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KuiBchkuit HallioHaIbHUM yHIBEPCUTET OYIBHUIITBA 1 apXITEKTYpPH

AHAJII3 TOYHOCTI BUBHAUYEHHS KPUBU3HU JUCKPETHO
IPEJCTABJIEHOI KPUBOI1

Ilpu eeomempuunomy moodentosanni 06’ ekmis, npoyecie abo A6UW YACMO
bazamo 3anexcHocmel MidC napamempamu npeocmasisiiomscs Y Queisoi
epadghixis. I paghixu, wo maroms 6 OCHO8I eKCnepuUMeHmAaibHi O0aHi, YaAcmo
npeocmasnArmscs vy 6ueniaoi ouckpemuo npeocmasneHux xpueux (AIIK).
Busuenns npoyecy, wo Mmoodenroemvcs, nepeodoayac auauniz OmpuMAaHo20
epaghika, 6 momy 4ucii 6UsHaAUeHHs OUpepeHYianbHUX XapaKkmepucmux Kpugoi.
s ouckpemmuo npedcmasnenoi Kpugoi yi Xxapaxmepucmuku MOXCHA GUHAYUMU
MIIbKU HAOIUINCEHO, 36I0KU BUHUKAE 3a0a4d OYIHKU MOYHOCMI IX BU3HAYECHHS.
Jugepenyianvhi xapaxmepucmuku Kpueoi ninii maxi, K OOMU4HA, HOPMATb,
KpUSU3HA  MOW0  OOHO3HAYHO I  MOYHO  GUHAYAIOMbCA — Memooamu
ouepenyianvroi ceomempii. Akuio Kpugy nooamo y eueisoi OUCKpPemHo20 psioy
MOYOK, MAKi Xapakmepucmuky GU3HAYAIOMbCSA HAOIUNCEHO | HeOOHO3HAYHO,
npUYOMY HA MOYHICMb GU3HAYEHHA YUX XaApaKmepucmuk 6nauéae Kpox
ouckpemu3ayii.

Y pobomi [1] nokazano, wo KpususHa niockoi Kpueoi, 3 00H020 OOK),
MOdICe BUBHAUAMUCH SIK BIOHOWIEHHS Kyma CYMIJCHOCMI (y paodiauuiti Mipi)
OOMUYHUX ) 080X HECKIHUEHHO ONU3bKUX MOYKAX 00 BIOCMAHI MINC YuMU
MOYKamu, a 3 iHuW020 OOKY KPUBUZHA BUSHAYAEMbCS SIK GeIUUUNHA, 0OepHeHa 00
paodiyca cmuynoco koaa. Ob6udsa nioxoou O0aromv 0OHAKOBUUL pe3yibman.
Kpususny ouckpemno nooanoi kpueoi (/IIK) moocna euswavyumu jauuie
HAOIUMICEHO | 6 ICHYIOUUX NYONIKAYisX 60HA BUBHAYAEMBCA K BeIUHUHA,
obepnena 0o padiyca Koaa, sike npoxooumo uepe3 mpu cymixcui mouku J[IIK.
Kpususna kpueoi winono nos’szama 3 noHAmMmMAM OOMUYHOL | HOpMaai 00
kpueoi. Taxi nonsmms ons JIIK demanvro poszensamymo y [6].

Linnto cmammi € ananiz mouHocmi SU3HAUEHHS KPUBU3HU OUCKDEMHO
npeocmaesnieHoi Kpueoi 8 3anexicHocmi 8i0 cnocoby ii 6u3HaweHHs 1 KpOK)
ouckpemu3ayii.

Kntouosi cnosa: kpususna; ouckpemusayis; KpoK OucKpemuszayii, aHauiz
mMouHoCmi; Kpusa, epaix; oughepeHyiaibHi xapakxmepucmuky Kpusoi.
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IMocTanoBka npoduaemu. J(udepeHiianbHi XapaKTEPUCTUKU KPUBOT JiHIT
TakKi, sIK JOTUYHA, HOPMaJlb, KPUBU3HA TOILIO OJTHO3HAYHO 1 TOUHO BU3HAYAIOTHCS
MeTojaMu JudepeHIiiaapHoi TeoMeTpii. SKIO0 KpHUBY IMOJAHO y BUIVISIAIL
JTUCKPETHOTO Py TOYOK, TaKi XapaKTEPUCTUKU BU3HAYAIOTHCA HAOIMKEHO 1
HEOJIHO3HAYHO, TPUYOMY Ha TOUHICTh BUBHAUEHHS IIMX XapaKTEPUCTUK BIUIMBAE
KPOK JIUCKpEeTH3aIlii.

st crarTi € aHami3 TOYHOCTI BU3HAYEHHS KPUBU3HU JTUCKPETHO
npencranienoi kpupoi (HAIIK) B 3anexxHOCTI BiJ criocoOy 1 BUBHAYEHHS 1 KPOKY
JTMCKPETH3AIII].

