94

VK 514.182

PO O/IUH CITIOCIb BUBHAYEHHS IOYATKOBUX YMOB
JIJI MOBYJIOBU MOJIEJII YEBUMIIEBCHKOI CITKH HA
HEPO3I'OPTHUX JITHINYACTHUX MOBEPXHSIX

DOI: 10.33842/2313-125X-2026-29-94-100

3aneBcekuii C.B., KaH/l. TEXH. HAyK,

zalsergkpi(@gmail.com, ORCID 0000-0002-7411-1462

Hayionanvnuii mexuiunuu ynieepcumem Ykpainu « Kuiecokutl nonimexuiuHut
incmumym imeni leops Cikopcvkozoy, (m. Kuie, Ykpaina)

YV cmammi poszenanymo cnoci6 nobyoosu eeode3uuHoi jiHii Ha B8i0CIKy
Hepo320pmHoil NMiHIUYacmoi nosepxui. Illeputy mouxky Kpueoi 3anponoHoano
subpamu Ha epanuyi 6i0ciky nosepxui. Illouamxosuu HaAnpsamMox nod6y0osu
BU3HAYAEMbCSL 8EKIMOPOM, PO3MAULOBAHUM 8 NAOWUHI, OOMUYHILU 00 NOBEPXHI 8
neputit mouyi.

llobyoosana ceode3uuyna po3ensoaemvcsi sIK NOYAMKO8A JIHIS Nepuio2o
cimelicmea kpusux cimxu Yeouuesa.

OcKinbKu npu 00512aHHi NO8EPXHI MKAHUHOIO 3 CIMYACMON CMPYKMYPoio il
HUMKU NpU HAKIAOEHHI HA NOBEPXHIO VKIAOAOMbCsa N0 JIHIAX 4eOUescbKoi
CIMKU MO NPONOHYEMBCA BUOPAMU KPOK N0OYO08U MOUYOK KPUBOI 3 YPAXYBAHHAM
eracmusocmell SK camoi noeepxHi max I 00s2aeMoi mKamuHu. Bubip
MAKCUMATbHO OONYCMUMOI 8eTUYUHU KPOKY 00380JISIE MIHIMI3y8amu KiIbKiCMb
no6yo008, 3abe3neyusuiu npu Yybomy 8I0CYMHICMb YIMBOPEHHSL CKAAOOK.

I 3HAxX00JHCEeHHsT MOYOK Nepuioi 2e00e3UyYHOi 3anponoHOBAHO CNOCiO
HOCNIO08HO20 NEPenpoeKYilO8anHs, OCHOBAHULU HA 81ACMUBOCMI NAPALENbHO20
nepeHeceHHs 6eKMOopi6é HA NOBEPXHI, 32I0HO SKIU NpU MAKOMy NepeHeceHHI Ha
NOBEPXHI V300824 KPUBOL 080X 8eKMOpPI8 AKI 8uUx00amv i3 00Hiei mouku M; i
HAJledHcams no8epxHi 8 Ou3bKy mouky My, 008CUHU 8EKMOPIB | KV MIHC HUMU
He 3miHoomyvcs. 11obyoosa 2eode3uynoi 3aKiHUyEMbCS NpU UX00T HA 2PAHUYIO
3a0aH020 BIOCIKY MIHIUYACMOI NOBEPXHI.

s 6ubopy nepuiozo HanpsamHo20 eKmopy A, Opy2020 CIMeucmea Kiill
CIMKU NPONOHYEMbCA SUKOPUCMAMU TIHII0 NepemuHy NIOWUHU, OOMUYHOI 00
NOBEPXHI 8 nepulilii. mouyi Kpueoi, wo po3mauio8aHa Ha 2epanuyi i0CiKy i
HOPMANbHOI NAOWUHU, SKA 3A0AEMbCA B6EKMOPOM HOPMAAi 00 NOGEPXHI 1
nouamkoeum Hanpsmom kpueoi. I1o6yooey macmynnux Hanpsmie eéexmopie Q,
NPONOHYEMbCA peanizyeamu 3a 0ONOMO20I0 al2OpUmMmy 6 AKOMY noby008aHa
2e00e3UtHA KpUBA po32is0AEMbCsl K JIHISL CMPIKYIL TIHIUYACMOl N0BepXHI, SIKA
3a0ana cimencmeom HanpamHux eekmopie a, . Taxuii nioxio 0o3zeonse 3a
00NOMO02010 8IOHOCHO UMATIOT KITLbKOCI 0OYUCTIEHb OMPUMAMU NOYAMKOB YMOBU
07151 n006Y008U MOOeNT HeOUULEeBChKOI CIMKU HA 8IOCIKY HePO320PMHOIL NiHIYacmoi
NOBEPXHL.

