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OneHka Bo3aeiicTBHS MOMEXOBBIX CUTHAJIOB
Ha peniapiiee yCTPOUCTBO MPUEMO-aHAJTHU3NPYHOIIEr0 TPAKTA
HU(PPOBBIX PATHOTEXHUYECKUX CHCTEM
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AHHoTanms: B HacTosiee BpeMs B CBS3M C BO3PACTAIOIIEH CIIOYKHOCTBIO HABUTAIIMOHHOTO OOECTICUeHUs BO3AYIIHBIX CYZOB, C
pocToM TpeOoBaHMH, MPEABIBISEMBIX K HIUM, Bce Oojiee HEOOXOAMMOH SIBISIETCS pa3paboTKa CHCTEM KOMITIEKCHOH 00OpaboTKu
HaBHUTAITMOHHOW wmH(popMarmy. CpeacTBa pauoTeXHUIECKOro obecriedenus mojetoB u 3MekTpocBszu (PTOIMuOC) sipnsroTcst
OCHOBHBIM HUCTOYHHKOM cOOpa, 00pabOTKK U MPE/ICTaBICHNS HHPOPMAIMH O BO3AYIIHOW 00CTAHOBKE JTUCIETUYCPCKOMY COCTaBY
CITyKObI JIBWOKCHUSI, & TAKXKE CIIyXKaT JJIs PEIICHHs Psifia HABUTAIMOHHBIX 331ad. IIpy 3TOM ypoBeHb 0E30IMaCHOCTH IMOJIETOB
Hapsily C MPOITyCKHOM CIIOCOOHOCTBIO 30H YIPABJIEHUS BO3AYLIHBIM JIBMXKEHUEM, 3aBUCSIIME OT PELICHHs COOTBETCTBYIOIETO
JIACIIETYCPa, B 3HAYUTEIBHOM CTENECHH OIPEEISCTCS IOCTOBEPHOCTHIO TIPEICTABISIEMON pa3HOOOPa3HOM BXOMHOM HH(DOPMAIIUHL.
B cBoto ouepenib, OONBIIMHCTBO COBPEMEHHBIX LIH(POBBIX CPEACTB PAJTUOTEXHIMIECKOTO0 00ECIIEUEeHHs! TOJIETOB M 3JIEKTPOCBS3H
Ha BBIXOJIC NPHEMO-aHAMBUPYIOIIErO0 TPAaKTa MMEIOT PEHIAloIiee WM TOPOroBO€ YCTPOWCTBO, CpadaThIBaHWE KOTOPOTO B
pe3yabTaTe BO3IEUCTBHA CMECH IIYMOBBIX M IIOMEXOBBIX CHIHAJIOB CHIDKAET IOCTOBEPHOCTh MH(OpPMAIMH 32 CYET BEIOPOCOB
CHTHAJIFHOTO PACTIPENIeNICHNs, TIPH YCIIOBUH YTO WMITYJIbCHBIC TTOMEXH, BO3/ICHCTBYIOIIME Ha 0OOPYIOBaHHE, U COOCTBEHHBIE
ITyMBI IPHEMHIKOB HE KOPPEIMPOBAHEL B paboTe MpHBOIUTCS OIEHKA CPETHETO KOIMYECTBA BEIOPOCOB Ha BRIXOJIE PEIIAFOIIETO
YCTPOHMCTBA C Y4YeTOM aHAIN3a BEPOSTHOCTHBIX XapaKTEPHCTHUK pPAacCMaTPHUBAEMBIX CHTHAJOB. J[1f IIyMOB, IOJYMHEHHBIX
pactipeneneHuo Pasnest, 1 y3KONOJIOCHOM MMITYJIBCHOM IOMEXM C HyJIEBBIM CPEJHUM 3HAYEHUEM HaMJEHbl MaTeMaTUYECKUE
OXHIAaHWUSA CPEJHEr0 BPEeMEHH NpeOBIBAHMS M CPEIOHETO YHCIa TMONOXKWUTEIBHBIX BBHIOPOCOB OIEHMBAEMOIO IIPOLIECCa.
Amnamizupyercst citydail B3anMOJEHCTBUS JBYX OO030PHBIX TPAcCOBBIX panuosiokaropoB «Ckana-M» m ATCR-22, umeromux
MPAaKTUYCCKU HACHTUYHBIC TAKTHKO-TEXHUYCCKHUC XapaKTCPUCTHUKU. Paccunrana 3aBHCHMOCTH JUINTCIIbHOCTHU Bl)l6pOCOB JJIA
CUTyallMy, KOorJa paJruoJIOKaTop «CKana—M» ABJIACTCA HWCTOYHUKOM HEMNPCAHAMCPECHHBIX JJICKTPOMArHUTHBIX TIOMEX A
pamuonokaropa ATCR-22.

