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Menimononscovka wikona npuxkiaoHoi eceomempii imeni Bonooumupa Hatiouwa

YV 3a0auax ceomempuunozco mooenioganus NIOCKUX KPUBUX BANCIUBOIO €
MONCIUBICINb eheKMUBHO20 0OUUCTIeHHS NOXIOHUX, 30KpeMa — Nepuloi NOXIOHOT y
nouamkogii mouyi ceecmenmy. Lle 3ymoentoe nompeby y cmeopenHi popmyn 01
oouucnennus mpaouyitinoi (Hetomona—Jleiibniya) nepwioi noxionoi A; ceecmenmy
NJIOCKO20 MOYK08020 NONIHOMY 3a 3Ha4eHHs napamempy t; = 0. ¥V pozeopnymomy
8USNIAA0I NOOAHO MOYKOBI NONHOMU OpPY2020, MPembo20, UYemeepmo2o ma
n’sIMo20 Cmenemie, a makodic GIONOBIOHI 00 HUX GUpPA3U 011 OOUUCTEeHHs
noxiounoi’ y nouamxosit mouyi. Hanpuknao, ons noninoma opyeoeo cmenems
NOXIOHA 0OUUCTIOEMBCSL SIK NOOBOEHA PIZHUYSL MIdIC OPY20i0 [ NepuLoio MmoYKami,
011 mpemvbo20 — uepe3 KOMOIHAYI0 8eKmopis, W0 8paxos8ye yCi mpu mouKu
mowo. 3 NiOBUWEHHAM CMeNneHs NONIHOMA CKAAOHICMb AHATIMUYHO20 8UpPA3)y
3HAYHO 3POCMAE, WO YCKIAOHIOE UBCOEHHS 3A2ANIbHOT (hopmMYau OISt O08LIbHO20
n. Iliokpecnoemscs, wWo HAAGHICMb  pO3pOONEHUX aemopamu  Gopmyn
3HAXOOMCEHHsl  3HAYeHb  MPAOUYIUHUX  Nepuux  NOXIOHUX — 3MEHULYE
PeCypPCOBUMPAMHICIb — 3HAXOOJHCEHH — YeHmpIi8 NPOEKMY6AHHA Ni0  4ac
004UCTIeH s 3HAYEeHb OUDNPOEKYIU Ol YIMBOPEHHSL CMYyeU OUPNPOEKYIT.

Bpaxosyrouu yi  mpyonowi, cmeopeHHs NOnepeoHvbo  BUSHAYUEHUX
AHANTMUYHUX BUPA3IE OJIs1 OOYUCTEeHHS NOXIOHUX CMAE NPAKMUYHO HeOOXIOHUM
0151 3a0e3neueHHs WeUuOKoCcmi i moyHoCmi 0ouucieHb. Y Konmekcmi no6y0osu
cmyeu ouhnpoexyitl maxa onmumizayisi 0cobIuBo 8aMiCaUBd, OCKLIbKU came 8
Yux OLIAHKAX 30IUCHIOEMbCS BUSHAUEHHS HANPIAMKIE MA YeHMPIi6 NPOEKMYBAHH,
wo nompedye yuciewHux noxioHux. Ompumani mpaouyitini  NOXIOHI
BUKOPUCMOBYIOMbCA K 6XIOHI 8enudunu Ol NOOAIbULO20 KOHCMPYIOBAHHS
KOMNO3UYIUHUX NOXIOHUX.

“ HayxoBwii KepiBHUK — I-p TeXH. HayK, mpodecop Bepemara B.M.
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Komnosuyitini noxioni maroms pso nepesae, 20108Ha 3 AKUX — n00Y006a
Ha OCHOGI iHeéapianmis napaneivbHo2o npockmysanis. Lle 3abe3neuye cmanicmo
Xapakmepucmux  2eOMempudHux 00 €Kmi6  He3aneNCHO  8i0  iXHb0O2O
PO3MAULYBAHHS Y NPOCMOPI, WO 0COOIUBO YIHHO npu mpaumchopmayiax i
VHighiKosaHoMy ananizi mooeneu. Y pezynomami, 3aCmocy8aHHs KOMNOZUYTUHUX
NOXIOHUX He MIIbKU NIOBUWYE MOYHICMb, a U 3HUNCYE pPEeCcyPCOEMHICHIb
CMBOPEHHSL BIONOBIOHUX NPOSPAMHUX NPOOYKMIE.

