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IlocranoBka mpobJsiemMu y 3araJjib-
HOMY BUTJISTi

OcranHiM 9acoM HAMITHIACH TEHIEHINA 0 30iJIh-
nieHHs J4acTKu pagioenekrponnux cucrem (PEC) pi-
3HOrO NpuU3HaYeHHsd (PaioJOKAIIHNX, TeJTEKOMYHiKa-
UifiHUX, 3B’43KYy TOLIO) 3 PO3IIUPEHUM CIEKTPOM BH-
npominoBab. ¥ rakux PEC BuKopucTOBytOTHCS CKIa-
JIHI BUJIM CUTHAJIIB — 3 IICEB/IOBUIIA/IKOBUM 1IEDEHACTPO-
FOBAHHSM PODOYOI YACTOTH, MITyMOITOMIOHI, 3 JIHIHHOIO
gacrorHow Momynsmiero (JIUYM) Ta inmi. 3a paxyHok
LIBOr0 HiABUINYEThCA 3aBamo3axuinericrs PEC Ta 3a-
6e31evyeThCs IPUXOBAHUI PEKUM 1X (DyHKIIOHYBaHHS
(ocranniil unnnuk € BaxkausuMm i PEC nousiitnoro
MPU3HAYEHHST).

3a3HavueHa BUINE TEHIEHIlsT TOPOIXKYE MpObJIeMHi
OUTaHHS B rajy3i cTBOpeHHs cucTeM (3acobiB) pajio-
mouitopunry. Bukopucranus 8 PEC mmmpokocmyrosux
CUIHAJIB CYTTEBO 3MEHIIYE CIEKTPAJbHY IILIbHICTH
TIOTY2KHOCTI PATIOBUTTPOMIHIOBAHDL Ta 1X €HEPTETUIHY
JOCTYTHICTh. BusgBnTm Taki paioBUIPOMIHIOBAHHS,
BU3HAYUTHU CUTHAJIIH, 10 BUKOPUCTOBYOTHCS, BUMIPATH
ix mapameTrpw Ta Hagaai oOpobuTH B cHTyarl, KO-
Ju HeMae Oy/ib-gKoi anpiopuoi irdopmanii npo PEC,

10 Hi,ILJIHFaIOTB MOHiTOpI/IHFy, € CKJIQJJHUMU HAYKOBO-
TEeXHIYHUMUA 3aBJaHHAMMU.

OkpeMuM HAIPSAMOM € JOCTIKEHHST IPODJIEM pa-
miomonitTopunary PEC, mo sukopucroByiors JIUM cu-
raamn [1-3]. Taki PEC mmpoko BHKODHCTOBYIOTHCS
i y sBificeroBiit cdepi. OguuM 3 BaXKJIMBUX HAYKOBO-
TeXHIYHUX 3aB/IaHb 33 MM HAIPAMOM € BUMipPIOBAHHS
(ouinroBanns) amesiauii wacroru JIYM curnamny. Ilo-
Tpeba BUMIpATH IeBiallil0 YaCTOTH BUHWKAE HA PI3HUX
eTamnax paJiOMOHITOPUHTY:

i1 9ac IPOBEJEHHSI TPOCTOPOBO-YACTOTHOTO MOIITY-
Ky JIYM curunasnis ta ¢dhopMyBaHHS YACTOTHHUX Iiijie-
BKa3aHb [IJIT HACTPOIOBAHHSI JIHIHHOTO TPAKTY CyIep-
TeTEPOIUHHOTO MPUIAMAYA;

IMiJ] 4ac MMePBUHHOIO aHAJi3y NPUAHATHX CUTHAJIIB
3 MeToI0 iX Kiaacudikariil Ta po3IieHHs 3a 9acTOTOIO;

TIPY OIIHIOBAHHI JIOTIJIEPIBCHKOTO 3CYyBY YaCTOTHU CH-
THAJTY.

Ha xoxxHOMYy 3 IuX eramiB piBeHb BUMOT 0 Ce-
PEIHBOKBAIPATUIHOI MMOXUOKN BUMIpPIOBAHHS JIeBialril
qacroru pi3amit. Tomy HEOOXiIHO BHKOPHCTOBYBATH
BUMipIOBadi, poboTa AKMX I'PYHTYETHCSI Ha PI3HUX Me-
TO/IAX BUMIPIOBAHHS.


http://radap.kpi.ua/radiotechnique/article/view/1999
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1 AmnHaji3 ocTaHHIX JOCJII2KEHb 1
myOJTiKamii

€ Gararo MeTOIiB BUMIpIOBAHHS AeBiallil 4acToTH
[4-6], ix knacudikamis HaBegena Ha Puc. 1.

