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Jlns eupimenns 3aedanv nobyooeu onmumanvHux
dopm i cknadnux nosepxonv min cmeopeni Hosi op-
Myau iHmepnonsauii cimxoeux Qymxuii 060x IMIiHHUX
U iX noXioHux 3 Kepoeamumu napamempamu 6y3nie
inmepnoasauii, snauenv Qynryii ma noxionux.

Kntouogi cnosa: cimxosa Qynxuis, inmepnonsiyis,
MOdenosanisl, Kepyeans.
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Jna pewenus 3adauw 00pazoeanus onNMuUManbHbIX
dopm u caoxncnvix noeepxmocmeii mea nocmpoenvl
HOBblE POPMYIIbL UHMEPNONAUUU CEMOUHBIX PYHKUUL
08YX NEPEMEHHBIX U UX NPOUIBOOHBIX C YNPABTAEMBIMU
napamempamu Y3106 UHMEPNOAAUUL, 3HAUEHUT PYHK -
YUl U NPOU3BOOHBIX.

Knroueevte cnosa: cemounas Qymuxyus, unmepnois-
Yust, MOOeUposanue, Yynpasienue.
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New formulas of interpolation mesh functions of two
variables and their derivatives, with controlled para-
meters of interpolation nodes, the values of functions and
their derivatives, are constructed to solve the problems
optimal forms of complex surfaces of bodies generation.

Keywords: mesh function, interpolation, modeling,
control.
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1. AKTyaJbHOCTH MPOOIEMBI M HEKOTOPbIE TEHIEHIUH
ee pa3BUTHS

B pasBuTUM BBIYUCIUTETHLHON MaTeMaTUKK U UHGOPMa-
[IMOHHO-aHAJIUTHYECKUX CPEJICTB COXPAHSIOTCS TEHICHITHH,
HaMeTUBINKeCs: ele B KoHile 80-X rojioB IPOLLIOTO BeKa,
CETOJHST OHU TIPEIbSIBIISIIOT PSIl JKECTKUX TPeOOBaHMUIT K CO-
3/1aBAEMBIM QJITOPUTMAM U MOJICJISIM:

1. VlHTerpanus CpeicTB BBIYMCIUTENBHON TEXHUKH, Me-
TOJIOB BBIYUCIUTETHHON MAaTEMAaTHKU, METOMOB TPUKJIAIHOM
MaTeMaTHKH, TEOPUH aBTOMATUYECKOTO TIPOTPAMMUPOBAHIS
U SI3BIKOB. DTO B3aMMOJEHCTBHE TPUBEIO K CMEIIEHUIO
AKIEHTOB € ONTUMM3AIUU OT/EJNbHBIX KOMIIOHEHTOB BbI-
YHCJIUTETHLHOTO MPOIECcca Ha ONTUMHU3AIMIO BCETO MPOIlEcca
B I[CJIOM.

2. VkpynHeHHe pa3MepoB KJIAaCCOB PeliaeMbIX 3ajiad
U, KaK CJIe/[CTBUE, CTaHAAPTU3AIMS AJTOPUTMOB. B aToM
HAlpPaBJEHUK DPA3BUBAIOTCS JIBE CTPATErMU: HCIOJIb30BA-
HUE YHUBEPCAJIbHBIX BBIUMCIUTEIbHBIX AJTOPUTMOB, CaMO-
HACTPAMBAIONIUXCs HA ONTUMAJIBHBIN PEKUM 3a CUET HC-
MOJIb30BAaHUS AIIOCTEPUOPHON MH(MOPMAIMH, IS PElIeHUs
HE Y9acTOo MOBTOPSIONINXCST 33/1a4, U HCIOIb30BAHUE TIATETb-
HO OTPaBbOTAHHBIX U ONTUMUSUPOBAHHBIX AJTOPUTMOB JIJIsI
MHOTOKPATHO MOBTOPSTONMXcs 3a1a4 [1].

3. CrnpaBouHO-aHAIMTHYECKAST JEATEABHOCTh NPHOGpe-
TaeT 4YepThl OU3HEC IMPOIECcca, KOTOPHIA TpeOyeT He TOJIbKO
Ha/I’KHON HAyYHOU 6asbl, HO M TEXHOJOIUH KOHTPOJIST U YII-
paBJierns UHGOPMAIMOHHBIMU TIOTOKaMU. PesysbratoM ee
06paboOTKN JOJIKHBI OBbITh 3aMKHYThIE aHAJIUTUYECKHE BbIPa-
JKEHUsI, COCTABJISAIONIME OCHOBY 3HAHUS, YTO B KOHEUHOM UTOTE
I03BOJISIET PE3KO COKPATHTH 00HEM PEKOMEH/IYEMbIX JIAHHBIX,
COXPaHSSA TOJNBKO KOHCTAHTHI AHATUTHICCKUX (hOPMYJL.

4. Tlepexoj OT XOPOIIO aJIrOPUTMUPYEMBIX 3aj1ad K 3a-
JladaM 110xo (hopMaiTnu3yeMbiM, KOTOPbIE, CBA3AHbI ¢ pabo-
TaMK ¢ OOIIMPHBIMU MACCUBAME JIAHHBIX. 3a/[@4u C IJI0XO0
(hopManu3yeMbIMU JIAaHHBIMU XaPAKTEPU3YIOTCS HEIIOJHO-
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TOM, TTPOTUBOPEUUBOCTBIO ¥ HEHAIEIKHOCTHIO MCXO[HOM MH-
(opmanmu, npu pabore ¢ KOTOPOit HEOOXOANMO BBIABICHHIEC
CKPBITHIX 3HAHWH, U, 4TO GoJiee BaKHO, CBOOGOIHOE MaHUITY-
JupoBanue 3HanusMu (TpeboBaHue WHTEJIEKTyaJn3alim
cpencts 06pabotkn). Ha oTu 3amaun HaK/IaAbIBaIOTCSI BbI-
cokue TpeboBaHMs, CBA3aHHBIE C aJleKBaTHON OIEHKON He-
OIIPE/ICJICHHOCTH: Ha3HAYEHUE BECOB, BbIOOP/MCKJIOUEHUE
OTZIETBHBIX TOYEK W HaGOPOB JAHHBIX, YCIOBUsT HKCTPATIOJSI-
1MUY U UHTEPIIOJIAIUN JTAHHbBIX.

