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WAAaxXum niABUWEHHA PIBHA 3PYUYHOCTI B3YTTA
MACOBOIo BMPObHMNLTBA

CknadHicme npocmoposgol opmu 83ymmesol KOJ00KU BUKJIUKAE MAcy mpyoHowis npu it
npoekmyeaHHL. 3 iHwo20 60Ky, pi3HOMAaHIMHIcme 8udis i mexHoa02i4HUX ocobusocmeli Cy4acHo20
83ymms eucysae nidsuwjeHi sumozu 0o npoyecy ma pe3ysemamy NnpoekmyeaHHs popmu Ko100KU.

Y pobomi 3anponoHosaHo cneyianeHUli Memod npoekmyeaHHs opMu KOJ00KU HA OCHOS8I
pe3ynemamisg 3D-ckaHy8aHHs 3 ypaxysaHHAM 3a0aHol 8UXIOHOI iHgbopmayii ma HeobXiOHUX MexXHIYHUX
gumo2.

Mema. Po3pobka obrpyHmosaHo2o cnocoby npoekmyeaHHs 83ymmeaux K0JA000K 3 ypaxy8aHHIM
ocobiusocmeli Macogozo 8UpobHUYMEa 8 3asiexHocmi 8i0 mexHo102i4HUX ocobiugocmell 83ymms,
HeobxiOHUX 8UMO2 ma Has8Hol 8UXIOHOI iHgpopmayii.

Memodu. /115 docnioxeHHsA 6y/10 sUKOpUCMAHO Memod 1umms 2incosol cymiwii, 3d-ckaHy8aHHs 0/
OMPUMAHHA yughposol konii cmonu ma kos00Ku, Memod CUHMe3y Ma aHaisy, Memod 380POMHO20
[HXUHIpiH2y 019 npoekmy8aHHA (hopMu HOB0L KOI0OKU.

Pe3ynemamu. B po6omi 06rpyHmo8saHo piaHy 8uxioHy iHgpopmayiro, wjo HeobxioHa 0115 peanizayil
npoyecy npoekmysaHHs KOJ00KU 01 pi3HUX eudie 83ymms 8 cepedosuwyi cyqyacHux 30 CAlIR
lposedeHo docnidxeHHA 3a 00NoMOo20t0 30 CKaHYy8AHHSA BUXIOHUX 06'ekmis, W0 3aCmMoco8yromscA
01 NpoekmMy8aHHs ¢popMu 83ymmesux ko/1000K: hopma ma napamempu cmonu, 3pa3ok 83ymms ma
2incosuli 371inok 8HyMpiwHBL020 npocmopy, 6asosa gpopma kos00Ku, hopmMa aHamMoMiyHol ycminku
mouwjo. B pobomi 3anponoHo8aHo 800CKOHAEHUL cnOCib NpoekmMy8aHHs KO00KU HA OCHOBI Cy4acHUX
NpUHYUNie MoOesIB8AHHA KOI000K 3 BUKOPUCMAHHAM npozpecusHUX yugposux mexHonoeil.

lMpakmu4He 3Ha4eHHA. HaseOeHO asn20puUMM OMPUMAHHA MA BUKOPUCMAHHA HeobxiOHOT
aHmponoMempu4Hoi Hgpopmayil 0158 po3pobku napamempis 83ymmegol KOM00KU O/ pi3HUX
kamezopili HacesneHHAa Ma eapiaHmu nioxody 00 NpoekMy8aHHs 83yMmesux K0J000K 3 ypaxy8aHHAM
3a0ay npoekmyegaHHs, Lleli anzopumm Moxe bymu 8UKOpUCMAHO 8 2a/1y3i MACO8020 8UPOOHUYMEA
83ymms, W0 NOKpawjume Cnoxus4i 81acmusocmi 83ymms, wjo supobisemecs, ma 0onomMoxe
800CKOHAIUMU Npoyec 8upobHUYMBa pi3HUx sudie 83ymms 3 epekmusHUM BUKOPUCMAHHAM Cy4acHUX
mexHoso2(l.

Knro4doei cnoea: cmona, 83ymms, 83ymmesa Kos00Ka, aHMponomempuyHi napamempu, 30
CKAHYBAHHS, 380POMHUU [HXUHIpIH2.

WAYS TO INCREASE THE COMFORT LEVEL OF THE MASS PRODUCTION FOOTWEAR
CHERTENKO L., KERNESH V., SMOLENSKA B., BONDAR A.
Kyiv, National University of Technologies and Design, Ukraine

The complexity of the spatial shape of a shoe last causes a lot of difficulties in its design. On the
other hand, the variety of types and technological features of modern footwear imposes increased
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requirements on the design process and result.

The paper proposes a special method for designing the pad shape based on the results of 3D scanning,
taking into account the initial information and the technical requirements.

Goal. Development of a reasonable method of designing shoe lasts, taking into account the peculiarities
of mass production depending on the technological features of footwear, the necessary requirements
and the available initial information.

Methods. The method of gypsum casting, 3d-scanning to obtain a digital copy of the foot and shoe
last, the method of synthesis and analysis, the method of reverse engineering to design the shape of
a new last's shape was used for the study.

