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ONTUMU3ALUA

SD-neyarTtb
ANiOMUHUNEBbIM
CNnJ1aBOM

B paguo-
ANNeKTPOHUKE:

onbIT ONTUMU3ALIUMU,
nepenpoeKTupoBaHus
U NPOU3BOACTBA

TPAKTOB, aHTEHH, KPOHLLUTENHOB, PAaANATOPOB KakK

B Hawlen nabopartopuu, Tak U 3a pybexxoM. 3a Bpems,
npoLwegllee nocne npeabiaywmx nyoenmkauum, Mol
COBMECTHO C 3aKa3uyMKaMu HapaboTasm oOCTaTOYHO
MHTEPECHbIN ONbIT NepenpoeKTUPoOBaHUS,
OMTUMM3ALMNU N U3FOTOBJIEHNA U3aENnNNn
Paano3NEeKTPOHUKN METOLOM CeJIeKTUBHOIO
Jla3epHOro cnnaBsieHnsa aJIloMUHNEBOIO NOPOLLKA
(3D-neyaTtun). O HECKOJIbKUX MPOEKTax 3TOro onbITa
nowmpeT peyb B AaHHOM cTaTbe.

MbI y>ke paccKasbiBaau' o npuMepax agaAnTUBHOIO
NPoOu3BOACTBA 3J/IEMEHTOB BOJIHOBOAHbIX CBY-
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OMNTUMUIALUA \ 3D-neuats anoMiHieesiM CINABOM B PAAMO3AEKTDOHMKE: OMbIT ONTUMNU3aLUY,

nepenpoekTMpoBaHNA N NMPOM3BOACTBa

KpOHLWTEeNH BONTHOBOAHOIO pa3BeTBUTENSA: a) pa3HeCeHHbIN BUA, 6) hbotorpacdumsa HaneyaTaHHoro nspenusa, o6bem 6e3 nopaepxek 58,8 cm?

Ha npumepe BOJTHOBOLHOT'O pa3BETBUTEJISI U KPOHILITEH-
Ha [J151 ero KperieHus, PUiIbTpa, pyropHbIX aHTEHH, KOPITy-
COB C KaHaJlaMH{ OXJIaXKIEeHHs MbI TTOKaXKeM, KaK1e TeXHU-
YyecKUe U 9KOHOMHUYECKHUE IPeNMyIlecTBa alIUTUBHbBIX
TEXHOJIOTMH NOCTWXUMbI Ha MPAKTUKE, B 0COOEHHOCTH MPHU
MIPOEKTUPOBAHUU U ONITUMU3ALMU KOHCTPYKLUY U3IeJIHs,
YUMTBIBasA BO3MOXXHOCTU 3D-meuaTtu. Bece m3nenuia v OmeIT-
Hble 06paslibl, 0 KOTOPHBIX IIOKUIET PEYb HIDKE, U3TOTOBJIEHBI
B JtabopaTopuu aaauTHUBHBIX TexHoJiorui Octek-CMT
Ha yCTaHOBKe CeJIEKTUBHOTO JIa3epHOr0 CIljlaBjeHus Ren-
ishaw u3 crnitaBa AlSi10Mg npousBozcTsa Pycan.

KpoHIlITEeHH BOJIHOBOAHOI'O Pa3BEeTBHTEJIA
OpurvHaJIbHBIN aJTFOMUHHUEBBIA KPOHLITEHRH BOJTHOBOLHOTO
pasBeTBUTess, pasdpaboraHHbii AO «HUU TII» (Puc @), us-
roTaBJIMBaJICcA NMaliKoi U3 16 geTasieli, 4To BecbMa TPyLO-
eMKoO U TpebyeT crnelnasbHOM OCHACTKY [J1s 0becrieueHNns
TpebyeMbIx HorycKOB. C MOMOIIbI0 aoJUTUBHBIX TEXHOJIO-

(2]

UM KPOHIITENH M3TOTaBIMBAETCS LIeJIMKOM, MHOIOKPAaTHO
CHIWXas CTOMMOCTb U CPOKH ITPOM3BOLCTBA — 3a 49 yacos
Ha OJJHOJIa3epHOM CHCTeMe Ie4YaTaroTca ABa KPOHIUTEHHA.
[Tepexop c Ky1accuuecKol Ha aAAUTHBHYO TEXHOJIOTHUIO
6e3 M3MeHeHNs KOHCTPYKLINUHY yXXe TT03BOJIsIET II0UYBCTBO-
BaTh NpernMyllecTBa 3D-neuaTy, HO HanboJlee MOJHO ee
JOCTOUHCTBA PACKPOIOTCS MPH IePENPOEKTHPOBAHNN KPOH-
LITeHHA C yUeTOM HOBBIX TEXHOJIOTHUECKUX BO3MOXHOCTEH.
1511 nepepaboTKX KOHCTPYKLMHM KPOHIUITENHA ObLJIO pellle-
HO MCII0JIb30BaTh [IOPOXKarolllee IPOeKTUPOBaHHUeE.
[Topox[aroiiee MpoeKTHpoOBaHue (generative de-
sign) — aBTOMaTHUYeCKUH MTOUCK (co3aHKe) BApHaHTOB
dopmel fetanu B CAIIP Ha ocHOBe 3aJlaHHBIX KOHCTPYK-
TOPOM ycJIoBUH OyAyLiero GyHKIMOHUPOBAHUSA JeTallu.
KoHcTpykTOp 3azmaeT 06beM, B KOTOPOM CHCTEME pas-
pellieHo MPOU3BOAUTH IIOUCK PellleHHs, yKa3blBaeT He-
[IPUKOCHOBEHHBIE M1 U3MeHEHHNS 30HbI, TPENATCTBUA,
KOTOpbIe HEOOXOINMO OrubaTh, KpemneXxxHble U paboune

10+

Pe3ynbTaTbl pacueTa HanpsaXXeHHo-AehopPMUPOBAHHOIO COCTOSAHUSA KpoHLWTenHa B Autodesk Fusion 360: a) gechopMauum, 6) KoacdhpUuMeHT 3anaca NPoOUYHOCTHU
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doTorpacdusa HaneyaTaHHoro Ha Renishaw AM400 KpoHLITelHa,
pa3paboTaHHOIrO C MPUMEHEHMEM MOPOXKAAIOLLErO MPOEKTUPOBAHUS BO
Fusion 360

Y4YaCTKM JleTasy, a TakXe yCJIoBUS GYHKIIMOHUPOBaHMS
IleTasii — 3aKpeIlJieH!s U Harpy3ku. Kak Tosbko cucteMa
3aKOHYHT TIOWCK PEIIEHUH, OHA PENOCTABUT TMOJIb30Ba-
TeJIIo AJI IPOCMOTPa U OLIeHKU HalJeHHble BAPHUaHThI
reoMeTpuu geTtasu. KoHCTpyKTOpy HeoOXoUMO BbIOpPaTh
HauboJlee MOAXO AN BapUaHT (II0 Macce, MPOYHOCTH,
IOMyCTUMBIM AedopMaliyisaM, TEXHOJIOTUYHOCTH U IPYTUM
KPUTEepHAM) U fopaboTaTh MOAEb.

