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Pa3pa60TaH MCTOJ I'CHCPpUPOBAHUS CTaOMIBLHBIX MOAYJIIHUPOBAHHBIX JJICKTPUYCCKUX CHUTHAJIOB B
IMUPOKOM JUAaNa30HC HECyHIUX 4YacCToT, ,uonycxa}omm‘/i aHaJIOroBo€ u IIPI(l)pOBOG (bOpMI/IPOBaHI/Ie
MOAYJIUPYIOIUX CHUT'HAJIOB, O6CCH€‘II/IBaIOIIII/II\/'1 BO BCEM [IMalla30HC OJJWHAKOBYIO OTHOCHUTCIIbHYIO
HECTaOUILHOCTh Hecymeﬁ 4acCTOThbI, PABHYIO OTHOCHUTEJILHOM HECTAOMIIBHOCTU 4YaCTOThI Kojebha-
HHM 3aaromiero reueparopa. CI/IHT€3I/IpOBaHa CTPYKTYpa yc’[‘pOﬁCTBa TCHCPUPOBAHUA MOAYJINPO-
BAHHBIX CUTHAJIOB C IMOBBIIICHHOM CTA0OMILHOCTEIO Hecymei/'l HaCTOThI.

Krouesvle crnosa: curaan, TeHEPUPOBAHUE, MOAYISAINS, METOII, YCTPOHCTBO, YACTOTA, HECTAOIITh-
HOCTb.

BBenenue

BaxxHOoi#l 111 pagnodNeKTPOHUKH, TEIEKOMMYHUKALIUA U N3MEPUTEIbHON TEXHUKH SBISETCS
3aa4a TeHEpHUPOBAaHUS MOAYIUPOBAHHBIX AJIEKTPUUECKUX CUTHAIOB B IIMPOKOM JHMAaIla30HE HECYIIUX
gactoT. OHa pelraercs U3BECTHBIM METOIOM MOAYJISIIHH MPOMEKYTOYHOM 4acToThI [1], cyTh KOTOpO-
rO COCTOMT B ciefyromeM. Mongynsanueit ncxonusiv curHanom U, (¢) xonebanus U, (f) Hen3MeHHON
HIPOMEKYTOUHON 4acTOThl f; (OpMHPYETCsl MOLYIMPOBAHHBIN 110 TOMY HIH (M) HHOMY MapaMerpy
curan U, (t) npoMexyTouHOH yacToTsl. banancHol aMmuTyHON Moxynauueit curnanoM U, (1)
onopHoro konedanus Uy () ¢ u3MeHseMoil yacToToil [ (opmupyercs curnan U, (¢). Beinenenunem
COOTBETCTBYIOIIUX CIIEKTPAJIbHBIX KOMIOHEHT MOCIEIHEro 00pazyeTcsi BHIXOJAHONH MOAYIUPOBAHHBIN
curnan U (f) Ha Hecymient yactore f- = fp — f; (Bapuant 1) mibo f- = fr + f; (Bapuant 2). Ilpu
3TOM Ha IpakTHKe GOPMUPOBAHKME MOTYJHPOBAHHBIX CUTHAJIOB B IMIMPOKOM AMANasoHe f; — f;; yac-
TOT f- B OCHOBHOM BBINOJHAIOT 10 BAPUAHTY 1, KOTOPBIH 001afaeT cleaAylomuMy TPEUMYIIEecTBa-
MU: o0ecrieunBaeT (10 CPaBHEHHUIO C BAPHAHTOM 2) HAMHOI'O MEHBILINI YPOBEHb MEIIAIOMINX KOMOH-
HAIMOHHBIX POJYKTOB; FEHEPUPOBAHUE CUTHAJIOB HA YaCTOTaX f, MPUMBIKAIOIIMX K IPOMEKYTOU-
HOW YacTOTE M MEHBIIUX €€, YTO XapaKTepHO JUIA ciydasl JOCTATOYHO MIMPOKOTO AWana3oHa ¢ Kod(]-
¢utmentom K, = f;,/f, >10 mepekpbITHs 10 4acTOTE, BOSMOXKHO TOIBKO 110 Bapuanty 1 [1].

