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Puc. 12.5

PaccMoTpuM rapMoHMYECKHI COCTaB KPHBOHM BBIXOAHOIO Harpske-
Hus oxHodazHoro AWH, npusenenHoi Ha puc. 12.3, a. Pasnoxenne
3TOM KpUBOH B psAl Pypbe NPUBOAUT K BHIPAXKEHHIO

AE, 1 1 1
U,= —(cosot+ = cos3mt+ 3 cosSmw+ ...+ - cosnwl). (12.9)
W3 BhIpakeHMs CcHeoyeT, 4TO aMIUIMTyAa OCHOBHOH TapMOHHKH
4E, 4F,
Up (hymax = ——» ©¢ AeiicTytomee 3Hadenne U, )= ——=09E,. Tak

A2

KaK ITOJIHOEe NeHCTByIOIlee 3HAYeHHE KPHUBOM BBIXOAHOTO HaIpPSXKEHHS
puc. 12.3, a U, = E;, x030PHUMEHT rapMOHUK TaKOW KpHUBOH

— 2
JZUH(@ [2_ 2
= UH_UH
Ky =2 =20 = [1-0,92=0,436. (12.10)

W3 pasnoxenns B pag Dypbe BHAHO, YTO B KpHMBOH HaIps)KEHHS
Ha Harpy3Ke MPHCYTCTBYET PSA HEYETHBIX TapPMOHHK, aMIIIHTYABI KOTO-
PBIX B n pa3 MEHBIIE aMIUIUTYAB OCHOBHON FapMOHMKH, IIE n — HOMEpP
rapMOHHKH.

Tak, TpeTbs rapmoHHka coctaBnser 33,3 %, mnaras — 20 %,
cenpbMmas — 14,3 % ocHoBHOM rapMoHukd M T.A. Ha puc. 12.5 nokasan
CIIEKTPaNbHBIH COCTaB TaKOTO HANpSKEHUI.

12.3. PeryAMpoBaHue BbIXOAHOro HanpsXxenus AUH

PerynupoBaTs 3HayeHHe BBIXOHHOro HanpsokeHus AMWH moxHO
HECKOJIBKMMH CIOCo0aMu:

1) mo uenu MCTOYHHKA NHUTAHUSA,;

2) no ueny HarpysKy;

3) BHYTPEHHHMH CpPEACTBAMH.
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PeryainpoBanue KpHBOil BBIXOJHOI0 HANPs)KeHUS BHYTPEHHHUMH
cpeacrBamu. B 3TOM ciyyae perynupoBaHHE OCYILECTBJISIOT, YNpaBiiss
CHJIOBBIMHM KJIFOYAMH TakKMM 00pa3oM, 4ToOBbl M3MEHAIACh IIMPHHA HM-
nya6CoB, GOPMHPYIOUIMX HanpskeHHe Ha Harpyske. OTcioga M Ha3Ba-
HHE: IIHPOTHO-MMITYIBCHOE PETyIHpOBaHHE.

Ecnu nepenuui#t GpoHT COCTaBAAIOUIMX MMITYIbCOB CIBHUIaTh Ha Yrojl
O B CTOPOHY OTCTaBaHMs, KaK [MOKa3aHO Ha puc. 12.8 (unu 3axHui GPOHT
B CTOpOHY OIlepexeHHs, WIH oba OTHOBpeMEHHO), TO OyleT yMeHb-
IIAThCS MJIUTENBHOCTh COCTABISIOUIMX HMMIIYIBCOB A, a 3HAYMUT, OymeT
W3MEHATHCA NeHCTBYIOLIee 3HaUEHHE HaNpsKEHHSA Ha Harpyske

