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AnHoTanus. B cratbe mnpemnioxkeH crnoco® yBenuueHHs oObeMa HHQOpMAMHU, TEPENIaHHOTO C
HCIOJNBb30BaHUEM KaHAJIOB METEOPHOM CBSI3H, MO3BOJSIIOIINN YBEIHMUUTh KOI(M(GHUIUEHT HCIIOIb30BAHUS
kaHana. [IpuMeHeHne mpenBapuUTENbHONW OLEHKH OOpa30BaHHOTO KaHala METEOPHOH CBS3M BO3MOXKHO
Onmarojaps BCEHANpPaBICHHOMY XapakKTepy paclpOCTPaHEHUs PaJUOBOIH OT METEOpHOro ciefa.
Hcnonp3oBaHue BBIYMCICHHA Ha IEPENAIOIIECH CTOPOHE, OCHOBAHHBIX HAa IOHMMAaHUM XapaKTEPUCTHUK
00pa30BaHHBIX KaHAJIOB Ha METCOPHBIX BCIIBIIIKAX, [TO3BOJISET 33 CUET IPUMEHEHHUS] MHOTOIIO3UIIMOHHOM
MOJYJISIIUM CBOEBPEMEHHO YBEIUYWTHh HAYalbHBIH 00BbEM IepellaBacMbIX JAaHHBIX B MOMEHT, KOTIa
SJIEKTPOHHAST TUIOTHOCTh KaHaja OJNM3Ka K MaKCUMalbHOH. Pe3ynbTaThl NMpOBEJIEHHBIX CUMYISLUHI
MOATBEPANIIH LIEIECO00Pa3HOCTh UCIIOIb30BAHMS IIPEIBAPUTENLHON OLIEHKU XapaKTEPUCTHK KaHalla CBSI3U
IUISL CPeIHUX M OOJIBIINX Pa3MepoB Kaapa. AKTyaJbHOCTb JaHHOTO HCCIIEIOBAHUS ONPEAEIeHa Pa3BUTHEM
peanmn3anuy yJIaIeHHOTO B3aUMOICHCTBHS MEXKTy a0OHEHTAMH, B TOM YUCIIE U B aPKTHYECKUX IIUPOTaX,
C HCIIOJIb30BAHNEM METEOPHOU CBA3H.

KiawoueBbie ciioBa: WHPOKOMMYHHUKAIMOHHAsE CHCTEMa METEOPHOW CBSI3M, MHOTOIIO3MIIMOHHAS
MOJIYJISIINSL, KO GHUIIMEHT UCTIOIE30BaHHUSI METEOPHOTO KaHaa, pe/iBapuTelibHast OllEHKa KaHaja CBSI3U

Js nutupoBanusi: benos C.IIL., Opexo A.O. 2025. IloBbimenue 3QQEeKTHUBHOCTH HCIIOJIB30BaHUS

MCTCOPHOI'0 KaHalla CBA3M Ha OCHOBC HpeI[BapHTeHBHOﬁ OLICHKN €Tr0 XapaKTCPUCTHUK. 9KOHOMMKCZ.
Hngopmamura, 52(1): 203-214. DOI 10.52575/2687-0932-2025-52-1-203-214

Improving the Efficiency of Meteor Burst Communication Channel
Utilization Based on Initial Evaluation of Its Properties

1Sergey P. Belov, 2 Andrey O. Orekhov
! Belgorod University of Cooperation, Economics and Law
116a Sadovaya St, Belgorod 308023, Russia,
2 Belgorod State National Research University
85 Pobedy St, Belgorod 308015, Russia
belovssergei@gmail.com, orekhovip@yandex.ru

Abstract. The paper proposes a method to increase the volume of information transmitted using meteor
communication channels, allowing to increase the channel utilization factor. The use of pre-evaluation of
the created meteor communication channel is possible due to the omni-directional character of radio wave
transmission from the meteor trail. The use of computing on the transmitting side based on the
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understanding of the characteristics of the formed channels on meteor bursts allows increasing the initial
volume of transmitted data at a time when the electronic density of the channel is close to the maximum.
This is achieved through the use of multi-position modulation. The results of the simulations confirmed the
feasibility of pre-evaluation of the communication channel characteristics for medium and large frame
sizes. The relevance of this study is determined by the progress of remote interaction between subscribers,
including those in the Arctic latitudes, using meteor-burst communication.