5. TlocrostHHast MpaKTHKA yTOYHEHUS, IEPECMOTPA U pac-
[IMPEHUSA MACCUBOB MCXOIHBIX JIAHHBIX CTABUT TpeOOBAHKE
JNUHaMUYeCKON opranusanuu uHdopmaimn. Heobxoxnm
mepexojl K TeXHOJOTHIM, 06eclednBaoUM aBTOMAaTHYeC-
KYIO aKTYaJIH3aIMIO 110 Mepe OOHOBJIEH s IAHHBIX [2].

Cpenn 3aau MaTeMaTHYECKOro 0OecredeHuss, KOTopbie
TpeGYIOT pellleHns Ha HOBOM yPOBHE — 3ajada MOCTPOEHU
CeTOK JUIsT obuacteil CI0KHOW (HOPMBI, PAaBHOMEPHO IT0-
KPBIBAIONIMX MCCIIEAYEMYIO 00JIaCTh OTIPEIEICHUS PElieHUs
MHOTOMepHBIX 331a4. OHa TECHO CBSI3aHHA C 3a/[auaMy Opra-
HU3AIMK AHHAMHUYECKUX OaHKOB JTaHHbBIX, CiKaTHeM UHQOp-
Malli1, Y9eTOM CTeleH! HeOlPe/IeJIEeHHOCTUA U YIIPABIeHUEM
JTAHHBIMIL.

2. AHaju3 uccieNoBaHuil U Iy GaMKanuii

CucreMaTHYeCKWI aHAIN3 MCCIIE0OBAHUI OTEYECTBEH-
HBIX U 3apyOeKHBIX aBTOPOB, MOCBAIICHHBIN AAHHO TPOO-
JieMe, TIOKa3bIBaeT, YTO OAHOM U3 NMPUYUH, CAEPKUBAOIINX
pasBUTHE W BHEAPEHHE MPOrPECCUBHBIX TEXHOJOTHH 00-
pasoBaHust (POPM U ONTUMAJIBHBIX CJIOKHBIX OBEPXHOCTEH
TEJ, SABJISETCS HEAOCTATOYHOE DPA3BUTHE HEKOTOPHIX MPO-
6JIEMHBIX BOIPOCOB. PelieHre 0GPaTHBIX IeOMETPUYECKIX
3a/1a4 B TEXHUKE, 9HEPreTHKe, TEMI0MU3NKe, MEXAaHUKE 1 [IP.
obsacTax Hayku TpeOyeT PasBUTHsI METOIOB MHTEPIIOJIs-
1K TIPOM3BOAHBIX 10 K-TIOpsika ceTouHbIX (DYHKIUIT ABYX



U MHOTHUX [IePEMEHHBIX, 8 TAK/KE pPelleHne PoOIeMbl CUHTE-
3a aHAJIUTUYECKON NHMOPMAIMK TIPU yTIPaBIEHUN JAUCKPeT-
HBIMU CUCTEMAMU € GOJIBIIUM KOJIMYECTBOM [TAPAMETPOB.

[Tpunoxkenus R-pyukuuii [3] k pemennto o6paTHbIX 3a-
J1a4 10CTaTO4YHO 3(h(HEKTUBHDI B aHAJIMTHYECKOI reoMeTpu,
HO, K COJKQJIEHHIO, OTPAHNYUBAETCS TOJIBKO 9TOU 06JIaCThIO,
U HE B COCTOSIHUY PEIIUTh obpaTHbie 3aga4yu auddepeHiu-
aJbHON TEOMETPUH, TaK KaK 110 CBOMM KOHCTPYKTHUBHBIM
ocobennocTsiM R-dyHkimn coxpansiior anddepeHinanb-
HbIE CBOICTBA <OIOPHBLIX»> (DYHKIMII TOJBKO [0 IEPBOTO
nopsiika. Bropas mpousBoaHas, Kak U3BECTHO, XapaKTepH-
3yeT «KPUBU3HY» «OMopHOil» hynkimu. KavectBo Mmatema-
TUYECKOTO MHCTPYMEHTAPUsi, HEOOXOIUMOrO JJisl TIOJHOTHI
OIHCAHIISI TEOMETPUYECKOTO 0OBEKTA, BKIIOYAET B Ce0sI Tpe-
GOBaHIsI OJIHO3HAYHOTO OIIPE/IeJIEHIS] IOBEPXHOCTH 00bEKTA
HE TOJIbKO 10 TOYHBIM WJIU MPUOIMKEHHBIM <MHTEPIOJIs-
IIMOHHBIM» 3HAYEHUAM (QYHKIMN IBYX MEPEMEHHBIX, HO
U 110 UX [EPBBIM, BTOPBIM U CMENIAHHBIM TPOU3BO/IHbIM.
PS-dymkimm, mpemoxkenibe B pabote [4] coxpansaioT aud-
(bepennmanbHble CBOMCTBA <«OMOPHBIX> (DYHKIUI, OMUCHI-
BalOLIUX YacTU IOBEPXHOCTH 00BEKTa A0 K-T0 Topsiaka.
HenocratkoM ux sBiisieTcsi HapyllleHUE HEIPEPbIBHOCTH
MPOU3BOJIHBIX B YIJIOBBIX TOYKAX MJIM HA JIMHUSX «COTIPSI-
JKEHUsI». DTOT HEAOCTATOK YCTPAHSIOT S-GyHKINH, Tpej-
Jaoxernbie B pabore [5]. IIpemsiokenHbie B 9ol pabore
S-onepanuy MO3BOJSIOT ¢ UCTOJIb30BAHUEM ajireOpbl JIo-
UKW CTPOUTH Takue ypaBHeHUs o(X,y,z) =0, 17151 KOTOPBIX
TOYHAS FPAHWIA MJIH TTOBEPXHOCTH 06JACTH CJAOKHOI (op-
MbI C MAaTEMaTHYECKH OCTPHIMU yrJaMu Wiu pebpamu Obi-
Jin ObI ACUMIITOTOl MM aCUMIITOTHYECKOH MOBEPXHOCTHIO
cnoxkHOU opmbl. [panuia ' uau nosepxuocts S obaactu
Q npescrabisiin Obl He KyCOYHO-TJIAJKYI0 Tpanuily Lo wiu
MOBEPXHOCTH Sg 06sacTu Qo, a B ACHMITOTHYECKOM MTPHO-
JIVDKEHUU WUTPaiu Obl POJIb HENPEPBIBHON TPAHUIBI KJIH
MOBEPXHOCTH, OTCTAIONIE OT TpaHuiibl ['o MM noBepxHOC-
™ Sp Ha MakcumasnbHoe paccrosuue max p(l; I'p) <€ nmnm
p(S, Sp) <e.