MeToau BUMIpIOBaHHS
neBiarii 4acToOTH
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Puc. 1. Knacudikaris MeToiB BUMIpIOBaHHSA [eBialii acToTn

Amnaniz nepenivennx ma Puc. 1 meronis BuMmipiosa-
HHS JeBialil JacTOTHM TIOKa3ye, M0 Maiike BCi BOHU
MOXKYTh BUKOPHUCTOBYBATHUCH JIUIIE 33 YMOBH JIOCTa-
THBO BUCOKOI'O BiJHOIIEHHs curHaJ/mym. Ko cre-
KTpaJibHa NilIbHICTH moTyzkuOCTI JIUM curnany 3men-
MIYETHCs, HAOIUKAIOIUCH 0 CIEKTPAIbHOI IILIbHOCTI
TTOTYZKHOCTI TITYyMiB, Ji€BUMHU 3aJUIMIAIOTHCS JIUIIE aB-
TOKOpPedIiiiai MeToau. BoHu peasizoByIOThCS aBTOKO-
peNAmifiHuME YACTOTHUMH JUCKpUMiHATOpaMu. ZKIO
BHUSIBJIEHO CHTHAJH, iH(OpMAIIis Ipo sAKi ampiopi HeBi-
JIOMa, TO Ha (OHI rayCCiBCHKOrO CTAIIOHAPHOTO IIyMYy
(amazm) 1i 3acobm € “omTMManbHUMHU’ 1 TOMY TIHPO-
KO BHKOPHUCTOBYIOTHCS JJIs PO3B’sI3aHHS CTATUCTUIHUX
3a/1a9 y XOZi mepBUHHOI 06po6KH iHdOopMarii [6-9].

Ha meit wac aBTOKOpemAIiiHi 9acTOTHI AUCKPHUMI-
HaTopu po3pizusoTs [10]:

3 O/IHOKAHAJBHOIO OOPOOKOIO CUTHAJY;

i3 KBaAPaATypPHOIO OOPOOKOK CUTHAJY;

3 KOPeJISAIitHO-(DiIBTPOBOI0 0OPOOKOI0 CUTHAITY.

s Bupimenas 3ama4d pagiomoniTopuary JIYM
CUTHAJIB 3 HU3BKOIO CIIEKTPATHHOIO MILTBHICTIO TOTY-
»KHOCTL (MaJIoOMy BifHOIIEHHI CUTHAJ/IIyM) IepeBary
MalOTh ABTOKOPEJIAIiifiHI 4acTOTHI JIMCKPUMiHATOPHU 3
KBaIPATYPHOIO OOPOOKOI0, TOMY IO BOHU 3a0e3redy-
1o1h [10,11]:

OJHOYACHE BUSBJIEHHSI Ta OIIHIOBAHHS CEPEeTHBOL
9aCcTOTH Ta JieBiarrii;

IHBapiaHTHICTH MOXMOKW OINHIOBAHHS YACTOTH 10
3HAYEHHS AMILIITYIU CUTHAJLY;

MOYKJIMBICTH amapaTypHOi peasizaliii sk Ha OCHOBL
aHAJIOrOBOI, TakK i M@ POBOI eJIeMEeHTHOI Ha3mH.

I3 BUKOpUCTAHHSAM aBTOKOPEIAMIfHIX METOMIIB BU-
miproBaHHs Jesianil wacroru [11] memocTaTHBO yBAar:m
MPUIIAETHCS MUTAHHIO 3MEHIEHHs 9acy, TOTPiOHOTO
JI7IsI OTPMMAHHS OITIHOK BHMIiPIOBAaHOTO mapamerpa. Ile
NUTaHHA HAOyBa€ OCOOJMBOI Barm y pasi, KOIW Bij-
HOIIIEHHS CIIEKTPAJIbHOL 1miibHOCTI mory2kuocTi JIUM
curHay i mymy € HesHaunuMm. Haykosi mocimikenns,
CIIPpSIMOBAHI Ha, OTO BUPIIEHHS, € aKTyaJbHUMHA.

Kpiwm Toro, y [10] 6ys0 po3s’si3aHo 3a1a4y BU3HA-
YeHHs CepeJHbOI JacTtoTd, a y [12] — posmizHaBaHHS
JIYM cursasgy 3 HU3BKOIO CHEKTPAJIbLHOIO MIiIBHICTIO
MOTY>KHOCTI HA OCHOBI JIMCKPETHOI MOJIeJli aBTOKO-
pensmniifiHoro mpuiiMada 3 KBaAPATYPHOIO OOPOOKOIO
(ATIKO). Tomy 3aBmadHsi MOOYIOBH YIOCKOHAJIEHOTO
BUMipIoBaya JeBiallii 4acTOTH IUX CUTHAJIB JOILIBHO
BUPINIyBaTH MaKCHMAaJIbHO BUKOPUCTOBYIOUU PE3YJIb-
taru, orpuMani B [10,12].

