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B xonre 18-ro Bexa ppanily3ckuii WHKEHEp W MaTe-
Matuk acriap Monk ocHOBasT HOBYIO HAyKy — HauepTa-
TeJIbHYIO [€OMETPUIO, 110 CyTH CBOeil SABUBIIEH cucreMy
OTOOPAYKEHNS TPEXMEPHBIX (DUTYP MTOCPEJICTBOM M306pa-
SKeHUSI UX TIIOCKUX TpoeKimil. Biaronaps npuHimmaM
HAYEPTATENBHOM TeOMeTpHH JIIOO0I TPEXMEPHBI OGBEKT
MOKET OBITh OTHO3HAYHO OIMCAH COBOKYITHOCTBIO JIByMep-
HBIX TIPOEKIIMI U CeYeHUil U OTOOPaKeH Ha TJIOCKOCTH,
HampuMmep Ha JmcTe 6ymaru. Ha ocHOBe HauepTaTebHOM
TeOMETPUU CTPOWTCSI CHCTEMa WHIKEHEPHOH rpacduku —
CBOETO POJia A3BIK, TTO3BOJSIONIHI OMMMCHIBATL HA GyMare
He TOJIBKO OT/IEJTbHBIE JIETAJH, HO U CJIOKHbIE HHXEHEPHDIE
crucreMbl. OCHOBAHHbIN Ha MHTEPHAITMOHAJIbHBIX CTaHdap-
TaX, A3bIK I/IH}KCHCPHOfI I‘pa(l)I/IKI/I IIOHATEH JIIOAAM TEXHU-
YEeCKUX CTIEUATbHOCTEN BO BCEM MUPE, 1 BCE JKe «UTEHUE
CJIO3KHOTO YepTeXKa MOJKET OKA3aThCs 331a4eil HeTPUBUAD-
HOW JIayke /I OMTBITHOTO MHIKEHEPA ¥ BOBCE HETTOCUTBHOMN
LIS 4eJIOBEKA, He UMEIOIIETO CIIETMaIbHOIO 00Pa30BaHUSI.
O/HAKO B peaJlbHOM MUPE TEXHOIOTUH 1 GU3HeCA TIOCTOSTH-
HO CYIIECTBYET TOTPEGHOCTh B KOMMYHHKAIMSIX MEXKIY
WHXEHEPAMU W HECHelMaJiuCcTaMi — 3aKa3uuKaMu WJIH
MOTEHITUATbHBIMU KJneHTaMu. [Topoto 0ObsCHUTD HecTie-
IIUAJIICTY YepPTeK HOBOH JeTasu — 3a/1a4a 6oJiee CI0XKHAs,
4yeM pa3paboTKa aToil fetasm. TakiuM 06pas3oM, CyIeCTBYeT
MOTPeOHOCTD B JIbTEPHATHBHOM, GOJIee HATJISIZIHOM, CIIOCOGe
otoOpakeHus TpexMepHoii nH(opmaiun. /{o nociemanero
BPEMEHN ¢IMHCTBEHHBIM 3(D(eKTUBHBIM METOI0M M01006-
HOI BU3yaJanu3aliul TPEXMEPHDBIX [JaHHBIX OCTaBaJOCh
PYYHOE MaKeTHpPOBAHUE — CO3[aHME U3 JIETKOOOPAOATHI-
BaeMbIX MaTepuasioB (KapToHa, JepeBa, TIMHbL) GoJee nin
MeHee TOYHON MoJiesn 06Cy KaaeMoro o6bekta. Hemocrat-
KM TaKOTO TO/IXO0/Ia OYEBUIHLI — U3TOTOBJIEHUE MaKeTa
TpeOyeT CYNIeCTBEHHBIX BPEMEHHBIX 3aTpPaT, a TOYHOCTD
€T0 BBIIOJIHEHHUA 3aBUCUT OT HAaBBIKOB MaKETUPOBIIUKA.

ITalHbIM TIPOPBIBOM B TEXHOJIOTUU BU3YaJIU3allAN
CTAJIO TIOSIBJIEHNE TPEXMEPHBIX CHCTEM KOMITBIOTEPHOTO
npoextupoBanusa. CoBpemennasi CAD-cucrema, K mpu-
Mepy, T03BOJISIET B PeaJbHOM BPEMEHW AHMMUPOBATD
BpalieHne TPEeXMEepHOH MoJesH, BapbUpysl I[BETOBbIE
OTTEHKH! Ha Pa3HbIX eé TOBEPXHOCTAX U IMYJIUPYA TEHU.
[Ipu 1ocTaTOUHON BBIYMCANTENBHON MOIITHOCTH TeHEePH-
poBanue (poTopeaTMCTUIHOTO N300PaKEHUS HA OCHOBE
TOTOBOH TPEXMEPHOI MOIe/I 3aHUMAEeT BCETO HECKOJIBKO
CEKYH/l — B OTJIMYNE OT YACOB WJIN JTHEH, HEOOXOIUMBIX
JLJISI UBTOTOBJICHUST (DU3NIECKOM MOJIEJH.

Tem He MeHee, 3(D(HEKTUBHOCTD TAaKOH BU3YaTH3AIAN
BCE K€ HECPABHUMO HIUIKE, 4eM

npu MaketnpoBaHun. MoTopeasncTuIHOE N300pasKe-
HUe OCTaeTcs MJI0CKON KapTUHKOW Ha 3KpaHe MOHUTOPA,
TOT/[a KaK (PU3UUECKYI0 MOJETb MOSKHO OTPOTaTh PYKaMH.
To ecTb 11pu OlIEHKe JM3aitHA HOBOI pa3pabOTKU K 3PEHUT0
OIEHMBAIOIIETO MO/K/TIOYACTCSI OCSI3aHNE, YTO MHOTOKPATHO
yBesmunBaer 3h(eKTUBHOCTD CaMOi OIEHKH, 0COGEHHO
ecJII peub HAeT 06 OIleHKe 3pProHOMUKU. Kpome Toro,
ob6bemuasi penauxa (Mojiesib) BHOBb pa3pabOTaHHON
JleTaJl He3aMeHNMa, ecJU CTOUT 3a/ada OIeHUTh eé
compsiraeMocTb (Kak TeOMETPUYECKYIO, TaK M HCTETH-
YECKYI0) € YKe CYIIECTBYIOIMM OKPYsKEHUEM.

