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Yacbl ans JKCcniiyataunm B OTKPbITOM KOCMUYE€CKOM NpPOCTpPaHCTBe

N3obpeTeHne oTHocMTCA K oBnacTu 4acoBOW TEXHUKWU, K 4acOBbIM
mMexaHuamaMm, a, 6onee KOHKpPETHO, K 4acam nAns aKkcnnyatauum B
OTKPbLITOM KOCMWUYECKOM MNPOCTPAHCTBE.

[MoTpebHOCTbL YenoBeyecTBa B YBENIUYEHWM CBOErO NPUCYTCTBUSA B
Kocmoce TpebyeT pasBUTUA KOCMUYECKON TEXHUKNW WM CO34aHUSA HOBbIX
CUCTEM 3alyuTbl pasfiMyHbIX NPUOOPOB N TEXHUKU ANS 3KCnryaTtauum B
ynbTpasKCTpeMaribHbIX YCIOBUSAX KOCMUYECKOro NpoCTpaHCTBa. JTO Takxe
KacaeTcs npubOpoOB BpeEMEHW, B TOM 4UCrEe, HOCUMbIX YENOBEKOM Ans
aKcnnyaTauum BHe KOCMUYecKoro kopabns.

Ha cerogHAWwHWA feHb, BO Bcex 0e3 UCKMYEHUs cnydasix, BbIXoa
yenoseka B CBODOAHOE KOCMWUYECKOE MPOCTPAHCTBO COMPOBOXAAETCA
HOCUMbIMU NOBEPX ckadhaHapa Yacamu.

B npegenax vM3y4yeHHOro 4eniOBEKOM KOCMOCa cyLulecTByeT 6onbluas
pasHula Temnepatyp. WssectHo, uto BceneHHas He opgHopoaHa. Agpa
3Be3 packaneHol A0 MWNNUOHOB rpagycoB. Ho ©Gonblias 4actb
NPOCTPaHCTBa, KOHEYHO Xe, 3HAYUTENbHO XonogHen. Ecnu roBoputb o0
TOM, Kakasa TemnepaTtypa B OTKPbITOM KOCMOCEe, TO OHa Bcero Ha 2,7
rpajyca Bbille 3HauYeHUs abComnoTHOrO Hyns n cocTtaBnsaeT MuUHyc 270,45
rpagycoB no Llenbcmnio. 3TO Tenno BO3HWKAET 3a CYET PENUKTOBOro
N3Ny4eHuns.

B MecTtax ckonneHus matepuun Tennee, Ho HeHamHoro. Obnaka rasa u
NbiNW, BCTpevalolmnecs Mexay 3Be3fjamMu Hallel ranakTukn, WUMerT
Temnepatypy ot 10 go 20 rpagycoB Bbille aBGCOMNOTHOrO Hyns, TO €CTb
MUHYyC 263-253 °C. U Tonbko B6MM3M 3BE3A, BHYTPU KOTOPbLIX NMPOTEKaOT
peakunun SAepHOro CuHTe3a, MOXHO HaWTWu [O0CTaTOYMHO Tenna Aans

KOMEOPTHOrO CyLlecTBOBaHUA GenkoBbIX (OPM >KU3HW.



[Mpn aToM Ha okonosemHon opbute mMeTans nop NpPsIMbIMKA JTy4amm
conHua nporpesaeTtca Ao 160 rpagycos Llenbcua. B To ke Bpemsa B TeHU
npeameThbl ocThiBatoT Ao MuHyc 100 °C. lNoaTomy ons BbIX0Aa B OTKPbLIThINA
KOCMOC MUCMNonb3ylTcA cKkadaHgpbl C HaAeXHOW Ternsousonaunen,
HarpesaTenaMu M CUCTEMOW OXNaXAEeHWUs, 3awuujarolme 4yenoseka oOT
CTONb Cepbe3HOoro nepenaga Temneparyp.

He meHee akcTpemanbHble yCcrnoBus Ha noBepxHocTu JlyHbl. Takke ¢
yyeToM nepcnekTusHoro ocsoeHuss JlyHbl He cTouT 3abbiBatb O
ANUTENBHOW NTYHHOW HOYM, rae TemnepaTtypa Ha NOBEPXHOCTU AOCTUraeT -
170°C, B TO BpeMS Kak Ha ee OCBELUEHHOW CTOPOHE TemMnepaTypa MOXeT
npesbicntb 120 °C.

Tawke B CONHEYHOW cuCTEME, BKMOYAs OKOMO3EMHOE KOCMUYECKOoe
NPOCTPaAHCTBO CONTHEYHOE U3ryYeHUe MOXET HarpeBaTb Tena A0 BbICOKUX
Temnepartyp, csbiwe 200 °C .

Ecnn roBoputb 6Gonee KOpPpPEKTHO, TO TemMnepaTypa Kakoro-Tto obbekTa
B KOCMoOce onpefenseTca 6anaHcoM Mexay NpuToKOM TEMMOBOW 3Hepru
Ha Teno, Hanpumep, OT BHYTPEHHUX UCTOYHMKOB Tenna unu ConHua, u
OTTOKOM BOBHE, B KOCMOC. OTTOK Tensia B KOCMOCE OCYLLECTBIAETCH U3-3a
n3nyyeHus. Bce HarpeTble Bbile abCONIOTHOrO Hynst Tena ucnyckawT
WHMpaKkpacHoe Ns3nyyYeHne, 1 n3-3a 3Toro TEPSIOT 3HEPTULO.

MaTtepuanbl, K3 KOTOpPbIX COCTOAT CNYTHUKA W  ckadaHapbl
KOCMOHaBTOB, [OO/MKHbI BblagepxuBaTtb Temnepatypbl ot -100 go +150
rpagycoB, TEOPEeTMYEeCKM UWMEHHO [0 Takux TemnepaTtyp MOXET
pas3orpeTbcs/oCTbITb TENO B KOCMOCE.

Takum  obBpasom, Ha npubopbl  BpPEMEHW,  UCMNONb3yemble
KOCMOHaBTaMW, W 3KCMyaTUPYIOLUMECH BHE KOCMUYECKOro Kopabns,
BO3JENCTBYET HarpeBaHue u oxnaxaeHue B 60nbLIOM AnanasoHe.

Yacbl Ans KOCMOHaBTOB rpeaHasHadeHbl AN WCMONb30OBaHUA B
YCNOBUSAX OTKPbLITOrO KOCMOCa, NO3TOMYy TpeboBaHUs K HUM MPeabaBNsAOT

ocobeHHble. [lpouecc npousBoACTBa He 3aKaHYMBaAeTCA pas3paboTKoW
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mogenu. [locne aToro HacTynaeT CcTagus UCNbITaHWUA: YCTPOWCTBO
NCNbITLIBAIOT B UEHTpUdyre, roe MexaHuaM 4acoB MojBepraeTcs
Harpyskam, KoTopble He cnocobeH BblaepXaTb OGbIKHOBEHHbI akceccyap

(cm. https://sunmag.me/chasy/kosmicheskie-chasy.html).

OCOBEHHOCTbIO  KOCMUYECKMX 4YacoB SBMSETCA, B  4acCTHOCTH,
BO3MOXHOCTb paboTbl B pasHbiX TeMNepaTypHbIX YCMOBMAX. HA4YMHASs OT
HU3KKUX 3Ha4YeHuin, 3akaH4mBasa Temnepatypon 100 rpagycos Llenbcus. Mpu
3TOM KOCMuYeckne yacbl obnagaloT PyHKUMEN BbICTABNEHMS 3BYKOBOIO
CONPOBOXAEHUA COObITUS C 3af4aHHOM TOHarbHOCTbIO 3BYyYaHUA. Takke
Yacbl [OMKHbl MMETb aHTUMAarHUTHYK 3awuTy, npudem canduposoe
CTEKNo cHabxalT aHTMONUKOBLIM NOKpbITUEM. MexaHu3M 4acoB [OSIKeH
COOTBETCTBOBaTb TpebOoBaHWAM KOCMMYECKOM nporpammbl. Kpome aToro
Lncpbl Ha Yacax AOSMKHbI UMETb NOACBETKY ANA obnerdyeHus BOCNpUsATUS
BPEMEHN B TEMHOTE.