3 ypaxyBaHHSM HABEIEHOTO METOI0 Ta OCHOBHUM
3MICTOM CTATTi € OIHUC YIOCKOHAJIEHOTO (PYHKITIOHATb-
HOTO By3Jia BuMipioBanus gesiamii yacroru JIYM cu-
PHAJLY 3 HU3bKOIO CHEKTPAJIbHOIO IILJIbHICTIO HOTY2KHO-
CTi Ha OCHOBI aBTOKOPEAIINHOTO aJTOPUTMY JIUCKpPe-
THOI MOJEJi BHSBJIEHHSA Ta OOpOOJIEHHSA CHUTHAJIB 3
yPaxyBaHHSIM CIIOCODIB 3MEHIIIEHHSI TPUBAJIOCTI BHMi-
PDIOBaHHS, & TAKOXK EKCIIEPUMEHTAJIbHE OCJIi/IKEeHHS
TOYHOCTI #oro poboru.
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2 BwukJjaa OCHOBHOTO MaTepiajry

st mosicHeHHST TPUHIMILY BU3HAYEHHS HAeBiartil
YACTOTH CKOPHCTAEMOCH AHAJITHYHUM BUPA30M IS
dbyukuii wesuzuadenocri (®H) npsmoxkyrnoro JIUM
pagjoimmynbcy [13,14], sika nogana y rpadivHoMy BH-
ragagi Ha Puc. 2, a:

p(r, F) =
- <1T> sinc [t(F£AFr /1) (1i — |7])] x cos(2 f,7),
(1)

T
Je T — PO3Y3TOozKeHicTh 3a "acoMm; F' — posysromxe-
HICTh 3a YaCTOTOIO; T; — TPHUBAJIICTH €JIEMEHTAPHOTO
pamioimmynscy JIUM curnamy; Af — mesiamis wacro-
TH eJeMeHTapHOro pafgioiMmynscy JIUM curmamy; fs —
cepe/iHs 9acTOTa eJIEMEHTAPHOrO pasioimmynscy JIUYM
CUI'HAJLY.

I3 Bupasy (1) ra Puc. 2,a Buauo, mo upu Buecenui
YaCOBOrO ab0 YACTOTHOTO PO3Y3TOIKEHHS 3HAYEHHS
p(7, F) 3venmyerbca. Akmo 3adbdikcyBaru byHKII0O
p(7, F) na neskomy pisui p; < 1, To kpusa p(7, F) =
p1, yrBopena B pedynbrari neperuny OH p(7, F') mio-
HMHOIO p = p1, Oyle BimoOpazkarum B3aEMO3B 30K
PO3y3rozKeHocTi 3a dacToToo Ta dacoM (Puc. 2,6).
XapakTepHUMHU TOYKAMU, IO HaJIeKaTh IIiii KPUBI,
6yayTs Touku (71,0) Ta (0, Fy), Qs gKuX

p(Tl,O) = p(O7F1) = P1,

e F1 = ]./T1.

Bynemo amamisyBatum B3a€MO3B’SI30K PO3y3rojzKe-
HOCTi 33 9aCTOTOIO0 Ta 4aCOM, BUXOAAYHU 3 YMOBH, IO
po = 0. Y 1mpoMy BHUTQJIKY MOXKHA OTPUMATH KPHUBY
p(7, F) = 0, sakiii nHanexars Touku (79,0) Ta (0, Fp),
JIIS SIKUX

p(T070) = p(O7F0) =0,

JIe PO3Y3TOXKEHICTh 3a 9acTOTOI0 F{y TOPiBHIOE jIeBialil
qacroru Af:

FO = Af = 1/7’0.

st BU3HAUEHHS 9acy Tg MOOYIYEMO aBTOKOPEIsI-
uiiiny dbyskuio (AK®) npsamoxkyraoro JIUM pazioim-
IIyJIbCY, Ky MOXKHA OTPUMATU B PE3YJIbTATI HEPETUHY
®H mnomuaoo F = 0, rpadik Momxysst 0OBiTHOI sIKOT
HaBeneno Ha Pwuc. 2,B. Ha pucynky wacoBe po3y3ro-
JKEHHS T( BIJIMOBi/Ia€ MepIoMy MiHIMyMY MOJIYJIst
o6Bigaol AK® npu 36inblueHHi po3y3romzKeHocri 3a
YaCOM IOYUHAIOYU Bill Tgiqre. Came dacoBe po3ysro-
JIZKEHHS, sTKeé BHOCUTLCS JIIHIEIO0 3aTPUMKH 1 BiAMOBiTa€
mepiomy MiiMymy mozysnst 06simHOT AK® 73 € ocHo-
BOIO JIJIT PO3PAXYHKY OIIHKHW JieBialii 9acToTH:

(2)

p(t, F)

<Lstep

VARV

0 / V/Af 2IAf T

Tstart T0

v

(8)
Puc. 2. 3o6paxkenns dyukiii wepuzuadernocti JIUM
PadioiMITyIbCy:
a — pernbed OH npamokyrraoro JIYM pamioimmymbcy;
6 — nepepiz ®H na pisui p1(0 < p; < 1);
B — MoayJib o0BigHol AK®
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Teoperndna cepeaHbOKBAIPATHIHA [MOXHOKA BH-
3uagvennd gesianil vacroru JIYM curnasny pospaxosy-
eTbed 3a dopmynomno [10]:

1 .

