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IIPEJMCIIOBUE

B HacTosmee BpeMs 3/eMeHTHYIO 6a3y pafHOTEXHHKM, BLIYHCIIH-
TeTbHOH TEXHHKH ¥ aBTOMATHKH HapSAy C JHCKPETHEIMH 3JIeKTPOHHbI-
MH npubopamu (amMma, TPaH3UCTOp, THPHCTOP H T. 1.) obpasyror
HHTETPANIbHBEIC CXEMEl Ha OHIONSPHBIX M MOJNEBHIX TPaH3ECTOpAx. VIH-
TErpajbHAs CXeMa OpPEACTaBIseT coOOM CIIOXKHOE CXeMOTEXHHYECKOE
YCTPO#CTBO, IpefHa3HaveHHOe A1t 06paBoTKH, Opeobpa3oBaHms  Te-
HEPHPOBAHHAS 3JIEKTPHYECKHX CHrHanoB. Taxum obpasoMm, mp mpowus-
BOZICTBE MHKPOCXeM HeOOXOAMMO pelliaTh Kak BOIPOCH! TEXHOJOTHE HX
H3TOTOBJICHHS], TaK X BOOPOCH! CXeMOTEXHUKH.

IToaToMy cnemuamMCTEI B 0611aCTH 3JIEKTPOHHEIX, MHAKDPOIJIEKTPOH-
HBIX ¥ TBEPAOTEILHBIX OPEOOpOB, HMesi IyOOKHE NMO3HAHHA B TeX-
HOJIOTHH, IOJIXXHBI XOPOIIO OPAEHTHPOBATELCS B AHAIIK3E, pacdeTe ¥ CHH-
TE3€ CXeM C HCHOTb30BAHUEM AKTHBHBIX 3JIEMEHTOB, KOTOPHIMH SIBIISIOT-
¢Sl JJIEKTPOHHEIE MPHOOPEL, 00/1aJar0NMe YCHIATEILHBIME CBORCTBAMH.

B yuefHHKe OCHOBHOE BHHMaHHe yZeJeHO BOOPOCAM IPOXOXKICHHS
CHTHAJIOB Yepe3 pa3/IMYHBIC IeNd, METOAAM aHAIM3a 3JIEKTPOHHEIX Me-
ne#f, opobremMaM yCHIICHHS, T€HEPHPOBAHHS H Ipeobpa3oBaHHs CHT-
BayoB. Iloapo6HO paccMOTpeHZ CXEMOTeXHHKA MHKPO3JIEKTPOHHBIX
CXEM, OCHOBHBIE 3JIEMEHTEl aHAIOroBOH ¥ ImudpoBoH MHKpocxeMoTeX-
HAKH (OIEpaNHOHHEIE YCHIIMTEH, YHEBEPCAIbHbIE JTOTHYECKHE TIEMEH-
Thl, TPAITEPHL), NEPPOBEIE DYHKNHOHAILHBIE Y3IIBI, AX IPHHOMI JeHCT-
BHSI 4 METOJ¥KA OPOECKTHPOBAHHS.

Hacrosmmit y9e6HEK co31aH Ha 6a3€ Kypca aHAJIOTHIHOTO HAZBAHHAS,
yuTaemoro asTopamu B Cankt-IleTepbyprekoM rocyaapcTBeHHOM 37IeK-
TPOTEXHAYECKOM YyHHBepcHTeTe OakanaBpam ® MarcrpaM, ofyuaro-
IMMCs 10 HanpasJieBuo 550700 — 3IeKTPOHAKA X MEKPO3JICKTPOBHKKA,
a TakXe CTyAeHTaM, o0yJaromuMcs 0o coenmanbrocTsM 2001 — muk-
PO3/IEKTPOBMKA M TBEPAOTENbHAS 3NeKTpoHHKa, 2003 — 37eKTpoBHEIE
npuGops! ¥ ycTpoicTsa, 0714 — ¢uamdeckas 31eKTPOHHKA.

ABTOpHL BEIpaxaloT 61aroAapHOCTh KOJLIEKTHBY Kageaphl 37IeKT-
POHHOH TEXHHKM 4 TeXHOJIOTHE Ps3amckoit pagHOTEXHAYECKOH aKa-
Aemud (3aB. xadenmpoit — n-p Texs. Hayk, mpod. B. A. KopoTuerko)
4 TJIaBHOMY TEXHOJIOTY XOJJHHroBo¥ kxommanmd «JIemmmenm», a-py
TexH. Hayk, mpodp. B. M. Banamosy 3a neHsnle 3aMedYaHHs, BhICKa-
3aHHRIC NP PENEH3MPOBAHHA PYKOUMHCH. ABTOPH! HPH3HATEILHEL KOJI-
jeram 3a obcyxIeHHEe PaCCMOTPEHHHIX B KHHTe IpobieM, a Takxke 3a
OPE/IOXEHHS, BHECCHHBIE EMH NIPY HAACAHHAYM PYKOMHUCH.

[naser 1...5 parmeanst U. T'. Muponenxko, rnassi 6...12 — FO. A. Bricr-
POBEHIM. '

Asmoput
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T'nasa 1

JIm{EﬁHbm CTALIMOHAPHBIE IIEITA
BO BPEMEHHOI1 1 YACTOTHOM OBJIACTAX -

1.1. OCHOBHOE COOTHOIIEHHE /IS JIHHEI]HBIX
CTAIIMOHAPHBIX LIEITEN (JICIT) BO BPEMEHHOM OBJIACTH

JICI] o6pa3oBanbl COCAMHEHAEM H/CANLHBIX JIMHEHHBIX 3JIEMECHTOB
JIEKTPHYECKAX IENeil: PE3ACTOPOB, KOHAECHCATOPOB, MHAYKTHBHOCTEH,
4 TaxKe WAeaILHBIX HCTOYHHKOB TOKA M HampspkeHns (puc. 1.1).

B nemsix AedCTBYIOT TOKH H HALIpPSDKEHHAs, B ofmeM ciyyae Opou3-
BOJILHO 3ABHCSINHEE OT BpeMeHR,— i(?), u(f). YpaBHEHHs], CBS3BIBAIOIIHE
TOKH H BAOPSDKCHHS HA 3JIEMEHTAX NENH (AX OPHHATO HAa3hBATH OCHOB-
HBIMH COOTHOIUCHWSIMHE), TAKOBHI: TOK M HAIPSIKCHHE HA pe3ucmope
moquuHsIOTCH 3akoHy OMa i(f)=u(?)/R, na komdencamope — 3aKOHY
du(f)

= Ha UHOYKMugHOCMY — 3aKOHY COXpa-
t

coxpasenus 3apsga i(f)=C

. R . c . L
ift) M. n M) o~~~
"_D_ 1
+ - + - -
u(t) u(t) * uft)
Peauctop KoHrpgeHcatop UHAYKTUBHOCTL
it
olt)
+ +
® w0 )
J S Jg -
YineanbHbiii UCTOHHNUK YineanesHbifi NCTOMHUK
HanpspKenns TOKa

Puc. 1.1. Jlnveiurie 3eMERTH Ienci A He3a BUCHMbIE HCTOYHAKH HANDSIKCEWS H TOKA!

a — peancTop; 6 — KOHACHCATOP; 6 — MHAYKTABHOCTH; 2 — HAeaNbEEI BCTOYHEK HANDAXCEHAS; 0 —
HeanbHBIA ACTOTHAK TOKA
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di(r)
HEHHS] IOTOKA u(t)=LT. OueBHzHO, 4TO OBa HOCIEAHHME COOTHOIIE-
t

HHSI MOXHO IEpPENHCAThL B BHAC

u(t)=lji(t)dt, i(t)=1J‘u(t)dt.
o L

HoeansHolii ucmounux nanpaxcenus AMeeT GECKOHETHO MAJIOE BHYT-
PCHHEE COIPOTHMBIICHHE H IIOITOMY HOIEPXKHBACT B HATPy3Ke HEH3MEH-
HOC HaNpsKCHHE HE3AaBHCHMO OT 3HAY€HHd HOTpeOiIseMOro TOKa.
BoubT-amnepHas XapakTEpECTHKA HAEANLHOTO HCTOYHAKA HANPKCHAS
m306paxeHa Ha puc. 1.2, a.

Hoeanvnbitl ucmounux moka umeeT 6eckOHEYHO GONBINOE BHYTPEHHEE
COOPOTHBJICHHE H HO3TOMY HOAJEPKHMBAET B HArPy3Ke HEM3MEHHBIH IO
3HAYCHHIO TOK. BoibT-aMmepHass XapakTepuCTHKA MACaIbHOTO HCTOY-
HHKa TOKa OpuBeAcHA Ha puc. 1.2, 6. 3ameTHM, 4T0 B 0603HAYCHHNX
HCTOYHAKOB TOKA, HANPSDKEHHUS] B APYTUX 3JIEMEHTOB nenH (cM. pHc. 1.1)
HOJIOKHATEIbHRM HAaNpaBlIeHAEM TOKA IPHHATO CYATAThL HAIpPABIICHHE
OT HOJIOKHTENBHOTO MOJIIOCA YEPE3 3JEMEHT, a HANIPSKEHHS — OT IO-
JIOXKHTEILHOrO MOJIOCA K OTPHIATEILHOMY.

Ov4eBHIHO, YTO COCAMHEHHE 3JIEMEHTOB JaXE B O4YEHb IPOCTHIE [EMH
OPHBOJHAT K JOCTATOYHO CIIOKHOM 3aBHCHMOCTH MEXY TOKOM M HAaIps-
XEHHEM, IPHIOKEHHEIM K NEOH.

Tax nns nemn, H306paxenHoi Ha prc. 1.3, COpaBeNMBO PABEHCTBO
s ()=ur () + uc(f), tae u () B uc(f) — HANpSKEHHS HAa HHIYKTHB-
HOCTH M KOHJEHcaTope nemd. Mcmonb3ysi OCHOBHEIE COOTHOILEHHS,
3amArneM

_Ld0 1
U ()=L " +CJz(t)dt.

Huddepennupys 3T0 ypapHeH”e, EMeeM

az@ 1.
—1(1).
de? +Cl()

duy, (f)/dt=L

Taxam 06pa3oM momyumm, 9TO CBS3b MEXIY TOKOM H HAIPSIKEHAEM
AUISL 3TOM NENH OIpeneNseTcs yxe nubdepeHnaIbHEIM yPABHEHHAEM.

Ocnosnvim coomnouenuem yenu OyneM Ha3LIBATL yPaBHEHHAE, CBSI3bI-
Baloliee BLIXOAHOE HANIPSDKEHHME ¢ BXOAHBIM. B H6onee obmeMm ciydae ono
OLpEAeNsieTCs, KaK YpaBHEHHE CBS3H «BXOza ¢ BHXomom». Ilpm 3Tom
BXOJHOE BO3ACHCTBHE M BLIXOJHAS peakids IEOH MOTYT OhITh 3aMaHKI
B BA/IE TOKOB ¥ HaOpspKkeHAH. Llenpro aHaIH3a NENK ABJISETCS HAXOXK/IE-
HHe Taxoro cootHomenus. s oporssonbHo# JICL] ero Moxuo mpen-
CTaBHThL B O0IIEM BHJE HA OCHOBAHHM AHAJIA3A HpOCTEHNIAX OO CTPYK-

\ .
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u(t) uft)

Up(t) frmmmmmmemmmmssmee

i) io(®) it)
a) 6)

Puc. 1.2. BompT-aMOepHBIe X4PAKTEPHCTHKE HICAILHOIO HCTOYHHMKA HAMPsKEHHAS (a)
o ToKa (6)

Type neneit. Hanpumep, /st nenu, ©306paxeHHOH HA pHC. 1.3, upux ()=

di dttgan
=unx(t)—L%§9- Tox B mem ONIPE/ICNIAIOT U3 YPaBHEHHS l(t):C u (t)

dt

A ugx
TakeM 00pa3’oM, Upy (f)=ux (t)—LC—';—tz——(t—). ITepenucaB 310 COOTHO-

Pug ()
menge B Baae LC ——i’f(— + Upyx (£) = Ui (f), TDOJTYYHM, YTO ypaBHEHHE
t

CBSI3M «BXOJA C BRIXOAOM» — Aub¢epeHIEATbHOE yPaBHEHAE BTOPOro
mopsAKa ¢ HOCTOSHHEIMHA K03(dunueHTaMu A C IpaBoil 9acThIO B BAZC
BXOJHOTO HanmpspxeHms. O4eBHIHO, 9TO YPaBHEHHE, CBA3BIBAIOMIEE BXOA
¢ BRIX0I0M uis mpou3poibHoit JICL], ocTaneTcs JTHHEHHLIM [ bdepeH-
IMAIBHEIM yPAaBHEHHEM ¢ HOCTOSHHRIME Kodddunmentamu. PaccMoT-
PCHHBINA IPHEMEP HOKAa3bIBACT, YTO HOPANOK yPABHEHHS (3Ha4eHAE cTAp-
wei mpou3BoAHOR duyx (t)/df) paBen KonddecTBY HEIYKTHBHOCTEH
u xoHaercaTopoB B nemd. Kpome Toro, B 06meM ciydae Julst IPOR3BOJIb-
HOH nemd B mpaBoil 4acTd JupdepeHnuaIbHOTO YPABHEHHS CICAYCT
3aOMCATh AHAJIOTHYHOE JIEBOH 4acTd AdddepeHIHanbHOE COOTHOMCHHE
DS tae (f). Taxmm o6pa3zom, mna npomssonproi JICLL ocHoBHOE COOT-
HoIueHHe OyaeTr METh BHI

n n—1
d i d { Ay (£
R U () e (£)=
ar ar dt
m m—1
d ugx (1) d ui(

. . =a,— a,,._l——’n~_1—+...+a0u,x(t).

B ar” dt

1.1

usx(f)<> C == Uaunlt (L)
T Kax m3pecTHO, pewenre ypasHernus (1.1)
’ 4 COCTOHT H3 OOIEr0o pelmeHHs OJHOPOA-

Puc. 1.3. Ilpocreinas LC-nens HOTO ypaBHCHHS
6



n n-—-1
d 'BRIX d 'BRIX BHX
p L@y 4 @, S

=+ boltpux (£) =0 (1.2)
ar" a! de

? qa;cmoro pelenHds, ONpeAessieMOro BHAOM IpaBo# 4acTH ypaBHECHHA
1.1).

Ilpexne 4eM 3ammcaTh pemende ypaBuenus (1.2), 3aMeTHM, 4TO
HyJb, CTOSIIIMA B DPaBOHd 4acTH, 03HAYAET, YTO BXOJHOE HAMPSKECHUE
paBHO HYJIIO Ha HEKOTODOM KOHEYHOM HIH HoiyGeckomedHOM (> fp)
HHTEPBAJE BpeMeHH. B Te4eHHe 3TOr0 MHTEPBAIIA Upyy (f) MOXET OLITH HE
paBHO HYJIIO, TaK KaK peakTHBHEIE 37leMeHTH L ¥ C 3anacaloT 3HEpPrHio
B TeYEHHE BPEMEHH ! < t,. TaxuM 0Opa3oM, ¢ MOMEHTA ¢ = fy O TKIFOYCHHS
HCTOYHHKA BXOJHOTO HANPSKEHHUS OT IeN¥ IOPOHCXOAUT pellaKcamus
HAKONJICHHOM 3HEPTHH, KOTOpas NpOSBISETCS B BHIE 3aTYXaIOMIEro
KoJleDaHusl, BOSHHKAIOMET O B IENHA. DTO KoJieOaHue B BHIE 3aBECHMOCTH
Uz (f) HA3EIBaEeTCH peaknde#d nend Ha HyJIEBOE BXOAHOE BO3JCHCTBHE
HWIH cobcmeennoil peakyuel yenu.

Kax wipecTHO, Ang HaxoXaeHHs obmero pemenns ypapaeHus (1.2)
HeoOXOMMMO HAWTH KODHH XapaKTepPHCTHYECKOTO ypaBHEHHs b,s +

+b,8 " +...+bis+by=0. Ono mpencrasiusier coboit amreSpamyeckoe
ypaBHEHHE, HodydeHHOE U3 (1.2) 3aMeHOR OPOH3BOAHEIX HA COOTBETCT-
BYIOMYIO CTeleHb IPOH3BOJIBHOM HE3aBHCHMOMR IepeMeHHoHR 5. O6o3nHa-
YHUM KOPHH ypaBHEHHS YEPE3 S, S; ... Sp. KaXKAOMY 5-My KOPHIO COOTBET-
CTBYET pewenre juddepennuatsHoro ypasaeHus (1.2) B BHAE IKCIOHEH-

[y it [y vy
HATLHOK QyHKEHA €. JInHeinas KoMOHHANMS 3TAX PELICHHH IS BCEX
KopHe#

e (= 3, Ci" (13)

SBISETCS OOMHEM pElleHHEM OHOPOJHOrO ypaBHEeHHA (1.2) Him, HHadYe
roBopsi, cobcTBerHON peaxnueit nenn. Kax BuaHO, cOOCTBEHHAs peaknus
IENE €CTh CyMMa KOJIeGaHMH BHAA €', KOTOPHIE HA3LIBAIOT cobcmeeH-
Holmu Koaebanuamu (usu modamu) yenu, rae s; — cobCTBeHHBE (B 00-
MeM CIiydae KOMIUJIEKCHBIE §;= 0+ j);) 9aCTOTHL

Konebanus, ONACHBAEMEIC 3KCHOHCHIMATLHHIMHA (QYHKIMIME, 06-
JIanaroT 3aMedaTesbHBIM cBo¥cTBOM: ecnd Ha Bxoxe JICL] B Tedenue
HEKOTOPOTO BpEMEHH AeHCTBYeT HAOpPSDKCHHE, IPOINOPLHOHATILHOE IKC-
IOHEHINATTLHOU (PYHKIIHHA e”, To BHXOAHOE HAOPSDKEHHAE B TEYEHHE ITOTO
HHTEPBA/a BpeMeHH OyAeT IPOIOPIHOHATLHO TOH Xe QyHKIHM BpeMe-

4 )
HAE . KoshdunaenT IponopnEoHanIbHOCTE MOXET OBITH JIETKO onpeze-
a 14
neH. JIeRCTBHTENBHO, MYCTh Uy, ({)=A€", GyneM HCKaTh BBIXOJHOE Ha-
1
IPSUKEHAE B BH/E Ugy, ()= Be€ . [l 3TOr0 MOACTABHM BBIPAXEHHE IS

7



U (1) ¥ty (f) B IEBYIO H IIPaBYIO 9aCTH OCHOBHOTO cooTHomenHs JICI]
(1.1) u nomyum

BbuS'+ ...+ bis+bo)e” = A (@ +...+ a5+ ag)e”.
N\
OTkyna xo3prnMeHT TpONOPIHOHAILHOCTH MEXKAY BXOJHBIM H BHI-
XOJHBLIM HaOpsDKeHHsIME OyzeT paBeH

m
. QS +...+a15+ g
B=4—F .
byS + ... +bys +bg

Taxam oOpa3zom HalineHa pyHAAMEHTAaNbHAsI BEIMYMHA — COOTHO-
[IEHHE «BXOJ — BHIXOI» IPH «3KCOOHEHIHAILHOM BXOAE»

«Bmon»=K(s)=a,,,sm+...+a1s+a0. (1.4)

«@xom B +...+b1s+ by

Benuwunna K(s) masemsaercs cucmemnoti ¢ynkyueid yenu. B nanb-
Heiimem OyzeT mOKa3aHO, 49TO ee OmpelclieHHe cOBCeM He Tpebyer
onucands nend B popme nudbepeHIHaIbHOrO ypaBHEHHS.

Panee JICI] paccmaTpuBanack HaMH KaK nedb, COCTABJIEHHAS M3
HIcabHEIX JMHEHHLIX 3nemeHTOB. Omuako monstee JICL] oTiM4aeTcs
cymecTBeHHO 60mbine# o6mBocThIO.

Hns naBedHON nenH BBUIOJHACTCS ClEAylollee HPaBHIO. ecld Ha
BXOJIE I€IM /CACTBYEeT B3BCIEHHAass CyMMa BXOJHBIX HaOpPsDKCHHH

o
Uy ()= Z Cuttsx (1), Te C, — nocTosiHAbIE KO3D(OHUIHEHTEI, 3 KaXAOMY
n=1
BXOJHOMY HAOPSDKEHHIO Uy, (f) OTBEYAET BHIXOJHAS PEAKIMS Unpux (1), TO
pe3yIbTHPYIOIEE BRIXOAHOE HANPSDKEHHE €CTh JMHeHHas xomOuHanus
o

(B3BEIIEHHASA CYMMA) Uy, () = Z Crtinsux (f) (aHAIOTHYHOE YTBEPXKACHHE
n=1

COpPABEUIMBO ¥ AJI BXOZHOTC BO3JICHCTBHS B BHJE CYMMEI TOKOB).
TaxuMm 06pa3oM, B IHHEHHON NEMH KAXKHAOMY «BXOJy» COOTBETCTBY-
€T CBOH «BBIX0». IToa «BXOIOM» IMOHMMAETCS KaX[asi COCTABIISIOMAst
Unsx (1) B THHEHHOW KOMOHMHAUME u, (f), 2 DO «BBIXOZOM» — KaxzJas
COCTABIISIIOIAN Uy, (f). Temepbh 3aMeTHM, 9TO €CIIM MBI PacHosaraeM
OpaBHIOM IpPECTABIICHAS NPOM3BOJIBHOTO BXONHOTO CHrHAN4 B BHAC

v : < Spl
nuHeHHOH KoMOuHANAM u,, (1)= Z C,e", rue s, — HeKOTOpOoe JOMYCTH-
n=1
MO€ MHOXECTBO KOMILIEKCHBIX YHCEN, TO JJIi HOJYYCHUS BBIXOJHOH
peakner JICL] Heo6xoaumo 3HaTh JHmb ogHy dykmuto K(s), Tak Kak

8



o nt
B COOTBETCTRHH ¢ (1.4) Habop BrIXOAHBIX peaxnmit mmeer pux K (55) e”,
a pe3yIbTHPYIOLIEE BLIXOJHOE HANPSIKEHAE €CTh

o (= 3 K(s)Cc™

n=1

His cTanmoHapHOR nelM BHIIONHSETCS CIEAYIONlee NPABHIIO: €CIH
COOTHOIIEHHE «BXOJ — BBIXOM» CHPABENTMBO IS Uy (f) M 1y (1), TO
OHO COXPAHSETCS H IS Upy (f—1T) H Uy, (f—T) OPH OPOH3BOILHOM
3HaYeHWM 7. JIpyrUMH ClIOBaMH, CTAIMOHApHAs NElbh MHBAPHAHTHA BO
BpEMEHH.

1.2. AMITVJIbCHASL ®YHKIUA JICIY 1 THTETPAJI HAJTOXKEHNS ’

Ocrapasice B pamxax BpeMennoro ommcamms JICI] (me mpumberas
K Pa3JIOXECHHIO U, IO 3KCOOHCHIHATLHEIM (QYHKUHSIM) H OCHOBLIBAsIChH
TOJIBKO HAa CBOWCTBE JIMHEHHOCTH pnelH, HalaeM CHOCOO BEIMHCIICHHS
Uy (1) TIPH H3BECTHOM 1y, (2).

Ilycte u,.(f) 3agana B ¢opMe HPOH3IBONLHOTO HMIIYILCA HA HH-
tepeaie [0, ¢,] (puc. 1.4).

AnnpokcEMHApYeM QYHKIHIO Uy, (¢) «y3KHMH» IPSMOYTONBHBIMEA HM-
oynscami. IlocnemoBsatensHOCTH HMITyJICOB, ~AINIPOKCHMHPYIOUIHX
Usx (£), MOXKHO PACCMATPHUBATH, KaK JIMHEHHYIO KOMOHHAIHIO OTAEIBHBIX
BXOMHLIX BO3jelcTBHE (EMOynbcos). IIpu GeckoHEYHO KOPOTKHX HM-
Iynbcax QyBEKIMS u,, (f) OymeT 3ajaHa TOYHO MOCIENOBATENLHOCTHIO
otcyeToB. Temephr HE0OXOJMMO, C ONHOH CTOPOHEI, MATEMATHYCCKH
CTPOro ONHCATh «OTCYET» (PYHKUMH H, C APYro#, — HAHTH peaxuuio
IEeNH Ha «OTCYET» PYHKIMH — PEAKIHIO HA OYEHb KOPOTKHI HMIYJILC (B
opefesie JUTHTEILHOCT HMIOYNIbCa CTPEMHATCS K HYJIIO).

MruoBerHOe 3Ha9€¢HAE QYHKIUE B IPOM3BOJILHEIA MOMEHT BPEMEHH
{=1 MOXHO 34a/aTh ¢ DOMOIIBIO [AebTa-DYHKIIAH, ONpeNeisieMOH clie-
ayromum obpazoM

[+

5(1—1)={80 ;;z 1IpH 3TOM Jé(r—r)dz:l. (1.5)

— o0

OueBupHO, 4TO QyHknuiO 6 (f) HM306pA3UTL HENB3S, OJHAKO IS
yno6CTBa HCOONB3YIOT ee rpadHyecKoe IpeACTaBICHHE, IOKA3aHAOE HA
puc. 1.5. B cmny ompenenenus J(f) mo npasuny (1.5) oma obnamaer
CIIEXYIOILIAM CBOMCTBOM



I u(®)d(@—rydt=u(7). (1.6)

70 BHIPAXKEHHE MOXKHO JIETKO 10Ka3aTh M HA OCHOBAHHH TCOPCMEI
O CpeJHEM 3HA4YCHHH ONPENENIEHHOTO HHTErpana. JIeACTBHTEIBHO, CO-
rnacuo (1.5) ¥ Teopeme 0 CpeHEM COOTHOIIEHHH,(1.6) MOXHO 3aIACATH
B BHJE!

u(7) J d(t—7)dt=u(7).

Cootrourerne (1.6) HA3LIBAIOT HuabmpyIOWum C60UCMEOM d-fyHKyuu.

Brixoamas peakmuasi JICL] Ha 09eHD KOPOTKHE HMITYIIBC (B mpenene
Ha J-EMIIyJIbC) SBJISETCS YHUBEPCAAbHOU XAPAKMEPUCMuKol yenu. Peax-
¥ Nend OPOSBIINETCS B BHAE HEKOTOPOR criaxeHHOR (GyHKIHHA B CHITy
OYeBH/IHBIX PENIAKCAMEOHHEIX IPOIIECCOB, BHI3BAHAKIX H3MCHCHHEM JHED-
IHE, 3aNACCHHOH B PEAKTHBHLIX JleMeHTax uemd. Peaxmmio nemd Ha
S-amuynbe (5-QyHKNHES €CTh MATEMAaTHYECKOE OMUCAHHE S-EMITyJIbCA)
HASKIBAIOT UMNYAbCHOU yHKyueil yenu u 0603H29a10T A(2).

Taxam 06pa3oM, OTKIHK LEOH Ha -HEMIYIIbC, neicTByromuii B MO-
MeHT {=1, T. €. OTKIHK Ha § (t—T), €CTh HMIIyJIbCHAs (QyHKIHAS h(t—1),
BO3HHEKAIOMAS B 3TOT MOMeHT BpemeHd. O4eBHAHO, YTO MMIYJLCHAS
(yHKIHsS HE PaBHA HYyJIO TOIBLKO HAa MHTEPBAJC BPEMCHH t>1, a IpH
t<t. h(t—1)=0.

BepHeMcsl K aNOPOKCHMAIMH Uy, (f) HOCIENOBATENLHOCTLIO MPAMO-
YrONBHEIX AMIYJICOB. OHAa MOXET OLITH ONHCAHA TOTHO IOCTICAOBATE-
JILHOCTHIO §-HMITYJIbCOB, EC/IH AJIHTEIHHOCTh alIPOKCHUMAPYIOMIAX IPsl-
MOYTONbHEIX EMIyIbcoB At (cM. pHC. 1.4) ycrpeMdTh K HyIIO OpH
COXpaHEHAH €JUHHYHOM IO AMITYJIHLCOB.

Ugx(t)

3@
T
o -
| =%, f” t
Ll 1 t
Puc. 1.4. AnpokCAMAI@s MPOH3BOILHO- Puc. 1.5. Venoroe H3obpaxenne 5-yHK-
[0 BXOJHOrO HAIPSKEHHAS MPAMOYIOJb- [®H, JEHCTBYIOIIEH B MOMEHT =1

HEIMH HMITyJILCAMHA
10 )



ITockonbky miomaib i-ro EMIynhca pasHa Afu,, (T), annmpoxcaMa-
MO HMITYJIbCAMHE U, (f) MOXHO NIPECTABHTL B BH/IE

U ()= Z Uy (T)ALO (1 —1).

Ha ocroBaHHH JIMHEHHOCTH DENA Uy, (1) = Z Uy (1)Ath (t — ;). Tlepeit-

€M K TPEACTBHOR CYMME Uy (f)=1lim ) uy, (t)Ath(t—1). Ipr At—0,
At-0 i

MUCKPETHEIA OTCYET BPEMEHH T; HEPEHAET B TEKymee BpeMs T, CyMMa

3aMCHHTCSA HMETErPajioM, B pe3ylIbTaTe HOJIYIHM

n

U (D)= ju,x (Dh(t—1)dr. 1.7
)

B coornomenun (1.7) BepxHMil mpeaen B HHTErpaje MOXHO (op-
MaJIbHO 3aMCHHATH Ha 00, TAaK KaK U, (7)=0 upH 1>, a HIKHAR npeaen
Ha — 00, Tak Kak h(t—1)=0 npm t< 1. [Tostomy (1.7) 06EMEO 3aNHCHIBA-
K0T B BHJE

@©

Upnax (1) = j U (DY h(1—7)dT (1.8)

—
HIIH B 3KBHBAJICHTHOHR (opme

@©

Upree (1) = j B (%) gy (¢ —T) dT. (L.9)

—

Coorsomenne (1.8) Ha3BBAIOT UHMezpaAOM HAAOHCEHUA, TAK KAk
B 3TOM BHIPAXCHAH U, ({) HHTEPUPETHPYETCA KaK CyMMa (HAJIOKEHHE)
3a/epxaBHBIX AMOynbsCcHBIX peaknmit JICI. A
3agamuM BXOJHOE HAUPSHKCHHE B BHOE IKCIOHEHIMATILHON (PyHKIHH
1
U, (f)=¢" 1pH 00 <t< — 00, TorAa Ha ocHoBaruH (1.9) momyumM

Upax () = j h(r)e“""dr=[ J h(r)e‘"dr]e".

WuTerpan B kBagpaTHRIX CKOOKax He YTO HMHOE,  KAK CHCTEMHAs
¢yuxuus JICL], noatomy

N

s o



o

K(s)= J h(z)e "dr. (1.10)

Coortuomenne (1.10) siBisercs 06001EHHEIM IPEACTABICHAEM CH-
creMHO#l (QyHKIHH, paHee HOIYYeHHOH KaK KOIGOHIHEHT IPOIOPIH-

OHANLHOCTH MEX/Iy BXOJHBIM HAIPSIKCHHEM, 3aJaHHBIM B (opme e,
H BBIXOJHBIM, IIOBTOPSIOMEM (GOPMY BXOJHOM 3KCIOHECHTHL.

/1esi, DONIO%KEHHAs B OCHOBY LIPE/ICTABIEHHS BXOMHOIO BO3/JICHCTBHS
B BAJE PA3JIOKEHMS O IKCIOHEHIMAIBHBIM QYHKIHMSAM, AIPACT BECHMA
BaXHYIO POJb B TEOPHH 31eKTpOHHKIX nemed. ITo cymecTBy, Kaxjas
3KCHOHEHTA B PA3JI0XEHAN MOXET OBITh HHTEPIPETHPOBAaHA KaK OTAC/Ib-
Has «4aCTOTHAS COCTABJISIOIAS, KOTOPOH COOTBETCTBYET CBOH «4acTo-
THRIA KaHa. TakuM o06pa3oM, TakOe€ HOpeACTABICHHE BXOJHOIO M BhI-
XOMHOro carHajioB nepepoaut anama3 JICL[ u3 BpeMeHHOHR ob6iacTH
B yacroTHyio. Ananu3 JICL] B 4acTOTHO# 061aCTH IPEACTABIISCT coboit
aTbTEpPHATHBY ONHCAHHs IEUEH BO BpeMeHHOHR 001acTH, rae HalpsKe-
HAS M TOKH SBISIOTCS QyHKIHSMH BpeMeHH. PaccMOTpeHHE JICI] B 4a-
CTOTHOHM O067aCTH LO3BOJISET JONOJHATL M cAenaTbh Goiee SCHRIMH
npenacrasienus 06 06paboTke CHrHaIOB B JICLL. :

1.3. JICL] B YACTOTHOH OBJIACTA

Kax m3BecTHO, 60JbIIOM KIacc BpeMeHHEIX (yrKumit u (f), i(2), OmH-
cemaromux Hanpsokemas # Tokd B JICIL], moxer OLITH TIPEACTABIIEH
¢ IIOMOIIBLIO OJHOCTOPOHHEro npeobGpasoBards Jlamnaca B BHAC ¢GyHK-
MM KOMIIJIEKCHOM 4YacCTOTHl S=0+jw B COOTBETCTBHH C ¢popMynoH

U(s)= J u(f)e " dt (ananormaso I(s)= Ji (t)e” " dt). IIpr aToM Gymem
-0 [}

cuntath, 4To upH <0, u()=0. IIpeobpasosanue Jlammaca B3aUMHO
OIHO3HAYHO, T. €. 00 BHAY U (s), I(s) MOXHO BOCCTAHOBHTH u(t), i(r).
OpEako B IOAABIAIOMIEM OGONLIIMHCTBE CIy4acB HET HeOOX0MMOCTH
B o6paTHOM nepexofie oT U(s) k u(¢) wm I(s) x i(#). Ana anamsa JICL
BIIOJIHE JOCTATOYHBEIM OKA3BIBAETCH YCTAHOBJICHHC ¢ysIaMeHTaILHOR
CBSI3H MEXIy OTOOPaKCHHHIMH HANIPSUKCHHASMH M TOKaMH JICLI. Ota
Oponeaypa IPOILE B HArJIsHee, HEKEIH aHaIor iHas eit BO BpeMEHHOR
o6nactu. IIpeo6pa3oBannkie 0o Jlamiacy TOKH B HAIPsDKCHASA «aeACTBY-
JoT» B YaCTOTHOM 06acTH omEcanus neneit. Micnonb3oparme U (s)ul ()
s anamsa JICL] npeBofHT K anrebpanieckuM COOTHOICHAAM MEKIY
HHEMHA, HHTEPIPETANMs M PEIICHHE KOTOPHIX 3HAYMTENLHO HPOIIE mag-
depeHIMATbHBIX YPABHEHHA.

HavseM ¢ 3aMeHEl OCHOBHBIX COOTHOIeHu# st R, L, C-31€MEHTOB
JICL] 3KBMBAJICHTHHIMH COOTHOIICHHSMH B 9acTOTHOM 0OJ1acTH.

12




His pesucropa 3akoH Oma B 4acTOTHOH OOJACTH HMMEET BHUL
U (s)=RI(s); 3T0 COOTHOIIIEHAE MOXHO MHTEPIPETHPOBATHL KAK «maje-
HuMe HanpsokeHus» U (s), BRI3BAHHOE OPOTEKAHHEM YEPE3 PE3UCTOP «TO-
ka» I(s). IIpumenuB npeobpa3osanue Jlannaca K OCHOBHOMY COOTHOIIIE-

, du(2)
HMIO JUIs KOHAeHCaTopa i(f)=C o NOIYYHEM
t

I(s)=CsU (s) — Cu (0) mnn U(s)——I(S)_E@

OTO COOTHOIIEHHE MMEET Ty Xe€ (GOpMy, 4TO H 3akoH Oma s
«Hanpspxenass U (s)» Ha «pesucrope» 1/Cs, O KOTOPOMY TEYET (TOK»
I(s), 1 mocnemoBaTENbHO C KOTOPEIM BKJIIOYEH HIACAILHREIA MCTOYHHK
«ganpspxenus u (0)/s». Takum oOpa3oM, B 4aCTOTHOH 0ONACTH KOHIEH-
caTop mpencrapnsercs wumuenascoM Z(s)=1/Cs, nocnenoBaTebHO
C KOTOPRIM BKIIOYEH HCTOYHHK Hampspxenus u(0)/s, OTpaxaromui ero
HayaJbHOE COCTOSHHE. AHAJIIOTHYHO, npeobpa3yst COOTHOIEHHE u (f)=

di(r
L—() IJ5 MHOYKTHBHOCTH, HOJIYYAM B 4acTOTHO# obnacta U(s)=

=sLI(s)—Li(0) wia I(s) =LL U(s) +££0—). CrnenopaTenbHO, HHIYKTHB-
§. 5

HOCTb B 4acTOTHO# o0jacTH mpeacTaBisieTcs MmmemancoM Z (s)=sL
C HapajebHO BKIIOYECHHBRIM HACATTLHBIM MCTOYHHKOM «TOKa 1(0)/s».
Ha pEC. 1.6 npencrasnenn u3obpaxenus emenToB R, C, L B 4acTo-
THOH o0jacTH.

B cHiTy THHEHHOCTH 3aKOHOB Kupxroga nns Tokop Hanpaxcemm
OHH IEepEHOCATCs 0e3 BCAKEX M3MEHEHHH B YaCTOTHYKO 00J1acTh:

apeMenHan obaacmy yacmomuan obaacmy
Yi(n=0 &> le(s)=0
B y3ne B y3JIe
Yu (=0 & Y Ui()=0
oo KOHTYPY OO KOHTYPY

Panee 6n110 mOKa3aHO, YTO ypaBHEHHE, XapaKTepH3YIOIEee MOBEE-
HHE [CIH, T. €. CBS3BIBAIOMIEE Usy (f) M Upy (f), ABJIAETCS JTHHEHHBIM
JaddepeHIUAaNbHbBIM YPABHEHHEM C HNOCTOSHHBIMH KO3(Q(QHIMEHTAMHE.
IIpamenum k ypasrenmio (1.1) mpeo6pazosanme Jlanmaca. IIpm arom

1/Cs

Is) R I(s) uoys s Ls
—_— + I P "
U(s) U(s) 2N\
7 ioys

Pmc. 1.6. R, C u L B 9acrorHO# obnacra
: 13



Uy ()=0 upr t<0, a 3T0 3HAYAT, YTO HayaJdbHLEIE COCTOSHHS BCEX
PEaKTHBHBIX 3JIEMEHTOB ICIH 6ymyT pasHnl Hymo. ClenoBaTesbHoO,

(%)

IpHMeHEeHHE IpeoOpa3oBanusl JIamaca K n-i NpOM3BOAHOM B yPaBHCHAN

(1.1) ceenercs K YMHOXCHHIO U(s) Ha 5. Bumocs obiue MHOXHTEIR
Upe (5) B Uy (5) B neBO#i ¥ OpaBO# 4acTsx (1.1), nomydum

n “n—
U () (05" + bps8’ 4 +by8+b0) =
= Uxn(s) (@S +8ps8" e+ @S+ o)
OTtkyna crneayer, 4ro

U,m(s)=a,,,sm+a,,._1sm_1+...+a1s+ao. (L.11)

U(®) b " pby_ys"  ++bys+bo

Taxum 06pa3oM, OTHOLIEHHE OTOGPaXCHHOrO HO Jlamiacy BBIXO[-
poro Hanpsoxenns JICLL k BxogHOMY paBHO cacremuo# pysxoan K (s).
Kak BHIHO, cHCTeMEas GyHKOMs nprobpeTacT ¢ynIaMeHTaIbHEL Xapa-
KTep B 4aCTOTHO# 061acTH. Jns ee HaXOX/EHAS MOXHO HCIOJH30BAThH
BCe M3BECTHBIC IPHEMBI pacyeTa pe3dCTHBHBIX nenel, 3aMEHHB JIEMEH-
THI [eIH AX HMIEJAHCAMH B 4aCTOTHOH obnacry.

BaXHLIM HY4CTHRIM CIyYaeM BXOJHOrO BO3[CHCTBHS SBIACICS rap-
MOHHYecKas QyHKIHS BPEMCHH. Ugy (f)= U, cos ot WM NpencTaBleHHas

3 L3 X t .
B KOMILJIEKCHOM BHJE Uy ()= Unms ¢, rae Upsx — KOMILIEKCHAS aMIl-
maTyAa. O4eBHAHO, YTO FapMOHMYCCKAS dyBxnus MOXeT GRITH IOJTy4e-

Ha W3 KCHOHEHIHMANbLHOH (yHKIHH ¢" npu 0=0, s=jw. [ToaToMy €OOT-
pomenne (1.4) ocraercs COpaBeIHBLIM IpA rapMOHHYECKOM HaIpsxKe-
HE¥ HA BXOZE IIPH 3aMeHe § Ha jo. B aroM ciy4ae CHCTEMHAS ¢$yBxIAs
K (s) 3amensieTcs Ha K (jw), koTOpas OIpPEAENseTCs OTHOIEHACM KOMII-

JIEKCHOM aMILTHTyJbl Ha BRIXOIE K KOMIUICKCHOM aMILTMTyZle Ha BXOJE

JICLL: K (jw)=—
UMBX
rexcroii uacmomnmoti xapaxmepucmuxoii JICLL (ama wacmomHbim K03~
duyuenmom nepedavu). Hepenxo K (jw) Ha3bIBAIOT 4aCTOTHOH Xapak-
tepucTEKo# nemd. Kak BCAKYIO KOMILICKCHYIO penmuuny K (jw) MOXHO
OpeACTaBHTL B BHIE:

. B 31oM YacTHOM ciy4ae K (jw) Ha3hBaeTCsa Komn-

- _ ImK(
K (i) =K ()&, e (@) =arg K () =arcte s o

Mogynb KOMILIEKCHOH yacTOTHOM XxapakTepHcTHKHE |K (jw)|=K(w)
HA3LIBAIOT AMAAUMYOHO-YACMOMHOU Xapaxkmepucmuk ot (AUX) nenw,
o (w) — PazowacmomHoii xapaxmepucmuxoii (PUX) nemnd. B TeopuH

14



JICII 4acroTnas xapaxrtepucraka K (jw) sBisgercs nenbio anamsa. Ilo
mBecTHEIM AUX ¥ OUX nens jerko pemaeTcs 3aaa4a 0 IpOXOXKJICHHH
cHrgana npou3sBoibHoi popMul 4epe3 JICLL. OcroBHAs uies, HOIOXCH-
Has B OCHOBY TAKOIO aHAJIH3a, 3aKII0YAETCA B PA3JIOXKCHHA BXOJHOIO
cargana B psj Oypbe WM B OPEACTABIICHAM CHIHANA B (OpMe HHTEr-
pana Pypse.

1.4. CIIEKTPAJBHBIN AHAJIN3 JICI]

- B npeapraymuax maparpagax 6sUto nokasano, yro aeiicreue JICL] va

.~ 1
BXOJIHOE BO3ZIeliCTBHE B BHAE € CBOIHTCS K yMHOXeHHIO Ha K (s,). Ecm
3aJaTh BXOZHOE BO3/CHCTBHE B BH/IE I'ApMOHHMYECKOr0 Koyiehanus 4acTo-

TR W, T. € B BHAE Uy ()= Upu €™ To meficTBEE nemm CBemeTCs
K HOSBJICHHIO HA BRIXOJ€E FAPMOHHYECKOrO CHTHAJA C H3MEHEHHOH amil-
JATYROM M (a3oif, KOTOPhIE ONPEACISIOTCS KOMILIEKCHOH YACTOTHOH
XapaKTEPUCTHKOR NEMH: Uy (1) = Upsx K (j@,) ¢“™. Taxam o6pa3om, ecim
3a7aTh IPOU3BOILHOE BXOJJHOE HANPSDKEHAE B BH/E B3BEIIEHHON CYMMEI
OTHAETbHEIX FAPMOHHYECKHX COCTABJSIOMAX (TapMOHHK), HALPHMEP,

B BHJE U, ()= Z C, & , TO JIEUCTBHE LENH Uy, (f) CBEAETCA K YMHOXEHHIO
n

C, Ha K (jw,). IIpencraBnenne u,, (f) B BEAE CYMMbI TaPMOHHK ABJIICTCS
HENLIC COEKTPATIbHOrO aHaIA3a CHTHAJIOB.

Ilpexne Bcero HeOOXOAMMO BHIABHTHL KJIACC CHI'HAJIOB, KOTOpHIE
MOTyYT GbITh IPEACTABIEHH B TAKOM BHJE, HAWTH COOCO6 onpenereHus
BECOBRIX KO3(()HIHEHTOB, 4 3aTEM PacCMOTPETh HOAXObI K HCCIIEA0BA-
HHIO N€ei Ha OCHOBAHHH JaHHOIO NIPEICTABJICHHS.

HauseM ¢ H3BECTHOrO pa3yioXeHHs (yHKIHI B TPAT OHOMETPHYECKHH
pAn: ecm pyEKmas f(X), onpeneneHHas Ha HETepBaje [—m, 7], yIOBIET-
BOPSET HEKOTOPHIM BeCbMa OOIEM YCIOBHSM (HaOpHMEP, €CIH OHA
pacuafaeTcs Ha KOHEYHOE YACIIO HENPEPHIBHBLIX B MOHOTOHHBIX KYCKOB),
TO €€ MOXHO IPEICTABATL TPATOHOMETPHYECKHM PSIOM

f(x)=?+ i (a,c08 nx -+ b,sin nx), (1.12)

n=1

rae a, u b, HE 3aBHCAT OT X H SBIIOTCS HOCTOSHHBIMH KO3()(HIMCH-
TaMH.

KocHHYCH M CHHYCH KPaTHRIX TapMOHHK OOpasyroT CHCTeMy Op-
TOTOHAJILHEIX (pyHKIHH (OPTOrOHAILHEIH 6a3HC), 103TOMY crniocob ornpe-
nenenns k03¢¢ummenToB psna (1.12) COCTOHT B CleayIOmEeM. YMHOXHM
o6e wactu (1.12) Ha coskx m mpOMHTerpHpyeM B Ipemenax obiacTd
onpenenenus f(x)

| 15



[f(x) coskxdx=

-7

n=1

=a—2o J coskxdx+ Y, (a,. J cosnxcoskxdx—+ b, J sin nx coskx dx).

ITepBri HATErpal B 1paBo¥f YaCTH YPaBHCHHs PaBEH HYIIO, TaK KaK

oH GepeTcs Ha HOIHOM HEPHOJE KOCHHYCA. Bce mHTErpaJibl IO/ 3HAKOM
B CHJy OPTOrOHAIBHOCTH [apMOHHYECKHX yHKIHHA KpaTHBIX
[epuoOIOB 0GpAIaloTCs B HyH 32 ACKIIFOYEHMEM EIMECTBEHHOrO MHTCT-

n
paia j cos2kx dx, KOTOpSI BO3HEKACT OpH 1= k. DToT MHTErpal paBeH

-7

T, IO3TOMY

E

Q=

[f(x)coskxdx. A - (1.13)

-

Ha OoCHOBAaHHH aHAJIOMHYHBIX paccyxaeunil Ha#iieM, 4TO

b,,=11! [ f()sinkxdx. (1.14)

-

TpnrOHOMeTpnqecmﬁ psn (1.12) ¢ koaddrumeHTaMH, oIpeIeNAEMbI-
ME 00 (opmyIaM (1.13), (1.14), Ha3HIBAIOT pagom Pypbe. PopmyITy
(1.12) MoXHO paccMaTpHBATh, KaK pasnoxeHne (QYHKIHEHY Sf(x) B psn
rapMOHHYECKHX koeGaHmil ¢ [ETOYHCICHHBIME YITIOBRIMHA 9aCcTOTaAMH
k=0, +1, +2, ...

IepeiineMm K (hyHAaMEHTAIbHOH HepeMEHHOHR 1. O603HAYHM

2n
x=wt=—1: t, a f(¢) byneMm CUMTaTh IEpHO JHYECKOH ¢ynKiEe#d C NEPH-

onom T. ITepuopuyecKas yBKOEs DOBTOPSETCH HEPEs HHTEPBAJIbI Bpe-
menn, kpaTEee T, IpH H3MCHEHHH [ HA [— o0, 0}f()=f(t% kT). Cae-
JIOBAaTENbHO, LETOTHCICHHERIC yriaoBhle 4acTOTH B ¢popmynax (1.13),

» .
(1.14) 6yayT paBHBL kcu=k~;I u Brpaxenme (1.12) MOxer OBITL HEpEIH-

caHoO B BHJE
16




S@)=

(SRS

+ Z(a,,coskzlt+bksink2—nt>. (1.15)
k=1 T T

Kosddunuentnr psana (1.15) oupenensirorcsa no Gopmyam:

T T

=1T J f(Has, a,,=; J f(z)coskz—:tdt,

T T
-2 2
T

=2 t)si k2"zdz 1.16
=7 | /@)sin e (1.16)
-2
3ameTEM, YTO B CHJy nepuoamyuoctd f(f) uprerpanel B (1.16),

B3ATHIC B IpeAciiax, OTIHYAIONIAXCA HA T, HE 3aBHCAT OT Bmﬁopa

T T
42 2 )

[OpEJesIOB HHTErPUPOBAHNS, T. €. J = J npu mobom ¢. JeicTBETEND-

r T
2 T2
HO, nycThb 0<c< T, Toraa
T
“42 7 T (c— ﬂ+2 (c— ﬂ+2 (c+D— 2
c— % TJ+%

T

e=T T ¢+T T2

T T T T
2
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KoaddunueHT gy paBeH CpeqHEMY 3HAYCHHIO f(f) 3a mepuOA HIH,

YyTEMH CJIOBAMH, OH SBJICTCA gocrosEHOM cocrapisomer f(£). Pan
®ypse (1.15) npeacrapnser cobol cymmy IOCTOSIHHOM COCTaBIIAIOMIEH
¥ TapMOHHYECKHX KojieOaHmi C BEIIECTBCHHRIMA aMIUTETyAaMH.. Pa3-
JIO%EHHE CHTHAJIA B Pl OO rapMOHMYECKAM (yHKIMSM HA3RIBAIOT €0
CneKmpassHbim NpedcmagAeHuem. COBOKYOHOCTh BCeX KOI((QHIHCHTOB
a, u b, mpeacrasuser coboi cnexmp pynxyuu f(f). OH IOKA3HIBACT,
KaK#e rapMOHHYECKHE KOJeOaHns «BXOMAT» B dysxnuio f(f) ¥ KaKOBRI
HX aMIUTATY/IEL.

lapMOHHKa C HOMEPOM k=1 Ha3LIBaeICs OCHOSHOU (MM TEPBOW),
rapMOHEKHY C k> 1 Ha3BIBAIOTCA SbICUUUMU. Ecim ¢ynxuus f(f) sBISeTCA
yeTHO#H, T. €. f()=f(—1), TO B3 COOTHOIICHAL (1.16) cpa3y cienyet, 9TO
xo3pdummenthl b, =0 u TPHrOHOMETPHYECKHH PAJ CONEPXKHAT TOJIBKO
oner xocuuychl. V1 Hao60poOT, eclH f(f) aBnsieTCA HEYETHOR (byHKIUEH,
T. €. f(—t)= —f(f), TO B 3TOM CJly4ae BCE k03¢ ¢unuenTa ar=0 # TpH-
FOHOMETPHYECKHH P CONEPKHUT OJIHH CHHYCHL

3aMeuaTeNLERM CBOHCTBOM pana Pypbe sBISCTCHA TO, YTO OTPE3OK

psna
ag N 2n . 2n
fO=—+Y, a,cosk —t+bysink—¢
2 = T T

¢ wmciioM ciaraeMbix N anmpokcuMupyeT f(f) ¢ HAMMEHbIIMM CPeHEM
KBAJAPATHYHLIM OTKJIOHEHHEM OT TOYHOIO 3HAYCHHA f(#). lIpg N>
pan cxoputes K f (7).

Haiinem pasiioxense B pan Pypbe [EPHOMYECKOM MOCIIC0BATE b~
HOCTH IpPSIMOYTOJBHBIX HMIYJILCOB eMHAYHOM aMIUIHTYALl C H3BECT-
HEIMHA OApaMETPaMH: f, — JUIHTEIbHOCTb AMIYJILCE, T — nepuon cie-
nopanus EMIyiscoB (pac. 1.7).

[Ipu BEIGOpE HA¥asIa KOOPIHHAT B COOTBETCTBHH C puc. 1.7 ysxnms
f(f) sBiIAeTCA YETHOM, NOITOMY BCE b,=0. Ipumensis popmynet (1.16),
HAXO/HM .

tuf2 )
1 1 2 2n 2 sinkn
dp=— 1'dt=-, a=- 1'cosk—dt=-" /q,
T q T T q kn/q
—tyf2 —tg2

rae g = T/t, — Ha3BIBACTCS CKEANHCHOCMbIO HMI1y ILCHOH# NOC/Ie0BATENDb-
HOCTH.
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Taxum o6pa3om, psan Oypbe a5 ITOH 0

(YHKOHH HMEET BHI B
sinkn/q cosk 2 t). I_-I l l_-l
T

1

f(z)=—(1+z 3

q k=1,2., kn/q — -
T o
PaccMoTpEM YaCTHBIH Ciiy4a# nepHo-
AMYECKOH MOCJIe0BATEILHOCTH C g =2 Pac. 1.7. Ilepronmdeckas mo-
k=1 CIeAOBATENBHOCTh IPAMOYTOJB-

(T.e. t,=T/2). Torma sin— = (-1 ? IpH HBIX EMIYTBCOB
q
k-HeueTHHIX, MO3TOMY
k=1

© _ 2
f(z)=§+z y &b cosk?sz=

k=1,3,5 T

1 2 2n 2 6n 2 On
=—4-C0S—f{——COS—+—COS— t—...
2 = T 3n T Sn T

Ha puc. 1.8 noka3asa annpokcamanas f(f) oTpeskamu pana Pypse
[IPH HapaCTaloMmeM YHCIe ciaraeMbix N B oTpeske psja. Ilyskrapom Ba
PHCYHKe H306pakeHa NpeALIeCTBYIOMAs anmpokcHManms (up# N— 1),
YTO JAeT BO3MOXHOCThH YOEUTENLHO IPEACTABHTE 3P EKT CXONHMOCTH
pana Dypbe K f(2).

AMIUIMTYIHBIH CIEKTP NEPHOARYECKOH NOCIEAO0BATETLHOCTH NPAMO-
YTOJILHEIX HMITYJIbCOB 00pa3yeT aMILIATY [kl FAPMOHHK KOCHHYCOB, IpO-
HOPIHOHANLHBIE 3HAYCHHIM (DYHKIHMH

(9 ft)

ok

=4

0,5

Pac. 1.8. Yacraunsle cymmbl psyia Pypbe uis GyBKI@A, IPEACTABICHHOA Ha PAC. 1.7
: 19
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ko ( 2n tx)
sin— sinlk——
q9 _ T 2

E‘ 2n ty

q T 2

Harnsgsoe npeacrasieHde cuekTpa (yHKOEM aeT ero rpagmde-
cxoe m3o6paxenne. B ToUKax ropu3oHTAILHOR OCH, KOTOPhIE COOTBET-
CTBYIOT 44CTOTAM TapMOHHMK, CTPOSAT BEepTHKAJIbHRIE OTPE3KH, OTOG-
paxaromEe B HEKOTOpOM MacmTabe 3HaYeHHsS aMILUIMTY[ TFapMOHHK.
Ha puc. 1.9, a npencTasies aMIIATYAHLIH cueKTp f(f) 13 npEMepa (cM.
puc. 1.7). AmanoruyHeM 06pa3oM OpeiCTaBIsIOT (a30BEIA CHEKTP
cursaia (puc. 1.9, 6): BepTHKaJbHEIE OTPE3KH IPONOPIUOHAIBHEL 3HAYE-
HAIO (a3 rapMOHHYECKHX COCTABISIOMAX B crekTpe curuana f (). Oue-
BHJIHO, YTO Y HEPHO/IMYECKOr0 CHI'HAJIA CUEKTP JHMCKPETHBIN (MM JIHHEH-
YA TRIN).

JU1sa MHOTHX 3224, CBA3AHHBIX C NPOXOXICHHEM CHIHAJIOB 4epes3
JIAHEHHBIE HENH, JOCTATOYHO 3HATH AMIUIMTYIHBIH CIEKTP, HO3TOMY HOJ
CJIOBOM CHeKTp OyAeM B JanbHEAIIEM DOJPA3yMEBATD, ECIIH HE CIEIAHO
CHENHANTLHOH OrOBOPKH, HMEHHO aMILTATYHLIA CHEKTP.

| O
_{1/q
N
\
\
\
\ /l‘
1T
\l \/TTT\ -
0 onh, 4, PE.
-7
a)
o |
1
0 - k'%-
_1!._
6)

Puc. 1.9. AMmwmaTymaspie (a) u $Ga3oBHi (6) CHEKTPEI IOCIENO0BATEILHOCTH IPAMO-
YTOJIBHEIX HMITYJI5COB

20



He ciexyeT QyMaTh, 4TO TOJBLKO HEPHOAMYECKHH CHrHan obnamaer
DHCKPeTHRIM crmekTpoM. Tak, Bcskoe cJIOXHOe Koie6aHme, KOTOpOE
SIBJISETCS PE3YILTATOM CIIOXKEHHS rapMOHHYECKHX KOle6anmil ¢ HeKpaT-
HEIMH 4aCTOTaMH, SBJIASCH 32BEIOMO HEHCPHOAMYECKHM, TEM HE MEHEE
MMeeT QUCKPETHRIM COEKTp, COCTOSIIAMA H3 JIMHHHA, COOTBETCTBYIOIIAX
rapMOHHKaM B cocraBe koiebGanms. Pasnmyme cocroMT B TOM, 4TO
y OEPHOAMYECKOrO CHI'HANIA CIEKTP rapMOHHYECKHH, T. €. 4aCTOTHI rap-
MOHHK HaXOZATCH B KPaTHHIX cooTHOMmeHHsx. OTaenbHBIE TApMOHHUKA
MOIYT B CIEKTpe OTCYTCTBOBATb, HO 3TO HE HAPYyIIAeT €0 rapMOHHY-
HOCTH.

Bripaxennue (1.15) moxer GuITh mepenncado B apyro# ¢popme

f()=Co+ ), Cycos (kg-;‘:' +qok), (1.17)
k=1

rae xoaddmmenTal C, CBSI3aHH C a; A by H3BECTHEIMH COOTHOIMECHHSIMHA
a,= Cy.cOS @k, by= Cisin @y, Tax 410

b
Cr=+/al+b?, a (pk=arctg~f.
A

Coornomenne (1.17) mo3Bonser jerko mepedTa k Hamboiee ymor-
peburennHO#t dopme psaaa Oypbe, a IMEHHO, K KOMILIEKCHOH (opme

o . ﬂrz—;t '
f= % Ge (1.18)

k=—om
rae 2C.=(axt jby) — KOMIUIEKCHAS aMIUIHTY[a TApPMOHHKH C 9aCTOTOH
k 2n
Wp=K—.
T

" Micmone3ys dopmyny Didnepa, npsMO# OACTAHOBKOR MOXHO Iepel-
T oT cootomenns (1.17) x (1.18).
Kommnexcayro amMmaatyAy C, MOXKHO HaiTH HENOCPEACTBEHHO H3

528

v Y T
(1.18), mcmonm3ys CBOMCTBO OpPTOIOHANBHOCTH GyHKIm# € ~ M comps-

e ar. (1.19)



CymmmpoBanee B (1.18) BaeT mo HOJOXHTEILHEIM M OTPALATEIb-
HBIM 3Ha4€HMAM k, BKIIOYas ¥ HyJdb. Takmm o6pa3oM BO3HHKAIOT
«OTpHIATENLHEBE» 4acToTh. ORHAKO B CHIY BEmeCTBEHHOCTH f(f) m3
(1.18) cpasy cnenyer, uto 3Ha4¢EHe C_; KOMILUIEKCHO CONpPSDKEHO C C,
C_r=C,*. JIpyraMH CIOBaMH, aMIUTATYAa KOJebGaHHs C «OTPHLATEIDb-
HOM» 4acTOTOM paBHA aMIIIATYAE KOJeOaHHs C HONOXKHTEILHOR 4aCcTO-
Toit. COOTBETCTBHE MEX/Y TPHIOHOMETPHYECKOM M KOMILIEKCHOR Gop-
Mo psina Pypbe yCTaHABIABAETCS ¢ MOMOMBIO COOTHOIMCHAS ‘

. 1
QF=C%, ay=2RCC%, by=2hn(h, C}=E(dﬂtjh&

Ius xonebanms npsMmoyrompHO# ¢GoOpMBI ¢ g=2 H3 IpAMEpa,
npencrasiessoro Ha puc. 1.7, B coorsercTeaz ¢ (1.19), momyuam

k=1
-1 2 _ .
ko (-1 Opa k-HEYETHBIX;
e —e 1 sin nk/2 nk

_jm2 2 mk2 )1

opu k=0.

Kax BHOHO A3 CpaBHEHHS C paHEe HNOJYYCHHBIM Pe3YJILTaTOM
my=(k,ay=2(},by=2Jn1Ck==0

B Teopun psioB ®ypse pasnaraemas GpyEKIEsS B K03QQAUHEHTH ee
psga sBiaAoTCa obbexTaMd pasHeIX THIOB. DyHKIWMS 3a/aHa IO BCEH
OCH (— 00 < 1< 00), HO SBJISETCSA NEPHOAMYECKOH, HO3TOMY €€ JOCTaTo4-
HO 3HaTh JHIIb HA OJHOM IEPHOLE, B TO BpeMs Kak KOIGHIMEHTHI
psga 06pa3yloT JMCKPETHOE HENEPHOAMIECKOE MHOXECTBO 1Hcesl. VHa-
4e 06CTOHT AeNI0 B TOM ciaydae, ecnd ¢pyaknus f(¢) 3a0aHa Ha KOHEYHOM
HHTEpBaJle (MMIYILC). B 3TOM Cllydae HET HUKAKHX IPHYMH 11 BelOOpa

- jeogt
4eM-TH60 OnpeNe/IeHHbIX 3HAYCHHH [IOKA3ATeNs IKCIOHEHTHL € ©, KOTO-

@
jey
puie obecnednBanm Onl CXOOHUMOCTL psja Z C.¢™ x dynxman f(f).
k=—
Ecos cxomEMOCTb psiza K f(f) H Bo3MOXHA, TO TOIbKO B Hamboree
obme#t popme OpelCTaBICHAs CO BCEMH NOIYCTHMBEIMHA 3HAYCHHAMH .
VHade roBops, MMIYIbC MOXHO IIONBITATHLCS OPEACTABHTL CYMMOMH
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3KCOOHEHT, HO BCEX 4YacTOT, 3ajaHHuX B mHTEepBate (0...co0). IIpenens-
HBIM BRIPA)XEHHEM CYMMEI gBJiseTcs mETerpai. [Ipn nepexoae o cymMmnl
K HHTErpajy O4YEBHJHO HCYE3IHET JHCKPETHOCTh KO3hbMIHMEHTOB pas-
noxendss Cy, oBM TPaHCHOPMHPYIOTCS B 4aCTOTHO-33BHCEMYIO KOMII-
nexcHyto ¢yaknuio S (). ITosroMy B 06meM ciydae MOXHO 3aIHCATH

1
JUIA ONMHOYEOIO MMIIYIIbCA (ko3 dumenT P BBEJIEH O COOBpaKeHH M
Y9

ynobcrna)

f S(w)e” do. (1.20)

-

@

f)=lim ¥ Cé*=L
k=-o 2n
®opmyna (1.20) mo cBoeit crpykrype cxoaua ¢ bopmynoi (1.18), no
TENepb BMECTO HEAEKCA k, NpraEMaromero B (1.18) Toibko nenouncies-
HEIE 3HA9CHHAs, MMeeTCs HelpephiBHAs nepeMennas . [loxuepkaeM eme
pa3: 3170 O3Hakaer, Yro Qymkumio f(f), 3aJaHHYI0O HAa KOHEYHOM HH-
TEpBaJle, YXe HEIb3s HOCTPOATh M3 FApMOHHYECKAX KojeOanui ¢ xpar-
HEIMH YaCTOTaMH, I €€ HOCTPOeHAs TPebyioTCad rapMOBHYECKHE KOlie-
6apms Bcex vacror. Kommuexcnoszmaunyro dysximio S(w) Ha3uBaOT
cnexmpanvroti naomuocmeio gyuxyuu f(f). Ilonobro TOMY, Kak mus
NEPHOJMYECKOro Kone6aHMs cHexTpaibHas mocieaoBareabHOCTh Cy
HOJIHOCTLIO ompenensuia Gyaknuro f(f), xax xonebanus, 3aa2HHOTO Ha
6eckonreyHOM mHTEpBAJE, S (W) MONTHOCTHIO onpenesieT f(f) B COOTBET-
crBud ¢ topmynoit (1.20). ®opmanbras amanorus dopmyn (1.20)
7 (1.18) mosBonseT yrBepxaarh, YT0o B OECKOBEYHOM CyMMeE rapMOHHK
BCEX 4aCTOT aMILUIATYAA OTACILHON rapMOHHAKHA YaCTOTHI 0 GECKOHEYHO

1
Majla u paBEA dCa,=2— S(w)dw. Orkyna cnenyer ¢u3mdeckdil CMEBICT
"4

CHEKTpasbHOM IJIOTHOCTH: S(w) — KOMIUIEKCHAsT aMILUTHTyJa Koneba-
Hu#, npuxonsmascs Ha 1 I'm B GeCKOHEYHO Y3KOM HMHTEpBaJe 9aCTOT
BOKpYT 4aCTOTH @. Moay/b crexTpaJibHOR IUIOTHOCTH MOXHO paccMaT-
pHBaTh, KaX AMIIIATYJHO-YACTOTHYIO XapaKTEPHCTHKY, & 4aCTOTHYIO
3aBHCEMOCTB (a3nl S (w) — kak $a304acTOTHYIO XapakTEPUCTHKY CIEK-
Tpa HENEPHOJAYECKOTrO KoIeOanus.

" HWarerpan (1.20) raseBaioT obpamusim npeobpazosarnuem Pypve (OHO
BOCCTAHABJIABAET KoJeOaHMe, T. €. ONpEAENsieT €ro 3aBHCHMOCTb OT
BPEMEHH IO H3BECTHOM CHEKTpAalIbHOM IIOTHOCTH Koiebamms S(w)).
OueBHOHO, 4TO B CHIIy «CHMMETPHA» JOJDKHO CYIIECTBOBATH M IIPAMOE
npeobpazoBarre Pypbe, oOnpenenssoee CueKTpaibHyIO MIOTHOCTh KO-
nebanng S (w) mo BAAY ero BpeMenHO# 3aBucHMOCTH. BrBoa Gopmynh
npsimoro npeobpa3zoparusi Pypbe CBA3aH C M3BECTHRIMH MaTeMaTHYEC-
KHMH CIOXHOCTSMH. B Teopum nemeil mpuHAT HECTPOTMH, B MaTeMa-
THYECKOM OTHOIICHHH, HO HAaIJAAHBIA cnocob nonyyenus (Gopmyibl
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npsiMoro npeobpasoBanns ®ypbe, CBA3aHHBIA C IPEMEHEHHEM IPE/LIIb-
HoOro mepexopa or coorromrenns (1.18) x murerpaiy Pypbe A1 HEICPH-
OJIHMECKOrO KOIeOanns npH T— . [oncrasmB B (1.18) cooTHOmEHHE
s Cy (1.19), nomyurm

T
2

f(z)=1T i ™ | f(e "¥dy, (1.21)

=—00
_r
2

2n .
roe mk=k? — 4acToTa k-O# rapMOHHKH.

IMepexons x npeneny f(f) m ycrpemusisi T— 00, Gynem CHHTaTh, YTO
IIPH 3TOM @) IEPEXOJAT B HENPEPHIBHO MEHSIOINYIOCH 4aCTOTY () HIIH,
OpYTEMH CIIOBaMH, OyAeM OOJaraTh, 4TO IPH H3MEHCHHH T 3a cuer
COOTBETCTBYIOILErO M3MEHEHHS k ) COXpAaHSET HEM3MCHHOE 3HAUCHHC
«. Ecn mpHHSTE Takoe JONYIIEHHE, TO @;— @ npH T'—co. YacToTHRIN
HHTEPBAJ MEX/IY COCCXHHMH CIEKTpPaJbHRIMH COCTABIIAIONMMHA paBCH

27 . .
; H OpH T—- o0 CTAHOBHTCA BEIIHYHHOH OeckoHeYHO MAJIOH Ha 4a-

. 2n .
CTOTHOH OCH @, T. €. —T——>dm opa T—oco. Haxonen, cymMma nepeuaeT

B HETEIpal, B B pe3yJibTaTe npefeipHoro mepexoza B (1.21) mmeem

f(t)=z—1n j'e"‘”'dw j'f(t)e—jwtdt.

CpasrmBas noiyyerHoe coorromenme ¢ (1.20), cpasy monydum, 9To
S(w)= J' fHe ™ ar. (1.22)

®opmyna (1.22) u ects hopmyna npamozo npeobpasosanus Pypee.
dopmymsl (1.20) 7 (1.22) ABIAIOTCH OCHOBHBIMH COOTHOUICHASIMHY B CIIC-
KTpaJbHOM aHanuse curuanoB. OHE IPeACTaBIAIOT coboit napy upeob-
pa3oBannil Pypbe, CBAIBIBAIOIAX MEXIY coboit nBe OYHKIHH. BEIIECT-
BeHHYIO (GYHKIMIO BpeMeHH f(f) B KOMIUTeKCHYIO byHKImIO S (w) — cme-
KTpasibHYI0 IUIOTHOCTh. ITono6mo TOMy, Kak B pane dypbe CHEKTD
(coBoxymuocts Cy) IOTHOCTBIO OIpEENnieT IEPHOUICCKYIO byHKIIMIO,
TAK Temeph CIEKTpajbHAas IUIOTHOCTh S(w) HOIHOCTBIO ONPEACIsCT
HemeprEOAAYECKyI0 GyHKIHIO Bpemenu. M mapa npeobpa3oBannii Pypne

24



[cMm. dopmymsr (1.20), (1.22)] obecneunBaeT B3aHMHO OJHO3HAYHOE COOT-
BercTBEe f(f) m S(w). Vnave roeops, npsmoe mpeobpasoparne Mypse
OCYIECTBJIACT COEKTPAJIBHKIA aBajn3 BpeMeHHOM dyskumm f(f), a 06-
paTHOE mpeobpasoBaBne — BOCCTAHABIMBAET WM CHHTE3HPYET f(f) mO
€€ CIEKTPAbHOR WIOTHOCTH. POpMaLHOE COOTBETCTBAE MEXY PAIOM
®ypbe B HHTETPAIOM NPHBOJMAT K CBSI3H MEXIY CIEKTPOM IEPHOIMYEC-
KOTO CHI'HAJIA M CHEKTPAJIbHOHM IIOTHOCTBIO HENEPHOAMYECKOIO CHIHAJIA
S(9), 3anarEOro Ha KOHEYHOM HHTEpBae [t, #].

He#cTBATEILHO, aMILIATY AR k-Oit CHOEKTPaJIbHOM COCTABIAIOmEH e-
pHOAMYECKOro careana B coorsercTeud ¢ (1.19) pasra

Ck=; ff(t)e""“’“’,

2n
rae wo=?, T — nepuon cureana.

CuexTpanpHas IIOTHOCTH HA JTOM e 4ACTOTE B COOTBETCTBHH
¢ (1.22) pasma

S (kax)= f f(e ™.

Creposatensno, nony1um npoctoe cootromenne C,T=S (wy) B,
nepexons x MogynsM, CiT=|S(wy). Takum o6pasoM, MOLYIb COEKT-
PaJbHOH IUIOTHOCTH OJMHOYHOIO MMILYJIbCA M OTHOAIOmMAs aMILIATYA-
HOTO CIEKTPa NEPHOANIECKOH IOCIIEJOBATEIBHOCTH ITHX e HMIYJIHCOB
copmazgarot no dopme.

Mexny mmuynecroit 4 (f) m wactorHO# K (jw) XapakTepHCTHKAMH,
KOTOPLIC BHIIONHSIOT aHAJOrHYHbe GyHKIMH BO BPEMEHHOM M 4acTO-
THOH 06J1aCTSAX, JOJKHA CYmMECTBOBATH B3aAMOCBs3b. UToOH HaliTH ee,
OpeJCTaBAM BXOJHOM CHTHAI HHTErpajioM @ypbe

[+

Usy (t) =2_17t J' Sex (0) ejwtdw'

— 0

Ecnu B aroi#t popmyne o6o3HaumTh t=1¢'—1 (2 HOTOM OTOGPOCHTEH
MITPHEX Y £), TO NOJIYIHM
@

Uy, (1— 1) _L f S (@) dw.

2n

- @



IoacrasuB 310 Bhipaxenue B (1.9) # H3MEEHB IOPAJOK HHTEIPHPO-
BaHHS, EMEEM

a0

Uesee (D)= j (;; J' s,x(w)e’"’""’dw>h(t)dr=

- -

a0

=2i J'S,,x(w)<J'h(‘c)e_jmdt>emdw.

- -

BHyTpeHHM# HHETErpal BHIIOIHSET POb BeCOBOH (YHKIMH B 4aCTO-
THOHR 06JIACTH I CIEKTPAJIbHOM INIOTHOCTH BXOZHOrO CHIHATIA, H IO~
3TOMY OH JOJIKEH OBITh paBeH YaCTOTHOM XapakTepHCTHKE IEIH, T. €.

a0

J' h(t)e ™ dv=K (jo). (1.23)

-

TaxuMm 06pazoM, MOXKHO CIENIATh BAXKHLIA BRIBOA: YaCTOTHAS Xapax-
TEPHCTHKA NHHEHHOH CTAIMOHAPHOM NN €CTh NPSIMOE npeobpa3oBaHHe
®ypbe ee MMIyYIbCHOHM xapakTepHCTHKHE. [loAcTaBHB (1.23) B opensLay-
€€ COOTHOIIICHAE, MOJIYYHM

a0

e (t)=%r J' S, (@) K () doo. (1.24)

-

OueBHAHO, 9TO 3TO COOTHOIIEHHE coBHazaeT ¢ o6parHEIM mpeob-
paszoBanmeM Qypbe NI BHIXOAHOrO CHIHANA, CIEJOBATENLHO, U3 (1.24)
CIIeiyeT, 4TO

Suz (@)= K (j0) Sy (0)- (1.25)

®opmymna (1.24) upeacrapnseT co60# «BOCCTAHOBJICHHOE» HANPSIKe-
HHE Ha BHIXOJE IEIH IO H3BECTHOM CIEKTPabEOM IJIOTHOCTH BXOJHOrO
CATHAJIA M KOMILIEKCHOH 4aCTOTHOM xapakrtepHctmke nemd. Ecnm Ha
BXOJI€ €K AEHCTBYET IePAOAMYECKHH CHIHAJ, IPECTABICHHbIH PSIOM
®ypee B dopme (1.18, 1.19), To npr ussectrO# QyBKIME K (jw) Bamps-
%eHHe Ha BbIxoze 6yaer onpeaensaTbcs psaom Pypse

o ()= Y, K(jw,)Cre™™.

n= —oo
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1.5. IOJIIOCA M1 HYJI CUICTEMHON OVHKIINN

B COOTBETCTBHE C OCHOBHOM TEOpeMOM anre6phl IMOIMHOMEI, CTO-
Sl B YHCIHTENE M 3HAMeBarene cHcTeMHOM oymkmmm (1.4), mo-
ryT OHITH PasiOXeHH HA MHOXHTEIH, Toraa hopmyna nns K(s) mpe-
MET BHJ

(5 —S01) (s—502)---(s—50:)--

b, @—%0@~%ﬂm@—%a3

K(s)= (1.26)

IA€ So; — KOPHH HOJIMHOMA YHCIHTENS — HYIH CHCTEMHOH (yHKIHH,
Spi — KOpHH IIOTHHOMA 3HaMEHATENs — MOJIOCA CACTEMHOM QyHKIHAH.

Iomoca cacreMHO#R GyHKIMHM COBIANAIOT C COGCTBEHHRIMHA 4aCTOTA-
ma JICII. Oro cneayer m3 § 1.1. CrenoBarennHo, Ha COGCTBEHHBIX
4acToTax CHcTeMHas (ynkunus obpamaercsa B GeckopednocTs. Or3nyec-
KH{ CMBIC]I 3TOr0 06CTOSITENILCTBA COCTORT B TOM, 4TO Ha COOCTBEHHBIX
yacrorax B JICI] Bo3EHHKalOT KONeGaHMs, CyMMa KOTOpEIX o6pasyer
Uzux (f) TIDH «HYTIEBOM» BXOZHOM BO3/eHCTBAM. B CBOIO ovepenn K (8,0 —
K03hGhHIHERT IPONOPIHOHAILHOCTH MEXAY BHIXOJHBIM M BXOIHBIM
HaIpsOKEHHEM, 3aaHHKIM B BHJE cobcTBeRHOrO KOIeGanns e, [ToaTo-
My K(s,) nomxen 6niTh paBen GeckOHEYHOCTH, 4TOOK obeceunTs «HE-
HYJIEBOH» BLIXOJ IPH «HYJIEBOM» BXOJE.

Kax Bumno n3 dopmymr (1.26), cacremuas dynxmas JICI] onpenens-
ercst 5:abopom Hylle# H IOIIOCOB C TOYHOCTHIO N0 HOCTOSHHOM, OMpese-
nsemoit m3 (1.26) mpm s=0. Hcxoas u3 obmmx moioxeHHH, MOXKHO
ChOpPMyIHpOBATE OCHOBHHIE HpABHIIA, KOTOPHIM IONYHHSIOTCS HYIH
u momoca K(s). Crporo roBops, DOIOC2 B HyIH CHCTEMHO# (QyHKIHH
JICI] nomumesoTcs pasasmM npasriaM, 5o i RC, LC u RL-uenei 3ta
MpaBHJIa OJHHAKOBLL.

IIpexne Bcero 3aMeTmM, 4To Tak kaxk nomoca K(s) SBIAIOTCA CO-
6creenmniMu 4acroramu JICL], To cOGCTBEHHBIE YaCTOTHI JOJDKHEL
HMETb OTPHUATENBHYIO BEMIECTBEHHYIO 4acThb, 0,<0. Tommko B aTOM
ciy4ae cobcTeHHBIe KoTebanus nemu GyayT 3aTyXaromMMHA.

Hyma n nomoca nprHsATO H306pa)ars Ha IUIOCKOCTH KOMILIEKCHOM
4acTorhl 5. [losTomMy momoca NODKHBI pacHoiararsCs B JIEBOM MONY-
IUIOCKOCTH MIJIOCKOCTH KOMILIEKCHOH 9acTOTH § (6 <0).

B cooTBeTCcTBAH C OCHOBHOM TeOpEeMO# aIredpsl KOpPHA HOIAHOMOB,
CTOSIIYX B YACIHTENE B 3HaMenaTenne hopMynl (1.4), Mmoryr 6niTh GO
BeIECTBEHHRIMHE, TH00 momapHo compspkenabiMA. s JICL, o6paso-
BaHHOM HAcanbHRIMA L 1 C, noroca MOryT HaXOAHThCA HA MHEMOM OCH
Jo wiockoctr 5. Ha prc. 1.10 nokasan npuMep pacnookeHHs IOIIOCOB
M HyJIedl Ha IJOCKOCTH KOMILIEKCHOM 4acToThl. ['padmueckoe mpencras-
nenue, monobroe m3obpaxkennoMy Ha prc. 1.10 nius KOHKpeTHO# nend,
HA3LIBAIOT «(OUAZpaAMMOLl NOMOCO8 U HYAelLy.

ITocTponm AmarpaMMmul 171 KOHKPETHBIX IIEIEH. :

Ha pmc. 1.11 n3o6paxena npoitnas T-o6pasnas RC-cxema, IIMPOKO
OpHEMEHsIEMasi HA IPaKTHKE. \
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fo 1
@ £ >—
2773 R R
; —
TP e wed Ri2 Uaen(S)

5-- % —l_
Prc. 1.10. IIpamep NonOXeHAS MOTIOCOB Prc. 1.11. [Ipoitras T-o6pa3nas RC-nensb
g ryneit JICI] ma IIOCKOCTH KOMILIEKC-
HOH 9acToTH s=0+jo (X — Momoca,

0 — Bym)

Vicmons3ys H3BeCTHHIE IPHEMEI pacyera, HaiieM CHCTEMHYIO QYHK-
IMI0 JAHHOH NN

P41
T TP +aen+T

K(s)

rae t=RC. Hymr K(s) ompenemsmorcs, KaK So;2= *jl/r, momoca —

spa=1/1(=2£+/3).
Ha puc. 1.12 nocTpoesa AHarpamMma IOJIIOCOB-HyJIeH LelH.
Baxasie ceoiictsa JICI] BesiBstoTCs IpH mepexofe ot K (s) k xomm-
JexcHOM yacToTHOM xapaktepucTuke K (jw). B 1aHHOM mprMepe 04eBHA-

HO, 4TO
1 —(wr)?
T 14+4i(00)— (@)

K (]m)

AYX paccmaTpuBaemoii nemu r3o6paxera Ha puc. 1.13. Kax suHo,
mBojlinas T-o6pasHas uenb OOJABIsSET rapMOHHYECKOe Koiebamme Ha
yacrore w=1"'=(RC)™ 1.

Jw A

@ K(w) A

o/t -

(2B 12+ |0 G
¢ -j1
)
Puc. 1.12. Ilomoca # gyaE asoitsod T- Prc. 1.13. AUX gsoitsoit T-o6pa3Hoif me-
- obpa3Hoil uens ' %
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L c -~ -‘\ @
Q=1/2 ¢
! {Po20 Q-»co
Ugy R| | Yeeix(S) ‘" .
\
x\“ (O] Y
‘;j R
a ) 6 )

Prc. 1.14. LCR-uens (g) m zaarpaMMa HOMEOCOB H HyJeid (6) ee cACTeMHON GyHKIAR

Cucremuas ¢ysxuust LCR-nenn, m3obpaxenHo#t Ha pmc. 1.14, a,
HMEET BHA!

RCs

K(s)=——
S’ LC+RCs+1

L

C
Beens obosmauenns wy=1/4/LC, Q=—i’ K (s) moxaO npeobpaso-

BaTh K BHAY
o
o
K@E©=—T,

0
s +—s+wk

IOpH 3TOM HOJI0CA CHCTEMHOM ¢yEKnuE 6ynyT paBBEI

1
splZ_—-ZZ+J l—z

JmarpamMma HOIKOCOB IpEACTaBieHa Ha puc. 1.14, 6.
IIpe B3MeHEeHHH Q HOMOCA NEPEMEINAIOTCA O OKPYXHOCTH pa,zmyca
wo. Ilpr Q=1/2 nomoca coBMeIMAalOTCI Ha OTPHIATEILHOR OCH B TOUKE
~ —ay. IIpu Q— 00 nomoca cTpeMATCA K TOYKaM + jwy HA MEHMOH OCH.
Hyne cuctemsoi QyHkiEH pacmosaraerTcs B Hadajle KOOPAHHAT.

1.6. JOTAPUOMUYECKAA AYX I ®UX

PaccMotprM crocob mocrpoenns norapapmmageckoit AUX m @UX
JICLI, y XKOTOpHIX HONIOCA M HYIH JeXaT Ha JACHCTBATEIBLHOM OCH
IUIOCKOCTH §. DTO JOCTATOYHO INHPOKHH KPyr nened, Ha OCHOBE KOTO-
PHIX CTPOSITCS YCTPOMCTBA, HapEMEP aKTHBEEE RC-QHIBTDHL

Al
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O6035a4aM IOTIOCA H HyJIH Yepe3 3Ha4eHHs, OOpaTHEIE BpeMeHH (B
3TOM CJTy4ae OYEBHIHO COXPAHAETCS pa3sMEPHOCTh YaCTOTHI Al MOJIO-
coB H mye#) (pac. 1.15).

IonycTim Taxxe, 4ro npu s=0 EeT BH Nomoca, HE By K (s), Toraa
B coorBercTBEHE C (1.26) H 0603raveHnsaMH pHC. 1.15 3amHimeM CuCTeM-
Hy1o (pyHKIMIO OEIM B BAAE

s+ 1) 5+ 1)
" by(s+1/m3) (5 + 1/rg)-er

K(s)

10 COOTHOIEHAE MOXHO IEPEMCAaTh TAKAM 00pazoM

(1 +st1) (1 +5712)-..

K =K 0 ’
(S) ( ) (A +s9)(d + 5T4)--

rae K (0) — 3HaveHMe CHCTEMHONR (QyHKIMHA HA IOCTOSHEOM TOKe §=0.
Iepeitas ot K (5) K KOMILIEKCHOH YaCTOTHOM XapakTepHCTHKE K (jw),
3aMAIIEM

(1 +jot) (1+jot2)...

K(jw)=K(0) (1.27)

(1 +jots) (1 +Hjory)...

Jlorapapymueckas AUX (JIAUX) onpenensiercs xax 201g K(w)
H BIpaxaercs B Aemmbenax (ab). Beibop norapHpMmEdecKod mIKAhl
06yCIIOBJIEH B OCHOBHOM 0O/BIIMM JHANA30HOM H3MEHEHHMH, B TaHHOM
ciyuae BenmumHK K (w) B 4actoTh . Ouepunno, JIAUX onpenemser
oTHOCHTeILHOE H3MeHeEHe K(w). Ilpm mamememmr K(w) B 10 pa3s
JIAUX m3mensiercs Ba 20 aB. Amanormuso | o6 paBeH H3MEHEHHIO
K(w) B 1,122 pa3sa, win nprban3aTensro Ba 12%; 3 Ab ouennb 61U 3K0
K HaMmeEeHHI0 K (0).B \/5 pa3a, 6 1b — B 2 pasa.

Ha ocroBanun (1.27) 3amamem JIAUX B Buge
20lg K (0) = 201g K (0) + 201g |1 + jowt |+ 201g |1 + jots| +... —
—20Ig |1 +jwts]—201g |1 +jwts — ...
r ®UX B BHAE
jo

®

X. 3¢ S
LAy ©

Tk, -ty ik, -1k, IO

Pumc. 1.15. JlaarpamMma OOJIEOCOB H HyJIeH
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¢ (w)=arg K (jw)=arg (1 +jawr,)+arg (1 +jot;)+ ...
—arg (1+jwt;)—arg (1 +joty) —...

Kax srgnO, pesyasrapyromue JIAUX 1 OUX nonysarorcs anrebpa-
mueckuM cymmupoBagdeM JIAUX m OYX oThensHEIX WIEHOB BHIAA
(1 +jwt). I'padrveckoe a306pakeHAE ITHX XaPAKTEPHECTHK MOXKHO HOJY-
9MTH JOCTATOYHO NPOCTO H, CIIEAOBATENIFHO, PE3YJIbTHPYIOIIAs Xapax-
TEPHCTHKA MOXET OBITh MOCTPOEHA HA OCHOBAHHM OpPOCTHIX Opasdi. Ha
pac. 1.16, a mpencraBnena JIAUX gna (14 jwr). Kax BagsO, OHa
«BIHACHIBAETCA» B JBE aCHMIITOTH, OHA H3 KOTOPHIX COBIANAET C OCHIO
T, a BTOpasg @MeeT HakIoH 6 abj/oxrasa mnm 20 ab/aexaga (oxTaBa
COOTBETCTBYET H3MEHEHHIO 4aCTOTHI B 2 pa3a, aekaga — B 10 pa3s).
H3noM acEMOTOT DPOACXOJAT HA YacToTe w=1/7. OTKIOHEHHE peaib-
Bo#t JIAUX B Touxe H3nOMa OT Hyns cocrasisger poBHo 3 nb (meicr-
BHTEJIbHO, B To4Ke H3oMa =1/t 1 20lg|1 +j|=3 ab).

®a3oBas xapakrepucraka (l+jwt) mpeacraBmser cobod S-obpas-
HYIO KPHBYIO Ha 4YaCTOTHOM HHTEpBaje B JBe JEKaJhl BOKPYr w=1/1
(pmc. 1.16, 6). IIpn 3TOM OHa XOpOINO ANNPOKCHMHPYETCS Ha 3TOM
y4aCTKe HAKJIOHHOH HpsMOM, obecmedymsaroliedl MOJIHOE H3MEHEHHE

20 igV1+wr)? A 8B

20 -——=—————=
’ 6 gb/okrasa

ot

10% 10" 1 1 10°

arg(1+or)
n/2

/4

St m——

10 10" 1 1
6)

Prc. 1.16. Juarpammer Bona, JIAUX (a) 1 @UX (6) ms (1 +jor) |
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¢, -G, dassl ot 0 (npr wr=10"") no n/2 (upu
wt=10).
PaccMoTpHEM OpHMEP, H3 KOTOPOTO
UadS) R, | |R: UsxlS) MOXHO HOHSTH, 9TO IPEACTABIECHHLIA
» cnoco6 mocrpoerms JIAUX m @UX
i N - JIETKO PACIpOCTpaHAETCS Ha Cly4ad,
Pac. 1.17. RC-nems xorga K(s) mmeer nyns opa s=0. Ha
puac. 1.17 m3obpaxena RC-nens. Hc-
II0/Ib3ys IPHEMEI PacdeTa enedl Ha MOCTOAHHOM TOKe, HalleM CHCTEM-

HyIO QYHKIMIO 3TOH LENH

K(s)

_ [R(1/Cas+ Ry)IRz
[1/Cis+ Ry} (1/Cos + R (Re + 1/Ca)’

rae 38aK | o6o3HavaeT mapajUielIbHOE COEJHHEHHE COOTBETCTBYIOIIMX
anemenToB. ITocne npeobpa3zoBaBus MOJY4YHM

RiC{RyCy5*
R CiRyCas* + (R, €y + RoCy+ RiC)s +1

K(s)=

3amaguM 3Haenns nemenToB nem: C= 100 Mx®, C;=1 Mx®, R, =
=1 xOM, R,=1 MOwMm. Toraga K (s) IpEHMET BHA:

10~ 152
KO=1ia
107 % +1,1s+1

ITpeo6pasys 3mameratens K(s) x BHAY DPOH3BEICHHA COMHOXH-
Tened, HalaeM, 4TO

46
40r+-~-~- 401lgw
1
i
1
i
20 :
1
3}5:
n n I +
10°  10° AT 10 )
20/ Y
306 -
A 20lg1+(@-10 )2
40 20ig¥1+(w T
pesynsTupyrowas JIAYX

Puc. 1.18. ITocrpoerne JIAUX ¢ mcnons3oBanueM qBarpaMmel Boxs
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~ "
T s+ 1) (s+10)

K(s)

3amenss s=jw, HaigeM xomiuiekcHylo AUX paccmatpaBaeMoH
[enn

w? w?

K ! = — = .
(o) (1 +jo) (o+10)  10(1+jw) (1 +jwl10™Y)

Jlorapapmudeckyro AUX 3ankmeM B BHAE:

20lg K () =40lg — 20— 201g /T + w? —201g /1 + (@10~ 1)2.

B cOOTBETCTBHH C IpaBHAIAMH DOCTPOEHAA AdarpaMMel boas acamm-
TOTHL TPETBETO CJIaraéMOro HMEIOT H3JIOM B TOYKe w=1, moCiIeanero
cnaraemoro — B Todke w=10. Ha pmc. 1.18 mpaBenennl jHarpamMMer
Bons m pesynsTapytomas JIAUX nenn.



IaaBa 2
IHACCUBHBIE JIJMHENHBIE CTAIIMOHAPHBIE LHEIIN

2.1. IPOCTENIIVE RC- A LC-ITENIN

Ha pac. 2.1 npexacrasnenn ase npocreimue RC-uena. HaiigeM ans
3THX neneli CBs3b «BXOJ — BRIXO» BO BpEMEHHOH H 4acCTOTHOH obna-

1
crax. B coorsercrBuE C pHC. 2.1, a um(t)=E i(r)dt. Tok, nporexa-

FOIHH 4epe3 KOHISHCATOP, paBeH

i(H= uL(t)—_RuLm, HO3TOMY

o ()=~ J (e () =t (D) 1.

Orxyna

duge () 1 1
- U ()=~ U (¢), THE T==RC.
dt T T .

dugx (0 1
i >~ 1, (). DTO BEPaBEHCTBO TPYIHO HCTOI-
T

Honycram, 910

dugux ()

KOBaTh OJHO3HAYHO, TaK KaK 3HA4YCHHE IIpOK3BOIIHOﬁ 3aBHCHT OT

dt
¢dopMBI BRIXOZHOrO CHrHaNa. MOXHO yCIIOBHO CYHTaTh, 4TO Oonsmoe
itt) R c

; —
wat) @

> D I 4 -
IC Ugx(t) Ugx(?) (D R ugyx(t)

a) 6)

Puc. 2.1. Ipocrefunme RC-neny:
a — mETerpEpyomas, 6 — maddepermmEpyomas
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3Havenue 1 0beceurMBaeT BLIIOIHEEHRE BepapencTBa. OnHako Golee Aim
MeHEe TOYHYHO I'PAHAIlY 3HA9EHHS T HA 3TOM 3TAIE yKa3aTh Helb3s. TeM
He MEHee, ECITH JJAHHOE YCJIOBHE BEINOJHEHO, TO

Qs () _ e ()

dt T

t

e (£) =~ J Uy (1) dt.

0

Taxum o6pasom, nens, m306paxernnas Ha puc. 2.1, a npa Gombmoi
IIOCTOSHHOM BPEMEHH SBJISCTCH HHTEIPHPYIOmMEH LENbIo (HHTErpaTo-
poM). 3ameTHM, 9TO YeM OJmKe nens K AAeAILHOMY HETETPATOPY, TEM
MEHbINE HANPSKEHAE HA €€ BBIXOJE.

Caolictea RC-ue MOTyT 6HITh IOMONHEHL! Pe3YJIb TATOM e¢ AHAIIM-
3a B 94acTOTHOM ob1acTa.

Upix ()  1/Cs 1

Ux(5) R+Cs 1+s7
1

1+ jan'.

Ha pmc. 2.2, a npeacrasnena AUX, a ma pmc. 2.2, 6 — JIAUX,
IDOCTPOSHHAS C HCHOJIb30BaHHEM JHArpaMmel Ko,

W3 dopmynn ans onpenenenns K (jw) creayer, 9to RC-nenb npe-
OmkaeTcs X HAEanbHOMY HHTETPATOPY IpPH YCIOBHE wt>>1. B 3toM

. Komuiekc-

Cucremuas dynkums nem K (s)=

Has 9aCTOTHas XapaxkTepucTuxa K (jw)=

. 1 o o
cay4ae K (jw)~—, 9TO COOTBETCTBYET KOMILIEKCHOM 4aCTOTHOM Xapak-
Jjat

TEPHACTHKE HJEAIbHOIO HHTErpaTopa. 3Ha4eHHe wT MOXeT OLITh OneHe-
HO KOJIAYECTBEHHO TOYHO, €CIIM Ha BXOJE IIENH JCHCTBYET rapMOHHYEC-
Koe xosebaHmme 9acTOTHl . EcCiM Ha BXOje CHrHAN NPOH3BOJIBHOM
dopMmel, TO ycnoBHe HHTErpHpyromed NEmH JODKHO ORITH OTHECEHO
K YCIOBHO HHXHEH 49aCTOTE @y, B COEKTPE BXOAHOrO CHTHAJA, I
KOTOPOH JO/DKHO OBITh BHINIOJHEHO YCJIOBHE Wp;T>>> 1. DTo, B CBOIO
odepedb, 03HAYAET, 9TO BECH CIIEKTP BXOAHOIO CHTHAJIA JOJIKEH HaXo-

. . 10
MUTHCA, 1O KpaHHe# Mepe, copaBa oT w=— JIAUX, u, TakuMm o06pa3om,

T

BeIXONHOH curran Oyxer ocnabien Ha 20 ab.
Hamnas RC-nensb obiajgaer CBOMCTBOM 4acTOTHOrO (uibTpa. Ilpm-
HATO CYMTATh IPaHHYHOM YACTOTON DPONMYCKAHHS QHIBTPA Ty 4aCTOTY,
Ha XOTOpOH ocnabneEHe IO OTHOmMEHHIO K MakcumMymy AUX co-

CTaBJIsET 1/\/5=0,707 wix —3 gb. Kax BEgHO M3 pHC. 2.2, a,

1
paccmoTpennas RC-nenb B 4aCTOTHOM HHTEPBAIIE [0...—:, IPOIIyCKAeT
T
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y ,
o) gy [ ton ok,
1
-34a6
0,707 7
t
! 20
1 \
I
1
0 1% @ .40 85
a) 6)

Prc. 2.2. AUX (a) 1 JIAYUX (6) HETErpHpyomei uens

1
9aCTOTHHIE COCTaBIIAIONMME C MaIhIM ocnabiendeM H Ha 9aCTOTax @ >>—
T

310 ocnabienne moctEraeT 20 ab/nexana. ITo xiacCHbHKAlHH 9acToO-

THRIX (uneTpoB JaHHAas RC-nems ABISETCA purmpom HUNCHUX Ha-
cmom.

Jnsa nenn, #306paxeHHOR Ha PHC. 2.1, 6, ypaBHEHHE CBS3H «BXOJX —

d (ups () — paax ()

dr '

. Taxum 006-

BRIXOZ» BO BpEMEHHON 0OnacTH HMEET BHI Upux (H=1

- dug (1)
, TONYYAEM Uy T

ITpA YCIOBHH Uy (£)>>71 P
t

 pasom, nanHas RC-nemp — naddepeHnApyomas, eCH HOCTOAHHASA
BpEMEHH T MaJja.
ST . Jjort
B wacrotro# obnacta K(s)=—— B K(jw)=-——. HepaseHCTB0,
1+t 1+jor
npuBojsmee emb K muddepemmpyromed, OPHHEMACT BAL W1 «1,
A B sToM ciydae K(jw) npmOnExaercs K KOMILIEKCHOR 9aCTOTHOH
XapakTepHCTHKE HACATLHOrO Auddepenuaropa K (jo)~jor.
Ha puc. 2.3 DOCTPOSHBl aMIIJIATYAHO-YaCTOTHHIE XapaxTepHCTH-
xH Taxod nem. Kax Bmgmo, crmextp autdepeHIEpyeMoro CHrHaIa

----- 1
/
1
104 : 1A/ Yo\ 10%A o
! - 386
1 !
/204 N\
nb
40
6)

Prc. 2.3. AUX (a) = JTAUX (6) maddeperApyroMed Henn
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JI0JDKEH PacIeJiararhbCsl Ha YacTOTHOH OCH, IO KpalHe#d Mepe, ClieBa oT

10
w=—
T

JIpyrEMA CJIOBaMH, YCJIOBHO IPHHHAMAETCH 33 MAaKCHMAIBHYIO 4a-
CTOTY B clieKTpe nuddepeHnapyeMoro CArHANA Wp,y, 3HAYEHAE KOTOPOR
YIOBIETBOPSET YCIOBHIO ®Wn,T<< 1. ITpE 3ToM ocnabrense caraana
npesricaT 20 1b.

PaccmarpuBas AUX pend ¢ [pyrax HNO3MIHMA, MOXHO YBHIETH, 4TO
nagHas RC-nens mpencraiser coboit GHIBTP, NPOIYCKAIOMME C Ma-
JBIM ocyablieEHeM Ty 9acTh CIEKTpa, KOTOpas IOOajaeT B 9aCTOTHRIM

1 o
HHTEpBaJ @>>-, Takoil QHIBTP HA3LIBAIOT PuabMPom EepXHuX uacmom.
T

2.2. KOJIEBATEJIBHBIE KOHTYPBI

ITpocreiimre LC-nemn npenctaBasior cobol nocnecBaTeIbHEIN
(pmc. 2.4, a) m napanenbas (puc. 2.4, 6) kxoaebaTeIbHEIE KOHTYPHIL.

B peansHux anementax L m C 00g3aTe/IbHC €CTh aKTHBHBEIE COCTaB-
JISFOINME, KOTOpPhIE HAa DHCyHKax o0O3HadYeHHl rp H rc. B HaeanbHbIX
LC-pensx MoryT BO3HHKATH HE3aTyXarollHe COOCTBEHHBIE rapMOHHYEC-
kue Konebamms. OTKyza cnexyeT H Ha3BaHue neleit — kosebarenbHbIe
KOHTYpHL. Bompochl Teoprn konearenbHbIX KOHTYpOB HNOAPOOHC oCBe-
IeHsl B yueOHHKaX 1o pagdoTexHHKe. 3xeck OyXyT pacCMOTPEHB! TOJIb-
KO OCHOBHBIE IIAPaMETPhI H XaPAKTEPHCTHKH KOHTYPOB, KOTOPBIE OIpe-
JeIsoT HX (yHKIHMOHATLHOE HA3HAYEHHE — YaCTOTHYIO H306HpaTenh-
HOCTh. DTH IApaMeTPhl H XaPAKTEPHCTHKH SBISIOTCH OOmMMM Uit
KOHTYpoB OOOHX THHIOB. Byjem cUMTaTs, 9TC BXOJHEIE BO3JEHCTBHA
OpecTaBIsoT cobolt rapMoBHYecKHe KoIebanns, HoJIePKHBAEMBIC HC-
TOYHHKOM HANPSUKEHHS H TOKA.

- Pe3oHaHCHas 9acTOTAa KOHTYPOB ONpPE/E/SICTCS H3 YCIOBHS PABEHCT-
' Ba HYJIO PeaxTHBHOM 9acTH HX oOIIErc CONpOTHBICHAS

woL—1/wyC=0, orxyna we=1/4/LC.

Ha pe30Hchnoﬁ 9acTOTE COONPOTHBIICHHE KOHTYPOB HC OTHOHICHHIO
K Ir€éHepaTepy CHTHAJIOB 4acTC aKTHBHO.

XapaKmepucmuueCKuM conpomug AgHuemM XKCHTypa Ha3biBaroT Moaylib
PE€axTHBHOrO CONOPOTHBIICHHS KAaTYUIKH HHIAYKTHBHOCTH HJIH KOHICH-

. L
caTopa Ha pe3cHaHCHOH dacToTe p=wol=1/w,C= o

Hobpomnocme nocaedosameavro2o kowmypa () €CTh OTHOIICHHE
AMOIHATYLl HANpPSDKEHHS HA KaTylIKe HHAYKTHBHOCTH U,. HIH Ha

\
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i) L

up-(P o= (

=U, cosar =l cosat

Puc. 2.4. TlocnenopatensBnl (4) B HapalUIebLHEIA () konebaTebHRE KOHTYPEI

xonzencatope U,c Ha 9aCTOTe pe30HAHCA K aMILIATY/E HANOpsDKEHHS Ha
xouTYpe U,

UnmL

Q—_-____

Un

_ Umc

w=w, Unm|o=w, r woCr r

Jo6pomnocms napaaneabHo20 KOHmMypa ecTh OTHOMIEHHAE AMILTHATYAbI
TokOB B BeTBAX (I, Inc) K TOKY B y3ne I, Ha pe30HAHCHOH 4acTOTe.
O603Ha9AM CONPOTHBJIEHAE NApAIUIEILHOrO KOHTYpa Ha PE3OHAHCHOM
gacrore R,;. Torna aMmmryja HanpspKeHHs Ha KOHTYPE IIpH pe30HAHCE
6yner paBHa I, Rys, @ TOKH B HHAYKTHBHOH H €MKOCTHOH BETBSX HPH
ycioBHaH, 9T0 Wl > ry B 1/weC>> r¢, 6yayT paBHH

IR
wyL

ImL ) ImC‘:ImRanwOC H ImL= mC-

CrnenosaTensHO, JOOPOTHOCTL KOHTYpa paBHA

Imt Imc Roxs
Q=_L=_C="0_L =R3xnwoc'

I, I, o
HaitneM 3KBEBAIEHTHOE CONPOTHBIICHHE 1A PATUIEILHOTO KOHTYpA

(rc+1/jwC) (r+jol)

Z(jo)=
(] ) r+1/joC+joL

Ha pe3oHaHCHO# 4YACTOTE IIPM BHICOKOH JOOPOTHOCTH KOHTYpa
(O>10) axTHBHBHIE CONpPOTHBICHHS 3HAYHATEIPHO MEHBINC XAPAKTEpH-

crudeckoro comporuBieEms. Ilostomy npu o=y Z (jwe) =Ry
2

p
A R, ,=—. Iloacrasum R,, B BhpaxeHdae i () M IOJYYHM, 4TO
r
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106pOTHOCTH MapaieNbHOTO KOHTYPA BEMHCISETCS TOYHO TaK XKe, KaK
H [DOCIIEJ0BATENBHOTO O =p/r.

YacroTHO-H36HApaTENbHEE CBOCTBA KOHTYPOB OIIPEIEASIOTCSH 3aBH-
CHMOCTBHIO AMILTATY/BI TOKA B IIOCIENOBATENFHOM KONIe0aTEIbHOM KOH-
Type WIH HANPsOKEHHS HA OapajuleIbHOM KOHTYpe OT 4acToThl. Jlus
HOCNEOBATENLHOTO KOHTYPA TOK B KOHTYpE paBeH

. Un Un 1

" rrj@L—jw) r 14jE

oL—-1joC

roe &= — 06001meHHas paccTpoiika KOHTYpA.

3ammmem cootHOmeRHe s I, B HODMHPOBAHHOM BHJE, OTHEC
I, x pe3opaHCHOMY 3Ha4YeHHIO TOKA Io=U,/r,

Im 1

Lo 1+j¢

AHAJIOTHYHO [UIf DAapajUIeNbHOrO KOHTYpa BOIM3H pE3OHAHCHOM
9aCTOTHI MOXHO 3a[HCaTh AMIUTHTYAY HANpPSDKEHAS HA KOHTYpE B BHJE

2
P o
MpoxuTtens I,,— ecrs HaOpSKEHHE HA KOHTYPE Ha Pe30HAHCHOM
r

9acToTe Up,e. ITo3TOMY DepenmeM gaHHOE BRIpaXXeHHE B HOPMHAPOBAH-
HOM BH/IC H IOIYYHM TOYHO TAKOE X& COOTHONIEHHE, KaK H JId TOKa
B IIOCTIEJOBATEIIPHOM KOHTYpeE

U, 1

U 1+

Jns mocnenoBaTenbHOrO H MAPAIUIENBHOrO KOHTYPOB 3TH COOTHO-
NICHAS NPeNCTABISIOT KOMIUIEKCHYIO YaCTOTHYIO XapakTepHcTaky. Ilo-
3TOMY JUIsl OGOHX KOHTYPOB YaCTOTHO-H30HpATENbHEIE CBOMCTBA OIpe-
JEISI0TCS 3aBACHMOCTBIO

1

K(ow)= 14jE

@2.1)

YacToTHas H3OMPATENHHOCTH KOHTYpa NPOSBISAETCH BONH3M pe3o-
HaHCcHO# yacToThl. [loaTomy 3aBACEMOCTS K (jw) npeacTaBuseT HETEPEC
BOmM3M 0=~ w,. [Ipeobpaszyem & x Baay
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é;wL—l/wC=B (ﬁ_f’_‘)): Q(a)+wo)(w—wo).

r r\wg @ wwy

BeeneM mossiTe abcoaomHol paccmpotiku. Kowmypa Aw=0w—we
2Aw

CymMy (@ + @) OpE R @y MOXHO CHYMTATh PaBHO¥ 20, TOIJA (~Q—
' wy

BOIH3A PE3OHAHCHOR YaCTOTHL

AUX xonedaTensHOr0 KOHTYpa HpEeiCTaBleHa Ha puc. 2.5. Tam xe
mobpaxena PUX, koropas B coorsercrear ¢ (2.1) ompeneinseTcs
dbopmynoit ¢ ()= —arctgé. Kax BEIHO, KxoJe6aTenbpHbIH KOHTYP Open-
CTaB/sSeT coboi JaCTOTHYIO H30HPATENbHYIO LEHb. On «mponycKaer»
9aCTOTHL (JACTOTHHIE COCTABIISIONIME B CIEKTPS CHTrHAJa, TOJAHHOIO
B KOHTYp), IPAMBIKAIOIHE K pe3OHAHCHOM 4aCTOTE W IIpussaTo c4d-
TaTh IPENEIbHO JONYCTAMBIM ocnabmenme 0,707 or Makcamyma AUX.
YacroTHL CIEBA H CIpaBa OT @, OTBEYAIOINHME ITOMY yposuio ocnabie-
HHS, COOTBETCTBYIOT 3HAUCHHUAM 0606mennol paccTpolka =t 1. ITo-
710ca 9aCTOT, OrpaHHYCHHAS 3HAYCHHIMH ¢=+1, Ha3EIBAETCH noaocoi
nponyckanus konmypa. B COOTBETCTBHR C pHC. 2.5 monoca IpoNyCKaBus
KOHTypa IO yPOBHIO OCIa0IeHns 0,707 para 2Afo70=/fol Q-

e @(&){
iz
7
%%A . L : .
-1 01 3 -1 0N 3
? "l
6)
K |
1 <p(f)4
) wa|
! A AN
. o fo B, f ffO:OEffL,#?
0 3g fo*ﬁ' 0" 3 :,;/Z" 0*3q
8) 2)

Prc. 2.5. AUX (a, 6) 1 PUX (6, 2) xoeGaTeLEOTO KOHTYpa B 3aBACAMOCTH OT TaCTOTHI
7 060BMEnno# pacCTPOAKA
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2.3. YACTOTHBIE LC-ONJILTPEI

Yacmomnuoim usbmpom Ha3BIBAIOT UENb, KOTOPAsk HMEET ONHY HIIH
HECKOJILKO IIOJIOC NPONYCKaHHMs (IpO3Pa4HOCTH) H OOHY WJIH HECKOIBLKO
HOJIOC HEmpO3padHoCTH (3amdpanus). Y HiacansHOro ¢mibrpa AUX
B monoce npo3pa4noctd K (w)=1, B nonoce 3anupanns K (w)=0. dpy-
THMH CIOBaMH, HIEAJIbHBIA QUIbLTP HepeaaeT 4acTsb cuekrpa Oe3 ocna-
Onerus B coeif molloCce IPOMYCKAHAS M NOJABISET 4O HYJIS OCTAILHYIO
dactb cuekTpa. PUX uneansuoro GpunsTpa B mosoce nponyckasas 6o
paBHa Hymo (¢ (w)=0), 1960 HMeeT IHHEHHYIO 3aBHCHMOCTL @ (W)=

. —jot,
= —wty. Taxum obpa3om, B nosoce nponyckarus K (jw)=e ™", poaro-

My BC€ YaCTOTHBIE COCTaBJIAIONINE CHeKTpa carHana C, e’ "', Haxosiue-
¢ B DOJIOCE DPONYCKAaHMs, HAa BRIXOAE (HIbTpa CTAaHYT paBHRIMH
C,e’"K (jo)=C,e™ "(H"), T. €. 6yoyT 3amepXaHbl Ha BpeMd f.

Ilo Bagy AYX ¢unbTpel moapasmensroT Ha: (QHIBTPE HHKHHX
gactot (PHU), dunprpel sBepxuux gactor (OBY), moJ0CHO-OpOIyCKa-
romue (IITIP) uam DonocoBbie W MONOCHO-3arpaXJaromue QHIbLTPEL
(I13®). AUX mpeanpHBIX GUILTPOB HPHBENCHEL HAa PHC. 2.6.

AUX peampHbix QUNETPOB MOXeT npHOIHXaThcs k AUX Haeals-
HeIX (HIeTpoB. WX pa3mmawe onpenensieTcss HE TOJBKO OrpaHAYEH-
sHocThio Mopenu JICLH], paccMaTpuBaeMOi BHE CBS3H C PeaJbHEIMH
DapaMeTpaMH 3JIEMEHTOB NenH (HapasHTHRIMH HapaMeTpaMH, 4acTo-
THOH 32BHCHMOCTBIO L, R, C ¥ T. A.), HO H OPHYHHOM, HMeEIOmel
dyBIaMEHTAIbHEIA XapakTep. '

Haiinem mmuynscayro ¢ysxumo h(7) naeanseoro ®HY. ns mpo-
crotel monoxuMm arg K(jw)=0, torna B coorsercrsmn ¢ (1.23) 3anm-
meMm:

© " gt

0 sin—

__l L Jot _l jot _ ‘1,1/2_2

ho=— jl ¢ dw_anw domfed 2
-0 0

Kax Buaso, h(f)#0 opu t<0, mosroMy HaeanbHHHE (QHILTD He
OOMMMHSETCS HPHHNANY HPHYHHHOCTH: BRIXOAHAS peakims GHIbTpa
«omepexaer» BXoAHOE Bo3neicTare. Takue nemu Ha3EBaIOT KHEKAY3Ab-
HeIMEY. Mneansaeil QuibTp dusmdecku He ocymecTBuM. IIpHIAHHOCTD

K\ K@ K() K
1 1r--- 11-

-

f f f f, f fp f
0 0 1.2 1 T2
a) 6) 6) 2

Puc. 2.6. AUX ageansanx paastpos: ®HY (a), PBY (6), H}EI(D (8), IIBD (2)
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HAKJANBIBACT JKECTKHE OrpAHMYCHAS HA BO3MOXHOCTb TIOCTPOSHHS
¢uabTpoB ¢ HeCKORESTHRIM 3aTyXaHHEM B IOJIOCE genpo3patsocTe. Co-
rIacHo TeopeMe Buuepa GuILTP, oTBEYAIOIIHH TPUHIALY HPHIHHHO-
CTH, He MOXET HMETb GecKOHEYHOro 3aTyXaHus B KOHEYHOM MOJIOCE
4aCcTOT.

Tanmunas JIAUX peanbHOro dHY npusefcHa HA PHC. 2.7.

PealpHEIA GHILTP HMEET 3aTyXaHHE H B mousoce mpomyckamms. I1Io-
J10ca TPOMYCKaHHs OHpefenseTcs no comany 3aTyxaEHs —3 b ot cpen-
HEro ypoBHS.

LC-¢unbTpbl MOTYT 6LTh TOCTPOEHHE! Ha 6ase JIECTHHHBIX [eTeH.
JlecTHAUEAS nemb 06pasyeTcs KackaaHhM coeIMEEHAEM CAMMET pAHEIX
T- wm IT-0o0pa3HbIX 3BEHLCB (puc. 2.8). ConpOTHBJICHHAA Z, u Z; IuCTO
PaKTHBHHIC H, CIISOBATEIBHO, OpPEACTaBJISIOT coboii maeanbHble L HIIA
C. lns Toro 4robHI JIECTEHIHYIO nemb MOXKHO GBUIO paccMATPABATD,
KaK pe3yJbTaT KackajHoro coenMECHAS KOHEYHOrOo 9HCIA T- ama II-
3BeHbEB, HeO6XOMMO BHIIOJIHHTH O/THO paxmoe ycropae. OHO 3aK01a-
eTcs B BHIOOpE TAKOro CONpOTHBIICHAN HATPY3KH JECTHAMHOH HelH Zy,
[pH KOTOPOM COTPOTHBJICHHAC €O CTOpPOHBI BXOJa LeIH 65110 ORI paBHO
Takxe Z, B 3TOoM ciydac JIECTHHYHAA Lenb MOXET OBITH 3aMKHYT2
B «KOJIbLIOY H, CIIEOBATEIILHO, MOXKHO CIATATD, qT0 OHA JEHCTBHTEIBLHO
o6pa3oBaHa KacKajHbIM BKIIOUCHEEM CHMMETPHYHEIX 3BCHLEB. Takoe
yciI0BHe, B CBOIO 019epeb, TpHBOIHT K TOMY, 9TO caMMeTprYHbIE T- HIH
II-o6pa3gbie 3BEHBS, Gynyds HarpykeHbl Ha Z, cO CTOpOHBI CBOCIO

BHocuMble roTepu

[Mepexopnas noftoca

nymscaumm 8 no-
_30-|oce ApOMyCKaHHS, HENpO3PayHOCTH
[}

201g |H®|

arg H(f)

Pac. 2.7. OTKIOHEHAS XapaKTepPHCTHK peansHEBIX GEIBLTPOB OT AfeabHBIX
XapaKTepACTHK
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22 Zf2 Z/2  Z2 Zy2  Zge

Prc. 2.8. JlectHruHas uens, o6pa3oBadAas KackafHLIM BEmoveRdeM T- w IT-o6passnix
3BCHBEB

BXOJa, NOJDKHBEI HMETh COIPOTHBIICHHE, Takxe paBHoe Zy. COnpoTHBIIE-
HEE, ob6najaromee yKa3aHHEIM CBOMCTBOM, Ha3BIBACTCS XApAKMepucmu-
YecKuM conpomugieHuem JecTHE4HOM nenm. Mrax, ecnm necTHHuHAs
enob HArpyxeHa Ha Z; TO €€ XapaKTCpHCTHKH OyayT aHAIOrHYHEI
xapaxrepuctukaM T- mmm II-3embeB, oOpasyrommx neob. Haitmem
Zyr nns T-3peHa. [Ins 3TOro BKIIOYHM Zyr B Ka4eCTBE HArPY3KH (pHC.

o Z
2.9) m HalifeM COOPOTHBIICHHE 3BEHA CO CTOPOHH BXOAA Z,,x=7+
Z
Zy 7+Zo'r

zZ
‘2—+Zz +Zyt

+

B cooTBeTcTBHE ¢ oIpencrcHHEM XapaKTEPHCTHYECKOro COHpuTHB-
JeBHs OpHpaBHieM Z,=Zg;. B pedynbrate monyduM ypaBHEHHE OT-
HOCHTEJBHO Zyr, PEIIAB KOTOPOE, HalaeM

zZ
Zyr= 2,22(1 +é). | 2.2)

AnanorgyseiM obpaszom mis [I-o6pasmoro 3pema Ha#aeM, 4TO
YAVZ)

(+2,/4Z)
B [I€JIOM, HAIPYXCHHRI HA XapaKTEpPHCTHYECKOE CONPOTHBIICHHE, Ha-
3BIBANOTCH co2aacosanubimu. Js coriacosaHHbX T- m I1-06pasHbx
3BEHbEB BBOJAT 4aCTOTHEIA ko3ddunment nepemaua B Bume K(jw)=
=" rpe y(w)=u(w)+jB(w) — ko3bHMEEHT pACIPOCTpAHEHHS,
43
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L2 L2
Zox Z, Zor c
usx( t) =
:Umﬁxcos ot T

D & X | 2o _ 0

ZO,T

Prc. 2.9. K onpenencayic xapaKTepacTi- Puc. 2.10. T-o6pasnoe 38SHO OHY
qeCcKOoTrO COMPOTHBICHAS T-3BeHA

o () — kod(bHIHEHT 3aTYXAHH, B(w)=arg K (jo) — dUX 3BeHA.
3aryxaHme, KaK XapaKTepHCTAKd COIIACOBAHHOrO PUIBLTPA, Gomee ynob-
Ha JUIsl 3aJAHHS TCXHHYCCKAX tpeboBanuit K dunbTpy. [EeHCTBHTEIb
Ho, ecim o (@) — 3aTyXaHHE 3BCHA, To 3aTyxaHme QHIBTpa B LEIOM
ompefengercs Kak no (w), TAe n — HHCTIO OMHAKOBBIX 3BCHBCB, obpa-
syromx (GEIBTP, 4 pHOCHMBIH (ha30BHIH cmpar — nf(w). C Apyro#
CTOpOHKI, LpPH HCCTENOBAHAH 4ACTOTHBIX XapAKTEPHCTHK HCIOJIB3Y-
ercsi KOMIUIEKCHAs 49acTOTHAS XapaKTepHCTAKA OTHEIBHOTO 3BEHA
K(jw).

3aTyxaHAE MOXET 6LITh BBIYHCICHO B penubernax. JleficTBHTEIIBHO,

K(jw)= @ .o posromy K(w)= ¢~ 3aryxamme B memmbenax
pasno 20lg K (w)=—a(w) 20lge~ —8.6a(w), OTKyAA
K () (sb
a(@) (WB) = — (“;)2 )

Paccmorpam T-o6pa3noe 3BEHO ®HY, n300paxenHoe Ha pHC. 2.10.
CpaprEBasi 3Ty CXeMy C obmmM BHIOM T-06pa3HOro 3BEHA, HAXOJHM
Z,=joL, Z,=1 JjoC. B coOTBETCTBHH C cooTHOMEHAEM (2.2) HOIyIHM

2
Zor=p/1—Q2, tne p=+/LIC, Q=" =
LC

o

YacroTeil kodpdunment nepenatid T-o6pa3moro 3BEHA, HArpy-
XeHHOro Ha Zgr, MOXHO OTYTATb crenyromEmM 06pa3oM. B cuy Toro,
qro (UIBTP COTNACOBAH, €TI0 BXOHOE CONPOTHBICHAC PAaBHO Zor H,
CIeR0BATENLHO, BXOJHOH TOK paBCH I yax= Unmxl Zor- AmMruinTyia Ham-

Z .
pSOKCHHS HA papasie/IbHOM COeTHHCHHAH Zz\|<J+ZOT‘) pasHa Un,=

2
, Z ) UmZot
=1 x| S + Zor |- Torma BHIXOAHOE panpsKeHHE Uy = S . TToc-
1
‘i‘ +ZOT

e B3AHMHBIX [OJCTAHOBOK HOJYyTdM 4aCTOTHBI K03(pGHIHEHT Hepe-

a4



\

Unasx Z.
na‘;n ¢uibTpa B BHOe K (jo)= =g 2 . Iloxcrasias B 310
™ —21 +2Z3+ Zyt
BRIpaxeHHe Z,, Z, ¥ Zoy, Baiimem K(jQ)=1/(1-2Q2+2/Q4/1-Q3?).
1
Monyns K(jQ) ects K(Q)= . B maTepnane 0<Q<1

V(=202 +40%(1 - Q%)
DOAKOpeHHOe BhIpaxeHHe pasHo 1. Takum obOpasom, 3aryxanme ®HU,
HArpyXCHHOIO0 HA XapaKTEPHCTHYCCKOE CONPOTHBICHHE B HHTEPBAJIC
qacToT 0 < w< W, paBHO HYIIO, 2 BHOCAMEIH (a30BEIA CIBHT onpeneist-
€TCsl COOTHOIICHAEM

@ (w)=arg K (jQ) = — arctg[2Q4/(1 - Q%)/(1 - 2Q%)].
B nmonoce sarpaxzenns (Q> 1) nogxopensoe Bhlpaxesre npeobpasy-

ercs m K(Q) craposurcs paBEbiM K(Q)=1/4/1-—-8Q%+8Q* Taxum
obpazoM, ko3h¢HIMEHT 3aTyXaHHS B DOJIOCE 3arpaxIcHHS pPaBeH
a(w)=10lg (1 —8Q2 4+ 8Q*). I'paduk o(w) m306paxer ua puc . 2.11.
PaccMOTpeHHBIH OpUMep HWILTIOCTpHpYeT Xapakrepuctukd OHY,
KOTOpHIe OJHM3KH K pealbHRIM: 3aTyXaHHE B DHOJIOCE 3arpakKhcHHS
¢unpbTpa BHe Oeckomeuno senmxo, OUX nmpubimkaercs K JHHEHHOR
B moJjioce mpomyckamas. OQHaKo B pACCMOTPEHHOM IPHMEpE IPHHSATO
HEBBIIOJHAMOE HA [PAKTHKE YCIIOBHE COIVIaCOBaHMS (QHIbTpA BO BCEH
[OOJIOCE HNpONyCKaHWsA. Tak Kak XapaKTepHCTHYECKOE COIPOTHBIICHHE
¢bunbTpa (B JaEHOM DpuMepe Zgr) 3aBHCAT OT 49acTOTH, TO TOYHOC
COIJIACOBAaHAE BO3MOXHO JIHIIb HA OJHOM 4acCTOTE B IOJIOCE IPOIYCKa-
BHs. ITosToMy Ha mpakTHke QWIBTP HArpyXarOT HAa aKTHBHOE COIpO-
THBJICHEE R, KOTOPOE TOYHO PaBHO XapakTEpHCTHYECKOMY HA 3a[aH-
HOM dactore. B arom cinraae AUX dumapTpa mpumer Bun K(Q)=

=1/4/(1-2Q%7 + (2QR/p)*.

~ Orcropa cuenyer, 4T0 Ha 4acTOTE W, HA KOTOPO# R=Zy, K (w)=1,
Ha BCEX OCTAJILHBIX 4acTOTax B moJsioce mpomyckanus K(w)<1. Takum
obpasoMm, Bo3mmkaeT «pabodee» 3aTyXaHHE B HOJIOCE HPONYCKaHHMS,
H3MEHsETCH 9acToTa cpe3a. IloaroMy pe3yisTaThl pacdera (QHILTPOB,

afw)

2C 2C c
L 2L 2L
o o, o
Puc. 2.11. I'paduk 3asrcEMO- Puc. 2.12. T- a IT-o6pa3nsie 3peHpst GHAILTPA BEPX-
CTH 3aTyxaHdmsi OT Y4acCTOTH B HHX 9aCTOT

nofoce menpospatrdcTa GHU .
. 45



BHIIOJHCHHBIE HCXOAA H3 IPEALIONIONCHHAS HX COIJIACOBAHHOCTH, BECbMA
geTOYHH H BBHAY HEONTHMAILHOCTH XapaKTEpHCTAK OJTy4CHHBIX
GrILTPOB TAKAE PacicThl Ha TPAKTHKE HE MPHMCHIOT,

T- u IT-o6pa3nkic 3BCHbS ®BY npuBecHH HA PHC. 2.12. PacdeTsl HX
AUX npoBOAAT 0O TAKOMy XKe NpHENHENY, KaK H JUIL ®HY. ITonocHO-
mponyckaromue QAIbTPhL MoryT 6urTh 06pa3oBaBbl HOCJIEROBATEIBHBIM
sxmoueaaeM PHY n ®BY. IIpu sTom dacToTa Cpe3d OHY ponxaa
GLITH BBHIIIE YaCTOTH CPE3a OBY. 9

2.4. CHHTE3 ®WJILTPOB i

PaccMOTpHM OCHOBHBIE MPHEMBL cHETe3a (QHILTPOB, T. &. cmocobs
npuOIHXCHASL peamsuoil AUX K npeanbuoil AUX ¢ripTpa. Hauboiee
OpocTO 3TO MOXKHC cnenarh HA OpHMEPE cuaresa ®HY, pe3ysibTalhl
xotoporo o6obmarorcs Ha (uILTPHI APYTEX BHIOB.

Hrak, apeanpEas AUX ®HY pMmeeT OpSIMOYTOJIbHYIO dopmy B AHa-
nazone 0<w<wp Kax Oynmer ficHO H3 JaJbHEHINEro, ynobHO BBECTH
BCIIOMOTATENBHYIO (QYEKIHIO G (s)=K(s)' K(—s), xoropas 1p s=jo
qepexoquT B KBAJpAT MOZAYJIA qacToTHOro Ko3(duumenTa Nepeiatid
Kgg))j;{x(_jwh%zgpw). Y dd pen

Ouaepuauo K2 (w) Jms BACAIBHOLO ¢uabTpa HIKHHX 4aCTOT TaKKe
Oyner HMETh BAJ OpsIMOYTOJIbHHAKA. Lenpro CHHTE3a HBIACTCA onpene-
JTeHAe 9ACTOTHOM XapaKTepHCTAKH pE3AYCCKH Peajia3yeMoro ¢unbTpa,
KOTOpas B HEKOTOPOM CMBICIC pMeeT HamTydmee npHOmKeRAe K nps-
MmoyronpHo# (opme H, B TO JKe BpEMs, OTBEYAET 33/AHHBIM Tpe-
6oBanUsIM.

Crcremuas dynkums K (s) ®HY n-mopsaKa HMEET BHJ

K=

14 bys+bas? +...+b,,s’l

ITomroca K(s) 1exar B JIeBOM MOJYILIOCKOCTH S<IIOCKOCTH H corac-
HO TeopeMe, H3BECTHOH M3 Kypca anreGphl, SBISIOTCS MOJIOCAMH G(s)
u HaobopoT.

BpegeM HOPMHPOBAHHYIO qacToTy p=S5/0, TOrAad G(p)=
—K(p)K(—p). Tipn p=jofw=/ Gynkuss G(p) nepeiiner B K*(X).
O6paTHE mepexon OT K?(Q) x G(p) ocymecTBIseTCH sameHoll p*=

wo
COBOANAIOT B JIEBOH IOJIyIUIOCKOCTH € TOJF0CAMH K(p). CacreMHYyIO
GYHKIHIO ®HY oT HOPMEpPOBAHHOX 4aCTOTHL p 3amuIIeM B BEAC

w \? ,
{2} = —0Q2. OueBpaEO MOIIOCA penoMoraTelibEoH GyBKIAHR G
J

1

K(p)=

1+alp+azp2+...+a,,p"



\‘l;lo BHIY HOJNMHOMA 3HAMEHATENA 42,
K(p) pazmmqator dmwisTpel barrepsop- }

Ta, UeObmesa u ap. ;] P
®uinTpsl baTrepsopra. Kagpar 4a-
cToTHO# xapaktepuctuku OHUY B 317OM 12 n=t
CIydYae . anmpoKCHMHpYeTC (yHEKnmeH
1
K2 (Q)= —, TAe n-— peioe 9HCIO 0 1 Q=0/o,
1+Q
Pac. 2.13. AUX
(ompepensier nopsmox ¢umbrpa). I'pa- O o o aﬁﬁ‘é’xﬁ_ﬂm o

¢ux 3asucamoctn K2 (Q) mpusener Ha Batrepsopry
puc. 2.13. Ha pucyBke npeacraBieHa Tak-
xe AUX upeansroro dmwisTpa. B monoce nponyckarus K2 (Q) mensercs
MOHOTOHHO, IPHHAMAs 3Ha4cHAE 1/2 HA HOPMHPOBAaHHOH 4acTOTE Cpe3a
(Q=1) npu mobrx n. Takyo aINPOKCAMAIHIO HA3KIBAIOT MAKCHMAJILHO
IUTIOCKOH, H COOTBETCTBEHHO (PHUILTPH Ha3mBaioT PunbTpamm Barrep-
BOpra WM OQWIsTpaMH ¢ MakcAaMaibHO Itockod AUX. Ilopsmok
¢mmbTpa ompenenser ckopocts cmaga AUX (CkOpoCTh HapacTaHHs
3aTyXaHHS) 33 MpEACIAMH IOJIOCHL POIMYCKAHHS.

Ilepeiinem oT kBagpaTa MOAYJA 4aCTOTHOrO Ko3ddunuenrta mepe-

nasd x Qysxumm G(p) mytem mojctanopkH Q2= —p?, sammmem Q' =
n n_2n 1
=(=P%'=(~1)'p" u nonymm G(p)=—— .
' 1+(-Dp )
Tomocamu dyskmmn G (p) SBISIOTCA 3HAYCHAS pr= +¢ *, rae s
4eTHBIX n: Q=7 (2k—1)/2n, k=1, 2, ..., n; a nus HEYETHRIX n: @ =nk/n,
k=0,1, .., n—1.
Haitnem nomoca, rexamue B JIeBO# MONYILJIOCKOCTH, IPH KOHKPET-
HBbIX 3Ha4eHAsX n (tabm. 2.1).

Tabauna 2.1
Ilopagox ¢mneTpa n=1 n=2 n=3
Ilomoca cmcTemHOM| p=—1 1
$ynxmas paanTpa p= —72 ) n=-1
P2=\/i,2(—1+f) p2=—§+jiz§-
VE
3= —E—JT

Pacnonoxenne nosrocos Ay GHWIsTPa NATOr0 NOPSAKA B IJIOCKOCTH
P Dokazano Ha puc. 2.14, a. OuE pacmonaraloTcs OO OKpPYXHOCTH
CIHHAYHOrO pajaMyca.

IMonaromur 3mamenatens (ymxnua ®PHUY BartrepBopra mpeacras-
JeHsl B Tab. 2.2.

\
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/
BrimonaAM pacicT ®HY sroporo nopsaxa mno Barrepsopry. 3aAa-
JHM dacTOTy cpe3d o H COmpOTUBIICHHE HArpy3kH R. Buibepem I'-

o6pa3zHOe 3BEHO LC-neru (puc . 2.15).
M3 npemsigyliero naparpada $CHO, 4TO gapHas Hemb obanaer

cpoiicrsamu ®HY 1 gBJISeTCs NEnbIO BToporo nopsiaKa. |
Ta6nmna 2.2
Topsaaok ¢unsTPa TloymEOM 3HAMEHATCNR K(p), rme p=5log
n=1 p+1
n=2 pr+/2p+]
=3 e+ @E*+p+D)
n=4 (p2+0,765p+1)(p2+1,848p+1)
n=5s (p+1)(p2+0,618p+1)(p2+1,618p+1)
Haiigem CHCTEMHYIO QyEKIHIO LEIH K(s)= (i;m((:))’ e Unx(8)=
%

Upx(8) R

) | -
= . OTKyza mocjie HECIOKHBIX npeobpa3oBanii HOJIyYHM

)

TlepeiineM X HOpPMHpOBAHHOH 1acTOTE p="5/Wo,

K(s)=
14+—s+s°LC
R
TOr3a
K()= . (2.3)
wol 2
] +— p+afLCp
R
Jo/og Jolog
fz _L pa { ;
P4 ’, o: 1
vty !
|I| '
Pry ) [36% . !
-1 \\: \ I: 0 o/ ! 0 o/og
p‘|\ ' |
AN '
~x-l-1 P3 -1
P3 f
(1) 6)

puc. 2.14. TTomoca ¢paBTPOB:

a — BartepBopra NATOrO popsnka, 6 — YeGpnuesa TPETHETO DOPAIKA npw BepaBHOMEPEOCTH AUX
126

o




: 0,79
' n=1
c R
Usx(S) T Unx(S) n=3
< ) 0 1 79
Prc. A15. I'-o6pasneit PHY Prc. 2.16. YacroTHble XapakTepHCTHAKH
¢umpTpa Uebrmnesa mepBoTO ® TPETHETO HO-

PAIKOB

Hns Toto 4robhl paccMaTpuBaeMas nemb Owlna GpuisTpoM Barrtep-
BOpTa BTOPOro mopsaxa, seobxoaumo, urobul 3HamMenaTtens K(p) B co-
oTHOINEEHH 2.3 orBeyan tpeGopanuaM Taba. 2.2, T. €. JODKHEL ORITH

woL
BRIIONIHEHB! YCTOBHS - =v2, ®}LC=1. Omyma wo=1/4/LC,

R\/2
L= IIycts fo=5 MI'n, R=1 xOMm, Toraa L~45 MxT'n, C~22,5 nd.
wo

OunsTpel Yebrimea. KBaapat MoAy/s 4aCTOTHOM XapaK TEPHCTHKH
uaeansaoro ®HY moxeT ObITh anDPOXCHMHPOBAH DOIHHEOMaMH YeOnl-
meBa

K

S 2.4
1+82T2(Q) @4

K* (@)=

w
rae Q=— — HOPMHpPOBaHHAs 4acToTa, 1, (Q) — momusomMul Yebrime-
g
Ba n-oopsnaxa. B maTepBane —1<Q< 1 DONMHHOMEI HMEIOT BOJHO-
obpa3Hhlit XapakTep, a 3a ero opeaeiaMi OLICTpo HapacTaroT. B kavecT-
B¢ IpMMEpa OPUBEIEM BHJ [OJHHOMOB HECKOIBKHX HOPAAKOB (Tabil.

Tabnana 2.3
Topanox guabTpa Tloarorm
n=1 T, (Q)=0
n=2 T, ([Q)=2Q%-1
n=3 i T3 () =40Q° - 30
n=4 T; () =80*—80% +1
n=>5 Ts (Q)=16Q° — 2003 +5Q




/

B suipaxerrd (2.4) kospdunment K BLIOHPAIOT H3 YCIIOBHS, qToﬁ/m
opr Q=0, K*(0)=1. U3 rabn. 2.3 crepyer, 4ro i HONHHOMOB
gederHOro mopsaka K=1, As 00OJMEOMOB YETHOI0 mOpAka K=14¢%
_ ITapamerp & B (2.4) onpenensger HEPABHOMEPHOCTD AYX (sommoobpas-
HOCTH) B IIOJIOCE NpPONyCKaBHS 0<Q<1. OuesngHO, 4TO OTHOMICHHE
MakcuMasHoro 3padesns AUX x MEEHMAJILHOMY IIPH BOJHOOOPa3HOM
HA3MECHCHAH XapakTePHCTHKH B MOJIOCE NPOUyCKaHHs GyneT/ paBHO

1+ (puc. 2.16). HepaBHOMEPHOCTH AUYX ¢wibTpos UYeOmImesa
npuasTo oneHEBath B Ab. Ilosromy B momoce IIPOTIyCKaH#s HEpas-

soMeprOcTs AUX pasna 20ig4/1+¢%.

TaxuM o6pa3oM, OpH HEPABHOMEPHOCTH AUX B 1 ab £=0,509,
2 1B — £=0,765 u T. I. 3aMETAM, 4TO HEPABHOMCPHOCTDL AUX u cman
AUX o yposEs 3 gb Ha dacrore Cpe3a IpH HEHUCTHOM IOJHHOME
COBNAJAIOT B TOM ENHECTBEHHOM CiydYae, KOTia HEPaBHOMEPHOCTDH
AUX 3apana 8 3 gb.

[lomoca K2(p) mpeacTaBasioT COOOH pEMICHAS — yPaBHCHHG
1+£2T2 (p)=0, nexamme B Jesodf momymnockocta p. Ha puc. 2.14,
6 npusenens nomoca K (p) mpa n=3.

YVCTaHOBEM CBS3b MEXIY CHCTEMHOH yHKIHECH ®HY u cucTeMHO#M
dysxmee#t prnsTpa Yebbmmena. OweBMIHO, 9TO 3TO BO3MOXKHO TOJIBKO
IIpH YCJIOBHH 3aJaHHOH HEPaBHOMECPHOCTH AUX B moj10ce OpOIyCKaHHS.

3agagum sepaBEOMeprocTh AUX ¢pmibTpa YebuImesa BTOPOro no-
paaka 1 nb. B aroM ciydae £=0,509 (£2=0,259), n Tax Kax DOIMHOM
4eTHOrO HOPsAAKa, TO K=1+¢2=1,259. Cucremnas Qysxnus GuibTpa
HOPMHPOBAHHOH 4aCTOTHI HMEET BHI:

K(@p)=

" l+ap+ap®

1

Ksagpar moayas AUX moxyasM mocie npebpasosanmid. [lns sTOrO
samanaM B K(p) p=jQ u paineM

K*(Q)= 2.5)

1—2a,0% + 30 + a7

BripaxeHHe, aNOPOKCHMHPYIOMCE K?(Q) nonmmomoMm YeGnimesa
BTOPOrO HOPSAKa B COOTBETCTBHH C (2.4) ® Tabn. 2.3, 3amHCHIBACTCA
B BHIE!

(@)= (2.6)

1462 (404 —4Q2 +1)

Ouesnano, aro up Q=0 xsagpar AUX (2.5) 1 ANIPOKCHMHPYIOIIAst
dyexmas (2.6) HOMKHEL ObITH PABHEI 1. ITosToMy myf OOpEHCICHHA
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K03pOHIMEHTOB @, B a; NPAPaBHSEM cooTHOmEHHS (2.5) 1 (2.6), B nony-
YHM\ypaBHEHHE

K(1-20,0% + a3Q* + a2Q%) =1 + £2 (4Q* —4Q2 + 1).

IlpHpapauBas k03 (GHIHEHTH OIPH OJMHAKOBHIX CTENEHsX (), moiy-
YAM yPapHEHMS IS Q) U a,

Ka} =4¢% K(a? —2a))= —4¢.

Otkyna cnenyer, 9ro npr £=0,509 1 K=1,259: a,=0,907, a,=0,995.
Takum ofpasomM, HopMHpoBaHHAasi CHcTemHas OyEkmas K(p) ans
¢rmTpa YeGrmrea BTOporo mopszxa mpr HepaBHoMepHocTH AUX
B | n1b mMmeer BE

1
090752 +0,995p +1°

K(p)

B Tabn. 2.4 npEBeseHH HOPMHPOBAHHEIE NOJHHOMEI 3HAMEHATENS

K(p) ®HY YeGhimesa pa3HeIX OOpSAKOB IpH HepaBHOMepHOCTH AUX
B mojoce nponyckanus 1 ab.

Tabnrma 2.4
Iopsanox ¢risTpa Hopmaposaruiid nommeoM 3nameratens X (p) ®HY
n=1 0,509p +1
n=2 0,907p* +0,995p+1

n=3 (2,035p +1) (p?+0,446p + 1)




Iaasa 3
MAJIOCUTHAJILHBIE YCUJIMTEIA

3.1, BUTIOJISIPHLIA TPAH3NCTOP KAK VCUJIATEJBHLIA 3

KBHBAJEHTHYIO CXEMy THIOTETHYECKOro HJEAJIHHOTO yCHIHTEIA
MOXHO IPEICTABETH B BHJIE, H300paXKeHAOM Ha PHC. 3.1, a. Takas cxema
npeacTaBiseT coboi HIcaJILHEIA HCTOYHHK TOKA, yIpapIsieMBI# TOKOM.
JleACTBHTENLHO, BRIXOJXHOH TOK L. (s), cosmaBaeMBlii HealbHBEIM HC-
TOYHHKOM TOKA, HE 3aBACHT OT HAIPSIKCHHS Ha HArpysKe. OveBHjHO,
4TO B 3TOH CXeMe BXOJHOE COIpPOTHBIICHHE fox =0, BBIXOHOE Fgx—> 0,
H 9aCTh BXOJZHOrO TOKA IOCTYIAET B BRIXOAHYIO DEOb.

VCRIIEHHE IO TOKY B JTO# CXEME MOXET H HE HPOHCXO[IHTDH, CCJIH
@< 1, HO YCHNIEHHe 10 HANPIKEHHIO GECKOHEYHO BEIMKO, Tak KaK Hanps-
xeHHe Ha HAarpyske U (s)#0 opE Us (s)=0. OT cxemBl YCHIHTE.I
C HAEAJbHEIM YIpaBIseMbIM HCTOYHHKOM TOK2a MOXHO pepediTH K cXe-
Me, H306paxenHoi Ha prc. 3.1, 6, KOTOPYXO MOXHO CYHTaTh npHOIHXE-
HHEM K CXeMe YCHIIMTENA C pCabHbIMH napaMeTpamMu: Pox 20, Foux # 00
[IpH YCIOBHH Iy <K Ry<KTyy CXEMA, IO-IPEXHEMY, ABJISETCH YCHIH-
TeseM, ECII y 3aBHCHMOTrO HCTOYHHMKA TOKa BEIHYHHA & 6yH3Ka K e1d-
pune. JJpyrEMHA CIOBaMH, B CXEME YCHIHTEls JODKHA OHITH obecniedeHa
nepe/ada BXOJHOIO TOKA Ha BHIXOX C OUCHDL He3HAYHTEILHBIM ociabiie-
mmeMm. lIpE 3TEX ycioBusX KoabOHIMEHT nepefadd mo HaIpsDKEHHIO
6yaer paBseH

Upx () (Rl wex ) (5) Ry
= = ~g—>1

B Upx (5) B raxdex (5) Tex .

H, CJIE0BATENBLHO, Er0 MOXHO pPaCcCMAaTPHBATDH KAk Kk03bQHIAEHT yCHIIE-
gasg no Haopsokenmro. Taxmm o6pasoMm, 31eKTPOHHLIA mpubop, HME-
JOLIHIl HA3KOE BXOJHOE CONPOTHBJIEHAE, BHICOKOE BHIXO[HOE COIPOTHB-
nerne ¥ 3Q(EKTHBHYIO Nepefady TOKAa B BRIXORHYIO LCIb (a~1), gBig-
eTcsi YCHJHTENEM 6O HANPSDKEHHIO C x03bQANHEEHTOM  YCHJICHHS
Ryfr>1. Ha ocrHOBe Takoif Mojend HeficTByeT OHIONSPHBIA TpaH-
3ECTOp, O6pa3OBaHHbIH ABYMS BCTPEYHO BKIIOYCHHLIMH p-n-nepexona-
mu (pHC. 3.2).
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E alg(S) :
Ugx(. S) o D : UBbIX( S)
| |
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L oo i .
a)

Pac. 3.1. VineansAuil ycumTEL HA OCHOBE HCTOYHHAKA TOK3, YOPABJIEMOTO TOKOM (a);
YCHIIMTE b, HOCTPOSHHEIA O CXeME YIPaBIISIEMOro reHeparopa Toka (6)

Ha camom nene, eciim BXOAHOH p-n-Iepexoj BKIIIOYEH B IPAMOM
HaOpaBjieHWH, a BBIXOJHOH p-n-mepexon — B obpaTHOM (monusip-
HOCTh HampsIXEHH! moka3aHa Ha pHC. 3.2, @), TO 3TO COOTBETCTBYET
HU3KOMY BXOJHOMY H BHICOKOMY BBEIXOJJHOMY CONPOTHBJIEHHIO IPH-
b6opa. Takoe cocrosiHHE TPaH3HECTOpa HA3LIBAIOT AKMUBHbIM (UAU
ycuaumeavubim) pexcumom. Bnosme HOHATHO, YTO PACCMOTPEHHAS YCH-
JIATENbHAS CXeMa H OHIOIApHEI TPaH3HCTOp B OOIIEM CIIy4ae MOTYT
YCHIIHBATh, KaK MOCTOSHHBEIA BO BPEMEHH, TAK H NEPEMEHHEIA CHIHATIKL.
Ha nepsomM srtane paccmorpuam paboTy TpaH3HCTOPa Ha HNOCTOSIHHOM
TOKE.

Uepe3 OTKPEITHIA p-n-IEpexol 2NEKTPOHE, HHXEKTHPOBAHHLIE H3 .
n-001aCTH, SBIASCh HEOCHOBHRIMH HOCHTENsSMH B p-o0sacTH, mubdys-
JHDYIOT 9epe3 p-061acTh K BRIXOJHOMY p-n-nepexony. J{5isi HEOCHOBHBIX
HOCHTEJIe# BHIXOJHOM p-n-nepexo] OTKPHT H, TAKAM 00pa3oM, 31eKTpo-
HEl OecnpensiTCTBEHHO NPOXOAAT HAa BBIXOA TPAH3HCTOPA. YCIOBHEM
HIEaNbHOH TOKOHEPEAaYH MOXHO CIMTATh MAJIyl0 PeKOMOHMHALMIO HeE-
PaBHOBECHHIX HOCHTeNeH B p-obnactH. J[Is TOro 4roOwl 3TO yClOBHE
BLINOJHSUIOCH, IEpHAHA 6a3080# 00651aCTH JOJDKHA OBITH MHOTO MEHLINE
nubdy3HOHHON UTHEKL 371€KTPOHOB B p-obnacTH. TeM He MeHee, Kakas-
TO YaCTb MEKTPOHOB PEKOMOMHAPYET C PABHOBECHLIME JBIPKAMH H I

UKS
I, 9y n p. nik oI 3 p
5 " b
USE UKE R
]E
!l Il 1 1l
-+ R -1+ 1 -+
a) 6)

Puc. 3.2. [TnockocrrHas Moae s 6RIOILPOro n-p-n-Tpansgcropa B cxeme ¢ OB,
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COXpaHEeHHs 3JIEKTPOHEHTPAILHOCTH p-061aCTH HeoOXoqumo, YTOOR H3
BHEIIHEH [eld B Hee NOCTYNAJH AbIPKH, KOMIIEHCHPYIOUIHE peKoMOnHA-
maoHuKle notepn. TaxmMm oOpaszoM, B paccMaTpHBaeMoO#l cXeMe TOK
p-obnacta Oymer onpexensiTbCs ABIPKAMH, BTEKAIONMMHA B Hee. TpH
obnacTr TpaH3AcTOpa (CM. pHC. 3.2) HA3LIBAIOT COOTBETCTBEHHO 3Mum-
mepom, 6a30ii B KOA1eKMOPOM, A p-n-NepexoAbl — SMHTTEPHEIM H KO-
JIEKTOpPHLIM HepexofaMH. TOK, BHTEKaloNMi H3 3MHTTEpa, HA3BIBAIOT
TOoKOM aMmETTEpa (I3); TOK, BTEKAIONIAH B KOJIEKTOPHYIO 001acTh,
HA3HBAKOT KOJUIEKTOPHRIM TOKOM (Ii), a TOK, Brekaroumii B 6a3zy —
6a3zoseM (Ig).

Ilockonmeky CIPYKTypa TpaH3HCTOpa, H300pa’k€HHOrO HA PpHC.
3.2, 6, aMeeT TpH HOCIEIOBATENbLHBIE 06ACTH n-, p-, N-THIOOB HPOBO-
JMMOCTH, TO €r0 HA3LIBAIOT N-p-n-TpaH3AacTopoM. I1pr obparHoil CTPyK-
Type obpasyercs p-n-p-tpan3acrop. O4eBHAHO, 9TO B HEM HANPABIICHHE
BCEX TOKOB Oyzer obpaTHbIM TOKaM n-p-n-rpam3ucropa. OgHako
s oDOHX THHOB TPAaH3ACTOPOB COXpaHAeTCA ycnopHe In=Ig+I.
Bxiiodenne TpaH3uCTOpa 1O CXeMe, B KOTOpO# 0a30BbLIH KOHTAKT ABNS-
ercs obmMM A1 BXOZHOM H BHIXOOHOM nemd (CM. pHC. 3.2), Ha3pIBacTCd
cxemoti ¢ obweti 6a3oti (OB). Koabdunrent npsMoit mepegays Toka oT
Iy—1Ig

Iy
3MHTTEPA K KOJLIeKTOpy B cXxeMe ¢ OB pasen a=—= <1, 1 oH TEM

Ih b
Onmxe k equAMne, YeM MeHbme I;. [loguepkneM erne pas, 9ro Iy aBng-
eTcs MepoH HOoTeph HpH Iepeiade TOKA OT 3MHTTEpa K KOJLIIEKTOPY
H Beceraa I;#0, x0T ero BeJminBEa H MOXET OHTHL O49eHb MaJlo# (Ais
COBpeMEHHHX TpaH3ucTopoB a~0,995). B ganpmeiimem Oymem Ha-
3HIBATh O KO3PPUYUEHMOM YCUACHUR NO NOCMOSHHOMY MOKYy B CXeMe
c OB.

B cxeme ¢ OB, a306paxenno#i Ha prc. 3.2, IeACTBYIOT TPHA HaIIpsxe-
Bas Usg, Uks, Uks B, TAKEM 00pa3oM, MeXOy TokamH I, I5, Ix B cooT-
BETCTBYIOIIAMH HANPSKEHASIMH BO3HHKAIOT 3aBHCHMOCTH. 32 OCHOBHLIE
33aBACAMOCTH OPHHSITH BXOJHLIE CTATHYECKHE BOJbT-aMOEPHBIE Xapax-
tepacTukd (BAX) I (Usg), npE 3roM napamerpoM siBnsiercsi Ugs B BBI-
xonunle cratmaeckde BAX I (Uyg) npH mapamerpe I. Ha puc. 3.3, a
opuBesensl BAX tpam3ncropa B cxeme ¢ OB. Omm 6mm3ka k BAX
OTKpHITOrO p-n-nepexoaa. Hanpskenne Uyy cnabo BimsieT Ha BXOJHbLIE
XapakTepHCTHKA TPaH3HCTOpa, a HampsokeHHe Uz, COOTBETCTBYIOIIEE
HOJIHOCTBIO OTKPHITOMY p-n-nepexony, cocrasiger —(0,5...0,6) B. Oto
3HaYEeHAE COXpaHfAeTCS NPHONH3HTENBHO OMHHAKOBBIM JUIS TPaH3HCTO-
pPOB pa3jiHYHLIX THIOB, H [IO3TOMY €ro IPHHATO CYHTATb MOPO206LIM
snauenuem Usgo = —0,6 B. Ilpu |Usg|<|Usgo| TPaH3UCTOP 3aKpHIT, OPH
|Usgs| = |Uspo| TpaH3HCTOP HONHOCTBIO OTKPHIT. [ MajOCHrHAJBHBIX
TPaH3UCTOPOB paboumii TOK KOJIIEKTOpa 00OBIYHO COCTABASIET HECKOIBKO
muiramMuep. TaxaMm obpazoM, ipu

|Usgol =(0,5...0,6) B, Ixo=Iso~(0,5...5)10~2 A.
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IU350 | l U35 I UKE
a) 6)

Prc. 3.3. Bxoganee (@) B suxogaste (6) BAX Tpamsucropa,
BKIOYeHEHOTO Mo cxeme ¢ Ob

Bexomueie BAX tpamsncropa B cxeme ¢ OB mpupefeHH Ha pHC.
3.3, 6. Topa3oHTambEbe y4acTkd BAX COOTBETCTBYIOT aKTHBHOMY
pexumMy paboTHI TPaH3HCTOPA.

Bruioyenme Tpam3mcropa mo cxeMe ¢ obumm amHATTEpoM (0D),
B KOTOPOM 3MHTTEPHBEIA KOHTAKT SBJIACTCSH OOIAM AJIs BXOJHOH H BEI-
XOMHOH NENH, I0Ka3aHoO HA pHC. 3.4, a, 6. B aTo#t cxeme ko3hdunment
YCHJIEHHS 1O NOCTOSIBHOMY TOKY paBeH

ptk_ Ik _ 3.1)

I Iy—Ig l-a

U3 dopmynnl creayer, uto npa o—1, 0.

His cxemel ¢ OO BaxHYIO pOIIb HIPAIOT NEPEJATOMHBIE MM YCH/IM-
tenmpHble BAX Iy (Ups), m306paxenrsie Ha puc. 3.5. Bxommeie BAX
I5s(Uss) (pmc. 3.6, a), Xak H mepeJaTO4YHBIE, ONECHIBAIOTCS IKCIOHEHIH-
anpao# pysxmmel. Bexoxssie BAX Iy (Uxs) (pac. 3.6, 6) 61M3KH K cOOT-
BETCTBYIOIIKM XapakTePHCTHKaM TpaH3ucTopa B cxeme ¢ OB. Ha BuI-

I
U




xomabiXx BAX o6o3Havensl Tpu pabodme
U =0 061acTH, B KOTOPBIX MOXET HaXOJHTLCH
TpaH3ucTop. B akTHBHOH o6iacTH KOJLIEK-
Lol---- TOpLIi TOK NpPONOpUHOHANEH TOKY 6a3hl
A B cootBercTBEH ¢ (3.1). Onnako 31O COOT-
| HOIIIEHHE BLIIONHAETCS B OTPaHHYEHHOR 06-
JACTH 3HAYEHHH KOJUIEKTOPHOTO TOKa, TaK
! Kak f§ 3aBHCHT OT [x. B 0611aCTH HachIIIeHHS
Usss U, 15>Ix/ﬁ.
Puc. 3.5. Vewmrermsie BAX Ilpa pacuere TokoB B OHUONISpHOM
namaEcTOpa B cxeMe ¢ 0D TPaH3ACTOpPE YYHTHIBAIOT 06a BA/Ia HOCHTE-
Je#: 3MEKTPOHLI H JLIpkH. Tax, DOJHbIA TOK
sMHTTEpA [ paBEH CyMMe 31eKTPOHHOH COCTaBJIsIONIeH I 3, onpenes-
eMO# UIEeKTPOHAMH, MEXEKTHPOBAHHBIMH 4epe3 SMHTTEp B 6a3oByio
obnacTh H gnipouHO# cocraBiusmouiedl Ip, ompeensieModl JnipKaMH,
HPOIIEAIMMA B SMHTTEP 4€PEe3 OTKPHITHIA IMHTTEpHBLA IEPEXOA: [o=
=Ip+15. Bazosli Tok Iy paBeH CymMMe ORIPOYHOR cocTapJsrone
TOKa 3MHTTEPA H pEKOMOHMHAHOHHOR coctaBaaromed I, T. €. Ig=
= Ips+ Lexs. Konuiexropssid Tok I 6yner menbne [ Ha BEIHYHHY
pexoMbuEAanMORHOr0 Toka 6a3sl, T. €. Ix=Ip— s Padymeercs, |ro
B 3TH COOTHOLIECHHS BXOJAT PA3HONOPSAAKOBHIE BENHUMHH [ <K [5>>
> x5, HO EMEHHO OHH ONPCHC/ISIOT NAPAMETPHl PeajbHOro TpaH-
sgcropa. K HEM oTHOCAT K03b(QHOHEHTH: HPAMOM IEpeiadyd 3JIEKT-

Ip—Leas Ik
POHHOIO TOKa 3MHITEpa ocT=I—=I—— H 30 (exXTHBHOCTH SMHTTEPA
2 €]

Ip
y=I—. OueBHIHO, YTO o= drYy, TAe o — K03(hHNHEHT yCHICHAS B CXEMe
3

¢ OB. OTH napaMeTpsl NO3BOISIOT BHIPA3UTh NOJIHLIC TOKH Tpaﬂancro-
pa qepea 3JIEKTPOHHYIO COCTAaBIIAIONIYIO TOKA IMUTTEpa: I3 =7}~ Upy Ig=

=" '—aplp; Ik=orls ONEKTPOHHBIH TOK 3MHTTEpa B OTKPHITOM
LA
U>0 U =0 ]Kﬂ‘ akTusHas obnacte
s Y /BAX TpaHancTopa
P - - !

o6nacrs [ /
HacsyeHust
7 /
IE

7
%1
! // =0
0 iy NN 32Kpi70 NN U,
B30 63
a) 6)

Pwc. 3.6. Bxogame (q) B Bexommke (6) BAX rtpamamcropa B cxeme ¢ 00
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COCTOSHHH U€PEXOJa ONPEfENIfIOT ¢ NOMOIILIO H3BECTHOTO H3 TEOPHH
U3

p-n-nepexosia cooTHouenHs. B cxeme ¢ OD: [ 5~ 150 r , rae Ugs >0 —
HampskeHHe Ha 0a3e IO OTHOMEHHIO K 3a3€MJIEHHOMY I3MHTTEDY,

kT .
Ur=— — TennoBo# morenmman: k — mocroseras BomenMana, T —
e

TemuepaTypa, € — 3apsig anektpona (Ur~25,5 MB mpm T7'=293 K),
I.6, — obpatHbI# TOK p-n-mepexona. Taxum 06pa3om, HOSBIAETCS BO3-
MOXHOCTb HOJIYYATh KOJMYECTBEHHYIO ONEHKY BaXHEHIIMX IapaMETPOB
TPaH3HCTOPA, HCXOAS H3 €r0 BOILT-AMIEPHLIX XaPAKTEPHCTHK.
Paccmotpam ycumarensssie BAX cxemer ¢ O3, s KoumdecTBeH-
HO ONEHKH IapaMeTPOB MOXHO IPHHSTH, YTO NEKTPOHHBIH TOK IMHT-
Tepa paBeH HMOJIHOMY TOKY 3MHTTEpa, a TOT, B CBOKO OY€pedb, TOKY
KOJLIEKTOpA: In~ Iz~ Iy. Torna xpyrasHa BAX Ix (Ugs) MOoxer GHITDL

ol .
onpeeseHa, Kak S=—-— . Mcnomns3ys coorHOmende aus [,
aUBB Uk =const
IOIY9AM
Ups
S=é§ivi=ﬁ ]
Ur Ut |ugg=const

Kpytasny onpenensiror B paboueit Touke BAX. 210 03Hadaer, 910
Us~(0,5...0,6) B, a Tok KoJUIEKTOpa paBeH TOKy B paboueit Touke. [{is
MaJIOCHTHAJIbHEIX TPAH3HCTOPOB IS KOJHMYECTBEHHOM ONEHKH MOIKHO
opussTh Ix=1 MA. Tora THIHYHOE 3HAYEHHE KPYTH3HEL YCHIMTEIbHOHR
BAX ManoCHrHalbHHIX TPAH3HCTOPOB OyAeT GIH3KO K 3HAYCHHIO S=

- BaxHeM mapameTpoMm BeixomHoi BAX (cMm. pmc. 3.6, 6) sBiasercs
HAKJIOH KPHBELIX B aKTHBHOM ob6nacTh. Ero onenuBaroT auddepeHnnas-

HEIM CONPOTHBJICHHEM KOJLIEKTOP ~— IMHTTEP r,231=£l~'(—. BAX Tpan-
K3
3acTopa B cxeme ¢ OO B aKTHBHO#M 061aCTH 0OHIMHO AIPOKCHMHPYETCS
cooTHOmenHeM Iy = Usy/rks, ra€ Us, — Hanpsxkenne Opsm. OBBIYHO
Us,=(100...200) B 1% n-p-n-TpaH3UCTOPOB, M OO3TOMY THIMYHEIE 3HA-
YCHMS gy JeXar B Auanasonre (100...200) kOm.
M3 sxomao# BAX MoxHO DONyYHTh Ad(depeHnnanbEOe CONPOTHB-

_ 0Ig
JIEHAE TPAH3HCTOPA Fgy =—— . ConpoTHBIEHHE Fy; MOXHO pac-

OUs3| Uy = const
CMaTPHBATh Kak JHDGEPEHINAIIbHOE BXOIHOS COIPOTHBIIEHAE TPAH3HCTOPA
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B cxeme ¢ OD. Mcnosp3ys paHee HOJYYCHHHIE COOTHOMMEHHS, MOXHO

oUx/p) |1
(x/ﬁ)] =p/S. Ipu TemEIHOM 3na4eEnA 210

3aHACaTh, 9TO r53=[
B3

B S=40 MA/B maxomuM, 9TO U1 MAJOCHTHATbHEIX TPAH3HCTOPOB MX
BXoJHOe conpoTuBieHue B cxeme ¢ OO AMeeT 3HavCHHE, 6M3K0e K He-
CKOJIbKHM KHJI00MAaM.

