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B.JI. JOBPOCKOK, n-p texu. nayk, JI.H. ABJJYPAUHMOB,
C.U. YEPHBIIIIOB, xau[. TeXH. HAyK, XapbKOB, YKpanHa

KPUTEPUU KAYECTBA TPUAHTYJISALIMU 3D MOJIEJIEN
MNPOMBIIIJIEHHBIX U3JIEJIUI

VY crarTi po3rasHyTI KpuTepii sKocTi Tpianryssimaii 3D mMozeneil mpomMucioBux BUpOOiB, ojie-
pxyBanux B CAD-cucremax 11 HacTymHOI Marepiamizaiii iHTerpOBaHMMH TEXHOJOTISIMHU
(Rapid Prototyping). Po3ristHyTi icHY!04Yi i 3aporoHOBaHi HOBI y3arajibHEHI HOpMalli30BaHi
KpHUTEPii, 10 JTO3BOJISAIOTH ITiIBUIIUTH PIBEHb OIIHKH SAKOCTI TPiaHTYJIAIIIT.

B cTaThe paccMOTpeHBI KpUTEPUHU KayecTBa TPHAHTYISIIIUU 3D Mojieneil mpOMBITIIEHHBIX W3-
nenuii, nomydaeMbix B CAD-cucremax Ji1s mocienyromiei Mareprain3aliid HHTerPUPOBaH-
HeiMu TexHosorusMu (Rapid Prototyping). PaccMoTpeHbI CYIIECTBYIONIUE M MPEIIOKEHBI
HOBBIC 00OOIICHHBIE HOPMAJTN30BaHHBIC KPUTEPUH, MTO3BOJISIOIINE TTOBBICUTH YPOBEHB OIICH-
KM Ka4eCTBa TPUAHTYJISIIUU.

V.L. DOBROSKOK, L.N. ABDURAJIMOQV, S.I. CHERNYSHOV

CRITERIA OF THE TRIANGULATION QUALITY 3D MODELS OF INDUSTRIAL
PRODUCTS

The article considers the quality criteria of the triangulation of 3D models of industrial prod-
ucts, obtained in CAD-systems for further materialization by integrated technologies (Rapid
Prototyping). Reviewed existing and proposed new summarized and normalized criteria to
improve the quality evaluation of the triangulation.

Ilocmanoexa npobaemvl

Bbicokne TpeOOBaHUS K TEXHHUSCKHM XapaKTEPUCTHKAM IPOMBIILICH-
HBIX M3CTHH, MoydyaeMbiX TexHonorusamu Rapid Prototyping, onpenensitor He-
00X0MMOCTh UCIIOIb30BAaHUS KaUeCTBEHHBIX UCXOAHBIX 3D Momeneii.

CoBpeMEHHBIE CHCTEMBI TBEpIOTeIbHOTr0 3D MomenupoBaHusi, OEpUPY-
10T 00BEKTaMH, Ha3bIBAEMbIMHU TejlaMH. B 001eM citydae TBEpaOTEIbHBIH 00b-
CKT MOXKET OBITh IMOCTPOCH Ha 0a3e CBS3aHHBIX MOBEPXHOCTEH Pa3IMYHBIX TH-
IIOB, OIPAaHUYMBAIOIIAX 3aHMMAEMYyI0 TEJIOM YacTh MPOCTpaHCTBA. MoryTt wmc-
M0JIb30BAaThCSA KaK IUIOCKHE, TaK M KPUBOJHMHEHHBIC TOBEPXHOCTH Pa3IMYHBIX
nopsakoB. [Ipu moAroToBke moAenen s MOCIEAYIOIEH MaTEpUAIN3aluu UC-
MOJIL3YIOTCS TOJBKO IIOCKHE MOBEPXHOCTH. Toraa Takue Teja Ha3bIBAlOT MHO-
rorpaHaukamMu [8] (moJuroHamMu, IUTOCKOTPaHHBIMU Win (aceTounbiMu) [4].
KpuBonmHeiiHbie TOBEPXHOCTH aNPOKCUMUPYIOT CUCTEMON TPEYTOJIbHBIX WJIH
YEeTHIPEXYTOJbHBIX IJIOCKUX TPAHEH C MCITOJIb30BAHUEM CIICIIHATBHBIX aJTOPUT-
MOB mpeobpaszoBanus. [Iporecc, mpu kotopoM (HopmMooOpa3yroIKe MOBEPXHO-
CTH TBEPJIOTO TeJjia allpOKCUMHUPYIOTCS CHCTEMON TPEYTroJbHBIX IpaHeH, Ha3bl-
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BaeTCS IUCKPETH3aIMed WM TPUAHTYIsuel (TpuaHrymupoBaHuem) [5]. B
CBOIO OYEpE[lb, TPEYTOJIbHUKUA MOTYT OBITh KaK KPUBOJIMHEWHBIMHU, TaK U M-
MosmHeHHbIMU. [IpuMenuTenbHO K TexHosorusMm Rapid Prototyping paccmart-
pPHUBAETCS TOJIBKO TPUAHTYJISLIUS MPSIMOJIMHEHHBIMU TPEYTOJIbHUKAMH.

