHUH, WX HAXOOUTCA 11O
OYCHb MAJIBIM IIPAMBIM HAIIPSXKCHUCM.
TpaHSI/ICTOp HJacCTO XapaKTCPU3YIOT TaK Ha3bIBACMbIM III/I(b(l)epeHHI/IaHLHLIM KO:)(I)(I)I/ILH/ICHTOM
nepeaadyu OMUTTCPHOTO TOKaA 4, KOTOpLIP’I OIIPEACLIACTCA BhIPpAXKCHHUCM
_di |
o= i i, — 3anaHHBIA |

3 | U = const
Jnst npupalleHus ToKa KOJIeKTopa Al M IpUpaIECHUs TOKa IMUTTEpa Ail, MOXKHO 3aIHUCATh!
Aj =0- Al

KoahurmeHT @ HECKOTBKO U3MEHSETCS P M3MEHEHUH PeXXHUMA Pa00ThI TPAH3KUCTOpa. BakHO
YUUTHIBATh, YTO Y PA3TUYHBIX (BIIOIHE TOAHBIX ) SK3EMIUTIPOB TPAH3UCTOPA OTHOTO U TOTO KE THTIA
KO (DHITHEHT @ MOXKET 3aMeTHO oTHdaThes. s Tpansuctopa KT603A mpu ¢ = 25° C a= 0,909 ...
0,988.

Hamrare HakToHa BRIXOIHBIX XapaKTEPUCTHK, OTpaKaroriee (hakT YBEIMUSHHUS TOKa KOIIEKTOpa IIPH
3a7]aHHOM TOKE SMHUTTEPA MPH YBEITUUCHUHN HAPSDKEHUS Uy, OOBSICHACTCSI TIPOSIBIICHHEM A dhekTa DpIiu:
[P YMEHBIIIEHUH TOJIIIHUHBI 0a3bl Bce OOJIbIIIEe KOTMYECTBO AIEKTPOHOB, HHKEKTUPOBAHHBIX SMUTTEPOM,
MEPEXONT B KOJIEKTOP.

HaxtoH BBIXOTHBIX XapaKTEPUCTHK YMCIICHHO OTPEIEISIFOT TaK HAa3bIBaeMbIM (D (hepeHINATEHBIM
COMPOTHUBIICHUEM KOJ]ﬂeK(TiOpHOFO nepexoya;
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C yuerom 3¢ dexra Dpnu
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Cxema c oouwgum Imummepom. O4eHb YacTo TPAH3HCTOP XAPAKTEPHUIYIOT XapaKTEPUCTHKAM,
COOTBETCTBYIOIIMMH CXEME, MPEACTABICHHOM Ha puc. 1.59. DTy cxemy Ha3bIBAIOT CXEMOM ¢ OOIIuiA
OMUTTEPOM, TAK KaK SMUTTEP ABJIACTCA O6HII/IM QJICKTPOAOM IJI1 UICTOYHUKOB HAIIPSAKCHUA.

L1 3101 CXEeMBI BXOJTHOW XapaKTEPUCTUKON HAa3bIBAOT 3aBUCUMOCTh TOKA 5 OT HAIIPSIKEHUSI U, TPU



3aJaHHOM HAIIPSXKCHUU Uy, T. €. 3aBUCHUMOCTDL BU/Ia
s = f(uﬁf*)lu,,:conﬂ’

rae f— HekoTopas (QYHKITHA.
BbIX0THOM XapaKTeprUCTUKOM Ha3bIBAIOT 3aBUCUMOCTD TOKA Iy, OT HANPSIKEHUS Uy, IPU 3aJAHHOM TOKE
i, T. €. 3aBUCUMOCTD BUJIA
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Puc. 1.59 Puc. 1.60

OueHb BaXXHO YSCHUTH CIENYIONUX /TBa (paKTa.

1. Xapaxmepucmuxu 015 cxemvl ¢ 0OWUM SIMUMIMEPOM He OMPANICAIOM HUKAKUE HOBble (hu3udecKue
aghghexmul no cpasHenUro ¢ Xapaxmepucmuxkamu 0Jis cxemul ¢ obuell 6azoll U He HeCym HUKAKOU
NPUHYURUATLHO HOBOU UHDOpMAyUL 0 c80ticTneax mpanzucmopa. /st 00vsacHenus ocobennocmell
xa-

PAaKmMepucmux ¢ 00WUM IMUMMEPOM He HYHCHA HUKAKASL UHGOpMayust Kpome mot, 4mo
HeoOXx00uMa 015 0OBACHEHUSI 0COOEHHOCMEIL XAPAKMEPUCIUK cxeMbl ¢ obwell oazoll. Tem ne menee
Xapaxmepucmuky Oas cxemvl ¢ 00UWUM IMUMMEPOM OUEHb WUUPOKO UCNOAb3VIOM HA NpaKkmuke (u
npueoosim 6

CHPABOYHUKAX), MAK KAK UMU YOOOHO NOIb308AMbCSL.

2. Ilpu pacuemax nHa KoMnviomepax Mooeupyroujue npospammuvl 6000We HUKAK He YUumleaiom mo,
10 Kakoli cxeme 6KoYer mpanucmop. Llpoepammsl ucnonbsyrom mamemamudeckue Mooeiu
MPAH3UCTNOPO8, AGTAIOUUECS COUHBIMU OJISL BCEBOZMONCHBIX cxeM exoyenust. Tem He meHee, ouenb
NOJIE3HO Yymemb onpedeﬂumb mun cxembvl 6KJIIOYEHUSL MPAH3UCMOopda. Omo obnezyaem noHumanue npuryuna
pabomul cxembl.

Bxoowuwie xapaxmepucmuxu ona cxemul ¢ oowum amummepom. V1300pa3nm XapakTepUCTHKH YKe
paccmoTpenHoro Tpansuctopa KT603A (puc. 1.60). Teneps addexT Dpnr nposBISIETCS B TOM, YTO
MIPY YBEINYCHUHN HAMTPSHKEHUS Uy, XapaKTEPUCTHKU CIBUTAIOTCS BIPpaBo. AuddepeHnuansaoe
COIIPOTHUBIICHHE TENEPhb ONpPeNessieTCsl BEIpakeHHEeM

dﬂﬁ_., =
T dﬂ¢ = = i =3adanmmii
d[ 1 My =const -

Buvixoouvle xapakmepucmuku 05 cxemvl ¢ 06wum smummepom. V300pa3uM 3TH XapaKTEPUCTHKH
s tpansuctopa KT603A (puc. 1.61).
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OOpaTuMcst K paHee MOJyIeHHOMY BBIPRXKCHUIO
=0 T Ly
B cooTBercTBHE ¢ IepBBIM 3ak0HOM Kupxroda
=i +i;
U C YUETOM IPEBIAYIIETO BhIPAXKECHUS OTYIUM
= O (et i + I,
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KoaddurmeHT f¢; Ha3pIBAIOT CTATHHIECKAM KO3(DDHUIMEHTOM TTepeiadu 6a30BOr0 ToKa. Ero BemrHa
O0BIYHO COCTABISIET AECATKH — COTHH (3TO Oe3pa3MepHBI KO3 PULIHEHT).
JIerko 3aMeTUTh, 9TO

1

1 —0Olep

=Bc1 +1 .

Beeznem o0o3HaueHne I m =B+ 1,,.

B urore monyqaem i, =B -ig+1,,-

OTO BBIPDOKCHHUE B IIEPBOM MPUOJIMIKCHUHN OITUCHIBACT BHIXOHBIC XapAKTCPUCTUKU B 00JIACTH aKTHBHOW
PaboThI, HE YUUTHIBAsI HAKJIOHA XaPAKTCPUCTHK.
Jns yuera HaKJIOHA BBIPQKCHUC 3aUCHIBAIOT B BUJIC

- . ' 1
Iy = ﬁc‘l‘ g +I.-m +_euw3,
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di K |Uz—3adainoe
ig=const
B nepBom npubnrokeHuu 1 = (1/1+B¢;) * 7 (CONMPOTHRIICHHUE 7 OIPEACIICHO BHIIIIE).
YacTo onp3yroTes Tak Ha3biBaeMbIM [T hepeHIMaTbHpM Ko durmeHToM niepenayun 6a30Boro Toka 3.
Ilo onpenenenuto

p=Th Ai =B Ai,

15| u,, = const

Jns mpupatenus Toka xoiekropa Ai, u Toka 0a3bl Aig
MOXKHO 3aMMCaTh;

Ai, =B Ai

s tpanzucropa KT603A mpu t = 25°C B = 10...80.

Bemmuuna B 3aBucuT 0T pesxkuma paboThl TpaH3ucTopa. [IpuBeneM THITHYHEIN rpadyK 3aBUCUMOCTH B
OT TOKa SMHUTTEpa (OH MPAKTUYECKH PaBeH TOKY KOJIIEKTOpa) A U = 2 B (puc. 1.62).

J1n1st HopManbHOHM padOThI TPAH3UCTOPA Ha MOCTOSIHHOM TOKE, KPOME PACCMOTPEHHOI'O BBIIIE
yenoBUs Py < Py yaxe, TOTKHBI BBITOTHATHCS YCIOBHS

1 k< 1 xmaxe M Ugs < UKS.MaKC,,

1€ 1 yare V1 Ukes yaxe — COOTBETCTBEHHO MaKCUMAJIBHO JIOMTYCTUMBIM MTOCTOSHHBIN TOK KOJUIEKTOpa U
MaKCHUMAJIBHO JIOITyCTUMOE TIOCTOSIHHOE HAMPSDKEHUE MEXKTY KOJUIEKTOPOM U SMUTTEPOM.

Hns paccmoTrpennoro Beimie Tpan3uctopa K. T603A 1, u = 300 MA, U yue= 30 B (ipu

t<70° C).

M300pa3um cXeMaTHUYCCKH Ha BHIXOHBIX XaPAKTCPUCTHKAX JUISl CXEMBI ¢ OOIIMM OMUTTEPOM TaK
Ha3bIBaCMYIO 00J1acTh 0e30MacHOM paboThl, B KOTOPOH yKa3aHHbIC YCIOBUS BBIIOMHAOTCA (puc. 1.63).

OOBIMHO JOMYCTHMO NpeAoarars (¢ TOM UM HHOM HOTPEIIHOCTHIO), YTO BHIXOIHBIC XapaKTCPUCTHUKH
JUTSI CXEMBI C OOIIM 3MUTTEPOM PACTIONOKCHBI Ha OTPE3KaX MPsIMBIX, PACXOIAIINXCS BeepooOpasHO U3
OJTHOM TOUKH Ha OCH HampsbkeHu (puc. 1.64).

Hampsoxerne U, (3TO MONOXAUTENbHAS BETHMYNHA) HA3BIBAIOT HaNpsoKeHueM Dpnu. Jis
tpanzuctopa KT603A U, ~ 40 B.

Hneepcroe excmouenue mpanzucmopa. VIHora TpaH3ucTop paboTaeT B TAKOM PEXKUME, YTO KOJTIIEKTOPHBIN
TIepexoy cMe-

i
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R OGnacts GesoniacHoit
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Puc. 1.62 Puc. 1.63
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Puc. 1.64



IICH B TIPSIMOM HANPaBJICHUH, 2 SMUTTEPHBINH — B 0OpaTHOM. [Ipu 3TOM KOJUIEKTOp UTpaeT
POJIb BMHUTTEPA, @ IMUTTEP —POJIb KOJJIEKTOPa. DTO TaK Ha3hbIBAEMBI MHBEPCHBINA peskuM. Emy
COOTBETCTBYET TaK Ha3bIBaEMbIN MHBEPCHBIN Kod(dummeHT nepegayuun 6a3oBoro Toka Bi. M3-3a
OTMEUEHHBIX BBIIIE HECHMMETPUH CTPYKTYPBI TPAH3UCTOPA U PA3ITIMS B KOHIIEHTPAITHASIX
MpUMECel B CIIOSIX MONYIPOBOJHUKA 00b19HO Bi<<f. YacTo Pinl.

N300pa3umM BBIXOAHBIE XapaKTEPUCTHKH TSI CXEMBI C OOIIIM SMUATTEPOM H TS TIPSIMOTO, U [T
HWHBEPCHOTo BKtoYeHus (puc. 1.65).
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Puc. 1.65

1.2.3. MaTemaTuieckue MoJIel OUONIpHOTO TPAH3UCTOpA

PaccMoTpuM paziauyuHble MaTeMaTHYECKUE MOJIENH OUTIONISIPHOT'O TPAH3UCTOPA.

THpocmetiwuii sapuanm moodenu Dbepca—~mMonna ¢ 08yMs UCTOYHUKAMU MOKA, YNPAGIAEMbLMU
moxamu. Kak v anst nuona, MareMaTudeckas MOJIeNb TPaH3UCTOPA — 3TO COBOKYITHOCTh
SKBUBAJICHTHON CXEMbI M MATEMATUUYCCKUX BHIPAXKCHUM, OMMUCHIBAOIINX 3JICMCEHThI 3TOH CXEMBI,

D6epc 1 Mo npeioxuii B 1954 . MoJieinb, pa3nuyHbIc BAPUAHTHI KOTOPOU C pa3BUTHEM
BBIYHMCITUTEIHPHON TEXHUKN M MaIlMHHBIX METO/I0OB aHaN3a dIEKTPOHHBIX CXEM CTalld IIUPOKO
HCIIOJIB30BaThCS Ha MPAKTHKE.

PaccmoTpum mipocteiiuii BapuaHT Moaenu (puc. 1.66), xapakTepHBIA UCTIOTH30BAHUEM JIBYX
YIPaBIAEMbIX UCTOYHUKOB. KakIbIil M3 HUX SBISICTCS HCTOYHUKOM TOKA, YIIPABISIEMBIM TOKOM.
Ornpenenum erie He ONMMCaHHbIE BETUYUHBI:

Aemi — KOXPGUIUEHT TIepeaadr KOJUIEKTOPHOTO TOKA (T. €. HHBEPCHBIN K03 PUIMEeHT TTepenadn
TOKa, MHAEKC / 0O3Ha4aeT HHBEPCHOE BKIIIOUEHHUE);

o o
Oy b Cer -ty
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b =iy (€% -1)

Puc. 1.66

ixe» 14 — COOTBETCTBEHHO TOK HACBIIICHUS (TEIJIOBOM TOK) KOJIJIEKTOPA M AMUTTEPA.

OO0paTiM BHUMaHHUE Ha TO, YTO TEIUIOBON TOK O0OBIYHO 3HAYMTEIILHO MEHBIIIE 00PAaTHOrO TOKa
COOTBETCTBYIOIIETO MEPEX0a: TOK Iy << Ixo. ITO HEOOXOAUMO IIOMHHUTE TPH HCIIOTH30BAHIHI
CHCTEM CXEMOTEXHHUYECKOTO MOJICITUPOBAHUS.



VIMeHHO UCTOYHUKHU TOKA, YIIPABIIsEMbIE TOKAMU, OTPaXarOT B3aUMOAEHCTBUE P-N-IIEPEXOOB
TpaH3UCTOpa.
Hcnonw3ys nepssiif 3akoH Kupxroda, MoxHO 3anucars:

sy Ygx
ia =iss _(e'Pr _1)_acrl'ixx .(E‘P‘r _1)?
Ug; Uy

I =0cr Ty _(e'PT —1)—1.,“ ’ (ew _1)

HckimounTeIbHO TIOYUUTENLHBIM SABJSCTCS AeTalbHOE H3yYeHUEe ITOM, Ka3alloCh OB,
3JIeMEHTapHON MaTeMaTH4eCKON MOJIeTH, 0COOEHHO €CITH 3TO U3yUeHHe BKIIOUAET YHMCICHHbIE
pacueTsl 0 TIPUBEJCHHBIM POpMYyIIaM. 371eCh CIeTyeT YIUThIBATh, UTO IS PYYHOTO aHAIN3a CXEMBI
C yIpaBIsSeMbIMH HCTOYHUKAMU OOBIYHO OKa3bIBAIOTCS KapAMHAIBHO 00JIee CJI0KHBIMH, YeM 0e3
HuX. YacTo TpyAHO OCO3HATh XapaKTep BIUSHUSA HA PEKUM PabOTHI CXEMBI TOT'O WM HHOTO
YOPaBIIEMOT0 HCTOYHUKA.

[pakTHuecky UCHOMB3YeMbIe MOJICIH JIOTIOHSIOTCS KOHICHCATOPaMI B PE3UCTOPaMIL. B Takux MOMIEIsIX
UCTIONB3YEOT JIOCTATOYHO CIIOYKHBIE MATEMAaTUIECKHUE 3aBUCHMOCTH. ITH MOJIEH XOPOIIO MOJICTHPYIOT
TPaH3KCTOP ¥ B YCTAHOBUBIIIMXCS, U B TIEPEXOHBIX PEKUMAX, U TIPH TPSIMOM, U TIPH HTHBEPCHOM
BKJTFOUCHUH,

Bapuanm modenu D6epca—~Moinna ¢ 00HUM UCTMOYHUKOM MOKa, Yhpasisiembim moxkom. Hacto
JIOIYCTAMO CUHTATh, UTO

unl-!xs#aun.lis‘

o

370 paBEHCTBO 00OCHOBBIBAIOT, JETATHEHO PaccMaTpyBast (PU3HMUYECKYIO KAPTHUHY MPOLIECCOB B UICATTEHOM
TpaHzucTope. J{7s peaTbHBIX TPaH3HUCTOPOB STO PABEHCTBO YACTO BBIMOIHAETCS C OONBIION MOTPEITHOCTHEO.
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Oy = B /(1 + Bpy).
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Koadpduument B,,;; Ha3BIBaIOT CTATHYCCKUM KO3 (DHITUSHTOM ITepeIadn 0a30BOr0 TOKA IS
VHBEPCHOI'0 BKITFOYEHHS (0OpaTHBIM KO3(h(DHUIMEHTOM YCHUIICHHS TOKA B CXEME C OOIIIM DMHUTTEPOM).
W3 mocnemHero BeIpakeHUs CEIYyeT, UTO
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HOCHGI[HﬂH CUCTEMA IBYX y‘paBHeHHﬁ IIO3BOJIACT UCIIOJIB30BATh MATEMATUYCCKYIO MOICIIb
TpaH3uCTOpPa € OAHUM UCTOYHUKOM TOKaA, YIIPABJIAEMbIM TOKOM, IIPCACTABJICHHYIO HAa PUC. 1.67.
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Puc. 1.67
10T BapuaHT MOJCIIN JIC)KUT B OCHOBE GOHCC CJIOKHBIX Moz[eneﬁ, IIMPOKO HCIIOJILE3YCMEBIX B

MIPAKTUKE MAaTEeMaTHYEeCKOTO MOJICITMPOBAHHMS ANIEKTPOHHBIX CXeM (M MPUMEHSEMBIX B TAKETax
nporpamMm Micro-Cap, Design Center u ap.).

DKeusaIeHMHAA CXeMaA MPAHUCINOPA O PACUEMA cXem ¢ OOUUM IMUMMEPOM. Y TIPOLLICHHBIC
MaTeMaTHYECKUE MOJICIH ITPUHSITO HA3bIBATh SKBUBAJICHTHBIMH CXEMaMHU.

PaccMoTpyM SKBHUBATICHTHYHO CXEMY, KOTOPYHO MOXKHO UCIIONB30BATh TOJIBKO IPH MPSMOM (HE
HWHBEPCHOM) BKITFOUCHHUH B PEKUME aKTHBHOU PaOOTHI U PEKUME OTCEUKH (B PEKFIME HACBHITICHUS ¢
HCTIONB30BATh HEJIB34), M B CITydac, KOTIa aMILIUTY/Ia MTEPEMCHHOM COCTABIISAIONICH TOKa
KOJIJIEKTOpPA, a TAKKe aMITJIUTY/Ia IEPEMEHHOM COCTABILSIIOIIEH HATPSKEHUS U, HEBENUKaA. [Ipu
BEITIOJTHEHUH 3TUX YCIOBHH B IIEPBOM MPUOITIKESHIN BHIXOIHBIC U BXOTHBIC XapaKTEePUCTUKH
TPaH3UCTOPa MOYKHO CUUTATh JTUHCHHBIMU. [lepexos K uacaTM3upoOBaHHBIM BXOIHBIM (pHC.
1.68) u BerxoaHbIM (puc. 1.69) XapakTepucTUKaM TPaH3UCTOPa, KOTOPBIE TTOKA3aHbI ITyHK-
TUPHBIMH JIMHUSIMH, TIOTYYHM SKBHBATCHTHYIO CXEMY TPAaH3UCTOPA, TIPEACTABICHHYIO Ha PHC.
1.70.

Pesucrop ¢ conpoTuBiieHneM 2; OTpakaeT PaKT HATHYMS COITPOTHBIICHHS 0a30BOr0O CJI0s
TPAH3UCTOPA, a PE3UCTOP C COMPOTUBIICHHEM 7, — (HaKT HATTUYHNS COMPOTHBIICHUS SMHUT-
TEPHOTO CJIOS.

Puc. 1.68 Puc. 1.69



<_..__.
AV
&

Muoraa BMeCTO pe3ncTopa 2, BKIIYAKT UACATBHBIA A0 I, KOTOPBIN BO BKIOUYEHHOM
COCTOSIHUU 3aMEHSIIOT 3aKOPOT-KOH, a B BEIKJIFOUCHHOM — Pa3pbIBOM.

Emxocth C'y, KOTOPYIO HHOTa BKITIOYAIOT B CXEMY IPU €€ aHAIN3€ Ha IEPEMEHHOM TOKE,
oTpaxaeT (haKT BIUSIHUSA HA TOK KOJUICKTOPA MEPEMEHHOMN COCTABIIAIOIICH HAMIPSOKCHUS MEKIY
KOJUIEKTOPOM U DMUTTEPOM.

B nepBom pubnmxennn

C,=(+P)C,

rae C, — GapbepHast eMKOCTh KOJIEKTOPHOTO TIepexo/1a.
OcTanpHbIe 3IEMEHTH SKBUBAJICHTHOMN CXEeMBbI COOTBETCTBYIOT YK€ IIOIYIEHHOMY
BBIPAKEHUIO ix = By ® ig + 1 o iy 1/7'%

ITooOHbBIC 3KBUBAJICHTHBIC CXEMbBI PEKOMCH/IYETCSl UCIIOJIb30BaTh B YUCOHBIX LICISAX U MPU
MPOCTBIX MPUOIMKEHHBIX pacyeTax.

IIpodeccroHalibHBIC pacueThl TPAH3UCTOPHBIX CXEM PEKOMEHIYETCS BBIIOJIHATh C MOMOIIBIO
MOJENUPYIOLMUX OIPOrpaMM, UCIIOIB3YIOIIUX COBPEMEHHBIE MATEMATUYECKUE MOIEIIU
TPaH3UCTOPOB.

1.2.4. Ananus cxeMm ¢ TpaH3UCTOpaMu

XOTsI IPaKTUHUECKHH aHATI3 DIIEKTPOHHBIX CXEM PEKOMEH TYETCs BBIITOTMHATh Ha DBM, 17 jmydrirero
YSICHEHUS TIPUHITATIOB PA0OTHI CXEM C TPAH3UCTOPAMH | JUTS TIPOBEICHISI MPHUKUIOYHBIX PACUCTOR
CIIe/TyeT O3HAKOMHUTRCS C TPAPUUECKUM aHAIT30M CXEM, & TAKKE C aHATIM30M CXEM Ha OCHOBE
MIPOCTEHMIIINX 3KBUBATIEHTHBIX CXEM TPAH3UCTOPA.

Tpaduueckuii ananus cxem ¢ mpanzucmopamu. TIpu aHATH3E CXEM C TPAH3UCTOPaMH IrpapUIeCKUM
Croco0OM KCTIONB3YETCs TOT HKE TIOAXO/, YTO U MTPU aHAJIM3E JIMOJHBIX cXeM. [ [pMMEeHSFOTCS TMHUN
Harpy3kd. Ho Tenepb [yt aHam3a CXeMbl HCTIONIB3YIOT ABC TMHUN HArPY3KH — 711 BXOAHOU U BBI-
XO/IHOM LIEeTIEN.

O6patumces k puc. 1.71. YpaBHEeHHE TUHUN HATPY3KH JIJIs1 BXOAHOM LICITH UMEET CJICIYIOIIUMA
Bul: Eg= iy R+ ug,. JIMHUS HArpy3KH J1j1s1 BBIXOIHOM LICTH OMMCHIBACTCS BRIPKCHUEM By =iy * R, + 1.

ITocTpouMm MHKK HArpy3Ku it BXOAHOH (puc. 1.72) u BeixoaHou (puc. 1.73) neneii. [Tpu
aHaNMM3e HAPSIKEHUEM «f, YaCTO PEHEOPEraroT (eciy HarpshkeHne F; TOCTAaTOYHO BEJIUKO).

Bhayare o BX0IHOM XapakTepUCTUKE (YACTO UCIONB3YIOT XapaKTEPUCTUKY IS Uy, = SB)
OTIPEICIISIFOT KCKOMBIN TOK 0a3bl ig, @ 3aTEM 110 BBIXOJIHOM XapaKTEPUCTHUKE, COOTBETCTBYIOIICH
3TOMY TOKY, OIIPEACIAIOT UCKOMbINA TOK KOJIJICKTOPA [k, HICKOMOE HAPSLKEHUE MEKIY KOJUICKTOPOM U
SMUTTEPOM Uy, © HCKOMOE HAIPSIKEHUE Upg HA pe3ucTtope Rx. Halinennyro Touky 0 Ha3pIBaloOT
HavaubHOU paboyell TOUKOM.

Ananus cxem ¢ UCNOIL306aHUEM IKEUSANCHMHBIX CXeM MPAH3UCTNOPA. 3aMEHUM TPaH3UCTOP B CXEME Ha
puc. 1.71 sxBuBasienTHOM cxemoi. [lomydanm cxemy, ipeacTaBieHHyo Ha puc. 1.74 (ipu 3Tom



BMECTO JH0/1a B 5KBUBAJIEHTHOH CX€Me HCIIONb3yeTCs 3aKOPOTKA).
W3 cxeMsl Ha puc. 1.74 cnenyer, 4To

Puc. 1.71

Puc. 1.72
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is=Ey/(Rs+76), ix=i5 BentI ko, Uw=Ex - ix Rk

Paccmotpum Oonee cioxubIi mpuMep (puc. 1.75). Ha cxeMe, Kak 3TO MPHUHSTO B DIIEKTPOHHUKE,
IOKa3aH TOJBKO OJVH MOJI0C HCToUHMKa HanpsukeHus Eq. I1ycth Be= 99; 26 == 0,5 kOM; " .= °°;
1.,= 0,01 MA. OnpenennmM is.

BHauasie BBIOTHIM Ipeo0pa3oBaHKUe CXEMBI, HCIIONB3YS TEOpEMY 00 SKBHBAICHTHOM T'eHeparope.
Tomyunm cxemy Ha puc. 1.76. IIpu aTom

R
E“’)M =EK .Ri +2R2

Ry =0 i el

=58,

3aMEHUM TPaH3KUCTOp €ro SKBUBATIEHTHOM CXEMOH U IPOBEAEM aHAIU3 MOIYYEHHON CXEMBI (pHC.
1.77).

Brauane onpenemim. 7 - 7 =(14p,,) - [,=1 MA.

N3 cxemsl puc. 1.77 cnenyer, 4to

Esm_—jﬁ ) (R:mc-‘-rﬂ): (ch : i6+1,w+i6) ' Rs'
Orciona i=(E, T, - R)/(R,.+r+(1+B,) - R)=0,137 MA.

+ Ex

Puc. 1.75 Puc. 1.76

Puc. 1.77



1.2.5. Tpu cxeMbl BKIIFOUEHUS TPAH3UCTOPA C HEHYJIEBBIM CONPOTUBIICHUEM
HAarpy3Ku

TpaH3uCTOPBI YaCTO NPUMEHSIOT IJI YCHIICHHUS MTEPEMEHHBIX CHTHAIIOB (KOTOPBIE IIPU
pacdeTax OOBIYHO CUMTAIOT CHHYCOHMIAIBHBIMHU), TIPU 3TOM B BBIXOJHOM IIEITH TPAH3UCTOPA
MIPUMEHSETCS Harpy3ka ¢ HeHYJIEeBBIM COIIPOTHUBIICHUEM.

Bo BxomHOI 1IemH, KpoMe UCTOYHHKA IIOCTOSHHOTO HAIIPSHKCHHUS, HEOOXOIMMOTO IS
obOecriedeHns aKTUBHOTO peKuMa paboThI, TAaK)Ke UCIIOIB3YIOT UCTOYHHK BXOIHOTO ITEPEMEHHOTO
HaIpspKeHMs. V300pa3uM TpH XapaKTepHBIE CXEeMBI BKIIOYSHUS TPaH3UCTOPA.

Cxema c obweut 6azoti (Ob) (puc. 1.78). Eciau conpoTuBlieHHE HATPY3KH TOCTATOYHO BEIUKO,
TO aMILTATYAa IePEMEHHOH COCTaBIIIONICH HAIIPSKEHUS U,y SHAUNTEIHLHO OOJIBIIE aMILIUTYIbI
HAIPSDKEHUS Uey. Y UUTBIBAS, UTO lgy ~ gy, MOJKHO YTBEPIKJATh, UYTO CXeMa He 00eCIIeUHBaeT
YCHJICHUS TOKA, HO YCHIJIMBACT HAIIPsDKCHHUE. BXOMHOM TOK TaKOH CXEMBI JOCTATOYHO OONBIIOH, a
COOTBETCTBYIOIIEC BXOTHOE COTPOTHBIICHUE MaJIOC.

Cxema c oowgum mummepom (0 3) (puc. 1.79). Tak KaK igz,x >> i @ IPH TOCTATOTHO
0O0JIBIIIOM COTIPOTUBIICHUN Ry aM-

N/
o Ral [Tons

= +

uy : uz

+ @

Puc. 1.78

Puc. 1.79

IJIUTY/1a [IEPEMCHHOM COCTABJISIOIICH HAPSIKCHHUS Ug,,y SHAYUTEIBHO OOJIBIIC AMILIHTY/IbI
HANPSDKCHUS gy, CIIEI0BATEILHO, CXEMa 00CCIICUNBACT YCUIICHHE U TOKA, U HAMPSKCHUS.

Bx01HO# TOK CXEMBI JOCTATOYHO MaJl, IO3TOMY BXOJAHOE COMPOTHUBICHUE OOJIBIIIE, YEM Y
CXeMbl ¢ obrIei 6a30M.

Cxema c oowmum xoanexkmopom (OK) (puc. 1.80). ITpu onpenenneHnr mepeMeHHBIX
COCTABJISIIOLIMX TOKOB U HANPSKCHUN HCTOYHHUKH OCTOSHHOIO HANPSKCHUS U; U Uy 3AMCHSIOT
3aKOpOTKaMu (3akopaunBaroT). ITociie 3TOro K KOMJICKTOPY OKa3bIBAIOTCS MOJAKIIOUCHHBIMU H
HMCTOYHHMK BXOJHOTO HAMPSIKCHUS Ugy, U CONPOTHRIICHUE HArpy3ku. OTCIOAa U Ha3BaHUE — CXEMa C
00IIUM KOJUIEKTOPOM.

CaMo HanpsHKEHUE Ug, U OCOOCHHO MEPEMEHHAs COCTABIISIIOIIASE 9TOTO HAMPSIKCHUS
JIOCTATOYHO MAJbl, MO3TOMY aMIUIMTY/A ICPEMCHHOM COCTABISAIOIICH HAIPSIKCHUS Uy
MPUMEPHO PaBHA aMILIUTYJIE TIEPEMEHHON COCTABIIAIOLIECH HAPSHKEHUS Upy,y. B COOTBETCTBUU C 3TUM
YCHIIUTEIbHBIE KACKAbI, B KOTOPBHIX TPAH3UCTOPHI BKJIFOUEHBI II0 CXEME C OOIINUM KOJUIEKTOPOM,
HAa3bIBAIOT OMUTTCPHBIMU IMOBTOPUTCIISIMHU.



VYUUTBIBas TAKKE, UTO [gy« Igyy, OTMEYAIOT, UTO CXEMA YCHIIMBAET TOK, HO HE YCUIUBAET
HanpspKEHHE.

Cxema OTIHYaeTCs MTOBBIICHHBIM BXOIHBIM COITPOTHUBIICHUEM, TaK KaK MPH YBEIIHYCHUN
BXOOAHOI'O HaHpﬂ)KCHHSI YBC-

Puc. 1.80

JIMYCHUIO BXOJHOI'O TOKA MMPCIATCTBYCT YBCIMUCHUC KaK HAIIPSXKCHUA Ug,, TAK U HAIIPSIIKCHUSA Ugyyyy
Ha HIPAKTHKC HauboJee 4acTo HCIIOJB3YETCA CXEMaA C OGH.II/IM OMHUTTCPOM.

1.2.6. h-mapameTpsl TpaH3UCTOpa

ITpu onpeaeneHny NepeMEHHBIX COCTABJISIFOIIMX TOKOB Y HANPSDKCHUH (T. €. IPU aHAIU3E Ha
MIEPEMCHHOM TOKE) U IIPH YCJIIOBUH, YTO TPAH3UCTOP Pa0d0TACT B AKTUBHOM PEKHUME, €0 4acTo
MIPEICTABISIOT B BUJIC JIMHEHHOTO YeThIpexnoatocHuKa (puc. 1.81). B 4eThIpexmontocHIKe yCIOBHO
M300PaXKEH TPAH3UCTOP, BKIIOUCHHBIN MO CXEME C OOLUM SMUTTEPOM.

Jnst pa3HbIX cXeM BKJIFOUCHHUS TPAH3UCTOPA TOKU U HAMPSKEHUST 3TOr0-YEThIPEXIIOIOCHUKA
0003HAYAIOT pa3IMYHBIC TOKU W HAINPSOHKCHUS TpaH3ucTopa. Hampumep, i cXeMbI ¢ o0IuM
SMUTTEPOM 3TH TOKU U HANPSHKEHUS CIEAYIOIIUE:
1j, — MepeMeHHas COCTABJIAIONIAs TOKA 0a3bl;

1; — TIEPEMEHHAsI COCTARJISIONIAS HAMPSKCHUS MEKIY 0a30H U SMUTTEPOM;

I — TIepeMEeHHasl COCTaBIISAIOIIAS TOKA KOJJIEKTOPA;
1, — TIepEMEHHas! COCTABJIAIONIAs HAPSIKEHUS MEXTY KOJIEKTOPOM U SMHUTTEPOM.
Tpan3ucTop ynoOHO OMUCKHIBATH, UCIIONB3YS TaK Ha3biBaeMble h-mapameTpsl. [Ipu sToM

uy | ik | [

iy Mothys | Lus |

i] 12
o—> —0
uy i l“z
o —

Puc. 1.81



u=h, *i+h;, u;
!'2=h21 i+ hn' u,.

Koaddunments! h;; onpenensirot onbITHRIM TyTeM. Hanpumep, h; onpenenstor, ycraHaBIuBas
u,=0 (pe’XxrM KOPOTKOTO 3aMbIKaHUs Ha BbIxoe). IIpu sTom
)
hyy = G
1 HZ;“-{)

u, 3aMbIKaHus Ha BeIxoae). [lpu aToM /*n =,
Kak nerko 3ameTuth, k03 duiueHT hy; npeacrapiser coOok BXOAHOE CONPOTHBICHHE
TpaH3UCTOpA JUIS TIEPEMEHHOTO CHTHATIA. .

AHaJIoruuHo

U

hyy =
“2li=0

-k02(puneHT 0OpPaTHOM CBS3H MO HATIPSIKEHUIO.

PesxuMm paboThl ipH ;=0 HA3BIBAIOT XOJOCTHIM XOJ0M Ha BXO/IE.
Hamnee
i
hpy =~ *

I u2=0

-KO3()(ULMCHT NIepe1ady TOKa,

)
hyz =
#2li =0

TTapameTpel, COOTBETCTBYIOIIIHE CXEME C OOIIMM SMUTTEPOM, 0003HAUAIOT OYKBOH «3», a CXeMe ¢
o01m1elt 0a301 — OYKBOMH «O».
Mo>kHO TTOKa3aTh, UTO

hy, =t (14, hyp, = /21" )i hy =B, hyy = 1/ 1"

Jnist co3nanmst MaTeMaTHUECKOM MOJIEIN TPAH3UCTOPA MOTHBIN Ha0op h-rtapamMeTpoB 4acto He TpedyeTcs.



1.2.7. BpemeHHBIC TUarpaMMbl TOKOB
TpaH3UCTOpA MPH €ro BXOKICHUH B aKTUBHBIN PEKUM pabOTHI M YaCTOTHBIC
(ITMHAMHUYECKHUE) CBOMCTBA

J1st XxapakTepHCTUKY HHEPIIUOHHBIX, JMHAMHYECKHMX CBOMCTB TPAH3MCTOPa H300pa3rM yKa3aHHBIE B
3aroJI0BKe BpeMeHHEIe quarpaMMel (puc. 1.82). Ilpu 3ToM mpeamonaraeTcs, 9Yro TOK SMUTTEPA
M3MEHSIETCS CKaUYKOO0pa3Ho.

Hanuuwne 3a1ep:kKu IpyU U3MEHEHHUH TOKa I, XapaKTePHU3yeMOH BpeMEHEM 3aJCPKKHU s,
OO0BSACHSETCS TEM, YTO DJIEKTPOHBL, HEKEKTUPOBAHHEIE SMUTTEPOM, JOCTHIAIOT KOJUIEKTOPA CITYCTS
HekoTopoe Bpems. [ImaBHOE HapacTaHUE TOKA KOJUIEKTOPA B TCUEHHE TaK HAa3bIBAEMOTO BPEMEHH!
HapacTaHus f, O0BACHIETCSA XaOTUYHOCTBIO IBHKCHHUS DIIEKTPOHOB U UX PA3IUYHON cpemHeit
CKOPOCTBIO.

HermocpeacTBeHHO mMociie Havyalla IPOTEKaHUs TOKA i, TOK ig JOCTATOYHO BEIHUK, YTO
00BACHIETCSA HAKOIIJICHHEM 3apsI0B B 0a3e TpaHsucTopa. [locite HaKOIUIEHHUS 3THX 3apSI0B TOK Oa3bl
TIPUHUMACT 3HAUCHUE, COOTBETCTBYIOIICE KOOPPUITUCHTY 3¢y

OO0patuMcst K peKUMY PabOThI TPAH3UCTOPA, XapaKTEPHOMY TEM, UTO UMECTCS TIePEMCHHAST
COCTaBJIFOLIIAS TOKA 0a3bl MATIOM aMILTUTYAbL. [/ aHa3a TAKUX PEKUMOB K paHbliie (IIPH PYYHBIX
pacueTax) v Teneph (IIPH KCIONE30BAHHH MATEMATHYECKOIO MOJIEIUPOBAHMS ) IIUPOKO HUCIIOIB3YIOT
KOMIUTEKCHBIH (CUMBOIMYECKH) MeTo. OOpaTUMCs K STOMY METOLY.

Ilycts I; — xoMIIekcHOE AeHCTBYOLIee 3HaYeHUE (KOMIUIEKC IEHCTBYFOLIETO 3HAUEHHS)
TIEPEMEHHON COCTaBIISFOIIEH TOKa 0a3bl, a [y, — KOMIIEKCHOE IeUCTBYIOIIEe 3HAUCHUE TEPEMEHHON
COCTABJISIFOIICH TOKA KOJUTEKTOpa. BBeZieM B paccMoTpeHre KOMILICKCHBIH K03 QUIMEHT mepeaadn
6asoBoro toka f. I[To onpenenenuto f =I/15

Ha xos¢duuineHT  oka3pIBalOT BIMSHUE MHOTUE (QAKTOPBI, U B MIEPBYIO OUepeIb 4YacToTa
CUTHajla U EMKOCTH P-N-IIEPEX0A0B TPAH3UCTOPA.

Panpiie, npu py4HBIX pacueTax, 4aCTOTHbIC CBOMCTBA TPAH3UCTOPA YUUTHIBAIM, BKIHOUYAs B
COOTBETCTBYIOIIME SKBUBAIIEHTHBIE CXEMbl HCTOUHUK TOKA, YIPABJISEMbIA TOKOM U

XapakTepU3yeMblii KOMITJIEKCHBIM K09 dutmernTom P. IIpu 3T0M 00BIYHO HCTIONB30BATN

HECIIOKHBIC (POPMYITBI, OMUCHIBAIOIINE 3aBUCUMOCTE KO3 puIueHTa f OT 4acTOTHI.

YacTo B OfHY M TY )K€ SKBUBAJICHTHYIO CXEMY BKJTFOYAH M YKa3aHHBIA YIIPABISICMBIA HCTOYHHK,
1 HEKOTOPBIC €EMKOCTH (HAIllpUMep, OapbepHBIC EMKOCTH IEPEX0JI0B).

IIpu coBpeMEHHOM MAITMHHOM aHAJIN3€ NEKTPOHHBIX CXEM HCIIONIB3YIOT YHUBEPCATHHBIC
MaTEeMaTHIeCKUE MOJICIH TPAH3UCTOPOB, MTPABITFHO MOJISITUPYIOIIUE CaMbIe PA3IMIHBIE PEXKUMEL B
TaKUX MOJICIISIX UCTIONB3YIOT YITPABIIIEMbIC HICTOUHHUKY C BEIICCTBEHHBIMH, a HE KOMIUIEKCHBIMHU
kod(unmentamu B. [Ipu 5TOM MoITHOE OTpayKECHHE YACTOTHBIX CBOWCTB
TPAH3UCTOPA JOCTHUIAETCS BKIIFOUEHHEM B €0 MAaTEMATHIECKYIO MOJIENb TOMOTHATEIbHbIX
3JIEMEHTOB, B 4aCTHOCTH U ()y3nOHHBIX eMKOCTel. M3/105keHHOE 0YeHb MOJIE3HO OCO3HATH KaK
MIPUMEP TOrO, HACKOJIbKO CHJIBHO Pa3BUTHC MCTOOB BBIYMCICHHH BIHUSICT Ha HHKCHCPHBIC
MOXOAbI P IPOCKTUPOBAHUH JJICKTPOHHBIX CXEM.

OHaKo UCIOJIL30BAHUE JIJIs IPEICTaBICHUS KO PHIEeHTa p KOMIUICKCHBIX YMCET OYCHb
HArJsA{HO, TaK KaK MO3BOJISIET OIICHUTh KPOME aMILTATYbI BEIXOTHOTO CUTHAJIA €T0 CABUT IO
(haze 1Mo OTHOIICHUIO K BXOJHOMY. DTOT CABUT BO3HUKACT HAa BBICOKHX YacToTax. [lo-Buammomy,

TaKoE MPEJICTaBICHNUE OY/ICT UCTIONIB30BATHCS U B JATLHEHIIICM.

Kpome koadduinenra B, B hopme KOMITIEKCHBIX YUCEI MPEACTABISAIOT U IPYTHE MapaMeTPhI
TpaH3ucTopa (a, r y u T. 1.). 1300pa3uM rpaduk 3aBUCUMOCTH MOAYJS |B| OT 4acTOTHI f 115
tpausuctopa KT603A (puc. 1.83) u magum Oonee AeTaabHbIA TUITHYHBIN TpadHK 3aBUCHMOCTH
Moy |B| oT

yacToThl (puc. 1.84). 3Hauenne ko3P puurenTa [ Ha MOCTOSHHOM TOKE Py MIMEET HYJIEBYIO MHUMYIO
4aCThb, OITOMY Brr=|Bur|. Ha rpadmkax f,c00» — npenenbHas yactora ko3¢ uimenTa nepeaadn Toka
B CXEME C OOIIMM SMUTTEPOM (YacTOTa CPe3a), a fopanor — IPAHUUYHAS YACTOTA HTOro Koddduimenta



(gacToTa eUHIUYHOTO ycuyleH ). B HEKOTOPHIX KHATAX B 3TH TEPMUHBI BKJIA IBIBAIOT JPYTOA CMBICIL.
Huns tpanzuctopa KT603A f,4.00 — He MmeHee 200 MI'n, a Ha gactote 100 MI'11 BeIOTHSETCS
ycnosue || > 2.

is 0 f, M
gﬁ 40 60 80
Puc. 1.83
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1.2.8. Knaccudukanust u cuctemMa 0003HaYeHU I

Cucrema 0003HaUCHUI COBPEMEHHBIX TUTIOB TPAH3UCTOPOB ITPUBECHA B [3] U yCTaHOBICHA
otpaciieBbiM crangaproM OCT 11336.919-81. B ocHOBY cucTeMbl 0003HAYCHHMH ITOJI0KEH
OyKBEeHHO-TTU(POBOH KOI.

Iepeblii anemenT (Lmdpa wiv Oykpa) 0003HAYACT UCXOIHbBIHN MOITYITPOBOIHUKOBBIN MaTepya, Ha
OCHOBE KOTOPOT'O M3TOTOBJICH TPAH3UCTOP, BTOPOH 37IEMEHT (OYKBA) OIpEICIIICT MOAKIACC (MITHA TPYIITY)
TPaH3UCTOPOB, TpeTHH (Mppa) — OCHOBHBIC (DYHKITMOHATBHBIC BO3MOXXHOCTH TPAH3UCTOPA,
YETBEPTHIHN (YUCII0) — 0003HAYAET MOPSIKOBEIN HOMED Pa3padOTKH TEXHOIOTUYECKOTO THTA
TPAH3UCTOPA, TIATHIN (OYKBA) — YCIIOBHO OIPENEISAET KIaCCH(UKAIIHIO TI0 TTapaMeTpaM
TPaH3UCTOPOB, H3TOTOBJICHHBIX 110 €TUHOMN TEXHOJIOTHH.

Jst 0603HaUECHUSA UCX0OH020 Mamepuaia ACTIONB3YFOTCS CIISTYFOIIE CUMBOJTBL
I', unu 1, — repMaHuii U €ro COeTMHEHUS,

K, unu 2, — kpeMHUI UK €ro COeTMHEHMUS;
A, unu 3, — coeMHCHMSI TAIUTUS (ApCEHU]T TajlIns);
W, vnm 4, — coeamHeHNs] HHTUS.

Jlist 0003HAUCHMS TIOKITACCOB UCTIONB3YETCs O1HA U3 JIBYX OyKB: T — Ounomnsipasie u [1 — monessie
TPaH3UCTOPBI.

st 0003HaueHNs1 Hauboee XapaKkmepHbix IKCNAYAMAYUOHHBIX NPUSHAKOE IMPAH3UCTIOPOE TIPUMEHSIIOTCSI
CIICAYIOLIUE LU(PHL:

O/ MPAH3UCINOPO8 MAIOU MOWHOCHU (MAKCHMATTIbHAs! MOIITHOCTh, paccenBacMasi TPaH3UCTOPOM, HE
oonee 0,3 Br):

1 — ¢ rpaHUYHON YacTOTOM KO3 (PHIIMEHTA NIEPEIaYH TOKA HMIIM MAKCUMAJILHOM Paboyeii 4acToTow
(manee rpanuuHOM YacToTOM) HE Oonee 3 MI1;

2-c rpannyHO yactoToit 3...30 MI'1;

3 -¢ rpaHu4HOM yacToTou 6osee 30 MI'm;

ons mpanzucmopos cpeoneti mowrocmu (0,3...1,5 Br):

4— ¢ rpaHUYHON JacToTOM He Oonee 3 MI'1r;

5— c rpannuHoit yactoroi 3...30 MI'1;

6— ¢ rpaanuHON vacToroit 6onee 30 MI'1y;

011 mpan3ucmopos bonvuioti mowHocmu (6onee 1,5 Br):



7 — ¢ TpaHUYHOM 4acTOTOU He Oosee 3 MI1;
8 — ¢ rpanu4HOM yacroToit 3...30 MI'1y;
9 — ¢ rpannuHO# yactoTo 6omee 30 MI 1.

Jlist 0603HaUCHHS TOPSAKOBOTO HOMEpa pa3padOTKU HCIONIB3YIOT ABY3HadHOE rciio ot 01 mo 99.
Ecnu mopsinkoBeIid HOMep pa3padOTKU MPEBLIIIAET YUCIo 99, To MpUMEHSIeTCsl TPEX3HAYHOE YHCIIO0
ot 101 70 999.

B kavecTtBe kiaccuhUKaMOHHON IUTEPhI MPUMEHSTIOTCS: OYKBBI pyccKoro andasuta (3a
uckmouenuem 3, O, Y, bl, 111, 111, O, b, b, 3).

Cranmapt npeycMaTpHBaeT TakKe BBEACHHE B 0003HAUECHHE Psijia JIOTIONHUTENBFHBIX 3HAKOB. B KadecTBe
JIOTIONTHUTENBHBIX AIIEMEHTOB 0003HAYEHUSI HCTIONB3YIOT CIIETYIOIINE CHMBOJBL:

mudpsl oT 1 10 9 — 111 0003HAYCHHSA MOIEPHHU3AIIMN TPAH3UCTOPA, IPHBOIAIINX K H3MEHEHHIO €TI0
KOHCTPYKIIUH WM JJIEKTPUIECKUX TTapaMeTPOB;
oykBa C — 117151 0003Ha4YeHns1 HAaOOPOB B 00IIEM KOPITyce (TPaH3UCTOPHEBIE COOPKH);
uQpa, HarvcanHas yepe3 Aeuc, st 0eCKOPITYCHBIX TPaH3UCTOPOB!
1—c rubkumu BeIBOAaMu 6€3 KPUCTAILTOICPKATEIS,
2 — ¢ TUOKWMU BEIBOJIaMHU HAa KPUCTAIIIOCPIKATEIIE;
3 —cC JKECTKUMH BBIBOJIAMH 0€3 KPUCTAIIIOISPKATES;
4 — C KECTKMMH BBIBOJ]AMH Ha KPHUCTAIJIOepKATETe;
5— ¢ KOHTaKTHBIMH TUIOMAKAMU 0€3 KpUCTAIIOAepKaTeNst v O3 BHIBOJIOB;
6— C KOHTaKTHBIMU TUIONIAIKAMH Ha KPUCTAIIIOIEPKaTeNe, HO 0€3 BEIBOIOB.

IIpumepsI 0603HaYeHNsT TPUOOPOB:

KT9 37 A-2
[ HononuuTensHBIA
lanemem ob03HaueHAA
I'pynma npubopa
Tlopsiaxosblii HoMep
a3paboTku
XapaxTepHBIc
3KCILTyaTallHOHHEIS
NPA3HAKH
[Homxnace npuGopa

Hcxonnblii
NOXYTIPOBOAHHKOBEL

KT937A-2 — kpeMHHUEBBIH OMIOJISPHBIHN, 00JIBIION MOIIHOCTH, BEICOKOYaCTOTHBIN, HOMEP
paspabotku 37, rpymma A, 6ECKOPITYCHBINM, ¢ THOKMMH BBIBOJAAMH HA KPUCTAJLIOACPIKA-TEIIC.

bunosipabie TpaH3UCTOPEI, pazpadoTadHHbic 10 1964 T. 1 BEITyCKacMbIC TI0 HACTOSIIICE BPEMSI,
UMEIOT CUCTEMY 0003HAUCHHM, BKITFOUAIOIIYIO B ¢¢0s1 J1BA UIIM TPHU DJIICMCHTA.

Iepesiii aneMeHT 0003HaueHUs1 — OykBa [1, xapakTepusyroiias kiacc OMIOISIPHBIX
TPaH3UCTOPOB, Uin ABE OykBbI MII — 117151 TpaH3UCTOPOB B KOPIYCE, TEPMETUIUPYEMOM CIIO-
co00M XO0JIOAHOM CBapKH.

BTopoii aneMeHT — ABYX- WM TPEX3HAYHOC YUCII0, KOTOPOE ONPEACSACT NOPSAKOBBIA HOMEP
pa3pabOTKU U YKa3bIBACT HA MOJIKJIACC TPAH3UCTOPA [0 POJY UCXOJAHOIO MOIYIPOBOJHUKOBOTO
Marepuaia, 3HaYCHUsIM JJOMyCTUMOM paccerBaeMOil MOIIIHOCTH UM TPAHUYHOM 4aCTOTHI:
oT 1 10 99 — repmanueBbic MATOMOLIHbIC HU3KOYACTOTHBIC TPAH3UCTOPHI;
ot 101 mo 199 — kpemHNEBBIE MATOMOIITHBIE HU3KOYAaCTOTHBIC TPAH3UCTOPEI,
ot 201 10 299 — repmaHueBbIE MOIIHBIE HU3KOYAaCTOTHBIE TPAH3UCTOPBL;
ot 301 70 399 — KpemMHnEeBBIE MOIITHBIE HU3KOYACTOTHBIE TPAH3UCTOPHI;
ot 401 10 499 — repmanueBsle BEICOKOUAcTOTHEIE 1 CBY MaoMOIIHBIE TPAH3UCTOPBI;



ot 501 no 599 — kpemHHEBLIE BEICOKOYACTOTHRIE 1 CBY ManoMoOIIHbIe TPaH3UCTOPEI;
ot 601 1o 699 — repmanueBbie BeicokodacToTHRIE U CBY MoIIIHBIE TPaH3UCTOPEI,
ot 701 mo 799 — kpemHHEBBIE BhICOKOYAacTOTHBIE 1 CBY MOIIHBIE TPAH3UCTOPHL.
Tpetnii 31eMeHT 0003HaUeHNS (Y HEKOTOPBIX TUTIOB OH MOJKET OTCYTCTBOBATh) — OYKBa, YCIOBHO
OTIPEIEIISIONIAsT KJIACCU(PUKALIHIO O TTapaMeTpaM TPAH3UCTOPOB, M3TOTOBJICHHBIX 110 ¢TUHON TEXHOJIOTHH.

1.3. HOJIEBBIE TPAH3UCTOPBI

IloneBoii TpaH3UCTOP SBISETCS OYEHB MTUPOKO UCTIONIB3YEMbIM aKTHBHBIM (T. €. CIIOCOOHBIM YCHITUBATH
CHUTHAJIBI) TIOJTYIIPOBOJHUKOBBIM IIpHOOpOoM. BriepBbie oH ObLT IpesytoxkeH B 1930 r.

[ToseBbIME TpaH3UCTOPAMH HA3BIBAIOT aKTUBHBIE TIOYTIPOBOHUKOBBIE IPHOOPEI, B KOTOPBIX
BBIXOJTHBIM TOKOM YITPABJISIFOT C TIOMOIIIBEO 3ICKTPUICCKOTO TIONTS (B OUITOISPHBIX TPAH3UCTOPAX BHIXOHON
TOK YIPaBJISICTCSI BXOTHBIM TOKOM). B aHTTIOS3BIMHOM TUTEpaType 3TH TPaH3UCTOPHI HA3BIBAIOT
tpansucropamu thuna FET (Field Effect Transistor).

[ToneBbie TpaH3UCTOPHI HA3BIBAIOT TAKXKE YHUIOSPHBIMU, TaK KaK B IPOIECce MPOTeKaHUs
QJIIEKTPUYECKOI'0 TOKA YYaCTBYIOT TOJIbKO OCHOBHBIEC HOCUTEIIH.

Paznuuaror JABa BUJa MMOJIEBBIX TPAH3UCTOPOB: C YIIPABIAOIINM NIEPEXOIOM U C U30JIUPOBAHHBIM
3aTBOpoM. JIJis ompeieIeHHOCTH BHaYalle 00paTUMCSI K TaK Ha3bIBAEMOMY MOJIEBOMY TPaH3UCTOPY C
YIPaBISIOMUM p-N-MEPEXOIOM C KAaHAJIIOM p-THIIA.

1.3.1. YcTpoiicTBO U OCHOBHBIE (PU3HMUECKHE MPOLIECCHI

Yempoiicmeo mpansucmopa. JlanuM cxematndeckoe H300paKeHUE CTPYKTYPHI MTOJICBOTO
TPAH3HCTOPA C YIPABISIONAM [IEPEX0I0M U KaHamoM p-tumna. (puc. 1.85) u ycnosuoe rpadu-
yecKoe 0003HaYeHHE ATOro TpaH3ucropa (puc. 1.86,a). Ctpenka yka3blBaeT HAIIPABICHUE OT CII0s
P K CIIOI0 U (KaK U CTPEJIKa B H300paXKCHUHU YMHUTTEpa OMIOAIPHOro TpaH3ucropa). B
WHTCTPAIbHBIX MUKPOCXEMaX JTMHCHHBIC pa3MEphbl TPAH3UCTOPOB MOTYT OBITh MCHBIIIE | MKM.

3atsop (3)
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Puc. 1.85
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VYenbHOE COMPOTUBIEHUE CJIOS N (3aTBOpPa) HAMHOTO MEHBIIE YAEILHOTO CONPOTHBIICHUS
crost p (KaHala), T03TOMY 00JIaCTh p-N-Miepexojia, 00eTHEHHAs! MOBYKHBIMHA HOCUTEIISIMU 3apsiia
Y UMEoIasi O4eHb OOJBIIIOE YIEEHOE COMMPOTUBIICHIE, PACTIONOKEHA TIIABHBIM 00pa3oM B ciioe
p.

Ecau THIIBI TPOBOMMOCTH CJIOEB MOTYINPOBOJAHUKA B PACCMOTPEHHOM TPAH3UCTOPE M3MECHHUTh
Ha TIPOTHBOMOJIOKHBIE, TO MOTYYHM IOJIEBOM TPAH3UCTOP C YIPABISIONIUM p-n-TIEPEX0JIOM U
KaHaJIOM N-THIa, ero ycJIoBHOE rpaduueckoe 0003HaUYEHUE MPeACTaBIeHo Ha puc. 1.86, 0.

OcHosuvie husuueckue npoyeccwl. IonaiuM MONOKUTETFHOE HAPSLKEHHIE MEKITY 3aTBOPOM U
HCTOKOM TpaH3ucTopa ¢ KaHaioM p-muna: Uy, > 0. OHO CMECTUT p-n-Tiepexo/i B 00paTHOM
HarpaBJIeHHN.

[Ipu yBemdenny 00paTHOTO HANPSLKEHUS HA p-1-TIEPEXOJIe OH PACUIUPSIETCS B OCHOBHOM 32 CUET
KaHaja (B CHITy YKa3aHHOTO BBIIIIE PA3INUKS B YJIEIBHBIX COIPOTHBIICHUSX ). Y BENIMUYCHHE IIIMPUHBI P -71 -
riepexo/ia yMeHbIIaeT TOMIIMHY KaHalla |, CIIEIOBATEHLHO, YBEIMUHUBACT €r0 COMPOTHBIICHHE. ITO
TPUBOJIUT K YMEHBIICHUIO TOKA MEKITy HICTOKOM M CTOKOM. FIMEHHO 3TO sIBJIeHHE MO3BOJISIET YIPABIISTH
TOKOM C MOMOLIBIO HANPSDKCHUS M COOTBETCTBYIOILIETO €My JIeKTpruecKoro noist. Ecin Hanpsbkenue Uy
JIOCTaTOYHO BEJIMKO U PABHO HAMPSKECHHUIO OTCCUKU Usy ome, KAHAT TIOTHOCTBIO TIEPEKPHIBACTCS
00MacTBIO p-n-Tiepexoya.

B pabouem (He aBapuifHOM) peXXUME P-N-TIEPEXO OTDKEH HAXOIUTHCS IT0]] 00OPaTHBIM HITH HYJICBBIM
HanpspkeHueM. [loaToMy B paboueM peskuMe TOK 3aTBOpa IPHMEPHO PaBeH HYIIO (iy~ (), a TOK CTOKa i,
MIPUMEPHO PaBEH TOKY UCTOKA Iy,

(i=ie).
Ba)kHO yYMTHIBAaTh, YTO HA IMUPUHY P-N-TIEPEXO0/1a M TOIIIUHY KaHaJa MPSIMOE BIHSIHAE MOKET
OKa3bIBaTh HATIPSKCHUE MEXK/Yy HICTOKOM M CTOKOM 1y,

IlycTb u,; = 0 (MeXy KICTOKOM U 3aTBOPOM BKIIFOUEHA 3aKOPOTKA) U MOJAAHO
MOJIOKUTENbHOE HANPSIKEHUE U, (puc. 1.87). DTo HanpspKkeHUe depe3 3aKOPOTKY OKaKeTCs T0-
JIAHHBIM Ha TIPOMEKYTOK 3aTBOP — CTOK, T. €. OKKETCS, UTO Use =l K UTO P-N-TIEPEXO]T
HAXOJUTCsS IO 00OPAaTHBIM HAIPSHKEHUEM.

OO6paTHOE HAIPSKEHUE B PA3IMYHBIX 00JIACTSIX P-N-IIepe-Xx0aa pa3anyHo. B ob6nacTsax BOmu3n
HCTOKA 9TO HANPSDKCHUE MPAKTUYCCKU PABHO HYIIO, a B 00J1aCTsAX BOJIM3U CTOKA 9TO HAINPsKCHHE
PaBHO BEIUYMHE U, [loaTOMY p-n-nepexof OyAeTr mupe B TeX 007acTsX, KOTOpbIC ONMKE K CTOKY.
OOBIYHO CUHMTAIOT, YTO HANPSDKCHHUE B KAHAJIC OT UCTOKA K CTOKY YBEITMYMBACTCS JIMHEHHO.

3

- T%’W

Puc. 1.87

MO3KHO YTBEPKIATh, UTO MPH Uy =Usy, ome KAHAT TMOJTHOCTHIO TIEPEKPOETCs BOMM3H cToKa. [Ipn
JATbHEHIIIeM YBEIMYCHUH HATIPSDKEHUSI U, TA 00JIACTh KaHalla, B KOTOPO# OH MEepPeKphIT, OyaeT
pacummpsthes (puc. 1.88).



Puc. 1.88

1.3.2. XapakTepuCTUKHU U TTapaMETPhI

Kpatko oxapakTepu3yeM pa3udHbIC CXEMbI BKIFOUCHHUS MOJICBOTO TPAH3UCTOPA U PACCMOTPHM
€ro XapaKTepUCTUKU U TTapaMeTPhI.

Cxembl sxmoyenuss mpansucmopa. JIjis IoJaeBoro TPaH3UCTopa, Kak v JJisi OUTIOISIPHOTO,
BBIZICJISIIOT TPH CXEMBI BKIIFOUCHHS. J[J1s1 TTOJIEBOTO TPaH3UCTOPA ATO CXEMBI ¢ OOIIIUM 3aTBOPOM
(03), obmruMm ncrokoM (OM) u oomumM crokoM (OC). Hanbosee 4acTo UCIMOIB3YIOTCS CXEMBI C
OOIIIMM HCTOKOM.

Jlnst moHnMaHus 0COOCHHOCTEH pabOTHI HEKOTOPOTO AIEKTPOHHOTO YCTPOHCTBA OYEHB ITOJIE3HO
YMETh OTHOCHTh KOHKPETHOC PEIIICHHUE K TOW MJIM HHOW CXeME BKITIOUEHHUS (SCIIM cXeMa TaKoBa,
YTO 3TO B MPUHIIUIIE BO3MOXKHO).

Mopaenupyromnye mporpaMMbl P 3aMeHe TPAH3UCTOPAa MaTEMAaTHIECKOW MOJIeNTbI0 HUKAK
HE YYHUTHIBAIOT CIIOCO0 BKIIOYEHHUS TPaH3UCTOPA. BaskHO MOHATH, YTO €CIIK JaKe Ha CTaIUH
pa3paboTKu MaTEMATUYECKOM MOJICI UMEET MECTO OPUCHTALIMS HA KOHKPETHYIO CXEMY
BKJIFOUCHHS, TO HA CTAJWU MCIOJIb30BaHMsI 5Ta MOJCIIb JOKHA IPABUIBLHO MOACIUPOBATH
TPAH3KUCTOP BO BCEX CAMbBIX PA3JIHUYHBIX CUTYaILlHMsX.

[Ipu 00BICHCHUH BIAMSHUS HAMPSOKCHUS Uy, HA LIUPUHY P-N-TIepexoa (aKTHUCCKU
HCIIOJIB30Bajach cxeMa ¢ 00IuM HCTOKOM (cM. puc. 1.87). PaccMoTpuM XapakTepHUCTHKH, CO-
OTBETCTBYIOIIUE 3TOM cXeMe (4TO OOIIETPHUHSITO).

Tak xak B paboueM pexxume i,=0, i,~i., BXOOHBIMU XapaKTCPUCTHKAMU OOBIYHO HE MOJIb3YIOTCS.
Hanpuwmep, ais tpansuctopa KIT1103J1, mogpoOHO paccMaTpuBaeMOTO HIDKE, JJIST TOKA YTEUKH
3aTBOpPA /3, TpH t<85°C BBITOTHACTCS YCIOBHE I3, < 2 MKA.

M3o0pa3uMm cxemy ¢ o0mmM UCcToKoM (puc. 1.89).
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Buixoousie (cmoxosvie) xapakmepucmuky. BEIXOTHOHN XapaKTepUCTUKON HA3BIBAIOT
3aBHUCUMOCTH BHJIa

I = f(uuc)lu

rae f— HekoTopas GYHKIUS.

M300pa3uM BBIXOJHBIE XapaKTEPUCTHKH I KpeMHneBoro Tpanzuctopa tuna KI1103JI ¢ p-n-
TepexoJ0M M KaHalioM p-Tuna (puc. 1.90).

OOpaTuMcst K XapaKTepUCTHKE, COOTBETCTBYIONIEH yCIoBHIO U;,=0. B Tak Ha3pIBaeMoit
JUHEHHOW 00J1acTH (1, < 4 B) XapakTepucTHKa MTOYTH JIMHEWHA (BCE XapaKTePUCTUKY 3TON

w™= CONSt,

: O6nacTh HacwmeHua
Fes I:lA (axTHBHaa ofnacTn)
6 /
i 7] ofuen
. u, = U npobos
[l /
Tuwetinas obmacts |/ f]
(kpyTasi obracTs, _,f [ J /]
00aaCTh OTKPBITOTO ] S 7
COCTOAHHA, «OMU- 3 [ /
gecKad - ;‘ 4
=
V= 0
4 4 R 2B /
s s s ,/
o 4 8 \12 I % . B

OfnacTh oTCEuKH

Puc. 1.90

00J1aCTH TIPEICTABIISIIOT COOOM TIOYTH NPSIMBIC JTMHUH, BECPOOOPA3HO BEIXOSAIIIME M3 Hauaaa KOOPAWHAT).
Ona omperiensieTcst CONPOTHBIICHUEM KaHama. TpaH3uCcTop, paboTarOIHi B IMHEHHOW 00IIaCTH, MOYKHO
HCTIONB30BATh B KAYECTBE JIMHEHHOTO YITPABIIIEMOTO COPOTUBIICHHS.

IIpu u,. = 3 B xaHan B 001acTH CTOKA MepekphiBacTCs. JlampHeliee yBenmyeHHe HapsHKSHUS
TIPUBOJIUT K OUeHb HE3HAYUTEIHFHOMY POCTY TOKA i, TaK KaK C YBEIMUECHHUEM HANPsDKEHHS 00IacTh, B
KOTOPOU KaHAN TIEPEKPHIT (XapaKTePU3YIOMAsICS OYSHB OOJBITIM YIACTHHEIM COITPOTHBICHUEM),
pactrupsiercs. [Ipr 3ToM compoTHBIIEHUE HA TIOCTOSTHHOM TOKE IPOMEKYTKA HCTOK-CTOK
YBEJIMUHMBACTCS, @ TOK I, IPAKTHYECKH HE N3MEHSIECTCS.

Tox cToka B 00651aCTH HACHITIEHWUS TIPH Uy, = () u TIPHU 3aTaHHOM HANPSHKEHUH U, HA3BIBAIOT
HaYaJIbHBIM TOKOM CTOKa M 0003HAYAIOT YepPe3 /1y TS paccMaTprBaeMbIX XapaKTePUCTHK [ 0y = 5 MA
npu U,=10B. Jlnsa tpansuctopa tuna KIT1103JI muanMansHoe 3HaUeHHUE TOKA [ 1y, PaBHO 1,8 MA, a
MakcuMmanabHoe — 6,6 MA. Tlpu u,. > 22 B Bo3HHKaeT Mpo0Ooii p-x -lepexo1a 1 HAYUHACTCS
OBICTPEI POCT TOKA.

Tenepp kpaTKo ONUILEM PabOTy TPAH3UCTOPA MPH PA3TUIHBIX HATPSDKCHUSIX Us, UeM OoubIie
3aaHHOC HAIIPAXKCHUC Us,, TCM TOHBLIC KaHAJI A0 IIoAa4u HAlIPS>KCHUA U, U TCM HUKC
pacrnoaraercs XapakTepucTHKa.

Kak nerko 3aMeTuTh, B 00JaCTH CTOKA HAMPSIKEHHUE HA P-N-TICPEXOJIC PABHO CYMME Uy, 1.
IToaToMy yem OOIBIIIEC HAMIPSHKEHUE U, TEM "MEHBIIIE HAPSHKCHNE Uy, COOTBETCTBYIOIIICE HAYATY
npooos.

Korga u,, = 3 B, kaHan oka3pIBacTCs IEPCKPBIT 00IACTHIO P-N-TIEPEXoAa YKe 10 MOJAqH
HaIpPsOKEHUS U,,.. [Ipu 3TOM 110 Ipo0os BeImoHseTcs yeiaoBue i.=0. Takum oopazoM, Usy ome =
=3B.

s paccmaTpuBaeMoTo THIIA TPAH3UCTOPA MHHIMATBHOE HaNpsDKeHUE oTceukn +2 B, a
MakcuMasibHOE +5 B. DTH BeIMUMHBI COOTBETCTBYIOT YCI0BUIO I.=10 MKA. DTO Tak Ha3bIBa€MbIii



OCTaTOYHBIN TOK CTOKA, KOTOPBIH 0003HAYAIOT Yepe3 /. o

[ToneBoit TpaH3UCTOP XapaKTEPU3YETCS CICAYIONTUMHE MPeIeTbHBIMY ITapaMeTpamMu (CMBICT
KOTOPBIX MOHATEH u3 0003HaueHUN): Uye vanes Usenaxes Praxe

Hns tparzucropa KIT103JI Uy yiane=10 B, Usc =15 B, Prarc=120 MBT (Bce ipm ¢ = 85'C).

TI'paghuueckuii ananus cxem ¢ noOIeBLIMU MPAHIUCTHOPAMU.

Jlist mydniero ysicCHEHUS TPUHIUTIA PA0OTHI CXEM C TMOJEBBIMH TPAH3UCTOPAMH TIOJIE3HO MTPOBECTH
rpaduyeckuit ananu3 ogHor u3 Hux (puc. 1.91). Ilycts Ec=4B; onpenenum, B Kakux mnpeaenax
Oy/ieT U3MEHSTHCS HANIPSHKEHUE U, TIPU U3MEHEHUY HANIPSDKEHHS Uz, 0T 0 0 2B.

IIpu rpadudeckoM aHATN3E UCTIOIB3YETCS TOT XKe MOAX0T, KOTOPBINA OBLI HCIIOJIB30BaH MPH
aHalM3e CXeM C IMOJJaMH U OHIIOJIIPHBIMU TpaH3ucTopamu. /i paccMaTpuBaeMoil CXeMbI, B
KOTOPOH HAIPSLKEHHUE MEXKY 3aTBOPOM H UCTOKOM PABHO HAIIPSDKEHUIO HCTOYHUKA HATIPSHKSHUS
U3, HET HEOOXOAMMOCTH CTPOUTH JIMHUIO HATPY3KH JJIS BXOMHOH menw. JIMHUS Harpy3Ku JUis
BBIXOJIHOH I[eTH 3aJlaeTCs BRIpaKeHUEM

E£=EC . Rc+unc'

ITocTporM NTUHUIO HArPY3KH HA BRIXOAHBIX XapaKTEPUCTUKAX TPAH3UCTOPA, MPEACTABICHHBIX
Ha puc. 1.92. I3 pucyHka cieayeT, UTo MpU YKa3aHHOM BBIIIC U3MCHCHUH HAMPSHKCHUS Uy,
HaTPsDKCHUE U, OYAEeT U3MEHATHCS B Ipejenax ot 1 1o 2,6 B, 4To cOOTBETCTBYET MIepeMETIIEHHIIO
Ha4dalbHOHN pabouei ToUkH OT Touku A 110 Touky B. IIpu 3TOM TOK cTOKa OyA€T U3MEHSTHCS OT
1,5 1o 0,7 MA.

-

Prc. 1.91

Puc. 1.92

Cmoxo3ameopHule XapaKxmepucmuxy (Xapaxmepucmuxy nepeoayu, nepedamoyHule, nepexooubile,
npoxoouvle xapaxmepucmuxu). CTOKO3aTBOPHOH XapaKTEPUCTHKON HA3bIBAIOT 3aBUCHMOCTH BH/Ia

ic = f(u:m )‘

U, =const s

rae f— HexoTopas QpyHKIHS.

Takue XapakTepUCTUKH HE JAF0T NPUHIIUIHATBHO HOBOH MH(MOPMAIIMH 110 CPABHEHUIO C
BBIXOJIHBIMH, HO HHOT1a 60JIee yI0OHBI U HCITONIb30BaHMs. M300pa3uM CTOKO3aTBOPHBIC
xapakrepuctuku ajst tpansucropa KIT103J1 (puc. 1.93).
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JI71s1 HEKOTOPBIX TPAH3UCTOPOB 3371aETCSl MAKCUMAITLHOE (TT0 MOJTYITIO) JIOMYCTHMOE OTPHIIATENEHOES
HalpsoKEHUe Uy, HanipuMmep, 11 Tpanzuctopa 211103 /] aTo HanmpskeHre He TOKHO OBITHIIO MOIYITIO
oomnpmre gyem 0,5 B.

ITapamempui, xapakmepusyloujue ceoiicmea MPAH3UCMOPA YCUWIUEAINb HANPAICCHUE.
Kpymusna cmoxozameophoii xapakmepucmuku S (KpyTU3HA
XapaKTePUCTUKH MOJIEBOTO TPAH3UCTOPA):
di
S = £ Wy =3adanroe *
dum Hyg =const
OO0bIuHO 3a71aeTcs u4=0. [Tpr 3TOM J7151 TPaH3KUCTOPOB paccMaTPUBAEMOTO THTTA KPYTH3HA MAKCUMAITHHASL
Jna KIT103JIS = 1,8...3,8 MA/B nipu u,,. = 10B, 1= 0, t = 20°C.
Buympennee oughpepenyuanvroe conpomuénenue R, oug

du
o VG
(BHyTpeHHCe COHpOTI/IBHCHI/IC) Ruc Jud = 4.1!1“ =
dly; u,, = const

Host KIT103JI Ry pugp = 25 xOM miput 14,.=10B, 14, =0.

Kosghgpuyuenm ycunenus

du
M= LS ,, — 3adanmoe
3U f,“mm



MoxxHO 3aMCTHUTB, UTO

M=8Ra

Homst KIT103JI mput S=2MA/B Y Ryc gugp= 25kOM M = =2 (MA/B) * 25 kOm = 50.

Hneepcnoe exmiouenue mpanzucmopa. I1oaeBoi TpaH3ucTop, Kak U OUIONAPHBIN, MOJKET padoTarth B
WHBEPCHOM peskuMe. [1pr 3TOM poiik UCTOKA UTpaeT CTOK, & POJIb CTOKA — UCTOK.

IIpsmble (HOpMaTbHBIE) XapaKTEPUCTUKHA MOTYT OTJIMYATHCSI OT MHBEPCHBIX, TaK KaK 00JIacTH CTOKA U
HCTOKA Pa3NIMYatOTCsl KOHCTPYKTUBHO M TEXHOJIOTUUECKH.

Yacmommuvie (Ournamuyeckue) céoticmea mpansucmopa. B
TIOJIEBOM TPAH3KCTOPE B OTIIHYKE OT OUITOJSIPHOTO OTCYTCTBYFOT HHYKEKITHSI HEOCHOBHBIX HOCUTENEH U HX
TiepeMelIeHIIE TI0 KaHAITY, ¥ TIO3TOMY He 3TH SBJICHHS ONPEICISIIOT TMHAMUYECKHE CBOMCTRA.
MHepIMOHHOCTH TIOJIEBOTO TPAH3KUCTOPA OMPEICTISIETCS B OCHOBHOM ITPOIIECCaMU Tiepe3apsiyia OapbepHon
EMKOCTH p-n -Tiepexofia. CBOC BIMSHUE OKa3bIBAIOT TAKXKE MAPA3UTHBIC EMKOCTH MEXK/TY BBIBOJIAMU U
TIAPA3UTHBIC HHITYKTHBHOCTH BBIBOJIOB.

B cripaBoYHBIX TaHHBIX YaCTO YKA3bIBAIOT 3HAUCHUS CIESAYIONIMX TU(dhepeHITaTbHBIX EMKOCTEH,
KOTOpBIE TIEPEUMCITFIM HIDKE:
BXOJIHAsA eMKOCTh C,; — ATO EMKOCTh MKy 3aTBOPOM M UCTOKOM IPH KOPOTKOM 3aMBIKAHHH TI0
TIEPEMEHHOMY TOKY BBIXO/THOMU IIETTH;
MPOXOIHAS eMKOCTh C;; — 3TO €MKOCTh MEXIY 3aTBOPOM U CTOKOM ITPH PA3OMKHYTOMH IT0 TTEPEMEHHOMY
TOKY BXOJTHOH 11€TTH;
BBIXOHAS €eMKOCTh (. — 3TO €MKOCTh MEKIY UCTOKOMH CTOKOM IIPH KOPOTKOM 3aMBIKaHHH T10
TIEpEMEHHOMY TOKY BXO/IHOM IIETIH.

Hns tpanzuctopa KIT103J1 C,, < 20 n®, Csc« 8 d npu uy,— 10B 1 14,,=0.

Kpyrtusny S, kak 1 koaddupent B GunonspHoro TpaH3ucTopa, B psie ClIydacB MPEACTABILIOT B
hopme komruiekcHoro uucia S. [Tpu aTom, kak u ajist koagduimenTa B, onpeaesaor npeaeabHyo
YACTOTY fypeo. DTO TA 4ACTOTA, HA KOTOPOH BBINOIHACTCS YCIOBHE:

=5 See

rae S,,, — 3HaueHHe S Ha ITOCTOSHHOM TOKE.

Jns tparsucropa KI1103J1 gaHHEIC O f)ey B HCTIOIB30BAaHHBIX CIIPABOYHHKAX OTCYTCTBYIOT, HO
W3BECTHO, YTO €ro OTHOCAT K TPaH3UCTOpaM HI3KOH YacTOTHI (IpeAHa3HaYCHHBIM JII pa0OThI Ha 4acTOTaX
1o 3 MI'm).

1.3.3. MaTemaTuueckue MOJIEIH MOJIEBOTO TPaH3UCTOpa

PaCCMOTpI/IM JABE MATEMAaTHICCKHUE MOICIIN ITOJICBOT'O TPAH3UCTOPA.
Yuueepcanvnasn mooens.

OnwuiiieM ¢ HEKOTOPBIMU HECYIIIECTBEHHBIMH YIPOIICHUSIMH MOJIEb, NCIIOJIb3YIONIYIOCS B TTAKETE
nporpamm Micro-Cap I1.

[TpuBeneM SKBHBAJICHTHYIO cXeMy TpaH3ucrtopa (puc. 1.94), rae 0003Ha4YCHO:
. 7y 1 Fe — COOTBCTCTBEHHO 00BCMHbBIC COMPOTHRIICHUS HCTOKA U CTOKA (3TO MaJIbIe BEJIMYHHbI);
. 1, — UCTOYHHUK TOKA, YIPABISIEMbII HAIPSKCHUSIMHU.
INpuBeaeM BoIpaXEHHUs, ONUCHIBAIOIINUE YIPABIISCMbINA HCTOUHUK U MOJIYYCHHBIC HA OCHOBE aHAIM3a
(PM3MYCCKUX TIPOLIECCOB:



Puc. 1.94

JUIA 00JIaCTH OTCEYKU
iy = 0 IIPH Usy™ Usyomes

JUTSL TIMHENHON 001acTH

: ' 1
= ﬁ '|:(U3u. omc "usu)'uue _E'ufc]

npu 0<uuc< U3U0mc'u3u
rae B — TaK Ha3bIBa€Mas yJ€JIbHasA KPYTU3HA,

JUTSL oOnactu HACBIIICHUS

|

Ly =Eﬁ '(Um.m _“:mr)2
le/l USU ome = Usy < Uye-

[ponuddepeHuupyem nocaegHee BHIPAKCHUC 11O Usy:

di,
du

=S=ﬁ'(U.w.mc -usu), .

L



Orcrona cienayert, 9to Ipu Usy ome — Uz, =1B B =S, 4T0 ¥ 00BSICHSICT Ha3BaHHE — YACIbHAs
KpYTHU3HA (HO CIeAYeT YUYUTHIBATh, YTO Pa3MEPHOCTh B — A/B? wim MA/BZ).

B cooTBeTcTBUM C TIPHBEAECHHBIME BBIPKEHUSMU TOYKU BBIXOHBIX XapaKTEPUCTHK, COOTBETCTBYIOIINE
HavYaTy peXXrMa HaChITIEHHSI, JIOJDKHBI JIeXKaTh Ha TIapabor1e, KOTopas OIMUCHIBAETCS CIIEYFOIIM 00pa3oM.
Ha rpanmurie pexxiiMa HachIIeHUs! BBITOMHAETCS YCIoBUe: Usy ome—Usy=Uye. VI3 BBIpAXKEHUN IS TOKA
i, KaK B IMHEWHOHN 00JacTH, TaK U B 00JIACTH HACKHIIIEHUS TIOTyIUM:

if=iy=7%-ﬁ-u§£.

Hamum rpadudeckyro nwtroctpanuto (puc. 1.95).
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Puc. 1.95

JIi1s1 peanbHBIX TPAH3UCTOPOB TAKOE Pa3TPAHHUYCHUE TMHEHHOM 001aCTH M 00J1aCTH HACBIIICHHS NMEET
MECTO He Bceryia (oTpunarenbHeiid mpumep — tpansuctop KI1103J1).

C yuerom caenanHoro 3amedanus tpansuctop KI1103J1 B nepBoM nmprOvkeHUy MOXKHO OIHCATh
TIPUBEICHHBIMH BBIpAKCHHsIME 1IpH B ~ 1,1 MA/B?.

Ynpowennan sxeusanenmnan cxema 0na nepemennbvIx coCmagnaAOWUx cuznanos. Jlns yaeOHbIx
1esieH, a Takke UMest B BUAY ITPOCTHIC MPUOJIHNKCHHBIC PacUeThl, PACCMOTPHM SKBHUBAJICHTHYIO
CXeMy, KOTOPYIO MOYKHO HCITOJIb30BaTh, €CIIM U3BECTHO, YTO TPAH3UCTOP PabOTAET B peKUME
HACHITeHHUS (KOTOPOMY COOTBETCTBYET 00JIACTh HACKHIIICHHUS ), U €CJIM aMIUTHTY/a U 9acTOTa
CUTHAJIA TOCTAaTOYHO Maibl (puc. 1.96). 3HaAKOM «~» OTMEUEHO, YTO UCIONIB3YyIOTCS ITePEMEHHBIC
COCTABJISIIOIIME CUTHANOB.
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3HAK«MHUHYC» B BBIPAKCHUU — S Uy, OTPAXKACT TOT (PAKT, UTO MPHU YBEIMUCHUU HANIPSDKCHHUS
MEXIY 3aTBOPOM U HCTOKOM TOK CTOKA YMEHBIIAETCS.



1.3.4. Pa3HOBUIHOCTH MMOJIEBBIX TPAH3UCTOPOB

Tonesvie mpanzucmopsvi ¢ U30AUPOBAHHBIM 3aMEOpoM. B TpaH3HUCTOpaxX 3TOTO THIIA 3aTBOP
OTJICJICH OT TMOJIYTIIPOBOIHUKA CJIOEM JINAJICKTPHUKA, B KAUEeCTBE KOTOPOTO B KDEMHHUEBBIX MPHUOOpax
OOBIYHO HCIIONB3YETCS JBYOKUCH KPEMHHUSI. DTH TPAH3UCTOPHI 0003HAYAIOT ab0peBHATypO
MOII (meTamn-okucen-moxynpoBoaauk) 1 MJIIT (MeTami-1u3nekTpUK-TIoTyIIPOBOAHUK ). B
aHTJIOA3BIYHOM INTEepaType UX 00BIYHO 0003HauaroT ab0pesuarypoit MOSFET umu MISFET
(Metal-Oxide (Insulator) — Semiconductor FET).

B cBoto ouepens MIII-TpaH3ucTOphI ACNAT HA ABA TUIIA.

B Tak Ha3pIBaeMBIX TPAH3UCTOPAX CO BCTPOCHHBIM (COOCTBEHHBIM) KaHAIIOM (TPaH3UCTOP
00CTHEHHOTO THIIA) U JI0 TI0JIaYX HANPsDKECHHS Ha 3aTBOP UMEETCS KaHall, COCTUHSIOIMMUA UCTOK
CTOK.

B Tak Ha3pIBaeMBIX TPAaH3UCTOPAX ¢ MHAYIIMPOBAHHBIM KaHAIOM (TPaH3UCTOP 0OOTAIIEHHOTO
THUIIa) YKa3aHHBIHI BBINIE KaHAT OTCYTCTBYET.

M/IIT-TpaH3uCcTOPhl XapaKTEPU3YIOTCS OYEHb OOJIBIIUM BXOJHBIM conpoTuBicHueM. [Ipu
padoTe ¢ TAKMMH TPAH3UCTOPAMHU HA0 MPEANPUHUMATE 0COOBIC MEPHI 3aIUTHI OT CTATHYCCKOTO
anekTpuuecTBa. Hampumep, mpu naiike Bce BBIBOBI HEOOXOIUMO 3aKOPOTHUTS.

MA-mpanzucmop co scmpoenmvim kananom. KaHaa MOKET UMETh TPOBOJIUMOCTh KaK pP-THIIA,
Tak U n-tumna. [ onpeaeneHHOCTH 00paTUMCS K TPAH3UCTOPY ¢ KaHATIOM p-Tuma. Jlaaum
cxeMaTH4ecKoe n3o00paxeHne CTpYKTyphl Tpan3ucropa (puc. 1.97), yciaoBHoe rpadudeckoe
0003HaYCHUE TPAH3NUCTOPA ¢ KaHaJIoM p-Tuma (puc. 1.98, a) u ¢ kaHamom n-tumna (puc. 1.98, 0).
Crtpenka, Kak 00BIYHO, YKa3bIBACT HAITPABJICHHE OT CJIOS p K CIIOKO 1.

PaccmarpuBaemsrii TparzucTop (cM. puc. 1.97) Mmoxket paboTarh B IBYX peKUMax: OOCTHEHUS U
oboranieHus.

Pexxumy 00eTHEHMS COOTBETCTBYET MOJIOKUTEIBHOE HAMIPSKCHHE Uy, [IPU YBETUYCHUU 3TOTO
HaHpH)KCHI/UI KOHIICH-

o

Kauan H*’M““%H)
Puc. 1.97 . Puc. 1.98

TpaIus JAIPOK B KaHAJIC YMEHBIIAETCs (TaK KaK MOTEHIIMAN 3aTBOPA 00JIbIIIEe TOTCHIINAJIA UCTOKA),
YTO MPUBOJUT K YMCHBIIICHHUIO TOKA CTOKA.

Ecnm HanpspkeHue i, 00IIbINe HAMPSDKEHNST OTCEUKH, T. €. €CTH Uy, Usy ome, TO KaHAT HE
CYILECTBYET U TOK MEXAY UCTOKOM U CTOKOM PaBCH HYJIO.

PexrMy 00orarieH st COOTBETCTBYET OTPHLIATEIBHOE HAMPSHKECHUE Uy, [Ipy 3TOM yeM 00JIbIie MOAYIb
YKa3aHHOI'0 HAPSDKEHHS, TEM OOJIBIIIC POBOAMMOCTh KaHaa M TeM OOJIbLIIC TOK CTOKA.

TIpuBenem cxemy BKIIOUYEHHUS TpaH3ucTopa (puc. 1.99).

Ha Tok cTOKa BIUSIET HE TOJIBKO HAMPSLKEHUE Usy,, HO U HAMIPSHKCHUE MEXTY TOITIOKKON U UCTOKOM 1y,
OnHako ynpapJCHHUE 1O 3aTBOPY BCErAA MPEANIOYTUTEIBHEE, TAK KAK MPU 3TOM BXO/IHBIC TOKM HAMHOT'O
meHebIe. Kpome Toro, Hamndre HampspKeHHUS Ha TIOJIOKKE YMCHBINACT KPYTHU3HY.

[Toammoxka 00pa3yeT ¢ UICTOKOM, CTOKOM MU KaHaIoM p-n-niepexoz. [Ipu rucnons3oBanun
TPaH3UCTOPA HEOOXOAUMO CIIC/IUTH 33 TEM, UTOOBI HAPSHKCHUE HA 3TOM MEPEXO0JIC HE CMEIANIO €r0 B
TIPSIMOM HarpaBJieHnH. Ha mipakTike moyioKKy MOAKITIOYA0OT K FICTOKY (KaK ITOKa3aHo Ha CXeMe) WiH K
TOYKE CXEMBI, IMEIOIIEH TIOTEHINAN, OB ITOTEHIHAIIA
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Puc. 1.99

HCTOKA (TIOTEHIIMAJ CTOKA B IIPHBEICHHOM BBIIIE CXEME MEHb-IIIb [IOTEHIINANIA HCTOKA).
H306pazum BeIxoAHbIe Xapakrepuctuku MJIII-tpansucropa (BcTpoeHHbId p-kanan) Tina KIT1201J1
(puc. 1.100) u ero CTOKO3aTBOPHYIO XapakTepucTuky (puc. 1.101).

MJTI-mpan3ucmop ¢ uHOYyupoBaHHviM (HaseoeHHbIM) Kana-1oM. KaHal MOXKET UMETh
MIPOBOJAMMOCTD KaK p-mund, Tak U
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n-tuna. {7 onpeacneHHOCTH 00paTUMCS K TPAH3UCTOPY C KaHajuoM p-tuna. Jaaum

CXEMAaTHYECKOC N300paKeHUE CTPYKTYphI Tpan3ucropa (puc. 1.102), ycmoBHoe rpaduueckoe 000-

3HAYCHUE TPAH3UCTOPA C MHAYLIUPOBAHHBIM KaHanoM p-muna (puc. 1.103, a) 1 kaHaaI0M N-THUIIA
(puc. 1.103, 0).
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IIpu HyNIEBOM HANPSKEHUH U5, KaHAT OTCYTCTBYET (puc. 1.102) u TOK CTOKa paBeH HYIIIO.
TpaH3UCTOP MOXKET padOTaTh TOJBKO B PEKUME 000TAECHHUS, KOTOPOMY COOTBETCTBYET OT-
pHULIATEIBLHOE HANIPSIAKEHUE Uy, [Ipu 3TOM 1> 0.

Ecnu BeImontHSETCS HEPABEHCTBO Uy Uyys noposs T Ulys nopo. — TaK HA3BIBAEMOE TIOPOTOBOE
HAIPsHKEHNE, TO MKy HCTOKOM M CTOKOM BO3HHKAET KaHaJ P-THIIA, IO KOTOPOMY MOXKET MPO-
TeKaTh TOK. KaHas p-THa BO3HUKAET U3-3a TOTO, YTO KOHIICHTPAIIHUS JBIPOK IO 3aTBOPOM
YBEJIUUUBAETCS, a KOHI[EHTPALUs 3JIEKTPOHOB YMEHbIIAETCA, B PE3yIbTAaTE UETO
KOHIICHTPAIHS TBIPOK OKA3hIBAETCS OONBINE KOHIICHTPAIINY MIEKTPOHOB. OMUCaHHOE SIBICHHUE
W3MEHCHHMSI TUIIA TPOBOJAMMOCTH Ha3bIBAlOT HHBEPCHUEH THUITA TPOBOJUMOCTH, a CIOH
MOJTYIIPOBOJAHIKA, B KOTOPOM OHO UMEET MECTO (M KOTOPBIN SBISETCS KAHAIOM), — WUHBEPCHBIM
(nHBepcHOHHBIM). HemocpencTBEHHO MO HHBEPCHBIM CIIOEM 00pas3yeTcs ClIo, 00eTHEeHHBIH
MOABMYXHBIMU HOCUTEIISIMU 3apsiia. IHBEpCHbBIN CI0W 3HAUYMTEIBLHO TOHBIIE 00CAHCHHOTO
(tommuuua uusepcroro ciosi 1+ 107 ...5 « 107 M, a Tonmuua 06eAHEHHOTO ¢i105t 6onbiie B 10 1
boiee pas).

N3o00pa3um cxemy BKItOUeHUS TpaH3ucTopa (puc. 1.104), BEIXOHBIC XapaKTePUCTUKHU (puUC.
1.105) u croko3aTBOpHYIO XapakTepucTuky (puc. 1.106) ans M/III-Tpan3ucropa ¢ uH-
JIyLpoBaHHBIM p-kaHaioMm KI13016.

ITone3Ho OTMETHTD, UTO B akeTe mporpamm Micro-Cap 11 711 MoaeIMpoBaHus OJICBBIX
TPAH3UCTOPOB BCEX TUTIOB MCTIONIB3YETCSI OHA M Ta K& MaTEMAaTHUIECKasi MOJIEIh (HO, ECTECTBEHHO, C
Pa3IMIHBIMHA TTApaMETPaMH).

by |-

Puc. 1.104
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1.3.5. [IpyumeHeHne NpruHLHUIIA [10JIEBOTO TPaH3UCTOPa

PaccmotpumM rcnionb30BaHue HIICH, PEaATH30BAHHBIX B TIOJICBBIX TPAH3HUCTOPAX, B 00JICE CIIOMKHBIX
3JIEKTPOHHBIX YCTPOMCTBAX.

Aueiika namsimu Ha 0CHOBe NONEE020 MPAHZUCHIOPA C U30TUPOSAHHBIM 3AMEOPOM (aw-namsams).
PaccMOTpUM CTPYKTYPY ¥ TIDUHITHIT JEHCTBUS SMEHKY TaK HA3bIBAEMOH (IIIII-TIAMSITH.

VYerpoiicTBa (UDII-NIAMATH SBISFOTCS COBPEMEHHBIMI OBICTPOEHCTBYIOIIMMY MPOT PAMMHPYEMBIMU
TIOCTOSTHHBIMH 3artoMuHaroImMe yerporictBamu (I1I13VY) ¢ anekTprdeckoil 3amichio U AIEKTPUISCKUM
ctupanreM uHpopmMarus (DCII-I13Y; B ab0peBraType HeT OYKB, COOTBETCTBYIOIINX CIIOBAM
<OIIEKTPUUECKAst 3aMTUChY, TaK KaK TaKas 3aMHCh MOJIPa3yMeBAETCs).

OTH YCTPOKCTBA SBJISIOTCS SHEPrOHE3aBHCHMBIMH, TaK KaK HH(POPMAIIHS HE CTHPAETCS TPH
OTKJIFOUCHUHU MMUTaHUs. Slueliku namMsaTy BeiaepxkuBarotT He MeHee 100 000 nukioB
3aIMCH/CTUPAHUSL

N300pazum yrpolieHHY0 CTPYKTYpY sueiiku rmi-namstu (puc. 1.107).
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Crou nomynpoBOAHKKA, 0003HAYCHHBIC Yepe3 N+, UIMEIOT MOBBILICHHYO KOHLCHTPALUIO aTOMOB-
JOHOPOB. V30715111151 3aTBOPOB 1151 YNPOIIICHMS PUCYHKA HE TIoKa3aHa. CTpYKTypa S9eHKH B HEKOTOPOM
OoTHoIICHUH No100Ha cTpykType M/III-Tpan3ucropa ¢ MHAYIIMPOBAHHBIM KaHAJIOM N-THIIA.

OpnyH 13 3aTBOPOB HA3BIBAIOT MIABAIOLINM, TAK KAK OH IAbBAHIMYECKU HE CBSI3aH C ANIEKTPOAaMU
npudOpa 1 ero MOTCHIMAT U3MEHSIETCS B 3aBUCUMOCTH OT 3apsi/ia Ha HEeM («TLIaBAIOILMIA TOTCHLIUAN).

[Tpu 3anucu uHbOPMALMY B SUCHKY MAMSITH JICKTPOHBI U3 UCTOKA TYHHETUPYIOT YePe3 TOHKUH CJIOH
H30JIMPYIONIEro OKUCIIa KPEeMHHUS (TOJIIIUHONW 0KOJIo 1 * 10°® M) M IEPEXOAT Ha IIIABAIOIIHIA 3aTBOP.
HakoruieHHbIi oTpHULATENBHBIN 3apsi]T Ha IJIABAOLLEM 3aTBOPE YBEINUMBACT IOPOrOBOE HAMPHKEHUE Ul opoc-
[Moaromy B OynyieM npu 0OpalieHU K TPAH3UCTOPY TaKOM sUeHKU OH OyJIET BOCIPUHUMATHCS KaK
BBIKITFOUEHHBIN (TOK CTOKA PaBEH HYITIO).

