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AJITOPUTM TOMOMOP®HOM OBPABOTKH CUTHAJIOB TEOPAJIAPA

B pabore nccnenoBaHa akTyaibHast IpobiieMa U3MEPEHHs TONIMHbI TIPUIIOBEPXHOCTHBIX CII0EB 30HAUPYEMOIT CPEIBI C MOMOILBIO
reopafiapHbIX PaAuOIOKAIMOHHBIX CUCTEM IIPU CTPOTUX OTPAaHUUYCHHSX Ha MUHUMANBHYIO JUINTENIBHOCTH 30HUPYIOIIET0 BHICOUMITYIIbCA H
HaJIMYUH WHTEHCHBHBIX HHTeP(EPEHIMOHHBIX IOMEX, 00YCIOBICHHBIX PE30HAHCHBIMU d(Q(eKTaMu B aHTEHHE M MHOTOKPATHBIMH II€PEOT-
paXKEHUSIMU 30HAUPYIOLIEro CUrHaja OT IPaHMI] pasziena cpell. TpaauinoHHbIe KOPPEILMOHHO-3KCTPEMallbHbIe METO/bl 00PaOOTKH CHIHA-
JIOB HE IO3BOJIIIOT MOJIYYUTh pa3pelleHre MEHbINE, YeM MOJIOBHHA CyMMAapHOU JUIMTEIBHOCTH uMITylbca. IIpeogonets 9To orpaHudeHne
BO3MOXKHO IIPHIMEHEHHEM HEJMHEHHBIX METOJ0B TOMOMOP(HOII 00pabOTKH CUTHATOB reopanapa. TeopeTHdeckH U HKCIEPUMEHTAIBHO M0-
Ka3aHO, YTO NP HPUMEHEHHH CBEPXIIMPOKOIOJIOCHBIX 30HUPYIOIINX CHTHAIOB HEJIMHEHHas 00paboTKa OTPAKEHHBIX OT HPUIIOBEPXHOCT-
HBIX CIIOEB CPeJbl CHTHAJOB JaeT BO3MOXKHOCTh HCHTU(UIINPOBATH TPAHUIB! pa3ziesia CTPYKTYp Ha ITyOMHAX BIUIOTH 0 5 % OT JANUTEINb-
HOCTH HMITy/bca. Ha ocHOBe MeTola KelCTpalbHOTO aHalu3a CHHTE3UPOBAH aJTOPUTM 00pPaOOTKU CUTHAIOB BUJICOMMITYJILCHOTO Ieopaja-
pa. C momoripio OsicTporo mpeobdpazoBanus Pypbe BHIYUCIACTCS aMIUTUTYJHBINA CIICKTP CUTHAJIOB, PE3yJIbTAT MOABEPraetcs JJorapudgmupo-
BaHUIO W BBIUHMCILIETCS oOpaTHOe mpeoOpazoBanne Dypbe, comepikalee KeNCTp 30HAUPYIONIEr0 CHUTHANa W JUCKPETHBIN JIMHEHYaThIi
KEIICTP CUTHAJIA 3a1EP>KKH, aHAIM3 KOTOPOTO IIPU OTHOCHTENHHO BEICOKHX COOTHOIICHHUSX CHUTHAJI/IIYM MO3BOJISIET BEIYUCIUTH OLCHKY TOJI-
muHbI cnost. [IpuBesieHs! pe3ynbTaThl MojenupoBanus. O0cyxnaercs npodieMa BIUSHUS IIyMOB Ha OMIMOKH MACHTH(HUKALUU TOANOBEPX-

HOCTHBIX 00beKTOB. Wi1. 6. Bubnorp.: 16 Ha3s.

Ki1oueBble €J10Ba: CIIEKTpP, KEICTP, CBEPXIIMPOKOIOIOCHBII CUTHAIL, Feopaiap, UMITYJIbC, TPaHKLA pa3jielia cpel, ObICTpoe mpe-

obpazoBaHue Dypbe, aMIUIUTYAHBII CIIEKTP, UACHTU(DUKALMS.

B Teopum u TeXHHKE IOJNOBEPXHOCTHOH
paaroIOKalK, 0OCOOCHHO OBICTPO pa3BUBAIOIICHCS B
MoceHNE MAECATHICTHS, HaMeTWjIach TEHICHIUS
nepexojia OT YHUBEPCAIbHBIX T'€0paiapoB, peIHa3Ha-
YEHHBIX JUIS PELICHUs OJHOBPEMEHHO IIHPOKOI0
Kpyra 3ajad, K CICIUaTU3UPOBAaHHBIM paanoJIOKa-
IIHOHHBIM cucTeMaM. IIpakTHka MOKa3bIBaeT, YTO
CYIIECTBYET MHOTO 3a7ad, PEIICHHE KOTOPBIX MOTYT
obecrieuynTs HEAOPOTHE Teopajapbl, COOpaHHBIE MO
YIPOIIEHHBIM, HO B TOXX€ BpPEMs OINTHMH3HPOBAH-
HBIM /I pEIIeHNs KOHKPETHOM 33/1aud CXEMaM.
BospmmaCTBO MOTpEOUTENEH reopanapos, Kak Ipa-
BIJIO, HY>KAAIOTCS B TTIOBCETHEBHOM PEIIEHUH OJHON
crenuduyeckoi 3ana4yu, HarpuMmep, TaKOW Kak He-
paspymarIias AUarHOCTHKA CTPOUTENBHBIX KOHCT-
PYKUHH C IeTbl0 OOHAPYXKEHHS CKPBITHIX TPEUIUH
WM CBOEBPEMEHHOE BBIABICHHE Ae(EKTOB JOPOXK-
HOTO TOKPBITHS.

