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TEXHOJOI'NU PAANOCBA3HU, PAIMOBEIIIAHUSA U TEJIEBUJAEHUSA

YK 004.722.45

HUHTEI'PUPOBAHHAS KOCMUNYECKASA CETb: PE3YJIBTATBI HEPBUYHOI'O
MOJIEJIMNPOBAHUSA MAPIIPY TU3UPYEMOM MEKCITYTHUKOBOM CETH

Kycmoe H. /1.
Cubupckuii 20cy0apcmeenuvill YHugepcumem Hayku u mexuonoeuu umenu axademuxa M. @. Pewemnesa,
Kpacnospck, PO
E-mail: kustovnd@sibsau.ru

B pabore npuBeneHbI NepBble Pe3yabTaThl, MOMYYEeHHbIC IPU MOACIUPOBAHUN MapLIPYTH3UPYEMON MEXKCITy THHKOBOH
CeTH Ha OCHOBE BXOIHBIX JAaHHBIX KocMmmdeckoit muccnn ReshUCube-3. B pamkax Muccuu miIaHUpYeTCs 3aIyCK TpyTI-
IIMPOBKH U3 YEThIPEX MaJbIX KOCMUUYEeCKHX armmaparoB tura CubeSat. [y obecrieueHust KOHIEIIUH HHTETPUPOBAHHOM
KOCMHYECKOW ceTH Ha (PU3MYECKOM YPOBHE IUIAHUPYETCs MCHOJIb30BaHUe TexHomorun LoRa, a B kauecTBe mpoToKoia
MapIIpyTH3aIliu Ha ceTeBoM ypoBHe — Routing Protocol for Low-Power and Lossy Networks. Moaens yauTsIBaeT op-
OuTaJbHBIEC TApaMeTPbl CIlyTHUKOBOW I'PYNIHPOBKH, KOHYHUIYPALMIO aHTEHHBIX CHCTEM KOCMUYECKHX alllapaToB M Ha-
3eMHOU CTaHIMH, [TapaMeTphl IPHEeMO-TIepeJalouX pagroMonyieil. Ha ocHoBe HaHHBIX IapaMeTpOB IMPOBEICH aHAIIH3
MEKCIIy THUKOBBIX KaHaJIOB CBsA3H. ONpeeneHbl MaKCUMalIbHas JOCTUraeMasi AUCTAHIUS MEXKTY CITy THUKAMH, SHEPIeTH-
Ka KaHaJIOB, CPEAHECYTOYHOE BPEMs IIOKPBITHS C YIETOM CYIIECTBYIOIMX MapLIpyToB | T.1. IImaHupyercs, 4To npemso-
JKEHHasi MOJIeIIb IOCIIY)KUT OCHOBOI B ITpoLiecce MPOSKTUPOBAHMS M KCILTyaTaLli MEKCITy THUKOBOH CETH.

Kniouegwle cnosa: unmezpuposannas Kocmuyeckas cems, medccnymuuxogas cesazv, ReshUCube, CubeSat, LoRa, Routing
Protocol for Low-Power and Lossy Networks
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BBenenue

B Hacrosiiiee Bpemst IPUOPUTETHBIM HanpaBlIeHH-
€M Pa3BUTHS MUCCHI MaJIbIX KOCMUYECKHX arapaToB
(MKA) siBisieTcst popMHUpOBaHHE HU3KOOPOUTATBHBIX
TPYIITUPOBOK, BBIMOMHAOMMX (QyHKIMA cBsizu. Kak
MPaBUJIO, TAKUE TPYIITUPOBKH JOJKHBI 00€CIICIHBATh
r100anbHOE TMOKPHITUE M CEPBUCHI Tepeiayd JlaH-
HBIX KOCMOC-3eMJIsl uepe3 HazeMHble 0a30Bble CTaH-
mun (HC). IlepcriextuBHbIME npoekTamu B Poccun,
MPENCTABISIONIMME TaKyl0 KOHIICTIIHIO, Ha TeKyIINH
MOMEHT, SBJSIOTCS: TIO0OanbHas HU3KOOPOHTAIbHAS
MHOTOCITYyTHHKOBAs CUCTeMa Tiepe/iaun JaHHbIX «Ma-
padon [oT» [1], a Taxke HU3KOOPOUTAIBbHAS CITyTHH-
KOBasl TpyIIHpoBKa cBsA3u oT «bropo 1440» [2].

