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BBenenue

AKTYyaJbHOCTh HCCIEOBAHUSL OINpEAeNsIeTcsl MOTPEeOHOCTAMU JIHOACH
C OrPaHUYEHHBIMH BO3MOXHOCTSIMH 370pPOBbsl, HEOOXOAUMOCTBHIO YIyUIlICHUS
MX KaueCTBa )KU3HU MPU OTPAHUYEHHBIX (PUHAHCOBBIX BO3ZMOKHOCTSIX.

Ilo panueiM IleHcMOHHOTO (bOHzlal B Poccun 11,7 MiiH rpaxkian ¢ pa3Hou
CTEMECHbI0 WHBAIMAHOCTH. 1,6 MIJIH 4eloBEeK oOpalarTcs 3a o0eclneueHHeM
TexHuyeckuMu cpenacteamu peadbunuranuu. @OMC PO wnampasnser 35 mipn
pyOJsieli  eXeroJlHo Ha TMOJJAEPXKKY HHBaIUAOB (3T0 mokpbiBaeT 90%
OT MOTPEOHOCTH).

Cpennuii pa3mep NMEHCHM WHBAIUAOB HE MpeBbImaer 13 Thic. pyOsei.
1,1 ThIC. pyOseil — cTouT camas aemeBas TpoCTh. Ee MOKynka MOXET CTaTh IS
HY>KJIAIOLIUXCS HE MPOCTOM 3ajaueH.

Ha peiHke TOBapoB Takux W3JEIUM MPEICTABICHO JAOCTATOYHO OOJIBIIOE
KOJIMYECTBO TPOCTEM  PpA3JIMYHOIO HA3HAYEHUS W IEHOBBIX KATErOpHIl.
[Tonb3oBaTeNsIMU OTMEYAETCS HU3KOE KayecTBO HauOoJiee JOCTYIMHBIX Mojelei
(Gonpiiass Macca, HEyAOOCTBO PYydYKH) M HEAOCTATOYHAS MPHUCIOCOOJICHHOCTh
K UHAUBUYyaTIbHBIM TOTPEOHOCTSIM MHBAJIUIOB.

Hame wnccnenoBanne — 3TO MOMNBITKA HAUTH TEXHUYECKOE PELICHUE I10
VIYUYIIEHUIO 3PTOHOMUYECKUX XapaKTEPUCTUK TPOCTH MOCPEICTBOM JOPAOOTKHU
CYIIECTBYIOLINUX KOHCTPYKIIUH.

eabio 1anHoOM paboTHI ABISIETCS pa3pabOTKa KOHCTPYKIIMU MEIUIIMHCKON
TPOCTM Ha OCHOBE OHMOMUMETHYECKONM MOJIEM CKeJeTa MOPCKOM TyOKHd
Y UCCIIEJOBAaHNE €€ MEXaHUYECKUX CBOMCTB.

B pamkax paboThl IIaHUPYETCS PEIIUTh CICAYIOININE 3aa4M:

1) W3YYHTbH CTPYKTYPY CKeJIeTa MOPCKOH I'yOKH;

2) TPEMIOKUTH CTPYKTYPY HeCyIlel KOHCTPYKIIMHA MEUIIMHCKOM TPOCTH,

HO}106paTB MaTepHral U TCXHOJIOTHUIO €€ ITPOU3BOACTBA,

1 Otuernble nannsie [leHcHOHHOTO tdonna Poccuiickoit ®enepanuu 3a 2020 ro.



3) TMONYyYUTh SKCIEPUMEHTANIbHBIE O00pPAa3lbl, WCIONB3YS aJTUTHBHBIC
TE€XHOJIOTUH, UCCIIEI0OBATh UX MEXAHUUYECKYIO IIPOYHOCTD U OLIEHUTH MEPCIIEKTUBbI
IPUMEHEHUsI OMOMUMETHYECKONH MOJIENH;

4) TOCTPOUTH W TEOPETHUYECKH HCHBITaTh 3D Momens MeIUIMHCKON

TPOCTH.



1. TeopeTnyeckas 4acThb
(0030p MCTOYHUKOB, AHAJIOTOB, IPOTOTHIIOB M T.[I.)

B  coBpeMEHHBIX MPUKIAJAHBIX HAyKax JOBOJIBHO  IONYJISIPEH
OMOMHMETHYECKHI MOJX0J — TOHWCK aHAJOTOB TOTOBBIX PEIICHHUN B YKHUBOU
npupozae. Tak uccnepoBatenu u3 ['apBapackoro yHuepcuteTa [1] BbIICHWIH,
YTO CTPYKTYpPHbIE OCOOEHHOCTH CTPOEHHS MOPCKHX T'yOOK MOTYT MOCTY>KUTb
BJIOXHOBEHHEM JIJIs1 OOJiee TTPOYHBIX U BBICOKUX HEOOCKpeOOB, OoJee MIMHHBIX
MOCTOB U CBEPXJIETKUX KOCMHUECKUX Kopabsieil. B myOnukanuy ydeHbIX KpaTko
U3JI0OKeHa paboTa MO HUCCIAEAOBaHUI0 (DUINYECKUX CBOHCTB CTPYKTYPHI,
BBITIOJTHEHHOM Ha MOJ00MH CKeJleTa MOPCKOU I'yOKH.

UccnenoBarenu u OWOUHMKEHEpPHl OBUTM BJIOXHOBJIEHBI CKeJIETaMU
MOpPCKUX TyOOK M MPEMIOKUIA TEXHOJIOTHIO CTPOUTEIBCTBA CIEAYIOLIErO
MOKOJICHUS JJIMHHBIX MOCTOB, a TaKXe HEOOCKpEOOB M JETKUX KOCMHUYECKHX
anmapatoB. KonupoBaHue CTPYKTYphI TJTyOOKOBOJHBIX OPTaHU3MOB MO3BOJISIET
cellaTh KOHCTPYKLMH Oojiee MpOuYHbIMU U JIErkuMH. B T'apBapackoil mikose
WHXXCHEPHBIX W TMPUKIAHBIX HAyK wH3ydaiau Mopckyio ryoky Euplectella
aspergillum. Ona pacnpocTpaneHa B BOCTOUHOU akBaTopuu Hauiickoro okeana
U 3anagHoil Tuxoro; oObIMHO OOMTAET Ha TJIyOOKOBOJHBIX paBHUHAX IIEIb(HOB
MaTEepUKOB M OCTPOBOB. B X07€ SKCIIEpUMEHTOB U aHalin3a ObLJIO OTKPBITO, YTO
CTPYKTypa IryOok (pucyHok 1) uMmeeT 6oJiee BbICOKOE€ COOTHOIICHHUE MPOYHOCTH U
BeCa, YE€M TPAJUIMOHHBIC PEHIETYAThIe KOHCTPYKIMH, KOTOPHIE BEKaMHU
W CII0JIb30BAINCH npu CTPOUTENILCTBE 31aHUI
u MoctoB. HccremoBarenu pacckaszaid, YTO TeOMETpHUsl MOPCKHUX 0co0eid,
chopMHUpPOBaHHAS B X0JI€ THICSUEIIETHEHN DBOJIOIMH, BIIOXHOBHJIA UX HA TTPOCKTHI
U CO3/IaHME HWHHOBAIIMOHHBIX KOHCTPYKIMM CaMOro IIUPOKOrO CIHEKTpa
npuMeHeHul. /[ noaaepxkanus onTuMaibHOM (POpMBI CBOETO TpyOUaToro tena,
MOpCKasi TyOKa MCTOJIb3yeT Ha0Ophl MapaylyIeIbHBIX JUArOHATBHBIX CKEJIETHBIX
TpyOOUEK, KOTOPhIE MEPECEKAIOTCS ¢ KBAAPATHOW CETKOW M 00pa3yroT MPOYHBIM

