13. 0 i u i (fc).

e — 970 yC , NP oe Ans
MOMNyYEeHNs aHarNoroBOrO BBIXOAHOTO CUrHana, MPOMOPLMOHATBHOTO NPOU3BEAEHIIO
[ABYX BXO[HbIX BenuinH — Uxu Uy :

14. ]
Ananoroselit [C ssnsieTcst pcaribHbIM 6a308bIM GrIOKOM,
BbINONHALWMM pAa MaTeMaTU4ecKknx onepaumh Kak BO3BeeHune B KBaapar.
OﬂepaL\MR YMHOXEeHUs ABYyX CUrHanos peanuayetcs npu UCnonb3oBaHumn

15. i

Onepauus AeneHns BLINONHAETCA nyTem Bktodenus MNC B Lens OOC OY Takum
06pa3om, 4To BbixoAHoM curHan MC U B COBMECTHO C OAHUM 13 BXOAHbIX CUTHANOB
U Z penvitens (cm. puc. 2.2) nogaetcs Ha cymmupytoluii Bxog OY. Moa aencterem

16. ] -]
Ananorosblit MC sBnseTcs yHUBepcankHbIM 6a3oBbiM 6r10koM,
BLIMOMHSIOLYM DS MaTEMaTU4ECKUX OnepaLiyii kak Bo3BesjeHme B kBagpar.
BosBeneHve B kBagpaT npousBoauTcs npu nogadve Ha oba Bxopga MMC

U, =kU,.U,. 21 MNC(puc. 2.1a) No NpSIMOMY Ha3HAYEHWIO NyTeM NOAAYM Ha OAMH W3 €r0 BXOL0B = kU™ . (puc. 2.16) oaHOTO M3 BXOAHBIX HanpPskeHWd, Hanpumep Ux BbixoaHoe
z X"V @y Hanpsbkenus U X , a Ha BTopoit UY . BbixoaHoe Hanpsbkenne UZ npy aTom Box0AHoro Hanpskenwa MC Us = k*Ux?Uy o peanctopy R 2 npotexaet To: Hanpsikenue npuobpetaet aug Uz=kUx *.
rae k — koaULIMEHT NPOMOPLIMOHANBHOCTH. COOTBETCTBYET BbipaeHMo (2.1).
Ecnn nonsipHOCTb BBIXOAHOTO HaMpsKeHWs ONpeaensieTcs B COOTBETCTBUM C L b Ie =k * Ux * Uy/R2
BbIPKEHMEM (2.1) M C y4eTOM MOMAPHOCTM BXOAHBLIX CUrHanoB, KOTOPbIE MOTyT U, =kUyUy. 2.1)
BbiTb KaK MOMOXMTENbHBIMK, Tak W OoTpuuaTenbHbiMK, To Takoi MNC HasbiBaeTcs KOTOPbI B COOTBETCTBMM C NEPBbIM NPaBUIIoM — cBoiCTBOM OY paBeH Toky Iz ,
YeThIPEXKBAAPAHTHBIM. BbI3bIBAEMOMY MCTOYHUKOM BXOAHOTO curHana Uz :
O YeTl THeIX  MC:  norpewHocTs
NepeMHOXEHUs! CUrHanoB, Noroca NponyckaHns, TemnepaTtypHblii Apend. lg=-12=Uz/R1
! T
MaKCUMarnbHYIOBENIMYMHY — OTKNOHEHNS  (haKTUYECKO  BENMUMHBI  BBIXOBHOTO a
HanpsokeHnss TC OT pacyeTHOro 3HaueHusi, MOMy4aemoro B COOTBETCTBUN C
BblpaxeHnem (2.1), ans nio6oro covetaHns BXoAHbIX BenniuH UX u UY Bo Bcem
A0 yctpoiictea.
IMonoca nponyckaHus onpeaensetcs, kak u aAns OY, no ypoeHio -3 ab.
i dpeiigh TCs KC iToB k u s a3
- o o U,=kU,
ko nop gencTBuem Temnepatypbl v Bolpaxaetcsi B MB/ °C ans ko u B %/ °C — ans k. - X
Ux 6
a9 T Puc.2.1. TIC B pekHMe YMHOKEHHA (a)
Hc.2.1. B peKHMe YMHOKEHHA (a) H BO3BeIeHHA B KBaIpar (6)
H BO3BeJeHHA B KBaapar (6)
Puc.2.2. JTenHTeIb aHATOTOBBIX
cHrHas1oB Ha IIC 1 OV
17. Peanusauus matemaT4eckmx p N Ha F Tenev 19. B YNATOPbI U UX | Ha OCHOBE CMHXPOHHO- 20.B e yNATOpbI U UX pear Ha chaso-

curHanos. Mseneyexue KopHs

MepeMHOXUTENb CUTHANOB — 3TO YCTPOIICTBO, NPeAHa3HaueHHoe AN
nony4yeHus aHanoroBoro BbIXOAHOro curHana, nponopunoHanbHOro
Npon3BeaeHuIo BYX BXOAHbIX BennimnH — Ux n Uy :

U, =kU, Uy, (2.1)
rae k — koadhpuLMEHT NpoNopLMOHanbHOCTM.

Ecrmn NONSiPHOCTb BbIXOAHOrO HaNpshKeHUsA onpeaenseTcs B
COOTBETCTBUM C BbIpaXeHnem (2.1) 1 C y4eTOM NONsSPHOCTY BXOAHbIX
CUrHanoB, KOTopble MoryT BbITb Kak NONOXUTENbHbIMU, TaK U
oTpuLaTenbHLIMU, TO Takol MC HasbiBaeTCs YeTbipex KBaApaHTHbIM.

[ins onucaHus xapakTepucTuk HeuaeansHoro MNC Heo6xoaumo umeTb
PSf YaCTHbIX KO3(PMULIMEHTOB YCUMEHWUA 1 CUTHANOB CMELLIEHUA:

U, =kUyUy +kyUy +kyUy +Kq. @2
rae ko , kx 1 ky — KOHCTaHTbI, onpeaensioLne HayanbHoe CMeLLeHne 1
CMeLLeHIs1, 3aBUCKMbIe OT BeNn4MHbI curdanos UX n UY.

OCHOBHbIe NapameTpbl YeTblpexkaapaHTHbIX MC: norpewHocTs
NEPeMHOXEHUs CUTHaroB, noroca NPonyckaHus, TemnepaTypHbIil Apend.
U3BneveHune KOPHSA KBaapaTHOro U3 BXOAHOro CUrHana ocyliecTesnseTcs
nyTem nopayn BbIxofgHoro Hanpsxenust OY Uy Ha oba Bxopa MC.

BbixogHoe HanpsbkeHue MC npu aTom

Up = kU2
a TOoK, Bbl i 3TUM Hanp: s
kU2
Ig=—2
RZ

R,
Ecnu BbInonHuTL ycrnosune k = R—1 HanpshkeHve
1

TOYHO COOTBETCTBYET KOPHIO KBagpaTHOMY U3 BXOOQHOMO

HanpsbkeHus U,.

Mpwu Bkntoyernn MC B yens OOC OY Heobxoammo obecneunsaTth
NONOXUTENBHOCTb BLIXOZHOTO HAMPSHKEHUSt , nHaye BoaMoxHa MOC B
3aMKHYTOM KOHTYpe W, CriefjoBaTenbHo, Bo3byx/aeHue ycTpoiicTea. Moatomy
BXOIJHOIZ CurHan B3§T CO 3HaKOM MUHYC.

18. TOPbI U UX P Ha
MoaynsiTopa

aMnnuMTyaHoro

BanaHcHble moaynsTopsl (BM),
npe/iHasHaueHHble Ans paGoTkl B LUMPOKOI Monoce
4acToT (AECATKU-COTHU MerarepLl) npu
OTHOCUTENBbHO MarnblX YPOBHAX BXOAHbIX CUrHANoB
(npumepHo po 0,5 B).

Ecnu Ha moaynupytowmin Bxoa BM 1 nogate
curHan ¢ NoCTosiHHOW cocTasnswen
Up(t) = Uy + Up cos(Q * t) = U (1 + m = cos(Q * t))

0 t rae Up— HanpshkeHne NOCTOSHHOW COCTaBMsioLLEN;
Un 1 Q — amnnutyaa n 4actota MogynupytoLiero Hanpsbkernst; m=Uy/Ug —
I'J'IyGVIHa MoaynAauMu, ¢ COXpaHeHuem curHana Ha sxoae Hecyu.|e|7|, TO Ha
Bbixoge ®HY 2 6yaet nonyyeH curHan ¢ amnanTyaHon moaynsumnen (AM).

m m
Uy (£) = Upgg[cos(wot) + 7cos(w0 + )t + 7cos(wU —O)t]
2 -
rae Uy = o ky - KOBHPULMEHT, yuUTbIBAIOLLMIA NPOM3BEAEHNE

MacLuTabHbix koathduumeHToB nepegayn bM u ®HY Ha yactoTe nepeon
rapMoHuyeck; Uy — aMnnnTya HanpshkeHNst OrpaHNYeHHOI HeCyLLeit.

[ins noaaBneHus rapMoHuYecknx coctaensiowmx 8 BM 1 ucnonb3syior
®HY 2 c yacToTOl Cpesa HEMHOrO Bbille Wo.

aMNNUTYAHOTO AeMoAyNATOpa

Ha ocHoBe BM mMoxHO peanusosaTtb
CUHXPOHHBIN Aemoaynatop (C) AM
CWrHanoB C NWHENHON aMNNTyAHON
xapaKTepucTuKoil. B aTom criyuae Ha
NuHenHbIN Bxop BM 1 nopaetcs AM curkan, a
Ha yNpaBnALWUA — TONBKO
HEMO/yNNpoBaHHas HecyLLasi, KOTOPYIo OBLIYHO NOMYHaKT C NOMOLLBIO
orpaHnumMTens 2 n3 aHanuaupyemoro curHana. Ecnm AM  curman
npefcTaBuTb B BUAE npoussefeHns Ugy = Uy (t)cos(wot)

rae Uy(t) = Uy + Uy cos(Q * t) = Uy(1 + m * cos(Q * t))-curHan ¢
MOCTOSIHHOW COCTaBNSAIOLLEN, a ynpaBnaoWmniti—eAnHUYHoN dyHkumen Uy, =
cos(wyt), TO HanpsbkeHue Ha Bbixoae BM 1

kUy(t
Ugm(t) = k[Upy (t) cos(wyt)] cos(wyt) = +()(1 + cos(2wyt))
Mocne ®HY 3 nony4nm ¢ COOTBETCTBYIOLLMM MacLUTaBHbLIM
K03(hPMLMEHTOM K NCXOAHBI HEUCKAXEHHBIN MOZYNMPYIOLLNIA CUrHan
kU (t)
Uy () = —
B cny4ae HemoaynuposaHHoro BxoaHoro curdana (m=0, Uy, = Uo) Ha
Bbixofe C[] BblpabaTbiBaeTCs HanpsxeHWe NOCTOSIHHOMO YPOBHS,
cooteeTcTaytoulee Uo.

YacToTHOro aemoaynstopa

1-aMnNNUTYAHBIA OrpaHnunTEenD,
YCTPaHSIOLLMIA BO3MOXHOE N3MEHEHNe
aMnnuTyabl
2- chazocaBUraoLLuin NONoCcoBoi unbTp,
HACTPOEHHBIN Ha YacTOTy HecyLlen
3- 6anaHcHbIit MoaynsaTop
4 — bunbTP HUXHUX YacToT

Mpu ncnone3oBaHun BM B pexume asosoin
Aemoaynaunn Ha Bxoabl
BM 1 nopatoT HanpsikeHWsi OHOW 1 TOW e
4acToTbl, HO CO cABUroM a3 Ha yron ¢. MycTb oanH
13 curHanos 6yaeT Uy, = Uy (t)cos(wgt), a BTOpoii
Uy = Upa(t)cos(wot + ¢), Toraa Ha Beixoge BM 1 nonyyum:

kU1 Uz
Upn(t) = — (cos(2wyt + ) + cos(d))

Ecnu ¢ nomoubio ®HY 2 oTchunbTpoBaTh COCTABMAILLYIO C YABOEHHON
4acToToM, TO Ha Bbixoae P[] NONyYMM NOCTOSHHOE HaNpsKeHue,
nponopLyoHanbHOe KOCUHYCY yrna ¢:

Vo) = 201002 o)

Bo3amoxHoCTb onpeaenennsi ¢ nomoLsio BM dasosoro casura mexay
HanpsKeHUsIMU MOXeT BbiTb UCMONb30BaHa AN1s NOCTPOEHWUs AEMOAYNATOPOB
CUrHarnoB C 4acToTHou moaynsauvein (YM).
dazocasuratowymii M opmupyeT BTOpoit curdan Ux(t) , ynpaensiowmii BM.
Da3zoBbIN CABUT BbI3bIBAEMbIN I€BMALIME HYacTOTbl Aw BONM3N HecyLlein wo,
MoxeT BbITb 3an1caH B creaylolem Buae:

T 2052 e 2080 «
¢~-7 QWD,meQw wo

OTdunbTpoBaHHbIi PHY 4 curHan okasbiBaeTcs NPONOPLMOHanbHbIM
AeBuaunmn 4acToTbl BXOAHOINO HanpsiKeHusa YM curHana UHMZ

Uy (6) = el 22
BBIX - 4M wo

rae k — koachrumeHT npeobpas3oBaHMs HaCTOTHOrO AeMoaynsTopa.




1 ELR
cnosHble UC. CTenenb uuTerpauyn UC. Knaccudukaums UC.

MNpoctbie n

Knaccupurauns n
Tlo npunumny neficTBHA pasnuya
- AHanoroseic
- Ludppossic
Tlo KOHCTPYKTHBHO-TEXHOTOTHYECKOMY HeromHeHmio MC nonpasfensiores Ha
TPYTIBI, KOTOPBIM
-1,5,6,7— (7 - Gesxop
2,4, 8 — ruGpumbie;
-3 — npoune (e

QJIBHBIX CXEM

C, BaKyYMHIC, Kep wra).

Mo ¢ nuc
- yennrenn

Ha 0Py MITBL:

- TeHepaTophl
- MOJLY/IATOPBI

1 BHBL

- npeoGpasoBaTeNn HanpsKeHHi
- 4ACTOTH

- daser

Ionynposoduurosoii HC wazsiaior FIC, 271eMCHTSI KOTOPOii BHITOHCHEL B 06BEME HN Ha

OBEPXHOCTH 0 MaTe]

IMienounsia wasssaior UC, yementhi mlopoﬁ BBIIOAHEHbI B BHAE [1CHOK, HAHECSHHBIX HA

TIOBEPXHOCTh HANEKTPHUECKOTO MaTepHaa.

T i nassiator MC ¢ ii ek 10 1 MK, Hx HAHOCAT OBBIMHO METOZOM
p: YMHOTO i WIH KaToJHOro

Toacmonenounoii wazstaaiot VIC, ecit Tomuusa nekkn Gonee 1 M.
Fupuonort wassiwaror HC, 4aCTs, 5710MEHTOR KOTOPOTi HNECT CANOCTORTEIbHOE KONCTPYKTHBHOC

HENOAHEHHE (HCKPETHBIE HAK eMenTI), & 1o
TexHOTOTHH.

HC (AHC) — 910 C, s
NIpeoBpazoBanHts i 0GPABOTKH CHIHAIOB, 10 3aKoHy it hyswcn.

Hughposas HC (IJHIC) — AC, ¢ NOMOLIBIO KOTOPIX PE0GpasyioTes it 06padaTsBaIoTCs
CHIHAIIBL, BHID@KACMbIC 110 3aKOIY JHCKPETHOf (yHKIH. Atatorosbic n mipossic HC
BBIITYCKAIOTCS B BH/IE CEPHii.

CucTema yCI0BHBIX 0603HaUEHH]
OGosHaucnue FIC COCTONT W3 HETHIPEX MIEMEHTOB.
TlepBBIii 1eMEHT — 5T0 IHPa, COOTBETCTRYIONIAs KOHCTPYKTHBHO-TEXHONOTHUECKOIH rpyiTie.
BTOpoii 271eMeHT — /1Be-TpH 1H(PbL, XapAKTEpH3YIONIIE TOPSKOBEI HOMEP pa3paboTKH cepiit
HcC.
Tpernii anemenT (aBe GyKBBI) COOTBETCTBYET noArpymmne 1 Buay UC.

YeTBepThlii 2/IEMEHT, COCTOSIIMIA H3 OIHOH MIIH HECKOIBKHX LGP, ABIAETCS MOPSAIKOBBIM

HoMepoM paspaGoTkit MIC B TaHHOI Cepitit, B KOTOPOI MOKET GBITh HECK 1o
ynkumonatsROMy npr3naxy HC.

Buibl rexnonoruii nsrorosnenns NC:

1T apakTep TeM, UTO KaK AKTHBHBIC, TAK 1 TIACCHBHBIC
ICMCHTBI CXeM BBITOANAIOT BHYTPH 0GBEMA KPHCTAIUTA TOTYTPOBOHIKA, KOTOPBii I ABIACTCS
KOHCTPYKTHBHON ii C. O MATEpHATIOM ABISETCS
KpeMHHi.

Tonkonienounas mexnoaozus: KOHCTpyKTHBHOi 0cHOBO# HC ABIACTCH H3OAALMONHAS
NIACTHHA, HA KOTOPYIO HAHOCAT IICHKH M3 TIOTYIPOBOHHKOBIX, META/LTHUCCKHX H
JMONICKTPHUCCKHX MATCPHATIOB.

C o6mamacT p:
TEXHOJIOTHH 1 MCKITIOHAET CBOHCTBEHHBIE M HEJOCTATKH.

BAMH Kak10i 13

Tudy ITNIEMEHTBI H3T it
TEXHOJIOTHH.

Humezpansnas muxpocxema — VIC, psil SIeMEHTOB KOTOPOIi BITOTHEHb HEPA3IETBHO 1
ANEKTPHYECKH COCIHHEHBI MEKTy CO0OI TAKHM 00Pa3oM, YTO € TOUKH 3PEHHS TEXHHIECKHX
TpeGoBanii, HCMBITaRHIi, TOPrOBIH H YKCILTYaTALMH YCTPOHCTBO PACCMATPUBACTCS KAK OIHO
1estoe. T101 MHKPOCXEMOIi IOHIMAIOT MHKPOYICKTPORHOE YCTPOCTRO, PACCMATPHBACMOE Kak
JUIHOE H3JIEITHE, HMEIOLICE BHICOKYIO IIOTHOCTS PACTIONIOAKEHHS HIEMSHTOB i (1iTi)
KOMIIOHEHTOB, SKBHBATEHTHEIX S11EMEHTAM OBBIMHOI CXeMBIL

nemenm HC (Iaemenm) — uacts UC, pearusyioman dyHKIHIO Kakoro-mmeo mpocToro
2NEKTPOPAHOIIEMEHTa (Pe3HCTOPa, KOHIEHCATOPa, TPAH3HCTOPA, JIHO/IA), BBITIOJHEHHAs
HepazaenbHo ¢ kpuctamiom UC.

