Abstract

The article concerns an experimental study of the efficiency of statistical processing of phase characteristics of
signals to solve the problem of identification of the useful component of signals of ultrasonic nondestructive control
against the background of considerable noises. The method consists in processing of the signal, received experime-
ntally; in detection of its phase characteristics and their statistical treatment. Identification of information signa-
Is is caused by one of circular features, which is the resulting length of a vector, and which is obtained during the
analysis of time-limited area of values of the phase characteristic of the signal in the sliding mode.

The data, obtained during the experiment, shows that on the time interovals, where information signals are pre-
sent, the values of the resulting length of a vector increase, but outside these time intervals they reduce. Therefore,
the sign of the radio signal is the excess of a certain vector P by the resulting length of a vector. The value of the
level of detection of the P signals is chosen, according to given levels of errors of the first and second kind.

The considered method of signal processing can be used in precision ultrasonic flaw detectors and ultrasonic
thickness meters while controlling products, which materials are characterized by significant signal extinction, het-
erogeneity and anisotropy.

It was shown that the use of statistical methods of processing of phase characteristics of signals allowed us to
solve the problem of detection of signals of ultrasonic nondestructive control against the background of noises,
comparable according to the level with a signal that increases the possibility of control of new structural materials,
which are characterized by a significant exctintion of ultrasonic vibrations

Keywords: ultrasonic nondestructive control, statistical processing, phase characteristics of signals, envelope
of a signal, selective resulting length
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Pozznsidaromvcs numanns 3acmocy8anHs xao-
MUMHUX CUZHANIE 68 CYUACHUX KOHDIOeHuitinux
cucmemax 38°A3KY. 3anpononoeano memoo nio-
BUULEHHS CMPYKMYPHOT CKPUMHOCMI CUZHATLHUX
Koncmpyxuii, wo copmosani na 6Gesniui 63aem-
HO-0pPMO20HANLHUX XAOMUYHUX NOCAI008HOCTME.
Hoxazano, ax 3a 00nOM02010 KOPENAUILHO20 NPUTLO-
MYy 301UCHIOEMBC BUOLTIEHHA THPOPpMAUiino20 Ccue-
Hany

Kniouosi cnosa: xaomuunuii cuenan, opmozo-
HawHiCMb, KOHpIdenuiunuil, cusnamypa

=, ]

Paccmampusaromes sonpocvl npumenenus xao-
MUUECKUX CUZHANI08 8 COBPEMEHHbIX KOHPUOeH-
yuanvHolx cucmemax ceéssu. Ilpednoxcen memoo
noGvlUeHUs. CMPYKMYPHOU CKPLIMHOCMU CUZHATIb-
HbIX KOHCMPYKUUil, popMupyemvix Ha MHO}CECmEe
63AUMHO-OPMOZOHATILHBIX XAOMUMECKUX NOCAE00-
eameavrocmeil. Iloxazano, xax ¢ nomowsvpto Koppe-
JAYUOHHOZ20 NpUEMA OCYWECMEALEeMCs BbloesleHue
ungopmauuonnozo cuenana

Kmoueevie caosa: xaomuueckuil cuenau, opmo-
20HATILHOCMb, KOHPUOEeHUUATbHDLIL, CUZHAMYPA
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1. Beenenne

BoabmuHCTBO COBPEMEHHBIX CUCTEM CBS3U B KAaUeCTBE
HocuTessT HPOPMAIIUY UCITOJIHB3YEeT B OCHOBHOM TapMO-
HUYeCcKoe KosiebaHue, ¢ IOMOIIbI0 KOTOPOTO Peau3yoTcst
pasauyYHbIe BUBI MOAYAANNN. B TaKWX crcTeMax 3amnTa
uH(GOPMAIIUY OT HECAHKIITMOHUPOBAHHOIO JOCTYIIA Yalile
BCETO OCYIIECTBJISIETCS HA CTAPIINX YPOBHSIX 3TAJTOHHON