IaXMaTHBIA y30p. OTO Takas CTPYKTypa, KOTOpas NPEBOCXOJHUT BCE HBIHE



JEeUCTBYIOIME KOHCTPYKIIUHU C TMaroHaIbHBIM PEIIETYATHIM JU3aHOM: B TAKOM
TUTIC KOHCTPYKIIUH HCTIOIB3YIOTCS MHOTO HEOOJBITNX, OJU3KO PACIIOIOKCHHBIX
JIMaroHaJIbHBIX MEPEropoJ0K, KOTOPHIE MO3BOJISIIOT PABHOMEPHO PacHpeac/IuTh
NPUJIOKEHHBbIE HArpy3ku. buouHXeHepbl JI0Ka3ald, YTO KOIMHUPOBAHHE
ctpykrypsl  Euplectella aspergillum ymydmmmo Ob1  oOIIyr0 TPOYHOCTH
CTPOUTENIBHBIX KOHCTpYKIMM Ha 20-23% 06e3 HEeoOXOAUMOCTH J00aBICHUS

AOIOJHHUTCIIbHOI'O Marcpualia.

Pucynok 1.

Hamu no3zamMmcTBOBaHaA Hjiesl MPUMEHEHUSI OMOMHMETUYECKOU MOIEIH
MOpPCKOM TYOKM B KadeCTBE HECYIIEeW KOHCTPYKLHMH MEIUIMHCKONH TPOCTH
1 00IT1e 3aKOHOMEPHOCTH T€OMETPUUYECKUX pa3MEPOB MOJIENH. Takum 00pa3om,
[EJbI0 HaIEro MCCIEAOBaHUs CTaja pa3paboTka KOHCTPYKIIMH MEAUITUHCKOM
TPOCTM HAa OCHOBE OWOMUMETHYECKONM MOJENN CKeJleTa MOPCKOH TyOKH
Y UCCJIEJOBAHHUE €€ MEXAHUYECKUX CBOMCTB.

BTopoi#i cymiecTBeHHOM YacThi0 TEOPETUUECKOTO HCCIEIO0BaHUS OBLIO
OTIpEJICIICHIE BO3MOXKHBIX TEXHOJIOTHI MPOU3BO/ICTBA BHIOPAHHONW KOHCTPYKIIHH
MEIUIMHCKOM TpocTu. Jlns Hac ObUIO OYEBUIHBIM, UTO peaU3alus
MPEIJIOKEHHOWM  KOHCTPYKLIIMM ~ BO3MOKHA  IOCPEJICTBOM  MPUMEHEHUSA
aJIIUTUBHBIX TeXHOJOTUN. AnmutuBHbIe TexHONMOTHH (Additive Manufacturing) —
METOJ] CO3IaHUsI TPEXMEPHBIX OOBEKTOB, JIeTajel WK BEIIeH MmyTeM MOCIOMHOTO

no0aBiieHUs MaTepuaia: TJlacThKa, MeTaiia, 0eToHa. Takue TpexMepHBbIE WIIH



3Do0bekThl co3narTcsi ¢ momolnbio 3D mpunTepoB. HasBanue TexHomorui
IPOM30IUIO OT aHriuickoro cioBa add — no6aBnATh. TEeXHONIOTHH MONMYYHIIN
HIMPOKOE MPUMEHEHHE B PA3IMUHBIX cdepax YeIOBEUEeCKOU eSTebHOCTH.
3D npuHTEpHl AOCTYNHBI JUJISl MCCIENOBATENSA, OJHAKO BHIOOP MOAXOJSILIETO
BapHaHTa Tak)Ke MOTPeOOBA UCCIIEIOBATEIbCKUX YCUIIHIA.

MaprteineHko A. [2] paccMaTpuBaeT 3amylICHHBIE B KOMMEPYECKOES
npous3BoacTBO 3D mpuHTEp HenpepblBHOW mnedatn (KOHBeWepHbI). PazBopoT
pabouell MIOCKOCTH MPUHTEPA U YCTAaHOBKAa KOHBeWepa B KaueCTBE MOJJIOKKH
MO3BOJISIET OCYILIECTBUTH I1€YaTh OUEHb JJIMHHBIX U3/IE€IH, 4TO HEOOXOIUMO ITPH
IIPOU3BOJCTBE TpoOCTeW. Marepuan cTaTbd TO3BOJISIET BbIOpaTh CHOCO0
IIPOM3BOJICTBA TOTOBOT'O U3/eNns — IeyaTh Ha KoHBelepHoM 3D nmpunTepe.

TpeTpell CyHIECTBEHHOM YACTBIO TEOPETUYECKOTO HCCIEIOBAHUS CTaJO
UCCIICIOBAaHUE BApUAHTOB U OOOCHOBaHHWE BbIOOpa Imactuka ajs 3D medatn
MEIUIMHCKOU TPOCTH.

A. Kausar [3] [0BOJBHO MOAPOOHO paccMaTPUBAECT MOJIHAMUIHBIC
apMHpPOBaHHbIE (KOMIO3UTHBIE) TEPMOIUIACTUKU, UX (PU3MYecKkue CBONCTBa
U METOIbl POU3BOICTBA. [[pakTHUEeCKH, Ha OCHOBE JIAOOPATOPHBIX UCIBLITAHUIH,
JIOKa3bIBAETCSI X MIPEBOCXOICTBO HA 00bIUHBbIMU TepMotuiacTiukamu (ABS, PETG
1 T.1.). CoriiacHoO 3T0# cTaTbe MOKHO B KAU€CTBE OCHOBHOI'O KOHCTPYKLIMOHHOTO
MaTepuana BbIOpaTh OJUH U3 KOMIIO3UTHBIX TEPMOILIACTUKOB.

B ucrounuke [4] npuBOasATCS HEKOTOPHIE 3HaUCHUS (PU3UUECKUX CBOMCTB
TepMOIIaCTUKOB (Moysb FOHTa, mpenen TeKy4ecTd u T. 11.), HEOOXOAUMBbIE IS
TEOPETUYECKUX PACYETOB.

