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Oo01mas Teopusi MOAYJISIIIUU
1. OTTPEJIEJIEHUE U KIIACCUDUKALIMS PA3JIMUHBIX BUIOB MOJIYJISLIAA

Jlnst paboThl JIFOOOW PaJMOIMHUN HEOOXOIMMO, YTOOBI TOK BO30Y)KIICHHUS aHTCHHBI Ha €&
nepearoIieM KOHIIE OToOpa)kan TepeaaBaeMblii CHTHAj, T. €. HEOOXOJAMMO KaKUM-TO 0Opa3oMm
«3amMcaTh» €ro Ha TOKE BBICOKOM YaCTOTEHI.

[Iporiecc U3MeHeHUsI MapaMETPOB TOKA BBHICOKOI YaCTOTHI MJIM MapaMeTPOB MMITYJILCOB (IIpH
HMHy.]'IBCHOﬁ pa60Te) B COOTBETCTBHUHU C HepeILaBaeMBIM CUTHAJIOM HOJ'Iy‘-II/IJ'I Ha3BaHUC MOI[y.]'If[III/II/I.

[Ipy HENpephIBHBIX METOJax MepeJavyd JIO OCYIICCTBICHUS MOJIYJISIIIMM TOK TIeHeparopa
MPEACTABISIET COOOM YUCTO TApMOHUYECKOE KOojleOaHue:

i=Il,cos®D(t)y=1,cos(wot+ @),

TAC aMIUIMTyaa I, ygactora @,, U (1)2138. @ TIOCTOSAHHBI BO BCEM HHTCPBAJIC, (—OO, +OO) HU3MCHCHUA

BPEMEHU 1.
[MonmHoit Qazoii koneGanumii Oyaem Has3bBaTh yroinl D(f), KOTOPBIA I TapMOHHYECKUX

KOJICOAHWH U3MEHSETCS IMHEWHO B (DYHKITNH BPEMEHHU:
O=wtt+@.

MOXHO HAMETHTh TPU PA3IUYHBIX IMYTH JII OCYIIECTBICHHS MOIYJSIHH, T. €. MOXKHO
U3MEHATh B COOTBETCTBUHU C IEPEIAaBACMbIM CHUTHAJIOM aMIUTUTYAY, Y4acToTy win ¢a3y Toka. Ecim
U3MEHSATh aMIUIUTY Ty, TO MOJIYJISIIIUS Ha3bIBACTCS aMIUIUTYJHOM, IPH U3MEHEHUH (a3bl — (a30Boi, a
IMpru UBMCHCHWH YaCTOTbI — YJaCTOTHOMH.

Crnenmyer UMeTh B BUY, YTO U3MEHEHHE (a3bl BCETIa CONPOBOKIACTCS M3MEHEHHEM YacTOThI U
BCSIKOMY 3aKOHY HM3MEHEHUS (a3bl MOKHO HAWTH DKBUBAJICHTHBIA 3aKOH M3MEHEHHUs 4acToThl. [lo
9TUM COOGp&)KGHI/ISIM HHOT'Zla Ppa3jin4aroT TOJIbKO JIBa BUJa MOAYJISIIHUU — aMIUIMTYOIHYIO U (1)330BYIO
(W11 YaCTOTHYI0), HE pa3iaudas Mexay co0oi (a30ByI0 M 4YaCTOTHYIO MOAYJISIIUIO.

OjHaKo ¢ TOYKH 3pEHHs PaTUOTEXHUYECKOH IMPAKTHKH BCE JK€ IEJIeCOO00pa3HO pa3inyarb
YacTOTHYIO U (Pa30BYyI0 MOMYJISALUIO B 3aBUCUMOCTH OT TOTO, YTO W3MEHSETCS B COOTBETCTBHHU C
nepeaaBacMbIM CUTHAJIOM — (1)333 HWJIN 9YacToTa.

[Ipu uMIynbCHONW MOIYJSAIMU PATUOUMITYJIbCHI OMPEACTSAIOTCS aMIUIUTYI0U [, da3oii ¢ u

4acTOTOM @ KoJeOaHUil BHYTPU UMIIYJbCOB M, KPOME TOTO, IMapamMeTpaMy CaMHUX HUMITYJIbCOB: UX

JUTUTEIHHOCTBIO T ;, 9acTOTOU () ;, ¥ Pa3oif cnemoBaHus ¢ ;.

Yacrora m ¢daza cremoBaHuss uMmmyiabcoB (2; W ¢;), Tak >Xe Kak dacToTa M (asza

do,
BBICOKOYACTOTHBIX KoseOaHuil (@ u @), cBA3aHbl MeX1y coboit (Q, = % ).



[Ipy UMIyIBCHBIX METOJaX Mepeaadd IMojioca 4acTOT, 3aHMMaeMas CUTHAJIOM, B OCHOBHOM
omnpenensieTcs JUIMTEbHOCTBIO HMMMYJbCOB. IIpyM  KpaTKOBpEMEHHBIX HMIIyJbCaxX, MOPSAKa
MUKPOCEKYH/I, MO0J0Ca YacTOT MMEET 3HAYUTEIbHYIO0 BEIMYMHY, TOPSAJIKA HECKOJIbKHX Merarepi.
C Takoi IIMPOKOW TIOJIOCOM YacTOT MOXHO IepefaBaTh CHUTHAJIBI TOJBKO B JHAna3zoHe
yIBTPAKOPOTKUX BOJH. HawmOoibimee pacrnpocTpaHeHHE B ATOM JUana3oHE MOMyduiau (a3oBas u
4acTOTHas UMIyJbcHbIE Monyanuu (OUM u UUM).

Paznuunble BUIOBI MOAYJNSIMU TpPU HMMIYJIbCHOH W HENpPEpPBIBHOH paboTe MOMXKHO TakKke
KIIACCU(PUITUPOBATH, UCXOJS U3 UX HA3HAYCHUS.

Mopynsuus, OcyliecTBiIsieMass i TMepefadd  TejerpadHbIX  CUTHAJIOB, HA3bIBACTCS
TenerpaHOW MOIYJIANMEH WIM MaHMIyJsued. Momymsaius jKe, OCYIIECTBIseMas ISl Tepeaadn
peun, Ha3bpiBaeTcs TeneQoHHOW Moxayssnuei. Ecniu monynsauus mnpenHazHadeHa Uil Tepenadyu
TEJICBU3UOHHBIX CHUTHAJIOB, TO OHA MOXET OBITh Ha3BaHAa TEJICBU3MOHHOW MOMYISIIIHCH WU
BHUJICOMOTYJISILIUEH.

Mopynsiiusa B paguOJUHUAX, UMEIOIIUX HECKOJBbKO KAaHAJOB, T. €. MpEeIHA3HAYCHHBIX IS
OJHOBPEMEHHOM TMepe/laud HECKOJIbKUX PA3JUYHBIX CHUTHAJIOB, HA3bIBAE€TCS MHOTOKAHAJIbHOU

MO JISIUECH.

2. OCHOBHBIE ITOKA3ATEJIN, XAPAKTEPU3YIOIIME MOJYJIALINIO

[Ipu cpaBHEHHH Pa3TUYHBIX METOJOB MOIYJISIIMA HauOOJIee BaXKHBIM TOKA3aTENIeM SIBISICTCS
MIOMEXOYCTOMYUBOCTh, KOTOpas B 3HAYUTEIHLHOW CTCTICHH OMNPEACNsIeT HAIS)KHOCTh W JIaTbHOCTH
paznoCBsI3N.

JletanpHOEC M3YYCHUE PA3JIUYHBIX BUIOB MOIYJISIIIMU TOKA3bIBAET, YTO JIJIS TIEpeayl KaKoro-
nubo curHana I(z) TpeOyeTcs BIIOJIHE ONpEIEeNCHHAs IMojoca 4acToT. llpu pasnuuHbIX crmocobax
MOJYJISIIIAM 3Ta IMOJI0CAa YacTOT NpH Iepegade OJHOTO M TOTO JK€ CHUTHANa pa3inyHa. B HEKOoTOphIx
cilydasix, HalpuMep MpH aMILTUTYAHON MOIYJISIMH, 1T0JI0Ca YaCTOT, 3aHUMaeMasi MOy IHPOBaHHBIMA
BBICOKOYACTOTHBIMH KOJICOAHUSIMU, TOJILKO B JIBa pa3a IIHPE IMOJIOCHI 4acToT curHana I(z). Takue
METOJIbI MOJYJISAIMU TIONYYMIM Ha3BaHWE Y3KOMOJIOCHBIX. B JApyrux ciydasx I[ojioca dacToT
MOJTyJIMPOBAHHBIX KOJICOAHWH 3HAYUTEIHLHO MPEBOCXOUT MOJIOCY YacTOT curHana /(¢). Takue MeTo b
MOTYJISIIIH TIOTY YT Ha3BaHHUE IIMPOKOTIOIOCHBIX.

CrnenyeT uMeTh B BH]LY, YTO TOJIOCA YACTOT, 3aHMMaeMas TON WM HHOW paJiiOJIMHUEH, JalleKo
HE BCErJa OIpeIesseTcsl TOJBKO MOJIOCOH YacTOT, HEOOXOMUMOW Iis Tepenadyd paJuoCUTHaja.
VYkazaHHas T0J0Ca 9acTOT B psAe CIydaeB, OCOOCHHO B 00JaCTH yJIBTPAKOPOTKUX BOJIH, OTPEIEs-
€TCsl HeCTaOMIIBHOCTBIO YacTOTHI MepeaTunKa WM NpueMHuKa paanonuHun. [Ipu BeiOope TOTO MM

HHOI'O METOAa MOAYJIINHU CYHICCTBCHHO IIPABUJIBHO COIJIACOBATH IIOJIOCY YaCTOT, 3aHUMACMYIO



nepeaaBaeMbIM PaIMOCUTHAIIOM, C TIOJIOCOM YacTOT PaauOIMHAH, ONIPEIeIIeMOl HeCTaAOMITLHOCTRIO €€
HECyIIeH YaCTOTHI.

TakuMm 00pa3zom, moJjioca 4acToT, TpeOyromascs i mepeaadd OJHOTO U TOTO XK€ CUTHAla U
pasuyHas MpH Pa3IMYHBIX METOAAaX MOAYJISIIMHU, TaKXKe SBISETCA OJHUM M3 BAaXKHBIX IOKa3aTelien
METOJ1a MOTYJISILIUH.

Jlanee, oT MeToAa MOAYJSIMH M OT CHOCO0A OCYIIECTBICHHUS MOIYJSIUU 3aBUCUT K. M. .
reHepaTopa, a TakKe UCIOJIb30BAHNE T€HEPATOPHOM JIaMITbl IO MOILLHOCTH. B CBSI3M € 3TUM AaJIbHOCTH
paauoCBs3U TMPHU 3aJaHHOM HOMHHAJIBHOW MOIIHOCTH MEPENAaTYMKOB, HO MPHU PA3IUUYHBIX METOAaX
OCYILIECTBIICHUS MOYJIAIIMH, MOXET OKa3aThCsl Pa3IMYHOM.

