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1. AHHOTALMA

[enb paboThl — cozmanne HOBOro 3 (PEKTUBHOTO CIIocoOa pa3BepTHIBAHUS
pedaexTopa YKB anTeHHBI 4711 KOCMUYECKOTO armapara ¢ MpuMEeHEHUEM TeXHOJIOTHH
3D neyaru paanooTpakarmuM (HOTOMOIUMEPHBIM KOMIO3UTOM.

B xope paboThI perieHs! clieayomnue 3aJauu:

- Omnpegenensl HauboJee KPUTUYHBIE BO3ICUCTBUS YCIOBUN OTKPBITOTO
KOCMOCA, BIIHSIONIME HA IKCITYaTaIMI0 aHTEHHBIX PEQIICKTOPOB.

- PaspaGotan Texnosorus 3D meuaty MOaXOIAIIUMN 1J1s CO31aHUs
YCTOMUYHMBBIX K YCIOBUSM OTKPBITOTO KOCMOCA aHTEHHBIX pe(IeKTOPOB
HETIOCPEACTBEHHO B YCIOBUSAX KOCMUYECKOIO MOJIETA.

- Tlomo6pan Tun nonumepHoro komno3uta s 3D neyaty,
YAOBJIETBOPSIONINN YCIOBUSIM OTKPBITOTO KOCMOCA U TPEOOBAHUEM K
OTpak€HUIO paaroBoyiH Y KB.

- Co3spgad u ucnbiTad nporotun 3D npuHTEpa, padOTAIOIIETro M0
NPEAJI0KEHHON TEXHOJIOTHH.

B pesynbrare ucnblTaHuiA NPOTOTUIIA, PEATU3YIOIIET0 OCHOBHBIE HOBILIECTBA
TEXHOJIOTUH, ObLJIa JOKa3aHa KU3HECTIOCOOHOCTh U IEPCIIEKTUBHOCTD MPEIJIOKEHHBIX
METOOB.
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10.

11.

12.

13.

14.

CHHucoK HCNOJIb30BAHHBIX HCTOUHHKOB

Kocmuueckue 3amycku B 2020—2021 rogax: rio6anbHbIe TEHACHIINN U TOCTIKEHUS B OCBOCHHUH KOCMOCA.
TTonkosauk 1.C. TOITOPKOB, kanguaat Texandeckux Hayk, [lomkoBauk A.A. POMAHOB, IToamnonkoBHUK
J.B. IMAHOB, IToanonkosruk 3anaca C.B. YEPKAC, noxrop BoenHsix Hayk. BOEHHA I MBICJIb - Nel
— 2023

[Ipoexr «Cdepay nepexoauT K IpakTHueckoil peannsamuu, rops Adanacses, Pycckuii kocmoc 01.2022
[TAPETO-OIITUMAJIbHBIE TPEBOBAHHS K TOYUHOCTHU OTPAKAIOILEN IIOBEPXHOCTU
MMAPABOJIMYECKNX PEDJIEKTOPOB 3EPKAJIBHBIX KOCMNYECKNWX AHTEHH JIJIA
MEPCIIEKTUBHBIX YACTOT, A. H. Mypanos, THCTUTYT KOHCTPYKTOPCKO-TEXHOIOTHIECKOI
nHpopmatnku PAH, [TpuasaTa k my6muxanuu 05.03.2020

A. B. Jlonatus, M. A. PyTtkoBckas O030p KOHCTPYKIIHI COBpeMEHHBIX KOcCMHUYeckux aHTeHH (HacTs 2).
ABHWAIMOHHAS ¥ PAKETHO-KOCMUYECKasi TEXHHUKA.

I'OCT 27.002-2015

GARDE INC. CORPORATE PRESENTATION Spartan 207/ Inflatable Antenna Experiment Flown on STS-
77/ Spartan Project Code 740.1 NASA Goddard Space Flight Center Greenbelt, MD February 14, 1997
KOCMUYECKAS TTOI'OJIA ¥ PUCKH KOCMUYECKOM JEATEJILHOCTH Kysnenos B. JI. ®T'BYH
WHCTHTYT 3¢eMHOTO MarHeTn3Ma, HoHOc(hepsl H pacipocTpareHus paanoBoid uM. H.B. Ilymkosa PAH
(MU3MHPAH), 2014 1.

TEIIVIOOBMEH B KOCMOCE, C. B. IAIIJIMH, C.A. BOJIbIYEB, A.E. POMAHOB, » UactutyT
PaKeTHO-KOCMUUECKOH TeXHUKM MHCTHTYT MHDOPMATHKH, MaTEeMATHKH U dnekTporuk, K CAMAPCKUIA
HAILIMOHAJIbHBIV UCCJIEJJOBATEILCKUI YHUBEPCUTET UMEHU AKAJIEMUKA C.I1.
KOPOJIEBA», 2018

Maremarndeckas MOZENb Ipolecca Jera3aniuil MOJIUMEPHOTO MOKPBITHA B YCIOBUSAX OTKPBITOTO KOCMOCA,
H.A. llonmbuna, Kopriopamus KOCMHYECKIX CHCTEM CIeIHaIbHOTO Ha3HaueHus «Komeray, 2018
[omumepuszamnus Onurokapdonarmerakpmiat OKM-2, ¢potoceHcnOnMM3npoBaHHas

OJIMTOOKCHUTIIPOTIHIICHI THKOIIbOeH30(eHoHamu, 1997 r. A. @. Macmiok, B. B. Areesa, I'. K. bepesnnnxmit, B.
A. Xpanosckuii, B. U. llltomnens, Y. M. Conuna. THCTUTYT XMMUU BBICOKOMOJIEKYJISIPHBIX COSANHEHUI
HanunonaneHoit akanemuun Hayk Ykpaunsl, Kues

3D printing of high performance cyanate ester thermoset polymers, Swetha Chandrasekaran, Eric B. Duoss,
Marcus A.Worsley& James P. Lewicki, Journal of Materials Chemistry A, 2017

YnpaBieHne TEXHOIOTHIECKUMU TIporieccamu ¢oromonmmepuzatun, H. I'. @ununmenko, T. T. Uymbansze, A.
A. Bemomectnrix, T. B. Iluckaxosa, IpkyTckuit rocy1apcTBEHHBIN YHUBEPCUTET ITyTeH COOOMICHNS, T.
Upxytck, Cubupcknit dpenepanbHbIil yHUBEpCHTET, T. KpacHospck, 2017.

