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MODELING OF THE ONE-SIDED
SURFACE OF THE KLEIN BOTTLE

A. Ivashchenko
A. Stepura

Summary. The article discusses two ways of modeling a topological
surface — the Klein Bottle in the 3DMax graphics editor. Two variants
of the visual image of the surface are presented.

Currently, thereisaturnin architecture and design towards extraordinary
surfaces, the modeling of which presents certain difficulties.

The expanding application of information modeling technologies
allows for the approximation of complex surfaces with a high degree
of accuracy and reliability. Designing and calculating which manually
were extremely time-consuming. The observed tendency of the forms of
architectural objects to approach biomorphic surfaces, as well as fractal
geometry, mark a departure from the prismatic forms of buildings that
filled the urban space in the twentieth century. Some paradox inherent
in such forms as a Klein Bottle, a Mobius Sheet, the Boy’s surface, etc. is
at the forefront of modern conceptual solutions in architecture.

Keywords: Klein bottle, one-sided surface, topological surface,
information modeling technologies (TIM), 3DMax graphic editor.
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3BeCTHaA OfJHOCTOPOHHSAA MOBEPXHOCTb — ByTbin-
M Ka KneilHa Ha3BaHa B 4YeCcTb HEMELKOro y4yeHo-

ro-matematnka Qenvikca KneiiHa, KoTopbiii BRep-
Bble ee onucan [1, c. 811.

MHTepec K 3TO NOBEPXHOCTY B apXUTEKType NOABUIICA
TONbKO B Hauvane XX B (puc. 1) [2]. Pa3BuTue TexHonoruim
UHpOpPMaLMOHHOTro MogenvpoBaHus (TUM) 3gaHuin u coo-
PY>XEHWIA NOCIYXNNO TOMYKOM K MPUMEHEHIO NOJOGHbIX
HeTpMBUabHbIX MOBEPXHOCTEN B CTpouTenbctee. [nA
BHeJpeHUA B NPAKTUKY crieflyeT pa3paboTaTb anroputmbl
MOAENVPOBAHNA TONOJIOMMYECKNX NOBEPXHOCTEN B rpa-
buryeckunx pegaktopax.
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AHHomayus. B cTaTbe paccMoTpeHbl ABa (Mocoba MoAenMpoBaHua Tononoru-
yeckoli noBepxHocT — byTbinka KneiiHa B rpa¢uueckom pegaktope 3dMAX.
MpeacTaBneHbl ABa BapiaHTa HarNAAHOT0 1306paxeHna NOBEPXHOCTH.

B HacToAWee BPEMSA B apXUTEKTYpe U Au3aiiHe HaGJ'IIO)J,a(ETCﬂ MOBOPOT K HEOp-
[WHAPHbIM NOBEPXHOCTAM, MOAENNPOBAHNE KOTOPbIX NPeACTaBNAeT onpene-
JIEHHbIe CJIOXHOCTH.

PacwumpsAioweeca npumeHeHne TeXHONOTMA UHGOPMALMOHHOTO MOLENMpo-
BaHNA N03BOAET OCYLLECTBAATL € BbICOKOIA CTEMEHbI0 TOUHOCTU U JOCTOBEP-
HOCTYW annpoKCUMaLi CIOXKHbIX NoBepXHoCTeid. [poeKTpoBaHKe U pacyeT
KOTOpbIX BPYYHylo, Bbin KpaiiHe Tpyaoemkn. Habniogalowasnca TeHaeHuma
npubnmxenna Gopm apxuTekTypHbIX 06BEKTOB K HUOMOPOHBIM MOBEPXHO-
(TAM, a TakxKe dpakTanbHaA reoMeTpUA 3HAMEHYIOT OTXOA OT NpU3MaTnye-
CKUX GOPM 34aHNiA, 3aN0NHUBLLMX ypBaHMCTUecKoe NpocTpaHcTBo B XX Beke.
HekoTopas napajokcanbHOCTb NpucyLLas Takum popmam, Kak byTbinka Kneit-
Ha, Jluct Mebuyca, MosepxHocTb boA 1 np. HaXxoAMTCA Ha OCTpUE COBpeMeH-
HbIX KOHLENTYaNbHbIX PeLLeHuil B apxuTeKType.

