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IIpencraBieHa mopTaTuBHasE KOHCTPYKIIUs Kamepbl BunbcoHa. [IpuBeneHo onvcaHue yCTpoOMCTB, BXOIS-
IIAX B COCTaB KOHCTPYKIIUU KaMePbl, U X OCHOBHbIE TEXHUUYECKHE XapaKTepuCcTUKU. [IpoBeaeHbBI MHOTO-
KpaTHbIE UCITBITAHWSI YCTAHOBKHM, BBISIBJIEHBI €€ OCHOBHBIE MMapaMeTpbl (PYHKIIMOHMPOBAHUS, a TAKXKeE Tpe-
OGyeMBble TTapaMeTpbl CUCTeMBbI oxJaxneHus . JJlaHHast KOHCTPYKIIUS KaMepbl BuibcoHa MpUMeHsIeTCs B Ka-
4YeCcTBE HAYYHOTO, JJaOOPaTOPHOTO U AEMOHCTPAIIMOHHOTO 000PYyI0BAHUSI.
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1. BBEAEHUE

Paspaborana m wmcrbITaHa TOpPTAaTUBHAS KOH-
CTpyK1Msi KaMepbl BunbcoHa [1] mist mpoBemeHust
Hay4yHbIX MCCIeIOBaHUl U JEMOHCTpallui TPEKOB
Pa3IUYHBIX 3aPSKEHHBIX YACTHUI] B 00pa30BaTeIbHbIX
1ensix. JlaHHasi kKamMmepa cnocoOHa BU3yaIM3upoBaTh
€CTeCTBEHHbII paiuallMOHHBIN (DOH U BHICOKOBHEP-
reTUYEeCKHE YacTUllbl KOCMUYECKUX JIyUeil, a Takxke
nU3JiydeHrue o0beKToB (puc. 1), KoTophle pacroara-
I0TCSI KaK BHYTPU KaMepbl, TaK 1 BHE ee.

2. OIIMCAHUE KOHCTPYKIIMN

YcTraHoBKa coOpaHa B KOPITyCe CUCTEMHOTO OJI0-
Ka MNepCOHaAIbHOTO KoMIbloTepa. B cocTas pa3pabdo-
TaHHOI MOPTAaTUBHOI KOHCTPYKIINM KaMephl Buib-
coHa (puc. 2) BXOIST CHCTEMa OXJaXKIEeHMsI, OJI0K
MUTaHUS, OJIOK YIpaBJIEHUS U 3alIMTHHBIA CTEKJISTH-
HBI Ky0. Perucrpaius TpekoB, 3allMCh BUIEO U €TO
BBIBOJI Ha IIPOEKTOP JISI AEMOHCTpAllMM IUPOKOM
ayIUTOPUHM OCYIIIECTBIISIFOTCSI BeO-KaMepoii Logitech
€920 co mTaTuBOM.

OxnaxmaeMas ITOBEpPXHOCTb KaMepbl BuibcoHa
pasmepamu 80 X 80 MM? pacrosnaraercsa Ha BOCbMU
sneMeHTax IleabpThe ¢ OOIIEH TTOTPEOITIEMOI MOIII-
HocThIO 500 BT, ycTaHOBNIEHHBIX Yepe3 TEPMOIACTY
mapku GD-900 Ha aTrOMMHNEBOM BOISHOM OJIOKE
pasmepamu 30 X 80 X 12 mMm>. Dnements [lenbTbe

! Nononuurenshbie BHUIeOMaTepralbl K CTaThbe pa3MeIleHbl Ha
caititax https://link.springer.com/ (aHmIMiickasi Bepcusi) U
https://elibrary.ru (pycckast Bepcusi).

TEC1-12706 u TEC1-12710 pa3MelleHbI B IBa CJI10S,
10 YEeThIpe B KaXIOM cjoe. B HIKHeM citoe pacroa-
ralotcst 6ojiee MOIIIHBIE 3JIEMEHTHI JIJTSl OXJIaXKACHUS
BEPXHETO CJI0S JIEMEHTOB C MOHVXXEHHOM MOIIIHO-
cThl0. BonsiHOI GJIOK COCTOUT U3 TUIACTUHBI C MPO-
CBEpJICHHBIMU TTPOJOJbHBIMY KaHaJlaMU AYaMETPOM
8 MM U LITyLepaMU IS ITOOKITIOYECHMSI K OCTaIbHBIM
KOMITOHEHTAM CHCTEMbl BOASIHOTO OXJIAXKIECHMUSI.
LupKyastuyst BOABI OCYILIECTBIISIETCST HACOCOM MOIII -
HOCTBIO 3.6 BT ¢ MakcuMaJIbHOM IIPOU3BOAUTEIBHO-
CTBIO 4 JI/MUH, PACIIOJIOXEHHBIM B 6aKke 00beMOM 6 JI.
N3 b6aka Boma mocTyIiaeT B BOASHOI OJIOK, dajnee
IIPOXOIUT 4Yepe3 AaTuyuK pacxoma Boabl YF-S401 u
BO3BpaIaeTcs oopaTtHo B 0ak. Ha Bxone u Beixoae u3
BOJISIHOTO OJIOKA PACITOJIOKEHBI JaTYMKU TeMIIepaTy-
put DS18b20. [Inst mpoajieHust BpeMeHU aBTOHOMHOM
paboTHI B 0aK ¢ BOOOM J00aBiIseTCS 3apaHee MPUTo-
TOBJICHHBIH Jied. st cOpoca M3JIMIIKOB BOAKI ITPEAy-
CMOTpPEH KpaH.