N3BecTHO, uTO HOpuit MarapuH, coBepLlas CBOW MNEPBbIA MOMET B
Kkocmoce, npu cebe nmen mexaHumyeckume 4vacbl [MepBOro MOCKOBCKOrO
Yacosoro 3asoga ‘LUtypmaHckme”. MexaHuam uyacoB 41M cC py4HbiM
3aBOAOM W LEeHTpanbHOW CeKyHAHoW cTpenkon 6bin co3pgaH Ha 6Hase
ycoBepLUeHCTBOBaHHOro dpaHuysckoro kanubpa Lip R26. 31oT mexaHusm
uven guameTp 26 Mm, vactoty GanaHca 18 000 nk/4, npoTMBOyAapHOE
ycTponcTBo Incabloc, 6pereTpoBaHHyto cnvpanb, 3anac xoga 39 4acos u
OYeHb BbICOKYIO MO TEM BpEMEHaM TOYHOCTb -/+ 20 cekyHp B cyTku. Kpome
TOro, B KOHCTPYKUMIO Obina BHECEHa O4YeHb BaXHasi MOOEPHU3ALMA —
(pyHKUMA oCTaHOBa CEKYHOHOW CTPEnKu C NMOMOLLbIO 3aBOAHOW TFOMOBKW,
YTO MO3BOSIAMNO Nepepn MONeToOM CUHXPOHU3MPOBaTb 4Yacbl BAMNOTb A0
cekyHAbl. MexaHn3M NoMecTUnu B XpOMUPOBaHHbIA KOpRyc agnameTpom 33
MM U BbICOTON 12 MM. 3TOT KOpPNyC OCHACTUINM 3aBUHYMBAIOLLENCS 3aHEN
KPbILLKOW M3 HepXXaBeloLwen ctanu, a Takke ocobon repMmeTnsnpoBaHHON
3aBOAHOW rorioBKOW, YTOBbI OHW Ny4lle NepeHoCUnu nepenaabl AaBreHus.

[Ona aTon xe uUenn B MecTax coeauvHeHus petanen Kopnyca CToAnun
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npoknaaku. Ctekno 6bino nnekcurnacosoe. CTpenku u MeTku undepbnaTta
OblIM  OKpalleHbl JIIOMUHECLIEHTHBIM COCTAaBOM Ha OCHOBE pagus MU

cynbdpupa umHka (https://watchalfavit.ru/articles/chasy-dlya-kosmosa/).

Takke B yvacax «lLITypmaHckue» netana B 1963 rogy B KoCMOC
BaneHTnHa Tepelukosa.

Bckope Obin cosgaH nepBblii COBETCKAM HapyudHbI  XpoHorpad
‘Ctpena”’. Ha 6ase mexaHusma Venus 150 auametpom 30 MM, C py4YHbIM
3aBogom, 4vacroton BanaHca 18 000 nk/M, 45-MUHYTHbIM CYETYMKOM W
3anacom xopa 44 4aca KOHCTpykTopbl 1-ro MockoBCKOro 4acosoro 3asofa
cospganu kanubp 3017 c Temu xe xapakrtepuctukamu. Yacel “Ctpena’
BOLUMA B UCTOPUIO KaK NepBble Hapy4yHble 4Yacbl, nobbiBaBwune 12 MIOHSA
1965 roga B OTKPbITOM KOCMoce Ha ofwnare ckadaHapa Anekces
INeoHosa. Kopnyc “Ctpenbl” 6bin cgenaH no obpasy v nogobuio kopnyca
‘lUtypmaHcknx” - U3 XPOMWPOBAHHOMO  MEAHOro  cnnaea C
3aBMHYMBalOWENCA cCTanbHOW 3apgHen Kkpbiwkon. Ha uudepbnate
pasmeLllannucb TaxoMeTpuyeckaa n tenemeTpudeckas Lwkanbol. CoBeTckue
NeTYNKN N KOCMOHAaBTbI NMorb3oBanuchk UMK B TedeHue 20 net. 3a kKayecTBo
N HagexXHoCTb XpoHorpad “Ctpena” 3sacnyxun Ha 3anage I'I‘pO3BI/|LLle
CoseTckuin Speedmaster .

Uacbi Omega Speedmaster cranu 21 wona 1969 roga nepsbiMM
Yacamu Ha JlyHe. x Hocunn Hun ApMcTpoHr u ero HanapHuk bas OngpuH.

Ha cerogHAaWwHWiA AeHb cambiMM  MOMNYNsiPHbIMKM - Yacamu  Ans
KOCMOHaBTOB fABnstoTcs Yackl Seiko Spring Drive Spacewalk n Fortis B-42
Crew Watch Titan. lNMpn sTom 4vackl Fortis sBnawTca oduymanbHbIMK
Yacamu Pockocmoca.

BmecTe ¢ Tem, BCe BblllenepevncrieHHble Yachl, a Takke MEXaHU3Mbl
COBPEMEHHbIX HAapPYYHbIX MEXAHUYECKUX YacOB UMEIT OrpaHUYEHHbIN
AvanasoH  aKcnnyaTaumn, rae  npy Gonblwmx  oTpuulaTenbHbIX
Temnepatypax, Hwke -40°C KpUTUYECKM CHMKAETCH TOYHOCTb XoAda U3-3a

OrpaHWYEHHOro AuanasoHa aKchnyaTauuu ysna perynstopa (M3MeHsieTcs
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reomeTpus cnupanu-banaHca), un npu Temnepartypax Huwke -50°C, paxe ¢
NUCrnonb3oBaHUEM HU3KOTEMMEpPATYPHbIX CMa3oK 4acbhl, Kak npaBurio,
OCTaHaBNUBAaIOTCA U3-3a TemnepaTtypHou pedopmauuu  geTanen,
cAernaHHbIX U3 pasHbIX MaTepuanos. '

Kak  n3BecTHO COBpeMeHHble CUCTEMbl  >KU3HeobecneyeHus
KOCMOHaBTa paccyuTaHbl Ha 10 YacoB paboTbl B OTKpbITOM kocmoce. B
Oyayliem, HEeCOMHEHHO, 3TO BpeMs OyaeT yBenuyMBaTbCH. Takum
obpa3oM, Ha CerogHsiIWHWA AeHb CyllecTByeT NnoTpebHOCTb B co3gaHuu
4yacoB, CrnocobHbix obecneuntb  OecnepeboiHyto  paboTy  BHe
MexayHapoaHon Kocmudeckon ctaHumm (MKC), nmnbo npu pabote
KocmoHaBToB Ha JlyHe B TeyeHne 10 n 6onee yacos.

B kocmoce npeHebpexuTenbHO Mana nepepada Tenna 3a Ccyer
€CTECTBEHHOW KOHBEKLUN 1 TENO NepeaaeTcs NocpeacTBOM MU3IyYeHMs.

Bpems ocTbiBaHMA, HarpeBaHns Tena 3aBUCUT OT MHOMUX NapaMeTpoB,
Maccbl Tena, matepuarna, LepoXoBaTOCTU MOBEPXHOCTU, KoaddpUuLmMeHTa
YepHOTbl MaTepuwana, ¢opmbl Tena. Yem 6Gonbwe wmacca, 6Gonblie
yAernbHas TennoeMKoCTb MaTepuana, MeHblle CTeneHb 4YepHOTbl, TEM
Aonblue ByaeT ocTbiBaTh UMW HarpeBaTbCs TENO.

Takum ob6pa3om, OCHOBHOW 3ajadell HacTosllero usobpeTeHus
ABNAETCA YBENnu4yeHue npoAOIMKUTENBHOCTU paboTbl YacoB B OTKPLITOM
KOCMOCe 3a CYeT YBesIMYEHUs MPOAOIKUTENIbHOCTU OCTbiBAHWS UK
HarpesaHuUs 4YacoB MPU NUCMNONb30BaHUW B YCIOBUSX OTKPbITOrO KOCMOCA,
TO €eCTb MpW UCMONb3OBaHUM B ycnoBusax OGonblwux nepenagoB
TemnepaTtyp, Konebnwowuxca B npegenax ot -100 go +150 rpagycos no
Lienbcuto.

MNocTaBneHHasn 3agavya pellaeTcs 3a CYET YBENNYEeHUs TeNnos3alluThbi
Kopriyca yacoB nyTeM co3fjaHus TennosawuTHOro Kopnyca.

YKasaHHbI TEXHUYECKUIA pe3ynbTaT LOCTUraeTcs TEeM, YTO Yachl,
coepXalue BHELWHUA KOpnyc, BHYTPEHHUA KOPNyC C YacOBbIM

MEXaHN3MOM, LMCprGﬂaTOM n Crtpenkamuy, cCTekno, AOonoONHUTENbHO
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cofiepXaT 3KpaHHO-BaKyyMHyl Tennousonauuio (3BTU), pacnonoxeHHyto
MeXay BHELUHUM N BHYTPEHHUM KOPIyCOM.

Kpome 3Toro BHELUHUI KOPMyC COAEPXUT 3a4HIO0 KPbILLKY.

[Mpn 3TOM BHELIHWA KOPNYC MMEET MOKPbITUE, COCTOosALee U3 Tpex
nocrnegoBaTenbHbIX CNOEB PaBHOMEPHOW TOMLWMHBI.

[Mpn 3TOM nNOKPbLITUE WUMEET HWXHUA 3epKarbHbIA MeTannuyeckui
pagnooTpaXatoLMin CKUH-CIION U3 YNCTOro antoMUHUS,

MPOMEXYTOUYHbIA 3aLUNTHBIR TEPMOPErynupYoWnin AN3aNeKTpu4ecKui
Crown U3 gnokcmaa UMpKOHNA v

BEPXHUN 3alnTHbIN N3HOCOCTOWKUIA BbICOKOMPOYHbIN
anmasonofobHein (DLC) yrnepoaHbIn Crow.