Results. The paper proves a various initial information necessary for the implementation of the process
of designing lasts for different types of shoes using a modern 3D CAD. The study was performed using
3D scanning of the original objects used to design the shape of shoe lasts: shape and parameters of
the foot, shoe sample and plaster cast of the interior, the basic shape of the shoe last, the shape of the
anatomical insole, etc. The paper proposes an improved method of footwear last design based on a
modern principles of modeling using advanced digital technologies.

Practical value. The article contains the algorithm of obtaining and using the necessary information
for the development of shoe last parameters for different categories of the population and options
for approaching the design of shoe lasts taking into account the design tasks. This algorithm can be
used in the field of mass production of footwear, which will improve the consumer properties of a
footwear and help to improve the production process of various types of footwear with the effective
use of modern technologies.

Keywords: foot, footwear, shoe last, anthropometric parameters, 3d scanning, reverse engineering.

Bcmyn

Benvikni iHTepec hile} BMBYEHHSA
aHTPOMOMETPUYHMUX  Ta MOPHONOTIUHNX
0co6/IMBOCTEN CTOMW NHOAWHW MOB'S3aHNN B
TOMY YMUCAI i3 MOKPALLEHHAM PIBHA XWTTA, a
BiiTaK — i3 3pOCTaHHAM NMparHeHHs A0 340pOB'A
Ta KOMGOPTY, i3 MNiABULLEHHAM MeAUYHUX
CTaHAapTIB Ta 3arajibHUM eKONOTiYHUM TPEHAOM
y Cy4yacHOMYy BEKTOPi pPO3BUTKY JHOACTBA.
AxTyanbHui CacteriHebn-TpeHA, 3riiHO AKOMY
MOZa MOBMHHa CTaTh APY>XHbOIO K A/ €KONOTil,
TaK i 418 OpraHiaMy JHOAUHY, LUBUAKO 3aBONOBYE
BCE HOBMX aZenTiB.

BumiptoBaHHA  poO3MIpiB  CTOMW  BaXKAUBI
ANA po3pobkn B3yTTA, OLHKM BMOPHOCTI Ta
KAiHIYHOro 3actocyBaHHA [1,2]. HOCiHHA B3yTT],
fiKe He BiAMNOBIZaE napameTpam Ta popmMi cToni,
MOXe MiABULLMTA PpU3NK Npobiem 3 ONoOpHO-
PYXOBWMM anapaTtom KiHLiBOK, BKAtOUatoumn 6inb
y ctoni i aedopmadii [3]. MpoekTyBaHHA B3yTTA 3
BUKOPWCTaHHAM aHTPONOMETPUYHMX NapaMeTpiB
CcTONW Ta 3 ypaxyBaHHAM ii pOpPMKN NOKpaLnTb
BIZAMOBIAHICTb Ta BNOPHICTb B3yTTA [1,4].

MocmaHoeka 3ae0aHHA

BnopHicTb (BigNOBigHICTE NapameTpam CTonu)
- OAWH 3 HaBaXJIMBIWNX OYHKLIOHANbHUX
acnekTiB KomdpopTy B3yTTA [5]. YNCAeHHI HayKOBI
npaui gocniaxysanm dbaktopu, fKi BNAMBAOTb
Ha BMOPHICTb B3YyTTA Ta CNPUNHATTA 3PYyYHOCTI
cnoxmeavamu [5,6], i 6inbLicTe 30cepeannu
CBOKO yBary Ha KiNbKICHOMY BW3HAYeHHI
CTyNeHs BIiAMOBIAHOCTI B3yTTA CTOMi LUAAXOM
MOPIBHAHHA OCHOBHWX MapaMeTpiB KONOAKW 3
aHTPOMOMETPUYHUMMK AaHumm ctonu  [7]. Kpim
AOBXWHM CTOMW, MapamMeTpu B3YyTTA TakKoX
3a1exathb Bif WMPUHW Ta NepuMeTpiB obxBaTy,
30Kpema, B TMYy4YKOBIA AinaHui cronu. [lpwu
OZHaKOBIN JOBXMHI CTONM 06XBaT CTONN MOXe
3MiHIOBaTMCA A0 ABOX AtoiMiB [8].

HavironoBHiwa npobnaemMa CbOroOAHIHLOI
B3YTTEBOI rany3i - BeAnKa KiibKiCTb HEAKICHOrO
B3yTTA cepej HaceneHHsA. ICHyroul AaHi cBigyaThb
npo Te, WO BeanKa YacTka HaceneHHs (Big 63 go
72%) HOCATb B3YTTA HEBIAMOBIZHONO PO3MIpY
abo noBHOTW. BigNOBIAHICTL B3yTTA MO WMPWHI
BUK/IMKAE OCOBNMBE 3aHEMNOKOEHHs cepeq,
NPO6AEMHUX rpyn (NFOAM i3 AiabeToM, OXKMPIHHAM,
noam noxmaoro Biky): Big 46 o 81% yyacHukis
HOCATb 3aHAATO BY3bKe B3YTTA, OCKIJIbKM MPOCTO
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HeCNPOMOXKHIi 3HalTW B3YTTA BiAMOBIAHOI MOBHOTH
i3 HafsBHOro acopTMMeHTy [9].