AHaJi3 ocTaHHIX J0caimxkensb i myOaikamiid. Y po6ori [1] mokasano, 1o
KpUBH3HA TIJIOCKOI KPUBOI, 3 OJHOTO OOKY, MOKE€ BH3HAYATUCh SK BITHOIICHHS
KyTa CyMDKHOCTI y pajilaHHIi Mipl JOTHYHUX Yy JBOX HECKIHYECHHO OJM3BKUX
TOYKaX O BIACTaHI MK I[IMMH TOYKaMH, a 3 IHIIOrO OOKYy KpHUBU3HA
BU3HAUYAEThCS K BEJIMUMHA, OOCpHEHaA 10 pajaiyca cTuuHoro koja. OOujBa
MIIXOAHW Jal0Th OJHAKOBHUM pe3yibTar. 3arajbHO BIJOMO, IO CEpea HEO0JIIKIB
JUCKPETHOTO TMPEJCTABICHHS KPUBHUX JIHIA € camMe HEMOXJIUBICTb TOYHOTO
BU3HAYECHHS KPUBUHU Takux KpuBUX [2]. YacTime 3a Bce pi3HI AOCIIHKEHHS Y
bOMY HaIpsSMKY TOB’s3aH1 3 HAOJMKEHUM BU3HAYEHHAM AudepeHIIaTbHIX
XapaKTePUCTHK TUCKPETHO TMPEACTAaBIEHUX KpuBUX. KpHBHU3HA TUCKPETHO
nonanoi kpuoi (/AI1K), B icHyrounx myOsikamisx, BU3HAYAETbCA K BEITMYMHA,
obepHeHa 110 pajiyca Koja, SKE MPOXOAWTh 4Yepe3 TPU CYMDKHI TOUYKH
JMCKPETHO TpejicTaBieHol kpuBoi [3 — 6]. KpuBusna kpuBoi 1ijbHO MMOB’s3aHa
3 MOHSATTSM AOTUYHOI 1 HOpMaul 0 kpuBoi. Taki mousarts ans K neranbho
pO3TIIsSIHYTO Y [6].

OcHoBHa yacTuHa. Bigomi 1Bl TPaKTOBKM KPUBU3HH TUIOCKOI KpPHUBOi. 3
OJIHOTO OOKY KpHMBU3HA BHM3HAYAETHCS SIK BIJHOIICHHS KyTa CYMIXHOCTI
JOTHYHUX JI0 KPUBOI y JBOX HECKIHUYCHHO ONMM3BKUX TOYKAX MO IOBXKHUHU AYTH
MDK UMMM TOYKAMH. 3 IHIIOTO OOKY KpHMBHM3HA BHM3HAYAETHCS SK BEIUYMHA
3BOPOTHA JI0 pajilyca CTUYHOTO KOJia, SIKE MPOXOIUTHh Yepe3 TPU HECKIHUECHHO
Oomm3pki Touku KpuBoi. B [1, c. 178] mokazaHo, mo B 000X BHMaaKax
OTPUMYETBCS TOM CAMUU PE3yJIbTaT.

VY nauckpeTHOMY YSBIICHHI KPHUBOI HECKIHUCHHO OJNM3bKI BIJCTaHI MIX
TOYKAMHM KpPUBOI 3aMIHIOIOTHCS CKIHYCHHHMH BIJCTaHSIMH, SIKI BIANOBITAIOTH
KPOKY JHMCKpeTH3allii KpUBOi 1 y MEpIIOMYy BHUIMAAKy HaOIMKEHE 3HA4YCHHS
KPUBU3HU BU3HAYAETHCS K BIAHOLICHHS KyTa ) CyMDKHOCTI (Y paaiaHHii Mipi)
MiX JIBOMa CYMDKHHMH JOTHYHHMH J0 BijJicTaHi h MK TOYKaMU JOTHKY
TOTUYHUX (puc. 1):
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Puc. 1 Cxema Bu3HaueHHs HaOIMKeHOro 3HaueHHs kpuBu3HH JIITK

3a [pyrorw TPaKTOBKOIO CTUYHE KOJIO MPOXOAUTh 4Yepe3 TPU CYMIKHI
touku JIITK.