JIJisi mpakTUYeCKUX Ieell UCTOIb3YIOTCS pa3InyHble METOJbI TPUAHTY-
nsiuun. Bee MeToAbl TPUAHTYIISIIIUU 110 TPUHIUITY HOCTPOEHUSI MOKHO Pa30UTh
Ha JiBa OOJIBIIKX Kjacca: mpsimbie [3] u urepanuonnsie [2] (puc. 1).

MeTtob!
TPUAHTYJISILIUU
IIpsmble Hrepanuonneie

Meroasl Ha OCHOBE Meroasl Ha OCHOBE
mabI0HOB kputepus [lemnone

MeTtop! MeTto1b1

0TOOpaKeHHS HCYEPIbIBAaHUS

MeTonbl TpaHUYHOM

KOPPEKLIH

Pucynok 1 — Knaccudukanus MeTo10B TPUAHTYJISALIUU IO PUHIUITY OCTPOEHUS

[lo cdepe nmpumeHEHUS MOKHO BBIIEIUTH JBE CXEMbl TPUAHTYJIALUU
(puc. 2):

* IByMEpHas, KOrja INIOCKUII MHOTOYTOJIBHUK ITOKPBIBAETCS MHOKECTBOM
TPEYTOJIBHHUKOB (pHC. 2, a);

* TpEXMEPHAsl, KOTOpPask MOXKET MCIOJIb30BaTh B KAYECTBE JJEMEHTOB all-
NPOKCUMAIIMK, KakK IUIOCKHE TPEYroJbHUKH (pHC. 2, 0), TaK U TETPadAPHI
(puc. 2, 6). B nepBom ciryyae MOBEpXHOCTh MOJIENIM TOKPHIBAETCSI MHOKECTBOM
CBSI3aHHBIX M HETIEPEKPBIBAOIIUXCS MEXITy co00i 4-X TpeyroabHukoB {V;V,V3,
V1V4Vy, V3V,Vy, V1V3V4}. Bo BTOpOM citydae BHYTpEHHHE 00hEM TPEXMEPHOTO
TeNna pa30MBAETCsl Ha MHOYKECTBO HEIEPEKPBIBAIOIIUXCA MEXay coboi 8-mu
TCTPAsaAPOB {V1V5V8V10, V2V5V6V7, V3V7V9V10, V4V6V8Vg, V5V5V7V10, V5V6V8V10,
VeV7VgVio, V6VsVoVio}.

KadecTBO M3roraBiMBaeMbIX MPOMBIIUIEHHBIX H3JEIUN JOCTUraeTcs 3a
CUET HCIIOJIb30BAaHUS JOCTATOYHO TOYHBIX M KOPPEKTHBIX TPHAHTYJISILIMOHHBIX
3D mopeneit. IlpuyeM KauecTBO TPUAHTYISIIMM 3aBUCUT KaK OT KOJIMYECTBA
TPEYTOJIbBHUKOB, TAK U OT UX T€OMETPHUECKUX XapAKTEPUCTHK.
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[TockoNbKYy TpHAHTYISIMOHHAS MOIENb (OPMHUpPYETCs Ha 0a3e TBepIo-
tenpHON CAD Mozenu u3lienusi, TO CIEAyeT BhISBUThH CBSI3b KPUTEPHEB KaueCT-
Ba C alMPOKCUMAIIMOHHBIMHA CBOMCTBAMU TPUAHTYIISIIIMOHHON MOJICIIH.

