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W3BecTHO, 4To
JUCKPETU3aLMd MOXET MPOBOJUTHCA IIyTEM aHajau3a
TUIEPOOTNIECKON 3aBUCUMOCTH MEXAY Pe3yJbTaTaMu

I'MITEPBOJIMYECKASA UHTEPITIOJIAIUA
JIJISI OMEHKH MOT'PEITHOCTEM JJUCKPETU3AIIUA

Annomayusa. Hzeecmuo, umo amanus nozpeuwinocmeil, 03HUKAIOWUX NPU YUCIEHHOM peuleHul 3a0ay,
A6nAemcs 00A3amenbHOU Hacmuvio 100020 NPUOIUNCEHHO20 bluucienus. Hanpumep, memoo KoHeuHbvIx
pasHocmetl 015 GOpMUpPoBaHus OUCKDEMHBIX KAPKACO8 OOHOMEPHBIX U OBYMEPHBIX 2€0MEeMmpPUecKux
00pa308, UCnoIb3yemblll 015 peuerus OuppepenyuarbHbiX YpaeHeHUull Smux oopazos, npu onpeoeneHuu
KOOPOUHAM — MOYeUH020 KAPKACA JAUHUU UAU NOBEPXHOCMU mpebyem OYeHKU NoZpewHocmel
Ouckpemusayuy, KOMopvle CEOUCMBEHHbI Memody KoHeunvlx pasHocmell. C  ysenuueHuem waza
ouckpemusayuy MoYHOCMb UCCIEO08AHUTI CHUNCAEMCA, a Npu ymenvulenuu — nosviuwaemcs. OOounako
YMeHbuleHue waza ¢ 00HOU CMOPOHbI 8e0EM K YBEIUYEHUIO YUCIA KOHeUHOPASHOCMHLIX YPAGHEHUN, a C
Opy20ii CMOpoHbL — NPU HEOZPAHUYEHHOM YMEHbULEHUY Wa2a 803HUKAETN CUMYAYUUsl, KO20d NOSPEUHOCTb
OKpyenenus  Kod(hpuyuenmos 6 KOHEUHOPASHOCMHLIX —VPAGHEHUAX Npesvbiaenm  NoZpeuHocmb
ouckpemusayuy. Kadgxcooe pewenue ¢ ymenmvuwienuem wiaea ouckpemusayuu 0aém 6onee MOUHbBL
pesyavmam, KOMOpulli MOHOMOHHO UBMEHAeMcs, Npubauxcasce Kk moynomy. Hszeecmuo, umo oyenka
ROZPEUIHOCU OUCKDEeMU3AYUL MONCEN NPOBOOUMBCAZA CYEM 2UNepOOIUNECKOU 3A6UCUMOCTUMENCOY
pesyrvmamamu pewenus 3a0ayu U wazom OUCKpemu3ayuy, npeoCmagieHHbIM KaK HeKomopas OnuHd,
pazoenénnas Ha Nuacmeii. Ima 3a8UCUMOCHIb NPEOCMABTIACMCS 8 8U0e PAGHOCHOPOHHEI 2unepboibl, ocu
KOMOPOIl NApaniebHbl KOOPOUHAMHBIM OCAM OeKapmogoll cucmemyvl Koopouram. Ho pasnocmoponnss
eunepboaa umeem mpu c60600HBIX NAPAMEMPa, YMo NO360JIAeN NPOBOOUNb €€ MOILKO Yepe3 mpu moyKu,
AGIAIOWUECA Pe3YTbmamamy mpéx pewenuii 3a0aqu npu pasiuyHom waze. B damnom uccredosanuu
npeonodcen cnocod yseauuenue UYucia c60000HBIX RNAPAMEMPOS 2e0MEmMpUHecKo20 annapamad,
NO360AI0WE20 YHUMbI8AMb OOTbULE MPEX PE3VILINATNOE PeUeHUs 3a0aUu 8 OUCKPEMHOM ude Ol OYeHKU
ROSPEUHOCIU OUCKPEMU3AYULU.

Knrouesvie cnosa: unmepnoiayui;

2eomempuuecKuil annapam; zunepoona; napadona; wiaz

nozpewinocmsy; pesyjiomam  peulenus; 0uct<pemu3auu}1;

¢JIb CTAaTbHU
ITocTanoBka npodaemMbl I

Ilenbro TaHHOTO HCCIIENOBAHUS SIBISIETCS CO3IaHUe
criocoba OIIGHKH TIOTPENTHOCTH JTUCKPEeTH3allii Ha
OCHOBE I'€OMETPUUYECKOTO anmnapara, KOTOpbli MO3BOJUT
YBEIUYUTH YUCIIO CBOOOIHBIX napameTpoB