_ (1" 249k, [F=2_f [2
U, = njEdds E;l — EdA/;. (12.11)
a

W3 nomy4yeHHOTO BHIpaXKEHHS M M3 BPEMEHHOH AHarpaMMbl CIEAYET,
4YTO MaKCHMajlbHOE Halps)KEHHE COOTBETCTBYET HYNIEBOMY 3HAYE€HHIO
yrina o. O4eBHIHO, YTO BBIXOJHOE HaMpsKEHUE PaBHO HYJIO IPH O = T.
PerynupoBoyHass XapaKkTE€pPHCTHKA, [TIOCTPOEHHAs MO MONY4YEHHOH 3aBH-
CMMOCTH, HMEET BH[I, IOKa3aHHBIH Ha pHuc. 12.9. Jror cnocob perynuposa-
HHMS BBIXOJHOTO HAmpsDKEHHsS IPEANOYTHUTENEH, TaK KaK PEerylIupoBaHHE
HanpsKEHHUs Ha BBIXOAE CIIOBOrO OJ0Ka OCYMIECTBASIOT C IIOMOLIBIO
CHCTEMBI YNPaBIICHH, HCKIIIOYasi MEXaHUYECKHE NEPEKITIOYEHHS B CXeEME

A
b
Ed R
0f~—n=2r_—n 9
o
o
Ed R
0 «—— A—>ig v
o
—
Puc. 12.8
UH/UH max
f
1
0 T\'-/2 n ; Puc. 12.9
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Puc. 12.10

cuioBoro 6moka. Kpome TOro, CymecTBEHHO MOBBIIIAETCS AWHAMHUKA
(ckOpOCTBb) perynupoBaHUs BHIXOQHOTO HAaINpPSKEHHS HHBEPTOPOB.

[TpakTryeck¥ peanu3oBaTh WMIMPOTHOE PETYIHPOBAHWE BBIXOXHOTO
HanpskeHUs OAHO0GAa3HOro MHBEPTOpAa MOXKHO CHEAYIOIIMM obpa3oM:
pazo0beM HCTOYHMK NHUTAaHUS Ha J[BE DAaBHBIE YacTH, KaK IOKa3aHO
Ha puc. 12.10, 1 cpeaHIO TOYKY HCTOYHHMKA IIUTAHHUA IIPHUMEM 3a HyJe-
BOH IOTEHLHAL.

Ha puc. 12.11, a—e pan anroput™ (IOpAA0OK) MEPEKTIOUYEHUS KIIOYEH
K B cxeme puc. 12.10. )KupHoH nuHMEHN NOKa3aHbl BpEMEHHBIE HHTEPBa-
JBI, KOTZIa CHCTEMa YNpaBlIeHHS 00€CreYnBaeT BO3BMOXHOCTh OTKPHITOTO
COCTOSHHMS YNPAaBAAEMBIX JEKTPOHHBIX Kirouen VT (K04 3aMKHYT).
OpHako 3TO HE 3HAYMT, YTO Ha ONPEAETICEHHOM HMHTEpPBaje TOK MPOBOIMUT
ynpasnseMbiii npubop V7. Ha 3toM HHTEpBale TOK MOXET NPOBOAUTH
INYHTHpYIOmMH ero auon. Knroun kaxmoro monymocrta (Hanpumep, V711
u VT2) npoBOAAT TOK NMONEPEMEHHO B TeYeHHE MHTepBana © (puc. 12.11,
a, 6). TakoB xe anroput™m pabothl knrouei K3 u K4 (puc. 12.11, s, 2).
PerynupoBanne OCylIeCTBAAETCA MMYTEM CMEIIEHHUS CHCTEMBI YIIPaBISO-
IIMX HMMIYIbCOB ONHOTO IOJYMOCTa OTHOCHTENBHO APYrOro Ha yrona
yIpaBIeHUs O.

Ha puc. 12.11, a—e npounnntocTpuposan 310T caBur. IloTenuunan ¢,
TO4kH a (cM. puc. 12.10) B cxeMe MpHUHUMAET MOJNOKUTENbHbIE H OTpPH-
LlaTeNbHbIE 3HAYEHHUs, paBHbie E /2 (puc. 12.11, 0). Takue xe 3HayeHHUS

(cornacHO anroputrMmy nepexirodeHus kmouerd K3 u K4), HO CIBHHYTHIE
Ha yron O, MPHHUMAET MOTEHIHAI Qg TOUKH 6 (cM. puc. 12.10 u 12.11, e).
Hanpsxenne Ha Harpyske u, = @, — @4, NIOCTPOEHHOE KaK Pa3sHOCTb Bpe-
MEHHBIX Anarpamm puc. 12.11, 0, e, npuseneHo Ha puc. 12.11, axc.