Haxkonern, BaXHbIM MOKa3aTelIeM KayecTBa MOIYJISIIUU SIBISETCS TOYHOCTH BOCIPOM3BEACHUS
NepeaBaeMOro CUrHaJIa B paJUONPUEMHOM YCTPOUCTBE.

3aMeTuM, YTO KauyeCTBO BOCIPOU3BEICHUS B OONBINECH CTEMEHH 3aBHCUT OT crocoba
OCYILIECTBIICHUS MOYJIAIIMH, YEM OT METOJIa MOYJISIUH.

Takum oOpa3oM, TPH OLIEHKE Pa3IUIHBIX METOJAO0B MOJIYJISINH, a TAK)KE Pa3IUIHBIX CITIOCOO0B
OCYIIECTBIICHUS MOIYJALUKA HEOOXOAUMO HCXOIUTh W3 CIEIYIOIMIMX OCHOBHBIX IOKa3aTeNei:
MOMEXOYCTOMYMUBOCTH, T. €. CTENECHU BIMSHUS MOMEX Ha IMepedaBaeMblii CUTHAJ; CIIEKTpa 4acToT,
HEOOXOAMMOTro IJisi Tepeladd CUTHAJIA; K.ILJ. MOIYJHPYEeMOro reHepaTopa; MCIIOJIb30BaHUS 10
MOIIHOCTH aKTHUBHBIX 3JIEMEHTOB MOAYJHUPYEMOI'O T'E€HEpaTopa; AAIbHOCTH IEUCTBUSI PaJOCTAHIIMU
py 33JaHHON HOMHHAJILHOM MOIHOCTH TepeAaTynKa; MPOCTOThI OCYIIECTBICHHs, TabapuTOB U Beca

nepeaaTinka 1 NpuCMHUKaA.

AMIUVIMTYAHASA MOAYJIAIUA

1. MATEMATUYECKOE BBbIPAXXEHUE MOYJIMPOBAHHBIX KOJIEBAHUI

Jomyctum, 9TO TIepeaaBaeMblii curHai I(¢) mpeacTtaBiseT coO0l rapMOHUYECKOE KoJieOaHue
3BYKOBOM 9acToThl ) (puc.l, a). [lpu amMmiuTy1HON MOIYJISAIMKA aMIUTUTY/Ia TOKa BHICOKON YacTOTHI
JOJI’KHA U3MEHSTHCS B COOTBETCTBUU C ATUM CUTHAJIOM. Takoe MOoAyIHpoBaHHOE KojeOaHHe MOKa3aHo
Ha puc.l, 6.

Ecin 00o3Hauuth uepes3 /, aMIUIUTYyAy BBICOKOYACTOTHOIO KOJI€OaHUs A0 OCYLIECTBIICHUS
MOJYJSALMA W TPEANOJI0KUTh, YTO BO BpeMs MOAYJSIMU HM3MEHEHHE AaMIUIUTyIbl [, MpsMo
MPOMOPIMOHANIFHO CHJIE 3ByKa HAIIEr0 CUTHANla, TO 3aKOH HM3MEHEHHS aMIUIUTYJbl TOKa BBICOKOU
YaCTOTHI ITPU MOAYJIAIIMHA YUCTBIM TOHOM 3ByKOBOfI qacTOTEl () 3aIlMIIETCS TaK:

I+ 1;cos Qt,



6)

Puc. 1. AMnutyaHas MOy LM

a) curuai; 0) MOAyJTUpPOBaHHOE KoJieOaHUE, COOTBETCTBYIOIIECE CUTHATY.

a KonebaHue, MOAYJINPOBAHHOE 110 AMILTUTYAE,
i=I,(1+ mcos Q1) cosw,t, (1)

Il
rae m = 7 K02(pPHULIMEHT MOy JIAIIUH.

H

2. AHAJIM3 MOJIYJIMPOBAHHBIX KOJIEBAHUIA
[Tocne HecnoxHBIX MpeoOpa3oBaHuil BeIpakeHue (1) MOKET OBITH MPEACTABICHO CIIEAYIOIIUM
obOpazom:

i=1,cosw,t +ml,cos Qt cosw,t 2)

NI

i=1,cosmyt+ %mIH cos (v, + )t + %mlu cos(w, — Q)¢ 3)

W3 nomyueHHOro BbIpaX€HUs BHUJHO, YTO KojieOaHUE, MOJIYJIHPOBAHHOE OJHOM 3BYKOBOM
gactoTord Q (— yacToTa MOIYJISIIIMKN), COCTOUT W3 TPEX TAPMOHUYCCKUX KOJICOAHMIA.

IlepBoe koneOaHMEe YACTOTBI ), HMMEET AaMIUIMTYJly, PAaBHYI aMIUIUTyAe KosnebaHus [0

OCYILECTBJICHUS] MOJYJISILIMM; BTOPOE M TpeTbe KoyedaHHs 4acToT @, +Q u o,—() HMEeT



1
aMIUIMTY/Ibl, paBHbIE Eml ;s> T.6. HX aMIUIMTYJbl HOPSAMO IPONOPLUUOHAIBHBI KOA(PPHUIHUEHTY

MOAYJIAHUH.

YacToTa®( Ha3pIBAacTCA HECYIIEH 4YacTOTOM, 4acTOThl @, +€2 U @, —€) - OOKOBBIM

4acTOTaMH.

CrekTp MOIYJUpPOBAaHHBIX KOJEOAHUNW MOXKHO HArJSAHO MPEACTaBUTh B BHUAE Trpaduka,
OTKJIaJbIBasi IO TOPU3OHTAJIBLHOW OCH YaCTOTHI, @ MO0 BEPTUKAIBHOM — aMIUIUTYIbl TEX KoJieOaHU,
KOTOpbIE BXOJAT B COCTaB MOJYJIMPOBAHHOrO Toka. Konebanue, MOIyTMpOBaHHOE OJHOM 3BYKOBOM

yacToTor (), OyJIeT UMETh CIIEKTP, COCTOAIIMN U3 HEeCylIeH U IBYX OOKOBBIX yacToT (Puc.2a).

Ip _  = . ' o
N A
) ' R
Lt T ¢ f '
SIS = IIHH \ HHMA
wa\-s?% w,!n?w B : 'wa-ﬁ’zr%wo ?0*52104?2
el e el

Puc. 2. YacToTHBIE CIIEKTPHI CUTHAJIOB U KOJIEOAHMI BRICOKOM YaCTOTHI, MOIYTMPOBAHHBIX 11O

AMIUIUTY A€ B COOTBETCTBUU C STUMU CUT'HAJIaMHU.

Ecin 3BykOBO# CHTHaJI COOEPKUT B c€0€ HEMPEPBIBHYIO MOJIOCY 4acToT oT €, 10 Q,, To

CIICKTP MOAYJIHUPOBAHHOI'O KoJIeOaHus 6yz[eT COCTOATH U3 Hecymeﬁ YaCTOThI U IBYX OOKOBBIX I10JI0C

gactoT (Puc.2 0).

OJHOITIOJIOCHASA ITIEPEJTIAYA

1. IPUHLIMII IEMCTBMS 1 OCHOBHBIE OCOBEHHOCTHU

Jlia nepenaun mHGoOpMalMu Ha JajbHUE M CBEpXJAJIbHUE PACCTOSHHUS B HACTOAIIEE BpEMs
IIUPOKO TPUMEHSIOTCS CHCTEMBI CBSI3M C OJHOM OOKOBOWM TOJIOCOM, OOECIEYHMBAIONINE MPHU
OJIMHAKOBOI MOIIHOCTH TepelaTyhka 3HAYUTENbHO Oo0Jiee BBICOKYIO HAJIEKHOCTh CBSI3U IO

CpaBHCHHIO C CUCTCMaMM, B KOTOPLIX UCIIOJIb3YCTCHA 00BIYHAS AMIUIMUTYy AHasA MOJYJIALASA.

[Ipexsie ueM nepeuyncauTb OCHOBHBIE IPEUMYIIECTBA U HEJJOCTATKU CUCTEM C OJHON OOKOBOM

M0JIOCOM, KPaTKO OCTAHOBHMCSI Ha MPUHIUIE UX pabOThl, B YACTHOCTU Ha MPOCTEHIIEM crocobe



00pa3oBaHuUsl OJHOIOJIOCHOTO CHTHaJla U €ro OTJIWYHUKU OT OOBIYHOTO CHUTHAJIA C aMILUIUTYIHON
MOAYJISIUEH.

Jlns oO6pazoBaHusi OJHOTOJOCHOTO CHUTHAjia, T. €. CUTHAJIA, COJEPKAIIET0 TOJBKO BEPXHIOIO
WIM HIKHIOK OOKOBYIO TIOJIOCY, HCIOJIB3YIOTCS OanaHCHble MOAyJsaTopsl. Ko Bxomy Takoro
Moxaysitopa (Puc.3.) omHOBpeMEHHO TONBOSATCS HANPsHKEHUE IepeaBaeMoro CHUrHajga (CHeKTp
KoToporo mokazaH Ha (Puc.4,a) u HampsokeHwe Hecymiei uacToTel. Ha BbIxome Moaymstopa

COXPAHSIFOTCS TOJIBKO BEPXHsIsl M HUXKHSSL 60KOBbIe mosockl (Puc.4,0).

Un(?) fmm;mrbr:i 4 . Yebix
" ——— MOGyAAmop 3| PUALTID -

T U, cos Wyt .

rengpamop |
Hecyujed
4acmonsl

Puc. 3. biok-cxema (popmMupoBaHusi OTHOIIOJIOCHOTO CUTHAJIA.

Jis moy4eHus: OJHOMOJOCHOTO CHTHajlla ¢ MOMOINBIO (MIIBTPa BBIPE3ACTCS BEPXHSS WIH
HIDKHAs OokoBas mojoca (Puc.4,B), koropas mociae YCWIEHHS B BBICOKOYACTOTHOM TpaKTe
nepegaTyvKa MocTynaeT B aHTEHHY U U3JIy4aeTcsl.

HeTtpyaHo BuaeTh, 4TO CIEKTP OAHOIOJIOCHOIO CHUTHaja Mo (opme COBHNAAAET CO CHEKTPOM

HCXOJHOTO MOJYJIMPYIOIIEro HANpsKEHHs, OAHAKO OH CMEIIEH Ha 4YacToTy @, B 00iacTb Oonee

BBICOKHX YacToT. MHDopmarus, comeprxamiascs B 0JHON OOKOBOM IOJIOCE, SIBIAETCS HEIOCTATOYHON
JUIsl BOCCTAHOBJICHHSI TIEepeaBaeMoro curiana. Jlemo B TOM, YTO €ClIM HaM HEM3BECTHO 3HAaYCHHE
HECYIIEeH 4aCcTOThI, TO Mbl HE CMOXKEM OIPEICIUTh YaCTOThI IIepeaBaeMOro CUrHaia.