CrenyommM 3aKOHOMEPHBIM 3TarloM Pa3BUTHS
MOAOOHBIX CHCTEM, CONPSPKEHHBIM C BHEAPCHUEM
paguocuctem 5G u 6G, mpejcrasisercs obecrie-
YCHHUE HEMOCPEACTBEHHOTO MapUIpyTH3UPYEMOTO
MEKCITYTHUKOBOTO B3aMMOJICHCTBUSI BHYTPU TpYII-
nupoBkKH [3; 4].

B cBoro ouepens, Cubl'Y um. M.®. PemierneBa
BEJICT aKTUBHYIO JIEATENLHOCTD 110 Pa3padoTKe v dKC-
mryaraiimn MKA B pamkax mpoekra «Space-n». Ha
CETOIHSIITHUI JeHb 3alyIIeHbl U YCIEIIHO JKCILTya-
tupytotcs 18a MKA tuna CubeSat: ReshUCube-1 [5]
u ReshUCube-2. A B 2024 romy rutaHUpyeTCsi OJHO-
BpeMeHHbIH 3amyck rpynnupoBkd MKA, cocrosmieit
u3 onHoro ammnapara ¢opmara 3U u Tpex anmapaTos
¢dopmara 1U. OCHOBHOW HENbIO IIAHUPYEMOW MHC-
CHH SIBJISIETCS OTPA0O0TKa TEXHOJIOTHU HHTETPHUPOBAH-
HOW KOCMHUYECKOH CeTH: CeTeBbIX (YHKIMI HA JINHHU-
SIX KOCMOC-3eMJIS U KOCMOC-KOCMOC (MEXKCITyTHHUK).

Panee ObuIM omucaHbl apXUTEKTYPHBIE U TEX-
HUYECKHE PEUICHHUs, IPUHSITHIC B PaMKax MHCCUH
anmapara-nemoncrparopa ReshUCube-2 [3]. B 00-
IIeM CMBICIIE, OBUT MPEJIOKEH CETEeBON CTEK, OCHO-
BaHHBIN Ha TexHomorusx LoRa (Long Range), cTtan-
naprax 6LoWPAN (IPv6 over Low-Power Wireless
Personal Area Networks) u TCP/IP (Transmission
Control Protocol / Internet Protocol), koTopsii,
B TEPCIEKTHBE, MO3BOJIMUT OpPraHW30BaTh Maplll-
pytusupyemyto IPv6 ceTh ¢ ucronb30BaHUEM, K
npumepy, npotokoida RPL (Routing Protocol for
Low-Power and Lossy Networks). [Tnanupyercs,
YTO JJAHHBIC PEHICHUS JISTYT B OCHOBY NPEAJIOKEH-
HOM TeXHOJIOTUH U Oyayliell KOCMUYEeCKOH MHCCUU
ReshUCube-3.

Lenbto nanHO paboTHI ABISETCS JEMOHCTpAIUs]
MEPBBIX PE3yJbTaTOB, MOMYYCHHBIX B PaMKax HMHU-
TaIMOHHOTO MOJICIINPOBAHMUSI CUCTEMBI MEXKCITY THH-
KOBOM CBSI3M C Y4€TOM OpPOUTAIILHBIX MMApaMeTPOB U
napamMeTpoB KaHAJIOB CBSI3H, MPHOIMKEHHBIX K HC-
XOJIHBIM JIAHHBIM IUIAHUPYEMONW KOCMUYECKOW MHUC-
cun ReshUCube-3.

ITocTanoBka 3a1a4 MOJI€JIUPOBAHUSA

KitoueBbIMU 3a1a49aMu paOOTHI SIBIISIFOTCSI:

— ofpesielIeHne MaKCUMaJIbHOM JTCTaHIIMK MEeX-
ny MKA u Ha3eMHOM cTaHnuei (IIEHTPOM yIpaBiie-
Hus noneramu, LIYID);

— ompenielIeHne MaKCUMaJIbHOM TMCTaHIIMK MeX-
ny MKA, Ha KOoTOpoi BO3MOXKHO MOAJICPKAHIE HE-
MIPEPBHIBHOTO KaHaja CBA3H;

— onpezieNieHNe CPEIHECYTOUHOM MPOIOIKHUTEb-
HOCTH CEaHCOB CBsI3U (aKTMBHOCTH KaHasla CBS3M)
Mexay otaenbasiM MKA u HC;

— onpeziesieHNe CPEIHECYTOUHOM MPOTIOIKHUTENb-
HOCTH CEaHCOB CBS3U MexAy rpynnupokoit MKA n
HC ¢ yuetom Bcex BO3MOXKHBIX MapuIpyTOB C TpO-
MeXyTOUHbIMH y3namMu-MKA B 3aBucMMocTH OT
MEKCITyTHUKOBOM JIUCTaHIUH.

