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The present paper is aimed to study the conceptual feasibility of a fabrication of structures from the moon soil by selective
sintering on a 3D printer by means of sun radiation. Establishment of a habitable Lunar base is a target mission of space
agencies of the USA, Europe, China, Japan and India. Therefore, the search for possible methods of constructing the structures
of different buildings on the Moon providing a minimum power consumption is of interest. The most preferable way of
fabricating building materials would be the sintering of the moon soil by means of focused sun radiation. To realize it, it is
necessary to develop a relevant technology in laboratory conditions using the simplest model soils. Special equipment has
been developed with an artificial sun radiation and a high quality artificial moon soil. Sintering of the soil by radiation of a
high power xenon gas discharge lamp with sapphire window has been carried out. As the artificial moon soil, a silica glass
nanopowder has been used. The sintering has been carried out at different values of radiant flux density of the gas discharge
lamp. The basic factor characterizing the production efficiency of technology is a time interval required for sintering a sample
with a specified thickness. Another factor is the internal porosity of material obtained, which must be known to estimate the
gas permeability and strength of future moon structures. The samples obtained have been studied in terms of porosity and
strength. The results obtained have shown that 3D printing based on sintering by sun radiation to make building materials on
the Moon is a promising method. The method developed can make a basis for the design a 3D printing equipment for future
Lunar missions.
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MOI[C)II/IPOBaHI/Ie CIICKaHVA MMUTATOPOB TYHHOTO I'PYHTA
COMTHEYHDIM U3TYyUYCHNEM

Barpos A.B.!, CpicoeB A.K.%, CpicoeB B. K., FOgun A. [].

'OI'YIT HIIO «um. C.A. JlaBoukyHay, yi. JleanHrpanckas 24, 141400, Xumku, Poccnsa
2Akamemus crpoutenbcra u apxuteKTypbl IITY, ya. Conumanucrndeckas 162, 344022, Pocros-aa-Iony, Poccus
P p yp y Y

