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IIpoBenen aHamu3 CBOWCTB (YHKIMHA HEOMPEICICHHOCTH TCEBIOXA0TUYCCKUX JIUCKPETHBIX
YaCTOTHO-MaHUIYJUPOBAHHBIX CUTHAJIOB TMPU HUCIOJIb30BaHUUM B KA4YE€CTBE MapIUATbHBIX
JIUCKPETOB JIMHEMHO-4aCTOTHO-MOYJUPOBAHHBIX PaTUOUMITYJIbCOB. PaccMOTpeHa BO3MOXKHOCTh
CHIDKEHHS YPOBHSI OOKOBBIX JICTIECTKOB TAKOTO MIMPOKOMOJIOCHOTO CUTHAIA.

Kniouegvie cnoea: RUCKpPETHbIE YaCTOTHO-MAHMITYIMPOBAaHHBIC CUTHAJBI, ICEBAOXA0THUYECKAs
MaHUIYJSHS YaCTOThI, (PYHKIMSI HEONPEEeICHHOCTH, BecoBasi 00padoTKa.

BBeaenune

OmHMM W3 TIpeACTaBUTENEH IIMPOKOIOJIOCHBIX CHTHAJIOB SIBISIETCS TUCKPETHBIM YacTOTHO-
ManumynupoBanueiid curtan (JJUMC). UcnonszoBanue JJUMC no3BoseT 0JHOBPEMEHHO MOBBIIIATH
pa3pearonyo ClocOOHOCTh KakK MO JAIBHOCTH, TaK U TI0 CKOPOCTH, MOBBIIIASI IIPH 3TOM CKPBITHOCTb
1 UMHUTOCTOMKOCTB 30HAMpYHOMIEro curaana. OmnpeneneHHbI HHTEpeC MPEICTaBIIET PACCMOTPEHHUE
OCOOCHHOCTEH ICEB0XA0THUYECKUX YaCTOTHO-MaHUIYJTUPOBAHHBIX CHTHAJIOB, @ IMEHHO CBOMCTB UX
¢ynkuuit HeonpenenenHoctu (®H). MzsectHo, uto nceBmoxaoruueckuit JUMC xapakTtepusyercs
y3kuM ntikoM OH u Hu3kHM ypoBHEM OOKOBEIX JieriecTkoB (BJI) mpu HeHyneBBIX paccoriiacoOBaHHIX
mo BpeMeHW u 4actoTe. s obecnedeHus «kHomouHOW» QGopmbel @H paccmarpuBaemMoro curHania
HEeCyIIasi 9acToTa MapliHUajbHBIX TUCKPETOB U3MEHSETCS 10 CIIeMaILHOMY 3aKOHY. boibioi Bkiag B
pa3paboTKy TEOpUHU IMICEBAOCIYYaHBIX ONTUMAIBHBIX TOCIeAoBaTebHOCTe BHecau Kocrac,
Tonom6, Teitnop, Bemy, Jlemmens u ap. [1-9].

Jannas pabora sgBISE€TCS BTOPOM B IIMKIIE CTaTeH, MOCBAIICHHBIX aHaim3y cBoiictB OH
crynendarsix JJUMC. B nepsoii crathe [10] B kauecTBe 30HIUPYIONIMX CUTHAJIOB PACCMATPHUBAINCEH
nocnenoBatenbHocTy JecTHUIHBIX JJUMC. Lenbto HacTosmel paboTh siBisieTcst aHanu3 cBoicTe @H
nocnenoBaTenbHOCcTeld  TiceBpoxaoTuueckux JUMC (omuwHakoBeIX winu  pasnmuuebix) ¢ JIUM
MapIUaTbHBIMUA TUCKPETaMU M WLTIOCTPAIMS BO3MOXKHOCTH CHIDKEHUS ypoBHs BJI Takux curHayioB B
nporecce ux 00padoTKH.

B nacrosmeii cratbe Tena neonpenesneHHoct (TH) onuHouHbIX nceBpoxaotnueckux JUMC
OTOOpaXEHBI B MOJHOM 00BbEME, a UX MOCIEI0BATEeILHOCTEH — C OrpaHMYCHHUSIMH (BBHIY OOJBIINX
BBEIUHCIIUTEIBHBIX ~ 3aTpar). BHawame  moka3zaHa  mofapoOHas  CTPYKTypa  KOT€PEHTHOM
nociieoBaTeNIbHOCTH  TiceBAoxaotudeckux JJUMC B mpegenax TIaBHOrO MakcuMyMa (TJIaBHOTO
JIETIECTKA), a 3aTEM TPEIEITbl OTOOPAKEHUS PACIIUPEHBI 10 IBYX ITEPHOIOB TOBTOPEHUSI.

