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PAIIIOHAJIBHA KPUBA BE3b€ 7-1'0O CTEIIEHA 3A 3AJAHUMHA
ABOMA TOYKAMMU I KPUBUHAMM TA CKPYTOM B HUX

bamaes 1O.1., n.1.H.,

I"'annommua .M.

Heporcasnuii ynisepcumem ingppacmpykmypu ma mexHonoeiu
(m. Kuis, Yxpaina)

Po3zenanymo nooyoosy npocmopoeoi pauionanvhoi kpueoi besve 7-
20 cmenens 3a 3a0aHUMU 080MA MOYKAMU | KDUGUHAMU MA CKPYMOM 6
HUX.

Knwuoei cnoea: Kpueuna, cKpym, npocmopoea pauioHalbHA
kpuea be3ve.

Ilocmanoeka npoonemu. Ilpobiema monsirac B TOMY, IO TPHU
MPOEKTYBaHHI OOBOJIIB MAIlIMH 1 arperartiB, SKi MPaIlol0Th y PyXOMOMY
CEepelOBUIIl, BUHHUKAE HEOOXIJHICTh 3a/laHHS KOHKPETHUX 3HA4YeHb
KPUBHHHM y370BX OOBOIy, a TaKOX 3HAUYCHb CKPYTy Uil  OOBOIIB
HUIAXONPOBOIB, AKI MPU3HAYEHI IS nepeMilieHHsl piauHu  abo
CUIIyYHX MaTepiaiB.

Ananiz ocmannix oO0ocnioxycenv i nyonikayii. AHan3 1CHYIOUOI
JITEpaTypu A€ 3MOTY BBaXKaTW , IO LS 3ajadya 30BCIM a00 HEIOCTAaTHBHO
nociimkena. s 3agaua yacTkoBO po3risiHyTa B podoTtax [3,4], ane TUIbKH
JUIsL KpUBHUX be3be 5-T0 cTerneHs, 10 3ByKYye i1 3aCTOCYBaHHS.

Dopmynrweanns yinei cmammi. MeTOO CTaTTI € aHATITUIHUN
BUBI1JI PIBHSHHS IPOCTOPOBOI KPUBOI 3a 3aJaHUMU TOYKAMH 1 KpUBUHAMU
Ta CKPYTOM B HHUX, IO JAa€ 3MOTYy IMPOEKTYBaTH MPOCTOPOBY KPHUBY 3a
3aJlaHUMHU rpadikaMu KPUBUHU Ta CKPYTY.

Ocnosna wuacmuna. PanionanbHa kpuBa besbe 7-ro cremeHs
3a7ae€Thes hopmyIioro [2]:

7 7 i(1_+\(n-i)
r(t) = Z;_O S w0 (1)
Z B/wt' (1-t)™"

1 Ii- By3JIOBI TOUKH;
Wi - Bara By3J10BO1 TOUKY,
t — mapametp 0<t<1.0;

I ) . . ..
B’ = 7— - OiHOMIianbHUM KoedilieHT HproToHA.
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ITepebynyemo (1) y BurIsa:
7

) =" —. @

A =10,

A =T(nw, — W),

A, =21(r,w, —2rw, +r,w,),

A, =35(—r1y W, +3LW, —3rL,W, + LW,)

A, =35(r,w, —4rw, +6r,w, —4r,w, + r,w,)

A = 21(—r, w, + 5w, —10r,w, +10r,w, —5r,w, + rLw;) |

A = T7(r,w, —6rw, —15r,w, —20r,w, +15r,w, —6r,w, +r,w,),
A, = (—rw, + 7w, — 21r,w, + 35w, —35r,w, + 21w, — 7r,w, + r,w,).
Wo =W,

W, =7(w, —w,),

W, =21(w, —2w, +W,)

W, = 35(-w, + 3w, — 3w, +W,)

W, =35(w, —4w, + 6w, — 4w, +W,),

W, = 21(-w, + 5w, —10w, +10w, —5w, + W),

W, =7(w, —6w, —15w, — 20w, +15w, — 6w, + W)

W, = (W, + 7w, — 21w, + 35w, — 35w, + 21w, — 7, W, + W, ).

