I'maBa 11
INPEOBPA30OBATEJIA YACTOTbI

11.1. Ha3Ha4yeHWe H Pa3HOBHIHOCTH Mpeodpa3oBaTeieil YacTOThI

(DOPMI/IpOBaHI/Ie MHOI'OKaHaJIbHBIX CHUI'HAJIOB B

M o
F,..F, | f+4(F,..F,y CHCTEMAX nepejatu ¢ ‘ﬂIPKu OCYIIECTBIISICTCS MPU
I nomomy npeobpaszoBareneii wacrtorsl (ITY). Ha-
3HaueHue [IY 3akmroyaeTcs B mepeHOCE IMOJIOCHI
f ' JE(Fy...F)
yacror curmana F...F, B o6nacts wac-

Pre. 11.1 tor f — €,..F, wm f + €..F, u dopmuposa-

HUSl OJHOIOJIOCHOTO CHUTHAlla B OINpeAeNieHHOW o0iacTh 4acToT. B coBpeMeHHOM
KaHasooOpasytomei annapatype ¢ YPK npumensitores 14, npeacrasmistoniue codoi
COYETaHNE aMIUIUTYIHOTO MOAYJSTOpa M M 3IIEKTPUUECKOro (HIbTpa, Yalle BCEro
nosiocoBoro (I1®), xoTopelif TMpoIyckaeT HIDKHIOW (TN BEPXHIOH) OOKOBYIO T10-
JIOCY YacTOT, MOJIaBIISIET HEUCIIONB3YEMYIO BEPXHIOIO (MM HIKHIOI) OOKOBYIO TIOJIO-
Cy 1 1oOOYHBIE TPOAYKTHI peobpazosanus (puc.11.1). Ha onun U3 BX010B MOIYIIs-
Topa mogmaercs mosioca F1...F2 mpeoOpasyemoro curHana, a Ha APYroil — Hecymnas
yacTorta f.

TpeboBaHus K AMEKTPHUECKUM (QHUIBTPAM W METOABI X peaM3aliy H3JIararoT-
ci1 B Il 12, B 1aHHOM IVIlaBe paccMaTpPUBAIOTCA aMIUIUTYIHbIE MOAYIATOPEl (AM)
IIPUMEHUTENBHO K 3anayam 114,

Ilo nasnayenuro 119 1 MOIYIATOPHI, BXOJAIINE B UX COCTaB, MOAPA3AEIAIOTCS HA
WHJIMBH/yallbHbIe, TPeoOpa3yIolIie MoJ0Cy YacTOT OJHOr0 KaHaja, U TPYIIOBBIE,
BBITIOJIHSIOIINE (DYHKIUIO TPeoOpa3oBaHusl MOJIOCHI YaCTOT IPYIIIbl KAHAJIOB.

o mecmy npumenenus IT4 1 MOIYIATOPBI MOTYT KIaCCH(HUIIMPOBATHCS MO BbI-
MOJNHSAEMbIM (QYHKIMSIM B TPAKTe IepeJadll U TpakTe nprueMa. MOoIyssITopsl B TpakTe
IpHEMa YacTO Ha3bIBAIOT JEMOJIYJIATOPHI, XOTS OHM OAMHAKOBBI C MOIYJIATOpaMH
TpaKTa Mepeiady 1o cXeMaM, pesKiuMam padoThl U KOHCTPYKIIHH.

[To tumy npuMensieMbIx B cxemMax AM HENMHEHHBIX 3JEMEHTOB pa3lIMyaroT MO-
JYJATOPHI MIACCUBHBIE (IMOIHBIE) U aKTUBHBIE (TpaH3UCTOpHBIE). [laccuBHBIE MONY-
JSITOPBI BHOCAT 3aTyXaHHWE B TPAKT Iepesladyd CHTHAJIOB, ISl aKTUBHBIX XapaKTEePHO
yCHJICHHE TIpeo0pa3yeMoro curHaia.

ITo cxeMHOMY HOCTPOCHHIO Pa3IMYarOT NPUMEHSIEMble Ha MPAaKTHUKE OalaHCHEIC
(mByXTakTHBIE) M1 JBOWHBIE OaaHCHBIE (KOJNBLIEBBIEC) MOIYIIATOPEI.

11.2. OcHoBHBbIE MapaMeTPbI MOAYJIATOPOB M TPEOOBAHMS K HUM
K anexTpudeckum napamerpam MOAYIATOPOB, ONPEAETSIOIUM IIOUYTH BCE €r0 OC-

HOBHBIC CBOﬁCTBa, OTHOCATCA: CHGKTpaJ'H;HBIﬁ COCTAaB TOKa Ha BBIXOJAC MOAYJIATOPA,
€ro pa60qee 3aTyXaHHe, HEJIMHEHHEBIEC U COOCTBEHHbBIE HIyMBI,
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a TaK)KC HOMHWHAJIbHBIC 3HAYCHUA BXOIHBIX COHpOTI/IBHCHI/Iﬁ

F mf * nF
MOJIYJIATOPA. A I
PaccMOTPHM OCHOBHbIE JIEKTPUYECKHE [TAPAMETPBI
aMILTUTYIHBIX MOy IaTopoB anmapatypsl ACII u tpebosa- f
HHS K HHM, BHITEKAIOLINE U3 00ECIIEUeHUs HOPM Ha mapa- Puc. 11.2

METPBI KAHAJIOB M TPAKTOB MEPEIAUH.
Cnexmpanvbuvlii COCMaé moka Ha 6blxo0e MoOyIAmopa. 3a CUeT KOMOMHAIIMH 10~
CTYMAKONIMX HA MOAYJSATOP CHIHAIOB (IpeobpasyeMoro ¢ 4actoToit F u Hecymiero ¢
yacToTod f) Ha €ro BBIXOZE BCIEACTBUE HEIUHEHHOCTH XapaKTEPUCTUK TOSBITCS
Kosebanus ¢ uactoramu Buaa Mf u nfxrmF (puc.11.2), roe m u N — nernbie Yncia.
ITosie3HBIMU TIPOAYKTAMHU HEJMHEHHOrO NPe0Opa3oBaHus ABJISAIOTCA JIMLIL 0OKO-
Bble KojieOanus Buga f +F . OcranbHble IPOLYKTBI ABISAIOTCA BPEAHBIMU WM I10-

OGOYHBIMHU U 3aCOPAIOT CIIEKTP MHOTOKAHAJIBHOTO CUTHAJA.

Jlyqmum sBIsieTCS Takoi MOIYNSATOpP, HAa BBIXOAE KOTOPOTO aMIUIUTYABI MOJIe3-
HBIX OOKOBBIX KOJICOAaHMH MaKCUMAalbHBI, a KOJHUYECTBO M AMIUIMTY]BI MOOOYHBIX
MPOJYKTOB MHHHUMAJIbHBI.