OmnpeneneHne MIOTHOCTH NOTOKA 3HEPTHUH IEKTPOMATHUTHOTO TIOJIS B MECTaX Pa3MEIICHHUS PaJHOCPECTB,
paboraronux B auanazoHe yactoT 300 MI'n - 300 I'Tu, By3os A. JI., Konpuyrus 0. U., Ky6anos B. II.,
Pomanog B. A., Ciono6aes 0. M., ®ununmos /1. B., Oqun B. B., Camapckuii oTpacieBoii HayuHO-
HCCIIeIOBATEIbCKUI MHCTUTYT paano Munucrepcta Poceniickoit @enepanunu 1o cBs3u 1 MHPOpPMaTH3ALH,
2002.

Paspabotka n ucnerranus 3D-IIpunaTepa ans kocMmmrgeckoro skcnepuMenTa «3D-TleuaTs» Ha poccuiickoM
cermeHTe Mexynaponnoit kocmuueckoil cranuuu ®énopos B.B., Kinumenos B.A., Uepnsasckuit AT,
Hoxapaumkuit A.A., AoaynxamkoB P.M., Jlam3un A.B., Kpuannera M.T., beimkos P.K.1, Jlepycosa [I.A.,
IOpkuna B.A., Jlepromesa B.H., 2023



3. BBenenue

3.1. Akmyanvnsle menoenyuu 6 KOCMOHAGMUKE

TenmeHnus: B MEPOBOI KOCMOHABTHKE IIOKA3bIBACT, YTO YUCIIO CITyTHUKOB Ha OPOHTE 3eMIIN
pacret [1], cBoM pa3mepsl HapalMBaeT U rpynmnupoBka Poccuiickux kocmudeckux anmaparo (KA) B
CBsI3M ¢ peanu3anmeit GpeaepanbHoro nmpoekra «Chepay [2]. 3HaunTeIbHYIO YacTh OT 00IIeH
IPYIIIMPOBKH COCTABIISIIOT CITyTHUKU CBSI3U M PeTpaHCIsATOphl. OHM Hy)AatoTcs B 3P dexTHBHOM

CHUCTEMC MICPCaAaAYn U IIpUueMa OOJILIIIOr0 KOJIMYECTBA JAaHHBIX C ITIOMOIIBIO paJuOBOJIH.

Ceituac s peau3aniy 5Toi (YHKIIMK UCIONB3YIOTCS aHTEHHBI C TapaboInIeCKUMH
pedaekTopamMu pa3audHBIX pazmMepoB. s mepenaun 60ab110r0 00BEMa JAHHBIX HA OOJIBIINE
paccTosHKS BOCTPEOOBAaHHBIMHU OCTAIOTCS OTpaXkaTenu auamerpom oosee 4 metpos [3]. 13-3a
OrpaHMYCHUH MapaMeTPOB MOJIYJICH MOJE3HOTO IPy3a CYIIECTBYIOINX KOCMHUUECKHX TPAHCIIOPTHBIX
CHCTEM, UX MPHUXOAUTCS Pa3BOPAuYUBATH HA OpOUTE. DTO CIOKHAS MHXKCHEPHAsS 3a/1a4a, ceifiuac ee
pelIaloT B OCHOBHOM HCIIONb3YSl MEXaHU3MbI Pa3BEPTHIBAHUS C MHOXKECTBOM IMOJIBUYKHBIX SJIEMEHTOB
[4]. KoaruecTBO MOABMKHBIX 3JIEMEHTOB, TO €CTh TOYEK C MOBBIIIIEHHBIM PUCKOM OTKas3a [5], ¢
yBEJIMUYCHHUEM IabapuTOB pedIeKTOpa pacTeT M0 KBaAPaTUIHOMY 3aKOHY, BMECTE C HUM PacTeT PUCK

HEYJauHOTO PACKPBITUS pedIieKTopa.

Kpome TpapunnonHoro cnoco6a pa3BepThIBaHUS TaKXKe€ CYHIECTBYIOT MPOEKTHI HATyBHBIX

otpaxkateneii [6]. B xoe ucnbITaHUit OHU HE MOKA3aIH JODKHOW HAICKHOCTH.

3.2. Cymecmeyroujue cnocoowl pazeepmuléanus aHmMeHHbIX pehieKmopos
- Hanmysusle orpaxarenu (ciyTHHK Spartan-207 puc. 1) — n3-3a HalyBHBIX 2JIEMECHTOB HE Tak

HaJIeKHBI [6].

Pucynox 1 Pucynox 2

- AHTeHHBI ¢ pepMeHHBIM pedaeKTopoM (CIyTHHK perpaHcisaTop JIyd SA puc. 2) — umeroT

CJIOXKHYHO KOHCTPYKIIUIO 13-3a 0OJIBIIIOrO KOJIUYCCTBA IMOABUKHBIM 3JICMCHTOB.

B tabnuue 1 npuBeaeHbl mapaMeTphbl XapakTEepPU3YIOIIKe CYIIECTBYIOIINE METOIbI

pa3BepThIBaHUS PEPICKTOPOB:



Tabnuya 1 — cpasHenue cyuwjecmgyrouux MexaHusmMos paseépmol8anus pegiekmopos

Mexanuzm S0HTHYHEINA Hanysnoit
pa3BepTHIBAHUS
HanexHocTh ~95% [4] He nokasana
CKO ~0.1 mm ~0.2 Mmm
(CpennexBampaTUIHOE
OTKJIOHCHHE)
Macca ~5 Kr/m? ~3 Kr/M?
["abaputhr Ho 10 m MakcumanbHbIN peann30BaHHbIN
auameTp 3 M

Hcxons U3 3TOT0 CyIIECTBYIOIIME CIIOCOOBI pa3BepThIBaHUS PE(ICKTOPOB HE MMO3BOJISIOT
IPOM3BOIUTH OTPAXKaTENX OOJBIIOTO pa3Mepa MpHu HEOOIBIION Macce U JOCTAaTOYHOM HAZIeKHOCTH

armapara.
3.3. llenv npoexma

Pa3zpaboTtaTh TEXHOJOTHIO pa3BEPTHIBAHUS AaHTEHHOTO PEQIICKTOpA C 3aIaHHON JUarpaMMOi

HAIPaBJIEHHOCTH B YCIOBUSAX OTKPBHITOTO KOCMOCa Ha OOPTY KOCMUYECKOTO arrapara.