HNudopmanus 06 UCKOMOM OOBEKTE COJEp-
JKUTCSI B TPaIUEHTE AUAIICKTPUUECKOH ITPOHUIIaeMOc-
TH CPeZbl, BBI3bIBAIOIIEM OTPaKCHNUE W PacCEHUBAHHUE
3JIEKTPOMArHUTHBIX BOJIH. [[yist 9THX menelt ucroib-
3yIOT pagapbl, (OPMHUPYIONIME CBEPXIIMPOKOIIOIOC-
Hele (CILIT) 3ouaupytomue curnansl. Takoi curaan
npeAcTaBiIsieT co00i HAaHOCEKYHIHBIH BHICOUM-
MyJbC C MUKOCEKYHAHBIMH (poHTamu. [IpumeHeHne
reopagapoB ¢ CLUIT 30HAMPYIONTMMI CUTHATIAMH IS
oOHapyXeHHs M WACHTU(QHUKAIMA HEOJIHOPOTHOCTEH
JTURJIEKTPUIECKON MPOHUIIAEMOCTH B Cpelax co 3Ha-
YUTEIbHBIM MOTJIONIEHUEM U AUCHEPCUEN BBIABUTaET
psn crienupuueckux TpeOoBaHUI K MeTogaM oOpa-
OOTKH OTpa)KCHHBIX CUTHAIOB [1—6]. B wactHOCTH,
CKOpPOCTb PaclpoCTPaHEHHs PaAUOBOIH B IUCIEPCH-
OHHBIX HEOJHOPOJHBIX CpeJax He ABISETCA BEIHYU-
HOHM NOCTOSIHHOH [7], 4TO 00ycliaBIMBaeT TpyIHOCTH
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B ONPENEIECHUN HUCTUHHBIX PACCTOSHUI O MCKOMBIX
00BEKTOB.

Kax mpasuio, Gonbinas 9acTe 3eMHBIX IO-
KPOBOB COCTOUT M3 CpeJ, 00JaJalolliuX 3HAYUTEIb-
HOM JuCIepCUedl U IOIVIOLICHUEM, KOTOPHIE MEHsI-
IOTCS ¢ WM3MEHEHHEM COJEepKaHUS BIaru B CIOSX
BJOJb Tpacchl pacHpocTpaHeHus curHaiga. Kpome
TOro, Ais HOIYYEHHS BBICOKOTO pas3pelIeHUs II0
riyOWHe 30HJMPOBAHMSA B Teopajapax NPUXOANUTCS
HOPUMEHATh MUKOCEKYHIHbIE BHIEOUMITYJIBCHI JUIS
yIapHOTO  BO30YXKICHHS aHTEHHBI  IEPEnajioM
HarpspkeHus. B pesyibrare pe3oHaHCHBIX 3 dexToB
aHTeHHa (OPMHpPYET 3HAKONEPEMEHHBII 3aTyXaro-
A IyT 3JIEKTPOMArHUTHBIX BOJH (puc. 1), 3Ha4H-
TENbHO (B HECKOJBKO Pa3) MPEBBIIIAIONINHN MO AJIH-
TEJILHOCTH BO30YXKJAIOIMKA BUICOUMITYJIBC, YEM U
OTPAHMYMBAET Pa3pEIIAlOIIyl0 CIOCOOHOCTh T€o-
pamapa Ho TIyOWHE IOANOBEPXHOCTHOTO 30HIUPO-
BaHUsl.

T )
0,0 0,5 1,0
t, HC

Puc. 1. IlpumepHsiii Bua konebaHuii B aHTEHHE reopajapa Ipu ee
BO30Y)KJICHHH BHACOHMITYIECOM
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Jns psina NpakTHYECKH BaKHBIX MPUIIOKE-
HHH 5Ta OCOOCHHOCTH Teopajapa CO34aeT IOYTH
HeNpeooIUMbIe MPoOJIeMBl. XapaKTepHBIM HpHMe-
POM sIBIISIETCS 3a]1a4a 30HMPOBaHMS ITOKPHITHIA aBTO-
MOOWJIBHBIX JIOPOT, T/Ie TOJIIMHBI CJIOEB MOTYT
COCTaBJIATH OT JIECATKOB JI0 €AMHHIL CAHTHUMETPOB.

Hannupe nByX ONHM3KO pacoONOXKEHHBIX
TPaHUIl CJIOEB CO3/1AeT HHTEP(EPCHIMOHHYIO KapTH-
Hy (puc. 2), IO KOTOPOH MPAKTHYECKH HEBO3MOKHO
MPOM3BECTH W3MEPEHUSI PACcCTOSHUN 10 KaKAOH u3
TpaHHL.