ITosiBuBIIMECS B cepe/iTHe BOCBMUJIECSTBIX TOJIOB CUC-
memvL 6bICMPO20 U3ZOMOGACHUS. NPOMOMUNOE SBILIHCH
JIOTHYECKUM TTPOJIOJIKEHIEM TPEXMEPHBIX CUCTEM KOMITBIO-
TepHOro Au3aiina. OHu craau aJieKBaTHbIMU yCTpoicTBaMu
BBIBOJIA — CBOETO POJAA MPEXMEPHLIMU NPUHMEPAMU.
IMosyuus g posoe omucanue Tpexmeproit CAD-Mozenn
Ha BXO/Ie, YCTPONCTBO GBICTPOTO U3TOTOBJICHHS TIPOTOTHIIOBR
TeHepUpyeT Ha BBIXOJE TBEPAYI OODBEMHYI0 MOJEJb.
JlaHHbIil TIpOIleCcC HA CTO TPOIEHTOB aBTOMATU3WPOBAH;
y4acTue oreparopa 06bIMHO CBOIUTCS K 3AIIPABKe MAIITIHDBI
PaCXOAHBIMM MaTe€pualaMiu N MN3BJEYEHUIO TOTOBbBIX
MozeJieii. [Ipu aToM HUKaKas HACTPOIKa 000PYIOBAHUS
IIPY TIEPEXO/Ie OT OJHOW MOJIEJIU K JIPYTOH He Tpe6yeTcs.

IIpyHUIMN MOCJAOHHOTO BOCTIPOU3BEACHUS U
OCHOBHbBIE€ €T0 pe€aJjn3alnuu

Anrsossbiunbiii Tepmun Rapid Prototyping (RP)
CBSI3aH C COBOKYITHOCTBIO OOOPY/IOBAHWS, MAaTEPUAJIOB U
MIPOrPaMMHOTO 00ecieueHHst, 00eCTIEYNBAIOIIEH HETTOCPE/ICT-
BEHHOE M3TOTOBJIEHNE TBEP/ON KON KOMITbIOTEPHON MO-
Jlesid JioGoro TPEXMEPHOrO OOBEKTA HE3aBHCUMO OT €ro
reoMeTprIecKoi caoskroctr. Bee Ges nekmovenust R P-tex-
HOJIOTMHM OCHOBAaHbI Ha TMPHHIIUIE MOCJOIHOrO BOCHPOM3-
Bejenns. CtaHapTHLIM (hOPMATOM BXOIHON nH(MOpMAITIH
st ocHoBHBIX RP-cucrem sisasiercs STL (Standard
Triangular Language) — A3bIK, B KOTOPOM BCE TTOBEPX-
HOCTH TPEXMEPHOI MOJIEJTH 3aMEHSIIOTCST COBOKYITHOCTSIMU
TPEYTOJbHBIX I'PaHell. AKKYPaTHOCTb TaKOW 3aMeHbI JIJIsT
M30THYTHIX TIOBEPXHOCTEN 3aBUCUT OT YHC/IA 3AMEHSTION X
UX TPEYrOJbHUKOB. Bce coBpeMeHHBbIE KOMMEPUYECKHE
CAD-cricteMbI TIO3BOJISTIOT 3KCIIOPTUPOBATh Mojiesin B ST L-
dopmar ¢ peryampyeMoii TOUHOCTBIO.
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[Iporpammuas yactb RP-cucteMbl «pa3pesaeTs Tpex-
MepHyio STL-Moaenb Ha CJIOW OJMHAKOBOW TOJIITMHBI
(151 GOJIBIIMHCTBA CHCTEM 3TA TOJIIIMHA JIEKUT B PaiioHe
0.1 Mmm). TakuMm 06pa3oM, TPeXMepHBIA OOBEKT 3aMe-
HSIETCSI COBOKYNMHOCTBIO IJIOCKUX cJjoeB. Ilpm stom
C€MHCTBEHHDBIM OI'paHUYECHNEM TOYHOCTU TAaKOT'O BOCIIPO-
U3BE/ICHUS SIBJISIETCS] TOJIIMHA CJI0sI, — YeM OHAa MEHbIIE,
TEM BbIIIEC pa3pelmeHne CUCTEMDI. HpI/I N3roToBJICHNN
«TBEPOH KOTMU» CTPOUTEJbHDBIN MPOIECC UAET CHU3Y
BBEPX: K JIeTaJH TIOCJIE0BATEIbHO T06ABJSETCS CJIOMN
3a cyoeM. IlepBbrii coit hopMupyeTCs Ha TOBEPXHOCTU
CHeNnuaJbHON TIaT(OPMBbI, TTOCJIeIYTONIE CJION — Ha TI0-
BEPXHOCTAX TIPEAbIAYIINX. Ecmm reoMeTpuruda M3roraB-
JINBAEMON MO/JIEJTN TAaKOBA, YTO MATHO MPEJIbIIYIIETO CI0S
He TOJIHOCTBIO TEPEKPBIBAET MATHO TOCJIEAYIONIETO
(Marepuan Kak 6b1 “TioBrcaer” B BO3/yXe), TO BO3HUKAET
MOTPe6HOCTh B (DOPMUPOBAHUH CIIEITUAJBHON TOEP-
JKUBAIOMIEH CTPYKTYPBI, WU cynnopma. B pasamaHbIX
peasn3anysax TPUHIIUATIA TTOCJOWHOTO BOCITPOU3BEIEHUS
MO/I/IEPKUBATONINE 3JIEMEHTDBI BBITIOJHSIOTCS 00 W3
TOTO JK€ MaTepuaJsa, 4rto u caMma Mozesb (IIpu 9TOM OHU
CO3/IAI0TCS B BU/IE TOHKUX JIETKO y/IA/IIEMBIX CETMEHTOR ),
6O 13 BCIIOMOTATEIBHOTO, MeHee TIPOYHOTO MATePHUAJIA.

