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Beryn

3aranbHOBIIOMI M€pEBaru BUKOPUCTAHHS IMIYJIbCHUX CKIIAIHUX CUTHAMIIB B
pamionokamii [1]. Jlo Hux Oe3yMOBHO CIIiJi BiIHECTH IIiABHINEHY 3aBaJ0CTiii-
KICTh Ha (JOHI IPUPOJIHUX Ta OPraHI30BAHUX MICIICBUX 3aBajl, MIABUIICHHS PO3-
JUIBHOT 3AaTHOCTI 32 JANBHICTIO Ta paiaJbHOI0 CKIAI0BOIO MBUIAKOCTI (JIOIIIe-
PIBCHKOIO YaCTOTOI0), MIJBUIIEHY TOYHICTh OIIHKH JaJbHOCTI Ta IIBHUAKOCTI
LTI, 110 BHUSBIISIETHCS, MOXKIIHUBICTh €(h)eKTUBHOI POOOTH B yMOBaxX Oaratorpo-
MEHEBOTO MOITUPEHHS CUTHAJIIB.

Oxkpim 100pe BIIOMUX TepeBar IMIyJIbCHI CKJIaJHI CUTHAJIM MarOTh MiJBHU-
IICHI CKPUTHOCTI (4aCOBY, EHEPIreTUYHY Ta CTPYKTYpHY)[2].

YacoBa CKpUTHICTh 3a0€3M€Uy€EThCS CKOPOUEHHSIM JTOBXKUHU 30HyBaJIbHOTO
CUTHaJy, a TAKOX 3MIHOIO MOMEHTY 4acy WOTo BHUIIpOMiHIOBaHHsS. EHepreTnuHa
CKPUTHICTh 3a0€3MEeUyETHCS 32 PAXyHOK BEIMKOrO BUIpAIly B BUXIJTHOMY CITiB-
BIIHOIIICHH] CUTHAaJ/3aBaja Ha (OHI O1JI0TO IIyMy, IO JOPIBHIOE KBaJIPATHOMY
KOpeHIo 3 0a3u curHany. lle 103Boise mpaioBaTi B Tak 3BAHOMY PEXUMI «TH-
X0l pajloNoKallii» 3a paxyHOK MOXJIMBOTO BHUSBIICHHS CHUTHAJIB 3 BXIJIHUM
CIIBBIHOIIIEHHSM CUTHAJI/3aBajia, MEHITUM 3a OAUHUI0. CTPYKTypHA CKPHT-
HICTb XapaKTEPU3y€EThCsl 3AATHICTIO TPOTUCTOSTH MMOBIPHOMY PO3BITHUKY (3a-
X0J1aM, 110 HAIPaBJICHI Ha PO3Mi3HABaHHS (POPMU CUTHATY Ta BUMIPIOBAHHS HO-
ro mapameTpiB), 3TiTHO YMOBH, II0 CUTHAJI BXKE BUSBICHUU PO3BIAYBATbHUMH
3aco0amu.

Jlo xnacy CKJIaHUX €HEPreTUYHO CKPUTHHUX IMIYJIBCHUX CUTHAIB CIIJ B1JI-
HECTU CUTHAJM, B SKMX BHYTPIIIHBOIMITYJIbCHA YacTOTHA Moayisuia (UM) Bu-
KOHYEThCS 3a TpUKyTHUM [3], Tpaneueinansaum [4], KBagpaTUYHUM Ta KyOid-
HUM 3aKOHAMH. XapaKTepHO, 10 Aiarpama HeBu3HadeHocTi (JIH) uux curnanis
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Ma€ «KHOIKOIMOI0HY» (popMy, 1110 J03BOJISIE peali3yBaTH CyMICHY Ta HE3aJexK-
HY OIIIHKY JaJIbHOCTI Ta MIBUJKOCTI 1im. Hemomikamu BuIllleHa3BaHUX CHUTHAJIIB
€ HU3bKa CTPYKTYpPHA CKPUTHICTb, III0 MOJIATAE B TiM, [0 UM MOZYJIAIlisT MOXKe
JIETKO PO3MIi3HATHCS HMOBIPHHM PO3BiTHUKOM [5].