3D-Mozenb KpOHILITENHA, TTOJIyUueHHas B pe3yJsibTaTe
nopoXkzatolero rnpoexktuposanus B Autodesk Fusion 360,
6bLy1a opaboTaHa (nobaBsieHa IepeMbluKa, CryIaXkeHbl
TIOBEPXHOCTH), U 110 Hel OblJ1 BHINIOJIHEH pacyeT Harpsi-
YXEHHO-Zle OPMHUPOBAHHOI'O COCTOSIHMS, ITOKA3aBIINH, UTO
nedbopmaryu u k03$PULMEHT 3amaca MPOUYHOCTH COOTBET-

cTByIOT Tpe6oBaHusM (puc @). PoTorpadus HareyaTaHHOTO
KPOHIIITeHHa NIpeicTaB/eHa Ha PUc @.

CpaBHeHue opuruHasia KpOHIITeHHA 1 KPOHLLTEHNHOB,
TIOJTyY€HHBIX C [IOMOLIIBI0 TOPOXXAAIOLLIEr0 NPOEKTHUPOBAaHHS
(@©), mo3BOJIIET COeNaTh BLIBO, UTO IepepaboTKa KOH-
ctpykupu Bo Fusion 360 obecnieunsia cyenyroliyie pesysisTaThl:

® CHIKEHHE MacChl KpoHIITeNMHA Ha 56 %: ¢ 214 1o 94 1;

= ob6vbenuHeHue 19 nertasnell B ofHy (KpOHIUTENH + mep-

XaTesu KabeJis);
= yMeHbllIleHHe o0beMa MoffepKeK IIpU [evaTH
B 1,5 pasa;
COKpallleHHe BpeMeHHU reuaTy Ha 28 %;
CHIXEHHE CTOMMOCTH HaleyaTaHHOIr0 U34eus
B 1,9 pasa;
® BO3MOXXHOCTb I1e4yaTH KPOHILUTEeHHa BMECTE C BOJIHO-
BOJOM — o6 beAuHeHMe 32 AeTajel B OOHY;

® pacyeTHbIH K03bULIMEHT 3anaca IPOYHOCTH >2 NPU

3aJaHHBIX CXeMaX Harpy>XeHHsl.

BOJTHOBOOHBIH pPa3BETBHTEJIb

TexHosor, paboTaroIMi Ha aAAUTUBHOM MPOU3BOACTBE, ITPU
noZiroToBke 3D-MozeNu U31e s K IIeYaTH pelLliaeT IBe BaKHble
3aa41, OT KOTOPBIX 3aBUCUT KAYeCTBO U3TOTOBJIEHHS: OpPHEH-
TUpoBaHre 3D-Mozenm B kaMepe NOCTPOeHUs U IIPOEKTHPOBa-
HY€ TIOAJIEPXKEK — OIIOPHBIX CTPYKTYP, GUKCHPYIOLMX AeTalb

B MpoLiecce MOCTPOEHMS U 00eCTIeUnBaOIIMX TENI00TBO,
HecMmoTps Ha To, uTo B I1O /151 TOATOTOBKY paboymx ITpo-
rpamM 711 3D-IpUHTEPOB peasM30BaH MoJe3HbIH GyHKIIHOHA
aBTOMAaTUYECKOro MOKCKa OIITUMAaJIbHOM OpHEHTALMH U aB-
TOMATHUYECKOI'0 CO3JaHHs ITOALEPKEK, ITPOLeCC [TOATOTOBKU
3D-mopeny K eyaT TpebyeT akTUBHOIO YUaCTHs TeXHOIora
Y PYYHbBIX WX aBTOMAaTHU3UPOBAHHbBIX orlepaliuil. Bribrpaemas
OpYIEHTALYS U TIPOEKTHPYEMbIE TIOANEPKKH CyO'beKTHBHBI U 3a-
BUCSAT He TOJIbKO OT 3HAaHWH U OIbITa CIIELMAJIUCTA, HO 1 OT €ero

BHelHM BUA, KONMUYECTBO AeTanen U Macca OpPUrMHanbHOro KPOHLITENHA U ABYX BAPUAHTOB KPOHLUTENHA, MONYYEHHbIX NOPOXXAAoLWMM NPOeKTUPOBaHUEM

NMOPOXAAILWEE NPOEKTUPOBAHUE

NAPAMETP OPUTUHANNIbHAS MOAEJb

(C NEPEMbIYKOWN)

NMOPOXAAILLEE NTPOEKTUPOBAHUE
(BE3 NEPEMbIYKMW)

CKPUHLLIOT Moaenm

TexHonorua dPpesepoBaHMe + Navika 3D-neyaTb (CenekTuBHOE 3D-neyaTb (CenekTUBHOE
N3roToBNIEHNS nasepHoe cnaaBneHue) nasepHoe cnnaBneHue)
Kon-Bo petanen, wt. 19 1 1

Macca, r 214 99 94
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nepenpoekTMpoBaHNA N NMPOM3BOACTBa