Komnonenm HC (Koymnonenm) — OTAHAETCA OT Y1EMEHTA TOMHKO TEM, 4TO /10 MOHTAKA ITa
wacth MC Obilia cCaMOCTOATENBHBIM H3/IeJIHEM (JIHOJI, TPAH3HCTOP, PE3HCTOP, KOHJIGHCATOP),
Kopnye HC (Kopnyc) — yacTh KOHCTpYKUMH, Ipe/HA3HAYeHHas A1 sauuThl FC 0T BHEmmHIX
HETIAMH TIOCPEAC BBIBOJIOB.
Iooaoancra HC (IT001031¢Ka) — 3ar0TOBKa 13 BICKTPHYECKOTO MATEpHaa, PAHA3HAUCHHAA
ans Ha ee
ME/KKOMTIOHEHTHBIX COSMHENHI, @ TAKIKE KOHTAKTHBIX TIONIAZIOK.

BO3/ICHCTBHI 1 115 iic DIEKT]

TH S1CMCHTOB T HC, MerOTeMEHTHBIX 1 (1111)

p — 3aroToBKa U3

M JULs H3T uc.

y; HC (K] 4acTh
W KoTOpOit

COGAMHEHNS H KOHTAKTHBIE IIOMIAKH.

ii ntacTib, B OGBeMe H Ha
eMeHTH! e, THEE

21 Ha ockose curnanos
nc, Ha onepaunii "
curHanos, Ha puc. 2.14. 3aeco ANA NONYEHUA TpeByembix

nepeAaTOHHbIX YHKUMIA Mcnonb3yeTca BAX amuTTepHoro nepexoaa BT & pexmme K3 KonnekTopHoro
nepexosa, KOTOPaA aNMPOKCHMUPYETCA. Pesum K3 KONIEKTOpHbIX Nepexoaos BTL u BT2

OBecneunBaeTca 3a CHeT GeCKOHEUHO MANOM PAsHOCTA NOTEHLMANOB MEMAY BX0gamm OY1 i OV2.
L

5 =0 In I Mig
HanpreHMe Ha 3MUTTEPHOM nepexoge » 0 (2.31)

rae M=dx *In10 - mHoxn i pasmwamn o "
NOrapUGMOB. MM HOPManbHbIX ycnoBuAX M = 60 MB.

[ ycuuTene Kawana Ucl Tok smuTTepa 6T1
CooTBeTCTBYeT ToKy 1, NpoTeKaiouiemy Hepes pesucTop R1 NOA BO3/AEICTBHEM aHa M3UPYemOro CrHana:
i1 =11 =Uc1/ R1, (2.32)

a BbIX0AHOE HaNpAKEHMe OY1 B 3TOM Ke KaHane COOTBETCTBYeT HanpAeHmio UG.1 (2.31), npuuem ¢
YHETOM NONAPHOCTU BKAIOYEHHA BT1 OHO MMEET OTPUUATE b HbITE SHaK:

Unat Mig ~MigUq
(2.33)
Beixoaroe 0OY2 am kanana Uc2 mowem anvcats no
awanorum ¢ bipaenuamu (233)u (232):  Usbix.2 =-M*lgUc2. (234)
sbxone cymmatopa, ov3c 10 Homukany

pesuctopamu & uenu OOC, € yuerom cooTHoweHwii (2.33) u (2.34) npuoBperaet aua

Upxy =MlgUg +MlgUer =MlgUgUgp

(2.35)

[XC)

iRt}

Puc2.14. TIC na ocrone "
auTnnorapudrmposanis curianon

2. Ha ocHoBe curHanos.

3pech AnA nonyMeHuA TpeGyembix OynKumin BAX nepexona
BT 6 pesmme K3 KO/IEKTOPHOTO Ne PeXOAa, KOTOPaA aNNPOKCHMHPYETCA. Pemum K3 KONIEKTOPHbIX
nepexoaos BT1 u BT2 oGecneuusaerc 3a c4eT GECKOHENHO Manoii PasHOCTM MOTEHUMaNoB MeXAY
X0naM OY1 1 OY2.

B yennutene, Ha OY4 (cm. puc. 2.14), ocywecrennetca

06paTHOE NPe0Gpa3OBaHME CHIHANOS TaKKe C NOMOLIBIO BAX SMUTTEPHOrO Nepexoaa BT3. Tak Kak Ha
OCHOBaHWM ypasHerua (2.31)

Ug,a/M
T3 =15,10782

(2.36)
a 6T sbixOAHOMY (2.35) cymmaropa U633 =M*IgUc1*Uc2,
T0 BLIX0AHOE HanpAieHve MC B UenOM, OBPa3syemoe Ha pesucTope OGPaTHO CBA3N R NpW NpoTeKaHuM
Toka amuTTepa B3 (2.36),

lgU L

R, 10 aRocUg

(2.37)

KaK BUAHO U3 NOYIEHHOTO BbIpaeHWA (2.37), BbIXOAHOE HANpAIEHHE MC C TOHHOCTbIO A0 MOCTORHHOTO
pasHo -
CUrHanos McnobayioT

anemenTb! (Anoas!,
moaynu, B PA3AUHBIX AANa3OHAX TOKOB.

BbICOKOKAUECTBEHHbITi NONYNPOBOAHNKOBHITE BT 06/B/AAET TONHOM NOTAPHOMUNECKOR dYHKLMEN B
MHTEpBane M3MEHEHUA TOKa MMTTEPa A0 4-6 AeKaA. PaccMOTPeHHbift IC MOXeT GbiTs peanvsosa &
eautom wakne & suae ii UC co

it [1C na ocnose "
anTnorapdnpoRaia curtanon

23. (AK).
SnexTponmkii anatoromsii kowmyratop (AK) - 210 yerpoiictao
AHAJIOTOBLIX CHIHAOB OT HCTOURHKA HA HAFPY3KY C MATIMH HeKakeHAMH. Micabhbiii AK 06nataet
MAJIBIM CONPOTHBIEHHEM B PEKHME CBKIIONEHON if GOBUINM CONPOTHBICHHEM B pemme

. B HeM OTCyTCTRYeT BMSHHC Ha e,
curmana. ( BKJT 1)) ( BBIKJI RB peamsiix AK BKJT ¢ ONGEETCR OF G oM 10 SN KON, —
OT A€CATKOB 110 COTEH MeraoM. Y tnos AK ipi Ha BBIXOZE TIPH
OTCYTCTBUH CHIHATOB Ha BXOJe (Hanpskenie cMemeris Hyis B AK wa BT). BBIKJI R Ha puc. 3.4

nokasan ii miTerpanbibit b tuna 101KT1. B o npephinaressx mveiores s
wienTianbix BT Tina n-p-n, kotopeie
- CMeleHust Hyis (BKIIOUEHbI ).
N 3HQUTENSHOC PACTPOCTPAHEHHE B HACTOALIES BpeMA TOTYHHIA MK nr,
KOTOpHIC YNIPABIAIOTCA HANPAKCHHEM M MDHIOHBI UL KOMMYTALUM Kak TOKa,
4 1ak u AK na 1T ¢ amnnTyzoii g0 10

B, BLIXOIbIE YPOBHH CHIHATOB OT CTAHIAPTHOI TPAH3HCTOPHO-TPAH3ICTOPHOI
sorukit (TTIT) MIC nveior 0,3...3,0 B, 5T0 TpeGyeT NpHMEHCHIIS CXeM COTTIacoBaNIT
yposiis. Crangapribiii AK Tina 284KH1
(pic. 3.5) chaGken cxemoli ynpasietis.
O npescTapseT cooii KoMOHHAIIO
TI0CTICAOBATEBHO-TAPAIIETBHOTO. 1t

o Kiioveit
cxenmy (piic. 3.6). Tlpi 510M
nocnenopatensibie ko T1 n T2
TT ¢ ofemsemsn n-karanon (piic. 3.5,6), a

Pue3.4. AK Toxa T
IKT!

T-obpasnyio

BLINOTHEHE! HA

T — wiion T3 - wa BT n-p-n-Tpansucrope,
KoTOpHIe paGoraior npotisodasko. Vpasierie
Kiiouamit P35, AK 1 88K0H1 o) aapassepucrina MPOWCKOZINT CACAYIONIIN 0Gpasom. TIpi

nonase wa BT T3 yipsazesne [T ¢ oBeamAENLN 2-Kata0N (6) HOFO HMITYJIBCA OF OT)
1 o renepatopa Toka I'T uepes pescrop R npoTekaer Tok, co31asas My 3arB0pom i icrokom T T1
uT2on Hoe ux kananst, Ko wa T1 n T2 sapsipaiorcs.
Tpi CHATHN YNPARISIONIET0 MMM IbCa KMo Ha T3 3aKphIBACTCA, H TOK HEPE3 PEICTOP
npekpanaetes. Ko wa [T otkpeisaiores. Koraa nocrenoarensibie ioun T1 i T2 0TKpBITh,
napanenbisii kmou T3 He pmser ma padory AK, Tak Kak ero CONOTHBIEHIE BENHKO 1O
CPABHEHMIO ¢ CONPOTHRICHHEM OTKPHITHIX Kosei. TIocTe JaMipanis MoC/e 0BATe BHbIX KTI0MeH
napanienb L KII0Y OTHHPAETCA W LIYHTHPYET L€Nh NAPASHIHOTO CHIHATA, 0GYCIOBIEHHOTO
LAPAZHTHBIMI €MKOCTAMH  CONPOTHBICHHEM OTKPHITOTO NAPALICIBHOIO Kioua . [pit 5T0M Ha
TIEpBHITi K04 BO3EHCTBYET CYIIECTREHHO yMeHbIISHH b ypOBeih CHIHANA.
Koamucerso kaianon AK, 8 ooii UC, orp WHETIO BHIBOZIOB KOPITyCA.
Tpu ko080 ynpaicuiu AK COKPAIGETCH MUCIO BLIBOOB, JAHATLIX CHIHAIAMH YIIABICHILA, 4TO
1103BO/IAET MOy 4HTH Gortbiliee YHCIO Karaiob B ooii UC. Hanpimep, MIC tina KS90KHI,
BHITIOJIHEHHAA B CTAHAGPTHOM Kopityce (16 BhiBo10R) wa ockose MOII-Tpai3iicTopos ¢ oGorailaemsin
coGoii BochMKanabbi AK,
K07loM. 37a HC. HMeeT JOTIONHHTENBHMH BXOX «Paspellieien, ¢ MOMOUBio KOTOPORO OCYIECTRAACTCA
110 npHHUHITY iotero». IpH 1101ate Ha STOT BXOA WIOTHYECKOIO HYi>

AK 3aKphIBacTCS, @ MpH M0a4E IOTHHCCKOl CAMHHMIL — OTKPHIBACTCS TOT KaHad, HOMEP KOTOPOTO

TheTCTRYET ey, na Bxozst. Jlyuiine Texmieckie
xapareprcTikin AK J0CTHraioTes Ha 1x ( ) MOIl-t (KMOII-
CTpyKTypEI). He3aBiCHMOCTS CONPOTHBICHIIS OTKPHITOTO KJIOYa OT HATPABICHIS  YPOBH
NPOTEKAIOUIEr0 epes HEro TOKa, MONYHAeMas B JTHX CTPYKTYAX, NO3BOISET CTPONTS
MHOrOKaHa Mytb KAk LIS QHAIOTOBBIX, TAK H Ui WH(POBBIX
curnanos.

24. MyJILTHILIEKCOPI, €MY.TLTHILIEKCOPEL.

MyasTHIIEKCOPBI.

M; snseTCs i KoTopoe BbIGOPKY OHOTO H3 HECKOIBKHX BXOJI0B H
NOZKTIONACT €0 K CBOCMY BHIXOY. MyIIBTHIIEKCOp HMCET HECKOMLKO HihopMaiomHix Bx0108 (Do, D1, .
agpechsic Bxoabi (Ao A, ...). BXOX 15 mogasi erpoGupyiomero curiana C i ozun seixon Q. Ha pic. 6.26,
nokazano y ¢ HeTBphMA BXOAAMH.
Kaitomy o1y Homep, ii anpecow. Tlpi nozase

curnana wa Bxon C J1EKCOp BHIGHDACT OJUIH 13 BXOJIOB, &ZIpec KOTOPOTO 3a1aeTCH
ABOISHBIN KOZOM Ha AIPECHbIX BXOIAX, 1 MOTKTIOACT €10 K BHIXOIY.

E{m T
L7

P

Bl
‘Takan 0GPa30M, 1107ABaS KA AAPECHBIE BXOEI APECA PAYTHINEIX HHGOPMAIIIOHHEX BXOZIOR, MOKHO 1CEABAT
LUPOBSIC CHILTAL ¢ OTHX BXO/00 1 BHXO Q. OHEBILINO, SHCIO WH(DOPNALHONHAX BXOIOB My 1 HHCHO

APCCHEIX BXOI0B Nygp CBATAHEI COOTHOMICHIEM Ny = 2™, Tadn 6.13
Anpechbie
CTpobupylomii
BXOABI BOREBYIOL Boixoa
curnan

A A

Ol ) 0
o o 1 0,
o 1 1 o,
10 1 D,
101 1 0,

Tabn. 6.13. Tipi oreyreTsii crpoSipyiomiero crrmara (C = 0)
B3 MEriLy HHHOPMALLHONIBIN BXOAMH 1 BLIXOOM oTcyTeTsyer (Q = 0). Tpi nozate cTpodupyioero chrtiaza
(C = 1) a BEIXOA NepeAacTes TorieeKitii YPOBCiTh TOTO I3 HilhOPMALHONILIX BXO0B D, HOMEP KOTOPOro i B
ABOMUHOI (hopMe 3a1an Ha azpecHbix Bxozax. Tak, npu 3azanun axpeca AjAg = Il = 310 na seixon Q Gyzer
[IepeAaBATCs CHIHAI HHGOPMALHONHOTO BXOZA C AAPECOM 310, T. €. Ds.

Q

O BB VDA A VDA A VD A A)C () (624)

Tlo Toif TaGAHIIE MOHO 3AMHCATH CAEAYIOIIEE TOTHNECKOE BHPAAERIIE A1 BBX0a Q:

I 110 5ToMy hast exea My opa nokasaa ia piic. 6.26,6.
B Tex caysanx, Koraa tpebyeres Ha BBIXOAbI MHOT BXOAIILIE AQHIbIC B NAPAICTbION
opwe. sy 110 MY PA3PAIOB 1CPEATBACMBIX JQIIBIX.
JleMy I THILIEKCOPbI.

nieeT ottt if BXOL 1 HeckobKO BhIX010B. O MpeCTaBsET CoBoii
BXOZA K OIHOMY H3 BEIXOJIOB, HMEIOILEMY 3AIaHHbI azpec

 YCTBIPHMS BLIXOaMH.

yCTpoii KoTOpOE
(ioxep). Ha pic. 6.30 nokasario
yTOrO Tabm. 6.18.

OGuemmss MOKHO IOCTPONTE B KOTOOM 110 3aaHHbIN

aApeCaM O W3 BXO0B OKTIONACTCS K OHOMY H3 BLIXOZ0B (pic. 6.31). TaKim oGpasoM, MOer Gbith
noGas ii BXOA0B € BEIXOAAMI.

Hanpisiep, npi KomMGHHALIH 3Haseniii axpechbix nepevemnsix X = 1, x2 = 0, x; = 0, x4 = 0 xoa D; okaeres

noIONeHHBIM K BhxOLY Yo,

Hcnonbsopanne a MOKET OCTHTh JIOTHYECKOTO
IMEIOLIOT0 HEEKATRO REIOMON, 13 KOTOpITY BOpUIIDYIOTen pAS IS AGTIICCHIE YA O 1 Tox 52
fepeMCHITbIX.

3AMCTHM, HTO €I 1 BXOZ ACMYIBTHILICKCOPA I0ZABaTS KotcTanTy D = 1, T0 Ha BHGPANHOM B COOTRCTCTBIIN ©
SA71QHHLIM AJPECOM BLIXOZE o);lc‘r 7107, 1, Ha oCTANBHBIX BEX0ZaX - 10r. 0. TIpi 9TOM 10 BHIOAHACMOT hysKLII
TaGamua 6.18

AApecmne
Bbixoapb!
BXOABI
Ay Ao Yo Y1 Y2 Ys
0 4 [ 0 o 4
0 1 [ ) o 4
1 4 o 0 [ 0
1 1 o 4 o )
DM ¥

v,

Ly,

B g

xda
“E | e
puc 6.30 puc 631

prc 6.32

Tpit 1e0GXOANOCTH HMETh GOIBIIOE HIHEO BHIXOIOR MOET GHITh OCTPOCHO ACMYTbTHILIEKCOpHOE Acpero. Ha

pitc. 6.32 NOKA3AHO TAKOE JEPERO, TOCTPOCHHOR Ha ACMYTBTHILIEKCOPAX C HETHIPbMS BHXOZAMH. JleMyTBTHILIEKCOp
T1epBOTO YPOBH Bxoa Dk ey l!Toporo YPOBIA, JEMYJLTHILICKCOPBI
BTOPOTO YpOBIIS BHIGHPAIOT HYKITbii BLIXO, Kya 1 NIEPEAacTCA CHITA ¢ BX0a D,

25. VBX:

u cnocodn y
ouenka upep VBX.
JUIst OCYIIECTBIICHHS

O AHAIOrOBBIX CHIHANOB. [Ipumensiores s
nocTpoeHns ALll'l PaGOTAIONIIX CO MHOFHMH HCTOMHHKAMH CHIHATIOB, KOTOPBIC IPHCOSHHSAIOTCA
uepe3s AK. JlaHHbIe YCTPOICTBA IPHMEHSIOTCS H /U1 NAPAILIENLHOTO CheMa (3aTIOMHHAHHS)

¢ SBHBIM B LIATI nepenaua nuopMatii Ha o0ityio

Harpy3Ky MOJKET OCYIICCTRIATHCS Taivke mocpecTBoM YBX.

TpoiicTea PK!

Tpocreiinii BapuanT peanusati
VBX 1 ero 5KBHBaJICHTHBIE CXEMBI
3aMEIICHNS TIPE/ICTABICHBI HA PHC.
3.11. TIpu sambikanm AK (puc.
3.11,a) ot jieficTBuem
ynpasasionero curnana Uy B Bie
IIPAMOYTOIBHOTO HMIT/IbCa
IPOHCXOIHT OTHOCHTENLHO
OpicTpbiii 3apsin konaencaropa C ot
HCTOUHHKA

ananmsupyemoro cursata Uc (t)
yepes pesuctop R1 u manoe
conporuBieHne

otpbitoro AK r BKJI .
Konpencarop C, BKIIOYEHHbIH B
ens OOC OV, sapsikaetcs ¢
OCTOSHHO BpeMeHH T3 .

Tpu paswisikarin AK (RBBIKJT)
JleNUTEb, COCTOALIMI 13
pesnctopos R1 n

RZ otimoyaercst o1 OY M NoCTosHHAS BPEMEHH Pa3ps/ia T3 KOHICHCATOPA CYIECTBEHHO
YBEIHUHBACTCSA, 4TO M ONPEICACT T0CTATOUHO [UTHTEIBHOE BPeMs Xpanchus t XP uudopmarin va
Bixozie OV, KoTopas B j1anHoii cxeme npor b
oTHOCHTENBHO HexoaHoro curiana Uc (t) . TToctosHubie BpeMeH# 3apsijia T3 1 paspsjia tp MOXKHO
ONPEEIHTE 110

SKBHBATICHTHOIE cxeme samemeris VBX (puc. 3.11,6), nepecuntas ce napameTphl k Bxoxy OY
(prc. 3.11,8).