UTo Mo3BOJUT pazMeniaTh B KOCMHUYECKOM aIlliapaTe aHTeHHbBIE OTPa)KaTeJIl rabapuTaMu
3HAYUTEILHO OOJBIIMME, ueM rabaputhbl camoro KA. Kak ciencTBue yBennueHue qaibHOCTH CBSI3H,

YTO B CBOIO OUCPEAb ITO3BOJIMT CO31aBAaTh

1) OpOwuranbHbIC CITyTHUKOBBIC TPYIIITUPOBKH, 00ECIICUNBAIOIIHNE CBA3BIO OOJIBIIYIO
TUTOIAb 36MJIH, B TOM YHCIIC TIOJSIPHBIE O0JIACTH, YTO OCOOCHHO aKTYyaJIbHO B CBSI3U C
Pa3BUTHEM CEBEPHOT'O MOPCKOTO MyTH U UCCIICIOBAHUSI APKTHUKH B LIETIOM.

2) CHOyTHHUKH PETPAHCISTOPHI ¢ OOJIBIICH JaTbHOCTBIO, CIIOCOOHBIC 00ECIICUUTh
OecniepeOoiinyto CBsI3b Iisl Oyaymux Poccuiickux Muccuii K JiyHe, B TOM YUCIIEC Ha
00paTHO# CTOpOHE.

3) MC cniocoOHbIe TOICPKUBATh CBS3b C 3eMJICH Ha OOJIBIIUX PACCTOSIHUSAX, HATIPUMED

IIpH MoJICTaxX BO BHCHIHIOIO COJIHCYHYIO CUCTCMY.



3.4. Memoo peanuzayuu

Texnonoruto pa3BépTriBaHUs peIEKTOPOB B KOCMUYECKOM MPOCTPAHCTBE Mpeiaraercs
OCHOBBIBaTh Ha UCIOJIb30BAHUU TE€XHOIOTHH 3D meyaTu paaro oTpakaroliuM MOJIUMEPHBIM
KOMITO3UTOM, TIOCTIE BBIBEJICHUS HA OPOUTY, B OTKPBITOM KOCMOCE, C HCIIOIh30BAaHUEM

CIELUATU3UPOBAHHOIO YCTPONCTBA.
[IpeumyiiecTBa noaxona:

- Tloxxox mo3BOMSET CAKOHOMHUTH Maccy — Hare4aTaHHBIA B KOCMOCE OTpaXkaTeslb He JOJKEH
BBIZICP)KUBATh IIEPETPY3KU BO BPEMsI CTAPTA PAKETHI, & 3HAYUT MOXKET OBITh JOCTATOYHO
TOHKHUM.

- T'aGapuThl aHTEHHBI MOTYT OBITH MHOTO OOJIbIIIE TA0APUTOB CITyTHUKA 33 CUET BHIHECEHUS
OJTHOM M3 Ocell MpUHTEpa Ha BBIIBIKHYIO LITAHTY, IIPH 3TOM Macca CUCTEMBbI MEHSETCS He
3HAYUTEIIBHO.

- Bo3MoxHOCTB pa3BepHYTH peIeKTOp 3aJaHHOM AUAarpaMMBbl HAIIPABIEHHOCTH.

3.5. Iocmaenennvie u évinoinenHnvle 3a0a4u
B xoxe peanuzanuu TEXHOJIOTHH OBUTH BBIMIOJHEHBI CISAYIOIINE 3aa9H:

1) TlomoOpaHa CTPYKTypa MOJUMEPHOTO KOMIIO3UTa HCXO/Is U3 HEOOXOIUMBIX
9KCIUTyaTallMOHHBIX CBOMCTB.

2) BbiOpaH moJarMep U UCCIICIOBAHBI YCIOBHS €r0 OTBEPIKACHUS U BO3ACHCTBHS (DaKTOPOB
OTKPBITOT0 KOCMOCA.

3) PaccuuraHo BiHsHUE (HAKTOPOB OTKPBHITOTO KOCMOCA Ha MOJICIb pedIeKTOpa, CO3JaHHOTO 110
pa3paboTaHHOMW TEXHOJIOTHH.

4) PaspaboraHa KMHEMAaTHKa Pa3BEPTHIBAIOIICTO YCTPOUCTBA.

5) Peanu3oBaH MEXaHH3M SKCTPY3UH MOJTUMEPHOTO KOMIIO3HTA.

6) Peann3oBaH mporpaMMHO-anapaTHbI KOMIUIEKC JUIsl YIPABJICHUs CUCTEMOM pa3BepThIBAHUS



4, OcHOBHAA 4aCTh

4.1. Tpebosanus, naknaovieaemvie HA MAMEPUAT U MEXHOTIOZUYECKUIL RPOUECC

OCHOBOI TEXHOJIOTUH SABJISIETCA MaTepHUal, HCIIOJIb3YEeMbIN 1 pa3BEPThIBaHUS oTpakaTens. OH

JIOJKEH BBITIONHATD CIEAYONe (PyHKITUH:

1. CmocoOHOCTh OTpakaTh pagnoBOIHBI Ha yacToTax 18-100 I'T'rx [3].
2. CriocoGHOCTH BBIICP/KUBATH JOJITOBPEMEHHOE HaXOKIEHUE B OTKPHITOM KOCMOCE.

3. CnocoGHOCTh K KOHTPOJIHPYEMOMY SKCTPYAUPOBAHUIO! M OTBEPKIEHHIO.
OTH (YHKIUY B CBOIO 0OYepe/Ib HAKIIAIBIBAIOT Ha MaTepUall CICAYIONIHE TPEOOBAHUS:

1. Pa3mep HepoBHOCTE Ha MOBEPXHOCTH He Oosiee A/16, rae A — IIMHHA BOJTHBIL.

2. Hanuuwue oTpaxaromiero paauoBOJIHbI CJIOSI HA TOBEPXHOCTHU M€YaTaeMOU JIeTalu.

3. YCTOWMYMBOCTH K JOJATOBPEMEHHOMY OOJYyUYEHHUIO MOIIHOCTHIO 1,5 kBt/M? Ha utiHax BOJIH OoT U
10 X

4. YcTOMYMBOCTH K BO3JIEUCTBHUIO «COJTHEYHOTO BETPA» - MOTOKA 3apsHDKEHHBIX YACTUIL CO CPEeIHEH
cKopocThio 10 468 km/C [7].

5. VcroitunBocTs k niepenanam temieparyp ot -100 g0 +200 °C npu HaX0XJICHUH Ha
OCBEIIIEHHOM W HEOCBEIIEHHOH YacTsaX opouTsr [8].