S Qout ’
V2g2,0(7,0)VAfankoT
V1+2g2, ’

ae S 1/Af — kpyrusna aumckpumiHamiifHoi xa-
pakrepuctukun ATIKO B pexkumi Bu3HAYEHHS IeBia-
mii wacrorw; Afamko — cmyra mpomyckanas AITKO;
T — uwac maxonudennss ATIKO; qout, gin — BiaHOIIEH-
Hsl CUTHAJ/IIyM 3a Hanpyroo Ha Buxoxi/sxomi AITKO
Biguosinuo; p(7, F') — ®H upsamokyruoro JIUM pasio-
iMIymnCy.

I'padikm TeopeTdHUX 3aJEKHOCTENH CepeIHhOKBA~
JPATUYIHOl TOXMOKM BU3HAUEHHS JeBiallii YacTOTH
JIYUM curnany monani za Puc. 3.

UAf ==

3)

Gout =

aAj,/Af

y
=107 ¢ =10"¢
10_1 =rro Jﬁ = 7,§~108 I'u
KZ‘O ¢ A/=510°Tn
107> .
10° '7.\_“--“___ —
-4 ] T .. .
10 7=10"¢ ==
20 15 10 50  gmab

Puc. 3. I'padiku Teopernunux 3aekKHOCTEH BiTHOCHOI
CepeIHbOKBAIPATHIHOI MOXUOKKM BU3HAYEHHS JAeBiarril
gactotu JIUYM curnamy

Cunre3 pyHKIIOHAJIBHOIO By3Jla BIMipIOBa-
HH" Aesiamii gacroru JIUYM curHajiy 3 HHU3b-

KOI0 CIEeKTPaJIbHOIO MIUIbHICTIO moTyXKHocTi. Ha
Puc. 4 306paxena crpykrypua cxema npuiimaga JIUM
CHUTHAJY 3 HU3BKOIO CIEKTPATHLHOIO MIJIBHICTIO TOTY-
JKHOCTI B peKUMi OITiIHIOBaHHS JieBialiii vactoTn. AKIo
TOPIBHIOBATH i1 3 KJIACUYHOIO CXEMOIO aBTOKOPEJISITiii-
HOro npuiiMada 3 KBaaparypHoo o6pobkoro [6,11,15—
17], o MoxkHa HObAYUTH TaKi BIAMIHHOCTI.

Baok Jlinis 3arpuMKd 3aTPUMYE CyMiIll CHTHAITY 13
IIIyMOM Ha dYac, AKWi 337Ja€Thcs OJIOKOM JIidHmapHUK.
Buiok JlivnapHEK TIOCTiIOBHO 3iCHIOE TEPECTPOIOBa-
HHSI JIHIT 3aTPUMKHU BiJl Tstart 10 Tstop 3 KPOKOM Tgpep
(yiHifHO- M CKPEeTHE [epecTPOIOBaHHS JIiHIT 3aTPUMKH )
JI0 MOMEHTY, KOJI HAIIPyTa Ha BuXoi 6;10ka KopiHb i3
CyMM KBaJIPATIB HE JIOCATHE CBOTO MIHIMyMY i He MOYHE
3HOBY 30i/IbITyBaTHUCA. ¥ 1€ 9ac MPOIEC BUMipPIOBAH-
Hsl 3YNHUHSAETHCH, 1 38 BUMIDIHUM 3HAYEHHAM YaCOBOI
3arpuMku 79 y Buoni po3s’sa3yBanHsg-2 BinmosigHO 10
dopmysiu (2) pospaxoByerbcst OLiHKa JeBiauii yacrory,
AKa, BiTOOpasKAETHCS Ha iHIWUKATOPI.

Y Buori po3s’si3yBanHs-1 3M1iiICHIOETHCST OOHYIEHHS
inrerparopis AIIKO micis 3akindenHst 4acy iHTErpy-
Bauusg T. OupHouacHo iHKpeMeHTyeTbes JIIYHIBHUK,
SAKWW BCTAHOBJIIOE 3HAYEHHH 4acy JIinii 3arpumMKm.