B naHHYI0 KOHCTPYKLIMIO BXOIUT OJIOK ITUTaHUS
HP DPS-800GBA, obecrreunBarominii MakCMaiib-
HBIN TOK 65.8 A o inHuu 12 B, 4To mocTaro4Ho 114
nonkiaouYeHus1 3j1eMeHToB [lebThe, Hacoca CHUCTE-
Mbl OXJIAXKIEHUsI, UICTOYHUKA BBICOKOTO HATIpSIKe-
HYS U CBETOJMOIOB OCBEIIEHUSI paboueil KaMepHI.

biok ynipaBnenuns kamepoit Buiabcona paspabdo-
TaH Ha 0a3e MukpokoHTposiepa AT Mega328.
K 610Ky yripaBiieHUST TTOAKIIOUEHBI JATYMKHA PACXO-
J1a BOJBI U TEMIIEPATyp OXJIaKIAeMOM TTOBEPXHOCTH,
BHEIIHEI cpeAbl ¥ BOALI Ha BXOJIE U BBIXOJE BOJISTHO-
ro 6imoka. Perucrpupyemble gaTyuKaMu 3HAYCHUS
napaMeTpoB IIepeaarTcs Ha KoMnbioTep yepe3 USB-
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Puc. 1. ®otorpacdust kamepsl BuiibcoHa B ripoliecce GyHKIIMOHUPOBAHUSI.
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Puc. 2. CxeMa nopTaTUBHOI KaMepbl BubcoHa: LIeny 31eKTPONUTAHMSI — KPACHbIE IITPUXOBbIC TMHUU, CUTHAJIbHBIC LIETTH —
YyepHbIe JIMHUM, TPYOKU BOASTHOTO OXJIaXXAeHUs1 — 3esieHble TuHuu, [TK — kommbiotep, HV — HCTOYHMK BBICOKOTO HampsixKe-
Hust, BY — 650k ynpasnenust, BI1 — 6ok mutanust, / — Be6-Kamepa, 2 — CTeKIITHHBII Ky0, 3 — paMKa, 4 — UcIapuTeiau, 5 —
MOACBETKA, 6 — KOHIIEBOI BBIKJIIOYATENb, 7 — JaTYMKU TEMIIEPATYPbl BOMbI, & — oxJlaxkaaeMasi TOBEPXHOCTb, 9 — NaTYMK TeM-
mepaTyphbl OXJIaxkaaeMoi moBepxHocTU, /0 — anemeHTHI [1enbThe, /1 — BoasiHOIM OJTOK. /2 — maTyuvK pacxona Boawl, 13 — Jen,
14 — Bopna, 15— kpaH, 16 — 6ak, 17 — Hacoc.
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Puc. 3. TeMnepaTypHBlii peXXrM CUCTEMBI OXJIAXXIESHUs KaMepbl BHIbcOHa.

nHTepdeiic T naabHeiieil oopadoTKU U MOCTpOe-
HUd rpadukoB. [1pu BeIXome 3HAYCHMIT TapaMeTPOB
3a YCTAHOBJICHHBIE TpPAaHMIIBI paboyero pexuma
(YHKIIMOHUPOBAHUSI YCTAHOBKU IMUTAaHUE aBTOMa-
THYECKN OTKIoJaeTcsa. [Ipd CHATHMM 3aIllUTHOTO
CTEKJITHHOTO Ky0a MPOUCXOIUT aBTOMATUYECKOE OT-
KJIIOUeHUE MCTOUYHMKA BBICOKOTO HAIPSIKEHUS, YTO
obecrieunBaeT 6e30IMaCHOCTh 3KCIUTyaTallid yCTa-
HOBKM.

3allUTHBIN CTEKJISHHBIA Ky0 HEOOXOOUM IS
nomaepXaHusi TpeOyeMbIX ITapaMeTpPOB Cpeabl Hal
oxJlaxkgaeMoit ToBepXHOCTbIO. CTEKJISTHHBIN KyO
IpeacTaBiIsieT coooit KaMmepy pasmepamu 100 X 100 X
100 MM> 6e3 OOHOII CTOPOHBI C TOJILMHON CTEHOK
2MM. BHyTtpm Kyba pacronaralorcs MCHapUTEIn
cupTa B BUIE TTOJOCOK XJIOMMYATOOYMAaXKHOM TKaHU,
KaTol, BBICOKOTO HAIIPSDKEHUS IS IIPUTSATUBAHUS
MOHOB, TIPECTaBSIOIINI COO0I KBaIpaTHYIO paMKy
U3 MEAHON MPOBOJIOKH, PACIIOJOXEHHYIO B BEpXHE
yacTH Ky0a, 1 0JIOK CBETOAMOMHOM MOACBETKU.