CyIIecTBEHHBIM HEIOCTaTKOM H3BECTHOTO METOHa SBJISIETCS HENOCTaTOYHAsl IS MHOTHX
MPUMEHEHUH cTaOMIBPHOCTh HECYIEH YaCTOTHl MOAYJIMPOBAHHBIX CUTHANIOB. [IeHCTBUTENBHO, IPUHSB
OTHOCUTEIIbHYIO HECTaOWIIBHOCTD YacTOThl Konebanuit U, (1) u Up(f) onuHAaKoBOil M paBHOH O, yc-
TAHABJIMBAEM, YTO OTHOCHTENIbHAS HECTAOMJIBHOCTH HECYyLIeld 4acTOTHl MOIYJIMPOBAHHBIX CHUTHAJIOB
npu (OPMUPOBAHUU [0 OCHOBHOMY BapuaHTy 1 cocTaBiser O, = 8( frt /i ) / ( fe— 1 ) Jnsa xonmue-
CTBEHHOH OLICHKHM MPEIIONI0KUM, UTO PelIaeTcs 3ajaya TeHEPUPOBaHUs MOIYIMPOBAHHBIX CUTHAJIOB
B muanaszone 1-1000 MI'n Hecymmx yactor ( K;; =1000), orHocuTenbHas HecTabuubHOCTH & =10
u npomexyrouHas yactota f; =100 MI'n. Torna oTHOcUTeNbHAs HECTAOMIBHOCTh O, MpH (HOpMUPO-
BaHUU CHTHAJNIOB Ha yactorax BOmm3u 1, 10, 100 u 1000 MI'1y cocTaBisieT COOTBETCTBEHHO 2,0'104,
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2,1-107, 3,0-10'6 U 1,2-10'6, TO €CTh OHA TEM BBIIIIE, YeM HIDKE 3HadeHue f-. IIpuueM renepupoBanue
CUTHAJIOB HA 4acTOTaX f., CPABHUMBIX C IPOMEKYTOUYHON YACTOTOH f; , HOBBIIIAET OTHOCUTENBHYIO
HECTaOMIIBHOCTD B 3 pa3a, a Ha YaCTOTaX, MEHBIINX f; , — B IECATKU U COTHU pa3 (Ha 1 — 2 mopska).

Henps paboTsl — pa3paboTka MeTOIa U yCTPOWCTBA T€HEPHUPOBAHUS CTAOMIBHBIX MOIYIHPO-
BAaHHBIX JJIEKTPUYECKUX CUTHAJIOB B IIIMPOKOM JHAIIa30HE HECYIIUX 9acTOT.

Pa3paboTka MeTo/1a reHepUPOBAHUS MOAYIMPOBAHHBIX CHTHAJIOB

Wnes npemaraeMoro MeToia TeHEpUPOBAHUSI CUTHAJIOB OCHOBAHA Ha CIIECAYIOLIEM.

Paccmorpum guanaszon 0— f;;, yacror f (OS f< fU). Emy cootrBercTtByeT nuamason (-1
HOPMHUPOBAHHBIX 4acToT (2 (Q =f/ fU). OueBuHO, TapMOHUYECKOE KoJiebaHKe Ha JII000H 4acToTe B
noanuanasode 0—0,5f; MOXHO NOJNy4UTb JIETEHHEM B LIET0E KOIMYECTBO Pa3 YaCTOThI KojeOaHMs,
reHEepUPYEMOro Ha COOTBETCTBYIONIEH yacToTe B nojauanasone 0,5f;; — f;; . YuuteiBas 310, BBEAEM
B paccMmorpenne konebanue Ug(¢) ¢ nepectpanBaeMoll B nofauanasone 0,5f;; — f;; 4acroroit f;;,
oropHoe koiebaune Uy () ¢ uactotoil f = f;/Z , BcnomoraTensHoe onopHoe komnebanue U 45(7) ¢
qactotol  fyp = fg/W , konebaune U, (f) BCIOMOraTeqbHOH MPOMEXKYTOYHON YacTOTHI

Sfar = f¢/V uxonebanne U, (f) mpoMexyTOUYHON 4aCTOTHI

J1=FarEfar = TaIWE 161V, (D
obpasyemoe B3aumozelictsueM uactotr konebanuit U 4, () u U 4;(¢) (Z, W, V — uensle uucna). Ha-
JIOKMM JIONOJIHUTENbHBIE OIPAHUYEHUS: [ 7 min < fur < farmaxo Jar = farmin> TR€  furmax Y
Jf AR min HE TIpeBBIIAOT 3Ha4eHus 0,11 .

ITpy chopMyIMpOBaHHBIX YCIOBUAX B MOAAMANA30HE f,; .. — fy; 3adukcupyeM HeKoTOpoe
3HaueHHe 4acToTsl f; . B nomnmanasone 0,5 f;; — f; BbIOEpEM NIPONU3BONBLHOE 3HAYEHHE YACTOTHI f; .

