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[pennaraercs ouH M3 BapHAHTOB MOCTPOEHUS HU(PPOBOI pagoMassdHOW CHCTEMBI aBapHIHOTO
MIOMCKa OECHMIOTHOTO JIETaTeNbHOro anmapara. [IpoBoxuTest ee pacueTHOe POEKTHPOBAHKE, Ha
OCHOBE KOTOPOTI'0 KOHKPETU3UPYIOTCSI TEXHUYECKUE TTapaMeTpsl Ha IU(poBOe IPUEMHOE YCTPOU-
CTBO PaJUONENCHraTopa.

Kniouesvie cnosa: madpoBas paguocucrema, mpoekTupoBanue, mymonoqoousiid (IUITIC) curnan,
YyBCTBUTEIBHOCTD, AMHAMUYECKHH INAIa30H.

BBenenue

OCHOBHBIMH TPeOOBaHHUSIMU K pPaAMOMAasYHON CHCTEME MOUCKA OECIUIOTHOTO JETaTEBHOIO
anmapata (BJIA) sBnsitoTca TpeOoBaHUS CKPHITHOCTH CUTHAJIA, H3IydyaeMoro paanoMaskom BJIA, ma-
JBIA BeC U Ta0apHUThl paJroMasika, Majias H3JlydaeMasi MOLIHOCTb M TOK MOTpeOiaeHus. DT TpedoBa-
HUSI MOTYT OBITh PEajIM30BaHBI UCIIOIB30BAHUEM LIMPOKOIIOIOCHOTO TICEBAOCTYYaHHOrO CUTHANA U
aMIUIUTYJHOT'O METO/a IENEHraluil H3Jy4yaeMoro paaunocurHana. IIpoekTupoBaHue Takol paauo-
CHCTEMBI TPOBEAEM Ha OCHOBE pacueTa OCHOBHBIX IapaMETPOB MPHUEMHOI0 TpaKTa paanuoIIeNeHraTo-

pa.

Pacuer YYBCTBUTECJIBbHOCTH H JUHAMHYECKOI'O IUANMA30HA MIPUEMHOI'0 TPAKTa

UyBCTBUTENBHOCTh MEICHTALIMOHHOTO MPUEMHHUKA — 3TO MUHUMAJBHBIM YPOBEHb CHUTHAIA,
MIPU KOTOPOM 00€CIIeUNBACTCS OIPEEICHUE TISJICHTa ¢ 3aJJaHHBIM KauecTBOM. [loka3aTenem kayecTBa
JUTS TAGPOBBIX CUCTEM SIBIISIETCS BEPOSTHOCTh OMIMOKK HA OWT.

[Ipu ucnonszoBanuu mMoxynsuuu BPSK 3aBrucHMOCTh BEpOATHOCTH OIMMOKH HA BBIXOJE JC-

MOAYJIATOpPAa OT OTHOLICHUA SHCPTHUU HaA ouT K CHCKTpaJ'H:HOﬁ IJIOTHOCTHU IIIyMa —£ BBIPAXKACTCA
0

crnenytromeit popmymoit [1]:

K 1 u’ E
(P, = exp| —— |du=0| |- |,
g (Z'E.[/NO V2‘TC 2 NO

17 u’
rae Q(X ) = -Iexp —— |du — raycCcOBCKMI MHTErpaji BEPOSATHOCTH.
N A
Pe3ynprat pacuera, BBIMOJIHEHHBIH C IOMOLIBI0 KOMIBIOTEpHOI mporpaMMel MATLAB, no-
Ka3zaH Ha puc.l. U3 rpaduka cremyer, 4to s oOecreueHus! BEpOITHOCTH OMIMOKH Ha BBIXOAE AEMO-

