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Pa3padorka crparocdepnoro cnyrauka popmara CubeSat

AHHOTAIIMA

Lenbto mpoekTa sBIsieTcs pa3padoTKa U JIETHOE UCTIBITAaHHE CTpaTochepHoro anmnapara B
dopmare CubeSat-2U, a Takke ONMHMCaHUE METOJOB U KOHCTPYKTHUBHBIX PEIICHUM, TTO3BOJMBIINX

CO03/1aTh TIEPBYI0 B MUPE YCIIEUTHO OTPa0OTaBIIYIO CIIyTHUKOBYIO IPYIIIIUPOBKY B arMocdepe.

OcHoBHOM 3ajmaueil ammapara sBisieTcs (opMHUpOBaHHE B aTMochepe OZHOPaHTOBOH
CILyTHUKOBOW C€TH, COCTOSILLEH M3 IIIAaBHOTO amrapara U 4eThlpeX He3aBUCHUMBbIX TUKOCITYTHUKOB
(MMKOCIIYyTHUKM OTAEISIIOTCA OT IVIABHOIO ammapara B mpouecce nosera). CeTb HO3BOMSET
IPOBOAMTH MaclITaOHBIE Tporoc(hepHble M CTpaToc(epHbIe HCCIEAOBAHMS 3a CUET OXBara
OTPOMHOIO IPOCTPAHCTBA, YTO JIOCTUTaeTCs NpU IOMOIIM pa3HECEHHUs ammnaparoB Ha
OIpeJIeJIEHHYI0 UCTaHIMIO. Takke 0HON U3 IIaBHBIX 3aJ1ad BJSETCSA U3YyUEHHUE pacpeaeIeHUs

MOITHOCTH y.]'Ipra(bI/IOJICTOBOI‘O H3JIYUCHUSA B 3aBUCUMOCTU OT BBICOTHI.

Ammapar pa3paboran Ha 0Oaze ¢Qopmara CubeSat-2U ¢ JOMOJHUTEIBHBIMU
MomudukanusaMd. OCHOBHBIMH MaTepuajaMu KOHCTPYKIMHM CIyXaT MJropalb, allOMUHUH,
KOMITO3UTHBIA TUIACTUK M OpraHu4eckoe cTekio. ['aGaputhl coctaBisor 290x240x250 MM (¢

Y4E€TOM aHTEHHOTO MOy ), Macca — 1480 rpamm.

DJeKTpoHUKa ammapara oOecrnednBaeT OTpPabOTKYy OCHOBHBIX TEXHHUYECKHX U
WCCIIEIOBAaTENbCKUX 3a1a4, IO3BOJISIET IPOBOAUTH 3aMEpPbl OCHOBHBIX IIapaMeTPOB IIOJIETA,
napameTpoB arMoc(epsl, nepeaaBaTh JaHHBIC MIPU TTOMOIIM paguoKaHala, a TAKKe 3aliChiBaTh
UX Ha BCTPOCHHBIE OJOKH MaMsaTU. Bce y37bl ANEKTPOHUKHU CIPOEKTHPOBAHBI CAMOCTOSITENBHO,

0€e3 UCIOIb30BAHUS PA3IMYHBIX I1aTHOPM U KOHCTPYKTOPOB.

[IporpamMmMHO-MaTeMaTUUeCKuil KOMILJIEKC 00eCIeuynBaeT CHHXPOHU3UPOBAHHYIO U
KOPPEKTHYI0 paboTy ammaparoB u cocTouT u3 10 maBHoro cnytHuka, [10 nukocnytHrkoB, [10
Hentpa Ynpasnenus Ilonerom. LIYII, noMmuMo mprema makeToB TEINEMETPUU, OCYIIECTBIISAET
KOHTPOJIb HaJl aIrOpuTMaMH pabOTHl BCEX almaparoB, a TakXKe B PEAIbHOM BpPEMEHH
BU3YIM3UPYET CIYTHUKOBYIO CETh W OPHEHTALMIO allllaparoB B MPOCTPAHCTBE, MPOU3BOIUT

MMOCTPOCHUEC TPCXMEPHOI'O I'pa/IMCHTA PACTIPCACIICHUA TCMIICPATYPhI U Fpa(I)I/IKOB TCIICMCTPHHU.

[To pe3ynbraTam J€THOTO UCTIBITAHUS, IPOBEIEHHOTO B Htoje 2023 roaa, pa3paboTaHHBIN
anmapat ObLT 3amyIlleH Ha BbICOTy 21,5 KM mpu nomouu ctparocepHoro 30H1a. B xone nmonera
Obula ycmemHo copMHpOBaHa M IMPOTECTHPOBAaHA CITyTHHKOBAs CeThb, a TaKXXe OTpabOTaHbI
CTOPOHHME MeXaHU3Mbl W anroputmsel. [Ipu momomm paspaboranHoro LlenTpa VYmpasnenus

[ToneTom ObLTO NPUHATO OKOJIO 99% MakeToB TEIEMETPHUU.
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1. BBenenue

Ha manspIii MOMEHT B Mupe OOJIBIIIOE PACIPOCTPAHCHUE TOMYUHsI (popMaT
MaJibIx KocMuueckux amnmaparoB CubeSat [1]. HanocnyTHukH 3T0TO hOopM-hakTopa
MPOCThl U JACIIEBBI B CO3/IaHHHM, HO B TO K€ BPEMsI OHU SIBISIOTCA HACATbHOMN
wi1arGopMoil  JUIsI TPOBEIACHHS Pa3IMYHOTO pOAA HCCIECIOBAHMNA, a TakKke
KOHCTPYKTUBHO MaJlbIX HMH)KEHEPHO-TEXHUYECKUX JKCIIEpUMEHTOB. biaronaps
ATOMY, pa3pabOTKa TAaKUX CIIYTHUKOB CTaJla IOCTYITHa MHOTUM TexHu4Yeckum BY3am

Y MHXKEHEPHO-KOHCTPYKTOPCKUM OIOPO.

OpHoli W3 WHHOBAalMOHHBIX HJEH B O0JIaCTU  KOHCTPYMPOBaHUSA
HAHOCIIyTHUKOB SBJIIETCS NpUMeHeHue rpynnupoBok CubeSat’oB B Qopmare
«post». Takme TrpynnmupoBKH OOECHEUMBAIOT  YAYYIIEHHYIO aBTOHOMHYIO
IPOCTPAHCTBEHHYIO U BPEMEHHYIO Pa3pelIatolyto crnocoOHOCTb. CUCTEMBI CBSI3U
Ha ocHoBe poeB CubeSat UMEIOT CyIIECTBEHHbIE JOCTOMHCTBA, TaKUE Kak
B3aMMOJICCTBUE CETEW CBsI3U, OOJee BBICOKAS CKOPOCTh Mepefadd JaHHbBIX,
HKOHOMHMSI TOJIOCHI YacTOT, CHM)KEHHE YacTOThl BBIXOAA M3 CTPOsA, CIIOCOOHOCTH

o0ecreynBaTh NOOATBHYIO 30HY TOKPBITHS U U3MEPEHHI.

Koncrpykrusnsiii popm-pakrop CubeSat, noMumMo npumMeHeHus B o0nacTu
KOCMUYECKHX 3allyCKOB, aKTHBHO HCIIOJB3YETCSl NPH CO3IAHUM AaIlllapaToB s
UCCIIEJIOBAHMSA HWXXHHX cJoeB arMmocepsl. B mocnennue roasl AaHHOE
HalpaBJICHUE AaKTHUBHO pAa3BUBAETCA, B TOM YHUCJE pa3padaTbIBAIOTCS TOTOBbHIE

WHXEHEPHBIE U 00pa30BaTeNIbHbIE PEIICHHUS JJIsl CTY/ICHTOB U IIKOJIBHUKOB [2, 3].