6. CTaOMIBHOCTB CMOJIBI U OTCYTCTBHE SIPKO BBIPQXKEHHOI Jera3anuu B Bakyyme [9] B
OTBEPXKIECHHOM M HEOTBEPKIAEHHOM COCTOSTHUU

7. CmocoOHOCTB K dKCTpyaupoBaHuto uepe3 corio 0.1-1 MM

Hcxons n3 nepeyncieHHbIX TpeOoBaHuid ObUT OJ00paH MaTepuai U pa3paboTaH CIeTyIOLIHHA

A IUTUBHBIN TEXHOJIOTUYECKHUI TTPOIIECC:

Ha ocHoBaHue ¢ 1m11epoxoBaToi MOBEPXHOCTHIO Y€pe3 OTBEPCTUE COILIA HIKCTPYAUPYETCS TOHKUN
c10# hoTONmOTMMEPHON BHICOKOTEMIIEPATYPHOM CMOJIBI C METAJTMUECKON JIeHTON BHYTpH. Jlanee
npoucxogut Y@ 3acBeTKa MOJIOKEHHOTO CJI0s1. LMK MOBTOpSAETCS HAa BCEX MOCIEAYIONINX CIOSAX, YTO

MO3BOJIsIET C(HOPMHUPOBATH JIeTah HE0OX0 MO reomeTpun. Jlanee moapoOHO O KaKIOM dTare
4.2 Jkcrpy3us. CoctaB noammepa.

Martpurieii B KOMIIO3UTE SIBJISETCS BEICOKOTEMIIEPATYPHBIN (GOTOMONMMMED. DTOT MaTepHa

OTHOCHUTCA K TUITY TCPMOPCAKTUBHBIX CMOJI, IPCACTABIIAOIINX co00ii cMech TPEX OCHOBHBIX

1 3ech u manee TeXHOIOTHs NOMydYeH s H3AeIMil Iy TEM IIPOAABIMBAHHUS BA3KOTO MaTePUala WX T'yCTOM IacThl Yepes
bopmytolee OTBEpCTHE.

8



KOMIIOHEHTOB: OJIUTOMEPOB, MOHOMEPOB U (POTOMHUIIMATOPOB. KpoMe OCHOBHBIX KOMIIOHEHTOB B

COCTaB BBOJUTHCS 100aBKH (PYHKIIMOHAILHOTO HA3HAUYCHHUSI: PETYJIATOPBI U cTaduian3aropsl. [10]

OKcTpyAupoBaHue GOTOMOIUMEPA B )KUAKOM BUE IPOUCXOJUT YepPe3 JIATYHHOE COIIIO
muamerpoMm 0.1-1 mm. (puc. 3). [Togaua ocymecTBiIsieTCsl HAIPSAMYIO U3 pe3epByapa XpaHeHus Ha

OopTy anmapara ¢ moMoIIbi0 HH(PY3MOHHOTO HACOCA, TPUBOJUMOTO B IBUIKEHUE DIIEKTPOIBUTATEIICM.

Pucynok 3 — cxema emxocmu nooarowje2o mexanuzma
[ToTok monmMepa MOKHO PacCYUTaTh U3 COOOPAKEHUS YTO KHUIKOCTh HE CKUMaeMa,
UCXOJISIIIETO U3 TOBBIIIEHHOH Bsi3kocTH noimMmepa [10]. Takum o6pazom 00beM BbIIaBIMBAEMBIi 32
At u3 emxoctu (V1), paBeH 00beMy SKCTpyaupyemMomy u3 coruia (V2) 3a Toke BpeMsi.

Vv, V.
L2 1)
At At
[TpumeM, 4TO PH FKCTPY3UU CIION MPUHUMACT (GopMy IHIMHIpA C BBICOTON paBHO h 1
IMaMeTpy paBHOMY auametpy coruia d. 3a At mopmeHs npoxoaut paccrosinue AL, npudem BeMYHHA

At 3a1aetcst yepes mapaMeTp CKOPOCTH IBHKCHHUS s dNeKTpoaBurares. [IpeoOpa3oBaB ypaBHeHHE

(1) momyumm:

d? D?
—h=n—AL (2)
T 2 T 2
Ortcrona Beipazum AL:
d*h



PaboTa mopHs 1o BeIIaBIMBAHHUIO CMeCH (TpEHHEM MpeHeOperaeM) paBHa padoTte

SJICKTPOABUTATCIIA MOITHOCTBIO N:
NAt = FAL (4)

Haiinem 3aBUCMMOCTD JaBJI€HUs ), 0Ka3bIBA€MOI0 MOPIIHEM Ha MOJIUMEp, Bblpa3us F u

noxacTaBuB AL:

2
ND At (5)
Sd?h

p:

[ToacraBuB 3HAYEHUS] MOYKEM OIIPEICIHUTh, YTO IABICHHE MOKET MEHSTHCS B Juana3one ot 0
1o 3 klla. [Tomry4eHHBIe 3HAYECHUSI TO3BOJISIFOT CJIETATh BBIBOJ O BO3MOKHOCTH PETYJINPOBAHHS
CKOPOCTH IeYaT Ha OOJIBIIOM JIHaa3oHe, 38 CUeT BOSMOXKHOCTH I10/1aBaTh OOJIBIIOE KOJTMIECTBO
HOJIMMEPA TOJT IOCTATOYHO OOJIBIINM JaBiieHHeM. CHCTEMBI SKCTPY3UH, B KOTOPBIX MaTepual
HIOJIaeTCs TIOJ] CXOXKUM JIaBIICHHEM, HO U3 HECKOJIBKUX cormen npuHsaTo HazeiBate MJIP (Multi Jet
Printing) wim MHOTO comeNibHas IeYaTh, 10 aHAIOTHH TPEITIOKEHHYIO CUCTEMY 3aKOHOMEPHO Ha3BaTh

SJP unu oonoconenvras neuame.
4.3. Ilpouecc 3aCBeTKHU U OTBep:kAeHUs (poTonmommepa

OtBepkaeHue nonuMmepa Ha aeranu uannuupyerca Y ® nznydyenuem. [Ipu nonaganum
cBeTOBOM »Heprun Y D-CrieKTpa Ha CoAepIKaIINecs B BEIIECTBE (OTOMHUIIMATOPHI, OHU PACIIAAI0TCS
Ha CBOOOJIHBIE PaJIMKAJIBI C BRICOKOW HEprueil. B mpoiecce nepeMenieHus paauKaibl CTATKUBAIOTCS C
OJIMTOMEpaMH U MOHOMEpaMH, COeIMHsACh ¢ HUMHU. [Ipu oTBepkIeHuu 00pazyeTcs MaTpulia, CIIuTas
13 MOJUMEPHBIX Tenel. ITOT MPOIECC XOPOIIO YIPaBIIsIeM. HCTOYHUK Y D U3ITydeHHs] MOKET OBITh
PACIIOJIOKCH KaK HCITOCPCACTBCHHO B JIMHUN q)OpMI/IpOBaHI/I}I HSHGHHﬁ, TaK U OTACJICH. OCHOBHBIMH
MPpEUMYyIICCTBAMU TAKOI'O TUIIA OTBCPKACHUS ABJIAOTCA: BBICOKAA SHCPTCTUUCCKAA 3(1)(1)GKTI/IBHOCTB,
CHI)KEHHE WJIM MOJIHOE MCKIIIOUEHUE UCTIapEeHUs IPOAYKTOB, BBICOKAasl TPOU3BOIUTEIBHOCTH MpoIiecca,