BonHoBOAHbIN pa3BeTBUTENb (Pa3paboTka B AO «HUW TM»): a) pasHeceHHbIN BuA, 6) coTorpadua HanevyataHHOro nsgenus, ooreM 6e3 nognepxek 127,1 cM3

xapakTepa. Tak, OCTOPOXXHBIE JIFOJI MOTYT [T€PEeCTPaXOBaThCS
Y CTIPOEKTHPOBATD [OAAEPXKKHU C 3arlacoM, YTOObI FapaHTHPO-
BaHHO HarleyaTaTh U3zesiue 6e3 nedeKToB ¢ rnepsoro pasa. [Ipu
9TOM pacTeT PacxXom MaTepuasioB 1 YBEIHMUYHNBAIOTCSA CPOKH 13-
roToBJieHs. JIFo[IU, CKJIOHHBIE K PUCKY, MOTYT CIIPOEKTHUPOBATh
MHHHUMYM HOLIEPXKEK, UTOObI COKPATUTh BPEMS MeUaTH U3ze-
Jms. OfHaKo Npy 3TOM GyZieT Bblllle BEPOATHOCTb OOpa30BaHUs
ZIedeKToB, a B ciTy4yae 6paka pacxofi MaTeprasioB U BpeMeH!
OyZeT ellle BbIIlIe, UeM MPH OCTOPOXXHOM TaKTHKe.
MuyHrMH3UpOBaTh Cy6'BEKTUBHOCTD, 3aBHCUMOCTE OT Ue-
JIOBeUeCKoro ¢akTopa rnomoraeT MOZEIUPOBaHKe IpoLiecca
reyaTu U TepmoobpaboTku B [1O Autodesk Netfabb Local
Simulation. B Hero umrnopTHpyeTcsa 3D-Mozesnb copueH-
TUPOBAHHOM TEXHOJIOTOM eTaJll Ha MO IepXKKaxX, BbIOK-
paroTCcst MaTepHaJibl (OPOIIKa U IJIATHOPMEI), 3a4aI0TCs
PEXUMBI NTeYaTH JeTaslel U NoAAepXKeK, 3allyCKaeTcsl MoJie-
JIMpOBaHMe Tpoliecca U3rOTOBJIEHUs. B pe3yssraTe Moneny-
POBaHM4, B YaCTHOCTH, PACCUUTHIBAIOTCS HAIPSDKEHNUA U Jie-
dopmariiy Kak B MpoLiecce MOCTPOEHUS U TEPMOOOPabOTKY,
TaK U II0CJIe CHATHS C Ioaziepkek. [IpakTrudeckas LeHHOCTb
MO/JIeJIMPOBaHKs NMpoLiecca U3rOTOBJIEHUS U3JIe/IHH Nlepesi UX
TIPOU3BOACTBOM 3aKJIFOUaeTCs B CJIeLIyFOLLIEM:
B MMHMMH3aLMsg 06beMa NofaepkeK, Opaka, BpeMeHU
Y CTOMMOCTH [1eYaTH U3IeJIHs: TEXHOJIOT BUINT, KaK
CIIPOEKTUPOBAHHLIE IIOALEPXKKH BJIMSIOT Ha fedopMa-
LIMK [eTaJly, ¥ MOXeT yopaTb NMPaKTHYIECKH He BJIHSAO-
11IMe MTOLLEPXKKH, OCTaBUB UX TOJILKO B Te€X MeCTax, Ie
OHH [eHCTBUTEJIbHO HEOOXOMMB;
= MUHMMH3aLMs gedpopMalyit ecou pacueTHas nedop-
MaLisi [TpeBbIIIaeT MaKCHMAaJIbHO AOITYyCTHUMYEO, TO,
M3MeHsI OpHeHTalI0 U/ WK YCHUIINBas NOAAEPXKKY,
TEXHOJIOI CTPEMHTCS YMEHBLINTb OTKJIOHEHHS pa3Me-
POB 10 MPHEMJIEMOTO YPOBHS;
= KoMIleHcauys nedopMaliyii: ecyu “3MeHeHHeM OpHeH-
Tauyy 3D-Mozeny 1/ W yCUIEHUEM MOAIEPXKEK He
ToJTy4yaeTcs JOOUThCs CHIDKeHUA AedopMalyii 1o Lo-

MyCTHUMBIX 3HAUEHUH, MOXXHO aBTOMATHUUYECKH ITOCTPOUTh
KOMITEHCUPOBaHHy0 3D-Mofienb, B KOTOPOH yUTEHBI ITPO-
rHO3UpyeMble edbOopMalK B TPOLIECCE IPOM3BOACTRA.

PaccmoTpum Bo3moxkHocTH Netfabb Ultimate 1 Netfabb
Local Simulation Ha rpyMepe MoAroTOBKH K revatu 3D-mozenm
BOJIHOBOZIHOT'O Pa3BETBUTEJIS, PAOOTAIOIIIEr0 Ha YaCTOTE
3,3 I'T11. AHa/IOrMYHO KPOHIUTENHY, BOJTHOBOJHbIM pa3BeTBU-
TeJIb COCTOUT U3 13 meTanel, M3roTaB/IMBaeMbIX MEXaHOOOpa-
60TKOIM U coeqUHSIEMbIX MAMKOM, a HarleuaTaTh Pa3BETBUTENTb
MOXXHO LesiikoM (Pvc @).

W 3HayasmbHO MOAIEPXKKY IpoekTHpoBavch B [10, He nmMe-
oMM GYHKLIMU MOJIe/TMPOBaHKS IIpoLiecca NevyaTy. YUUThbI-
Bast 3TO, a TAKXKE TTOHSITHOE XKeJIAHHE TEXHOJIOra U3TOTOBUTD
pasBeTBUTEIb C IIePBOH MOMBITKY, IOAZEPXKEK OBLIIO 3aJI0)KEHO
«c 3amacomy, 54,6 cu® (Pvc @a). Tloxoxxue oaepKKy GbLTH
cripoexTrpoBanbl 1 B Netfabb Ultimate, nx o6bem cocTaBuUI
41,8 cm®. 3aTeM 3a HECKOJIBKO UTepalyii 00beM MOAIEPKEK
ObLT MUHUMH3UPOBaH 10 14,5 cM®: MoZeTMpoBaJiH TPOLIECC
reyatH B Netfabb Local Simulation, y6upasiv nonaepxxu, pas-
MEILLEHHBIE C TOUKU 3PEHHS TEXHOJIOra B HEKPUTHUYHBIX MECTaX
(TOT camblit «3arac» I revyaTy C IepBoro pasa), CHoBa MoJie-
JIMPOBAJIU Npoliecc IevaTH, YIasaiu Heobs3aTe bHble Mo
JEPXXKU U T. I, DTO MO3BOJIMJIO YMEHBIINUTL 00'beM MOIAEPXKEK
c 41,8 cm® mo 14,5 cM®, T. e. B 2,9 pa3a 6e3 3aMeTHOr'0 H3MeHe-
HUs pacueTHbIX gedopmanyii (Puc @6, @B).