J1o KJlacy CKJIaIHUX CUTHANIB 3 BUCOKOIO CTPYKTYPHOIO CKPUTHICTIO CJIiJT Bi-
JTHECTH CUTHAJIM 3 BHYTPIIIHbOIMITYJIbCHOIO (ha30BOI0 MAaHIMYJISIIEIO 3 TICEBIO-
BunaakoBumu nociinoBaoctsmu (I1BIT) [6] abo criopigHeHMME iM ITOCITITIOBHO-
cTsIMH [7], sKi Takok MaroTh «kHOmKomnomioHy» JIH. Krnomkora JIH peamizye
HaOLIBITY MMOTEHIIIHHY PO3ALIBHY 3[aTHICTh 32 JAIBHICTIO, 110 nopiBHIOE 1/W
, 1e W — mmpuHa CMyTy CUTHAITy, Ta HalOUIbIIY TOTEHIIHHY PO3IUIbHY 3/1aT-
HICTb 3a PajliaIbHOIO CKJIAJOBOIO MIBUAKOCTI, 10 JOpiBHIOE 1/7;, ne 7; — noB-

JKUHA 30HyBaJIbHOTO curHainy (puc.l).

Curnanu 3 «kHONKOBOIO» JIH nMOINbHI 1711 BUKOPUCTaHHS B KOI€PEHTHHUX
iMiysibeHO — pormuiepiBebkux PJIC. Ctpykrypa TpakTiB BusiBiieHHs Takux PJIC
OararokaHajibHa 32 YMCJIOM JIOIUIEPIBCHKUX KaHaNIB, yTBOPIOIOYH JOILIEPIBCHKY
rpeOIHKY y3roJKEeHUX (LIBTPIB a00 KOPEIATOPiB, NOBTOPIOIOYH BIIACHE CTPYK-
Typy HapajieiabHOro aHajizaropa crekrpa [8].

Bubip Burmisiny 30HIyBaJIbHUX CUTHAJIB 3aBXK/JIM CTAHOBUB MEBHI TPYIHOIII
st koHeTpykTopa PJIC. Piu B ToMy, 110 3 MOMEHTY MOSIBH CKJIAJJHUX 30HyBa-
JBHUX CUTHAJIB YUCIO iX Oe3mepepBHO 30uIblTyBaniocsa. Kmacudikais ix mpo-
BOJAMJIACS 32 BUAOM 3aKOHY MOAYJIALIT (MaHIMyJIALii), 110 BUKOPHUCTOBYETHCS.
VYnopsiakyBaTH pi3HOMaHITHICTh CUHTaIIB JoBesocs 3a Burisaom JH, mo pea-
mizyetwest [9]. Byno BigmideHo, 1110 A1 IMIYJIbCHUX 30HIyBaJbHUX CUTHAIB Ha
CHOTOJIHIIIHIN AeHBb Bigomi dotupu Buau JIH: emincoinna, moxuia emirncoinHa,
X — nmoaiOHa Ta KHOIKOITOA10HA.

ITocTanoBka 3agaui

OckUIbKM PO3TalllyBaHHS JIOIUIEPIBCHKUX KaHalllB Ha YacTOTHIM OcCl mpen-
CTaBJIsIE IEBHI TEXHIYHI TPYIHOI1, B 1aH1i poOOTI HAM HAJIEKUTh:

1. ITpoBecTH MOPIBHSUIbHY OLIIHKY MOTEHIIMHUX PO3AUIBHUX 3AaTHOCTEN 3a
JAJbHICTIO Ta PajlajibHOI0 IIBUJKICTIO JJISI BUBYEHHS CHUTHAJIB, 110 MAaloTh
kHOnKOBY J[H.

2. Po3pobutn pexomeHpamii 1jisi BU3HAYCHHS YUCIA JOTJIEPIBCHKUX KaHa-
JB.

MeTa cTaTTi — OIIHUTHU CKJIAJHICTh peajizallii 6ararokaHaabHUX TPaKTiB
BUSIBJICHHSI CUTHAJTy BIAOUTTS y BUIJISAI OaraTOKaHaJIbHOTO 32 JOIJIEPIBCHKOIO
YaCTOTOIO TPAKTY 3 BUKOPUCTAHHSAM Y3TOJKEHUX (IIBTPIB a00 KOPEISITOPIB.

