Komnnekrauus KOHCTpyKTOpa

Ha6Gop koMmnoHeHTOB Anst cbopkun hyHKUMOHanLHoW moaenu cnyTtHuka 3U BknovaerT:

e Pawma kopnyca cnytHuka cpopmata CubeSat paamepa 3U nsrotoBneHHass MeTogom
hpesepoBaHnsi U3 anOMUHUEBOrO cnnasa

e 3auwuTHble BoKoBbIE NaHenu Kopnyca, N3rotoBreHHble mMeToom yny Hape3aHunAa n3
npo3payvyHoro nnacTtuka

e BOopTOBOW LUEHTPanbHbIA BEIYUCUTENBHBIA MOAYNb C KOHTponnepom Atmega 2560,
pasbémamu Ans NOAKIMYEHNS AONONHUTENBHBIX MOAYNEeN, AONONHUTENBbHBIMU
yrnpasnsemMbIMy KaHanaMm NUTaHna Ansa NoAKIYEHUA NONE3HON Harpy3ku.

e Moayns GPS/TTIOHACC npuémHuKa Co BCTPOEHHOW NaHernbsHom aHTEeHHOMW,
obecneunsatowmin paboTty Ha BbicoTax 4o 50 km

e Mopgynb aartymnkos (3x oceBoW akcenepomeTp, 3X OCeBOW rmMpocKor, 3X oceBow
marHuTometp, 6apomerp)

e Mopgynb 6opTOBOI 3anMcK AaHHbIX TenemeTpun obecnevnBaroLnin 3annchb Ha KapTy NamaTu
dopmara microSD

e Mopaynb paguo TpaHcusepa Ans rnepefadn TeneMeTpum Ha nNpUEMHYH CTaHLUIo 1
nonyyeHns komaxg ynpasnexus. Paboyas yactora 433 mly

e Mopaynb anNeKkTponuTaHus, BKoHaWwmin B cebs akkyMynsaTop ¢ CUCTEMOW TEPMOKOHTPOMS U
TepMoperynsauum. Xapaktepuctuku akkymynsaTtopa: Lilon 3s2p 12.68 6800 mAY

e MakeTHasa nnara ansa uHTerpauumn B cuctemMy nonesHown Harpysku pasmep nnatbl 80x84 mm
e 3apsigHoe yCTPOWCTBO ANs akkymynsatopa 12.6e 2A

e KabGens USB anuHHom 1m

e USB yanuHHuTEnb

e YCTPOWCTBO Npuéma TenemeTpun u ynpaeneHus Ha yactote 433 My

e TpaHCNopTUPOBOYHbLIV KENC

e KomnnekT BUHTOB Ans cOopku

e Haknenku

e OrtBepTka WecTUrpaHHaa 2Mm

e AHTEHHa 2uwWT.

e Kamepa ESP-CAM

e MexnnartHble anekTpuyeckune coeavHeHuns (rpebenkmn) 2.

e MicroSD kapta 1616

e [lepexogHuk USB - microSD

e [1NacCTUKOBBIV KOpPMYC C 3alLUTHBLIM HOM ONA pa3MeLLleHUsa 3NeKTPOHUKN

e Yrnosow SMA nepexogHuk ansi paguomoayns 433 My

e [1NacTUKOBLIV BMHT ¢ rankon M3 ans pukcaumm nnartel rmpockona Ha EL(BM



YnakoBKa KOHCTPYKTOpa

Yanbl 1 getanu KOHCTPYKTOpa pacnorioXkeHbl B NN1IaCTUKOBOM YAapOnpo4YHOM Keunce.
Mocne CﬁOpKlr‘I MOOEenn CnyTHWKa Kenc ncnonb3yetcsa And XpaHeHna U TPaHCNopTUPOBKK
COﬁpaHHOFO CNyTHWKa K MeCTY 3arnycka.

OneKkTpoHHas 4acTb MOAENW CrNyTHUKA COCTOUT M3 2-X Y3NOB: NnaTtbl 3MEeKTponuUTaHua C
aKKyMyrsiTopoMm 1 ocHoBHOW nnatbl BK, Ha KOTOpon pacnonoXeH NoseTHbI KOHTPOnnNep, nNnatbl
OaTYMKOB M YCTPOWMCTBa npuema-nepenayn CUrHanoB ynpasneHns 1 TenemMeTpumn ¢ Ha3emMHOM
cTaHuum ynpasnexus (HCY).

