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O EHKA ITOI'PEHITHOCTHU IUCKPETHOI'O MOAEJINPOBAHMU A
CIIOCOBOM I'MINEPEOJIMYECKOM MHTEPHOJISALIN

AHHOTaIMSA: B 33/1a4ax JUCKPETHOTO MOAEIUPOBAHUS, HAIPUMED, NPU PELICHUN
muddepeHnanbHbIX YpaBHEHUH METOOM KOHEUHBIX Pa3HOCTEH, TOYHOCTh PEIeHUs
3aJa4d 3aBUCUT OT miara jauckperuszammu [l]. C yBenuyeHnem 1mara TOYHOCTh
UCCIENOBAHU CHMKAETCS, a IMpU YMEHbIIEHHMH — TnoBblmaercs. OaHako,
YMEHBIICHUE Iara ¢ OJHOM CTOPOHbI BENET K  YBEIMYECHUIO 4YHUCIA
KOHEYHOPA3HOCTHBIX YPAaBHEHUW, a C JIPYrod CTOPOHBI — IMPU HEOTPAHUYEHHOM
YMEHBIICHUM 1Iara BO3HUKAET CUTyalus, KOrJa IOrPEIIHOCTh OKPYTJICHUS
KOA((OUIIMEHTOB B KOHEYHOPA3HOCTHBIX YPABHEHHSIX TMPEBBIIIAET MOTPEIIHOCTh
muckperuzannu. Kaxgoe penieHue ¢ yMEHbBIIEHHMEM IIara JUCKPETU3alMu AaéT
Oosee TOYHBIM pe3yibTaT, KOTOPHI MOHOTOHHO W3MEHSETCS, MNPUOIMKAICH K
TOYHOMY 3HAYEHUIO.

Ecnu mar nuckperrsanuu NpeacTaBUTh KaK HEKOTOPYHO BEIUYUHY (JJIMHY), TO
IpU YKCIe AENEeHUH, cTpeMseMcsi K OECKOHEYHOCTH, IIar CTPeMUTCs K Hyito. Bo
MHOTMX paboTax »3Ta 3aBUCHMOCTb NPEACTABISIETCS B BUIE PaBHOCTOPOHHEU
runepoosbl, OCH KOTOPOH HapauieabHbl KOOPAUHATHBIM OCSIM JIE€KapTOBOM CHCTEMBI
KoopauHar (puc. 1), rae B1oJib ocu abCIMCC OTKJIAbIBACTCA IIar TUCKPETU3alUH, a
BJIOJIb OCH OpJMHAT — PE3YJIbTAT PELICHUS 3a/1a4uu.

KiroueBblie clioBa: MOTPENIHOCTh, AMCKPETHOE MOJIEIMpOBaHUe, TurepOoa,
WHTEPHOJSUNS, OSKCTPANOIsAUWs, IIar JUCKPETU3aLMH, pPe3yJbTaT pEeUIeHMUs,
rapamerp.

[loctanoBka mpo6semsl. [lpu pemieHnn 3amad AUCKPETHOTO MOJAETUPOBAHUS,

HampuMmep, npu pemeHnn AudGepeHIMaTbHBIX YPaBHEHUH METOJOM KOHEUYHBIX
pPa3HOCTEM, TOYHOCTh PEIICHUS 3a/laud 3aBUCUT OT Imara jguckperusanuu. C
YBEIIMUEHUEM IlIara TOYHOCTh MCCJIEAOBAaHUN CHUXKAETCA, a MPU YMEHBIICHUH —
noBbimaerca. OHaKo, YMEHBIIIEHHUE 1Iara ¢ OJAHOW CTOPOHBI BEIET K YBEIUYECHUIO
yuciaa KOHEYHOPA3HOCTHBIX YpaBHEHUM, a C Jpyrod CTOPOHBI — TMIpHU
HEOTPAHUYEHHOM YMEHBIIICHUH IlIara BO3HUKAET CHUTYyallus, KOrJa MOrpPelIHOCTb
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OKpYIJIeHHs] KO3((PUIMEHTOB B KOHEYHOPA3HOCTHBIX YPAaBHEHMSIX IMPEBBIIIACT
HNOTPEIIHOCTh JUCKPETU3AIINH.