TaxaMm obpa3oM, HaleHsl DapaMeTphl TPAH3HCTOPA, BKIIFOCHHOTO
mo cxeme ¢ OD, m3obpaxennoro BHa puc. 3.4. Omsako Heobxoaumo
ClleNaTh HECKOIbKO BaXHKIX 3amedanmii. JladdeperinalbHbIe napamer-
pPHl rgs, S, rxn, ONpPEIEJCHHBE H3 CTATHYECKHX BAX, moryr OHITb
OTHECeHHI K MAaJbIM IepeMeHHBIM HANPsDKEHHsSM H TOKaM. YroOh
3T0 MOSICHATL, 3aMEHMM Ipom3BogHble oT BAX B pabodux ToUKax Ha
OTHOMIEHHs MAJILIX OPHEpAINEHAH cOOTBEeTCTBYomux Beuund. Hanpa-
Mep, rgs=0Ugo/0l5~AUss/Al;. Mansie npHpamenus AUgs B Al B
okpectHocTH paboueii Toukm Ha BAX I5(Uss) MoryTr 6LITE HCTOJ-
KOBAaHKL, KK MaJoe 3HAYeHHe NEPEMEHHOro CHrHAla Ha 0ase H BRG-
BaHHOE HM COOTBETCTBYIOIEE Manoe H3MeHeHHEe Toka. Pasymeercs,
4ro (hopMa HaNpsOKEHHs He MIPacT HHKAKOH POJH, HO €CIIH IPUHATE,
9TO Ugs (f) — CHHYCOHAAILHOE HanpsKeHHe, TO AUgs paBHO €10 ami-
JUTY/E H, COOTBETCTBEHHO, Al — aMITHTYJa CMHYCOMNAILHOTO TOKA
6a3ml.

Paznmune Mexay audpdepennnalbHEIME 1apaMEeTPaMi H NapaMeT-
paMH Ha NOCTOSHHOM TOKE OCOOEHHO OTHYETJIMBO IPOSBIAETCH B Cy-
IECTBEHHO PA3HEIX 3HAYEHWSIX rks! HA IOCTOSHHOM TOKE, BEIMHCICH-
Hoe Kak oTHomeHHe Uys/Ix B pabodeil ToUKe H Ha NEPEMEHHOM TOKE —
kak mubdepeHnMaIbHOe CONpOTHBeHME. /[lefiCTBHTEILHO, Kak OB
ge 6bu1 Man HakioH BAX I (Ugxs) B aKTHBHOH 00J1acTH, OTHOIICHHE
Uxs/Ix MEHSETCS NPONOPIHOHATBEHO H3IMEHEHMIO Uyxs, OcraBasich Ko-
HeyHO! BEIMYHHOW, B TO BPEMA KaK rxp— 00 OPH YMCHBIICHHH HAKIIO-
ga BAX. TaxeM 06pa3oM, rps — BXOJHOE CONPOTHBIICHHE, rxs — BRI~
XO/[HOE CONpOTHBJIEHAE TpaH3ACTOpa B cxeme ¢ OO mo manoMy mepe-
MEHHOMY TOKy (HanpsixeHH!0). COOTBETCTBEHHO KPyTH3HA yCHIIATE/Ib-
Ho#t (mepenarodnoil) cratmieckoii BAX ompesiensseT 3Ha4CHHE MAJIOro
IepeMEHHOTO TOKA B LENH KOJUIEKTOpa B 3aBHCMMOCTH OT 3HAHE-
HHS MAJIOTO HEPEMEHHOTO HanpsbkeHHs Ha 6aze TpaH3HCTOpa ik (=
=Sll];3 (t)

Ha manoMm curgane (B 00JIaCTH JMHEApH30BAHHBLIX yYaCTKOB BAX
0K0J10 paboueil TOYKH) TPAHIUCTOP NPEACTABIAET coboit JICLI. Creno-
BaTeJbHO, IpPH BXOJHOM T'apMOHHYECKOM BO3JEHCTBHA  ugs(f)=
= U553 COS 0!, HA BRIXOfIE TaKxe OyayT BO3HHAKATH rapMOHHYECKHH TOK
¥ HANpPSOKEHHE, IPH 3TOM AMIUIMTYJ2 TOKAa KOJUICKTOpA paBHA Lyx=
=SU,g. Bo Bcex ciydasx MaJOCHIHAJBHOIO npubiamxenus Oynem
paccMaTPHBAThH MAJIbIE CHTHAJIBI TOJBKO B (hOPME rapMOHHIECKHX KOJ1e-
banui.
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Hcxons w3 pm3mdeckEx cOOOpaXeHHii ClieqyeT YIeCTh TAKXKE KOHEY-
HO€ 3HAYCHHE CONPOTHBIEHHs 6a3hl IO NEPEMEHHOMY TOKY, YTO 0 CHX
nop se 6u10 caenano. OnHa H3 BO3MOXHOCTEH COCTOHT B ONPEETICHAR
3TOro CONPOTHBJICHHS], KAK CONPOTHBIICHHS MEXY 6230BLIM KOHTAKTOM
H HEKOTOpo# To4Ko# B 6a30B0# 061acTH — 5, 10 OTHOMIEHHAIO K KOTO-
poii conpoTHBIIEHRE 6a3kI eCTb ryg (pHC. 3.7, a). Toraa u conpoTHBeHne
I's3, ONpPEJEICHHOE paHee, JOJKHO OHITh YTOYHEHO H 3aMEHEHO HA rys.
OueBHAHO, 9TO H3MEHHTCS H KPYTH3HA YCWIHTEILHOR XapaKTepHCTHKH,
TaK KaK B 3TOM CIy4ae HAOPsKEHHE Ugs (1) JOJDKHO OLITH 3aMEHEHO Ha
ug'5 (f) B, COOTBETCTBEHHO, H3MEHHTCH Fyo. Kpome Toro, Ha nepemerEOM
TOKE NPHHIHIHANGHO BAXHYIO POJb HIPAIOT eMKOCTH: Judy3noHHAS
OTKPBITOrO 3MHTTEPHOrO nepexoja — Cp B 6apbepHas 3aKpLITOro KoJji-
nexTopHOro mepexoga Cyg, KOTOpas, B CBOIO O9YEpeAb, LIYHTHPYET
COIPOTHBJICHHE ryk. 1aXAM 06pa3oM, HA IEPEMEHHOM TOKE JKBHBA-
JIeHTHAS CXeMa TPaH3HCTOPA, BKIIFOYEHHOro no cxeme ¢ OO, EMeeT BHA,
OpeACTaBIECHHALIR Ha puc. 3.7, 6.

Ha ocHOBaHHH KOJIMYECTBEHHBIX OIEHOK, HM3BECTHHIX H3 TEOpHH,
MOJXHO, TeM He MeHee, C 60bIMOA JOCTOBEPHOCTLIO CYATATD, 9TO Fyp o
~107'rgs, ren2rgs. [l03TOMY SKBHBANIEHTHAS cXema TPaH3HCTOpPA MO-
XET OHTH YIPOLIEHA M NPEACTABJICHA B BH/E, H300PAXEHHOM HA PHC.
3.8, a.

KosnmyecTsernyo onenky 3HadeHHs auddepennuaIbnoro conpoTHB-
JIeHHS IepexXo/a «KOJUIEKTOp — 6a3a» rgx MOXHO CHAE€/aTh, HCXOAS U3

» KOTOPO€ HENOCPEACTBCHHO Clie-
Up3=const

olg -1
COOTHOMEHHA Fpy={ ——

9Uxn
AyeT H3 OKBHBAJICHTHOM cXeMbl, H300paxxeHHO# Ha pHc. 3.8. [leit-
CTBHTEJILHO, €CJIH HOAJEPXHBaTh noTenuuan Up; HOCTOSHHHEIM, TO
H3Menenne Hanpspkeans AUy, 6yaer onpeensTscs naaeaneM 6a30Boro
Toka Al; Ha CONPOTHBICHHH rgk. IlepemmmmeM NpOH3BOIHYIO B BHZE

ﬂ - CE‘K
! ” SUms‘s

a) 6)
Pac. 3.7. DKBHBaJICHTHO® IPeACTaBNCHHE (a) B MAIOCHTHATLHAS SKBHBAJICHTHAS CXeMa ®
Tpan3gcropa-c 09
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Pac. 3.8. VipolerHEle IKBEBAJIEHTHEIE CXeMBI TpanagcTopa ¢ 00 Ha MaJIOM rapMOHAYEC-
KOM CHTHAJIE

oUxn
sk =

alx
MaThCi BO BHHMAHHE IpH YOpOIIEHHOM aHanmm3e cxemul ¢ OJ (pHc.

3.8, b).

B=Brys. O4eBHAHO 3HAYCHHE 5k BEIHUKO H MOXET HE IPHHHA-

3.2. YACTOTHBIE 3ABCHIMOCTH KO3®@VIMEHTOB
VCUJIEHNA BHIIOJISPHBIX TPAH3IACTOPOB

B npenninymeM naparpade 6ui10 Noka3aHo, Kak, HCIOJb3Ys CTaTH-
geckie BAX TpaH3ACTOpa, MOXHO OHNPEJEIATh P BaXHBIX NapaMeT-
POB, OTHOCSII(MXCSL K paboTe TPaH3ACTOpa HAa NEPEMEHHOM TOKE, B TOM
YHCIle HA CHHYCOHAIbHOM Toke. O/{HAKO YaCTOTHHIE 3aBHCHMOCTH o(®),
B(w) xoadpdmummenTos ycunenms B cxemax ¢ Ob m OO Mmoryr OLITD
HOJy4eHEl TOJbKO H3-aHanA3a paboTh TPaH3HCTOpa HA HEPCMCHHOM
Toke. Vlccnenys aTOT ciydail B IMHeiiHOM npHOmIKeHMH, OyNEM CHH-
1aTh, 910 o (5)= I (5)/I5(s). BuONHE HOBATHO, 9TO OTJIHYHE KOabdHNH-
€HTOB YCHJICHAS HA HOCTOSHHOM H HEPEMEHHOM CHIHAJIE HACTymaeT
TOrza, KOrja Bpems Apeiida 2/1eKTpoHOB depe3 6a3y CTAaHOBHTCS COH3-
MEPHMBIM C HEPHOJOM IEPEMEHHOTO HAIPSKCHHAS, IPHIOKCHHOIO
 Tpam3acTopy. PopManbHO 3ana3 BBAHAE HOCHTEICH 0 OTHOMCHAIO
K H3MEHEHHIO IEPEMEHHOTO HATIPSDKEHHS CBOJHMTCS K HOSIBIICHHIO (a3o-
BOTO CIBATA MEXIy TOKOM KOJLIEKTOpa H aMHTTepa (puC. 3.9). VBeamde-
HHE (PA30BOro CABHra C poCTOM 49acTOTHI CHTHAJA IIPHBOJHUT K yBE/IHIC-
HMIO TOKa 0a3bl, 4TO B CBOIO OdY€pelb BEAECT K YMCHBIOICHHIO TOKA
KOJLJIEKTOpa H, CIIEJOBATEIRHO, K YMCHBIICHAIO MOZAYIs (). 3ana3s-
ILIBAHHEE TOKA KOJUIEKTOPA II0 OTHOIICHHIO K M3MCHCHHIO HANPSDKCHAS
dopManbHO MOXET OBITH HCTOJKOBAHO, KaK IOSBJICHHE €MKOCTHOH
PEAaKIMK IpH OPOTEKAHHH TOKA Yepe3 TPaH3HCTOp. [IpyrHMH CloBaMH,
(E3AdecKrii MEXaHH3M BO3HHKHOBEHHS (Hha30BOTO CIBHra NpH Iopeiide
HocuTenel depes 6a3y TPaH3ACTOPAa MOXET OBITh OHMCAH C NOMOIILIO
HIEeAJIbHOM eMKOCTH, KOTOpasi IPABOHT K 3ana3IpBaHmIo Toka. Crporo
roBOpS, 3T0 JOKHA OHITH MOJENb pacupesicieHHOR RC-LeHH, JKBHBA-
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JICHTHOH MeXaHHu3My Jpeiida HOCHTENCH ve- I
pe3 6a3y c 3ama3ueBanuem. Taxmm o6pa- I I odms
30M, ocrasascek B pamxax JICII, MoxHO yT-

BEPXAaTh, 4TO o(s) u P(s) ABIMOTCH CH- k Tk
CTeMHBIMH (QYHKIHSIMH H, CIEIOBATENILHO,

MOI'yT OBITH NIpeCTaBleHKEl B BHAE APOGHO ()
palHOHANLHEIX cooTHOmeHud BHaa (1.26)

¢ GeCKOHEYHBIM YHCIIOM HOJIIOCOB HA OTpH- Prc. 3.9. Yeemuenme ami-

JHTYAH TOKa Oasm ¢ po-

HATCIILHOM IOJIYOCH 0 B IJIOCKOCTH KOMII- cTom (asosoro capura ¢ (@)

JIEKCHOM IepeMeRHOM s =0 + jw. JxcnepamMe-

HTHI IOKA3bBAIOT, YTO BTOPOH MOJIIOC PACIOJIOXEH JOCTATOUHO JAJIEKO
oT nepBoro. Ilostomy Ba HH3KHX YaCTOTAaX YaCTOTHAS XapaKTEPHCTHKA
@(jo) TOYTH LONHOCTBIO ONpEAENSETCS NEPBHIM UONIOCOM @, H €e
MOXHO aNNpOKCHMHPOBATH LOCPENCTBOM ONHOIONIOCHOH (yHKIHM

o (jo) (3.2)

T 1+ (fe)

Ixe o — K03h(HIACHT YCHICHHS HA IOCTOSHHOM TOKE.
Coorromenne (3.2) MOXeT GLITh 3AIHCAHO B SKBHBAICHTHOM BHE

a(jo)=a ()&’ S
V1+(/w)?

W3 31X cooTHOWEHMH CleAyeT, 4TO @, — 4aCTOTA, HA KOTOpO#
MOJyJIb KO3 dHIHERTA Nepefadr o (@) IO OTHOUIEHAIO K €r0 3HAYCHHIO
HAa IOCTOSHROM TOKE€ YMEHBUIAETCH B \/5 pa3a. BimsHue noJrOCOB
Gonee BBICOKOTO HOPSIKA CBOJHTCS K IOSBIICHHIO ROLOJHHTENHLHOTO
da3zoBoro cmBHra, KOTOphId JHHEHHO pPacTeT ¢ 4YACTOTOIA. Iostomy
HA 4aCcTOTax, OJH3KAX K @, $HOpMysa OXHOLOIOCHOH aNmpOKCHMAIHH
MOXeT OHTb yTOYHeHA BBEeJCHHEM JONOIHHTEJLHOIO (a30BOro
CABHra m

a(jw):a —jmm/w,z o e—_f(l+m)w/wa (3 3)
1+jo/og /14 (w/w? ' )

O6brir0 Mm=0,2...0,4. O4eBAIHO, YTO COOTHOLICHHE IS ko3 darmen-
o
TOB I€pefadd Ha HOCTOSHHOM TOke f = MOXeT OBITL OTHECEHO
— o
K koaddunmenTam nepenayn Ha mepeMeHHOM Toke. IloactaBnss «(jo)
B hopme (3.3), nonyunm
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—jmefwy
ae

B (jw)= (34

1 +jow/wy—a e_M/wa

B mm3k04acTOTHOHR 0011aCTH (0 € ©,) MOXHO HOJIOXATL m=0, B TOr-

ga u3 dopmysn (3.4) HOJyTAM ﬂ(jw)=ri/wﬁ, rae wp=w,(l—a) —

IpeeNbHAs YacTOTa ycrienHs B cxeme ¢ OO, Ha kOTOpoH f (w,;):—ﬁ:.
2

Haiinem eme OQHY XapakTepHYIO 4YacTOTy, 00O3HA4HMB €€ r, HA
"‘koTopoil f(wr)=1, wr— vacroTa egEEEYHOrO ycmiemms. Jlus aroro
B dopmyine (3.4) pa3oOXHM 3KCHOHCHIHAILHLIA MHOXHTENL B DPsf,
OTpaHMYHBUIMCH JBYMS WICHAMH, IOCIE HECIOXHBIX OpeoOpa3oBamuit

o0y
HIOJIYIEM 7=
1+m

. Tax kxak B HA3ko4acTOoTHOM OobimactH m=0, ¢op-

MyIy B @r MOXHO 3alHCaTb B BHIEC Or= aw,,:(l;‘)(l — o)W, = fwp.
—

TaxuMm 00pa3oM, IPOH3BERCHHE S OCTAETCS NOCTOSHHBIM H PaBHBIM
@y B YaCTOTHOH 0BJIACTH 0p<K W <@, YacToTa €AHHHYHOTO YCHJICHHS
SIBIISETCH NACHOPTHOH XapaKTepHCTHKOH TPAaH3HCTOpPAa H IO3BOJISET
ONpee/UTh yCHICHAE TPAH3HCTOpA IO TOKYy B OOIacTH cnaja 4acTo-
THOH XapakTepucTukH f (). Hanpumep, ecim fr=400 MI'n, To f=4 ma
qactore 100 MI'n. YacToTHas 3aBHCEMOCTb KO3(D(DHIHEHTOB NEpeRaATH
toka B cxemax ¢ OB # OO noka3zana ma pHc. 3.10.

VCTAHOBHM CBSI3b MEXAY (g B IAPAMETPAMH 3KBHBAJICHTHON CXEMBI
TpaH3KCTOpa, BKIoYeHHOH mo cxeme ¢ OO (cm. puc. 3.8, 6). Tok,
npotekarommit depe3 Cyx €O CTOPOHEI 6a30BOH NENH, HPONOPIHOHATICH
Pa3HOCTH NOTEHIMAIIOB, OPAIOKEHHOH K eMKOCTH Jpx = W Cxx Unsk-

Kak smgmo u3 puc. 3.8, 6, U,sx=Uwss— Usmxs. B cBOIO O¥epenp
U,xs — HAIPSDKEHHE, CO3JaRHOE TOKOM KoyutekTopa ILy=SU,ps BHa
NAPAJUIEILHOM COCIMHEHUH risl|Rx. Ho Tak Xak rgs>>Rg, TO

a6 A Ba
B
/

6 gb/okTasa

A
1 |
T T

fr fa f

o RS FUSUE FUU Ry

=

Pmc. 3.10. Jmarpammsl Bojd 9acTOTHHIX 3aBECHMOCTeH K03hGHUHEHTOB yCHJIEHHS IO
TOKy B Tpan3ucrope ¢ O3 u Ob
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o)l Re & Rg. Torpa ¢ ygeTom HANIPABJICHAS TOKAa KOJLIEKTOpA HOJIYYHM
Upks = —SU,saRx B HanpspkeHre Ha Cpx OKA3BIBAETCS PABHEIM Uy ~
& Upnga (1+SRy). Cneposatensro ToOK, opoTekaromui depes Cgx co
CTOPOHK! BXOJHOR NENH CXeMBI, paBeH I,gx= Ungs (1 + SRy), B OH ocTa-
€TCS HCH3MCHHEIM, €CJIM CXeMy H3MEHHTh, BKIIOYMB eMKOCTh C) =
= Csic (1 +SRy) mMexay 6a30#f B IMETTEPOM TaK, KaK 3TO IOKA3AHO Ha
pHc. 3.11.

Tox co cropoHN KOJIeKTOpHOM nenH Lxs, npoTexarommii depes
eMKOCTE Cpk, OYEBHIHO IPONOPIHOHAJNCH pAa3HOCTH IOTEHIHAIOB
(Upks — Upgs), T. e. Loxs = 0Cry Uy Ilpeobpasys aro COOTHOILEHHKE,
HIOJIyHuM

Louks = Upia@Cric (1 +1/SRy).

O6nruHO SR> 1, DO3TOMY OKOHYATENBHO MMEEM I, x5= U, Cy.
CrenoBarebHO, CO CTOPOHBI BEIXOTHOM [EUH TOK, HIpOTEKAOmuUil Yepes
Cik, HE H3MCHHTCS, €CITH MEXTY KOJLIIEKTOpOM H 6a30# Oyner BKiIr0YeHa
eMkocTh Cry Tak, KaK 3TO II0Ka3aHO Ha pHcC. 3.11. Cxemsl, H306paxeH-
Hule Ha pHC. 3.8, 6 1 3.11, 5KBHBAJIEHTHEI B TOM CMBIC/IE, 9TO TOKH BO
BXOJHOH M BLIXOAHOH HENSX OJMHAKOBHI H, CIEJOBATENHLHO, BHEIIHHE
H3MCPCHAS HE BRUABST Pa3/IMYHs MEXy HHMH.

Kak BunHO B3 puc. 3.11, 5KBHBAIeHTHAS CXeMa TPAaH3HECTOpa, BKIIIO-
9eHHOro no cxeme ¢ OO, cocTOHT B3 nBYX (BXOZHOM H BBIXOHO#)
HHTEr pHPYIOIAX NENeH, NOCTOSHALIE BPEMEHH KOTOPHIX MOI'YT CHILHO
OTJIMIATHLCH Apyr OT apyra. IlokaxeM, 4TO YacTOTHBIE CBOMCTBA CXEMBI
¢ OO onpepensiiorcs napaMeTpaMH BXOXHOM HEIH, KOTOPHIE, B CBOIO
04€peNib, ONPEALSIOT YACTOTHYIO 3aBHCHMOCTh S(w).

ITycts HCTOUHAK CHrHANIA HOANEPKABAET BXOMHOE Hanpsokerde U,gs.
Torma Tox Gymer pasen

3 UmBS
ImB =

1
'““iw (C+Cy)

O603Ha4HB €MKOCTH BXOIHOM nemd C,, = Cp+ C;, IOCTOSIHHYIO BPEMEHH
BXOJHOM NEMHA Tuy=753C,; H HPOBENS HECIOXHbIE Opeobpa3oBanus, mo-
JIyIHM

;7 Unm .
ImB = j (1 +]wrnx)'
'3

Tox xosnextopa pasen I,i = f (jw)l,z, ¢ npyroii croponsy, I =SU, g,
Sr53

[I03TOMY, NPHPABHSB IIpaBhle YaCTH, HOIy1AM f (jw)=1~.—*. B gncnm-
+]w‘rBX
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Puc. 3.11. DxsupancETHAs cxeMa Tpassucropa ¢ 03

Terne Srgz=f — k03bPHOEEHT yCHICHHsT HA TOCTOSHHOM TOKE. Cneno-
BATEJLHO, K3 JKBHBAJIEHTHOM CcxeMmul (CM. pHC. 3.11) cnenyer,

urof (o) =i:;i’70} rae P8~ (r50Ca0) ™ ' = (r5aCrxSRe) ™ L

3.3. BUTIOJISSPHBIA TPAH3UCTOP KAK JIMHENHBIA
YETBIPEXIIOJIOCHHUK

BHOOISPHELIA TPaH3HCTOP IO OTHOLICHHIO K MAJIOMY CHTHAJIY SIBIIS-
eTCs JHHEHHEIM YCTpo#cTBOM. Ero skBHBajeHTHAS CX€éMa HE3ABHCHMO
OT cmocoba BKIIOYEHHs TPAH3HCTOpa B Hemb O0nazaer CBOMCTBAMHE
JICLI. IlosToMy DpH [AeHCTBHH Ha BXOA€ TPaH3HCTOpa MAJbIX rap-
MOHHYECKHX TOKOB H HAIPSKCHHH HA €ro BRIXOJE HOSABISIOTCSH Taxke
rapMOHHYECKHE TOKH H HANpSXKEHHs, B obmem ciydae C oonbleit
AMILTATYHOH H M3MeHeHHOH ¢a3oi. ClienoBaTeNbHO, IPH MAJIOM rap-
MOHHYECKOM CHrHajle TPaH3HCTOp MOXHO IPENCTaBHTb B BHIC aKTHB-
HOTO JMHEHAHOro Y€THIPEXMOJIOCHAKA, HA BXOJE€ KOTOPOro 3aJaHbl KOM-
IUIEKCHBIE AMILTHTYAbI TOKA M HAIpsDKCHHS Iy B Uy, a Ba BEIXOZE

DeHCTBYIOT KOMIUTEKCHBIE AMILTATYB! [z B Uy (PHC. 3.12, a). Konkper-
HbI COOCO6 BKJFOYEHHs TPAH3IHCTOpA B NAHHOM IIPEACTABICHHWH HE
HrpaeT poliH, TAK KAK CBS3b MEX/Y BXOJHLIMH H BHIXOJHBIMH TOKaMH
H HAIPSOKEHHSAMH MOXET OHITh 33jaHa TONBKO B (OpME JIMHCHHOM
KOMOHHAIHH IIPOH3BOILHO BHGPARHLX 1ap B3 Lni, L2, Um, Unp. BrIGOp
He3aBHCHMOM Iaphl H3 3TOr0 Habopa ONPEeNENseTCs HCKIIOMHTENbHO
yn0OCTBOM ONMCAaHHs CBOMCTB Y€ThIPEXIOIHOCHHKA. BribepeM B xayecT-

Be He3aBHCHMbIX Bemuns napy Uy, 1., Torna apyras napa I, u U, 6y-
IeT OIPENeNAThCS JTMHeHHOM KoMOuBanuel Buaa

Umlzhlljml +hlem2,

. . ] 3.5
Lo=hylp+hnUpp, 3:5)

rae Ay, hia, Bay, hyy — h-mapaMeTPhI Y€ ThIPEXIOIFOCHHKA. Qu4eBHIHO, YTO
B OOmMeM Ciy4ae OHH MMEIOT KOMILIEKCHbIC 3HA4YCHHs, 3aBHCSIIHE OT
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P i S A Il B
i Umn, i Um,
— ——g
a)
Puc. 3.12. DxpupaneATHAS CXeMa THHEHHOTO YETHIPEXIOMIOCHAKA, OTBEYAIOMAS ypasge-

HEaM (3.5)

4aCTOTH TapMOHHKYECKOTO CHIHAJIA, a4 B HH3KOYACTOTHOH OONACTH
(wp<w) h-mapameTpsl — BeIECTBEHHbLIC BEIHYIAHEL Iloatomy B main-
HEeHlIeM B ypaBHEHHSX (3.5) 3aMEHHM KOMILIEKCHEIE BEIHYHHLL HA COOT-
BETCTBYIOIIHE aAMIUIATY5I TOKOB M HANPSDKCHHH; A-lapaMeTphl neaeco-
00pa3no CYATATH BHCIIHMMHE HApamMeTPaAMH TPAH3ECTOPA B OTJIHYHE OT
BHYTPEHHMX IIapaMeTPOB, Xa paKTEPH3YIOIHX COOTBETCTBYIONIYIO JKBH-
BAJICHTHYIO CXEMY BKIIOYCHHs TPAaH3ACTOpa (cM. pHc. 3.11). Mexnay
HAMHA CYMECTBYET CBs3b, KOTOpas B HalbHEHINEM OYNET yCTaHOBIEHA.
Kak Bammo ®3 (3.5), h;; HMeeT pasmMepHOCTb CONPOTHBIICHH, hyy —
OPOBOAMMOCTH, a My, ¥ hj; — Oe3pasMepHble BEIHYHHEL

B coorserctsum ¢ ypaBmemmsME (3.5) MOxer OwITH mOCTpOeHa
OKBHBAJICHTHAS CXeMa YeTHIpeXmoilocHuKa (puc. 3.12, 6). Cxema upen-
CTaBIseTCs B BH/JC [BYX KOHTYPOB: BXOJHOIO H BhIXOaHOro., Cas3p
MEXy KOHTYpaMH OCYIIECTBISETCH 3a CYET BBEACHHS 3aBHCHMOIO
HCTOYHHKA HAUPsDKEHHs h,U,, BO BXOAHOH KOHTYyp H 3aBHCHMOIO HC-
TOYHHKA TOKA /[, — B BHIXOHHOH. TakHM 06pazoM, HCTOYHHK Ha-
npsoxenus hy,U,, yYATHIBaeT BIMSHHE HArpy3kd Ha BXOmHyl0 BAX,
a BCTOYHHK TOKA hy [, OTBeYaeT HH3EYECKOMY IPOLECCY TOKONEPENaTH
Tpam3ucropa. B coorsercteuE ¢ 3akonom Kupxroda B pesynbrare
00xona KOHTYpoB monyuuM ypasmerEs (3.5). 3ameTHm, 4TO Cxema,
UpeACTaBiCHHAs HA pHC. 3.12, 6, TOYHO COOTBETCTBYET IKBHBAJICHTHON
CXE€MC YCHIHTENsS C 3aBHCHMBIM HCTOYHHKOM TOKa, KOTOpas 6GnLia mo-
CTpOeHA HA OCHOBE (PH3HYECKHX IPEICTABJICHHHE O BO3MOXHOM MeXa-
Hu3Mme ycunenus. Paiymeercs, 4To Hcxognas cxema ycHiMrens 6nlLia
BbIOpaHa HECKOIILKO 0osiee OpPOCTOM, 4eM CXeMa AKTHBHOTO YeThI-
PEXNOIOCHAKA, (POPMAIBHO OTPaXalomasi CHCTeMy ypaBHeHHH (3.5).
B meil me Obula yyreHa BHYTpeHHSs OOpaTHAs CBsi3b BHIXOZHOTO HAL-
PSOKEHHS. ¢ BXOAHEIM TOKOM H HANpSXeHHeM. DTO OBUIO chellaHO Hc-
KITIOYATENbHO H3-3a IPOCTOTH PEICTABICHAS UPHHIANIHAILHOH CXEMbI
yewmtens. Ha camom nene B peanbHOM TpaH3BECTOpe TOK 3MHTTEpa
B cxeme ¢ OB m Tox 6asel B cxeme ¢ OO (06a Toxka BXOAHbIE)
34dBHCAT OT BLIXOJHALIX HanpspkeHHH: U, g B cxeMe ¢ OB B U, B cxeme
¢ O3. Ou3HYecKH 3TH 3aBHCHMOCTH 00YCI0BIIEBbl MOXYISAIHEH IIAPHHDL

N
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6a3sl (3dhdexT Dpim) UpH H3MEHECHHH HANpSUKEHHMS HAa KOJUIEKTOPHOM
p-n-uepexope. Onnaxo 3T0T 3dhPekT HMEeT «BTOPOMH» LOPANOK H B HC-
XOJHOM YIpOmERHOH MOJEIH MOT OBITH ONyImEH.

PaccmaTpuBasi aKTHBHBIM JIAHEHHBLIA YETHIPEXIO/IOCHHK, JIOTHYHO
BBECTH CONPOTHBJICHHE HArpy3KH (cM. pHc. 3.12), Tak KaK €ro 3HayeHue
BIHsieT HA LapameTpsl ycunuTens. OOpaTaM BHHMaHHE HA TO, YTO TOK
I,,, IpoTekas Yepe3 COOPOTHBICHHE HATPY3KH, CO3JAcT HAUpPSIKECHHE,
paBaOe 10 MOAYNO U,y HO IPOTHBONOJNOXKHOE mO 3HaKy. Ilosromy
BTOpoe ypaBrende B (3.5) mpEMeT BHR Iy =hylu — ImhnRu. OTkyna
K03b(pHIMERT Hepelayd IO TOKYy HATPYXECHHOTO YeTHIPEXIOFOCHHKA
MOXHO IOJY4YHTh B BHIE

Lo k
K="= : (3.6)
I hézRH

roe h2,2=h22+R§1. ’
Kospdumment nepenadd 4eTHIPEXIOIOCHUKA IO HANPSIKEHAID MOX-
HO HA#TH, HCK/IIOYHB TOK I, 3 NepBOro ypasuenus (3.5) H HCUOIL30BaB

BO BTOPOM YpaBHEHHH COOTHOMIEHHE Iy = — Upnm/Ru
Unma ha
Ky=—=—-——, 3.7
Umi h

rae h'=hyhy—hihy,.

Ecnu 3navenns K, Ky Oonbime eqHHANBI, TO HX MOXHO pacCMaTpH-
BaTb KaK KO3 (HIHEHTH yCHIEeHHs IO TOKY H HAUPSDKCHHIO aKTHBHOTIO
YETHIPEXIOIOCHHKA.

Jlanee omycram HHAeKC H Gyxem obo3HayaTh KO3(GGHImEHT ycHile-
HHs 10 HAUPSDKEHAIO Yepe3 K.

BxogHOe CONPOTHBIEHHE YETHIPEXIOIOCHHKA (COUPOTHBICHHE HA
PAa3OMKHYTHIX BXOJHKIX KJleMMax) HaiifieM H3 IepBoro ypassenus (3.5),
Hcuosk3osas (3.7)

Umi Um2 Ralyp hohi2
ra=—=hy+—h=h;— hp=hy———. (3.8)
Iml Iml Iml 22

BeIXOMHOE CONpOTHBICHHE (COONPOTHBICHHE HA pPa3sOMKHYTHIX BHI-
XOOHBIX KJIEMMAaX 4YeTHIPEXHOJIOCHAKA IpH IOJKIIOYEHHOM K BXOIY
BHYTpEHHEM COUpOTHBJICHAR TeHepaTopa 7;, pic. 3.13) Halinem u3 BTOpO-
ro ypasHenns (3.5)

Im2 Iml
-1
Ta =—=—hy +hp.
Umz Umz 21 22
Kaxk cnenyer u3 puc. 3.13, TOK B IEpBOM KOHTYpE paBeH
L = Unohia/(ri+ A1) = Ungh o/ By,
rae b\, =h, +r.
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Pac. 3.13. K pacueTy BRIXOJHOTO COIPOTHBJICHHAS YeTRIPEXIOIOCHAKA

OKOHYaTENBLHO HOJIYIAM _
T~ ' =hyp+hiha/hi;. (3.9

TakaMm 00pa3oM, BRIXOZHOE CONpPOTHBICHHE AKTHBHOIO 4YeThIpEX-
[OJIOCHHKA 32BHCHT OT BHJIa KCTOYHHKA CHTHAJIA, TOAKIIFOYEHHOTO K €ro
BxoAy. ECIH CHrHAN mojaeTcs OT HCTOYHMKA TOKA (B IPaKTHYECKHX
ciyyasix GIM3KOro K HCTOYHHKY TOKA), TO 7;— 00 H Fyy—>hn!'. OmHako
H B JPYrHX ciIydYasix BTOpoe ciaraemoe B (3.9) 0OmMHO MHOTO MeHbLIIE
HEpBOro M no3TOMy 0e3 6oibuiod OmHOKH MOXHO CYHTaTh, 4TO
Fax~=hyt.

BepreMcs k cxeme ycmmTens (cm. puc. 3.1, 6). Ee pabora cymect-
BEHHO CBSi3aHA C YCJIOBHEM, 4TO Iy > Ry Il0aTOMY B mpakTHYECKHX
CXeMax YCHJIHTeJIeH 3TO YCIIOBHE JOJDKHO BBINOJIHSTBLCS, 3 IPAMEHHTE-
JbHO K paccMaTpHBaeMoOH cxeme (cM. puc. 3.12) omO MoOXeT OniTh
HHTEPIPETHPOBAHO, Kak Rp!>>hy. Ilps stom coormomerns (3.6)
g (3.7) yopomaroTcs B IpHHAMAIOT BHI

Ry
K1=h21, K= —hzl"—. (310)

Tex

IosicarM QH3EYECKHH CMBICH A-napamMeTpoB. YpaseerHus (3.5) nm-
HEHHOrO YETHIPEXMOJIOCHHKA 3aNHCAHBI IS MAJkIX aMILIATY] HAHps-
XEHAH H TOKOB, HeicTByrommx B pabodedi Touke BAX. Ilonoxenme
paboueii TOUKH (Kak IpaBHJIO HA ceMeiicTse BEIXOMHBIX BAX) 3anaercs
C IOMOINBLIO HCTOYHMKA MTOCTOSHHOrO HAIpsDKCHHS. J{pyraMu CloBamMH,
HA TPAH3MCTOpPE 3aJAHBl NOCTOSHHLIC 3HAYCHHs HANPSDKCHAH MEXHY
TpeMsl 27eKTpoJaMHu, Hampumep, B cxeMe ¢ OD: Uss, Uks. Takum
00pa3oM, B OTCYTCTBHE CUI'HAJIA B TPAH3KHCTOPE TeYeT NOCTOSHHBIA TOK,
onpezensieMeli nonoxenneM paboyeit Touku Ha BAX. Manoe nepemen-
HOE HANpSDKCHHE, IPHJIOKEHHOE K TPAH3HCTOpY, HPHBOJAT K MAJLIM
NPHpPAINEHAsSM TOKA B OKpeCTHOCTH pabouelt ToukH. CBsispb MEXIy Ma-
JIbHIMA 3HAYCHHSMHM TOKOB H HANPSDKEHWI HMeEeT JHHEHHRIA Xapakrtep
H MOXeT ObiTh OmHCaHa CHCTeMo# ypapuemu# (3.5). Mmave rosops,
AMIUTATY/bl HAIPSKEHAH H TOKOB JOJDKHBI OBITh HACTOILKO MAJIBIMH,

[
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4T06HL B OKPECTHOCTH paboueil ToukH yyactok BAX moxmo Gruto OH
CYMTATH THECHHBIM. Bo3MoXHOCTS NHEEapu3anuy y1acTka BAX B okpe-
CTHOCTH paboyell TOYKH SBISETCS YCAOBHEM MAJIOTO 3HAYCHHS UEPEMEH-
HOIO CHrHAJIA, HOJAHHOr0 Ha Tpam3dcrop. IloaTroMy BHOONHE HOHKATO,
410 h-mapameTpHl B ypasHEHHSAX (3.5) sBIsIOTCS OugdepenyuarvHpimu
XapaKmMepucmuKamu mpan3ucmopa, T. €. OUpeJeNeHHHMH 1O OTHOLIC-
HMIO K MAIILIM TOKaM H HAIIPSOKCHHAAM.

JIuneiinoe HpHOIMXKEHHE HO3BOJISET PACcCCMATPHBATL HEPEMCHHBLIC
TOKH H HAIpSIKeHAs TH60 B BEAe Manbx upupamennit Al;, AL, AU, AU,
IOCTOSHEKIX 3HAYCHHWH TOKOB H HANpSKEHHH B pabouei Touke, mubo
B BHJE MAJbIX 3HAYCHHH NEPEMEHHKIX TOKOB H Hanpsxenuid. B arom
ciydae OGLMHO OIPHEAMAIOTCS 0603Hayenus MO0 4 (1), i (1), wi (1), 12 0,
m60 B BEAE MANBIX AMIWIATYH L, L, Upy Uy, €CIIH CATHAI HMCET
rapMOHHYECKHH XapakTep. BaxHO mOX4epkHYTh, YTO IPH n00sx 060-
3HAYCHASX NEPEMEHHRIX TOKOB H HANPSDKCHHH TPAH3HCTOPA YPABHCHHS
(3.5) HMEIOT OTMHAKOBBLA CMBICT, & Ay, Az, My, Byy sBISIOTCS nHbdEpen-
IMAIBGHEIME DapaMeTpaMu. HO Tak kxak B OKPECTHOCTH pabouedl TOYKH
BAX IMEeapH3yeTCsi, TO BHMHCICHHE A-IIApaMETPOB MOXET OLITh BBIIIO-
JHEHO IO JBYM O3KBHBaleHTHRIM (opmynam. Hampumep, H3 mepBoro
ypaBrens (3.5) mapameTpsl Ay, B hj; MOTYT OKITH IIOJNY4eHRI B BAIE IBYX
SKBHBAJICHTHLIX COOTHOMICHHH

Unmi al,
hy=— =
Int lUpp=0 Ol |U3=const
Um av,
hp=— =— . (3.11)
Unid|lpy =0 8U2)1 =const

TH COOTHOIIEHHS BRHACIIOT B paboyeit Touke BAX. Amanoraso
U3 BTOpOro ypasrenwust (3.5) cnenyer, 4T0

h Im2 a12
0= =—
LntlUp=0  211|Uy=const
I or.
hp=-" =— . (3.12)
Um2 Iy =0 aUZ 1] =oconst

BrLIMEC/ICHAE NPOM3BONHLX HiM oTHOmeHm# B (3.11) m (3.12) mns
JIHEEAPH30BAHHEIX yyacTkoB BAX paszymeercss HacT OIMH H TOT X
pe3yabTaT. .

HaxoxenHe IapaMeTpoB Yepe3 OTHOMICHHS TOKOB H HAIDSDKCHHH
SBIISETCS OCHOBHBIM METOINOM HX JKCICPMMEHTAJIBHOIC ONPEHCICHHS,
a yepe3 COOTBETCTBYIOIIHE IPOH3BOAHBIC — OCHOBHBIM cocoboM HX
poramciieami 1o BAX TtpamsucTopa. Haxomemn, 3aMeTHM ClEAyROIIee
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06CTOATEILCTBO — ONpefcicane h-napaMeTpoB no ¢opmynam (3.11)
H (3.12) MOXeT HaTh TOJBLKO HX 3HAYEHHS B BHIE NEHCTBHTEIbHBIX
grcen. KoMIuiekcHEM xapakTep A-IapaMeTpoOB WIH, IPYTEMH CIOBAMH,
HX YaCTOTHAS 3aBHCHMOCTDH BEIMBISETCS ¢ MOMOIIBIO aHATH3A hH3KYeC-
KHX SIBJICHHA B TPAH3HCTOPE H TOTJa, He H3MeHss ypaBaenu# (3.5), B HAX
MOXeT OLITL BBEACHA YACTOTHAN 3aBECHMOCTS.

Ha ocHOBe 3KBHBaJICHTHOrO IpeACTABIICHAS JIAHEHHOIO YCHIMTEIS
Ha OGHIONSIPHOM TPAH3IHCTOpE PaCCMOTPHM TPH OCHOBHBIE CXEMBI YCHIIH-
tens. Kak yxe 6bU10 OTMeYeHO, 3MHTTEp, 6a3a H KOUIEKTOp MOIYT
OHITL BRIOpaHKL B KA4€CTBE O0MIEro KOHTAKTA JAJIsi BXOZHOH M BRIXOZHOH
nerned. B COOTBETCTBHH ¢ 3THM BO3HHKAIOT TPH CXEMHl YCHRIIHTEIS:
¢ obwum smummepom (03), obwei 6azoti (OB) u 06wum Korrexmopom
(OK). Jins xOBKpeTHOCTH OynmeM paccMaTpHBaTh CXeMbl HAa IpHMeEpe
n-p-n-TPaH3HCTOpA.

3.4. VCUJMTEJD C OBIIMM SMUTTEPOM

Ha puc. 3.14 m3o6paxena cxema ycwmutens ¢ OOD. Ha cxeme me
NOKA3aHKl 3JIEMEHTHI, o0ecneunBarolge 3ajanne paboyedl TOYKH, Tak
KaK B IEpBOM NpPHOIMKEHAN MOXHO CIATAThH, YTO OHM MAJIO BIMSIOT HA
OCHOBHEIE ApaAMETPhI YCHIKTENs, 4 CXeMa B 3TOM ClIy4ae uMeeT 601b-
[yl HarnggHocTs. Harpyska ycswimTens — pe3ECTOp Ry, KOTOpPHIM
MOXeT OKITh, HANPHMEpP, BXOJHOE CONPOTICHHE CJIEHYIOIETO KacKa a.
Pesncrop Ry 1o mepeMeHHOMY TOKY 4€pE3 OYCHb MAJIO€ BHYTPEHHEE
CONpOTHBIICHAE HCTOYHUKA NHTAHAS (€0 3HAYEHHE BCErAA CYHTANOT
PaBHBIM HY.IX0) MOAKJIIOYEH K 001me# Touke «3emius». [1oaTomMy, cTporo
rOBOp#, HArpy3KOH YCHIMTENs SRIfeTCs NapajlIc/IbHOE COENHHECHHE CO-
npoTuBIeHHR Ry B Ry. Ho, ecim Ry < Ry, K yeMy 00OBIYHO CTpeMSATCH,
TO Harpy3ko# ycwmrens 6ynet Ry. 3Hayende Ry 0OLMHO HE IPEBLINIAET
eqaaun KOM.

Ha puc. 3.14 conpoTuBnende Ry 0003HaYyeHO IYHKTHpPOM, 4TOOHI
HOQYepKHYTH BO3MOXHOCTL €r0 BIMSHHS Ha pabory ycuimrens. Jns
aHATM3a CXEMKI 3aIHIIeM ypaBaeHus (3.5) ¢ yueTroM 0603HaYCHHM TOKOB
H HanpspKeHuHd, NeACTBYIOIAX B yCHIMTEIE

Upiss = Lushiin + Unohi2o, 3
Lix=Lushyin+ Unshors. (3.13)

B 3THX ypaBHEHHSX TOKA M HANPSKEHHS NPENCTABICHLI HX aMIl-
JUTYHBIMA 3HAYCHUSMM (HPYrMMM CIOBAMH, HE YYHTHIBAETCS 4acTo-
THas 3aBHCHMOCTE), & HHIEKC «O» y h-apaMeTpOB O3HAYAaET, YTO OHH
oTHOcsTCs K cxeme ¢ OD. U3 dopmynsr (3.13) naitnem, 4ro

h15= Upgs/Is UPE Upz =0




Prc. 3.14. Cxema yommTens ¢ OO HA IEPeMEHAOM TOKe

H, OMEBHIHO, sBIseTCH AuGepeHIHATIbHERM COLUPOTEBIIEHAEM Fgy, T. €.
his=rgs. CONpOoTHBIEHBE gy OUpeneNnsieTcs no BXogHod BAX Tpas-
sucropa Iy (Ugs).

1,
Koo GHmenT hyip=— sseTcs JaddepenEATEHEEM K03¢-
mB|Upyg3=0

DHIMEHTOM YCHJICHHS TPAH3HCTOPA 1O TOKy. C Apyro# CTOpOHML, fijyn =

ol
=— . 3asucumocTs I (I5) B aKTHBHOM peXHME TPaH3HCTOpa
aIB Uy y=const

HpaKTHYECKA JIHHEHHA, NOITOMY IIPOH3BOINHYIO MOXHO 3aMEHHThL OT-

Ix

HOUICHHEM TOKOB hm_l— H, CI€NOBATEILHO, Ny;5 0JM3K0 MO 3HAYCHHIO
B

K B — xk03Q}HNHEHTY yCHJICHHS TPaH3KCTOpAa IO IOCTOSSHHOMY TOKY

B cxeMe ¢ OD. Bxomubsie BAX Tpam3ncropa (cM. pBc. 3.6, a) HO3BOJISIOT

Ugs .
OLIPEJCIIATh h,23=F, Tak Kak Uys ans cemeiicrsa kpeBEIX I (Ugs)
K3

BRICTYIAET B Ka4eCTBE napamerpa. M3 TeopHH OHIOJISAPHBIX TPAH3HCTO-
POB H3BECTHO, 4TO /35 — K03 BIHEAT 00paTHOH HEepeAadd IO HANPS-
xenmto. Ero 3madende maxomHTcs B mpenenax (1073...1074). Hakomen,

ImI(

napameTp M= , OYEBH/IHO, paBeH oOpaTrOMY mH(¢epeHIH-

Ui\ Lyg=0

AMLbHOMY COUPOTHBICHHIO iy, T. €. M= ra. TakuMm obGpasoM, Bce

h-mapamerpnl ycmmTens ¢ OO BhIpaxaloTcs depe3. AaddepeHImaIbHaLIe

IapaMeTphl TPAH3BCTOpA H, CIIEAOBATENLHO, HX 3HAYCHHs JH0O H3BeCT-

Hel, 1H00 B KOHKPETHOM cjyd4ae MOryT ObiTh ompeneneHnl B3 BAX.
- Tenepb, HCHOJIB3ysi COOTHOUIEHUS IS THHEHHOTO aKTHBHOTO YeTHIPEX-

HOOJIFOCHHKA, MOXHO OLpPENEINTh OCHOBHBIE XapaKTEPHCTHKH YCHIIATEIS

c 00.

Bxo0noe conpomusaenue ycuaumean B cOOTBeTCTBHE C (3.8) paBHO

Ryt Rk
b rich+ (Rl Re) ™+
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Ha ocHOBaHAM IOJIy9eHHBIX paHee YUCICHHBIX ONEHOK BTOPOE Cnara-
eMoe HMeeT 3HayeHue mopsaka 10 OM, mosroMy MOXHO ¢ 6oIbIIOHA
TOYHOCTBIO CHATATh, UTO Fy ™ F53 M OO HOPSIKY BEJIHYHHLI COCTABISET
10° Om.

KosdduupuenT ychnerns N0 HAIPSUKEHHIO B COOTBETCTBHE C Hopmy-
no# (3.7) ¥ YHCNEHHRIMA ONEHKaMH paBeH

_ has o s (Rell Re)
— T T T K .
h113h305—h123ho13 53

Ha oceoBammm TOTO, 9TO hy13=~f, Dony4aeM hys/rss=S, Toraa
BhIpaxende 18 K MOXHO mepenucaTs B BHIC

K=~ — S (R|| R (3.14)

O6paTuM BHAMaHHE Ha To, 4TO ycumaTens ¢ OO sBiseTCs MHBEpC-
HOM CXeMoOii: HaOpsDKEHHE HA €ro BHIXOAE MMeEET OOpaTHBIA 3HAK OO
OTHOIIEHHIO K HANPSUKCHHIO Ha BXOJE, APYITHMH CJIOBAMH BBIXOIHOE
H BXOJHOE HAIpPsUKEHHS HaXoAgTcd B IpoTusodase.

Buixoonoe conpomusaenue ycuaumean 8 COOTBETCTBHM C YPABHCHHEM
(3.9) paBHO

hixnh
r:,,.i=r§31+ 123 213-
rgn+r;

B cOOTBETCTBHM C NPHHATHIMHA YHCJICHHLIMH ONEHKAMH BTOPOE Clla-
raeMoe MHOTO MEHBIIIE MEPBOTO M MO3TOMY MOXHO HPHHATD Fyux™
>~ rgs3.

WTak, paccMOTpeHa cxeMa PaboTHl YCHIHTels, B KOTOPOH BHIBOJ
3MHTTepa 3a3emieH. [Ipu 3ToM HEOGXOAHMO YYHTHIBATL OJHY OCOGeH-
HOCTh 3TO# CXeMHI: ee K03 GHNHeHT yCHICHHS 0 HAOPSOKCHAIO B CHITY
TOTO, YTO KPYTH3HA MEPEJATOYHON XapaKTEPHCTHKH OPONOPIHOHANILHA
TOKy TpaH3HCTOpa, OyIer 3aBuceTh OT Toka kKosuiekropa. Ho Tok xoi-
JIEKTOpa HM3MEHSETCS IIpH M3MEHEHHH BXOJHOTO CHTHANA H, TakuM 06-
pa3oM, Ko3bbHIHEHT YCANEHAS 3aBHCHT OT 3HA4YEHHS BXOJHOTO CHI-
Hasna. BciaeacTBHE 3TOro YCHIMTEIb BHOCHT HCKaXeHHH, T. €. obiaxaer
HEKOTOPOH HEeJIHHEHHOCTHIO. YCHIHTEIb C 3a3¢MIICHHBIM 3MHTTEPOM
MOXHO HMCOOJBL30BAThH JHINL A8 YCAICHHS O4YCHb MAJIKX CHIHAJIOB.
DToro HeAOCTATKA JHIIEHA cxeMa ycmnutens ¢ OO, B Oemb SMHTTEpa
KOTOpO#i BKJIIOYeH pesuctop R (puc. 3.15).

B 3TOH cxeMe BXOJHHIM HANPSKCHAEM YCHIMTEN SBISCTCA HANps-
XeHde Mexay «basoi» m «emei» — U,s. Ha Bxome Tpamsucropa
Tenmepp JAeiicTyer HanpsokeHe U,ps=U,s— Un, ThE Ump=Rolp=>~
~ [ «Rs — HanpskeHHe Ha SMHTTEpPE N0 OTHOMICHHIO K «3eMIIe», KOTO-
poe sBiseTcd 4acTbo BXojguoro HampsokeHHs U,y COOTBETCTBEHHO
Upks = Upgx — Upms. TTosTOMy ypaBrenus (3.5) a1d paccMaTpHBaeMOro
Clly4ast MOTyT ObITH 3aIIMCaHBl B BH/E
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Ups — LR = Ligr'sn

3.15
L= ILushys+ (Upk— K Ro)TiS - @.13)

B nepBoM ypaBHEHHH IPHHSTO BO BEAMAHHE, 4TO A5 =T 4 OOYILIE-
HO ciaraeMoe B IpaBoil 4acTd /inUnks. Halpsikenne Ha Harpyske
yeumaTenst Uy~ — LxRy. [103TOMY, YMHOXHB o6e gacTH BTOPOIo ypa-
BHEHMS Ha Ry, 3a0HIIEM €ro B BHIE!

— Upx=hn3lmsRx+ U, kTS (Rx+ Ro).

W3 mepsoro ypaBHEHHS CleJyeT, YTO L= (U,,,5+ U,x %)/rss. Ilog-
K

crapus I, B IpeAbLIyINee COOTHOIIEHAE, HAKEM K03 dumenT ycuie-
ausg no Hanpskeauto K= U,x/Uys B BEAE

' Ra+ Rk
K=—Ry/| Rs+1/S+ . (3.16)
ko

B 3TO BHpaXKeHHe BXOJSAT DapaMeTphl TPaH3HCTOPA, 3ABHCSAIIHE OT
TOKa, KaK H B CXeMe C 3a3eMJICHHRIM 3MHTTEPOM. Onpako B paccMaT-
pHBaEMOM CIy4ae I TAIOBBIX 3HAYCHUM

R3> S, Ra>> (Ra+ Ri)/(has)-

[osToMmy cooTHomeHHe (3.16) MoXeT ObITh IPEACTABICHO B BAJE K~
=~ — Rx/R».

Pasymeercs, 910 Ipd Ry—0 x03dduOueHT yCHIEHHS HE CTPEMHUTCH
Kk GecKoHEeYHOCTH, a B cooTBercrBuH C (3.16) CTaHOBHTCA DPaBHBIM
(— RxS), T. €. IpHEAMAET 3Ha49€HHE, KOTOPOE 6bUI0 paHee HOIy4eHO A1
CXeMBI ¢ 3a3eMIIEHHBIM SMHTTepoM (cM. popmyiy (3.14)).

BXo/HOE CONPOTHBIEHHE PACCMATPHBAEMOM CXEMEI YCHIATENS JIETKO
HaiiTH u3 mepBoro ypasHenns (3.15)

ImK UmK3
Ims
Unms R, | |Rx
;
Prc. 3.15. Cxema ycrsmrens ¢ OO ¢ pe3s- Prc. 3.16. CxeMa Anig pacdera BHXOITHOTO
CTOPOM B LIENH IMHTTEPA COMPOTHBICHHS
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Ums Imx
Fx=—""= (1— Ry+ "1;3) =hyaRs +155.
mE

ImE

JUis ompefefieHMS BBIXOJHOTO CONPOTHBJICHHMS CXEMBI IOJIOXHM
B nepsoM ypasHeHHH U,;=0 H 3aMEHMM HCTOYHHK CHI'HAIIA €T0 BHYT-
PEHHMM CONPOTHBJEHHEM r; (pHuc. 3.16).

W3 o6xoma BXOIHOTO KOHTYpa, CHHTAsA, YTO I,5=I,x+ Iz, DOTyIAM

—(Lx+Ls)Ro=L5(rgs+r). Otkyma Hadimem Tok 0asel Iz=

R
=—] ,——>  u IOACTABHB ero Bo BTOopoe ypasHemme (3.15),
R3 +rgatr;
HOJIy9dM
Ro -1 -1
Lix= —h213 Fa— Lok + 1ics Unk — InT'ks Ro.
I

ITpenebperas MajbIM 3Ha4YEHHEM OTHOIICHHAS Ry/rks, HARLIEM BHIXO/-
HOE CONPOTHBJICHHAE PACCMATPHUBACMOM CXEMBI YCHIIHTENS

h1aRs
x> —_— ] 3.17
r rK3<1+R3+r];3+ri> ( )

Kaxk BHJHO M3 IOJYYCHHBIX COOTHOUNIEHHH, PE3HCTOD B LIEOM 3MHT-
Tepa KapJHMHAJILHO MeHSET OCHOBHHIE mapameTphl ycuimtens ¢ OO
BXO/JHOE CONPOTHBJICHHE CTAHOBHMTCA CYINECTBEHHO OONBIIAM, 4eM
B CXEME C 3a3eMJIEHHBIM 3MHTTEPOM (h,13R5 >>rg3), Bo3pacraer BHIXOJI-
HOE CONPOTHBJIEHHE, a KO3)(PHIHEHT yCHIeHAs NPAKTHYECKA HE 33BUCHT
OT mapaMeTpoB TpaH3UCTOpa. DTOT 3pdeKT ABNIETCA CIEACTBHEM OT-
pUIaTeIbHOR 06paTHOM CBA3HM, CBOMCTBA KOTOPOi MOAPOOHO PaccMoT-
PEHEI Jaiee.

3.5. YCWJIMTEJM C OBIEA BA3ON
¥ OBIYM KOJLIEKTOPOM

Cxema ycwmrens ¢ Ob Ha nepeMeHHOM TOKe H300paXKeHa Ha pHC.
3.17. YuynutrBasg 0603Ha4eHAS PUCYHKA, 3alIHNIEM YPaBHEHHS AKTHBHOTO
YETHIPEXIOIIOCHAKA JI1 PacCMAaTPHBAEMOro yCHIMTE)S B BAIC

— U = — Linhyis + Uncshizs,
(3.18)

Lix= — Lishng+ Unxshazs.

Kak u B OpeJslAylIEM cliy4ae B 5THX YpPaBHCHHSX CHHYCOHIAJIbHKIC
TOKH M HANPSXKCHHS HPEACTABICHBl MX AMILTHTYAAMH, h-napaMeTphl
JeTKO HaXOAaTcs 3 ypasueHni (3.18). OnHako BaXxHO yCTAHOBHTD CBA3b
Mexay Humd u qubdepeHnMalbHBIMH IApamMeTpaMHM TPaH3HCTODa,
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Unss

Prc. 3.17. Cxema ycwmress ¢ Ob Ha nepeMeHHOM TOke

¢ TeM 4To6b B AanbHeiimeM mpu anamase ycumatens ¢ Ob ucnons3o-
BaTh MMEHHO IapaMmeTpsl Tpausucropa. M3 mepsoro ypaBHCHHS (3.18)
HailgeM

Unss
hns=~

m3

UmkE=0
AHAJIOTHIHOE cooTHOMmeHne st cxeMul ¢ OO HMeeT BHA

Unms3
h113=—
'mB

Umk3=0

Tax xax B cxeme ¢ OB moTernuan 6a3sl paseH HyIo, a B cxeme ¢ 00
IOTEHIHAI 3MHTTEpA paBeH HyMo, TO hyp H Az BHMHCISIIOT IPH
Uml(:o Taxum 06pa30M, hllszh“g/hng.

[lony4eHnpI# pe3yabTaT GEIMIECKH OPOCTO OOBSCHAM: BXOJHOE CO-
mpoTHBICHHe Tpan3ucropa B cxeme ¢ Ob Bo CTOJBKO pa3 MEHbIIE
BXOJHOLO COOPOTHBICHHAS Tpan3ucTopa B cxeme ¢ 0D, BO CKOJILKO pa3
TOK 3MHTTepa GoJible ToKa 6a3kl.

Jpyrue h-napamerpsl B (3.18) onpefeastoTCs CCAYIOIEM o6pa3zoM
L

UmBS - Iml(

’ h225 =

hyg=
Ukp=0 UnikE

’ h125=
Img=0 I

Unks Uniz=0

OueBHIHO, 9TO hy5 XapakTepu3yeT BHYTPEHHIOK OOpaTHYIO CBA3b
B TpaH3MCTOpE HM H3 (H3MYECKHX COOOpaxeHHH ACHO, 4TO hp<l.
[Mapamerp hys 0O MOAYMIO paBeH KOIQOHIHMCHTY Nepefatid TOKa
B TPAH3HCTOpE, BK/IIO4eHHOM 1O cxeme ¢ OB |hyg|~ax1. Ilapamerp
hys MOXeT OWITh ompexeneH Kak mupdepeHIManbHbI DapaMeTp O
craTudeckuM BhixoaaeM BAX cxemnl ¢ Ob

alk

h225 =
O0Uxs Iy =const

Tak Kak B aKTHBHO#M o6nacti Bexoaubie BAX cxemsl ¢ Ob umeror
MEHBIINE HAKJIOH, Y€M BBIXOJHBLIE XapaKTEPHCTHKH CXEMBL C 02, To,
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Ums

Ums Ums

Prc. 3.18. Cxema ycammrens ¢ OK B BEme JHEEHHOTO 9eTHIPeXHONIOCHHKA (d) H ee
3KBHBAJICHTHOE Mpencrasienne (6)

OMEBHAHO, hpg<hys. B cBOIO odepens, hps =rxs> H, CIEIOBATEIHHO,
MOXHO OLEHHTH 3HAYCHHS Ayp KakK Ang > ria.

HaiineM ocHOBHBIe Xapaktepuctuku ycumarens ¢ OB. Ero exoduoe
conpomuséaenue B COOTBETCTBHH C COOTHOIICHHEM (3.8) H MOTy4CHHRIMHA
paHee YHC/ICHHRIMM ONEHKAMH BEJHYHH MOXET OLITh 3aIMCaHO B BHJE
T'sx ™ M5 =Ia/ha1s M, TakuM 00pa3oM, THOMYHOE 3HAYEHHE Iy, COCTABIACT
HECKOJBKO gecaTkoB OM. BbuixooHoe conpomussenue B COOTBETCTBHH
€ (3.9): rux > h5 1 B, CIEAOBATENBHO, JOCTATOUHO BenHKO. Koaghpuyu-
eHm YCUAEHUA NO HANPANCEHWO TIPH YCIOBHH, 9TO Ry 1> hy5 (aTO Beerma
CIpaBeUIHBO B OPAKTHYECKHX CyYasix) B COOTBETCTBHH C (opmyio#
(3.10), paBen K= SRyhy~SRx. O6paTuM BHMMAHHE, 9TO YCHIHTENb -
¢ OB — He HHBEPTHPYIONMHA: BXOJAHOE H BBIXOJHOC HANPSXKCHHS Haxo-
natcd 8 dase.

Cxema ycumarens ¢ OK m3obpaxerna Ha puc. 3.18. B atom ciuydae
BXOJHOE HampskeHHe (IOTeHnman 6a3bl, OTCIATAHHBIA OT «3a3eMIICH-
HOTO» KOJUIeKTOpa) obo3HaumM depe3 U,s, a BHIXOJAHOE HANPSKCHHE
(IOTEHIHAN 3MHTTEPA OTHOCHTENLHO «3eMiH») — depe3 U,ps. IIpunn-
Masi BO BHAMAHHE, 4TO I, BHITEKAeT M3 YETHIPEXNOIIOCHHKA, 3 meM
cucTemy ypasHenuit ans ycumHTens ¢ OK B sane

U s = Lnshyix + Umshiox;
— Liy= Lishyx + Umshpx.
U3 puc. 3.18, 6, cnenyet, 9T0 Upg = Uns + Unss; Uns = I3 Ro. Tak xak

HOTEHIHAN KOJUIEKTOpa paBeH HyMo, TO B3 U,ks = Unx— Unms Crenyer,
9r0 U= — U,». Haiinem mapamerp hyx. Cornacso dopmyrne (3.19)

(3.19)

Uns .
hyox=—o . C y4eToM IpeLLAYIEX COOTHOLIEHHA MOXHO 32MHCATh
3| Ly =0
Upn + Unp3) Umsa
By =—"— =1- (3.20)
Uns  |I,5=0 Unika|1,5=0
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TakaM 06pa3oM, hyx=1—hxn, ClenoBaTEIbHO, CXEMA C OK nmeer
K030 duIAEHT 06paTHOH CBA3M, GNH3KHMHE K eJMHHIE, TaK Kak hn<l
I
IMapamerp hyx= - . ITockombKy
L8| Upz =0

T + I
L= L+ Ins, hax= -
Ins

UmK3=°.
Otkyaa cpaly clelyeT, 4To
hax= —(1 +ha3). (3.21)

I
IMapaMeTp hyx= B

. [Tonaras I,;~1I,x, DOJXYYHEM
U

Ing=0

1, mK

=rid. (3.22)

Lyg=0

h22K =

Unmk3

U,
U3 nepsoro ypasmeHms (3.19) ompepemuM, 9TO hm(=—"'—B

InB | U3 =0
C yuerom Ttoro, 4ro Ump=0, U,5=Unss, MOXKHO 3aOHCaTh hyx=

Umpa
=- . OTKyIa cnenyert, 4To

Ins Upnk3=0

h11K= r53- (323)

Haiinem ocHoBHEe xapaktepucruku ycumartens ¢ OK. Jlns aroro
ucnonb3yeM cootHomerns (3.8) — (3.10), cBA3pBAIOMHAE BXOAHOE H BhI-
XOZHOE COOpPOTHBJCHAS, KO3)QHIAEHT YCHICHAS IO TOKY H HAIpsDKe-
HMIO C h-mapaMeTpaMHM CXeMBI.

hy2xhak
Bxoonoe conpomugaenue B COOTBETCTBHH C (3.8) rexy=hyux— .

héﬂ(
[MoacTasasis B 310 cooTHOmeHue Gopmyasr (3.20) — (3.23) 1 y4HTHBaA
panee CAeJaHHBIC YHCJICHHbIC OLECHKH BEJHTHH, IIONYHM

¥sx =TB3 + Rg (h213 + 1) (324)

Koagpuyuenm ycunenus no moxy cxemsl ¢ OK pasen

hay
Ki=—=~—(has+1).

'
h22K

Koaguyuenm ycuienun no Hanpaxcenulo B COOTBETCTBHH C dopmy-
1o (3.10) MOXHO 3almHMCaTh B BHIC
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ha1k

hnkhyak —hzrhnk
IMoxacTasinsis 3Ha4eHUS A-mapaMeTpoB, HOJYIAM

~ K~ hys+1
[g5¢)
R—3+ 1+hns

C y4eToM KOIHYeCTBEHHBIX COOTHOINEHMH BXOISIIHMX BEIHYMH OYCBHA-
HO, 9T0 K~1,

Buixodnoe conpomusaenue 8 COOTBETCTBHH C BrIpaxenueM (3.9) Mox-
HO OpPEACTABHTEH B BHJEC

M1k

'

11K

-1
Tax = M2k +

IMoxcrasnsis B 31y GopMyily 3HaYEHHs IAPAMETPOB, HakaeM
ri+rey 1

Py O e N e,
" T hs+l by S

(3.25)

PaccmMoTpeHHRIE CXeMBI YCHIMTENEH HMEIOT pa3/H4YHEIE 3HAUCHHS
OCHOBHBIX HapameTpoB. [losToMy H o6nacTH DpUMEHEHHAS HMX BIOJ-
He omnpefeneHHB. OCHOBHOM YCHJIATEILHOM CXEMOH SIBISETCH CXEMa
¢ O3 ¢ pesucropoM B nemu 3maETTepa. OHa MMeeT GoNbIIOE BXOAHOE
CcONpoTHBICHAE H OOJIbIIOE BRIXOAHOE, oOecmevmBas IpH 3TOM Tpe-
Oyembii k03bQHUNMEHT YCHJICHHS OO HampsokeHHI0. biaromaps stum
3HAYCHASIM IapaMeTpoB €€ MOXHO OTHECTH K MCTOYHHKY TOKa, YIpas-
nsemomy HampsoxeameM. Cxema ¢ OB MMeer HH3KOe BXOHHOE COOpPO-
THBJICHAE M BHICOKOE BHIXOJHOE, IIO3TOMY OHa HpHOJIMXKAETCI K HCTOY-
HHKY TOKa, ympasiseMoMy TokoM. Ocofoe MeCTo 3aHMMaeT cxema
yewmtens ¢ OK. Hu3koe BRIXOZHOE CONPOTHBIIEHME M BHICOKOE BXOJ-
HOe NPHOIHKAIOT YCHIMTENb K TeHEPAaTOpy HAUpPSKEHHS, YOPaBiseMo-
My HampsxeHHeM. Ilockonbky BrixojgHOe HampspxeHme B cxeme ¢ OK
IOPAKTHYECKA PAaBHO BXOAHOMY HANPSKEHHIO, TO 3Ty CXEMY Ha3HIBAIOT
3MHTTEPHBIM HOBTOpHTEeM. HH3KOE BHIXOHOE COMPOTHBIIEHHE IO3BO-
JsieT NOAKIIOYATH K HeMy HH3KOOMHYIO HArpy3Ky M, TakAM obpazoM,
yewmaTens ¢ OK, «oepeaeT» HampsykeHHE MCTOYHAKA CHTHAIIA C BHICO-
KOOMHOrO BXOJa Ha HH3KOOMHYIO Harpy3ky. Takmm obpa3oM, cxema
¢ OK sBisercd aKTHBHHIM TpPaHCHOpPMATOPOM CONPOTHBJICHHH, OHA
COTJIACYET BRICOKOE BXOAHOE COOPOTHUBIICHAE C HU3KAM COIPOTHBICHHEM
HATPY3KH.

IlpuBeieHHLIA BhINIE aHANHM3 Pa3IMYHEIX YCHUIMTEIBHBIX CXEM CIpa-
BE[UIMB IIPM MAJIbIX CHTHAJaX B 3aJaHHOH pabGodedl Touke. YcraHOBKa
pabouell TOYKH OCYIIECTBISETCS PA3IM4HBEIMH CIOCOOaMH, HO 3JIEMEHTH
(pe3ncTOpBI, KOHIEHCATOPHI) CXEMBI 3aJaHHs paboded TOYKH BHOCHT
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ompejie/iecHHRE M3MEHEHHS B OCHOBHBIC IapPaMeTpPhl OCHOBHOH CXEMBI
yewmtens. Janee 6yayT mogpoGHO paccMOTPEHBI COOCOOB! yCTAHOBKH
pabo4e#t ToukH, HO BHavYayle oOpaTHMcd K CXeMaM YCHIHTeJleH Ha
HOJIEBRLIX TPAH3UCTOPAX. ’

3.6. ITOJIEBOM TPAH3NCTOP KAK YCHJIUTEJNLHLIA 3JIEMEHT

Cnenys Haee DOCTPOEHHS YCMIIHTENs, M3JI0XeHHOH B § 3.1, MoXHO
OpeJIONKUTh HEYIO SKBHBAJICHTHYIO CXEMY YCHJIHTENIs, H300paXxeHHYIO
Ha pHc. 3.19. Ee MokHO paccMaTpHBaTh KaK cxeMy 3aBHCHMOIO HCTOY-
HHXA TOKa, yIpasisieMoro HanpsokenneM. O4eBHIHO, YTO IPH Fyy > Ry
x03pdHIMEHT nepeavd N0 HANPSHKEHHIO 3TOH cxeMbl OyneT paseH K=

SUpexRe
=————=SRy, rA¢ S — KpyTH3HAa NEpeJaTOUHOM XapaKTEPHCTHKH
mBX
Ly (Us). Ecnim Ry>1/S, 10 K>1.

Taxum 06pa3oM, peanusyd CXeMy YCHJIATENS 10 PaCCMATPHBAEMOMY
THNY, He0OX0AUMO 00eCIedATh GOobIIAE 3HAYEHASE BXOJHOTO M BBIXOJ-
HOTO CONpPOTHBJICHHH M [JOCTATOMHYIO KPYTH3HY HmEpefaTOYHOH Xapak-
TEPUCTHKH yCHJIHMTEIBHOrO dJieMeHTa. Kak M3BeCTHO, 3THM TpeboBaHH-
SM yHOBIETBOPSIOT OJIEBHIE TPaH3UCTOPHI (pHC. 3.20).

IMonessle TPAaH3UCTOPHI OPHHENHUIHAILHO OTIMYAIOTCA OT OGHOOIAp-
HEIX T€M, 9TO TOK TPAH3KCTOpa M3MEHHAETCA IOJ BO3JACHCTBHEM YIPAaB-
JSDOIIET0 HAUPSUKEHWs HA 3aTBope TpaH3ucTopa. IIpakTHdecku 370
OpPOMCXOJUT Ge3 3aTpaT MOIIHOCTH YIpaBisiomero curgana. Jpyramu
CJIOBAMH, IOJIEBOM TPAH3UCTOP HMEET MCKIIOUHTENbHO 6OJIbINOE BXOJ-
HOE COOPOTHBJIEHAE M NO3TOMY TOK B IIEIH 3aTBOPA NPAKTHYCCKH PaBEH
HYJI}O. DTO MOJHOCTBIO OTBEYAET BXOJHOMY Komypy 3KBHBAJICHTHOH
cxeMmul ycuuaTens (cM. puc. 3.19).

H3MeHeHHE CHIIHI TOK2, IPOTEKAIOIIET O Mexuxy CTOKOM H HMCTOKOM,
a, CJIEZI0BATEILHO, H KPYTH3HA NepeAaTOYHOH XaPaKTEPHCTHKH 3aBUCAT
OT THIAZ TPAaH3HUCTOPA H €ro KOHCTPYKTHBHHIX ocobeHHOCTEH. PaceMmoT-
puM KoHKpeTHHIH THO nonesoro MOII-Tpan3ucTOpa ¢ HHIYNMPOBAH-
HEIM n-KaHajioM. Kak u qr060# pyro#t moyiesoid TPaH3HCTOP, OH HMEET
TPH BEIBOJA: 3aTBOp, CTOK M HCTOK: IIpHHATO HanpsokeHMe H2 TpaH-
3HCTOpE OTCYATHIBATL OT MCTOKa: Uy, Uy, Jad paccMaTrpusacMoro

—% I_TCTOK
Umsxc) su__. CD Torx R, 3Z'Iioi| rl Mognoxka
? - Ucrox

Pac. 3.19. OxsmBaeHTHAS CXeMa yCHIHATEIA Pac. 3.20. YcaorHOe 0603Ha9eHAE
C 3aBHCHMBIM HCTOYHHKOM TOKa MOII-Tpag3acTopa ¢ BHAYUHPO-
BaHHLIM 7-KaHAJIOM
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THOA TpaH3ucTopa Uy, >0, Uy >0 ¥ TOK CTOKAa HMeEeT HampasjieHHE OT
CTOKa K BCTOKY. Bexommnie BAX TpamsucTopa AaHM Ha pHC. 3.21.
H3pecTHO, 4TO Mg HaKJIOHHOrO (NHHe#HOro) yyacrka BAX ee xpy-

oI,
TH3Ha [10 HAIPSKCHAIO CTOKA paBHA qm=é—(}°~= go (Usa— Uep); XpyTH3HA
[+

nepenaTto4Hoi xapaktepucTukd I (U,;) IO HAUPSKEHAIO HA 3aTBOPE

S al,

0Uyy
9a=0, S=¢o(Usy— Uwp). B 318X opmynax U,,, — moporosoe Hamps-
XeHHE Ha 3aTBope (oOnruHO 1..3 B); g9 — mapamerp, 3aBuCsmmii OT
3NEKTPHYIECKHX XaPAKTEPHUCTHK TpaR3ucTopa. Ero 3HaueHue 1eXHT B J0-
BOJIbHO IIMPOKHX Opefesax, HO IS YHCJICHHRIX OIECHOK €ro MOXHO
cuuTaTh paBEEIM 1 MA/B2. Pa6ouas ToYKa pacmojaraercs Ha HOJOTOM
y4acTke Baxogsoid BAX.

Kax mpaBuio, m1s moJjieBHIX TPaH3HCTOPOB CXeMa ¢ O6muM 3aTBO-
POM He IPHMEHAETCS, TaK KaK B 3TOM CIIy4ae HE HCIOIL3YEeTCS OCHOBHOE
JOCTOHMHCTBO HOJIEBBIX TPaH3UCTOPOB — HCKJIIOYATEILHO OONBIIOE
BXOJIHOE CONpOTHBJICHAE IO 3aTBopy. CxeMa ¢ oOmEM CTOKOM (HC-
TOKOBEIM HOBTOPHTENb) HCIOJNB3YeTCA KpaiHEe peaxo, DOTOMY 4TO HE
OO3BOJISET HONYYHThL HH3KOIO BHIXOJHOTO CONPOTHBIICHHS H3-32 HEBhI-
COKOH KpYTH3HHI IEpeJaTOYHOH XapakTepucTuku. Ee 3HaueHHe Ha mops-
JOK MEHBIIIE KPYTU3HbI OUIIONsIpHOro Tpan3ucTopa. IfoatoMy OCHOBHO#M
CXeMOH gBIIeTCHA cXeMa ¢ oOmEM ucTokoM (puc. 3.22). Ee sxBuBaneHT-
HOE IPEACTaBICHAE TOYHO COOTBETCTBYET CXEME YCHIIMTEIA, H300paxeH-
HO# Ha puc. 3.19. IIpu ycnosmd, uyto Ry>R. Harpy3kod spiseTcs
COmpoTHBJICHHE R, B NPOTHBHOM CIy4Ya€¢ CIEAYEeT paccMaTpHBATh
Ryl R, a B xauecTse 1;,, — nudpdepeHnHAILHOE CONPOTHBIICHHE 'y, [IpH
YCIIOBHH, 9TO rg>>> R, M y4HTHBasA, 9T0 Iy= — I, k03 dunAeHT yCHIemus
oo HaopsokeHHro Oyaer pasen K= — SR.. DKBHBAIEHTHAs CXeMa BHITOJ-
HOH NENH YCHIATENS ¢ OOIMMM HMCTOYHHKOM COBOAJAeT C AHAJNIOTHYHOMK
CXeMOH OHIOJISPHOrO TPAH3HUCTOPA.

. s monororo y4actka (Ug > Ug gee) B IEPBOM OPHOIHKEHAN

+U,

R

c

TU:m

-
1 "
Uow

Prc. 3.21. Buxogmnle cratmdeckre BAX Puc. 3.22. Cxema ycHAHTENS C 3a3eMJICH-
MOII-tpar3ucropa HBIM HECTOKOM




3.7. VCTAHOBKA PABOUYEN TOYIKM TPAH3NCTOPA

Jns ycragosky pabodedl TOYKH TPAH3HCTOPA MCIOJB3YIOTCA Pas3/He-
HbIE DEIH IOCTOSHHOIO TOKa, KOTophle ofcneynBaroT B pabodel Totke
U1 GuOonsipHOro TpaH3McTopa (pHc. 3.23) TOK KoJLIeKTOpa Ixs ® HAD-
pkenre Ha KoJulekTope Uksa B OTCYTCTBHE CHI'HANA, a [ULA IOJIEBOIO
TPAH3HCTOpa — TOK CTOKa Ic M HANPSIKEHHE CTOKA Uc. Ormmume B Xa-
paKTepHCTAKaX GHIONAPHBIX H MOJEBHX TPAH3HCTOPOB ONPEAEIIAET CO-
OTBETCTBYIOIIHE TpeGOBaHMS K IOCTPOEHHUIO NEHEH IOCTOSHHOTO TOKA.
[103TOMy PaccMOTPMH OT/JEIbHO CXEMBI HA GHIONSPHBIX H MOJEBRIX
TpPaH3UCTOPAX.

Jlns 6unoasphvix mpan3ucmopos TpE BeIOOpE BHJA NEMH NOCTOSH-
HOrO TOKa OPHXOJMUTCH YYMTHIBATH 3HAYHTEIbHYIO 3aBHCAMOCTE Iapa-
METPOB OT TeMIEPATypHl. DTa 32aBUCHMOCTh MOXET IPHUBCCTH K CMEIIE-
M0 paboued TOYKH OT €€ HAYaJILHOTO IOJIOKCHHUA. ITostomy BHIGOp
nelH OATAHHS co0bpasyeTcs ¢ HeOGXOAHMOCTBLIO CTAOHIH3AMMM pabo-
Yeil TOYKH IIPH TEMIEPATYPHBIX H3MEHEHHSAX OapaMETPOB TPaH3UCTOPA.
OCHOBHKIME IPHYHHAMHE TeMIEPATyPHOH HeCTAOWILHOCTH ABJISETCS 32-
BHCHMOCTB HampsokeHHs Upy B pabouelt TOUKe H 32BHCHMOCTD obpar-
HOro TOKa KOJUIEKTOPHOro Iepexofa Ikgo OT TeMIEPATyphL. s unc-
JIEHHBIX ONEHOK MOXHO OpHHATH, 9TO B pabGoded TOUKE AUgza =

~ —ZﬁAT, rae AT — meperpes TPAH3HCTOPA IO OTHOMIEHHUIO K KOM-
gaTHOM TemmepaType. HeGobline OTKIOHEHHS AUgsa (XKaK BHAHO HX
MAKCHMATLHOE 3HAYEHHe He IPEBLINAET HECKOIBKHX NECATKOB MB)
TeM HE MeHee OPHBOJST K 3HAYATENBbHEIM OTKJIOHEHHMSIM KOJJIEKTOPHO-
ro TOKAa H3-3a BLICOKOM KDyTH3HBI HEpeJaTOYHOM XapaKTEPHCTHKH.
TemmepaTypHblll Ipeiid HampsoKeHHAS Ha KOJUIEKTOpe B K pa3 6oib-
me AUgsa, 9TO MOXET OPHBECTH K HEJONYCTHMBIM OTKJIOHCHHAM
OT PACCYMTAHHOIO LONOXEHHS pabodued TOYKH. Hanpumep, opu K=
= —150 u meperpese Tpamsucropa AT=20 rpajg B cxeme C 0D Tem-
nepaTypabi#t apeiid AUkss (M3MeHEHHE DOTEHNMANA KOICKTOpa B OT-
CyTCTBHE CHI'HANA) OyaeT paBeH AUxsa=AUszaK=2 MB/rpan 20 150=
Iy =6 B. Taxoe OTKJIOHEHHEC OT HA4alb-

HOTO IOJIOXEHHSA paboded TOYKH HEHO-

\l f OyCTAMO BEJIHKO.
1,

[ a 5 TemuepaTypHas 3aBHCHMOCTb 06pat-
feat

/ v Is HOrO TOKa KOJUIEKTOPHOTO Iepexona

! Ikgo(T) oneHHBaeTCd COOTHOIICHAEM

! \ Aliso~0,1Ixs0AT, The Ixgo — HCXOOHOE

Uk U, U, 3HadeHHME CHIL TOKa. Takum obpasom,

Puc. 3.23. 3apanne paboueit To1- meperpes B AECATH IPajyCcoB NPUBOIHT
ki Ha cemeiictee BAX K yABOEHHIO 06paTHOro TOKA.
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Temuneparypnas crabmwimbHOCTh Iy B paboueit TOUKe MOXKET GHITH
oneneHa ko3ddbunuenrom

Ol (T) oIk dlkso

Sr =
8T  dlxso 0T

= O,IIKBOSKBOs

ol

rae Skgo= — Ha3RIBAIOT K03(GHIHEHTOM 4yBCTBHTEILHOCTH KO-
KBO

JIEKTOPHOTO TOKa K 00paTHOMy TOKy KOJUIEKTOpHOro mepexona. ®op-
MYJIBL JUIS CTATHYECKHX KO3(h()HIMEATOB mepefayn TOKa B TPAH3IUCTOPE
o B f opm ydere Ixgo NOMKHBI OHITH yToumeHHL. IIOHATHO, 4TO yder
Ixso DPUBOMHMT K yMEHBIIEHHIO KOJLUIEKTOPHOTO TOKA M K YBEIHYCHHIO
Ga3oBoro ToKa, mOITOMy C y4eTOM OGPaTHOrO KOJUIEKTOPHOIO TOKA
MOXHO 3a0UcaTh, 40 &= (Ix— Ixso)/ls, f=(Ix— Ikso)/(Is+ Ixso). Torna
anst cxemsl ¢ Ob: Ix=aly+ Ixgo, 2 ¢ OD: Ix= Bl + (B+ 1)Ixs0. Bropoe
craraeMoe B nocuensed Gopmyse — oOpaTHuIA TOK Jxag B cxeme ¢ 03.
Ero 3uayenwe mpu f>>1 moxer GhiTh CPABEHAMO C TOKOM KOJUIEKTOpA
B paboveil TOuKe M, CIENOBATENbLHO, TEMIEPATYDHLIA Apeiid pabouei
To4KH B cxeme ¢ OO Mmoxer OHTH BeCbMa 3HAYMTEIbHEIM. B ciydae
cxembl ¢ Ob Temmeparypubni apeiid Ix, Man B ¢ HAM MOXHO He
CUATATHCH.

Taxkum o6pasoM, B cxeme ¢ O JOIKHEL GLITH OPHHITHL COOTBETCT-
BYIOIIIHE MEpHl IO TEMIEPATYPHOH cTabmin3anuu paboyei TOYKH C yye-
TOM TemueparypHoro apeida Ugsa B Ixa.

Ha pnuc. 3.24 u3o6paxena cxema ycumarens ¢ OD (¢ pesactopoM Rs)
B ey 3MuTTepa. OTngume 3ToH cXeMbl OT u306paxenHoi Ha puc. 3.15
3aKJII0OYAETCs B HAJIMYMHA Pa3JeIaTeIbHBIX Koanercaropos Cy, C, 1 KoH-
nercaropa Cs, mynTHpPYIOmero Ry. Konnencaropu C; m C, pasnenstoT
1O DOCTOSIHHOMY TOKy coceuAe Kackaaul. Konnencarop C; BrOupaercs
ROCTATOYHO GOBIIOH €MKOCTH, HOITOMY OH NIYHTHPYET NEPEMEHHHIC
COCTaBJIOINME TOKA JMHTTEpa, H 4Yepe3 Ry OPOTEKAET TOJILKO €ro
IOCTOsHHAs cocraBiustomas. Onnako Hammune C, B LEOHM IHTAHAS HE
SIBJISIETCH 00A3aTEbHBIM, TaK KaK Opu OTCYTCTBHHM Cy Ha Ry BO3HHMKAET
DaJCHAC HAOPSIKEHHMS OT HOCTOSHHOH COCTABISIOINEH TOKA YMHTTEpA.
Hanee Gyner mpuBesieH pacdeT YHCIICHHOro 3HaueHHs Cs, a B JaHHBIR
MOMEHT MOKaXeM, Kak BhiOHpaercs paboyas TOYKa HA CEMEHCTBE BhI-
xoaubix BAX tpan3ucropa.

Tox xomnexropa Ix ompenensercs nanpsxenreM Uys B TOKOM 6a3kl
Iy B cootBerctEl ¢ BAX (cm. puc. 3.23). C gpyro# croponsl, Ik moa-
YHHSETCS OpPOCTOMY COOTHOILIEGHHIO, BHITEKAIOUIeMy H3 3akoHa Oma:

Un—
IK=LR—K (cm. puc. 3.24). Haopsixenne Uygy=Ux— Us, HO TaK kak
K

UQZIQRQ:IKRQ, TO IK=(UH— U[(g)/(R[('*‘Rg) Kak Bugno u3 pHcC. 323,
' 81

i



Uy 3TO ypaBHEHHME OPAMOH, OTCEKAIOImEH OTPE3KA
Ix=Un/(Rx+ Rs) B Ugs= Un Ha ocix BAX.

R« : ' Taxum 06pa3om, OpH H3MEHEHHH TOKa Oa-

C, 31, & PYTEMH CJIOBAMH, IIPH [I0/@4€ BXOJHOro

¢ j—2 CcHrHaza TOK KOJIEKTOpPa B 3aBHCHMOCTH OT
—||— Uxs Gyzer mamensTees muBeiHo. Ilepeceuenue

npsMoit TuEEE B BAX npu namHom 5 onpene-
JM€T CHIIy ToKa Kolulekropa. lIpAMas jHMHESA,

Cs DOCTPOEHHAs] Ha CEMEHCTBE BRIXOIHLIX BAX,

I HA3BIBAETCH HA2pY304HOU NpAmOil, CIeJoBaTe-

JIbHO, pabouas TOUKA OpPH H3MCHEHHH BXOA-

Prc, 3.24. Cxema K pac- HOTO CHTHAJIZ MOXET IEpeMCIAThCS BIIOJIb Ha-

wery HArpy3oqEOH mpA- rpy3ousoii mpsmoit. Pabodylo TOUKy 06BI4HO

Mot BHIGHPAIOT NOCEpEHHE HArpY30YHOM OpsIMOH

(cm. puc. 3.23). Taxum o6pasom, 3ajaB HOJIO-

XeHHe HATPY304HON HpsAMOH OpH 3aJaHHOM Un, MOXHO HalTH CYMMY

(Rg + Rs). Cauty Toka 6a3bi 5, B paGoyel ToUke MOXKHO 3aJaTh C OMO-

IIbIO pa3HYHKIX Nenell OHTAHHS, KOTOpPhE OydyT OTIHYATLCS pa3Ho#
TeMIepaTypHO# cTaGHIBHOCTRIO paboueH TOUKH.

Peaucrop B nenn 6a3st. Ha puc. 3.25 u300paxeHkl 1B CXEMbI yCHIHA-
Tels, B KOTOPRIX CHJIa ToKa (a3hl 3a/1aeTcs ¢ HOMOIIBIO CONPOTHRICHAS
B menH 6a3kl.

B obenx cxemax 3HayeHHE Rp pacCUMTHIBACTCS, HCXOS H3 3alaHHOH
CHJIBI TOKa KoJlekTopa Iy, B pabouell Touxe, HCXO/ M3 COOTHOIICHAS
Ixa=PBlsa. Kax cnenyer u3 puc. 3.25, a, Iia=(Un— Us)/Rs, HO TaK Kak

Ry

Un—IaRs—Ugsa

Ug= LR35+ Usgs, TO IEA=———;———. ITockoubky Up, KaK mpaBHio,
B
BeJMKO 0 cpaBHeEMIO ¢ Upsa=(0,5...0,6) B, a Iy~ I, cpa3y HaxoouM
Un— KR
R; 10 33JaHHKIM 3Ha4eHAIM J55 B Iya! RB=—I—IT&—3. 3navuenre Ry BhI-
BA

GupaeTcs, ucxons u3 TpebyemoH TeMmepaTypHO# craGWiIbHOCTH pabo-
yeit Touxy. JeHdcTBATENbHO, KO(D(HIMEHT yCHICHHS CXEMbI Ha IIOCTOAH-

Ry . o
HOM TOKE paBeH (-—;) H, CJEJOBATEIHHO, TEMIEPATYpHBIH npeid
3

' R
moTeEnuana Koiuekropa 6ymer paseH AUxa () =AUgsa(T) (—R—K>.
3

Ry
O6LYHO R BRIOHpAIOT TAKHM, YTO COOTHOIICHHE R— COCTAaBJISET HE-
]

_ckonbko enupmn. [TosTomy TeMmepaTtypHOE HIMEHEHHE Uka (naxe opu
3HAYMTEIPHOM IEperpese) COCTABISET HECKOTBKO AECATKOB MMILIH-
BOJIBT.
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Prc. 3.25. llen® maTanms ¢ pe3ncTopoM B Hemd 6a3m

C npyro#i CTOpOHBI, OCKOIBKY H3MEHEHHE Ugss CHIILHO BIIMSET HA
6a30BLIf TOK, TeMOepaTypHRIH Apeli¢ B jganHO# cxeme Oyger ompene-
JSTBCS B OCHOBHOM 3Ha4YcHHEM K03Gh(QHIHEHTa YyBCTBHTEILHOCTH Sk5o-
J1s onpenenenns Sygo DOACTaBAM Jp, B bopMymy A1 KOJLIEKTOPHOIO

Un—IcaR AUwR
Toxa B monyM fep =+ (B+1) ezo. Oreyma IKA=(_1:ER_9/;_B)

(ﬁ-*- 1) olk (ﬁ-*- l)Rl;
+ Fego — . IO
(1+ BRo/Rs) dlkpo PBRa+Rp

Rg
f>1, monyqaem SKBO:R—. B cxeme, npuBesensoi Ha puc. 3.25, 6
3

IloaromMy Skgo= . Ilpm ycnoBmd, 4To0

Uka=-U
IEA=KAR—BBA=(UH_IKARK— UE)A_IGARQ)/RB‘

Ranee, nonarast Un>>> Ugsa, Ix =~ I5, aHaTIOrAYELIM 06pa3oM Ha#oEM

Rx+R:
Skso=f / <1+'B(I;%+3)>. IIpm ycnosmm, uyro f>>1, mosy4aeM Skgo=
B

R
Rg+ Ry :

Jlemrens Hanpsikenns B uend 6a3el. HapGosee yacTo nmens ODATAHHES
OpejCTaBIseT COOOH NenMTe b HanpsDkeHHs B nemd Ga3nr (pHC. 3.26).
Conporusnernns jematens R; # R, BHOHpaloT ¢ TAKHM pacyeToM,
4TOOH CHiIa TOKA JeHTeNsi MEHOTOKPaTHO OpeBhIINANa CHIIy TOKa 0a3hl
B 3toM cnyuae moreHuman 6a3wl He 3aBHCHT OT TOKa 0askel H, TAaKHM
o6pasoM, oH crnabo moxBepxeH TeMuepatypHoMy apeidy. Tok koiek-
TOpa OT TEMIEPATYpPhl 3aBHCAT 04€Hb CI1ab0, TaK KaK H3MEHEHHIO CHIILI
TOKa NPEnsSTCTBYET H3MEHSIOMANCH Pa3HOCTh NOTEHIHAIoB «basza —
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smurTepy Upy =~ Up— IxRo. Kak sunHo,
Ugs BO3pAacTaeT C YMCHBIICHHEM TOKa
KOJUIEKTOpPA M YMEHBIIAETCS OPH €ro BO3-
pacTanmM. B 3T0M npOSIBIIAETCS crabunm-
3HpyIoIee ACUCTBHEC PE3HCTOPA R5. Bu-
Gop 3HaueHEH R, H R, MOXET GBlTH Clie-
JaH HA OCHOBAHMH CJIEAYIOIEX cooGpa-
xenmit. Jemarens R R, obecnednBact 3Ha-
yenne noTeHmEana 6asnl B pabouei TOUKE

Un
U];A“-:

R, npu yclIOBHH, 9Tr0 BXOA-
Ri+R;

HOe CONpOTHBJICHHE yCHJMTE]IS L0 I10-
CTOSHHOMY TOKy Gouibine R,. Jpyru-
MH CJIOBAMH, HATPY3Ka JETHTENS AOJKHA OBITH Om3ka K XOJIoC-
TOMY XO#Y.

BXxoHOE CONPOTHBIIEHAE yCHIMTE A 10 IOCTOSHHOMY TOKY (cM. pmC.
3.26) paBHO SR5. CrieioBaTelbHO, YCIOBHE X0JIOCTOTrO X0ja JUId AeH-
Tels MOXKHO 3amAcaTh B BAAE R; << fR>. Ha ocHOBaHMH 3TOrO cooT-
HOIIEEAS MOXET OHITH BhOpaHo 3Hauenme R, M3 3aAaHHOrO MOTCHIW-
ana Gasnl B paGouei Touke Ugs MOXHO gajitTh 3HaveHHe R,. Tak Kak npH

Prc. 3.26. [lenurens B HeIH
6a3n

Un
YCIOBHMH XOJOCTOIO X0/1a UBA=R R R,, TO IIpH H3BECTHOM R, cleayeT
- R+
Un—Usa
R=—R,
Usa

CpaBHEHHE TPEX BHIOB LENCH NHTAHHA [OKa3pIBaeT, 4TO JIydmeH
TeMOepaTypHO# CTabHIBHOCTBIO obnajiaet uenp € JCNMTETEM B ICIH
6askl. Llenn nuTARHAS BIHSIOT Ha BXOJHOE CONPOTHB/ICHHE yCHIIATEJIA HA
nepeMEHHOM TOKE, H 3T0 HeoGXOMMMO YYATHIBATL IpH pacyere. B mpu-
BE/ICHHBIX HIDKe IpEMepax OyleT IoKasaHo, kak OCYyIIECTBIISIETCA BRIOOP
apaMeTPOB IJIEMEHTOB PA3JIMIHBIX CXEM YCHIIMTEJIEH.

OG6IEM 37EMEHTOM PaCCMOTPEHHBIX LENeH NHTAHHS ABIACTCA KOH-
nencatop Cs, MIYHTHPYIOIMH pe3MCTOp B LCIH smutTepa. OYeBHAHO,
9T0 OH LIYHTHPYET TOJBKO IEpeMEHHRIE COCTaBIAIOINME IMHTTEPHOrO
toka. ITostomy 3mayeHue Cp JOIKHO OIPEJeIATHCH MHMEHMAJIBHOH
4acTOTOM B COEKTpE TOKA, Ha KOTOPOH k03 uEeHT yCHIeHHs GIH30K
K 3HaUCHAIO SRy. DTO 3HaYeHHEe COOTBEICTBYET Cilydato Cy— 0. ITo3To-
My B COOTBETCTBHH C dopmynoii (3.16) sanumem k02 bunueHT ychie-
HHS, 3aMEHEB Rs Ha

Z3=Ro ll(;%g) = Ro/(1 + jwrta),
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rjae 75=R3C5. 3nauenne Cy NOMDKHEO OHLITH BHOPAaHO H3 YCIOBHS, YTO

RrOminT
OPH Wi Ty > 1 Moy k03bdunuenTa yeaneHus ——KR—3 ~ SRx. Orkyna

<
Caﬁs / Opmin-

VYcranoska paboueit Touka B cxeme ¢ OK mpoucxoiur Tak xe, kak
u B cxeme ¢ OD. 3nayenne Us, MOXHO BHOpaTh 60J€e BRICOKMM, €M
B cxeme ¢ OQ, 6maronaps 4yeMy HMMeeTCs BO3MOXHOCTh IPSMOM Ialb-
BaHHYECKOH CBS3H SMHTTEPHOr 0 HOBTOPHTEIIS C BRIXOJAOM IPEALIIYILETO
Kackaja.

B nenu nDATARHS n0A€6bIX MPAH3UCMOPOE 3 JAXOT 3HAYEHHE HANPsIKe-
EHs Ha 3aTBOpE Usy 1 Ha CTOKE Ugy. YCHIHTENILHRE CBORCTBA MOJIEBRIX
TPaH3UCTOPOB NPOABIAIOTCA B 001acTH HACKHINEHHS (B IOJOrOM YacTH)
BeIXoAHLIX BAX. [ToaToMy 06brHO Hanpsixerne Ucy=3...5 B. 3nauenne
Usy 0HO3HAYHO onpezensieT CHly ToKa cToka Ic, HOCKOIbKY 0T Ucy TOK
3aBHCHT BecbMa cina®o. B 3aBHCHMOCTH OT THIOB TPaH3HCTOPOB IEIM
muTagHs GopMaApyioT Hanpsxenus Ucy & Usy 1H60 0AMHAKOBOM, JHG0
pasHOH moJsipHOCTH. TpPaH3IUCTOpPH C YHPABJMIOMIEAM p-N-OEPEX0JA0M
TpeOyIOT pa3Hoi noyApHOCTH Usy B Ucy. ITo3ToMy mmBpoKo HCoonb3y-
eTCcs IeOb OHTaHHS CO CMEIICHMEM Ha 3aTBOpE, PaBHOM NANECHHIO
HANpsKEHHs: HA Pe3UCTOpe B nenu ucroka (puc. 3.27).

Oyepupno, uto B 3TOH cXeMe Usy=IcRy, Ucy= Un—(Rc+ Ry)lc.
Pesncrop R mpepHasHadeH MJIA CTOKAa Ha 3eMJIIO 00OpaTHOro TOKa p-n-
nepexoaa (R>10° Om).

IToneBrie TPaH3UCTOPH € H3OJHPOBAHHEIM 3aTBOPOM H HBIYIMPO-
BAaHHBIM KaHAJIOM TpeOyIOT IOJayM HANpsSKEHHs Ha 3aTBOPp H CTOK
OIHHAKOBOH MOJIAPHOCTH, HO3TOMY NpOCTEHINas cXeMa HuTaHHS Dpef-
CTABJISETCS B BHJE JeMTENA B nemd 3aTBopa (puc. 3.28, a). B oTimume
0T OHNIOJISPHBEIX TPaH3HCTOPOB CONPOTHBIIEHHE 6oJiee HH3KOOMHOIO
pe3ucropa R, Benuko m cocrasiser nopsaxa 107 Om. B atoM ciyuae
LIyHTHpPYIOIEe AeHCTBHE HEIATENId Ha
BXO/IHOE COIPOTHUBJICHAE OTHOCHTEIILHO
HeBenuko. Ilostomy, 3amaB R, u Usy,
Jerko HaHTH TpeOyemoe 3HadeHHe R, =

=R, (ﬁ— 1). A1 moneBHX TpaH3H-
Usn
CTOpPOB CO BCTPOCHHHLIM KaHAJIOM Ha-
OpsDKeHHE HA 3aTBOpEe MOXHO BHIOpaTh
JI1060H DONSIPHOCTH, B TOM YHCJIE H pPaB-
HbIM HyII0. B mocnenneM cioyvae He Tpe-
Oyercs HUKAKEX Llened OMTAHUS H CXeMa
BKJIFOYEHHS  TPAH3UCTOpAa  MOXET
AMeTh BHJ, NPEICTABJICHHBIM Ha pHc.  Pac. 3.27. Cxema muranms n-kada-

_ JHHOTO TPAH3UCTOPA C YIPABIIS-
3.27, opu Ry=0. [Insa cozmanus Usy #0, JOIIM p-n-TIEPEXOHOM
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Prc. 3.28. CxeMa IMTa#EsS TPAHE3ACTOPA C H30HPOBAHABIM 3aTBOPOM HEAYLMPOBAHABIM
KAHATOM (g, 6) B C NOBBINEHHOR CTA0HILHOCTEIO pabouet Touka (6)

COBIIAAIOMMEr0 10 TMOMSPHOCTH ¢ Ucy, MOXHO HCLIONB3OBATL CXEMY,
H300paxXeHHyI0 HA PHC. 3.28, a. Hakonen, nenb nATaEns, obecnednBa-
fomas MOBHINEHHYIO CTa0HIBLHOCTB pabouell TOYKH, MOXET OLITH Ta-
KOrO e BHAA, KaK M Ul OHIIOJIApHOrO TPaH3HCTOPA (puc. 3.28, 6).

B 5TOM CXeme MOXHO pACCYHMTATh 3HAUCHHs PE3uCTOPOB, HCXOIA M3

. . Un—-Uc
ypaBHEHHS HArPy30YHOH NPAMOH IC=;C——? B COOTHOIICHHS A
. + Ry
UniR2 .
U= LR OG6LIIHEO OJIHO H3 CONpOTHBIEHHH Re HIH Ry OOpeAensoT
1+ R

ycHIieHHEM Kackaja, pe3HCTOp R, — 3ajal0T OOpsiKa 107 Om u u3
BTOpOTO ypaBHEHHs HAXOAST R,.

PaccMOTPHM npumep paciema HU3KoHacmonHo20 yCuaumebHozo Ka-
ckada wa 6unoasprom mpausucmope (pHC. 3.29). Bribepem B KadyecTBeE
HCXOJHBIX JAHHBIX K pacyeTy: HanpsDKCHHE NMATAHHS Ung=12 B; xoad-
(HIMEHT yCHICHHS TPaH3ACTOpA IO TOKy B cxeme ¢ OD hyp >~ f=250;
BHYTpEHHEE COIPOTHBJICHHE HCTOYHMKA CHIHAA, DOJKJIIOUEHHOIO K Ka-
ckanay, r;i=10 kOM (AM MOXET 6LITh BRIXOAHOE CONPOTHBIICHHC aHATO-
[MYHOTO YCHIATEIBHOTO KacKaja).

PacueT cieoyeT Ha4aTh C BHIOOpa ycrnosuil paboTH TPaH3HCTOPA.
Bynem cuuTaTh, 4TO JAHHBLH YCHIATENb HE JOJUKEH CHIBHO HAarpyxartb
[0 HepeMEHHOMY TOKY HCTOYHHMK CHIHAIA. D10 3HAYHT, 4YTO BXOAHOE
COLPOTHBIIEHEE JAHHOIO YCHJIHTEJIS [0 NEPEeMEHHOMY TOKY Fsx JOJIKHO
GhITh B HECKOJBKO pa3 Goibme r;. JlomycTHM, 4TO rox = 2r; =20 kOm. ITo
IepeMEHHOMY TOKY TPaH3HCTOP yCHIIHTEIA 3a3emureH uepe3 Cs. IloaTo-
My BXOJHOE COIPOTHBIICHHE TPAHIUCTOPA PABHO s =hy1aUr/Ik, 8 BXOO-
HOE CONPOTHBIICHHE YCHIHATENA r..=Ri|R,\rss (pesucTop R; mo mepe-
MEHHOMY TOKY 3a3eMJIEH 4epe3 HCTOYHHUK nuragns). [I03TOMy rp5 DOTK-
HO GhITh BHIOGPAHO B JMANa30HE 3HAYCHHH 25...30 xOM c TakaMm pacue-
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Prc. 3.29. Hu3K09aCTOTHRE YCHIIATELHRIA KaCKa

TOM, 4TO DapajUlelIbHOe COEQHHEHHE 1y =R;||R;|rgs B KOHEYHOM cueTe
Oyzner He menbme 20 kKOMm.
3ajaEM CHIIy KOJUIEKTOPHOIO ToKa B pabouel Touxe o =250 MKA,

25025,5
TOrga rw=—2§)— *10%=25,5 kOm. MoXxHO 33JaTh B HECKOJBKO MEHb-

mee 3HaueHHE [, 11 GONbINEH FApaHTHH BHINOJIHEHHS YCIOBHS Fgy >
>20 xOm. TempepaTypHas CTaGHWIBHOCTH pabOTEl YCHIMTENS TEM Bhi-
ie, yem Gosipllle nafieHHe DOCTOSIHHOTO HANpPSDKEHHs Ha Rs. Ha sriGop
3HaveHus Us BimseT 3HaveHue Uks, KOTOPOE H3MEHAETCS NIPH ACHCTBHH
BXoAHOro curaana. Buibop Uyss coobpasyeTcs ¢ TeM 006CTOSTENLCTBOM,
410 BO BpeMs paboTe ycmiutens Uy HE XOJDKHO CTaTh Mmedpme 0,3 B,
DOCKOJIbKY B IPOTHBHOM CIIy4yae TPAH3UCTOP MONAJET B PEXHUM HACKHIIlE-
gus. [TosTomy menecoo6pa3no 3amath 3Havenwe Uis B pabouei Touxe,

U
paBHoe nonoBune Up, T. €. UK3A=—§ =6 B. Bribepem Uy,=2 B, Toraa

M3 cooTHOIIEHHs. Uys = Ux— Us, monyunm Uyxa=8 B. 3atem BriumcamM
CONPOTHBIIEHHA
Un—-U; 12-8
Re=——T8-"""".106=16 kOwm,
250

Ika -

U 2
Ry= 2= -105=8 xOm.
Ika 250

Temmepatypunl npeiid HanpsxeHus B paGouei Touke Uy, HalaeMm

AU AUgs\ Rk
H3 COOTHOIIIEHHS —— = — (Moaynb koadbunuenTa ycuIeHAS
AT AT / Ry

Ry
KackKa/Ja o NOCTOSHHOMY HANPSDKEHHIO PaBeH R_) IToacTaBuM H3BECT-
3

AU,
HOe 3HaYeHHe A—;g = —2 MB/rpax m nonyaum AUy, =(4 MB/rpan)- AT.
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IIpu neperpese B Asamuath rpaayco AUxa =80 MB n, ceoBaTe/bHO,

AUga
AUy, H3MEHHTCS TOJIbKO HAa ——— =1%.
KA

PaccudTaeM 3HAYEHHE CONPOTHBIEHAR R; u R,, obpa3yromux AeIH-
Telb B menH 6a3kl. VIX BHIOHpAloOT H3 yCJIOBHSA, YTO CHIA TOKA JNENHTEII
JOJDKHA GHITh, O KpaiiHell Mepe, Ha MOPANOK GolbIe CHIILI TOKA 0asHL

R
T0 03HAUAET, 4TO (pT;)< 10-1, otkypma R,< 25081031071 =200 xOm.

R, onpejensroT H3 YCIOBHS 3aJaHHA TpebyemMoro mnoTeHIOuasa 6asH
B pabouert Touke Usa. IIpu mano# cue KOJIEKTOPHOro TOKa Ussa=
=(0,5...0,6) B, mostomy Upa=Usa+ Ugsa=2,6 B. Toraa u3 cooTHOIIIe-

Un
g Ug= * R, HaxopaM
1+ Ry
Upg— U 12-2,6
R=-2""2.p,= -2002720 kOM.
Usa 2,

HaiigeM BXOAHOE CONPOTHBIICHAE YCHIATE!S [0 NEPEMEHHOMY TOKY
er=R,||R2||rm:22 kOM.

IMpn Ixa=250 MKA rip~400 xOm. ITosromy Rxllrea>15,4 u x03d-
(HIMERT yCHIIEHAS NO HANPAXEHHIO N0 NEPEeMEHHOMY TOKY JUIA HEHAr-
PYXEHHOro Kackazna OyneT paseH

K= — S (R rko)= — (hs/rss) (Ri/rxa) = — 150.

BrIxoaHOE CONpOTHBIICHHE KacKaja o= (Rl 7c2) = 15,4 xOMm. Em-

KocTb KoHaencaTopa Cs OnpelessioT B3 COOTHONICHHSA Cy= . 3ama-
T min

oM fri =10 I'm, Torma

h
Co= 2 ~150 mxD.

755 min

PaccudTaeM mapaMeTphl 3MHTTEPHOTO MOBTOPHTENS, HOIKIIIOYCH-
HOTO K BHIXOJY YCHJIHTEIbHOTO Kackaja (cm. puc. 3.29). Bribepem cuity
TOK2 KOJUIEKTOpA OIMHTTEPHOro mOBTOpHTeT 1 MA, xo3ddamment
yCHIIEHHS IO TOKY hy3=250. Torna xpyrusna YCWIHTEILHOH Xapak-

b§
TepHCTHKM TpaHsucropa Gyner pasna S =FK=40 MA/B. IToTennuan Ha
T

ase TpamsucTopa Us SMHTTEPHOTO NOBTOPHTEINS ONPENE/CH NOTCHIHA-
70M KOJUIEKTOpa YCHIIMTEIBLHOrO KAacKaja H, CIEIOBATEbHO, PABCH
8 B. [T03TOMy HDOTEHIMAN SMHTTEpa MOBTOPHTENS OyAaeT paBeH Us=
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Uy 74
=Ug—Ugp=8-0,6=7,4 Bu R'5 =I—? == 7.4 xOm. Torna BEIXOA-
KA

HOE CONPOTHUBJICHAE SMATTEPHOr0 OBTOPHTEIS B COOTBETCTBRH ¢ (3.25)

ri 1.
Oyner paBHO rmzh—+~. BHyTperHEE CODpOTHBIICHHE reHepaTopa
213
¥i B TAHHOM C]ly4ac PaBHO BRIXOJHOMY COIPOTHBIEHHIO YCHIATEILHOTO
154-10% 103
KackaJa, mo3ToMy rm=—;——+——:87 Owm. Bxonmoe conporusiieHne
213
HOBTOPHTENS Fyx="Hy5Rs~2 MOM. Taxum 06Gpa3om, SMHATTEpHBIH HO-
BTODHTE/Ib HE HAIPYXAaCT YCHIHTEIbHBIH KacKal, a BLINOJHNET POJb
Oydepa, cormacys BEICOKOE BRIXOIHOE CONPOTHBIICHHE YCHIMTENIA C HH3-
KOOMHOH Harpy3Koi.

3.8. HEJIMHENHBIE UCKAXEHUSA

Besikmil ycunmTeNnp SBISETCS HEMMEEHHEIM yeTpoAcTBOM. VI BO3MOX-
HOCTb CYHTATh MAJIOCHI'HAJIbHLIA YCHIHTE]Ib JHHEHHON CTamMoHapHOH
Lenbr0 10CTaTo4HO ycnoBHa. JdedcTBHTenbHO, BAX Tpan3ucropa nph-
HIIAIHATILHO HEJIMHEWHA M JIMIOb IPH yCIOBMM MAJIOW aMINHTY/ILI CHI-
Hajla MOXHO YCIIOBHO JHHeapHpoBars BAX BOum3m paGoued Touxm.
ITosToMy ¢ yBenWueHHEM aMILMTYXH BXOJHOTO CHTHAJA NPSMas IpO-
HOPIHOHATIPHOCTh YBEIMYCHAS AMINTMTYARI BRIXOJHOIO CHIHAJIA HADY-
maercs. Kospdumment ycuienns HaddHaeTr 3aBHCETh OT AMIUIATYNBE
BX0oqHOro cursana. TumuiHas 3aBucuMocTh K (U,,,) mpeicTaBileHa HA
puc. 3.30. '

Hnst pacyeta penuBeHHBIX CBOKCTB ycHaATENEH HEOOXOMMMO 3a1aTh
BAX tpamsucropa B ananurrveckoit dopme. ITycTs B yeummrene ¢ O
Ha BXOJi€ IeACTBYeT HanpsiKenue Ug, (£)= Ugsa+ U,go Sin 0.

IToncrasus Ugs (f) B BRIpaX€HHE 171 KOJLUIEKTOPHOIO TOKA, HOTY4HM

Uﬁé Umsssinwt
. %4
ig()=Iuce T e T

Umps

Ecmu %<<1, TO BTOPO# MHOXHTEIL MOXHO PA3IOKHTL B PSf
T

Teinopa 1 nocie HECIOXHLIX npeobpa3oBaHuii 3amucaTh

i ()= L eUBgA/UT[l + <£) + "5 6in wf — <£) cos2wt + ]
2; 2 Wr

Kak Bagso, nposisnenne HenmueaocTH BAX 3aKIr04aeTcs B H3IME-
HCHHM CHMILI TOKa B pabodedl TouKe, a TAKXE B NOABICHHH BHICIIHX
TapMOHHMK B CHEKTPE TOKA, YTO H OPHBOJAT K HCKAXEHHIO (HOPMEI
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K BRIXOJHOTO Hanpsbxends. Mepol HeJIMHEAHBIX
(rapMOHMYECKHX) HCKAXEHHH SBIACTCH Ko3¢-
. ¢dumuent rapmoruk. OH paBeH OTHOIICHHIO
CYMMApHOTO YPOBHS BRICIIMX FapMOHHK K aM-

- IIHTY/e DepBOH raPMOHHKH B COEKTPE BRIXOJ-

Uy HOTO CHTHAJI4 OpH YCIOBHH HOJAYH HA BXOJ
' YCHIMTENA CHHYCOMJAIbLHOTO CHrHANA k.=

Prc. 3.30. 3aBECEMOCTS

k03¢ HAMHEEETa YCHIECHHS 2
OT aMIUIETYAK BXOJHO- = Z Uz Um, r8€ Uy, — aMIIATYA] B-Tap-

ro HANPSXCHAL . n=2
MOEHKH B CIEKTpe BHIXoAHOro curaana. O6sra-
HO IOJ 3HAKOM CYMMBI OCTAaBJISIOT HEPBBHIC 3HATMMBIC aAMIUTHTYABL
rapMOHHK, TaK KaK C YBEJIMYEHHEM HOMEpPA rapMOHHK HX aMILIATYIEL
GHICTPO YMEHBIIAIOTCS. B IpencTaBieRHm ToKa iy () cpema BRICIIAX
rapMOHHK MOXHO COXPaHHTh TOJIBKO BTOPYIO FapMOHHKY. Toraa xo3d-

. . Un Umps
umuenT HeTMHEHHBIX HCKAXEHHH TIPAMET BAJ kr=5—=TU——. Kax Bua-
ml T

HO, B 9TOM ciydae K0a(PHIHEHT rapMOHHK HE 3aBHCHT OT HOJIOXCHAH
pabodeli TOYKH H HPONOPIMOHAJTEH AMILUIATYAE BXOAHOIO CHIHAJA.
Takxas 3aBHCHMOCTb XapakTepHa s pexHMa paGoTH TPaH3HCTOpPA
¢ Mayiof aMIUTHTYAOH, Opu KOTOPOH COXpaHAIOTCS B MEPBOM HOPSAKE
BCE IPH3HAKH JHHEHHOCTH, 4 HEJIHHEHHOCTD BAX BecbMa HE3HAYMTETIb-
HO BiHseT Ha (OPMY BRIXOAHOrO HampskerHs. [1oy4eHHOE COOTHOIIE-
HHME [O3BOJISET ONECHHThL YPOBEHH JOIMYCTHMOrO 3HAYCHHS AMUJATYABL
U,.55. 1 GRITOBOM pajuoannapaTypbl OGEIYHO k.<0,01.

Torma (Unss)mes <4k:Ur=~1 MB. CoOTBETCTBEHHO MAKCHMalbHAS
AMIUTHTYZA BRIXOJHOrO HampshxerHs Oyzier paBHA U s < (Unmba)mar K.

IIpum Bo3melicTBMH HA BXOJ YCHIHTENIs CHrHAIA cnoxsHo# dop-
MBI, MMEIOINEr0 CHOEKTPaJIbHEIH COCTaB fis fo» . fr, HETHHEHHOCTH
BAX OpHBOAHT K HOABJICHAIO B CHOEKTpE BRIXOJHOIO CHIHANA KOM-
GHEANMOHHEKIX dacToT Thma myf;+nf; Ilosenenwe HOBBIX YaCTOTHBIX
COCTABJSIOIIAX OPOSBIIAETCH B CHIXKEHAH K249eCTBA BOCIPOM3BOJHMOTIO
CHrHAJIA.

3.9. OIIEHKA IIYMOBBIX CBOVICTB YCIUJIMTEJIA

Ha Bxoge MAJOCHTHAILHOTO YCHIHMTEIs B PEalbHOM Cllydae MIeH-
CTByeT HE TOJDbKO MOJIE3HBIA CHTHAJN, HO H LIyM. IIpUHIHIIHAILHO
HEYCTPAHMMEIM SBJISETCS TEILIOBOH IIyM, KOTOpHIH NPOSABIIIETCHS B BO3-
HAKHOBEHHM LIyMOBOIO HAIDSOKEHHS HA BHYTPEHHEM CONPOTHBJICHHH
HCTOYHHKA CHTHATA r;, BCIEACTBHE TEILUIOBOIO ABHXCHHS 3JICKTPOHOB.
Cornacso ¢opmyne Halikpucra, a¢QpekTuBHOE 3HAYCHHE HALPIKCHHUA
TemoBoro myma Uy onpeneseTcss COOTHOMEHAEM

U =4kTr,Af,
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rae k — nocrosHHas BonbiMana, T — a6GcomoTHas TeMOepaTypa, UpH
xoMHaTHOH Temmepatype 4kT=1,6'10"2° Br*C, Af — nonoca npomy-
CKaHAS YCHIIATES.

Kax 6b110 noxa3sano B npeasiaymeM naparpage, TpebOoBaHMe MAHE-
MAJILHEIX HEJTHHEHHEIX HCKaXCHH# NPABOJAT K OTPAaHKYCHAIO AMILTHTY-
JLl CHTHAJIA HA BXOAE YCHIIATENS OO0 BECbLMa MANKIX 3HAYCHAH, KOTOPhIE
MOryT ObITL OJIM3KH K HaumpspkeHmio mryma. OQHAKO OTHOIIGHHE «CHI-
HaJI/IIyM» Ha BXOJE YCHIHTENIS JO/DKHO ORITH HE MEHee BLOJIHE onpene-
JICHHOrO 3Ha4€HHS, IPH KOTOPOM IIIYMOBLIC HCKAXKEHHS CATHAJTIA HE3HA-
yATenbEL. IIpHHSTO CcYHMTaTL, YTO 3TO OTHOIIEHAE JOJDKHO GHITH HE
Menbme, veM 10° (mnmm 60 aB). OnesdM 3mauemme Uy mOpE NaHEOM
OTHOIICHHH «CHTHAN/IyM». 3afafuM BHYTpEHHEE CONPOTHBICHHE HC-
TOYHHKA CHrHaja r;= 10 xOM ® monocy mpomyckaHus ycwiaTens Af=

=15 xI'y, Torna Up=+/1,6"1072°-10%-15-10°~1,5 mxB. IIpa coot-
HOIICHAH «CATHAN/Iym» B 60 nb aMIumTyna HanpsokeHHS Ha BXOAE
nopkHa OeITL He MeHee 1,5 MB, 4TO mpeBRINaeT MAaxCHMAIBLHO AO-
MYyCTEMOE 3Ha9CHHE aMITIMTYAbI CATHAIIA, HOJYICHHOE PAHCE H3 YCIIOBAS
NONYCTHMBIX HeJMHEHHBIX HCKaxcHHA. TakuM o0pa3oM, IIyM HCTOY-
HMKa CHTHAJIa AJI8 MAJOCATHAJBHLIX YCHJIMTENCH HMeeT NPHHIMIHAIL-
Hoe 3Hagenwe. Kpome Toro, cienyer EMeTb B BHAY, 9TO YCHIHTEIb
co3zaeT coOCTBEHHBIM IIyM, ONpPee IseMEIA B OCHOBHOM IIYMaMH TpaH-
3gcropa. IlosToMy OTHOmEHHE «CHrHAJ/IIyM» Ha BRIXOJE YCHIHTENS
O6yzer Oomemme, weM Ha ero Bxome. Ho ¢ Apyroil CTOpOHHI, OHO He
. AOJDKHO IpeBRIMAThL AomycraMoro 3HadeHHs B 60 nb. Ilostomy mus
COXpaHEHHs 32[]JaHHOTO OTHOINCHHS «CHTHAJ/IIyM» Ha €ro BXoje Heob-
XOOMMO YBEIHYAThL OTHOIICHHE «CHIHAJ/IIYyM» € Y4€TOM IIyMOBBIX
CBOMCTB yCHIHTENS. BimsHAe COOCTBEHHOrO IyMa YCHJIMTEIIA HA BEJIH-
4YHHY 3TOr0 OTHOINCHHA OIcHABaeTcs ko3bhdumuenToM myma F, Korto-
phlil NOKa3LBaeT BO CKOJBKO pa3 OTHOIICHHE «MOIIHOCTL CHIHA-
JIa/MOIIHOCTh INyMa» Ha BRIXOJE YCHIHTENs MCHBINE AHAJOTHIHOIO
oTHOIIEHAs: Ha ero Bxoae. O6mMBO KO3(pdHUIMEHT IIymMa ONEHMBAIOT

Po/ P
B AemuOelax M BRIYHCIIAIOT 1O dopmyne F=10lg 2T 310 c00T-
. P nux/P ernx

HOIIEGHHE MOXHO npeo6pa3oBaTh, BREAsN KO3Q(HIMEHT YCHICHHS IO

Prux

MomHOCTH Kp= H BOCHOJIb30BaBIIACHL (opMynoit Haiikeucra s

BX
MOINHOCTH TCHJIOBOIrO IDymMa
1 A IBrix

F=10lg— .
Kp4kTAf

JUis moeanbHOro (HEmIyMSIEro) yCHJIHMTENS MOLIHOCTh IIyMa Ha
Boixofe Oymer B Kp pa3 Gonbme, 4eM Ha BXOJE: P =KpAKTAf.
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ITosToMy BhipaxeHHe mOJA 3HAKOM jorapubma OylaeT paBHO €IMHHLE
H, ClleI0BaTebHO, KO3(pdHmHenT myMa HAeAILHOrO YCHIMTENS PaBeH
HYJIIO.

Buipaxenre a1 Ko3h¢HnHeRTa ITymMa MOXHO 3alHCaTh B BHIE,
DO3BOJIAIONIEM HOJIYYATH 3Ha4eHde F 11 TpeOyeMOoro OTHOIICHHAS «CHT-

HAJI/IymM» HAa BXOJC YCHIIHTCIIA. 3am§meM MOIIHOCTS TEIIOBOTO IMyMa

U,
Ha BXOJE YCHIHTENS B BHAE Py =—2. DTO COOTHOIIEHHE CIPABEIABO
L]
OpH YCJIOBHM XOJIOCTOrO XOJa (MiM IpPH O4eHb OGONBIIOM BXOXHOM
COIPOTHBIICHHH YCHIHTES) H, CIEAOBATENLHO, U eCTh KBaApaT HANps-
XcHHS IIyMA HAa BHyTpPEHHEM CONPOTHBJICHMM MCTOYHHKA cHTHANA. [[ns
HICAILHOTO YCHIMTENS Prgyy = KpPms, D03TOMY OpMyIy Ans ko3d-

Piisx Ulzn

F=101 =101
¢dbAnHeHTa OIyMa MOXHO OepenucaTh B BUIC g AKTAS g akTrAf

H B Tako#l ¢opMe 3amuCH OH ONpEleiAcT, BO CKOJILKO pa3 HaAO yBEJIH-
YMTL MOIIHOCTL IIyM4 HA BXOJE MAEAlLHOTO YCHIMTENS € TeM, YTOORI
OOJIYIATL MOIIHOCTb IIyMa Ha BHIXOJE, PAaBHYIO MOIIHOCTH IDyma
peaybHOro ycwmarens. [lassas ¢popMa 3amace yno6ua TeM, 9TO HO3BO-
J8eT NOJIy4HTh 3HadenHe F npu TpeOyeMOM OTHOIIEHHH «CHTHAJ/IIYMY,
OQHHAKOBOM Ha BXojc H Bhixoze. ITosicamMm 310 Ha npumMepe. Ha Bxon
MAaJIOCHTHAJIbHOTO yCHJIMTEN BKIIOYeH MHKPO(OH ¢ BHYTPEHHHM CO-
oporaBienreM ;=200 OM. Ha Brixoae MukpodoBa (Ha BXOJE YCHIH-
Tens) 3ananaM 3bdexraBroe Hanpsoxenre U,,= 300 mxB. ITonocy npo-
IyCKaHWsl yCHIHTeNs 3ananuM papHo# 15 xI'm. Tpebyercs ma Brxoze
ycaiaTens obecneunTs OTHOMEHHe «crrHaj/mym» 60 nb. Hano maita
TpeOyemulil k03pdHIUERT NIyMa yCHIHTENA.

Ha Bxogne, kaKk ¥ HA BRIXOJE yCHJIATENs, OTHOLICHHE (CHTHAJI/LIIYM
coxpansgerci BHa yposme 60 nb. IlostomMy EHa BXxone yCHIHTENnd

Use
11§53
xoaddumment myma ycmmatens F=101g[(0,31075)%/(200-1,6 107 2° x
x 15-10%)]~2,75 nb.
TpeGyeMoe 3nadenne Ko3dhdunuenTa myMa MOXeT OITh peanu3osa-
HO TOJBbKO BEIGOPOM TPaH3HCTOpA, HMEIOIIEro COOTBETCTBYIOIIHE LIy-
MOBERIC CBOHCTBA.

300
=103 Orkynma Um,,=ﬁ=0,3 MxB. Teneps maiineM TpeGyemsiit

3.10. AUX YVCUIMTEJS C PE3CTHBHO-EMKOCTHO CBSI3bIO
HA BATIOJISPHOM TPAH3NCTOPE

Kakx oTMeyanocs BhIle, OCHOBHOH 'YCHJIATENbHOR cxeMoil Ha 6H-
HOJPHOM TPAH3HCTOPE SBIISETCS YCHIHTE]b € OOIEM 3MHTTEPOM
H PE3HCTOPOM B memm Kosulekropa. Ha pmc. 3.31, a m3obpaxena cxe-
Ma YCHIMTEJILHOrO Kackajna, B xoropoM emxocTd C, m C; o mocro-
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Prc. 3.31. Vommurennaxnt xackan () # 3KBHBAICHTHAS CXeM2 BXOJHOIO KoHTYp2 (6)

SHHOMY TOKY OTJE/SIOT NaHHKLIA KackaJ OT MCTOYHHMKA CHTHAJIA ¥ Ha-
TPY3KH.

B nameom ciyvae sanpsoxemns U, ., Ungs B BHYTpPECHHEE COUPOTHB-
JICHHE HCTOYHHKA r; CBS3aHBI Mexay COOOH dYepe3 3JeMeHTHI BXOA-
HOH nemw ycmmatens. Ha pmc. 3.31, 6 npencraBieHa 3KBHBAICHTHAs
CXeMa BXOIHOA HENHM KacKaja 0o NEPEMEHHOMY TOKy, H3 KOTOpOi
clenyer, 4To

Upmsx (sx]|1 [joCax)
B3 — .
ri+ 1/joCy +rex|1/jwrCor

Un

rae rnx=R1 ”R2”r53

Byzem camTats, 9TOo ycmmmTems c1a60 HATpYXAeT HCTOYHHK CHI-
Hana. Kak 6uL10 mOK43aHO BRINIE, 3TO MOXET GBITL 06ecredeHo BEIGO-
POM 3HaucHH# R,, R, ¥ r5s. Ho ecia 5T0 yCII0BHE BEIIOIHEHO, TO MOXHO
CIHTATD, UTO 7, 153 H 53 >1;. Ha qacToTax @ << wp, 04€BUIHO, BRIION-
HACTCS COOTHOIICHHEE 1y, 1 /jeoC,y ~ 15, IT03TOMY MOXHO 3amHCaThL

JjoCirga
UmBB = Umnx—_'__'
1 +]a)C1r53

- Kax ajmo, BxoHAs nens ycHamTens sKBHBAICHTHA bWILTPY Bepx-
HAX 9aCTOT C 4acTOTOH cpe3a wy=(C,75s) !. Jns Toro 4Tobml BhI-
posrATE AUX ycunATeNns B 061aCTH HHKHAX YACTOT, CIACAYET BLIOpATH
3HadeEHe C, M3 YCIOBHS, 4TO HEXKHSS YACTOTA B COGKTPE CHIHANA
Jmia 6yHET BBIODE 9aCTOTHI Cpesa ¢mwmwTpa. Apyramu cnosamu, C; nomx-

Ha ObITb BrOpama 3 ycnosus 27mf.,rssCi>>1 wm C,>> — : .

R fmin53)
Takum 06pazoM, eciH BRIIONHEHH BCe YCIIOBHS, ONpe/IC/IeHHRIE BLI-
e, TO MOXHO CYHTATh, 9T0 U,p3~ U,., ¥ BXOAHAS NEOb OKa3LIBAET
HE3HAYHTEIbHOE BIAsHAE HA AUX ycHnHTens, KOTOPYIO MOXHO JErKO
LOIyYHTh Ha OCHOBE SKBHBAJICHTHOM CXEMBI BRIXOJHOH nenu (puc. 3.32)
YCHIIHTEIS.
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Haiinem sanpsixerse Upys, CO31aBAEMOE TOKOM Ly = S Uy, HACATID-
HOI'O regepaTopa ToKa

" Unics =S Upx [Ril| 1 [joCicis | (R + 1 [fo C7))-
BrIxoaHOe HampsbKeHAE HA pe3ucTope Ry HAXOAUTCS Kak

UnmkaRu

v
Ry+—
( " ja)Cz)

IToncrapeM B Beipaxende mis U, ,,, cooTHOmerHEe Aas U,k H 0O-
Jy4HM KOMIUIEKCHHIA YaCTOTHBRIA KO3((QHIMEHT nepeiadyd yCHIHTENs
B BHJIC

Upx = —

K (o) = Vs - _ SRR iwColl i B

(3.26)
Um“ RH+ ll]CDCZ

CooTrHomenne (3.26) MoxeT OBITH YOPOLIEHO NpH €ro aHAIH3C HA
Pa3MYHKEIX YYaCTKax pabodeil MOTOCH! YaCTOT YCHIATEIA.
B o6aacmu nuxcnux wacmom, OTpaHHYEHHON 3HAYCHHCM YaCTOTHIL

OpH KOTOpOH > Ry, cooTHOmenme (3.26) MOXeT OBITL 3aMACAHO

oCxs
B BHIE

S[Rxll(Ry +1/jCr)IRy
RH + 1/jCDC2 )

K(jo)=—

Bynem cumTaTh, 9TO Ry> Ry, TOraa K(jw) MoxHO mpeobpa3oBars
K BHAY
K (jo) Jjoty

~ , 3.27
+ K(0) 1 +jory (3.27)

rae K(0)=SRx —Moayias k03h(dunueHTa yCHICHAS HA HOCTOSHHOM
ToKe, Ty=RuC; — nocrosigEas BpeMenn nend. Kak BuaHO, B 06nacTa
gmkHEX 1actoT AUX ycmmmtens copnmanaer ¢ AUX ¢uisTpa BepXHHX
9aCTOT, 06Pa30BAHHOrO pa3leIHTeIbHOH eMKocThI0 C; H CONPOTHBIIC-

C

|
1
1, =8Upex G D Ry J— Ry

-l— Cro
12

Pac. 3.32. DxBEBaJICHTHAS CXéMa BBIXOIHOH eny YCHJIATEILHOTO KACKaJa NPH YC/IOBHH,
9T0 rg5>> Rk B HATPY3KOH SIBIHETCS Pe3nCTOp Ry
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HHEM HAarpy3kd Ry. Taxem o6pa3oM, HIKHSS 94CTOTA HOJIOCH HpPOIy-
CKaHHsl ompenensercs, kak oyg=(RyC,) L.

B obaacmu cpednux wacmom, non KOTOpO# HOHHMaercs o0aacrs
nosoroil 4acta AUX, MOXKHO He YYHTHIBATL YaCTOTHYIO 3aBHCHMOCTB
K(w). B sr0if 06nacTu 4acTOoT RONMYCTHMO CYETATH, 4TO0 K (o)~
~ — SRk.

B o6.aacmu gepxnux vacmom npoucxomut cnag AUX yewmaTens, Ox
BhI3BAH, IO KpaiHed Mepe, AByMs HPHYHHAMM: IIYHTHPYIOMHEM JeiCT-
BaeM emkocTH Cyp ¥ cnagoM Koabdunuenta ycunemus f(w) Tpas-

. 1
3ucropa. B 3TO#f 06iacTH YACTOT MOXKHO CHHTATB, 4TO —C<< Ry H,
wl)

CIIEOBATENbHO, U3 (3.26) popmamkHO cleayeT, YTO B 0GIACTH BEpXHHX
49aCTOT

K (jw) 1
~— , 3.28
KO0 1+j(w/wg) (3.28)

Tac W,= (RHCKB)— 1.
Ilpy TmMYEEIX 3HaYeHMsX mapamerpoB Ry=10 kOM, Cyxs=10 n®,

Jp=———=1,6 MI'n. O4eBRIHO, YTO 3TO 3HAYCHHE BepXHe#l 1aCTOTHL
ZRRHCKB

OpONyCKaHAst MHOIO 607bIe THIHYHLIX 3HAYEHAN NPEACIbHON YaCTOTHI

YCHJICHHS f; HH3KOYACTOTHRIX MAJIOCHTHABHEIX TPaH3uCTOpos. I1oaTo-

My npakTudyeckd cnaf AUX B 061aCTH BEPXHHAX YaCTOT H, CIEKOBATE/b-

HO, BEpXHAA YaCTOTA IPONYCKAHAS YCHIMTENR OUPEHENACTCH Mpeaelib-

HOil 94CTOTOH YCHJICHHS TOKa B CXEME C 323eMIICHHRIM SMUTTEPOM.

CmmBasg AUX 10 4aCTOTHREIM 0611aCTSIM, noxyyaMm AYX ycuwarens,
u300paxeHHy10 Ha puc. 3.33.

Paccmorpum AUX xackafgso (HOCIENOBATENBHO) BKIIOYEHHBIX yCH-
JATENLHRIX KackagoB. B o6mem cryvae Benb3s cka3aTs, 4TO pesyiib-
THPYIOIMIA YaCTOTHLIH KO3hDOUOHEHT Nepeaul KackagHO BKIIOYEHHRIX
ycrimHTene# 6yneT pasen mpoumsseseHmio K (jw) xaxaoro xackaja, mo-
CKOJIbKY HE ONpCAC/CHBI YCIIOBHsS pacyeTa KaXJOrOo M3 YCHIHTENeH.
CymecTByeT HECKONBKO YCIOBHiA, IPH KOTOPEIX Pe3yIbTHPYIOIEN KO-
3 dunuenT nepeaun GyAeT paBHATLCS IPOU3BEACHMIO KO3DDHUIHEHTOB

0  0~RC) ®

Puc. 3.33. AUX ycamreasHOro Kackana, n3obpaxenroro Ha pac. 3.31, a
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nepenayd OTAEIbHEIX KackanoB. OfHO 3 HHX 3aKIFOY4eTCsH B TOM, 4TO
BXOZ KaXJOro Kackajaa ciabo HarpyxaeT BRIXOJ NpPEAbLAYIIEro ¥ TeM
CaMBIM COXPAaHSETCA YCIOBHE, GJIM3KOe K XOIOCTOMY XOJy H2 BBIXO-
e Kaxporo kackaga. Ecte eme ofue cnocob caenaTh pe3ybTHPYIOMIHR
K03(}HIMERT mnepeiadd MPOH3BEACHAEM YaCTOTHRIX k03(bdHnAeHTOB
OTZEIbHBIX KacKaJOB — PacCiATaTh KaxIbhii Ko3hdHuHEeHT mnepenadu
OpHE YCIOBHH HE XOJIOCTOrO X0Ja, a HpH HArpy3ke B BHJC BXOJHOIO
CONpPOTHBJICHHS HOCIeAymero kackana. Kackagnoe coeHHCHHE YCHIIH-
Teleil npy pa3paboTKe YCHIATEIBHLIX TPAKTOB SBJIETCA YPE3BRYAKHO
paxueM. [JosTomy meo6xomumo cobmrogaTh ycIOBME KacKaJHOTO CO-
eauaeans. TIycTh HA3KOYACTOTHBIA MAJIOCHTHANILHEIA TPakT 06pa3osan
n-0JHHAKOBBIMH YCHJIATEILHBIME KACKaJaMH, 4aCTOTHRIA ko3 duimenT
nepeaaus koTophix K (jw) paccurTan ¢ cobnroienueM, IO KpaHei Mepe,
OZHOTO ¥3 HpHBEJCHHHIX BhIIIE yCioBHH. Toraa pesyabTHPYHOIMIHA

K,(jo)=K (jw). AHanE3 3TOro COOTHOIICHHAS MOXHO BLIIOIHHTH He3a-
BHCAMO B KaXJ0# 4acToTHO# objacta. B obOnacTH HHXHHX 4acTOT
pe3yIbTHPYIONMAA 4acTOTHBIH K03ddunuenT B cooTseTcTBHE € (3.27)

PaBcH
K,,(]'a))=< Joty )"
K"(O) 1 +jory '

Moays 3TOro COOTHOINCHHS OyJeT paBeH

n

Kn(@) (o)

KO N+@mi”

(3.29)

Ilycts n=2. HaiigeM 3paucHEe HHKHEH 4aCTOTHI B IOJOCE OpOIY-
CKaHHS 0y, ABYXKackaguoro ycmmreis. s aToro npupasrseM (3.29)

1 .
3HAYCHHIO — HA IPAHAYHOH 4aCTOTE Wy,
2

(wartn)? _r
L+ (@mm)? /2

1
OTKyAa ChIenyeT, 4T0 Wy Ty= /\/_—_:: 1,5. Taxam obpa3oM, wy, =
2—1

1,5
=-" H, CHeJI0BATEIbHO, BHKHSSI TPAHAYHAS Y4CTOTA B JBYXKACKaJHOM
TH
ycasmATeie Bo3pocia B 1,5 pasa.
B o6nacTH BepxHHEX 4YACTOT B JByXKacKkajgHoM ycmmarene AUX
B cooTBeTcTBHH € (3.28) onpeaeauTCs COOTHOLIEHAEM

K> () _ 1
K2(0) 1+(@/op)
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Otxyna cregyer, 9To Ha rpaHMYHOM BepxHE#l YaCTOTe MOJIOCKHI npo-
NYCKaHHAS gy
1 1

1+ (@s/wp)* /2
Pemass 310 ypaBsHeHHWe, HaxomAM (coBz/coB)=\/ V2—1 anmE wg~
~0,64ws. TakuM 06pa3oM, HOI0Ca NPONYCKAHHAS BCETO YCHIHTENA CTa-
J1a 3HAYMTENLHO YXe HOJIOCK OTAEIBHOrO Kackada. Herpyano noxasats,
4TO MpH 71> 2 Pe3ybTHPYIOMAs HOJ0CA YCHIHTEILHOTO KACKAAa CTAHET
eme yxe, # AUX Gyaer crpemMuTses K KOJI0K0J1006pa3HoH opMme.

3.11. HEKOTOPBIE CXEMHBIE PENIEHVS
HA BUIOJISIPHBIX TPAH3VICTOPAX

Ha Gunonspenix TpamsmcTopax mpaMensercs PSA CXeMHBIX penie-
HHH, KOTOpHIE ILHPOKO HCHOJBL3YIOTCH B 3JIEKTPOHHBEIX YCTPOKCTBAX.
PaccMoOTpuM HexoTOpEIE B3 HEX.

Hcrounnk Toxa. VieanbHblil HCTOYHMK (resepaTop) Toka noANEPKHE-
BAcT B HArPy3Ke HEH3MCHHBIA 110 CHJIE TOK BHE 3aBHCHMOCTH OT HANpS-
KCHUS HA Harpyske. B npakTH4ecKAX ClyYasix HCTOYHHK TOK4 MOXKET
NOMIepXUBATE MOYTH HOCTOSHHBIA TOK B HEKOTOPEIX HPEAeiax H3MeHe-
HHSl HAOPSDKCHHA. Tak TpaH3MCTOp, BKIOYEHHBIH IO CXeME C 003,
6iarogaps ceonm BAX Moxet paccMaTprBaThCS HO nepeMEHEOMY TOKY
KaK MCTOYHMK TOKa, €CTIM HalpspKeEWe Ha Harpyske U,y H3MeHseTcs
B mpeaenax Uksme < Unn < Ukomar- JIGHCTBHTEILHO, BETBb BEIXOJHOI
BAX npu I;=const uaeT nourm TOPH3OHTAJILHO H, CJIEHOBATENLHO,
cxema OO 6im3ka K remepatopy Toxa. OueBHIHO, 4TO B 3TOM clyuae
BHYTPCHHCE CONPOTHBIICHHE CXEMBI IO IEPEMEHHOMY TOKY MAOJIKHO
OBITE GobIIEM. PaccMOTpPHEM ¢ 3TOM ToYKH 3peHHs UPOCTERINYIO CXEMy
¢ O3, marpy3ka KOTOpO# BKJIIOYEHA HOCIELOBATENLHO C TPaH3ACTOPOM
(puc. 3.34).

Jlis pacyeTa BHYTPEHHErO CONPOTHBJCHHA IO HNEPEMCHHOMY TOKY
HCHOJIb3yeM YpPAaBHCHME KOJUIGKTOPHOTO ToKa Lk =SU,5s+ rics Upks.
YuteM, uto B ganHOR cxeMe Upin= Upk — Ups, Ups= (Znx + Ls5) Rs. Tox
B 6a3e Tpamsucropa l,z= U,gs/rss, B CBOKO ouepensd, Upps=U,z— U,s.
IToternuan 6a3nt U, HA IEPEeMEHHOM TOKe onpelenseTcs HajcHEeEM
HanpsXKCHUS, BBI3BAHHOIO TOKOM I,; Ha HAapaUiebHOM BKIIOYCHHH

Un
Ri|Ry, T. €. Ups= —2(R,||R,). CrienosatemsHo,
53

Unm Un
U= ——"" (Rl nRz)—(lm—ria)Ra.

g3 1)
O1kyna
4-138 Sl 97



U ~
i Umpp=——""""7.
- RillR2 Rs
L —
R, Harpyaka 'e3  TE3

HO}ICTH.BHM HOOJIYICHHOC COOTHOIINCHHC B

Unmi ypaBHEHHE KOJLIEKTOpHOro Toka. Ilocne He-
CJIOKHEIX Npeobpa3opaHui, npesebperas Bed-
Upeo 9HHOH Ry/rys << 1, mony1am
RZ
R Rohys
° Um=rio| 1l +————F— | Lix
rs3+Ri|R2+Rp
Pac. 3.34. IIpocrefimas TakaM 06pa3oM, BHyTpeHHee muddepenmu-
(xeMa rencpaTopa Toka AJILHOE COUPOTHBJICHAE PaCCMATPHABAEMOH CXe-
MBI PABHO

Upik h213Rs
r=—=rel l+———>-----—>1
Lk rs3+Ri|R2+Ra

Kax sunpO, momyvensoe coorHomenwe cosmanmaer ¢ (3.17), ompe-
JEJISFOIIAM BBIXOAHOE CONPOTHBJICHHE CXEMEI C OOIAM 3MHMTTEPOM.
Paznuume cOCTOMT JMIIL B TOM, 9TO POJb BHYTPEHHEIO CONPOTHBIIC-
HAS HCTOYHHMKA CHTHAJIA B JZHHOM CIy44¢ BLIIOJHSET CONPOTHBIICHHE
R,||R;.

HaligeM YHBCIICeHEYIO OHEHKY F;, HCXOJs U3 THOMYHBIX 3HAYCHM mapa-
MmetpoB cxeMul ¢ OD. Ilycte Up=10 B, Ix=1 MA, hy3=200, Torma
rgp 5 KOM. Bribop 3HaveHnil R, B R; AomwKeH ObITL CAETAH, HCXOAS U3
obecreveHdss MakKCHMAJILHOrO 3HavenHs r. 3agamuM Us;=35 B, Toraa
Ry =5 xOM. Criia Toka 6a3bl TpaH3HCTOPa paBHA 5 MKA. 3agaauM crty
ToKa genmTens Iy pasEbM 0,5 MA. B 3TOM ciydae cHiia TOKa Je/IMTENs
B CTO pa3 6GomnbIne CHIE TOKa 6a3bl H, CICAOBATEILHO, JOCTHIACTCH
BRICOKAas TeMIiepaTypHas cTabmiabHOCTL paborhl cxeMul. IloTeHmman
6a3nl Benne Us Ha 0,5 B, moatomy Uy=35,5 B. Toraa

Un—Ug 10-55 Us 55
Rlz__r_[___j_ﬂ\_u_.%‘ 103 =9 xkOm, Rzz—sz—'103= 11 xOm.
I 0,5 _ Iy 05

ITapannensHoe coemuHerRHe R,||R;=5 kOM. CompoTHBieBHE rks
MoxHO 3agaTh paBHeIM 200 kOMm. Toraa B cooTBETCTBHH C mOJIyYeHHOH

dopmyoit r,-=200<1 + 2200 ): 13,7 MOm.

54545

~ OTo 3HaYeHHe r; HCKIIOYHTEILHO BEIHKO H CX€Ma C JaHHLIMH Dapa-
MeTpaMH OpuOIMKaeTCs K HACaIbHOMY HCTOYHHKY TOKA.

CxeMa «TOKOBOro 3epkanay. PacCMOTpPEHHYIO CXeMy HCTOYHMKA TOKa

O0OBLMHO HECKOJBKO YCJIOXHSIOT, NPHMEHSS TeMIEpaTypHYIO KOMIIEH-
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cammo Ugs. [lns 3TOr0 B Lenb ACTATENS HANPSKCHAS BXIOYAIOT TpaH-
3HCTOp, Y KOTOPOro KOJUIEKTOp coequHeH ¢ 6a3oil (pac. 3.35) 1, cieno-
BaTENbHO, SMATTEPHLIA HEPEXOX OTKPAIT.

Tpamsucrop VTl nomsken ObITb MAEHTHYEH NO XapaKTEPHCTHKAM
TpaH3ucTOpy VT2 (B MHTErPAIbHOM HCHONHEHHH NOCTHTAETCH HCKIIIO-
UHTE/ILHO BRICOKAS HACHTHYHOCTL ADAMETPOB OOOMX TPAH3HCTOPOB).
IloTernman Ha Ga3ax -060MX TPAH3HCTOPOB ONHHAKOB, CIEXOBATENHHO
IR, + Uz = IbR3+ Uss,. B cany Gnmsocta mapamerpos TPaH3HCTOPOB
Usn1 2 Ugn, 103TOMY M3 YPaBHEHHS CJIEAYET, YTO Iy~ Iy =I,Ry/R5. Bnia-
rojapst TOMY, 4TO CHJa TOKa B HArpy3ke NPONOPOHMOHANLHA 3aJaHHOM
cHle Toka I, cXema Ha3bIBAaCTCH «TOKOBRIM 3epKanom». Takum 06-
Pa3oM, «TOKOBOE 3epKajio» MMEET HCKJIFOHTEIBHO GONbINOE BHYTpEH-
He¢ CONPOTHBJICHHE M BHICOKYIO TEMIEpPaTYpHYI0 cTabHILHOCTH TOKa
B Harpysxe.

Cocrasnoii Tpausucrop. /{15 NOIyYeRHs OYeHb BLICOKOTO k03¢ dunn-
€HTa YCHICHHA MO TOKY HCHOJB3YIOT HOCIEJOBATEILHOE BKIIIOYEHHE
JABYX TPaH3ACTOPOB, NOKa3aHHOE Ha pHc. 3.36.

Taxas cxema peammsyercss B HHTErpaabHOM HCHOIHEHWH, B COCTAB-
HOH TpaH3HCTOp HMEET TPH BHEWIHHX BRIBOJA, KaK OGHMMHEN TpaH-
3HCTOp. DJIeMEHTAPHEI AHAIM3 CXEMEI JaeT CIEAYIOUHE Pe3yIbTATEL.

Bxomroe conporEBieHEe cocTaBHOrO Tpam3ECTOpPa B cXeMe ¢ OD

"53="1;31+(h§?3+1) 532

Kospdpamment ycunenns no Toxy B cxeme ¢ 0D

ik Lt +Inxz  BusahEs+ I Luisths+ bt
L. L5 L1 L5

=h@s (W5 + 1)+ hy ~ hEL AR,

@opmMyna st BXOAHOTO CONPOTHBJICHAS MOXET OLITH NpHBEACHA
K HECKONTIBKO HHOMY BHAy. VI3 puc. 3.36 caeayer, 4t0

— +U,
f )
Harpyska -
i
!
o
VT2 :
USaZ vrz :
1, |
pem— |
R,
° [3=[32
Puc. 3.35. Cxema «roxosoro 3epKaIa» Puc. 3.36. CocraBHOH TPaH3ACTOp
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L= hg?:-)[mm >~ hSZPC-)ImKl
TOraa
g2 = hngaUT/Ikl = rsal/h%)a,

B B COOTBETCTBHH C HOJyYEHHRIM BBIIE COOTHOIIEHHEM BXOLHOC CO-
[POTHRJIEHHE COCTABHOIO TPAH3UCTOPA OyIeT paBHO

ren™2rea) 22}191)3UT/1K1-

has
KpyTH3HA COCTABHOTO TPaH3WCTOPA S=——; rka™Tia2-
rE3

OCHOBHBIMH OCOOEHHOCTSIMHM COCTZBHOrO TPAH3HCTOpPA ABIISAIOTCH
BHLICOKOE BXOJHOE COIPOTHBJCHHE, OONbINOH KO3(QGHIHEHT YCHICHHET
TOKa H OYeHh MAJLI TOK 3MHTTepa OEPBOro TPaH3UCTOPA, Tak Kak OH
ABISETCSA TOKOM 0a3hl BTOPOro TPaH3UuCTopa.

Kacxonmas cxema. OfEO# H3 BO3MOXHOCTEH NOCIEIOBATENLHOIO
BKJIIOYCHHS YCHIHTENLHBIX KACKaJOB ABIETCH KacKajHas Cxema, Oep-
BHIA Kackaj XoTopoit BkmodeH no cxeme ¢ 03, a BTOPOH — IO CXeMe
¢ OB (puc. 3.37). Takyio cxeMy Ha3HBAIOT KaCKO/(HOH.

1
ITockomsXy BxomHoe conporuBierne cxems ¢ OB pasmO 3 (a

AMEHHO OHO SBJISETCS HArPy3KO# [UIsi DEPBOrO Kackaia), K03 pUIMEHT
yCHIICHHS [EpPBOro kackaja pasen K= —S(1/S)= —1. Kosnexkropanie
TOKH OGOHX TPAH3WCTOPOB IPAKTHYECKH PaBHBI, MO3TOMY oOmumit xo-
>)DHIOHEHT yCHICHHs KacKOQHOH cxeMbl OyAeT paBeH K= —SRy. Ilo-
CKONBKY BTOpOii Kacka/ BkmodeH 1o cxeme ¢ OB, OH HMeeT. BHICOKYIO
TPAaHHYHYIO YACTOTY YCHJCHHS f,>> f5. Kackag ¢ OO me BimseT Ha
rPAHHYHYIO YaCTOTY YCHJICHHS, TAK KaK K0 GUIHEHT yCIICHH S Kacka/a
B NEPBOM OPHOJMXCHAA HE 3aBHCHT OT 49aCTOTHl M PaBCH 1. TaxuMm
06pa3oM, KaCKOHAsA CXeMa OGBeJUHSACT JOCTOMECTBA CXCM BKILIOICHUA

a)

Prc. 3.37. Kackoaaoe BKTIOIEHNAE TPRH3ACTOPOB (4), CXeMa KACKOJHOTO yCHIHMTEIIN @)
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¢ OB u O3: oEa mMeeT BLICOKHE BXOZHOE
H BHRIXOJJHOE CONPOTHBJICHHA H 0OJbmIyIO
IIAPOKOMOJIOCHOCTD, HE OrPaHAYEHHYIO Ya-
CTOTOH CHafa yCHIEHHs fj.

JBoiiHo# IMHTTEPHRIH NOBTOPUTENL. Cxe-
Ma mpeAcTaBiser co0OH mocienoBaTeIb-
HO€ BKJIIOYEHHE CXEM JIBYX 3MHTTEPHBIX
nosTopuresnel (puc. 3.38).

Oco6eRBOCTRIO €€ ABIAETCH O4eHb GO-
JbIIOE BXOJHOE CONPOTHBJIEHHE H O4YeHb
HHA3KOE BHIXORHOE. [leHCTBHTEILHO BXOMI-
HOE CONPOTHUBJIEHHE JBOMHOTO IIOBTOPHTE-
Ji1 OpH HACHTHYHbLIX Hapamerpax oboHx
TPAaH3HCTOPOB B COOTBETCTBHH C 3.24 Gymer paBHO

rx=rps+ (haz+ 1) [res+ (hain + 1) Ro) = hayargs + Ais Rs,

Pac. 3.38. JIpoiinoi sMATTED-
HEI DOBTOPHTEN:

a GopMyna njs BHIXOJHOTO COHPOTHMBIEHHS B COOTBETCTBHH C (3.25)
HOPHUMET BHJ :
' (ritrss)  res

Fax =3 =—=Tp3/hara,
ks has

TA€ r; — BHYTPCHHEE COIPOTHBJICHHE HCTOYHAKA CHrHAJIA.

3.12. IPMHIAII OBPATHOM CBA3M B YCWIMTEJSIX

O6paTHas cBsi3b B YCWIHTENSX BO3HHKAET B CIlydae, KOTJAd 4acCThb
BEIXOHOTO HAIIPSIKEHHS HOCTYHAeT Ha BXOA ycmuureas. Kak BuaHO M3
3KBHBAJICHTHOH CXEMBI OHIIOIAPHOrO TpPaH3MCTOpa, OBpaTHAas CBA3bL
OPHHIANAAIBLHO MIPHCYIUA TPAH3HCTOPY, 4 CJIEHOBATEILHO H YCHIIHTE-
0. Takyro cBs3L HA3BIBAIOT 8HYymMpeHnedi ofipamuoii céasvio. OHA COMyT-
cIByeT paboTe yCHJIMTENs ¥ IPAKTHYECKH He ycTpamaMa. ITomuMo 3T0-
IO B yCHITHTEJIE BCETja HMEIOTCS HEYCTPAHAMBIE CBS3H MEXIY BHIXOZOM
4 BXOJIOM, BO3HHKAIOINHE IO LENSM IATAHHS H MAaPa3HTHHIM PEaKTHB-
HEIM 3neMeHTaM. Pe3yibTaT nedcTBHs BHYTpeHHeH oOOpaTHOH CBs3M
BCerja MMeeT OTpHNATENBLHEIE 3ddekT B CHly, mpexiae BCETO, HEmpes-
CKa3yeMOCTH JICKTPHYECKHX [IPOLECCOB, IPOTEKAIOIAX B Lemsix obpar-
HoH cBs3M. JlomycTum, 4T0 KO3$(HUIAEHT yCHIeHHS YCHIHTEIA MO Ha-
OpsDKEHHIO OCTaToyHO Oospmio (Hampumep, KO3QOHUIHEHT YCHICHUS
BCEro TpakTa pajHOBENIATEJILHOrO NMPHEMHHKA OT AHTEHHHI O YCHIIH-
TEJIA HA3KOH YaCTOTHI MMeeT 3HaveHHe nopsiaka 10°). Ilpm Gonbmom
Koo dHuIMenTe ycuieHHs B IWHPOKO#A paboueidl mosoce Bcerna Haiger-
Cs OTHOCHTENBLHO Y3KHMH HHTEpBall 4acTOT, B KOTOPOM, HalpHMeEp, 3a
CYET Napa3sUTHRIX peakTHBHBIX 3JIEMEHTOB 4acTh HaNPSUKEHHS, NOCTyMA-
IOass Ha BXOJ YCHJIATENS C €ro BHIX0Ja, OKAaXeTCs B OJHOW (ase
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C BXOAHKIM HANPSDKEHHEM. A 3TO O3Ha4aeT, YTO BXOAHOE HANPSKCHHE
yBesA9ATCA GIarofspa HanpsoxkeHHo obpaTHOH cBa3H. OQHOBPEMEHHO
C POCTOM BXOJHOr0 HAIPSDKEHHS BO3PACTET M BHIXOXHOE. DTO MPHBEAET
K TOMy, 49TO yxe Oolplliee HANpPsOKEHHE IO LENH OOpaTHOM CBA3M
NOCTYOHT Ha BXOJ H YBEIMYHT BXopHoe Hampsokende. OQueBHAHO, 4TO
Pa3BHBAIOIIMIACS B TAKOM HAMpPaBJICHAH JHHAMHAYECKHH OPOLECC MpHBE-
JeT K HeycTodumMBO# paboTe ycunmTend. pyrumu CioBaMH, paccMOT-
peEHoOe neiicTBHE OOpPaTHOM CBS3M BHI30BET CPHIB HOPMATIBHOH paboThl
yermaTens.. Takam oOpa3om, BCErAa MOXHO JONYCTHTb, 9TO B HEKOHT-
pOJHpyeMBIX lledsXx BHYTpemEsSs oOpaTHas cBs3b OymeT HOPHBOAHTH
K TOMY, 4TO HAampsDKeHHe OOpaTHOH CBS3H H BXOJHOE HaNpPsKCHHE
cymmHEpyIoTcs. Takas cBS3b HA3LIBACTCH NOA0XHCUMeAbHOIl (WM pereHe-
paTHBHOH). PasymeeTcs BO3MOXEH H OPAMO HPOTHBOMOJOXHBIA BHJ
CBSI3H, IPH KOTOPOM HAMpsiKEHHE 06paTHOH CBA3M BHIMHTACTCS M3 BXOA-
HOTO HANPSDKEHHs. DTa CBS3b Ha3BIBACTCS OMpuyameabHoi obpamoil
caazvio (OOC). OOC peiicTByeT MpOTHBOMOJIOXHO H3MEHEHHIO BXOA-
HOTO HampsokeHHs. MOXHO I0Ka3aTh, 4TO B 3TOM CiTydae Oyner nqocTr-
HyTO ycToiumBoe cocrosiade paborhl ycumarens. OTCrona Cieayer Jio-
THYCCKHH BHLIBOX — YCHJIHTENL CJEAyeT «OXBAaTHTB» INEMbIO BHEIIHEH
OOC. Toraa cieayeT OXHAATh, O KpaiHeH Mepe, MOJABJICHHAS BHY TPEH-
Heil 06paTHOM CBSA3H H MOBHINLEHHAS YCTORIHBOCTH PabOTH YCHIHTEIS.

PaccMOTpHEM CTPYKTYPHYIO CXeMy YCHIIHTEIs, OXBa4e€HHOTO LEMbIO
saemEeil OOC, u3obpaxeruyro Ha pHc. 3.39.

VcwinTens Ha Hell H300paXeH TPEYroibLHHKOM, a Iemb ob6paTHOH
CBSI3M — B BHJIE IACCHBHOTO 4€THIPEXIOIOCHHKA. TOT dakrt, 910 0bpaT-
Has CBA3b OTPHIATENLHA, HIUOCTPHPYETCS IPOTHBONIOJIOXKHEIM 3HAKOM
HanpsoxeHus, caaMaemoro ¢ nems OC, 0O OTHONIEHHIO K BXOLHOMY
Hanpsxenmio. Ha pucynke K(s) — cucreMHas (yHKnEs COOCTBEHHO
yeumarens, Koc (s) — cacremras pynkous nems obpaTHO# cpsisd. Haii-
JEM CHCTEMHYIO (DyHKIHIO ycumTes, oxBageBEoro OOC,— Ko (s). Kak
BAIHO u3 pHCYHKA, Ko (8)= Uy (5)/Usx (5).

Ha Bxogme ycwmaTens neictByer HampsoxeRHe U (s)— Uoc (s), rme
Uoc () — HampskeHHe, CHAMAEMOE C BHIXOJA YETHIPEXMOMIOCHAKA oC.
OueBunHO, Uoc(s)=Koc(s) Unx(s) H, B cBolo ouepenb, Uux(s)=

Upx(S)- Upe(S)

. Fan

Up(S) T \( K(S)

Unax(S)”
L ”
”w(s’l— cdul

Puc. 3.39. CIpykTypHas cxema yCHAHTENs, OXBa4eHROrO BECIIHEH enbio OOC
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=K (s)[U,,x (s)—Uoc (8)). INoncraBum B 31H cootHOmEHHus Ko (s) # mo-
JIY9HM

K (5) (Upx () Koc (5) Unx (5))

IQ) (S) - Usx (s)
Otkyna ciexyer, 4ro
K@)
= 3.30
Ko (s) 1+ Koc(5)K(s) ( )

Cooraomenne (3.30) Ha3bIBAETCH OCHOGHbIM COOMHOULEHUEM IS YCH-
maress ¢ OC. «Maruayeckuit» adexr OOC Bosurkaer, ec Koc (s) K (s)>> 1.
B atom cayuae Ky (s)= = K5 (5) B, cnenopaTenbHo, KO3(pQHIHERT yCH-
JIeHHs ycHiHTeIs, oxBayeHHoro OOC, He 3aBHCHT OT HapaMETPOB CaMo-
IO yCHIIUTENS H onpejeiaseTcs Tolbko oOpaTHOH cBA3bio. IIpomsserne-
uHe K (5) Koc (s) = H (s) Ha3uIBAIOT K03@@uyuenmom ycuienus paso MKHy-
moit nemau OC. JlefcTBHTENBLHO, ECIIM MBICIIEHHO Pa3OMKHYTh nenb OC
(cM. puc. 3.30), To

H (5) = 20 _ KU Ooc

Unl)  Upls)

= K(s)Koc (s)-

H (s) yacTo Ha3wBaAIOT KO3 Puyuenmom nemaegozo ycuaenus OC. Ecim
H(s)>>1, 10 obpatHyIO CBA3b Ha3biBaloT 24y6okoit. Takam obpasom,
riayboxad sremass OOC nofasisger oTpunaTeababe 3Q(EKTH BHyTpeH-
Hedl OC u TeM cambiM crabmimmsupyer paboty ycwmtens. Ilpa sTtom
CHIXaeTca KodpdmumeHT ycuienus kackaaa (ycmumreas ¢ OOC) no
CpaBHEHHIO € K03 dHIHEeHTOM ycuieHHs cobcTBeHHO ycmnmTens. Or-
Ciofla caexyetr ocHoBHOH mpuHumn npuMenerus QOC. [lns Toro 4Tobn
obecneynTh TpebyeMyro CTabHIBbHOCTE paboTHl YCHIHATENS, CIERYET
COPOEKTHPOBATL YCHJIMTENIb C 3aBEOMO OOnBIIMM 3HAYeHHEM KO3(d-
¢ummenta ycunenns, a 3atem ¢ nomoubio OOC cHA3HTE ero 10 Tpeby-
eMoro 3Havenus. OqHoBpeMeHHO GyAeT NOBRINEHa CTabUILHOCTL pabo-
THl YCHJIATEIS.

