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AHHOTAIUSA

Ienpr0 HACTOSIIEH HCCICIOBATEIBCKON pabOTHI sSBIISIETCS pa3paboTka u cozmanue 3D mpuHTepa, neda-
TAIOIMI [IBETHBIC M3IENUsI U3 IUIACTHKA, a TakKe pa3paborka u u3rorosinenue 3D mpuHTepa Iyis mo-
CTPOWKH JIOMOB Ha OCHOBE CIIEHHAIBLHOrO OBICTPOCXBATHIBAIOLIETOCS cocTaBa OeroHa. B mporecce
HacToslIeH paboThl COOpaH KapKac M 3JEKTPOHHBIC YaCTH MepBOro ordectseHHoro 3D mpuHTepa amst me-
YaTH IBETHBIX IJIACTMACCOBBIX H3JIENIUii; CIIPOCKTUPOBAH U CO3JaH CIEHAaNIbHBIA MHOTOBXOJHOM JKC-
TpYAEp A NaHHOTO MPUHTEpa; co3aaH npototun 3D npuHTepa /Ui nedyaT Mozesei JOMOB; pa3padoTa-
Ha CXeMa MOJYYCHHUS CIEeHUAIBLHOTO OBICTPOCXBATHIBAIOIIETOCS OCTOHA, COCTAB KOTOPOI'O OBLI BBIBEICH
CIHCIMATHCTAMK UHCTUTYTA; U3YYCHBI HOBBIC BO3MOXXHOCTH TIPUMCHEHUS KOPOTKUX HAHOPA3MEPHBIX BO-
JIOKOH, TIOJIyYEHHBIX HA OTEYECTBCHHON YCTAHOBKH DJICKTPOCHMHHHHTA (1€KTPOPOPMHUPOBAHHS), C IIe-
JIBIO YJIYYIICHHS BPEMCHH CXBATHIBAHUS W JIOMOJHHUTEIBHOTO YBEIWYCHUS MPOYHOCTH OcrtoHa. Kpome
9TOrO, C MOMOIIBIO s3bIKa IporpammupoBanust C++, ObLIO JOMOJHEHO ¥ MOAUMHUIIMPOBAHO MPOTPAMM-
Hoe obecnieyenune st 3D mpuHTEPOB.

KaroueBble ci10Ba: ajuTuBHOe npou3BozcTBo, 3D npuHTep, OeToH, IporpaMMHOe obecredeHre

BBenenue

3D-mevats — 3TO co3maHMe 00BEKTa METO-
JOM €r0 MOCIOWHOTO BBIPAIIMBAHMS Ha OCHOBE
tpexmepHoit CAD-mMonenu (Mozenu, pazpaboTaH-
HOW B CHUCTEME aBTOMATH3WPOBAHHOTO MPOEKTH-
poBaHMs). 3a4aCTyIO TAKXKE HCIIOIb3YETCS TEPMHUH
«aIUTHBHOE TPOM3BOACTBO», IOCKOJIBKY NpHU
W3TOTOBJICHUH JETaIH MPUMEHSCTCS aAIUTHBHBIN
MeToJ| — J00aBJIeHHE MaTepuaa ClIOH 3a CIOeM.
B stom 3akmtouaercs otnmune 3D-mewatn ot Tpa-
JUIMOHHOTO METOAA MPOM3BOACTBA M3ACIHH, KO-
TOPBIH SABIIAETCS CyOTPAKTUBHBIM M MIPU KOTOPOM
JMIIHUN MaTepHan yIajuseTcsl ¢ 3arOTOBKHU C I10-
MOIIBI0 MEXaHUYECKOH 00paboTKH.

Jlro60i#t 3D-puHTEp BHIpaIIUBAET WU3JCTHUE
MOCJIOWHO, a pa30MBKa IO CIOSM U TEOMETpHs
cioeB onuckiBaeTcst B STL- ¢aiine. [{na nomyue-
HUs nocnoiHoro STL- ¢aiina oObuHO MpUMeHS-
ercst koHBeprop CAD-(hopmara, BCTpPOCHHBIH B
CHCTEMY AaBTOMAaTHU3MPOBAHHOTO IPOEKTHUPOBA-
HUS, KOTOPYIO  HCHONB3YIOT  HHXCHEPHO-
TeXHUYEeCKHe paOOTHHUKU mpennpuatus. Ha man-
HBIII MOMEHT CYIIECTBYET MHOXECTBO TEXHOJIO-
ruii 3D-iedaTH, yCTaHOBOK aJINTUBHOTO MPOM3-
BOJICTBA M THIIOB HCIOJIb3YEMBIX MaTepuaios. [1]

Hawnbonee pacnpocTpaHeHHOW TEXHOJIO-
ruelt 3D meuaTw mpH MCHOIB30BAaHUH IMOJIUMEP-
HOTO HCXOOHOro wMmarepuana ssisercss FDM
(Fused Deposition Manufacturingyeron, cyrs
KOTOPOTO 3aKJIF0YAETCsI B TIOCTIOHHOM HaJI0KEHUN

pacruiaBieHHON nonumepHoil Huty. Huke npuse-
JIeH CIUCOK MaTepuanos st FDM cuctem.