Takum oOpa3oM, TpU NOpHEME OJHOIMOJIOCHOTO CHUTHAJIa HEOOXOJMMO B TOYKE IpUeMa
BOCCTAHABJIMBATh HECYIIyl0 YacToTy. OCTaHOBUMCA Ha HEKOTOPBIX OCOOEHHOCTSX CHCTEM
OJIHOTIOJIOCHOM mepeaayu.

K umcny OCHOBHBIX MPEHMYIIECTB TaKUX CHUCTEM IO CPABHEHHUIO ¢ OOBIYHBIMH AMILTUTYTHO-
MOIYJUPOBAHHBIMH CUCTEMAaMHU MOKHO OTHECTH:

1) ycrpaHeHwe W3 CIEKTpa HECYIIeW YacTOThl M OJHOW OOKOBOH IOJIOCHI, JUIS TEpenadu

KOTOPBIX B OOBIYHEIX CHCTEMAaX 3aTpa4yuBacTCs 3HAUYUTCIIbHAsA MOIIIHOCTD,



S@)

ey

a)
Sw) | _
. ,ni““mm““mh. .di\\““|“,|lllhm.. ~
5)
S(w)
pl--e —s= :; >

Puc. 4. 'paduku CieKTpabHOM IJIOTHOCTH CUTHAJIOB: MOJYJIUPYIOMIETro; 0) ABYXIOJIOCHOTO (0e3
HEeCYIIeH); B) OAHOIOJIOCHOTO.

2) yMEHbILIEHUE TMOJIOCHI YaCTOT, 3aHUMAEMOM MepelaTYMKOM, JAIoIIee BO3MOXKHOCTh
YBEJIMYUTH YUCIIO CTaHIIHH, paboTarommx 06e3 B3aMMHBIX TIOMEX B 33JJaHHOM JIMAara3oHe, |
CYIIECTBEHHO CHU3UTh UCKAXKECHHE TIEPEIaBAEMOT0 CUTHAJIA, BBI3BAHHOE CEJICKTUBHBIM
«3aMHUPAHUEM», KOTOPOE SIBIISIETCS CIIEICTBUEM HEOJWHAKOBOCTH YCJIOBHMH DPACIPOCTPaHEHUS
Pa3IMYHBIX MO YAaCTOTE COCTABJISIONINX CIEKTPa CUTHAIIA;

3) cy’KeHHEe MOJ0CHI MPOITYCKaHUsI IPUEMHOT0 YCTPOICTBA, O3BOJISIOLIEE TPUMEPHO B J1BA
pasa CHU3UTh MOIIHOCTDb ITOMEX Ha BXOJI€ TPUEMHUKA.

['oBopst 00 PHEPreTHUECKUX MPEUMYIIECTBaX PAacCMaTPUBAEMBIX CUCTEM, CJIEAYET 3aMETHUTb,
YTO TpPU OTCYTCTBHHM MOJAYJIHMPYIOIIETO CUTHANa (HampuMep, MPU MOTYAHUU TMepea MUKPOPOHOM)
nepefaTuuK He H3IyYaeT, B TO BpeMsl KaKk B OOBIYHBIX CHCTEMax H3JIy4aeTcs Hecyllas 4acToTa.
YuuteiBas, 4T0 MOJA0OHBIE MAy3bl MPU PaIu0TeNe(HOHHON Mepeade COCTABISAIOT 3HAYUTEIBHYIO YacTh
BpEeMEHU PabOThI, TPUMEHEHHE OJIHOMOJIOCHOM TMepeaayn JaeT JAOMOJHHUTEIbHBIA CYIIECTBEHHBIN
SHEPreTUYECKHUM BHIUTPHIILL.

[TonHplid PHEPreTUUECKUN BBIUTPHIINI O CPABHEHUIO C CHUCTEMOW OOBIUHOM aMIUIMTYIHON
MOTIYJISIIIUY TTPUOIU3UTENBHO olleHuBaeTcs B 15 — 20 pas.

K ocHOBHBIM HeOCTaTKaM CHCTEM OJIHOIOJIOCHOM Mepeaayuu ciieyeT OTHECTH:

1) HeobxommuMocTh oOecrieueHust BRICOKOW CTaOMIIbHOCTH YaCTOTHI IEpeAaTIYnKa U TeHepaTopa
HECYyIIeW YacTOThl, BOCCTAHABIMBAEMOW Ha NPUEMHOM KOHIE. OTKIOHEHHE BOCCTAHOBJIECHHON B
MPUEMHUKE HeCyIlleld 4acTOThl OT MOAABICHHOHN B MepeAaTyuke MpH KOMMEPYECKOW CBSA3M OOBIYHO

He npesbimaer 50 — 100 I'u.  Ecnu pazHuna npeBoCXOJUT yKa3aHHOE 3HaYEHHUE, TO PE3KO CHUXKAETCSA



pa3bopuMBOCTh NepeaaBaeMoil peun. Xopomas pa300pYMBOCTb PEUM MOIYy4aeTCsl, €CIM OTKJIOHEHHE
He npesbimaer 15 — 20 I'o.

st BBICOKOKAQ4ECTBEHHOI'O IIpUEMa My3bIKAJIbHBIX Iepefad JOIyCTHMas BEIMYHMHA
OTKJIOHEHMS U3MEPSETCA AMHNULIAMH U JaXKe JTOISAMU repla.

2) VYcnoxxHeHHWe TPUEMHOM U TIepefaroliell ammaparypsl, CBsi3aHHOE C (opMUpOBaHHEM
OJIHOIIOJIOCHOTO CHUTHAJIa, a TAaKKE€ C BOCCTAHOBICHUEM HECYIIEH YacTOThl IPHU JAEMOAYJISALUH B
IIPUEMHOM YCTPOMCTBE.

Tak Kak K TOYHOCTM BOCCTAaHOBJIEHHOW HECYILEH YaCTOThl M CTPOTOCTH €€ MOAACPKAHUS
MOCTOSIHHOW TIPEIBSIBIISIIOTCS. BBICOKME TpeOOBaHMSA, TO Ui KOHTPOJS WM aBTOMATHYECKOU
MOJICTPOMKHA HECYIEH 4YacTOThl BMECTE€ C OIHOIOJIOCHBIM CUTHAJIIOM MOXET IepefaBaTbCsl WIN
3HAYUTEIbHO OCNabJeHHas Hecyllas 4acToTa WIM TaK Ha3blBaeMblil MUIOT-CUTHAN. B psne ciaydaes
OKa3bIBAETCSl HEIETIECOOOPa3HbIM COXPAHATh HECYIIyI0 4YacTOTy BO BCEM TpakTe (OPMHPOBAHUS
OJIHOTIOJIOCHOTO CHTHaja, a yAoOHee «3aMelInBaTh» €€ B IE€pPEeIaBacMblid CUTHAJd B BBIXOJHBIX
KacKaJax IepeaaTduKa.

Heo0GxoauMocTh OCTAaTOYHO TOYHOTO BOCCTAHOBJIEHUS HECYIIEH dYacTOThl 3aTpyJHSET
UCIIOJIb30BAaHUE OJIHOMOJIOCHOM CBSA3M C OBICTPO JETSAIUMMH OOBEKTaMM, TaK KaK MPH W3MEHEHWUHU
HaNpaBJICHUS JBIKEHHUS U CKOPOCTH 00BEeKTa BciencTBue BiusHUS 3¢ddekra [ormnepa Habmogaercs
3aMETHOE OTKJIOHEHHE 4YacTOThl INPUHUMACMBIX CHUTHAJIOB OT YacTOThl CUTHAJIOB, H3JIy4aeMbIX
HepeJIaTYUKOM.

[Ipu ocymuiecTBIEHHH OJHOIOJIOCHOW CBSI3U C OBICTPOJIETAIIMMU OOBEKTaMH HEOOXOAUMO
KOMIIEHCUPOBAaTh JOIUIEPOBCKUN CABUI YacTOThl. ODTO MOXKHO CJ€jaTh, HANPUMEpP, HUCIHOJb3Ys
aBTOMATHYECKYIO IIOJICTPOMKY YaCTOTHI 110 TWJIOT-CUTHAILY.

Jis noBblueHuss Ko3dduimeHTa Mojae3Horo JeMcTBUS NepeAaTdUMKoB € OJHOW OOKOBOMA
HOJIOCOM 11eTIeco00pa3Ho (OPMHUPOBAHUE OJHOMOJIOCHOTO CUTHAjJa MPOMU3BOJAUTH B MAaJIOMOIIHBIX
KacKa/iax neperaTyvka, a 3aTeM YCUIMBATh €ro 10 He0OXOJUMOTro YPOBHS B MOCIEAYIOUIMX KacKaaax
nepeaaryuka. [Ipu 3ToM cieayer umeTb B BHIY, YTO IPH BBIIEICHUU OJHOM OOKOBOHM MOJIOCHI U3
aMIUTUTYAHO-MOAYJIMPOBAaHHOIO KojeOaHUs Ha BbIXoAe (uiIbTpa IMojyyaercs KojiebaHue ¢
aMILIUTYTHO- YaCTOTHOM MOYJISLIUEH.

W3 3T0r0o CcBOICTBA OJHOMOJOCHOIO CUTHAaja CIEAYET IMepBas OCOOEHHOCTb YCHIIUTEIBHOIO
TpPaKTa pPacCMaTpUBAcMbIX IEPEJATYMKOB, a MMEHHO HEAONYyCTUMOCTb HCIOJb30BAaHUSA B
YCWJINTEIBHOM TPAKTE KACKaJ0B YMHOXECHHSI YaCTOTHI.