E y
nynsropa (Ha Bxojie aekonepa) B 2-107" Tpebyercs otHomenne — ~0 nb. B paguomasunoi cucre-
0
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M€ HCTIONIB3YETCs PACHIMPEHUE CIIEKTpa CUTHajla M PacueT BEpOATHOCTH OUIMOKM BEAETCS AJIS MOje3-
HOW WH(]opManny, NOATOMY MOTYyYEHHOE OTHOIICHHE SHEPTHMH Ha OUT K CIIEKTPANbHOW IIOTHOCTH
IIymMa MOXeT ObITh YMEHBLICHO B YHCJIO pa3, paBHOEe KO3(D(UIIMEHTY paciiupeHusl crnekrpa. Pacmm-
pEeHUeE CIEeKTpa SBIACTCA 10 CBOCH CYTH BHAOM KOAWPOBAHMS CHTHaja, IOTOMY YTO OAWH OHT MOJe3-
HOU MH(OpMAIMK 3aMEHSETCS B 3TOM Cily4yae # OMTaMu IICEBAOCTYYaifHON MOCIEI0BaTEIbHOCTH.
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Puc. 1. 3aBucumocth BCPOATHOCTHU OIIIMOKHU npueMa OT OTHOLICHUS CI/IFHaJ'I/HIyM

Tor;[a COOTHOHICHUEC NPUMCET BU:
E.

kE,
N, nN,’

rae EC — JHCPrus KaHaJIbHOT'O outa (HOCHC paciiipCHuA CHCKTpa); NO — CIICKTpaJibHAsA IJIOTHOCTH

TEIUIOBBIX TIyMOB (paBHa —174 nbm/I'm).

Ecnu BBIOpaTh Ans pacmmpeHus CIeKTpa IceBrociydvaiHyto mocienoBarensHocTs (IICIT)
uHOM 2048 cuMBONIa, B pe3yIbTaTe MOIYIHM:
izL-ﬁzi, HB=§, nb —IO-Ig( ! )zi, ab —33 nb=-33 nb.

N, 2048 N, N, N, 2048 ) N,

Tpebyemoe OTHOLIEHUE CUTHA/IIYM JUIsl IPUEMHHUKA CUCTEMBl PACCUUTHIBAETCSI HA OCHOBE OTHOIIE-
HUS SHEPTHH CUTHaJla K CHEKTPaJIbHOM IJIOTHOCTH IIymMa B 3aBUCHMOCTH OT ITOJIOCHI YacTOT, 3aHH-
MaeMOM CUTHAJIOM B 3(upe, U CKOPOCTH Tepeaadn MOy IMPOBaHHBIX CHMBOJIOB 110 KaHay CBSI3U. 3a-
JaJluM TI0JIOCY YaCTOT OJHOTO KaHajia U ONpeelM OMTOBYIO CKOPOCTH Mepeaadn Hu(PoOBOro moToka
MOJIE3HOM WH(POPMALIUH.

B cootBercTBum ¢ TeopeMoit KorensHukosa [1], MUHUManbHOM nonocol i nepenaun R ka-
HaJNBHBIX CHMBOJIOB B CEKyHIYy sBIsiercsi mosnoca R/2 I'm. Ha mpakTuke oHa yBenmMuMBaeTcs Ha
10-40 % wu3-3a orpaHMYEHUN Ha MapaMmeTphl pealbHBIX QUILTPoB. [lo3TOMY peaibHas MpOMycKHas
CIIOCOOHOCTH KaHalla CBsI3M CHIbKaeTcst 10 1,2—1,8 cuMBosoB B cek/I 1.

DHeprus CUrHana Ha OWH OUT BBIYMCIISIETCS KaK MOIIHOCTh CHTHAJa, JIeJIeHHAs HA CKOPOCTh
nepenavyn OMTOB, a CIIEKTpaIbHas IUIOTHOCTH IIyMa BBIUUCIIETCS KaK MOIIHOCTD IIyMa, JAeleHHas Ha
I0JIOCY, TO3TOMY KOHEYHOE COOTHOIIEHN € BBITJISIANUT TaK:

E._ S W

N, N R’

55



rzae S — MOIIHOCTh CUrHana, R — CKOpPOCTh MepeJadd CUMBOJIOB (TIpu ABoudHON Monyisiiuu BPSK —
OWTOB) 1O KaHay CBSI3H, W — IIMpHHA MOJOCH! YAaCTOT KaHana, N — MOIIHOCTb LIyMa.

