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Asromauus - Onucan anroputs 0b6paboma paauonoxkalm-
OHHLIX CWIHaNOoB8, NOMYYaeMbLIX NPU M3MEPEeHMM NapaMeTpoB
ABIDXEHUR CHAPAROB C HEPAIAENTIOLMMUCH UYBCTIMU (OCKO-
NOYHO-DYTacHbie ¥ KYMYNSTMBHLIC CHapRAbl) Ha HauaNbHOM
3Tane BHICTPENa PaaroNOKATOPAMW HETIPEPLIBHOIO U3MNyueHNs
CB\ guanasona.

. Beepenue

B npaxtuke nOAMIoHHbIX MCNLITAHKA ANst U3MEpeHns
napameTpoB Aswkerusa chapsga (NMAC) Ha HavansHom
3Tane BLICTPENiAa NPUMEHSIOT PAAUOSIOKATOPLE Henpe-
puisHoro manyuenus CBY-auanasoHa (uacrora wuany-
yaemoi anextpomarHuTHoi 10,5 ITu) [1]. (3pecy nop
HauansHLIM 37TaMOM BHICTPENA Mbi NOHUMAEeM ABWKeHNe
CHapsaa B CTBoOfMe K Ha nepsbix 30-70 M BHewHebannu-
cTudeckonl Tpaekropum). Yacrora paavonOKaLMOHHOIO
curHana (aanee PC), permcTpmpyeMoro ¢ BLIXOAa BbICO-
KovacroTHoro 6noka paauonoxkaropa, 8 COOTBETCTBME C
athchextom [lonnepa, NPoONopLMOHanNLHa CKOPOCTU ABKM-
XeHUA cHapsiAa. Tak KaKk CKOPOCTb ABWKEHUSI CHApsiAa C
HEPa3AENSIOLMMUCR YACTAMU Ha JTane ABWKEHUA CHa-
psiaa B crBone meHsercs ot 0 m/c ao 800-960 m/c (anu-
TENbHOCTL ITana ~10 Mc), a nocne BbIXOAA U3 CTBOMA
MOHOTOHHO ymeHbusaetcss, PC senserca UM curianom
CO CNOXHLIM 33KOHOM W3MEHEHUS! YacToThl. OTMeTuM,
uTO paccmarpuBaembii Hamn PC n 3agaya oueHim ero
napaMeTpos, ABNAETCA HE TUNWMMHOW ANA «KAaccuie-
cxoi» paguonoxaumn. Tak kak Tpebyercs oueHka napa-
METPOB CUrHarna, 4acrota KOTOPOrO MEHSIETCA BO BpeMst
BbICTPENa RO HENUHEHHOMY 33KOHY B LLMPOKOM 4actoT-
HOM AManasole, No ORHOM €ro peanusaumm. Yka3aHHbie
ofcrosrenscrea CTaBAT noag ComMHeHwe MNpMMEeHMMOCTb
8 AAHHOW 33fajye U3BECTHLIX CTATUCTUUECKMX ANTOpPUT-
MOB 00paboTin curHanoB M  ONpPeRensioT Heobxoaw-
MOCTb paspabonm HoBbix anroputmos obpabomm PC,
HE MUCMOMNbL3YIOLMX CTATUCTUHECKUE METORNL.

Il. YacToTHO-BpEMEHHbIe XapaKTepucTHu-
KM PafiMONOKALMOHHLIX CUFHAMNOB.

B cootsBerctBuM ¢ (u3miecKuMy 0COGEHHOCTAMM
ABWKEHUSI CHapRAla BO BPEMA BLICTPENa 3aKOH M3MeHe-
HUSA YaCTOTLI CUTHANA MOXET ObiTb pasfieneH Ha Tpu no-
criefoBaTenbHLIX uHTepsana. [lepsbid wHTepsan — or
Hayana ABVDKeHUS CHapsfia B CTBONE 10 MOMEHTA Bbi~
xopa u3 kaHana creona. Bropoi# nHrepean — oT MOMEH-
Ta BbIXO[a CHapsAa U3 KaHana CTBOMA A0 MOMEHTa
AOCTWKEHUA CHAPSAOM MaKCUManbHOW ckopocTn. Tpe-
TWIA MHTEpBan — OT MOMEHT2 AOCTIDKSHUS CHapAROM
MaKcuManbHOA CKOPOCTM [0 MOMEHT2 NPOXOXASHUSI
CHapafa CTPDKAIOLLETO LWUTA, PACNONOXEHHOIo Ha pac-
crostHun ~50-70 M or aynbHoro cpesa. lNMocrpoexnas
mogens PC, nofyyaemoro Ha BHyTpMOannmctMueckom
3Tane BbicTpena [2], u pesynbTar 3KCNepuMeEHTanbHO-
ro UCCrenoBaHusa ocobGeHHOCTe#! ABWKEHUS CHApAaa Ha
HauanbHoM 3JTane sbicTpena [3] nossonunu nonyunTs
OUEeHKY 4aCTOTHO-BpEMEHHbiX Xxapaktepuctmk PC Ha
yKa3aHHbIX BPEMEHHbiX HTepBanax. Tunuuxeii PC, no-
Jiy4aeMbiil NpyU UMEepeHun NapamMeTpoB ABYDKEHUS CHa-