[Tpuiimemo

Toni (2) nepenumieTbCst y BUTISIL

A
rt)=— . 3
(t) 5 3)
Pospaxyemo noxiaHi Bif (2):
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r'(t) = ABB;ZAB . ”

" (A'B-AB')'B°~(A'B— AB")2BB'
r (t) = 2 =
B
(AB-AB)'B> (A'B-AB')2BB'
= B4 — B4 =
(A"B-AB") (A'B-AB"2BB'
= BZ — B4 =
(A"'B-AB")B’~-2AB*B'+2AB* B
n n p 12
(A B—ABZ—ZA B)+2AB3 |
B B
JInst po3paxyHKy TPEThOi MOXiTHOT Bi3bMeMO HoXiaHy Bif (5):
(A"B-AB"-2A'B")'B*-(A"B-AB"-2A'B")2BB'
r(t) = " +
B
(A'B”+AB*)B* - AB*”3B’B’
+2 - =
B
A"B-AB"-3A'B' 2AB"B'+5A'B“+AB® _ AB®
B? " B? S
BpaxoBytoun, mo B'=7(w, —w,), npuitmemo w, =w, =1.0. Toxi B'=0,

()

(6)

i piBastHESA (4), (5) 1 (6) cripocTATHCS:
A1)

r't)y=—=——-—-. 4a
O=3 3 (4a)
" (A'B—AB')'BZ—(A'B—AB N2BB'
r (t): 2 =
B
_ (A'B—AB')'B2 (A'B-AB")2BB" _
= 57 - 5 =
_ (A BB—2A8 )_ (A B—QF )2BB _ (5a)
_ (A'B-AB") B°-2AB’°B'+2AB"”B _

B4
(A"B_AB“)
B
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A"B—-AB"-2A'B")'B°-(A"B-AB"-2A'B")2BB'
_I_

r lll(t) — B4
1 12 13 3 . 12 2p
+2(AB + AB );6 AB'“3B°B _ (6a)
Alll B _ AB m
B2 '
[Tpu t=0 Oyne:

A(0) =W, =15,

A'0)=A =7(rw, —rw,) =7(r,— 1),

A"(0) =2A, =42(r,w, — 2w, + ,W,) = 42(r,— 21, + I,W, ),

A"(0) =6A, = 210(r,w, —3r,w, + 3w, —r,w,) = 210(r,w,—3r,W,+31,—1,),

B(0) =w, =1.0, (7)
B'(0) =W, =7(w, —w,) =0,

B"(0) = 2W, = 42(w, — 2w, + w,) = 42(w,—1),

B"(0) = 6W, = 210(w, — 3w, + 3w, —w,) = 210(w,— 3w, + 2).

Kpususna kpuBoi nopisHioe [1]:

2 n n 2 n n 2

Xllyll + y Z Z X
2 X'y’ y'z'| |zt x| P
1 (x2+y7+772) Irp (8)
o \fx"2+ y"+z"

1= 7 .3 .
|r|3 [\/X.z_'_y.z_i_zlzs

CkpyT KpHBOi A0opiBHIOE [ 1]:

x'y'z'
x"y"z"
ey crel e e
A kv P vz P Iz x P 1EXY T Tew v B e B
( ) X..y.,‘+y..z,.+z.,x.. [(Fxe) | ey vz
Xy y ¢z Z°X "y oly"z"  |z"x"

Takum 9rHOM, SIKIIO 3aJaTH JBI TOYKH Io 1 I7 @ TAKOXK KPUBU3HY 1
CKPYT B IUX TOYKax Kig),Ko(),Ki(7),Ko(7),TO 1HIN TOukm kpuBoi (1) moxkHa
3HAWTH HACTYITHUM YHHOM.

B toumi ry t=0. Tomi B(0)=W, =w, =1.0. Touka r; BUBHAYHTHCSA 13
bopmynu (4a):

_ A'(0) _ 7(r—r)
B(0) B(0)

3agamo mepmry mnoxigHy I’(0) B Toumi Fp.Tobro 3amamo
x’(0),y’(0),2’(0). 3Biacu:

r'(0)

=A'=7(r—r,).
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rl = rO +—r (O) . (10)
7
Touky r, 3Halizemo 3a 3amaHoro kpuBHHOIO Ki(0). I3 dhopmymn (8)

MaeEMo.
X"2+y"2+2"2=k1(X'2+y'2+Z'2)=|r"|2. (11)

I3 dopmymu (11) Gauumo, mio A 3ajaHHSA [MOBHOTO BeKTopa 1’
HEOOX1IHO 3aJaTu OyAb-sKi Bl WOTO KOOpAMHATH 13 TphoxX: X’y °,Z"".
Toni TpeTs KoopauHaTa 3HaWaeThes 13 hopmynu (11).