Ipu cTrpanyy UHGOPMAIIHY AJIEKTPOHBI YXOIIT C TTABAIOIIETO 3aTBOPA (TAKKE B PE3YIIBTATE
TYHHEJIMPOBAHHA) B 00JIaCTh HCTOKA. TpaH3ucTop Oe3 3apsi/ia Ha IJIaBaloIIeM 3aTBOPE BOCIPUHUMAETCS
TP CYUTHIBAHUY HH(OPMAIINU KaK BKITFOYCHHBIMH.



JlmiTeIbHOCTh IMK/Ia CUMTHIBAHMS (YTSHHST) MH(pOpMAIIH COCTaBsAeT He Ooliee 85 He. CocTosHuE
sTYEHKH ITaMATH MOXKET coXpaHsaThcs Oonee 10 jer.

Tonynposoornuxossie npudopul ¢ 3aps006oii céssvio (I13C). ITprdOp ¢ 3apsmoBoi CBA3BIO UMeeT OO0JIBIIOe
YHCIIO PACTIONIOKEHHBIX Ha MAJIOM PACCTOSIHIY 3aTBOPOB U COOTBETCTBYIOIIIUX MM CTPYKTYP METAILT —
TUAIEKTpUK — monynpoBoaHuk (M/IIT). M300pasuM ympoliieHHY 0 CTPYKTYpY IpHOOpa ¢ 3apsI0BOM
cBs3bio (puc. 1.108).

IIpu oTpuriaTeTsHOM HampsHKEHUH HA HEKOTOPOM 3aTBOPE TIOJT HIM CKAaIUTUBAOTCS JIBIPKH,
COBOKYITHOCTH KOTOPBIX Ha3bIBatOT MakeToM. [ [akeTs 00pa3yroTcs U3 ABIPOK, MHHKEKTUPOBAHHBIX UCTOKOM
WJTH BO3HHUKAIOIIHX B Pe3yJIbTare TeHepariiy ap 3JIeKTPOH-BIPKa IPH ITOTIIONIEHUH OITTHYECKOTO

U 31 32 33 34 35 36 C
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Puc. 1.108

n3nydeHust. [1py cooTBeTCTBYIOIIEM M3MEHEHUHN HATPSDKEHHI Ha 3aTBOPAX MAKETHI IEPEMEIIIAFOTCS B
HAaIIpaBJIEHUH OT UCTOKA K CTOKY.

[TpuOopsI ¢ 3apsIOBOM CBSI3BIO HCTIONB3YIOTCS:

* B 3aMOMMHAIONIMX ycTpoicTBax DBM;

* B yCTPOMCTBaX MpeoOpazoBaHUsI CBETOBBIX (ONTUYECKHX ) CHTHAJIOB B AJIEKTPHUYECKHE.

Knaccudukarys noneBbix TPaH3UCTOPOB TAKAs JKe, KaK M OUITOISIPHBIX TPAH3UCTOPOB, T. €.
UCIOJIB3YeTCsl OyKBEHHO-IIU(DPOBOI KOJI, B KOTOPOM BTOPOH AnieMeHT — OykBa I1, onpeenstonias
noakiacc [3].

IIpumepsbI 0603HaYeHUsT TPUOOPOB:

KI1310A — KpeMHHEBBIH TPAH3UCTOP MAION MOIITHOCTH, C TPAHUYHOU dacToTo# Oomee 30 MI 1,
HoMmep pazpabotku 10,rpymnmna A;

2117015 — KpeMHHEBBIA TPAH3UCTOP OOJIBIION MOIIHOCTH, C TPAHUYHOM yacToTol He Oomnee 30
MTI'11, Homep pa3zpaboTku 1, rpynma b.

1.4. TUPUCTOPDI

1.4.1. YcTpo#cTBO M OCHOBHBIE (PU3UUECKHE MPOIIECCHI

TupricropamMu Ha3bIBAIOT MOTYIPOBOIHHKOBEIC TPHOOPHI C IBYMS YCTOMYUBBIMHU PSKAMaMH PAOOTHI
(BKJTFOUCH, BBIKJIFOUCH ), IMCIOLIME TP MK 00jIee P-N-TIEPEXO/I0B.

TupucTop 1Mo cBOEMY HNPHHIUITY — IPHUOOP KITIOUEBOro JeicTBUs. BO BKIIFOYEHHOM COCTOSIHUN OH
No/100€H 3aMKHY-TOMY KJIFOUY, & B BBIKIIFOYCHHOM — Pa30MKHYTOMY KITt04y. Te THpUCTOpBI, KOTOpbIE
HE UMCIOT CICHUATBLHBIX 3JICKTPOAOB [T MTOJa4YM CUTHAIOB C IICITBIO M3MCHCHUSI COCTOSTHUS, 3 UMCIOT
TOJIBKO J[Ba CUJIOBBIX AJICKTPO/IA (aHO M KATO/T), HA3bIBAIOT HEYIIPABISIEMbIMH, WA TUOTHBIMH,
TUPUCTOPaMH (IMHU-CTOpaMu ). THa4Ye TUPUCTOPHI HA3BIBAIOT YIIPABISICMBIMEI TUPUCTOPAMU, UK
MPOCTO TUPUCTOPAMHU.

OHM SIBISTFOTCS] OCHOBHBIMHF 3JIEMEHTAMH B CHJTOBBIX YCTPOHCTBAX AIICKTPOHHUKH, KOTOPBIC HA3BIBAIOT
TaKOKe YCTPOHMCTBAMH IPe0Opa30BaTeIbHOM TEXHUKH. THITMUHBIME IIPEACTABUTEIIMHU TAKUX YCTPOHUCTB
SIBJISIIOTCA YIPABIISIEMbIE BHIIPIMUTENH (IIPE0OPa3yroT IIEPEMEHHOE HAIPSLKEHUE B



OJTHOHATIPABIIEHHOE) ¥ HHBEPTOPHI (TIpeoOpa3ytoT MOCTOsHHOE HAIIPSLKEHEE B [TEpeMeHHoe). J[MHICTOpEL,
KaK MTPaBHJIO, HCTIONB3YIOTCA B CTA00TOUHBIX UMITYJTECHBIX YCTPOHCTBAX.

CylmecTByeT OOJBITIOE KOJTMYECTBO Pa3TMUHBIX THPHUCTOPOB. |11 onpeneieHHOCTH BHaYajIe 00paTuMCs
K TaK Ha3bIBAEMOMY YIPABIISIEMOMY TIO KaTOTy HE3AITMPAEMOMY THPHUCTOPY C TPEMSI BEIBOJIAMH (JIBA CHITOBBIX
Y OJIVH YTIPABIISFOIIHE ), KOTOPBIN MPOBOMT TOK TOJILKO B OTHOM HarIpaBJICHUH.

Hamam yriporrieHHOe M300pakeHre CTpyKTypsl THprcTopa (puc. 1.109) u ero ycinoBHoe rpadudeckoe
o0o3Hauenue (puc. 1.110).

OOpatuMcs k mpocTeiiei cxeme ¢ TupuctopoM (puc. 1.111), rae ucrmoap30BaHbI
clenyroIye 0003HaAUYCHUS:
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* [,— TOK aHOZa (CHJIOBOM TOK B LICIIH aHOI-KaTOJl TUPHCTOPA);
* U, — HAMPSDKCHUC MCXKTY aHOJIOM U KaTOJIOM;
* [, — TOK YIPaBJISIOMICTO AICKTPOoIa (B PEATBHBIX CXEMaX HCIONB3YIOT UMITYJIbCHI TOKA);
* U — HAMPSDKEHUE MEXAY YIPABJISIIONIAM 3JIEKTPOJAOM U KaTOIOM;
Upym — HATIPSDKEHNUE TTUTAHUS.



IIpenrionoxum, 4TO HAIIPSKEHUE ITUTAHUSL MEHBIIE TaK HA3bIBAEMOI'0 HAIIPSLKEHUS IIEPEKIIFOUECHUS
Usep (Unum < Ulep) ¥ 9TO TIOCTIE TTIOJKTFOYECHAS UCTOUHHKA ITUTAHHST UMITYJTBC YITPABJICHUS HA THPUCTOP HE
riofaBaicsi. Torya TuprcTop OyeT HaXOJUTHCS B 3aKPHITOM (BBIKITIOYEHHOM) cOCTOSHUH. [Ipu aTOM p-71 -
niepexofpt L1 u I3 OyyT cMertieHs! B IpsiMOM HarmpaBJieHUH, a repexon [, — B oOpatHOM
HamnpaByieHud (cM. puc. 1.109), mosTomMy Tok THpUCTOpa OyaAeT MaiabiM (i,= 0) u OyayT
BBITIONTHATHCS COOTHOIICHUS Uy = Uypym, Ug = 0 (HArpy3Ka OTKITFOYEHA OT UCTOYHHKA TATAHUS).

Ecnu npeanonoKuTh, 4TO BHITOTHSAETCS COOTHOIIEHUE Uy Uy, WK UTO TIOCTIE TIOIKITIOUEHUS
HCTOYHMKA IIMTAHKSA (JTa’Ke TIPH BEITTOTHECHUH YCITOBHS Uy < Ulep,) OBLI TIOTAH UMITYIIBC YIIPABICHHS
JIOCTATOYHOM BEJTHMUMHEBL, TO THPUCTOP OY/IET HAXOAUTHCS B OTKPHITOM (BKJIFOUEHHOM) COCTOSTHUH. [ Ipu aTOM
BCE TpH Tiepexoia Oy/IyT CMEIIeHbI B PSIMOM HallPaBIE€HUH U OYTyT BBHITTOMHATHCS COOTHOIICHUS Uy
~IB, iy = Upyun/Ry, UR = Upum(T. €. HaTPy3Ka OKA3aJIaCh MOJKIFOYEHHON K UCTOYHUKY IMATAHNUA).

Cy1IecTBYIOT TUPUCTOPBI, IS KOTOPBIX HanpsbkeHue U, 6onbliie, yem 1kB, a MakcuMannHO
JIOITYCTUMBIHA TOK I, O0JbIITe, 9eM 1KA.

IIpu u3ydenun nprHIMna paboThl TUPUCTOPA OYEHb BKHO MOHSTH, YTO MPOUCXOIUT B MOMEHT €r0
BKJIFOUCHUS U riodyemy nepexos [T, Bo BKIIFOUCHHOM COCTOSIHUM CMEILICH B MPSMOM HaripaBicHuu. J{is
COOTBETCTBYIOIIUX OOBSICHEHUH 00paTHMCs K YCIIOBHOMY H300PKCHHIO CTPYKTYPBI THPHUCTOpa (puC.
1.112). MokHO 3aMeTHUTb, YTO TaKasi CTPYKTypa COOTBETCTBYET CXeMe Ha JIByX TpaH3ucropax (puc. 1.113).

Brauane paccMoTpum mporiecc BKIIFOUEHUS TUPUCTOPA TIPH U, = = U, 1 i,= O (Tak Ha3pIBaeMoe
BKITIOYEHHE TI0 aHO/1Y ), OJTHAKO TaKO# CIOCO0 BKIIIOUEHHSI HE PEKOMEH/IYETCSI HCIIONIb30BaTh Ha MIPAKTHKE.
y
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IMeroT MecTo COOTHOIICHUS:

L =0, B +1

Kel?

Tep = Ol I + L,
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Kaxk yxe orMedaioch, K03 QUITNEHTHI Iepe/ladd TOKOB TPAaH3UCTOPOB H3MEHSIOTCS TIPH
M3MEHEHUH PEXUMOB PabOThI TPAH3UCTOPOB.

IIpu MaNBIX TOKAX Ayt Aema<<l © 4€pe3 TUPUCTOP MPOTEKACT TOK i,=Igy .Ilpu yBenmuueHun
HATPSKCHUS Uy, TOK 1, BO3PACTACT, U BMECTE C 3THM BO3PACTAIOT KOIDDHUILIUCHTHI 0o U Aey. 1lpH
TIPUOIIMIKEHUH CYMMBI Ayt dem2 K SIUHULE TOK i, PE3KO, CKAYKOOOPa3HO BO3PACTAET M TUPUCTOP
TIEPEXOJIUT B OTKPHITOC (BKIIOUCHHOE) COCTOSIHUE, TTOCTIC YeTO TOK B CXEME OTPAaHUUUBACTCS
TOJIBKO CONPOTHUBJICHUEM Harpy3ku R,. BpeMs, B TeueHHe KOTOPOro TUPUCTOP MEPEXOIUT BO
BKJTIOYEHHOE COCTOSIHUE, COCTABIAET JOJIU MUKPOCEKYHBI UIU €AUHUIIBI MUKPOCEKYHIT (3TO
TaK Ha3bIBAEMOE BPEMS BKIIFOUEHUS fgy..

Tak kak Toku 0a3 TPAH3UCTOPOB BEIIMKHU U MPUOTHKAIOTCS 110 CBOUM 3HAYCHUSAM K TOKaM
KOJUIEKTOPOB, 00a TPaH3UCTOPa HAXOATCS B PeKUME HACHIIICHHsI. DTO 03Ha4aeT, uTo nepexon 11,
THUPUCTOPA CMEIIEH B NPSIMOM HAINpPaBICHUU.

[Iporiecc BKIIOYSHUS TUPUCTOPA MOXKHO OOBSICHUTH M HE MpUOeras K MpeACcTaBIICHUIO
TUPUCTOPA B BUJIE ABYX TpaH3UCTOPOB. Ho U mpu TakoM aHau3e BHIBOJ] OCTACTCS MPEKHUM:
niepexof [1, Bo BKIIIOUEHHOM COCTOSIHUM CMENIEH B IPSIMOM HampaBlieHHH. Takoe cocTosHUe
niepexona I, obecrieunBaeTcst HATMYKEM U30BITOYHOM (IO CPABHCHUIO C BBHIKJIIFOYCHHBIM
COCTOSIHUEM THPHCTOPA) KOHLICHTPALMCH B CIOSX 1; U P2 HCOCHOBHBIX U OCHOBHBIX HOCHUTEJICH
3JIEKTPUYECTBA. DTO 03HAYAET, YTO BO BKIFOUYEHHOM COCTOSHHUHU B YKa3aHHBIX CIOSIX UMEIOTCA
U30BITOYHBIC 3APSIJIBL.

JMHUCTOPBI, €CTECTBEHHO, MOT'YT BKJIFOUATHCS TOJIBKO [0 aHOAY.

Tenepb paccMOTPUM MPOIECC BKIIOUCHUS TUPUCTOPA MPHU MOJaUC UMITYJIbCA YIIPABICHUS U TIPU
YCIOBHH, UTO Uy <Upe, (TaK HA3BIBAEMOE BKITFOUECHUE TI0 YIIPABIISIOIIEMY dJIEKTPOAY). ITO
PEKOMEHTYEMBIN CTIOCO0 BKITFOUCHMS.

OOpaTtuMcs K SKBUBAJICHTHOH CXeMe Ha ABYX TpaH3ucTopax (cM. puc. 1.113). Jlerko yBUACTD,
YTO M0J1a4a MOJIOKUTEIBbHOTIO HANPSIKEHUS HA YIPABJSIOIIUN 3JEKTPO OTHOCUTEIBHO KaToAa
BBI3BIBACT MOSIBIICHUE TOKA 0a3bl TpaH3ucTopa To. DTO MPUBOAUT K BKITFOUECHUIO TPAH3UCTOPOB
SKBUBAJICHTHOW CXEMBI, T. €. K BKITFOUEHUIO THPUCTOPA, IIPUYEM YeM OOJbIIIE TOK yIPaBICHHUS,
TEM TIpU MEHBIIEH BETUUNHE HAMTPSDKEHUS 1, TPOUCXOJIUT BKIIOUEHHE TUpHcTOpa. [locme
OKOHYAHWS UMITYJTbCA YIIPABICHUS THPUCTOP OCTACTCS BKIIFOUCHHBIM.

XapakTepHOH 0COOCHHOCTRIO PAaCCMaTPUBAEMOT0 HE3AMMH-PAEMOr0 THPHUCTOPA, KOTOPBIH OUCHB
IIHUPOKO UCIOJIB3YCTCA HA MPAKTHUKEC, ABJIACTCA TO, YTO €0 HCJIB3s BBIKJIIIOYHUTH C IMOMOIIBIO TOKA
yIIpaBJIECHUS.

JI1st BRIKJTFOUCHMSI THPUCTOPA HA TPAKTUKE HA HErO MOAAT 00paTHOC HAMPSHKCHUE U< O H
MOIJICPKUBAIOT ITO HAMPSHKEHUE B TSUCHUE BPEMEHH, OOJIBIIETO TaK Ha3bIBACMOTO BPEMCHHU
BBIKITFOUCHHS Ly, OHO OOBIYHO COCTABIISACT CAMHHMIBI MU ICCATKH MUKPOCCKYH/I. 3a 3TO BpeMs
M30BITOYHBIC 3aPSI/IBI B CIIOSIX #; W Py UCUE3AIOT. [[1sT BRIKITIOUEHHS THPUCTOPA HANPSKCHHE
TIATAHUSA Uy, B TPUBEACHHON BhIIIEe cxeme (cM. puc. 1.111) 10KHO H3MEHUTD MOJISAPHOCTD.

Ilocne ykazaHHOH BbIACPAKKHU BPEMECHHU Ha TUPUCTOP BHOBb MOXHO MOAATH NPAMOEC HAPSHKCHUE
(1>0), 1 0H OYJIET BBIKJIIFOYSHHBIM JIO MOJa4Y¥ UMIYJIbCA YIPABICHUS.

TuprcTOp BBIKIIFOYACTCS TAKXKE B ClIydae, KOrja 00paTHOE HAMIPSHKCHHUE HE TI0IACTCs, HO TOK I,
YMEHBILIAETCS 10 HEKOTOPO MaJION BEJIMUMHEI, HA3bIBAEMON TOKOM yaep>KaHus iy, [Ipu sToM
HaIPsHKEHUE HAa TUPUCTOPE YBEIIMYMBACTCS CKauK000pa3Ho. Takol ¢cmoco0 BHIKJIIOYECHUS Ha
OPAKTUKE UCITOJB3YECTCA PEAKO, TAK KaK BPEMS BBIKJIFOYCHUS ITPHU 3TOM OKa3bIBACTCA
3HAYUTCIbHBIM.



CyliecTBYIOT Tak Ha3bIBaeMbIe 3allUpaeMbIe THPUCTOPHI, KOTOPBIE MOTYT OBITh BBIKIIOUEHEI C
MOMOIIBIO TOKA YIPABIICHHUS.

Ecnu Ha THpHCTOP MOmaHO 0OpaTHOE HAMpsHKEHUE 1,<0, To mepexons! I1, u I1; cMemaroTcs B
00paTHOM HAINPAaBIEHUHU U Yepe3 TUPUCTOP MPOTEKAET MaIbIi OOPATHBIA TOK.

CyIIeCTBYIOT M IIMPOKO MCIIONB3YIOTCS TaK Ha3bIBaeMbIe CHMMETPHUYHBIC THPUCTOPHI
(cumucTopsl, Tpuakn). Kaxxapiit cHMHECTOP TIOI00EH IMape pacCMOTPEHHBIX THPHCTOPOB, BKITIO-
YeHHBIX BCTpeUyHO-napaienbHo (puc. 1.114). Jlanum yciaoBHoe rpaduueckoe 0003HAYCHHE
cumuctopa (puc. 1.115).

DY YR

Puc. 1.114 Prc. 1.115

1.4.2. XapakTepuctuku

N306pa3um ceMeiicTBO CTaTUUECKUX BBHIXOAHBIX BOJIBT-aMIIEPHBIX XapaKTEPUCTUK TUpUCTOpa (puc. 1.116).

Paznuunble XapakTepUCTUKN COOTBETCTBYIOT pa3IMYHbIM 3HaUCHHUAM IIOCTOSHHOIO TOKa yIpaBlIeHHUS.
Ho Ba)XHO MOMHUTB, 4TO Ha NPAKTUKE TUPHCTOP OOBIYHO BKIIOYAIOT HE IOCTOSHHBIM, @ UMITYJIbCHBIM
TOKOM YIIpaBIICHUS.

ITpu pacueTe THPUCTOPHBIX CXEM HUCTIONIB3YIOT TAKKE XapaKTEPUCTUKY LIEMH YIIPaBJICHUS TUHPUCTOPA, T. €.
e YIPABIAIOMINH EKTPOA-KaTo . DTO 3aBUCUMOCTD BHIA 7, =f(u,,),

rie f— HekoTopas QyHkius. Takas XxapakTepUCTHKA MOI00HA XapaKTEPUCTUKE IO/IA.

i A VyacToK XapaKTepHCTUKH,
/ TOROGHETH XapaKTepHCTHKE
IHOOA

by > iy >0

ha

Puc. 1.116

B 3axsmoueHne n300pa3iuM CeMEHCTBO CTATHUYECKHX BBIXOIHBIX BOJIBT-AMIICPHBIX XapAKTEPUCTHK
cumucropa (puc. 1.117).
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1.4.3. I'paduueckuii aHamu3 CXeM C TUPUCTOPAMU

BrimonHuM aHanu3 cxemsl ¢ Tupuctopom (puc. 1.118).

Puc. 1.118

CocraBuM 1151 BBIXOTHOTO KOHTYpa YpaBHEHUE JIMHAX HATPY3KH:

uM=E_ fq'RH'

TocTponM 3Ty JTMHMFIO HAarpy3KH Ha BEIXOIHBIX XapaKTeprucTHKax Tupuctopa (puc. 1.119). Jns
OTIpeJIeNIeHNs 3HAYCHUH i, U U, HEOOXOUMO HAaWTH TOK YIIPABIICHUS:

Puc. 1.119



TaK KaK HanpsbKeHue 1, OM3KO0 K HYITIO.

Ecnu iy, > i), , To peskuM paboThl THPUCTOPA COOTBETCTBYET TOUKE A (TOK I, BEJUK, a
HaIPSHKEHHE Uy, MAJIO), T. €. THPUCTOP BKITFOUEH.

Ecnu iy, < iy, TO IUIsI ompeAeseHns MOJI0KeH sl paboueil TOUKH THPUCTOPA HY>KHA
JIOTIOJTHUTENbHAS HH(GOPMAIHS O TPEBICTOPHH ero paboThl. Ecimi oH yke ObLT BKITIOUEH, TO PEXKUM padOoThI
COOTBETCTBYET TOUKE A, €CJTv ObUT BEIKITIOUEH, TO PEXXHM pabOThI COOTBETCTBYET TOUKE B.

1.4.4. Knaccudukanus
A cucTeMa 0003HaYeHU I

Brimyckaemsbie ¢ 1980 1. THPUCTOPBI UMEIOT KIACCU(DUKAINIO U CUCTEMY 0003HAYCHUH,
ycranoBneHHble 'OCT 20859.1—89 u npuBenennsie B [3]. BMecTe ¢ TeM B SKCILTyaTaliu
HAXOJIATCS TUPUCTOPBL, CUCTEMa 0003HAUCHHI KOTOPBIX periiaMeHTupoBanachk ctanmaptamu (I'OCT
10862—72, TOCT 14069—72 u nip.), B HacTosIIee BpeMs OTMEHEHHBIMU. B 0CHOBY 0003HaueHU
THUPUCTOPOB TIOJIO’KEH OYKBEHHO-IIH(POBOH KOJI, cocTosui 13 ueThipex deMenToB (COCT 10862-72):

Ilepevuii anemenm (Oyksa v 1pidpa) 0003HaUAST UCXOMHBIN MaTepual: I, wim 1, — repmanmii; K,
WIH 2, — KpeMHUH; A, uin 3, — apceHu I TaJlIusl.

Bmopoii snemenm (6yxBa) — Buj npudopa: H — nuogasiii Tuprctop (muHUCTOp); Y —
TPUOJIHEIA TUPUCTOP.

Tpemuil anemerm (44cio) 0003Ha4YaeT OCHOBHBIE (DYHKIIMOHAIBHBIC BO3MOKHOCTH IIPHOOpa U HOMEP
pa3pabOTKH:

ot 101 1o 199—nauoaHbIe U He3amupPacMbIe TPUOAHBIC TUPUCTOPHI MaJIOH MOIMHOCTH (1, < 0,3
A, I,c.cp — CpEIHUN TOK B OTKPBITOM COCTOSHHH);

ot 201 1o 299—nuoaHbIC U HE3AMUPACMBIC TPUOIHBIC TUPUCTOPHI CPEIHCH MOIIIHOCTH
(0,3A0c.cp < Lpe.cp< 10 A);

ot 301 1o 399 —rtpuoaHkIe 3anMpaeMbie TUPUCTOPBI MATONH MOIIHOCTH (1pe.cp < 0,3 A);

ot 401 mo 499 — TpmonaHbIe 3anupacMble THPUCTOPHI cpemaHeit MmomHOoCTH (0,3 A < ,.p <10A);

ot 501 10 599—cumMmMeTpUYHBIC HE3aMUPAEMBbIC THPUCTOPHI MAIOH MOIITHOCTH (1, oy <0,3 A);

ot 601 1o 699 — cuMMeTpUYHBIC He3amupaeMble TUPUCTOPHI cpeaHeit MomtHocTH (0,3 A < I,
<10 A).

Yemeepmviii onemenm (Oyksa) A, b, B u T. 1. 0003HauaeT TUIIOHOMUHAT ITprubdopa.

ByxBenno-uugpoBoii ko crcteMs! B cootBeTcTBIM ¢ [OCT 20859.1—89 COCTOUT M3 CIIEIYIOMINX
JJIEMEHTOB:

nepewlii an1emenm — OykBa WK OykBbI, 0003Hauaromue By npuodopa: T — tupucrop; TJI —
naBuHHBIA TUpUCTOP; TC — cummerpuuHbIi TUPHUCTODP (cumuctop); TO — ontotupucrop; T3 —
3armupaemslii Tupuctop; TEK — koMOuHMpOBaHHO BIKITIOUaeMbIii Tupucrop; TJ] — tupucrop-
JOZT;

emopotl snemenm — OykBa, 0003HAYAIONIAs] TOJBU]] THPUCTOPA MO KOMMYTAIIHOHHBIM
xapakTepucTukam: Y — BBICOKOYACTOTHBIH (OBICTPO BKITFOUAFOIIIHIACS ) THPUCTOP; b —
ObIcTpOICHCTRYOIIMI; Y1 — HMITYJIbCHBIH;

mpemuti snemernm — udpa (ot 1 70 9), 0603HaUarOMIAs TOPSIAKOBBIA HOMEP MOIU(DUKALIH
(pa3paboTkn);

yemeepmulil 21emenm — uudpa (ot 1 10 9), o603Hauaronas KinaccuhUKAIMOHHBIN pa3Mep KopIiryca
npubopa;

nsamoiil 2nemenm — uopa (ot 0 10 5), 0003HaYAOIIAS KOHCTPYKTUBHOC UCIIOJHCHHC;

uecmotl 21emenm — YUCI0, PABHOE 3HAYCHUIO MAaKCHMAJTbHO JIOITYCTUMOI'O CPESAHETO TOKA B OTKPBITOM
COCTOSIHHH ISl TAPUCTOPOB, JIABUHHBIX TUPUCTOPOB, ONITOTUPUC-TOPOB, KOMOWHUPOBAHHO BBIKITFOYAEMBIX
THPHUCTOPOB, MAKCUMATEHO JIOTTYCTUMOTO UMITYJTECHOTO TOKA JIJIsI UIMITYIIbCHBIX THPHCTOPOB,
MaKCHMAJIbHO JIOMYCTHMOIO ISHCTBYIOIIEr0 TOKA JJII CHMHCTOPOB M HMITYJILCHOTO 3aITUPAeMOr0 TOKA JJIst
3aMMpaeMbIX TUPUCTOPOB. J[J1s1 THPHUCTOPOB-IMOAOB IIECTON IEMEHT COCTOMT U3 IPOOH, B YUCITUTEIIS



KOTOPOH — 3HaueHHe MaKCUMAIILHO JIOIyCTUMOTO CPEAHETO TOKA B OTKPBITOM COCTOSTHHH, 2 B
3HaMeHareJie — 3HaYeHHEe MaKCUMAaJILHO JIOMTYCTUMOT'O CPETHETO TOKa B 0OPaTHOM MPOBOIAIIEM
COCTOSTHHY;

cedbmot sn1emenm — OykBa X i1 IpruOOPOB ¢ 0OOPATHOM MONMSIPHOCTHIO (OCHOBAaHUE KOPITyca —
KaToM);

80CbMOIU 3JIeMeHmM — YUCI0, 0003HAYAOIIEe KITACC IO MOBTOPSIOMIEMYCS] HIMITYJTECHOMY HAIPSXKEHUIO B
3aKPBITOM COCTOSIHUH (COTHH BOJIET);

Oeesmblil dleMenm — Tpymma nmudp, o0o3HaUarOMAs coueTaHHE KIIACCH(PHKAIIMOHHBIX TTapaMeTPOB:
(du./dt),, TUT HI3KOYACTOTHBIX TTPHOOPOB (a00peBHaTypa «3¢» 0O3HaUaeT 3aIepToe COCTOSHUE, a
ab0peBUaTypa «Kp» — KPUTHUECKOE 3HAYCHUE); (litso/dt)p U Lgyn NI BBICOKO-YACTOTHBIX
IPUOOPOB; (ditse/dt)sp, L Y Lspiien T OBICT-PONCHCTBYIOIIVX ITPHOOPOB; TS CHMMETPHIHBIX THPH-
CTOPOB (CHMHCTOPOB) U TUPHUCTOPOB-IUOIOB BMECTO (dlt5./dt),,, KITACCU(UKAIIMOHHBIM ITapaMeTPOM
SABIACT-CA (diyo/dlt)yp.

[pumep ycroBHBIX 0003HadeHuit TuprcTopoB 1o 'OCT 20859.1-89:

TJI171-320-10-6 — THPUCTOP JIABHHHBIN NEPBOM MOAU(DU-KAIIUH, pa3Mep IIECTUTPAHHUKA «I10]]
KII09» 41 MM, KOHCT-PYKTUBHOE UCTIOTHEHUE — IITHIPEBOE ¢ THOKUM KaTOIHBIM BBIBOJIOM,
MaKCHMAIBHO JIOIYCTUMBINA CPETHUN TOK B OTKPBI-TOM cOoCcTOSHUH 320 A, mOBTOpSIOIIeeCs
HMITYJIbCHOE Hamps-KeHue B 3akpbIToM coctossHUuM 1000 B (10-i1 kimacc), KpuTH-4eckast CKOPOCTh
HapacTaHUs HAMPSOKEHUS B 3aKphITOM coctosHuu S00 B/mkec.

1.5. OITTOSJIEKTPOHHBIE ITPUBOPBI

1.5.1. OO1as xapakTepucTuka
ONTOJEKTPOHHBIX NPUOOPOB

OnTo3eKTPOHHBIMU HA3bIBAKOT IPUOOPHI, KOTOPHIC UYBCTBUTCIIbHBI K YJICKTPOMArHUTHOMY H3JTy4CHHUIO
B BUJIUMOU, HH(PPAKPACHOH U YIBTpa(roNIeToBOM 00IACTSIX, a TAKKE IPUOOPHI, IPOU3BOISIINE HITH
UCTIOJB3YOIIUE TAKOS U3TYUCHUE,

Wznyyenue B BUIMMOMN, HHGPAKPACHO! U YITETPa(hUOIECTOBOM 00JIaCTSIX OTHOCST K ONITHISCKOMY
JTarazoHy criekTpa. OOBIMHO K YKa3aHHOMY JIAITa30Hy OTHOCST JICKTPOMArHUTHBIC BOJIHEI C JUTHHOMN OT
1 HM 10 1 MM, 9TO COOTBETCTBYET YacTOTaM MpUMepHO ot 0,5 ¢ 10" Tugos5-e 10" I'n. Usorma
TOBOPAT 0O DoJiee y3KkoM amana3zone 9acTotr — ot 10 aM 10 0,1 MM (=5 » 10"2...5+10' T'm).
BunnMomy auamna3zoHy cOOTBETCTBYIOT AUHBI BOJH OT 0,38 MkM 110 0,78 MKM (4acToTa OKOJI0, HO
menbe 10" I'm).

Ha nipakTrike IMpoKo UCTONB3YIOTCS UCTOUHHUKH U3ITYUeHUS (M3ITy4aTelTd ), MPUEMHUKH U3ITyUCHHUS
(poTompreMHIKH) ¥ OIITPOHEI (OITOTIAPEI).

OnTpoHOM Ha3BIBAIOT IPHOOP, B KOTOPOM UMEETCS ¥ ICTOYHHK, ¥ TIPUEMHUK F3ITyICHUS,
KOHCTPYKTHBHO OOBEIMHEHHBIE 1 IIOMEIICHHBIE B OTMH KOPITYC.

W3 NCTOYHHKOB M3ITyYeHUSI HAIIUTH IIMPOKOE MIPUMEHEHNE CBETOAMO,IbI 1 JIa3ePhl, a U3 IPUEMHUKOB
— (oTopezucTopsl, HoTOIHO B, POTOTPAH3UCTOPHI U (POTOTHPUCTOPHI.

[[Tnpoko UCHONIB3YHOTCS ONTPOHBI, B KOTOPBIX PUMEHSFOTCS Maphl CBETOIMOA-(POTO MO, CBETOUO/-
(hoToTpaH3MC-TOP, CBETOAUOA-(DOTOTUPHUCTOP.

IlepeuriciiimM OCHOBHBIE JJOCTOMHCTBA OITOAJICKTPOHHBIX IPHOOPOB:
¢ BbICOKas I/IH(bOpMaLII/IOHHaH CMKOCTBb ONITUYCCKUX KaHAJIOB IICpCaaun I/lHd)OpMa[lI/II/I, YTO SABIISICTCA
CIIC/ICTBUEM OOJIBIINX 3HAYCHUI UCTIONB3YEMbIX YacCTOT;
® I10JIHAaA rajJbBaHUYCCKasd pa3BA3Ka HICTOYHUKOB U IIPUCMHHUKOB U3JIIYYCHUS,

* OTCYTCTBHE BIMSHHA NPUEMHHUKA U3TYIeHH Ha UCTOYHHK (OJHOHAIIPABIEHHOCTh NOTOKA HHPOPMALINN);
* HCBOCIIPUUMYHUBOCTH OINITHYCCKUX KAHAIOB K 3JICKTPOMAaruuTHBIM I10JIAM (BBICOKaSI
TTOMEX03aIUIIICHHOCTB ).



1.5.2. U3nydarornuii Ao (CBETOIUOM)

Wznygarormumii o, paboTalomuid B BUIMMOM AWarna3oHe BOJH, YacTO HA3hIBAIOT
CBETOM3TYJAOIINM, WA CBETOAUOIOM.

PaccMoTpuM yCTpOMCTBO, XapaKTEPUCTUKH, TTApaMETPhI U CHCTEMY 0003HaUCHUH HU3TyHatOIINX
JTMOMIOB.

Yempoiicmeo. CxeMaTudeckoe n300pakeHHe CTPYKTYPBI H3Iy4aroliero Auoaa MpeacTaBlIeHO
Ha puc. 1.120, a ero yciaoBHoe rpaduueckoe obo3HaueHne — Ha puc. 1.120, 6.

W3nydenne BOZHUKACT MPU MPOTEKAHUH MPSIMOTO TOKA JHOJA B pe3ylibTaTe PeKOMOUHAITIH
3JIEKTPOHOB U JBIPOK B 00JIACTH p-n-miepexoa U B 001aCTAX, MPUMBIKAOIINX K YKa3aHHOM
obmacrtu. [Ipu pexomOuHAIMKN U3Tydat0TCsS (DOTOHBI.

Xapaxkmepucmuxu u napamempel. /{111 n3ny4aronmx 110108, paboTalOMNUX B BUIUMOM
Jrama3oHe (JUTMHA BOJIHEI OT

Crexno wel TMacTHK . /}'
q=E
7
17
Puc. 1.120

0,38 10 0,78 MKM, 4acTOTa OKOJI0, HO MEHbIIIC 10" ['11), MIUPOKO UCTIONB3YFOTCS CIICAYIOITHC
XapaKTCPUCTHKH:
. 3aBUCHMOCTD SIPKOCTH M3aydeHus L oT Toka quona i
(sIpKOCTHAS XapaKTCPUCTHKA);
. 3aBHCHMOCTB CHJIBI CBETa [y OT TOKA IUOJA i.
JLnst M3 Iydarommx quoa0B, paboTaromuX He B BUAMMOM
JTHAIIa30He, HCIONB3YIOT XapaKTePUCTHKH, OTPAKAIOIIHE 3aBHCUMOCTh MOIIIHOCTH M3Ty4YeHHUS P oT
TOKAa IUOJA 1.

M300pazum SIpKOCTHYIO XapaKTepPHUCTHKY TS CBETOM3ITyda-forero auoaa tamna AJI102A (puc. 1.121).
IIBeT cBeueHUs ITOTO JMOIa — KPACHBIH.

L, aur = xa/m?

30

20 /
10 /
6 2 4 6 8 i, MA
Puc, 1.121

M300pasvmM rpadrk 3aBHCUMOCTH CHITBI CBETA OT TOKA ISl CBETOM3ITydaroriero quoaa tuma AJI316A
(puc. 1.122) (uBeT cBeYeHH — KPACHBIH).



H300pa3uM 30Hy BO3MOXKHBIX 1OJI0kKeHHUH (puc. 1.123) rpaduka 3aBUCHMOCTH MOIITHOCTH
M3IYYeHUs OT TOKa IS M3Tydaroriero quoaa trmna AJI119A, paboTaroriero B HH(ppakKpacHOM JHarma3oHe
(mmaa BomHE! 0,93...0,96 MKM)

IIpuBenem nns nuona Tuna AJI 119A ero HekKOTOpBIE TApaMETPBL:

* BpeMsl HapacTaHUs UMITyJibca n3yueHus — He 6osee 1000 He;

I, MKR
2,0 /
1,5 / -
1,0 /
0,5-/
8 5 10 15 i wMA
Prc. 1.122
P, MBr e
.
40 e 125 °C
rJ re
r’,’,
20 /’/‘f

0 100 200 iLMA

Pnc. 1.123

* BpeMs cliafia UMIyabca n3nydeHust — He 6onee 1500 He;

* TIOCTOSTHHOE TpsiMoe Hampspbkenue mpu 1 = 300 MA — He 6ozee 3 B;

* TIOCTOSIHHBIA MaKCHMAJIBHO JJOMYCTUMBINA MPSMOH TOK pH t< +85°C — 200 MA;
* TeMIepaTypa okpyxatomen cpeasl —60...+85°C.

Jlns mrbOopManyy 0 BO3MOKHBIX 3HAYEHMAX KOI(D(DUIIMEHTA ITOJIE3HOTO JSHCTBHS OTMETHM, YTO
mnyvarorie auoael Tima 3J1115A, AJI115A, paborarompie B nH(PAKPACHOM JHUAMTa30He (IIHHA
BOJHBI 0K0J10 0,95 MKM, mupuHa criekTpa He 6oiee 0,05 MKM), IMEIOT KO3(P(HUIIUCHT ITOJIC3HOTO
nevicteus He meuee 10%.

Cucmema 0bo3navenuil. JJaBHO CyIIECTBYIOIIAS CUCTEMaX 0003HAYCHHUI MPE/INOJIaracT KCIoab30BaHUE
JIBYX MJIM Tpex OYKB U Tpex uudp, Harpumep AJI316 wm AJIC331 n npusenena B [3]. [lepas OykBa
yKa3bIBaeT HA MaTepua, BTopas (Wi BTOpas ¥ TPEThs1) — HA KOHCTPYKTUBHOE UcToNHeHue: JI —
equHUYHbIi cBeToano, JIC — psa wiau maTpuia cBeTo-auoaoB. [locneayrommue tudpsl (a THOrAa
OyKBbI) 0003HaYAOT HOMEP pa3padoTku. Hesmb3si He pU3HATH TAKYH CUCTEMY HECOBEPILUCHHOM.

B Hacrosiiee BpeMs HICTOUHMKY U3ITy4eHUsT 0003HAYAIOTCS KaK YaCTHBIN CITy4yaii MHAUKATOPOB.
CoBpeMeHHbIe 0003HaYECHHSI MHJMKATOPOB COJICPIKAT CEMB DJIIEMEHTOB.

Ilepesviit snemenm — OykBa W, 0003Hauaromas NpuHaISKHOCTH Mpudopa K
3HAKOCUHTE3UpYyromuM nHaukaTopam (3CH).

Bmopoii snemenm — 6ykBa, 0603Hauaromas By nHIUKaropa: H — BakyymHbIe
HakanuBaeMeble; JI — BaKkyyMHEBIE JIEKTPOTIOMUHECHIEHTHBIC; JK — skuaKokpucramuinaeckue; [1 —



TIONTYITPOBOTHUKOBBIE; D — 3JIEKTPOIFOMUHECIICHTHBIE.

Tpemuii snemenm — OyKBa, XapaKTEPHU3yIOIIas 0ToOpakaeMyro HHpopManur: J| —
equunynag; 1] — mudposas; B — O6yksenno-nudposas; T — mkansHas; M — MHeMoHuueckas; I
— rpadudeckas.

Yemesepmulil 31emenm — YUCIO, YKa3bIBAIOIee Ha MOPSIKOBEIN HOMEp pa3paOd0TKH: HOMED C
1-ro o 69-i1 — uHIUKaTOPEI 0€3 BCTPOSHHOTO yIIpaBiieHus; ¢ 70-To 1Mo 99-if — co BCTPOSHHBIM
yIIpaBIeHUEM.

Ilamuiii snemenm — OyKBa, 0003HAYAIOMNIAS TIPHHAICKHOCTS HHIMKATOPA K OMHOM 13
KJTaCCU(PHUKAITMOHHBIX TPYIIIT IIPHOOPOB, M3TOTORJIEHHBIX T10 00IIEMY TEXHOJIOTHYECKOMY IIPOIIeCCy.
HUcnone3yrotest OykBbI pycckoro andasuta ot A 1o A (He ynorpebistores 3, O, bl, b, b, 111, I1T).

Illecmoti snemenm — MpoOb WK IPOU3BEICHUE, XapaKTEePU3YIOIIee HHq)opMaLu/IOHHoe ToJie
WHMKATOpa (KpOME SIMHUYHBIX HHIIMKATOPOB). J{1s 0THOpa3psTHBIX M MHOTOPa3PSTHBIX CETMEHTHBIX
WHIUKATOPOB — JPOOb, YUCITUTENHh KOTOPOH — YUCIIO CETMEHTOB, 3HAMEHATEh — YHCIIO Pa3psi-
J10B. [I7151 0tHOpa3psIHBIX 1 MHOTOPA3PSIIHBIX MATPUUHBIX MHINKATOPOB — APOOb, YUCIUTENIL KOTOPOil
— YHUCIO Pa3psiioB, 3HAMEHATENh — MPOU3BECHUE YMCIA DJICMCHTOB B CTPOKE Ha YHCIIO
3JIEMEHTOB B CTOJIOIIE.. 71 MATPUYHBIX WHIMKATOPOB 0¢3 (UKCUPOBAHHBIX 3HAKOMECT —
MPOU3BEJICHUE YHCIIA DIIEMEHTOB B CTPOKE HA YHCIIO DIIEMEHTOB B CTONOMIE. 1711 MHEMOHIYIECKUX U
MKATHHBIX MHAUKATOPOB IIECTOM IIEMEHT YKa3bIBACT YHCIIO AIEMEHTOB UHIMKATOPA.

Ceobmoii snemenm — OyKBa, 0003HAUAOIIAS ITBET CBCUCHHUS. /{151 OTHOIIBETHBIX HHIUKATOPOB:
K — xpacHsrit, J1 — 3enensrit, C — cuamit, )K — skenToiii, P — opamkeBsii, ' — romyooi (st
OJIMHOYHBIX 1 TIOJTYITPOBOHHUKOBBIX MHUKATOPOB BCEX BUAOB). JI711 MHOTOIIBETHBIX HHIUKATOPOB BCEX
BHI0B — OykBa M.

O003HaYeHIE OECKOPITYCHBIX MOTYIPOBOJHAKOBBIX HHINKATOPOB COACPIKHUT MU(PPY — 80CbMOTL
9aeMeHm, onpe-. NSO MOTU(UKAITUI0 KOHCTPYKTUBHOTO UCTIOMHEHUS: | — ¢ THOKUMH
BBIBOJIaMH 0€3 KPHUCTAIIIOepKaTeNsl MOAIO0KKH; 2 — ¢ THOKMMH BBIBOJIAMH Ha
KpUCTAIIIoAepkKaTene; 3— ¢ )KeCTKHMH BBIBOJIaMH 0€3 KpHUCTaLIoepkKaTelisi; 4 — C )KeCTKUMHU
BBIBOJIAMH Ha KPUCTAIIOJEpKATENE; 5 — ¢ KOHTAKTHBIMU TUTOINAKAMK 03 KPUCTAIIIOepKATEs
Y BBIBOJIOB; 6 — ¢ KOHTAKTHBIMH ILJIOIIAJIKAMH Ha KPUCTAJIOACPIKATENIC O¢3 BHIBO/IOB, KPUCTAILI HA
MO/IJIOKKE; 7 — C )KECTKMMH BBIBOAAMH 0€3 KPUCTAIUIOICPIKATEIS, HE PA3IeTICHHBIMH Ha O0IIEeH
IUIACTHUHE; 8 — ¢ KOHTAKTHBIMU IIJIaCTHHAMH 0€3 KPHCTAIIOACPIKATCIISA U BhIBOIOB, Ha 0O0IICH
IUIACTHHE.

Huorna nepen 0yksoii 1 nossisiercst Oyksa K, uto 0003HayaeT mpuOOp MIKHPOKOro
OOIICTPOMBINIICHHOTO IPUMCHCHHUSI.

1.5.3. ®oTope3ucTtop

DoTOPE3UCTOPOM HA3BIBAIOT MOTYMPOBOJHUKOBBIN PE3UCTOP, CONPOTUBICHUE KOTOPOTO
YYBCTBUTENHHO K 21eKTpoY MarHUTHOMY U3TY4YCHHIO B ONITHYECKOM JTMana3oHe crekrpa. Jlaaum
CXeMaTHUYeCKoe n300pakeHne CTPYKTYpHI hotopesuctopa (puc. 1.124,a) u ero ycioBHoe
rpaduucckoe obo3navyenue (puc. 1.124,6).
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[Torok oTOHOB, TAAIONIHX HA MTOTYIPOBOJIHUK, BBI3IBACT MOSIBICHHE ITAP JIEKTPOH-IBIPKA,
YBEJIMYHMBAIOIIUX MPOBOAMMOCTE (YMEHBIIAIOIHX COMPOTHBIICHHUE). DTO SIBJICHUE Ha3bIBAIOT
BHYTpeHHHUM (o103 dexToM (3¢ heKToM (POTOMPOBOIUMOCTH).

DOTOPE3UCTOPHI YACTO XAPAKTEPUIYIOTCS 3aBUCUMOCTRIO TOKA 1 OT OcBeleHHocTH E pn
3a/TaHHOM HaNpsHKEHUHW Ha pe3ucTope. DTO TaK Ha3bIBacMasl TFOKC-aMIIepHas XapaKTePUCTHKA.

N3obpa3um Takyto xapakTepucTuKy ans poropesucropa tuma ®CK-1"7, koTopsrit paboTaeT B
BUAMMOM yacTu crektpa (puc. 1.125).
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Puc. 1.125
YacTo NCIONB3YIOT CIETYFOITHE TIapaMeTphl (POTOPE3NCTOPOB:

HOMHHAJIBHOC TEMHOBOE (IIPU OTCYTCTBMH CBETOBOI0 MOTOKA) conpotusiieHue (a1 ®CK-I'7 ato
conpoTHBIeHHE paBHO 5 MOwm);
HHTETPATbHYIO UyBCTBUTCIILHOCTD (1YBCTBUTEIIEHOCTD HA3hIBAKOT MHTCPATIBHOM, TAK KAK €€ ONPE/CIISTIOT
TPH OCBELICHUH (DOTOPE3UCTOPA CBETOM CJIOXKHOTO CIIEKTPAILHOIO COCTAaBA).

WHTerpanbHas 4yBCTBUTEIEHOCTD (TOKOBAst 4yBCTBUTEIIBHOCTH K CBETOBOMY IOTOKY) S
OTIPEIICIIICTCS BEIPAKCHUEM

i
s=2,
>

T/ ij — TaK Ha3bIBaeMbIH (POTOTOK (3TO PA3HOCTH MEXKIY TOKOM ITPH OCBEIIICHHH U TOKOM TIPH
OTCYTCTBUH OCBEIIICHUS);

@ — CBETOBOM MOTOK.

Hnst poropesucropa ®CK-I'7 §= 0,7 A/nm.

1.5.4. ®oToauona
PaccMoTpuMm ycTpoiicTBa, OCHOBHBIC (hU3HUUECKHE MTPOLIECCHI, XapaKTEPUCTUKHU U IapaMETPhl
dhoroanosa.

Yempoiicmeo u ocnosnvie ghusuueckue npoyeccwi. 300pasuM ynpoumeHHY0 CTPYKTYpy
dhoronuona (puc. 1.126, a) u ero ycinoHoe rpaduueckoe obo3HaueHue (puc. 1.126, 0).
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dusndeckre mpoleccsl, MpoTeKaronue B GoToIN01aX, HOCIT 0OpaTHBIA XapaKTep Mo
OTHONICHUIO K MpolleccaM, MPOTEKAIUM B cBeToAnoAax. OCHOBHBIM (HYU3MUECKUM SIBIICHHEM
B OTOIHOIE ABISETCS TeHEPAIUs Map dIEKTPOH-ABIPKA B 00JIaCTH p-N-Tiepexo/ia 1 B
MIPUJIETAIOIHNX K HEMY 00JIaCTSIX O] IEUCTBUEM U3ITYICHHUS.

DNeKTpUUECKOE ToJIe P-n-Iepexoa pa3aesnseT 3JIeKTPOHbI U JbIpkh. HeocHOBHBIE HOCUTENN
3JIEKTPUYECTBA, /ISl KOTOPHIX TIOJIE SBIIAETCS YCKOPSIOIIMM, BEIBOJIATCS 3TUM TIOJIEM 32 ITEPEXO/I.
OcCHOBHBIE HOCUTENH 33IP>KUBAIOTCS TIOJIEM B CBOEH 00JIaCTH TPOBOJIUMOCTH.

I'eneparust map 37MeKTPOH-ABIPKA MPUBOIUT K YBETHICHUIO OOPAaTHOTO TOKA JHOJA TIPH
HIMYUHA 00PaTHOTO HATIPSKEHHSI U K TIOSIBIICHUIO HAIPSIKEHHUSI Uy MEXKIY aHOJIOM M KaTOI0M
MIpH Pa30OMKHYTOH 11enu. [IpudemM B COOTBETCTBUU CO CAENAaHHBIM 3aMEUaHUEM O Pa3fielIeHuU
3JIEKTPOHOB U JIBIPOK Uy, > O (ABIPKU TIEPEXOMAT K aHOTY, & AIEKTPOHBI — K KaTOIY).

Xapaxmepucmuxu u napamempuvl. PoTOANOIB! YIOOHO XapaKTepPU30BaTh CEMEWCTBOM BOJIBT-
aMIIEPHBIX XapaKTEePUCTUK, COOTBETCTBYIONINX Pa3TMIHBIM CBETOBBIM IIOTOKaM (CBETOBOM MOTOK
M3MepsIeTCs B JIIOMEHAX, JIM) WU Pa3IMYHBIM OCBEIIEH-HOCTAM (OCBEIIEHHOCTh U3MEPSIETCS B
JIOKCax, JK).

OOparuMcs K BOJIBT-aMIICpHBIM XapakTepuctukam (BAX) doroauona (puc. 1.127). ITycts
BHauaJie CBETOBOW MOTOK paBeH HyI, Torna BAX doTtonuona pakTuuecku NoBTOPSET

& — cReTOROI NMOTOK

P< DDy

Puc. 1.127

BAX o0brunoro quona. Ecnu cBeTOBOM OTOK HE paBEH HYJIIO, TO (POTOHEI, POHKUKAS B 00JIaCTh P-n-
Tepexoa, BRI3BIBAIOT T'€HEPAITUIO Map dJEKTPOH-AbIpKa. [lon AeificTBuEM AIeKTpUuiecKoro moss p-
N-TIepexo/1a HOCUTEINHN AIEKTPOIa ABIKYTCSA K 3JEKTPOJIaM (IBIPKH — K IIIEKTPOTY CIIOSI P,
3JEKTPOHBI — K 3JIEKTPOAY CIIos #1). B pe3ynbrare MexIy SIeKTpOaMy BO3HUKAET HANIPSKEHUE,
KOTOPOE BO3paCTaeT MPU YBEIUYECHUN CBETOBOTO MOTOKA. [IpH MONTOXKUTEIIEHOM HAPSHKEHUU
aHOJI-KaTOJl TOK JHUO0Ja MOKET OBITh OTPHIATCIIBHBIM (U€TBEPTHIA KBaJIPaHT XapPaKTCPUCTUKH).
IIpu sToM puboOp HE MOTPEOIISET, a BEIpabaTHIBAET IHEPTHIO.

Ha npaktuke hOTOAMOIBI HCTIOTB3YIOT U B TaK HA3BIBAEMOM PEKUME (hOTOTeHEpaTOpa
((hoToranbBaHUYECKHUI PEKUM, BEHTUIBHBIN PEKHUM), U B TAK Ha3bIBAEMOM pexkume (oTorpe-
ob6paszoBates ((hOTOAUOIHBIA PEKKM).

Pexxum dotorerneparopa umeet mecto ripu ¢ > 0 u i< 0 (uerBepThiit KBaapanT). [Tpu aTom mmox
OTJAeT SHEPIUIO BO BHEIIHIOW 1ierb (¢ ¢ 1 < 0). B aToM pekrmMe paboTaroT COTHCUHBIC SIEMEHTHL. B
HACTOSIIECE BPeMst KO(PMUILIMEHT MOIC3HOr0 ACHCTBUS CONMHEUHBIX d1eMeHTOB pocturact 20%. [Toka
SHeprus, BepadaTeiBacMast COJTHEUHBIMH DJIEMEHTaMU, TIPUMEPHO B S0 pa3 1opoxkKe SHEPTUH,
nojiydaeMoi u3 yrisi, HeTH unm ypana. Ho oxxupmaercsi, 4T0 CTOMMOCTB SHEPTUH, TIOJTy4aeMOid C
TIOMOIIbIO COJTHEUHBIX OaTapei, OyIeT CHIKATHCS.

PexxuM (hotorpeodpasoBaTesisi COOTBETCTBYET cooTHOIICHUIM ¢ < 0 u 1 < 0 (Tpetuii kBaapaHT). B
3TOM PSXKUME (HOTOIUO TOTPEOIACT IHEPTHUIO (U * i > ) OT HEKOTOPOTO 00s13aTCIBLHO
HMEIOIIEroCs B LICIU BHEIIHEIO0 HCTOYHUKA HanpsbkeHus (puc. 1.128). I'padudeckuii anamus
OTOI'0 PCKUMa BBIIOJIHACTCA IMPU UCITIOIb30BAHUHN JIMHUW HAIPY3KU, KaK U I O6I)I‘{HOFO auoaa. HpI/I
3TOM XapaKTEPUCTUKN OOBIYHO YCIIOBHO M300paXkatoT B TIepBOM KBajpaHTe (puc. 1.129).
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DoToaHO0 B! SABISIOTCS O0JIee OBICTPOICHCTBYIOIIMMH IIPUOOPAMU 110 CPAaBHEHUIO C
doropesncropamu. Onn pabotaroT Ha gactorax 10’—10" I'u. @otommox wacTo ucnonb3yercs B
onronapax ceeroauoa-poroauoa. B aTom cinyyae paznuuHbie XapakTepucTHKH poToanona
COOTBETCTBYIOT Pa3TMYHBIM TOKaM CBETOIMO/A (KOTOPBIA MIPU 3TOM CO3/1aCT Pa3InIHbBIC CBETOBBIC
MOTOKH ). M300pa3suM COOTBETCTBYIOIINE TOKY CBETOaHOAa 20 MA XapakTepucTuku (OTOANOAA,
Bxogsuiero B onto-mapy AOJ112A-1 (puc. 1.130, a).

[Ipu 5TOM TOK 1 ¥ HaNpsKEHUE U POTOINO/IA COOTBETCTBYIOT OOBIYHBIM TS AUOIOB
YCIIOBHO-TIOJIOXKUTEIBHBIM HampasieHusM (puc. 1.130,6).
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Puc. 1.130

1.5.5. ®oroTpan3uctop i GOTOTUPUCTOP

BrixogHbic XapaKTEPUCTUKHU (HOTOTPAH3UCTOPA MOAOOHBI BRIXOAHBIM XapaKTCPUCTHKAM
00BIYHOTO OMIOJISIPHOT'O TPAH3UCTOPA, HO TEIIEPh MOJ0KECHUE XapAKTEPUCTUK ONMPEACIIICTCS HE
TOKOM 0as3bl, a YPOBHEM OCBCIICHHOCTH (MIJIM BEJIUYHMHON CBETOBOTO MOTOKA).

CaoiicTBa poTOTHPHUCTOPA MTOAOOHEI CBOMCTBAM OOBIYHOTO TUPHUCTOPA, OAHAKO C TOM JIMIIb
0COOCHHOCTBIO, UYTO BKJIIFOUCHNUE TUPUCTOPA OCYIICCTBIIICTCS HE C MOMOIIBIO UMITYJIhCa TOKA
YIPaBJICHUS, a C OMOIIBIO CBETOBOI'O HMITYJIbCA.

1.5.6. OnTpon (onronapa)

OnTpOH — NOJYNPOBOIHUKOBBINA IPUOOP, COACPIKALIMI MCTOYHUK U3TYUYCHUS U IPHEMHHUK
W3JTy4CHUs1, 00bETUHEHHBIC B OJTHOM KOPITYCE U CBSI3aHHBIC MEXKITY COOO0I ONTHUYECKH, SJICKTPUICCKH
WM OJHOBPEMEHHO 00erMH CBsI3siMH. OUeHb IIIMPOKO PACIIPOCTPAHEHEI OTITPOHEL, Y KOTOPHIX B Ka-
YeCTBE MTPUEMHHKA M3 Ty4EeHHsI MCTIONB3YIOTCS (DOTOPE3UCTOP, (hOTOAHOA, POTOTPAHIUCTOP K
¢oroTHpuCcTOD.



B pesucropHbIx OITTPOHAX BBIXO/IHOE CONPOTHBIICHHE IIPH H3MEHEHUH PEXKUMA BXOJTHOM IIeTIH MOYKET
u3MensTbes B 107...10 pas. Kpome Toro, BoapT-aMIlepHas XapaKTepUCTHKa (hOTOpe3nucTopa
OTJIMYAETCS BHICOKOM JTMHEMHOCTHIO M CHMMETPUYHOCTBIO, UTO M O0YCIIOBIIMBAET IITUPOKYIO TIPUMEHH-
MOCTh PE3UCTOPHBIX ONTOIAP B AHATOTOBBIX YCTpOMCTBaX. HemocTarkoM pe3ucTOpHBIX OITTPOHOB
sBIIseTCS HU3Koe ObicTpoaeiicTere — 0,01...1 c.

B nersix mepenaum 1pdpoBbIX HHOOPMAITMOHHBIX CHTHAIIOB TIPHUMEHSFOTCS TTIABHBIM 00pa3oM JIFOTHbIC
Y TPaH3UCTOPHBIE OITTPOHBI, a TSI ONITUYECKON KOMMYTAITAX BHICOKOBOJIFTHBIX CHUTBHOTOYHEIX TIeTel —
TUPUCTOPHBIE ONMITPOHBI. BBICTPOIEHCTBIIE THPUCTOPHBIX M TPAH3UCTOPHBIX OIITPOHOB XapaKTepH3yeTcs
BpEeMEHEM TTePEKITFOUeHHS, KOTOPOE YacTo JIKHUT B Auma3oHe 5...50 Mkc. [Jis HEKOTOPBIX ONTPOHOB
3TO BpeMS MEHBIIIE.

PaccMoTprM HeckobKo TIoIpoOHee onTorapy cBeroaron-hoTomuos, Jlamm yciaoBHOe rpadirdeckoe
obo3HaueHue 3Toit onronaps (puc. 1.131, a).
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Puc. 1.131

Hamomuerm, dto m3ydaronwii quo (caeBa) JoJDKeH ObITh BKITFOUCH B IIPSMOM HaIlpaBiICHUH, a
dhoTomom — B psMOM (pekuM (DOTOTEHEpaTOpa) WITM B 00PaTHOM HAIPABIICHUH (PSKUM
(horompeoOpazoBaTeIs).

Bocnons3yeMcst 00LIEIPHHSITEIM BEIOOPOM YCIOBHO-IIONOKUTENBHEIX HAIPABICHHIA [/1s1 TOKOB H
HAMPsDKEHUI 110108 ontonapsl (puc. 1.131,6).

M300pa3uM 3aBUCUMOCTD TOKA igy OT TOKA fgy MIPH U,y =0 i1 oriTonapsl AOJI107A (puc.
1.132).
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Puc. 1.132

YkazaHHast OrrToriapa npeiHasHaueHa Jiisi paboThl Kak B hOTOrCHEPATOPHOM, TaK U B
(hoTorpeoOpazoBaTEIILHOM PEXKHME.

1.5.7. Pa3HOBUIHOCTU UHAMKATOPOB

K 0CHOBHBIM THIIAM HHAMKATOPOB OTHOCATCS: MOTYNPOBOAHUKOBBIC HHAMKATOPHI (ITITH), BakyymHbIC
JIFOMUHECTICHTHBIC MHmKaTopsl (BJIN), razopaspsimabie uaaukaTopsl (I'PU) 1 KUIKOKpUCTAIUTTICCKIC
unaukaropsl OKKH).

TIpocreimmmmu TN sBasroTcst cBeToAMOABL. [ToMIMO HUX BBITYCKAFOTCS IU(PPOBBIC M OYKBCHHO-

1 (POBbIE, OJTHO-U MHOTOPA3PSIHBIC, KAILHBIC 1 MaTpuuHbie [TTTH. OHM xapakTepu3yrOTCs BHICOKOM
SIPKOCTBIO0, OOJIBIIIMM CPOKOM CJTYKObI, HU3KMM Pab0YNM HAITPSHKEHUEM, HMEIOT MaITYIO
HMHEPUUOHHOCTh U OYEHb CTOMKH K MEXaHHUYECKUM BO3JCUCTBHUSIM.



BJIN npeacrapisitoT co00it BaKyyMHBIH TPHO/I, COJICPIKAIIMMI MPAMOHAKaIbHBIN KaTO, CETKY
1 HECKOJIBKO aHOJIOB, MOKPBITHIX JIOMHHO(GOPOM M PACIIONIOKEHHBIX B OJHOM TUIOCKOCTH. [1pu
rojlaue HapsHKEHUS HaKajia KaToJ MCIYCKAeT AJIEKTPOHBI, KOTOPBIE MO JEHCTBHEM
3JIEKTPUYECKHUX MOJIEH CETKH U aHOJIOB YCTPEMIISIOTCS K aHOJIaM, U JTIOMHHOGOP aHOJOB HAaUMHAET
CBETHTHCS.

WNHaukaTopsl 3TOr0 THIA 00J1aJat0T OOIBIION SPKOCTHIO U TOITOBEYHOCTHIO, HE3HAUUTEIHHOM
MOTPeOJIIEMO MOIIIHOCTBIO U XOPOIIIO COMPATATCA ¢ MUKpocxemMaMu Ha MJIIT-cTpykTypax.

T"azopaspsaasie nHARKATOPHI 10 nosBienns BJIW u IITIN Obutr 0oCHOBHBIMH IPHOOpaME
TeXHUKHM WHAUKAIUU. W cefiuac OHU IMIMPOKO MPUMEHSIOTCS U3-3a BEICOKOW SIPKOCTH, MaJlOi
MOTpeOIsIeMOil MOIITHOCTH M BEICOKOTO ObIcTpoeiicTBUs. Ho 3HaunTeNnbHBIe pabodne
HAMpsKeHud (COTHU BOJIBT) HE TIO3BOJIIOT o kiFounTh [ PU HEemocpencTBeHHO K
MHKPOCXEMaM.

IIpakTyecku Bce I'PU npemcTaBiIgioT coOoii ra3opa3psAaHbIe TJUOIBI, COASPKAIINe OIUH HITH
HECKOJIbKO KaToJ0B U aHo/. [Ipu yBennueHuu pa3HOCTH MOTEHIIUAIOB MEKY aHOJIOM U
HEKOTOPBIM KaTOAOM TOK Yepe3 TaKOH MO/ PE3KO BO3PACTACT, a T'a3 HAUMHACT CBETHTHCS.

JKKU uMeroT HEOOIBITHE pa3Mephl, MUTAIOTCS OT UCTOUHHUKA ¢ HU3KUM HAIPSIKCHUEM,
MOTPEOIAIOT OYEHb MaTyl0 MOIIHOCTE (He 0ojiee 100 MKBT) 1 00ecreunBaOT XOPOIIYI0 Y€TKOCTh
3HAKOB TPY CAMOM Pa3ITUIHOM HAPYKHOM OCBEIICHUH.

ITosicauM moapoOHEe, YTO Ke TaKOE KUIKKUE KpUCTAIIbl. Cpeu OONBIITOro KOTHMIECTBa
Pa3IMYHBIX BEIIECTB, HAXOMSIIUXCS B )KUIKOM COCTOSHUH, 3HAYUTEIbHAS 9aCTh COCTOUT U3
MOJIEKYJI, UMEIOIIUX (opMy HUTH. [1o11 BO3ACHCTBUEM SIICKTPHUUCCKOTO MO M B OIIPEICTICHHOM
muanazone Temmepatyp (10...55°C) B Takux BelecTBax BO3HUKACT CrieU(pUIECKil 2P heKT
JTMHAMHYECKOTO PACCEUBAHUS, B PE3YIbTaTE KOTOPOTO UX KOA((DUIIMECHT MPETOMIICHUS (KaK JIs
MIPOXOJIAIIETO, TaK U JUISI OTPAXKEHHOTO CBETA) U3MEHSAETCA, U )KUJIKOCTh, HEMpOo3pauHas B
HOPMaJIbHOM COCTOSIHUH, HaUMHAET IMPONYCKaTh CBET (OHA OKa3bIBACTCS MOJAO0HON TBEPAOMY
kpucramy). Takum oOpa3om, caMU JKUJKOKPUCTAIITNYECKHUE WHIUKATOPHI CBETA HE M3TY4alOT.
Jls HuX HeoOXOAMMBI HCTOYHUKHY TIOCTOPOHHET0 CBETA TOW WM WHOW JUUTMHBI BOJIHEL.

1.6. OIEPAIIMOHHBIE YCHUJIMTEJIN

OnepannonHbnit yeunutenasb (OY) — 3TO BEICOKOKauYE€CTBEHHBIN YCUITUTENb, TPEAHA3HAYCHHBIN
JUUISL YCUJICHUS KaK MTOCTOSIHHBIX, TaK U MIEPEMEHHBIX CUTHANIOB. PaHee Takue yCuiIuTeau
WCITO0JIb30BAJIH TJIABHBIM 00pa30M B aHAJIOTOBBIX BBIUHCIUTEIBHBIX YCTPOHUCTBAX [T BBITOTHCHUS
MaTeMAaTHUECKUX ONEePaIUi (CI0KCHUS, BEIYUTAHUS U T. [1.). DTO O0BSICHSICT MPOUCXOXKICHUE
TepMuHa «omepalMOHHBIN». B HacTosIee BpeMsi O4eHb MIHPOKO UCTIONB3YIOTCS ONIEpaIlMOHHBIE
YCHUIIU-. TETTU B BUE MTOTYITPOBOJHUKOBBIX MHTETPAIBHBIX CXEM. DTH CXEMBI COIEPIKAT OOIBIIOE
YUCITO (ACCSATKH) SJIEMEHTOB (TPaH3UCTOPOB, TUOJIOB | T. J.), HO IO pa3MepaM U CTOUMOCTH TPH-
OTMIKaroTCs K OTIENBHBIM TpaH3ucTopaMm. OKa3anoch, YTO ONEepallMOHHBIC YCHINTEIN OUYeHb
yI0OHO MCITOJIB30BATH JIJIS PEIICHUSI CAMBIX Pa3JIMYHBIX 33124 MPeoOpa3oBaHus U TCHEPUPOBAHMS
MaJIOMOII[HEIX CUTHAJIOB, IO3TOMY 3TH YCHJIMTEIN OUCHb IMUPOKO UCIOIB3YIOTCS HA MMPAKTUKE.

[Tpu nHKEHEPHON pa3paboTKe dACKTPOHHBIX YCTPOMCTB HA OCHOBE ONCPALIMOHHBIX YCUITUTCIICH
MOJIE3HO UMETh MPECTABICHNE O BHYTPEHHEH CTPYKTYpE OMEPAMOHHBIX yCUIIUTENEH,
0C00CHHO 00 YCTPOMCTBE BXOJHBIX H BBIXOJIHBIX KACKAJI0OB, YTO MMOMOTAET MPABUILHO PEIIATh
BOITPOCHI COTJIACOBAHMS OTICPALIMOHHBIX YCUIUTEICH C MCTOYHUKAMHU BXOJAHBIX CUTHAJIOB U
MPUCMHUKAMU NPEOOPa30BAHHBIX CUTHAJIOB.

OpaHako BO MHOTHX CIIydasx HET HEOOXOAMMOCTH YYMThIBATh OCOOCHHOCTH 3JICKTPOHHOM
CXEMBI, Pearn30BaHHON B TOM WJIM HHOM OIEPAIlMOHHOM ycunutene. [lpu 3ToM onepannoHHbIH
YCUJIMTEIIb PACCMATPUBACTCS KaK «UCPHBIN SIIUK», KOTOPBIA OMUCHIBACTCS XapPaAKTCPUCTUKAMU U
napameTpaMu, COOTBETCTBYIOIIMMY TOKaM U HAIPSYKEHUSAM TOJIBKO BHEITHIX BBHIBOJIOB.
Oco0EHHOCTH 3NEKTPUIESCKHUX MTPOIIECCOB BO BHYTPSHHUX IIETISIX ONEPAIIMOHHOTO YCHITUTEIS MTPH
TaKOM TIOTXO/I€ HE YUNUTHIBAIOTCS. IMEHHO 1TO3TOMY HaYallbHBIE CBEICHUS 10 OTIePAIIHOHHBIM
YCUJIUTEISIM JTAF0TCS B HAYAIBHOM pa3ziesiec Kypca 3JIEKTPOHUKHU, B KOTOPOM U3YYarOT
9JIEKTPOHHBIE TPHOOPHI (ANOBI, TPAH3UCTOPHI H T. 1I.).



Boo0biiie ciieryeT OTMETUTD, YTO MPU 00 PaIlleHHH K TOMY WM HHOMY O0BEKTY Kak
3JICKTPOHUKH, TaK U IPYTUX 00JacTell HAYKH M TEXHUKH BCETJa MOXHO BBIIEIUTD CIEIYIOIINE
JIBe TeHACHIUH. [lepBasi TEHACHIIMUS COCTOUT B CTPEMIICHHH KaK MOXKHO MOJPOOHEE H3YUHTh U
y4eCTh BHYTPEHHIOIO CTPYK-,TYPY U BHYTPEHHHE MPOIECChl 00BEKTa, a BTOpas — B CTPEMJICHUH
oXapakTepU30BaTh 00BEKT TakK, YTOOBI 3Ta CTPYKTYPa U 3TH MPOIECCH YUUTHIBAIMCH KaK MOXKHO
MeHblIe. B OTHOIIIEHUH OTIEPAlHOHHOTO YCHIMTEIISI MOYKHO CKa3aTh, YTO MPEICTaBICHHE €ro B
(hopMe «UepHOro SNMKa» 3HAUUTEIBHO YIIPOIIAET aHAIHU3 IEKTPOHHBIX CXEeM M OOBIYHO JaeT
BJIOJTHE TIPUEMJIEMbIE TIPAKTHYECKUE PE3YIbTAThI.

1.6.1. Kparkoe onucanue
OTIEPAIMOHHOTO YCUIUTENS

PaccmoTpum Hanboliee MIMPOKO UCTIOIB3YEMbIE Pa3HOBUIHOCTH ONEPALIMOHHBIX YCUIIUTEICH,
JUIST TATaHUSI KOTOPBIX TPUMCHSIFOTCS IBa NCTOYHUKA HanpspKeHUs (00praHO +15B 1 —15B). Tlo-
JIPYroMY 3TO HA3BIBAIOT MMUTAHUEM OT UCTOYHUKA C HYJEBBIM BBIBOJIOM MJIM OT PaCIICINICHHOTO
ucrtounuka £15B.

[TpuBeneM oIMH U3 BapHaHTOB YCIOBHOTO Ipad)UdecKoro 0003HAYEHHUS ONEPAIMOHHOTO
yeunutens (puc. 1.133). O6o3HaueHne o61ero BeiBoaa «0Vy pacmmupoBBIBAETCS KaK «HOIb
BOJIbT». J{71s1 ysiCHEeHHs Ha3HAUYEHUS BBIBOJIOB M300Pa3iM TUIIMUHYIO CXEMY Ha ONEPalliOHHOM
YCHIIUTEJIE — CXeMY HHBepTUpytouero ycunutens (puc. 1.134).

HupepTpYIONUH BXOX —3 _43 | < Brixoxn

HewnnpeprHpyommil BXon —s ——
Besonbt sk MONKKOYEHHSI

TONOKATENLHOTO —+u
¥ OTPHLATENBHOTO ‘
HANDSIKEHHUS TTHTAHUA —1-U

O6mwui suison —> —{ 0V

Puc. 1.133

Hwmxe OyneT mokazaHo, 9TO €CJIM BXOTHOE HAMPSHKEHUE Uy, TOCTATOYHO MAJIO TI0 MO0, TO
BBIXOJJHOE HATIPSIKEHUE Uy, OTIPEACAETCS BHIPAXKECHUEM

Roc
=k
L

" | e

|

Puc. 1.134



Yacto Ha cxemax BeIBOALI +U, —U u 0V He yKa3sIBaioT (HO, €CTECTBEHHO, TIOAPA3yMEBAIOT) B
HCIONB3YIOT YIPOIIEHHOE YCIIOBHOE rpadudeckoe obo3Hauenue (puc. 1.135). Ilpu sToM mpuBeaeHHas
BBIIIIEC THITMYHAS CXeMa IIpHoOpeTaeT yrpoleHHbId Bu (puc. 1.136).

R,

1
| S—

_ u“ l R,.[]lum

Puc. 1.135 . Puc. 1.136¢

B mureparype, 0coOEHHO 3apyOeKHOH, 4acTO UCTIONB3YIOT YCIIOBHBIE rpaudeckrie 0003HAYECHHS, HE
COOTBETCTBYFOIIIME CTAHAAPTY, MPUHATOMY Yy Hac (puc. 1.137).

VHBepTHPYIOMHH BXOX —\ g +U
J Bexox

I:leHHBE:pTHp}"iOIDKﬁ Bxon —7 U

Puc. 1.137

O0603HauuM HaNpsKEHHs Ha BBIBOJAX ONEpalluoHHOro ycuinurens (puc. 1.138).

Puc. 1.138

HanpsxeHue uy,; MeX1y HHBEPTUPYIOIIMM U HCMHBEPTHU -PYIOIIUM BXOJaMH HA3bIBAIOT
b
nuddepeHIMaIbHBIM HanpsbkeHueM (auddepeHianbHbiM CUrHanom). SIcHo, 4To
Upugpy =U+U_

OrnepalnoOHHBIC YCUITUTEH KOHCTPYUPYIOT TAKUM 00pa3oM, YTOOBI OHU KaK MOYKHO OOJIbIIIe
U3MEHSITN HAMPSKEHUE U, IPU H3MEHEHUH (D (DEepeHIINANbHOTO CUrHaNA (T. €. PAa3HOCTH Uy —
ui) M KaK MOXHO MCHBIIC U3MCHAIN HAIIPSIKCHUEC Ugy,, IIPU OJUHAKOBOM N3MCHCHUU HalTpH)KeHI/Iﬁ U+
nu_.



ITycTs tpug = 0. Cnenaem ob03HaueHUE: Ucop= U+ = u_. HampsokeHue ucqe Ha3bIBatOT CHH(A3HBIM
HarnpsbkeHueM (CHH(pa3HBIM CUTHAJIOM). MICITOIb3ys 3TOT TEPMHUH, MOKHO CKa3aTh, YTO
OTIEPAIIIOHHBIE YCHIIUTENH KOHCTPYUPYIOT TAKUM 00pa3oM, UTOObI BIHUSIHIE CUH(A3HOTO CUTHANA
Ha BEIXOJIHOE HAIPSIKEHHE OBLIO KaK MOXXHO MEHBIIIE.

1.6.2. Tlepenarounas xapakTepucTUKa

OrnepannoHHBINA YCUIIMTENh XOPOIIO XapaKTePH3yeT ero MmepeaaToTHas XapaKTepuCcTUKa —
3aBHCUMOCTD BHJIA

Uge = S (),

rnie f~HekoTtopas pynkius.M3o00pasum rpaduk 3Toit 3aBrucuMocty (puc. 1.139) s onepalimoHHOTO
yeunutenst K140V 116 (310 oauH U3 epBhIX OTEYECTBCHHBIX ONCPAIMOHHBIX YCHIUTENCH). DTa
KOHKpET-

Ugp: B
+U,=+I12,6 B
~U,=-1268B
R, =5 x0um
T I T
Puc. 1.139

Hasl XapaKTCPUCTUKA HE MPOXOJIUT Yepe3 Hauajao KOOPJUHAT. Y Pa3IMUHBIX IK3CMIUISIPOB
OTIEPaIlMOHHBIX YCHIIUTETEH OHOTO U TOTO JK€ THIA 3Ta XapaKTePUCTUKA MOKET MPOXOIUTh
KaK CIJIeBa, TAK W CIIpaBa OT Havara KOOPAMHAT. 3apaHee MPe/ICKa3aTh TOYHOE ITONI0KESHUE 3TON
XapaKTEPUCTHUKU HEBO3MOKHO. 3HAUCHUE HATTPSHKCHHUS Uy, IIPU KOTOPOM BBITIOJIHICTCS
YCIIOBUE Ugyy= 0, HA3BIBAIOT HAIPSKEHUEM CMEIICHUS (HApsHKEHUEM CMEIIeHUs HyIsl) U
o6o3Hauarot uepes U, [ns onepanuronnoro ycunutens Tamna K140Y J[1 u3BecTHO TONBKO TO,
yTo Hamnpsbkeane U, nexut B quana3zone oT — 10MB 1o +10MB. A 310 03Hauaer, 4to mpu
HYJIEBOM HAIPSDKEHUH Uy, HATTPSDKEHUE Uiy, MOJKET JICKATH B OIPEACIaX 0T MUHUMAIILHO
BO3MOJKHOTO (0K0JI0 —7B) 10 MakcuMamsHO BO3MOXKHOTO (0K0JI0 +10B).

st Toro, 4TOOBI TIPH HYJIEBOM YCHIIMBAEMOM CHTHAJIC HANIPSHKEHNUE Ha BBIXOJIE OBLIO
PaBHBIM HYJIIO, T. €. JJIsl TOTO, YTOOBI IIEPEIATOUHAS XAPAKTEPUCTUKA IPOXOAMIIA YePE3 HAUAI0
KOOPJIMHAT, MPEAYCMAaTPUBAIOT MEPbI 10 KOMIICHCALIMN HAMPSKCHUS CMCILLICHUS
(GaslaHcHpOBKa, KOPPEKLIUS HYJIs, HACTPOMKa HYJIs1). BHEKOTOPBIX OnepaliOHHBIX
ycuwurensax (B ToM uncine u tuna K140V /[15) He npeaycMOTpeHsI CrieliiallbHbIC BHIBOIBI,
BO3/ICHCTBYS Ha KOTOPBIC MOXKHO OBIJIO Obl KOMIICHCUPOBATH HANPsHKEHUE cMeleHus. B
3TOM CJIy4ac Ha BXOJbI ONEPALMOHHOTO YCHIINTENISA, KPOME YCHIIMBAEMOTO CUTHATIA, HYKHO
MOAAaBaTh HAPSIKCHUE, KOMIICHCUPYIOLLECE HAMPSKCHUE CMELLCHUS. B HEKOTOPBIX
ONEPAlMOHHBIX YCUIIUTENAX JIIs1 KOMICHCAUUU HANPSHKCHUSI CMELLICHUS IPELyCMOTPEHBI
CHCLUATLHBIC BBIBO/IBL. 300pa3uM TUIIOBYIO CXEMY BKJIFOUSHHUS ONIEPAIMOHHOTO YCHIIUTEIIS THIIA
K140Y/I8A, B KOTOpOM IIpeayCMOTPEHBI Takue BbIBOABI (puc. 1.140).
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Puc. 1.140

Yepez NC 0003HaUYEHHI clieNUalbHbIe BBIBOJBI JUTsl OanancupoBku. [{udpamu 0603HaUEHBI
HOMEpa BBIBOOB.

Jlnama3oH BEIXOJHOTO HAIPSDKEHHUS, COOTBETCTBYIOIIHMK MTOYTH BEPTHKAIEHOMY YIaCTKY
MEePEAATOYHON XapaKTePUCTUKH, Ha3bIBACTCS 00JaCThIO yeuiieHHs. COOTBETCTBYIOIINI 3TOMY
JTMATa30HY PEXKUM paOOTHI HA3BIBAIOT PEKUMOM YCHIICHUS (IMHSHHBIM, aKTUBHBIM PEKAMOM). B
JTUHEHHOM pEXHUMe

u, = K- Usps

rae K — kosGuuenT ycunenus no HanpspkeHuto (KodQGUIneHT yeuneHns HanpsHKeHHs,
ko3 punment ycmienus nudpepeHnanbHOro CUrHaia).

OO6p1yHO BenmmunHa K mexuT B mpegenax 10*..10°. K MIPUMEDPY, IJIsI OIIEPALIMOHHOTO YCUIIUTENA
tina K140V 116 K = 1350...12000, nnsa oneparmonnoro ycunutenas K140V /[14A K He meHee
50000.

JInanazoHbl BEIXOTHOTO HANMPSDKEHHS BHE O0JTACTH YCHIIEHHSI HA3BIBAIOTCS OOJIACTSIMI HACHIIIICHHSI.
COOTBETCTBYFOIIHE 3TUM OOJIACTSIM PEIKUM HA3BIBAOT PEKUMOM HachIeHus. OOBIMHO CUUTACTCS, UTO B
PEKHME HACBIIIICHNS BBITIONHSACTCS YCIIOBUE

Uy =T Unun -3B (HPI/I Upudy > O)

WIH
Ueorr = = Upun +3B (put tyyg < 0),

rae + Uyym ¥ - U,y — HaTIPSDKEHUS TATAHUA.

B npuOmmkeHHBIX pacdeTrax MHOTTIA CUHTAIOT, YTO B PEXKUME HACBIIICHUS Upyy =+ Uy WU Upyy = -
Unumr

PeanbHBIC 211eKTPOHHBIC YCTPOMCTBA Ha OCHOBE OTIEPAIIMOHHOTO YCHITUTES IIPAKTHICSCKH BCETIa TMEFOT
KOA((HIIMECHT YCUIICHUS 3HAYUTEIBHO MeHbIe K, Tak kKak B HUX UCHOIB3YETCSA OTPHIIATCIBHAS
oOpatHas cBs3b. [IpMep cXeMbI ¢ OTpULIATEIbHONM 00paTHOM CBSA3BIO IPHBEACH Ha puc. 1.134.

Jlerko 3ameTuTh, uTO YeM OombIe Kod(duiment K mpu 3aganasix HanpsxeHUsI X + Uy ¥ - Uy,
TEM MEHbIIE TOT AMANa30H 3HAYEHNH HANPSKEHUS Uy, KOTOPBIH COOTBETCTBYET

pexumy yewnenust. Tak, ecm K=50000 v + Uy = |- Ulpun=

=15 B, TO BEIMYHHA |11y, HE MOXKET MpEBBIIATh 3HauYeHms 15 / 50000 = 300 » 10-° B = 300 mMkB.
Ecnu Hanepes U3BeCTHO, UTO OMEPAIMOHHBIN YCUITUTETh pab0OTAaET B PSKUME YCUIICHHS, TO TIPU
MPAKTUYECKUX PacyeTax OOBIMHO PHHUMAFOT,

YT0 149,5=0.

1.6.3. BrniusHue pa3nuuHbIX PaKTOPOB HA BBIXOJHOE HAMpPSIKEHUE
ONEPALlMOHHOTO YCUIUTENA

le/l OpaKTUICCKOM MCIIOJAb30BAHUHN ONCPALIMOHHOI'O YCUIIUTCIIA HCO6XOI[I/IMO YYHUTBIBATb, YTO
pasnuyHbic (PaKTOPbl MOTYT CYIIECTBCHHO BJIMATH HA €rO BBIXOJHOC HAIPSHKCHUC.

Bausanue cunghaznozo nanpsiicenus na 8vixoonoe nanpsicenue. O6parumcs k cxeme (puc. 1.141),
B KOTOPOH MMEETCSI TOJIBKO CUH(MA3HBIA CUTHAI U (Uoug= 0). 1300pa3um TUMHYHBIN rpaduk
3aBHCHMOCTH Ug, OT Uy JU151 OTIEPALIMOHHOTO ycuyuTens (puc. 1.142).



Puc. 1.141

Puc. 1.142

Ecnu Moayib |uqp| cpaBHUTEIBHO Masl, TO CHH(DA3HBIA CUTHAN C1a00 BIUACT HA HAMPSDKCHUE Uy
WHaue ero BAUsHUE, KaK CICAYET U3 rpaduka, MOXKET ObITh OYCHb CYIICCTBCHHBIM. Eciu
cuH(})a3HBIA CUTHAJ OKA3bIBACTCS YPE3MEPHO OOJIBIIKMM 110 MOJIYJIIO, TO ONEPAMOHHBIN, YCHIIUTENb
MOXET BBIUTH U3 CTPOsi. BiusHue cuH(a3HOTO CUTHANIA IPU €TI0 MaJbIX 110 MOJYIII0 3HAYCHHUSX
XapaKTepU3yT KO (OUIIMEHTOM YCUIICHHS CuH(a3Horo curaana K., u ko3dduumerrom
ocnabneHus CHH(a3HOro curHana Ko .

u K
ch5 o K"‘“¢ = K.’
ucéa g

Koapdunuent K Becerna nonoxurenen. Kosddunuents K.y 1 K.y MOTYT OBITH Kak
MTOJI0KHTEIIBFHBIMH, TaK M OTPUIIATEIBHBIMI. HO B CIIpaBOYHEBIX JaHHBIX OOBIMHO YKA3BIBAIOT MOJTYITH
3THX K03 duirentoB. Momyis kodddumpenta K4, 00bIMHO OIM30K K €AMHHMIIE, [IO3TOMY MOYIIb
ko3¢ dunmerTa K., 0OBIIHO TaKOTO e mopsiaka, uto u koshdumuent K. Koadhdumment K .
4acTO M3MEPSIOT B Aennbenax, 0003Hauas ero B 9ToM ciaydae uepes Koe cgos:

K, op.05 =20 log K, .

Hanpumep, nis onepaunonnoro ycunurtens tuna K140V 116 npu Hanpsbkenun nutanus +12,6
B cundasznbiii curHan i, T0JKEH Jiexarh B mpeaenax —6...+6 B. Jlns aroro ycunurens
ko3¢ hunment Ko gos: HE MeHbIEe 60 0b. D10 03HayacT, 4To MOAYb |Koecp| HE Menbine 1000.

Bauanue exoonvix mokog Ha 8bIx00Hoe Hanpsax ceHue. PaccMOTpUM CXEMY ¢ OTNepaliiOHHBIM
YCUJIUTEIICM, BO BXOJHOH IICITM KOTOPOTO BKIIFOUCHBI J1Ba pe3uctopa (puc. 1.143).

B 37011 cXeMe HCTOYHHMKH BXOJHBIX CUIHAJIOB OTCYTCTBYIOT, OHAKO BXOJHBIC TOKM 14 M1 JIJIst
PCATBHBIX ONIECPANMOHHBIX YCUIIUTENEH HE PaBHBI HYN0. DTH TOKH MOTYT OBITh B 3aBUCHMOCTH OT
THUTIA ONEPAIMOHHOTO YCHIIUTEIIS U MOJIOXKUTEIBHBIMH, U OTPHUIATSIbHBIMA. ECIIM BO BXOTHOM
KacKajie ONMepamuoOHHOTO YCUIIHTEIsI HCTIONb3YIOTCS OUTIOIIpHBIE



© Puc. 1.140

TPaH3UCTOPHI, TO TOKH i; ,1  OOBIYHO JIeXKAT B TIpeJiesiaX OT JECATKOB HAHOAMIIEP JIO €/THHUIL
MUKPOAMIIED, a €CITM UCTIONB3YIOTCS TIOJIEBbIE TPAH3UCTOPBL, TO OHU OOBIMHO JIXKAT B Ipe/ieiax OT JA0JIeH
MUKOaMIIEp A0 AecATKOB HaHoammep. K npumepy, 1t onepanronsoro ycwutesst Tuna K140V 116
TOKH iy, 1 mipu t = 85° C He mpeBbimaioT 11 MKA (BO BXOAHOM KacKajae — OUTONIIPHBIC
TpaH3ucTophl), a Ans ycunutens K140V /ISA tunoBoe 3HaueHue 3Tux TokoB npu t = 70°C pasno 10
HA (BO BXOJHOM KaCKaJie — ITOJICBBIE TPAH3UCTOPHI C P-N-TIEPEXOIOM).

Jlake ecu BBITIOTHSIETCS PABEHCTBO 1+ =1 , HO CONMpOTUBIeHUS R u R pa3nu4ssl (R =R ),
Pa3HOCTH MAJICHUH HaNPSDKEHUS HA STUX COMPOTHUBIICHUSAX OYACT BOCTIPUHATA YCHUITUTENIEM KaK
T epeHIMaTBHBIN CUTHAT U BEI30BET MOSIBJICHUE HAITPSDKCHUS Ha Harpyske. [1oaToMy cTpemsrcs k
TOMY, YTOOBI 3KBUBAICHTHBIE COIIPOTUBIICHUS TIENEH, TIOAKITFOUCHHBIX K MHBEPTUPYIOIIEMY 1
HEMHBEPTHUPYIOIIEMY BXO/IaM, OBLITH OJMHAKOBBIME. K COXaIEeHUIO, TOKH i+ M1 HE BCET/Ia OIMHAKOBEI,
U 3TO SIBJISIETCS €IIIe OTHOM TPUYUMHON HApyIIIEHNS PeKUMa paboThI ONePaIMOHHOTO YCHITUTEIS.

Bnusanue memnepamypui, HanpasceHus RUMAHUA U 6DEMEHU (CIapenus) Ha 8bIXOOHOE HANPAIICCHUE.
Bimsiaue ykazanHbIx (PaKTOPOB TIPOSIBIISIETCS B TOM, UTO IO MX BO3/ICHCTBIEM U3MEHSIETCST HAMPsHKEHUE
cmeteHust Uy, .J{ns mpuOIrKeHHOH OIEHKH 3TOTO BIMSHHUS MOKHO CUMTATh, UYTO HampspkeHue U,
MOJKCT M3MEHSITHCS CIICTYFOLIAM 00pa3oM:

Ha eIMHMIIB — JIECATKH MUKPOBOJIBT ITPH U3MEHEHUU Temneparypsl Ha 1C;
Ha EAVHUIIBI — JCCATKH MUKPOBOJIBT IIPU U3MEHECHUU HANPSDKCHUS uTaHus Ha 1 B;
Ha JIOJIM — C¢IMHUIIEI MEKPOBOJIBT MPH YBEITUYCHUH CPOKA CITY>KOBI CXeMbI Ha | Mecsl.

1.6.4. AMIUIMTY THO-4aCcTOTHAsI,
(dha309acTOTHAS XapaKTCPUCTUKHU OTICPAITMOHHOTO YCUITUTEIISA U €T0
SKBUBAJICHTHAs CXE€Ma

Lpu yBemuueHnH 9acToThl f yMeHbIaeTcs koddduiruenT K 1 Bo3HMKaeT capur 1o Baze (h Mex Iy
HATPSOKEHUSIMY Uy M U,y (PETIONATAETCS, YTO 3TH HAMPSDKEHUS CUHYCOMATbHBIE). J{yist yuera atoro
yI0OHO MCTIOTB30BATh KOMITIIEKCHBII

KO3 GUIMCHT YCUIICHUS TI0 HANPsHKCHUIO K
.U
K=
UM
rae Ugp Ui -COOTBETCTBEHHO KOMIUICKCHBIE ACHCTBYIOLLME 3HAUYCHNS [IEPEMEHHBIX
HATNPSDKCHUN Upyp U Us,. Ha MPAKTHKE IIMPOKO UCTIONB3YIOT IpA(QUKK aMILUTUTYTHO-4ACTOTHOW U

dazouacToTHOI xapakTepucTuk st K. Kakayro oTaenbHyro XapakTepUCTUKY MU APy 3THX
XapaKTEPUCTUK HA3bIBAIOT JuarpaMmoii boze.

3

Ha npakrrike Mmoayis |K] 4acto u3MepsIroT B iennbenax, 0003Havas ero npu 3tom yepes |K] ob.
ITo ompenenenuto |K]os =20Ig|K].



N300pazumM cxeMaTHuecKy aMILIMTY/THO-9aCTOTHYFO B (Da-304aCTOTHYHO XapaKTePHCTUKU IS
oneparonHoro yermrens Tuna K140V A8 (puc. 1.144, a, 6).
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Puc. 1.144

ITo ocu opauHat OyneM OoTKIaAbIBaTh Kak 3HaueHus |K| Tak u 3Hadenus |K| 0b.

OOpatuM BHUMaHUE Ha TOT (aKT, YTO AJIs1 OCH a0CLMCC KKIOro rpaduKa UCTIONb3YeTCs
norapupMUIECKrii MacITa0.

OueHb B&KHO OTMETHUTb, YTO HECMOTPSI Ha TO, 4TO MOAYITh |K| 1 cBUT 1O (ha3e HAYMHAKOT YMEHBIIATHCS
yKe IIpY 04YeHb ManbIX yacToTax (okoio 10 I'im), mnogoOHble onepaoHHbIC YCUIUTEIM MOTYT BIIOJIHE
YCIEIHO paboTaTh Ha 3HAYUTEIHLHO 00JIee BRICOKHX YACTOTax (B JICCSATKH M COTHH KHJIOTEPIT).

J1eno B TOM, 4TO B TIPAKTUUECKHX CXeMaX, KaK Y’Ke OTMEYaIOCh, OOBIYHO HCIONB3YETCS OTPHIIATCIIbHAS
o0patHast CBsI3b, @ OHA, KaK OyJIeT MOKa3aHO HIKE, 3HAYUTEIBHO YITyqIIaeT YaCTOTHBIE CBOMCTBA CXeM Ha
OCHOBE OTICPAITMOHHBIX YCHIIUTENCH.

YV HEKOTOPBIX ONEPALMOHHBIX YCUITUTENCH YaCTOTHBIE XapaKTEPUCTUKHU TAKOBBI, YTO BO3MOKHO
caMoB030Y K IeHHE (IIPH STOM YCUITUTENh Ha OCHOBE OTIEPAIlIOHHOTO YCUITHTEIS TIPEBpaIacTcs B
re”eparop). J{iist Heo0XoAMMOro M3MEHEHHSI YaCTOTHBIX XapaKTEPUCTUK UCTIONB3YFOT KOPPEKTUPYIOLIHE
ycTpoiicTBa (KoHAeHCaTOpH! i RC-1ienouki). BeIBOAB! oIepalliOHHOIO YCHITATES, TIPS THA3HAUCHHBIC
JUTSI TIOIKITIOUSHU ST KOPPEKTHPYIOIIUX Tieneid, o6o3navarot yepe3 FC (ot aHri. frequency correction).
Onepannonnsiii yeunurens K140V /I8 He TpeOyeT MCob30BaHks BHENTHHX KOPPEKTHPYIOIINX LIETTCH.

IpocrTeiitas S5KBUBaJICHTHAS CXEMa OTIEPAIMOHHOTO YCHITUTEINS n300pakeHa Ha puc. 1.145. Ona
MO>KET UCTIOJIb30BAThCsl TONBKO HAa HU3KHUX YacTOTaX (MM Ha MOCTOSIHHOM TOKe). DyHKUMSA f (Uyyuqp)
OTpaXkaeT 0OCOOCHHOCTH MEPEAATOUHON XapaKTePUCTHKH ONIEPAIIMOHHOrO yeriuTenst. Yacto nprHuma-
10T, 4TO Rpx=°° (i_ =1+ =0), Ry = 0, K > °°,

Huseprapylomuii
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Puc. 1.145



1.7. ”YHTEI'PAJIbHBIE MUKPOCXEMBI

WHTerpansHbIe MUKPOCXEMBI 4aCTO HA3BIBAIOT MMPOCTO MHTETpATLHBIME cXxemamu. [1o
onpeneneHuto unmezparviasn cxema (MIC) — MUKPOITIEKTPOHHOE U3/ETHE (T. €. U3JIeTue ¢
BBICOKOH CTENEHbI0 MUHUATIOPU3AIINH ), BRITTOTHSIONIEE OTIPeIeIeHHYI0 (PyHKIIHIO
peoOpa3oBaHus U 00PaOOTKHU CUTHATA U UMEIOIIee BRICOKYIO TUIOTHOCTh YIIAaKOBKH AICKTPHUECKH
COEJJMHEHHBIX 3JIEMEHTOB (MJIM 3JIEMEHTOB U KOMIIOHEHTOB) U (WJIM) KPUCTAIIIOB, KOTOPOE C
TOYKH 3peHUS TpeOOBaHUH K UCIIBITAHUSAM, IIPUEMKE, TIOCTaBKE U IKCILTyaTallid PacCMaTPUBACTCS
KaK eJJMHOE IIeJI0e.