Pabouee 3amyxanue moodynamopa. Pabouee 3aTyxaHne onpenenseTcs OTHOIICHH-
€M BEIMYHMH MOIIHOCTH TIOJIE3HOTO ITPOIYKTOB Ha BXOZE M BBIXOAE MOAYISATOpPA

a=101g(Pe / Pi.e) = Pr — Piur

rae Pr — MOIIHOCT HMCTOYHMKA MOAYIHPYEMOTo curHaima uactotoil F, koropas
BBIJICIIICTCS] HA COTJIACOBAHHOW ¢ HUM Harpy3ke (ITOJBOMUTCS K BXOAY MOIYIIATOPA);
P;.r — MOIIHOCTH MOJE3HBIX OOKOBBHIX MPOAYKTOB ¢ dactotamu f = F , xoropas
BBIJICIISIETCSI B HATPY3KE MOAYJISITOPA.

WpeansHBIM MOIYISATOpOM OyAET TOT, KOTOpHIH MMen OBl pabodee 3aTyxaHHe
a=101lg2 =3 nb, MOCKOJIBKY TOJIE3HON SIBJSETCS JIMIIb OJHA M3 OOKOBBIX IOJIOC

yactor f + Fwm f —F , a oTHOwIeHHe ompejensieT MOLIHOCTh, PacXOIyeMylr Ha

00e 6okoBeIe mostockl. CieoBaTeNIbHO, TPEOOBAHNEM K pabodeMy 3aTyXaHHUIO MOAY-
JSITOpA ABNIAETCS obecnedeHne MPUOIMKEHUS €0 BeIMIHHBI K 3HaYeHuIo 3 1b.
Henunetinvlie u cobcmeennvie utymovr mooyasimopa. HenmuHelinsie 1 COOCTBEHHBIC
HIYMBI MOZYJISITOPA COCTABIISIIOT OCHOBHYIO JIOJIIO IIYMOB KaHajoo0pa3yroliero 00o-
pynoBanus. HenuHeiHbIe MIyMBI OOYCIIOBICHBI TEM, YTO JaXKe€ B PEKHAME, CKOJb
YTOIHO OJIN3KOM K JIMHEHHOMY WM TIapaMeTPHYECKOMY UMEeTCs Ciiaboe HeTHHeHHOe
B3aMMOJICHCTBAE MEXIY COCTABJIIIONINMHE IpeoO0pa3yeMoro curHana. B pesyiprate
TAKOTO B3aMMOJCHCTBHS HA BBIXOJEC MOIYISATOPA IMOSIBIISIOTCS HEXelaTeIbHBIC IPO-
nykthl ¢ yacroramu Buga f +2F, f +£3F wu T.1., TO ecTh BTOpBIE, TPETHU U T.1.

TapMOHHUKH IPE00pa3yeMoro curaajia (HeJIHMHEHHBIE IITYMBI).
HCIII/IHeI/IHLIe LIyMbI OLICHUBAKOTCS 3aTYXAHUAMH HETHHCHHOCTH MOIY/IATOPA:
=201gQ tor TU ¢ 0F / Ptir — Piiop — 3aTyXaHHE BTOPON FapMOHHKH;

- =20Ig ¢ o TU faar /: P — Pfigr — 3aTyXaHHE TPETbEH FApMOHUKHU.
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S AS Henuueiapie myMmbl (0OCOOCHHO 10 BTOPOM M TPEThEH rap-

f ™~ MOHHKaM) YMEHBIIAIOTCS TPH yBEIHMUEHHH TIIyOWHBI OTpHUIIa-

' TENBHOW OOpaTHOHM CBS3M M YMCHBUIICHHH YPOBHS BXOJIHOTO

| ' npeoOpa3yeMoro CHrHajia M pe3KO YBEIHMYMBAIOTCS TP Ipe-
P, P, BBIIEHUH IOPOTA IEPETPY3KH.

Puc. 11.3 O mopore meperpy3ku MOAYJIATOpa CYIAT IO €ro amIuId-

TYJHOH XapaKTEepUCTUKE, KOTOpas IpelcTaBiseT co0ol 3aBu-

CHMOCTh pabouero 3aTyxaHus (1711 aKTHUBHBIX MOJYJISITOPOB — YCHJICHUSI) MOJYJISITO-

pa oT ypoBHS curHaiga Ha Bxoje. Ilopor meperpysku ompenessercs TaKUM

BXOJHBIM YPOBHEM pr = pn’ Ipu KOTOpOM pa60qee 3aTyXaHUC YBCJINYUBACTCA

(pabouee ycunenne ymenbiiaercs) Ha Aa = AS = 0,3 1b (puc. 11.3) no cpaBHeHHIO €
HOMHHAJIGHBIM 3HaYCHHEM.

Jnst yMeHbIIEHUs] HEJTMHEHHBIX NIYMOB YPOBEHb NMPeo0pa3yeMoro CUrHajia moHH-
JKAIOT J0 MPeesbHO JOMYCTUMON BEIMYHHBL, ONpeaensieMoil COOCTBCHHBIMU LIyMa-
MH MOIYJIATOPA.

Cobcmesennvle wymvl MOOyIAmMopa TMPUHATO OLECHUBATH KOd(DOUIUEHTOM HIyMa

ku.[ , KOTOpLIﬁ TMOKa3bIBA€T, BO CKOJIbKO pa3 MOIIHOCThL HIyMa AJAaHHOI'O MOAYJIATOpa

6oJIbIIE MOITHOCTH IIyMa TAaKOTO )K€ MOAYJSATOpa C “HAeadbHBIMH~ HEUIYMSIIUMA
JMOJIaMH WK TpaH3ucTopamu. KoauiueHT myma naccCMBHOrO MOJYJISITOpa 3aBH-
CHT OT €ro CXeMbl, TUIIa ANO0Ja, HANPSHKEHHS U 4acTOThl HeCyIiero kosebdbanus. 13-
MEpEHHBII B IMOJIOCE YacTOT ofHOro kaHana TY oH umeeT BenuyuHy nopsnaka 10 u
6ouee. 1llymMbl akTHBHBIX MOJYJIATOPOB B OOILEM ciiydae OOJIblIe, YeM ITaCCHBHBIX.
OpHako 3a cuer 0oJiee BHICOKOTO YPOBHS Mpeodpa3yeMoro curiaia (BCIEACTBHE MX
6oee BBICOKOM IMHEHHOCTH 3a cueT Tiryookoil OOC) akTHBHBIE MOAYJISTOPEI MOTYT
00ecCIeunTh JIyUITylo IIyMOBYIO 3alIMIIIEHHOCTh KAHAJIOB Mepe1atH.