[moGanbHOW 3amayeil MpU 3TOM SIBISIETCS BEPH-
¢ukanus monenu. B Tom ciyyae, eciiu MOzIeNb SIBIIsI-
€TCsl PENpPEe3eHTAaTUBHOM, NAJIBHEUIINE PE3yIbTaThl
MOJICTTUPOBAHHS MOTYT OBITh UCIIOJIb30BAaHBI B MPO-
Hecce MPOEKTUPOBAHMSA W AKCIUTyaTallid TPYyTIH-
POBKH, a TaKXKe CMEXHBIX 3a/a4ax.

BxoaHble JaHHBIE

0n
Y]

+
W

| Sat2
Satl >>~<<
' Sat3
—Sat0 >><<
| Satl Sat3
Sat2 >>»<<
' sat3
| Sat2 Z::g
Sat0 >>~<<
' sat3
<§€>————Sat1
r——————SatO Sat3
Sat2
' sat3
r———ggfsatl Sat3
Sat0
' sat3
L—Sat2 >><<
| Sat0 Sat3
Satl >>»<<
' sat3

&
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JlocToBepHO ompenenuTs OopOMTANbHBIE Tapa-
METpPBl CIIyTHUKOBOM TPYMIHUPOBKHA O MOMEHTA
3alycKa HE TIPEACTaBIsSeTCS BO3MOXKHBIM. Tod-
HBIMH TIapaMeTpamMu OpOHTHI, KodhduImeHTaMmu
YCKOpEHUS, TOPMOXKEHHS U T.1., B JAHHOM PaccMo-
TPEHUH, MOXKHO TpeHeOpeys. B cBs3u ¢ aTHM, 3a
ocHOBY ObutH B3sTHI Tapamerpbl TLE (Two-Line
Element set) deTbipex yke 3aIlyllICHHBIX arapa-
ToB «CtparoCar TK-1-A», «CtparoCar TK-1-by,
«CrparoCar TK-1-B» u «CtparoCar TK-1-I'».
11 uromst 2023 1. JaHABIE CITyTHUKA OTHOBPEMEH-
HO BBIIUIA U3 TPAHCIIOPTHOTO KOHTEHHEpa Ha Op-
oute, yTo Hamboyee OJIM3KO OTpa)kKaeT MPHUHIIMIT
pa3neneHusi, TUTAHUPYEMBIH B paMKaX MHUCCHUA

ReshUCube-3.

Pucynok 2. BusyanbHasi cuMyJsius

Pacnionoxenue LIYII Obu10 3a7aHO ClEMyrOIIN-
MU koopauHatamu: 56.0121° c.mr., 92.97465° B.x.
(uto cootBeTcTBYeT pacmnonoxenuto LIYIT Cubl'yY
uM. M. ®. Pemietrnesa).

B kauecTBe aHTEHHOW CHCTEMBI Ka)KJI0TO U3 4e-
ThIpex Moneneil MKA omnpeneneHa Mozienb JUIONb-
HOHM aHTEHHBI, paccunTanHoi Ha 435 MI'm. [1omo0-
Has cHcTeMa IpelyCMOTpeHa aHTEHHBIM MOJYJIEM,
KOTOpBI OB pazpaboTaH Ui anmapaToB MHUCCHH
ReshUCube-3.

B kauectBe mnpueMHO-NEpeNaoNIel CHUCTEMBI
mozaenu LIYII onpenenena moaens ['ayccoBckoil aH-
TeHHBI ¢ nquamerpoM 0,5 M u koddumuerTom -
¢dextuBHOCTH nHradparmel 0,65. Mozgernb moxoxa Ha
apaboINYecKyI0 aHTEHHY C TIOTPEIIHOCTBIO OKOJIO
-6 1b OTHOCHUTENTHEHO TOUKH 0030pa.