Dnemenm unmespaibHoOU cxembl — 4aCTh HHTETPAIBLHON CXEMBI, peanu3yroas ¢ yHKIHIO
KaKoro-JIn0o 3JeKTpopaguolieMenTa (pe3rucropa, IH0aa, TPAaH3UCTOpa U T. J.), IpU4YeM 3Ta
YacTh BBIMOJHEHA Hepa3AebHO OT APYTUX YacTell 1 He MOXKET ObITh BhIIeTIEHA KaK
CaMOCTOATENFHOE M3JIeNINE C TOUYKH 3peHUs TPeOOBaHUH K MCTIBITAHWSIM, TPHEMKE, TOCTABKE H K-
CIITyaTaIuH.

Komnonenm unmezpanvHoii cxemuvl B OTIMYHE OT JIEMEHTA MOXKET OBITh BBIZICJICH KaK
CaMOCTOSATEIBHOE U3/CNINE C YKa3aHHOM BBIIIE TOUKHU 3PCHHUS.

ITo KOHCTPYKTHBHO-TEXHOJIOTHYECKUM ITPU3HAKAM WHTETPATBHBIC CXEMBI O0BIYHO PA3ACIISIOT
Ha:

* TIONYIPOBOJHUKOBBIE;
* THOpUIHEIE;
* TUICHOYHBIE.

B monynpoBofHUKOBO# cXeMe BCE 3JIEMEHTHI U MEKAJICMCHTHBIE COSMHCHIS BBITTOJTHCHEI B
00BeMe WITH Ha TIOBEPXHOCTH MOJYTIPOBOJHHUKA. B Takux cxemax HET KOMIIOHEHTOB. DT0 Hanbolee
pacrpocTpaHeHHas Pa3HOBUIHOCTD MHTETPATHHBIX CXEM.

HHTerpabHyI0 cXeMy Ha3bIBalOT THOPHIHOM, €CJIU OHA COCPIKUT KOMIOHEHTHI U (MJIH)
OT/IeNIbHBIE KPUCTAILIEI TIOTYTIPOBOIHUKA.

B nieHouHbIX HUHTCIpaJbHbIX CXCMaX OTACIBHBIC DJICMCHTHI U MCXKOJICMCHTHBIC COCITMHCHUA
BBITIOJNHSFOTCS HA TIOBEPXHOCTH JIMIICKTPUKA (OOBIMHO HCTIONB3YeTCs Kepamuka). [ Ipu 3ToM npuMeHsroTes
Pa3IMYHBIC TEXHOJIOTHMY HAHECEHUSI TTICHOK K3 COOTBETCTBYIOIIMX MaTCPUAIIOB.

ITo GyHKIMOHAIBHBIM IPU3HAKAM HHTCTPASIbHBIC CXEMbI TIOIPA3ICIIIOT HA AHATIOTOBBIC
(onepaLyoHHbBIC YCHUITUTENN, HCTOYHHUKH BTOPHYHOTO 3JICKTPOITMTAHMS U JIP.) U LU(PPOBbIC (JIOTHUCCKHE
AIIEMEHTBI, TPUTTEPHI U T. I1.).

Kpamxkaa ucmopuueckas cnpaexa. I1epBbic OIBITHI TI0 CO3IAHHUFO ITOTYPOBOAHIKOBBIX
HHTCTPATTBHBIX CXeM ObLIM OCYIIICCTBIICHBI B 1953 T., a MPOMBIIIUICHHOE TIPOU3BOICTBO HHTEIPATBLHBIX
cxeM Hayanock B 1959 r. B 1966 r. Obu1 Hayat BBITYCK MHTETPATBHBIX CXEM CpEeHEH CTEeNeHH
HWHTETrpaIwy (IMCIIo dIeMEHTOB B oHOM Kpuctaiie 1o 1000). B 1969 r. 6pun co3nanb:
HMHTETPATBHBIE CXEMBI OOJBIIEH CTEIeHN HHTerpaly (OoubIre nHTerpanbHbie cxembl, bHC),
coaepxkarye 10 10000 31eMEeHTOB B OJJHOM KpHUCTAJIIE.

B 1971 r. 6b11n pazpaboTaHbl MUKPOTIPOIIECCOPEI, a B 1975 . — HWHTETpalibHBIE CXEMBI
CBepXOOJIBIIION cTeNeHN NHTErparn (cBepxOonbiivie nHTerpatbHbie cxembl, CBHIC), conepxkarime
6oitee 10000 3;meMeHTOB B 0JIHOM KpucTaiie. [101e3HO0 OTMETHTh, UTO MpeSbHas YacToTa
OUMTIOJISIPHBIX TPAH3UCTOPOB B MOTYIIPOBOAHNKOBBIX HHTETPATIbHBIX cxeMax gocturaet 15 ' u Gonee
(1 I'Tu =HT).

K 2000 r. osxxunaercs nosBICHUE UHTErPATIbHbBIX cxeM, coaepskaux A0 100 man MOII
TPaH3UCTOPOB B OJHOM KpHUCTaUIC (peub UACT O IH(MPOBBIX CXEMaX).

Cucmema 0bosnaqenuti. Y CIOBHOS 0003HAUCHHE MHTCIPAIbHBIX MUKPOCXEM BKITFOUACT B CE0s1 OCHOBHBIC
Ki1accu(uKaroHHbIC pu3Haku., OHO COCTOUT U3 YETHIPEX AIEMEHTOB U MPUBEJICHO B [3].

[TepBblit aneMeHT — nUdpa, COOTBETCTBYIONIAS KOHCTPYKTHBHO-TEXHOJIOTUYCCKON TPYIIIIE.
Hudpamu 1, 5, 6 1 7 B iepBoM 31ieMeHTE 0003HAYAROTCS TIOTYIPOBOHUKOBBIC MHTCTPATHHBIC
MHUKPOCXEMblL. [ MOPUIHBIM MUKPOCXEMaM MPUCBOCHBI IUGpEI 2, 4 u 8. TlneHounsie, BAKYYMHEBIE .1
KepaMHUUeCKHe HHTErpaIbHbIe MUKPOCXEMBI 0003HadaroTCs LU poii 3.

BTopoii aneMeHT, onpeesIIonuii TOPSIKOBEIN HOMEP pa3paOdO0TKH CEpPHH, COCTOUT U3 MBYX (0T 00
710 99) wim tpex (ot 000 1o 999) nmdp.

Tperuii ameMeHT, 0003HAYAIOMNI TTOATPYIITY U BUI MUKPOCXEMBI, COCTOUT U3 IBYX OyKB (CM.
Ta0IHILy).



YeTBepThlil a5eMEHT, 0003HAYAIOIIUI TTOPSIKOBBII HOMEp Pa3pabOTKU MUKPOCXEMBI JTAaHHOM CEpUH,
COCTOUT U3 OJJHOI MM HECKOJIBKUX LUDp.

K 3TuM OCHOBHBIM 31eMeHTaM 0003HAUCHUI MUKPOCXEM MOTYT HOOABIATHCA U IPYTHUC
KIIACCHU(UKAIIOHHEIC IPH3HAKH.

JononnurtenbHas OyKBa B Hayalle YeTBIPEXIIEMEHTHOTO 0003HAUCHNUS YKa3bIBAECT HA OCOOCHHOCTh
KOHCTPYKTHBHOT'O UCIIOJHEHHUS:
P — mractmaccosslil kopiryc tuna AT
A — macTMaccoBHBIN IIAaHAPHBIA KOPITYC;
E — merammononumepnsiil kopryc tuna UL
C — crekiokepamudeckuii kopiyc tuma JIUIT;
W — cTeknokepaMHYECKHil IITaHAPHBIN KOPITYC;

KP 1l 34 JA2

Homep paspabotky B
CepHH

DYHKIMOHATBHOE HA3HAYEHHE
(H-HE)

Topankoseiii HOMED CEPHH

Ipynna no KOHCTPYKTHBHO-TEXHONOTHYECKO-
MYy HCOOAHEHHIO (NONYNPOBOAHMKOBAR)

Tun xopryca (MIacTMaccoBslil)

XapakTep NpHMeHeHus (MpOoXui)

H — xepamMuueckuii «0€3BBIBOHOMY KOPIIYC.

B Hauaste 0003HaUCHUS TSI MUKPOCXEM, UCTIONB3YEMBIX B YCIIOBHSX IITUPOKOTO TPUMEHEHH,
npuBoUTCs OykBa K.

Cepru 6ECKOPITYCHBIX MTOTYIIPOBOTHHUKOBBIX MUKPOCXEM HAUMHAKOTCS ¢ IUMPHI 7, a OCCKOPIYCHEBIE
aHaJIOTH KOPITYCHBIX MHUKpOCXeM 0003HavaroTcst OykBoit b mepes ykazanveM cepum.

Uepes meduc mocite 0003HaUEHUS YKa3hIBacTCA MU(pa, XapaKTepr3yIoIas MOAU(DHKAITHIO
KOHCTPYKTHBHOT'O UCTIONTHEHUS: | — ¢ THOKUMHM BBIBOJIAMU; 2 — C JICHTOYHBIMH (I1a-yYIKOBBIMH)
BBIBOJIAMH, B TOM YHCIIE Ha TIOIMAMUTHOM HOCHTEIIE, 3 — C JKESCTKHMH BBIBOJAMU; 4 — Ha o0Iei
1acTUHE (Hepas3zeleHHbIe); 5 — pasjieieHHbIe 03 I0TEPH OPUCHTHPOBKY (HAKJICCHHBIE Ha
TJICHKY); 6 — C KOHTAKTHBIMH ILIOIIAJKaMU O3 BRIBOJIOB.



AHAJIOI'OBBIE
IJIEKTPOHHBIE
YCTPOUCTBA

2.1 KTACCUDPUKAILINA,
OCHOBHBIE ITAPAMETPBI .
N XAPAKTEPUCTUKHN YCUIIUTEJIEN

VY cunuTenb — 3TO AIIEKTPOHHOE YCTPOWCTBO, YIPABISIONIEE IIOTOKOM YHEPTHHU, UAYIIEH OT
WCTOYHUKA MMUTAHUS K Harpy3ke. [IpraemM MOIIHOCTD, TPeOYIOMmascs s yIpaBIeHHsI, HAMHOTO,
KaK MPaBUIJIO, MEHbBIIIE MOIITHOCTH, OTJaBaeMO B Harpy3Ky, a GopMbI BXOJHOTO (YCHIMBAEMOTO)
Y BBIXO/IHOTO (Ha HAarpy3Ke) CUTHAIOB cOBNaaaroT (puc. 2.1).

Hcrounux
THTAHN
HcroaHuk y

CHIHTEb - LN

CHJIHBAEMOI'0 > - arpysK
Y | HbIH WIEMEHT | 14 H yeka
CHTHaIa ;

Puc. 2.1



Bce ycmmtenan MOXHO Ki1acCH(QUIIMPOBATh IO CIICAYIOIIMM ITPU3HAKAM:

—TI0 YacTOTe YCHIIMBAEMOTO CUTHANA: YCHITUTEN HIU3KOM YacToThl (YHY) s yCHIeH s CHTHAIIOB OT
JICCSITKOB TepIT J0 TECSTKOB WIIM COTEH KHJIOTEPIT; IMMPOKOTIOIOCHBIC YCHITUTEITH, YCHITUBAIOIIE CHTHAIB B
SIMHMIIBI K IECATKH MeTarepil; H30HpaTelbHbIe YCHIINTEIH, YCHIIMBAIOITHE CUTHATBI Y3KOH ITOJIOCHI
YacToT;

—TI0 POy YCHIMIBAEMOT'O CHTHAIA: YCHIIMTe M riocTostHHoro Toka (YIIT), yennmBarorie
ANEKTPUIECKHUE CUTHAITBI C YACTOTOM OT HYJIS TepIl U BBIIIE; YCUIIUTENN IEPEMEHHOIO TOKA,
YCHIIMBAIOIINE YICKTPUUIECKIE CUTHAIBI C YaCTOTOM, OTIIMIHOM OT HYIIS;

—T10 (PYHKIMOHATIEHOMY Ha3HAYECHHIO: YCHIHTE/ N HAIPSLKEHUS, YCHUIIUTEITH TOKa U YCHITUTEIH
MOIITHOCTH B 3aBUCHMOCTH OT TOT'O, KaKOH 13 TapaMeTPOB YCHIIUTENb YCHITMBAET.

OCHOBHBIM KOJMYECTBEHHBIM IIApaMETPOM YCHIIMTEIIS SBIISETCS KOI(QHIMEHT yCHiIcHusI. B
3aBHICIMOCTH OT (DYHKITMOHAITLHOTO Ha3HAYSHUS! YCUIIUTEN S PA3IMUaroT KO3(HUIMEHTHI YCHIICHHUS 110
Hanpspkeruto Ky, Toky K nimm momaoctu Kp:

U TI P
K, =—ox K, == K, =0
7 u, T, B,

rae U,y I, — aMITUTYAHBIC 3HAUCHUS TIEPEMEHHBIX COCTABIISIONINX COOTBETCTBCHHO HAITPSDKECHUS U
ToKa Ha BXOAE; Uy , 1 gy — AMIUTUTYAHBIE 3HAYEHUS TTEPEMEHHBIX COCTABIISIOIINX
COOTBETCTBEHHO HAIPSKEHHSI U TOKA HA BBIXOJIE;

P, Py, — MOIIIHOCTH CUTHAJIOB COOTBETCTBEHHO Ha BXOJE 1 BEIXO/IC.
KoaddurmenTs ycrneHns 4acTo BeIpaKaroT B JIOTapU(OMUUECKUX eMHALIAX — Jelnoenax:

Kuy(1B)= 20LgK,. Ki(nB) = 20LgK,; Kp(aB) = 101gKp.

Yeumurens MOJKET COCTOSATh U3 OJTHOTO MITH HECKOJTBKHUX KackasioB. JI1s MHOrOKaCKaTHBIX YCHUITUTENeH
ero Kod(hHIMEHT YCUIICHHSI PaBEH MPOU3BEACHIIO KOX(P(HUIMEHTOB YCHIEHHS OTACIbHBIX €ro
kackazoB: K=K, ¢ K; «... * K,,. Eciiu koahurpieHTb! ycriieHHs KaCKaJIoB BEIPOKEHBI B JeIMOeNax, TO
001IMH KOO ULIMEHT ycHIeHUs paBeH cyMMe KOA((HULIMEHTOB YCHUIICHUSI OTICIBHBIX KACKaI0B:

K(ab) = K(ab) + Ky(ab) +... + Ky(ab).

OOBIYHO B YCHITHTEIIC COMICPIKATCS PEAKTHBHBIC DIICMEHTBI, B TOM UHCIIC U «ITAaPa3HUTHEIC, a HCITONMB3yeMBIC
YCHJIMTEIIBHBIC 3JIEMEHTBI 00J1a/IaF0T MHEPIIMOHHOCTRIO. B ¢ty 5T0ro KoadpuIMeHT ycuneHus spiseTcs
KOMIUIEKCHOU BEJIMUUHOM:

K.=K, ",

rae K, = Ueyy /Ue— MOy K03 UITUEHTA YCUICHNUS,
¢ — caBur (ha3 MeXKIy BXOJHBIM U BBIXOJHBIM HAIPSHKEHUSAMU ¢ aMIIUTyAaMH Uy, v U,y

ITomumo ko3 punreHTa yeHIeH s BAKHBIM KOJIMIECTBEHHBIM TIOKA3aTENEM SIBIIIETCS KOO PUIIMEHT
TIOJIC3HOTO ACHCTBUS

P
ucm

re Pyem — MOIIHOCTb, TOTPEOIIIeMast YCHIIUTEIEM OT UCTOYHUKA TUTAHHS.

Ponb 3TOro nokazaresns 0cOOCHHO BO3pACTacT AJIsl MOILIHBIX, KAK PABHJIO, BEIXOJHBIX KACKaJ0B
YCUJIUTEIIS.

K xomgecTBeHHBIM MTOKA3aTEIAM YCHITUTENS OTHOCATCS TAaK)KE BXOTHOE Ry, M BBIXOTHOE R,y
COIPOTUBJICHUS YCUITUTECIIS:

k. Ve, e <AVl
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rae Uy ¥ 1, — aMIDTUTYIHBIC 3HAYCHUS HAIPSDKCHUS U TOKA Ha BXOJIC YCHIIHTEIIS,

AUgyy 1 A1 4y — TIpEpAIIEHUS AITUTYAHBIX 3HAUCHUH HANPSDHKEHUS U TOKA Ha BBIXO/IE YCHIIUTES,
BBI3BAHHBIC U3MEHEHUEM CONPOTUBIICHUS HATPY3KH.

PaccmoTpum Tenepb OCHOBHBIE XapAKTEPUCTUKN YCUITUTENEH.

Amnaumyonas xapaxmepucmuxa — 3TO 3aBUCUMOCTD aMIUTUTYIbI BEIXOJHOTO HANPSDKEHWsI (TOKA) OT
AMILTHTY/IBI BXOTHOTO HampshkeHus (Toka) (puc. 2.2). Touka 1 coOTBETCTBYeET HANPSKEHHUIO IITYMOB,
usmepseMomy mpu U,,= O, Touka 2 — MUHUMAJIBHOMY BXOJTHOMY HAINPSXKSHHUIO, IIPH KOTOPOM Ha
BBIXOJIE YCHITUTEITSI MOSKHO Pa3INyaTh CUTaalt Ha (DOHE IIYMOB. Y4acTOK 2—3 — 3T0 pabouuil y4acTok, Ha
KOTOPOM COXPaHSETCS MPOTIOPITMOHATEHOCTS MEK/TY BXOHBIM Y BRIXOTHBIM HAMTPSKEHUSMHE yCHITUTEIS.
[locne Touku 3 HaOMIOAAIOTCS HEJIMHEHHBIEC HCKAKSHHUS BXOJAHOTO curHana. CTeneHb HEMHEHHBIX
HCKaXEHHH OIleHMBAeTCA KOA(P(UIMEHTOM HEeTUHEHHEIX UCKaKSHNH (M KO3 (PUIUEHTOM TapPMOHHK):

_ SOt UL 4R,
Ulm -7

Kr

Peanpuas

rae Uy, Uz, Usp, Uy — aMrmuTyasl 1-# (0CHOBHOR), 2, 3 U n-if TapMOHUK BBIXOJHOTO HAITPSLKCHUS
COOTBETCTBCHHO.
Bemunna

U

D = BX.Max
Uax.m.iu
XapakTepU3yeT IMHAMUYECKUNA AUana3oH YCUIUTENS.

PaccMoTpym nipuMep BO3HUKHOBEHMSI HEJTMHEHHBIX HCKaXKeHUH (puc. 2.3).

ITpu nmomave Ha 6a3y TPaH3UCTOPA OTHOCHTENFHO SMHUTTEPA HANTPSKEHUS CHHYCOUJAIBHON (hOPMBI
Ug, B CHITy HSTMHEHHOCTH BXOJIHOM XapaKTEPUCTUKH TPAH3UCTOPA ig = f{Us,) BXOHOM TOK
TPaH3UCTOPA ig (A CIICIOBATEIIBHO, M BHIXOJHOM — TOK KOJUJICKTOPA) OTJUYCH OT CHHYCOU/IBI, T. €. B
HEM MOSBJISICTCA PsJL BBICIIMX rApMOHUK. VI3 IPUBEACHHOIO NpUMEpa BUAHO, YTO HETMHEHHBIC
WCK&)KCHUS 3aBUCT OT aMILTUTY Il BXOJIHOTO CUTHAJIA U MOJIOKCHUS paboyuell TOYKU TpaH3UCTopa U
HE CBSI3aHbI ¢ YaCTOTOM BXOIHOTO CUTHAII, T. €. JIJIsl YMEHBIIICHUS UCKAXKEHUSI (DOPMBI BBIXOAHOTO CUTHAJIA



ig

ty

BXOJTHOM JIOJDKEH OBITh HU3KOYPOBHEBBIM. [109TOMY B MHOTOKACKaHBIX YCHIIUTENSIX HENMHEHHBIC
HUCKaXEHUS B OCHOBHOM TOSIBJIIFOTCSI B OKOHEYHBIX KACKAIaX, HA BXOJ KOTOPBIX MOCTYNAIOT
CHUTHAJIBI ¢ 0OJBIION aMILIUTYHOM.

Amnaumyono-wacmomnas xapaxmepucmuxa (A49X) u ¢hazo-wacmomuasn xapakmepucmura (P4IX)
yeunumens. AHX — 3To 3aBUCUMOCTb MOAY/IS KOA(DPHUIIMEHTA YCUICHHS OT 4acTOThl, a DUYX —
3TO 3aBUCUMOCTH yTia cIBUTa (ha3 MEXy BXOJIHEIM U BEIXOIHBIM HAIMPSHKEHUSIMU OT YacTOTEI.
Tunosas AUX npuBeneHa Ha puc. 2.4. YacToTsl f;, U f; Ha3bIBAIOTCS HYDKHEH W BEPXHEH
TPAaHUYHBIMH YaCTOTAMH, & UX PA3HOCTh (f,— f;) — MOIOCON MPOMYCKAHUS YCUITUTEIIS.

IIpu ycuneHur rapMOHUYECKOr0 CUTHANA JOCTATOYHO MaJIOW aMILIUTY bl HCKAXKCHUS (hOPMBI
YCHJICHHOTO CHTHaNa He BO3HHUKAET. [Ipu yCHUICHHH CIIO’KHOTO BXOJHOTO CUTHAIIA, COICPIKAIIETO
P TAPMOHUK, 3TH TAPMOHHUKY YCHJTHBAIOTCS YCUITUTEIICM HECOJIMHAKOBO, TAK KaK PCAKTUBHBIC
CONPOTHUBIICHUS CXEMBI NTO-PA3HOMY 3aBHUCST OT YACTOTHI, U B PE3YyAbTAaTEC 3TO NPUBOJIUT K
HUCKaKEHUIO (DOPMBI YCHIICHHOTO cUTHaITA. Takve NCKaXeHHs HA3hIBAIOTCS YACTOTHBIMU H
XapaKTePU3YIOTCS KOO(PPHUIIMEHTOM YaCTOTHBIX HCKAYKEHIIHA:

M=t
K,

rae Ky—moayns koddduiuenta ycuaeHus yCUInTeNs Ha 3a1aHH O 4acToTe.

Ku 1 KsY

fﬂ fcp fB
Puc. 2.4




KoadummenTtsr gactoTHBIX nckaxkennt M, = Ky /K, u Mg = Ky /K ;Ha3pIBatOTCS COOTBETCTBEHHO
KO3 PUIIMEHTAMH NCKKEHUH HA HIDKHEW U BEepXHEH rpaHUYHBIX YaCTOTaX.

AUX moxeT OBITh TOCTPOCHA U B IorapupmMuieckoM maciuTtade. B aTom ciryuae ona
HazbeiBaeTcst JIAUX (puc. 2.5), k03pPUIMEHT yCUIeHNS YCUITUTENS BRIPAXKAIOT B Jen0enax, a

K, nb .
il 0 a6/mex
g v
+20 nb/mex
.| —20 nb/mex '
e
N
1 10 100
T T T >
fl! H_J \ﬂ_l f] f
= =
Puc. 2.5

10 OCH a0CITUCC OTKJIAABIBAIOT YaCTOTHI yepe3 AeKany (MHTepBal 4acToT Mexkay 10/ u f). O0bdHO B
Ka4yecTBe TOYEK OTCYETa BLIOMPAIOT YacTOThI, cooTBeTcTByomue f= 10". Kpupbie JJAUX umeror B
KaXKJIOM 4aCTOTHOHM 00JIacTH ompeielIeHHbIN HakIoH. ETo m3MepstoT B menubenax Ha IeKaty.

Tunosas ®UX npuBeneHa ua puc. 2.6. OHa TakKe MOXET ObITh IOCTPOCHA B
JorapumMuueckoM maciradbe. B 06macTu cpeHUX YacTOT JOMOIHUTEIbHBIC (Da30BbIC HCKAKCHUS
MuHUManbHbl. @YX no3BosseT OlcHUTh (Da30BbIC UCKAXKCHUS, BOZHUKAIONIUC B YCUITUTENAX 110
TEM K€ MPUYUHAM, YTO U YACTOTHBIE.

Puc. 2.6

[Ipumep Bo3HMKHOBEHHUS (Ha30BbIX HCKAXKCHUH NPUBEICH Ha puc. 2.7, TA¢ MOKa3aHO yCUIICHUE
BXOJTHOT'O CHTHAJIa, COCTOSIIICTO U3 JIBYX TAPMOHHUK (ITYHKTHP), KOTOPbIC MPH YCHIICHUN
npeTepneBaioT (a3oBble CABUTH.




Ilepexoonasn xapakmepucmuka ycunumesns — 3TO 3aBUCHMOCTb BBIXO/IHOTO CUTHala (TOKa,
HaNPSDKEHHS) OT BPEMEHH IIPH CKauKOOOPa3HOM BXOJIHOM BO3/CHCTBUY (pHC. 2.8).

YacToTHas, (ha3oBasi U MepexoiHas XapaKTEPUCTUKH YCUIIUTEINS OJJHO3HAYHO CBS3aHBI APYT C
apyrom. O01acTH BEpXHUX YaCTOT COOTBETCTBYET MEPEX0JHAS XapaKTEPUCTHUKA B 00IaCTH MaJIbIX
BpEMEH, 00JIACTH HUKHHUX YaCTOT — IMEPEX0HAs XapaKTEePUCTUKA B 00acTH OONBIIUX BpEMEH.

u- 8 — BHIGpOC hpOHTA HMITYNBCA .
& A — cram BepIIMHBL UMITYJTHCA
A
R S o
g
0 L
Puc. 2.8

2.2. OBPATHAS CBsA3b B YCHUJIMTEJIAX

ITonsarue «obpaTtHas cBa3b» (OC) MUPOKO UCTIOTB3YETCS KaK B TEXHUKE, TaK U B IPYTUX
obnacTsax 3HaHUH. OOpaTHOM CBA3BIO HA3BIBAIOT BIUSHUE HEKOTOPOU BEIXOJHON BEIMUMHBI HA
HEKOTOPYIO BXOJIHYIO, KOTOpast B CBOIO OYepeib CYIIECTBEHHBIM 00pa30M BIIHSET Ha BHIXOAHYIO
BCJIMUUHY (ONpEIeIsieT 9Ty BRIXOJHYIO BEIMUYUHY). B ycuunTensx, Kak NpaBuiio, UCIOJIb3YETCS
TaK Ha3bIBacMas oTpunatenbHas oopartHas cBsa3b (OOC), koTopas u OyJeT pacCMaTPUBATHCS HIDKE.
IIpu HaIM4YUK OTPULIATEILHON OOPATHOM CBSA3HM BBIXOJAHOW CUTHAI TAKMM 00pa3oM BIIMSACT Ha
BXO/JHOM, YTO BXOJHOMW CHTHAJI YMEHBIIAETCSA U COOTBETCTBEHHO IPUBOJNUT K YMEHBIIICHUIO
BBIXOJIHOT'O CHTHAJA.

Korma B 1928 r. ObuTa IpeANPUHSATA MOIBITKA 3aMIaTCHTOBATH OTPUIIATEIBHYIO 0OPATHYIO CBA3b,
TO 3KCTEPTHI HE YBUCIH €€ TIOJIC3HOCTH U TAJIM OTPUIATEIbHBIN oTBeT. U Aeii CTBUTENBHO, HA
TIePBBIH B3TJIS, OTPUILIATEIbHAS 00paTHAs CBA3b TOJIBKO YMEHBIIACT KOI(DPHUITUCHT YCUIICHUS
ycunurens. OTHAKO, KaK 3TO 4acTO OBIBAET B TEXHUKE BOOOIIE U B SJIEKTPOHUKE B YACTHOCTH,
OJIMH HEJIOCTATOK TOTO WJIM MHOTO PEIICHUS MOXKET 3HAUATEIHHO MEPEBEITUBATHCS €T0 T0C-
tonHcTBamMH. OTpHIIaTeNbHas 00paTHas CBsI3b, XOTS U yMEHbIIAeT KOA((QUIIMEHT YCUIICHHUS, HO
HCKJIIOUUTEIIFHO 0JIarOTBOPHO BIIMSET HA MHOTHE ITApaMeTPhl M XapaKTEPUCTHUKN YCUIHUTENA. B
YaCTHOCTH, YMEHBIIAIOTCS MCKAXXEHUS CUTHAJa, B 3HAYUTEIHHO OOJBIIIEM IUANa30HE YACTOT
KOA((HUIIUEHT YCHJICHHS OKa3bIBACTCS HE 3aBUCSIIIMM OT YAaCTOTHI U T. [I.

2.2.1. Knaccudukarus oOpaTHBIX CBSI3€H B yCHIIUTENSX
Paznuuaror cnenyrommx 4 Buga oOpaTHBIX CBsi3eH B ycuiutene (puc. 2.9):

* TOCJICAOBATENIbHAS 10 HAMPSHKCHUIO (a);
* mapaiciabHas no HanpspbkeHuio (0);

* TIOCIICJIOBATEIbHAS MO TOKY (B);

* mapauienbHas o Toky (T).



Puc. 2.9

Ha puc. 2.9 o6o3naueHo: K — k0d3pdULIHEHT MpIMOH TTepeaads, Wik Ko OHUIHESHT YCTCHIS
YCHIHTEI Oe3 00paTHOM ¢BA3U; B — K03 PHUIMEHT epeaaun LemH 0OpaTHOH CBA3H.

st onpenenenys Buma ooparHoit cBsi3u (OC) HyKHO «3aKOPOTUTHY Harpy3Ky. Eciti ipy 3ToM CHrHAI
00paTHOH CBsI3U OOpalnaeTcs B HyJIb, To 370 OC 1o HanpsbkeHuto, eciu curaain OC He oOpamaeTcs B
Hy1b — T0 370 OC 1o Toky. [Ipu 0OpaTHO CBSI3U IO HAITPSHKEHUIO CUTHAT OOPaTHON CBSI3H,
TIOCTYIAIOIINH C BBIXO/IA YCHIIUTEIIS Ha BXO]I, IPOTIOPIIMOHATICH BEIXOTHOMY HanpsbkeHHr0. [Ipu oGpaTHoi
CBSI3H 110 TOKY CHTHAJT OOpaTHOM CBS3H IPOIIOPLIMOHATIEH BEIXOAHOMY TOKY. IIpH mocieioBaTensHOi
00paTHOM CBs3U (CO CJIOXKCHUEM HAIPSHKCHUI) B KAUSCTBE CUIHAIA OOPATHOM CBSI3H KCIIONB3YETCS
HAIPSDKEHUE, KOTOPOE BHIYMTACTCS (J1s1 OTPULIATE/IBHON 00pATHOM CBSI3U) U3 HAMPSDKCHUS BHEIIIHETO
BXOnHOro curnaina. [Ipu napamiennbHoi 00paTHOM CBsi3U (CO CIIOKECHHEM TOKOB) B KAUECTBE CHTHAIA
00paTHOM CBSI3U UCTIONB3YETCS TOK, KOTOPBIN BBIYUTACTCS M3 TOKA BHEIITHETO BXOJIHOTO CUTHAA.

2.2.2. AHanmm3 BIUSHUS OTPULIATSILHON 00OpaTHOM CBS3M Ha IMIPHUMEPE
MOCTICIOBATEIHbHON 00OPATHOM CBSI3U TI0 HAIIPSKECHUIO

Pacemorpum rmstHre OOC Ha IpUMEpe YCUITUTENS, OXBAYEHHOTO ITOCIIEI0BATEILHOM 00paTHOH
CBSI3BIO T10 HarpsbkeHuto (puc. 2.10).

B cTpykTypHYIO cXeMy BXOIUT IIEITh IPSIMO# TIEpEIadH U Ieb 00paTHOM CBSI3U (LIETb 00paTHOM
niepenaun). [Ipezmonaraercs, 4To yka3aHHbIE LENH JInHelHbIe. Ha ycumurens ¢ 00paTHO# CBSA3BIO MOAAETCs
BHEITHUN CUHYCOWJIANTHHBIA BXOIHOW CUTHAIT Ugy] @ HA LETh MPSIMON Mepeauu — CUTHAM Ugy. Llenb
TIPSIMOM TICPEIAUM XapaKTEPHU3YETCS KOMILICKCHBIM KO-

I g
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Puc. 2.10



3 punmenTom ycuiaeHus no Hanpsbkeruro K, (kodhdunrerToM npsMon nepegadn):

R-H_ - D-rswc ,
stz

rae Ugo , U -COOTBETCTBEHHO KOMILJIEKCHBIE JEHCTBYIOIINE 3HAUEHUS HAIIPSDKEHUN Upxy U Uy LIETID
00paTHOH CBA3M XapaKTepHU3yeTcsl KOMILUIEKCHBIM

K03 QUIeHTOM 00paTHOM CBS3H £
p=rs
U 3

GhIX

raeU,. — KOMILJICKCHOE HCﬁCTBymIHCC 3HAUCHHC HAIIPSXKCHUSA 06paTHOﬁ CBA3U U

Koaghpunuenm ycunenusa ycunumens, oxeauennozo oopamuoii céa3vio. I10T KOXPPUIHUEHT Ko

ompenensieTcs mo Gopmyrie

rae Ug— KOMIUIEKCHOE IEUCTBYIOIIECE 3HAYEHUE HAMIPSKECHMS Uy JIETKO 3aMETUTH, UTO

stZ = Uex! - Uoc’
Uaxl = UexZ +Uoc'
Tloaromy

K P L}sux _ Ku 'vcxl = Ku 'stz ==
e Uaxl UuZ + U.o: Uﬂxl + B' vsux

— Ku'Uax?. - Ku
U,+B-K, U, 1+B-K,°

Takum 00pazom,

: K
K, =t
“ 1+B-K,

Benuuuny 144 « K, Ha3bIBaloT TyOMHON 00paTHOM CBsI3U (KO3 (GUIIMCHTOM IpyOOCTH CXEMBI), a
BeJIMUMHY S * K, Ha3bIBAIOT METIIEBBIM ycriieHneM. Ecim riryOnHa oOpaTHO¥ CBSI3M 10OCTAaTOYHO
BeNHKa, To | f* K, [»1 u

K =

woc

.

| —



Otcroia MOYKHO CIENaTh CIEMYIOITHIA OUeHb BAXKHBIN BBIBOJI: €CIM TITyOHA OTPHIIATEIHHON 00paTHON
CBSI3H JTIOCTATOYHO BEJMKA, TO KOA(PMUIMEHT YCHIIEHNS YCHIATEIS, OXBAYEHHOT'0 00paTHOM CBSI3BI0 Ky,
3aBUCHT TOJNBKO OT CBOWCTB IeH 0OPaTHOW CBSA3H U HE 32 BUCUT OT CBOMCTB IETH MPSMOUN
Tiepe/iaum.

B merm ipsimMoti iepeiaty NCTIONB3YIOTCS aKTUBHBIE TIPHOOPHI (TPAH3UCTOPHI, ONePAIOHHEIE
YCHUITUTEIH U T. [I.), KOTOpbIe OOBIYHO HE OTIIMYAIOTCS BEICOKOH CTaOMITBHOCTRIO TapamMeTpoB. 13-3a
3TOTO U KO3 punueHt K, aBusercs HecTaOWIbHBIM. Ho ecm ucrionb3yetcst TayboKas oTpuia-
TeJbHast 0OpaTHast CBSI3b U B LICTIH 00PAaTHOM CBSI3U IMPUMEHSTIOTCS BRICOKOCTAOMIIBHBIE TACCHBHBIC YIEMEHTBI
(pe3ucTophl, KOHJIEHCATOPHI U TaK Jlajiee), To o0mImil kodhduimeHT yeuneHus K, OKa3pIBacTCsa
CTaOMJIBHBIM.

Jaoke ecm riTyOrHa 00paTHO¥ CBSI3M HE HACTOJIBKO BEITMKA, IYTO MOXKHO MpeHeOperaTh eNHUIICH B
BBIPQKCHUH

1 +f * K, orpuniaTenbHas oOpaTHas cBA3b, KaK MOXKHO IIOKa3aTh, yMEHbBILIACT HECTAOMIIBHOCTD

kod(pprummenta K.
BaxxHo ysICHUTS, YITO C/IeIaHHBIN BBIBOJI CIPABETB HE3aBHCHMO OT TOTO, KaKHe JeCTa0MTH3UPYIOIIIE
(baKTOpBI BIMSIOT Ha UI3MEHEHHE BEMUHMHBI K, (TemIiepaTypa, ypoBeHb paalliy U T. 11.).

Yacmommvre XapaKmepucHmuKu YCunumes, 0X6aueHHo20 00pamuoil céa3vto. ECIy paccyxaaTh
(opMaIbHO, TO TPH HATHYUH YaCTOTHBIX XapaKTEPUCTUK s K, U B 9acTOTHBIE

XapaKr epI/ICH/IKI/I JUTA KMOC OKa3bIBAKOTCA OJHO3HAYHO OHpe,HeHeHHBIMI/I Bpr&)KCHI/IeM
.
uoc 1+ B . K .
) u

U Tem He MEHee OUCHb MOYYMTENIFHO OOJee JIETAbHO PAcCMOTPETh BOMPOC BIIMSIHUS OTPHLATEIIBHON
00paTHOM CBS3M Ha YaCTOTHBIC cBoicTBa ycunutens. [lycts koadduimentsr K, u f saBustorcs
BellecTBeHHbIMU, Torna u koagduuueHt K, — BEIICCTBCHHBIN. ByneM mis 3Toro cimyuas uc-
nonk30BaTh obo3HaueHus K, £ 1 Ky, . [lycTh B HEKOTOpPOM YacTOTHOM JHara3oHe koagduimeHt K,
mmensiercss B mpenenax ot 10000 mo 1000 (ma 90% mo orHomenmro k 3HadeHwio 10000), a
ko3 puuueHT B sapusgercs moctosHHBEIM, f = 0,1. Torma B coorBerctBHM ¢ (hopmynol mit K.
okaxetcs, 9T0 K, OyIeT m3MeHAThCsA B mpenenax oT 9,99 mo 9,9 (mpumepno Ha 1%). Takum
o0Opa3om, m3MeHeHne KOd((UIMEHTA YCUIICHHS TIOCIE BBEJICHHS OTPHIATEIBHON 00paTHOM CBS3M CTa-
HET 3HAYUTEIbHO MEHBIITHM.

BaxxHO ySCHHTS, UTO €CIH BCe Jke HeOOXOIMIMO TOBBICUTH Kod(duiineHT yeuiaerus 1o 10000, To u B
3TOM CITy4ae MCIIOIB30BAHKUE OTPHIIATEITLHOM OOPATHON CBSI3U 3HAYUTEIBHO YITyUIINT CTAOWIEHOCT.

ITycTb st iomy4enust 606II0T0 KO3 (hUIIMEHTA YCUIISHHSI HCIIOTh30BaHbI 4 BKITIOUCHHBIX
MIOCJICIOBATEIIBHO OMMCAHHBIX YCHIIUTEIS, OXBAYCHHBIX OTPHULIATEIILHON 00paTHOH CBs3bi0. Toraa B
paccMaTprUBacMOM JIMArIa30HE YacToT 001 KO3DOUIMEHT yeuneH s OyIeT U3MEHSITHCS B ITPEAC/ax OT
9960 (9,99 « 9,99 + 9,99 » 9,99) no 9606 (9,9 * 9,9+ 9,9« 9.9).

Wsmenenne coctaBut 3,6% ((9960-9606)/9960+100%). D10, 04EBUIHO, 3HAYUTEILHO MCHBILIC
90%.

B ToM iranasone 4acToT, B KOTOPOM BBINONHSICTCS yenoBue | f ¢ K, |»1, koaddunueHt Ky MOXKHO
ONPEACIUTD U3 BbIPAKCHUS
| Kuoe | = 1/1B]

B nepom npuOikKeHNH MOYKHO CHUTATD, YTO IMHALICH MOXKHO MpeHeOpeyb MNP YCIOBHH, YTO

1 <|p Ky
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Otcrona nonydaewm | K, | > 1/|f]

IIycTh B KauecTBE LENH NpsSMOM TIEpEAAYX UCHOJIB3YETCS. PACCMOTPEHHBIN BBILIE ONEPAIMOHHBINA
yeummtens K140V /18, a B kaduecTBe 11end 00paTHOMN CBSA3H — JIETUTENh HAPSIKEHUS,

npuuem f = =0,1 (puc. 2.11).
Jlerko 3ameTuth, uto U,.=U,,1*0,1

Takum 06pazom, s 3TOU CXEMBI TEUCTBUTEIBHO

Uyge
=—%-=0,1.
B U

GbiX

B coorBercBum ¢ TI0,TY4€HHBIM BBIIIC HEPABCHCTBOM MOXKHO, B IICPBOM HpPI6JII/I)I(CHI/II/I, CHUHUTAaTh, 4YTO

| Kuoe |~ 1/$=10 B TOM Anama3oHe 4actot, B koTopom | K;, | > 10.

ITosTOMYy /151 OTIpEeIeNICHUs. YaCTOThI CPE3a fop oc YCUIIUTENS, OXBAYEHHOTO OTPULIATENBHOM 0OpaTHOM
CBSI3BI0, B TIEPBOM MPUOIMKEHUH JIOCTATOYHO MPOBECTH FOPU30HTAIIBHYIO JIMHUIO Ha ypoBHE | K, | = 10

JI0 TIepeCeUeHHsI ¢ aMIUTUTYIHO-YACTOTHOM XapaKTEPUCTHKOM MCTIONB3YEMOTO OTIEPAITIOHHOTO YCHUITUTEIIS
K140V 8. U3 puc. 2.12 BUIHO, YTO f) o=

|K, 11K, | nb
105 | 100105
1 80

~
10 |60
10% |40 N

™

. N
10 22 N
0 N
1 K f, Iy
1 (10 16 16 1d 16 Q{Jﬁ
Sy Lopie
Puc. 2.12

=5 « [0’ Ty, 9TO 3HAYMTEIBHO GONIBLIEC YACTOTHI cpesa f., onepauroHHoro ycunutens (f., =10 T'u),
HE OXBaYEHHOTO 0OpPATHOM CBS3bI0. XapaKTepPHUCTHKA, N300paKEHHAs YKUPHOU JIMHUEH, TIPECTABIISICT
c000i1 B MepBOM NPUOIMIKCHUN aMJIUTYTHO-YACTOTHYHO XapaKTCPUCTHKY YCUITHTEIIS C OTPHIATCITLHON
00paTHOM CBSI3bI0, KOTOPasi, CCTECTBCHHO, OKa3bIBACT OIar0TBOPHOE BO3ACHCTBHC U HA (ha304aCTOTHYHO
XapPAKTEPUCTUKY.

Bxoonoe conpomuenenue ycunumens, 0xéaueniozo oopamnoii céa3vto. OOparuMcsi K CTPYKTYPHOH cxeme
YCUJIMITENS C MOCIIE0BATEIbHOM OTpULaTeIbHON 00paTHOH CcBs3b0 (puc. 2.13).
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O0603HaunM Yepe3 Zyx BXOTHOE KOMIIEKCHOE COITPOTHURIICHUE IIEMTHU MPSAMOU IepeIadm:
Z,. = —-U
ex = 1. L]
&x
T/I€ Ioy -KOMIUIEKCHOE IEUCTBYIOIIECE 3HAYEHUE TOKA Iy

Hatinem BXOaHOE KOMILJICKCHOE COIIPOTHBIICHUE Z,y o YCUIUTENS, OXBAUCHHOTO OOpaTHOM
CBA3BIO:

Za =-{-j:.i’cl .
ex
ITonyuum . i . : : :
— stl < ax2 +Uoc stz +Uuu: i B

Z e == . R ]

I, I, i,
Ve tUpp Ky B Vs (+K, -B)=2Z,.-(+K,B).

I, I,

Takum oOpazom, )
st.oc = Lgy '(I'i"Ku ﬁ) .

Iycth ko3 unments! K, v B sBnsroTcs BemecTBeHHbIME (K, = Kyu f = f), Torna
Zgx.oc= o (14K, B .

OTCIOIla CICAYyCT, YTO MOCIACAOBATCIIbHAA OTpULIATCIIbHAA 06paTHa;1 CBA3b YBCJIMYMUBACT BXOJHOC
CONPOTHUBJICHUC 1O MOAYJIIO. HpaKTI/I‘{CCKI/I BCCraa 5TO ABJIACTCS IOJIOXUTCIIBHBIM (baKTOPOM.

Buvixoonoe conpomuenenue ycunumens, oxeauennozo oopammnoit ceéa3vro. O003HaAUNM depe3 g,
U Z g oc COOTBETCTBEHHO BBIXOJHOE KOMITTIEKCHOE COITPOTHBIICHHE LIETTH TIPSMOI TIEpeady ¥ BBIXOIHOE
KOMILICKCHOE COTIPOTHBIICHUE YCHITHTEISI, OXBAYEHHOTO 00PATHOH CBs3bI0. 1o onpesencHuro

7. = _AUgyy
ablx N ?
! 8blx
t71e AUy, Al — TpUpaIIeHns: KOMIUIEKCHBIX JEHCTBYIOIINX 3HAUEHU COOTBETCTBEHHO

HATPSIKEHUS Ugyyy ¥ TOKA Loy [IPH 3TOM TIPEITONATAETCSI, UTO 00paTHAs CBSI3b OTKITIOUEHA (HAPUMED,
BBIXO/JI IICTIH OOPATHOM CBSI3M 3aKOPOUCH).

Takske npeanonaraercs, uto U,y = const, a uaMeHeHue BEIMUUH Ul U I, BRI3BAHO NI3MCHCHUECM

COITPOTHUBJICHU A HAIrPY3KHU.
Tlo onpenenenuto

HO IIPY 3TOM TPEATIONAraeTcsi, 4To O0parHas CBs3b ICHCTBYET U UTO Ul,y= const.
B stoM cityuae npuunHON BO3HUKHOBEHUS MPUPAILEHNS AUg,y. IBISIETCS HE TOJIBKO MAJICHUE
HaIpPsHKEHUS HA BEIXOAHOM CONPOTHUBIICHUH Zy,,y, HO U MOSBIICHUE MPUPAILCHUS



AU, KOMIUIEKCHOTO JICUCTBYIOIIETO 3HAUSHUS HATIPSIKEHUS U,
CrnemoBaTebHO,

AU, =~Al_ -7,  ~AU, K, .

3HAKH «MHHYC) HCIIONB30BAHBI TIOTOMY, UTO M YBEIIUEHHE TOKA iy, U YBEIHUCHHUE HAPSKCHUS U,
BBI3BIBAIOT YMEHBITICHUE HATIPSDKEHUS L.

Ortcrona ¢ yaerom, 9To AU,. =AU, * f, monydum

AUem = ”-Aisux me _A{';rcm 'B‘Ka ’
AUmx ="Ajm—*g:&.
1+B-K,

B cooTBeTcTBHH € 3TUM

v Bl T
BHIX.OC Ajm 1+B'R‘ru L

HYCTI) KOZ)(l)(l)I/IHI/ICHTI)I Ku 151 ﬁ SIBJIAIOTCS BCIIICCTBCHHBIMHU. Torz[a, OYCBUAHO, OTpHULaTCIIbHAaA
06paTHaSI CBA3b MO HAIMPAKCHUIO YMCHBIIACT BHIXOAHOC CONPOTUBJICHUC YCUIIUTCIIA. OueHb 4acTo
OTO ABJIACTCA IMOJIOKUTCIbHBIM (baKTOpOM.

2.2.3. Pa3HOBUIHOCTH OTPHUIIATEIBLHBIX OOPATHBIX CBSA3CH M aHAIU3 UX BIHSHUS

st ynpolleHus u310KCHUS MPUHUMACM YCIOBHUE, YTO LCIb NPSAMON Mepeiadr U LCb
00paTHOM CBSI3M XapaKTCPHU3YIOTCS BEIICCTBCHHBIMM KOA()(PHUIIMEHTaMHU U YTO BCE TOKH H
HAMPSDKEHUS OMUCHIBAIOTCS BEIICCTBCHHBIMU JICHCTBYIOIMMU 3HAYCHUSIMU.

OO6patumMcst kK 00paTHOM CBsI3H MO HaNpshKeHUI0. OHA MPETISITCTBYET M3MEHEHHIO BBIXOIHOTO
HaIPsDKEHUS TTPU U3MEHEHUU COTPOTHUBIICHUS HATPY3KHU. DTO O3HAYAET, UTO BBEACHHE
OTPHUIIATEITHLHOW 00PATHOM CBS3M MO HATPSDKCHHUIO YMEHBINIAET BBHIXOJHOE COMPOTHUBIICHHC
YCUIUTENS. DTOT e BBIBOJ OBLT CJIeNIaH BHIIIE HA OCHOBE MOTYYEHHOTO MaTEMaTHUYECKOTO BbI-
paXXeHHUs JJIS1 BEIXOIHOT'O COPOTURICHUS. MOYKHO TTOKa3aTh, YTO XapaKTep U3MEHEHUS BHIXOTHOTO
CONPOTHUBIICHUS HE 3aBUCUT OT TOTO, ABJISIETCS CBA3b MapaIEIbHON MM MOCIEA0BATEIbHOMN.

OO6parumcst kK 0OpaTHOM cBsi3u 110 TOKY. OHa NPEMSITCTBYET H3MEHEHHUIO BBIXOJAHOTO TOKA MPHU
W3MCHCHHUH COTIPOTUBIICHHS HArpy3KH. DTO 03HAYACT, YTO BBCIACHUC OTPHUIIATCIIHFHOM 00OpaTHOM
CBSI3U 10 TOKY YBEIUYMBACT BBIXOJHOE CONPOTUBICHUE. [Ipn 3TOM XapakTep U3MEHECHHUS BBIXOJHOTO
CONPOTHUBJICHUS TAKXKE HC 3aBUCHUT OT TOTO, SIBJISICTCA JIM CBA3b MapajlJICibHON UITH
MOCJICIOBATCIBHOM.

ITono0HbIe paccykacHus (M COOTBETCTBYIOIIME MATEMAaTHYCCKUE BRIPAKCHMS) TOKA3BIBAIOT, YTO
napajuiesibHast 00paTHas CBSI3b YMEHbBIIACT BXOJHOE COMPOTHBICHUE YCUITUTENS, OXBAUCHHOTO
€10, a TIOCJICIOBATEIIbHAS YBEIIMUUBACT (UTO MOATBEPKAACT MOJYYCHHOE BBIIIE MATEMATUYCCKOC
BBIPOXCHHE). XapaKTEP U3MCHCHHS BXOJHOT'O COITPOTHUBIICHUS HE 3aBUCHUT OT TOTO, SBJISICTCS JIA
oOpaTHasi CBSI3b CBSI3bIO 110 TOKY WIIH 11O HAITPSHKCHUIO.

OO6paTtuMcs K CTPYKTYPHOU CXEMe YCHIIUTENS C OTPUIIATEIIBHON TOCIeI0BaTENbHON 00paTHON
CBSI3bIO 110 HAMPSDKEHUIO U K TIOJTYYEHHOMY BBIPAXEHUIO

£yt

1+K, -8



Ecnu okaxeTcsi, 9TO Ha HEKOTOPOH YaCTOTE apryMEHT () KOMIUIEKCHOM BenM4uHbI K, * f§
OKa)XXETCsI paBEH 7, TO 3TO OyJIeT 03HA4aTh, YTO HAIIPSDKEHUE 00PAaTHOM CBSI3M U, TTO (haze coBmamaeT
C HATIPSDKEHUEM U,y 1 HAPSDKEHUEM 2. B 9TOM cilydae okaxkeTcs, 4To oOpaTHast CBsI3b CTaHET
MOJIOXKUTENBHOM. Eclii K TOMY K€ OKa)KeTcsl, 4TO Ha pacCMaTpUBAEMOM 4acTOTe BHINOJIHAETCS
ycnosue | Ky, * f>1, To 3T0 Oyzner 03Ha4aTh, YTO CUTHAI, TPOXOSAIIUHN TTOCIIEIOBATEILHO Yepe3
Lenb NPsIMOM Mepefadn U Lellb 00paTHOM cBA3M, ycunupaeTcs. [Ipy 3ToM U B ciiyyae HyJIeBOro
HAPSOKCHUS Uy HATIPSDKEHUS Uy, , Ugpry, ,Upe OKAKYTCSI HEHYJIEBBIMH, T. €. YCHJIUTENb MO CYIIECTBY
IIPEBPATUTCS B TEHEPATOP. DTO SBJIEHHE HA3bIBAIOT CAMOBO30YXKIEHUEM YCUIIUTEIS.

s ipetoTBpatieHus caMoBO30YKISHHUSI HEOOXO0JMMO PeIPHHIMATE MEPHI (HAIpUMep,
OCYLIECTBIISITh YACTOTHYIO KOPPEKLIUIO OIEPAIMOHHOIO YCHIIUTEIIS, UTPAIOIIETO POlb LIENH IIPMO
repeaadr ), 00ecevrBatoLINe BHIIOTHEHUE OTHOTO U3 CIIEAYIOIIHX, [10 CyTH PaBHOLICHHBIX, YCIOBHHA:

¢ =m, KR'B{""I;

Ku-13|=1,£p<n'.

Ha npakTrke 0OBIYHO TOJTB3YFOTCS BTOPBIM YCIIOBHEM.
Yron a, onpeensieMblid BEIpOKEHUEM 0L = 7T — (b, HA3BIBAIOT 3aI1aCOM YCTOHYMBOCTH TI0 (pase.
3amac ycTolduBOCTH 110 (paze momxeH ObTh He MeHee 30...60 nmm qaxe 65 rpaaycos.

2.3.YCUWJIMUTEJIN HA BUITOJIAPHBIX TPAH3UCTOPAX
2.3.1. Pexxumsbl pabOThI TPAaH3UCTOPA B YCUIIUTETIE

Ilepen TeM Kak 1oAaBaTh HA BXOJT YCHIIMTEIS HA TPAH3UCTOPS CUTHA, ITOICHKAIIHI YCHIICHUIO,
HEOO0XOIMMO 00CCIICUNTh HAYaIbHBINA PEKUM PA0O0ThI (CTATHUCCKUN PEXKKUM, PEXKUM I10 MOCTOSHHOMY
TOKY, PEXHUM MOKOsT). HagansHBIH pekrM paboThI XapaKTEepH3yeTCsl TIOCTOSHHBIMUA TOKAMH JJICKTPOJIOB
TPaH3KCTOpa U HAMIPSHKCHUSMI MEKIY STUMH JIeKTpOIaMH. VICTIONB3yI0T TePMHH «HAYaTbHBIA PEKIM
pabOTBI TPAH3KCTOPa» U (haKTHUCCKU PABHOLICHHBIH €My TEPMIH «HAYaIbHBINA PEKUM PaOOTHI YCHITUTCII.
Jlmst oripemenieHHOCTH 00paTHMCS K CXeMe € OOIIIM SMUTTEPOM M COOTBETCTBYFOIIAM BBIXOHBIM
XapaKTepUCTHUKaM TpaH3KcTopa. Torna HauambHBIAPEKUM pabOTHl XapaKTEPHU3YETCs MONOKESHHEM TaK
Ha3pIBaeMo¥ HadanmbHOU padoueit Toukn (HPT) ¢ xoopamaataMu (U, Iiw), THE Ugsy M Ly —
HayaJIbHOC HAIPSKCHUE MEXKY KOJJICKTOPOM M YMUTTEPOM M HaYalbHBIM TOK KOJUIEKTOpa. [
CTa0MITBHON PabOTHI YCHITUTENS CTPEMATCS HE OMYCKAaTh U3MEHEHHUS TTOJI0KEHHS HadaIbHON
pabodel TOUKH.

Jnst xapakTeprcTHKN TPo0IeMbI 00eCITeueHNsT HAYaIbHOTO PEXUMa TPAIUIMOHHO U BIIOJIHE
OTPaBIAHHO PACCMATPUBAIOT CIACAYIOIIHNE TPH CXEMBI:

* ¢ (PUKCUPOBAHHBIM TOKOM 0as3bl;
* C KOJIJICKTOPHOM cTaOMIIM3aIuei;
* COMHUTTCPHON CTaOMIU3ALUCH.

Ha mpakTuke mepByio U3 3THX CXEM IMOYTH HUKOTAA HE MCIONB3YIOT. M3 OCTaIbHBIX IBYX
CXEM MPEANOYTCHUE YaCTO OTJAIOT CXEME C IMUTTEPHON cTadmIHn3anueii. PaccMoTpuM Kakyio
U3 9THX CXEM.

Cxema c ¢pukcuposannuvim moxom 6azvl (puc. 2.14). Ha mogoOHBIX cXeMaXUCTOYHUK
HanpspkeHust £, 00bIYHO He H300pakaroT.



Puc. 2.14

B cooTBeTcTBUU cO BTOpHIM 3akoHOM Kupxroda
. +
lK.RK Uy — EK = (.

Orcroia HaXOAUM TOK KOJIJICKTOpa Ix:

YTO COOTBETCTBYET JIMHEHHON 3aBUCMOCTH BHJA = @ *Xx + b. DTO ypaBHEHHE OTMKCHIBACT TaK
HA3bIBAEMYIO JIMHUFO HArPy3KH (KaK U YISl CXEMBI ¢ TOI0M). M300pa3iM BEIXOHBIC XapaKTePUCTHKA
TpPaH3UCTOPA U JIMHUIO Harpy3ku (puc. 2.15).

Puc. 2.15

B cootBeTcTBHHE CO BTOPBIM 3aKOHOM KI/IpXFO(ba
. +
16'R5 Uy — EK = (0.

OTcroa HaxX0auM TOK 0a3bl ic:
is = ug /R +E / Rs
Bynem npeHeOperaTh HANPsKCHUEM U5, TaK Kak 00bIYHO Ug, << E,. Torna iz =E, /R;.

Takum 00pa3zom, B paccMaTprBaeMOl CXEME TOK is 3afaeTcst BennauHamu £, n R (TOk
"¢pukcuposan"). [Ipu sTom
5 A .
ix=Baist+ g

Ilycts ig= is,. Torma HPT 3aiimer To monoxeHue, KOTOpoe ykazaHo Ha puc. 2.15. Jlerko
3aMETHTh, YTO CAMO€ HIKHEE BO3MOXKHOE ITOJI0YKEHNE HAYaTbHOM pabodeil TOYKH COOTBET-



CcTBYeT Touke Y (peXuM oTceukH, is = 0), a camoe BEpXHee MOJI0KeHNE — TOUKe Z (PexuM
HACBIIIEHUS, i5> i6y).

Cxemy ¢ (PUKCHPOBAHHBIM TOKOM 0a3bI HCIOIB3YIOT PEAKO MO CISAYIOIINM TPUIHHAM:

* IIPH BO3JICHCTBUH JI€CTA0MIM3UPYIOMUX (GAKTOPOB (HAPUMED, TEMITEPATYPhI) U3MEHSIOTCS
BEJIMUUHBI [ U [ ', ,9TO U3MEHSET TOK [ ¥ TIOJIOXKCHHE HAaYaabHON paboder TOUKH.

* TS K&KIOTO 3HAUYCHHS [ HEOOXOIMMO TTOAOUPATh COOTBETCTBYIOIIEE 3HAUeHUE Ry, UTO
HEKeNaTeabHO IIPU MCIIOIB30BAHUHU KaK JUCKPETHBIX MPUOOPOB (T. €. IPHUOOPOB, H3TOTOBIEHHBIX
HE [0 UHTETPAIIbHON TEXHOJOTHH ), TaK U MHTETPAIILHBIX CXEM.

Cxema c Ko1ekmoproil cmaounuzayueii (puc. 2.16). Dta cxema obecriednBaeT TyUIIyIO
CTaOMIILHOCTH HAYAJIBHOTO Pe-

Puc. 2.16

*kuMa. B cxeme nmeer MecTo oTpuIiaTelibHasi 0OpaTHAs CBSI3b 10 HATIPSDKEHUTO (BBIXOJ CXEMbI —
KOJUIEKTOP TPAaH3UCTOPA COSTMHEH CO BXOJIOM CXEMBEI — 0a301 TPaH3UCTOpa C IIOMOIIIBIO
conpoTuBicHus Rs.). PaccMOTpuM ee nposiBiCHKUE HA Clieayroiem npumMepe. [1ycts 1o kakum-nioo
MIPUUMHAM (HarTpyMep, U3-3a TIOBBIIIICHUS TEMIICPATYPhl) TOK ix HA4all yBEIMUMBATHCS. DTO ITPUBEICT
K YBCITUYCHUIO HAMPSDKCHUS URy, YMCHBILICHUIO HATIPSIKCHUS Uy, U YMCHBIICHUIO TOKA I

(is= U, /Rs,), 9TO OYIET MPEIATCTBOBATh 3HAYUTCILHOMY YBCIIMUCHHIO TOKA ik, T. €. OyAeT
OCYIIICCTBIIATBCS CTAOMIIM3AINA TOKA KOJUICKTOPA.

Cxema ¢ ymummepnoii cmaounuzauueii (puc. 2.17). B 3apyOeKxHOM TUTEpaType TaKyHO CXeMY
Ha3bIIAOT cxemol ¢ H-cMme-

C>+EK

Puc. 2.17

nieHrMeM (KoHgUrypanust cxeMbl cooTBercTBYeT OykBe H). OcHOBHas Hjes, peal30BaHHAs B CXEME,
COCTOMT B TOM, YTOOBI 3a(hMKCUPOBATh TOK I, U YEPE3 3TO TOK iy (ix = i,). C yKa3aHHOMH 1ICJIbIO B LICTIb
SMUTTEPA BKIIIOUYAIOT PE3UCTOP R, U CO3/IAI0T Ha HEM NIPAKTUYECKH TTOCTOSTHHOE HANPSDKEHNUE Up,,. [Tpn
3TOM OKa3bIBAETCSl, UTO

. U
iy =—22=const.
3



st co3manus Tpe0yeMOoro HalpsDKeHUS Uy, UCIIOB3YIOT JEIUTENb HAIPSDKEHUs Ha pe3ucTopax R
u R,. ConpotuBnenus R; v R, BBIOUPAIOT HACTOJIEKO MAJIBIMHU, YTO BEIMYMHA TOKA 5 TPAKTUIECKH
HE BIMSIET HA BEIUUUHY HANIPSXKEHUS Ug,.. [Ipu aTOM

R,
R+R,

B cootBercTBIM O BrOophM 3ak0HOM Kupxroda

up, =Eg -

Up,™ Upy — U,

[Ipu Bo3AeHCTBUM IeCTAOMIU3UPYIOIIUX (aKTOPOB BEJIH -UHHA Ug, H3MEHSETCS MaJjIo, IIO3TOMY
MaJIo F3MEHSIECTCS M BETIMIMHA 1ig,. Ha IpakTHKe 0OBIYHO HAIIPSHKEHHUE Lig, COCTABIIET HEOOBIIYIO
JIOJIIO HanpspKeHus £y

Paznuuarom creoyrowue pesrcumol pabomol mpanzucmopa (kaacewvt pabomwt): A, AB, B, C u D.
PaccmarpuBaembie RC-ycrmren 00bIMHO paboTaroT B pekimMe A. B peskiiMe A TOK KOJUIEKTOpa BCeraa
oombIie HYNA (i, > 0). [Ipy TOM OH YBETMUMBACTCS WM YMEHBINIACTCS B 3aBUCHMOCTH OT BXOHOT'O
curnana. B pexume B /,,= 0, M03TOMY TOK KOJIJIEKTOPA MOKET TOJIHKO YBETUUMBAThCS. [Ipn
CHHYCOWTATHHOM BXOHOM CHTHAJIE B IIETTH KOJUIEKTOPA TIPOTEKAIOT ITOJIOKUTETBHEIE TTOTYBOTHBI
Toka. Pexxuim AB sBisieTCS MpoMeXyTOUHBIM My peskumamu A u B. B pexxume C Ha BXOJT
TpaH3KUCTOpa MOAACTCS HAYaTbHOE 3alMParoIIiee HallPsLHKEHHE, TI03TOMY B IIETTH KOJUIEKTOPA B KaXKIbIA
TIEpUOJ BXOJTHOTO CHTHaJIa TOK ITPOTEKAET B TCUCHUE BpEMEHH MEHBIIIETO, UeM TIOJIOBHHA ITeproa.
Pesxxurmom D HaA3BIBAIOT KITFOUEBOM PEXKUM PaOOTHI (TPaH3UCTOP HAXOTUTCS I B PEKAME
HACBIIIECHYSI, UM B PEKUME OTCEUKH).

2.3.2. Yeunurenb ¢ SMUTTEPHON cTabunu3anuei

Paccmotpum RC-ycuiuTesib, B KOTOPOM TPAH3KUCTOP BKIIFOUCH 10 CXEME C OOLIM SMHUTICPOM M
HCTIONB3YETCS AIMUTTEP-Hast CTAOMITN3AIHs HAYaIBHOTO PeKUMa padoThI (puc. 2.18).

Konnencarop C, Ha3pIBaeMBIN pa3IeiMTEIBHBIM, IIPETISITCTBYET CBS3H IT0 TTOCTOSSHHOMY TOKY
HCTOYHHMKA BXOJHOTO CHTHANA C YCHITUTEIIEM, YTO MOXKET BBI3BAThH HAPYIIICHUE perkuMa pabOThI
TpaH3KCTOpa IO TTOCTOTHHOMY TOKY. KoHmeHcatop C,, Taroke Ha3bIBaeMBIN Pa3IeUTEILHBIM, CITYKUT IS

R,
v |

pa3aencHNs BEIXOAHON KOJUIEKTOPHOW LETIH OT BHEIIHEN HATPY3KH IO MMOCTOSIHHOMY TOKY.
Kongencarop C, obecnieunBaet yBenuueHue K03(GuienTa yCuIeHns yCUINTeNs 110 Hamps>KeHMUIO,
TaK KaK yMEHbBILIACT aMIUIUTYAY IEPEMEHHON COCTABIIAIOIIEH HANIPSIKEHUS Uy, (TOBOPAT, YTO



koHaeHcaTop C, TUKBUANPYET OTPUIIATENBHYIO 00paTHYIO CBSA3b Ha TIEPEMEHHOM TOKE).

Jlerko 3aMeTHTh, YTO JJI pacCMaTPUBAEMOMN CXEMBI TMHUS HArPY3KH Ha MocTossHHOM Toke (JIH,
TIPH Ux=0) ONKUCHIBAETCS CIENYIOMUM BEIpOKEHUEM, ITOTYYSHHBIM IIPH 3aMEeHE TOKa SMUTTEPA
TOKOM KOJIJIEKTOpA (TaK KakK i,=i):

__.1__._.uK3 +_;l_..
RK +R3 : RK +R3

iK— 'EK.

[lycTs mapameTpbl SJIEMEHTOB CXEMBI TAKOBBIL, UTO B HAUAJIIbHOM PEXUME PAbOTHI is= i)
CooTBeTCTBYIOIIEE MOJIOKEHNE HAYaTbHON padodeld TOUKH ykazaHo Ha puc. 2.19. Ha ocHoBanumn
MIPUBEJICHHOT'O BBIIIIE KPATKOTO aHAIN3a CXEMBI C SMUTTEPHOM CTabHIH3aIiel moryyaem

Ex R,
Faa—
wor wEE R . iR Ri¥Ry 7
R2 R] + Rz ] R3 R2 _53 3 3 RB R3
“ A JIH
E, / =
R *R,
iﬁ . 0
l'w“
Y
0 E ue

Puc. 2.19_

IIpu pacuerax 4acTo NPUHUMAIOT, YTO Ugr= 0,6...0,7 B (17151 KpeMHHEBBIX TPAH3UCTOPOB).
IIpeneOperas TOKOM [, IOTY4aeM ixg= fer * iz YUUTBIBAS, UTO iy= ikt s MOIy4aEM

is =i, /(1+fr ) . OTcroga ciemyer, 9To B CXeMe C SMUTTEPHON

cTaOMIM3aIKel TOK 0a3bl HEMOCPEACTBECHHO 3aBUCHT OT TOT'0, KaKoe 3HaUeHUE KOd(pGHUITUCHTA oy
OyJeT UMeTh KOHKPETHEIN UCITOIB3yEeMBIH TpaH3ucTop. Ecnu 3Hauenne xosdpdunuenta f.;
OKXKETCSI OOMNBIITNM, TO TOK 0a3bI OyJIeT MAIBIM, U HA00OPOT.

IIpeanonaoxum, 4YTO HaNpsDKeHUe TuTanus E, 3agaHo u Tpedyercs 00ecrneunTh HadalbHbBIN
PEKUM pabOTHI IIPH 33JaHHOM HA4adbHOM TOKE gz

M310XuM MOPSAIOK MPEABAPUTEIIHFHOTO ONpeacacHus BeauduH R, R; u R).
Hanpsbxenue 1y BEIOHPAIOT U3 COOTHOIICHHS

ugy=(0,1...0,3)°E..
3aTeMm, y9UTBIBas, UTO i, ~ i, ONPEICISIOT R,

u
Ry=-R
Ign



OmnpenensoT MaKCUMAaIbHBIA TOK 0a3bI i5y4x,, COOTBETCTBYIOLIHI MUHUMAITLHOMY 3HAYCHUIO Sy,
ko3¢ punmenTa f:

; _Iky
G.Make = B .
MUH

BEIOHparOT TOK iy, JETUTENS HAMPSDKEHMSI HA pe3ucTopax R; U R, MPOTEKAOIIHHA MTPH OTKIIOYSHUN
0a3pl TpaH3HUCTOpa OT AeHuTedA. [IpH 5TOM MONB3YIOTCS COOTHOIMICHUEM Iy.,=(8... 10) *i5anc-
Haxonst cymmy conpotuBiieHui R;+R;:

Ri+R; = E, fipes
OnpenessifoT HaPsDKEHNE Ugy= Urst Ugo.
IIpu 5TOM cumTaroT, 4TO U165 = (0,6...0,7) B.
Onpenensror
u
R, =%
Ben

¥, FICTIONE3YS BBIYMCIICHHOE BBIIIIE 3HAUEHHE CyMMBI (R ;+R), TTomydJaror
R; =(R;*R3)-R>.

N3noxxeHHBIN TOPSAIOK pacdyeTa BenTu4rH R, R; u R), a Takxke ApYyrue moJoOHbIe METOAUKA
pacueTa 3JIeKTPOHHBIX CXEM JI0 IPHIMEHEHHUS] MaTEMaTHYeCKOr0 MOJIETMPOBAHUSI COCTABIST OCHOBY
PYYHOTO TIPOEKTHPOBAHKS YCTPOMCTB AEKTPOHUKH. [1ocITe oJ00HBIX pacyeTOB U3 KOHKPETHBIX AIIEK-
TPOPATUOITICMEHTOB U3TOTABIIMBATIM MAKET YCTPOWCTBA M B PE3YNBTATE €r0 MPAKTIHYIESCKOrO UCCIICI0BAHMS
YTOYHSUTA 3HAYEHUS TIapaMEeTPOB JIEMEHTOB CXEMBI (K TIPHUMEPY, OIIPEIesUTH IEHCTBUTEIBHO
HEeoO0X0IMMOe 3HAYCHHE R,).

B Hacrosiiiee BpeMsi 3HauCHHE MO/IO0HBIX PACUCTOB COCTOUT B TOM, UTO OHHU:

BO-TICPBLIX, IIOMOI'atOT YACHUTDb B3aWMOCBA3b Pa3/IMYHbIX I1apaMCTPOB OJICMCHTOB 3J1€K’I“p0HHOI>i CXCMBbI,
T. €. IO3BOJIAOT 00J1¢C ITIyOOKO IMPOHUKHYTh B CYIIIHOCTh SIBJICHUM, HMCIOLINX MECTO B 3TOM CXCMC;
BO-BTOPBIX, MIO3BOJISAOT [TOTYYHTh NPEIBAPUTEILHBIC, OPUCHTUPOBOYHBIC 3HAUCHHS [TAPAMETPOB
3JIEMEHTOB, KOTOPBIC HCTIOJB3YFOTCS MPH MATEMATHYECKOM MOJICIIMPOBAHUH TS OITPE/ICTICHHS
OKOHYATEJIbHbIX 3HAUCHUI.

IIpoBemeM aHATHM3 YCHITHTEIISI C SMUTTEPHOM cTadmm3arweii. [I0CKoIbKY B JaHHOM CXeMe ICHCTBYIOT
OJTHOBPEMEHHO TIOCTOSIHHBIE U TIEPEMEHHBIE HAITPSHKEHMS, TO OCYIIIECTBIIFOT aHAIN3 CXEMBI CHavaja 1o
TIOCTOSTHHOMY TOKY, a 3aTeM 10 riepeMeHHOMY. Ho 1715t 3T0r0 BHavase H300pakaroT SKBUBAICHTHYIO
CXEeMY 3aMEIICHHS YCHITUTEIIS, 3aMEHSS TPAH3KUCTOP €r0 SKBUBAJICHTHOM CXeMOU 3amereHus. JIist
YIPOIIEHUSI aHATK3a YaCcTO B SKBUBAJICHTHOM CXEME 3aMEIIEHHS TPAH3UCTOPa HCTOYHUKOM TOKa [ ', U
PE3UCTOPOM T'x IPEHEOPETAIOT, TaK KakK I'y BEIUKO (T'x -»), a I ', Mamo (I ',->0). [lomygarot
9KBUBAJICHTHYIO CXEMY 3aMelleHus yeumnuTens (puc. 2.20).

TTapamMeTpbl 27IEMEHTOB YCHITUTENS (B YaCTHOCTH, eMKOCTH KoHaeHcaropos C; ,C, u C,) BeIOMparoT
TaKrM 00pa3oM, 4TOObI B 00JIACTH CPETHUX YaCTOT MEPEMEHHBIE COCTaBIISIO-

Puc. 2.20



e HanpspkeHui Ha kouaeHcaropax Cp ,C, u C, ObLIM MPEHEOPEIKUMO MaJIbl.

ITone3Ho OTMETUTH, YTO AMIUTUTY Bl YKA3aHHBIX TTEPEMEHHBIX COCTABIISIIONINX 3aBUCAT HE
Tosbko oT eMkoctel C;,Cru C,. B COOTBETCTBUH € U3I0KEHHBIM B JINHEMHOM DKBUBAJIEHTHON
cXeMe IS CPEAHUX YacTOT CONMPOTHUBIICHUSAMHU YKa3aHHBIX KOHJICHCATOPOB IIpeHeOperaroT.

TpaH3uCTOp ISl YCHIIUTENS BBIOUPAIOT TAKUM 00pa3oM, YTOOBI B 0OIACTH CPETHUX YACTOT
YXY/IIIEHNE eT0 YCUIINTENBHBIX CBOUCTB TIPH YBEIMUYEHHUH YaCTOTHI OBIIIO HE3HAYUTENBHBIM. Eciu
00paTUTHCS K KOMIUIEKCHOMY KO3(pPHUIHEHTY b, TO CKa3aHHOE 03HAYAET, YTO BEIOMPAIOT
TPAH3UCTOP C TAKOH MPENeTbHON YACTOTOU f,04, KOTOPAsl HE MEHBIIE HAHOOJIbIIEN YaCTOTHI U3
obnactu cpeqHuX 4actoT. [loaToMy B JTMHEIHOW 3KBUBAJICHTHON CXeMe YCUITMTEIS IS CPETHUX
YacTOT HE UCTIONB3YIOT EMKOCTH TPAH3UCTOPA, & KOAPGUIMEHT b CUUTAIOT BEIIECTBEHHBIM U
TTOCTOSTHHBIM.

B cooTBeTCcTBUU € U3T0KEHHBIM, a TaKXE C LENbI0 YIPOIIEHUS PACYETOB, B DKBUBAJICHTHOMN
CXeMe TPaH3UCTOPa OCTABIEHBI TOIBKO PE3UCTOPHI C COMPOTUBIECHUEM F4, ', © UICTOYHHK TOKA,
YIIPaBIISIEMBI TOKOM f3° i.

ITockobKy HaC MHTEPECYIOT TOIBKO IEPEMEHHBIC COCTABJISIOUIME TOKOB U HAIIPS)KCHUM, TO
BEIUYMHOHN E, M CONMPOTUBICHUEM HUCTOYHUKA NUTaHUs E, npeHeOperaroT. bynem cunrars, 4to
R,=0 v BIustHUEM PE3UCTOPOB R; U R, Ha KOIDPUITUCHT YCUIICHUS TEPEMEHHOTO CUTHAJIA Uy
MOJKHO TIpeHeOpeYb.

PaccMoTpuM TUHEIHYIO SKBUBAICHTHYIO CXEMY JJIS CPEIHUX 9acTOT, M300pKEHHYIO Ha PUC.
2.21.

IleHHOCTB 3TOM CXEMBI HE OTPAHUYHUBAETCSA TEM, YTO OHA MO3BOJISIET BBIIIOJHUTH PYYHOU
pacuer pexumMa ycuiieHus. Erne Ooitee BaXKHO TO, UTO Ta CXeMa MIOMOTAET YSICHUTh BIUSHHC
TapaMeTPOB Pa3IMIHBIX 3JICMECHTOB YCHIIUTEIS Ha CIIOCOOHOCTh YCHUJIMBATh BXOHOU curHai. 13
ATOU CXEMBI XOPOIIIO BUJIHO, YTO ISl IEPEMEHHBIX COCTABISIOIMINX TOKOB U

Puc. 2.21

HaMPsDKEHUN PE3UCTOPHI Ry U Ry BKITIOUEHBI TTapayuiesibHO. [Ipu pydHbIX TpadudecKux pacuerax
3TOT q)aKT HaxoAauT OTPaXCHUC B TOM, YTO HA BBEIXOAHBIX XaAPAKTCPUCTUKAX CTPOAT TakK
Ha3bIBAEMYIO JIMHUIO HArpy3Ku Ha nepeMeHHoM Toke JIH, HakJIOH KOTOpOil onpeaensiercs
BEITMUMHOMN
' Ry Ry

RK /A RH ———
Rg + Ry

Briie yka3piBanock, 4TO HAKJIOH JIMHUU HArpYy3KH Ha mOoCcTosiHHOM Toke JIH onpenensiercs
BenmnYuHON Rx+Ry. Vmenno no nuann JIH nepememaercs padouas rouka PT (e HPT!),
XapaKTePU3yIIas PeKUM PadOThl YCUIUTENS MPU HATMYUU IEPEMEHHOTO BXOIHOTO CUTHAJIA
Uex. Hapuc. 2.22 ykazana ammutyna U, Haps>)KCHUs: HA HArPY3KE Uy, PaBHAsA aMILIUTYAC
HepeMeHHOﬁ COCTaBJ’[HIOIIlefI HaAIPsXKCHUS Uy, 1 COOTBECTCTBYIOINUEC NIPEACIBbHBIC TOYKHU K U € Ha
munann JIH . TTpu aTOM mIpeamonaraeTcst, 9T0 TOK 0a3bl M3MEHSIETCS B TIPEAENAx OT ig; 10 Ig3.
N300pa3zum BpeMeHHbIE TUarpaMMbl, XapakTepu3ylouue padoty ycunutens (puc. 2.23).



OO0paTM BHUMaHHUE Ha TOT (aKT, YTO BHIXOJHOW CUTHAJ My CABUHYT OTHOCUTEIBHO BXOJHOI'O
ey Ha 180 rpamycos, T. €.

uax
0 .
F 3 t

I

L
Q »
u, 4 U t

/_ nm
0 =
t
L
Puc. 2.23

RC-ycunurens HHBEPTHUPYET CUTHAN 110 (aze. iHoraa 3ToT (hakT Moa4epKUBAaOT TEM, YTO CUMTAIOT
KOO(MHULIMEHT YCHUICHHSI 11O HAMPSHKCHUIO OTPULIATC/IBHOM BETMYMHOM.

KoaddhurmenT ycrneHust yCHITUTEIs Mo HanpsbKeHUIo Ky, SIBISICTCST OTHUM M3 Han00J1ee BaXKHBIX
napamerpoB ycunurensi. [lpu ycnosun, uro Rr=0, koapdunreHt K, onpeaensercs BepakeHHEM

KH :UH.m/ng.m

rae Uy, —aMIUTUTYAa BXOJHOTO HAMIPSOKCHHUS Uy, OOpaTuMest K JIMHEHHOM 3KBUBAJICHTHOM CXEME JIIs
cpemHux yacToT (puc. 2.21). O6o3Haunm uepe3 Iy, aMILIUTYLY TIEPEMEHHOMN COCTaBISAIONICH 5. TOKA
0a3bl. Torga ammmutyna /., MEPEMEHHON COCTABIISIONICH TOKa SMHUTTEpa i, paBHA (1+f)15.,m, 2
BenmuurHa U, , OITPENeAeTCs BRIPOKEHHEM

ng.m: ]ﬁ.m ¢ r6+([+ﬁ) * icim * = I6m * [I"5+(1 +ﬂ) ¢ r:)]'



Benmuuuna U, onpenensiercs BeIpaxkeHueM

UHm :ﬂ'lﬁ.m .(RK.RH)/(RK+RH)
C yuerom BeipaxxeHUH 11t Uy U Uy, TOTYyUUM

p.Ru-Ry_
__ Rg+Ry

(4 B)

O003HAYNM "epes3 7y ,, BXoJHOE U depeHIMaTbHOe COPOTHRIIEHIE TPAH3UCTOPA I CXEMBI C OOIITM
sMuTTepoM. OUEBHIHO, UTO 70 = Fo+(I+f) * 1,
B cOOTBETCTBHH € 3THM MOXKHO 3aIIHCATh:

Rk Ry
K, = a8y
Yo.00

BaxxnpIMu mapaMeTpaMu yCUITUTEINS SBIISIFOTCS €10 BXOJHOE U BHIXOJTHOE CONMPOTUBIeHUs. W13
JIMHEWHOW SKBUBAJIEHTHON CXEMbI, COOTBETCTBYIOIIEH NPUHATHIM JOMYIIECHUSIM, XOPOLIO BUIHO,
YTO BXOJ/IHOE COMPOTHBIICHUE YCHIIHTENS (DaKTHUECKU SABISICTCS BXOAHBIM Ju(dhepeHITHaAThHIM
COTIPOTUBJICHUEM TPAH3UCTOPA SIS CXEMBI C OOIIUM SMHUTTEPOM (79,5). OUEBUIHO U TO, UTO
BBIXO/IHOE COMTPOTUBIICHNUE YCUITUTENS PABHO BEIMYUHE Ry.

Koadunuent ycunenus no Toky K; onpenenstor BEIpaKeHUEM

rac ]gxm B ],.,m — COOTBCTCTBCHHO aMIIJIMTYJbI TOKa HCTOYHHKA BXOJHOI'O CMTHaJIa M TOKa

Harpy3KH.
B COOTBETCTBHHM ¢ TIPUHATHIMH JIOTYIIEHUAMH [ 4= 5. JIETKO 3aMETHTB, YTO
Ry - Ry
Lym= B o 6an” R L
H

C y4eToMm 3TOro mojaydyuM

Rk
K, =B ——K__
! B RK'I"RH

AYX n OUYX ycunuTensi aHaJI0TMYHbl TUIIOBBIM XapaKTEPUCTUKAM, PACCMOTPEHHBIM B
npeasiaymem maparpade. Crmag AUX B 001acTH HU3KHX 9aCTOT OOYCIIOBIIEH YMEHBIIICHHEM
K03 ULHeHTa YCHICHHS YCUINUTEA 32 CYCT YBCIUYCHUS PEAKTHBHOIO COMPOTUBIICHHS
emkocteii Cy ,C,, C,. Cnag AUX B 001aCTH BEICOKHX YaCTOT 00YCIOBICH OrPAaHUYCHHBIMU Ya-
CTOTHBIMH CBOWCTBAMU TPAH3UCTOPA.



2.4. YCUJIUTEJIN HA TTIOJIEBBIX TPAH3UCTOPAX

B kauectBe npumepa paccMotpuM RC-ycHuTens Ha oNeBOM TPAH3UCTOPE € P-N-TIEPEXOIOM,
BKIJTFOUEHHOM C OOIIMM UCTOKOM (pHc. 2.24). Mcmonb3yeM TpaH3UCTOP C KaHAJIOM N-THIIA.
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Puc. 2.24

J11s1 ucronb3yeMoro TpaH3KuCTopa HAYATBHOE HAPSDKEHHUE Ly JTOJKHO OBITH ITOJIOKHUTEIBHBIM (P-N-
TIEPEX 0/ JOIDKEH HAXOAUTHCSA TI0]] 3aITUPAIOIIMM HarpspkeHreM ). C IENbI0 TIOMyYeHHs STOTO HaIPsDKEHHS B
TIETTh UCTOKA BKITFOUAOT PE3UCTOP Ry, Ha KOTOPOM BO3HHKAET IMa/ICHUE HAIPSHKEHUS Uy OT
TIPOTEKAHUsI TI0 HEMY Ha49aIbHOTO TOKA UCTOKA [y, Hampsbkenue ug, depe3 pe3uctop R; mepeaaeTcs Ha
3aTBOp. Tak Kak TOK 3aTBOpa MOJICBOTO TPAH3UCTOpa IPEHEOPEKUMO MaJl, TIaJICHUE HANPSOKCHUS Ha
COTPOTHBJIEHUH R; MPAKTHYECKU PABHO HYJIIO, TIO3TOMY Uy;  URy .PACCMOTPEHHYIO CXeMy 00ec-
TIeYeHNsT HAYATFHOTO PEeXKFMa Pa0OTHI HA3BIBAOT CXEMOW C aBTOMATHYECKAM CMETIICHHUEM.

[TycTh 3a1aH HaYaIbHBIN TOK CTOKA ( Iy = Iy) ¥ HauanbpHOE HampsbkeHue U, MeXAY UCTOKOM U
3aTBOpOM. Toraa conpoTuBieHUE R, clieayeT BEIOpaTh 13 COOTHOILICHUS

_Ussn
Icy

H

Comporunenue R; 00bI9HO BRIOMparoT nopsaka 1 MOwm.

[Tone3Ho OTMETUTS, UTO paccMaTprUBacMas CXeMa 00ECTICUCHHS HAYaTbHOTO PeyKrMa padOThI
XapaKTePU3yeTCs TIOBBIIICHHON CTa0MITBHOCTRIO. ECITH Mo KaKUM-THO0 MPUYMHAM HaYaTIbHBIA TOK CTOKA
Io; HAUHET YBEJIMUMBATKLCS, TO 3TO MPUBEAET K YBEIMUEHUIO HanpsukeHnit Ury 1 U,;, uTo Oymer mpe-
MATCTBOBATh 3HAYNTEILHOMY YBEIMUCHHUIO TOKA [y,

Monynb k03duIeHTa YCHICHUS Kacka/ia B 00JIACTH CPSIHMX YaCTOT OMPE/ICIISICTCS PABCHCTBOM

‘R
K=sRe Ry
U Rc+Ry’

rae S — cTaTudeckast KpyTH3HA XapaKTEPUCTHKHU MOJIEBOTO TPAH3HUCTOPA, ONpeessieMast 1o
cnpaBounrkaM. Hasnauenune konaeHcaropos C; ,C; u Cy4 aHATIOrMYHO HA3HAYCHHUIO COOTBETCTBYIOIINX
KOHZAeHCATOPOB RC — yCUIIMTENs HAa OUIIONISPHOM TPaH3UCTOpE.

YacToTHbIe XapaKTePUCTUKH PACCMATPUBACMOT0 YCHITHTENSI ITOJO0HBI YACTOTHBIM XapaKTEPUCTUKAM
RC — ycunurens Ha OUIOJISIPHOM TPAH3UCTOPE.



2.5. IMHEWHBIE CXEMbI HA OCHOBE ONEPAIIMOHHBIX
YCWIMTEJIEH (OY)

Kax yxe oTMe4anoch, OreparioHHbIE YCHUITUTENN B HACTOSIITIEE BPEMSI MCTIONB3YIOTCS B CAMBIX Pa3TIHBIX
ANEKTPOHHBIX yCTpoicTBax. VX MIPOKO PUMEHSTIOT KaK B aHATIOTOBBIX, TAK U B UMITYJTLCHBIX YCTPOUCTBAX
JNEKTPOHUKH. B TO 7Ke BpeMsI CYILIIECTBYIOT U 4aCcTO HUCTIONB3YIOTCS TUIIOBBIE JIMHEHHBIE CXEMBI HA OCHOBE
onepalMoOHHbIX ycuinTenel. Takye TUTIOBbIE CXEMBI TOJKEH 3HaTh KaXKAbId HHXKEHEP, UCTIOIb3YIOIINI
JNIEKTPOHHBIE YCTPOCTBA. VIMEHHO TaKue CXeMBI pacCMaTPUBAIOTCS HILKE.

OudeHb TIONIE3HO OBJIAJIETh IOCTATOYHO IPOCTHIMU MIPHIEMaMU PYYHOTO aHAJII3a IEKTPOHHBIX CXeM Ha
OCHOBE OIEPAIMOHHBIX YCHJIHTENICH. DTO 3HAYUTEIILHO O0JIETYHT MOHMMAaHUE TIPUHIIUTIA JCHCTBUSL
KOHKPETHBIX YCTPOKCTB ANIEKTPOHHUKHU U OYJIET CIOCOOCTBOBATH MOTYYEHHIO JOCTOBEPHBIX PE3YIIFTATOB
MAIITMHHOTO aHAIM3a. YKa3aHHBIE TIPHEMBI aHAT3a OCHOBAHBI Ha PsiJie AOITYITIEHHI, TPHHIMAEMBIX B
TIPEJIIOJIOKEHHH, YTO UCTIONB3YEeMbIE OTIEPAIIMOHHBIE YCHIUTENIH JIOCTATOYHO OM3KHU K MIICATbHBIM.
IIpakTrka pacueToB MOKa3bIBAET, YTO PE3yIbTATHI, ITOTy4aeMble Ha OCHOBE JIOMYIIEHHUH, IMEIOT BIIOJHE
TIPUEMIIEMYIO TIOTPEIITHOCTb.

TIpumem criemyrorpe JONMyIICHHS:

1. BXomHOE COITpOTHBIICHHE OTICPAITHOHHOTO YCHIIUTENS PABHO OCCKOHEYHOCTH, TOKH BXOIHBIX
3JIEKTPOJIOB PABHBI HYIIO (R4->00, i,=i..).

2. BbIX0JHOE CONPOTUBIIECHHE ONEPAITMOHHOTO YCUIUTENS PABHO HYJTIO, T. €. ONEPALIMOHHBIN
YCUJTUTEIh CO CTOPOHBI BBIXOA SBIISACTCS UICATEHBIM HCTOYHHKOM HAMPSKCHUS (R, =0).

3. KoahurmeHT yerreHus o HanpsbKeHHO (KOX(h(hHIMSHT yYerTeHHs AuddepeHIMaT-HOrO CUTHANA)
paBeH OECKOHEUHOCTH, a AU hepeHIMATBHBIN CUTHAT B PSXUME YCHIICHHS PABSH HYIO (TIPH STOM He
JIOITYCKAETCS 3aKOPAYMBAHUS BEIBOJIOB OMIEPAITIOHHOTO YCHITUTES ).

4. B pexxume HACBIIICHHUS HAMPSDKEHUE HA BBIXOZIE PAaBHO 110 MOJIYJIIO HAMIPSDKEHUIO MUTAHKUSA, a 3HAK
OTIpEIENSIETCS TIOJISIPHOCTRIO BXOJJHOTO HanpspkeHust. [1oje3Ho o0paTuTh BHUMaHKE Ha TOT (DakT, 4To B
peXrMe HaChIIeHUs TUQQepeHIMaTbHBINA CUTHAI HETh3sI BCET[a CYATATh PAaBHBIM HYITIO.

5. CuH(]azHbIii curHaN HE JCUCTBYET HA ONEPAIIMOHHBIN YCHITHTEIIb.

6. HanpspkeHue CMEIICHHS HyIsl PABHO HYJTIO.

2.5.1. NuBepTupyromuii ycunurenb Ha ocHoBe OY

PaccMmoTprM cxeMy HHBEPTHPYIOIIETO YCHIIUTENS (pHC. 2.25), U3 KOTOPO# BUJIHO, UTO B HEll
JIEHCTBYET MapaiesbHas

i, R

i

M} 1

Puc. 2.25

oOpatHas cBs3b 10 HanpspkeHuto. Tak kak i = 0, ToO B COOTBETCTBUU C MEPBbIM 3aK0HOM Kupxroda
i i =i 2.

[Ipennonoxum, 4To ONEPALIOHHbIM YCHIIUTENb PA00TACT B PEKUME YCUIICHUS, TOTAA Uy, = 0. B
COOTBETCTBUH C 3TUM Ha OCHOBAHHMHM BTOPOTO 3aKoHa Kupxroga noryanm

_ ey

.il =t [y =P

R Ry



YUuTBIBasL, 9TO i; =i, TIOMYUAEM Ugyy = -Ugy R/R;.

Taxum 00pa3oM, HHBEPTHPYFOIINN YCUITATENh XapaKTepu3yeTcs Kod(DPUIIMEHTOM YCHUIIEHHSI 110
HaNpsHKEHHIO, PABHBIM

Hanpuwmep, ecnmu R; =1kOM,R, =10KkOM, Torna

Ugy ==10- 1, .

J1ist yMmeHbITIeH s BIVSTHYS BXOTHBIX TOKOB OTEPAIMOHHOTO YCHITUTEITS Ha BBIXOJHOE HAITPSDKEHIIE B
1IeMb HEMHBEPTUPYIOIIETO BXO/Ia BKIIIOYAIOT PE3UCTOP C CONMPOTUBIIeHUEM R; (puc. 2.26), KoTopoe
ONPELIISICTCS U3 BhIPAXKCHUS

Ry =R iR, =2Fe

0

Rj3

BxomHoe compoTHBIIeHNE HHBEPTUPYFOIIETO YCHUITUTENS Ha HU3KUX YaCTOTaX 3HAYUTEIBHO HIKE
COOCTBEHHOT'O BXOTHOTO COTIPOTHUBIICHHS ONIEPALIOHHOTO YCUITUTENSL. TO IOTHOCTHIO COOTBETCTBYET
CIIETTAHHOMY PaHHEE BBIBOTY O TOM, UTO MapaJlIelbHas OTpUIaTENbHas 00paTHAs CBSI3b, IMEIOIIAsT MECTO
B CX€M€, YMEHBIIIAET BXOTHOE COMPOTUBIICHUE. Y UUTBIBAA, YTO Uy, ~ 0, TETKO 3aMETUTh, YTO BXOJAHOE
COTIPOTHBIICHHE YCHITUTENS Ha HU3KHUX YaCTOTaX TIPHOJIM3UTEIILHO PaBHO R ;.

BrixosHOE CONPOTHBIICHNE MHBEPTUPYIOIIETO YCHUITUTEIS Ha HU3KHUX YaCTOTaX Ry CYIIIECTBEHHO
MEHBIIIE BBIXOTHOTO COMPOTUBIICHHS HA HU3KUX YACTOTaX R, COOCTBEHHO OIEPAITIOHHOTO YCHITUTEIIS.
OTO SBIIETCS CIISICTBUEM ACHCTBHUS OTPHUIIATEIIFHON 00paTHON CBSI3M 10 HAIPSLKEHHIO.

Mo>kHO TIOKa3aTh, YTO

Reux
1.;.]{._&__
R

Repix.oc =

rie K— Ko puuMeHT ycuiieHHs 1o HANPsKCHUIO ONEPALMOHHOTO YCHITUTEIISL.

2.5.2. HenHBepTupyomui ycuinTeab Ha ocHoBe OY

PaccmoTprM cxeMy HEMHBEPTHPYIOILETO YCHUITUTENTS (prc. 2.25), Tie UMEET MECTO MOCAeAOBaTEIbHAS
OTpHUILIATENIBHASI CBA3b 110 HANPSDKEHUIO. BHAYAe BBIMTOTHUM aHAINA3 CXEMBI,
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HCIIO0JIB3Ys MMPUHATBIC JONYHICHUSA, a 3aTCM BbIIIOJIHUM aHAJIW3 Ha OCHOBC BBIpa)KCHHﬁ, TMOJIY4YCHHBIX JJIA
YCHJIATEIIS C YKa3aHHOH 0OpaTHOH CBA3BIO.