OIICHKa TIOTPEITHOCTHU

peuieHus  3aJaud M IaroM  JUCKpETHU3alluH,
MPeICTaBICHHBIM KaK HEKOTOpas JJIMHA, pa3feiEéHHas
Ha N yacteil. JTa 3aBUCUMOCTb MPEJCTABISIETCS B BUE
PaBHOCTOPOHHEH THITepOOITBI, OCH KOTOPOI apaienbHbI
KOOPAMHATHBIM OCSIM JIEKapTOBOI CHUCTEMBbI KOOPAMHAT.
Ho paBHOCTOpOHHSISI THIIEpOOSIa UMEET TPU CBOOOIHBIX
rnapaMeTpa, 4To MO3BOJIET MPOBOAUTHL €€ TOJBKO uepes
TPU TOYKH, SBIISIOIIMECS pe3yJIbTaTaMu TPEX PEIICHUN

3a/1a4y Mpu pas3IM4IHOM LIare.

TUIEPOOTNIECKON 3aBUCUMOCTH MEXIY Pe3ybTaTaMu

peuicHuA 3aJadyMB JUCKPETHOM BHIAC W  OIaroMm

JAUCKPCTU3ALINH.

AHaan3 MMOCJICAHUX nccneuonaﬂnﬁ
U nyOJauKanuii
M3BectHo [1; 2], 4TO aHanW3 MOTPEIIHOCTEMH,

KOTOpbIC BO3HHUKAKOT B pe3yjibTaTax YUCJICHHOTO
pemeHus 3aga4d, ABIACTCA 00s13aTeIbHON  YacCThIO
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MO00TO0 TMPHUOIMKEHHOTO BBIUMCICHHS. BO MHOTHX
paboTax 93Ta 3aBUCHMOCTH IIPEACTABIIACTCS B BHIC
PAaBHOCTOPOHHEHU TUTIEPOOIIEL.

Bo MHOrumxX cny4asx TMOHSITHE SKCTPAMOJISAIUH
ynoTpeOuisieTcss B KadeCcTBE  MPOTHUBOINOCTABICHHS
moHsATHio wHTepromsauu  [3]. OgHAKO, ITOCKOJBKY
3a/1aud IKCTPANONAUK (QYHKIIMHA PEIIAIOTCS METOJaMU
HHTEePHOJLIINHN, 00a Kiacca 3a1ad ObUTH 00BeINHEHEI B
oJIHy TIpobOaeMy HHTepIosIH [4].

HN3n0:xeHHEe OCHOBHOIO MaTepHuaJia

3aBHCHMOCTD MEXIy Pe3yJIbTaTaMi PeLIeHHs
3aJa4d W IIaroM JAWCKPETH3alllH, MpeCTaBICHHAS
HEKOTOPOH (yHKIIHEH:

y=f(n), 1)
MOXeET OBITh TOpa3 0 CIOXKHEe, YeM Ta, KOTopas
MOJICIUPYETCS  PaBHOCTOPOHHEH rumepbomoit M
(puc. 1):
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P, q — KOOPAMHATHI IIEHTPa FUIEePOOIIHI.
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Pucynox 1

3Ty 3aBUCHUMOCTh MO>KHO YTOYHHUTb, UCIOJB3YS
JOTIOJIHUTENbHbIE  3HadYeHuss Qynkumu (1) npum
W3MEHEHMH IIara JAMCKpeTH3aluy, HO runepbosa (2)
MO3BOJISIET y4ecTh He Ooibllle TPEX Pa3IMUHBIX
3HAaYeHUH pemieHns 3agadu. lIpum 3ToM HeoOXoamMo
o0ecrieunTb MOHOTOHHOCTh M3MeHeHus1 pyHkuuu (1),
HaJIM4YME AaCUMINTOTHI, HapamiensHod ocu Ox, u
B3aMMHYIO OJHO3HAYHOCTH COOTBETCTBUSL MEXIY
KOOpJIMHATAMMU X Y YKPUBOW M.

BBeném nomnosnHutensHyto ock ONn, Ha KOTOPOi
OyIeM OTKIIaapIBaTh YKCIIO JejeHui N (puc. 2). Yepes
touky N (n=n1) mpoBexém mapaboy:

X= a1(n —n1)+a2(n2 - I”lf)-i—
+ aa(n3 - nf)+...+ am(nm —nl'"),

®)

re M — 9ucio Ko3pPHUIueHToB mapadobL.

/4\ }/7: 72

Pucynox 2

Ucnonp3ys  mepBoe  HW3BECTHOE  3HAYCHHUE
¢ynkun (1), cooTBeTcTBYIOIIEE Mapamerpy N=nNi,
MOJIYYUM OpIUHATY TOYKH A runep6ousl (2) mpu x=0.
Hanmawe Toukn 4 Ha ocu Oy 103BOISET M30aBUTHCS OT
napametpa c? runep6onsl (2):

co POL-Y) @
y—q
Uckmrouas u3 (3) u (4) mapamerp X, MOTyIrM
ypaBHenue 3apucumoctu Y = f(n):

(y—a)lay(n—ny)+ay (n2 —nlz)+...
©®)
+a (0" ="+ pl-p(y1-0) =0.