OZII/IHO'IHBIG AUCKPETHBIC YACTOTHO-MAaHUNTYJIMPOBAHHBIC CUTHAJbI

Hns obecnieyenus: mpuOmmkenuss @H Kk KHOMOYHOMY BHIy BO3MOXKHO HCIIOJIB30BAHUE
M0CJIE0BATENFLHOCTH MMITYJIbCOB C IICEBAOCTYYalHBIMU CKAYKOOOpPA3HBIMU M3MEHEHUSIMH HECYyIIei
YacTOTHl TAPIHAIBHBIX HUMITYJIBCOB Ha BeamuuHy Of . B atom ciyuae wactora K -ro mmimyibca

TIOCJIC/IOBATEILHOCTH OTJIMYACTCsl OT ILEHTpalbHOH Hecymeidl uactorel f; Ha Bemuunny [8]:
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ij , (k=1,2,..,M), rme y(k) — nceBmocmyduaiiHas menoYnCICHHAs (YHKIHS,
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M — 9uci0 UCTIOIB3yEeMBIX YaCcTOT (MAPIUAIEHBIX HMITYJIECOB).
BeiGop Gyukumii Y(K) B 4ncrnoBbIx monsix ¢ KOHEYHBIM YHCIOM 31eMeHTOB (monsix [arya)

paccmorpen B [8,9,11]. Ha puc.l,a mnpuBemeHa dYacTOTHO-BpeMeHHas auarpamma I abopa
ncepgoxaotuueckoro JJUMC.
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Puc. 1. YacrotHo-BpeMeHHas quarpamma ['abopa ¢ amHO# koga Kocraca-Bemrga M = 6: ¢ — omuHOYHOTO
nceproxaotudeckoro JJUYMC; 6 — korepeHTHOI MOCIe10BaTEIFHOCTH U3 ABYX IICEBI0XA0THYECKUX C
OJIMHAKOBBIM K0JI0M 4acToThl JJUMC; ¢ — KOTEpEHTHOU MOCIeJOBATEILHOCTH U3 JIBYX NICEBAOXA0THIECKUX C
pa3IudHbIM K0J10M YacToThl JJUMC

Cpenn  BCEBO3MOXKHBIX  BapHaHTOB  YAaCTOTHO-BPEMEHHOTO  KOJUPOBAHUS,  TEJIO
nHeonpeznenennoctu (TH) mceBmoxaotnueckoro AUMC mnpubimxaercss K «KHONOYHOMY» BHIY C
ypoaem BJI 1/M [1, 8]. B pamkax crateu aHanu3 cBoiictB ®H mnpoBoauTcs Ha mpumepe
ncesaoxaorudeckoro JJUMC ¢ JIUM auckperamu npu aiaube koma M =1020(M +1 — mpocroe

4pca0) co ckaukoM wacToTel Of =1MI', nmepuonom moeropenns JTUM auckperor T, =20mkc,

11,

JUTHTEIHHOCTHIO JTUCKPETa T/:l =10 Mkc, meBumanueii gactorsl auckpera Af =Af;l =1MI11. OCwasa
HIMPUHA TOJIOCKI TAKOTO CHTHAlla COCTABIISAET Afo =1020 MI'11, nmorennuansHoe paspelieHHE MO

nambHocTn Ar ~0,15M, mmrensnocts curnana I, =20,4MC, noTeHumanbHOe paspelieHHe 110
gacrore Jlomnepa — AF, ~501'n. Ha puc. 2 npusenens! ceuenns ®H aHanusupyemMoro cursaina

BepTukanbHeiMu  TiockocTsMu  F=0, F>0 wu TH mncesmoxaotnueckoro JAUMC ¢ JIUM
HapIHATEHBIMHA TUCKPETAMH.

