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Puc. 5. Ilukaorpaduyeckoe MOAeAUPOBaHNe IPOCTPAaHCTBEHHOM
KpuBoii P(f) ¢ R* na runepsmope HaymoBny
Fig. 5. Cyclographic modeling of spatial curve P(t) c R*
on the Naumovich hyperdrawing

OueBHAHO, OKPY’KHOCTD A SIBASIETCSI XapaKTEPHUCTU-
YeCKOM AMHHEHN Ormodaromnien QXYZ, onpeAeAsieMON Kak
A= Of) ab'(t)=T oS .

l'eoMeTpuyuecKast HHTepIIpeTalus CUCTeMBl ypaBHe-
HUN (4) IIO3BOASIET IIOAYUYUTH YpaBHEHUE OruOarollen
OXYZ, npeACTEBAﬂIomeI?I coOoM HuKAOrpaudecKnui 00-
pa3 auruu P(t) R*. Paccmorpum IIOAyYeHUEe ypaBHe-
HUS 3TOM IIOBEPXHOCTU.

[TycTs mapaMeTpuuecKre ypaBHEHUs AMHHUU FXyz(t)
UMEIOT BUA;

x=x(t), y=y(t), z=z(t), t £EG i R. (8)

[Toraraem, uTo X, y U z — puddepeHIEpyeMEble
yHKOUKU Ha NPOMeKyTKe OIpeAeAeHUs IapameTrpa .
OT napameTpa ¢ MOJKHO ITlepelTH K BHyTpeHHeMYy Ilapa-
MeTpy s, Kpusoit Py, (t):

ds, "S'xyz (®) dt \/(X'(t))2 y'®)? ()?* dt. (9)

B Kaxxpol Touke (X, y, Z), YAOBAETBODSIIOLIEHN ycC-
aomio Py, (1) 1 X)) JV'(® k7@ z0, Te B
OOBIKHOBEHHbIX TOYKax AWHMH P',, (f), KOTOpBIE K
TOMy JKe He 4BASIOTCA TOYKAMM PpACIpAMAEHUA
(P'yy, (1) m Py, (t) He KOANMHEADHBI H TIDH JTOM
Py, () # 0) — B TakMX TOYKaX BO3MOJKHO IIOCTPOE-
HHe TpexrpanHuka Opene
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Puc. 6. Ilukaorpaduyeckoe MoAeAUPOBaHNe
nAockoii kpusoii P(f) ¢ R* na runepsmope HaymoBuy
Fig. 6. Cyclographic modeling of a plane curve P(f) c R*
on the Naumovich hyperdrawing
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3anwieM ypaBHeHWe OKDPYKHOCTH A papuyca I, =
= r,(t), npuHapAeKaled TAOCKOCTH T), B cUCTeMe KO-
OPAMHAT IIOABMYKHOIO TpexrpaHHuka Opewre:
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HOI CHCTEMBI KOOPAMHAT A Xy, 7 K HEIOABWXHOU O,
HUCIOAB3YSI MaTPUILy IIpeoOpa3OBaHUN:
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Puc. 7. lukarorpaduyeckoe MOAEAUPOBaHUE
MpOCTpaHCTBeHHoI Kpusoit P(f) c R'na TUIIEep3IIope
Haymosuy 6e3 y4yera CMeleHus p,.

Fig. 7. Cyclographic modeling of spatial curve P(f) ¢ R*
on the Naumovich hyperdrawing without taking into
account the displacement p .

B wmarpuunoM Bupe GQOPMyABl IIpeOOpa3OBAHUMU
umeroT BUpA D = A~V'B+C, rae

X, X X
B=ly,| C=|y| D=|y1}
Zy z Z;
IIpu 9TOM X, y, Z — KOOPAWHATHI TeKYH.IeI;I TOYKU A

AuHEA Py, (£).

OT marpuuHOM (POPMBI 3anucu HOpMyA Ipeodpa-
30BAHUM MOJKHO IE€PEUTH K Pa3BepHYyTOM KOOPAUHAT-
HOU hopMme:

X1=X!‘TX+YV'VX+ZB‘BX+X,
Y1=XI.Ty+yv.Vy+Z|3.By+yl
Z1=XT"EZ+YV'VZ+ZB'BZ+Z.