Jns pacuera 4yBCTBUTENBHOCTH IMPUEMHHKA HEOOXOAMMO OMPENENUTh YPOBEHDb IIyMOB, IO-
CTyHaromux ¢ ero Bxoga. CTpykTypa NpHEMHOI0 TpakTa MPOEKTUPYEMOI CUCTEMBI, COCTaBJIEHHAs Ha
OCHOBE THIIOBOI CTPYKTYpHI LM(POBOro nprueMHuKa [2, 3], OyAeT BBITIISACTD CIEAYIOMNM 00pa3oM.

BxogHolk _ | Manowymsawmi MpeobpasoBaTtenb AHTUSNANRCUHIoBbIN
o uneT o cunuTenb 4YacToTbl BHU3 MnbT|
MpuHATBIR ® P Y ® P
paamnocurHan
Cxema npuHATUA
Cxema eLleHns o6
AHanoro-undposoii Kackagbl npuema MCM, p
L—» » - ' —» OoBGHapyXeHUM n
npeo6pasosaTernb unbTpauum pacLumpsioLei
HanpasrneHun Ha
cnekTp
obbekT

Puc. 2. CtpykTypHas cxema IpUEMHHKa aBapuiHOro nenenratopa bJIA

U3 ompeneneHHOro paHee OTHOLICHUS! CUTHAI/IIYM Ha BXOZAE JEMOAYJISATOPa, KOTOpOE MpH-
BOJIUT K BEPOATHOCTH OIIMOKH Ha BbIX0JE cUcTeMBbl B 0,2 oIIMOKM Ha OAWH OUT M JIEWCTBUH HA BXOJE
MPUEMHHKA TONBKO TEIJIOBOrO IIyMa MCTOYHHKA curHajia — 174 nbm/['1, olleHMM mapameTpsl Kacka-
JIOB MPHUEMHOT0 TpakTa — KO3(QQUIUEHT IIymMa U ycuseHue. Jns HenmepecTpanBaeMoro moJocOBOTO
BXOAHOTO (pUiIbTpa, MEpEeKpPHIBAIOLIETO BECh 3aJaHHBIM TUaNa30H 4acTOT, YAOBJIECTBOPUTEIBLHBIM Ma-
paMeTpoM SBIISIeTCS BHOCUMOE 3aTyxaHue B —2 1b u koadduiimentoM myma ¢ BEMMUMHON, 00OpaTHOM
BHOCUMOMY 3aTyXaHHIO, TO ecThb 2 Ab. ManomyMsmui yCHIUTeNnb paJuocuraaia uMeer Koddduim-
ent myma 3 ab u ycunenne 30 nb; nmpeobpa3oBaTenb 4acTOTHl BHH3 UMeeT Koa(pdunpeHt uyma 8 nb;
AHTURJIAHCUHTOBBIA QUIBTP (PUIBTP MOMEX HaJlOKEHHUs, KOTOPBI HEOOXOIUM ISl KOPPEKTHOH pa-
00THI ciledyIolero kackaga — ananoro-udposoro npeodpazoparens (ALI)) umeer kosddunuent
myma 2 nb. [apamerper ALl HeoOXoauMo Takke yYUTBIBaTh, IOTOMY YTO 110 CPABHEHUIO C JPYTH-
Mmu ycrpoiictBamu ALIIT obiamaer 3HaUNTENBHBIM KO3QPHULINEHTOM IIyMa (TeHEPUPYIOT COOCTBEHHBIC
mrymbl KBaHTOBaHMA). Bee kackaapt mocne AL BeimonHstoTest B ipoBOM BUE B yCTpOICTBE LU ]-
POBOIi 00paOOTKH CUTHAJIOB M HE BIMSIIOT Ha 00N KO PHUINUEHT [IIyMa CUCTEMBI.