* ABS - ymaponpouHblii MaTepHall, OTHO-
CAIUICS K HWHKEHEPHBIM TutacTukam. OOamaer
BBICOKOH TIPOYHOCTHIO M M3HOCOCTOMKOCTRIO. Ca-
MBI MOMYJSAPHBIN M YHHUBEpCAJIBHBIA MaTepHal,
ucnionse3yembli B 3D mewatn. Ilogxomut s
M3TOTOBNICHUS  (YHKIMOHAIBHBIX  JeTaleH,
CYBEHHPOB, TIOCYABI, JETCKUX UTPYIIEK;

* PLA - Owmopasnaraemblif, OMOCOBMECTH-
MBIM, TepMOIUIACTUYHBIN MaTepuan. CeIpbeM IS
IIPOM3BOJCTBA CIIy’KaT €XEroJHO BO300HOBIIsE-
MBIE€ PECYpChbl, TaKH€ Kak KyKypy3a M CaxapHbIH
TpocTHUK. Mcmonb3yercsi A NpOM3BOACTBA M3-
NeIuil ¢ KOPOTKUM CPOKOM CIY)KOBI: MHIIEBas
YIIaKOBKa, OJIHOPa30Bas 110Cya, IaKeThl, pa3iny-
Has Tapa,

* Nylon - oGmamaer mMOBBINICHHOH MPOY-
HOCTB Ha pa3pblB U THOKOCTHIO. Ero otnumuuntens-
HBIMH OCOOCHHOCTSIMH SIBJISICTCA: XOpOILEe CO-
€IMHEHHE C MOBEPXHOCTHIO, BBICOKAsI BOJOHETPO-
HHUIIAEMOCTh, XOPOIIee COMPOTHUBICHUIO Pa3phIBY
U BO3MOXHOCTb BIUTHIBaTh Kpacky. Mogenu,
HaleyaTaHHble 3TUM MaTepuaioM, MMEIOT Hary-
pasibHO OeNblii LBET € MPO3pavyHOH IOBEPXHO-
cTbio. IlmacTuk Tamke JIETKO MOXKHO OKpAacHTh,
KaK JI0 IIeyaTH, TaK U 1ocIe;

* LAYWOOD -koMNO3UTHBII MaTepuan Ha
40% cocTosmuii U3 HATYpaJbHOTO JiepeBa u Oe3-
OTacHOTO cBs3ylomiero noiaumMepa. Ilocne nevarn
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OH BBITIISUIUT KaK W3JIeNTUe U3 JIepeBa, MaxHET Je-
PEBOM U IPHUSATEH Ha OLIYNb, KPOME TOTO U3AEHSA
W3 TaKOTO MaTepualia MOKHO pe3aTh, IuiudoBath
W pa3pUCOBBIBAThH TaK K€, KK ¥ JIIOObIE JIEPEBSH-
HBIC OOBEKTHI.

* PET (@omustunenrepedranar) - 6ecrper-
Hasl HUTh C OY€Hb BHICOKUM YPOBHEM MPO3PavYHO-
cTu. Marepuan Jerkdid v yjaaponpoyHbiid. Bos-
MOKHO CO3[aHHE YHUKAJIBHBIX MOJENed - mpo-
3paYyHbIX, KaK CTEKJIO.

e Laybrick - momumep ¢ adpdexrom mecua-
uuka it 3D neuarn. [2]

[Mony4yeHue CTPYKTYp METOJIOM DBIIEKTPO-
(¢opMHpOBaHUsI HAHOBOJOKOH Ha OCHOBE OHWO-
PacTPBOPHUMBIX MOJUMEPOB TAKKE 3aHHUMAET OCO-
OyIo HHUIIIE B aJUIUTUBHBIX TEXHOJOTHAX. IMEHHO
TaKOM MOAXOA OMHcaH B paboTe CIENHUATUCTOB U3
WucrutyTa npobiiem ropenus. [3]

B pesynbrare ObLT M3ydeH mporece Moiy-
YCHUSl TIOJIMMEPHBIX IUICHOK METOJIOM DIIEKTpPO-
CIMHHUHTA, OblJIa IPEASIOKEeHA Ues UCIIONb30Ba-
Hust 3D-TIpHHTEpa COBMECTHO C YCTAaHOBKOM JJIEK-
TPOCTIMHHUHTA, YTO TO3BOJIWJIO HAle4yaraTh Mpo-
cTelme HaHOpa3MepHble OOBEKTHl MOJIMMEPHBI-
MU BojokHaMu. llokazaHo, 4TO HaHOpa3MEpHEIE
3D-00BEKThI, MOT'YT OBITH MOJIYYEHBI C TIOMOIILIO
aNeKTpocMHHUHTA. llonydeHHble HaHOpa3Mep-
Hble 3D-00BEKTHI OBLITH UCIIONB30BAHEI JJIS ITOJTY-
YCHHUSI DIEKTPOJIOB B CYMEPKOHAEHCATOpaX, 4TO
YMEHBIIUJIO X COTIPATHUBIICHHUE.