a o KoHTakTHbIl Ten.: 063-631-83-77

mozenn OSI. Buenpenme sBIeHUST AUHAMUYECKOTO Xa-
oca B 06j1acTh MHOOKOMMYHUKAIMOHHBIX TEXHOJOTHI
OTKPBIBAET HOBbBIE€ IMEPCIHEKTUBBI HE TOJHKO IO CO3ja-
HUIO 9(h(GEKTUBHBIX CUCTEM KPUIITOKOAUPOBAHUS, HO U

pactmpseT BO3MOKHOCTH 110 CUHTE3Y CUTHAJbHBIX KOH-
CTPYKIIUH, 06eCMednBAIONUX MOTEHITHAIBHO BBICOKYIO
CKPBITHOCTH TIepe/layd Ha 1epBOM (DU3UUECKOTO YPOBHE
mozenn OSI. UccaenoBanus, mpoBenenusie B |1, 2, 3], mo-




Ka3aJiu 11eJ1ec000pasHOCTh NCTTONB30BAHUST Xa0THYECKIX
KosieGaHUil B KadecTBe HOcUTeN el nHGopMaIuu s 3a-
Jla4¥ TIOCTPOEHU S KOHMUACHIIMAIBHBIX CUCTEM Tiepeadn
nHpopManum.

Pernenne a1oii 3a1aun 0COOEHHO aKTYaJbHO [IPU Opra-

HU3AI[UF MHOTOIIOJIb30BATEIBCKOTO IOCTYIA.

B [1] mokasano, yTo 3amura KOHOUIEHITNATBHON WH-
dbopmanuu B kanasnax cs3u ot HC/l obecnieunBaercs 3a
CYeT pa3JMYHBIX MOKasareseill CKPBITHOCTH IiepejiaBae-
MO CUTHAJMBHOM KOHCTPYKI[UH: 9HEPTETUYECKOH, CTPYK-
TYpPHOU, nHGOPMAITMOHHON U JIP.

M3BecTHO, YTO ONHUM U3 METOJIOB IOCTUKEHU I
CKPBITHOCTH TIepe/lauil SBJSETCS paCIUIMpPEHHe CIEeKTpa
nHGOPMAIIMOHHOTO CHUTHAJA, HAIIPUMEP, C IIOMOIIbIO
Xa0THUUYECKNUX curHasuoB. Takoil nmoaxox ¢hopMupoBaHus
CUTHAJBHBIX KOHCTPYKIIMI TIO3BOJIUT PEIIaTh 3a/a4y 110
00€CIleYeHNI0 YHEPreTUYeCKO CKPBITHOCTU Tlepeiav,
KOTOpas BKJIIOUYAaeT Mepbl, HAllPaBJEHHbIE HA MPOTHBO-
neiictBus dakTa 0OHAPYIKEHUS MepelaBaeMoro CUrHaja
B KaHaJe.

MHoroo6pasue GopM Xa0THIECKOTO CUTHAA, BhIPpaba-
THIBAEMbIX T€HEPATOPAME Xa0Ca, aeT BO3MOKHOCTD CO3-
[aBaTh Ha NX Oa3e CUTHAJIHHBIE KOHCTPYKIIUU C TIEPEMEH-
HOU CTPYKTYPOil U pemarh 1npobieMy Mo obecrnedyeHm o
CTPYKTYPHOI CKPBITHOCTH Iepe/laul, KOTopas J0JKHA B
caaydae nepexpara coobuienus cpegcrsam HCJ/I mpoTuBo-
CTOSITH JIEWCTBUSM, HAMPABJIEHHBIM Ha pACHO3HABAHUE
(opMBbI cuTHAIA 1 U3MEPEHUE eTO TapaMeTPOB.

Nudopmanmonnas CKPbLITHOCTb OIPeNessIeTcs: CIo-
COOHOCTBIO MPOTUBOCTOSATH MepaM, HallPaBJCHHBIM Ha
PACKPBITHE CMBICTIA MepelaBaeMbIX COOOIEHUN ¢ TOMO-
mblo curHasIoB nHdopmanuu [1].