MpoaHanizyBaBlWIM BIANOBIAHICTE HASBHOIO
aCopTMMEHTY B3yTTA B MarasuHax 3i crtonam
CMOXMBAYiB >XXIHOYOI KaTeropii Ta MpPOBIBLUM
ONMTYBaHHA MPO BiAYYTTA 6onto Ta 3aranbHe
CNPUIHATTA KOMPOPTY, AOCAAHNKN NPUALLAN A0
HEeBTILLIHNX BUCHOBKIB: Ki/IbKiCTb HE33J0BIIbHOTO
B3YyTTA, AKe He BiANOBIAAE Hi KPUTEPIAM BIfUYTTA

3PYYHOCTI, Hi KpuUTepisM BiACyTHOCTI 6o0to,
cTaHoBUTb 613bko 43 % [10].
Mpwn  BWUrOTOBAEHHI  B3YTTA  MacoOBOro

BMPOOHMLITBA CbOTOAHI PiAKO BPaxOBYOTb
BCI 0CO6AMBOCTI MPOCTOPOBOI GOpMU CTOMMU
MOTEHLINHOrO CMoXWBaya, a CnuparoTbCs, B
KpaLwioMy BMNaaKy, Ha 2-3 BUMIpWN cepesHbo-
TMNOBOI  CTOMM MO  OKpeMmi  KaTeropii
HaceneHHa. B pe3ynbtati  BUrOTOBASAETHCA
B3YTTA, AKe CNOXMBa4i 3MyLLEHI PO3HOLLIYBaTK
Ta aganTyBatn A0 CBOEI Gopmum cTtonun. Takun
BapiaHT HEMPUNHATHUI Ana NpobaeMHux rpyn
CNOXWBauiB (fiabeTukn, NN 3 OXUPIHHAM,
NOAN  MNOXMAOrO BIKY Ta IH.), TakoX BiH
HebaxaHu ana nwogen 3 gedpopmadismu
Ta natonoriamm  ctonn  (hallux  valgus,
NAOCKOCTOMICTb, rinepTpodia roniBkn nepioi
NAEeCHOBOI KiCTKM, Ta iH.).

3 iHWworo 60Ky, MeToA NPOeKTyBaHHA B3yTTEBOI
KONOAKWN 3 ypaxyBaHHAM BCIX iHAMBIAYaNbHUX
ocobansocterr GopMM CTONN € HEMOXKIMBUM
AN1A peanisallii B yMoBax MacoBOro BMPOOHULITBA
B3yTTA. OTXE, OCHOBHWM 3aBAAHHAM PO6OTU
bynia pospobka MeToAy NPOEKTYBaHHS B3yTTEBOI
KO/MIOAKWN Ha OCHOBI Pi3HOI BMXigHOT iIHpopMaLii
B YMOBax MacoBOro BMpOHHMLTBa.

Memodu Odocnid>xkeHHa. [Ina OTpUMaHHA
aHaTOMO-MOpPdONOTiIYHNX napameTpiB
CTOMNW, AKi BUKOPUCTOBYHOTbCA MpWU po3pobui
€ProHOMIYHOI BHYTPIWHLOI GOopmMK  B3YTTA,
HeobXiHO ~BMKOPUCTOBYBATU MPOrpecvBHY
TexHosorito 0BMipiB. BukopucraHHs ckaHepis
AA€ MOXNUBICTb LWWBMAKO | AKICHO OTPUMYBaTU
Ta 06pobnatn iHPopMaLio, OTpUMaHy B
npoueci  aHTPOMOMETPUYHUX  AOCNIAXKEHb,
Ta Ha 1 OCHOBI NpPOeKTyBaTW KOJOAKY,
BPaxoBytOUM  iHAMBIAyanbHi  0CO6AMBOCTI
dopmMm cTtonm cnoxmeada. BukopucTaHHa
UMPPOBUX TPUBUMIPHUX MOZENeil [O03BOAUTb
peanizyBaTi KOHLEMLit0 BUTOTOB/IEHHA B3YyTTA
IHAMBIAYaNbHOIrO 3aMOBJIEHHSA 33 TEXHOJOTIED
macoBoro [11].

Bizomunin amepwukaHCbkui  nikap-opTones,

aBTOp pAAy KHUT Mpo xBopobwu ctonu [neHH
KoynneHg we B 1990-x pokax Bigaas nepe.ary
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KOMM'FOTEPHUM MeTOAaM OTPUMaHHA iIHpopMaLLil
npo crony Ans po3pobku B3yTTA Ta OPTO-
npucrocysaHb.  [lopiBHIOKOUM  pe3yabTaTty,
OTPMMaHI i3 3acToCyBaHHAM TinNcCyBaHHA Ta
34 CKaHyBaHHA CTOMW, MOro nauieHTn B 98%
BMUMNajKkiB obupann B3yTTA, BUTOTOB/EHE Ha
OCHOBI KOMM'HOTEPHUX TexHoorin [12].

CborogHi 6e3KkOHTakTHe 3 CKaHyBaHHA €
OCHOBHWM HaunbinbLL NPOrpecMBHUM Ta TOYHUM
cnocobom OTpUMaHHA BUXIAHOT IHPOpMaLLT
npo cTony, Wo HeobxigHa ANA NPOeKTyBaHHA
KONOAOK, OpTe3iB, BKAAZAHNX MPUCTOCYBaHb TOLLLO.

