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JAUCKPETHA IHTEPITIOJIALIA CINTPAJIEIIOAIBHUX TUCKPETHO
NPEJCTABJEHUX KPUBUX HA OCHOBI HEJIHIMHOI'O 3AKOHY
3MIHHU KYTIB CYMI’KHOCTI

Anomayis. JlocniKeHHS 30CepePKeH0 Ha TPoOIeMi IHTepIIONAIi] TUCKPETHO TPEACTABICHUK KPUBUX (alti —
JIIK), 30xpema criipaneii Ta 3aMKHEHHX KOHTYpiB. [IpencraBneno HeniHiiHy GOpMymy IS 3MiHH KYTiB CyMIKHOCTI
i gac 3rymenHs cripanenonioaux JIIK, sxa BUMIMBacE 3 miATBEPIKEHOT TOTOKHOCTI, ITI0 TIOB’SI3y€ KYTH JIO0 1 Tic-
st mporiecy yiinbHeHHs. [1ngxom HakmaganHs JOJATKOBUX YMOB Ha CIIIBBiIHOIIEHHS KyTiB pO3po0JIeHO pizHOMa-
HITHI pI3HULIEB] anrOpuTMH. BOHM TapaHTyIOTh BiAMIHHY PO3PaxyHKOBY TOYHICTb 1 MMOBHICTIO BHKIIFOYAIOTh OCIH-
Tl 3TymeHoro KoHTypy. KpiM Toro, po3po0iieHo i TEOPETUIHO MMiATBEPIKEHO CIIOCIO 3TYIIEHHS, o 0a3yeThes
Ha TEOMETPHYHUX 3aJEKHOCTIX MK KyTaMu cyMikHOCTI. IlepeBara 11,010 crocoly mosisarae B HOro piBHOMipHIiN
e(eKTHBHOCTI SIK Ha OMYKJINX CETMEHTaX, TaK 1 Ha MePeXiHUX 30HaX 3 MOXKJIMBICTIO Bi/ICTE)XyBaTH TOYKH MIEPETHHY.

Knroyosi cnosa: cynpoBOMKYBaIbHA JJaMaHa JIiHis, KYT CYMIKHOCTI, KiHIIEBa PI3HUIIS, CITipaenoiOHa qucKpeT-
HO TIOZIaHa KpyBa.

Ilocmanoska npobnemu. Panime 6yno posniaayTo 3rymeHHs JIIK Ha ocHOBI 0cHOBHOI TOTOX-
HOCTI LIUISIXOM HaKJIaJeHHS J0/aTKOBUX CIIBBIIHOUIEHb MK KyTamMH cyMiKHOCTI jJaHok CJIJI 3ry-
mienoi JIIK. OxeprxyBani pu LbOMY pi3HUIIEBI CXEMH JaJId 3MOTY MOOYIyBaTH MPOCTi i e(heKTUBHI
pPO3paxyHKOBI allTOPUTMHU, 10 TAPAHTYIOTh BiACYTHICTh ociimsiii mpu 3rymenHi JAITK. Hemnomikom
MIPOMOHOBAHUX MPH L[OMY CIIOCO0IB € T€, 110 3aKOH 3MIHU KYTIB CyMI)KHOCTI MICJIS 3TYIIEHHS Mae
371aMH y By3Jlax a0o Toukax 3rymieHHs. T1UIbKU crociO AUCKPETHOI IHTEPHOsILii PI3HULIEBUX CXEM
Jla€ 3MOTY OJIepKaTH JIHIMHUM 3aKOH 3MIHU KYTIB CyMDKHOCTI. TYT BaXXJIUBUM € Te, 110 1MOOyI0Ba
JHIAHOTO 3aKOHY 3MIHU KyTiB CYMDKHOCTI MOXKJIMBA JIMIIIE TOJII, KOJIU II€0 BIACTUBICTIO JIIHIMHOCTI
BOJIONIIOTH KyTH cyMikHOCTI BuxifgHoi JI1K. 3a HegoTprumaHH 1i€i yMOBH MOKHA TOOYTyBaTH 3ry-
LIEHHSI TUIbKU 3 KYCKOBO-JIIHIHHUM 3aKOHOM 3MIHHU KyTiB CyMIKHOCTI.