Keywords: meteor-burst communication system, multi-position modulation, meteor channel utilization
factor, preliminary channel estimation
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BBenenune

B Hacrosiiee BpeMsi UMEIOT aKTyallbHOCTh MPOOJIEMBbl YCTONYHUBOW CBSI3M B apPKTHUYECKUX
mpotax. CornacHo ExauHoMy miaHy MepoONpHSATHI 1O peaju3alid OCHOB T'OCYJapCTBEHHOMN
nonutuku Poccuiickoit @enepanuu B Apkruke Ha nepuos 10 2035 rona u Ctpareruu pa3BuTHs
Apxrudeckoid 30HbI Poccuiickoit @enepanuu U o0ecrieueHus: HallMOHABLHOW 0e30MacHOCTH Ha
niepuoa 10 2035 rona cymecTByeT mOTpeOHOCTh B COBPEMEHHBIX CUCTEMaX CBSI3U JJIS YKa3aHHBIX
30H. MeTeopHas paauoCBs3b, MpPUMEHseMas B AapKTUYECKUX MIMPOTax, oO0JalaeT psaaoM
MPEUMYIIECTB 0 CPAaBHEHHUIO C JAPYTUMH BUJAMU PAJUOCBSI3U. MeTeOpHBIE KaHAIbI CBSI3U
o0ecrnieunBarOT 0OMEH JaHHBIMU Ha JIOBOJIHO CYIIIECTBEHHBIX PaccTOSHUSAX [MeTeopHas CBA3b. . .,
1961; babamxkanos, 1987; Kapmos u np., 2008; benskoBuy, 2008], 61aromgapst ToMy 4To B KaHaJe
CBSI3M MPHUCYTCTBYET JOBOJBHO HU3KHM YpOBEHb IlyMa M HaOJIOAaeTCs He3HaYyuTelbHas
3aBUCUMOCTh XapaKTEPUCTUK Cpeabl Mepefadyd OT BO3MYIIEHUM HOHOC(EpHI, MPUMEHSIOTCS
paauonepesaTIUuKi OTHOCUTEIHFHO MaJIOi MOIITHOCTH JIJISl TOJTy4EHUsl YCTOWYMBOTO KaHaa CBSI3H.
OTH 0COOEHHOCTH U 00pa3yIOT OCHOBHBIE MPEUMYIIECTBA MPE/IOKEHHOTO BUA CBSI3U. Y UNTHIBAs
BBIIIIECKAa3aHHOE, HAPSIAY C APYTHMMH BUJAAMHU CBSI3U, METECOpPHAsS CBA3H SBISETCS 0a30BBIM BHJIOM
CBSI3U JIJIA MIPUTIOJIIPHBIX 00JIacTel, a TaKKe B HEMPEICKA3yEMbIX CUTYAIUSIX MOXKET OKa3aThCs
€IMHCTBEHHBIM CIIOCOOOM CBSI3U, BOCCTAHOBIIEHHBIM 32 KOPOTKHUI CPOK.

VYBenuuenne Kod(DPUIIMEHTAa WCHOJB30BAHUS METEOPHOTO KaHaja CBSI3M  SIBJISIETCS
aKTyallbHOM 3aJaueii, Tak Kak OCHOBHYIO HEONPEIEICHHOCTh MPEACTABIAECT BEPOATHOCTHBIN
XapakTep MOMEHTOB BOSHUKHOBEHMS METEOpHBIX cienoB [Kampanos, Kupuk, 2018], moaxoasmmmx
JUIS OpraHM3alliK KaHaja CBS3H, U CIOKHO MPOTHO3HpyeMasl IIUTEIbHOCTh CYIIECTBOBAHUS
MOHM3UPOBAaHHOrO oOnaka. [y pemieHus 5TOM  3aJadd  IpejiaraeTcs HUCIOJIb30BaTh
MpeIBApUTENILHYIO OIIEHKY 00pa30BaHHOTO KaHala CBA3H Ha MepeAarollell CTOpOHe, IPOBEICHUE
KOTOpOI BO3MOXKHO O1aro/iapsi BCEHAIPpaBJIEHHOMY XapaKTepy pacnpoCTpaHEHUs! PaJlOBOJIH OT
MeTeopHoro cnena. OCHOBBIBAsACh HA pe3yibTaTaX MpeIBapUTENbHON OLIEHKH, MOKHO BBIOPATh U
MPUMEHHTD IS TIepeavud MOAXOISIINANA CITOCOO MHOTOTIO3HIIMOHHOW MOIYJISIIMH M COKPATUTh
BpEMEHHBIE 3aTPAThl Ha IPUHATHE TAKOTO PEIICHUS.