0,3+

0,24

0,5
t, HC

1,0

Puc. 2. Pe3ynpTaT OTpaskeHHs] CUTHAJIOB OT OJM3KO PacHOJIOKESH-
HBIX TIOANOBEPXHOCTHBIX CJIOEB IPYHTa

PanmyonokaunoHHoe n300pa)keHHE B TaKoif
CUTYallUH COJCPIKUT MHOKECTBO NEPEKPBIBAIOIINXCS
TEMHBIX ¥ CBETJBIX 1oJoc (puc. 3), 3aTPyAHAIOLINX
UICHTU(HUKALIUIO HCCIIETyeMbIX O0BEKTOB.

Puc. 3. @parmMeHT NpUNOBEPXHOCTHON YacTU paMOIOKALIHOHHOTO
M300pakeHUs JABYXCIOMHOTO ydYacTKa MpH KOPPESILHOHHO-
3KCTpEMANIbHOI 00paboTKe OTPaKEHHBIX CUTHAJIOB

OdYeBHIHO, 4YTO TP KOPPEIAIHOHHO-
IKCTpeMallbHOW 00paboTke [8, 9] oTpakeHHBIX CHT-
HaJlOB PaJMOJIOKAI[MOHHOE HW300paKeHHe TaKoro
y4acTKa JOPOrM TepsieT MPAKTHUYECKUH CMBICI, Tak
KaK U3MCPUTH TOJINIUHY CJIOA WIIN 06Hapy)KI/ITB ae-
(beKTHI MOKPBITHA HA CTOJIb MAJIBIX PAcCTOSHHSAX He-
BO3MOJKHO.

1. MocranoBKa 3agaun. Pemenue mpoodie-
MBI U pAda 4aCTHBIX CJIIy4a€eB MOKHO HaﬁTI/I, €CIIn
Y4Y€CTh TOT q)aKT, YTO pacCTOAHUE OT IMOBEPXHOCTHU
actanpTa (eciim B KadecTBe 00OBEKTa 30HIMPOBAHHUS
BbIOpaHa aBTOAOpOTa) A0 €ro HW)KHEW I'paHMIbl He-
BEJINKO (TIPUMEPHO EIVHHUIBI WM AECSATKH CaHTH-
MeTpoB). B pe3ynbraTe ypoBeHb OTpa)kKEHHOTO CHT-
HaJla Ha BXOJ¢ MpueMHuKa reopamapa Ha 20...30 ab
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MPEBOCXOJUT YPOBEHb COOCTBEHHOTO IIyMa IMpHEM-
HUKa. [Ipy TakMX COOTHOIICHHSX CUTHAJ/IIYM OKa-
3bIBalOTCA 3()()EKTUBHBIMU ANTOPUTMBI HEJTHMHEHHON
romMoMopdHOit 06padoTku curnanos [9-12].

i Toro 9To0BI N30€KaTh TPOMO3IKIX Ma-
TEeMaTHYECKUX COOTHOIICHHH, HO COXpPaHUTH OOII-
HOCTh aHaJIM3a, PACCMOTPHM CHTHAJ OJHOH CTPOKH
rIyOWHHOTO TPO(HIA BHACOUMIYIBCHOTO Teopaja-

pa [5]

y(®) = x(t) + ax(t —7) +n(t), @)

rae X(t) — 30HIUPYIOMIMI CUTHAT CO CIEKTPaIbHOM

IJIOTHOCTHIO Iix (w); a<1 — xo3dduruenr 3aryxa-
HUsI CUTHalla MPU €ro pacipoCTPaHCHUH B CPEAC;
T — 3a/iepXKKa CUTHAllA Ha BpeMs, HEOOXOAMMOe Ha
pacmpoCTpaHCHUE 30HIUPYIOIIEIO CUIHAla 10 OTpa-
JKaroledl MOAMOBEPXHOCTHONH TPaHUIl U O0paTHO;
n(t) — peanmsainms Imyma CO CIEKTPAILHON IUIOT-

HocThio N(w) W HyneBBIM MaTOXXHIAHUEM.

OrneHke moaneXuT napamerp 7. Ecnm toin-
IIMHA CJIOS 30HAUPYEMOH Cpe/ibl TAKOBA, YTO BBITION-
HSETCS yCIIOBUE

o @)

rac Tp - O6H1351 JJIATEIIBHOCTh 30HAUPYIOIIETO CUT-

T>>T,

Hajla B CpeJie paclpOCTPAHCHHS ¢ YIETOM PE30HaHC-
HBIX 3((}EeKTOB B aHTCHHE, TO MapamMeTp 7 MOXKET
OBITH BBIYMCIICH C IIOMOIIBIO psiia XOPOIIO H3BECT-
HBIX B CTATUCTHYECKOM pajmodusuke Metoi0B [13-15].
OnHako At psiia TMPAKTHUECKH BaXKHBIX CITydaes,
KOT/1a ycIioBHe (2) He BBITIOJHSETCS, 8 3HAK HEPABEHCT-
Ba MEHSETCS Ha MPOTHUBOIIOJIOXKHBIN, KJIAaCCHYECKHUE
METOJIBI OIIEHUBAHUS 3a/1eP’KKU HE PaOOTOCIIOCOOHBI.