Tar
¢

Prc.3.11. Cxema npocreiimero YBX (a)
H CrO CXCMBI 3aMCIICHEA (5, B)




W (AUM).

26. MpuHUMNBLI  NOCTPOEHMA  aHanore
BenuuuHa 1 3HaK owunGkM kBaHTOBaHusA B ALIM.

by (ALN) - aT0 i ana
curHanos e uidy [ins Takoro

aHanorosoro curHana, T. e. 3HaueHus

YPOBHSIMH, Ha3bIBAEMbIMY YPOBHAMI KBAHTOBAHHS

curHana orp:

vmeeT  BuA,
npUBEACHHbIT Ha puc. 3.3

coboit
BONMUMHbl [0 GRMKAWWEro YPOBHS KBAHTOBAHMS, T. e
pasra $0,5h (h —

war KeaHTOBaHMS).

K oCHOBHSIM XapakTepucTyikam ALIM OTHOCST “WCTIO pa3psiaos,
BpeMs NPEOBPA30BAHNS, HENMHERHOCTL U Ap.

Uucno paspaaos — paspsaos Kopa, c
aHaroroBOi BENMUMHON, KOTOPOE MOXeT Bbipabatbisars ALIT.
UacTo rosopaT 0 paspewaroweit cnocoBHoctu AL, kotopyio
ONPEAENsIOT BENUYMHON, OGPATHOW MAKCUMATIHOMY —UMCTY
Piic. 3 3. XapaTopucTika KBaHToBaHwA  ¥OROBLIX KoMGWHauw Ha Buxope ALIM. Tak, 10-paspsiHbii

ALIN umeeT paspetuailiyio cnocoBHocTs (210 = 1024)-1, T. e.
npu wikane ALIT, cooTeertcreyioLeii 10 B, aGCOMOTHOE 3HAUEHMe LWara KBAHTOBaHUS He npesbiaet 10
MB. Bpems npeobpasosaita np — WHTEPBAN BPEMeHN OT MOMEHTa 3aAaHHOTO M3MEHEHU curHana Ha
8xone ALIM A0 NOSBIEHIA Ha 70 BLIXOAE COOTBETCTBYIOLLIErO YCTOMIMBOTO KOAa.

h"2h
AHANOTOBLIT cHrHan

sensioTCR
aHanorosoil  senMMHLl 1 -

nocrienosatensHoro

npeobpasoBaHms. N

Aun c ABOTHLIM r T
WHTerpUpoBaHueM  peanvayer Kl " !

Takke metoq L]
- &) (o]
npeo6pasosaHis sxopHor0 =

cnrvana (pwc. - —>) _

obosraverus. CY — oncreva U o 71
ynpaenewns, MV — renepatop + )
mvnynscos, Cd - cuerd 20
Mnynscos.

Mpukumn peiictans AL COCTOUT B OMPEAENeHMN OTHOLIGHNS ABYX OTPE3KOB BPEMEHM, B TeueHwe

OIHOTO M3 KOTOPbIX wiTer BX0AHOTO Uex Ha ocHoBe
OY (Hanpsikerve Un Ha Bbixone o Wyns o W no moaynio
, a B Teuene - onopHoro Uon (Un mewsietcs ot

MKCUMANBHO/ MO MOYMIO BenMumHbl 40 Hyns) (puc. 3.8). MyCTb Bpems t1 WHTErpUpOBaHMSA BXOAHOTO
curHana MOCTOSHHO, TOAA Yem GOMblue BTOPOVi OTPE3OK BPEMeHW (2 (OTPE3OK BpEemeH, B TeveHie
KOTOpOro Uk onopHoe Tem Gonbuwe BXoaHoe Hanpswene. Knioy K3
npeAHa3HaUeH 1A YCTAHOBKM UHTErPaTopa B UCXONHOE HYNIEBOE COCTORHME. B NepBbiit U3 yKasaHHsIX

otpeskos Bpemenn Koy K1 samkwyr, kmou K2
PaIOMKHYT, @ BO BTOPO, OTPE3OK BPEMEHH WX COCTORHHE
ABnRETCA OBpaTHBIM MO K

27. MpuHumn pa6oTel uncp
curma-genbTta mMoaynsaTopa. TNuneitHas curma-gensrta mMoaynsaTopa.

0BOro

(UAM). AHanus pa6oTkl
Mopens

OAHOBPEMEHHO C 3aMbikaHyeM Kniova K2 WMnysbCsi ¢
feHepaTopa UMNYICoB MM HAUMHAIOT MOCTYNaTb Yepes
cxemy ynpanenns CY Ha cuerdk Cu. Moctynnenve
STMX  UMNYNbCOB  3aKaHuWBaeTcR  Torda,  KorAa
HANpSKeHMe HA BLIXOAE UHTErPaTopa OKasbiBaeTcs
paBHBIM HyfTi.

HanpsikeHie Ha BLIXOAE WHTErPaTopa MO WCTeueHu
oTpeska Bpemenu t1 onpesensieTca  BhipaxeHiem:

Uy(ty) =— l/RC) j:‘ Uydt = ~Wax l‘:)/RC_

VCrionbays aHanoruiHoe BLIpaXeHie ANa OTpeaka BpemeH t2 nonyuum:

to=—(RCy |- Uuen.

U,
T “/U““ &y

tz

Upe = Usz

t

VIMEETCS HECKONbKO MCTONHUKOB norpewuHocT ALIM. OwmBKky KeanToBanus u (cuntas, 4to AL omke

GbiTb MWHEIHbIM) HEMMHEIHOCT MPUCYLLM MIOBOMY HANOrO-LWKPOBOMY MPeoGpasosakuio. Kpome Toro,
Tak PTYPHbIE OLMGKM KOTOPBIE SBNAIOTCA CTIGACTBUEM AXUTTEPa (aHr. jitter)

TaKToBOrO ot npu curHana & UeNom (a He OAHOTO OTCUETa).

3TV OLWMGKM M3MEPSIOTCA B SANHNLAX, HadbiBaeMbix M3P — Mnaawiii wwii paspsa. B

Avnckpe L c THEM W wyma. DyHKu| pen:
CWrHana v wyma B NIMHEMHOW Moaenu curma - genbTta moaynsatopa. AUM ¢ curma-
AenbTa MOAYNATOPOM NepBOro nopsigka.

AUn o uveioT psia Bo-nep i i

i , Ha KOTOPOM ,
oGpasom Ha i 7 AL Bicokoro
paspewenits. [Lf yMeHbLIEHVS BIUSHWS aToro dhakTopa ALY pep,
1 i AD7550 & YeTbipe Takta. [lpyrum HepocTaTkom oTix ALIT

SBNIAETCA TO OGCTORTENLCTBO, YTO UHTETPUPOBAHHE BXOAHOTO CUTHANA 3aHWMAET B UMKIIE NPEoBpa3oBaHNs
TOMNKO MPUBAUIUTENBHO TPETBIO YaCTb. [l8e TPETH LKA Pe0Gpa3oBaTers He MPUHMMAET BXOAHO/
caoicTaa ALIN. B-tpetbux, AL

uchpo-aranorossie npeoGpasosateny (LIAM) cnyxat ans us i
Hucop beosp (LAM) cryrar am curHan. 3To yxyAwaer
hopmsl B owrwan — ToKoB U LAM wmpoko [
p Ana cesian widy 3BM ¢ "
cvcTemamu.
Mpuuvn pacotel LIAT cocTout & cwrHanos, secam

PA3PAAOB BXORHOTO LGPPOBOTO KOAG, C KOI(MLMEHTAMM, PABHBIMA HYTIO VW SAHILE B IABUCAMOCTH
OT 3HaueHusi COOTBETCTBYIOLLErO paspsiaa Koaa.

LIAM npeoBpasyeT uuchpoBoii ABOUuHBI koA Q4Q3Q2Q1 B aHaNOrOBYI0 BENUHMHY, OBLINHO HAMPSKEHME
Usbix.. Kaxasiit paspsia ABOMHHOTO KOAA UMEET OnpeAeneHHbiii BeC i-1o paspsaa BABOE GOMbLLe, YeM BeC

(i-1)-ro. Pa6ioty LIAT Moxso onucaTs cnieayioueit dopmynoii: Usow= (0 140,72+0,74+0,"8+...)

e e - Becy
xopa (0 wnw 1).

pagpsaa, Qi - aHavEHUe i -0 Pa3pAAa ABONHOTO

Hanpumep, umcny 1001  cootsercrayer
U V(10250 4 180"

VnpoluenHas cxema peanusauuu LIAT

Bbiwe npumepe 8-GuTHoro Asouuroro AL owwbka & 1 M3P cocrasnsier 1/256 OT NoMHOro AanasoHa
curHana, T0 ectb 0,4 %, B 5-TpuTHOM TpouHoM ALIT owwGka & 1 M3P coctasnser 1/243 ot nonHoro
AvanasoHa curkana, 1o ectb 0,412 %, & 8-TputHoM TpovuHom ALIM owwbka 8 1 M3P coctasnser 1/6561,
70 ecTb 0,015 %.

Ouwmbin sensioTes p
MOXET BbiTb YCTPaHEH HU MU KAKOM TUNE
OLIMBK KBAHTOBAHNS MPH KEXKOM OTCHETE HAXOAWTCA B NPEAENAX OT HyNIA A0 NONOBHHbI M3P.

AUN. 3701 He
BenmumHa

Kak npaguno, ammnuTyna BXOQHOTO CArHana MHOro Gonbie, uem M3P. B sTom cnyuae owwGka
KBAHTOBAHAA He KOPDENWpOBaHa C CWTHANOM | WMeeT —paBHOMepHoe pacnpedenenve. ES
3HaveHme c

LSB ~ 0.289 LSB.
KOTOpOE paBHO
[AvanasoHa curHana.

. B cnyuae 8-G6utHoro ALIM 310 cocTasuT 0,113 % OT nonHoro

npeacTaBneHa Ha puci. B cxeme i — i knioy S IR
3aMKHYT Npu Qi=1, Npu Qi=0 — PasoMKHYT. t |
PerucTpsl noo6paHs Takum 06pasom, uTo o) 1 =
R>>RH. s .

THO® [ 4:'1{7
nyHKTUPOM [IBYXnOnIoGHHKa Rak n

Harpyat R oBpasyior penutens [ ( Rat l Vs

HanpsKeHIs, Toraa

Uskix = E Ru/ Rak + Ru » E'Ru / Rak

MposoaumocTs Asyxroniockika 1 / Rak pasa
cymme nposoauMocTed BeTeeit (npu Qi=1 i —
BeTEb BKOYEHa, NP Qi=0 — OTKNIoYeHa):

Pucynox 1. Cxema IIATT

1/R3k=01/8R+Q2/4R+ 03 /2R + 04 /R
Ukix = (BE Ru / R)"( 0,1 + Q"2+ 0_*1 + 0,8

OuesupHo, 4To € = BE RH / R. BLiGOPOM € MOXHO MacuTas

BENMYMHbI.

OMKEH GbiTh CHABAEH A0BOMBHO GONbLLIM KOMMMECTBOM BHELLIHIX
" o uto y

MecTo, 3aHHMaEMOoe MpeoBpasoBaTenem Ha nnate H, Kak
CRIeCTBMe, yCHNUBAET BNMsHIE MoMeX.

oo
Brixod

U+ OTU HEROCTATKM BO MHOTOM YCTPaH@Hbl B KOHCTPYKLWM
e curma-genta  AUM (8 pauveli nutepatype oTM
- renm AUNc

wnu  BanaHcom 3apsifos). CBOWM  Hadsavem oTU
NpeoBpasoBaTen 0BA3aHbI HANMMEM B HUX ABYX BrIOKOB:
cymmaTopa (0B03HaveHMe onepauu - S) i uHTerpatopa

0 (0Boanauenvie onepauun - D ). OWH U3 NPUHLMNOB,
on 3JaNONEHHbX B Takoro  poaa  MpeoGpasosatensix,
Puc. 14, CrpyerypHas crema wymawn,
CHra-MeMbTa MOAYIATOPE
-at0 Ha
6onblwoM WHTepBane Bpemenn. OcHosksie yansl AL - oTo " i

GunbTp. Crema cur fepeoro nopsiAKa npuseaeHa Ha puc. 14
PaBoTa 3T0/i CXeMbl 0CHOBaHE Ha BLIMUTAHUM U3 BXORHOTO CurHana UBx(t) BENMUMHL! CHTHana Ha Bbixoae
LIAT, nonyueHHoii Ha NPeabiAyLLeM TakTe paBoThi Cxembl. MONy-eHHas PasHOCTb MHTErpUpYeTCs, a 3aTem

8 Koa AUN i n HOCTb KOOB
MOCTYNaeT Ha UWihPOBOA (UNLTP HIKHUX YacToT. MopRAcK
VHTETPaTOPOB M CyMMATOpOB B €70 cxeMe. CrMa-aensta MoaynsTopsi N-ro mopsaka coepiar N
cymmaTopos u N WHTerpaTopos 1 Gonsuee Py Toi e yacToTe
OTCHETOB, YeM MOAYNIATOpsI Mepsoro nopsaka. M cur BbICOKOTO
NOpsAAKa ABNAIOTCA OAHOKAHANbHIA AD7720 CEABMOro NOPSAKA 1 ABYXKaHansHbii ADMODT79 nsToro
nopsiaka.

HauGonee wwpoko & cocrase UMC

Liucpposoti
®ULTD | mopynaTopsl, B KoTOpeIX B KadecTse ALY

MCTIONb3yeTCsi KOMMApaTop, a B Kadectse
AN - aanorossiit komyTatop (puc. 15).

L
MpUHUMN AeficTBus noscHe & Tabn. 2 Ha

Brixodnoll
Ly [
n npuMepe  NpeobpaoBaHMA  BXOAHOTO
curwana, pasvoro 06 B, npu Uon=1 B.
Puc. 5. Crpyerypras crews carvameneta AT [iyers ocronsHan speven

WHTETPUDOBAHUA  UHTETPATOPA  WCTIEHHO
paBHa Mepuody TaKTOBLIX WMNYNbCOB. B HYNEBOM Mepuode BLIXOAHOE HAMpsXeHWe WHTerpaTopa
cGpacsipaeTcs B Hynb. Ha Bbixone LIAM Takke Hynesoe

B 70 e Bpems npUMereHme Liposoro hNITPa HUKHIX 4acToT B cocTase cirma-aensta ALIM emecto
CHeTUMKa BLIZLIBAET NEPEXOAHbIE MPOLECCH! Pt BX0AHOr0 Bpems

b ® © KoHeuHO/ KaK Crieayet ua ux Hassanus,
KOHENHO M COCTaBIIAET ANiA UNLTPA BUAA (SINXIX)3 YETHIPE NEPHOAa HaCTOTbI OTCHETOB, & MPM HavaMbHOM

OGHyneHAn (unbTpa - Tpu neproaa. ITO CHIKAET GLICTPOREVCTBUE CHCTEM CGOpA AaHHLIX HA OCHOBE 28. T pykTyphi (TC). [ crpykTyphi (ATC) Kak otpaxatenu
curma-aensTa ALY, Moatomy seinyckaiotcs MIMC AD7730 1 AD7731, ocHallieHHbIe CRIOXHBIM LGPOBbIM Toka. Tokosoe sepKano Yuncona. cTpyKTYPbL, O roxa a T,
P e nep KaHanos co 1 M npu
(bheKTUBHON PAIPRAHOCTU He Hike 13 GUT (Tak HasbiBaemblii Fast-Step pexwm). OBbINHO LGPOBOI Mpu npoexriposattin THC moryr GhITh monydeHb! AD C 3aJaHHLIMU CBOFICTBAMH, NPH STOM
PunsTp Ha oM xe , uto u , HO UHOTAA OHI BLINYCKAIOTCH B BUAE VKHBI (B TYTH: H KOHCT Tpu noaxone
Asyx VMC AD1555 - nopsiaka 1 AD1586 - widposoit cIpykTypEr AD - moay nyTem pa neckombkix BT
TP, (puc.1.1.a,8)x), wm BT u IIT, opasyiome GHIOISPHO-YHUIONAPHEIE(IOICBBIC) CTPYKTYPBI
(puc.l.lam), a Tawke KomOmmawmi BT mm HT ¢ [acCHBHBIME  (PE3HCTHBHBIMH)
Cpastene curma-pensta AL c AL o puc.1.1. xe.), tisie ooy BT(pue.1.1.6,r) wmn omsomy IT(puc.1.1.0)
npeumyuecTsa nepasix. Mpexae Beero, nuHeii AL HCXOAHBIX THIIOB, HO ¢ YIyUIICHHBIMH napameTpamu. K KoneTpyKumonHsM TC OTHOCATCA ABa 1
sbiwe, em y AU wmHoroTakTHoro pasroit 310 06 Tewm, uTo Gosee BT(pucl. 1. 3) wan 1T, BLNOAHCHHBIC B CUHOM TEXHONOMHUECKOM LHKIIE POH3BOJCTBA HA

uiTerparop curma-aensta ALIM paGoTaeT B 3HAUMTENbHO GONee Y3KOM AUHaMAYECKOM AuanasoHe, i
i 7 , HA KOTOPOM MOCTPOEH MHTErpaTop, CkasblBaeTcs
3HAUUTENBHO MeHbLLE. EMKOCTb KOHAGHCATOPA MHTETPATOpa Y CurMa-AensTa ALIM SHaYMTENbHO MeHbLue
(mecsmkn Tak 470 3TOT MOXeT GbiTb npsAMO Ha VIMC. Kak
cneacTave, cirMa-Aenta ALIM NPAKTUHECKY HE UMEET BHELIHWX JMIEMEHTOB, YTO CYLLECTBEHHO COKpaLLAeT
MNOWags, 3aHUMAEMYI0 UM HA MNaTe, U CHWKAET YpoBeHb WyMos. B pesymbrare, HampuMep, 24-
paspsaHbii curma-gensta ALM AD7714 8 sue W AMC & 24-
xopnyce, 3 mBT W cToUT MpumepHo 14 fonnapos CLUIA, a 18-paspsianbiii

AUn HI-7159 75 MBT u cTouT okono 30 Aonnapos. K Tomy
Xe ourMa-gensta ALM HauMHaeT AaBaTh MpaBuNbHbIA pesynsTaT uepes 3-4 otcueta nocne
CKauKOOBPA3HOTO MAMEHEHHS BXOAHOTO CUTHANA, YTO MPY BESIM|MHE NEPBO HACTOTbI PEXEKUYM, PaBHO 50
Ty, v 2 60-80 mc, a spems AL HI-
7159 Ans 18-pa3spsAHOTO PA3pelUeHNs U TV e YacTOTbI pexeKuwu coctasnsiet 140 M. B HacTosee
BpeMs PAA BeAyUWX MO aHanoro-uucpossim UMC dupw, Takue kak Analog Devices u Burr-Brown,
AL nepeiias & obnactn ALl-

BBICOKOTO Ha curma- AUn.