Knioyessie cnosa: byTbinka KneliHa, 04HOCTOPOHHAA NOBEPXHOCTb, TONONO-
rnyeckaa NOBEPXHOCTb, TEXHONOTMN WHPOPMALMOHHOTO MOAENNPOBaHMA
(TUM), rpaduuecknin pepaktop 3dMAX.

Takxe UMbpoOBOE MOAENNPOBaHME MOBEPXHOCTEN He-
06x04MMO anA co3gaHna 06BbEKTOB ¢ nomoLblo 3-D neva-
T 1 NPY UCMOMb30BaHNUM aAANTUBHbIX TEXHONOIWIA B CTPO-
UTeNbCTBE.

byTbinka KnerHa — 3TO OQ4HOCTOPOHHAA TOMosOrMye-
CKas MOBEPXHOCTb, NPeAcTaBnsiowas cobol ABa CKyeeH-
HbIX MO rpaHuLe nucta Mebuyca, KotTopas MOXeT ObITb 3a-
JaHa cnctemon napameTpuyeckmx ypasHeHun [3], [4]:

u u
x(u,v) = (a + cos Esm.t? — smasm.ZF) COS;

u Lu .
viu,v) = (a + cosz sinv — sm.z sm.Zt?)sm.u;
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Puc. 1. Toprosbii ueHTp MyZeil, ®paHkdypT,lepmaHms.

Puc. 2. Mogenu byTbinkun KneHa

u u BHauane paccMOTPUM LINPOKO M3BECTHbIN BapUaHT.
z(u,v) = sinisinv + cosisi*nZv;
Pe3ynbTupyioLan Moaesnb COCTOUT 13 BYX YacTeil:

rmea=>20=u=2r0=sv=2n 1. Teno BpauieHUs (OCHOBHasA YacTb OyTblKKM KneinHa)
C OTBEPCTUAMU B BEPXHEN (FOPMBbILIKO) 1 B HUXKHEN

M3BecTHbl ABa BapuMaHTa HarnAagHOro N306paxxeHns Oy- (BOHBILWKO) YacTsaX Oy TbINIKY;
TbINKK KnenHa: WWpoKo M3BECTHbIN (pyc. 2, cieBa) U Mano- 2. n3o0rHyTas TpyOKa, COeAUHsAIOWan BEpXHEE N HUX-
M3BeCTHbIN (puc. 2, cnpasa). Hee oOTBepcTUs, obecnevmBarowWwas OOHOCTOPOH-

HOCTb BCEN NMOBEPXHOCTN.
PaCCMOTpVIM mMmoaennmpoBaHMe NOBEPXHOCTU 6yTbIJ1KI/I

KneliHa B cucteme 3dMAX. Kaxxpasa n3 vacten dopmmpyeTtca He3aBUCMMO.
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Puc. 3. Mnockun cnnanH

Puc. 4. TpexmepHbI 06BEKT

Puc. 5. MogenupoBaHue «pyukimn»

MocnepnoBaTenbHOCTb CO3aHWA NEPBOWN YacTU.

¢ co3fjaetcAa MAOCKUM ChfaliH, npeacTaBAAlWwnn
coboil obpasytolylo OCHOBHOW YacTu OYTbINKK
(punc. 3);

¢ K cnnanHy npumeHseTca moandukaTop Bpallie-
Husi — Leather, n cootBeTcTBYIOWMM 06pas3om 13-
MEHAETCA MEeCTOMOMNOXKeHNe ocu BpalleHus. B pe-
3y/ibTaTe CO3[AeTCA TPEXMEPHbIV 06BbeKT (puc. 4).

