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BEPUDUKAIIVA TPUAHTYJISIITAOHHBIX MOJEJEM IMTOCJIE
OIITUKO-IU®POBOT'O CKAHNPOBAHUSA

Y cmammi posensnymo ocobnusocmi éepuixayii mpian2yibo8anux mooenet, OmpuManux wiisi-
XOoM cranysanns Gizuunux mooenei na onmuro-yugposii ycmanosyi Imetric IScan 1I. Ilpedcmasneno
Moxcugocmi gepudpixayii. mpianeyivosanux moodenei y cucmemax PowerShape i Geomagic Studio.
Pospobneno aneopumm pospaxynky Ons cmamucmuyno20 ananizy noxuboK mpianzyib08anoi mooeni
GIOHOCHO cucmeMu BUMIPAHUX MOYOK.

B cmamve paccmompensi ocobennocmu eepugurayuu mpuaHeyiayUuoHHbIX Mooenell, noay4eHHbIX
nymem CKaGHUpOBaHUs usuyeckux mooeneil Ha onmuko-yugposou ycmanosxe Imetric IScan Il. Ilpeo-
CMasneHvl B03MOICHOCHIU BepUPUKAYUL MPUAHSYIAYUOHHBIX Modenell 6 cucmemax PowerShape u
Geomagic Studio. Paspaboman aneopumm pacuema 0iia Cmamucmuiecko20 aHam3a OmKIOHeHUl mpu-
AHSYNIAYUOHHOU MOOEU OM CUCHEMbL USMEPEHHBIX MOYEK.

In article features of verification of triangulated models received by scanning of physical models
on optical-digital plant Imetric IScan Il are considered. Verification possibilities of triangulated models
in systems PowerShape and Geomagic Studio are presented. The algorithm of calculation is developed
for the statistical analysis of deviations triangulated models concerning system of the measured points.

Beenenne

OCHOBHBIC TEHACHIIUH PA3BUTUSA MAIIMHOCTPOSHMS CBSI3aHBI C pa3paboTKOi
KOHKYPEHTOCIIOCOOHOHM MPOAYKIUK Ha 0a3e HCIONh30BaHWS HAYKOCMKHX HHTET-
PUPOBAHHBIX TEXHOJOTHYCCKUX TporeccoB. OOBEKTUBHO HEOOXOAUM MEpPEXOl B
WHYI0 TEXHOJOTHYECKYIO O0JIACTh — WHTETPUPOBAHHBIX KOMITHIOTCPU3UPOBAHHBIX
TEXHOJIOTHH, Oa3upyIOMHUXCS Ha TOCICIHHUX IOCTIDKCHHSIX MATCPHUATIOBEICHUS,
WH(POPMAIMOHHBIX, TA3CPHBIX U Ap. HAYKOEMKHX TexHomoruil. K Takum TexHoo-
THSIM OTHOCHUTCS OOpaTHBIN WHXKUHUPHHT.

OOpatHBIN (pEeBEPCHBIN) MHXHHUPUHT — 3TO TEXHOJIOTHS, KOTOPAsI TIO3BOJISET
COKpAaTUTh BpeMs M MaTepHajbHBIE 3aTpaThl Ha pa3paboTKy M MaTepHaTH3aLHI0
KOMITBIOTEPHOM MOZETH HM3/eiHs, Ha KOTOPOE OTCYTCTBYET KOHCTPYKTOPCKAs I10-
KymeHTarua. OHUM U3 CIIOCOOOB MOITYYEHHUS TPEXMEPHBIX MOJIENIeH H3/IeNuil sB-
JSIeTCS ONTHKO-TIM(POBOE CKAHMPOBAHUE, KOTOPOE 00ECTIeYMBAET JOCTaTOYHO BHI-
COKYIO TOYHOCTh u3MepeHuit [1]. OqHako TOYHOCTH CO3AaHUs TPEXMEPHOU Moaenu
OIPEIeNISICTCS HEe TOJIBKO Ha dTAIe CKAHUPOBAHUS (TIPH IMOTYICHUH CUCTEMBI H3Me-
peHHBIX Touek). Tak Kak co3aHue TPUAHTYISIUUOHHON MOJIENH U3AETUS TPOXOJUT
PAI ATAaoB: NOJy4YeHUEe TOYECUHON MOJIETH PHU CKAaHUPOBAHUU U3ENHNS, €€ Toce-
Jyrolasi TPHAHTYJISIIAS U peJakTHpoBaHue (ycrpaneHue nedekror). Kaxmpiii sTam
BHOCHT CBOIO COCTaBJISIIOIYIO B OOIIYIO ITOTPEIIHOCTb.