OpHak uen npouec nepeabayae pisHi
0COBANBOCTI B 3aN1€XHOCTI Bif, KOHKPETHUX
3aBfaHb npoekTyBaHHA. O6'ekT Ta 3ajava
NPOEKTYBaHHA BU3HaYatoTb Habip HeobxigHOI
AOAAaTKOBOI  iHPopMauii Ta nepepbadvatoTb
cneujianbHi METOAM MPOEKTYBaHHA.

Y 6inbLIOCTi BUNaAKiB BMXiAHOR iHDOpMaLLi€o
Ans NPOEeKTyBaHHA aHTPOMNOMETPUYHO
06r'pyHTOBaHOI eproHOMIYHOI GOPMU KONOAKM
€ dopma Ta mapameTpu CTONM 3aMOBHMKA, AKi
OoTpuMytoTb wnaxom T1i 3D-ckaHysaHHA. [na
OopTONeAnMYHOro Ta KOPWUryBalbHOro B3YyTTA
Kpalie BUKOPMCTOBYBaTHK FiNCOBY KOMIitO CTOMNMW,
BCTQHOBJ/IEHOI B MpaBuibHe 6GioMexaHiuHe
NONOXeHHA. TakoX Trincym  MOXyTb  6yTn
KOPUCHUMMU, AKLLO MW HE MAEMO MOXJIUBOCTI
6e3nocepesHbO CKaHyBaTW CTOMYy 3aMOBHMKa.
FiNcoBMiA 31iNOK CKaHYETHCA 3a AOMOMOToH 34,
CkaHepa, noganblua poboTta 3 MOAENtOBaHHA 3
BMKOPWUCTaHHAM crieLiasizoBaHOro nNporpamMmHoro
34-cepepoBuLla B 060X BUNajkax BifgbyBaeTbcs
aHanoriyHo. Crnouatky obupaeTbca 6a3oBa
dopma konoakn, aka gani MacwTabyeTbca A0
HeobXiAHWX MapameTpiB cTonu, a NoTiM popma
pefaryeTbCA B OKPEMUX AINAHKAX B pPexXumi
nopisHAHHA 3D dopmmn KONoAKK 3i CTONOIO.

Y BunagKy BiATBOPeHHSA GOPMM KONOAKMN Ha
OCHOBI FOTOBOrO 3pa3ka B3yTTA 3aCTOCOBYBa
NNTTA TINCY, AKUM 3aMOBHIOBa/NM BHYTPILIHIO
dopmy 3paska. PoszbaBmBLUM 3a iHCTPYKLi€EO
CyXvW TiNC BOAOI, MW OTPUManM PO3UMH,
AKUA HaAWAW Yy BHYTPILWHIN MpOCTip B3yTTH,
nonepeaHbO HaKPVBLUWM BHYTPILLHIO MOBEPXHHIO
TOHKOIO MONIETUNEHOBOO MAIBKOHO.

B xoai maHoi poboTn oTpuMaHHs 6Ha3oBoi

iHpopMauii  ANA  NPOeKTyBaHHA  KOJIOAKM
ANA  Pi3HUX  BUAIB  B3yTTA  BigbyBanocs
32 jgonomoror 34 ckaHyBaHHA. CkaHep

InFoot3d BukopucTOBYBaBCA AN CKaHYBaHHSA
ctonun, 6a3oBoi GOpMM KONOAKW, a TaKoX
riNCOBUX 3AiMKiB, AKI BUKOPWUCTOBYHOTHCA ANSA
npoekTyBaHHA HOBOI Gopmun Konoakn (Puc. 1).
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PucyHok 1 OTpumaHHA BUXigHoi iHpopMaLii AnA npoeKTyBaHHA GOPMUN KOJIOAKMU.

Mpouec NPOEeKTYBaHHSA KONOAKM 3
BMKOPWCTAHHAM  KOMM'FOTEPHUX TEXHOJOrIN
BMMAarae  UYUCAEHHUX  EKCNEPUMEHTIB i

HaKoMU4YeHHA npakTnyHoro agoceigy. CknagHa
i He3akoHOMIpHa ¢opMa B3yTTEBOI KOAOAKM
nepesbavae BMKOPUCTaHHA BUXiAHOI 6a30BOI
dopMn  ana CTBOpeHHA HoOBOI dopmu, a
HanbiNbW AOLINBHMM METOAOM MPOEKTYBaHHSA
€ BUWKOPWCTAHHA 3BOPOTHOMO iHXMHIPUHTY.
Came uel MeToZ 3aCTOCOBaHO B JaHi poboTi

DR s UL RLEY

S v s

Length of the last bottom
surface 15 258 mm

Foot length iz 240-244 mm
B Last ball girth i mm
232-240mm

Foot ball gurth s

CECAASIEIEAF

a

ANA  MOAEeNtoBaHHA HOBUX GOPM  KONOAOK.
MogentoBaHHA HoBOi dopmu BigbyBanoca B
cepezoBuLLi cneuianizoBaHoi nporpamu Crispin
LastMaker Ta yHiBepcanbHOI noTy>XHoi 3d
nporpamu PowerShape 3a gonomororo GpyHkuin
MOBEPXHEBOrO Ta KapKacHOro MOZe/tOBaHHSA
(Puc. 2). Mpn LbOMY BUKOPUCTOBYBaNN PeXUM
MopiBHAHHA Ta [MOPIBHANBHWIA aHaNI3 ANA OLHKM
BiiCTaHeN MiX MOpPiBHIOBaHUMK PopMamMun Ha
BCix Ainankax (Puc. 2).