Hcnonw3ys uzBecTHyrO (hopMyiy obmiero ko3 uiuenTa 1ryma HECKOIBKUX COCIMHEHHBIX
MocIeaoBaTeNbHO Kackanos (popmyna Cudoposa) [4].

o ot B

total — *1 ]

Kl Kl‘Kz Kl'Kz'K3

MIPOBEIEM pacueThl C IOMOLIBIO KOMITBIOTEpHOH nporpaMMsel MATLAB.

Jliist MEKpOCXEMBI TTpeo0pa3oBaTelis YacTOTHI 3aIaJJM Cpa3y HECKOJIBKO BAPHAHTOB KO3 du-
nueHTa npeodpazoBanus (0, 3, 6, 9 u 12 1b) I JONOTHUTETHLHOT'O UCCICIOBAHUS U HIDKE TIPECTa-
BHUM PE3yJIbTAT pacyera.

Kosdduuuent ycunenus G, npeobpasosatens yactorsl, 1b: 0; 3; 6; 9; 12.

O6umit kodpduiment ycunenus G, NpUEMHOro TpakTa, a1b: 26; 29; 32; 35; 38.

tpakra no ALIL ab: 6,1; 5,3; 5,1; 5,0; 5,0.

Jns paneHeWniero pacuera BeiOepeM HanOONMbIINKA KOd(DGUIHEHT yCUIICHUS, TOTOMY YTO OH
MO3BOJIUT CHU3HUTH BiMsHHE Oonbuioro kodg¢ummenta myma ALl va oOmuii ko3 duueHT myma
MPUEMHOTO TPAKTa.

VYpoBeHb Tem1oBoro myma B nosoce yactor AF = 1 MI'u Oyner paBeHn

N=—174+10-1g(AF) =-173+60=-113 nbm.

Oo6mwmit kospdurment myma NF,

total

Ha Bxone ALII TennoBoii mrym npu BEIOpaHHBIX MapaMeTpax MPHUEMHOro TpakTa (Ipecenek-
Topa) OyIeT paBeH:

N, y.=N+G,, +NF  , =-113+38+5=-70 ob.

total total —
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Hus Beibopa ALl mpennonoxum, uro coOctBeHHbIN 1rym AL, mpuBeAeHHBIN KO BXOAY
AL, nomxkeH ObITH HE OOINBIIIE, YEM TEIJIOBOM IIYM, MPULISAIINNA CO BXOJa NpueMHUKa. JlomycTum,
9TU HIyMBbI paBHBL Torga n1o6aBiaeHHE K TeIOBOMY mymy N, . =—70 Takoro ke COOCTBEHHOrO IIIy-

Ma ALII npuBeneT kK yBeNMUEHUIO CyMMapHOro mryma Ha 3 1b:

N, . =—10+3=-67 nbm.

total —

Omnpenenus 3HaueHune cooctBeHHoro myma AL, mpuBegeHHOro KO BXOIY, MOXKHO paccyu-
TaTh MapaMeTp, 10 KOTOPOMY CIeAyeT MPou3BoaAnTh BeIOOp MuKpocxembl ALIT. Ilepen atum HeoOxo-
VMO TaKXXe BBIYHCINTh MaKCHMalbHBIA ypoBeHb curHaia Ha Bxoae ALIL Ilpeamonmoxum, MUKpoO-
cxeMa KBaJpaTypHOro ImpeoOpa3oBareis 4acTOThl BeIJaeT Ha BbIXoAsl cuHpaszHoro (I) n kBagpaTyp-
Horo (Q) KaHaJIOB BHJICOCHTHAII C MAKCUMAJIbHBIM HaNpsbKEHWEM OT IHKa 10 nuka 1 B Ha Harpyske 1
kOwm. IlepeBenem 3Ty BennuuHy B AbM:

U2 12
P=10-1g| 2R |-10.1g| 2:1000 |__
Im 0.001

C yueroMm cienyrouiero Kackaia — aHTUJIACHHTOBOTO (PHUIbTpa, UMEIOIIET0 pacyeTHOe 3a-
TyxaHue B 2 1b — ypoBeHb curHaia Ha Bxozae ALIII cocraBut —5 nbM. UTOOBI MCKITIOYUTH MpEBHIIIE-
HHUE CUTHAJIOM ypoBHs moiHo# mkanel ALIL, koTopoe BeAeT K pe3KOMy YBETHUEHUIO UCKa)KEHHsS U
Mapa3UTHBIX MPOAYKTOB CIEKTpa, Ha MPaKTHKE PEKOMEHAyeTcsl OpaTh ypoBeHb mosHoN mkans AL
C HEKOTOPBIM 3amacoM. Y YHTHIBas 3TO, 3aJalUM YpOBEHb cuTHaia monHod mkansl ALl paBHBIM He
-5, a 0 nbm.

Toraa napamerp AL SNR (otHomenue curnan/mym st ALIT) Oyner onpenensThes Kak

SNR=FS—N . =0+70=70 1b.

BropbiM kpuTepueM moncka JODKHA CTaTh YacTOTa AWCKpern3anuu. Kak ObUIO MPHHSITO BEIIIE, I10-
JI0ca BUJIEOYACTOT cUTHaNa paBHa 1 MI'1, mosTomMy mo teopeme KoTenpHIKOBa 4acToTa AUCKPETH3A-
WU JOJDKHA OBITh Kak MUHUMYM 2 MI'11, a ydie Oobiie uisl CO3/JaHus 3araca B CBSI3U C HEHJ1ealb-
HBIMH XapaKTEPUCTUKAMU PEabHBIX (DUIBTPOB.

Mukpocxema npousBojctBa Analog Devices [5] — AL ¢ pa3psimHOoCTRIO 16 OMTOB M YacTo-
Toi muckperuzanuu 10 40 MI't umeer nmapamerp SNR = 77 nb. ®@opmyna ajst BEIYMCICHAS KO3(-
¢unmenta nryma AL cnexyromast:

NF=FS+174—SNR—10-lg(%),

rae NF — koad¢unuent myma AL B nb, FS — ypoBens curHana noiaHo# mkanst AL B 1bm, SNR —
otHomeHue curnan/mym ALIl kak mapameTp M3 TEXHUYECKOW JOKyMeHTalmu, 174 — crekTpaibHas

IMJIOTHOCTh MOIIHOCTH TCIJIOBOTI'O IITyMa C 06paTHBIM 3HAaKOM, f ¢ — dacToTa JUCKPCTHU3alH.

s npusenennoro npumepa AL koaddunmenT nmryma Oyaer paBeH

4.10’

NF =0+174-77-10-1g =174-77-76 =21 nb.

Teneppb BocONB3yeMcsl CHOBa IPUBEIEHHBIM pacueroM o ¢gopmyne Cudoposa s pacuera
obmero ko3 dunnenta mryma npueMHuka (1o sxona nemoxaynsitopa BPSK). [pu stom kosdduiiment
yeusienust ALIII monoxum paBHbM O 1b, motoMy uto AIIIl koHBEpTHpYET aHAJIOTOBBIM HENPEPHIB-
HBIA CHUTHAN B TIOCJIEI0BATEIbHOCTh ABOMYHBIX KOJOBBIX CJIOB, U MIOHSATHE YCUJICHUS 3/1€Ch HEPUMe-
HUMO M HE MMeEeT 3HAUYMTENbHOro BIusSHUS, Tak Kak ALl siBisiercst mociaemqHUM yYUTHIBA€MBIM B
¢dopmyne kackagoM. Pe3ynbTaTel pacuera npencTaBiIeHbl HUXKE.