Bappupys 3Ha4EHUAMH LIETI0UMCIEHHBIX TApaMeTpoB W u V' ¢ yueToM orpaHMYeHni Ha 3HaYeHUs f 4,
u f,r,HailneM no ypasHeHnuto (1) 6mkaiiinee Kk f; 3HaueHUe f;, KOTOPOE BOCIIPOU3BOIUT 3HAUE-
HHME f; C OTHOCHTEJILHOW MOTPEIHOCTBIO A = ‘ fr— f,‘ / f7 - To e noBTOpsEM NPH BCEBO3MOXKHBIX B

noanuanasone 0,5f;, — f;; 3HaYEHHAX YACTOTHl f; , KAKIAOMY U3 KOTOPHIX COOTBETCTBYET CBOE 3Ha-
yeHue A . B pesynbrare oOpa3yercs 3aBUCUMOCTh A = (p( fG). MaxkcuManbHOe 3HaueHue A, Ipel-
CTaB/IeT COOOH OTHOCHTENBHYIO IOIPEMIHOCTb BOCIPOU3BENEHUS (DPUKCHUPOBAHHOIO 3HAUEHUS f;
YacTOThI IIPU BapHalMU 4yacToThl f; . IloBTOpsAs ykaszaHHYIO IOCIIENOBATEIBLHOCTh ONEpaluid s
ApPYTHX 3HaueHWd f; M3 mnoagManasoHa  fy; .« — fy, MOKHO HOCTPOUTH 3aBUCHMOCTb
A= \V(Q ,) (Q =11/ fU) U B pe3ylbTaTe ONPENeIUTh 3HAUCHUS f; (Q I,-), KOTOPBIM COOTBETCT-

BYIOT MEHBIINE 3Ha4YeHud A .

CornacHo OnMCaHHOW MpOLEAype ¢ MOMOLIBbIO CIENHAIbHO Pa3pabOTaHHBIX aITOPUTMOB U
IPOrpaMM IPOBEIEH BBIYMCIMTEIBHBIA JKCIEPUMEHT IpH 3HaveHusax ;. =Q, . . =007 u

Q pmin =0,03. B pesymprare mni pasiIM4HBIX BapHaHTOB 3HadeHud Q... #u Q.-
(QAR.min = fAR.min /fU ’ QAI.min(max) = fAI.min(max) /fU ) TOCTPOCHBI 3aBUCHMOCTH Amax = \V(QI ) ’

CpPaBHUTEIBHBIN aHAIN3 KOTOPBIX MOKA3bIBAET cleayrolee [2].
Ilpn pasnmuuHBIX BapHalUsAX TrpaHUL nogauanazoHa €, . —Q ., = 3aBUCUMOCTb

A= \V(Q ,) UMeeT BhIpaKEHHBIN KojebaTenbHblli xapakTtep (puc. 1, kpusas 1). IIpu sToMm cymect-
By€T 3HAUUTEIbHOE KOINYECTBO N (HOPMHMPOBAHHBIX) 4AacTOT €, (i =LN ), KOTOPBIM COOTBETCTBY-

0T MUHUMAJIBHBIC 3HAYCHUA Amax.i OTHOCHUTEILHOU MOrpCHIHOCTH Amax . HaanMep, I rmogauaria-
3008 Q ;. —Q,, - B rpanmuax 0,0200 — 0,0400 , 0,0250 — 0,0350 , 0,0275 — 0,0325, 0,0300
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—-0,0500, 0,0350 —0,0450, 0,0375 — 0,0425 napamerp N uMeeT 3HAYCHUS] COOTBETCTBEHHO 20, 22,
15, 16, 11, 17. Yacrorsl €2, orpaHudeHbl 3HadeHHEM (2, <0,3, COOTBETCTBYIOIIME MM 3HAYECHUS

A, .« ; TI©KaT Ha BOMTHOOOpa3HoH KpuBoii (puc. 1, kpusas 2). [Ipu aTom 3HadeHus A

max i Ha 4acTOTax

max.i

Q); B nmogmuanasone 0,07<Q, <0,15 maxomarca B mpexenax 0,005 — 0,060, a B monnuanasoHe
015<Q,<0,3 — B npenenax 0,011 — 0,125. B HmkHel, cpeHel U BepXHEN 4acTAX NOAAUAIA30HA

0,07<Q,; 0,30 MoxHO BbIOpaTh (HalTH) 4acTOTHI £2;, OTHOCUTENbHAS TOIPEIIHOCTE A BOC-

max.i
MPOU3BEIICHUSI KOTOPBIX (B COOTBETCTBHH C MOJEINbI0 (1)) SIBJISETCS TOCTATOYHO Majod M B Xy/IIIEM
Cllydac HE MPEBBIAET SAUHUI] TIPOIEHTOB [2].