Hns popmanusamuu onucausoro spdexra OOC Boas BBes NOHATHE
YYECMBUMEABHOCIU YCUAUMENR

OTHOCHTETbHOE H3menenme Kg (s) _ AKo (S)/Ko (S) _ 1
OTHOCHTEIbEOE H3MeHeHHe K(s) T AK (S)/K(S) 1+ Koc (S K(S)

Orcrona crneayer, 4to OOC CHEHXaeT 4yBCTBHTENLHOCTh YCHJIMTENS
B (1+ KocK) pas no cpasrenuio ¢ ycwmrenem 6e3 OOC, a npu 601b-
oM ycunenuH B Kouwle OC mpumepro B KocK pas.

B 6onpmuucTBEe cxeMHBIX pemennil nems OC mpeactapiser coboit
AendTens Hanpskenus. Pasnndaror dethipe BUAa oOpaTHeIX cBsizeit. Ha
pHC. 3.40 npuBeneHK IpHMepHI CTPYKTYpHEIX cxem OC.
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Ugx(S) K(S) —o
X U, (S) o
UOC ) UBbIX (S) g UOC (5) Ugbl)( (S)
Koco(S)

a) 6)
Upe(S) UpelS)
UBX(S): K(S) ey p
& UaoixlS) 2 Ugex(®)
1 Keel®
D, 2)

Pac. 3.40. Bams OC B yemwmrensx: nocaexosatensaas OC no ganpsxenuto (a) # TOky (6);
nmapaniensias OC no Hanpsxemsro (8) B TOKY (2)

B 3aBHCHMOCTH OT cocoba noaxmogenns puixoaa nema OC k Bxoxy
YCHJIATENS PA3NHYaloT HOCIeNoBaTebHyIo # napauensayo OC. Pasy-
Meercs, 9To Bo Beex Buaax OC nanpsoxerde OC H BXoAHOE HaOpsKEHHE
JOJDKHBI CYMMHMPOBATECS HA BXOJE YCHJIHTENS B IPOTHBOda3e.

PaccMOTpEM KOHKPETHHIE CXEMOTEXHHYECKHE PEATH3AHMH Iened
OOC. Buyrpukackaguas nocnegosarensHas OOC mo Toky npeAcTas-
asieT coboit yemwnarens ¢ OD ¢ CONPOTHBICHHEM B LENH 3MHTTEPa (CM.
puc. 3.15). OB TOYHO COOTBETCTBYET CTPYKTYpHO# cXeme, H300paxeH-
Hoit Ha puc. 3.40, 6. Hanpsokenue, CHMMaemMO€ C CONPOTHBIICHHA
Ry=Roc, ectb Hanpsoxkende OC Us=Upc, KOTOpPOE BHIMHTAETCH H3
BXOJHOTO HANpPsDKEHUH, ¥ Ha BXOJAE yCHiHTENs (T. €. COOCTBEHHO TpaH-
3MCTOpa) AeiiCTBYeT pa3HocTHOe HampsokeHe Upy— Uys=Upgps. Oue-
BUAHO, U,oc™ Rol,x. Iloaromy peiicrsue OC nposBisieTcss B TOM, 4TO
C yBeJIM4EHHEM BXOHOr 0 HanpsokeHus ypenuaupaerca Iy u Uoc. Hanps-
xenpwe OC feficTByer NPOTHBOIOJIOXHO M3MEHEHHIO BXOJHOIO Hamps-
XeHHs, H B faHHOM cxeme ofpaTHas CBs3b OTpHIATENbHas. B atom
ciy4ae MOXHO Jierko HaiTi Koc B Ko. JIeHCTBATENLHO, B COOTBETCTBHA
¢ puc. 3.15

Unmk
Umoc=Uns =~ LixRs=— R,
Ry
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U R

<]
oTCIOIA KOC=U = IloncraBnsia Koc B OCHOBHOE COOTHOILIEGHHE
m> K
K
(3.30), monmyuram Ko= -
<]
1+K—
Ry

Ilpu |K]=SRx>>1 nernesoit Koatb(imnuem ycHJIeHHs OyneT paBeH
SR>. Ilpu R3, paBHOM HECKOJBKHM KHJIOOMaM, SRs>>1. ITosromy

Ry . o
Ko~ & 1TO COBHAJAET C panee HOJyYeHHOH dopmy.ioi (3.16).
<]

Crpykrypasnie cxemel OC 0o HanpsDKeHHIO MpeCTaBieHBl HA PHC.
3.40, a, . Kax Banno #3 pHcynka, B 31X BHgax OC 4acTb BHIXOJHOTO
HanpspKeHHs vepe3 veThlpexnomocark OC cyMMHpyeTcs ¢ BXOJHRIM
HampsDkeHHeM. THOHYHBIE npHMeED BHYTPHKACKAJHOW MAapaiuIelbHOM
OOC no mampskeHHIO OpencTabisier coboll cxema ycusmrtens ¢ OD
C CONpOTHBJIEHHEM B nenH 6a3nl Ry (puc. 3.41). B s10ii cxeme nmanpsxe-
HHe OOpaTHOH CBA3H CHHMAeTCs ¢ mesdTels Rg H rgs, T. €. Uyoc=

Y Umoc 783
=y, OTkyma Koc=—b =
Rg+rp3 Umssx Ry+783
B coorsercteun ¢ (3.30) xospdumment ycunenus ycwmrens 6ymer
K
paBen Ko= S Ecin xo3ddunuenr ycunemus B merie OC
1+K———
Rg+rgs
6onbmoH, To
Rg+rsn
Ko~ —,
53

IocnenoBaremenas OOC [0 HAaNpPSUKEHHIO PEANIM3YeTCs B CXEME
SMHTTEPHOrO moBTOpHTENIs (pHC. 3.42). O4eBHAHO, YTO BCE BHIXOZHOE
HampsDKEHHE B 3TOM Ciydae BLMYHTAETCS H3 BXOJHOTO HAMPSDKEHHS,

K "
103ToMY Upoc= Upnmux 1 Koc=1. Torpa K°=1v7( ~1, rae cobcTBenHmli
+

KO3(pOHIMEHT YCHJEHHS YCHIATENsSE MOXHO CYHTaTh pPaBHEM K=
=SRy;>1.

Beenenne OOC B cxeMy yCuIHTENS H3MEHAET TAKXKE BXOJHOE H BhI-
xoauoe conporupierds. OOC no HaOpPsOKEHHIO YMEHBIIAIOT BRIXOJHOE
COnpoTHBJIEHHE (HAOPHMEDP, SMHUTTEPHEIH MOBTOPHTENL HMEET HHU3KOE
BRIXO/{HOE COMIPOTHUBJICHHEE), a II0 TOKY — yBeJHunBaroT. IlapasuiensHbie
OC ymeRpIaroT BXOAHOE CONPOTHBIIEHHE, 4 IIOCHE0BATEILHbIE — YBE-
nH4uBaroT (HanpHMep, cxeMa ¢ OO H CONPOTHBIEHAEM B LIEIA SMUTTEPA
HMeeT BBICOKOE BXOJHOE COIIPOTHBIICHHE).
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U,
Moc ~ Mgyx

Pac. 3.4]1. BEyTpHKackagHas mapajtelib- Pac. 3.42. DMATTEpHELI NOBTOPHTENS-
Hast OOC no BanmpsxeHAIO yernuTeNns ¢ nocreposarensaol OOC no
HAITP X EHATO

Sddext OOC nposBiIseTCS H B PACIIHPEHHMH IIOJIOCH MPOIMYCKaHHs
yeuwmtens. JelcTBATENBHO, A8 OQHOKACKAAHOIO yCHITHTENA 6e3 O0OC
[eM. coorromerne (3.28)], YacToTHAS 3aBHCHMOCThL Ko3(dHImmenTa me-
penavyd IO HAampsKeHHIO B O0GJAacTH BEPXHHX 4YaCTOT OHpEAENFETCH
dopmynoi K(iw):—ﬂ—

1 +jw/wp
(3.30) nuis yemmrens ¢ OC, nony1am

K(0) _ K@)
» K 0 . .
(1 +J£)(1 +—()fKa§’°> (1+K(0)Koc)[1 +—L—~]

. IloacraBuB 3Ty GopMylly B ypaBHEHHE

K, (jo)=
wp 1+— wg (1+KocK(0)

TaxuM 06pa3oM, 3HauYeHHE IPaHUYHON YacTOTH ycumaTtens ¢ OOC
YBENHYHTCH H CTaHeT paBHRIM p =g [l + KocK (0)] mm wp =~
~wpKocK (0) npa KocK(0)>> 1.

Hanbosnee BaXxHBIE BRIBOJ, KOTOPEIA MOXHO CAEJIATh H3 IMPHBERECH-
HOTO aHAJIH3a H IPHMEPOB, COCTOHT B TOM, YTO HCIOJIb30BaHHE B YCHIIH-
ressix OOC sBIsETCA HCKIIOYATENLHO MOJIE3HBIM (PaKTOPOM IpH NPOEK-
THPOBAHHH YCHJIHTENEH AJis HoayyeHHs TpebyeMux napamerpos. Onna-
Ko mpuMererne ri1y6okoi OOC IPHHEIMNAANLHO CBA3aHO C MPobIeMOH
YCTOHYMBOCTH PabOTHI yCHIIATEIS.

3.13. VCTOMYMBOCTH YCWINTEJEN C 00C

Kak 651110 moKa3aHo B 1. 1, kpaTepueM yCTOHIMBOH paboThl TMHEH-
HBIX 3JeKTPOHHHIX LENEH SBIAETCS PACHOIOKEHHE MOIOCOB CHCTEMHOR
GyHKOHMA B JIEBOM MOJYIUIOCKOCTH KOMIUIEKCHOH 4acTOTHL §=0+j0.
PazymeeTcs, 4TO 3TOT KPHTEPHH COXpaHSETCs M MPHMEHHTEILHO K aK-
THBHRIM [EHSM, T. € MaJOCHTHAaJILHRIM ycHuaTensM. Hapymenue
ycTOHuYMBOH paboTHl CBA3aHO C TPYAHO MpPEJCKa3yeMBIM IMOBENCHHEM
BHyTpeHHe#H o6patrO# cBs3d. Ho, Ge3ycnoBHO, 4TO CIMIIKOM 60JIbUIOA
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KkpatbmbnnneHT YCHIICHHS YBEJIHYMBAET BEPOSTHOCTh CpPhLIBA YCTOIA-
9UBOH paboTH ycuimTens. D10 TeM 6ojee MOHATHO, YTO KaYeCTBEH-
HEIM KPHTEPHEM YCTOHYMBOCTH (DH3UYECKOM CHCTEME! ABIIETCH Cle-
Ayromee onpelesieHHe: CACTEMa yCTOMYMBA, eCIM MaJIbIM H3MeHEHH-
AM ycioBHil ee (GyHKIHOHHpPOBAHMS COOTBETCTBYIOT OrpaHHYEHHEIE
U3MeHeHHS B ee moBeldeHHMH. Bremmsas OOC, xak yXe 0TMeyanocs,
CYIIECTBEHHO YBEITHYHBACT 3aI1aC YCTOHYMBOCTH, TEOPETHIECKH JOIIyC-
Kas BO3MOXHOCTh PeXHMa pabOTHl YCHIMTEIS, IPH KOTOPOM KO3(d-
¢uumenT ycHneHHs ompeznensercs MACCHBHBIM pPe3UCTOPHEIM HETHTE-
neM HanpsokesHs. [lamee Gyamer moka3aHO, 4TO 3TO JeHCTBHTEIBHO
COpaBse/NIABO I OQHOKACKAAHLIX YCHIIHTelel. B MHOrOKacKaiHhIX yCH-
JIATENSAX BO3HUKAIOT NPUHIUIHAIbLHEE OrPAaHHYEHHS, CBS3aHHEIE C TEM,
YTO B HeTJe 06paTHOMH CBA3H MOXET MPOH30HTH HHBepCHS a3kl HaLps-
XKeHHs, cHuMaeMoro ¢ Bexona nemd OC. B atom ciygae OOC cranoBuT-
CA HOJIOKHTENLHOH, YTO H OPUBOAHMT K HeycTOH4MBOH pabore ycuim-
TEJIA.

IIpoaramsupyeM ¢ popManbHOH CTOPOHEL T€ OrPAHHYEHHS, KOTO-
phle HAKJIAABIBAFOTCS HA IETJIEBOH KO3(h(DHUMEHT yCHIeHHs IJIA rapas-
THH YCTOHYHBOH pabOTHI yCHITHTEIA.

PaccmoTpuM oHOKacKaaHEIH ycwmaTenb HoctosHHOro Toka (YIIT)
¢ O3 ¢ nemvio OOC. Yacrorabii quana3on YIIT orpaadyeH TOJIBKO CO
‘CTOPOHBI BEPXHHX 4acTOT (BepXHSA YacTOTA IPOIyCKaHMs — wg). Ta-
KHM 06pa3oM, OH yCHIHMBAeT KoJieGaHus CKOJIb YTOJHO HH3KHMX YaCTOT,
B TOM 4HCIe H HOCTOsHHHE TOK. Mcmone3ysa coorHOomenwe (3.28),

max

3aIHIleM CHCTeMHYIO (YHKIMIO yCuimTeds B Buae K(s)= o rae
T
T=wz ', K., — K030OHIHEEAT YCHIEHHs Ha NOCTOSHAOM TOKe. B coot-
BETCTBHH C OCHOBHBIM cOOTHOomeHHeM M ycmmreas ¢ OOC (3.30)
3amumeM popmyiry
Kmax Kmax
Ko(5)= - =- :
KmaxKoc 1+57+ KnaxKoc
a +s-r)(1 +m—)

+5T

O6o3raunM K., Koc= Hpaxy — MAKCHMAJILHEIN KO3(Q(OHIMEHT YCHIie-
mus B nerye OC. [lns ycroityuBoil paGoTh! yCHIIATEIIS KODHH MHOTOYJIe-
Ha 3HaMeHaTeJs B (opMyJie. JOJDKHE HAXOAHThCS B JIEBOH IOIYILIOCKO-
ctha 5. Ilyers 1457+ Hpoy=0, TOrma st=—1— Hp,,. Takam obOpasom,
onHokackanubii ycmmarene ¢ OOC paboraer ycrod4uBo Bo Bced 06-
JIACTH 4aCTOT [PH BHIIOJHEHAR yCIoBuA H,,> — 1. Jlpyruma ciosama,
B OHOKaCKAJHOM YCHJIMTEJIE HE BO3HHKAET OrpaHMYeHus Ha H ..

Tpexkackanunit VIIT umeer cacteMHyro (ysknuio B BHae K(s)=

3
=(1Iq“a‘)3. Ecnm Bce Tpm kackanma oxsavennl OOC, 1O ero cucremHas
+s51
bysknus npeacrasisercs ciaexyonEM obpazomM
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Ku K /
K) S)= = ,
. a +sr)3(1 +KéuKoc> (1+57)* + Hpnay
(1 +51)

rae Hmax=KgxxK0C

IMomoca Ko(s) HaxomsTrcs B TouKax (st)=—1—HP, (s1)=

=—1+HB & (s7)s= —1+H" e Homoca pacIoaraloTcs B Jie-
Bo# morymockocTH s (o <0), ecmd — 1 < Ay < 8. TaxaM obpa3om, Mak-
CHMAaJIbHOE 3HaYeHHe K03hdHIuueHTa yCHIe s pa3OMKHYTOH neTyH o6-
pPaTHOH CBS3H (APYTHMH CIIOBAMM, Ha NOCTOSHHOM TOKE) HE JOJDKHO
6u1TE Gonbme 8.

PaccMOTpeHHbIE TPAMEPHI HIUTFOCTPHPYIOT JIHIIDL IPHHIAIHAIHHYIO
BO3MOXHOCTh ananu3a ycroiyusoctd yewmrens ¢ OOC no Buay Ko ().
B npakTuveckux cnyvasx apanaTHyeckuit BHA Ko (S) MOMYYATH BECbMa
TPYAHO H IO3TOMY HCIIOJB3YIOT HHOM KpHUTepHil YCTOHYMBOCTH, KOTO-
phIf OMyCKaeT CPABHHTEILHO HPOCTYIO 3KCHEPHMEHTAILHYIO TPAaKTOB-
Ky. DTOT KpHTepHH Ha3bIBAa€TCH Kpumepuem Haiikeucma, wiH 4acTo-
THRIM KpaTepHeM. OH sBiseTca NPAMBIM CIEACTBHEM TOrO, YTO OTCYT-
crBue nomiocoB Ko (s) B paBoil MONYIUIOCKOCTH § (0 >(0) 3KBHBaJIEHTHO
YTBEPXKICHHIO, 4YTO B 3TOH K€ MOJYIIOCKOCTH KO3(D(HIMEHT YCHIICHAS
B netie OC He noivked OuITh paBen — 1, T. e. K(s) Koc(s) # — 1. MHave,
K, (s)— oo Ha Tex yacrToTax, rae H (s)= — 1. Taxum o6pa3om, BO3HHKaeT
IPHEIHIHAILHAS BO3MOKHOCTE CYAHThE 00 YCTOHYHBOCTH HO 4aCTOTHOR
3aBHCHMOCTH k03¢ dunmenTa ycanenns neriaa OC.

PaccmorpuM ¢ ¢opManbHOH TOYKH 3peHHs 3aBHCHMOCT H OT
s VIIT. Oueaaso npu w=0: H(s)=Hpn,, a 0pa w—0: H(s)-0.
lIpaByio HOIYILIOCKOCTE IIOCKOCTH § (pHC. 3.43, a) MOXHO IPENCTaBATh
B BH/JIE HOJYOKPYXHOCTH paguyca R— c0, OrpaH#4eHHOd MHHMOH OChIO
Jo. H(s) xak (GyHKIOHS KOMILUIEKCHOTO IIEDEMEHHOIO OTOOpaXaer moiy-

jo @

a)

Puc. 3.43. IlpeacraBienre mpapoil MONYILIOCKOCTH B BAAE MOJIyOKPYXHOCTH mpu R—> 0
(@); orobpaxenne npaBoi MOTYILUIOCKOCTA HA IUIockocts H (s) (6)
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Agpyxcnocn. (W11 IpaByIO MOINYILIOCKOCTH) BO BHY TPEHHOCTh 3aMKHYTO-
rO KOHTypa Ha mwIockocTH H (s)=Re H (s)+Jm H (s). -

JlpyraMH Ci10BaMH, 3TO O3HAYaeT, YTO KaXAOMYy 3HAYEHHIO § Ha
IPaBOH MOJYIUIOCKOCTH OTBEYAET HEKOTOpoe 3Havemue H (s) BHyTpH
oTo6paxeHHOro KOHTypa Ha mwiockoctd H (s). B cooteTcTad ¢ TEOPH-
el GyHKnHH KOMIUIEKCHOrO MEPEMEHHOrO JUIA HAXOXICHHS oTobOpaxe-
HHs obnacTell NOCTATOYHO HaiTH OTOOpaXeHHe MX rpaBmn. MeToanl
(yHKIEH KOMILIEKCHOrO HEPEMERHOT0 MO3BOJISIOT HAHTH CPaBHETEILHO
IpOCTOH BUA KOHTYpa Ha H (5), COOTBETCTBYIOMIErO HOJYOKPYXKHOCTH Ha
IUIOCKOCTH S. '

O6oiineM noJIyOKPYXHOCTE OPOTHB YacCOBOH CTPEJIKH, ZBHrasch IO
OCH jw, a 3aTeM 1o ayre. O4eBRHO, YTO HPH §=jw CHCTEMHAS $yHKIHA
Oyner paBHa KOMIUIEKCHOH 4acCTOTHOR XapakTepUCTHKE PA3OMKHYTOH
neri OC — H (jw). Taxam o6pasom, Ha mwiockocta H (s) mpa H3MeHe-
HHH § OT jw= o0 g0 0, H (jw) Gyner HMeTh BHA, IpencTaBIeHHBIA Ha pHC.
3.43, 6. I1pn u3menennr s 0T jo =0 10 joo = — 0O MOy4aeTCs 3epKaIbHO
OTpaXeHHas Kpusas (Ha pHCyEKe H300paxeHa mysktapom). Ha nyre
Hmax
(1 +s7)*
K GeCKOHEYHOCTH, TO 3TO O3HaYaeT, 4o B H(5) mepeMeHHAs S— 0.
Toraa, oueBnnno, H (s)—-0.

Taxum 06pa3om, iyra IOIyOKPYXHOCTH Ha ILIOCKOCTH § OTOGpa3HT-
€1 B TOYKY Hayana KOOPAMHAT HA IIockoctd H(s). A 310, B CBOIO
oyepenb, O3HA4YaeT, YTO NOpaBas HOJYIUIOCKOCThL IUIOCKOCTH § OTOO-
Pa3ATCs BO BHYTPeHHIOW 00jacTh, orpammiennyro H (jw). Ho ecim
YCTIOBHEM YCTOHYMBOH paboThl YCHIHTENS SBIAETCH OTCYTCTBHE HOJIO-
COB B HpaBOd MONYIUIOCKOCTH S, TO 3TO O3KBHBAJEHTHO YTBEPXK-
AcwMio, 4r10 ycwmarenk ¢ OOC ycroduws, ecmu romorpad H (jw)
He OXBaThIBaeT TOYKY C KoopmuHaramH [—1; +;0]. Pasymeercs, 4ro
3TO 3KBHBAJIEHTHO Tpebopammio, 4to6n H (jw)=K (jo)Koc# —1 BO
BceM n@anasoHe 4acTor o1 0 g0 co. IloaydyeHHHN KpHTepuil yCTOH-
YHBOCTH HA3LIBACTCH YaCTOTHBIM KPHTEpHEM WM KpurtepueMm Haiik-
BHCTA.

HOJYOKpPYXHOCTH H (5)= Ho rak xax pamuyc myru crpeMHurcs

ImH(S)/H, o }
Q=v3 Q= Q=0
-1/8 R‘EHTS)/Hmax
Q=1/~/3

Puc. 3.44. Tonorpap H (jw) Tpexxacka HOro yCHIMTENN MOCTONRHOTO TOKA



IToctpoum rogorpad H(jw) Tpexkackamsoro ycumarens ¢ OOC.

(1+s1)*
CTOTHOH XapaKTepHCTHKE, HOJIOXKEB §S=j@, H HOJIyIAM

Kax Onuto mokasamo, H(s)= IlepeiineM K KOMIUIEKCHOH Ya-

)= =
(1 +jor)® 14+30-302— 0¥

rae Q=wr1.
I'onorpag H (jw) n306paxen va puc. 3.44. Kak BHIAHO U3 PHCYHKA,
nopa H,, <8 Touka ¢ koopauHaTamu [—1, j0] nexAT BHe KOHTYpPA,; NpH

H,_,,=8 — oka3uBaercs Ha KOHType (IpH Q=\/§); opa Hp,,>8 —
nonajaeT BHyTPb 06,1aCTH, OrpaHH4EeHHOM rogorpadoM, YTo H SBJISETCH
IPH3HAKOM HeyCToM4MBO#M paboThl ycwiatens. Pasymeercs, uro oba

KpPHTEpHs YCTOHYABOCTH NO DPACIIOJOXEHHIO momocoB H(s) n Hai-
KBHCTA JAIOT OJHHAKOBRIA PE3yaLTAT.




I'nasa 4

CIIELIMAJIBHBIE BUJBI YCIMTEJIEN
AHAJIOI'OBASI CXEMOTEXHUKA HA X OCHOBE

4.1. THPGEPEHIMAJIBHBIE YCUJMTEIA

HabdepesnranbEpil yeriATens OpeAcTaBaseT coboll cHMMeETpHY-
HBIA YCHJITE]Ib NOCTOSIHHOTO TOKA C JABYMsI BXOJAMH H ABYMS BHIXOJA-
MH, B 00Imyl0 Nemb KOTOPOro BKJIOYEH IeHepaTop Toka. OcHOBHas
cxeMa qaddepeHnmanbHOro YCRIMTENS OpeACTABIEHA Ha pHC. 4.1.

Hist Toro 4T06RI XapaxTepucTHKA JubdePEHIAATLHOTO YCHIATENS
B HaumboJsice NONHOH Mepe OTBEYANH TEOPETHYECKH NOCTHKEMBIM 3HA-
YeHHAM, HeoOXOOAMO NOOHTHCHS HCKIIOYHTEILHO BHICOKOM MIEHTHY-
HOCTH OapaMeTpOB 3JIEMEHTOB, BKJIIOYEHHHX B 06a ero miesa. B stom
clyqae MOXHO CYHTaTh CXEMy JEHCTBHTENbHO CHMMETPHYHOH B
TOM CMEICIIE, YTO OApaMeTpel TPaH3HCTOPOB H PE3HCTOPOB OJHHA-
KoBHL. Hcxons m3 3T0H mpeanochuikd, 6yaeM CUATATh, 9TO IPH OJH-
HaKOBRIX HAOpsDKEHHAX Ha BXOAAaX TOKH B KOJUISKTOpax paB-
HHL Ji; (5) = Iz (5). CyMMa SMATTEpHEIX TOKOB JOJKHA ORITH PaBHA TOKY
regeparopa Ttoka I, Takum o6pa3oM, reHepaTop TOKa 3ala€T TOKH
B 00oMX mnevax ycuimTens, TaK Kak Iy (s)+ Iy, (s)=1I,. Ilpenebperas
MajbiM 6a30BHIM TOKOM, MOXHO CYHTaTh, YTO B CHIIy IOJHOH CHM-

I
Metpar Ik, (5)= Iz (s)=§°. Toraa DOTeHHIHANLI KOJUIEKTOPOB 060OHX

I
TPAaH3KCTOPOB paBHBL Uy, (8)= Ui, (8)= U, —Eo Rg. OveBHaHO, B 3TOM

ciydae pasHocTHoe (mubdepennmanvHoe) Hanpsxenme Ugy, (s), CHH-
MaeMoOe C BBIXOJOB, OymeT paBHO Hy0. OJHOBPEMEHHOE H3MeEHe-
e U, (s) u U,,(s) Ha OfHY H Ty Xe BEJIHYHHY OPH HEH3MEHHOM
3HAYEHHM TOKa J[,, OYEBHAHO, HE H3MEHAT COCTOSIHME YCHJIMTENS
H, no-npexueMy, Uy, (s)=0. IIpu HecHMMETpHYHOM H3MEHEHHA HaNps-
XeHHA Ha BXOJaX, O4eBHAHO, U, (s)#0. elicTBHTENLHO, HYCTh
Usxi (8)> Usxa (5), Torma I (5)> Iz (s). CyMMa KOIIEKTOPHBIX TOKOB
JOJDKHA OCTA2ThCH HEM3MEHHOH M PaBHOH Jp. DTO BO3MOXHO TOJIBKO
B TOM CIydYae, €CIH INpPHPAINCHHS KOJUIEKTOPHBIX TOKOB pPaBHHI IO
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Puc. 4.1. Ocnopgas cxema mubdepeRIEaTLHOIO YCHIATELI

BEJIAYMHE H IPOTHBONOIOXKHEI IO 3HAKY. B s1oM cayaae Uy (5) #0. Kak
BHJHO M3 3THX PacCyXIeHHH, paboTy nHbdepeHIEAIBHOTO yCHIATE-
75 MOXHO PaccCMOTPETh B ABYX HE3ABHCHMBIX pexuMax: B peXuMe
caE(}a3HOro CHrHANA H B PEXHME auabdepeEnHaIbHOrO (pa3HOCTHOTO)
cHrHaja.

Cunta3nslii CHIHAI — 9TO OTHOBPEMEHHOE H3MCHEHHE Ha OfHY H TY
e BEJIHYHHY BXOJHBIX HAOpSDKEHHH B 0OOHX IUI€dax yCHJIHTEILL. Ove-
BHJHO, 9TO PEXHM CHHDA3HOrO CHrHAJA COOTBETCTBYET OOIKIIHOYE-
HHIO O6OHX BXOAOB K HCTOYHEKY CHH(pa3HOro CHTHAJA (puc. 4.2, a),
paBHOTO

Usx Uy
Uco= 1 (S)'iz' x2(S)_

Hanpumep, HB3MEHEHAE HANPSDKCHH «baza — 3MHATTEP» OO BO31cH-
CTBHEM TeMIEpaTyphl MOXHO PacCMAaTPHBATE KaK cuada3HbBIM CATHATL
Kak cnenyer H3 OpeABLAyIIHX paccyKIcHHH, cunda3HB CHrHaI HE
MeHsieT pexmuMa paboThl HAEAIbHOTO mAdbepeHIEATLHOTO yCHIIHTENA
B Pa3HOCTHOE HANPSDKCHAE HA BBIXOJE IPH cuH(bAa3HOM CHTHAlIe paBHO
HyJ110. [IpakTHIecKas CXxema mubhepeRnEaTbHOro yCHIHTENS pasyMeeT-
c7 me mMeeT HOJNHOM CHMMETDHH ILIeY, M IEHEpaTop TOka B nen#
3MATTEPOB IO CBOMM XapaKTEpHCTHKAM JIHIIb OpHOIHKAETCS K HIealb-
HOMy reseparopy Toka. [loaTomy B OpakTHIECKAX CXeMaX madbepenuHE-
aJIbHBIE YCHJIMTENH JHIIb OONABISIOT cup(dasHnil CHTHAN A0 BIOOJHE
OnpeJeNeHHOro 3Ha4YeHus, He paBHOrO HYJIO.

JTucpepeHupabHbIH (pa3HoCTHBIH) CHrHAI — 3TO O/IHOBpEMEHHOE
A3MeHeHHe BXOAHBLIX HAIpsDKEHHA Ha ONHY H Ty XC€ BEIHIHHY, HO
pa3HbIX 3HaKOB: Up= Uyx (8) — Uz (5). B pexame nabdepeHnaIbEOro
CHTHAJIA YCHJIMTEID IOAKIOUEH K ABYM Pa3IHiHbIM HCTOYHAKAM Hanps-
JKEHHS, AMILIATY /bl KOTOPHIX PaBHBI H OPOTHBOIOIOXKHEL no 3HaKy (pHC.
4.2, 6).

IIpou3BOJIbHEIE CHTHAIEI HA BXOAAX mabbepeHIMATLHOTO yCHTIMTENA
MOXHO HpeACTaBATH xoMmbuHanuedt cHE(GA3HOro M PasHOCTHOrO CHI-
gaJioB. JleHCTBHTENIBHO,
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]

stz(s) + stz( S)
04’
a) 6)
Puc. 4.2. Taddepernmansanii yeunrreas B pexave cuadasgoro (2) 1 pasgocraoro (6)
CHTHAJIOB

U, U,
Unxl (S)= UC@ +?ps a le2 (S) = UCO __2_1"

B peasbHEIX yCIOBHSIX OpH OpOH3BOJLHBIX 3HAYEHHSAX BXOMHLIX Ha-
OpsDKEHHH Ha BXOJax yCHJHTENS BO3HHKaeT CHHGpa3Has H pa3HOCTHAs
cocrapimromue. Haopumep, npa U,y =1,01 B 1 U,»,=0,99 B cundasnas
cocrapiagromas pasHa 1 B, a paspocrras — 0,02 B. OueBmaHO, 4TO
YCHJIEHHE Pa3HOCTHOrO M CHH(}A3HOrO CHTHAJIOB pa3nmyHO. IlosTomy
BBOJAT KO3Q(HEOUEHTH YCHIIEHHS IO OG0MM BHAaM CHrHAJIOB.

VYeunenne pasnocraore caruana. [lonoxuMm Uce=0, Torma U,y ()=

U.
= Upn (s)=—2‘3. B 3TOM Cnyyae mpEpamende KOJUIEKTODHEIX TOKOB HpO-

H30HJeT Ha OOHY H Ty XK€ BEIAYMHY, HO C pa3HLIMH 3Hakamu. [losToMy
Ia/JIcHHE HAOPSDKEHHs Ha BHYTpPeHHEM CONPOTHBIICHAH FeHEpaTopa TOKa
r; HE H3MEHHTCS H, CICJOBATEILHO, HE M3MEHHTCS HOTEHNHaln obmiei
ToukH O (pHC. 4.3, a).

Taxkam obpa3oM, oba mwreda JuddepeHIHaIbHOr0 YCHIATENs Hela-
BHCHMEL JPYr OT ApYyra H ko3¢ ¢EoACHT YCHICHHsl pa3HOCTHOIO CHUrHAJjIa
K, no coorBercTByromuM mwiedaM 6yaeT paBeH KO3pGHIHMEHTY YCHIICHHS
yeusmTens ¢ 0.

Usux1 (5)  Usux1 (5) SRy

Kpl = = = — —;

Uy 2Ux1 (5) 2 (4 1) .
sz — Usux2 (S) Ussix2 (5) SRK’

Up ZUsz ) 2

rae S — KpyTH3Ha YCHIIATEIbHON XapaKTEpHCTHKH KaXIO0ro TpaH3H-
cropa.

Yeunenne cundasnoro curnana. B stom caydae U,=0 u Uy (5)=
= U, (s) (pEC. 4.3, 6). I3MenenHe KOJJIEKTOPHBIX TOKOB OOOHX TpaH-
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Puc. 4.3. K pacuery koaddunpenTa yORICHRS B peXxHuMe Pa3HOCTHOTO (@) u cerdazsoro (]
CHATHAJIOB

3HCTOpOB IPOM3OHET HA OHY H Ty XK€ BEIHIHHY KaK IO 3HAYEeHHIO, TaK
H 0O 3HaKy. I103TOMy BO3HHKHET HA/ICHAE HAOPSDKEHAS HA 1; H, CIEN0-
BaTeIbHO, M3MEHHTCS NOTECHIHAJ TOUKH 3. Temepy oba mnieda yCH-
JHTens paboTaloT, Kak [Ba YCHIHTEIT C 0D ¢ obmmM pe3HCTO-
poM B LENH SMHTTEPA. 3 CHMMETPHH CXeMEL CIEIyeT, 9TO B LEIH
SMHTTEPA KAXHOTO YCHJIHTENs BKJIOYEHO COIPOTHBJICHHAE 2r; (pec. 4.3,
6). Taxum obpa3oMm, k03h(}HIEERT yCHICHHS cHH(}A3HOTO CHTHAIA 6y-
IeT paBeH

Upxt (5)  Umn2 ) Ry
Keo= = =+—. 4.2)
Uco Uco 2r;
BrxosHOe HAOPSKEHHE Unix (8) younmTennst Opa OpOH3BOJILHBIX HA-
npsDKeHAAX Ha BXOZAx GymeT ompeneNsaThCs, KaK

Unet (8)+ U2 () _
2 (4.3)
Ups1 (8)+ Usc2 (s)]

= Kp [Unxl (S) - Unx2 (S) + 2Koce

Unix (5) =K [Upar () — Us2 (9] Kco

k-
rae Kocc=—p~ — x0obdanEenT ocnabIeHns curbasgoro carsana. B co-

oruomenun (4.3) K, — Moaynb K03 dHIHEHTa yCAIEHAL pa3sHOCTHOTO
CHrHAJA, OIpENeIAEMOro COOTHOIEHAIMHU (4.1), mo3romy BTOpOE Cla-
raemoe B (4.3) EMeeT JBOHHOH 3HAK.

KauectBo muddepeHnAanbHOro yCHIATELA OIECHHBAETCS 3HAYCHAEM
Koce. OdeBniHO, y BACAILHOTO yermmTens Kocc— - B mpakTHYECKHX
ciydasix Kocc EMEET Gonpnyio penmunnay. [logcTaBEM B dopmyiy A
Kocc cooTHOIEHHS (4.1) B (4.2), nonysam Kocc = Sr;. UHCTIeHHYIO OLI€H-
Ky 3HAYeHHS Kocc HaiizeM, €clH B KadeCTBE HCTOYHMKA CTa0MIBLHOTO
TOKa HCIOJIb3yeM CXEMY, paCCMOTPEHHYIO B ngpuMepe I 3.
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B 3TOM mpHMepe TOk KOJLIEKTOpa HCTOYHHKA TOKa 1 MA pacmpene-

€TCsl NOPOBHY MEXAy TpaH3ACTOpamMH nubdepeHNHaNLHOIO YCHIIH-
Té¢s. [lostomy S=0,5 MA/25,5 MB=20 mMA/B. ConpoTunienue r,=
=10 MOm. CnenoBatenbro, Kocc=20°10"2"107 mmm ~100 ab. DTo
3HaqeHHe Koce SBIAETCS THNEMHBIM AIs JbdepeHnEanbEbX yCHITH-
TEJIEH, H3TOTOBJICHHEIX B BHJE MHKPOCXEM.

Hacro mubdepernmanbHEbLl yCHIRTEIL HCHONL3YIOT B KA4eCTBE (Ha-
30uH6epmopa — yCTPOMCTBA, HA OBYX BRIXOJAX KOTOPOrO HANPSIKCHHS
PaBHBI IO BEJIMYMHE H IPOTHBONOJIOXHK OO da3e. [ HOIyYeHHs 3TOro
apdeKTa HCOONB3YIOT HECHMMETPHYHOE (HIH OHOGMA3HOE) BKIIOYEHHAE
AaddepernnanbLEOro Kackana (puc. 4.4), IpE KOTOPOM OIHH H3 BXOJIOB
00 NEPEMEHHOMY HAIpPSDKEHHIO COENMHSIOT C 3eMiled (HaOpHMED,
Unx2=0)'

OuepnanO, B 3TOM Cily4ae CHMMETpHS CXeMBI Hapymaercs. Curaan,
HONAHHBIA HA OJHH H3 BXOJOB, CO3[4€T TOK M BLI3LIBAET NaJCHHE
HAaOpsDKEHHS Ha 1. JTO HANPSDKEHHE MOXHO CYHTATh BXONHBIM IS
OpaBoro TPaH3HUCTOpAa, KOTOPHIH B 3TOM Cliy4ae BKJIOYEH IO CXEME
¢ OB. D10 xe HampspkeHHe, CHAMAEMOE C 7;, MOXHO CYHTATh BHIXOHEIM,
CHHMAeMBIM C 3MHUTTEPHOrO HOBTOPHTENS. Takum oOpa3oM, JieBhIM
Kacka/ auddepeRnEanLEOro YCHIRTEN IO OTHOEHHIO K Kackany ¢ OB
MOXHO CYHTaTh 3MMTTEPHEIM DOBTOPHTENEM. BxoxHoe conporupienne

1 1 :
Kackaga ¢ OB pasmO 3 B OYEBHIHO, 4TO 3 <r. Taxam oOpaszom,
'B 3MHTTepe OEPBOTO KACKAHA OKA3bIBAETCS BKJIFOYEHHEIM COIpOTHBJIE-
1
HHAE 3 H, CIICAOBATELHO, KOI)PHIHEHT YCHICHHS KacKaga paBeH — SRk.

Ha cornacoBannniii Bxonx kackaga ¢ OB momaercs ioT xe CHTHAJI,
KOTOpBIA HOCTYIIHJ Ha BXOJ IEPBOrO KaCKafga, TAK KaK OH CHAMAETCS
¢ SMUTTepHOro noBTOpHTEN. Koshdumuent ycmnenns xackama ¢ OB
paBeH SRx. Takum 06pa3oM, BHIXOAHKIE HANPSDKEHHS Upgy B Uy PaB-
HBI 0O 3HAYEHHIO H IPOTHBONOJIOXHKL IO 3HAKY.

B 3axmouenne ormeTEM ocoberrocTE AUX Do cEHGbasHOMY H pas-
HOCTHOMY CHTHajlaM. OTH OCOOEHHOCTH ONPEAENAIOTCS HpexIe BCEro
0omemEM pasiHuMeM B 3HAYEHHSX CONPOTHBICHHH 0O cuadazHOMy

Us(S)

Pac. 4.4. lnpdepernmanbabil ycamTens B cxeMe Ga3onEBEPTOpPA
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¥ PasHOCTHOMY CHTHAAM. Bxojgsoe cOmpOTHBIECHAE HO pa3zHOCTHOMY
CATHAIy PaBHO rp=2rgs, & IO cuH(pa3zHOMY — roo=2hysr;. OUEBRIH
tco>>r, Kpome TOTO, B nrbbepeHIHANbHON CXeME HET pa3aeIHuTEeNb-
HBIX KOHJEHCATOPOB H YaCTOTHAA 2aBACAMOCTD K03Gb(HIHEHTa yCHIIE
HMs 1O ODOMM CHrHAaM ONpENENseTCs HApa3HTHBIME EMKOCTHAMH:
sMuTTEp — 6a3a, KOIJIEKTOp — 6asa.

4.2. OTIEPAITAOHHBIE YCAJUTEIN

OnepayuoHHblil ycuaumenb (OY) mo cBoHM OCHOBHAIM gapaMeTpaMm
npu6IHKAETCS K HACAILHOMY HCTOYHFKY HANPSDKCHHS, yOpaBIseMOMY
HampsokeHneM. Brxoamnoe COOpPOTHBIICHHE OV maJio, BXOJHOE COnpOTH-
preHnre peauko. Kak ObUIO MOKa3aHo B ri. 3, H4 OfHA H3 CXEM OJIHOKa-
CKAHBIX yCHIHTEJIEH HE MOXET ofecnedaTh TAKOE COYeTaHHE MapaMer-
pOB, 33 HCKJIIOUCHACM 3MHATTEPHOTO HOBTOPHTENS, HO €T0 K03(bHIHEHT
YCHJICHHS 0O HATIPSKCHHIO MeHbIIe eEHuIEL. [1o3TOMY OY peann3yer-
Cfl, KAK MHOTOKACKAJHbI yCHIHTEIDb HOCTOSHHOTo TOKa. B HacTOSIES
ppemsi OV BHIIONHSIOTCA B Bujic MHTETPAbHHEX MHAKPOCXEM, conep-
KAIAX 1O HECKONBKHX JECATKOB Tpan3acTopoB. biaronapi CBOHM
cpoficteam OV 06pa3yioT COBpeMEHHYIO 31eMeHTHYyIo 6a3y aHajOroBhX
ycrpoiicts. Ha BX OCHOBE CTpOATCS Pa3IaIHBIC GyHKIHOHAILHEIE
yCTpolicTBa, OTJEJbHBIC BHIEL KOTOpHIX OyayT pacCMOTpEHBI Jasee.
IlepBOHAYAJILHO OV 6LUIE JOPOroCTOSIHMMA YCHJIMTE/IAMHE IOCTOSH-
HOTO TOKA, H OHH IpeJHa3HAa4anHCh 11 HACIOJBL3OBAHHS B aHAJJOTOBRIX
SBM uist BHIIOJHEHHS Pas3IHHBIX MaTEMATHYECKHX Ofleparii: CIoxe-
HHs, YMHOXKEHHS, HHTCTPHPOBAHUS H t. 1. Ilo3gmee 3a 3THM KJIaCCOM
ycHIHTENeH COXpaHHIOoCh Ha3BAHHE «OIECPALMOHHBIC YCHIHTEIH), HO
IpH 3TOM CyLIECTBEHHO pacmupaach 061acTh HX NpEMEHEHHS.

Ha pec. 4.5 npHBECHO CXCMHOE maobpaxenue OV. Bxonanoi kacKal
OV BBLIIOJIHAETCS B BAAC maddepeHEAILHOTO yernmTens. Taxum 0b-
pazom OV ycuiuBaceT Pa3sHOCTHbIA CHIHAIL, obpasyromumics Ha €ro
pxomax: U,(s)=U *+(s)—U" (s). Bxon OV, obo3HaYeHHBI HA CXEME
3HAKOM «+» Ha3bIBacTCA HEHHBEPTHpYIOLIAM BXOJIOM, 3HAKOM «=» —
MHBEPTHPYIONHEM BXOJOM. CMBICH 3THX Ha3BaHHA COCTOHT B TOM, 910
pEIXOJHOe Hanpskenue OV HAXOZHTCA B (ha3e C Pa3HOCTHBIM BXOJIHBEIM
panpsokenHeM. [1oaTomy, €ClId HaTIpsDKEHHE Ha HCHHBEPTHPYIOMIEM BXO-
Je 60JIbIIe, 1eM Ha MHBEPTHPYIOMIEM, TO BRIXOJHOE HAOPsDKCHHE HaXO-
auTcs B (a3e ¢ BXOJAHBIM. Ipa U~ ()>U * (s) daza BHIXOJHOTO HANPH-
WeHAS HHBEPTHPYETCS.

OV coxpaHsSeT OCHOBHOE cBoiicTBO Au(hepeHIEaIbHOTO yCHIATEIL,
T. €. 3¢beKTHBHO NONABIACT cuHba3Hb# CHTHAIL TropuHoe 3HAYCHHE
Koce=(80...120) nb. OnHako k03 UIEEHT yCHICHAA Pa3sHOCTHOTO CHI-
Haya, T. €. COGCTBEHHBIH k03 GUIEEHT YCHICHA OV, uMeEeT OYeHb

GOIBIIYI0 BETHYMHY OOpsaKa K=10%...105. B OV crenuajbHEIMH CXE-
MATHUCCKAMH IpHEMaMH NOBHIMANT BXOJHOE COOpPOTHBICHAE H IIO
pasHOCTHOMY ¥ 1O cuEpazHOMy BXOAAM (manpEMep, B Ka1ecTBE BXOJ-
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U,=U"(S)-UTS)

UEbIX (s) U (s)
8bIX'
Ufs) Uts) Uts) P ) B i
KU (s)-Uf(s)]
Puc. 4.5. Cxemuoe g3obpaxemme OV Prc. 4.6. DxpHBaNCHTHOE MpeACTaBICHEE

OV no pa3snocrHOMY CHTRAITY

HBIX KackaoB OV 4YacTO HCOONBL3YIOT 3MHTTEPHBIE HJIH HCTOKOBEHIE
noBTOpHETE/H). II03TOMY B COBpeMeHHKIX THNOBLIX. OV 3Ha4eHHe BXOJ-
HOrO CONpOTHBJIEHHS IO DPa3sHOCTHOMY KAHAIY JIEXHT B JHANA30HE
10°..10*2 Om, a mo cummdazsomy — ot 10° no 10'° Om. 3madenme
BBIXONHOTO CONPOTHBIICHAS ¥ COBpeMeHRRIX OV HaxXOOMTCS B Openenax
oT 50 Om no 1 kOm. Takam o6pazoM, OY 0O CBOHM OCHOBHEIM
XapaKTEpHCTHKAM HPHOIHKAETCS K MACAIHbHOMY YCHJIHTEIIO, 3KBHBA-
JICHTHOMY HJ€aJIbHOMY MCTOYHHMKY HAIPSDKEHHS, YOPABISEMOMY HAIIps-
xerneM. ITosTomy B 60IBIIMHECTBE ClydaeB IPH AHAIH3E CXEM, IOCTPO-
€HHEIX Ha 6asze OY, OHH CYHTAIOTCA HJEATLHBIMH YCHUIHTEISAMH
C Iy—>00, Ihyyy—0, K-»c. B tex cnyyasx, xornga Heob6xXoqEMoO Y9ECTh
KOHEYHHIE 3HAYEHAS 3THX mapamerpoB, OV mpencraBinsieTCs 5KBHBA-
JEHTHOH CXeMO#H, H306pakeHHOH Ha pHC. 4.6. :

Kak BHAHO H3 NaBHOM CXeMBI, BXOAHOE COOpOTHBJICHHE OO cHH(A3-
HOMY KaHally CUATAETCsA HO-OpexHeMy OeCKOHEYHO 6ONbINHM. YCTOil-
unBasg pabora OV BO3MOXHA TOJNLKO B TOM CIIyYae, €CIH OH OXBA4eH
BHelHed nenbio OOC. Pa6odas monoca wactor OY ¢ K=105...108,
B Ipe€eax KOTOpOd BO3MOXHA YCTOHYMBAas paboTa, COCTABISET €qu-
HANE! repn. [Tostomy pens OOC sBsieTCs: HEOTBHEMIIEMBIM 3JIEMEHTOM
CxeéMbl, B KOoTOpyio Bkmodaercs OV. Ilpm kosddmumente ycmienHs
K—co mapameTprl cxemul 6yayT OmpenensThCs TONBKO IAapaMETPaAMH
nenu OC. ITo3ToMy BCe CBOHCTBA ONEPANHOHHOTO YCHIMTENs 06s3aTe-
JBbHO JOJUKHEL 6BITH CKOppeKTHpOBaHH ¢ aeiicteieM OOC. Ha ocuopa-
HHH yX€ H3BECTHBIX CBOHCTB ycHATeNeH ¢ OOC MOXHO OXHAATH, 4TO
OV ¢ OOC 6yner mMeTh 3HAYHTENLHO MEHBIIMH KOIGbGHIHEHT yCHIe-
HHS, 9eM co6cTBenHbIH K03bduuuaT yeunenus. [leiicreaem OOC Mox-
HO yBEJHYHTbL BXOJHOE COOPOTHBJICHHE KACKANd M YMEHLIIHTH BHIXO-
HO€ CONpOTHBIICHHE, CYHIECTBEHHO PAaCIIHPHTL HOJIOCY HOPONYCKAHHS
yerwmTens. OnEaKo IOMMMO NEPEYHCICHHRIX Bhime cBocTB OY ¢ O0OC
y OV nosBnsercs eme omno «marmdeckoe» cuencreae OOC.

Ha puc. 4.7 m306paxen OV ¢ co6cTBEHHBIM KO3(bGbHIEHTOM YCHIIE-
A K ¢ nenpio OOC. Pa3sHOCTHOS HAanpsDKeHWe HAa BXOJE YCHJIHTENS
B 3TOM CJiy4ae paBHO

Up (5)=[U" ()= U™ (9]~ Uoc (5)=[U"* ()= U~ (s)]— KocUnx (5).

Kax sunno, Hanpsxenne OC yMeHbIDaeT BXOJHOM CHTHAI H, CIIEO-

arenbio, OC — orpunatenbuas. Hanpshxende Ha BRIXOJE YCHJIHTENS
/
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) Us) UG

Upe(ST] K UBHX(E)

Puc. 4.7. OV ¢ nemsio O0OC

Upux (§)= KU, (s). IToacraBum 3T0 BLIPAXCHHAE B coorHomerne s U, (s)
Ut @s-U" () :

1+KocK

TaxuMm obpazom, ecma OV oxsadeH oTpHIaTe LHOH 0OpaTHOH CB-
3610 (Koc#0), TO IpH NPOM3BOJIBHEIX 3HAYCHHAX Hanpsoxermil U™ (5)
u U™ (s) npu K—o0 U,(s)—0. Apyramu CioBamH, OOC BHIpaBHHBAET
HOTEHIHATL Ha BXOJE ONEpAIAORHOro ycumnress. IIpa 3ToM Ha BbIXO-
A€ TeM He MEHee IOSBIICTCA KOHEYHOC HANpSIKCHHE, 6maromaps Gec-
KOHEHO 60IBIOMy COBCTBEHHOMY KO3GhGHIHEHTy yCAICHHASL. D10 naer
BO3MOXHOCTb IPH AHAJIH3E CXeM C HCIOJL30OBAHHEM H/CAIbHOTO oy
CYMTATh HANPSDKEHHE MEXAY BXOJaMH yCHIMTEIIs (+) B (—) paBHEIM
gymo. [Ipu 3TOoM H3-32 6ECKOHEYHO 60JIBIIOr0 BXOJHOIO CONPOTHBIIE-
HAS TOK HE «3aTeKaeT» B YCHIHTEIDb, H CIIEJOBATEIBHO, MEXAY BXOJAMH
YCHUIMTENS. TOK He TedeT. Takue BXOJIbI HA3HIBAIOT 6upmyadbHo 3aMKHY-
muimu. B 9acTHOCTH, IpH HECHMMETPHYHOM BKIFOUCHHH OV, xoraa
OIMH K3 BXOJOB «3a3eMIIEH», TO H APYro# BXOA HMEET HYJIEBOH LOTEH-
muay. Tak, B OY BO3HHKAaeT BHPTYaJIbHOE «3a3€MIICHHE) OJHOTO H3
BXOJOB (8UpMyanbHas «3eMany).

TaxuM 06pa3oM, eClIH pe3lOMUPOBATh CKa3aHHOE, TO aneansablE OY
EMeeT 6ecKkOHewHO OOJBLINOE BXOAHOE CONPOTHBICHHAC, HeckoHeYHO 6O-
LMo COBCTBEHHHIH KO3Gb(HIHEEHT yCHIeHHs, GECKOHETHO 6oabmoR
x03(dHIEERT NOJaBIeHAs CAE}A3HOTO CHrHANA, BCEr/ld OXBAdCH 00C,
KOTOpasi NPHBOJHT K PABEHCTBY NOTEHIHMAJIOB HA €ro BXOJaX.

B sakmovenme paccmorpuM Bmasame OOC Ba momocy pabouux
gactor OV.

THOAYEOE 3Ha9cHAE TPAHAYHOH YACTOTHI IPONYCKaHHS oY (fy) co-
crasisier equannsl repn. OOC yBeTHYMBaeT IPAHAYHYIO HAaCTOTY (wnn,
9TO TO Xe caMmoe, mojocy npomyckamms) OV B (1+ K,.K) pa3. Ilpu
K,.K>>1, 9T0 BCEraa BLINOIHSAETCSA B CXeMax € OV, rpaHnYHas 9aCTOTA
KacKaja CTageT paBHOM frp =/, KKoc. 1Ipon3BeieHAe fopK=fr Ha3HBAIOT
yacmomoii edunuunozo ycusenus OY, H OHA SBISETCS NACOOPTHRIM
papamerpoM OV.

KospdunmenT ycHiaeHus Kackana, o6pasosaggoro OV H nenbio
00C (Kq), npr ycnoBur K. K> 1, pasen Ky=K!. Taxum oGpazom,
[OMyYaeM BaxHylo GopMylny, OHNPEAeisIONlyio IpaHATHYIO 4acTOTy

B HaigeM, 9to U, (s)=
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(m1m nonocy npomyckanms) OY ¢ OOC uepes kosddrumenT YCHIIEHHS
Kackazna ¥ ¥acTOTy €[MHHYHOIO YCHIIEHHS: f,Ko=fr (B3 3TOi hopmynl
OYEBH/IHO, 9TO fr NEHCTBHTEILHO SBISETCA YaCTOTOM €IMHAYHOTO yCH-
Jenns npH Ky=1, f,=/f7). Onennm nonocy npomyckagus OY ¢ OOC,
3HaveHne cOGCTBEHBOrO k03 hunHenTa yemnenns OY BhIOepeM paBHEIM
2'10°. B 3TOM Cclly9ae THHEYHOE 3HAYEHHMe IPAHHYHON HACTOTHI S
~6 I'n. Torga vyacroTa exMHAYHOrO ycuiteHus: ans takoro OV pasna
fr=62"105=1,2 MI'n. Jlonycram, 9To K03pbHIMERT YCHIIEHHS KACKa-
Aa 3anad B paBeH K,=>50. Torna rpanmynas gacrora, onpenensiomas
St 1,2-106
NOJIOCY NpPONyCKaHHs Kackaja, 6yneT paBHa f,.p=-K;= pos =24 xI.
Taxue OV c pempio OOC B THOHYHOM ClIy4ae OTHOCATCH K KJjaccy
HA3KOYACTOTHRIX YCHIIMTEJICH.

4.3. OCHOBHBIE CXEMbI HA OIEPAIIMOHHBIX VCUJATEILX

BosmoxmoCTH mOCTpOeHEs aHANOrOBHIX cXeM Ha 6aze OV BechbMma
mupokd. IlosTomy paccMOTpHEM OCHOBHHE cxeMul BkmOdYeHHs OV,
peaIA3yIoOmue pas3miHble GyHKIHA.

Museprupyrommii ycuaureas. Ha prc. 4.8 m3o6paxena cxema HHBEp-
THpyomero ycumatend. Kosapdmmment ycunemns K,= U, (s)/Uy (s)
MOXHO Ha¥TH Pa3sHEIMH CHOCOOAMH, HCHOIb3ys CBOHCTBA HIEAJILHO-
ro OVY..

PaccmeTpaM crnenyromyio Jlormky paccyxnaenus. IloTepnuan TOYKH
A paBeH HYmO (BEpTyalbHasl «3eMys»). I03TOMy BXOJHOE HaOpsOKeHHE
IPHIOXKEHO K R; H, Clle0BaTeNIbHO, I ()= Uy (5)/R;. Ho Bxommoii Tok
HE «32aTEKaeT» B YCHJIHTENb, TaK KAaK OECKOHEYWHO BEJMKO BXOIHOE
conpotuBienne. CnenopaTensuo Tok I, (s) TedeT mo R, co3jgasas Ha
HeM 1najneHHe HaopsokeHHs I, (s) R,. Ho, xax Bmano m3 puc. 4.8,
L; (5) Ry= — Upi (5), Tak kax Touka 4 3a3emuieHa. IIpom3Bens oueBuA-
HYI0 NIOACTAHOBKY, nojydaeM K,= — R,/R;.

OTOT xe pe3yIbTaT MOXHO NOJYYHTh M MHBIM OyTeM. IloTemmman
TOYKH A CKIAJLIBAETCS H3 YaCTH Hampsokenus U, (s), obpasyromeiics
B pesyibTaTe JECNEHMS BXOAHOIO HANpsDKEHHS Ha paeindtene R;, R,,
H YaCTH BBIXOAHOIO HAIPSDKCHHAS, A
obpasyromeiics Ha nemuTene R, 2
Ry, T. e R,

Un@R Unx (R o}
_ . (4.4)

Usx(S) A
R1 + Rz R+ Rz B

UA=

UBbIX (s)

Ho U,=0, nosromy u3 cooTHo1Ie-

HUs (4.4) cpasy caeayet, uto K, =

_ (R R? pasy yer, © Puc. 4.8. Wmpeprapyrommii ycmH-
= 2/ 1 TeJIbHEIA Kackaj Ha maeanbaoM OV
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PaccMOTPEM MHBEPTHPYIOIIKH Kackax ¢ KOHEYHHIM YCHICHHEM ov.
JomyctaMm, dTO KO3GGHOMEHT yCHIEHHSA HHBEPTHPYIOMEA CXEMEI
K= —10 opu maeanmsEoM OY. HaiifeM, KaKOBO JOJDKHO OLITHL 3HAYECHHAE
K03(b}HIMERTa YCHIEHAS PeabHOTO yCHIMTENS, Al TOro 9TO6HI KO3~
HUUEHT YCHIEHES HHBEPTHpYIOUIEH CXEMBI HAXOHICS B openenax
0,1% oT cBOero HaeaJbHOro aHajora.

0O603Ha4EM COOCTBEHHBIH K03Gb(HIAEHT YCAICHAS pEeaILHOIO oy
vepes o. [mbdepernnanbHoe HAPSDKCHHE HA BXOAC OV paseo U,
103ToMY Usx (s)=0aU,. ITloacTaBEM B 3TO COOTHOIIEHHE BhIpaXXeHHE
(4.4) nna U, B, mocne npeobpasoBaHuH, MOTYIHM

a Ri/Ry
Uz (8) (1 +~———>= — Uyttt ————.
1+ Ry/Ry 14+ Ry/Ry

W3 3v0ro COOTHOIIEHHsS HaiAeM KO3QGHIMEHT YCHJICHHS CXCMBI
¢ peabELIM OV
Usiax (5) Ry a

T Un(s) R (a+1)+Ry/R{

OueBHAHO, 9TO IpH a->00, K— —Ry/R;. Ilo ycnoBuio Ry/R;=10,
a K~ —9,999. ITostomy u3 popMymsl st K, HakaEM, 9TO a ™ 105,

Taxam o6pazom, OpH 601LIOM COGCTBEHHOM k03hdHuEHTE yCHIIE-
gust OV ommbka, BRI3BAHHAS HEPEXOAOM K HACAILHOMY OV, BecbMa
He3HAYHMTEILHA.

HeunsepTupyronmii ycumrens. Ha prc. 49, a m300paxena HCHHBED-
TEpyromas cxema ¢ HxeambrsM OV.

ITorepmman U, paBeH 9acTd Uni (5), CHAMAaeMoil ¢ aenuTens Ry, R;.
3aMeTHM, YTO 3TO YTBEPKICHAE CIPABEJUBO IPH mobo#t Harpyske OV,
TaK KaK €ro BHIXOJHOE CONPOTHBICHHE PABHO HYIIO, & BXOIHOE — 6ec-

. Usix () Ry
koHeuno BenHko. CnenoBaTeNbHO, UA:TrR—' B cuny BEpTYaJiLHO-
: 1 2
ro 3ameikaEus BxomHbx KiemMm OV U,= U, (s). Ilosromy cpa3sy mo-

Jy9HEM

Puc. 4.9. HeruBepTAPYIOUIER YCANHTEMLHEH KACKa]| HA BACAILHOM oy
|
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Ko=U,ux (S)/ Usix (S) =1+Ry/R,.

ITpr 3amamnoM koabdumuenTe yCHneHHs KacKala OYEBHAHO, YTO
COOTHOIIEHHE MEXAY R; B R, onpenensieTrcst Tak, KaK 3TO IOKa3aHO HA
puc. 4.9, 6.

HeunmBeprHpyromas cxeMa TOYHO COOTBETCTBYET CTPYKTYPHOM cxeme
yeumurens ¢ OOC, m3obpaxerHod Ha puc. 3.40, a. Koapdmument
nepenaud nend OOC (cMm. puc. 4.9), pasen

Uy R
Koc =

" Upx(®) Ri+R;

ITosromMy xoaddrnHeEnT YCHIERHS HEHBEPTHPYIOIIETO KACKAAa MOX-
HO ompeaenutk H3 cootHomenms (3.30). Ilpu Oeckoneuno Gonbmom
cobcreerroM koahdumpente ycunenus OV, ko3bGHIEEHT yCHIEHHS
Kackana Oyzmet pasen

K,=Kol=1+Ry/R;.

Ha npumepe HeHHBEPTHPYIOLIErO KACKAJA MOXHO MPOMILIIOCTPHPO-
Bathk BigsEAe OOC Ha BXOOHOE H BHIXOJHOE CONPOTHBICHHS KACKAIA.
Hns aToro obpaTEMcs K 3KBHBAJIEHTHOH cXeMe Kackaaa, B KOTOPOMH
YYTEHO KOHEYHOE 3HAYEHHE BXOAHOro comporHBieHHs OY r,, (pHc.

4.10).
Usc(s)—Ua
Kax cnenyer u3 pucyuka, I, (s)=——————. BxomHoe Xe cOmpoTHB-
r“y '
JICHHE KACKAAA Fyey = Uy (5)/ 1, (s). Hailnmem nampsoxemwe U, mpu cob-
CTBEHHOM Ko3(pbHIHeHTE YCHIEHHs YCWIHMTENS, paBHOM o. Jas 3Toro

UBH.X
©. g

sammmeM Uy, (5)=a[Uy (s)— U,); ¢ apyroit cropons, U,= 1

Ri+Ry

U3 3TEX ABYX COOTHOIICHHH HAXOIHM, 4TO

o [BX(S)
Uy=Ugx(s)———. o3
4 ()a+(R1+R2)/R1 Upn(S) e

Ioacrasus U, B dopmyny nus Iy (s),
HOJIyYHM

a R P

1__.—.__
R+ R,)/R
L (s)=Ul, (S)M_

Toxy Pac. 4.10. Hemmseprmpy-
Torna ameem UM YCHIMTENbHRIN Ka-
ckaf ma OV ¢ BxoqabM co-
R, IPOTHBJICHHEM Iy, B COG-
Toxx =Taxy| 1+ . CTBEHHEIM  K03ddHIMeH-
Ri+R, TOM YCHJICHAS &
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Kax ¥ CIeJOBAJIO OXHAATh, HOCieAoBaTelbHas obparHas CBSA3b
YBEHYABAET BXOJHOE CONPOTHBIEHHE B (1 +aKoc) pas.

. HaitgeM BBIXOAHOE CONPOTHBICHHE HEHHBEPTHPYIOIIEIO KacKana,
CYMTasi, YTO COOCTBEHHOE BHLIXOJHOE CONPOTHBIICHHE OV ryxy, & cO-
GCTBeHEDIH K0d((HIHEHT yCrIeHus, Io-pexaeMy, o. IIpencTaBum xa-
CKaJ B BHAE SKBHBAJICHTHOIO I€HEPATOPA C HANPSIKECHHEM XOJIOCTOrO
x0aa Uy, B BHYTPEHHHM CONPOTHBIIEHHEM 7; (DHC. 4.11). OuesrHO, 4TO
#; OpeAcTapisieT coboll BBIXOJHOE COIPOTHBJICHHE KACKalad H PABHO
Fasxx="1i= Usx/Lxs, THE L5 — TOK KOPOTKOTO 3aMBbIKAHHS. Hanpsxenune
XOJIOCTOTO X0/a (T. €. BHIXOJHOE HANPSUKEHHE KACKala IPH PasOMKHYy-
THIX KJIEMMax Harpy3kd) Hai#JeM H3 COOTHONICHHSI

aUs (5)

R\
1+ 14+—
R

ToK KOPOTKOTO 3AMBIKAHMS ONpEAENSAeTCs M3 YCTIOBHs 3aMBIKAHHA
BRIXOJHOIO KOHTAKTa YCHIIMTENS Ha «3eMio». B aToM cirydae NOTCHIH-
a7 ToukH A (cM. puc. 4.11) pasen Hymo, nodTOMY I =0aUy (8)/Pasxy- Y13

Tonxy

HOJIY4EHHBIX COOTHOMIEHHHA CIeAyeT, YTO Fouxx =", o -

R;
l+af/{1+—
R

IIpu GomboioM 3HaYeHHH K03bGHIMEHTA YCHIEHAS o BEIXOJHOE CO-
IPOTHBIIEHHE yCHIHTEILHOTO KACKA/a HMEET OYEHb MaJIoe 3HAYCHHE.

IlosTopurens Hanpsokemms. Ha puc. 4.12 moka3aHa cxeMa HAealb-
HOTO moBTOpHTEs Haupsxenns Ha OY.

OT cxeMbl HEREBEPTHPYIOIMETO KACKa/Ja e OTIHYAET TO, 4T0 R, =0,
R,=0. Ilostomy npu uaeansEoM OY xoahhHIEEHRT yCRICHHS] NOBTOPH-
Tens paBeH 1. BxoaHOe CONPOTHBIECHHE CXeMBI HCKIIOTUTEIILHO BEJIAKO,
4 BRIXOJHOE — MAJIO.

U R
Un=a<U“(s)—————L). Otkyaa U=
1

Ri+R

UB bIX (s)
poeni? If i

Uxx(s) UBblx(.s__)

0

Ry

a)
Prc. 4.11. K pac4eTy BRIXOJHOIO CONPOTHBJICHHsS HEHHBEPTHPYIOIICTO Kackana
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UplS) — _
- Ugyul(S)= Uax( §)

Prc. 4.12. WneaisHE DOBTOPHTEND

UHCIEHHYIO ONEHKY ryy OPH KOHEYHOM 3HAYEHHH KOA(pQHIEEHTa
YCHIICHHS] yCHITHTENIS, PABHOIO 0., MOXHO CJE/aTh HA OCHOBAHHH MOJy-
YeHHOH Bhime Qopmynsr Ilpumem 3Haverus a= 105, ru,,=10° Om,
TOTJA Fuuxx™ 10™2 Om. IpH 3TOM HampsoKeHHe Ha BLIXOJE HOBTOPHTENIS
PaBHO Uy (8)=0[Upr () — Upix (5)]. OTkyza xo3bounuenT nepenaun xa-

Ussux (5) o
=-—=1. Takam obGpa3zom, noBTOpHTENL Ham-
U(s) 1+a '
psixerns Ha OV 61M30k ¥ HeanbEOMy GydeproMy Kackany.

Heunseprupyronmii xackax B cxeme HCTOWHHKa Toxa. Ha puc. 4.13,
G Npe/iCTaBlIeHa CXeMa, KOTOpas MMEET HapaMeTpH, IpHOIHXaromiue
€¢ K HICaJbHOMY HCTOYHHKY ToKa. [IpyrHMH clioBaMH, BHyTpeHHEE
COIIPOTHBIICHHE CXEMBL r; CTPEMHATCA K OeckoHeuHocTH, ecd OV mue-
ajieH.

IlpencrapaM paccMaTpHBaeMyro cxeMy B BH/E SKBHBAJIEHTHOTO HC-
TOYHHKa HampsikeHus (pHc. 4.13, 6). B pexrMe X0710CTOrO X042 NOTEH-
IHAT TOYKH A PaBeH HYMO, H03ToMy Uy (5)=aU, (s). Tok xopoTkoro
3aMEBIKaHHS] HAXOMUTCS H3 YCIOBHS

ckajga pasen K,=

Up ()
rmy+R.

Io=0a

Pasnocraoe nampsokemme Ha Bxoze OV npm pexHMe KOPOTKOIO
3aMbikanus paBHO U, (5) = Uy (s)— RL,..

Uxx(s ) UBbIX(s) )

R 6)

a)

Pac. 4.13. McrotnMk ToKa Ha HEHHBEPTHPYIOWIEM kackajge (@) B ero 3xpmdnemnoe
npeacTaBienne (6) :
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CrenoBaTelbHO,
Uz (5)

x3="m.my'+“R(l'i"“)
H r,=Uxx/In=rmxy+R(l +d)2dR.

Takum o6pa3oM, paccMaTpuBaeMasi cxema ACHCTBHTENHHO OimM3ka
K HeaIbHOMY HCTOYHHKY TOKa.

WnsepTupyronmii uurerparop sa OY. Ha puc. 4.14, a H3o0paxeHa
cXema HJIeaTbHOTO HHTErpaTopa.

BxonHOH TOK CXeMBI PaBeH I, (f) =iy (f)/R. OH co3naer HA EMKOCTH

1
HampsoxkeHHe U, (f) = I i (f)dt. O4EBHAHO U (f)= —Upx (1), HOITOMY

(1) = —Ricjum(t)dt.

C y4eTOM KOHEYHOTO 3HaueHHs K03 HIHEHTa yCHICHHS OV unrer-
paTop MOXHO NPEACTABHTH B BHAE CXeMbL, H300pakeHHOH Ha PAC. 4.14,
6. VI3 pacyHKa CielyeT, YTO Pa3sHOCTh NOTEHIHAJIOB HA KOHICHCATOPE
paBaa U, (1+a). CnenoBaTensHO, TOK, TEKYIIHH Yepe3 KOHACHCATOP,
pasen I(s)=Cs(1+a) Uy B cO CTOPOHBl BXOJHOTO HCTOYHHK2 HAIpi-
XeHHsI HHTETPaTop MOXeT OITh HPEACTAaBIIEH JKBHBAJICHTHOH HHTEI-
pupyromeii RC-nensro (puc. 4.14, 6). Kax BE1HO, B 3KBHBAJICHTHYIO LE0b
OKa3hIBAETCS BKJIIOYEHHBLIM KOHAEHCATOP C 3Gb(eKTHBHEIM 3HAYCHHEM
emkoct C(1+a). : _

Vnseprupytomuii auddepenmmatop na OV. Ha puc. 4.15, a u300-
_paxeHa cxema HueanbHOro xutbdepennuaropa Ha OV.

dugy (1)
Z . Tok co3maeT majeHue

BxomHOM TOK cXeMbl PaBEH ig(f)=C
HALIPSDKEHHS. Ha pe3HCTOpe R, paBHOE M NPOTHBONOJIOXKHOC HO 3HAKY
Unax (1) = —RC m%(l). Jlerxo moxa3ath, 4To AuddepernmaTop Ha OY
¢ x03h}ANAERTOM YCHICHHS of MOXET ObITh HpeJCTaBIeH RC-nennio

c

—i

a)

Prc. 4.14. VimBepTapyionmit mETerpaTop Ha mieansaoM OV (a); Ha OV ¢ KOHEYBHIM
3pageHneM Koaddmimenta ycrenns (6); SKBHBANECHTHOS MPEACTAB/ICHAE
' gHTErpaTopa (8)
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1/Cs
R/1+a)

R .
| A
c 1/Cs
Ugy(t) A % U, (S)
Ugxft) Uax(S) Uzeix(S) *
)

UBle (s)
a) 6 8)

Prc. 4.15. VapepTapyrommii maddepenmaaTop ra Baeabaom OY (a); 12 OY ¢ KORETREIM
3Ha9eHAeM Koapdmimenta ycmienus (6); IKBHBANCHTHOS MpPeCTABICHHAE maddepenua-
aTopa (g)

(puc. 4.15, 6) ¢ peancropom, 3hdeKTHBHOE 3HAYEHHE CONPOTHBIEHHS
KoToporo pasuO R/(1+a). ’

Jlorapapmupyromue cxemsl Ha HaeansEnx OV. [ns peanmsanam
Omepanui JorapupMupoBanns (aHTHIOrapudMupoBamnus) B nemp OV
BKIIIOHAIOT NOJIYyIPOBOJHHKOBEIE AHOAN! (pHuc. 4.16) BAX amoaa ompe-

- niu
HeNseTcss COOTHOMERHEM i (f) 2 ogpe ™",

o (8
B cxeme norapubmaropa in(f)=ix(f) ___“_RQ_ IToaroMy  u, (f)

=~ Rl s At Hanpsixenne ma maoste un (f)= — upy (1). Ilocne norapu-
usx (1) :
$MHEpPOBAHES MONY UM Uy, (f) = — Urln —,
Rl
O6parayio Omepandi0O MOXHO OCYIIECTBHTL C HOMOIIBIO CXEMBI,
u3obpaxensoi Ha puc. 4.17. ‘

ugx (1)
. . U
Kak BumHo u3 pucymka, in(f)~Ise ' . Buxomsoe Hampsxense

PaBHO upy ()= —Rip ()= — Rlg, e Ha 6ase PacCMOTPEHHEIX
CXEM MOXHO OCYIIECTBHTH AHAJIOTOBLIE YMHOXHTCIIH H JAeTHTEIIH.

CxeMBl cnoMeHHS H BHIMHTAHHS Ha HaeanbHix QY. DTH cXeMbl
mobpaxensl Ha pHc. 4.18. B cxeMe HHBePTHpYIOMEro cyMMaTOpa TOK
I(s) Ba peaucrope cosmaer Haupsokemme I(s)R=—U,,(s). B cBow
o4epenb, '

1)=2 U &+ Us(5)+ U 0]

® , R

v

=

. N .
W) R 1 Igx() )
Ug (¥ - o
UBle (t) UBbIX (t)
Puc. 4.16. Jlorapdmupyronmii Kackax Pac. 4.17. ArTanorapadmEpyrompmii ka:
. Ha BaeansaoM QY ckaj Ha maeaasaoM QY
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Us(S) R,

) ' 6
Prc. 4.18. Cxema coxenns (q) n BermTamns (6) B2 HaeaasaoM OV

M031oMY Upix ()= —[U1 (s)+ U2 (s) + Us(s)]. B cxeme BeruTaHHS HOTEH-

[HaJ1 MEBEPTHPYIOMIETO BXOJa paBeH U7 =[U, (8) + Uax (8))/2. IToTER-

. Uy (s
[MaJ 1 HEHHBEPTHPYIONIETO BXOAa — U(+)=—329. Tax xax Bxogel OY

- +
BHPTYAJIbHO 3aMKHYTEIL, TO o= H, CIIEA0BATEILHO,

Unx (8) = U2(5) = U1 (8).

4.4. AKTNBHBIE ®MJILTPbI

Ipocreiimue RC-nemns, CBOACTBA KOTOPHIX OBUIH PaCCMOTPEHHI B IJL.
1, npeacTaBisioT coboil guabmpsl nepeo2o nopAOKA Npu yCA0SUU X0A0-
cmozo xoda Ha évixode. Ilogxmouerne RC-nenu xo Bxoay OY mo3sosis-
eT obecmeYnTh peXuM, OIH3KHA K XOJO0CTOMY XOJy H HOPH 3TOM OIHO-
BPEMEHHO MOXHO 00ecmedHTs HEOOXOMMMEIA K03 GHIMERT yCATICHHS.
Takoe coueranne OY ¢ RC-nennio o0pa3yeT akmusHbiti pusbmp.
Cucremuas ¢ymknus axrmBoro ®HY n-ro nopsiaxka d0JKHA
HMETh BHJ
K
K (s)= A [l (4‘5)
14 as+ass? + oot s

. .
rae K — xoabdunuenT yCAIEHERsS Ha NOCTOSHHOM TOKE.
OueBnanO, 4T0 M1 RC-pussmpa nepsozo nopaoka K (jw) mmeer BHA

K

. 4.6
1+jwRC (46)

K(jw)=

3pavyenue nocrosiHHoN Bpemend RC Moxer OHITH BHIOpano u3 TOro
yCIOBH, 9TO Ha YacToTe cpe3a K(wo)/K=1 /ﬁ. OTKyZa cpa3ly CIeaAyer,
910 we=(RC) ™. '
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i ——i—
R
U,(S) 2
Upux(S) R, ] E s
s}
Uax(s) —a
Ugen(S)
Puc. 4.19. ®HY nepsoro mopsgxa Ha Prc. 4.20. ®HY nepsoro mopsigka Ha
aneansaoM OV (HemHEBepTHpYROmMMHA Ka- pnearsaoM OY  (MEBepTHpYIOINHEi Ka-
CKaJ) CKaL)

Hns obecnevenus TpeGyemMoro ko3bGdHIEEHTa YCHIEHHS MOXKHO
noaxmoydTe RC-QuIbTp K BXOAy HeHHBEPTHpYIOMEH cxemMsl Ha OV
(puc. 4.19). Cucrempas dyrxuus GHIBTPa MOXeT OHITH HOIy4eHA H3
paBeHCcTBa NOTEHNHAI0B Ha BXogax OY

Uuels) _ Unax4) otkyna K(s)= K
14 RCs K’ Y 1+RCs

3amerEM S=jw # nonywm K (jw) B TOYHOM COOTBETCTBHH C COOT-
HomeRHeM (4.6).

Hpyroit BapuanTt cxemur ®HY nepsoro mopsiaxa ¢ HEBEPTHPYIOMEM
ycunuresneM u3oOpaxen Ha puc. 4.20. ITo analores ¢ pacyeToM HHBED-
THPYIOMETO YCHIIATENIS MOXHO 3aIIHCATh, YTO

Usx (5) Ryl 1/Cs Unx Ry
R, + Ry|1/Cs R +Ry)1/Cs

R
-, rae K= —=. Yactora cpe3a ¢uipTpa pasHa

Otxyna K(s)=
A ) 1+ R,Cs R,

wo=(R,C)™ 1.

Duabmpsi 6mopozo nopadka CTposTes MO0 HAa OCHOBE CXeM, B KOTO-
PEIX Hcmonb3yroTcs ciaoxaele nemd OOC, mbo ¢ Hcnmonb3oBaHHEM
nonoxaTenbHeX nener OC. IMpumep cxemur ®HY ¢ asyms meTinsmm
OOC m3obpaxen ma puc. 4.21. Ilepenarounyro Gyaknuoo GEIETpa
MOXHO IIONYYATH H3 ABYX ypaBHeHHH. IlepBoe m3 HuX BriTexkaer u3
ypasrenH#i Kupxroba ans ysna 4

[Unx (S) = UA]/RI = UACS+ UA/R + [UA —Upx (S)]/Rz

Bropoe ypaBBenHe cneyeT H3 yCIOBHS BEPTYaIbHO 3aMKHYTEIX BXOJOB
OV: Uy/R= — Uy, Cs. Ilocne npeobpa3oBanmii moaydam
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Useix(S)

Prc. 4.21. ®HY sroporo mopsaxa Ha HaeansEoM OV ¢ nsoitaoit metnet OOC

K(s)= X

b

2

1+(T+R2+R> Cs+ RRy(Cs)?
1

R
rae K= —;2 — x03(QbHIEEenT YCAICHHs HEBEPTHPYIOLIETO Kackana.
1

Axmusnplii usbmp ¢ nemaeil noAOHCUMEALHOU OC u300paxeHn Ha
puc. 4.22. B meTiio HOJIOXHTEIbHOH OC sexmouen xomaencarop C,
nermo OOC obpasyer aenmreas Ry, (K—1) R, rae K — ko3hdurment
YCHJIEHHMS Kacka/ia Ha HOCTOSHHOM TOKe. CrcTeMHYIO (yHKIHIO HalEM
m ypasrernit Kupxroda ans ysna 4

U (9)— Uy

Upax ()
=(U,4— Umx) CS+(U4— X )/R

H H3 YCIIOBHSI PAaBEHCTBA MOTCHIOHAJIOB HA BXOJaX oy

Uy Usnsx
1+RCs K
ITocne npeoOpa3oBanuil HOJIyIHM
K

K(s)= @.7

1+(3—K) RCs+(RCs)?

Duspmpul Gosee 8bICOKUX NOPAOKOE MOXHO MOCTPOHTE KaCKaIHBIM
coefHHCHMEM GHILTPOB HEPBOrO H BTOPOrO HOPSIKA. Hanpamep,
(HIbTP YETBEPTOTO HOPSIKA MOXHO HOCTPOHTH H3 JBYX IOCIENOBATE-
JbHO BKJIIOYEHHEX (HIBTPOB BTOPOTO HOPSKA, & GHIBTP TPETHErO
nopsiaka — #3 GHILTPOB NEPBOTO H BTOPOTO HOPSIKOB. B TaxoMm co-
eIMHEHUH CHCTEMHbIE QYHKIHH NEPEMHOXAIOTCS. Onmako peaaH3anus
AUX (manpumep, 0o barrepBopTy HIH Yeonmeny) TpebyeT BeIOOpa
3HaYeHMil MapaMeTPOB IEMEHTOB (GHILTpa B COOTBETCTBHH € COOT-
HOIIEHMSMH, anmpokcumupyomuma AUX.

PaccunTaeM guibmp Huxchux uacmom bammepsopma mpembe2o Nno-
padka ¢ dacrotoli cpesa fo=3 kxI'm. Ha pac. 4.23 m3obpaxena cxema
¢unsrpa. [lapamerpu K 1 K, — k03hQHIMEHTH yCHICHUS COOTBETCT-
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(K-1)R,
RI

R_ U R

p—if
+ UEle (s)
Us(S) c c
T I

Prc. 4.22. ®HY sroporo nopsaxa sa maeansaom OY ¢ Demsio mONoXETeNsHON OC

Byromux kackaaoB. Cacremnas ¢yuxnus ®HY Barrtepsopra Tpersero
TIOPAAKA B COOTBETCTBHA C Tabmn. 1.1 uMeeT BHI

K K
p+1 p*+p+1’

K(p)=

I'Ie p — KOMIIJIEKCHAsl 4aCTOTa, HOPMHpPOBaHHAsA K wy=(RC) !,

Buibepem C=0,01 mx®, Toraa R=ch 5,3 xOm. B coorBercTBEA
o

¢ dhopmynoit (4.7) u cucremuoi dynkuueir pmmrpa (3—K;)=1. Orkyma
K,=2. 3amernM, YTO HCHONHL30BaHHKE 3BeHa HHIBTPA BTOPOTO HOPsiiKa
C HOJIOXHTENLHOH 0OpaTHOH CBs3bIO TpebyeT TOYHO ONpeeNeHHOro
3HaueHus koabounuenTa ycunenus (B AaHHOM ciyuae pasHOro 2). 06-
i xoadduument ycunenns GpuibTpa MoXeT GLITH BHIOpaH H3 yCIOBAS
paboueit monocel mpomyckamms OY. 3amagmm K=K, K,=10%. Torza
K, =50. 13 AYX OV, paccunraruoi B § 4.2, cueayet, 4ro npu K;=50
yacTora cpe3a 3 kI'n nonmanmaer B nonocy nponyckanus OV.

Buibop 3navemmit pesucropoB R, H R; AOCTaTOYHO HPOH3BOJEH.
Onmako anst cHMMeTpHH BXOAHBEIX nemeii o6oux OV mo OOCTOSIHHOMY
TOKY OOBIMHO 327a10T R=R,||R, u 2R=R;||R, (B 3TOM CIly4ae Hayaib-
'HEIE TOKH BXOAHbIX TPaH3UCTOPOB OV He BHI3LIBAIOT CMEIMICHHS HyJs).
ITosromy, ecmm K;=50, Ry~R u R;=4R, 10 R,=52 kO™, R,=
=254,8 xOMm, R;=21 xOm, R,=21 xOm.

R=(K,1)R
Ro=(K-1)R, =Kz 1)Rs
RS
R R p—or
+ UBbIX(s)
“—E]ICT c c
Uy (S) T
T [

Prc. 4.23. ®HY TpeThero nopsaka ’
5-138 . 129



Taasa 5
HEJUHEWHBIE IEITA

5.1. ABTOTEHEPATOPEI TAPMOHUYECKUX KOJEBAHWHA

Asmozenepamopbl 2apMOHUHECKUX KOAebanuil NPeACTaBISIOT coboit
3JIEKTPOHHEIE [ENH, TpeodpasyroNHe 3HEPTHIO HCTOYHAKA IOCTOSHHOIO
HANpPAKEHHS B SHEPrHIO FAPMOHMHYECKHX KoeOarni. [Ipn sToM BO30yX-
JenHe kouebamuit npoHcXOAHT 6e3 BHEMIHEro BO3AEHACTBHS, B PEXHME
camoreHepanud WK camoBo30yxaenus. 1103TOMy OYEBHIHO, YTO B Ta-
KHX LEOsX ciledyeT pasfeNsTh Hpomecchl yCTAHOBIEHMs Konebamwit
A CTAIHOHAPHENA, BrojHe MOHATHO, YTO NEPEXOMHbIH HPONECC OT BO3-
HAKAIONHX CIyYaHHBIX KoseDaHHH (HampHMep, B MOMEHT BKJIIOYCHHH
reHepaTopa) K yCTAHOBHBIIEMYCSl CTAAOHAPHOMY xoJeOanrro HEH3MEH-
HOM AMIITHTYAL H 9YaCTOTHi B PEXHME CaMOBO30YXJACHHS BO3MOXKCH
TOJILKO B YCHIIHTEIILHOH CXEME, oxBaueHHOH mennio nojoxuarensaoi OC
(I10C).

Ionoxuremsuas OC Do3BONISET KOMIEHCHPOBATE NOTEPH, BO3HHKA-~
JOIME B IIENH aBTOrEHEpaTopa, H B OpPHHIHIIE, C €€ MOMOMIbIO MOXHO
obecreynTh CTAHOHAPHLIA peXuM reHepanme. Kcxols H3 OYEBHIHBEIX
¢u3paecKAx cooOpaKeHHi, MOXKHO CIHTATE, YTO AJI obecneyeHus CTa-
[OMOHAPHOIO peXMMa IEHEpalHA HeOOXOAHMO TaK pacciMTarh Lemb
[10C, uro6k1 Ha BXOA YCHIHTEIS C €0 BRIXOJAA HOCTyHalla 3JIEKT pHiec-
Kas JHEpPrHs B KOJIH4ECTBE, TOYHO KOMICHCHPYIOMIEM NOTEPH, BOIHHKA-
JOIME B ABTOTEHEPATOpE 33 CYET PE3HCTHBHEIX 3JEMEHTOB H NOJH
JHEprHd, OTAaBaeMoi B Harpy3ky. O4HAKO B HEPEXOJHOM HpoLECce OT
MOMEHT2 BO3HHKHOBEHHS MAJILIX CIy4aiBbIX KojneDaHHH J0JI SHCPrHH,
nocrynaromas or nenu [10C, momkHa OLITE HEeCKOJBLKO OoJIbIIe TOH,
yTo HeobxommMa IS TOYHOH KOMIEHCAmHH moTepb. B sToM ciyuae
Oyner obecneven poCT aMITTHTY /AL aBTOoKONe0anuii Ha BRIXOAE, APYr HMHA
CJIOBaMH, B IIENH regepaTopa 0yayT nOAAEPKUBATLCS YCTIOBHA CAMOBO3-
Oy aeHHusl — HApaCTaHHE aMIUIMTY.bL KoseOapuii Oe3 BHEIIHEro BO3-
neiicteass. C apyro# cTOpPOHEI, HAPACTAHHE AMIIMTYJEI KoJIeOanHs
JOJDKHO HEH30EXHO IPHBECTH K NOCTENEHHOMY CHHXXCHHUIO xoapdunuen-
Ta YCHJIGHHS CXeMHl 3a CYeT HENHHEHHOH 3ABMCHMOCTH MEX[y ami-
JMTYAO# KONeOaHHs HA BXO/JE YCHIIMTENS H €TI0 koapdunuenrom ycuie-
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HAsA. Taxum obpaszoM, mepexol aBTOKOAeOaHMN NelnH B CTAIMOHAPHKEIA
peXHM CBS3aH C HEJHHEHAHBIM OrpaHHUYCHAEM aMILTHTYALI KOIeOaHMi
B IIEPEXOAHOM peXuMe, obecneynBaromeM, B KOHEYHOM HTOTE, YCIOBHE
mepexojia K koiaebaHnio NOCTOAHHOM aMILTATY ALl TpeGyemMoe 3HaYeHHE
9aCTOTHI FTAPMOHHYECKOr'0 KOJIeGaHAS MOXKET OLITh JOCTUIHYTO HCHOJIb-
3oBanneM pemd 110C, umeromeit pe3ko BEIpaXXeHHYIO YaCTOTHYIO H30H-
patenbHocts. WHade roeops, mens IIOC B aBTOremepartope momkHA
06€eCeYuTh pacCMOTPEHHEIE BBINE YCIOBHA CAMOBO30YXACHHSA TOIBKO
Ha 9acToTe aBroresepanuu. CregoBaTtensso, nenbk 1I0C pomxaa npen-
CTaB/ITh COBOH BHICOKOROOGPOTHYH YaCTOTHO-H3OHpATENBLHYIO IElb:
mbo LC-xouTYp, MG0 RC-mens.

B TeopHHu aBTOreHepan¥d DPHHATO aHAIH3HPOBATH MX paboTy B He-
3aBHCHMBIX PEXHMAaX: HECTAMHOHAPHOIO PEXHMa YCTAHOBJIEHHS KOIe-
GaHMi H CTAIMOHAPHOTO YCTAHOBMBINErocs pexuMa. HecTanuoHapHRI
peXHM ONHCHIBACTCH HENMHHEHHBIM Ju(depeHnHaTbHRM YpaBHEHHEM
OTHOCHTEIbHO TOKAa MM HANpsXeHHs B aBTOrcHepartope. Pemenmem
YPaBHCHHA SBIISETCA BEJIHYHHA aMIUIATY/ALI CTAIIMOHAPHOTO KoJaeGaHus.

AHa/IH3 CTAHOHAPHOTO PEXHMA CTPOHTCH HA OCHOBE mpeAlOJIoxke-
HHS, 9TO YCIOBHA CaMOBO30YXAeHHA H YCTOHYHBO#A paboThI resepaTopa
BBIIOJIHEHHL. OTO MO3BOJAET CYMTATEL [EHEPATOP B CTAHOHAPHOM PEXH-
Me nHHeHHOH mempro. B sTOoM ciydyae K Hell DpHMEHHM KpHTEpHi
ycroiuuBocrn HaiikBucra.

PaccMOTpEM € 3TOH TOYKM 3peHHS CTPYKTYPHYIO CXEMY FeHepaTopa
(puc. 5.1), mpeacraBisromero co0oi yCHIHTeNb, OXBAYEHHHIH NENBIO

C

B stoit cxeme U, — aMIUIATYAa CT2HHOHRPHOTO KoaeOaHHs;
K(jo,), Koc(jow;) — XOMIUIEKCHbIE 9aCTOTHHIE XapPaKTEPUCTHKH YCHIIH-
tens ¥ nend OC Ha 9actoTe redepanue w,. CormacHo xpatepmo Haii-
KBHCT2, MMHEHHNH ycHIMTEnb OyAeT HeyCTOHYMB, NPYTHMH CIOBAaMH,
nemnb, H300paxkeHHas HA pUCYHKe, OyaeT caMoBO30yXAaThca Ha 9acTOTe
@, €CJTE HA JAHHOH 9aCTOTE BRIIOJHAETCH YCIOBHE

K(jo,) Koc (jo)=1. (5.1
Cootsomenne (5.1) MoxeT ORIThH TPeCTABACHO B BH/E JABYX ypaBHe-

HHH, DOJIy4YeHHBIX H3 YCIOBHS PaBEHCTBA Be-
IECTBEHHBIX B MHHMBIX 4acTeii B (5.1). O6o- ' Uner

3HaAYUM > r—d

K (jo)=K (@)™,
KOC (ja)r) — KOC ((Dr) ej¢oC(mr),

Koolio,)

Um, oc

rpe K(w.) — x0300dUIMERT YyCHIICHHS,

K i Pac. 5.1. CrpykrypHas cxe-
oc (0} — xoapbunmenT nepenaun nenu OC Mz ABTONOHEpITODE
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HA 9aCTOTE TeHepamEH, ¢ (®.), Poc(®w; — BHOCHMbIC YCHIHTEICM H
nemsto ITOC da3osrie capuru. Torna u3 (5.1) nomyuum

K(w;) Koc (@0)=1, ‘ (5.2
@x (W) + @oc (@) =2mn, rne n=0, 1, 2, ..., (53)

CooTtromenre (5.2) Ha3bIBaeTCA ypasHeHuem barawca amnaumyo.
Oxo onpesenseT 3Ha4eHne K0ohHIUEHTa YCHICHAS Ha 9aCTOTE reHepa-
MK B CTAIAOHApHOM pexame. K (0)=Kod (»;) ¥ D3eT BO3MOXHOCTH
Onpe/ieHTh 3Ha9€HHE aMILTHTY /bl CTAIHOHAPHOT O xoneGamus. Paccmo-
TpPHM € 3TOM TOUKH 3PECHHS MPOLECC DepeX0j2 TeHEPHpPYEMOro xoueba-
HHS K COCTOSHHIO CO CTammoHapHoi ammmatyjnod. Ha pamc. 3.30 mpen-
CTaBjieHa THIHYHAS 3aBHCHMOCTH KO3(QGHIHMEHTa yCHICHHS CXEMEI, H3-
obpaxeHHOH Ha puc. 5.1, OT aMILTUTY/LI BXOJHOIO HANpPSKCHHA. Kax
BHHO H3 pHC. 5.1, aMIUIHTya BXOJHOIO HANPSKCHHA PABHA aMILIHTY/E
Hanpsbkenns Ha Beixoge nem OC.

B csoro ouepent Unoc=Koc (@) Un, TRE Up — aMIUHTY A xomueba-
HHS Ha BHIXOJi¢ resepaTopa. B nepexoaHoM pexnmMe aMILIATY Ja xoneba-
gug HapacraeT 10 U,= Upc, HAOPSIKECHHE U,.oc HapacTaeT A0 3HA9CHAd,
IOpPH KOTOpOM KO3(QGHIMEHT yCHIIHTENs, COrjacHO pHC. 3.30, crameT
paBEeM K (0)=Ko¢ (w,). IToaToMy aMILIHTYa CTAIMOHAPHOrO KoJe-
Ganms MoxeT OurTs onpeneiesd KaK Upye=Koc (@) Unoca THE
Unocer — @MILIATYa KojJeOaHHs Ha BXOJE YCHIIHTENS, OpH KOTOpOH
K (0)=K5¢ (w;). Boone 65110 0TMEYEHO, 9TO du3smgeckuii cMmuica Ga-
JIaHCA AMILTATYJX COCTOHT B ToM, 4T0 1o nen# ITIOC Ha BXOX yCHIMTEIA
DOCTyDAeT 4acTh JHEPTHH C BHIXO/2, TOYHO KOMIEHCHPYIOIIAd NOTCpH
B 2aBTOTE€HEpaTope.

Vpasnenue 6ananca ga3s (5.3) 03HAYAET, ITO NOJIHLIH (a30BBIA CABAT
B ycumareie ¥ nenr OC pomxeH OHITh paBeH HyIIO AIM KpaTeH 2m.
Jlpyrumu cioBaMu, ypapHeHne 6ananca da3 TpeOyeT BLIIOJIHEHUS YCII0-
Bas monoxuteasHoi OC. Kakx sunuo u3 (5.3), ypaBHEHHE ONpENeaseT
3HaYeHHe YaCTOThH IeHepaIaH.

Jlanee paccCMOTpHM OPHMEPHl PEAM3ANHH rapMOHHYECKHX aBTOre-
HEpaTOpOB H NOKaXEM ONpENEISIOMYIO POl Gananca aMIIETY B da3
JUIS CTAIHOHAPHOTO PeXHMa paboThL.

5.2. LC-ABTOTEHEPATOP HA OIIEPAIIMOHHOM YCUJIUTEJIE

Ha pmc. 5.2 DpencrasjieHa cxeMa IEHEpaTopa Ha OVY. ILlenn OC
npencrabisieT coboii LC-kone6aTensHb KOHTYP. Kak crepyer u3 pH-
cyHKa, K0obbuuenT ycunenns K onpeleseTcs nenbio OTpHUATETLHOR
OC, BxIroucHHON HA HHBepTEpylomE# BXoA. Pesmcrop R orpensger
mi3kooMHBIA BEIxog OV oT koHTypa. IlpH yciosum, 9T0 R>R,, ero
MOJHO CYATATH BKIFOUCHHLIM NapalJIeIbHO KOHTYPY H, CI€0OBATE/IBHO,
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uft)
WG
Harpyaka

L

Pumc. 5.2. LC-apToreneparop na OV

pe3ucTop R ompelensieT €ro 3KBHBAJCHTHYIO AOGpPOTHOCTL. B janHOM
cxeMe HanpsokeHHe oOpaTHOM CBS3M u(f) CHHMaeTcs ¢ KOHTYpa H IIO-
AaeTcs Ha HeMHBepTHpyromui Bxon OY. Kak BHAHO H3 pHCYHKa, B CHIITy
BHPTYaJbHOH 3aMKHYTOCTH BX0noB OV, u,., (f)=Ku(f). CiepoBaremn-
HO, TOK, NOJXTEKAIOINHAH K y3ay A, onpee/sieTCS PA3HOCTBIO DOTEHIM-
anoB Ha R u pasern [(K—1u(f)]/R. Qns y3na A 3akon Kupxroda naer

ypaBHEHHE K=Du@®) _ a0 41
R T AL

fu (9 dt. IIponubdepennupoBaB obe

YaCTH YpaBHCHHS, HMEEM

K—1) du(s d%u(@) 1
(K-1) u()=C '_‘()+—u(t).
R de di? L
1
Beenem 0603HaueHHsS: —— =y — pe30HAHCHAS YACTOTA KOHTYpa
LC
(1-K) )
SR = Ko3(punuesT 3aTyxaHus. Toraa mocie HECIOXHBIX Ipe-
obpa3oBaHuil DOIyIHM
du(t du(s
-d"—f) %0 | wu(t)=0. (5.4)
! !

Haiinem pemeHre 3TOro ypaBHeHHs, [UIs 9€r0 3AIMIIEM XapaKTepH-
CTHYECKOE ypaBHEHHE s°+2ys+@i=0 B OmpelelHM €ro KOpHH: §;,=

= —y+j4/0f—y. Takum o6pa3oM, pemicHHEe YpaBHEHHS (5.4) MOXHO
3aMHCaTh B BHJE u(t)=Cle"’+ C,e™. Ucxoas U3 HAYAIBHOTO YCIIOBHS
u(t=0)=0, nonyunm C,=—C, IloacTaBuM 3HaueHHS KOpHEH s, H
53 B u(t), o6osnaunm C, = U,, Bocnoab3yemcs Gopmyioil Jilnepa u no-
JNIYYEM pellleHHE ypaBHeHHs B BuAE 4 (f)=Une " sin (f+/wZ —y2).

B 3aBucumocTH oT 3HaueHHs y popmMa Konebanus OyaeT pa3nUYHOM.

Ipu y<0, uto cooTBeTcTBYeT K> 1, KOonebanue OyneT HapacTaromuM
no amuutyzse. OueBHAHO, C TEYCHHEM: BPEMEHH OHO OyIeT OrpaHMv4eHo
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HeJIAHEHHOCTBIO YCHIIMTEILHOH XapaKTEePHCTHKH OV, 4ro B IHMHEHHOH
3ajade He MOIJIO HAWTH OTPAKCHHAA.

Cny4ait y>0 TeXHHYECKH HE PERJH3YEM. OH cOOTBETCTBYET 3HA4Ye-
mio K< 1, ogsako GpopMalbHO Ha BRIXOJ/lE reHepaTopa OyaeT 3KCOOHEeH-
MEAILHO 3aTyxaromee konebaHue.

IIpu y=0, ato cooTBeTcTByeT K= 1, Ha BEIXOJIe resepaTopa Oyzer
JeACTBOBATH TAPMOHMYECKOE KOIeOaHHE U ()= U, sin wgt. MoXHO noKa-
3aTh, 4TO 3TOT CIy4ail OTBEYaET YPABHCHHIO Gananca amiiaTyq H Ga-
1anca ¢as. JledcTBATENLHO, B paccMaTpUBaeMO¥ CxeMe BCE HANPSAXKCHHAC
¢ KoneGaTenpHOro KoHTypa (¢ Harpy3ka OY) moCTynmaeT Ha BXOZ oy,
cienoBaTenbho, Koc=1. Takum oOpa3oM, ypaBHCHHE fanasca amm-
JIATYI B 3TOM ClIydae BLIIOJHSAETCH, TaK KaK K=1 n, cnenosarenbHO,
KKoc=1. Ycnosue Gananca ¢a3 BHIIONHSETCA BO BCEX TPEX caydasx,
TAK KaK YacTOTa TeHepHPYEMBIX koineGammii GiH3Ka K Wy — PE3OHAHC-
HOM 9acToTe KOHTypa. Ha pe3oHaHCHOH JaCTOTE KOHTYD 3KBHBAJICHTEH
AXKTHBHOMY COIPOTHBJICHHIO H, CJIE10BATEIIbHO, DOJIHLIMA (a30BLIA CABAT
B nenn «OC — HeHHBEPTHPYIOIMEHA BXO] OY», paBeH HYJIO.

TakaM 06pa3oM, paccCMOTpEHHAs CXeMa Npe]CTaBiIsCT cobolt mpH-
Mep aBTOreHepaTopa rapMOHHIECKOro xose6anms. J{is caMoBo30yxe-
HHg noTpebyeTcsd BHIIOJHHTE CXEMy C xo3huOueHTOM YCHICHHS, HE-
CKOJILKO GOJIBIIHM eTHHHMIEL, C DOCIEAYIONMM CHIXCHHEM 10 SHATCHUS
K=1 32 CueT HeJHHEHHOCTH YCHIHMTEIbHOM XapaKTepPHCTHKH oVv.

5.3. TPEXTOYEYHBIE CXEMBI LC-ABTOT'EHEPATOPOB

IIpakTHieckHe CxeMel LC-aBTOreHEpaTOpOB 1acTo peam3yoTCs
B BH/EC TPEXTOYEHHBIX CXeM C HCHOJb30OBAHHCM ycAIHTe/IeH Ha OJHOM
tpam3ucrope. CTPYKTypHas CXxeMa TakKoro reaeparopa p300paxeHa Ha
puc. 5.3.

Ha pucyuke X,, X; B X3 — peakTHBHbIC CONpPOTHBIICHHS HIEATbHEIX
LC-3nemenToB. Takoe JODYIIEHHE BIOJHE ONPaBJdHHO IOTOMY, 9T0
3KBHBAJIEHTHYIO 100poTHOCTE LC-KOHTYpa GyJeT onpenenaiaTh BXOJHOS
CONpOTHBJICHHE YCAIIHTEIS.

PaccMOTpEM BO3MOXKHOCTH BBHINOJHEHHS YCJIOBHS fananca ¢a3
B paccCMaTpUBaeMOM Cilydae. BHe 3aBHCHMOCTH OT TOTO, KaKo# yCHIIH-
TeJIb (MHBEPTHPYIOIIMH HIH HEHHBEpPTHPYIOIIHH) HCIOJIL3YETCHd B JaH-

X3

Pumc. 5.3. CTpykrypHas CxeMa TPeXTO4eIHOIO LC-renepaTopa
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T.T

a) 6)
Prc. 5.4. Tpexroueunnle cxeMH (g, 6) TeHEpaTOPOB C HHBEPTHPYIOIMIAM yCHATEIEM

HO#M CXxeMe, TpPH peakTHBHBIX dJeMeHTa X, X; H X; obpa3yrotr Komeba-
TeJbHHIA KOHTYp, Ha pPE3OHAHCHOM 9acToTe KOTOPOrO BHIIOJHAETCH
cootHomenue X;+ X;+ X;=0. Ilenr OC o6pazoBana nejmTeneM Ha
anemeHTax X,, X,. IIpu ycnoBuHd, 9TO BXOHOE CODpOTHBIICHHE YCHJIH-
Tens Gonbmie, 94eM |Xo|, koaddunuent nepenasu nenn OC onmpenenser-
¢}
X+ X,

¢azoselil casur, BHocuMelil OC i BEIDOJHEHHS yCinoBHA 6Gayanca
¢a3, 6yner onpenensrbed Ga3oBBIM COBUTOM, CO3AABAaEMBIM YCHIIH-
TeJeM.

PaccMOTpEM TpexTOYeUHYIO CXeMY C HHBEPTHPYIOIUM yCHIIMTEIEM.
B sToM cnydae nens OC gospkHa co3aaeaTh (a30BLIA CABHT, PABHEIM T,
H TOTAa pe3yJbTHPYIOmHi Ga30BuIi caBHr B cxeMe «ycwmTenab — OC»
Oyzer pasen 2nm. Takag BO3MOXHOCTh peajiM3yeTcs B Ciaydae, €CIH
X; 1 X; — peakTHBHHIE 3JIEMEHTEl Pa3HBIX 3HaKOB, H X;>X>. B stom
Clly4ae yCIOBHE pE30HAHCA MOXHO BLIIOJHHTb TOJIbLKO NpPH YCIOBHH,
910 X; B X; — 3JeMeHTHI OoAHOoro 3Haka. TaxuMm 006pa3oM, yCIOBHe
6ananca (a3 B TpexTOYeYHOM CXeMe C HHBEPTHPYIONIMM YCHJIMTEJIEM
BBHIOJIHAETCA B CX€MaXx, H300paxeHHbIX Ha pHC. 5.4.

Tak kak yciosee Oananca (a3 BHIIOJHAETCH Ha pe30HAHCHOH 4acTo-
Te KOHTYP2 y, TO B 9aCTOTa FeHepupyeMOoro Koiaebanus paBHa o, = w,.

B TOM ciy4ae, ecH yCHJIHTEIh HEMHBEPTHPYIOIIMH, TO /U1 Gananca
¢a3 Heobxoqumo, uToOn nens OC He BHOCHNA (pa3zoBoro casura. ITo
ycnoBue Gyner BHIIONHEHO, ecid X, 1 X; ogHOrO 3HaKa. Toraa o4eBHA-
HO, 910 X; JIOJDKHO HMeTh NPOTHBONOIOXHKEIH 3HaK. COOTBETCTBYIOIHE
Bapm;nSTm CXeM ¢ HEHHBEPTHPYIONIMM YCHIIHMTEIEM HPEICTaBjeHLl Ha
puc. 5.5.

cq caenyronmM obpazom: Koc (@)= . OueBunno, 910 TpebyeMbiit

a) 6)

Prc. 5.5. TpexTodeunhe cxeMhl (@, §) TeHEPATOPOB C HEHABEPTHPYIOIAM YCHIHTEIEM
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5.4. RC-ABTOT'EHEPATOPbI

B Quana’3oHe CPAaBHATEIbHO HH3KHX 9aCTOT B Ka4ecTBE 1aCTOTHO-
mGupaTemabx neneit OC B cxemax aBTOrCHEPATOpPOB acoob3yoT RC-
penn. PaccMOTpHEM [Ba THIHIHEIX BHAQ RC-aproreseparopos. Ha pxc.
5.6 ppHBe/ieHa CXeMa reHepaTopa Ha ov.

Ha HeHHBEPTHPYIOIINH BXOJ{ YCHJHTENS EPE3 RC-nenb (MocT Bana)
HojaeTcs HAmpsUKeHHE MOJOKHTEIbHOHR obparsoii ca3d. Ha HHBEp-
THpYIOIIHA BXOJ BKIIOYCHA NEOb OTpHNATEILHOR OC, ompenensaromas
xoahdumuent ycminenns. Hadnem 94CTOTHHIE KO3(hGHMHEHT Hepefaid
pmemn I1IOC. Kak BEAHO M3 PHCYHKA, Koc (jwo) onpenensercs NENCHAEM

BBIXOJHOTO HaOpsgXeHAd MOCTOM Buna

(1/jwe)| R

Koc (j0)= (R+1/jwc) +(1/jwo)| R

IIpeoGpasyem HOTyIeHHOE BHPAXKEHAE B IPUBEIEM €I0 K BHAY
o
1—(wr)* + 3o

Koc (jw)= , tne 1=RC.

Tenepb BOCDOJIL3YEMCS YCIOBHEM caMoBO30yXJcHHS B CTAHOHAD-
HOM pexXHMe paboTHl aBTOreHepaTopa (5.1) # 3anHNIeM ypaBHCHHE

jortK
Koc (jo) K= =1
oc (jeor) 1—(@1)* +3jot

Ortcroaa cieayeT COOTHOIIECHHE
1—(w0,1)2 +jw,r (3—K)=0. ' (5.5)

IIpupaBHEBas HyJIO BEECTBCHHYIO H MHHMYIO vacty B (5.5), Hai-
€M 9acTOTy reHepanuu B Tpebyemoe 3HAYEHHE xo3d¢HrIEenTa ycHie-
s o, =1 '=(RC)"!, K=3.

Jlns ycTaHOBJIEHHS PeXHMa CTANHOHApPHLIX xonebanuii koaphunm-
eHT YCHJICHHS IOJDKEH GHITh 60JIbIIE TPEX. Ho B nanHO# cxeMe onepans-
OHHBIH YCHJIATENb OXBAa4€H NENbIO OOC, koTopas 0OJHO3HAYHO Ompene-
nseT ko3b@unuenT ycHiacHAs. TakuMm o6pa3oM, B YOPOIEHHOH cxeme
resepaTopa, B306paxeHHo# Ha PHC. 5.6, DO CymecTBy HE BBRIIOJIHACTCH
ycaoBHe CaMOBO30yK/ICHHS K>3 ¢ moclieAyoIuM CHYKCHHEM J0 K=3.
B mpakTmiecKHX ciydasx Ui 3TOM NeJH HCHOJb3yeTCd JHHAMHUICCKOC
yopaBiesEe KO3(QOHIEEeHTOM yCHICHAS yCHIATCIIA.

Ha puc. 5.7 mpHBelcHA CXeMa aBTOIEHepaTropd ¢ JHHAMHAYECKHM
yopapienseM Ko3hGHUMEHTa yCHICHHA. Kax BaHO M3 PHCYHKZ, pe3u-
cTop R, IIYHTEPOBaH CONPOTHUBICHAEM BCTPOCHHOIO K4HaJla IOJIEBOro
tpam3mcropa. Ha 3aTBop TpaH3ucTOpa DOAACTCH BBOIPAMIICHHOE Hanps-
JKeHHe, CHIMAeMOe C BRIXOJ1a FeHEpaTopa. B MOMEHT BKJIIOUEHHS aBTO-
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I1 1
L1} L]

C R

p—=f
R c UMBbQ(
(K-1)R,
R1
Prc. 5.6. Cxema aBToremeparopa ¢ Mo- Prc. 5.7. Cxema reHepaTopa ¢ JEHAMHYEC-
croMm Brra KAM ynpapieEneM kodpdmmmeRTa ycmnue-

gas OV

TreHepaTopa HampsDKEHHE Ha €ro BXOJAE Malo, HANPAXEHHE HA 3aTBOPE
6JIM3KO K HYJIO H CONPOTHBJIEHHE KaHaaa Maio. OHO MIyHTHPYET pe3n-
crop R, u teM cambim cHEXAET Koc nenn OOC. [ToaTomy B Ha9aIbHEIR
DepHOJ BO3HHKHOBEHHS KoJieOaHHiM yClIOBHS [UI1 HX HapacTamus 6yayT
BBINOJHEHH!, Tak Kak K=K5d >3.

C yBenmyeHHEM aAMIUIMTYIHI KojeOaHAs HanpspkeHHE HA BBIIPSIMH-
Teje pacreT OO HOJHOrO NepeKprTHs KaHana. Beienctswe atoro co-
OPOTHBICHHE KaHANA CTAHOBHTCH MHOrO Ooibimie R; H aBTOTEHEpPATOp
DEPEXOAHT B CTAIMOHAPHKIA pexuM aBToKoseOanui ¢ TpeOGyeMbBIM 3Ha-
yegweM Ko3pdunmenTa ycuwnennd (K=3). [lusamuyeckoe ynpapiicHHE
ko3¢bdunresToM ycunennss OY obecnevunBaeT BHIIOJIHEHHE YCIOBHS Oa-
JaHca aMIUIETYH 0e3 3axoja Ha HeJMHEeHHBIM Y4ACTOK YCHIHMTEIBHOH
XapaKTEPUCTHKH ONEPANUOHHOTO YCHIIMTENS.

B cxeme aBToreseparopa ¢ HHBEPTUPYIOIIMM YCHIIHTE/IeM (HanpH-
Mep, cxema ¢ OD) o6LIMHO HCOOJIL3YeTCHd MHOTO3BEHHas Ga3zocaBHra-
rmag RC-nens. Ha puc. 5.8 npuBeneHa cxeMa aBToOreHepaTopa ¢ Tpex-
3BedHol RC-pensio.

ByneM cYMTATB BXOAHOE CONPOTHBICHHME YCHIHTENS NOCTATOY-
HO GonpimmM, 4To0Hl MOXHO OnUIO mpeHebpedb ero MIyHTHPYIOIMHM

V)

m,oc

U, Us
C C C K Z
Um,eb/x
R R R

Puc. 5.8. RC-remepaTop ¢ HHBEPTHPYIONIAM YCHJIHTEIEM
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neiictBueM. O6G03HAYHM BCIIOMOTATEJLHBIC NOTCHIHAIBI U, Up (cM.
puc. 5.8).

Torza B COOTBETCTBHH C PEUCYHKOM M IPHHSTAEIM JONMYIICHACM MOX-~
HO 3aIHCATh

. UpR jot
m = = U , 56
Unoc R+1joC " 1+jor (56)
rae t=RC.
3amameM ypapaenue Kupxroda mist y3i10B 4 H B
04 y3ra A
. U
JOC (U — UA)=7:— +joC (Us—Us);
0aa y3aa B
Us Up
i U,—Up)=—+—.
JoCUs—Un="% T R+ 1j0C

W3 31X ypaBHEHHH MOXHO HAUTH BCOMOTaTe IbHBIM noTeHman Up

Up= — U’ Q +jwr) (wr)? .
1-6 (cu‘r)2 +j(5wt—~ (arr)a)
Un
YacroTHbli K03(QOHIEEHT Tepeays NCnH OC pasen Koc (jw)= v o

IToncTaBuM DOJyYeHHOe cooTHomenne it Up B (5.6) m mocne npeob-
pa3oBaBHi DOJYIHM

o j@y’
Koc(w)=—1— 6(wr)? +j (Swr—(wr)?)

VcI0BHe BO3SHHKHOBEHHS CTAIMOHApPHOIO xone6anus Koc (jo)K=1
OpPHBOJHUT K YPABHCHHIO

1— 6(w,7)? +7[5(w,7) — (w1)* (K—1)]=0.

ITpupaBHHBas BEINECTBEHHYIO H MHHMYIO 4aCTH 3TOIO BRIPAXKCHHS
HYdI0, Ha#JEM, 9TO
1
w,=—3 K(w)=-29.
61

Jlns Hauana mponecca camMoBo30yKaeHHS geobxonumMo obecnednTh
xo30dumuenT ycuienus K>29, a mocieayromee HApacTaHAC aMILIHTY-
nel koJieOanus JOJDKHO OrpaHUYMBAaThLCH HEJIMHEHHOM YCHIHTEILHOH
XapaKTEPUCTHKOM C COOTBETCTBYIOMUM CHUXKEHUEM YCHIICHUA [0 3HAMC-
gus K=29. Ecnu daszocasuraromas RC-1ens COJEPXKUT HCTHIPE IBCHA,
to K> 18,4, nats 3senneB — K>15.4.
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\ 5.5. YCWJINTEJIA MOIHOCTY

Beaxuii ycrimTens sBasercsa ycumaTeaeM Momubocre. OnHako B coe-
OUAJIbHYIO TPYHONY BBLACISIOT YCHIIMTENH, JUIS KOTOPRIX OCHOBHEIM [a-
pamMeTpoM siBisieTcs ofecneueHHe 33 aHHOTO YpPOBHS MOIIHOCTH B Ha-
rpy3ke. Harpy3koii B GOJBLIMECTBE CIy4acB SBJISSETCS AKTHBHOE CO-
OpPOTHBIEHHE R,, KaK DpaBHIO, Majioe NO 3Ha4YeHHI0. Takod Kjacc
YCHIHTENIEH HA3RIBAIOT YCUAUMEAAMY MOWHOCMU UAN MOWHBIMU YCUL-
meaamu. O61aCTH HCHOIB30BAHAA MOIIHLIX YCHIIATENEH BEChMa Pa3HoO-
06pa3HbLl OT HA3KOYACTOTHHIX BHIXOJHBIX YCHJIMTE e ayquoanmapary-
PEL 10 BLICOKOYACTOTHRIX YCHUIATEJIEH paJuonepenarolei annapaTypsl.
Onn aBnsIOTCA 0OGBEKTOM HEXECHEPHOM pa3pabOTKH CoenuaEucTOB B 06-
JacTH paamo3iekTpoHukH. Ilosromy B 3TOoM maparpade paccMoTpEM
OCHOBBI IIOCTPOEHHS CXEM YCHIIMTEIeH MOIIHOCTH.

IIpexpe Bcero ciepyer mMeTh B BHAY, 94TO aGCOIOTHOE 3HAYCHHE
MOIIHOCTH B HATPY3Ke MOXET JOCTHraTh OYeHb GONBLIINX 3HAYCHHIA: OT
IOEeCITKOB JO MHIJIHOHOB BatrT. Pazymeercd, uro OmpoispHme TpaH-
3HCTOPH 3aHAMAIOT CBOE MECTO B 3TOH HepapXHH ypOBHEH MOIIHOCTH,
OrpaHHICHHOM COTHSIMH BaTT. XapaKTEPHCTHKH MOINHKIX TPAH3HCTOPOB
6e3ycIOBHO HMEIOT CBOHM OCOGEHHOCTH M mpeXxAe BCEro CIENyeT OT-
METHTB 3aBHCHMOCTH KO3 dHUIMHEHTa YCHICHAS IO TOKY f OT CHJIKI TOKa,
IPOTEKAKIIETO Yepe3 TpaH3ucrop. [Ipu GombIEX TOKAX, a B MOIIHEIX
YCHIIMTENAX CAJa TOKa B pabodedl TOYKE MOXET JOCTHraTh JECATKOB
aMrep, TPYAHO OOECHEYHTh BHICOKYH 3(0(eKTHBHOCTh 3MHTTEPa, TakK
KaKk BO3pacCTaeT ALIPOYHAS COCTABIIMIOIAN MOJHOrO TOKa 3MHTTEpa (B
n-p-n-TpansHcTope). EcTh m eme psn ocobGeHHOCTed, KOTOpPHIE HEOD-
XOAMMO YYMTHIBATh OPH pacyeTe MOIIHBIX YCHUIATENEH Ha GHIOJISpHBIX
TPaH3UCTOPAX.

IlomuMo BenmYMHEI YPOBHSA MOINHOCTH B YCHJIHMTEISX MOIHOCTH
ocoboe 3HaYenHe npuobperaeT ko3dduyuenm noaesnozo deticmsua (n).
OueBHHO, 9TO B TAaKOM KJIacce YCHJIHTEJEH MOIUHOCTh B HArpy3Ke
IHOJDKHA OEITH COM3MEPHMOHR C MOIIHOCTLIO, NOTpedIsieMOl OT HCTOY-
HuKa nuTapug. KIIJ{ ycuimTene#l MOINHOCTH ompeje/iieTCd B PeXHME
TapMOHHYECKOTO CHI'HAJIa, TOJAHHOTO HAa €ro BXOJi, KaK OTHOIICHHE
MOIIHOCTH OCHOBHOH rapMOHHKH B CIIEKTPE BRIXOJHOIO CHI'HAIIA, BRIJIE-
JiseMoM B Harpy3ke R, K MOINHOCTH, DOTpeOnsieMO#l OT HMCTOYHHKA
IOHTaHAS [0 NOCTOSHHOMY TOKY (IOCTOSIHHO#M COCTABJIAIOIEH B COEKTPE
BeIXOjHOro cursana). KonudectBennas onenka 3Hadennms KIIJ| moxer
OBITh crenasa JUIg KOHKPETHOI'O THIA YCHIIATENEH.

B oT/m4pe OT MaJIOCHTHATBHLIX YCAINTENIEeH B Ka4eCTBEe yCHIATEIeH
MOIHOCTH HCHOJIB3YIOTCA B paBHO# cremenm cxemul ¢ Ob, 032, OK.
Bri6op Buma ycuimTe1bHOM cxeMbl cooOpa3yeTcsd ¢ pa3IMYHbIME (DyHK-
IHOHAIILHRIME TpeOOBaHMSAMH, NPEABSBISEMBEIMH K KOHKPETHOH pas-
paborke ycunurens MmomHocTd. OZHAKO B CHIIy MAJIOrO 3HAYCHHS
Ry B cxemax ¢ Ob u OD wmcnomm3yoT TpanCHOPMATOPHYIO CXeMy
BKJIFOYEHHS COPOTUBJIEHHUS HATPY3KH B KOJLIEKTOPHYIO nenb. Ha puc.
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5.9 ppHBejieHa IPHHIMNHAATILEAS CXeM2 TpaHchHOPMATOPHOrO yCHIATENISA
po cxeme ¢ 00.

Bxonuoi#i TpaBcopMaTop pa3fensieT NOCTOSHHYIO M DEPCMEHHYIO
COCTaBJISIONIYIO IPeJIIECTBYIOIIETO Kackaa. Kpome Toro, ¢ ero nomo-
b0 OCYINECTBJISIETCH COTJIACOBAHHE BXOJIHOrO CONPOTHBIICHUA yCHITH-
Teas ¢ BHIXOXHBIM CONpPOTHBJIEHHEM HCTOYHHKA CHrHAJIA. BrxoHOR
TpaBchopMaTOp TpaHCHOPMHEpPYET Majioe conpOoTHBJIEHHE Ry, HOJKIIO-
yeHHOE K BTOpHYHOM OOMOTKE, B CONPOTHBIICHHE Ry=n*Ry, rne n —
koaddunmenT Tpanchopmanuu. Pe3HCTOPEI R, m R, obpa3syroT 4epe3
BTOpHYHYI0 OOMOTKY BXOJHOrO TparchopMaTopa JeJHTeIr B NCHH
Gasnl, 3aMaloNMi noTeHnHuan Ha ba3e B pabodedl TOUKE.

Llenp mOCTOSHHOIO TOKa, 3ajaromas poJioxeHAe paboded TOY-
KH, DOKA3aHHAsd Ha PHCYHKE, OTJIHIAETCH OT CXCMEL MaJIOCHTHAaJILHOT'O
yCHUIATENd, OpeXae BCEro, OTCYTCTBHEM pesucropa R, (cM. pHC.
3.26). Takoe OT/IHYHE OOBACHAETCA TEM, 9TO NPH CHIC TOKa 3MHTTEPA,
6IM3KOr0 IO 3HAYECHHMIO K HECKOILKEM aMIIEpaM, CONPOTHBJICHAC PE3M-
cropa R, a2 3HAYAT H JEJHTEIL B LCJIOM, JNO/DKHLL ObUIA OBl HMMETh
MaJise 3HAYeHHs. DTO OPHBEIO OBl K PE3KOMY YBEJIHYCHHIO poTpebie-
HHY MOINHOCTH IO NOCTOSHHOMY TOKY B paboueit Touke. B cxeme
MOIIHOTO YCHJIATENH PE3HCTOp R; HMEET OYCHL HH3KOC 3HaYeHne Co-
pporusienns (20..50 OM) H pO3TOMY IIYHTHPYET Tgo, obecnevHBas
TpeOyeMyIo TEMIEPATYPHYIO cTabmm3anuio. ba3oBuii TOK B pabodeH
touke I, 3aaeTcs pe3HCTOpoM R, depe3 BTOPHIHYIO 0OMOTKY BXOJ-
goro Tpaschopmaropa.

Pa3m9aloT DPUHIMIAAILHO Pa3HbIE PEXAMBI pabOTHl yCHIHTEL
¢ OD: MHEHHELN (AIH peXEM A) B HeIMHEHHBIA (pexuM C OTCEIKOH
KOJLIEKTOPHOTO TOKa: pexumul B, AB).

Jlumeiinnii pexum paboTsl. OH HEdeM He OTIMYAETCd OT paboTthl
MaJIOCHTHAILHOrO YCHJTATES. Y IpOIIEHHBIA BH/I BEIXOAHBIX BAX ycn-
naTens m3obpaxes na puc. 5.10. :

Hax/oH Harpy304HO# OpsAMO# TPaHCHOPMATOPHOIO YCHJIMTEL no
DOCTOSIHHOMY TOKY OIpeJie/IIeTCs BECbMa MAJILIM 3HAYCHACM COUpPOTHB-

. . Up—Uxa
JeHns DepBHYHOH OOMOTKH BBIXOAHOIO TpagchopMarTopa: L=—"—"".
Trp
+U,
R, Ry
[ T1
T2
Umax
RZ

Pac. 5.9. TpaachopMaTopHas cXeMa BKIOYEHAS HAIDY3KH B KOJUIEKTOPHYIO LIeTlb
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t
Pac. 5.10. Pexam A 1paschopMaTOPHOrO YCHIMTEL

IToatomy marpy3ounas npsiMasi MAET NPAKTHYECKH BEPTHKAILHEO H €€
nepecevenne ¢ BAX Tpam3ucTopa, cooTBeTCTBYIOmER paboyeMy 3Haue-
HHIO CHJIBI 6a30BOro 710Ka Ij,, OUpeNeIseT HOJIOKEHEE pabouell TOYKH
B pexume A. OJHako OpH H3MEHEHHH BXOJHOrO CHIHAJIA BO BPEMEHH
paboyass Touka M3 HCXOAHOIO NOJOXEHHS OyIeT CMEmaThCcsi BIOJb
OHHAMHAYECKOR OpssMOH (BAaKJIOHHAs npsMas), HAKJIOH KOTOpo# Gyuer
ONpENenAThCA 3HAYCHHEM TPAHCHOPMHPOBAHHOI'O CONPOTHBICHHS Ha-

I'PY3KH, TaK KaK iK(t)=~u-K§(—t). Takum o6pazom, BRIGOPOM 3HaYeHHS Ry
H
MOXHO H3MEHSTh HAKJIOH JHHAMHYECKOH HPSIMOH, mpoxoasme# depes
pabodyro TO4Ky 4, H TEM CaMEIM PEryJdpOBaTh JHANA30H H3MEHEHHS
Uk (t) 7
OcBOBHOE JOCTOHHCTBO Kackajga ¢ OD 1O CpaBHEHHIO C KACKAJAOM
¢ OB cocrout B 6osbmemM Ko3bQHIMERTE YCHIEHHS 0O MOIMHOCTH, TaK
KaKk Ko3(hHIMEHT YCHIICHHS 0O HANPSOKEHHIO OOOHMX K4acKajoB OJH-
HAKOB, a4 yCHJIEHHE mO TOKy B cxeMe ¢ OO B M5 pa3 Goasmie, yem
B Kackaze ¢ OB. Ogmako cxema ¢ OD maer 60nbIIHEe HelIMHEHHRIE
HCKaXCEHHS, 00yCIIOBJIEHHBIE CHIIHHOM 3aBHCHMOCTBIO /1213 OT CHJILI TOKA.
Onenrm MakcHMabBEO gocrixumoe 3Hadenne KIIJT (17) B pexume A.

P.n
B cooTsercrBHE ¢ onpeneneHnreM "=T; rie P.y — MOINHOCTb Iap-
0

MOHHYECKOI0 CHTHAja, BhleaseMasi B Harpyske, Py — MOIHOCTb, IIO-
TpebisieMas 00 HOCTOSHHOMY TOKY.

Kax Bagno u3 puc. 5.10, P . B TPAHCHOPMATOPHOM YCHIIHTEIE
B pexuMe A IPH MaKCHMAaJIbHO JONYCTHMbIX 3HAYEHMSX KOJUIEKTOPHOrO
TOKA M HANPSOKECHEHS PaBHA

1 1
P~Hmax=5- mxslmx<5_ Unlk 4.
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B cBoro ouepenn, Po= Upli 4. TaxaMm 06pazoM, Nmax < 50%.

v Ik
B TeopHH yCWIATEleH OTHOICHHE — =) HA3HIBAIOT Kosgpuyuen-
K4

Umks

MoM UCROAb308AHUA MOKA KOAAeKmopad, a = ¢ — koapduyuenmom
)i 8

UCNOAb308AHUA KOAAEKMOPHO20 Hanpaxcenun. C ydeToM 3THX obo3maye-

mi 7=0,5y. B pexume A: Epax=1, o< 1. B HeTMHEAHHIX e ax

MoxHO obecnednts y> 1.

5.6. MOIIHBIA SMUATTEPHLIM IIOBTOPUTEJD B PEXUME A

Cxema ¢ OK (3MHATTepHEIH HOBTOPHTE/b) KaK YCHIHTEIS MOHOCTH,
n3o6paxena Ha pHc. 5.11.

JIns Toro 4robh OGecueHTh TpebyeMblii ypOBEHb MOIIHOCTH
B Harpy3ke Ry, HEOGXOmMMO 3aJaTh COOTBETCTBYIOIICE 3HA4CHHAC
pmoTennmana sMATTEpa. JIHCTBHTENBHO, SMHTTEpHBIH HOBTOPHTE!Ib
AMeeT KO3(QHIHEHT yCHJICHHS NO HAIpPSHKCHUIO, 6HM3KHA K COHHH-
ne. ITosToMy B pexumMe GoIbIIOH MOMMBOCTH C TOMOIIBIO GUIOIAPHOr O
ACTOYHAKA INHTAHAS MOXHO 3aJaTh OTPHIATEILHOE HANPIKCHHE
Ha 3MHTTEpE, KOTOPOE H ONPEAETAT MAKCHMABHYIO aMILIHTy]ly BXOA-
HOro KojebGaHHs: B OTPHIATEIbHBIA IOJNYNEPHOX TpaH3HCTOP 6yaet
OTKpPHIT JO TEX HOp, HOKa Upsx = Umaax= Us. VI3 pACyHKA CIEAYET, 4TO

U,
opu I =0 Us= —;—LR— Ry. CrnepoBaTenbEO, MAKCHMAJIbHAS AMILIHTY-
3+ Ky
' UnRy -
na Ha Barpy3ke OymeT paBHa U,,,m=ﬁ—. HaiigeM MOIOHOCTH B Ha-
3+ Ry
1 A ‘

rpy3ke P~H=§'—”‘§‘ﬁ". Iloncrapae  3pa4cEHE Uppu, HOIYIHM
H
1 U?Ryg '
P~H =- '——'l‘—;.
2 (Rs+Ry)

Kak BHAHO MOINHOCTb, BBIEIsA€Mas B HArpy3ke, 3aBHCHT O Ry.
HaiineM Ry, COOTBETCTBYIOMEE Prymas- Jlns 3TOro 3amHIIEM ypaBHCHHE
0P.u

Ry

=0, BHIYKCIHM OPOH3BOAHYIO H Ha#IeM, 9TO R.ygmax AOCTHAracTCA

v?

it -4
8Ry

Haiinem 3pavenme KIIJ| ycmnutens mpH yCJIOBHH MAKCHMAJIbHOH
MOIIHOCTH B Harpy3ke. J{is 3TOr0 HYXHO BRMMHCIHTbL MOIIHOCTD no
HOCTOSHHOMY TOKY P, HOTpeO1seMy0 BCEMH 37IeMEHTaMH LCIH. Tpan-
3HCTOPOM, PE3HCTOPOM B IEIH IMHTTEPA Rs w marpy3kodl Ry OpH
JCIJIOBEH, 4TO Ry=Rs. lToTennuan aMHETIEPA, COOTBETCTBYIOIHHA MaK-

npH Ry=Rs. COOTBETCTBEHHO 3HAYCHHE P oyma=
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CHMAaIIbHOH MOIIHOCTH B HATrpy3Ke, PaBeH U,
Un

Us - IlocrosiHEEI TOK 3MHTTEpA pa-
BEH \CyMME TOKOB, IPOTEKAIOIIHX 4Yepe3 pe-
3ucTop Ry m Ry=R,. Kak cremyer u3 pe- U,
U UmBX UmeIX
i i i
cykd, Iy=—+—=—_ Momnocts mo- »
2Ry 2Ry Ry
cTosiHEOro 70Ka I3, paccemBaeMasi B TpaH- U,
3KCTOpE, paBHA Pmc. 5.11. OMATTEpHEEBIA MHO-

BTODHTENL B PEXAME YCH-
JIATENIE MOLITHOCTH

RS

U, 3
VP = U, V==
01p + 5 ) 5

Mommnocts, pacceuBaeMas B 31eMeHTaX R; B Ry=Rs, COOTBETCT-

4 1 Ug\2 1
BenHO paBHA Pyz=(— | —, Poy=|— | '—. Takum o6pazom, mMom-
2 Ry 2 Ry
HOCTb IIOCTOSIHHOI'O TOKa, HoTpebisemMas ycuimTeneM, paBea Py=
=Py + Pos+ Poy. IloacraBisis ponyyeHHLIE COOTHONIEHHS, HafxeM

v o

Po=2R—“. CnepoBatensuo, KIIJl ycunurens mpx MakcHMaJbHOH Moi-
3

HOCTH B Harpy3ke paBeH

P. 1
p=im o —=6,25%.
P, 16

Huskuit KIIJI B pexxume A BHE 3aBHCHMOCTH OT BHJA YCHJMTENS
ompeAenseTcs TeM, YTO MOCTOSHHHEIM TOK Yepe3 TPaH3HCTOp (70K B pa-
Godell TOuKe) HE 3aBHCHT OT AMILIATYILI BXOJHOI'O HANPSDKCHHS, K IO-
TpebaseMas MOIHOCTh OT KCTOYHHKA MHTAHMS B 9TOM PEXHME HOCTO-
fAHHa. B menuHeiiHOM pexuMe notpebiseMas MOMBOCTL 3aBHCHT OT
AMIUTHTYABI BXOJHOI'O CHTHAJIA, H PeXHM paboTh MoXeT GhITh BRIOpaH
TaK, YTO B OTCYTCTBHE CHIHANA pabovas ToUka COOTBETCTBYET MHHHMA-
JIbHO BO3MOXHOMY TOKy KOJJIEKTOpa. TakuMm o6pa3oM, B HEIMHEHHOM
pexuMe norpebiseMas MOIMHOCTh NPHHINMIKAIBHO MOXET OHITH CHH-
XEHA M TeM CAMbIM YJIYYIICHR JHEPreTHYCCKHAE NOKA3ATEIH.

5.7. HEJMHENHBIA PEXVIM PABOTBI YCUJIMTEJIA

HouycraMm, vro pabovas Touka ycuiMTend MOMEOCTHE Upr Ha-
XOJUTCS B HHKHEW YaCTH JNHHAMHUYECKOH HArpy3o4Hod mpsmo#. Ode-
BHJHO, YTO HA YCHJIMTENBHOU xapaktepucruke pabodas Todka Oynmer
Ha HAYaJBHOM, HENHHEWHoM ee ydactke. [losTomMy mpu aocTaToO¥HO
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6oIbImIOH AMILTMTYE BXOJHOrO HANPSDKEHHS B ONPENEICHHOM HHTED-
paJje ($ha30Boro yria wif KOJUIEKTOPHBINA TOK 6yIET paBeH HyJIO. ®o
KOJLIEKTOPHOr0 TOKa (3aBHCHMOCTb CHIBI TOKa OT w?) MOXHO BajpTH
rpapuueckam nocTpoesmeM. OtTceyka TOKA 3aBHCHT OT yCHITHTEIIb-
HOM XapaKTEPHCTHKH, HOJOXCHMS HA Heil paboved TOYKH H &
Tyasl BXofHOro Hampsikenms. IlosTomy AHAJJRTHYECKHI AHANHY HE-
JMHEHHOTO PEXHMA MOXET OLITh BBHIIOIHEH, ECIIA H3BCCTHO ypaB cHHE
yCHIMTEIbHOHR XapakTepHCTHKH Ix (Uss). O6LIMHO HCHONB3YIOT
HO-JTHHEHHYIO anIpPOKCHMALIKIO YCHJIMTENIbHOH XapakTepHCTHKH, IOKA-
3amHyI0 Ha puc. 5.12.

[{apameTpaMH aNIPOKCHMAIHH ABJIAIOTCA: KPYTH3HA HAKIO
CTH XapAaKTEPHCTHKH S H HANPSDKCHAE «H3/I10MA» YCHITATEIBHOM Xapak-
TepucTEKE Uy B 9TOM Cciy4ae KOJLIEKTOPHBIH TOK MOXeT OuITh onpene-
el caexytomuM o6pasom

Ix=S(Uss— W)
1119)'1 U];3> Uo
IK=0 IpH U];3< Uo (57)

['pacduK, OPeACTABJICHHBINA HA PHC. 5.12, n03BOJIAET OUPEAEHTD IO

OTCedKH KOJUIeKTOpHOro Toka. Ha pHCYHKE 3TOT yrola obo3naven 0 H,
O4EBH/IHO, OH PaBEH NOIOBKEE Ha30BOro yria CHHyCORAANbHOIO Halps-
JKEHHS HA BXOJIE YCHIATES, B IPEAENAX KOTOpOro Te4eT KOJLIEKTOPHBIH
TOK.
Haitznem GOpMY KOJLIEKTOPHOTO TOKa. Jl1s 3TOro 3afaum Hampsoke-
HMe HAa BXOJE YCHIMTEIs B BHIE Ugs ()= Upr+ Uncos ot. Torga upu
(Upr + Umcos w)> Uy KOJLIEKTOPHBI TOK B COOTBETCTBHH C (5.7) 6ynet
paBeH

Upr— U
i ()=5 (Uncos wt+ Upr— Ug)= SU,, (cos mt+—U——>. (5.8)

B HayaIbHBIH MOMERT IpE f=0 3HaY€HHE CHJIB TOka MaKCEMAJILHO
Upr—Uo
——— |. llpn wt=

=0 pacTymaer OTcedka TOKa H Ik (0)=0. Crenosarenbro, cosf=

Upr—Uo
=——0 O6beqMERB NOJyYEHHHIE COOTHOIUCHHS, HOIyYHM L=
m

i (0) = Inax (cM. pHC. 5.12). HloaTOMY I =SUp (1 +

m

L
=SU, (1 —cos8). Otrcroga cnenyer, 9470 S U,,,=———l b o IloacTaBiass 0O-
—COos

Ny4eHHOE COOTHOIUECHHE B (5.8), maiem, 410

Tnax
iK (t) = m (COS w!— CoS 9) (59)
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Pac. 5. 12 I'padmueckoe mocTpoeEre GOPMEI KOUIEKTOPHOTO TOKA B HEMMHEHHOM PeXHME
pabota ycrumrens ¢ 09

CootHOomenne (5.9) ONMCHIBAET NEPUOOMYECKYIO HOCIEAOBATEb-
HOCTh HMIIYJBCOB, HOJYYCHHHLIX IPa(WYeCKHM HNOCTPOEHHEM HA DHC.
5.12. PaznoxuM ix (f) B pag Oypue

ix (=Y, I,cosnwt,

n=0
rae I, — xoaddunmenTH psina Oypee.
IIprmeruB popmynsr (1.16), monyuum
[}

1 Inax
I=— jiK(t)d(mt)=—j(cosmt—cos O dwt=
on n(1—cosb)
-6 0
sin 6—6cos 8
max n(1—cosf)’
] ]

. 1
IL=- J.iK(t)cos mtdmt—M
n

. j(cos wt—cos ) coswtd wt=
cos @

-8
0—sinfcosf
" n(l—cos)

BBegeM k03ppunHeHTH oy (9)=~Io—, o (9)=i, KOTOPHIE XapaKTEPK-
Imax Imax
3YIOT OTHOCHTEILHBINA BKJIAJ KaXIOH rapMOHHKH B CIEKTP TOKA.
I'pacuxu 3aBuCEMOCTEHR 0, o M 7 OT yria orcedku 0 mpeacTaBlIeHR!
Ha puc. 5.13.
OuesunnO, 9TO a5(f)/00(0) ecTh paBee BBENEHBEIH KOS(DOUIMEHT HC-
HOJIL30BAHMS KOINICKTOPHOIOo TOka 7. M3 PHCyHKAa MOXHO COENATh
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Prc. 5.13. Ipadusu 3apECEMOCTei 0, @) B OTHOIICHHI o,/ag=7 OT yIja OTCe

BaXHBIH BHIBOJ; IpH O <7 OTHOIICHHE ay/ag=y>1. JIpyraMu CIOBaMH,
IpH 3HAYCHMSX YIJa OTCEYKH MCHBLINC 180 rpaxy aMmmMTyAa I pBOH
rapMOHHKH B CIEKTPE KOJUIEKTODHOIO TOka 6OoJIbIIE HOCTOSHHOH CO-
cTaBisIOmEd. 3HaYeHHE yrjia OTCEIKH 0=m COOTBETCTBYET JIMHEHHOMY
pexaMy A paGoTh! yCHIMTENS H B 3TOM pexuMe KOIQPHIUEHT HCIOIb-
sopanms Toka y=1. [Ip# 6 <7 BO3HHKAeT IPHHIHUIHAILHO HEJTHHEHHBINA
peXmM: KOIIEKTODHEIA TOK HPHHAMACT hopMy HEPHOJHYECKOH HM-
MyALCHOH IOCIeA0BATEIBHOCTH. Kax Buaao H3 puc. 5.13, op yrie
OTCEYKH, PABHOM 7/2, y TaKXe PaBHO n/2. Taxmm obpasoM, B 3TOM
pexamve KIIJI ycamarens OpH yCIOBHH, 4TO B €r0 CXeMe pealm3yeiCs
K03(DHIMENT HCHOJB30OBAHMS HAIDDKCHMA &~ 1, mMoxer ORITH 6JIM3OK
Kk euHAne. JIeHCTBHTENIBHO IPH 0=n/2n=1/2 yt =n/4 (~T8%). Pexum
paGOTHI yCHIHTEIA C yI/I0M OTCCHKY, PaBHBIM 7/2, Ha3bIBAIOT PEXAMOM
B. Takmm o6pasoMm, B pexume B TeopeTHiecKH OCTHXKAM ypPOBEHB
KI1/1, 6nm3xuit k 80%. Kak BUAHO M3 DHC. 5.13, ¢ yMEHbINEHAEM YIJIa
oTceykd K03hOHIMEHT HCIOIb30BAHHS KOJUIEKTOPHOro TOKa BO3pacTa-
et — upl =0 oH paseH 2. OueBH/IHO, 3TO 03HAYAET, YTO TCOPETHICCKH
nocraxam KIIJ, ouenb Gam3kuii K 1. ORBaKko NpH MAjbIX 3HAYCHHSX 0
Masa H AMIUIETY/a OepBO#d rapMOHHKH TOKA (#3 prc. 5.13 cnenyer, 4T0
npe -0, oy(6)—0). [lpyraMH cIOBaMH, poct KIIJ] ¢ ymeHbOICHHEM
yIi1a OTCEYKH NPHBOJHT K YMCHBIICHHUIO ypOBHsl IOJE3HOH MOIIHOCTH
B Harpy3ke.

5.8. ABYXTAKTHBIE YCWINTEJM MOIHOCTU B PEXVME B

VinTerpaipEble yCWIMTEH MOIIHOCTH paboTaroT, Kak IpPaBHIIO,
B pexume B. Jlis HOsCHEHMS npueiEna paboTh 6earparchopmMaTOp-
HOI'O yCHUIHTE]S MOLIBOCTH, paboTaromero B pexuMe B, paccMOTpEM
cxeMBl, M300paxeHHBC HA PpHC. 5.14. Ha puc. 5.14, a mpencTaBiIcH
SMHTTEPHBI HOBTOPHTEIbL HA n-p-n-TpaH3ECTOpE. B HOJIOXATEILHBIC
0.1y IEPHOBI BXOJAHOIO HANPSIKCHHS TpaH3ACTOP OTKPHIT H Yepe3 Hero
Te46T TOK. B OTpHIATE/ILHEIE HOIYNEPHOILI TPAHSHCTOP 3aKpPHIT H TOK
B Harpyske paseH Hymo. TakaM ofpa3om, B HArpy3ke TOK OyneT HMCETb
popmy DOJIYROJIH KOCHHYCA. B narpy3ke SMHTTEPHOIO NOBTOPHTE/Is Ha
p-n-p-TPaH3HCTOPE (puc. 5.14, 6) TOK HMEET Takyio Xe€ dopmMmy, HO
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ODJIYBOJHEL KOCHHYCA CABHHYTH BO BPEMEHH HA IIOJIOBHHY NEPHOAA.
OY0 OYEBHIHO, TaK KaK p-n-p-TPAH3HCTOP OTKPHIT B OTPHIATEIbHEIE
OOIynepHoaH H 3aKPHIT B Honoxurensarie, Ha puc. 5.14, 6 #30bpaxena
CXeMa YCHIMTENs] MOIIHOCTH, OOpa3OBaHHOIO ABYMS 3MHTTEPHBEIMH
HOBTOpPHTEISIMHM, paboTalomuMe Ha ODIIyIO HArpys3Ky.

YEBHJHO, 4TO B IJTOH CXEME TOKH OTAENbHHIX TPaH3HCTOPOB
CKIaABBalOTCs B OOmed Harpyske, obpasys 4YHCTO IapMOHHYECKHE
konebanusa. TakmMm obpasom, cxema yCHJATENS MONIHOCTH, HIpea-
craBleHHas Ha pHC. 5.14, g, obimamaeT TemM CBOMCTBOM, 4TO pPEXHM
ee paboThl orBedaer pexuMy B (C yriiOM OTCEYKH KOJLIEKTOPHOrO
ToKa 0=m/2), ¥ B TO e BpeMs OHA COXPaHSET BCE NPH3HAKH
JMHEAHOr O yCHITHTEIIS, TaK Kak (opMa HalpsDKeHHS HAa BXOZAE H BHIXOJE
OoAuHAKOBR.. O TAaKHX YCHIATENSX OPHHATO I'OBOPHTh, 4TO OHH pa-
foraror B AByXTakTHOM pexume. KOHKpeTHas cXema peaM3anuu
TaKOro yCHJIMTENSd HA TPAaH3HCTOPAX CO B3aMMOJOHOIHSAIOIIHM THIIOM
OpOBOMMMOCTH (n-p-n ¥ p-n-p-THIIOB) HOCHT HA3BaHHE KOMRAUMEH-
mapHoi cxemul. TakuMm obpaszom, Ha pHC. 5.14, ¢ m30Opaxena aBYX-
TaKTHAas CXeMa YCHJIMTENA MOINHOCTH, PEaTH3OBaHHAsA B BHIE KO-
MILTAMEHTAPHOI'O SMHTTEPHOIO HOBTOPHTENS B pexume B. B orymune

+Un Un
t L (1)
Upx(t) Ugxdt)
N t
t
t Ry Nin
a) &)

Uy
Ugx(t)
| Uarlt)
t
t R, o
%,

8)

Prc. 5.14. Cxema u rpadWKke A1 NOsCHERWs NPHHUANA paBOTHl JBYXTAKTHOTO Kackaia
YCAJITHTES MOIHOCTH
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OT CXeMBL 3MHTTEPHOrO MOBTOpHTENS, paboTaromero B pexume A (cM.
§ 5.6, puc. 5.11), B maHHOU cXeMe HET OrpaHHYEHMs Ha 3HAYCHHE
AMIUIATY/Bl BHIXOJHOTO Hamlpsokemws. Tak Kak B cxeme puc. 5.14, @,
Ry=0, 70 MakcuMasbHasg AMIJIETYAAa BXOJHOrO HANPSDKCHHS MOXET
6bITh TOYHO paBHA 3HadeHmio Up. VIHave roBops, B CxeMe KOMILIHMEH-
TApHOI'0 HOBTOPHTENS KOI(D(HRIEEHT HCUOIB30BAHMAS HAIPSDKEHHs &+ 1.
Pexxum B obecneunBaet 3Havenns KO3(D(GHIHEHTA HCIOIL30BAHHS TOKA
y=mn/2. Taxum obpasom, KIIJI nauHOR cxeMul paBeH 7=~ 78%.

[Ipu H310XeHAH NpHHNUIA pabOTEl ABYXTAKTHOrO yCHIHTENS MOMI-
HOCTH MBI OIIyCTHM MHOTHKE CyIIeC TBEHHBIE MOMEHTHI, KOTOPHIE B Pgajib-
HBIX YCHIHTESX ONpPENENsIoOT Ka4ecTBO ero paGortel. HecloxHbIE, HO
Gosee NOAPOGHLINA aHAIA3 HOKA3BIBAET, YTO B OOmell Harpyske IByX-
TAKTHOI'O YCHJIMTEIS MOIIHOCTH CKJIAALIBAIOTCH TOJILKO HEYCTHRIC rap-
MOHHKH B CHEKTPE SMHTTEPHLIX TOKOB TPAH3HCTOPOB, 4 YETHBIE KOM-
IEHCHPYIOTCS. B peanbHEIX yCAIMTENsX H3-3a pasbpoca HapaMeTpoB
TPAH3HCTOPOB TOKH B HMX Pa3jMYalOTCA W IO ¢aze, B OO 3HAYCHHIO.
B 3TOM Cly4ae aMILIMTYALl Y€THBIX I'APMOHHK He 6yXyT OAMHAKOBBIMH
H, CII€A0OBATENBLHO, He 6yayT HOJIHOCTHIO KOMIICHCHPOBATHCS B HATPY3KE.
[TosToMy acHMMETpHsl CXEMBI .ABYXTAKTHOIO YCHIHMTENS HOPOXAACT
He/IMHEHHEIE MCKAXCHHS CHrHana. Kpome Toro, BCICACTBHE HEIHHEH-
HOCTH HA4YaJIbHEIX yY4CTKOB HEpeAaTOYHBIX XapaKTEPHCTHK TPAH3HCTO-
pPOB B KOMILIHMEHTADHOM CXeME yCHIHTE/S BO3HHKAIOT TaK Ha3bIBa-
eMble Iepexoannle BeKaxeHnus. OHM CBS3aHBI C XapaKTepHBIM OTKJIOHE-
HAeM (OPMBL BLIXOJIHOT'O HANPSKEHHS OT TaAPMOHAYECKOH IIPH «IIEPEXO-
[€» OT HOJIOKHTENBHOTO IOTYNEPHOA K OTPHIATEILHOMY, H Ha060pOT.
Dt10 DposBiseTcs B HOSBIEHMH CTYHNEHbKH B 001aCTH «mepexonar.
Takue CTYDEHbKH B (pOPME BEIXO/JHOI'O HANIPsDKEHHs 00Opa3yloTcs HpH
nepexoe YCHIMTEIS H3 OJHOTO COCTOSHHS B APYroe, T. €. KOrla ONHH
TPaH3ACTOP 3aKpHIBACTCHA, a APYrO# OTKphIBaeTCs. B 9TH MOMEHTHI
BPEMEHH BEIXOJ[HOE HANPSDKEHHE H3MeEHACTCH Ha BeqMHHY 2Upso (Ha-
noMHEM, 4T0 Usso®~0,5 B OTKpEIBAaeT IMHTTEpHHIH mepexod). ITa
«MEpTBAsi 30HA» B BRIXO/HOM HAIIPSDKEHMH SIBISETCS XapaKTepHOH U
BCeX KackaJoB, pabortaromux B pexsMe B. YMEHbNIHTH «MEPTBYIO
30HY» M TEM CAMBIM YMCHBINHTH HEPEXOIHBIE HCKAXCHHS MOXHO Oepe-
xogoM B pexum AB. Pexum AB cOOTBETCTByeT yriay OTCEYKH
n/2<0<m. B aToM ciy4ae gepe3 o6a TpaH3mCTOpA B OTCYTCTBHE BXOX-
HOro cHreanga 6ymeT mpoTekaTh paGoOYHil TOK, BHI3BAHHBIA NOJaYed
HAIPSDKCHAN CMEMIEHUS, PABHRIX HAPSDKCHASM OTHHPAHMS TPaH3HCTO-
poB. JIpyramu ciaoBamu, pexuM AB «ciBEHYT» B CTOPOHY JIHHEHHOTO
pexuma A, nostomy KIIJI B pexuve AB HECKOIBKO yMEHBIIHTCS, HO
CTaHyT CYIIECTBEHHO MEHBIIAMH H HEPEXOTHbIE HCKAXKCHHS.

BO3MOXHBIE CXEMBL ABYXTAKTHRIX KacCKaJoB, pab0OTalolMX B PEXH-
Max B m AB ¥ DOCTpOEHHHIE [EJMKOM Ha TPaH3HCTOpax r-p-n-THMA,
npuBeicHH Ha pHc. 5.15.

Pa6otry cxemnl puc. 5.15, @ MOXHO IpelCTaBHTH CleAyromuM 06-
pasoM: B HOJIOKHTESBHEBIA MOIyNEPHO TPAaH3HCTOP VT2 OTKPHIT, H TOK
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Pac. 5.15. Kackag Ha n-p-n-TpaE3ECTOpax,
paborarommit B pexume Kiacca b (@) w AB (6)

KOJLIEKTOpa npoTeKaeT yepe3 AHoA VD1. Pa3sBoCTh MOTEHIAAIOB MEXIY
6a3of u smuTTepoM V71 TakoBa, 4TO OH 3aKpHIT B TEYEHHE NO-
JIOXHTENbHOro nonynepuoaa. O4eBHIHO, YTO TAKOE COCTOSHME CXEMEI
MOXeT GBITh JOCTHIHYTO HOAGOPOM pe3ucTopa R; u 3paYeHHs Haups-
XeHHsl Ha OTKpRITOM auoze. TaxuM o6pa3oM, B HOJOXHTEIbHbIHA MOITY-
OepuOA TOK B HAarpy3Ky HOCTyHaeT 4epe3 OHOJ. B oTpHnmarenbBuii
noynepuos Tpassucrop V712 3akpeiT, Tpassuctop VTl OoTKphBacTcs
noTeHmuasoM Ha 6Gase, 3amaBacMBIM pesucTopoM R,. Tok B Harpysky
pocrynaeT 4yepe3 VT1. B pexume mokoss (OpH OTCYTCIBHH BXOJHOI'O
cursana) Tpausucrop VT1 ocraercs 3aKpHITHIM, a Yepe3 VT2 nporekaer
ge6obmo# TOK [, BeMYMHA KOTOpPOro ompexensercs opmyiod I =
=(Un+ Usso)/R;. IIpu nepexose cXxeMbl H3 OQHOIO COCTOSIHHS B IPYroe
BO3BHMKAIOT IEPEXOJHKIE HCKAXKEHHMS, O KOTOPHEIX peYb IUIA BhONE. OTH
HRCKAXEHHS MOryT ORITh yMEHBINIEHR! OyTeM HOAKIIOYEHHS A0NOI-
HMTEIBHOro OHOJa Mexny 6a3oi Tpamsucropa VTl H KOILIEKTOPOM
tpan3ucropa VT2 (puc. 5.15, 6). Ha puc. 5.15, 6 mokazan npakTHIeCKH#
crocob moaa4m cMeleHus Ha JBYXTAKTHRIM Kackaj, pa6oTaromui B pe-
xmme B. Tpamsucrop VT3 B AMOAHOM BKJIIOYEHMH 3aJacT NOTEHIKAT
pa Gase Tpamsucropa VT2. Ecnm mpemebpedr 6a3oBHIM TOKOM, TO
B COCTOSIHHH IIOKOsl 4epe3 Tpan3ucTophl VTl u VT2 norekyT TokH L=
=(Us— Uss0)/ Ry, I;=(Un— Uss0)/R1, KOTOPEIE COOTBETCTBYIOIIHM HOJ-
60poM 21EMEHTOB CXeMHBI MOr'yT OhITh BeCbMa GIM3KHMH IO 3HAYECHHIO.
Taxam o6paszom, cxema, m3o6paxensas BHa pHC. 5.15, 6, paboTaer
B pexume AB, Tak kak 06a TpPaH3HCTOpPAa B PEKHME IIOKOSI OTKDBITHL.
IlepexomHble HCKAXEHHS B 3TOM pPEXHME yMEHBINAIOTCA, TAK KaK B
MOMEHT CHaJa HIOJOXHTEILHOH HOJIYBOJHE! BXOJHOIO HANPSIKCHHA
10 Ussg, KOraa Tpansscrop V72 3akpeIBacTCs, TOK B HArpy3Ky nocryna-
er oT Tpap3kcropa V71, KOTOpHHE eme OTKPHT DOTEHOMAIOM Ha JHO-
ne VD2.



I'naBsa 6
JJEKTPOHHBIE KJIIOUYN

6.1. KJIFOYEBOM PEXKM PABOTERI JEKTPOHHOMN JIAMIIBI

ITpu pa6oTe B AMIIYJIbCHBIX CXEMAX JJIEKTPOHHRIC opu6OpHI (JTAMIIKL,
TPaH3HCTOPKI, TAPHCTOPHL | p.) HMEIOT /1B pabounx cocrosnns. B ox-
HOM H3 HHX 3JIeKTPOHHKIH IPHGOP 3aKpHIT, TOK Y€pe3 HEr0 NpaKTHHECKH
HE IPOXOAHT H €0 BHYTPEHHEE CONPOTHBIICHHC R, BenHKO, B IpyroMm
COCTOSHAH OpHOOpP OTKpHIT, CHJIA TOKa B BRIXOJHOH NemH HMeEeT 3a-
JIAHHOE 3HAYEHME, a BHYTPEHHEE CONPOTHBIECHME MAJIO. Ilepexon u3
OJIHOTO COCTOSIHHMSI B IPYT'0€ COMPOBOXAAETCS NEPEXO/IHLIM IIPOLECCOM,
BpeMsl KOTOPOro OHpeleNsieT JUIMTENbHOCTD ¢poHTa H cpe3a KMIYIIb-
ca. Takoil pexuaM pabOThHI 3JIEKTPOHHOTO npubopa Ba3LIBACTCH KAHOUE-
8HIM.

Korma KOMMYTHpyemas HMIIyJILCHAsS MOIHOCTD HE OPEBHINACT AC-
CATKOB BATT, B Ka4eCTBE KIIOYEBBIX 3JIEMEHTOB HCHOJB3YIOTCH MpaH-
3uCmopbl.

B MOMHBEIX TE€HEPATOPAX HMITYJbCOB IPHMEHSAIOT CHCIMANILHRBIC HM-
IyJIbCHBIE MOAY/IATOPHKE NaMusl. JIByM pabo¥HM COCTOSIHHAM JIEKT-
POHHOH Jammbl COOTBETCTBYIOT ONpEJENEHHBIC MOJOKCHHAS paboueit
TOYKHA Ha AHOJHO-CETOYHOM XapakTepHcTHKe (pHC. 6.1). Jlamia 3aKphITa
(pesscum omceuxu), KOTAa HANPSDKEHHE HA CCTKE UL MEHBIIIE TOPOr'OBO-
ro Uy, # pabodas Touka (TOUKa A) HaxooMTCs Ha IOPH3OHTAIHLHOM
y4aCTKE XapPAKTEPHCTHKH. AHOJHBIA B CETOYHBIH TOKH JIaMIIhl IPH 3TOM
npaxTHyeckd paBEH Hymo. Korna Uer> Uwep, JTaMIa OTKpHITA. B aBnOA-
HOH nelM IpoTeKaeT TOK [, a eciH IpH 9TOM HAOpIKEHHE HA CETKe
OJIOXKHTENBHOE, TO AMEET MECTO CETOYHBIA TOK L. (Touxa B). Y4acTOK
XapaKTEPHCTHKHE MEX/y STHMHE IBYMS TOYKaMH HEJIb3A anmpOKCHMHPO-
BaTh OTPE3KOM HPAMOH JIMHHH.

TaxeM o6pa3oM, 3JIEKTPOHHAS JaMua B KJIIOYEBOM PEXHME BEICT
cebsl Kak CyHmIECTBEHHO HeAuHelHblil 1eMmeHm. EctecTBenHo, 4TO NPH
aHasH3e HMIYJILCHEIX CXeM HeO6XO0QHMO YIHTHIBATE 3TY HEMHEHHOCTD.