KitioueBble cy10Ba: BEIOPOC CllydaifHOro mporecca, pactpenernenuie Pases, InTenbHOCTh BEIOPOCa, BEPOSTHOCTh POXOXKICHHS,
TIOpOT CpabaTHIBaHMUS, CPEIHEE YHCIIO BEIOPOCOB.
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Abstract: Currently, due to the increasing complexity of navigation support for aircraft (A/C), with the growth of requirements for
them, it is increasingly necessary to develop systems for integrated processing of navigation information. The facilities for radio
engineering flights support and aeronautical telecommunications are the main source of collecting processing and presenting
information about the air situation to the traffic control staff. They are also used to solve the number of navigation problems. At the
same time, the level of flight safety, along with the capacity of air traffic control zones depending on the decision of the ATC unit,
is largely specified by the reliability of the various input information provided. At another point, most sophisticated digital tools for
radio engineering flights support and aeronautical telecommunications at the output of the receiving-analyzing route have a
decision or threshold circuit, the actuation of which, as a result of exposure to a mixture of noise and interference signals, reduces
the reliability of information due to bursts of signal distribution, provided that impulse interference affecting the equipment and
mush of receivers are not correlated. The work provides an estimate of the average amount of signal bursts at the output of the
decision circuit taking into consideration the analysis of the probabilistic characteristics of the signals under consideration. For
noises subject to the Rayleigh distribution and narrow-band impulse interference with a zero-mean value, the mathematical
expectations of the average response time and the average number of positive bursts of the estimated process are found. The case of
interfacing two airway surveillance radars “Skala-M” and “ATCR-22”, which have virtually identical operating characteristics, is
analyzed. The dependence of the burst duration is calculated for the situation when the “Skala-M” radar is a source of unintended
EMI for the “ATCR-22"” radar.
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average number of bursts.
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COOHOCTB 30H YTIPaBJICHUS BO3AYIIHBIM JIBHIKE-
nuem (YBJ) [3, 4]. B nannHoii paGoTe aBTOpPHI
IBITAIOTCST  TIPOM3BECTH OIICHKY BO3JCHCTBUS
MOMEXOBBIX CUTHAJIOB Ha KOPPEKTHOE (YHKITHO-
HUpPOBaHUE MH(OPMALMOHHBIX KaHAJIOB LUdpo-
BBIX PAIMOTEXHUYECKUX CUCTEM.

BBenenune

CoBpeMeHHBIE CpeJICTBA paJuOTEeXHUYE-
CKOTO 00ecredeHus] TOJIETOB U DIIEKTPOCBSI3U
SBIISIIOTCSI OCHOBHBIM MCTOYHHMKOM cOopa, obpa-
OOTKM W TIpelacTaBlieHUs WHOOpPMAIMU O BO3-
IYIIHOW OOCTaHOBKE IJISl AMCIIETYEPCKOTO CO-

craBa ciayxObl nwkenus [1, 2]. OgHako npwu
ATOM aKTyallM3upyercs mpobiieMa oOecrieueHus
JIOCTOBEPHOCTH HMH(OpMAIMK, OmpesenseMas
KOHCTPYKTUBHBIMH XapaKTEPUCTUKAMH YKa3aH-
HOro o0opynoBanus. Hapsiny ¢ 3TUM BO3HHKAIOT
3aJla4¥ OI[EHKU TOTOBHOCTH O00OpYJAOBaHUs, BbI-
Tekarone u3 kecTkux TpeboBanmii MKAO «x
JIOCTOBEPHOCTH M KOH(UIEHIIMAILHOCTH Tepe-
naBaemonr mH(popmaruu. Jlroboe HapylieHHne B
pabote cpeacts PTOIIuDC cka3biBaeTcst Ha J10-
MUHAHTHBIX OTpPAclIeBbIX IIOKa3aTeNsiX, TaKUX
KaKk 0€30MacHOCTh IMOJICTOB M MPOMYCKHAs CITO-

