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CIyTHHUKA ObUT PUCK CTOJIKHOBEHUS Ha COOCTBEHHOU paboueli opOuTe, XOTs MJIOTHOCTh KOCMUYECKUX
00BEeKTOB Ha 3TOM BBICOTE /JOBOJILHO HU3Kasi TI0 CpaBHeHu!o ¢ BbicoTamu B 400-600 KuoMeTpoB, e
OyyT MPOM3BOJUTHCSI MaHEBPHI TI0 CITyCKY CITyTHHKA.

Inst TOro, uTOOBI TPEJOTBPAaTUTh BBICOKMH PHUCK CTOJKHOBEHHs, HeoOXOAWMO 3apaHee
TIOCUMTATh MaHeBP KOCMHUECKOTO arrapara U JiaHHble 0 MeCTOII0J/IO)KeHHWH CITyTHUKA C yUeToOM
MaHeBpa HarpaBuUTh C KocMmuueckue cwibl CIIA st TOro, uTOOBI MCK/THOUMTH BO3MOXKHOCTB
CTOJIKHOBEHHMSI C [PYTUMUA KOCMUUECKUMHU 00beKTaMH TIPH CIyCcKe ¢ paboueii opOUTHI.

B 3ak/t0OueHUH XOTe0Ch ObI OTMETHUTD, UTO ZiaHHAasl MPOIieypa OueHb Ba)KHA MPH CITyCKe
CITyTHUKA C paboueii opOUTEI, Be/ib BLICOKAsi KOHLIEHTPALMsi KOCMUYeCKHUX 0OBeKTOB YBeITMUUTh PHUCK
CTOJIKHOBEHHSI M TEM CaMbIM PUCK Pa3pyIIE€HUs CIyTHUKA W3-3a CTOJIKHOBEHWS, UTO TMPUBEJET K
oOpa3oBaHMI0 OOJBIION Tyud OOJOMKOB KOCMHWYECKMX arlllapaToB, 4YTO TIOBBICUT PHUCKH
CTOJIKHOBEHMSI y)Ke 3TUX OOJIOMKOB C /IDyTMMH 00beKTamMH. I103TOMy MOCTOSTHHBIM MOHUTOPHHT
pYICKa CTOJIKHOBEHHSI ¥ Ha paboueli opOuTe CITyTHUKA U TIPH CITyCKe OUYeHb BaKeH.
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AHAJIN3 TEIUIOBBIX HATPY30K HA KOCMUWYECKWH ATIIIAPAT ITPU BXO/IE B
ATMOC®DEPY 3EMJ/IN

Karmapoga ['yncapa ApmaHKBI3bI
kaparova.gulsara@bk.ru
MaructpaHT 2 Kypca Kadepbl «KocMyuueckast TeXHUKa U TeXHOJIOTMW» EBpa3uiickoro
HaloHanbHOro ynusepcurera uM. JI. H. I'ymuneBa, Acrana, Kasaxcran
Hayunsbiii pykoBoguTens — b. A. bazapbekyib

Bxog KocMuueckoro arnrapara B aTMocepy COpOBOX/aeTCsl SKCTpeMaTbHbIMU TeTIOBbIMU
Harpy3kamu, OOyC/IOBJIEeHHBIMH a3pOJMHaMHuUecKUM HarpeBoM. B naHHOW 0030pHOM cTaThbe
paccMaTpUBAIOTCSl OCHOBHBbIE MeXaHU3Mbl TEIJIOBBIX BO3ZIMCTBUM, METO/bl X MO/e/IMPOBaHUs, a
TaK)Ke COBPeMeHHble TEeXHOJIOTMM TeIUIOBOM 3alljUThl KOCMHUYeCKHX arrmapaToB. [IpeacraBrieHb
COBpeMeHHbIe TeH/IeHIUY U TIepCIIeKTUBHbIe HallpaB/IeHHsT UCC/IeIOBaHMH B IAHHOMN 00/1acTH.

