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AHHOmMayus — BBeaeHo noHATMe dyHKUMM HeonpeaeneH-
HOCTW ANt pacCesHHbIX CUrHAnoB CUCTEM PaaMoaKyCTUYECKOro
30HAMPOBaHMA aTMocdepbl. MonyyeHbl Tena HeonpeaeneHHo-
CTW MpOCTbIX 30HAMPYIOLMX curHanos. pusoanTcs npumep
aHanusa noTeHumnanbHON TOYHOCTW OMpeAerneHns napameTpoB
aTMocdbepbl N0 BUAY M XapakTepy M3MEHeHWs Ten Heonpene-
NEHHOCTN 3afaHHbIX CUrHanoB B 3aBMCMMOCTU OT BEeSIMYUHBI
paccTponkun ycnosus bparra, npu kotopon copmupyeTtcs pac-
CesiHHbIV curHan.

|. BBepgeHue

MoBbiweHne apdeKkTMBHOCTM paboTbl paanMoTEXHU-
YeCKMX CMUCTEM HepaspbiBHO CBSA3AHO C YCOBEPLUEHCT-
BOBaHMEM anroputmoB 0b6paboTku NMPUHUMaEMbIX CUr-
Hanos. PapguoakycTuyeckme cucTeMbl 30HAMPOBAHWA
aTMocdepbl, UCMOMb3ylOWMe paccesHne anekTpomar-
HWTHbIX BOSIH Ha 3BYKOBOM MOCbISIKE, PaCMpOCTPaHsio-
Wwetcs B cBoboaHOM aTMocdepe, UMEKT psi, XapakTep-
HbIX OCOBEHHOCTeN, YTO AenaeT Takyto 3adady ewe 60-
nee NHTEPECHOW 1 CMOXHOW OAHOBPEMEHHO.

Cneumndumka pagmnoakyCTUYECKNX CUCTEM 3akm4a-
eTcs, npexpae Bcero, B 0cobeHHoCcTn obbekTa fokauuu,
KOTOpbIn npeactaBnseT cobon obbemHo-pacnpefe-
NEHHYI0 Lenb, XapakTepuUcTUKN KOTOPOW HenpepbiBHO
MEHSIIOTCA Ha Tpacce pacnpoCTpaHeHus U UHTerpanb-
HblM 06pa3oM cBsA3aHbl C 3MepsieMbiMU NapaMmeTpamMm
aTmocdepsbl.

lMprMeHsieMble B HacTosLLee BPeMs B cucTemax pa-
OMOaKyCTUYECKOro 30HAMPOBaHUSA aTtmocdepbl anro-
pPUTMbl 06pPaboTKM PacCesiHHbIX CUTHAMNOB He MOMHOCTLIO
yunThIBaOT crneunduky npouecca B3aumMoaencTeus 3By-
KOBOW BOJSIHbI C NIEKTPOMarHUTHbIM curHanom. Moatomy
BO3HMKaeT 3ajaya MosfyyeHns anroputmMoB ob6paboTkm
CUrHanoB PafMoaKyCTUYECKMX CUCTEM, KOTOpble [OSK-
Hbl y4nTbIBaTb NpeobpasoBaHne pagmnoBOSHbI B kaHane
1 NO3BONATb OCYLLECTBMAATb Ka4eCTBEHHblE M3MepeHus
napameTpoB atmocdepbl He TOMbKO MPW BbINOMHEHWUM
ycnosusi bparra, Ho 1 npu =0 (g — napameTtp pac-

CTPOMKKM) , @ TakKe B Criydyae UCMONb30BaHUA CIOXHbLIX
30HAMPYOLWNX KoneBaHui.

Il. OcHoBHaA YacTb

3agava NOBbLIWEHUA TOYHOCTM M3MEpeHusa napa-
MeTpoB aTMocdepbl pagnmoakycTU4eckMMn cuctema-
MU OOMKHa pewartbcs nyTeM co3gaHusa bonee ad-
heKTMBHbBIX anroputMoB 06paboTKM paccesiHHbIX pa-
OMOCUrHanoB.

