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IIpoBenen aHamu3 CBOWCTB (YHKIHMHA HEOMPEICICHHOCTH TCEBIOXA0TUYCCKUX JIUCKPETHBIX
YaCTOTHO-MaHUIYJIUPOBAHHBIX CUTHAJIIOB TMPU HUCIOJIb30BaHUU B KA4YE€CTBE - MapIUATbHBIX
JIUCKPETOB JIMHEMHO-4aCTOTHO-MOYJUPOBAHHBIX PaTUOUMITYJIbCOB. PaccMoTpeHa BO3MOXKHOCTh
CHIDKEHHSI YPOBHS OOKOBBIX JICTIECTKOB TAKOTO IIMPOKOIOJIOCHOTO CHTHAIA.

Kniouegvie cnoea: RUCKpPETHbIE YaCTOTHO-MAHMITYJIMPOBAHHBIC CUTHAJBI, ICEBAOXA0THUYECKAs
MaHUIYJISHS YaCTOThI, (PYHKIMSI HEONPEIEeICHHOCTH, BecoBasi 00padoTKa.

BBenenue

OmHMM W3 TIpeACTaBUTENEH IIMPOKOIOJIOCHBIX CHTHAIIOB SIBISIETCS TUCKPETHBI YacTOTHO-
ManumynupoBanueiii curtan (JJUMC). UcnonszoBanne JJUMC no3BoseT 0JHOBPEMEHHO MOBHIIIATH
pa3pemaronyo ClocOOHOCTh KakK IO JAIBHOCTH, TaK U TI0 CKOPOCTH, MOBBIIIAsI IIPH 3TOM CKPBITHOCTb
1 UMHUTOCTOWKOCTB 30HAMpYMoMero curaana. OmpeneneHHbI HHTEpEC MPEICTaBIIET PACCMOTPEHHUE
OCOOCHHOCTEH ICEB0XA0THUYECKUX YaCTOTHO-MaHUIYJTUPOBAHHBIX CHTHAJIOB, a UMEHHO CBOMCTB UX
¢ynkuuit HeonpenenenHoctu (OH). HzsectHo, uto mceBmoxaornueckuii JUMC xapakTtepusyercs
y3kuM koM OH u Hu3KkHM ypoBHEM 00KOBEIX JierecTkoB (BJI) mpu HeHyneBBIX paccoriiacOBaHHIX
mo BpeMeHHW u 4actoTe. s obecnedeHus «kHOmouHOW» Gopmbel @H paccmarpuBaemMoro curHania
HEeCyIIasi 9acToTa MapliHUajbHBIX TUCKPETOB U3MEHSETCS 10 CIIeMaILHOMY 3aKOHY. boibioil Bkiag B
pa3paboTKy TEOpUHU IICEBAOCIYYalHBIX ONTUMAIBHBIX TOCIeAoBaTebHOCTe BHecau Kocrac,
Tonom6, Teiiop, Bend, Jlemmens u ap. [1-9].

Jlannast pa®oTa SBJISETCS BTOPOW B ILIMKJIE CTaTed, MOCBAIICHHBIX aHanuzy cBoiictB ®H
crynendarsix JJUMC. B neproii crathe [10] B kauecTBe 30HIMPYIONINX CUTHAJIOB PACCMATPHUBAINCEH
nocnenoBatenbHocTh JecTHHYHBIX JJUMC. Llenbto HacTosmel paboTh siBisieTcst aHanu3 cBoicTe ©H
nocnenoBaTeNbHOCTe  TiceBpoxaoTuueckux JUMC (ommHakoBeIX winu  pasnuuebix) ¢ JIUM
MapIuaTbHBIMU TUCKPETaMU M WLTIOCTPAIMS BO3MOXKHOCTH CHIDKEHUS ypoBHS BJI Takux curHayioB B
npolecce ux 00padoTKu.

B nacrosmeii cratbe Tena HeonpeneneHnoct (TH) onuHouHbIX nceBpoxaotnueckux JUMC
OTOOpaKEHBI B MOJHOM 00BbEME, a UX MOCIEI0BATECIBHOCTEH — C OrpaHMYCHHUSIMH (BBHIY OOJBIINX
BBEIUUCIIUTEIBHBIX ~ 3aTpar). BHawame  moka3zaHa  mofapoOHas  CTPYKTypa  KOT€PEHTHOM
noclieoBaTeNIbHOCTU  TiceBAoxaotudeckux JJUMC B mpegenax TIaBHOTO MakcuMyMa (TJIaBHOTO
JIETIECTKA), a 3aTEM TPEIEITbl OTOOPAKEHUS PACIIUPEHBI 10 IBYX ITEPHOIOB TOBTOPEHUSL.