ITporecc BXoZia KOCMAYeCKOro anrapara B atMocdepy 3eM/H sIB/sieTcsl OAHOU 13 Hanboree
CJIO’KHBIX (ha3 ero mojieta. B 3TOT MOMEHT arinapaT CTa/IKUBaeTCsl C BHICOKUMH a3pOAMHaMUUeCKUMHU
Harpy3Kamy 1 MHTeHCHBHBIM HarpeBOM 3a CUeT CKaTHsl BO3/yXa Iepe/i OBepXHOCThIO arrapara u
TpeHusi Mojekyn arMmocepsl. be3 sddexTrBHbIX cucteM TersoBoit 3amuThl (TPS — Thermal
Protection System) ammapaT MOKeT pPa3pyLIUTbCS WM TOTEePATh (PYHKLMOHANIBbHOCTh. [laHHOe
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HCCreloBaHue Mpe/cTas/isieT 0030p CyILLeCTBYIOIINX METO/I0B MO/e/IMPOBaHHs TeI/IOBbIX Harpy30K,
NPUMeHsIeMBIX 3alUTHbIX MaTepHasIoB U MePCIeKTHBHBIX TEXHOJIOTHH [J1s1 OYAYLIMX MUCCHH.

3arycKk KOCMMUYeCKOro anrapaTa CONpOBOXKJAeTCsl 3HAUUTeIbHBIMU a3pOJUHAMUYEeCKUMU U
TerJIOBbIMU Harpy3KamH, BbI3BaHHBIMU IIPOXOJKJeHHeM IJIOTHBIX C/10eB aTMoC(epsl. B 3TOT nepuoz
B&)XHYIO pOJIb UrpaeT KOHCTPYKLIMOHHAas TeryIoU30/sALus U 3(pQeKTUBHas paccesiHUs Tersa OT
paborarouux gBuraTesneil. OCHOBHbIE TeIJIOBble BO3/JelCTBUS CBsI3aHbI C TPEHHEM BO3/yXa, a TaKKe
HarpeBOM OT PeaKTMBHBIX CTPYH JBUTaTe/IbHOW yCTaHOBKHU. [1pu Bo3BpalljeHMH arrapara Ha 3eMJI0
aspoTepMO/IMHAMUUeCKue TPOLecChl  CTaHOBSITCS ~ KPUTUYECKU BaXKHbIMU. [IpusemsieHue
COIIPOBOJK/AeTCs 3aMe//IeHHeM arrapara 3a CueT NapallfoTHbIX CUCTeM WU/ PeTPO-JBUraresen, 4ro
CHW)KaeT Harpy3Kyd Ha KOHCTPYKLMIO. B 1esi0M, 3amyck U rnpusemsieHHe KOCMHUYeCKOro anrapara
Mpe/iCTaB/IsAOT OO0 upe3BbIYAaliHO CJIOXKHBIE IIPOLIeCChl, TpeOylolje TOYHOrO pacuera MU
TIIaTe/IbHOIO NPOeKTUPOBaHHUs (PUCYHOK 1).

nNaneT annapaTa

at

Orpenewne annapara
Bxon 8 nnotHbLe cnou
aTWMOCDe [_:.t.l
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PucyHok 1 — Dransl 3amycka U rnpusemsieHns KA