V3MeHeHne SJEKTPUUYECKUX JUHHUNA TIONA
AJIEKTPOCTATHUECKUMH WM MArHUTHBIMH  Jie-
(bmexkTopaMu  TO3BOJIUT pPeaTn30BaTh OBICTPYIO
3D-meyath cnoXxHOW (POpMBI, KOTOpask MOXKET
OBITh HWCIONB30BaHa Ui MPOM3BOACTBA HAHO-
(GUIBETPOB, B HAHOPOOOTOTEXHUKE. [4]

[Ipumenenne npunTepoB 3D— mewatu B
CTPOUTENBCTBE B HACTOSIEE BPEMSI OTpaHUUCHO
pamom mpuurH. Cpeny HUX Macca TEXHUYECKUX
npoOjeM, HO OCHOBHAsl - OTCYTCTBHE HOPMATHB-
HOW W 3aKOHOJATENBHON 0a3bl Uil Takoro poja
CTPOUTENBCTBA.

HIMeHHO OTCYTCTBHE HOPMATHBOB MEIIAIOT
B3iITh Ha BoopyxeHue 3D obOopymoBanue Kpyn-
HBIM CTPOMTENBHBIM KOMITAHHUSM, paccMaTpUBa-
IOIIMM KOHIICTIIIUIO CTPOUTEIHHON MeYaTH MMEH-
HO JUISI MHOTO3T2)KHOTO M MacCOBOTO CTPOUTEIh-
crBa. HepeméHnuple mpobiaeMbl NpUMEHEHUS
crpoutenbHOd 3D mevaTH CBOAAT Ha HET BO3-
MOKHOCTb IIPUMEHEHUSI €€ B MOTOYHOM 3aCTpOM-
Ke.

OnHako BNOJIHE pealbHBIM Ha 3TOM (hOoHE
BBITJISITUT BO3MOXKHOCTh MAJIO3TQKHOTO WHUBH-
IyaJIbHOTO CTPOUTENBCTBA, CTPOUTEILCTBA JIET-

HUX JIOMOB, rapaxed, BCEBO3MOXHBIX OeceoK,
JMaHAMAPTHRIX TOCTPOEK, TMPYIOB, ACTCKUX TO-
poakoB, O6acceitHoB. [loHsATHO, 9TO BCE ATO ymen
CPEJHUX U MAIbIX MpeIIPUHAMATEINCH, UMEFOIIX
BO3MOXKHOCTh OBICTPO ¥ TUOKO pa0oTaTh C MOTEH-
IUANBHBIM, HO €IIé MOKa, VBB, HE MacCOBEIM 3a-
Ka34HKOM.

OTcyTCcTBHE Ha PBIHKE OOOPYMOBAHUS IS
ctpoutrenbHoli 3D meuaTw OOBACHSICTCS TPEKIIC
BCETO CPAaBHUTEILHO BBICOKOH CTOMMOCTBIO €TO
JUISI 3TOTO CETMEHTA TPeNPUHIMATEICH.

Kpome Toro, nmaxe HEOONBIIONH TPUHTED
¢dopmara 4 x 6 METpOB, MpeaHA3HAYCHHBIA IS
MeYaTH dSJCMEHTOB 3J[aHWi, NPEJAMETOB JaH]-
magTHOTO AM3aifHa BBICOTOU 70 3 METPOB — YXKe
JIOBOJIBHO BHYIIUTENIbHAS KOHCTPYKLUSA, TpeOy-
olfas emge U TOCTAaTOYHO OOJIBIIIOTO MOMEIICHHS.
Kpome mecta mist yeranoBku camoro 3D —npun-
Tepa TpeOyeTcs MPeAyCMOTPETh YYacTOK ITOJATO-
TOBKHM OCTOHHOW CMeCH M e€ MoJayu B TevaTaro-
IIYIO TOJIOBKY, YY9ACTOK TIPEABAPUTEIBHON CYIIKH,
CKJTaJICKHE TTOMEIIEHHS U YIaCTOK MOTPY3KH. [5]

Opnako B 2015rony manxalickas kKoma-
aus WinSun [6]mpeacraBuia ISTHITAKHBIN JT0M,
AJIEMEHTHI KOTOPOro ObUTM Hamedatansl Ha 3D
npunTepe. Eme panee 3To# ke KomMnanueil Obun
poieMOHCTpUpoBaHbl 10 TOMOB, KaXIbIH U3 KO-
TOpbIX uMen Iioriaas B 200kB.M., ObLIN TOCTPO-
ensl MetogoM 3D mpunTHHTa. [Tpruem cebectou-
MOCTh KaXJIOTO M3 TaKHX JJOMOB COCTaBIISIET II0-
paaka 5000 momn. CHIA. CTOMT OTMETHTB, YTO
aerom 2016 roga xommanus WinSun momyunia
MpuriameHue or mpeactaBurencii CaymnoBCKoi
ApaBun Ha TIPOEKT IS MOCTporku 1,5 MITH ku-
JIBIX JOMOB. [7]

Ha pa3paboTky Takoll TEeXHOJOTMH KHTaii-
ckast kommanus WinSun morparuna mopsaka 12
neT u 6oaee 3 MitH. nosutapos CIIIA.