MeteopHblii kaHaJ cBA3H. OLIEHKA ero XapaKTepuCcTHK

D¢ dekTUBHOCTH UCTIONB30BAHUS KaHaJIa METEOPHOU CBSI3M HANPSIMYIO 3aBHUCHUT OT BbIOOpa
MIPOTOKOJIOB Tepeaayu U ux ocobeHHocTeil. [loMck onTUManbHBIX HapaMeTpoB IPOTOKOJA
nepeaayn, OCOOCHHO B CIlydae METEOPHOU CBS3H, SABISETCS TPYAOEMKOH 3a1aueid, conpsnpkeHHON
CO 3HAYUTENIbHBIMH BBIYMCIUTEIBHBIMU M BPEMEHHBIMU 3aTpaTaMu. Tak Kak MakcHMalbHas
JIEKTPOHHAs TUIOTHOCTh CYIECTBYET B MOMEHT BO3HHUKHOBEHHUS KaHalla CBS3H M CO BPEMEHEM
3aTyxaeT, BOIIPOC Mnepeaayun O0NbIIero KoJindecTsa HH(GOpMaluu B Ha4albHBI MOMEHT SBJISIETCS
aktyanbHbIM. [Theory of Meteor Reflection. Dnekrponnsiii pecypc] B pabore mpemiaraercs
OLICHUTh XAapaKTEPUCTHKU KaHala B MOMEHT BO3HUKHOBEHHUS Ha IEpelarolled CTOPOHE H
1o100paTh HACTPOHKU MOAYJIALUU C yueToM TeopeMsl [lleHHOHA
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S
€ =Blog,(1+3), (1)
rne C — konmuyectBo nH(popMaru, B — mmprHa monocsl Npomyckanus, S — ypoBeHb CUTHaA,

N — ypoBenb mryma. Mornocts ipuéMuunka Pr(t) mociie paccesiHusi Ha HEHACBIIIIEHHBIX Tpaccax
Ha 4acTOTax, UCIOJIb3yeMbIX Ha MIPAKTUKE:

PrGrGrA®oa,a;(t)as(to)as
64T3RZR2

Pe(t) = : (2)

r1e A — JJUHA BOJIHBI, G — IUJIOLIAJb METEOPHOro ciefa, a1 — KO3(P(UIMEHT MOoTeph U3-3a
KOHEYHOT'O HAYAJIBHOTO pajnyca ciena, a2 — kodddumment nmotepp u3-3a nuddysuu crnena, az —
KO3 QHULIMEHT OTEPh U3-3a HOHOC(epHOro noriouieHus, T — BpeMs B CEKyHax, U3MEPEHHOE OT
MOMEHTa TOJHOTO (opmMupoBaHus mepBoil 30HbI DpeHens, to — TMOJIOBUHA BPEMEHH,
HEOO0XOAMMOro MeTeopy Jjsl MNpOXOoXKAeHus nepBoil 30Hbl Ppenens, PT — wmomHOCTH
nepenatunka, PR — uyBctBUTENnbHOCTh IpueMHuKa, GT — ycuieHue nepenaronieil aHTECHHbI
OTHOCHTEJIBHO M30TPOIHOM aHTEHHBbI B cBOOOJHOM mnpocTtpaHcTBe, GR — ycunenue npuemHon
AQHTEHHbl OTHOCHUTEJIBHO M30TPOIHONW aHTEHHBbI B CBOOOJHOM MPOCTPAHCTBE, (IIPEAIOJIaraeTcs
OTCYTCTBHME IOTEph B TpakTe nutatens), R1, R2 — paccrosiHua MeXy aHTEHHAaMU U METEOPHBIM
CIIEIOM

-t

az(t) = Ag X expw, 3

rae T — BpeMs, Ipoliealee ¢ MOMEHTa 00pa3oBaHus ciena, Ao — aMIUIMTy1a CUTHAJIa B MOMEHT
t =0 (MakcuMyM), T — XapaKTE€pHOE BpeMsl 3aTyXaHHUsL.