Kak mokaspiBaeT TIpakTHKa HCIONB30BAHUS ONTHKO-IH(POBOI yCTaHOBKH
Imetric IScan II obmrast morpenTtHOCTs pa3MePOB MOTYYEHHONH MOJETTH B HEKOTOPBIX
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ciydasx MoxeT B 5+10 pa3 npeBbllIaTh HHCTPYMEHTAJIBHYIO COCTABIAIONIYIO (IT0-
TPEIIHOCTh M3MEPEHHs CKaHUPYIOIUM yCcTpoHcTBOM). ITosTOMy mpuHIMNUANBEHO
B)XHBIM SBIISIETCS] BepU(UKAIMS MOTYYEHHOH TpeXMEpHOW MOJENIH W3Jeius, Ha-
MpaBJICHHAs Ha OMNpejesieHHe aJeKBaTHOCTH MoJenu (TIOATBEP)KICHHE COOTBETCT-
BUsI TPeOYEMOH TOUHOCTH).

B nanHoli paboTe mpeacTaBiIeHbl pe3yIbTaThl aHAJIH3a BO3MOXKHOCTEH Cyliie-
CTBYIOIIETO IIPOTPaMMHOr0 oOecriedeHHs Uil BBIIIOJTHEHHSI BepU(HUKALUN TPHAH-
TYJIAIUOHHBIX MOJENe W Ipeanaraercst pa3pabOTaHHBIH aJITOPUTM CTAaTHCTHYeE-
CKOTO aHaJIM3a OTKJIOHEHUH TPHAHTYJISIIMOHHON MOJAENN OT CHCTEMbI H3MEPEHHBIX
TOYEK.

Pabora Bemonasnack B ycinoBusx YAO "KoHCTPYKTOPCKO-TEXHOIOTHIECKOE
010po BepH(UKALMOHHOTO MOJEIMPOBAHUS M IIOATOTOBKH IPOW3BOJCTBA" IpH
kadeape "MHTerpupoBaHHBIC TeXHOJOrHHM MaruHOoCcTpocHus" um. M.®. Cemko
HTY "XapbpKkoBcKuil MOTUTEXHUYECKUH HHCTUTYT".

Bo3MoskHOCTH cylIecTBYIOLIEro MPOrpaMMHOrO ofecrevyeHMsl A BbI-
MOJIHEeHHsI BepuUKAIMN TPHAHTYJISINHOHHBIX Mojieseit

PaccMOTprM BO3MOXHOCTH CYNIECTBYIOIIETO TPOTPAMMHOTO 00ECIICUCHHS 110
BepU(UKAINK TPUAHTYISILMOHHBIX MOJelieil Ha 0a3e oJHMX M3 Hamboiee M3BECT-
HBIX ITaKeTOB, TakuX kak, Geomagic Studio (kommanus Geomagic) u PowerSHAPE
Pro (xommanust Delcam plc).

Ha puc. 1 npencrapnena cucrema Geomagic Studio ¢ BU3yanm3anueii KapThl
MOTPEITHOCTH Ha NpHUMepe OOLIMBKM INepenHel aBepu aBroMoOmis. Vcronb3osa-
HHE KapThl OTPELUIHOCTH YA00HO JIJIsl BBISBICHUS M OLIEHKH ITPUYMH BBI3BIBAIOIINX
oTkiioHeHus [1]. B cucteme onpenesstoTcsi OCHOBHBIE CTATUCTUIECKUE XapaKTepH-
CTUKH (CpeiHee apu(pMEeTHIeCKOe U CPETHEKBaPATHIECKOE OTKIIOHEHHE) OTACb-
HO JJIS1 TIOJIOKUTENBHBIX U OTPUIIATEeTIbHBIX 3HAUCHUH OTKIOHCHHUH.