B nmammnoit crathe mpeasoxkeHn MeTox GopMmpoBa-
HUS CUTHAJIBHBIX KOHCTPYKITUN JIJIsT 32a/1a4¥ [OBBIIIEH U
CTPYKTYPHOII CKPBITHOCTH TiepeiaBaeMbIX cuTrHaoB. c-
CJIeJIOBAHUS B JAHHOM HAIIPaBJIE€HUU ObLIM BbITIOJTHEHDI B
paborax [2, 3], B KOTOPbIX OBLJIU MIOKAa3aHbl METO/bI KO U-
poBaHusT MHOOPMAIMOHHON IBOMYHON IOCJIEIOBATEb-
HOCTU XaoTuyeckuM curtasoMm. Cpeau pazHoobpasust uc-
MOJIb3yEMBIX METO/IOB Hepeiadyn MHGpOpMAIu Ha OCHOBE
JIMHAMHYECKOTO Xa0Ca MOXKHO BBIJIEJANTD [2]:

1) xaoTn4ecky MaCKUPOBKY, IPU KOTOPOit nH(MOpMa-
IIUOHHBIH CUTHAJ CYMMUPYETCS C Xa0THUYECKUM CUTHATIOM
U TepelaeTcs B KAHAJ CBSI3H;

2) mepexJoYeHe Xa0THUECKUX PEeKMMOB, KOT/la, Ha-
[puMep, B ciiyyae OMHAPHOrO WH(MOPMAIIMOHHOTO CUTHA-
Jla CUMBOJI «1» KOIMPYETCS OJHUM THIIOM Xa0THYECKOTrO
curuaja, a cuMBoJ «0» — 1pyrum;

3) HesMHEIHOE MTOIMEITNBaHMe, KOTa NHGOPMAIlMOH-
HBIIl CUTHAJI HEMOCPEJCTBEHHO yyacTByeT B GopMHUPOBa-
HUY Xa0TUYECKOTO CUTHAJIA.

[TpuBenenHbIe TPUMEPBI METOJIOB IT€PEAYH HA OCHOBE
MUHAMWYECKOr0 Xa0ca JIEMOHCTPUPYIOT JIUIIbh MPOCTEii-
e BO3MOKHOCTH U IIPUEMBI 110 0OECIEYEHUIO CKPBIT-
HOCTH Tlepefiaun B KaHaJe cBsidu. O4eBUHO, YTO YCIOXK-
HEHHUe AJITOPUTMA KOJUPOBAHUS TIO3BOJUT CYIIECTBEHHO
YBEJHWYHUTD CTPYKTYPHYIO CKPBITHOCTH MEPEIAum.

B cBs3u ¢ TeM, UTO B COBPEMEHHBIX CHUCTEMAX CBSI3U
3anuTe KOH(GUAEHITNATbHON HHpOPMAIUK y/ieaseTcs BCE
60JIbllle BHUMAHWS, AKTYaJbHBIM SIBJSIETCS COBEPINEH-
CTBOBAaHME METOJOB Nepefad, 0OecrnedyuBaroIX MOBbl-
IIeHNe CKPBITHOCTH MEPelaui.

[leapio paboTsl sBASETCA pa3paboTKa MeToxa Io-
BBINIEHUS CTPYKTYPHOH CKPBITHOCTU CHUTHAJbHBIX

KOHCTPYKIMii, (OPMUPYEMBIX HA OCHOBE MHOXKECTBA
B3aMMHO-OPTOTOHAJBHBIX XaOTUYECKUX TTOCJIE/[0BATETb-
HOCTEI.

