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AnHomauyusi — W3BecTHble cUCTEMbl paaMoakyCTUHECKOro
30oHanpoBaHusa (PA3) atmocdepbl xapakTepusyloTcs cucrema-
TUYECKMMM MOTPELLHOCTAMW OMnpefenieHns CKOpoCTM 3Byka B
aTmocdepe, T.K. MOCTPOEHbl Kak M3MepuTenu LONnnepoBCKON
yacTtoTbl. OLeHKa CKOPOCTM 3ByKa OCYLLECTBMSIETCS B CXEMaX
MHOrOKaHarnbHON KOppensuMoHHON obpaboTku paguocurHana.
[Ons ynpolieHust cylectByowmx cuctem PA3 atmocdepsl 3a
CYeT YMEeHbLLIEHNS KONMMYECTBA KaHaroB KoppensTopa B cxeMax
MHOrOKaHarnbHON KOPPEensUMOHHON 06paboTkM U MOBbILLEHMWS
nokasaTenen TOYHOCTU OLIEHOK, MOSydaeMblX TakMMu cucTe-
MaMK, CUHTE3UpOBaH [AUCKPUMUHATOP SHEPreTUYECcKOro WH-
dopmauuoHHoro napametpa cuctem PA3 atmocdepbl, koTo-
pbIii yunTbIBaET M3MeHeHVe (opMbl pagnocurHana npyu pacce-
SIHAW Ha 3BYKOBOW MOCbINKE U 3aBUCUMOCTb 3HEPIUM PacCesiH-
HOro paguocurHana oT BeNnuYMHbl CKOPOCTH 3BYKA.

|. BBegeHue

BonblWMHCTBO M3BeCTHLIX cucteM PA3 atmocdepsl
npegHasHaveHbl ANs U3MepeHus TemnepaTtypbl BO3ay-
xa, KoTopasi (PyHKUMOHANbHO CBSi3aHa CO CKOPOCTbIO
3Byka B cpefe [1]. B usBecTHbIx cuctemax PAS3 cko-
poCTb 3Byka onpeensieTcs no AONMepoBCKOMY CABUTY
YacTOThbl 3NEKTPOMAarHUTHbIX KonebaHuii, pacCesiHHbIX
Ha 3BykoBOMW nocbinke. [lostomy MmeToabl 06paboTkM
CUrHanoB B CUCTeMax pagMoaKkyCTUYeCcKoro 30HAMpPOBa-
HWSA aTMocdepbl MOCTPOEHbI Kak n3Meputenu gomnne-
POBCKON 4acToTbl. [na BblgeneHuss u u3MepeHus [o-
NMepoBCKON 4acTOTbl B HAacTosiLLee BpemMs B cucTemax
PA3 atmocdepbl peanv3oBaHbl CXeMbl MHOroKaHarb-
HOM koppensaunoHHon obpaboTkn pagmocurHana. OgHa-
KO OUEeHMBaHMWE CKOPOCTU 3ByKa MpU WCMONb30BaHWU
Takux cxem B cuctemax PA3 atmocdepbl, MOCTPOEHHbIX
KaK n3mepuTenu AONnepoBCKON 4acTOTbl, XapaKkrepuay-
eTCs HannymMeMm 3HauuTenbHbIX N0 BeNWyMHe cuctema-
TUYECKMX MOrpellHocTen (Mo TemnepaType BenuyvHa
norpeLHocTn gocTturaet eguHuy, rpagycos) [1,2,3] u
HeobXoOMMOCTbIO FeHepupoBaTb OMOPHbIE CUrHarbl,
4YMCMNO KOTOPbLIX COOTBETCTBYET KOMWYECTBY KaHanoB
KoppenaTtopa. B pgoknage paccmartpuBaeTcs CUHTE3
anckpumuHatopa cuctembl PA3 aTmocdepbl, KOTOpbIf
MO3BOMUT YMEHbLUNTL KONMMYECTBO HEOBXOAMMBIX KaHa-
1I0B KOPPEensiunoHHONW 06paboTkM U yMeHbLUMUTb CucTe-
MaTUYeCKyto MOrPeLUHOCTb.

