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YIK 621.7
A.H. T'APAIIIEHKO

CJIO)KHOCTH KOHTYPOB OBJIACTEM IMIOCJIOMHOI'O ®OPMOOBPA30BAHMSI HA OCHOBE
AHAJIN3A ®PAKTAJIbHOM PASMEPHOCTH

[pencraiieHo pe3yIbTAaThl UCCIENOBAHMS BO3MOKHOCTH OI[EHKH F€OMETPHYECKOM CII0KHOCTH KOHTYPOB 00JaCTell MOCIOWHOro (hopMOO6pa3OBaHu 1
uzzennsi. OeHKa CIOKHOCTH KOHTYPa BBIMOJHSIACH HA OCHOBE CTATHCTHYECKOrO aHAM3a (hPaKTaJIbHBIX Pa3MEPHOCTENH KOHTYpA MOJIY4aeMbIX IIPH
HCIOJIb30BAHUU PA3IMYHBIX 10 MacIITaly Mep W3MEPEHUs UIMHBI KOHTYpa. BBIOIHEeHa NporpaMMHas pean3anys MOCIOMHOro aHajan3a UCXOIHON
TpHAHTYJIAIHOHHOM 3D-Momenn. AnpoGarus KOMIBIOTEPHOW CHCTEMBI BBITONHSIACH C MCIOJIb30BAHUEM MOJENEH MPOMBIIIIEHHBIX H3eid. B
pe3yibTaTe MOATBEPHKIECHA BO3MOXKHOCTH OLIEHKHA T'€OMETPHYECKON CIOKHOCTH KOHTYPOB HA OCHOBE aHAJM3a CTATHCTUYECKUX XapaKTEPHCTUK
pacipeneneHus uxX GpakTaIbHON pasMEPHOCTH.

KioueBble €JI0BA: AUIMTUBHBIE TEXHOJIOTUM, TEXHOJIOTHYECKAs MMOATOTOBKA, TPHAHTYJISALMOHHAS MOJENh, MEOMETPHYECKAs CIOXKHOCTD,
(pakTangbHast pa3MEepPHOCTb.

AM. T'APAIIIEHKO
OIIHKA CKJAJIHOCTI KOHTYPIB OBJIACTEW IMOIIAPOBOIO ®OPMOYTBOPEHHSI HA
OCHOBI AHAJII3Y ®PAKTAJILHOI PO3MIPHOCTI

IlpencraBiieHo pe3ynbTaTH AOCIIIKEHHS MOXKIMBOCTI OLIHKM I'€OMETPUYHOI CKJIAJHOCTI KOHTYpiB 06JacTell momapoBoro GopMoyTBOPEHHs BUPOOY.
OmwiHKa CKJIaHOCTI KOHTYPY BUKOHYBAaJacs Ha OCHOBI CTaTMCTHYHOIO aHaJi3y (ppaKTaIbHUX PO3MipPHOCTEH KOHTYpPY OJIepKyBaHHUX MPH BUKOP UCTAHHI
Pi3HMX 3a MacIITabOoM Mip JUIst BUMipIOBaHHS JIOBKUHU KOHTYpY. BUKOHaHa mporpaMHa peanisaliis TomapoBOoro aHalizy BUXigHOI TpiaHrysiita of 3D-
Mozeri. Anpo6aitist KOMIT'FOTEpPHOT CUCTEMH BUKOHYBasacs 3 BHKOPUCTAHHSM MOJieJIelt IIPOMHUCIIOBIX BUPOOiB. B pe3yibTati miATBEpIKEHa MOKIIMBICTh
OIIHKM T€OMETPHYHOT CKIIaIHOCTI KOHTYPIB Ha OCHOBI aHaJIi3y CTATHCTHYHHX XapaKTEPHCTHK PO3MOALTY iX QpakTanbHOI pO3MipHOCTI.

Ko1ro4oBi ci1oBa: aJuTHBHI TEXHOJIOT11, TEXHONOTIYHA MiATOTOBKA, TPiaHTyJIAIiiiHA MOJIE/b, FEOMETPHYHA CKIIaHICTh, QpaKTaibHa PO3MiPHICTS.

Y. GARASHCHENKO
EVALUATION OF COMPLEXITY OF FIELD CONTOURS OF LAYERED BUILDING BASED ON THE
ANALYSIS OF FRACTAL DIMENSION

The results of a study of the possibility of estimating the geometric complexity of contours in layered building of a product are presented. The contour
complexity was evaluated on the basis of a statistical analysis of fractal dimension of the contour obtained using different scale measures. To determine
the fractal dimension of the contour, measures commensurate with the geometric limitations of layered building were used. Such limitations exist because
of layered building peculiarities and technological capabilities of used equipment. Software has been developed to implement a layer-by-layer analysis
of the original triangulation 3D model. Approbation of the system was carried out on the basis of models of industrial products. As a result, the possi bility
of estimating the geometric complexity of the contours of the regions of layered shape formation is confirmed on the basis of an analysis of statistical
characteristics of distribution of fractal dimension of the contours.
Keywords: additive manufacturing, technology planning, triangulated model, geometrical complexity, fractal dimension

BBenenne. Ha mnepBoM 3Tane TEXHOJIOIMYECKOU
MOATOTOBKK  aJIMTHBHOrO mpoumsBoictBa  (Additive
Manufacturing) BBIIOIHSETCS OLEHKA TEXHOIOIMYHOCTH
KOHCTPYKIIUH, BBIOOD CTpaTeruu HA3TOTOBJIEHHS,
MIPOTrHO3UPOBAHHE BpEMEHH, ce0eCTOMMOCTH
M3TOTOBJIEHUS U KadecTBa u3nenus [1]. [IpenBapurensuas
OLIEHKA CI0KHOCTH U3EIN Ha OCHOBE aHAJIN3a HCXOIHOU
3D-monenu sBisieTcss HEOOXOAUMBIM YISl PAIIMOHATIBHOTO
BEIOOpA CTpaTerud WM3TOTOBICHUS W oOopynoBaHus [2].
OCOOEHHOCTh  TIPOLIECCOB  AANTHUBHBIX  TEXHOJOTHI
MPUBOAUT K MOTPEOHOCTH MOCIOWHOIO aHaIHM3a IMyTeM

OLICHKH CIIOXKHOCTH KOHTYPOB obnacreit
(dbopmooOpazoBaHus.