Kntouosi cnosa: moukoeuti noninom, KOMNO3UYIliHA NOXIOHA, MPAOUYILIHA
NOXIOHA, MPAOUYItiHA NOXIOHA, cMy2a OUPnNPOEKYit, hopmynu 3Ha4eHb NOXIOHOT
V NOYAmMKO8IU MouYi.

Ilocmanoeéka npoonemu. Ilin yac yTBOpPEHHS CMYTd JUPIPOEKIIMA
HEOOX1THO oOoOWpaTh UEHTP TMPOEKTYBAHHS IS OOYMCIICHHS 3HA4YEHb
nudnpoekiii 'y 0Oa3suCHUX ToYKax. SIKIIO IEHTP MPOEKTYBaHHS OOUpaTH
JOBUIBHUM YHHOM, TO 3a (opMOI0 rpadik CyHmpoBIAHOI JiaMaHOi JiiHii Oyze
noniOuum 110 rpadika TpaauiiiHoi (Herorona-JleiOHima) mepiioi moxigHoi,
OJTHAK 1X 3HAYEHHS BIJIPI3HATUMYTHCS OJIHE BiJ OJHOTO HAa SKYCh KOHCTAaHTY.
[Ilo6 yHUKHYTH IILOTO, HEOOXITHO 3MINCHUTH KOPEJAII0 3HAYCHb TPaaUIlIAHOI
MOX1JIHO1 1 cMyru audrpoekiniii. Taka Kopemsiist 301HCHIOETHCS, KOJH € Oy/Ib-sKe
3HAUCHHS TPAIUIINHOI MOX1THOI y OJHIA 13 0a3ucHUX TOYoK. Ha Hamr morms,
HAWTIPOCTIIIEe OOYMCIUTH 3HAYCHHSI TPAIUIIIMHOT MEePIIOi MOX1THOT y TOYaTKOBIN
0a3uCHIM TOULll BHUXIJHOTO CETMEHTYy TO4YKoBOoro momiHomy. llle Oinbie
CIPOIIEHHS O0YHUCIIEHB TOCATAETHCS MIJISTXOM CTBOPEHHS (POPMYI JIsl TOUKOBUX
MOJIIHOMIB PI3HUX CTEMEHIB, IO BUIJISAJIA€ MEBHOK aKTyaJbHOK MPOOIEMOIO,
sIKa pO3B’A3Y€ThCA Y 1M CTATTI.

Ananiz ocmannix 0ocnioxycens i nyonikayin. KomnosuuiiiHa reomMeTpist
pO3pOOIIAETbCS 1 JOCHIKYEThCS Y  MenmITONoNbChKIM  IKOJI  TPUKIIATHOT
reoMeTpii iMmeHi Bonogumupa Haiinumia. Posnmounnanucs nociimpkeHHs mpod.
Bepemtaroro B.M. ta i#toro yunsmu y po6orax [1-7]. Hapasi, i3 3acTocyBaHHSAM
cmyru  audnpoekiiii  [8] po3poOnsOTECS 1 JOCHIDKYIOTBCS — METOAH
KOMITO3HIIIiTHOTO AudepeHiiitoBands. OOrpyHTyBaHHS HEOOX1THOCTI PO3POOKH
METO/IIB YTBOPEHHSI KOMIO3UIIIMHUX MOX1THUX Oyi10 HagaHo y po6ori [9]. [eprri
JOCIIDKEHHS MO0 YTBOPEHHSI KOMMO3UIIIMHUX TMOXITHUX HaJZaHO y pobOoTax
[10, 11, 12]. 3ampomoHoBaHa CTATTS € MOJAIBIIAM KPOKOM Yy PO3pOOII Teopii
KOMITO3UIIIMHUX MOXIAHUX I TOYKOBHX ITOJIHOMIB. [OJIOBHOIO OCOOIMBICTIO
KOMIMO3ULIIMHUX TOXITHUX € T€, 1[0 KOXHA 13 CKJIaJIOBUX MOTO (PYHKI[1I0HAIEHOTO
0a3ucy sBige COOOI MPOCTE BIAHOIICHHS TPhOX TOYOK, TOOTO € 1HBApIaHTOM
napayIeIbHOTO MPOEKTYBaHHS.