OCKiTbKM BEJNMYHMHA pPaJiaHHOI MipH MaluxX KyTiB (>5°) Maiike He
BIJIDI3HSIETHCS BiJl BEJIMYMHM TaHTEHCA TakKOTO KyTa (>0,2%), TO MIpOIo
KPUBH3HM MOJXHA BBQXXKaTH BIJHOIICHHS TaHTE€HCA KyTa CYMDKHOCTI [0
JOBXUHU TYT'H MK TOYKaMH TOTHKY.

Biacranp DE mixk TOukaMu JOTUKY CYMDKHHMX JOTHYHHUX y JTUCKPETHOMY

YSIBJICHHI MOJKHA MPUUHATU SK JOBXKHUHY Bipi3Ka MK CEpeAMHAMU CYMIXKHUX
nanok JIITK:

2 2
DE = \/4"7 +(};c‘}’5) _ (1)
Toni:
_ Loy

1€ Y — KyT CYMDKHOCTI MK cyMbkHUME jtaHkamu JIITK;
DE - BiacTaus Mk Toukamu D 1 E;
h — kpok auckperun3aiii B3A0BxkK oci Ox.

JIUCKpEeTHUH aHaJIOr KPUBHU3HHM KpuBOi y moBUIbHIM Toumi A4 JIIK
JIOPIBHIOE:

S 2WYe =2Ya+ VB) '
lhz +(Ye = YaA)(Va- ,VB)I\/Afhz(YC - YB)z

3)

TouHicTh BU3HAYCHHS KPUBU3HU 3ayekuTh Big kpoky h JIIIK 3i crammm
KPOKOM BY3JiB y3110BXK oci Ox. Hao4uHO ysSBUTH 3MiHY TOYHOCTI BHU3HAYCHHS
KPHUBU3HU B 3aJI©KHOCTI BiJi KpOKy h MoxHa Ha mpukiami Oyab-sKoi MIOCKOT
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KpHUBOi, /¢ KPUBU3HY MOXHAa BHU3HAYUTH TOYHO (HAMPUKIIAJ, ISl KBaJApPaTHOI
napaboJin).
Hanpuxknan, 3agamo napadoity (puc. 2):

y = 0.083333 (4)
1 TouKy 4 Ha mapabdoi (x,=6).
v ey
fl’
A
B
X

0 h

Puc. 2 Cxema po3paxyHKy KpUBHHH i Tapadoiu

Kpusu3zna napaboiu (4) TOYHO BU3HAYAETHCS 32 (HOPMYIIOTO:

k_|‘|+p2 (5)

ne p=6 — mapameTtp napabom.

A0o:
2a

k= ——ru,
N i1 + 432)(2) (6)

KO PiBHAHHA NapaboJy 3alMCaHo y BUIVIS y=ax?,

3a dopmynorw (5) TouHe 3HAYEHHS KPUBHM3HM Yy Toulll A mapabonu (4)
JIOP1BHIOE:
k = 0.05893 (7)
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3amamo Ha mapadoui (4) aBi Touku B 1 C, CyMiXHI 3 TOYKOIO A 3 CTaIUM
KpokoM h, skomy Hamamo pi3Hi 3HayeHHs. SIKINO 3a JOBXKHHY JIyrd MiX
TOYKAMH JIOTHKY CYMDKHUX JOTHYHUX Yy JHUCKPETHOMY YSIBJICHHI TPUNAHSATH
BiicTanb DE wmix cepegunamu cymixaux mgaHok JIIK, To kpuBu3Ha mpwu
JMCKPETHOMY YSBJICHHI KpUBO1 HAOJIMXKEHO JIOPIBHIOBATUME:

JEeRS | tven ®

Jlist mapa6oinu (4) Bupas (8) y Toutli x,=6 npuitMae BUTIISI:

k/

(/. 008333 .
14000691 44- 1) ®)

JUIs HaOYHOTO YSIBICHHS TEHJICHII 3MIHA 3HAUY€HHS KPUBU3HU B
3aJICKHOCTI BiJl KPOKY AMCKpeTHu3aiii 3a Gpopmyioro (9) migpaxoBaHO 3HAYCHHS
KPUBU3HU, 1110 HABEICHO Y TaOIUII.

3a Ipyroro TPaKTOBKOIO BU3HAUEHHS KPUBU3HU Y€pe3 TPU CYMIXKHI TOUKH
A, B 1 C npoBeaeMo KOJo, sIK€ y AUCKPETHIH TPAKTOBII MOXXHA BBa)KaTH
CTUYHHM JI0 KpuBOi y Toutli 4 (puc. 2).