HIMPOKUI JMana30H TEMIIEPATyp OTBEPKACHUS TeMIlepaTypa oTBepkacHus [11]

[To u3BecTHBIM MaHHBIM [12] Uit OTBEpKACHUS ci0s1 poTonoauMepa ToamuHoi 0.1 MM
Tpedyercs YD cBeTOBOM MOTOK JIMHHOK BOHBI 405 HM 1 mHTeHCHBHOCTHIO 650 MK co Bpemenem
3acBeTKH ~9 cek. B TexHomornyeckom nporecce npejiaraeTcs IpuMEHsTh TOCTYIHbIe Y D
CBETOAMO/IbI MOIIHOCTHIO 3 BarTa, cnocoOHbIe 3 eKTUBHO 3aCBEUMBATH CIOH HAa OTPE3KE AyTU

3CTPYIMPOBAHHOTO Ha JIeTallb MOoJuMepa JUIMHHOM L. (pucyHok 4)
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PucyHOK 4 — cxema neqamarou;eﬁ 20J108bl, d)u0ﬂ€m06ble auHuu P — 30161 YO 3aceemKu, KpacHbole
NYHKMuUpHbsle U CNI0OULHbLE TUHUU — KOHM)Pbl neuamaemou oemainu 6 pA3Hble MOMEHNIbL BPEMEHU.

4.4 Metainnyeckoe apMupoBanue. Mojesib 0TpaskeHHs PaJMOBOJIH.
[Tocse sKCTpy3uu 1 OTBEPIKICHHMS MOJYyUSHHAs KOHCTPYKIIUS PEACTaBIIsIeT OO0

KOMIIO3UTHYIO JIeTallb. BHYTpH MaTpHUILIbl U3 OTBEPKIEHHOTO (POTOMOIMMEpPA HAXOAUTCS TIIOTHO

CKOMITOHOBaHHasl CIIMPaJIb U3 TOHKON aTFOMUHUEBOMU JICHTHI (pHC. §).

Pucynok 5 — 3D suzyanuzayus cpesa cios KOMnO3umHoU 0emanu.

Jst TeopeTudecKoro OnpeaesieHns XapakTepUCTHK OTpaXkaTessl IPUMEM 4TO CJIOH BbicoToi H
YKJIQJBIBAIOTCSA IJIOTHO OJAMH K APYrOMY, IIPU 3TOM HaXOSIIUECS BHYTPH aFOMUHUEBbIE
APMUPYIOIINE JCHTHI TOIIMUHON S MOTYT OTKIIOHSITCS OT KOAKCHAIILHOTO PACIIONIOKEHUS Ha

paccTosiHie A, TO €CTh TOJIINHY TOJIUMEPHOTO CJI0s1 MATPHUIBI (PUCYHOK 6)
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A

APMHUPOBAHUE

Pucynox 6 — Cpes pegpriexmopa

Ou3nYeCcKu MOBEPXHOCTH pe(IeKTOpa B pa3pese MPeICTaBIsIeT MACCUB SIPKO BBIPAXKEHHBIX
HEpOBHOCTEH (hopmbl OIU3KoH K mosrycdepudeckoit (puc 6, A). [lockoiapKy MaTpuIia BEIIIOJHEHA U3
PazuoNPO3PaYHOTO MOJIUMEPA, IS TOCTPOSHHSI MATEMAaTHIECKON MOJICITH OTPAKEHUS PaHOBOITH

OyJieM YyYUTBIBAaTh TOJBKO T€OMETpUYECKUE U (PU3NUECKHE TapaMeTphl JICHTHI.

OnucanHas cTpyKTypa pedieKTopa co3/1aeT MOBHIIMICHHBIH (IT0 CPAaBHEHUIO C 3€PKAJIOM H3
crutomHoro jucrta) yposens I1I19 [13] B obmacTu 3a1Hero moaynpocTpaHcTBa aHTeHHBL. [1pu
00Iy4eHuu pedIiekTopa IEKTPOMATHUTHOW SHEPTUEH TIPOUCXOANT €€ OTPAKEHUE U YaCTHIHOE

MPOXOXKACHHUE B 00J1aCTh 3a/IHETO MOIYPOCTPAHCTBA.

B cBsi3u ¢ 3TUM (haKTOM CUMTAETCS BaKHBIM IPOBECTH pacueT KodPuIueHTa NpoxXoxIeHUsS

BOJIHBI Y€pe3 MCITOJIB3YEMYIO CTPYKTYPY (IT0 MOJII0), IO cTaHaapTHOM MeToauke [13].

[ToncraBus 3Hauenus H u S momyyaem xapakTepuctuky T pasayito . [Ipu QpyHKIIMOHMpOBaHUN
Ha qyuHe BoJiHbl 14 I'T'. BennunHa cpaBHUMa CO 3HAYEHHUSIMU Y UCIIOJIB3YEMbIX HA MPAKTHUKE
pedAeKTOPOB U TEOPETUUECKH MTO3BOJISIET CUCTEME PaJUOCBSI3U 3aBSI3aHHON Ha OTpakaTene 13

NOJ00HOT0 MaTepualia rnepeaaBaTh JaHHBIE CO CKOPOCThIO 10 1,6 ['out/C.
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4.5. TouHocTh MOBepxXHOCTH. CpelHEKBAIPATHYECKOE OTKJIOHEHHE.

Heo6xoaumocTs GOKYCHPOBKY CUTHAIA B MaJIOK 00JIaCTH TPOCTPaHCTBA — (OKATBLHON TOUKE
HAKJIa/IbIBAET OrPaHUYEHHE Ha TOYHOCTh OTpakarollel MOBEPXHOCTH aHTEHHOTO pedIieKTopa:
cpeanekBanparndeckoe otkiaoHeHne (CKO) 6 mpoduns noBepxHocTr pedaekTopa He JOHKHO
nmpeBbIIaTh BenuauHbl A/16 [11, 12], roe A — myirHa BOJIHEL, Ha KOTOPOii paboTaet peduiekTop. D10
TpeOOBaHNE TOYHOCTH OCHOBAHO Ha COOOPAKEHMSIX O JIOMYCTUMOM omnOKe BoiTHOBOrO ¢ponTa [11-
14]. Benmuunna CKO 3aBUCHT OT reoMEeTpUH peduieKTopa Ha ONpeIeIeHHON TUIOIAAH, KOHKPETHO OT
CPEIHEro OTKJIOHEHUS OT UaeanbHOU mapabosioniHoN KpyroBoit popmel. Mcxos 13 BhIIEONCAHHON

MOJIEIM HalieM nporuosupyemyto Bennuuny CKO:

§= 4+ aH)?