Yanel ¥ MoAynu NpoBepeHbl Ha paboTocnocobHOCTL U NOATrOTOBMNEHbI ANA (hMHANLHOro atana
cbopku. lnartbl OATYMKoB WU YCTPOMCTBa CBA3NM HeobXoaMMOo akKypaTHO 3anauvsaTb B
COOTBETCTBYIOLWME 0003Ha4YeHHble MecTa. [lailka ocylecTBNseTcs C UCNofb30BaHUEM
nasnbHUka (NasinbHOW CTaHuuu), npunost U cnioca cooTeeTcTBeHHO. [locne 3anausaHus
KOMMOHEHTOB HEeobXoAMMO akKypaTHO yaanuTb octaTtku dntoca ¢ nnatel. O4ncTky oT cnioca
nyulle BCero NPoM3BOANTL C UCMOMb30BAHNEM 3TUMOBOMO UNWU M30NPONUNOBOro cnupTa.

CobpaHHbii  Bnok, BknoYawwmi nnaty anektponutaHua u nnaty bK, MoHTupyetcs Ha
METanMYeckoM Kapkace CrnyTHWKa Npu NOMOLLM YEeTbIpex BUHTOB KpPEenmneHWus 3NeKTPOHUKK K
pamMe 1 naTyHHbIX CTOEK.

Mnata aneKkTponuUTaHWA aKkTUBUPYETCS nepeknyeHnem Tymbnepa B nonoxexue 1. [Ans
OTKITHOYEHUA NUTaHUS Tymbnep nepekniodaeTcs B nonoxenune 0.

O6wwit Tok NoTpebneHus AoNOMHUTENbHbIX YCTPOMCTB no uenu 5 B He gormkeH npessbiwarth 3 A.
Bo Bpemsi HAcTponku cuctemsl "Ha cTone"” HeobxoaAnMOo y4nThbIBaTb, YTO paguaTop U oTAenbHbIe
anemMeHTbl NNaTbl UICTOYHUKOB NUTAHUA HarpeBarTcs BO BpemMsi paboTbl.

MogkntoveHne akkymynstopa K nnate anekTponiTaHua OCYLLECTBMAETCA creayroLwmmMm
pazkemamu:

- OCHOBHOW pa3sbem nuTaHus XT30 (aBa koHTakTa)

- pa3beM BCTpoeHHoro Tepmoaatynka DS18B20 (Tpu koHTaKTa), BKo4YaeTca B pasbem TEMP
Ha nnarte NUTaHusa, TEMHbIN NPoBoa cooTeeTcTBYET KoHTakTy GND

- pasbeM BCTPOEHHOrO HarpeBaTens (ABa KOHTakTa), Bkoyaercs B pasbeMm HEAT Ha nnate
NUTaHWs, HarpesaTenb He UMEET NONSPHOCTY

3anpellaeTtca nogaya NUTaHUS Ha OCHOBHyto nnaTy BK, Ha koTopoW ycTaHoBneH pagnomMoaysb
6e3 NoAKMIOYEHHOW aHTEHHbI, TaK Kak 3TO MOXXET NPUBECTU K BbIXOAY U3 CTPOS YCTPOWCTBA.

CbBopka MeTannuM4eckoro kapkaca CryTHUKa OCYLLECTBMNAETCA COrMacHO NepeyHio KpenexXHbiX
anemeHToB. MNpu cBopke WUCMONb3yHTCA BUHTbI M3 Habopa kpenexa. bokoBble 3alMTHbIE
naHenu yctaHasnMBalTCa Ha kapkac nocne guHansHov c6opku 4ONONHUTENbHBIX YCTPOWCTB U
NPOBEPKM ONEKTPOHUKM CryTHUKA. YCTaHOBKA BEPXHEW 3alUTHOW NaHenu cuyutaercs



NpaBuUNbHON B Ccrnyyae TOYHOrO COBMAAEHWUA OTBEPCTUA AN aHTEHHbl C PacnonoXeHuem
aHTeHHbl. [Nepen ycTaHoBKOW naHenen HeobxoaMMO CHATL 3alUTHYHO NNEHKY.