Kosdduuuent ycunenus G, npeobpasosatens yactotsl, 1b: 0; 3; 6; 9; 12.

OO6mwmit koapduruent ycunenust G

total

npueMHoro Tpakta, ab: 27; 30; 33; 36; 39.
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Oo6mwmit koapdurment mryma NF,

" TPaKTa c yaerom AIlIL, nb: 25,0; 19,1; 13,6; 9,1; 6,5.

Pe3ynbTaThl pacdyera moka3pIBaloOT, YTO JOMOIHUTENBHOE YCUICHUE B IpeoOpa3oBaTeie Jac-
TOTBI OKa3bIBAaET 3HAYNUTENBHOE BIUSIHUE HAa OOmMi KoduLMeHT mryMa, 1 npu BHIOPAHHOM yCHIIE-
Huu B 12 nb oOmmii ko3¢ duiment mryma momyuywics Bcero Ha 1,5 nb Gonbmie, uem 0e3 ALIL, He-
CMOTpsI Ha TO, uTO Koapunment nryma ALIL, B3ATHIH OTAENBHO, OKa3ancs cambiM OonbimM (21 ab).

Jns pacuera YyBCTBUTEIBHOCTH MIPUEMHOI0 TPakTa cuntaeM, 4ro Kodhdunuent myma AL
N, ==70 nb [5]. Eciu BbIYECTh U3 NaHHOM BEIMYUHBI YCHICHUE IPHUEMHOIO TPAKTa, IOIyYHM
YpOBEHb CHTHajla Ha BXOJAE NMPHUEMHHKA, KOTOPBI CpaBHSETCS ¢ ypoBHeM InmymoB Ha Bxome ALIIL
OTOT ypoBEHb B JUTEpAType Ha3bIBACTCS MUHUMAJIBHBIM JAETEKTUPYEMBIM ypoBHEM curnana (MDS —
minimal detectable signal):

MDS =-70-38=-108 nbm.

A Tak Kak paHbllle Mbl BBIYMCIWIIH, YTO AJIs oOecreueHusl IpremMa CUrHaja ¢ 3aJaHHbIM Kade-
CTBOM (BEPOSATHOCTH OIIMOKH Ha BBIXOAE AeMOIyJsITopa paBHa 0,2 omMOKM Ha OWUT) OTHOILIGHHE CUT-
HaJ/IIyM Ha BXOJE AEMOIYISATOpa AOJKHO OBITh — 33 b, To peanbHas 4yBCTBUTENBHOCTh COCTABUT

Sens = MDS + S/N =-108-33~—141 nbwm.

OneHnM npenenbHBI ypOBEHb CUTHasIa CBepXy. I10CKONbKY BXOAHOM CHTHAN MPU IMPOXOXK-
JEHUH TpakTa MpHeMa MOXKET UMETh MakcUMyM B MuHyc 5 nbMm Ha Bxoae ALIIL, BeruTeM n3 3TOH Be-
JIMYMHB] YCUJIEHHE TPUEMHOr0 TpaKTa U MOJYyYHMM MaKCHUMAaJIbHBIA YPOBEHb CUTHAJA Ha BXOJE:

—5-38 =43 nbwm.

B sToMm ciiyuae nuHaMuyeckuii quamna3oH coctaBuT —43 — (—141) = 98 nb.

3akjoueHmne

HpI/IBCI[eHHLIe BBIIIC PE3YJIbTAThI paCuCTa BCIMYUH OCHOBHBIX IMMAPaMCTPOB IIPUCMHOI'O TPaK-
Ta pagruoIeCiCraTopa OKa3blBatOTCA BIIOJIHE PCAJIM3yCMbIMU HA IMPAKTUKC.

RESEIVER DESIGNING ILS OF THE EMEREGENCY UAV SEARCH
L.I. ZABENKOV

Abstract

One of the methods of the construction of a digital ILS emergency UAYV search is suggested.
Its design engineering, which is specified on the basis of technical parameters of the digital receiver, is
carried out.
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