Puc. 1. OTHOCHTEIEHAS MOrpeHOCTb BOCIIPOU3BCACHU 3HAYCHHUI HpOMe)KyTO‘IHOﬁ YaCTOThbI

Janee BBenieM B paccMoTpeHue konedbanne U () Hecyleld 4acTOThI

fe=frtfi=rfolZ1f1, (2)

o0pa3yeMoe B3auMoeHcTBHEM 4acTOT onopHoro konedanus Uy(f) u xonebanus U, (f) mpoMexy-
TOYHOHU uyacTOThl. BeiOepeM 0JHO M3 HOPMHMPOBAHHBIX 3HaueHUil yactor ; (puc. 1) B uHTEpecyro-
el yactu nopguanasoHa 0,07 <Q; <0,30. Torma, ocHOBBIBasCh Ha IIONyYEHHBIX CBEJECHUSAX, 3a-
KJII0YaeM, 4To, M3MeHsd B nojauanasone 0,5f;, — f;; yactory f; KonebaHMs ¢ IepecTpauBaeMoil
4acTOTOW, BapbuUpysl 3HAUYCHHSIMH TapamerpoB W,V,Z mpu [ONOTHHUTEIBHBIX OrpaHUYCHUAX
Sarmin < Sar < furmaxs Jar = S AR min» MOXHO 10 MozensMm (1) u (2) chopmuposats mo00e 3HaUEHHE
Jfc Hecymeii yactotel B quanazone 0— f;;. Ilpu sToMm 3HayeHue f; 1 MIPOMEXYTOYHOH 4acTOTHI (OM-
penensiemoe BeipakeHHeM (1)) OyzeT mpakTUUeCKH HEM3MEHHBIM, BOCIIPOM3BOJS BHIOpaHHOE 3Haue-

HHE f}; ¢ HEOONBIIOH OTHOCUTEIBHON NOTPEIHOCTBIO A, ;.

Ha ocHOBaHMM H3I0XKEHHOTO CIENYET IMOCIEAOBATENbHOCTh ONEPALNMA, XapaKTEpPHU3YIOLINX
MpeuIaraeMblil METONI TEHEPUPOBAHMS MOYIMPOBAHHBIX CUTHAJIOB [3].
®opmupyercs Mopyaupyromuii curtan U, (f) co CIeKTpalbHOH INIOTHOCTBIO S, ( f ) MOILI-

HoctH (cMm. puc. 2). T'enepupyercs konebanne Ug(f) ¢ mnepecTpauBaeMoid B I0JJIHAIa30HE
0,5fy — fy 4acroroii f;. Jlenennem B W,V ,Z uenoe KOIUYECTBO Pa3 4acTOTHl [, KojeOaHHs
U;(t) dbopMupyroTcs COOTBETCTBEHHO BCIOMOTaTelbHOE omnopHoe Konebanue U ,x(f), xonebanue
U A](t) BCIIOMOTATEIbHOM MPOMEXKYTOUHOM 4acTOThl M omopHoe Konebanue Up(t). Monmymnanueit
curanoM U, (¢) xonebanus U 4, (t) (dbopMupyeTcs MOILYIUPOBAHHBIN MO TOMY HJIH (M) HHOMY Tapa-
merpy curHan U, (t) BCIIOMOTaTEIbHON MPOMEKYTOYHON YaCTOTHI CO CIEKTPATBLHOU MIOTHOCTHIO