AHanu3 TONYYEHHBIX  pE3yJbTaTOB  IOKa3bplBaeT, uTo paccMmarpuBaembli JUMC
xapakTepusyercst BhICOKuM ypoBHeM bJI B cewenmn ®PH mmockocteio F=0 (mopsimka —13 nb),

YMEHBIIAIOMIUMHCS 10 3aKOHY (DYHKITHH [Sin( x)/ X]2 (puc. 2, a). B ceuennn ®H miockocthio F >0

cpennuii ypoBeHb BJI coorBercTByeT Teopernueckomy 1/ M (mopsiaka —30 nb) ¢ MakCcHMallbHBIMU
BeiOpocamu 10 2/M  (mopsiaka —27 nb) [8, 9]. TlomyuenHsiii teHTpanbHblii Makcumym TH
nceBnoxaotudeckoro JJUMC oOecredmBaeT BBICOKYIO Pa3pelrarolyi0 CIOCOOHOCTH HE TOJBKO II0
mambHOCTH  Ar=c/(2M -8f), HO W mo pammaneHON ckopoctn AV, =c/(2T,fy) (puc. 2, 6).
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OTtmedeHHBIH  (pakT  sBIsSETCS  HEMAJOBOKHBIM  MpPHU  peIIeHHH 3a1ad  Kiaccu(puKauuu
PanuoIOKAMOHHBIX 00BEKTOB. OUEeBHIHO, YTO pPaccMaTpUBaeMble IIMPOKOIOIOCHBIE CHUI'HAJIbI
o0nangaroT npuemiaeMbM ypoBHeM bJI TOJNBKO IpH MCHOJIB30BaHUM OOJBLIOIO YMCIa HapLHUaIbHBIX
uMITyJIbcoB M .
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Puc. 2. Ceuennss ®H mockoctsimu F =0 u F > 0 (@) u TH nceBmoxaotudeckoro JYMC ¢ JTYM mapiipansHbIMA
JcKpetamu U 1O kona Kocraca-Bemda M = 1020 (6)

BecoBasi 00pa0oTKa 0IHHOYHOI0 THCKPETHOI0 YaCTOTHO-MAHMITYJTHPOBAHHOIO CUTHAJIA

WzsectHo [12], uTo mcmonb30BaHne BecoBoi 00paboTku (BO) cxkaToro curHana mo3BoIsieT
CYIIECTBEHHO CHWXaTh ypoBeHb ero bJI. Ocobennocteio BO mnceBmoxaotuueckoro JUMC
3aKIIf04YaeTcss B HEOOXOIUMOCTH ydYeTa TOro, 4YTO HOMEpP YacTOTHOTO JIUCKpeTa pacTeT
MOCJEIOBATENBLHO (M0 «CTYMEHYATOMY» 3aKOHY), a 3HAYCHHE YacTOThl M3MCHSECTCS XaOTHYeCKH. B
CBSI3U C OTUM KaXKIblH MaplUUAIbHBIA paJMOMMIYJIBC CHTHala (AMCKPET YacTOTHI) JOJDKEH OBITh
YMHOXXEH Ha BeCOBOM KO3(DQUIMEHT, COOTBETCTBYIOUIUI MOPSIIKOBOMY HOMEpY JAHMCKpeTra
yactoThl [1]. Ha puc. 3, ¢ mokazan npumep BecoBoil (yHkuuu XemmuHra, obdecreumBaromeii BO
orcueToB paccMmatpuaemoro ckatoro JTUMC curnana (M =1020).
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Puc. 3. BpemenHast BecoBast GyHKIHss XeMMHHTa, 00€CTIeYHBAIOIIAS:
a — BO oguHOYHOTO TiceBnoxaoTrueckoro JUMC ¢ mimHoit koga M = 1020; 6 — nBoitayto BO korepeHTHOM
MOCJIeI0BaTENEHOCTH 1ceBaoxaoTndeckoro JUMC ¢ mmHoit kona M = 1020

C uenpro noarBepxkeHus pakra cHmwkenus ypoas bJI JJTUMC npu ucnons3oBanuu BO, Ha
puc. 4 npusenensl cedenms (mmockoctsmu F=0, F=F /2 u F=F,, tne F,=1/MT -

4yacToTa TIOBTOpEHHUS mapuuanbHbiX guckper) @OH mnceBmoxaormueckoro JUMC c¢ JIUM
MapUyaIbHBIMU TUCKPETAMHU.