PaboTa mocBsIeHa M3Y4eHNI0 BO3MOXKHOCTI M3TOTOB/ICHUA CTPOUTE/IbHBIX 37IEMEHTOB U3 JIYHHOI'O I'PYHTa METOJOM Ce-
JIEKTVBHOT'O CIleKaHuA Ha 3D IpuHTepe ¢ MCIIOIb30BaHNEM CONMHEYHOro manydenusa. CosmaHme o61MTaeMoll IYHHOI CTaH-
LM SBJIAETCS Le/blo MHOrux Kocvmdecknx areHTcTs CHIA, Esponsl, Kutas, fAnorym n Muagym. IlosToMy akTyanbHbIM
ABJIAETCA MOMCK BO3MOYKHBIX METOJIOB CTPOUTENBCTBA KOHCTPYKIIMIA pasMMYHbIX COOPY>KeHNIT Ha JlyHe ¢ MMHMManIbHBIMA
sHeprosarparamu. Hambosnee npuemieMbIM BapUaHTOM IIOTy4YeHVS CTPOUTENIbHBIX MaTepMaIoB AB/IAETCA CIEKaHVe JTyH-
HOJI b CPOKyCHpOBaHHBIM y3nydeHyeM ConHua. s aToro Heobxopumo Ha 3emyie oTpaboTaTh TaKyl0 TEXHOJIOIMIO
B JTa0OpaTOPHBIX YCIOBMAX Ha IPOCTENIINX MOJE/AX IPyHTa. Dblla co3faHa yCTaHOBKA C MCKYCCTBEHHBIM MCTOYHUKOM
COMTHEYHOTO M3TY4eHUA M BBICOKOUMCTBIM MMUTATOPOM JIYHHOTO I'PyHTa. MoJenupoBanoch ClieKaHue MMUTATOPOB JIyH-
HOTO TPYHTa U3/Iy4eHMeM MOIIHOJ KCEHOHOBON Ia30pa3ps/iHOI JTaMIIbl C calMpOBLIM OKHOM. B kadecTBe MMUTATOPOB
JYHHOTO TPYHTA MICIIO/Ib30BA/IMCh HAHOIIOPOLIKNM M3 KBapIeBOro cTekna. MofienmpoBanoch CrieKaHyue UMUTAaTOpa TYHHOTO
TPYHTa NIpY Pa3IMYHON IVIOTHOCTY MOUTHOCTHU M3/Ty4YEHM ra3opaspAnHOI mamMibl. OCHOBHBIM IIOKa3aTe/leM TaKol MeTo-
VKM ObUTa OLlEHKA BpeMeHY, He0OXOAMMOro /ISl ClieKaHsi 00pasIjoB OIpefie/IeHHOI TOIMHBI, YTO ONpefensieT IPOU3BO-
IUTENTbHOCTD TaHHOM TeXHONMoruu. JIpyroi mokasarenb — MOPUCTOCTD IOTyY€HHOTO MaTepuaa, mapaMeTp, KOTOPbIi He-
00XOJVIMO 3HATDh JI/I OLIeHKY Ia30IIPOHNUIIAeMOCTY OYYIIUX TYHHBIX COOPY)KEHMIL M X OTHOCUTEIbHOI IPOYHOCTH. bbmn
IIPOBEJICHBI MICCIEIOBAHYA ITOTTYYeHHBIX 00pa3IioB Ha MOPMCTOCTDb M IPOYHOCTD. ITo/ydyeHHbIe pe3yabTaThl IOKa3bIBAIOT
MEePCHEeKTUBHOCTD MICNONIb30BaHNA 3D-1ev4aTy METOIOM CTIEKaHMA COMTHEYHBIM M3/Ty4YeHNEM [ MOMY4eHUA CTPOUTENbHBIX
MarepyanoB Ha JIyne. CosaHHas METOMVIKA MOXKET CIIYXKUTb OCHOBOII J/L IIPOeKTUpoBaHuA 3D ycTaHOBKM Jy1a Oymymmx
JTYHHBIX SKCIIe/INLIMIA.

Knrouesrpie cnoBa: 3D-1euath, criekaHue, HYHHI)IIZ TPYHT, COTHEYHOE U3JTyIEeHIE.
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1. BBemenue

B macrosmee Bpemsa MHOTTe KocMudeckie areHTcTBa ClIIA,
Espomnsl, fAnonuy, Kurtag, VHAMM IMaHMpyloT cosmaHue
JICCIIeNIOBAaTeNbCKUX JONTOBPEMEHHBIX CTaHIMiT Ha JlyHe.
[TepBbIM IIATOM 3THX MCCIEOBAHNUI OyIeT OCyILeCTBICHNE
POCCHMIICKOTO HMpOEKTa IOCAJOYHON cTaHuuM «JIyHa-25»
B 2019 ropy [1]. I[TosTOMYy aKTyalbHBIM ABJIAETCSA aHAIN3
BO3MOYKHBIX METOJOB CTPOMTENIbCTBA KOHCTPYKLIMII pas-
JIMYHBIX COOpY>KeHMil Ha JIyHe U pelleHye Ipo6/1eMbl IIOTy-
YeHVS CTPOJIMaTepualoB U3 TYHHOIO IPyHTa [2].

Coopy»KeHue CITOKHBIX KOHCTPyKumit Ha JIyHe orpaHu-
YeHO MaTepMalbHO-TeXHUYECKUMHI VM SHEPTeTUYeCKUMHI pe-
cypcamim, KOTOPbIE€ MOXKHO JJOCTABIATbh KOCMUYECKIMU 3KC-
negyyAM ¢ 3emn. 1103ToMy ucCronb3oBaHme IPUPOTHbBIX
JIYHHBIX MaTepUasioB ABJIAETCA 00A3aTe/bHBIM YCIOBMEM
BCeX IIPOEKTOB KallMTAaIbHOTO CTPOUTENbCTBA Ha JIyHe.