Dopmynioeannusa yineu cmammi. CTBOPUTH (DOPMYNIH 3HAXOIKECHHS
3HAQUCHb TPATULINHUX TMEPUIMX TMOXIJHUX Y TIOYaTKOBIA TOYI[l CErMEHTIB
TOYKOBHUX IMOJIIHOMIB JIPYTOTO, TPETHOTO, YETBEPTOTO, I1’SITOT'O CTEIECHIB.

Ocnosna wacmuna. 1. Hexall uiocka KpuBa JIiHISL BU3HAYAETHCS TPhOMa
toukamMu A, A,, Asz. Toml TOYKOBUU TONIHOM, SKUW iX 1HTEPIIOIIOE, MaTHMeE
BUTJISIL;
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(t-t)(t3- 1) +a, (t1-t)(t3- 1) 4
(t2-t1)(t5-t1) (t1-t2)(E5-t3) (1)
(t1-t)(t,- 1)
*(ty-t3) (ta- t3)’
A6o y 3aranpHiit hopmi: M(t) = Ay - p1(t) + A, - pa(t) + Az - p3(t).
Y mpoMmy BHUIAAKy TpajuIliiHAa TOXIiJIHA TOYKOBOTO TMojiHomMy (1) y
TIOYATKOBIH TOYI A 31 3HAYCHHAM NapameTpy ¢ = 0 MaTUMe BHUIIIS:

M(t) = Ay

—-i- 13 -3 -t
thy gt A
t,ts t2-t,t, t2-t,t,

! —
M'(t)) = A, (2)
2. Hexaii miocka AMCKpETHA KPUBA JIiHisS BU3HAYAETHCS YOTHPMA TOUKAMHU
A;; i =1,4. Toal TOYKOBHH TOJIHOM, SKMH 1HTEPIIOIIOE I TOYKH, MaTUME

BUTJIS;
t,—-t)(t3—t)(t4—t t1-t)(t3-t)(Ly—-t
M(t)=A1(2 )(t3-t)(t4- 1) Az(l )(t3- 1) (t4-1t)
(t2- 1) (t3— 1) (4 t1) (t1-t2) (E3— ) (4 t2) 3)
(t1- ) (- ) (t4- 1) 4 (61— t) (- ) (t3- 1)
S(t-t3)(ta- ) (Eg=t3) F (ty- b)) (= ty) (t3- )
AGo y 3aranphiil popmi: M(t) = Ay - p1(t) + Ay - pa(t) + Az - p3(t) +
Ay - pa(t).
Toni TpagumiitHa mepia MmoxigHa TOYKOBOTO MoiHOMY (3) y MOYaTKOBIH
TOUIll A; CETMEHTY KPHWBOI ITLbOTO TIOJIHOMY, 3a 3HaueHHs mapametpy f# = 0
MaTHMe BUTJIS:

—tytg—tyt,—tst —tst
M’(t1)=A1 23 2%4 344 Az ; ; 344 +
totsty —t5 +t5(t; + ty)-tytsty (@)
— oty —lat3

+A + A .
3‘t§ + t3(ty + ty)-tytst, 4‘@% +t2(t; + tz)-totsty

OOuncneHHs [HOTO BHWPa3y HAMACTh 3HAYCHHS TPAAUINIAHOI Tepiioi
MOXIJTHOT y TIOYaTKOBIN TOUIN 4.

3. Hexaii muocka JUCKpEeTHAa KpUBa JIHIS BU3HAYAETHCS I SThbMa
0asucHuMU Toukamu A;; i = 1,5. Toal TOYKOBUMA MOJIIHOM, SIKUH 1X 1HTEPIIOJIIOE,
MaTHUMe, Y PO3rOPHYTOMY 3aIHCi, HACTYITHUM BUTJISI:

(t2- ) (t3- ) (E4-t)(ts- 1)
(ta—t1)(t3-t1) (t4—t1)(ts—t1)
(t1-t)(t3- ) (t4-t)(t5-1)
(t1-t)(t3—tp) (ty—t2) (ts—t3)
(t1-t)(tx- ) (t4- ) (ts- 1)
3
(t1-t3)(ty—t3)(ty—t3)(ts—t3)
(t1- )t~ ) (t3- ) (ts—t)
4
(t1—-ty)(ta—t4) (t3-ty) (t5—t3)
(t1-t) (- ) (t3- ) (t4- 1)
5 .
(t1—ts) (ta-ts)(t3—t5)(t4—ts)