Homunanvuvie 3nauenuss 6xoonvix conpomugienuti mooyismopa. HoMuHanpHbIe
3HAUYEHHUs BXOJHBIX COIPOTHBICHHH CO CTOPOHBI HAarpy3oK OIPENEISIOT CTENEeHb
BO3MOJKHOTO COTJIACOBaHMSI HArpy3KH C MOJYJISITOPOM, a CO CTOPOHBI HECYIIETO KO-
nebaHus — HOTpeOIeHe MOIIHOCTH OT T'eHepaTopa. 3HaYeHUs! BXOJHBIX COIPOTHUBIIC-
HUH TTaCCHBHBIX MOJYJIATOPOB 3aBHCHUT B OCHOBHOM OT CONPOTHBIICHHS IHOJOB, a
aKTUBHBIX — OT CXEM TPaH3UCTOPHBIX YCHIINTeNeH, 9To OyneT BHIHO U3 pacCMOTpe-
HUSI KOHKPETHBIX CXeM MOy TOPOB.

Monynatop obnagaeT HaWITydIIMMH XapaKTEPUCTHKAMH IIPH MapaMeTPHUECKOM
pexxuMe, KOrja MapaMeTphl YHPaBIIEMBIX (IIEPEKII0YaeMBIX) SJIEMEHTOB (IHOIOB
WITA TPAH3UCTOPOB) N3MEHSIOTCS CKAYKO0OPa3HO B TaKT C HECYIIEH 4acToToi. B aToM
cirydae ISl IpeoOpa3yeMoro curHaia MOIYyJISITOp MPeJICTaBIIeTCs IMHEHHON HEeTbIo:
IpY MapaMeTpUIECKON MOAYIISUY OTCYTCTBYET HENMHEHHOE B3aMMOJAEHCTBHE MEXK-
JIy COCTaBJISIIOIIMMH IIpeoOpa3yeMoro curHaia. Tak B MacCHBHOM MOJYJISITOPE JHOJIbI
paboTaroT B KJIFOUYEBOM PEXHUME, U UX CONPOTUBIICHHE N3MEHSETCSl CKAaYKOOOpa3Ho, B
TaKT C HECYIIEH YaCTOTOM.
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Ha pwuc.11.4 npencraBiieHbl: BOJbT-aMIIepHas Xa- a)
pakTepuctuka auona (puc.l1.4,a) u 3aBUCHIMOCTE €ro
COIIPOTHBJICHUSI OT IPHIOKEHHOTO  HAIPSOKCHUS
(puc.11.4,6). OObIYHO HaNpsDKEHHE HECYIIEH YacTOTHI
3HAYUTEIBHO TPEBBIIIAET HAINPSHKEHUE Ipeodpasye- r

moro curnana, to ecte U, >>U . Ipu U, >1B R

auon paboTtaeT B pexxumMe kiroua (puc.11.5,B), u ero r

CONIPOTHBJIEHHE I MpPU IOJOXKUTENbHBIX 3HAYCHHSIX u
HarpspkeHust HeOompuioe (okoio 100 Om), a pu ot-
pHULATEeNbHBIX R — 3HAYMTENBHO yBENIWYMBAETCS (10 Iy
coteH kKOM). KauecTBo nuona B pexuMe Kiro4a ole-
HHUBaeTCs K03 dUIHEHTOM BBINPSIMIICHUS — R

kK =R/, 06s1an0 k ~1000.

Puc. 11.5

11.3. AMIVIUTYAHBIH MOAYJIATOP 0aTaHCHOM cXeMbl

[TaccuBHbIe OanaHCHBIE MOIYJIATOPHI C MOSIBICHUEM aKTHBHBIX MOJIYJSTOPOB yT-
paTWIM CBOE 3Ha4YCHHE M BCTpeuaroTcs Tonbko B ammapatrype ACII npexHuX BBITYyC-
KOB. ['J1laBHbIE MX HEOCTaTKU — 3HAYNTEJIbHAs HEMHEHHOCTh, OoJbIIOe paboyee 3a-
TyxaHue (He MmeHee 10 1b) 1 HeBO3MOXKHOCTh COTTIACOBAHMS C Harpy3KaMu.

BapunanTsl maccuBHBIX OallaHCHBIX MOAYJISITOPOB NpejAcTaBlIeHsl Ha puc. 11.6.
B myrTOBO# cxeme moxmymaropa (puc.l1.6,a) wHcmonb3yeTcs ympaBiIseMOe COIpPO-
THUBJICHHE JTHO0B, KOTOPOE B TAKT C HECYLIEH 4acTOTOM MEPHOANYECKH LIYHTHUPYET
Lenb Tepeladd BXOJHOTO CHTHala. B MomynsaTope NOCIemoBaTesbHON CXeMbl
(puc.11.6,0) muoap! IEpHOAMYECKH OOPBIBAIOT IeTh nepenadn. B obenx cxemax 3C
Hecyliel 4acTOThl BKJIIOYEHA B IMaroHajlb MOCTa U, €CJIM MOCT cOalaHCHpOBaH (n0-
JIbI OTMHAKOBBI), TOK HECYIIEH YacTOTHI B HArpy3Ke OTCYTCTBYET.

B aktuBHOM GanmancHOoM Moxynsatope (puc. 11.7) mcmomb3yeTcs NBYXTaKTHBIH
YCUJITENb, COCTOSIIUM M3 JBYX OJMHAKOBBIX OJHOTakTHHIX. O6a ycuimureins

a) R, 6) R: r(t)
— R
" RH e " I@ .E] RH
I e,
Puc. 11.6
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>

e
o Puc.11.7 Puc. 11.8

MEPHOANYECKH W OJHOBPEMEHHO 3alHPAlOTCsl HANPSDKEHHEM HECYIIEro KojeOaHus
oT ucTouHuKa € . CTaOMIBHOCTh yCHJIEHHS, IOJAABJICHUE HEIMHEHHBIX HCKa)KeHUI
o0ecreynBaOTCs IPH MMOMOIM OTpHULATeNbHOH 00paTHoii cBsizu (OOC) ycunuternen.
KoadpdunueHT ycuiaeHus yCHITUTENsS K(:: 0, xorga oH 3amepT (Hampumep, MpU

o ™
MOJIOKUTECIbHOU TIOJSAPHOCTU € n K (/: K , KOraa yCWJIMUTCIb OTKPBIT. Yr[paB—

o
natomast yeunenueM DJIC MCTOYHMKA Hecylel 4acTOTBI €, MOXKET ObITh CHHYCOH-

JIANbHOM UITH MPSIMOYToJIbHOU opmer (puc. 11.8, a).
Heproamaeckoe usmenerne K  (puc. 11.8, 6) MoxeT GbITh 0TOGPAKEHO PSIOM

®ypbe BUAA:
K(t)=K/2+2K/n(sin ot +%sin 3ot +%sin 5wt +...) (11.1)