(14)

lMoapcTaBasis B (14) BBIpakeHUsI KOOPAWHAT M3

dopmya (10), (11), (12) u (13), HoAyIHMM pa3BepHyTHIE

napaMeTpu4yecKue ypaBHEHHs OrmOalolel IOBEPXHO-
ctu Q.
Xyz

Pe3y]\bTaTBI SKCII€EpUMEHTa

3apapuM IapaMeTPUYecKylo palliOHaAbHYIO KpU-
Bylo P(t) c R* ypaBHeHusMu:

P(t) = {x(t), y(t) (), v(t)} =

(15)
= {2832 24tf 1<t <35,

Ee o6pa3 T’Xyz(t) B TUIIEPIAOCKOCTU Rf(yz, IIOAyYEeH-

HBIN OPTOTOHAABHBIM IIpOEIIMPOBAHMEM, OIIMCHIBACTCA
YPaBHEHUAMU:

P, (0) = x(0) y (0, 200} = {264,362} . (16)
KacaTeAbHBIH BeKTOp P'y, (f) MMeeT BUA;
P, (6) = {4 616t) . (17)
[TpousBopHast f’"xyz (t) mmeer Bup;
P, (0 ={126212¢66} (18)

[Tpu uCXOAHBIX AQHHBIX (15) M COOTBETCTBYIO-
IuxX UM ypaBHeHuaM (16), (17) u (18) craBuTcsa 3apa-
4ya OIpeAeAeHHs LUKAOIpaHUuecKoro obpasza AMHUN
P(t) c R* B TPOCTPaHCTBE Riyz. OnpepeAuM OpPTHL Ty,
Vi, B, Tpexrpannuka OpeHe 6e3 MCIOAL30BAHUS BHY-
TPeHHero IapaMerpa s, Aunuu P(f) mo meropuke, oT-
AWYHOM OT BBHINIEM3AOKEHHOM. OPT KacaTeAbHOU AU-

HUHM P, (t) oIIpeAeAsdeTcss CAAYIOIIM oOpasom:
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Bekrop OuHOpmarum aumHHM P, (f) ompepensieTcst
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C yueTOM 3THUX OOO3HAYEHUM OIPEAEAMM BEKTOP

TAQBHOW HOpPMaAW vy AMHUH Py, (f):
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[MToaryuennsle ypaBHeHUs (19), (23) u (24) ompepe-
ASIOT IPOEKIIMOHHBIE KOMIIOHEHTEI eAMHUYHBIX OPTOB,
oOpasyromux TpexrpaHHuk @OpeHe AMHHUU T’Xyz(t).
Ypasuenue (13) ompeAeAsiOT IPOEKIMOHHBIE KOMIIO-
HEHTBl PAAYC-BEKTOPA AMHUU pxyz(t). Taxum o6pasom,
M3BECTHBI BCe KOMIIOHEHTHI IIapaMeTPUYECKUX YypaB-
HEeHUM orubarolen OXYZ TIOBEPXHOCTH, IIPEACTABASIO-

el cob60M MUKAOrpaduuecKuii 06pas AUHUK P(t) RY
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B TUIEPIAOCKOCTH ngz. IMoacTaBAsIsT BEIpa’KeHUS KOM-
IIOHEHT B ypaBHeHue (14), IOAyYMM HCKOMOE ypaBHe-
HUE KaHAAOBOU IIOBEPXHOCTH:

(-72t-L-sing) (576t°)
X (t, = —_ +
1(6:0) M N?
242
+(144t t"+2-L cos¢)+t4;
(M - N)
96¢2 - L-sing 86412
to) = -
Y1( (I)) M N2
4
+24t(—4t +9)-L-cos¢+2t3; (25)
M-N
—48t3 . L-sing 864t
z)(t,¢) = ———— > F T
i(t:9) M N?
2 2
247 (8t +9)-L-COS¢+3t2;
M-N

rae L=_[1-144

Ha puc. 5 npuBepeHO H300paskeHHe KaHAAOBOMU
MIOBEPXHOCTH Qx _» IPEACTABASIONIEH COOOM IUKAOTDA-
(puueckuit 0Gpa3 NPOCTPAHCTBEHHOM Amuu P(f) c RY
TTpu 5TOM AMHUS P(t) IMeeT OPTOTOHAABHEIE TPeXMep-
HBIe IIPOEKIAN 7Xyz(t) u P, () c Riyz OpTOroHaABHBIM
00pa3oM KaHaAOBOM ITOBEPXHOCTU OXYZ Ha OCeBOM IIAO-
CKOCTH (Xy) ABAsIeTCS 00AACTh Qxy. Ha puc. 6 Ha runep-
smiope HaymoBUY mnpuBepeHO H300pa’keHHe IUKAO-
rpaguueckoro obpasza Q)  3aAAHHOU MAOCKOU AWHUU

P(t) = R,

yZ

P(t) = {x(t), y(0) 2(0)v = const} = {t*,2° 31> 24.