Knwouosi cnosa: ceooesuuna niHisa;, uwebuuiescbka Cimkd;, 2e00e3UydHo
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napanenvHul nepeHoc 8eKmopa Ha NOGePXHi; 0052aHHs NOGEPXHI MKAHUHOIO HA
cimyacmiii OCHO8I; 008M#CUHA YAPYHKU MOOeNi YeOUUes8CbKoi CimKu, JiHis
CMPIKYIL.

Ilocmanoséxka npoénemu. CydacHi TEXHOJNOTIi SKI 3aCTOCOBYIOTHCS B
JTakoOy/lyBaHHI BKJIIOUAIOTh BCE OUIBIN HMIUPOKE BUKOPUCTAHHS KOMITO3UTHHX
MaTepialliB Ha TKAaHWHHIA OCHOBI. OJAraHHs TaKOro Marepiajqy Ha 3aJaHy
MOBEPXHIO B1I0YBAETHCS 3a PaxyHOK JedopMallii YOTHPUKYTHHKIB, YTBOPEHUX
BOJIOKHAMM TKaHUHUA. OCKIIBKM MIIHICTh TaKOTO Marepiaixy CyTTEBO
BIJIDI3HSETHCS B PI3HUX HANpsSIMKaX CTOCOBHO pPO3TAlIyBaHHS BOJOKOH TO
BAXJIMBUM I10CTA€ MUTAHHS PO3MILIEHHS TKAaHUHU Ha MOBEPXHi. AKTyaJlbHUM
NO0CTa€ MUTAHHA MOOYI0BH CITOK Yebuiesa, ki MOJEIIOIOTh PO3TAIlyBaHH Ta
MOBEPXHI HUTOK OCHOBH 1 YTOKY TKaHUHHU.

Tak sk aHamiTHYHA PO3B’S30K 3ajadl IS JOBUIBHUX HEPO3TOPTHUX
MOBEPXOHb HEMOXJIMBUWA TO TIIOCTa€ HEOOXIJHICTh CTBOPEHHS CHOCO0IB
HaOMM>KeHO1 MOOY0BU MOJIENl CITKH, OCHOBAHUX Ha ii BIACTUBOCTSIX.

Ananiz ocmannix 0ocnioxcens i nyonikauyii. B po6orti [8] 3amponoHoBaHO
rpado-aHamTUYHUI MeTon TNOOYAOBH T€OA€3UYHUX Ha TMOBEPXHI OOEpTaHHS
3arajJbHOTO BUIJITY. 3aCTOCOBAHO METOJ] MOOY0BH PO3TOPTOK 3 BUKOPUCTAHHSIM
IHTErpaJIbHOTO YUCIIeHHS. PO3mIsiHy TO OOy 0By HaOMMKEHOT reoe3UyH1 JIHIT Ha
MOBEPXHSX Mapados0iy o0epTaHHs 1 KATEHOITy.

JloCIiIPKEHHIO BUKOPUCTAHHS T€OJIE3UYHUX JIHINA TpUCBsiYeHa pobota [9]
B SIK1M pO3IVISTHYTO BUPIIICHHS IBOX MPAKTUYHUX 3aBJaHb: apMyBaHHS 000JOHOK
Ta OMUC PyXy MaTepiadbHOI TOUKH MO MOBEPXHI 3a 1HEPIIIEIO.

VY po6oti [10] po3missHyTO MUTAaHHS 3HAXOXKEHHSI T€0/1€3UYHO1 JIIHI1, SKIIO
BiJOMa IMOYaTKOBAa TOYKA Ta TMOYATKOBUI HAMpsSMOK. Pe3ynpraT 3HAXOMUTHCS
IUISIXOM PO3B'sI3aHHS CUCTEMH TU(EpPEeHIIATbHUX PIBHSIHD IPYTOTO TMOPSAKY TS
reoIe3NYHUX JIHIHN.