+A4,

()
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A6o y 3arampHomy Buriimi: M(t) = A - p(t) + A, - pa(t) + Ag -
P3(t) + Ay - pa(t) + As - ps(t).
Toni TpaguuiiiHa nepiiia moxigHa TOYKOBOrO MOJIIHOMY (5) y MOYaTKOBiH

Toulll A}, 3a 3HaYeHHs napameTpy ¢ = 0, 0OUNCITIOBAaTUMETHCS 13 BUPA3y:
—tytaty—tytats—tytyte—tatyts N

M'(t;)) =A
(t1) = 4A; o tats

+A _tslals +

2t t3(tg 4ty + ts) + t2(taty + tats + tyts)-tytstyts
+A _r2ltals + (6)

St t3(ty 4ty + ts) + t2(taty + tyts + tyts)-totatyts
+A _r2lsls +

YR 3ty 4ty + tg) + t2(tyts + tots + tats)-tytstats

—lt3ty

s ts + t3(ty + tg + ty) + t2(tats + toty + taty)-totstyts

OO6uuncnenns Bupasy (6) HaacTh 3HAYCHHS TPAIUIIIHHOT MEPIOT MOX1THOT
y TIOYaTKOBIM TOYUIIl 4.

4. Hexail T1UlOCKa IUCKpETHA KpHBa JIHIS BU3HAYAETHCSA MIICTHMA
O0asucCHUMHU TOouKamMH A;; [ = 1,6. Tomi TOYKOBHi TOJHOM, SIKHH 1X
IHTEPIOIOBATUME, MATHME, Y PO3TOPHYTOMY BUTJIS/II, HACTYITHUMA 3aITHC:

(- 1) (t3- O (Ea- 1) (t5- 1) (t— 1)

(to-t1)(t3—t1)(ta—t1) (Es—t1) (te—t1)
(t1-t) (3= ) (t4—t)(ts—t) (te—1t)

2 (t1-t2)(t3- t2) (ta=t2) (ts— t2) (te—t2)
(t1- ) (L= ) (E4= ) (ts- ) (t6— 1)

(t1-t3)(t2— t3) (4= t3) (ts—t3) (t6—t3) * 7)
(t1- ) (t2- ) (5~ t) (ts-t) (t6— 1)

*(t1-tg) (to-ty) (ts—ty) (ts—t3)(tets)
(t1-t) (- ) (t3-t)(ta-t) (te-1t)

° (ty1-ts)(t,—ts)(t3—ts)(ty—ts)(te—ts)
A, (b= ) (b= ) (E3- ) (E4- ) (t5- 1)

(t1-t6) (t2=te) (t3~te) (t4=te) (ts— L)
A0o0 y 3aranbHOMY BHUIJISIAL

n=6
GCEWRING)
i=1

Toni TpanuiiiftHa mepIia MoxXiJHa TOYKOBOTO MmoiaiHOMY (7) y moYaTKoBii
Toulll A}, 3a 3HaUeHHs apaMmeTpy ¢ = 0, 00UNCITIOBATUMETHCS 13 BUPA3y:

M(t) = Ay

+A4;
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Ax 6aunmo (2), (4), (6), (8) TpaauIiiiHi mepiIl MOXITHI Yy MOYATKOBIM
0a3ucHIl Toulll A; N1 TOYKOBHUX IOJIHOMIB 3 PI3HOI KUIBKICTIO BUXIJHHUX
0a3uCHUX TOYOK, MOTPeOYIOTh OOYMCIICHD 3a PI3HUMHU BUpa3zaMu. | Ham Hapasi
HE BJAJIOCS YTBOPUTHU y3arajbHEHUU BUIVISLA HaBelAeHUX BupasziB. OpHak, xoda
Il BUpPa3W € TPOMI3AKUMHU, iX YTBOPEHHS IJisi Oylb-SIKOTO CTENEHs TOYKOBOTO
NIOJIIHOMY HE € CKJIAJHUM 1 € HEOOXITHUM JUJIsl KOpeJslli LEeHTPY YTBOPEHHS
TU(IPOEKIINA CyNpoBIAHOI JamaHOi JiHIi JAMCKPETHOI KpPUBOI Ta MEpHIOi
MTOX1/THO1 TOYKOBOTO ITOJIIHOMA, SIKHHM 1HTEPIIOJI0E€ 0a3UCHI TOUKH IT1€1 KPUBOI.