Kpome 3TOro BHYTPEHHWIA KOpNyC BbLINOMHEH UEnbHbIM B BUAe
Kancysibi.

[py STOM BHYTPEHHUIA KOPMyC BbLINONHEH COCTABHbLIM W UMeEeT
3a[HIOKO KPbILLIKY.

Mpu atom 3BTU npepcrasnsaeT coboint Habop 3kpaHOB, COCTOALLUX U3
MaTepuarnoB C BbICOKOW oOTpaxaTerflbHOM CnocoBHOCTbI, pasaeneHHbIX
npwv NOMOLLW pasaenuTenen BHYTPEHHUX COEB.

B To Xe Bpems pasgenutenn BHYTPEHHMX CIOeB MOryT ObITb
BbiMONHEHbl NMOO B BUAE MPOKNaAOK M3 MaTepuarnoB C HU3KOW
TENMNONPOBOAHOCTbLIO, MNPENATCTBYIOWMUX CNUNaHUio Croes, Hanpuuep,
Takux Kak CTeKrnoTKaHu, asporesfib, nbo BHYTPEHHUE crou hopMyTCs U
npuobpeTaloT penbed, Npu 3TOM KOHTaKT MEXAY HUMN MUHUMWN3UPYETCS.

[Mpy STOM MeXCrnonHble 3KpaHbl B MOryT ObiTb W3roToOBNEHbl W3
anoMuHMeBO onbrM  TOMWMHOWN B  HECKONbKO MUKPOHOB nunbo
antoMUHU3NPOBAHHOW MOSIMMEPHOW NfEHKW, a TEennousonAUNOHHbIE
NPOKINaAKN — U3 pasnUYHbIX CTEKNOBOMOKHUCTBIX MaTepuanos, Hanpumep,

TaKnX Kak CTeKno6ymara, CTEeKNOXOJICT, CTEKNOBYyarib.



Kpome aTOro skpaHbl BbIMNOMHAKT U3 Matepuana ¢ MWUHUMarbHOU
CTENEeHbID YepHOTbl, Hanpumep, anioMuHueBas donbra, cepebpsiHas
nracTuHa, 3onotas HUTL/onbra, nnatuHa.

[Mpu aTom IBTU copepxuT, no MeHbLLen mepe, 3 akpaHa un bonee.

Kpome aToro psin Cnoés 3KpaHOB, BbINOSMIHEHHbIE, HaNpUMep, W3
nonuammagHoOn nrneHkn, MoryT OblTb MeTannuanpoBaHbl antOMUHUEBOM
nmbo cepebpsHON PONbrol CO CTOPOHbI, NPOTUBOMNOMNOXHON HAPYXXHOMY
NEPBOMY CIOIO, @ HEKOTOpble Crion MeTannuanpoBaHbl antoMuHnem nudo
cepebpom.

[Mpn 3TOM Ha BHEWHeM crnoe 3KpaHHO-BaKyyMHOW TEnnou3onsauuu
ncnonb3yeTca ANSMEKTPUYECKUIN TKaHHbIM MaTepuarn, NNOTHOCTb NNETEHUS
KoToporo coctaenseT He ©Gonee 0,3 r/cmM2, B KOTOpbIA BMNNETEHbI B
NpoAONbHOM 1 MoMNepeyYHoM HanpasneHUn MeTanMM3MpoBaHHbIE HUTH.

B Toxe Bpemsi Habop 3kpaHoB OBTWU moryT ObiTb U3roTOBMNEHbL! U3
MeTannuyeckon onbru unu NONMMEPHbLIX MNEHOK, MEeTannu3npoBaHHbIX
aroMVHUEM C OOHOM MNWM OBYX CTOPOH, pasfeneHHbIX NPOoKMaaoYHbIM
MaTepmariom CTekrosyanu.

[pn aToM B Yacax nNPUMEHUMbI, B YacTHOCTW, Mapku O3IBTU,
cogepxalume onbry U XoncT CTeknoBonokHucTein (3BTU-IT, IBTU-T1),
coepxallume nneHKy nonuMepHyr U XOMCT CTEKNOBOMNOKHUCTbIR (OBTU-
N1, OBTU-21U1), nneHky nnn neHTy U3 Hukens u xonct (3BTU-O, 3BTU-
A1, OBTU-E), copepxawme nneHky M3T U XONCT CTEKNTOBOMOKHUCTBIN
(OBTU-A, 3BTU-2A).

Kpome aToro crekno, ucnonb3yemoe B 4acax, BbINOSIHEHO U3 [OBYX
COeANHEHHbIX MO KOHTYPY CTEKOJ1 C paccTosHueM mexay Humu ot 1,5 po 4
MM.

Mpn 3TOM MeXCTeKkonbHOEe MPOCTPAHCTBO 3arepMeTU3MpoBaHO W
MOXET BbITb 3aNOSIHEHO CYXUM a30TOM.

lMpn aTom noBepx cTekna Ha paccTosiHuM 2-3 MM YCTaAHOBMEHO

3alinTHOE CTEKIO.



Kpome aToro sayutHoe CTEKNo MOXET ObiTb U3roTOBIIEHO, HaNpuUmep,
n3 nonvkapboHara.

[Mpy STOM CTEKkNo [OMONMHUTENBbHO CHabXalT aHTMONMKOBLIM
NOKPbITUEM.

Talke Yacbl fOMONHUTENBbHO COAEPXKAT PEMELLIOK.

Mpn aTOM pemeLLoK 4acoB BbLIMNOMHEH C BO3MOXHOCTbIO OOMOTKM W
3akpenneHusa Ha obwinare ckadaHApa KOCMOHaBTA.

Kpome aToro 4acbl OonofiHUTENbHO  obnaparT  yHKUMen
BbICTaBNEHUsA  3BYKOBOTO  COMPOBOXAEHUA cobblTust C  3agaHHOM
TOHaNbHOCTbLIO 3BYyYaHUS.

[Mpn 3TOM Yachkl AONONHUTENBHO UMEIOT aHTMMarHUTHYHO 3aLLMTY.

Takxe Yyacbl UMEIOT NOACBETKY MO KOHTYPY UudepbnaTa.

Kpome atoro cTtpenku u uucdpbl Ha undepbnate noacBeYeHsl,
Hanpumep, NyTeM HaHEeCEHUA TPUTUS.

Takxe 4Yacbl UMEIOT JoNoNHUTENbHbIE (DYHKLIMM YacoB, MUHYT, CEKYHA,
ANSA TPex YacoBbIX 30H, XpOHorpad, BeYHbI KaneHaaps.

[Mpy 3TOM BHELWHUA KOPMYyC 4YacoB MOXET ObiTb BbINOSHEH U3
NONMWPOBaHHOIO HeAparoueHHOro MeTanna W NOKPbIT 30M10TOM  ANiS
CHUXEHWNA KO3 PULIMEHTA YEPHOTDI.

YKa3aHHbI TEXHUYECKUA pe3ynbTaT AOCTUraeTcs TeM, YTo B criocobe
W3roTOBMEHUA YacoB ANSA 3KCnnyaTauun B OTKPLITOM KOCMOCE MeXay
BHELLHWM KOPMyCOM W BHYTPEHHUM KOpPMyCOM 4acoB YCTaHaBnMBaloT
9KpaHHO-BaKyyMHylo Tennousonauuio (OBTU) coctosiwlyto u3 Habopa
3KpaHOB, BbIMNONHEHHbIX W3 MaTepuarnioB C BbICOKOA OTpaXaTelnbHoW
CNoCOBHOCTbIO U pasfeneHHbIX MpoKnagkaMu U3 MaTepuanoB C HU3KOWN
TEennonpoBOAHOCTLIO.

[NoapoBHoe onucaHue CyWHOCTY 3asiBNEHHOIrO PeLleHUst 0ToBpaxeHo
Ha NpUBEAEHHbIX YepTexax.

KOHCTpPYKTMBHO B  MpepnovTUTENbHOM, HO He  SBMAKLMUMCSH

orpaHmymnearoinm nobble BO3MOXHbIE BapnaHTbl BbIMNOJIHEHUA YacCoB,
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BapuvaHTe BbINOMHEHUA YacoB ANA  SKChnAyaTauyMm B OTKPbITOM
KOCMWYECKOM NPOCTPAHCTBE BKITIOYaAET CrneayoLwme geTanu:
1. Ctekno
1'. BTopoe cTekno
2. MnHyTHasa cTpenka
UacoBasa crpernka
Undepbnat
MexaHuam
BHyTpeHHuI kopnyc

3apHAs KpbllKa BHYTPEHHEro Kopnyca

© N O o M~ w

BHewwHnn kopnyc

9. 3agHsAs KpblllKa BHELLHEro kopnyca

10. Jlanku kopnyca

11. OKpaHHO-BaKyyMHas Tennosawyura

12. PemeLuok

13. 3awmTHOE cTekno

Ha dwurypax npuBeaeHbl 4acTHble BapuaHTbl BbIMOSHEHUA W
NCNONb30OBaHUSA 3asBfIEHHOMN rpynnbl U300PETEHUI, HE OrpaHU4YMBaloLLveE,
HA B Kakoh Mepe, OOLEM nNpaBOBOM OXpaHbl 3aABMEHHOW Tpynnbl
n3obpeTeHunn.

