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PACHINPEHUE N30EPA3UTEJIBHBIX BO3MOXHOCTEN
CPEACTB BU3VYAIJIIM3ALNMHA C IIOMOIIBIO YIIPABJIEHUA I'NIAIKOCTBIO
I'EOMETPUYECKHUX ©OPM

(ITen3eHckHil rocyJapCTBEHHBI YHUBEPCUTET)

Heo6xoauMbiM KOMIIOHEHTOM MHOTHX CIIOKHBIX MPOTPaMMHO-TEXHUYECKUX
CUCTEM SIBJIIFOTCS CPEeNCTBa BU3yanu3auuu nHpopmanuu. K Takum cucreMaM MOXHO
OTHECTHU T'€OMH(POPMAIMOHHBIE CHUCTEMBI, CHUCTEMbl MOHUTOPHHIA TPaHCHOPTHBIX
CPEICTB, CUCTEMBl OHOMEIUIIMHCKOTO KOHTPOJIS, OXPaHHbIE CHUCTEMBI, CUCTEMBI
HAy4YHBIX MCCIIEJOBAHUI, CUCTEMbl BOEHHOTO HaA3HAUEHUS U Apyrue. B HuX pemnieHue
NPUKJIAAHBIX 33/1a4 OCYLIECTBIISIETCS C YYacCTHEM 4YEJIOBEKa, KOTOPBIM HPUHHUMAET
pEILICHNs] HA OCHOBE BU3YaJIbHOI'O aHanu3a cuTyauuu. CienoBaTeabHO, CPeJICTBA BH-
3yall3aluu JOJIKHBI MPECTaBISATh 00BEKTHl KOHTPOJIS U YIIPaBJICHUS B MaKCUMaIlb-
HO JPrOHOMHUYHOM BHJ€. [[7s1 3TOro OHM, B YAaCTHOCTH, JOJKHBI OBITH CHOCOOHBI
(opMHpOBaTh M300paKEHHS JUHUKM U MOBEPXHOCTEN 000K TpeOyeMol reomMeTpu-
yeckoil (popmbl. Dopma JTMHUN U IOBEPXHOCTEN BO MHOTHX ClIydasx 3aJaeTcs Habo-
POM XapaKTepHBIX (OMOPHBIX) TOUEK. B KauecTBe mpuMepoB MOKHO Ha3BaTh pe3yJib-
TaThl, MOJYYEHHBIE C MTOMOIIBIO TOMOrpadUIecKuX 3aMepOB HA MECTHOCTH, CEHCMHU-
YECKUX U3MEPEHHUI MM OypeHHs 3¢MHOM KOpbI, 00bEKTUBHOTO MEIMIIMHCKOTO KOH-
TPOJIsL OPraHOB YEJIOBEKA, 3aJlaHusl CHELUATUCTAMH XapaKTEPHBIX TOYEK HA MOBEPX-
HOCTH apX€OJOTMYECKUX HaXOJOK. PEeKOHCTpyKLHMs reoMeTpudeckux (HopMm B ITHX
CIIy4asX OCYLIECTBIISIETCS HHTEPIOISIHIUOHHBIMU METOAAMMU.

OOBEKTHl BU3yaIU3allUK, HAPUMED, peibe(d UM KOHTYpPhl Y4aCTKOB 3€MHOMN
MOBEPXHOCTHU, MOTYT UMETh OOJBIIYI0 MPOTSAKEHHOCTh U (POPMUPOBATHCS 1O ¢par-
MeHTaM. [Ipy 3TOM KOHTYpbI MJIM MOBEPXHOCTH B OOILIEM CIydyae MOTYT MMETh Kak
IJIaJIKue, TaK U HENIaJKue y4yacTkKW. Hernmaakumu Ha30BEM y4YacTKH, Ha KOTOPBIX
(YHKUUSA-UHTEPIIOJSIHT TEPIUT pa3pbiB NepBOM Npou3BoaHOM. [lepBas nponszBogHas
(yHKUMHU, KaK U3BECTHO, IPONOPLMOHANIbHA YIJIy HAKJIOHA KacaTeJIbHOM, IPOBEJECH-
HOM K rpaduuecKoMy MPEICTAaBICHUIO (PYHKLIMHU Yepe3 3aJJaHHYyI0 TOUKy. Takum 00-
pa3oM, CpeACTBAa BU3YyaJW3alUU JOJKHBI UMETh MHCTPYMEHT YIPaBJIEHUS TIIaIKO-
CThIO T€OMETPUYECKUX (POpM, WIM, IPYTUMHU CIOBAMH, MHCTPYMEHT YIIpPaBIICHUS
HAIpaBJICHUSAMU KacaTeJIbHbIX B 3a/IaHHBIX TOUKaX KpHUBOW, MOBEPXHOCTU. OueBHI-
HO, XapaKTep 3TOT0 HHCTPYMEHTA 3aBUCUT OT BBIOPAHHOI'O METO]1a UHTEPIIOJISALUY.