[I. CuHTe3 guckpumuHartopa cuctem PA3

[ns ynpolwieHns cywecTsyowmx cuctem PA3 atmo-
chepbl, Heobxoanmo obecneuntb Mx paboTy B crieas-
Lem pexvme. B cooTBeTcTBUM C 3TMM CTaBMTCS 3adava
CUHTE3a AUCKPMMMHATOpa Crnefslien CUCTeMbl, Y4nTbl-
BatoLero ocobeHHOCTU opMUPOBAHUST OTPaXKEHHOro
pagmocurHana npv pagnoakycTU4eckoM 30HANPOBAHUN.

AnocTtepunopHoe pacnpegerneHne WHOOPMaTUBHOIO
napameTpa a paguocurHana cuctem PA3 umeet Bug
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HOro CUrHana u NoMexm Ha Bxoge yCcTponcTea obpaboT-
KM M BOCMpOU3BEOEeHUsi MHOPMATMBHOIO napamMmeTpa

a; Uc(t,a) — curHan npousBomnbHOW POPMbI, U3BECT-

Hbli B MecTe mnpuemMa TOYHO, 3a WCKMIOYEHWEM HEM3-
BECTHOro MH(popMaTUBHOIO NapamMeTpa a C anpuopHbLIM

pacnpegeneHvem P(a). Ons wwupokoro knacca fnoka-

LUWOHHbIX 3adad (B TOM yncne 3agad M3MepeHusi CKopo-
CTM 0O6BEKTOB MO JOMMEPOBCKON YACTOTE) N UCMONb3ye-

MbIX CUrHamnoB nonaraetcsl, 4to dopma curHana Y(t)
He oTnmyaeTcst oT hopMbl ornopHoro curHana U (t,X) , a
BENMYMHa Ea nonaraetcsa He 3aBUCSLLEN OT MHOpMa-

TUBHOTO MapameTpa a, B npouecce ¢opMnpoBaHUs
NCKOMOW OLEHKM OHa He Y4MTbiBaeTCsl U BKIOYaeTCs B
koHcTaHTy Cc". OpHako B cuctemax PA3 atmocdepsi
yKkaszaHHOe ycrioBme He BbinonHsaeTcd. Bo-nepsbix, pac-
cesHMe pagvoBONHbI Ha 3BYKE SBMSETCS YaCTOTHO-
3aBUCMMBIM: YPOBEHb PACCESHHOro paguocurHana 3a-
BMCUT OT CKOpPOCTM 3BYKa, KOTOPYD HEeoGXoauMmo oue-
HWTb, @ BO-BTOPbIX, MPU PacCesiHUM Ha 3BYyKe Cylle-
CTBEHHO M3MEHSIeTCA CTPYKTypa M3My4Yaemoro paguvo-
curHana, KoTopbli NnpuobpeTaeT B npouecce paccesHus
[OOMNOMNHWTENBHYI aMNUTYAHYIO W YITOBYIO MOAYTALUMIO.

Onsa Toro, 4To6bl obecneunTtb paboTty cuctemsl PA3
B crefsLuem pexvmMe n npy 3ToMm opMnpoBaTh OLEHKM
nHdopmMaTMBHOro napameTpa 6e3 cucTemaTuyeckon
ownbkn Heobxoammo, 4Tobbl paboTa AuCKpMMUHATOpa
cnepsen cuctembl PA3 nonHOCTbIO cooTBETCTBOBana
BbipaxeHuto (1), T.e. obsi3aTenbHO cnedyeT NpUHUMaTb
BO BHMMaHWe He TOMbKO YfeH, COAepXalluin Koppens-
LUMOHHbIA MHTErpar, HO M YrneH, coaepXaluin 3Hepru
npuHumaemoro curana exp(—E,/Ng). Takum obpa-

30M, OWCKPUMMHATOP [AOIDKEH YYWUTbIBaTb W3MEHeHue
CTPYKTYpbl paguocurHana npu ero B3avMOZENCTBUM C
aKkycTndyeckum konebaHvem. Popma paccesiHHOro pa-
AvocurHana moxeT BbiTb onpeeneHa ¢ UCNonb30BaHN-
em dpyHkummn paccesHuns [3]. Ins oueHKM CKopocTyh 3ByKa
B kayecTBe MH(OPMAaLMOHHOro napameTpa Lienecoob-
pa3HO WCMOMNb30BaTb BENWYMHY PacCTPOMKM YCNOBWSA