B paGorax [6, 7] npeasaraiorcss HOBble METOMbI OIIU-
CaHUS TIOBEPXHOCTEH TPEXMEPHBIX TeJ, KOTOPbIC HEJb3s
OmIcaTh B IIJIMHIPUYECKON cucTeMme koopauHaT. Hapsany
¢ a(GeKTUBHBIMU KauecTBaMU 3TUX TI0/IXO/IOB, €CTb U IBHbIE
OrpaHUYCHUSX UX IPUMEHEHUsT. DTH MOAXOIbI He 0becIedn-
BAIOT MHTEPIIOJISIIIIIO TPOU3BOHBIX 10 K-TIOPSI/IKA CETOUHBIX
byHKIMI, HU 1[I0 CEYEHUSM IOBEPXHOCTH TeJ CJOKHOI
(bopmbl, HU, TeM GoJiee, B «IOJHBIX» YHUBEPCAIbHBIX HHTED-
MOJISIIIUOHHBIX TIPOIIECCAX; TAaK K€ OHU He 00ecreYuBaroT
yIIpaBJieHUe 3HAYCHUSIME TIPOU3BOHBIX 10 K-T10psiika, KOTO-
Ppble HEOOXOAMMBI B 33/1a4aX [IPOEKTUPOBAHMUST ONITUMAIbHBIX
bopM M MOBEpXHOCTEN, PHEPreTUYECKOro, AJTEKTPOHHOTO,
KOCMUYECKOTO U JIPYTOro 000PYA0BAHHSL.

3. Ilesan paGoTb

[Toctpoenne HOBLIX (GOPMYJT MHTEPIIOJSIIMA CETOUHBIX
(byHKIMIT 1BYX [IEPEMEHHBIX U UX IIPOU3BOAHBIX 110 k-0 110-
psAmKa ¢ yOpaBIsieMbIMU 3HAYECHUSMU (DYHKITUN W TPOU3BO-
JIHBIX, & TAKKE [TapaMeTpaMy y3J10B MHTEPIIOJIAIIH.

[TocTpoerue CTPYKTYp peleHus: 06paTHbIX 3a1au aud-
(epenimanpHoli reomMerpun Ha 6Gase QUCKPeTHON uHMOP-
MalUy O 3HAYCHUSX CETOYHOH (DYHKIIMU JIBYX TIePEeMEHHBIX
U MX MPOM3BOHBIX Ha WICHTUPUIIMPOBAHHON TTOBEPXHOCTH
obbekra. Pemenne obparHbix 3amad auddepeHiuanbHoil
TeOMETPUH /LIS HOBEPXHOCTEN TPEXMEPHBIX TeJI.

4. OcHOBHbBIC MaTepPUAJIBI

ITyctp 3amana mauckpeTHas WHAGOPMAIUS O TeOMETPUN
MOBEPXHOCTH OOBEKTa B JAEKAPTOBOU CHCTEME KOOP[IH-
nat OXYZ. IIpeobpasyem AUCKPETHYIO WH(GOPMAIMIO B pe-
THOHAIBHO-AHATUTHYECKYIO C TOMOIIBIO (DOPMYJIBI «IIOJTHO-
TO» MHTEPIOJISIIFIOHHOTO TIPOTIECCa IS IBYX MepeMeHHBIX (1):

Z(x,y)= N Tm(leyl)B . <« 1 B (1)
Y)= E Qk 1]~ E Qk 1|
1=t 1 1=1 =41

rne T, (x1,y1) — pasnoxenne dynknuu Z(x,y) B psn Teitro-
pa no crenensm (x—x))k u (y—y;)k B okpectHOCTH Y37I0B
uarepriosstin (x1,y1); Q) =(x—x1)2+(y—y1)? — ypasme-
HUE TOYKU HA MOBEPXHOCTU HUAEHTUDUIMPYEMOTO OObEKTa
B IUIOCKOCTH 7] =const; [j — mapamerp, KOTOpPbI Ipu-
numMaer 3nadennsi 1 wam 0 B 3aBUCHMOCTH OT TOTO y4acT-
ByeT JIi B YIIPaBJIeHUH OOpPa3OBaHUS y3€J MHTEPIIOJISIIUK
dopmyst (1); popmyna (1) coxpansier muddepeHITaTIbHbIE
CBOICTBA B KaykK/I0M TouKe (X],y]) B IIJIOCKOCTSIX Z] = cOnst Ha
uaeHTHGUIIPYeMoii moBepxHocT 06bekTa 10 k — 1 mopsiixka.

T (x1,y1) = Z(x1,y1) +
34 Loy 2] 2Ry
=i ox ay WA

n+1
Ru0) = a0t | X

X Z(x1+0,(x—x1),y1+0,(y—y1)), 0<6, <1.

Dopmyaa (2) obecrieynBaeT UHTEPIOJISIUOHHBII PO-
I[ecC M0 CeYEHUSIM TIOBEPXHOCTH TeJT CJIOKHO (HOPMBIL:

Z(xy)=| Y g |, ZQ%BI , @)

k
Y =

rae Ty (y1) — pasnoxkenne dynknnn Z(X,y) B pan Teiimopa
no crenensM (y—yj)K B OKPeCTHOCTH Y3JI0B MHTEPIIOJI-
i (x1,y1); QF=(y—y|) — ypaBHeHHe TOYKH Ha TIOBEPX-
HOCTH MAeHTUGUIIPYyemMoro obbekTa; B =1, 0.