B OTKpBITBIX HCTOUHHMKAX HWH(POPMALIMK JOCTATOYHO pabOT Ha TEMY TOTOBBIX
peleHui I CO3/IaHns KaK OTIEIbHOTO HAaHOCITyTHUKA, TaK M MX T'PYNITUPOBKH B
kocmoce [4]. Ho, HecMoTpst Ha 9T0, HE OBLIO HAMIEHO PabOT HA TEMY MTPUMEHEHUS
dbopmara TpPYNIUPOBKA B CTparochepHOM 3allyCKe, XOTs MPEICTABICHHOE
HaIpaBJICHUE SIBIIACTCS WHTEPECHBIM M WHHOBAIMOHHBIM C TOYKH 3PCHUS
uccienoBanus armocdepsl. [IpuMeHeHHe CIYTHHKOBOM TPYNIUPOBKHA B

cTparocdepe UMeeT CX0kKHe ¢ KOCMUYECKOW peann3aliei IpenMyIecTBa.
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Llenbro paboThl sABNISETCS pa3pabOTKa U JIETHOE UCIIBITAHUE CTPATOCHEPHOTO
anmnapara B ¢opmare CubeSat-2U, a Takke onucaHre METOJ0B U KOHCTPYKTUBHBIX
pEIICHNI, TMO3BOJMBIINX CO37aTh IEPBYI0O B MHPE YCIEIIHO OTPabOTaBIIyIO

CIIyTHUKOBYIO TPyIIIUPOBKY B arMocdepe.



2. Onucanue CTPYKTYPbI [VIABHOTO annapara

2.1. boproBas 3JIeKTPOHUKA

Video Camera

—_ o — e — —

Temperature
Video Data

|
[Dswazo [Dsmsza D51aazo]fus1aazu] HEATER] !
I

v v 12 v - - - — — — — — /
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BATTERY BN220

Puc. 1. CmpykmypHo-@yHKyuoHanbHas cxema 21a8H020 annapama.

OcHoBoil amekTpoHuku sBisitorcs miatel Main PCB u Service PCB.
bonpmiasg 4acTe JaTYMKOB M YCTPOMCTB 3aBSI3aHbl HA B3aMMOJCHUCTBUU C ITIAaBHOU
riaroit Main. Buemnsia coopka akkymynsitopoB « BATTERY» coctouT u3 uerbipex
JUTUN-UOHHBIX ~ aKKyMmyJisiTopoB  ¢opmara 18650 emxocteio 2600 MAu
(ITpunoxenue A) u noaxnrouaercs Ha miary Service. [locpeactBom momyns RBL
peanusyeTcsi BKIIOUYEHUE/OTKIIOUEHHE arnapara IMOCPEACTBOM ITyCKOBOM YEKH.
3arem BxonHble 4.2B mpu MOMOIIM HMITYJIBCHOTO TMpeodpazoBatenss MT3608
noBbimatotcs A0 5 BoawsT (Illuna 5B — oOmiast ams Bcex y3noB ammapara). Jlis
OUTaHUS MOJYJel, TpeOyromux 3.3 BOJIbTa, peain30BaH COOTBETCTBYIOIIMH OJIOK Ha
mate Main. B crangaptHoM pexkume pabotsl, mmHa 3.3B o0pasyercsa 3a cuer
npeoOpa3oBanusi 5B mpu moMoIM UMITyICHOTO TpeoOpaszoBarenss Mini360.
BxiroueHne OTIIalouHOTO pekUMa MO3BOJISIET MPOrpaMMUpOBarh maty Main 6e3
miaTel Service, U B TakoMm ciiydae mmHa 3.3B oOpasyercs 3a cueT JUHEWHOIo
crabmmzaropa LDL1117L, a nuaus 5B unet nanpsmyto ot USB. TTomumo 3T0TO,
npu oMoy Moxyis IP2312 MoxkHO 3apskaTh akKyMyssiTopbl Hanpsimyro oT USB

BO BpEM: OTJIaAKHU U pa6OTI)I CO CITYTHHKOM.

Ha mrare Main pacnonararorcst ocHoBHbIe Aatuuku (baox IMU): MPU9250

(AxcenepomeTrp, MarHuToMeTp, rupockom), MS5611 (bapomerp), DS18B20
6



(Tepmomertp). B kauecTBe BEBIHOCHBIX JOMOJIHUTENIBHO PUCYTCTBYIOT 4 TEPMOMETpa
DS18B20, pacripeaensieMbIX IO BCEM MOAYISAM CITyTHHKA. KOHTpOb TeMneparypsl
Ka)KJJOM YacTH anmnapara Mo3BOJISIET KOCBEHHO CYAUTh O COCTOSHUH TOTO WJIA UHOTO
Monyast. Jlist peanu3aiuy 3KCIepUMeHTa 10 MCCIIEIOBAHUIO YABTPAPHUOIECTOBOIO-
u3ny4deHus BeIOpanbl aHanorossie Moxyan GUVA-S12SD (Bbi6op KOHKPETHO ATHX
JTaTYNKOB OCHOBAH Ha JIAHHBIX, MPUBEJIECHHBIX B COMPOBOAUTEIBHON TEXHUYECKON
JIOKyMEHTAIM1, OJaromaps KOTOPbIM MOXKHO KOHBEPTHUPOBATh HU3MEPSIEMbIN

aHAJIOTOBBIM CUTHAN B (PU3NYECKUE €IUHULIBI U3MEPEHU).

JIns oTciexxnuBaHus MECTONOJOKEHU annapara npumensercs GPS BN220.
3aBOJCKHE HACTPOMKH JAaHHOTO MOJYJIS HE MO3BOJIIOT UCIOIB30BaTh €r0 B paMKax
cTparochepHOro IMoJieTa M3-3a OrPaHUYEHUM IO BBICOTE U HHU3KOM CKOPOCTH
IIpUEMO-TIEpeaadn JAHHBIX. JlanHas npobiema pemaercs
nepenporpammupoBanreMm uepe3 ytuiury U-Center. Ilpu nomomm Hee Obuia
M3MEHEHA TUHAMUYECKAsi MOZENIb MOYJIs Ha OoJiee MOAXOASILYI0, BCIEACTBUE YETO
CHATBI KDUTUYHBIE OTPAHUYEHUS 110 BBICOTE U CKOPOCTH. Taxke u3MeHeHa 4yacToTa

onpoca JaHHbiX Ha 10 .

bmokx MEMORY o0ecrieunBaeT 3amuch TeJIEMETPUM Ha KapTy MamsTH
MicroSD u BHemHiol0 Mukpocxemy Flash-mamatn  W25Q16. MicroSD
MOJAKIIOYAETCA K MHUKPOKOHTPOJUIEPY HAMNPSIMYIO0 4Y€pe3 pa3beM C anmnaparHbIM
unrepdeiicom SDIO. Mukpocxema flash-mamstu cnyXUT B KauecTBE aBapUMHOTO

caMOTHCIIa TeJIEMETPUH, Ha CIIy4ail BHEIITaTHON cuTyanuu ¢ MicroSD kapToi.

JUisi mepenadyd JaHHBIX MO paguOKaHay IPUMEHSETCS PaJuoOMOAYIb
LORA1278F30, pacrionoxeHHblii Ha miate Service. JlaHHBIN MOAY/Ibh paboOTaeT B
nuanazoHe 433 MI'u, koropblil sBiseTcs HaumOojee YHIOOHBIM B paMKax
CTpaToc(epHOTo anmnapara: Mpu COOTBETCTBYIOIICH JJIMHE BOJHBI, pa3Mep aHTEHH
HE CTOJIb BEJIUK, KaK, HapuMep, B nuanazone 144 MI'n, npu 3ToM, NpOXOKACHUE
CUTHAJIa B pa3bl Jy4ylle, HEKEIU 4YeM y 0oJiee BBICOKOYACTOTHBIX HANA30HOB.
IIoMuMO 3TOrO, JAHHBIM NEPEAATUYUK UCHOJb3yeT Moaymsuuio LoRa, koropas 3a

CUCT CHMIKCHUA CKOPOCTHU IIEPCaAaun JaHHBIX, IIPHU OTHOCUTEIIBHO HU3KOU MOIITHOCTH
7



CUTHAJIa CIocOOHAa MepefaBaTh IMAKeTbl Ha OrpoMHbIE pacctosiHus. [lo ombiTy
CTparoc(epHbIX 3aIyCKOB, JAaHHBIA MOAYJb MPU MPaBUIBHBIX HACTPOMKAX MOXKET

pabortarh Ha paccTosHusX 10 200 KHIOMETPOB.

MENU MODE

RESET BUTTON

= iy Y
g P M
1 MENU BUTTON

Puc. 2. [Ipunyunuanvuas snekmpudeckas cxema niamol Main.