HasemHoe npuemo-nepegarlee YCTPOMCTBO MOAKIKOHAETCHA K KOMMbOTEPY NpU MOMOLLN
kabens USB.

CobpaHHblin 610K UMeeT Ha CcBOEM 6opTy 8 ynpaBnsieMbiX KaHanoB AN MOAKMIoYeHUs
NonesHon Harpysku. Kaxabli kaHan ynpasnseTcsa nonesbiM TpaH3anucTtopoM. Mo ymonyaHu Bce
KaHanbl 3akpbiTbl. CH1 +5V — CH6 +5V BKkNOYawTCA HU3KUM CUrHAmoOM M OTKMHYaKTCA
BbICOKMM CUrHanomM 1 UMerT Ha Bbixoge 5 Bonbr. PekoMmeHOyeTcs He NoAaknoyaTh Ha KaHanbl
+5V cymmapHo Harpysku He Honee 3A. CH1 BAT+ — CH2 BAT+ BknovarlTCs BbICOKMM
CUrHarnoM W OTKMOHaKlTCA HWU3KMM CUTHANoM W UMEKT Ha Bbixode HecTabunuavpoBaHHoOE
HanpsbkeHue akkymynsitopa C BepxHuM noporom B 12,6B. HwkHUM nopor HanpshkeHus
Bbixoaawm ¢ BAT+ kaHanoB MOXHO y3HaTb NOCMOTPEB 3HaYeHUE MUHUMASBLHOMO HanpsKeHUs
npsiMO Ha akkymynatope. KoHTakTbl AN ynpasneHust KaHanamy cM. Hwke B Tabnuue
MEXMNMaTHOro pasbéma.

KOHCTPYKTOp COAepXuT BCe HeobxoavMble 3MeKTPOHHLIe YCTPOUCTBa Ans obecnedeHusi CBA3N
CNyTHUKA C Ha3eMHOW CTaHUMen YynpaeneHusl, MnofyyYeHus KoopauHat v uHOopmauum oT
BCTPOEHHbIX [OaTYMKOB, a TakKe WCTOYHWMK MuTaHus, obecrneymsalolwui nuTaHWe LWTaTHbIX
YCTPOMCTB KOHCTPYKTOPA U NONE3HOW Harpy3sku.

[na onepatMBHOrO peLUEeHUss TEeXHUYECKMX BOMPOCOB, CBsi3aHHbIX CcO cbopkon U
(byHKUMOHUPOBAHMEM  Y3NOB WM MOAyneil  KOHCTPYKTOopa  y4acTHMKaMm  [OCTyneH
KOHCYNbTALMOHHbBIA KaHan B npunoxexHun Telegram.

MpoekTpoBaHWe W HacTpoWKa AOMOMHUTENbHLIX CACTEM W YCTPOWUCTB  CMyTHUKOB
OCYLLECTBSETCS yHaLLMMNUCSH CaAMOCTOATENBHO.

Mpu BbiABNEHMM HepaboTawoWwMx y3noB W mogyneih Heobxogumo  coobwuTb B
KOHCYNbLTALMOHHbIA KaHarn Ans peLleHvst Borpoca rno 3ameHe.



PacnuHoBKa MeXnnaTtHoro passema

1 2 3 4
1 MISO MOSI USB +5V GND 4
5 SCK Ss RST GND 8
9 RXOI(USB) TX0(USB) EPS +5V GND 12
13 RX1(Radio) TX1(Radio) EPS +5V GND 16
17 RX2(Logger) TX2(Logger) EPS +5V GND 20
21 RX3(GNSS) TX3(GNSS) EPS +5V GND 24
25 SCL SDA EPS +5V GND 28
29 A10 D10 (1Wire, Temp) EPS +5V GND 32
33 EPS +3V3 GND 36
37 EPS +3V3 GND 40
41 A2 D2 (PWM) CH1 +5V (D42) GND 44
45 A3 D3 (PWM) CH2 +5V (D43) GND 48
49 Ad D4 (PWM) CH3 +5V (D44) GND 52
53 A5 D5 (PWM) CH4 +5V (D45) GND 56
57 A6 D6 (PWM) CH5 +5V (D46) GND 60
61 A7 D7 (PWM) CH6 +5V (D47) GND 64
65 A8 CH1 BAT+ (D48) GND 68
69 A9 CH2 BAT+ (D49) GND 72
73 BAT+ GND 76
77 BAT+ GND 80
81 84
85 88
89 92
93 | D10 (1Wire, Temp) EPS +3V3 EPS +3V3 GND 96
97 D11 (BatHeatCtrl) EPS +5V EPS +5V GND 100
101 A11 (BatCurrent) BAT+ BAT+ GND 104
101 102 103 104