Ha pecypce [5] mnpeacrtaBieHa cyniecTBYIOIIash Ha pPBIHKE Mapka
koMro3utHoro tactuka UltraX u ero ¢gusnueckue cBoiictBa. Ha ocHoBanuu
JTAHHBIX, MIPEACTABICHHBIX HA CaliTe, B KAYECTBE OCHOBHOTO KOHCTPYKIIMOHHOTO
MaTepuaia ObUT BRIOpaH 3TOT TEPMOIUIACTUK. [[aHHBIE U3 MacmopTa MPOaYKITUN
OBLIIM MCTOJIb30BaHbI JJIsI CPABHUTEIILHOTO aHAJIU3A.

Ha pecypce [6] u pecypce [7] mpencraBieHbl (u3nyeckue CBOMCTBa

tepmoriactuka ABS, u tepmoractuka PETG, koTtopble MCONB30BaHbl st



CpPaBHUTEJIBHOrO aHanu3a. Hamu Takxke M3ydeHbl pa3MelleHHbIE B CBOOOIHOM
JOCTYIIE ATEHThI HA TPOCTH MEIULIMHCKUE (KOCTBLIN).

[Matenr  A61H3/02 [8], Bbman CwmupnoBy [.B., Bemyrkuny
B./l., Byitnosoit T.B. TpocTh cOepXHUT pydKy ¢ TPYOKOW M CHUIIOBOW AJIEMEHT.
CuoBOM »AJIEMEHT BBINOJHEH B BUAE TPYOKH C IWIIMHAPUYECKUMHU
YTOJILIEHUSIMU HA KOHIIaX, Ha OAHOM KOHIIE KOTOPOIl UMEETCA BTYJIKA C BUHTAMHU
0 TEPUMETPY, a Ha JPYrOM KOHIIE 3aKperieH 3allUIIEeHHBIH TpyOdaThiM
KOPITyCOM YIIPYTHI 3JIEMEHT C TE€H301aTYNKaMHU, COEAUHEHHBIMA B MOCTOBYIO
U3MEPUTENIbHYI0 CXE€My W  IOJCOCIMHEHHBIMU C IOMOIIBIO  KaOess
K U3MEPUTENBHON anmnaparype. TeXHUUEeCKUI pe3yIbTaT — OBBIIIEHUE TOYHOCTH
pErucTpalyy Harpy3Ku Ha OpTOINEIUYECKYIO TPOCTb.

[Tatenr 2601702 [9], Beiman LlpiranoB O.I1. OnopHasg TpocTh miid
OIPEJENICHHS CTENIEHH HECOCTOSITENHOCTH OOJIbHBIX CYCTaBOB M MBI HUKHUX
KOHEYHOCTEH, coaepkKauias ONOPHYIO CTOMKY, BBIIOJIHEHHYIO H3 JABYX
BCTABJIECHHBIX OJWH B JPYTrOM C BO3MOYKHOCTBIO NPOJOJIBHOTO NEPEMELICHHUS
Hapy>KHOI'O ¥ BHYTPEHHEIO LWIMHAPOB, OJUH U3 KOTOPBIX UMEET PYKOATKY
Y COEIMHEH C UMEIOLIUM YCTPOICTBO oTcyeTa Aeopmanuu AePOpMHUPYIOIIHUMCS
AJIEMEHTOM, OINHPAIOIIKUMCS Ha JAPYrod MWIMHIAP, 00pa3ys BMECT€ C HHUM
AJNIEKTPOHHBIA WM TPYXUHHBIM JUHAMOMETP, (DUKCUPYIOIIUNA TMHKOBBIC
3HaYeHUA AeOpMALIMH 3a CUET CUIIOBOM HArpy3KH HA AeMI(UPYIOMIHI 3JIEMEHT,
BBI3bIBAIOIINI 00pa30BaHUE 3JIEKTPOCUTHAJIA WIIM U3MEHEHUE JTUHBI IPYKUHBI.

[IpemyioxkeHsl TakXke Jpyrue pasjMyHble YCTPOMCTBA, IO3BOJISIOLIME
paclIMpUTh MOTPEOUTEIHCKUE CBOWCTBA OMNOPHOM TPOCTH JJI WHBAIUJIOB,
HampuMep, yAOOCTBO TMOJIb30BaHUS, O3KCIUIyaTallUOHHBIE BO3MOXKHOCTH
(marenter: Ne 2007156 (1990), A45B 3/00; Ne 1694096 (1991), A45B 7/00;
Ne 2060710 (1996), A45B 3/00; Ne 234108 (2008), A45B 3/00; Ne 2473324
(2013), A45B 3/00).

Pa3menienHbie B CBOOOJHOM JIOCTYIE€ MATEHThl HE COAEPX AT aHAJOroB

MpeyIaraéMo HaMU KOHCTPYKIIUU MEULIMHCKON TPOCTH.


https://www.freepatent.ru/MPK/A/A61/A61H/A61H3/A61H302
https://patentdb.ru/author/1881488

2. UccaenoBaTebCcKas 4acTh
(3KCIIEPUMEHTBI, ONMPOCHI, METOAUKA UCCJIEIOBAHMS U TIP.)

B xonme wuccnenoBaHus ObUT NpPOAHAIM3UPOBAH HMHTEPHET — PBIHOK
MEIUUMHCKUX TPOCTEH pPa3IUMYHbIX LIEHOBBIX KaTEropuil. BpulM BBISBIEHBI
OCHOBHBIE ITPOOJIEMBI, TPEOYIOIINE PELICHUS.

B xoxe ananusa BbIOpaHBI U W3YYEHBI TPU CaMble MOIMYJSIPHBIE MOJIEIH
Tpoctd. B Tabiamume 1 mpeacTraBieHbl  OCHOBHBIE — XapaKTEPUCTHKHU

N HCOAOCTATKH, OTMCUCHHBLIC ITOKYIIATCIIAIMU.

Tabmuua 1

Ananuz PBIHOYHBIX r[pezmoxceHHﬁ 5631 (SN 07074 «TPOCTb MCAUITUHCKAsA» 1 OT3bIBOB HOKYHaTCHGﬁ

Ne i/t doto Ilena, | Macca, Max. Henocratk
pyoueit KT Harpyska, u
KT
= 1399 1,0 90 Huskas
3 L‘v* - - MIPOYHOCTH
S
& HA3IEIINS
o
= [ 1989 2,0 110 Bricokast
8 - Macca
N
&
o
3759 1,2 120 Bricokas
= :
§ L* - —= IeHa
(90
&
o

Takum 0OpazoM, MOKHO C/I€TIaTh BBIBOJT O TOM, YTO OCHOBHBIE HEJIOCTATKH,
TpeOyrolue YCTpaHEHUE — BBICOKAash Macca U HHU3Kas MPOYHOCTh. Jljis
UX YCTPAaHEHUS MOXKHO HM3MEHUTh MaTephajl M TEXHOJOTUI) HW3TOTOBJICHHS,
WCIOJIB30BaTh HOBYKO CTPYKTYPY HECYLIEd KOHCTPYKUMU TpocTU. IIpm 3TOM
U3JIeNIUe JOJDKHO OCTaBaThCSA JOCTYIHBIM JJIsI OOBIYHOTO MOKYIATENs — UMETh

HU3KYIO LIEHY.