Y0651, ¢ OAHOH CTOPOHSL, Y4ECTh HETMHEAHOCTh SIEKTPOHHBIX IIPH-
6opoB, a ¢ APYrodl — He yCIOXKHATH PacueT, HCHOJb3YIOT HCKYCCTBEH-
HEI IpHEM pacdeTa EMIy/IbCHBIX cxeM. CymHOCTb €ro COCTOHT B TOM,

150



E ) Bxl

fcer

A logrb - I Ceorx
G | Uc;w_i ——
Unop 0 Ueer
Puc. 6.1. ABOgHO-CEeTOYHAS B CETOTHAS Puc. 6.2. Cxema xwno4a Ba JEKTPOHHOH
XapaKTePHCTHKA JIAMIISI naMoe

YTO PacCMATPHBAIOT NIPONECCH B CXEME Ul JABYX COCTOSIHHH 3JIEKT-
POHHOrO mpHOOpa: OTKPHITOrO H 3aKPHITOr0, KOTOPHH MpPEICTABIIAETC
COOTBETCTBYIOIIMMH JKBHBAJICHTHLIMH HapamerpamMd. Bmna amomno-ce-
TOYHOH XapaKTEPHCTHKH 3JIEKTPOHHOH NaMmul (ee HEJIMHEHHOCTHL) He
HMEET CYILECTBEHHOIO 3HA4YeHMA, MOCKOJIbKY 3aKOH M3MEHEHHS Hamps-
ACHHS MM TOKAa OpH GopmapoBannH GPOHTA H Cpe3a HMIIyJIbca He
siBseTcs riaaBEbiM. Onpeaensiomed SBaseTCs JIMTEILHOCTh NEPEXOA-
HOTO mpornecca, KOTopas JOJDKHA OBITh MEHHMAJILHOM.

B pexmMe OTCEYKHM YYaCTKH CXEMBI, K KOTOPHIM HNOJKIIOYEHBI CETKA
H anox nammhl (pHcC. 6.2), NpeJCTaBIAIOTCS Pa3OMKHYTHIMH. B OTKpHI-
TOM COCTOSHHH aHOAHAS IElb 3aMEHSIETCS 3KBHBAJIEHTHRIM PE3HCTOPOM
Ri=U,/I,, rne U, — anoanoe Hanpsxenue namnul. I1pu yenosun U, >0
CETOYHAs NElb TAKKE NPEACTaBIACTCH OIKBHBAJIEHTHHIM PE3HCTOPOM
Peer = Ueer/ L er.

JU1aTeNBHOCTS mEpexoa JaMIbl H3 OTKPHITOIO COCTOSIHHS B 3aKPhI-
TOe H 0OpaTHOrO mepexoaa OmpeAessieTcs BpeMeHEM H3MEHEHH Hanps-
XEHHS Ha 3JEKTPOJax, KOTOPO¢ B OCHOBHOM 3aBHCHT OT IOCTOSHHOH
BpPEMEHH [eNeHd mepe3apaakd MeXIIeKTPORHLIX eMKOCTeH C, e, Ceorn,
Cox- MEEpIMOHHOCTE 3EKTPOHHOIO MOTOKA JAMIIBL IPH AHAJA3E mepe-
XOJHOro mpounecca OORIYHO HE YYMTHIBAIOT, Tak KaK BpeMs IpojeTa
3JIEKTPOHAMH MEXIJIEKTPOAHOrO POCTPAHCTBA COCTABJISET AOJIH HAHO-
cexyranl. ITockoibky AnATENLHOCTS GPOHTA H CPE3a HMIIYNbCOB, IeHe-
PHPYEMBIX CXeMaMH C MOAYJSTOPHBEIMH JammaMH, ropasgo 6oibue
3TOr0 BpeMEHH, TaKoe JAOMyIIeHHe IPaBOMEPHO.

6.2. CTATUHMECKHWE PEXVMbI PABOTBI TPAHIMCTOPHOI'O KJIKOYA

B cany psaa HeoCHOPHMEIX NPEHMYINECTB (OTCYTCTBHE HaKala, Ma-
able rabapuThl, Manas noTpediisieMasi MOIHOCTE, BRICOKAs HAJEKHOCTD)
TPAH3HUCTOPLI ONHOCTHIO 3aMEHHUIIM 371€KTPOHHBIC JIAMIIBI B MajlOMOIL-
HEIX MMITYJILCHEIX cxeMaXx. Bojee Toro, MCmoin30BaHHE TPaH3MCTOPOB
HO3BOJIMJIO CO3JAThL TAKHE CXEMBI, PEanu3anis KOTOPHIX ¢ HOMOIIBIO
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7aMI IPHHENMORANIGHO HEBO3MOXEHA. B HMIYIBCHBIX CX€Max HCOOIb3Y-
JOTCS TEpPMAHHEBLIE H KPeMHHEBBIE OUIIONAPHBIE H [OJIEBLIE TPAH3HCTO-
pul. B nanbHedimem Oynem pacCMaTpHBATh CX€Mbl Ha KPEMHHEBLIX
TPaH3HCTOPax n-p-n-THNA, OCKOIbKY OHH HauboJee MAPOKO NPHUMEHS-
FOTCA.

B 60JbUIMECTBE CIy9aeB HCIONB3YIOT MpaH3uCMOopHsilh Kaoy ¢ 00-
wum smummepom (OJ), B KOTOPOM HArpy304HbIH Pe3HCTOP BKJIIOYCH
B KOJLIEKTOpHY!0 nens (puc. 6.3). Eciu B cxeme HCOOJb3YeTCH HE n-p-n-,
a p-n-p-TPaH3HCTOP, TO HA KOJLIEKTOP HOAAETCS OTPAULATE/BHOEC Haps-
wenne. HanmpsikeHHss H TOKH, COOTBETCTBYIOIHE 3aKPLITOMY H OTKpHI-
TOMY COCTOSHHSM TPaH3HCTOPA, MOIYT OLITH OIMpPeNENeHbl ¢ HOMOIIBIO
2O/IHBIX H BBIXO/IHEIX CTATHYECKHX XapaKTEPHCTHK TPaH3HCTOPA, BKILIO-
yennoro no cxeme ¢ OO (pHC. 6.4).

PexuM OTCEUKH. 3aKpHITOMY COCTOSHHIO TPaH3HCTOpa COOTBETCT-
BYET pexcum OmceyKu, IPH KOTOPOM Ha KOJUIEKTOPHOM M 3MHTTEpPHOM
mepexoaax AeUCTBYIOT OOpaTHbIE HaIpsKCHHA. Yepe3 mepexoanl Opo-
XOIST TOKH, OBYCIOBJIEHHbIE IPONECCAMHA TEIUIOBOH IeHEpAld HOCH-
renei 3apaaa B 06beMe nONynpoBOAHEKA. IIpH BKIIOYCHHH TPaH3IHCTO-
pa mo cxeme OD B pexmMme OTCEYKH B KOJIJIEKTOPHOY (€O OpOTEKAET
TOK, OnM3KHE OOpaTHOMY TOKY KOJUIEKTOPHOTO MEpexoAaa Iiz0. 10T
TOK 3aKPHITOTO KPEMHHEBOIO TPaH3HCTOpPa HHYTOXHO Mall (MeHee
1 HA), mO3TOMy €ro OOKYHO B pacieTax HE YYMTHIBAIOT, H BXOJIHOC
H BLIXOZHOE COOPOTHBIEHHSA 3aKPHITOrO KpeMHHEBOIO TPaH3HCTODA,
onpezensieMble CONPOTHBICHAAME 06pa THOCMEIIEHHBIX KOJLICKTOPHOTO
H 3MHATTEPHOrO MEPEXOAOB, OPH pacyeTax OPHHHMAIOT 6eCKOHEYHO
OOJLIIAMH.

Cuia TOKa KOJUJIEKTOPHOIO Iepexoja 3aKpeITOro IrepMaHHEBOIro
TPaH3ACTOPa Ha HECKOJILKO HOPSAIKOB OoibLIe, €M KPEMHHEBOIO. Tlo-
3TOMY IPH aHAJW3€e HMIYIbCHBIX CXeM C repMaHHEBRIMH TPaH3HCTOpA-
MH €r0 YYHTHIBAIOT, H TPaH3HCTOP B PEXHME OTCEUKH HPEACTABIAIOT
HCTOYHHAKOM TOKa, IeMCTBYIOIMM B [EHH KOLIeKTop — Gasa.

TIpsMble BETBH BXOJHBIX CTATHYECKMX XapaKTEPHCTHK B HEPBOM
[IpHGIMKEHHH TPeCTABISIOTCS SKCIOHEHIHAIbHOA 3aBACHMOCTLIO TO-

ka 0a3ml iz OT HanpskeHHs 0aza —
SMHTTED U, CnemoBaTeNbHO, CKOJb
YTOJHO MAaJIoe yBEJIMYEHHEe HAIPIKCHHA
Us, IPHBOJUT K pocTy is. OnHAKO TOK
fa3pl CTAHOBHTCA 3aMETHHRIM JIMIIb IPH
OIpe/IeIeHHOM 3HaUEHHH Ug, = Uory. ITO-
3TOMy IIpH pacyeTax MMIYJbCHBIX CXEM
- yno6HO HONB30BATECA HANPAXCEHUEM
omnuparusa (OTKpbIBaHHA) Uty OOBIYHO
NPHHAMAIOT I8 KPEMHHEBLIX TPaH3H-
cropoB Uy, =0,5...0,6 B, 1uig repMaHu-
Prc. 6.3. CxemMa TpPaB3ECTOPHOTO eBrix U...=0.1...0,15 B.
KIF09a C OBIIAM 3MHATTEPOM o ’
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Prc. 6.4. Bxonnas () # BeXoEAS (6) XapaKTEPHCTHKH TPaH3ECTOPHOTO Kioda 0D

PexxuMy OTceuxm COOTBETCTBYCT TOYKA A HAa CTATHYCCKHX XapaK-
TEPHCTHKAX TPaH3HCTOpA.

Pexum macoimenus. TpaH3UCTOp OTKpHIBaeTcs, KOraa Ha BXOJ IO-
AACTCH NMOJNOXHUTEILHOC HANPSUKCHAE, H IIPH YCIOBHH ug, > U, KOJLICK-
TOpHBIA [y B 6a30BeIi 5 TOKH yBenuumBaiotTcs. ITo Mepe HapacraHus
TOKa 6a3bl pacTeT KONICKTOPHBIA TOK H yMEHBINACTCS KOJLICKTOPHOE
HanpAXCHHE Uy, 32 CYCT NAJCHHA HANPSOKEHHA Ha pe3ucrope Ry, a Takxe
YMEHBIIAETCH 0OpaTHOE HANPSKCHHAE lys, IPHIOKEHHOE K KOJJIEKTOp-
HOMy nepexony. Iloxa npm yBemmucHMM Toka Iy Ha KOJIEKTOPHOM
nepexoze aMeeTcs 0OpaTHOE HANPSXXECHAE, TPAH3HCTOP HAXOJAHTCH B aK-
THBHOM DEXHME H HMECT MECTO CJIEAYIOmEe COOTHOUICHHE MEXIY TO-
KaMH:

I = hyI5+ Loo = hoy I,

IIpn HexOTOPOM 3HAYCHHM CHJIBI GA30BOr0 TOKA HANPsSKCHHE Ha
KOJUICKTOPHOM IIEPEXOJE Uys CTAHOBHTCA PaBHBIM HYJIO M JaJIbHEHInee
yBeymyeHue T0Ka I, a, cneqoBaTesHO, M TOKa Jx NPHBOJMT K HOSBIIC-
HHIO OPAMOro HAaNPsUKCHHS Ha KOJUIEKTOPHOM Iepexoje, T. €. HOTCHIH-
aJ1 6a3Kl OTHOCHTEILHO KOJLIEKTOPA CTaHOBHTCS MOJIOKHATELHEM. Kor-
A8 Uys= — Uy B IPAMOM HANPaBICHAH OKA3RIBAETCH BKIFOYCHHEIM HE
TOJIbKO 3MHTTCPHBIA, HO M KOJJICKTOPHBIA mepexox. DTO NPHBOJHUT
K TOMY, YTO HC BCC HOCHTEIH, MHXXCKTHPOBAHHbIC SMHTTEPOM H JIOIIE]-
lime 10 KOJUICKTOPHOIO MEPeXoja, mepexBaThiBaroTcs M. Hascrpeuy
OTOKY HEOCHOBHBIX HOCHTENEH, HAYIIMX H3 6a3bl B KOJLIEKTOP, JBHXKET-
Csl DOTOK TAKHX JX€ HOCHTENEH H3 KOJUIEKTOpa B 6a3y, H CyMMAapHEIH HX
TOK OIPEACNACTCA PA3HOCTBLIO ITHX NOTOKOB. B pe3ynsrare KonaexTop-
HBIl TOK NPH AanbHeHIIEM YBEIHMYCHHHM TOKAa 6a3bl mepecTacT PAacTH.
TpansncTOp MEpeXOMHUT B pescum Hachiyenus, KOTOPHIH XapaKTepH3yeT-
Csl IOCTOSHCTBOM TOKA KOJUIEKTOPA i z.. B CBA3H C TEM, 4TO B pexmme
HACHIIICHMS KOJUICKTOPHBIA mepexOi He OCYIECTBIISET MOJHOH 3KCT-
PaKOHH HOCHTENEH H3 6a3bl, TaM NPOHCXOJAT HX HAKOIUICHHE H HHTEH-
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CHBHas peKOMOHMHANMA, H IPONOPIHOHAILHAS 3aBHCHMOCTH MEXIY TO-
kamu I ¥ I He BBIIOJIHACTCS.

HanpsoxeHHs Ha KOJUIEKTOpe Ukomec B 023 Ugagee HACHIICHHOIO
TPaH3HCTOpa OCTAIOTCS NPAKTHIECKH MNOCTOSHHBIMH, H BLINIOJIHSAETCH
HepaBeHCTBO Ukomse < Ussme. [J18 KPEMHHEBLIX TPAH3HCTOPOB Hanpsxe-
HAs HACBHIIEHHS, KaKk [paBHJIO, COCTaBJIAIOT. Uiome®0,2...0,3 B;
Ussmac®0,5...0,8 B; I8 repManneBbIX TPaH3HCTOPOB. Ukome®0,1...
..0,2 B; Ugssac~0,3...0,4 B. HanpskenHe HACHIMICHHAS fa3za — 3IMHATTEP
¥ HAOPSDKEHHE OTHHPAHAS JJI KPEMEHMEBBLIX TPAH3HCTOPOB pa3IMialoT-
cs He3Ha9ATENbHO! Ussme X Uon+0,1 B.

Toku, DpOTEKAIOMME BO BHENIHEH NEMH TPAaH3ACTOpA B PEXHME
HACHIIIEHHS, ONPEAE/ISIOTCS CIEAYIONIMMA COOTHONICHAAMH:

Lsmac= (Ug - UBBm)/Rﬁ;
Ime= (Uu - UKBm)/sz Uu/Rx,

roe Ug , U, — HaOpsOKeHHs HCTOYHAKOB NHTAHHS 0a3nl H KOJIEKTOPpA.

Kak BHAHO, TOKH TPAaH3HCTODHOTO KIOYa B PEXHME HACBHIIICHHS
OLpeAeNAI0TCS BHENIHAMA NapaMeTPaMH CXEMbl H IPAKTHYCCKH HE 3a-
BHCST OT XapakTePHCTHK TpaH3HCTOpa. PeXMMy HACHINCHHS COOTBET-
CTByeT TOYKa B Ha CTaTHYECKHX XapaKTEPHCTHKAX.

PexuM HACHITEHHS KPEMHHEBOIO TPaH3HUCTOPa ONpeaensercs ycio-
BHEM U= — Uy, 1IpH 3aJaBHBIX KOJJIEKTOPHOM H 0230BOM TOKax
yXOOGHRIM AJIs PacYeTOB ABJISAETCH KPHTEpHH HaCHINEHHOIO COCTOSHHS
0o ToKy. Ero MOXHO yCTaHOBHTH, PACCYX/Ias TakuM o6paszom. IIponop-
IHOHAIBHAS 32BHCEMOCTH MEXIY TOKamH [ H I, cnpasenmuBas LA
AKTHBHOTO PEXHMA, COXPaHSETCS BIUVIOTH RO OTIHPAHHMS KOJUIEKTOP-
HOro mepexona. ClleI0BaTeNbHO, HA TPAHUIE aKTHBHOTO PEXMMA H pe-
KHMMa HACHIIEHHS OPH U= — Uyy TAKKE HMEET MECTO COOTHOIICHHE
Tune = Pa1al51p, THE I5rp — 6a30BbI#l TOK, IPH KOTOPOM TPaH3HCTOP BXO-
IUT B peXkHM Hachmuenus. Kak 6bUI0 OTMEYEHO, JanbHeiniee yBejMye-
HHe 6a30BOrO TOKa He IPHBOJMT K POCTY KOJUIEKTOPHOro ToKa. Takum
06pa3oM, Kpumepuii HACHIYEHHO20 COCMOAHUA MPAaH3UCHopa MOXHO 3a-
[HCAThL B BHIE

ISnw>IBrp=IKnnc/h213- (61)

Ecim B coorHomenue (6.1) DOACTaBATH BBHIPAXCHHS 171 TOKOB Ignac H
Ji nac, TO IONYYHM

(Ug — Us3nac)/ Rs> (Un— U sac) [ (P15 Rx)-

B pcanbHBIX YCIOBHSX paboThl TPaH3MCTOPHOTO KIFOYa HAMPSKE-
HHs HCTOYHHKOB OHTAHHA MOTrYT H3MEHATHCS, MMCET MECTO TaKxke
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pa3bpoc compoTHBIEHHE Pe3UCTOPOB M K03 (dHIHEEATa mepeaadn TOKa
215 ITO MOXET NPHBECTH K HEBLUIOJNHEHHIO HepaBeHCTBa (6.1), BhIXo-
Ay TPAH3HCTOPA M3 PeXHMa HACHIIEHHS H COOTBETCTBEHHO K H3MEHe-
HHIO KOJUIEKTOPHOIO TOKa H BBIXOAHOrO Hampsokemmsa. dns obecnede-
HHS yCTOHYMBOIO PexuMa paboThl TPaH3UCTOPHOIO KIFOYA [APAMETPHI
€ro pacCYHTHBAIOT TAKHM 06pa3oM, ¥To6nl HepaBeHCTBO (6.1) BEIION-
HAJIOCh NPH H3MEHEHHSX B HEKOTOPHIX MpeAeiaXx BXONSIIHX B HEroO
BEJIHYHMH.

IToMexOyCTORYHBOCTS TPAaH3UCTOPHOIO KMIOYa TeM GOIbINE, Yem
BBIIIE KO3hhuyuenm HacvlyeHun:

ch:Ix;mJIx;rp:hzx:Ix;m/lxm-

Ha rpammne pexsMa HaCLIICHHS H AKTHBHOTO PexAMa Ispac=1I5, B
Koe=1. /

s DOBLINIEHAS NOMEXOYCTOMYMBOCTH XENAaTeJbHO YBENHIHBATH
k03(hHNHEHT HACBINEH A, OXHAKO IPH 3TOM PacTeT BpeMsl NEPEKITIoYe-
HHAS TPAH3HCTOPHOrO KJIKOYA.

6.3. BKITOUEHME TPAH3UCTOPHOI'O KJIIOYA

Tpam3uCcTOp mEpEXOAUT H3 PeXHMMa OTCEYKH B PEXHM HACHIICHHS
H 00paTHO HE MIHOBEHHO, 2 B TE€YCHHE ONPENEICHHOIO BPEMEHH. Jra
UHepYUOHHOCMb bunoasapHozo mpansucmopa obyCIOBIEHa NBYMS OCHOB-
HbIMHA (aKTOpPaMH: HaKOIUIEHHEM 3apsi/ia HEOCHOBHEIX HOCHTENEH B Gase
H €MKOCTAMH KOJUIEKTOPHOro C, u smurTepHOro C, mepexonos. Kpome
TOI0, Ha JUTHTEIbHOCTH IEPEXOIHBIX MPONECCOB TPAH3UCTOPHOrO KJIKO9A
OKa3hIBa€T BIHMSHHE EMKOCTH HArpy3ku C.

Pacuer AIATENBHOCTH MEPEXOJHLIX MIPONECCOB B TPAH3HCTOPHOM
KJII0Y¢ OPOBOAMTCA METOAOM 3apsna, 6asHpyrommmcs Ha TOM (axre,
410 B 6a3¢ 00BeMHLIH 3apsg HEOCHOBHLIX HOCHTENEH CKOMIICHCHPOBAH,
T. €. 6a3a aMeKTPAYECKH HeHTpasIbHA. ‘

Meron 3apsma. Tak xax B 6Gase (p-061aCTh) HEOCHOBHBIMH HOCH-
TEJAIMH SIBJISIFOTCS 3JIEKTPOHBI, TO OPH Ug, > Uy, TOK 6a3ml i (f) ompene-
JI€T CKOPOCTh HAKOMJIEHHS 371eKTPOHOB dg/df B Heit (¢ — 3apsa Heoc-
HOBHEIX HOCHTENEH) H KOMIIEHCHPYeT MX yOmIBaHHE ¢/T B pe3yibTare
pekoM6uHanuH (T — BpeMsi XH3HH HEOCHOBHBIX HOCHTENEH B Oase).
Kpome toro, tox 6a3nl maer Ha mepesapsaxy emxocred C, u C, opu
HM3MCHEHHH HallpsKeHAs Ha mepexonaXx. ClenoBareianHo,

dg ¢ dugg dug, .
— 4= C,—=is (). 6.2
dt+r *de + dr o) 62)
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HpH HEe3HAYATENILHOM CHJe EMKOCTHBIX TOKOB KOJUIEKTOPHOTO

duss dug,
(C,?) H 3MHATTEPHOIO (Ca-a) pepexojoB ypaeHerme (6.2) ynpoma-

ercs:
dg/dt+g/t=1is(D). (6.3)
B craumonapHOM cocTosHEH, Koraa dg/dt=0,
g=1l5, (6.4)

T. e. M3GLITOYHBIM 3aps] HEOCHOBHBIX HOCHTeNned B Oase mpomop-
HOHATIEH 6a30BOMY TOKY. OTO COOTHONICHHE CHPaBEJMBO HE TOMb-
KO B AKTHBHOM pEXHME, HO H B PeXHME HACHINECHHS TPaH3HCTOpA.
C noMowblo ypaBHenmii (6.2) Hi (6.3) MOXHO OHpENE/HTD 06peMERI
3apsi HEOCHOBHKIX HOCHTeJEH B 6a3e kak (YHKIHMIO BPEMEHH. Onxaxo
OpH pacueTe MMIYJIBCHEIX CXeM HAa TPaH3HCTOpax OCHOBHOM HHTEPEC
IpeJCTaB/sieT OIpeJeleHAe 3aKOHA M3MEHCHHS KOJLIEKTOPHOrO TOKA
i ().

B axTHBHOM peXHMeE PaboThl TPAH3HCTOPA OPH YCIOBHH, 4TO pac-
Ipe/iclieHHe KOHUEHTPAHA HEOCHOBHBIX HOCHTEeH 3apaaa B 6a3e aBis-
€Tcs JMHeHHRIM, MMEET MECTO COOTHONICHHE, KOTOPOE C H3BECTHBIM
npubimxeHreM NaeT CBA3b MEXAY 3apsloM HEOCHOBHBIX HOCHTEJIEH
B 6a3e H KOJIIEKTOPHEIM TOKOM TPaH3HCTOpa:

g ()=t (O/hns (6.5)

10 COOTHONICHAE B CTAUMOHADHOM peXHME CIOPaBeIJIMBO C BHICOKOH
tounocThio. OIHAKO B IEPEXOJHOM DPEXHME, JJIATEILHOCTH KOTOPOIro
COM3MEpEMaA CO BpEMeHEM pAaCIpPOCTPAHEHHS HOCHTENEH BAOIL 6assl,
JMHEHHBIA XxapaxTep paclpencjieHHs HEOCHOBHBIX HOocHTENeH B 6ase
HApymIaeTcs.

Pemas ypasuenus (6.2) s (6.3) B HCIONBL3Ys COOTHOLUEHHE (6.5),
MOXHO ONPENENHTb 3aKOH H3MEHCHHS KOIIEKTOPHOIO TOKA i () opn
3amanHOM 6a30BoM TOke ig(f). IIpeobpasyem mo Jlamiacy ypaBHEHHE
(6.3), mOCKONBKY 3TO YNpPOMAET NPONEAYPY PEICHHS OPH Pa3IHTHBIX
HAYaIbHBIX YCIOBHSX:

_BO)+g ©

6
prwys (6.6)

q(s)

rzae g (0) — HadaJIbHOE 3HAYEHHE 3apsna HEOCHOBHBIX HOcHTesNeH B Daze;
s — omeparop Jlamnaca. }

IIpa gocTaToO4HO GOMIBIIOH CHIEe eMKOCTHOrO TOKA KOJLIEKTOPHOTO
mepexoga iy B ypaBHeHHH (6.2) HEOOXOAMMO YYMTHIBATH CraraeMoc
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Uy -
C,d—. Tax kax Hanpsxeane Ha eMKOCTH C, YMEHBIIAETCH, TO igx=
t

= — Cidu,s/dt. Ecnm yuects, 49ro m3 (6.5) cmemyer dir=(hy,/t)dg,
a du,,= — R, di, 1 nonoxare du,s~ du,,, TO
duys dug, hy15dg

ig=—Ci—=a—-C,—~CR,——.
Cx * *at o a

ITocne mopcranoBkH B ypaBHEHHE (6.2) HONYYEHHOTrO BLIPAXKECHHS IS
icy HMEEM

dg q
o 6.7
at +t+h213C,R T+hy,CeRy i (1)- _ ©.7)

CrenoBaTenbHO, TOK Iepe3apsakd €MKOCTH KOJUIEKTOPHOIO Iepexona
NPHBOAMT K YBEJIMYEHHMIO SKBHBAJIEHTHON HNOCTOSHHON BpEeMEHH:

T =T+ h213CxRx- (68)

3apepxxa Brmoverms. PacCMOTpPEM OpONECC BKIIOYEHHS TpPAH3H-
CTOPHOIO KJIFo4Ya OPH yCIOBHH, YTO B MOMEHT BPEMEHH I, HA €rO BXOJe
HAIPsKEHHE CKa4KkoM H3MensieTcs ot Uz~ 10 Us* (puc. 6.5). B 6a3opoit
nemd ycranaBiuBaeTcs TOK J5* = (Us™ — Ugsac)/ Rs. XOTS yIpapisiiommee
HAIpPSIXKEHHE H3IMEHNETCS CKAYKOM, Pa3HOCTh NOTEHNHANOB Mexny Oa-
304 H SMHTTEPOM H3-332 HaJIMYHA Opexne Bcero emxocreit C, 1 C; Hapa-
craer g0 3HavyeHus U,y,, OPH KOTOPOM TPAH3HCTOP OTKDHIBAETCA HE
cpa3y, a B TeYeHHE OIpe/1e]IeHHOr0 BpeMeHH. TakuM 06pa3oM, HMIyJIbC
KOJLIEKTOPHOTO TOKa HAaYHHACTCS B MOMEHT BPEMEHH /), T. €. C HEKOTO-
pOH 3a€PKKOH OTHOCHTEJIbHO MOMEHTA IOJa4H OTHHPAIOMEro HANpS-
xeauss Up*. VHTepBan BpeMeHH f,,=
=1, — ty OIPEACISIET 0AUMEALHOCb CIIA- |

Bx

Ug

Ouu 3adepxcku — Bpemsl, B TEUEHHE KO- -

TOPOro NPOHCXOAHT Iepe3apsaaka eMKO- (/; t, —t

creét G, B C;. Tak xax B 3TO BpeMs vYepe3

TPAH3KUCTOP MNPOTEKAIOT €MKOCTHEIE TO- iy

KM, TO OIKBHBAJICHTHAsS CX€Ma TpPAH3H- T wac

CTOPHOIO KiIoYa Ha 3Tame 3afepXKH 0 1, & YA

BKJIIOMAET BHENIHHE PE3HCTOPHI M €MKO- U .

CTH nepexo 0B (pHc. 6.6). Un -
B TpaH3HCTOpPHOM KmOYe OGEMHO Yo nao

Rs> R,, nostoMy, npenebperas R,, mo- o ] -

nyqaeM Hemns NnepBoOro nopﬂm(a nepe-

XOJHOH mpornecc B KOTOPOH onpenenxe*r Prc. 6.5, TlepeXomse NpOIECCH
€S COOTHOIIICHACM "7 5 kmoge OD
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—!Yftag

s, (£)=tis, (00) —[ugs (00) — s (0)] € ",
rae T:ux:RG(Cx'}'Ca); uﬁa(w)=U5+; u69(0)=

K

Upe R T g Uge = —Us~. Korga eMKOCTh Harpy3ku TpaH3H-

@ —1 5  cropHOro xioda C, cou3MephMa HiH 50JIbiIe
J—cs CyMMapHOH eMKOCTH HEPEXOJIOB, Ton=Rs (Cx+
T +C,+C).

Puc. 6.6. DKBHBANEHT- TTocne moOACTAHOBKHM HOJIYyYHM

Hasg cXxeMa Kioda

ue, ()=Ut — (U + Uz )e ™.

Cragds 3a/iepXXKH 3aKAHYHBAETCH, KOIA U ()= Uom™ Us3nac, 0O-

ITOMY
P

ta=Tuln __in'ﬁ_.'
Us - UBSmu:

®opmuposanse $poura. Korna B MOMEHT BPEMEHH 1 3MHTTEPHLIA
HepeXx0ji OTKPHIBAETCH, HAYHHACTC HPONECC HapaCTAHHS KOJLIEKTOP-
HOT'O TOKa, CONPOBOXKIAIONMIHAC CHIXKEHMEM KOILUIEKTOPHOIO HAIpsKe-
Hps. KONIeKTOPHBIHA TOK yBEIHIHBAETCS IO MOMEHTA BPEMEHH 1, KOI 1A
TPaH3UCTOP BXOJHUT B PeXHM HACHINCHHSA. B unTepBajie BPEMEHH ...,
npoucxoauT GopMEpOBaHHE PPOHTA MMIyIbCA TOKA.

JaumeasHocms Pponma ty=t;— t; MOXKHO OIPE/IENMTh M3 yPABHECHAA
(6.6). Tax kax HaYaTbPEIH OGBEMHBIH 3aps q(0)=0,a

2 (s)=§l{;‘", 10 g()=It(l—e ). (6.9)

IToxacraBus Beipaxenue (6.9) B (6.5), noay4um
i (O)= Pl (1—€"). (6-10)

TakuM 06pa3oM, ¥ OOBEMHBIA 3apsii HEOCHOBHBIX HOCcHTened B 6ase,
¥ KOJLIEKTOPHBI#A TOK BO BpeMsl HOpMHPOBAHHS dpoHTa H3MEHAIOTCA 1O
3KCIOHEHIKATLHOMY 3akoHy. Korna i (f2)=Ikmc B 32psi HCOCHOBHRIX
HocHTenell B 6aze gocruraer 3HaueHES g ()= Tliac/Patss ¢dbopmMHEpOBa-
mme GpoHTA 3aKaHYMBaeTCA. BOCHONB30BAaBIIACH COOTHOMICHHAME 6.9)
u (6.10), nonyurm dopmyiy s pacyera AATENHHOCTH ¢ponTa

hasolg

h213IE "IKnac'

t¢=1.'ln (611)
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W3 noiry4eHHOro COOTHOLIEHHS CNEAYET, 9TO yBeaH4eHHe 0a30BOro
TOKa BKIIIOYEHHS NPHBOAMT K YMEHLIICHHIO [UIATEILHOCTH (poHTa
HMIIyasCa KOJUIEKTOpPHOro Toka. Ecom mpu dopmmpoBanuu ¢ponTa
€MKOCTHBI# TOK COH3MEPHM C KOJUIEKTOPHEIM TOKOM TPaH3HCTOpa, TO
s pacdera ty, B hopmyne (6.11) HeO6XOQUMO 3aMEHHTH T HA Ty, H3
(6.8).

Ilocne TOro kak TPaH3HCTOpP BOHOET B pPeXMM HACHIIEHAA, TOK
i, U HanpsXEHHE U, NEepecTaloT H3MEHNTHCH, HO MPONECC HAKOIICHAS
3apsaa HPOJOIKAETCA [0 IKCOOHEHIHAILHOMY 3aKOHY B COOTBETCTBHH
¢ BeIpaxeHHeM (6.9), 01HAKO MOCTOSHHAS BPEMEHH 3/1€Ch JPYIas: Ty =
=(0,8...0,9)r. TTocxompKy mponecc HaKOIJIEHAS HOCHT SKCIOHEHIWMAIb-
HBIA XapakTep, TO BpeMs, B TeYeHHE KOTOPOro 3apsh HEOCHOBHBIX
HOCHTeNEH JOCTHraer CTalHOHAPHOIO 3HAYEHHS, MOXHO BHIYACIHTE N0
bopmyne tpe=(3...5)T . IIpH 3TOM 3apsAa HEOCHOBHBLIX HOCHTENeH B Oa-
3€ Grac= Tnnclg'

Ha 3TOM mpomecc BKIIIOYEHAS TPaH3HCTOPHOTO KIOYAa 3aKaHYH-
BaeTcH.

6.4. BBIKJITOYEHHME TPAH3MCTOPHOI'O KJIOYA

Koraa B MOMEHT BpeMEHH f, IPOHCXOIHT HEPEKIIOYCHAE BXOJHOTO
Hanpsixenns ¢ U Ha U (cM. pHC. 6.5), HAUMHAETCS HPONECC BHIKJIIOYe-
HHS TPaH3HCTOPHOro kirova. IIpH mepexirovensH BXONHOIO Hampsxe-
HHS TOK 0a3bl MEHSAET HanpaBJieHHE H CTAHOBHTCSH PaBHHIM

Is =(Us — Ussnac)/Rs.

Craaus paccachiBaEks. B pe3ynbraTe H3MeHeHHsA HalpaBiieHHs Oa-
30BOro TOKa HAYHHAETCS MPONECC PAacCaChIBAHHS HEOCHOBHLIX HOCH-
Tenet. HecMoOTpsa Ha yMeHbIIeHHE 3apsafa, TPaH3HCTOP HEKOTOpOeE Bpe-
Msl HaXOAUTCH B PeXHME HACBIIIEHHAS, H KOJUIEKTOPHHIH TOK OCTaercs
paBEBIM [icn,.. B MOMeHT BpeMemm f, (cM. pHC. 6.5) KOHNIEHTpanmus
HEOCHOBHBIX HOCHTENIEH OKOJIO KOJUIEKTOPHOIO MepexoAa yMeHbIIaeTcs
IO HyJs H Ha KOJUIEKTOPHOM IIlepexoje BOCCTAHABIMBAETCS OOparHOE
HATIPSXEHHE.

TakuM 06pa3oM, HETEPBAIl BPEMEHH fp,, = f,— {3 OIPEAEIAET 32AEPXK-
Ky Cpe3a HMIyJbCa KOJIJIEKTOPHOIO TOKa. BpeMs f;,., KOTOPOE HAa3bIBA-
€ICsl gpemenem paccacbléanus, MOXHO OmpeleadaTs H3 ypaBHeHHH (6.6),
nos0xuB Is (s)= — I [s u q(0)=IF Tyac,

Iy T Thac

55+ 1/tmae) S+ 1/tmc

g(s)=—

Tlepexoast OT H300paXkeHns X OPHTrHHAJIY, MOJIyYaeM
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g ()= =I5 Trae (1 — &™)+ [ Ty ™™

ran paccachiBaHMs 3aKaHYMBAETCH, KOIJa TPAH3HCTOP BXOJUT B AKTHB-
HEIA PEXHM, H €CJIM [OJOXHTh, YTO B MOMEHT BPEMEHH 4 06 BeMHRII

I
3apan ¢ (1) =Tase——
M,

, TO IIOJIyYHM

E+5

e 6.12
Ig + Icnadha1n 6.12)

toae = Taac

Unorpa 3apsagoM ¢(t,) Dpenebperaror, B Gopmyia Ansi pacyera
BPEMEHH PaccachlBaHHS OPHHAMACT BAJ

tP8c=Tmln[(I; +IE)/IIS_]

Cranus ¢opvupoBanus cuaja. B nanpHefiieM HaYMHACTCS yMEHbLIC-
HHe 6230BOr0 H KOJUIEKTOPHOrO TOKOB, YTO CONPOBOXAAETCs yBEIMYC-
HHEeM HANPSKEHHS Uy, H GOPMHPYETCs COaj BePUIMHLI HMITYJIbCA KOJLIEK-
TOPHOrO "TOKa. IIpONECCH], NPOTEKAIOIME B TPAHIUCTOPHOM KIIFOHE
B 3TO# CTA/IHH, JOBOJBHO CJIOXHBI, H KOJIMYCCTBEHHAsA ONEHKA JUIHTCIIb-
HOCTH CHANA f 3ABHCHT OT TOTO, Kakug (axropsl npesammpyloT. Ecmm
eMKOCTHBIMHE TOKaMHA MOXEHO Ipene6peddb H 5 < I g, TO AHTEIBHOCTD
cmaza MOXeT OHITH TAaKXke pacCudraHa Io ¢opmyne (6.6). ITonaras

L(s)=—I5 /s, Q) =q(t) =1

ks
9TO B MOMEHT OKOHYAHHA CTaAnH cuaga ¢ (fs)=0, ameeM

a Takxe, IPHHAMAas BO BHHMAHHE,

I gac/ho1s+ Iy

B

tu=tln (6.13)

Jarnas ¢opmyna nonay4eHa OpH AOBOJBHO rpy6boM DpHOIHXEHHAH,
IOCKOJIbKY B JEHCTBHTEIBHOCTH TOK 6a3bI I5 He ocraercs NOCTOSHHBIM
B Hemb3s mpeHeGperatb Tokamu 3apsaku C; M EMKOCTH HArpyskd
C, TpaH3HCTOpHOro Kmodua. Korga OIpeaesIomuM sBISCTCH Nponecc
3apSAIKA 3THX €MKOCTEH, TO JUIMTENbHOCTH CIaja PAaCcCIHTRIBACTCH IO
dopmyne to=(3..5) R (Cc+ Cy).

6.5. BLICTPOAENCTBYIONYE TPAH3VICTOPHBIE KJIIOYX

U3 bopmyn (6.11)...(6.13) creayer, 910 OBICTpOACHCTBHE TPaH3H-
- CTOPHOTO KJII0Y4, T. €. BpEMs BKIIOYEHHS M BRIK/IOUCHHUS, ONPCAC/LACTC
HapaMeTrpaMH KaK CaMOro TpaH3HCTOpa (C,, C;, 1), TAK H CXeMbI BKJIIO-
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vemns (U, Us, Uy, R,, Rs, Cy). EcTecTBeHHO, 4TO IIpH pacyeTe KIIOYa
HEoOXO0aMMO CTPEMHATHCS K 00eCredeHnIo ero MakKCHMaJIEHOro OnicTpo-
JOCHCTBHSA, T. €. YMEHBIICHAIO JIHTENIHHOCTH OTJEJILEBLIX CTajHil mepe-
xogEbIx mponeccoB. Kak cneayer m3 (6.11) m (6.12), nmmMTensHOCTD
dbopmmposanns $poHTA £y M JIATENLHOCTh PACCACHIBAHAS lps, 3ABHCHT
oT 6a30Boro Toka BKiIo4yerHs. U ecin ysenwdenre I7 npHBOIHET K yMme-
HbIIEHHIO 3, TO OJHOBPEMEHHO YBEJIMYMBACTCH fy,.. 14KOE HOJIOXKCHHE
06yCoBIeHO TeM, 4TO ¢ pocToM I yBenmumBaeTcs K03bdUIHAEHT HACKI-
wennst Ky, )

Tpansacropnii kmou ¢ ¢opcapyronmM xouaencaropom. Ecma co-
31aTh TAKAE YCIOBHs, IIPH KOTOPBIX 6a30BHIM TOK BKJIIOYEHHS HMeEl Obl
6osbmoe 3HavemHe BO BpeMs ¢GopMHpoBaHHS (pOHTa, a HOCIE ero
3aBepIICHAS YMEHbIIAJICS 10 3HAYCHHS, JOCTATOYHOrO JJIs HAaCHINIEHHS
TPaH3UCTOpPa C HeOOILIAM K03h¢HIHEenTOM HACKHIIEHHAS, TO 3TO IOBKI-
cuio Obl OHICTpOJEHCTBHE KIIOYa, IOCKONBKY #3 YMEELIIHIOCH OBI,
3ty He YBEJIHIAIIOCh.

Orta ujies noBbINIEHAS GHICTPOIEHCTBHS pealA3yeTCs B CXeMe KoYya
¢ gpopcupyrowum Kondencamopom (puc. 6.7). Konnencarop C myHTHPYET
pe3ucTop Rg H MOITOMY B MOMEHT OTIHpPaHHAS TPAaH3HUCTOpa TOK 6a3n
BKJIIOYEHHS. HMeeT MakcEMaibHoe 3Havenue Ii (0)~ U /R,. (puc. 6.8),
rae R,, — BXOJHOE CONPOTHBJIEHHE TPAH3HCTOpa. 3aTeM L0 Mepe 3a-
psaxu konAeHcaTopa C TOK 6a3hl yMEHEbLIIAETCS H K OKOHYAHHIO IPOIeC-
ca BKIIO4eHHs npapEMaeT 3Hauenre I & (Uf — Ugpsmc)/ Rs, 4TO MeHbIIE
I (0), Tak ¥ak R,;<Rs. TakaM 06pa3oM, B JAHHOH CXeMe HAYAJbLHAIH
6a30BHIi TOK BKJIIOYEHHS CTa) Gobme, a ko3d¢unuenT HackImeHAs He
YBEIHYHICS TIO CPABHEHHIO CO CXEMOH 6e3 (POpCHDYIONIEro KOHIEH-
caTopa.

Dopcupyrolluii  KOHIEHCATOp CIOCOOCTBYET Takke COKpAINEHHIO
BPEMEHHA [y, Korga TpaH3MCTOp OTKpHIT, NajcHEAE HANpPSKCHHS Ha
pesuctope Rs paBHO Uy — Ugpsme B KOHAeHCATOp C 3apsiKeH A0 3TOro
Hanpsoxepus. Ilpm momade Ha BXo4 KIIOYa 3aIHPAIOMIEro HANpsDKe-
musi Uy Hampsixemme Ha kosaencatope C ckiaamiBaercs ¢ Uy m Ha-

Upx
U
0 t
Us t,
s
15(0)
I
0
L© !
Purc. 6.7. Cxema kmoda ¢ GopCHpyroLIEM Puc. 6.8. Ilepexoaanie mpoLecchl B KIKOTe
KOHIEHCATOPOM ¢ ¢opcHpYIIEM KOHAEHCATOPOM

¥
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yanpEbE TOK Beikmodenas 6asml Iy (0)~(Ug + Us — Usaga)/Rexs 4TO
HAMHOrO 60JbIIE TOKAa BRIKIOYEHAS 0e3 GOpCHPYIOLIEro KOHACHCATO-
pa: Iy =% (Us — Usauc)/Rs. B pe3ynwTare BpeMs l,. TAKXKE YMEHbIIACT-
cs. EmMxocTb koBnencaTopa C He MOXeT OBITh IIPOM3BONILHOM, IOCKOJIb-
Ky IpH Manoi eMKCCTH BCIUIeCKH §6a30BOro TOKa HMEKOT HeGonbuiylo
JUIATEIILHOCTL M BIMSHEE KOHAEHCATOpPAa HAa JJIMTENbHOCTDb I€PEXOTHBIX
IIPOLIECCOB He3HAYHTENHLHOE, a IIpH CIHmKoM Gombmom 3naverEl C Mo-
KET NpOM30UTH yBENHYCHHE [THTEIHHOCTH MEPEXOJHBIX IPOLECCOB.
ITosToMy eMKOCTb KOHIECHCATOpa OIpejensercs H3 COOTHOIEHHS
Cztd,/Rﬁ.

Kmou ¢ amoxom Mlorka. Xors Gopcapyromuil KoaaeHCaTOp B 06€ec-
IeYHBacT yMEHbIIEHAE BPEMEHA pacCachiBaHHs, HO OHO BCE XK€ Cyme-
crByer. J{s yMEHbIIEHHS BPEMEHH BHLIKJIOYEHHS HCIOMB3YIOTCS KIHOH
C HeauHetinoli o6pammoti céa3bl0. B Xiove Ha KpEMHHEBOM TPaH3UCTOPE
HauIydlIde pe3yNbTaThl JaeT MCOONb30BAHHE B KadeCTBE 3IEMEHTA
ob6parHoi ces3u mEosa IloTkH, KOTOpHIH BKIIOYAETCH MEXIY 6azon
M KOJUleKTOpoM Tpansucropa (pac. 6.9). XapaxrepHhM A JHOAA
Motk sBIAgEeTCS TO, YTO HPOTEKaHHE NPSIMOIO TOKa 4Yepe3 HEro He
CBS33HO C HEXeKOHell HeOCHOBHEIX HocHTelne# H 3¢ PexToM HaKOILICHHS,
KaK 3TO HMEET MeCTO B JTHOJE C p-N-IEpexooM.

Korzaa TpaH3uCTOp OTKPHIT H HAXOJHATCS B AKTHBHOM PEXHME, IIOTE-
HIEAN KOJUIEKTOpA OTHOCHTENBHO 6a3hl HONOKHTENBHRIA (46> 0)
u K g0y IpHunoxeHo obparTHoe Hanpsokerde. Kak TOJIBKO € poCcTOM
KOJLIEKTOPHOI'0 TOKa KOJUIEKTOPHELA p-n-epeX0/ OKa3biBACTCS CMEIleH-
HLIM B IPSIMOM HAIpaBleHHH, THOR oTkpuBaercs. Ilocnenyromee yse-
JMYeHHE CHIILI 6a30BOro TOKa TPaH3UCTOPAa NPHBOIHT K POCTY CHIBI
TOKa, npoTekatomero yepe3 auon lloTka.

CrneoBaTenbHO, HAKOIUIEHAS HEOCHOBHLIX HocHTenei B 6ase Tpas-
3HCTOpa H3-32 HEXKCKIHM HEOCHOBHBIX HOCHTENEH depes KOJUIEKTOPHBIH
Iepexod, Kak 3TO HMeeT MECTO npu paboTe TpaH3HCTOpa B pexmMe
HACHIIICHHS, [pPAaKTHICCKH HE NPOMCXOAAT, IIOCKOJBKY HAIpsDKeHHE
oTkpuBanas aEona IOTKE MeHbIIE HANPSOKCHAS OTKPHIBAHHUS KOJI-
nekTopHOro p-n-mepexozxa. Ilo 3TOH %e NpHYAHE BPEMs HAKOIUICHHA

B 6a3e TpaH3HCTOpa HEOCHOBHLIX HOCHTENEH,

" HHXEKTHPOBaHHBIX 3MHTTEPOM, CYIIECCTBEHHO

MeHbIIe.

VD Ak TaxuM 06pa3oM, yBenmueEHe GHICTpOAEH-

CTBHS TPAH3ACTOPHOrO Kiroya ¢ auoaom Hlot-

R KM [POHCXONHT B pe3yibTaTe YMEHbIICHHS

vT BPEMEHA HAapacTaHHS TOKa KOJUIEKTOpa IpH

BKJIIOYEHHH H BpEMEHH PaccachiBaHHS IPH BbI-

kmoueran. Creayer, ORHAKO, 3aMETHTh, 9TO

Puc. 6.9. Cxema Tpamsu- manpsokeade U, TaKOro kioda B OTKPHITOM

CTOPHOTO K04a C - COCTOSIHMM HECKOJbKO OOJblle, YeM Hampse-
ogom MoTku HHE HACKIEHHOTO KJII0Ya.
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6.6. TPAH3UCTOPHBIN NEPEKJIOYATEJIH TOKA

Hapsiny ¢ TpaH3MCTOPHEIME KJIFOYAMH B MMIYJIbLCHHIX CXeMax IpH-
MEHSIOTCH TPaH3UCTOPHBIE NEPEKIIOYATER TOKa, KOTOphle obecneyuBa-
0T HepeKIo4YeHHe TOKa M3 OJHOH memd B apyryro. Ilepexmovareis
COCTOHT M3 ABYX TPAH3HUCTOPOB C KOJUIEKTOPHHIMH HArpy3KaMH, B 06-
LYo SMATTEPHYIO NeNb KOTOPhIX BKIIOYEH HCTOYHHK Toka I, (puc. 6.10).
Ha 6a3y tpam3ucropa VT2 mopmaercs HOCTOSHHOe HanpsokesHe Uy,
Ha3bIBAEMOE ONOpHbiM. YTpaBIAIONee HANpsSKEHHe nonaercs Ha 6asy
Tpan3ucropa VT1. Ecim Hanmpsbkende Ha BXOAE 4, =0, TO TpaH3UCTOp
VT1 3akphIT ¥ Bech TOK I, npoxodT 4epe3 V'T2. Ilpu 3T0OM nOTEROMAN
6asel VT2 OTHOCHTENHBHO 3a3¢MIICHHOM TOUKHM Ug= U,y NOTEHIIHA
IMHATTEPA Uy = U = Uyy— Upn s, ¥ MOTEHIHAT KOJUIEKTOPA

Uxy= Un— 16| Lo Ry (6.14)
PasrocTh noternuanos Mexay 6asoi u smMmTrepom VT1
Ugs1 = Upx— Uon+ UBSm: (6'15)

U TaK KaK Uy > Upg e, @ =0, TO Tpam3uctop V71 3akpur. C pocToM
Uyy PA3HOCTh MOTEHIHANIOB g YBEJIAYABACTCH M IPH Uy = Upy=
= Ugpsmc:—0,1 B Tpam3ucrop VTl orkprmaerca. C yserom (6.15) 3ro
npou3oiner npy U, = U,—0,1 B.

Korna BxoqHOe HampspkeHHE = Ugy,, 4epes 06a TpaH3uCTOpa Ipo-
TEKalT OAMHAKOBhle Toxda [,=1,=0,5[, Jlancmeiimee yBe/myeHHe
U,; MPUBOJUT K POCTY MOTeHmAANa 3MHTTepoB. [eficTBUTELHO, KOrAa
TpaH3uCTOp VTl OTKPHIT, Ug, = Ugyme B 1) =ty =ttyy— Upamc. TaK Kax
noresmuan 6asnl VT2 3adukcupoBan Ha ypoBHe U,, OTHOCHTEILHO
3a3eMJICHHOH TOYKH, TO YBEJHYCHHE Uy, > U, PABHOCHJLHO yMEHbIIeE-
HHIO HANPSDKEHHS Ugyp, TAK KAK Uy = Upy — Uiy = Uy — thpy + Upspac M TIPH
U= Ui =Ux+0,1 B Tpamsucrop V72 3akpoercs, NOCKONBKY Ugy=
= Ug3sac— 0,1 B. Taxam o6pa3om, npu u3MeHeHHH BXOJAHOTO HAIpSIKe-
g oT Uy, =Uy—0,1 B o Up,=U,+0,1 B, T. e. Bcero Ha BeaHYHBY
Au,=+0,1 B orrocutensro U, Tok I, NepeKIIOYaeTCd M3 OJHOIO
mwieqa B apyroe (puc. 6.11).

B nepexmoyaTene Toka He06XOQEMO, 9TOGK! OTKPRITHIM TPAH3UCTOP
He HaXOJHJICA B peXHME HACHIIEHHS, T. €. > — Uy OOBIMHO NI
OpeJOTBPAMICHAS PEXHMa HACHIIEHHS C YY€TOM BO3MOXKHEIX HECTa-
OrIbHOCTER IapaMETPOB CXEMBI IPHHAMAIOT YCIOBHE Uys=0. YIHTEIBaS
Coornomenns (6.14) m (6.15), nonyaem ycnoBue HaXOXICHHS TpaH-
3MCTOpA B aKTHBHOM PEXHME

Un —_ ]h215| IOR‘ - Uon+ 0,1 B
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Iy/2
0 Usx Uon Usx Usx
Puc. 6.10. Cxema TPaE3IHCTODHOIO mepe- Puc. 6.11. BrxomHas XapakTepucIdka ne-
KIIFO9ATENS TOKA pernoTaTeNs TOKa

HecmoTps Ha To, 4ro Tpan3uctopu VTl m VT2 B OTKPHTOM
cocTosHEA paboTaloT B AKTHBHOM peXHMe, CXeMa HMCCT BRICOKYIO
cTa6MILHOCTD, IOCKOJBLKY KOJUIEKTOPHEIH TOK 33/1aH HCTOTHAKOM TOKA.
O6BI4HO CTaOHIH3amAs TOKA OCYINECTBISETCS C MOMOIIBI0 pE3HCTOpA
R,, BKIIOYEHHOTO B SMHTTEPHYIO HElb TPaH3HCTOPOB. ConpoTHBieHHe
Pe3HCTOpa 3aBHCHT OT TOKa I, B OIpeaeNseTcs COOTHOMEHAEM

R,= (Uu - UKBm)/Io— R,

Ilepexomubld Hpomecc B HepexToYaTene TOKa, CBI3aHHLIA C OT-
KpHIBAHHEM OJHOTO H 3aKpPBIBAHHEM \npyroro TpaH3HCTOpa, HMeEEeT JBE
CTafAH: 330epXKH f,, H HApaCTAHU{ KOJUIEKTOPHOrO TOKa ty. Cramas
3afepXKH, Kak H B TPaH3HCTOPHOM Kio4e, o6ycoBieHa KOHETHOM
CKOpPOCTBIO HapacCTaHHA HANPSOKEHASN Ugo). ECITA HANPSOXEHHE, TP KOTO-
pom TpansucTop VT1 3akphir, Uyp=Up—AUqy, 8 HAOpSDKCHAE NOCIE
oTKphIBAHES Uyry = Uon+ AUcy, TO, MPENCTaBIsAA BXOAHYIO LEIb Tpas-
3HCTOpa SKBHBANEHTHRIMHA NapaMeTpaMH (Cyx — €MKOCTb BXOJHOH Ie-
m, R,, — COIPOTHBIIEHHE BXOIHOH nel ), moJy4aeM

Uss1 (t) =Usn~ (Ucrrx - 3n) e—‘/"an,

IN€ Tay=RyCsy — DOCTOSHHAA BpEMEHH BXOQHOM HeNH TPaH3UCTOPaA.
TpaH3uCTOp OTKPHIBAETCH IPH  Ugor = Upu—AUsy, TOITOMY Iy=
=17, In [2AUo /(AU s+ AU,y)). O6BrdHO AT oe6GcredeHEs] yCTONYHBOTO
cocTosaas cxeMul AUq, > AU,;, 103TOMY

foa=Tox 10 2=0,7T,;. (6.16)

ITocile OKOHYAHHS CTafHM 3alepXKkH TpaH3ucTop VTl OTKpEIBAeT-
cs H Yepe3 ero SMHTTEPHKLIH NepeXon HAYMHAET OPOTEKATh MOCTOSHHbIA
tok I,. IIpu 3rom noreHnman 6a3sl OCTAETCH Hew3MEHHBIM. B pe3ynb-
TaTe TOK 5a3hl CKRYKOM YBEIMYMBAETCH A0 3HAYeHHd [, (0)=1,, a 3aTeM
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IO Mepe HapaCTaHHS KOJUIEKTOPHOIO TOKa OH yMeHbImaercs. Tako#
pexuM paboTel TPaH3ACTOpPAa COOTBECTBYET BKJIIOYECHHIO €r0 IO CXeMe
¢ Ob.

Kak u B Tpan3ucTopHOM Kirode B cxeme ¢ O3, B cxeme ¢ OB nponecc
H3MEHEeHHs KOJUIEKTOPHOTO TOKa HOCHT 3KCIIOHEHIHAIbHBIA XapakTep.
OzmHako NOCTOSHHAS BpeMEHH 7', cooTBeTcIBYIOMas BKIIOYEHHIO TpaH-
suctopa 1o cxeme ¢ OB, oTIHYaeTCs OT MOCTOSFHOM BpEMEHH T KII0Ya
B cxeme ¢ OO. DT nmapaMeTphl CBA3aHbI COOTHOLIEHAEM T= (A3, + 1)T'~
thlstI'

Hcnone3ys popmyny (6.8), monydaeM BhIpaxeHHE [Jisi SKBHBAJICHT-
HOH¥ IOCTOSHHOH BPEMEHH HAPaCTaHAS KOJJIEKTOPHOTO TOKA To, AU
xmova B cxeMe ¢ OB: 1,,=1'+ R,C,. Taxum obpa3om, Bpems HapacTa-
HHS KOJUIEKTOPHOT'O TOKa

tp=(3...5) (¢ + R,Cy). (6.17)

IlepexmroyaTennh TOKa HMEET BRICOKOE OLICTpOAEHCTBHE, MOCKOJBKY
HCKIIOYAETCSA PEXAM HACHIICHHA TPaH3HCTOPOB, MAJIH IIEpena;] ynpas-
JIAIOIIEro HapPsDKEHAS H NOCTOSHHAS BPEMEHH HapaCTaHHS KOJIEKTOp-
HOTO TOK&.

6.7. MAII-TPAH3UCTOPHBIE KJIFOYM

Cratuyeckne pexuvul M/III-TpansucTopunix Kmo4eii. CymecTByroT
Tpu THOA xmoded Ha M/III-TpaH3uCTOpax: ¢ PE3NCTOPHOH HATPY3KOM,
€ THHAMMYECKOH Harpy3koil M koMiuleMeHTapHbI (puc. 6.12). B xmoue
¢ pe3ucmopHroii Hazpy3xoti (puc. 6.13, a) n-xananbaed MITI-Tpan3ucTOp
3aKPRBIT OPH g < Usynop (Usiinop — MOPOrOBOE HANPSDKEHHAE, IIPH KOTO-
poM HauyMHaeTcs (OpPMHpPOBAaHHE NIPOBOASIIErO KaHana). TOK depes
TPaH3UCTOpP HE MPOTEKAET M BLIXOAHOE HANPSIKEHHE g, = U, Ilpn

HANPSIKECHAM Uy, > Usyppop TPAH3UCTP OTKPHIT. TOK CTOKA I, H OCTATOYHOE
' HAUpsKEHWe Ha TpaH3HUCTOpPE Uy, ONpeNeNsroTCs TOYKOH IepeceieHHs
HArpy309HOH XapaKTEpHCTHKH C BLIXOJHOM CTaTHIECKOH XapaKTepucCTH-
KOH 1NpH ty=Upy— Usyinep (Uon — HAOPSDKEHAE MEXAY 3aTBOPOM
H HCTOKOM TpaH3HCTOpa, cM. pHc. 6.13). OcrarouHoe HampsoKkeHHE

+U, U, +Un
R, - iz Vr2
Uspix Usoix Ugyx Usbix
]
Uz__lsx aw 1-Jr= ) Ysx wiCo VT1$ C,
4 | 4 L
a) 6) 8)

Prc. 6.12. MJITI-Tpan3ucTopEsie KIFOTH ¢ PE3UCTOPHOMR (2) ¥ AMEaMATECKOM (F) HArpys-
KOli; KOMILIEMEHTAPHEIH K0T (6)

165



Uyor 33BHCHT OT BXOJHOI'O HANPSDKCHUS M COMPOTHBIICHHS HArPY309HOTO
pe3UCTOpa B MOXET OBITh CIENABO CKOJb YrOAHO MAJbIM IPH yBEJHYe-
HAH Uy B R,

B MHKpO31EKTPOHHOM HCHOJECHHH TPAaH3UCTOPHLIA KJIIOY C PE3H-
CTOpHOM HATrPY3KOH 3aHAMACT CPaBEATEILHO 60bIIYIO ILIOMAAbL H3-33
HanuAs pe3uctopa. [1o3ToMy B MEKpO3/IEKTPOHHKE HCIONB3YIOT KIIXO-
YH, B KOTOpKIX POJb HATPY30YHOTO PE3HCTOpa BRINOJHSET JMbO Tpas-
3ACTOp C KaHAIOM TOTO X¢ THIA 3NCKTPONPOBOAHOCTH, YTO M KaHAT
YOpaBISIOMEr0 TPAH3ACTOpa (KIH0Y C JHHAMMYECKOH HATpy3KOH), 60
TPAH3HCTOP C KAHATIOM JPYroro THOA 3NEKTPONPOBOJHOCTH (KOMIIJIEME-
ETapHBI Kkirod). IIpm 3TOM ympomaercss TEXHONOIHYECKHH IPOLECC
H3TOTOBJICHHS, IOCKOJNbKY HCKIIOYAETCs ONEpalusl H3rOTOBJICHHS PE3H-
CTOpa H NOBBLIMAETCS CTENCHb MHTEIPAIHHA CXEMBL.

B xaroue ¢ Ounamuueckoii nazpyskoi (puc. 6.13, 6) 3aTBOp Tpas-
suctopa VT2 noJxJro4eH K HOJOXKHTEIbHOMY IOJIOCY HCTOYHHKA MHTA-
HAS H, TAKAM 06pa3oM, Uy =t IIpH ty, < Usy nop YIPaBISIIOIIHH TPAH-
suctop VT1 3akphIT U CHIa TOKa cToka I; oueHb Mana (1 BA u meHee).
Tok Takoii e CHIEl IPOTEKAET M 4epe3 TPaH3HCTOp VT2, MOCKOILKY
B crarmdeckoM pexmme [, =I, BrXOIHOE HANOpPSXCHAC 3aBHCHAT OT
OTHOIIGHHS BHYTPEHHHAX COIpPOTHBICHHH Tpan3ucropoB VTl m VT2
n nexaT B npenenax Up— Usypops < U < Un (Usynopz — IOPOTOBOE HA-
npsbxeHHe Tparsucropa VT2, puc. 6.14).

Ecn# ty> Usynop1, TPaH3uCTOP VTl OTKPRIT, DOTEHIHAN €rO CTOKA
U1 << Uy, TOITOMY Uypy = Uy — Uhemy > Uspinopz M Tpam3ucTOp VT2 TaKkke
oTKphIT. Pabouass Touka TpaH3HcTOpa V72 HaxXOmATCS Ha [OJIOTOM
y9aCTKEe BLIXOJHOHM XapaKTepHCTHKH. 1Oraa crpaBel/IMBa CIEAYIOIIas
3aBHCHMOCTb TOKa CTOKa I, OT HANpPSXCHHS HA 3aTBOPE Uyt o=
=0,55; (Usn2 — Usiinop2), TAE S; — KPYTH3HA XapakTEpHCTHKH TPaH3HCTO-
pa VT2

BLIXOHOE HANpPSXCHAE TAKOTrO K094 B OTKPHITOM COCTOSIHHH
U,; OUpeaensieTcd TOYKOH INepeccicHHS B BLIXOAHBIX CTATHYCCKHX
xapaktrepuctek VT1 u VT2. Ocraroisoe Hampskenme U, Oyner
HeOOIBIIAM, €CIE NaJcHHEC HANPSKCHAS HAa OTKPHITOM TPAaH3HCTOpPE

ic ic
1(0) — ALY 1,0
D! 7
a
feo (0
I 4B L8
- 6 ¢ Usu_nop2
0 ] Tre A 0 | (7] —T—‘——
Uocr Uy U Uoer Uy  Ue
Puc. 6.13. Bexomgas (@) m Harpy3odHas Prc. 6.14. Bnixommas (@) ¥ Harpy3o4Has
(6) xapakrepucrmxn MJIII-Tpar3ucTop- (6) xapaxrtepucrExm MJII-Tpar3acTop-
HOro KJIF09a C Pe3MCTOPHOM HArpy3KOH HOTO KJOY3 C JHHAMHYECKOH Harpy3KoH
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VTl pamuoro mespine, 9eM Ha V7T2. DTO BO3MOXHO IpH YCJIOBHH,
YTO KPYTH3HA XapaKTEpUCTHKH TpaH3ucTopa VTl 6onbmme KpyTH3HBI
xapaxkrepHcTaka V712,

B xomnaemenmaprom xaoue (puc. 6.13, 6) B OTCYTCTBHE BXOJHOTO
CHIrHAJIA HA 3aTBOPE 71-KaHAILHOIO TPAaH3UuCTOpa V1l HanpSIKEHHE Uy =
=0, a Ha 3aTBOpE p-KaHAJILHOrO TPaH3HCTOpa VT2 HANPSKEHHE Uy =
= — U,. Taxam o6pa3om, Tpansuctop V71 3akphIT, a Tpan3ucrop V712
OTKphIT. Ha BLIXOnE KIr0Ya AEeHCTBYET BHICOKOE HANPSKEHHE Upyx = Us.
Tax kak 3akpur Tpamsuctop VT1l, TO TOK OT HCTOYHHKA ITHTAHHS
KIIFOYOM TIpaKTHIeCKH He moTpebnsercs (I, <1070 A).

IIpa BXxomHOM CHTHANE Upy> Uy — Usynop; HANPSDKEHHS HA 33TBOPAx
TPaH3UCTOPOB: Uy > — Usynops, Yaw1 > Un— Usynory B Tpas3ucTop VTl
OTKpHIT, & TPAaH3UCTOP VT2 3aKpHIT. B 3TOM COCTOSHEH KIIOY TAKXKe HE
noTpebnser TOKk OT MCTOYHAKAa mHTaHHS (V72 3aKpHIT), 2 BLIXOZHOE
HANPSIKEHHE Uy, 0. TakuMm 0O6pa3oM, KOMILUIEMEHTAPHBIA K09 HMEET
PSAA CYIECTBEHHHIX HPEHMYINECTB IO CPaBHEHHIO C PaCCMOTPEHHBIMH
THIAMHA KJIIOYedl: He HOTpebnseT TOK OT HCTOYHHMKA IHTAHHA B JIO60M
M3 CTAHOHAPHKIX COCTOSHHM; HMEET MPAKTHIECKA HYJIEBOE OCTATOYHOE
HanpshKeHHe U I03TOMY HAXOJHT IIMPOKOEe IpAMEHEHHE B MAKPOJJIEKT-
POHHKE. ~

Ilepexommnle nponeccsl B M/ITI-Tpan3acTopunix Kmoyax. Jmarein-
HOCTb nporneccoB nepexirodesdss MIII-TpaH3HCTOPHLIX KIOYeH ompe-
JensieTcsi B OCHOBHOM BpEMEHEM 3apsfiKi H Pa3piikd CyMMAapHOH
emkocta C,, 06pa3yeMoOil eMKOCTSIMH TPaH3HCTOpa, MOHTa)XHOH M Ha-
rpy3ku. Emxocth C, He IpEBRINAET EAHHAL TAKOPapajbL.

IIpu nopade HA BXOX Kaloua ¢ pe3ucmopHoti Hazpy3Ki OTOHpAIomie-
0 EMIOYNBLCA Uy, > Usypo, MII-TpaH3UCTOP OTKpHIBAETCH M B CXEME
mporekaer mponecc paspsaku C,. B pesyibTare HaOopsokeHHE HA
BHIXOJle KJI0Ya yMeHbINaeTcs H (opMupyercss cpe3 HMOYyIbca Ham-
psoxepAs (puc. 6.15). Tok i, mpoTekarommid Yepe3 OTKPHITHIA TpaH-
3UCTOp, H3MEHseTCS IO JOBOJHLHO CIOXHOMY 3akoHy. Bravane oH pa-
Ben I.(0) (cMm. puc. 6.13), m moka pabGowas Touka VD pnBHXercs

Usy

I I Uy nop

Prc. 6.15. Ilepexommnte mpoueccs 3 M/ITI-TpapsucTopaoM Kmode
C Pe3HCTOPHOH HATPY3KOK
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110 DOJIOrOMY Y4aCTKy BEIXOTHOH XapaKTepHCTHKH, OH MPAKTHYCCKH HE
mmensercs. Korna pabodas TOYKa BLIXOAHT HA KpyTO¥ Ha4aJIbHKIA
y4aCTOK XapaKTEpPHCTHKH (TOYKa VD'), TOK Ha4MHAET YMEHbIIAThCH,
OKa He NOCTHrHer 3HauenHsi I, TOK pasps/KH KOHIEHCATOPA ip=
=1 = I, [H€ ir, — TOK, OpOTEKAIOMIH Yepe3 pe3uCTOp R,, Taxxe n3Me-
HSETCS IO CIIOKHOMY 3aKOHY.

TaxuMm 06pa3oM, nepeXOTHEIA OPOLECC BKIIOYEHHS K044 OHCHIBA-
ercs mad¢epeENHaNnbLHEM yPaBHCHAEM

dutyuy Up— Upux

—-C,—==j e 18
Co=E i ) = (6.18)

PenmTh 3TO ypaBHEHHE H IIOJNYYHTh CPABHHTEILHO IMPOCTHIE ¢op-
MyJIBL JUIS pacyeTa JIHTEIBLHOCTH Cpe3a HMIynhCa BRIXOJHOIO HAIP3-
JKeHHSi MOXHO JUIS ABYX YACTHRIX CITy4aeB: 1) i, =t/ Ro; 2) I.=I.(0)=
=const. ITepBEIii ciy9ail COOTBETCTBYET 3aMEHE OTKPHITOTO TPaH3HCTO-
pa JKBHBANEHTHEIM PE3UCTOPOM Roxy= U4/I.(0), BrOpo# — 3ameHe HC-
TOYHHKOM TOK3.

Ipene6peras TOKOM ire=(Uy— tnux)/Rc, A1 IEPBOTO CIYYAs perLie-
gAe ypasHerHs (6.18) 3amamem B BANE

t ()= Uye ™",
rae t=Ry,Co= C,Uy/I.(0). Taxam 06pa3oM, MIHTEILHOCTL CPE3d
to=(3...5) CUy/L:(0). (6.19)
Jlns BTOpOro Ciydasi, npere6peras TOKOM irc, IPOTEKAIOMAM HEPE3
R,, noxygaeM
tp=CoUd/ L (0). (6.20)
He'rpyzmo' BHfeTh, 49TO BhIpaxemHe (6.19) maer 3aBBINICHHOE, &

(6.20) — 3aHMXKEHHOE 3HAYEHHE [rp, HOITOMY AJI pacicToB nenecoob-
pa3’HO OJB30BATHCA COOTHOIECHAEM

top 1,5CoU/I 0)- (6.21)

JUtaTensHOCTh (PPOHTA HMILYNIbCA BLIXOJHOTO HANPSKCHHS onpene-
JSeTCS NpOLEccOM 3apsiiKd eMKOCTH C, uepe3 R;, DOCKOIbLKYy B 3TO
BpeMsl TPAH3UCTOP 3aKPHIT. B 3TOM Ciy4ae iy, HIMEHACTCH o 3KC-
NOHEHIHaILHOMY 3aKOHY C IIOCTOSIHHOH BPEMCHH T, =R.C,=C,U,/I; n,
cle10BaTelLHO,

ty=(3...5)CoUy/LL. (6.22)
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A W3 Boipaxennit (6.21) m (6.22) cnenyer, 9ro f4> 1, HOCKOJBKY
LO)>L. )

B kaoue ¢ dunamuueckoii nazpyskoi JUTMTENLEOCTL CPE3a HMIYIbCa
BLIXOZHOIO HANPSKEHHS! TAKXKe ompenensiercs coorHomendeM (6.21).
OpOHT HMIIYNECA BRIXOJHOTO HANpPSOKEHAs GOPMHpYETCS IPH 3apsIKe
C, 4epe3 marpy3ounslf Tpamsucrop VT2 (cMm. pHc. 6.12, 6). Tak kak
KPYTH3H2 XapaKTEpHCTHKH TpaH3HcTopa V72, xak yxe OTMeYalocCh,
MeHbIIE KPYTH3HBl XapakTepHCTHKHH Tpam3ucropa VTl, TO, Kak
H B KJII0Y€ C pE3UCTOPHOR HATPY3KOH, fy> 1t

B xomniemenmapnom xaroue 3apsaxa emxocta C, OPOMCXOJHAT Yepe3
Tpam3ucrop VT2 u npu stoM fopmmpyercss GpOHT MMIOYIbCa BRIXO.-
HOrO HANPSKEHHA fy, a pa3psanka — depe3 Tpansucrop VT1, u ¢dop-
MHUDpYETCs Cpe3 . B cBS3H ¢ TeM 4T0, KaK mpaBHIO, NapaMeTPhl ITHAX
TPAH3HCTOPOB OTIHMYAIOTCH HE3HAYHTEIBHO, ly=ly=1,5C,U,/I,(0).

Taxum obpa3om, u3 Bcex THHOB Kmoueit Ha MJIII-Tpam3sucropax
KOMIIJIEMEHTAPHBIN K04 SABJIAETCSH CAMBIM GRICTPOACHCTBYIOIAM H Ca-
MBIM 3KOHOMHYHBIM, HOCKOJIBKY B CTAIIHOHAPHOM COCTOSHHH OH HE
noTpebseT TOK OT HCTOYHHKA ITHTAHHS.



Taasa 7
JIOTMMECKUE YCTPOMCTBA 1 TPUITEPBI

7.1. OCHOBHBIE TTOJIOXKEHWS AJITESPBI JIOTAKH

B pa3sjHYHEIX YCTPOHCTBAX o6paGorka mEGOpMAIAN MIMPOKO HC-
' HOTBL3YIOTCH 3NEMEHThI, BXOJHbIE ¥ BHIXOHEIC CHTHAJIEI KOTOpEIX MOTYT
IpUEEMATh TOIbKO B3 3HAYEHHS. CugTaercsd, 4TO 3THM 3HAYCHHSIM
CHrHAJIa YCIOBHO COOTBETCTBYIOT [Ba YPOBHH HANDSDKEHHA — Aozuuec-
xan edunuya «1» B o2uyeckuii Kyap «O». DNEMEHTHL, OCyIECTBIISIONHAE
IpoCTeiimAe ONepaldy C TAKMMHA [BOHYHLIMH CHIHAIAMH, HA3hIBAIOT
normueckamn. Jozuueckue 3semenmel (JID), COeTHHEHHBIE ONpPE/Cien-
HeIM 06pa3oM Mex Iy co6oi, D03BOIAIOT CO3aBaTh CIIOXKHEIE CHACTEMBL
o6pa6oTka HEGOPMALHH. -
TeopeTadeckoi 6a30# NOCTPOCHHAS CACTEM 06paboTke HEQOpMATHH,
cucreM Ha ocHope JID sBisiercs aszebpa nozuKu, paspaborammas JIx.
Bynem. IlepeMeHHas BeTHIAHA X B anrebpe JOTHKA MOXET IPHHAMATD
npa 3HaveHHs: X =1 (JrorAyeckas eqMHANA nor.«1») mmm X =0 (noragec-
kmii Hy1b 10r.«0»). CymecTBYIOT TPH OCHOBHEIC ONEpalHH, JIeXaIue
B OCHOBe aJIre6phl JIOTHKH: uHsepcus (AozutecKoe ompuyanue), Ou3bIOHK-
yun (A0zunecKoe cAoXCeHue) U KOHBIOHKYUA (A02unecKoe ymMHONCeHUe ).
Wasepens (Tormyeckoe oTpunanye). Takoe npeobpa3opanre Ha3bBa-

toT onepanweif HE u 3amachIBalOT B BAAC Y =X. CxeMHBIM pelIeHHEM
rakoro JID sBigeTcs, HampAMEP, TPAH3HCTOPHEIH KIOY. IIpu nopave Ha
BXOJ K/II0Ya HAIDSUKEHHS BHICOKOTO YpOBHS «1» Ha BRIXOJE MOJIydaeM
HAIIPSDKEHHE HU3KOTO ypOBHS «0», H gaobopot. CnenoBaTeibHO, BXOA-
HOH M BLIXOJHOH CHTHAJIKI HHBEPCHEIE.

PesynbTaT TOH HIM MHOH OIEpamHy Hal OZHOH HIA HECKOJLKAMH
nepeMeHHbLIME B ajireGpe JOrHKH MOXET OBITH HpeACTAaBIEH B BHIE
mabauysl ucmurnocmy. B mell oTobpaxaroTCs BCE BO3MOXHEIE COYEeTa-
g5 (kOMOMHAIEH) TBOHYHBIX IEPEMEHHBIX H 3HAYCHHA dysxmmn Y,
noJy4aloluecss B pe3yjbTare TOH WA MHOM JIOTHYECKOH ONEpaIHH.
Ycinosroe rpadmieckoe 0603Ha49eHHE JOTHIECKOro snemernTa HE u 1a6-
JIAIa HCTHHHOCTH JUIsi HETO IpHBe/IeHs! Ha puc. 7.1, a.

Onepans I¥3BIOHKIHA H KOHBIOHKIMH OCYIECTBIASIOT Hal IBYMSI
mepeMeHHbLIME H Douiee.
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Pac. 7.1. OGo3pavenns jxoraveckax 3nemerTros HE (q), VWIN (6), U (¢) & Ta6imuet
HECTHHHOCTH K HAM

Ja3pionknus (moradeckoe ciaoxkenne). Takoe npeoOpa3oBande Ha3kl-
BaroT Takke oumepamded MJIV ® ai1d ABYyX HEpeMEHHRIX 3aIMCHIBAIOT
BBEAC Y=X,+X;, nma Y=X, VX,

Ilockonbky xaxpaas mepemMeHHas MOXET OPHHEMATH JBAa 3HAYCHHA,
BO3MOXHSBI 4€THIPC HEHOBTOPAIOMMXCH CodYeTaHdMs H Tabimma ACTHE-
HOCTH A ouepampd WJIW nByx nepeMEHHEIX COCTOHMT H3 YETHIpEX
cTpok (pHc. 7.1, 6). Ilpu ocymecTBICHAH OIepanyA JJOTHYECKOro CIOXKe-
Bas GyBxmEa Y =1, koraa xoTs 6ul 0JHa H3 NepeMEHHRIX X HNPHEEMAET
3HAYCHAE SHAHMIILL.

Kompionknas (mormveckoe ymmoxende). Takoe mpeoGpa3oBande Ha-
3RIBAOT Takxke ouepamueid M m uis JBYX HEPEMEHHBIX 3aIMCHIBAIOT
B BHAe Y=X, 'X; mma Y=X, A X,. IIpx normueckom ymuoxesun Y =1
TOJILKO B TOM €JWHCTBEHHOM CIIyYae, KOrAa Bce COMHOXHTENH X=1.
Ta6mAna ACTHHHOCTH H ycloBHOE rpadmieckoe 0003HAYECHHE 3JIEMEHTA
W npuBenens va puc. 7.1, 6.

VImeer MecTo m3BECTHAs YCIOBHOCTH B TOM, KAaKOMY 3HA4YEHHIO
OEpeMEHHOH BEIMYHHEI IOCTABJIEH B COOTBETCTBHE YPOBEHb JIOT. «1»
1 nor. «0». IlostoMy cymecTBylOT [OBE COBEPIIEHHO PaBHO3H2YHEIE
(myanpHBIE) CHCTEMBI C TOYKH 3PEHHAS BO3MOXHOCTH BLIIOJIHEHHS JIOTH-
4eCKHX onepandii, paboraromue MO0 B nosoxcumevnoii J0OruKe, IAGO
B ompuyameasroll oraxe. B mOI0XUTENLHOR JIOTHKE YPOBEHD JIor. «1»
COOTBETCTBYET BRICOKOMY 3HAYEHHIO CATHAJIA (HAPHMED, HAIPSIKECHAS),
a ypoBeHb «0» — HH3KOMYy (B 9aCTHOM CIIy4ae €ro OTCyTICTBHIO). B oT-
PHIATEILHOH JIOTHKE, EA000pOT, ypOBHH JIor. «1» B «0» COOTBETCTBYIOT
HH3KOMY H BRICOKOMY 3HA4CHHSM CHI'HAJA.

WmMes B BADY 3TO 06CTOATENLCTBO, H3 CPAaBHEHHS TaOJHMILI HCTHH-
BOCTH J7s 3rmeMeHToB MJIM ® M MOXHO cHenarh BaXXHLIA BHIBOJ!
onepammd I (Y =X, +X,) B HOIOKHATEIBEOH JIOTHKE COOTBETCTBYET
onepamast U Y =X, ‘X, B oTpHNaTeIbEOH orHKE, H EaobopoT. efict-
BHTENBHO, 3aMeHNB «1» ¥ «0» B Tabnune ucTaEROCTH pHC. 7.1, 6 Ba JIOT.
«0» B «1», T. €. OCyIIIECTBEB HEBEPCHIO HEPEMEEHBIX, MOIyYHM TabIIHIy
HCTHEEOCTH pHC. 7.1, 6. B 3TOM 3aKJII04a€TCA npunyun 060ticmeeHHoCmu
aszebpul n02uKu.
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OcHOBHEIE COOTHOMIEHNS, NPABHIa H Teopembl. VI3 onpesieedns 1ory-
YeCKHX OIEPAIN# MHBEpCHH, CIIOXEHHs H YMHOXCHHS BRITEKAIOT CIE/y-
JOIIAE OYCBH/IHEIE OCHOBHEIE COOTHOIICHHS!

X+0=X, X 0=0;
X+1=1, X 1=X;
X+X=X, X X=X; /
X+X=1, X X=0. “

Hapsgy ¢ 3THMH OCHOBHBIMH COOTHOMEHHSMH HPH BLIIIOJTHCHHH
omepan@ii C JOrHYeCKAMH NEPEeMEHHBIMH HCIIONIB3YIOT CIIeAyIOIHE BaX-
HelIHe 3aKO0HBI, IPABHJIA H TCOPCMBL

KommymamueHbiii 3aKoH

X +X,=X+X1, Xi-Xp=X2' Xy
accoyuamuenwiil 3aKOH _
X+ K+ X =X +X)+Xs Xi Xz Xg) =X Xy) “Xs;
ducmpubymusrbiil 3aKOH |
Xi+X X=X +X5) (X +X3),
X; X+ X=X Xo+ X" X33
3aKOH NO2AOWEHUR
X+ X, X=X, Xl X+ Xy)=Xy;
Npasus0 cKACUBAHUA

K +X) X +X) =X, Xi' Xy +X, X, =Xy;

npasuao Q8oiH020 OMPUYanUs X=X
meopema 0e Mopzana

X1+X2=—)Z1-'Yz, X 'X2=—)Z1-+—X—2-

HexoTophle B3 HEX HE HMEIOT aHAJIOrOB B obpryHOM anrebpe 4uced,
EAIpHMep, 3aKOH IOIJICIIEHHAs, Teopema e Moprara, nepsas ¢op-
Ma 3amMcH JucTpEOyTHBHOrO 3akoma. OxHako HCIOIb3Ys OCHOBHLIC
COOTHOMIEEHS, MOXHO J0Ka3aTh HX CIPABEIIMBOCTD. Teopema ne Mop-
rana gBjfeTcs ClIeICTBHEM IPHHIAIA JBOHCTBEHHOCTH anreGpel J10-
rukd. JeACTBHTENBHO, Kak OnU1o OTMEYEHO, ECIH Y=X,+X,, 10

Y =X, X,. [Ipumensis OnepanHio HEBEPCHE K OEPBOMY PaBEHCTBY, I0-
Jy4aeM Y =X, +X,. Orcrona cnenyer X, + X, =X, X,. Jloxa3aTensCcTBO
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34KOHA MOTJIOIICHHA MOXHO IPOBECTH C HCIOIb30BaEHEM \BTOPOi’I
(OpMBI 3anmucH 33aKOHA zmcrpnﬁymnnocrn, a TAKXXE OCHOBHEIX COOT-
HOlICHHH:

X X+ X)=X; X; +X; X;=X,+ X, " X,=
| ) ' =X1(1+X2)=X11=X1

\
Té}mo TaK Xe€ A1 nepBod GOpMBI 3aMACH JUCTPHOYTHBHOrO 3aKOHA
HMEEM

X +X) X+ X=X, X + X1 X0+ X, X3+ X, Xy =
=‘-X1+X1 'X2+Xl 'X,3+X2'X3=X1 (1+X2)+X1 'X3+X2'X3=
=X+ X" X5+ X5 Xs=X; " (1+ X3) + Xz X3 =X, + X; " X.

7.2. JOTMYECKHE ®YHKIIMY

. Ilpm peanu3zamud JIOTHYECKHX YCTPOKCTB, MNpelHA3HAYCHHRIX JUIs
06paboTKH JTOrAYeCKHX CHTHAJIOB, B 00meM Ciyvae HEOOXOAMMO HMETH
3neMeHTHI, ocymecTBistomme omepanud HE, MJIW, WU. Takoit HaGop
JJIEMEHTOB HA3LIBACTCH (PYHKYUOHAALHO ROAHOU CUCMEMOil A02uvecKux
IneMeHmo6 UM Ao2uyeckum 6Gasucom. OIHAKO B COOTBETCTBHH C IIPHH-
IUIIOM JBOMCTBEHHOCTH YHCII0 HEOOXOMMMEIX 3JIEMCHTOB B TAKOM CHCTE-
MC MOXHO YMCHBIIATH, HCKIIFOYHB U3 Hee anemenT MJIW imbo snement
W. Hanpumep, B cOOTBEeTCTBHH C Teopemoil ne Moprasa HMeeM

X, +X,=X, ' X,. Orcrona ciemyer, 4ro ONEPaNHIO JIOTHIECKOro CIIoKe-
#g X;+X,; MOKHO 3aMCHHTH ONCPANMCH JIOrMYCCKOro YMHOMKCHHS

X, - X, Ha HHBEpCHBLIMH 3HAYCHHSMH IEPEMEHHEIX, & 3aTEM K pe3yib-

TATy IPEMCHATD ONEPAIHIO MHBEPCHH X, * X, M TEM CAMBEIM HCKJIIOUHTH
anemenT WJIU (puc. 7.2). CnenoBaTenbB0, CHCTEMBI, COCTOSAIIME U3 ABYX
snemenToB (1JIM — HE m6o M — HE), takxke SBIstOTCS QyHKOH-
OHANIbHO MONHBIMH CACTEMAMH H COAEPKAT MUHUMAAbHBIL A02uYecKutl
basuc.

Ilpn cxeMHoM peanuianmnu ¢GYHKOHOHAILHO MOJNHBIX CHCTEM C MH-
HEMAJIBHRIM JIOTHYCCKHM 0a3mcoM HMAyT DO OyTH HCOOJIB3OBaHHS
YHUBEP CAAbHBIX A02UnecKUX IAemenmos. TakaMu NEMEHTaMH SIBIISIOTCS

Prc. 7.2. Jlormyeckas cxema, peannsyromasn onepanmo VJIN na anementax HE, U
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6)

Prc. 7.3. O603829€HAS YHEBEPCABELIX n(%)mecm anemerros YUIU-HE (a),
H-HE

cxemsl, obecnetmparomue Bhmonnerue onepammit VJIN-HE x W-HE.
Anement WJIH-HE (puc. 7.3, a) ocymeCcTBISET JOTHYECKYIO ONEpANHIO
- Y=X,+X; (Y =X,|X,), HassBaemy1o Takxe cmpeaxoit ITupca. JneMeHT
W-HE (puc. 7.3, 6) ocymecTBIS€T JIOTHIECKYIO OLEPAIHIO Y=X;'X,
(Y =X,[X;), nazmmBaercs wmpuxom Megpdepa.

Anemenr U-HE, tax xe xak u 3nemenr WIHM-HE, nossonser pe-
ATM30BHBATH BCE TPH OCHOBHEIE JIOTHYECKHE oneparnud. [lyis oCymecTs-
- nemns onepamay HE ¢ momMomplo 31€MeHTa HU-HE mocraTo4ro o6neam-
guTh Bxogel Y =X X =X (puc. 7.4, a). D10 xe OTHOCHTCSH H K JJIEMEHTY
WIHN-HE (Y=X+X=X). IIpr mocieaoBaTeJbHOM COCAHHEHHH IBYX
snemerntoB VU-HE, y 0qHOro u3 KOTOPEIX OOBEAHHEHBI BXOIBI (uBBeEp-

TOP), OCYIIECTBIISETCS ONEPAIMs JIOTHYECKOr0 yMH OXKECHHS: Y=X;'X,=
=X,'X, (puc. 74, 6). Takoe Xe coeJHHCHHC 3JICMCHTOB WNJIHN-HE

peanA3yeT ONEpPan|IoO JIOTHYECKOro CIIOXKCHHA Y=X,+X;=X;+X..
IIpamenenue Tpex snemenros U-HE, nsa B3 koTOphX paboraloT B pe-
XHMe HHBEPTHPOBAHHS C 06beJEHEHHLIMH BXoAamu (puc. 7.4, 8), IO3BO-

JS€T pPeajM30BaTh ONCPAIHIO JIOTHYECKOro CJIOXKECHUs Y=X;Xp=
=X, +X,. Coemunerre tpex snemenros WJIW-HE asanormieo (cMm.
puc. 7.4, 6) ofecueunBaeT peann3anuio OUEPAHMH JTOrAYECKOro YMHOKE-
HAA Y=Xl +X2=X1 ‘ Xz.

3nech CeayeT OTMETHTD, 9TO B COOTBETCTBHH C IPHHIHMIOM ABOHCT-
BEHHOCTH 3JIEMEHT, ocymecTBisironmil onepamaio VWIHA-HE B monoxa-
TeJIbHOM J0rHKe, peanasyet onepanmio M-HE B oTpanaTensHOH JIOrHKE,
H Ha000pOoT.

x, 1% X

‘ - X — — I ==
g)iE LD 2 R & XX
pres =Xy Xz & X, =X, +X,

a) 6) ,ﬁ{

Puc. 7.4. Peanmsamas mormyecknx onepamaii HE (a), U (6), VI (6) Ha yHABEPCATHHEIX
normyeckax sneMerTax M-HE
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B o6mem cryvae normueckas ¢ysknpsd Y MOXET 3aBHCETh OT He-
CkONBEKHX mepeMeHHBIX X, Xj,...,... X, 'OBOPAT, 9TO pynxmus Y ompe-
Jenesa, €CIIM H3BeCTHHI €¢ 3HAYeHHSA AN BCEX BO3MOXHEIX HaGopoB
JBoHYHLIX HepeMmeHBRx. Dynxnug Y EHe onpeneneHa, KOrJa HEKOTOPHIE

«0» Oo coobpaxenusM ynoOcTBa peanH3anuy.
Goree 9acTO CBA3D MEX]Y JIOrHIECKOM yHKIHEH H JIOrHIeCKAMHA
mepeMeHHEIME 3aJa€TCAd B BHJEe Ta0IMIEl HCTHHHOCTH HJM B anrefpa-
nyeckoi ¢opme. TabnHna ACTHHHOCTH HO3BOJISET HPOCTO H HATIISAHO
 OTpa3sHurh (hyHKDHOHANBHYIO 3aBHCHMOCTb, HO HE JAeT BO3MOXHOCTH

OIpPEJCNIMTL, CTPYKTYPY JIOTHYECKOIQ YCTPOHCTBa, KOTOpOe CHocofHO
peallniopaTh Takme Upeobpaszopanus. OupeJedTh CTPYKTYPY JIOrHYEC-
KOTO yCTPOHCTBA MOXHO, HCXOAs H3 anreOpamdeckod (OpMBI 3aIHACH.
Ilepexox or TabmMuel HCTHEHOCTH K ainreOpamdeckod ¢opme 3ammdcH
OCYILIECTBIILETCS C HCUOJB3OBAHUEM CO8EPUICHHOU KOHBIOHKMUBHOU HOD-
manvnoii popmer (CKH®) mbo cosepuuennoii dussronkmuenoti Hopmans-
Hot gpopmer (CIHOD).

Ilpr mcooms3oBammn CIAH® cocraBnsercs cymma (AH3BIOHKIHA)

npoH3BeAeHd# (KOBBIOHKOUA) 3Ha%enndt ¢yEknun Y; (0 miu 1) B MuH-
TEpMa m;,

k
Y= Z Yimi,

i=1
rie k — 4Acio CTPOK B Ta6Hie HCTHEEOCTH. Munmepm (KOHCTHTYEHTA
eJUHHNBI) — 3TO JIOTHYECKOE HpPOH3Be[eHHe BCEX IepeMEHHBIX. Ecim
IPH COCTaBJICHMH HIPOHM3BEACHHAS Kakafd-THOO mepeMeHHasl paBHA HYJIO,
TO Gepercs ee HHBEPCHOE 3HAYEHHE.

IIpn ncnonb3oBanun CKH® cocrasnsgercs npoH3BeaenHe (KOEBIOE-

KIHAA) CyMM (AM3bIOHKNuH) 3BadeEnid GyExoud Y; (0 mmm 1) B MakcTep-
Mma n;

K
Y=Z(Yi+ni)-

i=1

Makcmepm (KOHCTHTyeHTa Hyjs) — 3TO JIOTHYECKasg CymMMma BCex
OepeMEEHBIX. EcIM HOpH COCTaBIEEWH CyMMBI Kakasf-NHOO nepeMennas
paBHa equHHIE, TO Gepercs ec HHBEPCHOE 3HAYCHHE.

Haupamep, ang ¢yexmuma Y, 3aaaeeoi tabn. 7.1, anre6pamueckas
dopma 3amacu ¢ ucunonp3osanrem CIH®D Gyzer

k
Y=ZYi’ni=X1'X2'X3+X1'XZ'X3+X1'X2'X3. (71)

i=1

Takum o6pazom, wmCiI0 craraemeix npu mcnons3osasus CAHO pasro
KOJIAYECTBY CTPOK TAOJIHIIBI HCTHHEOCTH, B KOTOPhIX Y;=1.
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C mcuonnzopagremM CKH® prpaxenne Ana GyHKIHE Y MoxHO 3am
carb B BHAE

k
Y =[] (Yitm) =0+ X+ X)Xy +Xa +X3) X

i=1

><(X,—}-X2+X3)'()(,+X2+X3)'(X,+X2+X3). 72
Ypeno commoxureneii B CKH® paBHO YHCIY CTPOK, B KOTOPBIX i
OTCI0a BRITEKAET IPAKTHYECKOE IPABHIIO: ECIIH THCIIO CTPOK B TAOJIHIC
HCTHHHOCTH, cojepxanmmx Y;=1, MeHbIIE 4HCIA CTPOK, CONCPKAIIAX
Y;=0, To nenecoobpa3Ho HCHONL3OBATH COH®, ecna HaobopotT — TO
CKH®.
ITyreM HOACTAHOBKH BCEX BO3MOXKHBIX KoMOHHANui UepeMeBHBIX
HETpyJHO yGenHTECA B TOM, 9TO HOJIyICHHRIE airebpanyeckue GopMbI
COOTBETCTBYIOT Tabm. 7.1.

Ta6arna 7.1
X X5 X3 Y MnETEpME Maxcr'epmi qu@
mj ni Yl
0 0 0 0 m=XXXs | m=Xi+Xz+Xs | Yi=0
0 0 1 0 my=XX;X3 m=X;+X;+X; | Yy=0
0 1 0 0 my=X,X,X3 m=X;+X;+X3 | Ys=0
0 1 1 0 ma=XXoXs | m=Xi+Xp+Xs | Ys=0
1 0 0 0 ms=XXsX3 ns=X; +Xz+X3 Ys=0
1 0 1 1 me=X;XoX3 ng =)_(l +X5+X3 Ye=1
1 1 0 1 m =XlX2)_(3 ny =)_(1 +)_(2+X3 Y,=1
1 1 1 1 myg=X;XoX3 ng =)_(l +)_(2+)_(3 Ys=1
i X .
X X & [X XX X
X X, X, & Yy
#3 3 2 I Xp X, "
X, X
w1z Ix.x.x4! |y o—
X2 1 X2 X3 z
7 | 6)
X
ﬁ & Xy'XQ'X._
X
a)
Pac. 7.5. CTpykTypa HEMHHAME3HPOBaHHOIO (@) # MERMMHE3HPOBARHOIO (6) noraweckux
. yCTPOHCTB
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Cootaomenns (7.1) ® (7.2) 103BONSAIOT OUPEAETHTHL CTPYKTYPY JIOTH- *
€CKOro yCTPOHCTBA, KOTOPOE OCYHIECTBIISIET OLEPANHEH B COOTBETCTBHH
c\npuBenenHod Tabmmnei mcTMHEOCTH. Hampmmep, u3 dopmyis (7.1)

AyeT, 9TO B 3TO YCTPOMCTBO JOJDKHE! BXOJAHTH 18a HHBepropa (HE),
TPY CXeMBI JIOrM4eckoro ymHoxerns (M) H omHa cxema JIOrHYECKOTO
exds (MLJIW) (puc. 7.5, a). Takas cTpyKTypHasi CXeMa HE SBISETCH
€IHHECTBEHHO BO3MOXHOM CXEMOH JIOTHYECKOTO yCTPOHCTBa, obenevnBa-
romero o6paboTky HEGOPMANHKE B COOTBETCTBHH C IPHBENEHHOH Ta6-
Jmne#l MCTHHEOCTH, Bomee Toro, oma Ee s(BlfeTcS M ONTHEMAJLEOMH
C TOYKH 3pEEHs 4YHCIA JIOTHYECKHX 3neMeHTOB. Ilostomy omumMm m3
Ba)XXHEHIIHX 3TanoOB CHHTE3a JIOTHYECKHX CXEM SBIAETCH MHHHMH3AIHAS
YHCNA 3JIEMEETOB CTPYKTYPEO#H CXEMBI, 9TO CBA3aHO C MHHHMHA3ANHEH
JIOTHYECKHX (YEXOMH.

7.3. MUHMMI3 ALY JIOTTMECKUX $YHKIIVIA

MrurarME3anEs OCYmIECTBISETCSA C HCOOIL30BaHHEM OCHOBHEIX COOT-
HOIICHHH, 3aKOEOB H TeopeM aireOpnl jordkd. IIpH stoM mmpoxo
HCIOME3YIOT CJIEAyIOMHAE NpHEMEL: NpHGaBIeEHe OJHOrO HIHM HECKOb-
KuX wiIeHoB, Bxoganmx B CITH®, nockoneky X + X + X =X Briienerne
WICHOB, COAEPXAIAX MHOXATeTs X+ X=1; HCIO/Ib30BaHHE NpPaBHIA
«cxyenBagus» H Op. Ionyvaromasics B pe3yinTare MUEMMH3AIEHE ajl-
rebpamdeckas opma EA3KIBAETCE Mynuxkosou. DYEKIHES MOXET HMETh
HECKOJILKO TYNHKOBHIX ¢opMm. Hampmmep, monydennyio anreGpamdec-
Kyio hopmy (7.1) MOXHO MEHEMH3HPOBATH CJIEAYIOIMEM OOpazom:

Y=X1 'iz'Xg-*—Xl'Xz'i3+X1'X2'X3=X1 'Xz'X3+
+X, Xy X+ X Xy X+ X, Xy Xy = (71.3)
=X; Xy’ (7—(2+X2)+X1 'Xz'(7—(3+X3)=X1 ‘(X2 +X).

B pesynbTate monry4aercs 60oiec mpocroe COOTHOIUEEHE, PeaIA3anus
KOTOpPOro Moxer OHTL ocymecrBiesa ogHuM 3nemeEToM W B ognaM
anemerrom WIU (puc. 7.5, 6).

Paipabotasn MeETOABI, HO3BOJISIONIAE Tabamna 7.2
B HM3BECTHOM CMEICIIE aBTOMATH3MPOBATH :
OPOLECC - MHHAMM3AME AanreGpamveckoro |y .y XX,
BhIpaxerus. B ciydae me6GoJbmoro 4mcia o0 | o1 |1t |10
HepeMEEHBIX (n<6) Xxopomue pe3yIbTaThl —

JaeT MeToJ C Hcnonb3oBanHeM kapm Kapno
(tabn. 7.2). Peanu3anusi 3T0ro MeToaa ocy- 01
IIECTBIACTCA B EECKONbKO 3tanoB. Ha mep- 1
BOM JTame [Uis HCXOMHOH normeckodt dy- | | 05| 0 » 1
HKIA¥ cocTaBigercs xapra KapHo, mnpend- ) R
crasnsiomas Tabmmny, B Bepxmedl ctpoke | 10| 1| o | o | o
¥ JIeBOM CTOJI0ne KOTOPOH HPHBOAATCS BCE
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BO3MOXHBIC COYETAHHS JIOTHYECKHX HNEPEMEEEBIX, OIpPHYeM B COCEIHHX
COYETaHHSX JOJDKHA M3MEHSATHCH TOJLKO OHA IEPeMEEEas. 3Hade
¢yskmmE B KieTkax TabiHMOEl COOTBETCTBYIOT AAHHOMY COYETaHM
rmepeMeEHBIX.

Ha BTrOpOoM 3Tame BHIAENSMIOTCH KIETKH, COAEPXalMe €IHH
H OCyIIECTBIETCA HX 00Bendnenne. 1IpH 3T0OM PyKOBOJCTBYIOTCH
AYIOIEMH [paBHIaMH: O0BEIUHAIOTCA COCEHHAE KIETKH, B TOM 4HCIE
M COCTABJISIOIMAE IOJHBIE KBAJPATHL, HOJNHHIE CTOJONBI HJIH CTPOKH
H cocegaue croiabuel Wi cTpokd. COCeAHHMH CYHTAIOTCA TAKXKE BEpX-
HsIS ¥ HEKHSS KJIETKH OQHOro cronfua, iesas u mpaBas KJIETKH OLHOH
crpokn. OziBa 1 Ta Xe KJIeTKa MOXeET OhTh 00 beuEeHa HECKOIBKO pas:
OOMH pa3 C COCeNHEH# KIETKOM B CTPOKE M ApPYro# pas — C cocensel
xerkoil B cronbme. Ymcno xnetok N, BXOAAIIEX B 00LCAHHEHHE,
JOJDKHO YAOBIIETBOPATH COOTEOLICEHIO N=2° rme n=0, 1, 2, 3...

CreAyIOmEAM 3TAIOM SBIAETCA HONYYCHHE MUHUMUSUPOSAHHOU Ou-
svloHKmugHoil Hopmaswhoii gopmer (MIH®) normyeckodl Gyrxmpan.
C sToff neipio A O0BenMEEHHEIX IO YKa3aHHBEIM OPaBHIAM KIIETOK
COCTABIISIOTCS JIOTHYECKHE NPOHM3BEJCHHSA, B KOTOPEIE BXOIAT TOJIBLKO
HepeMeHHHIE, OCTAalomuecs HEHM3MEHELIMH JUIS BCEX KIIETOK [JaHHOrO
06nequuerns. Ecim xakas-m6o KieTka ocraercs EeoOheIMEEHHOH, TO
COOTBETCTBYIOMIEE €if Jorayeckoe MPOU3BEACHHE CONEPKHAT BCE NEPEMEH-
Heie. Uncno cnaraemuix B MJTH® oxasniBaeTcs PaBEBIM 4HCITY 00beau-
HeHmil W 4YHCIy HeoObemuueHHBIX KIeTOK. TakEM ofpa3oMm, Aud upen-
crasnenuoil kaprel Kapro (cm. tabn. 7.2) MIH® 3aganeo#l ¢yHEKnaR
Y=X;"Xs+X; X' X4+ X, X3 Xy. IIepBoe crnaraemoe cOOTBETCTBYET
00beIMHEHHAIO YeTHIPEX KIETOK (g), BTOPOE H TPeThe — OOBEAMHCHAIO
IByX KJIETOK (6 H 6).

Kapra Kapro, cootsercrsyiomas Tabmmne CTHEEOCTH (CM. 1ab.
7.1), npencrasnesa B Ta6:1. 7.3. B Heit MOXHO BBHIIEIHTH 1B o6seuEe-
mus. CootBercrsyromas 3tuMm obbexuuemrsmM MIH® Y=X; X;+
+X, X3=X;  (X;+X,) coBuagaet ¢ HOIy4eEHOH anrefpandeckAM Me-
TOIOM MHHHMH3HPOBaHHOM dopmoit (7.3).

IIpu cxeMHO# peanu3amuy JOrHYECKOH (yEKIHMH C HCIOIL30OBAHHEM
yHEBepcababx noradeckux dnemesToB M-HE wnu WIN-HE muauvu-

3HpOBaHRYIO anrebpaudeckyro Gopmy mpen-

Ta6nuna 73 CTABISIOT B BHAE KOMOMEAIMH ONEpamui,

BHIIOJIHSIEMBIX 3THMH 3jeMeETamH. B ciy-

XX, ¥ae JIOTMYECKOro yCTPOHCTBA Ea SEMERTax

‘ H-HE ocymecTBIsIOT JBOHEYI0 HHBEPCHIO

00 |01 |11 | 10 | HCxomuOH MJH® u B COOTBETCTBHH C Te-

opemoii e Moprana moiy4aroT anreGpau-

4ECKOE BRIPAXEEHE, B KOTOPOE BXOAAT TO.Ib~

ko onepamuu M-HE. Hanopmmep, s CooT-

pomesns (7.3) mpeob6pazoBaEHOE BhIpaxe-

EHME, B KOTOPOE BXOJAT TOJIbKO ONEPANUH
H-HE, umeeT BEA
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Y=X; X+ X, X,=
=X X5+ X; Xy=(X; ' X3) (X, ' X3).

Kak BHJHO, TaKylo (yHKIIHIO MOXHO peand3oBath Ha TPEX yHHBEp-
caypHBIX 3emenTax U-HE,

i

7.4. TIAPAMETPBI JIOTMMECKHNX 3JIEMEHTOB

CxemBasi peaim3anus JOrHYECKHX 3J€MEHTOB OCYIIECTBJISETCA Ha
TPaH3HCTOPAX NPEHMYIECTBEHHO B HHTErPanbHOM HCIOJIHEHHH. B 3aBH-
CHMOCTH OT IpPEAbABASEMBIX TpeOOBanmH mpHEMEHAETCH HECKOJIBLKO Ba-
PHAHTOB CXEM JIOTHYECKHX 3JIEMEHTOB (mpan3ucmopnas aozuka). boms-
IIMHCTBO H3 HEX OTHOCHTCS K KJIACCY MOTEHIHANBHBIX CXEM, IOCKOJIBKY
CHrHannl «1» B «0» COOTBETCTBYIOT HAIPSKEHHIO BHICOKOro U' mmm

mu3koro U° yposus. Hapsy ¢ DOTEeHNAANBbHEIMEA HCIOJIB3YIOTCS B HM-
NyJLCHEIE JIOTHYECKHE 3JIEMEHTHI, B KOTOPHIX JIOTHYECKHM CHIHAJIAM
COOTBETCTBYET HAJIAYAE WIH OTCYTCTBHE MMITYJIHLCA C OHpPEECIICHHRIMH
mapaMerpaMi.

OCHOBHRIMH THIAMH TPaH3HCTOPHOH JIOTHKHM, KOTOpHIE JHMO0 HC-
[0JB30BATTACh HA PAHHUX CTAJHSX PAa3BHTHA MAGPOBOH TEXHMKH, ;OO0
MHUPOKO NPAMEHAIOTCS B HACTOSAIIEE BpeMsl, ABIAIOTCA: MPaH3UCMOPHAA
noz2uka c Henocpedcmsennoii ceasvio (TJIHC), pesucmueno-mpanzucmop-
naa saozuxa (PTJI), pesucmusno-emxocmnas mpansucmopnas so2uka
(PETJI), ouodno-mpansucmopnan aozuxa (ATJI), mpansucmopno-mpan-
3ucmopnan aoz2uxa (TTJI), SMUMMEPHO-CEASAHKAR N02UKA (OCJI), unmea-
pasvnan unxcekyuonnaa nozuxa (U2J1), MOII-mpansucmopnan aozuxa
MAITTJII), MAII-mpansucmopran 402uKa Ha KOMRACMEHMAPHBIX MPaH-~
3ucmopubix karouax (KM IOITTJI).

Jlozuueckue 31emenmsbl MPAH3UCMOPHOL A02UKU C HENOCPEOCMBeHHOil
ceasvio (TJIHC) saBnsioTcs HaubGoNee OPOCTHIME C TOYKH 3PEHHS CXEM-
HOH peanu3anui, HOCKOJILKY B HHX BXOJ KaXJOro MOCIEIYIOIIEro 3e-
MEHTa HENOCPEeACTBEHHO HOAKJIIOYAETCH K BRIXOAY Hpeabinymmero. Unc-
JIO €JWHAYHLIX HArpy30K, KOTOPhIE MOXHO MOJKIIOYATH K BBIXOAY
JIOTHYECKOT 0 SJIEMEHTA, HA3LIBACTCA KOIfuyuenmom pazeemeeHus 1o
BbIXOAY Ki.,. XapakTepHRIM IUIA TaKOH JIOTHKH SBJISETCA IOCIEIOBa-
TeJIbHOE WIM MapaluleLHOE COeIWMHEHHE TPaH3HCTOPOB, PaGoTaromHEx
Ha OOImYI0 KOJUIEKTOPHYIO HArpy3ky. UHCIO mapajiebHO HIH mocle-
JOBAaTEILHO BKIIOYEHHRIX TPAH3HCTOPOB ONpEeseT Koappuyuenm o6~
edunenun 10 BXoxy Ko, T. €. IHCIO BXOJOB, IO KOTOPHIM peal3yercs
JIOrAYecKast GYHKIHAA.

Ilpm mapannensHOM COEAMHEHHH TpPaH3HCTOpOB cxema (puc. 7.6)
B MOJIOXHTENIbHOH norake ocymectriser onepamuto UJIHU-HE, a B ot-
panatenbuol — WU-HE. JleficTBETEIRHO, KOTa BXOJHBIE CHIHAJIEI HME-
IOT HH3KHH YpOBEHb EANpMKEHHs], COOTBeTCIByrommi jor. «0» U°,
TPAE3HCTOPH! 3aKPHITHL, EA BRIXOJE HAmpsUKeEHe BHICOKOE «1».
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[Ipu momade HAa KakQ#-1u0O H3_ BXOZOB HANpsKEHHsl, COOTBETCT-
syromero nof. «I» (U 1), TPaH3HCTOp OTKPHIBAETCS, BXOIAT B pexHAM
HACHITICHAS H BHIXOJHOE HANPSIKEHHE YMEHbIIACTCH 10 3HageHAs, PaB
HOTO HANPSKEEAIO Hachmenns U 0= Ukopaer

B TJIHC BeDOZ IpebiAYINETO JOrHYECKOro 3JIeMEHTa gernocpeact-
BEHHO MOJKIIIOYA€TCA K BXOY HOCIENYIOMIETO- TaxaM o6pa3oMm, Yi
gens Jsior. «l» U! ompemensercs HampsDKEHHEM OTKpHIBaHHS TpaH-
3ucTopa Uorg® Usomse. Cr1€40BATENLHO, U ~ Ugyme, @ M02UdeCKUil nepe-

[

nad, paBHBIA Pa3HOCTH YPOBHEH HAIIPSIKEHUA qor. «1» ® «O»,
N AUJ'I=U1_ U0=U53nac—UK3mc'

B ciyyae HOCIEAOBATENLHOrO COEMHCHHS TpPaH3MCTOPOB (PHC. 1.7)
ACXOAHOE HAMPSIKEHHE BHICOKOTO YpOBHSA «1» E3MeHseTCA Ha HANpsIKeE-
HHe HH3KOTO ypoBHs «0» TOIBKO IPH OJHOBPEMCHHOM HOCTYIUICHHH Ha
BCe BXOJLI CHTHAJIOB, PAaBHBIX EIMHHIE H, €CTECTBCHHO, JOCTAT( {HEIX
i TOro, 4TO0Hl MEPEBECTH TPAH3ACTOPHI B HACBHIIIEHHOE COCTOSHHE.
TaxaMm o6pa3oM, JaHHAg CxeMa B OJIOXHATEILRON JIOTHKE Peanu3yeT
omepamaio U-HE.  «

Jns oneEx® 3¢:¢eKTHBHOCTH H IPH CpaBHEHHM Da3/HYHBIX JOrH4e-
CKHX EMEHTOB KPOME PAaCCMOTPEHHBIX IapaMeTpOB UL, U°, AU, Kieo
K.s HCHONB3YIOT CIERYIOmEe OapaMeTphl H XapaKTepPHCTHKH: nopoz
nepexmoyuenun Usop, nomexoycmouqusocms U, Ug; epemn 3a0epHcKu
PACnPOCTPAHEHUA CUZHAAG DU SKAOUEHUL t10 u svikmouenuu 1%L ; nompe-
6asemyto mowyrocmo Pror; pabomy nepeKmoyenus Apep-

CraTHYECKHE NAPAMETPHI JIOTHIECKOA CXeMBI OLpe/eIIoTCA mo aM-
UTHTYJHOH IEepenaToIHOH XapaKTEPHCTHKE Uy = £ (uy,), xOTOpAs OpeN-
CraplIseT 3aBHCHMOCTS BHIXOHOT O HAIIPSIKEHHS Uy OT MEJJIEHHO H3Me-
ESFOIIErocs HAIpPSKEHHAs HA OJHOM H3 BXOJOB JIOTHYECKOrO 9JIeMEHTa
1, IIPH HEM3MEHERIX 3HAYCHASX HANIPAKCHAL (U° mnm U') Ha oCTa/bBEIX

Prc. 7.6. Cxema JymeMeHT2 VWIW-HE Puc. 7.7. Cxema anemerra VI-HE tpas-
TpaR3ECTOPHON JIOTHKA C HErOCpencTse- 3HCTOpHO#M JIOTHKH C HENOCPE/ICTACHHOU
HOH CBSI3BIO CBSI3BIO
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Prc. 7.8. AMILIATYQHEE IPEAaTOYHbIE XapaKTEPACTAKY AHBEPTHPYIOIIETO (@) H HEHHBED-
TEPYIOMETO (6) TOTHIECKHX JIEMEHTOB

6)

BX0Jax. AMILUIETYAHBIC IepeJaTOYHhIE XapAKTEPACTHKH HACAIPHOTO HH-
seprapyromero (HE, W-HE, WIWN-HE) B nemEBepTHpyromero (U,
W) norm4ecKux 31€MEHTOB IpHBeACHK Ha puc. 7.8. Bxoanoe Hanps-
XKeHHE, IIPH KOTOPOM [IPOHCXOJHAT Pe3Kee H3MEHEHAE BEIXOXHOrO HANps-
KCHHS, HA3RIBACTCH nopozom nepekmouenun Uy, CTPOro ropops, ami-
JHTYAHAS IIEPElATOYHAS XaPaKTEPHCTHKA PEATHHOTO JIOTHYECCKOTO 3JIe-
MeHTa B IepexoXHOM 006iacTd (NyHKTHpDHAas JHHHS) HE HMEET SIBHO
BRIP2XEHHOTO II0POTra NepeKIoYeHns. M3MeHeHHE BRIXOAHOTO HALIPSIKe-
HHS HAYMHACTCS OPH OJHOM 3HAYECHHH BXOQHOTO HAmpsokemus Us,,
a 3akaHumBaercs Opu apyrom UL, Takmm o6pa3oM, aMIumATygHAS
HepeaToOYHAS XapaKTEPHCTHKA HMEET 30Hy Heompedeentiocmu AUy, =
= Uk, — USp. Hanmame 310 30HKI 06yCIIOBIICHO, B YaCTHOCTH, IIEPEXO-
JOM TPAaH3HCTOPA M3 PEXHMA OTCEYKH B PeXMM HACHILCHHS H, Haobo-
pOT, UPH H3MECHCHHH BXOIHOTO HANPSDKCHHS HA ONPEHCIICHHYIC BEIM-
auHy (cM. § 6.2).

B craTHYecKOoM COCTOSHHH JIOTHYECKOro J1€MEHTa pabouas ToukKa
HaXOJAHUTCH HA OJHOM H3 FOPH3OHTAIBHHIX YYaCTKOB AMILTHTYIHOH I€-
peAaTovHOM XapaKTEPHCTHKH, YTO COOTBETCTBYeT «1» mmbo «O». Ilpa
peanM3aNHUK JOTHIECKHX OlePadil BRIXOA IpeALIAYINero (n-ro) Joradec-
KOToO 3JIEMEHTA COEUHSIETCS C BXOAOM Hociexyromero (n+ 1)-ro. Takxam
o6pa3oM, BRIXOJHOE HANpPSOKCHHE OJHOrO PAaBHO BXOJHOMY HAIpsKe-
HHIO JPYTrOro JIOTHYECKOTO 3JIEMEHTA, T. €. Uguxn™ Upx(n+1). 11PH HCIOJIB-
30BaHHM OJHOTHIHBEIX JIOTHYECKHX 3JIEMEHTOB 3T2 3aBHCHMOCThL Peajd-
3yeTcs B BHAC NPAMOM JIAHMHM, IPOXOASIIEH depe3 HA4ano KOOPAMHAT
nox yriioM 45° x oce abenmce (cM. prc. 7.8). Tak kax BXOQHOE HANpPsiKe-
HEe MOXeT OnTh paBHO ymGo U°, mubo U', To monoxenue pabouer
TOYKH, & CIEAOBATENLHO, H 3HAYCHHAC Uy, JJIS 3THX 3HAYEHHMHA u,, onpe-

ACISACTCH NEPECCICHUEM HpHMOﬁ JIAHAH Uy, = Uy, € TOPH3OHTAIBHBIMH

YY44CTKAMH NEPENATOYHOM XapaKTepPHCTHKM (HEHHBEPTHPYIOIMH IOrd-
YeCKui 3JIEMEHT, pHC. 7.8, ) HIH C HX IPOJOIIKEHHEM (HHBEPTHPY FOIIHH
JIOrd4ecKuil aneMeHT, puc. 7.8, a).
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B peasbHLIX YCIOBHSAX JIOTHYECKHA JJIEMEHT HAXOQUTCS DO Bo3jci- ,/
CTBHEM IIOMEX H BaXHO, YTOOH OH ObLN yCTOH4YMB K HHM, T. €. HC
H3IMEHSUI CBOEro cocrosHHs. KoimuecTBeHHOH MepOH yCTOHRYHBOCTH
gBJIsieTcsi HAHOOJbIIee HANPSKEHHE NOJIOXKATENBHOH U} ® orpuma-
TenpEOM U; NMOMEXH, IPH KOTOPHIX HE IPOHCXOAT H3IMCHEHHS ypOBHEH
BBIXOJHOTO HAOPSDKEHAS JIOTHYECKOro 3JIEMEHTA. TaxuM ob6pasoMm,
UF =U%,— U°, U; =U"— Uy, (oM. pEc. 7.8). CrenoBaTesbHo,

U: +U; =(Unoop_ Uo)+(U1—Uéop)=AUn—AUnop-

13 nOJTy4EHHOr0 COOTHOIUCHHS BRITEKAET, YTO [/ NOBBIIICHAS IOMEX0-

YCTOMYHBOCTH CXEMEI CJIEAyeT YBEIHIMBAThH normyeckmit nepenaa AU,

H yMEHBIUATh 30HY HEONpPEJC/ICHHOCTH AUy, O6HIMHO B mupoBbIX
1 o)

cxemax UL, = Uy, Usep, 103TOMY AUy AU,

IIpm paBHOBEPOSTHOM HOSBJICERH NOJIOKHUTENbHOM H OTPHIATEND-
HOHi NOMEXH Ne1ec006pa3Ho NPHMCEHATh TAKHE IJIEMEHTH, 3HAYCHHC
Upep KOTOPHIX HAXOJHTCS NOCEPEAUHE MEKIY U! m U°. B atoM ciydae
IIOMEXOYCTOHIHBOCTD JIOTHIECKOIO 3J1EMEHTa Makcamainsea U = U =
=0,5AU.,.

JlormuecKmii 3J1EMEHT OCYIIECTBIISET 3IEMEHTAPHYIO ONEPAIHMIO B TC-
YeHHe OlpeAC/IeHHOTO IPOMEXYTKa BpEMEHH, xoTOpHIi puamdeckn obyc-
JIOBJIEH HHEPIMOHHOCTBHIO TPAH3HCTOPHAIX xmoded. YeM MeHbIIE 3TO
BpeMs, TeM Goibluee YHCIO ONCPANMA B EJHHHIY BPCMCHH MOXET
OCYIIIECTBHTD JIOTHYECKHH 3JIEMEHT H TEM HoJiee BLICOKOH OyaeT mpoH3-
BOJHTEIHLHOCTB yCTpolcTBa 06paboTKE uadopMaIMK, COCTABJIEHHOTO
A3 TAKHX 3JIEMEHTOB. BpeM s BRIIOJIHEHHSA OJHOH 3JeMeHTapHOH onepa-
IME ONpeJeNseTcs 3ajIePXKOll PacupOCTPAHEHHsS CHIHANA HEpes ane-
MEHT.

PasIHuaoT pems 3a0epoicKu pacnpocmpanenus CuzHaAa npu 6Kmote-
Huu 150, B evikmouenuu 155, T1epBii 1apaMeTp paBeH HHTEPBAIY BpeMe-
HH MeX/Iy BXO/IHBIM H BHIXOJXHEIM HMITYJIECAMH IPH EPEX0JC HAmpsike-
EEs Ha BeIxoAe oT «1» x «0», H3IMEpEHHOMY Ha YpOBHC 0,5 A Ha
3a/jaHHEIX YPOBHAX HAIpPSDKEHHs, HAIPEMED, HA ypOBHE Usop (pEC. 7.9).
Bropo#i napameTp OUpeAENACTCA TAKHM X obpa3oM, HO IIPH NEPEXO-
J¢ HanpsxeHmsd Ha BHXoAE OT «0» K «I». OGHHO 110 # 1%, mo3TO-
My A ONEHKH OHICTPOAEHCTBHS JIOTHYECKOTO JJIEMCHTa HCTIOIb-
3YIOT cpedHee 8pemMA 3a0epiwcKu PACMpoCmpaHeHur cuzhdad Lapop=
=0,5 (123 + L5ip)-

BaXHEIM IApaMETPOM JIOTHYECKOr0 3JIEMECHTa SBIIICTCH nompeb.an-
eman mownocms, Tak KaK JIOTHYECKHHA 3JIEMEHT IPBHMEPHO OJMHAKOBOE
BpeMs HAXOJHTCS B COCTOSHEH «1» «0», TO cpemsst noTpebseMas
MOTIHOCTb  Pyorp=0,5 (Poy+ Plor)s THE P! — motpebisiemast MoOII-
HOCTB B cOCTOSIHAH Jor. «1»; P, — moTpebisemMas MOMMHOCTE B COCTO-
sauA Jjor. «0».
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tip gt

Prc. 7.9. K ompegenendio BpeMeBH 3aAePXKH pPacCOPOCTPAHEHHS CHATHANA JIOTHIECKOTO

JJICMCHTA ITPH BKIHOYCHHH tslzyzp H BBIKTHOYCHHH

1IpH noCTOSHEOM HANPSKEHAH HCTOYHAKA MHTAHHS YBEJIHYCHHE I110-
TpeOnseMO# JIOTHIECKHM 3JIEMEHTOM MOIIHOCTH CBSA32HO C yBEIHYEHH-
€M CHIIH TOK2, IPOTEKAIOIMEro Yepe3 Hero. B cBoo odepenb, yBeMYCHAE
CHJIBI TOKa OPHUBOIMT K YMEHBIICHHIO BPEMEHH IEpe3apsiKH Napa3HT-
HBIX EMKOCTeH, KOTOpOEe B HEMATION CTEIIEHH ONpEAEIseT 3HAYCHHE #5pcp.
ITosroMmy nus 60JBLIIMHCTBA CXEM B OnpeJe/IeHHOM AMana3oHe H3MeHe-
HHSI MOIIHOCTH Py, < Pyg;op < Pray IPOB3BEACHAE Proroptynpcp = Apep — BE-
JIAYAHA NOCTOSIHHANA, HA3ZKIBAEMAsA pabomoii nepexmouesus cxemsi. Yem
MeHbIIE A, TeM BhIIE KA9eCTBO CXEMOTEXHHYECKOT O IPOCKTHPOBAHUS
H KOHCTPYKTOPCKO-TEXHOJIOTHYECKOH pealn3anuu cXeMbl. B macrosimee
Bpemsi A,,=(0,01...1,0)-107!? JIx. Heo6x0aumo mOX4EpKHYTH, UTO
IOCTOSIHCTBO IAPAMETPA Ay, @ CIEAOBATENBHO, H 0OPaTHO IPONOPIIA-
OHATIbHAS 3aBHCHMOCTb MEXAY Piorop B fy;pep HMEIOT MECTO TOJIBKO
B ONpeAelieHHOM [Wana3oHe H3MEHeHHs cpeaHedl MoIMHOCTH P, <
< Pyoyop< Prax. 1IpH 3H29EHHSAX Py, cp, BRIXOAAINMX 33 YKa3aHHBIE Ipe-
JeJbl, Ay, BO3pacTaeT.

PezucrusHO-Tpan3ucropuas jorka (PTJI), pe3sucTHBHO-eMKOCTHAS
noruxa (PETJI), a takxe auomno-tpan3mctopHas joruka (ATJI) B na-
CTosInee BpeMs NPAKTHYECKA HE NPAMEHSIOTCE H IPEACTABIIAIOT TOIBKO
HcTOpuyecka# muTEepec. IIpA CO3JaHMM HHTETpaJIbHBIX MHKDPOCXEM HC-
NOJb3YIOTCS 3JEMEHTH TPAH3HCTOPHO-TpaH3HCTOpHOM normkd (TTJI)
# ee Mmomudakanms ¢ quonamu Ilotka (TTJI), smMuTTepHO-CBAI3aHHOR
norexe (JCJI), HETErpansHOM HmKeknHORHO# normku (M2JT), MIOTI-
Tpan3ucropHoi noruke (MIIITII) 1 MAII-Tpan3BCTOPHOHR JIOTHKH Ha
KOMILJIEMEHTapHLIX TPaH3ACTOPHBIX Kirouax. (KMIITTII).
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7.5. TPAH3ICTOPHO-TPAH3NCTOPHAS JIOTHIKA

DeMeHTH TPAH3HCTOPHO-TPAH3ACTOPHOH JOTHKH TTJI cocraBusroT
6a3y MHKPOCXEM CPEIHErO H BRICOKOTO OLICTPOIEHCTBHS.

TTJI ¢ mpocTelv HuBepTOpoM. B coCTaB Takoro 3j1eMEHTa BXOJAT
MHOrO3MHTTepHBIK Tparsuctop VT (puc. 7.10), OCyIIECTBIISIONIHE JI0-
rHYeCKylo onepanmio ¥, a Takxe TpaH3HCTOp VT2, peala3yIOIHAA ome-
pauIo HHBEPTHPOBAHHS.

[Ipd HANKYME HA BXOJAX CXEMEL, T. €. HA 3MHTTEPHBIX SJEKTPOAX
VT1, curBana U°= Ugs g IMHTTEPHLIE HEPEXOIBI CMEIICHBI B NIPSIMOM
HANPABJICHAH H Y€pe3 VTl npoTexaeT 3HAYATEILHBIA 6a30Bb1i TOK Iy =
=(Uy— Ussnac— Ukomac)/ Rss IOCTATOYHBIA I TOrO, YTOOH TPAH3HCTOP
HAXOIMICH B pexmMe Hachmends. IIpd aToM HampsDKCHHE KOJLICK-
top — avutrep VTl Uiom®0,2 B. CienoBaTebHO, HAOPDKCHHE,
upanoxennoe K 6asze VT2 OTHOCHTENLHO 3a3eMJICHHOM TOYKH, Ug,)=
= U° + Uopae=2Uxome < Usomc B TPaH3HCTOp VT2 3aKphiT. KoOIUIEK-
TopHbI Tok VT, paBHBIA TOKY 6a3hl 32KPHITOr0 TPaHIHCTOpPA VT2,
HMeeT nperebpexumo Masoe 3HavenHe. Hanpskenne Ha BRIXOJE CXEMEL
COOTBETCTBYET JIOT. «1». B TAKOM COCTOSHHE CxeMa OyneT HaXOXHATHCH,
OKa XOTs GBI HA OJHOM H3 BXOJOB cHrHai pasen UC.

Ecig Ha Bcex BX0JaxX OJHOBPEMEHHO NOCTENEHHO NOBLINATH HANPSA-
KeHHE, TO OPH Upy= Unopy=Usonac— Ukonac HAUPDKEHAC HA 6aze VT2
nocTUrHeT Ugsme B TPAH3AECTOP OTKPOETCH. B pesynanTare yBenHiUTCHA
TOK 6a3nl VT2, KOTopklii GyAeT IPOTEKaTh OT ACTOYHHKA NHTAHHS] H€PEI
pe3HcTOp Rs B KOJLIEKTOPHbIA NEPEXON VTl1, u Tpan3ecrop VT2 nepei-
JET B pEXHMM HachumeHud. [JanbHe#mee NOBLILCHHAE Uyx npHuBefeT K 3a-
IAPAHHUIO 3MHTTEPHBIX IEPEXOOB TPAH3IACTOpA VTl, 2 B pe3yabTaTe OH
nepefiieT B pexuM paboTH, mpH KOTOPOM KOJLIEKTOPHEIA DNepexorn
CMeIeH B NPSIMOM HANOPaBJICHAH, 2 SMUTTEPHEIE NEPEXOLl — B obpat-
poM. HampskeHHE Ha BBIXOAE CXEMBI U= Ukomsc= U° (TpaH3HCTOp
VT2 B HaCHIUCHHH).

Prc. 7.10. IprAUATAaILEAS CXEMA dJIe- Puc. 7. 11. [IpuAnANAAIbHEAS CXEMa JJIE-
menara TTJI ¢ mpoCcTHIM HHBEPTOPOM merTa TTJI co CIOXHEIM HHBEPTOPOM
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Taxum 06pa3oM, paccMOTpPEHHEIA 3JIEMEHT OCYIIECTBIISIET JIOTHYEC-
Kyro onepanuto 1-HE. '

Ilpocreiimas cxema snementa TTJI mMeer psi HegocTaTkoB. Ilpa
TOCJ/IE[OBATENLHOM BKJIOYEHMH TAaKMX 3JIEMEHTOB,  KOTA2 K BHIXOIY
3JIeMEHTa NOAKIIOYAIOTCH 3MHTTEPHHIE 3JIEKTPOMILI, YMEHBIAECTCS Ha-
NpsOKEHHE BBICOKOTO YPOBHs (JIOr. «1») H COOTBETCTBEHHO CHHXKAETCS
Harpy3o4Has CHOCOOHOCTb. DTO 00YyCIOBIEHO HaIH4MeM OOJNBINAX
3MHTTEPHBIX TOKOB IIpH Pa00OTe MHOTO3SMHTTEPHOTO TPAH3HCTOPA B HH-
BEPCHOM pEXHEME. -

Kpome Toro, Takas npocreimas cxema snemenra TTJI umeer ma-
JIy}0 OMEXOYCTOMYMBOCTL IO OTHOIIEHHIO K YPOBHIO IOJIOKHTEIbHOM
noMexH U, = Usspee — U° — Uk mae = Usomac— 2Uxome: JUI5 yCTpaBeHHS
yKa3aHHBIX HEAOCTATKOB HCIOJB3YIOT cxeMul TTJI co CloXHEIM HHBep-
TOPOM.

TTJI co cnoxueiv musepropoM. Cxema TTJI cO CIoXHEIM HHBep-
TopoMm (pHc. 7.11), Tak Xe Kak H CXeMa C IIPOCTEIM HHBEPTOPOM,
OCYyIeCTBIIAET Joruueckyro onepanuio U-HE. Ilpe Hanauyen HA BXO4ax
HanupsixeHdas Jor. «0» MHOro3MHTTEpHBIH TpaH3ucTOop V71 HaxomuTCs
B peXHME HACBULEHHA, 2 TpaH3dcTop VT2 3akpuir. ClieoBaTenbHO,
3aKPHT H TPAH3HCTOP VT4, NOCKOJBKY TOK dYepe3 pe3mcrop R, He
OpoTekaeT H HanpspkeHue Ha 6ase VT4 ug,=0. Tpansucrop V713 oTk-
PHIT, TaK Kak ero 6a3a NOAKIIO4EHA K HCTOYHHKY muTamus U, dYepe3
pesucrop R,. ConpoTHsieHne pesucropa R; HEBEIMKO, nosroMy V713
paboTaer kak 3MHTTepHBIH noBTOpHTENb. Yepes TpamadcTop VT3 H
OTKPHITEIE [MOL VD mpoTeKaeT TOK HArPY3KH JIOTHYECKOro 3JIEMEHTa
I,= Iy,= I, (hy1,+ 1), B BoIxoaHOE Hanpsoxerre (yyacTok 1 Ha puc. 7.12),
COOTBETCTBYIOIEE YPOBHIO JIOT. «1», PaBHO HANPMDKEHHIO HCTOYHHKA
muTaHus U, MHHYC najeHAe HaOpsOKEHHSI HA2 Pe3UCTOpe R, oT mpoTeka-
romero Toka 6a3nl I5,, Hanpsixenne 6a3a — sMATTEP Ups goc OTKPHITOTO
Tpauzdcropa VI3 B naneHe HanpsokeHHS Up= Upsy. HA OTKPEITOM
mone VD, 1. e.

, Ul = UH - 2U53m.c'— R21K3/(h213 + 1) ~ UH - 2U53na.c-

IIpn yBenM4eHAN HANPSKEHHS HA BCEX
BXxoJax moTeHnHan 6a3n VT2 Bospacraer
H OpPHA Uy, = Ugop= Us3ac— Ukanac TPAH3E- U )
crop VT2 oTKkpheiBaeTcsi, HaYHHAET LPO- '
TEKaTh KOJUICKTOPHEIH TOK [y, depe3 pe- 2 X,
3HCTOPH R; B Ry. B pe3ynbrate 6a30BhIit .
TOK VT3 yMeHbIIAETCs, NaJCHAE HANps- : 4
KCHAS HA HEM YBEIMYMBACTCH H BHIXOJ- v’ A
HOe HANpsDKEHHE. CHHXAETCs (Y4acTOK 0 Upp Ulnp Usx
2 Ha pmc. 7.12). Iloka Ba pesdcTOpE
R, napenwe wnanpsxendas Ugs< Ussnac

Usix } ;

Pmc. 7.12. AmmmarynHas Xa-
pakTepHcTHKA 3memerTa TTJI
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tpamzucTop VT4 3akpuT. Korna u, = Usop X 2Us3 380 — Ukonac, OTKPHIBA-
ercs TpansucTop VT4, laippefimee yBeTHICHAE BXOLHOrO HAMPSKCHUA
IPHBOIMT K Haceunenuio VT2 B VT4 g nepexoxy VTl B HHBEPCHHIA
pesxuM (yuacrok 3 Ha puc. 7.12). IIpy 3T0M DOTCHIHA TOHKA d (cM. pac.
7.11) oxa3nBaeTcst paBHLIM ;= Uszmac + Ug nacy @ TOUKH 6 — Us= Ukamacs
CIEN0BATETBHO, Ugs = lg — Us= Updmac- 718 TOTO g10b6BI muox VD 7 TpaH-
sucrop V73 ObUIM OTKPHITH, HeOOXOIMMO BBINOIHCHHE yCIIOBHS
15> 2Usme. TAK KaK 3TO yCIIOBHE HE BBINOJIHSETCH, TO VI3 u VD
OKa3LIBAIOTCS 3aKPHITHIMA M HANPSDKECHUE HA BRIXONE CXeMBI, COOTBETCT-
Bylolee ypoBHIO JOT. «0», paBHOU® = Ugapy, (YI2CTOK 4 HA pHC. 7.12).
IIpH nepekMoueHHH EMEIOT MECTO IIPOMEXKYTKA BPEMEHH, XOTS H kpaT-
KOBpEMEHHBIE, KOrna 062 TpaH3HCTOpa VI3 m VT4 OTKpPHTH H BO3-
MOXHBI GpOcKH ToKa. J[71si OTpaHAYeHAs AMIUIMTYbL 3TOI0 TOKa B CXC-
My BKJIOYAIOT PE3HCTOP C HEOOMNBIIAM CONPOTHBIICHAEM (R3=100...150
Om).
IToMexoycTOHYMBOCTD IJIEMEHTA TTJI co CIOXHBIM HHBEPTOPOM

U: = U:xop_ U0=2U53m_2UK35u;
U; = U = Upop=Un—4Ussmsc + Uicomae-

Korza Ha BBRIXOJE J/IEMEHT2 yCTAHABIMBACTCH pEkKHM JIOT. «I»,
Tpam3ucTopsl VT2 B VT4 3aKpHITHL CrieroBaTeIbHO, ECIH IpeHebpeyh
TOKOM Harpy3kH I,, To DOTpebseMBIi CxeMO# TOK I' B pexmme sor. «I»
onpenensercs TOKOM Ji =(Ux— Usonac— Usamc)/ R1, TPOTEKAIOIMAM Ye-
pe3 pe3EcTop R;. B pexmme jior. «0» Ha Brxone moTpebisieMult TOK [ °
paBer cymme TOKOB I°x=(Uy—3Usomd/R: H Pro=(Us— Usogac—
— Uxpa)/ Ra. Taxum 06pa3oM, cpenmsist 00TpebiseMas MOIMHOCTD

Pno'rcp=0’5 (Pgo-r""Prlxor):

2Uy—4Usomac— Uicame U~ Usdnac— UKSm) '

7.4
2 | R (7-4)

~os0i(

Coorromenxe (7.4) onpeneiseT MOIIHOCTH Oe3 yeTa IONIOJTHATE THLHOH
MOIIHOCTH, NOTpebisieMod CXeMO¥ B MOMEHTHI ICPCKIIOYCHAN B pe-
3ynbTATE IPOTEKAHHS TOKA YePe3 OJHOBPEMEHHO OTKPHITHIC TPaH3ACTO-
pul VT3 u VT4, [lononHuTeIbHAS MOIIHOCTD pacTeT OpONOPIHOHAILHO
yacToTe mepexmoucHds B npu f>10 MI'm craHOBHTCS COH3MEPHMOH
¢ Prorop-

{15 NOBLIIIEHAS NOMEXOYCTOMYMBOCTH 3a CYET YyMEHDIICHAS 30HLI
HEONpEeICHHOCTH AUpop=Ulop— U3, HCHIONBL3YETCH INEMEHT, B KOTO-
POM BKJIFOUEH [JOIIOIHUTENBHbIH TPAHIUCTOP VTS (puc. 7.13, a). B Tako#
cxeMe KOJIJIeKTOPHBIA ¥ SMHTTEPHBIH TOKH TPAH3HCTOPA VT2 Be MOTYT
IpOTEKATh O MOMEHTA OTIHPaHHS TPAH3HCTOPOB VT4 u VTS. Iloaro-
My HanpsKEHHE HA BhIXoJe OyaeT OCTaBaThCH HEH3MEHHLIM H PABHLIM
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Prc. 7.13. Onementst TTJI ¢ yaynnessoil mpeaaTOTHOM! XapaKTepECTHKOM (4) B HOBLINECH-
HO}t Harpy3o4HO#t cmocobrOCTEIO (6)

U', noxa BXOJHOE HANPSKEHHE tyx <2Usomac — Ukznac: KO thpe=Upop =
=2Us3mc— Ukome OTKPHIBAIOTCA TpaH3ucTOpH VT2, VT4 m VTS,
a Tpan3ucrop VT3 ® nuox VD1 3axpuBarorcs. B pesyabTaTe nepenarod-
Has XapaKTEPHCTHKA TAKOro 3JIeMeHTA (IYHKTHPHAs JIMHAS HA pHC. 7.12)
HE HMeeT N0JIororo y4acrka 2. BeieacTeae 3Toro noBHINAETCs ypoBEHb
nonoxuTenbaol noMexa Ul = Ul — U=2Ugsp:—2Uko e =0,8...1 B.

Ilpm yBenM4eHMH TOKa HArpy3kd [; B PaCCMOTPEHHBIX 3JEMEHTax
TTJI 3a cyer majeHAsA HANPSXKEHHAA HA pe3ncrope R,, PaBHOIO upy=
= RyI/(hy1:3+ 1), yMeHbIIAETCS YPOBEHD «1», a, ClIEJOBATEILHO, H IOMe-
Xoycro#yuBocTh. TakuM 00pa3oM, K03pHUHEHT Pa3BEeTBJICHAS TaKHX
3JIEMEHTOB oOrpaHuW4ueH. [{1s yBeJM4eHHAS HArpy304HOH CIOCOGHOCTH
# Ko3bdHnAeHTa pa3BeTBIeHAS HCnoab3yeTcs emMeHnT T1JI, B koTopoM
OpHMEHEH cocmashoii mpanzucmop VT3, VT6 (napa Japaunemona), paC.
7.13, 6.

Kak ®3BecTHO, B cocTaBHOM Tpan3ucrope (cM. § 3.11), obmmit
Ko3pbunmenT mepeaad TOKAa 6asbl Ay, =M1/, TAE Aapa B Aoy —
Ko3¢dHmHMeHTH nepefadd Toka 0a3H TPaH3UCTOPOB, COCTABJISIONIHX
nmapy Japnmuurrona. CiieAoBaTelbHO, B TAKOH CXeMe 3aMETHOE NaJicHAe
HAanpsKeHAsd Ha pe3EcTope R, Oyder npE 6osbmeM TOKE HAarpy3kH,
TOCKOJBKY Ur2= Rolp/(Ma1a3hais + 1)

Bucrpogeficreue snementoB TT1JI, onpenensemoe BpeMeHEM 3a-
JEPXKH PACOPOCTPAHEHAS CHTHAIIA NPH BKIIOYCHMH 1L}, H BHIKIIOYCHHH
13}, 3aBHCHT OT JUIMTEILHOCTH NPONECCOB HAKOIIICHHS H PACCACHIBAHHS
HEOCHOBHBIX HOCHTENeH B 6a3ax TPaH3HCTOPOB, epe3apsaiKd eMKOCTEH
3METTEpHREX C, H KOJUIEKTOPHEIX C; IIEPEXOJIOB, @ TAKXKe KOHJCHCATOpa
Harpy3ku. B GonbumactBe ciyvaeB t0, >0 Ilockoisky npH pabo-
Te snemenTa TTJI OTKpHTHIE TPAH3HCTOPHI HAXOMAATCS B COCTOSIHHH
HACBIIIEHHSl, TO CYIIECTBEHHHIH BKIIaJ B YBEIHYCHHE HHEPLUHMOHHO-
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crm saemenToB TTJI BHOCHT BpeMsi PacCachBaHHsS HEOCHOBHBRIX HOCH-
TeJeH.

Jlns yBenuyeHHs OLICTPONCHCTBHS SIEMCHTOB TTJI HECnOIL3YIOTCH
TpaH3BCTOpH ¢ HapbepoM IoTKHE, HpencTaBisAiomue coboi coseTaHHe!
o6b9EOr0 TpaHsucTopa ¢ quonoM IloTkd, BKIOUCHHEIM Mexay 6a3oH
H KOJLIEKTOPOM TPaH3HCTOpa (puC. 7.14, a). ITockoIbKY naxeHAe HAPA-
xernns Ha muone INOTKH B OTKPHITOM COCTOSHMHM MEHBIIC, HEM Ha
p-n-iepexorne, To KOJLIEKTOPHEIA [EpEXo] TPAH3ACTOpa HE MOXET OT-
KPHITECS B IPSMOM HAOpPABJICHHM H TEM CaMEIM OpesoTBpamacTCs
nepexon, TPaH3HCTOpa B PEXHM HACHIICHH. CnenoBaTeisHO, HAKOIITIe-
HHs HEOCHOBHBIX HOCHTENeH B 6aize TPAH3HCTOpA H3-32 MX MEOKEKIHH
yepe3 KOJUIEKTOPHEIA NEPEXON IPAKTHYCCKH He OpOHCXORHT. TakuM
o6pa3oM, HMeeT MeCTO yBEIHYCHHE GLICTPOACHCTBHA TPAH3ACTOPHOIO
xmo4a ¢ 6apeepoM IlloTKH B pe3yabTare yMmeHbIIIEHAs BPEMEHH Hapa-
CTAHHAS TOKA KOJUIEKTOPA IPH BKJIFOYEHAN ¥ BPEMCHH paccachiBatis npH
BHIKIIOYCHHH.

Bpems 3amepKKH pACOPOCTPAHEHAS CHIHAJA Opd  BKIIOYCHHH
£1°, B BEHIKTIOYCHHH t%1 onemenros TTJI ¢ mmonamu IMorxa (TTJII)
B CpE/IHEM B [(Ba pa3a MeHbIIE IO CPABHCHUIO C AHAJIOTHYHBEIMH 3JIEMEH-
ranvm TTJI Henocratkom TTJIII sBisiercst yMEHbIICHHASA 110 cpaBHe-
HEFO C apanormyssME anemerTamu TTJL OOMEXOYCTOHIMBOCTD Ut a3-
33 Goypmero 3Hauerns U° # MeHbIETO Uy

Bo mcex snementax TTJI 1 TTJII npe OTPHIATEILHOM BXOXHOM
HANIPSDKEHAN PE3KO YBEJIHIHBACTCH pxonHo# Tok. IloaToMy I OrpaHn-
yegHs OTPHIATEILHOrO BXOZHOIO HANPSDKCHHA, BO3HHEKAIOIIET0 H3-32

Prc. 7.14. Kmoy ¢ gjaoaoM [lionm (a), ero yciossoe 0bo3HAYEHHE (6), cxema 3ITEMeRTa
: . ~TTJI (e) N
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1;0134MO>)KHHX [IOMEX, BXOALI 3JIEMEHTOB INYHTHPYIOTCS AMOAaME (DHC.
8

OnemeBTH TTJI €O CIOXHBIM HHBEPTOPOM HMEIOT GOJLIION JOrH-
YeCKHil Iepenaj, Majyro n0Tpe6JmeMyxo MOIIHOCTD, BLICOKHE OHICTpO-
JEeHCTBHE M [OMEXOYCTOHYMBOCTh. THIMYHEE 3HA4YCHHH I1apaMeTPOB
TTJI cnenyromme: U,=5 B; U'>2,8 B; U°<0,5 B; 1,;,,=10...20 Hc;
Pryrp=10...15 MBT; K., =10.

7.6. IMUTTEPHO-CBSIBAHHAA JIOTHKA

B HacTosmee BpeMst CaMbIMH GLICTPOAEHCTBYIOMAMHE SBJISIOTCS 3J1€-
MEHTH 3MHTTepHO-CBsi3anaol soruku (OCJI). Cxema anemenra DCJI
BKJIFOY2€ET B Ce0s nepexroYaTelb TOKA, BRIIOTHEHELIH Ha TPAH3HCTOPax
VTl — VT3, u nBa 3MHTTEPHBIX IOBTOPHTEIsS HA TpaH3ucTopax VT4
u VTS, obecneudBaromyx BO3MOXHOCTL COETUHEHHS MEXIy CoboH oT-
JENBHBIX JTOTHYECKHX 371eMeraToB (puc. 7.15). Tpansucropul VTl u VT2,
Ha 6a3bl KOTOPHIX IIOJAIOTCS BXOJHBIE CHTHANH, COCTaBISIOT OAHO
IUIe30 NepeKoYaTelis ToKa, a Tpagsucrop VT3 — apyroe (Ha ero 6asy
MOAAETCS IOCTOAHHOE onopHOoe Hampsxerune Uy).

ECIE Ha BXOAAX Uy, Ug ACHCTBYET HaOpPSIKEHHE Uy, = U° < Uy, TO
Tpam3ucTopel VTl m VT2 3aKkphITH, H Bech TOK I, IPOTEKaeT depes
OTKPHITHIA TpamzucTtop V713. Cmiy toka [, BHIOHpArOT Tako#, 4TOOH
TPaH3uCTOp V13 B OTKPHITOM COCTOSIHHM paboTan Ha rpasdne o6i1acTu
HaCHINEHNS #,s=0. IIpu 3TOM Ha KosulekTope V713 HanpskeHHe U, =
= U, — |hasll Ry, 2 HanpsDKEHHE HA BTOPOM BHIXOJE

Ugua = U0= Un— |h215|IoRx— UBSm (75)

Iloternman xomnnextopor VIl m VT2, ecim npeHeOpedp NajJeHHEM
HaNpsKeHAs Ha R, 32 CYeT HPOTEKAIOMIEro 4epe3 Hero 6a3oBOro TOKA
VT4, paser U,, 2 HanpsoxeEHe Ha NEPBOM BEIXOJE

tpso1 = U' = Uy — U pae- (7.6)

Ilpr nmomase Ha moOo# BXOJ, HaNpHMeEpP, NEPBLIA, CHTHANA Uy =
=U'> Uy, Tpasauctop VT OTKpHIBAETCH H Yepe3 HETO MIPOTEKAET TOK
I,, a Tpam3ucTop V73 3axpuBaerca. B pe3yibTaTe pa3zHOCTH NOTEHIH-
alioB MEX[Y KOJICKTOPOM H 6aszoft VTl craHOBHTCS HPAaKTHYECKH
PaBHOH HYIO, MOCKOJLKY Tpas3ucTop VTl mepexomut B paboumit pe-
KHM Ha TPaHune obnacTu HACHINEHASN (U5 = 0). CieaoBaTenbHO, HOTEH-
nman KoJuexTopos VT1 m VT2 OKaxercs PaBHBIM Uy =i, =U", a Ha-
OpspkeHHE H2 NEPBOM BHIXOJE YMEHBINMTCS H CTAHET PABHBIM Uy, =
= U= U"' — Ugynae. [TOACTABNIAA B 3TO cOOTHOEHHE U m3 (7.6), mony- .
qaeM

U°=U,— 2Us5 e . (1.7)
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Prc. 7.15. ITpErimomaisaas CXeMa JIEMERTa 3CI

Hanpsoxense Ha BTOPOM BBIXOJe IIPH 32MHPaHHHA VT3 yBenHUATCS
¥ 6YAET PABHO Uy = U= Uy~ Usomac-

Takam o6pazoM, [0 IEPBOMY BHIXOIy [AHHAS CXeMa pead3yer
noraueckyio onepammio VJIM-HE, a mo BTOpoMy — OLEPAIHIO WUIIN.
HerpyaEo BHAETH, 4TO HOPOTrOBOE HANPSKCHAC Uop= Uy, JIOTHYECKHH
nepenan AU,=U 1 _ [J® = Uy pec B IOMEXOYCTORIHBOCTD CXEMBI

U: = Uuop_ U0= Uon_ Un+2U53m,
U- = Ut = Ugop=Us— Usome — Usu:

Kax BEAHO, JOTHYECKHH Iepenaj dJIeMCHTa HeBCJHK. Yrobhl 1OMEXO-
YCTORYMBOCTD CXEMEl ObLIa MAKCHMAJIBbHOH, Heo6Xx0quMO BHIOPaTh Ta-
xoe 3mauenne Uy, 91066 UF =U;. Torma Uow=Us—(3/2)Ussmc B 1O-
mexoycroiumBocTh cxeMel Uy = Uy =0,5Ussme-

BxoJHbIc TOKH 3JIEMEHTa, & CIE[0BaTeIIbHO, H TOKH HAIPY3KH ACH
mesenxu: I, .~0, Tox I, paBeH 6a30BoMy TOKy TPaH3HCTOpa, pabora-
JFOILIETO Ha rpaHune 06JIaCTH HACHINCHHS. T o3TOoMYy HArpy304Has CIOCO-
GHOCTb 3J1EMEHTA BeJHKa H KO3(pGhHIHEHT PAa3BETBJICHAS HOCTHIACT 20
H 6oee. .

[oTtpebaseMas 31EMEHTOM MOIHOCTE CKIA/BIBACTCS H3 MOIITHOCTH
3MHTTEPHBIX IOBTOPHTEIEH:

e Us—Usome  Un—2Ussnac 2, —3Us5 30
p]=Un<_+_>=Un<___i3_+_—ﬁ_>=Un___;‘?_.
R R K, R, R,

¥ MOIIHOCTH Iepekmouatens Toka Py=Udl,. U3 (7.5) m (7.7) cnenyet

|h216| IoRx = Usomac, OTKYZ2 IIPH |ha1s| > 1 monyvaem I, = Ussmc/ Re. Creno-
BaTeILHO,

, ‘2Uu_3U53mc Ug3 nac

R, R
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B paccmorpenno#i cxeme ypoBEH U* \
u U° 3apHcaT or Hanpsokenust U, B mo-  “Yew u 5%
CKONIbKY JIOTHYECKHH mepenan HeBesuK, N
TO HECTAOHNBHOCTh HANPSDKEHAS HCTOY-

HHKA IMTAHHS CyNIeCTBEHHO BJHMSET HA
noMexoycroiiaBocTb. Kpome Toro, Ha-
OpSDKEHHS JIOTHYECKHX YPOBHEH BEMHKH.  Uso uac
A noBhINeHAs 1OMEX0YCTORYHBOCTH,
CHIXKEHHS! aMILUTMTYALI BXOJHLIX CHIHA- 0 -
noB B cxemax DCJI 3azemusior He OT- “Uss uac Unop 2Uso ac ~Vsx
PHOATENLHBIA IOMIOC HCTOYHHKA IHTA-
HU, KaK NOKa3aHo Ha puc. 7.15, a oo-
JOXHTENbHEIA. B 3roMm cimyyae U'=
= —Ussmes U°=—2Usomes Usop=(—3/2)Usopac: AMILIHTYTHAS mEpE-
JAaTOYHAS XapaKTepHCTHKA C YYETOM IPHHSATHIX JONYINEHAN, COOTBETCT-
BYIOIIasl 3TOMY CIIy4al0, J7is HHBEPTHPYIOINETO H HEHHBEPTHPYIOIIEro
BBIXOZOB IpHBefieHa Ha pHC. 7.16. Tak kax mepeknrodeHHE TOKAa H3
OJHOTO IUIeYa B APYroe HAYHHAETCH IPH BXOJHOM HANPSDKEHHH, HECKO-
JIbKO MeHbIIEM OoNopHOro Hanpspxenrs Uy, —ul, ~0,1 B, a 3akanumupaer-
Cs IIpH HaUpSKEHHH, HECKONbKO GosbmieM onopHoro, u, — U, ~0,1 B,
TO aMIUIMTYAHAS mepeaaTodnas xapakrepucruka OCJI uMeeT 30HY He-
onpenenesnocTd AU,,,~0,2 B. D10, ecrecTBeHHO, CHAXaeT moMexo-
YCTOHYHBOCTH CXEMEL, .

Bricokoe 6ricTpoaeiictsae DCJI 06ycnosieHo CleayrOIEMHA OCHOB-
HEIMH (paKTOpaMH: OTKpHITHIE TPAH3HCTOPHI He HAXOASTCH B HACHIIIE-
HHH, IO3TOMY HCKJIFOYAETCS 3TNl pacCaChIBaHAS HEOCHOBHEIX HOCHTENEH
B 0a3ax; ynpasjieHHE BXOJHRIMH TPaH3MCTOPAMH OCYILECTBISETCH OT
SMHTTEPHLIX NOBTOPHTEJIEH NpPENEeCTBYIOIMX 3JEMEHTOB, KOTOPEIE,
HMesi MaJloe BRIXOJHOE CONpOTHBIIEHHE, obecnednBaroT 6opmoi 6a3o-
BLIA TOK H, CNIEJOBATENbHO, MAJIOE BPeMs OTKPHIBAHHS M 3aKPLIBAHHS
BXO/JHBIX M OIIOPHOTO TPAH3HCTOPOB (BpeMs repe3apsiiKH Napa3sHTHEIX
€MKOCTeH 3JleMeHTa HE3HATHTEIbHOE H3-32 MAJIOrO JIOFHYECKOro mepe-
naja), Ho3TOMy JUIHTEILHOCTH (PPOHTA H CPe3a BLIXOAHOIO HAPSIKEHHAS
HEBETHKH. )

Cpennee BpeMsi pacnpocrpaHends curaaina snemenra DCJI ompe-
NeJseTcss JJIMTENbHOCTBIO MEePEXOJHOTO IpOIecca B IepeKkirodare-
J€ TOKA H MOXET OHITh OIEHEHO C HCIOJL30BAHHEM COOTHONICHHM
(6.16) 1 (6.17). MHEAMAaIbHOE 3HAYEHHE f,;,;, ONPENENSIETCH COBCTBER-
HEIM BpPEMEHEM IEPEKIIOYEHHS TPAaH3HCTOpPA H COCTABISET OKOJIO
1 mc. Ing OCJI xapakrepHBI CleAyol#e CpefHHe napamerper U,=
=—-5B; U'=-0,7..0,9 B; U°=—1,5..2 B; typp=3...7 BC; Prorep=
=10...20 mBT.

-2U,

59 Hac| \ U a2

g1

Prc. 7.16. AMmiATYRHEa XapakTte-
pacraka anemerra ICJI



7.7 MHTETPAJILHA ST MHDKEKIIMOHHAS JIOTKA

eMeHThl HHTErpaIbHON HHXEKIHOHHOH JIOTHKH (V1%JI) He EMeIoT
AHATOTOB B OUCKPETHOM CXEMOTEXHHKE H MOTYT ObITh peanH30BaHBI
TOJIBKO B HHTETPAlbHOM HCIONHCHHH. DKBHBANCHTHASA CXEMa /IEMCHTA
W21 (puc. 7.17, @) COCTOHT M3 ABYX TPAH3HCTOPOB: p-7i-p-TPAH3ACTOP
VT BLIIONHSET pOJIb HEXEKTOPA, & N-p-n-TPaH3UCTOP VT2 paboraeT
B pexuMme mEBepropa. OOmas obllacTh n-THIA CIyXHT 0a30d p-n-p-
TPaH3ACTOPA, 4 TAKXKE SMATTEPOM 7-p-n-TPAH3UCTOPA H HOOJKJI0YaeTCH
K «3a3eMiIeHHOi» TouKe. Kosekrop p-n-p- u 6as3a n-p-n-TpaH3HCTOPOB
TaxxKe ABJISIOTCA obmmel 061aCThIO.

VBOrAa p-n-p-TpaH3ECTOP (HEXEKTOP) HA3RIBAIOT FOPHIOHTAILHEIM,
IOCKOJIEKY BCE €ro 37eKTpOoJsl (P-3MHTTED, n-6a3a, p-KOJIEKTOp) pac-
IOJOXHE B TOPH3OHTAIIBHOH IIOCKOCTH, & 71-p-n-TPaHIUCTOP (uBBeEp-
TOp) — BEPTHKAILHEIM, IOCKOJBKY €r0 3IEKTPOAL! HE HAXOAATCH B on-
HOM rOpPH30HTAIBHOH ILIOCKOCTH (puc. 7.17, 6).

B nmenb 3MuTTep — 6a3a HEXEKTOpA IIOJACTCs HAmpsDKEHHE IHATA-
mas U, MHHEManpHOE HAanpsOKEHHE MCTOYHHKA ONpejeseTcs NajeHH-
eM HaIpsXeHHAS HA 3MMTTEpHOM Iepexoje: Ussme®~0,7 B. Ho ns
cTa6GHIH3aIAE TOKA SMATTepa [ IOCIe0BATEILHO C HCTOYHAKOM BKIIO-
qaeTcs PE3UCTOp R H HanpsDKeHHE HCTOYHMKA OHTAHHS U,=1...1,2 B.
TIpu 3TOM p-n-Epexox HMHUTTEP — 6a3a VTl OTKpHIT H HMEET MECTO
muddy3us ALIPOK K KOJUIEKTOPHOMY NEPEXOAY. Ilo Mepe ABHXEHHAA
K KOJUIEKTOPY JbIPDKM PEKOMOHHHpYIOT, HO 3HAYHTEIbHAH HX HacTh
JOCTHTaeT KOJUICKTOPHOIO IEPEXO/ia M, IpOMJs depe3 HEro, nonanact
B p-6a3y mHBepropa (TpaH3HCTOpA .VT2). Drotr mponecc muddysHH
(uBxeKuMH) JPOK B 6a3y HHBEPTOPA MAET HOCTOSHHO HE3aBHCHMO OT
BXO/JHOTrO BO3JCHCTBHS.

Ecnu panpsxenue Ha 6a3e VT2 ux= U° (xmrod S 3aMKHYT), ABIPKH,
KOTOphIE MOManaoT B p-6a3y HHBEPTOpA, OECOPENATCIBEHHO CTEKAIOT
K OTPHIATEILHOMY IIOJIOCY HCTOYHHKA IHTAHH. B pmemn KoJLIEKTOpa
tpan3ucTopa VT2 TOK He OPOTEKAET, H 3TO 3KBHBAJIEHTHO Pa3OMKHY-

R‘ 5 K
VT2 +U, |
Sﬁ p p :
4
R 1’ o
L n \
+U, L
a) 6)

Puc. 7.17. DxBrBaneATHAS cXeMa (@) ¥ cTpyKTypa (6) aneMenTa na
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TOMY COCTOSHHIO KOILIeKTOpHO# neru VT2, Takoe cOCTOAHAE BRIXOTHOH
HeOH COOTBETCTBYET HANPSDKEHHIO JIOT. «1».

Ipr u,=U' (xmou S pa3oMKHYT) ALIpKkE B p-Ga3e HHBepTO-
pa HakammBaioTca. Ilorennuan 6a3nl HaYMHAET HOBRINATHLCI H COOT-
BETCTBEHHO NOHMXKAIOTCS HanpsDKeHHd Ha nepexomax V72 no Tex mop,
OKa 3TH IePEXO/bl He OTKPOIOTCH. TOoraa B KOJNNEKTOPHOH HEelH TpaH-
3ucropa VT2 6yner mporekarb TOK H pa3’HOCTh IOTEHIHANIOB MEXIY
SMHTTEPOM H KOIUIEKTOPOM HHBepTOpa (Tpan3ucropa V'T1) 6yaer 6nus-
Ka HYJIO, T. €. 3TOT TPAH3HCTOP IPEACTaBIIZeT COOOH KOPOTKO3aMKHY-
THIA Y4aCTOK HENH, H 3TO COCTOSHHE OYAET COOTBETCTBOBATH YPOBHIO
Jor. «0».

Taxam 06pa3oM, pacCMOTpPEHHRIH 3JIEMEHT BLIIONHAET POlb KII04a,
KOTOpBIA MOXET OBITh HCIONB30BaH [UI yOpaBlieHHs AaHAIOTHYHBIM
3J1eMEHTOM, 10J06HO TOMy, Kak 310 ocymecrsiserca B TJIHC.

Coueranne s1emenToB M2JI MoxeT 06eCeYHTh peaM3anHio Jo6kX
JIOTHYECKAX onepanuii. B vacTHOCTH, 31eMeHT, BHIIONHAIOIME onepa-
maro WIW-HE, MoxeT GHITh COCTaBIeH M3 ABYX anemenToB M2JI (pHc.
7.18). IIpu nopade Ha o6a Bxona (X; ¥ X;) caraana Hyns HA obbeaHHEH-
HbIX KOJUIeKTOpax HHBepropoB (VT3, VT4) Gyner yposeHp mor. «I».
Koraa Ha oMH H3 BXOJOB HJIH Ha 06a BX0Ja OJHOBPEMEHHO IOAAETCS
CHTHAI €JMHHIIEI, Ha BRIXOJE CXeMBI HMeeM CArHan Jor. «O».