Crepeosntorpacdust

Crepeomutorpadust (Stereolithography — SLA) crana
TIePBOI KOMMEPUYECKOW peann3aliiell TEXHOJIOTHH TTOCIOH-
HOTO BOCITPOM3Be/IeHNs1. B ycTpoiicTBax JaHHOTO THITA CTPOU-
TEJTHHBIM MATEPUAJIOM SIBJISIETCS CIIEIUAJbHAS BS3Kas
SKUZIKOCTD, 3aTBEP/IEBAIONIAS 110/ BO3/ICHCTBHEM YJbTpa-
(uoneroBoro usaydennst (pOTOUYBCTBUTETbHAS CHHTETH-
yeckas cMoJa). Ycrpoiictso (puc. 1) mpencrasiser co6oit
BaHHY, 3allOJTHEHHYIO <«CTPOUTEJIbHBIM MaT€puajiom», C
TIJIOCKOW TLIAT)OPMOI, KOTOpast TepeMeInaeTcss B BepTH-
KastbHOM HarpasJieHnu. Hajt BaHHOI pactiosioskeH J1a3ep, JIyd
KOTOPOTO TIEePEMEIIAETCs TI0 TOPU30HTATBLHON TIJIOCKOCTH.

N3roroJieHre MOJIE/H IPOUCXOIUT B CJICYTOITIEH TIOCIe-
nosatesibrocTu. [Tmatdopma ormyckaercst B BaHHy Ha TIyOu-
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HY, PaBHYIO TOJIIMHE OJJHOTO cJios Gy mytieit netamm. [Tpu
3TOM CJION JKUJTKOCTH TIOKPBIBAET MTOBEPXHOCTD TLIAT(OPMBI.
YTpaBsieMblil KOMITBIOTEPOM JIA3ePHBIH JTyd 0OBOJIUT KOH-
TYP TIEPBOTO CJIOS, A 3aT€M METOJIMYHO CKAHUPYET BCE TIPOCT-
paHcTBO BHYTpHU 9T0r0 Koutypa. Ilox BozaeiicrBueM Jasep-
HOTO M3JIyY9eHHs MTPOUCXOUT JOKAIbHOE 3aTBEpEeBaHNE
CTPOUTEJBLHON SKU/IKOCTH, — TAaKUM 06Pa3oM, MOSBJISIETCS
nepBbiil caoit Gyayiiero o6bekra. Ilocse 3aBepiieHust
TIEPBOTO €108 TIAT(hOPMa OITYCKAETCS HA TIIyOUHY CJIeTyT0-
ntero cost. 11pu aToM yske OTBep:KIeHHOE TISATHO TTEPBOTO
CJI0ST OKA3bIBAETCS TIO/T CJIOEM CTPOMTELHON JKUIKOCTH,
PaBHOMEPHOCTD TOJTIIMHBI KOTOPOTO 00€CTIEYNBAETCS CKOJTb-
3AIM POXOJIOM CIIENMATBHOTO Je3BUst (BBIPaBHUBAIOIIEHT
JmHeiKkn ). BTopoit n noc/ieyiomnme cion 0TBepIKaioTest
TaK ’Ke, KaK ¥ TIePBbIi, — C TEM JIUIIb OTJINYHAEM, UTO TETIEPh
KaXK/IbIIl HOBBIN CJION OCAXK/1aeTCsT He HelOCPEeICTBEHHO Ha
CTpOUTEJNBbHON TatdopMe, a Ha TIOBEPXHOCTU MPEbITy-
mero. Tak, cyoit 3a cjaoeM, MPOIECC TPOIOLKAETCS 10
MOJTHOTO 3aBEPINEHUST TIOCTPOEHUS 0ODBEKTA, TIOCJIEe YeTO
miatgopMa ToJHUMAETCS, a U3OBITKH CTPOUTETHHON
JKUJIKOCTH CBOOOTHO CTeKAOT B BaHHY. CreHeprpOBaHHDIIH
TaKUM 006pa3oM OOGBEKT MPOMBIBAIOT U CYINIAT, TIOCJE YeTo
OH T'OTOB K IEMOHCTpAIIAM WJIN UCIIBITAHUAM.

B nacrostiiiee BpeMsi MUPOBBIM JIMIEPOM B TIPON3BO/ICT-
BE CTEPEOJUTOTPAPUIECKIX CHCTEM SBJSETCS aMepu-
Kanckas Kopnopams 3D Systems (Bamencus, mrar
Kamdopnus). HaubGonee mommas SLA-cuctemMa B uX
mozgespHoM psiny — SLA 7000. [lannoe ycTpoicTBO
ucnosb3yeT Teepaotesbubiil Nd: YV O, ma3ep MOIITHOCTBIO
800 MBT ¢ mumHO BostHb! 354.7 HM. TosmuHa oTBepKIae-
MOTO CJIOSI BBIGUPAETCS OTEPaTOPOM B 3aBUCUMOCTH OT
Tpe6yeMOil TOUHOCTU U CKOPOCTU U3TOTOBJIEHUST MOJIENTN U
MOJKeT TpuHuUMaTh caenytonue 3HaueHust: 0.076; 0.101;
0.127 u 0.25 mM. CKOpPOCTD ABMKEHUS JIA3€PHOTO TISITHA
IIpu CKaHUPOBAHUN C MaKCUMaJbHbIM pa3pelieHueM —
2.54 M/c; npu «rpy6oM» cKaHupoBaHWH — 9.52 M/c.
MaxkcuMasTbHble pasMepbl TeHEPUPYeMbIX Mojeseil —
508 % 508X 584 Mm.

IIpencraBasgioT uHTEpPEC M POCCUNCKUE TTPEATOKEHUS
Ha pbIHKe cTepeosutorpadgoB — ycraHoBkn JIC-120 u
JIC-250 (Muctutyt npobeM jasepHbIx 1 uHOPMAIW-
OHHBIX TexHOJOTHH Poccniickoit Akagemnn Hayk). OGe
MarmHbl ucob3yiot He-Cd sa3epbl ¢ IJUHON BOJHBI
325 um. ToJmmuia CJI0s1 TPY BBIPANUBAHUN OOBEKTOB Jie-
>xut B uHTepBase 0.1+0.3 MM, CKOPOCTb CKAaHMPOBAHUS —
2 M/c. MakcuMasbHbIe Pa3Mepbl BBIPANIUBAEMBIX 00hEK-
T0B coctaBsstior 120X 120X 120 mm 1 250X 250X 250 mMm
qust yeranoBok JIC-120 u JIC-250, cooTBeTCTBEHHO.