3. IlpakTn4yeckas 4acTtb
(moxpoOHOe onMcaHue peajn3anuu Npoexkra ¢ pororpadusamu /
KAPTHHKAMM / rpa@MKaMHU U T.[I. — KOHKPEeTHbIE Pe3yJibTAaThl BALLIEro

Tpyaa)

3.1. CTpykTypa cKejieTa MOPCKOM ryOKu
U ero MeXaHM4eCKHe CBOMCTBA

Baxxnbll 3Tan uccienoBaHus — MOMCK HOBBIX PEHICHUH MO YIYYIICHHUIO
KOHCTPYKIIMM TPOCTU C LENbI0 COKpPALIEHUS MAacChl, MpPH COXPaHEHUU
MPOYHOCTHBIX XapakTepucTUK. OAHUM W3 CaMbIX TMOMYJSPHBIX PEIICHHS,
MPUMEHSEMBIX 11 COKpAIIeHHs] MAacChl M3ICIHMA — HCIOJIb30BAHUE MOJBIX
U STYCUCTBIX CTPYKTYP.

B xoze aHanuza pa3nuyuHbIX CTPYKTYp U UX IPUMEHEHUH, ObUIN HalIeHbI
CTaTbM B KOTOPBIX paccMaTpUBAaCh CTPYKTypa, MOJIETUPYIOMIas CKeEJeT
Mopckoi ryoku pona Euplectella aspergillum u mpeBOCXoAcTBO Takoro Turia
CTPYKTYp HaJl aHaJIOTUYHBIMH SIYEUCTHIMU KOHCTPYKITUSIMHU.

Mopckue ryOku OTHOCATCS K THITY BOAHBIX, IPEUMYIIIECTBEHHO MOPCKHX,
MHOTOKJICTOYHBIX JKUBOTHBIX, BEAYIITUX MIPUKPETUIEHHBIN 00pa3 )KU3HU (PUCYHOK
2, npuioxenue 1).

Musnepanu3oBaHHas CKeJleTHas cucrema ryOku Buga Euplectella
aspergillum (uBerounass kop3uHka BeHepsl) o00pa3oBaHa CTEKIOBUIAHBIMU
AJIeMEHTaMH (CIHKYJaMU) COCTOAIIMMHU W3 LEHTPAIbHOro OEIKOBOIO sjpa,
OKpY>KEHHOTO YepeayIoIuMHUCS KOHIIEHTPUYECKUMU CIIOSIMU
KOHCOJIMJIMPOBAHHBIX HAHOYACTHUI[ KpemHe3ema (muokcuna kKpemuus, Si02)
U TOHKAMH OPTaHWYECKHMMH IPOCIOHKaMH (PUCYHOK 3, mpuiiokeHue 1).
Crnukynbl OpraHU30BaHBI TaKUM 00pa3oM, 4TOOBI (HOPMHUPOBATH KBAJAPATHYIO
CETKY, YCWJICHHYIO IBYMSI TIEPECEKAIOMUMHUCS Ha0OpaMu MapHBIX TMarOHAIbHBIX
pacnopok, co3jnaBas TOJOOHBIA IIAXMATHOM JOCKE Y30p 4Yepeayroluxcs
OTKPBITHIX U 3aKPBITHIX STUYCEK.

CeruaThie pEMICTKA C OTKPBITHIMU SYCHKAaMM, TaKWe Kak T, YTO
BCTPEUAIOTCS B  CKEJIIETHOM cHCTeMe TyOKH, OOBIYHO HCHOJB3YIOTCS

B MHXXCHCPHOM KOHTCKCTC H3-3da HMX MCHBLICTO BCCA, BBICOKOI'O ITOIIOIICHUA


https://ru.wikipedia.org/wiki/%D0%A2%D0%B8%D0%BF_(%D0%B1%D0%B8%D0%BE%D0%BB%D0%BE%D0%B3%D0%B8%D1%8F)
https://ru.wikipedia.org/wiki/%D0%9C%D0%BD%D0%BE%D0%B3%D0%BE%D0%BA%D0%BB%D0%B5%D1%82%D0%BE%D1%87%D0%BD%D1%8B%D0%B9_%D0%BE%D1%80%D0%B3%D0%B0%D0%BD%D0%B8%D0%B7%D0%BC
https://ru.wikipedia.org/wiki/%D0%96%D0%B8%D0%B2%D0%BE%D1%82%D0%BD%D1%8B%D0%B5
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PHEPrUM U CIOCOOHOCTM KOHTPOJIMPOBATh PACIPOCTPAHEHHE AaKyCTUYECKUX
U TEmIoBbIX BOJH. Kak mpaBmio, cBoOWCTBA M (DYHKIMOHAIBHOCTh TaKUX
reOMETPUUYECKUX (PUTyp 3aBUCAT OT TUIIA U XapPAKTEPUCTUK CBSA3HU UX Y3JIOB.

BivsiHue  MHOrOCIOMHOW  apXWTEKTypbl CHMKYJI Ha 3aMEIJICHHE
pacnpoCTpaHEHUs TPELIMH U Ha YBEJIMYEHUE TPOYHOCTH HA U3TUO U CHKATHE YXKe
IIOJIBEPTaJUCh PACCMOTPEHHUIO B HAYYHOM JIMTEparype, HO IOTEHUUA
MEXaHWYECKUX MPEUMYIIECTB JBYXJIHATOHAJIBHOM KBAAPATHOW PELIETKH,
COCTOSIIIEN U3 CIIMKYJI, HE HalleN IT0Ka IHUPOKOTo NpUMeHeHMs. IMEHHO Takas
CTPYKTypa MOKa3ajach HaM HanboJiee MOAXOIAIIeH A Hecyllled KOHCTPYKIUU
MEIUIMHCKOU TPOCTH.

3.2. Bi0op MaTepuaJia M CTPYKTYPbI HeCyleH
KOHCTPYKIUHM MeIUIUHCKON TPOCTH

Ha cnenyromem »stame wuccienoBaHus, OblIa BbIOpaHA TEXHOJOTHUS
Y MaTepual sl IPOU3BOJICTBA TPOCTH.