MozynupoBaHHOE HaIpsDKeHHe B Harpyske moxynstopa U, =U,K . Iloxcras-
144 CloJla HaIpsDKEHHE UCXOAHOTO curHana U, =U, , cosQt, mocine npeobpas3oBa-
HHI1 TToTy4JaeM Ha BBIXOJIE MOYJISATOpA

0

KU :
U, =2 KU noosQt+ o 5 L ginon 1o +apt (11.2)
2 n  na2n-1

Taxum 06pa3om, IpH MapaMeTPUUECKOM PEKHME B Harpy3Ke 0amaHCHOTO MOIYIsI-
TOpa BO3HUKAIOT TOJIBKO OOKOBBIE YaCTOTHI BO3JIE HEYETHBIX TAPMOHUK HECYIIeH Jac-
TOTBI, CaMa HECYyI[asl 4acToTa M €€ TapMOHHUKHU OTCYTCTBYIOT, HO MMEETCsS OCTaTOK
HenpeoOpa30BaHHOTO HMCXOJHOTO CUTHANA.

Ecnu nmpeoOpa3yemsblil curnan 3aHuMaeT mosiocy 4actor 2, —€2,, To Ha BEIXOZE

MOSIBJISIFOTCSI COOTBETCTBYIOIIME OOKOBBIE MOJOCKH YacToT (puc. 11.9). Pabouee ycu-
nenue Moxynsropa S =101g €@, /P,

MomurrocTs mpeobpasyemoro curHaia ¢ 3IC Eq B cornacoBanHOi Harpy3ke

2
P = e ol 22 /R, MOLIHOCTb CHI'HAJIA I0JIE3HON GOKOBOI YaCTOThI B HArPy3-

3 5
¥9) +Q; 300 30t 500 ETe)
Qo g ‘”*91 @2 S04 3m—91 3o~ 2025000 sera,

Puc. 11.9
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ke P, = u2, /R,. U3 pasnoxenns (11.2)

K?2U?
Upzey = KU g /W2 0 Py = —— 12
27{ RH €o R1 R2
K2U2,8R
TOI',IIEI S=10|g%
2n°R,E‘a

U3 puc.11.7 onpenensiem
Eq =Upo + 1R, Upo = 16Rsx , @ oTHO-

Puc. 11.10

mwenne Eq /U, =(Ry +R.)/ Ry, . loacraBus B BeIpakeHue Uit S 1 npeobpaso-
BB, [OJy4UM

R +R
S=20lgK-20lgn-20lg ———=2% . (11.3)
g g g 2R JR /R,
I1py cormacoBaHHOM BKIIOYEHHH R =R = R, TOCIeaHee craraeMoe oopamaer-

Csl B HYJIb, M YCHWJICHUE TIPHHAMAECT MaKCUMallbHOE 3HaueHue. OTHAKO MPaKTHICCKH
TaKOTO COTJIACOBAHUS TOCTUYh HEBO3MOXHO, TaK KaK B KIIFOUCBOM PEKUME yCHUITATE-
JIel BXOAHOE (BBIXOJHOE) COTIPOTHBIICHIE MTOCTOSTHHO U3MEHCTCS B TAKT C HECYIICH
YacCTOTOM.

Ha puc. 11.10 npuBeneHa nprHINIHATIBHAS CXeMa OalaHCHOTO MOZYJIATOpA, IIH-
POKO NpUMeHsAeMasl B CTALlMOHAPHOM U MoJIeBO# anmapatype. B kaxnom u3 ycunure-
aeii OOC 1o Toky obecrieunBaeTcs 3a cueT pesuctopoB R3 u R 4. BxomgHoe u BbI-

XOHOE COMPOTUBJIEHHSA MOTYISATOPa 00eCTIednBaOTCa Mpy nomomu myHToB R1 u

R 2. U3-3a cTpemnenus nonyuuts MakcumanbHyto rayouny OOC B 0JJHOKAaCKaIHOM

yCHUIIMTENE, a TAaKXKe 3a CUeT OTeph B IIyHTaX pabouee yCHIEHHE MOAYISATOpa MOIY-
yaetcst HeOobiuM (00bruHO oT 0 10 10 aB), YTO HE MMeeT CyHIECTBEHHOrO 3Haue-
Hus. Pacder MonysiiToOpa CBOJUTCS B OCHOBHOM K pacyeTy YCHIIUTEIS.

ITaccuBHBIN OaaHCHBIM MOAYIATOP NPH NPeoOpa30BaHWM BHOCUT 3aTyXaHHeE,
KOTOpOE B CIIy4yae COTJIacOBaHUs Harpy3oK, OmpeJielsieTcs o hopmyie

a=20lgn+20Ig[(vR/T +D)/(VR/T —1)] (11.4)
OZ[HaKO [aCCUBHBIN 63J'IaHCHLII>i MOAYJATOP MPAKTUYCCKHU TAaKKE HCBO3MOKHO CO-
TJ1aCOBATh C HArpys3kaMn H3-3d HOCTOSHHOI'O M3MCEHCHHSA €ro COIPOTUBIICHHSA NPU
MOJYJISLIHH.

11.4. AMIUVIUTYIHBIH MOAYJIATOP KOJIbLEBOI cXeMbl

INaccuBHbIe ABOIHBIE OanmaHCHBIE (KOJIBIEBBIC) MOMYIATOPSI (puc.11.11,a) siBist-
I0TCSI OCHOBO# mpeoOpa3oBaTensHOro obopynoBanus cucteM nepenaun ¢ YPK, xors
B HOBOH ammapartype Bce IIUpe MPUMEHSIOTCS aKTHBHBIE KOJIBIIEBbIE MOJYJSITOPBI.
OKBUBaJCHTHAs CXeMa PacCMaTpPUBAEMOT0 MOIYJISITOpa MpuBeaeHa Ha puc. 11.11,6.
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a) R e

r @

I -
a) t
e,
em

6)

fa ®) o(t)
Puc. 11.11 B) ¢

Puc. 11.12
VenoBue ee (yHKIMOHHPOBAHMS 3aKIIOYACTCS B CICAYIOMIEM: €CIH € >0, TO
r, (:= r.ar, (:: R u mao6opor (puc.11.12).