Jl1st BBICOKOTOYHOTO MOJIETIMPOBAHHSI TTPOIECCOB 0Opa-
30Banns (OPM U MOBEPXHOCTEN TeJI, BKJIOYAIoNero nHgop-
manuio 06 obbekre 10 (k — 1) mpoussBoaHol, HEOOXOANMO
3a/1aBaTh 3HAYCHMS CETOYHON (DYHKIUU M €€ IPOU3BOHBIX
B y3iax uHTepnojsaiuun Muaumym 10 (k + 2) nopsiaka ais
«TIOJIHOTO» WMHTEPIOJISIMOHHOTO MpPollecca U MUHUMYM
10 k mopsika st MHTEPHOISIIIHOHHOTO TIPoIiecca o ceve-
HistM. Takum 06pa3oM, ISt TTOJTHOTO OMUCAHMUST TOBEPXHOCTH
TeJsa, BKJIOYaonero nHGOpManuio 0 CTEHeHN ee KPUBHU3-
Hbl, Heobxoaumo k>5 mus dopmynst (1) u k=2 s
opmyisr (2).

[ToBblilieHne TOYHOCTH OIpe/ieJieHns] 3HaYeHuil ¢ 10-
MOIIBIO MHTEPHOAAINOHHBIX (Gopmyn (1,2) mocruraercs
3a cyeT yBEJIMYEHUS YWCIA YJIEHOB Ps/la: MCIIOJb30BAHU
GOJIBIIIETO KOJIMYECTBA Y3JI0B UHTEPIOJSIUKA U YBEeJIUIEHUsT
crenenu k.

5. BbruucauTenbHbli 9KCIepUMEHT

[IpoBezien psiji BBIYMCANTENbHBIX 9KCIEPUMEHTOB, B KO-
TOPBIX UCCJIE0BAJINCH AllIPOKCUMAIIMOHHbBIE CBOICTBA (HOP-
mys (1) u (2). PaccMoTpuMm uMX Ha TIpuMepe ypaBHEHUS




BTOPOH CTEleHH, MPEeACTABISAIONEr0 COOON HILITHIICOU
C I[EHTPOM B HayaJje KOOP/JAMHAT:

Z(x,y)=cy[R2+(x/a) +(y/b)? , 3)

rne a=2, b=3, c=1, R=1. Vccaemnyembie TOYKH CETOYHON
(GyHKIMKM Ha TTOBEPXHOCTH 3JJUIUIICOUA U MX KOOPAMHATHI
npezcTaBaeHsr Ha puc. 1 u B Taba. 1.

Puc. 1. Uccnepyembie Touku CETOYHOM (PYHKLMK
Ha NOBEPXHOCTH 3NMNCoMaa

Ta6bnuua 1
MopsaKoBble HOMEPa U KOOPAUHATBI UCCEAYEMbIX TOYEK
Ne 1. 1t 1 2 3 4 5
X 1,63048 1,79743 | 0,65658 | 0,99846 | 0,39027
y 1,63048 | 0,53923 | 2,18861 0,99846 | 0,11708

OnruManbHOE <«IIOKPBITHE» OTPE3Ka KPUBOU WU y4acT-
Ka IoBepXHOCTH ( PErMOHAIbHOI IIOBEPXHOCTH TeJIa) Y3/JIaMu
MHTEPIIOJSAIUN BHIOUPAETCA U3 YCJIOBHMS COIMIACOBAHHOCTH
B Ipe/iesiaX J0IMYCTUMOM TTOIPEIIHOCTH Pe3yJIBTaTOB 9KCTPa-
[OJIMPOBaHMsl, KaK 110 (DYHKIUM, TaK U 10 €€ [IPOU3BOIHBIM
B TOYKAX ITOBEPXHOCTH (DUTYPbI, PABHOYIAJIEHHBIX OT II€HT-
POB PErMoHaJbHbBIX MoBepxHocTed. Ha puc. 2 1okasambl
TOYKHU [OBEPXHOCTH SJUIUIICOU/IA, PABHOYIAJICHHbIE OT I[E€HT-
POB y4YacTKOB pasOueHusl, B KOTOPbIX OTHOCUTEJIbHasI I0-
IPELIHOCTh BBIYMCJIEHUS] SKCTPAIIOJMPOBAHHOIO 3HAYEHM
cerounoit pyuknun meree 0,5 %.

Puc. 2. Touku NOBEPXHOCTH 3/I/IMNCOMAA, B KOTOPbIX NOMPELIHOCTb
3KCTPanoNiAuuK ceTouHom dyHkumun meHee 0,5 %, pazbuerue
NOBEPXHOCTH 3/IIMNCOUAA paBHOMEpPHOE, 6 X 6 yyacTkos no 13 yanos
uHTepnonauuu, k =8

B Ta6:1. 2 npuBeieHbl 3HAYEH VS MHTEPITOJISIIIUK 1 9KCTPa-
rorATn (10 JIEBOMY M IO BEPXHEMY COCEHUM y4JacTKaM)
3HAYCHUI CETOYHOH (DYHKIMU B MCCIEAYEMbIX TOYKAX Ha
TTOBEPXHOCTHU AJIIMIICON/IA, a TakKe UX OTHOCHUTEJbHBIE I10-
IPENTHOCTH BBIYNCJIEHUI.