Ananis ocmannix docnioxcens. 3rymena JII1K B Toukax 31amy rpagika KyTiB CyMi’>KHOCTI MaTUMe
neperuHu KpuBuHU. Lle BapTo BpaxoByBartu npu (opMyBaHHI AMHAMIYHUX OOBOJIB, 30KpeMa IpH
npodiroBaHHI KynaukiB. BigzHaunmo, 1110, SIK yKa3yBaJlOCs paHille, 3 KOKHUM KPOKOM 3TYIIEHHS
KyTIB CYMDXHOCTI 3MEHILIYIOThCSI MPUOIM3HO BABIYI MOPIBHSAHO 3 MoNepeaHiMu 3HaYeHHsIMU. Kpim
TOTO, TIPOIIEC 3TYIIEHHS J1a€ 3MOTY OJIEp>KaTH 3HAYEHHS KYTIB CYMIKHOCTI SIK 3aBFOJHO OJM3bKO (Ha
TIEBHOMY KpOIIi) 10 TOUKH 3y1amy Tpadika. Tak, mo onrucanuii mporec 3MeHIIEHHS KyTiB CyMIKHOCTI
B TOYKax 3j7amy rpadika 3 OqHOYACHUM HAOIMKEHHSM TOYOK 3TYIICHHS 10 PO3ITITHYTOTO By3Jia J1a€
3MOTy OfIEpKaTH SIK 3aBrofHO Masie (1o abCOMIOTHINA BeMWYWH1) 3Ha4eHHs cTpubOka kpuBuam J[ITK
y By3JIax 3JIaMy, X04a HasBHICTh TAKOTO CTpHUOKA Kaaa€ BiJl TOCTITHUKA KOHTPOJIIO HOTO BEIUYUHU
1l TOPIBHSAHHSA 31 3HAYEHHSIMHU, 110 JOMYCKAIOTh IPU IILOMY.

Ocnosna yacmuna. Pozrnsaemo MoxiinBocTi nodynosu 3rymerss JAIIK 13 HemiHIMHUM 3aKOHOM
3MIHU KYTIB CyMI)XHOCTI. 32 OCHOBY BI3bMEMO IOJIIHOMIQJIbHUN 3aKOH, KOJIM TOYKH, 110 BIMOBIIA-
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10Th Ha rpadiKy 3HAYEHHSIM KyTiB CYMDXHOCTI MICJIsl 3TYIIEHHS, PO3TallOBYIOThCS Ha mapadoJi 3aja-
HOTO CTYTICHS.

Jlyis moyaTKy po3nIsIHEMO AUCKPETHI MOAAHHS MOJIIHOMIAIbHUX KPUBUX, HANOUIBLIO MIpOIO 3a/10-
BOJIbHSITEHOMY TTOCTaBJICHOMY 3aBaHH!0. Taki mogaHHs BIepIle po3nIsIHy T B podoTax akas. B. M. Haii-
JUIa ¥ po3BHHEHI B poOOTax HOro yyHiB CTOCOBHO JO PILLIEHHS PO3IISHYTUX HUMH 3aBlaHb. [Ipo-
JOBKUMO 111 TOCJIJDKEHHSI CTOCOBHO JI0 HAIUX 3aBlaHb. /IMCKpeTHE MOAaHHs MPsIMOi JIiHii, TOOTO
3aJICKHICTh MK OpJIMHATaMU i TOYOK Ha PIBHOMIPHIN CITII 3 JJOBIILHUM KPOKOM, Ma€ BUIJIS:

Yin=2y;+y, =0, i=Ln. (M

3B11CH MAEMO
Vi=YVa=Yi— V=4, (2

ne A, — mepia KiHIleBa pi3HUI, MOCTIMHA AJ BCiX TOYOK MpSIMOMiHIHHOTO psgy. st coporieHHs
MOJIAJTBIIIOTO PO3IIISAY BiJIHECEMO ii 3HAUEHHSI IO HYJIBOBOTO (IT0YaTKOBOT) TOYKOBOTO PsiAY, TOOTO:

Vi —Yo=A.
Toni OpaMHATH THIITUX TOYOK PSIY BHPAKAIOTHCS Yepe3 3HAYCHHS Vo A, Y TaKHii Crocio:
N=Y 4
Vo =Y +A =y, +2A, 3)
BEREIN
Vi =Y, HkA,

OTtpumaHy (OCTaHHIO) PIBHICTh OyZeMO BHUKOPHCTOBYBATHM HaJaji JJIsi PO3paxXyHKy OpAWHATU
JOBUIBHOT TOUKH MPSIMOJIIHIAHOTO PSITy.
Posmisnemo 2-nmapabomny. Ii quckpeTHe nmogaHHs Mae BUIIAL
Vi =3y 43V Y =0, i=Lkn. 4)
3Bizcu uist i = 1 MmaeMo
Do =20+ 2) = =2y, + ) =A,, (5)
ne A, — Ipyra KiHIIeBa Pi3HUILS JUTsl OPAUHAT Vo, Vi, V2, BIIHECEHA A0 HYJIbOBOT TOUKH.
Tomi
M=yo+ 20+ A, (6)
1 gami, miacrasisroun (6) B (5) 3 omisany Ha (4), MaeMo:
Vs =y, +3A,+3A,
Vi=Y,+4A,+6A, . (7)

Vi =Yy HkA, +Ck2A2

Jlst mapaGoinu 3-ro MOPSAKY MaeMO:
Vi, —4y  +6y. -4y +y.,=0, i=2n-2. (8)
[TpoBiBIIM aHAIOTIYHI MTiJICTAHOBU PaHIIlle PO3TITHYTHM BHKJIQJICHHIM, MAEMO:
V3 =Y, +3A,+3A, + A,
Yy =Y, H4A +6A, +4A,
Vs =Y, +35A, +10A, +10A, | 9)
Ve =Y, +6A, +15A, +20A,

Ve =Wt CliAl + ClgAz + C/fAs
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Jle A; — TpeTs po3aisieHa pi3HUII

Ay ==y + 3y =3+ s (10)
Amnarnorivso (9) nis mapabonu 4-ro MOpSIKY MaEMO
Y, =Yy +CiA + CIA, + CA, + CJA,, (11)
ae
Ay=yo =4y + 6y, = 4ys + ya. (12)

ITo cyTi, MU ofepKasli IUCKPETHUH aHAJIOT IHTEPIIONALIIHOT popmynu HeroToHa st 004YKCIeHb
OpJMHAT TOUOK /7-TIapabosIu Ha PiBHOMIpHIii citi. [i JoCTOIHCTBO MONATaE B TOMY, 110 TMiABUIIEHHS
CTyTIEHS Tapa0ou HEe MPUBOIUTH JI0 TIEPEPAXyHKY TOUOK HA TOYATKy Tabmuii(yo, Vi, ... ), TOOTO 3HA-
qeHHs A, A,, ..., 3HaWIEH] 1715 Tapa0oiIy MONEePeIHHOTO CTYIICHS, 3aTHIIAI0THCS HE3MIHHUMU.

Cxopucraemocs popmynamu (2), (7) 1 (9) mist popmyBaHHs 3rymeHoro rpadika Y KyTiB CyMix-
Hocri 3aganoi JIIK, komu Kyt ¥;,i =1;n oTpuMaHi 3 BUXiJHUX JaHHX.

Po3risiHeMO BHITAI0K MPSIMONIHIfHOTO po3TamryBaHHs rpadiky v, Big N.