PAfa KNAcCWMECKOW Cxembi BbicTpena (OCKOMOYHO-
hyracHbi, KyMyNSITMBHLIA) UMEET CReflyloliMe 4acror-
HO-BpEMEHHbIE XapaKTePUCTUXK. Ha NEPBEOM BPEMEHHOM
uwnrepBane [0;8,43] mc uacTota cursana meHseTcs B
Auanasoxe [0;48,0] KI'y no MOHOTOHHO BO3pacraioweMy
33KOHY; Ha BTOPOM BpemeHHOM uHTepsane [8,3;9,37] mc
— Yacrora curHana MEHRETCR MO MOHOTOHHO BO3pac-
TalouemMy 3akoHy B auanasode [48,0;489] Ky wHa
TpeTbeM BpemeHHOM uHTepsane [9,37;103,9] wmc
4YacToTa curHana mexsiercs 8 auanasone [48,0;47.9]
KI't n0 MOHOTOHHO YOLIBaIOLLIEMY 33KOHY.

Axanms WymoB, NPUCYTCTBYIOUMX B peanbHbix PC,
noKasan, 4ro Ha BHyTpubannucTuueckoM 3tane Bbi-
cTpena npu OTCYTCTBUM MPOPLIBA NOPOXOBLIX A30B B
npeAcHapsaaHoe NPOCTPaHCTBO B CUTHanNe NpUcyTcTByeT
aaARVTVBHBLIA LUyM, MOLLHOCTb koToporo obecneumusaer
OTHOWeHe curHan/wiym no amruwmtyae ~10-15 g6. fo-
cne BbiXOZj2 CHapsiia M3 KaHana CTBONA M3-3a2 B3aMMO-
Aencrems soHawpyiowed OB n obnaxa AynbHOro Bbi-
XNoNa, ABNSIOETOCA HU3KOTEMMNEPATYPHON NMA3MOM,
BOSHUKAIOT aMyMTyAHbie M (ha3oBbie uckakeHus PC.
Mpu 370M OTHOWeEHME cCurHan/iuyM BapbupyeTCcs B LLKM-
poxom auanasoue 0,5:5,0 A0 Ha paNUUHLIX CUCTEMAX 1
AN pasiM4HbLIX TUROB CHAaPRA0B. 3aTeMm, No Mepe us-
MEHEeHUS (PU3UHECKUX XapakTepucTuk rasos, obpasylo-
WMX 00NaKo AYNLHOTO BLIXNONA, (YMEHbLUEHUA NNOTHO-
CTH 3NEeKXTPOHOB ¥ 4acTOThi CTONKHOBEHMA BCneacTsme
OCTLIBAHUS! FA30B M YMEHDbILEHUSI UX NIOTHOCTU) UCKa-
xeHust PC oTHOCUTENbHO HeBernuku (OTHOWEHue Cur-
Han/iym no asnnutyae ~7,0-15,0 a6).

lil. AnropuT: o6paGorxu

AHanu3 u3BECTHbIX anNTOpUTMOB 00pabomnm curua-
noB, nonyyaembix npu usmepenwn MIAC 8 creone (me-
TOA BpemeHHbiX uHTepsanos [3], anropwrm, ocHoBaH-
HBIl Ha NOHSITMM «KMIHOBEHHAS YACTOTa aHANUTUMECKOro
curianar [4]), noxasbiBaeT, YTO M3-33 HANWUUA 3Ha4YW-
TenbHbiA uckaxeHuit PC B MOMEHT BbIXOAa CHapsAa us
KaHana crsona onn He obecneunsaloT TpebyeMoin Tou-
HocTU u3meperni (0,5% no cxopocm). B 3tux ycnosmsix
Haubonee npuemneMbiM, K3K CaMmbiii YCTOMMUBLIRA K LTy-
MaM, OKa3biBaeTCs ANroOpyTM, OCHOBaHHbLIA Ha CBOWCTBE
mrHoeeHHoro cnextpa PC [5]. Moatomy paHHbiAe anro-
putMa Gbin nonoxex B OCHOBY anroputMa oGpaGomis
PC, nonyuaembix B 3apave usmepenms NAC Ha Hauanb-
HOM 3Tane BLICTpesna, peanu3yeMmoro Cnegyiolen no-
CNeAOBATENbHOCTLIO ASHCTBUA:

1. Mo 3apemmctpmposanHomy PC u=u(t) nHaxopsr N
curHanos uff), rae

-t )i, )

Ty
to =AT-i,i=0,..N,AT =2,

T, - Bpems HaxXOXAEeH!s CHaps/aa B CTBoNe
2. Ains xeoxpoi hyHkuuu ut) Haxogst cnekip S{).
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3. Ans kaxporo cnekrpa S;{®) B nonoce YacToT »>0
onpeaenstioT 4acToTyY Omaxi:, COOTBETCTBYIOLLYIO €ro
MaKCUMAanNbHOMY 3Ha4YEHUIo. o

4. Mo maccuBy 4acTOT ®max; ONPERENAIT Maccus
ckopocTedt v; (4 — vactoTa ANEKTPOMArHUTHON BOMHLI
paaguvonokaropa) '

o -4
V,- = max i
4-7

5. Wcnonbaya cnnaiiH-MHTEPNONALUIO, YTOUHSAIOT
3aBMCUMMOCTL V(t) Ha HauanbHOM y4acTke BHyTpubGan-
nuctudeckoro 3tana BoicTpena.