Paspaborka m cOopka mnepBOro ore4ecTBeH-
Horo nBetHoro 3D npuHTepa

B xone paboThl IOJATOTOBIICH YEPTEX MHO-
TOBXOJIHOTO JKCTpyZAepa. M3rorosneHa medaTHas
I1aTa u JOTOJTHUTEIBHBIE 3JIEMEHTHI SKCTPYAepa.

MHOrOBXOIHON 3KCTpYACp SBISETCS BaX-
HEHIIel AeTanbl0 YCTaHOBKY IiBeTHOro 3D mpuH-
Tepa. DTOT JKCTpyHep NpedHa3HadeH I pac-
IJIABJICHUS. U MEPEMEIINBAHUS UCXOJHBIX Pa3HO-
LBETHBIX IJIACTMACCOBBIX BOJIOKOH JUIsI TOTO,
YTOOBI MONYYNUTH HY)KHBIN I[BET PACIIJIABICHHOTO
U BBITEKAIONIETO IMJIACTMACCOBOTO I[BETHOTO BO-
JIOKHA Ha BBIXOJIE M3 IKCTPYAEpPa, KOTOpas 3aTeM
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UCTIONB3YeTCs UL CO3IaHusl 00bEMHOT0 M3IETHs
METOJIOM CJIOEBOTO HAJIOXKCHHSI.

Hcropuyeckn, UIs TOIYYCHHS HaHTPHI
1BeToB mcnonb3yior RGB (red fpacusrii), green
(3enensrit), blue Cunmii)) MeTon, OAHAKO MOTyYe-
HUe Oenoro M 4yepHoro usetoB B 3D mpuHTepax
JTaHHBIM METOJIOM SBJIsIeTCS HeBo3MOxHO. [Tocie
ydera 3THX (aKTOPOB M OTIIMYUS B BA3KOCTH II0-
JMMEpOB, Mcnonb3yeMbix B 3D npuHTepax, Hamu

OBLIO PEIICHO MCIIOJIb30BaTh Ooyiee MOIUBHUIIH-
POBaHHEIN CIOCO0, TO €CTh HCIIOJIB30BaTh HAOOP
yke 5 IBETOB TMOJHMEPOB, JOMOJHHTEIHEHO
BKITIOYAsl TOJIMMEPBI OENIOr0 M YEPHOTO IIBETOB.
[Mocne aTOTO pa3paboTany U U3TOTOBUIIM YEPTEK
JKCTpyZACpa C MATHIO BXOJAMH IS TSATH Pa3HO-
IBETHBIX TOJUMEPOB. YepTerk MHOTOBXOJHOTO
SKCTpYJiepa MPUBOAMUTCS HA pUCyHKe 1.

Puc. 1 —Yeprerk MHOTOBXOJHOTO SKCTpyAEpa

B HOBOM MSATH BXOTHOM JKCTpYZEpe, VIS
JMyYIIET0 CMEIIMBAaHHUS 3THX [BETOB MPEAYCMOT-
peiH CMENIUBAIOIIEe YCTPOWCTBO Yepe3 TOTIOTHH-
TeJdbHBIA ABuraTesb. Ha pucyHke 2 mpuBeacHa
(dhoTorpadus mporecca BEIXOAa MEPBHIX MBETHBIX
BOJIOKOH, KOTOpPBIE OBUIM TOJYYCHBI B HAIIEeM
MEPBOM OTCYECTBEHHOM IIBETHOM ITPHHTEPE.

B nsetHoM 3D mpuHTEpe A1 00eCIeYeHUs
paBHOMEPHOW TOJa4M HUCXOJIHBIX TOJMMEPHBIX
MPOBOJIOK YCTaHOBJICHAa Ted)IOHOBasl TPyOKa, KO-
TOpasi JIOJDKHA BBIIEPKHBATh HYXHBIH TeMmepa-
TypHBIi auanaszon — 10 270°C

Hwxe Ha pucynke 3 mpuBeneHbl pa3pabo-
TaHHBIE M U3TOTOBJICHHBIC BCIIOMOTATEIbHbIC WH-
CTPYMEHTHI JUIsl pa3BaIBIIOBKH TE(PIOHOBBIX TPYO

(a,0). Pa3BambIOBIIMK Te(IOHOBHIX TPYO COCTOUT
W3 JABYX YacTei. KperuieHne Te(pIoHOBBIX TPYO ¢
My(TOii W pa3BaNbLOBIIMK TEQIIOHOBBIX TpPYO.
Kpome sToro mpuBeseHsl pa3zpaboTaHHbBIE W H3T0-
TOBJICHHBIC BCIIOMOTATEIILHbIE WHCTPYMEHTBI IS
M3rOTOBIICHUS (DUIIbEPBI MHOTOBXOJIOBOTO DKC-
Tpynepa (B,r).