151 sKCIeprMeHTaIbHOM IIPOBEPKU KpaitHe MaJsIon
3aBUCHUMOCTH JlepopMaliuii oT obbeMa MoffepKeK Mpu
€ro CHWXeHUH, HabJIF01aeMOoH TPy MOZEJTUPOBAHUH TTPO-
Lecca, 6b1J10 HarevyaTaHo [IBa BOJITHOBOJLHBIX Pa3BETBUTEJIS
¢ MakcuMaJIbHbIM (54,6 cM®) 1 MuHMMaIbHEIM (14,5 cv?®)
obbemMoM nopnepxek. MceenoBanue pa3BeTBUTENEN, BbI-
[IOJIHEHHOE Ha PEHTI€HOBCKOM KOMITbIOTEPHOM ToMorpade
Phoenix V|tome | x M300, okasaJo, 4To ¢akTHuecKue
nebopMalry Hapy>KHbIX TTIOBEPXHOCTEN U KaHAJIOB Pas-
JINYAIOTCs HECYIECTBEHHO, TOrAa KaK 06 beM oL EPXKEK
passinuaetcs B 3,8 pasa (Puc @).
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CnpoeKTUPOBaHHbIe NOALEPKKU U UX OOBEM,

a Tak)Xe NporHo3supyemsbie aecdopmauum
BOJIHOBOJHOIO PasBeTBUTE/IS: @) B LUTaTHOM

MO 3D-npuHTepa - 54,6 Ky6, NPOrHo3npyemble
necdopmMaunm HemsBeCTHbI, 6) 1 B) B MO Autodesk
Netfabb Ultimate un Netfabb Local Simulation -
41,8 1 14,5 cM3 NpU CXOXKMUX NPOrHO3UPYEMbIX

nedopMaumax
Be3 Netfabb C npuMeHeHneM Netfabb
O6beM noaaepKeK O6beM nopaepxek 41,8 cm? O6beM nopaepxek 14,5 cm?®
a 6 ©

J17151 IOBBIIIEHMS TOYHOCTH U3rOTOBJIEHKS Obljla CreHe- LIMEHT KOMITeHcaluu fedopMaliuil, MOXXHO NOOUTLCA ellle
pupoBaHa 3D-Mozesis, KoMIleHcHpyomas fedopMaliiy, Bo3-  OOJIbIIEro MOBBIIIEHNs TOYHOCTH U3TOTOBJIEHHS.
HUKarolllMe B IIpoliecce affuTUBHOrO Npou3BoAcTBa. Harme- [MToapITOXUM JOCTUTHYThIE B JaHHOM MpUMepe Ipe-
yaTaHHas M0 CKOMIIEHCUPOBaHHOM 3D-Mofenn feTasb TOKe  UMYyIlecTBa, obecrneurBaeMble MOLEJIUPOBaHUEM [1e4aTH
rccenosanack Ha Tomorpade Phoenix V |tome |x M300. B Netfabb Local Simulation:
PesynbTaTh! MccenoBaHNS [TOKa3bIBalOT, UTO fedopMalun = yMeHblIIeHHe 00beMa oagepXxekx B 3,8 pasa;
B KaHaJlaXx pa3BeTBUTEJIs ObLIN yMeHblIeHb! Ha 30-40 MKM = CHIDKEHHe CTOMMOCTH IevaTy Ha 22 %;
(Pvc @). CmeltieHMe pacIpeniesieHUs] OTKJIOHEHHH B CTOPOHY ®  CcOKpallleHHe BpeMeHH neuaty Ha 20 %;
OTpHIATENbHBIX 3HAUEHHH (PUC @B) CBULETELCTBYET 06 ¥ yMeHbllIeHHe TPYLOEMKOCTH NOCTOO6paboTKU U 06b-

M30bITOYHON KOMIIEHCALUH, TIO3TOMY, YMEHBIINB K03ddu-

a

O6béM
NoAAePIKEK
54,6 cm?

6

O6bEM
noAaep)Xek
14,5 cm3

o

eMa OTXO[OB;

OTKNOHEHME, MM

0,50
0,40
0,30

0,20
0,10
(0]
-0,10
-0,20
-0,30
-0,40

-0,50

KapTbl OTKNIOHEHUS HapyXXHbIX I'IOBerHOCTeﬁ N BHYTPEHHUX KaHaoB, NOCTPOEHHbIe MO pe3yfbTatam ToMorpadumn HanevyaTtaHHbIX BOTHOBOAHbIX

pa3sBeTBuUTenemn c 54,6 cm3 (a) n 14,5 cm® (6) nopnepxxek. 3D-Moaenb opurnHanbHasa 6e3 KoMneHcauuu gecdopmauum
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OTknoHeHne 90%

TOUEeK He MpeBbILIaeT
+0,21 MM

0 01 0,2 0,3 0,4

O61beM nopgpepxek 54,6 cm?,
mMozenb

nepenpoekTMpoBaHNA N NMPOM3BOACTBa

100
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O6beM nopaepxek 14,5 cm?,
mMozenb
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KoMneHcaums
HECKOJbKO
n36bITOYHa

OTknoHeHne 90%
TOYeK He NpeBbIlaeT

0,2 0,3 0,4 0,5

O6beM nogaepxek 14,5 cm?,
CKOMMEeHCHpOBaHHasa Moaesb

PacnpepeneHns OTKJIOHEHU NOBEPXHOCTU BHYTPEHHUX KAHAI0B OT HOMUHAJIbHbIX, MOCTPOEHHbIEe MO pe3ysibTaTaM TOMOorpacum BOJIHOBOAHbIX Pa3BeTBUTENEN,
HaneyaTaHHbIX N0 opuUrMHanbHon 3D-Mopenu ¢ 54,6 cm® (a) n 14,5 cMm® (6) noaaep ek U No CKoMNeHcupoBaHHom 3D-Mopenu ¢ 14,5 cM3 noaaepxek (B)

CHW)XXEeHHEe OTKJIOHEHUS HalleyaTaHHOM feTa-

au ot CAD-mopenu Ha ~18 % (MOXeT ObITh
ellle yJIydllleHo mofzoopoM KoadouumeHTa

Iedopmanum).