TouHOCTD M A(PPEKTUBHOCTH MPOIIECCa TIOCIOWHOTO
MOCTPOCHHMS  3aBHCHT OT psla  TEXHOJOIMYECKUX

napaMeTpoB M  CIIO)KHOCTH TEOMETPHH  ITONyJaeMBIX
MOBEPXHOCTEH M3JIeNUsl M, COOTBETCTBEHHO, CIOXHOCTH
KOHTYpOB obmacreii  QopmooOpa3zoBarmsi. ToOYHOCTB
(hopMo0Opa3oBaHUs TPH PACCMOTPEHHU IOTYyIaeMOTO
W3EIUsI B CEKYIIEW IUIOCKOCTH, MPOXOIAIIed yepes
KOOpJMHATHYI0 OChb Z (HampaBJeHHE TIOCTPOSHHS) B
OCHOBHOM OIpe/eNsieTcsl TOINMMHON CIIOEB Marepuaia u
opueHTaluel mosepxuocty [3-5]. Hanpumep, HakIOHHbIE
TIOBEPXHOCTH, HOpPMallb KOTOPBIX HAKJIOHEHa TIOJ
HEeOOJBIIMM YITIOM K BEKTOPY HAIpaBIICHHS TOCTPOCHUS,

OynyT uMmeTh Oosee BRIpa)KEHHBIM «CTYNEeHYAThIi» BuI. B
iockocti XY TOYHOCTh (JOPMOOOPA30BAHUS 3aBUCUT OT
Oonee mmpokoro psima ¢akropoB. CIOXKHOCTH KOHTYpa
obmactu  (opmooOpazoBaHHs ~ SBJIAETCS ~ OCHOBHBIM
(axTOpoM, 3aBUCAILNM OT TEOMETPUUECKOH CIIOKHOCTH H
B3aMMHOI'O PACIIOJIOKEHUS TIOBEpXHOCTEW u3aenus. Ilpu
aHaJIM3€ KOHTYpPa 3TO ONPENEISIETCS 0 CMEKHBIM YIIaM
MEKIY OTPE3KaMH IPSIMbIX 1 MUHUMAIBbHBIM PACCTOSHHIAM
Mexny HuaMH. OcranpHble  (AaKTOPBI  ONPEAETISIOT
TEOMETPUUECKHE OTPAaHWICHHUS BRIOPAHHON TEXHOJIOTHH U
000pyIOBaHUS:

- BEIMYMHA  JUCKPETHOCTH  paboded  cpemsl,
Hanpumep, i TexHoiorun SLS, DMD — pasmeps! 3epeH
ucxoaHoro Marepuana; g DLP —  1nuckpeTHOCTb
MPOEIMPOBaHNS;

- TOYHOCTh paboumx HABWKCHWH (Hampumep, Uit
TEXHOJIOT Ui SLS, SLA 3TO MOrPEITHOCTH
BOCIIPOM3BEICHUA TPACKTOPHM TEPEMEIICHUS IITHA
Ja3epHOro JIy4a) KOTOpas, Kak INpaBWIO, HE SIBISIETCS

HOCTOSIHHOW B Tpemeiax pabodero  IpoCTpaHCTBa
YCTAHOBKH, T. K. 3aBHCHT OT KOOPAMHAT I00aBISEMOro
MarepHania;

- pa3Mepbl obpa3yemoro (mobaBmsiemoro)

3JMeMeHTapHoro odbema Matepuanma, mist SLS m SLM
3aBHCAT OT Pa3MEpOB IIATHA Ja3epHoro ny4da, anst FDM —
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JIMaMeTpa COILIa KCTpyIepa.

AHANU3 JUTEPATYPHBIX JAHHBIX H TNOCTAHOBKA
NnpooJaeMbl.

CIOXHOCTh W37enus OyAeT ONpeesiaTh CI0KHOCTh
obpasyemoro KoHTypa. OIIGHKY CIIOXHOCTH KOHTYypa
obmacti (hopM0o0OOpa30BaHUS HEOOXOIMMO BBITIONHATH C
YIETOM CYIIECTBYIONMX TCOMETPUYECKUX OrpaHHYCHHUN
TEXHONIOTUH U 00opymoBaHus. OCTpbie YIIIBI CMEKHBIX
SJIEMEHTOB KOHTYpa M y3KHE €ro MecTa MOMaJaroT MOJ
Takue orpannuenus [11].