2. KencrpaiabHblii TOAX0 K OLeHHBAHHIO
3asep:kkn curHana. HaGmomaemsiit cursan (1) B
CHEKTPaJIbHOW 00JAaCTH MOXKET OBbITh BBIPAXEH Clie-
JIYIOLM 00pa3oM:

F, (@) = F )1+ e °7)+ N(0). @3)
Ksagpat Moy (3) Oynetr uMeTb BUA

. 2

Fe(@) cos(w) +

(4)

||iy (a))|2 = (1+ az) Iix (a))|2 +2a

HN @) + {1+ 0877 )B, ()N (@) +
+ (14 027 17)E; ()N (o),

"
raA€ — CHMMBOJI KOMIUICKCHOT'O COIPAKCHUA.

Kax Bumno u3 (4), cmektp HaOmM0gaeMOro
nporecca COAEPKUT IEePEeKPECTHBIE CHEKTpajbHbIC

KOMIIOHCHTBI Fx(a)) 1 N(®), xoropsie mpu 06pa-

OOTKE CHIHAJIOB SBIAIOTCA moMmexoi. O003HauMM
NEPEKPECTHBIC  CIICKTPAJIbHBIE KOMIIOHCHTBI KaK

F.n(®) 1 BBIpa3uM HX 4epe3 peanbHyr M MHUMYIHO

qacTu:
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E (@) = 2Re{F, (o) }+ a Re{E, (@) fcos(a ) +
+ a Im{F, (@) sin(o )| Re{N () |+

+ [Im{lfX (a))}+ a Im{F'X (a))}cos(w 7) -

— aRelF, (@) sin(@ )] Im{N ().

[TyremM oueBHUAHBIX MpeoOpa3oBaHUI yIIpOC-
TiM (5), OTHOBPEMEHHO 0003HAYHB

®)

A=RelF, (o) }+ a Re{F, ()} cos(aw7) +
+a Im{lix (a))} sin(w1),
B =Imi{F, (a))}+ a Im{liX (a))} cos(w7) —
— aRe{F, ()} sin(w7).

OueBUIHO, YTO

A2 1 B2 =|F, (a))|2(1+ a? +2a COS(a)T)),
p=2a1+a?)",

-1
o =i |

-1

2@ =

Ee (a))|[A2 +B24] N(a))|2}
Torna

@) = [(1+ o)
% [(1+ a?)E, (wﬂl[u AR@)[ cos(@ z’)} < (6)
x[1+|2(a))|2}.

[ponorapudmupyemMm JNEeByI0 U MPaBYIO
gacty (6), moxydanm

In(| F, (a))|2) - In{<l+a2)|lfx(a))|2}+
+ In{1+| N (co)|2[(1+ az) Fy (w)ﬂl} +

+ In{1+ AR@) cos(a)r)} + In{l+|2(a))|2}.

Amnanu3 (7) moka3pIBaeT, YTO IEpBOE clara-
eMoe TIpe/CTaBiIsieT co0OHW JAEeTepMUHHPOBAHHBIN
4JIeH, He3aBUCAIIUM OT 7. BTOpoe u mocnenHee cia-
raemble (7) coiepiKaT MEepPeKPecTHBIE CIIEKTPHI CHT-
HaJla U IIOMEXH, 4TO SIBIISIETCSA NPSIMON IIOMEXOH AJIs
BBIJIENIEHUS] MHQOpMAINH O 3a1epkke. B cmaraemom

|n{1+ﬂ|R(a))|2COS(a)r)} dyskums R(w) ectb HE

E, (a))|2[l+| N (@) x

()

YTO MHOE, KaK MOAYJISLHS IIyMOM KEIcTpa 3a/epikK-
ku. [IpeoOpazyem (7) myTeM paziokeHHs MOCIEIHNX

JBYX caraeMblx 10 ¢dopmyne [16]:
0 k
In(1+x)=>" (1) X?
k=1
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B pesynbrare nonydaem

In(| F, (a))|2) - In{(l+ 22)|F, (a))|2} +
N In{l+ N (a))|2|:(1+ a?)|F, (wﬂl} N

+ Z [(— ]_)k+l D, (w) cos(kaw T)]+
k=1
+ i (— 1I)|+1|Z(w)|2l ’
I=1
rue
. 22 Y
{,3|R(a))| } {,6'|R(a))| }
DO(CU): 2 + o I
.28 Y
AR(@) AR()
Dl(a’):ﬂ|R(w)|2+{ | 0)|} +{ | 60|} X

4 8
O6partHoe mpeobOpazoBanne Dypre ot (8)
JaeT

S’l{ln| Fy (a))|2} = S’l{ln(u o )|F, (a))|2} +

+ S‘l{ln{l+|l\] (a))|2[(1+ o?)| F'X(w)|zr}}+

© i+l
+Z( 1|) d (t) -

1=1

2
—{ﬂTCz(t)+%ﬁ4c4(t)+%ﬁﬁcs(t)+--}+ .

+0,5{p’b(t—f)+%303(t—1)+%5(35(t_1)+..}_

2 2
—0,5{'87C2(t—2r)+%C4(t—2r)+
+3ﬂ6c (t-27)+---++05 —30 (t—37)+

64”7 ~° ~l12 3

5 6
+EC5(t_3T)+“}_0’5{@06(t_61)+"}"'v

rie 5HR(@)]=b(OC (), a di(t) u C/(t) npea-
CTaBJIAIOT COOOM COOTBETCTBYIOIUE CBEPTKH TIPO-
recca X(t) ¢ b(t) u C(t) coorBercTBEHHO.