IIporpammupoBanue U otnaaka MUKpokoHTposuiepa Ul ocymecTsisiercs
npu nomom USB pazsema USBI1. Ilepen npommBkoi HeoOxoaumo BBectd MK B
PEeXHUM MPOTrPAMMHUPOBAHUS MTOCPEICTBOM NEpeMbIlUKU Ha rpedeHke H8 u kHOmkH
SW5. Ilepesarpy3ka CITyTHHKA YIOOHO OCYIIIECTBIISICTCS MPU TOMOIIHA KHOMKA SW2
(ITpu Hanuuuu nepeMbrukn Ha rpedenke HI). Takxe, ecTb BO3MOXKHOCTh
IporpaMMHON peanuzanuu « MeHIo» CIyTHHKA, HEOOXOIUMOTO IS TEPEKITIOUEHUS
MEXAy peXuMamu padoTel anroputMoB (CTaHIapTHBIN, KaJIWOpPOBKAa, YTEHUE
nanubiX Flash). TaktupoBanue MK ocyiiecTBiiseTcst HoCpeICTBOM JBYX KBapLIEBbIX
pesonatopoB X1 (YacoBoit nHa 32.768kl1) m X2 (OcnoBHOil Ha 25MIm).
[Tepembruku H1, H3, H8 npu otnmagke noutr Bcerna HaaeThl, HO HA BPEMS MOJIETa
CHUMAIOTCS: JAHHBIM MEXAHWU3M SIBJISETCS 3AIUMTHBIM OT CIyYalHOU Iepe3arpy3Ku
CIYTHHUKA WJIM aKTUBALIUU pexXuMa mporpammupoBanus. [ pedenka J1 3amaeT pesxxum
paboTel miuatel Main: mpu MepeMbluKe Ha KOHTAakTax 1-2 COyTHHK paOoTaeT B
CTaH/IapTHOM PEXHUME; MpPHU MEepeMbluKe Ha KOHTaKTax 2-3 CIOYTHUK paboTaeT B

pexrMe, IpU KOTOPOM JOCTyIHA JIMIIb MPOLIMBKA CIIyTHHKA. BTOpol pexum



MoJIe3eH B cllyyae, KOTJa, Hampumep, HeoOXOIMMO 3aMeHUTh Iutary Main 6e3

HCIIOJIL30BAaHUS IJIaThI Service.

[Inara coBMecTHMa Kak C OTJAEIbHBIMHU JaTYUKaMU, TaK U C MOIYJSIMHU, B
COCTaBe KOTOPHIX OHM UMEIOTCSA. TakuM 00pa3oM, Ha BHIOOP MOKHO HCIIOIH30BaTh:

U4 nm US; U2 umm U9.

TILE:
Service PCB REV: 1.0

“ompany: SPORADIC - Sheet: 1/
@Smmm( Company: SPORADIC - 5 |Shee: 111
Date:_2022-09-12 _Drawn By: Denis Levent
= T T

Puc. 3. [Ipunyunuanvuasn snexmpudeckas cxema niamsl Service.

V3en RBL, pacnonoxeHHbli Ha Tmiate Service, OCHOBaH Ha IOJICBOM
tpau3ucrope P-tumna (Q1). B ciyuae, korma yeka RBL, nonkitoueHHas Ha TpeOCHKY
HI11, BcraBnena, 0a3za TpaH3uUCTOpa MOATAHYTa K TOJOXHUTEILHOMY BBIBOAY
aKKyMmyJsTopa 4epe3 pesucrtop R4, crnemoBarenbHO TpPaH3WCTOP HAXOOUTCS B
3aKpBITOM COCTOSIHUM U HE IPOIYCKAaeT TOK. B TakoMm pexrMe NMpUCYyTCTBYET TOK
YTEUKHU BEJMYUHON ~ 4x107°A, 4TO HE ABISAETCA KPUTUUECKUM 3HAYEHUEM [IAXKE TIPH
JUIUTEIIbHOM TpaHCHOpPTUPOBKE anmapara. [Ipu BblaepruBaHuy 4eku, Ha 0azy

TPpaH3HuCTOpa IIoIIaaacT OTpHHaTeHBHBIﬁ IIOTCHO A, 1 OH OTKPBIBACTCA.

Jlns Oosiee TOHKOTO KOHTPOJISL TEMIIEpaTypbl HarpeBaTelbHOTO 3JIEMEHTa
onoka AKDB taxxe npumensierca [IIMM: oTkpeiBas u 3akpbiBas TpaH3uctop Q2 mno
COOTBETCTBYIOUIEMY  QITOPUTMY MOXHO JOOUTBHCS TUIABHOM  HACTPOUKH

TeMIlepaTypbl HarpeBa.
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Puc. 4. Obwasn snexmpuueckas cxema annapama.

£
=

Puc. 5. I[Inama Main.

ITpu nomonu CAIIP EasyEDA 1o cipoekTHpOBaHHBIM CXeMaM ObLIH
pa3paboTaHbl IleyaTHbIE MIaThl. TOMOIOrUsl KOMIIOHEHTOB O0YCIIOBJIEHA
DIIEKTPUUYECKUMU CBSI3SIMU, @ TAK)KE IOCTYITHOCTBIO B3aUMOJECUCTBUS C HUMU. Bo
n30eXaHue JIMIITHUX WHAYKTUBHOCTEN U €MKOCTEH, TOPOKKUA UMEIOT
MUHUMAaJbHOE KOJIMUYECTBO MEPEXOIHBIX 0TBepcTUil. Oco60e BHUMAaHUE YAEIECHO
JMHUSIM KBaplIeBbIX PE30HATOPOB, a TAaK)Ke HEOOXOIMMBIM 11 padoTel STM32
KoHJeHcaropaM. JlJist ynoOHOro HHTETPUPOBAHUS B KOPITYC arlnapara IuiaThl
MMEIOT KpenexkHble oTBepcTus. Pazmep mar: 70x70mM, paanyc CKpyIJIEHHS —

10MM.
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Puc. 6. [Inama Service.

Pa3pa6OTaHHBI€ I1J1aThI COCIUHAIOTCA «COHABUYCM, IIpU4IcM
IIOCJICAOBATCIIBHOCTL IINIaT HC HMMCCT 3HAYCHMI. Takass KOMIIOHOBKA MO3BOJISIET
JOCTHUYb BBICOKOM HaI[é}KHOCTI/I U KOMIIAKTHOCTH. Enaroz[apﬂ M30aBJIICHUIO OT
H3JIMOIKa IIPOBOJOB Mbl BBIMI'PBIBAEM B IIPOCTOTC C60pKI/I CXCMBI, a TAKXKC B

HaJEKHOCTH.

Puc. 7-8. [lnamer Main u Service.

Puc. 9. Mooyne niam.
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2.2. Koncrpykuus

Pa3pabGorannbiii anmapar ocHoBaH Ha ©0a3e ¢opmara CubeSat-2U.
OCHOBHBIMM ~ MaTepuajiaMd  KOHCTPYKIIMU  CIyXKaT Jiopajib, aJIOMUHUMN,

KOMITO3UTHBIA TMJACTHUK W OpraHMYeckoe CTekjo. [abaputel COCTaBISIOT

290x240x250 mm, macca 1480 rpamm (Ilpunoxenus b, B).

Puc. 10. 3D mooenv» annapama.

Kapkac cryTHHKa COCTOMT W3 CTaHJIAPTHBIX aJIOMUHUEBBIX YTOJKOB M
nepebopok CubeSat-2U (Puc. 11). [loMmumo 3TuX neranei, IpOYHOCTh CIyTHUKA

o0OecreynBaeTcs 3a CYET HIXKHETo OTCeKa JUIsl MMKOCIyTHUKOB (Puc. 12).

Bce neuatnasie neranu usrorosiieHbl u3 mwiiactuka PETG ¢ moGasineHueMm
BOJIOKOH KapOoHa. DTOT INIACTHK HMeeT Oojiee BBITOAHBIC MapaMeTphbl Iepen
OOBIYHBIM, TAaKHE KaK: y/apHasi BSI3KOCTh, MOIYJb YIPYTOCTH TPU PACTKEHUH,
TBEPJIOCTh, MPOYHOCTh Ha pa3pbiB. Bo Bcex AeTansix ¢ pe3bOOBBIM KpeIjeHUEM
UCIIONB3YIOTCSl  BIUIABIISIEMbIE JIATyHHbIE Talkh. OTO TMO3BOJIAET CHEJaTh

COCIMHEHUS JIeTalIe MEX Ty COOO0M MPOYHBIMHU U HAJC)KHBIMHU.

12



Puc. 13. Kapxac cnymnuxa.