DKCIepUMEHTATBHBIM HCCIIeIOBAHUSIM
TEOMETPUYECKUX  OTPaHHYCHHH, T.e.  ONpPENCTICHHIO
OpenesbHO  JOMYCTHMbBIX ~ MHHHMAIbHBIX — Pa3MepoB
Pa3IUYHBIX SJIEMEHTOB H3/EIHs, MOCBSIIEHO TOCTATOYHO
00JIbIIIOC KOJIMYECTBO myOnukanuit. B paborax [6-8] s
texHomorut SLM, SLS wu FDM omnpenenenst
reOMETPUYECKHE OTPAaHHYCHHSI HA TaKHe 3JIEMEHTHI, Kak
OTBEPCTHs, IWJIMHIAPBI, TOHKOCTCHHBIE CTEHKH |
Haueptanusi nipudptoB. Hampumep, B paborax [9, 10]
NpeACTaBICHbl pe3ynbTaThl ucciaenoBaHui mans SLS mo
BBISIBJICHHUIO MHWHHUMAJIBHBIX pasMEpoB 9JICMCHTOB
KOHCTPYKIIUU B 3aBUCUMOCTH OT UX OpPHUCHTAILUHU.

Hamnpumep, B pabore [12] komuuecTBeHHas! OLIEHKA
CJIO)KHOCTH TMpONU3BOAUTCA 10 OTHOCUTEIIbBHOMY
HEepUMETPY BUIUMOTO KOHTYpa C 3a/laHHOI TOYKH.

B nanHoii pabore mnpemiaraercs paccMaTpHBaTh
(dpakTanbHyl0 pPa3MEpPHOCTh KOHTypa Kak Mepy ero
reOMETPUYIECKOM CIIOKHOCTH [13]. Caenano
MIPEANOIOKEHHE, YTO MPABMWIBHBIN Non00p MacmTada M
(com3mMepuMOoro ¢ TeOMETPUIECKUMU OTPAHUICHUSAMU) IS

ompeneicHUs  (QpaKTaTbHOH  pa3MEpHOCTH
MO3BOJIUT  OOOCHOBaHHO  BHIOMpATh
000pyaOBaHKe IS MOTYYCHUS U3/ICITHS.

PaccmoTpeHa Hay4yHas TrHIoTe3a O TOM, 4YTO
CTATUCTUYECCKUI aHaNu3 pachpeneieHus (paKTaabHOH
pa3sMepHOCTH  KOHTYpPOB objacTeli  MOCIOWHOrO
(hopmMooOpa3oBaHUs  TO3BOJNUT  HAYYHO-OOOCHOBAHHO
OMpEeNeTIATh UX TEOMETPHUYECKYIO CIIOKHOCTb.

Henbio padoTbl — M3YyYUTh BO3MOXKHOCTH OILICHKH
CIIO)KHOCTH KOHTYpPOB o0jacteit (opmooOpa3oBaHus Ha
OCHOBE OIpeneNneHuss UX (pakTaJbHOM pasMEpHOCTH ¢

KOHTYpa
TEXHOJIOTHIO U

Y4ETOM TEOMETPUYECKUX OrpaHUYEHHH BHIOpaHHOW
TCXHOJIOTUHU U 060py110BaHI/IH.

IMoncucrema CTATHCTHYECKOr0 OCJI0ITHOTr 0
anaan3a 3D-Mmonean usnenns.

Peanm3anust  3amauu  mepexoma  OT  HMCXOMHOM

TpuaHryIsiquoHHo 3D-Moneny u3aenust K Habopy clloeB
(2D-xouTypoB obacreit (hopMooOpa3oBaHus)
BBIMOJIHSUJIACh B pPaMKaxX CHCTEMBI TEXHOJIOTMYECKOU
IIOAT OTOBKU MaTepuaIn3alun CJIOXKHBIX I/IS)IGHI/Iﬁ
aJUTUBHBIMA  TEXHOJIOTHAMH,  pa3pabOTaHHOMN Ha
kadenpe "MHTerpupoBaHHbIe TEXHOJIOTUU
ManmHocTpoenus" HTY "XIIN". [lannas cucrema
TMO3BOJISIET BBIMONHATH OLEHKY 3(QEKTUBHOCTU PEIICHHs
3a/lad4  TEXHOJIOTHYECKOH  MOATOTOBKH  aJAUTUBHOTO
MPOMU3BOJCTBA HA OCHOBE CTAaTHUCTUYECKOTO aHaju3a
HCCIIEyEMBIX IPU3HAKOB IOJUIOHAIbHOM, BOKCEJIBHOU U
MOCJIOMHOM MOAENH u3enus. [l pererus nocTaBIeHHON
3ajayd pa3paboTaHa IOJCHCTEMa IOCIOMHOrO aHaIH3a.
OkpanHas Gopma NOACHCTEMBI IPE/ICTaBIeHa Ha puc. 1.
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Puc. 1 — Dkpannas ¢popmMa moacucTeMsl MOCIOHHOr0 aHanu3a 3D-monenu
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Pazpaborannas HojicucTeMa TIPE/ICTaBIsIET
TIOJTB30BATEIIIO CIIETYIOIINE OCHOBHBIE BO3MOXHOCTH:

- opmupoBanne Habopa cinoeB ¢ 2D-ceueHmsIMH
n3gennst (KOHTypaMu obOnacteil ¢opmooOpa3oBaHMs) Ha
ocHoBe monuroHagbHOW Monenu  (STL-¢aiina) 1o
3aJJaHHOM CTpAaTeTMH IOCTPOCHUS (C TOCTOSHHBIM HJIH
TIepEeMEHHBIM I1arOM);

- BU3yaJIM3alysl TEKYIETo CJIoSl C Yy4eTOM Maciirada
OTOOpaXKCHUS;

- ompezieNieHe  (paKTaJbHOW  Pa3sMEPHOCTH IO
3aJJaHHOMY JAMana3oHy mMacumraboB (oOnacTu cKeinuHra)
JUISl ©3MEPEHHSI JUTMHBI KOHTYpa;