S v ( f )MOI_LIHOCTI/I. banancnoi amMrumTyHOM Monynsauuen curnanom U g, (t) BCIIOMOI'aTENLHOro
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onopHoro konebanus U 4, (f) dbopmupyercs curnan U 4, (t) CO CIEKTPaIbHOU INIOTHOCTBIO S 4, ( f )
OOpa3zyetcs MonynupoBaHHbI curHan U, (t) MPOMEXYTOUHOM YacTOTHl BBIJCICHUEM CIEKTpallb-
HBIX KOMIIOHEHT curHana U (t) , PACIOJIOXKEHHBIX BBIIIE JINOO HUXKE YaCTOThl f,p BCIIOMOIATElb-
HOro onopHoro konedanus. banancHolt ammuutyaHol Moxgymsauuelt curnanom U, (t) OIMOPHOTO KO-
nebanus Uy (t) dopmupyercs curnan U, (t) CO CIEKTPAIIbHOH INIOTHOCTBIO S, ( f ) O06pasyercs BbI-
XOJJHOM MOIYIUpOoBaHHbII curHan U (¢f) Ha Hecyllel 4acToTe f- BBIACIEHUEM CHEKTPAIbHBIX KOM-
HOHEHT curHana U, (t), PACIHONIOKEHHBIX BbINIE TMOO HUKE YaCTOThl f OMOpHOro konedanus. IIpu
3TOM BO BCEM JMamNa3oHe f; — f;; HECYIIUX 4acTOT f,- 4YacToTa f; KonebaHMs C IMepecTpauBaeMoi
YacTOTON W 1eJIbIe MONOKUTEbHbBIE 3HaYeHUs TapaMeTpoB W, V', Z BeIOMparoTCs Tak, 4YTo obecreyn-
BAETCs COBIAJEHUE C HEOOXOAUMON TOYHOCTBIO BHIOPAHHOIO f; U ompeensieMoro BbipaskeHueM (1)

(l)aKTI/I‘-IeCKOI‘O f] 3HAYCHUH HpOMe)KYTO‘lHOf/’I YaCTOThI, a TAK)KEC TOYHOC COBIIAJACHHUC Tpe6yeMor0 fC

U 3371aBa€MOr0 BhIpaskeHHeM (2) paKTHYeCKOro f- 3Ha4eHWI HECYIEH YaCTOTHI.

Kpe(f) S (f)
Su () Kyp(f) A\

S

Puc. 2. Cniextpsl MomHocTel curHanoB 1 AUX QyHKIIMOHATIBHBIX 3BCHBEB

Taxum 06p2130M, npeajiar acMBIM MET Ol TCHCPUPOBAHUA MOAYJIMPOBAHHBIX CUIHAJIOB OTJIMYa-
€TCA OT U3BCCTHOI'O TEM, YTO BBOAATCA CICAYIOMINMEC HOBLIC OICpalMU: OIlCpaliuu ACJICHUS B W, V, VA

pa3 yacToTel f; KonebGaHHus C IepecTpauBaeMOil 4acTOTOM 1711 00pa30BaHMs COOTBETCTBEHHO BCIIO-
MOraTeNbHOIO OIOPHOTrO KoJeOaHUs, KoneOaHUs BCIIOMOTaTeNbHOW NPOMEXYTOUHOH 4YacTOThl U
OIOpHOro KoneOaHus; omepanus (OPMUPOBAHUS MOMYJIHPOBAHHOro curHama U AIM(t) BCIIOMOTa-
TEIbHOM MPOMEKYTOYHOH YacCTOThl MOCPEACTBOM MOIYIAUUM curHaioM U, (f) mo Tomy uau (u)
UHOMY NapaMeTpy KojeOaHus BCIIOMOraTeIbHOW IMPOMEKYTOYHON YacTOTHI; omepanus oOpa3oBaHUs
curHana U 4, (t) HOCPEICTBOM OallaHCHON aMIUTMTYJHOW Moxyasiuuu curHaioM U ;. (t) BCIIOMOTa-
TEIBHOro onopHoro konebanus U ,,(¢) . IIpu aTOM nmpeanaraemslii MeTOA, Kak U U3BECTHBIN, JOIyc-

KaeT aHajnoropoe U 1udposoe popMupoBanue Moxyaupyromero curana U, (t) [3].

Pa3zpaboTtka ycTpoiicTBa reHeprpoBaHHsi MOAY/JTHPOBAHHBIX CHTHAJIOB

HeoOxoauMyro mocnenoBaTenbHOCTh ONepanuid, XapakTepH3YIOUIUX MpeliaraeMblii METO[
TEHEPUPOBAHUS MOIYIMPOBAHHBIX CHUTHAJOB, PEAJU3yeT YCTPONCTBO, CTPYKTypHas cxema KOTOPOro
comepkuT (cM. puc. 3) UCTOYHHUK | MOAYIMPYIOIIEro CUTHAIA, 3aJal0lIHi (IIepecTpanBaeMblii) reHe-
patop 2, moxynarop 3, menurtenu 4, 6 u 9 yacToThl, OaJaHCHBIE MOAYIATOPHI 5 U 8, MOIOCOBOH
¢unetp (I1D) 7 mpomexyrodnoit yactorsl, I1P 10, —10, [3].
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Hcrounnk Moxysitop Banancusrit
MOZYJTPYIOIETO 7 P MOZYIIATOP