[IpoBeneno imiTamiitae MomeaOBanasa podbOTH BUMi-
pIoBaya JeBiariii 9acToTu, moOyI0BAHOTO 34 CXEMOIO Ha,
Puc. 4 3 BukopuctanusiM pO3B’si3yBAJIBHOTO MPABUIIA
(2), y nporpamuomy cepeosuii Matlab R2016a.

s ekciepumentis napamerpu JIYM mocigosuo-
cri ta macrpooBants AITKO BcranoBIIOIOTH TaKuMU:
nesiamis wacrorn curmamy Af = 108 TI'm 3 mimmo-
menHsaM curHas/myM Bixg —20 mo 5 nB; TpuBasicTh
eremenTapraoro imnynscy JIYM mocmimosHOCTI T; =
10~* ¢; mmpuna emyru nponyckanns AIIKO A fanko
= 5x108 I'y; KPOK MOZIEJIBHOTO 4aCy, AKHil iHTepIpery-
€ThCH K KPOK KBAHTYBAHHS 33 4aCOM TA y 3a3HAYEHiH
Mozesi CTaHOBUTH 1/2; Yac HAKOMWYEHHST KOPHUCHOTO
curgany T = 1073 ¢; 3Ha4eHHA cepeJHLOI YACTOTH
CIIEKTPA CUTHAJIY BIJANOBIAE CEpPEIUHI CMYTH TIPOILY-

cxanaa AITKO f. = 25 x 107 I'u.

_______________________________ bnox
| el R ¥ > _
| AIKO [TepeMHOXK yBau b\merpaTop Kopiub i3 CYMH: PO3BA3VBaHH -1
: = % | S J. KBaJpaTiB | T CLK
| Jlinis | Biok
W(f) | 3aTPUMKH : : pO3B’sA3yBaHH -2
|4 y (#— -
I - P Vs (t TO) H o Af = 1
I T,
‘ | v (.1' ) JliunIBHU K -
LN
: 9| /2 X | \ I Cstart™ Tstop Yo
| | (Tszep)
L _____

Puc. 4. CrpykrypHa cxemMa aBTOKOPEIANIHHOTO MpruiiMada 3 KB3IPATyPHOIO 0OPOOKOI0 y peXuMi BU3HAYEHHS
nesiamil gacroru JIUM curnamy



16

Steiskal A. B., Voitko V. V., Marchenko A. O.

JliHiitHO- TUCKpEeTHE nepecTPOIOBAHHS JIiHIl 3aTPUM-
KN 3IiHCHIOBAJIOCH IIOCJIAOBHO B Tgiqrt — 2 HC IO
Tstop = 1 MC i3 KDOKOM Tgtep, = 1 HC. Y po3pobneniit
mozeni AIIKO B pexkumi BU3HAYeHHs AeBiallii 4acTo-
TH Ha, JI€B’ITOMY KPOIIl MepeCcTPOIOBAHHS JIiYAIHHIKA,
ONHO3HAYHO (PIKCYBaBCs MEPINH MIHIMyM MOIYJ/IS aB-
rokopessaniiinol Gyukuil (Puc. 5,a), upu upomy ugac
BU3HAYEHHS CTAHOBUB 9 MC.

6) t

Puc. 5. Bigyasnizaris nporecy Bu3nadeHHs aeBiamii qa-
CTOTH:

(a) — 3 dikcoparmm gacom inTerpysannsa T = 1073 ¢;

(6) — 3 BUKOpUCTAHHSAM CXeMU OOHYJIEHHS IHTerpaTopiB

CrabinbaicTh y BuzHauenni mimimymy AK® cwig-
9ATH TPO T€, IO CEPeJ ABOX CKJIAJIOBUX CEPEIHBO-
KBAIPATUYIHOI MOXUOKK OIHIOBAHHS JeBiarii dacTorn
oaf— baykryaniftaoi Ta mMOXMOKH AMCKpeTm3arii, 00-
YMOBJIEHOT JIIHIHHO-/IMCKPETHUM IIEPECTPOIOBAHHS 4aCy
JIiHIT 3aTPUMKW, — MIEPEBAXKAE JIPYTra. 3 METOI yCyHe-
HHs 3a3HA4YEHOI cuTyarii Oysi0 3MEHIEHO KPOK Iepe-
CTPOIOBAHHS JIiHIl 3aTPUMKHU B IHTEPBaJIaX, IO MTPUJI-
rafoTb 10 To4kM MiHimymy moxayias AK®. Tobro, na
Biapisky Big 9,0 e no 11,0 HC 3HAYEHHA KPOKY Tstep
Oyso 3mentiene 3 1 ue 10 0,2 HC.

st icTOTHOTO 3MEHITIeHHs Yacy BU3HAYEHHS OITiH-
KU JeBiamii 9acTOTH CUTHAJLy B CxeMmy OyJI0 BBEIEHO
GYHKIIT0 OOHY/TEHHS iHTErpPaToOpiB MPH JOCATHEHH] CH-
rHaJOM Ha Buxoai Ooka Kopinp i3 cymm KBajapaTiB
[IOPOI'OBOI'O 3HAYEHHH ZAy4. Y PE3y/IbTari 4ac BU3HA-
YeHHS OIIHKM JIeBiallii YacTOTH TPU TUX CAMUX YMOBaX
ckoporuscest 3 9 1o 3,2 mc (Puc. 5,06).