ITpu IOATOTOBKE K CTPOUTENBCTBY KOHCTPYKLMM Gasbl
Ha JIyHe Heob6XoAMMO ele Ha 3emie pa3paboTaTb TEXHOTIO-
IMIO VISTOTOBJICHMA CTPOUTEIBHBIX OJIOKOB M3 JIYHHOT'O Ma-
Tepuana.

Haubornee mepcrnekTHBHBIM MPEICTABIAETCS CO3[[aHIE
KOHCTPYKIWII C IIOMOIIBIO MOOMIbHOrO 3D npuHTepa, B KO-
TOPOM MCIONb3YeTCsA TyHHAs MbUIb ¥ COMTHEYHOE U3/TyYyeHue
[2-5]. Takoit moaxoy MO3BOMUT MUHUMU3UPOBATh SHEpre-
THYECKVe 3aTpaThl IIpU TYHHOM cTpouTenbcTBe. Ha 3emite
9TOT IOAXOJ, OBUI YCIIEIIHO ampoOMpOBaH IIPY MCIONb30-
BaHVM NeckoB Caxapbl ¥ KOHIJEHTPAaTOPOB COMHEYHOTO U3-
nydenus [6]. TlosToMy MomenmupoBaHue CIEKaHVSA MeENKO-
TVICTIEPCHBIX MaTepManoB — MMUTATOPOB JIYHHOTO I'PyHTa
10T, ieiCTBMEeM Tab0PaTOPHOTO IMUTATOPA COTHEYHOTO W3-
Ty4eHUsA OPeNCTaB/sAeT 3HAYUTENbHbI MHTEPEC.

2. MeTopuka MOAeIMpOBaHM

MCTOHI/IKa MOJEMNPOBaHNA CTPONIACH HA TPEX IPMHIINIIAX.

ITepBblil 3aKII09a/ICA B CO3JaHUM Ta0OpaTOPHOIO JC-
TOYHMKA CO cneKTpaanoﬁ[ XapaKTepI/ICTI/IKOﬁ N3Ty9eHNAd,
MaKCUMaJIbHO IIPUO/IVKEHHON K CHEKTPY COTHEYHOTO M3/IY-
YeHUA U MMeIOIl[ef;[ BBICOKYIO IUIOTHOCTb MOIITHOCTU M3JTYy-
4yeHMs, OIM3KYIO K ITapaMeTpaM peajn3yeMble B COMTHEYHOM
3D-npunTtepe B pabore [6] ~10° Br/cm?

Takoit MICTOYHUK GBI CO3/IaH HA OCHOBE Pa3bopHOIT Me-
Ta/ZIMYECKOI Ta30paspANHOIL TaMIbl. Vsmydenne JyroBoro
paspsana B atMocdepe Xe npu pgasneHvn 4 Mlla ¢oxycu-
POBAJIOCh € IIOMOIIBIO CPEPOITVIUIICOUTHOTO OTpaXKaTes
B IATHO 3+7 MM. OCOOEHHOCTBIO TAKOTO MCTOYHMUKA SIBJIS-
eTCs MCIIO/Ib30BaHye Call(pMpOBOro OKHa JI/IA BHIBOJA U3TTY-
YEeHUA, YTO IIO3BOJIACT MAaKCMMA/TIbHO HpI/I6HI/ISI/ITI) CIIEKTP
M3ITy4€HNs JIAMIIbI K COTHEYHOMY CIIEKTDY.

JlaHHbIII NICTOYHMK M3Ty9eHNs IIOKas3aH Ha puc. 1.

Taxoit MCTOYHMK V3MTYyIEHN ITO3BOJINII IIOTYINTD IIJIOT-
HOCTY MOIJHOCTM U3/TydeHUs Nopspnka 5 kBr/cM? B nATHe
muametrpom 0,5 cm [7].