OZII/IHO'IHBIG AUCKPETHBIC YACTOTHO-MAHUITIYJIMPOBAHHBIC CUTHAJBI

Hns obecnieyenusi mpuOmmwkeHuss @H x KHOMOYHOMY BHIy BO3MOXKHO HCIIOJIB30BAHUE
M0CJIEJ0BATEIFHOCTH MMITYJIbCOB C IICEBAOCTYYalHBIMU CKAYKOOOpPA3HBIMU M3MEHEHUSIMH HECYIIEi
YacTOTHl TAPIMAIBHBIX HUMITYJILCOB Ha BeawmunHy 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) — nceBmocmyuaiiHas menoYnCIeHHAs (QYHKIHS,

3 =(v(k) _

M — 9uci0 UCTIOIB3yEeMBIX YaCcTOT (MAPIUAIEHBIX HMITYJIECOB).
BeiGop Gyukumii Y(K) B 4ncrnoBbIx monsix ¢ KOHEYHBIM YHCIOM 31eMeHTOB (monsix [arya)

paccmorpen B [8,9,11]. Ha pwuc.l,a mnpuBemeHa dYaCTOTHO-BpeMEeHHas auarpamMmma I abopa
ncepgoxaotuueckoro JJUMC.

F

Afg=MJf
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Te=MT,, t Ty t
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Puc. 1. YacrotHo-BpeMeHHas quarpamma ['abopa ¢ amHO# koga Kocraca-Bemrga M = 6: ¢ — omuHOYHOTO
nceproxaotudeckoro JJUMC; 6 — KOrepeHTHOH IOCIeI0BaTeIFHOCTH U3 ABYX IICEBI0XA0THYECKUX C
OJIMHAKOBBIM K0JI0M 4acToThl JJUMC; 6 — KOTEpEHTHOU MOCIeIOBATEILHOCTH U3 JIBYX NICEBAOXA0THIECKUX C
pa3audHbIM K0J10M YacToThl JJUMC

Cpenn  BCEBO3MOJKHBIX = BapHaHTOB  YAaCTOTHO-BPEMEHHOTO  KOJUPOBAHHS,  TEJO
nHeonpeznenennoctu (TH) mceBmoxaotnueckoro AUMC mpubimxaercss K «KHONOYHOMY» BHIY C
yposaem BJI 1/M.[1, 8]. B pamkax crateu aHanu3 cBoiictB ®H mnpoBoauTcs Ha mpumepe
ncesaoxaorudeckoro JJUMC ¢ JIUM auckperamu npu jaiaube koma M =1020(M +1 — mpocroe

4KCcaI0) co ckagkoM wactoTel Of =1MI', nepuogom moeropenns JTUM muckperor T, =20Mmkc,

11,

JUTUTENIBHOCTHIO  TUCKpETa T/:l =10 MKC, jeBHanMell 4acTOTHI JTUCKpPETa AfM =Af;l =1MI11. OCwasa
UIMPUHA IOJIOCHI TAKOI'O CHUTHAaja COCTaBJISET Afo =1020 MI'11, noreHumanpHOE paspenieHue o

nanpHoctn Ar ~0,15m, mmrensnocts curnana I, =20,4MC, noTeHumanbHOe paspelieHHe 110
gacrore Jlomnepa — AF, ~501'n. Ha puc. 2 npusenens! ceuenns OH aHanusupyemMoro cursana

BepTuKanbHbiMU  TiockocTsMu  F=0, F>0 wu TH mncesmoxaotuueckoro JAUMC ¢ JIUM
HapIHATEHBIMH TUCKPETAMH.