JIJ1st KOXKHOTO 3 JeCATH 3HAYEHb ¢, OyJI0 mpoBeIe-
HO 110 10 eKcrepuMeHTiB.

Buxiganit edexr U, dikcysaBca Ha BUXOAi 6/10Ka
Kopinp i3 cymu KBaapariB.

Y pobori npuiiHATO Take NPUIYIIEHHS IPU BU-
3HAYEHH] [1apaMeTPiB 1IePEecTPOIOBAHHSA JIiHIl 3aTpuM-
ku ATIKO 3ajexmno Bim oOpaHOl cepeaHhOKBaIpaTH-
9HOI MOXWOKW BuU3HAYEHHS nAesiamii vacroru. Ouikye-
ThCsI, IO MAKCHMAJbHA JeBiallis 9acToTH He OimbIie
100 MT'u. Ilpu mpomy, €KCriepruMeHTaIbHO BHU3HAYEHO,
o6 BiHOCHA CEPEIHBOKBAIPATUYIHA MOXNOKA BU3HA-

YeHHs Aeslalii 4acTOTH IPU BIAHOIIEHHI CUTHAJI/IIyM
~10 1B 6Gy.na e 6ibimoro 1072, yac HAKOIMYEHHS KOPU-
cHoro curnajry 1’ mHeoOxinuo obuparu 1 mc. Ilpu mpomy,
MOYATKOBA PO3Y3TOIKEHICTh 38 YACOM Tgtqrt = 2 HC,
a KPOK MMEPECTPOIOBAHHS PO3Y3TOIZKEHOCTI 3a YaCoM
Tstep — 1 HC.

AnropurM mponeaypu BU3HAUEHHS JieBialiii
gacrotu JIUYM curnaay. Orxke, nporeaypa Bumi-
proBanusa fAesiarnii wacroru JIYM curnamy 3 HU3BKOIO
CITEKTPAIBHOIO TMLIHHICTIO TTOTYKHOCTI CKJIAQTAETHC 3
Hacrynuux kKpokis (Puc. 6):

1. Tloganusa JIYM curnany ma BXim cxemu mpuiima-
qa.

2. 3MileHHs CHEKTPa CHTHAJIY HA CEpeuHy da-
croruoi cmyru AITKO 3a Meronmkoio, BUKIAAEHOIO B

[10].

3. Breenns mapaMeTpiB epecTpOIOBAHHS JIiHiT 3a-
rpuMku AITKO: mouarkoBOi po3y3rofKeHOCTI 3a da-
COM Tstqrt, KDOKY IMEPECTPOIOBAHHS PO3Y3TOI2KEHOCTL
38 9ACOM Tstep, TA UACY HAKONMIEHHA KOPHUCHOTO CH-
raasy 1.

4. Hakonmuenns sxiguoro curnany AITKO 3 mapa-
MeTpaMU HAJIAMITYBAHHA T = Tgtqrt T& f = 0 BIPOIOBIK
iHTEpBaJIy CIOCTEPEYKEHHS TPUBAIICTIO 1.

5. llicns 3akinueHHsT 4acy HAKONMYeHHs abo J10-
CSICHEHHS BUXIJIHUM CUTHAJIOM 3HAYEHHSI HOPMOBAHOI'O
IIOPOTY ZAtld, 3JIACHIOETHCSI:

30epiranbs 3HadedHHs wMouaysud AK® Ha Buxomi
ATIKO B MaTpuIiO 3HAYEHDb 2;

obuysenus interparopis AITKO;

JIHITHO-TUCKPETHE TTepeCTPOIOBAHHS JIiHIT 3aTpUM-
KA T =T + Tstep-

6. Ilepexim m0 Kpoky poboru ajaropurmy Ne 4 (3
HOBUM 3HAYEHHAM PO3Y3rOJKEHOCT] 33 4acoM).

7. Pimmenust 111010 IPUIMHEHHS UKy HAKOIUYEHHS
KOPUCHOI'O CUT'HAJLYy HPUIMAETLCA B TOX MOMEHT, KOJIU
3HAYEHHS z Yy MATPUI JOCATHE CBOTO MiHIMyMy i He
MOYHE 3HOBY 301/IbIITyBaTHUCS.

3a moTpedbn 3MEHITeHHsT TOXUOKN OIIHIOBAHHS e~
Biamil 9acToTH, pillleHHA IIOJI0 PUITHHEHHS ITHKJTY
HAKOIUYEHHS KOPUCHOT'O CUTHAJY NPUUMAETHCS MiCIA
3MEHIIEHHS KPOKY I[epecTPOIOBAHHA JIiHII 3aTpUMKU
Tstep B IHTEpBaJaX, IO TPUIATAIOTH IO TOYKH Mi-
HiMmymy momyna AK® (Bigmosimae mMomeHTy dacy T
(Puc. 2)).