Hanpsbxease Hu3kOro yposas (nor. «0») snementa WZJI pasHO
HaNpsSXKEHHIO MEXIy KOJUIEKTOPOM H 3MHTTEPOM #-p-n-TPaH3HCTOpa
B Haceumenun: U° = Uyy,,.. Hanpsixenne yposas jior. «1» ompexessercs
HAIpsSKEHHEM HA OTKphITOM p-n-nepexofe: U'= Ugsy,. Iloporosoe
HanpsXeHHe nepekrodeHns Uy, 3aBHCHT OT CTENeHH HACHULEHHS n-p-ni-
tpan3ucropa ¥ Ha 20...50 MB MeBbme Ugs g, TakaM 06pa3oM, momexo-
ycTOMMHBOCTS 3nemenTa M2J] MO OTHOIEHHMIO K OTPHIATEILHOM IOMexe
mpn3kas: U;=20...50 MB. Ilorpebnsiemas oT ECTOYHHKA IIHTAHWS MOIMI-
HOCTb  Ppgrop=IUp=Uy* (Up— Upsm)/R, a

MOIHOCTL, pacc€HBacMasd CaMHM 3JI€EMEH- Il
Un - UBSnac
TOM, Py=1Upsp.= UBSm——R—_ X VT2
2

Cuna rToka uEXekumm | Hepexmka (10
HA...100 MxA). Cpennee Bpems 3aJepXKH
pacOpocTpaHEHHS CHTHAlIa OIpeJesIsaercs 1 ‘
JJIATENLHOCTBLIO IIpoLiecca  paccachiBaHHS VT1
MIGLITOYHBIX 3apsijiop B Ga3e HuBepropa ,Xi
H BpeMeHEeM Nepe3apsiik¥ Hapa3HTHRIX €M-

KOCTe#, KOTOpoe, B CBOIO O4epe/ib, 3aBHCHT
OT TOkd HHX(CKIH%K. Puc. 7.18. Cxema 3nmeMeHTA

Onementsl 1*JI 3anuMaroT Mamy:o mio- WVI2J], peamayiomas omepa-

majab, UMEOT He3HaYuTenbHeE NoTpebse- a0 VUTU-HE
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MYIO MOIHOCTb H pafoTy nepekItoYeHHs. Jlns HMX XapaxTepHhI CIeAy-
romue napameTphl: U= +1B; Prorqp= 10...100 MXBT; #,55,=10...100 HC;

Kp=3...5; Kg=1.

7.8. JOTMMECKHWE 3JIEMEHTH! HA M/II-TPAH3NCTOPAX

Jlormgeckne snementhl Ha MJIII-Tpamsmcropax crposrcs mbo
Ha KII0YaX ¢ AMHAMHYECKOH HArpy3kod, b0 Ha KOMIUIEMEHTapHBIX
xmodax. I[lo3ToMy mHepBbIi THI JIOTHYECKHX 3JIEMEHTOB HA3biBACTCH
MAITJI (MAII-TpassacropHas noruka), a sropoid — KMJIITII
(M/ITI-Tpan3ecTopHast JIOTHKAa HA KOMIUIEMEHTApHBIX TPAH3HCTOPHAIX
xmo4ax). IlpE npoH3BOACTBE KPEMHHEBLIX MHKPOCXEM IHSJIEKTPHKOM
cyxHT okcup kpemums SiO; mosToMy Hapady C Ha3BaHHEM MJII-
TPAaH3HCTOP HCHOJL3yioT Haspanre MOII-TpaH3HCTOP. CoOTBETCTBEHHO
JormiecKHe 3IeMeHTHl HasmBaror m6o MOIITII, ne6o KMOIITJL
Ipu noctpoenss MJIIITII HarGonee 9aCTO HCHOIL3YIOT 7-KAHATILHRIE
M/III-TpaB3HCTOpH, HMeromme OoJiee BBICOKOE ORICTPOACHCTBHE O
CPaBHEHHIO C p-KaHATLHBIMA. .

Jloruueckde JEMEHTH HA KJIOYAX C JMHAMHYECKOH Harpyskoi. Jie-
meatr MJIITJI cocrodr H3 HATpY30YHOIO H HECKOJILKHMX YIPaBIIAIOMMX
Tpam3EcTOpoB. ECIM ympapisiomue TPaH3ACTOPH BKIFOYEHEI mapail-
JIeNLHO, TO 3JIeMEHT OCYILIECTBJISET JIOTHYECKYIO OIepanHio WIIU-HE,
a TIpH IOCJIeA0BATENLHOM COE/IMHEHHH OH BRUIOJIHSET ONepandio U-HE
(puc. 7.19).

IIpE HaiW4EM Ha BXxodax X; ¥ X, U= U° < Usypop yIPaBISIIOIIEE
tpansucropsl VT1 # VT2 3akpeIThl. IIp# 3TOM HanpsKeHHe Ha BRIXONE
coorBercrByer JOr. «1»: Uy— Usppop < U < U, (cm. § 6.7). Ecia BxoaHOe
HAIPSKCHHAE Ugx > Usiinop, YIPABISIONIME TPAHIACTOPHL OTKPLIBAIOTCA H,
taxaM 06pa3oM, BeIHIHHA Usyyop OOPEAENSeT NOPOroBoe HApPAXKCHHE
normgeckoro 3neMenTa: Uyp= Usnop

Koraga Ha BXoJax 3JeMeHTa ACHCTBYET HANPSKCHHE Up= U > Usep,
To Ha BEXoge mMeeM «0». Ecim mpH 3TOM TOK HAarpy3o4Horo Tpas-
3ECTOpA, paboTaromero Ha MOJOroM y4acTKe XapakTepHCTHKH, MCHLIIIE
CyMMBI TOKOB YHPaBIISIIOINAX TPaH3HCTOPOB, TO U=U,~0,2 B. 3052
HEOIpE/IEJEHHOCTH AMILTHTYXHOMI nepeaToOYHOM XapakTepHCTHKH
AUy, =0,3...0,4 B. TloMexoycTORYMBOCTE 3/IEMEHTa U = Usptop— Uoers
Uy =U,~2Usppop- 1IpH HanpsDKEHHM HCTOYHHKA [HTAHASA U~ 3Usppop

o

nomexoycroitamBocts U, = U, = Usyyop- 71 HE3KOOOPOT OBEIX MJAII-
TPaH3HCTOPOB NOMEXOYCTOHIHBOCTD MIITJI cocrasnser 1..1,5 B; mns
BEICOKOIOPOTOBRIX — Usypop AOCTHTaeT 5..8 B, COOTBETCTBEHHO LPH
HCIIOJIL30BAHHY TAKHX TPAH3HCTOPOB MOMEXOYCTOMYABOCTD JIOTHIECKO-
ro 371eMEHTa BO3PacTaeT.

Harpy3ounas cnoco6socts M/IITJI Benuka, HOCKONLKY BXOJHOH
TOK TPAaH3HCTOPOB O4eHp Maji. OnHaKo IpH GonpiioM Ko3bdHIHEHTE
pa3BETBIEHHs CYyLIECTBEHHO YBEIHYHBACTCS EMKOCTb HArpyskd, 19TO
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Prc. 7.19. Cxema anemertos MIITJI, peamsyromux onepanms VWIV-HE (a)
" ©)

OpHBOJHAT K CHIKEHHIO OmicTpoaeiicrsus. IlosroMy BepxHss rpaHdana
K.,.; B OCHOBHOM JHMHTHpYyeTCS TpeOyeMBIM BpeMeHeM 3aJepkKKH pac-
OpPOCTPAHEHHs CHTHAIIa NPH BKIIOYCHHH H BHIKJIIOYCHAH.

Bricrponeiictere MIITTJI onpenensercs MIMTENLHOCTLIO IpoHEC-
coB nepexmogenns M JIII-rpan3ucropHoro kino4a ¢ AUHAMHAYECKOH Ha-
rpy3ko# (cM. § 6.7). B 9acTHOCTH, BpeMs 3a€pXKKH pacOpOCTpaHEHAN
CHTHAIIA OIPH BKJIIOYEHHH £, MOXET OBITH Ompe/eseHo C HCIO/b30BaHH-
eM cooTHomeHHA (6.21). Tak xak KpyTH3HA Harpy30YHOro TPAH3HCTOpA
JOJDKHA OBITH MEHBINE KPYTH3HH YOPABIAIOMIHX TPaH3HCTOPOB, TO
L >08.

OnemenTal MIIITJI MMeIOT BHICOKYIO IOMEXOYCTORYMBOCTD, 0OIb-
I0# JIOTHYCCKHM Iepenaj, Maiylo moTpeOlseMylo MOIHOCTh H CpaB-
HHTEIBbHO BHM3Koe OmIcTponedcTBme. [nd 371€MEHTOB Ha HH3KOIOPOIo-
Bex M/III-Tpam3ucropax ob6eruo U;=5...9 B, a Ha BRICOKOIOPOrOBEIX
U,=12,6...27 B. OcHosHrle mapamerpur MIIITJI umeror ciexyromue
3Havenus: P, =0,4...5 MBT; t,1,5,=20...200 5C; U° Be Gonee 1 B; U* He
meree 7 B.

Jlorudeckue 3JIeMEHTHI HA KOMILIeMenTapuhix Kmodax (KMIAIITJI).
Ocrosy KMJIIITJI cocTaBisiioT KOMIUIEMEHTApHEE Oaphl p- H n-Ka-
HaJIbHRIX TpaH3HCTOpoB. CXeMHBIA BapHAaHT JIOTHYECKOTO 3JEMEHTa
WJIV-HE ocymecTisioT napajuie/bHEIM COeMHEHAEM BXOJHBIX TPaH-
3gctopos, a snemeHra VI-HE — #X mocnenoBaTenbHBEIM COETHHEHHEM
(pEc. 7.20). Harpy3ouHbie TPaH3HCTOpPHL B LIEPBOM Ciydae oOpasyioT
HOCIeA0BaTENbHYIO NENOUKY, a2 BO BTOPOM — Iapailie/ibHyo. B xagecTt-
BE yNpaBJMIONIEX HCIOJB3YIOTCS TPaH3HUCTOPH C r-KaHanoMm (VT1,
VT2), a narpy3ounsie ¢ p-xananom (VT3, VT4).

Ecnm Ha Bxomax cxemunl X; u X, (puc. 7.20, a) ne#icTByer CHrHamn
U° < Usyiop (Usygop — IOPOroBOE HANPSIKEHHE 7-KAHAILHOIO TPaH3H-
CTopa), TO BXOJHKE TPAH3HCTOPHI 3aKPhITH], & HArpy3049HBIE — OTKPHI-
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Prc. 7.20. Cxemut anemenrtoB KMJIIITJI, pea/m3yrOMEX ONCPamAH WITN-HE (a)
u VI-HE (6)

TEL. B 3TOM Clly4ae BRIXOJHOE HANpPSDKEHHE PABHO HAIPSDKCHHIO HCTOT-
HHKA OHTABAA U= U'= U, Ilpm noxade Ha moboit BXoa 31eMeHTa
WJIU-HE carsana X = U' > Usy nop, HAIPAMEP, BXOX X, BXOqHO# TpaH-
suctop VT1 orkpriBaercs. Ha 3aTBope Harpy3oqHoro tpan3ucropa V713
YCTAHABJIMBACTCH HANPDKCHHE Uy = —U,+U'~0, ¥ TpaH3HCTOp 3aK-
puiBaerci. B pe3ymsrare 3aKpHIBINAIHCA Tpam3ucTop VT3 OTKIIO¥aeT
MCTOYHMK IHTAHHA OT BRIXOJ4, 3 OTKpLIBIIHIiCS Tpan3ucrop VTl 3asem-
seT BRIXOA. BHIXOJHOE HAOpsDKeHHe YMEHbINACTCH MO HYyNS H Umu=
—[°=0. Jlormueckuii nepenax snemenra KMJIITIL AU,=U" - U~
= Uy .

BpeMsi 33/lepKKH_pacIpoCTpaHeH s CHIHaJa IpH BIIIOUCHAHA H BHI-
xodenar kak MJIIITJI, tax @ KMAITJI onpenensercs AJIATE/Ib-
HOCTBIO IPOIECCOB 3apsIKH H Pa3psIKH CyMMApHOM I1ApasUTHOU eM-
xocti C,, paBHOi 00IIedl eMKOCTH TPaH3HCTOPOB, MOHTAXHOM eMKOCTH
u emkocty Barpy3ke. Ho tak kak 8 KM/JIIITJI orpannienus Ha KpyTH3-
Hy X4pAaKTEPHCTHKH TPAH3HCTOPOB S He HAKIAJLIBAIOTCA, TO cpexHee
BpeMSI 33IePKKH paCcIpOCTPAHEHNs CHIHANA y TAKHX J/IEMEHOB MEeHBIIIE,
veM y snementoB MJIITJL DiemerT KMZAIITJI norpebaseT MOII-
HOCTL B KOPOTKHE IPOMEXYTKH BPEMEHH, KOIJia IPOHCXOJHT er'o Iepe-
wioverne. Cpequuil TOK, HOTpeOiseMblii OT HCTOMHHKA, pABEH CyMME
cpenHero Toka CToka I, H CpeJlHEro TOKa I,, maymero Ha 3apsiKy
emxoct C,. Tak kak BpeMsl, B TedeHHE KOTOPOro OJHOBPEMEHHO OTK-
PHITHL TPAH3HCTOPKI, HEBENHKO, TO Prorep > Usl,, TriE L= C,U,/T, cnepo-
BATEBHO, Py fCoUZ.

Takum obpasom, norpebisieMas 3MEMEHTOM KMJIITJI MomHOCTh
pacreT C yBEIHICHHEM pabodell 9aCTOTEI, EMKOCTH HArpy3kd H Hall-
PSKEHHS HCTOYHHKA [THTAHHS. ‘
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OnemesTel KM/ITITJI 061a0a10T BRICOKOH MOMEXOYCTOMYHBOCTDIO,
OoJIbIIMMH JIOTHYECKHM IepenanoM H Ko3(QQHIHEHTOM pa3BETBIEHHS,
OOTPe6sI0T He3HAYATEILHYIO MOITHOCTD IIPH MAJIbIX eMKOCTAX HAarpys-
xd. Jnementsl UC KMIITII cepar 1564 umeroT creayrommue napamer-
pi: Up=2...6 B; U'>1,8...5,6 B; U°<0,2 B; £,,,,% 15 HC; K0, =100;
f=30 MI'ni.

~ 7.9. CAMMETPWYHBI TPUITEP HA JUCKPETHBIX 3JIEMEHTAX

Tpuzzepom HA3LIBAIOT YCTPOMCTBO, HMelOINee JBA YCTOMYHBRIX CO-
CTOSIHEA H Coco6HOe MOA AefCTBHEM YIPABIISIONEX CHFHAIOB CKAYKOM
HOEePEXOJAHTh H3 OJHOrO YCTOHYMBOrO COCTOSHMS B JApyroe. TpHrrephl
HCIOJIB3YIOT B Ka4eCTBe IeHEpaTOpPOB IPAMOYIOJIbHBX HMNYJILCOB, JH-
CKpHMHHATOPOB, a Takke B NU(POBOM TexHHKe (S4eiKa maMsiTH, 37e-
MEHT 3aJepXXKH, mepecieTHas sgeiika). Ouu MOryT OHITH peanH30BaHEI
Ha JHUCKPETHBIX 3J€EMEHTAaX, JIOTHIECKMX 3JIeMEHTaX H ONCpalHOHHBIX
YCHIIMTEIISAX.

CHMMeTpHYHBIA TpHITEp Ha IUCKPETHHIX 3JIEMEHTaX COCTOHT H3
JBYX TPaH3HCTOPHBIX KIIO4Yelf, OXBaYCHHKIX IOJOXHTENbHOH oOpaTHOH
cs3bio (pHC. 7.21). B obmeM cnyae B 6a30Byl0 Iiellb TPaH3HCTOPOB
BKJIIOYA€TC MCTOYHHK cMemeHus — U, KOTOphIH obecnedymBaer 3a-
KphIBAaHHE OJHOTrO H3 TpaH3ucropoB. CHMMeTpHYHEIM TaKoOi TpUITEp
Ha3BpIBA€TCS NOTOMY, 9TO 3JIEMEHTH CXEMBI, OTHOCSAIIMECH K KaXAOMY
TPaH3UCTOPY, OJHHAKOBHIE.

CraTuvuecknii pexuM. YCTOHYHBEIM COCTOSHHEM CXEMBI SBISCTCH
TaKoe, IpH KOTOPOM OJMH TpaH3ucrop (Hampumep, V'T1) OTKpHIT H Ha-
cellieH, a Apyro# (VT2) — 3akphr. eficteuTensHO, 06a TpaH3HCTOpA
He MOryT OHITb OJHOBPEMEHHO 3aKpPHITHIMH, IOCKOJIBKY IS 3TOrO
Heo6xoAHMO, 4TOOK HanpsxeHHe Ha 6a3ax 6bUIO MeHbIIE HaNpsDKEHHAS
orkprBanus. [Ipu |Uy| < U, 3T0 yclloBHE He BRIIONHSACTCH. TpaH3HCTO-
PEI He MOryT HAXOJATLCS OJHOBPEMEHHO H B peXHMe HACHUNIEHHS, TaK
Kak IajieHue HanpsDKeHus Ha TpaH3uCTope (HampuMmep, V'T1) B Hachume-
HEH Uy gy © YIETOM HANPSDKEHHS HCTOYHHKA CMENIEHAA HEJOCTATOYHO,
9T06KI TpaH3HCcTOp VT2 GBUI TaKXKe HAaCHIEH.

TeopeTHYecKH B cxeMe BO3MOXHO COCTOSIHHE HEYCTOHYHBOro pPaBHO-
BECHs, Koraa ob6a TpaH3ACTOpa paboTaloT B AKTHBHOM PEXHME H depe3
HHX [IpOTEKalOT MOCTOSHHKIE TOKH. OJHAKO B 3TOM COCTONHHHA CXEMa HE
MOXeET HaxOAUTLCS IPOAOJIKHTENbHOE BpeMs. 3-3a HensbexHeX ¢uty-
KTyanuii TOKOB M HAUpsDKEHHH TPHITEpP CaMOIPOH3BOJIPHO IepedneT
B OIHO H3 YCTOMYHBHIX COCTOSIHHUH.

IIpennonoxusm, 410 OPOH30ILIO HE3HAYHTEILHOE YBEIHYCHHE KOJ-
TeKTOpHOro TOKa Tpam3ucropa V71 Ha semmumHy Aiy,y. OTO DpHBEIET
K YMEHBUIEHHIO KOJUIEKTOPHOrO HAmpsKEHHS Aty = — Ay R,,, THE
Raw=(R.R,)/(R: + R|) — SKBUBAJEHTHOE CONPOTHBJEHHE HAIPY3KH.
3j1eck npUHATO BO BHEMAHHE, YTO BXOHOE CONPOTHBICHHAE TPAH3UCTOPA
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VT2 B akTHBHOM pex®EMe R, << R;, H He
YYATHIBAETCS TOK, IPOTEKAIOmMi depe3
xorgercatop C;. B pesynbraTe mpou3oi-
neT m3MeHeHHe ToKa O0a3wl VT2 Ha pend-
umny Aig;=Auy/R;, KOJIIEKTOPHOTO TO-
Ka — Ha Aig=hy,Alsy H KOILIEKTOPHOrO
HanpsokeHHs — Ha Auy, = — AippRy,. W3-
MeHeHHe KOJJIEKTOPHOIO HallpsDKeHHS
tpan3ucropa VT2 BHBOBET IpHpallEHHE
6azoBoro Toka V71 Ha BemmuuBy Al =
=Au,/R; H KOJUIEKTOPHOrO TOKa — HA
Aiy, = Ry, Al

TaxuM o6pa3oM, ciydaiiHoe nepBoHa-
4anLHOE H3MEHEHHE KOJLIEKTOPHOr O TOKa
Ai, B pesynbraTe OpOLECCOB, IPOTEKA-
JOIEX B CXEMe, BRI3LIBAET JaJibHehllee H3-

Pmc. 7.21. Cxema cAMMeETpPHY-
HOT'O TPHITEpPA

Ry 2
MeHEHHE 3TOro TOKa HAa BedHuuHy Al =Aiy (hmm) . IIponecc
x 1
W3MeHEeHHs TOKa B cxeMe OyneT Hapacrath, eci Aiy > Ai, T. e.
hasRy/(Ry+ Ry)> 1. (7.8)

Ionyyernnoe coorHomerre (7.8) ompenenser ycaosue camoso3byxc-
denun cxemsi. Ilpu ero BHIIOJHEHHH B CxeMe IPOTEKAIOT MPOLECCHI,
IPHBOJIAIIHE K 3aKPHIBAHAIO OJHOTO TPAH3UCTOPA, HACKILCHAIO ApYro-
IO ¥ mepexofy TPHITEpa B OXHO M3 YCTOHYMBBIX cocroguui. B ycroi-
YHBOM COCTOSHHH cxeMmul ycnosme (7.8) mepecraeT BHIIONHATECH, TaK
KaK H B peXHMe HACHULECHHAS, H B PeXHMe OTCCYKH TPAH3UCTOP TEpACT
YCHIIHTENbHLIE CBOMCTBA fyp,=0.

Onpene/ MM yCIOBHS, OPH KOTOPHIX TPHITEp HMEET 1B YCTOHYMBBIX
cocTosHAA. {11 3TOro pacCMOTPHM 3KBHBAIEHTHYIO CXeMy TpHITepa,
HAXO/ISIIErOCA B OJHOM H3 YCTOHYHMBHIX COCTOSHHMMA, 11s CIIydas, KOraa
tpan3ucTop VTl OTKpHT H HaCHIIIEH, a VT2 — HaxoXHTICH B PEKAME
otceuxu (puc. 7.22). Tpamsucrop VT1, HaxoASLIMHECA B HACHIUCHHH,
3aMeHeH IByMs HCTOYHMKaMHM HampskeHus: Uxomc H Usome- KoOTI-
nexTopHas ¥ 6a30Bas NENH 3aKPHITOr0 TPAH3IUCTOPA VT2 pa3oMKHY ThL
Tpurrep HaxOQATCS B TAKOM COCTOSHHH, ECIH OJHOBPEMEHHO BHI-
HOJHAIOTCS YCIOBHS

U2 < Uorn ™ Usamacy 51> Isrp= I e/ P2t
W3 puc. 7.22 cnenyer, 9To us; = — Un+ urz, MO3TOMY
Ucu + UK3 HAC
U= — UcM S B — R2 < UBSmc- (79) ":
Ry +R, |
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‘ Un“UKBnM_IKBORx Ucu+ Updnac
IBI=IS_I4= - ’

R+ Ry Ry
a
Un_ UKanc Um + UKB Hac
Kpe=5—1,= =
Ry Ri+Ry
TO

Ry+ R R, ha1s

R, Ri+R;

Up—Us3mac— ko oRx  Uen+ Usdmac 1 <Un"UK3m Um+Ul(,3mc)

(7.10)

Brnaronaps cummerpum cxemul ycnosus (7.9) # (7.10) obecneumBaror
peaM3anuio H BTOPOro YCTOMYMBOro CocTosiEHsi, koraa VT1 3akphir,
a VT2 pacepues.

B ToMm ciydae, kornga Tparrep peais3oBaH Ha KPEMHHEBBIX TpaH-
3HCTOpax, coorHonlenne (7.9) BemonHseTcs H 6e3 HCTOYHHKA cMellle-
a8 (Ua=0), a ¢ yueToM TOrO, 9T0 AN TAKHX TPAH3HCTOPOB Iiso 0,
HMeeM

Uiome— 2 < U
<
K3 nac R+R, B3 nacy
Un—Us3nac U53m> 1 Up—Uk3me Uk nmac
R+ Ry R " his\ R Ri+Ry)
Jns TpArrepa Ha repMaHHEBHIX TPaH3HCTOPAxX C YIETOM TOro, 9TO
R
Ui nae ¥ Uppase & 0, nosryuaMm, — Uy, R +R2<0
Us~ficooRs Ui 1 (Ua U )
Re+Ri Ry hus\Rx Ri+Ry)

Ilepexoannie.nponeccul. IlepexnrodeHde TpUrrepa U3 OJHOrO yCTOH-
YHBOTO COCTOSIHHS B Apyroe B OCHOBHOM OCYIIECTBISETCS IO 6a30BhIM
nemsM. Ecny 3anyck npoH3BOJHTCS OTPHLATEILHRIMH HMIYJIBCAMH, TO
HX moodepeaHO mHoAaioT Ha 6a3y TOro n-p-n-TpaH3UCTOpa, KOTOPBIH
B [aHHHH MOMEHT HACHINEH. BXOJHHIE MMIYNLCH IOJOXHATENILHOH
HOJIPHOCTH AOJDKHEI MONABaThed HA 0a3y 3akpHITOro TPaH3HCTOPA.
Takoit cnoco6 3amycka HaskIBaeTcs pazdeasHbim (puc. 7.23).

Ha pmurensHOCTH mpomecca nepexirodeHHs OKa3hBAIOT . BIHSHHE
kongencaropu C;. C onHO#l cTOpPOHH, OHH (aKTHYECKH BHIIOJHSIOT
Poib dpopcHpyromMX KOHAEHCATOPOB, CIOCOOCTBYS yBeNHYeHHIO 0a30-
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+ )Uxa Hac [,

c VD1

Usx1 | | UBX;
gl ' | IR
Puc. 7.22. OKBABAICHTHAS CXEMA CHMME- Prc. 7.23. CxeMa CEMMETPHIHOIO TPHITE-
TPEMHOTO TPRITEPA, HAXOMSILETOCA B pa OpH pa3fesIbHOM 3aIycKe

YCTOHYIABOM COCTOSHAR

BBIX TOKOB BKJIOYEHHS H BHIKIIOYEHHS TPAH3HCTOPOB, YTO IPHBOJAT
K yMEHBIIEHHIO BpemeHH Hepexyroienus. C apyrod CTOpOHEI, AX HAIH-
YHe NPABOJMT K YBEIHIEHHIO BPeMEHH ePeKII0YeH s, IOCKOIbKY 0SB~
JIeTCS CTaJHs YCTAHOBJICHHS, JUMTEIbHOCTh KOTOPOX IPOIOPIHOHAI-
Ha eMKOCTH 3THX KOHIEHCATOPOB.

Jins mepexnioueHHs TPUITepa B HCXOJHOE YCTOMYHBOE COCTOSHHE
Heo6X0IIMO IOAATh 3aKPHIBAIOIME HMIYJILC HAUPKEHAS U,y HA BTO-
poit BxoJ. MHEHMANLHEI HHTEPBAN MEXTY BXONHKIMH HMIYJIBCAMH,
IpH KOTOPOM TPHITEp LIEPEXOJHT H3 OJHOrO YCTOHYMBOrO COCTOSHHA
B JIPYroOe, Ha3bIBACTCH PA3PeUOYUM BPEMEHEM I, OHO OLpPECISET
MaKCHMAIILHYIO 9aCTOTY CpabaThiBaHHs TPrHErrepa f=1/ty,.

B paccMOTpeHHOM TpHITEpPE BBHIXOJHOE HAIpSDKCHHE (oaxa> Usnx1)
MOXHO CHEMATh KaK C KoJUuleKTopa Tpan3Hcropa VT, Tak u C KOJLIEK-
Topa Tpamsucropa VT2. B mo6oM COCTOSHHH TPHITEpa 3TH Hampske-
HHS pa3fHYAIOTCH: €CIH Ugy BHICOKOE, TO Upyy HH3KOE, H HaobopoT.
Takpe TpHITephl Ha3BIBAIOTCS NOMEHYUAAbHblmu A CMAMuYecKumu,
IIOCKONILKY HepeMeHa CTaTHIECKHX COCTOSHHA TpPHITEpa NpPOSBJLAETCH
B H3MEHEHHH YPOBHS BBHIXOJHOIO CHTHAIA.

O6najast AByMsl YCTOMYMBEIMH COCTOSHHSIMM, TPHITEp MOXET Xpa-
HHTh IPOJOJIXHTEIbHOE BpeMs HHpopMANHio, H, CIEJ0BATENLHO, OH
o6namaer cpoiicreoM mamaTH. OuH BXox TpHrrepa obo3nayaot S (oT
aHrJI. Sef — YCTAaHABJIMBATH), a Apyrod — R (OT aHriL. reset — cbpach-
Barb). PasymuaroT rnasHbl BeIXON TpHrrepa Q (sanpumep, Upx1) H HH-

BepCHBIA BRXOI Q (Upux)-
Kaxk CiieZlyeT H3 H3J0XEHHOTO, IIPH Hojiade Ha BXO S (x2) CHTHAIIA

eMHMIBI TPHUITEP YCTAHABJIMBAETCH B COCTOSHHME 0=1, 0=0, a mpu
nopaade Ha BXOJA R (i) CHrHANa HOJb TPATTep HEPeXOJHT B COCTOSHHE
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Q=0, Q=1. Tparrep ¢ pa3aeIbHEIME BXOAAMH HA3HIBAIOT RS-TpHITE-
poM.

Cuaerbiii 3amyck. TpuITep HA JACKPETHRIX KOMIIOHEHTAX MOXET
HMETE OJIMH YNPABNISIOMAA (CYESTHEHIN) BXOZA, HA KOTOPHIA MOJAIOTCS
HMITyJIbCHl OTPHOATENLHOM HOJISpHOCTH (pHc. 7.24). CobeTBeHHO ympa-
BIIIOIYIO Lenb 06pa3yroT pe3ucTopH R,,, R, xouaencaTop C,; H JHOLB
VD1, VD2. Tlockonbky asoasl guonos VD1 u VD2 moaxiar04eHs K KO-
JeKTOpaM TpaH3HcTOpoB VTl m VT2, Takas cXeMa HAa3LIBaeTCA CXemotl
3anycKa no KoAAeKmMopHbIM Yenam.

3a HCXOaHOE COCTOARHE TpHrrepa npaMem: V'T1 OTKPHIT H HACKIIEH,
VT2 3axprit. B 0TCYyTCTBHE BXOJHEIX CHTHAJIOB TOK 4epe3 pe3ncTop R e
nporekaeT (konmeHcaTtop C,; 3apsxeH N0 HaOopsxenas U,) H DaJeHHe
HaIPsDKEHAs Ha HeM up=0. Tak kak tpaB3ucTop V71 orkpsrr, TO Uy =
= Ukam: B X gHOAY VDI OpRIOKEHO BHICOKOE OBpAaTHOE HANpsDKEHHE
Uypi = ~ Un+ Ukomae- K ma0Iy VD2 Taxxke npanoxeno obpaTaoe Hamps-
XEHHE, PABHOE MAJCHAIO HAIPSDKEHHA Roo:

Un— Us3nsc— Re2ls 0
Uypr=— Ry
Y Ri+Rp ’

HO TaK Kak R,>>R,, 10
|Uppal <<|Uypnl.

Ecnu Ha BXON HOCTYmaer CHrHajl OTPHIATENLHOH MOJISPHOCTH
[Uypal < |ttss| <|Uypi|, TO mmom VD2 orkpuBaercs, a VD1 ocraerca 3a-
KpRITHIM. B pesynbrare BXOqHOM CHrHAN Yepe3s OTKPHITHIH guox VD2
# koHaencarop C; mocTymaer Ha 6a3y TOJIBKO OTKPHITOTO TPaH3MCTOpA
VT1. Ilpe 310M B TPHITEPE HOA BO3AECHCTBHEM OTPHUATEILHOTO EMITYIIb-
ca, IPHIOXEHHOTO K 0a3e OTKPHITOro TPaH3HCTOpA, IPOTEKAET HPOLECC

Uspix

VT2

Prc. 7.24. CxeMa TpuITepa IpA CYETHOM 3aMycKe IO KOIEKTOPHEIM LEMSM
g - 201



IEpEKIIOYEHHs B JPYroe yCTOHIHBOE CO-
CTOSHHE, AHAJIOTHYHOE PACCMOTPEHHOMY.

0 T OO0 + Jlo OKOHYAHMH NEPEXOAHOTO MpOLecca
TpansucTop VT2 mEepexouT B PEXHM Ha-

cemennsi, a VTl 3akpeBaerci. Mamens-

—L_I—L_r— ercd H cocTOsHHEe amomoB. Temepp yxe
K aaody VD2 mpAIOXEHO BEICOKOE OGpart-

0 t noe nanpsmkepse: — U+ Uksme- 1103TO-
Puc. 7.25. Hnarpawa H3MEHe- My, KOraga Ha BXOO CXEMBI HOCTYH&CT cJ1e-
HAS BHLIXOMHOTO HANDSXEHHS OYIOIIE CHTHAJI, TO OH 9€pe3 IHOL VD1
TPHITEPa CO CICTHRIM 3aMyC- n xomnencarop C; mepenaercs Ha 6a3y

KOM
OTKPHITOrO Tpau3ucTopa VT2  3aKphIBa-

er ero. B pesynbrare TpHITEp HEPEXOJHT B HCXOAHOE ycTOHYABOE
COCTOSHHE.

Taxum oOpa3zoM, BXOAHAs LeENb obecneynBaeT mepenavy Kaxaoro
BXOJHOTO 3aMHPAIOMIEr0 MMIyIhbca Ha 6ady TOro TpaH3HCTOpa, KOTO-
phli B JaHHREIA MOMEHT OTKpHIT. W3 BpeMeHHOH mgHarpaMMel CICAYET,
YTO JBYM BXOJAHBIM HMITYJbCAM COOTBETCTBYET OJHH BEIXOMHOH HM-
myiec (pac. 7.25). CnenosarensHo, TPHITEp HNpH TAKOM Cxeme 3amycKa
paGoTaeT kak cueTHas Ayelika ¢ KOApHIHEHTOM NepecieTa JBa.

7.10. ACMHHXPOHHBIE TPUITEPhI HA JIOTHMECKHMX 3JIEMEHTAX

Acunxponnbim HA3KIBACTCA TPHITED, KOTOPhIH IEPEXOJHT H3 OHOTO
YCTOMYMBOrO COCTOSHMS B IPYrO€ B MOMEHTHI [10/1a%H Ha BXOJ{ yIIpasIli-
JOIIEX HMITY/IbCOB. PAcCMOTPEHHEIE TPHITEPAI HA JACKPETHHIX KOMIIOHE-
HTaX OTHOCATCA K KJacCy aCHEXPOHHBIX. B HHTErpajbEOM HCIONHCHHH
ACHEXpPOHHbIE TPHITEPH PEANM3YIOTCA HA YHHBEPCAIBPHBIX JIOTHYECKHX
snemenrtax WIW-HE » U-HE.

RS-TpHrTep C UPAMLIMH BXOJaMH. RS-TPHITEp C IPSMBIMH BXO[aMH
MOxeT GbiTh BHIIONHEH Ha ABYX normieckux snementax WJIM-HE
C HENOCPEICTBEHHRIMY CBs3sMHE (pHC. 7.26). Tpansucroput V12 1 VT3
BXOJAT B COCTaB COOCTBEHHO TpHITEepa, a TPAH3HCTOPHI VTl u VT4
SBJISIOTCA YIpaBIIOMEMHA. B HCXOAHOM COCTOAHHMH, KOTA2 BXOJHBIC
CHrHAJE cOOTBeTCTBYIOT U°< Upyp (S=0 m R=0), TpaH3nCTOpHI VTl
u VT4 saxpeitei. COCTOSHHE TPHITEpa yCTOHYHBO, €CIH OJHH TpaH-
sucTop (HanpuMep VT2) 3akphiT, 2 ApYro# (VT3) — OTKpHIT H HACHI-
meH. B TakoM COCTOSHHMH CXEMBI KOJJIEKTOPHOE HANpSKCHHE TpaH-
3ucTOpoB VT3 B VT4 PaBHO ttyy = U® = Ugac- ITOrO HANPSIKEHHAS HENIO-
craTO4HO, 4T00K Tpan3dcTp VT2 oTKpbLICA (6= Uxonac < Usamac):

TosToMy Ha koiekropax VT1 m VT2 geACTBYeT HAUpPSDKCHHC U=
= U me = 0,7 B. CriemoBaTenbHO, B IPHHATOM HCXOQHOM COCTOSHHH Ha

IpsAMOM BHIXOJe AeiCTBYeT cursan Q= 0, a Ha mEBepcHOM — Q=1.
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3]
Ol

a) 6) 8)

Puc. 7.26. RS-Tparrep ¢ npsameiMe Bxogame Ha snemertax WIH-HE (a), ero crpykrypHas
cxema (6) # obo3HageHME (6)

Ecmu noxars carsan S=1 (U'> U,,), T0 Tparsucrop VTl oTkpoeT-
csl, YMEHBLINHTCS HANpsOKeHHWe Ba Kojuiektopax VTl m VT2 mo U=
= Uk3mc» 9TO IPHBEAET K CHEXKEHHIO Haupspkenus Ha Gasze VI3 (ug;=
= Uxsmc) H €70 3aKpRIBaBHIO. B pesynsTare KOMIEKTOPHOE HAPSDKEHHE
TpausucTopos V713 u VT4 ypenmunrcs, COOTBETCTBEHHO BO3pacTeT
Hampsixesne Ba 6a3e Tpamsucropa VT2 m o orkpoerca. Takum 06-
pa3oM, TPHITEp HEPEHACT B COCTOSHHE, KOrJa Ha BHIXOAe () CHrHan
U'=Usom: (Q=1), a Ha rxome @ corsan U°=Uom:(@=0). D10
COCTOSIHME TPHITEpPA Takxke Oyner ycTOHYHBBIM, MOCKONBKY HOCIE Ipe-
KpamieHds BXxogHOro cerana (S=0) cocTosHHe CXeMBI HE H3MEHHTCH,
TaK Kak TpaH3ducTop VT3 ocramercs 3aKpHITBIM (Us3 = Uksmc< Unep)s
a VT2 6yneT OTKPHT: Us;= Ugs nac.

IIpn BO3mCHCTBHH Ha TPHITEp, HAXOAAIIANCA B TAKOM COCTOSHHH,
BXOHOTO chrsana (R=1) orkpoercs TpamsucTop VT4, yMeHbIIHATCA
€ro KOJUIEKTOPHOE HANPSDKEHHE (Uys= Uysps), 9TO BRI3OBET 3aKpHIBAHHE
TpaH3ucTopa V712 (us;= Ukpe). 1IpH 3TOM BO3pacTeT KOJLIEKTOPHOE
HanpsxeHHe TpaH3ucTopa VT2. B pesynbrare OTKpoercs TPaH3HCTOP
VT3 (us3=Uxzmc) H TPHITEP LEPEHAET B HCXOJHOE YCTOMIABOE COCTOS-
Hee 0 =0, Q=1. EcrecTBeHRO, YTO KOHKPETHBIE 3HAYCHHS HAIpPSDKEHHH
gor. «1» U' u nor. «O» U° 3aBHCAT OT THIA HCHIOJIb30BAHELIX B TPHITEPE
JIOTHYECKHX HJIEMEHTOB.

Kax suano, BHIXOgHOM CHrHAsI Q’”’1 33BHCHT HE TOJIBKO OT BXOIHBIX

caraanos S” B R, HO H OT BRIXOZHOrO CHrHaNa Q', KOTOPBI HMEI MECTO

. +1
o BO3jeiicTBHA BXOAHOTrO cHrHama, T. e. Q' =f(Q", ", R"). 3nech
n

H fmanee ( — 3HaYEHHE BHIXOJHOTO CHTHaja Ha OPSIMOM BHIXOAE

n

TPHITEpa 10 HONAYH YOPABISIOMMX BXOAHBIX cHrsanos S mwm R,

+1 N

a Q""" — 3HaueHHE BHIXOJHOT'O CHTHAJA IOCITE BO3/IEHCTBHAS BXOMHBIX

CHrHAJIOB. YCTPOMCTBA, KOTOPHIE PealIH3yIOT TAKyI0 QYHKIIHOHAILHYIO
3aBMCHMOCTh CHTHAJIOB, HA3RIBAKOTCA KOHEUHbIMU ABMOMAMAMU.

Ilepexnrouenne Tparrepa noj JEHCTBHEM BXO/HBIX CATHAJIOB OMHACKHI-

Baror 160 TabmHuei nepekIroYennii, aHATOrHYHOM Ta0IHIe KCTHHHOCTH
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JIOTMYECKOTO 3jIeMeHTa, M0G0 XapakTepHCTHYECKAM ypABHCHHCM. Co-
cTaBEM Ta6JIHy DepekoYeHnd paCCMOTPEHHOTO TPUITEPA Ha 3/IEMEH-
tax VUIW-HE, Ha3nBaeMoro RS-TpHITEpOM C IpSMBIMH BXOJaMH
(rabm. 7.4). B oTcyTCTBHE BXOJHBIX CHIHATIOB TPHITEP COXpAHSET CBOE
ACXOJHOE YCTOHYHBOE COCTOSHHE ({BE BEPXHHE crpouku). IIpH BO3zeH-

n n+1
CTBHH cHruania R =1 TpHITEp IEPEXOTHT B COCTOSHHC Q' =0 »e3asd-
caMo ot 3uavenns Q. Koraa momaercs CHrHAT S"=1, Tpurrep ycraHas-

+1
nasaercs B cocrosmme Q' =1. ,
Oco60 ceayeT paccMOTPETh CIy4ail OMHOBPEMEHHOTO BO3acHCTBAA

pxomgEnIx curmanos S =1, R'=1. IIpe TakoM COYETAHHH BXOIHEIX
CHTHAJIOB OTKpBIBaioTCS 00a ympasisioOMAX TPpaH3HCTOPA VTl u VT4

H BHIXOJHBHIE HAIOPSDKEHHA Q"“:Q"“:O, 4T0 OPOTHBOPEYHT JIOTHKE
(yBKIMOHEPOBAHAS TPHITEPA. BoJjiee TOro, HEH3BECTHO B KaKOE COCTO-
siHe OepeliieT TPUrTep Hocle OKOHYAHHS BXOHBIX CHIHAIIOB. TToaromy
TaKOe COYETAHHE BXOJHBIX CHTHAJIOB SBIAETCA 3alpelICHHBIM H 3HATC-

+1
mge Q' B ABYX HAXHHX CTPOUKax obo3pageno vepe3d «X». Ilomayro
TabmEny mepexmodeHmil (cM. Tabi. 7.4) MOXHO 3aMEHATH fosee xoM-
OAKTHOM, B KOTOPOH OCYNIECTBJICHO MOmapHOE obnegMHEHHE CTPOYEK
(rabm. 7.5).

Tabauma 7.4 Tabxrna 7.5

n n n n+1 n n n+1
A R o N R Q
0 0 0 0 n
0 0 1 1 0 0
0 1 0 0 ¢
(1) 1 1 (1) 0 1 0

0 0
{ 0 1 1 1 0 1

1 0 b
1 1 1 b ! ! X

ra TabIMIa COCTOSHHM MO3BOIISET OMPEACIHTE Xapaxmepucmuiec-
KOe YPaHeHue UAu NepeKAlouamensHylo pynxywio mpuzzepa. B nanEOM

cysae dymxmas Q"' =£(Q", S, R’) memoompenenena s COYCTAHHS
nepemensbix §'=1, R'=1. Ee MOXHO ROONpEXeNHTb, IpHIHCAB ei
3pavenne mubo 0, mubo 1.

IIpamameM GyHKIEHR Q")rl npH S'=1, R'=1 3pauemme «» &,
BOCIIO Th30BABIIACE TAGIMIEH mpexiodennd (cM. Tabu. 7.5), cocTaBEM
xapry Kapro s 3roro ciy4as (1abn. 7.6). B He#i MOXHO BLIACTHTE

~

n+1
nBa OObeAMHEHHS IJ HCTHHHBIX 3HAYCHHH ysxumr Q. Cueno-
_ BaTENbHO, MEHHMAJIbHAS U3 BIOHK THBHAS (opMa xapaKTepHCTHIECKOTO
ypaBHEHHS

Ot'=SR+RQ" (7.11)
04



Tabnuua 7.6

VYunreiBasg ocobegHOCTh RS-TpHITEpa, HEOOXOMUMO HCKIKOYETH CO-

Yerande BXOAHHIX cHrHANOB (S' =1, R'=1), mpuBoasmee Kk Heompene-
IeHHOMY cocTosHMo. CrnenosarenbHo, cooTHomenne (7.11) Heobxou-
MO [OIfOJIHHTH ycioBHeM S R =0, KOTOPOMY JOJXHEI YIOBIETBOPATE
BXOJHBEIE CHIHANKL. C y4€TOM 3TOTO YCJIOBHS MONYYEeHHOE XapaKTe PHCTH-
4ecKO€ ypaBHEHHE MOXHO mpeobpa3oBaTh K BHAY:

Q=S R+R'Q+SR=SR+R)+R'Q=5+RQ".
Taxum ob6paszom, nis RS-TpHITepa ¢ OpsIMbBIMH BXOAAMHE HMeeM
Q""'=5"+R"Q", S'R'=0. (7.12)

IIponecc mepexsroueHns TpUITepa M3 OJHOTO YCTOMIMBOIO COCTOS-
HUS B ApYroe IPOHCXOAMT B TEUCHHE ONPE/IECHHOIO MPOMEXYTKA
BpEMEHH f;, KOTOPBIM, KAaK HETPYAHO BHIETh, PABEH CyMME CPEIHETO
BpPEMEHH 3AJIEPXKKH pacOpOCTPAHEHNS CHrHAJA JBYX JIOTHYECKHX 3JIeMe-
HTOB, H3 KOTOPhIX COCTOHT TPHITEP: fy=2ly1pcp.

RS-TpurTep ¢ mHBepcHLIMH BXOAaMH. RS-TpHITEp MOXET 6HITh pe-
anmu3oBaH H Ha jormdeckux sneMmentax U-HE (puc. 7.27). Tpas3ucTophl
VT1 u VT2 sXoaart B cOCTaB OQHOTO JIOTHYECKOTO 3JIEMEHTA C HEOOCPeI-
CTBEHHBIMH CBS3SIMH, 2 TpaH3uCTOpH V713 u VT4 — B cocTar apyroro.
CoennBeHHbIe IEPEKPECTHRIMHA CBA3sIMU TpaH3HCTOpH VT2 B VI3 06-
pa3yioT cobcTBeHHO TpHITED.

Ecnu Ba 6a3ax ynpasnsromux Tpan3uctopos VTl u VT4 neécTyioT
HATIPSKEHASA BHICOKOT'O YPOBHA «1», TO OHA OTKPHITH M HachmieHH. IIpu
9TOM IOTEHIHAL! SMATTEPOB V12 H VT3 mpakTHIECKA PaBHEI MOTCHIH-
any «3a3emiieEHON» TOYKM (Usy= Uss= Uksma:~0,2 B) H Tpurrep Haxo-
JUTCA B OJHOM M3 YCTOWYHBHIX COCTOSHHHA. [1s ompenencHHOCTH mpH-
MeM, 9ro VT2 3axpuir, a VT3 orkpHr. Toraa Ha koyuekrope V712
BHIcOkui moTeBAan Uys = Ugs gz + Uk nac, H2 KOJLIIEKTOPE VT3 HH3KHIA

noresmuan Uws=2Ukome, T. 6. Q=0, O=1.

VYmenpmuM Hanpsokenne Ha O6a3e Tpamsucropa VT4, ueeIME clioBa-
MH, OCYyIIeCTBMM HHBepcHIO BXxomHoro curuanma S. Tpamsucrop VT4
3aKpoeTcs, ¥ KOJUIEKTOPHEIH TOK IOCIEAOBATEIBHO BKIIIGUCHHBIX TPaH-
3ucropo V73 m VT4 cramer paseH Hymro. HampspkeEHe Ha BHIXOZE
Q u coorsercTBerHO Ha 6a3e VT2 ypemmuntcsa. OTKpoeTcs TPAH3HCTOD
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bk

6)
. Pmc. 7.27. RS-TpHITep ¢ AEBEPCHNIMEA BXOJAMHE Ha MEMEHTAX H-HE (a), ero crpyKTypHas
cxema (6) m o6o3naqerne (6)

VT2 ¥ HanpsXeHHE HA BBIXOZIC O ymenpmurcs. Tpurrep mepeRaeT

B pyroe yCTOMIMBOE COCTOSHHE (=1, 0=0), B KOTOPOM Oymer Haxo-
JATHCS M IOCIE TOro, KaK CHrHAJ Ha BXOA€ CTaHET ONATh paBHBEIM
€IMHHIIE.

Crmxenne HanpsDkeHus Ha 6aze TpaH3ACTOpA VTl (uaBepcusi HCXOA-

HOTO CHTHAJA HAa R BXOJ€) IPHBEAET K 3aKphIBAHHAIO V'T1, NOBLILICHAIO

HANPSDKEHHs] HA BRIXOIE 0, oTKpHIBanMIO TpaH3ACTOpa VT3 A yMEHbIIE-
HHIO HAaNpsDKEHAS Ha BBRIXOAC Q. B pesyabraTe TpPHITED mepeiineT B HC-

xoaHOe ycroitumsoe cocTosmue (@=0, o=1).

Tak KaK HepeKIIOYCHAs OCYIECTBIISIOTCS OyTeM HHBEPCHH HCXOQ-
HbIX CHCHAJIOB, TO TPHITEP HA3LBAIOT RS-TPHITEPOM C MHBCPCHEIMH
BXOJaMH. B TAKOM TpHITEpe TAKXe HMEETCS 3ampeincHaas KoMbHHanus

BXOJHBEIX CHIHAJIOB: R=0, S=0. IIpu 3rom o6a yOpapJIsrOmHX TpaH-

sucropa VTl m VT4 3aKphIThl H Ba BHIXOJE TPHITCpa 0=0=1, 4ro
HEIOIMYCTHMO.

ECIIH B COCTAB TPAITEpA BKJIOYATH JBa HEBEPTOpA (TOKa3AHKI OYHK-
THpPHLIMH JIAHHSIMH HA PHC. 7.27), TO €r0 OYBKIMOHAPOBAHHE ONIPCAEIIH-
ercss Tabymne#t mepexmodenddt (cM. Tabn. 7.5) H XapakTepHCTHICCKEM
ypasuesreM (7.12). '

JK-Tpurrep. PaccMoTpeHHBIE RS-TPHITEPHI C IpAMBIMH M HHBEpC-
HEIMH BXOJaM¥ HMEIOT 3alpelientble KoMOMHAIHA BXO/IHEIX CHI HAJIOB.
Tpuzzep, He umerouuii 3anpeuyeHHblx xombunayuil 8X00HbLX CUZHAAOS,
nazvigatom JK-mpuzzepom. OB Taxke HMEET IBa AEGOpMAIHOHHBIX
xoa. [Tonada curuaa 5a Bxo J yCTaHABIMBAET TPHITEp B COCTOSHHE
Q=1, a curHaJI, MOJAHHBIA HA BXOX K, nepeBoJUT TPHITEp B COCTOSAHHE
0=0. '

Tpurrep JK MoxeT ObiTh peajH3oBal Ha YHHBEPCAJIbHBIX JIOTHYEC-
xux 3nemernTax VI-HE (puc. 7.28). OneMeHTH 3, 12, 135 JI3
o6pa3yror a8a RS-TpHITEpa C HHBEPCHHIMH BXONAMH. ITonoxuM, 410

206




B HcxomHOM cocTosiHAM O =1, Q=0. O4eBHaHO, 4TO OPH TAKOM IOJIO-
xeHwH curaan J=1 oka3nBaTh BO3ACHCTBHAE Ha cCXeMy He OyIeT, Tak xak
BRIXOJHOM cHTHAJ 3jeMenTa JI1D;, a cienoBaTellbHO, H COCTOSHHE CXEMEL
B [EJIOM IpH 3TOM He m3MenuTes. [Ipa mogave curuana K =1 Ha prixoae
JIO; BO3HMKHET HANPSDKEHHE HyJs H TPUITEP Ha 3neMenTtax JIDs m JID

nepeiger B cocrosaue @, =0, Q,=1. IIp# 5TOM Ha BRIXOJaX 3JIEMEHTOB
J3y m JID, neHcTBYIOT CHrHAJIBI €IMHANLI M BRIXOAHOM RS-TpHUITEp
OCTaHETCs B HCXOOHOM cocTosiHHA. Iloclie mpekpameHds CHIHAlIA Ha
Bxoge (K=0) nHa Bhxome JID; BO3HMKHET CHrHan Jior. «1» H Ha Beex
Bxogax JIO, 6yayr nor. «l». B pesymbrare curman ma seixoge JIO,
CTaHET PaBHLIM HYIIO H BRIXOJHOH RS-TpHITEp HEPEHAET B COCTOSIHHE
0=0, 0=1.

Ecnu rtemepp momare cursan J=1, To mpomecchl B cxeme Oyayr
OpPOTEKATh aHAJIOTHYHO, HO C TOH pa3sHMICH, 4TO TPHITEp mepednmer
B Hcxomnoe ycrodumsoe cocrosude (Q=1, 0=0). OgnopeMenHas no-
nada carganos J=1, K=1 npr moboM HCXOXHOM COCTOSIHMH TPHITEpa
OpHBEJET K TOMY, YTO OH IEPEKIIOYHTCS B APYroe yCTOMYABOE COCTOS-
Bue (tabn. 7.7).

Tabauma 7.7

n+1

—_———— OO OO Yy
—_,—_- O OO O™
— O —m O — O~ o
O OO~ O

JK-TpHITEp, B CTPYKTYpy KOTOpPOTO BXOAAT XBa RS-TpHITEpa C HH-
BEPCHBIMH BXOJaMH, IEPEXOJHT B COCTOSHME, COOTBETCTBYIOIIEE MOAAaH-
HOMY Ha €T0 BXOJ CHI'HAIIY HE B MOMEHT IOa4H, a HOCJe ero mpekpalne-
HHs, T. €. C 3aJlepXKO¥ Ha JIATEILHOCTh BXOMHOrO CHTrHana. Bxoam
TpHITepa, cpabaTHBAOmEro mo 3aaHeMy (QPOHTY YHpaBISAIOMETO HM-
oynbca, obo3HavaroTcs Tak, kKak mokaszaHo Ha pmc. 7.28, 6. Ilonmas
Tabmuna mepexmoueHdit (cM. Tabi. 7.7) COOTBETCTBYET COCTOSIHHIO
TPHITEpa mOCJIe OKOHYAHAS BXOJHOIO CHIHAIIA,

B tabmuue Kapuo ana JK-rpurrepa (taba. 7.8), mocTpoeHHO# c He-
DOJIb30BAHAEM TaOJHIELI HepekatodeHnd (cM. Tabm. 7.7), MOXHO BhLIE-

o Aft+l
JHTh 182 o0beqHHEHHAS U1 HCTHHHRIX 3HauyeHn# Q . Takxum obpazom,
XapakTepHCTHYeCKOe ypasHeHHe JK-Tpurrepa

o'=r0"+K'Q". (7.13)




o

a) 6)
Pac. 7.28. CrpykrypHaas cxema JK-rpuarrepa (a) & ero obo3nagerne (6)

CpoiicTeo JK-TpHrrepa mepexOJdThb B HHBEPCHOE COCTOSIHME IpH
ONHOBPEMEHHOM HOjave BXOAHLIX curHaioB J=K=1 mossomnser co-
30aTh Ha €ro OCHOBe cuemwwii T-mpuzzep. o 3TOro A0CTaTOYHO
ob6nenuEnTh BX0AL J B K. Torga rpurrep Oyner mepexiro4arsCs IpH
nogade Kaxaoro BXogsoro cursasa T. XapakTepHCTHYECKOE ypaBHEHHE
T-rpurrepa nomy4daerca u3 (7.13) myrem 3amennl J=K=T:

Qr.l+l - Tﬂan +'1".¢|Qn

Tabnaua 7.8
11 J“'K“
0
00 10 11 01
0 0 1
1 0 0

7.11. CHHXPOHHBIE TPUITEPBI HA JIOTMHECKMX 3JIEMEHTAX

Tpurrepsl, peanasyemsie Ha JIO, HMEIOT KOHEYHOE BPEMS IEPEKIIIO-
YEHHS lyep, OLPEAETIIEMOE CYMMApHBIM CPETHMM BPEMEHEM 3alepXKKH

PACOPOCTPAHEHHS CHTHANA lop= typey, TAE M — WHCIO JIOTHIECKHX
m
5JEMEHTOB, COCTABIAIONMX TPHITEp. B pe3ysbraTre BRIXOAHOH CHIHAI
TPHITEPA B TEYEHME BPEMEHH 1, IIOCIC HOJaYH BXOJHOIO CHCHAJIA
coXpaHseT 3HaYeHue, He COOTBETCTBYIOINEE ITOMY CHIHANY, T. €. ABIA-
erci JIOKHEIM. DTO OOCTOATEIBTCTBO MOXET HPHBECTH K OMHOKaM
B pafoTe ycrpoiicTsa 06paboTku MHDOpManHEH, COCTOAMEro U3 Gomb-
moro ukciaa JIS. ITosroMy cudThHIBaHHE HHQOPMAIHH OCYIECTBIIACTCS
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B T€ MOMEHTHl BPEMEHH, KOTJa HOSABJICHHE JIOKHOH HHOpMaImuH 3ase-
aomo ucxrrodeso. C 3T0# mesblo Ha BXOA TPHITEPA C OIpeleSIeHHKIM
OEpPHONOM HOAAIOTCS TAKTOBBHIE HMITYJIbCHI, ODeCIeYHBAIOMIME €r0 Cpa-
OaThIBaHHE B CTPOTO ONpeEAEIeHHBIE MOMEHTH BpeMeHH. Takue TpHrTe-
PHl Ha3BIBAIOTCS MAKMUpPyembiMu UAU CUHXPOHHbIMU. Y IPABISIONHA
HMIyNbC, NOJABAEMBEIX HA BXOA TPHITEpa, H3MEHSAET €ro COCTOSHHE
TOJBbKO B MOMEHT IOJA4H TAKTOBOTO HMITYJIbCA.

Cunxponnnlii RS-tpurrep. CTpykTypHas cXeMa CHHXpPOHHOTO RS-
TpHrrepa, DOMuMO 31eMeHTOB JID;, JID,, COCTABIAIOIHX TPHITED,
BKJIFOYAET 1Ba BXoAHbIX aneMenra VI-HE (JI3,, JI9;), obecneunBaromux
CHEXpOHHRIM pexuM pabornl (puc. 7.29). 3neck 6ykBoit C 0603HaYeH
BXOJ TAKTOBBHIX (CHHXpOHH3HPYIOIHMX) HMIYJIbCOB. IIpH HaIMIAH BXOI-
HOro curaana (S=1 mwm R=1) mepexitoueHHe TpAITEPA IIPOHCXOAHT
TOJILKO B MOMEHT HOCTYILUIEHHS TAKTOROIro HMiryibca C=1, Tak kax npH
3TOM YCIIOBHH Ha OJHOM H3 BXOJOB TpPHITE€pPAa BO3IHHKAET CHTHAJ JIOT.
«0» (puc. 7.29, 8).

CHHEXpOHHRIH RS-TpHITEp TAKXE HMEET 3alpeleHHYI0 KOMOHHanuIo
BxomEkIX carsagos R'S'C'=1 (rabn. 7.9). deficTBATENLEO, OPA TAKOMH
KOMOHHAIIAY BXOIHBIX CHTHAJIOB BRIXOAHHIE CHTHATKI 31eMeBTOB VI-HE
Oyayr coorsercrBoBath «0», 9TO anA RS-TpHITEpAa C HHBEPCHRIMH
BXOAaMH HEAOIYCTHMO.

B xapte Kapno (tabi. 7.10), cooreercTByromeii Tabiane cocTosHAR

CHHXpPOHHOro RS-Tpurrepa, JoompeAendM OGYHKIHMIO Q"”, HOOJIOXKEB
X =1. Toraa xapakTepHCTHYECKOE ypaBHEHHE OyIEeT HMETh BHA

Qn+1='(—:,nQn+ C,u (51|+'RnQn)

JUId HCKIIOYEHHS HEONPENENEHHOIO COCTOSHHMSA CHHXPOHHOTO RS-
TPHITEpa BXOAHBIC CHIHAJB JOJDKHBEL YOOBJIECTBOPATE  YCIOBHIO

R’fs"c"=0.

s 9 _
z 15, 19 S|
Q 0 I l
T B t
a o [ ]
c t
o0 0
Q t
L —
(l) 6) 3) t

Prc. 7.29. CrpyxtypHas cxema CHEXPOHHOT'O RS-tpurrepa (a), ero oGosﬂa'xerme ®)
H BpeMEHHAs AHarpaMMa (g)
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Tabnaua 7.9

n 7 n n n+l n n n n n+l
C s R 0 0 c s R Q Q
0 0 0 0 0 1 0 0 0 0
0 0 0 1 1 1 0 0 1 1
0 0 1 0 0 1 0 1 0 0
0 0 1 1 1 1 0 1 1 0
0 1 0 0 0 1 1 0 0 1
0 1 0 1 1 1 1 0 1 1
0 1 1 0 0 1 1 1 0 X
0 1 1 1 1 1 1 1 1 X

Tabxurna 7.10
S"R
c'Q
00 10 - 11 01
00 0 0
10 0 0
11 il 0
01 gl 1)

CurxpoHHH# JK-TpHITEp HMEET TAKYIO XK€ CTPYKTYpY, YTO H ACHHX-
poHHEli. OT/HMYHEE COCTOHMT B TOM, 4TO BXoxmmbie snemenTHl MI-HE
uMeroT TpH Bxoaa (cM. pHc. 7.28). Bxoanl C oObeHHEEH H HCOONB3Y-
IOTCA IS DOJaYH TakTOBHIX curHanos. Ilepexnrodenne Tpurrepa mnpH
HAJIHYAHA COOTBETCTBYIOIIETO BXOJHOTO CHTHAJA IPOHCXOOHT B MOMEHT
OKOHYaHMs TaKTOBOro mmiyinca (rabm. 7.11).

XapaxTepHCTHIECKOE YpaBHEHHE CHHXpOHHOro JK-TpHrrepa

Q"'=CTP+C (O +K'Q).

(71.14)

Ha 6a3e cuuxpoHHoro JK-Tpurrepa MOXHO HOCTPOHTH CHHXPOHHBIE
TpHarrepsl: caetHb (T-Tpurrep) u 3anepxkn (D-tparrep) (pac. 7.30).

Tabamma 7.11

n+1

-—'—'—'—00:

—_———0 © Of Sy

—~o— o of M,

O — ol

Cunxponrpiii cuemmbiti mpuzzep HONy4aroT, 00beAHHEAS HEGOPMATIHOB-
Beie Bxogul J u K. Yuopapmsronme carsansl T mogarorcs Ha o0beMHEEH-
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F=C — . c _ ,('Z" c
K g Q 7 Q

\K lo \K

a) 6) 8)

Prc. 7.30. O6038a%eHAs cHEXpoRHERIX TpATrTepoB JK (a), T (6), D (68)

HBI BXOJ, 2 TAKTOBHIE HMIYy/Ihchl — Ha BX0n C. XapakTepHCTHYECKOe
ypaBHEHHE CHHXPOHHOIO CYETHOro Tpurrepa noinydaercs u3 (7.14) my-
TeM 3ameEnl J 1 K Ha T

Q=T+ T +T'Q).
Cunxponnblili mpuzzep 3a0epxckyu MOXKHO HOJIYyIATh, OObeUHSS BXOI
J co Bxoxom K yepes uEBepTOp. IIpH TaKOM BKIIFOYCHHM HE3ABHCHMO OT
3HaueHHs cHrHana D’ Ha OJHOM M3 YOpaBJSIOMMX BXOZOB HMEETCS
yposens zor. «l» (mpm D"=1: J'=1, K'=0; opu D"=0: J' =0,
K" =1).Taxam 06pa3om, HCKITIOYAKOTCS KOMOHHAIME BXOJHBIX CHTHAJIOB

J K'=1uJ=0; K'=0. XapaKTepHCTHYeCKOE yPABHEHHE CHEXPOHHOTO
TPHITEPA 3aEPKKH MOXKET OHTH HOJy4eHo u3 (7.14) myTem moaCTaHOB-

KH B Hero 3uavenwit J'=D"u K'=D":
Qn+l=E,nQn+CnDn'Qn+CnDnQn=
=EYIQ’I+C’|DH('Q’I+Q")=E’IQ’I+CIIDYI.

M3 3TOro COOTHOINEHHAS CIIEAYET, 9TO IPH HAJIMIHHE CHHXPOHH3HPY-
JOINEro CHruajia (C'l =1) HA BHIXOJi¢ TPUITEPA BO3HHKAET CHIHAI, COOT-
BETCTBYIOIUMHA BXOJHOMY CHrHaJly, HMEBIIEMY MECTO B OpPEMIIECTBY-
"= D", Takam ob6pazom, D-TpHrrep oCymecTBIfET

woeM Takte Q0
3aJepXKy CHI'HAJIA HA OJWH TAKT.

7.12. HECUMMETPY/UHLINI TPUTTEP

HecHMMETpHYHEEIH TPAITEP HMEET JBa yCTOHYMBEIX cocTosmus. On-
HaKo B OTIHYAE OT CHMMETPHYHOIO TPHITEPa HAXOXIECHHE €r0 B TOM
WIH HWHOM YCTOHAYMBOM COCTOSIHHM 32BHCHT OT BEJIHYHHLI BXOJHOrO
CHIrHaJA.

HecHMMETpUYHEIA TPHITEP HA [MCKPETHHIX 3JEMEHTaxX (mpuzaep
ITmumma) cocTouT M3 ABYX TPaH3HCTOPOB, B SMHTTEPHYIO COb KO-
TOpBIX BKIIO4eH o6muit pesuctop R, (puc. 7.31). IIpa Takom BrixOde-
HHM HanpsokeHue Ha Oase Tpamsuctopa V71 3aBHCAT OT 3HAYCHMA
KOJUIEKTOPHOTO TOKA iy, Tpamsuctopa V'T2. B cBoro ouepens, HazoBas
uens VT2 uepes genMTens R;, R, coeaumsHeHa ¢ KOJIEKTOPHOA NEObIO
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Puc. 7.31. Cxema HECAHMMETPHYHOIO TPHITEpa

Tpamsgcropa VT1. O nemn c03210T 3aMKHYTYIO OETJIIO HOJ0XHTEIDb-
HO# 06paTHO# CBsi3W, KOTOpas, Kak X B CHMMETPHIHOM TPHITEDE,
obecneqmBaeT OHICTpoe mepekiroueHue Tparrepa IlvmTra H3 OJHOTO
YCTOMYMBOTO COCTOSHHS B pyroe, koraa oba TpamsucTopa paboratoT
B aKTHBHOM pEXHME.

B oTCyTCTBHME BXORHOrO HaupsokeHms (s =0) TpHITEp HAXOIUTCH
B YCTOHYMBOM cOCTOSIHMH. [IpH 3TOM TPaH3UCTOP VT2 OTKpPHIT ¥ HACHI-
IIeH, TaK KaK Ha ero 6a3y uepe3 pe3sHCTopHl Ry B R, mOAaeTCs mOJIOXKHA-
TeNbHOE HANPSDKEHHE, 2 TPAH3UCTOp V'T1 3aKphIT. 32 CYET IpOTEKaromme-
0 KOJUIEKTOPHOTO TOKA ixy = Uy/(Re2+ R,) Ha pe3ucrope R, co3faeTcs
najieHHe HampsDkenns ¥ Ha Gase VTl OTHOCHTENLHO SMHTTEPA JeACTBY-
€T 3aMHpPAIOIee HANPIKEHHE Ugy = — Rofxp: B TAKOM COCTOSIHMH TPHITC-
Pa HANPSKEHHE HA BEIXOAE Unn = U°= Rsixz+ Ukonac-

Ecnu yBenu4HBaTh BXOJHOE HANPSDKEHHE, TO MOKA tex < Ryt + Ussnacs
TpUITep HAaXOQMTCS B HCXOJHOM COCTOSHHH. IIpa U= Ugme=Riin+
+ Uso ey T€ Ugps — HANPANCEHUE CPabamMbl6anus mpuezepa, OTKPhIBACT-
cs Tpan3ucTop V11, cHEXaercs ero KOJUIEKTOPHBIN MOTEHOMAJ, & ClIe-
nAoBaTenbHO, ¥ 6a30Beii Tox VT2. B pesynbTaTe TPaH3HCTOP VT2 ne-
peXOAMT B 2KTHBHBIA PEXHM M B CXEME Pa3BHBACTCH pereHepa THBHBIHA
mponecc, NPHBOASIMA K OHLICTPOMY 3aKphIBAHHIO TPaH3HCTOpA VT2
¥ oTKpeBagmio VT1. Obmumil pesucTop R, C037a€T KpOME HOJOXH-
TenbHOM OOpaTHOH CBSA3M IO HANPSKCHHIO M OTPHUATCIBLHYIO obpat-
HYI0 CBA3b IO TOKY, TaK KaKk YBEIMYEHHC iy IPH OTKPHIBAHHH TpaH-
aucropa VT1 npHBOAHT K CHIKCHHIO Ug,. Ho neficTBHe HOJIOXHTEILHOR
06paTHOM CBs3M OKAa3BIBAECT IPEBAIMPYIOMEe BIMAHHE HA OPONCCCHI
B CXEME.

JlanpHedmee yBelnMYeHHEe BXOJHOTO HANPSDKCHHS OPHBOAMT JHIIL
K Bacemuenmio Tpamsucropa VTl. Takum 06pazoM, OPH Us > Ueps
TpUITEp HAXOIATCA B APYrOM YCTOHYMBOM COCTOSHHM: TPAH3UCTOP VTl
OTKPHIT, 2 VT2 3aKpHIT, HANPSDKEHHE HA BBIXOJE TPUITEPA Upux= Ul=
=U,, a HanpshkeHne cpabaTniBaHus
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R,

Ues= (7.15)

IIapaMeTpH CXeMBI HECHMMETPHYHOIO TPHITEpa PacCYHTHIBAIOTCS
TakuM 06pa3oM, 4TOOLI NpH YMEHbIIIEHHH BXOHOIO HANPSHKECHHS TPaH-
3gcTop VT2 OTKPHIBAJICA H TPHUITEP MEPEXONIT B HCXOXHOE YCTOHYMBOE
COCTOSIHAE OPH Uy =Uy,<Ucgg, Toe U, — Hanpagscenue omnycKauus
mpuzzepa. IIpr TakOM yCIOBHM aMIUIHTyJAHAs HEpENATOYHAs Xapak-
geg;cmxa HECHMMETPHIHOT'0 TPHITEPa HMEET NET/II0 TucTepe3nca (puc.

Hns OTKPHIBAHHS TPAH3HCTOPA VT2 n uepexona TpUITepa B HCXOX-
HOE YCTOHYHBOE COCTOSIHHE HeoOX0aumMo, 4To6H Tpansucrop V'T1 mepe-
OIeN B aKTHBHBIA pexkuM paboThl. ToNBKO mpH 3TOM yCIOBHM HAampsiKe-
HHe Ha 6a3e us,; Tpan3ucTopa V712 yBenmuMTCA A0 Upppac. Y CJIOBHE TOTO,
YTO TPAH3ACTOP 3AKPHIT, HMEET BHJ gy = Ugy — Uy < Upsme- KOJLIEKTOD-
HOE HampspkeHHe TpansucTtopa VTl mpu paboTe B aKTHBHOM DPEXHME
Uy = Uy— Myysis1 Ryy. Tok 6a3ml Tpansuctopa VTl

. "nx_UBB)mc
I5) RS —————— URy=Usx— Upomac-
(h213 ) 3

CrenoBaTtelIbHO,

h213 Rxl RZ
= n— 7 nx'_U pac; - “+U HBC 7-1
Uea2 [ h2,3+1(u Bo )&]R,+R2 “ some  (7.16)

Ecnu B (7.16) DONOXATE Usyy = Uppgae, TO U= Uy, H, TAKAM 06pasom,
HOJIy9HM BhIpaxeHHE L1 pacuetra U,,:

1
—+ Usomac T

Ua=U,
o uR,+R2A+1 A+l

rie
h2 1> Rxl RZ

- hays+ 1R, Ry +R2.

R Ry :
VuurnBasi, 4T0 hyys/(hys+1)x1 B —RE 7 > 1, ympocTHM LOJTyYeH-

s Ky + R

HOC BBIPAXCHHC!

R,
Uo-rz UnR—+ UBSnac- (717)

x]

U3 cootmomennmit (7.15) u (7.17) cuenyet, 4to s obecnedyeHus
npHHEATOro ycnoBus Ugs> U, Heo6x0amMO, 4TOOH Ry > Ryo.
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Usoix )
U P .. =
Y A,
—
Y A i 19, = 19,
o 4 fo ]’ 'yl
0 —- :
Uor Ucp6 Ueax !
Prc. 7.32. AMILIATYJHAS XaPaKTEPACTHKA Prc. 7.33. CxemMa HECHMMETPHEIHOIO
HECHMMETPHYHOTO TPHEITEPA TPHITEPA HA JIOTHYECKHAX 3TEMEHTaX

Kongencatop C, Ha YCTOHYMBHIE COCTOSIHAS TPHITCPA BIIMSHUA HE
OKa3KIBaeT. OH BHIIONHAET QPYHKIHIO (POPCHPYIOMErO KOHACHCATOPA BO
BpeMsi BKJIIOYCHHS M BHIKIIOYCHHS TPAH3HCTOPA VT2 B TeM CaMEIM
croco6CTBYET COKPAIIEHAIO BPEMEHH NEPEKIIIOCHAS TPHITEPA U3 OfHO-
rO YyCTOMYMBOTO COCTOSIHHS B ApYyroec.

HecHMMETpHYHLIE TPUITED MOXET OHITH peanu30BaH Ha JIOTHYE-
CKHX 37eMeHTax. s 3TOro JOCTATOYHO BKIIOYMHTDH IOCICAOBATENLHO
yerHOe umcio 3nemenToB HE # BrIXon 3TOM IENOYKH COCIUHHTH C BXO-

JOM IienbIo  OOpaTHOM CBSI3H, obpasyemoii pesucropamu R, ¥ R, (puc.

7.33).
B oTcyrcTBHE BXOJHOI'O CHIHAJIA (usx=0) HampsDKeHHE Ha BHIXOZC

0 = U°. Ecm mpeneGpedb BXOAHBIM TOKOM JID, TO npH Uy, >0 Hamps-
KeHHe Ha BXOAe JID| thy = tsx— Ril, TE i=(thm — Ugsx)/ Ra.
Taxum o6pa3oMm,

Usx1 =u5x+(um_unxl)R1/R2' (718)

C pOCTOM U, HOBHILACTCA HANPDKCHHE Upy, HO OOKA Uy < Upep
JIOrMYecKHe 3JeMEHThl OCTAIOTCH B MCXOJHOM COCTOSHHA H Ha BRIXOAC
COXpaHfeTCs CHI'HAJ UP°. Koraa uye = Upsp, OPOMCXOAHT HEPEKIIOUCHAC
JIOTHMYECKHX 3JIEMEHTOB H Ha BHIXO/€ BO3HHKACT CHTHAN Upx= U. B pe-
3yILTaTE CXEMa HEPEXOJHT B Jpyroe ycToitumBoe cocrosinue. Hampsoxe-
Hue cpabaTHBAaHAS MOXHO ONPEACTHATDH H3 (7.18), eclH IPHHATH Usy =

= Upopy Ussx = Uo, U= Uch:
V Uch = Uuop + (Uuop - UO)RI/RZ (7 19)

ECTeCTBEHHO, YTO HPH Uy > U HA BHIXOAE CXEMBI COXPAHACTCH
cocTosHME JIoT. «1».

[Ipn yMEHbIUCHHH Uz TPUITEP NEPEXOHT B HMCXO/IHOE COCTOSHHE,
xorma t, = U,,. 3nauenne U, ompeneyseTcs u3 (7.18), ecnu MOJIOXHTH
Upx1 = Uuopa Upux = Ul: U= Uo-r:

Uor = Upop— (U* = Unop) Ri/ Ry (7.20)
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Prc. 7.34. GopMHAPOBaEEEe NPSMOYTOJILHKX EMIIYILCOB € HOMOMIBIO HECHMMETPHIHOIO
TpHITEpPa

U3 cootnomennit (7.19) m (7.20) cnenyet, yto Ugs> Uy M, TakuMm
obpa3oM, aMIUIMTyAHAS DEPeJaTOYHAS XaPAKTEPUCTHKA HECHMMETPHY-
HOTO TPHITEPAa HA JIOTHYECKHX 3JIEMEHTAX MMEET HETJIIO TMCTEpEe3uca.
BoramTas u3 (7.20) (7.19), nonydaem Uqs— Us,=(U* — U%)R,/R,, oTKYyA2
BAJHO, YTO MMpUHA neTnu rucrepe3nca U s— U, aMIIMTYAHOR mepe-
AATOYHOH XapaKTEPUCTHKA HECHMMETPHYHOTO Tpurrepa Ha JID mpomop-
MOHAJIbHA JIormyeckoMy nepenany AU,.

HecumMeTpuynbie TpPUrrepsl OPHMEHSIOT B KayecTBe (GopmmpoBa-
TENEH HUMIYNbCOB NPAMOYIOJIbHOH (OPMEI IpH BO3AEHCTBHH HA BXO[,
HaOpuMeEp, CHHYCOMAANILHOrO Hampspkenus (puc. 7.34). Korga BxomHoe
HAOPSKECHUE Uy < Uy, HA BRIXOI€ HECHMMETPHIHOT O TPHITEPA ACHCTBY-
T HU3KOE HANPSDKEHHE Uy = UP. IIpu u,,> U BHIXOJHOE HAIPSDKEHHE
yBeIHYHBAETCS M QopMHpYyeTca QPOHT MMIIYIbCA, ATHTEILHOCTH KOTO-
pOro onpenensercs CyMMapHLIM BPEMEHEM 3aJIEPKKA PACHPOCT PAHEHHS
CHIHAJIA MOCNEA0BATENbLHO BKIFoueHHRIX JID. Koraa Bxognoe Bampsike-
HHE CTAHOBUTCA paBHBIM Uy, TpUITED HmEPEXOJHT B HCXOAHOE YCTOH-
4MBoe cocTosane. TakuM 06pa3oM, Ha BHIXO/I€ TPHITEPA [E€HEPUPYIOTCH
OCPUOIHYECKH MOBTOPSIOMMUECH NPSAMOYTOJLHBIE HMIYJIBCHL, AJHATENb-
HOCTb KOTOPHIX MOXHO PEryJIMpoBaTh, U3MEHSSI AMIUMTYAY BXOAHOIO
CHHYCOHJATILHOrO HANpSKEHHS. :

IIockonbKy BHIXOJHOE HAOPSDKEHHE PE3KO BO3PACTAET HPH Ugy = Uy,
TAKHE TPHUITEPH! MCHONB3YIOT M B KaYeCTBE KOMNApamopa Hanpaxce-
HuA — YCTPOMCTBA, KOTOpPOE HO3BOJSET 3a(UKCHPOBATH MOMEHT [O-
CTHXKCHHSI CHTHAJTIOM HEKOTOPOTO 3aJaHHOTO YPOBHA.



I'aasa 8
IIM®POBBIE ®YHKITMTOHAJIBHBIE V3JIbl

8.1. ®YHKITMOHAJILHLIE Y3JIbl KOMBHHAIIIOHHOT O TUTIA

IladpoBbiv (GYHKIMOHAILHBIM Y3JIOM HA3HLIBACTCH yCTpOHCTBO,
IpeqHA3HAYCHHOE IS BHIIOJIHEHHS OLPECICHHRIX JCHCTBHI C IBOHY-
'HRIMH [IEpeMCHHEIMHA: XpaHCHHE, ClIOXeHHe, caeT, Opeobpa3oBanue U T. A.
PaznuuaroT QyHKIHOHANBHBIC Y3JIbl KOMOMHAIIMOHHOrO M HOCEeN0BaTe-
JLHOCTHOTO THIIOB.

KomBUHQYUOHHBIMU HA3BI6AIOMCA PYHKYUOHANbHbIE Y3AHL, 8bIX00HO
CuzHan Komopuix onpedessemcs KomDunayueil A02UdeCcKux CUzZHAN08 HA
éxodax, Oelicmeyowux 6 OaHHblL MOMmeHM EPEMEHU. B cBoeMm cocTase
Tak@e y3iul HMeloT HAaBOp TOJBLKO JIOTHYECKHX anementoB. K y3nam
KOMOHHAIIMOHHOIO THIA OTHOCATCS mpeobpaszoBaTend KOIOB, mudpa-
TOpH M AemH(paTophl, MyJIbTHIIEKCOPHI A JAeMyYJIbTHIUIEKCOPBI, CyM-
MATOPHL.

ITpoexTEpoBanue QYHKNMOHAILHOIO y37d KOMOMHAIMOHHOIO THIA
OCYHIECTBJISETCS B HECKOJIBKO IT2IOB. Ha mepBoM 3Tame COCTABJIAETCA
yBKIHOHAILHOE OMMCAHHE, KOTOPOE mpejcTasnsercs o6sMHO B BHIC
tabmunpl mermEEocTH. Ha BTOpOM 3Tame C HCHONB30BAHHEM KapThHI
Kapno ompepensiercss MHHAMAJbHAS AM3BIOHKTHBHAS HOpPMAlbHASL
dopma (MTH®) anre6panyeckoro BRIpAXCHUA peanu3yeMoll QyHKIHAH.
Ha TpeThem 3Tane OONYyICHHASA MIH® npeobpasyeTcs TAKAM obpasom,
yTOBHI IPH €€ CXEMHOM pealu3aliH HCIOJb30BAHCh 6Ll TOJIKO YHH-
BepcajbHbIE JIOTHYECKHE JJIEMCHTEL Janee OCyImecTBJSETCS CHHTE3
CTPYKTYPHOM CXEMHL.

Ta6amna 8.1 Ta6hamna 8.2

Xi X, X3 Y X3 Xi1Xs

0 0 0 1 00 10 11 01
oloj11]o 0

0 1 0 0 0 1 0 1

0| 1 110 1] 0 1 1

1 0 0 0

1 0 1 1

1 1 0 1

1 1 1] 1
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Ipouwnmocrprpyem Bruneckasanroe Ha KOHKpeTHOM mpumepe. ITo-
J0XHM, 4TO GYHKIIHOHHPOBAHHE KOMOHHAIMOHHOrO y3/1a OIMCHIBAETCSH
Tabx. 8.1, kotopoit cooTBeTCTBYET KapTta Kapuo, Tabn. 8.2. C ucnons-
30BaHHEM 3TOH KapTel nonyyam MIH® B CIEAYIOmEM BHIE:

Y =X, XX; + X Xp+ X, X,

Ecnu dysxmmonaneueit y3en Heo6XO0HMO peanH30BATh HA 3JIEMEH-
Tax U-HE, To nonyyennas MJIH® nepeBoguTcs B HEBEPCHO-KOHBIOHK-
THBHYIO ()OpMy IyTe€M OpHMEHEHHAS ONCpanHH 1BOMHON HHBEPCHH, 2 3a-
TEM B COOTBETCTBHH C T€Opemoit ae Moprana, HHBEPCHA CYMMHl OEpe-
MCHHEIX npeobpasyercs B npou3BeacHue HHBEpCHU OE€peMEeHHLIX. B fnan-
HOM Clyyae

Y= )—(1)—(2)—(3 +X X, + X X;= ()—(1)—(223) : (XIXZ) ) (X1X3).

Crpyxtypaas cxema, peammsyromas A2HHYI0 (GyHKIHOHAJILHYIO 3a-
BACHMOCTDb, OPEACTABNCHA HA pHC. 8.1. '

ITpu peanm3anum xoMEMEANMORHOTO y3na Ha 3nementax WIH-HE
HCHOJIL3YeTCsl BRIDAXEHHE s HEBEpcHH dymkmmm Y. MIH® mis
MHBEPCHM (YHKIMH IPEACTABIISETC COBOKYNHOCTBIO KJIETOK, 3al0JIHEH-
HbIX HynsmMu. [TosToMy B cooTBeTCTBHE € Ta6y. 8.2 DOJIY4HM

?= Xl)—(z)—(g + )—(1X2 +XIX3.
Hanee, ocymectsnss nag MONIy4CHHBIM BHIPAXKCHHEM MaTeMaTHYEC-

KHC OIepanuy COIJIaCHO BHIIEYKa3aHHKIM IpaBHIAM, 6y1eM HMETH

Y=XX,X;+ XX, +7—(1X3 =‘(.-7—(1 +X,+X3)+ (X, +Xz) + X, +X5).

" B pesynpTaTe monyuaercs ormyeckoe BHIpaXEHHE, COAEpXamee ome-
panur WIKW-HE. CrpykrypHas cxema, peamm3yromas AaHHY10 GyHK-
o Ha snementax WIM-HE, n3o6paxena wa puc. 8.2.

Anst npeacraBieHys HBGOpMaIUH HCOOJIL3YIOTCS Pa3IMYHLIC JBOMY-
HBLIE B NBOMYHO-JECITHYHEIE KOIBL :

Ilpn Bcnomb30BaEMy mpAMOro KBOMYHOrO KOJa IENO0E MON0XHTE b~
HOE wHCI0 N OpeacTaBIsAeTCS CyMMOM psina:

N= (1,,_12“_l +... +q2i+ +a02°,

e k03QGUNMERTH a,._;,...qy HMEIOT TONBKO 4BA 3HaueHAS: 0 H 1,
4 KOJNMYECTBO WICHOB Psifid OmpejensieT paspsia wucia. Yucao B TAKOM
Kome npeacrasnsercs Habopom k03hOHmEEHTOB 4 m, HanpuMep,
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Prc. 8.1. CTpykTypHa% cXema Ha 3/IeMCHTax U-HE

yeTHIpEXPa3psAAHOE YHCIIO 3AMACRIBACTCS. d3 a, a; . Kpaiiauit mpasbii
paspsa ABISETCS MIANIBM, 4 KpauHu# JeBRI — CTApIIHM.

Hapsy ¢ DpsSMBIM JBOHTHEIM KOXOM CymECTBYIOT H JPYTrHe KOJEL
(tabn. 8.3), HCHONB3OBAHAE KOTOPRIX [O3BOJIsieT B psle CIIy4acB ympo-
CTETD yCTpoO¥icTBa 06paboTKA pH(pOpMAIIEH, & TAKXKE NOBBICHTD HaJeX-
HOCTb MX (PyHKIIHOHHPOBAaHHSI.

IlepeBoa ACCATHYHEIX YACE] B JABOMYHEIA KOJ SBJSETCS JOBOIBEO
CJIOKHOM mponefypod H 3aHHMAeT MHOIO Bpemenn. [losToMy Hapsazy
¢ JBOMYHBIME KOJAMH IIHPOKO HCIOB3YHOTCH IBOHMYHO-JECATHIHBIC
xomuL. Kaxnas 3nayamas mudpa B TAKOM KOIC OPEACTABNSAETCS YETHIPb-
M TBOHYHBLIMH 3HAKAMH H COJEPXHT ACCATH 3pavennii carsana ot 0 xo
9. Tak, HaOpEMep, AECATHIHOE HHCIO 99 MOXHO NOPEICTaBHTL Kak
1001 1001. Tax kax OpH KOAMPOBAHMM HCTRIPLMA JBOMYHLIMH 3HaKaMHM
MOXHO HONYYHTh 16 KOMOBEIX 3HAYyeHHH, TO OPHBEACHHOC ABOHTHO-
| JECSATHYHOE HpeJCTaBICHHC HE gBNSeTCS eMMHCTBeHHBIM. HanpHMED,
HHEPOKO HCIOJL3YETCst KOX 2-4-2-1 (kon AfikeHa), KOX «C H36EITKOM 3»
(tabn. 8.4).

_dﬁxv 1
1
X2 XitXgXq
“X.
X+ X !
+
- IR Bt 2 dY g
‘ 1 XtXs
1_—}___

Pac. 8.2. CTpyKTypHAS cxema Ha JJIEMEHTAX WIW-HE
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Tabnauna 8.3

JlecsTrasoe TNpsoii xon O6paTasIii X071 I[onmn;?;nmmi xont I'pex
e ay|a|lalaib|[blbh|bija|alalaldaldldlda
0 ofojotjolrjrjryrjolojojoiojojojo
1 ojojojtr)try1qy1rjo]t1jrjriy1rjogiofo|t
2 ololJdfjofrltriofrg1rj1rirtjofojoi1 ji1
3 otof|t1tjtr]jtrj1jojo]i]j1fojtrjojojf1ijo
4 ojr1jojojtrjoyjtryryrfjrjojojojirytrijo
5 olft1|lofjtrjr]ojrjofrioftr|1toj11l1 41
6 of1|t1{ojt1jojJoj1r]1jofjtrqjotojjt1j]oijt
7 ojt{rj1jyryojojojrjojojrjoj1ijo]o
8 1lJojojojoyttrfjrjirjriojojol|1rij1ioqo
9 ijojJojJtrjojt]1jofo]1 1|11 ]1]o}1
10 1toltjolol1lof1tofjritrjoq1 11 j1
11 tjojtj1]ojtrjofojo;1rjojr|ri1ri1 o
12 tj1jo0fj010jlojt1j1jojrjojojrqoj]14o
13 1{1j(o}lt1lofoft1f{olojoirjr{rtjoftr}i1
14 1j1{1}ojojojol1jojoj1rjof1jojo|l1
15 1j{1j131j01070)0}10j1010]1fj110]07 0
Tabnuna 8.4
JIBOETHO- Kon
Jlecaraanoe necn:g;ﬂmﬁ K‘al _tg_xl‘)m «c mOuIT-
THCTIO (8-4-2-1) XOM 3»
a3 |, | e |a | b | |h |b|&|&2]|&n|&
0 0 0 0 0 0 0 0 0 0 0 1 1
1 0 0 0 1 0 0 0 1 0 1 0 0
2 o 0 1 0 0 0 1 0 0 1 0 1
3 0 0 1 1 0 0 1 1 0 1 1 0
4 0 1 0 0 0 1 0 0 0 1 1 1
) 0 1 0 1 1 0 1 1 1 0 0 0
6 0 1 1 0 1 1 0 0 1 0 0 1
7 0 1 1 1 1 1 0 1 1 0 1 0
8 1 0 0 0 1 1 1 0 1 0 1 1
9 1 0 0 1 1 1 1 1 1 1 0 0

IlpeoGpa3oBaTe/m xonoB. 3anaya nepeBosa HHGOpMaNEHA U3 OHOTO
KOja B IPYyroi pemiaercs ¢ DOMOIpI0 Opeobpa3oBarenel KOAOB.

Mertoauky npoeKTHPOBaHAN TakHX (YBKIHOHAIBHBIX Y3JI0B paccMO-
TpHM Ha OpHEMepe Npeobpa3oBaTesis JBOMYHO-AECSTHYHOTrO Koza (8421)
B xoa Aiikena (2421). B Tabmune ¢ynxmuonupoBanus (cM. Tabn. 8.4)
KaXAYIO U3 INEpeMeHHRIX [, b, [} [ kona AlikeHa MOXHO paccMaTpHBaTh
bysknueit k03hdHIMEHTOB a3, @y, @), Gy ABOMYHO-AECATHYHOIO KOJa
M COCTaBMThL KapThl Kapro (1a6i. 8.5) mns 4eThipex mepeMeHHEX b, b,
1., I,. Obpeaunasa COOTBETCTBYIOITHM 06pa3oM COCEAHHE KIETKH, COACP-
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xamme 1, B, yUuTHBAs, 9T0 KJIeTKaM, copepxamuM X, MOXHO IPHIK-
caTh 3Hadende | wm 0, moydum:
13= as+ a,a, + a,ayg; lz= a3+ 4,4, + azt—lo;
L =as+a,a,+ a,ayag; b= ay.
Jlns peanu3anud CTPYKTYPHOM CXEMBI HAa yHHBEPCAIBLHBIX JIOTHTECKHX

snementax HM-HE mpeobpa3yeM HONydeHHLIE BRIPAXKCHHSA CICAYIOMHM
obpazom:

L= F a,a; + G,00= a3 (a,0;) (@:0);

L= ay+ a,a, + a,a0= a3 (a,3,) (a30); hh=aq.

Iy =a3+ axa, + @380 = a3 (a>41) (201 40);
CTpykTypHas cxema Takoro mpeoGpasoBaTens OpENCTaBICHA Ha PHC.

Mudparop. Mugpamop — smo @Gynkyuonasbnbli y3ea, npeoHasHa-
yennblii 043 NPeobpa3veanus NOCMYNAOWUX HA €20 6X00bl YNpasAAIOWUS
cuznanoe (KoOMawo) 6 n-pazpadublii 06ouynwiii kod. B 1aCTHOCTH, TAKHMH
curHanaMy (KOMaHJaMH) MOTYT OBITh NECATHYHBIC YHCIA, KOTOPBIC
¢ DOMOINBIO M(paTOopa Opeodpa3yroTcs B ABOMTHBIA KOX.

Ta6aana 8.5
I, I,
a,d, o, aod,
) 00| 10} 11 | Ol 11 | or
00 0 0 0 0 0 0
10 0 | {1 |/1} 1 i1 {1@
01 |11 1| X | X X | x
ll IO
o,
Ay, Ay
00| 10 117 01
i) m o T T o
10 10 0 I 1 0
11 11 X X X X
01 01 0 |t [ X ] X
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CrpykrypHas cxema npeo6pa3oBaTens JBOHYHO-AECSTHIHOTO KOAA
B Koj Alikena

Ta6bnxnna 8.6
Uncno a3 a aj ay
Xo 0 0 0 0
X) 0 0 0 1
X, 0 0 1 0
X3 0 0 1 1
X4 0 1 0 0
Xs 0 1 0 1
Xs 0 1 1 0
X7 0 1 1 1
Xz 1 0 0 0
Xy 1 0 0 1

ITockoNbKy AecsTh 3HaKOB OT
0 mo 9 (X,...X5) MOXHO npesacTa-
BHTL YETHIPEXPA3PAAHLIM JABOHY-
HEIM KozoM«(as, 4, a;, ay) (Tabm.
8.6), To B 3TOM Cny4ae mmobpa-
TOp JODKEH MMeTh 10 BXxomoB
H 4 Brnxoma. Takum ob6pazom,
B pe3ynbrare mmbpanun ocyie-
CTBJIIETCH «CxaTHe» uHDOpMAa-
IHH, DOCKOJIbKY 3ammupoBaHHAS
maopmanus mpepemaeTcs  Imo
MEHbIIEMY YHCITy BHIXONHEIX JIH-
HHH cBs3d. IIpuBenensas tabnu-
na (GyHEKIHOHHpOBaHHs IHbpa-
TOpa MO3BOJIET YCTAHOBHTH Clle-
AyloIHE COOTHONICHHS MEXAY
BXOJHBIMH H BHIXOJHBIMH CHTHa-
JaMHA: '

G=X;+ X3+ X5+ X7+ Xy, a=X,+X;+Xs+X5;
@ =X+ X5+ X5+ X5; a3=Xs+Xo.

W3 mosyueHHbIX COOTHOIICHHH CJIEIYET, YTO B COCTAB TAKOro MIHG-
paropa RODKHBI BxoiuTh 4 cxembl WJIW, ofHA M3 KOTOpHIX HMEET
5 BX0/0B, B¢ — 4 BXxoja M ogHa — 2 Bxoja (puc. 8.4). -

,&eumd)pamp Hewugpamop — smo gynkyuonarsublii y3ea, npedua3-
Hauennvlil 047 npeobpasoseanus N-paspaoHoz0 O0B0UYHO20 KOOA 8 KOM-
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as

Xo X, Xp Xy X, XsXgX7 Xg Xg

Puc. 8.4. CrpykTypHas cxema mmbparopa

GuHayUIo YnpasAIOUUX GbIXOOHBIX CUZHAAOG. Taxum obpa3oM, AemHb-
paTop OCYIIeCTBIIACT npeobpasoBanme, 06paTHOE TOMY, KOTOPOE IpOH3-
BoHT mHppaTop. Tak Kak NpH 7-paspAiHOM KoZie Ha Bxojax jemmud-
paropa MOXeT ObITE 2" ga60pOB BXOAHBIX NIEPEMEHHBIX, TO MAKCHMAIIb-
HOE YACIIO BHIXOJOB paBHO 2". [lemmupaTop ¢ TAKHM IHCIOM BHIXO/I0B
Ha3KIBaeTCs NONHLIM. EC/A YACIO BHIX00B MCHBIIIE 2", To pemadpaTop
HA3BIBACTCHA HENOJHBIM.

MeToIBKy IpOEKTHPOBAHAA nemudpaTopa pacCMOTPHM Ha IpHME-
pe npeoOpa3oBaHAs HYETHIPEXpa3pANHOro ABOMYHOrO KoJa B JeCAThb
3gakos oT 0 10 9 (Xo...Xs). M3 Tabmuuet ¢GyEKIMOHHPOBAHHS (tabx. 8.7)
¢ nomompio KapThl Kapao (Tabm. 8.8) monywum M/IH® BRIXOAHRIX
CHTHAJIOB!

Xo= ao(-lxaz(-ls; X, = ao(-lxazas§ X,= z10‘11(-12;
X;= aa,ar; X4= apay gy Xs= a1 az; Xe= ao,as;
Xy = oty @; X = dos; Xo= os. o
JTH BhHIpaXKEHHS IOJTYIEHBI NYTEM 0O BeTMHEHHS KIETKH, COOTBETCT-
ByIoLIell OIpPe/IeICHHOMY 3BAUCHUEO X, ¢ coce{HIMH HE3aHATRIMA KJICT-

KaMHu, KOTOPHIM IIPHIHCAH ypOBEHb JIOT. «1». Taxum 06pa3oMm, B COCTAB
nagHoro Aemndparopa BXOAAT 10 cxem MJIU u 4 cxembt HE (pHC. 8.5).
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Tabnmna 8.7

Bxomaoill X0R BrxosHEE CHIHAIE "
Galaja o] X | X | X | X3 | X ] X | X | X7 | X8 | X
01]0j;01]0O0 1 0 0 0 0 0 0 0 0 0
0j01]o0 1 0 1 0 0 0 0 0 0 0 0
0]0 1 0 0 0 1 0 0 0 0 0 0 0
010 1 1 0 0 0 1 0 0 0 0 0 0
0fj1 0110 0 0 0 0 1 0 0 0 0 0
01 0 1 0 0 0 0 0 1 0 0 0 0
01 1 0 0 0 0 0 0 0 1 0 0 0
0]1 1 1 0 0 0 0 0 0 0 1 0 0
110}101}0 0 0 0 0 0 0 0 0 1 0
1101014{1 0 0 0 0 0 0 0 0 0 1

JemmppaTophl MIAPOKO HCHOIL3YIOTCA B YCTPOMCTBAX YIpaBIICHHES,
rze oHd GOpMHPYIOT YNPABIAIONIMA CATHAT B COOTBETCTBHH C BXOJXHBIM
KOZIOM, KOTOpHIM BO3JEHCTBYET Ha Kakoe-nHOO HCIONHHTEILHOE
YCTPOKHCTBO.

My bTHILIEKCOP. MY abmunaexcop — 3mo PYHKyUoHaAbHbIE Y3en, KO-
mopuill ocywecmensnem Ynpasasemylo KoMMymayuwo ungopmayuu, no-
cmynaioweié no N 8X00HbIM AUHUAM, HA OOHY 8bIXOOHYI0 Aurwo. KoM-
MYTalBs OUpPEACICHHOH BXOJHOH NHHMH IPOHCXOJUT B COOTBETCTBHH
C ABOHYHKIM QJAPECHKIM KOAOM a,_),...,4;,dp. ECITH appecHHH KOJ HMEET
n pa3’psyioB, TO MOXKHO OCYImIecTBATh N=2" KOMOHHAIMH aJpECHBIX
CHI'HAJIOB, KaXxzas u3 KOTOPHX O0eCHEeYHT NOJKIIOYeHHE OJHOH m3 N
BXOJHBIX JTHHHH K BLIXONHOHU IHHAHA. TakoH MyIbLbTANIIEKCOD HA3HIBAIOT
«a3 N B 1». Ilpn HanwuuH H3OBITOYHHEIX KOMOMHANMA aJpEeCHBIX CHI-
HAJIOB MOXHO COPOEKTHPOBATH MYJIh THILTIEKCOP C IIOOLIM YHCIOM BXOJ-
HeIX nuEEd N<2'

B mpocreiiinem ciygae npu ABYXpa3spsIHOM aJPECHOM Koue n=2
MAaKCHMAJLHOE YHCNIO BXOJHHIX JHHMHE paBHO N=4. XapaKrepHCTHYEC-
KO€ ypaBHEHHE TAaKOI'O MYNLTHIUIEKCOPA B COOTBETCTBHH ¢ Talb.imueH
HCTHHHOCTH (Tabn. 8.9) Oyzmer

F= l-lol-IIX{) + aoalxl -+ ao{-11X2 + aoaIX3.

VI3 0oy4eHHOro BBLIPAXKEHUS Ta6nmnoa 8.8
CieAyeT, 4YTO B COCTaB CTPYKTYpHOH
CXeMBI TaKOro MYJbLTHIUIEKCOpPA aa, oy
BXOJAT JIBa HHBEPTOPA, YETHIPE CXe- : o0 ] 10 ] 11 | o1
Ml I u ogHa cxema WJIN (puc.
8.6). 3mech ampecHmIMH (YmpaBis- 00
FOIIMMH ) BXOJJAMH SBJISIOTCH BXOJIRI 10
ap, @, 3 ABPOPMAIMOHHEIMA — Xp,  |——
X1, X3, Xa. A1

My JIbTHILIEKCOPBI MOXHO HCIIO- o1
Ib30BaTh M (GOPMHPOBAHHS JIO-




I

L AL

li H z’

do ay [
Puc. 8.5. Crpykrypaas cxema jemmbparopa

rudeckux (YHKIME HECKOJBKHX NEpEeMEHHbIX. B obe
gas QyHKIES MyJIbTHIIIEKCOpa C N BXOAAMH ONpesel
HHEM

N-1
F= Z Ximia
i=0
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Pac. 8.6. Crpykrypasas cxeMa MyIILTHILIEKCOPA

rae X; — BxoaHas HEGOPMANMOHHAS JIHHKS; 77; — MHHETEPM 72 IEPeMEH-
HbIX yIpasiisitoniero kona. Ilosromy, ecnu mogaeath Ha HEGOpPMANHOE-
HBle BXOAh! X; MOCTOSHHBIE YPOBHH, COOTBETCTBYIOIHE JIOT. «0» MM
mor. «1», TO Ha BHIXOJE My/ILTHIUIEKCOPa MOXHO NIONYYHTb JIOGYIO
XenaeMylo (yHKUHMIO HePEMEHHBIX YOpABISIOmEro Koja. Ilpu 3rTom
YHCIIO NEPEMEHHBIX B pealu3yeMO# BHIXOAHOH (QyHKnHH OyaeT paBHO
Pa3pANHOCTH yOpaBJIIONIEro koaa. B obmem ciyyae Ha uadpopmannon-
HBIE BXOJBI MOXHO HOJaBaTh HE NOCTOSHHLIE YPOBHH, TOIJA Ha BRIXOJE
MYJIbTHILIEKCOpA peau3yeTcs orudeckas GyaKuus ¢ 60IbIHM IHCIIOM
IEePEMEHHEIX.

Hemymramwnexcop.  Jemyavmunaexcop — smo  PYHKYuOHAAbHbLIL
yaea, ocywecmganlowuli ynpagasemylo KoMmymayuwo ungopmayuu, no-
cmynaioweii no o0nomy 6xo0y, na N evix0dos. Taxum 06pa3om, aeMyIb-
THILIEKCOp PEANIH3yeT OMNEpPamMIO, NPOTHBONOJOXHYIO TOH, KOTOPYIO
OCYINECTBIISIET MYJIbTHILIEKCOP.

B obmieM cnydae uMCIO BLIXOAHKIX JHHHI N OOpeJeNsdeTcs KOmuye-
CTBOM aJpeCHEIX BXOZOB 7z M paBHO N=2". Jlnsa cnyyas n=2 ¢$yHKIH-
OHHPOBAaHHE JAEMYJbLTHIIEKCOPA OCYINECTBJISETCS B COOTBETCTBHH
c Tabn. 8.10. M3 mee cnexyer, yro mupopManms F, mOCTymalomas Ha
BXOJ B COOTBETCTBHH C AJPECHRIM KOJOM, LEPEAAeTCs Ha OJHY H3
BRIXOAHBIX JuEMH X;. IIpu 3TOM Ha OCTaibHBIE THHHM HEGOPMANHUS He
IOCTYNAeT 4 HAa HUX MOAJEPXKHBAETCH YPOBEHD jor. «0».

XapakTepuCTHYECKHE YPABHCHHS AEMY.bTHILIEKCOPA B COOTBETCT-
BHH C NpHBEJEHHOH Tabmuuell ucrunnoctu 6yayT:

Xo=aoaiF; X, = a F;
X2=aot-11F; X3=a0a1F. -
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CootBeTcTBYIOmAs 3THM QYHKIHSM CTPYKTypHas CX€Ma JEMYib-
THIUIEKCOpa OpejicTaBieHa Ha puc. 8.7. OHa MMEET B CBOEM COCTaBE /B2

HHBEPTOPA H 4YeThIpe temenTa U.

Ta6anna 8.9 Ta6amrnoa 8.10
ag a F ag a X | X | 2] X%
0 0 X5 0 0 F 0 0 0
0 1 X, 0 1 0 F 0 0
1 0 X, 1 0 0 0 F 0
1 1 X, 1 1 0 0 0 F

Cymmarop. Cymmamopom Ha3viéaemcs @yHKYuOHasbHbli y3es, 0cy-
wecmeAAOWuUil CAOMHCEHUE DBOUYHbIX YUCEN.

CyMMHpOBaEHE MHOTOPa3psJHBIX HCEN HOPOH3BOAHTCS IyTEM HX
NOpa3spsOHOrO CIOXCHHS C NEPEHOCOM MEXYy paspsiaMH. ITostoMy
OCHOBHBIM y3JI0M MHOI'OPa3psIHOro CyMMAaTopa ABJISETCA OJHOPaspAA-
HBI CyMMATOp, KOTOPBIH BHIIONHEAET apupMETHIECKOE CIIOKEHHE OLHO-
paspsIHLIX JBOMYHBIX YHCE] 4; H by H 4HCIA NEPEHOCA M3 MIAJIIECro
paspsizia ¢;, 00pa3ys Ha BLIXOaX 3HAYEHMS CYMMEL S M THCIIO IEpeHoCa
B CTApIIAH pa3psn Ciy;.

Taxam o6pa3om, Tabnuna HCTHHHOCTH [ OAHOPA3pANHOro Cym-
matopa (1abn. 8.11) mMeeT TpH HE32BHCHMEIC BXOJHBIE MEPEMCHHEIC.
Kapret Kapeo ans S; u ¢;,, OpeacTaBiensl B Tabi. 8.12. Xapaxtepu-
CTHYECKME ypaBHEHHSA OyJyT HMETh BUJ

Si=abc+ abo+abei+abcs cni=abi+ac+be.
Tabanna 8.11

g b G S G+l
0 0 0 0 0
0 0 1 1 0
0 1 0 1 0
0 1 1 0 1
1 0 0 1 0
1 0 1 0 1
1 1 0 0 1
1 1 1 1 1

Hcnonb3yeM NOJIyYCHHbIE BRIDAXEHAS B Ka4eCTBE HCXOMHBIX IpPH
CHHTE3¢ CTPYKTYPHOH CXeMbl OJHOPa3psAHOro CyMMaTropa Ha yHHBEP-
canpERIx Jtorngecknx dmementax U-HE. ITocne cooTBeTCTBYIOIMX Ipe-
o6pa3oBaHnE MOIyYHM

S, =(abic;) (abic) (abc) (@b,
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Giv1= (@) (acs) (Bicy).

CymMarop, oCymecTBISIONME ome-
palHIO CIIOXKEHHS B HYJIEBOM paspsie,
HMeeT [Ba BXO/a, NOCKOJILKY BXOJ epe-
HOCa M3 MJIaJIero paspsja y Hero oT-
cyTcrByeT. Takoil cyMMaTOp Ha3mIBAIOT
nojaycymmMaropoM. Tabidna HCTHHHO-
cTH nosycyMmaropa (Tabu. 8.13) umeer
TOJILKO [Be HE3aBHCHMEIC NepeMEHHLIE
ap " bo.

Anrebpanvyeckue BBIpaXKEHHS IS
Sp H ¢, HMEXOT BHA!

So=aoho+ aol-?o; C =.aobo-

"]

[

L X,

L& X,

[&
—tl —2 X,

(7Y &
- %

Pac. 8.7. CtpykTypEas cxema je-
My IbTHILIEKCOPA

CrpykrypHasi cxemMa OJHOpPa3psiIHOTO CyMMAaTopa Ha yHHBEPCAIIb-
HeIx joraveckux nemenrax M-HE npencrasnena ma puc. 8.8.
Cnoxenne MHOropa3psmHBIX YHCEN OCYIIECTBISETCH C IOMOIIbIO
MHOTOpa3psIHBIX CYMMAaTOpPOB. YHC/I0 BXOAOB H BHIXOJ0B TAKOr0 CyM-
MarTopa OnpejenseTcs paspsaHOCTBIO cnaraeMbeix. MEoropaspsnHbie
CYMMATOPH! pPa3lHYaroT IO COOCO0y mepefayd CHTHajJa IEPEHOCA OT

MJIAZIIIETO pa3psaa K cTapiieMy.

Tabamna 8.12

Si Cisy
ab, ab,
c, c,
00| 10 11 01 00| 10 01
0 0 1 0 1 0 0 0 0
i rjoft]o Lot 1

Tabanna 8.13

B cymmaropax ¢ mociesoBaTelbHBIM

ag bo So a
0 0 0 0
0 1 1 0
1 0 1 0
1 1 0 1

[NEPEHOCOM BHIXOJIHI IIepeHOCa COEIHHEHE]
TaK, Kak noka3aso Ha pHC. 8.9. 3mech
BBIXOJ IIEpEHOCA i-pa3psaa nociegoBare-
JILHO CoeJuHEH C BxoaoM (i+ 1)-paspsna.
B Ttakom cymmarope 3anmepxkka ¢op-
MHpPOBaHHS CYMMEI Z,; OOPEAEISIETCH CyM-
MOH 3aJiepxeK mepeHoca KaxIoro pas-

PAga t,;. H COOCTBEHHOM 3aAepXKOoi GOpPMHPOBAHHSA CYMMHI f,;s B CTap-
aieM paspsjie
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Puc. 8.8. CtpyxrypHas cxeMa OJHOPA3pAHOIO CyMMATOpa
ta=Mm—1) type+ tygs.

CyMMAaTOpHI ¢ Iapa/UielbHERM IepeEocoM obnagaioT Golee BBICO
KAM OpicTpofeiicTBHEM Onarogaps TOMY, YTO HMEIOT B CBOEM COCTaB
CXEMY YCKOPEHHOro (H)OpMHPOBAHHS CHTHAJA IEPEHOCA BO BCE Pa3psik
OJHOBPEMEHHO.

S, S, S, €5=S;
S S S
0 M | SM b2 SM
c c c

Parc. 8.9. CTpykTypHAas cXeMa MHOTOPa3pSIHOro CyMMATopa C IIOCIEA0BATENbHBIM
epeRocoM



8.2. ®YHKIINOHAJIBHBIE Y3J1bI NOCJIE{OBATEJILHOCTHOI' O TUITIA

Ilocaedosamenvnocmubimu nasviearomea GyHKyuonasbhble y3asl, Gbl-
XOOHOtl CUZHAA KOMODBIX 3Q8UCUM HE MOALKO OM 3HAUEHUN B8XOOHbIX
CUZHAA0B, OelicMBYIOWUX 8 OQHHbIEL MOMEHM 6DEMEHU, HO U OM npedbi-
Oywux sHauenuil. B cocTaB y310B nocie0BaTeIbHOCTEOrO THNA BXOIAT
JIoTHYeCKHE 3JIEMEHTH, obpa3syromme koMOusanuomnyro cxemy (KC),
H 3neMenTH namaTu (JIT) — tpurreps (puc. 8.10).

Taxoif y3en uMeeT n BXOJOB, Ha KOTOPbIE NOJAIOTCH CHIHANL Xy, ...,
Xs-1, kK BLIXOZOB, C KOTOPBIX CHUMAIOTCS CHIHAIIEL Zy, ..., 2y, 4 m 301€-
MEHTOB IaMSTH, HA BXOJbl KOTOPHIX HOCTYHNAIOT YOPABJIHOLIME CHI-
HAIH Y, ..., Y,_,, BupabaTeIBacMble KOMOHHALIMOHHOM CXeMoO#. BhI-
XOMHbIE CHTHAJIBI 3JIEMEHTOB HmaMATH Qp, ..., Qn,—; B CBOKW ouepens
Bo3aeicTBYI0oT Ha KC M Ha3kBaloTCS BHYTPEHHHMH CHI'HAJIAMH IOCJIe-
JOBATEILHOCTHOrO y3JIa.

Taxam o6pa3om, BLIXOXHOMR CurHan Z TaKo# CHCTEME! (POPMHpYETCH
KaK pe3yiIbTaT BO3JEHCTBHS BXONHBIX CHrHATIOB X H BHIXOJHBIX CHI-

HAJIOB C 3JIEMEHTOB mamsith Q"

Z=9p (X, Q). 8.1)

Bripaxenue (8.1) HaskIBaeTCs @ynkyueii 6six0008, KOTOpas YCTAaHAB-
JHBACT 3aBMCHMMOCTH 3HAYCHHH BLIXOJHHIX CHIHANOB Z OT 3HAYCHHH
BXOJHLIX CHTHANOB X M 3HAYCHHH BHYTPEHHHX CHrHaJoB Q' B HAacToO-
SINAA MOMEHT BpeMeHH. OZHOBPEMEHHO IpH BO3JACHCTBHH BXONHKHIX
CHIHAJIOB S9EHKH IAMSATH H3MEHSIOT CBOE COCTOSIHME H HAa HMX BHIXOJAX

n+1
TIOSIBJIAIOTCS CATHATH Q' , T. €.

+1
Q" =X, QY. (8.2)
Bripaxenne (8.2) masmBaetrcs @ynu- X, 2,
Kyueil nepexodog, KOTOpas YCTaHABIH- . KC .
BACT 3aBUCHMOCTD 3HAUCHUA BHYTPEHHUX 0 * 2
n-1_* ® Skt

CHIHAJIOB B CJIEYIOME MOMEHT Bpe-

menn Q™' or 3mavemmit BXomEmIX chr- G- Y
HanoB X W 3HAYCHHH BHYTPSHHHX . , .
CHrHAJIOB B HACTOSINHA MOMEHT Bpe- . Q, ;o
Mern Q'

ITocKONBbKY BCe CHrHAIBI MOIYT o1
HMETh TOJILKO aBa 3HaueHHs 0 u 1, To |
MHOXECTBO BXOJHEIX, BHYTPEHHHX H BEI- EU -
XOmHRIX CHIHAJOB KOHe4HO. Ilostomy Pac. 8.10. CrpykTypa nociezo-
TIOCIEI0BATENBHOCTHBIE Y3/ OTHOCST- BATCTLAOCTRORS Gy HKIIORATE-
Csl K KJIACCy KOHEYHbIX aBTOMATOB. HOTO y31a
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KoBe4Hnle aBTOMATHI, 3aK0H (PYHKIHOHHPOBAHHS KOTOPLIX 3aJ1a€TCH
coornomenHsMA (8.1) u (8.2), HasuBarotcsa asmomamamu Muu.

B psae mocnenoBaTenbHOCTHRIX cxeM (QYHKIHMs BBIXOJOB ONpeaess-
€TCs TONBKO BHYTPEHHHAM COCTOSIHHEM aBTOMATa, T. €. ‘

Z=9 Q). (8.3)

Mozens KOHEYHOrO aBTOMAaTa, 33aKOH (yHKIHOHHPOBaHHS KOTO-
poro 3amaercs cooTHoumreEnsaMH (8.2)  (8.3), HA3LIBACTCA a6MoMamom
Mypa.

HecMoTps Ha TO, YTO BHIXOfHbIe CHTHANH asToMata Mypa He
3ABHCHT OT BXOJHKIX CHI'HAJIOB, €0 MOXXHO pacCMaTpHBATh KakK 4acT-
HeI Cciyva# aBromara Mumu. Paszmmume Mexay aBTOMaTamu Munz
1 Mypa 3aKio4aercs B TOM, YTO BHIXOJHBIC CHIHATIBI B aBTOMATax
MUK BO3HHKAIOT OJHOBPEMEHHO C IIOa4€H BXO/JHEIX CHI'HAJIOB, 4 B aB-
TomaTax Mypa C 3aepKKOil Ha OJHH TakKT. B cBs3u € 9TEM (yHKIHIO
BLIXOZOB aBTOMaTa Mypa HEOrJa Ha3hIBAKOT COGuHYymoii gynkyuei 6bi-
x0008.

O6EIMHO aBTOMAT PabOTAET B AMCKPETHOM BPEMEHH, T. €. HEIPEPHIB-
Had [IKaJla BpEMEHH pa3zelieHa Ha HHTEPBAJIbI, HA3BIBACMEBIC MAKMAMU.
Ha npoTskeHHM OJHOrO TaKTa COXPaHSIOTCH BEH3MCHHBIMH COCTOSHHE
BXOJIa, COCTOSHHE BHIXOJa H BHYTPEHHEe COCTOSHHE aBTOMaTa. B 3aBH-
CHMOCTH OT TOr0, 9€M OIpPeAEnsAeTCH JIMTENLHOCTh TAKTa, pa3liHyaloT
CHHXPOHHBIE H ACHHXPOHHBIE ABTOMATHI.

Cunxponnblii agmoman EMEET TeHEpaTop TAKTOBRIX HMITYJILCOB C 110-
CTOSHHOM 4aCTOTOH, H BXOJHHIE CHTHAJIHI BO3JCHCTBYIOT Ha aBTOMAT
TONBKO IpH HAIMYAA TAKTOBOro MMmyikca. CrnenoBarenbHO, 371€Ch
JUIATEILHOCTL TAaKTa NOCTOSHHAS. B acunxponnslx agmomamax NnMTe-
JIBLHOCTH TAKTA SBJSETCH NEPEMEHHOH BEIMYMHOM H ONpENe/IIeTCH HH-
TEPBAJIOM BPeMEHH MEXIy MOMECHTAMH M3MEHCHHs COCTOSHHS BXOJA.

Jlns npoekTHpoBaHHus (YHKIHOHAILHLIX y3]I0B IOCICAOBATENBLHOCT-
Horo THna paspaboras psj MeTon0B. OIHAKO, €CIIH B Ka9€CTBE IIEMCH-
TOB IAMSTH IPAMEHSIOT CHHXPOHH3HpyeMbIe (POHTOM TPHITEPEI, IIPO-
eKTHpOBaHHE IPOIIE OCYHIECTBIACTCS CAO8APHbIM memoodom. IIpu atoM
HCIOIB3YIOT TAK HA3KIBAEMYIO (HyHKywOo nepexodoe Tpurrepa Fo, KOTO-
pas ompejenseT H3MEHEHHE (MM COXPaHEHHE) COCTOSHHS Q tpurrepa
B 3aBHCHMOCTH OT 3HAYCHHS YIPABJSIONIHX CHIHAJIOB. '

DyHEKIEH DEPEeX0AO0B IPHOHCHIBAIOT CIEAYIONIHE 3HAYCHHS:

Fy=A, ecnu TpHITEp NEPEXOIUT H3 COCTOSHHS Q" =0 B cocrosiHue

Qn+1 — 1,
1
Fo=V — npu nepexoze u3 cocrosimas Q =1 B cocTosHue Q"' =0;

+1

Fo=0 — npu coxparenuu cocrosnus Q' =Q" " =0;
' +1

Fo=1 — mpu coxpaHeHHH COCTOSHHS Q'=Q"" =1.
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B Tabn. 8.14 npuBenennr 3Hawemms Fy nns RS-, JK-, T- ® D-
TPHITEPOB.

Hcnonbsosanre c10BapHOro METONA IPEAYCMATPHBAET HA HEPBOM
jTane COCTaBJeHHe TAOIMIEI COCTOSHHE H KOJHPOBKY COCTOSIHHE y3ja
BHYTPEHHHMH LepEMEHHRIMHE. [laiee npOH3BONMTCS onpe/eseHne Gpynk-
IIHH IE€PeXON0B TPUITEPOB Fy, BLIOGHPAETCS THI TPHUITEPOB H OCYHIECTB-
jseTcs MUHAME3an|s Qysknmit mx sxonos. Ha nocnenmeM stame co-
CTaBIIAETCS CTPYKTYypHas cxeMa (PyHKIMOHAJILHOIO y3a.

TaGauna 8.14

Fq RS JK T D
R S J K

0 0 X 0 X 0 0

1 X 0 X 0 0 1

A 1 0 1 X 1 1

\ 0 1 X 1 1 0

K bysknHoHANLHEIM y371aM IOC/IEOBATELHOCTHONO THIIA OTHOCST-
Csl PETHCTPHI, CYCTYAKH, F€HEPATOPKI KOJIOB.

Peructpul. Pezucmpom nasvisaemen ynxyuonanvholii y3ea, ocywecm-
eaAlOwull npuem, Xpanenue u nepedavy ungopmayuu.

PasmuyaroT ABa THIA DErHCTPOB: PETHCTPHL C HOCJ]ENOBATEILHBIM
OPHEMOM M BhIJaYel HHOPMAIMH, TaK HA3LIBAEMBIE CO8U208bIE Peucm-
Dbl, B PETHCTPHI C NApaJUIeIbHBIM IPHEMOM H BhInaye# urdopManau —
peaucmpbr namamu. -

Capurosulii perucTp. B CIBArOBEIX perscrpax ajis XpaHEHHS OJHO-
ro paspsna HEGOpMAaNMH npeJHAa3HAYeH OTAEIbHLUA TpHrrep. Ilpu 3a-
IHCH MHOrOpa3spsJHOro YHCJIAa HCIOJBL3YeTCS IEm0YKa TPHITEPOB, CO-
EQUHEHHBIX MeXIy cobolt TaxmM 06pa3oM, 4TOOK HHGOPMAIHS O KAXK-
AOM pa3psjie MOCIENOBATENBLHO NEPEXO/IAIA OT OJHOr0 TPHITEPA K ApY-
romy. _

s peanu3anmn cIBHTOBRIX PErHCTPOB HCHOOJIB3YIOT CHHXPOHH3HADY-
‘emble (ponTOM D-TpHrrepsl. OnpenesnM CTPYKTYpHYIO CXEMy TaKOFoO
perucrpa. B COOTBETCTBHH C JIOTHKOH (QYHKIHOHHPOBAHHS [IPH BO3AEH-
CTBHH TaKTOBOIO MMIyJNbCa HH(OpMAamMs C BRIXOJA NPEALLAYINErO
Tparrepa Ty, Bo3neHCTBYeT Ha BXOA mocieayromero Tparrepa T,.

Tabnana 8.15

Qi1 Qi Qpt! fq
0 0 0 0
0 1 0 \%
1 0 1 A
1 1 1 1

Hcnone3ys cnoBapHbIH METOA, COCTaBMM TabidIly COCTOSHHM Ta-
koro y3na (tabxn. 8.15). B atoi Tabnune QP — 3HaueHHE CHTHANA HA
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pexoge Ty Tpurrepa, a Qi*! — BO3MOXHOE 3HAYCHHE BRIXOJHOIO CHI-
HAJIa TOC/e BO3JEACTBAA BXOAHOIO CHI'HAJIA.

Jlanee cocraBiIsieM KapTy HEpEXOJ0B LIS ¢ynaxman Fq (Tabn. 8.16)
H, HCIOJIL3YSl CBA3b MEXIy QyHKIHEH nepex0o/ioB H 3HAYCHHAMHA rapop-
MAIEOHHEIX CHTHAJIOB, COCTaBiIseM KapTy KapHo Ay HHGOpMAIHOH-
goro Bxoja D, (tabn. 8.17).

Tabnrna 8.16 Ta6nuna 8.17
n Qk + n Qk s
Q
N “lol 1
0 0] A 0 0 | [}
Lo vt RS

Ocymectrisis MaEEME3anaio Dy, momysaeMm D.=Q::. Cnenosa-
TENLHO, B TAKOM PETHCTPE BHIXOJ IPEABIAYIIEro TpUrrepa HanpsiMYyo
coemuasieTcss ¢ HEGOPMANMOHHBIM BXOZOM IOCJIEAYIOWIEro TPHITEpA
(puc. 8.11). '

Ilepen 3anmcpio HEGOpMAIMH BCE TPHITCPBI 0ORYJISFOTCH, IS 4ero
Hcmosb3yercs R-BxoJl, mojiaya CHrHAla Ha KOTOPpHL# mEpeBOAT TPHITE-
phl B cocTosiHAe Q=0 Ha NpSMBIX BRIXOAAX.

PaccMoTpEM mpoIecc BBOAR, XPaHCHHS H BHIBOJA gHopMannHd Ha
OpHEMeEpe  TPEXpaspsigHoro 4ucia 101. Brayane Ha BXOJX TpHITEpA
T, mojaeTcs ypoBeHb Jor. «1» Muammero paspsjia. IIpu BO3NEHCTBHA
IEPBOro HMITY/IbCA CHEXPOHH3AIMA B COOTBETCTBHH C NPABHIIAME ¢bysk-
IMOHHPOBAHHS D-TpHIrepa B MOMEHT OKOHYAHHsS CHEXpOHMIYJILCA
Ha Buxoge T, BO3HHKAaeT ypoBeHB Jor. «1», HO HOCKOJBKY K ITOMy
MOMEHTY MMIYJbC CHEXPOHH3ALMH 3aKOHYHIICH, TO ypOBEHD JIOI. «I»
ocraercs Ha Bxoje Tpurrepa T;. B cienyromeM TakTe Ha BXOX T, mo-
Jaercs Jor. «0» H mOCIe OKOHYAHHS BTOPOro TaKTOBOrO HMITYJIbCA Ha
Bexone To 6yseT ypoBesb Jor. «0», a Ha BRIXOJE T; — ypOBeHb JIOT.
«1». K npExofy TPETLEro TAKTOBOIO MMIylIhCa Ha BXOA T, mopaeTcs
ypoBeHb Jior. «1» M IIOCTe OKOHYABUs TAKTOBOro MMMYILCA ITOT ypo-

Yucno B napannensHoM Kofe

Q Q, Q,
Bxog uHpop- B
ALNOHHBIA bIXO,
o2 p|rT o| 1T o| 1T al
c T— —3C T_ —{C j—
TakroBbie
AMITYALCHI To Ty T2

D

Puc. 8.11. CrpykTypHas CXeMa CABAIOBOTO peracTpa
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BeHb JIoT. «1» mepeiiger Ha Brxox T, a HOCTYNHMBINHE paHEe CHIHAJIBI
Jor. «0» u jor. «1» mepedayT COOTBETCTBEHHO HA BRIXOJB! TPHITCpOB
T] H Tz. .

Ha srom nponecc 3anuce uadopmanun 3akanyusaercd. Eci teneps
OpEKpaTHTh MoJady TaKTOBBRIX HMIIYJILCOB, TO perdcTp 6yaeTr xpaHHTDL
3aIHCaHHYI0 HE(pOopManHIo.

BeBox mE(pOpManMH OCYIECTBIAETCA MOCIENOBATENLHO MyTeM IO-
Aadd TaKTOBRIX HMIYibcoB. IIpE mojade Tpex TakTOBRIX HMITYJILCOB
HEPOpPMAIHA NOCIEA0BATENLHO BEIBOAUTCS B3 peructpa. OgHoBpemen-
HO C BRIBOAOM HHPOpPMAanMM MOXET HOPOH3BOJHTLCS 3aIMHCL HOBOH
HEQopManuu. B TaKOM pErucTpe MOXHO OCYINECTBIIATH HapajLlelILHOE
CYHTHIBAaHHE HHQOPMALAH.

Tabnrna 8.18

Xo |Qu+1|Q-1| QF [Q}*™'| Fo || Xo [Qu41 Q-1 [QF |QF*'| Fo
1 | 0 0 0 0 0 0 0 0 | 0 0 0
1 |0 0 1 0 \% 0 0 0 |1 0 \'%
1 |0 1 0 0 0 0 0 1 |0 1 A
1 0 1 1 0 A% 0 0 1 1 1 1
1 1 0 0 1 A 0 1 0 ]0 0 0
1 1 0 1 1 1 0 1 0 |1 0 \
1 1 1 0 1 A 0 1 1 0 1 A
1 1 1 1 1 1 0 1 1 1 1 14

B nu¢ppoBRX ycTpo#icTBaX OOBMHO HCHOOJIB3YHOTCS CABHIOBHIE PErH-
CTPHI, KOTOPBIE IO3BONIOT COBHTaTh MHQOPMANHMIO HE TONLKO ClIeBa
HAIpaBo, HO H CIOpaBa HAJIEBO, T. €. OCYIECTBIATH peBepc. B peBepcus-
HOM DErucTpe yupaBiieHHE HaOpaBlICeHHEM CABHra HEGopMmanui obec-
IEYMBAETCS MyTEM IOAaYH ynpasisgionmx carsanos X, OcymecTsEM
CHHTE3 TAKOrO PErucTpa CIOBAPHKEIM METOJOM.

Tabmuna coctosmmit (Tabn. 8.19) Bxmodaer B ce6s1 3Ha4CHHS CHI-
HaJIOB oAHOro Tpurrepa Qi H ABYX TPHITEPOB, PACIOJIOXKEHHEIX ClIEBA
Qi1 ® copaBa Q.. Ilonoxum, 9to npr X,=1 ocymecTBisercs CABAT

BIPaBO, T. €. JOJKHO BHINONHATLCA ycioBHe Q. =Qft!, ecm X,=0,
TO IPOHCXOMHT CABHT BJeBO, T. €. Q_;=Qi*!. Ucmonkiys Tabmumy
COCTOSIHHH, COCTaBHM KapTy mepexodoB Ans ¢yukunmm Fg (Tabn. 8.19)
u kapTy Kapro nns medopmanmonsoro Bxoaa Dy (tabn. 8.20).

IIpu o6seaupenyn KIETOK, colepxamux 1, momyynam

Dk=X0Qk+l+§0Qk—l-

M3 3TOrO COOTHOIIEHAS CIEAYET, YTO B y3ell, COCAUHSIONMEN cocell-
HHE TPHITEPHI PEBEPCHBHOrO PErMCTpa, JOJDKHBLI BXOAMTBL JBE CXEMEI
W u ogna WIHM. CrpykTypHas cxemMa PEBEPCHBHOIO PETHCTpa Ha TPH
paspsna mpeacrabiena Ha pHC. 8.12.

233



Ta6amna 8.19 Ta6nauna 8.20
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Peructp nmamsre. Beog H BeIBog HEGOpMAalnME B TaKOM PErHCTpe
OCYIECTBJIAETCH OJHOBPEMEHHO (Hapaliiie/IbHO) IO BCEM Pa3psiaM. Ha
puc. 8.13 npeacrasneHa CTPyKTypHas CXeMa PErHCTpa HA TpH pa3psia,
B COCTaB KOTOPOro BXOAAT RS-TpArrephl ¢ npsIMBIMH BXOJAMH H JIOTH-
yeckne 3neMeHTHl V. Tako#l permcrp HMeeT HH(POPMAINHOHHBIE BXOIbI
(a, a1, a;) B EEGOpMAaNHOHHKIE BRIXOIB! (@0, @', 4'5), @ TAKKE BXOAMI
yOpaBlieHHS.

BHawaJe pericTp HOATOTABIMBAETCH I OpHeMa HHPOPMAIHH.
C sToit Dmenblo Ha Y{ BXO4Bl TPHITEPOB mojaeTcs nor. «lI» (cHrman
«cBpoc») B Ha DpAMBIX BRIXOAax RS-TpArrepos yCTaHaBIHBAcTCs oOT.
«0». 3ateM Ha HHGQOPMAIMOHHLIE BXOAKl HOJACTCH IBOMYHBIA KOI,
KOTOphi# HeoGXxoauMo 3anoMEHTE. [locne aToro Ha yIOpaBJISIONIHA BXOJ
«3IHCHL NOAAETCH yPOBEHD JIOT. «1» H Ha BhXoJax 3neMenTos JIO; —
JID, ycTaHABIMBAIOTCS CHTHANBL, COOTBETCTBYIOLIHE BXOZHOMY KOZY.
Hanpumep, upm xoge 101 5a S BX0HaX TpAITEpOB T, r T, 6yayT nogansl
yposam jor. «l», a Ha S Bxome Tpurrepa T, — ypoBeHb 1Or. «O».
CooTBeTCTBEHHO, Ha BhIX0oax TpHrrepos Oyner kox 101.

B TakoM COCTOSHHA TpPHITEphI OCTAHYTCH IOCJE CHATHS CHrHana
«3amAch» H BXogHOro koja. CnegoBaTesibHO, OCYMIECTBIISSTCS ONepaHs
XxpaHeHHs HE(QOpPMAIHH.

IIpr momaye ypoBHA NOT. «1» Ha BXOJ «CYHTHIBAHHE» HA BHIXOJAX
BO3HHKAET KOJ, 3aIACAHHEIA B permcrpe. K 3amacansoil madopManun
Moxuo ofpamarscs MuorokparsHo. Korga 3anHcaHHas HHQOpMAnus
CTAHOBHTCS HEHYXHOMH, TO MOJAETCH ypoBeHb Jor. «1» Ha BXOA «chpocn,
TpAIrTephl OGHYISIIOTCA H PETHCTP OKA3BIBACTCH FOTOBHIM VIS mpHEMa

1
[ 5 3 o
Bxon A To_ || Lel7 i a1 T2
2k o[l ™ orT
—ic & - —& dc
[ L
C

Prc. 8.12. CrpykrypHas cXemMa PeBEpCHBHOIO PErHCTPa
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Pac. 8.13. CrpykTypHas cxema permcrpa namsti

HOBOH ME(OopMammn. TaxaMm 06pasoM, maK paboThl Takoro peractpa
OCYIIECTBIIAETCS B MOC/EAOBATENBHOCTH: «COPOCH, (3AaIHCHY, «CUMTHIBA-
HHE».

Cuerwmicn. Cuemuuxom nasvisaemen dynkyuonaibHblii y3ea, npeonas-
Hauennubildl 048 nodcwema Koaudecmea umnyabcos. OCHOBHEIMHA napamer-
PaMM CYeTIMKa SBIAIOTCH KO3OGHIMEHT nepecieTa A GLICTPONEHCTBHEE.
Kospdpuyueum nepecvema K, — MakcEMagbHOE 9HCIO BXOJHEIX HM-
1yJIbCOB, KOTOPOE MOXET OBITh CoCTMTAaHO cYeTIMKOM. BrIcTponeiicTere
CIETHMKA XapaKTEPH3YeTCss MHHAMAILHBIM HHTEPBAJIOM MEXAY BXOH-
HHIMH AMOYILCAMM frp, IPH KOTOPOM HE HPOHCXOAHT HOTEPH CYETA
AMaynscoB. IIpa 3ToM MakcAManpEas 4acToTa CliefOBAHAS HMIYJIBCOB
Joax =1/t Ecmt K,=2", rge n — nenoe monoxutemsuoe YHUCES, TO
CICTIAK HA3HIBACTCH JBOMYHHIM. ECnE cuerdHK mMmeer Ko3dunmeHT
nepegaun K, #2", To Takoif cueTanx Ha3LIBAETCH HEABOHYHLIM. -

HAsonunniii cueruuk. Hanbonee-npocro npoRvHLLl CueTIHK peanmzy-
ercs Ba T-Tpmrrepax. B cooTBeTCTBHH ¢ DpHEmMIOM neiicTBES T-
TPHITEPA OH SIBJIAETCA 3NIEMEHTAPHOM NEPECYEeTHOR cxeMoil ¢ KoadhrIH-
CHTOM N€PECYETa, PABHBIM 2, TaK KAK IPH JBYX HMIYIbLCAX, IOJAHHBIX
Ha T BXOj TAKOro TPHITEpa, Ha BhIXOZE OOpA3yeTCs OMMH HMIIyILC.
CrenopaTebo, coemuusa IpsSMOi BHIXOM TPHITEPA MIIAAIIETO pa3psia
C BXOZOM TpHITEpA CTApPLIEr0 pa3psijia, HONYYAM CYETIHK C Ko3pPHIH-
eaTom mepeciera K., =2', rae 7 — 4HCII0 mOCIENOBATENBHEO BKIIOYECH-
HbIX TpHITepoB (pHC. 8.14). MHbOpManmIo 0 KOIMYECTBe MOJAHELIX HA
BXOJ TAKOro CYETIAKA HMIYILCOB B JBOHYHOM KOJE MOXHO HOJY4HTH
C OpsIMBIX BBIXOJOB TPHITEPOB. /

B psije cnydaeB ACnonb3yroT svivumatowue cuemuuxu. B TakEX caet-
9HKax YOpaBifIOIMMMA CHTHANAaMA [Uis TPAITEPOB CTAPHIAX pas3ps-
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Puc. 8.14. CTpykTypHas cXema CyMMEDYIOLIEro ABOHTHOIO CHCTIHKA

JOB SBJISIOTCS CHTHAJIB, CHEMaeMble C HHBCPCHRIX BHIXOZIOB TPHITCPOB
mulagmmx paspspos (puc. 8.15). IloyoXuM, 4TO B CYETIHK 3AMHCAHO
wacio 7 (B asomunoM xoge 111) (pmc. 8.16). Ilps monate Ha BXOA
cueTYHKAa OJHOro HMIyabca Tpurrep To mepedner B COCTOSHHE Qo=0.
CrenoBaTe bHO, JBOMYHbLA Koj cTaeT 110, 94T0 COOTBETCTBYET nudpe
6. Ilopada clIeqyIOMEro HMIyJIbCa IEPEBEAET TPHITED Ty B cocTosiHHE
Q,=1, a Tpurrep T; — B cocrosmae Q;=0, HOCKOJLKY C HHBEPCHOIO
sexoga T, Ha Bxox T; 6yzeT moaas ypoBeHb JOr. «1» H BHIXOZHOH KOA
6yaer 101, aro coorsercTByer mudpe 5. Ilocne monatd ceMu BXOJHBIX

EMIOyabcoB cieTydK obHymsercs. Taxmm obpasom, JAHHBIA CYETIHK
OCYIIECTBJISET ONEPAIHIO BEMATAHHA.

Pesepcusnbiii cuemyuk mO3BOIISET BRIOIHATS ONEpANHH CyMMHpOBA-
pus ¥ BHMATAHES HMOyibcoB. CBS3b MeXIy TPHITEpaMHA B TakOM
CYETUMKe OCylmecTBIIseTCs Yepes anemenThl M-I (puc. 8.17). Yopas-
JeEne pexuMoM paboThI caeTIHKa (CIIOKEHHE H BLIYMTAHHE) OCYIECTB-
JIAETCH IMyTeM NOJadH YIPaBJIAIONHX CHTHAJIOB X,. Hpr X,=1 opsamoi
BhLIXOJ TPHITEpa MIAMIIErO pa3psia MONKIIOYAETCA K BXOOY TpHITEPA
crapiiero paspsiia, T. €. peajH3yeTcl peXHM CyMMHPOBAHML Ilpu
X,=0 ocymecTBisiercs DOAKIIOYEHHE HHBEPCHOTO BHIXOAa TPHITEpA
MUIAJIIIETO pa3psiia K BXOAY TPHITEpA CTApIIEro pa3pija, T. €. peaiusy-
eTcsl peXXHM BhIYHTAHHS.

Hegponunnie cdeTukH. HenBoudHbIe CIETIHKHA HMEIOT K03 dHIAEHT
nepecdeTa, He KpaTHbi# aByM. Hambosee npocTo HEJBOMYHLIA CYCTIHK
MOJHO pean30BaTh Ha 6a3¢ CIBHTOBOr0 PErHCTPA, €CJIH BHIXOA DOCICA-
mero T,_, TpHITepa COeOHHHTh ¢ D BX0OJOM mEpBOro T, TpHrrepa.
B pesyibTaTe HEMEET MECTO 3aMKHYTas KOJIbLEBAs CHCTEMA (puc. 8.18).

Qo 01 02

g0 7 T T

To T; T,

Puc. 8.15. CTpykTypHas cxeMa BHMHTAIOLICI O JBOMFAOIO CHETINKA
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Puc. 8.16. Bpemezma'x JMarpamMMa BHIYHTAIOINEIO JBOMYHOIO CYETYHKA

IlpuHnHn JelCTBHSI TAKOrO CYETYMKA 32KJIFOYAETCH B CJIEAYIOMIEM.
Omue u3 Tpurrepos, HanpaMep T, yCTaHABIABAETCS B COCTOSIHHE JIOT.
«I» Ha BEIXOZE, a BCe OCTAJLHEIE — B cocTOsHME jor. «0». BxomHble
HMIIyJIbCBI, KOTOphIE HEOOXOMMMO COCYATATH, HOAAIOTCH HA BXOJ CHH-
* Xporu3anuH. IIpu Bo3feHCTBHA BXOZHOrO HMIIYJILCR YPOBEHb JIOT. «1»
nepefifeT Ha BRIXox Tpurrepa T, H KaXALIA HOCICAYIOMMA HMIYIbC
Oyaer cOBHraTh ypoBeHBb JIOT. «l» Ha BHIXOJ CrlEQyIOmEro TPHITEpa.
Taxam oOpazoM, ypoBeHB JiOr. «1» BO3BPATHTCS ONSITH HA BHIXOJ
To Tpurrepa mocne nopad 7 BXOAHEIX HMIYNBCOB, IAE 71 — YHCIO
HOCTeA0BaTENLHO BKIIIOYEHHRIX TpHrTepoB. CnenoBaresbHo, Ko3ddunu-
€HT nepecdeTa Takoro cueriuka K., =#n. BoiBog mHpOpMAnUE MOXET
OCYINECTBIIATLCA C BRIXOAa JIF06Oro TpHITEpa.

Hcnonb3ys pa3ngyHoe KOJNHYECTBO TPHITEPOB, MOXHO IOJYYHTH
cdeT4HK ¢ M06nM KoapdunmenTOM nepecdeta. HegoctaTkoM Takoro
CYETYHKA ABJISETCH HEOOXOMEMOCTHL HCHOJBL30BATHL OOIBIIOE KOJMYECT-
BO TPHITEPOB.
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Pac. 8.17. CIpykTypHAs CXeMa PEBEPCHBHOIO JBOMTHOrO CHETIAKA

HeBoHYHbIE CHETIHKH ¢ OGpaTHRIMH CBH3AMH. TaKHE CICTIHKH pe-
anmu3yloTcs Ha 6a3e ABOMYHBIX CYETYHKOB, Y KOTOPHIX HCKIIIOYAIOTCH
HEHyXHBLIE yCTOMYABLIE COCTOSHHS 33 CYET HCIOJbL3OBAHMN o0paTHREIX
cBsi3eil. METOHKyY CHHTE3a TAaKHX CYCeTIMKOB pacCMOTPHM HA HPHMEDE
cueTarKa ¢ Ko=35. [ToCKOJIBKY B TAaKHX CICTYHKAX HCIOJB3YIOTCH CHH-
xpoHnnbie JK-TpHrrephl, TO B pe3yapTaTe CHHTE3A HeoOXoaEMO oupene-
JHTL, KaKHe CATHAJIH ClieJyeT HoaaBaTh Ha J # K BXOZEL.

Jins peaym3alME TaKOro CYeTIHKa TpebyeTcs n=3 JK-TpHrrepos.
IIpE TAKOM KOJHYECTBE TPHITEPOB CXeMa MAKCHMAIBHO HMEET BOCEMb
yCTORYHABRIX cocTosiamii. CrnegoBaTenbHo, upH K=5 BeobxomuMo HC-
KIIOYATh TPH ycToMuMBEIX cocTosams. CocTaBEM TabNAIy COCTOSHHUA
takoro cdeTdmka (tabn. 8.21).

Ta6bnuna 8.21

s ] @ | of | @ | o3t | Qi | Q! |Fa | Far | Fao

So 0 0 0 0 0 1 0 0 A

S 0 0 1 0 0 0 A v

S; 0 1 0 0 1 1 0 1 A

Sy 0 1 1 1 0 0 Alv]v

S4 1 0 0 0 0 0 v 0 0

B Tabn. 821 Q' — 3HaueHHe CHrHAja HAa IPSMOM BRIXOAC
COOTBETCTBYIOIEr0 TPHITEpa OO LOJAYH CYETHOro HMIYnbCa Si
a Q""' — 3pavenme cHrHANA Ha OpPSMOM BEIXOAE IOCIE NOCTYLICHAS

4D | TT D|TT |— = = 4qD| 7T _J
B
e—FC r c - C

Puc. 8.18. CTpykTypHas CXeMa KOJIBIEBOIO CHeTHka
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HMIYJIBCA HA BXOJ CHHXPOHH3ANMH. 3aech X€ yKa3aHbl (QyHKIHH
nepexonoB Fq nna kaxzmoro Tpurrepa.

TabGnauna 8.22

FQO FQI FQZ
Q2 Q{JQI Q2 Q{JQI QZ Q()QI
o101 ol olto 1t Jol wliolinfo
0 Alv]v]a 0 Alv ] 0 olof|af o
1 0l x| x| x 1 0l x| x| x 1 VI x| x| x
‘]0
0. 9,0 0, 0,
00|10 |11 [ol 00 01 00 01
0 X TXT71 0 0 X 0 0 0
1 0] x| x| x 1 0 X 1 X
KO
Q0
o
: 10 [11 o1 Q: 00 01 2; 00 01
o /X1 0 X 0 0 |/X X3
1 wx x| x| x4 1 X X 1 L X x| xi

B cooTBercTBEE ¢ TabyMne# COCTOSMHHE COCTABAM KApTHhI (hyHKIIHi
nepexojoB, a Takxe KapThl Kapro ¢ynxnuit J 1 K Bxonos (tabi. 8.22).
ITockonbky 3HaYeHAsM X MOXHO OPHIMCATH YPOBEHb NOT. «1» HIM JIOT.
«0», TO monmyiEM OOBEIWHEHHS KJIETOK, OOBENEHHBIE ITYHKTHPHBIMH
JMHHEAMH. B COOTBETCTBHH C NOJTy4EHHBIMHE O00beIAHEHAAMHA MUEHMA3H-
poBaHHBIE (pyHKIIMH BXOJOB OyAyT

Jo=Q3 Ko=1; J; =K, =Qq; J,=Q,Q;; K;=1.

CrpykTypBasi cxeMa CY4ETYMKA C TaKMMH CBSI3SIMH, HMEIOMIErO
=35, npencrabnena Ha puc. 8.19. Ilepen madamoM cuera cxema o6-
Hysercs, T. €. Qo=Q;=Q,=0. ITogaya mepBOro BXOZHOro EMIyJbca
nepeBogdT cueT4MK B cocrosmue 001. ITocne momaum weTBepTOro HM-
IyJbCa Ha BHIXOJAX TpHIrepoB ycranaBmBaercsl Kox 100. ITockosbky

ir Q ;r Q, Q,
L ]e
JI|TT JI TT Jl T
116 ¢ c
K K PP
"ngoﬂ To T, T

Puc. 8.19. CrpykrypHas cxema caeramka ¢ K, =5
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Ha npsMoM BeIxoje Q; AEHCTBYET ypOBEHDb JIOT. «1», TO Ha HHBEPCHOM

Bexoae Q;=Jo=0. CienoparenpHo, mOCIE NOAAYH ISTOrO BXOZHOTO
MMIyJIbca CXEMa BO3BPAINAETCH B HCXOAHOE COCTOSHHE.

8.3. IIMOPOAHAJIOTOBBIE 1 AHAJIOTO-1{1PPOBBIE
ITPEOEPA3OBATEJIN

B cHcTeMax ympaBJICHHS pPa3HYHEIMH 00BeKTaMH H IPOLECCAMMU,
IpH H3MepeHAAX (QHIAYECKHX BEIMIHH ICPBATHAA radopManEd, noiy-
yaeMasi ¢ DOMOIILIO PA3IHYHEIX JAaTYMKOB, KaK IPaBHIO, IOCTYHAeT
B apajorosoii Gopme. DTy HEGOpPMANHIO B AanbHEHmeM Heob6X0aEMO
06pabaTLBaTL B COOTBETCTBHH C 33/IAHHBIM AJTOPHTMOM. O6paboTKa
aHATIOroBRIX CHTHATIOB, XpaHCHHE, nepeaaya, otobpaxeHne H ApPYrHe
OmepanyH OpeACTABISAIOT ONPECIICHHRIE TPYAHOCTH H OCYIECTBIBIIOTCS
¢ Gompmoii morpemuocTbo. II0CKOIBLKY AEGOpMAaNHIO, IPeACTaBIICH-
Hyl0 B nudpoBol Gopme, 3HATATENLHO JIET4e obpabaTeBaTE, TO BO3-
HMKAeT 3aja4a npeobpa3oBanEs aHATOrOBOH (GOPMEI CHTHAIIOB B oG-
poByo, B HaobopoT, m¢poBOK B AHATIOTOBYIO.

Jns npeobpa3oBaHHsl 2HAJIOrOBOrO CHrHAJIA B nuppoBod KOA HC-
HOJIB3YIOT aHAA020-yugipossie npeobpazosamenu (ALII). YcrpoiicTBo,
npeobpasyromee nuppoBoH KO B AHAIOTOBYIO BEJIHYAHY, HA3HIBACTCH
yugpoanano2o8sim npeobpasosamenem (LIAID).

I{u¢poana torosnie npeofpaiosaTe.H. Wnes, nexamas B OCHOBE OpH-
pEma peiicrrs ITATI, 3aKmio9aeTcs B MOMyYEHHE MIHOBCHHOTO 3Haye-
HuSI AHAJIOTOBOTO CHTHAJIA, COOTBETCTBYIOIIEr0 BXOJHOMY nadpoBoMy
KOAy, MyTeM CyMMHPOBAHHs 3TAJIOHHRIX TOKOB C [OCTIE YoM IIpeob-
pa3oBaHHEM HX B HANPSDKCHHE. VupapieH#e 3TaIOEHHIMA TOKaMH, HIIH,
YTO OJHO H TO Xe, STAJOHHBIMH HANPSDKEHHAMH, OCYIICCTBILICTCH € 11O~
MOIIBIO ABOHYHOro Koaa. IIpu 3ToM ypoBHIO JIOT. «1» COOTBETCTBYET
HANMYHE 3TAJOHHOrO HAUPSIKEHHS, yPOBHIO JOr. «(0» — OTCYTCTBHE
HanpskeHAs. BeJIMYHHEL 3TaJOHHBIX HANpSDKCHHA HOPMHPYIOTCH. Crap-
memy paspsny (CP) coOTBETCTBYET MAkKCHMAJIBHOC 3Ha4YeHde 3TAJOH-
HOro HANpSOKCHHS

U= Ucp=£2 Ut

rae U, — HaOpsOKEHHE IOJHOH IIKAJIKL

Ha npakrake yno6HO HOIB30BaTECH ApOGHBIM 3KBHBAJICHTOM JBO-
MYHBIX YHMCEJ, [03TOMY CJEAYIOIIMH pa3psij MOCIE CTAapIIero MMeeT
«pec» Uy= Uy, /4 1 T. 1. COOTBETCTBEHHO muaqmad paspsan (MP) ameer

«BECY U,,=U,,m/2", rae n— YHCJIO PAa3psIoB. Taxum obpa3oM, ax-
THYECKOE MAKCHMMAlLHOE 3HAYeHHE BRIXOJHOIO HANPSDKCHHI Usux IPH
n-pa3psagHOM KoAae 6ynet
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1 1 1 ’ -n.
Unm=<‘+—+---+“‘) Unm=(l—2 )U“m'
2 4 2"

Konxperno npr Tpexpaspsanaom koze (111)
1 11 7
Unux= (" +- +_) Unm=_ Unm-
2 4 8 8

3HadeHme MUIAJIIErO paspsna, T. €. «BeC» MIAAINErO Pa3psaaa
Ha3BIBACTCS paspewaioujels cnocobHocmplo B ONPEHEISET NO2peulH
npeobpazosanus (puc. 8.20).

Kaxmii paspsn uMeeT ¢BOe MOCTOSHHOE 3HAYCHHME (CTaprimii
psan Bcerga Uyn/2), He 3aBHCAImEE OT KOJIHAYECTBA PA3PAAOB.

ITAII c pe3ucropamu Beca. IIpocreiimas cxema LIAII cocrom
ONEPANMOHHOrO YCHUIHTEIS, OXBA4CHHOIO NEOmbI OOpaTHOM CBS3)
Ro; HCTOYHHKA OOPHOro HampsoKeHHs Ugy; Pe3HCTOPOB Ry — R, H ]
qel §; — S, (puc. 8.21). IIpu yposHe jor. «1» Kmod 3aMKHYT, a
«0» — pa3oOMKHYT.

HicTounEK OIOpPHOro HAOpSDKEHHS H PE3HCTOPH R, — R, OpPH 3¢
KaHHH Kmo4el S; — S, obecneyMBaroT mONXy4eHHAE TOKOB i — I, K
phHIEC B TOYKE A CYMMHPYIOTCS.

OnepanHOHHEIH YCHIATEND OCYIIECTBISET MpeoOpa3oBaHme Cyl
TOKOB B HanpsoKeHHE Uy lleﬁcTBnTem,Ho DOCKOJIEKY B OIEPALHOE
YCHIIHTENE pa3sHOCTh HANPSKEHHH MeXIy BXOJaMH OJH3Ka K HYJIK
CYMMHpyIOIas TOYka A HaxXOAUTCS Ha BHPTYaJIbHOH «3emue». F
B BHJIY, 9TO BXOJHOH TOK ONEPANHOHHOTO YCHJIATENS HHYTOXHO |
IP® BCEX 3aMKHYTHIX KIIFOYaX, KOrJa BO BXOJHOM Koje Bce «1»:

io=i1 +i2+"'+ii+"'+in'

Hopmupo-
BaHHbIA T
aHanorosbiv
BbIXOGHON T
curHan

e

1 I} L 1 [ l 1
000 001 010 011100101 110 111
0 1/8 2/8 3/84/85/8 6/8 7/8 88

Puc. 8.20. VineammHas XxapakTepucraka npeobpa3osanns xpexpaapximoro LIAI
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CrnenoBaTenbHO, BKAAJ i-ro pa3psaja B BHIXOAHOE HANPSDKCHHE

AUL="2U,,.
R;

OrHOmeRME Ry/R; JKBHBANEHTHO BKIaAy B BHIXOJHOM CHrHAN pa3-

paga 27, mosromy Ro/R;=2"", Ri=2'R,. Taxum 06pa3om, pPe3UCTOPHL,
peANH3yIoMHBe TOKH Pa3psanos, AODKHEI HMETh CIEyIOIMe 3HaYCHHSA
R,=2Ry, R;=4R, u 1. A. IIpx TaKOM yC/IOBHA MAKCHMaJbHOC 3HAYCHHEC
BHIXOJHOr'O HampsKeEAs OyaeT

U= Uon<£°+£°+...+&+...+£°>= UW<5+5+...+1>,
Rl 2 R,‘ R,, 2 4 2" \
9TO COOTBETCTBYET COOTHOMERMIO (8.4).

JIns mpakTudeckoit peanmsamun cxemul LAIT ¢ pesncropams Beca,
OpencTaBieHHOM Ha puc. 8.21, TpeGyeTcs 60NbIIOe KONTHIECTBO PE3UCTO-
POB C Pa3HEIMM 3HAa4CHHSMH CONpOTHBICcHMH. IIpu peanm3anman LTAIT
C PE3NCTOpaMH Beca B MHKDOIJIEKTPOHHOM MCHONHCHAH BO3HHKAIOT
TPYZHOCTH CO3/JaHAS GONBIIOrO YMCia PE3UCTOPOB ¢ PA3HHIMH HOMHMHA-
namu. Kpome Toro, cxeMa obnanaeT HU3KHMH JAHAMHAICCKHMHE Xapak-
TEPHCTHKAMH, TaK KaK K CyMMHpYyIomeil ToUke A B MCTOYHHKY ONOPHOro
HAOPSDKEHHS IOAKIIOYACTCS NepeMeHHas Harpy3ka, ompencisemas
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Puc. 8.21. Cxema IIAII ¢ pe3ncTopaMu Beca
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yOopapisiommM KoJoM. Bo Bpems mepexmodcHHs, KOrja IPOHCXOAMT
Pa3sMBIKAHME M 3aMbIKaHHE GOJLINOro KONMYeCTBA KiFodeH (HampHMep,
ot 1111 x 0000), BO3MOXHO HOSBJICHAE MPOMEXYTOYHHIX OIMHOOYHBIX
KOJOB.

LIAII ¢ pesucropuoit MmaTpuneil. CxeMbl, HCIIOJIL3yEMBIC B COBPEMEH-
Beix IJAII B MEKpO3JIEKTPOHHOM MCHONHEHMM, 118 HCKIIOYCHMS BHI-
[IeyKa3aHHEBIX HEJOCTATKOB HMEKOT B CBOEM COCTaBE PE3HCTOPHYIO
Matpuny (R—2R), a Taxxe HEPEKIIOYaTeNlM TOKOB pa3psnoB S (puc.
8.22).

Pesucropras marpuna (R— 2R) COCTOMT H3 HECKOJBKHX IIOCIENAOBA-
TEJLHO BKJIIOYEHHHIX PE3HCTOPOB R);= Ry = Ryy=R 1 psala napauieib-
HO BKJIIOYEHHEIX Pe3ucTOpoB R, = R,=R;=R,=2R. Cornacyrommuit pe-
3ucTop R, Taxxe umeeT conpoTuBienre 2R. IlepexinogaTenn S BKIIO 9e-
HEI IOCIIENOBATENLHO C pe3ucTopaMu R, — R;, B TOK KaxAoH BETBH
HanpasiseTcs JH00 K cymmHpyromeldl Touke A (B BEPTYaIbHYIO «3€M-
mo»), b0 K 323¢MIICHHOM TOYKe.

IToyyenne TOKOB pa3ps0B, HAXOAMIIAXCHA B TpebyeMOM COOTHOIIIE-
HHH, MOXHO HOSICHHTb, €CJH HA9aTh C ONpEAENeHHs TOKa MIAAIIEIO
pa3psia M HATH K crapmemy paspsny iy= Uy/R,.

Manee onpenensiem cpsss Mexay U, u Uy

1 R4R.

RR. Ry+R.
Ry+R,

Usi=Us

Ry +

IMockomky R.=R;=2R, a Ry=R, 10 U3=2U,. Toraa ToK, nmporeka-
omuEi gepe3 pesnucTop Ri, 6yner iy=Us/Ry=2U,/Ry=2i,. Onpenennm
9KBHBAJICHTHOE CONPOTHBJIECHHE R, NOAKIIOYEHHOE MEXIY TOYKOH,
Haxo[smeics noa HaupsokeaneM Us, M 3a3eMIICHHOH TOYKOH:

U R

R
on U, 2 U, 123 Uy Ray U, R

UBbIX

Puc. 8.22. Cxema ITAII ¢ pesucTopHOH MaTpHUCH
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Ry
Ryy+ +R3
Ry

+Re

Ortxyaa cueayert, 410 U,=2U;=4U, i, COOTBETCTBEHHO, i = 2i;=4i.
Paccyxnas Takum o6pasoM, nonydaM Uy, =U, = 2U,=4U;=8U, n
. Ul Uon_ . UZ Uon_
hW=—"=__ h=—=—
R, 2R R, 4R
E _ Uon_ . U4 Uon

i= = == .
"R, 8R’ ' Ry 16R

Ecmm Ry=R, To npu xoze (1111)

Unm Ry i o 1] 11
ma=Ro 2, = Uon et

TakaMm o6pasom, Matpana (R—2R), HMes TOIbKO JBA HOMHMHAR
PE3HCTOPOB, MO3BOJSET MOIYYHTh HEOOXOAMMOE COOTHOMICHHE MEXKIY
JTaIOHHKIMH TOKAMH OPH JI060M 4HCIe Pa3psaioB 7. ITO CYIIECTBCHHO
yopomaeT TexHOsorato u3roropnenns LJAIT B MAKPO3IEKTPOHHOM HC-
DOJIHEHHH.

ITepexmovaTemn S, XaK OPaBHIO, PEaNA3yIOTCS HA KOMILIEMCHTAp-
HRIX Kmo4ax (puc. 8.23), 4TO CyImIECTBEHHO CHHKAET noTpebisieMyIo
MOIIIHOCTb.

B cOCTaBe NePEeKIIoYATeNs HMEIOTCS TPH KOMIUIEMEHTZDHLIE Iaphl
VTl u VT2, VT4 u VTS, VT6 u VT]. Tpamsucropu VI8 u VT9
OCYIIIeCTBISIOT KOMMYTalHio TOka. Tpamsucrop VT3 obecneynBaeT
[OJIOXHTEIBEYI0 OOPATHYIO CBS3b, KOTOpas CHOCODCTBYET yMEHbINE-
HHIO JUIMTEILHOCTH MPOIECcca NEPEKIIIOYCHAS.

B HCXOOHOM COCTOSHMH, KOrJia HZ BXOJ NEpeKIIYaTeNss NOAaH
yposesn 1or. «0», VT1 — 3akphiT, 2 VT2 — OTKPHIT. CoOTBETCTBEHHO
OTKpHTH VT3; VT4 u VT7, Tpasuctopsl VTS5 1 V16 — 3aKpHITHL Ha
saTBope VT8 gAeiicTBYeT YypOBEHB JIOr. «1», H OH OTKDHIT, 4 Ha 3aTBOpPC
VT9 — yposers jor. «0», B OH 3aKpPHIT. TOK COOTBETCTBYIOWIErO pas-
psiiia i, Te4eT K 3a3¢MIICHHOM TOUKE.