[TapameTpbl TPUEMHNKOB 1 MEPEAATINKOB 3a/1aHBI
Ha OCHOBE 3HAYEHUH, IPUBEICHHBIX B padoTax [7; 8],
a TaKKe MCXOMHBIX MaHHBIX IUIAHUPYEMOW MHUCCHU
("acTh U3 KOTOPBIX IpHUBeaeHa B padote [6]). OTme-
TUM TaKKe, YTO TPUBEIEHHBIC IMapaMeTpsl 3aaHbl
MTECCUMHUCTUYHO.

Tak, nns npuemaukoB MKA yctaHoBneHBI cite-
JIyIOIlIME TapaMeTphl: CUCTeMHble notepu — 5 1b;
MoTepH Tepen NMpueMHHKOM — 3 1b; oTHomeHwe
ko2 GuUIMeHTa YCUIICHHS aHTCHHBI K TeMIleparype
myma — 25 nb/K; MUHHMaJlbHOE OTHONIIEHUE JHEp-
UM CHUTHAJIa Ha OMT K DHEPreTHYeCKOW CHEeKTpaib-
HOH TUIoTHOCTH IITymMa — 6,5 nb.

Hns mpuemuuka I{YII: cucremubie norepu — 5
nb; morepu nepen npueMHUKOM — 3 1b; oTHOIIEHHE
ko2 GUIMeHTa YCUIICHHS aHTCHHBI K TeMIleparype
myma — 20 nb/K; MUHHMaJIbHOE OTHOIIEHUE JHEp-
UM CHUTHAJIA Ha OMT K DHEPreTHYeCKOW CHEeKTpaib-
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HOU TIoTHOCTH TITymMa — 6,5 nb.

Jna nepenarunkoB MKA: cuctemMHble moTepu —
5 nb; yacrora — 435 MI'w; outpeit — 5,47 xout/c;
momHocTs — 0 1bBT.

Hns nepenaruuka L[YII: cucremubie norepu —
5 nb; yactora — 435 MI'1i; Outpeiit — 5,47 xOut/c;
momHocTs — 10 1bBT.

Baxno ormernts, uto MKA opuentupoBansl B
HaJ¥p JUISI TIOJTYYEHHUS ONTHMAIbHOTO MO3UIIMOHH-
pOBaHUS JUArpamMMbl HAIpPaBICHHOCTH AaHTEHHOW
CUCTEMBI.

Kak Opimo ymomsiHyTO paHee, HEKOTOpPBIE BUIBI
MOJICIUPOBAHUS BKIIFOUAIOT B ce0s1 MOAETHPOBAHNE
MapuipyToB. [lon «mapmipyTom», B TaHHOM ciydae,
rozipa3yMeBaeTcs mpsMoi kKaHai cBs3u Mexay HC
(Ground Station, GS) u uenesbim y3iom (Satellite 3,
Sat3) niu cocTaBHOI — Uepe3 MPOMEKYTOUHBIE y3ITbI
(Satellite 0-3, Sat0-3). MapmipyT cuuTaercs ncH-
CTBUTEILHBIM, €CITH KaXKABIH U3 COCTABHBIX KaHAJIOB
YIOBIETBOPSIET YCIOBHIO MOJEINPYEMON paJHOBH-
TUMOCTH. Bce BO3MOXKHBIE Bapualil MapuipyToOB
MOKa3aHbl Ha pUCYHKE 1.

Pe3yJ'[bTaTbI MOJA€CJIUPOBAHUSA

[lepBbIM BakKHBIM PpE3YIBTATOM HMMUTAIIMOHHOTO
MOJICTUPOBAHUS SBISIETCS AUHAMUUCCKAS BU3yalbHas
CUMYJISILIVSI, TIPENCTaBICHHAs HAa PUCYHKe 2. 31ECh,
B 3aBUCHUMOCTH OT TEKYIIET0 MOAEIHHOIO BPEMEHHU,
MOXXHO HaOmonate TpackTopur opoutsl MKA, nuna-
rpaMMbl HAallPaBICHHOCTH aHTEHHBIX cucteM MKA u
LIYII u oToOpaskeHne KaHAJIOB CBA3HU B CiIy4yae cOOmo-
JICHUS YCIOBUS PaJHOBUAUMOCTU. Bee 3To mo3Bonser
JIaTh BU3YaTIbHYIO OLCHKY PEIEBAHTHOCTH MOJICIIH.