Ha pucynke 4 npuBeneH BHENTHUH BHIT
BUJIOM3MCHEHHOT'O MHOTOBXOJJHOTO SKCTPYAEpa, B
KOTOPOM  OBbUIM  MOJM(HUIIMPOBAHBI  TTOBOJIBI
HarpeBaTeNIbHBIX JJIEMEHTOB, & TAK)KE BHYTPEHHSS
KOHCTPYKIUST — i Oojee 3¢ ¢HEKTHBHOTO
MEepeMEIIUBaHNS TIOIMMEpa BHYTPU 3KCTPyAepa.
JluaMeTp BBIXOJAHOTO OTBEPCTHUSI DKCTpyZAEpa co-
crapnsietr 0,3Mm.
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Jnst uudpoBOro yIpaBieHHs MPHHTEPOM Amel atsam3x8epficyHok 5).
ObLT HCMOJB30BaH MHKPOKOHTPOIUIED MapKH

Puc. 2 —®otorpadus npouecca BbIXoJ1a CaMOTo MEPBOT0O IK3EMILIIpa
LIBETHOI'O BOJIOKHA U3 MHOT'OBXOJIHOT'O 3KCTpYyZAepa

B) r)

a) KperieHne Te(IOHOBBIX TPYO ¢ MOMOIIBIO MY(THI;
6) pa3BaibLOBLIHK Te(hIOHOBBIX TPYO; B) poTo duibepa;
r) BCIOMOTaTellbHbIC MPUCTIOCOOICHHS TS MOTyYeHuUs QUIIbepa METOIOM MPOJaBIHBAHUS

Puc. 3 —BcnomorarensHble HHCTPYMEHTHI U M3TOTOBJICHUS KOMILIEKTYIOMMX netaieil 3D npuHTepa
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Puc. 5 —MukpokonTposuiep usersoro 3D npunTepa B cOope

Pa3paGoTrka m wu3roroBieHue mpororuma 3D
NPUHTEPA /ISl NOCTPOHKHU I0MOB.

Brina co3pmana mpomMexyTouHas MHIIOTHAS
YCTaHOBKA I ONPOOOBaHUE PA3IUYHBIX DIICK-
TPUYECKUX U MEXaHWYECKUX TEXHUYECKUX pellie-
HUH, TECTUPOBAHUS MPOTPAMM YIPABICHUS H pe-
*kuMOB paboTel 3D mpuHTEpa I MOCTPOUKH J0-
MOB (pucyHOK 6).

[TocpeacTBoM MOABMKHOW KapeTku S, pa-
MBI BEpTUKAIBHOTO TiepeMerienus 4 u penbcoB 1
OCYILIECTBIISICTCS TIEPEMEIICHUE  JTO3UPYIONIETO

Hacoca 6 Mo KOOpAWHATAM X, Y, Z, PUBOJ OCY-
mecTBiseTcs anekTpoasuratenem 11. beroHoHa-
cocoM 8 1o nIIaHTy 9 1eMEeHTHAsT CMeCh MOJIAaeTCs
B TIOJIBIDKHBIN OyHKep 7 U fajiee B JO3UPYIOMIUI
Hacoc 6, kotopsrii uepe3 ¢puibepy 10 BbTaBmUBa-
€T LIEMEHTHYI0 cMech Ha redvath m3nenus. CuH-
XpOHM3AIMsI TIepeMelIeHnus Hacoca 6 U Qumbeps
10 co ckopocThio (M/C) BBIAABIMBAHHS [IEMEHTHI
CMECH OCYIIECTBISICTCS JIIEKTPOHHBIM OJIOKOM
yIpaBJICHUS.

dororpadusi HOBOrO 3KCTpyAepa ais Oe-
TOHHOW CMECH TIpHBEJIcHa Ha pPHCYHKEe 1.
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1 - penbcel, 2 -ONOpHBIE CTOWKH, 3 - HANPABIISIOIAs PENbCH], 4 - BEPTUKAJIBHO IIepeMelafonias pama,
5 - momBIKHAs KapeTka, 6 - mosupyrommii Hacoc (C SKCTpyaepom), 7 - OyHkep, 8 - kommpeccop,
9 - nogaroumit nutanr, 10 -guibepa, 11 -anexTpoaBUraTens

Puc. 6 -TTunotusiid 3D npunTep U1 CO3AaHMs U3AEINI U3 OeTOHA
(Pasmep 1,52 x1,2m)

1 —0OyHkep, 2 —penykrop, 3 —A03UPYIOLINI CMECUTENb

Puc. 7 —OteuectBenHsblit axcTpyaep 3D npunTepa [ist co3nanus u3aeuii u3 6erona

[porecc medaTyt MPOUCXOIUT CIETYIONTHM
00pa3oM: B TeUaTAIONIYIO TOJIOBKY IojgaeTcs Oe-
TOHHAsl CMECh, 3aTeM C TIOMOIIBIO yTpamMOOBHIBa-
FOIIIMX JIOIIACTEH CMECH ITOATOTABIMBAETCA K IIe-
4aTH, Jajiee Ha BBIXOJIC TOIYYaeM HEMpPEPBIBHBII
cioi OeToHa CO CIeAYIOUIMMH TapaMeTpaMu Oe-
ToHa: BbicoTa — 1,5¢cM, 1 mmpuHa 4 cM (ToIuHa
MOJTYYUBIICHCS CTEHKH). [IpOM3BOIMTEILHOCTD

neyatu cocrasisier 15 cm/c, npyrumu cioBamu 9
M B MUHYTY.