Bucnoexu. JIns TOUKOBUX MOJIHOMIB 2-T10, 3-T0, 4-TO Ta 5-TO CTEIEHIB
yTBOpEeHO (opmysu Juisi OOYHMCIEeHHS 3HadeHb TpaauiiiiHoi (HsrioTroHa-
JleitOHina) mepumoi NOXIJHOT y MOYATKOBIM TOYI A; CErMEHTY IJIOCKOi KPHUBOL
JiH1T, 3HAUYEHHS MapaMeTpy y sKiil gopiBHioe Hymto — ¢; = 0. HasBHICTh Takux
dbopMyn cmpoliye, B CEHCI pPECypCOBUTpAT, IMONIYK IIEHTPY YTBOPEHHS
TuOpoeEKIiA  CyNmpoBIIHOI  JIaMaHOi  JIiHIIT  JAUCKPETHOI KPHUBOi,  SKHM
BUKOPHUCTOBYETHCSI NIl YTBOPEHHS KOMIO3UIIWHOI TMEpIIOi MOXITHOT AJis
TOYKOBOTO MOJIHOMY. BUKOpHCTaHHS KOMIO3UIIIHOI NEPIIOT MOXITHOI 3aMiCTh
TPaAMIIfHOT OOTPYHTOBYETHCS THM, IO KOXKHA CKJIaJ0Ba (DyHKIIIOHAIBLHOTO
0a3rucy KOMITO3MIIIMHOI TIOXIJIHOI JIMIIAEThCS 1HBAPIAaHTOM IMapalieIbHOTO
INPOEKTYBAaHHA SK 1 y C€aMOro TOYKOBOTO TMOMIHOMY. A 1€ 3MEHIIYe
pPECYpCOBUTPATHICTh NPOrPaMHHUX peadizauiii 1 poOUTh METOAM aHami3y
KOMITO3HIIITHUX TEOMETPUYHUX 00’ €KTIB HA0AraTo MpoCTIITUMHU.
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SIMPLIFIED COMPUTATION OF TRADITIONAL FIRST DERIVATIVE
VALUES OF POINT-BASED POLYNOMIAL SEGMENTS AT THEIR
INITTIAL POINTS

Kseniia Lysenko, Ivan Vereshchaha, Olensandr Kryvenko,
Tetyana Gonchar

In problems of geometric modeling of planar curves, the ability to
efficiently compute derivatives—particularly the first derivative at the initial
point of a segment—is of significant importance. This necessitates the
development of formulas for computing the traditional (Newton—Leibniz) first
derivative at point A; of a planar point-based polynomial segment, given the
parameter value t; = 0. Expanded forms of second-, third-, fourth-, and fifth-
degree point-based polynomials are presented, along with the corresponding
expressions for computing the derivative at the initial point. For instance, for a
second-degree polynomial, the derivative is calculated as twice the difference
between the second and first points; for a third-degree polynomial, it involves a
combination of vectors taking into account all three points, and so on. As the
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degree of the polynomial increases, the analytical expression becomes
significantly more complex, making it difficult to derive a general formula for
arbitrary n.

It is emphasized that the availability of formulas developed by the authors
for determining the values of traditional first derivatives reduces the
computational cost of finding projection centers when calculating differential
projections to form a differential projection strip. Given these challenges, the
creation of predefined analytical expressions for derivative calculation becomes
practically essential for ensuring computational speed and accuracy. In the
context of constructing a differential projection strip, such optimization is
especially important, since these segments involve determining projection
directions and centers, which require numerous derivatives. The obtained
traditional derivatives serve as input values for further construction of
compositional derivatives.

Compositional derivatives offer a number of advantages, the main one
being their construction based on invariants of parallel projection. This ensures
the stability of the characteristics of geometric objects regardless of their spatial
position, which is especially valuable in transformations and unified model
analysis. As a result, the use of compositional derivatives not only increases
precision but also reduces the computational complexity of the developed
software products.

Keywords: point-based polynomial, compositional derivative, traditional
derivative, differential projection strip, formulas for derivative values at the
initial point.
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