[Tapamerp ympasienusi ; MO3BOJISIET BAPbUPOBATH Ha-
6Op JAHHBIX, @ TaK K€ KauecTBO annpokcumanuu. B tabu. 3

Ta6bnuua 2

MHTepnonsauus 1 akcTpanonsuus 3Ha4eHUin CETOUHOM
(pYHKLMM B UCCNIELyEMbIX TOUKAX U MOTPELUHOCTb ee
BbluMUC/eHus. Pa3bueHne NOBEPXHOCTH 3/1IMNCOMAA PABHO-
MepHoe, 6 X 6 yuacTkos no 13 y3noB uHTepnonsuuu, k=5

Ne. 1 2 3 4 5
TOYKUN

.| ] 0.20003 | 0,40000 | 060000 | 080000 | 098000
5]

g * |1,269E-02 1,285E-04 | 1,094E-05| 1,146E-07 | 4,768E-08

~ | 0,20038 | 0,40000 | 0,60004 | 0,80031 —

IKCTP
ciieBa
, %

: 1,908E-01|9,309E-04 | 7,062E-03 | 3,912E-02 —

o o N [0,20217 | 0,40016 | 0,60004 — 0,97968
S A
% % °\w. 1,084E |4,041E-02|5,933E-03 — 3,280E-02
g
= ~ | 0,20000 | 0,40000 | 0,60000 0,80000 0,98000
e

Ta6bnuua 3

NHTepnonsuus sHaueHUi CETOYHOM (PYHKLMKU B UCCNIELYEMbIX
TOUKAX U MOrPELLHOCTb ee BbIYUC/IEHHS LSt Pa3HOro
KOJIMUECTBa Y3108 MHTepnonsaumu. PasbueHne nosepxHocTu
3IUNconaa paBHOMepHoe, 3 X 3 yyacTka, k=5

Ner. it 1 9 3 4 5
TOUKK

g~ | 20,64459 | 0,40004 | 0,60000 | 0,80004 | 0,98000
=

] o

L? i, 1,022E+04 | 1,099E-02 | 1,042E-08 | 4,674E-03 | 1,549E-04
2(~ | 0,20004 | 0,40000 | 0,60000 | 0,80002 | 0,98000
=

¢ <l

;‘ °\w, 2,001E-02 [ 1,972E-04 | 1,046E-08 | 2,972E-03 | 1,854E-04
é N [0,20022 | 0,40000 | 0,60000 | 0,80000 | 0,98000
]

=] e

0 °w 1,082E-01 | 1,497E-05 | 1,049E-08 | 1,762E-05 | 2,174E-04
8

E ~ | 0,20000 | 0,40000 | 0,60000 | 0,80000 | 0,98000
F

MOKa3aHO M3MEHEHNE KavyecTBa ammpOKCUMAINN CETOUHON
DyHKIMM B MCCIeAyeMbIX TOUKAX B 3aBUCUMOCTH OT KOJIH-
YeCTBa y3JI0B MHTEPIIOJIMPOBAHUS /st pasOuenus 3 X 3 yuact-
ka. Ha puc. 3 n3ob6pakeHbl y3/bl MHTEPIOISINN pa3bue-
Hug 3x 3, B Tab/. 4 119 HUX JaHbI 3HAYE€HWS KOOPAMHAT,
3HaYeHIe CeTOTHON (DYHKIIMU, TEPBBIX U BTOPHIX TIPOU3BO/I-

Puc. 3. PacnonoxkeHue y3/10B UHTEPNONALWUU CETOUHOW (DYHKLHM
npu pa3brueHnn NOBEPXHOCTH annuncoraa 3 x 3 yuactka, YepHbIM
0603Ha4YeHbl TOYKM y4acTKa 2-ro no ropu3oHTasu
1 2-ro no BepTHKany, 13 y310B MHTEPNONSALMK B KAXKAOM ydacTKe



Ta6bnuua 4

3a,anHb|e 3HAYEHUs CETOYHOM ('*)yHKLI,MM 1 NPOU3BOLOHbIX B 13 y3/1aX UHTEPNOSIALUKU NOBEPXHOCTHU I/I/IUNCOUA.

Pasbuerue NOBEPXHOCTH aIMnconga 3x3 yyacTKa, y4aCToK BTOpOljl MO rOPU30OHTAJIU U MO BEPTUKAJIU