6

PucyHok 2 MNMpoekTyBaHHA KO/IOAKWN 3 BUKOPUCTaHHAM peXkumiB MopiBHAHHA

a) MpoekTyBaHHA KONOAKM B pexxmMi [opiBHAHHSA 3i cTonoto B cepeposuLli LastMaker.
6) MopiBHANBHWI aHani3 Ans GOPM KONOAKM Ta FiNCOBOrO 3/inKa BHYTPILWHbOT GOpMHK B3yTTA
Pesynemamu docnid>keHHs i 062060peHHAA  UNOPOBMX  pe3y/bTaTiB  BMMIpPIOBaHb  ANS
OCHOBHMWX aHTPOMOMETPUYHMX NapameTpis.
OfHak npu MacoBOMy BMPOBGHMLUTBI B3yTTA
BpaxyBaHHA BCI€l Uiei iHbopmaLii ana BCix
CNOXWBaYiB HE € MOXJMBOI, Tak camMo, AK i
NPOEKTYBaHHA [HAMBIAYaNbHOI KONOAKW ANSA

BuuepnHa iHdopmauia, HeobxigHa And
NPoeKTyBaHHA paLioHanbHOI GOPMU B3YTTEBOI
KONOAKYW, MNpeAcTaBase coboro  UnppoBy
34 konito cTonw, i nnaHTOorpamy, Habip
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KOXHOro cnoxwusayva. Habarato yactiwe Ham
AOBOAUTLCA CTMKaTUCA i3 3ajavero Bubopy
KOMIOAKW i3 icHytouoi 6a3n. Ane pesynbTtaT
Takoro Bnbopy moxe 6yTu 3a0BINIbHUM TiNIbKK
B TOMY BMNazAKy, Koan 6asa iCHytouMx KONog0K
po3pobaeHa Yy BiAMOBIAHOCTI i3 aHaTOMO-
MOpP®ONOTIYHUMK OCOBANBOCTAMM CTOM LLiIbOBOI
rpynu cnoxmBsauis.

3 mMeTor ONTMMI3aLil 3ycuab Ta MiHiMi3aLil
BUXiAHOI iHQOpMaLii, WO BMKOPWUCTOBYETHLCA
ANA NPOEKTYBaHHSA Ta BUOOPY KONOAKM, MOXHa
3anpOonoOHyBaTW HaCTYMHWIA aArTOPUTM OTPUMaHHS
Ta BMKOPWUCTAHHA JaHUX aHTPOMOMETPUUHMX
AOCNIAXKEHb CTOM MEBHUX KaTeropi HaceseHHs
(Puc. 3).

A 3p ckanyBaHHA
HopmanbHi ctonun gopocnoro

HaceneHHA Ta YMOBHO

CEPEAHLOTHNOBHX CTON NO
HOMHIM rpyni HaceneuHa

Baza anpoboeaHux konogou ana piaHux
KaTeropili HaceneHHa, e T.u. ocobnmesn,
o noTpefyioTh poatMpeHorn

HOpManbHl B pamKax
ocobnuenx kateropiii (salisa
sara, Aiabet nerkmx gopm)

3 OBmip 2-3 ocHOBHMK
napameipis (gosmnHa
cronm, obxear B nyukax)

NOBHOTHONO acCODTHUMEHTV

A Bubip konogok 3rlaHo OCHOBHMX
napameTpis

CTONH AOPOCAMK CNOIMBAaYIo 3

HECYTTEBMMM BigxHNeHHAMMN

O6mip ponaTkoBMX NapameTpis 8
”| npoBncmniii ginmiyi

Bubip Ta wopuryoannna

KONOAMM

{hallux valgus, nnockocionicio,

NABCHORNT KICTHA)

rinepTpodia ronieky nepwoi 3| 34 craHyBaHHA CTONK

Pouspubra kopwiyroumx
| yeTinok

3,4 ckaHyBaHHA
AHTAYMX CTON No

Basa anpubusannx

KOMHIN gikosil rpyni

/'.
Nuraui cronu /

,
HOpPManbHi N

Basa anpoboparinx

KONOMOK ANA HOpP-
ManNbHMX OMTAUMX CTON

KUMOMUK [JIH KOPWT Y-

4oro B3YTTA (aHTHBAPYC,
AHUTHDANBIYC TOLLI.O}

- O6mip octiopimnx

napamenpis, VIR 1d

BMCHOBOK 0pTOneda
Autaul ctonu 2 o ﬁﬂ;