Ananuz numepamypul

KavecTBO MOJIENTM CYIIECTBEHHO 3aBUCUT OT FEOMETPHUYCCKHX XapaKTepH-
CTHK 2JIEMEHTOB anmnpokcumanuu [6; 7]. B HacTosee BpeMst, IpUMEHUTEIHHO K
TPEXMEPHOW TPHAHTYIISIIMHA MOJICICH U3JeIUi TeTpadipaMu, MPEIIIOKEHO J10C-
TATOYHO MHOTO CIICIIUAIILHBIX KpUTepueB kavectsa [3; 7; 9-11].

Vo \

\3
A Vs
Vig
Vi
4]

a 8
Pucynok 2 — Cxembl TPHAHTYIISAIUU: @ — IByMEpHAas TPUAHT YIS, O — TpexMepHas
TPUAHTYJISILUS TPEYTOJIbHUKAMU; B — TPEXMEPHAsl TPUAHTYJISALMSA TETPAIPAMHU

1 -~

B TaGn. 1 npuBeneHbl KpUTEpUM KadecTBa C pacueTHbHIMU (OpMYJIaMH,
WHTEpPBAJIAMH BO3MOXXHBIX 3HAUYCHHN W ONTHMAJIbHBIMH 3HAYEHUSMH, KOTOPHIC
paccuuTaHbl JJIsl UJEaJbHOIO CiIy4asi — IPAaBWIBLHOTO TeTpasapa. 3HAYCHHUS MIPHU-
BEJICHBI C TOYHOCTHIO J10 6 3HAYAIUX [UP.

OCHOBHBIM HEJIOCTATKOM IPHUBEACHHBIX KPUTEPHUEB SIBISIETCS PA3IUUUE
WHTEPBAJIOB BO3MOXKHBIX 3HAuUe€HUU (Tabid. 1), YTO CYIIECTBEHHO 3aTpyAHSET
OLICHKY KauecTBa TpuaHryanuu 3D Mozaeneil.

Llenv cmambu — PacCMOTPETh CYLIECTBYIOUIME WU NPEIJIOKUTH HOBBIE
0000IIIEHHBIE HOPMAIM30BAHHBIC KPUTEPHUH, MO3BOJISIONINE MTOBBICUTH YPOBEHD
OIICHKH Ka4eCTBA TPUAHTYJISIIUU.

Hznoorcenue ocnosnoeo mamepuana

B pesynbrate ananu3za Oblia MpejjiokeHa cucTteMa 0000IIEHHBIX HOpMa-
JIM30BAaHHBIX KPUTEPUEB KayeCcTBa TPUAHTYIALMH: JUPepeHranbHbx (Ha
YPOBHE TPEYroJbHUKOB) U MHTErpajbHBIX (HAa ypOBHE Mojenu B 1esnoM). Hop-
Maju3alus KpUTepueB 00ecreynBaeTcsi MyTeM BBOJAa B pacyeTHbIE 3aBHCHMO-
CTH HOPMATH3YIOMHX KOA(P(GUIIMEHTOB /I TPUBEACHHS WHTEPBAJIOB BO3MO K-
HBIX 3HaueHW# k eauHoMy awama3ony (0, 1]. 3nauenue 0 (ieBas rpaHuIla WH-
TE€pBaJla BO3MOXKHBIX 3HAYEHUIN) KPUTEPUU NMPUHHUMATh HE MOTYT B CBSA3U HC-
KJIFOUEHUSI U3 PACCMOTPEHHUS BBIPOKIEHHBIX TPEYTOJbHUKOB C HYJIEBBIMU JIH-
HEWHBIMU U YTJIOBBIMU XapakTepucTukaMu. OnNTUMaIbHbIE 3HAUEHUSI KPUTEPUEB
PACCUUTHIBAIIUCH ISl Clydasl MPaBUIBHOTO TPEYTrOJIbHUKA U JJII BCEX KPUTEPU-
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€B COOTBETCTBYIOT | (mpaBasi TpaHuIla UHTEpBaja BO3ZMOXHBIX 3HaUYE€HUM). VY c-
JIOBHO KPUTEPUHU KaueCTBa TPUAHTYJSIIUA MOKHO PA3CIUTh HA JIBE TPYMIIbI —
Ha 0a3e JIMHEWHBIX U YIIIOBBIX XapaKTEPUCTUK TPEYTOJIbHUKOB.