B cootBercTBHM C paHee NPUHATHIMU JOMYIICHUSIMH BXOHBIE TOKH OY paBHBI HyNIO, T. €. 1 =iy =0
U, CIIE€N0BATEIbHO, I;=1),

IIpeamonoxumM, 4To ONepaIlOHHbBIH YCHITUTEb pa0doTaeT B pexkuMe ycuneHus, Toraa Uy,, = 0, Ha
OCHOBaHHH BTOpOT0 3aKkoHa Kupxroga nomysaem

URL = —Ugxs UR) =Ugy —Ugyy -

[anee umeem crieyroIpe BoIpayKeHUSL:

. . . /]
Il'Rl"—m"' ax? "2'R2=usx-ueux9 !iz—_g'
Ry
i Ugx -uawl.; Ugy Uy —Ugyy 1.1 Uy
iz_ =) = R | ugx ) Mmoot
R, Ry > R R ) R
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umzusx'&'R‘_%'r Uy = Ugy ]+""2"

TaxrM 00pa3zoM, HEHHBEPTHPYIOIIHI YCHITUTENb XapaKTepHU3yeTcs KO3 PHUIIMEHTOM YCHIICHUS 110
HaIpsHKEHUTO

K, =1+—=.

Bocnonezyemcst 001MM BBIpaKeHHEM st KOO QHUIMEHTA YCUIIEHHST YCHITUTEINS, OXBAYEHHOTO
TIOCIIC/IOBATEIILHOM OTPULIATEILHOM 0OpaTHOM CBSI3bI0 0 HarpsikeHuro. [Ipeanonosxkum, uto
WCIIONB3YETCS BXOJHOM CUTHATT HU3KOM YacTOThI, U MOATOMY OYy/IEM HCIIONIb30BaTh BELICCTBCHHBIC
koo duimentsl K, f u K, ,.. B cooTBeTcTBUM € OOIIMM BBIPRXKCHUEM

K
K, coe—0.
“C1+K-B
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1
Ku.ocz'ﬁ_'

Koaddunuent S, kak MOXKHO 3aMETHTb U3 puc. 2.27, onpenensiercss BIPOKEHUEM

R,

P=r+R;



Taxum obpazom, ipu K -» oo

R
Ky oc =1+'Ez‘;

1

YTO COBIIAJIAET C PE3YJILTATOM, IIOTYUYSHHBIM Ha OCHOBAHHMH KCTIONIB3YEMBIX JOIYIICHHIA.
Ilycts, Hanipumep, R; = 2k0m, R; = 4kOm v ug,,=2B. Torma

4.10°

2.10° i

Ugyy =2+ 1+

OOpaTrMCst K 0OIIIM BBIPXKESHUSIM TSI BXOHOTO ¥ BBIXOIHOTO CONMPOTHBIICHUM. [ Ipemomnarast, 9ro
YCHITUTEIb padOTaeT Ha HU3KOW YacTOTE, MCTIONh3YeM BEIIECTBEHHBIC COMMPOTUBIICHUS Ry ,R v oc

Reux , Rgvix.oc -110IyHaEM, 4TO BXOAHOE CONPOTUBIICHUE PACCMATPUBAEMOI0 YCHIUTEIS

npudeM TIpu K -» 00 Ry e -» 0 @

P
Recor = Rec| 14K 1 |,

AHaTOTUYHO

Ry

o .
R|+R2

OueBunHO, IpH K -» 00 Ryy—> 0. 3aMETUM, UTO MOTYUCHHOE BRIPAKCHUE COBITA/IACT C
TIPUBE/ICHHBIM BBIIIIC BHIPAXKECHHUECM JUTsl YCUITUTEIIS C MApaUIeIbHOM OTPHIATEIILHON OOpaTHOM CBSI3BIO.

Ha Bxomax onepaniioOHHOTO YCHUIUTENS, HCIOIB3YIOIIETOCS B HEMHBEPTUPYIOIIEM YCHIIUTENE,
rMeeTcsl CHH(pa3HBIA CUTHA, PABHBIA HAPSIKEHUIO Uz, ITO HEOCTATOK TAKOTO yCHUIUTENS. B
UHBEPTUPYIOLIEM YCUIUTENEe CUH(pA3HBIA CUTHAII OTCYTCTBYET.

2.5.3. IloBTopuTenp HanpsKeHUs Ha ocHOBe OY

Cxema nopropurels (puc. 2.28) JIerko MOXKeT ObITh OJy4eHa U3 CXEMbl HEUHBEPTUPYIOMIETO
YCHITUTENS TIPH

R; —» o0, Ry —» 0. 3meck mpenronaraeTcsi, 4To ONepalnOHHBIA YCHITUTENh PA00TACT B PeKUME
YCUIEHUS (Upug ~0). ICX01s U3 NOTY4EHHOTO BBIIIE OOLIETO BHIPHKEHUS JUTSl HANPSKEHUS Ugye MU
MCIoJIB3Ys BTOpOit 3akoH Kupxroda, nomydaecm

|T —
- umol

oy I
Y

Ugpix =Ugx-

Puc. 2.28



2.5.4. Cymmarop HanpsKeHUN
(MHBEPTUPYIOIIUN CYMMATOD)

PaccmoTpum cxemy cymmaropa, NpuBeJEeHHYIO Ha puc. 2.29.

Uyxy

ITpenmomnokuM, 4To ONEpaIMOHHBIA YCHINTEb PA0OTAET B PEKUME YCUIIEHHS, TOTA Uy, ~0.
VuutsiBad, 9t0 i =i =0, moxy4um

n . .
E‘j =lge-
J=1

IMpu uy,g ~0 nonyunm
Upi Slgy j , j=lyuun;

UR = Ugyy.

Ha ocHoBaHuM 3THX BbIpaXKEHUH 110CTIE HECTIOKHBIX MPEe0Opa30BaHU, aHATOTUYHBIX BBITOTHEHHBIM /IS
HMHBEPTHPYIOIIETO YCHITUTENS, IOTydacM

n

Ugpx =~—Roe * z x
A R;

um

Jlnst yMEHBIICHNMS BIUSIHAS BXOJIHBIX TOKOB OTIEPALIMOHHOTO YCHIIUTEIS B IICTIh
HEMHBEPTUPYIOLIETO BX0Ja BKIIOUAIOT PE3UCTOP C CONPOTHBIEHUEM
R,=Ry,//R].../1R,/ /Ry

2.5.5. BelunTaronmi yCuiInTeb
(ycunmurens ¢ qudpepeHaIbHbIM BXOI0M)

B BoiuuTaromiem ycunurene (puc. 2.30) oauH BXOAHOW CUIHAI [10aCTCs HA MHBEPTUPYIOLIUH
BXO/I, @ BTOPOIl — Ha HEMHBEPTUPYHOIIHUIA. | [pemonokiM, 4To oneparioHHbINA YCHUITUTENb padoTacT B
JIMHEHHOM pekuMe. Toraa Bce yCTpOHCTBO MOYKHO CUMTATh JTMHEHHBIM 1 JUTSl aHAIN3a UCTI0Ih30BaTh
TIPUHIIATI CYTICPIIO3UIINY (HATOXKEHMST).



R

® -
6—1 } b .
baxr Rj luw
o

Puc. 2.30

ITpeIoNIoKIM, UTO Uy 0, TOT/Ia COOTBETCTBYIOIIEE BEIXOIHOE HAPSKEHHUE U'g,y, OYIIET
OIIPE/ICTATHCS BHIPKECHUEM, COOTBETCTBYIOIUM MHBEPTHPYIOLIEMY YCHUIIUTEIIO:
1] Rz

Ugpxy =—lgy]

R

OnpenenuM HanpsiKEHUE Ha BBIXOMAC U gy ,€CTHU Ugyy = 0. JIJIS OIEHKH BO3CHCTBUS
HAMPSDKEHUS U, TIETIECO00PA3HO BHITIOIIHUTE, HA OCHOBE TEOPEMBI 00 YKBUBAJICHTHOM I'eHepa-
Tope, IpeoOpa3oBaHue LIENH, IOAKIIOYEHHON K HEMHBEPTU-pYOLeMy BxoAy (puc. 2.31),

R, «a» Ros ca»
s | R, :$““

Kak cnenyer n3 ykazaHHOU TEOPEMEI,

R ; Ry-
o =t S R =Rl Ry o
4

B paccmarpuBaeMoM cityyae HampsKCHUE HA BBIXOAC U'g, OYICT ONIPEACTATHCS BEIPAKCHUCM,
COOTBETCTBYIOIIUM HEMH-BEPTUPYIOLIEMY YCHUIUTENIO:

. 3 ;
u‘ - . —_—
abIx £ Rl ax2 R3+R4 Ri

B cooTBeTCTBUM C MIPUHIUIIOM CYNEPIO3UIIUU, OOIICE HAMPSKCHUE HA BBIXOAC Uy
OMPEACIACTCS U3 BHIPAKCHUS

ABEY R |1+%

et Ugx =Ugry

g

R3 +R4 Rl i RI ? npu R1:R2:R3:R4

Ugpix = Ugx2 = Ugxl-



2.5.6. CxeMbl ¢ gJUOIaMU
¥ cTabuIuTpOoHaMu Ha ocHOBe OV

PaccmarpuBaeMbIe CXeMBI ABIIIOTCS HeJIMHEHHBIMY, TaK KaK COJIEPKAT HEIMHEHHBIE 3JIEMEHTHl —
JIUONIBI ¥ CTaOMIUTPOHBL. OTHAKO YaCTO TaKHMe CXEMbI aHATTM3UPYIOT, 0e3 ucrob3oBanus DBM, kak
nHeWHbIe. [Ipr 3TOM 9acTo AUO/IBI M CTAOITUTPOHBI CYUTAIOT UACATEHBIMU U 3aMEHSTFOT OTKPBITHIC
JTIOJIBI M CTAOMITMTPOHBI 3aKOPOTKAMH, 3aIlepThIe JUOBI K CTAOUIUTPOHBI — Pa3pbIBaMH, a
CTaOMITUTPOHEI, PabOTAIOITHE B PEXKUME MPOO0S, — UCTOYHUKAMHU HAIPSHKEHUS.

IIpu ucnobp30BaHUH NOAOOHBIX CIIOCOOO0B JIMHEAPH3ALMK HEJIMHEHHBIX CXEM OCHOBHAS IpodjiemMa
COCTOHT B TOM, YTOOBI TIepe/T aHATTM30M OIPEJIEIUTh, B KAKOM PeXXUME paboTaeT KaK/IbIid HETMHEHHBIN
3JIeMEeHT. 3]1ech OOJBIIYIO TIOMOIIF MOYKET OKa3aTh OIBIT aHAIH3A MTOJ00HBIX cxeM. [ IycTh caenano
HEKOTOPOE MPEATIOI0KEHNE O COCTOSHUN HEITMHEHHBIX 3JIEMEHTOB (HalpuMep, MPe/IIoIaracTcs, 4To
TIEPBBIN O] OTKPBIT, BTOPOH 3aKPBIT U T. A1.). Tor/Ia rocie aHami3a CXeMBbI, BBIOJIHEHHOTO Ha OCHOBE 3TOT0
TIPE/TIONIOKEHYISL, HEOOXO/IMMO TIPOBEPUTH €T0 MPABHIILHOCTE. HarnpruMep, HE0OXOTMMO YOSIUTHCS, UTO
yepes MPE/ION0KUTENTEHO OTKPBITHIHA IO, 3aMCHEHHBIH 3aKOPOTKOM, TOK MPOTEKAET B MIPSIMOM Hallpas-
niern. [Ipy MaIMHHOM aHANHM3E CXEMBI, TTOI00HBIC PACCMATPHBACMBIM, aHATIM3UPYIOTCS KaK HEITMHEHHBIC,

JIig mpuMepa BBIMOJTHAM aHATHM3 CXEMBI Ha pHc. 2.32, mpeamnoaras, 4To JHO bl — HICATbHBIC.
[TIycts BHauane

gy = 1B. Ecin auog D1 oTKpBIT (3aMeHsIEM eTo 3aKOPOTKOH), a 1o D2 — 3aKkphIT (3aMEHUM €T0
Pa3pbIBOM), TO MOIYYUM SKBUBAIEHTHYIO CXeMY, TPUBEACHHYIO Ha puc. 2.33. 13 maHHOM cxeMbl
CITETYET, YTO

R
Ugprx = Ugy - 1+Fl =3B.
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Puc. 2.33



IIpoBeprM PaBUITEHOCTD CAENAHHOTO MPEATIONOKEHHSL, ISl YEro OMPEeNIUM TOK ip; Auoaa D1 u
HanpsKEHKE up; anoja D2. Mcnons3ys TOMyIIEHHE O TOM, YTO Uy,g = 0, momydaem up, = —2 B u
ip; = 0,2 mA. Tak kak HanpspKeHUe Ha auoze D2 orpuniatensHoe, a Tok yepe3 auoa D1 momoxuTte-

JIeH, MOYKHO YTBEPIK/IaTh, YTO MPETIONOMKEHHE ObLIO MPABUIHHBIM.
Ilycth Teneps ug=-1B. [lpeanonoxum, uro nuon D1 3akpsIt, a auog D2 otkperT. Torna
MIOJIyYUM SKBHBAJIECHTHYIO CXEMY, IPUBEACHHYIO Ha puc. 2.34, U3 KOTOPO# moyydaeM, u4To
0
Sy 1+— |==18B .
R,

usux

JLnst mpoBepKH MPaBUIIBHOCTH CIEIAHHOTO MPEIIONI0KEHUS ONIPENETTUM ip).

ipy =ig ==L 02,

Ry 5.10°

OueBuaHO, uTO Up; = 0. [TomyueHHBIE pe3yNbTaThl IO3BOJIAIOT YTBEPAKIATh, UTO MIPETIONOKEHUE
OBLIO MIPABUIIBHBIM.
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2.6. YCUWJINTEJIA ITIOCTOSHHOI'O TOKA

Ycunurenb Ha3bIBAKOT ycuiuTeneM mocTosHHOTO Toka (YIIT), ecnu oH MOXKeT yCHIIMBATh
IIOCTOSIHHBIC U MCJICHHO U3MCHSOIINUCCS CUTHAJIBI. Takom YCUIIHUTEIIb MOXKCT UCIIOJIBb30BaThCA U
JUISL YCUJICHHS IEPEMCHHBIX CUTHAJIOB.

Bbiiiie paccMOTpEeHBI ONEPAMOHHBIC YCUIUTEIH, SIBASIOIINECS YCUIUTEISIMU MOCTOSIHHOTO
Toka. Ho BHyTpeHHEE yCTPOMCTBO ONEPALMOHHBIX YCUIUTENCH HE pacCMaTpUBAIOCh.

IIJ'I}I TOTO, LITO6I)I IIOCTOAHHBIC NJIN MCAJICHHO U3MCHS IO LIIUCCS CUTHAJIbI MOTJIN 6I)ITb nepcaaHbl
C BXOJIa YCUJTUTEIISA Ha €T BBIXO, JOHKHBI UCIIOJIB30BATHCS TOJBKO TATBBAHUICCKUC CBS3H MCXKY
OTJCIbHBIMM YAaCTSAMH YCUIMTEIS UM 3TH CUTHAIBI JOJDKHBI OBITh TPeoOpa3OBaHbl B
NCPEMCHHEIC. HOHy‘leHHbIC NEPEMCHHBIC CUTHAJIbI MOI'YT 6])ITI) YCHUIJICHBI C TIOMOLIBIO yCHHHTCJ’[Cﬁ
MIEPEMEHHOI0 TOKA, B KOTOPHIX T'aIbBAHUYECKUE CBSI3H PA30PBAHBI C IOMOILBI KOHJICHCATOPOB
nin Tpanchopmaropos. ITociie yCuaeHUs epeMEHHBIC CUTHAIBI TOJIKHBI ObITh TPCOOPA30BaHbI B
MOCTOSIHHBIC WX MEAJICHHO U3MCHSFOIIUCCA.

ITpu moctpoerun YIIT ¢ ucmonp30BaHUEM rajibBAHUUECKOM CBSI3M MEXAY KacKajJgaMHu
nosyuaroT YIIT, KoTopoMy MPHUCYIE TAKOE BPEAHOE SIBIIEHNE, Kak Aperd Hyms. [Tox
nper (oM HyIs MTOHNMAIOT CaMOITPOU3BOJIBHOE M3MEHECHHE BBIXOJIHOTO HAMPSDKCHUS TIPH
HECU3MCHHOM HYJICBOM BXOJ/JHOM. OCHOBHBIMI/I HpI/I‘-H/IHaMI/I )lpeﬁ(ba HYJIA YCUIIUTEIA ABJIAOTCA:



V3MEHEHHUE [TAPAMETPOB IEMEHTOB CXEMBI, IIPEXKIE BCErO TPAH3UCTOPOB, 3a CUET U3MEHEHUS
TEeMIIEpaTypPhl OKPY KaIOIIEeH Cpeibl; U3MEHEHUE MTUTAIONIUX HAMPSIKCHUM; TOCTOSTHHOE U3MEHEHUE
rapaMeTPOB aKTHBHBIX U TTACCUBHBIX AJIEMEHTOB CXEMBI, BEI3BaHHOE UX cTapeHneM. CHurHan
npetia HyIs MOXET OBITh COM3MEPUM C TTOJIE3HBIM CUTHAJIOM, IOATOMY Tipu rTocTpoeHuu YIIT
MIPUHUMAIOT MEPBI IO CHIDKEHUIO apetida Hyas. OCHOBHBIMU MEpaMH CHHKEHUS Aperida sBIsioTcs
JKeCTKasi CTaOMIIN3aIHs HICTOYHUKOB MMUTAHUS YCUITUTENEH, NCTIOIh30BaHHE OTPUIATENbHBIX
00paTHBIX CBSI3eH, MpUMEHeHne OallaHCHBIX KOMIeHcamMoHHBIX cxeM YIIT, ucnonp3oBanme
3JIEMEHTOB C HEJIMHEMHON 3aBUCUMOCTBIO ITAPAMETPOB OT TEMIIEPATYPBI AJIS1 KOMIIEHCALUU
TemnepatypHoro npefida, npumenenue YIIT ¢ mpoMexyTOUHEIM TpeoOpa30BaHUEM U JIp.

Baxnbim Boripocom npu nocrpoeHun YIIT sBiseTcs Takxke corinacoBaHue MOTEHINAIOB
COCEHUX KaCKaJIOB, COINIACOBAHME UCTOYHMKA BXOAHOro curHaia ¢ YIIT, a Takxke nokito
yeHune Harpy3ku K YIIT takum 06pa3om, 4TOOKI PU HYJIEBOM BXOIHOM HAIPSKEHUH,
HaIpsDKeHUe Ha Harpy3ke Obu1o Taxke paBHO HyI0. [Tloatomy mpocreiimme YIIT, cocTosmue u3
HECKOJIBKUX KaCKaJl0B, BKIIOUECHHBIX OCIEI0BATEIBHO U COEIMHEHHBIX raJbBAHUYECKON
(HEnmoOCpeACTBEHHOM ) CBSI3bIO, JJaXKe MPU YCIOBHH COTJIACOBAHMS MOTCHIIMATIOB 001a1at0T
PSAIOM HETOCTATKOB, TJIaBHBIM U3 KOTOPBIX SBISACTCS Aperd HYIIS.

Takum obpazom, 7151 yCTpaHEHUST OTMEUEHHBIX BhIlle HenocTatkoB YIIT crpost B Buae
TapaielbHO-0aTaHCHBIX KaCKa 0B, MPEJICTABIISFONINX CO00M COaTaHCUPOBAHHBIN MOCT, B OJTHO
TIJIEY0 KOTOPOTO BKIIKOUEHA Harpy3ka, a B Ipyroe — UCTOYHUK nmuTaHusa. Cxema takoro YIIT
MpuUBecHa Ha puc. 2.35.

KomnekTopusie conpoTuBIeHus Ry ¥ Ry, Tpansuctopsl 77 u T,, pesuctop R, 00pa3yrOT MOCT, K
OJHOU TMaroHaIN KOTOPOro MOAKIIOYEH UCTOYHUK UTaHus Ex, a B IPYTy0 JUaroHalb — MEXIY
KOJUIEKTOpaMH TPaH3UCTOPOB — BKJIFOUAETCS Harpy3Ka.
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[Tpu HyNIEBBIX BXOAHBIX CUTHAJIAX M MOJIHOM CUMMETPHUU cXeMbl (Rx; = Ry, T u T, 0lMHAKOBBI)
MOTEHIMAJIbI KOJJIEKTOPOB TPAH3UCTOPOB T 1 Ty OMHAKOBBI U Uy, PABHOC U] — Usp, PABHO HYJIIO.
Bricokast cTaOMITBHOCTD CXEMBI OOBSICHSACTCS TEM, UTO TIPH M3MEHCHUH HAINPSDKCHUS UCTOUHUKA ITHTAHUS
VY TIPH OZJMHAKOBBIX U3MCHEHHSIX TIAPAMETPOB TPAH3UCTOPOB (HAITPUMED, 38 CYET TEMITCPaTyph)
TIIOTCHUAJIbI O6OI/IX KOJUICKTOPOB MMOJY4YarOT PaBHbIC ITpUpALCHUA U, CJICA0BATCIIbHO, BBIXOAHOC
HanpspKEHUE OCTACTCs PaBHBIM HYITO. B peabHBIX cxeMax BCEria IMECTCSl HEKOTOpast HECHMMETPHS TUTeY
H CYIICCTBYET HEKOTOPBIN Ipeiih HyIIsA, XOTS OH 1 3HAYMTEIIBHO MEHBIIIS, YeM B PYTUX cXeMax. BXOmTHOM
CHTHAJI B 9TOH CXEME MOYKET MO/IaBaThCsl JIMO0 MEXKITy O6a3amu, 1m0 Ha oJHY U3 6a3 pH (PUKCUPOBAHHOM
MOTEHLIMAJIC IPYTOH.

IIpencraruB R, B BUjIEC ABYX MapaieIbHO COSAMHCHHBIX COMTPOTUBIICHUNA YIBOCHHOW BEJIUYUHBI
(cM. myHKTHD Ha pUC. 2.35), MOXHO yYBHUIETh, 4TO paccMarpuBaemblid YIIT npencrasmiser coboii nBa
Kackasia C SMUTTEPHOU cTabMm3aleii, 00beIMHEHHBIX COOTBETCTBYIOIIAM 00pa3oM (CM. BEPTHKAILHBIC
paznenuTenbHbIE JTMHNH ). BKITFOUMB moceioBarehHo ¢ R, AOMONIHATEIHHBIA UCTOYHUK £, MOXKHO



00€CIICYNTh TAKOM HAYaJIbHBIN PEKUM pabOThI TPAH3UCTOPOB, ITPY KOTOPOM IIOTEHIIHAJIBI BXOJIOB PaBHBI
HYJIIO U, CIIETOBATEIILHO, BO3MOYKHO YOpaTh U3 CXeMBI COIPOTUBIICHUS nemmtencii R; ,R,, R;, R, .B
pe3ynbTare MoMyduTcs cxema Jud hepeHIMATHHOTO YCHUITUTEA.

2.6.1. InddepeHunanbHbIA YCUIUTEIh Ha OUITOJISIPHBIX TPAH3UCTOPaX

CxeMa muddepeHIIaTb-HOrO YCHIUTENS IpecTapieHa Ha puc. 2.36. Kak u mpu ananmse
OTIePAllMOHHOTO YCHIINTEIS, IIPU PAaCCMOTPEHUH TU(P(EPEHIINAIBHOTO YCHITUTES IIMPOKO HCIIONIB3YIOT
T depeHIHATEHOE BXOTHOE HAPSDKEHUE Ugy oy U CHH(PA3HOE BXOTHOE HANIPSIKEHUE Uy, oy - ITH
TIOHATHUSA TIPH OOpAIIEHUHN K OTIEPAIIMOHHOMY YCHJIUTEIIO HCTIOIB3YIOT ITIOTOMY, UYTO B Ka4eCTBE €T0
BXOJTHOT'O KacKaja IIpUMeHseTcsa AU PepeHIIualbHbIi yemmTenb. duddepeHinanbHoe BXOIHOE
HaIPsDKCHUE OIPEEIISeTCs BRIpaXKeHUEM

Ugx.oup —Uex2-Ugx1

ITyCTh tex.oup = 0, TOTAA Uy cungy =Ugx1 =Ugy2. HATIPAIKEHUE Ueyx. 0ugp HA3BIBAIOT BBIXOJHBIM

1 epeHIUaTbHBIM CUTHAIIOM, IPUYEM  Ugpix ougp = Ul — Uye2.

OcHoBHag uaes, peann3oBanHas B 1udPpepeHInaIbHOM KacKkaje, Kak 9T0 ObLIO IMOKA3aHo
BEIIIIE, COCTOUT B MCITOJIB30BAaHUH B OJTHOM IIEJIOM JBYX COBEPIICHHO OJIMHAKOBEIX MOJOBHH. JTa
uJes JOCTaTOYHO YacTO MPUMEHSICTCS B DIICKTPOHHUKE.

Hcnonp3oBaHne ABYX OJMHAKOBBIX TTOJIOBHH MPUBOJIUT K TOMY, UTO BBIXOAHOE HAIMPSDKEHUE
Ugpix.oup OUEHB CI1a00 3aBUCHUT OT BXOJHOIO CHH(A3HOIO HAMPSKEHUA M MPAKTUYEC-
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Puc. 2.36

KU ONPEJEAETCS TONBKO HANPSIKEHUEM Uy gug- Y CHIMTEID HA3IBAIOT (D epeHIMaTbHBIM [IOTOMY, YTO
Ugpix. ougp TIPOTIOPLIMOHATIBHO HAMPSKCHHIO U gy ugy (ITPONOPLMOHATIBHO PA3HOCTH HANPSLKCHUMN Ugy ; Y Ugrd)
Jlpyrue necradunvsupyroniye hakTopbl, KpoMe CHH(A3HOTO HANPSHKCHMUS, TAKXKE OKa3bIBAIOT ClIaboe
BIIMSIHUE HA BETUUMHY Uy ougp-

Ecnu yBenmuumach TeMriepatypa u BO3pOCTH TEIUIOBBIC TOKH [y U [ ;2 COOTBETCTBCHHO
TpaH3ucTopoB T u T,, TO U3-3a UBMEHEHUS HANPSHKEHUM Upk; U Upxy HA pe3ucTopax Rg;, v Rk
M3MCHSIFOTCS HAITPSDKEHUS Uy Y Uyo. ECTn conpoTuBieHus Ry u Rx»; paBHbI, @ U3MEHEHUs TOKOB [';,; 1
I 2 OTUHAKOBBI, TO HATIPSDKCHUE Uy, 0y HE MI3MCHUTCAL

I[OHyCTI/IM, YTO TOK i(] SABIACTCS HCM3MCHHBIM, a4 CXEMa ITOJIHOCTbIO CUMMCTPUYIHA U Ugyg = 0,

TOTHA Ix] = ixo~ip/2, TAK KaK TOK KOJUIEKTOPA KXKIIOT0 TPaH3KUCTOpa IMPUMEPHO PaBeH TOKY aMuTTepa. B



CITydae M3MEHEHHsI BXOTHOTO CHH()a3HOTO CUTHAJIA TOKH i U ik HE U3MEHSIOTCS U TIO9TOMY He
U3MEHSIOTCS HAMPSDKEHUS Uy U Uy, HE TOBOPS YIKE O HAMPSKEHUH Ugyx. ougp -B COOTBETCTBUH C ITHM B
PEATHHBIX YCHITUTEISIX BMECTO pe3ucTopa R, M NCTOYHUKA HalpshKeHUs £, 9acTo 11 ocnallieHus
BIMSTHYS CHH(A3HOTO CHTHAJIA UCTIONB3YIOT TY WITH UHYIO CXeMY Ha TPaH3HUCTOPax, KOTOPAsk BBITIOHSET

(DYHKIHIO UCTOYHUKA TOKA. DTy CXeMy TIPH aHaITH3€ OOBITHO 3aMEHSIOT HCTOYHUKOM TOKa (Ha puc. 2.36

IYHKTHD).

B mHTErpaibHBIX cXeMax 00IacTH MOMYPOBOHHUKA, COOTBETCTBYIOIIHE TPAH3UCTOPAM, PaCIIoNaratoT
OYeHb OJIM3KO JIPYT OT Apyra. [ToaToMy napameTphl TPaH3UCTOPOB OKA3BIBAIOTCS OYCHB OJIM3KHIMH, YTO
o0ecreurBacT CUMMETPHIO TU((EPEHIIMATBLHOTO YCHUITATEIS.

PaccMOTpHM KpaTKo MPOIIECChI, MPOUCXOSIINE B YCHIATEIC ITPH MOCTYILUICHUH Ha €T BXOJT
TIOJIO’KUTETEHOTO CUTHATIA Uy oy - LIPH YBETMUEHUH 3TOTO CUTHANA, BO-TIEPBBIX, YBEIMUMBAIOTCS TOK
0a3b1 1 TOK KOJITEKTOpa TpaH3ucTopa T, 3T0 MPUBOIUT K YBETUUCHUIO HATIPSDKCHUS Ugk, U YMEHBIIICHHIO

HanpsDKEHUS Uyo. BO-BTOPBIX, yMEHBIAIOTCS TOK 0a3bl U TOK KOJUIEKTOpa TpaHsucropa T,. 1o
TIPUBOJIUT K YMEHBIIIEHHUIO HANIPSDKECHMYS Uk U YBETMUCHUIO HAIPSKEHUS Uy1. B pesynbrare
HAIPSDKEHUE U gy gugy YBETIMUUBACTCS. ECIN HAIPSDKEHNE U gy 11y IPE3MEPHO BEIMKO, TO TpaH3UCTOP T
MOXKET BOMTH B pEKMM HACBIIIEHNUS, a TpaH3UCTOp T1 — B pekuM otcedku. IIpu oTpratensaoM
HANPSUKEHNH U gy gug) TPAHBUCTOPHI MEHSIOTCS POJIAMH.

Ha npakTuke mmpoko Ucnoms3yroTes Takoke M QepeHIMaTbHBIE YCHTUTEN Ha MOJIEBBIX
TpaH3HUCTOpax.

IIpoBeneM KOIMUECTBEHHBIN aHAIN3 PACCMOTPEHHOTO BEIIe yeunutens (puc. 2.36). Ilycts uy,q
= () ¥ yCTaHOBJICH (PMKCUPOBAHHBIN TOK iy. O003HAUMUM uepe3 by ,bemr CTATHUCCKHC

K03 (QHIMCHTHI ITepeadyr ToKa 0a3bl, a uepes b; , b, auHaMudeckre KO3 PHIMCHTEI COOTBETCTBEHHO
nuist tpanzuctopoB Ty u Ta. Ecnut beyi= bemz = bem,,b1=b2= b, TOrIa B HAUATEHOM PEIKUME

Iy =gy = 0 ~ 0
- = ?
2‘(l+ﬁc‘r) 2'301‘

!, l £0.
) s —,
K1 K2 2

Honyctum, Rg; =Rk = Rk, Torna

)
Ug =ty =E _E'Rm Ugpix ough =0.

B gactHocTH, ccim

E : E
*o*"}‘f“»m U =Ugy=—-—.
K

Takoil HauanbHbBIN peXUM pabOThI 0OECIICUNBACT MAKCUMAIbHO BO3MOXKHbBIN 1HANa30H
W3MEHEHMS HAPSDKEHUH Uy,

U2 U Ugix.ough (‘EK... + E[()
Onpenenmm kod(QQUIMEHT YCHIIeHns 110 HaNPsLKEH IO [yt AuddepenuansHoro curuana Ky,g. Iox



BO3/JIEHCTBUEM BXOIHOTO JU(DHEPEHIMATBHOTO HAPSHKEHHS Uy, ougp TOKHU i57 U i52 TIOTYHHIIHA
NPUPAILEHHUS, MOY/Ib KOTOPBIX 0003HauMM uepe3 |Aigl. Ecau tgy gup™>0, TO MpUpAIEHUE TOKA i4?

6y)ICT ITOJIOKUTCIIbHBIM, a4 TOKa i6] — OTpHULATCIIbHBIM. Ecnu B 3KBUBaJICHTHOM CXeMe TpaH3UCTOpa
YUUTBIBATh COIIPOTHUBIICHUEC ¥, U HE YUYUTBIBATH COITPOTUBIICHUE 7’5, TO

Uy up =2 (B+1)-7, - |Aig].
Herpyano 3ametuts, uto
W gsix dugp =|Af6|' B-R 2.
C y4eToM BBIPAKEHHH IS Uy ough ¥ Ugpix. ougp IOTYIUM

Ugrix.oudh _ ﬂ ‘R, = R,

Ugx.oug CB+)rn

Kdm;‘:=

Kak u3BecTHO, pH yBENMMYEHNN HAYATBHOIO TOKA B LICTH
SMUTTEpA BEIMUNHA 7, YMEHBILIAETCS, @ IPU YMEHBILIEHUH yBenuuuBaeTcs. 1103ToMy pu yBennueHnn
TOKa iy KO3 duuuent K, yBeanauBaercst. DTO MO3BOISET U3MEHSATh KOO(DHUIMEHT YCHIICHHS, H3MEHSIS

HayaJbHBIN PEXXUM PabOThl YCUIIUTEIIS.

2.6.2. Ycunurenb NOCTOSHHOIO TOKA C MOJYJISALIMEN U AeMOTy e
(ycunutens Tuna MJIM)

B ycunmurensix paccMaTtpyuBaeMoro Turia BXOJJHOM MOCTOSIHHBIN UM MEIJICHHO M3MEHSIFOIIMMCS CUTHA,
KaK YK€ OTMEUAIIOCh, MPeodpaszyeTcs (MO IMPYETCs) B IEPEMEHHBIM [TOBBIIICHHOW YaCTOTHI.
[onmy4eHHBIH CUTHATT YCHIMBACTCS ¢ TIOMOIIBIO YCHUITUTEIIS TICPEMEHHOTO HATIPSDKCHMS, @ 3aTEM BHOBb
IpeodpazyeTcs (AEMOTYITMPYETCs) B TIOCTOSIHHBIN HITH MEICHHO M3MEHsTFoImics. YacTora mepeMeHHOTO
HAIPsDKEHUS YaCTO COCTABIIACT JICCATKH KHJIOTEPIT,

CrpykTrypHas cxema ycuutens turna MJIM nipuBeaeHa Ha puc. 2.37. Moaynsatop npeodpasyeT
TTOCTOSIHHBIM MJTH MEIJICHHO U3MCHSIONHMIACS BXOAHOM CHTHAI B IIEPEMEHHOE HATIPSKCHUE ¢ YaCTOTOM
fon, OTIpENIENsIEMON TEHEPATOPOM OITOPHOTO HANIPSDKEHHUSA, U aMIUIUTYIOH, MPOTIOPIIMOHATIFHON
BXOomHOMY curHany. [lepeMeHHOe HanpsDKEHME 1, C BRIXOAa MOYIIATOPA MTOCTYIAeT Ha BXOJ
HHU3KOYaCTOTHOTO YCHITUTENSI TIepeMEHHOT0 ToKa. JleMonynsatop — (a304yBCTBUTENBHBIN
BBINIPSIMHTEITh — TIPE0OpasyeT mepeMeHHOe HAIIPSHKEHHE B MIOCTOSHHOE, TPUYEM BEIMYNHA
TIOCTOSIHHOTO HAIPSDKEHHS TPOIOPIMOHATIBHA aMILTUTYJIE TIEPEMEHHOTO HAPSDKEHUSL, a CIIC/IOBATENIBHO,
TIPOTIOPIIMOHATIFHA BXOTHOMY CHTHAIY.

BpeMeHHbIe AuarpaMMbl YKa3aHHBIX Ha CXEME HAMPSHKCHUH, MOSICHSIOIIME Pa00Ty YCHIUTES,
npuBelICHbI Ha puc. 2.38.

Bcenencreue Toro, uto B yeunmtensix tua MJIM pa3opBaHbl TalbBaHUYECKHUE CBSA3M MEXKITY KAaCKaIaMy,
yaaeTcs I0OCTUYb
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BBICOKOT'O KaueCTBa YCHJICHUS, TaK Kak Apeiid HyJIsd B JaHHOW CXeMe OTCYTCTBYeT. Takue
YCUJIMUTEIIA MOTYT UCIOJIb30BATHCSI B BBICOKOTOUHBIX (TPEIIU3UOHHBIX) yeTpoiicTBax. Eme oganm
JIOCTOMHCTBOM ycuiuTeneit tTuna MJIM siBiisieTcsi BO3MOKHOCTh M30JIMPOBATh C MOMOIIIBIO
TpPaHCPOPMATOPa BXOJHYIO U BBIXOAHYIO YacTH. M30aUpyroIIHe YCHIUTCIIN IIIMPOKO UCIOJIb3YHOTCS,
K MPUMEPY, B MEIULIMHCKOM 3JICKTPOHUKE.

2.7. YCUJIMTEJIA MOLIIHOCTHA
(MOTIHBIE BBIXOJIHBIE YCUITUTEIHN)



YcunureneM MOIHOCTH HA3bIBAIOT YCHIIMTEINb, PeTHA3HAYCHHBIH JIIsl oOecTieueH sl 3alaHHON
MOIIIHOCTH HAarpy3Ku Py IIpy 3aJaHHOM COTNIPOTHBIICHUHU HArpy3Ku Ry. Y CHIINTENh MOIITHOCTH
SIBJISIETCS IPUMEPOM YCTPOMCTB CHUIIOBOH 31eKTpoHUKH. OCHOBHAS 11T TIPU pa3pab0TKe TaKuX
YCTPOHCTB COCTOHUT B TOM, YTOOBI OT/IaTh HArpy3Ke 3aJaHHYIO MOIITHOCTD.

B npoTHBOIOJIOKHOCTh YCTPOMCTBAM CHUIIOBOM ICKTPOHUKH MIPH MTPOSKTUPOBAHUU YCTPOHCTB
nHpopMaTHBHON (MHGOPMAITMOHHON ) DJISKTPOHUKH OCHOBHAS I1€JIb COCTOUT B TOM, YTOOBI
BEITIOJTHUTH 33JIaHHYI0 00pa00TKYy CUTHAJIA U TIOIYYUTh BBIXOJIHBIE CUTHAIIBI, COJIEp KAIHUe Ty WIIH
WHYI0 HHPOPMAITHIO O BXOAHBIX. B KadecTBe mpuMepa MOKHO Ha3BaTh YCTPOUCTBA,
oTpeIesIIoNIre, B KaKoii MOMEHT BPpeMEHH BXOIHOM CHTHAJ IPUHUMAET MaKCUMaIbHOE 3HAUCHHE.
B yctpoiicTBax nHGOPMATUBHOM 3JEKTPOHUKH, KaK MPaBUIIO, CTPEMSITCS CHU3UTh MOIITHOCTh
00pabaThIBaEMBIX CUTHAJIOB JIO TAKOTO YPOBHS, IIPH KOTOPOM IIOMEX0YCTOHYNBOCTh YCTPONCTBA
emle npuemiiemMa. B ycTpoiicTBax cHI0BOM 31E€KTPOHUKH TaKyl0 3aJlauy B COOTBETCTBUU C
HU3JI0)KEHHBIM HEJTb35 CTaBUTh B IMIPUHITAIIE.

PeanbHOE yCTPOKCTBO MOXKET COJIEPIKATh YEPThI KaK CUIIOBOM, TaK U HH()OPMATHBHOM
3JICKTPOHUKH, HO 00 YKa3aHHOM Pa3IM4uH CIICAYEST IIOCTOSHHO OMHUTH, HE00X0[MMO OTMETHTB, YTO
(hyHKIMH YCTPOHCTB MHGDOPMATUBHON JICKTPOHUKH BCE Yallle OepyT Ha ce0s MUKporporieccopbl. Ho
MHKPOIIPOIIECCOPHI, €CTECTBEHHO, HE B COCTOSIHUHU BBITIONHSATE (DYHKIMH YCTPOHCTB CHUIIOBOM
ANEKTPOHUKH,

Ha ycunurens MOIITHOCTH, KaK MPABHJIO, IIPUXOUTCS ITOIABIISFOIIAs YacTh MOIITHOCTH, TIOTpeOsseMast
TEM YCTPOHCTBOM, COCTABHOM YaCcThIO KOTOPOTO OH siBiseTcs. [103ToMy BeceMepHOe BHUMAHUE YCIICTCS
TIOBBIIICHHIO KOA((PHUITMECHTA TTOJIE3HOTO ISHCTBHSI YCHUITUTENST MOIITHOCTH. J[pyroii BaxkHOM TipobieMoit
SIBJIICTCS YMEHBIIIEHUE TaOapUTHEIX Pa3MEPOB M BECA YCUITUTEIS MOIITHOCTH, TaK KaK OHH 9acTO
OTIPEICIIAIOT Ta0apUTHBIC pa3MePhl U BEC BCEro YCTPoiicTBa. I1pobieMbl OBBIIIeHHS KO3 duIpieHTa
TIOJIE3HOTO JICHCTBYS M YMEHBIIICHHUS TA0apUTHBIX Pa3MEPOB TECHO CBSI3aHBI, [IOTOMY UTO Ta0apUTHBIE
pa3Mephl U BeC YCHIIUTEIS CUITBHO 3aBUCST OT Ta0apHTHBIX pa3MePOB M Beca oxiaureneil. Yem Golbine
K03(h(PUTIMEHT TIOJIE3HOTO ASHCTBUS, TEM MEHBIIIe rabapuTHBIEC Pa3MeEPHI U BEC YCUITUTEIIS.

TpaH3uCTOPBI YCHITUTENEH MOITTHOCTH PabOTAIOT B PeKHME OOJIBITIOTO CHTHAJIA, KOT/Ia aMITITHATY/IbI
TIEPEMEHHBIX COCTABIISIOIIMX TOKOB U HANPSKEHUW JOCTaTOUHO BenuKu. [Ipu sToM 3ameTHO
TIPOSIBIIIFOTCS HEIMHEWHBIC CBOMCTBA TPAH3UCTOPOB M BOHUKAKOT HEJIMHCHHBIC HCKOKCHHS BXOTHOTO CHT-
Hayna. C Apyroi CTOpoHbI, OOBIMHO HE IOMYCKACTCS, YTOOBI BHIXOAHOM CUTHA ObLT CUIBHO HCKAXKCHHBIM.,

VYpoBeHs HenmuHEHHBIX HcKaxkeHUH U KITJ] ycunuTerns MOITHOCTH CYIIIGCTBCHHO 3aBUCAT OT
HAYaIBHOTO PEKMMAa PadOTHI, TPUUEM HEITMHEWHBIE NCKKEHHST 00 YCITOBIIMBAIOTCSI HETMHEHHOCTHIO HE
TOJTHKO BXOJTHBIX, HO ¥ BEIXO/THBIX XapaKTEPUCTHK TPAH3UCTOPOB, TaK KaK OHU Pa0OTAIOT B PEIKUME
OosbIIIoro crrHaa. MUHUMAITFHO BO3MOXKHBIN YPOBEHD HENMMHEHHBIX HCKKEHHI MOYKHO 00CCTICUUTh B
pexuMe Kiacca A, a MakcuMalibHO Bo3MokHBIH KITJ[ — B peskume kmaccoB B wm AB.

Ycmmten MOIITHOCTH OBIBAIOT OJHOTAKTHEIE U JIBYXTAKTHEIE, TIPHYEM ITEpBBIE paOOTAOT B PEXKUME
Kracca A, a BTopele — B pekuMe kitaccoB B mmm AB. OTHOTaKTHBIE YCHIUTENN MOIITHOCTH
TIPUMEHSFOTCS TIPH OTHOCHUTEITEHO MAJTBIX BBIXOIHBIX MOIITHOCTSIX (€AMHUIIBI BATT).

B cooTBeTcTBHM ¢ TpeOOBaHHEM 00ECIICUUTh 3aaHHYI0 MOIITHOCTE Harpy3ku Py, rpu pa3pabotke
YCHJTUTEITST MOIITHOCTH JIOJDKEH OBITh PEIeH BOIPOC O COOTBETCTBYFOIIIEM BEIOOPE HAIMPSHKSHUSI TTUTAHUS
YCUIIUTECIIA E. HpC,Z[HOHO)KI/IM, YTO YCUIIMTECIIb C YKa3aHHBIM HAITPsHKCHUEM ITMTAHWS MOXKET CO3/1aTh HAa
Harpy3Ke CHHYCOWJATBHBIN CUTHAT C MAKCHMATIBHO BO3MOYKHOHM aMITIATYION HAIPSKEHUS
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Toraa MakCUMaTbHO BO3MOXKHASI MOIIHOCTh HATPY3KHU Pipyaxe OMPEICITATCS BBIPAXKCHHUEM
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Ecmu o kakuM-1mm6o mpuarHaM BRIOpATh TOTydeHHOe 3HadeHue E He rmpencTapmsieTcss BO3MOXKHBIM,
JUTSI COTTIACOBAHMS YCUITMTENS M HATPY3KU MOYKHO HCIIONB30BaTh TpaHcdopmarop. OmHako TpancdopmMarop
YacTo SBISIETCS HeKENAaTebHBIM 3JIEMEHTOM YCUIIUTENS MOIIHOCTH, TaK KaK 3TO CPAaBHUTENHHO
JIOPOTO€ 1 CITIOXKHOE B M3TOTOBJIEHHH YCTPOMCTBO.

PaccmoTtpum cormacoBaHue HAarpy3KH M YCHITUTENS C IOMOIIBIO TpanchopmaTopa (puc. 2.39).
Uepez W u W, 0003HaU€HO COOTBETCTBEHHO KOJIMYECTBO BUTKOB IIEPBIYHON M BTOPUYHOM 0OMOTOK
TpaHchopMaTopa, a Yepe3 Ugyx U Ryyx — COOTBETCTBEHHO BBIXOHOE HAMPSDKEHHE M BEIXOIHOE COIPO-
THUBJICHHE YCUITUTETS.

Rusix W 1 Wo

IIpu onpeneneHNU MOIIHOCTH HATPY3KH ATY CXEMY MOKHO 3aMEHHUTh SKBHBAJIECHTHON CXEMOH,
npuBeAeHHON Ha puc. 2.40. B Hell uepe3 R’y 0003HaUCHO NPUBEJEHHOE CONPOTUBIICHNE HATPYy3KU

v R
RH = —";L,
n
rae n — ko3¢ dunueHT Tpanchopmanmu (n=W,/W;)
W3mensist k03¢ GuimeHT TpaHchopMalii, MOKHO JIOOUTHCS HEOOXOAUMOT0 COTIacOBaHUS
YCUITUTENS. U Harpy3KH, MPUYEM U3BECTHO, UYTO MaKCUMaIbHas MOITHOCTh B HATPY3KY OTAAeTCs TIpH
Ry =Ry~ OTCroma onpeneanM onTUManbHOE 3HAUCHUE KO3 UImeHTa TpaHchopMaIuu;

Puc. 2.40



2.7.1. TpanchopmaTOopHbIC YCHIIMTEIN MOITHOCTH

PaccMOTprM OJHOTAKTHBIN YCUITUTENb MOIITHOCTH, B KOTOPOM TpaHC(POPMATOp BKIIOUYEH IO
cxeme ¢ OO (puc. 2.41). Tpancdopmaropst TP, u TP, npenHasHaueHsl 11 COrNIaCOBaHUS
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Harpy3Kd U BBIXOJTHOTO COITPOTHUBIICHUS YCUITUTENS U BXOJHOTO COIPOTUBRICHUS YCUITUTEIS C
COMPOTHURJICHUEM HCTOYHHKA BXOJHOT'O CUTHAJIA COOTBETCTBEHHO. DieMeHTHI R 1 D o0ecmeunBarot
HaYaJIbHBIN PEXUM PabOTHI TpaH3UCTOPA, a C yBeIMUHBACT TIEPEMEHHYIO COCTARIISIOIILYFO,
TTOCTYTIAOITYIO Ha TpaH3uctop T.

Jst aHam3a cxeMbl i300pa3uM CEMEWCTBO BBIXOJIHBIX XapaKTEPUCTHK TPAH3UCTOPA, TMHUHN HATPY3KH 1
BpPEMEHHBIC TuarpaMMel (puc. 2.42). JIuaus 1 — 3To JUHUS HATPY3KH 1O MOCTOSIHHOMY TOKY,
BBIXOJISLLAS U3 TOUKH, COOTBETCTBYIOLLEH F,, @ HAKJIOH €€ ONPEAEsIeTCS OMUYECKUM COIIPOTHUBICHUEM
nepBudHON 00MoTKU TpaHchopmaropa TP,. Touka 0 siBisieTcs HAYaNBLHOM paboyeli TOUKOH
Tpan3ucTopa. Uepes Hee MPOXOIUT JTUHUS HATPY3KHU 10 TIEPEMEHHOMY TOKY 2, HAKJIOH KOTOPOH
ONpEeACIsCTCS NPUBEACHHBIM CONPOTUBICHUEM
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HOCTpOGHI/Iﬁ CJICAYET, YTO HAIPAKECHUEC HA TPAH3UCTOPE MOXKET JOCTUTATH IMOYUTHU YZ[BOGHHOI\/’I



BEJIMYHUHEI E,.
IIpoBeaeM KOMMYECTBEHHBIA aHAIU3 PACCMATPUBAEMON CXEMBI:

rae P'y — BbIXOHAS, MOIITHOCTD, TIPUBEICHHAs K IEPBUYHON 00MOTKe TpaHchopmaropa TP,;

Py =Py -Wgp,

rae nrp - KILJL TP, (yrp = 0,75 - 0,95).

MOMIHOCT, OTpeOIIsieMast YCUITHTENIEM OT HCTOUHHKA UTaHus Prorp  E, I, . CienoBatensuo, KI1JT

YCHITUTEIIS

F= PH __]'_Uxm'fmn
Prore ZEI('I!(H "

n

Hns uneansuoro yeunurens U, = E Loy = L, e = 1, @ clienoBatensHo, Teopetudeckuit KI1J]
YCUIIUTENS Hreop= = 0,5. Peanbusiii xxe KI1J]

Neeir= 0,3 + 0,35,

PaccMOTpyM IBYXTaKTHBIA YCHIIUTEB MOIITHOCTH (puc. 2.43). TpaH3uCTOpPEI MOTYT OBITh
BKJIFOUEHBI O cxeMe ubo ¢ OO (puc. 2.43, a), 1udo ¢ Ob (puc. 2.43, 0).

O0c cxeMbI MOTYT paboTaTh B peskuMe Knacca B (pesrictopsl R/ i R, He UCTIONB3YIOTCS ) THO0 B
pexuMax kiaccoB AB mmm A (pe3ucTtophl R; v R; 00ecIeunBaiOT COOTBETCTBYIOIINHA HAYaIbHBIH
PEKHM pabOThI TPAH3UCTOPOB).

Puc. 2.43



BpemenHnble quarpaMMel, COOTBETCTBYIONIHE Kiaccy B (puc. 2.44), moka3bIBaloT, 4TO
JIBYXTaKTHBIH YCHIUTENTh MOKHO PacCMaTpyBaTh KaK JIBE HE3aBUCHMBIC CXEMbI, PA0OTAIOIINE
TIOOUEPEITHO, KK B TEUEHHE TIONYTIEPHUO/Ia BXOHOTO cHrHana. [IpoBeieM KOMMIeCcTBEHHbIN aHATIH3
JIBYXTAKTHOTO YCHJIATEIIS, pabOTAIOIIEro B pexxuMe Kiracca B rmpu BKITFOYeHU N TPaH3UCTOPOB IO CXeMe
¢ obmeit 6azoii (puc. 2.43, 6). CpenHuli TOK (IIOCTOSIHHAS COCTABIISIONIAs ) KayKIIOro U3 TPaH-3UCTOPOB C
Y4eTOM 00paTHOTO TOKa [y
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Taxum 00pa3oM, TOK ¥ MOIITHOCTb, TIOTPEOIIEMBIC YCHITUTENIEM OT UCTOYHHKA TOKA, COOTBETCTBEHHO
paBHBL:

1
IHOTP =(]cp7‘, +I£pT| )=2[-Efm +Ion ¥

2E, 3
Prorp = ExInory 2_15_(1"’" +n- I, )=;I-L',, I,
I=Ln k.

Tak 7KC, KaK 3TO ACIAIIOCH paHCC 11 OAHOTAKTHOI'O YCUIIUTCIII MOIHOCTHU, OIMPCACINM
Uxm oI xm
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CrnenoarenbHo, KI1/] IBYXTaKTHOTO YCHITUTENSI MOIITHOCTH B peXHMe Kiacca B

Hns uneansuoro yeunurenst Uy = E JLyw = 1, nrp =1, 2

cnenoBaTeNbHo, Teopetndeckuit KI1JI n7pop = 1/4=0,78. Peanbnsbiii sxe KI1J[ cocraBnser 0,6 - 0,7.

IockombKy TpaHc(hOpMaTOp ABJIASTCS HEXKETATETBHBIM JIEMEHTOM YCHITHTENICH MOIITHOCTH, TaK KaK
HMeeT OOJTBIIHE Ta0APUTHI M BEC, OTHOCHTEITLHO CIIOJKEH B U3TOTOBJICHUH, TO B HACTOSIIICE BPEMS
HauOoJIbIIIee PACTIPOCTPAHEHHE HAXOAAT OecTpaHc(hOpMAaTOPHBIE YCHITUTEH MOIITHOCTH.

2.7.2. bectpanchopMaTopHbie YCHIUTEIN MOIIIHOCTH

PaccMoTprM BYXTaKTHBINA YCHITUTEITH MOIITHOCTH Ha OUTIOJISIPHBIX TPAH3UCTOPaX Pa3IUMIHOIO THUTIA
MIPOBOJAMMOCTH (KOMIUIEMEHTAPHBIH 3MUTTEPHBIN TOBTOPUTENb, YCHIUTEINb C JOTIOIIHUTENbHON
cummetpueit) (puc. 2.45). Tpansucrops! ycunuress padbotarotr B peskume kinacca B. [Tpu nocrymiennn

Ha BXOJ YCHJIUTEJIS ITOJIOKUTEIBHOMN TTOTYBOHBI HATIPSKSHHUS Uy, TPAH3UCTOP T paboTaeT B
pexuUMe yCUIIEeHUS, a TpaH3ucTtop Tr — B pexxume oTcedkd. [Ipy mocTymiieHuu OTpulaTeaIbHON
TIOTYBOJIHBI TPAH3UCTOPHI MEHSIOTCS POJisiMH. Tak Kak HampsoKeHUE MEXTy 02308 M IMHTTEPOM
OTKPHITOTO Tpau3ucTopa Maio (okoio 0,7 B), HapsKEHUE Uy, OIM3KO K HAMPSKECHUTO Upy.
OI[HaKO BBIXOAHOC HAIIPAXKCHUEC OKA3bIBACTCA MCKAXXCHHBIM M3-3a4 BIUAHUA HEJIMHENHOCTEH
BXOJHBIX XapaKTEPHUCTHUK TPAH3UCTOPOB. [[71s1 paccMaTprBaeMoro yCHINTENST MaKCHMAIIbHO
BO3MOXHAsl aMILUIUTYyAa HaNpsbKeHUs Ha Harpys3ke U, paBHa E. [ToaToMy MakcUManbHO
BO3MO’KHast MOILIHOCTDb HArpy3KHU OMPEAEIISETCS BhIPAKEHUEM

u,¥ 1 _ E?

V2) Ry 2:Ryg
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MoxxHOo 0KasaThb, 4TO IIpU MaKCUMAaJIbHOHI MOIINHOCTH Harpy3KW YCUIIUMTCIIb HOTpCGJ'[S[eT oT
HUCTOYHUKOB INUTAHUA MOITHOCTD, OINPCACIIACMYIO BBIPAXKCHUCM
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Ortcrofia momy4aeM MakCUMaTTbHO BO3MOXKHBIN KO3((HUIIMEHT MOJI€3HOTO JEHCTBUS YCHIUTEIS
P,

— H. MAKC = £ = 0,78.

nmxc e P

nomp .Maxe

Lt yMeHbIIIeH s HeMMHEWHBIX UCKAKEHUH 00ECTIEUNBAIOT HEKOTOPOE HaYaTbHOE CMeEIIleHHe Ha
BXOJIaX TPaH3UCTOPOB M TEM CaMbIM TIEPEBOAT UX B pexkuM Kitacca AB (puc. 2.46). Ilpu sTom
KO3(DPUIMEHT MOJIE3HOTO JEHCTBHUS HECKOJILKO YMEHbBINACTCS.

1 _JT L [jfu,;,

PaccMoTpyM TBYXTaKTHBIN YCHIIUTENb MOIIHOCTH C ONIEPAllHOHHBIM ycriIuTeaeM (puc. 2.47). B cxeme
HCIIONIb30BaHa 00111asi OTPULIATENIbHAS 00paTHAas CBs3b (Pe3UCTOphl R; U R;), oxBarkinaromias oda
Kackaza (Ha OneparyioHHOM YCHITMTEIIC M Ha OMITOMIPHBIX TPAH3UCTOpaXx ), Oarogapst KOTOpoi cxema
CO3/1aCT HACTOJIbKO MAJIbIC HEJIMHCUHBIC MCKAKCHHS, YTO YaCTO
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He TpeOyeT NOMOIHUTEIBHBIX IeNeil cMeleHns I Kackaaa Ha Tpansuctopax T; u Ty, [lockonbky
HaMpPsOKEHUE HA HArpy3Ke Ry MPUMEPHO PaBHO HAMPsKCHUIO Ha BeixoAe OY, TO MOITHOCTh HA
BBIXOJIC BCEr0 YCHIIUTENSI OTPAaHUYHMBACTCS BHIXOAHBIM HampsibkeHueMm OY.

2.8. AKTUBHBIE ®UJIBTPbI

OuUIbTPOM HA3BIBAIOT YCTPOUCTBO, KOTOPOE TepeaaeT (MPOITycKaeT) CHHYCONIabHbIS
CUTHAIIBI B OTHOM OTIPE/IEIEHHOM JTMalla30He 4acToT (B TIOJIOCE MPOITyCKaHMs) M He TepeiaeT



(3azepkMBaeT) UX B OCTAJIHLHOM JIMANa30He YacToT (B MoJioce 3a1epkuBanusi). EcTecTBeHHO,
(bUIBTPEI HCITONTB3YIOT I TIepeadu He TOJBKO CHHYCOUIAIBHBIX CUTHAJIOB, HO, ONPEaessl
MOJIOCKHI IPOITYCKAHHMS U 33JICPKUBAHKS, OPHEHTUPYIOTCS UMEHHO Ha CHHYCOHIaJIbHbIe CHTHAJIBI.
3Hast, Kak GUIBTP MepeaaeT CHHYCOUIATbHBIE CUTHAIBI, OOBIYHO IOCTATOYHO JIETKO OTIPEACITUTH,
KaK OH OYyJeT mepeaaBaTh CUTHAIBI U APYror GpopMel. B ycTpolicTBax 3MeKTPOHUKH (PHIIBTPHI
HCTIONB3YIOTCS OYCHb NIMPOKO. Pa3nuyaroT aHaoroBsie U U poBbie GUIBTPLL. B aHAaIOroBBIX
(umpTpax oOpadaThiBaeMBble CUTHAIBI HE TIPeo0pa3yroT B UG POBYIO POpMY, a B ITUPPOBBIX Tepe]
00pabOTKOM CHTHAJIOB OCYIIECTBIISIOT TaKoe Mpeodpa3oBaHue.

Hwxe paccMarpuBaroTCcsa aHaI0TOBBIe GUIBTPHL. Takue QUIBTPHI CTPOST HA OCHOBE KaK
MIACCHBHBIX (KOHJEHCATOPOB, KATYIIIEK HHIIYKTHBHOCTH, PE3UCTOPOB), TAK M AKTUBHBIX 3JIEMEHTOB
(TpaH3UCTOPOB, OMEPAIMOHHBIX ycuIuTenel). s anamoroBo# ¢huabTpamuu TIMpoKo
HCIIOJIB3YIOT TaKXkKe 3JIEKTPOMeXaHNIeCKre (DUITbTPHI: IMbe303ICKTPUYECKIe U MeXaHnYeckue. B
MbE303JIEKTPHYECKUX (MIIBTPaX MCIIOJB3YIOT €CTECTBEHHBIM U HCKYCCTBEHHBIN KBapII, a TAKKE
nbe3okepamMuky. OCHOBY MEXaHUYECKOTO (DUITbTPa COCTABIISIET TO WIIM'MHOE MEXaHUIECKOe
YCTPOMCTBO.

BaxxHo paznmnyath TpeOOBaHUS, TPEABABIAECMBIC K (DPUIBTPAM CHIIOBOU ¥ HH(GOPMATHBHOM
(uH(pOPMAIMOHHOM) SIEKTPOHUKU. DUIBTPHI CUIOBOM NEKTPOHUKH JOJKHBI UMETh KaK MOYKHO
OospIn#t K03 (GUITMEHT TONIE3HOTO JAeHCcTBUA. J[JI HUX OYeHb BaXXKHOH SBIETCS TpodiemMa
YMEHBIIICHUS TadapUTHBIX pa3MepoB. Takue GUIBTPHI YACTO CTPOSAT HAa OCHOBE TOJIBKO
MMaCCUBHBIX 31eMEHTOB. K QribTpam cUI0BO# 3MEKTPOHUKH OTHOCSTCS CTITXKHUBAOIINC
(UIBTPBI, pacCMAaTPUBACMBIC TIPU U3YUCHUH BTOPHUYHBIX HCTOUHUKOB MUTAaHUS. DUIBTPHI
“H()OPMATHBHOH NEKTPOHUKH HaIllle pa3pabaThBalOT IPU UCIIOIB30BAaHUH aKTHBHBIX
3JIEMEHTOB. [IpH 3TOM IMMPOKO UCIOIB3YIOT ONEPAITMOHHBIC YCUIUTEIH.

OuUIBTPHI, CoAepIKaIe aKTUBHBIE JIEMEHTHI, Ha3bIBalOT aKTUBHBIMU. Huke paccMaTpuBaroTcs
aKTUBHBIC (PUIIBTPHI, B KOTOPBIX OOBIYHO HE MCIIONB3YIOTCS KATYIIKH HHIYKTUBHOCTH. [103TOMY
OHH MOTYT OBITh U3TOTOBJICHBI C TPUMEHEHHEM TEXHOIOTUH HHTETPATBHBIX MUKPOCXEM (KATYIITKH
¢ OONBIIONM UHIYKTUBHOCTHIO HE YIaeTCs U3TOTOBUTH 10 YKa3aHHOW TexHoJiorun). Hepemako
aAKTUBHBIC (DUIBTPHI OKA3bIBAIOTCS JICUICBIC COOTBETCTBYIONIMX (DUIBTPOB HA MACCUBHBIX JICMCH-
TaX ¥ 3aHUMAIOT MEHBINHE 00BEMbl. AKTUBHBIC PUIBTPHI CIIOCOOHBI YCUIIMBATh CUTHA,
JISKAIMHA B II0JIOCE MPOIyCKaHusl. Bo MHOTUX CllydasX X JOCTATOYHO JIETKO HACTPOUTh. Y KaXKeM
TaKXKC U HEIOCTATKU AKTUBHBIX (PUIBTPOB:

* HCIOJIb30BAHME UCTOYHUKA ITUTAHUS;
* HEBO3MOXHOCTH pabOTHI HAa TAKMX BBICOKHUX YACTOTAaX, Ha KOTOPBIX UCTIOIb3yEMbIC
OTICPAIMOHHBIC YCUITUTEIN YK€ HE CIIOCOOHBI YCUIIMBATH CUTHAI.

2.8.1. O0miee MaTemMaTHYeCKOE OMKMCaHNe QUIBTPOB

OUIBTPBI BOOOIIE U aKTUBHBIC (DUIIBTPBI, B YACTHOCTH, SBJISIOTCS HACTOJIBKO BaXKHBIMU
YCTpOHCTBaMH 3JIEKTPOHUKH, YTO BOTIPOCAM HX CTPOTOr0, MaTeMaTHYECKOTO OMTUCAHUS YIe-
JSUTOCh M YICTISICTCS caMoe cepbe3Hoe BHUMaHue. [Ty0nukyeTcs 00bIoe YMCIo HayYHbIX CTaTeh
1 KHUT, MOCBSAILICHHBIX (UIbTpaM. J1Jis TOro, 4ToObl HHKCHED UM HayYHbIH paOOTHHUK ObLI B
COCTOSTHUY BOCTIONB30BaThCsl YKa3aHHBIMH HCTOYHUKAMH HH(GOPMAIMH, & TAKIKE CPEIICTBAMHU
aBTOMATH3WPOBAHHOTO MMPOCKTUPOBAHUS, OH JAOJKEH XOTsI Obl B OOUIMX YepTax 3HATh
0COOCHHOCTH MAaTEMaTHYECKOr0 ONUcaHus (HUILTPOB.

OOBIYHO QUIIBTP AaHATU3UPYETCS KaK KOHEYHAS JIMHCWHAS 3JICKTPOHHAS CXeMa C
COCpPEIOTOUYCHHBIMU MapaMeTpaMu. Eciu peanbHas cxeMa GuibTpa sBJIsieTCsl HeMMHEHHOHN (Ha-
MIPUMED, COJICPKUT TPAH3UCTOPHI UM ONEPALMOHHBIC YCUIIUTEIIN), TO IPU aHATU3E OHA
JMHEAPU3yeTCs U 3aTEM paccMaTprBaeTcs Kak JUHeiHas.

B cooTBeTCcTBUH C U3INOKEHHBIM (DHIIBTP OMUCHIBACTCS OOBIKHOBEHHBIM JINHEHHBIM
TG depeHInaNbHBIM YPaBHEHHEM HEKOTOPOTo MOpsAIKa 7

d'y av'y dy d"x d*'x

dx
a +E._1F+...+G‘E+dny ;an+b'.'~lF+".+b,;+bu;

aﬂ



rJie X = X(¢) — BXOAHOU cUTHAN QuIbTpa (0OBIYHO — BXOJHOE HAMPSIKEHUE);
y = y(t) — BBIXOJIHOM curHaN (pritbTpa (0OBIYHO — BBIXOJHOE HAMPSKEHHUE);
a; ,i=0,...,n; b; ,i = 0,...,m — BelIeCTBEHHbIE KOIPPUITUCHTHIL.

s GuasTpoB, KOTOPBIE MOTYT OBITH PEATM30BAHBI, BRITIOTHIETCS COOTHOIIICHHE 71> 7M.
Benmuuuny s Ha3BIBAIOT TaKXKe OPSAIKOM GuibTpa. Ecimu, Hanpumep, n = 2, TO TOBOPST, YTO
(bUITETP BTOPOTO MOPSIIKA.

Heo0xoauMo OTMETHTH, UTO BMECTO 3allMCAaHHOT'O OJHOT'O YPaBHEHHS (DHIILTP MOXKET OBITh
OTIMICaH JIMHEHHOW cucTeMol U3 n mudQepeHInalIbHBIX YPaBHEHHH TIEpBOTO MOpsAIKa (CHCTEMOMN
nuddepeHInanpHbIx ypaBuenui B popme Korn). [Tokazano, yTo BeInMUMHA U paBHA UIIH
MEHBIIIE KOJIMYEeCTBA PEaKTUBHEIX 3JIEMEHTOB (KOHIEHCATOPOB U KATYIICK HHIYKTUBHOCTH)
dunpTpa. Hanmpumep, ecii B GuiibTpe TpU KOHIEHCATOPA, TO OH MOXET OBITh TPETHETO MU
MEHBIIIEro nmopsaaka. MHxeHepy HYKHO 3HATh, 4TO HOPAI0K (UILTPaA ONpeAeisaeTcs
KOJTMYECTBOM TEX HaNpPsDKEHHWI Ha KOHJEHCATOPaX M TOKOB KaTyIeK WHTYKTUBHOCTH, KOTOPEIE
MOTYT 3aJ1aBaThCs KaK HadyaJlbHBIC HE3aBUCHMO JPYT OT Apyra.

[ns npumepa oOpaTumcs K cxeMme, TPUBEICHHON Ha pHc. 2.48.

I—H—*—G—o

VY3ke 10 cocTaBieHus: ogHoro auddepeHnrnaibHOro ypaBHEHUS WU YKBUBAJICHTHON CUCTEMBI
nudhepeHIaNbHbIX YPaBHEHUI MOKHO CKa3aTh, YTO 3TO CXeMa BTOPOT'O MOPS/IKA, TaK KaK
HayaJIbHbIC HAPSDKEHUS IPU PacueTe NEPEX0JHOr0 MpoLiecca MOXHO 3aaBaTh HE3ABUCHMO IS IBYX U3
TpeX KOHJCHCATOPOB.

ITprumeHUM K IPUBEIICHHOMY BBIILIE YPABHCHUIO MPsiMOE NpeoOpazoBanue Jlaraca v onpeneinm
nepenarouHyro GyHkIu0 T(S) Kak OTHOIICHHE OIICPATOPHOTO U300paXKeHHs Y(S) BBIXOIHOM
BCJIMYUHBI K OIIEPATOPHOMY H300paKEHUIO X(S) BXOJHOM BEJIUYHHBL

Y(s) bps" +bpys" 4. tbs+b
- - )
X(5)  ays"+a,s" +.tagstag

r7ie S — KOMIUJICKCHAs 4acToTa.
3anuiiem rnepenaTtouHyro (YHKIIMIO B CIICIYIOIIEM BH/IC:
T(s)=K (s=z)(s-2).(s—2z,)
—p)s-p;)-(s—p,)°

rae K— BelecTBeHHbII KOA(D(MHUILUCHT; z;...2,, — ...KOPHH MMOJUHOMA YHUCIUTENS (MX TPUHSITO
Ha3bIBaTh HYJSIMH);
Di...Pn — KOPHM NOJIMHOMA 3HAMEHATENs (MX MPUHSTO HAa3bIBATh MOIIOCAMH).

N3BecTHO, YTO MOJFOCHI ¥ HYJIM MOTYT ObITh MJTH BEHICCTBEHHBIMH, I KOMILJICKCHO-
CONPSKCHHBIMH.

Kak yxxe orMeuanock, mpy onucaHuy CBOUCTB (DHIIBTPOB OOBIMHO OPUEHTUPYIOTCS Ha CUHYCOUAATIbHBIC
curHaisbL. [Tpy 5TOM UMEIOT B BUJTY YCTAHOBUBLIMICS PSKUM paboThL. B Takoll cutyaiyu 1mMpoko
HCTIONB3YIOT YaCTOTHYEO MEPEIaTOUHYI0 PYHKIKIO (W), KOTOPYIO MOJYYaroT U3 OObIYHOM Te-
PeAaTouHOM (PYHKLUH MPY UCTIONB30BAHUM MOACTAHOBKH

s =jw,

r7Ie W — KpyroBast 4acToTa, paJi/cex.



Tlomy4aem

(Jo-z)(jo-z). (jo-2z,)

T(jio)=K
= o p)w—p)- (=)

YkaxeM TpH XapaKTepUCTUKHU, KOTOPbIE IIUPOKO UCIONIB3YIOTCS JIJISl OMMMCAHUS (PUIBTPOB:
*  AMIUTUTYAHO-4aCTOTHAs,
* (hazouacToTHas;
* BpEeMEHU 3aMeJlJIeHUs (TPYIIIOBOTO BPEMEHHU 3aMeIJICHHS ).

AMIUITUTYIHO-4aCTOTHAs XapaKTepHUCTHKA Mpe/ICTaBisAeT co00M 3aBUCHMOCTD BUAA

A@) =|T(jo).

3Haduenne A(w) Ha HEKOTOPOH YacTOTe JaeT OTHOIIEHHE ACHCTBYIOMMX (M aMIUIUTYIHEIX )
3HAUYCHUN CHTHAJIOB Ha BBIXOJC U BXoj¢ ¢unbTpa. Ha mpakTrke MUpoKo UCTIOIb3YIOT
aMIUTATYTHO-9aCTOTHYIO XapaKTePUCTUKY B JICITUOETaX, KOTOpas MPEICTABISICT COO0H
3aBUCUMOCTDH BHJIa

Azs(@) = 201g[T(jo)|.

(Da30‘IaCTOTHaH XapaKTCpI/ICTI/IKa — OTO 3aBUCHUMOCTH BUa
p(@)=argT(j®).

3Ha4yeHne ¢{w) Ha HEKOTOPOH YacTOTE SIBJISIETCS CIBUTOM I10 (a3e BHIXOJHOHN BEIUYUHBI TIO

OTHOIICHHIO KO BXOHHOI\/JI.
XapaKTCpI/ICTI/IKa BPEMCHH 3aMCAJICHUA — 3TO 3aBUCUMOCTDL BHUJa

_do(@)
do

T(w) =

Bennuuna T(w)— 310 BpeMs 3amemiieHus (rpynmnoBoe). OHO XapaKTepU3yeT CIBUT IO
BPECMCHH BBIXOJHOM BEIMYMHBI [0 OTHOLICHUIO K BXOJHOMH.

HaunGonee mmpoko UCHONB3YIOT aMIUIUTYTHO-9ACTOTHYIO U ()a3049acTOTHYIO XapaKTEPUCTUKH.
XapakTeprcTiKa BpeMEHU 3aMeJJICHHS He HECeT NMPUHITUINAILHO HOBOM HH(pOpMAIUH 10
CpaBHEHUIO ¢ ()a309aCTOTHON XapaKTePUCTHUKOMN, HO SBJISETCS BECbMa MOJIE3HON U UCTIONB3YeTCs
JIOCTaTOYHO 4YacTo. [{Jig ysICHEHUS pOJIM BPEMEHH 3aMEJICHHS IIPU aHaln3e (QUIBTPOB KPaTKO
paccMOTpHUM MPoOJIeMy HCKaKEeHUS (DOPMBI CUTHAJIA, COMIEPIKAIEr0 HECKOJILKO TApMOHUK, TTPH
MPOXOKICHUH ero Yepe3 GuabTp. HamomauM, 94T0 GMIBTP paccMaTpuBaeTCs Kak JTUHEHHOE
YCTPOHCTBO, TOATOMY PeYb UJIET HE O HETMHEMHBIX UCKaKEHUsIX. IMEIOTCS B BUZY UCKAXKEHUS,
MPUYUHON KOTOPBK SABJSETCS HECOBEPIIECHCTBO (ha304aCTOT-HON XapaKTEPUCTUKH (PUIIbTpA.

Bnauane paccMoTpuM QUIBTP C HACTOIBKO COBEPIICHHON (ha309acTOTHON XapaKTEPUCTUKOM,
4TO UCKKCHHE (hOPMBI CUTHANA OTCYTCTBYET. Takas pazouacToTHas XapaKTEPUCTHKA SBIISICTCS
JTUHEHHOW OTHOPOHOMN (hYHKIMEH KPYrOBOUW YaCTOTHI M ONIPEACISACTCS BRIPAKCHUEM

p(w) = —Kw,

IJIe K — MOCTOSIHHAS MOJIOKUTEIIbHAS BeTMUMHA. [IprBeieM COOTBETCTBYOLIMIA rpaduk (puc.
2.49). ITycTb BXOAHBIM CUTHAJIOM SIBIISICTCS] HAMIPSKCHUE Uy, COJICPIKALICE JIBE TAPMOHUKH (PHC.
2.50):
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Puc. 2.49 Puc. 2.50
J1st iepBoii rapMOHUKH (GIIIBTP OOecTieurBaeT CBUT 1o (asze ¢ ;(w) = —kw;, a A1 BTOpoil
TapMOHHUKH CIIBHT TT0 (ha3e OyAeT paBeH @r(w) = —kw, = —2kw;. O603HaunM depe3 17, u 1>

TICPHO/IBI COOTBETCTBEHHO TICPBOM M BTOPOM TApMOHUK, a 4epe3 f; U f> — UX 4acToThl. Ompeneanm
CIBUTH T10 BPEMEHHU #; 1 ¢;, COOTBETCTBYIOIIME CABUTAM 110 (a3e ¢; u ¢,. OOpaTUMCS K ITepBOi

rapMoHuke. JIj1s Hee CIOBHT 110 (haze —27 COOTBETCTBYET MEpHoy 77 a CABHL MO (hase ¢ ;, COOTBETCTBYET HC-
KOMOMY BPEMEHH ;.

CocraBum nporiopuyto . —2% 1)
=0
® 4

OTCrO/1a

N _-'kml=k

AHaJIOTHYIHO TIOJTydaeM

]‘2 =-—E—2-—=———--2k0)= :.":k
-0, 20
Takum 06pa30M, B pacCMaTpuBacMOM CJ1y4ac rapMOHHKHU 6y}]yT CABUHYTHI 110 BPCMCHH Ha
OJIHY U TY KC BCIIMYHUHY K U IIOOTOMY CUT'HAJI HC 6yneT HNCKaXCH, T. C. (bOpMa €ro OCTaHCTCA
HpC)KHCﬁ. HO, CCTCCTBCHHO, BBIXO)IHOﬁ CUTHAJ 6y}ICT CABHHYT OTHOCUTCIIbHO BXOAHOT'O HA BPCMs
+x (B paccMaTpruBacMOM CITydae BBIXOJHOW CHUTHAJ OyleT OTCTaBaTh OT BXOAHOTO HA BPEMS K).
Onpenenum 1J1s paccMaTpyuBacMoro (GUIbTpa BpeMsi 3aMCAICHUS:

ww)=- A9

Takum 0Opa3oM, B pacCMaTpUBaeMOM CITy4dae BpeMsi 3aMeJICHUST — DTO BPEMsi, Ha KOTOPOE
BBIXOJ[HOW CUTHAJ OYAET CIBUHYT OTHOCHTEJIBHO BXOJJHOIO.



Ecnu dazouacToTHas XapaKTepUCTHKA HEe OYJIeT JIUHEHHON OJHOPOAHOM (PYHKIIMEH KPYroBOi
YaCTOTHI, TO PA3JTUYHBIC TAPMOHHUKH OYIYT CABUHYTHI (PHILTPOM Ha pa3jIMuHbIe OTPE3KH BPEMEHHU,
H TI03TOMY (popMa CHTHAIIa, COJEPIKAIIETO He OAHY TapMOHHUKY, Oy/IeT UcKakaThcs. UeM Orke
(hazovacToTHas XapaKTEPUCTHKA HEKOTOPOTO (PIIIETPA K THHEHHON OJTHOPOAHON (GYHKIMH (1 4eM
MEHBIIIE 3HAYCHUS BPEMEHU 3aMeIJICHHUS OTJIMYAKTCSA OT HEKOTOPOH KOHCTAHTHI), TEM
HCKQKEHUs OYAYyT MEHBIIIE.

[ToaTOMY TIpH UCIIOTH30BAHUN CUCTEM aBTOMAaTH3UpoBaHHOTO mpoekTrpoBanus (CAIIP)
XapaKTEePUCTHKY BPEMEHH 3aMeIJICHHUS YACTO BBIBOJAT HA SKPaH KOMITHIOTEPA U UCTIOIB3YIOT JUJIS
OIIEHKH MCKaXXeHWH CUTHAIOB QUILTPOM. Bpems 3aMeieHUs Ha3bIBAIOT TaK)Ke BpeMeHEM
3ama3/bIBaHHs.

U3 U37105)KEHHOTO CIIEYET, YTO YACTOTHBIE XapaKTEPUCTUKH (HUITBTPA MOJTHOCTHIO
oTIpeIeNI0TCS 3HaUeHneM kosdduinenta K nepenarouynorl GyHKIIUH, a TaK)Ke 3HAUCHHEM ¢
HyJed ¥ IOT0coB. HylTn 1 TIOIMIOCKT 4acTo n300pakaroT B BUJIE TOUEK Ha TUIOCKOCTH KOMILIEKCHOH
Y4acTOTHI (S-TIJIOCKOCTH ), TTOTy4asi TaK Ha3bIBAEMYIO JIMarpaMMy HyJel U momocoB. Takas
JquarpamMma BMecte ¢ KoddduiuenToM K HeCeT MOTHYH WH(OPMAIIMIO O YaCTOTHBIX CBOMCTBAX
dbunsTpa. Mes auarpaMmy HYJICH U MTOIOCOB, JIETKO OMPEACITUTh 3HAUCHUS MOTIYJI U apTyMCHTA
YaCTOTHOH MmepelaTOuHON QYHKIUH, T. €. KO3 PHUIIMEHT YCUIIeHUs U CIBUT 1o (dase.

JomycTrM, 9TO HEKOTOPBIH MOIIOC p, PACIIONIOKEH HA S-TDIOCKOCTH TaK, KaK MOKa3aHo Ha pHC.
2.51. IlycTh kpyroBas uactoTa paBHa w;. Toraa s ydera 1oJtoca p, B 3HaMeHaTelb ApooH,
omnpenensitomied Benuuauny |7(jw)|, cineayer 1o0aBUThL COMHOXKHUTEINb, PABHBIH JIITMHE BEKTOPA C
HAYaJOM B TIOJIIOCE P, M OKOHYaHWEM Ha MHUMOM OCH C OpJJUHATON W;, a B alITeOpandecKyro
CYMMY, ONIPEENSIONIYI0 BETHIUHY

Ims 4

0y

Res

Pe

Puc. 2.51

argT(jw), cnenyer 106aBUTH ClaraeMoe —@y ,[7A€ (x — YroJl, YKa3aHHBIN Ha PUCYHKE.

2.8.2. Knaccudukanust GpuabTpoB 10 BUY UX aMIUIUTYIHO-9aCTOTHBIX
XapaKTEePUCTUK

PaccMoTprM OCHOBHBIC TUIIBI (PHIIBTPOB, KJIACCUDUIIUPYEMBIX IO BUAY aMILTUTYIHO-
YaCTOTHBIX XapaKTEPUCTHUK.

Quabmpwl HUMNCHUX Yacmom. J1ns GpunbTpoB HMKHUX yacToT (DHY) xapakTepHO TO, 4TO
BXOJTHBIC CUTHAJIBI HU3KHMX YaCTOT, HAYMHAS C TTOCTOSIHHBIX CUTHAJIOB, MEPEAAOTCS Ha BHIXOI, a
CUTHAJIbI BBICOKUX YaCTOT 33JICPKUBAIOTCS.

[TpuBeaem npuMepsl aMIUTMTYIHO-YaCTOTHBIX XapaKTEPUCTUK (DHUIIBTPOB HIDKHUX YacToT. Ha
puc. 2.52, a moka3aHa XxapakTepUCTHKA UeallbHOTOo (He peain3yeMoro Ha TpakTuke) GuibTpa (ee
WHOT/Ia HAa3bIBAIOT XaPaKTEPUCTUKON THITA «KUPITMYHAsS CTeHA»). Ha aqpyrux pucyHkax
TIPEJICTABIICHBI XaPaKTEPUCTUKN PeaTbHBIX (UIBTPOB.
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ITonoca nponyckaHus JIEKUT B MpeieNiax OT HyJAeBOM YacTOTHI 10 YaCTOTHI cpe3a w,. OOBIYHO
4acTOTY cpe3a OMPEACTIIOT KaK YaCTOTy, Ha KOTopou BenmuauHa A(w) pasHa 0,707 ot
MaKCHMAJILHOTO 3HaueHHUS (T. €. MEHBIIIC MAaKCHUMAJIBHOTO 3HaueHUs Ha 3 1b).

ITonoca 3anep>xuBaHus (TIOJaBICHUS) HAUUHAETCS OT YaCTOTHI 3aJePKUBAHUSI W3 U
TIPOAOIDKAETCS O OECKOHEUHOCTH. B psifie cIydJaeB 4acTOTy 3aepKUBAHMSI ONIPEACIIIIOT KaK Ja-
CTOTY, Ha KOTOPOH BenmnuuHa A(w) MeHbIlIe MaKCUMaapHOTO 3HadeHus Ha 40 b (T. €. MeHbIIE B
100 pa3).

Mexay monocamMu MPOIMYCKaHUS M 33JICPKUBAHUS Y PEATbHBIX (GUIBTPOB PACIIOI0KECHA
TepexoaHas mojoca. Y uearbHOro (pribTpa NepexoaHas moiaoca OTCyTCTBYET.

Quaempsl 8epxHux yacmom. OUIBTP BEPXHUX YACTOT XapaKTEPEH TEM, YTO OH IIPOITyCKaeT
CUTHAJTBI BEPXHUX U 33JIeP’KUBAET CUTHAIBI HIDKHIX YaCTOT.

YacToTHBIC XapaKTEePUCTHKN (DUIBTPOB BEPXHHUX YACTOT, KaK U XapaKTEPUCTUKH (QUIBTPOB
HH)KHHX YaCTOT, MHOTOOOPAa3HbI B CBOUX JICTANAX.

M300pa3um 11 MULTIOCTPALIMK IBE XapaKTePUCTHKU: UACATIbHYIO, Hepeanu3yemyto (puc. 2.53,
a), ¥ OJIHY M3 TUIIMYHBIX pealibHbIX (puc. 2.53, 0). Uepe3 w, 1 w3 0003HAYCHBI YaCTOTHI CPe3a U
3aJIep)KUBaHHUS.

A(w) A(w)
I _ /i
0 o o 0 oo g
a &
Puc. 2.53

Tonocosvie dhunvmpwi (nonocro-nponyckaiowjue). I1onocoBoit HUILTP MPOITYCKACT CUTHAIIBI OTHON
TIOJIOCKI YACTOT, PACTIONIOKEHHOW B HEKOTOPOH BHYTPEHHEH YacTi OcH 4acToT. CUTHAJIBI C YaCTOTaMHU BHE
3TOU TOJIOCHI (PUITBTP 33CPIKUBACT.

M300pazumM aMILUTYTHO-4aCTOTHYHO XapaKTePUCTHKY JUIsl MACATLHOTO (Hepeain3yeMoro) Gpuibrpa
(puc. 2.54, a) v OIHY U3 TUITUYHBIX PEATBHBIX XapaKTEPUCTUK (puc. 2.54, 0). Uepes w.; u w2
0003HAUCHBI JIBE YaCTOTHI cpe3a, Wy — cpeHssa yactora. OHa ONpeensieTcs: BRIPAKCHUEM
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Pesicexmopuvie ghunompot (nonocro-3acpadxcoarouyue). PexxeKTopHbIe (PHITETPEI HE IPOITYCKAIOT
(3a1ep)KUBAIOT) CUTHAITBI, JIS)KAIIME B HEKOTOPOH ITOJIOCE YaCTOT, M IIPOIYCKAIOT CUTHAJIBI C IPYTUMHU
gacToTaMu. M300pa3uM aMILTUT Y THO-4aCTOTHYEO XapaKTEPHCTHKY JUTS HIEATBHOTO (HEpeaTn3yeMoro)
¢dunbTpa (puc. 2.55, a) 1 0JIHY U3 TUIHYHBIX PEATTbHBIX XapaKTEPUCTHK (pHc. 2.55, 0).

A(w)A Ao

=k
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0 W 0

Puc. 2.55

Bcenponyckarowue gpunsmpot (hazosvle koppexmopot). ITi (PUIBTPHI IPOMYCKAKT CUTHANBI JIFOO0H
4acTOTHL ITOCTPOMM COOTBETCTBYIOIIYIO aMILIUTYIHO-4aCTOTHYIO XapaKTePUCTUKY (pHc. 2.56).
Takue GUIBTPHI UCIIOIB3YIOTCS B HEKOTOPOU SJIEKTPOHHOM cHCTEME JIJIsl TOTO, YTOOBI U3BMEHUTH C
TOW WJIM MHOM 1IeTIbI0 (Da304aCTOTHYIO XapaKTEPUCTUKY BCCH CHCTEMBI.

A(w) A

Puc. 2.56

I/ICXO}IH 13 NIPUBEACHHOTO BBIIEC MATEMATHYCCKOT'0 OITMCAHUA q)HHBTpOB, HETPYAHO CACIATh
BBIBOJI, YTO XO/I aMIUIATYTHO-9aCTOTHOHN XapaKTEPUCTHUKY Ha JJOCTATOYHOM YAAJICHHUH OT TOJIOCHI
MPOIYCKaHUS MPSMO OMPEASIACTCA NOPSAKOM (UibTpa. DTOT GakT XOPOIIO UILTIOCTPUPYIOT
aMIUIATYTHO-YaCTOTHBIE XapaKTEPUCTUKH, BEITIOJIHCHHBIC B JIOrapru(MUUESCKOM MaciuTabe.
PaccMoTpuM ykazaHHBIC XapaKTEPUCTHKH JIJI1 HEKOTOPBIX (hHUIIBTPOB PA3JIMYHOIO MOPsIIKa,
UMCIOIINX OJMHAKOBBIC KO3 (DUIMEHTHI YCUIICHHUS HA HYJIeBOM yacToTe, paBHbie 100 (puc. 2.57).

W3 MaTeMaTu4ecKoro OMUCaHMs CIACAYET, YTO HA JIOCTATOYHOM PACCTOSIHUH OT MOJIOCHI
MPOIMYCKaHMS HAKJIOH XapaKTCPUCTHKH
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paBed —20n ab/nmek, rae n — nopsanok GuinbTpa. Hakmon —20 ab/mek o3HadaeT, 4TO yBEIIMUCHHE
gacToThl B 10 pa3 mpuBOIUT K yMEHbIIEHUIO KodddunrenTta ycuneHus B 10 pa3, a Haknon —40
nb/nek 03HaYaeT, 4To yBEIUYCHUE YacTOThI B 10 pa3 mMpUBOAMT K YMEHBIICHUIO KO3 duineHTa
ycunenus B 100 pas.

W3 M3T0KEHHOTO CITEITYET, YTO €CIH HEOOXOIMMO 00ECTICUHTE 00JTee OBICTPOS M3MEHEHHE KOI(h(PHUICHTa
YCHJICHHS Ha YJTATICHHH OT TOJIOCHI TIPOITYCKAHMUS, TO CIIGAYET YBEMUIUTE MOPSIOK (DHIBTpa (HO TP STOM
cxeMa (prIbTpa YCIKHICTCS).

2.8.3. Knaccudukanus GpuiabTpoB
110 OCOOCHHOCTSIM TTOJIMHOMOB, BXOJISIINX B TIEPEIaTOYHbIC (yHKITUN

PaccmoTpum 3Ty KiaccuuKamuio Ha IpuMepe GUILTPOB HU3KOM 4acTOThl. CBOMCTBA
(hUITBTPOB CUIIBHO 3aBUCAT OT TOTO, KAKUMH ITOJIMHOMAMH OMUCKHIBAIOTCS UX MEPEJATOUHBIC
(hyHKIIMH, WK, TPYTUMU CIOBAMHM, OT TOr'0, KaK PACHOI0KCHBI HYJIM M MOJIFOCHI HA MJIOCKOCTH
KOMILJICKCHOM 4acTOThl. YKa3aHHbIC OCOOCHHOCTH MAaTEMAaTHYCCKOTO OMUCAHUS OMPEACISIIOT X0
aMIUTUTYAHO-YaCTOTHBIX XapaKTEPUCTHK B TIOJIOCE MPOMYCKAHUS U B IIEPEXOAHOM mojoce. X0
XapaKTepUCTUK HA YIAJCHUHU OT MOJOCH MPOMYCKAHUS, KaK YK€ OTMEYaIIOCh, OIPEACISICTCS
TOPSAKOM (PHITBTpA.

Ha mpakTuke mmpoKo WCIONB3YIOTCS (PUIBTPHI, OTIIHYAIOIHECS XapaKTePHBIMA
OCOOEHHOCTSMU TTOJTMHOMOB TTEPEIaTOYHBIX (YHKIHHA. DT0 punbTphl barTepBopTta, UeOrIméERa,
Beccens (TomcoHna).

g puneTpoB batTepBopTa XapakTepHO TO, YTO TOTIOCHI JIEXKAT Ha TIOTYOKPYKHOCTH B JICBOH
TIOJIOBHHE S-TITOCKOCTH. [lomroce! ¢punbTpa YeObIméBa pacoaoKeHbl Ha YacTH 3yutuica. [1oarocsr
¢dbunsTpa beccens pacmonoxeHsl Ha KPUBOU, Jeallell BHE YKa3aHHOW MOTYOKPYKHOCTH.
CkazaHHOE WILTFOCTpUpYeTCs Ha puc. 2.58. XapakTep pactoyIoKeHHs TMOTI0COB ONpeaesieT
cieayromre 0COOEHHOCTH 3TUX (DUIBTPOB.

OueTpsl barTepBopTa XapakTepu3yTcs Han0oJIee MII0CKOH aMILTUTYIHO-YaCTOTHON
XapaKTEPUCTUKOM B TIOJIOCE MPOIMMYCKaHUsA. DTO UX NOCTOMHCTBO. Ho B mepexoaHol mosoce
yKa3aHHBIC XapaKTCPUCTUKH CIIAAt0T IJIABHO, HEJIOCTATOYHO PE3KO.

OunbTphl UeObIIEBA OTIIMYAIOTCS PE3KUM CIIaJJIOM aMILTUTYHO-4aCTOTHBIX XapaKTEPUCTHK B
MEePEX0IHOM TOJI0CE, HO B TIOJIOCE MTPOMYCKAHUS 3TH XapaKTCPUCTHKHU HE SBIISIOTCS TIIOCKUMH.
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OueTphl beccensa xapakTepusyroTcsi O4eHb TOJIOTMMH yYacTKaMH aMIUTUTYAHO-YaCTOTHBIX
XapaKTEPHUCTHK B IEPEXOAHON MOJIOCE, emle OoJiee MoIoTuMHu, 9YeM y GunbTpoB batrep-Bopra. Mx
(ha309aCTOTHBIC XapaKTEPUCTHKH JOCTATOYHO OJIN3KH K UACATBHBIM, COOTBETCTBYIOIIHM
MOCTOSTHHOMY BPEMEHU 3aMEJIJICHUS, TIOATOMY TaKue QUILTPHI MaJo UCKaXKAIOT (hOPMY BXOJHOTO
CHUTHaJa, COACPIKAIIEro HECKOIBKO TAPMOHHK.

N300pa3zum aMIIATYyAHO-YaCTOTHBIE XapaKTePUCTUKU (QUIBTPOB YKa3aHHBIX THIIOB (PHC.
2.59). IIpeanosnokumM, 9To Bce (GUIBTPHI HMEIOT OJUHAKOBBIA MOPSAIOK U OH3KHE KO3 (PHUITHSHTHI
YCHJICHHSI B TTOJIOCE MPOIycKaHus. [l Toro, 9To0bl XapaKTEePUCTHKHU ObLTH 0COOCHHO
HATJISHBIME, BOCIIOJIB3yeMCS THHEHHBIM MAcCIITaboM.

ITone3Ho BBITIOJHUTL CPABHEHHE TUITOB (DUIIBTPOB | 1O UX MEPEXOTHBIM XapaKTePUCTUKAM (T. €.
BO BPEMCHHOM 00J1acTH).

Ha puc. 2.60 noxaszaHbl THITMYHBIC IEPEXOHBIC XapPAKTCPUCTUKU (PUIBTPOB, T. €. BPEMCHHBIC
JIMarpaMMbl BBIXOJTHBIX HAMTPSDKCHHUM MTPU CTYIICHYaTOM H3MCHCHUHW BXOJIHBIX HanpsokeHUH. U3
PUCYHKA CIIEJIYET, UTO BO BPEMEHHOU o0yiacTu (GuiibTp beccens umeer HammydIme CBOKWCTBA,
unbTp YebbiéBa — HaMXyAlIMEe CBOMCTBA, a GuiabTp barrepBopra 110 CBOMM CBOWCTBAM
3aHUMAET MMPOMEXKYTOUHOE MOIOKCHHUE.
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2.8.4. OcoOEHHOCTH POEKTUPOBAHUS AKTUBHBIX (PUIBTPOB

Texaudeckre TpeOOBAHUS IPY MPOSKTUPOBAHUU AKTUBHBIX (PHIIBTPOB OOBIYHO OTIPEIEISIIOT
OCHOBHBIE TIapaMETPhI AMITUTYTHO-4YaCTOTHOHN ¥ ()a309aCTOTHOM XapaKTEPUCTHK, a TaKXKe Ipyrue
TpeboBaHus, HanboJiee BayKHbIE I 3aka3uuka. Cpeu yKa3aHHBIX APYTUX TPeOOBaHUN 4acTo
(hurypupyrot TpeOOBaHMS B OTHOIIIEHHH YYBCTBUTEIHHOCTH YACTOTHBIX XapaKTEPUCTHK K
W3MEHEHUIO MMapaMeTPOB IEMEHTOB, BXOIAIINX B (PIIILTP (COMPOTURIICHUH PE3UCTOPOB, EMKOCTEH
KOHJICHCATOPOB U T. J1.). ECIM 4yBCTBUTENHLHOCTD BBICOKA, TO (DHITETP MOXKET IOTPEeOOBATh CIIOKHOM
HACTPOWKU, U CYIIECTBYET OMACHOCTh, YTO B TIPOIIECCE €70 SKCIUTYaTallF v TP CTAPEHUH IIEMEHTOB
CBOICTBa (DMIIbTpa HAYHYT U3MEHATHCS.