Bropoit mprHUMI 3aKIO4Yancsi B BBIOOpe MaTepyana
UMMTaTOpa JIyHHOTO rpyHTa. Kak mokasano B pabote [8],
MIMELINeCsa MOJE/NbHbIE aHAJIOIM JTYHHOTO IpyHTa OTIN-
YalTCs OONIBIINM pasHOOOpasueM U ero coCTaB U pacipe-
[€neHne 1mo pasMepaM KOMIIOHEHTOB 3aBUCAT OT I‘J'Iy6I/IHbI
3a71eraHys, HO IIOBEPXHOCTHBIN CJION CONEPKUT pas/MIHble

MUHepanbl ¢ 6ompmuM copiepxxannem SiO, ¢ mpeo6nazmaro-
mumy pasmepamu 50+100 MxM. B Hamreit pab6oTe B kadecTBe
TAKOTO MMMTATOPA OBUT BHIOPAH BRICOKOYMCTHII HAHOIIOPO-
IIOK aMOP(HOr0 KBapLeBOTO CTEKIa, IIOJy4aeMblil a3ep-
HbIM ncrnapenneMm [9,10]. Vicnonp3oBaHme TaKOro MOPOIIKA
TIO3BOJIAET IIPOBOAUTDH 3KCIIEPMMEHTBI C BBICOKOJ TOBTO-
pAeMocTbio. XapaKTepUCTUKM TAKOrO IIOPOILIKA IIOKa3aHbl
Ha puc. 2.

TpeTnit HpUMHINII 3aK/TI0YAETCS B U3TOTOBIEHUN 00pas-
IIOB UIMUTATOPOB }IYHHOFO rpyHTa 3 KBApLE€BBIX IIOPOILIKOB

Puc. 1. PasbopHast MeTa/midecKas KCEHOHOBAs jIaMIIa BBICOKOTO
maBneHus: BHeuwrHuit Bup (a), cxema mammel (b); 1 — kopmyc,
2 — 37IEKTPOf, 3 — OTpaxkarenb, 4 — candupoBoe OKHO, 5 — 30Ha
cOKYCHPOBAaHHOTO U3/TYYEHM.

Fig. 1. Demountable metallic high pressure xenon lamp: external
view (a), scheme of lamp (b); 1 — frame of the lamp, 2 — electrode,
3 — reflector, 4 — sapphire window, 5 — focusing radiation zone.
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Puc. 2. Tlopomok SiO,, MOMyYeHHDIl J1A3EPHBIM MCHAPEHNEM
KBAaplLIeBOrO CTeK/Ia: o0muit Bup (a), CHUMOK C 37€KTPOHHOTO
mukpockorna (b), rucrorpamMmma pasmepos ().

Fig. 2. Silicon dioxide powder produced by laser evaporation of
quartz glass: general view (a), electron microscopic image (b),
histogram of size distribution (c).
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IMyTeM CIIEKaHMA IOPOIIKA M3TyYeHMeM TIa3opaspsAgHO
namnbl. [Tpy 9TOM criekanuch 06pasipl U3 MOPOIIKOB C pas-
JI'YHOI BeCOBOJ INIOTHOCTBIO (T. €. HOPOIIKY YIUIOTHSIVCD)
U A7 KOK0M IVIOTHOCTY IOPOILKAa BapbMpoBanach IIOT-
HOCTb MOIIHOCTH V3/Ty4eHNs JTaMIIbL.

ITorydenHble Kepamudyeckue oOpasLbl IIOABEPrajich
UCTIBITAaHUAM Ha MOPUCTOCTD ¥ MPOYHOCTD IO CXEMe acCl-
METPMYHOro 13ruba Ha KOJIBLIEBOI OIOpe IO paspyLIeHMs
[11,12].

3. Pesynbrarbl 3KCIIEPVIMEHTOB

O6pasupl Moaydany B KIoBeTax AyaMeTpoM 10 MM U BBICO-
Toit He 6ostee 5 MM, maptusamMu 1o 10 mir.