I'maBHOW 0COOEHHOCTHIO JAHHOTO JKCTPY-
JIepa sBISETCS  CIEAylollee. KOHCTPYKTHUBHO
MPEeoyCMOTPEHBl MEphl 10 MPEeIOTBPAILECHHIO
mpoliecca 3aKIMHUBAaHUs YacTHLIAaMU OETOHa, a ¢
JpYyTroil CTOPOHBI, 00ECIIEYNBACTCS OXHOPOIHOCTD
nmonayn 6eTOHHOTO pacTBopa. K maHHOMY crioco-
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Oy WM3TrOTOBJIECHHSI HACTOSIIETO AKCTPyAepa MpH-
UK TIOCIIE TTOPOOHOT0 M3YUYCHHUS JIUTEPATYPHBIX
paboT Mo peosorui. beTOHHBINH pPacTBOP SBIISCTCS
*KuakocTeio CoHT - J)KeBeHa, a ¢ Ipyroi CTOPOHBI,
COJICPXKUT YaCTHUIBI MEOHS, KOTOPhIE MOTYT CO-
3/aTh IPOLECCHl 3akinHMBaHUA. Emie pas 3ame-
THM, YTO 3TH MPOOJIEMBI C TIOMOIIBIO HAIIIETO CO-
3IaHHOTO APKCTpynAepa ycTpaHeHsl. Jlns yBemmde-
HUS TIOJIBIDKHOCTH OSTOHHOTO pacTBopa ObLT J0-
MOJTHUTENIFHO TIOJIKIIIOYEH BHOpaTOp, 4TO HE BHI-
3bIBA€T COMHEHHE O MPAaBHIBLHOCTH JAHHOTO TEX-
HUYECKOTO PEIICHMS.

Kak ormedanock paHee, pU CTPOUTEITBCTBE
Kapkaca jioma ¢ nomomsio 3D mpuHTEepa craHo-
BUTHCS OYCHb BAXKHBIM BPEMsI CXBaThIBAHHS pac-
TBOPOB O€TOHA JUIsl BOBMOXKHOCTH HapaluBaHUI
0O0JIBIIION BBICOTHI JIOMa, CJIOW 3a ClI0eM 0e3 ocTa-
HOBKHU. [losromy st pa3pabOOTKH TEXHOJOTHH
MPUTOTOBJICHUSI OBICTPOTBEPACIONICH CMecH HC-
CIIEIOBANTM XapaKTep NEeHCTBHA YCKOpHTENS 3a-
TBEpAECBAHNA B 3aBUCHMOCTH OT KOHIICHTPAINH U
MPHUPOEI A00ABOK JJIsi MPUTOTOBJICHUS IIEMEHT-
HOTO PacTBOpa U TaKXKe OLCHIIIN BIUSIHUE TEMIIe-
paTyphl IyTeM HarpeBa 0eToHHOU cMmecu. Mcxoms
U3 SKOHOMHYECKOW 11e1eco00pa3sHOCTH, SKCIEpH-
MEHTBI TI0 BJIMSHUIO TEMIEPATyphl JACNaid BEIOO-
POYHO, HO TPH ITOM DKCIIEPUMEHTHI M0 A00aBKe
XIMHYECKUX YCKOPHTEIEeH Nejali MHOTOKPAaTHO
JUTSE HAXOXKJCHHSI JIYYITNX BPEMEH CXBAaTHIBAHUS
OeToHa.

Jist IpUTOTOBJICHHS OBICTPOTBEPACIOICH
IIEMEHTHON CMECH, B KaUeCTBE UCXOJHOTO CHIPhS
OBLIN UCIIOJIL30BAaHbI IIEMEHT, NIECOK U B KaYeCTBE
XAUMHUYECKON OOABKH XJIOPU KalbIUs W HUTPAT
Kaabllusd B pasHBIX COOTHOmeHusx. Ilocie
MEepeMEIUBaHNs COCTaBa J00AaBUIM BOJIY, 3aTeM
TOTOBBI pPAcTBOp HalMBalk B CTaHIAPTHYIO
Kenesnyro dopMmy C  pasmepoM 1x1x1 cwm.
XKenesnas dopma cocrout u3z 6 kyooB. B xaxmprit
KyOWK HaJWBaJIM IIEMEHTHYIO CMECh C Pa3HBIMH
MPOIIEHTHREIME cooTHoIeHusMu (ot 1 % mo 6 %).
[locme ompenencHHOTO BpPEMEHU  IKEJIC3HYIO
(dhopMy OTKpBIBATHM HAMOJIOBUHY ((OopMa COCTOMT
U3 IBYX YacTeil), 3aTeM MPOBEPSIIA OTBEPIKIACHHS
IIEMEHTHOTO pacTBopa. B pe3ynbTare, IIEMEHTHBIC
pacTBOpBl MMIONUE B cBoeM coctaBe 3% u 4%
XMMHYECKOTO pearcHra, IMoKa3alil OBICTpoe
3aTBepjeBanue. Jlanee, MCXOIS W3 3TOTO, OBLI
MPOBEJICH PsI SKCIIEPUMEHTOB Ha mpubope Bruka,
TJIc MaccoBO€ COOTHOIICHWE IIEMEHTa, Mecka H
XMMHYECKOTo pearenra cocrasiser 120/240/7,2,
10,8r u 14,4r = 2/1/0,3, 0,21 0,1.B tabmure 1
MPUBEACHBI JKCIIEPUMCHTAIBHBIC TEXHHUCCKHE
JAHHBIC JJISl TIPAKTHUYECKOTO MPUMEHEHHS WX IS
CTPOUTEIILCTBA KApPKAcoOB JoMa U3 OCTOHA ¢ TMO-
Mokt 3D npuHTHHTA.