2. @opmMupoBaHUE B3AHMHO-OPTOTOHAJIBHBIX KOJAOBBIX
nocjeaoBaTeIbHOCTeN

B cucremax cBsisu st GOPMUPOBAHMS XA0OTUYECKUX
CUTHAJIOB UCIOJIB3YIOTCS AINAPATHBIE MU IIPOTPAMMHbLE
reHeparopsl Xaorndyeckux kosebanuii [2]. Ocobernnoctsb
ATUX FEHEPATOPOB 3AKJIOYACTCS B TOM, YTO HEGOJIbIINE
N3MEHEHUA UX I[MapaMETpPOB UJN HaYaJbHBIX 3HAYEeHU I
HPUBOIAT K CYIECTBEHHOMY U3MEHEHUIO (OPMBI reHepu-
pyeMoro KoseGaHus, 4TO AAeT BO3MOKHOCTH (hopMuUpo-
BaHUA ¥ BbIOOPA PA3JMUUYHBIX Peau3aliii XaoTHYeCKOTO
npoiecca.

IIporpamMMHBIil ¢110cO6 TeHEPUPOBAHUS XA0TUUECKOTO
KoJeGaHusI X, OCYLIECTBUM B COOTBETCTBHUU C HEKOTOPBIM
Pa3HOCTHBIM ypaBHEHUEM

Xn+1:f(X0;Xn; )’ (1)

rne f() — HenmHelHas GYHKIMSA OTOOPAKEHUSA; a — yIIpaB-
JIIOIUI ITapaMeTp, X,, X,, X,,, — HadaJbHOE, TeKyllee 1
HocJiety1onee 3Ha4eHsI COOTBETCTBEHHO M X(t) B COOT-
BeTCTBUY € A bepeHInanbHbIM yPaBHEHIEM BUIA

O/ = Flx(tym], )

rae F — HesmuHeitHbI omepaTop; m — YIpaBJSONNid Tapa-
METP.

OpnHa 3 peasn3anuii XaoTUYeCKOro CUrHaIa x(t) npu-
BejeHa Ha puc. 1, Kotopas obagaeT BCEMU CBOWCTBAMU
[IYMOTIOZOOHOTO CUTHAJIA: HEMEPUOAMIHOCTD TPAeKTOPU I
BO BPEeMEHU; 9KCIIOHEHIINAJbHO CIIalalonias KOppeJasiu-
oHHas QYHKINS; CIJIONTHON HETTPEPBIBHBIN CIIEKTP MOIII-
HOCTH.

JlanHble cBOICTBA CUTHAJIOB CBUAETEIBCTBYIOT O Iie-
J1eco06pa3HOCTH MCIOJIb30BAHUs UX B CUCTEMax KOH(U-
JIeHIINaJIbHOI CBI3M.

x5

Puc. 1. Peanusauus xaotuueckoro curHana x(t)
OT BpeMeHH t

Jlist 3ajaum uccaepoBanuss B pabore METOIOM Hepe-
6opa ObIJI OCYUIECTBJIECH TOWCK TMSITH OPTOTOHATBHBIX
curuatyp Ha 6asze OJHOU W3 peayusaluii Xa0TUYECKOTO
curHasa. XaoTUYECKUI CUTHAJ, MPeJBAPUTENBHO MPO-
mIeIUH JAMCKPETU3AlNI0 10 BpeMeHM (MCIIO0Jb30BaHA
TeopeMa OTCYeTOB) U KBaHTOBaHUe 10 ypoBHIO X(t) (B
SKCIIEPMMEHTE MCI0Jb30BasoCch 256 ypoBHei), 11peos-
Pa30BBIBAETCS B MHOT'OYPOBHEBYIO KOZOBYIO ITOCJIE/I0BA-
TeTbHOCTH X, . KogoBast mocaeoBaTeIbHOCTh X, pa3ou-



BaeTCsIHACErMEH THIOTPe/leJIeHHOMATNHBI, Harpumep, s = 30
9JIEMEHTOB (YUIIOB) M MYyTEM UX CPABHEHUS HAXOASATCS
B3aUMHO-OPTOTOHAJbHbBIE KOAOBBIE MOCTIEA0BATENBHO-
CTH ¢,, KOTOPble W OYIYT MCIOJb30BATHCS B KauyecTBe
CUTHATYP.

