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PO OJAHUH CITIOCIb ITIOBYJ10OBU MOJAEJII
YEBUIIEBCBHKOI CITKH HA TIOBEPXHI

Anomayisn. B craTTi 3amponoHOBaHO crnioci6 moOyaoBu Mojeni citku YeOuriea
Ha Hepo3ropTHii moBepxHi. [loOymoBa mnepBuUHHOI JiHII YeOMIIEBCHKOT CITKH
BUKOHYETbCS LUIIXOM IOCIIZOBHOTO IMEPeNnpoeKLioBaHHsA. [l MOJENIOBaHHS CITKU
3alpONOHOBAHO CKOPUCTATHCh JIIHIMYATOI PO3TOPTHOIO IOBEPXHEIO -TOPCOM, SIKa
oropTa€e 3ajaHy B3JIOBX 3HaiijeHoi reoxe3uyHoi. [l 1moOynoBH  TBIPHHUX
BUKOPHUCTOBYEThCS c(hepuuHe Bi0OpakeHHsI reoJIe3UYHOI JIiHIT HAa OJUHUYHY cdepy.
HanpsiMku TBipHMX 3HaxXOZAThCA 3a JONOMOTrOI0 crepeorpadiunoi mpoekiii chepu Ha
wionuHy. [lo6ynoBaHi Ha TOpCOBIM MOBEPXHI KBaJApaTH Bi0OpakalOThCsl B YapyHKHU
CITKM Ha 3aJaHii moBepxHi. By3JI0BI TOYKM CITKM Ha MOBEpXHI OYAYIOThCS 3a
JIOTIOMOTOI0 aJITOPUTMY 3HAaXOJDKEHHS BIJCTAHEH O TOBEPXHI 3 Harepes 3aJaHolo
ToyHicTIO. OcTaTOYHE 3HAXO/KEHHS BY3JOBHUX TOYOK IPOBOAUTHCS 13 3aCTOCYBAaHHSIM
ITOPUTMY KOPUTYBAHHS JIOBXKHUH YapyHOK CITKH. JlaJi npuilMaeMo OTpuUMaH1 BY3JIU K
TOYKH TeO0JIe3UYHOi - HOBOI MOYaTKoBOI JiHIi A MmoOyJIOBH HACTYNMHOI MOJOCH
yapyHok. [loOynoBaHa Mozenp 4eOMIIEBCHKOI CITKH JacTh MOMJIMBICTh BHKOPUCTATH
QITOPUTMU 1 TPOTrpaMy aBTOMATH30BAHOTO PO3KPOI0 Matepiany [uis CKJIaJHUX
HEPO3TOPTHUX MTOBEPXOHb.

Knrouosi cnosa: citka UebuiieBa, reoie3ndna, cepuune BioOpaKeHHS.

Ilocmanoska npooaemu. [Iupoke BIIPOBA)KECHHS B
MalMHOOYAyBaHHI KOMIIO3UTHUX MaTeplaldiB Ha TKaHUHHIA OCHOBI,
BJIACTUBOCTI SIKMX 3aJIe’KaTh BiJ pO3TallyBaHHS BOJIOKOH Ha OASTaeMii
MOBEpPXHI TMOTpeOye MojentoBaHHd Ha HiM citku YebOumea. Bubip
ONTUMAJILHOT MOJIeIl Mae 0a3yBaTUCh HA BIACTHUBOCTSIX TKAHWHH, 30KpEeMa
IPaHUYHO JIOMYCTUMIM BEJMYMHI KyTa MIX HUTKaMHU OCHOBHM Ta YTOK 1
BJIACTUBOCTSAX CaMOi TIOBEpXHI. AKTyalbHOIO 3a/layelo € po3podka
AITOPUTMIB 1 TporpaMm Jajisi aBTOMAaTH30BaHOI'O PO3KPOIO MaTepiainy 3
METOI0 OJIATaHHS CKJIAJHUX [IOBEPXOHb.
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Ananiz ocmannix oocniodcens. B podoTi [6] po3risiaeThcss TUTaHHS
BUKOPHUCTAHHS YEOMIIEBCHKUX CITOK JJISi CTPYKTYpH3allii Ta MOAAIbIIOro
CTBOpPEHHSI 00’ €MHO-TIPOCTOPOBUX (OpM CydacHOro ofsary. PosrisHyTe
NUTaHHS  «OJSTAaHHS» KPUBOJIHIMHWX TIOBEPXOHb TKAaHMHAMU Ta
0CO0JMBOCTI TTOOYJOBH PO3TOPTOK B 3aJIEKHOCTI BiJ BHJIY Ta TOBIIMHU
TKaHUHU. B poOOTI OLIHIOETHCS TOKA3HUK 3MIHU CITHOBOIO KyTa Ta
3aMpoOINOHOBAaHO MeToAW  (ikcaiii KiIIbKOX YacTUH TKAHWUHU IS
3aKpIIUICHHS HOro 3HAYSHHS.