Pucynok 1 — Busyanusanus oTknoHeHnit PucyHok 2— ®DyHKIUS BU3yallbHOTO CPaB-
MEXIY CUCTEMOH TOUEK U MOTYyYEeHHON HeHus STL-monenu ¢ CAD-1oBepXHOCTbIO
MOJICTIBIO ISl OOIIIMBKY TIEPEIHEH ABEPH B B cucreMe PowerSHAPE Pro

cucreme Geomagic Studio
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Iporpammusnii maker PowerSHAPE Pro taxxe umeer psn QyHKIuiA BU3y-
aJBHOTO aHayu3a cooTBeTCTBHU Mexay CAD-Moenso U TPHAHTYIISIIIMOHHOM MTo-
BepxHOCThI0. Ha puc. 2 mpencTaBieH mpuMep IBETHOM KapThl MOTpemrHocTd. B
pe3yipTaTe TaKOro aHaJW3a MOXHO MPUHUMATH pelIeHHe 0 He0OXOAMMOCTH KOp-
PEKTUPOBKH pa3MepoB 00pa3yIOLINX TOBEPXHOCTEH.

[pakTHKa UCTIONB30BaHUS JAHHOTO MPOrPAMMHOTO 00ECTIeYeH s TOKa3bIBaeT
MPUTOJHOCTh IPEATAraéMOro HMHCTPYMEHTapusi BEpUPHUKALUN MOJENICH TOJIBKO
JUISL TIPOM3BOACTBEHHBIX 3a/1a4. J[yisl yryOIeHHBIX HaydHBIX HCCIEOBaHUH (C MCc-
MOJIB30BAHUEM alMapaTa NPUKIAIHON CTATUCTHKH) TOYHOCTH CO3/1aBaeMbIX TPHAH-
TYJIAUOHHBIX MoJened HeoOXoauMa pa3paboTKa CIEIHalbHOTO alrOpUTMa aHa-
Im3a.

AJTOPUTM CTATHCTUYECKOr0 AHAJIN3a OTKJIOHEHUH TPUAHTYJISIIMOHHOM
MO/IeJIN OT CHCTeMBbI M3MEPEHHBIX TOYEK

OmnpeneneHne TOYHOCTH TPHAHTYJISILIMU CUCTEMbI M3MEPEHHBIX TOYEK OCYyIlle-
CTBJISIETCS IIyTEM CPABHEHUS IIEPBOHAYAJIBHOM TOYEYHOW U TPUAHTYJISLUOHHOMN
mojaenu. Ha puc. 3 mpeacraBneHsl (pparMeHTHl TOYEYHOW W TPUAHTYIISILIMOHHOU
Mozerneii. Todeunass MOJENb WM CHCTEMa H3MEPEHHBIX TOYEK, KaK TPaBUIIO, HA3kI-
BaeTcs B CAD cucremax — «point cloud» (MHOXeCTBO TOUCK).

6)

Pucynok 3 — ®parMeHTH TOBEPXHOCTEH:
a) TOYeYHOU MOJIeNH; 0) TPUAHTYJISIIMOHHON MOJICIH

B kavecTBe BENMYMHBI MOIPEITHOCTH TPHAHTYISIIIMU TIPUHATO MUHUMAJIbHOE
paccTosiHIe MEXAY ONMMKaWIIMMU 3JIEeMEHTaMH OBEPXHOCTEH CPaBHUBAEMBIX MO-
Jeneil (M3MepeHHBIMU TOYKaMHU U TPEYTOJIbHBIMHU TPAHIMN).

B mpennaraeMoM anropuTMe MHUHHUMAJIBbHBIC PACCTOSHUS OIPENEINSIOTCS IS
Ka)XJJ0M TOYKH NepBOHAYaIbHOI Mozenu. [omy4yeHHbIH MaccuB JaHHBIX MPOXOIUT
CTaTUCTHYECKYI0 00pabOTKy, C ONpEeAeTICHNEM OCHOBHBIX CTaTUCTHYECKHX Xapak-
TEPUCTHK: X,;, - MUHUMAIbHOE 3HAYCHHE, X, - MAaKCHMalbHOE 3HAa4YeHHe, A, -
pa3max, E - cpennee apudmernueckoe, D - qucnepcus, G - CpeAHEKBaIpaTHYHOE
OTKJIOHEHHE, k, - K03(h(uIMeHT Bapuauu u np. Vcrnoap30BaHNE TaKUX XapakTe-
PHUCTHK HO3BOJIAET 00ECIEUYNTh HAYyYHO OOOCHOBAHHBIN MOAXOJ K aHAINU3y TOYHO-
CTH ¥ BBIBJICHUIO PAIIMOHAIBHBIX aJITOPUTMOB TPUAHTYJISIIHN.