B ra6u. 1 npuseaeHbl K03(GOUIMEHTH B3AUMHON KOP-
peJISIUU T, OTOOPAHHBIX Cj,C,y, ..., C; curHaryp. Kak mo-
Ka3aJiu Pe3yJibTaThl 9KCIIEPUMEHTA, 00ECIeYnTh YCIOBUE
r,=0 MeXay CUTHATYpaMM NPH TaKOM aJTOPUTME HX
hopMUPOBAHUS He MPEACTABISETCS BO3MOKHBIM, T0ITO-
My 1pu orhGope ObLI MCHOJb30BaH AMANA30H 3HAYCHUIL
-0,08<r,;<0,08.

Ta6bnuuya 1

KoadhdhrumeHTbl Koppensuun 1, Mexay curHatypamu c; .

XK(TK)ZXC1+iCi . (4)

OueBUIHO, YTO HAZESKHOCTD BBIZETEHNS HA TPUEMHOMN
cropone undopmainuonnoro curnana x us X, (T,) omnpe-
JIeJISIeTCsI OPTOTOHAJNBHOCTBIO CUTHATYP C;,Cy, ..y Cy -

C nesbio obecredennst 9(GpHEKTUBHOCTH KOPPETALU-
OHHOTO NpHeMa B KaHaJjie Ha TTPUEMHOI CTOPOHE OT/EJb-
HbIE 3JIeMEHTHI (TIOCBIIKIT) 0JKHBL OBITH CTPOTO CHHXPO-
HU3UPOBAHbI MEK Y COOOIL.

Ha puc. 2 nokasana cTpyKTypHast cxeMa (HOpPMHUPO-
BaHMs cUrHata X (TK) C TIOMOIIBIO TISITH B3AUMHO-OPTO-
TOHAJIBHBIX CUTHATyp C 4yucjaoM unnoB s=30 Ha ogHy
9JIEMEHTaPHY IO MOCHLIKY.

3. MeToa kKoaupoBaHusi HHPOPMAIMOHHOTO CUTHAJIA

PaccmoTpuM MeTOo/1 KOAMPOBAaHUS MHGOOPMAITITMOHHOTO
CUTHAJA HA OCHOBE MHOKECTBA OPTOTOHAJIBHBIX MHOTO-
YPOBHEBBIX KOJIOBBIX I1OCJIEZI0BATEIBHOCTEN.

[TycTp mMeeTcs HeKOTOpoe KoandecTBo N HCTOY-
HUKOB B3aMMHO-OPTOTOHAJbHBIX XAaOTHYECKUX CUTHA-
g0B (BXC) u ncrounuk nnpopmanun (MN). s xo-
IUPOBAHUS WHOOPMAIMOHHOTO CUTHAJA HA NHTEpBaJe
BPeMeHU OJHOU uiu GoJiee MOChIIOK HUPPOBOrO CUT-
nana (T, = tok, Tae tg — AAUTENTBHOCTH dTEMEHTAPHON
noceaku; k= 1,2, ...,) ucnoabayercs ogHa u3 ynciaa N
0TOOGPaHHBIX OPTOTOHAJbBHBIX MOCJAEA0BATENbHOCTEMH
(curnarypa) c,. Yupasuenue ucrounukamu BXC ocy-
meCcTBISIETCS ycTpolcTBOoM ympaBieHus (YY) uepes
komMmyTatop K (puc. 2). Ha Beixome ymHOXUTENS (X)
cxeMbl GOPMUPYETCST CUTHAJ

X, (TK) =XC¢;, €))