[Ipenmonarass U3roTOBJICHHE MEIUIIMHCKOW TPOCTH C MCIOJIb30BAHUEM
aJIUTUBHBIX TEXHOJOTUN medaTu KOoHBehepHbIM 3D mpunTepoM (pucyHOK 4,
NpUJIoOKeHUe 1), B KaueCTBE OCHOBHOTO KOHCTPYKIIMOHHOTO MaTepualia MbI
BBIOpaIM TepMOILIACTUK. IMEHHO 3TOT MaTepuan COOTBETCTBYET TPEOOBAHUSM,
KOTOPBIM JOJKHO OTB€YaTh TOTOBOE M3JIENIME: YCTOWYMBOCTh K IOTOJHBIM
ycioBusIM  (Byiara, yJIbTpauOJET, BBICOKME W HHU3KHE TeMIepaTyphl),
M3HOCOCTOMKOCTD U JIETKOCT.

Bri6op TepmoracTukoB mOpuroaHbix Juisi 3D mewatw  J0CTaTO4YHO
OompImol (Tabnuma 2, npuioxenue 1). AHanu3 UMEIOIIMXCS TaHHBIX MTO3BOJISICT
yTBepxkaath, uto PLA u ABS TepMomnnacTuku He NOAXOAAT JIsl PELICHUS
MOCTABJICHHBIX HAMU 337a4 U3-3a MAJOM YCTOMYMBOCTH K BIIUSIHUSIM BHEIIHEW
cpenbl. Betoop mexay ASA, PETG, FormaX, UltraX mactukamu OblI cliefiaH Ha
OCHOBE pacuéra OTHOILIECHUSI CTOMMOCTH OJIHOTO Tpamma matepuana, k 1 Mlla
BBIJICP)KUBACMBIX HanpsokeHuid (tabimma 3, mpuinoxenue 1). Ilo sTomy

nokazateinto 6e3ycioBHbIM uaepoM sBisieTcss PETG mnactuk. UltraX mmactuk,
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HE CMOTps Ha OoJjiee BBICOKYID CTOMMOCTH, TIPUBJICKAET 3HAYUTEIBHON
IIPOYHOCTHIO U U3HOCOCTOUKOCTBIO.

Jliss mpoBeNeHUS WCIBITAaHWKA OBUIM BBIOpAaHBI KOHTPOJIBHBIN 00paser
B BHJE Mojod TpyOkw (manee oOpasenr 1) m nBe Hambosiee MEpPCIEKTHBHBIE
CTPYKTYPBI HECYIIIEH KOHCTPYKITUH METUITMHCKONW TPOCTH, PEaTH3aIlis KOTOPBIX
BO3MOXKHa ¢ mpuMeHeHHMeM 3D meuatu: pemeTka ¢ KBaJpaTHBIMHU
NBYyX/IMaraHAJIbHBIMKA SYeiikaMu (0Opazery 2) W pemeTka, MOJACTUPYIOIas
YIPOILICHHYIO CTPYKTypy TyOkm (oOpasery 3) (pucyHok 5, mpuioxenue 1).
VX sneMeHTapHbIe STYCHKH MPEACTaBICHBI HA PUCYHOK 2.

MonenupoBaHue KCIEPUMEHTATBHBIX 00Pa3I0B BHIMOIHEHO B Cucteme
KOMIIAC-3D V14 (CAIIP KOMIIAC-3D). O6pa3usl mpeanoiaraioT
OJIMHAKOBBIM Pacxoj] Marepualia, UMEIOT OJWHAKOBYIO BBICOTY U ILJIOMIAAb
MOTIEPEYHOTO CEUCHUSI.

Pasmepsl Mojzenelt pacCUMTHIBAIUCH C Y4eToM Bo3MmoxkHocTedt 3D
MpUHTEPA U 000PYTOBAHUS, I U3MEPEHUS MEXaHHIECKOU TPOYHOCTH, KOTOPHIC

OBLIN MCIIOIB30BaHBI I IIPOBCACHUA pCAaJIbHOI'O SKCIICPHUMCHTA.

TAnd=0.1L; TAd=0.05L; S=L/(N2+2)
Pucynok 2. DnemeHTapHbBIE TYCHKHA UCCIEAYEMBIX CTPYKTYD.

[IpoBeass CUMYJIALMOHHBIE HWCHOBITAHUS, Mbl HU3MEPHIM MEXAHUYECKOE
HaIpsDKEHUE, BO3HHMKAKOIIEEe B o0pasliaXx ¢ pa3IuvHbIMH CTPYKTypamu IO
nericteuem cuiibl 500 H. Pe3ynbraThl ucnbITaHui MpeacTaBieHbl B TabauIe 3

¥ Ha pUCYHOK 6-15 (mpunoxxenue 1).
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Tabmuna 3
3aBUCUMOCTh MEXaHMYECKOT'O HAMPSHKEHUS OT BEKTOPA HArpy3KH
VYTro1 Mexay BEKTOpOM MaxkcuManbHOE MEXaHUYECKOE HaPsHKEHUE
Harpy3ku u npu BekTope Harpy3ku 500 H, MIIa
NEPIECHIUKYIIPOM K OCH
obpasma, ° obpaszerr 1 obpaser 2 obpaszerr 3
90 17 95 61
45 261 297 160
30 313 338 167
0 354 353 193

AHaM3 pe3yJdbTaTOB CUMYJSIIMM BBIABUJ 3HAUYUTENbHBIE OTJIMYHS
B negopManuax oopa3uos. [Ipu oceBoi Harpy3ke MUHUMAJIbHOE MEXaHUYECKOE
HaIpsHKEHUE BO3HUKIIO B KOHTpOJIbHOM obpasiie — 17 MIla, 61 MIla y obpasia
3 u 95 MIla y oOpa3ua 2. OnHako 3HAYEHUE MOIMEPEUYHBIX HANPSHKEHUN Mpu
OJIMHAKOBOW OpUEHTAIlMM BEKTOpa Harpy3ku B 1,5 m 2 pasa wmeHblie
y OMOMHMETUYECKON MOJEIH.

3.2. BbI0Op TeXHOJI0rMH MPOU3BOACTBA MEAUIUHCKONA TPOCTH

Tak kak Hecyllas KOHCTPYKIUHU TPOCTU — CIIOKHASI SIYEUCTas CTPYKTYpa,
U3rOTOBJICHUE TPAJAULMOHHBIMU MeToJaMu (JIUThbE, MPOKaT, MEXaHUYecKas
00paboTKa U cBapKa U3EJHsI 110 YaCTsIM) 3HAYUTEIILHO 3aTPYIHEHO WJIM BOOOIIIE
HEBO3MOYKHA, ObLI MOAOOpaH OTHOCUTENBHO HOBBIM M Pa3BUBAIOLIMNCA METOJ
nmpousBojicTBa — a MeHHO 3D neuats Ha koHBeliepHoM FDM npuntepe. Taxoit
IpoliecC TMO3BOJISIET CO3[aBaTh HEAOCTYMHbIE [JIs TPAJUIUMOHHBIX METOOB
KOHCTPYKIUU, MO CYTH SIBJISAACH €AUHCTBEHHBIM BO3MOKHBIM BapUaHTOM IS
IPOM3BOCTBA U3/IEIHS, BHIITOJIHEHHOTO Ha OCHOBE BEIOPAHHON CTPYKTYpHI.

