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Beryn

HezanexxHy OLIHKY AaJbHOCTI Ta MIBUIKOCTI LTI MOXYTh 3a0€3MEUYUTH 1M-
MyJIbCHI CKJIAJIHI CUTHAJIU 13 TaK 3BaHOI0 KHOMKOBOIO JllarpaMoi0 HEBU3HAUEHO-
cri (JIH) [1]. L{ro ocoOmuBicTh y Kiaci IMITYJIbCHHUX YacTOTHOMOMIY/IbOBAHHUX
(UM) curHajiB MarOTh CUTHAJIHU 13 CUMETpHYHOO JiHiHHOI0 UM (CJTYM) [2] Ta
tpaneneinaabHoro UM [3]. [Tocunanus Ha Te, mo Taky camy JIH mae curnan 3
KBaJpaTUYHOI  4acToTHOW Moxayismiero (KBUM) npuseaeno B [4]. Onnak
JIeTaNbHUI aHalli3 [IbOTO CUTHATY HE MPOBOJIUBCS.

IHocranoBka 3agaui

JlocniauTy cekTpanbHi Ta KopediiitHi xapakrepuctuku KBUM curnany i
BU3HAYUTH MOTEHIIIHY PO3/IbHY 3/JaTHICTh CUTHATY 3a 3aTPUMKOIO T Ta JIoT-
IIepiBChKOIO YacToToro fj .

JociizKeHHs MOTEHUINHUX XapaKTepuCcTUK curnajais 3 KBUM
Ananitnano KBUM curnan moxxe OyTH 3anucanuii sk [4]:

. .3
t mat
s(t) = rect(—)exp( J )
t; 3
1€ « — TOCTIHHUN Koe(diwieHT; I, — TpUBamICTh 30HAYBaJbHOTO CHUTHAIY,

t .
rect(t—) — IPSIMOKYTHA OOBITHA.
i
DyHKIIiS YaCTOTHOI MOJYJISAIIT 3 TAKUM CUTHAJIOM OyJie MaTU BUTJISI:
2
Ft)=alt|", xe [t|<t;.
['pacdiuna 3anexnict 3MiHM yactotd KBUM curnany Big yacy Ta MOAYJIbO-
BaHMI CUTHAJ MpECTaBJIeH] Ha puc. 1.
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fo=10kHz W=50Hz t=lIs Cnexrp curnany 3 KBUM,
—_ 7 pO3paxOBaHUM METOJIOM CTa-
Eﬂ 3 0\\ i 1ioHapHOi1 (ha3u, Ta 3aMucy-
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Matlab.
AMIUTITYIHO-4aCTOTHI
cnexktpu (AYC) curnainy 3 KBUM npencrasneni Ha puc. 2. Boun MaroTh HepiB-
HOMIPHY (pOopMy 1y MEKax CMYTH CUTHAy BEJIMKI OCIMIISLIT B Mexkax Bia 0 110 -
40 nb. Po3paxyHKH BHKOHYBaJIHCh IUISI CUTHATY 3 YactoTor HociiiHoi fy =10

Puc.1. KBUM curnan

Krip ta TpuBaicTio iMHYJIbcyti =1c Ta cmyrow yactor 2Af =50T1 Ta

2Af =100T11 (To6TO, 3 Bignosiguumu 6azamu curraiis 50Ta 100.
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Puc. 2. AmMmityaHo-dyactoTHi ciektpu curiany 3 KBUM 3 6a3zoro 50 ta 100

®Oyukiis HepusHaueHocTi KBUM curnany mae Burisia [4]:

1 : | ar® 2
r, f)=———exp(jzf,r)exp(—jz| (—)— (=) [-| Z*(x,) = Z"(x,) |,
200, ) = 5 bl for) {( =) (20”}[ () -2"(%) |
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ne Z*(X)

— KOMIUIEKCHUH 1HTerpan dpenens,

x, =zt | + fq I ar,
X, =z (4 ~|e]) + fy INer,

ne fy —uacrora loriepa, ¢ — 3aTpUMKa CUTHAITY.

Ha puc. 3 Buano, 1o 3a popmoro ¢pyHkiis HeBuzHaueHocTi KBUM curnamy
B 00J1aCT1 CHIILHOT KOPEJIAIilT HaOMMKAETHCS IO KHOMKOBOI, a B 00J1aCTi c1abkoi
Mmae X-noaiony gopmy.