MeTtoabl M1 MEeTO0JI0T U
HCCJICA0BaAaHNSA

B cootBerctBUM C [5] cpeaHee KOJIMYECTBO
cpabarpiBanmii pematomero ycrpoiictsa (PY) na
WHTEpBaje BpeMeHU T, B NPEAIONOKECHUN He-
KOPpPEIUPOBAaHHOCTH HMITYJIbCHBIX IOMEX U
IIYMOB TPUEMHHUKA, OIMPEACNSETCS COOTHOIIIE-
HUEM

M[N (ug, T)] = M[Ny(up, T)] + m(vy)R, (1)



HayuyHbiit BectHuk MITY TA Tom 25, Ne 03, 2022

Civil Aviation High Technologies Vol. 25, No. 03, 2022
rae M[N(ugy, T)] — cpenree komuuecTBo cpaba- [Moncrasnsist (3) B (2) m 0003HaYasi OTHOIIIE-
ThiBaHUU PY oT Bo3aeicTBUs momex 3a Bpems T HHUE CUTHAI/IIyM uepe3 Z = Uy/d,, MoiaydaeM

pH opore cpabatsiBaHus Ugy; M|V, ] — cpenree [11,12]
KOJIMYECTBO MMITYJIbCHBIX ITIOMEX Ha BXOJAE MpH-
€MHUKa 3a BpeMs T; R — BEepOsATHOCTb IPOXOXK- N,(Z) =
JICHUs IOMEXH Ha BBIXOJ JAemudparopa.
OtmeTHM, 4TO cpefHee KOJIMYECTBO BHIOpO-
COB IIyMa HajJ noporom PY Oyner onpenensitbes
TOJIBKO TEMHU BBIOPOCAMM, JIMTEIBHOCTH KOTO-
pPBIX IPEBOCXOOUT 33JaHHYI0 BEIWYUHY T,
[6, 7]. IIpu atoM tne Dy, u Dy, SABISIOTCS OUC-
NEPCUSIMH BHYTPEHHUX M BHEUIHUX IIyMOB IpU-
€MHHMKa COOTBETCTBEHHO.
C yuerowm [8] 3anumiem

1
2+om

AwZ exp(— Z2/2). (4)

[IpuHumass BO BHHMMaHHE HEOOXOIUMOCTh
yueTa 4YyBCTBUTEIBHOCTH cpabarbiBaHus PY
M0 IJTUTEIBLHOCTH ITyMa, nmpeodpazyem (4) K BH-
ny [13, 14]

No(Z) = ;7= AwZ exp(= 23/ ¥(D), (5)

rae (T) — BEpOSITHOCTH TOTO, YTO JJIUTEIb-
N,(uy) = ﬁ §* AwW; (ug). ) HOCTb BBIOpOCA IPEBBILIAET Ty.
Bripaxkenne nis QyHKIUM pacripeeneHus
BEPOATHOCTEN JIMTENBHOCTEW BBIOPOCOB OTHO-
CUTEJIbHBIM IIOPOrOM, HEOOXOauMoe Jisi oIpe-
nenenns (1), sanumeM B Buje [15, 16]

Tak Kak mym OpH NPOXOXKACHUM 4Yepe3 y3-
KOTIOJIOCHBIE (PUIIBTPBI MPUEMHOTO TpakTa HOp-
Majau3yercs, TO OJHOMEpPHAs IIOTHOCTh pac-
IIPEIEICHMS IIIyMa OIMCBIBAETCS PaCIpeneIeHH-

1 1
em Parest [9, 10] Wy (0, Z) = o= 0?Z%7g exp (— o= Aw?Z213). (6)
Wi (ug) = (uy/D*) exp(—u3/2D"). 3) C yuetom (6) noiaydaem
A ZZZ foe) 1 1
Y(r) = (:—Sfo Ty eXp (—gszZZTEL) dt, = exp (—%szero). (7)