ITpu noaaue ua BXOA YPOBHS JIOT. «1» TPaH3HCTOPHI VTl — VTI ne-
PEKIFO¥RIOTCS B IPOTHBOMONOXHOE COCTOSHME (3aKPHITHIE — OTKDHI-
BAIOTCS, 4 OTKPHIThIE — 3aKPHIBAIOTCH). B pe3ynabTaTe HA 3aTBOP TPaH-
sucropa V79 mopaercss ypoBeHb JOT. «l», H OH OTKpHIBAeTCH, VT8
3axkpuBaeTcs (Aa 3aTBope jor. «0»). Toxk COOTBETCTBYIOWIEro paspsna
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Puc. 8.23. Cxema mepexmovarens

HaIpasJsgeTcs K cymmupyromeit Touke A. Jlmox VD1 3ammmaer mepe-
KJII09aTeb OT OOpaTHHIX NepeHANpPSKEHHH.

s xapaxrepuctuke 1{AITl mapsay ¢ ymoMMHABIIHMMCS BhIIIE (BEC
MIIAJIUEro pas3psna, 4EciO Pa3psaoB, NOTPEMIHOCTh Opeodpa3zoBanns)
HCOOJB3YeTCs elle Psa IapaMETPOB: HeAuHelHocmb O, — OTKIOHEHHE
NeHACTBHTENLHOH XAPaKTEPUCTHKH NpeoOpa3oBamds OT OrOBOPEHHOR
opsiMoit 1aEnM (cM. puC. 8.20); duddepenyuarshan Heaunetinocms — OT-
KJIOHEHHE [IBYX AHAJIOTOBBIX CHIHAJIOB, COOTBETCTBYIOIIHX COCENHHEM
KOJiaM, OT 3HA4eHHS CHHHILI MIAJMIETO paspsa.

Hanbonee cymecTBeHHEIMH ARHAMHYECKAMM DapaMeTPaMH SBIISIOT-
Csl: 6DEMA YCMAHOBACHUA BbIX00H020 CuzHaAa t, — AHTEPBAJ BPEMEHH OT
MOMeHTa noaadd muposoro koaa Ha sxox ITAIl no MOMeHTa HOsBIE-
HHS BBRIXOJHOIO AHAJIOrOBOIO CHIHAJA, OTIHMYAIOIIErocs OT OKOHYa-
TEIbHOI'O Ha HEKOTOpylo BenwmymHy (00brdHO +1 MP); maxcumasvras
yacmoma npeobpa3zoganus — HaAMOOIbIIAS YACTOTA JHCKPETH3ANHEH, IPH
koTopoi mapameTpsl 1AIl coOTBETCTBYIOT 3aJaHHKIM 3HAYCHHSIM.

IIAII peamusyercs Ha 3nementax TTJI, DCJI, KMAII. Tunuaasie
3aagends mapamerpos LIAII cneayrommue: n=8...16; 1.=0,01...30 Mxc;
0,=0,02...0,8%; U,,=10,24 B.

Anajoro-iu¢pposrie npeobpazoBaresm. CymecTBYIOT TPH OCHOBHEIX
THIA aHAJOro-nugpoBRIX npeodpa3zoBaTesiell: NOCIEROBATENbHBIX IIPH-
Onmxenuit, napaineabEOro Npeobpa3oBaHUsd M JBOWHOrO HHTEIPHPOBA-
Husi. Bce OHM HMEIOT CBOH JOCTOMHCTBA H HEJOCTATKH, IOITOMY B KaX-
JIOM KOHKPETHOM ClIydae B 3aBHCHMOCTH OT IIPeAbsBIIAEMBIX TpeboBa-
HAH MCHOJL3yeTes TOT MM MHOH THn AITIL

B ALl nocnenoBartenbHbIXx HDpHOIMXEHHMH, KOTOpHIEe 00nanaroT
CPaBHHTEJILHO BLICOKMM OBICTPOJEHCTBHEM H TOYHOCTHIO, Ipeob-
pasyeMblii aHAJOrOBBLIA CHrHANl IOCIEAOBATEIRHO CPaBHHBAETCH
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C BECOBHIMH 3HAYCHASMH HAIPSDKCHAR, KOTOPHIE COOTBETCTBYIOT BECO-
BHIM KO3 GHIHEeHTaM Pa3psiIoB.

B ALl napasnensEOro npeoGpas’oBanns BXOAHOH aHAIOrOBEIH CHI-
HaJ OMHOBPEMEHHO (napajienbH0) CPABHUBAETCS C (2" 1) rpagammsMu
OIOPHOTO HAUPSDKEHHS, 00pa3yeMBIMH DE3HCTHBHEIM [CIIATEIEM. Tlo-
Ady4aeMBIil pe3ylbTaT CpaBHEHHsS npeobpasyercs B napasuielIbBhId -
paspsmELii meomyHni koi. Takme AILIL obnajaror MakCHMAJbHBIM
OBICTpOACHCTBHEM.

B ALl ¢ mBo#HEIM MHTErPMPOBAHMEM HA IEPBOM JTale IPOHC-
XOJHUT HETErPHPOBAHKE BXOAHOI'O aHAJIOrOBOrO CHrHaja 3a Onpe/enes-
HBI NPOMEXYTOK BpeMEHH. 3aT€M OCYINECTBIACTCS HHTEIPHPOBAHMC
IPOTHBONOJIOXHOIO HO 3HAKY M3BECTHOrO HOCTOSIHHOIO HANPSDKCHHS
¥ (DHKCHPYETCsl HETEPBAJ BPEMCHH, 32 KOTODKIA BEIXOJHOE HATPSKCHAS
CTaHET PaBHBIM HYJ/IIO, OyTeM IIOACYETa MMIYJILCOB, CIEAYIOINMX C H3-
BECTHOM YaCTOTOH. 3aHKCHPOBAHHOE CYECTYMKOM YHCIO HMITYyIbLCOB
OpeACTaBIIgeTCs B BHAE KOJA.

AL vocnenoBarenbusix npubnoxennii. CTpyxTrypHas cxema AIIIL
HOCieq0BaTeIbHEIX OpUOKeHHH Ha 4 pa3psaa OpeACTaBlcHA HA DHC.
8.24 u pxmodaer B cebs ITATI, komuaparop Hanpsokenas (KH), resepa-
TOp TakTOBRIX EMIynscoB (I'TH), perucrp CABHTA RG, peructp ¢op-
MHEpOBAHHS KOua, cocrosmmii @3 RS-tpurrepos (T, —Ts) 1 cxembl
ynpasnerus (JI9; — JI9y).
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Pac. 8.24. CtpyktypHas cxema AIlIl nocie10BaTeIbHEBIX npAbImXeHA R
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IIpamuie BEXoan! RS-TprrrepoB depes IMHAY JAHHBLIX MOAKIHOYCHE!
K BXxojaM cootsercTByromux pa3psgoB LJAII (rpurrep T, — k Bxoay
cTapiuero paspsia, Tparrep T, — K BXoAy MIajmmiero paspsna).

Pa6ota cxeMbl HaYHHAETCS C YCTAHOBKH PErMCTpa CABHIZ B COCTOM-
HHe Jor. «1» Ha BeXome Q) myTem HOJaYM CHTHANA «HA4ano0 Ipeob-
pa30oBaHHA» Ha BXOJ B MOMEHT BPEMEHH f, IOC/IE OKOHYAHHsI IEPBOIO
TaKTOBOro Mmmynbca (puc. 8.25). Ilpm stom Ha § BXO; TpHITEPa
T, momaetcs ypoBens Jor. «1» ¥ Ha BEIXoAe T; Takke yCTaHABIMBACTCS
yposenb Jior. «1». Yposess nor. «1» gyepe3 anementsl WIH (JI9s —
JI3;) momaercs H2 R BXOJBI OCTaNbHBIX RS-TPHITEpPOB, M OHM yCTaHAB-
JHBAIOTCH B cocTOSEME Jor. «0» Ha OpsMHX BHIXOAax. Taxum oOpasom,
TOIBLKO HA BXoj crapmero paspsna LIAIT mogaercs nor. «l» H Ha
pexoae IIAII ¢opmupyeTcs HADpsKEHHE, COOTBETCTBYIOIIEE (BECY»
crapmwero paspsaia Ugp= Uyn/2. OT0 HaOpsKeHHE NOCTYHACT Ha BXOA
KOMIIAPATOpA H CPABHHBAETCS C AHAJIOroBhIM cHraanoM U (f), KoTophii
IOJaeTCs Ha APYro# BXOA KOMIapaTopa.

Pe3ynbTaT cpaBaeHES f MOSBNAETCS HA BRIXOJE KOMIApaTopa. B 3a-
BHCHMOCTH OT COOTHOIICHHAS MeXIy BEJHYHHOH aHAJOroBOro CHTHaJa
U(f) u manpsxeaueM ma Bbxoge LIAIT U(n) f MOXET IpHHAMATH
sgavenne 0 wm 1:
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"Havano
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Pac. 8.25. Bpemennis grarpamMma AL mocreqoBaTeIbRLIX NPHOTAXEHAR
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B— {0, ecu Un)<U(@); (8.6)

11, ecmr Um)>U ().

IMonoxuMm HAIs ONpEAENeHHOCTH AaibHEHNIMX PACCYXICHHH, dTO
U(n)=Ux< U(?), Torna f=0. DtoT curraxn (jor. «0») mocrynaer Ha
Bxonabl Bcex cxem U (JID, — JIQ,). Ilocne oxoHYaHAs BTOPOrO Tak-
ToBOro mMmyJjbca oT I'TH ypoBeHs JIOT. «1» B perucTpe caBura nepei-
feT Ha BRIXOA Q;, ¥ Ha BCEX OCTAJbHAEIX BHIXOZax OyJeT ypOBeHb JIOT.
«0». Taxum o6pazom, Ha oftHOM BXxoze JID; ByaeT AeHCTBOBATL YPOBEHD
nor. «l», a Ha BTOpoM — nor. «0». Ha BeIXode 31emenTa GyzeT ior.
«0», u Tpurrep T, ocTaEeTCS B COCTOSIHHH JIOT. «1» Ha IPAMOM BEIXOJE.
Crenosatemsao, Ha Bhxome LIAII ocramercss yposeEbr U(m)=Ug=
= U,u/2. Tocne mOAaIH TPEThEro TAKTOBOTO HMIIYJhca (MOMCHT Bpe-
MEHH ;) yPOBEHb JIOT. «1» OkaxeTcs Ha BhXoAe Q; PErHCTpa C/BATA H,
TaK Kax OH mojxkmIodcH K S Bxoay T, TO Ha BXOX BTOpOrO paspsna
IIAII 6yzmer mofaH ypoBeHb Jor. «l». B pesynsrate Ha Baxofe LIAII
Gyaer meiicroBath Hampsokenue U (n)=(1/2+1/4) Upn. OTa BenuinHa
CPaBHHBAETCS C AHAIOroBRIM curganom U(f), u Ha BRIXOJE KOMOApAaTo-
?Sa l)IOSIBJIﬂeTCﬂ HOBOE 3HA4eHHME f, YAOBIETBOPSIONIEE COOTHOIICHHIO
.6).

Honycram, ato (1/2+1/4) Un> U (2), Toraa f=1. 310T ypoBeHb
DOCTymaeT Ha BXOAbI BceX cXem I, HO HOCKOIBKY HA BTOPBIX BXOAAX
3THX cXeM JeHCTByeT ypoBeHs Jor. «0», To Ha Bxofax LIAII cHTHANEI HE
MeHsI0TCs. IIpH IOCTYIUICHHH 4eTBEPTOrO TAaKTOBOIO MMIynhCa YpO-
BeHbB JIOT. «1» B perucTpe CABAIA NOSBIAECTCA HA BHIXO/EC Q; 1 ma obomx
BXxojax 3neMenTa JID, OyayT AeicTBOBaTh YPOBHH JIOT. «1» 1, cnegoBa-
TeIbHO M Ha Bexoze JID,. DtoT chrman nor. «1» mocTymaer Ha R BXOX
tpurrepa T, H IEPEBOIMT €ro B COCTOSHME JIOT. «0» Ha IPAMOM BHIXOAE
(B MOMEHT BpeMeHH ;). Takum oGpasoM, Ha BXOJ BTOPOro paspsad
IIAII mopaercs yposens jor. «0» u Ha Bhixoze LIAII ocraercs TOIbKO
«BEC» CTApIIEro pa3psja.

IIsATEGE TAKTOBEIM MMIYILC (MOMEHT BPEMEHH f3) DEPEBOIMAT ypo-
BeHD 1IOT. «1» Ha Brx0 Q, H cooTBeTcTBeHHO Ha BX0/¢ LIAII BO3HHKHET
HAIpsDKEHHME, PABHOE CYMME «BECOB» CTapIIEro M TPETHEro pa3psajios
U(n)=(1/2+1/8)Upm. Ecmm (1/241/8) Uma<U (1), TO f=0, u mocre
I0Ja4H CIeAYIomero (IIeCTOro) TAKTOBOrO MMIyakca Tpurrep T; ocTa-
HETCH B COCTOSHHH JOT. «1» Ha OpsSMOM BHIXOJE, 4 CIeOBATEIBLHO, HA
sexone LIAIT coxpanuTcs «Bec» TPETBErO Pa3psiaa.

CelbMOil TAXTOBHIH HMIIYALC (MOMEHT BPEMEHH f;) IEPEBOJMAT ypO-
Bemp Jor. «l» ma Bexonx Qg perucrpa, u Ha Brxosie IIAII mosBiser-
s «BeC» YeTBepTOro (B JAHHOM Cly4ae Miammero) paspsma U n)=
=(1/2+1/84+1/16) Upym.

IIpu ycrosun (1/2+ 1/8+1/16) U, < U(f) Ha BeIXOAC KOMIApaTopa
B=0, u Opu NOCTYIIEHHH BOCBMOrO TaKTOBOIO MMIIYJbCA, KOIAa JIOT.
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«1» nosiBnseTcs Ba BEXOAE Q; CABHTOBOTO perucTpa, Tpurrep T, ocraer-
¢l B cocTOsHAMM J0r. «1» Ha npsmMom Bexoxe. ITocne mogayu BocsMOro
TaKTOBOT'O MMHYNbCa (MOMEHT BPEMCHH f5) Ha BCEX BRIXOJ4X PETHCTPA
cnpura 6yayr ypopru nor. «0». Ha 31oM nuki npeo6pasoBanus 3aKan-
9HBACTCS.

Ha ppxonax tpurrepos T, — T, dmkcHpyercs KO aHAIOTOBOTO
curpana (B paccmorperHOM cnydae 1011), meficTByIOINero B jaHHKIA
MOMEHT BPEMEHH Ha BXOJIE KOMIIADATOPA. ’

Taxum 06pa3om, npeoGpa3oBanue aHAIOTOBOTO CHTHAJIA B 4ETHIPEX-
Pa3psTHBIA KOJ, OCYIIECTBIISIETCS 3@ BOCEMb TAKTOBRIX MMITYJIbCOB. Kax-
AbLE TAKT (BpeMsi OPMHPOBAHMS OJHOTO PA3Ps/d) HO UIMTEIbHOCTH
paBed AByM NEPHOAAM TAaKTOBLIX MMIynbCoB. Ecmu AIIII umeer pas-
PSOHOCTB 71, TO NPaBWIbHBIA KO (OpMHpPyeTcs 32 Bpems mpeobpaso-
BaEHA [;=2Tn, rne T — Oepuox CJlENOBAHMS TAKTOBHIX HMIIYJIbCOB.
ITo ucTeyenHH 3TOr0 BpeMEHH MOXKHO OCYILECTBJINTh CYMTEIBAHME KOJA.
B MomenT nonawn cnexyiomero curiana «Hawano mpeoGpa3oparasy»
HaYAHACTCS HOBBIA MK/ IPeO6pPa30BARMS aHAIOrOBOTO CATHANA B IuG-
poOBOit KOX.

Eca BXxOnmO# aHanOroBhIA CHrHAJT H3MEHSETCS 332 Bpems Ipeob-
pa3oBanusi, TO IAGPOBOH KOJ MOXKET IPHHUMATH 3HAYEHHE, COOTBETCT-
Byromee mofo# BeMYMHE aHAJIOrOBOrO CHTHANIA B NPEAEIAX ero uiMe-
Henus. Cliel0BATENbHO, MAKCHMA/ILHOE M3MCHEHHE AHAJIOTOBOIO CHI-
Hana 3a BpeMi 1peo6pa3oBaHus He JOKHO NPEBHINATh BEC MIIAJIIETO
paspsna. Ecnu w3Menende CHTHana IPEBLULAET 3Ty BeJH4HHY, TO HC-
HOJIb3YIOT METO/ KBRHTOBAHHS C 3alIOMHHAHMEM. B 3TOM ciiyuae aHasIoO-
TOBBIM CHTHAJIOM 9epe3 CHCTEMY KIIIO4eH 3apsiKaloT KOHAEHCATOp, Ha-
OpsDKEHWE Ha KOTOPOM COXPAHSECTCS HOCTOSHHBIM, H OCYIIECTBJSIIOT
Ipeobpa3opaBMe OyTeM CPAaBHEHHS C HANPSDKEHHEM HA HeM. B pe3yib-
TaTe IO0TY4aETCH ABOMYHBIM KOJ, COOTBETCTBYIOINHMH BEIHYAHE AHAJIOTO-
BOTO CHrH2JIa B MOMEHT 32PAAKH KOHJCHCATOPA.

At AUII mocnenopaTenbHbIX NpWOTOKEHHH X4APAKTEPHH CIELY-
IOAE NapaMeTPHL: YHCIO0 BRIXOAHBIX paspsanos n=8...12; spems npeob-
pa3osamns £.=0,9...30 Mxc; norpemHOCTs NPeo6pa3OBAHAT B KOHEYHOMH
TOYKE IIKajhl B €JHHANAX MJIAAmero paspsaa é= +(4...40) MP.

AHII napanremstoro mpeoGpasosanus. bonee BEICOKHM GRICTpOaEH-
cTBHeM (MEHBIIHM BpeMeHeM npeobpa3osanns) o6 nagaror AT napan-
JenbHOrO mpeobpasopamns (puc. 8.26). CTpykTypHAas cxema TaKOro
AlIII sxmou9aer B cebs HCTOYHAK OIOPHOr O HAUPKEHUS Uy, pe3uCTHB-
Hel feaTens (R, — Ry, ), xommapatopel KH, npeoGpasosarems KOI0B,
BLIXONHOH OydepHBIi perucTp, a TakkKe IeHEPATOP TAKTOBLIX HMIIYJIb-
cos I'TH,

Hns npeobpa3opanus aHAIOrOBOrO CHIHANA B 71-pa3PsAIHBIN JBOHY-
HeI# Kox Tpebyercs N=2"—1 xommapaTopos. IIpu TAKOM KOJIHYECTBE
KOMIIapaTOpPOB MAKCHMaNbHOE 3Ha4YEHHE Npeofpa3yeMoro agajaoroBoro
curnana ompenensercs . cootHomennem U(f)=(1—1/2")U,,. Ha oaun

249



lpeobpaso-
eareew Bygep-

TTTTTTH

Hbl BbixogHo#
Konoe =:> perveTp Kog
U, |
KN} X
R2 — X,
Uy
KN,
R1 m
Ut
/()
rm

Prc. 8.26. CTpykTypHas cxeMa IapajuieibHOro AITII

BXOJ KaXIOro KOMOApaTropa NOAAeTCs HANPKCHHUC U ¢ coOTBEeICT-
ByIolLleH TOUKM ACIHTENS, 2 Ha BTOPOH BXOJ BCEX KOMIZPAaTOPOB OXHO-
BpPeMEHHO NOCTyHaeTr aganoropeni cursan U(f). Takum obpa3oM, H2
BXOJI€ KaXJ0ro KOMI2paTopa MOCTOSHHO IPHCYTCTBYCT 3a/1aHHBIA ypO-
BeHb HAIPSDKCHAS, C KOTOPBIM OCYILECTBJISCTCH CPABHCHHC aHAJIOrBOIO
CHrHAJA.

Eciiu BeluumHA aHAIOroBoro curmama U (f) upeBbIAcT YPOBCHB
ganpsokenns U,, OAaBaeMOro ¢ NEJHTells Ha JaHHBEIA KOMIApaTop, TO
Ha ero BHIXOJZe BhIpabaThIBAETCS YPOBCHB JIOT. «l», ecmu U(t)< U,
10 Ha BIXOZe OyAeT ypoBeHb JIOT. «0», T. €. pe3ylbTaT HOIy4acTCH
B yEuTapHOM KOze (X, X,, X3...). DT CHTHAIBl NOCTYNAKOT HA BXOX
npeoGpa3oBaTes KOJIOB, KOTODEI#A mpeoOpa3yeT YHHTapELIA KOJ B ABO- |
HUHLLH 7-pa3psaaHBll KOX. 3aTeM 9TOT KO/ 3alUCHIBACTCH B oydepaOM
perucrpe. |

Vupasieane paboToi Takoro AU oCyIecTBISIETCS TAKTOBBIMH
MMIyIbCAMH, KOTOPhIE OJHOBPCMEHHO HOMAIOTCH Ha KOMIIAPAaTOPHI,
npeoGpa3oBaTeb KOJOB H OyhepHBIA PErucTp. BriGopka anajjoroBOro
CcHrHaja MPOM3BOIUTCS HOCTIE NOSBICHAA (POHTA TAKTOBOTO HMIYJIBCE -
HA yNpaBiAIONIEM BXOJE KOMIApaTopa. IIpeobpa3oBanue yHHTapHOTO |
KOJ[a, IOCTYIAIOIETO CO BCEX KOMIIAPATOPOB, OCYINECTBIACTCA C MOMe- i

i,

HTA IOCTYIUICHHAS HA BXOJIBI yIPABIICHHS JIOT HICCKAX CXCM npeobpazosa-
TeJs KONOB CPE3a TAKTOBOTO MMIYIbCa. Pe3yibTar npeobpa3oBaHas,
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T. €. n-pa3spsHLIA KOJ, 3anMchiBacTcs B Oy(QepHHIH perucTp BO BpeMms
mosiBiIeHAs (POHTA CIEAYIOMEro TaKTOBOI'O HEMITYJIbCA.

Ecma, manpamep, napannenbastii ALJII uMeer BhIXOHOM Tpexpa3s-
psAOHBIE ABOMYHEIN KOX (4; @, ap), TO NENHMTEIb COCTOMT M3 BOCHMH
PE3MCTOPOB M YHHTapHLIA KO HMeET ceMb pa3psaoB (X; — X,). Tabum-
Ia ¢ysxknmonnposanus (Tabiu. 8.23) nozBonser onpeNeIMTh CBSI3b MEX-
Iy YHATapHRIM H ABOMYHEIM KOJAMH:

ay=X,X;+ XsXq +XXs+ X5,
a=XXs+Xg; ;=X..

CrpykTypHas cxemMa Takoro npeobpasoBartens KOOB mpeficraBie-
Ha Ha pHc. 8.27. ITony4eHHnle 419 NAHHOTO YaCTHOTO ClIy4as BHIpaxe-
HHAS NO3BOJIAIOT BBIABHTH OOIMYH 3aKOHOMEPHOCTb, KOTOPas HMMEET
MECTO IpH npeobpa3oBaHHA YHUTAPHOTO KOJA B ABOMYHLIA BHE 3aBHCH-
MOCTH OT HHCIa ABOMYHKIX pa3psaoB. Hampumep, uis oGpa3zoBaHHS
MIIAJIIero paspsaa HeoOXomaMO HCHoNb30BaTh mpsMele X;, Xi, Xs ...
® mEBEpcHBle X;, X4, Xs .. BRIXOAB, AI8 00pazoBaHHA CIEXYIOIIETO
paspsajia — npsaMele BRIXOOL X, Xs, Xio ... M HEBepcHEIE X4, Xg, X5 ...
HT X

Tabnamna 8.23

Bxonsol yHATAapEEIA ROX - Jpom9HELl XOR

X4 Xs

K
B
2
B
)

——oooooo|X
—ooocoood| X

—o—o—ro—ol8

b e b b e
e = e OO
ol el e et = =N =]
e e OO OO0
_—__,m OO0 OO
__—_ OO —,OO
[l el et = =R = =

Takum o6pasoM, B HAeaIbHOM CIyYae IPH BPEMEHH 3aJCPXKKH
pacnpoCTpaHeHHs CUrHAJIOB KOMIApaTopoB, IpeobpazoBarens KOJOB
# 6ydepHoro peracrpa paBHEIM HYIIO B TOT MOMEHT, KOT 2 Ha BRIXOJIE
Oy¢epHOro perucrpa nossnwics OH xox k-ii BHIOOPKH, Ha BXOJE IPOM3-
Boaunach Oul (kK + 1)-1 BEIOOpKa. B peasbHBIX yCIOBHIX BpEMS 33 ACPKKH
pacnpoCTpaHeHAS CATHANIA MMEET ONPEACICHHYIO BE/AYHHY.

CrnenoBarenbeo, cpabarthiBaBMe KOMIapaTopoB, NpeobpazoBarens
KOJIOB B OydepHOro perucrTpa IPOHCXOMT C OIPEACJICHHOM 3aJepXKKOH
(puc. 8.28). Ilpu TakOH OpraHM3alMM YIpaBJICHAS MAKCHMAJIbHAs BEIH-
YHHa 3aJCPXKKH PpACOPOCTPAHCHHS CHIHATIA KOMIOAPATOPOB Iy, HE
JNOJDKHA [OpPEeBBRINATH [UIMTEIbHOCTH TAKTOBBIX HMIYJIbCOB fy;51< fy
B nporHBHOM ciyuae Ha BHIXOLE KOMOApaTropoB He chopMHpPYET-
ca coorBercrByrommid curgan (0 mwm. 1) x MoMeHTy cpabaThBa-
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Puc. 8.27. Crpykryprasg cxema npeobpa3soBaTens YHATAPHOTO KOAZ B TpeXpa3psiIHLIi
JBOAYHEIA KOJ

HEg npeoBpasosatens kofoB. B cBoo odYepeib, Ha BBIXOZE npeob-
pazoBaTels KOJOB HOJDKEH CPOPMHPOBATHCS KO K MOMCHTY cpabaThl-
Banus GybepHoro perucrpa. Taxam oOpasoM, BpeMs 3a/ICpXKH pac-
IpOCTpaHEH s CHTHAIIA Ipeobpa3oBaTens KOJOB fy;p2 HE IOMDKHO IPEBRL-
aTh [UIATEIBHOCTHA [ay3hl TAKTOBBIX EMITYJIBCOB fy,;<f;. Bpems 3a-
JEPXKKH pacopOCTpaHCHHs CHIHAIA OybepHOro PErHcTpa fy;;,3 AOKHO
GLITH MEHBINE IEPHOJA [OBTOPCHHS TAKTOBBIX HMIYIBCOB fnp3< T=

=ty +

TakroBbie
UMNYNbCbI
T
. | i ‘
]
T 1 I
‘ i | [ ! [ I i
AHanorosbis | l | : I
curwan : ! ! [
| : | |
I
Buibopks | Bsibopka | Bbibopka :
0 H K ! K+1 ! +2 !
] 1
/ | | | A
BoixogHosi 3 | I : {
xon | [ | |
Kog K-2 Kog K-1 Kon K
BbIOOPKY BbIBOPKYN BbIBOPKU
0

Puc. 8.28. BpéMerEAs [AArpaMMa MapasLIeNbHOro Al
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C y4erom BpeMenn 3ajepxxa anementoB ALIIT B ToT MOMeHT, XOrma
Ha BHIXOAE NOSBIAETCH KOA k- BHIGOpKH, Ha BXOJE NPOH3BONATCH
(k+ 2)-s Brbopka.

AT napamnenbeoro npeobpa3oBanus UMEIOT camoe BRICOKOE GhI-
cTponeiicree. Bpems mpeobpasopanus TakMX yCTpOMCTB COCTaBiser
10...30 HC, YTO MO3BONSET OCYIMIECTBISTD 06paboTky curHanos B peans-
HOM MacmTabe ppeMeHH.

KonpecTBo pa3psioB BEXOAHOTO KOja NapalLiebHbIX AIIII orpa-
HHYEHO M He mpesbimaer 6...8. DTo 0BYCIOBIEHO KaK CYmEeCTBEHHBIM
ycnoxuenueM cxeMul AIIIl ¢ yBemmueHHeM 4YHMCIA pPaspsioB n, Tax
H napaMerpaMu xommapatopos. KommyectBo kxomnapatopos N AIIIT
PE3KO BO3pacTaer, HOCKOIbKY N=2"—1 u IpH yBeIMYeHHH KOma Ha
ORMH pas3psii KOJAYECTBO 3JIEMEHTOB IIPAKTHICCKH yaBausaercs. KpoMe
TOro, KOJIMYECTBO Pa3psiiOB OTPAHMYEHO €IIE M TEM, YTO YHCIIO Napa-
JIEILHBIX KAHAJIOB NOJKHO OLITH TakeM, 4yTOOR pasHHOa Mexay cocen-
HHMH ypoBHsAME AU, 6su1a 651 Gontbine nectabubHOCTH NOpOra cpaba-
THIBAHAS KOMOApaTopoB AUs

AU ="z Ten
N

>AUcp5
21

ALII ¢ nBoiinbiM uHTErpApoBandeM. B Tex ClIy4asix, KOrJa aHajoro-
BRI CHI'HAJI M3MEHSETCS CPABHATENBLHO MEUIEHHO, MOXHO OCYILIECTBUTD
aHanoro-mudposoe npeobpazopanre ¢ 0YeHb BEICOKOH TOYHOCTLIO, HC-
HOJIb3ys METOX ABOMHOrO HMHTErpupoBamus. dakruueckd taxoit' ALIT
ABIIFETCH npeobpasoBareneM HaNpsKEHHsS AHAIOTOBOIO CHTHANA BO
BPEMEHHOH HHTEpBAT, AIATEILHOCT: KOTOPOTO OHpPENCISETCS KOIude-
CTBOM COCYMTAHHBLIX TaKTOBLIX HMIIYJILCOB.

Crpykrypras cxema takoro AIIII copepxur MHTEIpaTop Ha olle-
pammornoM ycumurene OV, mepexmouatens S, KOTOphIA IOOYepen-
HO DOJKIIOYAET K BXOJAY HHTErpaTopa aHANOroBeld curman U(f) mm
onopuoe Hanpspkenue U, kommapatop Hanpsokenus KH, remepartop
TaKTOBRIX EMIynbcoB I'TU ® cuerdmk co cxemoil yupasienHs (pHC.
8.29).

Pabounii nHKI HauHHAETCH C MOMEHTA f;, KOI2 BXOIHOE HalnpspKe-
mHe U(f) nomkmouaercs x umHTerparopy (puc. 8.30). OmHOBpemeHHO
3ayCKaeTCs CYCTYHK, Ha BXOJ KOTOPOTO NOCTYNAIOT TAKTOBHIE HMOYJIb-
Cul. Ha Bhixoze WHTErpaTopa HampsokeHHe HAYMHAET YBEIWYHBATHCH 110
abconoTHOMy 3Hauenmro. ECTH BX01HOE HANIPsDXEHHE 3a ONIpPE ie/IeH HbL
HHTEPBAJ BpeMEHH T IPAKTHYECKA HE H3MEHSETCS, TO BHIXOJHOE HAIPS-
XKeHHe OyneT HapacTaTh 1O JHMHeflHOMy 3akoHy. OTCYHTAB 3a BpeMms
Ty 3apaHee 3aJaHHOE YHCIO HMIYIbCOB N;, cdeTyHk BHIpaDaTniBaeT
BLIXOJHOM CHIHAJ, BO3/CHCTBYIOMMIA Ha IEpeKIIoYaTenb. B pesymbTarte
B MOMEHT BPEMEHHM {; K BXOAY HHTErpaTopa NOAKIIOYAETCS MCTOYHHK
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Prc. 8.29. Crpykrypras cxema AIIII ¢ JBOHHKIM HHTETPEPOBAHUEM

OLOPHOTO HAIPSKEHHS, HONAPHOCTH KOTOPOFO JOJIXHA ORITH obpaTtHO
IONAPHOCTH BXOAHOTO cHrHaia. IIpa 3ToM cdeT4uK obHyIseTCS. 3uau
"HHE BHIXOJHOTO HANpPSKCHHS B MOMCHT NEpeKIoueHHs OyJeT pasiHy
HBIM, T. €. CKOPOCTh HAPACTAaHHS Usy; 3aBHCHT OT Bemu4HHEL U (2).

IMocne ¢, HANpPsDKCHUE HA BRIXOAC HHTETPaTOpa HaYHET YMCHbIIATHLC
1o abCOFOTHOMY 3HAYCHHIO C HOCTOSHHOH CKOPOCTHIO, 2 CYCTUHK
CHOBa (HKCHPOBATH TAKTOBLIC HMITYJIbCHIL.

Koraa B MOMEHT BPEMCHH f; BRIXOJIHOC HANPSDKCHHC HHTETPaTOp.
JOCTHraeT HyJEBOTO 3HAYCHHS, HyJb-KOMIApaTop BhIpabaThisacT CH

TakToBbie
AMIIYNbChI
LA | [N
I N, Ny t
)
Wimriynscoi | |
yrpasneHnsa
| N N | |
0
[3 t.
] % T t
Uax Us(t) . | | l
| | |
Us(t) l | l
0 Uy(t)
| T, T, t
' [4] X Uon
| | | | |
0 T >
|
|
|
Uab/xa
UBbIX

Puc. 8.30. Bpemennas maarpamma AL ABOAHOTO HHTErPHPOBAHHS
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Hall «CTOI», KOTOPKLIA IOCTYIAeT Ha CYETUHK, OTKJIKOYAET €r0 OT TeHe-
paropa TaKTOBBLIX HMOYJbCOB, H TAKHM 06pa3zoM (EKXCHPYETCS HWHCIIO
HEMIOYIBCOB N, COCYHTAHHOE 3a MHTepBan BpeMeHH T, OBGRMHO 5Ta
HH(OpPMANKs IPEACTABIAETCH B BHIE CIENMAILHOIO KOJA, IpeaHas-
Ha4€HHOro U1 HEHOCPEACTBEHHOrO ypasileHHs NAGPOBLIM TabJIo ¢ Ce-
MBIO CErMEHTHEIME MHJIAKATOPAMH.

U Hoglcom,xy K MOMEHTY OKOHYaHHS BTOPOTO NHKJIa HHETEIPHPOBAHHAS

max = Y, TO

1 1,
L U(t)dz-iJU‘,.,dmo.
RC RC
Y

L

Ilonaras, yro 3a Bpemst T=1t, — t, U (t) mpaxTudecky Be H3MEHseTCH, T. €.
U()=U(t), nonysam U (f) To= U,,T,. Tax xax Thy=N,/fu T,=N,/f, rne
J— 4acToTa TaKTOBHIX EMIYILCOB, TO U (f)= UwNo/N,. Taxum obpa-
30M, BEIMYAHA BLIXO/JHOTO CHIHAJIA OPONOPIHOHANBHA YHCITY HMIIY.Ib-
coB N,.

B peamprnix AIIIl ABOMHOTO HMHTErpHPOBAHHS HYJIb-KOMIIAPaTOp
duxcupyer U,x=0 ¢ onpenenernoii morpemuocrsio. ECu ee Be CKOM-
HOEHCHPOBATh, TO 3TO IPUBEAET K CHHKEHHIO TOYHOCTH OpeobpazoBaHus.
ITosromy B maxne pa6ornt ALIIT npexycmaTpuBaeTcs HMHTEpBaJll BpeMe-
HH, B TEYEHHE KOTOPOrO OCYINECTBIIAETCS ABTOMATHYECKAs KOMIEHCAIIAA
HyJId Ha BHIXOA€ Kommaparopa (puc. 8.31).

B gacrroctr, B ALl tEma K572I1B2, KP572I1B2 mimTelbHOCTH
¢a3ms uETErpEpOBaHMSs cocTasuser 4103 IEPHONOB TAKTOBEIX HM-
OyJIbCOB, MAaKCHMAJbHAas UIHTEILHOCTh pa3psia HHTEr PHPYIOIIETO
KOHfieHcaTopa — 8°10° mepuomoB TakTOBEX HMIIYIBCOB. JlIATEIL-
HOCTb O/IHOTO IWKJIa M3MepeHWi paBHa 16°10° mepmomoB TakTOBBIX

HMITY JIbCOB.

UBbIX r I s
410" 1¢ i 12-10° 1

[
ol T A ;1

~¥

3
MHTerpMpoJMHrerpMposaHMel ABTOKOMITEH- |
| Banne | Upn I cauns |
BXOAHOM Hyns

CurHana

Prc. 8.31. Bpemennds maarpamma ALTT gBoiisoro HHTEIPEPOBAHMAS C aBTOKOMIICHCAIAEH
Hy I
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Jisg MOCTHXKEHAS MaKCHMAJILHOTO IIOJABJICHAS HABOJOK IO IEMiM
[UTAHAS YaCTOTA TAKTOBLIX HMIIYJIbCOB f BRIOMPAETCs KPaTHOM 4acToTe
cetm: 50; 100; 200 xI'm. Torna npu 4acrore f=200 k' ONMH IHKI
pabotst ALITI, paBHEIA BpemenH npeobpasopanns, Gyxer f,=16 10%/f=
=80 Mmc.

Hurerpupyromue ALITT paboraror ropa3no MelIeHHES, €M ALl
APYTHX THIOB, OJHAKO OHH HMEIOT O4YCHb MAJIYIO MOrpeIHOCTh upeob-
pasopanus (meHee 0,1%) M BHICOKYIO MOMEXOYCTOMMHBOCTb, a TaKXe
3HAYMTEILHO MEHBIIYIO CTOMMOCTb, IOCKOJIbKY B HHX HCHOJB3YyeTCs
HeBOILIIOe KOMHYECTBO IEMEHTOB, H COBMECTHMOCTbH C HMHTETpAIb-
HBLIMH CXeMaMH, 9T0 OOYCJIOBJIHBAET HX [IHPOKOE NPHMEHEHHE B H3MC-
pHUTEILHBIX 1pubopax ¢ mappoBoi HHIAKAIACH.




I'iaBa 9

FEHEPATOPBI IIPSIMO YT OJIbHBIX UMIIYJIbCOB
PEJIAKCALITMOHHOI'O THUIIA

9.1. IPMHIAN AEACTBYA TEHEPATOPOR

I'eneparopsr mpsmoyrombasrx HMIYIECOB PeNakCaMHOHHOTO THIA
[IMPOKO MCIONBL3YIOTCS B PATHOTEXHHKE, TCICBHICHAH, CHCTEMAX aBTo-
MaTHIECKOro YOpaBIieHHs] M BLIYHCIATENLHOM TEXHHKE,

Wmmynecsr npsamoyromsroi bopmu uMeloT peskme mepemammr Ha-
TIPSDKEHUS M TOKa BO Bpemsi hopMupoBasus GpoHTa M cpesa, Io3ToMy
UX MOXHO OTHECTH K KOJICOaHMAM pelaKkCammoHHOIO THOA, QA KOTO-
PBIX XapaKTEPHBI CKaYKOOOpasHblE WIMEHEHHS HaNPSDKEHHS M TOKa.
I'emeparopr, xoToprie BeIpabaTrIBalOT Takue Kolebauus, HA3HIBAIOT
penakcanuonneivy. Ilupokoe pacnpocTpanende Hamum DenaKcayuon-
Hble cenepamopsl Ha OCHOBE YCHIIMTENEH C HONOXHTEILHOM obpaTHoit
CBS3BIO.

Kax mBectro (cm. § 5.1), B yownmTenE C DONOXATENLHON obpaTHoii
CBSI3bIO KONEOAHUA BOIHMKAIOT IPH BLUIONHCHHH ycnopas 6ananca am-
wmaryn KK >1 u 6ananca da3s ¢, + Poc=2nn, tae K, K,. — xosddumna-
CHTHI NICPENaIM YCHITATE/IA M eOd OOPATHON CBS3H; @x, Poc — (dazoBrie
COBATH B yCHIMTeNle M B Oemd oBpaTHOM CBs3M. s BOZHAKHOBEHUS
B I'€HEPATOPE PENAKCALMOHHLIX KOJIEHanuil HeobxomuMo, 4TOBE! yelo-
BHE CaMOBO3OYXIEHHS BEHINONHIOCH B LIMPOKOM [HANA30HE YaCTOT.
OpHaxko W3-32 HAMHYHS LAPA3HTHEIX eMKOCTEH B CXeMe reHepaTopa
BO3HMKAIOT (a3oBrle paccoriacopaxus, HApacCTalolMe C YBEIHYCHAEM
yacToTsl. Ha yacrorax Bhune ompenenennoii yacroTs: @, YCIIOBHE CaMoO-
BO3OYXIEHHS HE BRINOIHACTCH, M CHOEKTP TeHEpHPYEMbIX Kolebammit
OK43bIBACTCH OTPAHHYCHHLIM CBepxy. OTCyTCTBHE B cHekTpe Kosebanmit
BRICOKHX ACTOT CKAa3hIBACTCS HA JUIMTEILHOCTH GPOHTA cpeza upsiMo-
YTOJIbHBIX HMITYJILCOB.

B penaxcanuonsnix reseparopax umerorcs pa3zieHTelbHbIEe KOHCH-
C4aTOPHI, KOTOPhIE BRI3HIBAIOT PACCOTIIACOBAHHME (ha3 MEX/IY BXOJHBIM
H BLIXOJHbIM HAOPSOKCHHSMH HAa HMDKHHX YacTOTAX, 4TO OPHBOJAT
K H3MEHCHHUIO aMIITMTYbI IPSMOYIOJIBHEIX HMITYJILCOB.
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TpaH3uCTOPHEIH YCHIIMTENb C KOJUIEKTOPHON HAarpy3Kod MMEET Jo-
CTAaTOYHO BLICOKHMH K03hduuueHT ycuieHAs u 6e3 ydera ¢a3oBhiX McC-
KaxeHA# (a30BLIH CABHI MEK XY BRIXOJIHRM M BXOIHAIM HANPSDKCHAIMHA
cocrasnseT 180°. IToaToMy BozMOXHE ABa cnocoba obecneyeHus Hana-
Bca ¢a3: 1) npumeneHre nemd obpaTHOM CBA3HM, CABHrajomed gasy Ha
180°, mnm 2) Mcnois30BaHME BTOPOroO Kackajna yCHIHTENA.

B nepsoM cnocofe HMCIONb3yIOT TpaHChHOpMATOp, KOTOPHIA NpH
COOTBETCTBYIOIIEM MOAKIIOYCHHAH OOMOTOK obecneynBacT (a3oBBIA
casur 180°. BTOT COCO6 MCIONB3YETCA B CXEME 6.10KUH2-2eHepamopa.

Bropoii BapuauT peanmsyercs AByMS OyTSMH. Bxoaer B BeIXOAb
YCHJIHTENEH nepexpecTHo coenuuaoTcs. EcTecTBEHHO, YTO menb obpar-
HOH CBS3M HE JOJDKHA BJHMATH Ha KO3(G(OHIMCHT YCHIICHHS M IO BO3MOX-
HOCTHM HE JOIDKHA CO3/aBaTh JONOJHHTEILHEH (az0BLIi CABMI B [IMPO-
Koii nonoce yactor. I1o Takoii cxeMe CTPOITCS FeHEPATOPH! HEPROIRYEC-
KM NOBTOPSIOMEXCA OPAMOYrOJLHBIX MMIYJIBCOB, HA3BLIBACMEIE M).1b-
musubpamopamu. PenaxcanMOHHEIA I€HEPATOP MOXHO TaKXe CO3AATh,
€CIH B KQYeCTBE 3JIEMEHTa OOpaTHOM CBS3M HCIOJIL3OBATHL PE3HUCTOP,
BKJIIOYCHHEIA B OOIIYIO HENb 3MHTTEPOB OOOMX YCHIMTEIBHRIX KacKa-
10B. Tako# reHepaTop HMEET OJHO YCTORIMBOE COCTOSHHE M HA3LIBACT-
CH 00HOBUOPAMOPOM HITH HCOYWUM MY AbMUBUODPAMOpOM.

9.2. MYJIbTUBUEPATOPHI

Myasmusubpamopom HA3bI8AEMCA 2EHEPAMOD NPAMOY20AbHBIX UM-
NYAbCO8 PEeAAKCAYUOHHO20 MUNA, He uMeowull YcmouuugslX COCMOAHUN.
Cxema MyiapTHBHOpaTOpa MOXET OBITh pealA30BaHA KaK HAa JHCKPET-
HBEIX 3JIEMEHTAaX, TaK M B HHTEIPAILHOM HCIOJHCHHMH.

MyabTHBHOPATOp HA JHCKPETHBIX JjieMeHTaX. B TakoM MynbTHBHG-
paTope HCIOJL3YIOT ABA YCHIMTEIbHBIX KacKaja, OXBa4YCHHRIX ofpar-
HO# cBa3bio. OnHa BETBb 0OpaTHOM CBS3M 06pazoBaHa KOHJICHCATOPOM
C, u pesucTopoM R,, a npyrasgs — R, 1 C, (puc. 9.1). [lns Tako# cxeMul
B OIPEACICHHOM JHANa30HC 4acTOT BBINOJHACTCH YCIOBHE CaMOBO3-
Oyxaenus. Tax xax B nems o6paTHOH CBA3M HMCIOTCS KOHICHCATOPEI, TO
MyJIbTHBHOPATOpP HE HMMEET YCTOMYHMBHIX COCTOSHHE M obecnedmBacT
TeHEPHPOBAHHE NEPHOMYECKH II0BTOPSIOMIAXCS EMITYIbCOB, opMa Ko-
TOPRIX OJH3Ka NpAMOYTOIbHOH.

B myianTHBHGpaTOpe, Kak M B TpHITepe, 06a TPaH3HCTOpa MOTYT
HaXOJATHCH B AKTHBHOM DPEKHME OYCHb KOPOTKOE BpeMs, TaK Kak
B pe3y.JbTaTe ACHCTBUA MOJOXHTEILHOW OBpaTHOM CBS3M CxeMa CKad-
KOM MEPEXOIHT B COCTOSHHE, KOT/Ia OHH TPAH3IUCTOP OTKPHIT, & APYTOH
3aKpuIT. [IpEMeM i1 onpelieIeEHOCTH, YTO B MOMEHT BPEMCHH £y TPAH-
sacTop V71 OTKpHIT B HACHIIEH, a TpauzucTop VT2 3akphT (pHC. 9.2).
Konpgerncarop C; 3a C4eT TOKA, OPOTEKABIIETO B CXEME B IIPEIIIECT-
BYIOIAE MOMEHTLI BPEMEHH, 3aPSDKEH [0 OOPE/EICHHOr0 HAPSDKEHHS.
IMonsSpHOCTL 3TOTO HANPSKEHHS TAKOBA, YTO K Baze TpaH3ucropa VT2
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OTHOCHTCILHO SMHTTEPA PIIOXEHO OTPALATEILHOE HAPSDKEHHE 1 VT2
3aKphIT (CM. pHc. 9.1, 6). Iockonbky onEn TPaH3HCTOP 3aKpHIT, a Apy-
TOH OTKPHLIT B HAaCHIIEH, B CXEME HE BLINOJHACTCS yCIIOBHE CaMOBO36yx-
ACHAS, TaK KaK KO3Q(UIMEHTH ycrenns kackanoB K, = K, =0.

B Takom cocTosHHE B CXeMe MMEIOT MECTO ABa uponecca. Onan
[IPOLECC CBA3aH C NPOTEKAHAHEM TOKa Nepe3apsiKku Konaencaropa C; or
UCTOYHHKA MHUTAHHS [O UMM «pe3ucTop (R;) — OTKPHITHIH TPaH3HCTOp
(VT1)». Bropoii nponecc o6ycnosnen 3apsaKoi KoraercaTopa C, yepes
pesucrop R,, u 6a3oByio nenb Tpamsucropa VT, B pe3ynbTaTe Hanps-
XCHHC Ha KOJUICKTOPE TpaH3HCTOpa VT2 yBelqHuMBaeTcs (CM. pHC. 9.2).
Hockonbky peszucrop, BKiHOYaeMEIl B GazoByro memb TpamsmcTOpa,
HMeeT GOonbIee CONPOTHBICHHE, 4YeM KOJUICKTODHEIH ~ PE3HCTOp
(R,> Ryy), BpeMs 3apsxu konzieHcaropa C, MEHbIIIE BPEMEHH nepe3a-
pAaKH xoHaeucaTopa C,.

Ilponece 3apsaxu xorzencaTopa C, HOCHT SKCHOHEHIHATBHELE Xa-
P2KTep C NOCTOAHHOA BpeMenH 1'=R,,C,. Cnenoartensho, BpeMsA 3a-
PAAKH xomnencaTopa C,, a Takxe BpeMs HapacTamHus KOJIIEKTOPHO-
TO HANPSDKCHHS Uy, T. €. [UIATCIBHOCTh (poHTAZ HMMIymbCa =
=(3...5) R;C,. 3a 310 Bpems koHIeHCaTop C, 3apsxaeTcsl O HAIpsxKe-

HHAA UC2= Un— U];amz’ Un.
Ugs1 ¢ ¢ ¢
0
Uss Hacf 1—--’,2

1%

<

0 T T
1 1 t
I 1
Uz ! ! 1
i i
UK3 Hac
0 —-
Lot t
ty - Jnl
Pac. 9.1. Tlpmanmmmanemas (a) . Prc. 9.2. Bpememmile mEArpamMmsl
¥ 3KBHBAIEHTHAS () CXEMBI MyJIb- MYJIbTHBEGpaTOpa

THBHOpaTOpa [l KBa3HyCTOHYH-
BOI'O COCTOSHHS
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B cBs3u ¢ nepesapskoil Konaencaropa C, HanpskernHe Ha 6ase s
TpaH3ucTopa VT2 Hapacraer, HO MOK2 Usy < Ugra ™ Upsmac, TPRHIECTOD
VT2 3akphiT, 2 Tpar3ucTop VTl OTKPHIT, IOCKOTBKY ero 6asa oxa3bipa-
eTCH MOIKJIIOYCHHOM K IOINOXMTEILHOMY HOJIOCY HCTOYHMKA NHTAHMS
yepes pesucrop R,. Ba3oBoe us,; M KOJUIEKTOPHOE Ur; HALPSKCHHS
Tpamzncropa V71 mpd 3TOM HE H3MEHSIOTCS. OTO COCTOSHME CXEMBI
HA3LIBAETCS K8A3UYCMOULUBHIM.

B MOMEHT BpeMEHH ¢, 110 Mepe nepe3apsakH Konnencaropa C, Ham-
psoxerHe Ha Gaze Tpamsucropa T2 ROCTHraeT HalpsDKEHHs OTKpLIBa-
HHS ® Tpam3mcTop VT2 nepexOHT B aKTHBHEIA peXHM paboTsl, Misi
xoroporo K> 1. Ilpu orkpriBannn T2 yBeIH4HBacTCS KOJUIEKTOPHBIA
TOK i, B COOTBETCTBEHHO YMEHBINACTCS Uyryy. Y MEHBIICHHE Uy,; BEI3HIBACT
camxeHue GazoBoro Toka Tpamzucropa VT1, 4To, B CBOKO O4Yepensb,
IPHBOJMT K YMCHBIIEHHIO KOJUIEKTOPHOTO TOKA iy, yBEIMYCHHIO 6a3o0-
BOro TOKa TpamiucTopa VT2, IOCKONBKY TOK, NPOTEKAIONHH depes
peauctop Ry, oTBeTBIsETCA B 6a3y Tpansucropa V12 u Aigy = — A

Iocne Toro kak Tpauzucrop V711 BRIAAET M3 peXHMa HACBHIIICHHS,
B cxeMme BHIIONHsETCH yclosue camoBo3byxnemms: K;>1. Ilpm stom
IIPOIECC NMEPEKIFOYEHHs CXEMBI IPOTEXAET TaBAHOOOPA3HO M 3aKaHIHBA-
ercs, KOra TpaH3ucrop VT2 nepexonuT B PeXXHM HACHIICHHS, & TpaH-
auctop VTl — B peXXHM OTCEYKH.

B nambHeiilneM NpakTHYECKH paspsokeHHbIM kompencatop Ci (uci=
= Ups mac — Ukomc) 38PKAECTCE OT MCTOYHHKA NHTAHHS [O LENHM «pe3d-
crop (Ry) — 6a3oBas OElb OTKPHITOIO TPAH3HCTOpA (VT2)» no 3xc-
[IOHEHIAAILHOMY 3aKOHY C IIOCTOSHHOH BpemenH "= Ry C;. B pe3yns-
TaTe B TEYEHHE BPEMEHH fy,=(3...5) C; Ry IPOHCXOMHAT yBEIAYCHHUE HALl-
psoxenns Ha Kompecarope C; 10 uc=U,— Usom; H popmupyeTCS
(DpOHT KOILIEKTOPHOTO HANPSDKCHHS Uy TpansucTopa VTl

3akpuiToe cocTosHHe Tpamsucropa V11 obecnevnBaercs TeM, 4TO
NepBOHAYAILHO 3apSDKEHHBIA IO HanpspkeHHs Uy KOHICHCATOP C, 9epea
OTKpBITHIN Tpam3ucTop VT2 HOAKIIOUEH K IPOMEXYTKY 6a3a — sMuT-
Tep Tpansucropa V'T1, 4eM MOANEPXHUBACTCS OTPHIATENLHOE HALPSIKE-
gue Ha ero 6aze. C TeueHHEM BpEeMCHM 3alHparollce HAUPHKCHHE HA
faze HaMeHAETCS, OCKOJILKY KongeHcaTop C; nepesapspkaercs mno NenH
«pesucTop R, — OTKpHITEIE Tpamsuctop VT2». B MOMEHT BpeMEHH
t, Hanpsbkene Ha Oaze Tpamamcropa V71 HOCTMraer 3HAYCHHS Uor ™
~ Ugoac ¥ OH OTKPBIBAETCH.

B cxeme CHOBa BHINOJHSETCSA YCIOBHE CaMOBO30yX/IeHHS ¥ pa3BHBA-
eTCS pEreHEpaTHBHBIA NPONECC, B pe3yibTaTeé KOTOPOro TPaHIHCTOP
VT1 nepexomur B PEXHM Hachmienus, a }7T2 3aKphBacTCs. Kon-
neacatop C; OKa3LIBAETCH 3APSHKCHHBIM IO HANPSKEHMA Uc, = U,—
—Ussme, @ XonjgeHCaTOp C, NPAKTHYECKH DPA3PIKCEH (ucr=Usapac—
— Ukapac). IDTO COOTBETCTBYET MOMEHTY BPEMCHH ), C KOTOpOro Ha-
Yanoch paccMOTpeHHMe mponeccop B cxeme. Ha stom [IONHBIRA IHKI
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paboTel MyIbTHBHOpaTOpa 3aKkaHYMBaeTcs, Tak KakK B AaibHeimem
OPONECCHI B CXEME MOBTOPSIOTCH.

Kax cremyer u3 Bpemenno# amarpammel (cM. puc. 9.2), B Myib-
THBHOPATOpE NEPHONMYECKH IOBTOPSIOIIHECS HMIYILCH IPSIMOYIOJIb-
HOA (OpPMBI MOXHO CHHMATh C KOJUIEKTOPA ODOHX TpaH3HCTOPOB.
B cnyuae, xorna marpyska moaxirodaercs K KOJLIEKTOPY TPAH3HCTOpA
VT2, iiaTe1bHOCTh EMITYIILCOB #, ONpe/esieTCs IPONECCOM mepe3apsi-
KH xoHpencaropa Cj, a JUIATEIBHOCTh Hay3kl 1y, — UPOLECCOM IEepe3a-
psnku xouaencatopa C,.

OKBHBaJICHTHAS LEMb HEPE3apSIKH Konnencaropa C; coNepKHT O/UH
PEaKTHBHBLIA ‘371eMenT (pHC. 9.3), MO3TOMY gy (£) = Ugs; (00) — [Uea (00) —
~ea(O]e”™, tre 7=RC:; t2(0)=Usome—th1 (0)= ~ U+ Ui +
+ Uxonac; Uz (00)= Uy,

TakuMm o6pazom,

g2 (1) = Ug— QU — Usone— Ukome) € ™.

ITponecc mepesapsku C, 3akaHyMBaeTCs B MOMEHT BPEMEHH 1,
KOT/A Usy (1) R U . ClleIOBaTENBHO, AIHTENIHLHOCTD MOIOXKHUTEIBLHOTO
HMIIyJIbCa KOJUIEKTOPHOI'O HANpsiKeHHS TpaHsucropa V12 ompejeinser-
ca popmy ol

2U;— Usnpac— UkS nac
t,=CR,In EOmac™ THOme (9.1)

Un - UBBmw

B ToMm ciyuae, xorna MyapTHBEGpaTOp BBIIOJHEH HA F€PMAHHEBBIX
Tpausucropax, popmy:a (9.1) ynpomaercsi, 10CKOIBKY Uganac X Ukapac ¥
~0: tanlcl In2= 0,7R1C1.

ITponecc nepesapsiaxu konaencaropa C,, KOTOPHLA ONpeEIseT [IH-
TENbHOCTD MAY3HI fy; MEX]y HMIYJILCAMHA KOJUIEKTOPHOIO HANPSKEHHS
Tpan3ucropa VT2, OpoTekaeTr B TAKOH XKe 3KBHBAJIEHTHOM cXeMe H IpH
TEX )K€ YCIOBHSAX, YTO M MPONECC mepe3apsaakn kouaenacaropa Ci, TOIBKO
€ -Ipyro# mocrosHHO# Bpemenu: T,=R,C,. IloaroMy pacyermas ¢op-
Myna ans tp, aganoraysa (9.1):

2Uy— Up3 pac — U3 mac
tw=C:R;1n Bome ™ HOme (9.2)

Un‘ UBanac

ObbiiHO B MyIsTHBHGpaTOpe /UIATEILHOCTH HMIYJILCA H MAy3bl
Pery;IMpyroT, H3MEHSS CONPOTHBJIEHHE PE3HCTOPOB R H R,.

HnatensBocTh Cpe3a f,, 3aBHCHT OT BPEMEHH OTKPHIBAHHS TpPaH-
3HCTOpA M ompene/isercd cooTHomerrHeM (6.11).

IIpn pacyere MynsTHBHOpaTOpa HEOOXOAHMMO BHINOJHHTL YCIOBHE
HACHIIEHHA OTKPLITOro TPAH3UCTOPA [gu..> Iy = Iicpac/har,. Ji1s Tpan-
3ucropa VT2 6e3 yuera ToKa nepe3apsaka kogaercaropa C, I, = Uy/R,,
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VYn

A,

Ugs2
=
+ 1
UK3 Hac
1
Puc. 9.3. OxBHBajIeHTHAs OENL Hepe- Pac. 9.4. Cxema MyIsTHBAOpaTOpa C JOMOI-
3apsIKH KOHREHCAaTOpa HHTEJIbHHIMA JHOJAMHA

I zac= U/ Ry Cnenosarensso, qis rpansucropa VTl ycrnosre Hachille-
HHS Ryo/h,> Ry, a qus Tparsucropa V12 — Ryh,> Ry,

Coorromenus (9.1) u (9.2) HO3BOIAIOT OHNpPEAE/HTE YACTOTY TEHEPH-
pyeMBIX EMIynscoB f=1/T=1/(ty+ ty). OCHOBHEIM IPEOATCTBHEM YBe-
JIMYeHHs YACTOTHI TeHEpHPOBAHHS HMIYILCOB sSBIsfeTcA Oonblnas Jum-
TeIbHOCTh (ppoHTAa HMIyNbcoB. CHMXEHHE IIHTENBHOCTH (PPOHTA HM-
OyJLCOB 3a CYET YMEHBIIEHHs] CONPOTHBJICHAH KOJUIEKTOPHBIX PE3HCTO-
POB MOJXET IPHBECTH K HEBHIIOJNHEHHIO YCIOBHS HACHIIICHHS.

Ilpu Gonbmo# crenenn Hachunends Ky,.> 1 B paccMOTpEeHHOH cxeme
MyJIbTHBHOpaTOpa BO3MOXHBI CIYYad, KOrja IOCNIE BKIIOYEHHs 00a
TPAH3MCTOPA HACKHIIEHLI M KONeOaHHsA OTCYTCTBYIOT. DTO COOTBETCTBY-
€T XECTKOMY pexumMy camoBo3Oyxaenns (cm. § 5.1). ina npenorspaine-
HHs 3TOIO CJEJYET BRIOMpAThL peXHM paboThi OTKPHITOrO TPaH3HCTOPA
BOJIM3H rpanMnbl HACKHIIEHHs, YTOORI COXpAHHTH JOCTATOYHBIA KO3(-
(HUIHEHT YCHIEHHS B IEOM OOpaTHOH CBA3H, 4 TAK)XKE HCIOIb30BaTh
COenuaibHble CXEMBI MYJIbTHBHOpaTOpOB.

Ecnu JaTeNbHOCTL HIMITYILCA 1, PABEA JJIATEIILHOCTHA NAY3HI fyy, YTO
obwrMHEO pocruraercs OpH R,=R,, C,=C, R,,=R,, 10 Takod Myib-
THBHOpATOP HA3KLIBAETCA CUMMEMPUYHBIM.

JnuartenbEOCTh GPOHTA reREpHPYEMBIX MYJIFTHBHOPATOPOM HMIIYIIb-
COB MOXHO CYIIECTBEHHO YMEHBIIATb, €CIH JOIOJIHHTEILHO BBECTH
B cxeMy amonnl (puc. 9.4). Ilpu mepesapsinke xoraencaropoB C,  C,
mronsl VD1 m VD2 OTKpHITH H, TaKuM 00pa3oM, 3TH OPONECCH OpoTe-
KaloT TaK Xe, KAK H B pacCMOTPEHHOH pamee cxeme. Bimsgnue nuonos
CKa3hIBaeTCs OPH 3apsjKe KoHAeHcaTopoB. Koraa, HanpaMep, 3aKphiBa-
ercs TpaH3ucTop VT2 1 HauMHAET YBEIMYHBATHCA KOJUIEKTOPHOE HAMPS-
XeHHe, To K aHony VD2 mpHiaabiBacrcs oOpaTHOE HANpsKEHHE, OH
3aKpBIBAETCH H TEM CaMbIM OTKIIOYACT 3apsDKAIOIMHCH KOHIEHCATOP
C, ot KoJulekTOpa TpaH3ucropa V12. B pesyibrare TOK 3aps/KH KOH-
nencaropa C, IPOTEKAET YXE HE 4epe3 Pe3HcTop R,, a 4epe3 Pe3UCTOp
R,. CieioBaTeIbHO, UIATEJILHOCTL (PPOHTE HMIYIIbCa KOJLIEKTOPHOIO
HANPSOKEHHS Uy, TEOEPh ONPEAEIAETCA TOJIBLKO MPOLECCOM 3aKPhIBAHHA
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Tpausucropa V12. Ananornyso paboraer m amon VD1 npum 3apsaxe
Kxongercatopa Ci.

XoTs B TaKkoH cXeme JUIHTEILHOCTh (PPOHTA CYINECTBEHHO YMEHb-
IIEHa, BPEMs 3aPANKH KOHJIEHCATOPOB, KOTOPOE OrPAHHIHBAET CKBAXK-
HOCTh MMIYJILCOB, IPAKTHYECKH He M3MeHseTcs. IlocTosHHBIE BpeMEHH
73=R3C, # 7,= R,C, He MOryT ORIThL YMEHBIEHEI 32 CYET CHHKECHHS Rj.
Pe3sucrop R; B OTKPHITOM COCTOSIHMH TPAH3HCTOpPA YEPE3 OTKPLITHIA
AHOA HOAKJIOYAaeTCs HapajulelbHO pesucropy R,. B pesynmwrare npu
R, < R, Bo3pacraer norpebisemas cxeMoil MOIHOCTb.

MymTuBuGpaTop Ha Jormvecknx iemenrax. ITpocreiimas cxema
MyJIbTHBHOpaTopa BKIIOYaeT B ceOsi Ba MHBEPTHPYIOIIAX JIOTAYECKHX
anementa JID; m JID,, nee Bpemssanaromume nemouykd R,C, B R,C,
a gpomsl VD1, VD2 (prc. 9.5). IlonoxaMm, 94T0 B MOMEHT BpEMEHH f;
HANPSKEHHE Usyq (f)=U", @ e (t0)=U° (puc. 9.6). Eciu ToK uepes
konjeHcarop C; He IpOTEKaeT, TO HANPsSKEHAE HA HEM uc, = U°, a Ha
Bxone anemerTa JIO, u,,;=0. B cxeme mpoTexaer TOK 3apAAKH KOHJEH-
caropa C, ot JIO, uepe3 pesucrop R,.

Hanpsoxerne ma Bxoae JID, mo Mepe 3apsnku kxonzeHcatopa C,
YMEHBIIAETCHA, HO MOKA Uy =Ugy> Upep, JIO; HaXoJHTCA B COCTOSIHHH
HyIsd Ha BeIXOoJe. B MOMEHT BpeMEHH # up;(t) =i (t)=Ump H Ha
BbIX0A€ JIO; um ()= U". B pesyisrare Ha Bxoa JID; 4epe3 KoHIeRH-
catop C,, KOTOpHIA 3apskeH g0 Hanpsokenns U°, mojaercs BanpsoKeHHe
U (1) = U = U°> Uy B JID, TIEPEXOART B COCTOSHHE HYIA Uy ()=
= U°. Tak xax Hanmpsbkenne Ha BBIXoze JID; YMEHBIIHIOCH, TO KOHJEH-
carop C, HayMHAET pa3psxarbca. B pesyisrare Ha pe3ucrope R, BO3-
HHKA€T HAaOpsHKEHHE OTPHNATENLHOM HMOJAPHOCTH, YTO INPHBEAET K OT-
KpHIBaHHIO JHojAa VD2 m xoHjeHcatop C, OLICTpO paspsaaHTCcs 4epes
HEro 10 HAOpsKeHHs uc;= U°. ITocile OKOHYaHHMS 3TOro Iponecca Ha-
npsbxerHne Ha Bxoae JIO; u,,=0.

OnHOBpeMERHO B cXeMe mPOTEKAET MPONECC 3apsKH KOHJEHCATOpa
C) B c TeyeHueM BpEeMEHH HanpsKeHHe Ha Bxojae JIO, ymeHbInaeTcs.
Korna B MOMEHT BpemeBH f;, HAIPSIKEHHE Uy (12)=ur) (t2)= Usp,
Unan) (1) = U, tinuz (t;) = U°. TIponieccul HAYHHAIOT MOBTOPAThCA. OnATh
OPOHCXOJHT 3apsiaka konaeacaropa C,, a xkonaencarop C, pa3psxaercs
4epe3 OoTKpeIThId auon VD1. ITockoabKy CONpPOTHBIEHHE OTKPHITOrO
ITHo/1a HAMHOTO MEHLINE CONPOTHBIIEHAS PESHCTOPOB R, H R,, pa3psaxa
xonAeRcaTopoB C; B C, DPOHCXOMHT ORICTpEE, YEM HX 3apsiKa.

Hanpsixenne ra Bxoae JID, B uHTEpBaie BpemeRH (;...1;) ompeness-
€TCs mporneccoM 3apsaku konnercaropa C, (37ecy H Jjajiee He YYHTHIBA-
€TCs BHIXOIHOE comporuBieHue JIO):

s (£) =ty () =ty (00) — [t (00) — gy (0)] €™,

rne o =CR,,




11 of stw‘
N5, —H+ 713
Ugx1 1 Ugp 1? 2 Ugyo 1 Ugpix2 \
B T\ 1R Unop
VD1 2lvD2
YiN yiN 0 -
A |( ‘ t
I 1
—L Ugx2 :
1
Puc. 9.5. Cxema MyasTHBEOpATOpA HA JIOFHYEC- !
KAX 3MEMEHTax Unop
. 7 -
ug; (00)=0; ug; 0)=U -0, O“ i . r
1 —tfz, u : | !
OTKYAR Uyt () =(U' = U%)e . st -
Korga uy ()=Upyp, 3aKaHYHBACTCH ()0
(opMEpOBaHAE HMILYJIbCA HA BBIXOJE 3JIe- o— — »
merTa JID,, cilegoBaTeNbHO, HIHTEIIb- ! o t
HOCThH HMIIYJIbCA e P
U1
Ut-1° ‘tns t,
t,=CR;In 9.3) v __=rT
0 o
op fo t, b t

JITATENLROCTS Nay3bl MEXKAY EMOYIb-  po g6 Brevemmiie AmarpaM-
caMu (HHTEpBAJl BPEMEHH OT f 10 1)  wmu Mymrmuspaﬂmupaﬂa JIOTH-
OIpeie/ISeTCs MPOIECCOM 3apsiikH KOH- 9eCKHX NMEMEHTAX
nencaropa C,, IO3TOMY

Ut-10°

tm = Cszln

Usop

JinarenpHEOCTh (POHTA [EHEPHPYEMBIX HMIIYILCOB OIPE/CIACTCH
BpEMEHEM [EPEKIIIOYEHHS JIOTHYECKHX 3IEMEHTOB.

Ha BpememROH nuarpamme (CM. pHC. 9.6) aMmIATYAa BRIXOJHBIX
AMIIyJIbCOB He Mensercs: Up=U"— U°, mOCKOIIbKY IpH ee NOCTPOCHHHA
HE YYMTBHIBATIOCH BBEIXOJHOE COIPOTHBJICHHE JI3. C y4eroM KOHEYHOCTH
3TOr'0 BHIXOJHOTO CONPOTHBIIEHHS AMILIMTY]a HMIYIbCOB OyJeT H3Me-
HATHCH.

HenocrarkoM paccMOTpPeHHOM IPOCTEHIIEH CXeMbl My IbTHBHOpATO-
pa Ha JIO sBIIfeTCA JKECTKHH PEXHM caMOBO30yXI€RHS H CBS3aHHOE
¢ 5THM BO3MOXHOE OTCYTCTBHE KOJIEOaTebHOIO pekuma pa6othL OtoT
HEJOCTATOK CXEMbl MOXHO HCKIIOYHTb, €CJH JIOIOJHHTEJHHO BBECTH
noruveckuit snement Y (prc. 9.7).

Koraa My;ITHBHOpaTOp T€HEPHPYET HMIYJILCHL, TO HA BBIXONE JI9;

Uy = U', mockoubky X;=X,. OnHaxo BCJIENCTBHE JKECTKOrO peXmAMa
caMOBO30YXK/IEHASE BO3MOXEH TaKOH CJly4aif, KOrja OpH BKIIOYCHHH
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Prc. 9.7. Cxema MyabTEBEOpaTOpa ¢ MPEAYAATENLHLEIM BO30YXRIEHAEM

HAIpsDKEHAS HCTOYHHKA NMTAHHA H3-33 MAJIOH CKOPOCTH HapacTaHHs
HalpsKEHHS TOK-3apsiaku Konaercaropos C; # C, OKa3nBaeTcs HebOIb-
mmM. Ilpr srom manenne Hampskends Ha pesucropax R; ' R; Moxer
OrITh MeHBINE mOporoBoro U, # 06a s1emernta (JID; 1 JID,) okaxyres
B COCTOSIHMH, KOTJ|a HAIIPSKEHH A HA UX BeIxoaax X;= X,;=1. IIpn Takom
COYETaHHH BXOIHBIX CHTHAJIOB Ha BEIXoAe 3ilemenTta JIO; Bo3HHKHeT
Hanpsokerne U, koTopoe depes pesucrop R, IogaeTcs Ha BXOJ dIEMEH-
ta JID,. Tax xak U'>U,,, To JID, mepeBOAATCA B COCTOSHHE HYJIS
H cXeMa HaYMHAET I€HEPHPOBATH UMIIYJILCHL

9.3. OJHOBUBPATOPEI

O0nosubpamop, WIH KIYIIMA MyJILTHBHOPATOP, HMEET OJHO YCTOM-
YHBOE COCTOSHHE B 00ECIEYMBAET reHEPHPOBAHAE IPSIMOYTOJILHBIX HM-~
IyJIbCOB IIPH MOAAYe Ha BXOJ CXEMBI KOPOTKHX 3aIyCKAOIHX HMIYIb-
COB,

OnuoBHGpaTOpP HA MHCKPETHHIX JJIEMEHTAX COCTOHT H3 IBYX YCHIIH-
TENbHBIX KAacKaJO0B, OXBa4YeHHBIX IMOJIOKHTEILHOH OOPaTHOH CBS3BIO
(prc. 9.8). Onma BerBL 00paTHOH CBA3M, KaK H B MyJLbTHBHOpaTope,
obpasoBana kxonaeHcaropom C; H pe3ucropoMm R;; apyras — pe3H-
cropoM R,, BIIOYEHHRIM B OOINYIO HENL SMATTEPOB OOOHX TpPaH3H-
cropoB. Biaronaps TakoMy BKIIOYEHHIO pe3dcTopa R, HampsKeHHE
6aza — smmTTEp TpaH3ucropa VTl 3aBHCHT OT KOJIJIEKTOPHOIO TOKa
Tpamrsucropa V'7T2. Takyio cXeMy Ha3bIBAIOT 00HO8UOpAmMopom ¢ 3mum-
mepHoil C8A3bI0.

ITapamMerphl cXeMBl PacCUHTHIBAIOTCH TaKHM 00pa3om, 4ToOnI B He-
XOJHOM COCTOSIHHH B OTCYTCTBHE BXOMHBIX HMIYJILCOB TPAHIHCTOP
VT2 61 OTKpBIT H HachilleH, a VTl HaxomWwics B PeXHME OTCEYKH.
Takoe cocrosiHHE CXeMBl, SIBISOINIEECS YCTOMYMBRIM, OOecreYHBaeTcs
OpPHR BHIIOJHEHHH YCIOBHH:

Is:> Ia/hars; Ugsi < Usasac. 9.4
ITonoxuMm, Y10 OTHOBHOpaTOP HAXOAUTCSA B YCTOHYHBOM COCTOSHHH.

Torpa Tokm u Hanpsixerus B cxeme GyayT mocrosHHRIMH. Basa Tpan-
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sucropa VT2 depe3 pesucrop R, mOIKIIOYEHA K MOJIOXKHTEILHOMY
[OJIIOCY HCTOYHHKA IIHTAHHSA, YTO B OPHHIHIC ofecreYnBaeT OTKPBLITOE
COCTOSIHHE TPaH3MCTOpa. B COOTBETCTBHH C SKBHBAJEHTHOH CXEMOH
onroBEGpaTopa (puc. 9.9) nya pacyera KOJUIEKTOPHOrO I; u 6azoBoro
I5, TOKOB HMMeeM CHCTEMY ypaBHCHHH

LR+ Ukoaac+ Rs (Ia+ Is2)= Uy
IiaRea + Ureonae = I5aRi + Usoac:

OnpenenuB oTCrOJa TOKH Ix; 1 Iy, ycloBHE HACHILEHHS VT2
3amMIIeM B BHJIE

R\ R R\ R,
Un_ U3 nac 1+R_ +R—!‘2UK3mc 1 Un_UKSmu: 1+;1 +—1;1 UBBmw'

Ry + R+ RR /Ry ks R+ Ry+ RyRoy/ Ry

Ecnn yuects, 410 Uyp> Ups mac™> Ukome B R, > R,>> R,, T0 DOIyYCHHOE
BBLIP2XXEHHE CYIMECTBEHHO YIPOINAETCH: hy Rpa> Ry
Ha pesucrope R, 3a CYeT IPOTEKaHHS TOKOB Iy,, Iy, co3paercs
IaJieHHe HANPSIKEHHS up, = R, (I2+ Is2)- B pesynbraTe pa3HOCTb LOTER-
OHAIOB Mexay 0a30f H 3MHTTEpOM TPaH3HCTODA VTl onpenenasercs
BEIPAXEHHEM
R
3R _R3(1K2+152)

3+ K3

Ugs) = UR3 — UR N UnR

Ecin B cxeme BBIIOJIHSIECTCH YCJIOBHE
R,
R3+R2

Un_ Ra (IK2+IEZ)< UBBms

to Tpamsucrop V71 3axpur. Konxencarop C, IpH 3TOM 3apsOKEH N0
panpskerns Uq (0)=Uy— Usouse— R (Iia + I52)-  IloasiproCTh  Hallps-

Prc. 9.8. Cxema ogroBabpaTopa ¢ SMHTTEDP- Prc. 9.9. K ompenenenuio 'TOKOB
HOU CBA3BIO tparsacropa V712
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gcgmm Ha KOHJECHCATOpE YKA3aHA HA PHC. Uy T
ITonoxum, 49TO B MOMEHT BpEMEHH 0 A -
fp, Ha BXOJ CXEMBI IOCTYHAET HMIYJILC | t
x> Upnnac — R, (Io + I5;), aMIUIATY AR KO- “6311 !
TOPOr0 JOCTATOYHA JJIA OTKPRIBAHHS 6o mact-
Tpansucropa VTl (puc. 9.10). B pe3yns- Ot__J _____ |
TATE B CXEME HAYMHAETCS IPOIECC OTKPHI- | {' T
BanMs TpaHsucropa V711, compoBoxaaro- UGSZL: e
INHACS yBENHYEHHEM KOJUIEKTOPHOIO TO-  Ugg ac P —
K& I;; B YMEHBIIECHHEM KOIUJIEKTOPHOIO 0 / : ot
HAIpPSKEHAS U,;. Korpa tpansucrop V71 ! !
OTKphIBaeTcs, KoHaeHcaTop C, OKa3nIBa- o ! i
€TCs MOJKIIOYECHHBLIM K obiacTtu 6asa — i
SMHTTEp Tpan3ucropa V12 raxum obOpa- ey VU’"
30M, 4T0 HmOTeHNMail 0a3el cramoBHTCes . 0 . -
OTpPHOATENLHEIM H TpaH3ucTop VT2 me- o ' t
pexoaHT B pexum orcedkd. IIponecc me- Prc. 9.10. Bpemenmrie pma-
PEKIIFOYCHHS CXEMBI HOCHT JIaBHHOOOpa3- rpamMmb OnEOBEGpaTOpa

HBIA XapaKTep, MOCKOJBKY B 3TO BpeMs

B CXEME BBIIONHAETCH YCIOBHE caMoBO30yxXIenus. Bpems nepekmodve-
HHSl CXEMBI ONPEAEIIETCs JUIHTENbHOCTHIO NPOLECCOB BKIIIOYEHHS TPaH-
sucropa VTl r BenoueHus Tpamsucropa V72 H cocTaBuseT 10.JH
MEKPOCEKYHEL

Ilpn 3akpriBagHE Tpan3ucropa V12 4epe3 pe3ucrop R, mepecraror
OPOTEKATh KOJIEKTOPHLIA H Oa3oBhit Toxd V712. B pesymsrare Tpan-
3uctop V71 ocraeTcss B OTKPHITOM COCTOSHHH JAXE MOC]E OKOHYAHHS
BXOZHOTO HMIyJIbca. B 310 Bpems Ha pesucTope R, majaeT HAIpsKEHHE
up,= R, (I, + In))-

CocrosHne cxemnl, koraa tpan3ucrop V71 oTkpHT, a V12 3aKpHIT,
ABJIsieTC keasuycmoiivugbim. Kornercatop C; 4epe3 pesucrop R;, oTk-
puITEIE Tpar3ucTop V11 m pesucTop R, OKA3BIBAETCH MOAKIIOYEHHBIM
K HCTOYHHKY IHTAHHST TAKAM 00pa3oM, YTO HAIPSDKEHHE Ha HEM HMeeET
BCTpEYHYIO moJIApHOCTH (pHc. 9.11). B cxeme mpoTekaeT TOK nepeapsia-
KH KoHjieHcaTopa (), H HAaIpsKEeHHE HA HEM, a CIIEJ0BATENLHO, H HA 6a3e
Tpansucropa V712, cTpeMHATCH K MONOXHTENLHOMY YPOBHIO.

M3menenne HANPSIKEHAS Ug,; (f) HOCHT SKCOOHEHIHATILHEIH XapaKkTep:

Ugsz (1) = thgo (00) — [U6s2 (00 ) — 14652 (0)] e_ml, rae 7;=C (R, +R,). Havann-
HOE HaIpsDKEHHE Ug,; (0) Ha Gase rpam3mcropa V12 ompeaensercs Ham-
PsKeHHEM, 10 KOTOpOrO NEpPBOHAYAIbHO 3apsxkeH KoHneHcatop Ci,
H OCTaTOYHKIM HAaIpHKEHHEM HA OTKPHLITOM TPAaH3HCTOPE:
Us2 (0)= — Uct (0)+ Ukonae = — Uy + Upsmac+ Ry (Ia + Is2) +
+ UKC-)nac ~— Un+ UBBnac + IK2R3-
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IpenencHoe 3HAYEHHE HANPSOKEHHS, K KOTOPOMY CTPEMHTCS Hamps-
xeHHe Ha Oaze TpamsucTopa V12,
Ug (00)= Uy— R, (I1 + ) ® Us— LaRs. - '

J

3neck yuTeHO, 4TO 4epe3 pe3ucrop R, MpOTEKaeT HE TOIbKO TOK
nepe3apankH konaencatopa C;, HO H TOK Ig; OTKPHITOTO TpaH3HCTOpa
VT2. CirenoBarteibHO,

Ugn (1) = Uy — Iy R, —[2U— Usosac — R, (fia+ Il e—m‘.

B MOMEHT BpeMEHH #; Usy (f) AOCTHraeT HANPSOKEHHS OTIHPAHHMSA
Uorn X Uponacs B TPaH3UCTOP VT2 OTKpHIBAETCH. HosBusmmuics KoJ1iIeK-
TOPHBIH TOK Iy CO3[aeT JONOJHHTEIbHOE NAJCHHE HANPSIKCHHS HA
pesucrope R,, 4TO IPHBOJMT K YMEHBUICHHIO HANPSIKEHHS Ug,. ITO
BBI3EIBA€T yMeHbIIeHAe 6a30BOro is; H KOJJIEKTOPHOIO i; TOKOB H COOT-
BETCTBYIOINEE yBEIMYCHAE HAIPSIKEHAS Uy, Ilo10XHTEIbHOE DpHpaIme-
HHE KOJUIEKTOPHOI'0 HAIpshXeHHs Tpansucropa V'T1 4epe3 KOHJEHCATOP
C, mepemaercs B nemb 6asm TpamsucTopa VT2 m cmocoberByer eme
GonbIIeMy HApACTAHHIO €ro KOJUIEKTOPHOro TOKa ip. B cxeme omsaTh
Pa3BHBAETCS PEreHEpPATHBHLIA HPOIECC, OKAHYMBAIOIMHCH TEM, 4TO
tpamsucrop VTl 3akpbiBaetcs, a TpaH3ucTop VT2 NEPEXOAHT B PEXHM
HaceineHds. Ha 3ToM mpoiecc reEepHPOBAHMS HMIYJIhCa 3aKAHIHBAET-
cs. JUIATEeNbHOCTh AMIYILCA ONpeessieTcs, eCIH HOJIOXHTh Usy (1) =
= BD sac-

Un— Uz zac— Rs (T2 +Ix1)
Up—Up3sac— 1 Ry

2
th= Cl (Rl + Ra) In

Ilocile OKOHYaHHMS HMIY.bhCa B CXEME IPOTEKAET OPOLECC 3apsAKH
kogjieacatopa C; IO Ieny, COCTOSIMER K3 PE3UCTOPOB R, R, B 3MHAT-
TepHO# NemM OTKpmITOoro Tpamsucropa V712. B HavanpHbi MOMEHT

Pac. 9.11. Cxema nepe3apsamka Ko- Prc. 9.12. CxeMa ogaoBudpaTopa ¢ KOJUIEKTOP-
HRencatopa C) HO-Da30BEIMA CBA3SMH
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643081 TOK ig, TpaH3KCTOPa VT2 PaBEH CYMME TOKOB 3apsIKH KOHACH-
catopa C): TOKOM ic;, OTPAaHHYEHHBLIM COIPOTBHJICHHEM pesucropa Ry,
H TOKOM, IIPOTEKAIOIUM Yepe3 pesucrop R,. Ilo mepe 3apsaaxu xouneH-
caropa C, TOK ic; YMEHBILIAETCS M COOTBETCTBEHHO CHHKAETCSH TOK Oa3hi
Tpan3ucTopa VT2, CTPeMsACk K CTalHOHAPHOMY 3HAYEHHIO, OMpEIeiIs-
eMOMy pe3ncropoM R,. B pesynpTare B MOMEHT OTKpLIBAHHS TPaH-
sucropa VT2 najieHre HAOPSDKEHAs HA pe3ncTope R, OKa3uBaercs 60/b-
I CTAHOHAPHOIO 3HAYEHMS, YTO NPHBOJHT K YBEIMYEHHIO OTpHIA-
TEJHHOrO HampspkeHHs: Ha Gase Tpamsucropa VT1. Koraa mampsixerue
Ha KOHJeHcaTope nocruraer 3HaveHHs Ug (0), cxema mepexogur B mc-
XO[(HOE cocTOsHHE.. [NIHTeNLHOCTL OPOLECCa NO3aPSIKH KOHIEHCATOpA
C), XOTOPKIt HA3LIBAETCS SMANOM 60CCIAHOB.ACHIS, OLPENETAETCS COOT-
HoweHueM £, =(3...5) C; (R, + R,).

MunBManbEEA DEpHON HOBTOPEHHS HMIIYIbLCOB omHOBHOpaTOpa
T=t,+t,, a MaxcumasbBas yacrota f=1/(t, + t,). Ecn uaTepBan mexay
BXOJHBIMH HMIIyJIbCAMM OKaXETCH MEHBIIE f,, TO KoHAeHcarop C, He
YCOEET NO3apSIUTLCH, H ITO MPHBEJET K H3MEHECHHIO UIMTEILHOCTH
TEHEPHPYEMBIX HMIYJILCOB.

AMIUIATYA TEHEPHPYEMBIX HMIYJIbCOB ONPENENSETCS PA3HOCTHIO
HAaNpPsXKEHUA HA KOJLIEKTOpe TpaH3HCTopa VT2 B 3aKpHITOM H OTKphI-
TOM cocTostEmsIX Up=U,— R, (I, + I5)).

OnnosrGparop moxHO peanwsoBars Ha Gaze MyasTHBEHGparopa,
€CJIM O/IHY BETBb OOpaTHOH CBA3M CEIaTh HE EMKOCTHOM, a PE3HCTOP-
HOM M BBECTH HCTOYHHK Hanmpskemus U, (puc. 9.12). Takas cxema
HAa3LIBAETCS 00HO8UBPAMOD ¢ KOAAEKMOPHO-6A308b1MU CEA3AMU.

B ucxomHom cocrosHuM cxemsl Tpamsmcrop V71 OTKPHIT H Hachl-
IIEH, MOCKOJIbKY Ha ero 6asy mogaercs MOJIOKHTEILHOE HAIPSIKCHHE
4epe3 pe3HcTop R, YciIoBHE HACKINEHHOIO COCTOSHHS BHIIOJIHSETCH,
eCIM 751, Ryy > R,. K Gaze rpansucropa VT2 IprIIOKEHO OTPHIATEILHOE
HampskeHHE, 1 OH 3akpriT. Konpencarop C, 3apsikeH N0 HampsokeBHS
Uc2(0)= Up— Upomee B ciyuae repmammeBsx Tpamsmcropos Uc, (0)=
= Up— Ixa0Ry- Konpercarop C,, Bemonssionmii pons Gopcrpyomero
KOHJCHCATOPA, 3apSXCH 10 HAUPIKEHAS Ug,;. ITO COCTOSHHE CXEMEI
ABJISETCE YCMOUYUBHIM.

ITpu nomave ma Ga3y tpamsmcropa V72 OTOMpAIONMIEr0 HMIYILCA
B CXeME HaYHHAIOT OPOTEKATh MIPOLECCH OTKPLIBAHUA TpaH3ucropa V12
H 3aKpeiBaHus TpaHducropa V7T'1. IIpm 3TOM BHINOJIHSETCS YCIOBHE
camMOBO30yX/I€HHS, Pa3BHBAETCH PErcHEPATHBHLINA IPOLECC H CXEMA Ie-
PEXOJAT B KBAa3UyCTOMYHBOE cocTosinAe. Tpansucrop V71 okaspiBaeTcs
B 3aKPLITOM COCTOSIHHM, DOCKOJIBKY 3a CYET 3apsiia Ha KOHAEHCATOpPE
C; x ero 6ase mpHKIANEIBAaETCS OTPHNATENHHOE HAOpsokeHHe. TpaH-
3ucTop VT2 OCTaeTcst B OTKPHLITOM COCTOSHHHM H LOCIE IPEKpaineHAs
BXOJHOTO CHIH&Ja, TaK KaK IOTEHHHA] KOoJLJIeKTopa Tpansucropa V71
IpH €ro 3aKPRIBAHHHA YBEIHYHIICH H, ECTECTBEHHO, BO3POCIIO HANPSIKEHHE
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Ha Gase V712. Ilpu nepexmroYeHHH CXE

“BXT ¢dopmupyercs (GpPOHT BBIXOJHOIO -
0 A . Oyabca, KOTOphIH OOLMHO CHHMAaeTcsd
i t ¢ Kolnexropa rpaH3ucropa VTl c.

U”I i 9.13). 3
Uss wac | _ B panbHe#dmeM B cxeMme nporelf:ae’r
0 I } ,. IIpomecc mepe3apsyka xounencaropa C,.
— I._ t Hanpsxenue Ha HeM Ug (f), a cienosa-
g, i ! TeIbHO, H HampsokeHde Ha 0ase ug TpaH-
Usp oot - = -} sucropa VT1 m3mensercs 0o 3KCOOHEH-

0 . [OHAJIBLHOMY 3aKoHY: ug (1)=U,—QU,—
— Usomac) e_m, rae t=C,R,.

Korza B MOMEHT BpeMEHH [, Hamps-
urh ! I JeHMe Ha 6a3e JOCTHraeT 3HAaYCHHS
| Ussme, Tpam3ucrop V71 oTKphiBaeTcs,
' HANpSDKEHHE HA €ro KOJUIEKTOPE Uy yMe-

2

|
0 ! i t  HbIIAETCS, M 33aKPHIBAETCH TPAH3IHCTOP
u h 1t i te VT2. IIpu 3ToM (opMHEpyeTcs cpPe3 BHI-
i i XOJHOrO HMIYyJkca. JIMHTEILHOCTL HM-
' | OyJIbCa NOJyIMM, €CIH IONOXKHTS Ug; (H)=
L 1
» = U3 sac’
0 th 4 t B3mac
Puc. 9.13. BpemeHHEIe fHArpam- t,=R,C;In M
MBI OQHOBHEOpaTopa C KOJUIEK- Uy— U sac

TOpHO-6230BEIMHA CBS3AMHE
Tax kak Uy> Usssac, TO LaX R,CaIn 2=
=0,7R,C,. AnaTensHoCTh cpe3a f;,=(3...5) RuCi.

B janbHelllleM B CcXEME MPOTEKAeT TOK 3apsAAKH KOHAECHCATOPA
C, 4epe3 pesucrop R,, B 6230ByI0 nemb OTKpHITOro Tpansucropa VT1.
JUIHTEILHOCT 9TOr0 OPONEcca, KOTOPHIM ONpPENeNseT BpeMs BOCCTaHO-
BIICHHS CXeMEI, £,=(3...5) R, Cs.

AMIUIATY/]a BRIXOJHLIX HMIYILCOB B TaKoH cxeme oaHOBHOpaTopa
NpPaKTHYECKH PABHA HANPSOKEHAIO HCTOYHHKA IHTAHMS.

OmoBubpaTop Ha NOrHYecKHX ddeMenTax. Jlid peanu3anuu OJHOBH-
6paropa Ha JID o6eruso mcmonssyror dnemerTl VI-HE. CrpykrypHas
cXeMa TaKOro omHOBHGpaTopa BKMOYAeT B ce0s 1BA SJIEMEHTA (JI9,
u JID,) u Bpemssamaromyro nenodky R;C; (puc. 9.14). Bxomm JI9;
o6beMHEHB, H OH pabGoraer kak umBeprop. Bexox JIO, coexuneH
¢ oxHEM H3 BXxozaoB JID,, a Ha qpyro# ero BXoJ NojacTcs yIpaBJISIOIHA
CHrHAJL

Uto6nl CXeMa HAXOHJIACH B YCTOHYHBOM COCTOSIHHH, HA YOpaBlld-
romquii Bxoa JID, HeoO6XOOMMO NOAATH HAMPSIKEHHE Une > Upep- IIpH
srom yciosun JID, HaXoaMTCs B COCTOSHHA Jor. «l», a JO9, —B
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Ugpix2
b2l

\ Prc. 9.14. CrpykrypHas cxemMa OHOBHOPATOpPA HA JIOTAIECKAX ITEMEHTAX

cocTostHuM jor. «O». JIrobast npyras koMOMBaNUs COCTOAHHH IEMEHTOB
HE ABJIAETCS YCTOAYMBOM.

CxeMa resepupyeT OPAMOYIOJIbHEIA HMIyJILC IPH I0Ja49€ BXOAHOTO
HANPSIKEBHS Uy, = U® < Uy, (puc. 9.15). Uepes HHTEpBaT BpeMeHH, PaB-
HBIH £, (He Dokasam Ha puc. 9.15), Ha Bexoxe JID, Hanpsxenue
YBEJHYHTCS Uy = U'. DTOT CKa4OK HAIPSIKEHHS 4Yepe3 KOHACHCATOP
C, nepenaercs Ha Bxox JID,. DuemenT JID, mepexiroyaercs B COCTOSHHE
jor. «0». Takum obpa3om, Ha Bxoae 2 JID; 4yepe3s HHTepBa BpeMeHH
fxpcp HAYHHAET NEHCTBOBATH HANpsoKeHHe U B 3TOT 3J1eMEHT OCTaHeTCH
B COCTOSIHMH JIOI. «l», eClH pnaxe IO HCTEYEHHH BPEMEHH 2ly,0
U1 OOATH CTaHET paBHO Jor. «1». [lna HOpManbHOH PabGOTH CXEMEI
HEOOX0IUMO, YTOOHI JUTHTENBHOCTD BXOAHO-
FO UMIIYJIBCA fyx> 2tynpcp.

ITo mepe 3apsaaku xonaencatopa C; Bh-
xoxno#l Tox JIQ, ymenpmaercs. CooTBeTCT-
BEHHO YMEHBINAETCH MAJEHHE HaAIpPIKeHHS
Ha Ry up;=tyy. ITO COCTOSHME CXEMEI SIB-
IIETCS 8PEMEHHO YCMOTHUBLIM.

B MOMEHT BpeMeHH f; HAOPSKEHHE Upy
nocTuraeT moporosoro Uy, H 31eMesT JIO,
OePEeKII0YaeTess B cocTosHue Jjor. «1». Ha
Bxoa 2 JID, mopmaercs cursan U', u om
mepexaroyaeTcs B cocrosgune Jjor. «O». Ilpn
3TOoM koHJeHcaTOp C;, KOTOPHIA B MHTEPBA-
JIe BpEMEHH OT #; 10 {, 3apsXKaiCs, HAUAHAET
pa3psaxaTbCA Yepe3 BRIXOJHOE COIPOTHBIIE-
age JI9, u quon D,. ITo HCTeYenHmM BpeMeHH
L, ONIpeIeseMOro NpPoIECCOM Pa3pAaaKH KO- Ussx2j

~Y

uaescatopa C), CXeMa IIEPEXOITUT B MCXOM-  fpwmmt oo o —
HOE COCTOSHHE. <

TakuM o6pasom, Ba BExXoxe JID, reme- U’L- _
PHpyeTCs UMIyJILC IPAMOYTOIbEOH GopMEL. 0 G t Tt

I[JIHTCJIBHOCT}: €ro, 3aBHCiAIlas OT BPEME- Prc. 9.15. B ,

HHA uc. 9.15. Bpemennnie naa-
. YMEHBIICHUA Uzx; OO Unop, onpeaciaicTCs IpaMMEl OTHOBREpATOPA HA
OOTHOIICHAEM JIOTHYECKAX 3JEMEHTaX
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ta=C\ R, In[(U* — U%)/Uppl-

Bpemst BoccTaHOBNIeHHS cXeMH £, = (3...5) C\R;, rae R; — BHyTpeHgee
CONPOTHBIIEHHE THOJA B OTKPLITOM COCTOSHHH.

9.4. BJIOKUHI'-TEHEPATOPbBI

FBaokune-zenepamopom Ha3bIBAETCS IEHEPATOP HMIIYJIBCOB pelldKca-
[MOHHOIO THIA B BH/E OJHOKACKA[HOIO YCHJIMTENA C IOJIOXHTEILHOH
06paTHOM CBS3LIO, CO3AaBAEMOM C IOMOIIBIO TpaHCchopmaTopa. bio-
KHHT-TEHEpPaTOp MOXET paboTaTh B XKAyIeM M aBTOKOJe6aTelbHOM
pexuMax.

K aynmii pexum paGornr Gioxunr-remepatopa. Ilpu pabGore B xay-
[IEM pEXHMeE CXeMa MMEET OJHO YCTOMYHBOE COCTOSHHE H FeHEpHPYyeT
HMITYJILCHL IPSMOYTOJLHOH (opMel, KOrja Ha BXOJ IOCTYNAIOT 3aimy-
CKAaIOIHE MMIYJLCH. YCTOHYHMBOE COCTOsHHE OJIOKMHI-reHepaTopa Ha
repMaHHEBOM TPAaH3UCTOPE OCYIIECTBIAETCS NyTeM BKIIOYEHHS MCTOY-
HHKa cMemeHus B 6a3oBylo nemb. IIpH HCHIOJIB30BaHAM KPEMHHEBOIO
TPaH3HCTOPA UCTOYHHK CMEIEHHS He TPeOyeTCs, MOCKOIbKY TPAH3HCTOP
IpH HyJeBOM HanpspKeHHH Ha 6aze 3akphT (puc. 9.16). ITonoxuTenpHas
obpaTHas CBA3b B CX€Me IPOSIBIIETCA B TOM, YTO IPH HAPACTAHAM TOKA
B IIEPBHYHOM (KOJLIEKTOPHOH) 06MOTKe TpaHCPOPMATOPA, T. €. KOJLIEK-
TopHOro Toxa tpamsucropa (di,/d¢>0), Bo BropmuHoH (6azoBoit) 06-
MOTKE HHIAYIHPYETCSA HAaImpsUKEHHE TAKOH HOIAPHOCTH, YTO HOTEHIHAI
6asnr yBenuuupaercs. M HaoGopoTt, mpu di;/df<0 6asoBoe Hampsxe-
HHE yMeHbIIaeTcs. Takas CBS3b PeanH3yeTCH IyTeM COOTBETCTBYIOLIE-
ro HOAKTIOYEHHS Hayana obMoToX Tpascopmaropa (Ha puc. 9.16,
4 IOKa3aHKl TOYkaMH). B GoubmMHCTBE CioydaeB TpaBCGOpMATOp
AMeeT TPeThio (Harpy3o4nylo) o6MOTKy, K KOTOPOH HOJAKIIO4AETCs
Harpyska Ry.

Hanpsoxenns Ha o6MoTKax TpaucGopMaTopa M TOKH, IPOTEKAIOIHE
B HHX, CBS3aHEI MEX/y C000# cleayronmM 00pasoM: uy=mu,; Us=rmu;
is=11/my, iz=1i/ns, TAE M=w,/w; N3=ws/w; — KO3QOUIHEHTH TPAHC-
bopmManuu; w;, w,, W3 — YHCIO BHTKOB IEPBHYHOM, BTOpHYHOH H HArpy-
309HO# 06MOTOK.

Jlns onpeneneHus yCIOBHS caMOBO30yXIEHHsS M pacyera rapamer-
POB HMITYJILCHOTO XIPOIECCA COCTABHM JKBHBAJICHTHYIO CXeMy KOJIJICK-
TOpHO# nemu 6ioxuur-reseparopa. Ilpenebperas napasuTHHEIMHE 3JIeMe-
HTAMH HMIIyJILCHOrO TpaHchOopMaTopa, 3aMEHHM €r0 HHAYKTHBHOCTBHIO
HAMArHHYEBaBEAS L, M INEPeCYNTacM CONPOTHBJIEHHS BTOPHYHOH
Rs 1 Harpy304H0ii R, 06MOTOK B [IEIb NEPBHYHOA 0OMOTKH Rs' =Rg/ny?,
R, =Ry/n;? (puc. 9.16, 6). Torna KOJINEKTOPHBIA TOK TPAH3HCTOPA =
=i,+is +i,, rae i, — TOX HAMarHWYMBAaHHs TparchopmaTopa; is' —
IpHBeJeHHBI TOK 6a30BOH nemH; iy — NPHBEJCHHBIA TOK HArPY3KH.
ITonydyeHEHOE COOTHOMIEHHE HA3bIBACTCS yPaAGHEHUEM MOKO8 b.a0Kunz-
2eHepamopa.
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Prc. 9.16. IIpaanpmuansaas (q) 1 JxBUBaTICHTAHAS (6)
CXeMbl XIyImIero 6I0KHAr-resepaTopa

JUtMTeNbHOCTE mponecca BKIIOYEHHS TPAH3HCTOPA HACTOILKO Maja,
9TO 3a 3TO BpeMsi TOK HAMATHHYMBAHHS NPAKTHYECKH HE HAPACTAET
(1,=0). ITosToMy ypaBHEHHE TOKOB IPH aHATH3E NEPEXOXHOTO npormecca
BKIIIOYCHHS] TPAH3HCTOPA YIPOINAETCH: I,=ig + iy .

ITpu nopave va Gasy ormmparomero wMuyinbca (puc. 9.17) mpouc-
XOIHT yBelIH4YEHHE TOKA Aig, TPAH3UCTOP NEPEXOMUT B AKTHBHEIA PEXHM
H NOSBJIAETCA KOJJIEKTOPHBIA TOX Ai,=h,,Als. TIpupamenne KoJjex-
TOPHOIO TOKa HA BeJIMYHHY Al NPHBOIMT K YBEJIHYEHHIO HANpSIKeE-
HHAS HAa NepBHYHOA 06MoTKe TparchopmaTopa Auy=hy,AigRy' Re'/(Rs +
+ Ry'), mocnenyromeMy pocTy nPHBEJEHEOr0 TOKa 6a3nl

Aig'=Au,/R¢' = hy, ARy |(Rs' + Ry)
H [eHCTBATENLHOTO TOKA, IPOTEKAIOMErO B NENHA 6a3bl TPaH3UCTOPA,
. Aig' Ry, . Ry
Aig*=—=—Aig——.
ny n Ry +
Takum 06pasoM, nepBoHavaIEHOE W3MEHEHHE Toka 6a3ml Aig B pe-
3yJIbTaTe NPONECCOB, NPOTEKAIONINX B CXEME, IPHBOAMT K AAJbHEAIIEMY
H3MEHEHHIO 3TOro ToKa Aig*, u ecimu Aig*/Aig> 1, To npouecc H3MeHeHAs
TOKOB M HAaUpPsKEHHH HOCHT JIaBUEOOOpa3uuii xapakrep. CiegoBaTelinb-
HO, yca0sue camoso3byncoenusn 6.10kunz-zenepamopa:
hns Ry

_E R
n, Ry'+Rg
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B orcyrcrBHe HArpy3kH (R,— o0
3TO YCIIOBHE YHPOIIAETCH: Ay >n,. T
Kak hy,>> 1, TO ycioBHe caMOB036
JCHHS B OJIOKMHI-T€HEpaTOpE BBHIMQI-
HSETCH JOBOJBHO JIETKO.

Ilponecc OTKpbIBaHHS TPAaH3HCIO-
pa, conpoBOXaaomuiics hopMHpaBa-
HHEeM (pOHTA MMIIYJIbCa, 33 KAHIHBAET-
csl, KOrJa OH NIEPEXOMMT B PEXHM Ha-
ceImeHns. IIpu 3TOM IepecTaeT BuIIO-
JHATHCA YCIOBHE CaMOBO30OYXICHHS
H B JainbHeimeM (QopmupyeTcs BeEp-
[NAHAa AMITyJbca. TaK Xak TPaB3HCTOP
HachIER (up= Uiomc), TO K nepsHi-
Ho#t o6MoOTKe TpamcopmaTopa IpH-
noxero sanpsokense ¥ = Up— Uxznac X
~ U, ¥ npuBeicHHHE 0a30BbIA TOK

~

~Y

0 ir} i’ =UJRs) B TOK Harpy3km (iy=
uBL% t (is' = Ud/Rs) py3ka (i

= U,/Ry) OKa3bIBAIOTCS HOCTOSHHBIMH.

Prc. 9.17. BpemeRHEse AAarpaMMel Tox HaMarHAYMBagEHs OpH GopMHpO-

610KHET-TeREpaTOpa BAHMH BEPIIMHE! AMITYIECA MOXET OHITh

ompeAesicH W3 ypaBHEHHMA u = U=

=Ldi,/dt, OTKyna IpH HyJEBBIX HA4aJbHBIX YCIOBHAX NOJIY4AM I,=

=(Uy/L,)¢.

TaxuM 06pa3oM, TOX HAMArHAYHBAHUS B 610KMHT-T€HEpaTOpE, KO-

713 TPaH3UCTOP HACHIIIEH, HAPACTAET BO BPEMCEH II0 JIMHEHHOMY 3aKOHY.

B coOTBETICTBMH C ypaBHCHHEM TOKOB TakXe IO JIHBEAHOMY 3aKOHY
yBeJIMYABAETCA KOJIEKTOPHBIH TOK TPaH3HCTOPA

b= Un(it+i+—l—).
L, R Ry
C TeyeHHEM BpEMEHH CTENEHb HACHIICHUS TPaH3HCTOPA yMEHbIIAET-
cs1, TAaK KaK 06a30BBIA TOK OCTAaeTCHA NOCTOSHHBIM is=n,U,/Rs, 8 KOJITIEK-
TOpHBIM HapacTaeT. B HEKOTOpHIi MOMEHT BPEMCHH KOJLIEKTOP-
HLIH TOK YBEJHYHBAETCS HACTONIbKO, YTO TPAH3UCTOP LEPEXONUT 3
peXXMMA HACHINEHHS B AKTUBHBIN PEXHM M OIATh HAYHHACT BRIIOJIHATD-
C yCclIoBHE CAMOBO3GYXIEHHS OIOKMHI-T€HEpaTopa. OueBHAHO, YTO
JUIATeJHOCTb BEPIIMHKI HMITYJIbCA t; ONPENEIIETCS BPEMEHEM, B TE9e-

HHE KOTOPOro TPaH3UCTOP HAXOQMTCA B PEXHAME HACHIICHUS. I'panune
pexuMa HACHIIICHHS COOTBETCTBYET yCIOBHE Isrp = Iicnacl P Crnenosa-

TeJILHO,
1 n n -mU,
Un —tn+'2+—3 =h213 n-
L, R

Rs ;!
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Orciona nomy4aeM GopMyily st pacdera JUIATEIHOCTH BEPIIHHbL
Jbca

h1a— 2

oK HaMarmw4uBanms i,=(U,/L,)t Bo Bpems dopmupoBaHHs Bep-
IIAHKE IMIYJILCA YBEIMYHBACTCS M B MOMEHT OKOHYaHHS 3TOr0 MpPOIec-
€a, T. €. OpH {=1{,;, NOCTHracT 3HA4YCHHSA

— 2
L()=U, [———”2(”21‘; "’)—%J. 9.5)

Tak xax x nepsH4HO# 06MOTKE HMIYIBLCHOrO TPaHCHOPMATOPA IIPH
(popMHEPOBaHHN BepIIMHLI AMITYIbca NPHIIOKEHO Hanpsxerde U, ~ U, —
— U e ® Uy, TO aMILTMTy @ HMITySIbCA HA BHarpyske U, =n,U,.

ITpu nepexose TPaHIUCTOPA B aKTHBHELA PeXUM IIPOUCXOTAT YMEHb-
IEHHE KoJuleKTopHOro Toka di,/dt<0. Bo BTrOpHuHOH 06MOTKE HH-
AyIHUPYETCs HAUPSOKEHHE, NPHBOJANEE K YMEHBUICHHIO HAIPSXKEHHS
U ToKa 6aspl, 4T0, B CBOIO OYE€pe[b, BhILIBACT JalbHEMICe CHAKEHHE
KOJUIEKTOPHOI'O TOKa. B cxeme pasBuBaeTcs pereHepaTHBEHBIA mponecc,
B pe3yiabTaTe KOTOPOro TPaH3UCTOP NEPEXOJUT B DPEXKHM OTCEUKH
4 GopmHpyeTCs cpe3 HMIyJIbCa.

ITpotexaronmii 1aBEHOOOPA3HO TPONECC 3aKPLIBAHHS TPAH3IUCTOPA
MMEET CTOJIb MAJTYIO JUIHTENbHOCTD, YTO TOK HAMAr HHYMBAHHA i, 32 3TO
BpeMsi IPaKTHYCCKH HE U3MEHSETCS U ocTaeTcs pasHbM I, (t;). Cnenosa-
TEJIbHO, K MOMEHTY 3aKphIBaHHS TPaH3UCTOPA B HHAyKTHBHOCTH L, 3a-
nacena sueprus E;=0,5L,J,%(t). D1a SHEprus pacceMBAETCH TONIBKO
B Harpyske R,, TaKk KaKk KOJUIeKTopHas M 6a3oBasi NENA 3aKPHITOrO
TPaH3UCTOPA OKa3bIBAIOTCH pasoMkHyThIMH (puc. 9.18). Tok Hamar-
HHYMBAHHS IPH 3TOM yMEHBIIAETCs N0 3KcIoBenTe: i, (£)=1,(ty) e ", rae
t1=L,/Ry — mocrosHBas BpeMend. IIpoTexarommi wepes PpeEIUCTOP
R; TOX co3paer o6paTHBIH BRIGPOC HANPSKEHHS HA HEM, aMILTATYaa
kotoporo U,= Ryl, (t;)/ns, 9T0 Takxke CONPOBOKAAETCSA BCILIECKOM Hall-
psDKeHHS Ha 6a3e W KOJUIEKTOpe 3aKphIToro Tpamsucropa AU, = Ry, ().
Bocnonvb3osaBumch cootHOmenneM (9.5), moyynm

Au,=Uu<"—§-"““"’R,,—1), 9.6)
ny Rg .
ny hya—ny
- 72, —m | 9.7
Un Un <n3 R6 Rn n3> ( )

Ilponecc paccenpaEHs 3amaceHHONM B MMIIYJILCHOM TPaHCHOPMATO-
Pe€ 3HEpPruM, ONpeeNsAiOIIMHA BPEMs BOCCTAHOBICHHS CXEMEI f,, 3aKaH-
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L liu R, |AUc L, l“ r, | [R, | AU,

-

v

a) 0
Prc. 9.18. DxBABaJIeHTHBIE CXEMBl KOJUIEKTOPHOH uemw G1OKHET-regepatopa Ge3 uiyH-
THPYIOIEro pesucropa Ry (a) u npu Banmymn Ry (6)

9qUBAeTCH 4Yepe3 HHTepBan BpeMeHH f,=(3..5)L,/Ry=(3..5)n3L,/Rs,
HOCJIE 4ero cXeMa IePEeXOJUT B HCXOAHOE COCTONHHE.
JlomoIHHTE L HEA BCILIECK KOJUIEKTOPHOrO HANPSDKEeHHs, KaK CIeay-
eT 13 cooTHonIerHs (9.6), MoxeT GHITh 3HaYnTeNbHBIM. IT03TOMY B CXe-
Me OJIOKMHr-reHepaTopa IPUHAMAIOTCSH MEPHI K CHHKEHHMIO BEIHYHHBI
AU, #jg 4ero OmapajUlelbHO HArpy3Ke HIM B IEPBHYHYIO OOMOTKY
BIUTIOYAIOT AeMI(HPYIOMIYIO I€llb, COCTOSINYIO M3 auoaa D) H Ppe3UCTo-
pa, COIPOTHBIIEHHE KOTOPOro Ry<Ry (cM. puc. 9.16, a). IIpu popmu-
POBaHHM HMIIyJIbCa MO 3aKPHIT, TAK KK K HeMy OPHIOKEHO Balpsxe-
HAe 0OpaTHOM HOJMPHOCTH, H AeMIGupyromas Nenb He OKa3bBaeT
BJIHAHHMS Ha Oporecchl B cxeme. Korna mpu 3aKphIBaHHH TPaH3HCTOpA
B IepBHYHONH OGMOTKE BO3HHKACT BCILIECK HANpPSXEHHs, TO K JHOXY
OPHKJIAJLIBAETCSA OPAMOe HANpsDKEHHe, OH OTKPBIBACTCSA M TOK IpOTEKa-
er uepes pesucrop Ry (puc. 9.18, 6). Tak kak Ry <Ry TO BCIUIECK

Rats— 2
xomnnektopaoro Hampsxeuus AUy = Rul, (tz) = UpRu I:n_z(_g;{ﬁ_nz_) - %:l

H o6paTHEIH BHIOpDOC HAIPSKEHHS HA R, CyNIeCTBEHHO YMEHBIIAIOTCS.
OmHAaKo IPH 3TOM BO3PACTAaET BPEMs BOCCTAHOBJICHHS: £, =(3...5) L,/Ru.

He Bceraa mocienoBaTelbHO C JMOJOM BKIIOYAIOT PE3HCTOP Ry,
H TOTJa aMILTHTy/a BCIUIECKA OKa3bIBAETCS MEHMMAJILHOH, HO yBETHYH-
BaeTCs €ro JUIMTENLHOCTD.

Ilpn amaim3e OpoueccoB B OJOKMAT-reHepaTOpe He YYHTHIBAIACH
IapasHTHHIE DapaMeTphl CXeMBI, B 4aCTHOCTH, CyMMAapHas eMKOCTb
TpaH3HCTOpa H HMIyJbcHOro Tpanchopmaropa C,. Hamuume 370# eM-
KOCTH, BO-IIEPBHIX, IIPHBOJMT K YBEIHYEBHIO JUIHTEJIHHOCTH (poHTA
H Cpe3a HMMIIyJIbCa M, BO-BTOPBIX, OKa3hBaeT BJIMSHHE HA IPOIECC
BOCCTAHOBJICHHS CXEMBI. B 3aBHCHMOCTH OT COOPOTHBIEHHSA R, cmaj
TOKA HAMATHHYMBAHHS C y4eToM eMKocTH Cp MOXET HOCHTb JHGO
xonebaTtensHbIH, 1H60 anepromyeckmit xapakTtep. Ipu xonebaTensuoM
peXHMe BO3MOXHO HOSBJEHHE OTKDHIBAIOLIEro HAmpsikeHns Ha Gase
TpaH3HCTOpa M cpabaThIBAHHE CXEMbI B OTCYTCTBHE BXO/JHOIO CHrHAnA.
ITostomy mpu pacyere AeMuGHpyrOmed NENH HMCXOAAT H3 yCIOBHA
obecreyeEns amepHoOAMYECKOro PeXHMMa, KOTOPO€ /Ui Iapallje/bHO
BKJIFOYEHHBIX Ry, L, B C; uMeeT BHJ
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AsToKo0Ne6aTeMbHENL pesxkuM paborsi Gsoxunr-reneparopa. Jns pe-
QIM3AIMA aBTOK0JIEOATEIbHOTO pexuMa paboThl GnokHHET-reHepaTopa
B 62a30BYIO IieIb TPAH3HCTOPA BKIIOYAIOT PE3UCTOPHO-EMKOCTHYIO I€Tlb
(puc. 9.19). Taxas cxema He AMeeT YCTOMYHBBIX COCTOSIHMIEA H obecmeyn-
BACT rCHCPHPOBAHHE NEPHOAMYECKH MOBTOPSIOIIAXCH MPAMOYIOIBHBIX
HAMIIY JIbCOB.

IIponecchl, npoTexaromue B cxeme, paccCMOTPHM HAYMHAS C MOMEHTA
BPEMEHH [;, KOrla HAPSDKEHAE Ha KORAeHcaTope C JOCTHraeT 35a4eHus
Uc=Ussmc H TPAH3ACTOP OTKPOETCH (PHC. 9.20). Kak u nmpu pabote
B XKIYIMIEM PEXHME, B CXeME DAa3BHBACTCS PEreHEPATHBHEIA mpomecc,
B pe3yJbTaTe TPAH3UCTOP MEPEXOUT B PEXHM HACHIUIICHAS H HAYMHAET-
Cs mponecc (opMHpOBAaHHA BEPUIMHBI HMITYJIbCA. Ilpn 3toM Hapsmy
C YBEIMYCHAEM IO THHEHHOMY 3aKOHY TOKa HAMATHHYHBAHUS IPOTEKAET
CBOHMCTBEHHBIH TOJIBKO aBTOKOJIE6aTEIBHOMY pexuMy paboTH GIIOKHHT-
PCHEPATOpa NPONECC 3aPAIKHE KOBJEHCAaTOpa 0Aa30BEIM TOKOM HACHIIEH-
HOro TPaH3MCTOpa.

ITockonexy Hampsoxende Ha BTOpHYHOM (6a3oBoi) o6MoTKE BO Bpe-
M $OPMHpOBAHHS BEpIIMHEl MMIYIbCA OCTAETCH MOCTOSHHBIM U=
=n,Uj, TO M0 Mepe 3apsaKu KOHAECHCATOpa 6a30BhlA TOK YMEHBIIAETCH
10 3KCIOHEHIHAILHOMY 3aKOHY:

Us —y
is(t)="::e o 08

TA€ res — CompoTHBiIeHME oOmacTH 6a3a — SMMITEp HACHILIEHHOrO
TPaH3HCTOPA; 7 =reC — MOCTOSHHAS BPEMEHH.

B cooTBeTCTBHM ¢ ypaBHEHHeM TOKOB KOJLIEKTOPHBIH TOK TpaH-
3MCTOPA OMPEAEIAETCH BRIPAKEHAEM

2 2
'i,=i,,+i6’+i,,’=ﬂ‘t+"2—U“e"”‘+f—3ﬂ’. 9.9)
Lu Ten R,

W3 coornomernit (9.8) u (9.9) cnenyer,
4TO B aBTOKO0JIe6aTeIbHOM GII0KHHr-resepa-
TOope BO BpeMsi GOPMMpPOBaHMS BEPIIMHBI -
" HMIOYJIbCA H3MEHSIIOTCA M 6a30BLIA, H KOJ- |
JeKTOpHLI# TokM. Kak BumHO, 6a30BEI# TOXK
C TeYCHHEM BPEMEHH yMeHbiaercs. Komiek-
TOPHBIH TOX B IPHHIMIE MOXET M Hapa-
CTaTh, H yMEBEbIIAThLCS. Bce 3aBucHT oT co-

OTHOLIEHHUs MEXIy HEPBLIMH IBYMS Cllara- PHC-:-19-1'(I)P§H;161?1;3~21’§§:
) CX€Ma 4BTOKOII T H
emMbivu (9.9). Ho ecim 1axe KOJLTEKTOPHBIH 6 10K HFr -TeHepaTOpa
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Puc. 9.20. BpemenHEIe qrarpaMMel GIOKHAT-TeHEPaTOPa
B aBTOKOIEOATEILHOM PEXAME

TOK H yMEHBIIAETCs, TO MEMNJICHHEE, YeM 6azoBuiii ToK. 1o
yMeHLIIEHAH 6a30BOro TOKA TPAH3HCTOPA HACTYIACT MOMEHT
t,, KOTKA TPAH3UCTOP BBEIXOAMT M3 PEXKHMA HACBIICHHS H
GopMupOBaHAs BEPIIMHB HMITYJIbCA 32KaHIHBACTCH. Taxam
JUIMTEJIbHOCTh BEPIIMHBI HMIIYJbCa OIPENEIACTCA COOTH
i nae = ha1o5p- C yueToM (9.8) 1 (9.9)

o t,,,-l—niUlI gl +n——§Uu =
u T6n R,
an —t
= h213 ne n/tl.

Tén

ITocne HEKOTOPLIX Ipeobpa3oBaHHA HMEEM

Ly Ry T6n

lx ﬁ _m (h21—m2) e—t,,/z,

ITonyyeHHOE TPAHCIEHAEHTHOE YpPaBHEHHE MOXHO YHPOC
YCIIOBHH 1, << T;. BOCIONB30BaBIMCh PA3IOKEEAEM B P 3K

—ty/T
H OrpaHMYHBIINCH NEPBHIMH ABYyMs WICHaAMH € A — t,/T1.
dopmyny MU pacieTa ATHTEIbHOCTH BEPIIAHLL AMIYJIbCA
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my (h21o— m2)/rew—n3/Ry
* 1+ () m by —n)

rae t,=L,/res.

Bo BpemMs GopMEpOBaHMs BepIIMHH HMIYJIbCA 33 CYET MPOTEKAHHA
6a30BOro Toxa TpaH3MCTOpa HanpsokeHHe Ha KoHaencatope C M3MeHs-
€TCd M K MOMEHTY 3aKPLIBAHHSA TPAH3UCTOpPA OHO CTAHOBHTCH PaBHEIM

1

Uc(ta)= Umm—é J is (1) dt.
0

IloncraBuB B 3TO BHpaxeHde 3HaveHHe ig(f) u3 (9.8) W mpomuTer-
pHpOBaB, IOJYYHM

Uc(t:) = Uss e —m U (1 — ™). (9.10)

IIpn mepexone TpaH3WCTOpa B aKTHBHBIA pexHM paboThl CHOBA
HA4HHAET BHIIOIHATECH YCIOBHE CAMOBO30YXACHHS H B CXeMe IpOTeKa-
eT JaBEHOOOpa3HuIil mpoiecc ero 3akpuBaEus. Kak H B xaymeM 6i1o-
KHHI-TeHEpaTope, MOCie 3aKPhIBAHMSA TPAH3HCTOPA HPOTEKAaET MPONec
pacceMBaHMs 3alaceHHOH B TpanchopMaTope 3HEPIHH, CONPOBOXIA-
FOIHMIACS MOSIBIEHAEM BCIUIECKOB KOJUIEKTOPHOro W 06a30BOro Hampsike-
guit. ITocne oxoHYaHHS 3TOro mpomnecca TPAH3UCTOP MPOJOJIKAET HaX0-
JHATHECA B 3aKPRITOM COCTOSHMH Oj1aronaps ToMy, 9To K 6a3e mpuKiIamsl-
BaeTCH OTpHIATENILHOE HANpSXKCHAE 3apsokeHHOro KoezaeHcatopa C.
D70 HampskeHHe HE OCTAeTCAd MOCTOSHHKIM, IOCKOJBKY B 3aKPBITOM
COCTOSIHMH TpaH3HCTOpa 4epes koHAeHcaTop C H pe3ucrop R mpoTeKaer
TOK Oepe3apsaky ot ucroynmka maragus Uy. ITosTomMy mo Mepe mepesa-
panxu KoraeHcaTopa C HampsxeHue HA 6a3e TPAE3UCTOPA yBEIH4MBAET-
Cf MO 3KCIIOHEHNAATLHOMY 3aKOHY

us (£) = Up—[Ua— Uc(t)] 6", (9.11)

rae ;3= RC.

Korna Hanpsokenue Ha 6a3e qoctdaraeT 3HaYeHAS Ug () = o~ Usngpacs
TPaH3HCTOP OTKPHIBAETCH M ONATh HAYMHAETCH mporecc GOpMHPOBAHHS
aMnyiaesca. TakuMm o0pa3zoM, [UIATENLHOCTb HAy3Hl Iy, OOpeAcseMas
BpeMeHeM HAaXOXJEHHSA TPAH3UCTOPA B 3aKPHITOM COCTOSHHM, MOXET
ObTh paccuyurasa ¢ moMourpio (9.11), ecmu mONOXHTE s (f) = Upspac-
Toraa c yueroMm cootHomerns (9.10) monyuum

UptmUp(1—e @™ _ 1
n - —UB3
tm=RCln— =" =

Un - UBE) Hac
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Ilia GIOKHHAT-TeHepaTOopa HA FepPMaHHEBOM TPAaH3HCTOpE IOIyYCHHAs
tdopMyna ynpomaeTcs, TOCKOILKY Ugs g, R 0.

BJIOKHHI-TeHepaTOPEl HMEIOT BRICOKMH K03((dummeHT IOJIE3HOro
JeACTBHSI, TaK KaK B may3e MeXJy HMIyIbCaMH TOK OT HMCTOYHHKA
OHTAHHA OpaKTHYecku He notpebisercs. Ilo cpaBHeHHIO C MyJIBTHBHO-
paTopaMH M OJHOBHOpAaTOpaMH OHH HO3BOJSIOT HOJYYHTL GOJIBLIIYIO
CKBAXHOCTh M MEHBINYIO [IHTEIEHOCTh HMITYJILCOB. BaXHBIM JOCTOHH-
CTBOM OJIOKMEr-reHepaToOpOB SBJIAETCS BO3MOXHOCTb IOJIYYEHHS HM-
OyJIbCOB, aMILUTATYJA KOTOPhIX 6oJiblle BHampsOKEHHS HCTOYHHMKA OHMTA-
gHA. [l 3TOoro maoctatodso, 4roOH Ko3pdunuenT TpaHchopManHH
TpeThed (Harpysounoi) o6MoTKH 7n;>>1. B GiokuEr-remepaTope OpH
HAJIMYMH HECKOJBLKHX HArpy30YHBIX 0OMOTOK MOXHO OCYIIECTBHTHL ra-
JbBAHMYECKYIO Pa3BA3Ky MEXAY HArpy3kaMH M IOJIy4aTb HMITYJILCHI
pasHo#l NONAPHOCTH.

Cxema GIOKMHT-TEHEpaTOpa HE pealm3yeTcs B HMHTErpalbHOM HC-
[OJIHEHAH W3-32 HAJIMYAS AMITYJIbCHOrO TpaschopMaTopa.

9.5. TEHEPATOPBI MMITYJIbCOB HA OIIEPAITMOHHBIX
YCUWIMTEJSAX

JIns DOCTPOEHHsl reHepaTOpOB MPAMOYIOJbHKIX MMIYJILCOB Haps-
Iy C AMCKPETHRIMH 3JeMeHTaMH H JIO B HMETErpalbHOM HCIOJHEHHH
HECIONB3YIOTC ONEPAIMONHLIE YCHNHMTENH. THI reseparopa HMMIyJb-
COB HA ONEPANHOMHBEIX YCHIMTENSX (MyJbTHBHGpaTop, OAHOBHOpATOp,
TPHITEP) OMpEAeNseTCs Nenbio 06paTHOA CBA3H.

My bTHBHOpaTOp M ONEPANHOHHOM YCHIMTENe MMEET JBE IENH 00-
patHO# cBsi3m (puC. 9.21, a). Ilenb 06paTHOH CBA3M HEHHBEPTHPYIOILIErO
BxoJa obpa3oBana AByMs pe3ucTopaMi (R, H R;) H, ClleJ0BATEIBHO,

Up = Ugsix Ra/(R2 + Rs). 9.12)

O6paTHas cBs3b 0 HHBEPTUPYIOIIEMY BXOAy 06pa3oBaHa IENOYKOH
R,C;, n03TOMy HaOpsKEHHE Ha MHBEPTHPYIOIEM BXOJE U, 3aBHCHT HE
TOJIbKO OT HampPsDKEHHs HAa BHIXOJE YCHIIMTEJA, HO U sBIAeTCA QyHKImel
BPEMEHH, OCKOJIBKY U, =uc; (f).

ITponecchl, mPOTEKAIOMHKE B MyJIbTHBHOpAaTOpE, pACCMOTPHM, Ha4YH-
Has C MOMEHTA BPeMeHH t, (puc. 9.21, 6), koraa HampspKEHHE HA BRIXOJE
nonoxutensaoe (UL,). IIpu sToM, xak Gyaer mokazaHo, KOHAEHCATOP
C, B pe3yIbTaTe mPONECCOB, MPOTEKABIIHX B MPEIECTBYIONINE MOMEH-
THI BpEMEHH, 3apsXKeH TakuM 06Pa3oM, YTO X HHBEPTHPYIOIIEMY BXOAY
OpPHIIOKEHO OTPUNATebHOE HampshkenHe. Ha HeHBEBEpTHPYIOIEM BXOJIE
B cooTBeTCTBHH C Qopmynoi (9.12) neiicTByeT mOJIOXKHUTEILHOE HANPS-
xende u,.= U}, R,/(R,+ R;). Hanpsixenue u,, 0CTaercs NOCTOSHHBIM,
a HamopsKeHWe HA MHBEPTHPYIONIEM BXOJAE U,, C TEYEEHEM BPEMEHH
YBEJIM4MBAETCS, CTPEMSCh K ypoBHIO Uy, HOCKOJBKY B CXEME IIPOTEKAET
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Prc. 9.21. Cxema My1sTHBEGpaTOpa HA ONEPANHOHHOM YCHIIHTENE (@) B ero BpemernLTe
maarpaMmst (6)

npouecc nepesapsaaku Kouaescaropa C,. OmHako moxa u,, > uy,, COCTOs-

HHE YCHIIATENs OHPEeNscT HANPSKCHAE HA HEMHBEPTHPYIOIIEM BXOJE

M Ha BLIXOJ€ COXpaHseTcs ypoBenb Ut .

B MOMEHT BpeMenH # HANPSKEHAA HA BXOJAX ONEPANHOHHOTO YCH-
JITENS CTAHOBSTCS PABHBIME: Uy, =y =Ucy (t))= UL Rs/(R;+ R;). Jans-
Hedlllee HE3HATHTESILHOE YBEIMUCHHE #,, NPHBOJMT K TOMY, YTO JH(-
(epernuameEoe (Pa3HOCTHOE) HAIPSKEHWE HA HHBEPTHPYIOLIEM BXOJIE
YCHIHTENs Auy, =1, — u;, OKa3BIBACTCS HOJIOKHTENBHEEIM, IOITOMY Ha-
OpPsDKEHAE Ha BBIXOJE PE3KO YMEHBINAETCH M CTAHOBHTCS OTPHNATENb-
HEIM Uy, Tak kak HaDpsoxkeHHE Ha BHIXOJIE ONEPANHOHHOTO YCHIHTEIS
H3MEHHJIO HOJIIPHOCTD, TO KoHJACHCAaTOp C; B Ja/IbHEHIIIEM Hepe3apsKa-
€TCsi H HANPsDKCHHE HAa HEM, a TaKXKe HANPSIKEHHE HA WHBEPTHPYIOMIEM
BxoJe cTpeMsTces K Uy,.

B MOMERT BpeMeHH f, OmATh U, =u; B 3aTeM auDPepeHIHaILHOE
(pa3HOCTHOE) HanpsDKeHHe Ha BXOJE YCHIHTENS Au, = u,—u), crano-
BATCH OTPHUATENLHBIM. Tak Kak OHO AEHCTBYET HA MHBEPTHPYIOIIEM
BXO/I€, TO HANPSDKEHHME HA BHIXOJE YCHIIHTES CKAYKOM OISAThH NPHHAMA-
er snavenwe U,,,. Hanpsokenne Ha HEHMHBEPTHPYIOIEM BXOIE TAKXKE
CKQYKOM H3MeHsieTCs Uy, = U, Ri/(R,+ R;). Konnenatop C;, KOTOpBIii
K MOMEHTY BPEMEHH /, 3apsAAMICA O OTPHNATEIHLHOIO HANPSKEHHS,
OUATb NEPE3APSHKACTCSH H HANPSKEHAE HA MHBEPTHPYIOIIEM BXOJ€E BO3-
pacraer, cTpemsich K U,.,.. Tak Kak npu 3TOM )}, > u,,, TO HAIPSKECHAE HA
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BBIXO/ie YCHIIHTENS COXpaHAeTCs NOCTOSHARIM. Kak ClesyeT H3 BpEMEH-
H6# auarpamMel (cM. pHEC. 9.21, 6), B MOMEHT BPEMEHH I, IOJHBIA
mEKTT pabOoTHI CXEMBI 3aKAHYHBACTCA H B JalbHEHIIEM IPONECCH B HEH
MOBTOPSIOTCH.

TakuM 06pa3oM, Ha BBIXOJE CXEMbI F€HEPHPYIOTCS HNEPHOJIHYECKH
HOBTOPSIOMEECS HMILYILCH IPIMOYTONbHOH (OPMEI, AMILTHTY/Ia KOTO-
prx 1p# |U,|=|Unyl= Unz paBaa Up=2Uyy.

JUIHTEeNBHOCTb TeHEPAPYEMBIX HMIYILCOB (MHTEPBAI BPEMEHH ty...t1)
onpeenseTcs BpeMeHEM Iepe3apsylki KongencaTopa C) MO 3KCHOOHEH-
OHAILHOMY 3aKOHY Uc; () =tc; (00) — [ty (00) —uc (0)]e_'/". ITockoJIEKY
ey (0)= — UnaRa/(Ry + R), ey (0)= Uz, 11=R,C}, TO Uc O=Unx—

- Una[(Ry +2R:)(Ry+ Re)] e~ ",

dopMupOBaHAE MMIYJIbCA 33KAHYMBACTCH B MOMEHT BPEMEHH [,
Koraa uc, () = UnuR3/(Ry+ R;). CreoBaTenbHO, UIMTENLHOCTD [€HEPH-
PYEMBIX HMIYIbCOB

t,=R,C,In[(R,+2R3)/R,].

Bo Bpems may3k! (MBTepBan BpeMeHH f...1) tci (0)= UnnRs/(R: + Rs),
ttc; (00) = — U,x B HaIpsKeHue Ha KoHAencaTope C H3MEHAETCS Cleay-
IOIHM 00pa3oM

ey (8= = Upx + U [(Ro + 2R/ (R + Rp)l ™"
IMay3a 3akaEqEBaeTCs, KOorma uc (t2)=— UncR3/(R2+ R3), cienoBa-
TEALHO

B 1aHHO# CXeMe fy=1,, TakaM ofpa3oM, cxema pafoTaeT kak
CHMMETPHYHBIA MyJIbTHBHOPATOP.

B HEeCHMMETPHYHOM MyJILTHBHOpaTOpe HAa OLCPALHOHHOM YCHJIHA-

R, VD2 Tene (t,# ty,) Hepe3apsaka KOHAEHCATOpa

— T — C, B nmay3e u BO BpeMs (OpPMHMpPOBAHHS
F:f VD1 HMIyJIbCA OCYLIECTBISETCS Yepe3 Pas iHy-

c
| ”’_‘ ' Hele pesuctoph (puc. 9.22). Korna ma-
Ugwx — IPSKEHHE HA BHIXOJIE YCHIIMTEIIS MOJO0XKH-
b of "
tempHoe (UY,) # hopMEpyeTCs MMIIYIILC,
[1] Rz 1o mwox VD1 oTKpHT M mepe3apsAnKa KOH-
AeHcaTopa IPOHMCXOAMT C IOCTOSHHOM

Q A spement 7,=R,C,. IIpu orpunareIbHOM
3

panpsxenud Ha Bbixone (Us,) OTKPHIT
nuoy VD2 v mocTosiHHAsi BpeMEHH Iepe3a-
Prc. 9.22. Cxema mecuMMeT- psiku KoHaeHcaTopa C), onpeAe/Isromas

pPHYHEOrO MyILTHBEOGpaTOp2 HA _
ONEPAIHORHOM YCHTATENE UTATEILHOCTE may3nl, T,=R,C\.
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Pac. 9.23. Cxema ofHOBEGpaTOpa HA OMEPANHOEHOM YCHIATENE (@) m ero BpemeHHEIE
JEarpamMmel (6)

OnuoBuGpaTop Ha onepaKOHHOM ycHIHTede. YCTONYMBOE COCTOSHHE
OHOBHOpPAaTOpa HAa ONEPANMOHHOM YCHJIHTEIE OOECIEYHBAETCSH, HAI-
puMep, BKIIOYCHHEM Hapajule/ibHO KoHaeHcaTopy C; muoma VD (puc.
9.23, a). Ilpu oTpHnaTe EHOM HAnpsxeruH Ha BRXOAE (Upy) AEox VD
OTKPHIT H HAIPSKCHHE HA MHBEPTHPYIOIIEM BXOAE HEBEIHKO: u,, = Up,
rae Uyp — nmaJicHBe HaUpsDKEHAS HA JHOJE B OTKPHITOM cocrosHun. Ha
HCHHBEPTHPYIOIIEM BXOJE HANOPSKCHHE TaKXe IOCTOSHHOE. U, =
=UpxRs/(Ry+ R), B TaK Kak u,, <u, TO Ha BHIXOJE NOAAEPXKHBAETCH
Heu3MeHHOE Hanpsxeaue U ..

Ilpy nomave BXOZHOrO HMIYIbCA MONOXHMTENLHON IIONAPHOCTH
AMIUTATYAOH Uy, > |ty | — | Uyp| HaIpsKeHEE HA HEMHBEPTHPYIOMEM BXOJE
CTaHOBHTCs OOJIbINE HanpsXKeHHs HA HHBEPTHPYIOIIEM BXOJ€E, U BRIXO/I-
HOE HANUPSDKEHHE CKAYKOM CTAHOBHUTCH paBHEIM Ug.. Ilpm 3TOM Takxke
CKa4KOM YBEIHYHBAECTCS HANOpPSDKCHHE HA HEHHBEPTHPYIOMIEM BXOJE JO
Uy = Ui Ry/(Ry+ Ry). OmmOBpeMenno nuox VD 3aKphBaeTcs, KOH/IEH-
catop C, HAYHHAET 3aPAKATHCA,H HA MHBEPTHPYIONIEM BXOJE PACTET
HOJOXHTENLHOE HanpsukeHue (puc. 9.23, 6).

IToxa u,, <u,;, Ha BRIXOAE coxpamseTcs Hanpsxerue U, . B MoMeHT
BPEMEHH [, OPH U, =U,; IPOUCXOJHT HU3IMEHEHHUE LONISPHOCTH BHIXO[-
HOTO HAUDPSDKEHHs, H HAOPsOKCHHE HA HEMHBEPTHPYIOIIEM BXOJE
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OpHHMMAET HCXOJHOE 3HA4YCHHE, a HANPSKEHHE «,, HAYMHACT YMCHb-
maTeCs mo Mepe paspsiakd konpencatopa C;. Koraa u,, nocraraer
3gayenns Up, OTKpeIBaeTca quold VD, H Ha 3TOM Hpolecc H3MEHEHAS
HaNpsDKeHHS Ha HHBEPTHPYIOUIEM Bxoje npekpamaercs. Cxema okashl-
BAeTCA B YCTOHYABOM COCTOSIHHH.

JnuTenbHOCTh MMIYJIbCa, OOpelessseMas IKCIOHCHIUAIBHEIM IIPO-
I1eccOM 3apsJKH KoHaeHcaTopa C; C HOCTOAHHON BpeMerH 7,=R,C; oT

ganpsoxerrs Uyp 1o Uq,Ry/(R;+ Rs), pasHa

"
t.=R,C,In (Ugx+ Up)(Ry +R3).
U <Ra
Tak kak |Uyp| < Ujx, TO t:=R,C, In[(R; + Ry)/Ry).
BpeMsi BOCCTAHOBJIEHHS CXEMbI OIPE/EIIAeTCs UIHTENBHOCTLIO PO~
necca paspsaake kouaercatopa C; oT Uy Ra/(R; + Rs) no — Uyp, 4 € yie-
TOM IOPHHSATHIX JOLYIICHHH

t,=R,C,1n[(R; +2Ry)/(R;, + Ry))-

Tpurrep na onepanuonuoM ycumrene. Lenn o6paTHO#M CBS3M TPHUITE-
pa Ha ONEPAHOHHOM YCHIIATE]E He COAEPXAT PeaKTHBHBIX 3JIEMCHTOB,
yTo obecnevMBaeT EANHMYME ABYX YCTOMYMBLIX COCTOSHHMHA (puc. 9.24).
IIpuMeM, 4TO Ha BRIXOJE YCHIIATENS JEMCTBYET YPOBEHb HANPSIKCHHS
Ul,. Tak xak u;=0, a u}>0, To 3TOT ypoBeHb HOANEPXHBACTCA
Her3MeHHBIM. CxeMa IepeXOAuT B APYroe yCTOMYMBOE COCTOSHME IPH
Hojaye HAa WHBEPTHPYIOMMH BXOJ HMIIyJbCa HOJOXHATEILHOM HOJIP-
HOCTH AMILIHTYAOM #y, > Uy IIpH 3TOM CKaYKOM H3MEHAIOTCS BEIXOAHOE
HampsokeEre U,, H HANOps)keHHe Ha HeHHBepTHpyromiem Bxofe. Ilocie
OKOHY2HHS BXOJHOIO MMOYJIbCa CXeMa OCTA€TCHd B ITOM COCTOSHHH,

Ugy A

oA A,

g

()
-~y

6)

Purc. 9.24. Cxema Tparrepa Ha ONEPAIEmOHHOM YCHIHTENE (a)
H €r0 BDEMEHHKIE ArarpamMmei (6)
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HNOCKOJIbKY %, =0, a Ha HEHHBEPTHPYIOLIEM BXOJE NEACTBYET OTpPHIA-
TEJILHOE HALPSIKEHHE.

Ecnu 3aTeM mojath BXOAHOH CHIrHAN OTPHIATENLHOM HOJIIPHOCTH,
TO CXeMa IepedeT B HCXOJHOE YCTOMYHBOE COCTOsSHHE. Takum 06-
Pa3oM, ecll aMIJIMTYa BXOJHLIX HMIYIbCOB YJOBJIETBOPSET YCIOBHIO
Uz > Upin Ry/(Ry + R,), TO cxema paBoTaeT B peXXUMe TPHITEpA.

I'emepaTopsr Ha onepamEOHHBIX YCHIHTENSAX OfecneYnBarOT (GOpPMH-
pOBaHHE HMIOYJLCOB AMIIMTYJOH A0 JECATKOB BOJBT, JIATEILHOCTH
$POHTOB 3aBHCHT OT MOJIOCH YACTOT ONEPAHOHHOTO YCHIMTENS H MO-
XE€T COCTaBJIATb JOJIA MHKPOCEKYHIEL.



I'nasa 10

I'EHEPATOPBI MMITYJIHLCOB
C HAKOIIUTEJIAMHU DHEPI'A

10.1. IPUHIIVII AEFICTBAS TEHEPATOPOB

I'eHepaTOphl HMOYJIBCOB C HAKONHTEISMH 3HEPTHM HCHOJIL3YIOTCH
B PaJHOJIOKAIAH, YCKOPHTEIbHON TEXHHKE, 2 TAKXe I IHTAHHS JJ€K-
TPOHHOJIyY€BEIX, MOHHO-IUTA3MEHHBIX H JIA3€PHBIX TEXHOJOIHYECKHX
YCTaHOBOK.

Jlns mosydeHAs MMOYJIbCOB GOJIBIION MOIHOCTH FeHEPATOPHL peia-
KCAIIMOHHOI'O THIA HE HCHOJB3YIOTCSH, TAK KaK, 32 HCKIOYcHHEM 6J10-
KHHI-TeHEpATOpa, OHH MMEIOT HA3KHA KO3(()HIHECHT MOJE3HOTO ACHCT-
BHS. 3TO 00YCIOBIERO TEM, YTO KaK BO BpeMs F¢HEPHPOBAHHS HMI1YJIb-
Ca, TaK H B may3e, OJHH H3 TPAH3UCTOPOB BCETAa OTKPHT H MO3ITOMY
KII n npumepro 06paTHO NPONOPHHOHANIEH CKBaXHOCTH. Eciu npm
reHepUPOBAHMN HMITYyJIECOB MaJiOil MOIIHOCTH 3TO O6CTOSTE/ILCTBO HE
HrpaeT CyIIeCTBEHHOH POJM, TO IPH MOJYYEHHH HMIY/IbCOB, MOIIHOCTD
KOTOPEIX COCTaBJIsleT COTHH BATT M BBIIIE, OHO HEJONYCTHMO.

I'emepanus MOMIHBIX HMIIYJLCOB OCYMIECTBIIACTCH 2eHepamopamu
¢ Hakonumesamy snepeuw. IIpuHNEN OEHCTBHS TAKUX T€HEPATOPOB 3a-
KJIIOYAETCd B TOM, YTO B TE€YCHHE HEKOTOPOro HPOMEXYTK2 BPEMEHH
t;, MPOUCXOZAT KOHNCHTPANAsA 3HCPTHM B HAKONMTEJIE OT HCTOYHHKA
HANPSDKEHHs,, 4 3aTEM C IOMOINBIO 3JIEKTPOHHOIO KII0Ya 3HEPTHS OT
HAKOIIMTEIS MEPEJACTCS B HArpy3Ky H PacXoAyeTcs B HEH 3a IPOMEXY-
TOK BpeMeEHH 1;. OOBRIYHO f1/t;>>1, NO3TOMY CpelHss MOIIHOCTh, HOT-
pebiseMasi OT HCTOYHMKA IATAHASA, OKA3LIBACTCSA 3HAYHTEIILHO MEHBINE
HAMITYJILCHOHM MOIHOCTH, PacXoAyeMo# B Harpyske. TakuM o6pa3om,
reHepaTophl MMIIYJILCOB C HAKONMTEISIMH 3HEPTHH SABIAIOTCA B Cyll-
HOCTH MPaHCHopmamopamu MOwHOCmu.

B kauecTBe HAKONHUTENEH B TAKHX TeHEPATOPaxX HCHOJB3YIOTCS KOH-

NeHCATOPEI, OTPE3KH UIHHHBIX JIHHAM, HCKYCCTBEHHBIE JIHHHH, 2 TaKXe
KaTyIIKH HEyKTABHOCTH. IIpH HCIO/IE30BaHMM KOHIEHCATOPOB M JUIHH-
HbIX JIHHEH HAKAIIABAETCS SHEPTHS 3neKTpmyeckoro mois E=CU?/2.
B unoyxmusnvix naxonumeanx HaKaILIABAETCH JHEPIHsl MATHUTHOTO HO-
a1 E=LI?/2.
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B ciywae remepaTopa ¢ emkocmubim Hakonumesem 3apsaKa KOHIEH-
caTtopa C OCYIIECTBISCTCA OT HCTOYHMKA LMTAHHS 4Y€pe3 3apsaHbIN
Pe3UCTOp R,, a OpH 3aMBLIKaHHH KiIioua (KOMMyTaropa) S Harpyska
NOJAKIIOYACTC K HAKONIHMTENIO H HAKOIUICHHAs JHEPTHS PacXoayeTcs
B Harpy3ke (puc. 10.1). Bpemsi paspsaxu eMKOCTHOTO HAKOIMHTENS, T. €.
BpEMs, B TEYCHUE KOTOPOTO KJIFOY 3aMKHYT, ONpEAeseT AJIMTENLHOCTD
r€HEPHPYEMBIX UMITYJILCOB #;. Bo BpeMs popMHpOBaHuS HMIIyILCA KOH-
ACHCATOP OTHAeT YacTb 3aMACEHHOHW 3HEPTHH B HATPY3Ky H HAIpsKe-
HHE Ha HEM YMEHBIIAETCH OT Upy 10 Upyp. B mayse mexnay umimyinn-
CaMM, KOTJa KJIXOY PAa30MKHYT, HAPAXKEHAE Ha KOHACHCATOPE YBEIHIH-
BacTCH

uc(t)= Unin+ (Us— Upin) (1— e-z/:,),

rae 1,=R,C — nocTosHHEas BpeMEHH 3apsJHOM IENH. Hpu 3TOM B 3a-
PSIHO# [EIH IPOTEKAET TOK

—uc (') Un~Unin o ln
R, R, )

h()—

K MOMeHTy OKkOHYaHMS may3ul !, HaOpsDKEHHE Ha KOHICHCATOpE
JOCTHIaeT MaKCHMAJILHOTO 3HAYEHHS

Unax= Usin + (U = Unir) (1 —e ™). (10.1)

Ilpu pabGote B mepmojgmdeckoM pexume 3Hepras E;, 3amacaemas
B KOHACHCATOPE MIPH €r0 3apsaaKe BO BpeMs Hay3hl, PACXOyeTCA 3aTEM
B Harpy3ke u, TakaM obpa3oM, sBiieTca noje3dod. Hapsaay ¢ aTeM 3a
CYET NPOTEKAHHS 3aPSNHOro TOKA i, B 3apSNHOM pe3ucTpe R, BhIAENACT-
cs sHeprus E,, koTopas MOET Ha ero HArpEB H, CJIEJ0BATENLHO, ABIAETCH
JHEPIrHEH noTeph.

Ecnu npese6peyb KOMMYTAUHOHHEIMM HOTEPSMH, a TAKXe HMETDb
B BHAY, YTO B COOTBETCTBHM C IPHHIHAIOM JEHCTBAS TeHEpATOpPA
Inn/t;>>1, 1o KIIJI remepatopa ¢ €MKOCTHBIM HAKOINHTEIIEM n=

=E,/(E, + E,). Ilone3nas sgeprus, pacxogyeMas B Harpy3Ke

Ey=0,5C (U — U2)=0,5CU%, (1), uﬂ"—&-[s
rte k= Upnae/Usis. <[]

OHeprus noTephb

I3 I

Up— Upin) —

— |42 _ | Wa— Unin mfty 1, Prc. 10.1. Cxema dopmupo-

Er= J‘h R.dt= J‘ R, e de= BAHHS MPAMOYTOJLHOTO HM-
4 o myIbca
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o —2
=5(U,,—Um)2(1—e Pmftay
IMoncTases B HoIyYeHHOE BRIpaxenue Uy 3 (10.1), AMEEM

CUR, (k—17(1—e =™

'E2= -t
2(1—e¢ °y?

OTKyaa

(k2 . 1)2(1 _e_Z’m/’:)z —} (k+ 1)(1 _ e—’m/":)

5 (10.2)

r’=
k121 —e %) 2 - 11— =y

- xll'.!/“:!

k—e

W3 storo Bhipaxenus cnexyer, yro KIIJ{ remepaTopa MMIylbCOB
¢ eMKOCTHBIM HAKOIHTENIEM C YHeTeM IPHHATHIX JONYIIEHUH 3aBHCHT OT
OTHOLIEHHAS MAKCHMAIBHOIO M MHHEMAIILHOTO HANPSKEHHH Ha KOHJICH-
catope k= Ugax/Unin, @ TaKXe OT OTHOIICHAS IHTCILHOCTH nay3hl
t,, K MOCTOSHHOM BpEeMEHH 3apsagEO# nemd T,=R,C.

[eHEepaTOphI HMIYILCOB C EMKOCTHBIM HAKONHTENEM, KaK IPABUIIO,
paboTaloT B ABYX HNpeACIbHBIX PEXAMAX:

1) pesscum noanozo paspada (k- 0), IpE KOTOPOM HANpSKEHHE Ha
KOHJEHCATOPE B MOMEHT OKOHYaHHS HMITYIbCa Unin=0; .

2) pexcum HacmuuHo20 paspaoa (k- 1), xorzaa 3a Bpems GOpMHPOBA- ]
HES MMIyJbCa HAKONMTEIbHLIA KOHJEHCATOP Pa3psDKACTCS HEIHATHTIE- .1
IIbHO. 1

B nepsoM ciydae (1pu k—» o), nonyuaem 7=0,5 (1 —e"“’/”). Cneno- |
BaTENILHO, NpeAeIbEbI (UPH fn/T,—>00) KIIJ, KOTOpbIl MOXHO HOIy- §
4uTh OpH paGoTe B pexuMe HOJIHOTO paspsaa, paBeH 0,5. Onmako Ha |
npaktuke KIIJ MeHbme, HOCKONbKY IpH nepHogaueckoi pabore reme- |
paTopa IOCTOSHHAS BPEMEHH 3apPS/IHOM NEIH OKa3hBACTCH KOHEYHOH |
BEJIMYHHOH.

n
1,0

Jns apanu3a 3aBHCHMOCTH 7 OT IapameT- :
poB pabouero pexmma regepaTopa B Ciyiae |
YaCTHYHOTO pa3psia HAKOIHTEILHOTO KOHICH- §
caTopa IpeoGpasyem ¢opMyy (10.2), mono- |
s k=1+Ak, rae Ak=(Unax— Unin)/Unin- |
Toraa AoOJy4HM

AK=0,02 0,05

0,8
0,6
0,4

02 1 ]
W pe— TAE2 (10.3) |
T 2 It 1+ Ak —e = 3

Prc. 10.2. 3aBEcAMOCTD ]
KIIJi remeparopa oT HO- U3 moryueHHOr0 COOTHOUICHHAS CIEAYET, 1TO |
CTOSHHOM BpEMERH 3apsll- npu Ak < 0,05 OTHOIIEHHE f1/T; OPAKTHYECKH HE |

K& KOHJIEHCATOpa
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okasnBaeT Bnuuanas Ha KIIJ, xorma #,/t,>0,5 (puc. 10.2). B Takom
pexuame paGoth resepatopa KIIJ] me meree 0,95 M cTpeMHTCS K en-
HEOE npu Ak—Q. .

Taxum o6pa3oM, pexHM YaCTHYHOTO pa3psia HAKONHTEILHOTO KOH-
ACHCATOpA sBISETCA GOJee 3KOHOMHYHLIM IO CPABHEHHIO C PEKHMOM
HOJIHOTO pa3psja.

10.2. TEHEPATOPBI IMITYJIbCOB C YACTUYHBIM
PA3PAIOM KOHAEHCATOPA

IIpunnun reEepHpoOBaHHs HMIIYILCOB IPSMOYIONIBLHOM (OPMEI Me-
TOJJOM YaCTHIHOTO Pa3psa KOHIEHCATOpa 3aKII09AETCA B CIEAYIOMIEM.
Ilpensaputensao 3apskeHHHIA g0 HanpskeEHs Up,, KOHIEHCATOD
¢’ ¢ moMOIBIO KII0Ya HA HEKOTOPOE BpeMsi MO/ICOEIUHSETCS K HArPY3Ke
R, (cm. puc. 10.1). Ecia cyuTaTh KIIOY HACAIBHEIM, TO B MOMEHT
BKJIIOYECHHS [y HANIPSHKCHHE HAa HArpy3Ke CKAYKOM BO3pPAacTacT J0 3Ha4ye-
HHS Up,,. 3aTeM KOH/IEHCATOP Pa3psXaeTcs, W HANPSUKEHHE HA HAIPY3Ke
YMCEHBINACTCA IO IKCOOHEHIMAILHOMY 3aKOHY #pg () =uc(t)= Upax e ! i
rae 1= R,C — nocTosHHAas BpeMeHH pa3psaHOH nend. B MoMenT ¢, pas-
MBLIKaHHs KJII0Y2 HAOPSOKEHHE HA HArpy3Ke pe3KO YMeEHBINAeTcs A0 Hy-
ns (puc. 10.3). Hanopspkenne Ha HArpy3ke B KOHIlE HMIIYIbca Uy, =

—tyft
=Upnx€ 7.

Taxum o6pasom, npu 3aMKHYTOM KilIo4e Ha HArpy3ke GbopmupyeTcs
HMITYJIbC, GOpMa KOTOpOro 6i1u3ka K mpsMOyroseHOH. IIpMANMIHA IL-
HEIM SBJISETCA HEMOCTOSHCTBO aMIUMTYAL (OPMHpPYEMOro HMITyILCa.
Cnax Bepmmun mmunynasca AU, = Upy— Upn= ma,{(l—e_r ‘) 3aBHCHT
OT HOKa3aTelsd IKCIOHEHTH! f;/t. UeM MeHbIlE OTHOINCHHE 1,/T, TEM
MCHBIIE HEPABHOMEPHOCTb BEPINMHKI mMIyabca. (CregoBarennHO, OC-
HOBHOE€ yCJIOBHE I€HEPHPOBAHHS HMIYILCOB HPAMOYTOJLHOH (GopMEI
METOJOM YaCTHYHOIO pa3psja KOHICHCATOpA: f;/T << L.

 MIMmynbcHast MOMIHOCTD T€HEPATOPOB € YACTHYHEIM Pa3psiIoM KOH-
neacatopa Py = Unaxlinay, TA€ Iy — TOK B MMIYIIBCE, Upyy — HMITYIIBC-
HO€ HAIPSIKEHHE, B OCHOBHOM OIpe/ienAeMEle apaMeTPaMH KJIIOYEBOTrO
JIEMEHTA. DJIEKTPAYECKasi IPOYHOCTb KO-

43, T. € HAOPSKCHHE, BHIAEPKHUBAEMOE Unn A

B Pa3OMKHYTOM COCTOsiHuM Oe3 mpo6oes v, | __ »

Uy, onopelenseT MakCHMAIbHOE HAmPs- | | OSS—reeeoe T,
XEHHE, O KOTOPOTO MOXET GHITh 3apsi- E::*--- T,
xeH KoHgeHcaTop C: Upy< Uy, a Mak- D N
CHMAJIbHBIH KOMMYTHPYEMBIH TOK Jyon e [EERNE
OrpaHMYHBAET TOK HArPY3KH I, <l 0 th t e

IMToaroMy B ka4eCTBE KOMMYTaTODOB B Te- ®
HEPATOpPE C YaCTHYHBIM Ppa3psiioM KOH- ﬁ;’;;,clfﬁim gggﬁggi“;;‘g‘;:
AeHCATOpA MCHONB3YFOT CHEeNUATbHbIE e KORIGRCATOpA
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MOAYJISTOPHEIE JAMIIBI, KOTOPKIE 10 CBOHM XapaKTEpUCTHKAM HauboJee
IOJIHO YJOBJETBOPSIOT NEPETHCICHHBIM TPEOOBAHUSM. B Takux regepa-
TOpaXx /Ul MOJNy4CHAS HMIYJILCOB 3HATHTENLHOH MOMHOCTH HOIYIPO-
BOJIHAKOBBIE IPHOOPKL HE HCIOJB3YIOTCS, IOCKONbKY OHM MMEIOT MCHb-
LIYIO 3JEKTPHYECKYIO OPOYHOCTb H 00ECHEeTHBAIOT MEHBIIHA KOMMYTH-
PYEMBI# TOK II0 CPABHEHHIO C 3JEKTPOHHBIMH JaMIAMH.

Pacuer cxeMul. IIpu aHanu3e IponeccOB B FeHEPATOPE C YACTHIHLIM
pa3psjoM KOHJEHCATopa Ha 3J€KTPOHHOH Jiamme HEOOXOMMMO YYMTHI-
BaTb HapasuTHEIE 3nemeHTH (puc. 10.4, ). K muM mpexne Bcero oT-
HOCSTCS MEX3JIEKTPOHAS eMKOCTh JMaMikl C), IKBHBAICHTHAS EMKOCTD
HArpy3KH ¥ MOHTaXHAasl €MKOCTb CXEMbI C,. B HCXOmHOM COCTOSHHHA
naMma 3aKphiTa OTPHUATENbHREM HANPSIKEHHEM HMCTOYHHKA CETOYHOrO
. cmemerns U, Hakonutenpusii KornercaTop C 3apsxacrcs OT HCTOY-
guKa mETapds U, uepe3 3apsfHbIA pe3ucTop R, H HATPY3KY R,. Mak-
cAMAaJILHOE HAIpsDKeHHe Ha KoHneHcaTope C He mpeBhINIACT U,. Takum
o6pa3oM, HANIPsDKECHAE HA KOHAEHCATOpe C, u Ha aHoxe namusl U, ~ U,
B 3TOM Ciiyuae TOK 4Yepe3 HArpy3Ky He OpPOTEKacT M HAUPSIKCHHC Ha
xorpercatope C, Uq=0.

PaccMoTpuM mponecc GOpMHPOBAHHUS HMIYJILCA NP YCIOBHH, YTO
Ha CETKy JaMOsl B MOMEHT BPEMCHH fp HOJACTCH HMACATLHOH HpPSIMO-
YroJIbHOR GOPMBI OTIHPAOMMAHE HMIYILC JUTHTEIBHOCTBIO Iy (puc. 10.4,
6). Janee o6CyauM, K KAKHM HOCIEACTBHSM IPUBOMMT TO, HTO peAllb-
HEIM BXOJHOU HMMIYIbC MMEET ONpEJIENCHHYIO JIATENLHOCTD ¢dbporTa
u cpe3a. [IpH OTKPHIBAHHH JaMIILl B MOMEHT BPEMEHH o AHOJHBIA TOK
Pe3Ko BO3PACTAET, OJHAKO AHOJHOE HANPSUKEHHME YMEHBINACTCA HE CKat-
KOM, 2 IOCTEINEHHO MO Mepe pa3psikH KoHpgencaropa C; 4epe3 OTKphI-
Tyio nammy. B pe3yabTaTe B HaYaJbHBH MOMEHT BPEMCHH TOIDBKO
He3HAYMTEILHAS YaCTh AHOMHOTO TOKAa MpOTeKaeT uepe3 Harpysky. Ilo
Mepe pa3psuk# mapasuTHO# emxocTH C) J01s aHOZHOrO TOKa, IpoTe-

Puc. 10.4. CxemMa reHepaTopa HMILY/IHCOB
C 9YACTHMHEIM Da3psloM KOHIERCATOpa
(@) ® ero BpeMenHbIe AHATPaMMEI (6)
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KaroIero B HArpy3ke, BO3PAacTaeT H HANPSKEHHE HA R, yBeIMuHBaeTCH
CO CKOpOCTLIO, OIpeleNnseMoi 3apsaaxoil koHaercaTopa C,.

Taxam o6pasom, mmaTenBLHOCTE BpoHTA HMIIy/IbCa HANPSKEHHS Ha
Harpyske ONpENE/AeTCs BPEMEHEM pa3psiakd MAPa3sHTHOM EMKOCTH
C) u BpemeneM 3apsiaxe C,. Buay He3HauMTeTBHOM CyMMapHO# mapa-
3uTHOH emxocTH Co=C;+ C,<<C 3a Bpems dopmupoBanns ¢ponTta
HAIlIpsDKCHHE HA HAKOMATEJILHOM KOHJeHCaTope C IPakTHYECKH HE A3ME-
HSETCH.

B nanbeeiimem mpomcxomaT $bopMEpOBaHHE BEPIIMHEI HMIYIbCA.
Ilpa stom kxoBnencatop C pa3psxacTcs H HampsDKeHHE Ha Harpyske
YMEHEBIIACTCH, €CJIH NaACHAC HAUPSDKEHUS Ha JIAMIE B OTKPEITOM COCTO-
SHHMH OCTACTCH HEH3MECHHBIM. B MOMEHT BpeMeHH #; 1aMmna 3aKphIBaeTcs
H €€ aHOJHLIH TOK CTAHOBHTCH PaBHEIM Hymo. OfHako 4epe3 HATpy3Ky
R; B TeYeHHe HEKOTOPOrO BPEMEHH MOCIIE 3AKPHIBAHHS JAMITLL OpoAaoJ-
XaeT OpoTekaTk TOK. OH O6YCIOBIEH TOKOM 3apsylkH IapasHTHOM
emxoctH C; 8 TokoM paspsgxu C,. Co BpeMeHEM 3TOT TOK YMEHbIAETCH
n GopMHpYyeTCs cpe3 EMIIyIIbCa.