[ToncraBus (2) B (1), yuuTbIBasi SKCIIOHEHLIMAIBHOE 3aTyXaHUE CO BpeMeHEM (3), MOKHO
OIpeJIeNIUTh, YTO HauOOJbIlIee KOJIMYECTBO MH(POPMALMU MOXKHO IEpeaTh depe3 METEOpPHBIN
KaHaJl B HavanbHbli MOMeHT BpemeHu. [Crook, Sytsma, 1989] VuwureiBas npuHIMN padOTHI
JEUCTBYIOIUX CHUCTEM, Korja 0a3oBasi CTaHIMS B MOJYIYIUIEKCHOM pEXHUME IOCTOSHHO
OTIIPaBJISIET HECKOJBKO KaJpOB M O0XHAAaeT OOpaTHYIO CBA3b OT INPHUEMHHKA, U TOJBKO MOCIE
MIOJTy4eHHUsl OTBETa OT NMPHEMHHKA OLIEHUBAET MapaMeTphbl KaHalla, MpeaIaracTcsi HHON MOAX0A K
OTpe/ICTICHUIO0 TIapaMeTPOB KaHajga METEOpHOM cBs3u. bmaromapsi ¢usmdeckoil 0coOEHHOCTH
JAHHOTO KaHajla OTpa)kaTb PaJMOBOJIHY B TOM YHCIIE€ U B CTOPOHY INEpeJaTyhKa, MpaKTHUECKU
Cpa3y IocJie BOSHUKHOBEHHS KaHajla CBS3M Ha CTOPOHE MepelaTyhKa CyIECTBYET BO3MOKHOCTD
OLIEHUTH MapaMeTphl KaHala U MOoA00paTh ONTUMAIBHYIO CUTHAJIBHO-KOIOBYIO KOHCTPYKLIHUIO C
TOYKH 3pEHHUS] MAaKCHMHU3AllMM KOJIMYECTBA MepeaaBaeMoid MHPOpMAIMK C y4eTOM TpeOOBaHUMN
JOCTOBEPHOCTH IpUEMA.

Onpenenuth NOSIBICHWE HEHACHIIIEHHOTO METEOPHOTO Ccliela MOXKHO I0 HECKOJbKUM
3HAYEHUSIM OTCUETOB, TMOJYYEHHbIM Ha Tepejlaiouled CTopoHe, B O00mEM ciydae
YAOBJIETBOPSAIONIUM YIPOIIEHHON TEOPETUYECKOM MOJIENIM METEOPHOTO KaHAJIA:

02(tn)=m az(tn-1) * exp™T, (4)

r7ie M — HEKOTOPbI MOPOroBBIN KO3(PPUIMEHT, BHIYUCISAEMBIN 151 KaXK101 KOHKPETHON CHCTEMBI
MeTeopHoi cBs3u. IlpumenuB ¢opmyny (3), MOXKHO OLIEHUTh BEIMYMHY T JUISI KOHKPETHOTO
METEOPHOTO CJIeJ]a IO IBYM U3MEPEHHBIM CIIyCTsI ONPEEICHHBIA HHTEPBAJl BPEMEHN 3HAYECHUAM
az(t) u oz(tn).