TANUEWMIA

Bubip konogum gna
HODManbHUWX cTon

KOPMIYHO UOTO B2YTTA
N

Bubip konoaku ana ‘

aedbopmauiamn

3, cHaHYBAHHA CTOMKM

Pozpobra kopuryouux
yeTinok

Cronw npoGnemni, 3
natonoriamu abo

37, CHAHYRAHHA CTOMK

Pospobka iHgWBigyanoHmx KoNogoK Ta

| kopuryrounx npucTocysamb 3
ypaxyoaHiinm ocix ocobnupocteit

NigoHULWCHOW0 Yy TAMDICTIO

$opmu Ta wnidiuHoro cTany

PucyHok 3 - AnroputmMm oTpMMaHHSA Ta BUKOPUCTaHHA HeobXiAHOT aHTPONOMeTpPUUHOI
iHpopmaLii ansa po3pobkn napameTpiB B3yTTEBOI KOJIOAKN ANA Pi3HMX KaTeropin
Hace/IeHHA

B pamkax cyyacHOro macoBOro B3YyTTEBOrO
BMPOOHMLTBA BMHWKAKOTb pPIi3HI 3agaudi Ans
NPOeKTyBaHHA KONOAOK. BOHM opieHTOBaHI Ha
Pi3Hi BUAW Ta TEXHONOTIUHI 0COBANBOCTI B3yTTS,

2 Npodinaxtuune ssyrra
3 BRABAHUME
NPHCTOCYBAHHAMM

1 I'Iolﬁymne B3YTTA 3
dopmosano
nigowesow

Mapamerpu cepeausotunoesi  * 34 Mogens

CTonA CEPeAHBOTHNOROT CTONK
WatbnoH Tanpedine Bepxubol 34 MOAENs BRAAGHOTO
noBepxHi NiAoWsM NPMCTOCYBAHHA

3 MoaeneHe BsyTR

CEpEAHLATANOBET CTONM
Deabnusocti guaating

=

Ta NepesbayaroTb BUKOPUCTaHHSA PI3HOI BUXIAHOT
iHpopmauii (Puc. 4). Usa iHpopmaLia BU3HaYaE
0Cob6NMBI @rOPUTMK MpoOLLeCy MPOEeKTyBaHHA.

Bayrra Ma ocxosi roTosoro

3paska

* Bigreopeda aHyTpiwsa
$opma apaka

* 3p CHAH IPATMA WA CTONI

, .

Napametpu

Enementu foprn Huzy

PucyHok 4 - BapiaHTu nigxoay Ao npoekTyBaHHA B3YTTEBUX KOJIOAOK 3 ypaxyBaHHAM
3aj,a4y NpoeKTyBaHHA
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Tak, NoWMpeHM 3aBAaHHAM NPW NPOEKTYBaHHI
B3YTTEBOI KONOAKWN Ha MiANPUEMCTBI € pO3pobKa
dopmn  KonogkuM BIANOBIAHO A0  dopmum
dopmoBaHoi nigowsmn (BapiaHT 1 Ha Pwuc
4). Llen BapiaHT nepesbayae BUMKOPUCTaHHSA
6a30B0i GOpMM KONOAKM Ta LWabNOHY BEPXHBOT

\

NOBEPXHi MigoWBK, BIANOBIAHO A0 HKOro
Kopuryetbca dopma konogkm. OaHaK y Lbomy
BMMaAKY AOAATKOBO HEOOXiAHO OpieHTyBaTLCS
Ha napameTpu CcTonu KhieHTa abo cepeaHi
napameTpu  CTon  UIAbOBOrO  CerMeHTa
cnoxwusadie (Puc. 5).

PucyHok 5 - Cxema npouecy npoekTyBaHHA KOJIOAKM Ha OCHOBI rOTOBOI NiAOLIBU

Mepw 3a BCe Ha OCHOBI WabaoHa NigoLWBM
BUKPECNHOETbCA LWabNOH HUXKHBOI MOBEPXHI
KONOAKWN 3 ypaxyBaHHAM TOBLUWHW mMaTepianis
Bepxy. [Jani «konoaka macwTabyetbca A0
NOTPIOGHOI LWUMPWHKW, WO BIANOBIAAE LWNPUHI
OTPVYMaHOro wabsoHy B MY4YKOBIA YaCTUHI.
Micha ubOro nepesipAeEMO Ta KOPUIyEMO
nepvMeTpu NornepeyHo-BepTUKaNbHNX NepepisiB
KONIOAKN Y BaX/MBUX aHAaTOMIYHUX AinaHKax. |
HapeLTi KOHTYp C/ify KONOAKN MPUBOAUTLCA
Yy BIiAMOBIAHICTb A0 KOHTypy nobyaoBaHOro
WabnoHy.

KaTeropia B3yTTA, WO BWUIrOTOBAAETLCA 3
BMKOPUCTaHHAM NPodiNbOBaHUX YCTINIOK, OpTe3iB
abo KopuryBanbHUX MPUCTPOIB (cnewianbHnX
YCTiNOK), BUMarae 060B'A3KOBOro BpaxyBaHHS
napameTpiB yCTINKM NPWU NPOEKTyBaHHI. HMXHA

YyacTMHa KONOAKM NOBMHHA BIAMOBIAATN BEPXHIl
YaCTUHI YCTINKN.