Konctpykumst ~ BbIOpoca  MUKOCIYTHUKOB  MPEACTaBIsieT  coOoi
CEpBOJIBUTATENb, IMIEPEAAIONINIM BpallleHHWE Ha JOUCK. JIMCK MpensaTCTBYET
BBINAJICHUIO JIOYEPHUX aIlllapaToOB U3 OTCEKOB, HO MPHU MPOKPYUYMBAHUHU JHUCKA J0
ONPENCICHHOTO yIila CIyTHUK BbICBOOOXKmaeTcss. I[lomumo jgucka, »TOMy
CIIOCOOCTBYIOT PAaCIOJIOKEHHBIE BHYTPH OTCEKA MPYKHUHBI, C TTIOMOIIBI0 KOTOPHIX
MOBBIIIAETCA OTKA30yCTOMYMBOCTb CUCTEMBI. [Ipy pacCMOTpEHNHU MOJHOTO UK
nepenayn BpamaresbHOTO JIBIDKEHUs oOparmMmcsi K pucyHky 14. Bpamenue c
CEpPBOJIBUTATEIIS TIEPEIACTCS HA MEPEXOAHUK, TTO3BOJISIOMINN COCTMHUTH €TI0 C OChIO
yepe3 YCTAaHOBOYHBIN BUHT. B OCHOBaHMM OCU HAXOAUTCS MOAOOHBIN MEPEXOAHUK C

YCTAaHOBOYHBIM BHHTOM, HO Ha HCM pacCliojlaracrcda AUCK, W3TOTOBJICHHBIM W3
13



TekcronuTa. Mcmonb3oBaHME B 3TOM  MECTE€ TEKCTOJIMTa  CHOCOOCTBYET
PaBHOMEPHOMY pacIpeieNICHUIO Harpy30K, OKa3bIBAEMbIX KaXKIbIM IMUKOCITYy THUKOM
Ha MIEYaTHYIO eTajb. Takas KoOMOMHALMS COeIMHEHUH MO3BOJISET CAENaTh ATOT y3ell
PEMOHTO-TIPUTOIHBIM W HaJIeXKHBIM. JlomonHUTEeNbHON (QyHKIMEH, KOTOpO
o0JajjaeT MepexXoqHUK C ATIOMHUHHEBOU MepeOOpKH Ha CEpBOJIBUTATENb, SIBISETCS

pacnoJIo’KEHNE KOHILIEBOTO JaT4MKa JJIs 3aIlycka MaTepuHCKoro cnyTHuka (RBL).

Puc. 14. Mexanuzm KoumpoJisi 861NYCKA NUKOCNYMHUKOS.

AHTEHHBIN MOTYJIb HAXOAUTCS Ha TOM XKe IepeOopKe, YTO M CEPBOIBUTATEb.
K 3agHell cTeHKe MOIXOMUT KOAKCUATIbHBIM KaOeilb, KOTOPBIN NEIUTCS B MECTE
KPETUICHUS AUTOJA U (PUKCUPYETCs C TOMOIIbIO BUHTOB U Maiiku. Jjist HajgeKHOCTH
W 3aIIHUTBl OT (PaKTOPOB BHEIIIHETO BO3JCHCTBHUS MECTO KPEIUICHHS 3aKpbIBACTCS

KPBIIIKON U pUKCcHUpyeTcst 4 BUHTAMH.

Puc. 15. Mooynv anmenk.

14



PacnoniokeHre BBIHOCHBIX JAaTYMKOB YyibTpaduojera 0O0yCIOBICHO WX
crieniuuyeckoi 3a1aueii, TOATOMY OHU HAXOAATCS Ha KaKIOU U3 TPaHeH CIyTHHUKA
(Puc. 16) tak, 9TOOBI HaKJIAAHBIC NETATM HE 3aKPHIBAJM UM JIOCTYH K CBETOBBIM

JTy4aMm.

Puc. 16. Kpennenue oamuuxos yiompaghuonemosoco usnyyeHus.

OCHOBHOI OJIOK AJIEKTPOHUKH KOHCTPYKTHBHO COCTOUT M3 MOAYJIS IIaT U
Moyt akkymyasitopoB (Puc. 17-19). Bmecte ¢ akkyMysinsTopaMu HCHOJIb3yeTCA
HarpeBaTelb, SBJSIOMIMICS YacThIO CHUCTEMbl BHYTPEHHErO TepMobasiaHca

armapara.

Puc. 17 — 19. bnok 21eKkmpoHuKu.

JIs MUHMMH3aIM| MacChl armapara B Xoje pa3padoTku Obljia mpou3BeeHa
Tonoyiornyeckor ontumusanua. Onepanus nposoawnacs B CAIIP KOMITAC-3D.
V3en kpemenust anmaparta ([Ipunoxenwe I') k cTparocepHomy 30HAY OBLI

3aKpPCINICH IIpW IIOMOIOKM BHMHTOB, CTPCIIKK CHUJI KOTOPBIX 0003HAYEHBI 3E€JCHBIM
15



nBeroM Ha pucyHke 20. Ha BepXHue BHMHTBHI, KOTOPBIMU KpENUTCS amnmapar K
cTparocTary Oblia yKa3aHa cuiia, npeBocxofsmas B 10 pa3 MakCUMaJbHYIO CUITY,
KOTOpasi MOXKET OBITh OKa3aHa Ha KperieHus. B Xojie mpoBeneHus: TOmoIoruyeckon
ONTHMHU3ALMU, IPOrpaMMa pa3Jeniia COCTaBISIOIINE KOMIIOHEHThl Ha KOHEYHO-
AIIEMEHTHYIO CETKY, MpeACTaBlIeHHYI0 4-X y3loBbIMU TeTpadapamu (Puc. 21). B
KaX/IOM TETPadpe COCPeNOoTOYeHa COOCTBEHHAs! Macca, UCXOAIIasi U3 TNIOTHOCTH
Marepuana, a TaKXKe psiji CBOMCTB MarepHalia, MOKa3bIBalOIUX N3MEHEHHE OOLINX
dbopM u3nenus mpu ONpeeleHHbIX Harpy3kax. B nanpHeiiem, anropuTM Mpous3Be
aHaJIU3 HArpy30K, KOTOPBIH MpeacTaBieH Ha pucyHke 22. CHHUM IBETOM ITOKa3aHa
MUHUMaJbHAsg Harpy3ka Ha 4acTh J€TalM, KPAacHbIM II0OKAa3aHO MaKCHMaJbHOE
ycuine. COOTBETCTBEHHO CHHIOIO YacTh JETald MOXKHO yOpaTh U3 COOOpaKeHHI
HeHaJ00HOCcTU. MTorn omTuMM3alMu: HadajbHas Macca KperwieHuid 70 rpamwm,

koHeuHas 40 rpamm.

Puc. 22-23. Tononocuueckas onmumuzayus kpenienus. Koneunwiii pezynomam.

IIpouHOCTHOM pacu€T BCeH HECYILEH YacTH anmnapara IpoOUu3BOAWICS TaKXKe

B CAIIP KOMIIAC-3D. B xoae mNpoBEpKH, KaK M JJs TOMOJOTHYECKOMN
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ONTUMH3AIMH MOJICTh ObliIa pa30uTa Ha KOHEYHO-3JIEMEHTHYIO CETKY, COCTOSIILYIO
U3 4-X Y3JOBBIX TETPadIPOB, KOTOpas COXpAHSICT OOLIMEe TI'COMETPUYCCKHE
XapaKTepUCTHKK armapara. [lo wroram pacuéra, mpW KOTOPOM Ha BEpXHEE
KpCIUICHHE TNPHUXOAMIOCH JECATUKPATHOE YCWIIME, ammapar HWMEeT 3HaueHHE
kod(duimenta 3amaca paBHoe 7. Takum oOpa3om, ammapar BBIACPKUBACT

CEMHUJIECATUKPATHBIEC HATPY3KH.

Puc. 24-25. [Ipounocmnoii pacuem.

Bo u3bexanue nepeoxiiakJeHusi YyBCTBUTEIbHBIX 3JEKTPOHHBIX MOYJIEH
anmapara BHYTPM HEOOXOJUMO ObUIO TMPOU3BECTH pacyeT U H3TOTOBUTH
TETJION30JISIIUOHHYTO 3a1uTy. [Ipr 3TOM, ISl KOPPEKTHOM pabOThl aKKYMYJISITOPOB
1, COOTBETCTBEHHO, UX HAUMEHBIIIETO U3HOCA, UM HEOOXO/IMMa TeMIeparypa BhIIIIE,
YeM I OCTaJIbHOM 3JEKTPOHMKUA. ONTUMAJIBHBIM PEUIEHUEM ISl 3TOM 3ajaduu
SBJISIETCS M3TOTOBJICHHE HArpeBaTENIbHOTO OJIOKA ISl OTCEKa C aKKyMYJISATOPaMHU.
KonTpospe HarpeBoM ocyniectpisiercs npu nomouu LIIMM-curnana rmasaoro MK.
B uTore Ob1 M3roTOBIIEH HArpeBaTelbHBINA 3JeMEHT MOIMHOCTRIO 3 BT (Puc. 26),

KOTOPBIN oOecrnieunBaeT nojaaepkanue Heooxoaumon temmneparypsl AKb B 0°C.
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Puc. 26. Hacpesamenbhblu s1emenm.