Curma-gensta ALIM BLICOKOTO paspelieHits WMEIOT PassuTyio LMGPOBYIO 4acTh, BKIKOMAIOLLYIO
MUKDOKOHTPOMNEp. T MO3BOMSIET PeanuaoBaTh PEKMMbl aBTOMATUMECKOW YCTAHOBKM Hyns W
CaMOKaNMBPOBKY NOMHOV LKA, XPaHUTh b 1 ux o 3anpocy
BHELUHero npoLieccopa.

ONHOH MOMIOKKE € MIACHTHYHBIMH TAPAMETPAMH, KOTOPBIC CYIIECTBEHHO —PAacuIMPAIOT
I w AD b MX B KauecTBe 0a30BOii CXeMbl
JIY. JIMCKpeTHBIC BAPHAHTHL BCCX STHX CIPYKTYD OKA3HIBAIOTCA HE>(HCKTHBHBIMH W3-3a
HapyIWCHHA NPHHIMIA WICHTHYHOCTH XapakTepHCTHK OTAebHBIX AD. TIpH KOHCTPYKIMOHHOM
TI0AX0/le Ha OCHOBE cymlecTByiomeii TexHonoruu ITHC co3aloTes NPHHIHIHATLHO HOBBIE AD, He
HMMEIONIHE aHATIOTOB B TUCKPETHOM BapHaHTE: HANPHMEP, MHOTOIMHTTEPHBIH n-p-n(puc.1.1.1) i
MHOroKoIeKTOpIbiii p-n-p(puc.1.1.k) BT. Bmiss ma reomerpuseckie pasvepsi nonoGusx TC
MyTeM HM3MCHCHHS IUIOMIAIH HMHTTCPOB HIH KOJUICKTOPOB, MOKHO TOJNYUHTh YIIyHIICHHBIC
TEXHHUECKHE XaPAKTEPHCTHKH CXEM.

Pre. 1.1. TpausncToprze cTpyRTYPEI

JTC kak orpaxatean Toka Ha BT u IIT. Pasnosnanoctn ITC. Tokosoe 3epkano Yuicona

TIpocreiimas JITC(puc. a) coaepKuT ABa uaeHTHYHBIX BT ¢ HENOCPEACTBEHHOM CBSI3BI0 IMUTTEPOB,
TpHYEM OIMH 13 TPAH3NCTOPOB OKA3bIBACTCA IPAMOCMCIICHHBIM B IHOHOM BITIOUCHMH.

Vcxots 13 CB-B WieHTHHHOCT XapaKkTepHetnk BT Ay, = hy,y = hy, (4.10)
otHomerie Tokos 1/l KoTopoe onpezensier kodddmient nepeatn Tokos JATC
Iy =T = Tgg -y, = — Batas
T
T =Ty +Tgg = Iy + —t02  _ Joo * Torlhas + 1)
ho1s +1 hoyp +1
Tor/a OTHONICHHE TOKOB
Loohao T N NN+1
It Lo+ Toy(hagy +1) N+ hgy +1 N+ hyy +1°
11e N- Kod(uIHenT oTHOMIECHNS ToKoB MuTTepoB BT sxousmux 8 JITC N =tz
a1

1, 2
L e

Eemu N=1, To 1 215

Tlpu N=1 JITC Hassipaetes oTpasKaTeiem Toka (TOKOBBIM 3€pKanon)

Bonee cosepuentan JITC (otpaxarens Toka Yuicona) ctpontes Ha Tpex BT(cu. pc. ¢)

29. BT KaKk HCTOMHUK TePMOCTAOILHOTO TOKA 1 ONIOPHOTo HANpskenust. [IpensnonmbIe
HOH na BT n OV

Crioco6HocTs TTT 0coGEM 0GPa3OM HIMCHATS CBOH MAPAMETPbI IO BHAHHEM TMIICPATYPbI
OKpYKaIOIICii CPEIBI ¢ OGPA3OBARMEM Ha CTOK-3aTBOPHOI XAPAKTEPHCTHKE TaK HAZBIBACMOI
repmoctabTbHOi TouKH (TCT) ¢ K ravn :

TCPMOCTAGHITEHOTO TOKA H ONIOPHOTO HANPSKEHTIA. CTOK-3aTBOPHBIC (IPOXOHBIC HITH

ex Tumon I1T, kax ¢ p-n-nepexoziom, Tak it MOII-
TPAN3HCTOPOB, PAGOTAIONLIX B PEARIMAX OGCAHEHIIA  OGOTALICHIA, MOTYT GbITh PEACTABICHE!
KBapa-THICCKoii Mapatonofi:

€10 KaK HCTOYHHK

HICEAATOMIbIC) XAPAKTEPHCTHKI MPAKTHHECKIIE B

2
U
IeUs) =lowae) 1 0 &,
motc p
XapaKTepHCTHN KpYTHSHEI - MPAMOI: S, aI_C(Um):sm “ﬁ& ’
a 1 Uy, L Usiore
MAKC = — (Um)i = O
- - .
Uy 0 Upore
Uy =Ry ==-Ugo == Uppore "6" {Usyone +0.66[B),

Onoproe Hanpskeie:

Eﬁ *’3[0:.0
| al,
‘0
Ry [¥7co Ry| [Vl () au,
a 6 "
1+§,R, F

Riper = = .
gnm) gzz(o)

Cobcerpennas BbIxoHas nposogumocts [T B 06miem cirydae ONpesensieres mo ero BHIXOMHOi

1 c Ic
xapaktepucTike: g22=— = Usy = const = —=.
paKTep! g R aum‘ 31 Us
g K = OB _ Rirer
Koodppuent (s parmt miraromero nanpsoxenns: Ky = o = =<,
o o

E+ = Ysnake=Usuonc
i 5 .

TIpenn3nonnbIe HCTOYHNKH OMOPHOTO HATIpskeHus Ha ocHose ITT.
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2. OY Kak aKkTBHbIN 3an-T M3AY. Tunbi OY 1 ux oco6eHHocTU. Mepb!
NpefoCcTOPOXHOCTU U T.4.

Csoe Ha3saHue OY nony4nn ot cnocobHOCTM BbINOHEHWS PA3NNYHOro poaa onepauuit
(npeo6pa3oBaHuit) C NOMOLLLIO NACCUBHBIX Lienei oTpuuaTensHoi obpatHoi cessu (O0C),
onpefensiowmx ¢ 4OCTaTOMHON TOYHOCTbIO Nepes; yto chy HBaHUSA
BCEro YCTPOWCTBA, B HAUMEHbLLEN CTENEHN 3aBUCUMYIO OT COBCTBEHHBIX NapamMeTpoB ycu-
nmtens.

[ins coBpeMeHHbIX MHTerpanbHbix OY xapaKkTepHbl ABE CTPYKTYpHble CXeMbl (MoAenu):
TpexkackaaHas v AByxkackagHas (puc.1.1).

] —liz
v
s
Pric. L1 TpexKkackaias (a) i AByKacKanas (6) Moeans O

AY-Aucb.ycunutens; YH-yc-nb Hanpsbkernst; ®A-cpopmup-nb amni; M-
IMMMT.MOBTOPUTENb.

Cyuiectsyiowme OY ycroBHO MOryT BbiTh pasaeneHbl Ha HeCKONbKo rpynn.
CmandapmHeie OY, nnv OY 061Lero npuMeHeHns No3sonsioT peanusosate PAA ¢ pe-

lu6pudHeie OY noseonsioLLve UCMONb30BaTb 0TOGPaHHbIE GUNONSpHLIE U NoneBble
CTPYKTYPbI, BLICOKOKAYECTBEHHBIE, MarOLLYMSILLME 1 BbICOKOBOMbTHbIE aKTUBHbIE MPUGOPSI,
MoryT GbiTb peanu3oBaHbl C BECbMa BbICOKIMYU TEXHUIECKUMI XapaKTepucTvKamu.

[/ (0 unu )u oy

Mepbl NpeAoCTOPOXHOCTH M NONe3Hble COBETLI NPU Ucnonb3osaHun OY

Mepb! NPeOCTOPOXHOCTU

1. NMioGoir akcnep , CI i c ucnons: OV u gpyrux UC, cnepyet
HauMHaTk C OpraHu3aLmMmM paboyero mecta. MonoxuTe Ha cTon pasvepom no-Gonslue
CEOﬁOI:lHOI'O nons paﬁo\-lero MecTa nuct d}onbrwpoaannoro TeKCTonuTa unu reTuHakca,
obpalieHHbIin honbron BHA3, 1 nyTem naiku

TOKOMPOBOASILLMIA €ro Coi C 06LUEN LWMHOW 3a3eMeHNs 1 OBLLIMM NPOBOAOM UCTONHUKA
nutaxus, KOTOphIﬁ GyueT BbIMOSHATL PONb 3KpaHa.

2. Paamellarb nameputensHble npubopkl Ha paboyem cTone cneayet Tak,uTobbl
ocumnnorpad 1 uAhpoBOi BONLTMETP NOCTOSAHHOTO TOKa HAXOAMANCH CreBa,reHepaTop
CurHanoe cnepeau,a UCTOY-HUK HanpshXXeHust NTUTaHnA U BONbTMETPrnepeMeHHOro Toka
cnpasa.

3. MuTaHMe BCeX M3MEPUTENbHBIX MPUBOPOB, KOpMyca KOTOPbIX

COEAMHAIOTCA C 06LUEN WMHO 3a3eMIeHUs], [IOIHKHO OCYLLEECTB-NATLCS OT OAHON (hasbl
CeTW NepeMeHHOro Toka, YTo yMeHbLuaeT BO3MOXHOCTb NOSABMNEHWUA pa3nM4yHoro poga
nomex.

30. omopHoro (MOH) ¢y rep BT.
Tobimenne KOYPuuHEHTa PUILTPALMH MHTAIOMIET0 HANIPSIKEHNS.

Ouna w3 ocobennocreii cxemorexaikin ITHC cOCTONT B TOM, 4TO BMECTO Pa3Ie/HTeIbHBIX

5/1eMEHTOB(KOHJICHCATOPOB GOJBIION SMKOCTH) HC : BeHHbie (1 )
CBA3M MEXITY KacKajlaMH, a TakKe ¢ HCTOUHHKOM CHTHAIA M Harpyskoii. JIns cornacosanus
HMIIE/IaHCOB HAXOJNT HIHPOKOE NpiMeHerie OOC

CxeMmbI ctBUTa ypoBHEi

R aYBTUPYIOLLEt NOTPELLHOCTBIO Ha yPOBHE NpUMEpHO + 1%. K 4. Mutanne OC [OMKHO MPOM3BOAMUTLCS OT COBEPLUIEHHOTO UCTOY-HIUKA HAMPSHKEHMS!
Ri.l}a X Takum OY MOXHO OTHeCT. nuTaH.
K, ’., ) OY OTAMMAIOTO BHICOKVM 3HavEHEM KOO DML 6. MpoeKTUpys NevaTHyio Nraty, PEKOMEHYETCs BbICOKOHYB-CTBUTENbHBIE BXOALI OY ¢ 3 oK I N
I+ 1 | OXBAThIBATL KOMBLIOM, KOTOPOE CIIeAYET COGAMHNTE C OGLLEN LWMHOI UMK, YTO MyulIE, C xeMa (pie.)COICPRIT Kackal ¢ 14 TPAHSHCTOPE 12 1 ONOPHLIH MO A noayietita
+N eHTa nepeaaym Ha NoCTOSHHOM Toke Ko (HECKOMbKO COTEH ThiCSY), MasbiM1 BENMYMHaMM HYJIEBOTO HAPSKEH S HA BLIXOJE JAHHOMH CXEMBI 110 O K obwweii e
[npendoBbIX NapamMeTpoB, NOBbILIEHHbIMM 3Ha-4eHusmMn OOBI 1 OOCC Ha yposHe — BLIXOMIOM NOBTOPU-TENA cATHANa. semomHuTE yenosne Uon=Uk-U6a
(80...120)ab u T1.4. MosBonsioT peanu3osaTe POA ¢ norpelHocTbio okono + 0,1%. _
E - unu OY XapaKTepuayloTCABLICOKMM HejtocTaTok cXeMBI: TPYIHOCTH 11060pa JIM0J1a € HYKHBIM ONOPHBIM Hanpsikennem Uorn
3HAUYEHNEM CKOPOCTV HAPACTaHWs BLIXOJHOTO HANPSHKEHMSH U(HECKONBKO AE-CSITKOB MM Jlnst yJryuIIeHHs CB-B KACKa/IOB CIIBHTA YPOBHS B3aMeH ONOPHBIX M008B Henonbsyetes I'CT (pue
COTEH BOMbT 33 MUKPOCEKYHAY),A0CTATOMHO GOMb-LUOYACTOTON €AMHIYHOTO yeuneHus fr u 6),Tora Uon=Irer*R
npe/HasHaualoTCs AN MOCTPOEHNS WMPOKOMOMOCHBIX YCTPOICTB 1 aHaNoro-UMdpoBbIx
npeo6pasoBareneit (AL|M).
LupokononocHbie OY TUNa ¢ BHYTPeHHeit koppekumein AYX TNM4aioTcs Bbl-COKUM
BXOAHLIM conpoTusnennem (Rex.a = 1000 MOwm) 1 noBbIlWeHHbIM biCTpoAelcTareM (U > 20
B/mKc), YacToToit eanHudHoro cunenus fr > 15 M.
MukpomouwHblie OY OTNNHAIOTCS CYLLECTBEHHbIM CHKEHUEM OTPEBNSIEMOi MOLHOCTU OT
MCTOUHMKA MUTaHNS.
MHozokaHanbHble OY coaepXat B 0O[JHOM KOpryce OT [ByX [0 LIeCTW 0AuHa-koBbIX OY.
MpeaHasHayaioTCs Ans MCMONb30BaHNS B aKTUBHBIX (hUIbTPaXx, CyMmmMaTopax,
WHTEerpaTopax, a Takke B cuctemax cbopa aaHHbix (CC), ALIM 1 Apyrux ycTpoiicTeax.
MowHbie OY 0TNM4aI0TCS NOBbILIEHHOI BLIXOAHOI MOLUHOCTbIO U NPefHa-3HajaTcs B
OCHOBHOM [17151 YCTPOIICTB aBTOMATHHYECKOTOYMpPaB-NeHns.
a 4 8 z
+E, +Ey 31. IOH ¢ Tepmokomnencameii. p U Ve 33, IIT kax 0 TOKa 1 onOpHOTO
B B o R R 32. Macurraguuii sosareas onoproro Tevneparypusii Tyl 1-—— 80| ={=F Tpeunsuonnsie HOH ua 1T u OY
T (TK) 6aza-ymnrrep BT. Hcrounn ¢ 30nmpiv \ Uspore/ \ @ CriocoGHOCTS TTT 0cOGHIM 06Pa3OM H3MEHSTE CBOH TIaPAMETPBI TTOJI BIHAHHEM TEMIIEPATypBI
P 55 <Eq T Ey —— 0 26O BeTETPHBoorX srazer TK P @ okpyskatoweii cpestsl ¢ nﬁpaz«mauneu Ha CTOK-3aTBOPHOH XAPAKTEPHCTHKE TAK HA3BIBACMOIT
o 0 0= MUg, it Touxu (TCT) ¢ ramu b CrO KAK HCTOYHHK
* U, \—2 mB/°C CnocoGrocts T 0coBbIM  0GPa3oM W3MEHSTh CBOH NapaMeTpsl MOX  BIHHEM 44& ﬁzm:osxfgﬁl:z!:ir: ::f: l: :?:s:ﬁrz f.l"'.’;’iii"iefﬁ‘ﬁ.Ziﬂ‘-‘%"‘i‘ii i"“."nx.i’.i‘"ifof’ﬁﬁ aenviorl
Ugs 63 TeMHEpATYpEI OKpYKAIOIIEii CPeIbI ¢ 06PA30BAHIEM Ha CTOK-3aTBOPHOI XapAKTEPUCTHKE co 4 2 B] peaar xapaictep paktmecine Soralen P-n-flepexoson, Tax i
" o ] TPAH3HCTOPOB, PAGOTAIOUIHMX B PEAUMAX OOCHCHNA 1 OGOFALICHHS, MOTYT GbITh IPE/ICTABACHb!
/+3 mB/°C Ie = f(Usu)|Ucu = const KBAJIpa-TiECKoli NapaGooii:
Uﬁq TaK it it Touxn (TCT) ¢ ramu U3HM.0 n IC.0 no3sonser U I R _U —(U ¥ 0 66[B]) Uy 2
HCTIO/B30BATH €10 KAK HCTOUHHK TepMOCTaGHIBHOrO ToKa 10 = IC.0 1 onoporo 0~ %co™o 310 Jorc T Vs . LeWy, cmxc[l~m] ,
nanpskers U = U3KLO.
Puc.4.4. Muxpos P 1e crabu PBI HATD CTok-3aTBOpHEIE (IPOXOAHEIE MM NepefaTounbie) [T XapaxTepHCTHKI KPYTH3Hb - IPAMOi:

a
Puc.4.5. MukpoaserTponHbie cTalHANIATOPE TOKA

Lo M

/
Lo (Ugy) = Toypape I 3
\ porc /

a XapaKTCPUCTHKH KpyTH3HbI — IPAMOt THANCI:

" U )
S(Ug) = ——U) = Spusxe 1—¢J-
st Usitorc

rae IC.MAKC 1 SMAKC — MakcHMaTbHbIe 3HASCHIA TOKa-CTOKA H KPYTH3HBL, ONIpEAC-
asemsie ipu USH = 0; UBHLOTC — HanpsikeHHe OTCeuKH TOKA CTOKA;
2l

=~ __ 2cauaxc
Syxe = au (U’“)lu,fo =1 v .
3l

Xapaxrepuctiky kpyTH3nsi (3.2) ¢ yuéton (3.1) 1 (3.3) MOKHO NpeACTaBHTS 1t
B ZIPYTOM, YZOGHOM B PAC CITyHach AT PAKTHHECKOTO HCTIONB30BANNA, BHAC:

2epmmc "'Ic(Um) ___2 c (U)o ppaxc
U

SUsm) =~ S
IUOTC \I Tormxe Usorc

T s IT

Koopmuats 1

KaHalIOM N-THIIA OITHCBIBAIOTCA YPABHEHUSIMH

Uy =Usgore =2
o

Ieo=1I¢ (Um)|u,,.c,H 296

e @ i B~ Temmeparypasie koxdumenTsi (TK)
W (B5)u@1), Byioummii TCT Tok croka (3.6)

TTpH TIOBBIIICHHI H TIOHIKEHHI TeMIIEPATYPbI BXOJHbIE XapAKTEPHCTHKH CMEIAIOTCA B
CTOPOIY MEHBIIHX 1 GOMBIINX BXOMHBIX HANpsuKeHiii cooTBeTcTBenHO. Hanpsukenie
Mexy 6a30if M SMUTTEPOM T
MB 1pH yBeueHnH TeMIepaTypbl Ha Kax bl rpazyc Llembens

JLst 0Ty POBOHHKOB Ge3 MpHMeCeii O OTPHLATEICH (CONPOTHBICHHE C POCTOM
TeMIepaTypbl 1a/1aeT), OCKOIbKY MPH MOBKIIICHHH TEMIIEPATYPbI BCE GOJIbIIICE UHCIO
IIEKTPOHOB TIEPEXOUT B 30HY NPOBOIHMOCTH, COOTBETCTBEHHO YBEIHUHBACTCS H
KOHLIEHTPALH JIBIPOK

Tpa3NCTOpOB na2

8(Uy,
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6
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CobcTBennas BbIX0/iHas poBoMMOCTE 1T B 0611IeM CiTyuae onpeaenseTces o ero BhIXOAHOH
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34.0 THIBL u M HX B [TAC. OnHOTAKTHBIE

M IBYXTAKTHBIE

Henoms3yevsie 5 THC KacKalts MOKHO YCTOBHO PAYIeHTS Ha 3 TPYTIIIBL: OXHOBXOAOBBIC,
JBYXTAKTHEIC H J(depeHImanbHbie.