Pesynbrarel ananusa ceuennit ®H paccMarpuBaeMoro cursHajia IOKas3bIBalOT, dYTO
UCIIOJIb30BaHNWE BECOBOM (YHKIMU CHIDKaeT ypoBeHb BJI Toibko B cedeHun rmiockocteio F =0
(nampumep, ans pynkoun XemmuHra —43 n1b), YTO TONHOCTBIO COOTBETCTBYET TEOPETHUECKUM
naHHbIM [12]. B oCTajbHBIX ke CEYCHHUSIX YPOBEHb OOKOBBIX OCTATKOB JIOCTATOYHO BBICOK (MOpsIKa
—30 nb) u ompenensieTcs: TOIBKO YHUCIOM AUCKPETOB curHana 1/ M .
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Puc. 4. Ceuenns OH mnockoctsamu F = 0, F = F,/2 u F = Fy; oguaouHOro ncespoxaorudeckoro JUMC ¢
nHO# koma M = 1020 (ucnons3oBana BO dyHkimeit XemmuHra)

KOFepeHTHaﬂ moc/j1eA0BaTe/JIbHOCTh JUCKPETHBIX YaCTOTHO-MAHUITYJIUPOBAHHBIX CUTHAJIOB

JItst ynydineHus: SHEPreTHYeCKOro MOTEHIHA a PaJHOJOKAMOHHBIX CTAaHIUM, CeNeKIUH
JBIDKYIIUXCS 1e7ield Ha ()OHE TTACCHBHBIX TIOMEX U MOBBIIICHHS TOYHOCTH COIPOBOXKICHHS OOBEKTOB
0 paauajbHOW CKOPOCTH, HCIOJBb3YIOT 3OHAMPYIOIIME CUTHAJIBI B BHIC KOTEPEHTHBIX
nocnenoBatenbrocteir JJUMC [8] ¢ oaunakoBeiMu (puc. 1, 6) wiu pasnuunbsiMu (puc. 1, 6) 3akoHamMu
MICEBAOXA0TUYECKON YaCTOTHON MaHMITYJISILIUY.

Ananu3 xapakrepuctuk ®H mpoBeneH Ha mprMepe KOTePEHTHOW MOCIEeI0BATEIbHOCTH U3
10 (N =10) nceBmoxaorndeckux JUMC ¢ JIYUM auckperamu u aiuHoi koma M =102, BennunHO#
ckauka wyactothl Of =10 MI't, mmpunoii cnexktpa JIJUM muckpera Af, =10MI', amuTenbHOCTHIO
T, =10Mkc u nepuogom nopropenus auckpera T, =20wmkc. JlnurenpHocts ogunoyHoro JUMC
T,=2,04Mc OO6mas mmpuHa cnektpa curHana Af, =1020MIT, AIHTENPHOCTH KOTEPEHTHOH
nocnenosarensHocth  ToN =20,4mc. Ha puc.5 npusenensl ceuenus OH BepTHKaIbHBIMU

mnockoctamu F=0;F /2, F .
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Puc. 5. Ceuennst ®H miockoctsimu, F = 0, F = F,/2 u F = F; KorepeHTHO#H MOCie10BaTeIbHOCTH U3
10 nceBgoxaornyeckux JJUMC ¢ JITUM auckperamu u jummHOU Kona Kocraca-Bemrua M = 102

PesynbraThl aHanM3a MOKa3bIBAIOT, YTO MPH HyJIEBOW paccrpoiike 1o yactore F =0 ceuenne

©®H xapakrepusyercst BbIcokuM ypoBHeM bJI (nmopsinka —13 nb), cHmxarommmcest 1o 3aKoHy (yHKIUH
. 2 o

[sm( x)/ X] . Makcumanbnbiii  ypoBenb BJI  coorserctByer ceuenmtio @®H npu F=F .

[IpuMeHHUTENBHO K paccMaTpUBaEMOMY CUTHANY (C OAMHAKOBBIM KOAOM 4acToThl) ¢pparmeHT TH u ero
CeueHHe TOPU30HTAILHOM TuIockocThio P(T, F) =const mpexcrasnens: Ha puc. 6.