AHaJIi3 NOTeHUIHHUX XapPaKTEePUCTUK CKJIATHUX CUTHAJIB

Panime Hamu Oynu npoaHali3oBaHi MOTEHITIHHI PO3AUTHHI 31aTHOCTI BHUIIE-
BKasaHux curHaimis [3,4] 3a JalbHICTIO Ta AOMIIIEPIBCHKOIO YaCTOTOIO, IO BH-
MIpsiHI Ha pi3HMX piBHAX Biadiky (0,9; 0,707; 0,5) Big MakcUMyMy KOpPEJALIIHHOT
¢dbyHkuii. Y3aralbHUMO OTpUMaHI JaHi Ta MPUBEIEMO iX B TaOIMUHIA GopMi, 10
3py4YHa JJIsl HOPIBHSIHHS.
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[TopiBHsUTBPHA OIIHKA MOTEHIIHHUX PO3IIILHUX 3JaTHOCTEH 3a JajJbHICTIO
Ta pajiabHOI0 CKIJIAIOBOIO IIBHIKOCTI JJIS BUIICBKA3aHUX CHUTHAIIIB IIPUBEICHA
B Tabi.1. MokHa 6auuTH, 110 MOTEHIIHI PO3/IIBHI 3JaTHOCTI 3a padiadbHOIO
CKJIAJIOBOIO IIBUJKOCTI CKJIQJHHMX 30HIYBAJbHHUX CHTHAJIIB YCiX MpOaHaIi30Ba-
HUX BHUJAIB NMpUOJM3HO oJHaKoBa. Tomy mepeBaramu curHaiiB y Burisai [1BII
HaJ| IHIIMMH TIPOaHATI30BaHUMH CKJIATHUMHU CHTHAJIAMU € TUThKW BUCOKA 1H(O-
pMariiiiHa CKpUTHICTh Ta MEHIIIMI piBeHb OOKOBHX BHUKH/IIB [6].

Tabmurs
[ToTeniiiina po3aiibpHa 37aTHICTh 32 JAJIBHICTIO Ta PaJiaIbHOK IIBUAKICTIO
- . IHoTenuiiina po3ainbHa
HoTtenuiiina po3ainibHa . .
N . 3JAaTHICTDH 3a pa[llaJ'l]:-HO]O
Buna 3oHayBasIBHOTO 3MaTHICTDH 32 AAJBHICTIO BHKICTIO
CUT'HAJTY PiBHi Bix Mmakcumyma | PiBHi Bix Makcumyma
0,9 0,707 0,5 0,9 0,707 0,5
Cursan 3 CHMETPUYHOIO JIIHIHOO Yac- 0,5 092 | 1,25 E 0,88 E
ToTHOIO Moaysuieto (CJTYM) W W W T T T
Cursai 3 TparneneinaibHO 4acToT- 0,46 | 0,79 | 1,08 E 0,88 E
Hoto moayisieto (TUM) W W W T; T, T;
Cursain 3 KBaIpaTUIHOIO YaCTOTHOIO 0,5 0,88 | 1,25 E 0,88 E
mogaynauiero (TPUM) W W W T; T, T;
Curnai 3 Ky019010 YaCTOTHOKO MOY- 0,54 | 0,96 E E 0,88 E
msuiero (KBUM) W W W T; T, T;
. 05 088 | 12 05 088 | 12
[TceBnoBumankoruii curaain (ITBC) — — —
W W W T T Tj

Yucno nqonmiaepiBCbKUX KaHamiB B TpakTi BusBieHHs1 PJIC Bu3HavyaeThes:
1. MakcUManbHOXO ~ MBHMAKICTIO  mim Vi, MO BHABIAETbCA  (

-+ 2Vmax

fy max fo, me fy max — MakcuManbHa TomUIepiBebka YacTota Vg, —

MakcHMalbHa MBUAKICTE Widi, fy — poboua gacTtoTa);