OcCHOBHa 4acTWHa KOJOAKN MOZAENHOETLCA
Ha ocHoBi 3D-ckaHy cTonm 3amMoBHMKa abo 34
MoJeni ycepeaHeHOT CTOMM LiIbOBOrO CErMeHTy
cnoxmBauiB. [ani HUMXHA 4YacTMHa KONOAKM
06pi3aeTbca Ha BUCOTy 6opTuka NpodinboBaHol
ycTinkuW. Micna ubOro HNUXXHA NOBEPXHA Mogeni
KONOAKM NPUBOANTBCA Y BIAMOBIAHICTE A0
BEPXHbOI MOBEPXHI MNPOdIIbOBAHOI  YCTINKM
(Puc. 6). Ha 3aBeplanbHOMy eTani nicaa BCIX
MaHinynsauin HeobxigHO nepesipuUTN 06XBaTHI
napameTpu  KONOAKW  Ha  BIiAMOBIAHICTb
aHaTOMiYHMM  napametpam  ctonu.  3a

HeobXiZHOCTI NPOBOAVMO KOPWUIyBaHHA BEPXHbLOT
YaCTUHW KONOAKM.

PucyHok 6 - MocniaoBHicTb Npouecy NpoeKTyBaHHA aHaTOMiUHOT GOpMU KONOAKM Ha
OCHOBI NPO@}iNbOBaHOI YCTINKKU

MNpu MoaentoBaHHI MOAHWUX KONOAOK ANA
BMCOKOKabNyYHOro B3yTTA 4acTO OCHOBHOMO
BUXIAHOIO [HbOPMaLLED ANA MNPOeKTyBaHHA
€ 6axaHun  Au3alH  B3yTTA,  OCHOBHI
aHTPOMOMETPUYHI NapaMeTpu CTONW LiIbOBOTO
CerMeHTy CnoxuBadiB, a TakoxX ¢opma
KOMMNEKTYIUNX, WO BUKOPUCTOBYHOTLCA ANA

dopmu HU3y (kabayku, niatdopmm, 6AOK-YCTiNKM
Towo) (Puc. 7).

OCHOBHOKO ~ OCOB/IMBICTIO  MPOEKTyBaHHA
MOAENbHUNX KON0A40K € HeobXiaHICTb
MOAEeNOBaHHA OpUriHaAbHOI GOPMU HOCKOBOI
YaCTUHW, WO He 3aBXAW peanbHO 34iNCHUTK B
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cepepoBuLi cneuianizoBaHnx B3yTTeBux CAIP.
B uboMy BMnaaky B poboTi 3aCTOCOBAHO PYHKLiT
NMOBEPXHEBOrO0 MOJe/IF0BaHHA NPOrpamMHoOro
komnnekcy PowerShape. /[na cTBOpeHHN
reoMeTpu4HmMx GOpM HOCKOBOI YacTUHU nepLu
3a BCe MPOEeKTyBaAn KapKacHy OCHOBY i3
rPaHNUYHUX KOHTYPIB, O 0OMEXYOTb CETMEHTH
NPOCTOpOBOI GOPMU HOCKOBOI YacTUHU. [Mpw
LbOMYy KOPUCTYBa/iMUCA ecKizamu mMogeni, Lo
pO3p0o6ieHi y BIANOBIAHOCTI 4O MOAHWX TPEHAIB.
[Jani BukopuctoByBann ¢yHKLi0 Po3ymHoro
MOZEeN0BaNbHINKA, BKa3yrOUMN KapKacHI KOHTYpWH
B AIKOCTi OCHOBM A1 NO6YAO0BMW.

PucyHok 7 - BuxigHa iHpopmauia Ta
OCHOBHi eTanu npouecy NpoeKTyBaHHA
¢dopmMM MoaeNnbHOT KONoAKMN

IHWa aun3ariHepcbka Npobaema — po3pobuTm
bopMy B3YyTTEBOI KONOAKMN HA OCHOBI GopmU
rotoBoro B3yTTA. Le oauvH 3 Hamnkpaiymx
MeTOZiB MPOeKTYBaHHA KONOAKMN 3 TOUKW 30pYy
edeKTUBHOCTI, ane fyxe TPyAOMICTKMI. BiH fae
XOPOLLMI pe3ynbTaT 3a PaxyHOK BpaxyBaHHS BCiX
0CcOobAMBOCTEN NMPaBUABHOI MNOCaAKWN B3YTTS, B
TOMY YmCAi Cy6'eKTUBHMX BIAYYTTIB 3aMOBHMKa,
fKi BaXKKO BM3HAUUTWN NPW CKaHyBaHHI CTOMMW.