Breuto mokaszano, 4To 100aBKa XJIOPHI Kaiblus 3
% u 4 % cokpamaeT BpeMs CXBaThIBAHHS JOCTa-
TOYHOE JI1 TEXHOJOTHUCCKHUX HYX]I IPH HCIOJb-
3oBanny 3D mpuHTEpa W3 IEMEHTHOT'O PacTBOpA.

Tabmuua 1 — OnTuManbHBIE COCTaBBI OBICTPOTBEpACIONICH EMEHTHOW CMecH il HyXJ TexHoioruu 3D

MPUHTHUHIA IIPU CTPOUTCIILCTBEC KapKAaCOB A10OMaA U3 OeToHa

Jlo6aBka pearenra B % ot Hauamno
Ne XUMHUYECKHUE peareHThI . Komner cxBaTbIBaHus
Beca LIEMEHTHOM CMeCH CXBAaTLIBAHHS
1 | Xnopun xanenus 3 10Mun 30 Mun
4 15mun 40 munH
2 | Hurpar kanpuus 3 1y. 1y. 30Mun
4 45mun 1u.

Ha ocHOBe MOIy4YeHHOTO COCTaBa Ha pPH-
cyHke 8 mpezacraBicHbl (ororpadun Hameya-
TaHHOM CTEHBI.

TonmmuHa KaXIO0TO CIOS COCTaBIIsIa 2 CM.
Ha stux Qororpadusx mpeacTaBieHbl JHIICBEIC
CTOPOHBI CTeHBI. OTMETHM, YTO HHUKaKoW o0Opa-
0OTKE OHHM HE TOJBEPraJIiCh, YTO €IIe pa3 JoKa-
3BIBAET MPABWILHOCTh BHIOpaHHOW 100aBKH, a
KOHCTPYKIIUSI YCTAaHOBKU IIO3BOJISIA MPOBOJUTH
HE3HAYUTEIbHOE CIIIA)KWBAaHHE OJIHOTO  CIIOS.
BpeMeHHON TpPOMEKYTOK CXBaThIBaHHS OCTOH-
HBIX PacTBOPOB MEXKAy ciosmu cocTapissa 10-15

MUHYT. Huke mpencraBieHbl n300pakeHUsl BHYT-
peHHe#l yacTu cTeHbl. Ha HUX MOYXHO YETKO YBHU-
JIeTh KaXAbld cjoil. Takke Ha TaHHOW yCTaHOBKE
ObL1 crenan kBagpat 35x35 cM BeicoTOM OKOJIO 14
cM. Jlns mostHOM mpoBepky 3P HEKTUBHOCTH pac-
TBOpa ¢ M00aBKaMmH, CTOUT OTMETUTH, YTO IS
JIOCTHKCHUS BCEX HEOOXOIUMBIX CBOWMCTB OCTOH-
HOW CMecH HEOOXOJMMO HCIOJb30BaTh KOM-
IJIEKCHBIE J00aBKU. Bce 100aBKH B COBOKYITHO-
ctu He npeBbicaT 4 % ot Bcei Macchl OETOHHOTO
pacTBopa.
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Puc. 8 —ITunorHas YCTaHOBKaA ISl UCCIICA0BAaHUA CXBATbIBAIOIINX ):[0631301( JI OeToHa

B pesynbrate mpoBemeHHO# paboThl ObLI
MOJIyYeH COCTaB J100AaBKH, YCKOPSIOUIMN CXBAaThI-
BaHMe OeTOHHON cmecu. Bpems cxBaTbIBaHMS
OTIpeNeNsIIOCh IEHETPOMETPOM B COOTBETCTBUH C
I'OCTowm PK. CobpaHHast nuinoTHas SKCTIEPUMEH-
TanbHasl YCTAaHOBKa TAKXE ITO3BOJIMJIA HATJISTHO
MPOJEMOHCTPUPOBATh TPOLIECC CXBATHIBAHUS U
3acThIBaHMS OeToHa 0e3 HCHOIb30BaHUS OMNaITy-
OOK.