I/I36HpaTeJleOC Ja3€pHO€ CIIEKaHHE
[Iporecc n36MUPaTESHHOTO JA3ePHOrO CHEKAHUS
(Selective Laser Sintering — SLS) B0 MHOrOM aHaso-
THYEH CTEPEOJHTOrpadun: 3/1eCh TaksKe MPUMEHSIOTCS
JIa3ePHBIil JIyd W TOIIATOBO OMYCKaeMasi CTPOUTETbHAS
mwiardopma. OJIHAKO B KauecTBE CTPOMTETBHOTO MaTe-
puasna B SLS-TeXHONOrMU UCIIOJb3YIOTCA IIOPOIIKOBbIE
matepuaibl (puc.2). TTopoIoK Mo aeTcst U3 MUTAIOIIEro
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KOHTEIHEpa U ¢ TIOMOTIBIO CIEIUATBHOTO POJUKA TOHKUM
CJIOEM PACTIPeIesiIeTCsT 0 MOBEPXHOCTH TIAT(hOPMBI.
JlazepHbiii JTy4, CKOJIb3SI 10 TOBEPXHOCTH TIOPOIITKA, OOBOUT
KOHTYP TIEPBOIO CJI0sT GYIyTIEil MOZIETH, & 3aTeM CKAaHUPYeT
BCE MMPOCTPAHCTBO BHYTPH Hero. B pe3yJibTare TernjioBoro
BO3/ICUCTBUS JIA3€PHOTO M3JIyYeHUS] YACTUIIBI TTOPOIITKA
OIIABJIAIOTCS MJIM TIOJTHOCTBIO paciiiaBisiorest (B 3aBu-
CHMOCTH OT KOHKPETHOI MOI(PUKAIIAHT TIPOIECCa 1 ITpUMe-
HSEMOTO MaTepHasia), a Mmocje yXo/a JasepHoro Jyda —
3aTBEP/IEBAIOT, 00pa3ys CIICUEHHYIO WJIU CILIABJICHHYTO
CIPYKTYpY.

Taxum 06pa3oM, ecsm B crepeosutorpaduu B mporiecce
TeHepanun Mo/1e/In CTpOI/ITCJIbeIfI MaTepHaJI IIPETEPIIEBACT
oo (asosoe nsMeHenue (M3 >KMKOTO COCTOSHMS B
TBepoe), T0 B SLS Takux mpeBpaieHuii 1Ba; 13 TBep-
JIOTO — B JKUZIKOE, U CHOBA B TBepzoe. [Iporiecc reneparm
MOJIEeJT TIPOIOJIKAETCS ¢Iolt 3a cioeM. [Ipm aTom Moenn
Morpy>KeHa B BAaHHY 13 HECTIEYEHHOTO TTIOPOIITKA, KOTOPDIiA
BBITIOJTHSIET POJTb eCTeCTBeHHOH oropbl. [Tpu atom otiazaet
HOTpeéHOCTb B IreHepaliin CIEIa/IbHbIX TIOJ/IEPKUBAOIINX
CTPYKTYpP, HEOGXOmuMbIX B crepeosutorpadun. OpHum
13 TJIABHBIX TPEUMYIIIECTB JAHHON TEXHOJIOTHH SBJISIETCS
MIXPOKUiT BBIOOP CTPOUTETBHOTO MAaTEPHAJIA — OT TLIACTH-
KOB JI0 METAJLJIMYECKUX CIJIABOB.

OCHOBHBIMH MTPON3BOANTEJISIMU YCTPOICTB, PEATH3YIO-
X npuHIun SLS, SBASIOTCS yKe YIIOMSHyTast aMepu-
kanckas kommanus 3D System u espomneiickas EOS
(Electro Optical System, Kpaitmmr, Tepmanus).

EnvHCTBEHHAS MOCTyIHAsA B HACTOSINEE BpeMs Ha
poike SLS-mopesb ot 3D System BblllycKaeTcs B IBYX
moaudukanusax: Vanguard n Vanguard HS. Cucrembl
ucronb3yioT rasosbiii (CO,) asep MOIHOCTBIO 25 WK
100 Bt. MakcumasbHasi CKOPOCTb CKAHNPOBAHUS COCTAB-
gsier 10 M/c, MaKCUMaJIbHBIH pa3Mep M3rOTaBIMBAEMbIX
Mozeneit — 370X 320 X 445 mM. B kadecTBe CTPOUTEIHLHOTO
MaTepuasa IPUMEHSIOTCS KaK TIIACTUKOBBIE, TaK W METAJI-
JITYECKUe MOPOIITKHU € TIOJUMEPHBIM TIOKPbITHEM. B ciryuae
MCTIOJIb30BAHUS TIOCJEIHUX, METAJINYeCKIEe YaCTHUIIDI

CKJIEMBAIOTCS 34 CYET PACIJIABHUBIIETOCS TOKPBITHUS.
CuHTe3UpOBAHHAST TAKHM 00PA30M JIETAJb [TOIBEPTAETCS
JanbHelieit 06pa6oTKe B ClIeNNAIbHBIX TI€UaX, B Pe3yJIb-
TaTe Yero OCTATKU TOJUMEPHOTO TIOKPHITUS BBITOPAIOT, &
METa/LINYECKUe YACTUIIbI CIIEKAIOTCsI. B 3aBepineHue etaim
TIPONUTBHIBAIOT METAJITMIYECCKUM PACIlJIaBOM, YTO IMTPUBOIUT
K TOJTyYeHHUIO OHOPO/IHOM, TLIOTHON CTPYKTYPBI.

Cucrembl, Ipe/iTaraeMble repMaHckoil komnanueit EOS,
60s1ee MHOTOOGpasHbl. Ha pbIHKe TIpeacTaBieHbl TPU
cemeiictBa: EOSINT P, EOSINT Mu EOSINT S. Otu
CHCTEMBI [TPEIHAZHAYEHDI [T CIIEKAHIST TJIACTUKA, METAJLIA
U TecKa, cooTBeTcTBeHHO. Crapiiast MOJIe/b B «ILIACTH-
koBoM» cemeiictBe EOSINT P 700 onHoBpeMeHHO uc-
nosbayer aBa razosbix (CO,) masepa momnocTbio 50 Br,
4TO 0GECIIEYNBAET BBICOKYIO CKOPOCTh CUHTE3a MOJIEJEN,
IIPY CKOPOCTHU CKAaHUPOBaHUs 5 M/ ¢. ToJIIMHA CTIeKaeMOTo
CJIOST JI71ST TAHHOU CUCTEMbI 3aBUCHUT OT IPHUMEHSIEMOTO MaTe-
puajsa 1 06b1uHO cocTaBJsieT nopsaka 0.15 mm. Maxkcu-
MaJibHbie padmepbl Mojiesin — 700X 380X 580 mm.