AHanu3 TONY4YEHHBIX  pe3yJabTaTOB  IOKa3bplBaeT, uTo paccMmarpuBaembli  JUMC
xapakTepusyercst BbICOKuM ypoBHeM bJI B cewenmn ®H 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  (mopsinka —27 nb) [8, 9]. Tlomyuennsiii ueHTpanbHblii Makcumym TH
nceBnoxaotudeckoro JJUMC oOecredmBaeT BBICOKYIO Pa3pelrarolyt0 CIOCOOHOCTH HE TOJBKO II0
manbHOCTH  Ar=c/(2M -8f), HO W mo pammaneHON ckopoctn AV, =c/(2T,fy) (puc. 2, 6).
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OTtmedeHHBIH  (pakT  sBIsSETCS  HEMAJOBOKHBIM MpHU  peIIeHHH 3a1ad  KiaccH(puKauuu
PanuoIOKaMOHHBIX 00BEKTOB. OUEeBHIHO, YTO pPaccMaTpUBAaeMble IIMPOKOIOIOCHBIE CHUI'HAJIbBI
o0nangaroT npuemsaeMbM ypoBHeM bBJI TOJNBKO IpH MCHOJIB30BaHUM OOJBLIOIO YMCIa HaplHUaIbHBIX
uMITyJIbcoB M .
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Puc. 2. Ceuenns ®H mockoctsimu F =0 u F > 0 (@) u TH nceBmoxaotudeckoro JYMC ¢ JIYM mapiipansHbIMA
JcKpeTamu U JiuHOM kona Kocraca-Bemda M = 1020 (6)

BecoBasi 00pafoTKa 0IHHOYHOI0 THCKPETHOI0 YaCTOTHO-MAHHITYJIHPOBAHHOI0 CUTHAJIA

WzBectHo [12], uTo mcmonb30BaHne BecoBoi 00paboTku (BO) cxkaToro curHana mo3BoJsieT
CYIISCTBEHHO CHWXaTh ypoBeHb ero bJI. Ocobennocteio BO mceBmoxaotuueckoro JUMC
3aKIIfo4aeTcss B HEOOXOIUMOCTH ydYeTa TOTO, 4TO. ~HOMEpP YacTOTHOTO JIUCKpeTa pacTeT
MOCIIEIOBATENFHO (IO «CTYNMEHYATOMY» 3aKOHY), a 3HAUCHHME YacTOTHl M3MEHSETCS XaoTHYecKu. B
CBSI3U C OTUM KaXKIbld MaplUUaIbHBIA paJMOUMITYJIbC CHrHalia (AMCKPET YacTOTHI) JOJDKEH OBITh
YMHOXXEH Ha BECOBOH KOX(QQHIMEHT, COOTBETICTBYIOIIMH TOPSAKOBOMY HOMEpY JAHUCKpeETa
gactotsl [1]. Ha puc. 3, ¢ nokasan npumep BecoBoi (yHkuun XemmuHra, obecnednBarorieii BO
orcueToB paccmatpuaemoro ckatoro JTUMC curnana (M =1020).

08 il lh ”\ il
06 L A \” M

0=102T,

1.5]

ToEMT,

04 i

0.5

0.2

AmMnAnTysa BECOBOro koathuumeHTa
-
AMNAUTYAA BECOBOTO KO3hthuLmeHTa

00 100 200 300 400 500 600 700 800 900 1000 0 100 200 300 400 500 600 700 800 900 1000
> >
Homep umnysbca (HacTOTHOTO AUcKkpeTa) Homep umnysbca (4acToTHOTO AUCKpeTa)

a 7]
Puc. 3. Bpemennast BecoBast GyHKIHss XeMMHHTa, 00€CTIeYHBAIOIIAS:
a — BO ognHOUYHOTO TiceBnoxaoTrueckoro JUMC ¢ mimHoit koga M = 1020; 6 — nBoitayto BO korepeHTHOM
MoCJIe0BaTeNbHOCTH 1ceBaoxaoTndeckoro JUMC ¢ mmHoit koga M = 1020

C uenpto nmoaTrBepkaeHus gakra camxenns ypoHs bJI JUMC npu ucnonp3oBannu BO, Ha
puc. 4 npusenensl cedenms (mmockoctsmu F=0, F=F /2 u F=F,, tne F,;=1/MT -

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

Pesynbrarel ananmmsa ceuennit ®H paccMarpuBaeMoro cursHajia IOKas3bIBalOT, dYTO
UCIIOJIb30BaHNE 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 YUCIOM AUCKPETOB curHana 1/ M .
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Puc. 4. Ceuenns OH mnockoctsamu F = 0, F = F,/2 u F = Fy; ogurouHOrO niceBpoxaorudeckoro JUMC ¢
nmuHO# koma M = 1020 (ucnons3oBana BO dyHkimeit XemmuHra)