IIporokos nepexaym JaHHBIX B METCOPHOM KaHAaJIe CBSA3H

B 3aBucnMocTH ot YCTaHOBJICHHOT'O pEXKHUMa pa6OTBI B CUCTEMC CBA3H MCXKIY YAAJICHHBIMHA
y3JlaMH, YYacTBYIOIIUMH B oOMeHe wuH(popMaiueil, HEOOXOAWMO HAIWYHE KaHala CBS3U
BBIOpaHHOTO TUMA. [MarikoBa, 3aBbsuioB, 2020] Hanbomee mpocToii B pean3anuy — BeraTeabHbIH
MIPOTOKOJI TIepeiaur JIAaHHBIX, B KOTOPOM OTIIPaBKa COOOILEHHH MPOU3BOIUTCS HENPEPHIBHO OT
nepefaTyika K mModydarensM. B TakoMm mpoTokone ¢GakT oOpa3oBaHMs KaHajga CBS3M HE
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PETUCTPUPYETCS U OTCYTCTBYET OOpaTHasi CBS3b, YTO HE MO3BOJISICT OATBEPAUTD Iepeaady N1aHHBIX.
[MakcumoBa u ap., 2020] PaccmoTpum 6oitee MOAXOAAMINI IPOTOKOII CBA3U — MOJIYTyIUIEKCHBIA.
B TakoM pexxuMe y3ibl CUCTEMbI CBSI3M BBITIOJHSIOT 337auyd KaK OTIPAaBKH, TaK M TpHUeMa
uHbopMalMK, HO HE MMEIOT BO3MOXKHOCTH OJHOBPEMEHHO pellaTh 3TH 3a/1a4yd. B BeIOpaHHBIN
MOMEHT BPEMEHH Y3Jbl, YUYaCTBYIOIIUE B 0OMeHe MH(OpMAIel, CIOCOOHBI ¢ TPaHCIHPOBATh
TOJILKO B OJIHOM HarpaBiieHuH. V3 3TOro BhITEKaeT OCHOBHOM HEIOCTATOK TaKOTO MPOTOKOJA —
HAIMYHE BPEMEHHBIX 3aTPaT Ha M3MEHEHUE PeKUMa PabOTHI Y3JIOB CBSI3HM C OJHOTO HATPABICHUS
nepenayu Ha oOparHoe. [IprHrMas Bo BHUMaHNE HEJOCTATOK, JAHHBIH MPOTOKOJ 0OMEHa JaHHBIMU
YCIICUTHO PeIIaeT 3a7ady KOHTPOJIS OTYYeHUs JAHHBIX, IIPU 3TOM UCTIOIB3YeTCs BCS BBIIACICHHAS
10JI0ca MPOITYCKaHUs KaHalla, YTO B YCJIOBUSAX UCIOJIb30BAHUS METEOPHOIO KaHalla CBSA3H SIBJSIETCS
npeumyinectsom. Ha puc. 1 mpuBenena 010K-cxema UCOIb30BaHHON MOJIEIIM METEOPHOM CHCTEMBI
CBSI3M, MCIIOJIb30BAaHHOM s cumyJsiiuii. B mpumepe 6azoBas (bC) u abonentckas (AC) craniuu
SIBIISTIOTCS Y3J1aMH CHUCTEM CBSI3H.

[Tepenaua xaznpa
or BC xk AC

Y

IToarsepxnenne AC
co31aHus KaHaua

Ecte mu y AC
JaHHBIE TS
nepenaqau’?

Y

Y

[lepenaua bC rexymero | [Tepenaua AC Tekyiero
MaKeTa JaHHbBIX B MaKeTa AaHHbBIX

HET [Tonreepxnenne bC o HET
noay4eHnn AaHHbix ot AC

A

Aa Bce nu nakersi AC
nepeaaHbi?

Bce nu nakerst BC
nepeaHbl?

[Tonreepskaenne AC o
nonydeHnn aaHHbIx o1 bC

Puc. 1. bnox-cxema MOJIYAYIUICKCHOT'O ITPOTOKOJIa CBA3U
Fig. 1. Block diagram of half-duplex communication protocol