Marmmmna 17151 paGoThI ¢ METAJLITYECKUMU TTOPOIITKAMI
o6oznauena nugexcom EOSINT M 250X. Cucrema uc-
noJib3yet rasosbiii (CO,) mazep momnHocTbio 200 Br. Cko-
POCTb CKAHUPOBAHUS JIOCTUTAET 3 M,/ C, UTO 0OECIIeunBaET
CKOPOCTB criekanus ot 2 10 15 mM® /¢ (B 3aBuCHMOCTH OT
Mareprasa). MaKcuMaJbHBIH pasMep TeHEPUPYEMbIX
getaneir — 250%x250% 200 M.

CJietyer OTMETUTb, YTO TEXHOJIOTUS CIIEKAHUST METAJLIN-
YyecKux 1mopotnkoB oT EOS cyliecTBeHHO pa3HUTCS C TOH,
yto npeiaraetr 3D Systems. B mammune EOSINT M
IIpUMEHEH 3HAUYNTEJIbHO GOJiee MOIIHbII JIa3ep, YTO T03BO-
JIIET HETIOCPEJICTBEHHO OILJIABJISITD METAJLINYECKUE TacC-
TUYKN 1 CIIeKaTb UX 663 NCIIOJIb30BaHUA TIOJIMMEPHDIX
MOKPBITHI. [eHeprpyeMble TaKiM 06Pa30M METALTNYECKUE
MOJIe/I  3HAYUTENBHO (OJiee MPOYHbIE U TLIOTHBIE, U B
JanbHelelt 06pa6oTKe Hy Kbl HET.

Haxkower, cucrema EOSINT S 750 uctionb3yer B Ka-
YeCTBE CTPOUTETBHOIO MATEPHATIA TIECOK, YACTUIIBI KOTOPOTO
TIOKPBITHI CIIENUAJIBHBIM COCTaBOM. Hasnauenne storo
060pyIoBaHus — TPOU3BOACTBO (OPM U CTEPIKHEH 17
JThst MeTasIoB. CHCTeMa NMEET JIBa OHOBPEMEHHO Pabo-
taronmx razoBeix (CO,) masepa momuoctsio mo 100 Br
Kax/ibiii. CKOpPOCTb M3rOTOBJIEHUSI OOBEKTOB JIOCTUTAET
2.5 ev?/vac. TommHa ciost — 0.2 MM, MAaKCHMATBHBIN pa3Mep
niecyaHoii hopmbl mm crepkas — 720X 380X 380 M.

C03z[a}me 00DbEKTOB U3 ILICHOK

MammHbl, OCHOBAHHBIE Ha 3TOM TEXHOJOTHYECKOM
npunnyne (Laminated Object Manufacturing — LOM),
BBIPE3AIOT 110 KOHTYPY KaXK/bIii CJI0H MOJIE/IN U3 JINCTOBOIO
MarepHana, a 3aTeM CKJIeHBA0T UX BMecTe. B opurnHaste
B KQUeCTBE CTPOUTEIBHOTO MaTepraJia MPUMEHsIach CMO-
TaHHAsI B PYJIOH GyMa)kHasI JICHTA C HAHECEHHBIM Ha OJTHY
13 TIOBEPXHOCTel TEPMOAKTHBUPYEMBIM KJleeM, a B KauecTBe
PEXYIIEro NHCTPYMEHTa — OCTPOC(OKYCHPOBAHHBIH JIa-
3epHbIii Jiyd. BripoueM, n3BeCTHbI pa3nyHble MOIN(UKAIN
JlaHHOTO TIpoliecca. Tak, B psijie cIydaeB Jasep 3aMeHeH
HOKOM WMJIM KOMIAKTHOH (ppe3oil, a B KayecTBe CTPOU-
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TEeJIbHOTO MaTepuasa IPUMEHSIOTCS TTACTHKN NN JlaKe
MeTaJlIIIecKue (PoJIbri.

PacemoTpuM opo6ree Kaacendeckyio cxemy (puc. 3).
BymaskHast jieHTa pasMaTbIBAeTCs C TOJAIONIETO POJIMKA
u cobupaetcst Ha IpuHUMaronieM. [1pu stoM nerTa Ipoxo-
AT HaJ TIepeMeniaeMoil B BEPTUKAILHOM HAIlPaBJICHUN
cTpoutenbHON TIatdgopmoii. Korpa miatdopma okasbl-
BAETCsI TIOJHOCTBIO TOKPBITON (pparMeHToM OyMaKHOM
JIEHTBI, CBOGO/IHBIM OT Pa3pe3oB (KOTOpbIE OCTAIOTCS OT
M3TOTOBJIEHNS TIPEABILYIIUX JIETATEN ), BPALIEHHE POJIMKORB
npexpaiiaercst. [To moBepxHocTr GyMaru HpoKaTbIBAeTCs
HarpeTblil JaMUHUPYONH BasmK. [Ipn aToM akTuBUpY-
€TCsT HAaHEeCEHHBIN Ha GyMary KJIei, 1 IPsIMOYTOJIbHBII (hpar-
MEHT 6yMasKHOH ITOJIOCHI TIPOYHO (PUKCUPYETCST Ha TIOBEPX-
HOCTH TIOTOKKH. CJlefylomnM IIaroM JIasepHBIH Jyd,
YTIPaBJISIEMbIli KOMITBIOTEPOM, BBIPE3aeT U3 IPUKJICEHHOTO
(pparmeHTa KOHTYp TIEPBOTO CJI0S, & 3aTeM OOBOIUT BOKPYT
3TOTO KOHTYPA MPSMOYTOIBHUK, OTACISIONINI MTPUKJIeeH-
HBII (pparMeHT OT OCHOBHOH MoJIOoCBl. B 3aBeprieHme
JIa3epHBIH JIyd TTOKPBIBAET B3aWMOOPTOTOHAJIbHBIMU
IIPOPE3SIMU BCE TPOCTPAHCTBO MEK/LYy KOHTYPOM IIEPBOTO
CJIOA W BHEUIHUM NPAMOYTOJIbHUKOM — OHU o6J1er4aior
HocJie/tyioliee ot/esieHne cOOCTBEHHO MOJIEN OT U30bl-
TouHOTO Martepmana. llocie storo crpomTenbHas IIaT-
(popma omyckaercss Ha TOJIIUHY OJHOTO CJIOSI M BKJIIO-
JaeTcs MEXaHWU3M To/laun JieHThI. IIporecc moBTOpSsieTcst
1mar 3a 1aroM, 1 KaK/IbIi MOCTIe YOI CJI0H TPUKJIeN-
BaeTcsI K TIPeIbIAyIIeMy.