- CTaTUCTHUYECKUN aHaJIHU3 U MOCTPOCHUE THCTOIPaMM
pacripe/ieNieHusl UCCIIeyeMbIX IPU3HAKOB (YIJIOB HaKIIOHA
OTHOCHUTEINILHO OCH Z HOpMalled TpaHell B TEKYIIEM CIIOE U
CMEXHBIX YTJIOB MEXy IPSAMBIMH OTpE3KaMHU KOHTYpA);

- CpaBHHTCJ’IbeIﬁ aHaJIu3 10 OCHOBHBIM
CTaTUCTUYECKUM XapaKTepUCTHKAM (mapamerpbl
BBIBOJATCS B CIUHYIO TaOJIUILY JJIs BCEX CIIOCRB);

- BBIBOJ (DOPMBI BU3YyalN3allK PE3y/IbTaTOB aHAIN3a
B BHIE IUIOTHOCTH WIM HHTEIPAJIbHOM  (QYHKLIUH
BEPOSTHOCTH.

Ilepexon  OT  HCXOOHOW  TPUAHTYJIALIMOHHOM
3D-mozmenu u3zmenus K HaOOpy CJIOEB BBIIOIHACTCS IIO
npouenaype, pa3spaboTaHHOW C y4eTOM CYLIECTBYIOIINX
pador [14-16], peanu3syromieii CTpaTerui0 ¢ MOCTOSHHBIM
IIarOM ITOCTPOCHHUSL.

OnpeneneHue ¢dpakrTanbHoOl Pa3MepHOCTH
KOHTYpa.

Habop crnoeB ¢opMupyercs myTeM paccedeHHs
TpHaHryIAuuonHor  3D-momenu  u3genus  HabopoM

MapaJuIeIbHBIX IUIOCKOCTeH. B pesympraTte 00pasyrorcs
3aMKHYTbIE KOHTYPBI, COCTOSIINE M3 OTPE3KOB IPSIMBIX.
Takue OTpe3kn MOMy4aroTCsl B Pe3yNbTaTe IHepecedeHUs
TPEYTONBHBIX IUIOCKUX TpaHedl 3D-Momenu IIOCKOCTBIO
MIEPIICHANKYISIPHOA ocH Z (3aJaromiedl TOIIOKEHHE CIIOS
MaTtepuana). B OONBIIMHCTBE CIydacB OTPE3KH HPSMBIX
OTHOCHTEJIBHO OOWIeH JJIMHBI KOHTYpa  SIBISIOTCA
JOoCTaTouHO MaibiMH. IlosTomy TunmuHas 3agada
(hpaKTaTbHON TEOMETPHUH TI0 ONIPESIICHUIO [UTMHBI KPUBOH
JIMHUH C WCIIONB30BAHHEM MEpHI 33JaHHOM BEeMWYHHBI M
(Tak Ha3bIBaeMOro «maciirada uMepeHus» [13]) BoomHe
MpUMEHNMa K  KOHTypaM oOJlacTeld  TIOCIIOIHOTO
(dbopmooOpaszoBanus. Pe3ynbraToM pelieHus Takoi 3a1a4uu
siBisiercst  koddunmeHt ¢pakranbHOi pasmepHoctu D
KOHTypa JUisi ONpE/AeNeHHON oOmactu ckeitnmuara AM
(uHTEpBaTa Mep).

YunteiBasi Teoperndeckrne mpeanocsuiku [17, 18]
¢pakTambHas pazMepHOCTh D KOIWYECTBEHHO OI[CHUBAET
CIIO)KHOCTH KOHTypa Kak KOX(QUIMEHT W3MEHEHUS B
JeTaNX C N3MEHEHHEM MaciuTada.

Ha MIPAKTHKE 00s13aTeNBEHO CYIIIECTBYIOT
OTpaHWYEHUs] TI0 MHHHMAIbHOMY W MAaKCHMaJIbHOMY
3HaueHnIo MacinTaba mmepenus M [19]. B nanHoi paborte
CTAaBWJIACh 3aja4da OLEHKH CIOXHOCTH KOHTYpa C y4eTOM
3aJaHHBIX TEOMETPUYECKHX orpanumdeHnii. Ilostomy
BemmunHa M WCTIONB3yeMOW Ul OIpe/eNieHHs
pasmepHocTH D 3a1aBasiack B JUana3oHe 3HAYSHUH TaKUX
TEOMETPUUECKUX OTPAaHIYCHHUH.

Cxema ompeneneHusi (paxTanbHONH pa3sMEpHOCTH

KOHTYpa Ha OCHOBC IOCIIOMHOI O aHaJIn3a
TpPIaHFyJ'IS[IIHOHHOfI MOZCIN MPEACTaBJICHA Ha pUC. 2.

basa pannex

Hcxoanas TPHAHTY/IALIHOHHAS
':D (circox rpaneit 3D-monenn)

3D-monens mzienus (STL-daiin)

3

Baza naHHBIX
CIIHCOK CJIOCE (CIOH CoOepsuT <1F,
El'> CITHCOK 3IEMEHTOB KOHTYPa)
List<List<nieMeHTHI KOHTYpa=>