B po6ori [8] nmpoBeneHi mpakTU4H1 JOCTIKEHHS, 11010 J1i 30BHINTHIX
HABAaHTA)KEHb HA 3MIHHM CITHOBOTO KYTY y PI3HHUX BHJIIB TKaHWHH, IO A€
3MOTY PpEryJjloBaTH IMOYAaTKOBY BEJIMYMHY KpPOKY T'€O0J€3WYHOi JiHIi Ha
MTOBEPXHI.

Crartsa [15] mpucBsideHa po3MsiLy OOYMUCTIOBAIBHOTO MIAXOAY [0
IPOEKTYBaHHS JPOTSHUX CITOK, B SKOMY IOPIBHIOETHCA iX MaTepiasibHi
BJIACTUBOCTI 3 TEOMETPUYHOK  MOJEJUII0  YEOUIIEBCHKUX  CITOK.
[ToOynoBana cxema onTuMizanii IpoekTyBaHHs. HaBeneHo anroput™, siKuii
N03BOJIsIE 30aaHCyBaTH OOMEXKEHHS MaTepiany, SKUid BUKOPUCTOBYETHCS 3
TE€OMETPUYHUMH [UTIMH JU3aiHY SKi MOXYTh BU3HAYaTHCh KOPUCTyBaueM
M1]1 9Yac 1HTePaKTUBHOI cecii nu3aiHy.

B po6Goti [17] Oyno mnpoBeaeHO aHali3 TeOMETpli y BYy3JIax y
OPEJCTaBICHUX YOTHUPUKYTHUX KOHCTPYKIISX CMyr 3 By3Jdamu 0e3
KPYYEHHSI IPY MOJICIIIOBAHH1 apXITEKTYPHUX (POPM.

Y crarti [21] 3amnpomoHOBaHO OOYMCIIOBAIBRHUM MiAXIA 10
NPOEKTYBaHHS JAPOTSIHOI CITKM SIKHH OCHOBAaHMH Ha BUKOPHCTaHHI
KOHMOP(HOTO BiMOOpaKEHHA, IO M03BOJsSE MigHATH 2D-Mo3aiky Haz
3D-HanpaBs0Y0I0 MOBEPXHETO.

B HaBenenux poOoTax 3po0JjeHO JETalbHUI TeOMETPUYHUM aHalli3
OKpeMHX €eTamiB MNOoOyJAOBH MOJENl 4YeOMIIEBCHKOI CITKH, PO3IJISHYTI
BJACTUBOCTI MarepiaiiB, $KI BHKOPHUCTOBYIOTBCS Ta 3alpONOHOBAaHI
BiplaHTH OOYHUCIIOBAJIBLHOIO MIAXOAY JO TMpoekTyBaHHsA. OJHAaK He
3aMpPONOHOBAHO LIJTICHOTO AIrOPUTMY MOJENIOBAHHS YEOMIIEBCHKOI CITKU
Ha CKJIQJHUX MOBEPXHAX SKUM nepenadayaB OM MOMKIIMBICTh KOPET'YBaHHS
YapyHOK CITKH IPH 11 MOJIETIOBaHHI.

Dopmynrosanns yinei cmammi (nocmanoska 3ae0ants). Po3pooutu
QITOPUTM TOOYIOBM UYEOUIIEBCHKOI CITKM Ha CKJIQJHMX HEPO3TOPTHUX
HNOBEPXHIX. 3ampONOHYBAaTH MEXaHI3MU JJisi CTBOPEHHS QJITOPUTMIB Ta
nporpaM sl KOpEryBaHHS TOYHOCTI MOOYJOBHM B 3aJIeKHOCTI BiJ
BJACTUBOCTEN TKaHMHU Ta camoi MoBepxHl. OO’elHATH aIrOPUTMH
MOCJIIIOBHOTO MEPENPOEKIIIOBAHHS, KOPETYBaHHS JIOBXKUH CTOPIH YapyHOK
CITKM Ta MaTeMaTWyHl Mojenl MmoOyaoBU c(epuyHOro BiAOOpakeHHs,
BUKOpPUCTaHHS cTepeorpadiyHol MpoeKIii y €IuHui crnocid mnoOyaoBH
MoOZeNl i pO3pOOKH alNropuTMIiB Ta MporpaMm s MOAQIbIION
aBroMartu3ailii nporecy 3acodbamu CAIIP.
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Ocnoena wacmuna. Hexait B Touni M1 noBepxni F 3amano Bekrop d,
pO3TalllOBaHUN B JOTHUYHIN 10 MOBEpPXHI IUIOMIMHI X. Bynemo BBaxkatu
HaNPSMOK IIbOTO BEKTOpa IMOYATKOBHM ISl TIOOYIOBU TEOAC3UYHOI, SIK
nepInoi JrHii Mojeai 4eOUIEeBChKOI CITKM Ha MoBepXHi. CKOpHCTAaEMOCS
METOJIOM IOCIiIoBHOTO TmepenpoekititoBanas [1]. [I{o6 ypaxysaru
BJIACTUBOCTI TIOBEPXHI 1 XapaKTEPUCTUKH TKAHWHU BHUKOPUCTAEMO
(bopMyJI010 3HAXOKCHHS TOBXKHHU KPOKY [2]:

(X'K
L :ZRKP -cos —L

N€ Qp — TPAHUYHO JOMYCTUME 3HAYCHHS KyTa M1 HUTKAMH OCHOBHU Ta
YTOKY TKaHUHH, Ry, — HaliMeHIIMI pajilyCc KpUBUHHU.

Jia nmoOynoBu Mozen 4YeOHMIIEeBCbKOI CITKM Ha mMoBepxHI F
MIPOIIOHYETHCSI BUKOPUCTATH OTHHAIOUY PO3TOPTHY MOBEPXHIO, TOOYI0BAHY
B3JIOBXK 3HaWaeHOi reoge3nunol kpuBoi f [1] gk mepBUHHOL JTiHIT
4eOUIIeBChKOT CITKU. YeOuIneBchka CIiTKa 3aJa€ThCs IBOMa CIMEUCTBAMHU
I'€OJIC3NYHUX JIHIA SKI TIPHU B1IOOpaKeHH1 CITKU 3 MOBEPXHI HA IUIOMIUHY
nepexondaTh y mpsmi JHii. Toal moOymoBa 4YeOMIIEBCHKOI CITKH Ha
PO3TOPTHIN MOBEPXHI 3BOAUTHCSA 10 MOOYJIOBH KBaapaTHUX BIACIKIB Ha ii
pO3ropTIIi.

TBipHIi niHIAYATOI pO3rOPTHOT MOBEPXHI, KA OTUHAE 3a/1aHy F B310BXK
kpuBoi f BU3HAYAKOTHCA HanpsAMKaMu T;, CIPSKEHUMHU 3 HANpPAMAMHU d;.
Jlnga iX BHU3HAYEHHS HEOOXITHO MOOYIyBaTH I1HAWKATPUCY KPUBHHH Y
KOXHIA Touri M; , mo BUKIMKAE 3Ha4HI TpymHomii. [lmst crmpormeHHs
3HAXO/DKCHHS  CIOPSDKEHWX — HANpsIMiB BHKOPHUCTAaEMO  ChepudHe
Bi0OpaskeHHs Teoie3uvHOi JiHii T Ha oquHMYHY chepy.

B koxHil i3 oTpuMaHuxX To4ok M1, Mo, ..., My kpuBoi f 3Haxoaumo
OJMHUYHUI BEKTOp HOpPMali 71; 1O MOBEpPXHI X i BIAKIaZaeMo HOro Bix
ciniapHOoro nmovyarky — touku C(0,0,1). KiHmi mux BEeKTOpiB BH3HauaTh Ha
noBepxHi chepu Touku M1’, M2’, ..., Mn’ 3 KoopAHHATaMH

XM; = Ny, J’M; = n':’}’ ) ZME{ = n;; +1 )
ne Mgy , Ny, , N;z KOOPAMHATH OJUHUYHOIO BEKTOPA HOPMali JI0 IOBEPXHI
Xy Touui M; .
.
JIi1st 3HAXOKEHHS HANPAMKIB @'; - cepHUIHUX Bi0OpaXKeHb BEKTOPIB

@; CKOPHCTAEMOCH cTepeorpadiuHoro mpoekiicto chepu Ha miomuny [3].
—
Tak sx Bci Touku cepH € OMOUTIYHMMH, TO HAIPAMKH T ; , CIPSKEH]
—

a0 ﬂ‘r!- 3HAXO04ANMO AK pO3TaH_IOBaHi B JOTUYHHUX [JIOMMHAaX
—s

TIEPIIEHIMKYJISAPH 10 A ;.
HanpsiMku TBipHHX T; PO3rOpPTHOI MOBEpXHi B Toukax Mi kpuBoi f Ha
—

nosepxHi F OyayTh mapasienbHi 3HaMIEHUM HaIpsIMKaM T ; y BiIIIOBiIHUX
Toukax M;’ Ha cdepi.
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Puc. 1. [ToGymoBa mosiocu 4apyHOK 4eOUIIIEBCHKOI CITKH Ha TTOBEPXHI

[ToOynyeMo poO3ropTKy OTpPUMAHOi MMOBEPXHI 1 HAHECEeMO Ha Hil
nosnocy 13 kBagpaTiB MiNiNi+x1Mi+1 31 ctopoHoro L, koxeH 13 sIKuX
OymyeTbest Bif BimoMoi cTopoHu M1Mao, MaMs,... , MniM, (Puc. 1).