I[J'ISI pacdcTa O6Hleﬁ TCIION3O0JIOKUKU  allllapaTa H€O6XOIII/IMO PCHINTDH

CUCTEMY, KIIFOUEBOH (POPMYII0il KOTOPOI siBisieTcs 3akoH Dyphe:

Q= k(TBHyTp - Tpacqu)

A
Q= ;ST(TBHYT]) - TBHELLI)
k == C1m1 + C2m2 + C3m3 + C4m4

rae A - k09 PUIHEHT TeIONPOBOAHOCTH MaTepHana; T - BpeMsi, 3a KOTOpOe
Terio Q nmeperaeT yepes CTeHKY TOJIIMHOM; C - yAeJIbHAs TEINIOEMKOCTh; HHIEKCHI

1,2, 3 u 4 cOOTBETCTBYIOT OTACIBHOMY MaTepuaiy.

Ucxons u3 3akona Oypbe, KOIUMYECTBO TEIUIOTHI, ITPOXOISIIEN YEPE3 CTEHKY
IPONIOPLHOHAIBHO KO3 PULIUEHTY TEIUIONTPOBOIHOCTH Marepuana.
CrnenoBarenbHO, JIJIs1 MEHBIITUX TEIUIONOTEPh HEOOXOIUMO HCIIOIb30BATh MaTepUall
C MeHbIMM Kod(hduIMeHT TeronpoBoaHoCcTH. Haubonee mnoaxoasuuMm
MaTepuajgoM JJisl TaKuX 3ajiad SIBJISETCS BCIEHEHHBIM MNoaucTUpo. TomiuHa
TEIUIOU30JSIIUA OTPaHUY€HAa BHYTPEHHHUM MNPOCTPAHCTBOM M cocTaBisgeT 10 mwm.
Pemras cucremy, mojiygaeM 4To pacu€THasl Temreparypa BHYTpPH arrapara Oyaer
cocTaByATh nopsjaka 260 K Ha momeHT npuzemiieHust. [ TpoBEpKU JAHHBIX MbI
coOpaii TECTOBYIO TETNIOM3OJISIUIO, OTOOPAXKAIOIIYI0 OCHOBHBIE XapaKTEPUCTHKU
WUTOTOBOTO BapHaHTa, PACIOJIOKHUIN BHYTPHU HA0Op TUIAaT C JATYUKOM TeMIIepaTyphl
Y IOMECTHJIM YCTAaHOBKY B MOPO3WJIbHYIO Kamepy npu temneparype -30°C rpamgycos

(Puc. 27-28). Ha pucynke 29 noka3aHa 3aBUCUMOCTb TEMIIEPATYPbl BHYTPH KaMepbl
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¢ TeueHreM BpemeHu. [1o utoram tecra, pacu€THas Temneparypa npuoIn3uTENbHO

paBHa 257 K, 4TO moAaTBepXAaeT pacyeT, U TOBOPUT O pabdOTOCIMOCOOHOCTH

CHCTCMBHEI.

Puc. 27-28. Tecmuposanue meniousonsyuoOHHOU 3aUjumol.

Bpemsi, MuH

15

30
90
105
120
135

L
M~

45
60

2,00

0,00
2,00
4,00
6,00
8,00

-10,00

Temnepartypa, OC

12,00
14,00

-16,00

-18,00

——Tewmnepartypa 0T BpEMEHH

Puc. 29. I pagpux 3asucumocmu memnepanmypuvl HYmpu Kamepvl on 8pemeHuU.
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3. OnucaHue CTPYKTYPbI NUKOCIIYTHUKOB

JIns muTaHMs anmaparoB IMPUMEHSIIOTCS  aKKyMYJISITOpbl THUIIOpa3Mepa
103450 ¢ nanpsbkenueM 3.7B u emkocThio 2000 MA4. IIpu moMoiyu uMIyabCHOTO
npeodpazoBarest MT3608 HanpsokeHHE aKKyMyJsITOpa MOBBIMIaeTcss 110 SB,
KOTOpBIE MCIIONB3YEeTCs UId MUTAaHUsA BcexX y370B. [IukocmyTHHKH 00padaThiBatoOT
MEHbIIIee KOJIMYECTBO MH(POPMAIIMH, YTO BJIEYET 3a COOOHM 00JerueHne anropuTMa,
a CJIe10BaTeIbHO, YMEHBIIAETCSA U TpeOyeMasi BBIYMCIUTENbHAS MOIIHOCTh IIO3TOMY
Ju1st HUX ObUT BEIOpaH MukpokoHTposuiep ATMEGA328P, 6onee moaxoasmiuii moxm
peanu3yeMble 3a7aud, HEXKEIW MCIOJIb3yeMblii Ha mIaBHOM amnmnapare STM32.
[IporpammupoBanue ocymiectpisercs npu nomouu untepdeiica UART (Bxonnoi
untepdeiic USB npeobpazyercst npu nomoiu Mukpocxembl CH340 B HCKOMBIIA).
bnok IMU pacnonaraet B ce0e JaTYUKH, U3MEPSIONINE HEOOXOAUMBbIE (PU3HUECKUE
BenmunHbL:  akcenepomerp ADXIL345, marmutomerp MMCS883L, rupockon
L3G4200D, trepmomerp DS18B20, 6apomerp MS5611. Takxke ycranosinen GPS-
Moayinb BN220, TpeOyeMblii Jjisi KOHTPOJSI MECTOMOJIOKEHUSI MUKOCHYTHHKA U
OTOOpaXECHUsSI €ro OPUEHTAIMK B CIyTHUKOBOM ceTu. J{nsi mepenaun coOpaHHBIX
JAHHBIX HCHOJB3YETCSl TAKOW K€ PaguoMOJyJb, KAK M Ha [JIABHOM armapare —
LORA1278F30. Ilomumo mepenauv TENEMETPUHM, HHUKOCIIYTHUKH CIIOCOOHBI
MPUHUMATh KOMaH/bl C IJIABHOTO arapara, a Takke IPUHUMATh TaHHBIE C IPYTUX

anmnaparoB CIIyTHUKOBOW CETH.

BN220

Mu

ADXL345 \

MMCSBB3L

Power
UART
BATTERY

MT3608

UART

5V Bus

ATMEGA328P

L3G4ZDOD

SPI

Radio DS18B20
LoRa1278F30

Puc. 30. CmpyxmypHo-@yHKYUOHAIbHAS CXeMa RUKOCYMHUKA.
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Puc. 31. HpuﬂuunuaﬂbHaﬂ dlleKmpudecKkas cxema NUKoCnynHuKda.

[Tpr co3maHMM TMUKOCITYTHHKOB, TIABHOHM 3aja4yeil ObLJIO YMEHBIICHHUE KOHCYHBIX
pa3MepoB ammapara, KOTopble B OOJBIICH CTEIeHU 00yCIaBIUBAIMCH pa3MepamMu
ANIEKTPOHHOHN TIaThl. [10JHOCTBIO pabOTOCIOCOOHYIO CXeMy armapara yaaloch

pa3MEeCTUTh B IPSIMOYTOJIbHUKE pazMepoM 36,5x54,5 mm.

C4 a

(N I ==
Qe =Bl e ®
B, o

Puc. 32. [Inama nuxocnymHuxos.

Pacnono)xeHue 1 KOMIOHOBKA 3JI€MEHTOB B KOPITYyCC ABJISACTCA HauoOoee BBIFOI[HOﬁ
KaK € TOYKH 3pCHUSA MUHHUMH3AIIUN O6HII/IX FaGapI/ITOB, TaK U IIPOYHOCTHU allliapara

(ITpunoxenue J1). LleHTpaabHbIM U CaMbIM KPYTTHBIM KOMIIOHEHTOM MUKOCITY THUKA
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SIBJISIETCS. AKKYMYJIATOP, KOTOPBIM pacnoiokeH B HeHTpe. Criepeau pacmnosiaraeres
riata 3JIeKTPOHUKH, a C3aJ1 UMITYJILCHBIN peoOpa3oBarens HanpsukeHus. CBepxy
HaxoauTca monyib GPS u kpemienue juis napanitora. CHU3Y KPENUTCs MPUEMO-

nepenamliasi aHTeHHa AUMNOJIBHOTO BHJA. ['abapuThl CIIyTHHKA B CBEPHYTOM

coctosgHud: 37x31x80 mm; macca — 100 rpamm.