curuala

agaromuii
reHepaTop Duistp
MIPOMEIKY TOUHOHU
JaCTOTBI

Banancuwriit
MOZAYSATOP

Jlenutens
4acTOThI

TTonocopoit

Jlenutens $uibp
4aCTOThI

TTonocopoit

Jlenurens ’ bubTp
4aCTOTHI

Puc. 3. CtpykTypHas cxema yCTpOHCTBa C MOBBIIIEHHOH CTa0MIBLHOCTHIO
HCCYHIEﬁ 4aCTOThI MOAYJIMPOBAHHBIX CUTHAJIOB

Hcrounuk 1 dopmupyer moxynupyrommidi curtan U,,(f) co CHEKTpaIbHOW IJIOTHOCTHIO
Sy ( f )MOLLIHOCTI/I. 3anaronmii resepatop 2 BeIpabaTeiBaeT konedbanue Ug(f) ¢ mepectpanBaeMoil B
nopnuanasone 0,5f;; — f,; 4dactoroit f;. Jlenenuem B V,W ,Z uenoe KOIUYECTBO pa3 (JENUTENN
COOTBETCTBEHHO 4, 6 m 9) uyactoTel Konebanusa Ug(f) 00pa3yloTcsi COOTBETCTBEHHO KoJieOaHuUe
Uy (t) BCIIOMOTaTENIbHOM MPOMEXYTOUHON 4aCTOThI, BCIOMOrarTenbHoe onopHoe U ,p(f) U omopHOe
U (t) xonebanus. B moxynsatope 3 curnan U, (f) MogyIupyer 1o TOMy WIH (1) HHOMY apaMeTpy
Koje0aHue BCIIOMOIraTeIbHOM NMPOMEXYTOUHOH 4acToTsl f ;. [lone3Hslil npogyKT MOAyIsILIUU — MO-
OynupoBaHHbI curHan U (t) BCIIOMOTaTENbHOW MPOMEKYTOUHOW YACTOTHI CO CIIEKTPaJIBHOM
IUIOTHOCTBIO S 471/ ( f ) — BBIIENsETCs N30MpATENbHOM IENbI0, BXOAAIIEH B COCTaB MOAYJATOpa 3 U
UMEIOIEH aMILUTUTYJHO-4aCTOTHYI0 XapakTtepucTuky (AUYX) K ,,, ( f ) Kak mokazaHo mpu oGocHO-

BaHWU IMpEIaraéMoro MeToja, NpH TEHEPUPOBAHUH MOIYJIMPOBAHHBIX CHUTHAJIOB B JMANa30HE
Jf1 — fy HecylmuX 4acTOT 3Ha4eHHE f,; BCIOMOIaTENbHOM MPOMEKYTOUYHOH 4aCTOTHI M3MEHSETCS B

HekoTopoM nopauanazose f,; o < f ;< f47 nax - COOTBETCTBEHHO €My BBIOMpAETcs Iojioca Mmpo-

MyCcKaHus U30UpaTenbHOl ey Moy asTopa (puc. 2).
Curnan U 4, (t) B MOIYJISATOPE 5 BBHIMONHSET OaJaHCHYIO aMIUTUTYIHYIO MOIYJISIIUIO KOJIe-

Oanust U ,p(f), 4acToTa KOTOPOTrO MOXKET HPUHMMATh pa3Hble 3HAUYEHHUS IPH OrPaHUUYEHHSIX
fur Z f4r min - B pe3ynpTaTe Monynsanuu obpasyercs curnan U (t) CO CIIEKTPAIIBHOM MIIOTHOCTHIO
S ( f ) OpHa rpymnma ero creKTpalbHbIX KOMIIOHEHT pacloyioKeHa BBIIIE, Apyras — HIKe (MoJaB-
JIEHHOM) 4acTOThl [, BCIIOMOraTeIbHOr0 OnopHOro konedanus. duiptp 7 ¢ AUX K, ( f ) BBIJEIIA-
€T OIHYy U3 JBYX I'PYII CIEKTPAIbHBIX KOMIIOHEHT curHana U ,,; (t) U TeM caMbIM 00pa3yer MOIyJIH-

poBaHHbII curHan U, (t) MPOMEKYTOUYHOH YaCTOTHI C ee (PAKTUUECKUM (OMpenesieMbIM BbIpaKeHH-

eM (1)) 3HaueHuem f; . 3HaueHus mapamerpoB W,V BbeIOHparoTcs (BapbHPYIOTCS) TaK, 4TO IIPU BCEX
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HECYIIUX YaCTOTax fC U3 quaria3oHa fL _fU 3HA4YCHHUC f} MPAaKTUYCCKU HECU3MCHHO U BOCIIPOM3BO-