Touka r, BU3HaUUTHCS (hopMyIioro (5a):

£(0) = (A"(0)B(0)- A0)B"(0) _ (42(r, —2r +r, W,) —42r (W, -1.0) _
B*(0) 1.0
=42r1,—-84r+42r,w,—42r,W,+42r1, =
=84r,—-84r+42w,(r,—1,).
3a ¢opmynoro (12) MOKHA BU3HAUUTH BEKTOP T MPU 3aJlaHHI Baru

(12)

Wo!
" 13
rz_—r (O)+2rl—ro (13)
2W,
abo Bary w; Iipu 3aJlaHH1 BeKTopa I;:
A :r—(o)+2(rl_r0)_ (14)
42(!’2 o ro)

Touky rz 3HaiigemMo 3a momomorow 3amaHoro ckpyry Kp(0). Iz
dbopmymnu (9) BUTLIIMBAE:

\jX"'2+ y'"2+ z" = kz\/

I3 ¢popmynu (15) Gaummo, 110 A9 3aJaHHS TOBHOTO BEeKTOpa 1’’’
HEOOX1THO 3a/laTh OYyJb-SKi JABI MOTr0 KOOpJAWHATU 13 TphOX: X 7y’ ",2°"°
Toni Tpetst KoopiuHaTa 3HaIeThCs 13 hopmynu (15)

Touka r3 BUBHaUUTHCS (hopMyioro (6a):

2 2

z'Xx'

x'y"2+‘y'z' (15)

x"y" oo ytz”

ZIIXII '

£(0) = [A"(0)B(0) - A(0)B™(0)] _ (210(r,w, +3r, —3r, w,— 1) - 210r, (w, + 3w, — 3w, —w;)
B%(0) 1.0

= 2107, w, +630r, —630r,w, — 2101, - 210r,w, —630r,w, +630r,w, +210r,w, =

= 210w, (r,—1,) +630r,—630r,W,+630r,W,—630T, .

(16)

3a popmynoro (16) MOKHAa BU3HAYUTH BEKTOp TI'3 IPU 3aJaHHI Baru
W3
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r = rm(o) Ty _3[r1+W2(r2 _ro)"'ro] (17)
3= 0
210w, W,
a0o Bary ws IIpu 3aJlaHH1 BeKTopa I3:
W = r...(o) _3[I‘1+W2(I’0 _rz)_ro]. (18)
’ 21O(I’3 o ro) (I‘3 - ro)

Sxmio B (1) 3amicts t migctaButh (1-U), To (1) MOKHA TepenucaTH

HaCTYIITHUM YHHOM.
0

> Brwu'(1-u)™?

r(u) =5 , — (19)
> Blwu'(1-u)™?
i—7
TOOTO KOHTPOJIbHI TOYKH IOMIHSIOTBCS MICIISIMU:
o =I7,I1 =g I2=Is5, 3=I4, I4=I3,I5=I2,Is=I1,I7=T0
Tomy, Ha ocuosi (10)-(14), (17)-(18) moxxHa HamucaTH:

L="r-+ @ (20)
7
Iy = 'Y +215—1,. 1)
42w
W =L(1)+2(r6—r7). (22)
42(I’5 o r7)
r, = r"(0) - 3rs + Wy (5 — 1)+ 1] . (23)
210w, W,

w, = r ...(1) ~3 [re + W5(I'7 — I’5) - r7] . (24)

210(I’4 o r7) (I’4 o I‘7)

Takum yuHOM BCl TOUKHM KpUBOi (1) 3a 3a1aHMMK yMOBaMHU 3Haii/IeHi.

Bucnoeku. B po6oti otpumani Gopmynu anisg moOya0BH KPUBUX 13
3ajlanuM TpadikoM KPUBHUHHM Ta CKPYTY Ha OCHOBI 3aCTOCYBaHHS
pamioHasibHOI KpuBOi be3be 7-ro cTemeHs, M0 AaKTyaJlbHO TMpHU
MPOCKTYBaHHI OOBOJIB MAIIIMH 1 arperariB, siKi MPAIOIOTh B PyXOMOMY
CEPEIOBHIIII.
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PAIIMOHAJIBHAS KPUBAS BE3BE 7-it CTEIIEHHU 11O
3AJAHHBIM JIBYM TOUYKAM, A TAK’)KE KPUBU3HAM N
KPYYEHHMUEM B HUX

banaes FO.W., I'annommnua 1.H.

Paccmompenvt nocmpoenue npocmpancmeeHHOU PauuoHAIbHOU
Kpueoii be3ve 7-i1 cmenenu no 3a0aHHBIM 08YM MOYKAM U KPUGUZHAM U
KPYUeHUAM 6 HUX.

Kntouesvie cnosa: Kpueusna, Kpyuenue, NPOCHIPAHCHBEHHAA
payuonanvhan kpueas be3ve.

RATIONAL CURVES BY BEZIER SEVEN STEPPING FOR TWO
POINTS AND CURVILINEAR AND SCREWS IN THESE

Badayev Y., Gannoshina I.

The construction of the spatial rational Bezier curve of the 7th
degree for the given two points and curvilinear and difficulty in them is
considered.

Keywords: curvature, difficulty, Bezier spatial rational curve.