B reomerpruueckoM MOAEIMPOBAHMHM HAXOJIUT NPUMEHEHHWE MHOYKECTBO pas3-
JUYHBIX METOAOB MHTEPIOJISLMHU, OJHAKO HE BCE OHU MOAXOIAT JI1 PEKOHCTPYKIUU
00BEKTOB BU3yalin3aluu. Hampumep, u3BecTHbIE METOMBI MOJIMHOMUAIBHOW HUHTEP-
nosiaunu HerotoHa n Jlarpanka Ha 00JIBIIOM MHOYKECTBE y3J10B UHTEPIIOJISILIUY JTAI0T
ocuruisiu popmbl (peHomen Pynre). B kommbroTepHON rpaduke TPUMEHSIOTCS
METOJbl MHTEPHOJAIMY Ha ocHOBe cMmemuBaronux ¢yHkmuid (CD) [1]. K #HuUM,
MPEXKJIE BCErO, OTHOCATCS METOAbI CIUIAHOBOM MHTEPIOISALMU U MHTEPIOISIIUN Ha
OCHOBE paauaibHbIX 0a3ucHBIX GyHKIUN (PBD) [2,3,4]. MOXXHO BBISIBUTH BO3MOX-
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HOCTH METOJIOB MHTEPIOJISAIMH T10 YIIPABJICHUIO IIaKOCThIO T€OMETPUIECKUX (HopM
U UX HEIOCTAaTKU. AHAIU3 MPOBEJEH HA MPUMEPE TUIOCKUX KPUBBIX, TAK KaK UHTEP-
TMOJISIIUSL TOBEPXHOCTEN MOKET OCHOBBIBATHCS HA MJIOCKUX KPUBOJIMHEHHBIX CEUCHHU-
sx [5]. Pe3ynbrarsl aHaau3a cBefeHbl B Tabuiy 1.

Tabmmua 1 Bo3MOXHOCTH METOJIOB MHTEPIOJISIUM 1O MOJIYYEHHUIO TJAJKUX U He-
IJIAIKAX KPUBBIX

Meron unrep- [IpuHIUI MOJTyYeHMs TTIAAKON U He- Henocrartku
NOJIALINU riaaKoit popm
CrnaitH  Op- | YopaBineHue  HampasieHMsIMH — Kaca- | Hy)kHO MMeTbh KOJIMYECTBEHHYIO HH-
MHUTa TENbHBIX B KOHEYHBIX TOUKAX OTCEKA dopmaui0 0 HaAIpaBICHUAX Kaca-
TENbHBIX

Crnaitn - Kot- | Mcnonb3oBanue JIOTIOJIHUTENBHBIX | YBEIUYCHUE KOJIMYECTBA OIOPHBIX

Myia-Poma OIOPHBIX TOYEK, 3aJAIOIUMX HAIPaBJIe- | TOYEK, YCIOKHEHUE aIrOpUTMa BbI-
HMSl KACaTEJIBHBIX B KOHEYHBIX TOYKAaX | YACJICHUS NPOMEXKYTOYHBIX TOYEK
oTceka [6]

Crnaitn Ko- | Tpu 10nOJHUTENBHBIX NapaMeTpa, NOJ- | YCIOKHEHHOE OINMCAHUE, YCIOXK-

YaHEK- 00p KOTOPBIX Ul KAXKJOrO OTCEKa JaeT | HEHHBIM  alIrOPUTM  BBIYMCICHHS

baprenbca xKeJlaeMyro (popMy KpuBOii POMEKYTOYHBIX TOUEK

Crmnaiin be3pe | BeiOop MecTOIOI0KeH s KOHTPOJIBHBIX | DTO  HEBO3MOXXHO  cHelaTh  0e3
TOUYEK, 3aJalOlINX HAalpaBlIeHUs Kaca- | HAJIOXKEHUS JTOMOJIHUTEIbHBIX YCJIO-