2

rae 8 — CKO otpaxaromieii moBepXHOCTH pediIeKTopa, MM, oL — KO3 PHUITHEHT,

XapaKTepU3YIOIUI OTKJIOHEHNE, BEI3BAHHOE TPEJIEIOM TOYHOCTH TEXHOJIOTHH ITEYaTH.
Tabnuua (rpaguk) cpaBHeHus CKO peanbHBIX aHTEHH U I1€YaTHOM

Hcxons u3 npuBeleHHBIX pacyeToB MpOorHo3upyemast 3pPpeKTUBHOCTh MOBEPXHOCTH aHTECHHBI

OyZIeT cpaBHUMA C MOBEPXHOCTSIMU UCIIOJIb3yEMbIX Ha JIaHHBIII MOMEHT aHTEHHBIX PE(IIEKTOPOB.
4.6.YcaoBusi 10J1roBpeMeHHOoii dkcniyaTauuu. TemnepatypHble 1egopManumn.

[Tocne pa3BepThIBaHUSI HAUMHAETCS OCHOBHOM 3Tal KCIuTyaTauuu peduiekropa. /1o okoHYaHus
MHCCHHU OTpakaTelb OyIeT BBHIOIHATH CBOIO OCHOBHYIO 3a/1auy B COCTaBE KOMILIEKca paanocs3u. Ha
9TOM 3Talle Ha JIeTallb IPOU3BOISATCS TOJITOBPEMEHHBIC BO3ICHCTBHUS paHallii COTHEYHOH [cchlika] u

KOCMHYECKOH [cchlikal

OTH BO3JEHCTBHS OPOXKAAIOT 2 HanboJee 3HAYMMBIX AP PeKTa — U3SMEHEHHUE XUMUYECKOTO 1

(bU3UYECKOT0 COCTOSIHUSI TOBEPXHOCTHOT'O CJIOS IOJMMEpPa U TepMUdeckue 1edopMannu JeTanu.

HHTeHCcHBHOE COTHEUHOE M3TyUYeHUE B HH(PAKpaCHOM JMana3oHe, BHI3bIBACT HArpeB
noBepxHocTH peduiekropa. [lepenan remnepaTyp MeXy CaMbIM XOJIOJHBIM U CAMBIM TOPSTYUM
COCTOSTHUSIMHU TIOBEPXHOCTH MOXkeT cocTaByiATh 300°C. TepMudueckoe BO3ICHCTBHE BhI3bIBACT
U3MEHEHHE TeOMETpUH pediekTopa, KOTOPOE MOKET IPUBECTU K YMEHBIIEHUIO 3(h(PEeKTUBHOCTH

OTPAXKCHUSA PAAUOBOJIH.

C uenpro ornpeaesieHus TOMIUHBI pedIeKTopa, HeoOXoauMon 1715 3 HEKTUBHOTO
IPOTHBOACHCTBUS PAaCIMPAIOIIUM HArpy3KaM OT BO3JEHCTBHI TeMIIepaTypbl ObLI IPOBEJCH pacyeT

U3MEHEHMS T€OMETPHH JeTaIH IIPU ABYX KpallHHX BO3MOXKHBIX Temreparypax -100 °C u +200°C, 3a
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0a3oBoe 3HaueHHE B3sTa TemrepaTtypa 15°C. Ha pucynke 10 npeacTapiieHa BU3yaau3amus

TEPMUYECKOH leopManiy Ha MOJIEIH pedIeKTopa BBIMOIHEHHAs B IpOorpaMMe Ansys.

B: Static Structural
Total Deformation
Type: Total Deformation
Unit: m*

Time: 1

0.78225 Max
0.69533
0.60841
05215
043458
0.34766
0.26075
01738
0.086916

0 Min

Pucynok 7 — Busyanuzayus npooenannozo ¢ AnSys pacuema mepmuueckou oegpopmayuu

MakcumanbHas neopmanus nposiBisieTcst Ha nepudepuu u He npessbimaeT 0.08 MM. 9T0

yaoBieTBopsieT npeaeny pacuetaoro CKO.
4.7. lIpororun 3D npunTepa

Jlnist oTpabOTKM MOJIHOTO TPOIecca MevyaTH (IKCTPYAUPOBAHHUS, OTBEPIKIACHHSI
(OTOMOIMMEPHOM CMOJIBI, TIOCIOWHOTO (OPMUPOBAHUS ICTANIN) 1O OMMCAHHOW BBIIIC TEXHOJIOTHU
Obu1 paspadoTan mpototun 3D SJIP npunTtepa B rabaputax kyodcara 3U (pucynok 8). Takoii
(dbopmbakTop BHIOpaH ¢ 3aJ0KCHHBIM Ha MEPCIIEKTUBY IJIAHOM CTPATOC(EPHOrO UCTIBITAHMUS arapara

TaKOM K€ KOHCTPYKIIMH, a TAKXKE B BULy YI00CTBa OJJIOYHON pa3paObOTKH.

Pucynox 8 — 3D mooens pazpabomannozo 3D npunmepa
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Co31aHHBINA MPOTOTHUIT COCTOUT U3 TPEX OJIOKOB:

brok «O6pasiia» ¢ MOTOPOM OCH (¢ ¥ CHCTEMOMN KOHTPOJIS TTeYaTH.
b. OcHoBHO# 0JIOK KHHEMAaTHKH C TMIOJIBI)KHON KapeTKkon ocu R, eMKOoCThIO ¢ poTomommmmepom
Y CUCTEMOM IIOJ1a4u MaTepuiIa.