IIpu mpoexTHpoBaHUN (IITHETPOB BHICOKOTO ITOPSIIKA 71 YaCTO UCTIONB3YEOT CIIEITYFOIIHIA TIOIXOI.
Bnauare Oyziem cuuraTh, 9T0 n — 4deTHoe uuciio. [lepenarounyro Gpynknuio 7(s) MpeCTaBIsIoOT B BUJIE
TIPOU3BE/ICHHS] COMHOMKHUTEIICH, TIPUYEM KaXKIBIH COMHOXKHTEITh SIBISICTCS TIePeIaTOYHON (DyHKITHEH
BTOPOTO MOpSAKa:

1= U5,

i=1

Tpu 5TOM QHIBTP MOPSIKA /2 CTPOUTCS KaK CXeMa, COCTOSIIAst M3 KacKaI0B B KOJMYECTBE 1/2, IpHIEM
KOKIBIA KacKaJl ABISIETCS (PUITBTPOM BTOPOTO MOPS/IKA K COOTBETCTBYET OMPEACICHHOMY COMHOKHTEITIO
T; (s). HacTo CTIONB3YIOT OIHY U TY JK€ 0A30BYIO CXEMY IUTS BCeX KackafloB. [ lapaMeTphl 21ieMEHTOB 3TOM
CXeMBbI (COIPOTUBIICHHS PE3UCTOPOB H EMKOCTH KOHIEHCATOPOB) A/ KAXKI0T'0 i-T0 KACKAIA OIPEICTISIOT
TaK, 4TOOBI KaCKaJl OIUCKHIBAJICS MepeaaTouHol ¢pyHkmueit 7;(s). B obIeM crydae mapaMeTpsl
3JIEMEHTOB Pa3IMYHbIX KACKaIOB PA3IMUHbL ECIIN 41CiIo 1 HeYeTHOe, TO B cXeMy (HIBTpa IOMOIHUTEILHO
BKJIFOUAIOT OJIMH KaCKaJI, SIBJISOIIMHCS CHBIO EPBOTO MOPSJIKA.

2.8.5. CxeMbl aKTUBHBIX (DUILTPOB

IIpuBeneM B KadecTBE IPHUMEpa IBE CXEMBI (DUITETPOB BTOPOT'O TTOPSIIKA.

Brauane n300pazumM cxemy (GHIBTpa HIDKHHX 4acToT (puc. 2.61). M0oXHO 3aMETHTh, YTO Ha HU3KUX
yacToTaX (M Ha MOCTOSHHOM TOKE) (PUIIBTP UMeeT KOI(D(MUIMEHT YCUIICHHUS, KOTOPBIM OUCHIBACTCS
CIICYIOIINM BBIPOKCHIEM:

(K-1)-R

K=1+

rae K — Bemu4HHA, OTIPEICIISIONIas CONPOTURICHHE B Lienn oOpaTHOM cBsizu (K— 1)R (puc. 2.61).
G
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Puc. 2.61



[IpuBeneHHOE BBIpaXKEHUE COOTBETCTBYET HEMHBEPTUPYIO-ILIEMY YCHUITHTEIIO.

[Ipy yBenn4eHNH 9acTOTHI BXOJHOTO CUTHAIA HAMIPSDKEHUE HA BBIXO/IC YMEHBIIAETCS. Y KaKeM
JIBE TIPUYMHBI 3TOTO YMEHBINIEHUS. Bo-IepBhIX, yMEHbINACTCS HAPSKCHNE HA HEMHBEP-THP YIOIIEM
Bxojie (T. e. Ha eMkocTu C,) U3-32 YMEHBIIIEHUS MOAYIS KOMIUIEKCHOTO COTIPOTHBIICHHS] eMKOCTH
C,. Bo-BTOpHBIX, yMEHBITIaeTCSA HAMPSKEHUE U, U3-3a TOTO, YTO MOJYJTh KOMILUIEKCHOTO
COmpOTUBIEHHUS eMKOCTH C; YMEHBIIIAETCA U YePe3 3TY EMKOCTh C BBIXOJ[a YCHIIMTENS B TOUKY «a»
MI0/Ia€TCsl TOK, KOTOPBIA 3HAYUTENHFHO CABUHYT M0 (ha3e OTHOCUTEIHHO HAMPSIKECHUS Ugy.

Janee paccMoTpuM cxeMmy (GHIIBTpa BEPXHHUX 9acToT (puc. 2.62). Ha BRICOKMX dacToTax
ko3 unmenT ycunenus uistpa paBer K. PaccMoTpennsle GUIBTPBI MOTYT COCTABIATh
ocHOBY ¢uinbTpoB barreppopra, UeOnméra, beccensa i GUIbTpOB Ipyroro THUIIA B
3aBHICHMOCTH OT TTapaMeTPOB Pe3UCTOPOB R; 1 R, koHaeHcaTopoB C; u C,.

Kpamxan xapaxmepucmuxa akmugHwIx (hiutbmpos Ha nepexioyaemvix KoHoeHcamopax. llepeximodaeMplii
KOHJICHCATOp — 3TO CBOETO POJia J03aTop, MepeaolIii CTPOTO ONpe/IeIcHHbIE 3apsyIbl U3 OTHOM
ANEKTPUIECKOH TIETH B IPYTYi0. M300paziM yIpoIeHHY0 CXeMy, IOSICHSIONIYIO pa0oTy IepeKIouaecMoro
KoHAeHcaTopa (puc. 2.63). Kmtouu S; u S, paboraror
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Prc. 2.62
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B poTuBO(ase, T. €. KOraa K4 S; 3aMKHYT, K104 S, Pa30OMKHYT, ¥ Ha000poT. ITociie 3aMbIKaHus
KJIro4a S; KOHJICHCATOP HAKAaIIMBacT 3apsy u,,C, MOydas ero OT HCTOYHHKA BXOJHOTO HAIPSKCHUS.
ITocre 3aMBIKaHUS KiTto4a S, KOHJACHCATOP OTAAeT yKa3aHHBIHA 3apsiyl B IIETb 3TOro Kimoda. YeM varrie Oy-
IIyT TIEPEKITFOUATHCSI KITFOUH, TeEM OOJBIIIHIA 3apsi/I B €IUHHILY BpEMEHH OYIET IepeIaBaThCs B YKa3aHHYIO
LieMb, T. €. TeM 00JIbIIIe OyIET CpeaHee 3HaueHne TOKa i. MICmoIp30BaHue EPEKII0YaeMOro
KOHJICHCATOPA TO3BOJISIET U3MEHATH CPEHEe 3HaUeHNEe TOKA I ITyTeM N3MEHEHHS YaCTOTHI
MEePEKIIOUYCHMS. B 3TOM CMBICIIC MEepeKITIF0uaeMBblii KOHJICHCATOP UIPACST POJIb PE3UCTOPA C PEryIUPYEMBIM
COTTPOTHBIICHHCM.

AKTHBHBIC PUIBTPHI HA IEPCKIIOUAEMBIX KOHACHCATOPAX UMCIOT CIACAYIOMINE JOCTOMHCTBA:
o OHH A0CTATOYHO JACIICBLIC, TaK KaK IMPHU UX U3TOTOBJICHUU HUCITOJIB3YCTCSA OTHOCUTCIBHO
pocTast TEXHOJIOT U,
. HX JICTKO IIEPECTPanBaTh HA APYIMC YaCTOTHI, AJIs YErO JOCTATOUYHO U3MECHSITh YacTOTY
MEPEKIIOUCHHUSA. AKTUBHBIC (DMIIBTPHI HA MEPEKITIOUaCMBIX KOHACHCATOPAX YXKE JOBOJILHO JOJITO
KCIOJIB3YIOTCS Ha IPAKTHKE.

2.9. TEHEPATOPBHI TAPMOHUYECKNX KOJIEBAHUI

I'erepaTopoM rapMOHHYECKUX KOJICOAHNI HA3bIBAIOT YCTPOHCTBO, CO3/Iar0IIEe TEPEMEHHOE
CHHYCOWJIATHHOE HaIpsHKEHUE TP OTCYTCTBUH BXOJHBIX CHTHANOB. [ 'eHepaTop mpeobpa3yet



SHEPTHUI0 UCTOYHUKA MTOCTOSHHOTO HAIPSHKCHUS B SHEPTHUIO TIEPEMEHHOTO BBIXOJIHOTO CHTHAA.
PaznuuaroT 1Ba pexxuma Bo30YyXKJAeHUS reHeparopa. [Ipu Tak Ha3bIBaeMOM MSATKOM PEXUME
kosiebaHus (CUTHAT Ha BBIXOJIe) BO3HUKAIOT TOCIE MOAKIIIOUEHS TeHepaTopa K HCTOYHUKY
MIATAHUS CAMOTIPOM3BOILHO. MSTKHUI peKUM HA3BIBAIOT TAKXKE PEKUMOM caMoB0o30yxaerus. [Ipu
JKECTKOM peKUMe ISl BOBHUKHOBEHUS KojieOaHul TpeOyeTcs BHEIIHUIM HavaabHBIH CUTHAIL.
OO6patuMcs K CTPYKTYPHOW CXEMe reHepaTopa ¢ oCIe0BaTeIbHON TOJI0XKUTENBHON 00paTHON
CBSI3BIO T10 HAIpsDKEeHHIO (puc. 2.64). ITa cxema aHaJoTUYHa paHee U3YYEHHOH COOTBETCTBYIOMIEH
CTPYKTYPHOM CXeMe YCHITUTENS C OTPHUIIATEIbHOW 00PaTHOM CBS3bI0. AHAIOTUYHBI M 0003HAYCHUS
BEJIUYMH.
IIpu HanTUUMU KoJleOaHui

Ucusz'Um::K'Uaax'B’

OTKY/Ia IOJIy4aeM YCIOBHE caMOBo36y>l<z[eHI/iﬂ: Kf=1.
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Puc. 2.64

3aruiLeM 3TO YCJIOBUE B PA3BEPHYTOM BUJIC:

IK-BE1;
o+wy=2mn,n=0,1, ..

r7Ie ¢ — CABWT TI0 (ha3e A HEemu IPAMOM Tepeaayuu (I yCUIUTENs);
\|/— caBur o ¢aze ans nenu oOpaTHOU CBA3H.

Bripakenne | K ¢ f|= 1 Ha3pIBaIOT yCIOBHEM OallaHCa aMIUTUTY/, a BEIpakeHHe ¢ + \|/ =2mn —
ycnoBueM Oananca ¢as.

Ecimn yenosue camoBo30yxaeaust K * = | BBIMONHSETCS TONBKO ISl OJIHOM YacTOThI, TO HA BBIXOJIE
reHeparopa MoJICP>KUBACTCSl CUHYCOMIATBHOE HAITPSHKEHUE 3TOM YaCTOThI (AMEHHO TO XapakTePHO st
I'CHEpaTopPOB rapMOHHUCCKUX KoseOaHuii). Ecin 3To ycIoBre BBIMONHSACTCS J1s1 HECKOJIBKMX YacToT, TO
BBIXO/IHOE HANPSKEHNE OKA3bIBACTCS HECUHYCOUAIIbHBIM, B HEM UMEETCSl HECKOJIBKO TaPMOHHUK.

W3 U31105KEHHOTO CIIE/IYET, YTO TeHEPATOp FAPMOHMUCCKHX KOJIeOaHU JOMKEH COACPKaTh M0 KpaiHei
MepE OJIHY YACTOTHO-M30MPATENBHYIO LIeTb, KOTOpasi Obl 00ecieunBaIa BBITOIHEHHUE YCIOBHS
caMOBO30YKICHHS Ha 3a/IaHHOM YacToTe. B 3aBUCMMOCTH OT BUJIa YaCTOTHO-U30MPATeTIbHON LICTIH, HC-
TIONB3YIOIIEHCS B FeHepaTope, TeHepaTop OTHOCST K TOMY WIIH HHOMY THITy. B Tak Ha3siBaembIx LC-
rerepatopax ucrnonb3yrorces LC-ienn. B RC-reneparopax ncnons3ytorcs RC-rienn. B kBaprieBbix
TeHepaTopax HCIIOIB3YIOT KBAPIIEBEIE PE30HATOPHI. B HEKOTOPEIX CXeMaX COBMECTHO HCIIONB3YIOTCS
KBapIeBbie pe3oHaTtopsl 1 LC-konTypsl. CyIIecTBYIOT TakKe TeHePaTOPhI C KEPaMUYECKUMH I
MEXaHHYECKUMH (DIIEKTPOMEXaHNIECKUMH) PE30HATOPAMH.



2.9.1. RC-reneparopsl ¢ MoctoM Buna

Moctom BuHa 00BIYHO HA3BIBAIOT CXEMY, IPUBEACHHYIO Ha pHC. 2.65.
IIpu yacTOTE BXOJHOTO CUTHAJA, pAaBHOW PE30HAHCHOW YacTOTe fy, HANPsHKCHHUE Ha BBIXOC
Ugyx PABHO HYITIO (TIPU HEHYJIEBOM BXOJIHOM HAIPSIKEHUU Ugy,. JIETKO TTOKA3aTh, YTO

fo=

Huornma MmoctoM BuHa Ha3bIBalOT cXeMy, MPUBEICHHYIO Ha puc. 2.66. Ha gactorte f)

2RRC KO3 () (PHUIMEHT TIepeiauul TAKOU CXEMBI 5 = Ugyy/Ue—=1/3

“l_

Puc. 2.65

Jasee MoctoM BriHa OyieM Has3bIBaTh IIEPBYIO CXeMY ¢ KOH(pHTypamyeH, JeHCTBUTETFHO XapaKTePHOH
JUISI MOCTOBBIX CXEM, a4 CXeMY Ha pHuc. 2.66 — yIpoInieHHbIM MocToM BuHa.

B peanbHbIX cxeMax reHepaTtopoB JiTs TOIepKaHusl KoieOaHui HeoOX0MO, YTOOBI Ha 4acTOTe
KoJIeOaHUH HANPSHKCHHUE U,y HECKOJBKO OTIIMYATIOCH OT HyJ1s1. [loaTomMy peanbHo MocT paboTtaet ¢
HCKOTOPBIM PACCOTJIACOBAHKUEM, KOT/Ia OTHOIIICHUE COTIPOTUBICHUN R ;/R>— HECKOIBKO OTJIMYACTCS OT
2 (6osiee TouHO, R;/R, > 2).

Jli1st reHepaTopoB rapMOHUYECKUX KOJICOAHUH BaXKHOM MTPOOJICMOM SIBJISICTCS ABTOMATHYUCCKAS
cTabHM3alus aMIDIMTYAbI BBIXOHOTO HAMPSDKEHUA. ECv B cxeMe He MPeLyCMOTPEHBI YCTPOHCTBA
ABTOMATHYCCKOM CTAOMIIM3AIMK, YCTOWUMBast paboTa reHeparopa OKaKETCsl HEBO3MOXKHOM. B aToM
CITydae MOCIIe BOSHUKHOBEHHS KOJICOAHMI aMITIMTYa BEIXOJHOTO HAIMPSHKEHHST HAYHET TTOCTOSTHHO
YBEJIUYMBATHCS, ¥ 3TO MPUBEIET K TOMY, YTO aKTUBHBIN DJICMEHT TeHepaTopa (K MPUMeEpY, OTepallMOHHbII
YCUJTUTEIb) BOM/ICT B PSKUM HaChILLICHUs. B pe3ybTare HalpshHKeHUE Ha BbIXOZE OY/IET OTJIMYAThCs OT
rapMOHNYECKOTO. CXeMbI aBTOMATHYECKOHN CTAOMIN3AIIUN aMIDIUTYIbI MOTYT OBITH JIOCTATOYHO
CJIOKHBIMH U COJIEPIKATh, K TPUMEPY, HECKOJIBKO JIOTIOTHUTEIBHBIX OMEPAIMOHHBIX YCUITUTEIICH.

MN3006pazuM cxemy reHeparopa Ha ONepariioOHHOM YCHIIUTEINE ¢ OUEHB ITPOCTOM CXeMOM
aBTOMATHYECKOH cTabmnn3annu aMmmTyasl (puc. 2.67), KOTopyro 00eCcrieunBaioT AUOIBI.



IlosicauM ux pousb Ha clieyroleM pumMepe. Eciu o Kakum-

00 MPUYUHAM aMIUTUTY/1a HATTPSKEHUS HA BBIXOJIE U,y YBEITUUIHAIACH, TO YBEITUUNUTCS
aMIUTMTY/Ia TIOJTYBOJTH TOKa, MMPOXOIAIINX Yepe3 A1oabl. Ho 3To mpuBeeT K TOMY, 4TO [T KaXKI0TO
JINO1a yMEHBIUTCS UG (EePeHIINATHFHOE COTPOTUBIICHHUE U COMTPOTHUBRIICHHE Ha MTOCTOSTHHOM TOKE
JUTSL COOTBETCTBYIOIIIUX MOMEHTOB BPEMECHU. ITO SKBUBAJICHTHO YMCHBIIICHHIO CONIPOTHRIICHUS B
LTI MEXK/TY BBIXOJIOM OTIEPAI[HOHHOTO YCUIIUTEINS ¥ €T0 MHBEPTUPYIOMHM BXo10M. Ho Takoe
YMEHBIIIEHNE, KaK U3BECTHO, MMPUBOJIUT K YMEHBIICHUIO KOA( PUIIMECHTA YCUIICHUS YCUIIUTEIIS
Ha ocHOBe OV, 0XBaUECHHOT'O OTpHIATEIbHON 00paTHOH cBsA3bI0 (OOC). B pe3ynbTare BEIXOIHOE
HaIpsDKEHUE YMEHBITUTCS, BO3BPATUBIINCH K NCXOJHOMY 3HaueHUI0. HazHadeHue MoTeHITMOMEeTpa
— peryinupoBaHUE aMIUTUTY/bI BBIXOJHOTO HAPSIKESHHUS.

IIpenpiaymryto cxeMy MOKHO IIPEACTaBUTh TaK, KaK MOKa3aHo Ha puc. 2.68. Toraa ctanHoBUTCS
OUYEBUJIHBIM, UTO MTYHKTHPOM

Puc. 2.68

00BEIICH YCHIIMTEINb, TpeacTaBisiomuid u3 ceds OV, oxpaueHubIi 1iensio OOC u uMeronui
ko3 uumeHt ycunenus: K. C noMoipo yactoTHO-3aBucuMOi RC-uenu (yrnpoieHHbIi MOCT
BuHa) 3TOT yCHIMTENh OXBaUYCH IEIBIO MOJIOKUTEILHON 00paTHO# cBsa3u. Ha vacrore fj

k03 ULKEHT Mepegayn yrnpoiueHHoro mocra Buna = 1/3. CnegoBarenbHo, 15 COOIIOACHUS
yCJI0BHs OajlaHca aMILUIUTYA HE00X0auMo, uyToObl K ¢ f>1, T. ¢. (mpeHebperas mpsiMbIM
conpoTUBICHHEM 1u010B D) u D)



Rl +R, ) 1

1+ «—21,uwm R +R, 22R,,
R3 3 1 2 3

T. €. TIOJy4aeM TOT e Pe3yJbTaT, 4To U paHee, Ho Oonee cTporo. [Ipy mpakTuyeckoM MpUMeHEHUH
MOJA00HBIX TeHEPATOPOB HArpy3Ky YacTo JKeJAaTEIbHO MOJKIIYATh Yepe3 TOMOTHU TEIbHBIA TaK
Ha3bIBaeMbIil Oy(hepHBIH YCUITUTEILHBIA KacKa/l.

2.9.2. KBapluieBbI€ reHepaTopbl

Kak yke oTMedanoch, OCHOBY KBapIIEBBIX T€HEPATOPOB COCTABIIIOT KBAPIIEBEIC PE30HATOPEI.
KgapiieBblii pe30HATOP — 3TO MJIACTUHKA KBApLa, 3aKPCIICHHAsI ONPEICICHHBIM 00pa3oM B
KBapIIe/iepyKaTeie | TPEICTABISTONIAs COOOM AIEKTPOMEXaHHIECKYHO KOJIEOATEIIbHYHO CHCTEMY. OTH
PE30HATOPHI OTHOCATCS K ITHE303ICKTPIICCKAM DIIEMEHTaM, TIPHHITHTT JICHCTBUS KOTOPBIX OCHOBAaH Ha
HCIOJIB30BaHHH MIPSIMOTO U 00paTHOro mhe303ddekTa. IIpsmoit mbe303(h(eKT COCTOUT B TOM, YTO
MeXaHWUecKasi Harpy3ka Ha MaTepua SJIEMEHTA BhI3bIBACT MOSIBJICHHUE NIEKTPUIECKOTO HAIPSHKEHUA
MEXIY COOTBETCTBYFOIITUMI TTOBEPXHOCTAMH AieMeHTa. OOpaTHBIN Mhe303((EKT COCTOUT B TOM, UTO
ANEKTPUIECKOE HAMPSDKEHNE MEXKTY COOTBETCTBYFOIIIMMU ITOBEPXHOCTSMH JIEMEHTA, CO3IAaBAEMOE C
TIOMOIITBIO BHEITHETO NCTOYHVKA HAPSDKEHIS, BBI3BIBACT TIOSIBIICHHE MEXaHUIECKUX HAITPSDKEHUH, KOTOPBIS
MOTYT U3MEHATH JOPMY U pa3Mephl HIIEMEHTA.

KgaprieBbie pe30HATOPBI M3TOTABIMBAIOT U3 TIPUPOIHOTO M UCKYCCTBEHHOTO MOHOKPHCTAIUTIYECKOTO
KBapIia. 113 3aroToBKY BRIPE3ar0T IUIACTHHBI, TPAaHN KOTOPBIX OMPEIe/IeHHBIM 00pa30M OpHUEHTHPOBAHBI
OTHOCHTEIHHO KPUCTALTOTPahUIECKUX Ocel MOHOKpHCTaIIA. B paboueM peskuMe Ha 0OKIaIKaxX TIIACTHHBI
MeeTcs TIepeMEeHHOE HalPsDKEHHE M MIMEFOT MECTO MEXaHHYeCKUE KoeOaHusI ITacTHHBL Vcnonm3yroTcest
KOJICOAHMS CKATHSA-PACTSDKCHIS, H3IH0a, KPYUCHHSI M IPYTHC.

TIpu aHanm3e cxeMbl ¢ KBapLIEBbIM PE30HATOPOM (puc. 2.69, a) ero ymo0HO 3aMEHSITh
9KBUBAJICHTHOU CXEMOMH, IPEICTaBICHHON Ha puc 2.69, 6.

Heobxommmo 0TMETHTb, 4TO MMEHHO 3Ta SKBUBAJICHTHAS CXEMa KBAPLICBOTO PE30HATOPA HCTIONB3YETCS B
nakere nporpamMm PSpice 1y MoenupoBaHus 2JCKTPOHHBIX CXeM. B 9KBUBaICHTHOM cxeMe MOTyT
HAMETh MECTO ¥ TTAPAIICIBHEIN, U TTOCIICIOBATEILHEIN pe3oHaHC. Ha rmpakTrke HCHOMB3yI0T 002 BHIa

PE30HaHCAa.

Puc. 2.69

12
Ha uvactore nmocnenosatenbHoro pezonanca w, =1/(L,C,)" " pe3oHaTop UMeeT MUHUMATIbHOE
compotuBicHue R, .HacTora mapamienbHOro pe3oHaHca

1
(Dosz



B mmariazone 4actot MexIy wy, M Wy Pe30HaTop BEIET ceds KaK HEKOTOpasi HIyKTUBHOCTb.

KBapueBLIe PE30HATOPBI XapAKTEPH3YIOTCS BHICOKOM CTAOHITBHOCTBIO M 100poTHOCTEIO (Ok= 10 -
10%). Mcrions30BaHHe KBApIIEBBIX PE30HATOPOB MO3BOIIACT CHU3UTH OTHOCHTENBLHOE H3MEHEHHE
YaCTOTHI T€HEPATOPOB JIO OYEHb MATHIX 3HaYeHM ( 1 0°-10 )

[IpuBenem i mpuMepa yIpoIIEHHYIO CXeMy KBapLIEBOrO TeHepaTopa Ha OCHOBE OMEPaIIOHHOTO
YCHJIMTEITS TIPH UCTIOB30BAaHMH TTOCIIeI0OBaTeIbHOTO pe3onanca (puc. 2.70). Ha gacrore
TIOCTIEZIOBATENIHHOTO PE30HAHCA B CXEME HMEET MECTO CHIJIbHAs MONOKUTENbHASI 00paTHAsI CBSA3b, UTO U
TIOJIEP>KBAET aBTOKOJICOaHMSI.

Ll

R
Ry

Puc. 2.70

2.10. BTOPUYHBIE UCTOYHUKU ITUTAHUA

BTopuuHble HCTOYHMKY MUTAaHUS MPEJHA3HAUCHBI 715 OJTYUYCHHS HAPsLKCHUS,
HEOOXOJIMOTO JIJ1s1 HEMOCPEACTBEHHOTO MMUTAHUS DJICKTPOHHBIX U PYTUX ycTpoicTB. [Ipeamnona-
raercsi, 4YTo BTOPUYHbIE HCTOYHUKH B CBOKO OYepe/ib MOJYyJaroT SHEPTUIO OT MEePBUYHBIX
HCTOYHUKOB MUTAHUS, BHIPAOATHIBAIOIINX HJIEKTPUIECTBO — OT F€HEPATOPOB, aKKYMYIISITOPOB U
T. 1. [IUTaTh SIEKTPOHHEIC YCTPOHCTBA HEMOCPEJACTBEHHO OT MIEPBUYHBIX HCTOYHUKOB OOBIYHO
HEb34.

BropuuHble HCTOYHUKY NUTAHUA SBISIIOTCS OAHUMU U3 HauOoJIee BaKHBIX YCTPOHCTB
3MeKTpoHUKH. HampumMep, 4acTo HaJeXKHOCTh TOTO HJIM HHOTO YCTPOWCTBA 3JIEKTPOHUKH
CYIIECTBEHHO 3aBHCHUT OT TOTO, HACKOJIKO HAJIE)KEH €r0 BTOPUYHBIA UCTOYHHK IMUTAHUSI.
OO0enprHATO BTOPUYHBIE HCTOYHUKH HAa3bIBATh MCTOUHUKAMHU MTUTAHUS.

PaCCMOTpI/IM THUIIUYHBIC CTPYKTYPHBIC CXCMbI HCTOYHHUKOB IMUTAHUS, ITOJIYHAIOIINUX SQHCPTUIO OT
MTPOMBIIIJICHHOM ceTu ¢ yacToToi 50 I'm.

PaccMoTpuM BHavajie HCTOYHUK MUTaHUs 0€3 MpeoOpa3oBaresis 4acTOThl, CTPYKTYpHAs cCXeMa
KOTOPOTO Mpe/cTaBieHa Ha puc. 2.71.

Ot ceTd SDFH Tpancdop- _.I Boinpa- ‘.I

MaTop MHTEINE

Criaaxusan- Cra6umi- | K Harpyske
—b i 0~
wuit duneTp 3aTOp

Puc. 2.71



TpancdopmaTop mpeaHasHAYEH I T'aIbBAHHYECKON Pa3BA3KU MUTAIOIIEH CETH U HArPY3KU U
M3MEHEHHUS YPOBHS IEPEMEHHOT0 HanpsukeHus. OOBIYHO TpaHC(hOpMaTOp SIBISETCS
MIOHWXKAIOIIMM. BrIpsaMuTe s mpeobpa3yeT epeMeHHOe HalpsKEHUE B HANPSHKEHUE OTHOM
MOJAPHOCTH (TIynbcupyromiee). CraakKuBaroIui GHIBTP YMEHbBIIAET MyIbCAIIUU HAIIPSKCHUS
Ha BBIXOJe BRIMpsAMUTeNsa. CTaOUIU3aTOP yMEHBIIACT U3MCHEHHS HANPSDKCHUS Ha Harpy3ke
(cTaOUNMM3UpPyeT HAMPSHKEHKE), BRI3BAaHHBIC M3MEHEHHEM HANPSHKEHHS CETH U M3MEHEHHEM TOKa,
MOTPeOIIIEMOTO HATPY3KOH.

Hanpspkerne B ceTH 0OBIYHO MOXKET U3MEHAThCS B muana3one +15...—20% oT HOMHHAIBEHOTO
3HAYEHMUS.

PaccMoTpeHHBIH HCTOYHUK IIMTAHUS SBJISICTCS HCTOUHHKOM ITUTaHUs 0e3 nmpeoOpa3oBaHus
4acTOTHI. Takue NCTOYHNKH MUTAaHUS paHee UCIIOIb30BaIUCh MHPOKO, OJTHOKO B TIOCIICTHEE
BpeMs BMECTO HUX BCE Yallle HCITOIb3YIOT HCTOYHHMKH C IMPeoOpa3oBaHreM 4acToThl. 1lpuanHoi
3TOTO SBJSETCA TO, YTO B HICTOYHHKaAX 0e3 ImpeoOdpa3oBaHMs YacTOThI BEC ¥ TabapuTHI
TpaHchopMaTopa, padoraroiero Ha yactoTe 50 ['1, a Takke cria)KuBaromero QibTpa
OKa3bIBAIOTCS JOBOJBHO OONbIIMMU. TeM He MEHee, pacCMaTPHUBAaCMbIC HCTOYHUKH TMTUTAHUS
HCIIONIB3YIOTCS M B HACTOSAIIEE BPeMs.

PaccMoTpuM UCTOYHMK MUTaHUA ¢ TpeoOpa3oBaTeneM 4YacToTh (puc. 2.72).

Or cetn 50I'n Crnaxn-

Bunpsa-
e 1 —bl Bajonyit
dumsTp 1

Koupeprop i
i [ Craaxs- K marpyske
| Tpancdop- Buinpa- | ¢
I — b srop - 2 : Ba}:;:'_uuj; Y

B 3Tux BCTOYHMKAX HAMPSKEHHUE OT CETH TOJIAETCs HETIOCPEACTBEHHO Ha BRIIPsMUTENb 1. Ha
BBIXOJIC CTITAKMBAOIIEro GuibTpa 1 co3maercs MOCTOSHHOE HAMTPSHKCHHUE, KOTOPOS BHOBD
npeobpaszyercs B IEPEMEHHOE C MIOMOIIIBIO TaK Ha3blBaeMoro WHBepTopa. I[lonmydyeHHoe
nepeMeHHOe HaNpsHKEeHHEe HMEET YacTOTY, 3HAUMTENbLHO npeBbiatontyto 50 ' (00br1HO
WCIIOJIE3YIOT YaCTOTHI B JISCATKH KHIJIOTEPIT). 3aTeM HaIPsHKEHUE TIepeacTes yepes
TpaHchopmarop, Beimpsamisiercs u GuiabTpyercs. Tak kak TpaHchopmarop B 3Tol cxeme padoraer
Ha TIOBBIIIICHHOW YacTOTE, TO €0 BEC U radapuThl, @ TAKIKE BEC M rabapUThI CrIIaXKUBAOICTO
(hunpTpa 2 OKa3bIBAIOTCS OUCHBb HE3HAUNTEIbHBIMU. Kak U B ipenpiaymieii cxeme, OCHOBHAS POJIb
TpaHcopMaropa COCTOUT B raJibBAaHUYCCKON pa3BsA3Ke CETH U Harpy3ku. UHBeprTop,
TpaHchopMaTOp U BBIIPIMUTEIb 2 00pa3yloT KOHBEPTOP — YCTPOMCTBO AJII H3MCHEHHUS YPOBHS
IMMOCTOSAHHOT'O HANIPAXKCHHUA.

Heo0xonmMMo OTMETHTB, UTO B TAKOH CXEME MHBEPTOP BEIMOIHSACT POJIb CTAOUIN3aTOPA
HaIpsDKeHMS. B KauecTBe aKTUBHBIX IMTPUOOPOB B MHBEPTOPE UCIIOIB3YIOTCS TPAH3UCTOPbI
(OunoaspHbIC WK MOJICBbIC). MIHOra MPUMEHSIOTCS TUPUCTOPLL B 111000M Citydac akTUBHBIC
TIPUOOPHI PAOOTAOT B KITFOUYEBOM PEKUME (HAIPUMED, TPAHZUCTOP WK BKIIIOUYCH U HAXOAUTCS B PSKUME
HACBIIICHYS, WM BBIKITFOUCH M HAXOIUTCS B PEKUME OTCEUKH ), TIO3TOMY UCTOUYHUKH MMUTAHUS C
PeoOpa30BAHUEM YaCTOThI HA3bIBAKOT TAKIKE UMITY/ILCHbIMU, OJTHAKO CIICAYET UMETh B BUJLY, UTO U B
HCTOYHHKAX 0e3 IpeoOpa3oBaHus YaCTOTHI MOTYT HCTIONTb30BATHCSI IMITYJIbCHBIE CTAOMIT3aTOPEL, 51
KOTOPBIX TPAH3HUCTOPHI PAOOTAOT B KITFOYEBOM PEKUME.

PaccmarpuBaeMblie HICTOYHMKY TTMTAHUSI ITUPOKO MCIOJB3YFOTCS B COBPEMEHHBIX YCTPOHCTBAX
ANEKTPOHUKH, B YaCTHOCTH B KOMIIBbIOTepax. OHM 00JIaJIat0T, KaK MPABUIIO, 3HAYUTEIEHO JTYUIAMH



TEXHHUKO-D)KOHOMHUYECKMMH TI0Ka3aTeIsIMU B CPABHEHUH C PACCMOTPEHHBIMHU BEIIIIE HCTOUYHHKAaMU 0e3
IPeoOpPa3OBaHus YaCTOTEL
Tepeiinem Terepb K pACCMOTPEHHIO OT/IEIBHBIX HIEMEHTOB CTPYKTYPHBIX CXEM HCTOYHHKOB ITUTAHHMSI.

2.10.1. Bempsmurenu

B ManoMOIIHBIX UCTOYHUKAX MTUTAHUS (10 HECKOJIBKUX COTEH BAaTT) OOBIYHO UCIIOJIB3YIOT
0JHO(a3HbIe BRIIPSIMHUTEIH. B MOIIHBIX HCTOYHHMKAX 11€1€CO00Pa3HO IIPUMEHSTh TpeX(da3HbIe
BBITIPSIMUTEITH.

BrimpsmMuTen ©MEIOT CeAYIOIINe OCHOBHBIE ITapaMeTPhl: a) CpeHee 3HAYCHHE BBIXOTHOTO
HANPSDKEHUS Ugyy

1 T
Ucp =;guﬂwdi s

rae 7— nepro/1 HanpsDKEHHS CeTH (7151 TPOMBIIUTEHHOH ceTn — 20 Mc);
0) cpeqiHEe 3HAUCHUE BBIXOJHOTO TOKA fpyy

1L
Icp =?(};Ewd3;

B) KO3((UIMEHT MyNbCallil BEIXOJHOTO HATPSKEHUS

E= :
Ucp
rae U, — aMIuiiTyaa HU3mekl (OCHOBHOM ) rapMOHUKH BBIXOIHOTO HaNpspKeHU. YacTo

KO3 (QHIMCHT MYyJIbCAUH H3MEPSIOT B IIPOIICHTAX.

O603Hauum ero uepes £%: ¢ % =U,,/U.,100%

VkazaHHbIe TapaMeTPhI ABISIOTCA HauOoIee BaKHBIMU TTPH HCII0JIb30BaHUH BBITTPAMHTEIA.

IIpy MPOCKTUPOBAHHUH BBHIMPSIMUTESA ITHPOKO MPUMEHSIOTCS TaKXKe CIICIYIONINE TapaMeTpFhI,
XapaKTePU3YIOIINE €r0 BHYTPEHHNE OCOOCHHOCTH:

a) nercTByromiee 3HaueHue U,, BXOTHOTO HAMPSIKEHUS BBIPSIMHUTEIIS,

0) MakcuMaibHOE 00paTHOe HATIPsDKEHNUE Ulpp yaxe HA OTACTHEHOM JTHOJIE WIIM THPHCTOPE (T. €.
Ha BEHTHJIC). DTO HAIpsDKEHUE MPUHATO BEIpaXKaTh uepe3 Hanpsokerue U,

B)CpelHee 3HaUeHue /, ., TOKA OTACTHOTO BEHTHIIS,

') MAKCUMAJIBHOE (aMIUTUTYIHOE) 3HAUCHUE [y 110 TOKA OTJEITBHOTO BEHTHUJIA.

Toxu 15,y M 14100 TIPAHSATO BBIPAKATH Uepe3 I, 3HAYCHUC U,y5p 1iaxe ACTIONB3YETCS U BRIOOPA
BCHTHJIA 10 HAPSDKCHHIO. 3HAUCHUS ) p M 1 yic ACTIONB3YIOTCS )11 BBIOOPA BEHTHUIIS 10 TOKY.
3mech cieayeT MMETh B BH]TY, YTO BCIICACTBHAC MAJIOW TEIUIOBON MHEPLUOHHOCTH
MOy POBOJTHUKOBOT'O BEHTHJISI OH MOXKET BBIMTH 13 CTPOS Ja)KE B TOM CIIydae, KOTJa ero CpeIHui
TOK 1, MAJ, HO BEJTMK MAaKCUMAITBHBIN TOK 1 ke

OoHopazHblii 00HONOIYNEPUOOHBIL BLINPSMUMEND SIBIISICTCS TPOCTSHIITNM M UMEET CXEMY,
n300paXkeHHYIO Ha pHC. 2.73, a. B TakoM BBIPSAMHUTEIIEC TOK Yepe3 HArPY3Ky IIPOTCKACT JUIIb B
TEUYECHHE MOITYIIEPHOa CETEBOro HanpspkeHus (puc. 2.73, 0).
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I/ICXOIISI N3 IIPUBCACHHBIX BBIIIC OHpCI[eJ'ICHPIFI, MOJIYIUM OCHOBHBLIC IMTapaMETPhI:
V2
n
Ug =2,22-U

Ugp="=Ug »045-Ug,

cp?



Takoit BRIIPSAMUTENH HAXOIUT OTPAHMYEHHOE IPUMEHEHIE B MaJIOMOIITHBIX YCTPOHCTBAX.
Kpome npouero, xapakTepHOH OTPUIIATENBHON YePTOH OAHOMOIYIICPHOTHOTO BEITTPSIMHUTEIS
SIBJIAETCS. IPOTEKAHUE MMOCTOSIHHOM COCTABIISIIOLIEH TOKA BO BXOJHOM Lenu. ECIu BBITPSAMUTENTD
uTaeTcs yepes TpaHchopmaTop, Kak MOKa3aHo Ha puc. 2.73, B, TO HATMIHE YKa3aHHOM
TIOCTOSIHHOM COCTARBJISIONICH TOKA BBI3bIBACT MOJMArHMYMBaHUE CEPACUHUKA TpaHCPopMaTopa,
YTO MPUBOJUT K HEOOXOJUMOCTH YBEITHYHBATH €T0 Ta0apUTHBIE Pa3Mephl.

Jleyxnoaynepuoonulii 6bInpimMumenib co cpedHell moykou PeCTaBsieT co00M mapaiebHOe
COoeTMHEHHE JIBYX OJTHO-TIOYIIEPHOIHBIX BRIIPSMUTENEH. PaccMaTprBaeMbIid BEIIPSIMUTETh MOXKET
HCIIOJIb30BAThCS TOJIBKO ¢ TPaHC(HOPMAaTOPOM, UMEIOIITUM BBIBOJ OT CEPEINHBI BTOPUYHOMH
obmoTkH (puc. 2.74, a).

Pnc. 2.74



Jrotb1 cxeMBI IPOBOJIAT TOK IMMOOYEPETHO, KAXKIBIM B TeUeHHEe monynepuoja (puc. 2.74, 0).
OCHOBHBIE TTapaMEeTPBI TAKOTO BBIMPSIMHUTEIS TIOTYYUM aHAIIOTUYHO TOMY, KaK 3TO JIeJaloch paHee:

o

Uep -_-2-?2»4:2 =0,9-Us,

rac U 22— HCﬁCTBymHICC 3HAUYCHHUE HAIIPSIKEHUA Ka)KI[Oﬁ ITIOJIOBUHBI BTOpH‘lHOfI O6MOTKI/I;
Uy =1,11-U
U‘-’P

Ir:p =E&

cp?

£=3=0,67,
3

Uogpoarce =2-N2-Up =8-U,y,

Iy

.cp

1
=E-Icp,

I = .
o.maxc Ry 7 cp

PaccmarpuBaeMblil BBIIPSMUTENH XapaKTEPU3YEeTCs IOBOJBHO BRICOKUMH TEXHUKO-3KOHOMUYECKUMU
TIOKa3aTelIsIMA 1 TIIMPOKO UCTIONB3YeTCs Ha MpakTrke. [Ipr ero mpoeKTHPOBAHUH TTOJIE3HO IIOMHHUTS O
CPaBHMTEIILHO OOJIBIIOM OOPATHOM HAMPSLKCHUU HA TUOJAX.

Oonoasubtit mocmosoil eeinpsimumens (puc. 2.75, a) MOXKHO CUMTATh MPEICIOM COBEPILICHCTBA TEX
o71HO(ha3HBIX BRIMPSIMUATEIICH, KOTOPBIC MOTYT MCHIONIB30BaThcs 0e3 TpaHcopmaropa. He uzBecTHa
npyras onHodasHas cxema 0e3 TpaHcdopmaropa, B KOTOPOH Obl TaK pallMOHAILHO UCTIONB30BAIUCH
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Puc. 2.75

JHOMBL. J{FoTBI B paccMaTprBaeMol cXeMe BKITFOYAIOTCS M BRIKTIOUaroTcs mapamu. OxHa mapa — 3TO
muonsl D1 1 D2, a npyras — D3 u D4. Takum oOpazoM, k mpumMmepy, aupoasl D1 u D2 unu o6a
BKITIOUCHBI M TTPOBOJIAT TOK, WJIK 00a BEIKITFOUEHBI (puc. 2.75, 6). Ecnu He 3a0bI1BaTh MBICTICHHO 3a-
MEHSATh K&XK/IbIA BKITFOUEHHBIM THOJT 3aKOPOTKOM, a KaXK/ThIM BRIKJITIOUEHHBIA — Pa3pbIBOM IIEIH, TO
aHaju3 pabOTBI ATOM CXEMBI OKA3BIBACTCS COBCEM HETPYIHBIM.

OCHOBHBIE TIAPAMETPBI YCUITUTEIIS CIIETYIOIITHE:

V2

Up=2-22U, =09-Ug,

Ug =1,11-U,,

Taxkoi BBIIIPAMUTEIIb XapaKTCPU3YCTCA BBICOKUMH TCXHUKO-OKOHOMHUYCCKNMHU ITOKA3aTCIsIMU U
HIHUPOKO UCIOJIB3YCTCA HA MMPAKTUKC. Yacro Bce YCThIPC AUoAa BBIMPAMUTCIIA MOMCIIAOT B OJMH

KOpITYyC.

Cxema mpexhazrnozo ebinpamMumers ¢ HyJ1e6biM b16000M M €TO BPCMCHHBIC IMarpaMMbl pPabOThI

MIPUBECHBI Ha puc. 2.76.

Koaddurwent mynbcarpii BEITPSIMICHHOTO HapsbKeHust cocTaiseT 0,25, B TO BpeMst Kak AJis

JBYXIIOJIYNEPHUOIHOTO
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0THO(a3HOTO BRITPSMHATENS KO PUIMCHT mynbcaruii pasex 0,67. HactoTa mynscanuii B
Tpex(a3zHOM BBEITPSIMHUTEIIC B TPU pa3a BBIIIEC YaCTOThI MUTAIOIICH CETH.

Cxema mpexghaznozo mocmoeozo evinpsamumens (cxema Jlapuonosa) nipusenerna Ha puc. 2.77.
Hcrnonp3yeMble B JTaHHOH cXeMe 6 THOJIOB BEIIPSAMIISIOT KaK TOJIOKUTENBHBIE, TaK H OT-
pHILIATEIbHBIC TIOTYBOJIHBI TPEX(Pa3HOrO HANPSHKEHHS. DTOT BBITPSIMUTEID SBIIACTCS AaHATIOTOM
0THO(ha3HOTO MOCTOBOTO

DpiZZ D2Zk D3
K paze A &———9
KdaweB © RH[]l“aux
Kae C O—

D4Zx D5ZE D6A

Puc. 2.77



BBINIpSIMUTENS. PaccMaTrprBaeMblil BBIIPSIMUTENb XapaKTepU3yeTcs BHICOKUMHU TEXHUKO-
9KOHOMHYECKUMHU MOKa3aTeNsIMU U O4eHb IIMPOKO HCIOIb3yeTcs Ha npakTuke. Koaddumuenr
MmyJbcanuii cxembl oueHb Mal (€ = 0,057), a gacToTa mynbcaryil B IMIECTh pa3 BbIIIE YaCTOTHI CETH.
Bce 3T0 mo3BOMSET B HEKOTOPBIX CIydasiX HE UCIONb30BaTh BEIXOAHON (PUIBTp. AHaIM3 pabOThI
paccMaTprBaeMOl CXEMBI CIIOKHEE, YeM aHai3 PadO0THI 0THO(A3ZHOTO MOCTOBOTO BBHITIPSIMUTEIS,
OJTHAKO HE CONPSDKEH ¢ KaKUMHU-TTHOO0 MPHHIUINAIBHBIMU 3aTPYAHEHUSAMH.

2.10.2. CrinaxxuBatomye (QpuiIbTpbl

BempsimiieHHOE HalpspKEHHE UMEET CYILECTBEHHBIE ITJIbCALH, IO3TOMY ILIMPOKO UCIIONB3YIOT
CIVIKUBAKOLIYE (PUITBTPBI - YCTPOMCTBA, YMEHBIAIOIINE 3TH MyIbCallMU. BaxkHEH MM mapaMeTpoM
CriaxuBarolero GuiasTpa sapiusercs koddduuueHT crnaxusanus S. Ilo onpenenenuto S=¢/¢ez,
TIPUYEM €] U & ONMPEIEISIOT Kak KO3 QHUIUEHTHI MyIbcaliiii Ha BXOZE U BBIXOAE (HIBTpa
COOTBETCTBEHHO.

Jlns1 eMKOCTHOTO (DHIIBTPA, Y KOTOPOTO BXOJ M BBIXOA (DaKTHYECKH COBIAIAIOT, IO &)
NOHUMAIOT KO GUIUEHT IyJIbCcaluii 10 NOAKIIOYEHUS (PUIBTPa, a oA & — KodpUIHeHT
nyiabcanuil nocne ero nofxiarodeHus. KosdpuuueHT criaxvBaHus MOKa3bIBAET, BO CKOJIBKO pa3
(GuIBTp yMeHbIIIACT mynbcari. Ha BeIxoze (pritbTpa HanmpsbKeHHE OKa3bIBAETCs XOPOIIIO CIIIAKEHHBIM, a
Kod(HIHEHT mybcanuii MOKET UMETh 3HaueHus B Auanazone 0,001 .... 0,00003. .

Ipocreiinmum GrnbTpoM siBrsieTcst eMkocTHOM hrtbTp (C-pristp). PaccMorpum ero paboty Ha
prMepe OaHO()AZHOTO OTHOIIOIYIIEPHOAHOTO BEIIPIMUTENS (prc. 2.78). EMKoCTHOH (GHIBETp
TIOKITIOYAIOT MAapaUIeIbHO Harpy3ke (puc. 2.78, a).

Ha otpeske Bpemenu ¢1...£2. 1MoJ] OTKPBIT U KOHJICHCATOP 3apsixkactcs (puc. 2.78, 0). Ha otpeske
£2...13 1O/ 3aKPBIT, UCTOYHHUK BXOIHOTO HANPSDKEHUS OTKITIOUEH OT KOHJZIEHCATOpa U Harpy3ku. Paspsin
KOH/ICHCATOpa XapaKTePHU3yeTCsl SKCIO-HEHTOM ¢ MOCTOAHHOM Bpemenu T = R;,C. TOK uepe3 guon
MIPOTEKAET TOJIBKO YacTh Noyneproa (0Tpe3ok ¢1...12). Uem kopoue otpe3ok ¢1...£2, Tem Gosnblie
aMIUIMTY/Ia TOKa JIMOJIa TP 32JJAHHOM CPEAHEM TOKe Harpy3ku. Eciu emkocts C OueHb BellMKa, TO
0Tpe30K £1...£2 OKa3pIBACTCS OUCHH MAJIBIM, 2 AMITIATY/IA TOKA TMO/Ta OYCHE OOJBIIION, U MO MOYKET BBIATH
u3 cTpost. Takoi GrIBTP MMPOKO UCTIONB3YETCS B MAJIOMOIIHBIX BBIPSIMHTEISX; B MOITHBIX
BBITIPSMUTEIISIX OH UCTIONIb3YETCSl PEIKO, TaK KaK peXXUM pabOThl JUOJA M COOTBETCTBYHOLIHX
ANEKTPUUECKIX LIeNeH (K MpuMepy, 0OOMOTOK TpaHc(opMaTopa) JOCTATOUHO THKEL.

B kauectBe QriibTpa MOKHO UCTIONB30BATh M MHIYKTUBHOCTB. JIETKO JJ0Ka3arh, YTO HHYKTUBHBIN
(unbTp (L-hrisTp) MpakTHYECKH HE AT MOJIe3HOTr0 3P deKTa B 0AHO(DA3HOM OTHOMOTYIIEPHOTHOM
BeIMpsiMuTENE. PaccMOTpUM paboTy MHAYKTHBHOTO (GHIIBTPA Ha TIPEMEpPE OTHO(A3HOI0 MOCTOBOTO
BeIIpsiMUTENTS. THTYKTUBHBINA (DHITBTP BKITFOUAIOT TIOCTIEA0BATEIRHO ¢ HArpy3Kko# (puc. 2.79, a). Hacto
WCTIONB3YIOT

©
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KaTYIIIKy UHIYKTUBHOCTH (PEaKTOp) HA MATHUTHOM CEPCIHUKE C 3a30POM.

[Ipennomnoxum, 9To TOCTOSTHHAS BpeMeHu T , onpenenseMast BeipaxkeHueM T=L/R;;, 10cTaTo4Ho
BeTMKa (Kak dTO OOBIYHO OBIBAET HA MPAKTHKE). Toraa TOK Harpy3Ku OKa3hIBA€TCS MPAKTUICCKU
MOCTOSTHHEIM (puc. 2.79, 0). Takol GUIBTp NIMPOKO HCIIOIB3YETCS B BBIPSIMUTENSIX, OCOOCHHO
MOIITHBIX. PexuM paboTh! AMO0B (M COOTBETCTBYIOIIMX MIEKTPHICCKUX IIeTel) He SABISICTCS
TSDKEJIBIM.
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- ve THI6l GuIbTpoB (puc. 2.80): MHAYKTUBHO-
er I | I'-o06pazusrit RC-dpunbtp (0), [1-06pazusiii LC-
6 :

OO65ruyHO I'- 1 [1-00pa3upie RC-GUIbTphl NPUMEHSIOTCS TOJBKO B MAJTOMOIIHBIX CXeMaX, TaKk
KaK OHU MOTPEOISIOT 3HAYUTEIBHYIO JIOJIF0 3Hepruu. Ha mpakTuke MpUMEHSIOT U Ipyrue, oomee
CJIOKHBIC (PUIIBTPBI.

PaccMoTpuM BHEIIHKE XapaKTEPUCTUKU BRIMPSAMUTEICH ¢ GuinbTpaMu. BHenHss
XapaKTEPUCTUKA, — DTO 3aBUCHMOCTh CPESIHETO 3HAUCHUS BBIXOJIHOT'O HANPSDKCHUS (HAIIPSKEHUS
Ha Harpy3ke) OT CpEeIHEro 3Ha4eHUs BBIXOJIHOTO TOKa (ToKa Harpy3ku). [Ipu yBenuyenun
BBIXO/IHOT'O TOKA BBIXOJHOC HAMPSKCHUE YMCHBIIIACTCS U3-32 YBCIMUCHUS TAJCHUS HANMPSXKCHUS HA
00MOTKax TpaHcopmaropa, U0 axX, MOABOSAIINX MPOBOAAX, dJIEMEHTaX (QHIBTpA.

PaccMoTprM THITMYHBIE BHEIITHUE XapaKTePUCTHKH (puC. 2.81), KOTOPBIE MOIYIAr0T, U3MEHSISL
COIIPOTUBIICHNE HATPY3KH, TOAKIIOUYEHHOE K BBEIXOY (hrmbTpa. HakiioH BHeIHelH XapakTepUCTUKU TIPH
TOM WJIH HTHOM TOKE /5, XapaKTepPU3yIOT BBIXO/IHBIM COITPOTUBIECHUEM Ry, KOTOPOE OTIPEAEIIAeTCS
BBIPA)KEHUEM

_ dU,

RBNX dlc

P |1, — 3ajaHHHA :

Uem MeHbIIIE BETUYUHA Ry, TEM MEHBIIIEC BHIXOJIHOC HAIMPSHKCHUE 3aBUCUT OT BBIXOHOTO TOKA, UTO
00BIYHO U TpeOyeTcs.

Kak cnenyer u3 puc. 2.81, Beimpsimutens ¢ RC-GuibTpoM xapakTepyu3yercsl MOBBIIICHHBIM
BBIXOJTHBIM COTIPOTHBIICHHEM. 3/1€Ch OTPHULIATENBHYIO POJTb UTPACT PE3UCTOP PUIIBTPA.

Usa

C -punstp
Bez dunsrpa

RC-tdbunerp

0 -
L,

Puc. 2.81



2.10.3. Crabmin3aTopsl HAIPSIKCHUS

BaxnelimmmMy napamerpaMu cTaOHIM3aTopa HAPSDKEHHS SIBISIFOTCA KOA(PQHUIMEHT CTa0MIU3aIH

K, BBIXOJTHOE COMTPOTUBIIEHUE R,y U KOIPPUIIUEHT IMOTE3HOTO NEHCTBUA 1).

KoaddurmeHT cTabmm3amye onpenesisroT U3 BRIPOKEHUS

Au,,
u
- 8X
Ko =R
8BIX
ucux

TAC Upx,Uprx. — TTOCTOSHHBIC HAPSYKEHUS COOTBETCTBCHHO HA BXOJIC M BBIXOJIC CTAOMIN3ATOPa; Allyy
— U3MEHEHUE HANPSIKCHUS Uy

Aupx — U3MEHEHUE HANPSDKCHUS Uy, COOTBETCTBYIOIIIECE
HM3MEHEHHIO HAIPSHKEHUS Allgy.

Takum oOpa3zom, K03PPUITUEHT CTAOMITH3AINN — 3TO OTHOIICHHUE OTHOCUTEIILHOTO M3MEHEHHS
HanpsHKEHUS Ha BXOZIE K COOTBETCTBYIOIIIEMY OTHOCUTEITHBHOMY U3MEHEHHIO HAMPSHKEHUS HA BBIXOIE
crabunusaropa. Yem 0osbIlie KOI(PHUIMEHT CTAOMIN3AIINH, TEM MEHBIIIE H3MEHSIETCS BEIXOTHOS
HarpsbKeHYe TIPYU M3MEHEHUH BXOTHOTO. Y TIPOCTEHIINX CTabUIN3aToOpoB BeMUurHA K, COCTABIISET
SIMHUIIBL, a Y 00J1ee CII0KHBIX — COTHH M THICSYH.

BbIxomHOE cOnpOTHBIIEHNE CTAOMIT3ATOPA OMPEIEISAETCS BRIPAKEHIEM

R = e
Ai&m’x :

¢ Attg,y — U3MEHCHUE TTOCTOSIHHOTO HAMPSXKCHUS HA BBIXOJIC CTAOMIN3ATOPa;

Ay, — W3MCHCHHE TIOCTOSIHHOTO BEIXOTHOTO TOKA CTA0MITN3aTOPa, KOTOPOC BBI3BAIO H3MCHCHHUC
BBIXOJTHOTO HaITPsDKEHUSI.

BEIXOIHOE COMPOTHBIICHHE CTAOMIN3ATOPA SBIACTCS BETMUMHOM, aHATIOTHYHOHN BEIXOIHOMY
COIPOTHBJIEHHEO BBIIPIMUTENS ¢ (DHUIBTPOM. UeM MeHbIIIe BEIXOHOE COIPOTHBIICHIE, TEM MEHBIIIC
HM3MEHSETCS BRIXOTHOE HAMIPSDKEHHUE P M3MECHEHUH TOKA HArpy3KH. Y TIPOCTEHIIINX CTaOMITN3aTOPOB BEJIH-
YUHA Ry,x COCTABIIACT eMUHHIIEI OM, a y 00JIee COBEPIIICHHBIX — COTHIC U THICIUHBIC 101 OMa.
Heo6xoauMo OTMETHTD, YTO CTAOMIIN3aTOP HAMPSHKEHHS OOBIYHO PE3KO YMEHBIACT IMYJIbCaliT
HarpsHKEHUSL.

Koaddunment noxesHoro nedcTBus cTabUIN3aTopa Ve, — TO OTHOLICHHE MOIIHOCTH,
OTJaBaeMoii B Harpy3Ky P, K MOIIHOCTH, TIOTPEOIISEMOi OT BXOJHOTO NCTOYHNKA HAMIPSDKEHUS Py

I,
-Pux

Ner =

TpaauIoHHO CTAOMIIU3ATOPbI PA3/ICISIOT HA MAPAMETPHUCCKUE U KOMITCHCAIIHOHHEIE,

Tlapamempuueckue cmabunuzamopbi SBISIOTCS MPOCTSHIIIMHI YCTPOHCTBAMU, B KOTOPBIX MAJIbIC
W3MEHEHHS BBIXOIHOTO HAIPSDKCHUS JIOCTUTAKOTCS 33 CUCT IPUMCHEHUS AJICKTPOHHBIX IPUOOPOB C IBYMsI
BBIBO/IAMH, XapaKTCPHUIYIOIIMXCSI SIPKO BBIPAKCHHON HEJIMHEHHOCTHIO BOJIBT-aMIICPHOM XapaKTCPUCTHUKH.
PaccmoTpumM cxemy mapamMeTpHYecKoro CTadMIIM3aTopa Ha OCHOBE CTaOUIUTpoHa (puc. 2.82).
IIpoananusupyem gaHuyro cxemy (puc. 2.82, a), 418 4ero BHavaie ¢ mpeoopasyem, NCIoIb3ys
TeopeMy 00 SKBUBaJIEHTHOM TreHeparope (puc. 2.82, 6). [Ipoananusupyem rpaduyecku padboTy
CXEMBlI, TIOCTPOHB Ha BOJIBT-AMIIEPHON XapaKTepPHCTHKE CTAOMIMTPOHA JIMHAY HArPY3KH TS Pa3ITIHBIX
3HAYEHUH SKBUBAJIEHTHOIO
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HaNPSDKEHUS, COOTBETCTBYIOIMINX PA3IMYHBIM 3HAUYESHUSM BXOJHOTO HAMpsbKeHus (puc. 2.82, B).
W3 rpaduieckux MOCTPOCHUM OYEBUIHO, UTO MPH 3HAYUTEIIFHOM U3MEHEHUU 3KBHUBAJICHTHOTO
HaNPSDKEHUS U, (Ha Au,), 2 3HAYNT, U BXOAHOTO HAMPSHKEHMYSI Uy, BEIXOJHOE HATIPSHKEHHUE
W3MEHSETCS Ha HE3HAUUTENbHYIO BEeMUIUHY Aulyy . [IpruemM, ueM MeHbIie auddepeHuanbHoe
COTIPOTHBIICHHE CTAOMIIUTPOHA (T. €. 4eM OoJiee TOPU3OHTATHHO HJIET XapaKTePUCTUKA
CTAOUITUTPOHA), TEM MEHBIIE Ailg,,,. OTpenenTuM 0CHOBHBIE TapaMeTPhl TAKOTO CTA0MIN3aTOpa, IS
Yero B UCXOTHOU cxeMe CTaOMIIMTPOH 3aMEHHM €0 SKBUBATEHTHON CXEMOW U BBEJIEM BO BXOJHYIO
mers (puc. 2.82, 2) ICTOYHHUK HAIPSKEHUS, COOTBETCTBYIONINI N3MEHEHHIO BXOJHOTO HAIIPSIKCHIS
Autg, (Ha CXEME TYHKTHP):

Reux =13 I Ry = 1y, Tak KaK R;>> ry;

Ner = umxIH _ umxIH - KL = Auex , A“sux
cr = i 2 - =
uax‘{sx usx(IH‘ +Ic‘r) °r Ugx U gprx

TakK Kak OOBIYHO ¥y« Ry

CreioBaremsHo, K = Meux n+ Ry
o .
Uy ry

OOBIYHO TapaMeTPUUECKUE CTAOMIN3aTOPBI UCIOIB3YIOT JUISl HArPY30K OT HECKONBKHUX €IMHHUIIL
IO TECATKOB MuiunamIiiep. Hanbosee 4acTo OHU HCMONB3YIOTCS KaK UCTOUYHUKH OITOPHOTO
HaNPsDKEHUS B KOMIICHCAIIMOHHBIX CTA0MIN3aTOpax HAIPsIKEHHUS.

Komnencayuonnvie cmabunuzamopsl IPEACTaBISIOT COO0M 3aMKHYTBIE CUCTEMBI
aBTOMATHYECKOI0 PEryJIMPOBaHUS. XapaKTCPHBIMU 3JICMCHTAMU KOMITCHCAIIMOHHOTO
cTabuiiM3aTopa SBJISITCS UCTOYHUK ONOpHOTro (3TasioHHoro) Hanpspkenus (MOH), cpapHuBaromuii
u ycunuparonuii asement (CYD) u perynupyroniuii anemeHt (PD). HanpspkeHue Ha BbIXoje
cTabunmu3aTopa Wik HEKOTOPas 4YacTh ATOrO HANPSKEHUS TIOCTOSTHHO CPABHUBAETCS C STATOHHBIM
HanpsDKeHUEM. B 3aBUCHMOCTH OT UX COOTHONICHUS CPABHUBAIOUIUM M YCUIIUBAIOIIUM
3JICMCHTOM BBIPA0ATHIBACTCS YIPABIISAIOMIMN CUTHAN ISl PETYIHPYIOIIET0 DICMEHTA,
U3MCHSIONUHA ero peKUM paboTHl TaKUM 00pa3oM, 4TOOBI HAIMPSHKCHHUE Ha BBIXOC
cTabMIIM3aTopa OCTABAIOCH MPAKTHYECKH MTOCTOSHHBIM.

B kauecte MOH 00BIMHO UCTIONB3YIOT Ty WIH UHYIO DJICKTPOHHYIO I[€TTh Ha OCHOBE
ctabunutpoHa, B kadecTBe CYD 9acTo MCIOJIB3YIOT ONEPallMOHHBIA YCUITUTENh, a B KauecTBe PO
— OUIIONISIPHBIN WITH TIOJICBOM TPAH3UCTOP. Yalie Bcero peryupyroui SIEMEHT BKIIFOYAOT
MOCJIEIOBATENbHO C Harpy3koil. B aToM ciyuae crabuimm3aTop Ha3bIBalOT MOCIE0BATENBHBIM (PHC.
2.83, a). norma peryaupyiomui 3IeMeHT BKIIIOYAIOT MapajlyieIbHO Harpy3Ke, U Toraa
cTabUIM3aTOP HA3BIBAIOT MapauienbHbIM (puc. 2.83, 0, 31eck CYD u MOH ¢ uenpio ympolieHus He
MoKa3anbl). B mapauienbHOM cTaObMIH3aTope UCTIONB3YeTCs 0aIIIIaCTHOE COMPOTUBIICHUE R;, BKITIO-
yaeMoe MOCIIeIOBATEIBHO ¢ HATPY3KOM,
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B 3aBucuMocTH OT pexumMa paboThl PEryIUPYIOIIETo IeMEHTa CTaOUIN3aTOPhI pa3IessaoT Ha
HEeIMpepbIBHBIC U UMMYIbCHBIE (KITIOYEBBIE, pelieiiHbIe). B HenmpephIBHBIX cTabMIn3aTopax
PETYIUPYIOMIUI SJIEMEHT (TpaH3uCTOp) paboTaeT B aKTUBHOM PEXHUME, & B UMITYJIbCHBIX — B
AMITYJIECHOM.

PaccMoTpuM THITHYHYIO TPUHIMITHAIEHYIO CXEMY HENpPephIBHOTO cTadumu3aropa (puc. 2.84, a).
Ora cxema COOTBETCTBYET NPUBEICHHON BBIIIE CTPYKTYPHOU CXEME MOCIIEJ0BATEIFHOTO
ctabunusartopa. st TOro, 4ToObl BEIMOJHUTH Haubosee MPOCTO aHAINU3 STOW CXEMBI Ha
OCHOBE TE€X JIOIY-
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€HHH, KOTOpbIe OBLIA PAaCCMOTPEHBI TIPH H3YUCHHH OTIEPALIMOHHOIO YCHITUTEITS, H300Ppa3kM 3Ty CXEMY T10-
Jpyromy. [Tpy 5TOM IieTv MATAHKUS OTIePAIMOHHOTO YCUITATENS JTsl YIPOIICHHS PUCYHKA H300paXkaTh He
oymem. M3 cxemsl (puc. 2.84, 0) oueBHAHO, YTO Ha daeMeHTax R, R; , DA u VT moctpoeH He-
WHBEPTUPYIOIIHH YCHUTENh Ha OCHOBE OY ¢ BBIXOIHBIM KACKAJIOM B BHJIE SMUTTEPHOTO TIOBTOPUTEIS HA
TpansucTope VT, a BXOIHBIM HAIPSHKEHNEM TS HETO SBISIETCS BEIXOIHOE HATIPSDKEHME
TIapaMeTPUYECKOro CTadMIN3aTopa HapsbKeHUs Ha aneMeHTax R; u VD. B cooTBeTcTBUY C
YKa3aHHBIMU BbILIC JOMYHICHUAMU MOJTy4acM:

Ups = HUery T €. Iyt Ry= Uy

Upy = Upy — Uops

.. Uy
Tas Tbpy Som
R,

TloncTaBisis BeIpaKCHUE 1A iy B IPCABLIYILCE YPABHCHUE, TOIYUYUM

Uer
ey o Ry Wil “hiey
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CJICJOBATCJIBHO,

R
Ugpyy =Ucp* lp—2

Ry

Tlocnennee BoIpaKeHHE B TOUHOCTH TIOBTOPSIET COOTBETCTBYIOITHE BHIPAKEHHUS TS
HEWHBEPTHUPYIOIIETO YCHITNTEITS (BXOIHBIM HAMPSHKEHUEM SIBIISICTCS HATPSDKEHUE Uy,

Ilone3no otmeTuth, yTo OOC 0XBaTBHIBAET JIBA KacKaja — Ha OINEPaITHOHHOM YCHITUTEIIE H Ha
TpaH3ucTope. PaccmarprBaemas cxema SBISETCS YOSIUTETBHBIM IIPUMEPOM, JIEMOHCTPUPYFOIITM
MIPEUMYIIECTBO OOIIEH OTPHIIATEIIFHOM OOPATHOM CBS3U 10 CPABHEHHIO ¢ MECTHOM.

OCHOBHBIM HEJIOCTATKOM CTAaOMITI3aTOPOB C HETIPEPBIBHBIM PEryIHPOBaHIEM siBisieTcst HeBbicokuid KI T/,
TIOCKOJIBKY 3HAYUTENBLHBIN PAcX0]] MOITHOCTH UMEET MECTO B PETYJIMPYIONIEM DJIEMEHTE, TaK Kak
yepe3 Hero MPOXOJUT BeCh TOK Harpy3KH, a MaJIeHue HAMIPsHKEHUS Ha HEM PaBHO Pa3HOCTH MEXIY
BXOJTHBIM M BBIXOJIHBIM HaIIPSKEHUSIMH CTa0MIM3aTopa.

B kon1e 60-x roJ10B CcTaNM BBITYCKATh HHTETPAIbHBIC MUKPOCXEMbI KOMIICHCAI[TMOHHBIX
CTAaOMITN3aTOPOB HAIPSHKCHUS ¢ HEMTPEPBIBHEIM perynupoBanneM (cepust K142EH). B aTy ceputo
BXOJIAT CTaOMIN3aTOPHI C PUKCHPOBAHHBIM BBIXOJIHBIM HANPSKEHUEM, C PETYIHPYEMBIM
BBIXOHBIM HAIMPsDKEHUEM U ABYXIOJSIPHEIM M BXOAHBIM W BEIXOJHBIM HANPSOKECHUSIMHA. B Tex
CITyJasiX, KOTJla 4epe3 Harpy3Ky HeoOXOAUMO TIPOIYCKATh TOK, MPEBHIIIAOIIHH MPEICTBHO
JIOTTYCTHMBIC 3HAUCHUS HHTETPATbHBIX CTA0MIN3aTOPOB, MUKPOCXEMY JIOTIOJTHSIOT BHCIITHIMHU
PEryIHPYIONIUMH TPaH3UCTOPAMH.

HexoTopsie mapamMeTpbl HHTETPATHHBIX CTA0UITN3aTOPOB IPUBEACHEI B Ta0M. 2.1, a BapuaHT
TIOAKTIOUCHHUSI K CTa0UIIH-

Tabmuma 2.1
Tun Ux, B Ussx, B In, A Paaxc, BT
KI142EH1B 40 3+ 12 0,15 0,8
K142EH2B 40 12+ 30 0,15 0,8
K142YH3; 4 40 15+ 30 1 4
K142EH5A 35 5 3 10
K142EH6 $30 +15 0,2 4

3aTtopy K142EH1 BHemHuX 351eMeHTOB — Ha puc. 2.85. Pe3ncrop R nipeaHa3zHaueH JJIst
cpabaTbIBaHUsI 3aIIUTHI TI0 TOKY,
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Puc. 2.85

a R/— s peryaupoBaHus BBIXOIHOTO HanpsbkeHus. Mukpocxembl K142VHS, EH6, EHS
SIBJISIOTCSL (DYHKIIMOHAJIBHO 3aKOHYEHHBIMU CTA0MIM3aTOPaMU ¢ (PMKCHPOBAHHBIM BBIXO/{HBIM
HaIpsHKECHUEM, HO HE TPeOYIOT MOAKITFOUCHHS BHEIITHUX JICMEHTOB.

Hmnynvchvie cmabuiuzamopvl HanpsiceHus B HACTOSIEE BPEMsl MOTYYHIIA PACTIPOCTPAHCHUS
HE MEHbIIICE, YEM HCIIPEPBIBHBIC CTA0MIM3aTOPhL. biarogaps npuMEHEHUIO KIOYEBOTO PeKUMa
pabOTHI CHUJIOBBIX 3JIEMEHTOB TaKMX CTAOMIIN3aTOPOB, JaXKe IIPU 3HAUYNTEITHPHON Pa3HUIIE B YPOBHSIX
BXOIHBIX M BBEIXOJIHBIX HaNpsokeHuit MoxkHO Tmoyuuts K1, paBasrid 70- 80 %, B TO BpeMs Kak y
HEMPEePhIBHBIX cTa0MIN3aTopoB OH coctasiseT 30-50%. B cunoBoM anemente, paboTaromiem B
KJIFOUEBOM PEXUMeE, CPEIHSS 32 MepruoJ KOMMYTAllMd MOIIHOCTh, paccerBaeMas B HEM,



3HAYUTEIHHO MEHBIIIE, YeM B HEMPEPHIBHOM CTAOMIN3ATOPE, TAK KaK XOTS B 3aMKHYTOM CO-
CTOSTHMM TOK, TIPOTEKAIONINH Yepe3 CHIIOBOU AJIEMEHT, MaKCUMalleH, OJTHAKO TaJ[cHHuE
HaNpsKEHUS Ha HeM OITM3KO K HYNIO, 4 B PA30MKHYTOM COCTOSTHHH TOK, TPOTEKAIONTHH uepes
HETO, PaBeH HYIIO, XOTS HAMPsHKEHUE MAaKCUMATBHO. TakuM o0pa3oM, B 000HX CITydasx
paccenBaemas MOITHOCTh HE3HAYUTENbHA U OJIM3Ka K HYIIIO.

Mauible oTepy B CUJIOBBIX 3JIEMEHTaX MPHUBOIST K YMEHBIIICHUIO WITH Ja)Ke HCKITIOYCHHIO
OXJTKAAIONIUX PATUATOPOB, YTO 3HAYUTEIHHO YMEHBIIAET MaccorabapuTHbIe oka3arenn. Kpome
TOTO, HCITOJIb30BAHUE UMITYJILCHOTO CTaOWITH3aTOpa MO3BOJISET B PSJie CIy4acB UCKIIOYUTH U3
CXeMBI CHIIOBOH TpaHchopMaTop, paboratonuii Ha yactote 50 ', uTo Takke yinydmiaeT
IOKa3aTelld CTa0MIN3aTOPOB.

K HepocTaTkaM UMIYJIBCHBIX UCTOYHUKOB MTUTAHUS OTHOCSAT HAJTMYNE MYIbCAI[U BBIXOTHOTO
HaIPSOKECHUS. .

PaccmoTpumM UMITyIBCHBIN TIOCIIEIOBATENBHBIN cTabumu3aTop HanpspkeHus (puc. 2.86). Kirou S
TIEpPUOIMYIECKH BKITIOYAETCS M BHIKITFOYaeTcs cxeMol ynpasnenus (CY) B 3aBUCHMOCTH OT
3HAYCHUS HAMPsHKCHUS Ha Harpyske. HanpsokeHue Ha BBIXOJE PEryIIHPYHOT, U3MEHSISI OTHOILICHHUE
t(fol/t(!blK]Z) rlle t(fK.’l

!

01

Puc. 2.86

Tyoixn — JIUTEIBHOCTH OTPE3KOB BPEMEHH, Ha KOTOPBIX KJIFOY HAXOJUTCS COOTBETCTBEHHO BO
BKJIFOUCHHOM H BBIKITFOYCHHOM COCTOSHHUSX. YeM O0JIbIe 3TO OTHOIICHHE, TEM OOJIbIIEC Ha-
npsbKEHUE Ha BBIXoJE. B KauecTBe Kir04a S 4acTo MCIMOJb3YIOT OUMONSPHBINA UIIK MOJICBOU
Tpan3zucTop. [noa obecrmeunBaeT MPOTCKAaHNE TOKA KATYIIKH MHAYKTHBHOCTH TOT1a, KOT/1a KJIH0Y
BBIKJIIOUCH M, CJICIOBATCIILHO, HCKITFOYACT MOSBJICHHE OMMACHBIX BRIOPOCOB HAMPSHKCHUS Ha KITHOUC
B MOMCHT KoMMyTanuu. LC-QUIpTp CHUXKAeT MyJbcalliy HampsKEHUST Ha BBIXOJIC.

2.10.4. uBepTOpHI, YMHOKHUTEIN
HaIpsHKEHUS U YIIPABIISIEMbBIEC BBITPSIMUTEIN

Hneepmopwt — 3T0 yCTpOHCTBA, MPeOOpazyIoIIre NOCTOSIHHBINA TOK B IepeMeHHbIH. 300pazum
VIIPOILIEHHYIO CXeMY WHBEPTOpa Ha OUIONAPHBIX TpaH3ucTopax (puc. 2.87), rae UMeeT MecTo
COOTHOIICHUE Uy =Upr =1/2Uq. B cXeMe 4acTo MCIONIB3YIOT MEKTPOINTHYECKHIE KOHEHCATOPHI
(6ombIoit emkocTn). TpaH3KCTOPBI paboTAIOT B KITFOUEBOM PEKIME:

+G - VT1

I Cxema
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Puc. 2.87



BKITIOYAIOTCS M BBIKITFOYAIOTCS MoodepeiHO. Ha BbIXo/ie cXeMbl BOZHUKAET MTEPEMEHHOE
HanpsDKEeHUE.

Yunoorcumenu nanpsisicenus mpeodpazyroT IepeMeHHOE HaTpsKEeHNE B TIOCTOSHHOE, TIPUYEM
BBEIXOJHOE MTOCTOSHHOE HANPSDKCHHUE 3HAYUTENIBHO IPEBHIIIAcT aMIUIUTYy BXOJTHOTO
MepEMEHHOT0 HATPSOKCHUS. Pa3nuvaroT CHMMETpUYHBIE I HECUMMETPHYHbBIE YMHOXKHTEITN
HAaIPSOKESHHS.

PaccmoTpuM cxeMy CHMMETPHYHOTO yABOUTEIA HanpsbkeHus (cxemy Jlatypa) (puc. 2.88).
Jlnob1 BKITIOYAIOTCS B pa3HBIC TIOJIYIIEPHO/IBI BXOJHOTO HANpsKeHNs. B Te moymneproas1, Kormna
g, <0, BKIIOUaeTcs nuoa D1 u 3apsbkaercs koHaencarop C; B Ipyrue Moxynepruoasl (g, < 0),
BKUTFOUaeTcs anoj D2 u 3apsokaercs kongeHcarop Cs.
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HanpsxeHns Ha KOHIEHCATOPaX P XOJIOCTOM XOZIE IPUOIIMIKAIOTCS K aMIIIMTYJHOMY 3HaUCHHIO
U,y BXOJTHOT'O HAIIPSDKEHUS, TOITOMY Ugprx = 2Upx.m
Cxema HECUMMETPUYHOIO Y/IBOUTEIIS HAMPsHKEHUS. UMEET BUJL, 10Ka3aHHbIN Ha puc. 2.89.
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B orpuiiatenbHpIe Momyrnepro bl BXOTHOTO HaNpspKeHUS (U < 0) uepe3 nquon D1 3apsbkaercs
koHeHcaTtop C; 10 aMIUTUTYTHOTO 3HAYCHHUS BXOIHOTO HAMPSKCHMS, & B IOJIOKUTCIBHBIC
MOJIYIIEPUOBI (Ue> 0) uepes auon D2 moj AeicTBHEM CyMMBI HATPSHKCHUH Ug, U 1,7, ICACTBYIOIINX
COTJIAacHO, 3apspKaeTcst KoHzaeHcaTop C; 10 YABOCHHOTO aMITIMTYIHOTO 3HAUYCHHS BXOIHOTO HAIMPSKCHUSL.

AHanornyasIM 00pa3om ctposT yrpoutenu (puc. 2.90, a), yuersepurenu (puc. 2.90, 6) u ngpyrue
YMHOXHTEIM HANpsLKeHU. B 9THX cxemax HampsbkeHue Ha KoHzAeHcaTope Cp paBHO aMILTMTYIHOMY
3HAYCHHUIO BXOITHOTO HAIIPsDKCHUS, & Ha BCEX OCTATBHBIX KOHICHCATOPAX — YIBOCHHOMY
aMIUTMTYAHOMY 3HAUCHHUIO BXOIHOIO HANpsbKeHMs. BXOIHOE HAMPSDKEHUE HA TAKUE YMHOYKUTEIU
MOCTYyIaeT OOBIYHO CO BTOPHYHON OOMOTKH TPaHC(OPMATOPa, M TOTJIA TAKOE YCTPOMCTBO HA3BIBAIOT
BBITPAMUTCIICM C YMHOXXCHHUCM HAIIPSAXKCHUS. O6bl'-1HO OHU IIPHUMCHANOTCA B BBICOKOBOJIBTHBIX
BBINIPSIMUTEISIX, TIOTPEOITIONINX HEOOIBITION TOK (&UHHIIEI MIJUTHAMIIED ), HATPUMED IS ITHTAHUS
KUHECKOTIOB TEJICBU30POB.

PaccMoTpeHHbIe paHee BBIPSIMUTENHN SBIUTHUCH HEPETYIMPYEMbIMH, TaK Kak BETMYHHA BEIXOJHOTO
MOCTOSAHHOT'O HATIPAXKCHUA
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OJIHO3HAYHO OIPEAEIISIACH BXOIHBIM HAMIPSKCHUEM BEIIPIMUTELS.
YpapisieMble BLITPSMHUTETH [T03BOJITIOT PETYIIMPOBATh BRIXOAHOE HanpsukeHue. OHU, KaKk
MIPaBUJIO, IOCTPOCHBI Ha OCHOBE OJHOOIEPAIMOHHBIX (OOBIYHBIX, HE3AMUPAEMBIX ) THPHCTOPOB.

Jlnnst mprMepa pacCMOTPHUM CXeMY OJHO(DA3HOTO JBYXIIONY-IIEPHOJHOTO YIIPABIAEMOIO
BBITIPSIMHUTEIISA CO CpeaHeH Toukoi (puc. 2.91).

Ecnu umnynbcsl yripaBiaeHus NOJAKOTCS Cpa3y Mocie NOsIBAEHUS Ha TUPUCTOPaX
[OJ0KUTEIbHBIX HAIPSKCHUH, TO cxema Oyaer paboTarh TOYHO TakK ke, KAK CXEMa Ha IUOAaX.

M300pa3uM BpeMEHHYIO JMarpaMMy BbIXOHOTO HAIMPSIKCHUS IS Cllydasi, KOTAa UMITYJIbChI
YIPABIICHUS MOJAOTCS C
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HEKOTOPO 3a/IepKKO 1O OTHOIICHUIO K YKa3aHHBIM MOMEHTaM BpeMeHH (puc. 2.92, upHas
mHASA). Uepes f4,; 0003HaUeHa yKa3aHHAs BBIIIE 3aJiepKKa. YacTo BpeMeHHbIE AUarpaMM bl
MOJOOHBIX CXEM M300pakaroT, OTKJIaAbIBas MO TOPU3OHTAIBLHON OCH HE BpeMs f, a BETHUUHY
W t(w— KpyroBas 4acToTa). Torna ykazaHHOU 3afiep>KKe COOTBETCTBYET OIMPEIENEHHBIN YTOM dgy,
caBura o (haze Mex Ay HapsHKEHHEM Ha THPUCTOPE W UMITYJIHCAMH YIIPABICHUS, IPUYEM

VYroun gy, Ha3bIBAKOT YIJIOM YIpaBieHUs. [ paccMaTpuBacMOi CXEMbI YrOJl YIIPABICHUS, KaK JIETKO
3aMeTUTh, MOJKET U3MEHAThCA B mipeaenax oT 0 1o « (ot 0 mo 180 rpan.). UemOomnbiie yroi
YIpaBIEHUS, TEM MCHBIIIC CPEIHEE HAPsHKEHUE Ha BBIXO/IE BEITPSIMUTENS.

[TyHKTHpOM H300pakeHa BpEMEHHAS THarpaMMa, COOTBETCTBYIOIIASI OTCYTCTBUIO 3aCPKKH.
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UPPOBAS
Y IMITYJIbCHASI
e JIEKTPOHUKA

3.1. UMITYJIbCHBIHN PEKUM PABOTHI
N IMU®POBOE NNPEJACTABJIEHUE
IMPEOBPA3YEMOU NTH®OPMALIMN

My nsCHBINA peXUM pabOTHI JIEKTPOHHOTO YCTPOWCTBA XapaKTEPEeH PE3KUMHU U3MEHEHUSIMHU
TOKOB M HanpspkeHUH. [Ipu 3TOM B MpOMEKyTKax BpEeMEHU MEKAY STUMHU H3MCHCHUSIMHU TOKH U
HaNpsOKeHUS MEHSIOTCA CPAaBHUTENBHO Maio. MIMIyIbCHBIN pexuM IMIMPOKO UCTIONB3YETCS B
YCTPONCTBAX KaK CHIIOBOU, TaK U MH(POPMATUBHOU SIEKTPOHUKH.

YacTto akTUBHBIE TPUOOPHI (HAPHUMED, TPAH3UCTOPHI) YCTPOMCTBA DIIEKTPOHUKH, pabOTaIoIero
B UMITYJIbCHOM PEXUME, UCMONB3YIOTCA KaK KIIIOYH, T. €. OCHOBHYIO JIOJIFO BPEMEHH HAXOASTCS WIH
B OTKPBITOM, HJIM B 3aKPBITOM COCTOSIHHUH, ¥ TOJBKO B T€YEHHE OYEHb KOPOTKUX OTPE3KOB BPEMEHU
Ha-, XOJATCS B MPOMEXYTOYHOM COCTOSHUH. DTO TaK Ha3bIBACMBIN KIIFOUEBOM PEKUM PabOTHI
AKTUBHBIX IPUOOPOB. B COOTBETCTBUU C ITUM UMMYJIbCHBIN U KJIHOUYCBOU PEKUMBI HHOTA
0TOXAeCTBIAIOT. [IIupokoe UCNOJIb30BaHUE UMITYJILCHOT'O PEKUMA OOBSCHACTCS MHOTHMH €T0
npenMyiiecTBaMu. IMIyJIbCHBIN PEKUM YCTPOHCTBA CUIIOBOM 3JIEKTPOHUKHU MO3BOJISIET
CYLLECTBEHHO MOBBICUTH KOA(G(ULHUEHT IOJE3HOI0 ICHCTBUS.

Hamum cootBeTcTBYIONIHME MOsICHEHUS. [1ycTh B yCTPONCTBE HCIIONB3YETCS CHIIOBOW TPAH3KUCTODP,
paboTaromuii B pesxxuMe KITF0Ya, MPIIEM B OTKPBITOM COCTOSIHHHM TPAH3UCTOP HAXOAUTCS B PEKUME
HACHIIIEHUS (HAMPsHKEHNE Ha TPAH3UCTOPE MAJIo), a B 3aKPHITOM — B PEKUME OTCEUKH (TOK depe3
TpaH3ucTop Mai). TorJja MOIITHOCTE, UTYINAas Ha HArpeB TPAH3UCTOPA, Malla KaK B €r0 OTKPHITOM, TaK U
3aKPBITOM COCTOSTHUSX. DTa MOIITHOCTh BO3pAcTaeT B MOMEHT NIEPEKITIOYSHUS TPAH3UCTOpa U3 OTHOTO
cocTosHMS B AApyroe. Ho miporiece nepekimtoueH s MPOTEeKaeT JOCTATOUHO OBICTPO, U B CPETHEM
MOIIHOCTb OKA3bIBAECTCSI MATIOM.

NMiTynisCHBII peskiM pabOoTHI YCTPOHCTB HH(POPMATHBHOHN AISKTPOHVKH UMEET CIIS/TYIOIIIME JTBa
BOKHEUIINX [PEUMYIIIECTBA;

PE3KO TIOBBIIACTCS TIOMEXOYCTOWYNBOCTD, TaK KaK M TIPYU BHICOKOM YPOBHE ITOMEX OOBIYHO HE
BO3HHUKAET MPOOIEMBI OTITMIUTH OJHO COCTOSTHHUE CXEMBI OT APYTOTO0, & IMEHHO COCTOSTHHE CXEMBI
ompeAeIIeT NHPOPMAITHIO 0 TIPEOOPa3yeMOM CHIHAJIC,

UH(OPMAIUS O CUTHAJIC TPOCTHIM U €CTECTBECHHBIM 00pa30M Mpe/CTaBIsieTcs B LMGpoBoi dhopme, uTo
TO3BOJISICT MCTIOJIL30BATh OOJBIIKE U BCE BO3PACTAIOIINE BO3MOXHOCTH LIU(POBOI 00paboTKH
HMH(OPMALIUH.

3.1.1. Onwucanue UMITyIbCHBIX CUTHAJIOB

PaccMoTprm oCHOBHBIE TepMUHBL OOpaTUMCsI TS IPUMEpa K HACATH3UPOBAHHOMY UMITYIIBCY, KOTOPBIN
HA3BIBAIOT TpanenenaaIbHeM (puc. 3.1, a). YuacTok ummynsca AB Ha3bBaoT pOHTOM, y4acTOK
BC — BepmmHO#, yaactok CD — cpe3om; orpe3ok BpemeHH AD — ocHoBanmeM. MHOT1a yUa-
ctok AB HazbIBaroT neperHuM (GpoHTOM, a yaacTok CD — 3aqaum (hpoHTOM.

Ha puc. 3.1, 6 mpuBeAcHBI Apyrue UACATU3HPOBAHHBIC UMITYIIECHI XapaKTEPHBIX (POPM U JaHBI HX
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OOpatuMcs K UIeaTM3UPOBAHHOMY, HO OOJIee CIIOKHOMY 10 popMe UMIyibey (puc. 3.2, a).
Y4acToK MMITyJIbCa, COOTBETCTBYIOLLMI OTPHUIIATCIIBHOMY HAPSDKCHHUO, HA3bIBACTCSI XBOCTOM
HMIIYJIbCA, WM OOPATHBIM BHIOPOCOM.
JUi1s1 BeNMUMH, yKa3aHHBIX HA PUCYHKE, OOBIYHO HCTIONB3YIOT CIICAYIOIIMEC HA3BaHHS:
t, — JUTMTEIEHOCTD UMITYJIbCA;
th — MMTETHFHOCTH (PPOHTA MUMITYITBCA;
t, — IIUTENBHOCTH Cpe3a UMIYJIbCa;
t, — JUTUTETBHOCTh XBOCTA UMITYIIbCA;
U,, — ammnutyza (BeICOTa) HMITYIIBCA;

U1;
Jau
Um —
onGp
Q t i
< o T
t‘ L
a
ud
Um
0,9U,,
0,1U,, — -
o b, t




AU— cnaj BepUIMHBI UMITYJIbCA;
U,6» -aMILTUTYa 00paTHOTO BHIOpOCA.

IIpu ompeaeneHny MapaMeTPOB PeaTbHBIX UMITYJIBCOB OOBIYHO HET BO3MOKHOCTH
OJTHO3HAYHO Pa3JIelIuTh UMITYJIbC Ha XapaKTePHbIE YYaCTKH, TIO3TOMY B 3THX CIydasxX MapaMeTphl
VIMITYJIbCOB OTIPEJIEIISFOT UCXOJIS U3 TeX WM WHBIX coryianieHuid. HarpumMep, JUMTeTbHOCTH UMITYIThCA
U (pOHTA UMITYJIECA YACTO OIPEACIISIOT TaK, KaK 3TO IoKa3aHo Ha puc. 3.2, 0.

O0paTtuMcs K IepHOMUECKH TOBTOPSIIOIUMCS UMITyIbcaM (puc. 3.3).
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B 3TOM ClTydae HCTONB3YIOTCS CleIyFoIHe apameTpbl: T — mepro/] MOBTOPEHHS UMITYJICOB;
f=1/T-4acToTa NOBTOPCHUS UMITYJIECOB;

1, — JAJIMTCIBLHOCTD I1ay3bl;
Q=T/t,~CKBOXHOCTb UMITYJIECOB;
K, =1/Q=t,/T— ko>}PUIHCHT 3a0THCHUS.

3.1.2. AHanu3 nepexoaHbIX MPOLECCOB (IMHAMHYECKUX PEKUMOB) B UMITYJbCHBIX
cxemax

3agava aHaIM3a MEPEXO0THBIX MTPOIECCOB SABIIICTCS HanOoIIee BAXKHOW U XapaKTePHOM TS
VMMITYJIBCHBIX CXeM. DTO OJIHA U3 HanboJiee TPYAHBIX BBIUMCINTEIbHEIX 331au. OHA COCTOUT B
OTIPEICIICHUH YaCTHOT'O PELICHHUS CUCTEMBI OOBIKHOBEHHBIX JAU(PEpEHIINAIBHBIX YPaBHCHUH,
YAOBJICTBOPSIIONICTO 3aJaHHBIM HavYaJbHBIM YCIIOBHSAM. DTO Tak Ha3biBacMas 3agada Kommm ms
0OBIKHOBEHHBIX U hepeHnnanbHbix ypaBHeHH. OCOOCHHO CIIOXKHOM 33ajja4y JenacT TO
00CTOSITEILCTBO, UTO YKa3aHHAs CUCTEMa YPABHCHUM ISl TPAKTHYECKHU MCIIOIB3YEMBIX CXEM
OKa3bIBACTCS HEJIMHEHHOM U3-3a MPOSIBICHUSI HEJTMHEHHOCTH XapaKTEPUCTHUK IMOJI0B,
TPaH3UCTOPOB U T. . DTO MPUBOIUT K TOMY, UTO IS PEaTbHBIX 00JIee MM MEHEE CIIOXKHBIX CXEM
3aJa4a aHaJIn3a MepexX0qHbIX MPOLECCOB BO BCEH MOJHOTE MOXKET OBITh peIIeHa TOIbKO
YUCJICHHO IIPpU UCIIOJIb30BAHUU KOMIIBIOTCPA.

OmHako clieyeT YUNTHIBATh, UTO B COBPEMCHHBIX, MMPAKTHUYCCKH UCIIOIB3YEMBIX ITAKETaX
MpOrpaMM JIJIs aHAIu3a 3JIESKTPOHHBIX cxeM (Micro-Cap u Ap.) YHCICHHBIC METObI HCIIOIb3YHOTCS
HE B KJIACCHYCCKOH (hopme, a B 0C000H, MOXKHO CKa3aTh, CXEMOTEXHHUUCCKOU Gopme. Takoe
HUCIO0JIb30BAaHNUE ITHX METOAOB CTAIO PE3YALTATOM IIIyOOKOT0 MEPEOCMBICIACHUS CYIHOCTH
3a/1a4d ¥ B3aMMOCBSI3U MIPUKJIAIHON MaTEMATHKN M 9JIEKTPOHUKH. ITO Hanbosiee 3 PeKTUBHBIN
COBpPEMEHHBIN MPOo(heCCHOHATLHBIN MOIX0/] K aHATN3Y MEPEXOIHBIX ITPOIIECCOB B dJIEKTPOHHBIX
cxemax. HaCTOHTCHLHO peKOMeHHyeTCH BBITIOJIHATH aHAJIN3 nepexo,uHHx HpOHeCCOB B peam)HHx



CXeMax ¢ MOMOMIB0 COBPEMEHHBIX MaKeTOB MporpaMm. S HeKTHBHOCTh TAKUX PacyeToB
HCKJIIOUUTENIFHO BBICOKA.

B y4eOHBIX 1ensax uisl yICHEHUSI 0COOCHHOCTEHN MepeX0HBIX MPOLIECCOB B TE€X WU WHBIX
3JIEKTPOHHBIX CXeMaX OYeHb TOJIE3HO BHITIONHATE YIPOIICHHBIN, PYYHOH aHAIN3 THHAMUYECKUX
PEKUMOB.

IIpu pydHOM aHaNM3€e YaCTO MPUHUMAIOT CIIEAYIOIINE AOMYIICHHUS:
3JIEKTPOHHAS CXEMa SIBIIIETCS THHEHHON WM KBa3UIMHEHHOH (T. €. XapaKTEPUCTHKH 3JIEMEHTOB
CXEMBI SBISIOTCS] KYCOYHO-TUHEHHBIMU );
3JIEKTPOHHAs CXeMa SBIISIETCS CXEMOM MEePBOro Mopsaka (T. €. Ha KaKJ0M OTpe3Ke BPEMEHHU cXxeMa
OTIMCHIBAETCS OJHUM OOBIKHOBEHHBIM A (D depeHIInaIbHBIM YpaBHEHHEM IIEPBOTO MOPAIKA);
B CXeMe He HapYIIAKTCS 3aKOHBI KOMMYTAIUH (T. €. IpenoaraeTcs, 4To HaupsHKeHUe Ha
KaKJOM KOHACHCATOPE U TOK KaKIOW KaTYIIKA WHIYKTUBHOCTH HE U3MEHSIOTCS CKauKO0OPa3Ho);
BXOJTHbIE CUTHAJTBI ABJISIOTCS IOCTOSHHBIMU WIIA KYCOYHO-TTOCTOSTHHBIMHU.

HNHorpa cxeMy ynaetcs pa3iefiuTh Ha HECKOJIBKO HE CBSI3aHHBIX MEX]Iy cOO0M yacTei, Kaxkaas
13 KOTOPBIX SIBJISICTCA CXEMOM NepBOro nopsaaka. M3BecTHo, UTO eclik cxema sIBJIACTCS CXEMOU
TIEPBOIO MOPSJIKA, & BXOIHBIC CUTHAJIEI SBJISIOTCS TOCTOSTHHBIMU, TO U3MECHCHUS TOKOB U
HaIPSKEHUH OMUCHIBAIOTCS YKCITOHEHIIMATBHBIME (YHKIHSAME. DTO TTO3BOJIAET 0€3 TPOMO3IKUX
pacdeToB U300pakaTh BpEeMEHHBIC TUarpaMMbl TOKOB U HampsixkeHud. [Ipu aTom Het
HEOOXOJUMOCTH JaKe 3aITUCHIBATh HCXOMHBIC MU (D QepeHIMATbHBIC YPABHCHUS.

I'paduk 3xcrIOHEHITHANBHON (DYHKIIMH JIETKO W300pa3uTh, 3Has HAYATBHYIO TOYKY SKCIIOHCHTEI,
ACUMNTOTUYECKHUH YPOBEHB (T. €. TOT YPOBEHb, K KOTOPOMY CTPEMHTCS IKCIIOHEHTA) U
MOCTOSIHHYIO BPEMEHH, XapaKTEPU3YIOILYIO SKCIIOHEHTY.

HauansHyr0 TOUKY SKCTIOHEHTHI HaXOST, UCTIOIb3YS 3aKOHBI KOMMYTAIIMU. ACUMIITOTUYECKUM
YpOBEHb U MTOCTOSHHYIO BPEMEHU OMPEIETSIOT B pe3yabTaTe aHalu3a (Kak MpaBUII0, HECIOKHOTO)
CXEMBI.

Jnst mpuMepa BBIMTOTHUM aHAJTU3 IEPEXOHOTO Mpollecca B MpOoCcTeInei anekTponHoi RC-
cxeme TIPU BO3JICHCTBUU Ha HEE NPSIMOYTOJBHOTO UMITYJbca. DTO TaK Ha3bIBaeMas 3aja4ya aHaiu3a
MIPOXO0XKIECHUS IPAMOYrOJIbHOI0 UMIyNIbca uepe3 npocreiniyo RC-uens. M306pasum
aHanu3upyemyr cxemy (puc. 3.4, a) u BpeMeHHbIe quarpammsl (puc. 3.4, 0), XapakTepHu3yrIIue
MepeXoIHOM mpoliecc. PaccmaTprBaeMas cxeMa XapakTepu3yeTcs nmoctossHHon epemenn T =RC. B
9TOU CXEME, ECTECTBEHHO, BCE TOKU W HAMPSIAKECHUS U3MEHSIIOTCS C OJHOU U TOM XKe
IIOCTOSIHHOW BPEMEHHU.