Kak nokasaHo B [1, 2], cnocob pelueHusi BO3HUKLLIMX
TPYOHOCTEW, OMUCaHHbIX paHee, BO3MOXEH Npu Wuc-
Nnonb30BaHUM KOPPENSLNOHHBIX YCTPOWCTB 06paboTku,
B KOTOPbIX OMOPHble KonebGaHuWsi B pasnu4yHbIX TOYKax
JuanasoHa OLEeHWBAeMOro mnapameTpa OTNn4YalTCs
BUOOM, popmoii. AHanM3 nornyyaembix Takum obpasom
OLleHOK Heo6Xx0oMMO OCYLLECTBMSATbL C UCMNOMb30BaHMe
byHKLMM HeonpeneneHHoOCTU, KoTopas Takke uMeeT
PS4 XapaKTepHbIX OTNM4YuiA. BelpaxkeHne ons gyHkuun

Wty @) = [Fy(r,q)-F (r—rg,q)dr, (1)
roe q=2ke—kS — napameTp PpacCTPOWKU YCroBusi

Bparra; K, — BonHoBoe uvcno Ans 3Byka; K, — BOMHO-
BOE UWCIO; I — CMELLUEHWE CUTHAroB MO KoopauHaTe
«JanbHOCTbY; () — BENWYMHA PaCCTPOWKW YCIOBUS
Bparra, npu KOTOPOM (DOPMUPYETCSH PacCesHHbIA CUr-
Han; fy — OTHOCUTENbHOE CMELLEHUE NMPUHUMAEMOro U

OMOPHOr0 CUrHAMOB MO AaNbHOCTU.
®opma onopHoro F n paccesiHHoro F, curHanos mo-

XeT ObITb HaieHa C NOMOLLbI0 (hyHKLIMK paccesHus [2]

F(r,q) = TE(Zr'—r)s*(r')eiqr'dr' ,

rae E(2r'-r) — MpOCTpaHCcTBEHHas orubatowas paavo-
curHana; S(r') — npocTpaHCTBeHHas ormbarolias aky-

CTUYECKOro curHana.

Mogaynb nHTerpana copmynsl (1), npeacTaBneHHbIN
B rpacduyeckoM Buae, — Terno HeonpegeneHHocTu. Kak
HeTpyAHO 3aMeTuTb, XapakTep Tena HeonpeaeneHHoCTH
OyneT MeHATbCS B 3aBMCMMOCTM OT BENUYUHBI pac-
CTponku ycnosust bparra, OTHOCUTENBHOIMO CMeELLEHUS
CUrHanoB BAOMb MPOCTPaHCTBEHHOW KOOPAMHATbLI 1 3Ha-

YEHWst BENUYMHBI (,, NPYU KOTOPOW chopmmpyeTcsi pac-

cesiHHbIN curHan. CylecTBEHHOEe OTNMYME paccMmaTpu-
BaeMoON (PyHKUUN HeonpeneneHHOCTU 3akniyvaeTcs B
TOM, YTO AONSA PasnuYHbIX 3HAYEHWA BEINUYMHbI pac-

CTpoWku ycnoeusa bparra gy, npu KoTopom chopmmpyeT-

CSl paccesiHHbIA curHan, CTpykTypa Tena HeonpegerneH-
HOCTV OydeT pasnuyHOW, Aaxe B Clyyae WUCNomnb3oBa-
HMS OOHOW M TOW Xe napbl 30HAMPYHIOLLMX aKyCTUYECKOro
N 3NEeKTPOMarHUTHOro konebaHuin.