OTmeTuM, uto 25 % CHUXEHHE CTOUMOCTH U BpeMe-

HHU rmeyaTHr MOXET HE€ UrpaTthb Ba)XHOU

JIEHWHU OOHOI'O M34eJiksd, HO CTaHET CYLIEeCTBEHHLIM IIpH

CEPHUHHOM IPOU3BOLCTBE.

Komneru uz AO «PKC» obpaTuiuch K HaM C IpocbOoH Ha-
rieyaTaTh 11os10coBoi CBY-QUIETD ¢ LieHTpabHOM YacTOTON

8,2 I'T11, YTOOBI M3MEPUTD €T0 IEKTPUUECKUE XapaKTEPUCTHKI

POoJir NMPpXU U3roTOB-

U OTpeesiTh BO3MOXXHOCTh ITPUMEHEHNS B paKeTHO-KOCMU-
UeCcKoM ITpUbopocTpoeHMH. [1epBbIM OMBITHBIM 00Pa3LoM ObLIT
BbIOpaH JIMHENHBIN QUIIETD, TIPENCTAaBJISIOLIE COO0H TPyOy

MIPSMOYTOJIBHOTO ceueHus ¢ auadpparmamviu. Ha cremyrortei

S-Parameters [Magnitude in dB]

SEETITNE ) | g | —su
J ) i ) yl —
-10 \ 3 [ 2]
i mop | —si2
20 it e LR T W Nt e bl e i —s22
S11 MakeTHOro ————>i/ =ik I ----s11 1
30 o6pasLia / ] \ i f." | - S1,2.1
.f}l :\1-"’--.. A I'_ B
-40 R a—
J
50 4 <— S11 mogenn
-60 S12 MakeTHOro - —> "
obpasua A b A
-70 : At \f =
//<—S12 Mogen W i
-90 i
-100 - —
4 6 8 10 12 14 16 18

o

YacToTa, Ny

AneKTpUYeckmne xapakTepUCTUKMU NabUPUHTHOro punbTpa: pacuyeTHble (CMOLWHbIE IMHUU) U U3MepeHHble (MYHKTUPHbIe INHUKN) S-NapaMeTpbl (Npu

KanuépoBkKe B ceyeHun SMA-pa3beMoB)
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CpaBHeHMEe CTOMMOCTU, COOKOB U3rOTOBJIEHUS! IMHENHOIO U NAGUPUHTHBIX (DUNIbTPOB
I e e e e e

NABUPUHTHbIN ®UNBTP C

NMAPAMETP JIUHEWHBIN ®UNbTP NTABUPUHTHbBIN ®UNBTP
PELLUETKAMMU
doTorpacusa
PacnonoxeHune
pPe30HaTopoOB
TexHonorusa ApoutuBHaa Krnaccuuyeckaa ApamtmBHas Knaccuyeckas ApgouTtmBHaa Knaccuyeckas
N3roToBNeHmnsa TEXHOMIOTMA  TeXHONorma TEXHONIOMNA  TEXHOJIOrn4 TEXHOIOTMA  TexHonormsa
Macca, r 155 155 93 93 63 Mcnonb3oea-
HUe pelweTya-
Bpema nsrotosneHus: ~1Hependa ~1,5 Hepenn TbIX CTPYKTYP
* OfHa geTanb 19 4 6 MUH 12 4 O MUH 9 414 MUH He npeacTas-
Ha nfaTthopme NseTcd BO3-
* Makc. 3anofiHeHmne 114 8 MUH 74 33 MUH 5415 MuUH MOXMHbIM M3-3a
nnaTopmbl TexHosiornve-
CKUX OrpaHun-
KOJ‘IVI‘-IGfZTBO 1 15 1 13 1 YeHMit
netanem, wr.
CebectommocTb 1 wT., 51700* ~ 250 000 27 100* ~ 400 000 16 500*

pyo.

Be3 yueta MexaHM4YecKon o6paboTku hnaHUeB U OTBEPCTUM

ntepauyu crietpamictaMi AO «PKCy», yurThIBasi BO3MOXHOCTH

aIIUTHBHBIX TEXHOJIOTHH, H3MEHEHO PacIoJIOKeHNE pe3oHa-

TOpPOB QUIIETPA AJIS1 YTy ULlIEHHS 3JIEKTPUYECKUX [TapaMeTpPOB

(moZaByieHs1 BTOPO# TIOJIOCHI IPOITYCKAHKS), TIOCJIE YETO

B OO0 «OcTex-CMT» CIpoeKTHPOBaHbI ¥ OITTUMU3HUPOBAHEI

pelleTyYaThble CTPYKTYPbI ¥ YMeHbIIIeHa TOJTIIMHA (JiaHIa

TI0 pe3y/IbTaTaM IMPOYHOCTHOro pacyeTta B Netfabb (@@).
OJIeKTpHUYECKYe XapaKTePUCTUKU GUIBTPOB U3Mepsi-

Jmchk 6e3 06paboTKu KaHaI0B U 6e3 HaHeCeHUS TOKPLITUH.

[ToTepu inHelHOrO GUIIBTPA B MOJIOCE NPOIyCKaHUS B Cce-
yeHnH ¢uiaHieB cocTaBuiu MuHyc 0,3-0,5 0B, 1abupuHT-
Horo ¢usTpa — MuHyc 0,2-0,25 1B, KCB oboux dunsrpos
B I10JIOCE IIPONYCKaHUs — He Xyxe 1,8 npu KammubpoBKe
B ceueHuu SMA-pasbemos (pvc @). Pe3ysibTaTsl n3Me-

PEHUH 3JIEKTPUUECKUX XapaKTEPUCTUK JIMHEWHOIO

U J1abupHHTHOrO GUIIbTPA CBUAETEJILCTBYIOT O BO3-
MOXHOCTHU HUX IPUMeHEHHSs B IPHEMHOM U Iepezalolei
anmnapaTtype MaJjoi momHocTu (10-20 BT).