6. MonyyaroT 3aBUCMMOCTL V(t) NUHeAHOM uHTepno-
nayuei MaccuBa CKOpocTel V;.

7. Crnaxusaior 3aBucumocTb V(t) MeTogom ckone-
354eit MeaUaHbl.

8. MocneayowuM uHTerpuposaHnem u auddepen-
LupoBaHueM MaccuBa v(t) onpeaensioT nepemelyeHme
1 yckopeHue cHapsaa.
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Puc. 1. 3B0OMoOLMA MIHOBEHHBLIX CNEKTPOB MOAENN
PC, nonyyaemoro B 3agaye namepetus MAC
Kriaccu4eckol Cxembl BbicTperna.

Ons npencraenenus pesynbtatos o6paGotku PC
ucnonbayeTcn NpefcrasneHne 3BOMIOLUWK MFHOBEHHbLIX
cnektpos PC B nnockocty BpeMa—ckopocTb (puc. 1) v
rpacdudeckoe npepcraeneHne GyHKUUA X=x(t), v=v(t).

V. 3akniouyeHue

OueHka TOMHOCTU AlaHHOro anroputMa o6paboTku
nokasana, YTo NOrpewHoCTbL B onpeaeneHun nepeme-
ujeHust coctaenseT 1,5% (B AuanasoHe CKOpOCTeW
030 wm/c), 0,1% (30+50 wm/c), 0,05% (50+150 mic),
0,01% (150+720 m/c), 0,02 (720+700 m/c); ckopocTh ~
2,5% (0+30 m/c ), 1,2% (30+50 m/c), 0,35% (50+150
m/c), 0,1% (150+720 mic), 0,12% (720+700 mic).
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Abstract - The algorithm for processing of radar’s signals ob-
tained when measuring undividing projectiles (demolition and cu-
mulative projectiles) movement parameters on the initial stage of a
shot is described.

1. Introduction

When measuring projectiles movement parameters on the ini-
tial stage of a shot one uses microwave CW radar’s of a continu-
ous radiation (frequency emitted electromagnetic 10,5 GHz) [1].
(Here we understand the initial stage of a shot driving a projectile
in a trunk and on first 30-70 m of an exterior ballistic trajectory).
The frequency of a radar signal (further RS) that was registered
from a radar high-frequency block exit, in the correspondence with
Doppler effect, is proportional to a projectile velocity. As the undi-
viding projectile movement velocity in a trunk varies from 0 m/s up
to 800-960 m/s (duration of a stage ~10 ms), and after an exit from
a trunk monotonically decreases, RS is a FM signal with the com-
plicated iaw of frequency modification. Let's mark, that considered
by us RS and the task of an evaluation of its parameters is not
typical for "classical" radar-locations. As the evaluation of pa-
rameters of a signal whose frequency varies during a shot under
the nonlinear law in a wide frequency range, is required.

Il. Frequency-temporal performances of
radar signals.

Typical RS obtained when measuring undividing projectile
movement parameters has the following frequency-temporal per-
formances: on the first time interval [0;8.43] ms the frequency of a
signal varies in a range [0;48.0] kHz under the monotonically
growing law; on the second time interval [8.3;9.37] ms — the fre-
quency of a signal varies under the monotonically growing law in a
range [48.0;48.9] kHz; on the third time interval [9.37;103.9] ms
the frequency of a signal varies in a range [48.0;47.9] kHz under
the monotonically decreasing law [2,3).

IH. Processing algorithm

The analysis of the well known algorithms for processing of
signals obtained when measuring projectile movement parameters
in a trunk (a method of time intervals [3], algorithm based on
“concept " instant frequency of an analytical signal * [4]), shows,
that because of presence of significant distortions RS at the mo-
ment of an exit of a projectile from the channel of a trunk they do
not ensure a required exactitude of measurements (0,5 % on a
velocity). Because of this, most acceptable appears the algorithm
based on property of an instant spectrum PC [5]: the instant
spectrum calculated on an interval by duration AT (AT<<T, T - du-
ration of a signal) has a maximum on frequency appropriate aver-
age velocity of driving on the given measuring interval.

IV. Conclusion

The evaluation of an exactitude of the given processing algo-
rithm has shown, that the error in the definition of transition is 1.5
% (in a range of velocities 0-30 m/s), 0.1 % (30:-50 m/s), 0.05 %
(50+150 m/s), 0.01 % (150:720 m/s), 0.02 (720700 nv/s); veloci-
ties - 2.5 % (0+30 m/s), 1.2 % (30+50 my/s), 0.35 % (50+-150 m/s),
0.1 % (150+720 mv/s), 0.12 % (720:700 mv/s).
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