Amnanus cooTHommeHus (9) MOKa3bIBAET, YTO
OJTHO3HAYHO MIEHTHQHUIMPOBATE MECTOTIONOKEHUE
Ha OCH BPEMEHH TIMKa KENCTpa, KOTOPBIA COOTBETCT-
BYeT UCTHHHOM 3aJIepiKKE CUTHANIA 7, NPH HATUIHA
HIyMa BECHMA 3aTPYAHHMTENbHO. MAKTHYECKU MOCIE
npeodpazoBanust (9) CICIYIOIINM 3TAlIOM 00pabOTKH
SBIISIETCS PENIEHUE CTATUCTHYIECKOMN 3a/1a4 BBIJETIE-
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HUS IETEPMUHHPOBAHHOTO CHTHaja Ha QoHe (iyk-
TYallMOHHOW TIOMEXH, CTaTHCTHYECKHE XapaKTe-
PUCTHKH KOTOPOH HEOOXOOMMO IPEIBapUTEIBEHO
OLICHUTD.

3. OneHka CTaTHCTHYECKHX CBOMCTB IoO-
Mex. M3navanpro B (1) mym n(t) sieasics raycco-
BBIM CTOXaCTHYECKHM IIPOIIECCOM C M3BECTHOM CIEK-
TpaJbHOMN IIOTHOCTBIO U HYJIEBBIM MaTOXUIAHHUEM.
OueBHAHO, YTO IUIOTHOCTH BEPOSATHOCTH IMpoliecca
n(t) moxer ObITH MpeacTaBieHa B BujE [13]

L)

W (t) = e 207,

1
V2ro?
[Mocne npumeneHus npeodpazoBanus Oypre
K COOTHOIICHUIO (1) MIOTHOCTH BEPOSITHOCTH MOMeE-
XM MOJKHO 3aITiCcaTh KakK

expl NZ(0) + N2 (@)]

N

W(N, (@), N;(@))= = (10)
7r|N (a))|
rae N, (), N;(®) — peanbHas 1 MHUMasi KOMIIOHECH-

TBI CIIEKTPA [IyMa COOTBETCTBEHHO.

N3 (10) cremyeT, YTO pe3yJbTHPYHOUIUI
MOMEXOBBIN TIPOIIECC B CIIEKTPAILHOM 001aCcTH TIpe -
cTaBnseT coboit mpouecc ¢ pacmpenenenueM y° [15]

U AByMs cremneHsMH cBoOozpsl. Ilocne HenmHeitHOTO
JIorapu(MUIECKOT0  TPeoOpa3oBaHUS  HMCXOTHBIN
IIYMOBOI1 IIpoLIecC CTaJ HIyMOM BH/A

N (@) = (1+ a2 )Fy (@)@ -1},
re C(w) = |n{1+ N@)|[L+a?) F’X(a))]’l}.
HHOTHOCTL BepOHTHOCTI/I TaKoro H.IyMa
W (N (e))=
#(w)exp|C (@) - j(w)exp(C(w) -1)] C 20, (11)
0 C<0,

rne y(w)= (1+ 0{2) F, (a))[N (a))T1 — B3BELICHHOE C
K03 PHIIHEHTOM (1+ az) COOTHOIIIEHUE CIEKTPajb-

HOU IIOTHOCTH CHTHAaJa K CIIEKTPaJIbHOM IIOTHOCTH
ryma.

[Tn0THOCTHh BEPOSATHOCTH KOMOWHAIIMOHHBIX
KOMITOHEHT KETICTPa UMEET BU

(@) e{—z(w)(R*(w)-l)},
R? (o)

W(R(w))= (12)

Beipakennst (11) u (12) mnpencraBisoT
co0Ol HETayCCOBCKHE IUIOTHOCTH pacHpeaeiIeHus
BEPOSITHOCTEH MPOIECCOB, KaXABbIA U3 KOTOPBIX
MOXeET OBbITh HCIIONB30BaH IS TOYEYHBIX OLIEHOK
OTHOIICHUH CUTHAJ/IIYM B IIpEAeiax ONpe/esICHHs
¢byukunn  y(w) B (11). CemeiictBo GyHKUMIA
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W(R(a))) OpH pa3sIuYHBIX 3HaueHWsx y(w) mnpuBe-
JICHO Ha puC. 4.