Ha npuBeneHHBIX AmarpaMMmax BHAHO, 4YTO C H3MEHEHHMEM YyrIia
YIpaBleHHUss O CABUTaloTCI InepenHue (GPOHTH COCTABIAIOIIMX
MMITYNIBCOB, YTO MPHBOAMUT K H3MEHEHHIO NITMUTENBHOCTH 3THX MMIYILCOB,
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a 3HAYUT, ¥ K HM3MEHEHHWIO MNEMCTBYIOIIET0 3HAYEHHS HANpPSIKEHHUS
Ha Harpyske.

Teneps paccMoTpuM noxpobHee, kakue NMpUOOpH Ha pa3NUYHBIX Bpe-
MEHHBIX HHTepBanax OyIyT nponyckaTe TOKH IpPH aKTHMBHO-MHAYK-
THBHOM Harpyske M IpH aHaAJTH3UPYyEMOM alrOpUTME NEPEKIIOYECHHS BEH-
tuned. Ha puc. 12.11, o mokazaHa ¢opma TOKa Harpys3kd NpH NpsMoO-
YrOJIBHOM HAaNpsOKEHHH, Y KOTOPOTO0 ANUTENBHOCTh COCTABISIOMIMX HMM-
NyNsECOB He paBHA 7. AHalNH3 HaYHEM C MOMEHTa, COOTBETCTBYIOLIETO 3,
KOIla TOKM ¥ HanpsHKeHHe MMEIOT OfMHaKoBbie 3HaKH. COMIacHO anropur-
My nepekioueHus BeHTunel (puc. 12.11, a—z) na unrtepsane §,—mn TOK
NpoBOAAT TpaH3ucTopbl VT1, VT4 no KOHTYpY: MCTOYHHK IMHTaHHA—
TpaH3ucTop VTI—Harpy3ka—TpaH3ucTOp VT4—HCTOYHUK ITHTaHHA.
Tox HapacTaeT 1O 3KCIIOHEHLHATbHOMY 3aKOHY C ITOCTOSHHOH BPEMEHH
Tt = L /R,. Ha nnreppane n—3Y; COMIACHO aIrOPUTMY TOK NPOBOAAT
kmoyd K2 u K4. Tox He MOXKET CKa4yKOM M3MEHHUTH CBOE 3HAYEHHE H 3HAK
B MOMeHT 7. [103TOMY OH NpPOJOJKAET MPOTEKaTh Yepe3 Harpy3Ky B TOM
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K€ HarpaBl€eHHMH N0 KOHTYpY: Harpyska—V7T4—npauon VD2. Tak kak
Tpau3ucTop VT4 n guon VD2 noacoeINHAIOT HArpy3Ky K OQHOH M3 IIHH
HMCTOYHHMKA NHUTAaHHUs, TO Harpy3ka OKa3blBaeTCi KOPOTKO3aMKHYTO#. Tok
B HarpysKe NpOTEKaeT 3a CYET 3HEPTUH, 3alaceHHON B HHAYKTHBHOCTH
LN HArpy3KH, pacCeuBas IHEPTHIO B CONPOTHBIECHHH HAarpy3KH, H Me-
HSETCS Ha 3TOM HMHTEpPBAieE M0 3aKOHY