Puc. 33-34. Koncmpyxyus u obuuti 6u0 nuKoCnymHukos.
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4. llenTp ynpaBJjieHUs M0JIETOM

KoncrpyktuBno Ilentp VYmopasnenus Ilonerom (I[YII) cocroutr wu3
CEMMDJIEMEHTHOM HampaBJICHHOMW aHTEHHBI Tuma Yagi Ha 433 MI'u, npueMHOro

monyist Ha 6aze LORA1278F30 u komnbrorepa (IIpunoxkenue E).

MpuemHbIt MOdynb

MCU i
nK AICUING <—>Lo|=¢a1z7aF3t:<J >

[Radio

AHTEeHHa
433 My,

USB Nano | gp

Puc. 35. Cmpykmypnas cxema L{VII.

Pacuer npuemo-nepenaromiert antennsl LIYII ocymecTBisics B mporpamMmme

MMANA.

tEd &

Ga :17.82(dBi) =0dB outring
FiB :17.67(dB) Rear:Azim120dgElev60dg
Freq:435.000(MHz)

Z 43.61549.139

SWR :1.27(50.00m) 13.76(6000m)
Elev:1.0dg(Real GND :10.0mH)

Puc. 36. Pacuem anmennwl 8 npocpamme MMANA.

Jlist ynoOctBa 0oTOOpakeHuss U 00paOOTKM MHPUHSATHIX JAHHBIX, a TAKXKe
ynoOHo# ormpaBku komann uepe3 [IK paspaborano oxonHoe mpuiioxkenue. Kax
TOJIBKO C IPUEMHOIO MOJYJIsl HA OKOHHOE IpHiIokeHne nocpeactsom COM-nopra
nepenaeTcsi IPUHATHIN MAKeT, MPOUCXOIUT pacyeT UCKOMBIX JAHHBIX, BU3yaIu3alus

TpeOyeMbIX JaHHBIX. Bce moy4eHHbIe JaHHBIE COXPAHSIOTCS B TEKCTOBBIN (Daiill.
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5. IlukjIorpaMmMma moJjera

CrycTss HEKOTOpPO€ BpeMs NOCIJE BKIIFOUEHUS ammnapara NpOUCXOJUT B3JIET
1aT@opMbl, COOTBETCTBEHHO JA@HHOMY COOBITHIO (PUKCHUPYETCS MPOXOXKICHUE
da3bl «Crapt». Briiots 10 anores anmapar padoTaeT B ¢a3ze OAMHOYHOTO PexKUMa,
coOupas TaHHbIE ¢ 1aTYMKOB U nepeaasas tenemerputo no PK. Crycts 30 cexyna
nocie (¢UKCalMM anmaparoM TOYKH aroresi HauMHaeTcs (aza OTCTHIKOBKH
MAKOCITYTHUKOB: MOOYEPEIHO KaXKIBIM M3 YETBIPEX AamlIaparoB BBIYCKAECTCS M3
COOCTBEHHOIO OTCEKa C ompeeleHHbIM HHTepBaioM (CTOUT 3aMETUTh, UYTO HaJ
IIOAIIPOIPAMMOM  BBIIIYCKA IHUKOCIIYTHUKOB  COXPaHAETCS  JAMCTAaHLMOHHBIN
KOHTPOJIb: BPYYHYIO MOXHO JOCPOYHO Ha4yaTh BBITYCK MUKOCIYTHHKOB, JIHOO
IpUOCTaHOBUTH). HacTpamBaemblii HMHTEpBal BBIIYCKa IMO3BOJSET O00OECIEUYUTH
pasieT anmaparoB JUIs JOCTUKEHUS OOJbIIEH 30HBI OKPHITHS CITyTHUKOBOW CETH.
OMHOBPEMEHHO C aJrOpUTMOM BBIMyCKa ammaparoB HauumHaeTcsa (aza padboThI
anmnaparoB B CIIyTHUKOBOW ceTH. DAaKTUYECKU, NOCIE IIPU3EMIICHUS CITyTHUKOBAs
CeTh MPOAOHKAET PadOTy, YTO MO3BOJIMT B CIy4Yae YAAYHOTO TOPU30HTAIBLHOTO
pa3HOCa MNHUKOCIYTHUKOB HAWUTH HX II0 JaHHBIM HABUIALIMOHHOIO MOXYJIA.
[lapannensHO BceM cTaausiM OTpabOTKU CHYTHHKOBOTO anroputma, [[YII
NPUHUMAET JaHHbIE TeJIEMETPUH, 00padbaThIBaET UX B PEaIbHOM BPEMEHH, a TAKKE

IMPOU3BOAUT aBTOMATHYCCKOC HABCACHHC AHTCHH HMCXOAd M3 PACCUHHUTBIBACMbIX

JOaHHBIX.
80% epemeHu 20% epemMeHU
A A

Crapr

| r

N

s N

(G : (
Pa6ora annapara B Anoreii OTCTbIKOBKa NUKO- W 0'rpa601'j(a e 1
OZIVHOYHOM pexume CNYyTHUKOB J CNYTHUKOBOW CeTH J

\ _

J

Puc. 37. [{uknoepamma nonema.
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6. AHAJIM3 MOJTYYEeHHBIX JTaHHbIX

Jlernbie ucnbitTanus npoBoauauck 06.07.2023 Bo Bnagumupckoii obractu
Ha adpompome «Kupxkaw». Paspaborannblii ammapar Obll  3amylneH Ha
cTpatocepHOM 30HAE KoMIaHuM «CTpaTOHABTHKa» M YCIEHIHO HaWJIeH IMocie

IIPHU3CMJICHUA.

B cnenctBue HemTarHOM ~ OTpaOOTKM  HABUTALMOHHBIX  MOIYJEH,
CIIPOBOLIMPOBAHHOW BIIMSHMEM CTaHUUN IOJABIEHUS PaauodacTtor cpeacts POb
MockoBckoil 007acTH, OBUIM TOJNyYEHbI JaHHBIE O MECTOIOJOKEHUU arapara
JUIIb HAa €ro HayaJbHOM YydYacTke mnonera. Hecmorps Ha 3TO, Bce ammaparsl
CIIyTHUKOBOM CETH OTpadOTaJli ITATHO, U OTCYTCTBUE JTaHHBIX 00 OTHOCUTEIBHOM

MOJIOXKEHUH araparoB NOBJIMUIO JIMILb HA JaTbHENIIYI0 00padOTKy TeIeMETpHUH.

Puc. 38. Mooenuposanue nauanbHo2o yyacmka mpaexmopuu noiema

annapamada.

[To manaBIM GapoMeTpa mpu moMoIM O6apoMmeTpudeckoit 3apucumocTH (1)

OblJ1a BBEIYKCIICHA TEKYyIlas BbICOTA HA KAXKIOM YUYACTKE ITOJICTA.

—-Mgh

(1) P = POe RT ,
rae P — atMocdepHoe naBineHne Ha 3a/laHHOM BbIcoTe, 1a;
Po — atmocdepHoe naBienue Haa ypoBHeM mMops, [1a;

€ — ymucio dilnepa,
25



M — cpenHsist MOJIIpHAst Macca BO3/yxa, Kr/MOJIb;

g — YCKOpeHHE CBOOOIHOTO MafeHus, M/c?;

h — BbICOTa Ha/T ypOBHEM MOPS, M;

R — yauBepcaibHas razoBas mocrosiaaas, Jx/(moias*K);

T — Temniepatypa Bo3ayxa, K.

[asneHune
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e [laBNIEHUE

100000

= 80000
-
=

I 60000
(]
[=
(1]

& 40000

20000

0

0 20 40 60 80 100
Bpema, muH

Puc. 39. [ pagux 3asucumocmu 0asneHus om epemeHu.

BbicoTa

25000 Bbicota

20000

15000

BebicoTa, M

10000

5000

o
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o
]
(=]

30 40 50 60 70 80 90
Bpems, MKUH

Puc. 40. I pagpux 3a8ucumocmu 8blcomul 0m 6pemeHU.