Bparra =2k, —Ks, koTOpas yHKUMOHANbHO CBsi3aHa

CO CKOPOCThIO 3Byka Cg (34ech Kg,Kg - BonHoBble umnc-
na pagvoBOMHbI U 3BYKOBOW BOJIHbI COOTBETCTBEHHO).
3HaueHne Cg onpeaenseTcs COrnacHo BbIPaXeHNIo

2n- fg
4n-flc-q’

Mpu hopmMupoBaHUM OMOPHbLIX CUrHanoB Heobxoau-
MO YYWTbIBaTb, YTO 3IHEPrUS HPOPMMPYEMBIX CUrHaNoB
3aBMCUT OT 3HayeHWs (, T.e. mapameTp ( sBnseTcs
3HepreTnyeckum napameTpom. OueHVMBaHMe CKOpOCTM
3ByKa MO 9HepreTM4ecKoOMy napameTpy curHana gocta-
TOYHO HEMPMBbLIYHO, MOCKOMbKY B pagmnonokauuu yteep-
Annacb ToYKa 3peHusi, YTO onpeaeneHne CKopocTu ABU-
XeHns obbekTa OCyLLeCTBSeTCA NOCPeACTBOM OLIEHKU
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HeaHepreTU4ecknux napameTpoB CuUrHana, 4aile BCEro
YyacToTbl konebaHwus.

Ha puc. 1 npeacraeneHa CTpPyKTypHas cxema onTu-
MarnbHOro AUCKpMMMHaTopa MHAOPMALMOHHOro napa-
meTpa cucteM PA3 aTtmocdepbl. Cxema coctout u3
OBYX KOPPENSATOPOB WM TPEX BbIYMTAIOLWMX YCTPOWCTB. B

kadyecTBe onopHbix curHanos F(Q) koppensitopos no-

AalTcsa curHanbl, opMUPYIOLLUMECS C UCTONb30BaHNEM
yHKUMM paccesHns, YTO MO3BOMSET y4YUTbIBaTb M3Me-
HeHne CTPyKTypbl paguocurHana cuctemsl PA3. B Bbi-
ymTaroLWMxX ycTporcTeax 1 n 2 ocyLecTBNsaeTCs KOppekK-
LMa CUrHanmoB Ha BbIXOAE KOPPEnsTOpoB B COOTBET-

CTBUW C 3HEprieit OnopHbix curHanos Eg . Ckoppektu-
poBaHHble CUrHasnbl 06pabaTbiBalOTCH B BblYMTalOLLEM

yCTpoWicTBe 3, Ha BbIXOAE KOTOPOro B pesynbTaTte ¢op-
MUPYETCS CUrHar, ONUCbIBaEMbI BbIpaXeHem

T T
I F(an JF (@ )4t [ F(an )F(@ dt—(Eqq — Eq2)=u.

rae F(0m ) — pagvocurHan, nomyyeHHbI ¢ HEKOTOPOro
YPOBHSAI TpacCbl 30HAMPOBAHUS, XapakTepuayloLuncs
Hen3BeCTHbIM 3Ha4YeHWeM napameTpa pacCTpoWiKk/ ycrno-
Bua bparra Qp,; 0;, 0y —3Ha4YeHWss paccTPoOMKWU ycro-
BMs Bparra onopHbIX cUrHanos, OTNMYaloLMecs Ha Be-
nuuunHy 2A , rae A BblGupaeTca B 3aBUCMMOCTU OT Tpe-

6yeMoi ANVHbI U KPYTU3HBI MUHENHOrO yYacTka AUCKPU-
MWHALMOHHOW XapaKTEPUCTUKN.