B pesynbTaTe nepenpoeKTUpoBaHUs obecrievyeHbl
caenyrllve NperuMyllleCcTBa NPUMeHEeHU adgUTHBHbBIX
TEXHOJIOTHUH:

® CHM)XeHHEe CTOMMOCTHU U3rOTOBJIEHUS

B ~10 pa3 (mpu nepexoze ¢ KjlaCCUUECKON TEXHO-
JIOTMH Ha aAJUTHBHYIO);

CHWXeHNEe KOJIMUeCcTBa JeTasiel B 15 pas;
CHW>)XEHVe Macchl B 2,5 pasa;

3JIEKTpHUUEeCKHe XapaKTePUCTUKH (Haxe 6e3 Ho-
IMOJIHUTEJIbHOM NoCcTO6pPaboTKU KaHaloB) MpU-
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OfOWH U3 3aKa30B Ha PYNOpPHble aHTeHHbI B 2020 T.

eMJIeMbI OJid IPUMeEHEeHUs B CUCTeMax MaJion
MOILLIHOCTH;

HUCIBbITAHME Ha CXXaTue: [IpU Harpyske

no 1,5 T — TosbKO yIpyrue gedpopmanuu.

PynopHble aHTEHHBI

B 2019 rony 6b111 HanevyaTaHbl IIepBbI€ OINBITHBIE 00-
pasubl pyropHbIX aHTeHH 119 AO «HMU «BekTop».
HcnplTaHUs aHTEHH [IOATBEPAUJIN, UTO OHU YL OBJIET-
BOPSIOT TPeOOBaHUAM IO 3JIEKTPUUECKHUM XapaKTe-
PHUCTHKAM U CTOMKOCTH K BHEIIHUM BO34eHCTBYIO-
M paxtopam (FTOCT PB 20.39.304-98, rpynna 2.1.3)
Y IDUTOAHBI [IJI 3KCILJIyaTallMKi B COCTaBe KOMILJIEKCOB
pasroTeXHUYEeCKOro MOHUTOPHUHIa MOPCKOro 6asupo-

A

o

W AR T AT AT ATAR AT AV

18-26 'y,
5%

&

12-18 'y,
20%

g
s

K
dlbe

=

35,0 x 46,0 x 50,0 m

)

r
s

48,2 x 58,1 x 49,0 MM

00

. ~ oA
:
Be < 68,0 x 68,0 x 91,5 MM
- -
= 2 =t 26-40 Iy,
36,2 x 39,2 x 36,0 MM 5%

[aHHble No 3akasaM NepBon NonoBuHbl 2021 .
[aBapuTHble pasmepsl, [ x LU x B, MM 50,1

HaneuyaTaHHasa pynopHas aHTEHHA, 3JIeKTPUYEeCKUe XapaKTepuUcTUKu

KOTOpOW NpuBeAeHbl Ha puc. 12

BaHus. B 2020 u nnepBo# mosorHe 2021 rooB B Ha-
1ier yjabopaTopru 66110 U3roToBJEHO 60see 100 T
CEpUMHBIX PYIIOPHBLIX aHTeHH. [10/10BUHA aHTEeHH, U3-
roToBJieHHbIX B 2021 ., paboTaeT B 4UaCTOTHOM Aua-
na3one 8-12 I'Tty, 20 % — 12-18 I'T11, 18 % — 4-8 I'T,
mo 5 % — 18-26 u 26-40 [T u 2 % — 2-4 I'Ty (Puc @@).
CpaBHHM pacueTHbIe ¥ U3MepPEHHbIE JIEKTPUUECKHUE
XapaKTEPUCTHUKH Ha IIPUMEPE PyIIopa CJIOKHON GOpPMEI
¢ rpebHsivu (Pvc @@, Pvc @@). MakeT aHTEHHOM CHCTEMBI
rpefcTaBJseT coboM ABa U3JTyyaTesis, pasHeceHHbIX Ha 40°
OTHOCHTEJILHO OpyT Apyra. Mi3amepeHus U3yyeHus Ipous-
BOOATCS KaX0M aHTEHHON HE3aBUCUMO B a3UMyTaJIbHOU
mockoctu. Ha prc @@a rprBenieHb! pe3ybTaThl U3Mepe-
uus KCB usnyuaTtens u KCB Monernu n3iyyaresis B IIakeTe
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PacnpepeneHue cepuiHbIX PYNOPHbIX aHTEHH, Hane4yaTaHHbIX anaa AO «HUWU «BekTop» B nepeon nonosuHe 2021 T, N0 YaCTOTHbLIM AMaNa3oHaM
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— Jkcnep. | 0
'— Mopenb

| | o -12
0,7 0,9 11 1,3
YacrTora, f/f,

(] 40 80

— Mogernb 1 CpaBHeHMe pacyeTHbIX 1

— Jkcnep. 1 .
3KCMepUMeHTallbHbIX NapaMeTPOB:

— Mogenb 2 P p p

L, a) KCB B nonoce vacTor,

6) HOPMUPOBAHHbIE ANArpPamMMbl
HanpPaB/NE€HHOCTU aHTEHHON CUCTEMBI
Ha LeHTpasibHOM YacToTe pabouero
OouanasoHa B asuMyTasibHOM
NJOCKOCTU, B) WUMPUHA ANArpPaMMbl

HanpaB/IeHHOCTU B NoJioCe 4YacToT

— 32Kcnep.
= Mopesib

Yacrora, f/f;

MOJEeJIMPOBaHUs, Ilie IIPOBOAALLILI MaTeprall IpeACTaBIsaeT
co60¥ uaeasnbHbIN NPOBOIHIUK. JluarpaMMbl HarlpaBJIeHHO-
CTH MaKeTa ¥ MOZeJIM aHTEHHOM CUCTEMBI Ha LIEHTPaJIbHON
YacTOTe Auara3oHa rnokasaHsl Ha Puc @@0. A Ha ruc @ @B
TpeficTaBJIeHbl pe3yJbTaThbl U3MepPeHUs LINPUHbI JUarpam-
MblI HanpasyieHHocTH (LLIJTH) B mosoce yacToT. Pe3ynbTaTsl
M3MepeHHUH [T0Ka3bIBAIOT XOPOLLYI0 KOPPEeJIALUIo C Teope-
THUYECKUMH pacyeTaMHU U [IOATBEPXIAIOT COOTBETCTBHUE
Tpeb6OBaHUM K 3JIEKTPUYECKHUM XapaKTePHUCTHUKaM.

Kopnyca C KaHaJIaMH OXJIQ KO EHHSA

B yc/ioBUSX MTOBBIIIEHNS JIOTHOCTU KOMITOHOBKY, YMEHb-
IIeHUs rabaprUTOB 3JIEMEHTHOM 6a3bl U 3JIEKTPOHHBIX
Mopmyel obocTpseTcs rpobsieMa oTBoza Tera. B Takux
cJIyJasx AJs obecrieueHus: TpebyeMbIX TErJIOBbIX PEXXUMOB
MOTYT NPUMEHATHCA XXUIKOCTHBIE CHCTEMBI OXJIXIEHNA.