<

OnpeeneHHe NCXOHBIX JIAHHBIX

Crparerus
topmupoBanus
CII0eB

Tapamerpet
CIoeB

Oﬁl]laﬂ JUiMna
KOHTYpa

Komuecteo
KOHTYpPOB

ITocnenoBareNbHOCTE paciiono-
JKCHHA IPAMBIX OTPE3KOE KOHTYPa

Kontyp obnacta
thopmoodpazopaHna

Onpedenenue Koopounam wenmpa ciedyioniei
oxpyycrocmu C; Ha tunuu Koumypa
KoopHars! TOUEK NePeCeueHni TEKYIIEH
OKPYKHOCTH ¢ KoHTYpoM C;

| OnpeneneHie JIHHB OTpe3ka KoHTYpa oT C; 1o C; |

|Bbl6l)‘p toukn C;  L(C,) > Ly Amin(L(C,)) |

OnpejielieHHe JUIMHBL KOHTYPA 10 TEKYLLEH TOYKH
LEHTPa OKPY:KHOCTH Lyc

,,,,,,,,,,,,,,,,,,,,, v
Ompoerete |, in(%.)-1n(3)
pPa3sMEpPHOCTH In(M,)~In(M, )

e

&

CIHcoK (hpaKTaibHBIX PasMEpPHOCTEH |

Puc. 2 — Cxema pacuera (pakraabHON pa3MEpHOCTH KOHTYPOB

Ilo maHHON cxeMe B mpolecce U3MEPEHUs IJIUHBI
KOHTypa L oOIpeaemsyioch MHUHHMAlbHOE KOIMYECTBO
MacmtaboB N (Mep wusMepeHHss M), TOKPBIBAIOIIIX
MOMHOCTRIO KOHTYp [13] (ma pmc. 3 mokasan mpumep
BU3yaJIN3aIMH TIPOLEIYPbl H3MEPEHUS).

AT
R
AR

b

a o

Puc. 3 — BuzyanbHbli aHATN3 OIIEHKH (PaKTAITBHON
Pa3MepHOCTH KOHTYpa CEeUCHUS] MOAENH [IIECTEPHH:

a — UCXOMHBII KOHTYP; 6 — KOHTYP C HAaJO)KCHUEM
MacmrTaboB

HpI/I IOCICAOBATCIIbHOM  HM3MCHCHHH Maciurada
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MOBTOPHO ~ OCYIIECTBISIETCS ~ HPOLECC  M3MEPCHUSL.
MacmTaboM Ha3bIBaIOT NPSIMOW OTPE3OK ¢ THHOH M win
OKpYXXHOCTH ¢ paamycoM M. Macmrad anpuopu
3HAYUTENIbHO MEHBLIC HM3MEPSAEMON [UIMHBI KOHTYpa
(M << L). KommuectBo N Gymer pacté Opu yMEHbIICHHH
BeNUYMHBI M (717151 TIOJTHOTO MOKPBITHS KOHTYpa TpeOyeTcs
OoJIblIee KOJTUYECTBO MACIITA00B MEHBIIIETO pa3Mepa).

dpaktanbHash — pasMEpPHOCTh  OMpPEAENACTCS IO
crnenyroniei 3apucumoctu [13]:

In(N;_;)—In(N;)
® = (M) —In(M,,)

, @

rae Mi — Mepa (pajuyc OKpYKHOCTH) IS i-r0 U3MEpeHUst
JUTHHBI KOHTYPA,;

Ni — gucno MmaciitaboB (OKpyKHOCTEW ¢ paguycom M)
MOKPBIBAIOIIUX KOHTYP.

B pesynprare momydaemblii mo 3aBucumoctd (1)
ko3¢ ¢uumenT D MoxeT nmpuHUMATh HE LETOYHCICHHOE
3HAUCHHUE, XapaKTepu3ys CTENEHb 3alONHEHNUS IIOCKOCTH
uccrenyeMbiM KoHTYypoM [20].

ClOXHOCTD KOHTYpa COCTOSILIETO M3 OTPE3KOB
OpPSIMBIX U COOTBETCTBEHHO (hpakTanbHas pPa3MEpPHOCTh
OynyT 3aBHceTh OT obmactu ckednuHra AM = Mii—M;.
IIpn m3MepeHUH peasbHOrO KOHTYpa € HCIONb30BAaHHEM
Mepel M — 0 Toraa mmHa L = const. B nanHoM ciydae,
ucxoms u3 3aBucumoctu (1) dpakrampHas pasMepHOCTDH
OyIeT COOTBETCTBOBAaTh  EBKIMIOBOH  Pa3MEpPHOCTH
koHTypa D =1. Ho ecinm ydecTb, 4TO Npu YMEHBIICHUH
BEJIMYMHBI TOrpelIHOCTH TpuaHrymsimun CAD-mozenu
Ayp — 0  TOPUMEHUTETBHO K  CIOKHOMY  H3JIENHIO,
(comeprkalriero KpUBOJMHEWHBIE MOBEPXHOCTH) JUIMHA

KoHTypa yBenmmumBaercss L — Lioear. CrenoBartensHo,
(bpakTanpHas pa3MEepHOCTh KOHTYpa, MOTYYEHHOr0 MyTeM
paccedeH s TOCKOCThI0 KPUBOIHMHEHHBIX MOBEPXHOCTEH,
Bcerna Oyner D > | (mpu ycnoBuw, 94TO BeIMYMHA MEPHI HE
MEHbIIIE MUHIMAJIBHOTO MPSMOTO OTPE3Ka KOHTYPA).

HccnenoBanne BO3MOKXHOCTEH OILIEHKH (hpaKTaIbHOM
pa3sMepHOCTH KOHTYPOB BBINMONHSIIOCH HAa MpUMeEpe
TECTOBBIX MOJETeH MPOCTBIX TEOMETPHYECKHX Tel |
MPOMBIIUICHHBIX HW3/ICNHHA, TPEACTaBICHHBIX Ha puc. 4.
Ceuenne Mojeneld MPOM3BOAWIOCH [0 CTPAaTETHH C
MOCTOSHHBIM ~ IIArOM  NOCTpoeHus. [JyOuHA — cros
3agaBanack h. =1 mm. Takas 3aBbilieHHas BenmuuuHa hi
BbIOpaHa u3 coobpakeHu YMEHbBIIICHHS
BBIYHCIHUTETBHOTO BPEMEHH.