8. Po3paxyHOK OIMiHKK AeBiallili 9acTOTH 3a BHUMi-
PSHUM 3HAYEHHSIM YaCOBOI 3aTPUMKHU T BiJIIIOBIIHO /10

dbopmyiu (2).
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Puc. 6. Biok-cxema mporeaypn BH3HAUEHHS aeBiarril
gacroru JIYM curnamy

Oninka edexktuBunocri AIIKO B pexuwmi Bu-
3Ha4YeHH# AeBiamil yactoru. OOHUM 3 MMOKA3HUKIB
edekruBnocri AIIKO B pexwumi Bu3HaueHHS eBia-
mii JacToTm € cepeTHbOKBAIPATHIHA IOXHOKA OAf.
3a pe3ysibTaTaMu iMITAIIHOTO MOJEIOBAHHS POOOTH
ATIKO neit mokasuuk ominero. I[Ipu oMy BUKOPHUCTO-
ByBaJINCS Taki criBpignommenHs [18]:

1 n A 2
oap=VD; D=-3% (Af—Af) . @
i=1
ne D — nucnepcisa cepeaHbOKBAIPATHIHOl TOXUOKH; 1
— KUIBKICTH ITPOBEJIEHUX HE3AJEKHUX E€KCIEPUMEHTIB
npu (PIKCOBAHOMY (i, -

Pesynbratn TEOpeTHUHMX TAa EKCIEPUMEHTATHHUX
3aJIeKHOCTEN CepeTHbOKBAAPATAIHOl IIOXUOKH BU3HA-
qenns gesiamnii wactorn JIYM curnamy HaBemeHO Ha
Puc. 7.

Q7 /&

T=10"¢
_,| TeopeTuunuii n=10%¢c
10 PO3paxyHOK £.=2510"Tn
_,\‘. Af=510°Tu
10° ) ~
5 MonemnoBanHs T
20 -15  -10 -5 0 gimab

Puc. 7. T'padiku TeopernvHol Ta €KCIepUMEHTAIbLHOL

3aJ1€2KHOCTI HOPMOBAHOI CEPEeJIHbOKBAIPATUYHOL  110-

xubKwM Bu3HAUeHHs Iesiamil wacroru JIYM curnamy

IpH 9aci HAKONIYeHHS KOPHUCHOTO curHajty 1 = 1073
¢

IIpu BxismHOMY BiJHOWIEHHI CUIHAJ/IIYM g5y =
—15 1B TeopeTuyHU PO3PAXYHOK TA€ SHAUEHHS TOXUO-
ki ooy = 12 MI' (oas/Af = 0,12), a excnepuMen-
TaJIbHA IOXUOKA CTAHOBUTH oaf = 13 MI'm (oaf/Af
= 0,13). MakcuMaiibHa HEy3rO/?KEeHICTh E€KCIIEPUMEH-
TAJbHUX JAHUX 3 TEOPETUYHUMH KPUBUMU CEPEIHBO-
KBaAPaTU9IHOI MOXUOKU CTAHOBUTDH OJU3BKO 7%.

3 IlepcnekTuBm MOAJIBIIIOTO
PO3BUTKY JOCJIIXKEHHS

IMoganbm mocmizKeHHsa CHif CIpsSMyBaTH Ha yI0-
CKOHAJIEHHS CTPYKTYPHOI CXeMu HpuiiMada pajioMOHi-
TOPWHTY JJIsT BUMIDIOBAHHSI TPUBAJIOCTI €JIeMEHTAPHO-
ro IMIyIBCY ampiOpHO HEBIZOMOrO JIiHIHO-YACTOTHO-
MOJYTBOBAHOTO CHUTHAJIY 3 HHU3BKOIO CHEKTPATIBHOIO
MILTBHICTIO TTOTYKHOCTI.

Bucuosku

CunTe3oBaHo yA0CKOHATIEHNH (DYHKIIOHATHHUI BY-
30J1 BUMiPIOBaHH JeBiallil 9acTOTH JiHIHO-4aCTOTHO-
MOJYTBOBAHOTO CHUTHAIY 3 HHU3BKOIO CHEKTPATIBHOIO
MILTBHICTIO MOTYKHOCTI HA OCHOBi1 aBTOKOPEJSIIIHOTO
AJITOPUTMY JAUCKPETHOI MOJE i BUABIEHHSA Ta 00pobIe-
HHsI CUIHAJIIB. 3aB/IaHHS 3MEHIIEHHs YaCy BU3HAYCHHS
OIIHKW JIeBialii YacTOTH CHUTHAJy BUPIiIleHe 3a pa-
XyHOK BBe/ieHHSI (QyHKIII OOHyJIeHHSI iHTerparTopis y
KBaJIpATYPHUX KAHATIAX aBTOKOPETAIIHHOrO MpuitMada,
3 KBaJIPATYPHOI0 0OPOOKOIO P AOCATHEHHI BUXITHAM
CUT'HAJIOM IIOPOrOBOI'O 3HAYEHHS.