AHanu3 MOJIy4eHHbIX Pe3yJbTaTOB MIOKA3bIBAET, YTO BIOJIb OCH YaCTOT PACIOIAraroTcs spKo
BBIPA)KEHHBIE NUKU (Ha yacToTax KpaTHbIX tF ). Ilpu 5TOM ypoBEHb YaCTOTHBIX MHMKOB BJIOJIb OCH
BpeMeHH cocTaBisier nopsaka —20 nb, uro coorBerctByeT ypoBHO 1/M omunounoro JJUMC.
Mexay nukamu HaOJfomaeTcs mpoBasl 70 ypoBHs mopsiaka (—35...—40) n1b. VBenuuuBas 4actoty
nosTopeHus F  BO3MOKHO pacHIMPUTh 30HbI C TOHUKEHHBIM yPOBHEM OOKOBBIX OCTATKOB.
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p(z,F), A p(z,F)=const
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Puc. 6. ®parment TH (@) n cedernrie TH ropr3oHTAIBHOM IIIOCKOCTBIO p (T, F) = CONSt KOrepeHTHO# MOCIeI0BATETHOCTH
m3 10 nceBnoxaoruyeckux JJUMC ¢ JTUM muckperamu u JymHoi koza Kocraca-Bermaa M = 102 (6)

BecoBasi 00padoTka KOrepeHTHOH MOC/1e10BATEIbHOCTH AMCKPETHBIX YaCTOTHO-
MAaHHMITYJTHPOBAHHBIX CHIHAJIOB

I/IHTCpeC BBI3BIBACT HCCICAOBAHUC BO3MOXHOCTU CHMIKCHHA YPOBHSA 6OKOBI)IX OCTaTKOB
30HIMPYIOIIET0 CHUTHAJa B BHJIE KOTEPEHTHOH mocienoBarenbHOCTH mceBnoxaorniecknx JUMC c
JIUM nuckperamu. C 3TO# LIeNbIO 11eIecO00pa3Ho MCIOb30BaTh n3BecTHhIe (yHkimu BO [12]. Ha
puc. 7 npuseneHsl ceuenuss ®H kaxmoro JJUMC wu3 paccMmarpuBaeMoil IOCIEIOBATEILHOCTH
BEPTUKAJIbHBIMH INIOCKOCTSIMU IPU PA3IUUYHBIX PacCTPOMKAX IO YaCTOTE.

p(t.F),
nb

1

AT\ v
(0] T
Puc. 7. Ceuennst ®H rutockoctsimu F =0, F = F,,/2 u F = Fy; korepentHoii nocnenoBatenbHoct u3 10-Tu
nceBpoxaotuieckux JJUMC ¢ JIUM nuckperamu, BO ¢yrkumeit Xemmunra u pimuHo#H koga M = 102

AHaM3 TONYYEHHBIX PE3yJbTATOB MOKA3bIBACT, YTO HCIOJIb30BaHUE (YHKIHUH XEMMHHTA
CHIDKAeT ypoBeHb 00k0oBBIX ocTaTkoB TUMC no —43 nb (cormacyercst ¢ pesynabtatamu [12]) Tonbko
npu F =0. IIpu menyneBbIx pacctpoiikax mo vactote (F=F /2 u F=F ) yposens BJI ocrancs

HensMeHHbIM oTHOcuTeNnbHO ceuennit ®H JJUMC no BO (puc. 5). Ha puc. 8 otobpakeHs! pparMeHThI
TH korepentHoii nocienoBatenbHocTd U3 10 ncepoxaotuueckux JUMC ¢ JIUM puckperamu u
pa3IUYHBIMH BapuaHTaMd Koja dYacToThl mpu BO Kaxmoro curHajga B OTACIBHOCTH H
nomnonHuTenbHo BO Bee#t mocnemoBarensHocTH (ABoitHas BO). Takoii moaxom MO3BONSET CHU3UTH
YpOBEHb OOKOBBIX OCTATKOB C)KAaTOTO CHUTHAJa, KaK BIIOJIb OCU BPEMEHH, TaK U BJIOJb OCH YacTOT IO
TeopeTudeckoro (Hanpumep, s ynkuun Xemmunra —43 nb). Ha puc. 8, ¢ ko1 4acToThl B KaXI0M
JUMC onunakosslii (puc. 1, 6). Yposens BJI B uacToTHBIX cedyenusx kpaTHbix *+F —ompenensercs

senmuunoit 1/ M (nopsiaka —20 nb).