Crnenyer OTMETUTh, UTO Ha MPAKTUKE K€ B METEOPHBIX CUCTEMaX CBSI3M BMECTO Iepeadn
30H/IMPYIONIETO CHTHAJIA B KaHAII Cpasy MepeNaroTcs KaJpbl, HeCyIre WHPOPMAIIHIO, I TOTO
9TOOBI MAKCUMU3UPOBATH BPEMs UCIIOIb30BaHU MeTeopHoro cienaa. [Ipu noctatouno 6osbioi
JUTATENILHOCTH Kajapa (s crangapTHoro 3Hadenust Ethernet MTU 1500 baiit mpu ckopocTu
nepegayn 5000 OUT/c ATUTETBHOCTH COCTABUT IPUMEPHO 2,5 CEKYH/IbI) BDEMEHHU CYIIECTBOBAHUS
METEOPHOr0 cjea MOXKET ObITh HEAOCTATOYHO I Iepefadu JaHHbIX. KaHanm mis nepenadn
TaKXKe€ MOXET BO3HHMKHYTh HE CHHXPOHHO C HayaJoM Kajpa, TaK 3arojioBok ¢peiima c
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cuaxpoumiryiibcoM (st OFDM) MoryT okaszatbes mepeJaHHBIME /10 BOSHUKHOBEHUS KaHalla, IPU
3TOM TepsieTcsl BeCh KaJp. B pannocss3u ucnonb3yercss MeHbllee 3Ha4eHHe pa3Mepa Kajapa, 4em
B IIPOBOJIHBIX CETSX, [IPY ’TOM BO3HUKAIOT CJIOKHOCTHU Ha CTHIKE ABYX CUCTEM, a TAKKE CHIXKAETCS
koddurment nepenaun nadopmaruu. g yBenudeHus kodhuireHTa KCmoab30BaHus KaHaja
IIpeIaraeTcsl UCIoyib30BaTh 30HAUPYIOIIMM CUTHAJ, IPUHUMAEMbIi Ha CTOPOHE IeperaTuuKa
(bC). Ha puc. 2 orpakeHa 4acTh OJOK-CXEMBbI JJIsl peaju3aliy JaHHOW 3a/layu, CThIKyeMmas B
TOUYKe A ¢ OJIOK-CXEMOI MOy TyIJIEKCHOTO IPOTOKOJIA CBS3H.

[lepenaya 30HAUPYIOLIETO
cUrHaza

Curaan npuHAT
Ha bC snexkTpoHHas MI0THOCTb
JOCTAaTOYHA [UIA KaHalla

HET

OueHka BEPOATHOTO CHIHAI/LIyM
Ha AC, BBIOOp MOIyITIALINN

Puc. 2. brox-cxema UCTIOIB30BaHUS 30HIUPYIONIETO CUTHAIA, IPUHUMAEMOTO Ha MepeAaroIiel CTopoHe
Fig. 2. Block diagram of using the probing signal received at the transmitting side