KOFepeHTHaﬂ moc/j1eA0BaTe/IbHOCTh JUCKPETHBIX YaCTOTHO-MAHUITYJIUPOBAHHBIX CUTHAJIOB

JInst yaydineHuss SHEPreTHYECKOTo MOTCHIMANa pPaJHOTOKAIMOHHBIX CTAHIHMA, CEJCKIHN
JBIDKYIIUXCS Te7ield Ha ()OHE TACCHBHBIX MIOMEX U MOBBIIICHHS TOYHOCTH COIPOBOXKICHHST 00BEKTOB
0 paauajbHOW CKOPOCTH, HCHOJB3YIOT 3OHAMPYIOIIME CUTHAJIBI B BHIC KOTEPEHTHBIX
nocnenoBatenbrocteir JIUMC [8] ¢ oaunakoBeiMu (puc. 1, 6) wiu pazimuunbsivu (puc. 1, 6) 3akoHamMu
MICEBIOXA0TUYECKON YaCTOTHON MaHUMYJISILUU.

Ananu3 xapakrepuctuk ®H mpoBeneH Ha mprMepe KOIEPEHTHOW MOCIEeIOBATEIbHOCTH U3
10 (N =10) nceBmoxaorndeckux JUMC ¢ JIYUM auckperamut u jaiamHoi koga M =102, BennunHO#
ckauka gactorbl Of =10 MI', mmpunoi cnekrpa JIUM muckpera Afj1 =10MI'y, JIMTENLHOCTHIO
T, =10Mkc u nepuogom nopropenus auckpera T, =20mkc. JlnurenpHocts oguHoyHoro JUMC
T,=2,04mc OO6mas mmpuHa cnektpa curHana Af, =1020MIT, mIHTENPHOCTh KOTEPEHTHOMH
nocnenosarensHocth  ToN =20,4mc. Ha puc.5 npusenensl ceuenus OH BepTHKaIbHBIMU

mnockoctamu F=0;F /2, F .

e~ | "
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Puc. 5. Ceuennst ®H miockoctsimu, F = 0, F = F,/2 u F = F; KorepeHTHO#H MOCiIe10BaTeIbHOCTH U3
10 niceBgoxaornyeckux JJUMC ¢ JITUM auckperamu u jummHOU Kona Kocraca-Bemua M = 102

Pe3yibraThl aHamu3a MOKa3bIBAKOT, YTO MPU HYJIEBOW paccTpoiike no yactore F =0 ceuenue
®H xapakrepuzyercst BbIcokuM ypoBHeM bJI (mopsinka —13 nb), cHmxarommmcest 1o 3aKoHy (yHKIUH
[sin( x)/ X]z. Makcumanshbiii - ypoenb BJI  coorserctByer ceuenmo ®H npn F=F .

[IprmMeHHUTENBEHO K paccMaTpUBaEMOMY CUTHANY (C OAMHAKOBBIM KOAOM 4acToThl) ¢pparmeHT TH u ero
CeueHHe TOPU30HTAIBHOM TutockocThio P(T, F) =const mpexcrasnens: Ha puc. 6.

AHanu3 MOJIy4eHHbIX Pe3yJbTaTOB MIOKA3bIBAET, YTO BJOJIb OCH YacCTOT PACIIOIAraioTcs spKo
BBIPA)KEHHBIE NUKU (Ha yacToTax KpaTHbIX tF ). Ilpu 5TOM ypoBEHb YaCTOTHBIX MHMKOB BJIOJIb OCH
BpeMeHH cocTaBisier nopsaka —20 b, uro coorBerctByer ypoBHiO 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 (@) u cedernrie TH ropr3oHTAIBHOM IIIOCKOCTBIO p (T, F) = CONSt KOrepeHTHO# MOCIeI0BATETEHOCTH
m3 10 nceBnoxaoruyeckux JJUMC ¢ JTUM muckperamu u aymHoi koza Kocraca-Berma M= 102 (6)

BecoBasi 00padoTka KOrepeHTHOH MOC/1e10BATEILHOCTH AMCKPETHBIX YaCTOTHO-
MAaHHUIYJTHPOBAHHBIX CHIHAJIOB