Ha puc. 8,6 xox wacrorsr B kaxaom HUMC paznuusbiii (puc. 1,6). B ormamumm ot
pe3ynbTaTtoB puc. 8, a, HaONMrOJaeTCs yBEINYEHHE YPOBHS OOKOBBIX OCTATKOB C)KATOT'O CHT'HANA, KaK
B/IOJIb OCH YaCTOT, TaK W BAOJNb ocH BpemeHH 110 —45 nb. Ypoenp BJI B 4acTOTHBIX CEYEHHMSIX
kpaTHeIX *F — ocraercs HemsMeHHBIM M onpenensercs BenumunmHOM 1/M  (mopsamka —20 nb).

10,
Hcmonp30BaHne paccMaTpuBaeMoi KorepeHTHOU mocienoBatenbHocTH [JUMC mo3BOJISET MOBBICUTH
MOMEXO03AIUIIEHHOCTD PAAUOIOKAIMOHHBIX CTAHIIMMA OT BO3AEUCTBUS aKTUBHBIX LITYMOBBIX IIOMEX.
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p(T,F), |]_1 p(TlF)x
nb

| 10log(1/M)

Puc. 8. ®parment TH xorepeHTHO# nocnenoBatenbHocTH u3 10 niceBpoxaotuueckux JUMC ¢ JTUM
JMCKpeTamu mociie [BoitHoi BO u ognHakoBbeM (a) 1 pasauaHbiM (6) KogaMu 4acToTh B Kakaom JUMC

Ha puc. 3, 6 nokazan Buj NBOHHOW BeCOBOH (DyHKIIMH, 00ECIEUMBAIOIICH MHHUMHU3AIUIO
OOKOBBIX OCTATKOB CHTHaJIa B CEUYCHUSX M0 BPEMEHU U YacTOTE, IPU UCIIOIB30BAaHUN 30HINPYIOIIETO
CUTHaJIa B BUJAE KOTEPEHTHOH mocnenoBareiabHocTH nceBnoxaoTuueckux JAUMC. PaccmartpuBaemast
(yHKIMS TpeAcTaBiseT coOOM NpOW3BEJCHUE JAECSATH BECOBBIX (YHKIUH TICEBIOXAOTHYECKHX
CUTHAJIOB Ha OOIIYI0 BECOBYIO (DYHKIIMIO BCEH MOCIIE0BATEILHOCTH.

Bupa Tes1a Heornpeae1eHHOCTH KOTePEeHTHOI MOC/IeI0BATeILHOCTH AMCKPETHBIX YaCTOTHO-
MAHHITYJIMPOBAHHBIX CHTHAJIOB HA HHTEePBaJiax BpeMenu 2T, U YacToThl F,

HeoOxomuMocTh JaHHOTO aHanmu3a OOYCIIOBIIEHA TEM, YTO MpeicTaBlieHHbId (parment TH
JUMC (puc. 8) orobpaxaer mmmb HeGombirylo dacte TH Broms oceil Bpemenu (4T,,/100) n
gactothl (2F ;). B cBasu ¢ stum paccmarpusaercss TH korepentroii mocnenosarensuoctu JUMC B
CIEIYIOIMX peaenax: BIoyb ocu Bpemenu (— T, — T, ), Brois ocu wactot (0 — F, =1/ Tnzx ).

Ha puc. 9 orobpaxen ¢parment TH Ha npumepe KOrepeHTHOH MOCIEIOBATECIBHOCTH M3 5
(N =5) mncesnoxaornueckux HTUMC ¢ JIUM nauckperamu u anwHOM koma M =10, Benuummoi
ckauka vacToTel Of =1MI'n, mmpunoit cmextpa JIUM muckpera Af, =1MIn, mmTensHOCTBIO
nuckpera 1, =10Mkc u mnepuomoM mnoBTopeHus jguckperoB T, =20mMkc. JlnuTenpHOCTH
opunounoro JJUMC T, =0,2mc. Obmas umpuna crnekrpa JUMC u Bcero curnana fy=10MIu, a
ero mmrensHocTh 1,N =1 mc. ar quckperusanuu no Bpemenn At =20 He .