IMapamMeTpbl CUMYJISIIIUH

MogenupoBaHie NpOIECCOB MEpeAayd JaHHBIX M0 KaHajlaM METEOPHOM CBS3M, a TaKkxke
MOZICUET BEPOSITHOTO KOJIMYECTBA OMMOO0K ITpon3Boauinchk B cpene MATLAB. st onpenenenus
MIPEUMYIIECTB U BO3MOXXHOCTH MOBBIILIEHUS (P PEKTUBHOCTH UCIIOIb30BAHUS METEOPHOTO KaHaa
Ha OCHOBE NpPEABAPUTEIHHON OLEHKH €r0 XapaKTePUCTHK MOXKHO 3a(MKCHPOBAaTh HEKOTOPHIE
napamMeTpsl MoJienu KaHana. J{s mpoBeneHUs CpaBHHUTEIbHOI OLEHKH CIIOCOOOB Meperavu
OTIpe/IeIUM BBICOTY BO3HHUKHOBEHHS ciea U yctaHoBUM ee B 90 km (puc. 3, 4), MOUIHOCTh
nepeaTyuKa MpuMeM U3 CYLIECTBYIOIIMX MOPTaTUBHBIX cucTeM (puc. 5), Hanmpumep, BLOSSOM —
650 Brt. PaccTosiHue mepenaun B KOHTEKCTE TPOBOJMMOTO HCcineoBaHus 3agukcupyeM 1200 k.
[Melville, Fraser, 1993] Ba3oBas ckopoctb nepenauu 2,4 K6oa/cek. J{i1st Hcmoib30BaHust B MOJCITH
KaHajia METEOPHOW CBSI3M BBIOEPEM MYJIBTHIICKCHPOBAHUE C OPTOTOHAIBHBIM YaCTOTHBIM
pa3znenenueM kaHanoB. lllupuHa mMosiocsl MponyckaHus ¢ 3allMTHBIME MHTepBaiamu 35 Ml
BBIDPOBHEHAa M HAaXOJIWUTCS B HHTepBase oT 52,5 nmo 87,5 MI'n. Buabl MHOTOMo3WMIIHMOHHON
monysituu — BPSK, QPSK. [BenokomneitoB, 2015] Bosnee eMkue BHIbI MOAYJISALIUNA HE MOTYT
00ecneunTh JOCTaTOYHOE COOTHOILIEHUE CUTHAJI/IIYM B 33aJJaHHBIX YCIOBUAX (puc. 6). Pazmepsl
kaapoB 3aganbl 280, 140, 70, 35 u 24 6ox. [[lepmmn, 2013] 3anepxka B 0,03 cekyHabl BBeeHA
KaK BpeMs ISl OIEHKH MapaMeTpOB KaHayla CBS3W M TEPEKIIOUEHUS 000pYIOBaHUS B PEKUAM
nepeaayy. 3HaueHue NoxydeHo 13 onucanus nonyisipaoro SDR npuemonepenatunka (RTL-SDR
V3 PRO) u MoxeT OBITh yMEHBIIEHO 3a CUET MNpPUMEHEHHs O0oJiee Y3KOHAMPaBIEHHOTO
obopynoBanus. [loporosoe 3HaueHue, MPH KOTOPOM KaJIp CUUTAJICS MPUHATHIM C BEPOSTHOCTHIO
omm6ku B ogHoM 6ute (BER), 1€10°. [Brnaros, Bonsenxko, 2010]
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Puc. 3. AUX meTeopHOTro KaHaja CBA3M B 3aBHCUMOCTH OT BBICOTHI 00pa3oBaHMS Clieqia
Fig. 3. AFC of the meteor communication channel as a function of the height of trail formation
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Fig. 4. Signal-to-noise ratio as a function of time from the beginning of the trail occurrence
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Puc. 5. BeposTHOCTS BO3HUKHOBEHHS OIMTHUOKH OT TATBHOCTH METEOPHON JIMHUH MPU MOIITHOCTH
nepenarurka 300 BT, koaddunuent ycunenns auteHs — 13 n1b
Fig. 5. Dependence of error probability on communication range at transmitter power of 300 W,
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Pe3yJIBTaTLI NMpoOBEACHUA CHMy.]'IﬂIIHﬁ

JIst Ka)KJI0ro BU/Ia MHOTOITO3UIIMOHHOM MOJYJISIIIMK M JUIS KaXKIOro pasMepa Kaapa Obuia
MPOBE/ICHA OJIHA THICSYA CUMYJISIMNA M TOMYYeHBI JaHHBIC, KOTOpPbIE BHECEHHI B TaOm. 1. Ciemyer
OTMETHUTD, KaK TPABUIIO, TIOCTIC TPUMEHEHHS ITPEIBAPUTEIBHOM OIICHKH BEPOSITHOTO YPOBHSI CUTHAIA B
KaHaJIe CTAaHOBHJIOCH JIOCTYITHBIM ITPUMEHEHHE MHOTOTIO3UIIMOHHON MOYIISIIIMU C OOJIBIIIMM YPOBHEM
KOJMPOBAaHMSI KaK MHHUMYM Uil TIEpBOrO (peliMa, YTO IO3BOJSICT YBEIMYMTH KOI(D(DHUIUCHT
UCTIOB30BaHUs KaHata. Pe3ynbTrarhl CUMYIISIMIA TIOKA3bIBAIOT, YTO NPH JUTHHE Kaapa 70 6ox u Oonee
1eI71eCO00pa3HO UCTIONIB30BaTh METO/I MIPEIBAPUTEIILHOM OIICHKH KaHata CBsi3U (puc. 7). YBennueHue
K03(dUIMEHTA UCTIONB30BAHUS KaHAIA ITPY BRICOKHX JUTHHAX KaJipa MoxeT qocturath 20 %.