Y pa3i BMKOPUCTaHHA B AKOCTI BUXIAHOI
iHdopMaLLii roTOBOro 3paska B3yTTA HaMm, nepu
3a BCe, HeOOXiZAHO BIATBOPUTM BHYTPILLHIO GOpMY
B3yTTA. [lN14 L€l MeTM MOXHa BUKOPUCTOBYBATH
maTtepiann, fAKi 3AaTHIi 3anoBHIOBaTU GOpMy
B PiAKOMY CTaHi, @ Npwn 3acTuraHHi 36epiratu
dopmy 6e3 CNOTBOPEHHS. Y LibOMY €KCNEPUMEHTI
MW BUKOPUCTOBYBANN AUTTA TiNCy BCepeAnHy
dopmu.  Tlicna BUCKMXaHHA TINCOBMI 3/iNOK
BMIMMau i3 B3yTTa i ckaHyBanun. Kpim Toro, Ha
APYyroMy etani My CKaHyBaau B3yTTA Ha CTOMI, AKa
Bi4NOBIAA€E cepeaHiM NapameTpam Mo LiNbOBOMY
cermeHTy crnoxmaauis (Puc. 8).

[ani Mn 3aBaHTaxXxunu BigckaHoBaHi popmu
B MporpamHe cepejoBullie ANa MNepeBipKu
napameTpiB, MOPIBHAHHA Ta KOpwuryBaHHA. B
AaHi poboTi M1 BUKOPUCTOBYBaAW NPOrpamHi
npoayktn Crispin LastMaker i PowerShape.
BupiBHaBwYK rincoBuin 3d 3niNOK 3i CKaHOM
B3YTTA, MU BU3HAUYNAWN 30HW HEODXIAHOI KopekLii,
- HanbinbLUi PO36i>XKHOCTI BUABMANCA B BEPXHIN
Ta rabapwvTHIM 30Hi Ny4KiB, OCKiNbKM My4YKOBa
YyacTMHa Yy B3yTTi 3jaTHa Aewo npocigatu.
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MeToro nNOAanbWOro KOPWUryBaHHA Mogeni
6yn0 OoTpUMaHHA GOpMK, PiBHOBIALANEHOI Bij,
dopMM CKaHOBAHOTO B3YTTA Y BEPXHIM YaCTUHI
(BOHM BIAPI3HAOTLCA TOBLUMHOK MaTepianis
Bepxy). ['pebHeBa yacTMHa B3yTTEBOI KONOAKM
MoJentoBanacad Ha OCHOBiI 6a3oBoi ¢opmu
KONIOAKMW, OCKINbKW LiA 30Ha 3HAUYHO BIAPI3HAETLCA
Big opmm cTonu.

PucyHok 8 — Cxema npouecy
NpoeKTYBaHHA B3YTTEBOI KOJIOAKMU Ha
OCHOBIi FOTOBOrO 3pa3Ka B3yTTa

|

[

BucHosku

MogaentoBaHHA GOPMU KONOAKM € Ba>XKANBUM
acrnekToM, WO Mae€ BUpIilLlaJbHe 3HaYEHHA ANA
3pyyHocCTi B3yTTA. [loraHo nigibpaHe B3yTTS
abo B3yTTA HenpaBWAbHOI GOPMU € MPUYNHOKO
pi3HMX nNpobaem 3i cTonamu Ta MNaTo/OrIN.
MpoekTyBaHHA KONOAOK AJA B3yTTA MacoBOro
BMPOOHMLTBa Mae H6arato Nnpobsem, NOB'A3aHMX
i3 CKIaAHICTHO NPOCTOPOBOI GOPMU KONOAKM Ta
Pi3HOMaHITTAM 3aay NPOeKTyBaHHA, a TakoX
HeobXifHICTIO BpaxyBaHHA pPi3HOI BWXiAHOI
iHpopMaLii Ana peanizauii Lux 3agau.

B paHin  poboTi 3anponoHOBaHO HOBI
NPUHUMNKW  3aCTOCYBaHHA  BAOCKOHAaNEHUX
NiAXo4iB A0 NMPOEeKTyBaHHA B3YTTEBOI KONOAKM
B €MoXy Cy4acHUX LMPPOBUX TEXHOIOTIN.

®opma B3YTTEBOI KONOAKM MaE CKAAAHY
reomMeTpito. TpaaunuinHi MeToAWN, Lo
BUKOPWUCTOBYIOTbCA AN CTBOPEHHA dopmu
KONOAKW, KOMItOKOTb ICHYIOUY Ta MOANPIKYHOTb
il Ana CTBOPEHHS HOBOI KONAOAKM BIAMOBIAHO
AO  eCcTeTUYHUX BUMOr abo OpTOnNeAnYHUX
uinen. Ane 3apa3 Ui TexHOMOrii 3aMiHeHi Ha
nepenoBsi metoam, Taki Ak 3D-npoekTyBaHHA 3
BUKOpUCTaHHAM 3D ckaHyBaHHA. TakMM UMHOM,
B poboTi 6yno po3pobseHo BAOCKOHANEHUN
Cnoci6 MpoeKTyBaHHA B3YTTEBOI KOJOAKW Ha
OCHOBI Cy4YaCHWX MNPUHUMMIB MOZAENOBaHHSA
KONOAOK 3 BWKOPWUCTAHHAM MPOrPeCcUBHUX
rpadiyHMX CMCTEM Ta BUCOKOTEXHONOTIYHOro
obnagHaHHA. TakoX OOrpyHTOBaHO pi3HYy
BUXiAHY iHOpMaLito, Wo HeobxigHa AnA
peanizaLii cnocoby ana pisHUX BUAIB B3yTTA B
cepepoBuLi cyvacHux 34 CATIP.
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