CornacHO pacueTHbBIM JIaHHBIM BBICOTA pa3pbiBa I1apa (amorei) cocraBuia

21539 metpoB Hax ypoBHeM Mopsi. Bpems npoxoxaenus amorest — 11:34:35 (MCK)

26



(ITpucyTcTBYeT pacxokJieHHE peabHOIO BPEMEHU CO BPEMEHEM, H3MEpSEeMbIM

BHJICOKaAMEPOi1).

Puc. 41. Domo 3emnu 6 momenm npoxorHcOeHUusr ano2esl.

3aBUCHUMOCTD TCMIICPATYPbl BO34dyXada OT BbLICOTHI, IIOJYYCHHAA B XOIC
I10JICTA, C YYCTOM BOSI[@I\(JICTBI/II\(JI BBICOTHBIX BCTPOB HpI/I6J'II/I3I/IT€J'II>HO COOTBCTCTBYCT

naHHbIM, TipeacTaBieHHbM B 'OCT 4401-81.

Temnepatypa O
TemnepaTtypa oT BPEMEHMU

Temnepatypa 1
50

Temnepartypa 2
40

Temnepatypa 3

30
Temnepatypa 4

20
10

100
-10

Temnepartypa, C
o

-20

Z

30
-40

-50
Bpemsa, muH

Puc. 42. I pagpux 3a6ucumocmu memnepamypuvl om epemenu. 10— omcex
nuxocnymuukog, T1 — mooyno cepsonpusooa, T2 — AKB; T3 — oxpyoicarowast

cpeoa;, T4 — mooynv naam.
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Temnepatypa 0
TeMrlepaTypa OT BbICOTbI

Temnepatypa 1

50
Temnepatypa 2

40

Temnepatypa 3
30
Temnepatypa 4
20

10

-30

Temnepatypa, C
(=]

-40

-50
Bbicota, M

Puc. 43. I pagpux 3asucumocmu memnepamypsi om gvicomsi. 10 — omcex
nuxocnymuukog, T1 — mooyno cepsonpusoda, T2 — AKB; T3 — oxkpyorcarowast

cpeoa; T4 — mooyne nuam.

CornacHO MPUBENICHHBIM rpadukaM, MOKHO CHENaTh BBIBOJI O BBHICOTHOM
pacrpeneaeHu cioeB aTMochephl: 10 BBICOTHI B ~ 9 kM — Tpornocdepa; ~ 9 — 15 km

— Tpomnomnay3a; 6oiee ~15 kM — cTparocdepa.

Crout cpaenarb 3amMe4aHUE, YTO PE3KOE IOHIKEHHE TeMIeparyphl Ha
KQKJIOM W3 JaTYUKOB B MPOMEKYTKE BpeMeHU 65-90 MUHYT BCIIEICTBUE pa3pbiBa
mapa BbI3BAHO JEHCTBHEM HaOeralwluX B pe3ylbTare CHUXKEHUS TIaTGOpMbI C
BBICOKOM CKOPOCTBIO TIOTOKOB BETpa, 4YTO TMOITBEPKJIAeTCS JaHHBIMU O

BEPTUKAIBHON CKOPOCTH aIIapara.

—— BepTurankbHaA cKoOpocTb
BEpTMKEJ"I bHaA CKOpPOCTb

= Cp. BEPTUKANbLHAA CKOPOCTh

30

100

BepTUKanbHaa ckopocTb, M/C

-50
Bpema, MnH

Puc. 44. I pagpux 3a8ucumocmu 8epmuKaibHOU CKOPOCMU OM 8bICOMBIL.
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Jist ynoOcTBa aHanmm3a K 3HAYEHHUSIM BEPTUKAIBHOW CKOPOCTU OBbLI
npuUMeHeH ycpeanstonui Guistp. CpenHssi CKopoCTh MoabeMa cocTaBuiia 5-7 m/c;
nuKoBasg ckopocTh cmycka — 40 wm/c. CkopocTh cmycka MiaT(opMbl IUTABHO
CHU)XKAJIACh C YMEHBIIIEHUEM BBICOTBI: 3TO OOBSICHSETCS YBEIMYEHHEM IUIOTHOCTH
BO3/lyXa MPU CHUKEHUH, YTO B CBOKO OUEPENb MPUBOAUT K 00JIee HU3KOM CKOPOCTH
(2), mpu KOTOpPOM CHJIa CONPOTHBIIEHUS MMapallloTa ypaBHOBEIIMBAJIA Obl CHITY

TspkecTH (3).

CpSV?
2 9

(Q)F. =
rae Fc — cuna conporuBnenus napanitora, H;
C — k03 bULHEHT a3pOUHAMHYECKOTO COITPOTUBIICHUS MMapaIllioTa;
p — INIOTHOCTB BO3yXa, KI/M°;
S — mIomaak KyIoJabHOTO NapalioTa, M;
V — CKOpOCTb CITyCKa, M/C.

(3) |F| = Imyg],

rae Fc — cuna conportuBiienus napaiiora, H;
M — ToJTHAs Macca CIyCKaeMoM I1aT(opMEl, KT;

0§ — YCKOpEHHE CBOOOHOTO MajieHus, M/c?,

[Ipu nHensmennwsix C, S, m, g€ MOXHO CHEJIATh BBIBOJ, YTO 3aBUCHUMOCTH
MJIOTHOCTH BO3AyXa M CKOPOCTHM CIyCKa HMMEeT OOpaTHYH KBaJIpaTUYHYIO

3aBUCUMOCTSH [5].

Kak Obu10 0TMEUEHO paHee, SKCIEPUMEHT MO CO3JaHUI0 CITyTHUKOBOM ceTH
Obl1 mpoBeneH ycnemHo. llogTBepkieHHeM 3TOMY CIYKUT (DAKT NPUHATHS
TEJIEeMETPUU C KaXKIOrO U3 ammaparoB, U KaK CIEACTBHE OTCYTCTBUE MPOOJIEeM C
AITOPUTMOM IIOOYEPEAHOM OTIPABKM M PETPAHCIALMUA JaHHBIX. DBrimyck
MUKOCIYTHUKOB ObLT MHUIIMUpPOBaH BpyuHyto ¢ LIYII no mpoxoxaenus amores. C

rpaduKaMy TUKOCITY THUKOB MO>KHO O3HAKOMHTCS B TIpriokeHnn K.

AHanu3upysi CBOAHYI0 HH(GOPMAIIUIO O TTOJIETe, OBIJIO YCTAHOBJICHO:
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LVII npunsin okoso 99% nakeToB TEIEMETPHH;
e MakcumansHoe yaanenue amnmapara ot L{YII coctaBuno ~50 kM;
e Bpewms nonera coctaBuiio 1,5 u;

e Koopaunatel MecTa ctapta: 56.161807, 38.829755;
e Koopaunatel MecTa npu3emiieHus: 56.211029, 39.630961.

JaHUBU

®nopuuyy Ecunneso
KonbuyruHo

Adanacoso Pasgionse

AHKYAMHOSO

Puc. 45. [lepemewenue annapama.
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7. 3aKkJII0UeHHEe

[To pesynbraram gaHHOUN pabOTHI OBLT YCIENIHO CIPOEKTHPOBAH U COOpaH
paborocnocoOHbIN TpoToTUIl cTpatocdepHoro ammapara B ¢opmare CubeSat,
oOecrneunBaroNuil pa3BepThIBAaHUE OJHOPAHTOBOM CITyTHUKOBOW CETH B HIDKHUX
cinosix armocepsl. Ha peanbHOM sKkcriepuMenTe ObUIO T0Ka3aHO, YTO TaKOH CIIoco0
IPUMEHEHHUs aTMOC(EPHBIX allaparoB, Pa3padOTaHHBIX Ha 0a3e CyIIeCTBYIOIIMX

w1aThopM, )KU3HECTIOCOOCH U UMEET MEPCIEKTUBBI JaTbHEHUIIETO PAa3BUTHA.