X(tau, fa)
eco e
SN~ oo =

n
o

Puc.3. ®ynkuis aeuznadenocti KBUM

fo=10kHz W=50Hz t=ls Ocobmusictio  GynKuif
aBrokopensanii (AK®) cur-

Hany 3 KBUM € te, mo a4

: JAHOTO CHUTHaJy BIJICYTHI
| OOKOB1 IIENIOCTKH, IO JIO-
3BOJISIE TIOKPAIUTH PO3I1Th-
HY 3JaTHICTh CJIaOKOTro CHT-
Haly Ha (oHI CHWIBHOrO. 3a-
MICTb HHMX € TaK 3BaHUU
0 0.5 1 n’efecTan, piBeHb  SIKOTO
foHz 502 05 Otau, < 3MCHIYEThCS i3 30inpmIcH-
HsM 0a3u curHaiy (puc. 4), 1

JUIS TaHUX TapaMeTpiB CHT-
HajJy CTaHOBUTH MEHIIE, HIXK

0,1 Big Mmakcumymy. MoxHa 0auuTH, o piBeHb I’ enectairy AK® nanoro cur-
HaJly HaBITh HUKYMI 3a piBeHb 1’ enectairy AKD CJIUM [2].

o fo=10kHz W=50Hz t=ls N fo=10kHz W=100Hz t=1s
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Puc.4. AK® curnamnis 3 KBUM 3 6azamu 50 ta 100

Posrnsaemo noBeninky AK® g CJITYM ta KBUM curnanis. s 3pydHo-
cTi i GYHKITT po3MilIeH] Ha OTHOMY Tpadiky 1 BUKOHAHI B OJTHAKOBOMY MacCIIl-
tabi (puc.5).
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| X(tau, fa)

|X(tau, fa)|, fa=0.78 Hz

&
th

fau, s

— Symmetric
| = -qudranc H

0.6

Puc. 5. AK® curnamnis 3 CJTUYM ta KBUM

YV AK® KBUM
CUTHAJy € JBa 3Had-
HUX OOKOBMX IIEJIIOCT-
ka Ha piBHi 0,35. OyH-
KL aBTOKOpEJIAIIIT
CJIYM curnany Takox
Ma€ 3Ha4yHl OOKOBI Iie-
JIOCTKA — IO JBa 3
KOXHOI CTOPOHH 3 Pi-
BaHsmu 0,2 ta 0,13. V
KBYM curnany BoHa
OUIBII TJagKa HDK Yy
CJIUM curHamy, aine
AK® KBUM curnany
Mae O1IpIn OOKOBI IIe-
JIFOCTKH.

VY pasi cnocTepexeHHsl Tapy BUXIIHUX CUTHAJIIB MOXJIUBO OTPUMATHU HE3a-
JISKHY OLIHKY JAJBHOCTI Ta MIBUAKOCTI OJUHOYHOI PyXOMOI IiJIi, BUKOPUCTO-
BYIOUM OJIUH KaHall 00poOKu curHaity. BiacTanb Mik BiATYKaMHu 30HTyBaJIbHOTO
CUTHAJIy IPOIOpIiiHa MBUAKOCTI I [2], a BiJicTaHb MO HEHTPY IMITYJIbCIB
MPOTOPIIiiiHA JATILHOCTI A0 L.

=
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Puc. 6. BK® KBYM curnanis Ha piBHsax 0.5 ta 0.25 Big Makcumymy

Ha puc. 6 npencrasieni B3aemHokopensniiHi gyskuii (BK®) curnanis npu
TakuX 4acTtorax Jloriepa, 1o npu3BOAATh JI0 CMaJaHHS MaKCUMyMY Ha PiBHSIX
0,5 Ta 0,25. Cnaganus o piBas 0,5 croctepiraerses s mBUAKOCTI 0,1 MOpCh-
KOro By3Ja, a Jyist piBHs 0,25 — mist mBuakocti 1,0 mopceekoro Bysna. Posmien-
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JIEHHSI BUX1JHOTO CUTHAIy Ha JiBa CUTHaIU €. MoxHa 6aunTH, 1m0 Ha piHi 0.25
BK® 1minkom 3a70BUIbHA, aJIe BTPAYa€ThCs 3aBaI03aXUIICHICTh, TaK SK MOTP10-
HO 3HWKYBATH TIOPIT BUSBIICHHS CUTHAIY.
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Puc. 7. BK® curnanis 3 CJIUM ta KUM Ha piusx0,707 ta 0,5