YTO PABHOCUJIBHO 3aMCHE €JIMHUYHBIX MOCBIJIOK Ha
uHTepBase top curnarypoit c,. Illpu atom, ecam nnga
3aMEHbl Kak/10# «1» B MCXOAHOM JBOMYHOM IOTOKE
JNQHHBIX HCIIOJb3YyeTCd HEKOTOpas CUTHATypa olpeje-
JIEHHOMW JAJIWHBI, TO /17151 3aMeHBI «—1» IPUMEHSIOT Ty ke
CUTHATYPY, HO C MHBEPTUPOBAHHBIM 3HAYCHUEM YUIIOB.
Wcnonp3oBanue npsAMoil 1 MHBEPTUPOBAHHON CUTHATY-
pBI 00ecreynBaeT He TOJAbKO OlpejeeHne MOoJIAPHOCTH
rnepejiaBaeMbIX MOCBIJIOK, HO U TTO3BOJISIET PETUCTPUPO-
BaTh UX Iepefnue u 3ajnue GpoHTH IPU KOPPEJISAIU-
OHHOM IIpHeMe.

ChopmupoBaHHbIlil TakUM 06PA3OM CHTHAJ MCTOY-
nuka I cymmupyercs na narepadie Ty ¢ ocTanbHbIMU
CUTHATypaMu ;.

[Toxasxkem dopmyny komupoBauus TUGPOBOTO CUT-
Hajla X, IPU YCJIOBUM, YTO B KAUECTBE CUTHATY PbI Obljia
HMCIOJb30BaHa MOCJIE0BATEIBHOCTD C,

o B ] 5 X (@)
Ne i |_>: <]
~J 2 3 4 5
1

1 —-0,00021 0,0070 —-0,037 0,0091

2 —-0,0081 0,011 0,0724 [

3 —-0,080 —-0,0286 'K KOI\II\I}’T&TOP

4 —0,0469 T T f T T t

| VY | xc, XC, X5 XC, XCs

Puc. 2. CTpykTypHas cxema hopmuposanus curiana Xy (T,)

Teneparop kutoueit 'K o komaHn e yerpoiictBa ynpas-
nerus (YY) 3amaét npaBuJio MOAKIOYEHNS NCTOUHNUKOB
XCj ¢ mOMONIBI0 KOMMYTATOPa K IEPEMHOKHUTEIO U JIU-
HeliHoMY cyMMaTopy. Kak BuHO U3 TpecTaBIeHHOTO -
rOpuTMa YMHOXeHHe HHGOPMAITHOHHOTO CUTHAJIA MOKET
GBITH OCYTIECTBIECHO OHUM U3 HCTOYHUKOB XC;, a 0CcTalb-
Hble TIOJKJII0YAIOTCS K BXOJIAM CYMMAaTopa ..

Taxum 06pa3om, MeHsIsl 4epes OlpejieIeHHble MHTep-
BaJIbl BPEMEHU ONOPHYIO CUTHATYPY MH(DOPMAIMOHHOTrO
CUTHAJIA U C YIETOM CYMMHUPOBAHUS PA3IUUHBIX COCTAB-
JISIONUX JPYTUX CUTHATYP, MOKHO MEHSTH CTPYKTYpPY
(bopmupyemoro curnasa na BbIXojie CyMMaTOpa s 3a/1a-
YUY MTOBBINIEHUS CTPYKTYPHOI CKPBITHOCTH IT€pPeIaBaeMbIX
CUTHAJIBHBIX KOHCTPYKI[MIA.

4. Boinenenne vH)OPMAHOHHOTO CUTHAJIA HA TIPUEMHOI
CTOpOHe

Ha ocHOBe KOPpeJIsIMOHHOIO IpHeMa II0KaeM IIPo-
1ecc BbIJleJIeHUsT MHGOPMAITMOHHOTO CUTHAJA U3 CHT-
HAJbHOU KOHCTPYKIIUHU XK(TK) . [lnst aTOro KasKmbIil
paspsn curiana X, (T,) yMHOXKaeTcs Ha COOTBETCTBY-
01 Nii 3JIEMEHT ONMOPHOI CUTHATYPHI ¢; (MCHOJIb3yeMOi
Ha Tepejade /sl 3aMeHbl « + 1»). Pesynbrarsl Kax)/a0ro
YMHOKEHHUS C YIeTOM aMIIJIUTY/IbI U 3HAYEH U ST TI0JISIPHO-
CTU WHTETPUPYIOTCS B HAKOTIUTEE B TIPe/iesiaX Mepuosa
BpeMeHu ty.