PaGouum BeliecTBOM TaHHOI KOHCTPYKLIMA KaMe-
pbl BribcoHa SIBISTIOTCS OXJIAKIEHHbBIE TTapbl U30MPO-
MUI0BOro cnupTta. TosHa KOHAEHCAIMOHHOTO CJ10s1
MapoB CIMpTa HaJ OXJIaXTaeMOU MOBEPXHOCTBHIO CO-
CTaBJIsIeT 8 MM Mpu TemIepaType nosepxHoctu —41°C.
B nanHOI1 o6nacTu cTabMILHO HAOIIOMAIOTCS TPEKU
BBICOKOHEPreTUYeckux 4dactull. I'paaveHT TemIie-
paTyphl O BbICOTE (YAAJIEHUIO OT OXJIaXKIaeMOM T10-
BEPXHOCTU) cocTaBisieT npuMepHO 1.5°C/mM. Brico-
KO€ KayeCTBO BU3yaJlU3allMM JTOCTHUTaeTcsi COOTHO-
IIEHWEM IapaMeTpPOB TeMIlepaTypbl W aBJICHUS
napoB cupTa B paboueM o0beme Kamepbl BuibcoHa.
B naHHOI KOHCTpyKIIMM KaMepbl BuijibcoHa OTCyT-
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CTBYET YyNpaBJICHUWE [aBJIECHMEM BHYTpU pabOUYero
o0beMa, U1 OHO HE3HAYUTEIBLHO OTJUYAETCS OT aTMO-
chepHoro.

3. PE3YJIbTATbBI UCIILITAHUI

ITpu npoBeaeHUM UCTIBITAHUI TTOPTATUBHOM Ka-
Mepbl BusibcoHa 3aduKcUpoBaHbI TPEKHU BBICOKO-
SHEPreTUYECKMX YaCTUI KOCMUUYECKUX JIy4Yeil U ecTe-
CTBEHHOToO panuanuoHHoro doHa. Cucrema oxja-
XKICHUSI oOecreynyia aBTOHOMHYIO paboTy HaHHO
KOHCTPYKIIMU KaMepbl BunbcoHa B TedeHue 10 MuH
MpU HavaJIbHOU TeMriepaType Boabl 8°C u Temriepa-
Type okpyxarwiueit cpeabl 20°C. IIpu 3arpyske 3 Kr
JIbAa U 3 J1 BOABI BpeMsl pabOThl YCTAHOBKU JOCTUTIIO
45 muH (puc. 3). Temneparypa Jbia B MOMEHT 3a-
rpy3ku coctaBuiia —15°C. Bpemst BbIxoga Ha pabo-
yuii pexuM Kamepbl BuiabcoHa cocTaBuio 2 MUH.
ITox pabouum pexxrumMoM noapasyMeBaeTcsl PYHKIIM -
OHHMPOBAaHUE KaMEPbl C MOMEHTA JOCTUKECHU S MUHU -
MaJIbHOM TeMIlepaTypbl OXJIaXIaeMOM ITOBEPXHOCTU
KaME€phbl 10 MOMEHTa OKOHYaHU BU3yaJIM3alluU TPEC-
KOB. MuHUMaJIbHasl TeMIlepaTypa Ha OXJaXXIaeMOM
MOBEPXHOCTU KaMepbl BuibcoHa coctaBuia —39°C,
OHa CTaOWJIbHO TIOBBIIAJIACH CO  CKOPOCTHIO
0.2°C/muHn po Temnepatypbl —30°C. Pa3zHOCTb TeM-
rneparyp Boabl MEXAY BXOJOM M BbBIXOJAOM BOIASHOI'O
6s10ka cocraBuia 4.6°C. Pa3HOCTh TeMmiepaTyp BOIbI
B CUCTEME OXJIAXKICHUSI U Ha OXJIaXKIaeMOIl MOBEepX-
HocTu coctaBmia 48°C. JIns1 peructpaiuum TpeKoB Ha
BCEM TPOTSKEHUM padbodero pexuma IoTpebGoBa-
JIoch He 0oJiee 4 MJI U30TIPOITMJIOBOTO CIIMPTA.
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Puc. 4. ®otorpadust mopratuBHOI KaMepsl BrsibcoHa.

4. 3BAKJTFOYEHUME YaCTHII, IPOJIETAIOIIMX B MATHUTHOM ITI0JI€, WJIN IJISI
perucTpaumu peHTTeHOBCKOTO U3IydeHUs [2].
INopraTuBHast Kamepa BuibcoHa (puc. 4) MCTIONb3y-
€TCsI B Ka4eCTBE JEMOHCTPALIMIOHHOIO O00OPYIOBaHUS

Ha JIGKIIMOHHBIX 3aHSTUSX TIpU U3YYEeHUM paszzesia CIINCOK JIMTEPATYPBI
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