Bo MHOrux cnydasx NOHSTHE SKCTPAMOJALMH YHOTPEONsieTcsl B KauecTBe
IPOTHUBOIOCTABICHUS TMOHATUIO HHTepnoysiuu. OJHAKO, TOCKOJbKY 3aJauu
AKCTPANONISIINKY (PYHKIMN PEIatoTCs METOAAMHM MHTEPIOJSAIuU, o0a Kiacca 3aaad
OblTM  OOBEAMHEHBI B OJHY MpobOieMy wuHTepnoisuuu. I[loaTomy paHHOE
UCCJIEIOBAHUE PACCMATPHUBAETCS KaK OTJIECIbHBIN ClTydail UHTEPIOJIALINH.

dopMmynupoBaHue 1ienaed cratbd. llenpio JaHHOTO HCClIeIOBaHUS SIBIISETCS

CO3/IaHUE TEOMETPUYECKOIo arapara, MO3BOJISIONIETO OIEHUBATh IOTPEITHOCTh
JUCKPETHOTO MOJICTUPOBAHUSI  CIIOCOOOM  TUMEPOOTMYECKON HMHTEPIOJISIIUU  C
OCCKOHEUYHO MaJIbIM IIIaroM JUCKpPETHU3alluh TIpU TPEX 3aJaHHBIX 3HAYCHUSIX
PEe3yJIbTAaTOB PEIICHUS 3a]1auH.

AHanu3  MocieAHMX  MccliegoBaHui. HM3sectHo [1, 2], d4ro aHaiwu3

MOTPEIIHOCTEH, KOTOphle BO3HMKAIOT B YHCJICHHBIX pe3yJbTaTax pEIleHus 3anad,
SBIISIETCS 003aTEIbHON YaCThIO JIIOOOT0 MPUOIMKEHHOTO BBHIYMCICHUsA. Bo MHOrMX
paboTax 3Ta 3aBUCUMOCTb MPEJCTABISETCS B BUIEC PABHOCTOPOHHEH THIIepOOJIbL.

Bo MHOrmx ciy4asx MOHATHE SKCTPAINOJSALUU YIOTPEOIsSeTcs B KayecTBe
HNPOTUBOMNOCTABJICHUS] MOHATHIO HHTepronsuuu [3]. OnmHako, MOCKOJBKY 3alauu
AKCTPANOAMKM (DYHKIMA PEIaroTcsi METOJaMU MHTEPIIONSALUN, 00a Kiacca 3agad
ObUIM 00BEMHEHBI B OJIHY MpoOIeMy UHTepronauuu [4].

OcHoBHasi yacTh. B 3amayax IUCKPETHOTO MOJEIMPOBAHUS, HANPUMEP, IMPH

pemieHnn AudepeHnnaIbHbIX YpaBHEHH METOI0M KOHEUHBIX Pa3HOCTEN, TOUHOCTh
pelieHus 3ajladyd 3aBUCUT OT Imara auckperuszanuu [l1]. C yBenuyeHuem Iara
TOYHOCTh MCCJIEIOBAHUN CHUXKAETCS, a IPU YMEHBUIEHUU — MOBbIaercs. OqHako,
YMEHBLIEHWE IIara C OJHOM CTOPOHBI BEAET K  YBEIMYECHHIO YHUCIIA
KOHEYHOPA3HOCTHBIX YpPaBHEHUH, a C JPYroil CTOPOHbI — IPH HEOTPAHUYEHHOM
YMEHBUIEHUM IIara BO3HUKAET CHUTyalus, KOIZAa IOIPEIIHOCTh OKPYIJICHHS
KO3((UIIMEHTOB B KOHEUYHOPA3HOCTHBIX YPABHEHUSX MPEBBIIIAET MOTPEIIHOCTD
nuckperuzanuy. Kaxmoe pelleHre ¢ yMEHbIIEHHWEM IIara JIUCKPEeTH3aluuu AacT
Oosee TOYHBIN pe3yibTaT, KOTOPHI MOHOTOHHO W3MEHSETCS, MNPUOIMKAICH K
TOYHOMY 3HAYEHUIO.

Ecnu mar auckperusanuu (/) mpeacTaBUTh Kak HEKOTOPYIO BETUUHMHY (AJTUHY),
pa3Ie€HHYIO Ha

yacrtel, To mpu N —> © h—0.
Bo mHOTHX paboTax 3Ta 3aBUCHMOCTH IPECTABISICTCS B BUIE PABHOCTOPOHHEH
runepo6ossl m (puc. 1):
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rJie ¢ — JyIMHA JCHCTBUTEIHHOM MOJYyOCH TUIIEPOOIIBI;
P, ¢ — KOOpAUHATHI IIEHTpa TUIEPOOIIbI.

Ocu runep6omsl (1) mapamienbHbl KOOPAUHATHBIM OCAM JI€KapTOBOM CHCTEMBI
KoopauHaT (puc. 1), e BAOJb OCcH aOCHKMCC OTKJIAJbIBAETCS IIar /, a BJIOJb OCH
OpJIMHAT — PE3yJbTaT PEIICHUS 3a1a4H.
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PaBHOCTOpOHHSIST THIEepOosia BBHIOMpAETCS IS TOTO, YTOOBI 0OOECIeYUuTh
B3aMMHO-0JJHO3HAYHOE COOTBETCTBUE MEXKAY TOUKAMU KOOPJAUHATHBIX OCEM.