I/IHTCpeC BBI3BIBACT HCCICAOBAHUC BO3MOXHOCTU CHHIKCHHA YPOBHIA 6OKOBI)IX OCTaTKOB
30HIUPYIOIIETO CUTHAJa B BHJE KOTEPEHTHOH IocienoBaTenbHOCTH nceBgoxaornueckux JUMC c
JIYUM nuckperamu. C 3TO# LIeNbIO 11eIecO00pa3Ho MCIOb30BaTh M3BecTHhIC (yHkimu BO [12]. Ha
puc. 7 npuseneHsl ceuenuss ®H kaxmoro JUMC wu3 paccMarpuBaeMoil IOCIEIOBATEILHOCTH
BEPTHKAJIBHBIMH TUIOCKOCTSIMU TIPH PA3IMYHBIX PACCTPOMKAX MO YacTOTe.

p(t.F),
nb

1

AT\ v
(0] T
Puc. 7. Ceuennst ®H miockoctsimu F =0, F = F,,/2 u F = Fy; korepentHoii nocnenosatenbHoct u3 10-Tu
ncespoxaotnieckux JJUMC ¢ JIUM nuckperamu, BO ¢yrkumeit Xemmunra u pmuHoH koqa M = 102

AHaM3 TONYYCHHBIX PE3yJbTATOB MOKA3bIBACT, YTO HCIOJIb30BaHUE (YHKIUH XEMMHHTA
CHIDKAeT ypoBeHb 00KOBBIX ocTaTkoB TUMC no —43 nb (cormacyercst ¢ pesynabtaramu [12]) Tonbko
npu F =0. IIpn menynesbIx pacctpoiikax mo vactore (F=F /2 u F=F ) yposens BJI ocrancs

Hen3MeHHbIM oTHOcUTeNnbHO ceuennit ®H JJUMC no BO (puc. 5). Ha puc. 8 otobpakeHs! pparMeHThI
TH xkorepentHoil mocienoBateiabHocTd U3 10 ncepoxaotuueckux JUMC ¢ JIUM puckperamu u
pa3NMUYHBIMH BapuaHTaMd Koja dYacToThl mpu BO Kaxmoro curHajga B OTACIBHOCTH H
nonosiauTenbHo BO Beelt mocnemoBarensHocTH (ABoitHas BO). Takoii moaxom MO3BONSET CHU3UTH
YpOBEHb OOKOBBIX OCTATKOB C)KAaTOTO CHUTHAJA, KaK BIIOJIb OCU BPEMEHH, TaK U BJIOJb OCH YacTOT JI0
TeopeTudeckoro (Hanpumep, s ynkuun Xemmunra —43 nb). Ha puc. 8, ¢ ko1 4acToThl B KaXI0M
JUMC onunakoserii (puc. 1, 6). Yposens BJI B uacTOTHBIX cedyeHusx kpaTHbx *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, HabNMIaeTCs yBEIWYEHHE YPOBHS OOKOBBIX OCTATKOB C)KATOT'O CHT'HANA, KaK
B/IOJIb OCH YacCTOT, TaK W BAOJNb ocH BpemeHH 110 —45 nb. Ypoenp BJI B 4acTOTHBIX CEYEHHMSIX
kpaTHeIX *F  ocraercs HemsMeHHBIM M onpenensercs BenumumHOM 1/M  (mopsamka —20 nb).

10,
Hcmonp30Banne paccMaTpuBaeMoi KorepeHTHOU mocienoBatenbHocTH [JUMC mo3BOJISET MOBBICUTH
MOMEXO03AUIIEHHOCTh PAAUOIOKAIMOHHBIX CTAHIIMMA OT BO3ACUCTBUS aKTUBHBIX IITYMOBBIX IIOMEX.
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p(T,F), |]_1 p(TlF)x
nb

| 10log(1/M)

Puc. 8. ®parment TH xorepeHTHO# nocaenoBatenbHocTH U3 10 niceBpoxaotuueckux JUMC c JTUM
JHMCKpeTamu mociie qBoitHoi BO u ognHakoBeM (a) 1 pasauaubiM (6) KoJaMu 9acToThI B Kaxkmom JTUMC

Ha puc. 3, 6 nokazan Buj NBOHHOW BecOBOH (DyHKIIMH, 00ECIICUMBAIOIICH MHHUMHU3AIUIO
60KOBI)IX OCTaTKOB CUT'HAJIa B CEYCHUAX MO BPEMEHU U YaCTOTC, TP MCIOJIb30BAHUN 30HAUPYIOLICTO
CUTHaJIa B BUJAE KOTEPEHTHOH mocnenoBareiabHoCcTH nceBnoxaornueckux JUMC. PaccmartpuBaemast
(yHKIMS TpeAcTaBiseT coOOi NPOW3BEICHUE JAECSATH BECOBBIX (YHKIUH TCEBJOXAOTHYECKHX
CUTHAJIOB Ha OOIIYIO BECOBYIO (DYHKIIMIO BCEH MOCIIEI0BATEIIEHOCTH.