[Tepexonst kK OCHOBHBIM 3a/jauaM MOZACIUPOBAHHUS,
MPUBEAEM PE3YAbTAThl CYTOYHOIO MOJCIMPOBAHUS
KaHana cBs3u Mexay Sat3 u GS.

Ha pucynke 3 nipescrapieH rpaduk QUCTaHIHH
Mexnay Sat3 u GS B mepuoabl BpeMEHH, KOrna Ka-
Hajl MEXAy HUMHU aKTHUBEH, a TaKKe COMYTCTBYIO-
M€ 3HAYCHUS PHEPTUU CUTHAJIA HA OUT K dHEpre-
TUYECKOH CrieKTpaibHOl miotHocTH mryma (Eb/NO).
MOoHO 3aMETHUTb, UTO KaHaJl aKTUBEH TOJIBKO B TOT
MOMEHT, Korna 3HadeHue Eb/NO mpeBblmiaer mopo-
rosoe (6,5 nb). [Ipu 3TOM 3HaUEHUE MaKCUMAaIILHOM
JOCTUTHYTOM JUCTAHIIUU cocTaBuio 2 727 290 m.

Ha pucynke 4 nipeicraBieH TOT e rpaduk auc-
TAHIIMKM, HO IO OTHOIICHHUIO K YLy BO3BBILICHUS
Mexay Sat3 u GS. CTOUT OTMETUTh, YTO 3HAYCHUE
yIlia TPUHUMAeT aOCOIOTHBIC 3HAYCHHUSI: 32 CYTKH
yToJl MPUHUMAET MUKOBBIC 3HaUeHUs 15 pas, momno-
BHUHY M3 KOTOPBIX Sat3 HaxomuTCsl Ha 0OpaTHOM CTO-
pore 3emun. Tarxke HaONIOMAOTCSA CIydau, KOTAa
Sat3 u GS Haxo#sATCs B 30HE MPSIMOW PaIUOBUIU-
MOCTHU TOJ OCTPHIMH YTJIAMHU, OJHAKO DHEPreTHKHU

CUTHaJa HEJI0CTATOYHO IS TOTO, YTOOBI 00pa3oBaTh
JNIEUCTBUTEIILHBINA KaHall CBS3M.

CrenyronmM 3TaroM MOJCTHPOBAHUSI SIBISIETCS
OTpe/IeNICHHEe MAaKCUMAIIbHOW JINCTAHIUH MEXLy
Sat0 u Satl B MOMEHT BpeMEHH, KOTa KaHAT MEKITY
HUMH TIPEPHIBACTCSI.

Ha pucynke 5 mpencraBieH rpaduk TUCTaHIUN
Mexay Sato u Sat], a Taxke 3HadeHue Ep/No (o
AHAJIOTUH C PUCYHKOM 3). 3HaYeHNE MAaKCUMAaJbLHOM
JOCTUTHYTOW JIUCTAHIIMU JI0 MPEphIBAaHHS KaHala
cocraBwio 2 132 929 m. 3nauenne En/No npu sTom
yOBIBaET JTMHEHHO 1O OTHOIICHHIO K YBEIUYCHHIO
MEKCITY THUKOBOM JTUCTAHIINH.

Ha pucyHnke 6 mpencTapieH TOT xe rpaduk Jic-
TaHIIMK, HO TI0 OTHOIICHHIO K YDy BO3BBIIICHUS
MeXay Sato U Sat] (0 aHAJIOTHH C PUCYHKOM 4).
AHAIIOTHYHBIM 00pa30M HaOJrOIaeTCs TMHEHHAs 3a-
BUCHMOCTb MEX/IY JTUCTAHITUECH U YTIIOM.