1,01
0,8+

0,6

W(R)

0,41

0,2+

0,0
0,0

0,2

Puc. 4. CemeiictBo pacnpenenenuil ¢pynkuun W(R) npu pasmid-
HBIX 3HaUCHWIX (®)

CrenyeT OTMETHTh, YTO IPH HU3KUX COOT-
HOIICHUSX  CUTHAI/IIYM  OCHOBHBIC  3HAYCHUSA
W(R(a))) COCPENOTOUCHBI BOJIM3M HYJEBBIX 3Haue-

HUN apryMeHTa. B cuiay 3aBUCHUMOCTU BCEX BXOIS-
mux B coorHoleHue (12) ¢(yHKIMA OT 4YacTOTHI
BBICOKOUACTOTHbIE KOMIIOHEHTBI KpOCC-KEIICTpa B
HanOONBIIEH CTETIeHN MOIBEP)KEHBI MACKHPOBAHHIO
MOMEXO0H. DTO 0OCTOSTENBCTBO HAKIIAIBIBAECT CEPhE3-
HBIC OTPAaHWYEHUs Ha BO3MOXHOCTh IPUMEHCHHS
KEICTPAJIBbHOTO TOJAX0Ja K «CBEPXPA3PEUICHUION
MIPUIIOBEPXHOCTHBIX CIIOEB B CIydae SIBHO BBIPAKEH-
HBIX MHOTOCJIOMHBIX CTPYKTYp € OJM3KO pacmoJo-
KCHHBIMU TPAaHHUIIAMH, MOCKOJBKY TNEPHOANYECKUN
KEICTp 3aZep)KeK OTPaKEHHOI'0 CHUTHaja OBICTPO
yObIBae€T BJOJb TPAcChl PAaCHpPOCTPAHEHHs CHTHAA.
Tem He MeHee, JUII IPOCTHIX CTPYKTYp € IBYyMS Tpa-
HUIIAMHU pas3Jielia MeTOJ KeNCTpabHON 00paboTku
JIaeT XOPOILHE Pe3yIbTATHI.

4. Crpykrypa aaropurMa o0padoTKn
curHajoB. Ha puc. 5 noka3ana o6o01mieHHas cTpyk-
TypHas cxema ajJropurmMa roMmomopdHoi 0OpaboTku
CHUTHAJIOB reopaaapa.

BrIxonHOW curHan jokaropa MOABEPraeTcs
npeobpasoBanuio Dypbe, 3aTeM MPOU3BOAUTCS BHI-
YHCICHWE KBajpaTa MOIYJsS CIEeKTpa M ero Jjora-
pudmupoBanue. PesynsraT 3TOH omepanuu mojasep-
raercsi obpaTHoMy mnpeoOpazoBanmio Pypre, obec-
MeYnBasi TeM caMbIM (hopMUpOBaHHE KETCTpa CUTHa-
Jla Ha BXoje MoporoBoro ycrpoiicrBa. Iloporosoe
YCTPOUCTBO NPEAHA3HAYEHO Ui PEIICHUs 3a4add
oOHapy)XeHHsI MEepBOr0 NHMKa JMHEHYaToro Kencrpa
CUTHAJIA, 3a/IepPKaHHOT0 Ha BPEMs paclpoCTPaHEHUs
€ro J10 HWKHEH IpaHHIBl 30HJUPYEMOTO CJIOS U 00-
paTHO K MpHEMHHKY. BrIOOp mopora ocymecTsiser-
Cs B COOTBETCTBHU C METOJOM MAaKCHMyMa IIPaBJO-
mogobust [13] mpu QuKcupoBaHHONW (YHKIHH pac-
npenenenus BepositHoctei (12).
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Puc. 5. Ctpykrypa anropurma romoMopQHoi 00pabOTKH CUIHAJIOB reopagapa

PesynbtaT 00paboTKH H300paxenus (puc. 3),
BBITIOJIHEHHOM C MOMOLIBIO TaKOW MpoLeayphl, OKa-
3aH Ha puc. 6.

Puc. 6. ®parMeHT NPUIOBEPXHOCTHON YaCTH PaJHOTIOKALIMOHHOTO
n300pakeHus] JBYXCIOHHOIO y4yacTKa HpH KeICTpalbHOH 00pa-
0O0TKE OTpa’KEHHBIX CHTHAJIOB

CpaBHeHue puc.3 U 6 NOKa3bIBaeT, 4YTO
TpaHUIBl TPHUIIOBEPXHOCTHOTO CJOS  pa3pelleHEl,
Yero MPaKTHYSCKH HEBO3MOXKHO ITOCTHYb IPH KOp-
PEIIIMOHHO-3KCTPEMAIBHEIX alTOPUTMax 00paboT-
KW CUTHAJIOB.

BoiBoabl. Pesynbrar 00paboTKH HarsmHO
JIEMOHCTPHUPYET, YTO IPHU OTHOCUTENHHO OOJIBIINX CO-
OTHOIIICHHUSIX CUTHAJI/IIIYM HEIUHEHHAss TOMOMOpdHasT
00pabOTKa CHUTHAJIOB IO3BOJISIET MOBBICHTH pa3pela-
IOIIYIO CTIOCOOHOCTB Teopajapa mno riayorHe BIUIOTh JI0
5% OT MINUTENFHOCTH HMITYJIBCA, YTO HEBO3MOXKHO
OpM  TNPUMEHEHUH TPaJULIMOHHBIX CIEKTPAILHO-
KOPPEISIIMOHHBIX ~ aropuT™MoB. OpHAKO — CllemyeT
y4ecTh, YTO ATO OKA3BIBACTCSI BOSMOXKHBIM Ha HEOOJb-
II0H TITyOWHE B MPUIIOBEPXHOCTHBIX ciosX. OrpaHu-
YEeHHUS Ha Pa3peIlarollyl0 CIIOCOOHOCTh 0O0YCIIOBIICHBI
TeM, YTO CKOpPOCTb YOBbIBaHMsI ormbaromieil Kercrpa
CUTHAJIa SIBJISIETCSI KOHEYHOW BEJIMYMHOM W IpHU Bpe-
MEHax 3aJIep)KKH OTPKEHHOTo CHrHania MeHee 5 % ot
JUTUTEITbHOCTH 30HIUPYIOIIET0 UMITYJIbCa MEPBBIi MUK
KETCTpa 3a/IeP)KKN OKa3bIBAETCS CKPBITHIM O]l OTHU-
Garorieii KeTcTpa 30HAUPYIOIIEro CUTHATIA.