TEIIbHEIX B TOUKE CTHIKOBKH OTCCKOB BUM, YTO YCIIOKHSIET AJITOPUTM
B-cnnaiia 3aBeplieHUEe TEKylero cerMeHta u | OTCeKH He MPOXOAAT YEPE3 OMOPHBIE
dbopMUpOBaHUE CIEIYIOIIEr0 Ha OT- | TOYKH, IO3TOMY CTHIKOBKA HETJIAJIKO
JIEJIbHBIX OMOPHBIX TOUKAX COMPSITAIOIIUXCS OTCEKOB YCIIOKHE-
Ha
Bbera-crnaiin ToT >xe mpuHumIL, 4yTo U A5 B-cinaitna | ToT ke HemocTaTok, 4To U Jyuisi B-
cIuIaiiHa
Pb®- Tor »xe npuHMIL, 4To U Ui B-crutaiina | CerMeHThl TOYHO MPOXOIAT 4epes
HMHTEPIOIA LU OMOpPHBIE TOYKH, IOITOMY HYXEH

HHCTPYMCHT MIJId 3aJlaHUs HallpaB-
JICHHM KacaTelIbHBIX B TOYKE CThI-
KOBKH CCTMCHTOB

AHanu3 MoKa3bIBaeT, YTO PALMOHAIBHBIM NPUEMOM IOJYyYECHUS HETJIaAKUX
reoMmerpuyeckux (opm sipnsiercs npumenenue Pb®. Jlyist mpoTsKeHHBIX F€OMETpH-
yeckux (popm PbD-untepnossiiusi Bce paBHO TpeOyeT MPUMEHEHUsI CETMEHTAIIUN —
JUIS YMEHBIICHUS] YMClia claraeMbiX (DyHKIIMU-UHTEpHoJisHTa. B 3TOM ciyuyae mpu
HEOOXOJUMOCTHU TJIAJIKOW CTHIKOBKM CETMEHTOB HY)XKHO MPUMEHSITH alrOpUTMUYeE-
CKM€ TIPUEMBbI, HAPUMEpP, METO/1 MIEPEHOCa OTOPHBIX TOUeK [7], a mpu HEOOXOIUMO-
CTH HETJIAAKOW CTBIKOBKHM HYXKHO PallMOHAJIbHO PACCTABUTh OMOPHBIE TOUYKU B 30HE
CTBIKOBKH. JIJis1 KpUBBIX (IJIOCKUX CEUYEHHIT) 3TOT0 JI0CTATOYHO IS MOTYyYCHHS Ke-
naeMoi opMbl, a B CIIy4ae CTHIKOBKM CETMEHTOB MOBEPXHOCTEH MEXIY HUMHU MOTYT
BO3HUKHYTH LIENH. [[e10 B TOM, YTO KaXK/Jbld CEIMEHT CTPOUTCS HAa CBOEM Habope
OMOPHBIX TOYEK. B pe3ynbrare kpailHue TUHUM (JJUHUU CThIKA) JBYX COCEIHHUX Cer-
MEHTOB TOYHO NPOHIYT uepe3 oOIue OMOpHbIE TOYKU, HO MEXKIY HUMH MOTYT HE
coBnagaTh. Bo3HUKAET pa3pblB COCTABHOM MTOBEPXHOCTH. JJIs1 €ro yCTpaHEHUS TAKKE
HYKHBI aJTOpUTMUYECKHE TpreMbl. CaMbIM IPOCTBIM SIBJISIETCS YCPEIHEHUE KOOP-
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JTUHAT MPOMEKYTOUHBIX TOYEK, JIEKAIIMX HA JIMHUU CTHIKOBKH, MPU MOJIXOAE K HUM
CO CTOPOHBI IIEPBOTO U BTOPOTO COCEAHUX CETMEHTOB.

Pb® Ha3pBaOTCA pagHaIbHBIMU, T.K. ONMOPHBIE TOYKH BIIHMSIOT HA TEKYIIYIO
TOYKY OJIMHAKOBO IO BCEM HAIPAaBJICHUSAM IPOCTPAHCTBA (IO paguycam»). 3Haue-
HUSA QYHKUMNA BIMSHUS 3aBUCST OT BEJIUYUH JEKAPTOBBIX PACCTOSHUI MEXKIY TEKY-
et 1 onopHeIMHU Toukamu. [Ipu m060M 3akOoHE 00X0/1a TOBEPXHOCTHU JIJISl BBIYHUCIIC-
HUS JICKapTOBA PACCTOSHUS HYKHO KaXKIbIi pa3 BBHIMIOJHSITH ONEpallii BO3BEICHUS B
KBaJpaT U U3BJICYEHHUS KOPH. /{7 MOBBIMICHUS MPOU3BOAUTEIBHOCTH WHTEPIION -
IIUM MOXKHO TIpe/IoKUTh BMecTo PB® ucnonb3oBaTh cmemnuBaronme QyHKIUA op-
toronajgbHoro 6azuca (CPOB). Ocobennocts COOb B TOM, YTO UX 3HAYCHUS 3aBU-
CAT Pa3JEIbHO OT PACCTOSAHUS MEXAY OMOPHOM M TEKYLIEH TOYKaMU BHOJIb KaxKJIOW
KOOPJMHATHI-ApTyMEHTa U, V MapaMeTPUYECKOW CHUCTEMbl KOOPAMHAT, B KOTOPOI
onucaHa noBepxHocTh [8]. Toraa MHTEPNOIAIMOHHOE OMMCAHUE TTOBEPXHOCTH B Ia-
paMeTprudeckor (opMe COCTOUT U3 TPEX YpaBHEHUU BUIA