A MOSTHOLIEHHO KCITOJIb3Ys1 BO3MOXXHOCTH 3D-revaT, KaHaJIbl
JLJ1 UUPKYJIALUN OXJIaXXOArolel XUAKOCTH MOXKHO BBIIIOJI-
HUTb HEIIOCPELCTBEHHO B KOPITYCE MOZYJIst, OIITTUMU3HPYS X
dopmy 1 pazMellieHHe C YUYeTOM PaCIOJIOKEHHS TeIJIOHarpy-
>KEHHBIX 3JIEMEHTOB U TpebyeMOoro TeIJIOBOro peXxrMa.

Taxas 3azava, B YaCTHOCTH, aKTyaJibHa JIs [IPOU3-
BOZCTBAa aKTHUBHBIX $pa3upOBaHHbIX aHTEHHBIX PEIIeTOK
(ADPAP) pamapos. [ToBbIllIEHHE YAaCTOTHBIX AUAIIa30HOB
PanyoJIOKAlIMOHHBIX CUCTEM JaeT 0oJiee BhICOKYIO pa3pe-
LIAIOIIYI0 CIIOCOOHOCTD U TOUHOCThL OOHapy>KeHUs LieseH,
HO NPHUBOAUT K YBEJIMUEHHIO IIJIOTHOCTH TEIJIOBBIX IOTOKOB
B IIpUeMo-TiepefaroLiux Monyiiax APAP (13-3a yMeHbIIeHNS
pasMepoB MOJyJIEH IIPY IIOYTH HEM3MEHHOM TeILIOBbIZEIe-
HuH). B cBoro ouepenp, neperpes CBY-35ieMeHTOB MPHUBOAUT
K COKpaIl[eHUIO UX CPOKa CJIYXXObI U YXY[LIEHUIO paguoTeX-
HHUYecKUx rapameTpo APAP.

Kopnyc Mmoaynsa X-guanasoHa: a) otorpadusa HaneyaTaHHOro MakeTa, 6) pacnosioXeHue KaHanoB OXJ1aXKaeHus
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—®&— Pe3ynbTaTtbl UCMbITAHUN
—#— Pe3ynbTaTbl pacyeToB

Pe3ynbTaTbl MCMbITAaHWI MakeTa Koprnyca A X-gnana3oHa: 3aBUCUMOCTb CpefHel TeMnepaTypbl UMUTAaTOPOB (MLCTOYHUKOB Harpeea) oT

00BbEMHOro pacxoaa oxja)kgalwen nakoctu (MctouHuk: K0.0. Conaes, MAN)

C pesbio SKCIIepUMEHTAJILHON MTPOBEPKU BCTPAUBAHUS
B KOPITyca CUCTEMBI XUZIKOCTHOTO OxJaxaeHnud B MAU
ObL/IM CIIPOEKTHPOBAHbI MaKeThbl KOPITyCOB IIpHeMO-TIepe-
Jaromux monysnert AGAP S- |, X- u Ka-nuanasona (24,
8-12 u 27-40 I'T1y cooTBeTCTBEHHO), PVc @@. [Ba nocien-
HUX OBLJTM U3TOTOBJIEHHI B Halllel jabopaTopuu. Pesysnera-
TbI UCTILITAHHUI MaKeTOB KopItycoB (Puc @ @) rmokasbiBaOT
TIprieMJIeMbIe TTapaMeTPhl OXJIAXKIEHNS U [I0ITBEPXKAAI0T
MIPUMEHUMOCTb 3D-neyaTu KopIycoB CO BCTPOEHHBIMHU
KaHaJjlaMU XXUIKOCTHOTO oxJaxzeHus ajs APAP.

Kopmnyca ¢ TensioBbIMH TpyOaMH

JlormuuecKuM NpoJoJPKEHNEM 1 NaJIbHENIIINM pa3BUTHEM KOp-
IyCOB CO BCTPOEHHBIMH KaHaslaMH XKUIKOCTHOIO OXJIaX e-
HH4 ABJIAIOTCA KOpIIyca € TeNJIoBEIMU Tpybamu. ek Tus-
Has TeIJIONPOBOLHOCTD TENJIOBBIX TPYO MOXET AOCTUraTh
100xBt/(m'K), 4TO B COTHU pa3 npeBbIllIaeT TeIlJI0NPOBO-
IHOCTb MeJIH.

[TpocTetiias Tensosas Tpyba npefcTasiiseT cobo rep-
MEeTHYHBIHM KOPIIyC, BHYyTPEHHHE CTEHKH KOTOPOI'o MOKPBITHI
KaITWJIJISIPHO-TIOPUCTOM CTPYKTYpOit (Putusem)?. TpyOs
BaKyyMHPYIOTCSI O OCTATOUHOTrO AaBjieHus 10°—10 MM
PT. CT. ¥ 3aIIOJIHAIOTCS paboyel XXUIKOCThIO (HalIpHUMED,
BOZOM, aMMHAaKOM) TaK, YT0Obl GUTUJIb ObLJI IIOJIHOCTBIO Ha-
CBIIIEH €l0, @ B OCTaJIbHOM BHYyTPEHHEM IIPOCTPaHCTBE OblJI
ee HachlllleHHbIN nap. [IpuHIKIT paboThl TEMJIOBOM TPYOBI
cocTouT B coenytoiiem (Pruc @@). [pu mogBozEe Tera K 1c-
MapUTEIIO XXUIKOCTh UCIapsieTcss U3 GUTUIIS, TIOIVIOIast
Teno. JlaBneHue napa B Tpybe yBeJIMUMBaeTCs, Hapylla-
eTcsl AJUHaAMHUeCcKoe paBHOBeCHe CHCTeMbI IIap->KHUIKOCTb
B OCTaJIbHOM YacTH TPyObl, BbI3bIBas KOHAEHCAIHUIO rapa

2 Anekcees B.A. OcHOBbI NMPOEKTUPOBaHUA TEMNIOBbIX aKKYMYJIATOPOB KOC-

MUYeckux annapatoB. MoHorpadus. - Kypck: Haykom, 2016. - 248 c., un.