Eme omuH ¢akrop, orpaHHYUBAIONINN 00-
JacTh MPUMEHEHHUS ajropuTMa, 00yCIIOBJIEH 3aBHCH-
MOCTBIO BCEX BXOJSIIUX B cooTHomeHue (12) pyHk-
i ot yactoThl. OYeBHHO, YTO BHICOKAYACTOTHBIE
KOMITOHEHTBI KPOCC-KEINCTpa B HAaHOOJIbIIeH CTeIIeHN
MOJIBEP>KEHbI MACKUPOBAHUIO TOMEXO0H. IT0 00CTOS-
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TEJILCTBO HAKJIA/IbIBACT CEPhE3HbIE OrpaHUYCHHs Ha
BO3MOXKHOCTh ITPUMEHEHHSI KENICTPAIBHOTO MOAX0Aa
K «CBEPXpa3pelleHnI0» NPUIIOBEPXHOCTHBIX CIIOEB B
cily4yae SIBHO BBIPQ)KEHHBIX MHOTOCJIOHHBIX CTPYKTYD
¢ OJM3KO PaCTONOKEHHBIMH I'PaHUIAMH, ITOCKOJIBKY
MEPUOANYECKUH KENCTp 3aJCpiKeK OTPakeHHOTO
curHanga ObICTpO yOBIBae€T BIOJb TPAacChl pacIpo-
CTpaHEHMS CUT'HAJA.

OnuH 13 BO3MOXKHBIX ITyTEH CHIKCHUS BIIU-
sSHUSL (PIYKTYalMOHHBIX TIOMEX Ha MPOLEAYpY HUACH-
TUQUKAMKM TPAHUL[ OTPAKAIOIIUX IT0INOBEPXHOCT-
HBIX CTPYKTYpP COCTOMT B MpEABapUTEIBHOM, TaK
Ha3bIBAEMOM OKOHHOM, B3BEUIMBAaHMU (DYyHKLHH JIO-
rapudmMa KBajapara MOJYJS CIIEKTPa UCXOJHOTO CHT-
Haya. DTa npoueaypa NpuMeHseTcs iepe]] IpuMeHe-
HHEeM obOpartHoro mnpeoGpasoBanuss @ypre. OnHako
IPU 3TOM TIPOMCXOIUT CHI)KEHHE MOTEHIMAIbHON
paspemaroniell CrocoOHOCTH B 3aBUCHMOCTH  OT
CBOHCTB BBIOPAaHHOTO OKHA.

Hecmotps Ha TO, 4TO pe3ynbTar H0CTHraeT-
Cs 32 CUET CYIIECTBEHHOTO YCIIOKHEHUS MPOLEAYPHI
00paboTKH, TAaKOH MOJIX0] UMEET OOJIBIIOE 3HAYCHHE
JUIsl psiia TIPaKTHYeCKHX 3aaad. [IpyuMeHeHHe OTHO-
CHUTEJIbHO MOIIHBIX 110 COBPEMEHHBIM MOHSTHSIM Bbl-
YHUCIIUTEJBHBIX CHUCTEM II03BOJIIET HHUBEIMPOBATh
9TOT HEAOCTATOK U BBINOJIHATH 00pabOTKy CHI'HAJIOB
B peanbHOM MacmTtabe BpemeHH. lcmonb3oBaHue
reopasiapoB CO BCTPOCHHOH B MporpaMMHoe oOecrie-
yeHrne roMoMop(dHOi 00pabOTKON CHUTHAJIOB IIO3BO-
JIUT COKOHOMHTH CPECTBA TIPH MPOBEJCHUH JOPOKHO-
PEMOHTHBIX PabOT, CTPOMTENILCTBE HOBBIX JOPOT,
NPy AMATHOCTHKE M HEpaspylIaroleM KOHTpoJIe
CTPOUTENBHBIX KOHCTPYKUHUH M PEIISHUU psla ApY-
IHX NPAKTHYECKH BXKHBIX 3a]1ad.