Pa3zpaboTanHas O10K-cXema OIpeneNeHHs 3HAYCHUH MOTPEIIHOCTH TPUAHTY-
JSIIWY TIPEICTaBIIeHa Ha puc. 4.
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Jnst obecrieyeHns KOPPEKTHOCTH aHAJIN3a MOTPEIIHOCTH HEOOXOAUMBIM yC-
JIOBUEM SIBJISIETCSI OTCYTCTBHE Ne(EeKTOB y TPHAHTyJSIIMOHHON Mopnenu. Tsepuo-
TeJbHAsk MOJEIIb JOJKHA COOTBETCTBOBAThL CIEAYIOIIMM IIPUHIUAIIAM 3aMKHYTOCTH
00pa3yIoyX MOBEPXHOCTEI: OTCYTCTBHE COBIIQIAIOIINX TPEYTOJILHUKOB, COOTBET-
CTBHE KaXJIOMY PeOpy JIByX CMEXHBIX TPEYTOJbHUKOB, IPUHAIICIKHOCTh KaXK/I0H
BEpIINHE HE MEHEE TPEX CMEXHBIX TPEYTrOJbHUKOB U pedep, MpUYeM UX KOIUYEeCT-
Ba PABHBL.

BBoJ1 HCXO/IHBIX TaHHBIX (MACCHB
JaHHBIX KOOPANUHAT TOYEK U BEPLINH
CpaBHUBAEMBIX MO/JIETICH)

Baspl naHHBIX KOOPAMHAT CHCTEMBI TOUEK Xgp(i), Yop(i)s Zsp(i)
1 BEPUINH TPUAHTYITHPOBAHHON MOJICIH Xpij), Vyij)» Z1j)

AnantuBHbIH oa00p 061acTH
HU3MEpEeHHil B 3aBHCUMOCTH OT
KOJIMYECTBA TOUEK HAXOMSIIUX-  Vsp(i) ~ Asearch =¥ f(j) = Vsp(i) T Dsearch =
Cs1 B OKPECTHOCTH PaccMaTpH-
BaeMoi TOUKU

Tsp(i) ™ Asearch < X () = Fsp(i) + Asearch

(" Bui6op paluoHaibHEIX Pa3MEpPOB
obuiacti OOHAPYKEHHs OIIVDKAUIIIX
TpaHei I i-il TOUKH

Zsp(i) ~ Asearch <2 1(j) = Zsp(i) T Asearen®

Bnmxkaiiinee paccrosiHue 10 j-0if BepumHbl (Nom_vertex _min):

2 2 2
Imin = “““(\/(’spm - "/(i)) * (J’.spti) - y/(_/)) * (:w) - :/(_/)) J
Ecnu npoexims i-i TOYKH JIKUT Ha TPAHU j-TO TPEYTrOJIbHHUKA!

‘A/m(‘.\-p(;) - "f(])) + 5/(,»()’.vp(i> ""fm) * Cf‘/)(z.\'p(i) *:m‘))‘

OrnpezeneHue MUHUMAIILHOTO
PacCTOSIHUS OT i-i TOYKH 0
MOBEPXHOCTU TPHAHTYJISLIMOHHON
MOJETH

Aepror =

2 2 2
\//‘/m By * Cron
Eciu npoeKIus TOUKU He JISKHUT Ha TPaHU TPEyTroNbHUKA:

Berror = \/

PO TIA) Vsp() Iv(A)
W(B)"Nv(A)  (B)~Iv(4)

2

sp(i)=Iv(A)  Zsp(i) ~Zv(A) A
W(B)Iv(A)  Zv(B)~Zv(A)

/ \}(«‘vw)*wm): (e + (e -aen)

Ecny neprieH MKy Isp IPOCKINH TOYKH K pebpy He
MepeceKacT ero:
A

L@ S v
ZW(B)=2(A)  Xv(B)~Xv(A)

BrIBOJ pe3ynbTaToB B 6a3y JaHHBIX
Y CTATUCTHYECKHI aHaIN3

Nom_point — HOMEP TOUKH; Xgp(i), Yp(is Zsp(i) —
KOOpAMHATBI TOUKH; Nom_triangle — Homep
TpeyronbHuka, Delta_error — Bennuuna