Bropoii BakHOI 0COOEHHOCTHIO YCHJIMTEIBHOI'O TpakTa OJHOIIOJOCHOTO NepeAaaTyrKa
ABJIIOTCA BBICOKHE TpPEeOOBaHMUS K JIMHEHHOCTH €ro aMIUIMTYAHOM XapaKTEepUCTUKU. J(OmycTHMBI

YPOBEHb HEITUHEHHBIX HCKaKCHUM 3HAYUTCIBbHO HMXKE, 4YEM B OOBIYHBIX nepeaaTunKax. 910
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OOBSCHSICTCS TEM, UTO €CJIM CpeHEee 3HaUeHHe Orudarollel aMITUTY JHO- MOAYJIMPOBAHHOTO CUTHAIa
HE 3aBUCUT OT XapakTepa MOMAYJIHMPYIOIIETO CHUTHAJa M OMNpEeNeNseTcs aMIUIMTyA0N KojeOaHus
HECYIIEH 9acTOThI, TO CpeHee 3HAUCHHUE OrMOAIOIIeH OTHOTOJIOCHOTO CUTHAJIA 3aBUCUT OT BETMYUHBI
MOAYJHUPYIOLWICTO HAINPsHKCHUA H OOBIYHO 3aMETHO HHXKE CpCAHCIO 3HA4YCHUA aMILUIMTYyIHO-
MOJIyJIUPOBAHHOTO curHasia. OYeBUAHO, YTO B pe3yjbTaTe€ CHIKEHUS CPEIHEro YPOBHSI CHUTHajia
YCHJIGHHE MPOUCXOIUT Ha HIDKHEM Y4acTKe aMIUIUTYAHON XapaKTepUCTUKH KacKaJloB MepenaTunka, u
MO3TOMY JUIsl TPEAOTBPAILCHUS CHJIBHBIX MCKOKEHUH HEo0X0auMo 00ecneyuBaTh BBICOKYIO
JIMHEHHOCTh HE TOJBKO OCHOBHOM 4YacTHU aMHJIPITyILHOfI XapaKTCPUCTUKU YCHUIIMTCIIA, HO U €€
HAYaIBHOTO y4acTKa. Tak Kak yCHWIMTENbHbIE KacKaJbl MepeJaTyuka oObIYHO paboTaloOT C OTCEUYKON
AQHOJIHOTO TOKA, T. €. B P&XKUME KoJieOaHUH 2-TO poja, MOJIyYeHHE BHICOKON JTMHEHHOCTH Ha4yaIbHOTO
y4acTKa aMIUIMTYIHOW  XapaKTepUCTUKU YCHIUTENS OOBIYHO COIPSDKEHO C  ONpeeTICHHBIMU
TPYAHOCTAMU M B psAe ciydaeB TpeOyeT NPUMEHEHHUS CICIHAIbHBIX  AKTUBHBIX 3JEMEHTOB,

MMEIOIINX JTMHENHBIM HIKHUA y4aCTOK CTaTUYECKOM XapaKTEPUCTUKH BBIXOJHOIO TOKA.

2. METOJbI ©OPMHNPOBAHNA OJJHOITIOJIOCHOI'O CUT'HAJIA

s gopmMupoBaHUS OJHOIOJOCHOTO CHUTHaja B HACTOAILIEE BPEMs HCHOJIBb3YIOTCS TpU

OCHOBHBIX MeTo/a: 1) GuIbTpoBOH, 2) pazoxkomiieHcalnOHHBIHN U 3) dha3oprIbTPOBOIA.

2.1. ®UILTPOBOI METOJ]

IIpy BBICOKOW HECYIIEH 4YacTOTe B Psji€ CIy4aeB BO3HUKAIOT OINPENCICHHBIE TEXHUYECKUE
TPYIHOCTH BBIJICJICHHSI TOJIBKO OJIHOI OOKOBOIA MOJIOCHI.
JIeHCTBUTENBHO, €CIlM, HAIpUMEpP, HWXKHASA TpPaHULA CIEKTpa IIepelaBacMoro 3BYKOBOI'O

curHaina pasHa 200 ru, To HYKHSA U BEPXHSA

wwlt)|  1-d |- 2-q | 2.5 ot
e L >l 6ANQHCHBI el o STE L
mogynamop| $”/?bmp : Modynamop punsmp o
i~ ol | S ) U Recywed |
‘!dcmamb! ’ . i - U qac”g;g{ma ol |0 =
npecbpaso- RN 7 (@) e

BaHun ,@:ﬂp) g

Puc. 5. biok-cxema popMUpOBaHUs OTHOTIOIOCHOTO CHTHAIA (DUITBTPOBBIM METOJIOM.
OOKOBBIE TOJIOCHI OyayT ynaneHsl apyr oT apyra Ha 400 ey. Ilpu mecymeir vactotre 10 Mri sto
coctaBut 0,004%. Paznenenue ctonb OJIM3KO PACIONOKEHHBIX IOJOC C MOMOIIBIO Jake BeCcbMa

COBEPILEHHBIX KBaplEBbIX (PUIBTPOB B ATOM JHMAaNa3oHE YacTOT YPE3BbIUANHO CIOXKHO. YTOOBI
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000iTH yKa3zaHHOE 3aTpyJHEHHE, OOBIYHO MCMOIb3YIOT IPOMEKYTOUHOE MpeoOpa3oBaHKe 4acTOThl. B
KauecTBe mpumepa Ha Puc.5 mpuBenena Oiok-cxema, a Ha Puc.6 - CHeKTpbl CUTHajda Ha BBIXOJHE

OTACJIBHBIX 3JJICMCHTOB CXCMbI, INOACHAIOIIUC (I)OpMI/IpOBaHI/IC OJHOIIOJIOCHOI'O CHIHalla C OJHHM

MMPOMEIKYTOYHBIM HpeO6pa3OBaHI/IeM HaCTOTHI.
Stw) ik -

5 SPmun . R

pl mT\
) \fmaw’l e ‘ - (l)

S(w) ‘

Ha Bsixode
1-20 barancHoeo

MOBYAAMODA

Q.
L
i |

Ha Bswode
]-za puasmpa

i
1

Cs@)

R e
ag e Ol Qu: ‘q—(b“ -—» :
Sk )

Puc.6. CniekTpsl curnasna, nosicHsromue GopMUpoBaHUE OJHOMOIOCHOTO CUTHaJa (PUIBTPOBBIM

Ha Bsixofe
2-20 @uAsmpa

Q

METOJIOM: @) HCXOJIHOTO; 0) Ha BBIXO/IE TIEPBOTO MOJIYJIATOPA; B) HA BBIXOJIE MIEPBOTO QMIBTPA; 2) HA

BBIXO/IE BTOPOTO (PrutbTpa.

B nanHOM ciydae mpenBapHUTENbHO IOJIyYaeTcs OJIHOIOJIOCHBIM CHUTHaJ Ha 0osee HHU3KOM

yactore (@,,) MO CPaBHEHHIO C HECYIUEH, YTO oOneryaet (GUIbTPALMIO OJHOH OOKOBOHM MOJIOCHL.

[Tonyuennslil Ha Bbixoae ¢uibTpa curtan (Puc. 6,B), 3aHMMarouuii MoJIOCY 4acTOT, paBHYIO MOJIOCE

YacTOT BXOJHOIO CHUTHaja, HO CMELICHHBIH MO 4YacTOTe Ha BEJIMYMHY MEPBOM MPOMEKYTOUHOI

4acToThl NpeobdpazoBanus @, (KOTOPYIO MHOTJA HA3bIBAIOT TMOAHECYIIEH), MOJACTCs HA BTOPOH

OallaHCHBIM MOJIYJIATOP, Ha BBIXOJE KOTOPOTO TMOJy4aroTCsl JIB€ OOKOBBIE IOJIOCHI YacToT,
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). CBbIXOAa OaJaHCHOTO MOMAYJSITOpAa CHTHAJ MOCTYMAaeT

MUH

pasHeceHHbIC Ha BenuuuHy 2(®,, + €2

Ha BTOPOH (DUIBTP LTSI BBIICTICHUSI OJJHON OOKOBOM IOJIOCHI.

B nanHOM mpuMepe HCIOJIb30BaHO OJHO IPOMEXKYTOUHOE IpeoOpa3zoBaHue. B psaae ciyuaes
JUId  TIOJTy4YEeHUs HEOOXOJUMOro II0/IaBJICHMsS Hecylled M HeXelaTelbHOM OOKOBOM MOJIOCH
OPUXOAUTCS  HUCIOJIBb30BaTh  HECKOJIBKO MOJOOHBIX mpeoOpazoBanuil. Ilo 3Tolf  mpuumHe
pPacCMOTPEHHBIM METOJ, IIOJIYYEHHs OIHOIIOJIOCHOIO CHTHaja HA3bIBACTCA B JIMTEPATYPE TaKKE

METOJIOM IOCJIeI0BATEIbHBIX MPEe0Opa30OBaHMA.

2.2.  CPABHEHUME METOJOB ®OPMHUPOBAHUA OAHOIIOJIOCHOI'O CUT'HAJIA

Paznuunble MeTobI (POPMUPOBAHUS OJTHOIIOJIOCHOTO CUTHAlla UMEIOT CBOU MPEUMYILIECTBA U
HEJ0CTaTKH.

OnHUM W3 OCHOBHBIX JIOCTOMHCTB ()a30KOMIIEHCAIIMOHHOTO MeToja (OPMHUPOBAHHUS
OJIHOIIOJIOCHOTO CHUTHajla IO CPAaBHEHUIO C (UIBTPOBBIM METOAOM SIBJISETCS TO, 4YTO IPU €ro
UCIIOJIb30BaHUM OTMAJaeT HEOOXO0AUMOCTh IPUMEHEHHUSI (PMIIBTPOB C KPYTHIM CIIAZIOM XapaKTEPUCTUKU
B 00JaCTH TIPaHUYHBIX YacTOT. DTO, B CBOIO OYepe/b, MO3BOJSET HCIOJIB30BaTh B OallaHCHBIX
MOYJIATOPAaX HEMOCPEACTBEHHO HECYIIYIO YacTOTy 0€3 MHOTOKPAaTHOTO YaCTOTHOTO MPeoOpa3oBaHMUs,
K KOTOPOMY MBI IpuOeraem B cilydae MOAABIEHHs OHOM OOKOBOM MOJIOCHI ¢ TOMOIIBIO (PHIIBTPOB.

Henoctatkom (ha30KOMIIEHCALIUOHHOTO METO/a SBISETCS HEOOXOJUMOCTb HCIIOJIb30BaHMUS
¢azoBpamareneif, 00ecHeunBAIONIMX TOCTOSHHBIM (Da30BBI CHBUI B HIMPOKOM JMAana3oHe
MOJIyJIUPYIOIIMX YacTOT, a TaKKe TOYHbIA OanaHc cxembl. K HemocTaTkaM 3TOro MeToga OTHOCHUTCA
TaKXKe IPUMEHEHHE JBYX OallaHCHBIX MOAYJIATOPOB. YKa3aHHBIM HEJOCTaTOK YCTpaHseTCs B
MHOIro()a3HbIX CHUCTEMaX, KOTOpbIE MO3BOJSIOT OCYILECTBHTH I0JIaBJICHHE HECYILIeH 4acToThl 0e3
0aaHCHBIX MOAYJISATOPOB.

OCHOBHBIM  MPEUMYMIECTBOM  (a30pMIBTPOBOIO  MeToJa mepen  (QUIBTPOBBIM |
(a30KOMIICHCALIMOHHBIM SIBIISIETCS OTCYTCTBHE CIIOKHBIX (Da30CABHTAIOMIMX CXeM, paboTaloumx B
HEKOTOPOM JMala3oHe 4acToT, U (UIBTPOB C KPYTHIMM CIaJaMH YacTOTHOM XapakTepucTuku. K
¢GuIbTpaM HMKHHMX YacTOT, HCIOJIb3yeMbIM B ()a30(MIBTPOBBIX CXEMax, HE MpPEIbsBISIOTCS

TpeOOBaHUS PE3KOro Claja XapaKTePUCTHKH B 00JaCTH TPAHUYHON YaCTOTHI.