Ha puc. 7. npeactasineni BK® CJIUM ta KBUM. 3 makcumymom 0,707
BK® KBUM curnany Bxke HE Mae€ SICKpaBO BHUPaKEHUX OOKOBHUX IEIIOCTOK
(puc. 76), o Mokpaiiye po3auibHy 31aTHIicTh. 3 Makcumymom 0,5 BK® KBUM
CUTHAITy PO3JIBOIOETHCS TaK caMo, K 1 currain CJIYM.

Oyukuii AK® Ta

fo=10 kHz t=lIs BK® CIIHM Ta

-23 ' ' ' T —rmet KBYM curaaniB ma-

' e 0T JAESKUI TOCTiii-
HUW pIBEHb, AKUU Yy

JTAaHOMY BHIIAJIKy CTa-

HOBUTH 0,1 1 3mMeHMIy-

€THCS 31 301TBIICHHIM

| 0a3u CUTHAIIB.
_ \ | Cepenniii  piBeHb
31! \ menecrany 'y CJIUM
' ta KBUM npaktudno

OJIHAKOBUU HA BCbOMY

50 100 150 200 250 300 350 400 poMiKKY ~ 3HAUCHD

W, Hz nojiocu cursHainy. Ha

Puc. 8. Cepenniii piBeHs 1’ efecrany curaaiis 3 CJIYM TOPIBHAJILHOMY  I'pa-
ta KBUM ¢iky, 1o 300paxeHuit

Ha puc. 8, niHii CJIYM ta KBUM curnaiiB npakTH4HO 301TatoThCA.
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Ananmizytoun CJIYM ta KBUM curHanu ciif BiAMITUTH, 110 MOTEHIIHHA
posniunbHa 31atHIcTh (I1P3) ux curnamnis Ha piBHi 0,5 ognakoBi. Ha pieni 0,707
curan 3 KUM wmae Outbiry [1P3 vk y CJIUM curnany, a Ha piBai 0,9 — 3HOB
OJIHaKOBY (Tabu. 1).

3a MBHUAKICTIO Il CUTHaIXW MaroTh oaHakoBi [IP3, mo Bu3HauaeTbes ¢op-
MO0 OOBIJTHOI — y JaHOMY BUNIIAAKy BOHA MPSIMOKYyTHA (Tabi. 2). B tabmumsax 1
Ta 2 W — mupuHa CMyT'y 30HIyBaJIbHOI'O CUTHAILY.

Tabmus 1.
[Morentiitni po3ainbHi 3qaTHocti CJITUM ta KBUM curnanis 3a nanbHicTio (AT)
PiBui 0,9 0,707 0,5
CJIUM % _0’ 92 %
W W W
KBUM j —O' 58 %
W W W
Tabmums 2.
[Morenuiiini 3natnocti CJTYM ta KBUM curnanis 3a mBuakictio (Af;)
PiBni 0,9 0,707 0,5
CJIYM 20 2% L2
G b G
KBUM 22 2.5 L2
b b {

[30k0pensaTu B 001aCT1 CUIILHOT KOPEJAIii MpecTaBleHl Ha puc. 9, a 130K0-
pensTy B 001acTi ci1abkoi Kopemsiii npeacTasieHi Ha puc. 10.

fo=10kHz W=50Hz t=1s fo=10kHz W=50Hz t=ls

0.5 g 15
N E 5 ';
m 0| ,: . - 0 ) X
QE“ ‘ ¢ q'_‘u =51 =%
.03 \\ = -10 = 2,
-0.5 i e -15
20.01-0.004 0 0.004 0.01 -0.1 -0.04 0 0.04 0.1
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Puc. 9. Bokopenstu ®H B obnacti cunbHoi  Puc. 10. [3oxopenstu ®H B ob6nacti cnadkoi
KOopeian Kopeiran