MOrPELIHOCTH H . error = Imin

pI/ICyHOK 4 — Biok-cxema OIpCACICHUA 3HAYCHHI IMOTPEHIHOCTH TPUAHTYJIALIUNA

TpuaHTyIAIHOHHAST MOJEIb CTPYKTYPHO IMPEACTaBJICHA CHCTEMOW IJIOCKHX
TPEYrOJLHUKOB Facet, 3alaHHBIX KOOPIMHATAMU TPEX BEPIUMH Xn, Vi, Z1, Xp, Vi,
Zp, X3, V3, Z3, IMEIOIIHX 0o01IMe pedpa Edge (Xei, Ve, Zel, Xe2» Vers Ze2) U BEPUIMHEI
Vertex (x,, ¥, z,). TodedHass MOJeNb TpEACTaBICHA CHCTEMON TOYEK, 3aJaHHBIX
KOOpAMHATAMU M (Xgp(i), V(i Zsp(i))-

B cootBeTcTBHU cO cxemoil (puc. 4) MepBOHAYATEHO UMIIOPTUPYIOTCS HCXO]I-
HBIC TaHHBIC TOYCYHON U TPUAHTYJLIIIMOHHON MOJENEH M3/IeiHs B COOTBETCTBYIO-
e 0a3bl JAHHBIX (MIJIM MAacCHBBI) C KOOPIWHATAMH TOYEK W BEPUIUH IS KaXKIOU
MOJICTIH.

ITo Gyok-cxeme ompenensieTcsi MUHUMAIBHOE PACCTOSTHUE OT Ka)XIOH TOUKH
M (Xsp(iys Vsp(iy» Zsp(i)) AO ONMIKAKIIMX TPAHEH TPUAHTYJIALMOHHOK MOJENH.

JInst CHWDKEHUST TPYIOEMKOCTH pPAaCcyeTOB MPEIONKEHO 3a7aBaThCsl PAIMO-
HAJTBHOH 00J1aCThIO TIOMCKA OMMKANIINX TPaHEN Agpqye, JUTS KOKIOU TOUKH M:
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X . —A <X, <X, +A R
Sp(l) search f ( J Sp(l) search

N —A < NS N +HA 1
ysp(l) search yf(]) ySp(l) search® ( )

Zsp(l) _Asearch < Zf(] < ZSp(l) + Asearch’

TIE: X5, Yfj)» Zfj) - KOOPIMHATBEI BEPUIMH TPEYTOIBHBIX TPAHEM; Xy Vip(ids Zspli) —
KOOpJMHATBI paccMaTpuBaeMon TOUKU M.

Obnacte moucka A, BEIOUpACTCs U3 YCIOBUS BKIOUCHUs HEe MeHee 10-u
rpaHeid TpUaHTyJISIMOHHON Mojenu. [IlepBoHauanbHOE 3HaYeHUE pazmepa 00JIacTH
MOMCKa MOKHO 33/1aBaTh UCXOJs U3 rabapUTHBIX Pa3MEPOB MOJIEIIH:

Asearcn = (L + B + H) /300, 2
rne: L, B, H— rabapuTHbIe pa3Mepbl MOJCIH, JIJIHHA, IMUPUHA U BBICOTA, COOTBET-
CTBEHHO.

W3 nmouncka HCKIII0Yal0TCs TOUKH, COBIAJAIONINE C BEPIIMHAMU TPEYrOJIbHBIX

rpaHei (i-g TOUYKa COBIAAeT C j-i BEPUIMHON) IPH YCIOBUH:

X =X,y Vo n=V o Zo o8 =Z 3)
sp(@) TS @) “sp@) S Tsp() T S()
TOTJa MOTPEIHOCTh TPUAHTYIISIIUH A, = 0.
Jns ocranbHbIX TOYEK M (Xgp(i) Vp(i)» Zsp(iy)) TPOUBOAMTCS MOKMCK OMKaMIIIX
BepunH. HanMeHbllee pacCTOSHME OT 3aMaHHOU TOYKHM M (Xgp), Vipliys Zspli) MO
Onrkaiiiel BEpIIMHBI OMPEAEIISeTCSl C UCMOIb30BaHNEM M3BECTHOW 3aBUCHUMOCTH

[2]:

P = i j(xsp(l,)_xf(j))2+(ysp(i)_yf(j))2+(zsp(l_)_zf(j))2 @

Paccrostame oT Touku M 1o Onmvkadmield TpeyroilbHON TpaHH (HOTPEIIHOCTH
TPUAHTYIALUH A,,,,,) ONpeIesieTcsl KaK JUIMHA MepIeHANKYIISIpa OMYIIEHHOTO 13
TOYKH M Ha IUIOCKOCTH, IPOXOAAIIYIO Yepe3 TPU BEPIUUHBI I'PaHU (BH3yaIH3aLUs
Ipe/ICTaBJICHa Ha pHC. 5).