Ha dwur. 1 nokasaHbl npuHUMN [ENCTBUSA  3KPAHHO-BaKyyMHO
Tennousonauum (SBTM).

Ha cur. 2 nokasaH BapuaHT BbINONHEHUSI YacOB ANs 3KchnyaTauuu B
OTKPbITOM KOCMWUYECKOM NPOCTPaHCTBE.

Ha dour. 3 nokasaH BapuaHT BbINONHEHUS YacoB ANA 3KCMnyaTauvun B
OTKPbITOM KOCMUYECKOM NPOCTPaHCTBE.

N3BecTHO, YTO OCHOBHbLIM 3NIEMEHTOM CUCTEMbI TEPMOPErYNIMPOBaHUS
KOCMMYECKMX arnnapaToB SABMAETCA 3KpaHHO-BAaKyyMHas Tennousonsauus
(OBTH), npepHasHayeHHOW ANS 3aWWTbl  HapYXXHOW MOBEPXHOCTU

KOCMMYECKUX annapaToB OT BHELWHUX TENMNOBbIX BO3AEUCTBUIA.



OkpaHHo-BakyyMHasa Tennousonauna (OBTU) sasnseTca opHUM U3
Hanbornee pacnpoCcTpPaHeHHbIX W HafeXHbIX CPeAcTB  MacCUBHOrO
TepMoperynmpoBaHmss B cucteme obecnevyeHns TennoBoro pexuma
kocMu4yeckoro annapara. [pumeHeHne OBTU obecneynBaeT BO3MOXHOCTb
CYLUECTBEHHO CHU3UTb  WHTEHCUBHOCTb  TennoobmeHa  3MeMeHTOB
KOHCTPYKLUMM M 0BopyaoBaHUA KOCMUYECKOro annapata C OKpyXatoLlen
Cpeaown, TO €CTb YMEHbLUUTb TENSIOBOW NOTOK, NOCTYNaloLLMIK K drieMeHTam
KOHCTPYKLMM 1 060pya0oBaHUIO OT COMnHuUa.

OBTU npeacrasnser coboir Habop 3KpaHOB, COCTOALWMUX U3
MaTepuManoB C BbICOKOM OTpaXaTerlbHoM cnocoBHOCTbIO, pasfeneHHbIX
npoknagkamu M3 matepuanoB C Huskou TennonpoBogHocTbio (OCT-92-
1380-83).

MpuHUMN OeACTBUSA 3KpaHHO-BaKyyMHOW TEMnou3onsauyum cxemMaTuyHo
nsobpaxeH Ha owur.1. CHwxKeHne nMOTHOCTM TEMNMOBOro roToka Ha
3awmijaembin IBTU obbekT n ¢ 3awumiiaemoro obbvekra B NpPOCTPaHCTBO
MPOU3BOAUTCA 3@ CYET MNPOXOXKAEHUST M3ny4YyeHus 4epes Habop
nocrieqoBaTenbHO PacnofioXeHHbIX 3KpaHoB. [lpoxoas 4epes akpaHbl,
N3nyvyeHne 4YacTUYHO OTpaXKaeTcHd, YaCcTU4HO norrfowaeTcs, Bbi3biBad
HarpeB 9KpaHa, KOTOPbIA CaM CTaHOBUTCA WCTOYHUKOM U3MydYeHuUs.
YBenuuueasa KonmyecTBO 3KPaHOB Ha MyTU U3NMYYEHUSA, MOXHO YBENUYUTb
A0SO OTPAXKEHHOrO U3MYYEHUSA U CHU3UTb A0 NPOXoasLero.

B HacTtoswee BpemaA MNPUMEHAIOTCA pasnnyHble BUAbl 3KpaHHO-
BakyyMHOW Tennomsonsunn, paboTocrnocobHoW B LUMPOKOM AuarnasoHe
Temnepatyp. Onpepensiowmm napaMmeTpoMm TemnepaTypHbIX YCNnoBUi
akcnnyataumm OBTU aBnseTca TepMoOOMTUYECKas XapaKTepucTuka ee
Hapy>XHoro  OBNUUOBOYHOrO  CnNos, MNOABEPXEHHOro  BO3AEWCTBUIO
CONMHeYHoOW paguaumn. HapyxHbin  obnuuoBoudHbin  cnon 3BTU
OOQHOBPEMEHHO  ABMAETCA  OAHMM U3  3MNEeMEHTOB  MacCUBHOIO
TEPMOpPErynupoBaHusa, U ero TepMoonTU4ecKas XapaKTepuUcTuka 4acTo

onpenensieT He TOonbko TennoBoW noTtok Yepes O3IBTU, Ho wu
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TeMnepaTypHbliA  AnanasoH  3KkcnnyatauMy  OTAenbHbiX  0OBEKTOB
TepMoperynmpoBaHus. B KayecTBe MaTepuanos Hapy>XHOro
0BNNLOBOYHOro CNoA NPUMEHSIOTCA NONUUMUAHbIE, KarnpoHOBbIE U Apyrue
NnofiMMepHbIE UNN CTEKINOBOSMIOKOHHbIE TKaHW, UMEKLWMe [OCTaTOUYHYH
CTOWKOCTb K YCITOBUAM SKCrTyaTauum B KOCMUYECKOM MPOCTPaHCTBE.

OcHoBHyIO Nnowjagb NOBEPXHOCTU 4YacoB 3aHUMAaET KOprnyc 4acos.
[MoaToMy B KOCMOCe, rae usMeHeHue TemnepaTtypbl 4YacoB NPOUCXOANUT 3a
CYET U3IyYeHUs, o4YeHb BaXXHO obecneynTb 3aljuTy 4YacoBOro MexaHusma
3a CYET CHWKeHUA TeryioobmeHa Mexay BHYTPEHHEW 4YacTblo 4acoB W
BHELWIHNM Koprnycom u4acoB. [Ina 3toro 6bin co3gaH Kopnyc 4acoB
YHUKanbHOW KOHCTPYKUMK. BaprnaHTbl BbINONMHEHNA YacoB NO 3adABNEHHOMY
n3obpeTeHunto npueeaeHsl Ha dur.2 n dour.3.

Yacbl copgepXaT BHYTPEHHWIA KOPNYC, BbINOMTHEHHbLIN FEPMETUYHbLIM.
Hanpumep, BHYTpPEHHUMIA Koprnyc MoxeT OblTb BbINONMHEH B Buae
répmequHom Kancynbl. BHyTpeHHWIA KOpnyC COAEPXNUT HacOBOWN MEXaHN3M,
HeobxoanmbIn oNA PYHKLMOHMPOBAHKS YacoB.

BHewHWA koprnyc npegHasHadeH ANS KpenneHus 4acoB K obwnary
ckahaHapa U 3aWuTbl BHYTPEHHEro Kopnyca, C pacnonoXeHHbIM BHYTPU
HEero 4acoBblM MEXaHU3MOM, OT BHELLHUX NOBPEXAEHUNA.

Mexay BHYTPEHHMM W BHELUHMM KOPMyCOM 4acoB pacnonaraeTcs
3KpaHHO-BakyyMHas Tennousonauusa (OBTU), Bknrovarowas HECKOoNbKo
CnoeB oOTpaxalLllero TensoBoe wuanyyeHne wmatepuana. CHuxeHue
NNOTHOCTWN TENJIOBOrO NOTOKa Ha 3awumuiaemMbii SBTU BHYTpeHHUI Kopryc
W C 3aljuLiaemMoro BHYTPEHHEro Koprnyca B MPOCTPaHCTBO MPOU3BOLAUTCS
3a CuYEeT T[pPOXOXLOEHUs Wu3nyyYyeHUs dyepes Habop nocnefoBaTenbHO
pacnonoXeHHbIX 3KpaHoB. [Mpoxoas 4Yepes 3KpaHbl, U3NyyYeHne 4YacTUYHO
OTPpa)kaeTcs, YaCTUYHO MOrIOWAETCH, Bbl3blBas HarpeB 3sKpaHa, KOTOpbIv
caM CTaHOBUTCA WCTOYHUKOM WU3NydYeHuAa. YBenuuuBasi KONnU4ecTBO
SKpaHOB Ha MyTU W3MYYEHUS, MOXHO YBEMNUYUTb A0MI0 OTPaXEHHOro

U3ny4YyeHns N CHU3UTb Aoni npoxoasiwyero. MexcrnonHole SKpaHbl MOryT
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OblTb W3rOTOBMEHbI U3 aniOMUHUEBON (OONbrM TOMLIMHOA B HECKOMNbKO
MUKPOHOB NGO  anioMUHU3WPOBAHHOW  MONMUMEPHOW  MNIeHKu, a
TENNOU3ONALMOHHbIE MPOKNaAKM — M3 PasfUYHbIX CTEKINOBONIOKHUCTbIX
maTepuarnioB (cTeknobymara, CTEKMNOXONCT, CTeKnoByanb W T.4.) Wnu
mMartepuana C CBEepPXHWU3KON TemnnonpoBOAHOCTbIO — asporenb. [lockonbky
camoli nydlleit Tennounsonaunein obnagaet Bakyym, TO NpoKnagka MOXeT
HecTU Takke B cebe (YHKUUIO pasgenuTens BHYTPEHHUX CIoeB Ans
obecneyeHunss 3azopa Mexay MeXCcnolHbIMK akpaHamu, ans obecneyeHus
BbIXO4a Bo3ayxa (npw BbIXoAe U3 KOCMUYECKOro Kopabrisl) U HaxoxaeHus

Tam Bakyyma.