Ta6muna 1 — Kputepun  olleHKM  KadecTBa  TPEXMEPHOM  TPUAHTYJISIIUU
3D mogeneii [3; 11]
HNnTepBan
. OnrumanbHOe
Kpurepnii kauectBa dopmyna BO3MOXHBIX
N 3HAaYCHHE
3HAYCHUN
OTtHomIeHne pagnyca OTHCAHHO B B 1+ 3.0
chepsnl R k paanycy BIiucaHHOM I r
OTHo1IeHNe JJTMHBI HAHOOJIBIIIETO |
pebpa lmax K paguycy BIHCAHHON o= 1+ 4.898979
cdepsl I r
OTHOIIeHNE pagryca ONMMCaHHON R 1
cdepsl R x 1yinHe HauboIbIIETO = 1 {—, + OO) 0.612375
Peopa lmax max 2
|
OTHo1IeHue AJTMH HAauOOJIBIIETO 7 — max 1+ 10
peopa lax kK HanMeHbIeMy i, I
V 4
OtHomrenue 4-i cteneHn oobema K= 3
teTpasapa V K KyOy CyMMbI KBaIpa- L, 0,1 4.572474-10™
TOB TIJIOIIAJICH rpaHel S le S
i=
N
OtHomenue ky6a cpegHeapudme- Z I
THYECKOTO JUTHH pedep |j kK 00bemy ! 1+ 8.485281
terparapa V = W
Y
OTtHotreHue Kyda cpeHero reo- |
METPUYECKOro JTuH pedep lj k 00b- H i 1+ 8.485281
eMy TeTpasapa V Yy =—— v
1 arccos
HaubGonpmmii 1ByrpanHblil yroia o o {arccosé, 7[)
(1.230959)
2
123V %
CpelHee OTHOIIECHUE 7] =72 ) 0,1 1.0
>
i-1
. . T T
MuHHMaIBHBIN TEJICCHBIN yro 6 % (0, E} 5
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[IpuMeHUTENBHO K €AMHUYHOMY AJIEMEHTY TPUAHTYJISILIMOHHOM MOJENH
(puc. 3) npuBenem auddepeHuuanbHble KpUTEPUU KayecTBa:

z

Vs X552,

Vi X5z

Y

V2 XZ;yZ;ZZ

X

Pucynok 3 — EquHHNYHBIHA 3JIEMEHT TPUAHTYIALUMOHHON Moaenn V,V,V,:

N - HopManbHelid BekTop; |, 1,, |; - cTopoHsl; ¢, @,, @,- BHyTpEeHHHE YITIBL.

* OTHOIIIEHWE  JUIMHBI ~ HAaWMEHBIIEH  CTOPOHBI  TPEYroJbHHKA
Imin = MIN(ly, 1, 13) x paguycy onucanHo# OkpykHOCTH R:

11

Q, =— . (11)
1 x/@ R

* OTHOIICHHE paJnyca BIIMCAHHOW OKPYXKHOCTH I K JUTMHE HaWOOJIbIICH
CTOPOHBI TPeYroJbHUKA |max = MAX(Iy, Iy, 13):

,
Q,=2\3 — (12)
max
* OTHOIIIEHUE PaJuyca BIIMCAHHOW OKPYXXHOCTH I K paJuyCy ONUCAHHOMN
R:
r -
Q3 = 2_ ’ (13)
R
®* OTHOIIICHUC JJINH HaI/IMeHBH_ICﬁ CTOpOHBI TprTOJ'IBHI/IKa