B crarti [11] reone3uyna niHig po3mIsAAETHCS SIK TOMOJIOTTYHHM 1HBApI1aHT
ciM’i noBepxoHb Tumy Kieiina. ChopmynbOBaHO CHUCTEMY MOYAaTKOBUX YMOB
napameTpiB Ta iX MOXIJHUX, BU3HAYEHO MEX1 3MIHM MapaMmerpa Ta KIJIbKICTb
TOUYOK JIiHITI reome3nuyHoi. HaBeneHo aHimariiiiHa Bi3yali3allis T'€OAC3MYHOI Ha
3aJlaHiii MOBEPXHI B 3aJICKHOCTI B1J] 3HAUEHb BXIJTHUX MapaMeTpiB.

VY OGingbmocti poOIT mpoiiec moOyIOBH TE€0/IE3UYHOI HAa TOBEPXHI 1 , K
HACTIZIOK, Momeni ciTku YeOuiieBa po3MISIAAETHCS TMEPEBAXKHO 3  TMO3UIIIT
MaTeMaTUYHOTO PO3B’S3aHHS 3a/avi, 110 3HAYHO OOMEXYE MOXKIIUBICTD
3aCTOCYBaHHS TAaKOTO MIAXOAY AJISl CKJIAJHUX MTOBEPXOHb.

TakuM YMHOM MUTAHHS MPAKTUYHOI MOOYI0BU MOJIEI YeOUIIIEBCHKOT CITKU
Ha  CKJQJHUX  HEPO3TOPTHUX IMOBEPXHAX  3aJMINAETHCS  HEJOCTATHHO
JTOCHIIKEHUM.

Dopmynroeanns yinei. 3anpONOHYBATH AJITOPUTM MTOOYIOBU I€0/Ie3UIHOT
JiHIT Ha BIACIKY JIHIHYACTOI MOBEpPXHI 3a 3aJaHUM I[IOYAaTKOBUM HAIpPsIMOM;
3HAXO/KEHHSI HANpsIMHUX BEKTOPIB JAPYroro CiMeWcTBa JiHIA 4YeOUIIEeBCHKOI
CITKH.
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Ocnoeéna uacmuna. HuTka TKaHUHUM, HakKlIaJeHa Ha TOBEPXHIO Oyne
3HAaXOIUTHUCH Y CTaH1 piBHOBArd SIKIIO BOHA PO3TaIllOBaHA B3JOBXK I'€0I€3HMYHOI
JiHIT 1i€1 OBepxHi. 3B1ICH JIJIs1 MOJICITIOBAHHS TIOJI0KEHHS CITKH Ha TIOBEPXHI MPU
BIJOMOMY T[IOYaTKOBOMY HAIpPsIMKy Tepuioi JiHII HEOOXIAHO MoOymayBaTH
reo/Ie3UYHy KpUBY.

PosrnssHeMo Bijicik JiiHIM4YacToi moBepxHi F Ha skoMmy 3agaHa Todka
My(xg,V0,Z9) KA  HAIEKWTh  JaHii  HOBEPXHI  Ta  I[MOYATKOBMIA

BEKTOP t (I, Mo Neo), PO3TAINOBAHUI B IUIOIIMHI, JOTHYHIN 710 TOBEPXHI B TOYIII
My (Puc. 1). JIns moOymoBy reo1e3M9HOi JIiHi{ — JIiHIT OCHOBH CKOPHUCTAEMOCS THM
10 JOTUYHA, MMapajielIbHO NEepEeHeCeHa B3IO0BXK I'€0JIe3UYHOI JiHIT 3aIUIIaEThCs
notuyHo0. Bekrop Hopmami g0 moepxHi F B Touri My(xg, Vo, Zp) Mae

xkoopanHaTH N(L,0 My Npo) -

Puc.1 I1oOymoBa 3a 3a1aHMM HAMPSIMOM I'€0/Ie3UYHO1 JIIHIT Ta 3HAXOMKCHHS
MOYaTKOBUX HAMPSIMKIB APYTrOro CiIMENCTBA JiH1N 4eOUIIEeBChKOT CITKU

Toni HOpManpHA TUIOMIMHA Y, Y 3aJaHOMY HaIpPSMKY BHU3HAYAETHCS
PIBHSHHSIM:
apx +b,y+c,z+d, =0
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ne a, = m,n; —mn,, b, =n,l; —n:l,, ¢, =Lm.—lim,, d, = —(xpa, +
Yobntzocy)

3HaxX0IMMO TOUYKY MEPETHHY HOPMaJIbHOI TUTOIIMHHM 3 TBIPHOIO JTiHI9acTOl
nosepxui M’y (x'1,v'1,2'1).