BHyTpeHHMe TennocTtomkue crnion OBTW npegHasHaveHbl AOns
HenocpeACcTBEHHON TENMNOU3ONSAUMKN, XOPOLUO OTpaxalwT UsnyyeHue,
paboTocrnocobHbl gnuTtenbHo npyn Temnepartypax go 220°C, BpeMeHHO —
Ao 300°C. Hanpumep, mMoryT 6biTb M3roTOBMNEHbI N3 aNtOMUHU3MPOBAHHON
nonuumugHon nneHkn [MM-13Y-OA, TM-13Y-LA. BHyTpeHHue crou
npegHasHavyeHbl Anst  HEMOCPEeACTBEHHOW  TEennouMsonsiuMmM, XOpOoLUOo
oTpaxaloT nsnyyeHue, paboTocnocobHbl B TEYEHUE ANUTENBbHOrO BpEMEHM
npu TemnepaTypax no 165°C. Hanpumep, NUCNONb3YITCA
anioMnHN3MpoBaHHasl nonuaTtunenTepedTanatHaa nneHka [M3T, K, OA,
M3T, K, OA. [Ina pasgeneHus BHyTpeHHuX crnioeB OBTU ucnonbaytotcs
ABa noaxopa. B nepBoM mexay CrnosiMum NOMELLAETCsl CTEKNOTKaHb,
NPenATCTBYOWAA CnunaHuio cnoes. Bo BTOpPOM noaxoAe BHYTpPEHHME
cnou copmytoTest u npuobpeTaloT penbed, Npu 3TOM KOHTaKT MeXay HAMU

MUHUMU3NPYETCS.

Mpyn 3TOM oOTpaxaTenbHble 3KpaHbl BbLIMOMHAKT K3 MaTepuana ¢
MUHUManNbHOWN CTENEHbK YEepHOTbl (Hanpumep, arnomMuvHMeBas ¢onbra,
cepebpeHHas cdonbra, 3onotasa cdonbra).

N3BeCTHO, UYTO OTHOLLEHUE KO3hUUMEHTA M3MYyYEHUA Ceporo Tena

(C) Kk KoadbduUMEHTY uanyyeHus abcontoTHo YepHoro Tena (Co) npu ToK
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xe Temnepartype Ha3bIiBAOT OTHOCUTESTbHOW nanyyaTtenbHow
CMOCOBHOCTBLIO UMK CTENEHbI0 YEePHOTLI Tena &:

C/Co=¢,

rae Co — Ko3dhUUMEHT u3anydeHus abcontoTHO YepHoro Tena, Co =
5,67 BT/(M?-K*).

BenuuuHa € aBnAeTcs BaXXHENLWENH XxapakTepucTukonm noboro ceporo
Tena. Uucnosble 3HAYEHUS € ANS HEKOTOPLIX METannoB MpuBeAEeHbl B
Tabnuue 1.

Korga mexay AByMA TBepAbiMW Tenamu MpOUCXOAUT B3aUMHbIA
obMeH TennoTon NocpenCTBOM W3NyYeHus, TO HeOBXOAUMO Y4MTbIBATb,
YTO M3 BCEX Ny4yen, UCNyCcKaeMbiX KaXKabiM TesioM, K ApYromy OOXoOuT
TONbKO HEKOTopas 4YacTb MX. TennoBoW MOTOK, nepexogsawmin ot 6onee
HarpeToro Tena K MeHee HarpetoMmy [MocpeACTBOM  U3NyYeHUus,
onpegenaeTca No ypaBHEHUIO:

4 4

I

% =271 100 ) 100

rae Ci2 - KO3(bPUUMEHT B3auMHOro wuanydenusi, Bt/(M?K?4): F -
nnowanb NOBEPXHOCTU N3nyyeHus, M?; T1, T2 — abconoTHble TemnepaTypbl
noBepxHocTen 6onee HarpeToro U MeHee Harpetoro Ten, K; ¢ — cpegHui
yrrnoBon KoadpULIMEHT, KOTOpbIA onpenensieTcsa ¢oopMon 1M pasmepamm
yyacTByloWMX B  TennoobmeHe  NOBEPXHOCTEW, UX  B3aUMHbIM
pacnornoXeHneMm B NPOCTPaAHCTBE U PacCTOSTHUEM MEXAY HUMMW.

Ecnn Teno, usnydawowee TennoTy, 3aknNOYEHO BHYTPW ApPYroro Tena,

To ®=1, a KO3PPULMEHT B3aUMHOTO U3NyYeHUs onpeaensoT no gopmyne:

1
Cra= 1/C, +(F /FX1/C, -1/C,)

rae Cq1 = 5,67 €1 - KoadULMEHT nanyyeHus Gonee HarpeTtoro Tena,
BT/(Mm? K*):;
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Co = 5,67 € - KO3DDULMEHT U3NYYEHUA MEHee HarpeToro Tena,
Bt/(M?'K*),

F1, F2 - noBepxHocTb Gonee HarpeToro 1 MeHee HarpeToro Ter, M2,

Kak cnegyeTt v3 BbILLEWU3NOXEHHOrO, antoMUHMA, 30510TO, cepebpo u
nnatmHa — 9TO MeTannbl, obnajawlyne HauMeHbLUel OTHOCUTEIbHOW
n3ny4vyateribHOMW CnocoOHOCTbIO (CTeneHbto YepHoTbl €). [lpu  aToM,
Hanpumep, anioMuHueBas donbra UMeEEeT 3Ha4YeHMe CTENEHN YEpHOTHI &,
pasHoe 0,04,

OpgHako B yCrnoBMAX KOCMMYECKOrO MPOCTPaHCTBa BCNEACTBME
nepeoTpaXeHNs BO3HMKAET pas3orpeB MepBblX BHYTPEHHUX 3KPaHOB, Tak
HasbiBaeMbIi «MapHUKOBbIA 3ddekT». Ha noBbilleHWe TemnepaTypbl B
CNoAX 3KpaHOB TEMMOU3ONALUN CYLLIECTBEHHYIO POMb UrpaloT onTUYecKue
CBOWCTBa 3TUX 3KPaHOB, Takue Kak OTHOCUTENbHas usnyyatenbHas
CnocobHOCTb (CTENeHb 4YEepHOTbl €) U KO3MDEPUUMEHT MNOrnoLleHns
COJTHEYHOro N3Ny4YeHus aKkpaHoB (As).

Ansa pelweHns Takon npobrnembl BTOpble M TPETbU CIOM 3KPaHOB,
BbiMOMNHEHHbIX, HanpuMmep, u3 nonuaMmMaHom nfeHKN, MoryT ObiTb
MeTannuanposaHbl anioMuUHMeBon nubo cepebpsHon donbron co
CTOPOHbI, NPOTMUBOMNOMOXHOW Hapy>XHOMY MEPBOMY CIOK, a YeTBEPTLIA U
MNATBIA CrOW MEeTannM3vpoBaHbl anioMmHuem nubo cepebpom c ABYX
CTOPOH, aHanormnyHo U3BECTHOMY M3 naTeHTHoro fokymeHta SU1839976
A1, npuBeaeHHoOro 3gecb B Ka4yecTBe CCbiKU. Takke ykasaHHble Crow
MOryT ObITb METANIM3MPOBaHbI 30/I0TOM MW NNATUHOWN.

Kpome aToro Ana CHWXEHWs MHTEHCMBHOCTM TennoobmeHa mexay
BHYTPEHHUM KOPrycoM 4YaCoB C BHELUHUM KOPMyCOM W OKpyKatoLlein
CpefoN, TO eCTb ANA YMEHbLUEHUA TENMOBOro MOTOKa, MOCTYNalLLero
BHYTPb KOpnyca 4acoB OT COMHLAa BO3MOXHO UCMOSb30BaHWE Ha BHELLHEM
Cnoe 3KpaHHO-BaKyyMHOW TENSOU3ONAUUN AUSNEKTPUUECKOro TKaHHOFO

MaTepuvana nnoTHOCTb MNeTeHuA KOTOPpOoro cocTtaBndAeT He oornee 0,3
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r/cM?, B KOTOpGbIii BMNETEHbl B NMPOAONBHOM W MOMNEPEYHOM HanpaBreHuH
MeTanmanpoBaHHbIE HUTN.