Ipuase I =0u R =o0, JIErKO0 3aMETHUTH, YTO AEHCTBHE ABOMHOTO GAJIAHCHOTO
MOJIYJIATOPa CBOAUTCS K IMEPHUOIMUYECKOMY, B TAKT C HECYIICH YaCTOTOH, H3MCHEHHUIO

na 180° dasbl Toka |, B Harpyske, TO eCTh Mepekmouaromas GpyHKUHS HMEET BUL

1 mpue, >0
(puc.11.12): o(t) = ———— Paznoxenue ee B psin Dypoe
-1 mpu e, <0
4 . 1. 1.
o(t) = —(sin mt+§sm 3ot +gsm 5ot +...) . (11.5)
T

W3 »KBUBAaNEHTHOM CXEMbl BUJHO TaKKe, 4YTO IPU KOMMYTALUH I’a( u

Iy (/BXOJIHO@ U BBIXOJIHOE COIPOTHUBIICHHS OCTAIOTCS HEM3MEHHBIMH, TaK KakK IpPH
T000M TOJIOKEHUN MEePEKITIoYaromieil (yHKIMN TOK Yyepe3 Harpy3Ky paBeH pPa3HOCTH
TOKa il, TPOXOJIAIIEr0 Yepe3 OTKPHITHIE THOMIBI (CONPOTHBIEHHEM I) 1 TOKa | 2, TIpO-
XOJIAIIETO Yepe3 3aKphIThie Auoibl (comporuBieHreM R). He3aBUCHMOCTH BXOIHOTO
¥ BBIXOJIHOTO COTPOTHBIIEHUH OT €, SIBIAETCS BAXHBIM JOCTOMHCTBOM JBOHHOTO

GamarcHoro MonyisaTopa. [l ckpereHHOW MOCTOBOH cxemsl (puc. 11.11,6) Bxoa-
HOE (BBIXO/IHOE) CONPOTHUBIICHNE PABHO XapaKTEPHCTHICCKOMY

Z, = Jr.(r.(t) =R
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IIpu nozmave Ha BXOJ rapMOHMYECKOIO CHIHala e, = EQ €0Ss Qt Tox B Harpyske

MOZIYJIITOpa OMPEACIIACTCS
E, cos Ot E, cos Qt

"R +2r+R, R +2R+R,
rie A=1/(R.+2r+R,)-1/(R. +2R+R,), r 1 R — cOnpoTUBIEHHS] OTKPHITOTO U

li, —1,| = AE , cos O,

3aKpBITOTO IM0Aa, R, — BHyTpeHHee CONPOTHBICHHE HCTOYHUKA BXOJHOTO CUTHAIA.
C yweroM  mepewmouaromed  (QyHKIMM ~ TOK B Harpyske  Oyner
i, (t) = AE, cos Qto(t) , a mocie MoACTaHOBKY U IPpeoOpa3oBaHuit

i, ()= 2"Ea ¢
n12n-1
B crnekTpe UMEIOTCS TONBKO TOKH OOKOBBIX YaCTOT BO3JI€ HECYIIECH YacTOTHI U ¢
HEYETHBIX TAPMOHUK, a Ipeodpa3yeMblil CUTHAJ, TOK HECYIIEeH YaCTOThI M €ro TapMo-
HUKU OTCYTCTBYIOT. OTHOCHUTEIBHO MAajO¢ YHCIO MOOOYHBIX MPOAYKTOB SBIISETCS
JIOCTOMHCTBOM JIBOMHOTO 0aJIaHCHOTO MOAYJIATOpA.
JleiicTBytoIasi MOITHOCTh HUCIOIb3yeMOU OOKOBOM 4acTOTHI Ha ocHoBaHuH (11.6)
paBHa

sinNf[2n—-Do+Q]t. (11.6)

I zmiQ
P o= R
2

o+Q

22
24°E*a
H — 2 RH’
s
a MOIIHOCTh HCTOYHHKA Hpeo6pa3yeM0r0 CHTHAJIa B COTJaCOBaHHOM Harpyske

P, = E%,/8R . Pabodee 3aTyxaHme MacCHBHOTO IBOMHOro OaJaHCHOTO MOMYNIATOpA

a=20lg @,/ Pmm: nociie mpeoOpa3oBaHUil C yUYETOM XapaKTEPUCTHUECKOTO COMPO-
=+/rR u cormacoBannsIxX Harpy3ok (R. =R, =vIR)

JR/r +1
JRIT -1

[pu “uneansueix” nuopax (R=cw, r=0) a,;, =20 Igg ~ 3,9 nb.

THUBJICHUA MOAYJIATOpA Zc

a:ZOIgg+20Ig (11.7)

[Ipn paboTe n1OM0B B KIIOUEBOM pPEXHME pabodee 3aTyxaHHE NMPAaKTHUECKH HE
3aBUCHUT OT HEOONBIINX KOJEOaHWH aMIUIMTYIbl Hecylueil yactotel. Ho npu 3Ha-
YUTCJIIBHOM YMCHBUICHUN YPOBHA HECYIETO KOJ'Ie6aHI/I$I YBEJINYUBACTCA COIPOTUB-
JIeHUE OTKPHITBIX nnoaoB (puc.l11.4), n pabodee 3aTyxaHHe pacTeT 3a CYET BTOPOTO
ciaraemoro (11.7).

JleiicTBHEe aKTHBHOTO JBOIHOTO OaaHCHOTO MOIYJSATOPA, KAK M PACCMOTPEHHOTO
[IACCHBHOTO, CBOJUTCS K M3MeHEHHUI0 Ha 180°B TakT ¢ Hecyiuel yactoroil (asbl Ha-
npsbkeHus (Toka) B Harpyske: eciau npu e, >0 xoadduuuenT ycunenus K(:: K,

TO IpU e < (QOH JOJDKCH NPUHSTH 3HAYCHHC K=K . IIpu 5TOM HamnpspkeHue Ha

Harpyske U, = Ku,o(t), roe ¢(t) — exunudnas 3HaKkonepeMeHHas (YHKIHS, OIpee-
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nsercst popmynoit (11.5). Tlocime moacTaHOBKH
3Haqum§0(; U, = £, cosQt u npeobpaso-
BaHMIl MOJy4aeM B HAarpy3ke CIEKTP BBIXOJHOTO
CHTHaJa:

2 » 1 ~

u, =—KE, smkn—lyiﬂj.
T n=12n-1
ITo cpaBHeHMIO C OalaHCHBIM MOAYJSATOPOM

(popmyna 11.2) 3meck OoTCYTCTBYeT He mpeoOpa-
30BaHHBIH OCTATOK MCXOIHOTO CHT'HANA, 8 aMIUIU-
TyIBl HAaNpsDKEHHS OOKOBBIX YacTOT BIBOE OOJIb-
nre. AHaJOTUYHBIM ITyTeM, KaK ¥ B CIIydae aKTHB-
HOTO 0OaJIAHCHOTO MOIYJIATOpPa, HAXOINM paboyee yCHICHHE:

R +R,,
S =20IgK —20lg % —20lg— x| (11.8)
: 92 ngBX R/R

xoTopoe Ha 201g 2 ~ 6 nb Gomblue, ueM y 6alaHCHOTO MOIYJISTOpA.