K oH0BX0/10BbIM OTHOCAT Kackansl ¢ O3, OK u Ob

Puc.4.6. OAHOBKOTOLID KACKATH YORUAK HORPROHT

Kacka ¢ O3 (puc. a) TOKY 3a cuer
ucnons3osanms JITC na T1 1 T2. Tipn ycnoun R=2RK BEIXO/HOE HATISKEHHE B PEKHME
110K0 Upo=En/2. Koodppumment ncpcu,u‘m 107106HBIX KacKazos ¢ 0

i pexcum na

Ik|=

S
*hR, =
Yh + Y r,
MakcumabHBIi Ko UIHEHT nepeatn GyIeT COOTBETCTBOBATH MAKCHMATLHOMY
En _ En

CONPOTHBICHIIO HATPYIKI R, ==

C I1eTBi0 MIOBBIIIERTE KO>DOUIHEHTA IEPEAATH MOKHO BMECTO CONPOTHRIEHTS RK
nenomb3osats BT (puc. 6) [l 9Toii cxeMt kodduumient nepeaawn:
Y,

)

R

s+ Yoy

Pre.d.7. JIsyXTaKTHLIe KACKAXE! YEHNCHH MOUKOCTH
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36. 1Y na MOTM-TpaH3ncTopax ¢ aKTUBHOW Harpy3Koi.

[vcb.ycunuTens SBN-CH OAHAM M3 HanGonee yHUBepcanbHbIX 1 PACTIPOCTPaHEHHbIX BUAOB
ycunuTeneit. OH UMeeT Ba CUMMETPUUHbIX BXOAA W €ro (hyHKL. Ha3HayeHue COCTouT B
YCUNIEHM Pa3HOCTM BX.CUrHanoB. CymMma BX. CUTHarnoB — CuH(asHas CoCT-ljasi — He
[OMKHA BNUSATL Ha Bbix. curHan Y. MpakTtudecku, oHa aomkHa GbiTb Makc. ocnabneHa,T.e.
nopasnexa.(BaxHoe CBOMCTBO AN dEpeHUManbHOro yCUnuTens saknioyaeTcs B ToM,
YTO OH T L n c T CUHG: cocTas
curana. OOHUM M3 TNaBHbIX NapameTpoB  AU(dEpPeHUMansHoOro  ycunutens
ABNAETCH KOIGPPUYUEHM 0cnabneHus cuHasHo20 cuzHaia, KOTOpbIi NokasbiBaeT,
BO CKOMbKO pa3 T ycuneHus ManLHoro curHana Gonblue
koaphmumeHTa cuHdasHoro curHana).

Ay npeactaenseT coboit napy cornacoBaHHbix  (B1=B2=p)
NOACOEAMHEHHBIX UCTOKAMI K reHepaTopy Toka CMeLLeHNs .

iml l"n:

MI M2y,

MOTMM-TpaH3ncTopos,

Vbp

Vi

Viz

VDimin 0 VDimax

Pe.5.1 Jlndybepermatsaas napa; a — Ka ocroe n-MOIL 6 — Ha ocrose p-MOIL B
TepeIATOuHAR XAAKTEPHCTIIKA T hepeRIMATE RO Tapst

B kavectBe Harpysku aud. napel B 1Y UCMonb3yloT pasnnyHble kombuHauum MOTM- Tp-B:
aKTUBHYIO HarpysKy-mon B [avosHOM BKITIOUEHIM, UCT-KN TOKa,TOKOBOE
3epkano(oTpaxarerb Toka).

[vddepeHumansHbIe YCUNMTENN HaxoasiT WWPOKOE MPUMEHEHWE B aHanorosbix
VHTErparbHbIX CXeMax: OnepaLMOoHHbIX YCUNUTENSX, aHanoroBbiX NepemMHOXUTENsX,
komnapatopax “ T. A. O3To o06bscHseTcs cneaylowWwuMu  npuduHamu:1.y
3eKTMBHO NoAaBnsieT CUH(asHble COCTaBMAKWIME CUTHAana, KoTopble kak
npaBuno siBAAOTCS nomexamu.2.[1Y He TpeGyioT BKMIOYEHUs pa3BA3biBaOWMX
koHpeHcaTopoB.3.Pabota  guddepeHUnanbHbiX — yCUNUTENEn  OCHOBaHa  Ha
WAEHTUYHOCTN NapameTpoB 3NEMEHTOB, BXOASWWX B €ro coctas. OTO nerko
obecneunBaeTcs B MHTErpanbHbIX CXeMax, rAe 3NeMeHTbl PacnosnoxeHbl Ha OAHOM
KPUCTanme Ha PacCTOSHMN HECKOMBKIX MUKPOH.

Cxema anddepeHumanbHoro ycunutens Ha MOI-TpaHaucTopax nokasaHa Ha puc.
CmeweHne pabounx Todek o6oMX TpaH3MCTOPOB CO3nAeTCH WUCTOYHMKOM Toka J. Kak
NPaBUIO, MCTOYHUK TOKa PeanuayeTcs Ha OCHOBE TOKOBOTO 3epKana.

Ecnu cxema Ha puc1 cumMmeTpuuHa, ycuneHue cuHasHoro curHana He npovexoaut. 1Y
TONbKO COCT: CcurHana w noaaensiet

CUHa3HbIA curHan.

Cxema npocteiiiero auddepeHumansHoro yeunutens Ha MOMM-TpaHsucTopax :

Vs

-E,

CcMelLleHre paBoUnx TOUEK TPAH3UCTOPOB, B CXEME Ha PUC. 2 BKITIOYEH PE3NCTOP .

Bmecto  ucTouHuka  Toka,  oBecnequBaiouiero

39. ®opmupoBaHue AYX u ®YX OY u ux Koppekuus

Ana nonyyeHns ontumanbHbix AYX 1 ﬂepeXDEleIX XapaKTepuCTUK MPOUIBOANTCA Tak

37 i

i mogenw OY.

®opmupOBaHKe KO3uuMenTa nepeaayn. 0OC OY.

Ty NOCTOSHHOM YpoBHe BX0RHOr curkana UC(t) BLIXOAHOE HAMIPRXEHYE CXEM, MPEACTABNEHHLIX Ha PHC. 1.56. 2.6.,

KC CBC

cryyae K "cpesauio”
nornockl 4YacToT (puc.5.22). Hacquaﬂ KOppeKLlMﬂ AYX nosBonsieT B MOMHON MOPC
pacnopsauTLCs ahdekTUBHO Nosocoi nponyckaHns OY.
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Puc.5.22. Cuocobr koppexuun AUX QY

Ha pwvc.5.22, a nokasaH npuHumn koppekuun AYX OY ¢ nomolublo BHeluHen RC-uenu. [ins
KOHKpeTHOro Tuna OY pekomeHayeTcsi onpeaeneHHbiin Habop RC-Lenen, noaknovaemblx K
BBICOKOOMHBIM TOUKaM CXEMbI C LIETbIO CHIKEHISi HOMUHAIIOB 9NIEMEHTOB 3aTUX uenei. Ha
puc.5.22, 6 usobpaxeH xof 3kBMBaneHTHoir AYX uenn koppekuuu, a Ha puc.5.22, 8
n xopga AYX T 0 OY (kpusble 1..4), ¢ nomowsio JIC-uenn c
pasnuUyHON MOCTOSHHOW Bpemenu (kpueble 1'.4"). Ha puc.5.22, e npencraeneHa
BHYTPEHHSIS KOppeKuna apyxkackagHoro OY, a Ha puc.5.22, & — xapakTepHblii Buj
ONTUMarnbHO CcKoppekTupoBaHHoi AYX asyxkackagHoro QY. OnTumanbHO — ckop-
pekTUpoBaHHas AYX CUMTAeTCsl Takow, KOTOpasi MPOXOAWT Yepe3 YacTOTy EVHUYHOTO

a nepeg - -20 pb/pek. Mpu atom a3oBbId caBUr Ha
BbICOKOYaCTOTHOM crnaje ALIX ABNAETCA NOCTOSHHON BEeNU4MHOM 1 cocTasnseTt -90°, uto
COOTBETCTBYET MakcUMaribHOMy 3anacy Ha camoBo3byxaeHue 90°, ecnu OY oxsaueH
uensio
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Puic.1.56. Bazosbie cxembl npeoGpasosateneii noHbIX conpousieruii (a)
 iipoBoauMocteii (6, B) B HANpsAkeHHE

Obuym

ABNAETCA T0, 4TO & HiMX 0B TeKTHI NPE0BpaZoBaHA

W30MMpOBaNSI OT OBLLER WHHbL. 370 Co3A3ET

v , koraa or

Pea/3083HS CXeMHBIM NyTeM , HanpuMep,

meroux

i wioii. He

€ 0Bieli LIMHOT 1 OBTEKTOB, MCXOAHO U30/MPOBAHHBIX, TaK KaK,

6biTb ynpouena ux K

Hanpumep, npn

WamepuTensHomy npeoGpasosaTeno.

no oy M 32Tl i i (K3).

Cxema BKenio4eHA OY BO BHELWHIOK NOKa3aHa Ha puc. 1.12. OHa COAGPIKUT ABA UCTONHMKA nuTakmA EF v Ef,
CONPOTUBAEHME HATPY3KM RH 1 UCTONHIK BXOAHOTO AU Hanpkeris Usx.

BLIXOAHOE HAPAMKEHHE MOKETH GbiTb ABYXNIONAPHBIM, TaK Ke KaK 1 BXOAHOE, Npysem ecnn UBX=0, 70
Ustix=0(ycnosme 6anarica).

B 33BUCHMOCTY O TOUKM 33EM/IEHIA UCTONHMKA CUTHANa UBX Pa3MuaIoT HenHTerpupyioulyio (1) u uHTerp.(2)
onepaumontble cremsl (OC) puc 113,

ot

PaciL b

|

Puc.1.15. DxsuBanenTHas cxema
KoMIeHcalnu pasbanarca OY ¢
nomoubio resepatopa Ueo

Puc.1. 14, OBpasosasiie xoaHoro
Hanprkerits exetueri 1y OV

U $ U i e

Ui sane

Puc.1.12. Brmouenne OY no
TIOCTOAHHOMY TOKY

Putc.1.13. AMILINTYHbIE XaaKTEPHCTHKIE
OV a1a nennseprupyiousei (1)
W nnepTHpyloteii (2) OC




Tk Ka 5 cxeme OV (cm pwc 1.12) srewnan OOC OTCYTETOYeT, T0 HaKToN aMAAHTYAHOM XapaKTepHCTk OY pasen
cobcraenomy KoxpHUMEHTY nepenain
Al
8,

TIpeaensHan amnUTYAa Ustsix IPUG/MAGETCA K HANPAKEHMIO UCTOSHMKA NATaHWR EN, TaK KaK IDH OFPaHSEHNI BHXORHOTO
CMIHaNa OKOHENHbIE TPAHIMCTOPbI OY HAXOBATCA B HACHILUEHWM, W pasHocT Hanpawennit (EF — UL, . ) cocrasnser
HeCKOnbKO AECATKOB AOTEM BOTbTa.
B3 NDEAeNHEIX BNMIAH BLIXOAHbIX HANANEHMI HENMHEHHOCTS AMNAMTYAHOR XaPAKTEPACTHKM CTaHOBATCA

¥, nosomy oy o Y
rr——

Taknm o6} xema OY,
CTaTeCKYE OLMBKH, MOXET GbiTs NpeACTaBNeHs! puc.1.20. KpoMe STOTO, NPUHATS B0 BHIaHHE FeHePaTOPbi BLIXOAHEX

ownBok. Mpw Manom skyTpeHHEm Ri ucroumia pons urp: patop HanpaeHws
BLIX0AHOH OWWGKY UoL, 3 NPH 60bLIOM- FeHepaTops! TOKOB OWHGOK low,
FenepaTops! TOKOB OWMBOK o IKBMBANEHTHEI B5XOAHEIM TOKaM OY, KOTOPIE, KaK CIEAYET U3 ONPEAENeHMs WAeansHOT0 OY,
BOMKHYI CTREMHTLCA K HyO.
w3 6az0s0ro Toka pa OY lex, i Toka (TKix*AT)? a

Apeii¢osoii wacru, i figom Toxa (CBAT) u Bpems AT, a Takwe

7 i npy usmeHeHmn 4 (OOBMT*AEN). Nocneanss cocrasnniousan
NIUTBIOWLEro HANPAEHIA Ha BHIXOAHOT TOK U onpeaenAeTca

BbipaKenmem
iouss = OOBIIT « AEn
/17 COOTBETCTBN 3KaHOANEHTHOT CXeMbI peansHoMy OY (cm pHC 1.20) HEOGXORMMO, HTOBb TeHePaTOp i, reNepHpOsan ToKH
{4, = {4+ T+K_+ AT+ CBAT + Ac + OOBIIT + AEn
Ecnn Ha 6xoge OY MpuCYTCTaYeT BHewmAR cutdasHan J/IC, To Heobxoaumo yuects AUcund
Ha 3KBUB. CXeMe MOTYT GbiTb OTPaeHb U LyMOBbIE NapameTphi OY, KOTOPbIE MOAC/MPYIOTCA COOTBETCBYOLIMMHA
[ePEPATOPAMM WYMOBOT HAMPAAEHHA 1 TOKA .

apaMeTPb, BXOANOE 1 "

a0.n7 i nu
Bxogsie ToKa croka Ic or UCH N NOCTORHHOM HanpeH WM 3aT30p-
ucron Usw=const) 1T crpysypet na & pesume

(O6nacte 0 ) ONMCHIBAETCA COOTHOWEHMEM
o = B{(Uay = Upar)Ues = 21 5:07
Mpy yerosun
Usw = Usore = Uew 5.48
Veuwn = Vs = Vaone 549
TIPOUCXOAUT HACHILUEHYE WK OTCeNKa TOKa CTOKA:
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A XapaKTepUCTVIKY POBOLUMOCTY Kakana (5.51), nonyaems! Ha oCHOBaHWY (5.53), OKaXYTCS HESABHCHMEIMU OT
HaNPSKEHIS CTOK- MCTOK:
(20

BUs — Usor) 554
BBoas o6osHaveHme

Grar = GUs)lumemo = ~BUssore
Ha 0CHOBaHM 5.54 nony“aem UIBecTHyIo AnHeiHyio Kanana( ¢
wTpwxom)

Gnax(1—222) 555

G

Orciona Haxopum Toek nepexona, aanupano, KoTopse
OrPaHMIMBAIOT PACLIMPEHHYI0 0BNACTL IMHEMHOTO U3MEPEHNS NPOBOAVIMOCTM KAHANA N0 HANPSKEHUIO CTOK-UCTOK
549

Ul = 22(Usy —

mare) 5.59
W Toky croka 5.50
L = 2B (U, = Usore)® 5,60

B CTOTBECTBMM C 5.50 1 5.60 32NMpaHHe KaHaNa & 0670CT CTOKA NPOCKOANT NIPH NONOKMTENLHbIX HANPAIKEHHAX
Uci, 4T0 BOXMOMHO M NAaBAIOLEH NOANONKe.

3a nipenenamit KOOPAUHAT TodeK ke nonysenite BLIXOAHBIX nr.
Boenentas OOC NUHEAPU3YET 3T XBpaKTEPUCTUKW, KOTOPLIE B AGHHOM Cyuae BeepooBpa3Ho NPOXOST Yepes
Hauano KOOPAUHAT, PACWIMPSS OBNACTS HaMEpEHUR Karana & nepeom or

HanpsKeHIs, AEfiCTBYIOUIEro MeXEy CTOKOM U uCTOKoM MT.

3. TCT Ha ocHoBe OY. I'CT ¢ n3onupoBaHHoW Harpy3skoii. OueHKka napameTpoB u
TOYHOCTU ToKa ¢ OY.TCTc  HarpysKo.

MpeactasnerHbIn Ha puc. 1.30 FCT ¢ nsonupoBaHHon
HarpyskoW peanu3oBaH Ha OCHOBe HeuHBepTupytolein OC B
KOTOPOIi OAVH U3 PE3NCTOPOB ABNSETCA Harpy304HbIM RH,
BTOPOW — 06pa3LoBbIM (BbiCOKOCTabUbHLIM) RO, @ B
KayecTBe BXOAHOro HanpshKeHUs ucnonb3yeTcs
BbIcOKOCTabunbHoe (onopHoe) HanpsbikeHue UO.