Imin = MIN(I]_, |2, |3) K HanOOJIbIIIeH Imax = MAX(I]_, |2, |3):
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Q. =|'m; (14)

max

* OTHOIICHME IUIOIIAAN TPEYTrOJbHUKA S K CyMMe KBaJpaTOB AJHMH €TO
cropon 17 +12 +12:

Q.= 4B (15)

2.l
i=1
* OTHOIIICHUE HAMMEHBIIETO (¢min = MIN(@1, @), @3) yria TpeyrompHuKa K
HAUOOIBIIEMY Qrax = MAX (91, @2, 03):

Qq =T ; (16)
(omax

* OTHOLICHHE TUIOIMIAJCH BIOUCAHHBIX Sy W OMHCAHHBIX Sp OKPY>KHOCTEH
TPEYTOJIbHHUKA!

Q. =4§—r; (17)

* OTHOIIIEHUE TIIOMIAAH TPEYrodbHUKA S K KBajApaTy JUIMHBI HAUOOINBIIEH
2.
ero croponbl 12 = MAX(ly, Iy, 15)™:

Q. = 4 S
Ay Tt
\jg Imax
W3 npuBeeHHOTO CMHCKAa KPUTEPUEB KAYeCTBA MOXKHO MCKIIOYUTH KpHU-
tepun Q7, Qg, T. K. OHU SBJIAIOTCS MPOU3BOJHBIMU OT Q3, Qs COOTBETCTBEHHO,
torna kpurepuu Q; ... Qg, OYIYT ABIATHCS HAaUOOJEE MPEICTABUTEILHBIMU.
B kauecTBe OCHOBHBIX WHTETPATBHBIX KPUTEPUEB KAa4eCTBA TPHAHTYIISI-
MU B paboTe paccMaTpUBAIIUCH:

* cpeaHee apudMeThyeckoe 3HaueHW AuddepeHuuaIbHbIX KPUTEPUEB
KauecTBa:

(18)

Qa = Qi ; (19)

1 N
N =
riae: N — KoJIM4ecTBO 3J1IEMEHTOB TPUAHTYJISALUY;

* cpefiHee rapMOHHMUYECKOoe 3HaueHu AuddepeHuaibHbIX KPUTEPUEB Ka-

YgeCTBa.

Q,=N/3 - (20)
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OCOOEHHOCTBIO CPEHETO TAPMOHUYECKOTO, KaK OOIIEero mokas3aTelns Ka-
YyecTBa MOJIEIH, SBJISETCS MOBBIIEHHAS YYBCTBUTEIBHOCTh K TOSIBJICHHIO OT-
JICJTBHBIX MaJIbIX 3HAUYCHUH.

CpaBHUTENBHBIN aHanu3 KauecTBa TPHAHTYJISIAN CUCTEM
3D MomenupoBaHUs MPOMBIIICHHBIX M3/ICMI BBITOJHSJICS JIJIsl Hanbosee pac-
npoctpaneHHbix CAD-cuctem: SolidWorks, PowerSHAPE, KOMIIAC-3D, T-
FLEX Parametric CAD, AutoCAD, Geomagic Studio, MeshLab, Magics. B ka-
YecTBE TECTOBBIX MOjeNel ObUIM BBIOpaHBI 0a30BbIE T€OMETPHUECKHE Tena,
HanOoJIee YacTO MCIOJb3YEeMbIE B MAIIMHOCTPOCHUH: KYO, MWJIMHIpP, KOHYC H
cdepa (puc. 4). IlpeaBapuTenpHble pacueThl MOKa3aid, YTO HaUOOJee IeIeco-
00pa3HO WCMONL30BaTh Kputepuit Q, — OTHOIIEHWE pajuyca BIIMCAHHOW OK-
PY’KHOCTH K JUTMHE HAHOOJIBIIEH CTOPOHBI TPEYTOIbHUKA.

T

3
1

e

Pucynok 4 — ba3oBble 00bEKTHI, UCIOIb3yEMbIE IIPU TBEPIOTEILHOM MOJEINPOBAHUN
U3JICTUIL. IPSIMOYTOJIbHAS U TPEYTOJIbHAS IPU3MBI, IWIIMHAP, chepa, KOHYC U TOp.