ﬂMCKpMMMHaLI,VIOHHaﬂ XapakTepuctmka B [OaHHOM
cny4yae nokasblBaeT 3aBUCMMOCTb HanpsbkeHuss U Ha

BbIXOAEe ANCKPMMUHATOpPA OT pasHuubl (4, —Jg, rae (g

— paccTpovika ycrnoeusi Bparra Ha npefbiaylueM ypoBHe
Tpacchl 30HAMPOBAHNSI.
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Puc. 1. JuckpumuHamop uHgopMayuoHHO20 napamem-
pa q cucmem PA3 ammocgpepsi.

Fig. 1. The g information parameter discriminator of the
atmosphere RAS systems

Il. 3aknoyeHUue

B poknage cuHTe3upoBaH AWMCKPUMUHATOP WMHAOP-
MauuoHHoro napametpa cucteM PA3 atmocdepnl. B
pesynbTaTte CMHTE3a NnoflydeHa cxema YCTpOWCTBa, nos-
BOMSIIOLLEr0 MNPOM3BOAWUTL OLEHKM MHM(OPMALNOHHOMO
napameTpa 6e3 cuctemaTtMyeckon OowmnbkM, CBOMCTBEH-
Hol cuctemam PA3, NoCTpOeHHbIM Kak n3amMepuTenn go-
NNEepoBCKOM 4acTOTbl. YCTpaHeHWe CUCTEMAaTUYECKOWN
MOrpeLLHOCTU [OCTUraeTcsl 3a c4veT (HOopMMpPOBaHMS
OMOPHBIX CUrHaNoB AUCKPUMMHATOPa B COOTBETCTBUU C
MaTemMaTMyeckuMu npeobpas3oBaHNsIMU, KOTOPbIM CUr-
Han nogBepraeTcsl B NOKAUMOHHOM MHAOPMAaLMOHHOM
kaHane. OnopHble curHanbl POPMUPYKTCA C UCMOMb30-
BaHMeM byHKUUKN paccesHusi. 3Ha4YeHUs KOppensiLmoH-
HbIX MHTErpanoB B OUCKPUMMHATOPE KOPPEKTUPYHOTCH C
Yy4ETOM 3HEprnn hoOpMUPYEMbIX ONMOPHBIX CUTHAOB.
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Abstract — To simplify existing radioacoustic systems by
the number reducing of the correlator channels in the multi-
channel correlation processing schemes and to increase the
estimation accuracy obtained by such systems, it is synthesized
the energy information parameter discriminator of radioacoustic
systems. The discriminator takes into account the scattered
radio signal energy dependence on the sound speed and radi-
osignal shape change in the scattering on the sound premise.

|. Introduction

In known systems, the speed of sound is determined by the
Doppler frequency shift of electromagnetic oscillations which
are scattered on the sound premise. To isolate and measure
the Doppler frequency in the radioacoustic system it is realized
the multichannel correlation processing scheme of radiosignal,
which gives the estimation with systematic error. In the multi-
channel scheme it is necessary to generate the reference signal
number equal to the Number of channels. The report discusses
the synthesis of the radioacoustic system discriminator, which
will reduce the number of required correlation channels and
eliminate the systematic error.

I, lll. Main Part

To simplify the existing systems it is necessary to ensure
the system in tracking mode. You must synthesize the tracking
system discriminator, taking into account the peculiarities of the
reflected signal when the radio acoustic sounding is performed.

The block diagram of the optimum discriminator of the at-
mospheric radioacoustic sensing systems is shown in Fig. 1.
The scheme consists of two correlators and three subtractors.
Discriminator reference signals are formed using the scattering
function. Subtractor 1 and 2 perform the signal correction at the
output of the correlators in accordance with the energy of the
reference signals. Subtractor 3 finds the difference between the
voltages of discriminator channels. The discriminator output
signal is described by the expression

T T
IF(an )F(@ )k~ Flan (@2 )t—(Eqy ~ Eqz)=u

I1l. Conclusion

The information parameter discriminator of the atmospheric
radioacoustic sensing systems is synthesized in the report.
Discriminator allows making assessments without any system-
atic error which is available on the systems built as a Doppler
frequency meters. Elimination of systematic errors is achieved
by forming the discriminator reference signals in accordance
with the transformations of signal in the radar acoustic channel.
The reference signals are formed in accordance with the scat-
tering function. The correlation integral values in the discrimina-
tor are corrected in accordance with the energy of the generat-
ed reference signals.
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