Habop akpaHos OBTU moryT ObiTb M3roTOBMEHbl M3 MeTannyYeckon
donbrn unn NONUMEpPHbIX MSIEHOK, METanN3NPOBAHHbIX aritoMUHUEM C
OAHOW WNN [ABYX CTOPOH, pasfeneHHbIX MNPOKITafoyYHbIM MaTepuanom
CTEeKnoByanu.

CornacHo un3oBpeTeHuio B Yacax MPUMEHWUMbI, B YACTHOCTU, MapKu
IBTN no OCT-92-1380-83, copepxawme conbry U  XONCT
CTeknoBomnokHuctein  (OBTU-I, OBTW-I), cogepxawyme  nneHky
MONUMEPHYIO U XOINCT cTeknoBonokHucTei (ABTU-N1, SBTU-211), nneHky
Unu nNeHTy 13 Hukensa u xonct (OBTU-A, OBTU-11, OBTU-E), coaepxauime
nnenky M3T n xoncTt creknoBonokHUcTIN (OBTU-A, IBTU-2A).

MNpwn 3TOM BHELUHWUM KOPMYyC 4YacoB Takke HeobGXoaumo BbINOMHUTL C
y4eTOM 3KcrnyaTauum 4yacoB ANUTENbHOE BPEMS B YCMOBUAX OTKPbLITOroO
Kocmoca. BosHukaowme B YCrnoBuMsiX OTKPbITOrO KocMoca nepenagbi
TeMmnepaTtypbl MOryT CTaTb MPUYMHOA WCKaXKEHUs ¢opMbl BHELLHEro
kopnyca yacoB. Bmecte c Tem, Ans coxpaHeHus cTabunbHo ¢opmbl
4yacoBs, UCMonb3yembliX B KocMmoce, Be3 yBennyeHus nx rabaputos 1 Beca,
BHELUHWA KOpryc 4yacoB, AOMMKEH ObiTb OQHOBPEMEHHO TOHKOCTEHHBIM U
NMETb BbICOKYHO XXECTKOCTb.

[Ana 9Toro BHELUHWI KOpMyc 4acoB W3roTaBNMBalOT U3 MeTanna
(3oroTo, cepebpo) unu cnnaea, HaNpMMepP, NaTyHWU, HepXXaBeloLLleh cTanu
UNU N3 TUTaAHOBLIX CrnaBoB. [lanee HaHOCAT TpU nocnepoBaTenbHbIX CIOSA
C pPaBHOMEPHOW TOMLUNHOW. HWKHErO 3epKanbHOro MeTannm4yecKkoro
pagnooTpaxaloLero CKUH-CNos M3 YMCTOro artoMUHUS, MPOMEXYTOYHOro
3aLUUTHOro TEepMOPErynupyoLero AManeKTPU4eckoro cros M3 guokcuga
LMPKOHMA W BepxHero 3awuTHOro W3HOCOCTOMKOIO BbICOKOMPOYHOro
anwasonogobHoro (DLC) yrnepogHoro crnos. lMpu 3ToM yrnepogHoe
anmasonofobHoe nokpbiTe obnagaeT rasobapbepHbIMM U 3ALUTHBIMU

CBOWNCTBAMM U  BbICOKOM TBEPOOCTbIO. MHorocnonHoe HanbineHue
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nony4yarT METOAOM «XONIOAHOro» MarHETPOHHOrO pacnbifIEHNA B BaKyyme
3a ejMHbIA YCTAHOB KOpryca YacoB B BaKyyMHOW MarHeETPOAHOU Kamepe ¢
KaToAHbIMWN uU3nydyatensamu scex Tpebyembix AN MOKPbITUSE KOMMOHEHTOB
matepuanos. [pu aToM TonwuHa 3epkanbHoro antomuHnesoro (Al) cnos
COCTOBMSIET Nnopsifka 2 MKM, TONWWHA TEPMOpPErynupyrLwlero 3almuTHOro
cnos w3 auokcnpa uupkoHunsa (ZrOz2) — nopsigka 30-40 HM 1 TONWMHA
N3HOCOCTOMKOrO crnos n3 anmasonoaobHoro (DLC)
HaHOCTPYKTYpUpOBaHHOro yrnepoga — nopsgka 15-25 um. llpun eguHom
MOKPbITUN BCEX TPEX CroeB B BaKyyMHOW MarHETPOHHOW Kamepe ¢
KaTogHbIMU n3nyyaTenamu (MarHeTpoHamu) MoBbILLAETCA afresns Croes
Kak Ha BHELIHeM Kopryce 4acoB, Tak W Apyr Ha pgpyre. TexHonoruns
HaHeceHus nogobHa onucaHHOW B naTeHTHOM pokymeHTe RU2537515 CA1,
npuBeAeHHOM 3eCb B KA4eCTBE CCbISTKU.

Ctekno, ucnonb3yemoe B 3asiBMIEHHbIE KOCMUYECKUMX 4Yacax Takke
AOIMKHO BbITb BbINOMHEHO U3 MaTepuanos, CNOCOOHLIX BbiaepXaTb paboTy
B YCNOBUSAX ANUTENbHOIO HAXOXAEHUS B OTKPLITOM KOCMOCE.

Kak nokasaHo Ha ¢ur.3 AN NoBbILLEHUS HAAEXHOCTU N obecneyeHus
HeobXoANMON TENNo3aLWmTbl CTEKNO BbIMOMHEHO U3 ABYX COEAUHEHHbIX MO
KOHTYpY CTEeKOn C paccTossHnem wmexay Humm ot 1,5 po 4 mm.
MeXCcTeKonbHOe npPOCTPaHCTBO 3arepMeTusMpoBaHO W MOXeT ObiTb
3anonHeHo cyxum asoTom. [loBepx cTekna Ha paccTosHuU 2-3 MM
YCTaHOBIEHO 3alyUTHOE CTeKno, npefHasHa4yeHHoe pns  ynyudlleHus
TENMoBOro pexuma BHYTPWU Kopryca 4acoB. 3alluTHOE CTEKNO MOXET ObITb
W3roTOBNEHO, Hanpumep, 13 nonmkapboHarta (cm. dwr.3).

Takum o0Opas3oM 3adABNEeHHas KOHCTPYKUMS YacoB ANs KOCMOCA,
COAEPXKUT BHELUHWUIA KOPMYC, BHYTPEHHUIA KOPMYC C YacoBbIM MEXaHU3MOM,
ctekno n O3BTW, pacnonoXeHHas MexXay BHELHMM W BHYTPEHHUM
kopnycoe yacoB. [lpuHumn pencteua IOBTU obecneumBaeT CHuxXeHue
NNOTHOCTU TENSIOBOrO MOTOKa 3a CYET NPOXOXAEHUA W3Ny4YeHUs 4epes

H360p nocnenoBartesibHO pacnoJyioXKeHHbIX 3KpaHOB. I']poxo,u,ﬂ yepes
16



3KpaHbl, WU3Ny4YeHWe 4acTUYHO OTpaxkaeTcs, 4YacTU4HO mnornoLjaeTcs,
Bbi3blBasi HarpeB 9KpaHa, KOTOpblA CaM CTaHOBUTCA WCTOYHUKOM
N3NyyYeHus. YBenuumaas KONUYECTBO 3KPAHOB Ha NMyTU U3MyYEHUH, MOXHO
YBENMUYNTb SO0 OTPAXKEHHOro U3NyyYeHUs N CHU3UTbL 0N NPoXoAsALero.

Taknm obpas3om 3asBneHHble 4acbl ANA Kocmoca obecnednsaloT
peLleHne Takon TEXHNYECKON NpobnemMbl kKak HEBO3MOXHOCTb ANUTENbHOro
MUCrnonb3oBaHUA YacoB B YCMNOBUSAX OTKPbITOrO Kocmoca. YKasaHHas
npobnema oO0ycrnoBneHa Tem, 4To rMpu TemnepaTtypax Hwke -40°C
KPUTUYECKU CHMXKAETCA TOYHOCTb XO4a U3-3a OrpaHUYEHHOro AuanasoHa
aKcnnyaTauum ysna perynstopa (M3MeHSeTCca TreoMmeTpus cnupanu-
DbanaHca), n npu Temnepatypax Hwxe -50°C, paxe C mucrnosib3oBaHUEM
HU3KoTemMnepaTypHbIX CMa30K Yachl, Kak NpaBuno, oCTaHaBNNBaKOTCA U3-3a
TemnepatypHon pedopmauum fgetanen  caenaHHbiX U3 pasHbIX
MaTepuarnos.