Puc.1.30. TCT ¢ HesaseMTeHHOf
Harpy3Koif Ka 0cHOBe
HeiHBepTHpYIoweli OC

C y4eToMm orpaHuyeHHoro koadduumrenTa nepegayn OY (KO #
) ANsi TOKa, MPOTEKAIOLLEro Mo Harpy3o4HOMy
CONPOTMBIEHUIO, MOXHO 3anucaTb:

(Uo ~TuRo)Ko ~TyRo (1.99)
Ry
MpeoBpasys (1.99) k ABHOMY BUAY, NOMy4aeM TOK Harpysku
Uﬁ
Ip=—F—F - (1.100)
)
R, )|
Mpu ye Ke ITa nepe/ia M B 6ECKOHEUHOCTb (KO — =) ToK
Yo
In ke ", (1.101)

[ TR ) 9) t He 3aBUCUT OT CONPOTUBNEHUS Harpy3ku RH. MorpeluHocTb hopMmnpoBaHmns Toka,
“D d 06YCNOBNEHHYIO KOHEYHOCTBIO iTa nepe/; Ko oy, cp:
o (1.100) u (1.101):
1 6
Puc. 5.11. Croxosuie (@)n @ nT,
cymHoCTs uX -1= (1.102)
BuixonHsle nr, p: (5.47) u orp: (5.49), = " . . .
HenMHeiHL!, a KaHana 8 hyHKUNM - 5 'CT ¢ 3a3eMNEHHOW Harpy3Koii U OLLEHKa ero TO4YHOCTH
G(UM]=,”‘M(UMJ = B[(Usy — Usone) = Ueul 551 OnwcbiBaeTcst napameTtpamu:
3aBUCHT OT YPOBHS HANPAXEHUS, AGICTBYIOLLETO MXAY CTOKOM U UCTOKOM. [y =Ur U=t (1.108)
1115 NONY4eHIR NUHEMHBIX B NepBoM KaHana (5.51) - e
paboTaT npw HanpskeHn UCH=0, 4TO Ha NPaKTUKE HE BOIMOKHO. "
Ecnm ocywectsuts OOC nyTem NoAauu Nonosuks! HaNpsKeHHs CTOK-UCTOK Ha 3aTBOP, TO MOCAE 3aMeHs! {1.109)
= Uy +Uq /2 52
HanpsieHus Uait B BbipaxeHn 5.47 Ha U, nonysaem (1.110)
1= BWai = Uneon)Vew
Puc 132 TCT ¢ anestienstoll warpyoft
41 Ouenka Temneparypnoii craduabnoctn napaverpos 1T 42,43 < TIT. (Meton amneapus. ¥l Tepmocrad. 44,45 Peausauitst MHAYKTHBHOCTH € HOMOIIBI0 AD. Peausaits akTHBHBIX GULTPOS. ¥
xap) TIponece TIOPH3aLHI POHHOIH anmapatypsl Ha octose C P [P o (
43 Metonnt 3aun n xapakTepucruk ynpagaennst IIT u 1p Ygr_y l Uy B(Uyy—U o, D 3 PBBIX, » rabaputos LC-GuibTpoB B 0coGeHHOCTH Ha
. s+~ Ysorc . Usi—Ussorc)Ucu+
HD BBoMM OOC /1151 THHEapH3aIiu ¢ 2| HH3KHX 4acToTax ¢ rabapuramu annapatypbl Ha MC B 1enom; BO-BTOPbIX, HECOBMECTHMOCTh
noTounoro npoussozcTsa UC u Katyiek MHAYKTHBHOCTH. Bo3HHKIa Tak HasbiBaeMas
Amnpoxenmats xapaxrepuctuk T noHHOMOM: POH3BOL Y iy @ [KIKo, 35 [KYKo. 2B
npobiema HHAYKTHBHOCTH B TPOHHKE , KOTOPOit g
Plsy = P ( Yoy & (3.1) U =Uysinot SBJETCS YCTPAHEHHE KATYLIEK HHIIYKTHBHOCTH KAK TAKOBBIX I1yTEM CO3aHHS IKBHBAICHTOB \ :> =
= Povewc (1 = g
Lowome | > MHIyKTHBHOCTH C TIOMOIIB) CXeMOTEXHHUECKHX PelierHii. IMHTAIHs HHTyKTHBHOCTH C Q
9T0 %e Hanpskenue oyaer I
P — . TIOMOMIBIO TOJBKO AKTHBHBIX JIEMEHTOB(IMOI0B, TPAH3MCTOPOB). HMcmomnb3opanue
P: L AEHCTBOBATE H MEIKILY CTOKOM B KOMOMHAIMH aKTHBHBIX 1 macchBHbIX (RC) 21emenToB, nosposisiomieii peannsosars AD. 1" Q(aon) Q1 Qwmaxc Q (a0n)

Coctamionue Apeiia BuixojHsIX napaverpos T1T:

)| o PlO) A
«
9P| 4 2PC%Y)
...FL’ PR (3.6)
e @u P oTK apeiida T, coot

OTHOCHTEBHOI TOBHKHOCTBIO HOCHTEEH 3apAAA B KAHAIE H KOHTAKTHOI PA3HOCTBIO
HOTEHIHATOB MEALY 3ATBOPOM 1 KAHATOM.

TeMriepaTypias HeCTAGHIBHOCTb 1APAMETPOB:
; & i
B8R (i = = (& * g P)4E° @1

'%%{L)‘“ (‘“ (Gsiome u:;l:}g(f-;)-xf ) [%/'f ] E-RT)

roe s Ui/ i
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PiG % 12 € 56N 2138 1S IA0RAHIN TN EINIE KapaRTepC Tk 111

I T g
(Uen = Ya)-npopagarsisas -

COOTBETCTBYIONLYIO BBIXOIHYIO = v

XapaKTEPHCTHKY /Ut 3/aHHOTO + s

nanpsienns USH. R

JUist OCyIIeCTRICHHS STHHEapH3ALIH
xapaxTepucTik Hanpsixenne UCH T
epes noBTOpHTEL CHrHana Ha OV4,
4TOOBI HE UIYHTHPOBATH KaHaJI,
TepesiaeTes Ha PE3UCTUBHBIN Je/UTeb,
rae ocnabnsiercs B RAN+1)/(R/(N+1)+R)

P 510 0 - @
= 1/(N+2) pas, a satem, nocTynas sepes oA ISR 1 A
nepectiouatess S3 Ha
nennBepTHpyIomHii Bx01 O3, yewmsactes s Hew B 1+ NR / 2/(2R || 2R) = (N+2)/2 pas. B
DE3YABTATE, MEALY 5ATBOPOM H HCTOKOM HIOMHMO YNIPABIAIONLX HANpSKEHHii ACTicTBYeT 1
TpeGyeMoe B COOTBETCTRHN ¢ (5.52) HONOBHHHOE HANPIKCHHE CTOK—HCTOK:

o gy ¢ e Vg Peamsyeans xapaxrepmeria nposo/smocTs

N+2 2 xanama mp » it

HanpsKenia: N
T — Usore == Us | ngo
IHHEHHOCTH XapaKTEPHCTHKH GIU, ) =Gy [ 1-———— [ e gy
nposommocti G(Usi ) u Usore AU e |
oueHKN BRI Ha Hee \

BIXOAHOF XaPAKTEPHCTHKH
Ie(Ucn) 1a 3atBop TTT HEOGXO/MO MOJIBECTH HH3KOUACTOTHOE NIEPEMEHHOE HATIPKEHIE
(maarpamma Ha puc. 5.11, 6 Bunsy) cvectns PT B HEHTPaTbyIO 4acTh HCCIETyeMOil

Up=Up-sinat (568
XapaxTepuctiki (marpamva na pic. 5.1, 6  uenrpe). 7 - M S (5569)

TTaccHBHbIE SIeMEHTI, BXOAAIIE B cocTan AD, 06pasyioT B 0CHOBHOM 3BEHbS IIEPBOTO (pHC.
5.1, a u 6) 1 BTOporo mopstkos. [l 38ena nepeoro mopsaka GHY (em. pc. 5.1, a)
kodduimenT nepenayn

1-ITpu mepexoze K KOMIIEKCHOH
-y _U. 1 - 1 nepeMeHHOii p:
K(jo)=2=—1_  K(p)=—- P P
U, 1+joCR 1+pRC
B COOTBETCTBHN ¢ BhIpaKeHIeM (5.2)
XapakTepucTieckoe ypasienie 1+ pRC = 0 iMeeT o/ OTpHIATEbHEI AeiCTBHTEMbHb

Kopens (no7ioc)

R
>—:lI( >—| jo
u c_I_U, u R[] v s p=-1/RC=-0
6

a s npi yexosui 6 =0
p=P_d0 0 ke
1 o o f
AUX ®HY: Tepenarounas dymaums [K(jQ ) = P ®HY n-nopszika MOKeT GbITh
1+€

TIPE/ICTABIICHA OTHHOMOM

K(P)= R = L R(P)-—— Ko
(i+a,p+b,p7Ji+a,p+0,27) TT1+a;p+027) 14+¢P+CP +..+C,P

Tlpencrapnsis nopmuposannyio AYX ®HY B 1Boiinom jorapupmuueckom macuirade,
MOHO TIPeoGpa3oBaTh aHHyIo XapakTepucTiky B AUX GBY

s Aux o K=

onmcanne nepeatounoii gynkim [0 BToporo nopsaka




46. Mpeo6pasosanne AYX ®HY B AYX ¢uneTpoB BepxHux wactoT (PBY) n B AYX
nonocosbix (hunbTpos (M),

Mpouecc MUKpOMUHMATIOPM3aLINK PaaVO3NEKTPOHHOI annapaTypbl Ha ocHose VC
06Hapyus, BO-NepBbIX, HECOPa3MepHOCTL rabapuTos LC-hunbTpoB B 0COBEHHOCTN Ha
HWU3KUX YacToTax ¢ raﬁapmaMm annapartypbl Ha nce uernom; Bo-BTOpbIX, HECOBMECTUMOCTb
NOTOYHOro NpoM3BoacTea ncn KaTylweK MHAYKTUBHOCTU. BosHukna Tak HasbiBaemast
npo6nema UHAYKTUBHOCTY B MUKPOSMEKTPOHMKE , OCHOBHBIM COAEPXaHNEeM KOTOPOit
ABNAETCHA yCTPaHeHWe KaTyleK MHAYKTMBHOCTU KakK TaKoBbIX MyTeM CO3[laHUs1 3KBMBANeHTOB
WHAYKTUBHOCTM C NOMOLLIbIO CXEMOTEXHUYECKUX peweﬂwﬁ. MMVITaLlMﬂ WHOYKTUBHOCTH C
MOMOLLbHO TOMBKO AKTUBHBIX 3/1EMEHTOB(AVOA0B, TPAH3NCTOPOB). Vicnonbaosanme
KOMBUHALIMKU aKTVBHBIX U naccuBHbIX (RC) anemeHTOB, No3BonsioLlelt peanusoBate AD.
MaccuBHble anemeHTbl, Bxogsiuve B coctas A®, 06pa3ytoT B OCHOBHOM 3BEHbSI MEPBOrO
(puc. 5.1, a n 6) n BToporo nopsiakos. [ins 3seHa nepeoro nopsaka ®HY (cm. puc. 5.1, a)
K03(POULIMEHT Nepeaayn

1 1-Mpu nepexope k KOMNIEKCHO
K(jo)= U1 g(p)=—L nepemennoiip:

Uy TejocR, L3pRC B cooTBeTCTBUM C BbIpaXeHuem (5.2)

xapakTepucTiyeckoe ypasHeHne 1+ pRC = 0 UMeeT OnH OTpULIATENbHbIN AEMCTBUTENbHII
kopeHb (nomioc) p=-1/RC=-0
R C
>—4:)I< —] jo
U c_[_ U, u R|| U

2 %5 lo
a 6 B
npu ycnosumn ¢ =0
jo
p=2-1% =pRC
O O
AYUX OHY:

1+Q°
Mepepatoynas tyHkuns ®HY n-nopsiaka MoxeT GbiTb NpeacTaBeHa NoAMHOMOM
K K
K(P) : 0 0 .
“Mrap+bp N1+a;p+b,P7) [[0+ap+bp)l

KO
K(P)= . -
1+¢P+c,P +...+¢cP

MpenacTtasnss HopmmuposaHHyo AYX ®HY B aBOIHOM norapummUieckom maclutabe, MOKHO
npeobpa3oBaTk AaHHYI0 xapakTepuctuky B A4X ®BY

ana A4X No
> Kr
K(P)= - KO k()= — 1
L, 1) 1+a0p-P’ &,,_:) P——
"aal ") PF 2

onucaHue nepefaToyHoin yHkuum NP BTOpOro
nopsiaka
U,

KKy 25

47. Ci DUNBTPbI C KOMM it TOPaMn U UX CBOWCTBA.

CuHXpOoHHbIE hunbTpbl (CP) ¢ ‘Topamu

CUTHAmOB He B YACTOTHOM, @ BO BPEMEHHOI 06nacTu. Mpy aToM TpeByemas CenekTUBHOCT
nocTuraeTcs sa cueT nepeHoca AUX kommyTUpyemoit RC-Lienm G vacToToit cpesa we=1/nRC, rae n —
UMCIIO KOMMYTUPYEMbIX KOHAEHCATOPOB

e
Peructp csura 6

a
Puc. 5.6. CD ¢ xoMMyTHpYeMBIMH KoHIeHcaTopamH (a) 1 ero AUX npu n =3 (6)

p POM R 1 n-koMMyTI C, n i Ha puc. 5.6, a,
[AONONHNTENBHO COAEPXUT PErUCTP CABNTa, KOTOPbIN BblpaGaTbiBaeT BO BpeMeHM
M10CIIE/0BATENBHOCTb UMNYIBCOB AN YNPABAEHNUS KIIOUaMM, 110 04ePean 3aMbIKAoLMMIA
KoHaeHcaTopsi C Ha 06liyHo WiHy. PErMCTp CABMra yNpaBnsieTcst CATHaNomM Yactotoii nf0 , rae f0 —
LeHTparbHas 4acToTa HaCTPOiKM IUNLTPA, COOTBETCTBYIOLLAS YACTOTE KOMMYTALIMI KXAOTO 13

. He BOM C® C KOMM! Topamu
FBNAETCA BLICOKA CTABMIIBHOCTL XAPAKTEPUCTUK, KOTOPAS 3ABUCHT B OCHOBHOM OT CTABHIEHOCTH
TaKTOBOI YACTOTbI, @ TAKKe BbICOKAs! b1 G Heil yakas nonoca
nponyckaHusa Ha yposHe 0,707. 3T napameTpbl 3aBUCAT NnLWb oT RC-anemeHToB

Q = mnf RC,

DyHKUVOHaNbHas Cxema:

48 KOC u KIC kak & np: 1 OLieHKa UX TOUHOCTH
(koC i ver ] i
CONpOTUBNEHME HATPY3KkM ZH Ha 3aXUMaX 2-2' B COMPOTUBNEHIe OBPATHOrO dHaka Ha 3axwmax 1-1'
h2
Zax = 11— 221
h22+—
Zn

TpH YCIIOBUM PABEHCTBA HYSTIO BXOAHOFO conpoTaneHus (h11=0) U BLIXOAHOM NpoBoauMocTH (h22=0)
Zax =—h2h21Zn = —kZn

Ona (KTIC) h21 siBnsieTca OTpULIATENLHOM BENMUUHOR,
nosTomy

Zex = h12h21Zn=kZn

BxogHoe conpotunienite aanroro KOC (puc 6.2.a) ze-Y - YL _ Z _
ru-v LU
U
e K-koadhdpuuvieHT nepepaun younutens
.
Kx1+-2
RI

‘lempexnnmum B mm HOC Peanusamia HOC na OF

k3

Puc.6.

Pasuosnprocrs cxemorextnku KOC n KIC

u R1
w1
[|r2

r

49.KMNC Ha ocHoee KOC
Cxema aAnsi mogenuposanus: [ins puc. A

Cxemu mmpoxoguanasonHux KIC .

Sy
T R2+R3 R

[nanasoH KOHBEPTMPYEMbIX eMKOCTE:
K = Coxware _ (1 +ﬁ)(1 +E)
Cox mun R1

OTHOCUTEbHAS HECTABUIBHOCTb KAX/OrO AMIEMEHTa CXEMbI:
s2R1+6%Ra\ | [5%R2+5%R3
5‘“( m?>+( B )l
(1+73) (1+%3)

CR2R1
R1R3

5Co =

OkBuBaneHTHas eMKocTb: Cgy =

BxopaHas nposoanMocTb KINC: ygy = jw Cay

Bbinrpbill ucnonb3oBaHus cxembl b — okono 10 pas, cxema B — Gonee crabunbHa.
HAoGpoTHocTL

Mpu npeanbHbix OY:

Qox =

@Cex
Gex

Qsx
Glex
14
Gax

npy HemaeanbHbIX Oy:Q‘GX =

[INs OLIEHKN UCKOMBIX BEMUUMH:

Crew ga8 OMp Robp v

-
u s fnn & G: Cex=CRER3/(RIR4) (6.41)
ax
L Ins 6 o Cox=CRIR4/(R2R3) (6.48)
2

Puchb

4. BAIN Ha ocHoBe ICT u ouieHKa ero TO4HOCTH

Bpems amnnuTyaHbIi npeobpasosatens (BAM) — 3To yCTpoicTBO, kOTopoe no3sosnseT
NMHeHO Npeo6pasoBaTh ANMTENBHOCTL UMMYMbCA (BPEMEHHOI MHTepBsan) At
CTaHapTHoi amnnuTyabl Um B aMnnuTyay BbIXoAHOO HanpsbkeHust AUBbBIX (puc.
1.35,a). Mpu U3MeHeHUM BO BpEMEHU ANUTENbHOCTM umnynbca At Gyaet
NPOMNOPLIMOHANBHO N3MEHSITLCS U BbIXOAHOE HanpsikeHne AUBBIX . OauH 13 BO3MOXHbBIX
BapMaHTOB peanuaalLum aToro yCTpoiicTBa nokasaH Ha puc. 1.36.

U AUpix

R M
=
A @
Guaae
prxanan
U U,
Usnore h Dha
At u
s
T

Puc. 1.36. Cxena BAI ¢ VBX

Prc. 1.35. TIpeoGpasyenbrit
HMTIYTBC (2) 1 XAPAKTEPHCTHKA
mposomMocTH (6) ITT.
COBMEIEHRAX © STHN IMIYILCOM gy ocHoBy
BATT nonoxeH NpuHUMn 3apsiaa koHaeHcaTopa éMKoCTbio C CTabunbHBIM TOKOM:

AU (1.150)
c—=¢

At

paBoTbl

I=
rae AUC — n3meHeHne HanpsikeHns Ha KoHaeHcaTope.

[Insi ycTaHOBNEHMs! HavanbHbIX YCrIoBMi PaboTsl (oBecrneveHms paspsiaa KoHaeHcaTopa
C) B cxemy BAI (cm. puc. 1.36) BBegéH MT, nposoau-mocTs kaHana G (U3WM) kotoporo
NPV OTCYTCTBUM BXOAHOTO (yr 0) UMNynsca bHa 11 COOTBETCTBYET
GMAKC (puc. 1.35,6). KongeHcaTtop C npv 3ToM paspsikaeTcsi C MOCTOAHHOM BpeMeHu
Tp=C/Gmakc. Ecnv BXofHbIE MMMYIbCLI CIEAYIOT CO CKBAXHOCTLIO MeaHApa npu
MUHUMAanbLHOI ANUTENBLHOCTY NPpeo6-pasyemMbix umnynscos At MMH , To nocTosiHHas
BpEMEHM paspsifia [I0MKHa YAOBNETBOPSTh YCIIOBIIO

T - me' (1.151)BAIM ¢ y4étom (1.150) onuckiBaeTCS CUCTEMON YpaBHEHUIA:

rae N — AenCTBUTENbHOE YUCTO;

KO - koachpnumeHT nepeaaun
[©)%

U 7AU§=AU27AUEE +CAU£, (1.152)
R NR At

AU - AUsix _ AUpix (1.153) Haxonsi wanpsikerve Ha
1+N Ko koHaeHcaTope AUC u3 (1.152) n
AUy o (Nrvuat (1.154) NPUPaBHUBAS €ro K

RC[] + NK‘I[I Sl:lm]] (1.153), nony4aem BbixoHOe
¢ HanpsbkeHue BAT
Mpu KO — = BbixoaHoe HanpskeHue (1.154)

At

AU gy (1,155)

(£

50. Frmpatop (MOC unu UMC) kak aKTMBHbLIN 4-X NONOCHUK. PasHoB cxem.Tex
rupatopos

TMpaTop, NHBEPTOP COMPOTUBIIEHNS! - 3TO aKTUBHBIil YETLIPEXMOSIOCHNIK, BXOAHOE
COMPOTMBIIEHNE KOTOPOTO CO CTOPOHBI OfIHOM napbl 3aXUMOB SBNAETCS 06PaTHBIM
CONPOTMBIIEHNE, NOAKIIOHYEHHOMY K APYrOii Nape 3auMOB.