3. BAJTAHCHBIE MO YJISATOPBI

Cxema mpocreiero 0aJaHCHOTO MOJYJIATOpa mpuBeaeHa Ha Puc.7. Moaynstop cOCTOUT U3
Tpancopmartopa Tp; Ha BXOJA KOTOPOTO MOJAAETCS MOAYIHMPYIOIIEe HAIpsHKeHHUE u,(1) (Hampumep,

3BYKOBOE€ HAIIPsDKEHHE B PaaUOTENIS(hOHHBIX MEepeIaTyuKax), ABYX MOIYIPOBOJHUKOBBIX TUOJOB /[; U
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/>, xontypa LC c¢ KaTymkoul CBSI3M L, ¢ KOTOPOM CHHUMAETCA BBIXOJHOE HANpsDKEHUE, U
BBICOKOYACTOTHOTO TpaHcopmaTopa 7p,, obecreunBaroero nojjauy Hanpss>KeHUsl Hecyiei 4acTOThI.
Konnencaropsr Cy unryHTHpYIOT OOMOTKHM TpaHcpopmaropa Ip, 1o Hecymed uwacrore. Ux

COIPOTHUBJICHUE JJIS1 MOYJIMPYIOIEr0 HAPSYKEHUS JOJKHO ObITh BEJTUKO.

P
1 ta
— U sin @t

\ :@k%}lsmg E:UHSinwgtL

¢ i

—-‘—"'
taz

Puc. 7. Cxema 6amaHCHOTO MOJTYJIATOPA.

[Ipeanonoxum, 4TO HEIMHEUHbIE AIEMEHTHI /{; U /{> UMEIOT OIMHAKOBBIE XapaKTEPUCTUKHU
. 2
l,=a;tautau+..,

rI€ # — JCUCTBYIOLIEE HA JIEMEHTAaX HANPSIKEHHUE.

Kak BugHO M3 puc.7 HampspkeHHe Hecyined 4actoTsl u,=U,sin® ,t Ha 006a nuoja Mmojaercs B
daze, a MOIyIUpYIOIIEe HANPSDKEHUE, CHUIMAeMOe CO BTOPHYHOM 00MOTKH TpaHchopmaropa Tp; — B
npotuBodaze. B paccmarpuBaeMoM ciydae, KOTJa MOJAYJIUPYIOIIEE HaIpsHKEHHE UMeeT
CHHYCOMJIAJIbHBIN XapakTep, MOJyYUM JJI HalpsHKEHUHM Ha NEPBOM M BTOPOM JAMOJAX CIIETYHOLIUE

BBIPAKCHUS,;

ur= Ug sin Qt + U, sinw , ¢,
u =—Ugsin Qt + Uy, sinw ,t.

IloncraBnsis u; v uy; B BBIPAKEHUE IS TOKA I;, OTPAHUYMBASACH TPEMS MEPBBIMH WICHAMU U
YUYUTBIBAsI, YTO JTUOJbl BKJIKOYEHBI HABCTPEUY APYT APYTY, MOJYYUM I TOKA, MPOTEKAOLIETO Yepe3
KOHTYP, CJIEAYIOILIEE BhIPAKECHHE:

iy = 1q — ig2 = 2a;Us sin Qt+ 2U, U, sin Qtsinw, t=

=2a;U, sin Qt+ U, U, [cos (w,— Q)t—cos (v, + Q)t].

W3 mocnennero BeIpaxeHus! BUAHO, YTO HA BBIXOJHOW OOMOTKE L ;, CHMMETPHYHO CBSI3aHHOM C
KaTyIIKOU KOHTypa L, OyIyT BBIACIATHCS TOJBKO BEPXHSS U HIDKHAS OOKOBBIE YaCTOTH: @ — U

ozt Q.



14

OueBugHO, 4TO 17151 3P PeKTUBHON PabOTHl OATAHCHOTO MOAYJATOpPA (XOPOIIETO MOAABICHUS
HEeCyIIel YacTOThl) HEOOXOJUMO OO0CCIICYHTh TIOJHYK) CHMMETPHIO CXEMBbI, HWICHTUYHOCTh
HEJIMHEHHBIX 3JIEMEHTOB, a B cliyyae HeOoJbpIIOro pa3dpoca UX MapaMeTpoB — THIATEIbHYIO
0amaHCUPOBKY CXEMBbI, HAIlpUMEp, C TOMOUIBIO OMOJHUTEIBHBIX CONPOTUBICHUH, BKIIOYCHHBIX
MIOCJIEIOBATEIBHO C HEIMHEHHBIMH DJIEMEHTAMHU.

OpHako Jake MpH IOJHOM CHUMMETPUM CXEMbl B PAacCMOTPEHHOM BHJE, OalaHCHOTrO
MOJYJIITOPa YPOBEHb HEXKENATCIbHBIX TaPMOHUK B PsJIe CIy4YacB OKAa3bIBACTCS BEChbMa BBICOKHM.
HetpynHo nokasare, 4To €CliM y4ecTb B XapaKTEePUCTHKE HEIMHEHHBIX 3JIEMEHTOB JIOMOJIHUTEIIbHBIC
YJIeHbl TpPEeTbell W OoJiee BBICOKMX CTENEHEW, TO B BBIPAKECHUU [UIS BBIXOAHOTO HANPSIKCHHUS
MOSIBIISIIOTCSI HEYETHBIE TAPMOHHMKH 4acTOThl () M OOKOBBIE YacTOTHI, OOYCIIOBJICHHBbIC HEYETHBIMU
rapMoHUKaMu () ¥ TapMOHUKAMH @ . JIJI1 CHW)KEHUS! yPOBHS FTAPMOHHK IIUPOKO HCIIONB3YETCS TaK
Ha3bIBaeMasi KOJIbIIEBasl cXxeMa OaJlaHCHOTO MOJYJISITOpPa, COJepKalasi YeThIpe HETMHEUHBIX DJIEMEHTA
(Puc.8,a). KospueBoit MogyasTop, M0 CyIIECTBY, NMPEICTaBIsAET COOON Ba BKIIOYEHHBIX Ha OOIIYIO

Harpy3Ky OajJaHCHBIX MOAYJISATOpa, 00ECHeUYMBAIOIINX JABYXTAKTHBINA PEKUM paOOTHI.

Tos

oy
. I T 7‘_’
‘ | - Uguix 3

VWM cos ¢ }Ii_ '

: 7o,

thacos &t }I

Puc. 8. Cxema KONBIIEBOTO MOIYJISITOPA: @) B OOBIYHOM HaYepTaHUU: 0) B BUIE MOCTOBOW CXEMBI.
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Ecimm u300pa3uth cxemy Puc.8,a B Heckoiabko nHoM Bujae (Puc.8,0), To Xxopomio BHIHO, YTO
OHa TPEACTaBIIAET COOOH MOCTOBYIO cxemy. [Ipu cMMMeTpuM 3TOl MOCTOBOIl CXEMBI Ha BBIXOJE
OaniaHCHOrO MOAYJsITOpa Oy/AeT OTCYTCTBOBATh HECYINasi YacTOTa @ y.

B konbiieBoM 0ajmaHCHOM MOJYJATOpPE MOMAABISIOTCS BCE HEYETHBIE TAPMOHUKH YacTOTHI () U
Bce OOKOBbIE, 00pa30BaHHBIE YETHBIMU TAPMOHUKAMHU HECYILIEH YaCTOThl @ .

[Ipu xoHCTpyHpoBaHUM OAJAHCHBIX KOJBIEBBIX MOIYJISATOPOB, KaK YK€ OTMEYajoch, ocoboe
BHUMaHHE HEOOXonuMo oOpamaTrh Ha OOECTeYeHHe CHUMMETPHHM CXEMBI, KOTOpas 3aBHCHUT OT
MPaBUJIBHOTO TMOA00pa HEJIMHEWHBIX SJEMEHTOB (IMOAOB), OT BBHINOJHEHUS TpaHCHOPMATOPOB
(B 4aCTHOCTH, BBIBOJIOB CPEIHEN TOUKH) M KOHCTPYKIIMH MOAYJISTOPA B LIETIOM.

[Ipu BBICOKOW HECyIIEH 4YacTOTe HAa CUMMETPHIO CXEMbl OaJaHCHOTO MOIYJISATOpa MOTYT
OKa3bIBaTh CHJIBHOE BIMSHUE TApa3UTHBIE IapaMeTPbl CXEMBI: pacHpeAeiiCHHbIE EMKOCTH,
MHAYKTUBHOCTH U HE IIPELyCMOTPEHHBIE PACUETOM CBSI3U MEXKY OTJECIbHBIMH 3JIEMEHTAMH CXEMBbI.

B komnbieBoil cxeme 0OanaHCHOTO MOIYJATOpa OOBIYHO OCTUTAETCS IOJAABICHUE HECYIIEH
yacToThl nopsiaka 20 — 30 06.

[Ipu ¢opmHupOBaHWM OFHOMOJIOCHOTO CHUTHajJa C IIOMOINBI0O PAacCCMOTPEHHOTO paHee
(GUIBTPOBOTO METO/A YacTO HCIIOJIB3YETCsl CPAaBHUTEIBHO HHU3Kas Hecyllas 4acToTa (WM 4YacToTa
npeoOpazoBanusi), opsiaka 10 — 50 k['u. B aTom cimyuae aneMeHTsl OalaHCHOTO MofyJisaTopa 1p; u
Tp; B oTIIMYHUE OT 3JEMEHTOB MOAYJSATOPA, MPEACTABICHHOTO Ha pUC.7, BBHIMIOIHAIOTCA HA (eppUTax
WIM Ha CepleYyHUKax U3 TpaHchopmaTopHOro sxenesa. Ha puc.8,a mokasaHa cxema KOJIBIIEBOTO
MOJIYyJIATOPa, B KOTOPOM HCIIOJIb3YETCS CPaBHUTENLHO HHU3Kas Hecyllas 4acToTa @y U MOITOMY

TpaHcHOPMATOPHI BHITIOITHEHBI C KEIC3HBIM CEPICTHIUKOM.

4. TIOJIOCOBBIE ®UJIbTPBI

B paccmorpenHbIX BbIIe crioco0ax (OPMHUPOBAHMS OJHOIOJIOCHOTO CHUTHAJNA IIHPOKO
UCIOJIB3YIOTCS TOJI0COBBIE (PMIIBTPBI, KOTOPble 00ECIIeYUBAIOT BblAe/IEHUE KOJeOaHU! Onpe1eIeHHbIX
4acTOT M TMOJaBJeHHe KoieOaHUi BHE MOJOCHI MpormyckaHus ¢uibTpa. B 3aBHCHUMOCTH OT crocoba
dbopMupoBaHUs, a Takke TpeOOBaHMII K CHUCTEME CBSI3M B IEIOM K (UIBTpaM MPeIbsSBISIOTCS
pa3MYHbIe SJEKTPUIECKHE U KOHCTPYKTUBHBIE TPeOOBaHUSI.