JUT BI:I6paHHOC 3HAYCHUC ](I HpOMe)KYTO‘lHOﬁ YaCcTOThI C HEOONBIIOW OTHOCUTEILHOMI norpeurHo-

cTeio A, . YacTtora f; coBmagaer ¢ OAHOHU U3 4acTOT f; (i =1L,N ), KOTOPBIM OTBEUaIOT MHHUMAIIb-

HbIEe 3Ha4YeHus A (puc. 1). C yueroMm 3TOro, B OTIIMYUE OT M30MpaTEIbHON Lemu Moaynaropa 3,

max.i
neHTpasbHas yactora [1D 7 coBnagaer ¢ BHIOpaHHOM NPOMEXKYTOUHOH YacToTOH f; .

Curnan Uy, (t) B MOIYJIATOpE 8 BBHIMOMHSET OATaHCHYIO aMILTUTYIHYIO MOIYJIALHUIO ONTOPHO-
ro xonebanuss Uy(t), oOpazyemoro Ha BbIxoae aenutens 9. B pesymbrare opmupyercs cUrHaln
Uy (t) CO CIIEKTPAJIbHOU ILIOTHOCTBIO S, ( f ) Opna Tpynma ero CuekTpajibHBIX KOMIIOHEHT pacro-
JIOJKEHa BBIIIE, Jpyras — HIKE (IIOAABIECHHOM) 4acToThl [, omopHoro konebanus. I1d 10 ¢ AUX

Ko (f) BblIEnser oqHy M3 ABYX IPYINI CIEKTPaJbHBIX KOMIOHEHT S ( f ) U TeM caMbIM 00pazyer
BBIXOJIHOM MOZylIupoBaHHBIN curHan U (f) Ha TpeOyeMol Hecyllel 4acTore f- = f- B COOTBETCT-

Bun ¢ ypaBHeHmwsmMu (1) u (2) (Ha puc. 2 wu3o0pakeH ciaydaid f) 1 =fe/W—-fg/V n
fe=Tte=16lZ+ 1))

M3mMeHsAs yacToTy f; 3a7alollero reHepatopa 2, MOXKHO ()OPMHPOBATH MOAYJIMPOBAHHBIN
CUTHAJl B WanasoHe f; — f;; Hecymux 4acTtoT f.. IIpu 3TOM OTMETHM, YTO C y4€TOM HEOOXOAUMO-
CTHU NOJABIEHHs (IPUCYTCTBYIOILETO peanbHo B curHane U, (t)) OCTaTKa KoJIeOaHUs Ha 4acToTe fjp
MaKCHMaJlbHasl IMPUHA MOJIOCH Mporyckanus 11D, Beiiensdiomero MoayaupoBaHsbli curnan Uq(1),
TEOPETUYECKH OrpaHMYeHa 3HaueHueM 2f;, a IpaKTU4ecKH (C y4eTOM peanu3yeMoil n3ouparenbHo-
cTu GuiIbTpa) — 3HaUeHueM npumepHo f; . [locnennee o3Havaer, uto ¢ momoubio oxHoro I1® moxHO
copmupoBate MoynupoBaHHbli curHan Uy (f) B auamasoHe f; — f;; HECYIIMX 4acTOT IMMPHHOM
Ju —f. = f;, He IpeBpIIAIONIEN 3HaYEeHHUs NPOMEKYTOYHON JacToThl. Eciy tuanason f; — f; 4ac-
TOT sABJIsieTCs Oojlee MIMPOKHUM, TO €ro B 00IIeM cirydae (Kak B M3BECTHOM METOZE) HEOOXOOUMO pas-
OuTh Ha J OTHENBbHBIX MOJANANIA30HOB U B COCTAB YCTPOHCTBAa HEOOXOAMMO BKIIIOYHMTH HE OAWH, a J
[1® [3]. ®opmupoBaHrEe MOTYIUPOBAHHBIX CUTHAJIOB B KOHKPETHOM £ -M MOAMANa30HE TOCTUTAeTCs
¢ nomolnsio coorsercrayromiero [1d 10, (puc. 3).