18

Steiskal A. B., Voitko V. V., Marchenko A. O.

MakcumassbHAa HEY3TO[KEHICTh EeKCHePUMEHTAb-
HAX JAHUX 3 TEOPETHUYHUMHU KPUBUMH CEPEIHHOKBA-
JPATUYIHOl TOXUOKK CTAHOBUTEL OJM3LKO 7%, IO CBil-
9UTH TPO XOPOIIE Y3TOMKEHHS TEOPETUIHUX pPO3pPa-
XYHKIB 3 pe3yapTaramMud MOJAeNoBaHHSA. Po3rasHyTy
CTPYKTYPHY CXeMY MOYXKHa Peai3yBaTu IIiJi 4ac pPo3-
poOIeHHsT HOBUX 3aC00iB PaIiOMOHITOPUHTY.
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Mathematical Model Algorithm and
Experimental Study of Accuracy
Measurement of Deviation Frequency of
LFM Signal With Low Spectral Power
Density

Steiskal A. B., Voitko V. V., Marchenko A. O.

Formulation of the problem in general. Recently,
there has been a tendency to increase the share of
radio-electronic systems of various purposes (radiolocati-
on, telecommunications, communication, etc.) with an
extended spectrum of emissions. Such radio electronic
systems use complex types of signals — with pseudo-random
reconfiguration of the operating frequency, noise-like, with
linear frequency modulation and others. Due to this, the
immunity of radio-electronic systems increases and the hi-
dden mode of their operation is ensured (the last factor is
important for dual-purpose radio-electronic systems). The
above trend gives rise to problematic issues in the field
of creating radio monitoring systems (means). The use of
broadband signals in radio electronic systems significantly
reduces the spectral power density of radio radiation and
their energy availability. Detecting such radio emissions,
determining the signals used, measuring their parameters
and further processing in a situation where there is no a
priori information about the radio-electronic systems to be
monitored are complex scientific and technical tasks.

Analysis of recent researches and publications.
An analysis of frequency deviation measurement methods
shows that almost all of them can be used only if the signal-
to-noise ratio is sufficiently high. If the power spectral
density of a signal with linear frequency modulation
decreases, approaching the power spectral density of noise,
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only autocorrelation methods remain effective. They are
implemented by autocorrelation frequency discriminators.
If signals are detected, the information about which is not
known a priori, then against the background of Gaussi-
an stationary noise (interference) these means are “opti-
mal” and therefore are widely used for solving statistical
problems during the initial processing of information. Tak-
ing into account the stated purpose and the main content
of the article is a description of an improved functional
node for measuring the frequency deviation of a linear-
frequency modulated signal with low power spectral density
based on the autocorrelation algorithm of a discrete model
of signal detection and processing, taking into account
methods of reducing the measurement duration, as well as
an experimental study of the accuracy of its operation.

Presenting the main material. The article proposes
a solution rule for the algorithm for measuring the
frequency deviation of a linear-frequency-modulated signal
with low power spectral density for a discrete model of
an autocorrelation receiver with quadrature processing and
considers the option of reducing the duration of the stage
of determining the frequency deviation of a radio monitor-
ing session. A functional node for measuring the frequency
deviation of a linear-frequency-modulated signal with low
power spectral density has been synthesized. The algorithm
of the procedure for determining the frequency deviation of
a linear-frequency-modulated signal has been developed.

Conclusion. An improved functional unit for measur-
ing the frequency deviation of a linear-frequency-modulated
signal with low power spectral density was synthesized
based on the autocorrelation algorithm of a discrete signal
detection and processing model. The task of reducing the
time for determining the estimation of the deviation of
the signal frequency is solved by introducing the functi-
on of zeroing the integrators in the quadrature channels
of the autocorrelation receiver with quadrature process-
ing when the output signal reaches the threshold value.
The maximum inconsistency of the experimental data with
the theoretical curves of the root mean square error is
about 7%, which indicates a good agreement between the
theoretical calculations and the simulation results. The
considered structural scheme can be implemented during
the development of new means of radio monitoring.

The perspectives of future researches. Further
research should be directed to the improvement of the
structural scheme of the radio monitoring receiver for
measuring the duration of the elementary pulse of an a pri-
ori unknown linear-frequency-modulated signal of a signal
with a low spectral power density.

Keywords: autocorrelation algorithm; frequency devi-
ation; priori uncertainty; energy hidden signal; correlation
method; optimal algorithm; radio monitoring; complex si-
gnal; broadband signal
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