'unep3ByKoBoe [BI)KEHHME KOCMHUYECKOro afmrmaparta B arMocdepe COMPOBOX/AAeTCs
oOpa3oBaHueM YZApHOU BOJIHBI TepeJi ero TOBEePXHOCTBI0, UYTO TIPUBOJWT K PE3KOMY TIOBBILIIEHHUIO
TeMriepatypsbl (pUcyHoK 2). C)kaTve rasa B y[JapHOM CJI0€e BbI3bIBaeT HarpeB /10 HECKOMbKUX ThICSY
rpajiycoB, 4to OOYC/JIOBIMBAeT WHTEHCHBHBIM TeIIOBOM TIIOTOK K TIOBEPXHOCTH arirapara.
KOHBEeKTUBHBIN Terna000MeH CTAaHOBUTCS AOMHHUDYIOLIUM MeXaHW3MOM Tiepefiaud Terjla B
pe3ynbTare TypOy/JeHTHOTO B3aUMOZEHCTBYS ra30BOr0 MOTOKA C KOPITyCOM arrapara. B ycioBusx
BBICOKUX TeMIlepaTyp y/lapHOTO C/I0si 3HAUWTEe/JbHYH) pOJib UrDaeT pafiMal[MOHHBIA TerioobMmeH,
YCUIMBAIOIIMI TeryioBble Harpy3ku. BHyTpeHHMI TersionepeHOC uepe3 KOHCTPYKLMOHHbIe
3/IeMeHTHI arirapara BJ/IMsieT Ha TeMIlepaTypHOe pacripe/iesieHle BHYTPU CUCTEMBbI, UTO HE0OX0IUMO
YUWTBIBaTh MPU NTPOEKTUPOBAHMY TeIIOBOM 3alllMThI /1JIs1 [IPeJOTBpallieHUs IleperpeBa KpUTUUeCKUX
KOMITOHEHTOB.
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PucyHok 2 —Bxop B aTMocdepy 3eM/i KOCMAYeCKOro arirapara

Tak ke HeOOXOJUMO YYeCTh, UTO TP SKCTPeMa/IbHBIX TeMIlepaTypax, BO3HUKAIOI[UX B
yZIapPHOM CJI0e, MOKeT TPOUCXO/IUTh UCTIapeHue 1 CyO/MMalivsl TIOBePXHOCTHBIX MaTepHasioB, UTO
B/MSIET Ha a’poTepMOJUHAMHUuUeCKWe XapaKTepUCTHUKU amrapaTa. Kpome Toro, ¢opmupoBaHue
VOHU3UPOBAHHOTO Ta3a BOKDPYr KOpIyCa MOXKeT MPUBOAUTh K BO3HHMKHOBEHHUIO PaJUOIOMeX,
3aTPY/JHSIOIIUX CBSI3b C Ha3eMHBbIMU CTAaHLIUSIMU. B 3aBUCHMOCTU OT CKOPOCTH BXO/la U COCTaBa
aTMocdepbl BO3MOKHO Tak)Ke 00pa3oBaHMe JIOKAaTM30BaHHBIX Pa3ps/ioB TIa3Mbl, UTO TpebyeT yuera
TIPU TTPOEKTUPOBAHUU 3/IEKTPOHUKHU U CUCTEM CBSI3U arlfapara.

[ononHuTenbHOe BHHMMaHUE Y/eseTcsl U3yUeHHI0 B3aUMOJEeNCTBUS T1J1Ta3MEeHHOr0 CJios C
MaTepuasiaMHi TeryIOBOW 3alllUThl. B yC/IOBHSX TUMEpP3BYKOBOTO T0JjieTa MPOUCXOJUT He TOJLKO
a’poTepMHUUecKoe BO3/eiCTBHe, HO UM XUMHUeCKas »>5pO3usl T[IOBEDXHOCTH arrapaTta Mof,
BO3/IeMICTBUEM BbICOKOIHEPreTHUeCKUX YaCTHI]. DTO MOKeT MPUBOAUTH K TIOCTeNeHHOU Aierpajialiiu
3aIUTHBIX TIOKPLITUA W W3MEHEeHWI0 UX Terio(hrU3nYecKUX XapaKTepPUCTHK, YTO HeoOXOoAuMO
YUUTBIBAaTh MPU BEIOOPE MaTePHA/IOB U MPOEKTUPOBAHUM TETUIO3aIUTHBIX CUCTEM.