Ysen MHTEPIIOJIATINT 3Hauenve q)yHKI_II/II/I 1 ee IMPON3BO/IHBIX B Y3J1aX UHTEPIOJIAITNN
Ne X y z dz/dx dz/dy d2z/dx2 d2z/dxdy d2z/dy? d3z/dx3
1 1,6704 1,1667 0,3889 -1,0738 -0,3333 -3,6079 -0,9204 -0,5714 —1,46939
2 1,5476 1,1667 0,5000 —-0,7738 -0,2593 -1,6975 —-0,4012 —-0,3567 —0,55479
3 1,3789 1,1667 0,6111 —-0,5641 -0,2121 -0,9298 -0,1958 —0,2554 -0,266
4 1,4866 1,3333 0,5000 —-0,7433 -0,2963 -1,6049 —-0,4405 -0,3978 -0,70721
5 1,5476 1,5000 0,3889 —-0,9949 —-0,4286 -3,1880 —-1,0964 —-0,7580 -2,5061
6 1,4866 1,5000 0,4444 -0,8362 -0,3750 -2,1357 -0,7055 —-0,5664 —1,43372
7 1,4142 1,5000 0,5000 -0,7071 -0,3333 -1,5000 -0,4714 —0,4444 —-0,88889
8 1,3287 1,5000 0,5556 -0,5979 -0,3000 —-1,0935 -0,3229 -0,3620 —-0,58644
9 1,2273 1,5000 0,6111 —-0,5021 -0,2727 -0,8216 —-0,2241 -0,3035 —-0,40638
10 1,3287 1,6667 0,5000 —-0,6643 -0,3704 -1,3827 -0,4921 —-0,4966 —-1,10349
1 1,3789 1,8333 0,3889 -0,8864 -0,5238 —2,6633 —-1,1939 -0,9913 —4,00547
12 1,2273 1,8333 0,5000 -0,6136 -0,4074 -1,2531 —-0,5000 —-0,5542 —-1,35467
13 1,0062 1,8333 0,6111 -0,4116 -0,3333 —-0,6863 -0,2245 -0,3636 —-0,59504
Ne d3z/dx2dy d3z/dxdy? d3z/dy3 d4z/dx4 d4z/dx3dy d4z/dx2dy? d4z/dxdy3 d4z/dy4
1 -3,60787 -3,15568 —1,46939 -430,506 -118,955 -411 —-16,2292 -7,55685
2 -1,69753 —-0,96805 —0,55479 -66,078 —-18,0256 -7,05177 -3,22304 -1,91389
3 —-0,92975 -0,37171 —-0,266 -13,7493 -3,68186 -1,67527 —-0,87813 —-0,68966
4 —1,60494 -1,11339 -0,70721 -58,0155 —18,5647 —8,04247 —4,08199 -2,62584
5 -3,18805 —4,35578 -2,5061 —-328,786 —123,948 —54,7911 -27,2233 —15,4798
6 —2,13574 -2,25625 —1,43372 -121,51 —45,4984 -20,9728 -11,106 -7,0043
7 -1,5 -1,25708 —-0,88889 -49,5 —18,3848 —8,88889 -5,02831 -3,55556
8 -1,0935 -0,7383 —0,58644 -21,6562 —-7,9635 —4,06531 —2,45836 —1,97435
9 —-0,82156 —-0,44936 —-0,40638 -9,96767 -3,61838 —1,96656 —1,26935 -1,17772
10 —-1,38272 —1,38884 —1,10349 -40,7645 -17,4608 -9,48737 —-6,01872 —4,7491
11 -2,66327 —5,4757 —4,00547 —220,756 -110,806 -63,407 —40,3859 —-29,1604
12 —1,25309 —1,49494 —1,35467 -32,0697 —15,7962 -9,7221 -6,97936 —6,25794
13 —-0,68633 -0,48985 —-0,59504 —6,04868 —-2,88043 -1,97155 -1,60314 —1,94741
HBIX Y3JI0B HHTEPHOJIAIMY BTOPOTO MO BEPTUKATIHM U BTOPOTO OkoHuanue 1a6n. 5
10 TOPUBOHTAJIN YUACTKa PasOreHMsl. Ne . 11 { 9 3 4 5
B Tabs. 5—10 npuBeseHbl 3HAYCHUSA WHTEPHOJSIMNA Ce- TOYKU
TOYHOW (DYHKIINH, €€ MEPBLIX U BTOPBIX, BKIIOYAS CMEIIAH- _ 5| ~| 019999 | 040000 | 060000 | 080000 | 098000
Hble, ITPOM3BOAHBIX, B MCCJEIYEMBIX TOYKAX MOBEPXHOCTH Y E
AJUIUTICOUIA, B 3aBUCUMOCTH OT KOJMYECTBA YIACTKOB Pa3- < i 2 | 6937F-03 | 1.178E-03 | 1.948E-05 | 7 5355-07 | 1.386E-04
Guenns. W ' ' ' '
Tabnuua5 |~ 5| ™| 020080 | 040000 | 0,60000 | 080000 | 098000
X =
n 7 " gl e
HTEPIIONALIAA 3HASHNN CETOUHON (PyHKUMM * 5122 13983E-01 | 4,110E-04 | 1,056E-04 | 6,965E-05 | 1,262E-05
1 ee OTHOCHUTE/IbHas MOrPeLUHOCTb BblYUCIEHHS, k = 4, W
13 y310B UHTEPNONALWK °
o g™ 0,20009 | 0,40000 | 0,60000 | 0,80000 | 0,98000
Ne .o 1 2 3 4 5 3]
TOYKH 2 °w, 4,527E-02 | 6,565E-04 | 1,125E-04 | 3,309E-06 | 1,178E-06
gl ™ 0,19950 | 0,40000 | 0,60000 | 0,80000 | 0,97998 )
= g g
;§ 3 e £ & ~| 020000 | 040000 | 0,60000 | 0,80000 | 0,98000
= 5 |2,520E-01 | 1,573E-04 | 3,272E-07 |4,014E-05| 2071E-03| |2 &
"




Ta6bnuua 6

NHTepnonsunsa 3HaueHui NnepBor NPOU3BOAHOW CETOUHOM
(PYHKLWM MO X U ee OTHOCUTENbHAS NOrpPeLIHOCTb
BbluMcnenus, k =6, 13 y3nos uHTepnonsuuu

Ta6bnuuya 8

NHTepnonsunsa 3HaueHui BTOPOHM NPOU3BOAHOM CETOYHOM
PYHKLMM MO X U e OTHOCUTE IbHasH NOrPELLIHOCTb
BbluMcsienus, k =8, 13 Touek uHTepnonauuu

Ne . it Ne . it
rourt 1 2 3 4 5 ok 1 2 3 4 5
X &
- & 3| 202785 | —1,12340 | -0,27358 | —0,31202 | —0,09955 - E g —22,76807 | —3,78005 | —0,54141 | —0,43419 | —0,26522
x g ~ x S|
[3p) i N e} :;
O\w» 5,030E-01]3,326E-05 | 1,304E-07 | 1,787E-05 | 7,389E-03 °\d 3,401E+00 | 6,338E-06 | 2,119E-08 | 1,331E-05 |2,114E-03
5 ¥
s 3| —2,03862 | —1,12338 | -0,27358 | -0,31202 | —0,09956 wg 5| -22,07896 | -3,78012 | -0,54141 | —0,43419 | —0,26522
. =
= °\d 9579602 | 1.163E-03| 1179E-05 | 4,035E-06| 3.341E-04 | 2713E-01 | 1,960E-03 | 3,694E-06 | 0,000E+00|6,410E-05
*
s g g -21,17706 | —3,78002 | —0,54141 | —0,43419 | —0,26522
g |3 —201781 | -1,12339 | -0,27358 | —0,31202 | —0,09956 LQ E 2
oz |
x g R
bk a s 9957E-01 3991 E-04 | 5.698E-05| 5.336E-05| 2 187E-05 ” °\05 3,825E+00 | 6,334E-04 | 2,361E-05 | 2,492E-05 |2,904E-06
Rk : ) : ’
]
- @é E -21,99010 | —3,77998 | —0,54141 | —0,43419 | —0,26522
© é 3| —2,03714 | —1,12339 | -0,27358 | -0,31202 | —0,09956 x B
=) ©o &
X S r o
© g - - i 1,323E-01 |1,898E-03|2,153E-05 | 5,370E-09 | 1,125E-07
- C;; 4,711E-02 | 4,139E-04 [ 2,170E-04 | 1,721E-07 | 1,322E-06
PR-1ES
© SE|ZL
8 E = g% 31 —22,01923 | -3,78005 | —0,54141 | -0,43419 | —0,26522
555 —203810 | -1,12340 | -0,27358 | —0,31202 | —0,09956 E ol
oz |S «°
=z
o
Ta6bnuuya 9
Ta6bnuua 7