3akiaouenue

[To uroram mponenaHHOW PabOTHI MOXKHO
CAeTaTh CIeAYIOIIUE BEIBOABI:

1. TlonHOCTHIO OBIT pa3paboTaH U coOpaH
nepBblil oTedecTBeHHbIH 3D mpuHTEp, mevararo-
K [IBETHBIC IIACTMACCOBBIC M3zeus. Pa3pabo-
TaH MHHOBAIMOHHBIN 3KCTPyep, C OMOIIBIO KO-
TOPOTO BO3MOXKHO ITOJYYUTH 33aJaHHBII TOH IBeE-
ta. [TocpecTBOM KOMITBIOTEPHBIX MPOTpaMM Obl-
70 MOJU(UIIMPOBAHO TPOrPAMMHOE 00ecIIieYeHHE
it 3D mpuHTEpa ¢ MHOTOBXOJHBIM JKCTpYIie-
poM.

2. CrnenuanucraMu WHCTUTYTa pa3paboTaH
coctaB OBICTPOCXBaTHIBAIOIIETOCSI OETOHA, HEOO-
XOIUMOTO Ul TIOCTPOWKHM JOMOB MeToxoM 3D
NPUHTUHTA.

3. Cobpan mportotun 3D mpuHTepa IS
OCTpOMKH JOMOB. Ha naHHON NMIOTHOW ycTa-
HOBKE TIPOBEICHBI JKCIIEPUMEHTHI Ha OCHOBE
OBICTPOCXBATHIBAIOIIETOCS  COCTaBa  OETOHHOMU
CMeCH, KOTOpBIC IOKa3ajlH, 4TO TaKOW COCTaB

obecrieurBaeT 3aTBeplicBaHue OETOHA B TCUCHHU
15 MuHYT, YTO SBISETCS OAHUM W3 OCHOBHBIX
TpeOoOBaHUI TIpu TOCTpoiike moma metoaoM 3D
MPUHTHHTA.
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Anjgarna

JKyMBICTBIH HETi3ri MaKcaThl TYPIi TYCTI IUTacTHKagaH OyHbIMOapAbl any Ke3iHae Konaaneatein 3D npun-
Tepai KypacTeIpy koHe a3ipsiey. COHbIMEH KaTap apHaibl Te3 >kaOblcaThlH OSTOH HEri3iHzae KypbuibicTa yil
cally Ke3iHjae KoJaaaHbuIaThiH 3D MpHHTEpAl KypacThIpy *kKoHE d3ipiiey 00bin TaObuTaabsl. JKYMbIC OapBICHIH-
Jla TUIACTUKTEH TYPHi TYcTi OyibiM mimmiaaenTtiH 3D npuHTepAiH OTaHABIK MaMaHIapAbIH apKachlHIA AJFalll
PET KaHKAchl MEH AJICKTPOHIBIK KYPBUIFBUIAPHI KYPACTBIPBUIIGI; aTaJFaH MPUHTEPre jKaHaJaH KONTETiKTi
AKCTPYJEp MPOCKTENII )KOHE JKaCaBIH/IbI; Vil canyia KolaanbuiaTeiH 3D MpuHTEpIiH TYITHYCKACH! KYPaCThI-
PBULIBI; apHalbl Te3 jKaObICAThIH OCTOH KYPaMBIH aTyJIbIH KOJIJAPbIH WHCTUTYT MaMaHAapbl apKbUIbl icKe
aCBIPBUINIBI; OCTOHHBIH Te3 KaObICYbl MEH OCpIKTIK KaCHUETIH apTThIPY MaKCAThIHIA OTaHIBIK HMITYJICTI
AJIEKTPOCTIMHHUHT KYPBUFBICH apKbUTBI ANBIHFAH KBICKA apl HAHOpa3MepJli TAIBIKTapabl Kocy. COHbIMEH
katap 3D npuHTepaeri xy3ere ackipatbid C++ mporpammainapabl MOAH(UKAIMsIIAY KYPIi3iiai, TONBIKThI-
pyJap eHrizingi.

Tyi#iingi ce3nep: annutuBTi eHAaipicTik, 3D npunTep, 6eTOH, OaFaapIaMabIK KacakTama

ADDITIVE TECHNOLOGIESIN KAZAKHSTAN:
CURRENT TASKS, ACHIEVEMENTSAND PROSPECTSFOR THE FUTURE

Daulbaev Ch.B., Dmitriev T.P., Aliyev E.T.
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Annotation
The aim of this research is to design and create a 3D mtfivaeprints color plastic products, as well as the
development and manufacture of 3D printer to build houses on the basi&petial quick-setting concrete
composition. In the process of this work the frame and electpamis of the first domestic 3D printer for
color plastic products printing were assembled; a special-mpiit extruder for the printer was designed
and created; a prototype of 3D printer for houses model printingreated; a scheme of obtaining a special
quick-setting concrete, the composition of which was launched byasipeccof the Institute was set up; ex-
plored new applications of nanoscale short fibers obtained on the tdoalestrospinning (electroforming)
installation, in order to improve the setting time, and furthergase the strength of concrete. In addition,
using programming languages such as C ++, it has been supm@dnaedt modified software for 3D print-
ers.
Key words: additive manufacturing, 3D Printing, concrete, software
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