[epBonauansHas Mmepa M1 3a1aBangack OTHOCUTEIBHO
nmuabl KoHTypa M1 = {Lc /10, Lc /5)} nnu B aGCOMOTHBIX
sHavenustx My = {1, 2} mwm. Tlocneayroiiye BemHIHHbI Mep
3a/1aBaJIiCh 10 YOBIBAIOIEH reoMEeTPUIECKON IPOrpecchu
M, =q-M,, co snamenarenem q = 2. Konuuecto

U3MEpEHUl JIIMHBI KOHTYpa BBIIIOJIHAIOCH 4O 5-TH pa3 C
Lenpl0  MolydeHHs — Oojee  IMMPOKOH  obnacTu
ckeinuara AM.

[TomydeHHsle pe3yabTaThl
npuBeeHb! B Ta0I. 1 1 2.

[TonyyenHsle MOzENbHBIM TIyTeM KoddduuuenTsr D
(Tabmn. 1) COOTBETCTBYIOT TEOPETUUECKUM HPEIIOCHUTKAM.
Konrypsl obnacreii ¢opmooOpa3oBaHust Ui Mojelei
KyOa, cdepbl, KOHyca, TOpa M LWIUHIpPA OTHOCATCS K
IPOCTBIM FEOMETPUYECKUM (popMam, TaKUM Kak KBajapaT,
OKpY)XHOCTb, M T.O. (QopMa KOHTypa 3aBHCHT OT
OpPHEHTAINH MOJICIN).

MOZECJIbHBIX pPacye€ToB

@y, i, b

a

2

o 8

0 e

Puc. 4 — TecroBsie 3D-mMonenu: a — Bai; 6 — MIHEK; 6 — KOPITYC; & — MAHEIb; 0 — [IECTEPHS; € — KPBIIIKA

Bicuux Hayionanvrnozo mexuiunozo ynieepcumemy «XI1ly. Cepis: Texnonoeii

6 mawunobyoysanni, Ne 6 (1282) 2018

27



ISSN 2079-004X (print)

Tabnuna 1—- @pakransHas pa3MepHOCTH KOHTYPOB
ceueHnit 3D-Mozenell MPOCTHIX reoMeTpHIecKuX (Gopm

Mogens M1, oTH. Drel Mz, Dabs
(pa3Mepsl, MM) | 3HauCHHE MM
Ky6 (L = 100) Lc/10 | 1.00+1.15 | 2.0 1.00
Lc/5 1.00+1.17 | 1.0 1.00
Coepa (D =100) | Lc/10 1.00 2.0 | 0.99+1.00
Lc/5 1.00 1.0 | 0.99+1.00
Konyc (D =100, Lc/10 1.00 2.0 | 0.99+1.00
H =100) Lc/5 1.00 1.0 | 0.99+1.00
Top (D=100,] Lc/10 1.00 2.0 | 0.99+1.00
d=10) Lc/5 1.00 1.0 | 0.99+1.00
Hunuaap Lc/10 1.00 2.0 1.00
(D= 100, Lc/5 1.00 1.0 1.00
H=100)
IpyxuHa Lc/10 | 0.96+1.15| 2.0 | 0.99+1.01
(100x100x10) Lc/5 0.96+1.15 | 1.0 | 0.99+1.00

Tab6muma 2 — @pakraiabHas pa3MEPHOCTh KOHTYPOB
ceuenuit 3D-Momeneli MPOMBINUICHHBIX H3ICITUH

Monens M1, oTH. Deel My, Dass ( Davs)
(pa3mepbl, MM) | 3HaveHHE MM
Ban Lc/10 1.05 2 |1.01+1.02 (1.01)
(64x64x138) Lc/5 1.09 1 [1.00+1.02 (1.01)
[Iuex Lc/10 1.00 2 |1.00+1.04 (1.00)
(40x40x144) Lc/5 1.00 1 [1.00+1.01 (1.00)
Kopmyc Lc/10 1.03 2 |1.001.05(1.00)
(210x210x125) Lc/5 1.02 1 1.000 1.01

(1.00)

[anens Lc/10 1.02 2 |1.00+1.15 (1.04)
(152x196%20) Lc/5 1.07 1 [1.00+1.11 (1.04)
[lecrepHst Lc/10 1.12 2 |1.01+1.01 (1.01)
(86x86x60) Lc/5 1.24 1 [1.00+1.01 (1.00)
Kpsitika Lc/10 1.10 2 |1.00+1.12 (1.02)
(84 x 101 x 43) Lc/5 1.11 1 |1.00+1.10 (1.01)

IMostomy mis HuX (¢pakransHas pa3MepHOCTb
monydeHa paBHoi EBkmmmoBoit pasmepnoctn D =~ 1.
[IpuMeHUTENBHO K MOZIENH NIPYKUHBI HabIroAat0Tcs 6onee
CJIOXKHbIE KOHTYPBI, B pe3ylbTaTe IONy4YeHbl 3HAYCHU
(dpakTanpHOi pa3MEepHOCTH TpeBbIIIAIONe EBKIMIOBY
D>1. B stoM cnydae HUCCIEIyeMbIi KOHTYpP MOXHO
OTHECTH K 00BbeKTaM (hpaKTaIbHOH T€OMETPHHU.