Y21Y12
Y22t¥11

921912

BxoAHas NPOBOAMMOCTE: Yy = Y11 — VineaneHblit rMpaTop: Ygx =

BxoaHoe conpoTuBneHue naeanbHoro rupatopa:
Zox = joLaga, 1A Loe = KC

mpatopsl: nonoxutensHoro (UMC) n otpuuatensHoro (MOC) conpoTuenenus

Yeupexnomchuk b pomime A suBARSHTHAA CXOMA
,; Tpatopa HBCDYReHHOTO rHpATOpa

T dud

Pye. 7.1 Puo. 7.2

Ry

BxogHoe conpotuenenne KOC: Zgy =

BxogHoe  COMpOTMBREHME  rupaTopa B MOCTIGAOBATENLHON  CXEMe  3aMeLeHust
3KBMBANEHTHBIX NApPamMeTpoB: Zgy = Ragg + jwLyyg
o wC
OKBUBarEHTHas OBPOTHOCTL PEANM3YEeMOil UHOYKTUBHOCTY: Qgg =
—
Rz

T'upatopu Ha ocHose KOC, momexupywmye OTpHUATEABHYD
MHIYKTHBHOCTS




51. r @ c i per 52. My

W oueHka CXeMHbIX
Fuparops 1a ocHose KOC, uogexupynase oTpHLaTensHyD
napameTpos. MHLYKTHBHOCTS. ]
Cxem R [MpaTop, MHBEPTOP CONPOTUBINEHNS - STO aKTUBHBI , BXOZHOE COMp
e TUPATOp, UHBEPTOP CONPOTUBIIGHNS - 3TO AKTUBHBIA BXOAHOE KOTOPOTO CO CTOPOHI OAHOMNAPbI IKMMOB SBNISETCS OF) , no K
p P KOTOPOTO CO CTOPOHB! OAHOMNAPE! 3AXUMOB RBASETCS . y K " [ApYrOiA Nape 3aXUMos.
O Nape 3aXMOB.
Ay P i g21g12 g21g12
g21g12 . g21g12 3 e Bxopawas nposoauMocTs:  Gex = G — “e22en VneanbHbiii rmpatop:  Gex = B
BxopHas NpoBoAMMOCTb:  GBX = G1— —————  MpeanbHbiit tpatop: GBx = ————— e R2 H
Rt PR g22gH Gu g
xcé BxoaHoe CONpOTUBINEHUE MAEanbHOTO rMpaTopa :
st 3 BXOAHOE CONPOTUBNEHME UACANBHOTO rMpaTopa CxeMorexiuueonte PeaIHSALMK THDATOPOB X cXow gn
: o) aaueweronn KX sxsuBBIOHTIX Napaverpos Zzox=Gax =——— = kg == k jwC = jwLakB , rae Laks = kC
gn _ =ki =i = 21g12
S rrerh kgu ==k jwC = jwLaks , rae Laks = kC 821g
2 Tupatops! (MINC) n (voc)
TupaTopsi (ncym (1oc) [
. i BxopHoe conpotuenenite KOC:
Ly Bxoaroe conpotusnenie KOC: L ~HargyseHvoro ruparops P
Hsrgyaonoro rupatopa _ 1
K1 L Zex = 7
L Zex = gt v g 7= %
P i o AL
o Ul Yo Ya BxoaHoe conpoTuBnexue rupatopa B
Yu Yo BXxodHOE COMpOTHBNEHME rupaTopa B Pue. 7.2 i cxeme
Puo, 7.2 i cxeme 3KBUBANEHTHBIX NapamMeTpoB:
p 3KBUBAMEHTHBIX NApaMeTPOB: .
Gose whne M Goes e
/ = Roef + jlons (1.8)
a @ ’ ) e = B+ Rr g jlR K2 2 i
fo: £r#kz *J&Jf&’f’ﬁ’ = k"" "Jui”‘l (1.8) Ziﬁ S/
bt wCRiky
Pue73 wintd  wlRiRe ol Gand = ik
Qsxé = = R Koxt s+ Rz
Roxe Ritke 7t
Tuparopu,
Tuparopu, DarY AN Fuparopu, SKEMBATGHTHX N1APAMETPOR
SKEMBANSHTHHK NapaMeTpos

SKEBHBAJGHTHHX NADAMETPOBR

]
]
PucTh
¢ Puc e
Puc. 7.4
53. - i " ee ycToit s 54. Mony i i WB*3KB
By Ha ocHose KOC, MogexupyDme OTpHLATASHYD ] B B
roeron WigyKTHBHOCTS PeanLHbIX yCnoBmsIX. Mo3BonsieT oueHUTs pe3ynbTUpyiollylo A0BPOTHOCTb fMpaTopa Q 9KB —m =
Qc Qc
i WL3KB 2 - 1 L G
i (5.83) 1+T( 1+Q¢&)GBx +wLaks Qc GBx
he
8 2
el L acl? . §
Torpemmocts 3-3a neneansoctn OY
Cromoreximuectue peanksa
e e s moctos s TS S — o | L o
Mo Aeli U’ OY1 uepes C1, peauctop R2 8Q-= QrraxB - 1= WL3KB QC BX
i 1 NPeHeBPeXIUMO Maroe BLIXOAHOE CONPOTUBAeHHE. U = U1 + 1/iwcR3 kU ua k-1
Roco : = WC _— = — - ;
> : IR%s R. _-R /(l K 5.100 ( I ) jwcR3 ( ]chS)
i ] 5 max = R /(1 + Ko ), (5.100) 1 R2 1+[R2/( )]2
! - : B + -+ + ‘WRI1R3C
v ‘ ™ e Rebix , Ko — BbIXOHOE CONPOTUBAEHIe 1 KoadbHLUEHT nepepad Ges OOC OY2, nporexaet z Rt, JweR3R4 _ JWCIR3RIRY _ jwLoks ; Laks = CR3R1R4 G'Bx =—Ri
/i TOK, KOTOPbIii Ha R2 cospaet TOUHO PABHOE BXOAHOMY T k-1 R2 R2 RBXKO
. s B ® Hanpsikentio U
& UR. OTCI0Ra HaXOAUM HCKOMOE i oxens aan
L ——2_ _U. voochduument nepeaauu OY1 c OOC: CUDATOPHOR MHAYKTHBHOCTH
Rairk: jog, NOACTaBNAA KOTOPOE B COOTHOLLEHME (5.83) C yueToM UHaekca npu R, et Lol
P
Y v ) U 1 110NY4AEM UCKOMOE MOTHOE BXORHOE COMPOTUBIEHHE: ! o
G — X
] =l
e u JoCR, Rt Roxé.
. o % rpe Zex=-jwC1R1R2=]wLske Lake =- CR1R2
]
B nput G2 >> C1. Takke NOCTORHHas BpemeH GHY peanuayloT HamHoro GonbLuei nepuopa T H.H. =1/ f Puc.7.8
m o CaMOr0 HU3KOHACTOTHOTO
1SRG, > Ty (5.103) o o (64 jweIRIRIRA , —
yeTpoiicTsa: nasipue 7.8a - ZBX = - Raks + jwLaks ; Raks =
. wLaks _ wC
Unmake < Uppix makc Qokg =——— = —=Q,
' Raks G
k=Ko 5104 » (Imake = Umakc /Ry)
= . (5.104) PO a9 7.8
1+K, HEKOTOPOIt Camoit HUaKo/t wacToTe f 1
i 1
C.H., Ha KOTOPO CoMpOTHBNEHNE " - o " = a* [P S—
eMKoCTH 1.C Benmko, a emMKocTH 2 C ewe maro. Yactota Groke GBx Raks + jwLaks Gex Raks +( 1+Q§)
BepxHero cpeaa ®HUY, 0BpasosanHoro peauctopom 3 R 1 jwLoxs
. H *,
xorpencaropom 2C, 1 or1son G*akB - j w B*akB
onpenenserca waycnoans  fo = ————<fo . (5.105) ks T(1+QC)
2nC,R,;
[vanason uamereHs (Lyaxe /Tagny = ),
Tokos K uro
M3V ans it MHAYKTUBHOCTH, USMEHFIOLIEICA B

VICKIIOUMTESIbHO WMPOKMX Mpefenax.




55. "
MHAYKTUBHOCTeIA.

(U1-U2)-(U1'- U1’

5. OgHononsipHble CH ¢ onopHbIMU cTaBunuTpoHamu.

Ton craGumzatopom win (CH) T (anemenT)
JICKTPUHCCKOI CXEMBI, KOTOPbii BHIDAGATEIBACT BRXOHOE HAnpsikenie Eg, B IePBOM MHOIWACHHHI
HE 3aBHCALIEe OT CONPOTHBJICHUA HArpy3kn Ru wiim Toka Harpyske I, a TakiKe HaNpsOKEHHs! THTaHUS
Ha puc. 4.1 npeacrasnens jase CXeMbl CH ¢
craGumTponamn JI, OTIHUAIONIHECA OZHA OT JPYTOil CIOCOGOM BKIIOUCHHS CTAGHIHTPOHA B IEMb
oBpaTHOii cBA3H. JUIA OBBIICHIA CTAGHIHSUPYIOLIETo ACHCTBIA B 0DCHX CXEMAX CTAGWIHTPOHB J{
3AMATHIBAIOTCA CTAOHWIM3MPYEMBIM HanpskenneM Eg, Kotopoe, Juisi obecrieueHys HOPMAILHOIO
(YHKIMOHHPOBAHIT CXeM, JIOJKHO NPEBHIIATH HANDSKCHHE CTAaGHANTPOHA Uy, MPUHIMacMOE 3a
onopuoe Uy (Eq > Uy). B mpocreiimem papuante peamuaman CH 5T CTaGMIHTPOHEI MOryT
JANHTHBATECA OT OOIIErO MCTOUHMKA MHTaHis. OCHOBHOE NPEHMYLIECTBO BTOPOH CXeMbl 0) M0
OTHOIICHHMIO K 11epBoii (puc. 4.1.a) COCTOMT B TOM, YTO OHA MOKET ObITh HCIONb30BAHA B CIIydae
peanmzawn CH na Eq. ¢ CTAGIINTPOHA ¢ HANPSIKCHICM
Uy =U, npessumaionmy gonyctivoe cunasioe nanpskeniie Upenon OV (Up > Unycpon)-
PesncTHBHBIA fenuTens Ha pesuctopax Ri M R2 B 9THX CXeMaX NOMyYeHHS HEOOXOIMMOro
COOTHOMIEHUS MEXK Ty Hanpsukenusmu Eg u Ug.

OCOBEHHOCTBIO CXEMOTEXHUKH MpaKTHUeCKH Beex uspectuix CH sBiseTcs To, Ut HAmpsKenHe

6. CH c noBblILLIEHHO Harpy304HOM CMOCOBHOCTBIO U OFPaHNYEHUSIMM MO TOKY.
+

Puc. 4.2. CH ¢ noBsiuienroii Harpy30uHo#
CMOCOBHOCTHIO H OFPAHKUCHHEM 10 TOKY

XapakTepHoii 0COGEHHOCTHIO MPEACTARIEHHOTO Ha pic. 4.2 CH SBISETCS TO, 4TO B HEM, BO-TEPREIX,

s Harpy3ouHoii CIOCOGHOCTH Henomb30Bansi coctasnsie BT T, Tz, nossonsome

nutanns Ef OV moxer Obimh oasononspusiv Eff wmn Ej , npuuém npu W oc
V/IBOCHHBIM 3HAtCHHEM, COOTBETCTRYIONIIM MOHOI PAZHOCTH MHTAIOLIX HANPKEHHH, 63 onaceHIs
TIPEBBILEHHS  JIOMYCTHMBIX  BEJTHYHH Eriuom OroBOPEHHBIX B TexHHueckux yciosuax (TY) ¥

npumensewsiii OY. Hanpiyep, TpH JOMYCTHMOM THTAiONEM Hanpskennn OV Egmqss

7. Creanumii CH pasHONONApHEIX HanpsxeHii

Ecu tpebyeres, 4obhi o6a KaK MOJKHO TOUHO COOTBETCTBOBATH OIHO
APYTOMY, MPHMEHSIOT Tak HasbiBaeMblii crensmuii CH (puc. 4.6), aGcomoTHas Bemmumha
CTAGMINSHDYEMBIX  HANpsACHii KOTODOro 3amueHT Tombko or omworo HOH, manpivep,
NONOKHTEIBHOI u Uy. Oneo u3 Egraxoro CH (.
pric. 4.6) craGumnpyeres wnectisim crocoSom ¢ nenomssonanes OV 1 u BT T1, T2 u pesreropon
Ri~Rs. Bropoe AHATOTHUHBIM OGPAIOM C IPHMEHEHHEM
Jsepmpytonicii OC Ha OV2 1 BT HpoTHBONOA0KHOI CTYKTYPh! 414 PEATHSALIN YCIIHTE TOKa
(T3) 1 cxeMbl 3aumTs! OT cayuaiinoro K3 Re=Rs i1 T4) ¢ Rs o
Homunana B nenn OOC. B KauecTBe BTOPOrO OMOPHOTO HANDSKEHWS B 3TOH CXeMe HCHIOb3yeTes
nepBoe crabunnnpyemoe Hanpsikerne Ej koTopoe G1aroaps unseptupytomeii OC
(neunBepTHpyionwii B0 OY2 coeamuen ¢ o0l WHHOI) MPeBpaliaeTCs B OTPUIIATENLHOE

Rs
Ef = ——E} = —E}
o R0 B

Tak KaK PasHOCTh MOTCHIMATOB MEKIY BXoZami OV2 GIH3Ka K HYIO, 4 HA Cro BBIXOXE BCETIa
JCHCTBYCT HANPSKCHHE OHOH (OTPHUATETBHOI) NOTAPHOCTH, To MHTaRKe OY OCYMICCTRIACTCA OT

CYWIECTBEHHO YBEIMUMTh TOK I[u B COMPOTHBIEHHH HArpy3kd Ru , H,
sideiTB Cxeva sauuTs or enyaiiieix K3 1 nepenanpskennii na BT T3, cradnnmpore
pesnctopax R3 — Rs C mnomompio jenuTens Ha pesuctopax Rl m R2 ocymectsisercs

o Ej 6e3 uap T cxembt, L% TOTO WTOGBI TOK
semutens Ij, mporexaiouutii mo pesucropam RS, TouHO cooTseTcrBoBan Toky i semirens ma

MacITaGHpOBAKNe CTAGAN3HPYeMOTo HanpskeHns Eo oTHOCHTENBHO onopHoro Hanpsxerns Uo,

pesuctopax Ri, R2, HOMHHAT Rs Bribpats 13 ycnoeus Rs = Ri+R2. B stom

o = . N caysae CH MONOKHTENBHOM NOJAPHOCTH HAIPYKACTCA OTIONHMTEIBHBIM TokoM [f = ln, uTo
Mporekaiouii no. sxonam Tox [ = 2R4 KoTopLit nontoe HANpSUKEHHE NMTAHMA OLHON mOApHOCTH MoweT coctapith Ef < 2Efjon =30B wm Ej < KOTOpOE B JI@HHOM CJlyyae nojiaeTes ot orjebHoro MOH, uto sryuiie, Tak Kak HMEETCs BO3MOKHOCTh Heiﬁm“mo Vst npi mqnoﬁ};“ewe “ap::elpw |ai KaK pacscibie ok seru/‘epmsﬂET T
(U1-U2) 2R4 2Ef jon = —30B. D10 06yC/I0BICHO TeM, 4TO Ha BXoAaX M Bhxoze OY Beerna aeiicTayer ero TK (TK - remneparypubiii xkood@uument) myrem BpiGopa cooTseTeTBylOmeii 1 T3 MOTYT OTIHMATHCS O OT APYTOTO:
ZBX = 7 7 OJIHOI H, W UIs 0 ¢c/IBHTa Ha BpIxozie OV joctatouno CXEMOTEXHHKH. Io=1 +1+1
I _ui'-u1 HCKITIOWITh HATpKEHIIC MiTaI oHOf 13 nonsproctci (B = 0w Ej = 0 ). OrpaniueHue BLIXOHOTO ToKa B paccmatpusacmom CH (oM. puc. 4.2) mpomnssoTes 3a cuer o AT
U1-U2 pesucTopa R3 na yponue L=1+1;
" " _ Usy (7‘3)
Uy” = Uy (1 + R2/R1) = U2 R2/R1 ; Uy” = Uy (1 + R2/R1) — UTR2/R1 lomax = (433)
rae U6s(T3) — Hanpsukenue Gasa—dMHTTED, COOTBETCTBYIONIEE MOPOTY OTKphiBaHms TpansucTopa T3,
Uy’ = U (1 + 1/jweR3) — Uy" / jweR3 = U1 — ch1R3( U1 -U2); npeoTEpALIAIONIEro yBeene Toka Gashl BT T1.
MouHocTs, paccenBacmas Ha RonneKTOpe TpATIIETOpe T2 B CTaTHUCCKOM PEXkIME, ONPEACIACTCH C
8 . R2 43 =1 (Ex —5)44
Uy = Uy (1 + 1/jweR3) — Uy” / jweR3 = U2 — —2__( U1 — U2); yeton Toka (4.33): Frac = o max 0) (4:39)
jwcR1R3 Ipyn cayuaiinom K3 conpornsienms Harpyskn (Ri=0) CTaGIH3HPYeMOE HANDAKEHHE CTAHOBHTCA
2R2 pagibiv Hymo (Eo=0) H MOIHOCT paccemBanis (4.34), MHOTOKDATHO YBENHUHBASCH, MOKET
U —u2'=(U1-U2)(1 Tl NpEBBICHTS NIPCICABHO  ZOMycTHMylo  Ppac.ion  tpamsucropa T2, Amatorimmas  cuTyawms
jwe Prc. 4.1.C ¢ TOM T 1 B CITydae HEKOHT o muranns EF K
jWcR3R1R4 P pocty momoctH (4.34).
MoasonsieT nontoe Z= R2 =jWL3KB; Ddexr crabuimsaunn BHIXOAHOro Hanpsukenns Eq B jganubiX cxemax (cv. puc. 4.1), a Takke B JUisi CHWKEHMS MOIIHOCTH PACCEHMBAHMS, CBA3AHHON C POCTOM PA3HOCTH NOTEHIMAIOB MEXy
AHATOTHIHLIX JpYTX cxemax CH B Tom, wro, © Y ) 110 KaKoii- xorexropow i avmrrepom BT T2 (U, = Ef — E ). Moo yvenpmats yposers orpasmseris
CR3R1R4 GO TPUUMHE 3TOTO ) pasHOCTH MERTY @l 433 CH (c 4.2 &
LaKB = ———— onopuen manpswennem Uy 1 manpsenres wa mmkien maese (peancrope R:) pesmcrumioro ToKa lo.yaxe (4-33) 3a cuer ppenenma s cxemy CH (om. puc.4.2) crabumrpona [l u penurens wa
sennens Ri, R, Kotopas mocrie ycmienns 5 OY NpHOTKpsIBaeT (1I0/3aK] ) perysp ReuRs.
tpansuctop T1, ) TeM cambiM E,. Puc.4.6. Crepsuuii craGunmsarop
Pa3HONONAPHBIX HANDSKEHHI
8. MH aMnnnTYAHbIX 3HAYEHWIA. 9. Anex MH Ha ocHose OY. IMH ¢ nuHeHbIMKU K 10. MocToBO# ycunuTens Kak Tenb ] 7 11. UnpKkynsTop curHanos.
v aneT| . . . .
(conpor B Mop umpkynsaTopom [oT nar. circu(m)lator — HOCALLWI KPYrom, OBHOCALLWIA]

obnagaowme MansiMm Ha 3: .
nUKOBOTO AeTekTopa (pyc. 1.48,a) oTnMdaeTCs OT onHononynepMonHoro TH Ha OY1 (cm. puc. 1.46,a) nuwe
HanuuMem KowaeHcatopa C. B 9TOil cxeme MOCTOsHHas BpemeHn 3apsfa 3 = C(Rj,x + Ry) (1.229),
18eR;,,, - BhiXoOHO® oY, Ry -
Avopa 2. MocTosHHas BpemeHn paspsna B 0CHOBHOM
Harpyskn RH , KoTopoe Ha puc. 148, He nokasaHo,T,= C(R|IRxlIRgose)(1. 230), rae Rposp —
avona 2. Mukoswid  peTexTop,
npeAcTaBneHHsii Ha puic. 1486, obnasaet nosuwenhoﬁ NOCTOSHHOM BpeMeHN paspsda, Tak Kak
2 ¢ GONbLUVMIM BXOAHBIM CONPOTUBEHNEM HCKTIOHaET
BIMSIHME COMPOTUBNEHNS! HATPy3Ki RH (1 230) w npeqmapamaeT Tem cambiM paspsia kowaeHcaTopa C. B
aToin cxeme c 3HauEHIA NEPBOTO MONIOKMUTENLHOTO MMNYIbCa,
avoa A1 ooc oxsa i o6a OY, Ha BbixoaeOY1 Usbix.1
YCTaHABNMBAETCA TaKAM, YTO HANPsKeHMe Ha Bbixose OY2 UBbix n amMnnuTyaa uccneayemoro curkana Uc(t)
GcraHoBATCA pasHiiMi (Usbix = Uc(t)). Mpy oTom
HOTIOSaSTCR SIHAHME NSHIA KETPAKEHUA Ha SUORS A1 v Hanpsxkenns cveweHuaHyns OY2. Ecnm
BXOAHOIA CUHAnN Ha Bbixoae OY1 Takke yMeHbIMTCS, AMOR
N1 3akpoetca u pasopeeT uenb OOC, R. Mpu
yMeHbLUEHA BXOAHOTO curHana Uc(t) oTkpoetcs awoa [12 1 OY1 Gyder oxeauen mecthoit OOC, uto
CKNIoUUT ero