B mponecce popmupoBanus mmuyibca HanpsOKCHHE Ha HaKOMATEb-
HOM xoHAeHCaTOpe C ymeHbmaercs. I103TOMy HOCIE OKOHYAHHS npo-
liecca B CXxeMe IPOACXONAT Jo3apsiaka Konaencatopa C. Ha marpyske 3a
CICT TOKA NO3APSANKH BO3HHKAET HMIYJIBC HAOPSKEHHAS O6PaTHOM HO-
JIAPHOCTH, C TEYCHHEM BPEMEHH YMEHBIIAIOIMUMCS. J{IMTeILHOCTD 3TOrO
UMITyJIbCa OHpelesIseT BpeMsl BOCCTAHOBIEH S cxeMbl. [Ipu paccMoTpe-
HMH Opoliecca GOPMHPOBAHHS MMITYJIhLCA HE YYMTHIBAIOCH HANHYHE 33-
PAIHOHA HemH. DTO KOMYCTHMO IPH YCIOBHA R,>> R,.

Mns paciera mapamMeTpOB reHEPHPYEMOrO HMIYJIBCA COCTABHM K-
BHBAJICHTHYIO CXEMY IeHEpaTOpa ¢ YaCTHYHRIM Pa3psJOoM KOHJEHCATO-
pa, IPEACTaBAB B HEW AHOJHYIO LEIb OTKPHITOH JIAMITHl SKBABAJICHTHHIM
BHyTpEHHUM conpoTusieaHeM R; (puc. 10.5). Takas cxema conepxur
TpH PCaKTHBHHIX 3JICMCHT2 H MOITOMY IEPEXOAHLIE NMPOLECCH B Hei
OIHCKLIBAIOTCH G EpeHIAAILHEM yPABHEHAEM TPETHErO MOPAJKA.
Onnako amama3 mpoleccoB B remepaTope CYMIECTBEHHO YIPOMIAETCS,
€CITH paccMaTpHBaTh OTAENBHO Iponeccu hopmapoBanas GppoHTa, Cpe-
332 ¥ BEPIIHHBEI AMITYJILCA.

Ilpa ¢opmupopannn ¢poHTa B Cpe3a HMIyibca HanpsDKeHHEe Ha
HAKOIHTEJIbHOM KOHIEHCATOpPE HpPaKTHYECKH HE H3MEHSECTCH, T. €. OH
IPEJCTABIIAET COGOM ACTOTHAK IOCTOSHHOIO HANPSIKEHHS C HYJIEBHIM
BHYTPCHHHM CONPOTHBJIEHHEM [0 HepeMEHHOMY TOKy. CleoBaTebHO,
koHaeHCaTOp C MOXHO HE YYHTHIBATD,

H TOrja JKBHBAJICHTHASA CX€Ma yHOpola- ! ”C'

ercs (puc. 10.6, a). ITepexomunlii mponecc, a Mg _J_
OOpeAeNnsONME JIHTENBHOCTh (POHTA, s P O TG | A
IpPOTEKAET O 3KCHOHEHITHATILHOMY 3aK0- T T

By C IOCTOSIHHO# BpeMEHH Ty = R, Cy, rie

Co=C,+Cy; 1/Rus=1/R,+ 1/R; +1/R,. Puc. 10.5. OxBuBanenTras cxe-

Ma reHepaTopa AMIIYJILCOB
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Puc. 10.6. K pacuery mpomeccos Qopmmposanms (poHTa H Cpe3a (a), sepumerr (6)
HMIIY/IbCa B BPEMEHHW BOCCTAHOBJICHHA I€HEpAaTOpa AMIYIHCOB (8)

6)

ConpoTHBIEHHE 3apsJHOrO PE3HCTOPA BHIOMPAacTCs H3 YCIOBHS
R,> R,+ R, 109TOMY Ron® RiRy/(Ri+ Ry). Taxam ob6pa3oM, JIHTENb-
HOCTH (poHTa EMIYIkCa fp=(3...5) CoRR:/(Ri+ Ry).

Cpe3 aMmynbca GopMHEpYeTCs, KOrja Jamna 3aKphITa (R~ 0). Crne-
JOBATENBHO, fp=(3...5) CoR,. VI3 momydeHHBIX COOTHOIIEHMH CIIEAYET,
YTO AIHTEILHOCTE (PPOHTA HMIYNbCa MEHBIIE JUIHTEILHOCTH Cpe3a.

Korna ¢popMEpyeTcs BepIIHEAa HMIYJIbCa, CKOPOCTh H3MCHCHHS HA-
IpSDKCHAS HA MAapa3sHTHHIX eMKOCTsSX C; H C, HepelAKka H TOKH, IpOTe-
KAIOIIHE Yepe3 HAX, OKa3KBAIOTCS CYIIECTBEHHO MEHBIIIE aHOJHOrO TOKA
JaMIEl B ToKa HAarpy3kd. IIo3ToMy Ha 3TOH CTaJHH Dapa3sATHRIMH
emxocTsMA C; B C, MOXHO IpeHE6pedb H C YUETOM TOro, 4To R,> R,
SKBHBAJICHTHYIO CXE€My reHepaTopa MOXHO CYIECTBEHHO YOPOCTHTh
(prc. 10.6, 6). I B 3TOl CXeMe HEPEXOAHBIA IPONECC MPOTEKACT IO
3KCIIOHCHIKAILHOMY 3aKOHY C IOCTOSHHOHA BpEMCHH T,= C(Ri+ Ry).
Ecymi koreHcaTop C IEpBOHAYATLHO 3apsDKeH 10 HANPKEHHS Upngy, TO
aMIIETYJa EMOyasca Ha Harpyske Up=Ups (0)= UparRs/(Ri+ R;). Bo
BpeMs (POpMHEPOBAHHs HMIYJILCA HANPSDKEHHE Ha HATPY3Ke OmpeaeIieT-

-cs1 cooTHOmeHHEM Uy (t)=U,,,(l—e"'/’"). DTO BEIPAXEHHE HO3BONSET
ompeaenATh a6COMIOTHOE CHIDKEHHE aMILIATY/(LI AMIYJIbCA

AU, =Usy (0)— U ()= Un(1 —¢~)
H OTHOCHTEJIbHOE CHHKCHHE aMILIATYAH HMnynbca
A=AU,fUp=1—¢""",

B resepaTopax HMIyJbCOB C YAaCTHYHBIM Pa3pAAOM KOHJICHCATO-
pa A MOJydYeHHs: HMIYJIbCOB, GopMa KOTOPBIX 6Jm3Ka OpsAMOYIrOJb-
HOM, HEOGXOMMO BEIIOJNHHThL YCIIOBHE fy/Ty <K 1. CrenoBaTelbHO, A=
=1,/{C (Ri+ Ry)]. OTcrona CnefyeT, 4TO IPH 33JaHHEIX 3HAYCHHAX JIUIM-
TeJLHOCTH MMIYJIbLCA H CONPOTHBJICHHAS HArpy3KH OTHOCHTEILHOC CHH-
JKEHHE aMIUIMTYIhl HMIYJIbCa MOXET OBITh JOCTATOYHO MAIbiM, €CJIH
yBE/IHYEHAa €MKOCTh HAKOUMTEILHOro KOHJEHCATOpa C. Tak kak i
HMIIYIbCOB, (OpMa KOTOPEIX 6mm3ka mpsMoyrombHO#, A<0,05, TO
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OKa3bIBAETCH, YTO MPH ITOM Aocturaercs M Bricokmit KIIJI, mockolbky
Ak=) u, B cooTeTCTBHE C BRIpaxerneM (10.3), n—1 opu A—0.

Ilpu nosapsinke HaKOMATENLHOrO KOHAEGHCATOpPA Jamia 3aKpHITa,
TOKH OApasHTHBIX €MKOCTEH Majkbl, MOITOMy 3KBHBAIICHTHAs CXeMa
FeHEpaTOpa, COOTBETCTBYIOMIAsl 3Taly BOCCTAHOBJIEHHs, LpEACTABISCT
HOCIEA0BATEILHOE COCNHECHHE 3apS/IHOrO R, ¥ Harpy3oudoro R, pe3u-
cropos # koHaeHcatopa C (puc. 10.6, 6). ITocrosuHas BpeMeHH 3Toi
nema 1,=C(R,+R,), a MIHTeNbHOCTs O6paTHOrO BHIGpOCA f,=
=(3..5) C(R,+R,). AMwmaryna o6patHOro Bhibpoca U, OpH yclIoBHH,
9TO HANpsDKEHHE Ha HAKOMUTEIbHOM KOHJEHCATOPE B MOMEHT OKOHYA-
HAS BMIYNbCA Upy, paBHA Uy =(Uy— Upin) Ry/(R.+ R,).

ITocne oxomuaHHs mponecca BOCCTAHOBIEHHs HAIPSDKEHHE HA KOH-
ACHCATOPE AOCTHracT MaKCHMAJBHOIro 3HaveHmss Ug,, M CXeMa roToBa
AUl FEHEPHPOBAHASA CHEAyIomero uMmyianca. Taxum o6pa3om, MHHH-
MAJILHBEIA [EPHOJl IOBTOPEHHS IEHEPHPYEMBIX HMIYJIBCOB Ty =1,+1,,
4 MaKCAMAIIbHAs 4aCTOTA UX NOBTOPEHHSA fpa,=1/(t;+1,).

B psnxe ciysaes Harpyskoil remeparopa ¢ WAaCTHYHEIM pa3psioM
KOHAEHCATOpa CIyXaT MArHETPOHHEIE H KIHCTPOHHHE eHEPATOPHI
CBY, nasepw, yckopHTENnbHEE TPyOkH B T. A Ilo ycioBEsM paGoTst
3THX OPHOOPOB TOK B HAX MOXET OPOTEKATh B OJHOM HANPABICHUH,
T. €. OpH paspsaIke HaKOMHTENLHOrO KoHAeHcaTopa. ITostomy ans
peaM3aniA 3apsIHOR NENH mapajulellbHO 3THM OpHOOpaM BKIIOYAIOT
JHON, Yepe3 KOTOPHIH NPOTEKACT TOK 3apAAKH HAKOIUTEILbHOI0 KOHIEH-
catopa. Mcaonb3oBande JMONA B 3aPSAHOM NENH HO3BOJISET YMEHBIINTH
aMIHTYyny obpatHOro Br6poca Ha Harpyske. Koraa Ha Harpyske neii-
CTBYET IPSMOYTOJbHEIM HMIYJIBC; K JHOAY HOPHIIOXEHO oOpaTHOe Ha-
OpsDKEHHE M OH HAXOAHTCH B 3aKPEITOM COCTOSHHH.

Ilpu amanM3e mponeccoB B reHepaTope C YAaCTHYHRIM pa3psaioM
KOHJIeHCaTOPa GBUIO NPHHSATO, YTO BXOJHOR HMITYJIbC EMEET HICATLHYIO
OpsMOYyroJibHy1o ¢opmy. Hammane ompenenenHodl AnMTennHOCTH (po-
HTa peajbHOro HMIlyJhCa IPHBOAMT, BO-HEPBHIX, K 3a€PXKKE BBHIXOA-
HOro uMINynbCa OTHOCHTEIBHO BXOJHOIO, H, BO-BTOPBIX, JUIHTEIbHOCTh
$poHTa BEIXOAHOrO HMIOYILCA CTAHOBHICS 3ABHCHMON OT KPYTH3HHI .
XapaKTepHCTHKH JIAMIEL S = 0l [Ollcer, TIE Ucer — CETOYHOE HAMpPSIKEHHE
JaMITE.

HeHCTBUTEILHO, Tak Kak B 3TOM CIy4ae HANpPSDKEHHE HA CETKE
HapacTaeT IO Mepe YBEIMYCHHS BXOAHOIO HAOPSKEHHS, TO Jamma
OTKpLIBACTCSA HE B MOMEHT IOJIa4H CHTHAJA f), 2 B MOMEHT BPEMEHH f,,
Korga cero4HOC HAOPSKCHHE CTAHOBHTCS paBHBIM Uy, (puc. 10.7).
Taxmv 06paszom, UMIyILC BEIXOJHOTO HAIPSIKEHHS, OMpe/ENSeMbIit
4HOJHBIM TOKOM, BO3HHKAET C 3a/IEPXKKO# OTHOCHTENLHO HA4AJIA BXOM-
HOro mmmyneca. Jta 3amepxka TeM Oonbie, Y€M MEHBIIE CKOPOCTD
Hapacranus BxoaHoro mmmyinca du,/dt ¥ vem Gonbuie HampsKeHHE
™Memerns Uy,
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Kora BXoJHO# CHTHAJI HApacTaeT € KO-
HEYHOM CKOPOCThIO, TO s JaMIbl C MEHb-

2 v o
meii KPyTH3HOH aHOHO-CETOYHOH XapakTe-
, pacruxd (xpmsas I, pac. 10.7) TpebyeTcs
f GoJbIe BpeMEHH NJs JOCTHXEHHS 3aaH-
a

<A HOro 3HAYEHAs aHOJHOro TOKa, YeM AL
[ naMmbl ¢ Gonbiel KpyTH3HOH (kpHBas 2).
IlosTOMy IpH IPOYMX PABHBIX YCIOBHAX
namma ¢ 60Jpineil KpyTH3HOM obecneinBacT
dopMApOBaHHE BHIXOJHOrO HMIyIhCa C
MeHbIe#t amTeIbHOCThI0 (pponTa. EcrecT-
BEHHO, 4TO IIPH 3TOM Ha JUIATEJBHOCTb (po-
HT2a BBIXOJHOrO HMITYJIbC4 OKa3bIBAET BIIHSA-
HHE H CKOPOCTb HapaCTaHdsl BXOJXHOro CHI-
HaJa.

Pexumul paboTsl Monymrropnoii JIGMIEL.
pac 107, K opunenemme e PO rencatopa, oma
BpPCMCHHE 3aACPXKH BBIXOIX- ?

HOTO EMITyJIbCa BHLIIEPXKHBATh BHICOKOE AHOJHOE HAIIPSKE-
HHE B 3aKPLITOM COCTOSIHHH U,, IMETh Ma-
7106 OCTATOYHOE HANPMKEHHE B OTKPHITOM COCTOSHHH Uy, GONBIIION
aHOAHLIHA TOK I,, 2 TaKKe MAJYI0 MEXINEKTPOAHYIO eMkocTh C; B 60JIb-
IOy KpPYTH3HY AHO/HO-CETOYHOH XaPaKTEPHCTHKH S. TpeboBarAs K
nepsniM Tpem napameTpaM (U, U.o, 1) 0OyCnOBICHE CTPEMIICHHEM
YBeJMYATh MOLIHOCTh BBIXOJHBIX HMIYJIbCOB H LOJyuMIB BHICOKHH
KIIJI, Tak xak OCTATOYHOE HANPSDKEHHE U,., onpenensieT NOTEPH B JlaM-
me. MexanexTpoauas eMkocTh C B KPYTH3HA S oka3LIBaroT BIHSHAC HA
JUIHTEILHOCTh (QPOHTA H CPE3a FEHEPHPYEMbIX HMIYIHCOB. Kpome Toro,
KeaTenbHO, YTOOH! IAMIIA EMeNa «KOPOTKYIO» aHOIHO-CETOYHYIO Xa-
PaKTEpHCTEKY, MOCKOIbKY B 3TOM cCiy4ac TpeOyercs HCTOYHHAK MEHb-
IIEro HANPSDKEHHS CETOYHOro CMEIIeHHs H MEHbINAs aMILTATY/a oT-
NHPAIOLIEro HMITyJIbCa.

DtH TpeGOBaHHS HEBO3MOKHO MOJHOCTBIO COBMECTHTb B CHIY HX
npoTaBopeynBocTH. Tak, Tpe6GopaHHe BBRICOKOH KDyTH3HBI IPHBOJHAT
K HeOOXOMMMOCTH YMEHBINEHHA MEKIJIEKTPOAHBIX paCCTOSHHH H yBEIIA-
9eHHs [JIOMANA SIEKTpojoB. ONHAKO HPH TOM YBEIMIHBACTCH MEX-
anexTpoanas emxocts Cj. llosromy npH pa3paboTke HMIIYJbCHBIX MO-
AyJATOPHBIX JIaMIl OPAXOMHTCS BHIOHPATh KOMIPOMHECCHHEIC PEINCHAS.

COBOKYIIHOCTH IIEPEYACICHHBIX Tpe6Gopanuii B GonbIued CTENEHH
YIOBIETBOPSIOT HMIYJBCHEE MOJYJISTOPHEIC JTAMIIEL ny4eBBIe TETPO-
IIbI, WOKEKTPOHK!, TPHOAKI C 3amETHOM ceTKod. Bce OHA MMEIOT aHOHBIC
XapaKTEPHCTHKA MNEHTOJHOrO THIA (pmc. 10.8). OTA XxapaKTEpPUCTHKH
AMEIOT B SBHO BHIPKEHHHIX y9aCTKA: HaYaIbHEIH YIacTOK, HA KOTO-
pOM HpOSBISETCS CHIbHAS 3aBHCHMOCTb aHOJHOIO TOKa OT aHOJHOIO
HANpSIKEHHs, W HONOrui ysacTok. Ha HadalbHOM ydacTke XapakTepu-
CTHKH CIABAIOTCS B OJHY IHHHIO, HA3BLIBAEMYIO AuHUel Kpumu4eckozo
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Puc. 10.8. AROoIHKE XapaKTEePUCTHKA MOIY.IATOPAON JIAMIIEI

pexcuma. AHOTHBIA TOK 3[1ECh HOYTH HE 3aBHCHT OT CETOYHOIO HAIpsIXKe-
HHA U, Ha monoroM y4acTke, KOTOpBHIH HHOIJa Ha3hIBAETCH YIaCTKOM
HEJOHANPSDKEHHOrO PeXMMa, TOK aHOAA MAJIO 3aBHCHAT OT aHOMHOIO
HAIpsOKCHHS H CHJIbHO MEHSETCS OpPH H3MCHEHHH CETOYHOIO HAOPS-
xeHds. IloaToMy mapaMeTphl BRIXOJHOrO HMIYJIhCa B CYIIECTBEHHOM
CTEICHH 3aBHCAT OT HOJOXeHH® paboved TOYKH Ha aHOJHOH xapa-
KTEPHCTHKE.

Ecma pabovass Touka 4 HaXOQMTCH Ha IOJIOrOM YYacTKe XapakTe-
PHCTHKHM, TO OCTaTO4YHOE HampspkeHHe Ha Jjamue Uy, B OTKPHITOM
COCTOSIHHA COCTAaBIAET 3HAYATENbHYKO 44aCTh HAUPSHKCHAA HCTOYHHKA
nAaTagas U,. B pesynbrate OpH reHEpHpOBAHHH HMIIYILCa MOIHOCTb,
noTpebiseMas B Harpy3ke, OKa3hIBacTCH MEHbIIE MOIIHOCTH, TepsieMOR
B ynamme. IloaroMy 3HepreTHdeckM 3TOT PEXHM HE BhIroJeH. Bmecre
C TeM BO BpeMs (JOPMHpPOBaHAS HMIYJIbCA HANPSDKEHHE HA HAKOMHTEIb-
HOM KOHJIEHCaTOpe ymeHbmaercs Ha AUD  Harpy3ouHas xapakTepu-
CTHKAa OepeMeniaercs mnapajjenbHo camod cebe. Ilpm HemameHHOM
CEeTOYHOM HANpPsKCHHH pabodas ToUKa JBHKETCH IO MOJIOrOMY y4acTKy
H K KOHIy HMIyJbca 3aHMMaeT monoxenue 4'. HecMoTps Ha H3MeHe-
HUEC HAOpsSDKCHMSA HAa HAKOMHUTE/ILHOM KOHJEHCATOpE, aHOAHBIM TOkK I,
a CIIeJOBATENHHO, H TOK HAIPY3KH [p, HE H3IMCHAIOTCH H HE OIPOUCXOTAT
CHaja BEPIMHMHEL BRIXOAHOrOo HMOyihca. 1[03TOMy HEmOCTaTOK, HpH-
Cymuid METOAYy IeHEpHPOBAaHHA HMIIYILCOB IOPH YaCTHIHOM Dpaspsiie
KOH/IPHCATOpa, CBS3aHHBIA CO CHAJOM BEepIIMHEI EMIyJbCa, 3J€Ch OT-
cyrcrByeT. ClielyeT OTMETHTD, YTO B 3TOM peXHME K HOpMe BXOJHOIO
OTHHPAIOMIEr0o HMIYJbCa HPebABISIOTCH XXecTkue tpebopanmsa. He-
OOCTOSIHCTBO aMILTHTYL! BXOJHOIO HMIYJIFCA BHI3HIBACT IEpEMeEIlleHAC
pabodeil TOYKH IO HArpy304HOH XapaKTEPHCTHKE, YTO HPHBOJUT K H3-
MeHeHHI0 TOKa Ip, H COOTBETCTBEHHO AMIUTMTYABI BBIXOOHOIO HM-
fynca.

Korna pabovas Touka pacmonaraeTcs Ha KpyTOM y4acTKe aHOJHOHR
XapakTepucTHKA (Touka B), ocraToyHoe HanpsokeHHe Uy, OKa3bIBaeTCHd
MEHbIIle HaOpshKeHAs, IPUIOXKEHHOro K Harpy3ke Ug,. CienoBaTenbHo,
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yBemmumBaercst KIIJ] 7 yMeHBIIAETCS MOMIHOCTD, BRIIEILIONIASCH B J1a-
mue. IIpa paboTe B 3TOM peXHME aHOJHBIA TOK OCTAa€TCs MOCTOSHHBIM
IpH A3MEHEHHH CETOHOIO HAMPSKEHMS B HEKOTOPKIX IPE/IENAX, H05TO-
My (GopMa BHLIXOJHOrO HMIYJIbCA IPAKTHYECKH HE 3aBHCHT OT tdhopMEL
BxoaHoro AMoyiabca. CynieCTBEHHBIM HEJOCTATKOM 3TOIo pexumMa pa-
6OTHI JIAMIIEL ABIACTCS HAIAYHE COA/Ja BEPIIHHLI BLIXOJHOIO HMIYIbCa
M3-32 3HAYATEILHOrO YMEHLIIEHHMs aHOJHOro ToKa I;, BLI3BAHHOIO pas-
pAIKOH HAKOMHTENLHOrO KOHACHCATOpa (TOYKa B".

Ha mpaxTHke pekOMeHAYeTCs BHIOHPATh MOJIOKCHHE paboueit TOYKH
BOIH3H TOYKH H3I0MAa aHOMHOM xapaxrepucTHKH. IIpm 5TOM mpOsBIA-
I0TCSI IPEMMYIIECTBA OOOHX PEXHMMOB, a2 HEJJOCTATKH CrIaXHBaIOTCH.

[eHEpaTOpsI C YACTHYHLIM Pa3psaoM KOHIEHCATOpa 0OecneYuBaloT
[OJIy4EHHE HMIIYJIbCOB OCTATOYHO MAJIOH M TelIbHOCTH (101 MEKpO-
CEKYH/BI), C BLICOKOH 4aCTOTOH IOBTOpEHHs (EAMHHLEL KHIOrepy A 60-
Jee); OHE MOryT paboTaTh ¢ H3MEHSIOMIEHCS HArpy3Ko# KaKk BO Bpems
HMIIYJIbCa, TaK H 32 601ee mPOJOIDKATENLHBIA OTPE30K BPEMEHH; 103BO-
JSIOT FEHEPHPOBATh AMIYJIBCH IEPEMEHHOM JUTATEIRHOCTH OYTEM H3-
MEHEHHs [UTATENLHOCTH BXOJHEIX HMIOYIHCOB.

BMmecre ¢ TeM TakHe reHepaTOphl HMEIOT ONPEJCICHHBIE OrpaHH+e-
HHAS IO MOINHOCTH IeHEPHPYEMBIX HMIIYJbCOB, 4TO OOYCIOBIEHO Ipe-
JIeJbHBIMA OapamMeTpaMH MOIYJISTOPHBIX JIaMIL.

10.3. TEHEPATOPBI YIMITYJILCOB C ®OPMUPYIONIMIMM
YCTPOMCTBAMU

BaxyyMHbIE MOIYJISATOPHEIE JIAMIIEI, HCOOJIb3YMBIE B I€HEPATOpax
C 4aCTHIHBIM Pa3pAIOM KOHJICHCATOPA, 0071a/1a10T CPABHATENLHO BBICO-
KMM OCTATOYHEIM HampspkeHneM (COTHH BOIbT H Oonee) A HEAOCTATOYHO
60IBINOM BeIMIAHON aHOAHOro TOKa (HECKOJIbKO COTEH amuep). Bmecte
C TeM Cpefd SIEKTPOHHBIX HPAGOPOB MMEIOTCS TakKue: (BOJOPOJHEIE
THPATPOHHKI, YIOPABIISEMbIE pPa3pAIHHKH, THPHCTOPHI), KOTOpHIE obec-
[EYMBAIOT KOMMYTAIMIO 3HAYHTEIHHO GOJBIIMX TOKOB (THICSYH amiep)
H UMEIOT HA3KOE OCTATOYHOE HAmpPSDKEHHE.

O.HAaKo IpOCTas 3aMeHa 3eKTPOHHOM JIaMITbl, HAIPHMED, BOIOPOI-
HEIM THPaTPOHOM B I€HEPATOpE ¢ YaCTHIHBIM Pa3psAIOM KOHJECHCATO-
pa He HO3BOIAET HOJYYATh HMIYIBC gpsMoyroJibHO# ¢opMel. [leso
B TOM, YTO JJIEKTPOHHAS JlAMIa HE TOJBKO YOPaBIAET MOMCHTOM
MOSIBIEHHs HMUYJbca (IpH OTKPHBAaHAH), HO H (GOPMHpPYET caM HM-
IyJILC IPSMOYroibHOH (OpPMEI (IPAH OKOHYAHHH BXOJIHOrO HMIYJBbCA
J1aMIIa 3aKpHIBaeTCs). THPATPOH XK€ WM THPHCTOP 3aKPhIBACTCSH TOJIBKO
IpH CHHKEHHH aHO[HOIO HANPsDKEHHS NPaKTHYECKH /10 HyIs, YTO MO-
€T OPOH30UTH IPHA NOJHOM pa3ps/Ke HAKONHTEILHOIO KOHJICHCATOPA.
B pesynbrare Ha Harpy3ke reHEpHPYETCS HMIIYJIbC 9KCIOOHEHNHAJIbHOH
$HOpMEL.

TaxaM o6pa3oM, OPH HCOONL30BAHHH B KayeCTBE KOMMYTAaTOPOB
THPaTpPOHOB HIH THPHCTOPOB B CXeME I€HEpAaTopa HpsMOYroNbHBIX
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HMIYJIECOB HEOOXOAMMO HMETh YCTPOHCTBO, dopMHpyromee mpsaMoO-
YrONbHHIA HMOyIbc. THPAaTPOH WIH THPHCTOD B TaKOM ICHEpaTope
OCYIIECTBISET TOJIBKO KOMMYTanuio (opMHPYIOHIEro yCTPORCTBA.

Junnble M. POPMHPYIONIAME CBOMCTBAMH 00JIaJlaeT OTPE30K
MUIHHHOM JMHHH. IJapameTpnl ogHOpOJHOH UIMHHOM NHHHE 6e3 HO-
TEPb — BOJIHOBOE CONPOTHBICHAE Zj; H CKOPOCTb PacIpoCTPAHCHHS
3NEKTPOMArHUTHOM BOIHH BJOJb JHHAE V 3aBHCAT OT HHI[YKTHBHOCTH
L 1 emxocty C eTHHALL! [UIHHBL JIHHAH:

Zy=+/L/C; v=1/4/LC. (10.4)

OKXBHBAJICHTHAS JJIEKTPHYECKAs CXEMA [UIMHHOM JIMHAM OPECTABIAETCS
B BHJIe OCIIE0BaTebHOr0 coequuenns LC-konTypoB (puc. 10.9).

Ecnu npenBapuTenbHO - 3apsOKeHHYI0 10 Hampsokenns U, JTHHHIO
OOAKJIIOYHTh K Harpy3ke R, To B OEPBRIA MOMEHT HAa HEHl BO3HHKHET
HaIpsKeHHe

Ura= UsRal (Ra+ Zo). (10.5)

IIpu BLIIONHEHWH YCIOBHMS COrJiacoBaHds Z,= R, HanpsKcHHE Ha
Harpy3ke Ugp,= U,/2. Bnosip JUHHA OT HArpy>XeHHOro KOHIA pacupoct-
paBsieTcd 3JJEKTPOMAarHUTHAS BOJHA HAOPSDKEHAS aMIUIHTynod U,/ 2
H CBA3aHHAs C Heil BoJHAa Toka paspsanku mueul [= U, /(2Z;) (puc. 10.9,
6). Ho#ins depel mpoMeXYTOK BpeMeHH ! =[/v (I — niMHA JTMHHH) 10
Pa30MKHYTOro KOHIA, BOIHA HANPKCHAS OTPA3UTCH OT HErO U CTaHET
pacupocrpaHsThes k Harpy3ke. KoahdunueHT OTpaXxeHHs BOIHEI Ha-
OpsDKeHHs kK OT KOHLA JIMHAM, HArPy)XEHHOro Ha pe3ncrop R, ompenens-
€TCs COOTHOIIICHHEM

S
HH
1
1 I
a) U,
Uy N
—~-—] U,/2
U2
0
1 X
6)
Prc. 10.9. Jlnaenas mans (a), IKBHBANEHTHAS cXeMa (6) B PACTIPE/Ie/ICHHEe HANPIXEHHS HA
neit (g)
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k=(R— Zo)/(R+ Zo).

Tak kKak Ha pa3sOMKHYTOM KoHne R—c0, To k=1 B ammiaryna
OTPaXCHHOH BONHEI pABHA AMIUTATY/E HaJArommeH, TO ecTh Uy/2. IToaro-
My IO Mepe ABHXCHAS OOpaTHOH BONHEI HPOAMCHHBIE €10 Y4ACTKH
OKaXYTCsl IONHOCTHIO pa3pskeHHbIMH. Yepe3 HETEPBAN BpEMEHH £, =[/v
obpaTHas BOJHA JOCTHTHET HAIPYXKCHHOTO KOHIIA H HA 3TOM JIEKTPO-
MATHHATHBIE IPOLECCH B JTHHAA 3aKOHYATCSH, IOCKONbKY BCS 3aIaCCHHAS
B JIHHHHA 3HEPTHS BLIACIHTCH B HAIpy3Ke.

Takam 06pa3oM, B TeYeHHE BPEMEHH f,=t +h=2l/v kK Harpyske
IpuIIoxXeHo HanpsokeHHe U= Uy/2 B 4epe3 Hee NPOTeKaeT HeA3MEHHRIA
1ok I=U,/(2Z,). B atom B mpossisitorcs (GOPMHpYIOIHE CBOHCTBA
" JJIMHHOH JIMHMH.

Ecla NHHEAS He COrNacoBaBa ¢ HAarpy3kod (Zo# Ry), TO OpH Ry>Z,
Ha Harpy3ke B cooTBeTCTBHE € (10.5) meppoHaYaIbHO BO3HHKHET HANPs-
xeane aMIUETYA0# Ug, > Uy/2, a BROIb THEEM OyJeT pacIpOCTPaHATh-
Cs1 3MEKTPOMATHATHAS BOJHA amMmumTyno# Merbine Uy/2. Ilpm oTpaxe-
HUA OOpAaTHOH BOJHEI OT Pa3OMKHYTOI'O KOHIA JIWHAH YYaCTKH JIHHAH
Pa3PIKAIOTCH He HONMHOCTHIO. IToaToMy, koraa obpaTHas BONHA JOCTHT-
HET 3aMKHYyTOro Ha R, KOHIA, OCTaBllleeCs HA JIMHWH HAIPSKCHHC
pa3feHTCs Mexay R, B Zo. B nuamE omsats GyAeT pacopoOCTPaHAThCH
37EKTPOMArHATHAA BOJNHA, H TAK N0 TEX HOP, HOKA JIMHHAS IOJIHOCTHIO
He paspsaarcs. CnenosartensHo, HA Harpy3ke Oyler ACHCTBOBATE HM-
nynsc crynendaToid ¢opmm (puc. 10.10, a). InATenbHOCTh Xaxaou
CTYIEHBKH paBHA 2//v, a KOJMYECTBO CTYHIEHEK 3aBHCHT OT CTCICHH
paccoriiaCoBaHH.

IIpu R, < Z, nepsoHa4YaILHOE HANpsKeHHE HAa Harpy3ke Up, < U,/2,
a aMIOHTYAAa PacCIpOCTPAHSIONIEHCS BAONDL JIAHHH BONHEl HAIPSOKCHHS
Gonpme Uy/2. CremoBarensHO, OpH JBHKEHHA OOpaTHOA BONHEI OT
Pa30MKHYTOIO KOHUA JIMHHAS GyAeT Hepe3apsikaThCid H HANPSKCHHC HA
Heil H3MEHHT CBOIO MOJAPHOCTh. Takum obpa3om, Ha Harpyske OyayT
JIefCTBOBATL MMITY/ILCHl HAIIPSDKEHHS YEPENYIOHICHCS HOIAPHOCTH. Am-

Upn 21y Ypn d
Up/2- Un/2 |-
0 I S 0 —i )
| S
1 t
21/v

@) )

Puc. 10.10. ®opma AMIYILCOB Ha HATpY3Ke PA PACCOT1COBARAA [IAHHON [TMHAN:
a— RH> Zo, 6 — R}1<ZO
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HATYAa KaXA0ro mOCIEAYIOMIEro HMITYIhCA MEHBIIE AMIJIATYAR Ope-

YIIEro, a JUIMTENLHOCTh O/IMHAKOBA H PAaBHA 2l/v (puc. 10.10, 6).

OTpe3Kd [MIIMHHBIX JIHHHH HCHOJIb3YIOTCS JU1S HOJIYHCHHS OPAMO-
YrOLHBIX MMIYJIbCOB Maso# anarensaoctd (1078 ¢ m menee). Onnako
opu\GOPMHPOBAHHA HMIYJILCOB O0JbIneH JIMTEILHOCTA JJIHHA TAKHX
JIMHEH OKa3hIBAeTCH HACTOJIBKO OOIBINO#H, 4TO HpAMEHEHHE HX CTaHO-
BHTCH HenenecoobpasHniM. Kpome Toro, JHHHHA ¢ pacOpencieHHBIMU
IapamMeTPaMHd HMEIOT CPaBHATENILHO HH3KOE BOJHOBOE CONPOTHBIICHHAE.
Ilo3TroMy B HMIyJIbCHOM TEXHHKE HAIILIH HIAPOKOE NpHMCHEHHE UCKYC-
CmeBeHHble 0AUHHblE AUHUU.

JInEAr0O C paBHOMEPHO pacOpeAcliCHHMMH IapaMeTPaMH MOXKHO
paccMaTpHBaTh KaK COCTOSIIy:0 H3 6eckoHeYHO 60MbIIOro 4HCia 3Jie-
MEHTApPHRIX seeK. SIuelKd ke HCKYCCTBEHHOM JUIMHHOW MuHAH o6pasy-
}OTCS H3 JHCKPETHHIX KOHAEeHCAaTOpoB C H KaTyIIeK HHAYKTHBHOCTH L,
BKJIFOYEHHEIX B COOTBETCTBHH C S5KBHBAJIEHTHOH CXeMO# IMHHOH JTHHAH
(cM. prc. 10.9, 6). EcrecrseHHO, YTO 4YMCIO TaKHX $YCeK KOHEYHO.
ONeKTpAYECKHE NPONECCH, IPOTEKAIONIAE B JIHHHH C PacOpene/ICHERIMU
OapaMeTpaMH H B HCKYCCTBEHHOH JMHMH, CTPOrO IOBOPS, Pa3JIH4HEL,
OfHAKO IpHA GONIBIIOM KOJIHYECTBE SYEEK C H3BECTHHIM npn6nnxceﬂneM
3TH OPOLECCHI MOXHO CYATATh HACHTHYHBIMA,

OKBHBAJIEHTOM [JIAHEI HCKYCCTBEHHOH JIMHAE ABJIACTCH YHCIIO s4ecK
n. ITonaras B coorsercTsum ¢ (10.3) «CKOpOCTB» pPaCHPOCTpPAHEHHS

NMEKTPOMArHATHONX BOIHH B HCKYCCTBEHHOH JHHMH v=1/{/LC, nm

TENbHOCTh HMUYJIbca I,=2lfv=2n/LC=2/L,C,, tAe L,=nL, C,=
=nC — obniye HEAYKTHBHOCTL H EMKOCTh HCKYCCTBEHHOH JIMHHH.

VuuthBasg ycnoeme corjiacosaunus Zo=+/L,/C,= R,, nonyum ¢op-

MyJIH AJig pacueTa HapaMeTpOB HCKYCCTBEHHOH JIMHHOH IHHMA 0O
3aJaHHOH JJIATENFHOCTH HMIIYNbCA [y H COMPOTHBJICHUIO HATPY3KH R,

L= Rats/2; Cy=1/(2R).

Ilony4aemnle ¢ HOMOIIBIO ACKYCCTBEHHOH THHAA HMIYJLCH Xapak-
TEPH3YIOTCA HaJMIHEM BHIOPOCOB HA BEPIIHHE H ONPEAC/ICHHOH ANIATE-
1eHOCThIO ¢iporToB (pmc. 10.11). JnatensHOoCTh GpPOHTA 3aBHCHT OT
HapaMeTpoB SYEHKH H ¢ HEKOTOPHIM HpUOIHKEHAEM OICHHBAETCH COOT-

HomenHeM t,~0,84/LC. C yueroM BHIpaXeHHs A ¢ HOJy4aeM
ty/tz=0,4/n.

Jns yayduieHds mapaMeTpoB HMIYJIbCOB (YMEHBIIECHHS [JIHTElb-
HocTH (POHTZ W CHHEHWS aMIUIATY bl KoneOanui), tdhopMHpYEMEBIX
HCKYCCTBEHHBIMH JIHHHSIMH, HCOOJB3yIOT koppekTapyomae LC-nens.

®PopmupyIOIIHE YCTPOHCTBA ¢ NAPa/LIEJbHO H TOCIEN0BATEILHO COe-
AHHEHHBIMH KoOHTypamu. POPMHPYIONIHMH CBOMCTBAMH o6najaroT HE
TOJbKO NJMHHHE JHHHH, HO H LEIH, COCTOSIHE H3 IapalliesbHO HIH
TOCIEOBATENLHO COSAHHCHHEIX PE30HAHCHHX KOHTYPOS.
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t,
]
Pac. 10.11. ®opMa HEMIYILCOB OPA Pa3/MIHOM KOJHIECTBE A7eeK HCKYCCTBERHOIH JUTHHHOH
JHHEAH
BXO/IHAS KOMILIEKCHAS IPOBOJMMOCTh OTPE3Ka OJHOPOJHOH JUTHH-
HOM JHHHE HA 4acToTe =27f ONpEeAe/seTCs COOTHOUMICHHEM

. 1\
Y=—tg|2n- |=
2 a(2x})

j 2nf j oty
==tg{ —[|=—tg—,
Zy g( v ) Zy g 2

rie | — JUIMAA THERE; A=v/f — JUIAHA BOJHLI B JIMHHAH; ;= 2//v — Bpe-
M [BOHHOro Ipofera BOIHH BAOL JHHHH, Z, — BOJHOBOE CONPOTHB-
JICHHE. ,

Ecna pa3noxuTh OPHBEACHHOE BRIPAXEHAC B PN, TO Oy

{

S T S X
=2 tg— = =Y %, (10.6)
Zy " 2 g l-be ko |
i
2,2 |
S .
Py = 3 2° k=l, 2, 3,...
2k —1)*n*Zy (2k—1)*n
U3 coorromenns (10.6) BHITEKAET, 9TO IPOBOJAMOCTh OTPE3Ka OJ- .
HOpPOJHOH ITHHEHON JMHEH Y MOXET OHITh obpa3zoBana B pe3ylbTaTe
IIAPAILIELHOTO BKIIOYEHHs GeCKOHETHO GONBIIOro YHCIA BETBCH, HME- .
fomax OposoaumoctH Yy Kaxpas BETBb MOXET OLITh peaAi30BaHA
B BHIE MOCIEJOBATENLHO BKJIIOYCHHBIX KATYUIKH HHIyKTHBHOCTH
L, u xonmencaropa Cj (puc. 10.12). [lefictBHTeNBbHO, B 3TOM Clydac

IpOBOJUMOCTD k-# BETBH

djwty aJ

rac ag=

1 ijk
Y= = .
joLg+1/jwCy 1 —(DszCk

IIpapaBHHBas YHCIMTENH H 3HAMECHATENH coornomiernit (10.6) u (10.7)
HOJIy9dM «
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djwt, . w?t?

% L 2
Qk—1)*nZ, JoCy k-1 LG
Zyty 4,

M 06pa3oM, YCTPOHCTBO, HMEIOIIEE TAKYO XKe BXOJHYIO IPOBO-
AMMOCTD, 9TO H OTPE30K AMHHOHK JIMHMH, PEAIA3YETCH B BHAE OeCKOHeY-
HOTO WHCIIa NapaJliebHO BKIIOYEHHBIX KOHTYPOB. [IpH 5TOM HBIyKTHB-
HOCTB| L; B emkocThb C, KaXIOTrO KOHTYpa JOJIKHBI ONpPEAEIATHLCH
coornomenusma (10.8). Ecmm, Tak xe xax H B CiIydae OTpe3Ka JIHHHOM
JMHHHA, KOBHJICHCATOPHI TAKOTO YCTPOMCTBA 3apsAquTh OO0 HANPSDKEHHS
. Uy, a 3aTeM moaxiowuts K Harpyske R,=Z,, TO Ha Harpy3ske obpasyer-

¢ EMIYNLC HAOPSDKCHHS OPAMOYroJbHOH (GopMul ammiatymol U,/2
H QJIATEJILHOCTBIO £,

DOpPMHPYIOIIAMHE CBOUCTBaMHA 06/1aaeT TaKKe yCTPOHCTBO, COCTO-
Allee W3 HAKOHMHTEIbHOro KoHAeHcaTopa Cy H MOCIEAOBATENLHO BKIO-
9€HHBIX KOHTYpPOB (pacC. 10.12, 6). [ins onpenenenns YCa0BHH, KOTOPhIM
ROJDKHEI YROBJICTBOPATH 3JEMEHTHI TAKOTO YCTPOMCTBA, DPA3NOXKHM
B DS BRIPaXeHHE I KOMIUIEKCHOTO BXOJHOIO CONPOTHBIICHAS Z =

=1/¥= —jZ,ctg (wt,/2) OTpe3xa LIMEHON JHEHH

s .22y & o
Z=—j Ry B (10.9)
aty g2 1B
wtyZy 0?2
rae ak=‘ﬁ, bk=4r.k—21:2, k=2n, n= 1, 2, 3,
C mpyroii cropoHsI, cOIpOTHBIERRE NapanienbEoro LyCy KOHTYpa
. joLy joLy
= . , = P (10.10)
JjoCr(joLly+1jjoC) 1—0?LCy
4 COONpPOTHBIIEHHE BCEro0 YCTPOMCTBA ’
S L L, Ly
T s
T TP TR nn B o B m A
R, ! 2 “ A, — #
C, C2 CK CO ’
T T.T |
a) 6)

Prc. 10.12. Cxema ¢opMApyIOImAX YCTPOKCTB C Napa/Lieisao (@) A MocneJ0BATENLEO (6)
BKJIFO9CHHBIMA KOHTYPAMH
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IlpapaBHEBAs NOYICHHO PAILI (10.9) m (10.10), mony4aeM

ta ZO’n‘ [
et azy

Ecnu aneMenthl nenn C,, Ly, Ci (cM. pac. 10.12, 6) yIXOBIETBOPSIOT
HOJTy4eHHEIM COOTHOWIEHHSM, TO IPH pa3spAlKe KOHACHCATOpA Co, fupen-
BapHTEJILHO 3aPSIKEHHOrO N0 HANPSDKCHHS U,, upa ycioBEH Ry=Zo,
AMIUTATY1a BMIIYJIsca 6yaeT pasua Uy/2 IpH JUTHTEIBHOCTH Iy, “

Ha npaxTake He yAaeTCA pealH30OBaTh YCTpPOMCTBA C 09€HDb GONBIIAM
KOJIMYECTBOM KOHTYPOB H3-3a TOI'O, 9TO IIpH k—> 00, B LEPBOM Clytae,
emrocts Cr—0, a BO BropoM — HHIYKTHBHOCTH L,—0. Iloatromy
hOpMEpyeMBIE TAKEMH IEHSMHE HMIYIbChI AMEIOT KOHETHYIO JIATENh-
HOCTb (PPOHTOB H CPe30B H Konebanus Ha BEPUIMHE HMIYILC3.

Tenepatop mvuyascoB. CxeMa reHepaTopa HMIYILCOB C dopmHEpY-
JOIIAM YCTPOMCTBOM BKIIOYAET B Ce63 HCTOMHHK MATAHHS U, 3apsiIHbIA
pesncTop R, BOZOpOAHEIA THPATPOH MJIH THPHCTOD, HATPY3KY
R, u bopMEpyIolIEe YCTPOHCTBO (PHC. 10.13). B oTcyTCTBHE BXOJHOI'O
MMIIyJbCA BOJOPOJHBIA THPaTPOH 3aKpHIT, TOK d9e€pe3 Harpy3ky He
OpOTEKaeT H KOHAEHCATOPHI HCKYCCTBEHHOH JHHMA 3apsDKCHBL. IIpm
HOJa¥e B MOMEHT BPEMEHH fy BXOJHOTO AMIYJIhCA THPATPOH OTKpLIBA-
eTCs, HAUpSUKEHAE Ha aHOME 4, PE3KO CHIKACTCH H JIMHHS OKa3bIBACTCH

UT | \

a)

Prc. 10.13. Cxema TeHeparopa MMIyIbCoB ¢ (OPMHDYIOIIEM yerpoiicTBOM (@) B €ro
BpeMeHHEIe auarpamms! (6)
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OIKIIOYEHHOR K Harpyske. IIpH BRIIOIHEHMH YCIOBHS COrJaCOBAaHMS
»=4Z0) HAOPSOKCHHE HA HATPYXEHHOM KOHIE JMHHMH 1, CHHKACTCA JO
Uy2 B Ha Harpy3ke (GOpMHpYeTCS HMIYJIbC HANpPSDKEHHS AMILIHTYXOM
U.R (pmc. 10.13, 6.) ‘
MOMEHT BPEMEHHM !, JIAHHS OKA3HBACTCA pa3psDKEHHOM, Hanps-
XKCHW§e HA aHOAE THPATPOHA CTAHOBHTCH MeEHbIIE HANPSDKEHHS, HEOO-
XOJHMOrO JUIs HONACPXKAHHS pa3psana B HEM, H BO3HHKAIOT YCIIOBHS,
HeoOkoqUMEIE [ 3aNHpaHHs THPAaTpoHa. B jannHeiimem Hampsike-

CymecTByroT pa3nHuHBIE BapHAaHTHI BKIIOYEHHs HArpy3KdA. B psme
CIyYacR B paspsaHYIO LENb (QOPMHPYIOMIEr0 YCTPOHUCTBA BKIIHOYAETCH
nepBAYHas o6MOTKa HMIYJILCHOTO TpaHCcHOpMATOpa, a BO BTOPHIHYIO
06mMoTKy — Harpyska. IIpE 3TOM OCYILECTBIIsIETCA pa3BA3Ka IO HOCTO-
SHHOMY HANPSDKEHHIO, H HArpy3Ky MOXHO HOAKIIOMHTE K 3a3eMJICHHOM
TOUKE.

HANATENLHOCTL HIpoNEcCca 3apsAiKd JIMHHH, ONpeJeiisiomas MHHH-
MaJbHOE BpeMsi NAy3hl t,, HAMHOro 6oIbOle JIHTENLHOCTH GOPMEPY-
eMBIX HMuynsCoB. Io3ToMy HBRYKTHBHOCTH nMEME L, npH 3apsjke
MOXHO He YYMTHIBATH H CYHTATH, YTO KoHjaeHCaTOp C,, €MKOCTH KOTO-
poro paBHa CyMMapHOH eMKOCTH (GOPMHEPYIOIIErO YCTPOHRCTBA, 3apsika-
€TCA OT HCTOYHHMKA NOCTOSIHHOTO HANPSDKCHHA Yepe3 pe3ucTop R, ¢ mo-
CTOSHHOH BpeMeHH T,= R,C,. Torma MMHMMannHas JUIATENLHOCTL TAa-
y3hl t,=(3..5)R,C,.

IIpr paboTe remepaTopa NPOHCXOJHT NOJHAS DPA3PSAKA KOHJEH-
CaToOpOB (OPMHPYIOIIETO YCTPOMCTBA H IPH HCOOJB3OBAHMA B 3apsi-
HOH neme pe3nctopa R, KIIJI resepatopa aMmyancos He npeBrmmaet 0,5
(em. § 10.1).

Pezonancublif pexxuM 3apsagke ¢opmupyromero yerpoiicrsa. JIns yse-
mavenns KIIJI reseparopa EMIyJILCOB HCHOJB3YIOT PE30OHAHCHEIA pe-
XHM 3apsaaxd popMEpyromero ycrpoicrsa. C 3To# HeNbIo B 3apsiHyIO
Iens BMECTO PE3UCTOpA R, BKIIOYAIOT KATYIIKY HHAYKTHBHOCTH L.,
KOTOpasi, HE OKAa3bLBas BJHMAHHA HAa Nponecc GopMHpPOBAaHHS HMITYJILCA,
H3MEHSIET PEXHM 3aPAOKH (QOPMHPYIOINETO YCTPOMCTBA. DKBHBAJIECHT-
Hasg Cxema 3aps/HOH LENH B 3TOM CJIyYae BKJIHOYAET CYMMApHYKO €M-
KocTe QopMEpyIomero ycpoicrsa C,, HHAyKTHBHOCTE L, B pe3ncrop R,
CONpPOTHBJIEHHE KOTOPOIO ONPENENSETCAs AKTHBHHIMH IOTEPSMH B Ka-
TyIIKe HEAYKTHBHOCTH (pHC. 10.14).

Ecim B TakoM KOHType NeKpeMeHT 3atyxanns o= R/(2L,) menbme

coberBenHOM YacToThl @ =1/4/L,C,, TO 3apsAHbIR TOK i, H HAOPSDKEHHE
Ha JTHHHM uc, A3MEHAIOTCH IO KOoNebaTeIbHOMY 3aKOHY:
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Ull — . ' - &
i,()=—"e “sinwt; Ue, (= U, (1—e " coswi), (10.11
p

rae p=+/L,/C, — XapakTepHCTHYECKOE CONPOTHBICHHE 3aPSTHOrO KOA-

TYypa.
IIpH ycrnoBHE o < KO3(Q(HIAEHT 3aTyXaHAs

d=2a/w=2R/L,C,/2L,=R/p<1.

W3 coormomerus (10.11) cmemyer, 9TO HAampsXKEHHE Ha JIPHAH
B OIpE/ENEHHRIE MOMEHTH BPEMERH Wi, = 11, TJIe n= 1,3, 5, ..., OpeBH-
maetr U, (puc. 10.14, 6). Ilpn ot,==, T. €. OpH t, =T/ =7/ L,Ch,
HAIIpSDKEHHE U, AOCTHIAeT MAKCHMAJILHOIO 3HATCHHS

—njan/LaCr —ndj2 nd
Ucrmne=Us(1+€ wa/lCm _ U (1 + € "’)zzu,,<1—:>. (10.12)
Ecia B MOMEHT BpEMEHH #; HAa CETKy THPAaTPOHA NOJATh OTOHPA-
JOIIMH HMIYIbC, 3apAXEHHAS OO HANDSKCHHS Upa JHHHA OKAXETCH
IOKIIOYeHHOM K HArpy3ke Ry, H Ha Heit GyneT neHCTBOBATH HMIYIBC
HAIPSDKEHHS] AMIUTHTY/I0H

Ucnmax nd
Uan:: C2 =Uu<1 '—7)

IIpH TakoMm pexmMe paGoOTH mone3nas JHEPIAf, 3anacacMas B JIH-
HEH, C y9eToM cooTromerns (10.12)

E1=C,.U:u/2=2U,,2C,.(1-—7rd/4)2. (10.13)
4
Dueprus norepp E,= Jvi,zR, dt. Brlpaxenme A1 TOKAa 3apsiku

: 0
(10.11) comepXHT IKCHOHEHIHMAJBHBIA MHOXHTEI. Jlns yuopolleHHs

Ucn,ls
+U, Ly R WU, L, R WD
v—""""‘-I:lL 2Up b gz mmmmm e im g—NM—IZI—H—_L
) i I
a) tnS t t 8)

6)

Pac. 10.14. DxsmBajeHTHAs cXeMa [eHEpATOpa HMIYILCOB C pesogascHON 3apsaaxoil
dopmmpyromero yerpoiictaa (a), BpeMEHHEIE AHarpamMmel (6) B cxema ¢ IRONOM (e)
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acYeTOB IPAMEM, YTO 3aAPSIHBIA TOK H3MEHSETCA 0O 3aKOHY He3aTyxa-
Hx konebapmit: i, () ~ (U,/p) sin wt. Torna

4 7/ L3Cp

U? . 2 1
=j—: R,sinotdt= H;‘—Rgi(l —cos 2wt)dt=2U,,2C,,?. (10.14)
P P

aXeHue JACT HECKOJIbKO 3aBRINIEHHOE 3HAYCHUE SHEPIUHA NOTEDP.
Taxmm o6pasom, KII[I upu pesonancHoit 3apsaake GopMHEpPYIOIEro
YCTPOKCTBa C y4eToM cooTHomiern# (10.13) u (10.14)

E, _ 2
PP S i ! WS Y Y
E\+E; (1—nd/4)*+nd/4 '

W3 nonyuersoro Bripaxenus cieayer, aro KIIJ resepaTopa oka3si-
BaeTCs JOBOJBHO BHICOKHM, OCKOJIbKY d<< 1.

Pe3orancHbI pexum 3apsaxka GopMHpyromero ycrpoiicrsa obec-
HEYHBACT MOJYYEHHE HMIYILCOB, AMIUIMTYJa KOTOPHIX OnuM3ka Hanps-
XKCHHIO MCTOYHMKA NHTaHUsA, ¥ Bricokmit KIIJI. Ommako muaTensHOCTH
nay3sl JOIXHA GHITH CTPOro MOCTOSHHOM: t, =1;. B mpoTuBEOM Ciy4ae
JHEES OyJeT paspsKaThCS IPU MEHbIIEM HANDPSDKEHMH, 9TO OPHBEAET
K camxenmro KIIJT u ammnuty sl ummynsca.

OTOT HEAOCTATOK MOXHO YCTPAHHTh, €CIIU B 3aPSAHYIO LEOb NOCE-
JOBaTeIbHO C 3apsHOHM MHAYKTHBHOCTHIO BKIIOUHTL AuoX VD (puc.
10.14, 6). IToka no MomeHTa BpemenrH t, (cMm. puc. 10.14, 6) B KonuType
OpOTEKAET 3aPAOHBIA TOK B OPSAMOM HANpaB/ieHHH, QMO OTKPHIT H Ha-
OpsDKEHME HA JIHHMHM yBEJIM4YHBAcTCH. B MOMEHT BpeMeHH {, Hampske-
HHE JOCTHraeT MAaKCHMAJBbHOIO 3HAa49eHHs U JMOJ 3aKpRIBAETCH, 4TO
OpeAoTBpamacT OPOTEKaHME 3apsJHOro Toka B oOpaTHOM HampaBbie-
mau. TakuM ob6pasoMm, HanpskeHde Ha JIMHHM, JOCTHTHYB B MOMEHT
BpEMEHH {, MAaKCAMAJILHOIO 3HAYcHHS, B AATLHEHIIEM OCTaeTCA HEU3-
MEHHBIM. B pe3yibTarte AmaTensHOCTH Nay3s MOXET OBITH IEPEMEHHOM:
tn>t.

I'eneparoprt ¢ dopMupyromAME yCcTpoiicTBaMH 06eCeYuBaloT no-
JIy4eHHE HMIYJbCOB HPAMOYrojbHOM (popMm 60IBIIOH MOIIHOCTH
(50 MBt u 6onee). Onnako B Tex Ciydasx, Koraa HeoOXoHMO H3MEHATh
MIUTENBLHOCTE HMMIYNLCOB WM paboTark ¢ mEpeMEHHON HArpy3KoH,
IPAMEHATH TAKHE I€HEPATOPLI 3aTPYIHATENLHO. '



10.4. TEHEPATOPBI MMITY JIbCOB
C MHYKTUBHBLIMHM HAKOINTEJISIMH

EMKOCTHEIC HAKONHTEIH JHEPrHE HMEIOT ONPEHENEHHBIA Ipeng
HAKOIUICHHS 3HEPrHH, KOTOPHIA OnmpeenseTcs 3JIEKTPHICCKOH mpOYHO-
CTHIO BHIGPAHHOTO JMAJEKTPHKA. B COBPEMEHHBIX KOH/ICHCATOPAX /K-
TPHYECKOE HOJIE, JUTHTENLHO BLICPKHABAEMOE JUIICKTPUKOM, COCT nist-
er 10° B/cm. [lajpHeifilee NOBBUNCHAE HANPOKCHHOCTH IOJIA (mo
107...10° B/cM) OpPHBONMT K HOSBJICHHIO ABTOJEKTPOHHOH 3
C 31eKTPOJOB H npob0oo AHINEKTPHKOB. B 3TOM OTHOMICHHH UHOYKMUG-
Hble HaKonumeAu HMMEIOT OonpeAeleHHBlE NPEAMYINCCTBa, NOCKQIBLKY
B HHX KOHLEHTPHPYETCA 3HEPrHsi MAarsATHOIO IOJ. Iloaromy mist
IOJIyYEHHs. MOIIHBIX HMIYJILCOB HCHOJB3YIOTCH 2EeHEpAmopsl ¢ HOYK-
MUGHbLIMU HAKONUMEAAMU.

TTpHBIMI JeHCTBHES TaKOro reHEpaTopa MOXHO NOACHATE HA
pe npocTedmei CXeMBE, cocTosIe H3 ACTOYHAKA NHTapHs U, KATYIIKH
HHIYKTHBHOCTH L, BHINONHSIOMEH ¢yHKIME HaKOOHTENS JHEPTAH, Ha-
FPy304HOrO pe3HCTOpa Ry H IBYX kmoveit S, 1 S, (pac. 10.15, a).

Ilpr paccMOTpeHHH MPOLECCOB B Takoi# cxeme HeoOXOAHMO’ YUHTHI-
BaTh HAJHMYHE 3KBHBAJICHTHOrO 3aPAAHOIO CONpPOTHBIICHAN R,, obycnos-
JIEEHOTO AKTHBHBIMH LOTEPSMH B 3apsAAHOH enH.

Korga B MOMeHT BpeMeHH t=0 kmod S; 3aMKHYT, a S, pa3zoMx-
HYT, OT HCTOYHHKA IHTAHHS Y€pe3 KATYMKy HHIYKTHBHOCTH mpoTe-
KaeT TOK, H3MEHSIOMMICS HO 3KCOOHEHIHAIBLHOMY 3aKOHY. L=
—(UJR)(1—e™™), rme 7=L/R, — mocTosHHAs BPEMEHH 3apsAmEOH
102118

Yepes onpee/eHHEBIA HHTEPBAT BPEMEHH f,, KOrJa TOK JOCTHIHET
snavenns I,=(Uy/R,)(1 —e_talr), K09 S, pa3MBIKaeTcs, a Kmod S, 3a-
MBIK2eTCA. B pe3yibTaTe KaTyIIKa HHAYKTHBHOCTH OKa3bIBACTCS HOA-
KIIIOYEHHOM K Pe3ACTOpY R, H Ha HEM BhIIE/SETCH 3anaceHHasd B KaTyln-
Ke HHJyKTHBHOCTH 3Heprus. [Ipa 3TOM TOK, DpOTEKAIOIKH epe3 Harpy-
304HBEIM PE3HCTOP, 4 CleJOBATEIbHO, H NaJACHAEC HANPDKCHAS] HA HEM
H3MEESIOTCH 1O 3KCIOHEHIHATLHOMY 3aKOHY C IIOCTOSHHOH BpEeMEHH

is
Inp--==

L Ry 0 /

[}
a) Ugy ll

=
7
V

6)

Puc. 10.15. DxBrBajeHTHas Cxema [EHEPATOpa C HEAYKTHBHBLIM HakonmresieM (a) A Bpe-
MeHHEIE AEarpaMmsl (6)
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1=L/Ry (prc. 10.15, 6). O6n4HO B CXeMax reHEPATOPOB HMIIYJILCOB

HHIYKTHBHEIM HAKONHTENIEM POJIb Kil04a S; BHINOJHSET HCKPOBOM

OPOMEXYTOK, KOTOPBIH IPH PA3MEIKAaHMH Kjioda S; mpoOHBaeTcs mM-
COM HANPSDKCHHS, BO3HHKAIOMEro Ha HHAYKTHBHOCTH.

3anaceHHasi B KATYIIKE HEAYKTHBHOCTH 3HEPrHs

Lz 1_U? -
E="r=_L(1—e")2
2 2 R?
pacxqayercs B Harpy3ke H, TakuM obpa3om, SBISETCH HOJIE3HOH.
OHeprus HoTeph HPH HIPOTEKAHAH TOKA i, 4€pe3 3aPSAHOE CONPOTHB-

(10.15)

L

13 B
. * %) U: —tft\2
E=|#Rdr=—t |(1—¢ ™" di=
0

0

| 2 s 3 N N T
=5§L<5T-—5+2e o e i ) (10.16)

R

C y4erom coorHomenmit (10.15) m (10.16) KITI remepaTopa ¢ HHAYK-
THBHBLIM HaKOIHTeEIIeM

- -2
E 1—2 13/t+e taft
n= =V ).
E+E 1.1 -k
L/t 2t+3e

Kaxk suaso, KIIJI resepaTopa ¢ HEIYKTHBHRIM HAaKOIHTEJIEM 3HEP-
THHA ONpeJeseTCsa OTHOMECHAEM BpeMeHd HAKOIUICHHA 3HEPruH f, K HO-
CTOSIHHO# BpeMerM 3apsaauoit nemu t=L/R,. Yem Gousbine 3T0 OTHOMIE-
mue, TeM meabme KIIJI resepatopa (puc. 10.16). YMmerpmenne 7 ¢ yse-
JHMYCHHEM BPEMEHH HPOTEKAHHS TOKA CBA33aHO C TEM, YTO HapacTaHHe
TOKa, a CIeA0BaTEJbHO, H YBEIMYCHHE 3a0acaeMoM B KaTyIIKe HHAYK-
THBHOCTH 3HEPrHH OPOHCXOAAT 3a Bpems f,=(3...5)7. IIpn nansHelmem
OPOTEKAHAH TOKAa 3amacacMasl 3HEprus He

YBEIHYHBAETCA, 2 OPOHUCXOIHAT JIHINDL IOTEPSA n
JHEPrHH B AKTHBHOM COUOPOTHBICHHH R, 1,0
Veenmuute KIIJ[ MOXHO, yMeHBIIAs BpeMs

HakonJieHHs 3ueprud. OOHAKO HPH 3TOM 06
CHMXKAeTCAd HakaniumBaemasa jsHeprasa. Ilo- ozh

CKOJIbKY MaKCHMaJIbHOE 3Ha4Y€HHE TOKA i, 3a- R
BUCHT OT 3KBHBAJICHTHOIO aKTHBHOTO CO- 0o 1 2 3 taft

IpotuBneEus R,, IpA KOHCTPYUPOBAHHA Te-
HCPATOPOB C HHAYKTHBHHIM HaKOIHMTEIEM
60111:11106 BHAMAHHE YACIA€TCA YMCHBUIC-
HHKO 3TOrO COIIPOTHBIICHHUS.

Puc. 10.16. 3asmcEmocCTh

KII[] remeparopa OT Bpe-

MEHH [IPOTEKAHHS TOKA Ye-

pPe3 Karymky HRHIYKTABHO-
CTH
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OTIRIUTENBHOM OCOBEHHOCTBIO TEHEPATOpa C MEAYKTHBHLIM HaKo-
IHTeleM SBISETCA TO, YTO OH OOecHeTHBAET IOJydICHHC HAMITYJILCO
HAIPSKEHHS, AMITHTYa KOTOPBIX OPEBRINACT HAIpPsDKEHRE HCTOYH
IMTAHES B HECKOJLKO pa3. OTO OpEBHINCHAE 3aBHCHT OT CKOpOCTH
A3MEHEHAS TOKA B HEJYKTHBHOCTH OPH pa3MBIKAHHH 3apsaHOH NENH

HMnynbC HaOpsDKEHHS, HoJy4aeMbldl B reHEpaTope € KATYIIKOH HH-
JYKTHBHOCTH B K39eCTBE HAKONATEIA JHEPIHH, HAMeeT 3KCHOHCHIHIIb-
Hy10 (opmy. JlIs reHEpHPOBAHHS HMIYILCOB IpAMOYIONbHOH pOpMEL
ACHOJIb3YIOT KOPOKO3AMKHYThIE JIMHAR (pac. 10.17, a). B kagecTBe KOM-
MYTATOpA OPHMEHSIOT EKTPOHHYIO JAMIYy. Konpercatop C, HipacT
pOJIb pPa3feJMTENBHOIO H HpPeROTBPAINAcT IpOTeKaHHE NOCTOSHHOIrO
TOKA 9epe3 Harpy3ky Rs.

ECIH JaMma OTKPHITA, TO 9epe3 MHAYKTHBHOCTH JIAHHH npoTeKaeT
TOK H B HEX IPOACXOJHT HAKOILUICHHE JHCPIHA. B xouaencatopax C sHE-
PrEs IPAKTHIECKH HE HAKAILIMBACTCA, TaK KaK JHHAA KOPOTKO3AMKHY-
Tas. JI1% NONy9EHHs B TAKOM [EHEPATOPS HMIYILCOB IpSMOYrOJIbHOH

$hopMBI HEOGXOXHMO COrIaCOBATD JIHHHAIO € HArpy3KOH: Zy= ﬁ/ C=R..

Koraa aHOAHBIM TOK JaMukl, a CIeAoBaTE/bHO, H TOK, nporexaxomm‘i
qepe3 HHYKTHBHOCTH L, nocTraer 3HAYCHHA I,, namMma 3aKphIBACTCH
(pEc. 10.17, 6). JInHHs OKA3LIBACTCH HOJKTI0YEHHOR K Harpy3ke R,=2Z,
§ B Hell HAYHHAET OPOTEKATh BOJHOBOH IPOLECC, CBA3aHHBIM C pac-
IpOCTpaHEHHEM OT HATPYXEHHOIO Ha R, KOHIa BOJHBI TOKa aMILTHTY-
noit Iy=1I,/2 1 BONHE HAOPSDKCHHS Up=10Zo=1,Z/2.

1o HCTEYeHHH BpeMeRH f = l[v, rie v — CKOpOCTEk pacopoCTpaHeHHs
BOJIHOBOIO IIPOTIECCA, IOCTIE 3aKPHIBAHMAS JAMIILL BOJTHA TOKa JOCTHIACT
KOPOTKO3aMKHYTOI'O KOHIA JIHHHH, OTpaXaeTCs OT HETO 6e3 H3MEHEHAS
AMILTATYH H PaCIpOCTPAHACTCA B 0OpaTHOM HAIIPaBICHHH. Ilo mepe
pacnpoCTpaHeHHS o6paTHOH BOJIHBI TOK2 JHHHA paspsokaercs. TakaM

L2 L L L L2

+Up Upgyx {

0 | 1 I I .

ty

a) 6)

Pac. 10.17. Cxema rerepaTopa ¢ HakonMTe €M B BANC KOPOTKO3aMKHYTOH JUTHHHOH THHAF
) ‘
(a) B BpeMEHEBIE TAAr PAMMBEI 6)
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\06pa30M, 0O MCTEYECHHH BPEMEHH 1, = 2l[v 3HEPrHs, 3anaceHHAS B THHHH,
TIOJHOCTRIO BBIJEIHTCS HA HATpPy3ke, rae Oyaer peiicTBoBaTh MMIYIIBC
HanpspkeHss aMIIATYA08 Ug,= IR, /2.

! B MOMEHT OKOHYaHH S BEIXOJHOTO HMIIyJIhCA HA CETKY JIAMIIBI OISITH
HO/aeTCA BXOJHOM OTHHPAIOMEN HMIYILC H OPONECCH B CXEME IOBTO-
PAOTCA.

I'enepaTopsl EMITy1bCOB C HHAYKTHBHEIME HAKONHTEJISMHA HCIIONB3Y-
10T JUIS NOJY4YEHHs] OJMHOYHBIX HMITYJIbCOB CBEpXB6OJLIION MOMHOCTH
(Pz>10° MBrT). B kauecrse KOMMYTATOPOB B TAKHX I€HEPaTOpax HC-
HOJIb3YIOT B3PHIBAIOUIMECH OPOBOJOUKH (S;) (cM. pmc. 10.15, a) u mc-
KpOBhIe pa3psirHEKH (S;). IIpa remeprpoBannA nepHOMIECKA NOBTOPS-
IOIMEXCA HMITyJILCOB BCTPEYAIOTCA TPYAHOCTH B o0eCnede A CTabMIIb-
HOCTH MMIYJLCOB OO MOIIHOCTH.

FenepaTopel ¢ HEXYKTHBHLIMH HAKONMTEISMM 3HEPTHH HMEIOT Go-
JIe¢ HA3KHE 3HEepreTHdeckue nokasarens (Mansii KIIJ) no cpaBeenmo
C réHepaTOpaMH HA EMKOCTHBIX HAKOIMTENAX 3HEPruE. BmecTe ¢ TeM Ge3
OPAMEHEHHA NOBHINAIONIMX TPAHCPOPMATOPOB OHM 06ECHEYHBAIOT HO-
Jly9eHHEe HMIYILCOB, aMILIATY/Ja KOTOPHIX OOJbule HANPSDKEHHS HCTOY-
HHKA IHTAHHS.



T'aasa 11

T'EHEPATOPHI JIMHENHO WBMEHSIOIMUXCA
HAITPSIDXEHNA B TOKA

11.1. IPMHIMI AEWCTBHS FTEHEPATOPOB JIWH

B TeneBH3HOHBEIX H paJHOJIOKANMOHHBIX CHCTEMAX, B H3MCDHTEIb-
HBIX YCTPOMCTBaX H CHCTEMAX aBTOMATHKH IIHPOKO HCINOJIB3YIOT HM-
Iy/IbCHI JHHEHHEO A3MeHsromerocs Hanpsokerns (JIMH).

ITapamerpsl renepatopos JIMH. JiuneAHO H3MEHSAIOMEECH HANPSKE-
HHE 9acTO Ha3nBaroT mawroobpaszgsM. Hanpsokeane HEMIynbCa H3MCHSA-
eTcsl NpONOpLHOHAJILHO BPEMEHH, NpOMIEAIEro ¢ MOMCHTa Hayaja
mponecca, T. €. B HEaIbHOM ciydae u(f)=af, rae o — K03$PuIAEHT
IponOpIHOHANLHOCTH. Tak Kak HaUpsDKeHHE HE MOXET HapacTaThb bec-
KOHEYHO, TO BpeMsl JHHEHHOrO H3MEHEHHS OTPaHHYCHO OIPEAEICHHBIM
BPEMEEHKIM HHTEpBAIIOM — 04umeAbHOCMbI0 paboueil cmaduu tos (pmc.
11.1). PaanevaioT JHEEHHO HAPACTAIOUIAE H JIHHCHHO CHAJAIONIAC HM-
myJecel. B nepBoM ciyyae ko3¢ GHRIMEHT NpOnOPIHOHATLHOCTH & NOJIO-
XHUTEILHBIHA, BO BTOPOM — OTPHIATEILHBIHA.

Ilocne oxorvanns paboued cTanMd HANpPSOKCHHE B TCYCHAC BPCMCHH
t,, KOTOpOE HA3LIBACTCH 6peMEHEM 60CCMaHO6AeHUA (OOBIMHO fpms>> t),
PE3KO H3MEHAETCA JI0 NEPBOHAYaIbHOTO 3HaYeHHs Uo. 3aKOH H3IMEHEHUS
HAIPSDKEHHs B TEYCHHE BPEMEHH f, HE HMeeT CyIICCTBEHHOIO 3HAYCHHI.
B EMnyJnCHOM TEXHHKE HCIOIBL3YHOTCS Kak ONMHOYHBEIE, Tak H NEpH-
OfA¥eCKH noBTopslomaecs avuyncsl JIMH. B nocnensem cnydae nepa-
O/l HOBTOPEHHA AMIIYILCOB T'=ty6+ 1.

XOTA reHEpApYEMEIE HMIYIbCHI H HA3bIBAIOTCS JHHEHHO H3MEHS-
JOIMMHECS, O/IHAKO 3aKOH H3MEHEHHs HANDSKECHHS BO Bpems pabouei
CTAZIAA OT/IHYAETCS OT JIMHEHHOro, TaK KaK OORYHO KOIQDHUIMEHT
NpPONOPNMOHATILHOCTH HE SBISETCA IOCTOSHHBIMI du/dt=a(t). Taxum
06pa3oM, EMEET MECTO HEIMHEHHOCTh H3MEHECHHS HANPSDKCHHS. s
KOJIHYECTBEHHOM ONEHKH CTENEeHM OTKJIOHEHHS PEaJibHOro mponecca H3-
MEHEeHHs HAODAKEHMs OT MAEANbHOIO JMHEHHOrO BBOJMTCH Oapa-
METp — Koagpuyuenm Heauneinocmu

| K= (|t | max — 1 |iin)/ 114 [ maxs (1L.1)
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Prc. 11.1. BpeMeRHE&S qMarpaMma JTHEEHHO H3MEHSIOMEr0 HANPSIKCHAS

LI [t |pmax= = Oy — MAKCHMAJIbHASE CKOPOCTh H3MCHEHHS Hanps-

max

du

dt

XCHAS, Ui = = O — MHHHMAIIbHASE CKOPOCTH H3MCHCHHS Ha-

min .

OPSDKCHHS.

Tax xak B TeueHHe paboueii CTa MK HAIPSDKEHHE MOXET 60 yBEIH-
YHBATHCH, IR0 YMEHBIIATHCS, TO 316Ch GepyTcs aGCOMIOTHLIE 3HAYEHHAS
CKOPOCTH H3MCHCHHSI HAampsDKeHHA. B mIeanbHOM ciydae JHHEHHOro
H3MCHEeHHs HampsikxeHns du/dt=a=const u K,=0. [TosTromy mopu mo-
cTpoenud resepaTopos JIMH crpeMsaTcs DoyduTh BO3MOXHO MEHBIIHHR
KO3(PHIHEHT HENMHEHHOCTH.

BaxeeM nmapamerpom moGoro remepatopa JIMH sBisercs xo3g-
Puyuenm ucnoviosanus nanpsxcenus ucrounuka naTanps K,= U,/ Uy,
rae U, — ammatyaa mmuoyiasca JIMH; U, — BanpsokeHHE HCTOYHHKA
ndaTanns reseparopa JIMH.

Hapsany ¢ nepeddcieHEEIME OCHOBHBIME IAPAMETPAMH TEHEPATOPOB
JIMH BaXXHEIMHA SBJISIOTCS TAKKE CTAOAIBLHOCTH GOPMEI FeHEPHPYEMEIX
HMIIyJILCOB IpH paboTe B HEPHOANIECKOM PEXHMME, HATPY30UHAS CLOCO-
61ocTh, KII/I, BO3MOXHOCTh H3MCHCHHS mapamerpoB JIUH u np.

B ocnose mpuEnmma aeiicrBus remepatopos JIMH nexur 3apsaxa
H pa3spsaKa KOHJEHCATOpa IOCTOSHHKLIM TOKOM. MI3BecTHO, 4TO Hampsi-
JKCHHE Ha xoHzeHcaTope C ompeaensieTcsi COOTHOIEHHEM

!

Uc= UoiéJ\icdt, (112)

0

rae Uy — HavalbHOE HANPSKEHHE HA KOHJAEHcATOpe. 3HAaKH mepel HH-
TETPaIOM YYHTHIBAIOT HAOPABICHUE OPOTCKAHHA TOKA YEPE3 KOHIAEH-
carop. IIpn npoTexkanmu yepe3 KOHIEHCATOP TOKA 3APSIKH HANPIKECHHE
Ha HEM YBEIMYHBAETCA M CledyeT OpaTh 3HAK ILTIOC, OPH OPOTEKAHHH
TOKA paspsaIkH — 3HAK MHHYC.

Ecim 4epe3 KoHAeHcaTOp HpOTEKAET LOCTOSHHEIA TOK ic=I;, TO

I

HANIPSUKCHAE HA HEM HM3MEHSETCH N0 JIHHEHHOMY 3aKOHY: L= Uoig L
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Prc. 11.2. Teneparop JIVH ¢ TpaE3sBCTOPHEIM KIIOTOM {0), JKBEBAJCHTHAL CXeMa (6)
H BPEMERHALIC JAArpamMMHl (6)

IIpr 3ToM HEOGXOAHMO IEPHOJMICCKH 3apsiKaTh H paspsKaTh KOHJEH-
catop. Takam obpasom, resepaTop JIVH nmommMO KOHJAEHCAaTOpa JA0-
JOKeH COEPXATH LIEMH 3apsTKA H PA3PSIKH.

I'eneparop JINH ¢ TpaH3HCTOPHBIM K/IOYOM. IIpocTelimuM reHepa-
topom JIMH smiisieTcst cxeMa ¢ TPAH3HCTOPHAIM KIIFOIOM (pmc. 11.2, a).
Tpamsuctp VT BKIIOYEH MapajUleIbHO KOHACHCATOPY C, XOoTOphi# IEPH-
ONMIECKH 3apsKAcTCs H pa3psxacTCs. O6KIYHO YCTPOMCTBO, HA BXOJ
KoTOporo mojarotcs mvmyechl JIAH, aveeT BXonmoe CONPOTHBJICHHE
R,, SBISIOIEECS HATPY3KOA JUIS FEHEpATOPa JIAH. B ncxoasoM COCTO-
SHHH TPAH3HUCTOP OTKPHIT H HACHIICH. Jlnsi 3TOr0 B COOTBETCTBHH
¢ coornomenreM (6.1) Beo6xommMoO, YTOOH BEINOJHAIOChL YCIOBHC
R.h;1,> Rs. HanpspxeHAE Ha KOHICHCATOPE paBHO 0CTATOYHOMY HAIps-
XeHHI0 Ha Tpam3ucTope, cieaopatenbHo, Uo= Ukanc-

IIpu mopade Ha BXOJ HMuyibca OTpHUATENbHOR NONIPHOCTH IOCHC
3aKpHIBAHHS TPAH3HCTOPHOTO KIF0YA HATHHACTCH IPOLECT 3apsIKH KOH-
JeHCcATOpa OT HCTOYHHMKA IHTAHHUA 9EPE3 Pe3NCTOp R,. B cOOTBETCTBHH
c sxBHBAjIcHTHO# cxemo#t (puc. 11.2, 6) mponecc 3apsakd HOCHT 3KC-
HOHeHIHaMbHLL xapakTep (puc. 11.2, 6). Hanpsokenue Ha KOHICHCATO-
pe, a CIeJ0BaTE/ILHO, H BEIXOHOE HAIPSKCHHE

th= Usa = (U= U ™ (11.3)
. The

U. (Us— IxsoR ) Ry = Ras
-— — _._,_; T1= .
e n TR0 RS Ry+Re

B cnyyaec KpeMHHEBOro TPAH3HCTOpa M IpH OTCYTCTBHH HArpy3kH
(R,— 0) cootromenre (11.3) CymECTBERHO yIOpOILAETCS.

—4RyC

Uppx = Uu_ (Uu_ Uo)e
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Tponecc 3apsaaxa KoHAEHCATOpa OPOAOIKACTCH A0 MOMEHTA OKOH-
YaHHs BXOJHOIO MMOYJIBCA, IOITOMY fpe6 =ty '

MakcuMmansHOE 3Ha9€HAE BLIXOJHOr0 HanpsKeHHst U,,, (tpa6)=Usn— .
— a6/ Ry C
— (U axp U, o) (4] .
AMIUHTY/AA BRIXOAHOTO HMIYJIHCA

Un=Unax (tpa6) — Unicx (0) = (Uss— Up) (1 — e P95, (11.4)

CxopocTh HapacTaHHS BRIXOJHOIO HANPSKCHHS

Qupx —y= Uss— Uy e—zpaslk,c.
de RC
Orxyna
e = Uns—Up _ Uses— U o~ pe6/BxC

RC ™ Re
H B cooTBeTCTBHH C (11.1) x03ddunuent venaneinocTH
K,=1—¢ 2e6/&C (11.5)

Bripaxenne (11.4) mo3Bossier ompemennth k03(QPHUIHMEHT HCHOIB-
30BaHHs HANPSDKCHHS HCTOYHHMKA MHTAHHSA

Un Upp— -
e ! (1L.6)

W3 puipaxennit (11.5) u (11.6) cnenyer, ato
Uses — U
K=" K,.
U,

o

Ilocne oxoH4aHHs BXOJHOrO HMIYJIbCA TPAH3HCTOP OTKPHIBAETCS
H HAYAHACTCS [PONECC PA3PSAKH KOHACHCATOpA. B MOMEHT OTKphIBaHHS
TPaH3UCTOpA HOJOXEHHE pabodeil TOUKH ompeaensieTcss Toukoi 4 (puc.
11.3). ITockoBKY TPaH3UCTOP HAXOAMTCS B AKTHBHOM PEXHEME, HAYAIb-
HBIA KOJUIEKTOPHBIH TOK I, (0)= /1, /5= hy;,Us/Rs. 3aTeéM mo Mepe pas-
PAIKE KOHJEHCATOPA HANPSDKCHHE HA HEM, 4 CIICAOBATEIILHO, H KOJIJICK-
TOPHOE HAIPSKCHAE TPAH3RCTOPAa YMEHBINAOTCH M pabodas TOYKa ABH-
XETCs OO KOJJIEKTOPHOH XapaKTEPHCTHKE BJICBO IIO HAIPABJICHHIO K TOY-
ke M. Eca mpeneOpeyb TOKOM i,, IPOTEKAIOIEM YEPE3 PEIUCTOPHI R,
R, TO TOK pa3psAKA KOHJEHCATOPA ic OCTAETCH IPAKTHIECKH MOCTOSH-
HRIM OpH ABHXKEHAH pabodeit Toaku no Touku N. [Fo3TOMy HanpsKEHHE
Ha KOH[IEHCATOPE YMEHBINAETCH NPAKTHYECKA IO JMHEHHOMY 3aKOHY.
Hanee pabovas Touxa HOnmajaeT Ha HAYAIHHEIN BOCXOJSILMH y9aCTOK
XdaPAKTEPUCTHKH, TPAH3HCTOP NEPEXOJAT B PEXMM HACHILEHAS M KOH-
ACHCATOP Pa3psKAETCA YMEHBIIAOMMMCS BO BpeMenHn TokoM. ITponecc
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Puc. 11.3. BeixogEas xapaxTepBECTHEA TPAH3HCTOPE
paspsiKH 3aKaHYMBacTCs, Korjaa pabodas TOYKa OPHEXOAHT B TOUKY M.
Bpems, B TeueHne KoToporo pabodasi TO4YKa ABHXKETCH IO HOJIOroMy
YJaCTKy XapaKTECpHCTHKH, COCTAaB/IET 3HAYMUTEIBHYIO YaCTh 3Tala BOC-
CTAHOBJICHHS, HOITOMY

t,= Upax /1, (0).

B paccMOTpeRHOH cxeMe IPH MaIoM K03hRIMEHTE HEJIMHEHHOCTH
AMeeT MecTO HH3KHH K03 (HHIHEHT HCIOIb30BaHHS HANPSDKEHHS HCTOY-
HHKa OHTAHHS, 9TO SBIETCH CYMIECTBEHHEIM HEAOCTATKOM cxeMsl. On-
HAKO KOIJA IO TEXHHYECKHM YCJIOBHSM [ONYCTHMBIA K03hHIHMERT
HeJmHEWHOCTH npeBbmmnaeT 0,1, 3Ta cxema IPAMECHAMA.

CpaBHHTEILHO HA3KHE KAaYeCTBEHHEIE H KOIHICCTBCHHLIC I0Ka3aTCIH
resepaTopa JIMH c TpaH3HCTOPHEIM KIIHOYOM 00ycI10BII€HBI TEM, YTO BO
BpeMs pabodell CTagMH TOK, DPOTEKAOME|A depe3 KOHACHCATOP, HE
ocTaeTcs noctosHEeM. Jlus cTaOBIM3anMe TOKA, TPOTEKAIOMIEro 9epes
xoH/eacaTop npH ¢opmuposapnE JIMH, mcnoip3yroTcs ABa MeEToJa:
1) mokocmabuausupyiowezo nemenma u 2) KOMNEHCAyuoHHbli.

Vinest nepBOro METoJa COCTOHT B 3aMEHE PE3HCTOPA IIEMCHTOM, TOK
KOTOPOTO HE 3aBHCHT OT IPHIIOXEHHOrO HanpsoxeHus. IIpH BRIFOYEHMH
TaKOro JEMEHTA IOCIECJOBATEILHO HIIM IapajUiebHO C KOHJECHCATO-
poM IO Mepe 3apsfKH HIH PaspsIKH LOCICIHEr0 HANPSKCHHC HA
3JIEMEHTE H3MEHSETCS, 4. TOK OCTAETCS IOCTOSIHHBIM.

Vipes BTOporo Meroja CTabHiM3ammMu TOKA, NPOTEKAIOMEro 4cped
KOHJIEHCATOP, 3AKJII0YAETCs B ceayomeM. liocien0BaTeNbHO ¢ KOHACH-
CATOPOM BKJIIOYAETCS JONOIHHTENbHbIE HCTOY-

+ é puk nAatapus u (pEc. 114) B Tox B nemH

ic=(Us+u+uc)/R. Ecnu HanpsikeHHe 1000~

v, I l::c HATETHHOTO HCTOYHHAKA H3MEHSCICS IO TOMY

N € 3aKOHy, 4TO H Ha KOHJEHCATOPE, H HMCET

” 7 06paTHYK HOJAPHOCTB, T. €. U= —Uc, TO TOK

ic ocraercs moctosHHBIM Ic=Uy/R. O6m4HO

Pmc. 11.4. OxsuBajenT- B KadeCTBE JONOJHHTETLHOIO MCTOYHHMKA HA-
Has CXeMma [eHeparopa IPSKEHHS HMCHOJIB3YETCH BHIXOJHOE HANPIKE-

JIUH xoMIIeHCAanUOHEO-

0 THIA HHE YCHJIMTEIIS. YIPABICHHE STHM HANPSLKEHA-
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€M OCYWIECTBIINETCS Lenbio 00paTHO# cBs3m. ITo BHxy o6paTHO# cBs3M
pasnmm4aT 2enepamops JIMH ¢ ompuyamensnoii u noaoxcumevroii
obpamnoii ces3wbio. '

11.2. FEHEPATOP JIMH C TOKOCTABMJIVBHPYIOMMM
3JIEMEHTOM

B xagectse ToKOCTaGHIH3ApPYIOMEX 31EMEHTOB B reBepaTopax JINH
HCHOJIb3YIOTCS JIWOO TPaH3HCTOPHI, paboTalOmue B aKTHBHOM PEXHAME,
m6o menTomEl. TpaH3HCTOPH 06eCHEIHBAIOT TEHEPHPOBAHHAE HMITYJIb-
coB JIMH aMImTyqo# HECKOJBKO JECATKOB BOJBT, a HEHTOMBI —
ammaTyAo# go 100...150 B.

Iipu ucmonr3oBaEME TPaH3HCTOPA €ro0 NEIECO06PasHO BKIKOYATL MO
cxeme ¢ obme# 6a3zoii. B 310M CiIydae HMEET MECTO MEHBIIAR HAKIOH
BEIXOJHBIX XaPakTEPHCTHK, T. €. Gonbiee quddepeHIAATEHOE CONPOTH-
BJICHHE.

[eneparop JIMH ¢ TOKOCTaGMIH3HPYIOMAM IEMEHTOM HMEET /B
TPaH3HCTOPa, OfUH M3 KOTOprX (VT1) paboTaer B K110YEBOM PEXHME,
a apyroi (V'12) — B akrusoM (prc. 11.5). ConpotBienne pesncropa
R, HEBENHKO, H OH BKIOYAETCS [Is 0GECIEYEHAs PEKAMA HACHIICHAS
Tpas3ucropa V71, 910 cnoco6CTBYET COKPAINEHAIO JIMTEILHOCTH CTa-
JIMH BOCCTAHOBJICHHS.

B rcxoanaoM cocrosmun Tpamsucrop V71 oTKphIT H Hackumed. Kon-
neucarop C 3apsxkeH Ao HanpsokeHusi Up,.= Uy — Rii,,, TAE iy — KOJ-
JIEKTOPHBIA TOK TpaB3ucTOpa VT2. DTOMY PEXAMY COOTBETCTBYET TOY-
Ka A4 Ha craTHdeckoll xapaktepuctake (puc. 11.6).

Iipu momage Ha Gasy rTpamsmcropa V71 BX0OAHOro HMHyIbCA OT-
PHUATEILHOR NOIAPHOCTH OOCICAHMH 3apaercs u koraencarop C Ha-
YHHACT Pa3pskaThCAd KOJUIEKTOPHEIM TOKOM OKPHITOTO TPaH3HCTOpA
VT2. HampskeHHe HA KOHACHCATOPE M KOJUIEKTOPE TpaH3ucropa V712
YMEHBIIAETCS, YTO CONPOBOXKIAETCH JBH-
XeHAeM pabodeil TOYKH mO CTaTHYECKOM
KOJUICKTOPHOH XapakTEPHCTHKE BJICBO.
B wpeanbHOM ciiydae, xorga yroJ Hakio-
HA KOJUIEKTOPHOHN XapaKTEepHCTHKM o =0,
KOJUIEKTOPHBIH TOK TPaH3HCTOpA, a Clie-
JOBAaTE/IbHO, H Pa3spsiAHLEIA TOK KOHJAEH-
CaTopa HOCTOSHHKLI H HAIPSIKCHHE HA KO-
HACHCATOPE YMEHBINACTCH IO JIMHCHHOMY
33aKOHY.

PeajbHBIC KOJIEKTOPHEIE XapaKTepH-
CTHKH HEMEIOT ONIpe/ICICHHRIN, XOT S B HEGO-
Jpmo# Haknom (x#0). B arom ciyuae
IPOMCXOMT HEKOTOPOE YMEHbILICHHE KOJLIE- Pac. 11.5. Crema rencparopa
KTOPHOT O TOKA, YTO HPHBOIUT K NOSIBIIEHAIO MUH ¢ Toxocrabmmapyso.
HEJIHHEMHOCTH BHIXOJHOI'O HANPSDKCHHS. INEM TPAH3ECTOPOM
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Pac. 11.6. BRIXOZEME XAPAKTEPACTEKE TPAHIACTOPE, BIUIFOYCHHOIO MO CREME C obmeit
Gasoit

Jlns pacdyeTa mapaMeTpOB reHepaTopa JIVH ocymiecTBEM JHHECAHYIO
ANIIPOKCHMALHIO [OJIOroro y4acrka BLIXOTHOH XapaKTEpHCTHKH TpaH-
sucropa VT2 (cM. puc. 11.6). Torna KONIEKTOPHEIH TOK TpaH3HCTOpa
i, WIH, 4TO TO € CAMOE, TOK pa3psiIKH KOHCHCATOpa

iC==ixz=lo+u;/ri=(Uan+ul)/ri’

e r, — maddepernuaTbHoe CONPOTHBICHAS TPAH3ACTOPA, Un=1ri —
JKBHBAICHTHOE Hampsokepme. O6bMHO mubEpeHNHAIbLHOE  CONPO-
tuBnerre r;=0,5..2 MOM, a 3XKBMBAIICHTHOE HANPSDKCHHC Uses=500...
...2000 B.

Bocro 1530BaBIIHCh cooTHomenreM (11.2) B y4RThIBAs, 1TO KOHACH-
caTop paspAKAETCS M HANPSIKCHAC Ha HEM CHANACT, HONYTHM crneny-
romee naddepennnansHoe ypaBHCHHAC!

duc . Uyp+Uc
e _j=— 3K8 )
dt

r
3nech y9TEHO, 9TO 4 =uc. VIMes B BUAY, 0 KORAeHcaTop C mepBO-
pavambHo 3apskeH 10 HAmpsokeHHS Upy= U, B PE3YIHTATC peLncHHs
maddepeHIAATBHOTO yPABHCHHAS HOJTyHM
uC(t)=umn(t)= - Unn+(Um+ Umax e_t/tan: (117)

IO Tom=HC:

Konpencatop C paspskaeTcs [0 T€X OOp, HOKa AcHCTBYET BXOJHOH
AMIyIbe. ECH JUIATEILHOCTh 3TOr0 HMIIYIIECA &y, TO K KoHIy pabouei
CTamuH (f,= t,s), KOra paGoyas TOUKA OCPEXOMUT B TOUKY N, Hampsxe-
HHAE Ha KOHJIEHCATOpe

Umin =Uc (tpAG) = Uaxn + (U:;xn + Umnx) (4] _’pnﬁlf:;xn
¥ aMmmaTyAa mmiayisca JIMH
’ Um = Umax - Umm = (Uaxn + Umax) (1 - e"paﬁ/’aln).

3pecy ClE€AyeT HIOM4YEPKHYTh, 4TO amunaryna JIMH orpanmicHa
papaMeTpamMH TPaH3HCTOPa, a HMEHHO — MAKCHMAIBHO BO3MOXHBIM
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H3MCHEHHEM KOJUICKTOPHOI'O HaNpPsKEHHS, IPH KOTOpoM pabodas Touka
HE BRIXO/IHT 33 OPEAE/ILI HOJIOTOro yJIacTKa BRIXOAHOH XapaKTEPHCTHKH.
Taxum 06pasom, k03hHHIMEHT HCIOIb30BaHHS HANPSKEHUS HCTOYHAKA
HTAHHS

Ussn+ Unax 0 —tpusi
K== () (11.8)

W3 ypasrenus (11.7) ompenenum ckopocTsb H3MCHEHHSI BRIXOJHOTO
HAIPSDKCHUS

dupix _ Usxs + Umax e t/t3xn

dt Toxn

MaxcumanbHas CKOPOCTh H3MEHEHHs HalpsukeHHs GyaeT mpu =0,
a4 MHHAMATbHAS — OpH =1, Toraa ko3pGHOHEHT HEIHHEAHOCTH
B COOTBETCTBHH C (11.1) :

K,=1—¢ 'pe6lm, - (11.9)

ITocne oxoHYaHM st BXOAHOTO HMITYJIbCA TPAH3HCTOP VTl OTKpHIBaCT-
Csi B MEPEXOJAT B PEXHM HACHIIEHAR. TaK KaK IPH 3TOM gy = Uksmc &
~0,2 B, To MOXHO CYHTaTh, 9TO KoHAeHcaTop C 3apsxaeTcs 4epes3
pe3ucrop R, ¢ mocTosiHHO# BpemeHH T=R,C W JIMTEILHOCTh CTAMH
BoccTaHoBnenns 4, =(3...5)R,C.

Peancrop R, B cxeme Moxer oTcyTcTBOBaTH. TOr/a IPH OTKPHIBAHAH
Tpansucrop V'T1 Gyaer paboTaTh B AKTHBHOM PEXHME H KOJIEKTOPHOE
HaOPSKCHAE Ur,1= Uy —uc. Konaencatop Oyaer 3apskarthcs pasHOCT-
HBIM TOKOM i¢c= 1l — fry2. 110 MEpe 3apsiku KOHAEHCATOpA HANPSDKEHHE
Uc YBCIIHYHMBACTCS, & U, — YMEHBINAeTCs. Uem Goibmie pa3sHOCTHLIM
TOK, T. € 4eM OoJbIi€e i, TEM MEHbIIE JUIATEILHOCTH CTAAHH BOC-
craHoBieHHs. OHAKO H3BECTHO, YTO JONYCTHMEIA KOJUIEKTOPHEIH TOK
TPAH3HCTOpPA B AKTHBHOM PEXHME HAMHOIO MEHbILE, 9eM Ipm pabote
B pexXHMe Hackumenus. I1o3Tomy Bpems 3apsaakd koHaeHcaTopa C (-
TEJIBHOCTh CTaJIHH BOCCTAHOBJICHHS) B IEPBOM CJIydae, T. €. IPH HAlM-
4AH pe3ucropa R; MOXET OHTHL CymIECTBEHHO MEHBIIE, YEM B €ro
orcyrcTere. OfHAKO B cxeMe reseparopa 6e3 pesucropa R, aMmiuTyna
mmoynsca JIMH oxaspBaercss Heckonbko Gonpme. M3 cooTHomeHmit
(11.8) u (11.9) cnenyer '

Uses+ Unax ’ .
K,=+ K. < (11.10)

Taxum o6pasoM, B cxeMme reeparopa JIMH ¢ TokocraGmin3mpy- -
IOIIMM 3JIEMEHTOM, T4K XK€ KaK H B CXEME C TPAH3HCTOPHBIM KIIOYOM,
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k03((QHIAEHT HCIOB30BAHMS HAIPSDKCHAS HCTOYHAKA OHTaHHA OPOIO-
pumoHaieH ko3hdummenTy HenmueinocTH. Onnako B ¢popmyne (11.10)
xo3d¢umment nponopuHoHaTbHOCTH (Uss+ Unsx)/Un™>1, IOCKOIBLKY
U,.>U,, a B cxeMe C Tpan3HcTOPHEIM KIOUOM (U, — Up)/Un<1, Tak
xax U,,< U,. Ilostomy B paccmoTrpensoM reseparope JIMH na Tpan-
sucropax opa K;=0,01...0,03 xoapduunenT HCIONB3OBAHAS HAImpPsKe-
HHES HCTOYHAKA mATands gocruraer 0,9.

Ha xo3¢(prOEEHT HEMHHEHHOCTH OKA3bIBAIOT BIHAHHUE YIOJl HAKIOHA
BBHIXOJHOM XapakKTEPHCTHKH TPAH3HCTOPA H HOJKIIOYCHHOE Hapajlieib-
HO KOH/JEHCATOPYy CONpPOTHBICHHE HArPY3KH, KOTOPOE IIYHTHPYET €ro.
ITo3TOMYy B reHEPATOPE C TOKOCTaORIA3HPYIOMIHM 3JIEMEHTOM K,=0,05.
CKOpOCTh H3MCHEHHS! BHIXOJHOIO HANPSDKEHAS BO BPEMS paboueii cTa-
man dug,/dt perynmpyercs OmyreM H3MCHCHHS KOJIEKTOPHOrO TOKa
Tpan3ucropa. Jlas 3Toro HCHoJIb3yeTcs nepeMenHRIH pesucTop R,. Ilpu
pacueTe IpeesioB PeryIHpoBanns duyg/df HEOGXOMMMO HCXONHTH H3
TOrO, 9TO IPH HOOBIX KOJNEKTOPHHIX TOKAX TPaH3HCTOP VT2 ponxen
paboTaTh B aKTHBHOM PEXHME.

11.3. TEHEPATOP JIMH C IIOJIOXHUTEJIBHOA
OBPATHOM CBSI3BIO

Jlns moydenns mmoyibscos JIMH ¢ xoappuunerToM HEMHEAHOCTH
K, < 0,05 HCHONB3YIOT TEHEPATOPRL KOMNEHCAYUOHHO20 MUNa. Crpyk1yp-
Has cxema remepatopa JIMH ¢ monoxuTenbHOH OOpaTHOH CBS3BIO
BKIIOYaeT B ceOsi OmEpanHOHHBIA YCHIHTEIb, HCTOYHHK HAIPSDKCHHS
# RC-nens (puc. 11.7). Konaencatop C DOAKIIOYCH K BXOAY yCHIIHTEIA,
CNENOBATEIbHO, U= lyy.

AHamH3 cxeMBl IPOBEAEM B HPEANONOXKCHHH, 9TO BXOJHOH TOK
YCHIATENAS OTCYTCTBYET,, T. €. €r0 BXOJHOC CONPOTHBICHHE Fux— 0,
4 BHIXOJHOE CONPOTHBIEHHE Fpx << R. Bxoquoe HampsiKeHHE IOJACTCS
Ha HCHHBEPTHPYIOIMHA BXOJ YCHIIATENS, HO3TOMY BHIXOJHOE HAIpsDKC-
HHAe 10 ¢a3e COBIAAAET C BXOJHBIM, CiIEJOBATEILHO

iR +uc—tpa=UL.
IIpoauddepeHEIRpPYEM 3TO ypaBHEHHE IO BPEMEHH!

di duc dumxzo

Et dt dt ' .

I100%HM, 4TO YCHJHTENs paboTaeT B JHMHEHHOM DEXHME, T. €.
Uy = Ktyy, TI6 K — X030 QHIUEHT yCHICHHS. C y4eroM TOrO, 4TO
U= Uyy, TOJYIHM
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di duc
R—-+(1-K)—=0.
¢ B =0

1
Hanpsoxenue Ha KompgeHcaTope uC=E j ids,

caepoBarembHo duc/dt=i/C. Ilocne moacra-

HOBKH OyJIEeM MMETh ClIENYIOMEE yPaBHEHHUE: Prc. 11.7. Qynximonamsaas
cxema remeparopa JIMIH ¢
RC di TOJIOXHTENLEOH 06paTroi
T T 4i=0. CBH3BI0
1—-Kd¢

Pemenne ero mveer BHJI
i=Iye e (11.11)

rae Iy=U,/R — HavaIbHOE 3HAYCHAE TOKA, Toxs = RC/(1 — K) — 3xBHBa-
JICHTHAs DOCTOSIHHAS BPEMCHH.,

Kak Buznmo, B TaKo# cxeMe TOK, IPOTEKAKOMHA depe3 KOH/JIEHCATOP,
CTpOro roBopsi, HE OCTa€TCsi MOCTOSAHHBIM, 4 H3MEHACTCH O 3KCIOHEH-
IHAJILHOMY 3aKOHy. OfHaKo 3/1ech €CTh IPHHENMOAATILHAS BO3MOXHOCTE
CAeNaTh H3IMCHEHHE TOKA i 3a JrO6OW KOHEYHEIH IPOMEXYTOK BPEMEHH
a5 CKOIb YIOJHO MaieiM. [lisi 3TOr0 OpH OPHHSATHIX JONYINECHHASNX
HEO6X0UMO, 9TOGK B HpPEACIbHOM Cydae KOS(PMHUHEHT yCHICHHS
yewmarenss K=1, torma t,,—c0. Orcrona cneayer, 9To B KadecTrse
YCHUTHTEJIS IOJDKEH OBITh HCHOb30BAH SMHTTEPHBI MOBTOPHTENID, BHI-
XOZIHOE HANPSXCHAC KOTOPOro H3MEHseTcs B (a3e ¢ BXOAHHIM H KO3(-
¢ummenT ycunenus 6mm3ok exunmne. Takum o6pasom, addexT xomuen-
CalMA B PaCCMOTPEHHOH CTPYKTYPHOH cxeme GOpPMAILHO IPOSIBISETCS
B YBETHYCHHH HOCTOSIHHOW BPEMEHH T,, B 1/(1—K) pa3 mo cpaBHEHHIO
C OOBIMHOM HEMmBIO. :

B cooTsercTBEM ¢ IpHHIMIOM KOMIEHCAIME KOMIICHCHPYIOIIEE Ha-
IPSDKCHAC (B JAHHOM CIYYA€ Uy,,) H3IMEHSETCS IO TOMY XE 3aKOHY, UTO
H uc, MO3TOMY JIMHEHHO H3IMCEHAIOIIEECH HANPSKCHHE CHHMAETCH HE
C KOH/ICHCATOPA, & C BRIXOJA YCHJHTENSA. B 3TOM ciyvae mpakTHYeCKH
HCKIII09ACTCs BIMSHAC CONPOTHBIICHAS HArpy3Kd Ha IPOLIECC FEHEPHPO-
Banud JIMH, Tak xax 06bMHO 7y < R,.

Iipn peanusanmm Tako#l CTPYKTYpHOM CXEMBI MMEETCS TPYIHOCTD,
KOTOpas CBH3aHA C TEM, YTO HH OJHH H3 IOJIIOCOB HCTOYHHKA HAIpPSKE-
HASL He MOXET OHITh HOJKIIIOYEH K «3a3EMIICHHON» Touke. DTO 06CTO-
STCJIbCTBO BBIHYXKAACT B KAa4Y€CTBE HCTOYHHKA HAMPKECHHS HCIOJB30-
BaTh HAKONHTEILHLIY KOHACHCATOP GOJIBIONR EMKOCTH.

«  Cxema reneparopa. ITpocreiimas cxema reaeparopa JIMH ¢ nosoxu-
TebHOM 0OpaTHOW CBS3BIO COCTOMT M3 JBYX TPaH3HCTOpoB VTl u VT2
(puc. 11.8). Tpansuctop V'T1 paGotaer B KIrOYEBOM pEXHME, 4 TPaH-
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Prc. 11.8. Cxema reseparopa JIMH ¢ monoxwuTema0i 06paTHOI CBA3b10 (d) m BpeMeHREle
- [EarpaMMsl (6)

sucrop VT2 — B aKTHBHOM PEXHME H BMECTE C PEIHCTOPOM R, o6pazy-
€T SMHTTEpHBI noBTOpHTENb. Konnencatop Co BHIOJIHAET POJIb HCTOU-
HHKA HANPSIKCHHS.

B HCXOIHOM COCTOSIHHH TpaH3ucTOp VT1 OTKpHIT B HACKIIEH. Hepes
pemp, cocTosmyio W3 amona VD, pesuctopa R,, TpaH3HCTOpa VT1,
IPOTEKAET TOK, mprOH3uTeNsHO paBHE o~ Uy/R,. Hampskenne Ha
xouaercatope C, a ceJ0BAaTEIbHO, H HAIIPSUKCHAC HA BRIXO/IC SMHUTTEP-
poro mosropuTens U, (0) mpm srom Ommskm mymo. Konnencatop
C, 3apsiXeH NPAKTHYECKH NO HAIPSOKCHAS HCTOYHHKA NMTAHHS: U=
=U,— Uyp— Unx (0)x U,, riie Uyp — HAOPSDKCHAC HA OTKPHITOM [HO-
ne VD. ’

IIpur noxave HA BXOJ{ CXEMELI HMIYJIbCA HANPSDKCHHS OTPHNATEILHOR
HOJISPHOCTH JUTHTENLHOCTHIO 1, Tpam3ucTop V11 3aKphIBacTCA. B pe-
synsTaTe KomaeHcaTop C, KOTOpHIH [0 3TOro OLL1 3aIIYHTHPOBAH
OTKPHITHIM Tpam3ucTopoM VT1, HauMHAET 3apsAXATHCS TOKOM I,. Ha-
OpSDKCHHE HAa HEM YBC/IMYHBACTCH, H COOTBCTCTBCHHO HAYHHACT Ha-
PacTaTh HAOPSDKEHHC HA BHIXOJE CXEMBl. YXC OPH HC3HAYATCIHHOM
YBEJIMYEHHH BHIXOJHOI'O HALPSKEHHS AMOA VD 3aKphIBACTCS, Tak Kak
K HEMy IOpHKIannBaeTcs obpaTHoe HampskeHwe. JEHCTBHTEILHO, HA-
OpPSOKCHHE HA aHOJC AMOAA IOCTOSIHHO H PaBHO + U,. Hanpsxenune
Ha KATOAE OmpeJe]sieTC CYMMOH HAYaILbHOrO HAOPSIKCHHS HA KO-
gpercarope C, (Uq=U,— Upp— Unix(0)) ¥ BHIXOJHOrO HANPSKCHUS
Unx (). TaK KAK sy (£)> thx (0), TO PasHOCTH IOTCHUMAIOB MEXIY
AHOJIOM H KAaTOJOM /JMONA OKAa3hIBAaeTCs MeHbie manpsvkeHHs Uyp,
peobxoaMMOro Qg TOro, 4ToOH JHOJ HAXOMMICS B OTKPHITOM CO-
crosinEm. I103TOMy JHON 3aKPHIBACTCS M, TAKHM 0Opa3’oM, HCTOYHHK
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nuTaHds OTkmodYaercs OT RC-memn. Pomb Hcrovmmka HanpsokeHHs
Ha4YHMHACT BHIIONHAThL KOHAECRCAaTOp Cp.

B nanemeiimmeM mo Mepe 3apsakd Konaercatopa C yBeIHUHBACTCS
Hanpsoxesne pa 6ase TpamsucTopa VT2 H COOTBETCTBEHHO BO3PACTAET
BeIXoanoe Hampspkenue. Ilpm xoapdmmuente ycunenus sMHTTEpHOrO
HOBTODPHTEJIs, G/IM3KOM €/IHHHIIE, IPHPANICHUE HANPSDKEHHS HA KOH/IEH-
catope C NpakTHYECKH PaBHO IPHPANICHHIO HANPSDKEHHS HA BHIXOJE H,
TakAM 00pa3oM, B 3aMKHYTOM LENH, COCTOSAIIEH u3 Kongencaropa C,
pe3ucropa R,, kopnescaropa C H pe3ucropa R,, HMEET MECTO HOYTH
[OJIHas KOMIIEHCANHs HAaOpPsKEHHs HA KoHAeHcaTope C BRIXOJHEIM Ha- .
OPSKEHHEM Uy, (f). CenoBaTensHO, TOK, OpPOTEKAIOMHEN depe3 pe3H-
crop R, u 3apsxaromuii kogaescatop C, OyleT mpakTHIECKH ITOCTOSH-
HbIM, a HaOpSDKCHHS HA KOHJCHCATOPE M HA BBIXOIE Uy, (f) Oyayr
H3IMEHSATHCS 10 JIHHEHHOMY 33KOHY. )

Komnercamus KMeeT MeCTO 10 TeX 0P, 0K, HECMOTPSI Ha yBeJIHve-
HHE CHIILI KOJUIEKTOPHOTO TOKa, TpaH3ucTop V12 HAXOIUTCA B AKTHB-
HOM pexuMe. TOBKO B 3TOM Clly4ae COXPaHSETCS OPOINOPIHUOHANbHAS
3aBHCHMOCTb MeXy 6a30BBIM M KOJUIEKTOPHEIM TOKaMH. MHEHAMANBHO
BO3MOXHAasl Pa3HOCTh IOTEHIIAATIOB MEXY KOJIJIEKTOPOM H OMHTTEPOM,
OpH KOTOPOH TPAH3HCTOp eme paboTaeT B aKTHBHOM pEXHME, COCTAB-
aser 0,5..1 B ¥ MakcHMaJbHOE 3HAYEHHE BLIXOJHOTO HANPSIKCHHS
Un=U,—(0,5...1) B. ITosaromy xoapdunsesT HCHONE30BaHHS HAOpS-
XEHHs] HCTOYHHKA IMMTAHHSA OKA3BIBAECTCH JOCTATOYHO BHICOKMM: K=
=0,8...0,9.

Bo Bpems pabouelt ctaaun TOK 3apsaaku Kogaencatopa C B COOTBET-
CTBHH C BEIpaxcaHeM (11.11) H3MeHseTCA, 9TO IPHBOAKT H K H3MEHEHHIO
CKOPOCTH HapacTaHHS BHIXOJHOTO HANPSKCHHS:

S _ g gl _gBetom g U ton
dt dt o (o RC
’ Un ’
OnpenenuB H3 3TOrO COOTHOMICHHS 3HAYCHHS umx=KR H Uy =

JUn g "
=K zeS pacioms IDOJYYMM BHIpaXKeHHe A Ko3hOdHOuenTa HeIHHEH-
HOCTH

K.=1 _e—lpaﬁ/"axn
H— .

Ipa6
Ipu = <« 1 umeem

Taxs

Ky = (1= K) tp6/(RC). (11.12)

W3 Domy4eHHOro COOTHOIIEHHS CIENYET, YTO B CXEME eHepaTopa
JIMH ¢ monoxuTensHO# 0OpaTHOM CBS3bIO HEIMHEHHOCTH T'€HEPHPY-

11-138 . 321



€MOr'0 HAIPSDKEHHS OKA3KIBAETCS HAMHOIO MEHBIIIE [I0 CPABHEHUIO C HE-
JAEEHHOCTHIO 06nuHOM RC-nemu, Tak Kak (1-K)<1.

IToclie OKOHYAHH S BXOJHOTO HMITYJIbCAa TPAH3UCTOP VT1 oTKpHIBaCT-
cs u xommencarop C paspsxaercs. IIpouecC paspsaxu C npotexaer
aHAJIOTAYHO MpOLECCy, PaCCMOTPEHHOMY B § 11.2. 3a Bpems pabouei
CTaquH, a TAKXe B HHTEpPBalle BpEMEHH (t,...t;) HampsDKEHME HA KOHJIEH-
carope Cy XOTS M HE3HAYHTE/LHO, HO YMCHBINACTCH. ITosToMy B Cxeme
TAKKE IIPOTEKAET TOK JO3apSIKH KOHJEHCATOpA C, 9epe3 OTKPHIBIIHHACS
JHOI H BHIXOJHOE CONPOTHBIEHHE 3MHTTEPHOIO HOBTOPHTEII. Hduon
VD OTKpHIBAETCS B CAMOM KOHIIE IIpOnecca paspiaiki xonaencaropa C,
T. e. B MOMEHT BPEMEHH f,, KOra IPAaKTHYECKH BOCCTaHABIHMBACTCH
HCXOJHOE CTAIIHOHAPHOE HANpPSKCHHE HA KOHJICHCATOPE C. Jdo3apsaaka
xouaencaropa C, (HHTEpBAT BpeMCHH t,...t3) OCYIIECTBIIAETCS OT HCTOT-
HEKA muTaHEs U, 9epe3 OTKPBITHIA AHOI VD M BRIXOZHOE COIPOTHBIIC-
HHE SMHTTEPHOTO IOBTOpHTENA. TakaM o6pa3oM, HIHTEIBHOCTh CTA-
MH BOCCTAHOBIIEHHS ¢, ONPEIEIAETCS CyMMOH BPEMECHH Pasps/IKH KOH-
nercaropa C 1 BpeMEHH JI03aps/IKH KOHEHCATOPA Co

Ha xo3bdHnEeHT HETHHEAHOCTH B PacCMOTPEHHOH CXeMe OKa3hBa-
JOT BIHSHAE TAKXKE H3MEHEHHE HANPSDKEHHUS HA KOH/IEHCATOPE Cy ¥ BXOI-
HOE COMPOTHBJICHHE IMHTTEPHOTO MOBTOPHTENS Fax- JlelicTBHTENBHO, 32
Bpemsi pabodell CTaguu depe3 KOHACHCATOPR! C, 2 C npoTekaer npak-
THUECKH OJHHAKOBRIH TOK Ij, CleIOBAaTENBHO, K MOMEHTY BpEMEHH
t, Hanpsbkerne Ha koppencarope Co YMEHBIIMTCH HA BEJHYHHY Auyx
~(C|Cp) Un, rae U, — aMIUIATY1a HaOpSDKCHHA HA xongencarope C.
B MOMEHT BPeMEHH f; KOMIEHCHPYIOMIe¢ HANPSKCHHE PABHO (KUp—
—Aug), 9TO 3KBHBAJIEHTHO YMCHBIICHHIO ko3¢ dunuenTa yCHICHHA
smuTTepHOro mosropurens: K'=K-— C/C,. Kpome TOro, mpH BEIBO-
ne coornomenus (11.12) MBI IpeHeOGPEITH BXOIHBLIM TOKOM IMHATTEP-
HOIO IOBTOPHTENA. DTO JOMYCTHMO IIPH YCIIOBHH Fax > R. B npoTHBHOM
clyuae BXOJHOM TOK MOXET COCTABIATH 3aMETHYIO €acTh toka Iy,
9TO TIPHBOJHMT K yMeHBIICHHIO k0d((dHIMEHTa NEpeJadd HA BEIMIHHY
KR/rx. Taxum 0Opasom, C y4eTOM pacCMOTPEHHBIX ABJICHAH BRIpaXe-
AMe I K03 (phHIMEATa HETHHEHHOCTH BMECTO (11.12) npuobpera-
eT BHJ ,

C R
KH=<1—K+—+K~)@.
Co Tex RC

Jlns ypeymuenns Koo(p@HIMEHTa YCHICHHS SMHTIEPHOrO MOBTOPH-
TeNIsi B COOTBETCTBEHHO JUISi yMEHbIIEHH: KoopdHmenTa HEJMHEHHOCTH
pe3dcTop R, HOIKEH HMETh Gomsmoe compoTuBienHe. Oquako IpH
3HAYHTEILHOM R, [ajeHHe HANPSKCHHS HAa HEM 33 CYET IPOTEKAHMs
TOKA J03apAAKA KormercaTopa Cy MOXET HACTOJIBKO yBEIHIHTHCH, 41O
moTenmAan 6a3sl TpapsucTopa FT2 OKaxercs OTPHNATE]bHBIM OTHOCH
TeIbHO 3MHATTEpA, H TPAH3ACTOP 3aKPOETCS. JTO IPHBENET K CyINECT-
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BEHHOMY YBC/IHICHHIO BPEMEHH J03apsaaka Cy H COOTBETCTBEHHO BpeMe-
HH BOCCTAHOBJICHHS, IOCKONLKY £ — 1, % (3...5) R,C,.

I'enepatop ¢ nonosmurerbHoi HHTErpUpYIOmei uenouKoii. s ymens-
menHs KoappuIMenTa neTHBEHHOCTH, COKpAamIeHHs CTaJHM BOCCTAHOB-
JCHHSI MCTIOIB3yeTcsi GoNee CIOXHAS CXema reseparopa JIMH ¢ mono-
KHTEILHOA OOpaTHOM CBs3bIO (pHC. 11.9). 3pece B aMuTTEPHYIO HEmD
TPaH3HCTOpa VT2 BKIOYEH NOLOJHATENLHELH HMCTOYHHMK HANPKCHAS
U, KOTODHIH OPENOTBpPAINACT 3aKpLIBaHHE Tpan3ucropa V12 npu po-
3apsnke konnencaropa Cy. B pesynsTare koxnencatop C, nosapsixaercs
I€PE3 BRIXONHOE CONPOTHBIICHHE 3MHTTEPHOIO HNOBTOPHTEIIS Iy << R,,
9TO CYmECTBEHHO COKpamiaeT BpeMs BOCCTAHOBJIEHHS. Kpome Toro,
B KOJUIEKTOPHYIO Oenb Tpausucropa V71 Bximouaertcs pe3rcTop R,. 310
obecreanBaeT peKAM HACHIIEHAS Tpausucropa VTl OpH ero OTKphIBa-
HHH ¥ COOTBETCTBEHHO YMEHBUIAECTCS BPEMS pa3psaKy KOHJIEHCATOPOB
CiuC(em. § 11.0).

CymecTBeRHBIM SBIISICTCS TaKKe H TO, 910 KOHaeHcaTop C 3aMeHen
AByMs TIOCIIENOBATEILHO BKIIOYEHHLIMHA konznescaropamE C; u C,.
Konpencarop C, smecre ¢ pesucropoMm R, obpasyior HHTETPHPYIOIYIO
IEIb. JTO NO3BOJISAET YMEHBLUIATE x03pdHUNHeHT HeTHHERHOCTH B HecKo-
JIKO Pa3 N0 CPaBHEHHIO C NPOCTEMINel CXeMmoi (cM. pHc. 11.8).

Hemueeitnocts Brxogmoro HaIpSXKECHUS B IPOCTEHINEH cXeme B 3Ha-
IMTENbHOR CTemenH oGycnoBeHa Tem, 4To HaOpMKEHAE HA KOHJEH-
catope C mpu ero 3apsaxe HApacTaeT ¢ yOmBaromeit CKOpOCTEIO,
IOCKONBKY B COOTBETCTBHH C COOTHOIICHHEM (11.11) 3apsmueii Tox
ymespmaercs. Ilpu panmamn apyx KOHJICHCATOPOB Yepe3 OJHH M3 HMX
(C)) B paboueit cragnm TaxKe OPOTEKACT YMEHbIAIOMMIACS BO BPEMEHH
TOK, a 9epe3 npyro# (C,) Hapsay ¢ ITHM TOKOM NPOTEKAET YBEIAYMBAIO-
IEHCS BO BPEMEHH TOK, 00YCIOBIEHHEIH JHHEHEO HAPACTAIONMM BhI-
XOZIHLIM HATPSDKEHHEM Uy,,. CHIIa 3TOrO TOKa ONpe/esAeTCs CONPOTHB-
J€HHEM pesncTopa Ry. B pesyiwrtate ckopocts HApaCTaHHS HAMpsKe-
HHS Uc; HA 3TOM KOHJEHCATOPE ¢ TedeHHeM BPEMEHH YBEIIMYHBACTCS.

+U,
P, 4
T

Prc. 11.9. Cxema remepatopa JIUH ¢ JIONONHHATELHOMH
HHTErPHPYOMIEH HemoIKkok
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ITapameTpul R,C,-0enH MOXHO IoN06paTh TaK, YTO YMEHBIICHHE CKO-
POCTH H3MCEHEHHs HAIPSOKeHHS HA KoHAeHcaTope C B 3HAYHTEILHOH
Mepe KOMIIEHCHPYETCSl yBEJIHIeHAEM CKOPOCTH HApaCTaHHs HANPSDKCHHS
Ha konaencatope C;. B 3TOM ciydae manpsDKeHHE HA BXOJE 3MHTTEp-
HOI'O MOBTODHTENS, PABHOE CyMME HANPSDKCHMA HA KOHAEHCATOpax
C, u C,, 6yer HapacTaTh JHHEHHO.

Jlns ymeHbieHus: BpeMeHH pa3psiaka konaencatopos C v C; B Tede-
HHE CTajHM BOCCTAHOBJICHHS NApaJUIeTIbHO PE3HCTOPY R, BKIIOYAETCS
muon VD2. Ilpu oTkprranuy Tpansucropa VT1 xonpencatopsl C; 1 C;
OKA3KIBAIOTCH BKIIOYEHHRIMH IApallIeNbHO H Pa3spaxaloTcs 4uepe3 oT-
KPBITHIA quoj VD2 u BRIXOAHOE COMPOTHBIIEHHE SMHTTEPHOIO IOBTOPH-
TEN.

11.4. TEHEPATOP JIH C OTPMLIATEJIBHON
OBPATHOM CBA3BIO

B remeparopax JIMH KOMOEHCAIIHOHHOTO THIA C OTPHLATEIBHOHA
obpaTHO# CcBs3bI0 KOHAEHCATOP C BKIIIOYAETCSA MEXIY BXOIOM M BBIXO-
nom ycuymrens (puc. 11.10). Taxoro pona reaepaTophl JOBOJIBHO aCTO
pa3eBaroT reseparopamu JIMH ¢ eMxocTHO#H OTpHNATELHOR 0OpaTHOR
cBs3pI0. B 3TOM Cllydae IpH pa3MBIKaHAM K094 ) 9€pe3 KOHIECHCATOP
HAYHET IPOTEKATh TOK 3apAKH. IIpH yMEHBIICHHH C TEYCHHEM BPEMCHH
TOKA 3apsAKH KOHIEHCATOpA HA4YHET YBEJIHYHBATHCS HANPSDKCHHE HA
BXOJI€ YCHJTHTEJI, TAK KaK [a/ICHHE HANPSDKCHHS HA PE3UCTOPE R yMEHb-
mATCs. B pe3yibTaTe Ha BRIXOJE YCHIMTENS NOABATCH HANPKCHHUE Uy
Hanpsoxkende Ha KOHJEHCATOPE u¢c HAXOMHUTCS B IPOTHBO(A3e C BEIXOA-
HBIM HAIPSDKEHHEM YCHIMTENS Ugys, 9TO OyIeT cIocoGCTBOBATH crabu-
JH3aEH TOKA 3apSOKH KOHIAECHCATOPA, JIMHEAPH3AIMHM uc H, CIIE10Ba-
TEJBHO, Uyyy-

Jlns onpeneneHdsi YCIOBHHE JIAHEHHOrO H3MEHEHHS HANPSOKCHHS HA
xonzencatope C IPH PACCMOTPEHHH HPOLECCOB B CXeMe IpeHeOpexeM
BXOJHBIM TOKOM YCHJIMTENS H NOJOXKHM R> Fuy, TI€ ey — BBIXOJHOE
CONPOTHBIICHHE yCHIMTENSA. Torpa /Ui uent, COCTOSIHM U3 HCTOYHHKA
panpsoxenus U, pesucropa R, xonaencatopa C M BhIXOJa yCHITHTE,
HMEEM

Ri+uc— g = Us
IMocne nuddepeEIHPOBAHAS OO BPEMEHH MOJIYyIAM
di duc dumx

—4—— =0. 11.13
dt+ dt  dt ( )

Ecima ycunurens paboraeT B JIHHEHHOM DpeXHME, TO U = Kt
# duy,/dt=Kdu,/dt, rne K — x03bQHOMEHT YCHICHHS YCHIIHTENIS.
B cBoro ouepens, = U,— Ri 1 du,,/dt=— Rdi/dz.
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Taxum obpazom, ¢

Qunefdt=—KRdijdr.  (1.14) i i
* n —— USX
Vautnsas, aro duc/dt=i/C, mocne ) 2 o Yowx
NOJCTAHOBKH B ypasuenwe (11.13) Beipa- b s
KeHHA A0S du,,,/dt 1 duc/dt ¥ mexoTo-

pIX Ipeo6pa3oBanmit Haitnem aubdepe-

HIHAJIBHOE YpaBHEHHE IUIS TOKA: Prc. 11.10. OynkugonabHAA CXe-

Ma remeparopa JIMH ¢ orpmma-
TeabROH 0bpaTHOM CBA3LI0

N
RC(1+K);:+1'=0.

Otkyna mmeeMm
i=Iye "o . (11.15)

rae Ip — HavanbHbli 3apAAHELL TOK KOHJIEHCATOPA; Toe=RC (1 +K) —
3KBHBAJIEHTHAS MOCTOSHHAS BPEMEHH.

HWrak, B paccmoTpenHoit CTPYKTYPHOH CXeMe 3KBHBAJIEHTHAS IOCTO-
SHHAS BPEMCHH IO CPAaBHEHHIO C OOBMHOM RC-IENbIO yBEIHYHBACTCS
B (1+K) pas. Cunenopatensno, 7,, MOXHO CIEeNaTh CKONb YIOJHO
GombmnM H, TakuM o6pa3oM, oGecrmednTh MPAaKTHYECKH HOCTOSHHEIHA
TOK 3apANIKH KOHJCHCATOPA IPH HCIONB30BAHHH YCHIIATENS C BRICOKHAM
xo3(pummenTom ycrnerrs. Kpome Toro, HeopeMeHHEM yCIIOBHEM SIB-
JIAETCS. IPOTHBOGDA3HOCTh BXOJHOIO H BHIXOJHOTO HANPSIKEHHH YCHIIH-
Tes1d. JIeCTBHTEIBHO, KOMIIEHCAIAS HMEET MECTO TOJIBKO B TOM ciyvae,
€CJI IIPH MOJIOXHTEILHOM BXOJHOM HANPSIKEHHH BRIXOJHOE HAIpSIKe-
HHE OTPHIATENLHOE, ¥ HA060poT. B mpoTHBHOM Ciyuae 3ddexT Kommen-
Calpy OTCYTCTBYET. DTO YCIIOBHE JIETKO BRIIOJHSETCH HOPH HCIOIL3OBA-
HHM YCHIIMTEJIS C HEYETHBIM YHCIIOM KAaCKaJIoB.

B npocrefimyro cxemy remeparopa JIUH ¢ OTpHIATEILHOR 06paT-
HOH CBA3BIO BXOJAT JBA TPAaH3HCTODPA, OJHUH M3 kotopex (V'T1) naxo-
AUTCS BO BpeMs paGovell CTafuH B aKTHBHOM DEXHME, a IPYroi
(VT2) — Brmonnsier poms Kixoda (puc. 11.11). Takas cxema HHOTIA
Ha3LIBAETCH unmezpamopom Muanepa. B HCXOZHOM COCTOSHMM TpaH-
3UCTOp VT2 3aKkphIT Gnarojapsi HaJHYMIO HCTOYHHMKA cMmemenns U,.
Tpamsucrop VTl maxoautcs B pexcuame HACRIIEHHS, OCKOJILKY KOJIJIEK-
TOPHEIE TOK HPaKTHYECKH PaBeH HyJIO (TpaHsucrop VT2 3aKpHIT),
a 6a30BHA TOK Iy = Iz~ Uy/R. KonieHcaTop 3apskeH NPaKTHIECKH IO
Hanpsoxennst ucrounuka nHTamust: Uuc(0)= U, — R Jks0— Uss e U, (TO-
BIPHOCTD HANPSKEHHS HA HEM IOKa3ana Ha puc. 11.11, a).

IIpn monate Ha BXOJ CXeMEI HMITbCA OPAMOYTONBHOMN bopmrr
UOJIOXATELHOE HOASPHOCTH TpaH3HCTOP VT2 OTKpHIBAeTCS H depe3
Tpamsuctopsl V'T1 u VT2 BauMHAET mpOTEKaTh TOK. B pe3ysinbTate Ha
PE3UCTOpE R, BO3HHKACT maJeHHE HANPSIKEHHS, H BLIXOJHOE HALPSKE-
Hue ckaykoM ymenbmaercs Ha Benmummy AU, (puc. 11.11, 6). Drot
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Puc. 11.11. IpmenmmearsEas cxema reseparopa JIMH ¢ OTpHIATELHOH OGpaTHOH
cBa3bIO (@) B BpeMeRHEle gAarpaMmsl (6)

Iepenas HAIpSDKEHHs COCTaBiseT noyM BoubT. KonpencaTop C okashl-
BaeTCs MONKIIOUEHHBIM depe3 OTKPhIThE Tpau3ucTophl V711, VT2 1 pe-
3ucTOp R K HCTOYHMKY muTanHs Uy, TakuM 06pa3oM, 9T0 HAIPSDKCHHE Ha
HeM HMeET BCTPEUHYIO HOJPHOCTh. B pesyinrare 4€pe3 KOHINCHCATOP
TedeT TOK Iepe3apsanku ic. Tak Kak ir=1ls; +Ic IOSBICHHEE TOKA IEpe3a-
PAIKH TIPHBENET K YMEHBIICHHIO TOKA 6a3kbl i;; H TPAH3HUCTOP VTl n3
peXHMA HACHUNEHHS IIEPEHNET B AKTHBHEIA pexmM. 31ech CIenyer
3aMETHTb, 9TO TOK, IPOTEKAIOIMHA 1Uepe3 pPe3HCTOP R, HMEET MAK-
cumanbHOe 3HaveHne Ix~ Uy/R ¥ mpH JIO60M COCTOSHHH CXEMBI IIPakK-
THYECKH HE MeHseTCH. 1109TOMy, HACKONBKO YBEJIHYHTCS ic, HACTOJBLKO
YMEHBIIATCS TOK i5;, H HA060POT.

HauanbHeli TOK Iepe3apsikd KOBAeHcaTopa Iy MOXHO OIPE/ICIHTE,
ec/l paccMOTPETh LEOb, COCTOAIIYIO H3 PE3ACTOpa R, 3apsXCHHOIO
KoHneHcaTopa C H OTKPRITHIX Tpau3ucropos VT1 u VT2. B a10i1 nenu

Un= Urp— uC+ Ugnxs
e ux=R(I,—isr), tc = Uy, tpgx=Uy—AUsz. O6BI4HO Iy > ig;, IOITOMY
Iy=(Uy,+AU,,)/Rx Uy/R. (11.16)

KoMmeHcaus M3MEHEHHS HAIPSKEHHS Ha KOHACHCATOPE BRIXOHBIM
HAIPSDKEHHEM Uy, BO BpeMs pabodedl cTajuu B 3TOM CXeME OCYIIECTB-
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JIeTCs ClenyromuM 06pa3oM. YMeHbIIIeHHE TOKA IEPE3apsaKH KOHEeH-
caropa C OpHBOAMT K poCTy 6a30BOro ToKa is;. B pe3ynbrare ysemuuu-
BACTCH KONJIEKTOPHBRIA TOK iy =My)yls;, 9TO NPHBOJAT K YMEHBUICHHIO
BBIXOJJHOT O HANIPSDKEHHS Uy, 32 CUET YBEIHYEHHS IaJCHHS HAIPSKCHHAS
Ha pe3ncTope R,. Ilpy 370M Ha BhIXOJEe CXeMBI O0Opa3yercss HMIyIhC
JHHEHHO choaparomero Hanpsoxenus. Kax Bumno, 9eM Gombmie koad-
GHOMEeHT yCHIIeHHMS CXeMBI, TeM MeHbIlee H3MeHeHHe 6a30BOr0 TOKa
BEI3LIBaeT 3QdexT komnencanun. Takum o6pa3om, pabora remepaTopa
COOTBETCTBYET PACCMOTPEHHOM CTPYKTYpHOH CxeMe (cM. puc. 11.10).

W3 cootnomennit (11.14)...(11.16) cnenyer, 9To CKOpOCTh H3MEHEHHUS
BBIXOJIHOTO HATIPSKEHHS

duy,x

dt

KU,

—tTaxp

Taxn

Orxkyna xoapdHIEEHT HETHHEHHOCTH UPH fo05 < Togy

Ko=1— e"wﬁ"mz(l—f;:—m. (11.17)

IIpr mManom xoapoHuHeHTe HETHHEHHOCTH AMIUATYRa BMUYIbCA
JIIH moxer GHITh Ompe/ie/ieHa KaK IPOU3BeIeHHe HA9AIbHOM CKOPOCTH

KU,
= HAa JJIHTCIBHOCThb

t=t, Toxs

dtsgy
.dt
paboueii cTaun 1,5 ,

H3IMCHEHHS] BRIXOJHOIO HANpsKCHHSA

_KU,,tpm_ K U Ipag

—U,—. 18
Ty 1+K "RC (1.18)

Un

Orcrona k0apHIEET HCIONLE30BAHHAS HAIPSKEHHST HCTOYHAKA IIATA-
HHS C y4eToM Toro, 910 K/(1+ K)~1 npu K> 1,

K= t,05/(RC). (11.19)

W3 Bripaxennit (11.17) u (11.19) creayer, aro xo3dpdumuent mem-
He#HOCTH B (1 + K) pa3 MeHbule k03 pHIAEHTa HCIOIB30OBAHMS HATIPS-
XKEHHS] MCTOYHHKA DMTAHMS.

Ilpu pacieTe aMIUMTYABI HMIYJbCa C HCOONL30BAHHEM (HOPMYJIEI
(11.18) crmenmyer mMmerh B BHjy, 9TO OHA CIpAaBENUIABA TOILKO OpH
YCIIOBHH, 4TO TpaH3HCTOp V71 HaXOOHTCS B aKTHBHOM pEXHMeE. A 3TO
BO3MOXHO, KOrna aMIuiaTyna ummynbca JIMH Menbumie manpsoxenus
Hcrouynuka maTanus Ba 0,5...1 B. Takum o6pa3om, B paccMaTpuBaeMOM
reaepatope X,=0,8...0,9.

OpdexT kOoMIeHcansm, a ClIeNOBATEILHO, H CTAGWIM3anmHs ToKa
nepesapsinxe xouneHcaropa C HMEIOT MeCTO JO Tex IOp, IOKa TpaH-
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sucrop VT1 HaXOOMTCS B AKTHBHOM DEXHME, T. €. [I0KAa COXpaHACTCH
IPOIOPIHOHATbLHAS 3aBHCHMOCTb MeX/y 0a3oBbIM H KOJUICKTODHBIM
toxaMu. ECIH BXOZHON HMIYILC HE 3aKOHYATCS B MOMEHT BPEMEHH 1y,
xorga tpamsucrop V71 okaxeTcs Ha IPAaBALNE HACHUNECHHS, TO B JIaNb-
HeileM BRIXOJHOE HANPSDKEHAE M HANPSKCHHE HA KOHICHCATOPE C 6y-
IyT OCTaBAaThCH HOCTOSHHBIMH H MaJIBIMH.

Korja B MOMEHT BPEMEHH £, 3aKOHIHTCS BXOJHOH HMIIYJILC, TPaH-
sucrop VT2 3aKpOETCs H Pa3spsDKEHHBIH KOHIEHCATOP HAYHET 3apKaTh-
c OT HCTOYHMKA IHATAHHS 9YEpe3 PE3HCTOp R, M mepexon «basa —
smutTep Tpamsucropa VT1». Ilo Mepe 3apslku KOHACHCATOPA BRIXOI-
HOE HAIPSKCHHE YBEIMIHBAETCS IO IKCIOHCHIHATBHOMY 3aKOHy C IIO-
crosmuoii Bpemerr T=R.C. Takam o6pa3oM, BpeMs BOCCTaHOBJICHHS
t,=(3...5) R.C. {151 yMeHbIIEHHS ¢, HEOOXOMHMO, 9TO6OKI CONPOTHBIICHHE
pesucropa R, 6but0 Hepemuko. OnHAKO IPH 3TOM YMEHBLIACTCH K03-
¢unuent ycmnenns K, 4T0 OPHBOJHT K yBEJHYCHHIO ko3bdunuenTa
HEJIMHEHHOCTH.

CKOpOCTh H3MEHEHHs BRIXOJJBOTO HAIPKEHHS B TAKOM IEHEpATOPe
MOXHO PETyJIHpOBaTh, H3MEHs JHOO eMKOCTh KOBACHCATOpA C, mbo
compormBienre pe3ucropa R. IIpu 3TOM, ECTECTBEHHO, H3MEHSCTCH
JUTHTEILHOCTb pabouell CTafuH, €CIH t;> byg. M3 BpEeMEHHOH nmarpam-
MBI CIIEAYET, 9TO B TAKOM TeHepaTOpe HMEETCS XOJIOCTOH IPOMEXYTOK
BpeMeEH (11, 1;), KOI/Ja BHIXOJHOE HANPSUKECHHE OCTACTCS IOCTOSHHEIM.
Ero MOXHO HCKJIIOYHTh, ECIIH TOYHO COIJIacoBaTh JUIHTEILHOCTE BXOI-
HOTO HMIIyJIbCA H JIHTENLHOCTh paGouel CTafHH fz= fnas. Onuako npH
resepupoBanma EMiynasco JIMH ¢ pa3MyHO# KPYTH3HOH Takoe CO-
IJ1aCOBaHMe 0OeCOEMATh B ITOH CXeMe TPYAHO.

11.5. PAHTACTPOH

Henocrarku regepatopa JINH ¢ orprnarensHoi o6paTHOH CBSA3BIO,
obycrnoBnenHsle HEOOXOXMMOCTBIO obecreueHHs YCIOBHs PAaBEHCTBA
JUIATEILHOCTH BXOJHOTO HMIIyJIBCAa M JUIMTEIBHOCTH paGougeil craauy,
yCTpaHsIoTCs B CXxeme (paHTacTpoHa. B taxom remepatope JIMH pnmre-
JIBHOCTH pabouell CTa[MH He 3aBHCHT OT JJIHTEIBHOCTH BXOJHOIO HM-
Iy/IbCa, 3 ONPENE/IAETCS BHyTPEHHHMH IPONECCAMH, IPOTEKAOMMMH
B CaMOH CXeMe.

Ipocreiimas cxeMa $GaHTACTPOHA BKIIOYACT IEHEPATOP JIVH c ot-
pHOATENBLHOH OOpaTHOH CBSI3bIO HA TPAH3HCTOPAX VTl u VT2 u nopo-
roBoe YCTPOHCTBO, IPEACTABIAIOMIES coboil cBOeOOpAa3HEIA TPHITED
¢ smuTTepHO# cBs3bo (Tpurrep [IMurTa) HA TPAH3HCTOPAX VT2 u VT3,
B KOTOPOM POJIb SMHTTEPHOTO PE3UCTOPA BRINOJIHSET TPAHIUCTOP VTl
(pEc. 11.12). IToporoBoe yCTPOHCTBO obecrieqnBaeT YCIOBHS, OPH KOTO-
PhIX CTamus BOCCTAHOBICHHMs HAYHHACTCS NPAKTHICCKA Cpady mocie
OKOHUAHHS IPONECCA TeHEPHPOBAHHS JMHEHHO HIMEHAIOMEroCs Hanps-
KCHH.

328




Uy

6)

Prc. 11.12. Cxema dasTacTpoHz (4) B BpeMeHHEIE MEArPaMMEI (6)

B ucxomrom cocrosrmm TpamsucTopsl VTl u VT3 nomxebl GBITH
OTKPHITHl M HACHIIEHHI, a TpaH3ucTop V712 — 3akpmr. s sroro
HEOOXOIMMO, YTOGHI mAPAMETPH CXeMBLI YIOBJIETBOPSIH ClIEAYEOLIHM
YCIIOBHSM:

R <h21:,R3; 13 > Un/(h213R3);

R
Usoz= — Unui— Uz mao+ (Vo +2Ukoma) = < Usome-
. R4+ Rs
ITocnenpee HEPaBEHCTBO BLUIOIHSETCS M B OTCYTCTBHE HCTOYHHMKA CMeE-
mepds U,, OAHAKO OB BKIOYAECTCS M NOBBIICHHS IIOMEXOYCTOM-
YMBOCTH CXEMBI, 4 TAKXKE B TeX CIy4asX, KOrAa GaHTACTPOH BLIIOIHEH
HA répMaHHEBRIX TPAH3HCTOPAX.

B MOMeBT BpeMeHH fy IPH mOHade HA BXOX CXEMbI HMIIYIbCA OT-
PHIATENHLHOM MOJSPHOCTH COOTBETCTBYIOMEH aMILUIHTYIK TPAH3HCTOP
VT3 3akpeaercs. [loTennman ero KOJNNEKTOPA YBEIHIMBAETCS, H 3TOT
IIOOXHTENbHBIA- Iepena]l HanpskeEns depe3 (GOpCHpyomui KOHAEH-
carop C, mocrymaer Ba 6a3y Tpamsucropa V712, B pe3yibTate 4ero
TpaH3ucTOp VT2 oTKphBaercs. IIpH OTKpHIBAHMH Tpam3ucropa V712
Tpap3ucTop V71 B3 HACHINEHHOrO COCTOSIHHS IEPEXONHT B AKTHBHLIHA
PexuM paboThL, YTO COIPOBOXJAETCH yBEIMYEHHEM IOTEHIHANA KOJI-
lIexropa tpam3ucropa VT1, a crnenoBaTenbHO, H MOTEHIHANA SMHTTE-
Pa Tpansucropa VT3. B camy 3Toro tpausuctop V73 0cTaercs B 3aKphl-
TOM COCTOSHHM Jaxe IOCIE€ OKOHYAHHS BXOJHOrO CHreana. Takmm
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06pa3oM, IS 3aIycKa CXEMBI Ha BXOJ JOCTATOYHO IONATE KOPOTKHH
HMITYJILC.

B nampmeiiieM B cXeMe IPOTEKAET MPOLECC MEpe3apiaKu KOHACH-
catopa C IpaKTHIECKH LOCTOSHHBIM TOKOM H HA BRIXOJE CXEMBI reme-
pUpyeTcs IHHEHHO CHajalomiee HAMPSHKCHHE U =U (pHC. 11.12,
6): C TeueHHEM BpEMEHH NOTEHUHANIEI KOJUIEKTOPOB tpansucropos V711
¥ VT2 ymenpmarorcs. COOTBETCTBEHHO YMEHBIIAETCA PA3HOCTE NOTCH-
IMAIOB MEXAY KOJUIEKTOpoM H 6a30d TPaH3ACTOpA VT2, a pa3HOCTh
OOTEHIHANO0B MeX 1y 6230 H IMUTTEpOM TPAH3HCTOPA VT3 yBenm4YHBa-
ercs. Ho moKa ug,; < Usasac TPAH3HCTOP VT3 3aKPHIT.

B MOMEHT BPEMEHH f; KOJUIEKTOPHOE HANPSDKEHHE uy; HACTOJILKO
YMEHBIIATCH, 9TO Usr2= Uponac H TPAHIUCTOP VT2 mepexoldT B PEXHM
HacomerHs. 1Ipy 3TOM yMmenbuiaercs Ko3(QdHIHEHT yCAICHHS IeHEpa-
topa JINH, noCcko/BKy pE3HCTOP R miyETHpYETCS pE3UCTOPAMH, BKIIIO-
yeHHRIME B 6a30BYIO Iemb Tpamsucropa VT2 310 NpHBOJHT K YMEHb-

HIEHHIO CKOPOCTH Caja BREIXOJQHOI'O HAIPSIKCHHS. ITocne moMeHTA BpE-

MCHH f, HAIPSOKCHHE HA KOJLIEKTOpe Tpam3actopa V71 mponomxaer

yMeHbIIaThcs. B MOMEHT BpEMEHH f, IOTEHIHAN KOJUIEKTOpa VT1,

a CIe0BATENLHO, M MOTEHIMAN OMHTTEPA VT3 HacTONIBKO YMEHBIIAOT-

Csi, 9TO PA3HOCTh OTEHIHANOB 6a3a — 3MHUTTED VT3 craHOBHTCSI paB-
HOM Ugype B TPAH3HCTOP VT3 OTKPHIBAETCS. Ilpu 3T0M pe3KO YMEHbIIA-
eICs HANPSUKEHHE Uy;, COOTBETCTBEHHO CHHXKACTCS MOTEHIHAT 6a3n
tpan3ucropa VT2 M OH 3aKphIBACTCS. HaTepBal BpeMeHH (1;...1;) HEBe-
JIAK, DOCKOJILKY IPOIECCH HACKIMEHHS TPAH3HCTOPA VT2 B OTKpHIBAHHS

tpansucTopa VT3 DPOHCXOAST IOYTH OAHOBPEMEHHO. ITosToMy OKOH-

yapmeM paGouelt CTaJHM CUMTAETCH MOMEHT BPEMCHH /.

Tlocne 3akphIBaHHs Tpam3ucropa VT2 HAYMHAETCS CTA/HS BOCCTa-

popinenns. IIpu sToM Kompencartop C [03apspkaeTcs OT HCTOYHHKA
OHTAHAS Yepe3 Pe3HCTOp R¢ H mepexon «6a3a — 3MHTTEP» HACHINEH-
poro tpam3uctopa VT1. JUmMTensHOCTh CTaJHH BOCCTAHOBIICHHS ompe-
nensiercss coorHomenreM £, =(3...5) ReC.

KosbdrureHT HEMMHEAHOCTH H k03p(UIHeHT HCIOIL30BAHHA HA-

IpsDKEHHs] HCTOYHHKA IMTAHHS ONpPENeIIoTCH coorromenusma (11.17)
u (11.18).

daHTaCTPOHK 06ECIEYHBAIOT IOTYICHHE JIMHEHHO H3MEHSIOMErocs
HAIpsDKEHHs ¢ KOIpGHIUEHTOM pemueiitrocta 0,001...0,005 npu mym-
TeIBHOCTH paboyell CTaHH JO HECKOJIBKHX MAUTHCEKYHTl X x03pHnH-
eHTe MCIOIL30BAHHS HANPSIKCHHS MCTOMHMKA MATAHHSA 0,9...0,95. 1

11.6. TEHEPATOPBI JIMHEAHO VI3MEHAIOMEI OCH TOKA

B anexTpOHHEIX mpHGopax H mIpexje BCCro B 971eKTPOHHO-JIy9¢BEIX'
Tpy6Kax LIMPOKO HCIIOJL3YETCSH METON YIPAB/ICHHA 9J1EKTPOHHBIM IIOTO-
KOM IlyTeM BO3NEHCTBHS HA HEr0 IONEPETHOrO MATHHTHOIO [oJIsl, co-:
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3i\anaemoro OpH OPOTEKAHHH TOKA 4Yepe3 KATYIIKY HHAYKTHBHOCTH.
B \6osbmuncTBe CiiyuaeB TpebyeTcs oGecneYHTh Takue YCJIOBHS, LIPH
KOTOPBEIX OTKJIOHCHHE 3JIEKTPOHHOTO MOTOKA, 4 CJIEJOBATEILHO, H MAar-
HHTHOTO NOJIs M3MEHSIHCh OBl N0 JHBEHHOMY 3aKk0oHY. C TOYKH 3peHHS
HMIIYJIbCHOHM TEXHHKH PEaJM3alHs TAKOH 3a[a9H 3aKII0YAETCA B co3a-
HHH IEHEPATOPOB JIMHEHHO H3MEHSIOMIErocs TOKA, HPOTEKAIOIIETO Yepes
KATYIIKy HHOYKTHBHOCTH.

QopMHpPOBAHHE IHHEHHO H3MEHSIOIErOCS TOKA B HICANLHON Ka-
TyHIke HEAYKTHABHOCTH He NPeJCTABIIsET 0COG0H CIOKHOCTH H peajn3y-
€TCs, €CIIA K Hed HPWIOXEH HMITYJbC HANDSIKEHHS NPAMOYIOJbHOMN
popMel ammutygok U, Torma iL=%‘[Um dt=(Un/L)t.

Topasno cnoxuee penuTs 3Ty 3a/5a9y IPH BCOOIL30BAHAH peabHOR

KaTyIIKH HHAYKTHBHOCTH, JKBHBAJICHTHAs CXeMa KOTOPOM BKIIOYAET
B cebsi HEYKTHBHOCTS L, conpoTusiense R; u emkocTh C (puc. 11.13).
ComnpoTrBiienne R, yIHTHIBACT aKTHBHEIE NOTEPH B KATYIIKeE HHJTyKTHB-
HOCTH, 2 éMKOCTh KOHAeHCATOpa C B OCHOBHOM 00YC/IOB/IEHA MEXBHT-
KOBOH €MKOCTBIO, KOTOpasi 3aBHCHT OT 9HCJAa BHTKOB. Pesncrop Ry
OGBIYHO BKIIOYAETCS NAPAILIENHHO KATYIIKE HEAYKTHBHOCTH JUIS yMeHb-
IIEHHS NIHTEIbHOCTH NEPEXOMHBIX IPOIECCOB.
- OnpenemuM HanpskeHHE u;, KOTOpOE NOIDKHO GHITH HNPHIIOMEHO
K peaybHOM KATYIIKE MEIYKTHBHOCTH, 4TOGHI Yepe3 Hee NPOTeKas JIH-
HEHHO M3MCHSIOLMANCS TOK iy = of, rIe o — CKOPOCTh HAPACTAHHS TOKA.
B cooTBeTCTBHE CO BTOPHIM 3aKOHOM Kupxroga

N
uL=Ld—’t‘+RLz'L=aL+aRLt. (11.20)

Taxam o6pa3oM, HanpsixeHHe u; JOIKHO H3MEHSTHCS BO BpeMeHH
00 TpaneneHAaJlbHOMY 3aKOHYy. B MOMEHT Havana nmpoTeKaHHS TOKa
9Cpe3 KATYUIKYy HHBIYKTHBHOCTH OHO JOJKHO CKA4KOM BO3pacTH Ha
Bemmimby oL, a 3aTeM HapacTaTh IO JHHEHHOMY 33KOHY CO CKOPOCTHIO
@R;. HeobxomumMo OTMeTHTB, 4TO Ans NIOJIy4eHHs] THHEHHOI'O 3aK0HA
H3MCHEHHS TOKAa iy ClleAyeT obecnevnTh OnpeneieHHOe COOTHOINEHHE
MEXIy Ha9aIbHBIM CK2YKOM HANpSKEHHS ol M CKOpPOCThIO HApACTaHHAS
Hanpspkenms oR;: t=al/aR;=L/R,. Otciona cnemyeT, 9T0 LpH H3MeHe-
HHH CKOpOCTH HAPACTaHHMS TOKAa HEOoOXOOMMO HApsdy ¢ H3MEHEHHEM
CKOPOCTH HapaCTaHMS HANPSKEHHS MEHSATh M NEPBOHAYAJIbHBIA CKAYOK
HanpsKeHus. /

Ecnu Ha xaTymky HEIyKTHBHOCTH HefCTBYeT HANDPSKEHEE u;, onpe-
Aensemoe cootnomenneM (11.20), To obmmit Tok i,=ic+ ig+i;. TOK,
Iporexatrommit vepe3 xouaencatop C,
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. dug
Ic= CE=aLC5 (O+aR,C, /

rae 6 (f) — exuHAYHAsS QYHKIHA.
Takam obpa3om, obmuEH TOK i reHepaTopa, o0 ecneyHBaromero /Jm-
HellHoe A3MEHEeHNe TOKA B KaTYIIKE HHIAYKTHBHOCTH,

io=aLC5(t)+a<RLC+i>+a<1+£Ii> t.
Ry Ry

Kax BuaHO u3 GopMYThI, TOK i HMEET JOBOJBHO CIOXHYIO 3aBACH-
MOCTb OT BpemeHH (puc. 11.14). B HauanbHEIH MOMEHT BPEMEHH f; TOK
JOJDKeH M3MEHSAThCS KaK enuEMynas Gysxuus 6 (f) (nepBoe cnaraemoe),
T. e. IMeTh BCIUJIECK, JJIATENBLHOCTh KOTOPOrO CTPEMHTCS K HyJIIO; IPH
t> t; — ompeneseTcs NOCTOSHHOM COCTaBIISIOIEH (BTOPOE C1araeMoe),
HA KOTODYIO HAKIAJKIBAETCS JHHEHHO HAPACTAIOMMH TOK. Codopmmn-
poBaTh TOK Takod (hopMBl Ha NpaKTHKe He yIAeTCs H3-32 TPYyAHO-
CTeil, CBA3AHHLIX C NOJyYeHHEM MEPBOHAYAILHOTO BCILIECKA, KOTODKIA
Heob6X0mquM I GHICTPOi 3apsankd KoHpeHcartopa C. IloaToMy peais-
HHI TOK He COAEPXHT HAa4YaTbHOIO BCIIECKA, 9TO HPHBOJHT K KpaT-
KOBpPeMEHHOMY OTKJIOHEHHIO 3aKOHAa H3MEHEHHs TOKa OT JIAHEAHO-
ro. DTO OTKIOHEHHE TeM MeHbINEe, YeM MEHBIE €éMKOCTh KOHJEHCATO-
pa C.

DKBHBAJICHTHAS CXeMa KATyNIKH HHAYKTHBHOCTH cozepXuT LC-KOH-
TYp, B KOTOPOM II€PEXOJHLIH NPOIECC MOXET HOCHTh pa3THYBBLIA XapaK-
Tep — KonebaTesbHbIH, aNepHOJUYECKHi, KPHTHYECKHH. Ha mnpaxTtaxe

cTpeMsTCs obecnednTh KpUTHIECKHH pexam paboThl. Ecmu Ry</L/C,

TO yCIOBHE KPHTHYECKOTrO peXxuma paboThl Ry=0,5¢/ LC.

3 H3/10)KeHHOro CJeqyeT, 9TO CyIeCTBYeT JBa coocoba co3xaHHs
B peajbHOM KATymIKe HEAYKTHBHOCTH JHHEHHO H3MEHSIOIIErocs TOKa.
TIpH nepsom K KaTyIlKe OPHEK/IA/(bLIBAETCS HANPSXEHHE, popma KOTOpOro
cootBeTcTBYeT Bhipaxenuto (11.20). IIpu 3ToMm resepaTop HAUPSDKCHHA
IOJDKeH MMeTh HylleBoe BHyTpeHHee conpoTusienne. IIpu émopom cmo-.

Prc. 11.13. DxBuBanenTHas cxemMa Ka- Prc. 11.14. dopma mmiyanca TOka
TYHIKA AHAYKTHBHOCTH
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cofe HCIONIb3yeTCs FeHepaTop TOKA ¢ GO ILIHM BHYTPEHHHM COLIPOTHB-
JICHAEM, KOTODBIH IPHHY/HTEIBHO 3a1aeT pOPMy TOKA, He 3aBHCAILYIO
OT \TApAMCTPOB KATYIIKH MHAYKTHBHOCTH. Ha mpakTexe mmpoxo Hc-
noJib3yeTCs NEPBEIA CoCo6. :

A LOJIy4CHMS HMINYJILCOB HANpPSUKEHHS TpPANENeHIAILHOH (op-
MEl MCIOIB3yIoTCH TeHepaTopnl JIMH ¢ monoxwuTensHOM Wmm oTpH-
LATeNbHOE OOpAaTHOH CBS3bI0, B KOTODHIX NS CO3JAHHS HAYAILHOLO
Ckaika HANpPsOKCHHA B NeOb OOpaTHOM CBA3M HAPAAY C XOHICHCATO-
POM BKJIOYAETCH pe3ucTop. OnHAKko Takoi IeHEpATOp HMEET CpaB-
HHTEJILHO BLICOKOE BHYTPEHHEE CONPOTHBJICHHE, YTO IPABOMIAT K CYIIE-
CTBCHHOM HEJMHEHHOCTH TOKA, IPOTEKAOIIEro yepe3 HHAYKTHBHOCTS.
IToaTOMy HCHIONB3yeTCs YCHITATEIBHBINA KACKAX HA MOIIHOM TpaH3HCTO-
pe, B SMHTTEPHYIO HIIH KOJJIEKTOPHYIO IENb KOTOPOIO BKJIHOYAETCS
KaTyllka HHAYKTHBHOCTH. lIpocreiimias cxema reHeparopa MHEHHO
H3MCHAIOIEroCss TOKA, peajM3yloImas 3TOT Croco0, NpeacTaBleHA HA
puc. 11.15.

Cxema BKIIOYAET IEHEPATOP TpANENEHaATLHOIO HAaOpsKEHHA Ha
Tpau3sucropax VT1, VT2 u ycunutens Ha Tpas3ucrope V713, B KOJLIEK-
TOPHYIO OEb KOTOPOIO BKJIIOYEHA KATyImKa HHAYKTHBHOCTH L. Ha
IPHBE/ICHHOH CXeMe HE yKa3aHhl JKBHBAJICHTHLIE APAMETpPHI KATYLIKA
HHAYKTHBHOCTH R; 1 C. Cxema reHepatopa TpamenennaIsHOro Hanps-
KCHHSI OTIHMYAETCS OT CcXeMHl resepatopa JIMH ¢ noJioxHTenpHOM
00paTHO# cBs3BI0 (cM. puc. 11.8) TONBKO HAMIHEM JONOIHHTEILHOLO
pe3ucropa R;. [103ToMy 3/1€eMEHTHI CXEMBI BLIIOJIHSIOT TAKYIO Ke poJib,
4TO H B cXeme reHeparopa JIMH. .

Tpamsacrop V71 B HCXOZHOM COCTOSHHH OTKPBIT H HACHIIIEH,
a TpaH3uCrop VT2 HAXOOMTCS B AKTHBHOM pEXHME H dYepe3 HEro
IpOTEKAeT HE3HAYHTENLHBIH KOJUIEKTOPHEIH TOK Iy,(0). Bxom tpam-
3ucropa VT3 HenocpenCTBEHHO NIOAKIIOYEH K BEIXOXY 3MHTTEPHOT'O

Pac. 11.15. Cxema renepaTopa THHEHHO M3MEHMIOWIETOCK TOKA
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nosTopHaTens U Ha Oaze V7T, uMeercs HanpspkenHe Ug;(0)=Ralk, (0).
Tpausucrop VT3 takxke 3akpwr. [ind obecnedemms 3Toro pe: a |
HCHOJIL3YETCA AeMTeNIb H3 pe3ucTopoB Ri;, R,. IloreHmuan smuTTEpa
Tpam3ucropa VT3 Us; (0)= U (0)= UpRs/(R3+ Ry), B TPaH3HCTOD 3AK-
pHIT, €CIIH

Us33 (0) = Ups ~ Urs=Ro1x3 (0) — Uz Rs/(R3 + R4) < Uy

IMapamtensHo pe3ucropy R, BKiroyaroT konmeHcatop C,, crabmim-
3HPYIOINHH DajieHHe HAIpPsOKEHHS Ha HeM mpd pabote ycummrens. [l
yMeHbINIEHH HeJTAHEHHBIX HCKAXEHUM H YBEJIHIEHHE BXOJHOI O CONpOTH-
BIICHHSI YCHJIATENS B HMHTTEDHYIO Ilellb TpaH3ucropa V713 BKIIOYAOT
pe3ucrop R, HeOONBIIOro CONpPOTHBIIEHAS, KOTOPHIH CO3JAET OTPHIA-
TenbHY0 00paTHyI0 CBsi3b. IIpH mojade Ha BXOJA CXEMBI NPAMOYIOJIb-
HOT'O HMITyJ1hCa OTPHIATEILHOM NOJIIPHOCTH TpaH3uCTOp V11 3aKkphIBa-
€TCi, H KOHIEHCATOP HAYHHAET 3apsDKATHCH NPAKTHYECKH IOCTOSHHBIM
tokoM Iy=U,/(Rkx+ R;). Ha peanctope R, BO3HHKAET CKA9OK HANpPsKe-
ausg Uz =R Iy=U,R /(R + Rx). B nanpHelnieM NpH HEH3MEHHOM TOKE
HAaIpsOKEeHAe Ha PE3HCTOpPEe OCTAeTCs HOCTOSHHBLIM, a HANpsDKeHHE Ha
koHgeHcaTope C yBe/JHYHBAETCS NPAKTHYECKH IO JIHHEHHOMY 3aKOHY

U
uC=R—“ét. TakuMm oOpasoMm, HanpsXeHHe Ha pe3ucrope R, 6e3 yde-
K
Ta HaYalIeHOTO HAnpspkeHHs Ugp = Rolyk,(0) W3meHsercs cCrelylOmuM
obpasom:

R Un
Un=K| Uy + t
Rg+R, RgC

rae K — xoa¢dunnenT ycwieHAs SMHTTEPHOIO HOBTOPHTEIIA.

Taxkoe xe Hanpsokende Oyner u Ha Gaze TpansucTopa V713, KOTOPBIA
[OcCle NOJaYA BXOJHOrO HMILyJibCa HAYMHAET paboTaTh B peXHME yCH-
nenus. Kax cnegyer w3 coornomenus (11.20), ckadox Tpamenenzalib-
HOrO HANpPSDKEHMS H YroJl HAaKJJOHA MOXHO H3MEHAThb, PEryidpys co-
NPOTHBJIEHHS Pe3HCTOPOB R H Ry.