B wrore m3 MammHBI M3BJEKAETCS TPSIMOYTOJIBHBIN
rapaJiiesiernvIie], IPeCTaB/ISIONINi coO60 MOJE/b U3/IEIHS,
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OKPY>KEHHYIO H30BITOYHBIM MaTepuasioM. biaroaapst nso-
6UINIO TIpope3seii Becb M30BITOK JIETKO OT/IEJISETCS € HO-
MOIIBIO HEXUTPOrO MHCTPyMeHTa. Takas ck/eeHHas U3
GYMayKHDBIX JIICTOB MO/IEJIb 110 BHEITHEMY BH/IY U Ha OIILyIIb
HaroMuHaet jgepeBo. Ilpu aToM «GymMaskHasi» MOJEJb
MIPEKPACHO TIO/ITAETCST MEXaHIMYECKON 06pab0TKe — HAIpH-
Mep, IN(HOBKE MU CBEPIICHUIO.

OcnoBHO#I niponsBoautesb LOM-cucreM — amepu-
kanckas komnanus Helisys — yske HECKOJBKO JIET, Kak
HPEKPaTHJI CBOE cyliecTBoBaHue. TeM He MeHee, HeMaJloe
KOJIMYECTBO BBITYIIEHHBIX €10 YCTPOUCTB 0 CUX TIOP UC-
HOJIB3YIOTCS 10 BCEMY MUY, — B TOM YHCJIE U CaMble KPYTI-
Hole LOM 2030. Itn MamuHbl UCHOJB3YIOT Ta30BbIN
(CO,) nazep monHoctbio 50 Br. Makcnmanbhbiii pasvep
M3roTaB/IMBaeMbIX Mojesei — 813X 559X 508 MM, TommmHa
cnoa — 0.1 Mm.

MOl[eJII/IpOBaHI/Ie pacupeiejieHuEM paciljiaBa

B FDM-uporecce (Fused Deposition Modeling —
FDM) uCXO[IHBIM MATEPHAJIOM CJIYSKUT TLJIACTUKOBbI
IIHYP, KOTOPBIH Pa3MaTbIBAETCs C TTOJAIONIEH KaTYIIKU 1
HOCTYTIAET B TIePEMENAEMOEe B FOPH30HTAIBLHON ILIOCKOCTH
yerpoiictso (prc.4). YCTpoiicTBO COCTOUT U3 HArpeBaTe.s,
PACILIABJISIONIETO IIACTUK, U POPCYHKH, Yepe3 KOTOPYIO
pacIIaB BbIIABIMBAETCS B paboyee MPOCTPAHCTBO MAIIIU-
Hbl. Tax 5ke, KaK U B IPOYMX PEATM3AIIIX METO/IA TTOCJIOMH-
HOTO BOCIIPOM3BE/IEHNS, B JIAHHOM TIPOIIECCE ITPUCYTCTBYET
niepeMernaeMasi B BEPTUKAIbHOM HAIPABJIEHNH CTPOUTEb-
Hast matgopma. llporiecc n3roToBIeHNST HOBOH MO/
HAYMHAETCS B TOT MOMEHT, KOT/Ia T1aTopMa HaXO[AUTCst
HENOCPE/ICTBEHHO 1101 (POPCYHKOIA.

CTpowvTenbHbIi MaTepuan
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[epemernaemast moj; yrpaBaeHneM KoMIibioTepa (op-
CYHKa OITMCBIBAET 3allPOrPAMMUPOBAHHBIN KOHTYD, MPH
3TOM BBIJIABJICHHBIH TIACTUK (DOPMUPYET TPAHUILy TIEPBOTO
cnost. [lamee METOMYHBIMU IITPUXAMH 3aTOJHSETCS BCE
IIPOCTPAHCTBO BHYTpH KOHTYypa. [locsie 3aBepiiienus nep-
BOTO €JI0s1 TITaTOpMa OITyCKaeTcs] Ha COOTBETCTBYIONTYIO
rIyOUHY, W TIPOIIECC TIPOI0JIKAETCS.

Boigasiennblii 13 (opcyHkn paciias (OH Homajaer
Ha TIaTopMy WJIM HA CJION yxKe 3aTBep/eBIIeH IJiacT-
Macchl) GBICTPO 3aTBEPAEBACT, CXBATHIBASCH TIPH 9TOM C
MIPUJIETAIONUMH TIOPIIMSMU PaHee Pa3MenieHHOTO Mate-
puana. Takumm o6pa3oM, (popMUPYETCS JOCTATOYHO TIPOYHAS
CTPYKTYpa.

Jlns popmuposanust cynmopra (ecsm HeOOX0MMOCTb
TAKOBOTO 0GYCJIOBJIEHA TEOMETPUEH MOJIE/N) UCTIONb3YETCS
AHAJIOTUYHBII MEXAHWU3M, UTO U [T PA3METIEHNST OCHOBHOTO
MaTeprasia. B kadectBe Matepuasa s (OPMUPOBAHUS
TIO/JIEP>KUBATONIIX CTPYKTYD MCIOb3YeTCs] HUTh MEHee
MTPOYHOTO TJIACTHKA, — OHA TIO/IAETCS C OTAETbHOM KaTYIITKH
1 BBIIABJINBAETCS Yepe3 OTAEJIbHYI0 (POPCYHKY.