Ha ocHose OY MOXHO MOCTPOUTH 9¢¢emwanhle cxembi MH amnauTyaHbix aHadenin (puc. 1.48),
@ pa3p cxema

Ha C. B aaxom MH (cu. puic. 1.48,6) peauctop R sensetca
OBS3aTembHbIM OMIEMEHTOM CXembl. ECAIM 3TOT PeaucTop 3aKopoTUTh, TO Bbixod OY2 GydeT Harpyxer

avopa A2 Ha BbIXOAHOE OY1 & cxeme
noeoputens curwana (1.67), uto cospact Ans OY2 pexim KG W, CNIeQoBaTensHo, Hapywmt
paGoTocnocoGHocTs MH B Lenom. B Cesan ¢ 3TM HoMUHan nomKeH

conpoTuaneHme Harpyau RH AnA OY2 (R > Rygon). MocTosHHas BpeMenw paapsiaa 7, B aTON Cxeme B
otnamte or (1.230) MOXET BbiTb MOMyeHa MCKTIOUTENBHO BONBLIOH, TaK KaKk KOHAEHCATOP C MpaKTUNecky
e pasprxasTcn 1 4epss NOSTODUTeMs CATna s OV W epes awon [T, nockoneky paskocrs
BIVIaKOM K HYIO, MTO YBENMUMBAET €10 IKBUBANEHTHOE
aparioe conpormanene. YHETOM ARHHOTO aDeKTa i COOTHOLIHMS (1.69) ANA NOCTORHHOM BpeMeH!
paspana MOHO sanucarbi T, = C A% (1.231). me K nepenaun

COeAMHEHHbIX MOBTOPHTENei CHTHANa Ha OY2 i OY1, KOTOPbI BechMa BMIOK K samue. Mocromnan
Bpevenn sapaga anHoro [H (1.229). C Hanbi MoryT
nopsapsanTL KoHaeHcatop C nuwb Toraa, Korna WX aMmnnuTyaa npesbicut noreHuMan HaKonneHHblit
KoHgeHCaTopoM  pakee. [ nepen

MEHBLEro M0 aMAAMTYAE BXOAHOTO UMMYeca heoSrommio paspmTs KoHgeHcaTap C HomouIbio Krilova,
nokasaHHoro Ha puc. 1.48,6, unu emecto anona
(NPOBOAMMOCTH), 4TO nepesoauT Aanksii MH & paspsa ychoMcTE BLIGOPKI XpaHeHWs MHGopwaLMK (YBX),
paccMaTPMBAEMBIX B MOAPaIA. 3.4. Tam Xe AAETCA OUEHKA TONHOCTH XPAHEHNA MHADOPMALMK, KOTOPYIO
MOXHO MCTIONb30BAT M ANsi 0BCYwaaeMbix MH C yUeTOM peanvayembix MocTosHHbIX Bpemenn (1.230) u
(1.231). C uensio curnanos
NIOMAPHOCTS BKTIOUEHIS AMOTIoB B Cxeme [TH (cin. piic. 1.48,6) CneayeT UaMEHUTL Ha MPOTUBONIONOXHYI0.

Puc 1,48 MH amMnnnTyaHbIX 3HAYEHUIA(NMKOBbIE AETEKTOPLI)C HopManbHoi(a) n
MOBbILLIEHHOW(6) NOCTOSIHHON BpeMeHu paspsiga

KkoadhpmumeHTa nepegayn.

OneKTPoHHO-ynpaBnsieMmsle MI peanuaylioTcs Ha OCHOBE MHBEPTUPYIOLLEMNNN
HevHBepTvpylouleit OC C 3aMeroii B HuX peancTopa R1 Ha anekTpoHHoynpasnsemyio

nposoaumocTb kaHana MT, ann| yemyto B NepeoMm np| n
DyHKUMe -
U]Il
G(Um):GMaM{l’UA 2 (1.232)
3H01C /

rae Gmakc 1 Usn.oTc— MakcvmarbHas npoBoANMOCTb kaHana,
COOTBETCTBYIOLIAAHANPSIKEHINIO MEX /1y 3aTBOPOM 1 UCTokoM U3n=0, 1 HanpsixeHne
otceuku MT.

Puc.1.49. 31ex MIlc
mnhdmuueum nepexaun

[Ans MM (cm. puc. 1.49,a), peann3oBaHHOro no uHeepTupytowein OC, HaocHoBaHuu (1.27),

TaK Kak HenaeanbHocTb OY npakTuyecku He A ensx aHan

cxeM, ¢ y4eTom (1.232) v ceasm ynpasnsioLieroHanpsbkenns Uy ¢ HanpsbkeHuem Usm,
. _UR Uy

s (1.233)

MOXem JanwcaTb

T 1
|, (1.234)
U more /

Ky(Uy)= RyG(Uyy

Usix.
Ue(t)

Puc.1.51.MII ¢ 3KCIIOHEHIHATHHBIM YIPaBIeHHEM

Puc.1.53.

CXeMBl yCHIHTeNR
[ins aHanu3a MOCTOBOrO ycunutens, ndobpaxeHHoro Ha puc. 1.53,a,uenecoobpasHo
npeacTaBuUTL €ro B BUAE yCunuTens ¢ apymsi Bxogamu (puc. 1.53,6), Ha koTopble nogaHo
©O3HO 1 TO Xe OnopHoe HanpsixeHne Uo . Toraa, UCMonbays NPUHLMN Cyneprosuumnm n
CBOVACTBa MHBEPTUPYIOLLIEN N HenHBepTupylollieit OC, MOXHO cpasy 3anucaTh BbIXOAHOE
HanpshkeHne yeunuTens

1 Rs

—J1+=24 (1.274)

Nl Ry
R,

N=1+-L, (1275)
Ry
Mpu Ganaxce mocTa (UBbIx=0) AOMKHO BLINONMHATLCSA BbITeKatollee n3(1.274) ycrosne
j 25 R5
N R, Rs Rs
=0, l+—==—(N-1). (1.276)
Ry Ry

MOHVMAIOT MHOTOMOMIOCHOE YCTPOWCTBO AN HaNpaBreHHOM (HeB3anuMHoN) nepeaayn
CMrHaroB OT OZIHOTO MOMIOCA K APYrOMY (CTPOTO ONPE/IENEHHOMY) MOMICY BCOOTBETCTBUM

Hu

Puc.1.54. YcinoBHOe 0603Ha49eHHe IHPKYIATOPa CHTHATOB (a) H OHO ero 38eHo (6)

C MOPSIAKOM UX YepefioBaHus (Mo HanpaBneHuio CTpenku, oboaHaveHHo Ha puc. 1.54,a).

MpuHUMN feiicTBUS LMpKynaTopa, peanusyemoro Ha ocHoe OY,paccMoTpUM Ha npuvepe
ofHoro ero 3seHa (puc. 1.54,6), npeact 0 coboit 1bHYto OC (cM.
puc. 1.26), B koTopoit MacLuTabHblii koachuumeHt N = 1 (Bce peaunctopbl R oauHakoBoro
HOMWHana) n BXxoAbl 06beAVHEHbI.

Mpu nopaye Ha BXoA CXeMbl (NepPBbIN nonioc) curHana U1 Ha HeMHBEpPTUPYHOLLLEM BXOAe
QY (BTOpOIt NOMIOC) NOSIBMSAETCS HAaNpshkeHne:

Uy= U,L—ﬂ. (1.285)
R+R 2

Ha Bbixoae xe OY (TpeTuit nontoc) HanpsbkeHue U3 = 0, Tak kak pasHOCTHBIA CUrHan Ha
Bxoae anddeperunansHoin OC oTcyTCTBYET — TaM AeiicTBYeT CuHasHblii curHan U1 .
Takvm 06pa3oM, OCYLIECTBISETCS Nepeaaya CUrHana TombKo C NepBoro Ha BTOPOV Nomioc
3BeHa uMpKynaTopa.Ecnu Ha BTOpoit nontoc nogath HanpsikeHne U2 oT BHelwHero
WCTOYHMKA 1 3aKOPOTUTL Ha 0BLLYyI0 WHY nepBbii nomtoc (U1 = 0), To Ha TpeTbeM nontoce
06pasyeTcs HanpsikeHne

U3=U, 1+% =2U,. (1.286)




12. 1 7 MNONHbIX 7 ( P! B
HanpsxeHue.
PTOP P i
TIpaKTHYe CKIL npeobp neM coc (: it G, u
peakTHBHON wC,) mMomoit mposommmocTH Y, KIIC B Hampaxemme ABMACTCA
TPe06pPATOBATEMD TOKA, MPOTEKAIMIETD TEPES F i1 00BeKT, B Ha

ocHoBe pHBepTHpYROmIcii OC OV (car. puc. 1.28 & [4]), ama xoToporo (puc. 5.10, a)
KOMITIEKCHO BBIX 0/THO € HATIPAK CHIE
Ugyy = - UR, Yy =
rae U — BXo/HOE MEPEMEHHOE HAIp HKEHHE;
R, — conpoTHBIeHMe 06pasioBoro pescTopa nermr 0OC OV,

UR,(Gy + joCy ). (5.84)

=Gy + jwCyi (5.85)

U=U, coset; (5.86)

U,, @ Mt — 9acTOTA, AMIVIATYAA M TEKYIEe BPEMA BXOJHOTO CHHYCOHIANEHOTO

HANPDKCHIA,
G, R,
U U,
a
Puc. 5,10, Basosie cxevbl 11peotpazosare;ieil cocTan IHOULAY 10/Hb X

MPOBOIMMOCTEH B HANPAKSHUE M BEKTOPHAA TMarpavma, TNOACHAROLIAsn
TPUHIMATT M3MepeHui
B mpeobpasoatene (puc. 5.10, 6), MoCTpoEHHOM Ha OcHOBE HeMHBepTHpYIOMe
OC OV, 00beKT HcCTeAOBAHMA HEPa3PBIBHO COCAHMHEH ¢ obmreit mmmoit. Ha mem
T 61 BXOJIHOE HATT] U (5.86), moA BIMAHMEM KOTOPOro MO
i1 Gy H pe: H wCy TI0THOH I1p ™ Y, (5.85)
nporexaor toxu I, m I, maxommmmecs B coomsemermi ¢ obumme Toxon I,

TPOXOAAMMM Mo 0GPASIIOBOMY PE3HCTOPY R, T. K. MPEeAcTABIEHO HA BEKTOPHOH
maarpac (puc. 5.10, ).
B HTOre KOMITICKCHOE BEIX 0HOE HAIIDLKEHIE
Upnx = U(1+RDYX):U+URU (Gy +jwCy) (587)
B oTmHMHE oT (5.84) COCTAB.

P BXO0JHOI0 HAalT] U.B o
HA TOUHOCTE HIMEPEHHA

i H pEaKTHBHOLL COCT .

JlaHHBI HEAOCTATOR MOAHO HCKIIOHTS, MprMersn Anddepernmamyo OC Ha
OV2 (puc. 5.11). O6pasopasELIi Taksma 06pasoM TpeBPATORATEN: Ha CROEM BRIKOAE

HE COAEPAIT cocT i1 BXOJEOr0

Usnx = UBhix = NUR,(Gx + joCy), (5.88)

_NR,
NR,+R;|| R,

rac Uiy — Hanpakerme Ha sexoe OV, onpe/czeMoc B cooTBeTeTsHN ¢ (5.87).
Usnix = Upnix €% = Usnixc (cos @+ jsing), (5.89)
¢ Unsix ¥ ¢ — Moys 1 apryment (asosbiit yron mexry Toxon | Hanpmxermen: U
Ha BeKTOpHOl [uarpaMme, usofpaxermoii Ha puc. 5.10, B) Kowm-

nekcroro anpmiermn Upsx .

1. YeosepinenesOBaHHBIA BAPHAHT IPEOBPasOBATEN COCTAP.
TOJIHBIX TIPOBO/IMMOCTEN B HANPsACHHE

[ -
U g = U s o050yt = MU R
o

LN

592

(593)

U Stoc = Unane 0500 - @) o=t = MU, Rgo

1 . 30Tl
uHTerpaum MC. Knaccudmkauma UC.
2. 0Y KaK aKTHBHbIF 371-T M3Y. Tubi OY 1 X 0COBeHHOCTH. Mepbi 11peA0CTOPOMKHOCTI U T.4,
3.TCT Ha ocHose OY. [CT € U30AMPOBaHHOM HAMPY3KOIA. OlYeHKa NaPAMETPOB M TOYHOCTM GOPMUDOBAHMA TOKa C
peaibbim OY. FCT ¢ 3a3eMAEHHOT Harpy3KOi.
. i Ha ocHose ICT TouHOCTH,
5.0, CH
6.CH i i P 10 ToKy.
7. Crepsupit CH pasvonanpH HanpAKe Hu
8. NIH amnANTYAHbIX 3HaveH

Mpocrsie 1 cnoxHsie MC. Creners

9. INeKTPOHHO-yNpaBARE MbIe e MacuraGrate N wa ocuose OY. "

37EKTPOHHBIM NepeKAIoHeHHe KoI. fiepeadn.
10, MocToBoid ycunmTens Kak
11. UupkynsTop curanos,

12. Nuweiitsie noAHe i i e

13, OCHOBHble CBOFICTBA M N1apaMETPbI NepEMHOKMTENeli CHTHanos.

14. Peany3aus MaTEMATUMECKAX ONEpaLil Ha OCHOBE NePEMHOMUTENH CATHANOB. YMHOEHNE
15. Pea/u3aus MATEMATUMECKAX ONEPaLMii Ha OCHOBE NePeMHOMNUTENe CHrHanoB fleneHne

16. Pean3aus MATEMATHHECKHX ONEPaUM Ha OCHOBE NepemHONMTene ChHanos. Bosoes, B 2.

onepauii Ha ocHose W3en. KopH.
m BanancHbie " Ha ux ocose
19. BanancHbie w Ha UX OcHOBE CHHXD
20. Banarcrble " Ha ux ocHose d
X i Ha OcHoB: curwanos.
2. i Ha ocHose curvanos.

23. AHanorosble KommyTaTopbi (AK).

24, My ABTUIAEKCOPYI, AEMYABTUIVIEKCOPSI

25. YerpoiicTea abiopis u xpaenis (YEX).

26. TIpUHLYNB NOCTPORHMA HANOTO-WPOBLIX NpeoBpasosate el (ALLM).
27. Mpuuyn paBoTi uudpoaranorosoro npeoGpasosatens (LAM).

28 cTpyktypel (TC).

29.ACTONHMUKN OMODHOTO Hanpsers (IOH) Ha BT u T,
30./I0H C yMHOMeHVEM HanpAMEHWA

31MOH c TepmokomneHcalmelt

2.M i

CTpyKTYpbI (ATC) Kak OTpaKaTe M TOKa.

31T Kak UCTOHHAK
34, OCHOBHbIE TWNbI KACKAAOB 1 n 5 v,

35. 1Y Ha 6T u T,

36. /1Y Ha MOT1-TPaH3NCTOPaX ¢ KTUBHOM Harpy3KO

3. 6308011 ov.o 6asosoli i mopenn OY.
®opmuposane KoadduuMerTa nepesasm OOC 5 OY.

38. OBecneveye pexima paboTsl OY N0 NOCTORHHOMY TOKY W 3aLATHI OT CAYIaiHbIX KOPOTKYX 3aMBIKaHWH(K3)
39, AUX 4 DUX OY 1 x

40.1T KaK 1€ MeHT CYNPaBNAIOWIE/ NPOBOAMMOCTEIO

41. OueHKa TeMnepaTypHOl CTaBUABHOCT NapameTpos MT.

42. /WHeapU3ALMA BHIXOAHbX apaepucc .

43. Merope! ynpasnenv T u apyrinx HO.

44 Peanu3aumA MHAYKTUBHOCTH C NOMOLbIO A3,

45. Peanu3auvn aKTHBHbX GHLTROB(AD).

46. Mpeobpasosanye AUX GHY 8 AUX GuALTPOB BeXHIX 4acTOT(©BY) U 8 AUX nonoCoBbIX GuALTPOS(I).

47. CunxponHbie GMABTPS! WX ceoicrea.

48. KOC 1 KI1C KaK aKTUBHbIE YeTHIpEXTONIOCTHAKN

49.KIIC va ocrose KOC.

50. [MpaTop(MOC wan UMIC ) Kak akmmeHbili Herblpﬁxnaﬂmcrwx

51 Mpampnon
52,1 ii rMpaTopoe.

53. i wobecnedenye ee B PeaNbHbLIX YCAOBMAX.
54. Monysenue Vi rHpaTopHoi

55. W anekTpo; TMpaTOpHbX