3amauy 1o ompeAeNeHUI0 PaCCTOSIHAS OT TOUKH M 10 OnMvkaiiel Tpeyrob-
HOW TPaHU MOXKHO IIPEJCTABUThH KaK ONpEeAeTICHUE BBICOTHI MHpaMHIB! (TIPH ycIIo-
BUH DPACIIOJNIOKECHHSI TPOCKIIMN TOYKKH M B Tpenenax j-i TPeyroJbHOW TpaHH),
MpeICTaBICHHON Ha pucC. 6.

IIpu pacrnonoxeHuu NpoeKIy TOUKu M 3a mpenenaMu paccMaTpruBaemMoi j-i
TPEYrOJIbHOM IPaHH, A, ONPEAEISIETCS KAK MUHUMAIbHOE PACCTOSIHUE JI0 OJJTHOTO
u3 ee pedep.

VYcnoBus pacnonioskeHusl NPOeKUUuN TOUKU M B mpefenax j-il TpeyroibHOH
rpaun ABC, orpannuennoit pedpamu (puc. 5):

ZMCA <£90°% LMAC <£90°% £LMAB < 90°;
ZMBA <£90°% ZMBC <90°% £ZMCB < 90°.
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VYTIIbl OnpenensitoTcsl ¢ UCTONIb30BAaHUEM TEOPEMbI KOCUHYCOB (IIpUMEp TpHU-
BenieH s yroa MCA) [2]:

2MCA =arceos| (I +12, =1, ) [2cles | (6)
rie lyc, lca, Iya— paccrosans mexny Toukamu MC, CA, MA (puc. 6).
- a4
5 4 B
| | 0
A
C —
- 2
- 3
- 4
B
-5
PucyHok 5 — DneMeHTHI, UCTIONB3yeMBIE ITPH OTI- Pucynok 6 — Touka M 1 ocHOBaHHE
peneneHHH TOYHOCTH MOJEITH mupamuasl ABC (TpeyrosisHas rpaHb)

B aTOoM ciygae morpentHocTh A, OTPENEISETC ¢ YIeTOM H3BECTHOU 3aBU-
CUMOCTH JJIsI PACCTOSTHUS OT TOYKHU J0 TUIOCKOCTH [2]:

_ A (xsp(,-) ”f(j))*Bfm (yspa) *yfu)) S (Zsp(z') i) )‘ @
o \/A;m + B, +Ch,)

rue Ag), By, Cpj) — NpAMOYTOJIBEHBIE KOOPAUHATEI HOPMAIbHOIO BEKTOpPA K TpE-
YTOJILHOM T'paHy (MJIOCKOCTH NPOXOAAIIEN Yepes3 TPU BEPLIMHBI); Xz, Vi)»
Zpj) - KOOPIAMHATHI OJHON M3 BEPIIMH j-H TPAHU; Xep(i)s Vip(i)s Zsp(i) — KOOPIH-
HaThl pacCMaTpUBaeMoi Touku M.
[IpsiMoyrosbHblE KOOPAMHATHI HOPMAajbHOIO BEKTOpAa TPEYTrOJbHOM TIpaHu
(k03¢ huTIeHTH ypaBHEHHSI TNIOCKOCTH TPOXOISIICH depe3 TpU TOUYKH), OIpese-
JISTIOTCSL KOOPAMHATAMH €€ BepInuH [2, 3]:

Af(j) = (yv(B) — Y )(Zv(C) ~Zya ) - (yv(C) - yv(A))(Zv(B) - Zv(A)) > (3
B, = _(wi) o) ) (Zv(C> T Zua ) - (xv(o - xv(A))(Zv(B) 2w ) ’ )

Crip= (xv(m RO )(yv(C) Y ) - (xv(C) Xt )(yvus) - yv(A)) : (10)

[Tpn HeBbImonHeHMU ycioBui (5) - ecau Xors Obl OAWMH W3 YIJIOB Oyzaer
6omnprre 90° (Tynod yrod), MpOEKIUsT TOYKH M JISKUT 3a MpeaeiaMu OCHOBaHUS
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ABC (TpeyronpHOU rpaHu, OTpaHUUCHHON peOpaMu Edge (X1, Vel, Zel, Xe2s Veds Ze2)s
MIpeJICTaBJICHHON Ha pHC. 5).