[Ipu ananu3e cxeM MepBOTO MOPSAIKA HEOOXOAMMO 3HATh XapaKTEPHbIC 3HAUCHUS
AKCIIOHSHIMATBHBIX (QyHKIMH, M300pazum
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COOTBETCTBYIOIIUE BPEMEHHbBIE TUarpamMmmsl (puc. 3.5) st QyHKIUH
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3.1.3. lludppoBoe mpeacTaBicHUe
peoOpa3yeMoii HHPOPMAITUU U JIOTHUCCKHE COCTOSHHS

Hns mudpoBoro npencrapieHus HHGOPMAIMKY XapAKTSPHO MOJIHOE a0CTparupoBaHUE OT
0COOCHHOCTECH DJICKTPUUCCKHUX MPOICCCOB B IICKTPOHHOM CXEME, BHIMOIHSIOIICH 00paboTKy
CUTHAJIOB.

B ycrpoiicTBax 1iupoBoi 2IIEKTPOHUKH B OOJBITUHCTBE CITYYacB UCTIONB3YIOTCS CHTHAIBI IBYX
YpOBHEH — BBICOKOTO K HU3KOTO. [Ipr 5TOM 00BIYHO UMEIOTCS B BUIY YPOBHU HANPsDKCHUS, a HE
Toka. [{udpoBbie cXeMBl KOHCTPYUPYIOT TAKHM 00pa3om, 4TOOBI BO3A€HCTBHE HEKOTOPOTO
CUTHAaJA ONPEALIIOCh He KOHKPETHBIM 3HAYCHHUEM €T0 HAINPsKEHUS, a TeM, K KaKOMY U3 ABYX
Pa3HOBUAHOCTEH CHTHANOB (BRICOKOTO HIJIM HU3KOTO YPOBHSI) ATOT cUTHAN oTHOcUTCs. [Ipennomna-
raeTcs, YTO KaKJIbIH CUTHAII XapaKTEPU3YETCS «pa3yMHBIM» ypOBHEM HampsiukeHus. [1pu
KOHCTPYUPOBAHUU ITU(PPOBBIX CXEM IPEITPUHAMAIOTCS BCE MEPHI K TOMY, YTOOBI, HAITPHMED,
CUTHAJI BLICOKOTO YPOBHSI OBUI HE OYEHBb MAIIBIM U HE OY€HBb OOJIBITUM 1O HampspkeHuro. Ecimu
HAIMPSOKEHNE CUTHAIA HAXOJUTCS B YCTAHOBIIEHHBIX TIPe/ieNiaX, TO KOHKPETHOE 3HAUCHUE
HaIPSHKEHUS TPAKTHIECKN HUKAK HE BIMSIET Ha PEaKIUI0 TOTO ycTpoiicTBa nudppoBoit
3JICKTPOHUKH, HA KOTOPOE 3TOT CUTHAJ 10J[aH. Takue CUTHANIBI IPUHSATO HA3bIBATh U(DPOBBIMH.
CI/IFHaHBI, HC SABJIAOIIUCCA ]_[I/I(fl)pOBbIMI/I, HAa3bIBAKOT aHAJIOT'OBBIMH.

M3o0pa3um auarpammy, NOSICHSFOIIYIO W3II0KEHHOE (puc. 3.6). Ha aToii nuarpamme,
COOTBETCTBYIOIICH LIU(PPOBLIM CXEeMaM TpaH3UCTOpHO-Tpan3ucTopHou oruku (TTJI), numeromieit
HaMpsi>KCHUC MMUTAHUSA 5 B, YKaXXCM auara3oHbl HaHpﬂ)KCHI/Iﬁ 11 BXOAHBIX U BBIXOJAHBIX CUTHAJIOB
(3aIITPUXOBAHHBIC MPSIMOYTOIBHUKHK ). DTO TaAKHWE AUANA30HbBI, YTO CUTHAJ, OKA3aBIIKCh B OJHOM
U3 HUX, 0€301MIMO0YHO KBATH(DUIUPYETCS KAaK CUTHAJ BBICOKOTO WJIM HU3KOTO YpOBHS. BricokoMy
U HU3KOMY YPOBHIO CUTHAJIOB CTaBSTCS B COOTBETCTBUE JIOTHYECKHUE COCTOsIHUA | («rcTunHay) u 0
(«10%b»). Eciii BBICOKOMY YPOBHIO CUTHAJIOB CTABHTCSl B COOTBETCTBUE COCTOSIHUE 1, a HU3KOMY
— coctosiHMe 0, TO TOBOPAT O TaK HA3bIBAEMOM MO3UTUBHOMN
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noruke. Ecim BEICOKOMY YPOBHIO COOTBETCTBYET cocTossHHE 0, @ HU3KOMY — 1, TO TOBOPSIT O TaK
Ha3bIBaeMOIl HETAaTUBHO JIOTHKE.

3.2. TPAH3UCTOPHBIE KJIFOUA

TpaH3UCTOPHBIIA KIFOY SIBIISICTCS OCHOBHBIM 3JIEMEHTOM YCTPOUCTB U(POBOU AIICKTPOHUKH U
OUYEHb MHOTUX YCTPOMCTB CHJIIOBOX 3NEKTPOHUKH. [TapamMeTpbl 1 XapakTepUCTUKH TPAH3UCTOPHOTO KITFoUa
B OYCHB OOJIBLION CTEIICHU OMPECIISIOT CBOMCTBA COOTBETCTBYIOIIMX cXeM. KauecTBeHHOE yirydlieHue
MapaMeTpoB U XapaKTEPUCTHK TPAHZUCTOPHBIX KITFOUCH NPUBOIUT K PATUKATIBHOMY YITYUIICHHUIO
JNIEKTPOHHBIX YCTPOUCTB M 9aCTO COMPOBOXKIAETCS MEPECMOTPOM HCTIONB3YHOIIMXCSl CXEMOTEXHUUECKUX
PpEILLIeHNH.

3HaHHUe OCHOBHBIX OCOOCHHOCTEH TPAH3UCTOPHOTO KITIOUA SIBIISIETCS 00s3aTebHBIM YCIIOBHEM ITPU
Ppa3pabdOTKe UMITYJBCHBIX CHJIOBBIX YCTPOWCTB. DTH 3HAHUS OKa3bIBAIOT CYILIECTBEHHYIO OMOILb U ITPH
KOHCTPYUPOBAHHUM YCTPOMUCTB MH(POPMATHUBHOM 3JIEKTPOHUKH.

3.2.1. Knroun Ha OUTIONSIPHBIX TPAH3UCTOPaAX

N300pasum cxemy ITPOCTEHIIETO KITF0Ya Ha OUITONIIPHOM TPAH3KUCTOPE, BKITFOUEHHOM 10 CXEME C OOLIIM
3MHUTTEPOM, U COOTBETCTBYIOLLLYIO BPEMEHHYO JMarpaMmy BXOAHOTO HanpspkeHus (puc. 3.7).

BHauase paccMoTpuM paboTy TPaH3UCTOPHOTO KITIOUA B YCTAHOBUBIIMXCS peknMax. Jlo MOMeHTa
BPCMECHHU {; SMUTTEP-HBIN NIEPEX0/] TPAH3UCTOPA 3aMepT U TPAH3UCTOP HAXOUTCS B PEIKUME OTCCUKH.
B atom pexume ix = —is =gy (Ixg — 0OpaTHBIN TOK KOJUICKTOPA),
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i, =0. MasbiM TOKOM [, 9aCTO MOKHO TIpeHeOpeUb U CUUTATh, UTO ix = ig =0. [Ipu 3TOM ups =
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B OPOMEIKYTKEC BPEMCHHU 4...[p TPAH3UCTOP OTKPBIT. 21)1}1 TOIO, YTOOBI Harps>KCHUE Ha TPAH3UCTOPE
Uy ObLIO MHWHUMAaJIbHBIM, HAIIPSIXKCHUC U1 0OBIYHO BI:I6I/IpaIOT Tak, YTOOBI TPaH3UCTOP HAXOOUJIICA
WK B PSKMUME HACBILLICHHWA, UJIK B IIOI'PAaHUYHOM PEXKUME, OYCHD OJIM3KOM K PEXKUMY HACBILLICHHA.
OHpCILCJH/IM TOKHU W HAIPSHKCHUA 1JIA pacCMaTpruBacMoro

orpeskaspemenn: . _Ui—ug Uy B —ug FEo
Rﬁ Rﬁ Rx ' RK

Tok KoJIeKTopa B peyKUME HACKHITICHUSI 0003HAUMM HePe3 / 4 - TakuM 00pazoM, 1,y = E/R,.
HanpsokeHre B pesxxuMe HaCBIIICHHS y TPAH3UCTOPOB PAa3HOTO THIA pa3muyHO. OOBIYHO OHO JIEKHUT B

npexaenax 0,08... 1 B.

JI1st oLIeHKH NITyOHHBI HACKIITICHHS TTOJTB3YIOTCS TaK Ha3bIBAEMBIM KO3(D(UIIMESHTOM HACHITICHUS ¢,
MOKAa3bIBAIOIINM, BO CKOJIBKO Pa3 peallbHbIH TOK 0a3bl OOJIBIIIE TOr0 MUHUMAIBHOTO 3HAUCHHS TOKA 0a3bl,
KOTOPOE HEOOXOTMMO ISl 00ECTICUCHHSI pEXKIMa HAChIIeHHsI. OYeBHIHO, YTO MUHMMAJIBHBIN TOK 0a3bl
1 6.wac.oun HEOOXOJIMMBIH JUIS PSKUMA HACBILICHUS, ONPE/ICISCTCSI BRIPAXKCHUEM
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IIpu BeIOOpPE 3HAYEHMS KOA(D(DHUIIMEHTA HACKIIIEHUS )11 KOHKPETHOTO TPAH3HCTOPHOTO KITF0Ya OOBIYHO
HCIIOIB3YIOT CIAEAYIOLIHE COOOPLKEHHUS:

* PEKHM HACBIIICHUS JIOJDKEH OBITh O0eciedeH ISl pa3IMIHbIX SK3EMITIIPOB TPAH3UCTOPOB BEIOPAHHOTO
THIIA TIPH padoTe KIIF0Ya B 3aJaHHOM THAIa30HE TEMIIEPaTyphI;

* yBeNWYEHUE TOKa 0a3bl B PEXKIIME HACBIIICHUST YMEHBITIAET HAMPSDKEHIE MEXKITY KOJUIEKTOPOM H
SMUTTEPOM, YTO YMEHBIIIACT MOIITHOCTb, BBIICIISFOILYIOCS B BRIXOAHOM LIETA TPAH3UCTOPa, HO 3TO
YMEHbIIICHHE TTPAKTHYECKH TIPEKPAIIACTCS TIPH 1qc =3,

* ype3MepHOe YBeIMYEHHE TOKA 0a3bl IIPUBOIUT K 3aMETHOMY YBEJIMYCHHIO MOITHOCTH, BBIICIIIEMOM
BO BXOJIHO# IIETIM TPAaH3KCTOPA.

Kpome 311X cooOpaKeHH I, OTHOCSIIIMXCS K YCTAaHOBHBIIIEMYCS PEKUMY, YIUTHIBAIOT BIIMSTHHE BEJTMIMHBI
TOKa 0a3bl Ha TUTEIBHOCTD TIEPEXOIHBIX MTpoiieccoB. YeM OosIbIie TOK 0a3bl, TeM OBICTpee BKIFOUACTCS
(T. €. BXOZIUT B PEKUM HACKIITIEHHS) TPAH3UCTOPHBIHN KITFOY, HO [UTUTEIIEHOCT TIEPEXOTHOTO TpoIiecca
BBIKJIFOUCHHS TPAH3KUCTOpa IPH 3TOM yBeuunBaeTcs. IloapoOHee 3T BOIPOCH pacCMATPHBAIOTCS HIDKE.
YacTo BEIMYUHY ¢, BRIONPAIOT U3 Auamnaszona 1,5...2. M306pa3umM BpeMeHHbIC AUarpaMMEl,
COOTBETCTBYIOLINE IIpolieccy BKItoUeHus (puc. 3.8).

Yepes uss.nopo- 0003HAUECHO TTOPOTOBOC HANPSDKCHUE MEKIY 0a30i M SMUTTEPOM, KOTOPOC
COOTBETCTBYET HEKOTOPOMY MAJIOMYy 3HaUCHHUIO TOKa Oa3kbl.

Hanpumep, cunTaror, 4To HAMPSHKEHUE Ugs, op0. COOTBETCTBYET TOKY 0a3bl, B 10 pa3 MeHbIIEMY
TOKa ]G.Hac.,uun-

UYepes 11 jopo- 0003HAYCH TOK KOJIJICKTOPA, COOTBETCTBYIOLIMN HAPSKCHUIO Ugs popoe-

WHTepBan ¢;...t, Ha3pIBAIOT HHTEPBAIOM 3aJCP>KKH BKITFOUCHHSI, UHTEPBAI {)....13 — UHTEPBAIIOM
hopmupoBaHus (POHTA, @ UHTCPBAI #3...f, — WHTEPBAIIOM HAKOIUICHUS 3apsiaa. PasHOCTh £3—t;
Ha3bIBAIOT BPEMCHEM BKJIOUCHHUSI.

JnurensHOCTh MHTEPBANIA (hOPMUPOBaHUS (DPOHTA OMPELIIACTCS TOKOM 0a3bl, TOKOM
HACBIICHHUS KOJIEKTOPA 4 14c, BEIMYUHOMN b TPAH3UCTOPA, & TAKKE BPEMEHEM YKH3HH HEOCHOBHBIX
HocuTelneH B 6ase.

Ha unTepBasie 3a1ep>KKu BKIIOUYCHUS U3MEHSIOTCS HAMTPSKCHUSI HA OMUTTEPHOM U
KOJUIEKTOPHOM TIepexoiax, ¥ MO3TOMY N3MEHSIOTCSI 00beMHBIE HECKOMIIEHCUPOBAHHEIE 3aps/Ibl B
00JaCTH ATUX TIEPEXOJIOB. DTO HAXOUT OTPAKESHUE B TOM, YTO BOHHUKAIOT TOKH JJICKTPOOB
TpaH3ucropa. Ho TOk KoIIeKTopa Ha pacCMaTprUBAEMOM MHTEPBAIE Majl. Y Ka3aHHOE SIBICHHE



HM3MEHEHHMS 3apsA0B YCIOBHO HA3bIBAIOT Iepe3apaioM O0aphepHBIX eMKOCTEH SMUTTEPHOTO
KOJUIEKTOPHOTO mepexo1oB. OTHAKO HE cleIyeT 3a0bIBaTh, YTO OaphepHbIC eMKOCTH, KaK U
nuddy3noHHbIE, ABISIOTCS MO ONpEeTeHUI0 TuDPEpeHITHATHEHEIMI eMKOCTIMH. [loaToOMY K
TEPMUHY «IIepe3apsy ClieyeT OTHOCUTBCS C OCTOPOKHOCTRIO. Hampumep, eciii HampspkeHHe
MeXay 0a30¥ M SMUTTEPOM PaBHO HYJIIO, 3T0 He 03HayUaeT, YTO HEKOMIICHCUPOBAHHBIN 3apsi]l B
00JTaCTH SMHUTTEPHOTO TIepexoaa paBeH HYJIIO (a 3apsa «0OBITHOI» eMKOCTH PaBeH HYIIIO MIPH
HYyJeBOM HarpspkeHnn). K KOHITYy HHTepBana 3aJiepKKU HapsHKeHUE MEX Ty 02301 U SMUTTEPOM
YBEIMIHUBACTCS 10 3HAYCHUS Uss papos-

Ha unTtepBane popmupoBanusi GpoHTA TOKHU JICKTPOJOB TPAH3UCTOPA SBIISIOTCS
3HAYUTEIBPHBIMHE. B Hayae 3Toro HHTepBaia MpoI0JDKaeTCsa N3MEHEHNE HAIIPsHKCHIS Ha SMHUTTEP-
HOM Iiepexojie. B TeueHne Bcero MHTepBaia U3MEHSETCS HATIPSHKEHHE Ha KOJUIEKTOPHOM
nepexoze. OTO BBI3BIBaCT U3MEHEHHE COOTBETCTBYIONINX HECKOMIICHCUPOBAHHBIX OOBbEMHBIX
3apsaa0B. Ha narepBaiie popmupoBadus GpoHTa, KpOME dTOTO, MIPOUCXOIUT HAKOIIJICHUE
HEPaBHOBECHBIX HOCHTEJICH JIEKTpHUUECTBA B 0a3e TpaH3UCTOpa. DTO YCIOBHO HAa3BIBAIOT
MPOLIECCOM HAKOIUICHHUS HEOCHOBHBIX HOcuTeel. Ho ciieiyer yuuThiBaTh, 4TO 3apsij HCOCHOBHBIX
HOCHTEJICH PAaKTHUCCKA MIHOBCHHO KOMIICHCHUPYETCS 3apsiIoM OCHOBHBIX HocHuTencH. [lonpooHee
3TOT BOMPOC PACCMOTPEH MPU U3YUEHUH MOTYIMPOBOIHUKOBOTO MO/IA U SBICHUS
JIUDJICKTPUYECKON penmakcaruu (penakcauu Makcsemna). Yem OorbIie k03P GUITUEHT HACHITICHUS,
TEeM MEHBIIIE JITUTEIBHOCTE (PPOHTA £y

Ha unTepBane HaKOIICHUS 3aps/ia MPO0JDKASTCS HAKOIIJICHHE HEPaBHOBECHBIX HOCHUTENCH
anekTpuuectsa. [Ipy ToM HanpsHKSHHE Uy, HE3HAUUTEILHO YMEHBIIIACTCS, @ TOK KOJIJIEKTOpa
HE3HAYUTEIHHO YBEITUINBACTCS.

M300pa3um BpeMeHHBIC JHATPAMMEI, UTIOCTPUPYIOIIHE MPOISCC BRIKIIOUEHHS (puc. 3.9).

Ha puc. 3.9 BBeeHBI crenyromue 0003HaYCHUS HHTEPBAIOB BPEMEHHU:

* [,...l; — paccacbIBaHUA 3apsja,

* f)....t3 — GOPMHPOBAHHUS CTIA/IA,

® [3....l4 — YCTaHOBJICHUSI.

PasHocTb 3 — f; Ha3bIBalOT BPEMCHEM BhIKIIOUCHUs. Ha nHTEpBaiie paccachiBaHUs TOK 0a3bl
OTPHIIATCIIEHBIA U OTPAHUYUBACTCS PE3UCTOPOM R;. .Ecnu npenedpeus HanpsHKeHUEM Ug,, TO
i=-U,/R; . Ha 3TOM MHTEpBalie MPOUCXOIUT YMCHBIICHNE KOHLICHTPALIMH HEPABHOBECHBIX
HOCHUTECJICH 3JIEKTPHYCCTBA, U K KOHIIY HHTEPBaJia TPAH3UCTOP BBIXOAHUT U3 PEIKUMA HACHIIICHHS.
Yem Oonbre K03(HPULMEHT HACKIIICHUS, TEM OOJIBILIE BPEMsI PACCACBIBAHMUS [y, UeM OObIiIe 1m0
MOJYIIO TOK i5, TEM MEHBIIIC BPEMS PACCACHIBAHUS.
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Ha natepBane popcupoBaHus craga IpoJoJKaeTCs yMEHbIEHNE KOHIICHTPAITIH
HEPaBHOBECHBIX HOCUTENEH, TOK i, 3HAUUTEIILHO YMEHBINIAETCS, a HAIIPSHKEHUE Ha KOJIJIEKTOPHOM
TepexoJie U HapshKEHUE U,, 3HAUNTEIBHO Bo3pacTaeT. VI3MeHeHre HapsXKeHUS Ha
KOJUICKTOPHOM IepeXxojie IPHUBOINUT K H3MEHEHHIO 00bEMHBIX HeCKOMIICHCHPOBAHBIX 3apsSI0B B
00J1aCTH 3TOTO0 Mepexo/ia (TOBOPAT, UTO OaphepHas KOJUIEKTOPHAS eMKOCTh Iepe3apsiKaeTcs).

Ha nHTEpBalie ycTaHOBIECHNS HANPSKCHUE 15, H3MEHSICTCS OT BEIMUMHBI Ug, nopo. 10 —U. 1lpn
3TOM HU3MEHSIOTCS He-CKOMIICHCHPOBAaHHBIE 00bEMHBIC 3aPSAIbl IIEPEXOI0B TPAH3UCTOPA.

ITocne MoMeHTa BpeMEHH £3 TOK KOJJIEKTOpPa CTAHOBUTCS PABHBIM TOKY 0a3bl, SMUTTEPHBIH
repexoJ] CMellaeTcss B 00paTHOM HaIIpaBJIEHHH, TOK 0a3bI OBICTPO YMEHBIIIACTCS 110 MOIYIIIO H
CTaHOBHUTCS HYJICBBIM.

KonudecTBeHHBIN aHAIN3 TUHAMHAYECKUX PEXHUMOB TPAH3HMCTOPHBIX KIIFOUEH HACTOATEIbHO
PEKOMEHAYETCS BBHIMOIHUTD C TOMOIIBIO MMAaKEeTOB MPOTPaMM JJIs MAITHHHOTO aHaJIN3a
37eKTPOHHEIX cxeM (Micro-Cap V u 1p.). OTH makeTsI POorpaMM O3BOJISIOT aHATH3HPOBAaTh
MEePEXO/IHbIE MPOLIECCHI MPU CaMbIX CJIOXKHBIX BXOJIHBIX CUTHANIaX. PaHee Jj1s pacuera nepexoJHbIX
MPOIIECCOB B TPAH3UCTOPHBIX KIIFOUaX MPUMEHSUTHCH YIIPOILCHHBIC METOAUKHU, MPEIOJIararonme K
TOMY K€ MCIIOJIb30BaHKE IIPOCTHIX BXOJHBIX CUTHANOB. B HacTosIIee BpeMs 3T METOIUKHU
PEKOMEHAYIOTCS TPUMEHSThH TOJBKO B YUEOHBIX LEIAX.
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W3 U3105KEHHOTO CIEIYeT, YTO BpeMsI BKIFOUSHUS KIF0UYa MOXXHO YMCHBIIIUTh, YBEITUINBAS
OTHUPAONINI TOK 0a3bl. B TO e Bpems yBeIMuuBaTh KO3(DPUIIMEHT HACHIIIICHHUS HEXKEIATCIBHO,
TaK KaK 3TO YIJUHSICT BPEMsI BBIKIIOUCHUS. AHAIOTMYHO BPEMsI BBIKIIFOUCHHS MOYKHO
YMEHBIINTD, YBEIUYNBAS 3AMUPAIOIINNA (OTPHUIATEIbHBIN) TOK 0a3HbI.

ITpencraBuM cxemMy TPaH3UCTOPHOTO KiIH0Ya ¢ (DOPCUPYIOIIUM KOHICHCATOPOM, KOTOPBII
YBEJIMYHUBACT MOJOKUTEIHHYIO U OTPUIATSIFHYIO aMILTATY bl TOKA 0a3bl H TEM CaMBIM MOBBIIIACT
owicTpopeiictere (puc. 3.10). PaboTy Kiroya HmosICHAIOT BpeMEHHbIE JuarpaMMebl. [10700HbBIE CXEMBI
IITUPOKO WCTIONIB3YIOTCS Ha MPAKTHKE.



3.2.2. HeuacsllieHHBIE KIIFOUU
Ha OMIOJISPHBIX TPAH3UCTOPAX

OpHuUM U3 cIocoOOB MOBBIIEHHUST OBICTPOICHCTBUS SBISETCS MPEJOTBPAICHIE HACBHIIEHUS
TpaH3UCTOpa. DTO, KAK OTMEYAIOCh BhIIIE, YMEHBIIIAET BpeMsl paccachlBaHUs. BaXxHO yIUTHIBATH,
YTO MPeJOTBPAIlleHHE HACHIIIEHUS OOBIYHO JOCTUTAETCS HE YMEHBIIIEHUEM OTIIHPAIOIIEro 0a30BOT0
TOKa, TaK KaK 3TOT CIIOCO0 MPeIOTBPAaIleH!s HACHIIIIEHHS] UMEET CYIlleCTBEHHbIE He10CTaTKu. Bo-
MIEPBBIX, €CJIM OPUEHTHUPOBATHCS HA YMEHBIIIEHHE TOKa 0a3bl, TO IPHIETCS MPUHSITH MEPHI 110
TOYHOM PEryaNUpOBKe 3TOTO ToKa. MHade K04 Ha OJIHOM K3EeMILTSIpE TPaH3UCTOPa, UMEIOIIETO
Masbli K03 uureHT p, He OyAeT MOTHOCTHIO OTKPBIBATHCS, a KITIOY Ha IPYTOM K3EMILIIpe
TPaH3UCTOPa, UMEIOIIETO OOIBIION KO (GUIIUEHT P, BCe-Taku OYJIET BXOJUTh B PEXKUM
HachwIeHu. Bo-BTOPBIX, paboTa KiIroda MOJKET OKa3aThbcs HecTaOmIbHOM. HanpruMep, cyliecTBeHHOE
JeCTa0WIN3UPYIOIIee BO3ICHCTBIE MOXKET OKa3aTh TeMIleparypa. B-TpeTbux, AMUTenbHOCTh (POHTA
AMITYJECa Oy/IeT 3HAUUTETHHOM.

BHagane paccMOTpuM HACATH3UPOBAHHYIO CXeMY HEHACBIIIEHHOTO Kiro4a (puc. 3.11, a),
TIPUHIIMIT JeHCTBUS KOTOPOTO JIETKO MOHATh. Hanpsbkenue cmemenus U, JOTKHO OBITh TOPSAIKA
0,4...0,6 B. lo Tex mop, moka pexxuM padOThI TpaH3UCTOPa HE MIPUOIMIKACTCSA K PEKIMY
HACHIIEHUs, 1101 VD 0CcTaeTcs 3aKphIThIM U BECh TOK HCTOYHMKA BXOJJHOTO CHTHAJIA TIOCTYIAET B 0a3y
TPaH3UCTOPA, BBI3BIBASI €TO OBICTpOE oTIHpaHue. Ha rpaHuIe akTHBHOTO peKUMa U PeXrMa HaCBIIIEHHS
HaNPSHKEHUE U,; OKA3hIBACTCSI OJIM3KUM K HYJIEBOMY, 1

Puc. 3.11



JINOJT HAaUMHAeT OTKpbIBaThcA. [locie 3Toro yacth Toka MCTOYHUKA BXOJHOTO CUTHaJIa OTBETBIIAETCS
B IITTb TMOJIa, TOK 0a3bl YMEHBIIIAETCS, U TPAH3UCTOP HE BXOJUT B PEKUM HACBIIICHUS. Takum
00pa3oMm, B cXeMe UMEET MECTO HeTTMHEeHHas OTpHuIlaTelbHas 00paTHas CBS3b MO HAMpsKeHuo. B
TaKUX CXEMaX JIOJDKHEI UCTIOJIb30BAThCS BRICOKOYACTOTHBIE MO B

OdeHp XOpoIIHe Pe3yNbTaThl IaeT ucronb3oBanue auoaoB Llortku (puc. 3.11, 0). [Ipu
PacCMOTPEHHUH 3TUX IHOJ0B OTMEUAIOCh, YTO OHU OTIMYAIOTCS OOIBIIUM OBICTPOJEHCTBHEM U
MaJIbIM MaICHUEM Hamps>KeHUs (BpeMs BOCCTaHOBIIEHUS MOXeT ObITh mopsaaka 0,1 HC 1 MeHbIIIe,
Hanpspkerue otrupanus okojo 0,25 B). Ilpu ucons3oBanuu quomoB LLIOTTKHM HCTOYHHKH
HaNpsDKeHUsI CMeNeHrs He TpeOyroTcs. bunomnsapusiii Tpanzuctop ¢ auoxom LlloTTku cramu
Ha3bIBaTh «Tpau3ucTop LIoTTkm» 1 0603Ha4YaTh, Kak IMoKa3aHo Ha puc. 3.11, B.

Kpome mocTomHCTB, ciemyeT UMeTh B BUAY U CIEAYIOIIHE HeIOCTATKN HEHACKIIIEHHBIX
KJIIOYEH:
* TIOBBINIEHHOE HANPSKEHHE Ha OTKPBITOM KITIOUE;
* TIOHIDKEHHAas IOMEX0YCTOWYHUBOCTE;
* MOHWXCHHAs TEeMIIepaTypHas CTaOUIbHOCTb.
HecMoTps Ha yka3zaHHBIE HEJOCTATKH, HEHACHIIIEHHBIE KIFOYH IIUPOKO UCTIOJIB3YIOTCS Ha
TIpaKTHKE.

3.2.3. AHamoroBslc KOMMYTAaTOPHI (AHATOTOBBIC KITFOUH ) Ha OUIIOISPHBIX
TpaH3UCTOpaX

BrlImmie pacCMOTPEHBI KITFOUH, B BBIXOIHBIX IETISIX KOTOPBIX HCTIOTB3YIOTCS HCTOTHUKHI
TOCTOSIHHOTO HaNpsiKeHUs (MCTOYHHMKH NMUTaHus ). HazHaueHHe TaKuX KIIFOYEH COCTOUT B TOM,
4TOOBI CO3/IaTh HA BBIXO0JI€ WM HAIpsDKEHHE, OJIM3K0e K HYIIO (KOTJa K09 OTKPHIT), HITH
HampshKeHue, 0JTU3K0e K HANPSHKEHUIO MATaHUsl (KOTaa KITI0Y 3aKPhIT, & TOK, TOTPeOIseMbIi
Harpy3KoM, IMoJICOCAUHECHHOMN K KIIF0UY, JOCTaTOYHO Mall). Takas paboTa XapakTepHa Jyisl KIIHUCi
ur(pOBOH MEKTPOHUKH (MX HA3BIBAIOT U(GPOBHIMU KIIFOYaMHU) U CHIIOBOW JICKTPOHHKH.

B uH(pOpMAaTHBHON DIIEKTPOHUKE UCIIONB3YIOTCS TAKXKE U KITFOUH, UMEIOIIUE IPYTOe
HazHauyeHUe. OHO COCTOUT B TOM, YTOOBI COCJIUHSThH WU PACCOCUHATh UCTOYHUK BXOJIHOTO,
cozieprkaiero HH(GOpPMaIMI0 aHAJIOTOBOr0 CUTHAIA U IPUEMHUK 3TOr0 CUrHaia. Takue KIr4u
MIPUHSATO HA3bIBATh aHATIOTOBBIMH. VX Take Ha3bIBAIOT aHATOTOBBIMH KOMMYTaTOPaMH.
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PaccmoTpum mpocTeiiiie cxeMbl aHAJIOTOBBIX KITI0Uel Ha OUIONSPHBIX TpaH3ucTopax. Ha puc.
3.12, a mpeacTaBieHa cxeMa ¢ OOIIUM 3MUTTEPOM. F300pa3uM BRIXOTHBIC XapaKTEPUCTUKH
TpaH3UCTOPa ISl MPSIMOTO U MHBEPCHOTO BKJIIOYEHHUS B 00JIaCTH, OJTU3KON K Havaly KOOpAWHAT
(puc. 3.12, 6).

Yepe3 ug, 0003HAUCHO BXOAHOE HAMPSIKEHUE, KOTOPOE B 3aBUCHMOCTH OT YITPABJISIOIICTO
CHUTHAJIA Uy, TIONAETCS WITH HE MOoAaeTcs Ha HAarpy3Ky Ry HanpsokeHue ug, MOXeT OBITh Kak
TIOJIOXKHUTENEHEIM, TaK U OTPUIIATENbHBIM. ECITH U, > 0, TO paccMaTpUBaeMbIid aHAIOTOBBIN KITFOY
paboTaeT Tak ke, Kak M3y4eHHBIN KIIF0Y C MOCTOSHHBIM HalpsoKeHWeM TuTaHus. Ecmu ug, < 0,
TpaH3UCTOp paboTacT B UHBEPCHOM PEXKHUME.

OnHUM U3 HEOCTATKOB OUIIOSIPHOTO TPAH3UCTOPa C TOYKH 3PEHUS IPUMEHEHHUS €r0 B
aHaJIOTOBBIX KJTF0YaX SBJISIETCS TO, YTO BBEIXOJHBIE XapaKTEPUCTHKHU HE MIPOXOIAT Yepe3 HadajIo
KOOPJIMHAT. BenencTere 3Toro TOK i, ¥ HAPSDKEHUE Ugy, OYIYT PaBHBI HYIIFO HE TOT/A, KOTIA Ug, =
0, a Tpu HEKOTOPOM MOJOKUTEINHHOM BXOHOM Harpspkernu U. Hampspkenne U 0ObIMHO
coctasysieT 10... 100 MB. DTo HanpspkeHHe HA3bIBAIOT OCTATOYHBIM FUTH HaIIPSHKEHUEM
CMEIICHUS.

Ha mpakTuke 11 yMeHbIICHUS BeTUIUHBI U TPaH3UCTOP BKIOYAIOT TaK, YTOOBI POJIb
SMHUTTEPA UTPATT KOJIIEKTOP, a POJIb KOJUIEKTOpa — 3MUTTEP. M300pa3uM COOTBETCTBYIOIINE
XapaKTEPUCTUKU U CXEMY, KOTOPYIO HHOT/]a Ha3bI'€ar0T CXEeMOH ¢ OOIIMM IMHUTTEPOM TIPH
WHBEPCHOM BKJIIOUEHUHU TpaH3uCTOpa (pHc. 3.13).

N3-3a HECUMMETPUU CTPYKTYPHI TPAH3UCTOPA, PA3IUYHUS B KOHIICHTPAIUSIX TPUMECEH B
Pa3TMYHBIX €ro 00JIACTIX OCTATOYHOE HAIPSDKEHUE SIS HHBEpCHOTO BKItoueHUS U,,,; OOBITHO
3HAYUTENILHO MeHbINe HanpspbkeHus U. Yacro U, coctaBnser 1...5MB. Ho, ncnonb3ys HHBEPCHOE
BKITFOUEHUE, CJICTyeT TIOMHHUTH, YTO MAaKCHMAIBHO JOMYCTUMOE 3alupaloliee HalpsKeHIe
SMUTTEPHOTO TIepexo/ia OOBIYHO 3HAYUTENHHO MEHBIIIE COOTBETCTBYIOIIETO HAPSIKEHUS TS

KOJUIEKTOPHOI'O II€pEX0aa.
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OOparuMcs K TpEThel MpocTeeii cxeme — cxeMe ¢ 00IUM KOJIIIEKTOpoM (puc. 3.14). MoxHO
3aMETHTh, YTO MOCIEHSI CXeMa (haKTHUECKH MOBTOPSET PEIBIIYIIYFO, OTIIMYAsCh TOJHKO YCIOBHO-
MOJIOKHUTENLHBIMU HANPABICHUSIMUA TOKOB U HanpspeHwui. [10100HpIM 00pa3oM COOTHOCSTCS U



XapaKTePUCTUKH.

PaccMoTprM KOMITEHCAIIOHHBINA aHATIOTOBBIN KJTFOY Ha OUITONISPHBIX TpaH3ucTopax. C 1ebo
YMEHBIIICHHS HaPSDKEHHUST Ha OTKPBITOM KJTFOUE UCTIOB3YIOT ITOCIIEA0BATEIbHOE BKITIOUCHHUE
OJTMHAKOBBIX TPAH3UCTOPOB. I [pOMBIIIIEHHOCTD BBITyCKACT MHTETPAITLHBIE CXEMEI, COIEpIKAIIIHe Taphl
TPaH3UCTOPOB,
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NpeIHaA3HAYEHHBIC JIJISI TAKOTO MCIOIb30BaHus. V300pa3uM NPUHIUITHATBHYIO CXEMY
unterpanbHor MukpocxeMbl 101KT1A (puc. 3.15). Takue ycTpoiicTBa Ha3bIBAIOT TAKKE
npepbiBatensiMu. M300pa3umM cxeMy aHaIOroBOro Kir4a Ha OCHOBE TAKOH MUKPOCXEMbI (PHC.
3.16). BXomHOM CUTHAT Uy MOXKET OBITH HOCTOSHHBIM JIFOO0M MOJIAPHOCTH HUIH TTEPEMCHHBIM.
YupaBasrmuil CUTHAN [epenacTes uepes Tpanchopmarop.

ITycTh B HEKOTOPBI MOMECHT BPEMEHU UMCIOT MECTO T€ MOJIIPHOCTH BXOAHOIO HAMPSIKCHUS U
HaIpsHKEHUsST Ha BTOPUYHON 00MOTKe TpaHchopMaTopa, KOTOphIe YKa3aHbl 0€3 cKoOOoK, Toraa
TPAH3UCTOPHI OYJIET OTKPBITHI U BXOJHOM TOK i, OyeT nonoxxutenbHbiM. Tpansucrop T Oyaer
pabdoTaTh B HOPMAITLHOM PEXUME, MPUYEM OH BKIIFOUEH MO CXeMe C O0IIUM KOJUIEKTOpoM. B
COOTBETCTBUH C MPUBECHHBIMHU BBIIIIE XaPAKTEPUCTUKAMU B PEKUME HACHIIIEHUS Uy,; < 0.



Tpanzuctop 7, Oyzaet paboTarh B MYHBEPCHOM pexXHMMe. B COOTBETCTBHHU ¢ MPUBEACHHBIMU BEIIIIE
XapaKTePUCTUKAMU 11 CXEMBI ¢ OOIIUM AMHUTTEPOM IPH UHBEPCHOM BKITFOUCHUH U™ (). Takum
00pa3oM, 0cTaTOYHBIC HATIPSHKEHHS Ha TPAH3UCTOpaX OyayT B3aHMHO KOMIIEHCHPOBAThCS.
IloaTOMy Takue aHanOroOBBIE
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KJIFOUM Ha3bIBAalOT KOMIIEHCUPOBAaHHBIMU. biaromaps stomy ob1iee HanpskeHUE Ha
TPaH3UCTOPAX OKA3BIBAETCS OUYECHBb MANbIM. [l yKa3aHHOW MUKPOCXEMBI ATO HampsDKeHHe He 00-
nee 100 mkB.

st ysicHeHus: ocoOeHHOCTe! paboThI CXEMBbI TIOJIE3HO YUUTHIBATH CJICIAHHOE BBIIIE 3aMeYaHue O
TOM, 4TO HCIIOJIb3YEMBIE B PACCMATPUBAEMOM KITFOUE MIPOCTEUIITNE CXeMbI (DaKTHYCCKH
COBMAIANT. B ciyuae Takou MoisipHOCTH HANPSKCHMS HA BTOPUYHON 00MOTKEe TpaHcopmaTopa,
KOTOpas yKazaHa B CKOOKax, KJI0U OyzeT 3akpbIT. [/ JaHHON MUKPOCXEMbI TOK YTCUKH HE 00Jice
40 HA. MakcuManbHBIA TOK OTKPBITOTO Kitoua — 10 MA.

KoMmneHcupoBaHHbBIC TPAH3UCTOPHBIC KIHOYM BXOAST B COCTAB PA3IMUHBIX MUKPOCXEM CEpUi
124, 129, 162.

3.2.4. Kiitouun Ha MoJIeBbIX TPAH3UCTOPAX

Kinroun Ha moneBbIX TPaH3UCTOPAX MIUPOKO UCTIONB3YIOTCS AJIs1 KOMMYTAIlMU AHAJIOTOBBIX U
IUQPOBBIX CUTHAJIOB.

B ananorossix Kiro4ax 0OBIYHO HUCIIONB3YIOT TPAH3HCTOPHI C YIIPABISIONIMM P-N-TIEPEXOI0M
niu MTT-TpaH3ucTOphl ¢ MHAYIIMPOBAHHBIM KaHaIoM. B 1iudpoBbIX KiIF0Yax 00BIYHO
ncnoab3ytoT M/II-Tpan3ucTopsl ¢ MHAYIUPOBAHHBIM KaHAIOM. B mocnenHee Bpemsi MoJIeBbIC
TPaH3UCTOPHI BCE Yallle UCHOJb3YIOT B CUJIOBON UMIYJIbCHOM DJICKTPOHHKE.

Kntoun Ha moneBbIX TPaH3UCTOPAX OTIMYAOTCS MAJbIM OCTATOYHBIM HampsokeHueMm. OHu
MOTYT KOMMYTHPOBATh CJ1a0bl¢ CUTHAJIBI (B SAMHULIBI MUKPOBOJIBT M MEHBIIE). DTO CIACACTBUE TOT'O,
YTO BBIXOJHBIC XAPAKTECPUCTUKH MOJIEBBIX TPAH3UCTOPOB MPOXOAAT YEPE3 HAYAIO KOOPAUHAT.

Jns mpumMepa n300pa3suM BEIXOAHBIC XapaKTCPUCTUKHU TPAH3UCTOPA C YITPABIISIIOIINM
MEePEX0I0M U KaHAJIOM p-muna B 00J1aCTH, IPUIICTAIoIICH K Hayany koopauHat (puc. 3.17).
OO6paTuM BHUMaHUE, YTO XaPAKTEPUCTUKHU B TPEThEM KBAIPAHTE



COOTBETCTBYIOT 3a/IaHHBIM HAPSKESHUSIM MEXTY 3aTBOPOM M CTOKOM.

OnHaKO MUHUMAJIBHOE COMTPOTHUBIICHHE BKIOYEHHOTO KI0Ya HA MOJEBOM TPAH3UCTOPE
MOJKET OBITH OOJIBIIIC, YeM KJIF0Ya Ha OUITOISIPHOM TPaH3HUCTOpE (T. €. HAKJIOH CaMOM KPYTO
MTOAHUMATOIIENHCA XapaKTEPUCTHUKH MOJIEBOTO TPAH3UCTOPA MOKET ObITh MEHBIIIE, YEM HAKIIOH
COOTBETCTBYIOIIEH XapaKTCPUCTHKU HA OMITOJSIPHOM TpaH3ucTope). [loaToMy npu 3HAUYUTETHHOM
TOKE TIaJICHHE HAIIPSHKSHUsSI Ha TI0JIEBOM TPaH3UCTOPE MOXKET OBITh OOJIbIIIE, YeEM Ta/IeHHe
HAIPsHKEHNS Ha OUTIOJISIPHOM TPAH3UCTOPE.

WHora ocTaTOYHBIM HaIPsKEHUEM Ha KJTF0YE HA3bIBAIOT HE TO HANPsKEHUE, KOTOPOe
COOTBETCTBYET HYJIEBOMY TOKY, & TO, KOTOPO€ COOTBETCTBYET HEKOTOPOMY 3HAYUTEIBHOMY TOKY
KJIK04a. STO HY>XHO UMCTh B BUZY, '-1T06bl ITIOHATH CMBICJI HA HepBblﬁ B3rJ1A nmapagokCajabHOI O
YTBEPIKIACHHSI, BCTPCUAIOLICTOCS Y HEKOTOPBIX aBTOPOB ¥ COCTOAIIETO B TOM, YTO OCTATOUHOC
HANPSKCHUE KIOYCH Ha MOJICBBIX TPAH3UCTOPaX OOJIbIIe, YeM KIIFOUYCH HA OUIIOISPHBIX
TPAH3HUCTOPaX, U MOITOMY IIOJIEBOM TPAaH3UCTOP 00Ia1aeT XY IIMMH KIFOYEBEIMU CBOMCTBAMU T1O
CpaBHEHUIO ¢ OumonsapHBIM». KcTaTty OyeT cka3arh, YTO HANMYME TTOTOOHBIX HA TIEPBBIA B3TIISA]
MIPOTUBOPCUUBBIX YTBEPKICHUH IMOIE3HO BOCIPUHUMATh KaK 3HAaK TOT'0, YTO BEIOOP KOHKPETHOTO
pelieHus (B JaHHOM cllydae BBIOOp JUTsl KOMMYTAITUH MOJIEBOTO MM OUTIONAPHOTO TPaH3UCTOPa)
CJeAyeT OCYIIECTBIATh HA OCHOBE BCECTOPOHHETO aHaU3a.

B cratnueckoM COCTOSSHUM KITFOY Ha TTOJIEBOM TPAH3UCTOPE MOTPEOIAET OUCHb MaJbId TOK
yrpaeieHus. OJTHAKO ATOT TOK YBEIHUUBACTCS MPH YBEIIMICHUN YaCTOTHI IepekintoucHus. O4ueHb
00JIBIIIOE BXOTHOE COMIPOTHBIICHUE KITFOUEH HA MOJIEBBIX TPAH3UCTOPAX (PaKTHICCKHA 00ecreunBaeT
raThbBaHUYECKYIO Pa3BA3KY BXOJHBIX U BRIXOJHBIX IIETIEH. DTO MO3BOJISET OOOUTHCH 0e3
TpaHcHOpMATOPOB B IEIsIX yrpapieHus. Kito4yu Ha MONEeBhIX TPAH3UCTOPaX 4acTO MEHeEe
OBICTPOJICHCTRYIONIME B CPABHEHUHU C KIIFOUAMU HA OUTIOJISIPHBIX TPAH3UCTOPAX.

M3o00pasum cxemy tudposoro kiaroua Ha MJITI-Tpan3uc-Tope ¢ MHAYIUPOBAHHBIM KaHAIOM N-
THIIA U PE3UCTUBHON HArPY3KOM U COOTBETCTBYIOIINE BPEMEHHBIC ArarpaMmel (puc. 3.18). Ha
cXeMe n300pakeHa eMKOCTh Harpy3ku C,, MOJICIHUPYIOIIas eMKOCTb YCTPOMCTB, MOAKIYCHHBIX K
TPaH3UCTOPHOMY KJTt0uy. OYEBHU/THO, YTO MPH HYICBOM BXOJIHOM CHUTHAJIC TPAH3UCTOP 3aMePT U Uy,
= E.. Eclli HanpspKEHUE Ug, 00IBIIE TOPOTOBOT0 HAMPSHKEHUS Uy, yopo. TPAH3UCTOPA, TO OH OTKPBI-
BaeTCs U HATPSDKEHUE U, YMEHBIIIACTCH.

KJ’I}O'-II/I Ha MOJICBbIX TPAH3UCTOpax C yIIpaBJIAOIIUM p-n-ricpexoJ0oM BXOJAT B COCTaB
Pa3IMYIHBIX MUKpOCcXeM cepuit 284, 504 u np..

Hampsokenne Ha Kiloue B €ro BKIFOUSHHOM COCTOSTHUU Ul 3ABUCHUT OT COITPOTUBIICHUS CTOKA
R, BeIMYMHBI BXOJIHOTO CUTHAJIA U OCOOCHHOCTEH CTOKOBBIX XapaKTEPUCTUK TPAH3UCTOPA.
CKOpOoCTh M3MEHEHHUS HAIPSKEHUS Ha BBIXOJIE ONPeAeNsIeTcsl COMPOTHBICHUEM R, eMKOCThIo C), 1
YaCTOTHBIMHM CBOWCTBAMH TPAaH3HCTOPA.
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H3zobpazum cxemy mudpororo kmoda Ha M/II-rpansucTope ¢ Harpy3ounbiM M/ITI-tpanzucropoM (¢
JIMHAMHYECKO# Harpy3Kkoi) (puc. 3.19). OTMeTHM, 94TO MPHU UCIIONH30BAHUN UHTETPATBHON
TEXHOJIOTMHY TAaKOH KJTIOY, KaK HU CTPAHHO Ha MEPBBIX B3IVIS]I, U3TOTOBUTH IPOILIE B CPABHEHHUHU C PACCMOT-
PEHHBIM BBIIIIE, UMEIOIIMM HArPy30uHbIA pe3uctop. Tpansuctop 7 Ha3bIBAKOT aKTUBHBIM, & TPAH3UCTOP
T, — Harpy304HbIM.

Brauarne paccMoTpuM 3aKpbIToe coCTosIHUE KITFoda. LIpu 3TOM e < Ul nopoot ,TA€ Usynopost —
MOPOrOBOE HANIPSIKEHUE JJIsl TpaH3ucTopa 7.
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B atom cityuae Tpan3ucTop 7 3aKpbIT U uepe3 00a TpaH3UCTOPa MPOTCKACT OUCHb MaJIblid TOK
(06branO He 60mee 1 HA). [Ipu 3TOM HaNpPSKEHUE U,,; OMU3KO K HAMPSKEHUIO E,, a HAMPSDKCHNE Uy
Om3Ko K HYII0. B paccMaTprBaeMOM COCTOSIHUM TPAH3UCTOP 7 TAKXKE 3aKPBIT, XOTS HAIPSDKSHUE MESKITY
3aTBOPOM M KCTOKOM 3TOr0 TPAH3UCTOPA NOJIOKUTEIBHO (OUEBUTHO, UTO U2 = Uyz). HO cOOTHOIICHUE
MEXTy TTapaMeTpaMH TPAH3UCTOPOB 00ECIIEUNBACTCS UMEHHO TaKOE, YTOOBI B 3aKPHITOM COCTOSIHUH
KJTFOYa BBINOJTHIOCH COOTHOIICHUE 1y, = E.. I10 KpaliHel Mepe 0UeBUIHO, YTO HANIPSIKEHUE U, 2 HE
MOSKET OBITH OOJIBIIIE IOPOrOBOr0 HAMPSHKEHHS Usy, nopoe2 10151 Tpan3ucTopa 75, nHaue 661 Tpansuctop 1



OTKPBUICA U HAMPsDKEHHE Ha HEM YMEHBIIIIIOCH.

Tenepp paccCMOTPUM OTKPBITOE COCTOSIHUE KITFOUA. [IpH 3TOM U1ty nguer. TpaH3UCTOp 17 OTKPBIT U
HaMPsHKEHYE U,,,; OM3KO K HYITIO, @ HaNpsDKEHVe Ha TpaH3ucTope 75> OM3KO K HAMTPSDKEHUIO TUTaHus. B
paccMaTpUBacMOM COCTOSIHUM TPAH3UCTOP T TAKXKE OTKPHIT, IIPU STOM U,y = Ueyr = E.. Ho
TPaH3UCTOPBI KOHCTPYHPYIOT TAKUM 00pa3oM, YTOOKI yiebHas KpyTHU3HA TpaH3ucTopa 7> Oblia HAMHOTO
MeHBIIIe, 9eM yelbHas KpyTu3Ha Tpan3uctopa 7, .FiMeHHO TO3TOMY B OTKPHITOM COCTOSHUU KITF0Ya
g, = 0 (dacTo 310 Hampshkerue nexut B mpeaenax 50...100 mB). Tak kak ynenpHast KpyTH3HA
Tpanzucropa 1, Mana, TOK, IPOTEKAIOIIMI Yepe3 OTKPBITHIN KITFOY, CPABHUTEIBHO MAJl.

N3obpazum cxemy mudpoBoro kimova Ha koMmrieMeHTapHbsix M/ I-tpan3uicTopax (KOMILTEeMeHTapHBIH
MII-xtrou, KMOII-xmrou) (puc. 3.20). 3aech UCITOIh30BaHbI B3aUMOJOTIOHSIIOIIIE IPYT APYTa
(KOMILIEMEHTAapHBIE) TPAH3UCTOPBL: TPAH3UCTOP 7, ¢ KAaHAJIOM N-THIIA U TPAH3UCTOP 15 C KaHAJIOM p-
tuma. O6038a9uM gepe3 Usy nopoei U Usynopo.2 TOPOTOBBIC HATIPSDKEHUS TS TPAH3UCTOPOB
cootBeTcTBeHHO 1 1 T5. CTOUT 0OpaTUTh BHUMAHKE, YTO KaXKIIOe M3 YKa3aHHBIX ITOPOTOBBIX HAITPSKCHUIMA
SIBJIAETCS TIOJIOKUTETEHBIM.

Ilycth = 0, TOrAQ, OYCBUIHO, TPAH3UCTOP T 3aKPBIT, & TPAH3UCTOP 1> OTKPHIT. [Ipu 3TOM .y
=FE,, tye> = 0. Ecu ttey > Usypopoo11, TOTAA TpaH3UCTOP T OTKPBIT. [1ycTh, KpoMe TOTO,

Uexr>E— Uy nopoe, TOTIA TPAH3UCTOP T 3aKpEIT. IIpy 3TOM ey =0, Uyer=

Hano otmetuts, uto ecnu E. < Uy nopozi + Usinopoe2, TO TIPU U3MEHEHHUH BXOJHOIO CUTHAJIA HE
BO3HHKAET CUTYaIHs, KOT/ia 00a TpaH3kCTOpa BKIFOYeHBL Ho ecrv TaHHOE HepaBEHCTBO HE BHITIONHSETCS, TO
TaKas CUTyals Oy/IeT UMETh MECTO ITPH HEKOTOPOM ITPOMEKYTOUHOM HAMPSHKEHUH U, U TOTJIA YePE3
TPaH3UCTOPHI IPOTEKAET TaK HA3bIBAEMBINA CKBO3HOM TOK. ECIH IIUTEHHOCTE TIepeTHero poHTa 1
JUTATEILHOCTB Cpe3a (3a/THETO (PPOHTA) BXOTHOTO UMITYIThCA Majla, TO CKBO3HOH TOK
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MPOTEKAEeT KOPOTKOE BPEMsi, HO M B 3TOM CJIy4ac OH OKa3bIBaeT HETATHBHOE BIHMSHIE HA paboTy
CXEMBI.

Kak cresryer u3 M3JI0)KEHHOTO, B KaXKIOM U3 JIBYX YCTaHOBMBILUXCS PEKUMOB, T. €. U B
OTKPBITOM, ¥ B 3aKPBHITOM COCTOSTHHUH, KITFOY IMPAKTHYECKU HE TOTPEOISET TOK OT HCTOYHUKA
MUTaHUs. DTO MEPBOC BAKHOC IOCTOMHCTBO KOMIJIEMEHTAPHOI'O KJItoua. BTOPBIM BaXKHBIM
JIOCTOMHCTBOM KOMIUICMEHTAPHOTO KITF0Ua SBJISCTCS PE3KOE OTIIMYNE BBIXOIHOTO HAPSIKCHUS B
OTKPBITOM COCTOSIHMM KJIt0Ua (CIMHHUIIbI MUKPOBOJIBT U MEHEE) U BHIXOJIHOT'O HAIPSYKCHUS B
3aKPBITOM COCTOSIHUHU (3TO HAINPSDKEHUE MEHBIIIE HAMPSHKCHUS TIMTAHUS BCETO JIMIIbL HA CIMHUIBI
MHUKPOBOJIBT U MEHEE). ITO 00ECIICUNBACT BBICOKYIO IIOMEX0YCTOMYMBOCTD IIU(POBBIX CXEM Ha
KOMILJIEMCHTAPHBIX KIIIOUaXx.

TpeThbUM BaXKHBIM JOCTOMHCTBOM KOMIIJICMEHTAPHOT'O KJIFOUYa SBJISICTCS €r0 MOBBIIICHHOC
obicTpoaeiicTBue. OHO MOXKET ObITh HA MOPSAOK OOJIBIIC, YCM Y IBYX APYIHMX PAHEE M3YyUCHHBIX
KJIFOUEH Ha TOJIEBBIX TpaH3UCTOpax. [IoBhIIeHHOE OBICTPOICHCTBUE OOBSICHIETCS TEM, UTO KaK
paspsn emkocTu C,, TaK U €€ 3aps]l IPOUCXOUT YePEe3 COOTBETCTBYIONIUI OTKPBITHIA TPAH3UCTOP
(eMKOCTB pa3zpspKaeTcs uepes Tpan3ucTop 7; u 3apspkaercst uepes Tpan3uctop 7). [Ipu aTom B Ha-
qajie 3apsaa Uin pa3paga 4epe3 COOTBETCTBYIOIHN TPAH3UCTOP MPOTEKAET OOJBIION TOK,
KOTOPBI OBICTPO M3MEHSET HAMTPSDKEHUE eMKOCTH. ECTeCTBEHHO NIPEATIONI0KHUT, 9TO BXOIHOM
CUTHAJ MOCTYIAET OT TAKOTO Ke KIF0Ya, T. €. WIH Ug, =0, WiH Ug,= E.. B 3TOM ciydae, uem Oombiire



HanpsbKeHne nutanus £, TeMm 00Jibllle OTIUPAIOIINI CUTHAI Ha COOTBETCTBYIONIEM TPAH3HUCTOPE U
TeM OOJIbIIIe eT0 HAYaNBHBIN TOK (K IPUMEDPY, TIPH U, =0, u,;0= E.). TloaTOMY ITpy yBeNnW4eHUH Ha-
MIPSOKEHU TUTaHUs OBICTPOIEHCTBHE KOMITJIEMEHTAPHOTO KITI0Ya YBETUINBAETCS.

OnucaHHbIe JOCTOMHCTBA, a TAKXKE OTPAOOTAHHOCTD TEXHOJIOTHMH U3TOTOBJICHUS SIBUIJINCDH
MPUYUHON mupokoro ucnonb3oBanus KMOII-kitouei.

Paccmotpum mipocretitryro cxemy aHamoroBoro kmoda Ha MIII-rpan3ucrope (puc. 3.21). DTa cxema
MoJIy4aeTcs U3 MpeabIIyIIeH IpH 3aMeHe TPaH3UCTopa 7; pe3ucTOpOM Harpy3KH, a HCTOUHMKA
MMATAHUS — UCTOYHUKOM BXOJHOTO CHTHAJA.

Ioamnorkka TpaHzucTOpa MOAKITIOYEHA K TOT0KUTENFHOMY MOJTFOCY UCTOYHHKA MTUTAHUS, T. €. K TOUKE C
HauOOIBIIM TTOTEHITATIOM, IS TOTO YTOOBI P-N-TIEPEXOIHI MEKY TIOIOKKON M HICTOKOM U TIOTIOKKOH
U CTOKOM HE OTKPBIBAIUCE.

TpaH3uCTOp 3TOTO aHATIOTOBOT'O KITFO4a paboTaeT MoJ00HO TOMY, Kak paboTaeT TpaH3ucTop 75
PacCMOTPEHHOTO KOMITIEMEHTapHOTo Kiro4a. Harrpumep, 171t oTrvpanus TpaH3ucTopa Heo0X0IMMo,
YTOOBI HAMTPSDKEHUE Uy, OBLIIO MAITBIM.

Kimtou Mo>keT KOMMYTHPOBATH KaK TIOJIOKUTENBHOE, TaK U OTPULIATENEHOE BXOTHOE HAMPSLKEHHUE.

PaccmoTprM Terieph AByHANPaBIICHHbIM aHATIOrOBbIN KIFOU (TICPEIArOIINI BEHTHIIb) HA KOMILICMCHTAPHBIX
TpansucTopax (puc. 3.22). Kirod npegHa3HadeH I Iepeaadn HapsDKCHHS U, C BRIBOAA A Ha BBIBO
B unm HanpsbkeHue u, ¢ BeiBoaa B Ha BeiBo A. Tpenmnonaraeres, 4to 3Ty HanpsHKCHHUST HAXOIATCS B
npeaenax ot 0 mo +E,. Tpanzucrops! 7; 1 T, 00pa3yroT paCCMOTPCHHBIN BBIITIC KOMIUICMCHTAPHBIN
KoY. [IByHanmpaBiICHHBIN KIFOU OTKPBIT, KOTAA U,,,= +E,. B 3TOM ciyuae o kpaitHel Mepe OAuH U3
TpaH3UCTOpPOB 731 T4 OTKPBIT. KiTt04 3aKpBIT, KOTHA Uy,,= 0.
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Eciu cxeMy M3MEHHTB 1 Ha 3aTBOPBI TPAH3UCTOPOB 73 U T4110aBaTh HE TOIBKO MOJOKHUTCIBHBIC, HO 1
OTpHILIATEIBHBIC HANPSDKCHHS, TO KITFOY OY/IET B COCTOSIHUM paboTaTh HE TOJBKO HPH MOIOKUATEIBHBIX, HO U
OTPHIIATCIILHBIX HANIPSHKCHUSIX U, U Up .

Kitrour Ha IOJIEBBIX TPAH3KUCTOPAX ¢ U30IMPOBAHHBIM 3aTBOPOM BXOJIAT B COCTaB MUKPOCXEM CEPHUil
168, 547 u np., a Ha KOMINIEMEHTAPHBIX TPAH3UCTOPAX — B COCTAaB MUKpocxeM cepuid 590, 591,
176, 561, 1564.



3.3. JOI'MYECKHUE 3JIEMEHTHI

Jlornueckui 37€MEHT (JIOTHYECKUH BEHTUIIb) — 3TO JIEKTPOHHAS CXEMa, BBITTOIHSIOLIAs
HEKOTOPYIO MPOCTEHIIIYIO Joru4ecKyto onepanuio. Ha puc. 3.23 npuBeneHsl MpuMepbl YCIOBHBIX
rpauueckix 0003Ha4eHHI HEKOTOPBIX JIOTHUECKUX JIEMEHTOB.

Jloruyeckuii aIEMEHT MOJKET ObITh PeaTM30BaH B BUJIE OTEIBHON HHTErPATBHON cXxeMbl. YacTo
HHTerpaibHas CXeMa COAEPKUT HECKOJIBKO JIOTHUECKUX JIEMEHTOB.

e
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xi— & by ai— & ¢—y xi—! |y u—' ¢y
- s ‘e i ¢—y
xn— xn— xn— xn=
Puc. 3.23

Jloruueckue 3MeMEHTHI UCIIONB3YIOTCA B YCTPOMCTBaX IUGBPOBOI DIIEKTPOHUKH (JIOTHYECKUX
YCTPOMCTBAX) AJIS BEITIOIHEHHUSI TIPOCTOTO MPe0oOpa30oBaHUs IOTHISCKUX CUTHAJIOB,

3.3.1. Knaccudukaius 1 OCHOBHBIE TapaMeTphbI

PaccmoTpuM HanboIee MUPOKO UCTIONB3YEMYH0 UCTOPUYCSCKU CIOKUBIIYIOCS
kinaccupukaiuto. OHa TOCTPOEHA U C YIETOM TOT0, KaKHe AJIEKTPOHHBIE PUOOPHI SBISIFOTCS
OCHOBHBIMH B COOTBETCTBYIOIIIUX MHTETPATHHBIX CXEMaX, M C YUETOM OCOOECHHOCTEH
HCIOJIb30BAHHBIX CXEMOTCXHUISCKUX PEIICHUMN.

Boiaensitores cnenyroniue Kiacchl JIOTHYSCKUX 3JICMEHTOB (TaK Ha3bIBA€MbIC JIOTHKH ):

* pe3uctopHo-TpaH3ucTtopHas noruka (PTJI);

* nuoaHO-TpaH3ucropHas goruka (JTJI);

* TpaH3ucTopHO-TpaH3uctopHas soruka (TTJI);

* 3MUTTEpPHO-CcBs3aHHas jgoruka (JCJI);

* TpaH3UCTOPHO-TpaH3UCTOpHAas Joruka ¢ auogamu IllorTku (TTJII);

* noruka Ha ocHOBe MOII-Tpan3ucropoB ¢ kanainamu tuma p (p-M/II1);

* Jqoruka Ha ocHoBe MOII-TpaH3ucTOpOB ¢ kaHanaMmu Tumna »n (n -MJIII);

* JOTHKA Ha OCHOBE KOMIIJIEeMeHTapHBIX kiaodei Ha MII-Tpan3zucropax (KMII, KMOII);
* WHTErpanbHas WHXXCKIIMOHHAS JTOTHUKA I/Izﬂ;

* JIOTHKa Ha OCHOBE MOJYIMPOBOJHUKA U3 apceHuaa ramnus GaAs;

B HacTosmee BpeMs HanOoIee MUPOKO UCIOAB3YIOTes cieayromntue moruku: TTJI, TTJILI,
KMOII, 9CIJI. Ycrapena u npaktuueckn He ucnons3yercs PTIL. [lns pa3pabaTeiBaeMbIX B
HacTosIIee BpeMsl YCTPONCTB MOXKHO PEKOMEHI0BaTh Hcnoyib3oBaTh KMOII-noruky, a Takxe
TOTUKY Ha ocHOBE GaAs.

Jlornyeckue 3eMEHTHI U APYrye U(POBBIC JICKTPOHHBIC YCTPONCTBA BhIIYCKAIOTCS B COCTABE
cepuit Mukpocxem. Cepusi MUKPOCXEM — 3TO COBOKYITHOCTh MUKPOCXEM, XapaKTePU3YEMbIX
00ILIMMH TEXHOJOTHYECKUMH U CXEMOTEXHUYECKUMH PEIICHUSMH, a TAKKE YPOBHIMH
3JICKTPUYECKUX CUTHAJIOB M HAMPSKCHUS MMUTAHUS.

HpI/IBCHCHHaﬂ KHaCCHq)I/IKa[II/Iﬂ OXBAThIBACT HC TOJIBKO COGCTBCHHO JJOTHYECKHUEC DJICMCHTBI, HO 1
Ipyrue nupoBbie YCTPOHUCTBA, B TOM YHCIIE MUKPOTPOIeCCOpHBIe. OTHAKO 3/1eCh CIEAYET
YUUTBIBATh, YTO MIPH MPOU3BOJCTBE CIOXKHBIX HU(POBBIX YCTPONCTB HEKOTOPHIC JTOTHKHU HE
HCIIOJIB30BAIIUCH U HE UCIIOIB3YHOTCS.

TIpusenem npumepsl cepuu mukpocxem: TTJI — K155, KM155, K133, KM133; TTJII - 530,
KP531, KM531, KP1531, 533, K555, KM555, 1533, KP1533; OCJI - 100, K500, K1500; KMOII -
564, K561, 1564, KP1554; GaAs -K6500;

Kaxaas cepust MUKpOCXEM, HECMOTPSI Ha TO, YTO OHA OOBIYHO COJACPIKUT CaMbie
pa3HooOpa3HbIe TUGPOBHIC YCTPOHCTBA, XapaKTePU3yeTcsl HEKOTOPBHIM HAaOOPOM mapaMeTpos,
JIAIONINX JIOCTATOYHO MOApoOHOE npeacTaBieHue 00 3Toit cepun. [1pu onpeneneHnn 3TuX



napamMeTpoB OPUEHTHUPYIOTCSI UMEHHO Ha JIOTUYECKHE DJIEMEHTHI — MIPOCTEHIINE YCTPOUCTBRA
CEepPUHU MUKPOCXEM. B COOTBETCTBUM € 3THM TOBOPSAT O IMapaMeTpax He CEPUH MHUKPOCXEM, a O
rapameTpax JIOTHYECKHUX SJIEMEHTOB JaHHOW CepuH.

PaccmotpumM Hanbosee BakKHBIE U3 TAPaMETPOB.

bricTpoaelicTBHE XapaKTepU3YIOT BpeMEHEM 3aJIePKKHU PACIIPOCTPAHEHHS CUTHAA &5, U
MaKCHMaJIbHOH paboueit 9acTOTON Fypr.. OOpaTHMCS K MaeaTn3upOBAHHBIM BPEMEHHBIM
JIuarpaMmMam, cCooTBeTcTByroImuM 3neMerTy HE (naBepTopy) (puc. 3.24). Uepes Uz v Ugy
0003HAYEHBI YPOBHU BXOJHOTO M BBIXOTHOTO HAIIPSHKCHHUH, COOTBETCTRYIOIINE JIOTHYECKON
equnmIe, a qepe3 Ugyg U Ugyyg — COOTBETCTBYIONIHUE JIOTHUECKOMY HYITIO. PaznmuuaroT Bpems
3a7IePIKKH 1,79 PACTIPOCTPAHEHUS TIPH TEPEKITIOUEHIH U3 cocTostHus 1 B coctostame 0 1 mpu
nepexrodeHn 3 cocTostHus 0 B cocTosiHue 1 — 15,97 ,a TAKXKe CpeTHEe BpeMs 3aJIePIKKHI
PacpOCTPaHEHUS t5, ,IpUIEM t5,=0,5(t55 10t t5p01). BpeMs 3a1epKKH PUHATO OMPEACIATH 10
nepemnaaaMm ypoBHeit 0,54U,, u 0,54 U,,,,. MakcumansHas pabodas 9actoTa Fy,. — 3TO gacTora,
P KOTOPO# coxpaHseTcs paboToCmocOOHOCTh CXEMBI.

Harpy3ounast ciocoOHOCTh XapakTepusyercs KodhdhUuireHToM oobequHeHus 110 BXoay Koe 1
K02 QUIIMEHTOM pa3BETBICHUS MO BBIXOLY Kpq; (MHOTIA HCTIONB3YIOT TEPMUH KO-

Puc. 3.24

3G dunHeHT 00beAMHEHHUS TTO BEIXOTY»). Bemmumna Ky — 3T0 9HCIIO TOTHYECKUX BXOOB,
BenmnuuHa K,),; — MakCHMaIbHOE YHCIIO OJHOTHITHBIX JIOTHISCKUX DJIEMEHTOB, KOTOPHIE MOTYT
OBITh TOJKITIOYEHBI K BHIXOAY JAHHOI'O JOTHYECKOTr0 3JIeMeHTa. TUIMHYHEBIE 3HAYEHHS UX TaAKOBBI:
Ko =2...8, Kpay = 4...10. J11s1 371eMEHTOB € MMOBBIMICHHOW HArpy304HOM cr1ocOOHOCTRIO Ko,y =
20...30.

TToMex0yCTOMYMBOCTDL B CTATUYECKOM PEKUME XapaKTepU3yIOT HANpsHKEHUEM Uper, KOTOpPOE
HAa3BIBAIOT CTATUYCCKON MOMEX0YCTOWYNBOCTHIO. ITO TAKOE MAKCHMAJIbHO JIOMYCTHMOC
HampsHKEHUE CTATUYECKOW TTOMEXH Ha BXOJIE, TP KOTOPOM €IIIe HE TPOUCXOIUT U3MCHCHHE
BBIXOJIHBIX YPOBHEH JIOTHYECKOTO 3JICMEHTA.,

Ba)KHBIM l'lapaMCTpOM ABJISICTCS MOIITHOCTBD, l'[OTpC6H5[€Ma$I MHKpOCXCMOﬁ OT UCTOYHHKA IMTUTAHUSL.
Ecnu aTa MOIIHOCTE pa3nuyHa I ABYX JIOTHYECKHX COCTOSHHUM, TO YaCTO YKa3bIBAIOT CPEIHIOID
MOTPEOISICMYIO MOIIHOCTD JIJIs1 3TUX COCTOSIHHIA.

BaxHBIMH SBIISIOTCS TaK)Ke CICIYIOIMIHC ITapaMeTPHhI:

* HaIpPsKCHUEC MUTAHUSA;

* BXOIHBIC TIOPOTOBBIC HANIPSKEHNS BRICOKOTO M HU3KOTO YPOBHSA Usx1 nopor® Usx.0nopors
COOTBETCTBYIOIINE U3MEHEHUIO COCTOSHHS JIOTHYECKOTO DJIEMEHTA;

* BBIXOJIHBIE HAMPSHKEHUS BBICOKOTO U HUZKOTO YPOBHEN Ugyxi U Upyxo,



Hcnonb3yroT 1 Apyrue napaMmeTphl.

3.3.2. OcoOeHHOCTH BBIXOIHBIX KaCKaJ0B HHU(POBBIX MUKPOCXEM

Yacto BO3HUKAET HCO6XOI[I/IMOCTB MOAKITOYCHHA BBIXOJ0B HECKOJIBKHX LII/I(])pOBBIX MHKPOCXEM K
OI[HOﬁ Harpyske. OJIHI/IM U3 CII0cO00OB O6T>CJII/IHCHI/I$I BBIXO/JJOB ABJISICTCS MCIIOJIB30BAHKE B
BBIXO/JJHBIX KaCKagax MUKPOCXEM TPaH3UCTOPOB, OJWH U3 BBIBOJOB KOTOPBIX (KOJ'IJ'ICKTOI),
SMUTTEP, CTOK, I/ICTOK) HUKYJda HE MOAKIIIOYCH. Taxoi BEIBOJ Ha3BIBAIOT OTKPEBITEIM.
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TTokaxxem cxemaTudecku (puc. 3.25), Kak 00bEIUHSIOTCS BBIXOABI MUKPOCXEM C OTKPBITHIM
KOJUIEKTOPOM. Takyro CXeMy Ha3bIBalOT KMOHTaXXHBIM (TTpOBOIHEIM) MJTy.

Ecau oTKPBITHIM SIBJASCTCS KOJJICKTOP TPAH3UCTOPA M-p-N-TUIIA, IMUTTEP TPAH3IUCTOPA p-
n-p-TUTA, CTOK TPAH3UCTOPA ¢ KAHAIOM #-THIA, HCTOK TPAH3UCTOPA C KAHAIIOM p-THIIA, TO
BEIBOJT 0003Ha4UaIOT CUMBOJIOM (. . ECITH OTKPBITHIM SABISETCSA KOJICKTOP TPAH3UCTOPA p-H-p-TUTIA,
SMUTTEP TPAH3UCTOPA N-p-N-TUIIA, CTOK TPAH3UCTOPA ¢ KAHAJIOM p-THIIA, HCTOK TPAH3UCTOpPA C
KaHaJIOM H-THUIIa, BBIBOJ 0003HAYaI0T CUMBOJIOM O,

BbIxoiHBIC KACKaIBl HEKOTOPBIX MHEKPOCXEM MOTYT paboTaTh B TAKOM PEKUME, KOT/Ia
MHKPOCXEMa OKa3bIBACTCS (PAKTHUCCKH OTKIIOUCHHOM OT HArpy3KkH. DTO TaK Ha3bIBAEMOEC TPEThE
(BBICOKOMMITETAHCHOE) COCTOSTHUE MHUKPOCXEMEI. VICTI0JIb30BaHNE TPETHETO COCTOSTHUS SBIIACTCS
eI1Ie OJHHUM CIIOCOO0M 00bEIMHEHHS BBIXOJ0B MUKPOCXEM, KOTOPHBIN IMTUPOKO HUCIOJIB3YETCS B
BBIUMCIUTEIBHON TEXHUKE, MPH MOAKIIOUSHUH K 00IIeH 1MHe MHOTUX yCTpoicTB. [TpuBeaem
(hparMeHT CXEeMBI, TOSICHSFOIICH BOSHUKHOBEHUE TPEThEro cOocTosiHUSA (puc. 3.26). Ecu 0ba
TPaH3UuCTOPA 3aKPBIThI, TO MUKPOCXCMA U HAI'PYy3Ka (baKTI/IquKI/I ABJIAIOTCS pa3bCANHCHHBIMUA.
Hanuuue TpeThero cocTosiHus 0003HAYAIOT CUMBOJIOM .
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[Ipu ucronb30BaHUU B €JMHOM HH(PPOBOM YCTPOUCTBE MUKPOCXEM Pa3INYHBIX CEPUH, H B
0COOEHHOCTH PA3IMYHBIX JIOTHK, MOYKET BO3HUKHYTH MPoOJIeMa COTTIACOBAaHUS YPOBHEH BXOTHBIX U
BBIXOJIHBIX HampskeHuH. JI7s yka3aHHBIX 1eeld MPOU3BOISTCS CHelHaIbHbIE MUKPOCXEMEI,
KOTOPBIE Ha3bIBAIOT TPe0Opa30BaTENIMH YPOBHS CUTHAJIOB.

3.3.3. OcoOEHHOCTH JIOTUYECKUX
AJIEMEHTOB PA3JIUYHBIX JJOTUK

J71st KOHKpEeTHON CepHH MUKPOCXEM XapaKTepHO MCIOIb30BaHIe TUIIOBOTO 3JIEKTPOHHOTO Yy3I1a
— 0a30BOTr0 JIOTHYECKOT'0 AJIEMEHTA. JTOT 3JEMEHT SIBJISIETCS] OCHOBOM ITOCTPOCHUS CAMBIX
pa3zHooOpa3HbIX NU(POBHIX AEKTPOHHBIX YCTPOHUCTB.

Hwuxe paccMoTpum 0cOOCHHOCTH 0a30BBIX JTOTUYCCKUX HIEMCHTOB PA3JIMYHBIX JOTHK.

Dnemermvl mpaH3ucmopHoO-mpan3uCmMopHoll io2uxku. XapakrepHoi ocodeHHocTeio TTJI apnseTcs
WCIIOJIb30BaHUE MHO-TOIMUTTEPHBIX TPAH3UCTOPOB. DTU TPAH3UCTOPHI CKOHCTPYUPOBAHBI TAKUM
00pa3zoM, 9TO OT/IETbHBIE YMUTTEPHI HE OKA3BIBAIOT BIUSHUS APYT HA apyra. Kaxmomy
SMUTTEPY COOTBETCTBYET CBOH p-n-miepexoa. B mepBoM mpuOIHIKESHUH MHOTOIMUTTEPHBIH
TPaH3UCTOP MOKET MOJIETUPOBATHCSA CXEMOU Ha AUoAax (CM. MyHKTUP Ha puc. 3.27).

Vnpomennas cxema TTJI-anementa npuBenena Ha puc. 3.27. Ilpu MbICIeHHON 3aMeHe
MHOTO3MUTTEPHOTO TPAH3UCTOPA JUOAAMHU MOJIYYaEM DIEMEHT AUOAHO-TPAH3UCTOPHOU JIOTUKHU
«1-HE». 13 ananu3a cxeMbl MOKHO CJENIaTh BBIBOJ, UTO €CJIM Ha OJIMH U3 BXOJIOB WIIM Ha 00a
BXO/Ia TMOJaTh HU3KUN YPOBEHB HANPSKEHUs, TO TOK 0a3bl TpaH3ucTopa T, OyJeT paBeH HYIIO, U Ha
KOJUTeKTOpe TpaH3ucTopa T, Oymer BEICOKUH YpOBEHb HampskeHus. Eciau Ha 00a BXo/a mogaTh
BBICOKHI YPOBEHb HaIPsDKCHHUSI, TO uepe3 0a3y T, TpaH3ucTopa Oymer mpoTekaTh OONbIIoi
0a30BbIi TOK U Ha KOJUIEKTOpE TpaH3ucTtopa T, OyAeT HU3KUK YPOBEHb HaNpsHKeHUs, T. €.

JaHHbIA dneMenT peanusyeT pyHkiuo U-HE: v, = u; u, . bazosiit anement TTJI cogepxur
MHOTODMUTTEPHBIN TPAaH3UCTOP, BBHIMOJHAIOIIMHI JJOrHUECKy0 onepanuio U, u

C10HbIH HHBEpTOP (puc. 3.28). Ecnu Ha oauH niau 006a BX0Ja OAHOBPEMCHHO MOAaH HU3KHIM
YPOBEHb HAITPSHKEHUS], TO MHOTO3MUTTEPHBIM TPAH3UCTOP HAXOAWTCS B COCTOSTHUM HACBHIILEHYS U
TpaH3ucTop T 3aKPEIT, a CIIEZIOBATENBHO, 3aKPBIT U TPAH3UCTOP T4, T. €. Ha BBIXOZIE OYy/IET BHICOKUI YPOBCHB
HanpspkeHust. Ecrm Ha 000ux BXoziax OTHOBPEMEHHO JCHCTBYET BHICOKUH YPOBEHb HAIIPSLKEHMYS, TO

5 +EK

TpaH3UCTOP Tz OTKPBIBACTCA U BXOAUT B PEKUM HACBIICHUS, YTO IIPUBOAUT K OTKPBITUIO U HACBIILICHHUIO
Tpanzuctopa T4 1 3armpanuro Tpanzucropa T, T. . peammzyercs pynkuust M-HE.

[ yBenmuuenus ObicTpoaeiicTBus anemenToB TTJI uchons3yrorcs TpaH3ucTopkl ¢ auoaamu Hortku
(rpanzucropsl LlorTkn).



Puc. 3.28

bazoeviii nocuyeckuii onemenm TTJIL (na npumepe cepuu K555). B kagecTBe 6a30BOr0 dIeMeHTa
cepur MuKpocxeM K555 ucnons3opan anement M-HE. Ha puc. 3.29,a n3o0pakeHa cxema 3Toro
ANIEMEHTA, a YCIOBHOE rpaduieckoe odo3HaueHue Tpanszucropa lllorTku npuBeneHo Ha puc. 3.29,0.
Taxol TpaH3KUCTOp IKBUBAICHTEH PACCMOTPEHHOM BHIIIIE TTApE U3 OOBITHOTO TPAH3UCTOPa U TU0a
[Mottku. Tpanzucrop VT4 — oOBIYHBIN OUNIOJSAPHBIA TPAH3UCTOP.
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Ecmm 06a BXOTHBIX HAPSHKCHUS gy H Lo IMEIOT BEICOKUH YPOBEHB, TO auoasl VD3 nu VD4
3aKpHITHI, TPaH3UCTOPEI V1, VTS5 OTKPBITH U Ha BBIXO/IE UMEET MECTO HaIPsHKEHUE HU3KOTO

ypoBHs. Eciti X0Ts ObI Ha OZJHOM BXOJIe IMEETCS HalIpshKeHHEe HU3KOTO YPOBHS, TO TpaH3ucTOpsl VT'1

n VT5 3akpeiThl, a Tpan3uctopbl VI3 u VT4 OTKpBITHI, H HA BXOJI€ UMEET MECTO HaITPSLKEHUE
Hu3Koro ypoBHSA. [loresHo otMeTwTh, 9TO TpaH3ucTopsl VI3 n VT4 06pa3yroT Tak Ha3bIBaGMBIi
COCTaBHOM TpaH3ucTop (cxemy JlapauHrToHa).
Muxkpocxemst TTJIL ceprm K555 xapakrepusyrorcs clieayronmmMu napaMmerpamu:
* HampsbKeHue nuTaHus +5 B;
* BBIXOJIHOC HAIMPSKCHUEC HU3KOTO YPOBHsI — He Oouiee 0,4 B;
* BBIXOJHOC HAIPSIKCHUE BHICOKOTO YPOBHS — HE MeHee 2,5 B;
* TMIOMEXOYCTOHYMBOCTbL — He MeHee 0,3 B;
+ CpeIHee BpeMs 337 KKH pacrpocTpaHneHus curHaia —20 Hc;
* MakcuMalbHas padoyas yactora — 25 MIm.

Muxkpocxemsl TTJILI 00bYHO COBMECTUMBI IO JIOTUYECKUM YPOBHSIM, TIOMEXOYCTOHYMBOCTH U

HAaNpsDKeHUIO uTanus ¢ Mukpocxemamu TTJL. Bpems 3anep:kku pacnpoCTpaHCHUS CUTHAIA
anemenToB T TJIII B cpeHem B iBa pa3a MEHBIIIE TT0 CPABHEHHIO C AHATOTHYHBIMH JIEMEHTaMU
TTIIL.

Ocobennocmu opyeux nozux. OCHOBO# 0a30Boro joruueckoro snemerTa ICJI sBiIsieTCS TOKOBBIH
kimou. Cxema TokoBoro kiroua (puc. 3.30) mogodHa cxeme nudhepeHInanbHOTO YCHIINTEINS.



Heo6xoammo oOpatuTs BHUMaHKE Ha TO, 4TO MUKpocxeMbl DCJI muTaroTcs oTpumaTeIbHbIM
HanpspkeHueM (k mpumepy, —4,5 B mst cepun K1500). Ha 6a3y tpanzuctopa VT2 nogano
OTpHIIATENBHOE MMOCTOSHHOE OMOpHOE HanpsykeHue U,,. .I3MeHeHre BXOJHOTO HAMPSKEHUS Ugy
TIPUBOJINT K TIepepacpeeNICHUI0 MTOCTOSHHOTO TOKA /5, 32IAHHOTO COMPOTUBICHUEM R, MEXTY
TPaH3UCTOPAMHU, YTO UMEET CIIeICTBUEM U3MEHEHHE HAMPSDKEHUH Ha UX KOJUIeKTopax. TpaH-
3UCTOPHI HE BXOJAT B PEXKUM HACBIMEHHUSI, ¥ 3TO SBJISIETCS OJTHOW M3 MPUYHH BHICOKOTO
osicTponeiicTBus anemenTo DCJL

Muxpocxemsl cepuit 100, 500 uMeroT caeayrompe IapaMeTpsl: HallpsoKeHHe MUTaHusg- -5,2 B;
notpebisiemast MoutHocTs — 100 MBT; KoaddunmenT pazBeTBieHns 1o BeIxoay — 15; 3agepixkka
pacripocTpaHeHus curHaiza — 2,9 Hc.

B mukpocxemax n-MOII u p-MOII ucions3yroTcs KIo49u cooTBeTcTBeHHO Ha MOII-
TPaH3UCTOpaxX ¢ N-KaHAJIOM U JUHAMHYECKON Harpy3kou (paccMoTpeHs Bhie) u Ha MOII-
TPAH3UCTOPaX C P-KaHAIIOM.

B kauectBe npumepa paccMoTpuM 3sieMeHT ioruku n-MOII, peanusyronmit ynkuuro NITH-
HE (puc. 3.31). OH cocTouT U3 HArpy309HOTO TpaH3ucTOpa T3 U ABYX YIPABISIONINX TPAH3UCTOPOB
T1 u T,. Ecam o6a Tpansucropa 71 u T, 3aKpBITHI, TO HA BEIXOJC YCTAHABINBACTCS BEICOKHM
YPOBCHb

Puc. 3.31

HanpspkeHust. Ecnm oiHo nnm 00a HanpsbKeHUs ¢ U Uy MMEIOT BBICOKUHA YPOBEHb, TO OTKPBIBACTCS OJMH
un 06a Tpanzucropa T v T, v Ha BeIXOZE YCTaHABIMBACTCS HU3KUI YPOBEHb HANPSKEHUS, T. €.
peanuzyercss QYHKUMS Uy =t U . 1715 UICKITIOYEHHS TOTPEOICHHUSI MOLLIHOCTH JIOTHYCCKUM
3NIEMEHTOM B CTaTUYECKOM COCTOSIHUM MCMIONB3YI0TC KoMIuieMeHTapHble MJIIT — noruueckue
anemeHTsl (KM/IT unmu KMOII-noruka). B mukpocxemax KMOIT ncnons3yroTcst KOMILIEMEHTApHBIC
xtoun Ha MOII-Tpanzucropax. OHU OTJIMYAIOTCS BBICOKOH IOMeX0ycToiunBOCThE0. JIornka KMOIT
SIBJISICTCS] OUSHB TIePCTIEKTHBHON. PaccMOTpEeHHBII paHee KOMITIEMEHTAPHBIHN KITFOU (haKTHYECKH
sBisiercs anemerToM HE (nHBEpTOpOM).



Paccmorpum KMOIT — noruueckmitaneMmenTt, peanusytomuii ¢pyuakiuio UJIM-HE (puc. 3.32).
Ecau Bxo/HbBIE HANIPSDKEHUSI UMEIOT HU3KUE YPOBHU (U, U My MEHBIIIE IOPOTOBOTO HAIPSHKEHUS N-
MOII-tpan3zuctopa Uy, nopor.n), TO TPAH3UCTOPHI T 1 T, 3aKpBITHI, TPaH3UCTOPHI T3 U T4 OTKPBITHI
¥ BBEIXOJIHOE HAIPsKEHHWE UMEET BRICOKUN YPOBeHb. EciM 0/THO Wi 00a BXOTHBIX HAMPSHKEHUS
U] ¥ Uy UMEIOT BBICOKHH YPOBEHb, TTPEBBIIAIOIIMHN Usy, nopor.i, TO OTKPBIBASTCS OJUH HIIM 002
Tpanzuctopa T u T,, a MeKITy HCTOKOM M 3aTBOPOM OJHOI'O HIIH 000UX TpaH3uCTOpoB T3 1 Ty
yCTaHABIIMBAETCS HU3KOE HANPsDKEHUE, YTO MMPUBOIUT K 3aIIMPAHUIO OJTHOTO HITH 000UX
Tpan3ucTopoB T3 u T4, a cienoBaTenbHO, Ha BBIXOJIE YCTAHABIMBAETCS HU3KOE HANIPsLKEHUE. Takum
00pa3oM, 3TOT PJAECMEHT PEeaTU3yeT PYHKIHIO Ugyy=U; T1, U TOTPEOIIET MOIIHOCTh OT
VMCTOYHUKA UTAHUS JIUIIb B KOPOTKUE IIPOMEKYTKH BPEMEHH, KOIA IPOUCXOJIUT €T0
MEePEKIIOYECHUE.

Unrerpanpuas numxekuonHas moruka (M1 wmm I/IZH) IIOCTPOEHA HA UCIIOIB30BaHUU
OUTIONSAPHBIX TPAH3UCTOPOB M MPUMEHEHNN OPUTHHAIIBHBIX CXeMOTEXHIHUYECKUX M TEXHOIIO-
THYECKUX penieHui. I Hee XapakTepHO OY€Hb S KOHOMUYHOE UCIIOJIb30BaHUE IUIONIAAU
KPHCTAILIA MOTYIPOBOAHIKA. DieMeHTs 2] MOTYT GbITh Peatn30BaHbl TOIBKO B HHTCTPAIBHOM
HCTIOJTHEHUH U HE UMEIOT AHAJIOTOB B IUCKPETHON CXEMOTEXHHUKE.
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CTpyKTypa Takoro »JIEMEHTA U €r0 SKBUBAJICHTHAS CXEMa MPUBEICHBI Ha pUC. 3.33, U3 KOTOPOro
BUJTHO, UTO TpaH3ucTop T (p-n-p) pacrosiokeH TOPU30HTAIBEHO, 8 MHOTOKOJUICKTOPHBIN TPaH3UCTOP
T, (n-p-n) pacnonoxkeH BepTUKaNIbHO. TpaH3uctop T BEIMOTHSAET pOJIb HHXKEKTOPA,
00ecIeYnBaroIero NOCTYIUICHNE ABIPOK U3 AMUTTEpa TpaH3ucropa T (mpu momayue Ha HETO
TTOJOKUATEIFHOTO HAIPSKEHUS Yepe3 OTPAHUUIUBAIOIINNA PE3UCTOpP) B 0a3y Tpansucropa T,. Ecim
1#4; COOTBETCTBYET JOrHIeckoMy «0», TO HHXEKIIMOHHBIN TOK HE MMPOTEKaeT 1mo 0aze
MHOT'OKOJJIEKTOPHOTO TpaH3ucTopa T> U TOKHU B LEMAX KOJUIEKTOPOB TpaH3ucTopa T, He
MPOTEKAIOT,

1

j -
T 1‘ ’

Puc. 3.33



T. €. Ha BbIXOJax TpaH3ucropa T, ycraHaBnuBatoTcs gorudeckue «1». [lpu HanpsxeHuu u
COOTBETCTBYIOIIEM JIOTHYECKOH «1», HHKEKITMOHHBIN TOK ITpOTEKaeT 1Mo 0aze TpaH3ucropa T, ¥ Ha
BBIXOJ[aX TpaH3ucTopa T, — Joruueckue HyIH.

PaccmoTpum peanuzanuto snementa MJIM-HE Ha ocHOBE 3nemMeHTa, IpeACTaBICHHOTO Ha PUC.
3.34 (1 yOpoIeHusl Ipyrue KOJJICKTOPhl MHOTOKOJUIEKTOPHBIX TpaH3UuCTOpoB T3 u T4 Ha pucyHke
He nokasanbl). Korma Ha ouH wim 06a BXo/1a TOIaeTCsl JIOTHYECKU CUTHAI «1», TO HanpshKeHHe
Ueyy COOTBETCTBYET JIOTHYECKOMY HYI0. Ecii Ha 000MX BXOfax JOTHYECKHe CUTHATBI «0», TO
HAPSIKEHUE Uy COOTBETCTBYET JIOTHUECKON eqUHUIIE.

Jlornka Ha OCHOBE MOJYIPOBOJIHKUKA U3 apceHmaa rajutus GaAs xapakTepu3yercs HanboJee
BBICOKUM OBICTPO/ICHCTBHEM, UTO SBIISETCS CJIECTBUEM BBICOKON MOJIBMKHOCTH 3JIEKTPOHOB (B
3...6 pa3 OoJbIe MO CpaBHEHHIO ¢ KpeMHHeM). Mukpocxemsl Ha ocHOBe GaAs MOTYT paboTaTh Ha
yacrorax nopsaka 10 I'Ty u Gonee.
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3.4. KOMBUHALIMOHHBIE 1{TU®POBLIE YVCTPOUCTBA

Jlornueckre ycTpoiCcTBa pa3AeiaiOT Ha IBa Kiiacca: KOMOWHAIMOHHEIE U
MOCJIEI0BATEIbHOCTHEIE.

Y CTpoiCTBO HA3EIBAIOT KOMOMHAITMOHHBIM, €CJTH €TI0 BEIXO/HBIC CUTHAIBI B HEKOTOPBIN
MOMEHT BPEMEHN OJHO3HAYHO OMPEACIISIOTCS BXOAHBIMHA CUTHAIAMH, TMEIOIIMMH MECTO
B 3TOT MOMEHT BPEMEHH.

WNHuaue ycTpoiicTBO Ha3hIBAIOT HOCJ‘I@ILOB&T@J‘IBHOCTHBIM WA KOHCYHBIM aBTOMATOM (ITUGPOBBIM
aBTOMaTOM, aBTOMATOM C MaMAThI0). B Mocae10BaTeibHOCTHBIX YCTPOWCTBAX 0053aTEIIbHO NMEIOTCS
371eMEeHTHI TaMAITH. COCTOSIHUE 3THX 3JIEMEHTOB 3aBUCUT OT IPEABICTOPHH MOCTYIUICHUS BXOIHBIX
CUTHAJIOB. BBIXOIHBIEC CUTHAJIBI IOCIEAOBATEILHOCTHBIX YCTPOMCTB ONPEACIIAIOTCA HE TOJIBKO
CHUTHAJIaMU, UMCIOLIMMHUCS HA BXOJAaX B TaHHBI MOMEHT BPEMEHU, HO U COCTOSIHUEM DJICMCHTOB
namsATu. Takum 06pazoM, peakius MoCIe0BATEIHPHOCTHOTO YCTPOICTBA HA ONPEICICHHbBIC
BXO/THBIC CUTHAJIbI 3aBUCHUT OT MIPEIBICTOPUH €TI0 PAOOTHI.

Cpeny kak KOMOMHAIMOHHBIX, TAK M MOCICA0BATEILHOCTHBIX YCTPOUCTB BBIICISIOTCS
THIIOBBIC, HanboJee MUPOKO UCIIOIB3YEMbIC HA MPAKTHKE.

3.4.1. udpatopsl, nemudpatopsl U Mpeodpa3zoBaTeN KOJ0B

L Iugpamop — 3170 KOMOMHAIIMOHHOE YCTPONUCTBO, TTPeodpasyrolee NeCITHIHbIC YhCia B



JBOMYHYIO CUCTEMY CUHCIICHHS, IPUYEM KaKIOMY BXOJTy MOKET OBITh TIOCTABJICHO B COOTBETCTBHE
JIECATUYHOE YUCIIO, 2 HAOOP BBIXOAHBIX JJOTHYECKUX CUTHAJIOB COOTBETCTBYET OINPEACICHHOMY
nBongHOMY Koay. IlIudpaTop nHOTIAa Ha3BIBAIOT «KOJAEPOM» (OT aHTI. coder) U UCTIONB3YIOT,
HampuMep, JJIA TepeBojia AeCITUIHBIX YUceN, HAOpaHHBIX Ha KJIAaBUAaType KHOMIOUHOTO ITYIThTa
VIIpaBJIeHNs, B IBOMYHBIC YHCIa. ECTM KONMMUecTBO BXOI0B HACTONBKO BEJIMKO, YTO B IIU(paTope
HCTIONTB3YIOTCS BCE BO3MOXKHBIE KOMOWHAIMY CUTHAJIOB Ha BBIXOJIE, TO TAKOH IH(paTop HA3bIBACTCS
TIOJTHBIM, €CJTIH HEe BCE, TO HETIOHBIM. UHCIT0 BXOIOB M BBIXOJIOB B TIOJTHOM ITU(PATOPE CBSI3aHO
cooTHomeHueM n = 2", TJie n — YUCIIo BXOJOB, M — YKCIIO BBIX010B. Tak, /s mpeoOpazoBaHust
KOJTa KHOTIOUHOT'O TYJIETa B YETBIPEXPa3psIHOE IBOMTHOE YHUCIIO JOCTATOYHO MCIIOIB30BATh JIUIIE 10
BXOJIOB, B TO BpeMs KaK TOJTHOE YHCIIO BO3MOXKHBIX BXOIOB OyjieT paBHO 16 (n = 2= 16), moaTOMY
mugparop 10x4 (u3 10 B 4) OyaeT HEMOIHBIM.

PaccmotpumM nipumep riocTpoeHust mudpaTopa st Ipeodpa3oBaHus AECATHPA3PSAHOTO eIUHAYHOTO
Kona (mecATnaHbIX grcen ot 0 70 9) B ABOMYHBIN KoJI. IIpu 3TOM mperoaaraeTcs, 9ro CUrHal,
COOTBETCTBYIOIINI JIOTUYECKOH €THHUIIE, B KAXKIIBI MOMEHT BPEMEHH TOAETCs TOJHKO Ha OIMH BXOJI.
VcnoBHOE 0003HAUCHKE TAKOTO IK(paTopa 1 TabI1Ia COOTBETCTBHS KOZa MPHUBEACHBI Ha puc. 3.35.
Ucnonb3yst JaHAYIO TaOIHIy COOTBETCTBHSI, 3AITUIIIEM JIOTHUCCKHIEC BBIPKCHUS, BKITIOUAs B JIOTHICCKYIO
CyMMY T€ BXOJHBI IIEPEMEHHBIC, KOTOPBIE COOTBETCTBYIOT €IMHHUIIE HEKOTOPOM BBIXOTHOM EPEMEHHOM.
Tak, Ha BBIXOZE y; OymeT norudeckas «1» Torma, koraa Jorudeckas «1» OymeT win Ha BXoae X
,Jumn Xs, Wik Xs, WIK X7, WK Xo, T. €.

yIZXl +X3+X5+X7+X9.
AHaNOTMYHO TIOITyJIaeM
y2 =X+ X3+ X+ Xs.

y3:X4+X5+X6+X7, y4:Xg+X9.