2. IPUAHSATUM PIBHEM BIIJIIKY BiJl MAKCUMYMY KOpeJsIiiHo1 GhyHKIIIi, TOOTO
piBHsiME BipTiKy: 0.9, 0.707 T2 0.5;

3. MOTEHIIIHHOIO PO3IIIBLHOIO 37aTHICTIO 3a JOIJIEPIBCHKOIO YaCTOTOIO, IO
3aJIeKUTh BiJl PIBHS BIAJIIKY.

PosTanryBanHs 10MIepiBCHKUX KaHAIIB HA YaCTOTHIN OC1 Y pasi BIICYTHOCTI
«CJIMUX» MIBUJKOCTEH MPUBEACHO Ha puc.la, a y pas3i OPUCYTHOCTI «CIIMUX»
IBUJIKOCTEN — Ha puc.16.
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Puc.1. Po3ramyBaHHs A0IIIEpIBCHKUX KaHAIIB HA YACTOTHIM OcCi (2 — 3 BIJICYTHICTIO «Clli-
IIHX» IBUAKOCTEH, 0 — 3 MPUCYTHICTIO «CIIMUX) MIBHIKOCTEH )
Yucno nomiepiBChbKUX KaHaliB OaraTOKaHaJIbHOTO BHUMIiprOBada JOIIEPiB-
ChKOI YaCTOTH B1IOUTOTO CUTHATY BU3HAYAETHCS HEMAPHUM IIJIOUYUCICHUM 3Ha-
YEHHSIM YaCTKM BiJ AUJICHHS Jiana3oHy AOMepiBCchbKux dactot 2 fy ., Ha mote-

HUIAHY pO3LJIBHY 3AaTHICTh 30HAYBAJILHOIO CUTHATY 32 IIBUKICTIO

2fdmax —2f
1/ z;

TpakT onTuManbHOI 00poOKM Ha (DOHI OUTOTO MIyMy BIIOMTOrO CHUTHANY 3
HEBIJIOMOIO aMILTITYy/I0I0 Ta (a30l0 MOXe OyTH peasizoBaHMil 3a JOIMOMOTOIO
KBaIpaTypHOT0 Y3TOKEHOro (IIbTPY, U0 1HBAPIAHTHUHN J10 Yacy MPUXOAY BiJ-
OouToro curHaiy, abo 3a JI0MOMOTOI0 KBaJIpaTypHOTO KOPEJSATOpa, 110 1HBapiaH-
THUH 10 3MIHU BUTJISY 30HAYBAJILHOTO CUTHAITY.

CrpykTypHa cxema 0OaraTokaHaJIbHOTO 3a JIOTUIEPIBCHKOIO YAaCTOTOIO Y3IO-
JDKEHOTO (PUIBTPY JAJIsi CUTHAIY 3 HEBIJOMOIO aMILTITYyA0i0 Ta ¢a3or Ha (oHi
OuI0TO IITyMYy TIpEACTAaBJICHA HA pUC.2, /1€ B KOKHHUM JTOTUICPIBCHKUN KaHAI Tie-
pel MOPOTOBUM IPUCTPOEM BBEICHUW TaK 3BaHUW Lpinemp N1 3MEHILICHHS

piBHsI OOKOBHMX BHKH/IIB IICEBAOBHITaIKOBUX curHaiis [10].

d max 7
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Puc. 2. CtpykTypHa cxema kBaapaTypHoi 00pooku [IBC curnamy 3a 10mOMOTOR0 Y3roKEHUX
¢ineTpiB (3M — 3mimysay, CU — cuHTE3aTOp 4acTOTH, (P = 712 — dazoobeprauy, CD — cmyro-
Buti ¢inbTp, ALl — anamoroBo — nudpoBuii nepersopropay, [[Y® — nudpouii y3romkeHuit
¢binbTp, (+)2 — KBaJIpaTUYHUI cymarop, \/_ — 004HCITIOBaY KBaAPaTHOIO KOPEHS,
UDinomp — dinbTp 60koBUX BUKMiB, [TIT — noporosuit npucTpiii, Max — cxema Biz6opy 3a
MaKCHMyMOM)

CtpykTypHa cxema 0araTokaHaJbHOTO 3a JIOTJIEPIBCHKOI0 YacTOTOK KOpe-
asTopa 3 (GUIbTpaMu 3MEHIICHHS! OOKOBUX BUKHJIIB JUIsl CUTHATY 3 HEBIIOMOIO
aMILTITY 1010 Ta (ha30r0 Ha QOHI O17I0T0 IIyMy MpeCTaBlIeHa Ha puc.3.
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Puc. 3. CrpyxrypHa cxema kBaapaTypHoi 00poOku [IBC curnamy 3a 10momMororo uuppoBux Kopems-
TopiB (3M — 3MimyBau, C — cHHTE3aTOp YacToTH, (P = 712 — dasoobepray, CO — cMyrosuit