B. biiok ynpasisiomein 3IeKTPOHUKU U CUCTEMBI DJIEKTPOIIUTaHUS.
4.7.1. Baok A

KoHncrpykunonHo 6510ku A ¥ b cOCTaBISIFOT KHHEMATHKY
6oprosoro 3D npuntepa. B 6i1oke A (pucynok 11) Haxoautcs
MIOBOPOTHOE OCHOBaHHE JuTs nieuaTaemoit aeranu (1). Ero Tounoe
NO3ULIMOHUPOBAHUE HA TPeOyeMblil yroi (@) 3a CUeT BpalleHus
3JIEKTPOBUTATEIIS TIO3BOJISIET SKCTPYIUPOBATH CIOU

dboTomoaMMepa 1Mo Crupatm, TaKuM 00pa3oM MPOUCXOAUT

dbopmupoBanue aetanu 3aganHoi hopmsr (2). Ha mpororure, ms

0TpalbOoTKH Mpoliecca, OTBepkAeHUE (PoTOmoTMMepHast MPOUCXOAUT PucyHok 9 — modenb 30Hb
IKCMPY3UL U OMBEPIHCOCHUS]

3a CYeT M3JIy4eHUs: HHPpaKpacHbIX cBeTOU010B (3) (MHHA
mamepuana

BOJTHBI 405 HM) 00111e# MOIITHOCTHIO 3 BT.
4.7.2. biok B

bnok b cocraBnsier ocHoBy kunematuku 3D npunTepa. B 6510ke pacnosiaraercst kapetrka ocu R ¢
pa3MeIeHHON Ha Hell eMKOCTBIO ¢ (POTOMOIMMEPHOM U CUCTEMOM 0J1auu MaTepuasa B BUze
UH(Y3MOHHOTO Hacoca, MPUBOIMMOTO B IBH)KEHHE IIaroBBIM MOTOpOoM. KapeTka qBMXeTCs 1o
HANPAaBJISAIONIMM IPUBOIMMAs B IBU)KEHHUE IIarOBBIM MOTOPOM 4Yepe3 CBA3KY TpareleniaibHasi OCh-

BHUHT.

-
Tp. Baaw

Kapetkaocu R

MoTop ocu R -

Pucynox 10 — cxema 61oxa b
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BwmecTte 6510ku A 1 b cocTaBisAoT KHHEMAaTHKY MpHHTEPA (PUCYHOK 9) paboTaeT B MOJIIPHOI
CUCTEME KOOPJMHAT € HAa4aJOM OTCUETa B OCHOBAHUU I1€YaTaeMOM JAETaJIu: IIOJ0KEHUE COIIA
OTHOCHUTEJIBHO I1€4aTaeMOU IIOBEPXHOCTH, 3a1a€TCs [IOBOPOTOM JETAJIM HA IOJISAPHBIA YIOil @ ¢
MOMOIIbIO IPELIU3UOHHOTO IIarOBOT0 MOTOPA, U MEepeMEIlleHNEM TiedaTarolieil roloBKU 1o ocu R.
[Toste meyaTn orpaHUYEHO TUCKOM nTuaMeTpoM 10 ¢M U TOJIIUHOW CpaBHUMOM ¢ quaMeTpom coria (1-
2 MMm). JI71st IpOBEPKHU TEXHOJIOTUU HA )KU3HECTIOCOOHOCTh U OTPAOOTKH CaMOro Mpoliecca Ha MPUHTEPE

nmpeamnojgaracTed rnevyaTb HpOCTOfI A€Talin B BUAC IIJIOCKOI'O AMCKA.

Back B Baok A
—=c—l] © 0  C @)
J -- L— O — | H ! O —
} | = — 0 J
L —l L /
i \
l p i 1 e // \
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—=—H[ o o | [ o o

Pucynox 11 — cxema pazpabomanrnoti Kunemamuxu

4.7.3. baok B

B 6moke B pacrionoraercst miara ynpasieHus (1), miara craOuan3anuy MATaHUS U 3aIUThI

aKKyMYJIATOPOB (2) 1 OJI0K aKKyMYJIATOPHBIX Oatapei (3).

YnpaBieHuss KHHEMATUKOHN peain30BaHo Ha Oa3e miatel Arduino Mega ¢ MUKpOKOHTPOJIIICPOM
Atmega2560 u maroit pacmupenus RAMPS. Dta mnardopma Obl1a BEIOpaHa B BUY TPOCTOTHI
peanu3anuu Ha ee 0a3e yIpaBICHUs KHHEMATUKON (MOTOPBI M KOHIIEBUKH) U BHEITHUMH

nojcucTeMamMu (KOHTPOJIb aKKyMYJISITOPOB, YIIPABJICHHUE CBETOANOIAMH ).
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Pucynok 12 — 3D mooens bnoxka B

4.8. JxcnepumeHT ¢ mpoueccom 3D neuatu Ha pa3paGoTaHHOM NMPOTOTHIIE

Llenbro SKCIEpUMEHTA CTajla MPOBEPKa KUZHECTIOCOOHOCTH pa3padoTaHHOTO
TEXHOJOru4ecKoro mpoiecca 3D medatu Ha Bcex dTamax (IKCTPyAUPOBAHHE, OTBEPKICHUE
dboTonomuMepHO CMOJIBI, TOCTIOWHOE popMUpOBaHus AeTanu). OnpenencHue caadbXx MECT

TCXHOJIOTHH.

J1J1s MCHIBITaHUS UCTIONB30BAJICS IPOTOTHUI OJJHO COTENBHOTO mosipHoro 3D npuHTepa
(n300pakeHus ), KOHCTPYKITUSI KOTOPOTO OMKCaHa BhIIIe. B kauecTBe Marepuana Jis neyaTu
UCTIOJIb30BaHa (POTOMOIMMEPHAsI CMOJIa MAPKH.

Pucynok 13 — Ilpomomun 6 coope
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Jlnia ynpaBieHus: KKHEMaTHUKOM Oblila HalmMcaHa mpocTasi mporpamMma 3a/1arolas CKOpocTh

JIBI)KEHUS] MOTOPOB Yepe3 3aBUCHMOCTb, BBIBEJICHHYIO U3 Gopmyi 1-4.

[TeuaTaromas cucrema OblIa pa3MelIeHa BEPTUKAIBHO, TAKKM 00pa3oM YTOOBI COTLIO OBLIO
HATPABIICHO B HAJUP, TAKOE MOJIOKCHHE MTO3BOJISIET CMOJIE PABHOMEPHO BHITEKATh U3 COIUIA U
MUHUMHU3BUPYCT BJIUAHHUC CUJIBI TAXKCCTHU Ha X0/ SKCIICPUMCHTA, HpI/I6J'II/I)KaSI CUCTCMY K pCaJIbHBIM

YCIIOBHSIM DKCIUTyaTallii B HeBecomocTu [14].