OnenuM cTabUIBHOCT HECyIIed 4acTOThl f- T'€HEPUPYEMBIX MOYJIMPOBAHHBIX CHIHAJIOB.
J7s 5TOrO, Kak ¥ MpH aHaJIu3€e U3BECTHOTO METO/A, MPEIONIOKUM, YTO 3a[al0lid TeHepaTop 2 00-
JaJaeT OTHOCHTENIbHOH HecTaOMIBHOCTBIO O = Af. / f; 4acToTel kKoneGaHui. sl ONpeneleHHOCTH

TaKKe TpUMEM, 4YTO Hecyllas uyactora f- Qopmupyerca mno Bapuanty: f;=fur+fur>

fo=fe=/fr—f;. C ydeTom NOCIETHErO IPEITONIOKIM, 4TO B HEKOTOPBIH MOMEHT BPEMEHH YacTo-
Ta KojieOaHWil reHepatopa 2 NMpHHsUIA 3Ha4YeHHE f; +Af;. EMy OTBEYaroT MIHOBCHHbIC 3HAYCHHS
(fo+AfG)V (fo+MG)/W u (fo +Af5)/Z wactor xoneGanmii cootBercTBerHO U 4 (£), U 45(2)

u Ug(t), 0Opa3yeMbIX JAeleHHEM 4acTOThl KoneOaHuii reHeparopa 2. Torma MrHOBEHHOE 3HaueHUE
HECYIleH YacCTOThI OKAa3bIBACTCS PABHBIM

fC+AfC:(fG+AfG)_(fG+AfG) (fG+AfG)=(1 ! IJ(fG"'AfG)'

Z w vV

DTO COOTBETCTBYET OTHOCHTENBHON HecTabmiibHOCTH 8. =Af. [ fr. = Af, | f,; =8 . IlocnenHee o3Haya-
€T, 4TO Ha JII000M Hecyllel JacTore f- (HE3aBUCUMO OT €€ aOCOMIOTHOrO 3HaUeHHs ) 00eCIIeyrBaETCs

OIWMHAKOBasA OTHOCHUTCIIbHAA HeCTa6I/IJ'IBHOCTL, paBHad OTHOCHTEIILHON HECTaOUILHOCTU KOJIeOaHHUi
3a1aroucro (HepeCTpaI/IBaCMOFO) TeHCpaTopa W CYHICCTBCHHO MCHbLIIAd, 4Y€M B MPUMCHACMOM Ha
MMPAaKTHUKE MCTOAC TCHCPHUPOBAHUA MOAYJIMPOBAHHBIX CUTHAJIOB.
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BrIBOaBI

1. PazpaboTan MeTo] reHepupOBaHUsI CTAOMIBHBIX MOIYJIHPOBAHHBIX AJIEKTPUUECKHX CHTHA-
JIOB B IIMPOKOM JAMAana3oHe HECYIINX YacToT, AOMYCKAIOIIUI aHaIoroBoe u udposoe GopMUpOBaHUE
MOJYJIMPYIOIINX CUTHAJIOB. Jl0Ka3aHo, 4YTO BO BCeM JHMAaIa30HE YacTOT OH 00ECIeYMBAET OJMHAKOBYIO
OTHOCHTENBHYIO HECTaOMIILHOCTh HECYIIEH 4acTOTHI, PaBHYIO OTHOCHUTEIBHON HeCTaOMIBHOCTH Yac-
TOTBI KOJIEOAHUI 3a/1af0Iero reHepaTopa.

2. CuHTe3upOBaHa CTPYKTypa YCTPOMCTBA TeHEPUPOBAHMS MOIYIUPOBAaHHBIX CUTHAJIOB C IO-
BBIIICHHON CTa0MIBHOCTBIO HECYILIEH YacTOTHI.

GENERATING OF THE STABLE MODULATED SIGNALS
IN A WIDE RANGE OF CARRYING FREQUENCIES

V.A. ILYINKOV, N.I. BELENKEVICH

Abstract

The method of generating of the stable modulated electrical signals in a broad range of the
carrying frequencies admitting analog and digital compose of the modulating signals providing in all
range the same relative instability of the carrying frequency equal to the relative frequency instability
of oscillations of the main oscillator is developed. The structure of the device of modulated signals
generating with the raised stability of carrying frequency is synthesized.
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