.o -3/wt

IH—IH(9=K)C . (12.12)
B moMeHT 83 CO3Aal0TCA YCNOBHSA /s NPONYCKAaHHA TOKAa KIIOYaMH

VT2 n VT3, HO TOK elle He CHU3MICA O0 Hyns. IloaToMy OTKphiBaroTcs
auonel VD2 n VD3, TOK TedeT Mo KOHTYpy: Harpyska—auon VD3, uepes
MCTOYHMK B 00paTHyI0 cropoHy—auoa VD2. Ha stane 3,—38, 3neprus,
HAKOIUIEHHAs! B MHAYKTUBHOCTH, BO3BPALIAETCS B MCTOYHHUK IUTAHHSA, a Ha-
NpsHKEHHE Ha Harpy3ke MEHSET 3HaK, TaKk KaK Harpy3ka NOAKIIOYEHa K COOT-
BETCTBYIOILMM 32)KMMaM HMCTOYHHKA NHTAHUA 4epe3 IPOBONSAIIHE JTHOIBI.
B MoMeHT BpeMeHH 8, TOK Harpy3Kd M3MEHSET CBOHM 3HaK, OTKPHIBAIOTCS

TpaH3ucTopsl V712 u V13, TOK Te€4eT N0 KOHTYpYy: HCTOYHHK IHUTaHUI—
TpaH3UuCTOp V' 13—Harpy3ka—TpaH3UuCTOp V1T2—HCTOYHHK MUTaHHUA.

AHanoruyueiM 00pa3soM Ha HMHTEpBane 2n—35 TOK INPOTEKAET IO

KOHTYpY: Harpy3ska—TtpaH3ucTtop V713—auon VDI. Harpyska 3aMKHYyTa
HaKOPOTKO, HANPsHKEHHE Ha Harpyske paBHO Hymo. Ha unrepsane 9,—3,

NOKa TOK Harpy3kd HE CHH3UTCH IO HYNSA, OTKpBIBAIOTCA quonsl VDI u
VD4, HanipsixeHHe Ha Harpy3Ke MEHSET 3HaK, HCTOYHHUK ITHTAaHHSA ONATh
CTAHOBUTCS NMPUEMHUKOM 31€KTPHYECKOH 3HEpruu. B MoMeHT BpeMeHH
9¢ OTKpBIBarOTCA TpaH3UCTOPE! V'T1, VT4 v mpouecch MOBTOPSAIOTC.

TaxuMm 06pa3om, u3MeHsAs (Ha30BBIA CABUT MEXAY CHCTEMaMH yIIpaB-
NAOLAX HMIYIECOB ABYX IOJYMOCTOB OAHO(A3HOW MOCTOBOH CXEMBI,
MOXHO C MOMOIUBIO CHUCTEMBI YNpaBileHHA (BHYTPEHHHMH CpPEICTBaMH)
pErynMpoBaTh 3HaAYE€HHUE BBIXOJHOTO HampsikeHus B AVH.

OuyeBuaHo, yTto H3MEHAS (GOpMY (IIMTENBHOCTH) COCTaBJIAIOLIHX
HUMITYIbCOB, MBI OyaeM HM3MEHATh M FapMOHHYECKHH COCTaB BHIXOJHOIO
HanpsoxeHus. [lpm pasnoxeHuu B pan @ypbe KpHBOH HampskeHHs Ha
puc. 12.11, s npuxoauM K BBIpaKEHHUIO

4F
U,= n—:sin(n%)(cosmt-% cos3wt—cosSwr+ ... + cosnw?). (12.13)

H
N3 (12.13) cnenyer, 4TO, KaKk ¥ npu GopMe HaNpsHKEHHA B BHIE Me-
aHApa, B BBIXOJHOM HAMpAXKEHHMH OTCYTCTBYIOT YETHBIE TapMOHHKH,
a aMIUIMTyla HEYETHBIX TAapMOHHMK 3aBHCHT OT JUIMTEILHOCTH COCTaB-
AAOIIEro UMIynbca A. M3MeHeHHe CNeKTpanbHOr0 COCTaBa BHEIXOAHOIrO
HanpsikeHus AVH npu IIMP-perynupoBannu npuBeaeHo Ha puc. 12.12.
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Puc. 12.12