Hanee, moactasmsist (7) B (5), OKOHYATEIHHO MOTYYUM

1 1
Ny(Z) = ——= AwZ exp | ——27Z%(48 + Aw?1}) ). 8
0(Z) o P{75% ( 5) (8)
Jns onpenenenust R, omyckas B 3allUCH €€ S=u/Dy;Z =1/6,,
3aBHCHUMOCTh OT COOTBETCTBYIOIIMX IE€pPEMEH- 1l — IOpOroBOE 3HAYCHHUE AMILTUTYIHI BXOJ-
HBIX, BOCIIOJIB3YEMCSl aCHMIITOTUYECKUM TMpe.- HOT'O CHUTHAlA.
CTaBJICHHEM HWHTerpalia Ajisi BEPOSTHOCTU MPO- Bynem nmetsb
XOXJICHUSI HMMITYyJIbca TIOMEXH dYepe3 IMPHEMO-
aHATM3UPYIOIIHiA TpakT [17]: R=1-®[u—n(1/a)]. (10)
R=_ [ e exp(—x%/2)dx 9) O0603HauuM cpeiHee KOJIMYECTBO UMITYJIbCOB
Verm Ju-n(1/a) ’

MOMEXH, BBI3BaBIIUX cpabarbiBaHue PY uepes

rneu =Z7Z—a;a=Ay/8, Ag — aMIuIuTy 12 NM- Vo. Torna Vo = Vo{1 — &fu — n(1/a)1}.

My TBCHORM MIOMEXEL [MoacraBnsis (8), (9) B (1), momyuum st
—(2S) ' —u (2’5)_2 +4/3(U% + 1)(25)3: CpeIHero KoaudecTna cpadbareiBanuii PY ot uM-

n ’ MYJIbCHBIX TIOMEX U IIIyMOB

10
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T = — AwZ exp (—%22(48 + szrg)) + Vo{1 — ®[u — n(1/a)]}.

V2m
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(11)

Ipu ycroBuH 49TO HA BXOJ MPHEMO-aHATM3HUPYIOMIETO TPaKTa BO3ICHCTBYET TOJIBKO aIUTHBHAS
CMeCh MmoMexa + IIyM, JUITEeIBHOCTh BbIOpoca ciydaitnoro mpouecca £(t) = g(t) + n(t), roe g(t) u
n(t) — ciaydaiiHble MPOILECCHI, COOTBETCTBYIOIINE HEMPEPHIBHBIM SIICMEHTAPHBIM IOMEXaM U [IyMaM,

MOYKHO OIIEHUTH MO cooTHOIIeHuo [18, 19, 20]

Mz, (uo, T)] = M[Tn(uo, T)1/MIN (uo, T)],

rae M[Ty(uy, T)] v M[N(uy, T)] — cpennee
BpeMsi MpeObIBaHHUS U CPEHEE YUCIO TOJIOKH-
TEJNBHBIX BBIOPOCOB mpotecca £(t) BbIIIE ypOB-
HS U Ha OTpe3Ke [ty, to + T, mpuuem

to+T

M[Tn(uo, T = [,°7 dt [ W(y,O)dy, (13)

rae W(y,t) — ogHOMEpHas IJIOTHOCTh BEPOST-
HOCTH Tiporiecca £(t).

NmiynbcHass moMexa MpejcTaBiseT CcoOoi
Y3KOIIOJIOCHBINA CTallMOHAPHBINA MPOLIECC C HyJIe-
BBIM CpeIHUM 3HadeHueM u auddepeHnupye-
Mo ¢pyHKIMen koppessituu [21, 22]:

re (1) = 6£7(7) cos weT, (14)
rae 67 — macnepeus; 7(T) — QyHKIHUS, MEIECHHO
MEHSIOMAACS 1O CPABHEHHIO € W (T).

g ciiydas HEKOppEIMpPOBAHHON MMIYJIbC-
HOI MOMEXH U IIyMa HECJI0KHO Moxy4yuTs [10]