Koopaunatu 1ieHTpa 1boro kKojia o0UuCIIOThCS 3a (hopMyIamu:

(6 =)o~ Ya)~ (Vs = Ya)¥e = Yal (Ve = ¥6) = (4% ~Xa) (Vs = ¥a). (40
Axg(Ye = ¥a) = x4V = ¥8) = Xc (V5 = ¥ )] ’

- (,V% - yﬁ)(xc = X4) + (Xg = X4) (X = Xa)(Xo = Xp) + (.V% - J’%)(XB = Xy) (1)
ZIXB(YC _yA)_XA(yC_yB)_XC(yB_yA)] '

Xo =

Yo =
Hab6muxene 3nauenns kpuBu3Hu JIIK y Toumi A4 Bu3Hauyaerbes, sK

BCJIMYMHA 3BOPOTHA 10 paz:iyca ObOIro KoJia:

1
VX0 = X2)%+ (Yo = ¥4)°

K" =

(12)

Sxmo Ha mapaboui (4) 3amaTé Tpu MOCHiAOBHI Touku B, A 1 C 3 cTanum
KpokoM h y3nmoBx oci Ox, popmynu (10) i (11) 3HAUHO CHIPOITYIOTHCS:

Xp = azxA(,*‘?2 - 4)«%} (13)
- az(ﬁxﬁzn; R)e1 14

ne a=0.083333 — napametp napabdomnu (4);
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h — kpok Touok y310Bk oci Ox Ha mapadoni (4).

/"
HaGmuxene 3HaueHHs K KpUBM3HM, $Ky BM3HAU€HO 33 JPYTOIO

TPAKTOBKOIO 3 pi3HUM KpoKoM h, HaBeneHO y TabmwuiIi.

Tabnuys

h XA XB Xc Kk K"

0.5 6 55 6.5 0.05898 0.05894
1 6 5 7 0.05913 0.05893
1.5 6 4.5 7.5 0.05939 0.05881
2 6 4 8 0.05976 0.05851
2.5 6 3.5 8.5 0.06023 0.05794
3 6 3 9 0.06083 0.05704

BuCHOBKM Ta epCneKTUBH.

[TopiBHIOOUM pe3yibTaTH TAOJUI 3 TOYHUM 3HaYeHHSM (7) KPUBHU3HH
MOYHa 3pOOUTH HACTYITHI BUCHOBKHU:

1. [3 3MeHIIEHHAM KPOKY AMCKpeTu3aiii B 000X BUNAAKaX TOYHICTb
BU3HAUYEHHS pajilyca KPUBU3HHU IT1IBULITY€ETHCS.

2. Crnoci6 BusnauenHs kpuBuszHu [I[IK mpaktuuno He BruMBae Ha
TOUHICTh PE3YJIbTATy, ajie BIAXUICHHS BiJ TOUHOTO PE3yJbTaTy 3MIHIOE 3HAK Ha
MIPOTUJIICKHUM.

HaGnmxeHe 3Ha4YCHHS KPUBH3HU y BUIAJKY, KOJIHM KpOK h mpsmye o
HyJId, MOXHa OTPUMATH 32 JOMNOMOIOI TiNepOONIYHOI EKCTpPaNoJsIii 3
BUKOPUCTAHHSM I1’SITW 3HAYCHb KPUBHU3HM MIPH Pi3HOMY Kporii h [6].
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ANALYSIS OF THE ACCURACY OF CURVATURE
DETERMINATION OF ADISCRETELY PRESENTED CURVE

When geometric modeling of objects, processes or phenomena, many
dependencies between parameters are often presented in the form of graphs.
Graphs based on experimental data are often presented in the form of discrete
representation curves (DRC). The study of the simulated process involves the
analysis of the resulting graph, including the determination of the differential
characteristics of the curve. For a discretely presented curve, these
characteristics can be determined only approximately, which is where the task
of assessing the accuracy of their determination arises. The differential
characteristics of a curved line, such as tangent, normal, curvature, etc., are
unambiguously and accurately determined by the methods of differential
geometry. If the curve is presented in the form of a discrete series of points, such
characteristics are determined approximately and ambiguously, and the
accuracy of determining these characteristics is affected by the discretization
step.

In [1] it is shown that the curvature of a plane curve, on the one hand,
can be defined as the ratio of the angle of adjacency (in radian measure) of
tangents at two infinitely close points to the distance between these points, and
on the other hand, the curvature is defined as the inverse of the radius contact
circle Both approaches give the same result. The curvature of a discrete curve
can be determined only approximately and in existing publications it is defined
as the inverse of the radius of a circle that passes through three adjacent points
of the DRC. The curvature of a curve is closely related to the concept of tangent
and normal to a curve. Such concepts for DRC are discussed in detail in [6].

The purpose of the article is to analyze the accuracy of determining the
curvature of a discretely represented curve depending on the method of its
determination and the discretization step.

Keywords: curvature; discretization; discretization step; accuracy
analysis; curve; graph; differential characteristics of the curve.
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