Ha puc. 9, a ucnonb30BaH OMHAKOBBIN KOJ 4acTOTHI B KaxaoMm JJUMC. ['naBHbIe JenecTKu
(I'JT) TH nocnenosarensroct JJUMC pacnonararorcst Ha yactotax KpaTHelx + F,. Ha uacrorax

KpaTHbIX F, , W npu BpeMeHHBIX paccTpoiikax KpaTHbiXx =T, 3Hauenume BJI ompenensercs
semnmunHOi 1/ M (nopsimka —10 1b), a ux konuuectBo — ynciiom auckper JUMC (M =10). YposeHb
I'JI yObiBaeT mo 3aKoHY [Sin( X)/ X]2 B TIpeieiax MIUPUHBI CIEKTpa BCEH IOCIEI0BATEIIEHOCTH
(10 MI'm). Broms ocu Bpemenu I'J1 cnenyror ¢ marom kpaTHbIM +T, a HX YpOBEHb CHIDKACTCS IIO

napabosie. CpenHee 3HaUeHHE OOKOBBIX OCTaTKOB cocTaBisieT nopsaaka —30 nb, u 3aBHCUT OT CKauka
gactoTel Of . MIX MuHMManbHBEIH ypoBeHb jpocturaerca mpu Of = Af . Muarepsan mexay I'JT TH
JUYMC Bnonb ocu BpeMeHH T, XapaKTepH3yeT MHTEpBal OJHO3HAYHOIO ONPEEIEHHs TaIbHOCTU
lom =T /2=30xm. Untepan mexay nenectkamu TH JJUMC Boib OCH 4acTOT XapakTepu3yer
MHTEpBaJ OJTHO3HAYHOTO oTpeIesIeHUS JIOTLIIEPOBCKOTO CMEILECHHUS YacTOTHI
Fn om = F,=1/ Tm =50k[11. OgHAKO 3TO HE HMCKIIKOYACT MPOOJIEeMy HEOAHO3HAYHOCTH OICHUBAHHUS

JAILHOCTH M 4acTOThl (HEOJHO3HAYHOCTH OyIyT BO3HHKATh Ha JalNbHOCTAX KpaTHbIX 3000 M u
4acTOTax KpaTHbIX 5 Kl 'm).
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Puc. 9. ®parment TH xorepeHTHOI mocnenoBarebHOCTH U3 5 niceBpoxaorudeckux JUMC ¢ JITUM
muckperamu: @ — 6e3 BO; 6 — mocne apoiiHoi BO; ¢ — rmaBHOTO JenecTka mocie aBoitHoi BO

Ha puc. 9, 6 mpencrasnen ¢pparmenr TH JJUMC c yuerom mpoBenmenus apoiHoir BO. Ha

4acTOTax KpaTHeIX F, ¥ mpu BpeMeHHBIX paccTpoiikax kpaTHeix *T 3Hauenue bJI ompenensercs

Benmunnoit 2/M  (nopsiaka —7 1B). CpenHumii ypoBeHb OOKOBBIX OCTATKOB Ha BpPEMEHHBIX
MHTepBanax KpatHeix + T, u Ha yacToTax kpaTtHeiXx +F; cocrapuser nopsaka —25 n1b. B ceuenun

=0 ypoBens ocratkoB Mexay BJI cocrasiser meree —43 n1b. OnHAKO BO BPEMEHHBIX CCUCHHUSIX
KpaTHBIX tT, ypoBeHb OOKOBBIX OCTATKOB JOCTHraeT nopsaka —35 nb. OCHOBHBIM HEZOCTaTKOM
NPUMEHEHUs] JIBOWHOW BecoBol o00paborku siBisercst pacumpenune [JI TH, yro mnpuBoauT k
YXyIIICHUIO pa3pelaronieil cnocoOHOCTH Kak M0 NalNbHOCTH, Tak U 1o yacrore Jormiepa. [Ipu sTom
MOTEPU B OTHOILEHUH CUTHAJI-LIYM COCTaBIISIOT nopsiaka 1,7 ab.

Ha puc. 9, ¢ npencrasnen I'JT TUMC nocne nsoitnoit BO (Bpemennoii mateppan *2/Af,