['unepbona (1) umeer Tpu cBOOOAHBIX MapameTpa: p, ¢ U ¢, YTO TO3BOJIAET
IIPOBOJIUTH €€ Yepe3 TPU TOUKH, SBIIOIIMECS pe3ybTaTaMu TPEX PEIICHUH 3a7aun
MIpU Pa3IUYHOM IIare.

[TapameTpsl p, ¢ W ¢ ONPENENSIOTCA IPU PELIIEHUU CUCTEMBI JIMHEWHBIX
ypaBHEHUH, eclii B ypaBHeHUE (1) mooyepEénHO MOACTaBUTh KOOPANHATHI U3BECTHBIX

TOYEK A (xAJ’A)a B (XB,.VB) uC (xC)yC):
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2%y, =24%,=2py,—¢ +2pq=0;
2xpyp —2qx5 —2pyy - ¢’ +2pg=0; (2)
2xcye =24% =2pye = ¢ +2pg=0.

B pesynbpTraTe peuieHusi CUCTEMBI (2) ONpeAesieM MOJI0KEHUE aCUMITOTHI, KOTOpas
napajuienabHa ocu Ox:

g= ~ X Vu (Ve = V) + X5 (Ve = V.) ~Xc Ve (Vg = V4) 3
— (Ve =) +x5(vc = y4) = Xc (Vg = 14)

BenuunHa ¢ ABiIS€TCS UCKOMBIM PE3YyJIbTaTOM PELICHUS 331aud ¢ OECKOHEYHO
MaJjbIM IIaroM JAUCKpeTu3auuu, koraga 1 —> 0,

ITo cytu, onucaHHbI cIOCOO HE SABJSETCS PELIEHHEM 3aJauyd MHTEPIOJISALUY,
IIOCKOJIbKY MOMCK 3HaueHUsl (PYHKIMM 3a MpeAeaMy UHTEpBala MEXAY 3aJaHHbIMU
TOYKaMHM, a HMMEHHO OpAMHAaTa OECKOHEYHO YJIaJI€HHOM TOYKM HHTEPIOJISHTA,
ABJISIETCS 3a7]a4€H SKCTPAIOJISLUH.

Bo MHoOrux ciyyasx IOHSTHE OSKCTPAIOJALMU YHOTPEOJsSETCs B KauyecTBE
IPOTHUBOIIOCTABJICHUS MOHATUIO HHTepnosinuu [3]. OpgHako, NOCKOJIBKY 3aJadu
AKCTPANOSIIUKY (PYHKIMHA pellaroTcs METOJaMU HMHTEPNOSIMU, 00a Kiacca 3ajad
ObuM 00BeAMHEHBI B OAHY mnpoOnemy wuHTepnomsauun [4]. IloaTomy naHHOE

HCCIIEIOBAHNE PACCMATPUBAETCS KAaK OTAEIBbHBIA CIIy4al HHTEPIOJISILUN.
ITpumep.
[TycTh pe3ynpTaTOM pENICHHs 3a/a4u C MIaroM JAUCKpeTH3anuu //n smisercs 10
YCIIOBHBIX €IMHHUIT, ¢ marom 2//n — 8 y.e.; ¢ marom 3l/n — 7 y.e. (puc. 1).
[ToncraBnsisi koopauHatel Touek A, B u C moodepénHo B (3) ompenensem
aCUMITOTY Su TUIEPOOJIBL:
q=4.

BeiBompl.  Pe3dynmbTaToOM = TaHHOrO  MCCIEAOBAHUsA  SBIAETCS  CO3/IaHUE
F€OMETPUYECKOr0  almapara, KOTOPBIM IO3BOJSAET OLCHUBATH IOIPEIIHOCTD
JUCKPETHOTO MOJEIUPOBAHUS CIIOCOOOM TUIMEPOOIMYECKON HHTEPHOSALIUU €
OECKOHEYHO MaJbIM IIAaroM JTUCKPETU3allMH MpU TPEX 3aJaHHBIX 3HAYCHMSIX
PEe3yJbTaTOB PELICHUS 3a1a4u.

IlepcrieKTHBHBIM ~ HAIPaBICHWEM  3TOTO  HMCCIEAOBAaHUS  IPEACTABIACTCS
YBEJIMYEHUE YHCIa CBOOOAHBIX MMAapaMETPOB THIEPOOIMUECKON 3aBHCUMOCTH,
MO3BOJIAIONICH yUYUTHIBaTH Oosbllie TPEX pPE3yAbTATOB pEUICHHs 3a7adyd B
JUCKPETHOM BUJIE.
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An”orarsg
MocTtoBenko Ouekcanap BoaoaumupoBuY, [01eHT Kadeapu HAPUCHOL
reoMeTpii Ta 1HXKEeHepHOW Tpadiku KuiBChbKOro HaIlOHAIBHOTO YHIBEPCUTETA
OyJIIBHUIITBA Ta apXITEKTYPH.