Ilpn  mooOYepEnHOMIOICTAHOBKEN3BECTHBIX
3Ha4eHU# yj U Ni B (5) MOIy4YUM CHUCTEMY ypaBHEHMH
JUTSL OTIpEICIICHUS MTapaMeTPOB a;j Tapadoisr (3).

Ecnom B 3TOM  cucreme  ypaBHEHMil
HEM3BECTHBIMHU, KpOME IapaMeTpOB dij, SBIISIOTCS
TaKKe BEJIMYMHBI PHJ, TO BCE KOPHH CHCTEMBI
obnystotest. [loaToMy U3 AByX apaMeTpoB p U (OANH
HEoOX0IMMO 3a/1aTh TaK, YTOOBI B CUCTEME YPaBHEHUI
nosiBuiIcs CcBOOOAHBIN wieH. [ToCKoJNBKY mapameTp
gompenensier acUMNTOTy Trunepoonsl (4), uTO
COOTBETCTBYET HICKOMOMY 3HauUeHHIO QpyHKINH (5) npu
N — 00, 3a1aHHBIM OyJeM CUHTATh MapaMeTp p.

TecTtoBble mNpHUMeEpBl MOKA3ald, 4YTO MpH
BEIMYUHE p, NPHOMMKEHHO DPABHOW BEIMYHHE V4,
MOTPEITHOCTh ~ ONpPENENEHUs]  BEIMYMHBI p  HE
MIPEBBIIIAET JOIyCTUMOMN BEIUUUHBL.

Ipumep.

3amanel nATe 3HaueHWH QyHkouu (1) mpu
TIOCIIEI0OBATENIbHOM  YBEJIMUEHUN YHWCIIAa pa3OneHui
uHTepBaia Gpynkuun (1):

»1=12, n1=2; y,=8, N;=3; y3=5, N3=4; y4=3, N4=5; y5=2,
Ns=6.
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Onpenenuth 3Hauenne QyHkmum (1) 1pwm IToacraBmnsis 3anaHHBIE UICXOAHBIE TaHHBIC B (6) U
n — oo, npunumMast p=10, IMeeM CUCTeMy ypaBHCHHIA:
VYpaBHenue (5) MmO JAaHHOTO —TMpUMEpa
IPUHUMACT B (8—0)(a +5a, +23a3+10)-10(12-q) =0;
(5—-0)(2a; +12a, +56a3 +10)-10(12—q) =0;
(3-a)(

(vi —a)lag (n; —n1)+a2(ni2 —”12)+ )

3 3a; +21a, +117a3+10)-10(12—q) =0;
2-q)(4a; +32a, +208a3 +10)-10(12—q) =0.

(6)
+a3(nam —nf)+ pl-p(¥1—-9)=0.

PesynbraTom petenusicuctemsl (7) siBaseTcs:
v Y @1=-6,497; 4;=0,923; a3=0,315; ¢=0,554.
I'paduk ¢pyuxnuu (6):

~

~

!
Xp 0 up

(y—0.554)[-6.497(n; —2) +0.923(n? —4) +
+0.315(n® —8) +10]-114.46 = 0

NIPUBEICH Ha PHC. 3.

©)
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NOTpeIIHOCTHU JUCKpETHU3aluN Ha OCHOBC
FHHep6OJII/I‘ICCKOﬁ 3aBUCHUMOCTH, KOTOpHﬁ ITO3BOJIUT

yBCIMYHUBATH YHCIIO CBO60Z[HBIX napamMeTpoB 3TOHU

q:O, 55

3aBUCUMOCTH MCXKAY pe3ylibTaTaMU PCHICHHUA 3a]a4u B

PucyHOK 3 AUCKPECTHOM BUJIC U HIArOM JUCKPCTHU3ALIUU.
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TITEPBOJITYHA THTEPIIOJISAIIIA 15 ONITHIOBAHHSA MOXUBKU TUCKPETH3AIIIT