OuHANBHBIM 3TAllOM MOJICIMPOBAHHS, B TEKY-
IeM pPACCMOTPEHHUH, SIBISIETCSI OINpEeNieHHEe Ipo-
[IEHTa aKTHBHOTO WCIIOJb30BaHMS KaHAIOB (cpel-
HECYTOYHOW MPOJIOKUTETHHOCTH CEaHCOB CBSI3N) B
ciIydae TpsiMoro kKaHama Mexnay Sat3 u GS, a Takxke
B cJy4ae HCIOJIb30BaHUSI BCEX OIMMCAHHBIX paHee
MapIIpyTOB.

st Toro, 4TOOBI OMpPENETUTh BIUSHUE MEXK-
CIIyTHHKOBOHM JUCTaHIMK Ha 3((PEKTHBHOCTH HC-
TIOJIB30BAHMS KaHAJIOB, OBUTO paccuuTaHo 365 mHei
MOJIENBHOTO BpeMeHH. 3a 310 Bpemst MKA Heckoib-
KO pa3 «pasfeTaroTcs» W «COMmKaIoTCs» B clydvae,
€CJIN OTCYTCTBYIOT aKTHBHBIC MEXaHU3MbI yIepKa-
HUS B TPYIIITUPOBKE.

Kpome Toro, 06110 B35TO 12 MECSYHBIX OTCUETOB,
KOTOpPbIE MOKAa3bIBAIOT MPOIEHT aKTUBHOCTH KaHalla
OT 00IIEero BpeMEHU MOJCTUPOBAHUS. DTH OTCUETHI
OBUIM B3ATHI JUISl CITy4asi, KOTIA MCIONIb3YIOTCS BCE
BO3MOXKHBIE MapUIPYThI, a TaKXkKe ciydas C eIHH-
CTBEHHBIM MpsIMBbIM MapmipyToMm Sat3-GS. Pesynbrar
MOJICTTUPOBAHUSI TPUBE/ICH HA PUCYHKE 7.

MopnenupoBaHue 1MoKa3alo, 4To B CiIydae ¢ Mmpsi-
MBIM MapuIpyTOM MPOIEHT AaKTHBHOCTH KaHalla
B MecsI] ocTaeTcs ONM30K K CPeAHEMY 3HAYCHHIO
1,4267% B TedeHHE T01a,. YTO COCTABISIET, B CPEl-
HeM, 0KoJIo 20 MUH/CYTKH.

B ciyuae ke, Korna paccMaTpUBAIOTCSI BCE BO3-
MOXKHBIC MapIIpyThl, MPOLEHT aKTHBHOCTU 3aBU-
CUT OT MEXCIYTHHKOBOTO paccrosiaus. CpenHee
3HaYEHUE B TOXI cocTaBisieT 3,6551% (T.e. okoyo
52 wmuH/cyTkH). [InkoBOE ke 3HAUCHHE TOCTUTACTCS
TOTJIa, KOTJIa MEXCITYTHUKOBOE PACCTOSIHUE OJHM3KO
K MakcumanbHOMY (oxoso 2000 kM) M cocCTaBisIeT
4,4883% (0oKos0 64 MUH/CYTKH).
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3akaroueHue

B pamkax pabotrel Obuta paspaboraHa MOJENb
MEKCITyTHUKOBOM CETH, OCHOBaHHAas Ha BXOJIHBIX
JaHHBIX TuiaHupyemoi muccuu ReshUCube-3. Kiro-
YeBhIC PE3YJbTaThl MOJICIIMPOBAHUS: ONpE/ICICHUE
MaKCHMaJbHOW JMCTaHIUM KOCMOC-KOCMOC M KOC-
Moc-3eMJIs, a Takke dPPEKTUBHOCTU MOKPBITUS C
YUETOM aKTHBHBIX MapIIPyTOB.

CTOHUT OTMETHTB, YTO HEKOTOPBIE PE3YIABTAThI MO-
JICTTUPOBAHUS COMTOCTABUMBI ¢ OOBEKTUBHBIMHU MOKa-
3aTeJsIMU, MOJMYYeHHBIMH B PaMKax aKTUBHBIX MHC-
cuii co cxoxkell crnenudukoit (Hampumep, [9; 10]).
Tem He menee, muccusi ReshUCube-3 mociyxut
WHCTPYMEHTOM JJIsl TPEAMETHOW BepU(UKAINU |
YTOYHEHUS] MOJICITH.

[peanoxeHHast MOJIETTL MOXKET OBITH MOJIE3HA IPU
MPOSKTHPOBAaHUM AHTEHHBIX CHUCTEM M IpPUEMO-TIe-
penarorux cucteM MKA u HC, otmanku mpoToko-
JIOB MapUIpyTH3alMU U APYTHX CETEBBIX (YHKIIHH,
a TakKe B COIyTCTBYIOIIMX 3agadax YIpaBICHUs
rpynnupoBkoit u ap. Ha sramne skcruryaranuu yTod-
HEHHasi MOJIEIb MOYKET CIIY>)KUTh B KauecTBe IH(po-
BOTO JIBOWHMKA ISl peaibHOM CUCTEMBI.