Ouinka NoOXuOKU IMCKPETHOT0 MO/IEJTIOBAHHS CIIOCOOOM rinepoosiuHoil

iHTepmoJismii.

Y 3agadyax JUMCKPETHOIO MOJIEIIOBAHHS, HANpHUKJIaA, TMpU BUPIIICHHI
mudepeHIialTbHuX PIBHSHD METOJIOM CKIHYEHHMX pPI3HHUIb, TOYHICTh BHPIIICHHS
3a/a4l 3aJeXKUTh Bl KoKy auckperusaii [1]. 31 30UIbIIEHHSM KPOKY TOYHICTH
JOCIIKEHb 3HM)KYETHCS, a MPU 3MEHIUEHH1 - MiABUILYeThca. ONHAK, 3MEHIICHHS
KPOKY 3 OJTHOI0 OOKY BeJie JI0 30UIBIIICHHS Yhclia CKIHYEHO-PI3HUIIEBUX PIBHSHbB, a 3
1HIIOTO OOKY NIpHM HEOOMEXKEHOMY 3MEHIICHHI KPOKYy BHUHHMKA€E CHUTYyaIlis, KOJH
noxubKa OKPYTJICHHS KOe(]IIl€HTIB B CKIHYEHO-PIZHUIICBUX PIBHSIHHSAX INEPEBUIIYE
noxuOKy auckperusailii. KoxkHe BHUpIIIEHHS 31 3MEHIIEHHSM KPOKY AUCKpETH3allii
na€e OUTbII TOYHHM pe3yibTaT, SKUH MOHOTOHHO 3MIHIOETHCS, HAOJIMKAIOUUCH 0
TOYHOT'O 3HAYEHHS.

S0 KPOK AMCKpeTH3allli YIBUTH SIK ACSKY BEJIMUYHUHY (JOBXKHUHY), TO TIPU YUCII
JJICHB, 110 TIPSAMYE 10 HECKIHYEHHOCTI, KPOK MpsMy€e 10 HyJs. Y 6araTbox poborax
I 3aJIeKHICTh MPEJCTABISETHCS Y BUIJISAI PIBHOCTOPOHHBOI TiNEpOO0JIH, OCI SKOT
napajenbHi KOOPIAMHATHUM OCSAM JEKapTOBOi CUCTEeMH KoopauHaTr (puc. 1), ne
B3/IOBXK OCi aOCITUC BIAKIAMAE€ThCS KPOK AMCKPETH3allii, a B3JOBX OCI OpIHWHAT -
pe3yNbTaT BUPIIICHHS 3aa4i.

KittouoBi cnoBa: moxuOka, JUCKPETHE MOJEITIOBAHHS, TirepOosa, 1HTePIIOJISIIIiS,

EKCTPAIOJIALIis, KPOK AUCKPETU3allii, pe3yabTaT BUPILICHHS, TapaMeTp.

Annotation
Mostovenko Aleksandr, candidate of technical sciences of department of
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Construction and Architecture.
Evaluation of the error of discrete modeling by the method of hyperbolic
interpolation.

In discrete modeling problems, for example, when solving differential
equations by the finite difference method, the accuracy of solving the problem
depends on the sampling step [1]. With an increase in the 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 when the
rounding error of the coefficients in the finite difference equations exceeds the
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sampling error. Each solution with a decrease in the sampling step gives a more
accurate result, which monotonically changes, approaching the exact value.

If the sampling step is represented as a certain quantity (length), then with the
number of divisions tending to infinity, the step tends to zero. In many works, this
dependence is represented as an equilateral hyperbole, whose axes are parallel to the
coordinate axes of the decartesian coordinate system (Fig. 1), where the sampling
step 1s plotted along the abscissa axis, and the result of solving the problem along the
ordinate axis.

An equilateral hyperbole is chosen in order to ensure a one-to-one
correspondence between the points of the coordinate axes.

Hyperbola has three free parameters: p, ¢, and ¢, which allows it to be drawn
through three points that are the results of three solutions to the problem at different
steps.

The parameters p, ¢, and ¢ are determined when solving a system of linear
equations, if the coordinates of known points are alternately substituted into equation
of hyperbolae.

As a result of solving system, we determine the position of the asymptote,
which is parallel to the axis Ox.

The quantity ¢ is the desired result of solving the problem with an infinitesimal
sampling step.

In fact, the described method is not a solution to the interpolation problem,
since the search for the value of the function outside the interval between the given
points, namely the ordinate of the infinitely distant point of the interpolant, is an
extrapolation task.

Keywords: error, discrete modeling, hyperbola, interpolation, extrapolation,
sampling step, solution result, parameter.