OcHoBHBIM TTIpou3BoANTENeM FDM-cucteM siBJsieTCst
amepukanckass Komnanus Stratasys (dpen Ilpeiipnm,
Munnecora). Han6osiee MOIIHAS M3 TIOCTABISIEMBIX 9TON
kommanueit cucrem — FDM Maxum. MakcuMasbHbIN
pasmep uarotaBanBaeMbix Mogeseii — 600X 500X 600 M.
ToumuHa cJiost BIGUPAeTCs: OIepaTopoM. 3a CUET UCTIOJb-
30BaHMS IJIACTUKOBBIX HUTEH PA3HOH TOIMHBI OHA BapPbU-
pyetcs B ipesenax 0.193+0.965 mm. /1715 reHeparin mo/1-
JIEPsKUBAIOTIIX CTPYKTYP MTPUMEHSIETCS BOIOPACTBOPUMDIIA
Marepua, 4to obserdaeT (GUHANTHYI0 06pab0TKY MOJIEIICH.

anbreiinM pa3ButieM npuHImna FDM crao moss-
JIEHUE TEXHOJIOTMH MHOTOCOTLIOBOW nHkektmn (Multi-Jet
Modeling — MJM). B MammHax 3TOTO THIIA CTPOUTEIb-
HBI MaTepuas, TPeACTABJSIONII COO0I0 TEXHUYECKHIT
BOCK, PACIJIABJISETCS 1 BBIJIABINBACTCS HA TIOBEPXHOCTD
CTPOUTEJHHON TIAT(OPMBI Yepe3 MHOTOCOTLJIOBYIO TOJIOBKY
(aHAJTOrMYHYIO TOJTOBKAM, NCHOJIb3YEMBIM B TEXHOJIOTHN
CTpy#HOI eyatw). B KauecTBe mpumepa peamsanim Takoi
TEXHOJIOTUN MOYKHO Ha3BaTh YCTaHOBKY Termojet, npons-
BOJUMYIO He Pa3 yoxe yloMaHyToi komanueil 3D Systems.

TpexmepHasa neyatb

Cxema ycrpoiicts gantoro tuna (3D Printing — 3DP)
BO MHOI'OM aHaJIOTU4YHa CXEME yCTpOﬁCTB, OCHOBaHHDBIX Ha
IIPUHIIUTIE CeJIEKTHBHOTO JIa3€PHOTO clieKaHusI. TovHO Tak
Ke FICXOJJHBIM MaTePUaJIOM 3/IeChb CJIY>KUT TIOPOIIOK, KOTO-
PbIil TaKKM ke 06Pa30M MOJIAeTCsT U3 UTAIONIETO KOHTEl-
Hepa M TaK JXe PacHpesiessieTcst M0 TIOBEPXHOCTH CTPOU-
TeJbHOM maTgopmpl. OHAKO HA 9TOM CXOJCTBO 3aKaH-
YMBAETCs.

B 3DP-nporiecce 7151 cOeIMHEHNS YaCcTHUI] MOPOIITKA
BMECTO JIa3epPHOTO JIyda HUCIOJIb3yeTcsl MedaTaomas ro-
JIOBKQ, aHAJOTHYHASI TeM, YTO IIPUMEHSIOTCST B OPUCHBIX
crpyiinbix npuntepax (puc. 5). Uepes coruta nevyataronieii
TOJIOBKH Ha TIOBEPXHOCTb TIOPOMIKOBOTO CJIOSI TIO/IAeTCSI
cBa3ytomuii pactsop. [lepemerniaemast B ropu3oHTATbHON
IIJIOCKOCTH TI€UaTAIONasl TOIOBKA PAacIpesiessieT pacTBoOp

Csﬂwmﬁ pacTtsop
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0 '
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TI0 TOBEPXHOCTH TOPOIITKOBOTO CJI0ST — TOYHO TaK e, Kak
CTPYIHHBIE TPUHTEPBI U TJIOTTEPDI PACTIPEAEIISIOT YePHUIIA
1o ToBepxHOocTH Oymaru. CBS3yronuii pacTBOP MPOIH-
TBIBAeT MOPOIIOK, TPOYHO CKJIenBast ero dacTtuilpl. [loce
TOTO KaK 3aBEPIIACTCST «I1e4aTby MEPBOTO CJI0sI, CTPOUTEb-
Hasg miaaTdopma omyckaercs. [loBepx mepsoro ciost
pacIpesiessieTcsl HoBas MOPIHS NCXOJHOTO MaTepHaJa.
ITOT IpollecC MPOAOIKAETCS [0 TIOJHOTO 3aBEpPIICHUS
MOCTPOEHHST MOJIEJI.

JInupyonmM mpon3BOAUTEIeM YCTPOWCTB JIAHHOTO
TUIA SBJISIETCS aMepuKaHckast komnanvsi Z Corporation
(Bypsunrron, Maccauycerc). Hau6osee kpynHast us ma-
mmH — Z810 — 103BOJISIET M3TOTABAMBATD MOJIENN Pas-
Mepamu 10 S00X600%x400 mm. TommmHa ci0si Bapbu-
pyetcs B quarmazone 0.076+0.254 M.

[pyras manmna — Z406 — Mosxet «i1eyaratbs I10JHO-
I[BETHBIE MOie/ I pa3Mepami /1o 203X 254X 203 mm. Bos-
MO>KHOCTD TIOJTHOITBETHOI IIEUaT! pean3yeTcs 3a cUeT J0-
GaBJIEHNS] KPACKH B CBSI3YIOIMI PACTBOP, NIPU 3TOM HY K-
HBII OTTEHOK (DOPMUPYETCS 32 CUeT CMETIMBAHNS YePHIIT
TpEX OCHOBHDBIX IIBETOB. CJIe[[yeT OTMETUTDH, YTO HU OJHa
JIpyTasl cucTeMa M3 JIOCTYIHBIX B HACTOSIIEe BpeMs Ha
pPBbIHKE He MMeeT Takoil BO3MOKHOCTH. CKOPOCTb M3TO-
TOBJICHUA MoJiesiell Ha Z4(06 cocTaBiideT 1Ba €10 B MUHYTY
(1py MCTIOJIB30BAHNY TIBETA) WJIM TITECTD CJIOEB B MAHYTY —
6e3 taxkoBoro. IIpu aToM TosMHA CJI0s BbIGMpaercs B
guamnasose 0.076-+0.254 mm.