Pematomniue ycTpoiicTBO B KOHIlE KasKOTO MepHOa
AHAJIN3UPYeT YPOBEHDb HAINPSIKEHUS C BBIXOAA NHTErpa-
TOPAa U NPUHUMAET PelieHrue O TOJNSIPHOCTU HPUHSITON
nochlakn «1» wanm «—1» MHGOPMAIIMOHHOTO CHUTHAJA.
Kpome aTOTO, B KOHI[E Ka’K/0TO MEPUOJA OCYIIECTBII-
ercst cOPOC B HOJIb YPOBEHDb BBIXOIHOIO HATIPSIKEHUS
HHTETrparopa.



fy to

x=1

Puc. 3. ®opmupoBaHue 3aMpoBaHHOM CUrHaIbHOM
KOHCTPYKLMH XK(TK) OT BpemMeHH t

Ecumnpeanonoxnts, urokanaibubiiicuraanX, (T,)
cpeacrBamu HCJ[ mepexBaueH, To MOMBITKA BBIJeEJeE-
Hss UHGOPMAIIMOHHOTO CHTHAJA € UCIOJb30BAHUEM
JIPYTOil CUTHATYPbHI HE TMPUBEAET K TOJOKUTEIbHOMY
pe3yJabTaTy, TaK KakK 3HAUYEHUS YPOBHS HANPSKEHUS
KasKJ[OTO MePUoa HHTETPUPOBaHus OyaAyT OJIUKUMHU K
HYJIIO UJTU PACIIPEAENSTHCS CIYyIailHBIM 00Pa3OM.

ITox6op cooTBeTCTBYOMIEH CUTHATYPBI CPEeACTBAMU
HC/I 6yzmeT 3aTpyaHeH M3-3a MOAYJAWPOBAHMS WHGOP-
MAIMOHHBIM CUTHAJOM XaO0THYECKUX CHUTHAJTOB, (op-
MUPYEMbIX OT Pa3JMYHBIX T€HEPATOPOB, MEPHOJ MOJI-
kiiouenus (Ty) KOTOPBIX M3BECTEH TOJBKO HA TPUEMHOT
CTOpPOHE KOH(MUIEHIINATBHON CUCTEMBI IIepe/lavyn.

Ha pwuc. 4 nokaszano Bbijesenre WHPOPMATTNOHHBIX
9JIEMEHTOB U3 TPYTITIOBOTO CUTHAJA TPU KOPPEJISIIUOHHOM
npueMe, mpejmnojarast JUHEHHOCTb CUCTEMBbl M HAaJU4ne
MeaNbHOi CHHXPOHU3ANMY B KaHAaJIe.

N3 pucyHka BUJHO, YTO YPOBECHb CHUTHaJa Ha
BeIXo/e uHTerparopa U, .. NpeBbIIIaeT MOPOT MPU-
natusa pemenwns U /2, 4eM obeclieunBaercs Ha-
Jle;KHOE BRIZIeIeHNEe CUTHAIa WHDOPMAIINOHHOTO CUT-
Hasa.

Kpowme toro, eciin U >U

MaKc

— /2, TOTma MOCHIJI-
Ka X' TMPUHIATA MOJOXKUTEIbHON NOJSIPHOCTH, €CIU
U <-U_./2,T0O — oTpUIaTEJIbHON.