K OCHOBHBIM D3JEKTpUYECKHM TMOKa3arensiM (UiIbTpoB [Uisi cUCTeM (OpPMHUpPOBaHUS
OJIHOTIOJIOCHOTO CHUTHAJIa OTHOCSITCS IMOJIOca MPOITyCKaHus, 1Mojioca (pUiabTpaluu, mojaoca mogaBiIeHUs
U BEJIMYMHBI 3aTyXaHUss B KaXIOW U3 mojoc. Bce 3TH snekTpuyeckue CBOWCTBA OOBIYHO
NPECTaBISIOTCS B BUJIE YaCTOTHOM 3aBHCHUMOCTH K03 unmenra nepegaun uinm 3aryxanus. Ha puc. 9
NPYBEJICHA YaCTOTHAs XapaKTepUCTHKa (QUIBTpa, T. €. 3aBUCUMOCTh 3aTyXaHUsl (PUIbTpa OT YaCTOTHI,

1 0003HAUYEHBI XapaKTepHbIe 00JIACTH YACTOTHOM XapaKTePUCTUKU.
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[Tonoca mpomyckanusi (f; — f; Ha puc.9) NOMDKHA COOTBETCTBOBATH IIMPUHE CIEKTpa
MOJIE3HOTO CUTHaNA. 3aTyXaHue B MOJ0Ce OT f; 0 f> OOBIYHO COCTaBJISET HE Oosiee eANHUIL AeOen.
H3menenue 3aTyXaHuss B II0JIOCC THPOITIyCKaHUsA, OIIPCACIAONICC aMIUIMTYAHBIC HCKAKCHHUA
IPOIYCKAaeMOro CIeKTpa, He JOJHKHO IPEBbIIATh JoJIel nenuoerna.

@unbTp J0HKEH HMMETh JOCTATOYHO KPYTOHM CIaJl YaCTOTHOW XapaKTEPUCTUKU B IOJIOCAX
dbunbpTpany, Tak KaKk OT KPYTH3HBI 3TOTO CHajJa 3aBUCAT W30UpaTenbHble CBOWCTBA (DUIBTpA.

KpyTusna cnaza 4acTOTHOM XapakTepUCTUKM B Mojioce (UiIbTpaluud OOBIYHO XapaKTepU3yeTcs

npou3BoaHON Kp= Z_fb WM OPUONMKEHHO BETMYMHON K= % (puc.9).

B monoce nomasnenust GpuabTp MOMKEH UMETh OOJbIIOE 3aTyxaHue, mopsaka S0 — 60 06.

HpI/I HEAOCTAaTOYHOM 3aTyXaHHUHU BO3MOKHO IIPOHUKHOBCHHUE ITOMEX U3 COCCIHUX KaHAJIOB.

_

b()

Epany

| 7o |
e onoca '
nponycKasus Ponoca

fl aj%at_raa ¥ lnodabrenus
nodat- | %
neHuA // ,
B . -
Wl 7 s’
0 A—tp : O -
il T2 e~ I
flonoca {flonoca
Quasmpagud Qurbmpayul

Puc. 9. UacToTHas xapakrepucTuka QuibTpa.

Kpome ynoBneTBOpeHHss OTMEYEHHBIX Bbllle, TpeOOBaHUM, QUIBTP JODKEH o0sajarh
JOCTAaTOYHOM CTaOMIBHOCTBIO MTAPAMETPOB, MEXAHUYECKOH MPOYHOCTHIO, MAJIBIM BECOM.

B peanpHOl anmapatype ucnoib3yiorcs GuiabTpsl THHa LC, T. €. (UIBTPBI, COCTOSAIINE U3
3JIEMEHTOB C COCPEOTOYEHHBIMU MapaMeTpaMu (KaTyIIeK U KOHJIEHCATOPOB), MbE303JIEKTPUUECKUE U
JNEKTPOMEXaHNYECKHE.

@wibTpsl THNA LC UMEIOT XOPOIIUE AIEKTPUUECKUE XAPAKTEPUCTUKH, JOCTATOYHO NPOCTHI B

H3TOTOBJICHUH U HAXOIAT IHUPOKOC MPHUMCHCHUC B CXCMaAX (I)OpMI/IpOBaHI/IH OJHOIIOJIOCHOI'O CHMI'HAJIa.

Ha wacrore mopsinka 40 — 50 kI’ OHM MO3BOJSIOT OOECHEYUTh KPYTH3HY CIaja YacTOTHOM

XapaKTEPUCTUKU Kr=0,1—0,2 00/Ty ¥ OTHOCHUTEJIBHYIO TIOJIOCY MPOMYCKaHUs (OTHOIICHUE

[IOJIOCHI II i _Lt+ . 2
poryckanus f>—f; K cpeaHei yactote Gpuiubtpa [ = nopsika (5 + 10) 10 ™.

HBG?»OBJICKTPI/I‘IGCKI/IC (I)I/IJ'ILTPBI, B KOTOPBIX HCHOJIB3YKOTCA PE30HATOPBI M3 KBapla,

TypMajJMHa, TUTaHaTa Oapus U JPYrHMX MaTepHaioB, 00JIJAIOIIUX MbE303JIEKTPUUECKUM D HEKTOM,
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MO3BOJISIOT 00ECIIeYnTh 00Jiee BHICOKHME U30MpaTebHbIE CBOMCTBA 10 cpaBHEHUIO ¢ ¢punbTpom LC. U3
YHOOMSIHYTBIX MaT€pUaJIOB, B KOTOPBIX MPOSBIAETCA Mbe303((HEKT, B PUIBTPax CUCTEM OTHOMOIOCHOM
nepefayd MPUMEHSETCS TJIaBHBIM 00pa3oMm KkBapl. Pe3onaTopbl M3 KBapua o01agaroT BBICOKOM
JNOOPOTHOCTBIO | XOpOIIMMHU ATAJOHHBIMU CBOMCTBaMH, T. €. BBICOKOH CTaOMIIBHOCTBIO
JJIEKTpUYECKUX mapaMeTpoB. lIpuMeHeHue KBapLEBBIX PE3OHATOPOB B (UIbTpax obOecreynBacT
nojlyueHue Oojee BBICOKOM  KPYTH3HBI craja  4YacTOTHOM  XapaKTepUCTHUKU (uiIbTpa U
OTHOCHUTEIILHON MOJIOCHI NMPOIyCKaHUsl MOpsaKa S * 107,

K wHenmocraTtkam KBapleBBIX (UIBTPOB CJIEAYET OTHECTH CJIOXHOCTh HW3rOTOBICHHSA (B
YaCTHOCTH, IMOJATOHKU YaCTOTHI) KBaPIIEBBIX PE30HATOPOB, & TAKXKE CIONKHOCTh HACTPOUKH (PUIBTPOB U

HX BBICOKYIO CTOMMOCTb.

3 .

=

S
|
L2
- Boixad

Puc. 10. DrnekTpoMexaHUIECKH MOJIOCOBON (QUIBTP:
1 — CBsI3KK; 2 — MAarHUTOCTPUKIIMOHHBIN MPeoOpa3oBaTelib; 3 — PEe30HATOPHI.

B snexkrpomexanndeckux (puiabTpax HCIONB3YIOTCS MEXaHWYECKHE KoJIeOaHUs Pe30HATOpOB,
W3TOTOBJICHHBIX W3 METAJUIMYECKHX CIUIABOB, OOJAJArOIIMX BBICOKOH CTAOMIBHOCTBIO (Hampumep,
MHBApA, CIIJIABa HUKEJIS C JKEJIE30M U T. II.).

DNeKTpOMEXaHUYEeCKU (UIBTP NpEeACTaBIsieT co00i HabOp Pe30HATOPOB LMJIMHAPHYECKOM,
OpSMOYTOJIBHOM min pyroit ¢popmsl (10 10 — 15 mTyK), COeAMHEHHBIX METANTMYECKUMU CBSA3KaAMH,
(opma KOTOPBIX MOXKET OBITh Takxke paszauaHoi (puc. 10).

B 3aBucumMocTH OT pa3MepoB Kak[as IJIACTHHKA-PE30HATOP MMEET BIIOJHE ONPE/ICICHHYIO
PE30HAHCHYIO 4acTOTy, IpU KOTOpPOW HaOJI0JAar0TCd MHTEHCHBHbIE MEXaHHUYECKUe KosiebaHus OTH
KOJICOAHUsI Yepe3 METAJUIMYECKHE CTEP)KEHBKU-CBSI3KU TEPENAlOTCsl COCETHEMY PE30HATOpY M, €Cld
ero coOcCTBEeHHash 4YacToTa OJM3Ka K 4YacTOTE IEPBOrO PE30HATOpa, BO30YXJAIOT B HEM TaKKe
MHTEHCHUBHBIE KomeOanus. [Ipu cooTBeTCTBYIOMEM MOIO0OpE OTICIBHBIX PE30HATOPOB M JIEMEHTOB
CBSI3W MEXIy HHUMH Takas cCHCTeMa 00JaJaeT CBOWCTBAMH MOJOCOBOrO (pribTpa: oHa mpomyckaer 0e3
CYILIIECTBEHHOI'O 3aTyXaHHs Mexanuueckue KoJeOaHUs TOJBKO B OIPENEICHHOW IOJIOCe YacTOT U
CO3JaeT BechbMa OOJbLIOE 3aTyXaHHE BHE 3TOM mojocel. OAHAKO [aHHAs CHCTEMa CBS3aHHBIX

PE30HATOPOB ABISAETCA (UIBTPOM MEXaHWYECKUX KOJEOAHMH, MO3ITOMY JUIsl MCIOJIb30BAHUS €€ B
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ANEKTPUUYECKUX YCTPOHUCTBAaX (POPMUPOBAHHUS OJHOIOJIOCHOIO CHUTHAJIa HA BXOJIE U BbIXOJAE (PUIbTpa
YCTaHABIIMBAIOTCS MarHUTOCTPUKIIMOHHBIE MPEoOpa3oBaTeNu, KOTOPhIE MPeodpa3yIoT NEKTPUIECKIE
KoieOaHusi B MEXaHUYECKHe Ha BXoje (UIbTpa U MEXaHMUYECKHUE KOJeOaHUs B DIIEKTPUYECKHE Ha
BBIXO/I€ TTOCJICTHETO.