PaGoTa BeImONTHEHA B paMKax npoekTta «Pamo-
JIOKAIIMOHHBIT MOHHUTOPHHI TEXHHUYECKOTO COCTOSI-
HUSI [TOJIIOBEPXHOCTHON YaCTH WHXKEHEPHBIX COOPY-
xenunit (2013-2015 rr.)» mo mporpamme HAH Ykpa-
unbl «Pecypey.
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0. V. Sytnik, S. A. Masalov, G. P. Pochanin

HOMOMORPHIC SIGNAL
PROCESSING ALGORITHM
OF GROUND PENETRATION RADAR

The actual problem of measuring the thickness of the
surface layers of the soil using GPR radar systems under stringent
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restrictions on the minimum length of a video pulse and under the
presence of the noise caused by resonance effects in antenna and
multiple reflections of the sounding signal from the boundaries
between media has been studied. Traditional extreme correlation
signal processing methods do not provide the resolution less than
half of the total duration of the pulse. To overcome this limitation
is possible by using nonlinear methods, for example the homo-
morphic signal processing. The possibility of high resolution of
subsurface stratified media boundaries by using non-linear homo-
morphic digital signal processing of reflections is proved theoreti-
cally and experimentally. The proposed method has used the non-
linear spectrum transformation of ultra wideband sounding signals.
It allows getting resolution approximately to 5 % of pulse duration
instead of limitation of the traditional correlation method of signal
processing. The FFT algorithm is used to calculate the amplitude
spectrum of the signal, the result is subjected to logarithms and
then the inverse Fourier transform is computed, to get a signal's
cepstrum containing the probe signal and digital signal delay. The
analysis of cepstrum at a relatively high signal to noise ratio allows
one to calculate the estimate of the thickness of the layer. The
results of simulations and experimental data processing are also
shown.

Key words: spectrum, cepstrum, ultra-wideband signal,
ground penetrating radar, pulse, boundary between the media, fast
Fourier transformation, amplitude spectrum, identification.

O. B. Cuthik, C. O. Macaios, I'. I1. ITouanin

AJITOPUTM TOMOMOP®HOI OBPOBKH
CUT'HAJIB 'EOPAJJAPA

VY po6oTi HOCIHIKEHO aKTyalbHY MpoOJeMy BHUMipIo-
BaHHS TOBIUMHK NPUIOBEPXHEBUX IIAPiB 30HIOBAHOTO CEPEIOBH-
a 3a JOMOMOTOI0 TeOpajapHUX PAaXiONOKALiHUX CHCTEM MpPU
JKOPCTKHX OOMEXKEHHSIX Ha MiHIMaJIbHY TPHUBAIICTH 30HIYIOUOTO
BiZICOIMITYJIbCY 1 HAsBHOCTI IHTEHCHBHHUX iHTep(pepeHLiiHnX 3a-
Bajl, 3yMOBJICHUX PE30HAHCHUMH e(eKTaMu B aHTeHi Ta Gararo-
pa3oBUMHU TEPEBiNOMBAHHAMHU 30HIYIOUOTO CUTHANY BiJl MEX
po3miny cepemoBuml. TpamumiiiHi KoOpensIifHO-eKCTpeMabHi
MeToaM 0O0pOOKM CHTHANIB HE J03BOJISIIOTH OTPHMATH PO3MiNEHHS
MEHIIIe, HiX MOJOBUHA CYMapHOi TPUBAJIOCTI iMImyibey. [lomonatu
e OOMEXKEHHS MOXXJIMBO 3aCTOCYBAHHSM HENHIMHUX METOIIB
roMoMop(hHOi 00poOKH CHTHANIB Teopanapa. TeopeTndHo Ta eKc-
TIepIMEHTATFHO TTOKA3aHo, 110 TIPH 3aCTOCYBAaHHI HaJIIMPOKOCMY-
TOBUX 3OHAYIOYMX CHTHANIB HelNiHiiHA OOpoOKa BiJOMTHX Bif
MIPUMIOBEPXHEBUX IIapiB CEPEe/IOBUILA CHUTHAJIB Ja€ MOMKIUBICTH
imeHTUdIKYBaTH MEXi PO3/iTy CTPYKTYp Ha rambuHax ax g0 5 %
Bifl TpmBaiyocTi immymscy. Ha ocHOBI MeTomy KemncTpalbHOTO
aHaNi3y CHHTE30BaHUH aJropuT™M OOpPOOKH CHUTHAJIB BiI€OIMITYIIbC-
HOTO reopajapa. 3a JOIMOMOIrOI0 IIBUIKOrO neperBopeHHs dyp’e
O0YMCITIOETECS aMILTITYAHHI CIEKTp CHTHANIB, Pe3ynbTaT Mif-
JIA€ThCS JTorapudMyBaHHIO, OOUNCITIOETECS OOEPHEHE MEPETBOPEH-
Hs1 Dyp’e, sIKE MICTHTh KENCTP 30HAYIOYOTO CHTHANY 1 JUCKpET-
HUI JIHIAYACTHH KENCTp CUTHalIy 3aTPUMKH, aHAli3 SKOro HpH
BiJIHOCHO BHCOKHX CITiBBIJHOIICHHSX CHUTHAI/IIyM JI03BOJSIE 00-
YHCIIUTH OLIIHKY TOBLIIMHHM mIapy. HaBeneHo pe3yibTaTé MOJEIIo-
BaHHsA. OOTrOBOPIOETHCS MpoOJieMa BIUIMBY IIYyMIiB HA ITOMHIIKH
inenTH(IiKalii miImoBepXHEeBUX 00 €KTIB.

KuodoBi cioBa: criekTp, KemncTp, HaAIIHPOKOCMYTO-
BUH CHTHaJ, Teopajap, IMIyJbC, Meka PO3JiTy CepelOBHIL,
mBUAKe TepeTBopeHHs Dyp’e, aMIUNITYIHHHA CHOEKTp, iJCHTH-
(ikarist.
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