HeIIOCpel[CTBeHHOC Pa3ME€IlCHUE METaJIa

TexHOMOTHS HENOCPE/ICTBEHHOTO Pa3MeIeHne MEeTAJLTA
(Direct Metal Deposition — DMD, niu, no-apyromy,
Laser Engineering Net Shaping — LENS) Ha
CETOHSAIIHUI JIEHb ABJIsAeTCs Hanbosee coseprnennoit (1o
JOCTHJKMMOMY YPOBHIO IIPOYHOCTHBIX XapaKTEPUCTUK
CO31aBaeMbIX OOBEKTOB) pealu3aluell METo/a MOCI0MHOTO
BOCITPOM3BE/ICHUS.

Hamo ckazatb, 4TO cHCTEMbI, TIOCTPOECHHbBIE HA 3TOM
MIPUHITATIE, BPSI/L JTU MOTYT ObITh OTHECEHBI K YCTPOMCTBAM
6I)ICTPOFO M3TrOTOBJIEHUA ITPOTOTHUIIOB. [ICJIO TYT B TOM,
YTO KAUeCTBO CO3/IABAEMBIX OOBEKTOB, C OTHON CTOPOHDI, 1
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CTOMMOCTD — C JIPYTOH, HE MO3BOJISTIOT PACCMATPUBATD WX
B KayecTBe TIPUEMJIEMOTO BapraHTa Bu3yasusaiun. /lan-
HbIE CHUCTEMBbI OKyHafoT ce0sl TOJbKO TPU MTPOU3BOJICTBE
(pyHKIIMOHATBHBIX JeTajlell NN TEeXHOJOTHIEeCKOTO
WHCTPYMEHTA.

B xauectBe cTpoutennpHOTO Matepuasa B DM D-tmipo-
1ecce TPUMEHSTIOTCS MeTaJIMIecKe TTOponTky. Beiparu-
BaHIe 00bEKTA HAYMHAETCSI CO CHEIUATbHON TOIJIOMKKY,
KOTOPast BIOCJEICTBUN JINGO CTAHOBUTCS YaCTbIO MOJIEJIH,
Jm60 yIaJIsieTcst MexaHaeckuM crioco6om (pric. 6). Morir-
HBIii JIa3epHbI JIy4 OILJIaBJ/IseT I0BEPXHOCTb IOAJIOKKY,
00pa3ys TakuM 06pa3oM MUKPOCKOITUYECKYIO BAHHY SKU/I-
Koro pacryiaBa. Ctpyeil ”HEPTHOTO TPAHCTIOPTUPYIOIIETO
rasza B paciljiaB BIYBaeTCS MOPIHS METAJINIECKOTO TI0-
pouika. Ilocse cMeneHmst Ta3epHOTO Jyva JKUJKANR MeTa
MOMEHTAJIbHO 3aTBEP/IEBAET, A 32 CYET BIyTOTO B PACILJIaB
MOPOIITKA HA TIOBEPXHOCTU TOJIOKKHU TOSBJISETCS JIO-
KasibHOE yToJieHue. Takum o6pa3oM, B pe3yibTaTe MeTo-
JIMYHOTO CKAHWPOBAHUS TIOBEPXHOCTU TIO/IJIOKKH JIa3ep-
HBIM JIy4OM C OJTHOBPEMEHHOH MHXKEKITHell CTPONTETHbHOTO
nopoInka (hopMHUPYeETCs TIEPBbI U BCe TIOCJIEIYIOTTIE CJION
TeHEepUPYEMOTO 0OBEKTA.

JlamHBIll METO[T TI03BOJISIET TMPUMEHSITh B KAauecTBe
CTPOUTENHHOTO MATEPHAJIA TPAKTHYECKH JIFOObIE METAJLITBI
U CIIJIaBbl, KOTOPbIE MOTYT 6bITb PacCILIaBJIEHDI JIa3€PHBIM
JiydoM 6e3 ucrapeHusi. 3a cIeT CBEPXObICTPOU KPUCTAT-
JIN3AIUY CO3/IaBaeMble JIeTATH UMEIOT YJIbTPaMeaKo3€ep-
HUCTYTO WJIH Iayke aMOpQHYTO CTPYKTYpy. Takum o6pas3om,
10 CBOMM MEXaHNUYECKUM CBOWCTBAM 3TH JIETAJHN HE TOJIBKO
He YCTYTIAIOT, HO B PSI/IE CTy4YaeB 3HAYUTETHHO TIPEBOCXOIST
U3/IeJHS, TTOy4aeMble U3 aHAJOTUYHBIX CILIABOB TPA/IH-
IMMOHHBIMHA ITPONU3BOACTBEHHBIMU METO/IaMU (JII/ITI)G, mITaM-
noBka). K BbIIIECKa3aHHOMY MOKHO J0GABUTH BO3MOJK-
HOCTDb TEHEPUPOBATDH /IE€TAJIN N3 HETEXHOJOTMYHDIX C ITO31-
MU TPaMIIMOHHOTO TPOU3BOCTBA CIIaBoB (T.e. Tpy/-

Puc.6 J'Iasep\
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HO/Ie(DOPMUPYEMBIX WJIN UMEIONIUX HU3KYIO KUIKOTE-
KYYeCTh), B TOM YHCJIE — UHIMEPMEMAIUOHBLX .

ITpuBeseM OCHOBHbIE XapaKTEPUCTUKKU KOMMEPUECKU
nocrymHoit cucrembt LENS 850, nocraBiisiemoii amepu-
karckoi kopropanmneit OPTOMEC (AnsGyxepke, Hpio-
Mexuko). Ycranoska mmeet mouubmi (1000 Br) tBepao-
tesbHbIid Nd: YAG nasep ¢ qmsoit Bosab 1064 aM. Cpe-
HSIST CKOPOCTh BBIPAIUBAHUST OGBEKTOB COCTABJISIET MO-
psaznka 8 cm®/dac. MakcuMasIbHbIN pa3Mep TeHepUPYyEMbIX
jgeraneit — 457 X457 X 1067 Mm.

HI/I}KC MbI TTOTOBOPUM O BO3MOXHOM IIPpUMEHEHUN
6BICTPOTO MTPOTOTHITHPOBAHUS.

(Ipodon:xenue credyem.) &

HOBOCTU ¢ COBbITHS ¢ KOMMEHTAPUU
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