Tabnuma 1
Table 1
OrieHKa KOJTMYECTBA TMOJTYICHHBIX OUT 32 BPeMsl CYIIECTBOBAHUSI METEOPHOTO Clie/a
C IPUMCHCHHUEM HpeI[BapHTeJIBHoﬁ OLCHKHU N 0e3 Hee
Estimation of the received bits counts per meteor burst lifetime with and without applying
a pre-estimate

- 5 g g | o 2 g
S X = g | 5882z 22 | s88| g8 | SF
S g 2 SS. |SSEE| S22 | 22| ES5| B3
s 5 | S £& |&FF s | F8 | &27%| 2¢
oz s = | = = = £
BPSK 280 4,46 1230,17 954,2 | 22,4% 423 ] 115448 | 6,2%
140 8,91 1212,34 1076,3 | 11,2% 8,50 1143 | 5,7%
70| 17,83 1176,68 1110,7| 56% | 17,10| 11156| 5,2%
35| 35,66 1105,37 10744 | 2,8% | 3360| 1028,6| 6,9%
24 | 52,00 1040 1020,0 | 1,9% | 49,00 71 7.0%
280 4,46 2460,34 1920,3 | 21,9% 437 239924 | 25%
N 140 891 | 2424,686 2151 | 11,3% 8,70 | 23534 2,9%
% 70| 17,83 2353,37 22209 | 56% | 17,10 22442 4,6%
o 35| 35,66 2210,74 21462 | 29% | 34,60 2132,2| 3,6%
24| 52,00 2080 2043 | 1,8% | 50,20 1995 | 4,1%
3akirouenne

MeTteopHas paAHOCBA3b SIBISIETCS IEPCIIEKTUBHBIM BUIOM CBSI3H Ha JIalibHEE PACCTOSHUE, B
TOM YHUCIIE€ U B HEJOCTYIHBIX PErHOHaX, OCOOCHHO B CEBEpHBIX IMpoTax. Perienue 3agaum
yYBEJIMYEHHUS TUIOTHOCTH HH(OpMAaMM TpU Tepesadye uepe3 METEOpPHBIE KaHANbl SBISETCS
AKTyaJIbHBIM. Pe?)y.]'H)TaTBI HCCIICOOBAHUA TMOATBCPXKIAAIOT BO3MOXHOCTL W AKTYaJIbHOCTH
WCTIOJIB30BAaHUSI TIPEBAPUTEIFHON OIIGHKA O0pa30BaHHOTO KaHaja CBS3M Ha Iepeaarolieit
CTOPOHE, KOTOpas MO3BOJISET YBEIUUUTH KOA(D(DUIIMEHT UCIIOIb30BaHUS METEOPHOH CBsI3U. Takoil
moaAXOoJ IMO3BOJIACT KOMIICHCUPOBATH HETOYHOCTH B OIPCACIICHHU MOMCHTA BO3HHUKHOBCHUA
KaHaJIa, BBI3BAHHYIO BEPOATHOCTHBIM XapaKTEpOM METEOpHOM BcObIKHU. [IpensapurenbHas
OLIEHKA MapaMeTpOB KaHalla ¢ BBICOKOH JJOCTOBEPHOCTHIO MO3BOJISIET ONPEACTUTh ONTUMATbHBIN
BUJI MHOTOTIO3MIIMOHHOW MOJAYJSIIMM W COKPAaTUTh BPEMEHHBIE 3aTpaThl Ha MPHHITHE TAKOTO
pemenus. Takoit monaxosn, Onarogapss BCEHAINPABICHHOMY XapaKTepy pachnpoCTpaHeHUs
PaZMOBOIH OT METEOPHOI0 Clie/la, MOXKET OBITh MCIIOJIB30BAaH M JUIS MPEIBAPUTEIBHON OIIEHKH
YACTOTHBIX XapPaKTEPUCTUK BEPOSTHOTO KaHAla CBSI3M, YTO IO3BOJIUT COKPATUThH 3al[UTHBIC
untepBaasl B OFDM, Ttem campiM emie yBeau4duTh KOA(PGUIIMEHT HCIOIL30BAHMS KaHaja.
YuuTeiBas BBICOKYIO 4YyBCTBUTENBbHOCTh cuUTHaioB OFDM k addexty [lomnepa, onucaHHbIN
Croco0 sBiIsieTCs MePCIEKTUBHBIM I IPUMEHEHHS B MMOACTPOMKE YaCTOTHI Ha MEPEAAIOIIEM Y3TIe
B MOJIBIKHBIX CUCTEMaX METEOPHON PaTuOCBsI3H.
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Fig. 7. Number of received bits for the meteor trail lifetime with and without the application
of preliminary estimation
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