CoBpeMeHHbIe HCC/IeZIOBaHUs HalpaB/ieHbl Ha pa3pabOTKy MHOTOPA30BBIX TETI03alUTHBIX
MaTepuasoB, aJafTUBHBIX a’3pPOJUHAMHUECKUX T[IOBEPXHOCTe U WHTErpUPOBaHHBIX CHUCTEM
yTIpaB/IeHUs TETJIOBBIMH TIPOLIeCCaMH, UTO ITO3BOJIUT MOBLICUTH 3((heKTUBHOCTh U 6e3011aCHOCTh Kak
3aryckKa, Tak ¥ BO3BpalljeHUs] KOCMUYeCKHX arraparoB.

Kpome Toro, ocoboe BHHMMaHWe YyesnsieTCs pa3paboTke KOMITO3UTHBIX MaTepuasnoB C
YJIyUIlIeHHbIMHA ~ TeTJIOU30JISIIIUOHHBIMU ~ XapaKTePUCTHKAMU,  CIIOCOOHBIX  BBIZIEP)KUBATh
JKCTpeMasibHble TeMriepaTypHble Harpys3ku Tpu Bxojle B atmocdepy. MccnemoBanust B 06sacTu
AaKTUBHOTO OXJ/IOK/AEHHUS, TaKMX KakK aO/sIMOHHbIE TIOKPBITHS W CHUCTEMbI HCIIAPUTETbHOTO
OXJIXK/IeHUs], TaK)Xe HabWUParOT TOMYJISIPHOCTb.

WccnenoBaHue TeryIOBBIX HAarpy30K Ha KOCMUYeCKM armapar Mpy BXofie B aTMocdepy C
ucrosib3oBanieM ANSYS 1o3BosisseT JieTaJibHO aHAIM3UPOBATh IIPOL[ECChl TeriooOMeHa |
olleHHMBaTh 3(PPEeKTUBHOCTb TeIIO3allUTHBIX TOKPBITUH. B paMkax Mofie/iipoBaHus CHauasa
co3ziaeTcsi reoMetpuyeckass Moziesib arirapata B ANSYS SpaceClaim unu DesignModeler, rae
VUUTBLIBAIOTCS €ro aj’poAuHamMuueckas (opMa, KOHCTPYKI[MOHHBIE 37IeMEeHTbl W MaTepHuasbl
TeTI03all[UThL. 3aTeM BBITIO/IHSIeTCS ceTouHOoe pa3bueHre B ANSYS Meshing, rie ocoboe BHMMaHMe
yiensieTcst 00/1acTSIM C BBICOKUMHM T'PaJIMeHTaMU TEMITEPATYPhI U /IaB/IeHUSI.

Ha cnepyroiieM 53Tame 3a/al0TCsl TpaHWYHbIE YC/IOBMS, BK/IIOUas CKODOCTb BXOJa B
aTMocdepy, rapaMeTpbl OKpY’Katollieil cpefibl, Takue Kak TeMmIiepaTypa, /aB/ieHHe U IJIOTHOCTb, a
TaK>Xe TeII0OBOM TMOTOK, PacCUMThIBaeMbili Mo sMmnupuueckum (Gopmynam. B ANSYS Fluent unu
ANSYS Mechanical mpoBogutcsi MojenvpoBaHHe TeIUIOBBIX TMpOLIeCCOB (PUCYHOK 3), T[e
YUUTBHIBAETCSI KOHBEKTUBHBIM HarpeB OT pacKaJeHHOTO C/I0sl BO3[yXa, TEIJIONPOBOJHOCTb uepe3
C/IOM TeMJIO3al{UTHOTO TIOKPBITHUS, TEIJIOBOe W3/IyueHHe B KOCMOC, a TakKke BO3MOYKHOE
absIsIMOHHOe pa3pyllleHre MaTepUasoB.
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PucyHok 3 — Mo,quH/IPOBHI/Ie TeIIOBbIX Harpy3ok Ha KA B nporpamme ANSY S