Bupa Tej1a Heornpeae1eHHOCTH KOTePEeHTHOI MOC/IeI0BATEILHOCTH AUCKPETHBIX YaCTOTHO-
MAHHITYJIMPOBAHHBIX CHTHAJIOB HA HHTEPBaJiax BpeMenu 2T, U YacToThl F,

HeoOxomuMocTh JaHHOTO aHanmu3a OOYCITOBIEHA TEM, YTO MpeicTaBlieHHbI (parmeHnT TH
JUMC (puc. 8) orobpaxaer mmmb HeGombmyto yacte TH Broms oceil Bpemenu (4T,,/100) n
gactothl (2F,). B cBasu ¢ stum paccmarpusaercs TH xorepentroii mocnenosarensnoctu JUMC B
CIEIYIOINX Ipeaenax: BIoyb ocu Bpemenu (— T, — T, ), Brois ocu wactot (0 — F, =1/ Tnzx ).

Ha puc. 9 orobpaxen ¢parment TH Ha npumepe KOrepeHTHOH MOCIEIOBATEIBHOCTH M3 5
(N =5) mncesnoxaornueckux JUMC ¢ JTUM nauckperamu u anwHOM koma M =10, Benuummoi
ckauka dactorel Of =1MI 1, wupunoii cnekrpa JIUM nuckpera Afn =1MI'11, JIUTENBLHOCTEIO
nuckpera 1, =10Mkc = u mepmomoM mnoBTopeHus juckperoB T, =20mMkc. JlnuTenpHOCTH
oxunounoro JJUMC T, =0,2mc. O6mas umpuna cnekrpa JUMC u Bcero curnana fy=10MI, a
ero mmrensHocTh 1,N =1 mc. ar quckpernsanuu no Bpemenn At =20 He .

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

KpaTHBIX ., ¥ TIpu BpeMeHHBIX paccTpoiikax kpatHeix =T , 3Hadenme BJI ompenensercs
senmmunHO# 1/ M (nopsimka —10 1b), a ux konuuectBo — ynciiom auckper JUMC (M =10). YposeHb
T'JI yObIBaeT mo 3aKoHY [Sin( X)/ X]2 B TIpeieiax MIUPUHBI CIEKTpa BCEH IOCIEI0BATEIIEHOCTH
(10 MI'mm). Broms ocu Bpemenu I'J1 cnenyror ¢ marom kpaTHbIM +T, a HX YpPOBEHb CHIKACTCS 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 oTpeIesICHUS 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 mocnenoBatebHOCTH U3 S niceBnoxaorudeckux JUMC ¢ JIYM
muckperamu: @ — 6e3 BO; 6 — mocne apoiiHoi BO; 6 — mimaBHOTO JenecTka mocie aBoitHoi BO

Ha puc. 9, 6 mpencrasnen ¢parment TH JUMC c yuetom mposenenus asoinoit BO. Ha

4acTOTax KpaTHBIX F, ¥ Ipu BpeMeHHBIX paccTpoiikax kpaTHeix *T 3Hauenue bJI ompenensercs

Benmunnoit 2/M  (nopsiaka —7 1B). Cpemuii  ypoBeHb OOKOBBIX OCTaTKOB Ha BpPEMEHHBIX
MHTepBanax KpaTtHeix + T, u Ha yacToTax KpaTHbIX +F; cocTapiser nopsaka —25 n1b. B ceuenun

t=0 yposens octarkoB mexay BJI cocraBisier menee —43 1b. OmHaKO BO BPEMEHHBIX CEUEHMIX
KpaTHBIX tT, ypoBeHb OOKOBBIX OCTATKOB JOCTHraeT nopsaka —35 n1b. OCHOBHBIM HEIOCTaTKOM
NPUMEHEHUs] JIBOWHOW BecoBOW o00paborku sBisercst pacumpenune [JI TH, yro mpuBoauT k
YXyIIICHUIO pa3pelaronieil CnocoOHOCTH Kak Mo NaNbHOCTH, Tak U 1o yacrore Jomepa. [Ipu sTom
MOTEPU B OTHOILEHUH CUTHAJI-LIYM COCTaBIISIOT nopsiaka 1,7 ab.