Puc. 11.13

B cymectByromieli annaparype JBOiHbIE OanaHCHBIE MOIYJISITOPBI PEATU3YIOTCS B
BUJIE NIAPAJUICIIFHOTO COSIMHEHHS IBYX OJMHAKOBBIX OaJlaHCHBIX cxeM. X mpotuBo-
(ha3HOE COeMHEHNE MOKHO OCYIIECTBUTH KaK IO BXOMY, TaK U IO BBIXOXY. B cxeme
puc. 11.13, mocTpoeHHOU C HCIONB30BaHWEM ABYX cxeM puc. 11.10, mportuBodas-
HOCTH o0ecrieyeHa BHIOOPOM HAIpPaBIICHHUS BUTKOB OOMOTOK BXOJHOTO TpaHC(hopMa-
Topa. Onucanue cxembl ycuutens puc.11.10 mOMHOCTBIO OTHOCUTCS U K YCUJIUTE-
JSIM TaHHOM CXEMBbI, HO HeOOXOIMMOE BXOJHOE (BBIXOJHOE) COIPOTHBIICHHE obecrie-
yuBaeTcs Kak ¢ nomompio OOC, Tak 1 BKIIOYEHHEM ITYHTOB HA BXOJIE M BBIXOJE (CM.
noscHerue B 11.6). [Tpy HE06XOIMMOCTH MOKHO BBIITOJHUTH MOJYJISITOP C OOIBIION
rnyouHoit  OOC u ¢ nro0oii TpeOyeMOil MOILHOCTBIO, UCIIOJNIB3YsST MHOTOKACKaIHbIE
yeunurenu. Hampumep, u3BecTeH MOAYIATOP (AEMOIYISTOP), CIYXKALIUH OJTHOBpE-
MEHHO BBIXOJHBIM ycuiuTesaeM kaHana TU u obecrieyuBaronii - ypoBeHb mpeobpa-
3oBaHHOrO curHana o 10 nb. Ilpu Heo6xoanmocTu MoxkHO 1ers OOC crenath gac-
TOTHO3aBHCHMOMW, HampuMep, IS KOPPEKIHH KpPaeBbIX HCKaKEHWH MOJIOCOBBIX
(uIBTPOB.

11.5. bajaHCcHBI AMILIUTYIHBIA MOTYJIATOP MPH KOMIUIEKCHBIX HATPYy3Kax
Kak cnexyer u3 npenpaymero nacCUBHbBIN OANaHCHBINA aMIUTUTYTHBIH MOIYJISTOD
(AM), XOTs mpollle U SKOHOMUYHEE, NMEET XyJIINE HKCITyaTalloOHHbIE TapaMeTphl

M0 PAaBHEHHUIO C KOJIBIIEBOM CXEMOH, B YaCTHOCTH OoJibllice pabouce 3aTyXaHHE U He-
BO3MOKHOCTb COTJTIACOBAaHHS C Harpy3KaMH.
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a) 0)
OkaspiBaeTcs, 4YTO  IpH : I
BKTOUCHHH  OanancHoro AM |  €<0)€,>0 €,<0€,>0
MEX Yr Yullu yrlvu Ll |u
Jly KOMIUIEKCHBIMH HAarpys-
kamu Z, u Z,O0H obnamaer URLL L

BCEMH CBONCTBAaMH KOJBIEBOTO
AM, BKIIOYEHHOTO MEXIY aK-
THUBHBIMHU Harpy3KaMmH.

ITokaxkeM 3TO Ha TpUMeEpe MacCHBHOTO OamaHCHOTO AM IITyHTOBOH CXEMBI
(puc.11.6,a), >KBUBaNIEHTHAs CXe€Ma KOTOPOTO IPH KOMIUIEKCHBIX MPOBOJUMOCTSIX
Y.=1/Z uY, =1/Z, noka3ana Ha puc. 11.14,a. 3gecb Bce IEMEHTHl COSIUHCHEI

Puc. 11.14

napaijelbHO U HalpshKeHUE Ha HUX oAMHaKkoBo. CleoBaTeNbHO, He U3MEHss eicT-
BUSI CXEMBbI, KOMMYTHPYIOIIUE KITIOYH, YIPaBIsIeMble HANPsDKCHUEM HECyIIeH 4acTo-

TBl (), MOXKHO TIEPEHECTH K HCTOYHHMKY Toka |, mpeobpasyemoit gacToTel Q2
(puc.11.14,6), rae s npoctotsl npunsTo =0 1 R = 00. KommyTtupyromas ¢pyHk-
uust  ¢(t) ompenensiercst Boipaxkennem (11.1) mpu K=1. Tlpu nomade Ha BXOX
ip =1,qC0SOt momydnM Ha BBIXOJE TOK MOAYJIMPOBAHHOIO  CHIHAJa

i= % I 5[cos Qt +l sin(o+ Q)t + 3i SinBo+ )t +...], To ecTb HenuHelHas Menb
T T

OKa3ajach 3aMEHEHHOH JMHEWHOH Lenplo. [IpumeHsas npuHUuNn Cyneprno3suuuu, oll-
peaciiuM HAIpPsKCHUC HAa BBIXOJC KaK CYMMY HaHpH)KeHHﬁ, BBI3BAHHBIX Ka)KJIOﬁ CcO-
CTaBJISAIONICH B OTAEIBHOCTH. [ TOro HOJEiIMM TOK i’ Ha MPOBOAMMOCTH V. H

yH , B3STBHIC [P COOTBETCTBYIOIIMX YaCTOTaX:

| I .
TS +—2  sin(0+Q)+...
2(yr +yH)Q n(yr+yﬁ)miQ
Pabouee 3aTtyxanue
P 12 12V,
a=10lg—2, e P =—2 P .o =U oV, .o, = Q7 HotO .
g PmiQ Q 8yQ oxQ QY HOtQ 271',2 (yr + yH)Z(oirQ

AHAJIOTHYHO TIPEIBbIAYyIIeMY, TOTydatoTest GopMyIbl pabodero 3aTyxaHus, BXOJ-
HOM U BBIXOJHOH NPOBOJUMOCTH

(yr +yH)(niQ .
zvyrQyHiQ

yBx = yrQ + 2yHQ ’ (119)

a=20Ilgwx+20Ig

Vax =YViora) 2V (02q) -

161



ITo >TuM QopmynaM MOXKHO PACCUUTATH
YaCTOTHBIE XapaKTEPUCTHKH paboyero 3a-
e €,0  TYXaHUA, BXOIZHOTO M BBIXOJHOTO COIPO-

tuBneHnil. Ho riiaBHoe 3akiodaercst B TOM,

T1 T2

C YTO YaCTOTHBIE 3aBUCHUMOCTH V. U YV,
€ MOXKHO MCIIOJb30BaTh NI yJIydlUEHHs
Puc. 11.15 CBOMCTB Moaynaropa. [Jns 3Toro yacrot-

HBIE 3aBHCHUMOCTH HEOOXOAMMO MOI00paTh
TaKAM 00pa3oM, YTOOBI BHIITOIHSUIUCH YCIOBUS:
Via =Viora)y Yiesa) =0 Via=0, (11.10)

TO €CTh IPOBOJUMOCTh MCTOYHHKA MPeoOpa3zyeMoro curHajia {2 Ha 4acToTe 3TOro
CHTHaJla JOJDKHA PaBHATHCSA INPOBOJMMOCTH HArpy3Kd Ha HCIIOJIB3yeMOil OOKOBOM
yacToTe ®+Q min ®—C, a A 4acTOT, I/ie 3T IPOBOJMMOCTH HE YYaCTBYIOT, OHU
JOJDKHBI PaBHSTBCS HYIIIO.