[NMpumeyaHus:
> HanpsikeHne BHEeLHEero MCTOMHUKa ONopHOro HanpshkeHus Ans aHanorosbix BXxonos — 2,5 B.

> [atuyunku Temnepatypsl Ha wuHe 1Wire — DS18B20.
> AHanorosble Bxoabl A5-A9 nogknyeHsl Yyepes genutenu Hanpskernms 6.8/1.1 kOm.

> HanpsikeHne akkymynsitopa noakmniveHo k adanoroBomy Bxoay A14 uepes penurens
HanpshkeHus 6.8/1.1 kOm.

> HanpsbkeHue nutaHua +5B nogknioyveHo Kk aHanorosoMmy Bxogy A12 uepes pgenvrtens
HanpsikeHust 6.8/4.7 kOm.

> HanpsikeHue nutanusi +3.3B nogknioveHo Kk aHanoroBomy Bxogy A13 4yepes penutens
HanpskeHus 4.7/6.8 kOm.

> [laTyuk Toka Ha nnarte anekTponutaHus — ACS712 (5A), NoaKNOYeH K aHanoroBoMy Bxoay
A11 yepes penutens HanpskeHns 6.8/6.8 kKOM.

> KoHTakt Logger RX moxHO nogkniodate K KoHTakTy TX2(Logger) wnm TXO(USB)
KOHTpOnnepa nocpeacTsomM nepembiyku XT9.

> KoHTtakT Logger TX mMoxHO nofkniodaTth k KoHTakTy RX2(Logger) koHTponnepa nocpeacTsoM
nepembidku XT10.

> Ha nunuo nutanua 3,3 B Henb3sa nogknoyate Harpyaky 6onee 300 MA.

> lMonoca koHTakToB GND Ha MexnnaTHoM pasbéme (DU3MYecKu HaxoauTCsi C Kpas nnartbl,
€CInn CMOTPETb CBEPXY Ha CTOPOHY C KOHTPOSIEPOM 1 AaT4uKaMMm.

> AKKYMYTISITOp MMEET BCTPOEHHYI0 3alUTy OT nepepaspsga W KOPOTKOro 3amblkaHus,
napamMeTpbl MUHUMANLHOTO HanpshKeHUst M MakCUManbHOro Toka yKasbiBalTCs NPAMO Ha
akkymynsitope. Ecnm akkymynstop ylWwén B 3alluTy, ero MOXHO akTUBMPOBATh MOAKMIOYUB

3apsiaky.



PacnuHoBKa MukpokoHTponnepa ATmega2560




®oTo-BUAEO Kamepa

MatpuyHbii moayns ¢ obbekTuBom 160 rpagycoe aonsa moaynsa kamepsl ESP32 OV2

MaTtpuua 2 munnumoHa nukcenemn

Yron o63opa o6bekTiea 160 rpagycos

[nuHa coeanHUTENbHOM NEHTLI 2 CM.

Moayns ESP32-CAM umeeTt pasmep 27x40,5x4,5 mm.