Ha ToBepxHOCTH GuTHIs. [Ipy KOHIEHCALMH Tapa TEeTJIo
oTraeTcs GUTUIIIO, OTBOOUTCS B KOHIEHCATOPE, a XXUAKOCTh
BO3BpalaeTcsi 10 GUTHIII0 B UCIIAPUTEIb 38 CUET KallrJl-
JISIPHBIX CHL

OTpaboTKa PeXXVMOB TeYaTH KallUJIPHO-IIOPUCTOM
CTPYKTYPBI CAejIaeT BO3MOXHbBIM BIpAIIMBaHHE KOPITYCOB
CO BCTPOEHHBIMU TEILJIOBBIMU TPYOaMHU B OOHOM LIUKJIE TO-
cTpoeHust. B pe3ysibTaTe BBIIOJIHEHHBIX B Halllei j1abopaTo-
PUM HavyasbHBIX 3KCIIEPUMEHTOB, HallpaBJIeHHBIX Ha OLIEHKY
BO3MOXXHOCTH IeUaTH KallUJIISIPHO-IIOPUCTOM CTPYKTYPBI,
ObIIM TIOJTyYeHb] TaKHe CTPYKTYPHI C MIPOHHLIAEMOCTh
10°15-101? M%. DKCIIepUMEHT IOATBEPANI BO3MOXHOCTD
[MOCTPOEHUST KAIIWJLJIIPHO-TIOPUCTLIX CTPYKTYP U TpebyeT
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WUcTounuk: D. Jafari, W.W. Wits. The utilization of selective laser melting technology
on heat transfer devices for thermal energy conversion applications: A review
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CucrteMa cenekTUBHOIO Sla3epHoro cnnaeneHusa Renishaw AM400 B naGopaTtopuu
apouTUBHOro npoussoacTea Octek-CMT

JaJIbHEMNIIIero MpOLO/DKEeHU 11 OTPab0TKU TEXHOJIOTUU
TOJTyY€eHUs CTPYKTYPHI ¢ TpebyeMbIMU cBoricTBamu. Ml oT-
KPBITHI K COTPYZIHUUECTBY B JAHHOM HarpasJieHuu!

3aKJIloueHHe

3a 3,5 roga paboTsl J1abopaToOpHK aAIUTUBHBIX TEXHOJIOTHM
MBI YBHZEJH, KaK MEHSIeTCs OTHOILIeHHe K 3D-reuaty MeTari-
JIOM B PaJIMO3JIEKTPOHHOM MPOMBILIJIEHHOCTH. VI3HauaibHbIH
CKETICHC ¥ BOCIIPUSITHE CUCTEM [I€UYATH KaK «UIPYLLKU», FOJI-
HOM, B JIyUILIEM CJIyYae, [Js1 U3rOTOBJIEHNST MAKeTa, CMEHSFOTCS
OCTOPOXXHOM 3aMHTePECOBAaHHOCTBIO CIeNIaTh U UCTIbITaTh
OIbITHBIE 06pasLpl. Pe3ysbTaThl HCITbITAaHUH OMBITHBIX 06pa3-
LIOB ITOJIO)KUTEJIBHO YAUBJISIOT, CTUMYJIMPYIOT KOHCTPYKTOp-
CKYO MBICJIb IEPENPOEKTUPOBATh U ONITUMU3UPOBATE [1JIA ellle
GOJIBIIIETO MCITOJIb30BAHKS [TOTEHLMAIA AN AUTUBHBIX TEXHOJIO-
rui. A Jasbllle HaCTyIaeT 3Tall «Jleraausalim» [IPUMeHeHNs
3D-rrevaty AJ1s1 MPOU3BOJICTBA KOHEYHBIX U3JIEJIHH. Y KOro-TO
OH TIPOXOIUT CPaBHUTEJNIEHO ObIcTpo (HarpuMmep, v AO «HUN
«BeKTOp»), ¥ MbI IEPEXOIMM K CEPUHHOMY MPOHU3BOACTBY M3~
JIeJTHH; Y KOTO-TO OH 3aTSIMBAETCS M3-3a aJMUHHCTPATUBHBIX
CJIOXKHOCTEH (XOT$I TeXHIYEecKasi COCTOSITE/IbHOCTD PeLleHUs YoKe

JlabopaTtopus agAUTUBHbIX TEXHONOIMMn

B deBpane 2018 roga nabopatopus

AO0ONTUBHbIX TexHonornm Octek-CMT 6bia
ocHalleHa 3D-npuHTepoM Renishaw AM400 u
obopynoBaHMeM ansa noctobpaboTtku. 3a 3,5 roga
B 1abopaTtopuu 6bI510 BbINOAHEHO CBbille 200
LIMKJIOB MeyaT 1 N3rotosneHo 2360 nsgennmn m
ob6pa3uoB ona 60 3aka3ymnKoB.
47 % obbeMa Npomn3BoACTBa
nabopaTopum COCTaBASAT
aneMeHTbl CBY-TpakToB, eLle
12 % - KPOHLLUTENHbI U KOPMyCa.

JIOKa3aHa). BayxHo, UTo MHTepec K TEXHOJIOTHMH 3aMETHO BbIPOC,
BOCIIPHSITHE €€ CTaJIo Cepbe3Hee, OITbITHbIE 00pasLibl YZOBJIETBO-
PSEOT TPeOOBaHUSIM U TIOATBEPXKAAOT IMPUMEHUMOCTh 3D-T1euaT,
a IpUMepbI CEPUIHOTO IPOU3BOICTBA MHOXATCSL.

Braropgapym Hanmx kosuter us AO «HUM TTIy, AO «PKC»,
AO «HWH «Bextop», MAH 3a coBMeCTHY0 paboTy HaZ IIpo-
€KTaMHU U NpeJloCcTaBJIeHHbIe Pe3yJIbTaThl U3MEPEHHI 3/IeKTPH-
UECKHX XapaKTEPUCTHK.

3asaBKy Ha NOCelIeHHe JIabopaTOpHH
MO>KHO OTIPABHTBH IO 3JIEKTPOHHOH MO-
uyre 3D@ostec-group.ru uyu cuuras QR-
koz. Byaem paabl npoieMOHCTPHPOBATh
BaM IpHMepPbI H3JeJIHH H 000pyOBaHHE
H 06CYyIHTH BO3MO>XHOCTH NPHMEHEHHSA
3D-nmeuaTH MeTaJIJIaMH [OJIA pellleHHs Ba-
IIHX 3a7ad4.