BTopas yacTb npegcTtaBnseT cobon obbeanHeHre ABYX
HenoJsIHbIX TOPOB (MMeTCA B BUAY TPEXMEPHbIe MPUMUTU-
Bbl 3dMAX, a He reomeTpuyeckme 06beKTbI) C O4NHAKOBbLIM
pagunycom obpasyiouiein. MNepBblii HEMOMHbIA TOP «MPOSAB-

neH» Ha yron 270, BTopol — Ha yron 90 (B pe3ynbraTe unc-
nonb3oBaHUA napameTpa Slice). Pagunycbl HanpaBnAwLWKX
nopo6paHbl TaknM 06pasom, 4To B 06beAHEHHOM 06BbeK-
Te pasHuLa NO BbICOTE MeXAY KpaAMU B TOUHOCTW paBHa
PacCTOAHNIO MeX Y OTBEPCTUAMM B «FOPAbILLIKE» N «HEe»
OCHOBHOW YacTu By TbIKW. [ipyroii BapmaHT co3haHunsA 3Tou
TPYyOKM — MCNonb3oBaHUEe BMECTO TOPOB ABYX MPUMUTHU-
BoB Tube pa3HoW BbICOTbI C MOCNEAYIOWMM NPUMEHEHNEM
mopudukaTtopa Bend. CdopmmpoBaHHbie MpUMUTUBBI 06-
pasyloT «pyuKy» obbekTa (puc. 5).

B utore ocTaetcs NpaBUNbHO COEAUHNTD fBE YacTu Oy-
Toinkn KneliHa (puc. 8 cnesa).
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Puc. 6. Mnocknin cnnanH «<BOCbMepKa»

Puc. 7. CrepxeHb

Pnc. 8. CKpy4eHHbI cTep»KeHb

Puc. 9. COMKHYTbIN CTep»KeHb
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ManonssecTHbIi BapuaHT MOBEPXHOCTU MOXKHO MOny-
UMTb KMHEMaTWYEeCKW, ecsin B KayecTBe obpasyoLlein B3ATb
KPVBYIO C OQHOW TOUYKOW caMonepeceyeHmns (Hanpumep, nem-
Huckaty bepHynnn), a B KauectBe HanpaBRAOLWEN — OKPY-
HOCTb, 1 IPY 3TOM B NpoLecce ABUKEHWA BAONb HanpaBnsto-
Lwer obpasyoLan coBepLuaet NoBopoT Ha 180 rpagycos.

AnropuTtm co3gaHuA 3TON Mogenn cnegyoLwmia:

B BMAOBOM 3KpaHe Top co3gaeTca NAOCKMIA ChianH-
«BOCbMepKa» (puc. 6), Npu 3ToM HeOO6XOAMMO CO-
GMIOCTY OCEBYI0 CUMMETPUIO 3TOrO CrjlaliHa, nHave
B pe3ynbTUPYOLWENn MoAenu nosyyatca Hexena-
TeJIbHble «CTYMEHbKMNY.

K CnnanHy npumeHseTca MoaudukaTop BblaaBu-
BaHuA — Extrude c goctatouHbim 6onbWwKNM Napa-
MeTpOM BbIJaBNMBaHWA, B pe3ynbTate nosay4vyaem
cTepXeHb (puc. 7);

K MOJlyYeHHOMY CTep’KHIO MpUMeHseTca moandu-
kaTop Twist, c ykasaHuem yrna ckpyumsaHua 180,
BAOMb OCK z. B pesynbTaTe nonyumm CKpyYeHHbIN
cTepXeHb (puc. 8);

Mpumenaem mopndukatop Bend ¢ yrnom n3rmba
360, B pe3ynbraTe CKpPyUYeHHbIN CTePXKeHb U30rHeT-
CA U COMKHETCA B «KOJbLIO» (pUc. 9).

MonyyeHHOMY 06bEKTY HEOOXOAMMO Ha3HauUTb ABY-
CTOPOHHWIA MaTepurarn, NHaye NojoBrHA NOBEPXHOCTU Oy-
JeT HEBUAMMOW.

B 3aknouyeHMe MOXHO OTMEeTUTb, YTO Mporpamma
3dMAX npenocTaBnsieT WUPOKNE BO3MOXHOCTY MOJIb30-
BaTeIAM MO MNPOEKTNPOBAHNIO 06 BbEKTOB NOOON NpPUpPoOabI,
B TOM UMCJIe M FTeOMEeTPUYECKMX MOBEPXHOCTEN, OnucbiBae-
MbIX @aHaNMTUYECKUMU YpaBHeHUAMM [5].
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