DKCTpy3us ObLIa 3ammyleHa Ha 3 MUHYTHI, 3a 3TO BpeMsl CUCTeMa M3PacXoioBaia okoJio 1 mit
dorononumepa. Ha pucynke 13 BuaHO, Kak TPOUCXOIMII TIporiecc. B xome mevyaru Ob110

SKCTPYAUPOBAHO 22 ¢J10s1 POTOMOTMMEPHON CMOJIBI, OHM CPOPMUPOBATH HA JIETATH TIOSIC BBICOTOM

2,2-2,3 MM U cpenueit Tonmmuoi 4 mm (PucyHok 14).

Pucynox 13 — npunmep 6o epems neuamu. Pucynox 14 — obpaszey

B xoze sxcnepumenTta kunemaruka 3D npunTepa orpaborana mratHo. B xoze skcTpy3un
BBISIBJICHO YTO M3-32 YPE3MEPHOM TEKyUeCTH BEIOPAHHOM Il MCTIBITAHUS CMOJIBI, OHA PACTEKaJIach 110
TJIOIIAM Ha TTIOBEPXHOCTH B 1,5-2 paza Gosbiiel 4eM mporHo3upoBaiock. OTBEpKICHUE CIIOEB
poucxoamio 0e3 HapeKaHuH, 3aMeueHo, YTO U3-3a CIIMILIKOM IIMPOKOTO ITyYKa CBETa, 3a BpeMsi
9KCIEPUMEHTA Ha OJHOM CTOPOHE COTIa 00pa30BaJICs CIIOM OTBEPXKACHHOTO monuMepa. [lomydeHHbIN
B pe3ysbTaTe 00pas3el] UMeeT reOMETPUIECKUE pa3Mephl OO0JIbIIIE IPEoIaraéMbIX U HEOJTHOPOTHBIN

CpE3, 3aMCYCHO 3HAYUTCIIBHOC CTCKAHUEC ITOJIMMEPA Ha BEPXHUX CIIOAX.

B nienoM skcnepuMeHT nokasai padoTocriocoOHOCTh MpeAIokKeHHOro Metoaa. [Ipu ycrpanenun

MIEPEYUCIICHHBIX AePEKTOB YAacTCs MPOU3BOIUTE JE€TaTH HEOOXOAUMOMN (OPMBI.
4.9. IlepcieKTHBHBbIE UCTIBITAHUS NPOTOTHIIA

Ha nanHbIil MOMEHT npejyiaraemMasi TEXHOJIOTUSL IPOXOIUT UCTIBITAHUS B Ta0OPAaTOPHBIX
YCIIOBUSIX, TOOYEPETHO UMUTUPYIOIIUX BO3/IEHCTBUS B PeabHOM KOCMUYECKOM I0JIETE

(mepenazabl TeMIepaTyphl, HU3KOE JAaBJIEeHUE, BO3AEHCTBHE COTHEUHOTO u3ny4yeHus). Ho mogo6Hbie
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WCIIBITAaHUS XOTh U TTO3BOJISIIOT TOBOPUTH 00 00I1Iei pab0TOCTIOCOOHOCTH TEXHOJIOTHH HE MOTYT

MO3BOJIMTH 0TPabOTaTh Bce (PaKTOPHI BMECTE.

EnMHCTBEHHBIM CIIOCOOOM yUECTh BCE «KOCMHUYECKUE) BO3JEHCTBUSA SBIIAETCS UCIIBITAHHUE B
peanbHbIX ycnoBusax. OntumansHbeIM OyzeT nposeaeHue 3D nedatu B ctpaTochepHOM mosere Ha

BeicoTe 20-30 KM 110 TaK Kakx:

- YcinoBus mpuOIMKEHBI K YCIOBHSM OTKPBHITOro kKocMoca Ha Bbicote 300-400 km.
- BBuny HeGonbioro BpeMeHu rnevyatu oopasua (ue 6osee 40 MUHYT) BCe HCTIBITAHUE
IPOBOIUTCS B PAMKax OJHOTO I0JIETa U HEOOXOAUMOCTH B OpOUTAIHLHOM 3aITyCKe HeT.

- CymiecTByeT BO3MOXKHOCTh BO3BpaTa Hare4aTaHHOTro o0pasia.

CymiecTBYIONIMIA TPOTOTHIT TPU MUHUMAIBHBIX U3MEHEHUSAX KOHCTPYKIIMHU (aJanTanus
AJIEKTPOHMKH, 3aMEHA MaTEPHAJIOB KOPITyca U HEKOTOPBIX 3JIEMEHTOB) OIXOIUT JJIsl IPOBEACHHUS
MUCCHH 110 UCTHIBITaHUIO TeXHoJoruu 3D mneyaT BeIcOKOTEMITEpaTypPHBIM (POTOMOIMMEPOM B

cTparocepHOM ToJIeTe.
5. 3aki0ueHue U MepcneKTUBbI

B xone pabotsl pazpabortana texHomnorus 3D neyatu B kuHemaruke chepudeckoro Tuma,
o 00paH TEPMOCTOUKUI (POTOMOIMMEPHBINA KOMITIO3UT U pa3padOoTaH, UCTIBITAH OJTHOPA3MEPHBII
npototun. [lnanupyercs BHEAPUTH B IPOLIECC T€YaTH BHECEHNUE apMHUPYIOILEr0 paAHoTPaKaOLIETo
MaTepHala 1 uccienoBaTbh oTpaxxeHue YKB oT nosyyaembIX aHTEHH, YBEIUYUTb ra0apUTh
neyaTaroleii cuctemsl 1 pazpadorats KA ¢ 3D npuHTepoM, HCTIONB3YIOMIUM MPEACTABICHHYIO

TeXHOJIOTUI0 Ha 60opTy. [IpoBecTu cTpaTochepHoe ncnbITaHHE TEXHOIOTHH Ha 3ToM KA.

PazpaboTanHast TEXHOJIOTHS TIO3BOJISIET TIOIYYATh JCTANN C 3aJaHHBIMH ITapaMeTpaMu
(oTpaxkeHUE paaHOBOIIH, TEMIIEpaTypHasi yCTOWYUBOCTD) BBIICP)KUBAIOIIUE YCIOBUS OTKPHITOTO
KOCMOCa HEMOCPEACTBEHHO B YCIOBHSIX KOCMUYECKOW MUCCUU. DTH BO3MOXHOCTH O0ECTICUNBAIOT
OOIIMPHBIE aTTbTEPHATUBHI TSI IPUMEHEHHS TEXHOJIOTHH, HAIPUMEp TevaTh JAeTaleH,
AKCIUTYaTUPYEMbIX Ha BHEITHEH OOIIMBKE OPOUTATHHOM (MJTH MEXIUTAHETHON ) CTAaHITUN

HCIMMOCPCACTBCHHO BO BPpEMA MUCCHUMU.
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