Hcnonp3oBaHne  OTHOCHTENBHBIX  BenuuuH M
MO3BOJSIET  IIOTydYaTh  (DpakTaJbHYIO  Pa3MEpPHOCTh
HE3aBHCHUMO oT MacirTaba KOHTYpa. Taxoe

00CTOSATENBCTBO TMO3BOJISICT BBIMONIHSITH CPaBHUTEIbHBIN
aHaJaM3 KOHTYPOB IO WX clokHOCTH. [lpu 3amaBaHuu
aOCOMIOTHBIX BeanunH M  1osBiIIETCS BO3MOXKHOCTD
OLICHMBATh  KOHTYp C  y4eTOM  TI'E€OMETPUYECKUX
OrpaHUYCHUI TEXHOIOTHYECKOr0 Mporecca.
CpaBHUTENBHbBIN aHAIN3 KOHTYPOB IO UX CIOKHOCTU
TpeOyeT WCIONB30BaHUS OIHOTO MPEJACTABUTEIHLHOTO
[IOKa3aTes. B KauyecTBe TaKOro MPUHSTO
cpenHeapupMeTHIecKoe 3HaYCHHE (hpakTambHBIX

pasmepHocTeid n-ro koHtypa D,
pasmuuHBIX Macmrabax M; B
CKeHnIuHra.

[IpuBeneHHble B Tabn. 2 pe3yabTaThl aHAIH3A
(pakTambHOM pa3MEpPHOCTH KOHTYPOB M MOJCTeH
MIPOMBITNIJICHHBIX H3/ICIHNA TOATBEPKIAIOT B3aMMOCBS3b

TIOYYCHHBIX TIPH
npezpenax — obiactu

CIIOJKHOCTH KOHTYpa ¢ Kodpduunearom Drel . Ucxons u3

JaHHBIX 10 Koo(dumueHty Drer a1 paccMOTpeHHBIX
MojeNell IIHeK UMeeT Haubosee MpOCThIe 0 TeOMETPHU
KOHTYpHl ~ obmacteii  ¢opmooOpasoBanus.  Mogenn
IIECTEPHH W KPBIIIKK HMEIOT Hauboliee CIIOXKHBIC
KOHTYpbl. ClleoBaTeNnbHO, JaHHBIE MOJEIH HMEIOT
NOBBIIIEHHbIE ~ TpeOOBaHMA K  TEXHOJIOTHYECKUM
BO3MOKHOCTSIM 000pYAOBaHUs IJ1sl X U3rorosieHus. [lon
TEXHOJIIOTHYECKUMH BO3MOXKHOCTSMH 00OpY/IOBaHUS B
JAHHOM  KOHTEKCTE MOJpa3yMeBarOTCsl  JOITYyCTUMBIE
MHUHHMAJIbHBIC pa3Mephl 2IeMEHTOB u3zenust [6-8].

MopnenbHble HCCIIENOBaHUS IOKa3alHd, 4YTO TIpH
NPEBBIICHNN JUIMHBI KOHTypa MacmraboMm, T.e. Lc <M
(v mpM  COM3MEpPHMBIX HMX  BEIMYMHAX) TOrJAa
k03 dunment D < 1.

BeimonHeHnbiit aHanmu3 3HadeHuid Daps moaTBepmu
cymiecTBoBaHue B3aUMOCBsI3H Daps = f(M). YuutsiBas To,
YTO SIBHO HaWJIydlllee BOCIIPOM3BEJECHUE KOHTypa Oyner
peann3oBBIBaTBECS Il KOHTypa € (ppakTaJbHOU
pasmeproctbto D= 1. Iloaromy pnaiee NpOM3BOAWTCS
BBISBJICHHE TaKOH B3aUMOCBS3M JUISl OLECHKU BIIMSHHS
reOMETPUUYECKHX OrpaHuYeHH Ha TOYHOCTb
BOCIPOW3BE/ICHHS KOHTYDA.

B3auMocBs3b BeJHYMHBI MepPbl M (PPaKTAILHOIM
Pa3MepHOCTH KOHTYpa.

BeisiBiieHre BAUSHHS 00jacTH ckebiauara AM Ha
¢dpakranbHyto pasmepHocTh Daps mpousBogMiIOCH Ha
IIpUMEpPE MOAEIHU KPBIIKU. [[151 3TOM Mozeny XxapakrepeH

JIOCTaTOYHO  CJHOXHBIH  KOHTYpP C  MHUHUMAaJbHOHN
MOBTOPSEMOCTBIO  JUIMHBl ~ NPSMBIX ~ y4acTKOB, 4YTO
MO3BOJIMIO  MMHMMU3UPOBAaTh  BIMAHHE  KpPaTHOTO

HAaJIO)KEHHUS MaclITA00B M3MEPEHISI Ha ITHX Y4acTKax.
[Monmydennas 3aBucuMocth Daps = f(M) mpencraBinena
Ha puc. 5.

1,6
Dinax [ |

15

14

13

1,2

y

[
11'
S

Ql

Dmin
1

@pakranbHas pazMepHocTs D

0,9 T T T )

4 6 8 10 MM
Macurab usmepenus M

Puc. 5 — 3aBucuMocTs QpakTanbHON pa3MEPHOCTH KOHTYPOB OT
MaciTada u3MepeHust A1 MOJIENIN KPBIIIKH (puc. 4 ¢)

Mopenp KpBHIIIKM MMEET MUHHMAJIbHOE 3HA4YCHHUE
(pakTanpHO# pazmepHOCTH Daps = 1 Ha Bcem WHTEpBaie
obmactu ckeinmara AM. MakcumanbHoe 3HaueHHE Daps
M3MEHSIETCS B JOCTATOYHO MIMPOKOM MHTEpBasie 3HAYCHUH
— 1.147+1.559. Cpenmuee 3HaueHme Daps B MeHbIEM
uHTepBase 3HadeHui — 1.034+1.158.