Jlist ToOy1OBH BY3JIOBUX TOUOK YEOMIIIEBCHKOI CITKM Ha MOBEpxHI F
CKOPHUCTAEMOCS aJIrOPUTMOM MOIIYKY BijacTaHi d Bix 3HaiaeHux To4ok N
no mosepxi F. Bimcranp d OymemMo mykatu sk MiHIMyM (QyHKIIOHATY
| =min(Ax® + Ay® + Az®) npu piBnsuni 38's3ky F(X.,Yp,Zp )=0[4].
ITepamiitauii TIporiec 3aKiHUYETHCS 32 YMOBH d™ —dmD <g e
d™ ta d™ 1) — 3gayenHs, OTpUMaHi NpU BUKOHAHHI OCTAHHIX iTepaiii, a
£ — BKa3aHa TOYHICTb MMOOY0BH.

JIJIst 0CTaTOYHOTO 3HAXOKEHHS BY3JIOBUX TOUOK YECOUIIEBCHKOI CITKH
JOIJTLHO 3aCTOCYBATH CITOCIO KOperyBaHHS YeOUIIeBChKOT CiTKH [5].

TakuM 4YWHOM, B peE3yJbTaTi OTPUMYEMO IIOJIOCY YapyHOK MOJEII
ciTku Ha moBepxHi. [Ipuitmaroun HOBI TOYKM SIK HOBI M1, Mo, ... , My
KpuBOi f MOBTOprOEMO BHIIIE3raIaHi MOOYI0BH.

Bucnosku. B poO0Ti 3anipOIIOHOBAHO T€OMETPUYHI OCHOBU CTBOPEHHS
AITOPUTMY MPAKTUYHOI MOOYI0BU MOjeni ciTku UeOuineBa Ha CKIIaJHUX
KpUBOJNIHIMHKUX  moBepxHsx 3acobamu CAIIP  nmns  momaneuioro
aBTOMAaTU30BAaHOT'O PO3KPOI0 BUKPIHOK JJI OASTaHHS MOBEPXOHb CKIIATHUX
reoMeTpuIHuX (opm.
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PRO IS ONE WAY TO BUILD A MODEL
OF A CHEBYSHEV MESH ON A SURFACE

Summary

The article proposes a method for constructing a model of the Chebyshev mesh on
a non-deploying surface, which can be used to solve the problem of dressing the surface
with fabric. The primary line of the Chebyshev grid is drawn using the sequential
reprojection method. The construction step is selected depending on the properties of
the fabric: the maximum allowable value of the mesh angle and the curvature of the
surface in the normal section along the selected initial direction. For mesh modeling It is
proposed to use a linear unfolding surface - a torsion surface, which bends around a
given surface along the geodesic - primary line of the Chebyshev grid model. To
construct the forming unfolding surfaces, a spherical mapping of a geodesic line to a
unit sphere is used. The directions of the constituents are found using the stereographic
projection of the sphere onto the plane. Since straight lines on the flat pattern surface are
mapped to geodesics on a given surface, the task of finding the nodal points of the first
strip of the grid model is reduced to drawing squares on the unfolding of the envelope
of the torso surface. The nodal points of the Chebyshev mesh model on the surface are
plotted using an algorithm for finding distances to the surface with a specified accuracy.
The final finding of anchor points is carried out using the algorithm for adjusting the
cell lengths of the mesh model. Next, we take the resulting nodes as geodesic points — a
new baseline for drawing the next strip of cells. The accuracy of the constructed model
can be increased by decreasing the step of drawing the primary line of the Chebyshev
grid. The found model will make it possible to use algorithms and programs for
automated cutting of material for complex non-deploying surfaces. The algorithm
presented in the robot includes both the consideration of geometric features of the shape
of the surface to be covered and the requirements for a snug covering based on woven
warp and weft threads of composite materials. The algorithm also allows to adjust the
step of Chebishev network model onstruction for more accurate matching of the
obtained cut and the possibility to fit the given shape with minimal deformations.

Keywords: chebyshev grid, geodetic, spherical projection.
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