MuHuMmanbHoe noTpebneHne Toka B CNALWEM pexume - 6mA.
BecnposogHon nHtepenc: 802.11b/g/n Wi-Fi + BT/BLE moayne SoC
WmeeT aByxbsagepHbin 32-6uT npoueccop

o 240 Ml'u, go 600 DMIPS

BcTpoenHbit 520 KB SRAM, BHewHun 4 m PSRAM

Mopaepxka nHTepdencor, Taknx kak UART/SPI/I2C/PWM/ADC/DAC
Mopnepxka kamep OV2640 n OV7670 co BCTPOEHHOW BCMbLILLKON
Mopnepkka 3arpy3sku nsobpaxkeHun WiFl

Mopnepxka tf-kapThbl

Mopnepkka HECKOMbKUX PEXMMOB CHa -

BctpoeHHbie Lwip u FreeRTOS

ﬂop,ﬁepmka pexuma pabotel STA/AP/STA + AP

Moanepxka Smart Config/AirKiss B oanH knuk pacnpegenuTensHas ceTb

Moanepxka nocnegoBaTensHOro NoKanbHOro 0BHOBNEHUs U yaaneHHoro o6HOBNeHUs
npowumeku (FOTA)



MporpammHoe obecneyeHue

B kauecTtse cpeabl paspabotku MO ucnoneayetcs Arduino IDE, goctynHas no ccbinke:
https://www.arduino.cc/en/software

Ons nporpammupoBaxus moaynsa BK cnyTHuka Heobxoaumo B meHio “UIHCTpyMeHThI” BbIGpaTh:
1. Mnara - Arduino AVR Boards - Arduino Mega or Mega 2560.

2. [opT - <AKTUBHbLIN NOPT noakntoyeHus moayns bK>.

3. Haxartb KHOMKy 3arpy3kv nporpaMmbl B MUKPOKOHTpOMNep.

Ona paguoobmeHa C Ha3eMHOW CTaHuvewn ynpasneHws Heobxogumo B nporpamme
KOHTponnepa:

1. YcTaHoBuTb 3Ha4YeHue undpoBbix Beixoaos D8 n D9 B coctosHme OUTPUT.

2. 3anyctutb nocnegosaTenbHbin nopT Serial1 Ha ckopoctu 9600 buT/c.

3. OtnpaButb coobLleHve B nocnegoBaTtenbHbI NopT Komangow Serial1.print().

[nsa paguoobmeHa ¢ moaynem BK Ha nyHkTe ynpaeneHus Heobxoammo:

1. MoAKNYUTL HA3EMHYIO CTaHUuMio ynpaenenus k nopty USB.

2. 3anyctuTb okHo Arduino IDE (gononHutensHoe).

3. B MeH “UHcTpymMeHThl” BoiBpaTs “MoHuTop nopra”, ckopocts 9600 6uT/c.

O6paTtute BHUMaHWE, YTO CKOPOCTb rMepefaydv AaHHbIX NO pajuokaHany orpaHuyYeHa u
coctaensier nopsinka 800 6ut/c (100 cumeonoB B cekyHgy). Cnegute 3a Tem, 4TOObI
KONU4YeCcTBO nepenaBaembliX [AaHHbIX He MpeBbIWano BO3MOXHOCTM paguokaHana. [ns
[OMOMNHUTENBHOTO KOHTPONs nNpv nepegadve coobweHui pocTtyneH uudposon Bxog D69,
NOAKMNKYEHHbIN K KOHTakTy AUX paguomoayns.

BaxHo: [lpu nporpammuposanuu mogyns BK  cnyTHuka Heobxogumo ¢ ocobon
BHUMAaTENbHOCTBI yNpaBnaTe uUudposBbiM Bbixogom D11, oTBevawowmm 3a  BKMKOYEHUE
Harpeeatensa  akkymynatopa. MHOrokpatHO NpoBepsiTe  anroputMm  ynpaeneHus U
KOHTpONUpyWTe TemnepaTypy akkymynsaropa.
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UHCcTpyKuMa no coopke n HaCTpounke
KoHcTpykTOp Mogenu cnyTHuka coopmata «CubeSat 3U»

«StratoSat» - koHCcTpykTOp dyHKUMOHanNbHOMW Mogenu cnyTHuka dopmata «CubeSat»
npegHasHa4YeH Ons U3YyYeHUs KOHCTPYKLUMM MWHU CNYTHUKOB, UX MPOEKTUpPOBaHWUA, COOPKM,
obyyeHuss OCHOBaM 3KCnnyaTauuuM 3MeKTPOHHbIX YCTPOWCTB, [AaTyUKOB B YCMOBUSX,
NPUBNMKEHHbLIX K KOCMu4Yeckomy nonety. WcnbiTaHuss mMogenew CnyTHUKOB C  MOMNEe3HOW
Harpy3Kon NPoOBOAATCH BO BpeMsi 3anfaHMpoBaHHOIo 3arnycka B ctparocdepy.