Pe3ysibTaThl MOZE/TMPOBaHUsI MO3BOJISIIOT OIpeJie/IUTh TeMIlepaTypHOe paclipejie/ieHue Ha
KOpIlyce arnrapaTa, BbIIBUTb KDUTUUECKHWe 30Hbl C MaKCMMa/JbHOM TeMIlepaTypoH, OLIeHUThb
3(QPeKTUBHOCTb TeIUIO3allUTHBIX MaTepuasoB U CIPOTHO3UPOBaTh M3MeHeHHe TeMIlepaTyphbl B
nporiecce crmycka. Takoil aHamu3 obecrieurdBaeT BO3MOKHOCTh ONTHUMH3alMU  KOHCTPYKLUU
KOCMHYeCKOro armapara, BblOOpa Hauboree TOAXOASI[MX MaTepUasioB M COBEPIIeHCTBOBAHUS
CUCTeM TelJIOBOU 3allUThl, UTO B KOHEYHOM UTOTe MOBBIIIAeT HaJIe)KHOCTh U 6e30MacHOCTb MUCCHH.

Kak Mbl OTMeTU/IM paHee, aHa/IM3 TEIJIOBbIX HArpy30K Ha KOCMUYeCKHUH anmapar npu
BX0/le B aTMOC(epy sIB/ISIeTCs BaXKHOM 3a/1aueit /17151 o0ecriedeHust ero Ha/|eXKHOCTU U Ge3oracHoCTU. B
JIAHHOM CTaTbe paCCMOTPeHbI OCHOBHBIE MeXaHW3MbI TeIJI000MeHa, BK/II0Uasi KOHBEKLIUIO, TEIJIOBOe
V3/TlyuyeHue U TeIIONPOBOAHOCTb, @ TAaK)Ke BAMSHME pa3/IMyHbIX (PAKTOPOB, TaKUX KaK CKOPOCThb
BX0/1a, IJIOTHOCTb aTMOC(epbl U reOMeTpus arrnapara.

CoBpeMeHHbIE MeTO[bl MOJEeIUPOBAHUS TeIVIOBBIX MPOLIECCOB M CIleLdaJu3MpOBaHHbIe
MpOrpaMMHbIe KOMIUIEKChI, TI03BOJISIIOT 0ojiee TOYHO TIPOTHO3MPOBATh TEIIOBble HArpy3kd u
ONTHMU3UPOBAaTh TEIUIOBYIO 3aliUTy. AHa/lu3 CYL[eCTBYIOLIMX MaTepyasaoB JJi TepMO3allUThbl
MOKa3bIBaeT, YTO KOMOWHALMSl aKTUBHBIX M TACCUBHBIX METOJOB 3alllUThl MOXKeT 3HaYUTe/TbHO
TOBBICHUTD 3((PEKTUBHOCTH TEIJIOU30ISLIUH.

Byny1me uccnenoBanus B JAHHON 00/71aCTH MOTYT OBITh HarpaB/ieHbl Ha Pa3paboTKy HOBBIX
BbICOKOTEMITePAaTypPHBIX MaTepHasioB, YIyydllleHHble MeTO/bl MO/e/IMPOBaHKSI TEIJIOBBIX IIPOL[eCCOB U
ONTHUMM3ALMI0 KOHCTPYKTUBHBIX peIleHUH /i1 CHYD)KeHUS] MacChl U TOBBILLIEHUS 3(PQeKTUBHOCTU
TerUIo3allUTHbIX cucTeM. Takum o6pa3oM, ymiyOseHHBbI aHanM3 TeIUIOBBIX HArpy3oK U
COBepILEHCTBOBaHWE TEXHOIOTUM TepMO3allUThl MPOZ0/DKAT UrPaTh K/IFOUEBYIO PO/b B YCIIEIIHOM
BBITOJIHEHUY KOCMUYeCKUX MUCCHH.
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