B Oynymmx paborax IUIaHHpyeTcsl IMPOBECTH
Oonee MOAPOOHYIO OLEHKY BIUSHHS TIEPEMEHHBIX
napaMmeTpoB, 3(dekra Jlomuepa, 3amepkek pac-
npocTpaHeHus: U T.a. Ha crnexyromem stame ruia-
HUPYETCSI BBECTH ACTAIM3ALUIO0 MOJCIU B pazpese
(U3NUECKUX TEXHONOTHH mepeaadn (MOMYJISIINY,
KOJMPOBAHHS U JIp.), & TAKKE HCIOJIb3YeMbIX CeTe-
BBIX IIPOTOKOJIOB ¥ TEXHOJIOTUH.
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The paper presents the first results obtained by modeling a routed inter-satellite network based on the
parameters of the ReshUCube-3 space mission. ReshUCube-3 is a mission in which it is planned to
launch a satellite constellation of four CubeSats. A network stack was proposed to provide the con-
cept of a space integrated network. It is planned to use LoRa technology on the physical layer, and
RPL as a routing protocol on the network layer. The model takes into account the orbital parameters
of the satellite constellation, the antenna systems of spacecraft and ground station, and the parameters
of radio modules. Based on this information, the analysis of inter-satellite communication channels
was carried out. The maximum distance between the satellites, the energy properties of the channels,
the average daily coverage time, etc. are determined. An important feature is the consideration of
existing routes between satellites. It is planned that the proposed model will serve as a basis in the
process of designing and operating an inter-satellite network.
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HNCITOJIB3OBAHHUE MAIIMHHOI'O OBYYEHMUS JIA TPOI'HO3UMPOBAHUA
TPYAOYCTPOMCTBA BBIITYCKHUKOB

Cenusanosa E.C.%, I'azusoe T.T."3, Joneanosa H.®.%, I[Tupaxos @.][.2
I"Tomexuil 2ocyoapemeennviil nedazo2udeckutl ynugepcumem, Tomck, PD
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B COBPEMEHHOM MHPE TCXHOJIOTUHU IMMPOAOIZKAIOT UI'PATh BCE Ooiee BECOMYIO pOJIb BO BCEX C(bean JKHU3HHU YCJIOBCKA.
O6-pa3OBaHI/Ie HE SBJIACTCA UCKIITOYCHUCM U UJCT B HOTY CO BPEMCHEM. OﬂHO nu3 Oozee NEPCICKTUBHBIX HallpaBJic-
HHUI B 9TOH 00JIACTHU SIBISETCS UCIIOIb30BaHUE METOA0OB MAallIMHHOI'O 06yquI/151 JJId aHaJIn3a JaHHBIX O BBIITYCKHHKAX U
IIPOTHO3UPO-BAHUS MX JAJIbHEHILETro TPYJOyCTPONUCTBA, HA OCHOBE HAKOIJICHHOW MH(OpManuu 00 00ydyaroIuxcst cTy-
neHrax. Takas mH(OpMaLUs HE TOJBKO ITOMOTAaeT ONpPENENUThCS ¢ Oyaymeld npodeccueil, HO U TO3BOJIUT yUYCOHBIM
3aBCACHUAM Oouee 3(b(beKTHBHO KOOPAWMHUPOBATH CBOIO ACATCIIBHOCTL W MOBBIIIATL KAY€CTBO O6p330BaHI/I$L KpOMe
TOT'O, UCIIOJIL30BAHUEC MaIlMHHOI'O O6yq€HI/I$[ B O6pa3OBaHI/II/I MOXCT MPUBECTU K CO3JaHUIO HOBBIX, Ooiee 3(1)(1)€KTI/IB-
HBIX METOA0B 06y‘~IeHI/Iﬂ, YUUTBIBAOMUX UHAWBUAYAJIbHBIC 0CcO0EHHOCTH KaXXJa0ro CTyJAcHTa. P€3yJ'II)TaTOM ﬂaHHOﬁ pa-
OOTHI SIBIISIETCS HUHTCIIJICKTY-aJIbHAad CUCTEMa O6pa6OTKI/I OOJIBIINX JaHHBIX, crocooHast alalITUPOBATHCA K TCKYLIEMY
COCTOSIHHIO PBIHKA TPY/Za M IIOMOTAIOIIasi BBIITYCKHUKaM B 0oJiee paHHEM OIpe/IeNIeHHH B cBOoel Oyayiueil mpodeccun.
Amnanus JAaHHBIX MTPOBOAUNJICA HA BI)I60pK€ 06yqa}0m1/1x051 Tomckoro TOCYAapCTBEHHOI'O NE€AAarorn4eCKoro YHuBepcuTeTa
2021-2023 yueOHBIX IOJI0B.
Knrouesvie cnosa: ananus 0auHuix, mpyooycmpoucmeo, MawuxrHoe obyuerue, oopabomra uHgopmayuu, UcKyccmeeH-
HblU uHmenieKkm, Moaeflb, npocHo3uposarue