Hcnons3ys ycnous (11.10) B popmynax (11.9), nomydaum:

a:lOlgg; Vo=V Ve Vo

TO ecTh OaJaHCHBII MOIYNIATOpP IO OCHOBHBIM CBOMCTBAM aHAJOTHYEH KOJBLIEBOMY
MOJyJISITOPY, BKIIFOYCHHOMY MEXAY aKTHBHBIMU Harpy3KaMH.

Ipaxrrdyeckn ycmosus (11.10) peanm3yroT ¢ mOMOIIBIO (QHIBTPOB, BKIIOYSHHBIX
Ha BXOZ€ U BbIXoJe AM 1 nMeronmx TpedyeMyro YaCTOTHYIO 3aBHCHMOCTb BXOXHOTO
W BBIXOJHOro conpoTuBieHud. Ilpumep Takoil peanuzanuu AM mnoka3aH Ha
puc.11.15. NanykruBHOCTH TpaHcdopmatopa T1 ¢ kormeHcaropom Cl o0pasyroT
®HUY, a koraencaTopsl C2 U HHAYKTUBHOCTH TpaHchopmaTopa T2 — ®BY.

YacToTHBIC XapaKTePUCTUKH IPOBOJMMOCTEH HArpy3oK NpHBEIECHBI Ha pHC.

11.16, otkyna BuaHO, 4to ycinoBus (11.10) BbIIONHSIOTCS Uit HUKHEH OOKOBOM Io-
nocel yactoT. Ilogo6GHas cxema mpuMeHsieTcs B WHAWBUIAYaJIbHOM 000DPYAOBaHHUU
st GopmupoBanHus u3 12 kaHanoB TU mnepBUYHOM Ipynmbl B IOJOCE YacTOT
60...108xI'11. B aToMm ciyuae ycmoBust (11.10) peau3yrorcsi OTHOCUTEIBHO MPOCTO 3a
cueT OOJNBIIOro pasHoca MO YacTOTE MOJOC MCXOJHOIO U MpeoOpa3oBaHHOIO CHIHA-
JIOB.

Y1

Puc. 11.16
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11.6. OcobenHoCTH peanu3aluy U IKCIIYaATAUH AMIUIMTYIHBIX MOIYJISITOPOB

Obecneuenue coznacosanus c Haepyskamu. Konpnesas cxema nmaccupHoro AM
00anaeT MOCTOSHHBIM XapaKTEPUCTHIECKUM CONPOTHBICHHEM 7 =yR-r = const.

O6brano r=100 Om, R~10°0OmM 1 Z, = 3000 Om. CTangapTHEIC HArPY3KH HMEIOT
3HaueHus 600, 150, 75 Om. I[Ipu cornacoBanuu Tpanchopmaropamu K03(HULINEHTHI
TpanchopMalMu NONydaroTean = ,/Z /Z, B npenenax oT 2 o 10, u 3To mosieyeT K

3HAYUTEIHHOMY 4YHCIIy BUTKOB TpaHC(OpMAaTOpPOB CO CTOPOHBEI anojoB. CienoBa-
TEJILHO, CONPOTHBJIEHUE 3THX OOMOTOK CO CPEIHHUMH TOYKaMH JUIsl OABO/A HeCyle-
ro KosebaHuss OyJAeT TakKe 3HAUUTENbHBIM, YTO MOTPEeOyeT OOJIBIION MOIIHOCTH OT
MCTOYHMKA HeCyIero konebanus. I[1oaToMy Ha MpakTHKeE, OTCTyNasi OT YCIOBHH CO-
TJIACOBAaHUS, NMPHUHUMAIOT KO3()(UIMEHTHl TpaHChOpManuu ONM3KHUMHU K E€IUHHIE
(n # 1) ¥ KCHOMB3YIOT TSI COTJIACOBAHMUSI MACCHBHBIX M AKTHBHBIX MOIYJIATOPOB
UIYHTHI X yJUIMHUTEIH.

ITokaxeM mpHMeHEHHe LIYHTOB Ha IpUMeEPE KOIbLEBOro MOIyIATOpa. B Komb-
LEBOM MOJYJIATOpPE KaK B MOCTOBOH CXe€M€ MOXKHO MOJIKIIOYHTH MMapauIeIbHO BCEM

Ry
oyoaaM I << Rm << R . Toraga conpoTUBIEHHE OTKPHITOro quojalr’ = —X—~r,a
r+R,
’ RRHI
3akpeiToro R'= —&2 Rm. B 3TOM ciiyyae XapakTepUCTUYECKOE CONPOTHBIIE-
R+R
jiit

Hue Moaynaropa Zi =+/R'-r' = /R, -r, To €CTb €r0 MOKHO IOJOUPATh C HOMOILBIO

Rm . U3 TEOpUU JTHHEHHBIX HCHCﬁ H3BECTHO, YTO IPU HIYHTUPOBAHHWHU BCECX DJICMCH-

TOB MOCTa OJJMHAKOBBIM 3JIEMEHTOM IOCJIEIHUI MOKHO BBIHECTH 3a NpeJesibl MOCTa,
MPUYEM BKITFOUUTDH OJTHO COTPOTHBIICHHUE HAa BXOJIE WJIHM BBIXOJIE C TIEPECUETOM Uepe3
ko3 Punmert tpanchopmanuu (puc.11.17, a). OxHaKo cieqyeT YYUTHIBaTh, YTO Ta-
KO croco0 yBenmuuBaeT pabodee 3aTyxaHHE MAaCCUBHOTO MOJYJISITOpa M YMEHbIIAET
yCWJIEHHE aKTUBHOTO AM.