B ocHOBe neiicTBUS TOMOOHOTO THIIA MPEOOpa3oBaATENCH JIEKHUT MArHUTOCTPUKIIMOHHBIN
s dexT, 3aKimoyvaronuiicss B u3MEHEHUH (POpPMBI U pa3MepoB (PeppOMarHUTHBIX TN IMOJ BIUSHUEM
MarHUTHOTO NOJsl. MarHUTOCTPUKIIMOHHBIHN MpeoOpa3oBaTesib OOBIYHO BBIMOIHIETCS B BUIE KaTYIIKH,
B KOTOPYIO IMOMeIaeTcss (eppOMarHUTHBIA OSJIEMEHT, CBS3aHHBIH C CHUCTEMOW MEXaHUYECKUX
pe3zoHatopoB. st ycuneHus 3¢ ¢dexkra MarHUTOCTPHUKIIMK TPpeoOpa3oBaTeNib pacrojiaraeTcs B IOJE
MOCTOSTHHOT'O MarHuTa, 00ecreyrBaroniero NoCcTOSHHOE MoAMarHn4uBaHue,

DnekTpoMexaHuueckue (puimbTphl, U3roraBauBaeMbie Ha 4acToThl 50 — 500 /7y, MO3BOISAIOT
NOJYYUTh KPYTH3HY CIaJla YaCTOTHOHM XapakTepucTuku nopsaka 0,2 — 0,3 06//'y 1 OTHOCUTEIbHYIO
nosnocy Gomee (2 + 3) 107. 3aryxanue mog0OHBIX (HIBTPOB B MONOCE MPOMYCKAHHS OOBIYHO HE
IPEBbILIAET SAUHUIL JeIOeT.

Mablit Bec U pa3Mephl AMEKTPOMEXaHUYECKUX (PUIIBTPOB MO3BOJISIOT CHU3UTH BEC U rabapuThI
arnmnapaTypbl CUCTEM OJTHOOJIFOCHOU MepeaauH.

K memocraTkam 3TUX (QUIBTPOB MOKHO OTHECTH TPYJIHOCTh WX WU3TOTOBJICHHS, CBSI3aHHYIO C

HEO0OXOAMMOCTHIO COOJTIOIEHNS BBICOKOW TOYHOCTH 00paOOTKH 2JIEMEHTOB KOJIeOATEIhbHOM CUCTEMBI.

METOJMYECKUE PEKOMEH/IALIMY T1O BBITIOJIHEHHUIO JTA00PaTOPHOM pabOoThI
«MCCJIEOBAHHUE OJHONOJIOCHON MOAYJIALIAN»

Hean paGoTsl

O3HaKOMHUTBCS C npeumynecTBaMu OM CUTHAJIOB, HUX TIIapaME€TpaMu, crocodamMu
pcain3anuu OI[HOHOJIOCHOﬁ MOAYJISIIHUU, SKCHICPUMCHTAJILHO HCCJIICIOBATH yCTpOfICTBO, B KOTOpOM

BO3MOJXHO OCYHICCTBJICHUC OJIHOTIOJIOCHOM MOAYJIAIUU.

OcHoBHBIE BONPOCHI Kypca, H3ydyaeMble Nepe/l BbINOJTHEHHEM PadoThl
1. DOHeprerudeckue u crieKTpasbHble peumyiecTsa OM.
2. @unbTpoBslii criocod hopmupoBanus OM curnana.

3.  YCTpo#CTBO OHOMOJOCHOIO MOYJISITOpA.

Conep:xxanue padoThI

1. O3HakoMJIEHHE C YCTPOWCTBOM CMEHHOTO OJIOKA.
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2.  OcmwurorpadpupoBanue AM curnama, AM curHanza ¢ mojaBlieHHOW Hecymend, OM
CUTHAJIA NP PA3TUYHBIX NapaMeTpax MOIYIUPYIOLIErO HAPSKEHUS.

3. Omnpenenenue cnekrpaibHoro cocraBa AM curhaia, AM curHaiza ¢ MOJaBICHHOMN
Hecyued, OM curnana npu pa3jiMyHbIX MapaMeTpax MOIYJUPYIOLIETO HAPSKEHUS.

4. OsznakomiieHue ¢ GrIBTPOBBIM criocobom dopmupoBanus OM curnana.

Onucanue J1a00PaTOPHOTrO MaKeTa

Uccnenyemsiii Mmaket (puc. 11) umeet aBroreneparop paauouactors! I'PU ¢ Bapukanom
B KojebarenbHOM KOHType. I'eHepaTop mepectpanBaetcsi mo 4yactore peryisitopom «HACTOTA» B
muanazone 435 kIl — 445 k[, AMImMTyAa BBIXOAHOTO HAMNPSDHKEHUS M3MEHSETCS B HEOONBIINX
npeaenax peryiaaropom  «AMIUL». Hanpsbkenue paawouyactoTsl mnogaercss Ha BY  Bxoabl

aMILTUTYTHOTO MOy isiTopa AM u GanancHoro moaynisitopa BM.

o WCCNEQOBAHUE OJHONONOCHOX MOAYNALUHK o

KT1 '~ ~] KT4 KT14'

% 5 i &

|

‘
YACTOTA .

~ ~] KT5 KT5'

: O ~ NA—O—O

AmnA. ‘
; B B el
KT3 (@))———
9 % —————. YCUNEHME 34 T
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Puc. 11. BHemuui Bug Makera
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Moaynupyroniee Hanps>KeHUE 3BYKOBOM 4YacTOTHI MOJAETCS C BBIXOJIAa T€HEpaTopa HU3KOM
yactoTel Ha KT2, ycunusaercs ycuinrenem 3BykoBoi yactoTsl ¥ 3U u noctynaer Ha HY Bxoast AM u
BM.

Brixon 0amaHCHOTO MOIYJIATOpa COCIUHEH C BXOJOM IMosiocoBoro ¢uiabtpa 1D (cpemuss
gactota fp=455 k', momnoca mpomyckanusi 2Afe = 12 kl'm). Ha BeIXome ¢umbTpa MOXKeT OBITH
nostyyeH curiai ¢ OM u IOJTHOCTBIO MOAABIEHHOM HECyLIEH.

Boimonnenue nabopartopHoil palOOThl MpeanoiaraeT WCHOIb30BAHUE OMOJHUTEIHHOTO

000pyIOBaHUS: ABYXJIyUeBOIO (JIByXKaHAIBHOT0) ocuuiuiorpada.

ITopsinok BbINOJIHEHHS PadOTHI

1. O3HakOMHUTBLCH ¢ pad0TOH AMIVIMTYAHOT0 MOAYJSATOPA U mapaMeTpaMu AM curiaja

1.1. TIpousBectu coequuenus corijacHo puc. 12. Yacroromep nepesectu B pexkum «BHEILLy.
Bxon ananmmu3zartopa criektpa coequHUTh ¢ THe3a0M KT4 (cm. Ipunoxenue 1).

1.2. YcranoButh uyactory I'PU fgy = 440 x['m u MakcuManbHyI0 aMIUIUTYAy BBIXOJIHOTO
HaIPSKEHUS.

1.3. VYcranoBute uacrory reneparopa HY paBnoit 10 xI'm. Ilo BonbTMETpy ycCTaHOBUTH
BBIXOHOE HamnpsikeHue reaeparopa HY pasubim 1,0 BosibTa.

1.4. Bxog II ocummnorpada coenunuts ¢ rHe3noM KT4. KommyTtaTop BXxoa0B ocuuiorpada
YCTaHOBUTH B IOJIOKEHHE, COOTBETCTBYIOIIEE BU3YyalM3allui HanpspKeHus, nogaBaeMoro Ha Bxox Il
CuHXpOHU3aIUs pa3BepTKH - 10 Bxoay l. JlnurensHOCTh pasBepTku 50 MKc/ner.

1.5. HaGmomateh Ha dKpaHe ocuumiorpadga ¢opMy HAMpsHKEHUS, MOIYJIHPOBAHHOTO 10
ammumntyae (A3E). V3MeHsTh B HEKOTOPBIX Mpelenax BenuuuHy Hampspbkenus HY perymstopom
«YCWJIEHUE 3Y», nabmtonats U3MEeHEHHE TIIyOHMHBI MOIYJISIMU. Y CTAHOBUTD TITYyOHHY MOJYJISIINH,
npubnusutensHo paBuyro 0,5. B manpheiimem He m3MeHsTh mojoxenue perynsaropa «YCUJIEHUE
3U». 3anucars 3HaueHue HanpspkeHUs: Upyg s Ha BeIxoae renepatopa HY, mpu kotopom m=0,5.

1.6. Onpenenuth ciekTpaibHblil cocTaB AM CUrHaja ¢ OMOLIBIO aHAJIN3aTOPA CIIEKTPa.
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2. OnpeneJuTsb M0J0CY NPOMYCKAHUSA MOJ0COBOr0 puiibTpa

2.1. IIpousBectu coenuHenus coraacHo puc. 13. Yactotomep nepeBectu B pesxxuM «I ' BU».

2.2. VYcCTaHOBUTh MHUHMMAJIBHYIO 4acToTy reHepatopa BY B nuanasone [. Beixomnoe
HaIpsKEHUE TeHepaTopa yCTaHOBUTH Ha ypoBHe 0 ab.

2.3. YcraHOBUTH BBIXOJIHOE HampspkeHue renepatopa HY paBHbiM O BOJIBT.

2.4. Habmonath Ha 3kpane ocumuiorpada Hanpspkenne B KT6. M3MeHsaTs 4acToTy reHeparopa
BY or mMuHMManpHOW 110 MakcuMaibHOW B nuama3oHe . HaOmiomate W3MEHEHHE aMIUIUTYbI
HanpspkeHus: Ha Boixoge [1®. C nmomomipio MUIIITMBOIBTMETPA (PUKCUPOBATH BETUYHHY HAIPSHKEHUS
Ha BoIXoJE 1D  Ugpk.

[Toydyennple naHHble 3aHecTH B TaOuumiy 1. Paccumrats HOpMHpOBaHHBIA KOd(DQUIHEHT
nepenayun [1®D Ha pa3HbIX yacToTax

K(f) = Uppix / Upbix MaKC

[TocTpouTh HOPMHUPOBAHHYIO AMIUIUTYIHO-4aCTOTHYIO Xapakrepuctuky [ID. Onpenenuts no

rpaduKy MoJIocy MPOITyCKaHHUs U CpeaHIo0 Yactoty 11D.

fr, kI'n

Usnix, MB

K(®)
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3. Os3HakoMHTBCS ¢ padoTOl 0AJAHCHOTO AMILIMTYIHOIO MOAYJATOpa M mapamerpamu AM
CHTHAJIA C MOJIHOCTHIO MOAABJIEHHOI Hecylei

3.1. Bxox ananmzaTopa CIEKTpa COCIWHUTH C THE3JI0M KT5% Bxonx II ocmmmmorpada
coequHUTh ¢ THe3oM KT5.

3.2. HaGmogate Ha 3KpaHe ocmwuiorpada (opmy HampspkeHHsT Ha BBIXOAEC OallaHCHOTO

MoayJsiTopa. M3MeHsIst B HEKOTOPBIX IpeAenax BEJIMYMHY BBIXOJHOIO HampspkeHus reseparopa HY,
Ha0JI01aTh U3MEHEHUE TITyOMHBI MOTYJIAUH. Y cTaHOBUTH Upyo s.