Hanbonee cnoxHO OTQUILETPOBATH TPETHIO FapMOHHUKY, TaK KakK OHa
coctaBnsger 33 % ammnuTyasl OCHOBHOM rapMoHMkH. OmHako ecnu
BBIOPATh ATHTENBHOCTh MMNYNbca A = 120°, a HanpsHKeHHE Ha Harpyske
peryirMpoBaTh BHEIIHUMHU CpPEICTBAMH, TO B KPHBOH BHLIXOJHOIO Harmps-
XeHus OyHeT OTCYyTCTBOBaTh Haubonee BecoMmas TPEThS IapMOHHMKAa H
BBIXOHBIE (HIBTPHl HHBepTOpa OymyT nerye. 3To OOMH M3 CNOCOGOB
yAy4YLI€HHS CIEKTPaIbHOTO COCTaBa BBHIXOJAHOIO HAIpSHKEHHS.

MeTon reomeTpu4YecKoro CcyMMupoBaHus. MeTon reoMeTpH4Y€eCcKOro
CyMMHpoOBaHHUs o4eHb cx0k ¢ IIIMP-perynuposanneM BBIXOQHOrO Hamps-
xeHnd AVMH. CymHocTs MeToga 3aKiro4yaeTcs B TOM, YTO BBHIXOINHBIE Ha-
NpsOKEHUS. JBYX MIEHTHYHBIX WHBEPTOPHBIX ONOKOB CYMMHPYHOTCS C IO-
MOIIBIO JBYX BBHIXOAHBIX TPaHCPOPMATOPOB (MM OZHOTO OOLIETO BHIXOA-
Horo TpaHcdopmaropa) (puc. 12.13, a).

WHBepTopHBle ONOKM YMpaBiAOTCS TakuM 00pa3oM, 4YTO MEXAY
YNpaBNSIOMKUMH UMITYIbCAMH COCTABIAIOINX HHBEPTOPHBIX OI0KOB CO3-
IaeTcs perynupyeMsiii ¢a30Bbii CABUT Ha yroil o, MO3BOMSIOUINHA H3Me-
HATH aMIUIMTYLY OCHOBHOJ rapMOHMKH HanpsOKEHHWS Ha Harpyske. Jlei-
CTBHTEIBHO, HANPSIKEHHE Ha Harpy3Kke €CTh 'eOMETpHYECKas CyMMa Ha-
NpPSHKEHUH BTOPMYHBIX 0OMOTOK TpaHcOpMaTopoB HHBEPTOPOB.

BexTopHas amarpaMma, HIUTIOCTpUpyROIias CyMMHPOBAaHHE TIapMo-
HHYECKHX COCTaBIAIOIIUX HANpSIKEHHN HHBEPTOPOB, INpHBEIEHA Ha
puc. 12.13, 6. VI3 BexTOpHOH aAHarpaMMBl CIEQYET:

_ a a_ a
UH - Unmxl COSE + Uamxzcosi =2 Uamx COSE .
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JlomoiHUTEIbHOE 3a]aHUE K J1a0opaTopHOM padoTe 1

[lonyuynTh TapMOHHMYECKHMH COCTaB KPUBOW BBIXOJHOTO  HAMNPSHKEHUS
onnodaznoro AUH, npuenenHoro Ha puc. 12.2, aHaIOrMYHBIA pUCYHKY 12.5,
meTooM Dyphe-ananusa B mporpamme Multisim.

PeanuzoBathk cxemy Ha puc. 12.10.

[TomyunTh AUarpaMMy HalpsHKEHUN U TOKOB, AaHAJIOTMYHYIO Ha puc. 12.11 npu
3aJIaHHOM YTJIE (.

[lony4nTh rapMOHMYECKHMM COCTaB KPHUBOW BBIXOAHOTO HampsbkeHus AH
(puc.12.11, ) ¥ CpaBHUTH €0 C TAPMOHUYECKHUM COCTAaBOM B ITyHKTE 1.

Bce myHKTBI NOAKPENUTHh CKPUHIIOTAMHA M BBIBOJIAMH, IPEIACTABICHHBIMH B
oTdeTe J1abopaTopHOM paboTHI 1.