Ha puc. 1 n 2 npeactasneHbl Tena HeonpeaeneHHo-
CTV Napbl NPOCTbIX aKyCTUYECKOro U 3MeKTPOMarHUTHOro
CUrHanoB C MNPSMOYrofnbHbIMK OrvbarowmuMm Ans pas-
MWYHBIX 3HaAYeHWn napameTpa pacCTPOMKW YCrOBUS
Bparra q,=0 ¥ g, =0.6 COOTBETCTBEHHO.

a0

Puc. 1. Terno HeonpedeneHHocmMu paduo U 38YKOB020
cueHaro8 ¢ nMpsiMoy2orbHbIMU o2ubarouumu Ons

Q=0
Fig. 1. The ambiguity body of the acoustic and radio

HeonpeaeneHHoCTHn CUrHanoB paanoakyCcTn4eckmnx

cUCTEeM UMeeT BUA; signals with a rectangular envelope for the q, =0
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Bua Tena HeonpegeneHHOCTU, KONMMYECTBO U Xapak-
Tep ero LeHTpanbHOro n GoKoBbIX MUKOB, AAeT BO3MOX-
HOCTb OLIEHUTb MEPCNEKTUBHOCTb WUCMOMb30BaHUA Tex
UNN MHbIX 30HAMPYIOLLUNX CUTHAMNOB C TOYKWU 3PEHUSA MOo-
nyyeHus Hambornee TOYHbIX OAHHbIX O NMapameTtpax aT-
Mocepbl.

a0 g 0T

Puc. 2. Terno HeonpedenieHHOCMU 30HOUPYIOUUX
CueHaro8 ¢ npsiMoy2oribHbIMU o2ubarouwumu Ons
g, =0.6.

Fig. 2. The ambiguity body of the acoustic and radio
signals with a rectangular envelope for the q,=0.6

M3 npeactaBneHHbIX PUCYHKOB BWOHO, HACKOSbKO
CUINbHO MEeHAEeTCA XapakTtep (*)YHKLI,MVI HeonpeaeneHHoOCTU
faxe npu Hes3Ha4uUTENbHbIX U3MEHEHUAX napameTpa Q

Ana npocTbiX pagnoakyCTUHMECKUX CUrHamnoB C npAMo-
YronbHbIMA ornbatowmmun. Bug tena HeonpeaeneHHoOCTn
M3MEHsIeTCA He TONMbKO BOOMb KoopAuHaT I 1 (, HO U B

3aBMCYMOCTW OT BEMWYMHBI PAcCTPOMKKM ycrnosus Bparra
Jo, NpY KOTOPOM (hOPMUPYETCA PaCCEsHHbIN cuUrHar.

370 3HAUUT, 4YTO Bbl60p 30HOMPYKOLWMX CUrHanos Ona pa-
ANO0aKYyCTUYECKNX CUCTEM [OOJDKEH OCYyLeCTBNATbLCA He
TOJNMbKO MO aHanuady «Krnaccu4eckoro» suaa tena Heonpe-
AeneHHocT™m Ana (g = 0, HO U C y4€TOM U3MEHEHUA

(PYHKLMM HeornpeaeneHHOCTU NpU 3HaYeHNsIX g, # 0 .

Bonee OCprIl7I MUK rMaBHOINo MakCMmMmyma Tesa Heon-
peneneHHoOCTn NpoCTbIX pagnoakyCTU4eCKMX CUrHanos
ansa cnydaes ( # (0 nosBongeTt caenatb BbIBO4 O MO-

BbILUEHUM TOYHOCTM OnpedeneHus napameTpoB aTMmo-
cchepbl Npy yBenuYeHUM paccTpoiku ycroeus Bparra.
CyluecTBEeHHbIM 30eCb SBMSAETCA TO, YTO Takasi Xapak-
TepucTvka OyaeT cnpaBensivMBa TONMbKO MPW WUCTOSNb30-
BaHUM onucaHHoro B [1] koppenauMoHHoro metoda o6-
paBoTKN MPUHATBLIX CUrHANoB. Ons KraccMyYeckux anro-
PUTMOB 06pPaBOTKM CyLLECTBEHHbIM ABNSETCS BUA Tena
HeonpeaeneHHocT TOMbKO AN YCnoBus g, =0, Mo-

CKOMNbKY W3MEHEHMe TOHKOW CTPYKTYpbl PacCesiHHOro
pagmnocurHan B HUX HUKaK He y4YuTbiBaeTcst U NpUMBOOUT
TONBbKO K YBEMMYEHUNIO CUCTEMaTUYECKOW MOrpeLlHOCTM
N3MepeHuss MmeTeonapameTpoB C YBENIMYEHNEM Benuyn-
Hbl paccTpouku ycrnosus bparra.