3.3. OnpenenuTs CEKTPaIbHBIN COCTAB CUTHAJA C TTOMOIIBIO aHAJIM3aTOpa CIEKTpa.

4. O3HaKOMMTBLCS ¢ padoTOil OTHOMOJIOCHOTO MOy asiTOpa U napamerpamu OM curnaua J3E

4.1. BXojx aHanm3aTopa CIEKTpa coemuumth ¢ ruesgom KT6'. Bxox II ocummmorpada
coeuHuTh ¢ rHezgom KT6.

4.2. HaGmonmate Ha 3KpaHe ocmwuiorpada (HopMy HamNpsOKEHHUS HAa BBIXOJE ITOJIOCOBOTO
¢unbrpa. M3MeHsas B HEKOTOPBIX Mpelenax BEIWYMHY BBIXOJHOTO HampsbkeHus reHeparopa HUY,
HaOJII01aTh U3MEHEHUE CUTHAJIA. Y CTAaHOBHUTD HampsikeHue Ha Bbixojie renepatopa HY Upyg s.

4.3. Omnpenenuthb CIEKTPATbHBIN COCTaB CUTHAJIA C TIOMOIIBIO aHAJIM3aTOpa CIIEKTPA.
4.4, VYmeHbIaTh 4acTOTy MOIysmpytomniero HanpsbkeHuss HY. OTMeTuTs, mpu KakoW 4acToTe
Fuy vun  mpowmsoiiner nponananue HanpsokeHusi B KT6. CootHectu cneayronue BenuduHsl: fpy Lo ,

Afp , Fyu mun. Coenats HEOOXOIUMBIE BEIBOIEL.

4.5. YcranoButh yactoTy reHeparopa HY pasnoii 10 k', YOeauThCs B TIOSIBJICHUN CUTHAJIA B
KTé.
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[lnaBHO ymenbpmath fgy. OTMETHTH, TIPU KakKoW dacTtoTe fpy; NPOM3OMIET MpOIaaHue
Hanpspkenusi B KT6. CootHectu crnenyoomue BenuuuHsl: fgu; ,fo , Afp , Fay. Cnenats neoOxoaumsie

BBIBOJbI.

5. Omnpeneauth BAMSIHME YacTOThl MOAYJMPYIONIEr0 HANPSKEHUS] HA CHEKTPAJbHBIH COCTAB
AM cursnajaa

5.1. Bxon aHanu3atopa CHEKTpa COEOUHUTh C THE30M KT4'. Bxon II ocummnorpada
coenuHUTH ¢ THe3a0M KT4,

VYcranoButs vactoty reseparopa HY pasnoit 15 kl'n. YcraHOBUTH HampsbKeHUE HAa BBIXOJE
renepatropa HY Upyps. Omnpenenuts CHEKTpadbHBI COCTAaB CUTHAJIA C IOMOIIBK AHAIA3ATOpA
CIIEKTpa.

5.2. Bxox aHamu3aropa CHEKTpa COEAUHHUTH C THE3J0M KT5'. Bxoa II ocumorpaga
coeHUTh ¢ THe3noM KTS. OnpenenuTs CHEKTpaibHBIA COCTaB CUTHAJIA C TOMOIINBIO aHAIW3aTopa
CIIEKTpa.

5.3. Bxox ananM3zaTopa CIEKTpa COEIWHUTH C THE3A0M KTé6'. Bxon II ocuummnorpada
coequHuTh ¢ rHe3noM KT6. Onpenenurs COEKTpaabHBIM COCTaB CUTHAJA C MOMOLIBIO aHAJIN3aToOpa
CIIEKTpa.

Crenatbh HeOOXOIUMBIE BBIBOIBL.

[NPMJIOXEHUE 1

PABOTA C AHAJIM3ATOPOM CIIEKTPA

Ananuzarop cnekrpa (AC) mpexacraBiser coOON CENEKTUBHBIA BOJIBTMETP TI'ETEPOJHMHHOIO
TUNA C Y3KOW MOJOCOW mpomyckaHus. [y BKJIIOUEHHUS aHaIM3aTopa CIEKTpa HEOOXOAMMO HaXaTb
kHOTIKY «AHAJIM3ATOP» na mnanenu yacrotomepa. [Ipm 3TOM Ha HWHAMKATOpPE YacTOTOMEpa
BBICBCUYMBACTCA 4acCTOTAa HACTPOMKM CEJEKTMBHOIO BOJbTMETpa. HacTpolika CeIeKTHBHOIO
BoJIbTMETpa u3Mensietcs peryistopamu «HACTOTA — rpy6o — TOUHOY.

AHanu3upyeMoe HalpsDKEHHE MOJAaeTcsl Ha BXOJ aHainu3aropa crekrpa. llpu coBnagenun
4acTOThl HAcTpOWkH AC M 4YacTOThl KaKOH-JIMOO CIEKTPAIbHOW COCTABIISAIONICH aHATH3UPYEMOTO
HaNPsDKEHUS OTKIIOHSETCS CTPENIKa BOJIBTMETPA, PACIIOI0KEHHOTO IIPABEE HHAUKATOPA 4acCTOTOMEpA.
OTkOHEHHME  CTpENKM  NPONOPUMOHAIBHO  AMIUIMTYAE  CIEKTPaJIbHOM  COCTaBIISAIOLICH.
UysctBurensbHocTh AC wu3Mensiercs peryiastopoMm «HYBCTB.», uTo 1no3BoJIIE€T ONpEAEIUTh

COOTHOHMICHUC aMIUIUTY[J CICKTPAJbHBIX COCTAaBJIAIOIMIUX B HCCICAYECMOM CHIHAJIC. BOJII)TMeTp
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3alMINEH OT MEperpy3kH, 4YTO IMO3BOJIAET IPOU3BOAUTH IIOMCK CIEKTPAIBHBIX COCTABISAIOLINX
AHAIM3MPYEMOTO CUTHAJIA IIPU MaKCUMaIbHOU 4yBcTBUTEIbHOCTH AC.

AC umeer cxeMy «3axBaTa U yJepkaHus» 4actoTsl. [Ipu coBnagennn yactorsl HacTpoiiku AC
M YacTOThl KaKOW-TMOO CIEKTPaJbHOM COCTaBISIONICH AaHAIM3UPYEMOIO HAINpPSDKEHUS CXeMma
YMEHBIIIAET BO3MOXKHOCTH PYUYHOH mepecTpoiiku 4YactoThl AC, 4TO B 3HAYMTEIbHOW CTENCHU
o0JieryaeT TOUHYI0 HaCTPOMKY Ha YacTOTYy CIIEKTPaJIbHON COCTABISIOLICH.

B mo6om cinywae nmepen MpOBEICHMEM CHEKTPAIBHOIO aHAJINM3a JKEJaTelIbHO YETKO
IIPEJICTABIISTh CIIEKTPAIbHYIO CTPYKTYPY TOI'O CUTHAJIA, KOTOPBIN MOJABEPracTCs aHAIU3Y.

ANTOpUTM IIPOBEJEHUS CIEKTPAJIBLHOTO aHAIN3a!

1. Perymsropom «4HYBCTB.» yctaHOBUTH MakcUMaibHYIO uyBcTBUTENBHOCTE AC. Perymstop
«HACTOTA — rpy60» yCTaHOBHUTb B KpaiiHee JIEBOE MOJIOKEHHUE.

2. Perynsatopom «YCT. 0» yCTaHOBUTB CTPEJIKY BOJIBTMETPA Ha HYJIEBOE JACIICHUE ILIKAJIBI.

3. ITonate Ha Bxoa AC aHanu3upyeMoe HaNpsiKEeHHE.

4. Mennenno Bpamasi perymarop «HACTOTA — rpybo» 1o 4acoBod cTpenke J00UThCA
OTKJIOHEHMS CTPEJIKH BOJIBTMETPA. 3alCcaTh YaCTOTY CHEKTPaIbHONW COCTABIISAIOLIEH.

5. Takum ke 00pa3oM BBIIBUTH YAaCTOThI BCEX CIIEKTPAJIbHBIX COCTABJISIONINX, HAXOISAIIMXCS B
nuanasone nepectporiku AC. 3anucaTh UX 4aCTOTHI.

6. IloBroputrh ananmu3. Ilpu oOOHapyXeHHMH OYEpPETHON CIEKTPAIBHOW COCTABIISIONICH
perymaropom «4YBCTB.» ycraHoBUTH cCTpenky BonbTMETpa B mpexenax 5 — 10 npenenuit.
Perynsatopom «HACTOTA — TOYHO» NPOU3BECTH NOJICTPOMKY YACTOTHI [0 MaKCUMaJIbHOMY
OTKJIOHEHHIO cTpesiku BosibT™MeTpa. Perymstopom «HYBCTB.» ycTaHOBUTH CTpeENIKy BOJBTMETpPA Ha
nenegue «10».

[Ipu  oOHapyxeHUM  cCJeIylollell  CIEeKTpPaJbHOM  COCTABIIAIOLIEH  KOPPEKTHPOBAThH
qyBCTBUTEIBHOCTh AC TONBKO B CTOPOHY €€ IMOHWKEHHA. TakuMm 00pa3oM BBISBISETCS 4acTOTa
CIIEKTPAJIbHOM COCTABISIONIEH C MAKCHUMaJIbHOM AaMIUIUTYAOM M ONPEACNSIETCS COOTHOILICHUE
aMIUIMTY /] CIIEKTPAJIBHBIX COCTABIIAIOIINX B HCCIIENYEMOM CUTHAIIE.

[Tpumeuanue. [lorpemmnocts uyactoromepa He Oonee 0,2 k[l , MOTPENIHOCTH YCTAaHOBKHU
YaCTOThl Y3KOMOJOCHOTO (MIBTpa CeJleKTUBHOro BosbTMeTpa He Oonee 0,2 x['m . Cymmapnas

norpemHocts AC He 6onee 0,4 kI'Lx .
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KoHTponbHbBIE BOITPOCKI
Yrto Takoe aMILIUTYAHAS] MOy SIS ?
Kakue cmiocoObl moy4eHust aMITUTYTHOW MOIYJISIIIMKA HAauOo0JIee IIUPOKO HCIIONB3YOTCS?
KakoB 4aCTOTHBIN COCTaB aMILTUTYTHO-MOJTYJIHPOBAHHOTO KOJieOaHws1?
[IpenmyiiecTBa U HEIOCTATKY AMIUIUTY IHOW MOIYJISLIM?
Yrto Takoe OJAHOIONIOCHAS MOLYJISLMSA?
Kakue npenmyiecTBa 1aeT UCMOIb30BaHUE OAHOMOJIOCHONW MOAYJISALUNA?
Kakue KOHCTpYKTHUBHBIEC TPYIHOCTH BO3HUKAIOT MTPU UCIOJIb30BAaHUU OJIHOMOJIOCHOM
MoAyJIsIuun?
Kakue metoab! popMupoBaHus OTHOMOJIOCHOTO CUTHAIA HanboJee YacTo UCIOIb3YIOTCS?
OO6bsicautre GUIBTPOBOM MeTOT (HOPMUPOBAHUS OJHOMOIOCHOTO CUTHAA?

Hapucyiite cxemy 6amaHCHOT0 MOy ITOpa U OOBSICHUTE €ro paboTy?
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