B paccmaTpuBaeMoOM cAydae QxyZ NIPEACTABASIET CO-
0ol TpyOdYaTyrO0 MOBepXHOCTb. Ha puc. 7 mpusepeHO
uzobpakeHrue Ha rumnepamnope HayMoBHY IJUKAWYe-
CKoOM moBepxHOCTH (), , HMOAYYeHHOU Ge3 yueTa cMe-
meHus p, (9), T.e. pT—O. B sToM cayuae Qxyz
ASIeTCSI TUKAOTpaUuecKuM 06pa3oM AMHUE P(t) R*
ITOCKOABKY @ He SIBASETCS Orubaloled MHOXKeCTBa

cipep (S,,)-

He B-

OcCHOBHBIE PE3YABTATHI 1 BBIBOABI

1. Ha nmpumepe AMHUU NpOCTpaHCTBa R* mokasaHa
BO3MOJKHOCTE ITMKAOTPA(PUUIECKOTO MOAEAMPOBAHUS
HEAMHENWHBIX 00 beKTOB 3TOTO IIPOCTPAHCTBA Ha OCHOBE
runepsniopa Haymosuu.

2. TloaydyeHwbl mnapamMeTpHUuecKue YypaBHeHUsS Ka-
HAAOBOM IIOBEPXHOCTH, IPEACTABASIONIEN COOOMU IU-
KAOTpacpuueckuii obpa3 B MpocTpaHcTBe R AmHuun
npocrpaHcTBa RY. YpaBHEHHsS TPEACTABASIIOT COOOM
KOHCTPYKTUBHO-dHAAUTHUYECKYIO MOAEAB 3TOU AMHUU,
yAOOHOU Ans ucnoab3oBaHusa B CAD/CAM cucremax
u B CAGD.

3. BoImoAHEH BBIYUCAUTEADLHBIHN OKCIIEpUMEHT II0
OIIPEACACHUIO I[UKAOIPA(hUYECKOU MOAEAM IapaMe-
TPUYECKOM panoHAaABHOM KPHUBOM IIPOCTPAHCTBA R* Ha
TPEeXMepPHOM YepTerke, PeaAu30BaHHOM B BUPTYaAbHOM
aAeKTpoHHOM 3D-mpocTpaHcTBe. PaccMOTpeHBI Bapu-

QHTBI 3TOM MOAEAH, IIPUBOASAIINE K IIOAYYEHUIO YacT-
HBIX BHAOB KaHAaAOBOM IIOBEPXHOCTH, MOAEAMPYIOIIUX
COOTBETCTBYIOIIMEe KPUBBIE IIPOCTPAHCTBA R*.
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ELEMENTS OF SPATIAL CYCLOGRAPHY

K. L. Panchuk, E. V. Lyubchinov

Omsk State Technical University,
Russia, Omsk, Mira Ave., 11, 644050

In modern CAD/CAM systems and in CAGD (Computer Aided Geometric Design), models of geometric
objects (lines, surfaces) of space R* in space R? and vice versa are used. The analysis of geometric models used
in such systems allows us to conclude that research is relevant to the development in R* of analytical models
of lines and surfaces of the space R‘. In this paper, we show the possibility of obtaining of constructive-
analytical model using the three-dimensional drawing of the space R*, proposed by N. V. Naumovich. Based
on this drawing, a constructive interpretation of the proposed analytical model is given and its implementation
is realized in a virtual electronic 3D-space.The model of the R* space curve proposed in this paper is based
on the theoretical positions of the spatial cyclography realized in Naumovich’s three-dimensional drawing.
This proposed model differs from existing ones using the analytical method of modeling. The essence of the
proposed constructive-analytical modeling consists in the geometric representation and interpretation in the
three-dimensional drawing of the cyclographic images of points, lines, the set of points and lines of the space
R:. The constructive-analytical modeling of the R* space curve on the basis of the cyclographic mapping and
the possibility of its realization on Naumovich’s three-dimensional drawing allow to get a full picture of the
interrelation and mutual influence of all the elements of the model. Such a representation is based on the
implementation of a 3D-drawing in virtual electronic 3D-space with the means of modern graphical CAD and
allows solving the optimization of the developed models of geometric objects in relation to the requirements
of modern CAD/CAM systems and CAGD.

Keywords: cyclography, lines and surfaces, geometric modeling, multidimensional space, three-dimensional

Naumovich’s drawing, channel surface.
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