JIis 3MEHIIEeHHS KUIBKOCTI MOOYyI0B MOTPIOHO BUOpaTH MaKCHUMAJIbHO
MPUIYCTUMY JOBKHWHY CTOPOHHM YapyHKH a OCKIIBKH MOJCNb YeOMIIEBCHKOL
CiTkn Mae OyTH HaOMMKEHOIO JIO0 TMOJOKEHHS HUTOK KOMITO3UTHOI TKAaHWHU TO
MOTPIOHO BpaxXyBaTH BIACTUBOCTI caMOl TKAHWHH.

JI1s 3HAXOMKEHHST HACTYITHOT TOYKH I11€1 JIHIT cCKopucTaeMocs GopMyror

[3]:
aK
L =2R,, -cos —%,

JI€ Ay, — TPAHUYHO JIOICTUME 3HAYEHHS KyTa MK HUTKAMHM OCHOBM Ta yTOKY
TKaHUHH, R, MIHIMAJIbHUH paiyc KpUBUHH.
3HaxXOAMMO BIACTaHb MDK TOUK0IO My(Xxy, Vo, Z9) 1 3HAWIECHOIO
! ! ! .
M1 (x'1,y'1,2"1):
! — / 2 ! 2 ! 2
dl'y = \J(x'1 = %)% + (V1 — y0)? + (21 — 20)2.

[Tnocky KpuBy, OiepKaHy K Pe3yJbTaT MePEeTUHY IUIOIIMHOIO ). o TOBEPXHIi
anpOKCUMY€EMO MapaboJiol0 3 BEPTUKAJIBHOIO BICCIO. 3a JOTIOMOTrOI0 MeTony 4A
[2] BlOKIagaeMO Ha KpUBIM 3a7aHy JOBXKHMHY L CTOPOHM YapyHKH CITKH 1
OTPUMYEMO JIpYTy TOYKY JIIHII OCHOBH - MEpPIIOl TEO0AE3WYHOI Y MoJeni
YeOUILIEBCHKOI CITKH.

Jns 3HaxomxkeHHsA BeKTopa t1(lyg My Nyq) , TEONE3UYHO NApaCIbHO
MIEPEHECEHOTO B TOUKY M 13 TOUKH M CKOPUCTAEMOCS THM III0 HOTO aOCOTIOTHHIMA
nudepeHIian B TOUKax KpUBOI OpiBHIOE HYO. Lle 03Havyae 1o #oro mpoexiis
Ha IUIOIIMHY JOTHYHY 10 MOBEPXHi B Touwi Mo mapaeibHa BEKTOpY &y .

[To6ynyemo B Touili M| muIonuHy mapajnenbHy TOTHYHINA ),q 1 BIAKIAAEMO
B Hiif BEKTOp fo. 3HAMEMO ILIOMMHY Y, JOTHYHY 10 TOBEpPXHi B Touli M.
CIpoeKIiloeMO KiHellb BEKTOpa f, Ha IIOMKHY Y. OTpHUMaHa TOUKA Pa3oM 3
TOYKkOI0 M, BH3HAYMTH HANpPSAM HOBOTO MONOXKEHHS BekTopa t;. Ilpomec
MPOJOBXKYEMO JIO TEPETUHY MOOYIOBAHOI T'€0/IE3UYHOI 3 TPAHUIICIO 33JIaHOTO
BIJICIKY JIIHIHYACTOT TOBEPXHI.

[TouaTkoBUi HAMPSIMOK JPYTrOro CIMEMCTBA JIIHIN CITKM BU3HAYAETHCS SIK

BEKTOP g (lg0,Mao Nao)llepneHMKyIApHUI HOPMANBHIN TUIOMKUHI Ay B TOUII
M. Teone3nyHo napajienbHuil IEPEHOC BEKTOpa d B3I0BXK reorpadiuHoi KpuBoi
Y BHUKOHYEMO 3T1IHO 3 aJTOPUTMOM HaBEIEHUM B poOoTi [7] me moOymoBaHa
reojie3nyHa € JIHIEI CTPIKIli (TOpIOBOI0) JIIHINYACTOI MOBEPXHI, 33/IaHOT IIUM
CIMEHCTBOM HampSIMKIB.