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

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

coctaBisgeT nopsiaka —35 nb. Ilpu yBenudenun 6a3bl CUTHAJIA YPOBEHb OOKOBBIX OCTATKOB CTPEMUTCS
K Tpeneny; onpeaeasieMoMy BHUIOM BecoBol (GpyHKIMH. B Ipyrux BpeMEHHBIX C€UEHHSIX, HE KPAaTHBIX
+1/Afy, m BaONL ocu wacToT He kpaTHRIX +F ., yposens BJI cHmkaerca no —43 n1b um meHee.
Orubaronrast ['JI B1oap ocn BpeMeHH OnpenenseTcss KBaapaToM MOIYNsS KOPPEISIMOHHON (YHKIIMU
omuHouHoro JIUM jwmckpera (mpeoOpazoBanmem Dyppe OT KBajgpaTa MOIYJIS aMIUIATYIHO-
4acTOTHOro crekrpa). Illupuna 3yOua BIoaAb Ocell BpEMEHH U 4acTOThl ONPEJEsIeT pa3pellarolrylo
crocobHocTh 1o ganbHocTH  Ar=C/2Afg=15M wu wacrore Jomaepa AF, =1/MT, =1kl.

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 korepeHTHON nocnenosarenbHocTH JUMC ¢ pa3nuyHbIMH KOJaMu
4acTOTHOW MaHMITyJsiIMH (puc. 1, 6), ypoBeHb OOKOBBIX OCTaTKOB BAOJb ocH BpemeHH BOm3u ['JI (ot
~1/Af, no 1/Af) Bospacraer 10 —20 1B (110 CpaBHEHMIO C HMCIIONB30BAHHEM OJJMHAKOBOTO 3aKOHA

4acTOTHOH MaHumynsanuu). Yposenb bJI Bjombs ocu gactor (6e3 yuera nemecTkos, KpaTHeIX * F )

nocturaet —20 nb u 3aBucuT OT 0a3bl CUrHAJIA.
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3akiIouyenue

IIposenen ananu3 cBoiicTB PH KOTEpeHTHBIX MOCIEIOBATEILHOCTEN MCEBAOXA0THUYECKUX
JUMC c¢ JIYM guckperamu. MonyiaupoBaHHBIE NaplUaibHBIE AUCKpeThl (Hampumep, JIUM)
00eCrevrnBalOT HE TOJBKO BBICOKOE pa3pellieHue M0 JaTbHOCTH, HO M HE3aBHCUMOE YIIPaBICHHUE
YaCTOTHBIMH W BPEMEHHBIMH T[apaMeTpaMH CHTHaja. VIcromb30BaHME TIOCIIENOBATEIHLHOCTEH
paccMaTpuBaeMbIX CHUTHAJIOB YiydmiaeT sHepreTmdeckuil motennuaid PJIC u moBwImaeT TOYHOCTH
COIPOBOX/ICHUSI OOBEKTOB 0 pajiiaibHON ckopocTH. [Ipu BeICOKOI pa3pemiarolieii CrioCOOHOCTH 110
JIATBHOCTH (32 CYET YBEIHMYCHHS IIMPUHBI CIeKTpa) M 4vactore Jlomiepa (3a CUET yBEIMUYCHHUU
BpEMEHH HaONIO/IEHUs) TOSBISIETCS BO3MOXKHOCTh (POPMHPOBATH ATBHOCTHBIE ¥ YacCTOTHBIC
PaZMOIOKAITMOHHBIE TIOPTPETHI IIeJIei, YTO IMO3BOIAET MEPEXOIUTH K PEIICHHUIO 3a7ad PacTiO3HABAHUSI.
®dopmuporanue [JUMC, ¢ yueToM COBPEMEHHBIX IU(PPOBBIX M aHAIOTOBBIX TEXHOJIOTHH, OKa3bIBACTCS
TEXHUYECKH HE OUYEHB CIIOKHBIM.

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

E.N. BUILOV, S.A. GORSHKOQOV, 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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