(puc. 9, a)). Brons ocu BpemeHn ypoBeHb GOKOBBIX octaTkoB BOnM3u I'JI (o1 —1/Af, no 1/Af)),

cocrasisieT nopsiaka —35 ab. [Ipu yBenuuennn 6a3bl CUTHANIA YPOBEHb OOKOBBIX OCTATKOB CTPEMHUTCS
K IIpeZeiy, ONpeesieMOMY BUIOM BeCOBOH (pyHKIMH. B Ipyrux BpeMEHHBIX CEUEHHSX, HE KPATHBIX
+1/Af,, n Baoms ocu wactor He kpatHeIX +F ., yposens BJI cHmkaerca no —43 n1b n meHee.
Orubatomast I['JI BIoIb OCH BPEMEHH OINPEACISETCS KBAJAPATOM MOJYJIS KOPPEISALHOHHON QyHKINH
oauHouHoro JIUM nmckpera (mpeoOpazoBanneM QDypbe OT KBajgpara MOAYJIS aMIUIMTYAHO-
4acTOTHOro crekTpa). lllupuna 3yOna BIoab oceil BpeMEHH U 4acTOTHI ONPEACIseT pa3pelIatonyro
crocobHocTh 1o ganbHocTH  Ar=C/2Afy=15M wu wacrore Jomaepa AF, =1/MT, =1kl1.

Paccrosane mexny 3yomamm [JI TH JUMC Baone ocu BpemeHH paBHO 1| Mkc (oOpaTHO
IPOIOPLMOHATBHO MIUPHHE CIIEKTpa OAuHOYHOro auckpera Af ), uto coorsercryer 150 M.

B cnydae ucnonb3oBanus korepeHTHOH nocnenosarensHocTH JUMC ¢ pa3nuyHbIMH KOaMu
4acTOTHOW MaHMITyJsiIMU (puc. 1, 6), ypoBeHb OOKOBBIX OCTaTKOB BAOJb ocu BpemeHH BOm3u ['JI (ot
~1/Af, no 1/Af) Bospacraer 10 —20 1B (110 CPaBHEHMIO C HMCIIONB30BAHHEM OJMHAKOBOTO 3aKOHA

4acTOTHOH MaHumynsanuu). Yposens bJI Broms ocu gactor (6e3 yuera nemecTkos, KpaTHeIX + F )

nocturaet —20 nb u 3aBucuT oT 6a3bl cCUrHAalA.
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3akiIouyenue

IIposenen ananu3 cBoiicTB PH KOTEpeHTHBIX MOCIEIOBATEIBHOCTEN MCEBAOXA0THUYECKUX
JUMC c¢ JIYM guckperamu. MonyiaupoBaHHBIE NaplUaibHBIE AUCKpeThl (Hampumep, JIUM)
00eCcrevnBaOT HE TOJBKO BBICOKOE pa3pellieHue 10 JaTbHOCTH, HO M HE3aBHCUMOE YIIPABICHHUE
YaCTOTHBIMH ¥ BPEMEHHBIMH TapaMeTpaMH CHTHaja. VIcromb30BaHWE TIOCIIEOBATEIHLHOCTEH
paccMaTpuBaeMbIX CHUTHAJIOB YiydmaeT sHepreTmdeckuil motennuaid PJIC u moBwImaeT TOYHOCTH
COIPOBOX/ICHUS OOBEKTOB 10 pajinaibHON ckopocTH. [Ipu BeICOKOI pa3pemiarolieii CrioCOOHOCTH 110
JIATBHOCTH (32 CYET YBEIMYCHHS IIMPUHBI CIieKTpa) M 4vactore Jlomiepa (3a cCUET yBEIHMUYCHHUM
BpEMEHH HaONIO/IEHUs) TOSBISIETCS BO3MOXKHOCTh (POPMHUPOBATH ATBHOCTHBIE ¥ YaCTOTHBIC
PaZMOIOKAITMOHHBIE TIOPTPETHI IIeJIei, YTO MO3BOIAET MEPEXOUTH K PEIICHHUIO 3a7ad PacTiO3HABAHUS.
®opmuporanue [JUMC, ¢ yueToM COBPEMEHHBIX IIU(PPOBBIX M aHAIOTOBBIX TEXHOJIOT UM, OKa3bIBACTCS
TEXHUYECKH HE OUYEHB CIIOKHBIM.

PROPERTIES OF UNCERTAINTY FUNCTION OF THE PSEUDO-CHAQOTIC
DISCRETE FREQUENCY MANIPULATED SIGNALS WITH WEIGHT
PROCESSING

E.N. BUILOV, S.A. GORSHKOV, S.Y. SEDISHEV, S.N. YARMOLIK

Abstract

The analysis of uncertainty functions properties of pseudo-chaotic discrete frequency-
manipulated signals with use of linearly-frequency-modulated radio impulses as partial discrete is
carried out. Possibility of decrease in level of lateral petals of such broadband signal is considered.
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