BBIX UHT Makc

5. BoiBopg

B namvOll cTaThe mMpensiOKEH METOJ TOBBIICHUSI
CTPYKTYPHOUW CKPBITHOCTU CUTHAJbHBIX KOHCTPYKIHIA,
KOTOPBI peajin30BaH Ha MHOKECTBE B3aMMHO-OPTOTO-
HaJbHBIX XaOTUUYECKUX MOceoBaTebHoCcTeil. Janabiii
MEeTOJI TI03BOJISIET OBBICUTDH CTPYKTYPHYIO CKPBITHOCTH
nepeayn 3a cYeT MepeMeHHON CTPYKTYPBl CUTHAJIBHBIX
KOHCTPYKITUH.
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Abstract

The majority of modern communication systems use a harmonic motion as an information carrier, which helps
to implement various types of modulation. In such systems, the information is often protected from unauthorized
access by encrypting of the information message at a link layer. The introduction of the phenomenon of dynamical
chaos in the area of information and communication technologies has showed new prospects for the creation of the
efficient encryption, as well as has increased the possibility of the synthesis of signal structures, providing potenti-
ally high secrecy at the layer of physical link. The variety of forms of chaotic signal, produced by chaos generators
permits to create on their basis the signal structures with variable structure and to solve the problem of the secrecy
of transmission, which in case of interception of a message through unauthorized access should resist actions, dir-
ected to the recognition of the form of a signal and measurement of its parameters. Due to the fact that in modern
communication systems the protection of confidential information has been receiving more attention, it is import-
ant to improve the methods of transmission that enhance stealthiness of transmission. The article considers the use
of chaotic signals in the modern confidential communication systems. A method of increase of the structural steal-
thiness of signal structures formed on a set of mutually orthogonal chaotic sequences was suggested. It was shown
how to use the correlation method to select information signal

Keywords: chaotic signal orthogonality, confidential, stealthiness
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CUTYALUUOHHOE
MOAENUPOBAHUE
®PAIMEHTOB
PACMPEAENEHHOMU
UHPOPMALUOHHOMU
CUCTEMbI

I0O.B. CocHOBCKHUM

Onucano cmeopenns modeni Ppazmenma
po3nodinenoi ingopmauiiinoi cucmemu - grid-
cucmemu 6 cneyianizoeaniii npoepami GridSim.
Hageooumwvcsa cxema nobyoosu modeni, ii 0cros-
Hi napamempu. Buxonana opmanizauyis
cucmemuux cumyauii 6 grid-cucmemu, nageoe-
Hi pe3yiomamu Mo0e08aHHs

Knouoei croea: cumynsuis, grid-cucmema,
cucmemHi cumyauii
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Onucano cozdanue modenu ppazmenma pac-
npeoeseHnou uHpopMauuonnol cucmemol - grid-
cucmemvl 6 CReUUAIUIUPOBAHHOU NpopaM-
Mme-cumyasmope GridSim. Ilpusodumcs cxema

nocmpoenus mooenu, ee 0CHOSHbLE NAPAMEMPHL.
Bomoanena gpopmanuzayus cucmemuotx cumy-
auuii 6 grid-cucmeme, npusedenvt pesyaomamot
Modenuposanus

Knrouesvie caosa: cumynayus, grid-cucme-
Ma, cucmemmble cumyauuu
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1. Beenenne

B nacrosimee BpeMsi, Kak U3BeCTHO, paclipejie/leHHble
uH(GOPMAIMOHHBIE CUCTEMBbl 00eCIeYynBaT OCHOBHYIO

KaHgupar TexHUYecKux Hayk
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JIOJII0 POCTA BBIYUCJIUTEIBHOW MOIIHOCTU U JAUCKOBOTO
MIPOCTPAHCTBA IPEAOCTABJISAECMbBIX CEPBUCOB B CETAX HH-
TepHeT U NHTpaHeT. B To jxe BpeMs, akTyabHOH ocTaeTcs
npobieMa obecriedeH st HeOOGXOAMMOrO YPOBHST KayecTBa