IpencraBum Ha puc. 3.36 cxemy Takoro mudparopa, UCHonb3ys snementsl NI,
Ha npakTuke yacto ucrnomnb3yroT mudparop ¢ npuopureToM. B Takux mmdparopax Ko JBOUYHOTO
YKCIIa COOTBETCTBYET HAMBBICIIIEMY HOMEPY BXO71a, HA KOTOPBIH TOJIaH CUTHAIT
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«1», T. e. Ha MPUOPHUTETHBIN MU (PATOP AOMYCKACTCS MOJAABATh CUTHANBI HA HECKOJIBKO BXOJOB, a
OH BBICTABJISET HA BBIXOJIE KOJI YHCA, COOTBETCTBYIOIIETO CTAPIIEMY BXOJTY.

PaccmoTpum B kauecTBe mpumepa (puc. 3.37) mmdparop ¢ npruopureToM (IPUOPUTETHBINA
ummdparop) K555UB3 cepun mukpocxem K555 (TTJIL). IlIudpartop umeer 9 uHBEpCHBIX
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BXO0JI0B, 0003HaueHHBIX uepe3 PRI,...,PR9 . AGOpesnatypa PR 0003HaYaeT «IIPUOPUTETY.
[u¢parop umeeT YeThlpe MHBEPCHBIX Bbixona Bl,...,B8 . AGOpeBuarypa B o3HavaeT «uHa» (0T
anry. bus). LHudps! onpenensitor 3Ha4uCHUE aKTUBHOTO YPOBHS (HYJIS) B COOTBETCTBYIOIIEM paspsijic
nBonyHoro yucna. Hanpumep, B8 o603Hauaer, 4To HOJIb HA 3TOM BBIXOJI¢ COOTBETCTBYET UUCHY 8.
OueBHUIHO, YTO 3TO HETIOIHBIN MH(PATOP.

Ecnu Ha Bcex BXoAax — JIOrMUYecKas €MHUIA, TO HA BCEX BBIXOJIAaX TAKXe JIOTHUECKas eIMHHUIIa,
4TO COOTBETCTBYET unciy 0 B Tak Ha3piBaeMOM MHBepCcHOM Koze (1111). Ecnu xoTst Ob1 Ha 01HOM

BXOAC UMCCTCsA JIOTUYCCKUU HOJIb, TO COCTOAHHNEC BBIXOJHBIX CUTHAJIOB ONPCACIIACTCA HanOOJIIIUM

HOMEPOM BX0/1a, Ha KOTOPOM MMEETCS JIOTMYCCKUI HOJIb, U HE 3aBUCUT OT CUTHANIOB HA BXOJaX,
MMEIOIINX MEHBIITUN HOMED.

Hampumep, ecniu Ha Bxojae PRI — MOTHYECKU HOJIb, & Ha BCEX OCTaJIbHBIX BXOJIaX —
JIOTHYeCKasl €AMHMIA, TO Ha BBIXOAaX UME-



10Tcs crenyionme curnansl: B1 -0, B2 - 1,84 -1, B8 - I, 4T0 cOOTBETCTBYET YUCIy | B MHBEPCHOM
koge (1110).

Ecnu nHa Bxoae PRY noruyeckuil HOJb, TO HE3ABUCUMO OT APYTUX BXOJHBIX CUTHAJIOB HA
BBIXOJIaX UMEIOTCS CIIEAYIOIIHE

curHansl: B1-0 ,B2-1 ,B4-1, B8-0, uto cooTBeTcTBYET uncty 9 B nHBepcHOM Koje (0110).

OcHoBHOE Ha3HAYeHHUE MU paTopa — MpeodpazoBaHKe HOMEpa UCTOYHHUKA CUTHATIA B KOJI
(HarmpuMep, HOMepa HaXKaTOW KHOITKH HEKOTOPOH KIIaBHATYPHI).

Jewugpamopom Ha3pIBaeTCa KOMOMHAIMOHHOE YCTPOUCTBO, MIPeoOpa3yroIlee N-pa3psIHBIH
JIBOMYHBIA KOJ| B JJIOTHYECKUI CUTHAJL, TIOSBJISIOLIMICA HA TOM BBIXOJE, JECATUYHBIA HOMED
KOTOPOT'O COOTBETCTBYET ABOMYHOMY KOJTy. UHCII0 BXOI0B U BBIXOJIOB B TaK Ha3bIBAEMOM IO THOM
aemmppaTope CBI3aHO COOTHOLIEHHEM m = 2", TJIe 1 — YHCII0 BXOJIOB, & /11 — YHCIIO BBIXOJI0B.
Ecnu B pabote aemmudpaTopa HCIOIB3yeTCS HEMTOJHOE YHCIIO0 BEIXOJIOB, TO TaKoW AemudpaTop
Ha3bIBAETCS HETIOJHBIM. Tak, HanpuMep, AemudpaTtop, uMeronuii 4 Bxoja u 16 BBIX0J0B, OyieT
TIOJTHBIM, & €CJTA OBI BBIXOJIOB OBLIO TONBKO 10, TO OH SIBJISICS OBl HETIOTHBIM.

Oo6patumcs myis mpumepa k nemudparopy KS55MJ6 cepun K555 (puc. 3.38). Jdemmdparop
“MeeT 4 MPSAMBIX BXOJA,
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Puc. 3.33

0003HaueHHBIX uepe3 A1, ..., AS. AGOpeBuaTypa A obo3Ha"aeT «aapec» (OT aHTI. address).
Yka3aHHbIC BXOJBI Ha3bIBAIOT apeCHBIMU. [IMdphl onmpenensaroT 3HaUeHUST aKTHBHOTO YPOBHS
(emMHUIIBI) B COOTBETCTBYIOIIEM Pa3psie JBOUIHOTO YUCIA.

Hemmdparop nmeet 10 nHBEpCHBIX BEIXOOB Y0,..., Y9 . [Iudpsl onpeaesoT AeCITHIHOES
YHCII0, COOTBETCTBYIOIIEE 33laHHOMY IBOMYHOMY YMCITY Ha Bxojax. O4eBUAHO, YTO 3TOT
Jnemudparop HEMOTHBIN.

3HadeHNEe aKTUBHOTO YPOBHS (HYJSI) UMEET TOT BBIXOJ], HOMEP KOTOPOTO PABEH JECATUIHOMY
4HCIy, ONPEACIiEMOMY IBOMYHBIM YHCIIOM Ha Bxoje. Hampumep, eciu Ha Bcex BXoJax —
JIOTUYECKUC HYIIH, TO Ha BBIX0JE Y(— JOTHUYCCKUIT HOJIb, @ HA OCTAILHBIX BBIXOJAX — JIOTHYECKast
enununa. Ecim Ha Bxoje 42 — noruueckasi €IMHMIA, a HA OCTAJIbHBIX BXOJaX — JOTHYCCKHI
HOJIb, TO HAa BBIXOJIC Y2 — JIOTMUCCKHIA HOJIb, & HA OCTAIBHBIX BBIXOJIAX — JIOTUYECKAs CAMHHMIIA.
Ecnu Ha Bx0Jie — JBOMYHOC YUCIIO, MPEBbIILAtolIece 9 (Hanpumep, Ha BCEX BXOJaX CIUHMIIBL, YTO
COOTBETCTBYET ABoNYHOMY urciy 1111 u necatuanomMy unciy 15), To Ha Bcex BbIXOAaxX — JIO-
ruyecKas eIMHULA.

Hemmngppatop — 0AHO U3 IUPOKO UCHOIB3YEMBIX JIOTHYECKUX YCTPOUCTB. Ero mpuMeHsoT s
[IOCTPOCHHMSI PA3JINYHBIX KOMOMHAIMOHHBIX YCTPOMCTB.

Paccmotpennblie mudpatopsl v AemnGpaTopsl SBISFOTCS IPUMEPaMHU IPOCTEHIINX
npeoOpazoBaTesicii KOIOB.

Ilpeoodpazosamenamu k0006, B 001LIEM CITydae, HA3bIBAIOT YCTPOMCTBA, IPEAHA3HAYCHHBIE AJIS
npeoOpa3oBaHus OJHOTO KOJa B APYrOd, PU 3TOM YacTO OHH BBHITIOJIHSIOT HECTaHJAPTHBIC
npeodpazoBanus ko/10B. [IpeoOpa3zoBarenu kKo0B 0003Hauar0OT uepe3 X/Y.



PaccmoTpuM 0cobeHHOCTH pealin3alini mpeodpa3oBaTels Ha MpuMepe mpeodpasoBarters
TPEX3JIEMEHTHOTO KOJIa B MSA-TUIIEeMEHTHBIN. JloMyCTHUM, 4YTO HEOOX0AMMO pealn30BaTh
TaOJIUIy COOTBETCTBUS KOJIOB, IPUBEIECHHYIO Ha puc. 3.39. 3nech yepe3 N 0003HAYEHO AECATHUHOE
YHICII0, COOTBETCTBYIOIEE BXOJHOMY JBOUYHOMY Koxy. IIpeoOpazoBaTenn KOAOB 4acTO CO3AI0T IO
cxeme pemmdpatop — mmdparop. Heumdpatop mpeodpazyeT BXOJHON KO B HEKOTOPOE
JIeCATUYHOE YHUCIIO, a 3aTeM HHudpaTop GopMHUpYeT BEIXOAHOH Koja. CxeMa rmpeobpa3oBarerns,
CO3IaHHOTO TI0 TAaKOMY NPHHIIHITY, TpUBeieHa Ha puc. 3.40, T1e UCTIONIF30BaH MaTPUYHBIA JUOTHBIN
mmdparop. [Ipuniun paboTsr Takoro mpeodpazoBartes J0BOIbHO pocT. Hampumep, koraa Ha
BCEX BXOJIaxX Jernudpa-

B il [ | PR ———
HbIl Ko
N Xa [ X | X |y1 |y2 [y3|yalys
010 10 [0 01O 101 1
1101011 ({0 }0 |1 1 [0
210 (1 {0 (0 (1 (06101
310 |1 1 1 10 (0 |10 |1
411 ]0]0 [0 }1 1 (010
511 0 1 1 0 1 010
6 |1 1 0 |1 1 0 /010
Fah A 1 |1 101041 1 {0
Puc. 3.39
DC 0
y s
Xio— 1 £ 1K
2 Z{ <
Xo— 2 3 21 4
r4r
X3 6— 3 2T L
r
7 4rs FE
G Yi Y@ ¥ ¥ ¥
Puc. 3.40

Topa jgoruueckuii «O», To Ha ero Bbixoze 0 MOSIBIISIETCS JOTHYeCcKas «1», 4TO TPUBOIUT K
TIOABJICHUIO ((1)) Ha BbBIXOOaX Y4 U Y5, T. €. pCAIIU3YETCA MICpBasd CTPOKaA Ta6HI/IIH>I COOTBCTCTBUA
KO/IOB.

TIpOMBIIIIICHHOCTD BBITYCKACT OOJIBIIOE YUCIO0 MU (PPATOPOB, AeIN(PPaTOPOB H
npeobpasoBaTesei KoI0B, TakuX Kak Actrdparop 4x16 co crpodouposanriem (K555M/13), npeoob-
paszoBaTeib KoJa JUTs YIIpaBJICHUs cBeToauoaHoi Marpuiied 7x5 (K155M1/18), mpeodbpazoBarein
KOJa AJis ynpaBicHus WKaabHbIM nHaukatopoM (K155U15) u op.

3.4.2. MynpTUIIIEKCOPHI
U JIeMYJIbTUILIEKCOPHI

Mynvmuniexcopom Ha3bIBAOT KOMOMHAIIMOHHOE YCTPONCTBO, 00ECIIEUNBAIOIIIee TepeIauy B
JKelnaeMoM mopsike nudpoBoit HHGOpPMAILINH, TOCTYMAIOIESH MO HECKOIBKUM BXO0J1aM Ha OJTUH
BEIX0J. MyIBTHILIEKCOPEI 0003HadaroT yepe3 MUX (ot anri. multiplexor), a Taxke yepe3 MS (ot
anry. multiplexor selector). CxemMaTndecKu MyJIbTHIUIEKCOP MOXXHO M300pa3uTh B BUIE



KOMMYTaTopa, 00eCreYrBaroIero MOAKII0UYeHNE OJTHOTO U3 HECKOJIBKHUX BXOJIOB (MX HA3BIBAIOT
WH()OPMAIIMOHHBIMH ) K OJTHOMY BBEIXOAY ycTporicTBa. KpoMe nH(pOpMAIIMOHHBIX BXOJOB B
MYJIBTHILIEKCOPE UMEIOTCS aJIpeCHBIC BXObI M, KaK IIPABUIIO, pa3peliaromue (CTpoOHpyroIIue).
CurHaisl Ha aIpECHBIX BXOJaX OMPEIENSIOT, KAKOW KOHKPETHO HH(POPMAITMOHHEIN KaHall
TIOJIKJTIOUEH K BhIXoy. Ecu Mexmy ynuciomM nHGOPMAIMOHHBIX BXOJIOB U U YHCIIOM aJpECHBIX
BXOJIOB /1 JIEUCTBYET COOTHOIEHHE /7 = 2", TO TaKOM MyJIbTHILIEKCOP HA3BIBAIOT MOJHBIM. Eciu n
< 2", TO MyJIbTUILIEKCOP HA3BIBAIOT HEMOIHBIM.

Pa3pemnraroryie BXOIbI HCMIOMB3YIOT IS PacITUpeHus (PyHKIIHOHATBHBIX BO3MOXHOCTEH
MyJIbTHILIEKCOpa. OHU UCIIONB3YIOTCS JJISl HapalluBaHUS Pa3psIHOCTH MYJIbTUILIEKCOPA,
CUHXPOHH3AIMH er0 padoThl ¢ paboTol Apyrux y31moB. CUTHABI HA Pa3pelIalonifx BX0IaX MOTYT
pasperarh, a MOTYT U 3alpeniaTh MOKIIOYEeHIE OMpPe/IeIEHHOTO BX0/1a K BBIXOAY, T. €. MOTYT
0JIOKMPOBATH JCHCTBUE BCETO YCTPOMCTRA.

PaccmoTpuM QyHKITMOHMPOBAHHUE IBYXBXOIOBOTO MYJIBTHILIEKCOpA (2—>1), KOTOPBIA YCIOBHO
n300paxkeH B BUJIE KOMMYTATOpa, @ COCTOSIHKUE €0 BX0J0B X X, U BeIX0/a Y NMPUBEACHO B
tabmuue (puc. 3.41). Ucxons 3 Tabnuiibl, MOKHO 3alMcaTh CICAYIOLIee ypaBHCHUE!

Y= X]A +X2A.

Ha puc. 3.42 nokasaHsl peaqu3anys TaKoro ycTpoiicTBa U €ro ycioBHOE rpaduueckoe
o0o3HayeHure. OCHOBOH JaHHON CXEMBI SIBJISIOTCS JBE CXEMBI COBIIaIEHUs Ha dyieMeHTax U, ko-
TOPBIE TIPY JIOTUYECKOM YPOBHE «1» Ha OTHOM M3 CBOMX BXOJOB IMOBTOPSAIOT HA BBIXOAE TO, YTO
€CTb Ha JIPYyroM BXOJIE.

Ecin Heo0X0AMMO pacuImpUTh YUCIO BXOJIOB, TO UCTIONB3YIOT KACKaJHOE BKIIOUCHHE
MYJIBTHUIIEKCOPOB. B kadecTBe mprMepa pacCMOTPUM MYJIBTHILIEKCOP ¢ YETBIPbMs BXoAaMu (4-
>1), HOCTPOEHHBIN Ha OCHOBE MYJIBTHUILIEKCOPOB (2->1).
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Cxema 1 TabauIa COCTOSHHUIM TaKOTO MYJIbTUILIEKCOpA MPUBEACHBI HAa puc.3.43.
My.HbTI/Il'IJ'ICKCOpr ABJIAOTCA YHHUBCPCAJIbHBIMU JIOTHYCCKHUMU YCTPOﬁCTBaMH, Ha OCHOBC
KOTOPBIX CO3/1AI0T Pa3JInUHbIc KOMOMHALIMOHHBIC U MTOCIIEI0BATEIbHOCTHBIC CXeMbl. MyJb-
THIIJICKCOPBI MOI'YT UCIIOJb30BATHCA B ACIUTCIIAX YaCTOThI, TPUITCPHBIX yCTpOﬁCTBaX,
CABUTAIOLIMX YCTPOHCTBAX U Ap. MyYJIbTUILIEKCOPHI YACTO UCIIONB3YIOT AJIsl MpeoOpa3oBaHus
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rapajiieJIbHOIO JBOMYHOI'O KOJIa B MOC/IE0BaTENbHBINA. [JJ1s Takoro mpeodpa3oBaHMs TOCTATOYHO
oAaTh Ha WH()OPMAIIMOHHBIE BXOIbI MYJBTHILICKCOPA MapaljIeIbHBIH JBOUYHBIN KO, a
CHUTHAJIbI Ha aJpeCHbIe BXObI OaBaTh B TAKOM I10CIICA0BATCIBHOCTH, YTOOBI K BEIXOAY
TIOOYEPETHO MOAKITIOYATICEH BXOJIbI, HAUWHAS C TIEPBOTO M KOHYAS ITOCIETHUM.

PaccMoTpuM mpuMep MCHOB30BaHUS MYJIBTHILICKCOPOB IS peali3allii TaK Ha3hbIBAEMOTO
KOMOMHAIITMOHHOI'0 YCTPOMCTBA CABHIra, 00ECIIEYMBAIOIIECTO CABUT JBOMYHOIO, YKCIIA 110 Pa3psaaaM.
IIpunamun GyHKIIMOHUPOBAHUS JAaHHOTO YCTPOWCTBA MOHSITEH U3 CXEMBI YCTPOUCTBA M TaOIUIIBI
COCTOSIHHIH €T0 BXOJIOB U BBIX0JI0B (puc. 3.44).

B 0003Ha"eHNN MYILTUIIEKCOPOB UCTIONB3YIOT ABe pycckue OykBel KII, Hampumep,
MIPOMBINIJIEHHOCTBIO BBEIMYCKAOTCS TakKe MyabTUIIeKkcophl, kak K155KIT1, K531KIIIS,
K561KII3, K555KII17 u mp.
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Jlemynomuniexcopom Ha3pIBAIOT YCTPOMCTBO, B KOTOPOM CHTHAITHI ¢ OTHOTO HH()OPMAITMOHHOTO
BX0/1a, TIOCTYTAIOT B JKETaeMOM TOCTIEI0BATENHHOCTH 10 HECKOIHKIM BBIXOJ[aM B 3aBUCHMOCTH OT KOJIa
HA aJIPECHBIX IMIMHAX. TakiM 00pazoM, TEMYIBTHILIEKCOP B ()YHKIIMOHATFHOM OTHOIIICHHN TIPOTHBO-
TIOJIOYKEH MYJIBTHITIEKCOpY. JleMyIbTHILIekcophl 0003Ha4aroT yepes DMX ninu DMS.

Ecnu cooTHOIIIEHNE MEXTY YHUCIIOM BBIXOIOB /1 M YUCIIOM QJIPECHBIX BXOJIOB M1 ONPEAEIAETCS
paBeHCTBOM 1 = 2", TO TaKOM AEMYJIBTUILIEKCOP HA3BIBACTCS TOIHBIM, IpH 1 < 2" nie-
MYJTBTHILICKCOP SBJISCTCS HETIOHBIM.,

PaccmoTpum pyHKIMOHHPOBAHUE JEMYIIETHILICKCOPA C ABYMS BBIXOAAMH, KOTOPBIN YCIOBHO
M300pakeH B BUJIC KOMMYTATOpPa, a COCTOSIHHE €ro BXOJIOB M BBIXOJIOB MPUBEICHO B Tabmuiie (puc.
3.45). U3 aToii TaOJIHUILIBI CIICAYET:
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Puc. 3.45



Y =X A4; Y, =X A, 1. e. peann3oBaTh TaKOo€ YCTPONCTBO MOKHO TakK, Kak IMOKa3aHo Ha puc. 3.46.
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Jns HapatuBaHus YMCia BBIXO0B JECMYIbTUILICKCOPA UCTIONB3YIOT KACKATHOC BKITFOUCHHUC
JIEMYIIBTUTIIIEKCOPOB. B kauecTBe nmpumepa (puc. 3.47) paccMOTpUM IIOCTPOCHHUE Je-
MYJIBTHTUIEKCOPOB ¢ 16 Beixomamu (1->16) Ha OCHOBE JeMYITBTUIIIIEKCOPOB C 4 BeIxoaamu (1->4).
ITpu HaMuMM Ha apPEeCHBIX MUHAX Ag U A| Hyllel HH(HOPMAIMOHHBIN BX0/T X TIOIKITIOYCH K
BepxHEeMY BbIX0ry DMX 1 B 3aBHCHMOCTH OT COCTOSHYS aIPECHBIX MH A, 1 A3 OH MOXKET OBITh TTOIKITIO-
YeH K ogHOMY U3 BeIXoJ0B DMX, .Tak, npu A, = A3 = O Bxoa X moakiaoueH K Y. [Ipu Ag=1u

A =0 Bxox X noaxiroueH K DMX5, B 3aBUCHMOCTH OT COCTOSHUS Ay U A3 BXOJ COSIUHIETCS C
OJTHUM W3 BBEIXOJ0B Y4-Y7 U T.JI.
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OYHKIINK TeMYyTbTHILIEKCOPOB CXOAHBI ¢ GYHKIMsIMHE AetrdpaTopos. JemudpaTop MoxKHO
paccMaTpuBaTh Kak JIe-MyJIbTUIIEKCOP, Y KOTOPOro HH(GOPMAIIMOHHBIN BXO/] TIOJJIEPKUBACT
HaIpsHKEHUE BBIXOJI0B B AKTUBHOM COCTOSTHUH, @ aJpeCHBIE BXO/IbI BHITIOIHSIOT POJIb BXOI0B
nemmmdparopa. [loaromy B 0003HaYeHNN KaK AemUGPaTOPOB, TaK U IEMYIbTHITIEKCOPOB
UCTIONB3YIOTCS OJJMHAaKOBEIe OykBhl — M JI. BrimyckatoT nemudpatops! (1eMyIbTUTLIEKCOPHI)
K155U A3, K5311U7 u ap.

IIpu ucnons3oBannu KMOII-TexHOIOTHHA MOKHO IOCTPOUTH JIBYHAIPaBIEHHbIE KITIOYH,
KOTOpBIE 00JIaal0T BO3MOKHOCTBIO MTPOITYCKAaTh TOK B 00OMX HANPABJICHUAX U MEPEAaBaTh HE
TOJIBKO ITU(POBBIE, HO M aHAJIOTOBBIE CUTHAIBL. biarogapst 5ToMy MOKHO CTPOUTH
MYJIbTHILIEKCOPBI-IEMYIIbTHILIEK-COPBI, KOTOPHIE MOTYT UCIIOIB30BATHCS JINOO0 KaK MYJIbTHUILIEK-
COPBL, JIN00 KaK JIEMYIbTUILIEKCOPEI. MyIbTHILIEKCOPHI-IEMYIbTHUILIEKCOPEI 0003HAYAIOTCS
yepe3 MX. Cpeau BBIITYCKaeMbIX MYJIbTUIIEKCOPOB-AEMYIbTHUILIEKCOPOB MOXKHO BBIJEIUTH
takue, Kak K564KI11, KS90KII1. MyapTHIIIEKCOPBI-AeMYIbTUILUICKCOPHI BXOST B COCTaB CEpUi
K176, K561, K591, K1564.

3.4.3. Cymmaropsl

CyMMaTopbl — 3TO KOMOWHAIIMOHHBIE YCTPOUCTBA, MPeTHA3HAYCHHBIC JJIs CII0KEHUS YUCEl.
PaccmoTrpuMm crioskeHue IBYX OJHOPA3PAIHBIX JBOMUHBIX YUCEIN, AJIS YETO COCTABUM TaOIHUILy
C0XeHU (TabIUIly HICTUHHOCTH ), B KOTOPOH OTpa3uM 3HAUYCHHS BXOIHBIX uncen A u B, 3HaueHne
pe3ynbTara CyMMUPOBaHUS S M 3HaUeHHE TiepeHoca B ctapimii paspsn P (cMm. puc. 3.48).
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Puc. 3.48

Paborta ycTpoiicTBa, peamr3yroIero TadbIuIry HCTUHHOCTB (pHC. 3.48), OMUCKIBACTCS CACAYIOITUMU
ypaBHEHUSIMU

S=AB + AB;P = AB . O4eBuAHO, 4TO IO OTHOILIEHUH: K CTONOLY S peamu3yeTcs JJoTudecKast
¢byaxums «uackimovaromiee UJIN», T. e. S = 4 + B. YcTpolcTBO, peanusyrorniee Tadauiry (puc.
3.48), Ha3bIBAIOT MOIYCYMMAaTOPOM, U OHO UMEET JIOTUYECKYIO CTPYKTYPY, H300pa’keHHYIO Ha pHC.
3.49. IlockonbKy

Puc. 3;.49



TIOJTYCYMMATOp MMEET TOJIBKO JIBa BXO/1a, OH MOYKET MCIIONB30BaThCA [Tl CYMMUPOBAHHS JIUIIH B MITa IIIEM
paspsize.

[pu cyMMHpOBaHHH ABYX MHOTOPA3PSAHBIX YHCEI JUIS KXKIOro paspsizia (KpoMe MITA/IIIero)
HE00XO/IMMO HCTIONB30BaTh YCTPOMCTBO, MMEIOIIEE TOTIOTHUTENBHBIA BXO repeHoca. Takoe yCcTponcTBO
(puc. 3.50) Ha3BIBAIOT MOJTHBIM CYMMATOPOM U €r0 MOKHO IIPEICTAaBUTh KaKk 00BEMHEHHE IBYX
nosrycyMmatopoB (Pyx — mononmHuTeNbHBIN BX0 iepeHoca). Cymmarop o0o3HauyaroT yepes SM.
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o—1 t0p |FP
Puc. 3.50

3.4.4. llugpoBbie KOMIIapaTOPhI

Hudposbie KOMIapaTOPHI BHITONHIIOT CPaBHEHHE JBYX YHCEN, 3a/IaHHBIX B JIBOMYHOM KOJIE.
OHU MOTYT OINpeAeNnaTh PABEHCTBO ABYX JBOMYHBIX unced A U B ¢ 0AMHAKOBBIM KOJIMYECTBOM
pa3psaa0B 1100 Bua HepaBeHcTBa A>B uin A<B. Iudpossiec koMnapaTopbl HMCIOT TPU BhIXOJA.

CxemMa ogHOpa3pAIHOr0 KOMIaparopa MpeacTaBiseT cOO0N CTPYKTYPY JIOTHUECKOTO 3JIEMCHTA
«uckmouatomiee MIM-HE» (puc. 3.51).

& _ D=A'B(A<B)
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W3 ananmu3sa cxemsbl ciieayer, uto eciim A = B, To F = 1, B npoTtuBHOM citydae, T. €. ipu A /= B,
F=0.Ecou A>B,1.e. A=1,B=0,toC=1,aecru A<B,1.¢. A=0,B=1,ToD=1.

Ecnu nonapHo paBHBI MEXKTy COOOM BCe pa3psibl ABYX A-Pa3psIHBIX JBOMYHBIX YKCEIT, TO PABHbI K
a1 fBa urcna A u B. [pumvensis idypoBoid KOMITapaTop Aist KOKIO0T0o pas3psizia, HampuMep,
YEThIPEX3HAUHBIX UKCe, U onpeaenss 3HaueHus Fi, F,, F3, F4 normyecknx nepeMeHHBIX Ha BBIX0AaX
KOMIapaTopos, ¢akT paBeHcTBa A = B ycranoBum B ciyuae, korga F =F ¢ F, ¢ F3 « F4= 1. Ecin
xe F=0, o A/=B.

Hepasenctso A > B obecreunBaetcst (i1 YSThIPEXPaA3psAAHOrO YKCa) B UETBHIPEX CIydasix:
Wi Ay > By, unn Ay = By u Az > Bs, unn Ay = By, A3 = B3z 1 Ay>B,, uinn Ay =By, A3 =B3, Ay =
B, u A; > B, (tme A4 u By — crapmue paspsiast uncen A u B). O4eBuIHO, 9TO €CTM IOMCHSITh
mectamMu A; ¥ By ,To OyACT BRIMOIHATECSA HEpaBEHCTBO A < B.

IndpoBsie KOMITAPATOPHI BRITYCKAIOT, KK ITPABHUIIO, B BUIE CAMOCTOSATEIBHBIX MUKPOCXEM.
Tak, mukpocxema KS64UI12 (puc. 3.52) siBIseTCs 4eThIpEXpa3psAHbIM KOMIIAPaTOPOM, B KOTOPOM
KOKIBIA M3 OJHOPA3PIHBIX KOMITApaTOPOB aHAJIOTHYEH pacCMOTPEHHOM paHee cxeMe. JlanHast
MHKpOCXeMa UMeeT pacimpsitorie Bxopl A<B, A=B, A>B, uto no3BossieT HapalyBarh pa3psaHOCTb



o0oux gmce. [ 3Toro koMmapaTopsl COSMHSIOT KaCKaIHO FUTH MapajiieIbHO (THpaMHUIATIBHO).
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Puc. 3.52

PaccmoTpum kackanHoe coequHeHne kommapaTopoB KS64UI12 nna cpaBHEHMs 1BYX
BOCEMUpa3psAmHbIX grcen (puc. 3.53). Ilpu stom coennaennu Bexoasl A = B u A < B nipensimyrieit
MHKPOCXEMBI (MJIAIIINE pa3psipl) MOAKIFOYAIOT K COOTBETCTBYIOIIMM BXOIaM rociieayrorieii. Ha Bxossr
A<B, A=B, A>B MukpocxeMbl MIIQIIIIUX Pa3psIOB MOJAOT COOTBETCTBEHHO NoTeHnnansl U, U "n
U’ ( U’ COOTBETCTBYET Joruiyeckomy 0, a U — «1»). B mocmeayronmx MUKpocXeMax Ha BXomax A
> B mosiiepkUBarOT MOTEHITUAI JIOTUYECKON euHUIBI U’ .
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3.5. MOCJIEJOBATEJIbHOCTHBIE IIU®POBBIE YCTPOMCTBA
3.5.1. Tpurrepsl

Tpurrep — mpocTeiiniee mMocie0BaTeIFHOCTHOE YCTPOHCTBO, KOTOPOE MOXKET HAXOJUTHCS B
OJHOM U3 JABYX BO3MOXKHBIX COCTOSIHUI U TIEPEXOAUTEH U3 OJHOTO COCTOSIHHS B JPY- TO€ MO
BO3JICHCTBHEM BXOJIHBIX CHTHAIOB. TpHITep SABIseTCS 6a30BBIM DJIEMEHTOM
MOCJIEIOBATEIIFHOCTHBIX JTJOTHYECKUX YCTPOHCTB. BX0aBI TpUTTEpa pa3AessaioT Ha
UH(OPMAIIMOHHBIE M YIIPABIIAIOIINE (BCIIOMOTaTelIbHbIe). JTO pa3/icICHHE B 3HAUMTEIbHOM
CTeIIeHH yclI0BHO. MH(pOopMaITmoOHHBIE BXOIBI UCITOIB3YIOTCS IS YIIPABICHHUS COCTOSHHEM
TpUrTEepa. Y IPaBJISIONTIE BXOIBI OOBIMHO UCIIONB3YIOTCS IS IIPEIBAPUTEILHON YCTAHOBKH
TPUITEPa B HEKOTOPOE COCTOSHUE U JJIsi CHHXPOHHU3AI[U Y.

Tpurrepsl MOTYT UMETBH 2 BBIXOJA: NPSIMON () ¥ UHBEPCHBIN .

Tpurreps! KI1aCCUGHUIIUPYIOT 1O PA3THIHBIM TPU3HAKAM, IOATOMY CYIIECTBYET TOCTATOYHO
OonbImoe yncino kraccudukanuid. K coxanenuro, 3T knaccuGukanuu He 00pa3yrT CTpOHHON
CHUCTEMBI, HO MHXXEHEPY HEOOXOIMMO X 3HATh.

Tpurreps! KI1aCCUGHUIIUPYIOT MO CISTYIONTUM PU3HAKAM:
* crmocoOy npuema nH(OOPMAIUH;

* TIPUHIUITY TOCTPOCHUS,

* (YHKIMOHATBEHBIM BO3MOXKHOCTSIM.

Paznuyaror acHHXpOHHBIE U CHHXPOHHEIE TPUTTEPHI.

ACHHXPOHHBIH TPUTTEP U3MEHSIET CBOE COCTOSTHUE HEIMMOCPEICTBEHHO B MOMEHT IOSBIICHHUS
COOTBETCTBYIOIETO HH(MOPMAIIMOHHOTO CUTHATA.

CHHXPOHHBIC TPUITEPHI PCArUPYIOT HA HH(POPMAIIMOHHBIC CUTHAIBI TOJIBKO P HATHYUU
COOTBETCTBYIOIIIETO CUIHAIA HA TaK Ha3bIBAeMOM BxoJie cuHxponuzanuu C (ot anri. clock). tot
BXOJ TaK)Ke 0003HAYAIOT TCPMUHAMHU «CTPOOY, «TAKTH.

CHHXPOHHBIE TPUTTEPHI B CBOKO OYEPE/Ib TOAPA3/ICISAIOT HA TPUTTEPHI CO CTATHYECKUM
(cTaTuyeckue) U JUHAMUYCCKUM (JMHAMUYECKKC) YIPABICHUEM 110 BX0Ay cuHXpoHu3aruu C.
CTaTH4eCKHE TPUTTECPHl BOCIPUHUMAIOT HH()OPMAIIMOHHBIC CUTHAJIBI TP Toa4e Ha Bxog C
JIOTUYECKOHN eTMHUIIBI (TIPSIMOM BXOJT) WJIH JIOTHIECKOTO HYJIS (MHBEPCHBIN BX0M). JJuHAaMUdeckue
TPUTTEPHI BOCIPUHUMAIOT WHPOPMAITMOHHBIC CUTHAIBI TIPH M3MEHECHUU (TIepernajie) CUrHaa Ha
Bxone C ot 0 x 1 (mpsmoit muaamudeckuit C-8xOm) wim ot 1 x 0 (MHBEepCHBIN quHaMudeckuii C-
BXOJ).

CraTtudeckre TPUTTEPHI B CBOIO OYepeIb MOIPa3ICTSIOT Ha OTHOCTYIIEHYAThIe (OTHOTAKTHBIC) 1
JIBYXCTYTIEHYATHIC (IBYXTAKTHEIE). B OTHOCTYIICHUYATOM TPHUTTEPE UMEETCS OJTHA CTYIICHB
3allOMUHAHUS WH()OPMAIINH, a B IBYXCTYIIEHYATOM —/[BE TaKWE CTyIeHH. BHavane nHbopmarms
3aIMCHIBACTCS B TICPBYIO CTYIICHb, @ 3aTEM ITEPEITUCHIBACTCS BO BTOPYIO H MOSIBIISICTCS HA BBIXOJIE.
JIByxcryrierdarsiii Tprarrep o0o3Haqarot yepes TT.

ITo pyHKIMOHATBEHBIM BOZMOXKHOCTSIM TPHUITEPBI PA3/ICISIFOT HA CIICTYIOIINC KIIACCHI;

* C pazacnbHOM ycTaHoBKoM coctosiHust O u 1 (RS-tpur-
repsr);
* yHuBepcaibHbie (JK-Tpurrepsl);
* ¢ mpueMoM uHpopManuu 1Mo ogHoMy BXoay D (D-Tpurrepsl, WK TPUTTEPBI 33JCPIKKH);
* co cuetHbIM BxosioM T (T-Tpurrepst).
Bxozp! TpUrrepoB 00bIMHO 0003HAYAOT CIICAYHOLLM 00pa3oM:
S — BXOJ AJis1 YCTAHOBKH B COCTOSIHUE «1»;
R — Bx0a AJ1s1 yCTaHOBKH B cOCTOsIHHE «0»;
J — BXO# JI1s1 YCTAaHOBKU B COCTOSIHUE «1» B YHHUBEPCAIbLHOM TPUITEPE;
K — BX0j 17151 yCTAaHOBKHM B cOocTOsiHUE «0» B YHUBEPCAIbHOM TPUITEPE;
T — cueTHbIH (0OIIMIT) BXOT;
D — BxoJ 4151 yCTaHOBKH B COCTOsTHUE «1» min B cocTostHUE «0»;



V — JOTNOTHUTEIIBHBIN YIPABIISIOMNN BXOI AJIs Pa3pelIeHus IpreMa HHpOpMariu (MHOTIa
HCTIONL3YIOT OYKBY E BMecTO V).

PaccMoTprM HEKOTOPBIE TUTTBI TPUTTEPOB U MX PEATH3AINIO Ha JIOTHYECKHX AIIEMEHTaX.

OOpaTtnMcs K aCHHXPOHHOMY RS-Tprrrepy, nMeromeMy yclIoBHOe rpadudeckoe 0003HaUCHHUE,
npuBeAcHHOE Ha puc. 3.54. Tpurrep numeeT aBa MHPOPMAITMOHHBIX BXojaa: S (0T aHIIIL. set) U R (oT
aHTIL. reset).

3aKoH (DyHKIIMOHHPOBAHUS TPUITEPOB YI0OHO OIMUCHIBATE TAOHIIEH TTEPEX0IOB, KOTOPYHO HHOT/IA TAKKE
Ha3bIBAIOT TaONMMIEH nCTHHHOCTH (puc. 3.55). Uepes SR, Q' 0003HauEHBI
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Pnc. 3.54
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COOTBETCTBYFOIIME JIOTMYECKUE CUTHAJTBL, UMEIOIINE MECTO B HEKOTOPBIM MOMEHT BPEMEHHU £, a
HCpCSQtH — BBIXOJIHOM CHUTHAI B CIAEAYIOUIMI MOMEHT BpeMeHH ¢+ /. KoMOuHauo BXOIHbBIX
curHasoB S’ =/,R’ =1 4acTo Ha3BIBAIOT 3aMPEIICHHOM, TaK KaK MOCJIC HeE TPUITEP OKA3bIBACTCS B CO-

crostaud (1 nnum 0), mpeackazaTh KOTOpPOE 3apaHee HeBO3MOKHO. [10M00HBIX CHTYaIHI HyKHO
U30€eraTh.

PaccmatpuBaeMbIii TpUTTEp MOXKET OBITh peam3oBad Ha asyx snementax UJIM-HE (puc. 3.56).
Heobxomumo yoeauThces, 9to 3Ta cxeMa (hyHKIFIOHHPYET B TIOJTHOM COOTBETCTBHH C IPUBEACHHON
BBIITIC TaOJHIICH ITEPEXO/IOB.

Muxkpocxema K564TP2 conepkut 4 acHHXpOHHBIX RS-TpUTTepa ¥ OUH YIPABIISIOIIANA BXO/T
(puc. 3.57). Ilpn momaue Ha BXOA V HHU3KOTO YPOBHS BBIXOJBI TPUTTEPOB OTKIIOYAIOTCS OT BHIBOJIOB
MHKPOCXEM U TIEPEXOJIAT B TPEThE TAK HA3BIBAEMOE BRICOKOMMIIEIaHCHOE cocTosHue. [Ipu mogade Ha

BX0J V JIOTMYECKOTO CUTHAJA «1» TpHUrrepbl padoTaloT B COOTBETCTBUU C BHIIICITPUBEICHHON
TabnuIei epexooB.
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B acuaxponnoM RS-tpurrepe Ha anemenrtax M-HE nepekitoueHne mpou3BOIUTCS JTIOTHYECKUM
«0», momaBaeMbIM Ha BXOJ R Wi S, T. €. peaausyeTcs oOpaTHas pacCMOTPEHHOU paHee TaOIuIa
nepexoa0B (puc. 3.58). 3ampelieHHas KOMOHMHAIUSA COOTBETCTBYET JIOrHuIecKuM «0» Ha 000HX
BXOJax.

Puc. 3.58 .

PaccmoTpum cunaxponHbd RS-tpurrep (puc. 3.59). Ecnu Ha Bxone C — norudeckuii «0», To U
Ha BBIXOJIE BepXxHero BxoaHoro semMenTa «-HE», u Ha BeIxoze HIKHEro OyaeT Jorudeckas «1». A
9T0, KaK OTMEUAJI0Ch BHINIC, 0OcCIIeUnBacT XpaneHue nHpopMarwm. Takum oopa3oM, eci Ha Bxoze C
— noruueckuit «0», To Bo3aeiicTBUE Ha BXOJBI R, S He MPUBOAXT K I3MEHEHHIO COCTOSTHUS TPUTTEPA.
Ecnu >xe Ha Bxox cuHxpoHu3aiuy C rojaHa JIorudecKkasi €IMHHLA, TO CXEMa pearupyeT Ha BXOIHbIE
CHUTHAJIBI TOYHO TaK K€, KaK ¥ pacCMOTpeHHas panee (puc. 3.56).
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Purc. 3.59

PaccMoTpyM TTPHHIIATT TTOCTPOCHHUS JIBYXCTYNEHYATOTO TPUTTEPA, KOTOPBIA HA3BIBAIOT TAKKE
TpurrepoM tuna MS (oT aHTI. master, slave, 4To NEPEBOAAT OOBIYHO KaK «BEIYLIUI» U
«BeIOMBIY). Ero yrpoiieHHas CTpyKTypHas cxema rprBeneHa Ha puc. 3.60. B cxeme umMeroTcs asa
OJHOCTYIIEHUYATHIX TpUTrTepa (Beayuii M u BetoMblid S) 1 JBa 3JIeKTpOHHBIX Kirova (Kl u
Kn2).

Bxoonuie
unhopma-
YuoHHvle Beixoonsie

CucHabt Kl b M K2 b s CUeHAb!

Puc. 3.60
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Puc. 3.61

BpemenHast ipiarpamMMa cUrHasia CHHXPOHH3AIHH, TIOSCHSIOIIAs paboTy TpUTTEepa, MPUBE/IeHA Ha PHC.
3.61.

PaccMmoTpuM psii BpeMEHHBIX MHTEPBAJIOB YKA3aHHOW TMarpamMMBbl:
t < t, — BeAYIINI TPUTTEP OTKIIOYEH OT MH(POPMAITNOHHBIX BXO/IOB, BEJIOMBII TPHUTTEP HOTKITIOYEH K
BEyIEMY,
t,<t<ty— BEAYUIMIA TPUITEP OTKIIOYCH OT MH(POPMAIOHHBIX BXOIOB, BEIOMbBIN TPHUITEP OTKITFOYCH OT
BEJTYIIIETO;
t,<t<t.— BeIyIIUH TPUTTEP MOIKIIOUCH K HH(POPMAIIMOHHBEIM BXOZaM, BEIOMBIN TPUTTEP OTKITIOUCH
OT BeAyIero. B BeAyImuii Tpurrep 3anuchBacTCs HHMOPMAITHS, IIOAaHHAS Ha BXOJIBL;
t.< < t;— BeAYUIUI TPUTTEP OTKIFOUEH OT WH(HOPMAIIMOHHBIX BXOJIOB, BEJIOMBIN TPUTTEP OTKITFOUEH
OT BEAYIIETO;
t4< t— BEIyIIUH TPUTTEP OTKIIFOYEH OT HH()OPMAIIMOHHBIX BXO/IOB, BEAOMBIN TPUITEP HOIKITFOUCH K
BeyIIEMY, MH(OpMAITHS 13 BEAYIIETO TPUTTEPA TIEPENUCHIBACTCS B BEAOMBIN. DTO MPOUCKXOJTUT
cpasy Mmocliec MOMEHTA BPEMEHHU f; ¥ 03HAYAeT, 9TO (DaKTHUECKH JIBYX CTYIICHUATHIN TPUTTEP
cpabaTbIBaeT Ipy U3MEHEHUH CUTHANIA CHHXpoHm3auy oT 1 k 0. [Ipu 3TOM BBIXOTHEIE CUTHAITBI
OTIPEIEIIFOTCS TEMH BXOHBIMY HH(D)OPMAITMOHHBIMHI CHTHATIAMH, KOTOPBIE HMEITH MECTO He-
MOCPEJICTBEHHO Tepe] OTPUIATEILHBIM (POHTOM CHTHATIA CHHXPOHU3AIUH.

Paccmotpum JK-Tpurrep (ot aHriL. jump u keep), OTIHYAIOMANCSA OT pacCMOTpeHHOTO RS-
TPUITEPA TEM, UTO MOSBJICHUE HA 000UX MH(popMaMOHHBIX BXxoaax (J u K) nmornueckux eauuuir (s
TIPSIMBIX BXOJIOB) TIPUBOIUT K MIBMEHEHHUEO COCTOSIHUS TpUrTepa. Takas KoMOMHAIMs CUTHAIOB 1yt JK-Tpur-
repa He sIBIsIeTCs 3anpenmeHHon. B ocraneaoM JK-Tpurrep mogo6en RS-tpurrepy, npudem posib
Bxoza S urpaet BxoA J, a poias Bxoaa R — Bxoa K. JK-tpurrepsl peanusyroT B BUJE TPUTTECPOB
tuna MS uiu B BUJIC JMHAMHYCCKUX TPUTTEPOB (T. €. JK-TpUrrephl sBISIOTCS CHHXPOHHBIMU).

Ha puc. 3.62 npuBeneHo yclioBHOE rpaduyeckoe 0003HaueHNE ABYXCTyneHuaToro JK-rpurrepa.
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Puc. 3.62

OOparumest K AMHAMUAYECKUM TpUrrepam. J{ist HUX XapakTepHO OJOKHpOBaHUE HMH(POPMAIMOHHBIX
BXOJIOB B TOT MOMEHT, KOI'Ia MO/Ty4eHHAst nH(hopMaLs riepenacrcs Ha Bbixod. Hy»kHo oTMeTHTb, uTO B
OTHOLICHUH PEAKLMU Ha BXOJJHbIC CUTHAIIbI AMHAMUYCCKUN TPUITED, CPadaTHIBAIOLIMI TPYU U3MECHCHUH
curnana "Ha sxozae C ot 1 x 0, mogo6eH paccMOTPEHHOMY ABYXCTYIICHUATOMY TPUTTEPY, XOTS OHU
OTJIMYAIOTCS! BHYTPEHHUM YCTPOHCTBOM.

Jlst mpsimoro iunamuueckoro C-BXo/1a UCTONB3YIOT 0003HAYCHM S, IPUBEICHHBIC Ha puc. 3.63, a, a
JUIs. MHBEPCHOTrO JuHamMuueckoro C-BXo/a, HCIONIb3YIOT 0003Ha4YCHUS, IPUBEACHHBIC Ha puc. 3.63, 0.

Paccmotpum D-tpurrep (ot aHri. delay), nOBTOPAIOLIUI Ha CBOGM BbIXO/IC COCTOSIHUC BXOJIA.
Paccyxxnas uncto Teopernueckn, D-Tpurrep Mo>xHo 00pa3zoBath u3 J00bIX RS- nnm
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Puc. 3.63

JK-Tpurrepos, eciii Ha UX BXOIbl OJJHOBPEMEHHO I0/JaBaTh B3aUMHO MHBEPCHEIE CUTHAIIHI (puc. 3.64).
Xpanenue uHpopMary B D-Tpurrepax o0ecreurBaeTcs 3a CUeT CHHXPOHHU3AIHH, TTIOATOMY BCe
peanbHble D-TpUITe-phl HIMEIOT JIBa BX01a: MH(OPMAaIMOHHBIN D 1 cHHXpOHHU3a-
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Puc. 3.64

muu C. B 3TOM Tpurrepe curHai Ha BXOJIE 0 CUTHAIY CHHXPOHHU3AIUH 3aITUCHIBACTCS U
TepeaeTcs Ha BRIXOJ. Tak Kak HH(pOpMAIUs Ha BBIXOJE OCTAETCSA HEU3MEHHOU JI0 MTPUX0/a
OUepeTHOTO UMITYIbCa CHHXPOHU3AIMH, D-TpUTTep Ha3bIBAIOT TaK)KE TPUTTEPOM C
3almoOMUHaHUEeM WH(POPMAIUN WITH TPUTTEPOM-3aIIeITKOMH.

YcnoBHoe Tpadmyaeckoe obo3HadeHrne D-Tpurrepa npuBeneHo Ha puc. 3.65.

Paccmotpum T-Tpurrep, KOTOPBI U3MEHSET CBOE JIOTUUECKOS COCTOSIHUE Ha
MPOTUBOIIOJIOKHOE M0 KAXKIOMY aKTUBHOMY CUTHATY Ha uH(opMmarimoHHoM Bxoze T. YcnosHoe
rpaduyeckoe

T
| 7 e m e
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Puc. 3.65 Puc. 3.66

0003HaUCHUE ABYXCTYIICHYATOr0 T-TpHUTITepa MPUBCICHO Ha PHC. 3.66.

3.5.2. CyeTunKu UMIYJIbCOB

CYEeTYHK UMITYIIHCOB — 3TO MOCICI0BATEILHOCTHOE IIU(PPOBOC YCTPOMCTBO, 00CCITCUNBAIOIIEE
XpaHeHUe ClIoBa MHGOPMAIUU U BBITIOJHEHUE HAJl HUM MUKPOOIMCPALUY CUCTA, 3aKITH0YAIOIICH s
B U3MCHCHUHY 3HAYCHUS YMCiIa B cueTunke Ha 1. 1o CyIiecTBy CUeTYHK MPEACTABIICT COOOM
COBOKYIMHOCTb COCAMHEHHBIX OIPEACICHHBIM 00pa3oM TpurrepoB. OCHOBHOM mapaMeTp CYeTUYHKa
— MOJIyJIb CUeTa. DTO MAKCUMAIBHOC YUCIIO SAMHUYHBIX CUTHAJIOB, KOTOPOE MOXET ObITh COCYMTA-
HO cuetunkoM. Cuetuynkn o6o3HavaroT yepe3 CT (oT aHTI. counter).

CdeTunku KJIaCCUULUPYIOT:
nO MOOYIIO cuema.
* JIBOMYHO-JICCATUYHbIE;



* JIBOUYHBIE;

* C MPOU3BOJILHBIM TIOCTOSTHHBIM MOJIYJIEM CUETa;
* C MepeMeHHBIM MOJYJIEM CUeTa;

10 HaNPAGIEHUIO Cuema:

* CYMMHPYIOIIHE;

* BBIYUTAIOIINE;

* pPEBEpPCHUBHBIC

1o cnocoby hopMuposans. BHYMpPEeHHUX CEs3ell:
* C IOCJeI0BaTEbHBIM IEPEHOCOM;

*  C apavieNbHBIM MIEPEHOCOM;

* ¢ KOMOMHHPOBAHHBIM TIEPEHOCOM;

* KOJIBIICBEIE.

PaccmoTpum cymmupytomuii caerdnk (puc. 3.67, a). Takoit cyeTdrk mocTpoeH Ha deTsipex JK-
TpUITepax, KOTOpbIe MPH HAJTHMYUU Ha 000MX BX0J1aX JIOTHYECKOTO CUTHANA «1» MepeKIoyaioTes B
MOMCHTBI [OSBJICHUS HA BXOJIAX CHHXPOHH3ALIMU OTPHLIATEITBHBIX TICPEIAZ0B HANPSHKCHHUSI.

BpeMeHHBIe uarpaMMbl, HIDTFOCTPUPYIOIIHE padoTy CYETYHKa, IPUBEACHEI Ha puc. 3.67, 6. Uepes
K¢y 0003Ha"UeH MOYIB cuera (ko duimeHT cuera mMITyab6CoB). COCTOSIHEIE JIEBOTO TPUTTEPA
COOTBETCTBYET MII/IIEMY Pa3psily ABOMYHOTO YHCIIA, a IPaBOTO — cTapiieMy paspsay. B
HCXOJHOM COCTOSTHUM Ha BCEX TPHITEPaX YCTAHOBJIECHBI JIOTHIECKHE HYIH. KakapIit TpUrrep MeHsSeT
CBOE COCTOSIHHE JIUIIIb B TOT MOMCHT,
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Puc. 3.67

KOT'/Ia Ha HETO JICUCTBYET OTPHUIATEIBHBIN Mepenaa HanpspkeHus. Takum 00pa3oM, JaHHBIT
CUCTUHK PCANU3YET CYMMUPOBAHUE BXOJHBIX UMITYIbCOB. M3 BpEMEHHBIX nUarpaMM BUHO, UTO
4acTOTa K00 MOCIICTYIOIIETO HMITYJIbCa B IBA pa3a MCHBIIIE, YEM MPEABLIYINAs, T. €. KaXKIbIi
TPUITEP ACIUT YaCTOTY BXOAHOrO CUTHAIa Ha ABA, YTO U UCHOJb3YETCS B ICIUTENSIX YACTOTHL.

PaccmoTpum Tpexpa3psHbIi BHIUMTAIONMN CYSTUMK C TOCACIOBATEIbLHBIM NIEPEHOCOM,
CcXeMa U BPEMCHHBIC TUarpaMMbl pabOThl KOTOPOTO IPUBEACHHI Ha puC. 3.68. B cuerunke
ucnonb3yroTes Tpu JK-Tpurrepa, Kaxapiii U3 KOTOpbIX padoTtaeT B pexume T-Tpurrepa (Tpurrepa
co cueTHbIM BxoA0M). Ha Bxoap!l J u K kaxknoro Tpurrepa mogansl JJoruieckue 1, moaToMmy mo
MPUXOAY 33JHETO (hPOHTA UMITYIIBCA,
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TI0/[aBAEMOTO Ha €T0 BXOJ] CHHXpOoHFRAIMH C, K&KIBIA TPUTTEP U3MEHSET TIPEIBIIyIee COCTOSHIIE.
Brauarne curHambI Ha BRIXO/IaX BCEX TPUTTEPOB PaBHBI 1. DTO COOTBETCTBYET XPAHEHHUIO B CUETIHKE
nBoryHoro yucna 111 unu aecatuunoro yucna 7. Ilocne okoHuaHusi nepBoro uMmiynbca F nepBbiid
TPUITEP U3MEHAET COCTOsiHUE: curHan (J; crtaner pasHbiM 0, a O; — 1.

OcranbHble TPUITEPBI ITPU STOM CBOE COCTOSHHUE HE U3MEHSIOT. 11ociie OKOHYaHust BTOPOro UMITYJIbCA
CHUHXpOHHU3alIN

TICPBBIN TPHUITEP BHOBD M3MEHSIET CBOE COCTOSHHE, TTepeXxos B cocTtosHue 1, {0, =0). Oto
oOecrieuuBaeT U3MEHEHHUE COCTOSIHUSA BTOPOTO TpUrTepa (BTOPOH TPUITEpP U3MEHSET COCTOSHUE C
HEKOTOPOH 3a/IEp>KKOH IO OTHOIIEHHIO K OKOHYaHHIO BTOPOTO MMITYJbCa CHHXPOHU3AINY, TaK KaK U1 €ro
OIPOKK/IBIBAHMSI HEOOXOMMO BPEMsi, COOTBETCTBYIOIIIEE BPEMEHH CPadaThIBAHHUSI €70 CaMOT0 U TIEPBOTO
Tpurrepa). [locine nepBoro ummynbca F cuerurk xpanut coctostaue 110. [lanpHeliiee m3MeHeHne
COCTOSIHUS CYETUHKA ITPOUCXOAUT AHATOTMYHO M3710’keHHOMY Bbile. [locne coctosiaua 000 cueTunk
BHOBbB TEPEXOAUT B cocTtosiHne 111.

PaccmoTpuM Tpexpa3psiTHBI CaMOOCTAHABIMBAOIINICS BBIYATAIOIIMNA CYETIHK C
MOCJIeIOBaTEIbHBIM TiepeHocoM (puc. 3.69). [Tocne nepexona cuerynka B cocrosinue 000 Ha
BBIX0/1aX BCEX TPUITEPOB BO3HUKAET CUTHAJ JIOTHUECKOro 0, KOTOPBII MOJACTCs Yepe3 JIOTMIECKUH
anemeHnT NJIN na Bxone! J u K nepBoro Tpurrepa, mocie 4ero 3T0T TPUITEP BBIXOINUT
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Puc. 3.69
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Puc. 3.70

13 pexkuma T-TpUrrepa u rnepecraet pearupoBaTh Ha UMITYJIBCHI F.

PaccMoTpuM Tpexpa3psaaHbIil peBEepPCUBHBIH CUETYHK C MTOCICAOBATEIIEHBIM IIEPEHOCOM
(puc. 3.70). B pexxuMe BEIIUTAHUSA BXOJHBIC CHTHAITBI TOJDKHEI TofaBaThes Ha BXox T Ha Bxox
T. npu 3ToM Togaetcs curHan jgorudeckoro 0. ITycTs Bce TpUITephl HaAXOAATCS B COCTOSHUU 111.
Korma mepserii curaan nocrymaeT Ha Bxof Ty, Ha BXoge T mepBoro Tpurrepa mosBiseTcs
Joruueckas 1, ¥ OH U3MEHAET CBOE COCTOsTHUE. [1ociie 3Toro Ha ero HHBEPCHOM BXOJIC
BO3HHKAET CHTHAI Jorudeckor 1. Ilpu mocTymiaeHn BTOporo HMITyJibca Ha BXo T Ha BXOJe
BTOPOT'O TPHUTTEPA MOSBUTCS JOrHdecKas 1, Mo3TOMY BTOPOI TPUTTEP U3MCHHUT CBOEC COCTOSHHE
(TIepBEIH TPUTTEP TakKe U3MEHUT CBOE COCTOSIHHE IO MPUXOAY BTOPOT0O UMITYNIbCa). JlanbHektnee
U3MEHEHHE COCTOSHUS POUCXOIUT aHAJIOTHYHO. B pekuMe CIIoKeHHs CIESTIMK paboTaet
AHAJIOTUYHO 4-pa3psaIHOMY CYMMHUPYIOIIEMY CUeTIHKY. [Ipr 3ToM curHan momaercs Ha BXog T..
Ha Bxox T, mogaetcs nmornueckuii 0.

B kxadecTBe nmpuMepa paccCMOTPUM MHKPOCXEMBI PEeBEPCUBHBIX CHETUUKOB (puc: 3.71) ¢
MapalieJbHBIM nepenocoM cepun 155 (TTJI):

MNE6 — nBOUYHO-JIECITUYHBIA PEBEPCUBHBIN CUETUHK;
WE7 — nBOWYHBINA PEBEPCUBHBIN CUETUHK.
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3Hak * o3Hagaer moboe cocToAHME.

Puc. 3.71

Hanpapnenue cuera onpenensercs TeM, Ha Kakod BRIBOA (5 wiu 4) MoAgar0TCst UMITYIbChl. BX0mbI
1,9,10, 15 — undopmauuoHHbie, a BX0 11 HCIONMb3yeTCs I IPEABAPUTEIIBHOM 3anucu. DTH 5
BXOJIOB TIO3BOJISTIOT OCYIIIECTBUTE TIPEABAPHUTEIBHYIO 3aIHICh B CUSTUHK (TIPEIyCTaHOBKY). [t aTor0
HY>KHO TI0/1aTh COOTBETCTBYIOIIME TaHHbIE HAa MH(POPMALMOHHBIE BXOIBI, 4 3aTEM T0IaTh HMITYJILC 3aITHCH
HU3KOTO YpoBHS Ha BXO 11, m cueTunk 3amoMunT uncio. Bxoa 14 — Bxoxm ycranoeku O mpu rioade
BBICOKOIO YPOBHSI HarpshKeHUs. it IOCTPOSHMS CYETUMKOB OOJIBIIICH pa3psTHOCTH UCTIONB3YIOTCS



BBIXOJIBI IIPSIMOTO U 00paTHOro repeHoca (BeiBojbl 12 nl3 coorBercTBeHHO). C BRIBOAA 12 curHan
JIOJDKEH TI0J]aBaThCsl Ha BXOJI IPSIMOTO CYeTa CIEAYIOIero Kackaja, a ¢ 13 — Ha Bxoz o0parHOro
cuera.

3.5.3. Peructpsel

Peructp — 3T0 mocne10BaTeIEHOCTHOE JIOTHYECKOE YCTPOHCTBO, UCIIONB3YeMOe /ISl XpaHCHHSI
N-paspsAAHBIX IBOMYHEIX YMCEN M BEITONHEHUS Tpeodpa3oBaHuil HaJa HUMH. Peructp
MIpeJICTABIISAET COOOH YITOPSIOYCHHYIO TIOCIIE0BATEIFHOCTh TPUTTEPOB, YUCIIO KOTOPHIX
COOTBETCTBYET YUCITY Pa3pAZ0B B clioBe. C Kax/IbIM PETUCTPOM OOBIYHO CBA3aHO KOMOHMHAIIH -
OHHOE U(POBOE YCTPOHCTBO, € IOMOIIBIO0 KOTOPOTO 00ecreYrBaeTCs BHIMIOTHEHIE HEKOTOPBIX
orepaluii HaJl CJIOBaMH.

TUNMUYHBIMYU ABASIOTCA CJICAYIONIUC ONCPAIUU:;

* TpPHUEM CIIOBA B PETUCTP;

* Tepeiava clioBa U3 PETUCTPA;

* MOpPa3psIHBIC JIOTHUCCKUE OTICPAIIHH;

* CJIBHUT CITOBA BJICBO WJTH BIIPABO Ha 33JJaHHOC YHCIIO Pa3psAIOB;

* mpeoOpazoBaHKE MOCEIOBATEIHLHOTO KO/Ia CIIOBA B MApalJICIbHBIN U 00paTHO;
* YCTaHOBKA PETHUCTPa B HAYAIIbHOE COCTOSTHUE (COpOC).

dakTruecku Mr000¢e UHPOBOE YCTPOHCTBO MOKHO MPEICTABUTH B BUJE COBOKYITHOCTH
PETUCTPOB, COSAUHEHHBIX JAPYT ¢ IPYTOM MPU MOMOIINA KOMOMHAIIMOHHBIX MU(DPOBBIX YCTPONUCTR.
Peructpsl KI1acCuUIUPYIOTCS O CACAYIOIINM BHIaM:

* HaKOMUTENbHBIC (PETUCTPHI MAMSTH, XpaHEHMS ),
* C/BHrAoIIue.

B cBoto ouepens crBUraronne perucTpsl JENSTCS:
* 10 cnoco0y BBOAA-BhIBOAA HH(OpMALUK HA
—napajiclibHbIC,

—MOCJICI0BATEIBHBIC,

—KOMOMHHUPOBAHHBIC;

* 10 HANPAaBJICHUIO TIepeladu HHPOPMAIIMK HA
—OJ/THOHAIPABIICHHBIC,

—PEeBEpPCUBHBIC.

PaccMOTPUM HaKOMUTEIBHBIA PETUCTP C MapaIeIbHBIMA BBOJOM U BEIBOJOM HH(DOPMAITHH
(puc. 3.72). OcHoBol
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Puc. 3.72



peructpa ABISA0TCs D-TpUrrepsl, KOTOpbIe Ha CBOMX BBIX0J1aX TOBTOPSIOT 3HAYEHUSI CHTHAJIOB Ha
BxoJax X| —X4 (MHGOPMAIMOHHBIE BXOJIBI) TIPY JIOTHYECKOM CHTHaJe 1 Ha BX0Jle CHHXPOHHU3AINH
(T. . OCYIECTBIAETCS apalIeIbHBIM BBO BXOHOM HH(pOpMAITH B peructp). Ha geTpipex
JIBYXBXOZ0-BBIX 3JieMeHTax «/» pearn3oBaHbl CXEMBI COBITACHHSI, BXOJHBIE CUTHAIBI KOTOPBIX
COBIIJIAIOT C BHIXOJTHBIMH CUTHAIIAMH TPUTTEPOB B TOM ClIydae, Koria iia Bxo Y, 1mojiaHa Jioruiec-
Kas enuHUIA. TakuM 00pa3oM OCYIIEeCTBIAETCS MapaielbHbIH BEIBOJ HHPOPMAIUH.

B kauectBe mpumMepa paccMoTpum Mukpocxemy peructpa K155MP15. Ilpusenem ycioBHOE
0003HaYCHUE U TAOIHIIEI BHYTPEHHHUX M BEIXOIHBIX COCTOSHHUMH (pHc. 3.73).

Ha puc. 3.74 npenicTaBiieH CIBUTAIONINE PETUCTP. B MCX0THOM COCTOSIHUM Ha BBIXO/IaX BCEX
TpurrepoB Jorudeckuit curaan «Ox». Ilpu momade norudeckoro curaana «1» Miajaiiero paspsia
Yyciia Ha BX0J| 1 -ro Tpurrepa oH 3allOMMHAETCSI B HEM B MOMEHT JICHCTBUS MOJIOXKHUTEIBHOTO
nepernaja TakToBOTo uMmnyibca. CoCTOsHUE )K€ OCTaTbHBIX TPUTTEPOB HE MEHSETCS, TaK KaK Ha UX
BXOJ/1aX ObUIN JIoTHUECKHe cUTHAIBI «0». Bo BpeMsi BTOpOro TakTOBOTO UMITYJIbca Ha BXOJIE MIEPBOTO
TpHrTrepa
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3Hak * osHavaer nbGoe cocToAHHE
3uax | osmavaer nepenHiii GpoHT UMMYILCA

3uak Z. 03HAYACT TPETHE COCTOSHHE

Puc. 3.73
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JCWCTBYET JTOTUYeCKUil curHAI «0», Ha BXOJIe BTOPOTO TPHUITEpa — JOTMYECKUHN cUTHAN «1», Ha
BXOJI€ TPETHETO U YETBEPTOTO — JIOTHUSCKHE CUTHAIIBI «0». DTH CUTHAIIBI 3aTIOMHHAIOTCSI
TPHUITEPaMH, Ha BXOJI€ KOTOPBIX OHHU JACHCTBOBAITH, T. €. OCYILIECTBISIETCS C/IBUT €IHHUIIBI BIPABO U T. 1.
Taxum 00pa3zoM, 3a YeTBIPE TAKTa OCYIIECTBIETCS TIOCIEI0BATENbHbIN BBOJ B PETHCTP 4-paspsiHOro

JABOMYHOI'O 4KcClia.

B xauecTBe npuMepa MpUBeIeM MUKpocXeMy caprraroriero peructpa K155MP13 u ero Tabnuiry

cocrosiHu# (puc. 3.75).
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3nax ) osHauaer nepenHBi GppoRT WMIIYTIBCA

Puc. 3.75




3.6. IUDPOBBIE 3AITOMHUHAIOIINN YCTPOVCTBA
3.6.1. O61mast xapakTepUCTUKa YCTPOUCTB

HudpoBbIMU 3aITOMHUHAIOIITMME HA3bIBAIOT YCTPOMCTBA, MMPeAHA3HAUEHHBIE IS 3alMCH, XPAHEHUS U
CUHTBIBaHHUS HH(OPMAIIHH, TIPSICTABICHHON B IIU(PPOBOM KoJIe. 3arroMUHaroIIHe yerpoiictsa (3Y)
KIACCU(HIMPYIOT IO HAa3HAYCHHUIO, TEXHOJIOTHH U3TOTOBJICHHUS, CTIOCO0Y aipecallyiy, CIioco0y XpaHeHUS
nH(popMaruy 1 T.71. 1o Ha3HaYeHIo 3aITOMIHAFOIIVE YCTPOUCTRA TIOIPA3/ISIISIOT Ha OIIepaTHBHBIE
3anoMuHaro1ue yctpoiictsa (O3Y) u mocTossHHBIE 3anioMuHaromume ycrporicta (113Y). O3Y
o0ecrieunBaeT PeXXMM 3alTiCH, XPaHEHWsI ¥ CUUTHIBaHuS MH(GOPMAITY B Tiporiecce ee o0padoTku. [13Y B
paboueM peKUME TOITYCKAET TOJIBKO CUNTHIBAHHE HH(DOPMAITHH.

ITo TexHOMOTHMM M3rOTORIIEHNS 3Y Aensarcs Ha ounospasie (TTJI-, TTJII-, 3CJI-, I/IZ.H-TeXHOJIOFI/II/I) u
yaunossipasie (n-MOIT, KMOII- u npyrue TexHonorum).

Ilo criocoOy anpecarm Bee 3Y AemATCs Ha aJipecHbIe B Oe3aapecHbIe (accoIpaTHBHEIC). B aapecHbIX
3V oOpailieH1e K AIEMEHTaM MaMSITH IPOU3BOAUTCS B COOTBETCTBUM C MX aJ[pECOM, 3a/IaBaCMbIM
JIBOMYHBIM KOZIOM. bombimHeTBO 3V ABISTIOTCS aapecHBIME. B acconaTBHEBIX 3Y CUMTHIBAHHE
WHGOPMAITAHN OCYIIECTBISIETCS 10 €€ COICPKAHUIO U HE 3aBUCUT OT (DBHMUECKUX KOOP/IMHAT IEMEHTOB
naMsTd. AccoraTuBHEBIC 3Y HE UIMEIOT BXOJIOB aIPECHBIX CUTHAJIOB.

K ocHoBHBIM MTapameTpam 3Y oTHOCATCS HH(POPMAIMOHHAS €MKOCTb, TIOTpeOIsieMast MOIITHOCTb,
BpeMsi XpaHEeHHUs1 HHQOpMaIiu, OBICTPOJICHCTBIE H JIp.

HudopmaririorHast eMKOCTb OTPEAEISETCS TUCIIOM saeeK MamsaTH 3Y 1 yKa3bIBaeT MaKCUMATBHBI
00beM xpanumoii na(opmaruud. Eciu 3Y paccunTaHo Ha XpaHEHUE 71 9Ucen (CIIOB), KOKI0E U3 KOTOPBIX
HIMEET OT Pa3psIoB, TO HHGOpMallMOHHas eMKOCTh N onpenensercs BoipakeHueM N = n * m. Tax,
Harpumep, eciu 3V mpeaHazHadeHO A XpaHeHus 16 CIoB, Kaxa0e U3 KOTOPBIX CONEPKHT 4
pazpsna, To 3V UMeeT CTPYKTYpHYIO opranuzanuio 16 x 4 u uHpopManmoHHy0 eMKocTh N=16x4 =
64 6ut. 3Y eMKOCTBIO 64 OUT MOXKeT OBITh OpraHn3oBaHo U kak 3Y 32 x 2 (32 cnosa o 2 paszpsaa
kakgoe). EMkocTs yacTo BeIpaxarot B Oairax (1 Oaiit = 8 6ut). EMrocts 3Y cocraBiser ot
HECKOIIbKHX JICCATKOB JI0 HECKOJIBKUX MUJUTHOHOB OUT.

IToTpebnsiemast MOIITHOCTh — MOIIHOCTh, MOTpeOIsieMas 3Y B yCTAHOBUBILICMCS PESKUME PAOOTHL

Bpewmst xpanenust uHGOpMaIUK — WHTEPBaI BPEMEHHU, B TEUCHHE KOTOPOro 3Y coxpaHser
HMH(OPMAIUIO B 33/IAHHOM PEKUME,

BricTpozeiicTBie — MPOMEKYTOK BPEMEHU, HEOOXOTUMBIH IS 3aITHMCH WITH CIYUTHIBAHHS
nH(GOPMAITUH,

OcHoBO TF000r0 3Y SBIISETCS MaTPHIIA TAMATH (HAKOIKTENh ), KOTOpast COCTOUT U3 71 CTPOK. Kaxkmast
CTPOKA FIMEET M STIEEK TTaMSITH, 00pa3yrOIIIX m.-pa3psiiHOe cI0BO. COOTBETCTBYIOIIME IITUHBI B MATPHUIIE
MMaMATH YIIPaBJISIOTCS OT ACIIH(PPATOPOB CTPOK U CTONOIOB. BEIOOP TpeOyeMO SUSHKH maMsTH
OCYIIIECTBIISIETCS C TIOMOIITBIO JIEMA(PATOPOB CTPOK U CTOJIOIOB ITyTEM IMO/IaYX Ha HUX COOTBETCTBYFOIITHX
aJIPECHBIX CUTHAIIOB.

3.6.2. OnepaTuBHBIE 3aIIOMUHAIOIINE YCTPOUCTBA

03V (ux obo3HavarT aHTIINKCKON ab0peBuaTypoit RAM) nmoapasaenstorces Ha CTAaTUYCCKUE U
muHammdeckue. B crarnueckux O3Y 3amoMuHarolias ssueiika mpeacTaBisicT COO0HM TpUrrep Ha
OWMONAPHBIX WM TIOJIEBBIX TPAH3UCTOPAX, YTO OMPEACIISECT OTCHIMATBHBIN XapaKTep YIPaBISFOIINX
CUTHAJIOB M BO3MOYKHOCTb CUMTBIBAHHS HH(pOpMALK 0e3 ee paspyiieHus. B nunamudeckux O3V
3JIEMEHTOM MAMSTH SBJSIETCS EMKOCTh (HapUMEp, 3aTBOPA MOJICBOTO TPAH3KUCTOPA), YTO TPeOyeT
MEPUOINICCKOTO BOCCTAHOBIICHHUS (pereHepalny) 3anucanHol nHpopmaluu B mporecce ee
XpaHCHUS.

O3V nquHaAMHYECKOTO THITA MO3BOJISIOT PEATU30BaTh OONBIION 00hEM MaMsITH, HO OHH CIIOKHEE
B HCIIOJIb30BAHMH, TAK KaK H€O6XOILI/IMO HaJIn4yue CHeIlMaJIbHOﬁ CXCMbI YIIpaBJICHHUA PCIKUMaAMU
paboTel. B coBpeMennbIx AuHaMudecknx O3Y HMEIOTCS BCTPOCHHBIC CHCTEMBI PETeHepalvu 1
cunxponn3anuu. Takue O3Y 1o BHEIIHUM CUTHAIaM YMPABJICHUS HE OTJIUYAIOTCS OT
crarnueckux O3V,

PaccmoTtpum B kauecTBe puMepa HeKOTopbie MUKpocxeMbl O3V (puc. 3.76).
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BriBoaBI MUKpOCXEM UMEIOT clieayrommue HazHaueHus1: CS — BBIOOp MUKPOCXEMBI, A; —
agpecHsie Bxoael, D/; — uH(popManronHsie BXoAsl, DO; — nHpopMarMoHHbIe BEIX0AbI, W/R —
paspelieHue 3anucu/cunThiBanmsi, RAS — ctpo6 agpeca ctpoku, CAS — ctpo0 aapeca cTosdia,
CE — cursain pasperieHusl.

Muxkpocxema K155PY2 — ato cratnaeckoe O3V ¢ OTKPBITHIM KOJUICKTOPHBIM BBIXOJIOM —
BEITIONTHEHA HA ocHOBE TTJI-cTpyKTYp eMKocThIO 64 Onut. IMeeT cTpykTypy 16X4, T. €. MOXKET
XpaHUTb 16 cI0B JIMHOMN 4 pa3psiaa Kaxaoe.

Muxkpocxema K537PY8 — sto cratmdaeckoe O3V obwemoMm 2 KbaiiTa, BEITIOIHEHA HA OCHOBE
ctpykryp KMOILI, o Bxoxy u Beixomy comectumMa ¢ TTJI-ctpykTypamu. Mmeer qByHaIpaBieHHYIO 8-
Pa3pAAHYIO IIIMHY TaHHBIX, KOTOPAas UCTIONIB3YETCS ¥ IS 3aIlHCH, U JI CIUTHIBAHUS UH()OPMAITHH.

Mukpocxema K565PY5 — sto auramuueckoe O3Y Ha ocHoBe n-MOII-cTpykTyp, 10 BXOJaM U
BeIxozam coBmectuma ¢ TTJI-crpykrypamu, mmeet opranmzanuro 64Kx 1. [1luna anpeca paboTaer B
MYJBTUTITIEKCHOM pekiMe. BHauase Ha Hell BBICTaBIISIFOTCS aipeca CTPOK, KOTOPBIE 3aTIOMUHAIOTCS BO
BHYTPEHHEM PETUCTPE M0 Cray curHana RAS. 3aTeM BBICTaBIISIOTCS aJIpeca CTOIOIOB, KOTOPhIE
3arloMHMHAIOTC 1o criamy curuana CAS.

3.6.3. IlocTossHHBIE 3aMIOMUHAIOIINAE YCTPOMCTBA

Bcee I13Y MOXHO pa3ienTh Ha CICAYIOIIME TPYIIILL
MIPOrpaMMHUPYEMbIE TP U3TOTOBICHHH (0003HauaroT Kak [13Y umm ROM);
C OJTHOKPATHBIM ITPOTPAMMHUPOBAHUEM, TIO3BOJISTIOIIAM TMOJIB30BATEIIO OJJHOKPATHO M3MCHUTH COCTOSTHHIC
MAaTPUIIBI TAMATH 3JIEKTPUYECCKUM ITyTEeM TI0 3a/1aHHO rporpamme (0603HauaroT kak [1T13Y wnnm
PROM);
TieperporpaMMUpyeMbIe (PEIpOrpaMMUPYEMbIE), C BO3SMOKHOCTHE) MHOTOKPATHOTO AJIEKTPUIECKOTO
MePEIPOrPAMMUPOBAHHUSL, C HICKTPHUYCCKUM HJIH YIIbTPA(PHOICTOBBIM CTUPAHUEM HH(OPMALIUU
(0o603nauaroT kak PII3Y nimm RPROM).

Jlist oGecnieueHust BO3MOYKHOCTH OOBETHHEHHS TI0 BBIXOIY ITPY HaparBaHuu namsty Bee [13Y umeror
BBIXOIBI C TPEMSI COCTOSTHUSIMH FITH OTKPBITHIE KOJJIEKTOPHBIE BBIXOJIBL.

B I3V HakonuTeNs MOCTPOEH HA 3alIOMUHAIOIIHX STYEHKaX ¢ INIABKUMH ITEPEMBIUKAMU,



W3TOTOBJIEHHBIMH M3 HUXPOMA WITH APYTHX TYTOIUIABKUX MaTepuaiios. I Iporiecc 3ammicy cocTouT B
M30MPaTENTEHOM TIEPEKUTaHHH TIIABKUX TIePEMBIUEK.

B PII3Y 3anomuHaromue saeiiku crpostcs Ha ocHoBe MOII-rexHomoruit. Mcnons3yrorest
paznuuHbIe QH3UYECKHE SBICHUS XpaHEeH s 3apsijia Ha TPaHHUIIe MY IBYMS PA3THIHBIMA
JIDIIEKTPIYECKUMY CPEIaMHU T TIPOBOJISIIEH U IIIEKTPHUYECKOUN CPeTo.

B nepom ciydae mnekTpuk nog 3atBopoM MOII-rpan3ucTopa AenatoT U3 IBYX CIIOEB: HUTPHIA
KpeMHuS 1 IBYokrcH KpeMHus (SiN4 — Si0,). beuto o0HapyXeHOo, 4TO B CIIOKHOM CTPYKType SiNy
— SiO, npu U3MEHEHUH IEKTPUICCKOTO HAIPSHKECHUS BO3HHUKACT THCTEPE3UC 3apsijia Ha TPaHHIIe pa3-
JieTia JIByX CJIOEB, YTO 1 TIO3BOIISET CO3/1aBaTh 3aIIOMUHAFOIITHE STISHKH.

Bo BTOpOM CiTydae 0CHOBOM 3alIOMHUHAFOIIEH SIUSHKH SBJISETCS JJaBUHHO-UHKeKIIMOHHBIH MOI -
TpaH3uCTOP C TuIaBarommmM 3arBopomM (JIMII3 MOII). YnpomieHHas CTpyKTypa TaKOTO TPaH3UCTOpa
npuBeeHa Ha puc. 3.77.

OcHOBHOH 3aTBOp
[Inaparommii TBOD

Herox

Tlognoxxa

Puc. 3.77

B naBUHHO-MHXEKIIMOHHOM TPAH3UCTOPE C IIIABAIOIIIM 3aTBOPOM IIPH JIOCTATOYHO OOJIBIIIOM
HAMPSDKCHUH HA CTOKE MPOUCXOIUT 00OpaTUMBIH JTABUHHBIN MPOOOH UAICKTPHKA, U B 00J1aCTh
TUIABAIOIIETO 3aTBOPA MHXKECKTUPYIOTCS HOCHTENH 3apsizia. [T0CKOMBKY IIaBatoLINi 3aTBOP OKPYKCH
JIBNICKTPUKOM, TO TOK YTCUKH MAl M XPaHCHUE HH(OPMALIMK 00CCTICUNBACTCS B TCUCHHUE JUTUTCIIBHOTO
MIPOMEKYTKA BPEMEHHU (AecaTky JieT). [Ipu nogaue HanpsbkeHUss HA OCHOBHOM 3aTBOP MPOUCXOUT
paccachIBaHUE 3apsizia 32 CUCT TYHHEIBHOTO 3(h(heKTa, T. €. cTpaHre nH(popMaIvu.

ITpuBenem HekoTOpBIe Xapakrepuctuku [13Y (Tadm. 3.1).

Tabmuma 3.1
BoicT - Torpdbomewns HudopMmaumonnas
Tun M3y s :: n:c MOHIHOCTD, mmf ik I;t‘)ﬁ:r .
: MBTt/6ur ’
T13Y u TITI3Y Ha . .
GunonsapHex cTpyk-{ 15—150° 0,01—0,8 - <64
Typax
[3Yull3Vma | 50 400 | 0,01—03 <256
MOII-cTpykTypax
PII3Y 50—1500 <0,1 <256

I TpOMBIILICHHOCTD BBITyCKaeT OosIbIIoe KomyecTBo MukpocxeM [13VY. IprBenem B kadecTBe puMepa
nBe mukpocxembl [13Y (puc. 3.78). Ha cxemax ucmons30BaHbl CACAYIOMKE 0003HaAUCHUS: Aj —
agpecHble BXObI; D; — nHGOopManuoHHbIC BEIX0IE; CS — BBIOOp MUKpOcXeMbl; CE —
pa3pelICHUE BbIXOJA.

Mukpocxema K573P®5 — ato penporpammupyemoe [13V (PII3Y) ¢ yibrpadrioneToBbiM
cTupanueM, umetroriiee crpykrypy 2Kx8. 1o Bxoay u BeIxoay 3Ta MUKpocxeMa copmectrma ¢ TTJI-
cTpykTypamu. Mukpocxema K556PT5 — 3to oxHo-
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kpatHo niporpammupyemas [13VY, Bemonnena Ha ocHoe TTJII-cTpyKTYp, IO BXOIY U BBIXOTY
coBmectuMa ¢ TTJI-cTtpykTypamu, uMerorast CTpykTypy 512 6ur x 8.

3.7. YCTPOUCTBA JJIsI ®OPMHUPOBAHUSI
N AHAJIOT'O-HUPPOBOI'O TIPEOBPA30OBAHUSA CUT'HAJIOB

3.7.1. AMIUIUTY/AHbIEC OTPAHUYUTEJIH

Pa3nuuaroT 04HOCTOPOHHUE U ABYCTOPOHHUE aMILIUTYIHBIC OTPAHUYUTEIH.

OonocmoponHull 02panuyumenb — 3TO YCTPOUCTBO, HANTPSDKCHHUE HA BBIXOJIE KOTOPOTO
Usuix(t) oCTacTCs HA TOCTOSHHOM ypoBHE U, KOTIa BXOAHOE HanpspkeHue U, (f) mudo mpeBhI-
I1aeT HEKOTOPOE MOPOroBoe 3HaueHUe U, (OrpaHUUICHHUE CBEPXY), TUOO HUXKE ITOPOTOBOTO
3HaueHHA (OrpaHryYeHNe CHU3Y). MIHaue BRIXOIHOE HAPsHKEHUE TTOBTOPSIET (POPMY BXOIHOTO.

leycmoponnue ozpanuyumenu OTPaHIYUBAIOT CUTHAJ Ha IBYX YPOBHSIX.

Ha puc. 3.79, a mpuBeeHBI IepeaTOYHAS XapaKTEPUCTHKA U TPAHKA BXOTHOTO F BBIXOHOTO
HaIpsLKEHUH JJ1s1 OMHOCTOPOHHET0 OTPaHUIMTENII CBEPXY, Ha puc. 3.79, 0 — I 0OJHOCTOPOHHETO
OTPaHUYUTENSI CHU3Y, a Ha pUC. 3.79, B — NI IBYCTOPOHHETO OrPAHUYUTEISL.

HawnGonee mpoCThIMI SIBISFOTCS OTPAHIYHTEIH Ha JTO/TAX (JFOTHBIC OTPAHUYHTEITH ).

JlnoiHbIC OTpaHUYHUTENH OBIBAIOT ITOCIIEIOBATENBHEIC U MapasliebHbIe. B mocieoBaTenbHbIX
OrpaHNYUTEISIX MO BKJIFOUEH TOCIIE0BaTe/IbHO C HArPY3KOH, a B MapajiebHBIX — MapajliebHO
Harpyske.

PaccmoTpuM Hzieanu3upoBaHHYIO CXeMY MOCIIE/IOBATEIIBHOTO AMOHOTO orpanuuntens (puc. 3.80).
o Tex nmop noka BXOJHOE HaNpsKEHUE MEHbIlE £, 1uoa 3aKkpbIT U Uy, pABHO






E,. B npoMexyTKax BpeMEHH, KOTJa BXOJHOE HaIpPsHKEHUE MPEBBIIAET £, MO OTKPBIT U U,y
noBTopsieT Uy, TakuM 00pa3oM, pacCMOTPEHHBIM OIPaHHUUHTEITh SBIIIETCS TOCIISIOBATCIBHBIM
JUOAHBIM OIPAHUYUTENEM Ha MOJIOKUTEIBHOM YPOBHE CHU3Y.

IIpakTrdecky UCTIONMB3yeMast cCXeMa pacCMOTPEHHOTO OTpaHHYIHTENS ITpuBeneHa Ha puc. 3.81. Ona
MO3BOJISIET PETYJIUPOBATH YPOBEHb OMPAHWYECHHSI, C/IETIaB OJHO U3 COMPOTURICHUN R; unu R,
repeMeHHBIM. J[aHHYIO cXeMy MOKHO MpeoOpa3oBaTh B PEIABIIYIITYIO, IPHMEHHB TeOpeMy 00 3KBH-
BaJieHTHOM TreHepaTope. Torna R, u E, OynyT UMeTh clieAytolnue 3HaueHus: R, = R;/Ry, E, =
ER/(R; + R)).

PaccmoTpum npuHIMI ASUCTBUS MapalieIbHOTO TUOAHOTO orpanuyuTens (puc. 3.82). Jlumb B
IIPOMEXKYTKaX BPEMEHH, KOI'JIa BXOJIHOE HapshKeHHe 0ojiee OTPUIIATEIbHO, YeM £, THO0H OTKPHIT

(ero mpu aHamM3e MOYKHO 3aMEHHUTH 3aKOpOT-Koi) u Uy, paBHO E. Bo Bce ocTaTbHBIE MOMEHTEI
BpEeMEHU
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JTHOJ, 3aKPEIT (€0 MPH aHAIHN3€ MOKHO 3aMEHUTH Pa3pbIBOM 1ern) U Ul,,, moBTOpsaeT U, Taxum
00pa3oM, TaHHBIM OrPaHHUUTENIb SIBIETCS NapalIeIbHBIM JHOIHBIM OrPaHHYHTEIEM Ha OTPHIIATEIEHOM
YpOBHE CHU3Y.

Paccmorpum paboTy napasiensHOro OrpaHuUuMTENs B CITydae, KOra CONPOTUBIICHNE HATPY3KH
COM3MCPHUMO C orpanuduTeseM (puc. 3.83).

Ucxonnas cxema (puc. 3.83, a) mo Teopeme 00 3KBUBaJICHTHOM reHeparope npeodpasyercs B
IKBUBAJICHTHYIO cxeMy (puc. 3.83, 6), B KOTOPOH OrpaHMUYMBACTCS YK€ HE BXOJIHOC HANPSHKEHHUE, a
9KBUBAICHTHOE, SABIIAIOILEECS PE3YSIbTaTOM
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JICTICHHsSI BXOAHOTO HAMTPSDKEHUS MKy conpoTuBieHUIMHA Ry U R, U,y ».=U,,R,/(R,+Ry),
R,=RyIR,. Jlnuarpammsl pabOThI TOTO OrpaHUYHTENS TPUBEACHKI HA puUC. 3.84. B MOMeHT Havana
OrpaHUuCHUS (¢1) BXOJIHOE HAMPSHKCHUE OY/ICT COOTBETCTBOBATH HEKOTOPOMY HANPSKCHUI0 —F ).

PaccMoTpuM IBYCTOPOHHUM IUOJHBINA OrpaHUUIUTENb (pHC. 3.85), KOTOPBIH ABIISICTCS
KOMOMHAIMEH IBYX MapalieibHBIX OJJHOCTOPOHHUX AMOAHBIX OrpaHuunTeseii. 13 aHanm3a cxemMbl
BHUJTHO, UTO A0/ /]! OTKPBIT JIMIIIb B MPOMEIKYTKAX BPEMEHHU, KOTAa BXOIHOE HAIIPSIXKEHNUE MEHbIIe-E
U Uy,x HA BTOM IPOMEXKYTKE OrpaHuuuBacTca Ha ypoBHe —FE; J{uoa I, OTKPBIT Julllb B
MIPOMEXKYTKaX BpeMeHH, kKoraa Uy, 00JbliIe, 4eM £, 1 B 3TUX NPOMEKYTKaX BpeMeHU Upyx
Or'PaHUYMBACTCS YPOBHEM F).

[ITupoxkoe pacrpocTpaHeHUE HAIIIY OTPAHUYUTEIN AMILTUTY/IBI, IOCTPOCHHBIC HA OCHOBE OV,
Paccmotpum Hekorophie u3 Hux. Ha puc. 3.86, a mpuBeneHa cxeMa 0JJHOCTOPOHHETO OIPaHHYUTEIIS
Ha ocHoBe OV, Ha puc. 3.86, 6 — mepemaTouHas XapaKTepHUCTHUKa OTPaHUUIMUTEN, a Ha puC. 3.86, B
— BPEMEHHBIC IHarpaMMBbl €ro padoThI.

OCHOBOM TaHHOTO OTPaHUYHNTEIS SBIISIETCS MHBEPTUPYIOIIUN yCHITUTENTb Ha ocHoBe OY. B
TIPOMEXKYTKaX BpEMEHH, KOria HanpsvkeHue Uy, OTPHIIATENIbHOE FITH MeHbIIIe, 4eM Ug+U,, N0 3aKpBIT



(ero mpu aHAIM3e MOYKHO 3aMEHHThH Pa3pbIBOM IIETIH) U YCTPOMCTBO Pad0TaeT KaK OOBIYHBIN HHBEP-
tupyromui yeunutens (U, — HanpshDKeHue cTabuiu3anuu crabuiurpona, Uy — npsMoe najicHue
HaIpsDKeHHs Ha quoJie). B mpomexxyTkax BpeMeHu, Korna HanpspkeHue U, Boittie ypoBHS U, + Uy,
JTMOJT OTKPBIT, 2 CTAOMIIUTPOH HAXOIUTCS B PeKUME CTAORAIK U HanpsbkeHue Uy, x OrpaHAuMBacTCS Ha
ypoBHe U,,,+U,. Bxomnoe Hanpspkerue U), IpU KOTOPOM HAuMHAETCS OTPaHHYCHHE BBIXOHOTO,
OTIPEIENISIETCS BRIPKEHHEM

Ul = _( UCT+ UH)/K7
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PaccmoTrpum aBycTopoHHuU# orpannunTens Ha ocHoBe OV (puc. 3.87, a). Ecnu k crabnimTpony
MPUIJIOXKCHO MPSAMOC HAIPSAKCHHUEC, TO OH BBIMTOJHACT (I)yHKU,I/II/I AnoJa, U HANpsAXKCHUC Unp Ha HEM
nocratoyHo majio (okono 0,7 B). IToaTromy npu nosio>KUTENbHOM BBIXOAHOM HaNpsKEeHUH
crabunutpon CT1 BeimonHseT QYHKIUH U0, U KaK TOJIBKO BBIXOJIHOE HAMPSIKCHUE JOCTHTACT
ypoBHA Ucra+Uyp, OHO OTpaHMYMBACTCS HA
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atoM ypoBHE (U - Hanpshkerne crabmmmzannu cradunutpona CT2). [Tpu orpuniarensHOM
BBIXOJTHOM HanpshkeHnH crabummutpoH CT2 ucnonbsyercs kak muoa. Kak Toipko HarpsikeHue Ug,y
npocturacT 3HaueHus -(Uqp+Up,), OHO orpaHnduBaeTcs Ha 5ToM ypoBHe (puc. 3.87, 6) (Uer1 —
HanpspkeHue cradunusanuu cradunurpora CT1). Bxoausie Hanpspkenus U; u U,, Ipu KOTOPBIX
HAYWHAIOTCS OrpaHndcHus, onpeaeisitorcs BopakeHUusIMUA U= (Ue+Uy YK, Us = (U + Up)/K,
rac K =R Z/R ]

3.7.2 Uudpoananorossie mpeodbpazoBaTean

Indpoananoroseie mpeodpazosaremm (LIAIT) mpearasHadCHBI 71 Pe0Opa30BaHUs UA(MPOBBIX
CUTHAJIOB B aHAJIOrOBBIC. Takoe npeodpa3oBaHue HEOOXOIMMO, HAIIPUMED, ITPU BOCCTAHOBJICHUHN
aHaJIOrOBOTO CUTHAJIA, TIPEJIBAPUTEIBHO NIPeoOpa3oBaHHOTO B IIM(MPOBOH s TIepe/iadn Ha OO0JIbIIoe
paccTosHYE WX XPaHEHHS (TAKUM CHTHAJIOM, B YaCTHOCTH, MOYKET ObITh 3BYK). [[pyroii nprvep
WCTIONB30BAHKSI TAKOTO NMPe0Opa30BaHust — MOJIYUEHUE YITPABJISAIONIETO CUrHaja MNPy UG POBOM
VIPABIICHAN YCTPOMCTBAMH, PEKUM PAaOOTHI KOTOPBIX OMPEIENSETCS] HEOCPEICTBEHHO aHATIOTOBBIM CUTHAJIOM



(4TO, B 4aCTHOCTH, IMEET MECTO TIPH YIPABJICHUH IBUTATEIISIMH ).

K ocHoBHBIM mapameTpam LIATT oTHOCAT pa3pernaronyto criocoOHOCTh, BpEMsI YCTaHOBIICHHS,
TIOTPEIITHOCTh HEIMHEHHOCTH | Jp. Pa3zpermaromniast crtocoOHOCTh — BEIMYHHA, 0OpaTHAs
MaKCHMAaILHOMY YHCITy [IIaroB KBAHTOBAHHS BHIXOTHOTO aHAJIOTOBOTO CHTHaNa. Bpems ycTaHOBICHUS
tyer — WHTEPBAJI BPEMEHH OT TI0/IauH KOJIa Ha BXOJT /IO MOMEHTA, KOT/Ta BEIXOJTHOM CHTHAJ BOM/IET B
3a7iaHHbIe TIPEJIENTb, OTIPEIesIEMble OTPEITHOCTRIO. [lorpentHoCcTs HEMUHEMHOCTH — MaKCHUMallb-
HOE OTKJIOHEHHe Tparka 3aBUCUMOCTH BBIXOTHOTO HANPSDKEHHUST OT HATPSKEHISI, 33]1aBAEMOT0
U(GPOBBIM CUTHAITIOM, TI0 OTHOIIICHHUIO K UeaTbHOU MPSIMOI BO BCeM JIMalla3oHe MpeoOpa3oBaHusl.

Kax u paccmarprBaembie HUKe aHamoro-IudpoBsie mpeodpazosarenu (ALIT), IIAII senstoTcs
«CBSI3YIOIIMM 3BEHOM» MEXIYy aHAJIOTOBOU U (P poBOH d1eKTpOoHUKOH. CyIIeCTBYIOT pa3inuHbIe
npuHIHATE TocTpoeHus ALLIL.

PaccmoTpum Hanbonee ncnons3zyemble u3 HuX. Ha puc. 3.88 npuBenena cxema LIAII ¢
CYMMHUPOBaHHEM BECOBBIX TOKOB.

Kirou S5 3aMKHYT TOJBKO TOT/Ia, KOTJa Pa30MKHYTHI Bce KIIOUH S/...54 (TIPU 3TOM Uy, =0).
U,— onopHoe HampsikeHue. Kaxapiil pe3aucTop Bo BXOAHOM LENH COOTBETCTBYET OMPEACICHHOMY
paspsany IBOMYHOTO YHUCIHA.