Kak nokasaHO Bblle 3a CYeT peanusauum YCTpOWCTBa 4acoB OIS
paboTbl B KOCMoOce obecneymBaeTcsi TaKOW TEXHUYECKWA pesynbTaT Kak
yBENnYeHne npogornkKUTENbHOCTU paboTbl YacoB B OTKPbLITOM KOCMOCE 3a
CYET yBENMUYEHNA NPOAOMKUTESNBHOCTN OCTbIBAHUA UNU HarpeBaHWUs 4acoB
ApU WCMONb30BaAHUM B YCIOBUAX OTKPbITOrO KOCMOCa, TO €eCTb npu
ncrnonb3oBaHUM B ycrnoBuax  BonblnxX repenagoB  Temnepartyp,
konebniowmxca B npegenax ot -100 go +150 rpagycos no Llenbcuto.

YKka3aHHbI TEXHUYECKNA pe3ynbTaT obecrneymBaeTcs 3a CYEeT Toro,
YTO BMepBble B AAaHHON 0BNacTu TEXHWKN B KOHCTPYKUMM 4acoB Oblno
npeanoXxeHo ncnonb3oBaTh 3KPaHHO-BAKYYMHYKO TENIOU3ONAUUI0 C
LUernbio YMeHbLIEeHUs TennoobmeHa U coxpaHeHusi CTabunbHOro pexuma

pa6OTbI 4acoB MpKn aKcnnyaTtaunm B OTKPbITOM KOCMOCE.
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$OPMYJIA USOBPETEHUA

1. Yacel, cogepxalive

BHELLHWA Kopnyc,

BHYTPEHHUM KOpNyc C YacoBbiM MexaHusMoMm, uudepbnatom u
cTpenkamuy,

CTeKI0,

3KpaHHO-BaKyyMHylo  Tennousonsauuto (OBTU), pacnonoxeHHyto
MeXAy BHELUHUM U BHYTPEHHUM KOPMYyCOM.

2. Hachbl no n.1, oTnuyamLmecsa TeM, YTO BHELLUHUIA KOPMYC COOEPXAT
3aHIO0 KPbILLIKY.

3. Yacel no n.1, oTnuyaromecs Tem, YTO BHELUHWA KOpnyc umeeT
MOKpbITHE, COCTOALLEEe U3 TpeX NnocriefoBaTeribHbIX COEeB PaBHOMEPHOM
TONLUUHBI.

4. Yacbl no n.3, oTnnyaroLmnecs TeM, YTO NOKPbITUE NUMEET

HWKHUN 3epKarnbHbIn MeTannu4ecknin pagmooTpakatoLmMii CKUH-CION
N3 YUCTOro artoMUHUS,

MPOMEXYTOUYHbIN 3alUTHbIA TEPMOPEryNPYIOLLNA OUINEKTPUYECKUNA
Cnown 13 guokcuaa UMpKOHUsA n

BEPXHUN 3aLUUTHBbIN M3HOCOCTOWKWUIA BbICOKOMPOYHbIN
anmasononobHbit (DLC) yrnepoaHbI crioi.

5. Yacbl no n.1, oTnuyawMecs TeM, 4UYTO BHYTPEHHUN Kopryc
BbIMOMHEH LenNbHbIM B BUAE Kancyrbl.

6. Yacbl no n.1, oTAMYalLWMecs TeM, 4YTO BHYTPEHHWUA KOpMyc
BbIMOMHEH COCTaBHbIM U UMEET 3a4HIOK KPbILLKY.

7. Yacbl no n.1, otnnyarowmecs tem, 4yto IBTU npencraenser cobon
Habop 3KpaHOB, COCTOSALUMX M3 MaTepuarioB C BbiCOKOW OTpaXaTenbHOU
CNocoBHOCTbIO, pasfeneHHbIX MpY MOMOLWM pasgenutTenein BHYTPEeHHUX

cnoes.
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8. Hacbl no n.7, oTnnyarowmecs Tem, YTo pasgenuTtenn BHYTPEHHUX
CrnoeB MOryT ObITb BbINOSHEHbLI NMOO B BUAE NPOKNaAoK U3 MaTepuarnos C
HU3KOW  TEMnONPOBOAHOCTbIO, MNPENATCTBYIOLMUX  CrUMNAHUIO  CrOEB,
HanpuMmep, Takux Kak CTeKnoTKaHu, a3porenb, NMMbo BHYTpEHHWE crou
dopmytoTca 1 npuobpeTaloT pernbed, Npu 3TOM KOHTAKT Mexay HuMu

MWHUMU3NPYETCA.

9. Yacbl no n.7, oTnMyaloLMecs TeM, YTO MEXCNOWHbIE 3KpaHbl B
MoryT ObITb W3roTOBMEHb W3 artoMUHUEBOW ONbMA  TOMWMHOW B
HECKONMbKO MWKPOHOB MO0 anioMUHM3NPOBaAHHOW NOMMMEPHOWN NNEHKK, a
TENNON30NALUMOHHbIE NPOKNagKKW — W3 PasfNyHbIX CTEKITOBOSOKHUCTbIX
MaTepuanoB, Hanpumep, TakMx Kak cTekrnobymara, CTEeKNOXOrCT,

cTeKknosyarb.

10. Yacbl no n.7, oTnnyawLmMecss TeM, YTO 3KpaHbl BbIMOMHAIOT U3
mMartepnana C  MUHUMAnNbHOM  CTENEeHbK  YepHOTbl,  Hanpumep,
anomuvHneBasa donbra, cepedpsHas nnactuHa, 3onoTasi HUTb/donbra,
nnatuHa.

11. Yacbl no n.7, otnuyawwmecs Tem, uYto OBTU copepxut, no
MeHbLUEen mepe, 3 aKpaHa.

12. Yacbkl no n.11, oTnNUYalOLMECH TEM, UYTO PSAL CMOEB 3KPAHOB,
BbINONMHEHHbIE, Hanpumep, W3 MONMUaMUAHOW NNEHKW, MOoryT ObITb
MeTannuanpoBaHbl antoMUHMEBON nubo cepebpsHon donbron co
CTOPOHbI, MPOTUBOMOSIOXKHON HapPYy>XHOMY MNEepPBOMY CMOK, a HEeKoTopble
cnou MeTannuanpoBaHbl antoMuHnem nudo cepedpom.

13. Yacbl no n.7, oTnuyawwMecs TeM, YTO Ha BHELUHEM Crnoe
9KpaHHO-BaKyyMHOW TEnfouM3onsunuy  UCMONb3yeTCA  AUSNEKTPUYECKUN
TKaHHbIK MaTepunan, NSIOTHOCTb NAETEHNA KOTOPOro CoctaBnsaeT He bonee
0,3 r/cM?, B KOTOpbIA BNMETEHbl B MNPOAOIBHOM U MNOMNEPEe4HOM

HanpasneHnn metamim3npoBaHHble HATA.
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14. Yacbl no n.7, oTnuyarmecs Tem, 4to Habop akpaHoe OBTU
MOryT ObiTb M3roTOBMNEHbI U3 MeTannmMyeckon onbrn UNU NorIMMEpPHbIX
MNNEHOK, METannNU3npoBaHHbIX antOMUHUEM C OAHOW UMW OBYX CTOPOH,
pasferneHHbIX NpoKnagoYHbiM MaTepuariom CTeKoByanu.

15. Yacel no n.1, oTnuyarwmeca Tem, 4YTo B Yacax NMpUMEHUMbI, B
YaCTHOCTN, mMapkn  OBTW, copepxawme  cdonbry v XONCT
cteknoBonokHuctein  (OBTU-I, 3BTWU-I'1), cogepxawune  nneHKy
MNONMMUMEPHYIO U XONCT cTeknoBonokHucTein (3BTU-N1, SBTU-2A1), nneHky
nUnu NeHTy ua Hukens n xonct (SBTU-I, 3BTU-41, BBTU-E), copepxawime
nnexky MNM3T n xoncT cteknoBonokHUCTbIN (3BTU-A, SBTU-2A).

16. Yacbl no n.1, oTnuyarowmecs TeM, YTO CTEKNO, UCMONb3yemMoe B
yacax, BbIMONMHEHO W3 [ABYX COEAUHEHHBIX MO KOHTYpYy CTeKon C
paccToaHuem mexay Humu ot 1,5 0o 4 mm.

17. Yacbl no n.16, oTnuyalowMecs TeM, UYTO MEXCTEKOSbHOoe
NMPOCTPAHCTBO 3arepMeTU3MpoBaHO U MOXET OblTb 3anoONHEHO CyxXuMm
a3oToM.