3anpornoHOBaHUN aJTOPUTM J03BOJISIE 32 3aJaHUM MTOYaTKOBUM HANpsiMOM
noOyAyBaTh TEOAE€3WYHY JIHIIO 1 OTPUMATH TOYATKOBI HAMPSMKH JIPYroro
CIMEMCTBA JIHIM YeOUIIIEBCHKOT CITKHU.
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Bucnoexu. 3anpornoHOBaHO aITOPUTM MOOYIOBU T€0IC3UTHO1 JIiHIT (HUTKH
OCHOBH) BiJ] 33/J1aHO1 TOYKH HA BIJICIKY HEpO3TOPTHOI JIIHIHYACTOI MOBEPXHI B
HamnpsIMKYy, 3aIaHOMYy BEKTOPOM, pPO3TAIlOBAaHWM B IUIOMIWHI, JOTHYHIA [0
noBepxHi. HaBeneHo cmoci6 BH3HAYEHHS MOYATKOBOTO BEKTOpa HAMpSMHUX
JPYTOrO CIMEWCTBA JIiHIM YEOHWIIIEBCHKOI CITKM Ta 3HAXOMKEHHS IMOYAaTKOBUX
HaIIPSIMKIB BCIX JIIHIA HUTOK YTOKY.

Takum 9HOM 3aIPOIIOHOBAHO AJITOPUTM CTBOPSHHSI TOYATKOBUX YMOB JIISI
MPAaKTUYHOI MOOYI0BU MOJebh CiTKM YeOuIieBa Ha HEPO3TOPTHIM JIIHIHYACTIH
noBepxHi. Ile mae MOXIMBICTh TOOYIOBH BUKPIHOK 3 JTUCTOBUX KOMITO3UTHHUX
MarepiaiiB AJsl OsTaHHS MTOBEPXOHb CKIATHUX TEOMETPHUHUX (DOPM.
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ON A METHOD OF DETERMINING INITIAL CONDITIONS FOR
CONSTRUCTING A CHEBYSHEV NETWORK MODEL ON NON-
DEVELOPABLE LINEAR SURFACES

Serhiy Zalevsky

The article considers a method for constructing a geodesic line on a section
of a non-expandable ruled surface. The first point of the curve is proposed to be
chosen on the boundary of the surface section. The initial direction of construction
is determined by a vector located in the plane tangent to the surface at the first
point. The constructed geodesic is considered as the initial line of the first family
of Chebyshev grid curves. Since when dressing a surface with a fabric with a mesh
structure, its threads when applied to the surface are laid along the lines of the
Chebyshev grid, it is proposed to choose the step of constructing the curve points
taking into account the properties of both the surface itself and the fabric being
dressed. Choosing the maximum permissible step size allows minimizing the
number of constructions, while ensuring the absence of folds.

To find the points of the first geodesic, a method of sequential reprojection
is proposed, based on the property of parallel transfer of vectors on the surface,
according to which, with such transfer on the surface along the curve of two
vectors that originate from one point Mi and belong to the surface to a nearby
point Mi+1, the lengths of the vectors and the angle between them do not change.
The construction of the geodesic ends when reaching the boundary of a given
compartment of the lined surface. To select the first direction vector (a_0) "of the
second family of grid lines, it is proposed to use the line of intersection of the
plane tangent to the surface at the first point of the curve located on the boundary
of the compartment and the normal plane, which is given by the normal vector to
the surface and the initial direction of the curve. The construction of the following
directions of vectors (a_i ) "is proposed to be implemented using an algorithm in
which the constructed geodesic curve is considered as a striction line of a lined
surface, which is given by the family of direction vectors (a_i ) ~. This approach
allows, with the help of a relatively small number of calculations, to obtain the
initial conditions for constructing a Chebyshev grid model on a section of an
unexpanded lined surface.

Keywords: geodesic line; Chebyshev grid; geodesically parallel vector
transfer on a surface; surface dressing with a fabric on a mesh base, cell length
of the Chebyshev grid model; striction line.
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