3HaYeHUs] MHTETPaJbHBIX KPUTEPUEB KaueCTBAa TPUAHTYISLIMU TECTOBBIX
Mojiesiel mpuBeneHbl B Ta0d. 2. [l ka0l MOAenu yKa3aHO KOJUYECTBO dJie-
MEHTOB (TPEyroJbHUKOB M BEPIIHUH), MOJyUYECHHBIX TPU IKCIIOPTE U3 COOTBETCT-
Bytromieii CAD-cuctembl B TpHaHTYJSILMOHHOE mpenacrasBieHue. [lapameTpsl
AKCIIOPTa MOJIEIH BBIOMPATNCH MO yMOT4aHW0. OTIWYHs B KOJIMYECTBE dJIe-
MEHTOB alMpPOKCUMAIMH y OJIMHAKOBBIX MOJIEJIEH CBUIIETENBCTBYET O IIPUMEHE-
Hun CAD-cucreMaMu pas3inyHbIX COOCTBEHHBIX QJITOPUTMOB TPUAHTYJsILuU. B
Ta0JHIIE TaKKe MPUBEACHBI MUHUMAIIbHBIE Qnin, cpenuue apudpmerndeckue Q,
U rapMoHnueckue Qg 3HaueHHs BHIOPAHHOIO KPUTEPUSI KAYECTBA.
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Ta6n1/1ua 2— 9KCH€pI/IMeHTEUIBHI>IC 3HA4YCHUA KPUTCPUCB OLUCHKHW KAa4YCCTBA TP HU-
AHTYJSIIMAOHHBIX MOI[CJ'ICfI

TecroBas Koz-Bo HICMEH I avecTRoO, Qe 0,1
N CAD-cucrema TOB
Tpeyr.  BepunH Qpmin Qa Qy.
SolidWorks 2008 12 8 0,35872 10,35872 0,35872
PowerSHAPE 2010 12 3 0,35872 0,35872 0,35872
KOMIIAC-3D 11 12 3 0,35872 0,35872 0,35872
Ky6 T-FLEX Parametric CAD 11 (140 72 0,04804 10,30850 0,21761
(@ = 200 mm) AutoCAD 2011 12 re} 0,35872 0,35872 0,35872
Geomagic Studio 10 192 08 0,35872 10,35872 0,35872
MeshLab 1.3.0 12 3 0,35872 0,35872 0,35872
Magics 12.0.1.2 12 3 0,35872 0,35872 0,35872
SolidWorks 2008 220 112 0,02438 10,04635 0,04325
PowerSHAPE 2010 888 446 0,00608 0,01275 0,01119
KOMIIAC-3D 11 124 64 0,00447 0,07619 0,05120
(Lé“j?ggljw T-FLEX Parametric CAD 11 444 224  [0,03662 [0,14455 [0,12541
H = 200 MM)’ AutoCAD 2011 148 76 0,03594 |0,06532 0,06432
Geomagic Studio 10 312 158 0,30246 0,35467 0,34209
MeshLab 1.3.0 144 74 0,07192 0,10513 0,09464
Magics 12.0.1.2 896 450 0,01206 0,01801 0,01604
SolidWorks 2008 110 57 0,02185 10,04392 0,04102
PowerSHAPE 2010 774 386 0,00004 0,00762 0,00038
KOMIIAC-3D 11 62 33 0,00420 0,07222 0,04870
ﬁ;’f-‘ﬁ)o __[T-FLEX Parametric CAD 11 {422 13 [0,03662 0,16329 0,09494
H = 200 MM)’ AutoCAD 2011 74 39 0,03594 0,06187 0,06110
Geomagic Studio 10 228 116 0,09328 0,25275 0,18891
MeshLab 1.3.0 72 38 0,06493 0,10163 0,08838
Magics 12.0.1.2 448 226 0,01080 0,01737 0,01488
SolidWorks 2008 5852 2928 0,06709 0,29839 0,24515
PowerSHAPE 2010 85384 42694 0,01706 0,32824 0,28585
KOMIIAC-3D 11 930 467 0,14898 0,31115 0,28619
Cdepa T-FLEX Parametric CAD 11 14970 2487 0,07237 0,29909 0,24845
(R =100 amm)AutoCAD 2011 1368 686 0,12602 10,30560 0,27440
Geomagic Studio 10 528 266 0,17975 0,31530 0,29688
MeshLab 1.3.0 1280 642 0,44216 0,46491 0,46439
Magics 12.0.1.2 48840 24422 10,02410 0,29242 0,20732