MHTepnonsuus 3HaueHWn nepBom NPOU3BOAHON CETOYHOM
PYHKLMUK NO Y U €€ OTHOCUTESIbHASA NOTrPELHOCTb
BbluMceHus, k =6, 13 y3nos uHTepnonsaumu

NHTepnonsunsa 3HaueHui BTOPOM NPOU3BOAHOM CETOYHOM
(PYHKLWM MO Y U ee OTHOCHTE/IbHAS MOTPELIHOCTb
BbluMcnienus, k =8, 13 y3noB uHTepnonaumu

Ne . it
TOYKN

1 2 3 4 5

—-12,98756 | —0,33387 | —0,45896 | —0,16293 | —0,11356

d?z/dy?

3x3
ydacTka

Ne . 1 2 3 4 5
TOYKHN
Z
o Z| 3| 086384 | ~0,14979 | ~040530 | ~0,13868 | ~0,01327
=l o
°\d 4,635E+00 | 4,835E-04 | 1,221E-07 | 1,063E-04 | 6,334E-03
Z
< 5| S| 090716 | -0,14980 | ~0,40530 | ~0,13868 | ~0,01327
= o
Ry [l
*, | 1479E-01 | 1,159E-02 |1,546E-05 | 1,047E-05 | 8,340E-05
&
w 5| 3| 089713 | ~0,14979 | -0,40530 | ~0,13867 | —0,01327
x 5|
n ? e
| =5 | 9.598E-01 | 6,177E-04 |9,161E-05 | 7,337E-05| 5,927E-06
Z
2| 2| —090490 | —0,14978 | —0,40530 | —0,13868 | —0,01327
© x| T
X g
© ? e
| =5 | 1L019E-01 | 2,762E-03 | 1,557E-04 | 1,494E-06 | 1,418E-06
<5}
g5 >
£3|T
= 21 2| -090582 | —0,14979 | —0,40530 | —0,13868 | —0,01327
S s
sl

ii 1,788E+02 | 3,504E-04 | 4,140E-05 | 6,751E-05 | 3,082E-04
Z
< S| 3| 491863 | -0,33403 | -0,45896 | —0,16293 | —0,11356
HE
~t ;} N
O\d 5,593E+00 | 5,003E-02 | 1,307E-05 | 0,000E+00 | 8,806 E-06
Z
g1 5| 449987 | —0,33387 | —0,45896 | —0,16293 | —0,11356
2 g2
2
- c\u; 3,397E+00 | 2,981E-04 | 8,775E-05 | 2,217E-05 | 3,228 E-07
%,
wé g —4,64291 | —0,33388 | —0,45896 | —0,16293 | —0,11356
x 5|7
° 3
” O\d 3,264E-01 |2,705E-03 | 3,073E-05 | 2,210E-07 |2,531E-08

-4,65812 | —0,33387 | —0,45896 | —0,16293 | —0,11356

Tounoe
3HaYCHUC
d?z/dy?
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NHTepnonsuus sHaueHWi BTOPOM CMeLLaHHOW NMPOU3BOLHOM Pesynbtatbl MHTEPNONALWMU CETOUHON (DYHKLUK
CETOYHOW (PYHKLIMHU U €€ OTHOCUTE IbHasH MOrPELLIHOCTb U ee NPOU3BOLHbIX B UCC/IeLyeMbIX TOYKAX MOBEPXHOCTH
Bbluncnenus, k =8, 13 y3s108 HTEpPNONALMH 3/IUNCOMAA MO CEYEHUAM, OTHOCHTE IbHAsSH NMOrPELLIHOCTb
v BbIYWUC/IEHHUH
Tofmf 1 2 3 4 5 N
R 1 2 3 4 5
o] TOYKU
S R
$|<| -10,73700 | -0,42067 | —0,18480 | —0,05409 | —0,00135 =
CQ S N2 0| 0,20000 0,40000 0,60000 | 0,80000 0,98000
S| a2
Sel- =
>’ <3
°\d 1,632E+01 | 3,328E-05 | 0,000E+00 | 0,000E+00 | 4,058 E-02 o
N Z 0,20000 0,40000 | 0,60000 | 0,80000 | 0,98000
_§ =
T -9,32739 | —0,42059 | —0,18480 | —-0,05409 | —0,00135 N
~ % N} } 3,463E-05 | 1,904E-11 | 1,363E-06 | 5,802E-07 | 1,320E-07
X Q
< g ~
. R w
°L[1,047E+00 | 1 E-02 | 1,082E- 1,849E-05 |4 E-04 5©
5| LOATE00 1. 883E-02) 1,082E-05 | 1.849E-05 | 4.798E-0 T2 1| —2,03810 | —1,12340 | —0,27358 | ~0,31202 | —0,09956
x = E
=S
22| -8,86587 | —0,42067 | —0,18480 | —0,05409 | —0,00135 S
T EIS T2 | 203810 | ~1,12340 | ~0,27358 | ~0,31202 | ~0,09956
w g o =
= o
°\05 3,953E+00 | 9,689E-04 | 9,826E-05 | 1,002E-04 | 1,374E-05 .
°\w. 3,255E-06 | 5,273E-11 | 3,130E-08 | 3,334E-09 | 1,546E-09
2
22| -9,21364 | -0,42071 | —0,18480 | —0,05409 | —0,00135 & 2w
© =S <€ 1| 090582 | —0,14979 | —0,40530 | —0,13868 | —0,01327
X 5lo S B
© < =
£,
°\u; 1,856E-01 |7,593E-03 | 7,913E-06 | 1,521E-07 |2,341E-06 =
NS é -0,90582 | —0,14979 | —0,40530 | —0,13868 | —0,01327
| =
SEZ
g 93] _ _ _ _ °
B Z|§| 9077 | Z0A2067 | 018480 | ~0.05409 | ~0,00135 = | 3.474E-05 | 2335E-11| 7,638E-07 | 7,870E-08 | 7935E-07
N =2