Cpenu Bcex BO3MOXKHBIX TUIIOB 3D npuHTEpOB ObLI BHIOpaH KOHBEHEPHbIN
3D mpuHTEp MO HECKOJIBKUM MPUYUHAM:

- KOHBEUEPHBIN IIPUHTED ITO3BOJIAET I€YaTaTh BCE U3EIUE LIETTUKOM,
TEM CaMbIM YCTPaHsIsi HEOOXOAMMOCTh COOPKH OTAENbHBIX YacTeH U ySA3BUMOCTH,

CBA3AHHBIC C HC MOHOJIMTHOCTBIO CTPYKTYPHI.
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- neyaTrb CJIOEB MOA YriaoM B 45° MO3BONSET YBEIUYUTH OOIIYIO
IJIONIAIb KOHTaKTa Mexnay ciosmu (B 1,414 pasza), TeM caMbIM TMOBBIIIAS

HUTOI'OBYIO ITPOYHOCTDb U3ACIINA:

S/(S*cos(45))=1/(cos(45))=1,414...

S/(cos(45))

3a BBIOOPOM TEXHOJOTUM MPOU3BOACTBA IMOCIEI0BAI BBHIOOp MaTepuaia
M3TOTOBJICHUs. MaTepuan TPOCTH JOJDKEH OTBEYATh CIICIYIOMINM TPeOOBaHUSIM:

- YCTOWYMBOCTh K MOTOAHBIM YCIIOBHUAM (yIbTPadHOJIECTOBOEC H3IIyUCHHUE,
BOJIa, IEpenajbpl TeMIepaTyp);

- YCTOMYHUBOCTh K OPTAaHUYECKUM 3arpsSI3HUTEIISIM;

- coBMecTUMOCTh ¢ 3D FDM TexHoJjiornei neyaTu.

Bce marepuansl, oTBeUaromue TPEM MPEICTABICHHBIX KPUTEPUSIM MOKHO
MOJIPA3JICJINTh HAa JBE TPYIIIbI: METAJIbl U TEPMOIUIACTUKU. MeTalbl, XOThb
U 001aal0T TMOBBIIIEHHOW YCTOMYMBOCTBIO K (DU3UUECKUM YCTPOWCTBaM,
3HAUUTEIBHO YJIOpOXKAIoT mporecc 3d meyaTy U He MOAXOMAT JJIsl YCTPAHCHHUS
BBISIBJIEHHBIX HEAOCTATKOB. [l03TOMY JajibHEWIIMKA CpaBHUTEJIBHBIA AaHAJINA3

MPOU3BOAMIICS TOJIBKO CPEU TEPMOIIJIACTUKOB, IIPEICTABICHHBIX B Ta0IuIe 4.
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Tabmnuua 4
CpaBHUTENBHBIN aHATU3 TEPMOIUIACTUKOB
[lnactu | CroumocTts, | IlnotHoct MAX Temnep | Croumoct | Croumocts | Cymma
K pyo./r. b, I./cM"3 | Hanpsokenu | arypusl | b 1 MIla 1 MIla , PY0.
€ Ha i IPOYHOCT | HMPOYHOCTH
cxkathe / | AWanaso 1 Ha Ha H3rH0,
H3ruo, H, °C cKartue, pyo
MlIla pyo
PLA =1,7 1,25 7741942 | -20/+40 - - -
ABS ~1,6 1,05 49,3/65,4 | -40/+90 - - -
ASA =25 1,08 56,5/69,5 | -40/+80 0,044 0,036 0,08
PETG =1.2 1,30 51,7/76,1 | -40/+70 0,023 0,016 0,039
FormaX =~ 7,3 1,00 108,8 /74,8 - 0,067 0,098 0,165
60/+105
UltraxX =~ 10,0 1,10 240/ 300 -60°C/ 0,034 0,06 0,096
+150
CpaBHUTENBHBIN aHaIn3 CBOMCTB HEKOTOPBIX M3BECTHBIX

TEPMOILIACTUKOB, TO3BOJISICT yTBEpXAaTh, yTo PLA u ABS He moaxoast mis
pellIeHUs] MOCTaBJICHHBIX HaAMU 3aJad H3-3a MaJIOW YCTOMYMBOCTU K BIIMSTHUIO
BHEIIHEU CPEJIbI.

Bui6op mexny ASA, PETG, FormaX, UltraX miactukamu ObLT cliesIaH Ha
OCHOBE pacyeTa OTHOLIEHHsSI CTOMMOCTH OJHOI0 rpamma marepuana, k 1 Mlla
BBIJICPKMBAEMBIX HanpspkeHui. [1o aToMy mokazatento 0e3yCI0BHBIM JTUIECPOM
spnsercs PETG mmactuk. Opmmako UltraX mmactuk, He cMOTps Ha Oolee
BBICOKYIO CTOHMMOCTb, MpUBJIEKAET 3HAYUTEIIbHOM MIPOYHOCTHIO
Y U3HOCOCTOUKOCTBHIO.

3.4. UccaenoBanne MeXaHUYeCKO MPOYHOCTH 00pa31oB

JIns  OLEHKHM MEXaHWYECKOM IPOYHOCTH HCCIEAYEMBIX CTPYKTYD,

1o pa3paboTaHHBIM paHee MojesIM, OblTu Hareuatanbl 10 o6pas3uos u3z PETG
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IJIACTHKA 0 5 Ka)XIOW CTPYKTYpHl (pucyHOK 16, mpuinoxkenne 1). McribiTanus
IPOCTON TPYOKHU HE MPOBOIUIINCE.
W3mepenue npeaena NpoYHOCTH 00pa3LioB IpU CKATUH TPOU3BOIUIOCH
C UCIOJIb30BaHUEM TruipaBiaudeckoro npecca [II'M 50 MI'4 ¢ makcumanbHOU

Harpy3Koii 1o 5 TonH, B nabopatopuu kapeapsl CMUK BI'TY um. B.IT'.

[lyxoBa.

Pucynok 3. I3mMepeHus Ha rUIpaBInYecKOM Ipecce.
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[Tony4yeHHbIe pe3ynbTaThl IPEACTABICHBI B TA0IUIIAX S U 6.