B o6nacti cuibHOi kopensiii 13okopensath ®H curnany 3 KBUM maroTh

KoJionoaAi0Hy dopmy (puc. 9), M0 Ja€ MOKIIMBICTh OTPUMATH HE3aJIC)KHY OIlIH-

KY JaJIBHOCTI Ta MBUAKOCTI 1. Ll 130KOpensITH NpakTUYHO 301ratoThCs 3 BiJI-

noBigHUMU 130K0pensatamu @H curnany 3 CJIYM. Ipubnusno Ha piBHi 0.5 Big
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MaKCUMYyMY €JIIIICH TTOYMHAIOTh MepexXoauTH y X-1moiioHy Gopmy (puc. 10), 1o

MOKJIMBO BHUKOPHUCTATH MPU OJIHOKAHAIBHIA 0OpOOIl PyXOMUX OJWHOYHUX Ii-

JIEW 3 OTHOYACHOIO HE3AJIEKHOKO OL[IHKOI JAJLHOCTI Ta IIBUIKOCTI II1JI1.
BucHoBku

1. AmmtityaHo-gactoTHul ciekTp KBUM curnany B po0Oodiii cMy31 4acToT
Ma€ BEJTUKI OCIUJIAIT piBeHb sAkux fpocsrae — 40 nb.

2. B o6nacti cunbhoi kopensnii AK® ta BK® KBUM curnany xapakrepu-
3Y€THCS TOCTPUM ITIKOM, IO JTO3BOJISIE OLIHUTH JAdbHICTh Ta MBUAKICTH U 3
BHCOKOIO TOYHICTIO. B 0o06macti cinabkoi kopemnsiii AK® ta BK® ne mae 60ko-
BUX TEIIIOCTOK, a XapaKTepU3Y€EThCs 11 eecTanoM Ha piBHI  — 20 ab.

3. upuna AK® ta BK® curnany cnabo 3anexxats BiJ] IIBUIKOCTI LI

4, ®dynkiis HeBuzHaueHocTi KBUM curnany B 007acTi CHIIBHOT KOPEJISIii
Mae€ SICKpaBO BUPAKEHY «roi4ary» (opMy 3 KOJIOBUMHU 130KOpeEIsITaMu, 10 J0-
3BOJISIIOTh OTPUMATH CYMICHY Ta HE3aJIEKHY OIIHKY JaJbHOCTI Ta MIBHAKOCTI
ITLJTI.

5. OyHKIIISI HEBU3HAYEHOCTI CUTHAITY B 00JacTi cinabkoi kopensiii mae X-
noaiOHy ¢GopMy, IO J103BOJISIE peali3yBaTH OJHOKaHAIbHY OOpOOKY pyXOMHUX
OJMHOYHHUX IIIJIEH.
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Mpauxoecokuu O./]., Peymcoka FO.FO. Ananiz nomenyiiinux xapaxmepucmuk 30H0y-
6A/IbHO20 CUZHAJIY i3 K6AOPAMUYUHOIO 6HYMPIWIHBO IMNYIbCHOI) YACHOMHOI0 MOOYIAUIEI).
Posenanymo cuenan iz keadpamuyHow 4acmomuoo MoOyIayicro i tio2o 0cooaueocmi, npuge-
OeHi AHANIMUYHULL 3aNUC CUSHATY MA 1020 CNeKmpa, epaiku amMnaimyoH020 CHeKmpa cueHa-
78 i3 pi3HOI0 0a3oro, diacpama yHKYii HesUsHAYEeHOCMI, 2papiKu 83AEMHOKOPENAYIUHOT Y-
HKYIT HA PI3HUX PIGHAX 8I0 MaKcumMymy ma i3okopensmu QyuKyii HesusHayeHocmi 8 obaacmi
CcunbHOi ma ciaoxkoi kopenayii. Pozenanymo ocobaueocmi posujenienHs 63aEMHOKOPEIAYIUHOL
@yHryii Ha 06a niku ma HAcKiOKU Ybo2o eghekmy.lIposedeno NOpieHAHHA CUSHANLY i3 K8AOpa-
MUYHOIO YACTOMHOI0 MOOVIAYIEIO [ CUCHANLA 3 CUMEMPUUHONO JIHIUHOK YACTMOMHOW MOOY-
nayiero. 3pobeni 8UCHOBKU U000 nepesaz ma HeOONiKi8 CUSHANY, 3P00NeHT GUCHOBKU W00
ooyinbHocmi ma oo1acmi UKOPUCTNAHHS CUSHATY.