Torna norpentHocts A,,,,, ONpeessieTcsl Kak HauMEeHblllee 3HaYeHne U3 pac-
CTOSIHUI OT TOUKU M 10 pebep TpeyroJbHUKOB CMEXHBIX C Onrkaiiueil Bepiiu-
HOM. DTO COOTBETCTBYET 3a/1a4€ OIPEJIENICHNs] PACCTOSIHUS OT TOYKH JIO OTpe3Ka.
Paccmotpum 3amady Ha npumepe pedpa AB. Bo3MOXHBI TpH cHUTyalMH, ompeje-
JISIEMBIMH CIIETYIONIIMH YCIOBHAMU Il ypaBHerwi (15)-(17):

(15) ecmu ZMAB <90°u ZMBA <90°;
s o) (16) ecnu ZMAB >90° u /MBA < 90°; (1
(17)  ecau ZMAB <90° u ZMBA > 90°.

Yt LMAB, ZMBA MOXHO ONPEeNNUTh M0 TeopeMe KOCUHYCOB [2]:

ZMAB = arccos (1, + L ~13y ) /2Ll 15 ) (12)
ZMBA=arceos (L + 1y~ 13 ) /2Ll s ) (13)

riae: Ly Lyp, Iy — paccrosHu Mexay Toukamu MA, AB, MB, cOOTBETCTBEHHO.
C yuerom ypaBHenuii (12) u (13) cuctema ycnoBuii mpUMeT cie Ty BUI:

(15) ecmuly, +13, —Ly 20uly, +12, —13, > 0;

Lo =4(16) ectu by, +1, —Ly <Oully +1% ~1, > 0; (14)

MA =

i
( ) (17) ecau Lo+l -L.>0ul’, +0, I, <O.

IlepBast cuTyauusi BO3HHKAeT NPH YCIOBHH NEPECCYCHUS MEpPICHIUKYIsIpa
MIPOBEJEHHOTO OT TOYKH M ¢ pedbpom AB = LMAB <90°u LMBA<90° B (11) n

(14), Torma morpenIHOCTh ONpeneNIeTCs KaK pacCTOSIHUE OT TOYKH 10 JIMHUH [2]:

2 2
L PO Fsp(i) =¥ (4)

Zy(B)~Zv(4)  Xv(B)~Yv(4) ) (15)

2
/ \j(xV(B)—wa))z +(yv(3)—yv(A))2 +(ZV(B)_ZV(A))2

Bropas curyanus BO3HHKAET MPH YCIOBUHU KOTJIA TIEPIICHANKYJIISIP U3 MPOSK-
OMU TOYKM HE TmepecekaeT pedpo TpeyroipHWKAa. Ecmy oguH W3  YIJIOB
ZMAB, ZMBA > 90°, Torma uMeeT MeCTO CUTYyalus, Korjaa ONKaiiiee paccTosi-

Vsp(i)=Iv(A4)  Zsp(i)~2v(A)
Y(B)~Wv(A) Zv(B)~Zv(A)

g o(4B) :\j

Xsp(i) ~Xv(A)  Vsp(i) ~IYv(A)
Xv(B)~¥v(A) Yv(B)Wv(A)

+

HUE JI0 OTpE3Ka PaBHO PACCTOSHUIO 0 OV KaMIIel BEpUTHHBI.
Ipu ycnoBun £LMAB >90°u ZMBA<90° B (11) u (14), Gnmmxaiimmee pac-

CTOsIHUE OyIeT COOTBETCTBOBATH JUIMHE OTpe3ka MA:

2 2 2
L o Af\j()fsp(z)—xvm)) +(rspy )+ (-2 > (16)

THE: Xy4)> Vv(a) Zv(a) - KOODAUHATBI BEPIUMHEL A; Xgp(i), Vsp(i)s Zsp(i) — KOOPAUHATBI TOY-
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Ku M.
Ipu ycnosun /MAB <90°u /MBA>90° B (11) u (14), onuxaiiniee pac-
CTOsIHUE OYIeT COOTBETCTBOBATH UTHHE OTpe3ka MB:

2 2 2
L o Bf\/()fsp(i)-ww)) + (s 2)) + (zspir-2um))” a7

TAC: Xy(B)s YVv(B)> ZvB) -~ KOOPAUHATBI BCPIIMHBI B.
B mo6oM cirygae mOTpenrHocTs A, OTIpeNeNIeTcsl Kak HanMEHbIIee 3Hade-
HHUE [; oy JUIS1 CMEXHBIX TPaHeil Onuskaiilell BepunHel K Touke M:

A, =min (lit:(n)) ’ (1 8)

rae: l; o — paccTosiHue OT TOYKM M 10 j-H TpeyroipHOW rpaHH, omnpenensemMoe
u3 (14) - (17).

Ha ocHOBe IpeyioKeHHON CXEMbI U pacyeTHBIX 3aBHCHMOCTEH Ipemoiara-
©TCsl BBHINOJHATH CTATUCTHYCCKUH aHAIIM3 MOTPELIHOCTEH 3aMEHBI CHCTEMBI TOYCK
TPUAHTYJIAMOHHON IMMOBEPXHOCTHIO. [IpakTHyeckhil OmbIT paboTHl MOKa3bIBaeT,
YTO TIPH CpPaBHEHWH Mojelei oOpabaTeiBaeTcs OONBIOION 00BEM JaHHBIX
(50 tBIC. + 20 MyH. TOYeK). [ToaTOoMy HeoOXommMMa pa3paboTKa CHENHAIBHOTO TIPH-
JIOKEHHS JJIsl aBTOMATHU3alii CPABHEHHUS M aHAJIN3a MOJIEIICH.

BrIiBOBI

Bo03MOXXHOCTH CYIIECTBYIOIIETO MPOTPAMMHOT0 00eCTieYeHHs HE MO3BOJIIOT
B TIOJTHOW Mepe BBITIOJNHATh yIIyOJIESHHOE CTAaTUCTUYECKOE HCCIIEeI0OBaHUE MOTpel-
HOCTHU TPUAHTYJISAIIUN MOJIEJIEH Ha OCHOBE CUCTEMbI U3MEPEHHBIX TOYEK, MOJIYUYEeH-
HBIX ITyTeM CKaHHPOBAHUS HA ONTHKO-IU(PPOBBIX YCTAHOBKAX.

[IpennoxxeHHas cxema aHaiaM3a U pacyeTHbIE 3aBUCUMOCTHU I OLIEHKH TOY-
HOCTH TPUAHTYJSILUOHHOM MOJENH IO3BOJISIIOT aBTOMAaTHU3UPOBATH IMpOIECC €€
BepH(UKAIINH 10 TOYSTHOW MOJIENIN M PACIINPUTH BO3SMOXKHOCTH aHAJIN3a TaHHBIX.

[IporpammHuas peanuzarus pa3pabOTaHHOTO MOIXOAA MO3BOJHT BBISBUTH ITY-
TH YMEHBLIEHUS OTPEIIHOCTEN, BOSHUKAIOLIMX Ha ATAax TPUAHTYJISIHUN CUCTEMBbI
TOYEK M YCTPaHEHUs e(EKTOB TPUAHTYIIAIHOHHON MOICITH.

CnucoKk MCNo/IbL30BAHHBIX MCTOYHUKOB: 1. OOpaTHbI MH)XUHUPUHI MPOMBIIUICHHBIX H3JEIHN C
HCIIOB30BAaHUEM ONTHKO-IIM(POBOi yCTaHOBKH 00beMHOro ckaHupoBanus Imetric Scan / B.JI. [Jo6po-
cxok, C.H. Yepnwvros, A.H. I'apawenro [u np.] // CydacHi TexHONOTIi B MAIMHOOY{yBaHHi: 30. HayK.
npaup. - 2010. — Bun. 4. — C. 123-135. 2. Beieodckuii M. A. CipaBOYHUK 1O BBICLICH MaTeMaTuke. - M.:
Hayxka, 1969. - 870 c. 3. Kopnu I, Kopn T. CipaBOYHHK 110 MaTeMaTKe (U1 Hay4HBIX paOOTHHKOB H
uHxeHepos). - M.: Hayka, 1973. - 832 c.
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