Ill. 3akno4yeHue

lMpyMeHeHne KoppensuMoHHOro anroputMa obpa-
60TKM NPUHATBLIX KonebaHwni B pagnoakyCTUYECKNX CUc-
Temax ro3BONseT WCKMIOYUTL CUCTEMATUYECKYo Mo-
rPewHOCTb U3MepeHusi napameTpoB aTmocdepsbl, CBS-
3aHHYI0 C OCOBEHHOCTAMM pacCesHUs INeKTPOMarHuT-
HOW BOMHbI Ha aKycTM4eckon nocbinke. Mcnone3osaHve
dyHKUMM HeonpeaeneHHOCTH, NonydYeHne n aHanma Ten
HeonpeaeneHHoCTU  PasNnyHbIX  PagnoaKyCTU4ECKUX
CUrHanoB SIBNSIETCA MOLUHBIM W MEepCrnekTUBHBbIM cpea-
CTBOM UCCIEA0BaHNS 30HAMPYOLWMX KonebaHuin Ha
nepBOHa4yanbHOM 3Tane MNPOEKTMPOBaHWUSA paccMaTpu-
BaeMblX PagnOTEXHUYECKMX CUCTEM, MO3BONSAIOLMM UC-
KIMIOYNTb AOPOroCTOSALME HATYPHbIE 3KCNEPUMEHTI.

IV. Cnucok nutepaTyphbl
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Abstract — The article suggests a notion of ambiguity function
for scattered signals of radioacoustic atmosphere sounding. The
ambiguity bodies of simple probing signals are procured. The ar-
ticle gives an analysis of potential accuracy of atmosphere char-
acterization by the type and nature of changes in ambiguity bod-
ies of posed signals, depending on the value of detuning of Bragg
condition, in which a scattered signal is formed.

I. Introduction

Existing algorithms for processing of scattered signals, cur-
rently used in radioacoustic atmosphere sounding systems, do
not fully take into account the specific interaction of sound waves
with the electromagnetic signal. Therefore, this activates the task
of obtaining of such signal processing algorithms for radio sys-
tems which must consider the conversion of radio waves in the
channel and allow the qualitative atmosphere measurement not
only in cases, satisfying Bragg conditions, but withq =0, as well

as with the use of complex sounding fluctuations.

Il. Main Part

Reducing of systematic errors of measurement of atmos-
pheric parameters is possible with the use of multicorrelation
processing devices, at the bottom of which lies the notion of the
ambiguity function.

Graphical view of the function - the ambiguity body is an in-
tegral module of formula (1). The parameters of the ambiguity
body vary, depending on the value of detuning Bragg condi-
tions, on the relative signal displacement along the spatial co-

ordinate and on the values of (,, in which scattered signal

emerges. A significant difference of the suggested ambiguity
function is that for different detuning values of Bragg ¢, condi-

tions, in which a scattered signal emerges, the structure of the
body of ambiguity is different even if the same pair of sounding
acoustic and electromagnetic oscillations is used.

Figures 1 and 2 present the ambiguity bodies of simple
acoustic and electromagnetic signals with a rectangular enve-
lope for different values of detuning Bragg conditions q, =0

andq,=0.6, respectively. Fig. 1, 2 demonstrate significant

change in the parameters of the function of ambiguity even with
minor changes of ( for simple radioacoustic signals with rec-

tangular envelope, which must be taken into account, designing
a device for processing of scattered waves.

lll. Conclusion

The application of multicorrelation algorithm of oscillation
processing in radio systems allows avoiding systematic errors
in the measurement of atmospheric parameters which are as-
sociated with peculiar scattering of electromagnetic waves on
the acoustic premise. The use of ambiguity function and the
analysis of ambiguity bodies of various radioacoustic signals is
a powerful and promising tool for the selection of probing fluc-
tuations at the initial stage of such radio systems design which
helps to avoid costly full-scale experiments.
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