[Ipn ncmosb30BaHUM JUIS COTJIACOBAHMS YIUIMHUTENEH OHM BKIIOYAIOTCS Ha
Bxoze u Beixoge AM (puc.11.17,6). Ecim 3atyxa-

HUe yjumauTens a . = 15ab (anunnas muaus), T 2) o
€ro BXOJHOE CONPOTHBICHHE DPABHO XapaKTepH- Ru i
CTHYECKOMY WM HE HW3MEHSETCS NpH W3MEHCHHH //M .
Harpysku Z, ot 0 10 o, 10 ecTb Z,, =Z =const. ) a AM  8n
OOBIYHO BHIOMPAIOT MEHbIIEE 3aTyXaHHE YAIHHU- Lot 15 - /\|H 15 |2
Telsl, 9YTOOBI HE yBENIMYMBATh padouee 3aTyXxaHHE > ll| -

nuc. .

AM, HO cornacoBanue OyaeT HemoJHbIM. Yarie
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In BCEro Y/UIMHHUTEIh BKIIOYAIOT Ha BXxojme AM st
obecrieueHus HEPaBEHCTBA €, << ew C ILEIbI

/2 I2/2  obecnevenus muHeiHOCTH AM M OJHOBPEMEHHO IS
LieJlei CornacoBaHus.
/2 .2 Bxoownoe conpomuenenue mooynamopa co cmopo-
Hbl nodauu Hecyueti yacmomol. Ha motpebiieHre Toka
Ro HECYIIeW YacTOThI BIHSIOT B OCHOBHOM aKTHBHEIC
COIPOTHBIICHUS IOJIyOOMOTOK TpaHc(hopMaTopoB u
OTKPBITBIX I100B. M300paxkeHHas cxema (puc.11.18)
CIpaBe/TUBA IS JIIOOOT0 MOJTyIeproia Hecylel 4yacToThl. BxomHOe compoTuBie-
HHE CO CTOPOHBI BBOJIA HECYILEH YaCTOTHI

Puc. 11.18

R =Ly, 2 (11.12)
©T N T2 2

I[J'Iﬂ o0ecreuyeHHs KIHUYEBOro pexKrMa pa60TH AnoJa K HEMY JOJIKHA IpPHUKJIIa-
AbIBATHCA aMIUIUTYJld HAIIPSKCHUS Ull , B 9TOM CJIy4dac 4epe3 OTKpLITLII;‘I auod npo-

TekaeT Tok |, Torma ammmryna HampsDKeHHsT HecylIeH 4acTOoTHl Ha Bxoge AM

r- I U
JIOJDKHA OBITH Uu. =1 (r+L+£ =1.2R ==22R
[0 o 2 2 o @ r 12}
OmnpexnenrM MOITHOCTh HECYIIEH YaCTOTHI, IIOTPEOIIIEMON MOIYIIATOPOM.
U 2(0 U 2() rTl rT2 11 12
= = (r+ 2+-—12) (11.12)
@ 2R, r? 2 2

AHanu3 IpUBEACHHBIX COOTHOMICHUH moka3piBaeT: 1. s paboThl qr0I0B B mac-
CUBHBIX AM WM TPaH3UCTOPOB B aKTHBHBIX AM B KIIFOUCBOM PEKUME BEINIHHA
U, B 3aBUCHMOCTH OT THUIIA DJICMEHTOB MOXKET o61Th B mipenenax 0,5...1,0 B. 2. Tlo-

TpebIsieMas MOITHOCTh OT MCTOYHHKA Hecymier 9acToTsl (11.11) ymeHbmaercs ¢
YBEJIMYCHUEM COIPOTHBIICHUS OTKPBITHIX AMOJ0B I'. OHaKo ¢ yBenuueHuem I pac-
TeT pabouee 3aryxanue AM. O6brano r=100...200 Om. 3. TToTpebisiemast MONITHOCTb
P, 38BHCHT TAK)K€ OT AKTUBHOI'O CONPOTHBICHHUS.  TPAHC(HOPMATOPOB CO CTOPOHBI
BBOJIa HECYILIET0 KOJIeOaHus, I03TOMY C LEIbI0 YMEHbUIEHUS I, IPUXOAUTCS YMEHb-
mrate K03 GUIMEeHT TpaHcHOopMAaIH, OTCTYIAast OT YCIOBH cortacoBaHus. OOBIIHO
[, =1, =50 0Om.

Pacuetst B coorBercTBuM ¢ (11.10) naroT 3HaYSHUS] BXOAHOTO COMPOTHUBIICHUS
Rw =75...100 Om, a norpebusiemoit mouHoctu no (11.11) P =2,5...4,0 Bt i
YpOBHS HECYIIETO KoyiebaHus P,=4...7 nb.

Komnencayus ocmamkog necywell wacmomsl HA 8vixode Mmooyasamopos. s

PaccMOTPEHHBIX CXeM MOJYJISTOPOB IOAOMPAIOT Maphl (YETBEPKH) IHOIOB C OJHHA-
KOBBIM COIIPOTHBIICHHEM B OTKPBITOM COCTOSIHMHM (paznnuue I He Oonee 3...5%) nim
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NI
1

BBIX er

€t
Puc 1119 Puc. 11.20

TPAH3UCTOPOB C OJUHAKOBBIMH XapakTepUcTHKaMu. Ho ¢ TedeHneMm BpeMeHH SKC-
TUTyaTalliyl pa3HUId YBEJIMYMBACTCS 32 CUET HEPABHOMEPHOTO CTAPEHHS IOIYIIPO-
BOJIHUKOBBIX IPHOOPOB (MHKPOCXEM).

OOBIYHO CUHTAIOT TOCTATOYHBIM I'aPaHTHPOBAHHOE I1OJIABJICHHE OCTATKOB HECY-
niero kojebanus Ha Beixoge AM Ha 25...30 nbm. Cnenyroieii CTYICHbIO MOJaBIIC-
HHS HECyILIeH sBIsieTCs (GUIbTP, BHIICISIONINIA NOJIE3HYI0 OOKOBYIO IMOJIOCY YacToT.
YToObI HE YCIOXKHSTH TPeOOBaHMUS K 3aTyXaHHIO (puibTpa, HHOTAA MPUXOAUTCS TPH-
MEHSITh YCTPOMCTBA JUIsl SKCILTyaTal[HOHHOW PEryJIMPOBKH OCTaTKa Hecyllei (OanaH-
CHUPOBKH) HECYIIEH.

Ha npakTuke BcTpeuaercs aBa criocoba OaraHCHPOBKHU HECYIICH:

MOTEHIIMOMETpP, BKJIIOYCHHBI B pa3pe3 OOMOTKH BBIXOTHOTO TpaHCopmaropa
(pucl1.19),

mojiada B BEIXOJIHYI0 0OMOTKY TpaHC(hopMaTopa HECYIIero KoieOaHus B MPOTH-
Bo(aze ¢ ocTaTKOM Hecymleit yactotsl (puc.11.20).

KommeHcamms ocTaTtka HeCyIiel peryiupyercs no MUHUMYMY €€ YPOBHS Ha BBI-
X0/1e MoTeHuruoMeTpom bai.
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