¢inbTp, ALl — ananoroso — uugposuii nepersoprosay, ['3ctax — reneparop [IBC curnany ta no-
nmepiBebkux kormii, Deltic (delay line time compressor) — penupkysTop 3i 3BOPOTHHM 3B’ SI3KOM,

J
>

max

. 2 o
X — MepeMHOXKYyBad, J- — iHTerpaTop, (+) — KBaJpaTU4HUil cymatop, \  — o6uMCIIOBAaY

KBA/IPATHOTO KOpeHs, U@LIbmp — dinbtp 60koBux Bukuis, [II1 — noporosuit mpucTpiit, max —
cxema Bi10opy 3a MaKCHMyMOM)
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PesynbTaT aHamizy CTpyKTYpHUX CXE€M CBIIUUTH MPO Te, IO peasizals Oa-
raTOKaHaJIbHOIO 3a JOIJIEPIBCHKOIO YACTOTOIO KBAJAPATyPHOI'O KOPEIATOpA TEX-
HIYHO OUIBIN CKJIaJIHA, OCOOJIMBO 3a PaXyHOK HAsBHOCTI B IIbOMY TPaKTI CKJIa-
HOTO 0JioKa ()OpMYBaHHS 30HIYBAJIBHOTO CUTHANY 3 MapajeibHUMHU BUXOJAMHU
TaK 3BaHUX JIOIJIEPIBCHKUX KOMIiH, YMCIIO IKUX AOPIBHIOE YHCIY JOIIIEPIBCHKUX
KaHaJiB B TPaKTi 00pOoOKH BiIOUTOrO CUTHATTY.
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Mpauxoscvkuii O. /[, Peymcoka FO. FO. /lo numannsa yughpoeoi 00podoku 6 Kozepenm-
Hill IMNYIbCHO — 0ONNEPIBCHKIN PadioNoKAUilHIll CIaHyil, W0 6UNPOMIHIOE IMRYIbCHUL
CK1AOHUl 30HOY8AIbHUIL CUCHAI 3 KHONKO0B0I0 diazpamoro Heguznauenocmi. [Ipoananizo-
8aHO NOMEHYIUHI PO30IIbHI 30aMHOCMI 3a OAILHICIIO MA PAJiANbHOK WEUOKICMIO IMAYIbC-
HUX CKIAOHUX CUSHANIB 13 CUMEMPUUHOIO JIHIUHOK YACMOMHOK MOOVIAYIEID, MPUKYIHOIO,
mpaneyeioanvbHo, KeaOpamuidHow, KyOiuHOW YACMOMHOI0 MOOYIAYIEID ma NCce8008UNAOKO-
BUX CUSHANIB. 3pobNeHT BUCHOBKU W00 nepesae 8i0N0GIOHUX CKAAOHUX CUCHANIE 3 KHONKONO-
0ibHot0 diacpamoro HeguzHayeHocmi. Po3pobneno pexomenoayii 0nsl 8UHAYEHHS YuUcia 0o-
niepiscokux kananie. OyineHo cKiaoHicmb peanizayii 6a2amoKaHaIbHUX MPAaKmie UAGIEHH
cueHany 8ioobumms y eueaidi 6a2amoxkaHaibHo20 3a 0ONAEPIBCbKOK 4acmomol mpakmy Ha
0a3zi y3eo0ocenux Qinbmpie abo Kopeiamopis 3 HAOAHHAM 8i0N0BIOHUX CIPYKIMYPHUX CXEM.

Knrouoei cnosa: wacmomuna mooynayis, YyHKYis HegusHa4eHoCmi, y32004ceHull Qinbmp,
KOpensimop, O0NNepi6cbKa 4acmoma.
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Tenexkomynikauii, padionokauyis, padionagizayia ma e1ieKmpoaKkycmuKa