252



Ananmu3 pe3ynbpTaTtoB (Tabi. 2) MO3BOJSET PAHKUPOBATH PACCMOTPECHHBIC
3D CAD-cucteMbl MOJCIUPOBAaHMS 1O CTENEHU yOBIBaHUSI KauecTBa TPHUAHTY-
JSAUK - clieayromuM  obpaszom: Geomagic Studio, MeshLab, KOMIIAC-3D,
AutoCAD, T-FLEX Parametric CAD, SolidWorks, PowerSHAPE u Magics.

Buvioowi

[TpennoxxeHHBIE HOBBIE OOOOIICHHBIC HOPMAJIM30BAHHBIC KPUTECPUH T10-
3BOJISIFOT CYIIECTBEHHO ITOBBICHTH YPOBEHBH OIICHKH Ka4eCTBa TPHUAHTYIISAIIUU
3D moneneit. Hopmanuzanus kputepreB oOecrieynBaeTcs MyTeM BBOJIa B pac-
YETHBIC 3aBHCHUMOCTH HOPMATHU3YIOMUX KOA(D(PHUITMEHTOB I IPUBEACHUS WH-
TEPBAJIOB BO3MOXKHBIX 3HaueHUU K eauHomy amama3ony (0, 1]. OnrumanbHbie
3HAYCHHSI COOTBETCTBYIOT | (TIPpaBUIILHBIN TPEYTOJIBHHUK ).

CpaBHUTEIIBbHBIH aHaIIN3 KayecTBa TPHAHTYJISIIAN CUCTEM
3D MonmenupoBaHUsl MPOMBIIUICHHBIX H3ICIUN sl HauOojee pachpoCTpaHEH-
Heix CAD-cuctrem: SolidWorks, PowerSHAPE, KOMIIAC-3D, T-FLEX Para-
metric CAD, AutoCAD, Geomagic Studio, MeshLab, Magics noka3zan paboto-
CIIOCOOHOCThH MPEJIOKEHHOTO MOIX0/IA.

PesynbTaThl pabOThl CO3MaIOT METOJIOJIOTMYECKYI0 OCHOBY JUIsl TIOCIIE-

AYIOHICTO U3YUCHUA XaPAKTCPUCTHUK TPUAHTYJIIIUOHHBIX MOI[GJ]eﬁ.

CnucoK HCNOIb30BAHHBIX MCTOYHUKOB: 1. Bo3moxHocTu coBpemeHHbx CAD cucrem npu
nepexoie K TPUAHTYJIMpPOBaHHBIM Moxensm /  B.JIL Jobpockok, A.H. Iapawenko,
C.U. Yepnviwos [n ap.] // Bucoki TexHosorii B MammHoOyxyBaHHi: 30. Hayk. mpaib. — 2010.
— Bumn. 1 (20). — C. 79-86. 2. I'ananun M.I1. Pa3paboTka U peaau3aiys aIropuTMOB TpexMep-
HOW TPHAHTYIISILIUN CJIOXKHBIX IPOCTPAHCTBEHHBIX O0JIacTel: UTepaluoHHble MeTob! / [ ana-
nun M.I1., Il]eenos U.A. — M.: ITIM um. M.B. Kengeima PAH, 2006. — Ne 9. — 32 c. - (Ilpe-
npunt / PAH, UIIM um. M.B. Kenapima ; 06-01-00421). 3. ['aranun M.II1. Pa3zpaboTka u
peanu3anys aJropuTMOB TPEXMEPHOM TPHUAHTYIISALUU CIOXKHBIX MPOCTPAHCTBEHHBIX obJac-
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