3anuuieMo OCHOBHY TOTOXHICTb JUIsI TOCII0BHOTO PSAY TOYOK

1 1, 0
Yos T 2Y1+ Y15 =715

1 1, 0
Yis+2Y2+ Y25 =72

1 1, 0
Yast 2y;+ Yis = V3o

1 1 1 _
Yicos 27 tVivos =i -

(15)

C o 1 . . . .
YMoOBa NpsAMONTIHIHHOTO PO3TAIIYBAHHS TOYOK Y, s, I =1=1;nHa mincrasi (3) Mae BUITIAA:

Y1 ="Yos + A,
Y},s = Yz),s +2A,, (16)

[Mincramsroun (16) B (15), Mmaemo:

(17)

KpiMm Y, s 13 KO3KHOT IOCITIIOBHOI Tapy piBHAHB (17) oep:Ky€eMO 3HaUEHHS A, IO 1a€ 3MOry 1100y-
e ey o 1
JyBaTH NPAMOJIHIAHUK DA ¥, g s-
Bono nopiBHIOE:

Y:),5A1 :%( g—Y?)=%(Yg—Yg)=%(yﬂ—yg).... (18)

1 .
ITpu bomy ¥, s Moke OyTH BU3HAUEHE 3 KOKHOTO 3 piBHAHB (17).
OueBuaHo, o A; = 0 mpu piBHOCTI BCiX KyTiB cyMixkHOCTI BuxigHoi [AI1TK, To6TO:

Y=Y =Y ==Y (19)
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. . . . . 0
Ha ocHoBi nocnigoBHoi napu piBHsAHB (17) ofepKy€eMo YMOBY JUIsl BUXITHUX Y , 11O JacTh 3MOTY
noOyayBaTH MPAMOTIHIHHUH PSAJ] TOYOK KyTiB cyMikHOCTI y' 3rymmenoi JI1K.
Maemo:

v, =2y +yp, =0, i=2n-1 (20)
VY Takwii criocid MU oJepIKaIH MiATBEPKEHHS PaHille OTPUMAHOTO BHBOAY PO T€, 1[0 YMOBOIO

MPSIMOJTIHIHOTO pO3TaIlyBaHHS 3HAU€Hb KyTiB CyMikHOCTI 3rymeHoi JITK € npsmomiHiiHICTh po3-
TallyBaHHS 3HAauY€Hb KyTiB cyMixkHoCTi Buxinnoi JAITK.

Po3ristHeMO MOXITUBICTH MOOYAOBU TOUKOBOTO Py 3HAYEHb yf)’s, i=Ln JUIsl TapaboJIu APyroro
MOPSIKY.
Ha mincrasi (7) maemo:
Yi = Y(l),s +A, Yi,s = Y(l),s +2A,+A,,
le = Yi),s +3A,+34,, V12,5 = V:),s +4A,+6A,, (@1
vy = y}))s +35A,+10A,, y;,s = y;,s +6A, +15A,,

[Tincrasnsroun (21) B (15), maemo
1 1 13 1
73,5+A1+_A2 :_Y?a V(1),5+3A1+_A2 :—Yg,
4 2 4 2 (22)
41 1 85 1
Y%),S+SA1+TA2 :Eyga V:),5+7A1+TA2 :EYO

ykanuit mapabomiuHui psii 3Ha4eHb KyTiB cyMikHOCTI 3rymieHoi JITK Bu3HavdaeTbcs Tpboma
1 . - . e ‘o .
napaMeTpamMu Y5, Aj1A,. IXH1 3HaUE€HHSA MOKHA BU3HAYMTH 3 Oy/Ib-AKOi TPIHKHM PiBHAHE (22). 3 mep-

101 TPIMKK PIBHSAHb MAEMO
1

Yos ==(297) —18y) +5v1),
32
A = (790 <1070 + 3¢
= (T =107 +315), (23)
1
A, = (=21 +15),

3 ocTaHHBOI PIBHOCTI 3 (23) /U1 MOCIIIOBHUX TPIHOK TOUOK MAEMO:

1 0 0 0 1 0 0 0
Ay =2 (1 =2r2+m) =2 (v2 =213+ 1),
3BiaKHU:
0 0 0 0
vy =3y, +3y; -7, =0, (24)
OdeBHIHO, IO II€ CITIBBIIHOIICHHS CIPABETMBO JJIs OyIb-sKOI IMOCIIIOBHOT YETBIPKH TOYOK
BuxigHoi JIITK, ToOTO milileMo BUCHOBKY, IO JuIsl TOOYIOBH rpadika KyTiB CYMDKHOCTI 3TYIIEHOT
JIIK y Bunisiai mapa®oiau 2-1o mopsaKy HeoOXiaHo, 100 3HaueHHS KyTiB cyMibKHOCTI BuxigHoi JIITK
PO3TAIIIOBYBAJIUCS TAKOK Ha MapadoJ1i 2-ro MOpsAKY. 3BOPOTHE TAKOXK CIPABETHBO.