[Tpu paznuuHbIX MOAUGUKALUAX MPEACTABICHHONW KOHIICTIIUU BO3MOXKHO
peaan30BbIBaTh OOJBIION CIEKTP MHKEHEPHO-TEXHUYECKUX 3a/1a4. BOT HECKOIBKO

0000IIIEHHBIX HIeH K TPUMEHEHUIO:

e ®oTo U BUAEO CheMKa 3€eMHOM MOBEPXHOCTH (AKTyaJdbHO B paMKax
A33);

e (Co3gaHue MacIITaOHOW PaAUOCETH ISl PETPAHCIALMHA LHUPPOBBIX U
AHaJIOTOBBIX CUTHAJIOB,;

e l3ydyeHue KOHIIEHTPAIUU 030HOBOTO CJI0S B KOHKPETHON 00JacTu;

o UccnenoBanue (PU3MKO-XUMUYECKUX CBOWCTB aTMOc(hephl B 30HE
3aIycCKa;

e l3yueHrne NOTOKOB DJIEKTPUYECKH 3aAPSKEHHBIX M HEUTPAIbHBIX
KOCMHUYECKHX YacTHLI;

L HCCJ’IGI{OB&HHG COJIHEYHOM aKTUBHOCTH.

Crour OTMCTHUTD, UYTO IIOMHUMO CaMOCTOATCIIbHBIX MHCCHﬁ, CCTh IIO3BOJIACT
IMPOBOAUTH HCIIBITAHUS PA3JIMYHBIX aJITOPUTMOB WM MCXAaHU3MOB, IIPUMCHACMBIX B

KOCMHUYCCKUX YCIIOBUAX.

B 3akmoyenune xorenoch Obl BBIpa3uTh OJIaroapHOCTh BCEM UJICHAM
KoncTpykTopckoro bropo «MnxenepHo-Kocmuueckas [Ixoa»,
pacnonararorierocss Ha ©0Oasze paamokinyba «Cnopaauk» B HOro-3amagHom
T'ocynapctBenHoM YHuBepcutere. OTAENbHYIO OJIarofapHOCTh BBIPAXKAID MOEMY

HaydyHOMY pykoBoautento, [InkkueBy Baneppsany AnekceeBruuy, 3a KOHCYJIBTALUIO
31



Ha TIPOTAXKCHUN CO3IaHHA HaquOfI pa6OTI>I, a TakKXE 3a IIoMOIlb IIpH

IMPOCKTUPOBAHUU KOHCTPYKIHUH aIIIIaparoB.
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9. Ilpusoxkenust

Ipuaoxenue A. Pacuer sHepronorpedaeHus.

Taobnuuya 1. Pacuem snepeonompebienus.

HaumeHosaHue HanpsaxeHue, B |(Cuna ToKa, MA |Bpemsa paborbl, u (KA JHepronoTpebnenue, Br*y
STM32F401RET6 3,3 20 5 1 0,33
LoRa1278F30 5 600 5 0,4 6
MPU9250 33 0,7 5 1 0,01155
MS5611 33 0,01 5 1 0,000165
DS18B20 (x4) 3,3 8 5 1 0,132
BN220 5 50 5 1 1,25
GUVA-512SD 5 1 5 1 0,025
W25Q16 3,3 15 5 0,1 0,02475
LED (x4) 3,3 5 5 1 0,0825
Bupgeokamepa 5 110 5 1 2,75
DVR Module 5 300 5 1 7,5
Servo Motor 5 700 0,0042 1 0,0147
HarpesaTtenb 4,2 720 1 1 3,024
WUroro: 21,144665
AKB: 41,6
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Ipunoxkenue b. MaccorabapuTHble XapaKTEPUCTUKU TNIABHOTO

amnmapara.

Tabnuya 2. Pacuem macc 2nagno2o annapama.

B0k anmens OcHoBaHHe Imactuk PETG Carbon 22
Kpbmika ITmactax PETG Carbon 4 1
AHTeHHa Kemeso 5 2
KpermesxHble 37eMeHTbI Hepx. Ctams 2 38
Baoxk AKE Kopmye IMmactux PETG Carbon 55 1
AKKYMYISTOPEL JIurii (Li-ion) 43 4 227
EBrox nnam ITmata TexcTomuT, MeIb 30 2
Tepexommmis ITmactuk PETG Carbon 1 8 68
Kaprac cnymuuxa Vromox AmoMHHEHHR 19 4
TopmsoHTaTs AMOMHHEHR 28 2
BepxHas II1acTHHA AMOMHHHHR 24 1
Hmgaas Jacts Imactax PETG Carbon 100 1 256
IAeKmponHuKa GUVA-S125D - 2,5 5
BN220 - 10 1
Runcam Racer Nano v2 - 10 1
CepBogBHTATEb - 30 1 625
Ocmanorsie demaiu Kpertenue cryTHHKa AMOMHHHHA 21 2
Ban AIFOMHHHHR 3,5 1
JHCK [y1s BBITyCcKa [THK TekcTonuT 3,5 1
HarpegaTens TercTONHT, HEXPOM 15,5 1
Iepexoquuy AKB MIATEL IImactak PETG Carbon 16 1
Kpernnenne cepEOIBHraTaIa ITmacta PETG Carbon 20 1
Kpernnenne xaMepsl ITmacta PETG Carbon 10 1
Kpemmenne BN220 ITmactak PETG Carbon 5 1
[lepexomnur AKB IImacta PETG Carbon 1 4
[lepexoIHHE cepEOIEHIATRIb IImacta PETG Carbon 4 1
TTepexoqHuK AT4 THCKA ITmacta PETG Carbon 2 1
Baox RBL Imactuk PETG Carbon 7 1
Bokopad macTHHA OpraEHYecKoe CTeKIo 44 4
TTaxoCatel - 110 4
KpermesxHble 37eMeHTbI Hep:x. Ctams 80 8285
1480
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IIpunoxenue B. COOpoUuHbIN YepTEXK.
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Puc. 47. Coopounwiii uepmedic 21a6H020 annapama.
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Hpunoxenue I'. Kperenue annapara.
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Ipunoxenue J[. COOpoUHBI YepTEK MUKOCITYTHUKA.
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Puc. 49. Coopounbiii uepmedic NUKOCHYMHUKA.
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Ipuaoxkenue E. CBeieHus no paanoo0eCcneueHuIo.

Jiist o6ecnieuenus cea3u no PK npumensercs paguomonyns LORA1278F30

(Onucanue npuMeHseMbIX HauMMeHOBaHHMM mapameTpoB cM. Datasheet LORA

SX1276/77/78/79).
JlaHHbIE 1715 IpUeMa TeJIeMETPHH:

e UYacrora pabotsr: 437,100 MI'1;
o [Hupuna kanana:125 xI'1;

e SF:9;

e Coding Rate: 5/4;

e Header: Explicit Header Mode.

cI)OpMEIT TCIICMCTPHUHU ITIABHOI'O alllIapara:

ID; Time; GX; GY; GZ; MX; MY; MZ; AX; AY; AZ; T1; T2; T3; T4, T5; Press;
UV; GPSAlt; GPSSat; Lat; Long; /[lannvie c Opyaux annapamos cemu,

I'ne:
GX, GY, GZ — na"Hble TUPOCKOIIA;
MX, MY, MZ — nanHble MarHUTOMETPA;
AX, AY, AZ — naHHbI€ aKCEIepOMETPA;
T1, T2, T3, T4, TS — remneparypa;
Press — naBnenue;
UV — nanueie YO-u3nyyeHus;
GPSAIt — Beicora o GPS;
Lat — I'eorpaduueckas mmpora;
Long — l'eorpaduyeckas monrora.

dopmar TeIEMETPUU ITUKO-CITy THUKOB:
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ID; Time; GX; GY; GZ; MX; MY; MZ; AX; AY; AZ; T, Press; GPSAIlt; Lat; Long;

Jlanuwie ¢ opyeux annapamos cemu,
I'ne:

GX, GY, GZ — nanHbIe TUPOCKOTIA,

MX, MY, MZ — nanable MarHUTOMETPA;
AX, AY, AZ — na"HbIe aKkceIepoMeTpa,
T — Temniepatypa,

Press — nasienue;

GPSAIt — Beicora o GPS;

Lat — I'eorpaduueckas mupora;

Long — I'eorpaduueckas nonrora.

41



20000
18000
16000
14000

< 12000

< 10000
@
8 8000
0
@ 00
4000
2000
0
11:29:46
25000
20000
2 15000
@
=
[=]
o
3 10000
@
5000
0
11:29:46

Ipuaoxenue K. ['paduku Tenemerpun NUKOCITYTHUKOB.
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Puc. 50 — 52. Teremempus nep8oco nuKOCHymHuxa.
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Puc. 53 — 55. Teremempus 6mopoco nuUKOCnymHuxa.
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Puc. 56 — 58. Teremempus mpemve20 NUKOCHYMHUKA.
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Puc. 59 — 61. Teremempus mpemve2o NUKOCHYMHUKA.
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