ITocne npexpaienus BXOZHOTO CArHayIa TpaH3ucTop V71 oTkphIBa-
€TCs, H B CXeMe NPOTEKaeT NPOoNecc BOCCTAHOBJIEHHS HCXOJHOrO COCTO-
siaus. Ha BEIXOe 3MHTTEPHOrO NOBTOPHTENS HanpsSUKEHHE yMEHBINIACT- |
¢, YTO OPHBOJAT K 3aKPHIBAHHIO TpaH3ucTopa VT3, mocie 9ero 3ama- |
CeHHAs B HMHIYKTHBHOCTH L JHEPrHs pacceMBaeTcs B pe3ucrope Ry.
Bpemsi pacceMBaHHsl MATHATHOIO IIOJIA KATYIIKHA fpc=(3...5) L/ Ry

B cuny m3secTHrIX npuimd (cM. § 11.3) 3apsmm>1ﬁ TOK HE OCTaeT-
Cs1 HOCTOSHHBIM, YTO IPHBOAHT K HOSBJICHAIO HETMHEHHOCTH TOKA B Ka- |
TyIIKE HMHAYKTHBHOCTH. Ha HEIHHEHHOCTh TOKAa OKa3hIBAIOT Bmm-‘
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€ TaKKC HAHYHE HEKOTOPOA MTATE]HHOCTH (POHTA HAYAIBLHOIO
Chauka HalpsDKeHHS HA R, U ONpenejleHHOE BHYTpeHHEE CONpPOTHBJIE-

€ BRIXOJIHOIO yCHIHTENBHOTO Kackana. Bce 5To Bmecte B3sToe mpu-
BOJHT K TOMy, YTO KO3Q(HIMEHT HEMBEHHOCTH TOKA, IPOTEKAIOMErO
Yefle3 KaTyIKy HHAYKTHBHOCTH, OKa3LIBAETCS HAMHOTO GoJIbiie K030-
¢unmenTa HeNMMHEHHOCTH HanpsIKeHHS, KOTOphI# opMHpYeTCs resepa-
Toppm JIMH (ocobenno Ha HawamemOM yuacTke) m naxe OpH HCHOJIb-
30BAHHH ICHEPATOPOB KOMIICHCAIAOHHOTO THIA COCTABISET €JHHMILI
OpONEHTA.

\
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I'aasa 12
MNCTOUYHMKH BTOPUYHOI'O DJAEKTPOIIMTAHUA

12.1. BBINIPSMUTEJIA

Kak npasuio, DATaHHE JIEKTPOHHBIX YCTPOHCTB OCYINECTBISETCS
NOCTOSHEEIM TOKOM. BMecTe ¢ TeM B OOJIBITHHCTBE CIIy4aeB B Ka4eCTBE
HCTOYHHKA JIEKTPOSHEPTHH B CTAIHOHAPHLIX YCJIOBHIX HCHOJIb3YETCS
OXHO- WM Tpexdasmas cuioBas cetb ¢ dacToTod 50 I'm. IToaromy
MeX/Iy HCTOYHHAKOM 3JIeKTPO3HEPI HH (HalpUMep, CAIIOBOHR CEThIO) H LO-
TpebuTeseM (37EKTPOHHRIM YCTPOMCTBOM) BKJIIOYAETCS CHEIHATLHOE
npeobpasyromee ycTpOHCTBO — HCTOYHHK BTOPHYHOIO 3JIeKTPONHTA-
uus. Hemounux emopuunozo asexmponumanus (UBOII) obecneamBaer
IEKTPONHTAHAEM OT/IE/IbHEE NpHOGOPH! WM NENH H BLINOJIHSAET QyHK-
A Npeobpa’oBaHHs MEpeMeHHOr0 HANPSDKEHHS B NOCTOSHHOE Heob-
XOJAMMO# BEJIMYHHBI, CTAOAIA3AIMHA H PEryJHpOBaHMs BHIXOJHOIO Ha-
OpSKEHHS.

OcroBubM 31eMeETOM MBDII siBjIsieTcs BHIIPSMHTEIbHOE YCTPOH-
CTBO — GbinpAmumens. HasHauenue BRIIpSMHETe)s — npeobpasopanue
nepeMEHHOr0 HANpPSIKEHHS B IIOCTOSHHOE. B COCTaB BHIOpAMHATEILHOTO
yCTpOMCTBA BXOAAT: TpaHCHOpMAaTOp, OCYMECTBIISIOMMHA H3MEHEHHAE Be-
JIMYMHBl HANPSKEHHS HCTOYHAKA 3JIEKTPOIHEPIHH H IaJIbBAHHYECKYIO
pasBA3Ky C HArpy3Koi#; BeHTHIH, npeobpasyromme NepeMEHHBIH TOK
B NOCTOSHHEINA (IIyJBCAPYIOIMH) H (QHILTP, CIyXAmmi [UIs CrIaxHpa-
HHS IyJbCAIEil BRIOPSMIEHHOIO HANPSDKEHHS, a Takke CTabmim3aTop
U peryJIsTop HANpsDKeHHs. B kaueCTBe BEeHTHJIEH B COBPEMEHHBIX BBINIDS-
MHTEJISIX HCHOJB3YIOTCA HOJYNPOBOAHHKOBHIE JHOABI, THPHCTOPHI
H MOUTHBIE TPAH3UCTOPHI.

Pexwum paboThl B mapameTphl BHIpsMHTeENs, QHILTPa, perylsro-
pa B CTa6HWIM3aTOpa COIJIACYIOTCS C 3aJaHHBIMH YC/IOBHSMH pPaboThl
noTpebuTtesn nocrosHHOro Toka. IlosTomy OCHOBHAs 3ajada aHaIM-
3a BHIIPAMMTEIBHBIX YCTPOHCTB CBOAHTCS K ONpEJEICHHIO pacieT-
HBIX COOTHOIICHHH#, MO3BOJIOIMAX IO 3aJaHHOMY PpeXHMY paboThHl
nOTpeOHUTENs ONPENEHTL MEKTPHIECKHE MAapaMeTphl Tpanchopmato-
pa, BeHTWIEeH, PUIIbTpa, a TAKXKE CTAOHMIM3ATOpPA H PEryIsTOpa HANDS-
KEHHS.
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Cxembl BrmpsMHETeNell, koTOpsle Hamboiee Jacro HCIIOJIb3YFOTCS
A IMTAHHS 3JICKTPOHHBIX YCTPOMCTB, NpPEACTAaBIeHH Ha pmc. 12.1.
Bhmpsmuarenn xnaccapmmupyotes: mo MOIITHOCTH (MaJIOMOIHbIE —
ad 1 xBt, 6onsmoii MomuocTH — cBpume 1 kBT); mo Hanpsxenmro
(uy3x0BoNLTHBIE — 10 1000 B, BHICOKOBOJILTHBIE — ceruie 1000 B); o
THIY MCHOJIb3yeMBIX BEHTHICH (HEYIPABJAEMEIE H YOpABJISEMEIE), 11O
cxeMe BhIpAMIERHS (omHoda3Hble m MHorodasHhE, OXHOTAKTHEIE
H IRyXTaKTHBIE, C YMHOXEHHEM HAIIPSDKEHUS).

BUIPAMHATCIIH, B KOTOPHIX 1O BTOPHYHRIM 0OMOTKaM Tpamcho-

pMaTopa TOK NIPOXOJHT B ONHOM HANPABJICHHH 33 IIOJHLIH OEpHOJ
(nomynepHOA WK 9aCTh €ro), Ha3KBAIOTCS 0OHOMAKMHbIML, OtHomenne
9aCTOTHl NyNbCANHH BLIIPAMIIEHHOI'O HAUpSDKEHHS K 49aCTOTE€ CETH
(B nanpBeiiem 0603HaYaETCH M) B OJHOTAKTHEIX BRIOPSIMATENAX PABHO
aaciy (a3 BTOpH4HOH 06MOTKH TpaschopmaTopa. B Takmx cxemax
KpoMe oHO(}A3HOro OfHONOIYIEPHOZHOIO BempsimMurens (puc. 12.1,

vD VD1
T < iy
Uy , Y wlR, f
: s u
1
a)
V1]
rvoefy

T ; \/
— 21l
Uar [ QUzo| Qe 2
VD1 K VD4
< +—1<
- [—
vDz [, VD5
<G o log W27
- -
Vlli‘? s i 25 ‘1/216
< < Az ~ 1<
23 = iz
g N |

—
Ig

9)
Puc. 12.1. CxeMnl BbmpsiMaTe Teii:

4 — omHoda3mas omEONONynepHomHas; 6 — omHOGA3HAs ABYXIONYNEPAOLHAS; €
MOCTOBas; ¢ — TpexdasHas; 0 —— rpexda3zHas MOCTOBas -

oxaodazHas
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a) obs13aTeNbHO HMeeTCs BRIBOJ CpeliHe# ToukH TpanchopMaTopa (pHC,
12.1, 6, 2).

BompsMuTenn, B KOTOpHIX IO BTOPHYHBIM 0OMOTKaM TpaHCcho
MaTopa TOK OPOXOJHT JBAXIbI 33 NEPHOJ B NPOTHBOIOJIOXHAEIX HA
paBJIeHAAX, HA3LIBAIOTCH Ogyxmaxmubsimu. KpaTHOCTh HyJIbCaHi B
OpsIMIICHHOI'Q HanmpspKeHHAs 3/iech B Ba pa3a boibme 1acna ¢a3 BTop
Ho# o6MOTKA TpascopMmaropa. J{ByXTaKkTHHIE BHIIDSIMHTEIH Ha3bBa-
0T Takxe mocmosvimu (puc. 12.1, 6, 0). |

ObdpexT BhIpsSMIEHAd, T. €. NPOTEKAHHE TOKA 4Yepe3 HAIPY3Ky
R; B 0/1HOM HanpaBJ/IeHAH, BO BCEX BHIPAMHTeNsX obecneynBaercs bma-
rojaps yHHNOISPHOH NpOBOAHMOCTH BEeHTHIICH.

Onppodassriii 0AHONONYNEPRO/HEIH BRIPAMHTENL. B 0 qH0ba3HOH 01-
HONOJIyIEPHO/IHOH CXeMe BHIOPSMHTENA, HAIPYXEHHOTO AKTHBHBIM
conpoTuBieHneM R, (cM. pec. 12.1, 4), noa medCTBHEM HamIpsDKEHHS
BTOpHYHOM 06MOTKH TpaHChopMaTopa = U, Sin¥, roe ¥ =wt, 1ok
B IEOM HATPY3KH i NPOTEKAET TOJBKO B TeYEHHE TeX IOJyNEepHO-
JIOB, KOI'Ja K aHOAY BEeHTHJIA OTHOCHTEILHO KATOJA MPHIOXEHO HOJO-
XHATeNpHOEe (IpsIMOE) HampsokeHHe. B oTpmmaTenbHBlE NOITYDEPHOXBI
BEHTHJIb 3aKphIT, TOK 49epe3 Harpy3Ky He MPOTEKAeT H BCC HANIPSIKCHHE
BTOpHUHOM OOGMOTKH NpPHIOXKEHO X BeHTHO. Takum o6pa3oM, Ha
Harpyske JeHCTBYeT BHIIPSMIICHHOE HANpPsDKEHHE uz, GOpMa KOTOpPOTO
onpeAenseTcs NOJyCHHYCOMJAME, a HHTepBaJ Mexay HUMHE ¥ == (puc.
12.2).

())IlpeIICIIKM CHIEKTP BHIIPSMIIEHHOIO HANpPSKEHHS OyTEM pa3Jioxe-

-+
g B psaa Oypee uk(‘I’)=%°+ Y. (a,cosn'¥ +b,sinn'¥).
n=1

VuuTHBas, 94TO HanpspkeHAe ug ()= Ujm,SinY B muTEepBane —n<

<Y< 0 paBHO HyO, K03()pHIMEHTH! PANA ONPENEHAIOTCS ClleTyIOIMAM
obpazom:

1 2
Ap=- IUzmu sin¥ d¥ =~ Uzmnx’
K K
(4]

T

1 . 2U,
ay=- | Usnaxsin¥ cos n¥ d¥ = ——"—
n n?—1
o‘
op n=2, 4, 6 .. (Upd HedYeTHhIX 3HaYeHHsX n a,=0); b,=
n

o1 . .
=- JUM sin?sinn?d¥=0 opm Bcex 3HaYeHWAX n, Kpome n=]1,
T

(4]
i UZmaJ(

b|——2“.




Takum o6pa3zom, psa ®ypre mus BBIPS-
€HHOI'0 HAaNpsDKEHHMs HMEET BHJ

)
D

U. U 2U.
() =228 4 2man i IR v v
n 2 3n ! ,' ,'
u | | |
2U, AR Upmay | | i
— smcos4‘I’—... (12.1) ! ! !
157 ANGFY N
\ 0 — 7
73 nonydeHHOTO BHIpAXEHHS CeIyeT, 94T0 Ly | | P
CpefHee 3HAUeHHE BHUIPAMIIEHHOrO HAmps-  'r | | }
xeHHsl Uy= Uy, /N; CpemHee 3HaYeHHe BELI- - J"ﬂ'“ ——\-
OPSMIIEHHOTO TOKA [o=lymus/T, THE Irnax= 0 ! a ! =
= Usmax/ Ry — MAKCHMAJIbHOE 3HAYEHHE Bbl- b ——— - ———I'-
IPSMIICHHOTO TOKA; AMILTHTY/A IEPBOM rap- 9 ol %
MOBHKHE U} = Usp,e/2. Ko3dpbumment nymsca- \/ \/
Imgl, PaBHbLI OTHONICHHIO AMIUTATYARI IIep- Puc. 12.2. Bpemenntie ana-
BOH I'apMOHHKH K CPEQHEMY 3HAYEHHIO BEHI- rpaMmul  omEOda3HOH Of-
IPSMIIEHHOTO HANpsKeHES K,= U, U,= HONOIYIEPHOAHOR ~ CXeMBl
=n/2=1,57. PHIPAMETE

Kax crexyer u3 puc. 12.2, MakcumanbEoe o6paTHOE HanpsDkeHHe Ha
BEHTHIIE Ucgpmex JOCTHTAET AMIIHTYXHOIO 3HAYEHHS HANPSDKEHHS BTO-
pHYHOH 0OMOTKH

Uoﬁpm= Um= TEUo.

ITockonpxy nocrosiHHasi cocTaBnsfromas Toxa BTOPHYHOH 0OMOTKH
Io= Dynux /7 HE TPaBChOPpMHUpYETCH, T. €. {00, = — W5 (2— 1), roe w, v w, —
HCJIO BUTKOB NEPBHHOM M BTOpHYHO# 06MOTOK Tparchopmaropa, TO
BpeMEHHAS NMarpaMMa TOKAa IEPBHYHOM O6MOTKH TpaHChopmMaTopa
I, I0KO00HA TMAarpaMMe BTOPHYHOIO TOKA i, M CMEM[EHA HA BEJIHYHHY
NOCTOSIHHOH coCTaBisIoOme# Iy,

B cepneurmke TparchopmaTopa 3a cueT nocTosHHOMK COCTaBJHIIOILEH
TOKA BTOPHYHOM OOMOTKH CO34€TCS NMOCTOSHHBIM MArHHTHEIA IIOTOK
®y= w,l;. D10 ABIEHHE IPHHATO HA3BIBAThL BbIHYICOCHHbIM HAMAZHUYU-
éanuem cepOeunuxa mparcgopmamopa. TIOCTOSHHEIN MATHHTHBEIL 1O-
TOK MOXET BbI3BATh HACHINEHAE MATHATHOM CHCTEMEI, T. €. yBEIHYCHHAE
TOKa X0JIOCTOro xoia TpaHchopMaTopa, JeHCTBYIOmEro 3HaYeHHs nep-
BHYHOIO TOKA H, CNIEJOBATENHHO, PACYETHOM MOINHOCTH IepBAY-
HO# 0OMOTKHE TpaHC(hOpMATOpa, 4TO OGYCIIOBNTHBAET YBEIHYEHHAE Cede-
HHS OpOBOXOB HEPBHYHOH OOMOTKH H pa3MepoB TpaHChopmaTopa B
HEJIOM.

JlOCTOHHCTBOM pPACCMOTPEHHOH CXeMHI HBISIOTCS e¢ OpOCTOTA
1 HU3Kas CToMMOCTh. K HefocTaTkaM oTHOCATCS: 60JIbmas aMILIATYA
IepBOH rapMOHUKH H, KaK CNEJCTBHE, 6OMbMmON K0apdHIHEHT myib-

\ 339



calHH, 3HAYMTEIbHOE OOpaTHOE HANPSOKCHHE HA BEHTHIIC, NpeBbINa-
romee Golee YeM B TpH pa3a CpejHee BRIIPAMIICHHOE HAUpPsDKCHHE,
HAJIEYHE BEIHYXACHHOIO HAMATHWYHMBAHHS CEepACYHHKA TpaHchopMaTo
‘pa, HE3KOE KCI0JIb30BaHHE TPaHC(POpMATOPA IO MOMIHOCTH, TaK KaK O
paboTaeT B TeYEHAE ONHOI0 NOJIYNEPHOA. :

JIyqimme napameTphl AMEIOT OfHOGA3HAS ABYXIOJYIICPHOHAS H OJ1-
Ho(a3HAs MOCTOBAs cxeMbl BRIpsivieHns (cM. puc. 12.1, 6, 6). IIponec-
CHI BHIOPAMJIEHHS B HUX AMEIOT MHOTO 061ero, mosromy 6omee noapob-
HO pPaccMOTPHM OJHO(A3HYIO MOCTOBYIO CXEMY BLIIPSMIICHHS.

O auodasusiii MOCTOBOI BRIIPAMHTENb. I1o NEHCTBAEM NONIOXKHATEID-
HO¥ IIOJIyBOJIHKI HAIPSDKEHHMSI BTOPHYHOM OOMOTKH 1, OTKPHITHI BEHTHIIH
VD1 u VD3, a Beerama VD2 u VD4 3axpuTel. B oTpHnareibHB#
noxynepuoy BeHTWIM VD2 m VD4 OTKpHITHL, a BEHTHIH VD1 u VD3
3axkpuITH. Taxum oOpa3om, Ha Harpyske R, JCHCTBYeT BRIIPAMIICHHOE
HANpSDKEHHE ug, POpMa KOTOPOTrO ONpeneNsieTcs CIeAyIOMMMHA ApYT 32
ApyroM nonycaHycoEaamu (puc. 12.3).

CuexTp BRIOPAMIIEHHOIO HAIPSKEHHS MOXET OLITh onpexeneH B co-
OTBETCTBHH ¢ BhipaxendeM (12.1) xak cymma CuekTpOB JBYX HOJNYCHHY-
corp, caBuBYTHX HA yron ¥= — 7 ug (¥)=wu, (¥) + 1, (¥ —m):

2Womsx  4Uzmax 4Umax cosd'¥—
15n

I3 noay49eHHOro BEIpaXeHHs CIeAyeT, 9TO Cpe/iHee 3HAYCHAE BHIIPS-
miegHOro HanpskeHus Up=2U,y,/T H CpefiHee 3HaYCHHE BRIIPAMIICH-
Horo Toka Jy=2l./n B 1Ba pa3a bonbme, Y€M B OJIHOIIOJTy[IEPUOAHOH
cxeMe BHIpsMIEHHA. B cnekTpe BEIIPSMIIEHHOIO HANSDKCHHS OTCYT-
CTBYET IepBas rapMOHHKA, K03((HIHEHT Ny ILCAEH 0O BTOPO# rapmo-
muKe k;=2/3~0,66. MakcumanbpHOe 0OpaTHOE HANPSKEHHE HA KAX/IOM
BEHTHIE Ulspmax= Urmax= U0/2.

Uy Yepes BTOpHYHYIO OOMOTKY TpaHcdop-
' MATOpa TOK IpOTeKaeT B o0OHX Hampasie-
/\ HUSIX H HMEET CHHYCOHAANbHYIO hopMy, Cile-
0 T s  AOBATEIbHO, B TparcopMaTope OTCYTCTBY-
\J
|
|

|
! eT BHIHYXJCHHOE HaMarHHYHBAaHHE. Takum
! obpa3om, opHO(a3Has MmocCToBas Ccxema
I, HMEET IydIlHe IOKa3aTelH IO CPaBHEHHIO
I ¢ oHO(A3HOM OJHOIOJTYIEPHOHOM CXeMO
! BLIIPSIMIICHHS.
v Tpexdasuplii BLIIPAMHTENb €O cpezmei:l
Toukoit. {1 maTaHus 03JIEKTPOHHOH
Pac. 12.3. Bpemennrie gma- a a A 6o oit p;um or pClIOJIL-
rpamMmbl  oaROdasHOR  Mo- nnapaTyphl OOJIBIIOM MOITHOCTH H
CTOBOH CxeMsi BRIIPsMETENs  3YIOTCS MHOTO()a3Hble CxeMbl BRIIPSMIIE-
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uus. [Ipocrefimmm MHOrohasHeIM BHIIPSMHTENEM SBIISETCH Tpexhas-
HbIH BRIOPSMHTENb CO CpefHell TOUKO# (cM. puc. 12.1, 2). Bropaunnie
OOMOTKH COeMEEHH 3Be3Jod. B kaxayro a3y BKIIOYEH BeHTHIIb.
BpemeHnEIe mMAarpaMMBl TOKOB M HANPSOKEHHH IPEJCTABIEHH HA pHC.
124. B npoMexyTke t,...:;, HAHOONbIIEEe NOJOXHTEILHOE 3HAYCHHE
HMeeT HApsDKCHHE nepBoi $haskl uy;, I03TOMY TOK 1epBoii passl 7, npo-
TCKaeT depes BeHTHIL VD1 H Harpy3ky R, a OCTajJbHbIE BEHTHIH
3aKpHITHL. B MOMEHT BpemenH f,, KOrja HANpsOKEHHE IEpBOH (ashl
CTAHOBHTCSl PABHLIM HANPSKEHHIO BTOPOH (a3l u, = u,,, BenTHNL VD1
3aKpBRIBACTCs, a BEHTWIb VD2 OTKpHIBaeTcs. B mpoMexyTke f,...f, TOK
BTOpO#l $a3ml i NPOXOAHT Yepe3 BeHTWIL VD2, B HHTEpBAIE l...l1
OTKDBIT BeHTHJIb VD3 1 4epe3 HEro NpOTEKAET TOK ks TakuM o6pasom,
TOK Harpy3KH iz 3a IEPHOJ PaBEH CYMME TOKOB iy, Iy, iz. [IpH aKTHBHO
Harpyske QHarpaMMebl HANDSOKCHHS Uz H TOKA iz HMEIOT OJHHAKOBYIO
$opmy B colepikaT TpexkpaTHBIE MyILCAIHM 33 mepHOX my,=3. Korna
BEHTHIIb 33KPRIT, TO K HEMY NPHIIOKEHO 0OpPaTHOE HANPSIKEHHE Uog,.

B naEHO#M cxeMe Kaxablii BeHTWIL OTKpHIT B TEYECHHE ONHOH TpeTH
OEpHOJA, T. €. YroJ NPOBOAMMOCTH BEHTWIS paBeH a=27/3. Ecmm
B obmeM ciydae B cxeme mmeercs m (a3, TO yroja mpOBOJHMOCTH
BEHTHJISA, BKIIOYEHHOIO B IleNb KaXA0# ¢a3wl, 6ymeT a=2n/m.

OnpenemumM CroekTp BHLIIPAMIIEHHOTO HANPSDKEHMS, JAEHCTBYIOIIE-
IO Ha Harpyske uz. Jns yno6GcTBa BRIYHAC/IEHHH BHIOEpeM HAY4I0 KO-

u. u u
2 21 22 u23|

Puc. 12.4. Bpemennsie ARArpaMMEl Tpex(hasHEok CXeMBI BHINPSAMHTENSA
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OpAHMHAT B TOYKE, Ii¢ BLIIPAMIICHHOE HANPSKEHHE AMECT MAaKCHMANlb-
goe 3Hadenme. Torga MIrHOBEHHOE 3HAYEHHE 4z MOXHO HPEACTaBHTH
KaK KOCHHYCOHJANbHYIO GYHKIHMIO uz=Upmecost B Ipememax yria
—n/m<%¥ <n/m. B naHEOM ¥aCTHOM Ciydae m=3. Tak kxak wuz —
qerHas (YHKIMs, TO IPH Pa3jIoKeBHH B pix Pypbe NOMHMO MOCTO-
SIHHOM cocTaBisiolel 6yayT OpACYTCTBOBATH TOJIBKO KOCHHYCOHIATIh-

ao W
Hbl€ WIEHH Ug (‘I’)=E+ Z a,cosnm¥. KosbormieHTH WIEHOB pAna

n=]

pPaBHHI:
+nfm )
m m . .
ay=— J Unax COSY AW =2 — Upmax SIN —;
n n m
—njm
+njm
m i cosmt m ., T
a,=— Uzmaxcosnm ¥ cos¥ d¥ = — 2Upnax——— ' —SID—.
n Pm*-1ln m

—fjm

Takum o6pasom, pax Pypbe, ONpefCHSIOMMA CHEKTP BHIIPSMIIEH-
HOTO HANPSDKCHHS JUIs m-pa3HOro BRIIpsMuTeNs, Oyner:

2 2
Uscosm¥ —
mi—1 ° 4m*—1

2

9m?—1

uR(‘I’)= Uo+ Uoc082m‘I’+

+ Uscos3m¥ —...,

m. n
rie Up= Usmac— Sin— — CpeflHee 3HAYCHHE BRINPAMIIEHHOIO HAMpSKE-
T m

HHA.
KospdumuesT mynscapuii IO HHE3UIEH rapMOHHKE ky=2/(m*—1)
u uis Tpexcdasnoi cxemul (m=3) k,=0,25. Cpennee 38a9cHHE BHIIPIM-

Uy m ., 7
JIEHHOI'O TOKA, HPOTEKAIOMIEro Yepe3 Harpy3ky, Io=;=12m,— sin—, rze
n m

Uzmax

Lp= . ITockonbky B MEOroa3HO# cxeme BHIOPAMIICHHSA KX LI
p: 1
BEHTHJIb IPOIYCKAeT TOK TONLKO B TeYeHHE FaCTH MEPHOAA, paBHOH
2n/m, TO cpenHee 3HAYCHME TOKA BeHTHIA [, B m pa3 MEHBLIE TOKA
Iy 1. =
parpy3ka [,=—=1ID,,—sin—
m n m
MaxkcumansHoe obpaTHOe HanpskeBHE Usspmax, KOTOPOE KaXInii
BEHTHJIb JOJDKEH BLIAEPXKHBATH B 3aKPHITOM COCTOSIHHH, PaBHO JIH-
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HEHHOMY HAIPSKEHWIO BTOPHYHOK OOMOTKHM Uoﬁpmx=\/§ Usrnax =
m Uo
=\/§;-m HH Ui Tpex(asao# cxeMBl Usgpmax= 2,09U,.

B Tpexdaszmom BHpsMETENe CO Cpemmedl TOYKOH HMMEET MECTO
SIBJICHHC BRIHYXKJICHHOIO NOJMArHHYHBAaHMAs CepAciHMKa Tpanchopmaro-
pa. OTo sABlEHHE NPHBOJAT, KAK U B CXeMe OJHO(PA3HOTO OXHOIOIYIIS-
PHOJHOrO BLIIPAMMTEN, K HEXEJATEJbHBIM HOCJC/CTBHSM, YMEHb-
IIATh KOTOPbIe MOXHO HJIM YBE/IMYHBAN CCUCHHE CEpACIHHKA TpaHCPOp-
MaTopa, WIA CHWXAas aMIUIHTY]y MArHATHOH HHAYKIMH B CepAeYHHKE
[0 CPABHEHHIO C PACICTHOH BEIMMHHOH.

Tpexdasumii MocToBo# BRpAMMTENL. B Tpexda3zEoM MOCTOBOM BHI-
npsvutene (cxema Jlapwomosa) (cm. puc. 12.1, 9) mocnenosartens-
HO COEJMHEHKI Be Ipynnkl BeHTHIeH: 1) katonnas VD1, VD2, VD3 u 2)

-aHonmas VD4, VDS, VD6, kaxaas u3 KOTOPLIX MOBTOpsieT paGoTy Tpex-
¢asmoro srmpsaMEATENs co cpeaned Toukol. Criel0BATENLHO, NPH TAKOM
e 3HAYCHAM HANPAKEHHAS BTOPHIHON 0OMOTKE TPaHCHOPMATOPA Uspgy,
KaK 4 B Tpex()a3EOM BLIIPSMHATENE CO CPEHEH TOMKOM, CpeiHEe BLIIPS-
MJICHHOE Hampsokesue U, JaHHOrO BRIIPAMHTENns OyaeT B OBa pasa
6onbme.

IIpu paboTte BHIIpsMETEIIT OJHOBPEMEHHO OTKPHITHI JBAa BEHTHIIN:
OJtHH U3 KaTOJHOH rpynmel, y KOTOPOro HauGoJiee BRICOKHMIM OTEHIHAT
4HOJIa OTHCHTEJILHO HYJIEBOH TOUKH TpanchopmaTopa, Npyro# us aHox-
HOH TPYNIEI, y KOTOPOro Hauboyiee HM3KMA nmoTeHmMan katoza. Tak,
HANpHUMED, 32 NEPHOJI B HHTepBale f...7; (puc. 12.5) Tok mpomyckaroT
BeHTHIIA VD1 m VDS, a 3ateM B HHTepBale f..l, — BeHTW VD1
H VD6. B uHTEpBane t,...1,, BeHTHIb VD2 npomyckaeT TOK ¢ BEHTHJIEM
VD6, a B uBTEpBaeE 13...t; — C BenTHIeM VD4, U HakoHen, B HHTEpBAJe
l4...ts BeHTHIL VD3 mpomyckaeT TOk ¢ BeHTuiaeM VD1, a 3atem B uB-
TepBale ...ty — ¢ BeaTHwiIeM VDS,

B unTepBane ..., BHOPAMIICHHOE HANIPSDKEHHE ONPEJEIsICTCS pa3-
HOCTBIO (a3HBLIX HANPKEHHH Uy H 4y, HA HHTEpBaNe f..5, — pas-
HOCTBIO Uy H Uy H T. . TakuM 00pa3oM, BRIIPAMIICHHOE HANpPKEHHE
Ur HMEET MECTHKPATHYIO IyJIbCANMIO, XOTS YIOJI MPOBOMMOCTH o KaX-
JIOTO BEHTHJIA TaKOH Xke, kak B Tpexda3Hol cxeme CO cpeJHE# TOYKOM.
W3 ppeMeHHEIX AHArpaMM ClelyeT, 9TO KaXJbli BEHTHJIb, HMEs YIOJn
OpOBOJAMOCTH a=27/3, B TeueHHe BpeMeHH 271/6 nponyckaeT TOK B ma-
pe C OHHM BCHTHJIEM, A4 B TeYCHHE BpeMEHH 271/6 — C IpyruMm BeH-
THIIEM.

OuekTpHYecKHe mapaMeTphl Tpex$ha3sEoro MOCTOBOTO BHINPSIMMTEIA
PacCYHTHIBAIOTCH MO GopMynam, noNy4eHHRIM paHee B 06mEM BHIE IS
MHOorodaszsoro BempsMuTens. Creayer TOINLKO HMETh B BHAY, 4YTO
B MOCTOBOH Tpex(a3Ho# cxeMe in=6, a BMECTO MaKCHMAJILHOIO 3HAve-
HHs $azHoro sanpsokeHus Usyy,, HYXHO 6paTh MaKCHMAJILHOE JIHHEHHOE
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Puc. 12.5. Bpemennsie maarpaMmel Tpexdainoi MOCTOBOM CXEMBI BEINPAMHTEIS

HaNpsDKEHHE Unm=\/§ Upmar. C y9€TOM 3THX 3aMeYaHHH CpE/HEE 3HA-

6 ., =
YeHHe BHIIPAMIICHHOTO Hanpsvkenus Uy= \/3 Uzpax— smg = 1,650y, KO-
. ki

. 2 '
30¢uIAEHT nyIbCanBy k,,=——2 1=0,057, CpeliHee 3HAYECHWE BHIIPSAM-
- .

. 6 P i1 3 Uzm
NEHHOrO TOKA Io=lume_sin_= 0,955hax, TAE Domar= \—/—R—“, MAKCH-
- :

MalbHOe OGpaTHOEe HANPsDKEHHE HA 32KPHITOM BEHTHIE PABHO JTHHEH-
HOMY HanpsOKEHHUIO Uoﬁpmn=\/§ Usmax = 1,05U,. @Popma obpaTHOro Ham-

psken¥s (OXHHAKOBas AL BCEX BeHTHJIeH) Ha puc. 12.5 npencrasnena
Juis BeaTHIs VD1,

B JaEHOM CXeMe BRIIpSMIICHHAS TOK BO BTOPHYHOH 0OMOTKe TpaHC-
dopmaropa, paBHEIH CyMMe TOKOB BeHTHJIEH, IPHCOeIHHEHHBIX K KaX-
noit (ase, ABIsETCs NepeMeHHbIM. Tak, HAmpEMep, A ¢Gase u, TOK
B Tedende (pa3oBoro yria 2m/3 npoTeKaeT 9€pe3 BEHTHIIb VD1 B onsOM
HAOpaBJeHUH H B TeucHue Gasoporo yria 27/3 — B IPOTHBONOJIOXHOM
gepe3 BenTHIb VD4, B Tabn. 12.1 1 cpapreHHs NPABEACHBI OCHOBHBIE
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‘TApaMeTpsl PACCMOTPEHHBIX CXeM BHIIPAMIICHHMS] TIPH AKTHBHOH Ha-
IPYy3Ke.

Tabamna 12.1
CxeMa BRIOpAMIECHES OcHOBERIE ApaMeTPRI
Uoﬁpmu I, L ax .
Y L B i
Oneodasnas onmomonyneps-
onHax 3,14 1 3,14 1,57
Ongodasmas mocToBas 1,57 0,5 1,57 0,66
Tpexdasmas co cpenreit Tog-
KOH 2,09 0,33 1,21 0,25
Tpexdasnas MocToBas 1,05 0,33 1,05 0,057

B Ttpexdasnoit MocTosoit cxeme BHIOPAMHTE)IA CpellHee 3HAYECHHE
BLIIPAMIIEHHOrO HaOpsoKenks Uy 6onbie dasporo HANpsDKEHHs BTOpHY-
HOH 06MOTKH TparchopmaTopa Uninax; K030 GHOEEHT NyIbCANAR COCTAB-
J7€T Beero 5,7%; OTCyTCTBYeT sBleHHE BBIHYXXJEHHOIO HOMAarBKYUBa-
HHs; MAKCAMAIbHOE OOPATHOE HANPSUKEHHE BEHTHIICH NPAKTHIECKHA paB-
HO CpejHEMy 3HAYCHHIO BRIIPSMIICHHOIO HANPSKEHUS,

Perympyemeni sumpsvurens. Eci B xadecTge BEHTHJICH B BRIIps-
MUTEJIE HCIOJIL3YIOTCS THPHCTOPHI HJIA TPAH3ACTOPHI, TO B 3TOM ciiyvae
MO3HO OCYINECTBHTD YOPABIAEMEBIA PEXHM PaGOTH BempsivuTess. Cy-
IIHOCTb TaKOro pexuMa paboThl BRIIPAMHTENS 3AKTIOYAETCH B cneny-
1omeM. [[HOJEI B BLIIPSMUTENE OTKPHBAIOTCH B TOT MOMEHT BPEMEHH,
KOTrla HAOpsDKEHHE HA €r0 aHOJE CTAHOBHTCS IOJIOKHTE/ILHBIM. Tapn-
CTOp H TPAaH3HCTOP OTKPHLIBAIOTCH, KOIAA NPH HAJMYAH TOJIOKHTEIb-
HOrO HaNpsDKEHHS MOJAETCAs OTHOMPAIOmAN CHrHAI Ha YOPAaBISIOIANK
3MEKTPOJ (THPHCTOp) WiH 6a3y (rpausucrop). IToxasas ynpasisrommi
CHTHAJI C ONpEJE/ICHHOH 3a/IepXKOM OTHOCHTENILHO MOMEHTa HAYana
REHCTBAS NOJIOXKHTEILHOTO HAIIPSDKEHHAS, MOXKHO PEryJIHpOBATEL BLIXOJ-
HBIE 13paMETphl BRIIPAMETENS. [TOCKOJIbKY A1 OTKpLIBAHAS THPHCTO-
pa TpebyeTcs KOPOTKHiA yIpaBisronail HMOYJIEC, B PETYIHPYEMEIX BbI-
IpAMHATEJISIX UCHOJIB3YIOTCS B OCHOBHOM THPHCTODHI.

PaccmoTpuM perymmpyemnit pexuM pabo-

Thl HA OpAMeEpe ORXHOGHA3HOrO OHONOJIYNEpH- P
O/IHOTO BHIIpsIMHUTENS (pHC. 12.6). :B, I

Ecnu ynpasnsromue mvmyinent Uy, HA TH-

DHCTOp NOCTYNAOT € 3a/1epXKoit Ha yron f oT-
HOCHTE/ILHO HaYaJ1a NOJIOKHTENbHOH IONYBON-  Puc. 12.6. Omiodasas ox-
HEl BTODHYHOTO HANPSDKCHHA, TO HANPSDKCHHE HOMONYNEPHONHAs CXeMa

Ha Harpy3xe u OyneT AeHCTBOBATL & TOK wepes ~ POTYHPYEMOTO Bumpivm-

:n:"l
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Uynp ' HArpysky iz Oyaer npoTekaTh B TEYCHHE
I—I spemenn ¥,=n—f (puc. 12.7). Creno-
i BATEJbHO, CpeldHee 3HAYEHHE BERIIPSAM-
| V  eHHOro HAaNpPSKEHHS

|

n

Yp

1
A Uoﬁ=—ijsianW=
T B v 2n

Ik [
| s
| =? (14 cos ),

| |
o —% ——— — —
{\ U | \ rae Uy= Uzmu/T — CpelHEE 3HAYEHHE
BLIIPSMJIEHHOTO  HANpSDKEHWs OPH
Pac. 12.7. Bpemesmize mmarpam- Usmensis yroj f, HaskBaeMBId ye-
MBI pETYJIAPYEMOTO oxrodazgo- AOM pecyAuposanun, B Opeaciax 0<
r0 OHONOJYNEPEOZHOTO BhI- < B<m, MOXHO PeryJHpOBAThH CpelHee
UpAMHTELT 3HaYeHNE BHIIPSMIJIEHHOIO HANPIKEHHS
B npeaenax 0 < Up< Up.

4 o
-*;—-r-

12.2. BBIIPAMUTEM C VMHOXEHMEM HATIPSDKEHW A

Cxema y/Boenns nanpsokenun. /i1 maTanus 6J10KOB paAHO3JIEKTPOR-
HO# ammapaTypel BhICOkEM HampskenueM (Gonee 1 xB) npumenstoT
CXeMBI yMHOXEHHS HANIPSKEHHAS. B TAKUX CXeMaX HCIOJb3YIOT CBOACTBO
onHO(BA3HOM OTHONONYNEPHOAHOM CXEMEI BRIIPSAMHTEA, PaGOTAIOINEr0
Ha eMKOCTHYIO Harpysky, CO37aBaTh MEXJy OIpele/icHHRIMH TOYKAMH
HAIIpSDKEHHE, BEJIMIHHA KOTOpPOro 6osblne HANPSDKCHHS BTOpUYHOH 006-
MOTKH muTaromero Tpaachopmaropa (puc. 12.8).

Crauana OGyaeM CYHTaTh, 9TO pabOTaET TOILKO FaCTh CXEMBI, u300-
pAXEHHAS HA PHCYHKE CIUIOMIHBIMH JIMEHSMH (TpaHChOpMATOp, JHOX
VD1, xornencatop C;). Ha quome VD1 pelcTByeT nyIbCHPYIOINEE HAM-
PIKEHHE Uys= Unpay (1 +5in 271ft), TaK KaK, KOIAa JHON OTKPHIT, KOHJCH-
CATOp 3apsDKAeTCs A0 MAKCHMATLHOTO 3HAYEHHS HANPSIKEHHS BTOPHY- |
po#t o6MoTkE TparchopMaTOpa Upn... Takem oGpa3oM, B ompe/ieseH-
Hble MOMEHTH BPEMEHH HAIPSDKEHHe Oyf€T JOCTHUIATH 3HAYCHHS Ups= |
=2Umax- :

IToAK/IIOYEM K TOYKAM 4 H 6 Y9aCTOK CXeMBI, H300paXeHHbIH nyHK- |
TupHLIME JEEESME (O VD2 B xomaercatop C)). OH npeacTaBiser |
coGoi 0JHOIOIYNepHOAHBIA BhHIIPIMHUTENL, MHTAEMBEIH OT HCTOYHHKA
C HANPSDKEHHEM U,6. IIPH x050cTOM X0J€ (Ry= 00) KOHAEHCATOP C; 3a-
pSKAETCA 0 MAKCHMAILHOIO HANPSDKCHHSA tas=2Usmax. TakaM oGpa- |
30M, HAIPSDKCHHE HA BHIXOJIE CXEMBI OKA3hIBAETCA B JiBd pasa GOJBIIE |
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AMILTHTYB BTOPHYHOI'O HANPSKEHHS TpaHChHOopMa-
TOpa, IO3TOMY €€ 9aCTO HA3KIBAIOT CXeMOil YO80eHUA -
HANPAMNCEHUA.

ITpu nonxmodvennn marpysku R, x KOHJAEHCATOPY
C, 3a mepuop muTaromero Banpsxerns T=1/f 6yner
HOpOHCXOJMTL YEPEAOBAHAE NPONECCOB 3APANKH KOH-
ACHCATOpPA, KOrga XMOA VD2 OTKpHIT, M pa3psaxa
9€pE3 HArpy304HLIA Pe3UCTOp OpH 3AKPHITHH JHOJAA
VD2. B 3TOM Cily4ae HANPSOKEHHE HA BRIXOE CXEMbI
OyzieT myILCHPYIOMEM, 2 €r0 MAKCHMATLHOE 3HAYe-
HHe MeBblIe 2U,y,,.

Ha puc. 12.9 npeeesens mmarpammur Hanpsixe-
HHHA U TOKOB, XapaKTEPH3YIOMIHE paboTy cxeMH moj

Puc. 12.8. Cxema

BLUTPAMHTENA C YA~

BOCHHEM HaNpsxe-
HHEs

Harpysko#. B mATepBane Bpemenw f,...1, nuox VD2 3akprIT. Ilpu aTtom

. . -1t
KonziencaTop C; pa3pspxaercs, TOK depes HArPY3Ky iz=in=Ie /, rjae
I, — MmakcuMaibHOe 3HAaYeHHE TOKa; T= R;C; — HOCTOsIHHAS BpeMeHH

Lel .

O6brHO 7 3HauHMTensHO 6GOMNbuIE BpemeHH paspsaakH (MHTEpBAI
BPEMEHH  fy...1;), HOITOMY B pAacieTax TOK pa3psiiKH OpHHAMAIOT

1 T=1/4 I
u, r =

|
|
=
|
I
|

|
|
t 15 s te=trTt
|
|
L
]

|

fal
A% Vs

Prc. 12.9. Bpemennile muarpammes HANPSDKEHA B TOKOB B CXeME BRINPAMHATEIA C Yi-

BOCHEEM HANPSDKEHASL
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HNOCTOSHHEIM H paBHEIM I, Hanpsoxesne Ha xonnencatope C, npd 3TOM
yMEHBIIAETCA MO JTHHEHHOMY 3aKOHY.

B MOMEHT BpeMEHH f; IOTEHIHAa]l TOYKH 6 CTaHOBHTCA OOIbile
HOTEHNMANIa TOYKH 8, AUOA VD2 OTKphIBaeTCA H 4€pe3 HErO0 NPOXOJHT
TOK 3apsafkd Konaencaropa C, (MHTEpBAN I4...fs). DTOT TOK OPOTEKAET
yepe3 BTOpHIHYI0 0OMOTKY TpaBchopmaropa u konjenacatop C;. B pe-
3ynbTaTe HANpsDKEHHE HA KOHAeHcaTope C, NOBLILAETCS, & HA KOH/EH-
catope C, — NOHMXaeTCsA. B HHTepBale BPEMEHH f,...1;, KOIJIa Hanpske-
HHE HA BTOpHYHOH 06MOTKe TparchopMaTOpa OKa3kBaeTCs GOJIbIIE Uc),
uepe3 auox VD1 mpoxonuT TOK Ho3apsaixd KoHaescatopa C, M Ham-
pKEeHHE Ha HEM NOBLINIAETCH.

HanpsbxkeHne 4=t Ha BBIXOJE CXEMBl H3MEHSETCA MO CIOXHOMY
3aKOHY OT MaKCUMAJBHOTO Uy, 10 MEEHMANBHOTO Uy, 3Havenni. IIpu
3TOM Up.y He 6ymer paBHO 2Unms, Kak mpH X0nocTOM xone. Takoe
H3MeHEHHE HANPSKEHHS XapakTepusyercs nyibcanuel ou= Upu— Upp.
B cranmOHApHOM peXHMe, KOria YCTAHABIIMBACTCA CPEJHEE 33 HEpHOL
3HAYCHHE HANPSKEHHSA Ha KOHJEHCATOPAX CXeMBl, 3apil Agg., Teps-
eMBlIil KoHAeHCaTOpoM C, IpH paspsiaxe, U 3apal A¢u.,, TOTy4aeMEld UM
IPH IPOXOXIEHHH 3apsAAHOIO TOKA, PaBHAKL. JTO HO3BOJSET BLIPA3HThH
3apsaf Ag.,, aepe3 Tok paspsaka I, cnexyromum 06pasoM

AGuy=Aqp0s =1 (14— 1y).

O65I4H0 3apsaxa Konjgencatopa C, JUIMTCA O9€HL KOPOTKHHE npome-
KYTOK BPEMEHH, II03TOMY MOXHO HOJOXHTh f4—h R T=1/f B Agu,=
=L/f. Ilynscanms, obycoBlleHHas H3MEHEHHEM HANpsDKEHHs HAa KOH-
nencatope C, npd ero 3apsfke, OymeT onpeJensTbCs COOTHOUIEHHEM
Ag.., = Cy0u, otxyna du=IL/(fC,).

BryTpeHnee najenue Hanpsokends Au 06ycIOBIIEHO TeM, 9TO K MO-
MEHTY BpEMEHH 1, KOIr[jd 3aKaH4YMBaeTcs 3apsaKka kopaencatopa C,,
Hanpspkenue Ha konmeHcaTope C; MeBblle Up,,, TaK Kak KOHJEHCATOD
C| YaCTHYHO pa3pspKaeTcd. JTO H3IMEHEHHE HAUPSKEHMA H OmpelenseT
3HaqeHne Au.

VugTRIBas, 9TO 4Yepe3 06a KOHAEHCATOpa HpOTeKaeT OJHHAKOBOE
KOJIEYeCTBO 3jexkTpuuecTBa, Au=I;/(fC,). Cpennee 3a nepuo]| 3Ha9eHHE
BAINPSAMJICHHOT'O HANPSDKEHHS] HAa BBIXOJE CXeMhI

Up=2U'rmax— Atz — 8] 2.

IIpr OMMHAKOBHLIX eMKOCTAX KomjencatopoB C,=C, 3mauenHs Au
H du OyAyT paBHHL

Kak cieyeT u3 mONydYeHHLIX COOTHOIICHHH, IyNbcansi Ou H BHYT-
peHHee najieHue Hanpsokenmss Au CXeMBl TeM MeHbIIE, deM Ooubuie
9acTOTa NHTAIOMIEro HanpsokeHus [ M eMKOCTh KompeHcatopoB C, C,
a TaKXe 9eM MeHbIIe CpeHHH TOK HAarpy3ku I,
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Cxema ymHOXenus Hanpskenus. ITyrem ypenndenus xonmdecrsa cek-
IHMH, KaXJasi B3 KOTOPHIX COCTOHMT H3 KOHZAEHCATOpA H JUOJa, Ha Gase
CXEMBl YABOCHHS MOXHO IOJNYYHTh BHIIPSMHTEIb C 6OJIbITHM KO3¢-
bummenTom ymuoxemus (prc. 12.10). Cxema YMHOX€EHHS HaNpSOKEHAS
COCTOHT W3 TpaHCpOopmaTopa M IByX nemeil KoHJeHCaTOopoB (| —C,
H C;— C,, coeIMHeHHRIX Mexay coboi naomamu. K omnoit nemu xongen-
CaTOpPOB MOJKIIIO9AIOT HATPY3KY.

Camas mExHss svefika, cocTosmias 43 nuonos VD, m VD, xom-
Aencatopos C,, C, B TpanCchHOpMAaTOpa, IpEACTaBIseT cOGo paccMoT-
PEHHYIO BBIIIE CXEMy. YABOSHHS HANPSIKEHHS. Iloatomy xompaenca-
Top C, npE xomocrom xome (R,=o0) OyneT sapskeH N0 Hanpske-
HAA 22U, a konnencarop C, — no U, Bee KOHJIEHCATOpPHKI, pac-
LIOJIOXEHHBIC BRIIE, Takke OyXYT 3apskeHl 1O HANPKEHHS 2U ax
H IIpH 4HCIe KaCKaJOB 7 MAKCHMAIILHOE BBIXOJHOE HANPSDKEHHE PaBHO
ZHUZM.

IIpu pa6ote cxemul Ha Harpy3ky KOHJIEHCATOPKI 6yayT mepHoandec-
KH pa3psxaThCs H 3apshkaTeCs. B pe3ynbTaTe HanpskeHHe Ha KOHJICH-
CaTopax H BBIXOJHOE HANPSDKEHHE CXEMBI He 6YIyT OCTABATLCS MOCTOSH-
HeiMH. [losBaTCs mynbcamuss Su=Upy— Uy 1 BHYTpPCHHEE NaJicHAe
Hanpsikenns Au. ‘

ITynbcanms onpepensiercs cyMMapHBIM B3MeHEHHEM HanpsDKeHHs] HA
konnencaropax C;—C, B MOMEHT HX 3apsiKu

n
Agqx
Su= )y —,
k=1 Ck

J1st onpenenerns du paccMOTPHEM H3MeHeHHe HaOpsKeHHs HAa KOH-
Aencatopax, HatuHas ¢ pepxuero C,. [Ipn npoxoxennu Toka HArpy3Ka
I sapsn xonnencatopa C; 3a nepaox T yMeHbIHTCH HA Ag=I/f. Dra
YOBUIb 3apsia BOCHONHSETCH OT Konnencatopa C| 9epe3 OTKpHITHIA
aaox VD'l. Konpencatop C) B CBOIO ouepenr nosapsxaercsa. Iloa-
3apsika NIPOHCXOJHAT OT KOoHAeHcatopa C, TOIbLKO qepe3 guon VDI.
IToaromy xomgencatop C, 3a mepuox T JoIDkeH OTAaTh 3apsan Ag
B HATPY3Ky M TakoH xke 3apsn Ag konnencatopy C;. B cBoro ouepems npu
3apsike OH mOJIYYaeT 3apsix 2q OT KoHAencaTopa C,.

Paccyxnass aranoraunsiM 06pa3oM, MOXHO OPHHUTH K BEIBOJIy, 4TO
Koupencatop C, mONy4dT 3apsa ng OT konmencatopa C,. Crenosa-
TEIbHO, 32 nepHOX T nenouka KOHAEHCATOPOB, K KOTOPOH NOIKIIOUEHA
Harpyska, TEpsI€T CBOH 3apsii He TOJILKO B Pe3yILTAaTe TOTO, 94TO 4epes
HAarpysky mpoTekaer TOK I, HO H H3-32 IOA3APSIKH KOH/ICHCATOPOB
C...C,

CyMMaprOe H3MeHeRHe HAIpsKEHHs HA KOHJIEHCATOPAaX, ONIPEAEIISIOMee
N0y IbCALHAIO
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In(n+1)

Ag
ou=— (142 et n)=
u C( +2+3+..+n) 27C

311001: H HHKE€ IpHHATO AJIA OPOCTOTHI, 9TO0 €MKOCTbh BCEX KOHJIE!

caTopoB oadHAaxkoBa H paBHa C.
MoxHO mOKa3aTh, 9T0 MHHAMAJILHOE IaJcHHe HAOpsSDKEHHS HA Bl

XOJI¢ CXEMBI
I (2 1 S
Atgn=—\ - +-n*——n|.
Uain=2e\a" T4 12
3uas ou H Auyy,, CpelHee 3HAYCHAE HANPSDKEHHS HA BRIXOZE CXEM
MOJKHO ONIpee/HTh o popmye
I 1,

6u_ b 2 3,1 _1
Up=2nUzmax Au,,,,,,—z—ZnUz,m fc(3n +2n 6”)’

IlonHoe BHYTpeHHEE NaJeHHE HAIPSOKEHHS
Iy
Au=2nU2mn— U0=—C

2 1 1
(— n +-n? ——n).
fc\3 2 6

TIpuBenennsie GOPMyITH YCTAHABIMBAKOT CBA3b MEX/Y OCHOBHHL
IApAMETPAMH BHIIPAMHTENH C YMHOXKEHHEM HANPSDKCHHA. Onu nony:
HBI JUIS MAEAJBHOHN cxeMH. B peanbHOM Cxeme HMEIOTCH HApA3HTH

eMKOCTH, IIyHTHpYIOIHE THOB! B HAarpy3Kky. Bo Bpems paboTh Tak

vD'1t

4 [ L
g 1<~
_'_ p— _’_
£t <J R“[
I (Pal ‘

;
Lz

Puc. 12.10. HecuMMeTpHYHAS CXEMa BhHI- Puc. 12.11. CuMMeTpHIHAS CX€MA BBIT
IPAMATE; C YMHOXKEHHEM HAIIPSIKCHHS MHATEIH ¢ YMHOXEHHEM HAIPSKEHN
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CXEMBI Yepe3 Napa3uTHEIE EMKOCTH IPOTEKAIOT TOKH, IPHBOASIIEE K JO-
UOJHATENPHOMY YMCHBINECHHIO BRIXOJHOIO HAIPSKECHHS H YBEIHYCHHIO
ou u Au.

Jlyumme napaMerphl HMEET CHMMETPHYBAS CXEMA BAIIPSAMHTENS
C yMHOXCHHEM HanpsoxeHms (pec. 12.11). Ona coctont m3 TpancdOp-
Maropa, BropEYHas 06MOTKa KOTOPOro HMEeT 3a3eMIICHHYIO CPeJHIOI0
TOUKY, H TPEX LEHO4YeK KOHACHCATOPOB, COCHAHHEHHHIX MeXIy coboit
meofamMi. K cpenigeit nenouxe KOHAEHCATOPOB NOJKIIOYAIOT HATPY3KY.

IIpu xonocTom Xoae KOBAEHCATOPH! 3apsDKAIOTCH OO HANPSKEHAS
2Unmax (Uzeex — aMIUTHTYAa HAOpPSIXEHHS, [EHCTBYIOMETO MEXAY Cpel-
Hell TOYKOH H MOGKM H3 KOHIIOB BTOPHIHOH O6MOTKH TpaHChHOpMATO-
Pa) ¥ TOJNLKO HENOCPEACTBEHHO HOAKIIOYECHHEIE KO BTOPHYHON 0OMOTKE
TpaHchOopMATOpAa KOBAECHCATOPH! KPAUHAX IIENOYeK 3apsXaloTcs MO Ha-
OpskeHHS Uy B pesymbTaTe MakCEMalbHOE BRIXONEOE HANpPSKEHHE
CXEMBI PaBHO 21Uay,,, THE 1 ~— 9HCIIO KACKAIOB.

IIpu paborte cxeMbl Ha HArpy3Ky KOBACHCATOPHI CPEIHCEH IEHOYKH
pa3paKaIOTCA TONbKO TOKOM, IPOXOISAIIAM 4Yepe3 HArpy3ky. YOsLib
3apsja BOCHONHSACTCH JABAXILl 33 OEPHOX OT KOHIAEHCATOPOB KpalHHX
Denouek. bnaronaps stomy myincamud du H maneHHe HanpskeHHs Au
OKa3KIBAIOTCH CYHIECTBEHHO MEHDLIIE, YEM B IPOCTOH HECHMMETPHYHOH
CxeMe yMHOXeHHs HanpsixeHus. ITynbcanun, oOycioBneHssle napa3nt-
HBIMH €MKOCTSIMH, BOOOIIE OTCYTCTBYIOT.

3HaueHHe du N5 CAMMETPHYHOM CXeMBI MOXET OITh Ha[eHO NO-
CTaTOYHO HPOCTO, HOCKOJIbKY CPERHSA IEnoYKa KOHJAEHCATOPOB [JEH-
CTByeT Ha BHIXOAHO€ HANUpP/KEHAC KaK ONHH KOHAEHCATOp. Tak Kak
KOBJICHCATOPEL 3TOH NENOYKH 3a nepHoR T'=1/f moazapsxalorcs JQBax-
Abl, TO 3apsj], TepseMbIi HMH IPH OPOXOXJCHHH TOKa HArpysku o,
paBeH Agp.=1o/(2f).

C npyroi# cTOpOHHI, IpH 3aps/Ke KOHACHCATOPEI HONYYalOT 3apsilt
Ag..,. IIpu onErakoBhX emxocTsx C KOBACHCATOPOB CPEAHEH NEIOYKH
Ag.ep=Cdu/n. B ycTanoBHBIIEMCS PEXEME Agy,=Aqy,,, TO3TOMY Su=
=nL/(fC).

W3 cpaBHERHS NOJY4eHHOH HOPMYINEI C AHATIOTHYHRIM BRIPAXKEHAEM
AJis HeCUMMETPHYHOTO BBIIPAMHETEIIA C YMHOKCHHEM HAOPSKEHHAS BHL-
HO, YTO du B CHMMETPHYHOH cxeMe B (n+ 1) pa3 MeHbIDe.

BryTpennee nanenHe BAUpsKEHHMS HA BLIXOJE CHMMETPHIHON CXEMbI
opu paboTe Ha Harpy3Ky

I (1 1 1
Au=—°<— n3+—n2+~n>.
rc\e 4 12

Cpe,zmee 3HAYCHHE BHIXOJHOI'O HANPSKECHAS

L f1 1 1
Uo=2nU2mu—*0<— n3+—n2+—n>.
JC\6 4 3
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cTByeT 00paTHOE HAUPSIKEHAE Uotp max =2 Umax-

Kax cnefyeT B3 monydeHHBX (popmyl, 6u B Au CHIBHO 3aBHCAT OT
qHcIa Kackanos 7. IIpH Manux n Hanpsokerne Uy pacTeT NOYTH Oponop-
[MOHAJBHO HCTy Kackagos. IIpu n, 6oipleM HEKOTOPOro 3HAYCHM,
H3-33 3HAYMTEIHHOTO BHYTPEHHETO NAJICHHS HANPSKEHHS 3TOT POCT
samesercs. OnTHMABHOE THCIIO0 KaCKAIOB Moy MOXHO OUPE/CIATE H3
ycnosus dUp/dn=0.

Toraa a1 HECAMMETPHYHOH CXEMBI YMHOXCHHS

I 1
2 Uzmx _f—z' <2n§pt + nopt - 8) = 0.

IIpenebperas BTOPEIM M TPETHHM WICHAMH B ckobkax, noiy41aeM

f CUZmax
Bopt=_[—
Iy

Jlng CHMMETpHYHOH CXEMbI YMHOXCHHUA ONTHMAJIBHOE YHCIIO Ka-

CKagoB
fCUZnnx
opt =2 /———-
Iy

BuaHO, 4TO OpPH IPOYMX PAaBHHIX YCIOBHSX OOTHMAIbHOC THCIO
KacKaJi0B CHMMETPHYHOM CXEMBI B IBa pa3a 6oJIbmic, 4eM HECHMMETPH-
go#t. TakuM 06pa3oM, IO CAMMETPHIHOH CXEME MOXET 6LITL HOCTPOCH
YMHOXHTEIDH Ha 60JIEe BRICOKOC HANPSKEHHAC.

119 DOBLINEHAS HAUPSDKCHAS BRIIPAMHTENA C YMHOXCHHCM HAlpA-
KEHHAS [eNeco06pasHo YBEIHIHBATh YACTOTY f IHTAIOMIErO HANPKCHASL
1 emxocTh C xouaeHcaTopos. OgHaKo yBeHIHBATL YaCTOTY MOXHO 10
onpeJelCHHOrO Ipesena, TaK Kak npH 60IbIIAX 3HAYeHHA f HAYMHACT
CKa3LIBATbCH BIASHYUE Mapa3dTHBIX emxocTed. OOBMHO 3HAYCHUA f e
OPEBLINAIOT HECKOIBKHX KHJIOrEpIl.

B paccMOTPEHHBIX CXeMax B Ipomecce paboTH Ha BCe AHOARI AcH-

12.3. DJAEKTPUYECKNE ®PNJIHTPbI
" CTABMIM3ATOPBI HATIPSKEHWS

B 6ONBINMHCTBE BhIOpIMHTENCH KO3QQHUMEHT NyIbCalunu ks (™.
Ta6u1. 12.1) Ha BEIXOJE OKa3KIBAETCHA JOBOJILHO BEICOKHM. Jlns yMeHbIIE-
HAS BeJHWYMHBI NyJbCAUHA IIHPOKO HCHONB3YIOTCS CrIAXHBAIOLIME
¢unpTprl. ONEHKY CrIaXHBAOIIETO AeiicTBHA QrIbTPa 0OBIMHO IPOU3-|
BONAT MO BeMH4HHE ero Ko3h@uumeHTa CriIaXHBAHHS ken, KOTOPBIH
OLPENENseTCS. KAK OTHOMIEHHE KOIhOHIMEHTA nynbcanmit (06BIYHO 10|
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OCHOBHO# rapMOHEKE) Ha Bxone Quabrpa k, X KO3bHIMEHRTY myIBH-
canuif Ha BeIxone GmibTpa ki

ke Uy Uy

E_ v, T (12.2)
1

"kcm=

rae U,, U — aMIUIHTyqa OCHOBHOW IapMOHHKH HA BXONE M BBIXOJE
$unerpa; Up, Up — cpemnee 3HaYeHHe BHIIPSAMIIEHHOTO HAOPSIKCHAS HA
BXOJ€ H BHIXOne QuibTpa.

B Bripaxennn (12.2) otromenne Uy/U,= A Ha3biBaroT ko3ddunues-
TOM NEpeNadH NOCTOSHHOH cOCTAaBIMIONIe# HANPMKEHUS, 3 OTHOIICHHE
U/U;=ky — xo3ddunmenToM dpunsTpaman. O6uHEO K03bdHIHMEHT ne-
penaun 4~ 0,95...0,99, mosToMy ke~ k.

Crnaxuparomue GHUIBPTpa HOxpPa3nesIOT HA 1Ba THIA: 1) dutsmper
Ha naccusHvlx 31emenmax B 2) ssexmponnble gussmpst. K naccHBHEIM
GEIBLTpaM OTHOCATCH HHAYKTHBHEIE, EMKOCTHEIE H CIIOMKHEIE, COCTOSIITHE
M3 KATYIIEK HHAYKTHBHOCTH H KOHICHCATOPOB.

Munyxrusnsii punetp. Takoit GuneTp npencrasiser coboit kaTym-
Ky HHAYKTHBHOCTH L, 06pHO ¢ (eppOMAarHHTHHIM CEpIEYHHKOM,
BIJIIOYCHHYIO MOCIIENOBATENRHO C HAarpy3koi R, (puc. 12.12). Ilpu pac-
YeTe HHAYKTHBHOIO (DHJIBTPA YYHTHLIBAXOT HOCTOSIHHYIO COCTABIIIOMIYIO
BRIIPSIMIICHHOrO HanpsokeHHs U, B OCHOBHYIO rapmonuky U;. Taxum
00pa3oM, BLIIPAMMTENE DO OTHONICHHIO K GHIBTPY L, M HArpyske
R, MoxeT GBITH 3aMeHEH BYMsI T€HEPATOPAME OCTOSIHHOTO Uy 1 mepe-
MeHHOro U; HampshKeHHs.

ITon Bo3neicTBHEM IEPEMEHHOTO HAIPSKEHHUS HA HATpY3Ke HOSBIIA-
eTcs HalpsDKEHHE

\/ R2+(wmLy)?

CnenoBatenbHo, KO3QOHNHEHT CriaxABAHHS

U R..

ks U _\/ R2+(wmLy)?
Ty R,

3TO BRIpaXCHHE NO3BOJISET PACCUMTATh MHIYKTHBHOCTH (HIbTpa
OpH 3aaHHOM K, M M3BECTHOM R,:

L¢=:;; VR (12.3)

Hcnonb3oBanue MHAYKTHBHOrO (GHILTPA OKA3LIBAET BIHAHHE HA
PaboTy BLINPAMMTENA X NPUBOJUT K H3MEHEHHIO peXMMa paboThl BEH-
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3

Pac. 12.12. UanykTesasil umbTp Puc. 12.13. Cxema ogrO(a3HOro OJHOIO-
Jy[EPHOHOrO BEIIPAMETEI C HHIYK-
TEBHRIM QUIBTPOM

THiIel. PaccMOTpHM 3TO Ha IPHMEPE onEO0(a3HOro OAHONOJYNEPHOX-
HOrO BRIIPAMHTEA (PHC. 12.13).
VpaBHEHHE, ONHCHIBAIOMICE HepeXONHBIA IpOLECC B sroit cxeme Oy-

. dir .
1eT Uypay SInY = de,E\; +ixRy. B pe3ynbTaTe peleHus 3Toro ypaBHEBMS
IpH HAYAILHOM YCIOBHH ixlg=o=0 moIyYHAM

Ry

- U —;’—“{’ .
P sap|. (29
VRy+(wLy)’?

w.
rue g =arctg -——Ld’
Ru

U3 coorromenus (12.4) cueayeT, 4TO TOK iz EMeeT CBOBOMHYIO =
Ry

“alg . U .
e “'® sing B BLIHYXIEHHYIO 5= T sin(P—9)
VRE+(@Lg)

Uzmax

VR +(Ly)?
coctassomue (puc. 12.14).

13 npHBeIEHHBIX THArpamMM CIERYeT, 1TO OpH HAJIMYAH HHIYKTHB-
goro (EIbTpA BpeMs HPOTCKAHHA TOKA oxaspBaercs Oonbiie T,
AMILIHTYa TOKa MeHbIIE, YeM B OTCYyTCTBUH (HIBTPA. B momenT
3anHpaHMs BEHTHIS K HEMY CKAaiKOM IpHKJIAIBBACTCS OTPHIATEIHLHOC
HANPSKEHHE Uosp. 1AKOH PEXKEM BeHTHUIEH (3ATATHBAHHE TOKA, YMCHbIIE-
HHE aMILTHTYARI TOKA, CKa4K00Opa3HOe NPHIIOKCHAC obpaTHOro Hanps-
xeHns) npu pabore Ha MH/yKTHBHSIH QHIBTP XapakTepeH N1 BCEX cxeM
BLIDPAMHATEIICH.

VHAyKTHBHEIA QHILTD 0BKMEO IPEMEHSIOT B CXeMaX MOLIHEIX BEI-
npsMATENel, TOCKOJIbKY B 3TOM CIIydac CONPOTHBJICHAE Harpy3ku R; BE-
BEJMKO M B COOTBETCTBHH C COOTHOIICHAEM (12.3) npu 3a1aBHOM K03-
(HuEEHTE CrIaXKHBaHHs Ky MHIYKTHBHOCTb (QHIBTPA L, oxa3plBaeTcs
HE3HAYMTEILHOM.

Emxocranlii ¢puibTp. B ManmoMOMIHBIX BLIIPAMUTENAX OOBIMHO IPH-
MEHSIOT €MKOCTHBIA (uibTp. B 3TOM Ciydac KoHneHcaTop GuibTpa
BKJIIOUEH A PaJUIeIbHO Harpyske. Hanuune xouaeHcaTopa puiIbTpa Tak-

354




KE€ OKA3RIBACT BIMHHC HA pabory BumpsMuTens. PaccMoTpum paboty
BRIIPSMHTEIS C EMKOCTHRIM GHIILTPOM HAa IpEMEpe ONHO(DAZHOM MO-
CTOBO# cxeMHI (pHc. 12.15).

B ycraroBuBIIEMCH pexunMe, korna HAUPsOKCHAE BTOPHYHONA OOMOT-
KH 4, 6onbIne HanpskeHHs HA koHeHcaTope C, OTKPHITHI BenTHmd VD1,
VD3 wmu VD2, VDA u npoHCXOmHT 3apsjxa xogaencatopa C (puc.
12.16, a). Korna u, <uc, BenTanm 33KPHTH], ¥ KOBJICHCATOP Pa3pPAXKAETCH
4epe3 R, B pesynerare Hanpsokenme ma R, 6yner criaxeso. ITonosuay
BPEMCHH, B TEYEHHE KOTOPOro IPOTEKAET TOK 3apsAIKH KOHAEHCATOPA,
IpHHATO HA3RIBATL YIJIOM OTCedkH §. O6LMHO eMKOCTH KOHJEHCATOPA
BEIOHpaeTcs Tako#, 4Tobut x.=1/(wC) << R,. B 3T0M Cay4ae myJnCamHH
BHIIPSIMIICHHOIO HAUPSXKEHHS Oc MAJIKI M BIOOJNHE HOHMYCTHMO IONA-
I'aTh, YTO HANPSKCHHE HA KOHJECHCATOPE NPAKTHYECKH IOCTOSHHO, T, €.
ucx U, (puc. 12.16, 6).

IIpn npuEsTOM nOnymenan OyNbCHPYIOMMHA TOK i,, KOTOPKIA paBeH
TOKY, OPOTEKAIOMEMY 4epe3 OTKPHITEIE BEeHTHH, OyneT onpenensTnes
COOTHOMICHHEM i;= (u;—uc)/r. I10CKONbKY uy= UsparcOSY, uc=U,=
= Upnax €086, TO

i,,=£2'i’ (cos'¥ — cosf), (12.5)
r

IA€ r — aKTHBHOE CONPOTHBIICHHE, OOYCIIOBIEHHOE CONPOTHBICHHEM
BEHTHJIEH B OTKPHITOM COCTOSIHMH H CONPOTHBIICHHEM BTOPHYHO#H 06-
MOTKH TpaHChOpMaTOpa.
Ounpenenmm cpennee 3nauenne BHIPSMICHHONO TOKA, BOCHOIb30BAB-
[}

[/
Usmax
uMch cooTHOMmEHHEM (12.5) I =2ﬁ f j,dy=" f 2% (cos¥ —cosf) d¥ =
4 n
)

r
0

iy
R ol

o4
& i 3T ‘
uy Uz
iR

VD3 K VD4 N
Pre. 12.14, BpeMeHnEle @ArpaMME! TO- Puc. 12.15. Cxema oppodasmoro Mocto-
X0B m mampsxemmit ogHOPAIEOrO OFHO- BOTO BHIIPSMHTENS C €MKOCTHRIM (QHJIBT-
10JlyneprONHOro BHNPAMATENS C HHAYK- poMm

THBHBIM (PHILTPOM
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uz

Uy U,
u.
g 2
N\ R | Uzmax Up=te -
R R L
0 1
i 1 I | II i Y /e /2
A U [ L
N Y ! : , :
| 13 i a
iap 1.3 : | 1,3 : ’ 24 | ]
\ | l | [ | | i
i ] | | i
0 0
2 v -8 w Y
a) 0)

Puc. 12.16. BpemenHEIe q@arpaMMel HAIPSOKEHAMIE B TOKOB B CXeMe oo¢a3HOro MOCTO-
BOTO BRIIPAMETE/IS C EMKOCTHRIM (RILTPOM (4) B AHATPAMMBL UL OMPE/ICICHAN yIaa
otceuxu O

mUZmnx .
= (sinf— 0O cosf). 3mecb m=2, TaK KaK 3a OEPHOX BTOPHYHOIrO
nr

HANPSKEHHA 4, B PAcCMAaTPHBAEMOH onEo(da3HOd MOCTOBOH CXxeme
HMEIOT MECTO ABA HMIYJIbCa 3apsaaHOro Toka. IIoCKOIbKY Usnax=
= Up/cost, To

L=""(tg0—0)=""04.9), (12.6) |

r nr {

31eCh !
A(O)=tgh—O=——, 12.7)

m RH !

rac .RH=SU°/I°. .
Coornotuenne (12.7) D03BOISET ONPENENHATH YroJl OTCEUKH, ECIA HIBECT-

nr
Hul 7 # Ry. B Hawane paccunTeBaeTCs A4 (6)=—R—, 4 3aTeM C HOMOMIBIO
miy

rpaduxka (puc. 12.17, a) HAXOMUTCH 3IHAYCHHE 0.
MakcrMaIbHOE 3HAUYEHHE TOKA JHOIOB ONpPENENIETCH H3 COOTHOLIE-
mms (12.5), ecnm B Hem nonoxuts ¥ =0:
Iy
(1 —cosb) =;F(6), (12.8)

Uzmax

IZmax =
r

7 (1 —cos)
rae F(6)= sinf— O cosd

I'papux ¢ynxumn F(6) npe,ucrasneﬁ ga puc. 12.17, 6. U3 mero.
CHEXYeT, 4TO C H3MEHEHHEM Yrila OTCEMKH § CyNIECTBEHHO YBEIUHBACT-
Cf aMIUIMTYJa TOKA 4EPE3 BEHTHIIH.
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a) 6)
Pac. 12.17. T'paduxu 3asacemocrei; A ) u F(®) Pec. 12.18. DxpuBanenTHAS Cxe-

ma I-o6pasHoro ¢punsrpa

Taxum 06pa3oM, HaTHYEE EMKOCTHOLO ¢unbTpa npEBOAHT X TOMY,
TO BEHTHIIH OKa3hIBAIOTCH OTKPHITHIMH MEHBIIHH IPOMEXYTOK BpeMe-
HH H aMILTATY/a TOKA Yepe3 BEHTHIIH OKa3blBAETCH BONbLIE, YeM B aHa-
JIOTHYHOH CXeMe BHIIpsMHTeNs, paboTaromero Ha YHCTO aKTHBHYIO
HarpysKy.

Pacuer emxocraOrO meTpa Benercs, nexoxs w3 NOJyYeHAs 3a/1aH-
HOTO K03¢}HIHEnTa MyIbCaImMit k,;, B OCHOBAH HA HCIIOIL3OBAHHME 3aKO0-
Ha COXpaHEHHMS KOIHYECTBA 3JIEKTPHYeCTBa. Vcxons 3 9TOrO 3aKOHA,
KOJIMMECTBO SICKTPHYECTBA ¢), 33aNACAEMOE KOHAEHCATOPOM BO BpeMsi
3apANIKA NIDH YBCIHYCHHH HAIDPKCHAS HA HEM HA BEIHYMHY duc(gq,=
=Cduc), paBHO KONHYECTBY 3JIEKTPHYECTBA ¢,, KOTOPOE TEPHET KOH-
ACHCATOp HpH DPaspsike CPeOHAM TOKOM g,=I,/(mf). CuemosaTeis-
HO, duc=1L/(mfC), a AMIIATYNd HEPEMEHHOM COCTaBISIOMEH BhIN-
PAMICHEOrO  HanpsokeHus U, =duc/2=I,/(2mfC). ITockonbky k=
= m/ U03 TO

1

= (12.9)
b"fRHkn

TI€ m 32BHCAT OT THDA CXEMBI BLIIPSMHTES H, B YaCTHOCTH, MIA

OHO(a3HOH MOCTOBOM CXeMBI m=2.

Haubonee sddexruBrO criaxmpanme nynscanuii BHIOPSIMIECHHOTO
HAIPSKEHUA OCYMIECTBISETCH C NOMOIIBIO CIOXHEIX MHOIO3BEHHBIX
$HABTPOB, B cocTaB KOTOpBIX BXOAST KATYIIKH HHAYKTHBHOCTH M KOH-
Acucatophl. OCHOBY Takoro quubTpa cocTaBnsger I- mwmm II-o6pasnoe
3BEHO,

I'-06pasunii pumsTp. IIpy pacuere I'-o6passoro ¢punsTpa, HMerome-
TO nocnen0BaTeNLHO BKIIOYEHHEIH 3]IEMEHT, COIPOTHBIIEHAE KOTOPOro
Z,n 3JIEMEHT, BKIIOYCHHLIH NaPaJIIEIbHO Ry, HMEIOMIHIA NPOBOJANMOCTD
Y, yuurnBaror LOCTORHHYIO COCTABJIIOLIYIO BRIOPAMIICHHOTO HATIPSIKE-
Hus U, H.0CHOBHYIO rapMoBmKy U, (pmc. 12.18).

B Taxom cnyuae koaddbrument criaxusanns
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kcm qu, =

U, 1
—l=f1+z{Y+—
un Ry
B xadecTBE HOCICHOBATEILHO BKIIFOYAEMOrQ 3JIEMEHTA HCOOJIL3YET-
cd npocceilb HHAYKTHBHOCTBIO L, a B KayeCTBE NApajljICIbHO BKJIIOYa-
EMOT 0 3JIEMEHTa — KOHACHCATOP €MKOCTBLIO C. Emxocrtp KOHACHCATOpA

BRIOHpaeTcs Takoi, 4Tobn xc=1/(mwC)<< Ry, ¢ y4eTOM 3TOro nomy-
oiCHuA

kax=|1+ZY]|=|1—m?w?LCl=m*w*LC—1.

Ecnu 3a5a8 k03QHIHEHT CrIIaXABAHASA H CONPOTUBICHAC HAIPY3KH, TO
3JIEMEHTH GHIBTPA PACCIATHIBAIOTCSH, HCXOMH 3 COOTHOMEHHH

kgt 1
re="=tl o ]

; .
mrw? mwRy

31€Ch BEMYMHA 71 3aBHCHT OT CXEMBI BRIIPSIMHTENS: 111 OAHOG}A3HOrO
oHOmOIyneprogHOro m= 1, A1 Tpexhasnoro MocToBoro m="6.

B psage cioyd4aeB gaxe HCIOJb3OBAHHE CIOXHBIX MHOIO3BEHHLIX
$rubTpoB HE obecnedrBaeT TpeGyeMOro ypoBHs CTaOHIBHOCTH BRIXOX-
HOTO HAUPSKCHAS LPH OHTAHHM PaJXHOICKTPOHHEIX YCTPOHCTB. [l
HOJIyYECHHS BHICOKO# CTaOMILHOCTH BEIXOAHOIO HANPSKEHHS HCUOJIbL3Y-
[0TCs cTabrE3aTOpHl Hanpsokenrs. CTabuIu3aTOpOM HanpsKeHns (To-
Ka) BTOPHYHOIO 3JIEKTPONHTAHUA HA3BIBAECTCH GYHKIHOHAIBHBIA Y3€IL,
OCYIIECTBIAIOIHE CTa6HIA3AIMI0 BRIXOXHOTO HANPSKEHHA (TOKA) 6e3
H3MEHEHHS POJA HAUPSDKCHHSA (TOKA).

PasnmyaroT ABa THma crabummsaropos: 1) napamempuueckue u 2)
Kkomnencayuonnbie. TlapaMeTpUYECKEM SBJISETCH CTAOMIH3ATOp HANpA-
%XeHAS (TOKA), B KOTOPOM OTCYTCIBYET nemb OOpaTHOA CBS3M H crabu-
NE3anus OCYIIECTBIISETCS 33 CYET HCHOJB3IOBARHS HEMHEHHBIX JICMCH-
TOB, BXOSIIAX B €r0 cocTaB. KoMneHcannoOn kA CTabrim3aTop Hanps-
*KeHHs (TOKA) — 3TO yCTPOHCTBO, B KOTOPOM CTabHIH3anHs OCyIeCTB-
JISETCH 33 CYET BO3NEHCTBHS HIMEHEHHAS BRIXOMHOrO HANPSKEHHSA (TOKA)
HA €r0 PEryIHpYIONIEE YCTPORCTBO 4Yepe3 Nenb O6paTHOR CBA3H.

Crenyer non4epxuyTb, 4TO CTabMNIM3aTOp, MO CYMIECTBY, ABJIACTCH
XOpOIEM QHILTPOM, HOCKOILKY CaMa H/es HOMIEPKAHAS HANPSKCHAS
WIH TOKA HA €r0 BLIXOAE NPAKTHYECKH NOCTOSHHBIM IpenyCMaTpPHBACT
yCTpaHEHHE IMyJIbCAHH.

OCHOBHBLIMH TAPAMETPAMH CTaGHIH3ATOPOB SBIAIOTCS: KooPPuyu-
enm cmabuauzayuu 1 euixooHoe conpomusaerue. Kosbdunment crabrm-
3anHH K., PaBeH OTHOIUEHHIO OTHOCHTEJIHHOI'O H3MEHEHHMSA BXOJHOrO
Hanpsokenns crabunmzaropa AU,,/Us K BRI3BAHHOMY MM OTHOCHTEIE-
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HOMY M3MCHCHHIO BRIXOHOIO HANPSDKEHHS AU/ Uy IPH mOCTOSHEOM
Harpy3ke Ry. Takum o6pasom,

AUy, Usnx
kCT:AU T (1210)

Bexonmoe conpormsnenne crabwmsaropa R,.. pasHo OTHOIIEHHIO
IPHPANICHAS HANPSDKEHAS HA BRIXONE crabuwmiaropa AU, x opHpapie-
HHIO TOKa HArpy3kn Alx OpH HOCTOSHHOM BXOZHOM HanpsokeBdn U,

AUy
Ryy= .
Al

12.11)

ITapamerpuuecknii crabwm3satop. Han6ounee wacro s napaMeTpHyec-
KX CTabHIH3aTOpax B Kauecrse HETAHEKHOrO 3J1eMEeHTa HCIONB3YIOT
crabumrpon. Ipocreitmas cxema TaKOro CTabuiIm3aTopa cocromT m3
6auracTaoro pe3ucropa Ry m crabwmrposna, KOTOPEId NOAKIIOYaETCH
IapajIenbHo HArpyske Ry (puc. 12.19, a).

Bexoaroe HanpsXeHHE B 3TO# cxeme U, a Takxke Tok cTrabmmr-
POHA ., OUpeneNseTCH MONOKEHHEM TOUKH A Ha BombT-aMuepHO# xa-
paxrepuctuke (BAX) crabunnrpona (puc. 12.19, 6). Tox I, nporexa-
IomAA Yepe3 6asUIacTHLM Pe3ucTOp Ry, onpenensercs Toakoi nepeceyde-
mAs BAX crabwmrpona m OpsMOH, mpoxomsme# mox yriom y=
=arctg(1/Ry) (Touxa B). Usmenenne BXORHOTO Haupsokenns AU, npn-
BOIHT K H3MEHEHHIO HOJIOKEHHS TOYek B u 4. B PE3ynbTaTE YBEIHYEHHE
WIH YMCHBUICHHE BXOTHOrO HANPSIKCHHS KOMIECHCHPYETCS COOTBETCT-
BYIONIMM H3MEHEHHEM TOKA CTabHIHTpoHa AU, =RAI,. Crabuimsa-
U5 BLIXOXHOIO HANPSKEHHA HMEET MECTO IPH H3MCHCHHH TOKA HArpy3-
kn Al Ilonoxum, uTo yBenmumiocs COOPOTHBIICHAE PE3HCTOPA Ry.
OTO NPHBOIMT K YMEHbIICHHMIO ToKa Harpy3kd, H3MEHEHHIO DOJIOKEHAS
TOYKH A4 M COOTBETCTBYIOIIEMY YBEIHYCHAIO TOKA crabumrpona.

Brxonsoe conpormsnenne HapaMeTpHiecKkoro crabmmmsatopa R,
paBHO nuddepennnamaomy COLPOTHBICHAIO Crabmmrpona R, Ha pa-
6ouem ywacrke BAX

Ucrlnax_Ucrmin

AU,
-Rnux=-Rcr=Q=

Al Iermax — Ior min

Orcrona AU, =AU, =R Al ITockombxy AU, = R, TO B cOOTBET-
CTBEM ¢ BrIpaxenuem (12.10) k03 dunHenT crabumianun 6yner

kcr - AIcTRo . Unux = UBHX . ﬁ (12 12)

AlgRer Uy Uy Ry

359
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— Usx  Ucrmax Uer Juslisl .
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a) \\\ 0
2%
J _____ T max
6)

Prc. 12.19. Cxema mapameTpHEYecKoro Crabmimsaropa 68(1) H BOJLT-ZMIEpHAs Xapak-
TepHCTAKA CTAOHTATPOHA ({

W3 nonydeHsEoro cootHomernns (12.12) ciexyet, 4T0 C yBENHYCHAEM
comporHBierns R, pacteT ko3 duuueHT crabwm3anun. OnHako yBelH-
yHTh R, MOXHO TONBKO IOBHLICHB HanpsxeHue Uy, a 3TO B CBOIO
ouepean NPHBONHT K YMEHDIIECHAIO Ke:. ITosToMy ko3ddunuenT crabn-
JM3ANEH DapAMETPHIECKAX CTA0AIM3aTOPOB HE NPEBBINACT 50.

ITapamMeTpHYecKHe CTaOHIH3ATOPHI IPOCTEI M HANEKHEL, OJHAKO OHH
moryT paborarh IpH (QHKCHPOBAHHOM 3HAYCHAH BHIXOJHOIO HANPSKC-
HHS.

Crabwm3aTophl KoMuencanuorHoro Taua. B Tex ciyyasx, korxa Tpe-
6yercs monydnTh 6onbIIOR x03dduuneHT crabmnu3anuy, a TaKKe
HMETb BO3MOXHOCTb PEryJIHpOBaTh BEIAYHHY BELIXOJHOIO HANPSKCHHAL,
ACIIONB3YIOT CTA6HIN3AaTOPEl KOMIEHCAIIHOHHOIO THHA. B xommeHncann-
OHHBIX CTaGHIH3ATOpPAX HANpsDKEHMs (TOKa) CTabHIH3AIEA OCYMICCTB-
JIseTCH 33 CYET BO3AEHCTBHA H3MEHEHHA BRIXOJHOIO HANIPSAKCHAA (Toxa)
Ha €ro peryimpyioniee yCTPOHUCTBO dYepe3 Nenb obparno#i cBa3n. Kom-
[IeHCAIEOHHEIE CTAOH/IM3ATOPH PAa3lAYAoT N0 Croco0y BKIIOUEHHS pe-
FYIHpPYIONIErO IEMEHTA Ha [OCIEIOBATEIbHEE I NApaLIC/ILHRIC. B no-
credoéamensHom cmabuauzamope PEryIupyIoniee YCTPOHCTBO BKIIOYA-
ercsl MOCIeN0BATEIbHO C HArPY3KOH, a B MapajlIeIbHOM — HapaLieib-
HO HATPY3KE.

Ha puc. 12.20 npeicTaBieHR CTPYKTYpPHRIE CXEMBI KOMIICHCAIHOH-
HEIX CTAOHIM3aTOpPOB HAUOPSKEHHS OAPaJLIEIbHOrO M HOCICAOBATENb
HOI'O THIIOB. )

TIpHENHD JEHCTBHA NapaieabHo20 cmabuiu3amopa HAUPSHKCHHAS 3a-
KIIOYaeTCs B CIenylomeM. B HCXOJHOM COCTOSHHH, KOrxa BelHdHHA
BBIXOAHOTO HAnpskeHHs Uy, COOTBETCTBYET 3aJaHHOMY 3HAYCHHIO,
cxeMa cpaBHeHHs 3 BeIpabaThiBacT Onpe/eeHHOH BEJHYMHLI CHIHAT
paccornacoBanns Up,, PaBHBIA pa3HOCTH 9aCTH BRIXOJHOTO eUnx (<1)
H onopHOro U, HAIpPsKEHHH:
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Upac =€ Unm - Uon-

OTOT CHMrEan ycmnmBaercs yCHIATENEM 2 H moJaercd Ha perynnpy-
oA snemerT /. Ilpr stom UCPE3 PEryIHPYIOMA 3/1eMeHT OpOTeKa-
€T ONPEeAENeHHO# CIIN TOK [,... Ecnn, HaOpAMEp, DPOH30RAET yBelIHYe-
HHE BRIXOHOIO HANPSDKEHMS 33 CYET POCTA BXOJHOIO Hanpspkeaas U,
TO COOTBETCTBEHHO YBE/IHYATCH CHIHAJ PaccoriacoBaHds, KOTOpBIH,
6yIydH yCHIEHHEIM, BO3JEACTBYET HA eIy HPYIOIMN 3JeMEHT TAKHM
obpazom, 4To yBenHYHBAeTCH cria Toka L. B pesynbrate Bospacraer
[IaACHHAE HANPSDKEHHS HA Ry, YTO KOMIEHCHPYET HEpBOHAYAILHOE yBe-
JICHHE BXOLHOro HampspkeHus. O4eBHAHO, YTO TOYHOCTh KOMIEHCA-
mue GyZeT TeM BhIme, YeM 60Jpine KO GHIHEHT yCHICHAS yCHIHATE s
K, mockonbky B 3TOM ciyyae m3amerReRHe TOKa I Ha ByXHYI0 BenmuERy
6yZeT OPOHCXOAMTh NPH MEHBMIMX H3MEHEHHSX BHIXOIHOrO HAamps-
KEHHAS.

B xadecrBe HcTOUHHKA OIOPHOTO HANPSDKEHHS OOBLIMHO HCHOJIB3YeT-
s CapaMeTPHIECKHH CTabHIA3aTOp, a POJh PEr'yJIHpYIOmEero 3jeMeHTa
BBINOJIHAET MOMHKIA GHIOISPHLIA KM HOIEBOR TPaH3ACTOP.

UBX Rg

6)

Prc. 12.20. CTpYKTypHEIE CXeMEI IApa/LIEALHOTO (@) m mocaenoBarensHOro (6) KOMIEH-
CaIOHAKIX CTAOMIA3aTOPOB:

I — PETYJMpPYIOIBH 31€MERT; 2 — yCHIATE b, 3 — CPaBHHBAIOIMAA 37EMEHT, 4 — HeJATeIb
BRIXOMTEOTO BANPSUKEHNA; 5 — HCTOYHEK ONOPHOrO HANPSKCHAA
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Vicxonas us obo3HaYeHHHM, NPHHSTEIX Ha pDHC. 12.20, a, MOXHO 3anH- l
caTh ypaBHEHHE, CBA3bIBAIONIEE TOKH H HANPSIKCHHS B MapalUIeibHOM
crabmm3aTope: :

Unx— Unux
Lt y=—""p = (12.13)

OTKyZa

AUy — AUpx

AL +Alx= (12.14)

U3 coorromenns (12.14) cremyer, 910 TOX Al IpA CTaGHILHOM
BRIXOZHOM HanpsokeHHHA (AU, =0) 3aBHCAT OT H3MEHEHHAS TOKA HATPY3-
ki Alx H BXOJHOTrO HAaNIpPsSKEHHS \AU,,X. B 9acTHOCTH, €CIId BXOJHOE
Hanpsbkenne He m3menseTces (AU =0), T0

OTcrola clIenyer, 9To TOKH I, B Iz IpHE paGoTe mapalieabHOro cTabn-
NM3aTOpa H3MEHSIOTCS B DPOTHBOIOJIOXHBIX HANpaBJCHHsX: yBeIHTE-
HHE TOKA HATPY3KH IPHBOJHMT K YMEHBINCHHIO [p, B HAOGOPOT.

Eciid ps HeA3MEHBHOM TOKE HArpy3k (Alx=0) OpOHCXOQHT H3MEHE- |
gHEe Uy, TO

AUy

Al
R
W3 coorromenns (12.13) cnexyer, 4T0 A1 HOpMAIbHOR paboTH TAKOrO |
crabHIM3aTOpa OpH 3aJaHHOM BHIXOJHOM HAIPSDKCHUH U uxnon HEOOXO-
JEM MEHEMAILHBIA TOK PETYIHPYIOMEro 3MeMEHTA lpamin, KOTOPBIA
AMEET MECTO IPH MAKCHMAJIBHOM TOKE HATPY3KH [gmax B MAHAMAILHOM
BXOAHOM HAOPSTKEHHH Uz min:

Unxmdn_ Umnou
_— 12.15
Y (12.15)

Ipcrmin +1I Rmax =
MaKCHMAJLHEL TOK PEryIHPYIOMIEro 31eMEHTa Jyrmax OyACT OPH MHBH-
MaILHOM TOKE HATPY3KH Ipmi, B MAKCHMAIbHOM BXOJNHOM HANPSXKCHHH
UBXmﬂX

U, "Usmnou
Tmxmax T mRTOM. (12.16)

Ipermax + IRmin = R
Q




Pa6ouee manpsxenne PEryJIHpyromero snemenra U, onpenensercs pe-
JMIAHOH BEIXOMHOTO HANIPSDKEHHS Uper= Upar.

ITo 3tEM cooTHOmERmIM PACCYHTLIBACTCA CTATHYECKHH PEXHM pa-
GoTHl peryampyromero smemenra m OCYIIECTB/ISETCS BHIGOp KOHKpET-
HOIO TpPaH3ACTOpA.

OcBoBHEE IIapaMETPEL TaKkoro crabhmmsaropa (koabdrmuent cra-
6ummsanan k., ® BrxomEoe CONPOTHBJICHHE R,,,) PaCCYATHIBAIOTCH,
HCxoAs u3 ypaBaerHs (12.14) ¢ ygerom (12.10) & (12.11).

# OIpC/Ie/ICHAs BRIXOXHOTO CONPOTHBICHHS HANACM CBS3h MEXIy
AU, 8 Aly, BCDOML3Y5 (12.14) u nonaras B mem AU, =0.
Bripazam Al 4epe3s AU,,. U3 CTPYKTYPHOH CXEMBI ClIeyeT

Al =AU, KS=¢AU,_KS,

rae K — xosdbdunuent YCHJICHHSI HCHOONB3YEMOrO B CXEME YCEUIHTE,
8 §=0L;/0Up. — xpyTH3HA XapaKTEPACTHKH PETYIHPYIOEro 3IeMeH-
Ta. Eciii B xavecTBe perynmpyromero snementa HCHOIIB3yeTCs NOJIEBOM
TPaH3ACTOp, TO I BHIGPaHHOrO, HCXOAS M3 CTATHYECKOro pacuera,
TPaH3ACTOpA 5TOT NAPAMETP YKA3KIBAETCS B CIPABOYHMKE.

Taxum o6pazowm,

EAUKS+Aly= — AU, /R,
Or;ty,aa B COOTBETCTBAM C cooTHOmerAeM (12.11) momyunm

AU Ry

= = . 12.17
R Alx  eKSRy+1 ( )

O6rraH0 eKSRy> 1, HO3TOMY
Ry = (12.18)

eKS

Kosdpdumwenr crabunmszamun ONPENEIAM TaKXKe H3 COOTHOINEHHMS
(12.14), monoxus B Bem AIzy=0:

EAUpuKS = (AUs~ AU,0)/Ro.
Otkyna

AUy
—-=14+¢KSR,,
Al +eKSR,

ClepoBaTenbHO, k03 GHIUEHT CTabUIA3AmIE 6yner

Unix AU, U,
— BRX BX — BHX. 12 19
ke Usx AUsx a HKSR") Usx ( )
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Jns pomyderns Gomibmoro xoag¢rnEeETa CTAOHIM3ANMA HAYT IO
OyTH yBeimyeHHs kodhdHmuenTa ycanemns K, s 4ero NPHMCEHSIOT
MHOrOKackajgble ycHIATeTH. OdYeHb XOpOIIAE pe3ylbTaThl AaeT HC-
OOTb30BaHHE ONEPAlHOHHKIX YCHIMTeNeH. B 3roM ciyvyae yCHIHTEID
OJHOBPEMEHHO BHIIOMHAET POJb CPABHHBAIOMIEro aemenTa. Hampske-
HHE C OIOPHOrO JJEMEHTA IOJAETCA Ha MHBEPTHPYIOmMA BXOX, a Ha
HEHHBEpPTHPYIOLIMiA BXOJ HOJAETCS 9aCTh BHIXOJHOrO HAIPSDKEHHs (PHC.
12.21). [das 3TOro HCHONBL3YETCH JNEIMTENb HANPSDKCHHS, MOJIKIIOYCH-
HBEIH DapauiesIbHO C Harpy3kod. B aTom ciyvae yBeJHYeHHE BRIXOHOIC
HanpsoKeHAst 6yJeT IPEBOAATL K POCTY HANPSDKCHHS HA BRIXOAC YCHIH-
Telns, 4TO BEI3OBET YBEJIHYEHHE TOKA PETYJHPYIOMEro TPaH3HCTOPA,
H Ha060pOoT.

B nmamBO# cxeme x03((HOHEHT ACICHHS BHIXOJHOrO HANPSDKCHHA
€ OIpeeNAeTCs NeHUTENeM, COCTOSIIAM H3 Pe3HCTOpoB R, —R; H, eclH
OOABHXHOM KOHTAKT HEPEMEHHOrO PE3HCTOpa R, HAXONHUTCH B BEpXHEM
ponoxendH, To &= (R;+ R3)/(R + R, + R;). Viamensst nonoXeEHe HOA-
BHOKHOTO KOHTAKTa, MOXHO PErYIHpPOBATH BEIMYHHY BLIXOJHOr0 Hamps-
XeHHs. JIeHCTBHTEIBHO, ECIIM NOJBHXHOM KOHTAKT IEpeMemaTsh BBEPX,
TO HANIpsDKEHHE Ha HEHHBEPTHPYIOIIEM BXOJE H, CIeJOBATEILHO, HANps-
XeHHE HA BHIXOJE YCHIHTENs OYAYT YBEIHYHBATHCA. OTO OPHBEAET
K POCTYy HAIpSIKEHHs Ha 3aTBOPE PeryJHpyomero Tpamsucropa VTl
H yBeIHMYeHHMIO ToKa croka [ =I,. B pesyibTaTe BO3paCTeT HAJICHHE
HanpsKEHHs Ha 6aJUIaCTHOM PE3HCTOpE Ry H BLIXOMHOE HANPSKEHHE
ymersmmTCs. IIpE nepeMeme HH OABEXKHOTO KOHTAKTA BEH3 Uy YBE-
JHYHTCS. ’

KoMIeHECanuoH s CTabWIA3aTOp H, B YaCTHOCTH HapaJule/bHRIH
cTabHIA3aTOp, OCYMIECTBISET TAKXKE CrIAXHBAHHE HyIbCANMH, BHITOJ-
HA poib 3nexTponHOro ¢uisrpa. KoahdruuenT criaxuBaBHs Iyib-
canmi k., MOXHO YBEIMYHTE B 1/¢ pa3 o cpaBHEHHIO C K03 GAIHEETOM
crabrim3anud k., €CIIM mapajUlelbHO BEpXHEH YaCTH JeiHTels R — R,
BKIIOYETH KoHAeHCATOp C). IIpm 3ToM comporEBieHHe X =1/(mwCy)
IOJDKHO OBITH MEHBIIIE MapalUieIbHO BKIIFOYEHHOr0 AKTHBHOIO COPOTH-
BJICHHA.

+Upy Ro

vVTi1

Pac. 12.21. Cxema napaJLiebHOTO CTA0HIA3ATOPa
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BaJIOCh, B pe3yibTaTe KOMIICHCHpYS IepBOHAYANILHOE yBeIHYCHHE U.s,
H HaobopoT.

CocraBeM ypaseenns Toxos u HanpsokeHHd 1S IOCIIeAOBATE IbHOIO
crabunm3aropa, BOCHOJIL30BaBIIACL 0003HAYEHU MY Ha pHc. 12.20, 6:

S Sl Uper+ Unm; IR=Iper’ (1220)
CHC,ZIOBaTeJIBHO,
AUp=AUpe + AUy Aly=AL. (12.21)

W3 nonyvennrx coormomengis CIENYEeT, YTO B HOCIEXOBATEILHOM
crabumasarope cTabumsanus BRIXOZHOro HanpsukeHus (AU, =0) ocy-
INECTBIAETCA KaK OPH H3MEHEHHHA TOKA HArpy3KH, TaK H OPH H3MEHCHHH
BXOHOro HampsikeHds. Orjmume OT Hapaenbaoro crabmwmsaropa
SaKI0YAeTCHd B TOM, YTO H3MEHEHHE TOKa Ioe: mpomcxopmT B daze
C H3MEHEHHEM [, .

B mponecce pa6ormt Tox PETYJIAPYIOIMEro 3/EMeHTa H3MEHSeTCS
B OIpeleneHHbX npenenax. Ecim BeecTH mOHsTHE CTATHYECKOTO BHYT-
PCHHErO CONPOTHBIIEHHS peryIHpYIOmEro S8MEHTA Reryr = Uper/Ler, TO 4
m3 (12.20) cnenyer

st = pech'ta'r + IRRH

MaxcamanneRii Tok PEryTHPYIOmMEro anemenTa I p,. Gyzer OpA
MAKCHMAIILHOM TOKE HATPY3KH Igp,.. MuurManessii Tok Lo in Oymer
OpA Ign.

Maxkcamansroe pa6oyee HalPSOKEHHE  PETyIHPYIOMIEro 31eMeHTa
Upermax = Uy gy — Usitx none- OTHAKO TIPH BKITFOYEHAR crabmnmsaTopa o Ha-
JHYHH CTJIaXHBAOMEro KOHAEHCATOPA HA €ro BBIXOJIE, & TAKXE B aBa-
PHAHBIX peXHMax Ha PCTYJHPYIONHE 3/EMEHT BO3JEHCTBYET MOMHOE
BxonHoe Banpsoxerme. Iloatomy npu BHIGOpE PEryIApYIOmero aneMenTa
OPHCHTHPYIOTCS HAa yClIOBHE Usermax = Uz max-

s pacyera KoahdrEeHTa CTabMIN3amHH BOCIIOJIL3yEMCSl ypaBHe-
Huem Hanpsoxenmit (12.21) 1 BhIpasaM AU, uepes AU,,. IMockonsky
Ve =¢U,, — on, FA€ € — KoabdHumuenT nenenns BRIXOZHOI'O Hampsixe-
Hus, a U, — omoproe HAIPSDKEHHE, TO AU“:sAUmK,u+AUm. 3necn
K — xoodunment yemnemms YCRIATENS, ft=dUp/dU,y,, — xoatdunn-
HT YCHIEHHS peryJmpyromero TPaH3nCTOpa, rae Uy, — manmpsxenne
Ha ympasnsiomem anextpone PEryIEpyromero Tpansucropa. Hanpa-
MEp, IUIs HOJNEBOrO TpaH3HCTHOpA U= 0Ugy/Ou,,®

B cootsercTBmn ¢ (12.10)
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i AUs, Usax
O AUpx Une

Unux

Ecna ydects, uTo ft=SR;, rae S — KpyTH3HA PeryJHpYyOMEro Tpas-
3HCTOpA, a R; — BHYTpeHHee CONPOTHBJICHHAE, TO NOJYYHAM

Uniax
k= (1+2KSR) . (12.23)

BX

BrxomHOE CONpPOTHBIEHHE CTA0HNH3aTOpa OHpeleldM H3 ypaBHE-
gHst TokoB (12.21), BeipasuB Al uepe3 AU

Aly= AL, =eAUuuKS.
Torna B coorBeTcTBEH C (12.11) momy41am

AUpx 1
Ryp=——=—, (12.24)
AIR eKS

CpaBEeEAe DOIyYeHHRX cooTHomenmd (12.23) m (12.24) c (12.18)
A (12.19) nokasmBaer, 4To K03hhHNAECHT CTAOHIH3ANMMA H BRIXORHOE
CONpOTHBIEHAE NOCIEAOBATENIBHOrO H MAPATLIETLHOTO CTabHIH3aTOPOB
OIpeleNAIOTCS ONMHAKOBHMM BHIPAXEHHSMH, €CIH moiarate R,=R,.
Takam 06pa3oM, IO 3TAM DapaMeTpaM TakHe CTaOWIM3aTOphl HE HMe-
JOT IPEeEMYINECTB ApYr mepex apyroM. OOHAKO B HOCIEROBATEIHHOM
crabanE3aTope PeryHpYIONMi TPAaH3ACTOpP MOXET OBITL MeHee MOII-
HbIM. JIOCTOHHCTBOM Xe HapajlleIbHOTO CTabHIM3aTOpa ABISECTCS He-
YyBCTBHTEJIBHOCTh €r0 K Deperpy3kam.

12.4. KJIFOYEBBIE UCTOYHWKHM BTOPYHOI'O 3JIEKTPOIINTAHNSA

ITocTpoeHERIE HO TPAAANUOHHOR CXeMe HCTOYHHKH BTOPHYHOrO JJIe-
xTpormTagas (UBJOII), coaepxarme TparchOpMaTOp, BEETHIIH, IPeob-
pa3yIoNiAe NepeMeHHRIN TOK B HyIbCHPYIOHAH, GHIBTP H CTAGAIH3ATOP
oTHOCATCA K Kiaccy JmBeianix MBOII. OB mpocThl B HCIOJIHEHHH,
06/1aJal0T XOPOINMMH HOKAa3aTeNsIMHM Ka4eCTBAa BBIXOJHOTO Hampsike-
HHS, HA3KAM YPOBHEM 3J€KTPOMArHHTHOroO H3iyieHHs. OJHako OHH
AmeroT HeBhicokmi KIIJI, paccemBaroT 60JBIIYI0 MOIHOCT: H HMEIOT
HH3KHe MaccorabapdTHRIE HDOKasarend. bBomnbmde rabapHTHI TaKHX
HIBDOII o6ycioBieHN TeM, 9TO ODHTAIOMIEE HANPSKEHHE HMeeT HH3KYIO
yactrory — 50 I'm. OTO OpHBOAMT K HEOOXOAHMOCTH HPHMEHEHHS
TpaschopMaropa C OOJBIIHM CEYEHHEM MArHHTOIPOBOJA H HCHIOJb-
30BaBEHs KpyNHOrabapHTHRIX KOHIEHCATOPOB OOJLIION €MKOCTH A/
¢HILTpALEA HA3KHX YaCTOT.

BaxHLIM MaroM Ha NYTH penieHds Opo6iaeMbl MHHHATIOpH3ALHAH
VIBDII, nopbmuenns KIIJ| sBumochk CO3JaHHE KIHOYEBRIX HCTOYHHKOB
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BTOPHYHOTIO 3]I€EKTPONATAHHS, AKTHBHBIE 3JIEMEHTEI KOTOpBIX paboTtaror
HE B THHEHAHOM, a KIFOYEBOM PEKHME. OcuoBy Taxux UBDII cocrasiser
Kamouegoli npeobpasosamens nanpancenus (KIIH), notopsuii TeHEPHAPYET
HOC/IEN0BATEALHOCTD IPSIMOYTOILHEIX HMITYJIbCOB, CIERYIOIEAX C BHICO-
KOH 4aCTOTOik.

Hcnomssosanwe KITH cospgaer OPAHIANHANGHYI0 BO3MOXHOCTE
OCYINECTBIIATH CTAOHIH3aNHIO BRIXOMHOTO HaNpsKEHHS H ET0 PEryJHpo-
BAHHAC B IIHPOKKAX mpefenax. JedcTBATENbHO, i HOCJIe XOBATEILHOCTH
IPAMOYrONbHEBIX HMIYIBCOB JUTHTENLHEOCTBIO f,, C OEPAOROM CJIeOBa-
HHA T amMiiaTyR0# U, psin Dypoe Oyaer

Untx
T

2U, 1 . knt 2nkt
+— Y -sin—cos~~,
k=1 k .T T

u(t)y=

Cpennee 3pavenne Hanpsokenns OIpeZeISeTCS COOTHOINEHAEM
Uy=Upty/T. (12.25)

U3 Bripaxenms (12.25) CJICyeT, ITO Cpe/iHee 3HAYCHHE HANPSDKCHHS
TIOCIEA0BATEILEOCTH NPSMOYT OJIBHBIX HMITYJIbCOB 3aBHCHT OT OTHOIIIC-
BHA 4/T B ero MoxHO perymposate B npepenax 0< U,<U, myrtem
H3MEHEHHS [UTHTEIbHOCTA HMITYJIBCOB f, K IEPHOAA CleaoBaHus T

Cymectsyror Tpm cnoco6a PETYIHAPOBABHS: 1) IMPOTHO-HMITYILC-
HeH MeTox (t, — var, T — const); 2) YaCTOTHO-HMIYIBCHRIA (f, —
const, T — var) H 3) BpeMs-HMIyILCHRIH (ts — var, T — var),

Hambonbmee pacnpocrpanenne B xmouepsx WBOIIT nony4nn wupo-
MHO-umnyabcuolii memod (IIIM) perymaposanus u crabunm3anua Ha-
OPSDKEHUS WIH TOKA.

Knrouesrnie BOIT no3ponmin DEpeATH OT HOpeoOpa3oBaHMs 3/EKT-
PO3HEPTrHHA Ha CTAaHAAPTHRIX HA3KHX Y4CTOTAX (50 mma 400 I'm) x mpeo6-
Pa30BaHHIO HA YaCTOTaX B JECATKE H COTHH kaiorepn npa ¢bopMapoBa-
HAA OpSIMOYrONbHEIX HMITYJIbCOB HANPSDKEHMS HIIH TOKA.,

Hcnoms3oBanne Bricokux yacTor HApsANy C NIPEAMYIIECTBAME 3/IEKT-
POHHOTO cmocoba peryiHpHBaHAS KIHOYEBOro peXHMa A0 BO3MOX-
FOCTh 3HAYATELHO YMEHBITHTH OGBEMBI HCIOIL3YMBIX TpaHChOopMaTO-
POB H CriiaXxuBaromux GAILTPOB H TEM CAMBIM CYIIECTBEHHO YIYYIIATH
MaccorabapHTHEIE TOKA3aTEIH TAKHX WIBOII. ITosieierre MOmMHELIX BhI-
COKOBOJIbTHBIX TPaH3HCTOPOB H MATEPHAIOB C MAJIbIMHA OOTEPSIMH 15t
MarsdTONpPOBOAOB BHICOKOYACTOTHAIX TPaHCHOPMATOPOB OTKPBLIO BO3-
MOXHOCTH co3nanus xarovegvix VIBDII becmpancgopmamopusim exo-
dom (BTB). CuioBas wacTh Takux YCTpOHCTB paboTaeT OT BHIIpSIMH-
Tel1d, HNOMKIIOYCHHOTO HENOCPEACTBEHHO K HHTAMOmMEH ceTH. DTH
YCTpO#CTBa 1O yaenbHON MOINHOCTH, ONPEACIAEMOHR OTHOINCHAEM BhI-
XOIHOH MOIHOCTH K MAacce WM obsemy MBDII, 3raumTeNLHO peBOC-
XOmar nyumme o6pasibl, BHINONHEHHbE Ha OCHOBE JHHEHALX VBDIL
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Hanpamep, npd BLIX0JHOM MomBocTH 0koi0 100 Br xmodessie NBIII
¢ BTB moryr mMmersh yaensHylo MommsocTs 1o 200 Br/aM3, a mpm
ACHO/Ib30BaHHA HHTETPAILHEIX KOMIIOHEHTOB H 60IIbIIIE, B TO BpeMs KaK
3TOT HOKa3aTelb A8 YCTPOMCTB, NOCTPOSHHBIX Ha 06a3e IHMHEHHKIX
UBDII, cocrasmsroT 10...20 Br/mm3.

O606mennas crpykrypras cxema VBOII ¢ BTB (prc. 12.22) Bxmo-
yaeT B ce6s ceTeBoi BempsMutens ¢ GuwisTpoM (CB), xiroueBoi nmpeo6-
pasosarens Hanpsokenns (KITH) u cucremy ynpasinesus (CVY), ocHOBY
KOTOpOH OOLMHO COCTABISET INHPOTHO-HMIYILCHEIH MOJIYJIATOD
(IXM). CereBoif BLIIPSMHTENb, OOCTPOCHHBIA IO OJHOH H3 CXEM,
IpencTaBiIeHHLIX Ha puC. 12.1, B coveTanHu ¢ GHILTPOM Ha IACCHBHBIX
3JIEMEHTAX OCYIIECTBISET IpeoOpa3oBaHHe HANPSDKCHHS IPOMBIILUIEH-
HOH 9acTOTHI u; B BempsmierHoe Hanpsokerue U,. B KIIH manpsixende
Up ¢ DOMOMIGI0 HHBEPTOpA, HMEIOIIEr0 TpaHCHOPMATOPHLIA BLIXOJ,
A BRICOKOYAaCTOTHOro BempsvuTtens (BUB) mpeobpasyercs B mocieno-
BATEJIbHOCTh OQHONOJISPHEIX OPSMOYrONbHBLIX HMITYJbCOB aMILUTHTYNOH
U,, DOCTOSHEAs COCTaBIMIOmAs KOTOphiX U, BELOEIAETCS B HArpPY3-
ke LC-¢puasTpoM HmxuHEX 9acroT (PHY).

B cacreMe yopaBiieHAs IPOH3BOAHTCS CPABHEHHE BLIXOJAHOTO HANPSI-
xeHds Uz ¢ 3aJaHHEIM ONOPHKIM HAaOpsDKEHUEM, YCHIICHHAE pa3HOCTHOTO
cArgana ommOkH B (GopMHpOBaHMe CHrHAJTA YHpaBICHAS HHBEPTOPOM
Uyup, OPEACTABIIAIOMETO COOOH MOC/IEA0BATENBHOCTS IMEPOTHO-MO Y-
POBaHELIX HMIYJILCOB H IO3BOJISIOMIETO B 3aBHCHMOCTH OT BHJA OIOp-
HOTO CHTHAJIa JH60 NOAJEepXKHBATh BLIXOXHOE HanpspkeHUue Ug HEH3MEH-
HEIM, JHOO perympoBaTh ero mo Tpebyemomy 3akomny. ITaramme CY
06LIMHEO OCYIIECTBISETCS BCOOMOTaTelbHHIM BhmpsMuTeneM. MBIII
BKJIFOYAIOT B ceOst YCTPOMCTBA 3JIEKTPOHHOH 3alIATHI, 4 TAKXKE pasiM4i-
HEIE cpeCTBa obecneyeHns 371eKTPOMArHUTHOH COBMECTHMOCTH.

DuepreTHYecKHe napameTprl ummyascEoro MBOIT onpenenser ximo-
yeBoii mpeobpa3oBaTenh HAIPSIKEHHS, KOTOpLIA BKIOYAeT B cebs HE-
BEPTOP H BHICOKOYACTOTHHIM BHIIPSMHTENS C GuibTpoM. Husepmop —
3TO YCTPOMCTBO, OpeJHA3HAYEHHOE UM IpeobOpa30BaHHst HOCTOSIHHOTO
TOKa B IEpPEeMEHHEIN.

i gy
. !
: KnioueBo# Npeobpa3osatefi HANPaXeHns |
Iy
u < | U, A
.| Cereso# 7 ui MHBEPTOP | BY » Owtp |1 o
BbINPSMUTENH] | BbIIPSMUTEN b HkHux | | p
K Harpysxe
C punpTpoM \ vacrotr || Py
1
|
. S I
Yynp
BenomoraresnbHbii Cxema
BbINPSIMATENb ynpasneuus
C unbTpOM

Pmc. 12.22. O6o6mennas cTPyKTYpHas cxeMa xkixodesoro MBOII ¢ BTB
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B KITH B ocHOBHOM HCHOIB3yIOTCSH HHBEPTOPHI HA TPaH3ACTOpaXx,
TaK KaK 3TO 0becneYnBaeT BO3MOXHOCTD CTabHIIH3APOBATEL H PEryIHpO-
BaTh Buxo[HOE Hanpsokenue. Ilo npunmuny nepexayn speprum B Harpy-
souny:o nemb KIIH nensrcs Ha mpeoofpazosamenu npamozo u obpam-
Hozo xoda. B mpeobpasoBarensx mpsmoro xona nepenaya 3HEPrHA
B Harpy3Ky NpOHCXONHT IPH 3aMKHYTOM 3JIEKTPOHHOM KJIIOUE, & B IIpe-
obpasoBarensx ofpaTHOro xona — npu pasomkryToM. Kpome Toro,
KIIH pensrcs Ha OAHOTAKTHBIE H ABYXTAKTHBIE npeobpa3oBarterm. 00-
HOMAKMHsle npeobpasosameau CONEPKAT ONMH I HECKOBKO CHEXPOH-
HO paborarommx xuxoueit. Jeyxmarxmusie KITH coJepXaT OBa KaHAJA
IpeoOpa3OBanHs, CArHAIIL YIPABICHHS KOTOPHIX CABHHYTHI BO BPEMEHH
Ha IIOJIOBHHY IEPHOAA HX CJIEJOBaHHI.

OnuoraxTasii KITH npsvoro xona. IIpHHIMIHATIEEAS CXEMA TAKOTO
KITH mpencraBnena ma pmc. 12.23. Co6ctBeREO HHBEPTOpP BKJIIOYAET
B ceba tpamsucrop VTl m tpamchopmarop T, BTOpHYHAas 0OMOTKa
KOTOpOro HOJKIIOYEHA K BRICOKOYACTOTHOMY BBIIPSMHTEIIO, COCTO-
sAmeMy H3 1aonoB VD1, VD2 u LC-pumbrpa. Tparchopmarop obecneqn-
BaCT raJbBAHMYECKYIO DPa3BsA3Ky HCTOYHHKA IHTAIOMErO HANPSIKCHHSA
U. ¢ Harpysko#l Ry, HO3BONSET MOJNYYHTH 3aJAHHOE 3HaYeHHE BHIXOJ-
HOTO HanpshkeHust Uy HpH COOTBETCTBYIOIEM K0abdHmImenTE TpaBChOp-
MAIMH 1y =/, 2 TAKKE HrPAET POJb HAKOMATEILHOTO JJEMEHTA.

KIIH B cBoeM cocraBe COmepXET HEIHHEHHBIE 3MEMEHTHL DTO ope-
XJ€ BCEro TpaHCHOPMATOp, KpHBAsk HAMATHAYMBAHHS KOTOPOTO HMEET
IETIII0O THCTEPE3ACA H YYACTOK HAChumeHHs. IIpH aHaim3e mpomeccos
B KITH B mepBoM npubimkeHHH HelMHEHHOCTD TpaachopMaTopa He
YYHTBIBAETCs, €CH pabovas TOYKA HA KpHBONW HAMATHMYHMBAHHS HE
BBIXOJHT HAa y4aCTOK HAChINEHHs. TaxxXe He YYMTHIBACTCH AKTHBHOE
COIPOTHBJICHHAE JpocceNs L i CONpOTHBIIEHHE NOTEPh KOHAeHCaTOpa C.
EcrecrBenno, 4ro Takme qOmymeHHs IPHBOAAT K HEKOTOPOMY CHEXKE-
HHIO TOYHOCTH pe3yIbTAaTOB aHaim3a. OXHAKO, KaK HNOKA3hIBAET ONBIT
OpaKTHYECKOH paboThl, 3TO CHUXEHHE HE CYmECTBEHHO.

- PaccMoTpuM ycramoBEBuImMiiCS pexEM pabOTH H IONOXHM, 4TO
HanpskeHRe U, QUIMTENbHOCTh YNPABISIOMMX HMIYJLCOB #,, 1OJaBa-
EMRBIX Ha BXOJ TpaH3uCTopa V'T1, m mepron Hx ciegoBanus T mOCTOSH-

VD1 U L

Ny —> ) ™) ,
=] u I3 "
Y\l m L, E]RH

T_ AR

.
s +() +)

Pmc. 12.23. Cxema omaoraxraoro KITH mpsmoro xoma
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Hele (pHC. 12.24). lo MOMeHTa BpeMeEH £, 33 cuer IpOINECCOB, IPOTEKA-
IOomHUX B CXeMe B IPEMINECTBYIOIAE MOMEHTE BPEMEHH, KOHACHCATOP
C 3apsxen no HampspkemHs Uz, a B apoccene I HakomeHa 3Heprus
W.=LiZ/2. B pesyibTate B nemm «apoccens L — parpy3ska Ry —
OTKPHITRIA JMOA V'D2» OpOTEKaeT TOK i, KOTOPHIA B MOMEHT BpeMeHH
t paBeH Iy ;. IIpu nopaue ynpaBnstomero AMIysca B MOMEHT BpeMe-
HH [, OTKPBIBAETCA TPaBH3HCTOp V711, KONIEKTOPHOE HANPSDKEHHE PE3KO
YMEHBINAETCA A0 Ugppe H K NEPBHYHOM OOMOTKE TpascdopMaTopa
OpHKIa/IbIBACTCS NOCTOSHHOe HanpspkeHHe U= U;— Uinm® U, Bo
BTOPHYHOM OOMOTKE TaKkKe HHIYNHPYETCS NOCTOSHEOE HAIPSXEHAE
Uy =ny Uy, roe ny — xosddunuent Tparchopmannn.

ITpu atom x muony VD1 nprxnanemaercs npsvoe HAaNpsDKEHAE, H OH
OTKpBIBAETCH, a MO VD2 3akprBaercs. B pesynsrate Bo Bropm4HOM
06MOTKE TOK CKa4KOM BO3PACTaET O I; ., UTO BLI3LIBAET TAKKE CKAU-
k006pa3Hoe yBeIHYCHHE TOKA B IEPBHYHON 0OMOTKE H KOJIEKTOPHOTO

T
Uynpr Etn——><— tn |

Prc. 12.24. BpeMeHHEIe THArDaMMEl HANPSDKEHHE B TOKOB B CXeMe ognorakrHOro KITH
OpAMOTO XOIa
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TOKa TPaH3UCTOPA iy=1I;n,/ny. B pmanbHeHiineM Tox Bo BTOPHYHOH’
obMmoTke Oyner yBemmumBaTLCE MO JHHCHHOMY 3aKOHY, HOCKOJIBKY
K NPOCCENI0 NPHKJIAILIBACTCH NPAaKTHYECKH HOCTOSHHOE HAIPSDKEHAE
UpL=U,—Upr=n, U,~ U, rae Uy — cpenmee 3Ha%eHMe BBLIPAMIICHHOTO
Hanpsokerus. Konnextopubii Tox Taxke Gymer YBEIIHYHBATLCA HpAK-
THYECKH [0 IHHEHHOMY 3aKOHyY 32 CYeT pocTa TOKa BTOpHIHOH 0OMOTKH

H TOKa IOAMArHMYHBaHHA i, Tpanchopmaropa i“:Li f U, dt=lli—nt, rue
(0 '’

L, — MHIyKTHBHOCTH HAMATHHYHBAHHS Tpanchopmartopa. K MmomenTy

OKOHYAHHA YOPABJIAIOMEr0 EMIYIbCA f; TOK i, IPOTEKAFOIIHX qepes

APOCCENb, YBENHIABAETCH 10 I}y,

B MoMmeRT BpeMenn ¢, Tpan3ucTop VT1 3akpuBaercs m oOpriBaeTCs
TOK nepBHIHOA o6MOTKH. B pesyipraTe 3a cuer SHEPrUH, HAKONJIEHHOH
B TpaHchOpMaTope, HANPAXERHEe HA ero oOMOTKAX M3MEHSET noJsp-
HOCTb Ha 06paTHYIO (HOJIPHOCT HANPSKEHH, COOTBETCTBYIOIAA MO-
MCHTY 3allMpaHAs TPAaH3UCTOPA, Ba puC. 12.23 yka3sana B cko6kax). Dto
IPHBOJIAT K NOSBJIEHHIO BCIUIECKA KOJUIEKTOPHOTO HAIPSDKEHHS TPAH-
3HCTOpAa. AMIUTATYIA BCIJIECKA 3aBHCHT OT napameTpoB Tpadachopma-
Topa H, KaK NpaBHIIO, HMEET 3HAYHTENLHYIO BEAIHHEY, a opma Bemec-
Ka MOXeT OBITh aNlepHOIUIECKOM KA KOJIe6aTeLHON. Ilpwm 3akprBannn
Tpansucropa V'T1 TOk 9epes Apoccenb HaTMHACT YMEHBIATLCS | Hanps-
XKCHHC Ha HEM MEHSET CBOIO MOJAPHOCTH. B pesymprate muon VD2 otk-
PBIBAETCH, NOCKOJLKY K HEMy NPHKNAJIRIBACTCA HOPSMOE HAMpSIKE-
HHE, a quok VDI 3akpnBaercs. B naneHeiimem B nayse Mexay ympas-
JLIIOIHME HMIYJIbCAMHE B CXeMe IPOTEKAEeT yMEHbIIAIOMMIACHA IO Bpe-
MEHH TOK i 0O LenH «Ipocceib L — Harpyska Ry — OTKDPBITEIH JHOJ
VD2». Ilpm 3TOM HanpsoxkeEHe HA apoccene L ocraercs HpakTHYECKH
MOCTOSTHHBIM

UL= UR— Uymz Us, (1226)

rae Uyp, — najenne Hanpsxenns Ha OTKPLITOM amoxe VD2.

B MomenT BpeMenH #,, korna nay3a 3axaEIMBaeTCH, TOK iy yMeHbIa-
eTcs 10 I;mip. B manbmeiimem npu monawe cneayromero yIPpaBIISIOIEro
HMIy1bCa NPONECCH B CXeME NOBTOPSIOTCH.

Kak cnenyer m3 npuseneHmnx BpemenmEIX ImarpamMMm, TOK i; 3a
Bpemsi NICHCTBHs YNpPABISIONIEr0 HMIYJILCA BO3PAcTaeT HA BEIIHYHHY

L, & B Nay3e MEXAy HMIYIbCAMA YMEHBINAETCA HA TAKYIO XK€ BEJIH-
unHy. IlpuieM m3MeHeHHe TOKA OPOHCXOAMT MO JHHEHHOMY 3aKOHY,
LOCKOJIbKY HANIPSDKEHME HAa JpoOcCceiie OPakTHYeCKH MOCTOSHHOE. M3Mme-
HeHMe TOKa Al; MOXHO PacCUMTATEH ClIEAYHOLIEM obpazom. B mayse
MEXy yIPaBJIMIOMMMHE UMITYJILCAMH HANPSDKEHHE HA JPOCCENE B COOT-
BETCTBHH C BhipaxenueM (12.26) paBuo U, = U, cnemoBarensHo,
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1 Uty
AQ=.PQM=°ﬂ (12.27)

Cpennee 3na49eHHE TOKA 1 o,, IPOTEKAIOMIETO YEpe3 JPOCCE/Ib, PABHO
cpenHeMY 3HAYCHHAIO TOKA HArpy3kH [,

Ich = 10 = Uo/RH
OTtcrona

Us Ustn Us Uptn
Lo b, U Uom 12.28
Lo gy 2L P Ry 2L (12.28)

BpeMenBas nmarpaMMa HampsDKeHHS Ha Harpyske Uz Moxer OHITh
NOCTPOEHA C HCIOJB30BAHHEM IHAIPAMMBI TOKA ij, IPOTEKAIOMIEr0o
uepe3 apoccens L. Koraa cmia Tok ip mpeBhImiaeT YpoBeHbL o, TO
OPOMCXOJUT moa3apsaka Kouaescaropa C, u Hanpsokesne Uy MOBHINA-
erca. IIpm i <I;, EMeeT MECTO pa3ps[Ka KOHIEHCATOpa H CBA3AHHOE
¢ Heil ymenbmesre BeIxoauoro Hanpsokenus. Kax cinenyer u3 prc. 12.24,
no3apsaaka konaeHcatopa C M COOTBETCTBYIONIEE YBEIHYEHHE BHIXOJI-
HOr0 HAOpPsOKEHHS NPOMCXOJHT B TE€YCHAE BTOPOH MOJOBHHEI JUIHTEIb-
HOCTH YHOPABJSIOIIHX MMIIYJHCOB M NEPBOH MOJIOBHHEI JIHTEIbHOCTH
nay3el. COOTBETCTBEHHO pa3psaixa Konaencatopa C H CHajJy BEIXOJHOIO
HANPSDKEHAS. HMEIOT MECTO B T€YCHAE BTOPOH MOJIOBHHEI JUIHTEIbHOCTH
HMIIyJIbCa ¥ OEPBOM MOJOBMHKLI AMHTEILHOCTH Hay3nl. TaxuM obpasom,
3a nepuoa T BLIXOZHOE HANPSOKEHHE H3MeHsieTcs HA BenHumHY AUp,
KOTOPYIO MOXHO paccudTaTh clenyronmm obpazom. B mureppane Bpe-
MEHH {'...t;, PABHOM 1,/2, TOK ic, HOYIIHI Ha 3apsaxKy koraescaropa C,
onpeJeNsAeTca COOTHOMmenneM ic= Al t/t,, a B HETepBaJe £,...t", KOTOPLIA
pasen 1.2, ic=AI; (1 —2t/t;)/2. CnegoBatensHo,

tuf2 tuf2
2t a4ty

: 1 ¢, 1 [AL 1
AUR=AUC=E J'AILt_dH-E J7(1——)dt=EML .
0

tn 8
0

ITocne noACTAHOBKH B 3TO BRIpaxende 3uadenus Al w3 (12.27) nony1am

UptyT  Upty
AUr=AU,= =— 12.29
x “TsLc  sfLC (12.29)
Coornomenne (12.29) no3BonsieT onpeaenuTh K03bpHIHeHT mynbcanuii
AU, .
=R (12.30)
2, 16fLC
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ITony4ennoe BEHIpaXXeHHE JaeT BO3MOXHOCTb PACCIATATh HapaMETPhI
LC-punpTpa npy 3a5aHHLIX 3HA9eHUSAX Ky, f, f; B BHIIOJHEHHH YCJIOBHS
1/@2nfC) < Ry.

Ha pwuc. 12.24 npuBenensl JaarpaMMEL TOKOB M HAOPSDKEHHH B CXeMe
KITH nns cnywas, xorga TOK i; B mayse He cmajaer A0 Hyjsd. Takoi
peXHM paboThI HA3BIBACTCH PeXCUMOM Henpepylenozo moka. Boamoxen
A apyroii pexum paborer KITH, xorma Tok iy cmamaer 0 HyIs IO
OKOHYAHHA HAY3bl — pedcum npepvisucmozo moka. B nepBoM ciydae
It i, >0, a BO BTOpOoM cnyqae I; ., = 0. Ficmonbays coorsomenwe (12.28),
MOXHO OHpEHEIHTh YCIOBME pabOTHI CXeMBl B TOM HJIM HHOM DEXHME.
Ecmu 1/Ry> t,/(2L), TO HMEET MECTO PEKHM HEMPEPhIBHOIO TOKA, 4 ECIIH
1/Ry < t,/(2L), To KITH paboraer B pexuMe npephBHCTOro ToKa. Ilpm
OITHHAKOBHIX 3HAaYEHHSAX HANpsKeHHS nuraHus Uy u Harpyskm Uy Mak-
CHMAJILHOE 3HAYEHHE TOKA [7 ., JUIA PEXKHMA OPEPHIBUCTOIO TOKA 6OIIb-
me, 4eM [JIA PeXHMA HempephBHOro toka. CremoBaTelbHO, YCTAHOB-
JeHHEIe MOMHOCTH Tpamsucropa V71 w awomoB VD1, VD2 Gyayt
6omeme, ecnu cxema paboraer B pexxuMe mpepeIBECTOro Toka. Kpome
3TOr0, B PEXHME IPEPLIBUCTOIO TOKZ YBEIMYHBAIOTCH NYNbCAIMH BLI-
XOJHOTO BAIPsUKCHHs. Y4HTHIBas 3TH (akTOpHI, nenecoobpasHo obec-
neddTh paboTy CxeMBl B peXXHMe HEMPEPHIBHOIO TOKA.

Onsorakrusif KITH o6patnoro xoxa. B cxeme o,uHOTaKTHoro KITH
obparsoro xoxa (puc. 12.25) B yCTaHOBMBIIEMCS PEXHMME NP¥ OTKPHI-
ToM Tpam3ucrope VTl Bo BpeMs AeHCTBHS ympaBAIOIIEI0 HMITYJIbCA
Uy, (METEDBASI BPEMEHH fo...1;) Uepe3 HEpBHUHYI0 0OMOTKY TpaHchop-
MaTopa IpOTeKaeT YBENHYHBAIONMHACA BO BpeMECHH KOJJIEKTOPHEIA TOK
ix (puc. 12.26). IIpn 3ToM BO Bropu4HOH OOMOTKE TOK HE HPOTEKAET,
HOCKOJILKY K quony VD1 npunoxeno obparnoe nHampspkenwe. Konpen-
catop C paspspkaercs depe3 Harpy3Ky Ry H HAIPSDKCHWE HA HEM YMEHb-
maercs. B MoMeHT BpeMeHH f;, KOIZla TPaH3UCTOP 3aKPHIBAECTCH, KOJI-
NeKTOpHHIA TOK oOphBaercs m Ha oOMoTKkax TpaHchopmartopa 7' BO3-
BHKaeT HanpspkeHwe oOpaTHOM HOIIPHOCTY (IONAPHOCTD HANDSKEHHS
Ha puc. 12.25, coorBercTByIOmAas 3TOMy MOMEHTY BPEMCHH, yKa3aHa
B ckobxax). B pesynbrare auox VD1 OTKPHIBAETCHA, HOCKOJIBKY K HEMY
NPHKJIA{HBAETCA IPSIMOE Hanpxxcenne 3a cueT HAKOIUIEHHOH B TpaHC-
dbopmartope sueprem W=L,i% /2 BO BTOpHIHON OGMOTKE DpOTEKAET
TOK i), KOTOPBI YACTHYHO MJCT HA 3apAAKY KOHACHCATOPA ¥ IOJAEPKH-
BAaeT TOK HAIPY3KH iz

IIpy nocrynieHuw CIeIyIOUIEr0 YIPAaBISIONIET0 HMIIYIbCA B MO-
MEHT BPEMEHH £, OPOLECCH B CXEME LIOBTOPSIOTCA.

IIpw 3aKkpLIBAHMH TPAH3HCTOPAa BO3HHKAET BCIUIECK KOJLIEKTOPHOIO
BanpsXeHUs Up,y, BETHIMHA KOTOPOTO OHPENENSETCS COOTHOLIECHHEM
U max = Uni+ Ug/ny;. JINATENBHOCTD 3TOrO BCHJIECKA 3aBMCHT OT LOCTO-
sHHOM BpeMerw T=L,/Ry.
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Prc. 12.26. BpemerHEIe muarpamMMBl HaOops-
XEHAH H TOKOB B cxeMe ogroTakTaoro KITH 0

obparrOTrO X0mA t

Paccmorpennnie onnorakrasie KITH npsamoro m o6parsoro xona no
CBOEMY CXEMOTEXHHYECKOMY DEHICHHIO SBIIAIOTCA CAMEIMH HPOCTHBIMH
H N03TOMY IIHPOKO NPHMEHSIOTCH NPH HA3KAX M CPEIHHX MOIIHOCTSX
(mo 500 Br). OgHako OHM MMEIOT ABa CYIIECTBEHHRIX HEJOCTATKA!
3HAYHMTENIbHBIE NEPCHANIPSDKEHHS HA CHJIOBOM TPAaH3HCTOPE ILpPH €ro
3aIHPaHAA H HaJM4YHE TOKA MOJMArHMYMBAHHA CepAEIHMKA Tpanchop-
MaTopa, DOCKOJIbKY Yepe3 NEPBHIHYI0 0OMOTKY TOK OPOTEKAET B OJHOM
HAnpaBICHAH H HMECT MECTO NOCTOSIHHAA COCTABJLIIOIAA TOKA MOAMAT-
HHYHBAHHA.

OmoTaxTheii nosymocroBoi KITH. DTr HenoCTaTK| yCTPaHAIOTCH
myreM ycnoxueHHsA cxemul KITH, B 9acTHOCTE B cxeMe OJHOTAKTHOTO
noxymocroBoro KITH mpsmoro xoma (pmc. 12.27). B rTaxom KITH
nepBHYHAad 06MOTKa TpaHcHOPMATOPA NOAKIIOIASTCA K HCTOYHUKY IIH-
TaHMs depe3 Tpas3ucTophl VTl m V12 npm oaHOBpeMEHHOM monade
YIPABJISIOMHUX HMIYIbCOB iy, HA HX Oa3ml

B 3ro Bpems gmomet VD1 m VD2 3akphITH, DOCKONBKY K HHM
npuioxeno obpatnoe vanpsxesme Uyp= Up— Ukone. KOrna yopasis-
IOIHE EMOYJIbCHL 3aKAHTHBAYOTCA M TPaH3UCTOPHL V'T'1 B VT2 3akpuiBa-
I0TCS, Ha IEPBHYHOH 0OMOTKe BO3HHKAEeT Hampspkenue 0OpaTHOM mosp-
HOCTH. HOoCckonbky BemuumHa ero 6oneme Uy, TO K arogam VD1 u VD2
OPHKJIAIBIBAETCH OpSMOe HAaIpsKeHHE M OHH OTKPHIBAIOTCH. B pesyns-
TaTe, BO-IEPBLIX, TOK HEPBH4YHOH OOMOTKH He HpephIBaecTCs, KaK 3TO
HMeeT MECTO B mpocToi cxeMe onuHorakTHoro KITH, a sxeprus, naxon-
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Puc. 12.27. Cxema ogroTaxTHOrO noaymocrosoro KITH npsmoro xoza

JIeHHAsA B TpaHC)OpMATOpE, BO3BpANIAeTCS 9€pe3 OTKPHITEIE ANOAEI VD1
H VD2 B MCTOYHHKE NHMTAHHA B HMEET MECTO peKynepanus 3HEprHH,
Bo-BTOprix, korna maonsr VD1 u VD2 OTKPLIBAXOTCH, TO KOIIJIEKTOPHOE
HapsXCHHE TPAH3ACTOPOB V'T1 1 VT2 B MOMEHT X 3aKPLIBAHHSA PABHO
Un, 1. e. nepenanpspxenns OTCYTCTBYIOT. B pmanbmeiiimeM mo mepe
YMCHBIICHHS TOK2, NPOTEKAIOWIETO Yepe3 auoant VD1 m VD2, xomnek-
TOpHOE HAampsDKEHHe TPAH3HCTOPOB cmajaet no Upy/2.

B ommoTtaxtHOM mMOMyMOCTOBOM npeobpa3oBarene Heo6xoamMO
obecnenTs CHEXpPOHHYIO paboTy TpaH3HCTOpOB, T. €. MX OJJHOBpEMEH-
HOC OTKPhIBAHHMC M 3aKpLIBaHHC. IIpH HEBRINOIHEHHH 3TOrO YCIOBHS
BOSHHKAJOT NONOJHMTENBHEIE NOTEPH B KOHTYPe «CHJIOBOH TpaH3m-
crop — auox». ledicTBuTenbHO, ecnm, HAIPEMEp, 3aKpPLUICS TpPAaH3H-
crop VT2, a tpamsucrop VTl eme OTKPHIT, TO 3a CYET 3HEPIHH,
HAKOIJIEHHO! B TpanchOpMATOpe, HA IEPBAYHON OOMOTKE BO3HHKAET
HanpsOKCHHE, NOJ ACHCTBHEM KOTOPOrO OTKpHIBaercs muon VD2. B pe-
3yJIbTaTe TOK DEPBHYHON OOMOTKH 3aMEIKAETCH IO LEOH «TPaH3HCTOP
VTl — maon VD2».

IIpm nOCTPOSHMH HCTOYHHKOB NHTAHMS C GecrpanchopmaToprrM
BXOZIOM MHKPOKOE PACHPOCTPAHEHHAE HOJIYYHIH TAKKE JBYXTAKTHBIE TIO-
JIyMOCTOBEIE B MocTOBEIe KITH.

IosymocroBoii aByxTaxTenii KITH. B DOJIyMOCTOBOM JIBYXTaKTHOM
KITH (pmc. 12.28) nepmunas o6MoTka TpaBCHOPMATOPA LHOAKIIIOYAET-
¢ K HCTOYHHKY nuranus Up 4epe3 Tpamsmcropur VT, VT2 u koHumeH-
caropul C;, C;. B nens Bropm4HON 0GMOTKH BKIIFO¥AeTCH onuodaznas
ABYXIOJIyNCPHOHAA HIIH MOCTOBAA CxeMa BhpsivuTes ¥ LC-GuisTp.
Yupasnsronue AMIyIBChI CO CABEIOM HA LOJIOBHHY HEPHOJA HOJAFOTCA
Ha 6a3wl Tpamsmcropos VTl u VT2 (pmc. 12.29).

B ycramoBmBmemcs pexmme npm mozave YOPABJISIOMIEr0 HMITYJIb-
€4 Uy, HanpuMep, Ha 0a3y Tpamsucropa V71, mepBmusas o6mMoTKa
TparchopmaTopa T' NOJKIIOYACTCS K HCTOYHHKY LHTAHHS H qepe3 Hee
IPOTEKAET TOK IO LENM «OTKPHITHLA TpansmcTop V71— komnencaTop
Cy.
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Purc. 12.28. Cxema momymoctosoro msyxrakraoro KITH

3a BpeMsl OTKpHITOro cocrosmmsi VTl 3a cieT HPOTCKaHHs TOKa
i| B Te4eHHE UTHTEIHLHOCTH YIPABJSIOWEr0 HMIYJLCA [; HANPXCHHE
pa koHAeHcaTope C; HECKOILKO YBETHYHBACTCH Aug=1t,/Cy, THE I} —
cpeasee 3HAYCHHE CHJIBI TOKA HEPBHYHOH o6MOTKH 3a Bpems IEHCT-
BHS YIPABJAIOIEr0 MMIYIbca f Hampsikende Ha KOHACHCATOPC C
YMeHBIIMTCS HA Takylo xe Benamdupy. IIpm moJade yOpaBILIOICTO
HMIIYNLCA Uy, HAa BXoX VT2 TOK Hepe3 NEPBHYHYIO obMoTKy Oyner
IpOTEKaTh B NPOTHBOIOJOXHOM HANPABJICHHH HO IENA OTKPHITHIH
tpamsucTop VT2 — konnescatop Cp. IIpu 3TOM HANpsDKEHHE HA KOH-
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Pac. 12.29. BpemeHHEe nMArpaMMBl HaNPAXCHHH H TOKOB B cXeMe MOJIYMOCTOBOIO
apyxrakrHoro KITH |
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Aescarope C; Oynmer yBeNMYMBATBCA, a BHa Koggescarope C, —
yMeEbmatecs. Cpejnee 3HAYEHMe HANpSOKEHHS HA KOHAEHCATOPAx 3a
nepaoa OyneT OXMHAKOBHIM H PaBHBIM Un/2. CnepoBatenbso, npd
pabote rakoro KITH k nepBHuHO# 06MOTKE TpaEchopMaTOpa NpHKIIA-
AbIBaeTCA Hanpsokende Up/2.

ITockombky BTOpHYHAs 06MOTKa TpaECHOpPMATOpPa MHOAKIIOYEHA
K ByXIOJIyNEPAOJHOMY BBIIPAMMTENIO, TO YaCTOTA MyJIbCAIMH BBIXO-
HOrO HampspkemHs OyleT B JBa pa3a OoJbIIe YACTOTHI ClIEZOBAHHS
HMIYJbCOB. B OTIHYMe 0T paccMOTpeBHEIX Bhle OqHOTaKTHEIX KITH
B IaHHOH CXeMe BO BPEMS JeHCTBHS yNPaBJIAIOMEr0 HMIyJbCA IpHAJTIO-
XEHHOe K NEPBHYHOH 0OMOTKe HanpshkeHHe He IOCTOSHHOE, 4 H3MeHSeT-
Cs Ha BelHIMHy Au,=Auc =Auc. D10 OPHBOAAT K HEKOTOPOMY yBEIA-
YCHHIO HYJIbCANMH BRIXOJHOIO HANPSXEHHS .

Huoner VD1 m VD2 npeanasnadenkl s GpAKCANHHA HaNpsDKeHHs Ha
Tpan3ucTopax VT1 u VT2 npu nx 3akphiBasEA Ha ypoBee Up. Jleict-
BHTEIbHO, €CIIM, HANPHMeEp, 3aKkphBactcs Tpam3ucrop VT1l, To TOK
B NEPBHYHOH O0OMOTKe He OOpHIBAeTCSA, M 3a CYET M3MEHEHHMS MOJIAp-
HOCTH HAOpsDKeHWS Ha HEePBHYHOH OOMOTKe OTKphiBaercs mmonx VD2
H TOK I; IPOJOJDXAET HPOTeKaTh HO LENM «OTKPHITHIA gmox VD2 —
Konpescarop C; — ACTOYHMK mutanEs Up». IIpm 3TOM 3Bepras, 3ama-
CeHHAs B TpaHChOpMATOpE 3a Bpems f,, BO3BpAILACTCA B HCTOYHMK
muTaHusd. B cTaTHdeckoM pexmMe KOJIEKTOpPHOe HanpsDKeHHe 06OHX
TPaH3ACTOpOB paBEO Up/2. ITonymocropas cxema KITH oGecneumBaer
npeobpa3osanne mommoctd 0,5...1,0 kBT B onHO# sueiike.

B cBssm ¢ TeM, 9TO B HaHHOM cXeMe K NepBHYHOH 0OMOTKe OPHKIIA-
AuBacTCA Hanpsoxkenre Upy/2, BhxoaHas MomuEOCTh Takoro KITH B 18a
pa3a MeHbIIE BO3MOXHOH. DTOT BeOCTATOK OTCYTCTBYET B MOCTOBOM
aByxtaktHoM KITH,

Mocrosoii neyxraxmanii KITH. B mocroBoM mByxrakteoM KITH
(prc. 12.30) nepsEunas 06MOTKA BHICOKOYACTOTHOIO TpascdopmaTopa
T mopkmiodaercs K MCTOYHMKY OMTAHHs 4€pe3 JBA OTKDPHITHIX TPaH-
sucropa mabo VT1 u VT4, mabo VT2 u VT3. IapanneabEo ¢ KaXanmM
TPaH3UCTOPOM BKJIIOYEHH Auoawl VD1...VD4.

Broprumas o6MoTka TpaEchopMATOpa, KaK H B IOIYMOCTOBOM
asyxTakTHOM KIIH, noaxnrovaercs uiom x oaH0ha3s0l AByXNONynepH-
OZHOH, WM K MOCTOBO# cxeMe BhInpsivATens B LC-bumsTpy. Vopasns-
OIHE HMIYIBCH Uyypy, Uynps HOAAIOTCA OXHOBPEMEHHO HA TPAH3MCTOPEI
VTl u VT4, a aMIYIBCHI tiyyy, Uymp3 HOJANOTCS TAKXKE OJHOBPEMEHHO HA
VT2 u VT3, wo co casarom Ba T/2. B pesyibTaTe K DepBAYHON 0GMOTKE
OPHKJIA/ILIBACTCS OPAKTHYECKH NOJIHOE HANPSXEHAC MCTOYHAKA ONHTAHHS
u1=Un—2Uxsm. YUepe3 Hee 3a mepHON OpOTEKAaeT MEPEMEHHBIH TOK,
M NOCTOSHHOE NOJMATEHYMBAHAE OTCYTCTBYET.

YacToTa nysbcanuil BRIIPSMIIEHHOTO HANPSDKEHHS f, B JBYXTAKTHOM
KITH BaBoe 6onbine 9acTOTH YUPABISIOMIAX MMIIYILCOB f, MOITOMY
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Prc. 12.30. Cxema moctosoro apyxraktaoro KITH

B orymume or oxsorakrHoro KIIH, rupe f,=f, opa mpousx paBHBIX
YCIIOBHSX BETMYHHA MHJYKTHBHOCTH Jpoccels L MM €MKOCTH KOHJCH-
catopa C BaBoe MeHbe. [IMO/BI, BKIIOYEHHBIE Iapaule]bHO TpaH-
3UCTOPAM, OBECIETHBAIOT PeXYIePANMIO IHEPriud, HAKOMIEHHOH B TPaHC-
dopmarope 3a BpeMsS OTKPHITOTO COCTOSHHS TPaH3MCTOPOB, a TaKke
(GHUKCHPYIOT HAIPSDKCHHE HA HEX B MOMEHT 3aKPLIBAHHS HA YPOBHC Un.
Brnarozaps Tomy, 9TO K IepBEYHEOM 06MOTKE IPHKIA[LIBACTCS HOJIHOE
nanpsokerre Up, MoctoBoit KITH ofecneunBaer npeobpa3oBasmue MOII-
HOCTH B onHOM sdeiike BaBoe Gompme (mo 1..2 kBr) mo cpaBHEHHIO
¢ monymocrobiv KITH.

B IBYXTakTHEIX monymocToBoM B MocroBoM KITH Cepbe3noi Ipo-
61eMoi ABIIIETCS BO3MOXHOCTh OPOTEKAHHS CKBO3HBIX TOKOB 4E€peE3
OTKPHITHIE TPAH3HCTOPhI, BKJIOYCHHBIE B CMEXHBIE IIIEYH MOCTA, HAIIPA-
Mep VT1 m VT2. CylnecTBY:oT pa3nddHble CIOCOOBI IIpeOTBPAICHHAS
3TOrO sBIcHHA. Bce OHM HampasieHH Ha obecnmedcHHME BKIIOYCHHS 3a-
KPHITOTO TPAaH3MCTOPA TONBKO IOCTE BLIKIIOYCHHS PaHEE OTKPHITOrO.
DT0 HOCTHraerTcs ¢ IOMOIBIO (PHKCHPOBAHHOM HIIA aBTOMATHYECKOH
3aJiepKKH YIPABISIONIMX CATHAJIOB.

B xkauecrBe axTuBHEX s1eMeHTOB KITH MCOOJIB3YIOTCS MOIIHBIC
KpeMHHeBhIe OHIONsSPHbIE TPaH3UCTOPHL. IIpH paboTe Ha NOBLINEHHBIX
gacrorax, a Takxe B KIIH, 9yBCTBATENbHEIX K BECAMMETPHH peXHMa
FUIA HECHHXPOHHOMY NepEKJII0YeHHIO IPAGOPOB, ENeco06pasHo npame-
msirh MI11-Tpan3AcTOpEL

KIIH, BhinoJHEHHEE HA COBPEMEHHBRIX OHIONAPHEIX TPAH3ACTOPAX,
o6srpo paboraror Ha acrorax 30..70 xI'w, 9T0 HDO3BOJIET HOCTHYDL
ypoBES yaebHO# Mommsocts BDIT 80..150 Br/xm®. B T Xe Bpemi,
KaK cIeAyeT M3 COOTHOIICHHH, OMpeAeNsolMX 3HAYCHHS NapaMCTPOB
LC-dunpbrpa (12.30) 1 BHICOKOYACTOTHOTO TpanchopMaTopa, € NOBLINE-
HHEEM 9aCTOThI yMEHbINAIOTCH rabapuTHEE pa3Mephl 3THX 3JIEMEHTOB
A COOTBETCTBEHHO YBEIMYMBACTCH yJENbHAA MONIHOCTh HCTOYHAKA IH-
TaHAS.

Opurm u3 HaKTOPOB, CAEPKHBAIOMMX POCT yJENbHOH MONIHOCTH,
ABJISIOTCH IOTepH B TpanchopmaTtope, 0OYCIOBICHHbIE B OCHOBHOM
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NEpeMArHHYABAHAEM €r0 MArEHTONpPOBOJAa M HOBEPXHOCTHBIM 3(dek-
ToM. [pyraM daxTopoMm, BHI3HIBAIODIAM NOTEPH H OrPAHKIMBAIOIIHM
9acTory npeobpasosamms KITH, sBnstorcs MEEpUHOHHLIE (1aCTOTHEIE)
CBOACTBA AKTHBHLIX NPHGOPOB. DTH NOTepH BO3HUKAIOT H3-32 TOrO, 4TO
IPH OEPEKTIIOYCHHH TOK TPAaH3KCTOPA M HANOPSDKEHHE HA HEM JOCTHTAIOT
PaCYCTHRIX 3HAYCHHH HE MTHOBEHHO, 4 B T€YEHHE BPEMEHH BKIIOYCHHS
f3xn B BDEMCHH BHIKIOYEHHS 1, B 00mem ciyvae nponeccrl m3menenns
TOKa ix (f) B HANPSKEHHMA uy (f) TPAH3HCTOPA HE MOTYT OnTh TOYHO
OIHCAHBI 3apaHECE M3BECTHHIMH (GyHKIMSMH BpeMeHH (cM. ri. 6). s
ONCHKH KOMMYTaIlHOHHLIX NOTEPh, KAK MPABHIIO, HCHOIL3YIOT IPOCTEH-
IIyIO JIHHEHHYIO annpoKcHMANuio. Toraa npu BKIIOYEHHR TPAH3HCTOPA
KOJUIEKTOPHBIA TOK H KOJUIEKTOPHOE HANPSDKEHHE MOXHO ONpCACTHTH
crenyronmM 06pasoM ix = Lnt/tyy ug= Up (1 — t/ty,).
CnenoBatenbH0, MOMEOCTD OTEPh HPH BKIIOYEHHH TPAH3HCTOPA
Bxn ~
1 t t
Pm='_1: J‘ I,,,Um't‘— (1 —;—)dt=ftmlmUm/6,

BEx \ ™ laxn

a MOIIHOCTD HOOTEPh NPHR BLIKIHOYCHHH
Pyys =ftnm1m Um/6

Kak BHIHO, MOIHOCTH HOTEp, HpPH BKJIIOYEHHH H BHIKIOYCHHH
PacTyT mponopuHOHaIbHO YacToTe. ONHEM H3 HanpaBJeHHi yMeHbIIE-
HHS 3THX NOTEPb SBIAETCH HCHONL30BAHHE TPAH3HCTOPOB C MAJILIM
BpEMEHEM BKJIIOUECHHS M BRIKIIIOYCHAS.

Cxema ynpasienus. Ynpasiienre KII09€BLIM Opeobpa3oBaTeneM Ha-
OPsDKEHAS. OCYIIECTBIACTCS MOAYIHPOBAHHBIME N0 JJIATEILHOCTH HM-
IyJIbcaMH NPAMOYroJibHOR (opMEl, 4TO Ho3BoJIsgeT MO0 obecnednBaTh
pabory B pexmMe CTaOHIM3aNHMM BLIXOAHOTO HAIIPSDKEHHS, JHGO pery-
THpOBaTh €ro BEJIHMYHHY B OOpENENeHHRIX mpenenax. ®opmupoBaHme
TaKgX HMMIYIbCOB OCYIIECTBIISIET CHCTEMa YHIpPaBlIeHHS, CTPYKTypHAs
CxeMa KOTOpOH mpeicTaBieHa Ha puc. 12.31. OHa coepXHAT HCTOYHHK
OHOPHOr0 HANPsDKEHHS, CXEMY CPaBHEHHA, KOMIApAaTOpP, IEHEPATOP JIH-

Uq
— ®Popmuposarems | Upac Yourmrens Uy
Uon cHrHana Komnaparop YAPaBnaowmx f—m
paccornacosanmus UMYynscos
]
Un
Hctourux Feneparop mmesino
OnopHOro UIMEHSIOWYErocs
Hanpsxenns HANPAXEHUs

Prc. 12.31. CTpykTypHas cxeMa CACTEME! YHPaBJICHAL
' 379



HeMHO HM3MEHAIOMIETOCH HANPSKEHHS M YCHIHTEJL YOPABJIAIONMX HM-
IOyJICOB. '

Ha oagus m3 BXoZoB (opMHmpoBATEIsA CHTHAJA PACCOTIACOBAHHA
(®CP), xoTophii ¢ HPOCTEHIIEM ClIydae MOXET OBITh BHIIONHEH HA
OIEpANMOHHOM yCHJIATeNe, IONAEcTCA OnopHoe Hanpspkenue Uy, a Ha
BTOpO# BX0J — BRIXOJHOE Hampsokenne Uz Wi acThb ero. Ha Bhxoze
®CP obpasyerca carman paccornacoBaBis Up,.= Uz— Uy, KOTOPHIH
NOCTYyHaeT Ha BXOJ KOMIapaTopa Hampsokenus. Ha apyro# Bxox KoM-
napaTopa MOJAETCA BHICOKOYACTOTHOE JHMHEHHO M3MEHAIONICECs HANps-
wemae U, or remeparopa JIMH. Ilo cBoed cTpykType KOMUapaTrop
HANPSDKEHAHN 1O BXOAHKIM DensiM noxoben nudpdepeHnnanbEOMY yCHIIH-
TeI0, 4 ero BHIXOLHAS LENb AHAJOrHYHA JOrHYECKOMy BeHTHIO. Ecnu
CHTHAJ PaccoriacoBanus U, MEHbIIE BETHYHHB] JHHEHHO H3MEHSIONIE-
rocs panpsvxeEus U, TO Ha BHIXOJe KOMIIapaTopa 00pa3yercs NOJIOXKH-
TebHBIA YpOBEHb HANPSDKEHHSA, a €CH Up.> U, TO yPOBEHb HAIlPSXKeE-
HES OTPHUATENbHEE. B MOMEHT paBeHCTBA MIHOBEHHBIX 3HAYeHHH Ha-
npsoxerrit Up=U, Ha BhIXOAe KoMuapatopa $HOpMHpPYIOTCH CKaiKH
panpsoxenns (pac. 12.32). ITonmydeHHBIE TaKEM 00pa3’oM HMITYJIbCHI
YCHIMBAIOTCA H IOAIOTCH HA BXOJ CHioBoro Tpan3ucropa KITH.

Kax Bugno m3 puc. 12.32, npu yBeIM4EHHM CHATHAJIa paccoriacoBa-
HES Upy, T. €. IIPH YBETHYCHHH BRIXOQHOTrO HAnpspkeHHs Uz, yMeHbIIA-
ercs IIMTEIbHOCTh NOJOXKHTEILHEIX HMIYJIBCOB f,;, @ ¢ YMCHBIIEHAEM
Upec IJIATELHOCTD HMITYJIBCOB yBeNHUMBaeTCs. VI3sMenenue #; COOTBET-
CTBEHHO YBEJHYABAE€T WIHM YMEHbIIAeT BpEMsl OTKPBITOIO COCTOSHHS
canoporo tpan3ucropa KITH, 4ro obecneunBaeT aBTOMaTHIECKOE IO~
JiepXaHHe BLIXOQHOI O HAIPSDKCHHs HA 33JaHHOM ypOBHE.

B cocras kmovensix IBDIT BxoIsT TaKxke yCTPORCTBO 3JIEKTPOHHOM
3aIMATEL, CACTEMA YMEHBIIEHHS NYCKOBLIX TOKOB M NEPCHANPAKCHHH
B IIPOLECCE BKIIOYEHHS; CPEACTBA, OOECHEYHBAIOIIME 3JIEKTPOMArHHT-
HYIO COBMECTHMOCTB H IP.

OcHOBHOM (YHKIHEH yCTPOMCTBAa 3JEKTPOHHOM 3AIIMTHI ABIIACTCA
prikmrodenne FIBOIT npu neperpy3kax H HepPerpese, M OepeBOJ HCTOY-

u U/'I

Prc. 12.32. ®opmuaposannre carnana ynpasaerns KITH |
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HAKa B pexHM, GezonacHmd 1 axTuBERIX npabopos KITH. Vcrpoii-
CTBA 3JICKTPOHHOM 3aMMTH BKINOYAIOT B cebs TpH y3na: 1) maTumk
KompOJmpyeMou BEJHMYHMHE! (TOK, HANPSDKEHHME, TEMIEpaTypa); 2) Ho-
porosoe yCTpPOMCTBO, KOTOpOE cpabGaThBaeT, KOrJa KOHTPOJHpYye-
Mas BEJIHYMHA NPEBBLINACT YCTAHOBJICHHLIH yPOBEHD; 3) HCHOHHTEIb-
HBI 3JIEMEHT, MPEKPAMIAIOMHi HEProcHabXeHue MATAEMOIo YCTpoli-
CTBa.

IIpu sxmovennr IBOIT ¢ BTB umeer MecTo nepexofiHkIi npomecc,
CBSA3aHHBLIA C YCTaHOBJICHHEM PacueTHOM BEJHIHHE! BLIXOAHOIO HANpA-
XCHHSI H BRIXOJOM I€HEpATOpa JMHEMHO H3IMEHSIOIIEroCs HANPSDKCHHS
Ha CTaNMOHAPHBEIM peXUM paboThl. I103TOMY ANHTENLHOCTH yOpaBis-
IONIMX HMIyYJILCOB, BhIpaOaTHIBAEMBIX CXeMOH yOpaBieHHs (CM. DHC.
12.32), B TeduenHe mepeXoJHOrO MmPOIECCA MOXKET OKA3aThCs OONbINE
AOIYCTHMOH, CHNIOBLIE TPAH3ACTOPHI H3-3a NEPErPY3KH MOIYT BRIATH H3
CTPOsi. YMEHbIIEHHE MYCKOBRIX TOKOB M NEPCHANPSKEHMN HA BRIXOJE
UB3II ¢ BTB B nponecce ero HayansHOro 3amycka (BKIIOYEHHS) [O-
CTHIaeTCs MyTeM HHEPIHOHHOIO (IOCTENEHHOI0) MOBHINECHAN JIHTENL-
HOCTH YOPaBIISIOMHAX HMITYJILCOB.

IlockoneKy CHrHANLI Ha BXoje M Bhxoae Kmovesnx MBDIT mMmeror
IIAPOKAH YaCTOTHHIA CIEKTP, TO NIpH HX paboTe BOZHHKAIOT MOILIHLIE
JNIEKTPOMATHUTHLIC [IOMCXH, KOTODBIC, BO3ACHCTBYS HA APYIHME NEKT-
poEHHEIE YCTPOHCTBA, MOTYT HPHBOXHTL K cOosM B pabote. IToaromy
YCTPOHCTBA 3NIEKTPONATAHHS COAEPXKAT PAa3IIHYHELIE cpeactBa obecneve-
HHA HX JJICKTPOMArHETHOH cosMecTHMOCTH. Pemenne atoit npo6nemnl
OCYIIECTBISETCS Ha OCHOBE Psna MeEp, HaOopaBlieHHLIX Ha ocnabieHne
KOHIYKTHBHEIX IIOMEX H IOMEX M3nydenus, co3fasaeMbix KITH. K stam
M€paM OTHOCSTCS: pallAiOHANILHOE PACHOJIOKECHHE H COSTHHEHHE 3JIEMEH-
toB UB3II, pansonamasi BuiGop aneMerTHON 6a3nr KITH, sEemaee,
MEXOOMOTOYHOE H MEXIJIEMEHTHOE JKPaHMPOBAHHME, HCOOIL3OBAHHE
nened, yMeHbIIAIONTAX CKOPOCTH M3MCHEHUS HANDPSIKCHHHA H TOKOB aK-
THBHBIX OPHEOOPOB, 2 TakkKe CHENHANBHHX MOMEXOMONABJISIOMIAX
¢bumuTpoB.
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