Brenienne 1 MoCTaAaHOBKA 3a1a4M [5; 6]. DTO O3BOJMT BHISIBUTH TPACKTOPHIO TIpodec-
CHOHAJIbHOH TOATOTOBKM MOJIOABIX CIIELUATUCTOB
U OLUECHHUTh Ka4eCTBO MPEAOCTaBIsIEeMbIX 00pa3oBa-
TEeNbHBIX yCIYyT By30M [7].

B cBs3u ¢ 3TUM menpio paboTHI SIBASETCS TPO-
BezeHHe OOpaOOTKM MaHHBIX O TPYAOYCTPOMCTBE
U MPOTHO3MpPOBaHUE MecTa paboThl CTYACHTOB Ha
MpUMepe BBIITYCKHUKOB, UCIIONb3YSl MOJACIH HCKYC-
CTBEHHOT'O MHTEJUICKTA.

Jnst 1oCTHXKEHHUS] TIOCTaBICHHON Lenu HeoOXo-
JUMO PEIUTh CIEAYIOINE OCHOBHBIE 3a/1a4H:

1. OnpenenuTh mapaMeTpbl, BIMSAIOLIME HAa TPY-
JOYCTPOMCTBO BBITYCKHUKOB.

2. OOpaboTtaTh IaHHBIE O TPYIOYCTPOHCTBE BbI-
ITyCKHUKOB.

3. Pa3paboTarh HHTEIUIEKTYANbHYIO CUCTEMY IS
MIPOTHO3UPOBAHUS TPYAOYCTPOHCTBA BBITY CKHUKOB.

LlenHeHIMM TOBapOM Ha COBPEMEHHOM PBIHKE
yCIyT sBJsieTcsl HHGOPMaLHsl O TOJIb30BaTelie, aHa-
JI3 KOTOPOH MOCPEICTBOM AITOPUTMOB MAITHHHOTO
00ydeHHsI TIO3BOJISICT OOECIEUUTh e¢ IIeJIeHaNpaB-
JICHHOE HCHOJb30BaHKEe B AaibHeleM. Mudopma-
LUl O YEJIOBEKE, €T0 JOCTIKECHUSIX M YBIICUCHHAX
CUUTAETCSl OJHMM M3 LEHHEHWIIMX MPOAYKTOB HE
TOJIBKO Ha PBIHKE PEKJIaMbl, HO U B 00pa3oBaTeib-
Hoit cpene [1; 2]. Cucrema oOpazoBaHus SBISAETCS
OIHOM M3 KIIIOYEBBIX Cep KU3HEACATEIBHOCTH JIIO-
00ro uesoBeKa M aKTUBHO BHEAPSICT M HCIIOIb3YET
TPEH/BI B Pa3BUTUH MH(OPMALMOHHBIX TEXHOIOTUI
[3; 4]. B oOpa3oBanuu 1enecooOpa3HO MPUMEHSTH
METO/Ibl MAIIMHHOTO 00ydeHHs. MOXKHO Tpearoo-
KHTh, YTO B chepe 00pa3zoBaHMsi BO3SMOKHO POTHO-
3UpoBaTh Oynylire Mecta padoThl CTYIEHTOB Ie/a-
TOTMYECKOTO BY3a, HCIOJIb3YsI JaHHBIC BBITYCKHHKOB
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