KOHCTPYKTOP COAEPXUT 3MEKTPOHHBIE MOAYNN U MEXaHUYECKME AETann KOHCTPYKLMUW CryTHUKA
N CNYXWT ONS Pa3BUTUA TEXHUHECKOTO TBOPYECTBA C pacLUMPeHHbIMU BO3MOXHOCTSAMU. Ha Gase
KOHCTPYKTOpa MOXeT ObiTb co34aH Yy4ebHO-MEeTOAMHMECKUA KOMMMEeKC Ansi co3gaHus
YHUKanbHbIX TEXHUYECKUX pellueHurA B obnactu nocTpoeHust ManbiX CNyTHUKOB U MOMe3HbIX
Harpy3ok. 3To He Habop aeTanei aAns c6OPKM KOHKPETHOro CNyTHUKA, a OTKPbITasi apxXUTekTypa,
no3BonsalLWas Hapalwmeate NPOrpaMMHO-annapaTtHblid  CMyTHUKOBbLIA  KOMMMEKC HOBbIMU
peweHuamu. [Ons  OOCTUXKEHUs ycnexa Heobxoguma cnaxeHHas paboTa Konnektuea
yYacTHMKOB B 0611aCTM KOHCTPYMPOBAHUS, NPOrPaMMUPOBaHUSA, CBA3N U PaAN03NEKTPOHUKMN.

[JaHHasa  WHCTPYKUMS He  ABNSIeTCA  MNOLUAroBOW  MHCTPYKUMEW  Ans  AOCTMKEeHUs
rapaHTupoBaHHOro pesynbrata. OHa $SBMASETCA OCHOBOW [AnNs TBOPYECKOro npouecca ¢
WCNOSb30BaHUEM [OMONMHUTENbHBLIX UCTOYHUKOB TEXHU4Yeckon uHdopmauuun. Nomumo cbopku
npeanaraemMoro  KoOMnnekra HeobxoamMma  TBOpYeckas paspabotka  YHUKansHOro
OOMNoNHUTENbHOTO 060pYyAOBaHUst - MNONE3HOM Harpysku, koTopasi OyoeT pewatowen B
[OCTUXEeHUW pesynbraTa.

Pa6ota no co3gaHnio MUHN CryTHYKa OTKPbLIBAET JOPOry B KOCMOC BCEM XenarwLwmm!
YKenaem ycnexos B co3aaHum 6OnbLIKX CyTHUKOBbLIX KOMMNEKCoB!

Tpeﬁoaéuuﬂ no TexHuke 6e3onacHocTU

Mpu cbopke komnnekta u pAansHerwei pabote no popaboTke cnyTHMKa HeoBGxoauMo
cobntogats TpeboBaHusa No TexHuke BezonacHocTu. HecmoTps Ha npoagyMaHHyo 1 besonacHyo
KOHCTPYKUMIO AeTanen 1 aNeKTPOHHbIX Moaynen HeobxoamMMo BbiTh BHUMATENbHLIMU NPU Nanke
n cbopke komnnekta. Ocoboe BHUMaHWe Heobxoaumo obpaTuTb Npu paboTe ¢ YCTPONCTBaMU C
nutaHvem ot cetu 220B, pabote C TexHUYECKUMU XUOKOCTAMU U  OCTPbIM  PYyYHbIM
WHCTPYMEHTOM.

[na cbopkM W HACTPOWKW INEKTPOHWKM CryTHUKA Heobxoaumo wumeTb pabodee MecTo,
060py0oBaHHOE WCTOMHUMKOM CBETa, NasiNbHOW CTaHuuen, HabopoM PyyHOro WHCTPYMEHTa,
KOMMbIOTEPOM C BbIXOAOM B UHTEPHET U MYNETUMETPOM.

[nsi MOHTaXa AOonoNnHUTENbHbIX MOAyneil Ha OcHOBHOW nnarte GoptoBoro komrnbioTepa (BK)
HeobXxoaUMO UMETb HaBbIKN PYHHOW Naviku.