[Nomyuennsie 3aKOHOMEPHOCTH B3aMMOCBSI3U
Daps = f(M) mmss momenu kpbimke  (pHC. 5)  SBISFOTCS
o0IMHU JUTSI PacCMOTPEHHBIX Mojenei u3aenuii. Bo-
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NEPBLIX, YBCINYCHUC M OPUBOAUT K YBCIIMYCHUIO DAbs.
BO-BTOpI)IX, UMCIOTCA HUCKIIOYCHHUA i1 OTACIBHBIX
3aMEpOB, BbIMMAJAOIUX H3 O6III€I>'I 3aBUCUMOCTH. Takas

0COOCHHOCTDb  SIBIIICTCS 3aKOHOMEPHOCTBIO, TaK Kak
Ha6J'IIOI[aeTCH I BCEX  PACCMOTPCHHBIX MO,HCJ'IGf/i
MPOMBINUICHHBIX 1/13;[en1/1f/'1. OOBscHEHHEM TaKHUM

BBINAICHUSIM 3HaueHWi (paxranbHON pazmMepHOCTH Daps
MOXET CIY)KUTh Majas JJIMHA HEKOTOPHIX KOHTYPOB HJIH
KpaTHOE HakKJIaJblBaHHE MeEphl Ha NPSAMBIE YYacCTKU
KoHTypa. Takass OCOOEHHOCTh HE IIO3BOJISIET BBISIBUTH
(YHKIIMOHANBEHON 3aBHCHMOCTH KakK OOIIeH, Tak W JuIs
OTJENBHO B35ATOM Monenu u3fenus. COOTBETCTBEHHO NpHU
BBIOOpPE TEXHMYECKUX XapaKTepHCTHK 000pYIOBaHMS
HE00X0IMMO MOJIEJIbHBIM nyTeM OIpEeENATh
(dpakTaabHYI0 Pa3MEpHOCTh B oOjacTu ckeitmuara AM,
COOTBETCTBYIOIIEH Inana3oHy 3HaUYCHUH T€OMETPUIECKUX
orpaHnyeHuil. Vicxoas U3 BBIBICHHBIX 3aKOHOMEPHOCTEH
MOXKHO CAenaTh MpPeINoiIokKEeHUe, YTO MHUHHMAJIbHOE
OTKJIOHEHHE (PpaKTanbHOI pa3MepHOCTH oT EBKINI0BOH (

Das = 1) Oymer ykaspiBaTh Ha Haubojee palMOHAIbHbIH
BbI60p TEXHOJIOTMU H3IOTOBJICHHA U 060py)1013am/1${ 151
nosrydeHus 3aiaHao 3D-monenu.

AHaJ'II/I3 TMOJTYYCHHBIX MOACIIBHBIX JAaHHBbIX
MOKa3bIBAET, YTO B OOINEM TS PACCMOTPEHHBIX MOJee

(dpakTaibHOi  pa3MepHOCTH D
NPEICTaBUTEIbHBIM I OLIEHKH

cpeaHee 3HAYCHHUE
SBJIAETCS  BIIOJIHE
CIIO)KHOCTHU KOHTYPA.

BoiBoabl.

CratucTuueckuii aHaJIM3 pacnpeneneHus
(dpakTaipHOW  pa3MEpHOCTH  KOHTYpOB  oOjacreid
nocioHoro  (opMooOpa3oBaHMsl IMO3BOJISIET HAYYHO-
00OCHOBaHHO ONPENENATh I'€OMETPHUYECKYIO CIOKHOCTh
KOHTYpOB 00jacTeil mHocIoiHOro ¢opmMoodpa3zoBaHus
H3IENHSL.

HcnonszoBanue Mep M, 3a1aBaeMbIX OTHOCUTEIIEHO
JUIMHBl KOHTYpa, MO3BOJISET MONYy4aTh (paKTaIbHYIO
pa3MepHOCTh HE3aBHCHMO OT MaciuTada KoHTypa. I[lpm
TaKOM IOAXOAE IMOoNy4daeMble pasMepHOcTH D sBisioTcs

NPUMEHUMBIMA UL BBIIIOJIHEHUSI ~ CPaBHUTEIHHOI'O
aHaJIM3a CIOKHOCTH KOHTYPOB.
MuHumuzauus OTKJIOHEHUSI (bpakTanbHOU

pa3sMEpPHOCTH OT EBKIMAOBON ITO3BOJUT OIPEAEIUTH
0051acTh CKEHWIMHIa, KOTOpas IO/KHA COOTBETCTBOBAThH
panroHaIbHBIM 3HAYECHUAM TEOMETPHUYECKUX
OTpaHUYCHUH BHIOPAHHON TEXHOJOTHH U 00OPYIOBaHUS
JUT MaTepHaIu3anuu 3aganaon 3 D-monenn.

Heob0xomumo HaJIbHEHIIee HUCCIIEIOBAHUE
BO3MO)KHOCTEH OIIEHKH CJIOKHOCTH KOHTypa o00iacTH
(hopM0o0Opa3oBaHUsI C HWCIONB30BAHHUEM  KIECTOUYHOTO
MeTo/Ia onpeaeneHus (ppaKTanbHOI pa3sMEPHOCTH.
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