Kniwouosi cnoea: uacmomna mooynayis, QyHKYis HeBUSHAYEHOCMI, KOPeAYisl.

Mpaurosckuii O./]., Peymckasa FO.JO. Ananusz nomeHyuaibHulX XapaKmepucmuk 30H-
oupyouiezo CuzHAaIa ¢ KeAOpamuuHou GHYMPUUMNYIbCHOU YACMOMHOU MOOyAAUUell.
Paccmompen cuenan ¢ keadpamuunol 4yacmomuou Mooyaayuel u e2o 0CoOeHHOCMU, npuge-
OeHbl AHATUMUYECKAas 3aNnUcb CUSHANA U e20 CHeKmpd, 2paguxu amniumyoH020 CHeKmpda
CUSHANO8 C pa3HOl 06a30l, ouazpamma QYyHKYuu HeonpeoeieHHOCmu, epaduKu 83aUMHOKOD-
PENAYUOHHOU DYHKYUU HA PASHLIX YPOBHAX OM MAKCUMYMA U U30KOppeNsmbvl QYHKYuu He-
onpedenénHocmu 6 obnacmu CUIbHOU U ci1abou Koppersyuu. Paccmompenvt ocobennocmu
pacujenieHus 63auUMHOKOPPENAYUOHHOU QYHKYUU HA 084 NUKA U NOCIe0CMEUs IMOo20 -
¢exma. I[Iposedeno cpasneHue cucHala ¢ K8AOPAMUYHOU YACMOMHOU MOOYIAYUEL U CUCHANA
¢ cummempuyHou aunelnou mooyiayuei. Coenanvt 8616006l HACUEM NPeUMYUecme U Heoo-
CMAmMKO8 CUSHANA, COeLAHbl 8bIBOObL HACUEM Yeleco0OPAZHOCU U 00AACU UCNOIb308AHUS
cueHana.

Knrouegvie cnosa: wacmomuas mooynsayus, pyHkyus neonpeoeiéHHocmu, Koppeniyus.

Mrachkovskyi O.D., Reutskaya Yu.Yu. The potential characteristics analysis of probing
signal with the quadratic frequency modulation.

Introduction: Complex signals with the button ambiguity function can provide the dis-
tance and speed of target independent estimation. The signal with the symmetrical linear fre-
guency modulation has this property in the class of signal with frequency modulation.

Problem statement: To show that in the class of signals frequency-shift is signal with but-
ton ambiguity function. Such signal is a signal with the quadratic frequency intra-modulation.

The potential characteristics research of signal with the quadratic frequency intra-
modulation: The signal with quadratic frequency modulation and its properties are consid-
ered, analytic form of signal and its spectrum are shown, figures of amplitude spectra of sig-
nal are drawn, and figures of ambiguity diagram, cross-correlation functions and response
ambiguity function in strong and weak fields are shown. The comparison of the signal with
the quadratic frequency intra-modulation and the signal with the symmetrical linear frequen-
cy modulation are shown. The result of research is that the ambiguity function form of a sig-
nal with the quadratic frequency intra-modulation comes nearer to button in the strong corre-
lation field and it has X — for min the weak correlation field. The autocorrelation function of
the signal with the quadratic frequency intra-modulation has some constant level which de-
creases with signal base increasing. It is revealed that autocorrelation function of the signal
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has no side lobes. It improves resolution capability of a weak signal against the strong signal.
The pedestal level of the autocorrelation function of this signal is a little lower than pedestal
level of the autocorrelation function of the signal with the symmetrical linear frequency mod-
ulation. Properties of section of cross-correlation function to two peaks and effect of these
properties are considered. Signals with the quadratic frequency intra-modulation are expedi-
ent for using in the sonar of submarines, because in case of submarines detection the case of
multiple targets existence is the improbable.

Conclusions: Conclusions about advantages and disadvantages of this signal are pre-
sented. The advantages are as follows: the autocorrelation function and the cross-correlation
function of the signal with the quadratic frequency intra-modulation have no side lobes. The
pedestal level of the autocorrelation function has level of smaller 0.1 for a signal with base
50. The cross-correlation function width feebly depends on speed of the target. The disad-
vantages are as follows: the direction of target movement can't be understood. It is compen-
sated by existence of prior information about the target direction.
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