Tabmauma 5
BroMmuMernyeckas MOAEAb PELIETKU
Nsmepsemas
BenuuMHA | Paspymaroniasi oceBast Harpyska, [IpenenbHas nedopmanus, MM
xkH
Ne obGpasma
1 0,885 1,06
2 0,830 1,02
3 0,840 1,12
4 0,850 1,04
5 0,835 1,06
Cpennee 0,852 1,07
Tabauua 6
PemeTka ¢ KBaJpaTHBIMH JBYXJHArOHATLHBIMY STYCHKaMU
Nsmepsemas
BelnuMHa | Paspymaromias oceBas Harpyska, [IpenenbHas nedopmanus, MM
xkH
Ne o6pasma
1 0,230 0,41
2 0,225 0,33
3 0,220 0,44
4 0,230 0,38
5 0,215 0,52
Cpennee 0,223 0,42

AHanu3 NOJyYEHHBIX Pe3y/IbTaTOB MOKA3bIBAECT, YTO 00pa3lbl HA OCHOBE
CTPYKTYpPbl CHHLIUTHSI MOPCKOM TYOKH IEMOHCTPUPYIOT CPABHUTEIBHO BBICOKYIO
YCTOMYMBOCTh K OCEBBIM Harpy3kaM M ynpyrocts. VX paspymaromas ocesas
Harpy3ka Ha 280%, a npenenbHas nedopmanus Ha 150 % mpeBbIIIaeT Takue Ke
noKasatesid 00pa3iloB ¢ JBYX/IMarOHAIbHBIMU PEIIETKaMHU.

KoMmmieke cuMynsiiiMOHHBIX MCTIBITAHUM U JTAOOPATOPHBIX MO3BOJIHI HaM
caenatb  OOOCHOBAHHBIM  BBIOOP  CTPYKTYphl  HECylled  KOHCTPYKUHUHU

pa3pa6aTLIBaeM0r0 MCAMIMWMHCKOI'O  HU3ACIINA. buomemutnueckas MOACIIb
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MMpOoACMOHCTPHUPOBAJIA CBOﬁCTBa, NEPCICKTUBHBIC JII  PCIICHUA  3adad

JanbHenIen pa3paboTKu MEIUIIMHCKON TPOCTH.

3.4. IlocTpoenue 3D moaesim MeIMUIMHCKON TPOCTH

U CUMYJIAAIAA UCCIICA0BAHUA €€ MEXAHUYECCKUX CBOMCTB

Iloctpoenne Mozenu TOTOBOW MEAMIMHCKOM TPOCTH  BKIIOYAIIO
pa3paboTKy yHOOHOI aJsi XBaTa BCel PyKOH PYYKH TPOCTH (IUIMHA HIMPOKOM
TIOBEPXHOCTHU PYYKH — 11 cM) 1 yriopa — mepexoJHuKa (pUCYHOK 17, mpuitoskeHne

1). 3atem 00e aeTanu ObUIA COBMEIIECHBI ¢ HECYIICH KOHCTPYKIHEH (PUCYHOK 4).

Pucynox 4. BHemnwuii B MOJIETTH TOTOBOTO U3/IEIHSI.

[Ipu skcrTyataliud MEIMUMHCKOW TPOCTU BEKTOP HArpy3KH MOXKET ObITh
COPUEHTHPOBAH NPAKTUYECKU BJIOJIb OCH, OJTHAKO HE MOJIHAS IUIOIAAb KOHTAKTa
yropa ¢ MOBEPXHOCTHbIO MOKET BBI3bIBATh 3HAUYUTENbHbBIE HANPSDKEHUS M3ruoa.
[ToaToMy CUMYJSLMOHHBIE HCIBITAHUS pPa3pabOTAaHHON MOJENU CpeACTBaMH
CAIIP KOMITAC-3D Obutt mpoBeJeHBI 7S IByX BApUAHTOB yIopa YaCTUYHOTO
(pucyHok 5) u mostHoro. KoHCTpyKIIMOHHBIN MaTtepuan — TepmoruiacTik UltraX.
Busyanu3zaiius uCnbITaHUE TpeAcTaBieHa Ha pucyHnkax 18-19 (npusioxenue 1),

a pe3yJIbTaThl MPOYHOCTHOTO aHaJIM3a MOJICNIA B TabuIIe /.



Pucynok 5. O6macTh KOHTaKTa ¢ HOBEPXHOCTHIO IIPU YaCTHYHOM yIope (3eJeHas

30Ha).

Tabmuua 7

PeBy.TIBTaTBI IIPOYHOCTHOI'O aHaJIn3a MOICIIN MGI[I/IHI/IHCKOfI TPOCTHU

Tun ynopa MAX nanpspkenue uzru6a, | MAX nanpspkenue cxartus,
MlIla Mlla
[Tonnbrii 220 142
Yactuunslit 284 193

N3 Ttabmumel

BHU/JIHO,

4YTO MAKCHMAJIbHBIC HAIPsAKCHUSA BO BpPCMA

UCIIBITAaHUM HE MpeBbICKIIM MOporoBbix ajs Tuiactuka UltraX (240/300 — usru6

CKaTUE COOTBETCTBEHHO). [103TOMY, MOKHO MPEANOI0KHUTH SKCILTyaTAMOHHYIO

MMpUIroaAHOCTb U3JCJINA, BBIIIOJIHCHHOT'O Ha OCHOBC pa3pa60TaHHoﬁ MOJCIIH.
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4. BbIBOJBI U NEPCNEKTUBBI JAJbHENIIINX UCCIeI0BAHUM

B xome BeImomHEHHWs pabOTBl MBI pa3padoTaqu  KOHCTPYKIIHIO
MEAWIIMHCKON TPOCTH Ha OCHOBE OMOMHUMETHYECKOW MOJICIH CKEIeTa MOPCKOM
ryoku. [IpoBens CUMYNSIIMOHHBIE W JIaOOpATOpPHBIC WCIBITAHUS, TOKAa3ajH
MEPCIEKTUBHOCTh TPUMEHEHHUS CETYAThIX KOHCTPYKIMM TaKOro poaa IS
pEIICHUs Pa3MYHbIX WHKCHEPHBIX 3amad. I M3rOTOBIECHUS MEIUITMHCKON
TPOCTH TI0 pa3pabOTaHHOW MOAEIH, OBLITN TI0I0OpaHbI MAaTEPUAITBI U TEXHOJIOT U
IIPOM3BOJICTBA, OOecIeYnBaloNasl aganTaliio TPOCTH TIOJ KOHKPETHOTO
MOJIB30BATEIS €IIE HA CTaJAUK MPOEKTUpoBaHus. [IpoBeIeHHbIE CUMYIISIIIUOHHBIE
WCCJICIOBAHUSI ~MEXaHWYECKMX CBOWCTB  H3JEIUS  MPOIACMOHCTPUPOBAIH
MPUTOJHOCTD €T0 K IKCILTyaTalluH.

HecMoTps Ha TO, 9TO BCE TTOCTABJICHHBIC 3a]]a49H OBLITN PEIICHBI, BO3MOYKHO
TanbHEHIIee pa3BUTHE MPOCKTA. Tak, M3ydeHHUE PACIpEACIICHUS HaNpsOKCHHMA
B 2JIEMEHTaX KOHCTPYKIIUU U €€ 10paboTKa, MOKET MO3BOJIUTh COKPATUTH PACXOJ
MaTepuaia TP COXPAaHEHWH TPOYHOCTH. B mMepcrekTuBe MpeamosaraeTcs
OCYIIECTBUThH I€YaTh TOTOBOTO W3MIETHS, MPOBECTH (DU3UYECKUE HCTBITAHUS
Y TIOJIyYUTh MMATEHT HA U300pEeTeHHE.