N
c = Z L@y, 1), c=x,9,2
i=1

r1ae A;. — ko3 PULIMEHT BIUAHUSA i-U OTIOPHOM TOYKH HA KOOPAUHATY € TEKYyIIEeH TOU-
KU;

& (1, 1,) — COOB, 3HauCHHE KOTOPOM 3aBHUCHT OT PACCTOSHHUHN 13,7, MEXIy
ONOPHOM M TEKYLIEH TOYKAMH, U3MEPEHHBIX HA IOBEPXHOCTH apryMEHTOB BAOJb KO-
OpPAVHATHBIX JINHUHA U, V.

Bapuanramu COOD sBistoTCs1, HarpuMep, Kojokojaoo0pa3zHas u OuksaapaTtHas CD

o(r,r,)=(1-r)-(1-77),
®(r,,1,)= (] 1) - (7 = 1),

B KOTOPBIX B CJIy4ae OMUCAHUS INIOCKOW KPUBOM UCIIOJIb3YETCS OJIMH IMapameTp.

[IpuBeneHHbIN BUJ CMEUIMBAIOMIUX (PYHKIMHA MO3BOJSET MOBBICUTH MPOU3BO-
JUTEIIBHOCTh MHTEPHOJSINANA TPU PA3ICIbHOM JIBUKEHUM AJITOPUTMA BBIYMCIICHHS
C®OBb Bronb koOopauHATHBIX JUHUM u, v. [Ipu nepedope 3Hauenuit u# ot 0 10 Mak-
CUMAJIbHOTO 3HAYEHUS 3HAUYCHHUE V HE MEHSETCA, CIEA0BATENBHO, HE MEHSETCS U CO-
otBeTCTBYIOIMN KOMIIOHEHT CDOb. [Ipu noctrkeHun nepeMeHHON ¥ MaKCUMAJlb-
HOT'O 3HAYEHUS BBINOJHACTCS MPUPALIEHUE KOOPAUHATHI V U OCYILECTBIISIETCS TIEepe-
XOJl Ha CJIEAYIOIIYI0 KOOPAWHATHYIO JUHHUIO V. Jlanee mpouecc noBTOpsAeTcs 10 A0-
CTUKEHUS MTApAMETPAMHU U,V MAKCUMAJIbHBIX 3HAYEHUU.

[TocnenoBaTenpHOE ABMXKEHUE AITOPUTMA BAOJIb KOOPJAMHATHBIX JIMHUK TO3-
BoJisAeT BEIUMCIATE COODb 1o nmpupameHusm, Hanpumep, o METoay KOHEUHBIX pas-
Hoctel [8]. C mpuUMeHEHHEM ATOro MeTojla 3Ha4eHUs npuBeAeHHbIX Bhillie CPOb
IUTSL cllydasi KpUBOW BBIYMCIISIFOTCS 3a JIBE ONEpallid CyMMHUPOBAaHUS.

Ha pucynke 1 mokaszaHbl CKpUHILIOTHI, HILTIOCTpUpYIOLTUE (HOPMHUPOBAHUE CO-
CTAaBHOW KPUBOM C IPUMEHEHNUEM 4acTo npuMeHssemMon Pb® «uHBEpCHBIM MYIbTH-
kBaApuk» (puc.l,a) u ouxsagpatHoit COOb (puc.1,0) Ha ONHUX U TEX KE OMOPHBIX
Toukax. O0e pazHOBUIHOCTH CMENIMBAIONIMX (YHKUMNA MO3BOJIAIOT MOJY4aTh Kak
IJIaJKUE, TAK U HETJAJKUE KPUBBIC, TOYHO MPOXOJSIINE YEPE3 OMOPHBIE TOUKH, O/I-
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Hako COOb-unTepnonanMs Xapakrepuszyercsi 0oyiee BBICOKON MPOU3BOAUTEIHHO-
CTBIO.

a 0
Puc. 1. CocTaBHbIE KpHUBBIE C HAPYILIEHUEM IIAIKOCTH, IIOJyYCHHBIE ITY-
tem Pb®-unrepnomsmnuu (a) 1 COOb-unTepnosnsimu (6)
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