Anomauia. Bioomo, wo ananiz noxubox, wo UHUKAIOMb NPU YUCETbHUX PO36 A3KAX 3a0ay, € 0008'A3K06010 YACMUHOIO
6y0b-8K020 HabnudiceHo2o obuucienns. Hanpuknad, memoo cKinueHHUX pisHuyb 018 (HOPMYSAHHA OUCKPEMHUX KApKacie
O0OHOBUMIPHUX | 080BUMIDHUX 2eOMEeMPUYHUX 00PA318, AKULL BUKOPUCOBYEMbCSL OJIs PO36 S3aHHA OUDEPEeHYIATbHUX PIGHAHb YUX
obpasis, npu 6uU3HAUEHHi KOOPOUHAT MOUKOB020 KAPKACY JIiHii abo NOBEpXHi 8umazac OYiHKU NOXUOOK OucKkpemusayii, sAKi
eracmugi mMemooy CKiHueHHUX pisHuyv. 3i 30U1bWeHHAM KPOKY OUCKpemu3ayii MouHicmb O00CHIONHCeHb 3HUNMCYEMbCA, A Npu
3menuienHi — nioguwyemuocsi. OOHAK 3MeHWeH s KDOKY 3 00H020 OOKY 6ede 00 30iNbenH s YUCLa KiHYeB0-Pi3HUYesUX PIGHsHb, d 3
iHWO020 OOKY — Npu HeOOMENCEHHOMY 3MEHUIEHHT KPOKY BUHUKAE CUMYAayis, KOau NOXUOKA OKpYeleHHs KoepiyicHmis 6 KiHyego-
Pi3HUYeBUX PIBHAHHAX nepesunye noxuoky ouckpemusayii. Kooiche po36’a3auna 3i sMeHWeHHAM KPOKY Ouckpemusayii 0ae Oinvuu
MOYHULL pe3yibmam, AKULL MOHOMOHHO 3MIHIOEMbCA, HAOIUNCAIOUUCL 00 MOYHO020. Bidomo, wo oyinosanHs noxudKu
ouckpemu3ayii Moxce RPOSOOUMUCS 30 PAXYHOK 2INepOONIUHOT 3ANeHCHOCE MIdIC Pe3yIbMamami po36 A3aHHsA 3a0ayi I KPOKOM
ouckpemu3zayii, KUl NPeOCMAasieHo K 0esiKa O08ICUHA, PO30LIeHa Ha n yacmun. L3 3anexcnicmes npedcmasniemscs y euensiol
Pi6HO6IuHOI 2inepbonu, oci AKOI napanenvbHi KOOPOUHAMHUM OCAM 0eKAPMOBoi cucmemu KoOOpouHam. Ane pienodiuna einepbona
Mae mpu 8LIbHUX nApamempu, wo 0ae 3Mozy npoeooumu ii uepes mpu mouKu, AKi € pe3yIbmamamy mpbox po3e a3Kie 3adaui npu
Pi3HOMY Kpoyi. ¥ 00CNiONHCeHHI 3anpOnOHO8AHO CNOCIO 30IIbUUEHHS YUCIA GLILHUX NAPAMEMPIE 2EOMEMPUTHO20 anapamy, wo 0ac
3M02y 8paxogyeamu Oinbuie MpbOX pe3yIbmamis po3e ’sa3aHHs 3a0ayi 8 OUCKPEMHOMY 6uensioi 05l OYiHIOBAHHS NOXUOKU
ouckpemu3zayii.

Knrouoei cnosa: inmepnonauin; noxubdka; pezynvmam po36’A3aHHA; OUCKPEMU3AUIA; 2e0MEMPUYHUIL anapam;
2inepbona; napabona; Kpox
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HYPERBOLIC INTERPOLATION FOR ASSESSMENT OF DAMAGES OF DISCRETIZATION

Abstract. It is known that the analysis of errors arising from the numerical results of solving problems is an essential part of
any approximate calculation. For example, the finite difference method for forming discrete skeletons of one-dimensional and two-
dimensional geometric images, used to solve the differential equations of these images, when determining the coordinates of the
point skeleton of a line or surface, requires an estimation of the sampling errors that are characteristic of the finite difference
method. With an increase in the sampling step, the accuracy of studies decreases, and with a decrease, it increases. However,
decreasing the step, on the one hand, leads to an increase in the number of finite difference equations, and on the other hand, with
an unlimited decrease in the step, a situation arises where the rounding error of the coefficients in the finite difference equations
exceeds the sampling error. Each solution with a decrease in the sampling step gives a more accurate result, which monotonically
changes, approaching the exact one. It is known that the discretization error can be estimated due to the hyperbolic relationship
between the results of solving the problem and the discretization step, presented as a certain length, divided into n parts. This
dependence is represented in the form of an equilateral hyperbole, whose axes are parallel to the coordinate axes of the Cartesian
coordinate system. But an equilateral hyperbole has three free parameters, which allows it to be drawn through three points, which
are the results of three solutions to the problem at different steps. In this study, we propose a method for increasing the number of
free parameters of a geometric apparatus, which allows one to take into account more than three results of solving the problem in
a discrete form to estimate the sampling error.

Keywords: interpolation; error; solution result; discretization; geometric apparatus; hyperbola; parabola; step
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