Mpaurosckuii O. /., Peymckas 1O. FO. K eonpocy uugpoeoii obpabomku ¢ xozepenm-
HOUl UMRYTLCHO — 00NAEPOBCKOU PAOUOJIOKAUUOHHOU cCIayuu, usiydanuieil UMNnYabCHbLI
CILOMHCHBLIL 30HOUPYIOWUIL CUZHAII C KHOROYHOU 0Uazpammoil Heonpeodenennocmu. Ilpoana-
JUBUPOBAHBI NOMEHYUANbHBIE paspeualowjue cnocooHocmu no OalbHOCMU U PAOUATbHOU
CKOPOCMU UMNYIbCHUX CTLONCHBIX CUSHANIO08 C CUMMEMPUYHOU TUHEUHOU YACMOMHOU MOOY /IS~
yuetl, mpeyeoibHolUl, mpaneyeudaibHol, K8aOpamudHou, Kyouueckou 4acmomuoi MOOYIAYU-
ell u ncegdocayuatvlx cuenanos. Coenanvl 6b1600bl OMHOCUMENbHO NPEUMYUECm8 COOm-
BeMCMBYIOWUX CTIONHCHLIX CUSHANIO8 C KHONOYHOU Ouazpammol Heonpedenennocmu. Paspa-
bomamnbl pexomMeHOayuu O0as ONpeoeseHUsi Yucia OONNeposcKux Kauanos. OuyeHnena cCroic-
HOCMb peanu3ayu MHO2OKAHANbHbIX MPAKMO8 0OHAPYHCEHUS OMPAICEHHO20 CUSHANA 8 8U0e
MHO20KAHANILHO20 NO OONNIEPOBCKOU Yacmome mpaKkma Ha 0ase co21aco8aHHbIX Quibmpos
WU KOpPenamopos ¢ npedoCcmasieHuem COOmeemcmayouux CmpyKmypHolx CxXem.

Knrwuesvie cnosa: yvacmommuas mooynayus, QyHKYus HeonpeoereHHOCMU, CO2NACO8AH-
HbLLL hunbmp, KOppensamop, 0ONiepo8cKas 4acmomad.

Mrachkovskyi O. D., Reutska Yu. Yu. The question of the digital processing in the co-
herent pulse doppler radar which radiates the pulse complicated probing signal with a but-
ton type ambiguity diagram.

Introduction: The advantages of the pulse complicated signals using in the radar are
well-known. These signals are signals with the high time security, the high power security or
(and) the high structural security. The signal with the symmetrical linear frequency modula-
tion, the signal with the triangular frequency modulation, the signal with the trapezoidal fre-
quency modulation, the signal with the quadratic and with the cubic frequency intra-
modulation and the signal with pseudorandom sequence have the button ambiguity function.

Problem statement: It is necessary:

e To conduct the comparative estimation of the distance resolution and the range rate
resolution (Doppler resolution) for signals with the button type ambiguity diagram;

e To develop recommendations for determination of the Doppler channels number;

Purpose of the article: To estimate the complication of the multichannel locations high-
ways realization of echo signal as the multichannel Doppler-beat frequency highway on the
base of matched filters or correlators.

The analysis of complicated signals potential characteristics: Potential characteristics of
the distance resolution and the range rate resolution for the signal with the symmetrical line-
ar frequency modulation, the signal with the triangular frequency modulation, the signal with
the trapezoidal frequency modulation, the signal with the quadratic and with the cubic fre-
quency intra-modulation and the signal with pseudorandom sequence are analyzed. Conclu-
sions to advantages of these pulse complicated signals with the button ambiguity function are
drawn. Recommendations for determination of the Doppler channels number are developed.
The complication of the multichannel locations highways realization of echo signal as the
multichannel Doppler-beat frequency highway on the base of matched filters or correlators is
estimated.

The block diagrams analysis result testifies that the realization of the multichannel Dop-
pler-beat frequency correlator is technically more difficult. In this scheme there is the difficult
block with the formation of a probing signal with parallel releases of the so-called Doppler
copies.

Conclusions: The number of the Doppler channels in the radar locations highway deter-
mined by maximum target velocity by the falling possible level of the noise immunity and of
the distance resolution and the range rate resolution of probing signal that is used. The use of
the considered complicated signals any types provides the identical number of processing
channels. The use of the signal with pseudorandom sequence supports the high time security,
the high power security and the high structural security.

Keywords: frequency modulation, ambiguity function, matched filter, correlator, Doppler
frequency.

Bichuk Hayionanvnozo mexniunozo ynieepcumemy Ykpainu «KII» 91
Cepin — Paodiomexnika. Padioanapamodyodysanns. — 2013 .— Ne52