Io cymectBy 3T0T LHAIl — HHBEPTHPYIOMIUI YCHINTENH HA OCHOBE ONEPALMOHHOTO
YCUITUTENSI. AHAINM3 TaKOM CXeMBI He TPE/ICTABIseT 3aTpyAHeHUH. Tak, ecii 3aMKHYT OJIMH KITI0Y

S ] , TO uBLIX:-UOR()C/ R;



UTO COOTBETCTBYET B IIEPBOM U HYJISIM B OCTAIBHBIX pa3psiax.
W3 anamm3a cxembl CIIEAyeT, 9TO MOy b BBIXOTHOTO HATIPSHKEHUS TPOTIOPIIMOHATIEH YHCITY,
JIBOMYHBIN KOJI KOTOPOT'O OIpeenseTcs cocTossuueM kitoueit S/...54. Toku kiarodeit

R 53
3 & =84 Roc
R 52 {1

~
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>

S1...54 cyMMHUPYIOTCS B TOUKE «a», PUYEM TOKU Pa3IMUHBIX KITFOUeH pa3IiyuHbl (MMEIOT pa3HbIil
«BEC»). DTO U oMIpeIeTsIieT Ha3BaHUE CXCMBI.
U3 BBIIEN3II0KEHHOTO CIIETYET, UTO

R
uwx=‘Uo?”'S|_Ua Ree -85 =Uy Rt S,

Re sy R 5,y Rec

T. €. ue“.x =—Un %_(834 +4S3 +‘2S2 +Sl ),

»

rae S;,i = 1,2, 3, 4 npuHUMacT 3HaYCHUC 1, €CITM COOTBETCTBYIOIIUM KITIOY 3aMKHYT, # 0, eCitH
KJIHOY Pa30MKHYT.

CocrosiHHE KITFOUEH OIMPEISISETCS BXOIHBIM TIPeo0pazyeMbiM KooM. CxemMa MmpocTa, HO UMEeT
HEJIOCTaTKU: 3HAYNUTEITHHBIC U3MEHEHHS HAMIPSDKEHHS Ha KITFOYaX U FICTIONB30BaHUE PE3UCTOPOB C CHITBHO
OTIMYAFOIIIUMUCS CONIPOTHBICHUAMHU. TpeOyeMyro TOUHOCTh 3THX CONPOTHBIICHHI 00CCTICUHTh 3aT-
PYAHUTENBHO.

PaccmoTpum 1{AIT Ha OCHOBE Pe3UCTUBHOM MAaTPHUITBI R — 2R (MaTpHITBI TOCTOSHHOTO
conpoTuBienus) (puc. 3.89). B
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CX€Me€ HCTIOJIL30BaHbI TaK Ha3bIBAEMBbIE MTePEKUTHBIC KITtouH S/...54, KaXXIblii U3 KOTOPHIX B OJJHOM M3
COCTOSTHUH TIOJIKITFOUEH K OOIIIeH TOUKe, IIO3TOMY HAIPsDKEHHS Ha KITFouax HeBenmuku. Kirrou S5
3aMKHYT TOJIBKO TOT[a, KOTJa Bce Ko S1...54 moaKITtoueHsl K 001ei Touke. Bo BXxoaHOM
TIETTX UCTIONTH30BAHBI PE3UCTOPHI BCETO C IBYMSI PA3TMIHBIMA 3HAYSHUSIMI COITPOTHBIICHH.

W3 aHanmm3a cxeMbl MOKHO YBHIETh, YTO U IS Hee MOJTYJIb BEIXOTHOTO HAMPSDKEHUS TIPOITOPLIMOHATICH
YHCITY, IBOMYHBIN KOJT KOTOPOTO OIMPENETSeTCs] COCTOSIHUEM Kirouen S/...S4. AHami3 nerko
BBITIONTHHTE, YUHUTHIBAS crieytoree. [ lycts kaxapiii 3 kitoueit S1...54 moaKITo4YeH K o0IIel ToUKe.
Tora, KaKIerko 3aMeTHTh, HAIPsHKEHHEe OTHOCHTEBHO OOITeH TOUKHM B KaXKIOH CIIeIyIomeH n3
TOYEK «a»...«d» B 2 pa3a 0oJibllle, ueM B pempiayeii. K mpuMepy, HarpsbkeHue B ToUke «by B 2 pasa
Ooubliie, 9eM B TOUKe «a» (HampsokeHus U,, Up, U, u Uy B yKa3aHHBIX TOYKAX OMPEICIIAIOTCS
caenyrommmM obpaszom: Uy = U,; U.= U,/2; Uy = Up/4; Uy = U,/8). JlommyCcTuM, 9TO COCTOSHIE
YKa3aHHBIX KIFOYEH H3MEHIIOCh. Toria HarpsbkeHHs B TOUKaX «a»...»d» He U3MEHSATCS, TaK Kak
HaMpsoKeHNE MEXKTy BXOJIAMH OIIEPAIIMOHHOTO YCHITUTES TIPAKTHIECKY HYJIEBOE.

W3 BBITIEN3I0/KEHHOTO CIIEYET, YTO:

o 2R 2 2R 4 2R 8 2R "
T € Uy, = —Ug RM (854 +4S3 +2.Sz ‘i“Sl):
16R
rae S;,i =1, 2, 3, 4 npuHUMaeT 3HaYeHUE 1, €ClT COOTBETCTBYIOIIUNA KITFOY 3aMKHYT, U 0, ecin

KJIFOY Pa30MKHYT.
Paccmotpum LAIT 1 mpeoOpazoBaHms TBOMYHO-ACCATUYHBIX yucel (puc. 3.90).
Jliist ipenicTapieHus KaxI0ro paspsijia ASCSTHYHOIO YUCIa UCIIOIB3YETCs OTAC/IbHAS MaTpulia R
— 2R (0003HaYCHBI PSMOYTOJILHUKAMHU). Zy...Z3 0003HAYAKOT YK CIIa, ONPE/ICICHHBIC

Ue 1/10 Un Y100 Us 1100000

[ 1

Prc. 3.90

COCTOSIHUEM KITIoUeH Kaxkaou MaTpuibl R—2R. [TpuHImUN ACHCTBUSI CTAHOBHUTCS ITOHSITHBIM, €CITH
YUECTh, YTO COMPOTUBIICHUE KaXKIOW MATPUIIBI R, M €CITH BBIITOJTHUTEL aHATU3 parMeHTa CXEMEI,
MPEACTaBICHHOTO Ha puc. 3.91.

81R

Uz

Puc. 3.91



W3 ananuza CJICOYyCT, YTO

_ RISR
2 "'81R+RI9R’
R-9R
RiIOR = =09R
e !! R+9R o

CnenorarensHo U, = 0,1 U,. C y4eToM 3TOTO MOTyIHM

U =-Uﬁl%-10"(w’ B0t 2y 4102 %)

Hauboiee pacnpoctpanenabvu siBistrotTest LIATT cepuii Mukpocxem 572, 594, 1108, 1118 u op. B
Tab1. 3.2 npuBeeHHI MapaMeTpsl HeKoTopbix LIATIL

- TaGauua 3.2
THR cXeMEE P:f::zﬁ tyen Mkc|  Up, B Unyo/Trar B/A l::
K59411AL 12 3.5 9+11 |(5+15)/2,5-15/3,5] 2
K1108I1A1 12 0,4 |22+10,5]| +5/15 —16/46 5
KS72I1AIA 10 5 —17++17 G+17/2 1
K575TIA2A 10 15 [-—15++I5 52 15/2 0.8

3.7.3 Amnanoro-uudpoBsie peoOpa3zoBaTenu

Amnanoro-niudpossie mpeodpazosarenu (ALIl) — 3To ycTpoiicTBa, mpenHa3HAYCHHEIE TS
MpeoOpa30BaHKs aHATIOTOBBIX CUTHAJIOB B IIU(poBEIe. J[711 Takoro mpeodpa3oBaHus HEOOXOAMMO
OCYIIIECTBUTH KBAHTOBaHHE aHAJIOTOBOTO CUTHANA, T. €. MTHOBEHHBIE 3HAUCHHSI aHAJIOT'OBOTO CHTHAIA
OTPaHUYHTH ONPEAEIICHHBIMHA YPOBHAMH, HA3bIBAEMBIMIA YPOBHAMH KBAaHTOBAHHSI.

XapakTepucTUKa UACATBHOIO KBAHTOBAHUSA UMEET BUJI, MPUBEACHHBIN Ha puc. 3.92.

KBanTtoBanve rpeacTasisieT co00i OKPYTJICHHE aHAIOTOBOM BEJMYMHBI 0 ONMKANUIICTO YPOBHS
KBaHTOBAHMSI, T. €. MAKCUMAJIbHASI TIOTPEIIHOCTh KBaHTOBaHus paBHa +0,5h (h — mar
KBaHTOBaHMS1).
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Puc. 3.92

K ocHoBHBEIM XapakTepuctrkam ALl oTHOCAT urcIio pa3psiioB, BpeMs MpeoOpa3oBaHus, HETMHESHHOCTh
u 11p. Urcno pa3psigoB — KOJIUYECTBO Pa3psA0B KOAA, CBSI3aHHOTO C AHAJIOTOBOM BEIMYUHOM, KOTOPOE
MoxkeT BEIpadaTeiBaTh AL YacTo roBopsT 0 paspermaromeii criocooHocta AL, koTopyro ompenensaror
BEJTUUHMHOM, 00paTHOM MaKCUMaJIbHOMY YHCITY KOJIOBBIX KoMOMHaIwmii Ha Beixoae ALII. Tak, 10-
paspsiarbii AIIT nMeet paspemmaontyto criocodrocts (2 = 1024)", 1. e. mpu mxane AT,
cootBercTByromel 10B, abcomoTHoe 3HaueHNe I1ara KBaHTOBaHKS He ripeBbiiaeT FOMB. Bpewmst mpe-
o0pa3oBaHus ¢, — WHTEPBAI BPEMEHU OT MOMEHTA 33/IaHHOTO U3MeHeHus curHana Ha Bxoje ALIIT 1o
TIOSIBJICHUSI Ha €T0 BBIXOJIE COOTBETCTBYIOIIETO YCTOMIUBOTO KOJIA.

XapakTepHbIMH METOJJaMH TIPE0OPa30BaAHUS SIBIISTIOTCS CIIETYIOIINE: TTApaIeTHbHOTO
peoOpa3oBaHMsI aHATOTOBOM BEJTMUMHEI M TIOCIIE/IOBATEITFHOTO IPe00pa3OBaHUS.

Paccmorpum AL ¢ napaiiensHbIM TPeoOpa3oBaHUEM BXOJHOIO aHAJIOrOBOro curHaia. [1o
napajuie;IbHOMY METO/IYy BXO/IHOC HANPSHKCHUE OJHOBPEMECHHO CPABHUBAIOTCS C 71 ONIOPHBIMU
HAIPSHKCHUSIMU U OTIPEACIISIIOT, MKy KAKUMH JIByMSI OTIOPHBIMH HAIPSDKEHUSIMU OHO JISKHT. [ Ipr aToM
PE3YJBTAT MOIYYatOT OBICTPO, HO CXEMA OKa3hIBACTCS JIOCTATOYHO CIIOXKHOM.

Paccmorpum npunnun neiicteus takoro AL (puc. 3.93). Ilpu Uy, = 0, mocKoabKY 1Jisi BCEX
OY pasnocts Hanpsokernit (Us — U ) < 0 (Uy, U — HanpspKeHUsI OTHOCUTEIBHO OOITCH TOUKH
COOTBETCTBEHHO HEMHBEPTHUPYIOLLIETO U HHBEPTUPYIOLLIETO BX0/1a), HANPsDKEHU Ha BeIxoJe Bcex OY
paBHBI — E,,,,,, @ Ha BBIXOJIaX Komupytomiero npeoopaszosarens (KII) Z,, Z,, Z, ycTaHaBINBAKOTCS
vynu. Ecmu U,,>0,5U, Ho Mensie 3/2 U, aumb i HukHero OY Uy — U > 0 v nuib Ha ero
BBIXO/IC TOSIBIIICTCS HanpshkeHue +£,,,,, 9TO MPHUBOJIUT K TIOSABJICHNTO Ha Beixoaax KII cremyrommx
curHanoB: Z, = 1,7, =7;=0. Ecnmu U,, > 3/2 U, Ho MeHbI1ie 5/2 U, T0o Ha BBIXOJIe IBYX HIKHUX OY
TIOSIBISIETCA HaNpsbKeHue +£,,,,,, 9To IpUBOAMT K MosiBIeHUIO Ha BeixoAax KII koga 010 u 1. 1.

Paccmorpum koHkpeTHbIHA BapuanT ALIT ¢ ocnenoBaresHBIM MpeoOpa3oBaHUeM BXOIHOTO CHTHATIA
(TTocneioBaTeNTEHOTO cyera), KoTopbiid HaseBaroT ALII co cremsimeit cesbio (puc. 3.94). B AT
paccMarpuBaemoro tTuna ucrnonb3yercst LHAIT u peBepcHBHBIA CUETUMK, CUTHAIT ¢ KOTOPOT'o
obecricunBaeT U3MeHeHUe HanpsbkeHus Ha Bbixogie LIATT. Hacrpotlika cxembl TakoBa, 4To o0ecrieunBacTcest
MIPUMEPHOE PAaBEHCTBO HanpshkeHuil Ha Bxone U, u Ha Beixoae LIAIl — U. Ecnu BxonHOE
Hanpspkenue Uy, Oonbiie Hanpsbkenus U Ha Beixone [IATL, To cueTdnk nepeBOaUTCs B PEKUM
MpsAMOro c4cTa ¥ KO Ha €ro BbIXOAC YBCIIMUNBACTCA, obecrieunBas YBCIIMYCHUC HAIIPSDKCHUA Ha BBIXO/C
ITAIIL B moMmeHT paBeHcTBa Uy, v U CUET NPEKPALLACTCS U C BBIXOJIA PEBEPCUBHOIO CUCTUMKA
CHUMACTCsI KOJI, COOTBETCTBYIOIINI BXOJJHOMY HAIPSDKCHUIO.

Meron nocnenoBarenbHOro npeodpazoBanus peanusyercs 1 B AL Bpemst — uMnynscHOro
npeobpazoBanus (AL ¢ reneparopom arHeHO u3MeHsomerocs Hanpspkenus ([JIMH)).
IIpunuun pelicteus paccmarpusaemoro AIII
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puc. 3.95) ocHOBaH Ha MOJCYETE YHUCIIa UMITYILCOB B OTPE3Ke BPEMEHH, B TEUEHHE KOTOPOTO
TMHEHHO M3MeHsttoteecs Harpsbkenue (JIVH), yBennunBasich oT HyJe€BOro 3HAYEHHUS, TOCTUTAET
ypoBHs BxomHOTO HanpsokeHus U, Vcmonp3oBansl cnenyromme o6o3radenHus: CC — cxema
cpaBHenus, ' — renepatop umnynbcoB, Kit — amekTpoHHbIN Kitod, C4 — CUETYUK
UMITYIbcoB. OTMEUEeHHBIN BO BPEMEHHOM THarpaMme
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Puc. 3.95

MOMEHT BPEMEHHM f; COOTBETCTBYET Hauaay U3MEpPEHHUs BXOJHOTO HAIIPSIKEHHUsS, 8 MOMEHT BPEMEHH
t; COOTBETCTBYET PABEHCTBY BXOAHOIO HanpsbkeHus 1 Hanpsbkenust [JIMH. TorpelHocts u3MepeHust
OTIPE/ICIIACTCS I1aroM KBaHTOBaHuUs BpeMeHU. Kimrou Kit moakirouaet K cueTurKy reHepaTop MMITYJIECOB OT
MOMEHTA Hauyasa u3MepeHus 10 MoMeHTa paBeHCTBA Uyt Uy, YUepes U, 0003Ha4CHO HANPSDKCHUE Ha BXO-
J€ CHCTUHKA. KO}I Ha BbIXO/JC CUCTUYHKA IIPOIIOPHHUOHAICH BXOAHOMY HAIIPSLKCHURO. OZI,I-H/LM u3
HEJIOCTATKOB TOH CXEMBI SIBJISICTCSI HEBBICOKOE OBICTPOICHCTBHE.

Paccmotpum ALII ¢ TBOMHBIM MHTETPUPOBAHNEM, KOTOPBIH TAKXKE PEATTH3YET METOJT
TIOCTICIOBATEIIFHOTO ITPe00pa3oBaHus BXOIHOTO curHaia (puc. 3.96). Mcronp30BaHbI CieayIONINE
ob6ozHaueHus: CY — cucrtema ynpasnenus, [ 1 — reneparop uMmynbcoB, Cq — cUeTUHK
uMnynbcoB. [TpunIiumn mekictBus AL cocTouT B OnpeeicHHH OTHOIIICHHS JIBYX OTPE3KOB BPEMCHH, B
TEUEHHE OTHOTO M3 KOTOPBIX BBIIOTHSIETCSI MHTErPUPOBAHUE BXOJHOTO HApsuKEHUS Uy,
HHTErpaTopoM Ha ocHoBe OV (Hanpsbkerue Uy Ha BEIXO/IC MHTETPaTopa U3MEHSETCS OT HyJIS 10
MaKCHUMAJTHHOM TI0 MOJTYJTIO BETMYMHBI), 2 B TEUEHHUE CIEIYIOIEr0 — HHTETPUPOBAHUE OTIOPHOTO

K3

Mgy R - ;
Usx | == CY le—{TH
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B Uon - Cq —PZ1
—>Z0

Puc. 3.96



Hanpspkenust U, (Uy MeHsIeTCA 0T MaKCUMaIBHOM 0 MOJTYJTIO BETMYHMHBI 10 HYJIs) (puc. 3.97).
ITycTh BpeMs ¢; MHTETPUPOBAHUS BXOHOTO CUTHAJIA MIOCTOSIHHO, TOT/a YeM OOJIbIIe BTOPOH
OTPE30K BPEMEHHU {; (OTPE30K BPEMEHH, B TEUEHHE KOTOPOTO HHTETPUPYETCSA OTIOPHOE
HaIpsDKEHUE), TeM 0olbIe BXxoaHoe HanpspkeHue. Kirtou K3 npenHazHaueH 1 yCTaHOBKH
WHTErpaTopa B UCXOJHOE HYJIEBOE COCTOsIHUE. B MepBhIf U3 yKa3aHHBIX OTPE3KOB BPEMEHH KITHOU
K1 zamknyT, kimrod K2 pa3oMKHYT, a BO BTOPOH, OTPE30K BPEMEHH UX COCTOSHHUE SIBISICTCS
00paTHBIM IO OTHOIICHHIO K YKazaHHOMY. OTHOBPEMEHHO C 3aMbIKaHHEeM Kroda K2 uMmysiseel ¢
reHeparopa uMmmyinscoB ['Y HaunHatOT MocTynaTh yepe3 cxemy ympasieHus CY Ha caeTtank Cu.
ITocTyrneHune 3TUX UMITYJIBCOB 3aKaHYMBAETCS TOTa, KOTJa HAIPsKEHUE Ha BBIXOJE
HWHTETPaTopa OKa3bIBaeTCA PABHBIM HYIIIO.

Hampspkenre Ha BBIXOJIe HHTETpaTopa 1o HCTEYEHNH OTPE3Ka BPEMEHH {; OTIPeIeIIaeTcCs
BEIpKCHUEM

-

U, )a-%c)— jde’ =—(U,-4)IRC.
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Hcnone3ys aHamOrn4IHOE BbIpayKeHHE TS OTPE3Ka BpEMEHH £, TOTYUUM
= —(RC/U,) ULt).

IToacraBuBs crona BeIpakeHue s U, (t;), monydum
L= (U /UMM,

otkyna Ugy= U,uto/t;.

Koz Ha BbIXO/IC CUeTUMKA OMPEIEISCT BETMUUHY BXOHOTO HATIPSDKCHYS.

Onnum 13 ocHOBHBIX npermyiiiectB AT paccMaTtprBaeMoOro TUMa SBIISCTCS BHICOKAs
NOMEX03allIUIIICHHOCTD. Cﬂy‘{aﬁﬂble BI)IG])OCI)I BXOAHOI'O HAMPSKCHHS, UMCIOLLIUC MCCTO B TCUCHUC
KOPOTKOTO BPEMEHH, ITPAKTUYCCKU HE OKA3BIBAIOT BIMSHUS Ha TIOTPEITHOCTD TPEOOpa30OBaHusL.
Hemocrarox ALl — Manoe ObICTpOICHCTBHC.

Haubonee pacnpocrpanennbivu sipisitotcst AL cepuii mukpocxem 572, 1107, 1138 u ap. (tadn.
3.3)

3 Tabimuip! BUAHO, YTO HaWIy4ImM OsIcTpoaericTBrueM obnagaer AL mapamiensHoro
npeodpazoBanms, a Hauxyamum — AL nocnenosarensHOTrO Mpeodpa3oBaHmsl.



Tabauma 3.3

Yucno to Uniez, Prom,
THI M/cXeMbE . m::: B M;:_ Tpeobpasoparme
KI107TIBI 6 0,1 +5 —6 800 . |TlapatneisHoe
K110711B2 8 0,1 +5 —6 3000 |IapannemsHoe
KP572TIB1A 12 110 | 5+15 15 30  |TlocienosarensHoe
K57211B3 8 15 5 25  |Toctegosarensioe
K572T1B4 8 32 5 15 |HocienosarensHoe
K1108TIB1A 10 09 { 952 8§00 |TlocienoBarensHoe
KI1138MB1A 10 30 5 —15 225 |[TocnenoparessHoe

3.8. TEHEPATOPBI UMITYJIbCHBIX CUTHAJIOB

Haubonee pacnpocTpaHeHsl reHEpaToOpsl MPSIMOYTONBHBIX M IMHEHHO U3MEHSIOMMXCS (TTHI000pa3HBIX)
UMITYJIbCOB HaM p SIKCHU A .

['enepaTopbl UMITYIBCHBIX CHTHAJTIOB (MMITYTbCHBIE T€HEPATOPHI) MOTYT pabOTaTh B OTHOM U3 TPEX
PEKMMOB: aBTOKOJIE0ATENBHOM, KIYIIEM HIIA CHHXPOHU3AIINH.

B aBTOKONMEOATENEHOM peXXUME TEHEPATOPH! HEMPEPBIBHO, (POPMHUPYIOT HMITYIbCHBIE CUTHANBI 03
BHEIITHETO BO3/ICHCTBHS. B XyIeM pexume reHepaTopbl (GOpMUPYIOT UMITYIBCHBIA CHTHAI JIUTIH T10
IPHUX0/Ie BHENIHETO (3aMyCKaOMIEero) CUrHajia. B pexxnMe CHHXpOHH3AIMU TeHEpaTophl BHIPA0aThIBalOT
MMITYJTbCHI HATIPSDKCHUS, YACTOTAa KOTOPHIX PaBHA WM KpaTHA YaCTOTE CHHXPOHU3UPYIOMIETO CUTHATIA,

PaccMoTpuM HEKOTOpBIE U3 TEHEPATOPOB UMITYJIBCHBIX CUTHAJIOB.

3.8.1. I'enepaTopbl NPSIMOYTOJIBHBIX UMITYJIbCOB

I'eHepaTopbl MPSMOYTOIBHBIX MMITYJILCOB JICTISTCS HA MyJIbTUBUOPATOPBI U ONOKMHT-reHepatopsl. U Te u
JPYrue MOryT paboTaTh KaK B aBTOKOJICOATEILHOM, TaK U B XKYILCM PEKUMAX.

PaccmoTpum BHavale aBTokoJe0aTeIbHbIE MyTbTHBHOPATOPHI.

Taxkue reHepaTopsl MOTYT OBITH TIOCTPOCHBI HA TUCKPETHBIX, JIOTUUCCKHX DJICMCHTaX MM Ha
OTIEPAIIMOHHBIX YCHINTENSIX. ABTOKOIEOATENBHBIN MyIETHBHOPATOp Ha ocHOBE OV mpe/cTaBlicH Ha PHC.
3.98. B maHHO# cXeMe ¢ IMOMOIIBIO Pe3UCTOPOB R; M R, BBeICHA MONOKUTENbHAS 00paTHAs CBA3b, UTO
SBISETCA HEOOXOUMBIM YCTIOBHEM JITISi BOSHUKHOBEHUS

R
¢ D
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B CXEME DIICKTPHIECCKHX KOJIeOaHHH. B 3aBHCUMOCTH OT HANpsDKEHHUS Ha BEIXOAE (KOTOPOE MOXKET OBITh
paBHO 00 +E 1, 00 — Eyy, T1E By — Hanpsbxenuns nutanus OY) Ha HEMHBEPTHPYIOLIEM
Bxoze OV ycraHapmnvBaeTcst WK HanpsokeHue Uy, unu Hanpspkenue U, mpudemM

"—&_’ U+2 '_'-"Ermm_'_Rz_ ;

R +R, R+R, "

Emxocts C, BxofsII1as B TIENb OTPHIATENHHON 00paTHOM CBS3H, Iepe3apsiKaeTcs ¢ TOCTOSTHHOM
Bpemenu 7= RC. Hanpsbkenue U, Ha eMKOCTH, paBHOe HanpsbkeHUro U Ha MHBEPTHUPYIOIIEM BXOJIE,
CcTpeMUTCs JTINOO K YPOBHIO +E . (pH Uy =FEmur), 100 K ypoBHIO -Eyyy (pu Uyyx=-Er). 10 MoO-
meHTa Bpemenu t; U.— U = Uy — U, > 0, cnenoBatenbHo, OY HaxoIuTcs B peKUME HACBILLICHUS U
HA C€TO BBIXOJIC YACPKUBACTCS HANpspKeHuUE +E ;. HaumHast ¢ MOMEHTa BpEMCHH ¢; 3Ta Pa3HOCTh MCHSICT
3HaK, 4TO MPUBOJAUT K U3MCHEHUIO HampsiKeHHs Ha Boixoje OY Ha — E ;. [lociie MomeHnTa BpemMe-
HU t; eMKOoCTh C Tiepe3apspKacTes, MPUUIEM e€ HANPSKEHUE CTPEMHUTCS K YPOBHIO — Eyy.
Ou4eBHUIHO, YTO 10 MOMeHTa BpeMeHH £, U.-U =U,,—U.< 0, 4TO U yAepK1UBaCT BHIXOJHOC Ha-
npsokenue OV Ha ypoBHe —E ;. HaunHas ¢ MOMeHTa BpeMeHH £, 3Ta pa3HOCTh BHOBh MCHSCT
3HAK, IPOUCXOANT U3MCHEHHE HanpsukeHHUs Uy, U T.1. Takum o0pa3oM, JaHHBIH MYJIETHBHOPATOP
(hopMHpYET MPAMOYTOIEHBIC IMITYITBCHI HapsbKeHuS. [lepro cremoBanms UMITYITECOB T onperensaercs
BBIPOKECHUEM

U+l = Emtm

T=2RCIn| 14222
R,

B cirywae ncmone3oBaHust BMECTO pe3ucTopa R IBYyX pa3HBIX PE3NCTOPOB U IHOIOB MOXKHO
TIOCTPOHTH HECUMMETPUUHBII MYITBTUBHOpaTOp (puc. 3.99, a), y KOTOPOTO JUTUTEILHOCTH
TIOJIOKUTEIBHOTO M OTPUIATEIIEHOTO HMITYJICOB HE COBIAIAtOT. [IprHIIIT paboThl MYIIETHBHOpaTOpa
MOSCHSIIOT BpEeMEHHbBIE inarpammsl (puc. 3.99, 6).
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I/IS HpHBC}IeHHBIX HOCTpOCHI/Iﬁ O4YCBHUOHO, YTO pa3Ha;l IUINTCJIBHOCTD ITOJIOKUTECIIBHOI'O 1
OTPHUIATECIIBHOT0 UMITYJIbCOB 00CCIICUMBACTCS PA3HBIMH ITOCTOSHHBIMU BPEMEHH TIepe3apsiga
E€MKOCTCH Ty U Ta:

1, =R"C 1,=R"-C,

rne R">R'.

PaccmoTpum syl MmyneTrBUOpaTOp Ha ocHOBEe OV (puc. 3.100), KOTOPHIH MHOTAA HA3BIBAIOT
OJTHOBUOPATOPOM.

HerpyaHo 3aMeTUTh, UTO 3Ta CXEMa aHAJIOTMYHA CXEME aBTOKOJICOATEIbHOTO MYIETUBUOPATOpPa, HO
B Hee BBeZICHBI TM0]T D, (11 OCYIIECTBICHHS JKIYIIEro PeKMMa) | LIETb 3ayCcKa Ha DIIEMEHTax
C1,R3, Dy (puc. 3.100, a). CxemMa uMeeT OIHO YCTOMYMBOE COCTOSIHUE, KOTZIa HAITPSDKCHUE HA BBIXO/IC
OoTpHIATENBHOE (TPUMEPHO paBHO — E;r). Eciin ObI M0 Kako#-m100 MpHYMHE HANPSDHKEHNE HA
BBIXO/IE OKA3aJIOCh TTOJIOKUTEIBHBIM (+E 1), TO B pe3yIbTaTe paccMarprBacMBbIX JATBIIE IIPOIIECCOB
COCTOSTHHE CXEMBI I3MEHHIIOCH OBI.

B ncxomHOM coctosiHuM (Ha BBIXOAEC — Eyr) M0 D) OTKPHIT, HAIpsHKEHUE HA



MHBEpTHUpYIOIIeM Bxoe U mpUMepHO paBHO HYIIO, a HarpsbkeHue U Ha HEMHBEPTUPYIOIIEM
BXOJI€ OIPEJCIISIETCS BRIpAXKECHUEM

: R
U = U — _E s .
+ +2 mum R] + Rg
U;— U < 0w Ugyy =—E . Juon Dy, mogkmodeHbIH K HEHHBEPTUPYIOIIEMY BXOY, 3aKPHIT. B

MOMEHT BPEMEHH {; BXOJIHON CHUTHAJI OTKPBIBAET ATOT JIMOJ, HA HEMHBEPTHPYIOIIUH BXOJI ITOJaeTCs
TIOJIOKUTENTBHBINA CHTHAT (HAa MHBEPTUPYIOIIEM BXOJIE OCTaeTCsl HyleBor curHan), u OY mepexo/iiT B pesKiuM
C TIOJIOXKUTENTHHBIM HaIpshDKeHeM Ha Bbixojie. [locie sToro HaunHaeTcst 3apsi koHneHcaropa C. Korma
HaIpspKeHHe Ha HEM CTaHOBUTCS 0OJIbIIIe HANpsbKeHust Uy, ONpeeieMoro BhIpaKeHHEM

U+l = Lo RZ
R, +R,

muddepenmansheiii curnan U, — U ctaHoBUTCs oTpuniatesbHbIM U OV Bo3Bpamaercs
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B MICXOJTHOE YCTOMYMBOE COCTOSTHHE (B TAKOM COCTOSTHHU (D (epeHIIMATBHBIN CUTHAT OTPUIIATETBHBIIH ).

W3 BpemenHbIx auarpamm (puc. 3.100, 6) caeayeT, 4To JUIIb TOCIe MOMEHTAa BPEMEHH 13
MOJKHO MO/IaBaTh OUepPeIHOM 3aITyCKArOIN UMITYJIhC.

CyIIecTBYIOT CXeMBI JKIYIITHX MYJIETUBUOPATOPOB HA IUCKPETHBIX U IOTHYECKHUX 2IEMEHTAX.

L1 momyaeHust MOITHBIX TIPSMOYTOJTBHBIX UMITYJTECOB MaJIOH UTUTETHHOCTH (OT J0JIei
MHUKPOCEKYH/IBI JI0 A0JIEH MIJUTUCEKYH/IbI) M CKBAKHOCTBIO 10 HECKOJIBKHX JECATKOB THICSY UCTIONB3YIOT
OnmokuHT-reHepaTopsl. OCHOBHBIM DIIEMEHTOM TaKUX T€HEPaTOPOB SBISETCS UMITYIbCHBIN TpaHC-
(hopmarop. bIIoKHHT-TeHepaTop MOXeT padoTaTh B aBTOKOJIE0ATETEHOM, SKAYIIEM PEXKIMAaX WA PSKUME
CHHXPOHH3AIIUHL.

PaccmoTprm cxemy aBToKOsIeOaTebHOTO OOKHHT-TeHepa-Topa (puc. 3.101, a). Bo Bpemst may3bt
(BBIXO/THOE HAMPSKEHHE OTCYTCTBYET) TIPOMCXOUT Tiepe3apsi KoHaeHcaTopa o nenmu E—R—W; ¢
nocTtosiHHOM Bpemenu 1; = RC. B MOMeHT BpeMeHH, Korjia HaripsbkeHue Ha kKoHeHcaTope C (4, ciesio-
BaTeNIbHO, Ha 0a3€ TPaH3KUCTOPa) CTAHOBUTCS PaBHBIM HYJIIO, TPAH3UCTOP HAYMHACT OTKPHIBATHCA (BHIXOIUTH
U3 PSKUMA OTCEUKH ), HAUMHACT ITPOTEKATh TOK KOJUICKTOPA, YTO BhI3BIBACT MOSBICHUC CUTHAIA
TIOJIOXKUTEITLHOM 00paTHOM CBA3M (Iepe3 00MOTKY TpaHchopMaTopa W3), MO IeHCTBUEM KOTOPOH
TPaH3KUCTOP CKAYKOOOPA3HO MEPEXOUT B pekuM HachImieHusL. [1pu aToM koHAeHcaTop C mepesapsikaercs
o nenu W,r—C — BXOJHOE COTIPOTUBIICHUE TPAH3UCTOPA /5y C TOCTOSHHOM BPEMEHU Ty = Fyy® C.
IIpu yBenmmuennn HarpspkeHUs Ha KoHeHcaTope C Tok 0a3pl HAaUMHAET YMEHBIIATHCS U B KOHIIE
KOHIIOB TPAH3KCTOP BBIXOJIWT U3 HACHIIIICHHUS U HAUMHACT 3aKPBIBATHCA. BO3HUKAET cUrHam
TIOJIOXKHUTETBHOM 00PATHOM CBSI3U, KOTOPBIH CKAUKOOOpa3HO TIEPEBOIUT TPAH3HCTOP B 3aMEPTOEC COCTOSHHE.
TTocie aTorO0 SHEPrHS, 3aNTaceHHAS B MHTyKTHBHOCTH HAMATHIYWBAHKS, PACCEUBACTCS Ha CONPOTUBICHUH
Harpy3kH. Tak Kak 7px«R, TO BpeMs HaXOXKJICHHUS TPAH3UCTOPA B OTKPBITOM COCTOSIHHH £, a
CJIe0BaTENbHO, U
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JUTUTEITLHOCTDh UMITYJILCA Ha Harpy3Ke 3HAUUTETLHO MEHBIIIE TIEPHOo/Ia CIIEI0BAHMS IMITYIIHCOB.
BpemeHnbIe mrarpaMMBl pabOTHI aBTOKOICOATENEHOI0 OJIOKHHT-TeHepaTopa MpuBeeHs! Ha puc. 3.101,6.

3.8.2. I'enepaTophbl JIMHENHO
HU3MEHSIOUIET0oCs HANPSI)KEHUS

Jluneitno m3menstomuMcs HanpsixeHueM (JIMH) Ha3piBaroT HampsiKeHUE, KOTOPOE B TEUSHUE
IPOMEXYTKA BpEMEHH, Ha3bIBAEMOTO Pa0OUYUM XOJIOM, U3MEHSETCS 10 TUHEHHOMY 3aKOHY, a
3aTeM B TeUeHHUE ITPOMEKYTKa BpEMEHH, Ha3bIBAEMOT'0 OOPAaTHBIM X0JI0OM, BO3BpaIlaeTcs K
HCXOHOMY YpoBHIO (pHc. 3.102).
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Puc. 3.102

Ha puc. 3.102 npunsThl cneayromme 0003naueHus: U, — HavanbHbIA ypoBeHb, U, — aMIunTyaa
JINH, T, — Bpems pabouero xoaa, T, — Bpemst 00paTHOIro X01a.

Jluneitnocts JIMH onenuBaercst KoahGUIEHTOM HEMMHEHHOCTH, KOTOPBIH OMPEIeNseTCs 1o
hopmyre

ro-va,)
- ol

rae U'(0)) — nepBast mpou3BOIHAS HAMIPSDKEHUS IO BpeMeHH! (CKopocTh u3MeHnenns JIMH) B
Hagaje pabodero xona; U'(T,) — mepBas mpou3BogHAS HAIPSHKEHUS 110 BPEMEHU B KOHIIE
pabouero xoxa.

Ycrpoiictsa, npenHasHaucHHbIe st hopmuposanus JINH, Haswisatot rereparopamu JIMH (TJIVH).
T'eneparopst JIMH yacTo Ha3bIBAFOT TEHEPATOPAMU TTHIIO00PA3HOTO HAITPSDKEHUS.

TIpunnun nocrpoenus reneparopoB JIMH ocHoBaH Ha 3apsie eMKOCTH TTOCTOSHHBIM WITH ITOYTH
nioctosiHHBIM TokoM. OcHoBoii ['JIMH (puc. 3.103) sBnsieTcss eMKOCTh, 4epe3 KOTOPYIO OT UCTOYHUKA
niocrosiHHoro Toka UT npotekaer nocTosiHHbIN TOK, Oaroapst 4eMy Mpy pasoMKHYTOM KITFOUEBOM
ycrporictee KY HanpsikeHHe Ha EMKOCTH OMNPEIENSIETCS] BBIPAXKEHUEM
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(ipm i, =I= const), T. e. K3MEHSETCs [0 MHEHHOMY 3aKoHy. [ Ipu 3ambikanun KY eMKocTh pazpsokaercs
yepe3 cornpotuBienre KY u T. 1.

I'JIMH moryT padoTtath 1160 B xaymiem (puc. 3.103, a), 1100 B aBTOK0JIeO0ATETLHOM PEKIME
(puc. 3.103, 6). I'JIMH B aBToKONcOaTenms-HoM pexxrve hopmupyer JIMH peryisapHo, a Tt HoTyde s
JIVH B I'JIMH B >xmy1iieM peskriMe HeoOXOMM BHEIITHUIA UMITYIIbC HAPsKeHUS Ugy.

Bce I'VIMH moxxHO pa3ienuTh Ha TPU THIA:

a) c uHTerpupylomei RC-1enouxoit;
0) ¢ TOKOCTAOMIU3UPYIOIIUM JBYXITOIIOCHHUKOM;
B) C KOMIIEHCcHpYoleh ooparHoii cBsasbio (OC).

B nmpocreiimem ciryaae (puc. 3.104) ocaoroit ['JIMH sBnsercs uaTerpupytomas RC-1ienouka.

B sTo0i1 cxeme
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T. €. Ha HAYAJIbHOM Y9acTKe SKCIIOHEHTHI CKOPOCTh M3MEHEHUS HanpsokeHns: U MPUMEPHO TIOCTOsTHHA
1 [IpY MaITbIX 3Ha4eHusX ¢ popmupyercs JIMH.

JlocTorHCTBOM JTAHHBIX TEHEPATOPOB SBISIETCS IPOCTOTA WX pearmm3arwn. CyIecTBEHHBIM Ke
HEJIOCTATKOM SIBJIICTCS TO, UTO IS TIOTyYESHHUS MajIoro KO (PUITHEHTa HETMHSHHOCTH HE00X0TUMO,
4TOOBI HaIpshKeHue reHeparopa U Ob110 ropaszo (Ha mopsmok u 6onee) Oomnpie ammaTyasl JIMH.

Takoli reHepaTop MOXKET OBITh pealn30BaH Ha OCHOBE TPaH3UCTOPHOTO Kitoua (puc. 3.105).

Jlo MomMeHTa BpeMeHH ¢; TPaH3UCTOPHBIN KITF0Y HAXOIUTCS B PEXKHIME HACKHITIEHUS, T. €.
Harpspkerue U,,, a 3HauuT, U HatpspkeHue U,y paBHBI HyO. [Ipy 1oj1ade B MOMEHT BpeMeHH ¢,
3aMUPaOIIEro UMITYIbCA HANIPSDKEHUS TPAH3UCTOP BXOAUT B PEKUM OTCEUKH, U eMKOCTh C 3apshkacTcst
oT ucrouHnka By uepe3 conpotusieHue Ry, mpudeM HanpsbKeHHE Ha eMKOCTH CTpeMUTCS K ypoBHEo E,. B
MOMEHT BPEMEHH ¢, TPAaH3UCTOP BHOBB BXOJIUT B PSKUM HACBIIICHHS, K EMKOCTh Uepe3 Majloe
COIPOTUBJICHUE MTPOMEKYTKA KOJUIEKTOP-IMUTTEP TPAH3UCTOpa paspsiykaercs. Ecim nmpomexyTok
BpEMEHHU 1, — ¢; ropas3o MeHblne RC, TO, Kak OBUTO MOKa3aHO BHIIE, HATTPSHKEHUE HA eMKOCTH
M3MEHSIETCS TI0 JIMHESHHOMY 3aKOHY. [{11s1 peoTBparieHus mpo0ost TpaH3|uCTopa (HarmpruMep, Ipy yBe-
JIMYECHUH JTTATENHHOCTH BXOJHOTO HMITYIThCA) K €0 KOJUIEKTOPY IMOAKIIOUEH TMOJHBINH orpaHuanTels (D,
Eg). Ecmi o xakoli-mmbo mpuyrHe HapshKeHHE Ha EMKOCTH YBEITMUHMBAETCS, TO, KaK TOJTBKO OHO
mocturHeT ypoBHS Eg, muoa D oTkpeiBaeTcs n HanpspkeHUE Upyx YACPKHUBACTCS HAa YPOBHE Eg,.

Paccmotpum npuatp moctpoerus ['JIMH ¢ ToKkoCTaOH-TMBHPYFOIIHM JBYXIIOIOCHHAKOM,
00ecreunBaroIIM TPOTEKaHNE Yepe3 HEro MOCTOSIHHOTO TOKA HE3aBUCHMO OT TIPFIIOKEHHOT O

HanpsoxeHus. Cxema, osICHSIoIas MpuHIUI nocTpoenus takoro I'JIMH, npuBeneHa Ha puc.
3.106.
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B aT0li cxeMe uepe3 ABYXMOMOCHUK R 1 eMKocTh C MpOTeKaeT TOK i, OMpeIessieMblii
BeIpakeHueM ig =(U-U,)/R.

ITo Mepe pocTta HanpsKEHUS HA eMKOCTH U, YMCIAUTENb 3TOTO BBIPKEHUS yMEHBIIIAETCS, HO BO
CTOJIBKO K€ Pa3 YMEHBIIIACTCS U COTIPOTHUBIICHUE ABYXTIOMIOCHUKA R, TaK YTO 9aCTHOE OT JICIICHUS
0CTaeTCs HEU3MCHHBIM.

IIpocTeiimm TOKOCTaOMTM3UPYFOIIIM SIIEMEHTOM SBIIIETCA TpaH3uCTOp. [Ipu mocTostHHOM TOKe 0a3bl
(HanpuMep, is;), AKe TIPU 3HAUUTEITFHOM YMEHBIIICHUH HAIPSDKEHUS 1L, MEXKTY SMUATTEPOM U
KOJUIEKTOpOM (Hampumep, oT U 1o U;) KOIIEKTOPHBIN TOK TPAH3UCTOpa YMEHBIIIACTCSA HE3HAYUTEIBHO.
DTV W3MEHEHUS OTIPEIICIITFOTCS BBIXOTHOM XapaKTePUCTHKON TPAH3KUCTOPA, MprdeM paboyast ToUKa
TpaH3ucTopa repemeriiaercs u3 Touku A B C (puc. 3.107, a). FI3aMeHeHue ToKa KOJIIEKTopa 0003HAYCHO
gepe3 Aij.

Bortee TOUHBII TOKOCTAOMITH3UPYIOIINIA JBYXTIONFOCHUK HA OCHOBE TPAH3UCTOPA MPUBEACH HA PHC.
3.107, 6. IIpeanonoXuM, 4TO HATIPSDKEHUE Us, YMEHBITIaeTCs 0T Uy 1o Uj, pH STOM KOJUIEKTOPHBIN
TOK TOYKE CTPEMHUTCS YMEHBIIIUTHCSL. ITO JTOIDKHO MMPUBECTH K YMEHBITIEHUTO TOKA i,, & 3HAYHT, U K
YMCHBILICHHUIO NAJCHUS HANPSKCHUS I, * R Ha conpoTuBiIcHUU R. COrnacHO BBIPAXKCHUIO Uy = B —
iy * R HanpsIKCHUC Usp

e

Puc. 3.107

TIPY 3TOM BO3PACTET, UTO MPUBEIET K YBEIIMUCHHUIO TOKA 0a3bl is. B KOHEYHOM UTOTE TOK KOJIICKTOPA iy
YMEHBIIIMTCS MCHEE 3HAUMTEIILHO B CPABHEHUH CO CITy4acM, KOrJia TOK 0a3bl He u3mensercs. Ha puc.
3.107, a U3MEHCHHE TOKA KOJUICKTOPA, COOTBETCTBYIOIICE cxeme puc. 3.107, 6; 0603HaueHO Yepe3
Ay,

I'eneparop JIVIH ¢ TOKOCTaOMIM3HPYOLIM ABYXIIOMIOCHUKOM TTpHBeaeH Ha puc. 3.108.

Tlo npuHLIMITY IeHCTBUSI JAHHBIA TeHepaTop aHaIornyeH paHee paccMotperHomy ['JIMH ¢
nHTerpupyromei RC-ienouxoil, HO Tereps BMECTO CONMPOTUBIICHHS Rg MCTIONB3yeTcs



TOKOCTaOMITM3UPYIOUINIA JIBYXTIOJIOCHHUK.

Henocratkom maHHOM CXeMBI SIBIISIETCS TO, YTO TPH TTOAKITIOYEHUH K BBIXOY (T. €. K eMkocTH C)
COMPOTHUBIICHHS HATPY3KH UCKAKAETCS TMHEHHOCTH BBIXOAHOTO HaNpshkeHHs. V30exaTh 3Toro MoxHO,
peammzoBa I JINH Tak, kak nokazano Ha puc. 3.109. Ilo oTHOmEHUIO K BBIXOAY 2 Ha Tpan3uctope T1
MIOCTPOEH SMHUTTEPHBIA IOBTOPUTEITH, OJIaroiapsi 4eMy K 3TOMY BBIXOLY MOYKHO TOJKITFOUHTh
HI3KOOMHYIO Harpys3Ky, He HcKakast popmy BerxomHoro JIMH.
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Paccmorprm I'JIMH ¢ kommencupyromeit OC. Iosicanv mpuamum aeicTeus takoro ['JIMH (puc.
3.110). Komnencupyrouiee Hanpspkenue Uy MOBTOPsiET HapspDKeHUe Ha eMkoctu U, pu
Pa3MbIKaHUU KJIIOYA U 3apsjie EMKOCTH OT UCTOYHUKA U. [10CKOIbKY KOMIICHCHPYIOIICE
HaIpsHKEHUE BKIFOYEHO BCTPEYHO IO OTHOIICHHIO K HAMPSDKEHUIO Ha EMKOCTH, TO HAMPsDKCHHE,
MIPUIIOKEHHOE K COMPOTHUBIICHUIO R, Bce BpeMs MOCTOsSHHO U paBHO U. CnenoBarenbHO, TOK, IPO-
XOJIAILIIMIA Yepe3 COMPOTURIICHHE, a 3HAUMT, M YePEe3 EMKOCTh, TAKXKE MOCTOSIHEH, YTO M 00ecrieunBaeT
JIMHEHHOCTD BBIXOHOI'O HAIIPsOKCHUA.

VxpyrHeHHas ctpykTypHas cxema takoro [ JIMH npuBenena va puc. 3.111. J{ius oToit cxembl
CIIPaBEITUBHI CIEAYIONINE COOTHOIICHUS:



Puc. 3.110

+.—."—‘ o
E R ""‘CE] i

_I] Uey -;L =1 ﬁlj]nsam

Up=E+ Upy— U; Uy =KU,=U,(rx. K=1);"
Ug=iy ' R

Pelasi UX OTHOCUTENBHO ik, TOJTYYUM

. _E+U,.-U.

iy =—=const

R R
C y4eToM TOro, 9TO TOK { B TAKMX CXeMaxX MPEHEOPESIKUMO MaJl, MOKHO 3aITiCaTh
ic = ip= const.
Taxk Kak TOK, IPOXOJIAIINN Yepe3 EMKOCTh, IIOCTOSHEH, TO HAMpshHKEHHE Ha Hel, a 3HAaYNT, U Ha BBIXOJIE
HM3MeHsIeTCs 10 TMHEHHOMY 3aKoHy. I1o okoHuanwn dhopmepoBanus mpsmoro xona JIMH kmrog Ki

3aMbIKaeTcs U HanpspkeHue Uy, YCTaHABIMBACTCS HA HYJICBOM YPOBHE.
[MprHmmmmansHas cxema reaeparopa JIMH npusenena Ha puc. 3.112.

o -Ex

Tz

Puc. 3.112



Ha tpanszucrope T1 peanm3oBaH HACHIIIEHHBIN TPaH3UCTOPHBIN KITIOY, a Ha TpaH3ucTope T2 —
SMUTTEPHBIH TOBTOPHUTENH. B McXoaHOM cocTossHuN eMKocTh G paspspkena: U. = 0, U=0; nuox
OTKPBHIT, a 3Ha4uT U,y = E,. [Ipu nmogade BXOAHOr0 3alMPAOIIEIo HAPSKEHUS (II0JI0KUTEILHOTO)
tpamsuctop T1 3armpaercs, emkocth C HauMHAET 3apspKaThes, a HanpsokeHus U, u U HaunHAIOT
Bo3pacTarh. ClieJoBaTeIbHO, MOTCHIIMAT TOYKH «a» CTAHOBHUTCS MeHbIe —E,, THO0JT 3aKphIBacTCA U
3apsin emrocTr C mporcxomuT 3a cueT paszpsiaa emkoct Cy. Tak kak Ug = U,y + U — U.u U= U, TO
U = U,y .Hanpsixenue U,y U3eHAETCSI HE3HAYUTEIBHO, OITOMY TOK, IPOTEKAIOITHI 110
COnpoTHBIEHHIO R, 1 eMKocTH C, IpaKTHYECKH He U3MEHSETCS, YTO U 00eCcIeunBaeT JTHHEHHOCT
BBIXOJTHOT'O HarpsbkeHust. J[y1st oOecTieueH st TIOCTOSHCTBA TOKa HEOOXOTMMO, YTOOBI 3a BpeMs
(hopMHpPOBaHKS IIPSIMOTO X0Jla HaNpshKeHHe Ha eMKOCTH Co COXPaHsI0Ch IPUMEPHO ITOCTOSHHBIM,
TI03TOMY BeJUIMHY eMKocTé C BEIOHPAFOT KaKk MOYKHO OOJIBIIIeH. B MOMEHT OKOHYaHUSI BXOJTHOTO
3aIMPAIOIIETO HAPSDKEHUS TPAH3UCTOP T1 BXOUT B pE)KUM HACBITICHHS, U eMKOCTh C paspshkaeTcs.
I'JIMH moxxHO peanuzoBath, ucnoiab3ys OV (puc. 3.113, a).

AHanu3 Takol CXeMBI IIPOCT U He TpeOyeT 0COOBIX MOSCHEHHH (B MOMEHT BpeMeHH ¢; Kirrou K
Pa3MBIKACTCsl M OCYILECCTBISETCS NPSIMOH XOJ], 8 B MOMCHT BPEMEHHU ¢, KITH0Y 3aMbIKACTCS, EMKOCTh
C paspskacTcs U Ha BBIXOJIC YCTaHABIMBACTCS HYJICBOC HaNpsbKeHuE). V3 MpUBEICHHBIX
HIDKE BBIPOKEHHH CIIETYeET, YTO eMKOCTh C 3apspkaeTcst IOYTH ITOCTOSHHBIM TOKOM, a 3HAYUT, HalpsDKEHHE
Ha Hell (kak u HatnpspkeHne U, ) N3MEHSAETC 10 JHHEHHOMY 3akoHY (puc.3.113,6).

[Iporekatommii gepe3 pe3ucTop R TOK onpeaensieTcs BeipaxeHueM ir= (E—U,)/R.

Ecmu OV 6mu3ok k uaeansHoMy, (K—o0, U,—0, i —0), T0 ip= E/R = const, u Uy,,= -U.+ Uy, =
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U3 BeIpaxkeHus ig = ic+i_ ¢ yuetom, 4to i = 0, monyunM ig = ic. CienoBarensHo,

H_/j

COBPEMEHHBIE I1OXO/bl K AHAJIN3Y U
«' CUHTE3Y JIEKTPOHHbBIX YCTPOUCTB

JIig co31aHus DIIEKTPOHHOTO YCTPOICTBA, 0071a1aI0MIer0 BEBICOKUMH TEXHHUKO-
9KOHOMHUYCCKHUMHU MTOKA3ATEIIIMHU, MPUXOIUTCS PACCMATPUBATh PA3JIMYHBIC BAPUAHTHI €0
CXEMOTECXHUUCCKOM pean3aii U BBIMOIHATHE MHOXKCECTBO CAMbIX Pa3HOOOPA3HBIX PACUCTOB.
Hampumep, MoxeT moTpedOBaThCs ONPEICICHUE TOKOB M HAMIPSKCHHI CXCMbI, PacUeT aMILIUTY/I-
HO-YaCTOTHOM XapaKTEPUCTUKHU, BEIUMCIICHUE BXOIHOTO COMPOTHUBIICHHUS.

B Hacrosiiiee Bpems HanoOosee 3PPEKTUBHBIM CITOCOOOM IOJYUCHHUS CaMO# pa3HO0Opa3HOi
MHGOPMAITHH, XapaKTCPUIYIOLICH pa3pabaThIBACMOE dIICKTPOHHOE YCTPOUCTBO, SIBISCTCS
MaTeMaTHYECKOE MOJICIIMPOBAHHE.

4.1. BBOJJHBIE CBEJIEHUSI

MO MATEMATUYECKOMY
MOJIEJUPOBAHUIO DJEKTPOHHBIX
YCTPOMCTB

Maremaruieckoe MOJICTUPOBAHHE — 3TO HCIOJB30BAaHHE BMCCTO PECATEHOTO 00BEKTA €T0
MaTeMaTH4eCKOi Mojemnu. B cBoro ouepeib MateMaTnieckasi MOJIEHb 110 CYLICCTBY sIBIISICTCS
KOJIMYECTBEHHBIM OIMUCaHUuEM 00bekTa. CII0BO «MaTeMaTHUYECKas B TCPMUHE «MaTeMaTHUECKas
MOJIEIIbY MOTYEPKUBACT TOT (PAKT, YTO ITO OMUCAHHUE OTJIMYACTCS CTPOTUM MAaTEMaTH4e CKUM
XapaKTepoOM.

JlJ1s1 COBpEMEHHOTO CIIEIMAITUCTA UCKITIOYUTEIBHO BaXKHO 0CO3HATH cieayronui gakr. K
HACTOSIIIEMY BPEMEHHU Pa3BUTHE HAYKH JIOCTUIJIO TAKOT'O YPOBHS M KOJIMUYCCTBEHHOE OMUCAHUE
Pa3/IMYHBbIX O6’I)CKTOB ABJIACTCA HACTOJIBKO TOYHBIM, YTO O4YCHBb MHOT'asi OTCYTCTBYIOIIasa
nH(popmanus 00 00bEKTE MOXKET OBITh MOJyYEHA HA OCHOBE TOJIBKO 3TOTO OMHCAHMS, 03
KCIOJIB30BAHUS CAMOTO 00bEKTA.

B onpeaneneHHOM cMbICic MATEMATHYECKOE MOJCIMPOBAHUE — 3TO YPOBCHb PA3BUTHUS HAYKU B
HacTosiiee Bpemst. Oco0yIo poib MPH MaTeMaTHIECKOM MOJCITUPOBaHNH Urpaetr DBM,
SIBJISIFOIIIASICS] MHCTPYMEHTOM MOJIEIHPOBaHUs. MaTeMaTniecKoe MOACIIMPOBAHHE PAANKAIBHO
MOBbIIIAET 3P (HEKTUBHOCTE TPYAa CIIEIHATNCTA.

Oco0eHHO BaXXHYIO POJIb MATEMAaTHYeCKOe MOJIEIMPOBAHUE UTPAET B DJIEKTPOHUKE. 371ECh



HauboJIee CYIIeCTBEHHBIMU SBJISIOTCS CIEIYIONINe 00CTOATEIhCTRA:

* OOJIBIIIAs CJIOKHOCTH U OO0JIBIIIOE pa3HOOOpa3re IEKTPOHHBIX YCTPOUCTB; TPAIUIIUOHHBIC
METO/IbI aHaITN3a U CHHTE3a U TeM 00Jiee MHTYUTHUBHBIE MTPEJCTABIEHUS O paboTe YCTPOHUCTB
4aCcTO OKa3BIBAOTCS OECIOJIC3HBIMU;

* 0co0oe 3HaYCHHE DIEKTPOHUKH B COBPEMEHHOM MHUPE, KOTOPOE 3aCTaBJIsIeT HAPABIIATh
0oJIbIIINEe YCUIIHSI HA €€ Pa3BUTHE; TAK KaK 3TO Pa3BUTHE BO3ZMOXKHO TOJBKO MPH MOCTOSHHOM
COBEPIIEHCTBOBAHUY MaTEMAaTHYECKOTO MOJIETHPOBAHHUS JIEKTPOHHBIX CXEM, EMY YAEISIETCS
0co0oe BHUMaHUeE U BBIJICISIOTCS 3HAUNTEIbHBIE CHUITBI U CPENICTBA,

* HeoOXOJUMOCTh PE3KOT0 COKPAICHUS CPOKOB Pa3pabOTKU U BHEIPEHUS HOBBIX AJIEKTPOHHBIX
YCTPOMCTB, 4TO HEBO3MOXKHO 0€3 MaTeMaTHYeCKOT0 MOJICTUPOBAHUS; HAIPUMED, B HACTOAIIEE
BpeMs Ha MOJATOTOBKY ONBITHOI'O 00pa3iia 3JIEKTPOHHOI0 YCTPOMCTBAa C MOMEHTA BBIJaUH
TEXHHYECKOTO 3aJIaHUS MOXKET OTBOJAUTHCS 2—3 HeJIemw;

+ CPaBHUTEIHHO XOpOIIas H3y4eHHOCTh PU3UIECKUX MPOIIECCOB, MIPOUCKOIAIINX B
3JIEKTPOHHBIX TIPUOOpaxX U YCTPONCTBAX, U HATMYHE PA3BUTON TEOPUH, UTO SBISIETCS
OaromaTHOW MOYBOH T MAaTEeMaTHUECKOTO MOJISIIMPOBAHUS; ICHOCTD 334l MOJICITUPOBAHUS
ANIEKTPOHHBIX CXEM, ITPO3PAYHOCTH POOIIEMBI ONTHCAHKS YCTPONUCTB NEKTPOHUKH CPEJICTBAMH
MaTeMaTUKH CTUMYJTPYET IPUMEHEHHAE MAaTEMATHUCCKOTO MOZICTAPOBAHKSI.

Maremarudeckoe MOCTUPOBAHHUE IICKTPOHHOM CXEMBI HAUMHACTCS ¢ BBoAa B DBM mHbopMarmm 00
JNEKTPOHHBIX TIPHOOpPAX (MM AJIEMEHTAaX ¥ KOMITOHEHTAX HHTETPATBHBIX CXEM) M CII0CO0e NX
COEJIMHEHHUSL.

[pu BCTIONMB30BaHNY COBPEMEHHBIX CHICTEM CXEMOTEXHUIECKOTO MOJICTIMPOBAHHSL, OCHAIIICHHBIX
CHEIMATEHBIME IIPOrPaMMaMH (TaK Ha3bIBaeMBIMH Ipa(pUiIeCKUMI PEIAKTOPaMH ), BBOJT YKA3aHHOM
WH(pOPMAITIY 00ecTIeurBaeTCs n300pakeHrneM Ha SkpaHe DBM srekTprutieckoi TPHHIMITHATEHON CXEMBI
MOJICITUPYEMOTO YCTPOMCTBA M YKA3aHUEM TUTIOB ICKTPOHHBIX TIPHOOPOB.

Ha puc. 4.1 npuBeneH mpumep dekTpoHHON cxembl (RC-ycunurens Ha OUITOTISIPHOM
TPaH3UCTOPE), TIOJIrOTOBJICHHON

Pric. 4.1

K MOJICJIMPOBAHMIO C MOMOIIBIO MMakeTa nporpamm Micro-Cap-V.

ITo ykazaHHOMY TuUy IprOOpa crucTeMa MOACIMPOBAHHUS 00PaIACTCs K COOTBETCTBYIOILICH
MaTEMAaTHYCCKON MOICIN IPUOOpa ¥ 3aMEHSCT el mpubdop, n300pakeHHbIN Ha cxeMe. Kak yxe
0TMEYAJIOCh NIPU PACCMOTPCHUU OTACIBHBIX MPUOOPOB, MATEMAaTHYECKAss MOJICIb MpUOOpa — ATO
COBOKYITHOCTb €r'0 9KBUBAJICHTHON CXEMbI U MATCMATUUYCCKUX BBIPAXKCHUMN, OMUCHIBAIOILINX
3IEMEHThI SKBUBAJICHTHOM cXeMbl. [1ociie 3aMeHbI KaI0ro prOopa ero SKBUBAJICHTHON .CXEMOH
o0pazyeTcs MaTeMaTHIecKas MOZEITh BCETO IIEKTPOHHOTO YCTPOHCTBA, T. €. COBOKYITHOCTh
SKBHUBAJIEHTHON CXEMbI YCTPOMUCTBA U MATEMATUYECKUX BBIPKEHUM, OMUCHIBAIOIIUX AIEMEHTHI ATON
SKBHBAJIEHTHOU CXEMBIL.



JloctaTouHsIe JUIs IEPBOr0 03HAKOMIICHUS ITPECTaBICHUS 00 HCII0JIb3YIOLINXCS
MaTeMaTHYEeCKUX MOJIEINAX MPUOOPOB AT PACCMOTPEHHBIC BBIIIE MOJICTH AUOJIOB U
TPaH3HCTOPOB.

4.2. OCOBEHHOCTU MATEMATHNYECKOI'O
MOAEJIMPOBAHUMA PA3JIMYHBIX PEXXUMOB PABOTbBI
OJIEKTPOHHBIX YCTPOUCTB

CoBpemennsie mporpamMmmubie cructeMbl (Micro-Cap, Design Center 6.2 u zip.) TO3BOJISIIOT
aBTOMaTH3MPOBAHHO MOJIEIMPOBATEH MPAKTUUYECKU BCE PEKUMBI pabOTHI JIEKTPOHHOTO YCTPOICTBa,
MIPEJICTABIISIONINE HHTEPEC /IS CTICIIUAIHCTA.

PaccmoTpuM 0COOEHHOCTH MOJIETUPOBAHMS PA3IMYHBIX PEKUMOB, UCIIONB3YS UX
HaMMEHOBaHMUS, XapaKTepHbIE I MATEMaTHIECKOTO MOICINPOBAHNUA.

Pesicum nocmosiHno2o moka. IT0 PeKUM MOKOS, HAYaATBHBIA PSKUM Pa0OTHI JIICKTPOHHON CXEMBI.
IIpu MoaenupOBaHUU 3TOTO PEKUMA IPEAIONIATACTCs, YTO K AJICKTPOHHOMY YCTPOHCTBY YKE
JIOCTaTOYHO JOJITO MOAKIIOYEHBI TOJBKO HCTOYHUKH MOCTOSTHHOTO HaNpsKEHUS U TOKa.

MopenupoBaHie paccCMaTpUBaEMOTro peXXMMa OCHOBAHO Ha MCIONIb30BaHNUU MeToia HeroToHa
(Herorona—Padcona) yist pemeHns CUCTeM HENMHEHHBIX YPaBHEHUN WM MOTU(UKAITHA
JAHHOTO METOJIa. DTOT METOJI SIBJISETCS UTEPALIMOHHBIM. XapaKTEPHOU ero 0COOCHHOCTHIO
SIBJIIETCS JIMHEAPU3aIUsl CUCTEMbl HEJIMHEMHBIX YPAaBHEHHUM HA KA)KIOM 3TaIl€ BBIYMCICHUS
odepeHON uTepauu (MIpUOIMKEHUS K PEIISHUIO).

BaxHO OTMETHUTB, YTO B CUCTEMAX CXEMOTEXHUYECKOTO MOJACTUPOBAHUS 3TOT METOT
pearn30oBaH HE B KIIACCHUECKOH GopMe, paccMaTpuBaeMon B Pa3auYHBIX PYKOBOJICTBAX 1O
BBIYUCIIUTENILHBIM METOJIAM, 2 B OPUTHHAILHON CXEMOTEXHUYIECKOH (hopMme, OTIINYaromiercs
JIOTUYECKOM KpacoTOM, COBEPIIEHCTBOM U OPUEHTUPOBAHHON HMEHHO Ha MOJICIUPOBaHUE
3NIEKTPOHHBIX cxeM. MoJienupytoiias mporpamma, GakTHYECKH pellias CHCTEMY HEIMHEHHBIX
YPaBHCHUH, OMUCHIBAIOLIYIO JICKTPOHHOE YCTPOUCTBO, HEe (POPMUPYET 3Ty cucteMy. Bmecto atoro
IIpY BBIYMCIICHUU OUEPEIHON UTEPALUU KAXKAbIM HEJIMHECUHBIN 311EMEHT 3KBUBAJICHTHOU CXEMBbI
3JICKTPOHHOT'O YCTPONCTBA 3aMEHAETCS IMHEHMHON TaK Ha3bIBAEMOW TUCKPETHON MOJEIBIO,
cooTBeTCTBYIONICH MeToay HeroToHa. B pe3ynbraTe oOpasyercs JMHEHHAs cXxeMa, aHalIn3 KOTOPO
Y IPUBOAUT K ONPE/ICIICHUIO OUePETHON UTEpalllH.

Jmst momydeHHON MMHEHHON CXEeMBI MOJISIIUPYIOIIast Tporpamma GOpPMHUPYET CUCTEMY JIMHEHHBIX
Y3JI0BBIX YPaBHEHHUH, B KOTOPOI HEU3BECTHBIMH SIBISIOTCS Y3IIOBBIE HATPSHKCHUS (MTOTSHITHAIIBI).
3areM 3Ta mporpamma pemraet NoAyIeHHYI0 CUCTEMY JIMHEHHBIX anreOpandecKiux ypaBHEHUH,
ucnonb3ys LU-dakropuzanuro. LU-pakTopuzaiius BEIMONHSIETCS HA OCHOBE METO/1a HCKITFOUCHHS
T'aycca nnst pereHnst CHCTEMBI JIMHEWHBIX areOpandecKux YpaBHEHHH WK 10 anroputMmy Kpa-yra,
KOTOPBIH 10 CYIIECTBY SBIsIETCS MOJU(HUKAIMEH MeTo1a HCKiroueHus ['aycca. CoBpeMeHHBIE
MOJENHUPYIOIIHE MPOTPaMMBbl YIUTHIBAIOT Pa3peKeHHOCTh MATPUILIBI CUCTEMBI Y3JIOBBIX YPAaBHEHHM.
DTO 3HAYUTENHHO COKPAIAET 3aTPAaThl MAITMHHOTO BPEMEHH U naMsaTH. [1o 3aBepuieHnn
peIIeHHs] CUCTEMBI Y3IIOBBIX YPABHEHUN OTIPEIENIIOTCS BCE OCTAIBHBIC HCKOMBIE TOKU™ H
HaIpPSHKCHUS CXCMBL.

TTocne BRIUMCIICHUS HEKOTOPOTO KOJIWUECTBA UTEpANil (HAaIpuMep, HECKOIBKUX JCCATKOB)
onpeaeiseTcs pelieHue, T. €. HAXOAUTCA YCTAaHOBUBILMICS PEKUM CXEMBI.

Ha puc. 4.2 npuseaen rpaduk 3asucumocty HanpsokeHust VCE(QI) Mexly KOJUIEKTOpOM U
3MUTTEPOM TPAH3UCTOPA OT HanpspKeHus nutanust V(V2) st cxemsl puc. 4.1,

OTOT rpaduK NOJyUYCH NPU aHAIHU3E PEKUMA MOCTOSHHOTO TOKA B PE3YJIbTaTC MHOTOKPATHOT'O
pacyeTa yCTaHOBUBILEIOCS PEXUMA.

Ha puc. 4.3 noka3aHo COOTBETCTBYIOIICE OKHO JJis 33IaHUS HapaMETPOB MOJCIUPOBAHUS.

Junamuyeckuit pexrcum. ITUM TSPMUHOM 0003HAYAIOT PEIKUM PAOOTHI AICKTPOHHOIO
YCTPOICTBA, NP KOTOPOM MOT'YT UMETh MECTO pa3iIMYHbIC IEpEXOoAHbIe Iponecchl. [1o cymecTBy
JTUHAMUYECKUHN PEKUM — 3TO PEaTbHBIA PEXXUM PaboThI
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Puc. 4.3

3JICKTPOHHOM CXEMBI BO BCEM €r0 MHOT000Pa3nH, pa3BUBAIOLIUiCS BO BpeMeHU. [Ipu
MOJCIHPOBAHUY TMHAMUYECKOTO PEKUMA YUUTHIBACTCS BO3ICHCTBIE HA CXEMY CaMbIX Pa3HO00-
Pa3HbIX UCTOYHUKOB CUTHAJIOB.

MoaenupoBaHue TMHAMHUYECKOTO PEKUMA OCHOBAHO HA MCIIOJIB30BAHUU HESBHBIX METO/IOB
PEIICHUS CUCTEM OOBIKHOBCHHBIX UM B EPECHIMATBLHBIX YpaBHEHUH. OOBIYHO UCIIONB3YIOTCS
MeTo el ['upa (hopmynsl auddepeHMpoBanus Ha3an).

B cucreMax cXeMOTEXHUYECKOT0 MOJICITUPOBAHUS YKa3aHHBIC METO/Ibl TAKXKE PCaTU30BaHbI HE
B KJJACCHYECKOM, a B CICIU(UUECKON CXEMOTEXHHUECKOU (hopMe, B HAUBBICIIEH CTEIIEHH
COOTBETCTBYIOIIEH 3a1aue MOJEITMPOBAHUS ITEPEXOIHBIX POIIECCOB B DIEKTPOHHBIX CXEMaX.
CurcreMa MOJICTMPOBAHHUS BBIIONHSET YACIIEHHBIH pacueT epeX0HbIX MPOIeccoB Oe3



(hopMHpOBaHMS COOTBETCTBYIOIIEH CUCTEMBI OOBIKHOBEHHBIX JU(HEPeHINMATLHBIX YPaBHEHUH.
st omrpeiesieHus TOKOB U HANIPSDKEHUH CXEMBI B HEKOTOPBIN CIIEIYIONICH MOMEHT BPEMEHH BCE
pEaKTHBHBIC dJIEMEHTHI (KOHJICHCATOPHI U KATYIIIKU WHIYKTUBHOCTH) 3aMEHSIOTCS UCKPETHBIMHU
MOJIEIISIMA, COOTBETCTBYOIIUMH HCIIOIh3YeMOMY HEIBHOMY MeTOy. B pe3ynmsrate oOpasyercs
cxema 0e3 peaKTUBHBIX 3JIEMEHTOB, aHAJIU3 KOTOPOU U MPUBOAMT K ONMPEACIICHUIO0 YKa3aHHBIX TO-
KOB M HaIpsDKeHUH. MHOTOKpAaTHOE ITOBTOPEHHUE ONMMCAHHBIX ICHCTBUN U 00ECIIEYNBACT aHAIH?3
JTUHAMAYECKOTO PEKMMa B TEUCHHE IOCTATOYHO JUTUTEIHLHOTO OTPe3Ka BPEMEHH.

Ha puc. 4.4 npuBeneHbI BpeMeHHbIE TUarpaMMbl HapspkeHni Ha Bxoze (V(7)) u BeIxoje
(V(5)) cxembl, TOIydeHHEIE TIPY aHAIN3e JHHAMHYCCKOTO PeXHMa.

Ha puc. 4.5 mokazaHo coOoTBETCTBYIOIIEE OKHO IS 33 [aHMsl TapaMeTPOB MOJIEIINPOBAHHUS.

Peorcum nepemennoeo moxa. ITo yCTAaHOBUBIIHUICS PEXKUM paOOTHI CXEMBI IIPH
BO3JICHCTBUY Ha Hee CHHYCOUIAJTLHOTO BXOAHOIO CUTHAIA HACTOIBKO MaJIOH aMIUTHTY/IbI,
YTO HEJH-
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HEHHOCTHU XapaKTEePUCTHK JIEKTPOHHBIX MPHUOOPOB HE MPOSIBISAIOTCS U CXeMa MOXKET
aHAJIM3UPOBATHCS KaK JTUHEHHas. B paccmMaTpuBaeMoM pexxuMe ONpeIeNaioT pa3InyHbIe
YaCTOTHBIE XapaKTEPUCTHUKH JIEKTPOHHBIX CXeM, Haubosee ynoTpeOUTENbHBIMU U3 KOTOPHIX
SIBISTIOTCS] aMIUTHTYHO-9aCTOTHAS U (Da309acTOTHAS XapaKTEPUCTHUKH.

MopenupoBaHue pexXxuMa MEPEeMEHHOT0 TOKa OCHOBAHO Ha MCIOJIb30BaHUH KOMITJIEKCHOTO
(CMMBOIMYECKOT0) METO/Ia aHATTN3a IIEKTPOHHBIX cxeM. [Ipu aTom mist KaXkaoi 9acTOThI
BXOJIHOTO CHTHaja (pOPMUPYETCS CHCTeMa JTMHEHHBIX alreOpandecKux ypaBHEHUH,
OTIMCHIBAIOIIAS PACCMATPUBAEMBIA PEXUM U UMEOIIAasi KOMILIEKCHYIO MaTPHILY
KO3(h(PUIIMEHTOB U KOMIUIEKCHBIN CTOJIOCI] MPaBhIX YacTel. Perenne 3To cucTeMbl TT03BOJISIET
OTIPEJIENTh MIEPEMEHHBIE COCTABIAIONINE TOKOB M HAIPSIKEHUI U 3HAYEHHUSI COOTBETCTBYIOIINX
mapaMeTpoB cXeMbl. [Ipu 3TOM HCIONB3YIOT T€ Ke YKa3aHHBIE BBIIIE METOJIBI PEIICHUS
CUCTEM JIMHEHHBIX alreOpandecKuX YpaBHEHHUH, KOTOPhIC IPUMEHSIOTCS IIPH aHATH3e
peknMa MOCTOSHHOTO TOKa (711 KOTOPOTO XapaKTepHO MPUMEHEHNE BEIIECTBEHHBIX MaTPHII
K03((DHUIIMEHTOB M CTOJIOIOB IPaBhIX YacTei). IloBTOpeHrne TaKuX BBIYUCICHUN IIPH
Pa3IUYHBIX YACTOTaX 00ECIICYMBACT aHAINU3 PACCMATPUBAEMOT0 PEXXKUMa B TpeOyeMoM
JMana3zoHe 4acToT.

Ha puc. 4.6 nmpuBecHBI aMIUTMTYTHO-9aCTOTHAS U ()a30-9aCTOTHAS XapaKTEPUCTUKU CXEMBI
puc. 4.1, noy4eHHBIE IPU aHATU3E PEKUMA IEPEMEHHOTO TOKA.

Ha puc. 4.7 mokazaHO COOTBETCTBYIOIIEE OKHO ISl 33IaHUS TapaMETPOB MOACIUPOBAHHS.

F
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4.3. YPOBEHb COBPEMEHHBIX CUCTEM
MATEMATHUYECKOI'O MOJIEJIMPOBAHW
SJIEKTPOHHBIX YCTPOUCTB

CucTeMbl MaTEMaTHYECKOTO MOJICIIUPOBAHUS YCTPOHUCTB AIEKTPOHUKH HA MPOTSHKCHUH
JUTMTEIILHOTO BPEMEHU TTOCTOSIHHO PAa3BUBAKOTCS M COBEPIICHCTBYIOTCS. Y KAXKEM XapaKTCPHBIC
BO3MOXHOCTH COBPEMCHHBIX CUCTEM MOJICIUPOBAHUS.

Mooenuposarue cmenianibIX GHATOZ0-UUPPOBLIX ycmpoticing. DIICKTPOHHAS CXEMa, TTOIICKAIIAs
MOJICIIMPOBAHMIO, MOXET COCTOSITh KaK M3 aHAJIOIOBbBIX, TaK U L[U(POBLIX yCTPOKUCTB. BaxHo
OTMETHTb, YTO JOMYCKAETCsI UCIOIb30BaHue 00paTHbIX cBsizei. L{udposkie ycTporicTBa
MOJENIUPYIOTCS Ha JIOTHUEeCKOM ypoBHE. CHCTeMa MOJIETHPOBAaHUS B aBTOMAaTHYECKOM PEXKIME
oOecreunBacT B3aMMOJICHCTBUE aHAIOTOBEIX U IIU(PPOBEIX YCTPOUCTB, IIO3TOMY MaTeMaTHICCKas
MOJIEJTh BCETO aHAJIOTO-IIU(POBOTO YCTPOHCTBA AIEKTPOHUKH (PYHKITMOHUPYET KaK €MHOE
1enoe, aIeKBaTHO OTpakas 0COOCHHOCTH PabOThI PEATbHOTO YCTPOUCTRA.

Ha puc. 4.8 npuBeicH mpuMep aHAIOTO-IIU(DPOBOI CXEMBI, ITOJITOTOBICHHON K
MOJICTUPOBAHUIO C MOMOTIIBI0 TTakeTa Micro-Cap V. B 3Toli cxemMe KpoMe aHaJTOTOBBIX
3JIEMEHTOB UcToib3yeTcsa JK-tpurrep.

Cmamucmuyueckutl ananus. J{7s OLlEHKY BIUSHUSA U3MEHEHUS TapaMeTPOB DJIEMEHTOB
3JIEKTPOHHOM CXeMBbI (B paMKax WX 3aJaHHBIX JIOMYCKOB) HAa PEXKKUM €€ PadOThI, OMIPEICIICHNE
YYBCTBUTEIILHOCTH PEXUMa paOdOThI CXEMbI K U3MEHEHHIO ITapaMEeTPOB 3JIEMEHTOB CHCTEMA
MOJICJIMPOBAHMS BBITIOJIHSACT MHOTOKPATHBIN aHAIN3 CXEMbI, CIIYYaiiHBIM 00pa3oM U3MCHSS
TpeOyeMbie TapaMeTphl 2IeMEHTOB. [Ipr 3TOM U3MEHEHHS BBITIOTHSIIOTCS B COOTBETCTBHU C
KOHKPCTHBIMU 3aKOHAMU PACTIPCACICHUSA.

Cnexmpanvnuiti ananu3. CUTHaNbL, OJTY4YCHHBIC IPH MOJCIUPOBAHUU, MOKHO MOJBCPTHYTh
CIIEKTPAIILHOMY aHAIIN3Y, pasnaras B yceueHHbIH pan Pypse. Moryt yuntsiBatbcst 60iee COTHH
TapMOHUK.

Ananuz uymos. Ilpu MoenMpoBaHUH MTPEAYCMOTPCHO 3a/IaHHC IITYMOBBIX TTaPaMETPOB
3JICMCHTOB JICKTPOHHBIX CXCM.



Puc. 4.8

Hcmonp30BaHMe 3TUX MAPaAMETPOB JTACT BO3MOXHOCTE OIICHUBAThH ITyMOBBIE CBOHCTBA
3JIEKTPOHHBIX YCTPOMCTB.

Hcnonvzosanue pynxyuonanvrvix 610xos. OTIEIBHBIC Y376l 3JICKTPOHHOTO YCTPOUCTBA MOTYT
MOJICTTUPOBATHCS KaK (PYHKIIMOHAJIbHBIC OJIOKH, OTIMCHIBACMBIC TIEPECIATOYHBIMHU () YHKITUAMH.
HenwuHueiinpie mepeaaTouHbie PYHKIIMM MOTYT 33/1aBaThC KaK aHAIMTHYCCKH, TaK U B
TabumaHOM Gopme.

Hapamempuueckuti cunmes (napamempuyeckas onmumuzayus). J{s KOHKPETHON CXeMBI
3JIEKTPOHHOTO YCTPOWMCTBA MIPOTPaMMHAas CHCTEMa MOYKET OCYIIECTBUThH TTOUCK HAMITYUIIIETO
COOTHOIIICHHUSI MMAPAMETPOB JICMCHTOB CXEMbI B COOTBCTCTBUH C 3aJaHHOM IICIICBOM (DYHKIIHCH.
ITapamerpuyecknii CHHTE3 MO3BOJISET CO3AaBATh YCTPOHUCTBA AICKTPOHUKH, 0013 Jat0IIHe
HAWBBICIINMHU TEXHUKO-I)KOHOMHYCCKUMH TTOKA3aTEIISIMHU.

Cmpyxmypnotii cunmes. CXeMbl JIEKTPOHHBIX YCTPOMCTB OTACIbHBIX KIACCOB (B YaCTHOCTH,
aKTUBHBIX (PUIIBTPOB) MOTYT CO3/1aBaThCs B AaBTOMATU3UPOBAHHOM PEXHUME B COOTBETCTBUU C
3aJaHHBIMH TPCOOBAHUSAMH.

Coz0anue mamemamuyeckux mooeneii 3nemermos. CUCTEMBI MOICTTHPOBAHUS KOMIUTICKTYIOTCS
IporpaMMaMH, 0OECIICUUBAIOIIIMH MTOJTYYSHHE B aBTOMATH3UPOBAHHOM PEKUME MaTEMATHUCCKUX
MOJIeTIEl 3TIEMEHTOB AIIEKTPOHHEIX cXeM. [1pr 3TOM HUCIONTB3YI0TCS CITPaBOYHEIC TAHHBIE,
XapaKTePU3YIOIIUE 3TH DJIEMEHTHI.

Ha puc. 4.9 mpuBenen npuMep rpaduka 3aBUCUMOCTH K03 (HUIMEeHTa b TpaH3UCTOpa OT TOKa
KOJIJIEKTOPa, KOTOPBIA CTPOUTCS MO TOYKAM, 33J]aBAEMBIM IT0Ih30BATEIIEM Ha OCHOBE CITPABOYHBIX
JTaHHBIX.

Ilpoexmuposanue neuamusix naam. B mocnennee BpeMs MOSBUIUCH TPOTPAMMHBIE CHCTEMBI
(Design Center 6.2, Design Lab 8.0), o0ecrieunBaroiiie, KpoMe MOICTUPOBAHUS
3JIEKTPOMArHUTHBIX MPOIECCOB, TAKKE U MPOCKTUPOBAHUE MIEUATHBIX TUIAT JISKTPOHHBIX
YCTpOUCTB. PaHee A1t 5TOTO MPOSKTUPOBAHUS MCITOIB30BATINCH CTICIIHATU3UPOBAHHBIC
nmporpaMmsbl pa3pabotku neuatHeix mwiat (P-CAD, OrCAD), koTopbie HE OCYIICCTBIISIH
MOJICTTUPOBAHUS 3TUX MPoLecCOB. Takum 00pa3om, B HACTOSIIEE BPEMS B PACTIOPSIKCHHUH Pa3-
paboTYMKA UMEIOTCSI CHCTEMbI CKBO3HOTO MPOCKTUPOBAHMS, 00CCIICUMBAIOIINE BHITOJIHCHUE BCEX
OCHOBHBIX ATaNoB pa3pabOTKN YCTPONUCTB IICKTPOHUKH.
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4.4. BIMSITHUE PA3BBUTUSA
MATEMATHYECKOI'O MOJAEJIMPOBAHUSA
HA XAPAKTEP TPYJIA PASPABOTYUKA
JIEKTPOHHBIX YCTPOMCTB

J1y1st IpOyKTUBHOM pabOThI IO CO3JaHUI0 YCTPOUCTB AJICKTPOHUKH BAXKHO OCO3HATH, YTO
JIOCTH)KCHHS MAaTEeMaTH4YE€CKOI'0 MOJEIUPOBAHUS 3JIEKTPOHHBIX CXEM B OYEHBb CHIJIBHOM CTETICHH
U3MCHUITU XapakTep paboThl COBPEMEHHOTO crienuanucta. Temneps 3pPeKTUBHOCTD €ro
JESATEIBHOCTH HEMOCPEACTBCHHO 3aBUCHUT OT YPOBHS MOJITOTOBKH B 00JIACTH MOJICITUPOBAHMSL.
V3Ke MOKHO YTBEpKJaTh, UYTO O€3 OBJIaZCHUA OCHOBAMH MAaTEMaTHYECKOI0 MOICTUPOBAHUS
MIPAaKTUYECKH HENb3s HAJeAThCA Ha MOIYYeHHUE PE3YyIbTaTOB, COCTABIISIOMNX KOHKYPEHIIUIO
pe3yapTaTaM paboThl T€X CINEUATUCTOB, KOTOPbIE XOPOIIO OCBOMIN MOJIETHPOBAHHE.

B 10 5ke BpeMs BayKHO paCCMOTPETh BOIIPOC O TOM, UTO MOXKET JIaTh MaTEeMaTHICCKOE
MOJICTTUPOBAHUE U YETO OHO, IO KpaHEH Mepe B HACTOSAIICE BPEMS, 1aTh HE MOXKET.

MaremaTiu4eckoe MOIETUPOBaHNE OepeT Ha ce0s MHOTHE TTPEeKHIE 00SI3aHHOCTH pa3padoTdnka
3JICKTPOHHBIX CXEM, HO MPH 3TOM BO3JIaracT Ha HETO HOBBIC 00S3aHHOCTH, YTO MOXKHO CUHTATh
BITOJTHE CITPaBEAJIMBOM TUIATOH 3a HOBBIE, HCKITFOUUTEIIHHO MOJIE3HBIC BO3MOKHOCTH.

CymecTByeT 3a0J1yXJIeHHE, B COOTBETCTBUHU C KOTOPBIM HCIIOJIb30BAHHE MATEMATHIECKOTO
MOJICTTUPOBAHUS OCBOOOXKIaET OT HEOOXOAUMOCTH TITYOOKO M3y4aTh OCOOCHHOCTH ITOCTPOCHHS
KOHKPCTHBIX 3JICKTPOHHBIX CXCM, a4 TAKXXC NMPOUCXOAAIINX B HUX MMPOLUCCCOB. BO3MO)KHO, 3TO
3201y JICHUE BOSHUKIIO ITOTOMY, YTO MATEMaTHUYESCKOEC MOJICIIMPOBAHUEC B BBICIICH CTCICHH
MOJIC3HO JIA YACHCHUS CaMbIX CJIOXKHBIX BOIIPOCOB, BOSHUKAIOIIUX ITPHU U3YYCHHH DJICKTPOHHBIX
CXEM, U MTO3TOMY BO MHOTHX CITydasix ObICTPO KOMIICHCUPYET MPOOEIbl B HAYAIBHOM MOATOTOBKE.
Ho 310 He ompasbiBacT 3a01yK/IeHUE, & TOBOPUT TOJBKO O TOM, UTO MATEMaTHUCCKOC
MOJICTTUPOBAHUE CJICIYET UCIIONB30BATh BCE 00JIee MIMPOKO U HA BCe O0JIee paHHUX 3Tarnax
M3YYCHHUS DJICKTPOHHUKH. YTO ke KacaeTcs CaMUX 3HAHUUM B 00J1aCTH 3JICKTPOHUKHU, TO OHU
0e3yCIIOBHO HEOOXOIMMBI JIJIS IIJI0I0TBOPHOM PaOOTHI C UCIIONB30BAHUEM ITAKETOB
CXCMOTCXHHUYCCKOIO MOACIMPOBaHUA.

CoBpeMEHHBII ATal MATEMAaTHYECKOT0 MOJICIIMPOBAHUS XapaKTEPEH TEM, YTO MPAKTUUYCCKU
BCE KJIIOUEBBIC PEIICHHUS MPH CO3AaHUU SJICKTPOHHOM CXEMBbI TPUHUMAET Pa3paboTUrK, a He
cuctema MoaenupoBanus. [loaToMy HeJJOTIOHMMaHKE Te€X WM WHBIX 0COOCHHOCTEH DIIEKTPOHHON
CXEMbI IPUBOIUT K BBI60py HCONITUMAJIIBHBIX BAPUAHTOB CXCMEI, 3HAUYEeHUN napaMeTpoB
3JIEMEHTOB, a TaKXKe peXUMOB paboThl. [Ipu 3TOM CyIecTByeT OnacHOCTh, YTO MOJACITUPOBAHUE HE



BBISIBUT BCE XapaKTepHBIC PEXKUMbI PA0OTHI CXEMBI, B TOM YHCJIE U ONACHBIE, TAK KaK MMEHHO
pa3paboTUHK ONpeAelseT HadaabHbIe YCIOBUSA MoenpoBaHus. Hy)KHO 0CO3HATh, YTO OCHOBHAS
GyHKIHS MOJETUPYIONIEH MPOrpaMMbl COCTOUT B MOJYYEHUH YUCICHHBIX 3HAYCHUH TEX WITU
HWHBIX MEPEMEHHBIX, OMPEIEISIEMBIX IO TOCTATOYHO KECTKUM aIropuT™MaM. MojienupoBaHue He
CHUMAET C pa3padoTUrKa 005S3aHHOCTH KaYeCTBEHHOW WHTEIIEKTYaTbHOU OIIEHKH U CAMOW CXEMBI,
U MIPOUCXOSIINX B HEH MPOIIECCOB.

Ha pazpaboTtunke JIeXXUT BCSI OTBETCTBEHHOCTH 32 OKOHYATEIHHBIN BEIOOP KOHKPETHOM CXEMBI
JlaXke B cIydae aBTOMAaTU3UPOBAHHOI'O CTPYKTYPHOT'O CHHTE3a TUIIOBBIX YCTPOMCTB. OH JOJIKEH
WA HETIOCPEACTBEHHO YCTAaHABIMBATh, UM U3MEHATH MapaMeTPhl JIEMEHTOB CXEMBI, HITH
OTIPEJIENATH 1eeBYI0 (DYHKIIMIO JUIA TapaMeTPUIEeCKOTO CHHTE3a. Y CIIENTHO PelIaTh ATH 3a]a4n
MOXHO TOJIEKO IPU TTyOOKOM MOHUMaHUH paboThl ycTpoiicTBa. HeoOXomuMbIM sSBIIIETCS
3HAaHHE OCHOBHBIX KOJIMYECTBEHHBIX COOTHONIEHUH, XapaKTEPUIYIOIIUX HIEKTPOHHYIO CXEMY U
SIBJISTFOIIIUXCSL OCHOBOM JJTs1 BRIOOpA HadYaIbHBIX 3HAYCHUH IMapaMeTPOB 3JIEMEHTOB, a TaKKe
HAIpaBJIeHUs U CTEIeHH N3MEHEHHUS dTHX [MapaMeTPOB.

IIpuctymnas k MaTeMaTHIECKOMY MOJICTHPOBAHUIO, CICYET YSICHUTH, YTO HEOOXOTUMBIM
YCJIOBUEM JIJIS MOJYYCHUS TOJIOKHUTEIBHBIX PE3YIbTATOB SABIISAIOTCS 3HAHHS B 00J1aCTH
MaTeMaTHYEeCKUX MOJeNIei 3JIeMEHTOB U METOJI0OB BRIUMCICHUH, pealu30BaHHBIX B
MOJICTUPYIOIIKNX Mporpammax. BaxHo ¢ camoro Hauasna NOHSTh, YTO PE3YIbTaThl MOACIUPOBAHUS
HEKOTOPOH 3JIEKTPOHHON CXEMBI OIIPEICIIAIOTCS HE TOJBKO €€ XapaKTePHBIMH 0COOCHHOCTSIMHY, HO
1 0COOCHHOCTSIMH HCIIOJIb3YEMBIX MAaTEMATHIECKUX MOJIETIEH U alrOPUTMOB. 311eCh OYAEeT KCTaTH
BCIIOMHUTH TOT (DAKT, UTO M MPHU PKCIICPUMEHTATLHOM HCCIICIOBAaHUH PEATbHBIX ICKTPOHHBIX
YCTPOHCTB Pe3yIbTAThI 3aBUCAT U OT OCOOCHHOCTEH OpTaHU3aIlH SKCIICPUMEHTA, U OT MapaMeTPOB
HU3MEPUTETHHBIX MPHOOPoB. TOUHO Tak ke, Kak HeMpaBUIbHAs HACTPOMKA IKCTIEPUMEHTAITb HON
YCTaHOBKY Y UCIOIH30BAHIE HE COOTBETCTBYIONIUX IETH SKCIICPUMEHTA UCITBITYEMBIX 00pa3IoB U
IpUOOPOB SABJISFOTCS MPUYUHAMYU ONIMOOYHBIX IKCIIEPUMEHTAIILHBIX PE3YJIBTATOB, HEITPABHIILHBIC
MPUMEHEHUE MaTEMaTUYECKUX MO/Ieel, HACTPOMKa U UCTIOIb30BaHUE BBIUUCIUTEIBHBIX
ITOPUTMOB TIPUBOJAT K IMOJTYIEHHUIO OIMMUOOTHBIX PE3YIBTATOB MOJICTHUPOBAHUS.

KoHeuHo, HEKOTOpPBIE TIOJB30BATENIH MPEANOYIN OBl TE MPOTrPaMMHBIEC CPEACTBA, KOTOPHIC
BOOOII[e HE TPESOYIOT 3HAHUS UCIIOJIB3YIOMIUXCS B HUX MOJICICH U METOI0B MOJICTUPOBAHUSIL.
OnHaKo TaKMX MPOTPAMMHBIX CPEACTB HE CYIIECTBYET M OHU BPAJ JIU MOSABATCS.

XapakTepHOM 4EPTOM NPEKHUX MOAXOA0B K AaHATU3Y U NPOCKTUPOBAHUIO 3JICKTPOHHBIX
CXCM ABJIACTCA TO, UTO JJId KAXKAO0I0 OTACIBHOI'O KjlaCcCa 3JICKTPOHHBLIX CXCM (yCI/IJ'll/lTeJ'll/l,
CTaOWIIM3aTOPBI U T. JI.) UCTIOJIB3YIOTCS CHCIUAIU3UPOBAHHBIC IPUEMbI U METObI. DTH IPUCMbI U
METOJIBI, KaK TIPaBUIIO, JIOTHUCCKU c1a00 cBs3aHbl. [loaTOMY c1abo CBA3aHBI U pa3IMIHBIC
pazzensl PyKOBOACTB M0 PACUETY 3ICKTPOHHBIX CXEM.

CoBpeMeHHBIE MTOIXOBI K MATEMATHIECKOMY MOJICTUPOBAHUIO JIEKTPOHHBIX CXEM XapaKTEPHBI
UCTIOTE30BaHUEM JOCTATOYHO MAJIOTO YK CIIa YHUBEPCATBHBIX 3()(PEKTUBHBIX METOIOB, OCHOBAHHBIX
Ha TIOCJIETHUX JOCTIKEHUSIX TTPUKIIATHON MaTEMATHKH U DIICKTPOHUKA. DTH METOBI TIO3BOJISIFOT
BBITIOTHSTH aHAIM3 U PacueT pPa3UYHbIX AIEKTPOHHBIX CXeM €UHO00pPa3HO, ¢ UCTIOIB30BaHUEM
€IMHBIX UCXOHBIX MOo3uitui. Ho maHHBIC METOBI, OTINYAOIIHUECS TIIYONMHON peaTu3yeMBbIX HICH,
JIOCTaTOYHO CJIOXKHBI. VX ycBOeHHE TpeOyeT riIyOOKoH BCECTOPOHHEH MIPOopabOTKH.
HpeI[CTaBJI}IeTC}I BO3MOXXHBIM IIPOBCCTHU aHAJIOTHUIO MCXKAY MEPEXO0A0M K COBPEMECHHBIM METOAaM
MOJICITUPOBAHUSI U TIEPEXOJIOM K IIIMPOKOMY HCIIONIL30BAHUIO AU EPEHIINATBHOTO UCYUCIICHNUS,
CACIIAaBIIMM HCHYXXHBIMH MHOTHUC MPCKHUC ITPUCMBI U CHOCO6I)I PCIICHUA KOHKPCTHBIX YaCTHBIX
33724 MaTeMaTUKHU.

O1HaKO JIOTOJHUTEIbHBIC 00I3aHHOCTH Pa3pabOTUMKaA AICKTPOHHBIX CXEM O BBIOOPY,
CO3JIaHUIO U KOPPEKTUPOBKE MATEMATHUECKUX MOAEINICH, HACTPOMKE MOJCIUPYIOLLHUX NPOrpamMM U
KOHTPOJIIO 32 UX PabOTOM MHOTOKPATHO KOMIICHCUPYIOTCS BO3MOKHOCTSIMHU OBICTPO U C BBICOKOH
TOYHOCTHIO BBITIOIHATH CAMbIE CJIOKHBIC PacUeThl, A0COIFOTHO HEBO3MOXHBIE ITPU MCTIOIB30BAHUH
MPEXKHUX MOAXO0A0B. MaTeMaTHYeCKOE MOACIMPOBAHKE OCBOO0XKAACT OT PYTUHHOM pabOThI U
paluKanbHO YBEIMYMBACT BO3MOKHOCTH J1JI1 TROPUECTBA B ANICKTPOHHUKE.
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