[Ipon3BoACTBO  TpOCTEH  MEOUIIMHCKHMX,  aJalNTHPOBAHHBIX  TOJ
KOHKPETHOTO TIOJIb30BATENIsl HAa CTAauu TPOU3BOJCTBA 0€3 HCIOJIb30BAHUS

CIICHIUAJIbHBIX MCXAHHU3MOB PCTYIIMPOBKU, MOJKCT CTATh YCIICHIIHBIM CTAPTAIIOM.
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[Tpunoxenue 1

EX

!‘E

Pucynok 1. Busyanuszanus ucnsitanus B CAIIP KOMITAC-3D 3d moaenu KOHCTPYKIUU
«Tpy6ay» noxa yriaom 0 °

SvMMia)

Pucynok 2. Busyanuszauus ucnsitanus B CAIIP KOMITAC-3D 3d moaenu KOHCTpYKLIUU
«rpybay» mox yriaom 30 °

Pucynoxk 3. Busyanuzanus ncnsitanus B CAIIP KOMITAC-3D 3d monenu KOHCTPYKIIUU
«Tpybay moxa yriaom 45 °

Pucynok 4. Busyanuszauus ucnsitanus B CAIIP KOMITAC-3D 3d moaenu KOHCTpYKLIUU
«rpybay moxa yriaom 90 °
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[Tpunoxenue 2

Pucynok 5. Buzyanuzauus ucneitanus B CAIIP KOMITAC-3D 3d Mozaenu KOHCTPYKIIUU
«KBaJIpaTHBIE OAJIKHU C MMEPEKPEIIEHHBIMU TUArOHATSIMIY 10 yriaom 0 °©

Pucynok 6. Busyanuzanus ucnsitanus B CAIIP KOMITAC-3D 3d moaenu KOHCTpYKIUU
«KBaJIpaTHbIE OAJIKYU C MEPEKPEIEHHBIMU TUAroOHAIIMU» 1o yriaom 30 °

B |

Pucynok 7. Buzyanuzauus ucneitanus B CAIIP KOMITAC-3D 3d Moaenu KOHCTPYKITUU
«KBaIpATHBIC OATKH C TIEPEKPEIICHHBIMHU JHATOHATIIMI TTOJT yTIIoM 45 °©

Pucynok 8. Busyanuszauus ucnsitanus B CAIIP KOMITAC-3D 3d moaenu KOHCTpYKLIUU
«KBaJIpaTHBIC OATKH ¢ TIEPEKPEIICHHBIMHU JTHATOHATIIMI 1TOJ1 yTiioM 90 °©



23

[Tpunoxenue 3

Pucynok 9. Busyanuzarust ucnisitanus 8 CAIIP KOMITAC-3D 3d Moneny KOHCTPYKIIMK Ha OCHOBE
CTPOCHUS CHHIIUTHUS MOpcKol TyOku pona «Hexactinellida», Buna «Euplectella aspergillum»» mon

! N\’ el

Pucynok 10. Busyanuzanus ncnsitanus B CAIIP KOMITIAC-3D 3d moaenu KOHCTPYKLIUH Ha
OCHOBE CTPOCHUS CUHIIMTHS MOPCKoi ry0oku pona «Hexactinellida», Buna «Euplectella
aspergillum» mox yriom 30 °©

Pucynoxk 11. Busyanmuzanus ucnsitanust B CAIIP KOMITAC-3D 3d moaenu KOHCTPYKLIMH Ha
OCHOBE CTPOEHUsI CHHIIUTHUS MOpcKoii ryOku poaa «Hexactinelliday, Buna «Euplectella
aspergillum» mox yriom 45 °©

Pucynok 12. Busyanuzanus ucnsitanust B CAIIP KOMITAC-3D 3d moaenu KOHCTPYKLIMH Ha
OCHOBE CTPOCHUSI CHHIIUTHS MOpcKoii TyOku pona «Hexactinelliday, Buna «Euplectella
aspergillum» oz yriom 90 °©
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[Ipunoxenue 4

OTtnenbHBIE XapakTepucTuku TepmoriacTukoB PLA, ABS, ASA, FormaX, FormaXx

MAX HanpsxeHue
[InmoTHOCTB, Temnepatypa
TII CroumocTs, pyo/T ~ Ha CXKaThe/u3ruo, o OcobenHoCTH MaTepHaa
r/cm”™3 sKkcInTyaTarw, °C
Mlla
PLA = 1,7 1,25 77,4/94,2 ot -20 mo +40 .
‘ ‘ ‘ ‘ Buopasznoraem, HeyCTOMUYMB K yIbTpaduOICTy
ABS = 1,6 1,05 49,3/65,4 ot -40 10 +90 Heycroituus k ynbTpadrosieTy, uMeeT GOJIbII0oe 3HAaUYCHUE
‘ ‘ ‘ ‘ TEPMOYCaIKU
ASA =25 1,08 56,5/69,5 ot -40 1o +80 . .
Hmeer ycTOWYMBOCTB K YCIOBHSIM BHEIITHEH Cpeibl, OOIbIIast
TEpMOYyCaIKa MpH MedaTH
PETG =1.2 13 51,7/76,1 ot -40 o +70 . .
CTOWKOCTB K YCIOBHSIM BHEIITHEH Cpebl, OobIast
TEpPMOYCaIKa MPH MeYaTH
FormaXx ~13 111 108,8/74,8 ot -60 10 +105 OueHb BBICOKAsi IPOYHOCTH M JKECTKOCTH MaTepUana,
MPaKTUYECKH OTCYTCTBYIOIIAS TEPMOYCaIKa, YCTOMUYHBOCTD K
YCIIOBHSIM BHELIHEH CpeIbl
UltraX ~ 10,2 111 240/300 ot -60°C 5o +150 Bricouaiimas CTOMKOCTh K U3MIECKUM Harpy3Kam (cpean
TII), uctupanuto, ynpTpaduoneTy, mpakTHIecKu
OTCYTCTBYIOIIAsl TEPMOYCA/IKa, CTOEK KO MHOTUM XHMMHUKAaTaM
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[Ipunoxenue 5

[IpoBeaenue TeopeTnueckux ucnbiTaHuit 3D Monenu MEIUIIMHCKON TPOCTH

svM[Mia)

Pucynox 13. Busyanuzanus ucneiranust B CAIIP KOMITAC-3D 3d mozaenu KOHCTpYKIMH
C YIOPOM Ha BCIO IUIOIIAb
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Pucynok 14. Buszyanuzanus ucneiranust B CAIIP KOMITAC-3D 3d mozaenu KOHCTpYKIMH
C YIIOPOM Ha 4acTh IUIOILAAH