M[e(uy, T)] x 103

N

(12)
(U, = — % |,
M[Tl(uO T)] we erfc é‘gm ( 5)
rae
erfcx = (2/Vn) [, exp(—t?)dt, a

b? = /D,/D,,.
Pe3y.]'leaT]>I HCCJIICA0OBAHUA

3ayacTyio pe3epBUPOBAHUE PAINOJIOKALMOH-
HOI nH(pOpMau 00ecreYrBaEeTCsI UCIIOIb30Ba-
HUEM DPAcCMaTPUBAEMbBIX DPaJIMOJIOKATOPOB, MpHU
3TOM MHUHUMAJIBHO JIOMyCTUMOE pPaCCTOSHUE
MEK]ly HUMU COOTBETCTBYET 1,5 KM, 4TO B CBOIO
ouepelb 00ECTeUUT HEOOXOIUMYIO0 CHHXPOHH-
3aruto rpynmsl PJIC B paiione aspornopra v He-
00XOIMMYI0 yTpPaBIsEeMOCTh cpenacTBamu. Jlis
CUTYyallMH, Koraa paauosnokatop «Ckama-M» sB-

N =1 naasa
T =2n/w,
re(7) = et

—— y3konosiocHsie nomexu (Bbixon YITY)
-=== [OMEXH, MPOLIE/IUIHE HA BHIXO/L
JeTeKTopa

5 Uy/Uy

Puc. 1. 3aBHCHMOCTD UTHTEIBHOCTH BEIOPOCA OT OTHOLICHHMSI CHTHAJ/TIOMEeXa
Fig. 1. Dependence of the burst duration on the signal-to-noise ratio
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jasgercss uctounukoM momex mis ATCR-22, na
puc. | mpencraBiieHa 3aBUCHMOCTb CpEIHEH 3a
BpeMs T 3aBUCHUMOCTH TOJIOKUTENIBHBIX BBIOPO-
COB ciIyyaiiHOro mporecca €(t) Bbllle 3aJJaHHOTO
YPOBHSI.

W3 puc. 1 cnenyer, 4yTo npu yclIOBUU OTHO-
IIEHUS] CHUTHAJ/TIOMeXa, MPEBBILIAIOMIETO TpPH,
JUINTENIbHOCTH BBIOPOCOB CHTHAJIBHBIX pacrpe-
JIeNIEHUH NMpaKTUYeCKHu He OyAyT BIMATH Ha Xa-
PAKTEpUCTUKHU OOHAPYKEHUS C YYETOM CTIIaXKu-
BAIOIIMX CBOMCTB JACMU(PPUPYIONTUX YCTPONCTB,
YTO COBMAJACT C pe3yJIbTaTaMH, IPUBEICHHBIMU
B pabore [10].

Oo0cy:kaeHue moy4eHHbIX
pe3yJIbTaTOB

[Ipennaraemass MeTOAMKAa MOXET OBITH WC-
MOJIb30BaHA TIPH alPUOPHOM OIIEHKE JTOCTOBEP-
HOCTHU MH(OPMAIIMK KaK HA CTaJUU MPOCKTHPO-
BaHMs, TaK M HA CTAaIUU TEXAKCIUTyaTallMH C
YYETOM XapakKTepUCTUK (DYHKIIMOHAIBHOTO HC-
MOJI30BaHUS UCCIEAYEMBIX CUCTEM [23, 24].

3akjaoueHue

[lomyuyeHHbIE OLIEHKM TO3BOJSIOT OIpeae-
JUTh XapaKTEPUCTUKU TOTOBHOCTH O0OpYyI0Ba-
HUS U, C TOYKU 3PEHUSI aBTOPOB, SIBISIIOTCA I1O-
JIE3HBIMU TPHU TOCTPOCHUU MOJIEIECH OLIEHKHU
MMOMEXO3aIIMIIEHHOCTH U JOCTOBEPHOCTH WH-
dbopmariim, Mo3BOJISIONIUX B CBOIO OYEpEh pac-
CMaTpuBaTh IoKasarenu cucremsl Y B/l sBisto-
IIMMHCSI KAaYE€CTBEHHBIMH OTPACIEBBIMH Xapak-
TEPUCTUKAMMU.
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