ITepBble 00pa3Lbl IMOTyYany IyTeM HAChIIAHVUA B KIO-
BeTy IIOpOLIKa 0e3 YIUIOTHEHMS, ¥ IVIOTHOCTb COCTABJIA/IA
1,3 r/cM?, 9TO COOTBETCTBOBAIO IIOTHOCTH JTYHHOJ IIBIIN
Ha noBepxHocTu JIynsl. Imybokoe mpormasienie (Ha 5 MM)
IpYU IUIOTHOCTY MOITHOCTYM m3nydeHus 300 Br/cm* mpouc-
XO[IMJIO B Te4eHVe BpeMeHu 6oree 20 MuH.

ITpy ynmoTHeHUM MOPOIIKA [0 2 T/CM’ IpOIUIaBIeHNE
HOpPOIIKa Ha IIyOMHY 5 MM IIPOMCXOAMIO TOPa3fo paHblle
(gepes 5 MyH), YTO MMOKa3aHO Ha puc. 3a. VI3 aToro crexyer,
4TO B OymyiieM TyHHOM 3D coMHeYHOM IpUHTepe, He0OXO-
IVIMO MIMETb YCTPOJCTBO I MPeJBAPUTENbHOTO YIIJIOTHE-
HIA JTyHHON IIBUIN IIepef CTIeKaHMEM.

[TapTna xepaMudecKux 00pasloB, IOTYYEHHBIX C pas-
JIVYHBIMY BECOBBIMM IUIOTHOCTAMU ¥ TIPY Pa3mITIHON
IJIOTHOCTM MOUIHOCTY M3Ty4e€HMs JTAMIIOBOTO MCTOYHMKA
IIpY YC/IOBUY IIPOIUIABJICHNA UX Ha DIIYOMHY 5 MM, IOABEp-
rajlacb VICIIBITAHMAM Ha IIOPUCTOCTb ¥ MPOYHOCTD. Pesynb-
TaThl 9TYX VICIIBITAHNUII II0Ka3aHbl Ha puc. 3b.

IIpencraBneHHble XapaKTEPUCTUKM ITOMYYEHHBIX Ke-
paMudeckux o06paslioB MMEIOT BBICOKYIO IOBTOPSAEMOCTD,
YTO CBA3aHO C OTHOPOJHOCTDBIO MCIIOIb30BAHHOTO MaTepya-
J1a ¥ CTaOVIBHOCTBIO MOLHOCTY U3JTy9eHMs TaMIIOBOTO JC-
TOYHMKA.
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Puc. 3. 3aBucumocTs rMy6uHBI TporIaBneHns mopomka SiO,
OT BpeMeHM NPV Pa3NYHBIX MCXOJHBIX INIOTHOCTAX MOpomIKa (a),
3aBMCHMOCTb ~ OTHOCUTEBbHON TIPOYHOCTM ¥ HOPUCTOCTU
KepaMI9ecKnx o6pasioB OT BECOBOM IIIOTHOCTM MOPOIIKA
¥ TVIOTHOCTY MOIJHOCTY M3Tydenus namisl (b).

Fig. 3. Dependence of fusion penetration depth of silicon dioxide
powder on time for different initial powder densities (a),
dependence of the relative strength and the relative porosity of
the ceramic samples on weight powder density and output power
density of lamp (b).

4, 3aKinrouyeHne

PesynbpraTaMy ZaHHOI pabOTBI ABJIAECTCSA CO3[aHME IKCIIe-
PUMEHTA/IbHOM YCTAHOBKM J/Is MOJENVMPOBAHNSA CHEKaHMA
COMTHEYHBIM W3TyYeHNMEeM MMUTATOPOB JYHHOTO TPYHTa
pasim4HOro cocrasa. Ha ocHoBe paboT, Ha 3TOJT yCTaHOBKe
C Pa3IMYHBIMM 10 COCTABY UMUTATOPAaMM TYHHOTO TPYHTA,
IVTaHMUpYyeTCcs co3fanue 3D-npuHTepa a1 OTpabOTKM TeX-
HOJIOTUY TYHHOTO CTPOUTETbCTBA.
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