—22,01923 | -3,78005 | —0,54141 | —0,43419 | —0,26522

k=8

Ha puc.4 mokasanpl ucciepyemble TOYKH Ha HOBEPX-
HOCTH 3JUIMIICON/IA, & TAKXKE Y3JIbl UHTEPIOJSINN [IPU MH-
TepPHOJISIIIMOHHOM TIpollecce 1Mo cedeHHsAM. Bceero 13 yzios
UHTEPIOJSAIMHY, ¢ PABHOMEPHBIM pazbuenueM cedenust. Vc-
cJe/lyemMble TOYKU Te JKe, YTO U B IIPUMEpPE <IIOJHOM» MHTEP-
TTOJISITINH.

d?z/dx?
npuoL.,

—22,01923 | -3,78005 | —0,54141 | —0,43419 | —0,26522

d?z/dx?
TOYH

7,468E-09 | 6,264E-06 | 2,330E-07 | 1,945E-09 | 2,323E-11

€ %

=8

-9,23077 | —-0,42067 | —0,18480 | —0,05409 | —0,00135

d2z/dxdy
npuobIL.,
k

-9,23077 | —-0,42067 | —0,18480 | —0,05409 | —0,00135

d2?z/dxdy
TOYH

g, %

5,788E-05 | 9,081E-09 | 6,820E-06 | 2,742E-08 | 4,068E-07

Puc. 4. Viccnepyemble TOUKM CETOYHOM (PYHKLMKM Ha NOBEPXHOCTH
annunconaa (nokasabl 6esbiM) W Y3/1bl UHTEPMONALMM
No CeyeHuto (MoKasaHbl YePHbIM)

=8

-4,65812 | —0,33387 | —0,45896 | —0,16293 | —0,11356

d?z/dy?
npuobIL.,
k

B rta6us. 11 npuBeneHbl pe3yJsbraThl WHTEPIOJSIUH Ce-
TOYHOHN (DYHKITMH 110 CEYEHUSIM, €€ TIPOU3BOHBIX  UX OTHO-
CUTEJTbHAS TIOTPENTHOCTD BBIYMCJIEHUS B MCCIEyeMbIX TOU-
KaxX Ha [MOBEPXHOCTH AJLIUIICON/IA, UCIIOJIb30BATIOCH 13 y3710B
VWHTEPIOJIIINH 110 KaKIOMY CEYeHUIO.

-4,65812 | —0,33387 | —0,45896 | —0,16293 | -0,11356

d2z/dy?
TOYH

€ %

3,610E-05 | 4,463E-10 | 3,261E-05 | 4823E-07 | 2,382E-06




BriBoab1

[TpuBesenHble B cTaTbe HOBbIE Pe3y/bTaThl 110 HHTEPIIO-
JIAIIAN CeTOUHBIX (QYHKIMI BYX HEepeMeHHBIX, a TakKe UX
pou3Bojbix 10 (k — 1)-mopsijika, MO3BOJIMIN TTIOCTPOUTD
BIIEPBbIE HE 10 CEYECHUSAM TeJl, a B 11€JIOM /LI TOBEPXHOCTU
CJI05KHOI (hOpPMbI aHANIUTHYECKHe CTPYKTYPbl HAeHTUdU-
Kauy (GOpM U CIOXKHBIX [IOBEPXHOCTEH Tesl 110 JaHHBIM,
3a/laHHbIM B JIUCKpeTHON dopMme, i ceTounoil (ynkinn
IBYX LlepeMeHHbIX U UX IIPOU3BOJHBIX. PerroHanbHblil 10j-
X0/l Npu pelieHUH OOpaTHBIX 3azau AudbepeHIuaIbHOIT

TEeOMETPUN OTKPLIBAECT HOBbIE Ka4Y€CTBEHHbIC BO3MOKHOCTU
PEIIEHNST CJIOKHBIX aKTYaJIbHBIX 0OPATHBIX T€OMETPHIECKIX
3a/la4 TEIJIONpPOBO/IHOCTH, TU/IPOJIMHAMUKHN, MEXaHUKHU TBEP-
J0r0 1e(hOPMUPYEMOTO Tejia U IPYTUX HE MEeHee CJOMKHBIX U
BaKHBIX C HAYYHO-TEXHITYECKOI TOUKU 3PEHI 3a/1a4.

Beipazkaio 60JIbIyI0 6J1Iar0JapHOCTb MOEMY ACIHUPAHTY
Ko6punoeuu 0. O., 3a npoaeiaHHyi0 Hay4HO-TEXHHYE-
CKYy10 paboTy [0 CO3JAaHUIO IIPOrPAMMHBIX CPEJCTB U pea-
JIM3AIMI0 HA UX OCHOBE HOBBIX MO/IX0/I0B K PETHOHAIBHOMY
yIpaBjieHuio 00pa3oBanust pOPM M CIOKHBIX TMOBEPXHO-
crei TeJ.
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Hamuicano:
<[l Toro uto6br p(T,Ty) < € HeoOxoauMO a u Kk BHIOpaTh M3 ypaBHEHUSI: —21033(2—% )=¢€, IIpHU ITOM TI0JIyYaeM

k=In2-(In(2-a-05¢))-1; orcrona cieayer, 4ro npu € —>oo k —>c0.»
IIpaBunbHoO:
«Jlnst Toro urober p(I,Tj)<e HeoOxomumMo a u k BHIOpATH U3 ypABHEHUS: —2log,(2-%2)=¢, npu stom nonyuaem
k=In2-(In(2—a-0%))-1; orcioma cnemyer, uro npu €—0,k —co.»
Hamicano:
«Omeparus MU3bIOHKIUN C TOMOIIBIO S-(DYHKITHI:
a
fy }(/fz =, =-2-afi+f2 +all +ab +11im Kak +ak-;
—oo0
rmea>1.»
IIpaBunbHo:
«Omnepanust IU3BIOHKIIUN C TIOMOIIBIO S-(yHKITNIA:
a
fivy=m,=-2—a(fi+2)05 +afi +-af> + kfakf +akf ;
k
rrea>1.»