18. Yacbl no n.16, oTtnunyalwmecs TeMm, 4YTO MOBEPX CTekna Ha
paccTosAHUU 2-3 MM YCTaHOBNEHO 3aLLUNUTHOE CTEKIO.

19. Yacbl no n.18, oTnnyaroLmMecs TeM, YTO 3aLLUUTHOE CTEKNO MOXET
ObITb U3roTOBMNEHO, Hanpumep, 13 nonukapboHara.

20. Yacel no n.1, oTnuyaroWmMecs TeM, YTO CTEKMO AOMNONMHUTENbHO
cHabatoT aHTUONUKOBbLIM NOKPLITUEM.

21. Yacbl no n.1, oTnuyarowmecs Tem, 4YTo AONONHUTENBHO coaepxaT
PEMELLIOK.

22. Yacbl no n.21, oTnuyalwMecs TEM, 4YTO pPEMELLOK 4YacoB
BbIMOMHEH C BO3MOXHOCTBIO OOMOTKM M 3aKpél'IJ'leHI/Iﬂ Ha oOwnare
ckachaHApa KOCMOHaBTa.

23. Yacbl no n.1, oTnnyaowmecs Tem, YTo AononHUTENnbHO obnagatoT
PYHKUMEN BbICTaABEHMSA 3BYKOBOrO COMPOBOXAEHUSA COBbITUA C 3aQaHHON

TOHalMbHOCTbLIO 3By4YaHUA.
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24. Yacbl no n.1, oTnuyawlymecss Tem, YTO AOMNOMHUTENbHO WUMEIT
AHTUMarHUTHYO 3aLUuTy.

25. Yacbl no n.1, oTnuM4yaloLwMeca TeMm, 4YTO UMEKT MNOACBETKY No
KOHTYpY undepbnara.

26. Yacbl no n.1, oTrnnyaloLMecst TeM, YTO CTPenkn u umcpbl Ha
undbepbnaTe noagcseyeHbl, HanpuMmep, NyTeM HaHECEHUA TPUTKUS.

27. Yacbl no n.1, oTnuyarwLyueca Tem, YTO UMEKT AOMNOMHUTENbHbIE
YHKUMK 4YacoB, MUHYT, CEeKyHA ANA Tpex 4acoBblX 30H, XpoHorpad,
BEYHbIN KaneHaapb.

28. Hackl no n.1, oTnuyarowmecs TemM, YTO KOpnyc 4YacoB BbIMNOSTHEH U3
MONMMPOBaHHOIO HeJparoleHHoOro mMeTanna W MOKpbIT 30MoTOM  AnS
CHWXEHUNA KoIahdDULIMEHTA YEPHOTDI.

29. Cnoco6 Wu3roToBneHus 4acoB ANs 3Kcnnyatauunm B OTKPbITOM
KOCMOCE B KOTOPOM

MEXAY BHELIHUM KOPMycCOM W BHYTPEHHUM KOPNyCcOM 4acoB
yCTaHaBNMBalOT 3KpaHHO-BaKyyMHyto Tennousonauuio (3BTW) cocTosuyto
n3 Habopa 3KpaHOB, BbLINOMHEHHbLIX W3 MaTepuanos C BbICOKOU
oTpaxaTenbHOW CrnocoBHOCTbIO U pasfeneHHblX MpoKnagkamu U3

maTepuanos C HU3KOW TennonpoBoAHOCTbIO.
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Tabnuua 1

3HayeHna cTeneHun YEepHOTbI AJ14 HEKOTOPbLIX MaTepunaroBs

MeTannebl Temnepartypa, °C CTteneHb YepHOThI, €
AnoMUHUN 200+600 0,11+0,19
JlaTyHb 200-+600 0,61+0,69
Meab 200600 0,57+0,87
>Keneso (ctanb) 175+900 0,74+0,96
oKucneHHoe

Cranb (HepxaBetowas) | 200-600 0,25+0,35
Ctanb (nonuposaHHas) | 900+1100 0,52-+0,61
Ctanb (nonuposaHHas | 480-1300 0,24+0,31
HepxaBetoLas 316)

Ctanb (okncneHHas) 40+370 0,94+0,97
YKeneso (okucneHHoe) | 30 0,23

3onoTo, TwaTenbHo | 225+635 0,018-+0,035
NonMpoBaHHoOE

Cepebpo, 225+625 0,0198+0,0324
NMonupoBaHHOE, YNCTOE

MnaTtunHa ynucrtaq, | 225+625 0,054+-0,104

nonnpoeaHHas
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OTYET O IATEHTHOM IIOUCKE  [HoMmep espasuiickoii 3asBku:

(crarbs 15(3) EATIK u npasuiio 42 TlaTeHTHOH HHCTPYKUHH K

EAIIK) 201900566

A. KTACCHOHUKALIMA MPEAMETA U3OBEPETEHNA:
G04B 43/00 (2006.01)

CornacHo MexayHapoaHo# mateHTHo# knaccuukauuu (MIIK)

b. OBJIACTD ITOUCKA:

ITpocMoTpeHHas NoKyMeHTauus (cucrema kiaccudukauny u naexcsl MIIK)
G04B 19/00, 37/00, 39/00, 43/00, GO4C 23/00

BHCKTpOHHaﬂ 0a3a JaHHBIX, HCMOJIB30BaBIIAACS IIPH MOUCKE (Hassaﬂue 6a3bl 4, €CITH, BO3MOXHO, HCIONB3YCMBIC ITIOUCKOBLIE TCpMHHBI)

B. TOKYMEHTBI, CHUTAIOINUMECS PEJIEBAHTHbBIMU

SPATIALE EUROPEENNE) 10.03.2006

Kareropus* CchUIKM Ha IOKYMEHTHI ¢ YKa3aHHEM, T1e 3TO BO3MOXKHO, PEeJIeBAaHTHEIX YacTei OTHOCHTCS K IYHKTY Ne

A RU 2339987 Cl1 (OPTAHU3ACLOH OJSHTEPI'YBEPHEMAHTAJIb JUT AXAHC (1-29
CITACBSJIb OPOITEQH) 27.11.2008

A RU 2587740 C2 (OBLUECTBO C OIrPAHMYEHHOM OTBETCTBEHHOCTBIO (1-29
"HAYYHO-HCCJIEAOBATEJIbCKHMYM MHCTUTYT KOCMHUYECKUX U ABUALIU-
OHHBbIX MATEPHAJIOB") 20.06.2016

A RU 2344972 C2 (MOCKOBCKMI IOCY IAPCTBEHHBIA MHCTUTY BJIEKTPOHUKH |1-29
U MATEMATHKH (TEXHUYECKUIA YHUBEPCUTET)) 27.01.2009

A SU 1840181 Al (HAVYHO-ITPOU3BOJCTBEHHOE OBBEJUHEHHUE UM.C.A. JIA- |1-29
BOYKHHA) 27.06.2006

A US 5508979 A (ETA SA FABRIQUES D'EBAUCHES) 16.04.1996 1-29

A CN 101403888 A (SHENZHEN FIYTA HOLDINGS LTD.) 08.04.2009 1-29

A FR 2875021 Al (ORGANISATION INTERGOUVERNEMENTALE DITE AGENCE |1-29

D NOCACAYIONINE JOKYMEHTHI YKa3aHbl B NPOJODKCHUN

* OcobbIe KATErOpHH CCBIUIOUHBIX JOKYMEHTOB!

(A» - NIOKYMEHT, ONpeeNAIOUINi 00muil ypOBEHb TEXHUKH

«D» - 10KyMeHT, npuBeicHHbII B eBpasuiickoif 3a1Bke

«E» - Gonee paHHUIt AOKYMEHT, HO ONTyGJIMKOBAHHBIH Ha AaTy Mojauu

[eBPa3UICKON 3asABKH HITH NIOCHE HEe

«O» - NOKYMEHT, OTHOCAIMHACA K YCTHOMY PackpbiTHIO, 3KCIIOHHPO-
BAHHIO H T .

"P" - BOKYMEHT, OTy0IMKOBAHHBIN 10 JAaThl MOAAYH eBpasniickoit
3a4BKH, HO T10CJ/IE JATHI HCTIPAIIHBAEMOro NpHopUTeTa”

TNPUBEACHHEIN IS IOHUMAHHA H300peTeHun

CTH

TaMH TOH XK€ KaTeFOpUH

«L» - NOKyMEHT, IPUBEACHHEIN B APYTHX LIENAX

«T» - Gonee no3aHKA TOKYMEHT, OMyGIHKOBAHHBIH NOCNE AaThl IPHOPUTETA U

«X» - NOKYMEHT, umetomuii Hanbolee 6JIM3KOE OTHOLICHUE K NMPEIMETY MOHCKA,
NIOpOYaILiit HOBU3HY MM H300PETaTeNbCKUH YPOBEHB, B3ATHIN B OTACNBHO-

«Y» - NOKYMEHT, uMeromuit HanGonee 6M3Koe OTHOLICHNE K NPEMETY MOUCKA,
nopouaiHit n306peTaTenbekuii ypoBeHb B COYECTAHAM C APYTHMH JAOKYMEH-

«&» - JACKYMEHT, ABNAOWMKHCA ﬂaTeHTOM-aHaJTO?M

Jara nposeseHus nareHtuoro noucka: 24/09/2020

YNOMTHOMOYEHHOE THIO:
Havanpank YnpaBiaeHus 9KCIEpTH3b!

/
ﬁ% JLIO. Poroxun
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