o . . .0 . .
Bucnoexu. Maiixe HepeaibHO, 1100 MHOYKMHA 3HAYSHb KyTiB cyMibKHOCTI ¥; BuximHoi JITK 3am0-
BOJIBHSUIA CITIBBITHOIICHHIO 2-11apadoJIu:

Vi =37 A3V Ve =0, i=2%n-3. (25)

Opnak OTpMMaHi BUIIE CHIBBIIHOIIECHHS MDK MapamMeTpamMH Jar0Th 3MOTY 3[IHCHUTH KyCKOBE
MOJICITIOBaHHS, KOJIM 3HAUYEHHS KyTiB CYMIKHOCTI 33/I0BOJIBHSIIOTH CITIBBITHOMICHHS (25) Mt TPhOX
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MOCJIIIOBHUX BY3JI1B (1 TOUOK 3ryIieHHsa Mk HUMH) BuXigHOi JITTK, ocTaHHs By3/10Ba TOUYKa € TOYKOIO
CTUKY (31maMy rpadika) 1 TOYaTKOBOIO TOYKOIO HACTYITHOT TPIHKH BY3J0BHX TOYOK. [HaKIIE KaKyd4H,
3MIHCHIOETHCS KyCKOBO-TTapaboIlivHe MOJICITIOBaHHS Tpadika KyTiB CyMiXHOCTI Y'.
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DISCRETE INTERPOLATION OF SPIRAL-LIKE DISCREETLY REPRESENTED
CURVES BASED ON A NONLINEAR LAW OF CHANGE OF ADJACENCY ANGLES

)

0. Matsulevych, O. Mykhaylenko, M. Suprun
Dmytro Motornyi Tavria State Agrotechnological University

Summary

Experimental scientific research, as well as solving practical problems of modeling various types of channel
surfaces of internal combustion engines and their flat cross-sections, pose many requirements. The geometric model
and calculation algorithms must be simple, taking into account an arbitrary number of specified conditions, and
ensuring the possibility of local changes in the shape of a curved line or surface without oscillation.

Existing and known methods are not able to fully meet these requirements. The problem can be solved within the
framework of discrete geometric modeling (DGM). Solving these problems using discrete geometric modeling, one of
the directions of which is discrete interpolation (condensation). Known DGM methods allow all of the above problems
to be solved, with the exception of ambiguous curves, for which the appropriate methods have not yet been developed.

The research focuses on the problem of interpolation of discretely represented curves (DRC), in particular spirals
and closed contours. A key element of the proposed approach is the analysis of the dynamics of angle changes
between adjacent segments of a broken DPC line, which serves as the basis for forming the necessary set of angles
for curve condensation.

A nonlinear formula is presented for changing the angles of adjacency during the condensation of spiral-shaped
DPCs, which follows from the confirmed identity linking the angles before and after the condensation process.
Various difference algorithms have been developed by imposing additional conditions on the ratio of angles. These
algorithms guarantee excellent calculation accuracy and completely eliminate oscillations of the condensed contour.
In addition, a condensation method based on geometric dependencies between contiguity angles has been developed
and theoretically confirmed. The advantage of this method is its uniform efficiency on both convex segments and
transition zones with the ability to track intersection points.

The practical significance of the results obtained in this work lies in improving the accuracy of modeling and
reducing time and material costs by obtaining more sophisticated models. The proposed methods are intuitive and
allow designers to achieve the desired result more quickly by correcting the shape.

Condensation based on the proposed nonlinear law of change in adjacency angles when solving difference
schemes obtained by imposing certain relationships between adjacency angles allows for a wide variety of solutions,
among which the optimal one can be selected or constructed according to a specific criterion.

Keywords: accompanying broken line, angle of adjacency, terminal difference, spiral-shaped discretely
represented curve.
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