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BBIUMCJIEHAE KOOPTUHAT
WH®PAKPACHBIX BCIIBIIIEK
HA OBBEKTE /IS ONEHKH
ErO MECTONOJIOKEHHUS

HJIBUH M.A.

PaccmaTpusarorcs meton uaeHTH(pHUKaIy uHppakpac-
weix (MK) mapkepos, pacrionaracMeix Ha OOBEKTE, U
MIPOLICAYPA BEIYMCIICHHUS KOOPIUHAT MaPKSPOB [0 BUACO-
M300PAKCHHUSIM MX BCIIBIIICK B TPSXKAMCPHOU TCIICBU3H-
OHHOM cucTeMe. MeTo 1 0TIepHpy €T MACHTU(DMKALIMOHHBI-
MU 00JTACTSIMA MAPKEPOB, UTO TIO3BOJSICT OTIIMIUTD OTHUH
MapKep OT APYTHX C YICTOM MX BO3MOYKHOTO TICPEKPHI-
THSL, 8 TAKKS IPEACKA3aTh OV Ay IICE IMTOTIOKECHUS KK IO0TO
Mapkepa. MeTox MOKeT Hal TH IPUMECHSHHC TS VIIPABJIC-
HIT BUPTY QJIBHBIMH JCKOPALMSIMU TIPY CTY IUHHBIX BU-
JCOCBEMKAX, TIOCTPOCHHS CKEIICTHOM aHUMALIMK U CJIC-
JKCHHS 33 TIOABIKHBIMU 00 BCKTAMH.

BBenenue

ONTHYECK U TPSKHHT, HUTH OTIPEICTICHHUE KOOP IMHAT OO0 BEK-
Ta W [IPOCIICKUBAHKC CTO IBHYKCHHUS OIITORICKTPOHHBIMHU
CPCACTBAMH C TPUMCHCHHEM CBETOBBIX MAapKEpOB Ha
o0BeKTe, SIBISICTCS BechMa 3¢ exruBHbM,. Mcmos3osa-
HUEC TH(QPOBBIX TEICBU3MOHHBIX CPEACTB, (POPMHUPYIO-
MX U300PKCHIUS OOJIBIIOTO YHCIIa MAPKESPOB Ha LIK())-
POBOM BHICOpAcTpe, emie doee MoBbImacT 3(hHEeKTHB-
HOCTB OITHYCCKOTO TPCKMHIA — TIOSIBIISICTCSI BO3MOK-
HOCTB OLICHKH BCEX LICCTH CTCIICHCH CBOOOIBI ITOIBHIK-
HOro 00beKkTa — ero 3D KOOpaAMHAT U TPEX YITIOB OPUCH-
tauuu. [Ipy 5TOM BO3HHMKAIOT 3a1a4u UACHTH(PUKALIUH
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KaKIO0TO MapKepa CUCTEMBI TPSKUHTA U U3MepeHus 2D
KOOPIMHAT LIGHTPOB X BHICOM300PaKCSHUM, MOIy4ac-
MBIX C Pa3HBIX PAKypcoB. B cyImecTByrOMMX cCHCTEMAax
HCTIONIB3YIOTCSI CAMBIC PA3HOOOPA3HBIC CHCTEMbI UACHTH-
(uxarpu. O JHY OPUMEHSEO T METOX, OIPE ICIISIFO LM TT0-
POr SIPKOCTH, APYTHUE CUCTEMbI OCHOBAHBI HA U3BMEHCHUU
CIIeKTPa KaKJAOTO MapKkepa, OJHAKO BCE OHH HMMEIOT
OOILLHIT HEAOCTATOK — CYILECTBYET Or PAHHYCHHME Ha KOJIH-
4ecTBO Mapkepos B cucteme. [loaTomMy Bo3HMKaeT Takke
3amava paspaboTKM METOa MACHTU(DUKALIMH, KOTOPBIH
TIO3BOJTUT CHATH 1 310 orpadundcHue. C pereHueM cgop-
MYJTHPOBAHHBIX 3a7a4d OBUTM CBSI3aHBI KCCIICAOBAHUA,
OTACIBHBIC PC3YIIBTAThI KOTOPBIX ITPHUBCACHBI HIKC.

1.0neHKa napaMeTpoB BHACON300PaAKEHHST
Mapkepa

st Hax oK ICHUS KOOPAWHAT MPOrpaMMa ICHCTBYET IO
CICAYIOIEMY aITOPUTMY:

— OTIpeAesIeTCs] IOPOT YyBCTBUTEILHOCTH TS TIOMCKA
SIPKUX [BITCH B 3aBUCHMOCTH OT (DOHA;

— MPOMBBOAWTCS TOMCK OONACTCH, WMCIOIIMX TOYKH,
KOTOPBIC MPEBBIMIAIOT TOT MOPOT,

— MIPOU3BOAUTCS SIPKOCTHBIM aHATN3 IISITHA, OITPCACIISTIOT-
Cs1 €O TPAHULIBI M PACCUUTHIBACTCS MHTETPAIbHAS SIP-
kocTh [1].

OcHOBOM myisi OOHAPY)KCHMsI 3aCBETOK MapKCpOB Ha
M300paKCHUM SIBJISICTCs cerMeHTarwst. OHa [IPSACTAaBISICT
co0oii TIporiece pasoHeHMS H300paKCHU Ha MHOKECTBO
obnacret (HaOOPOB MMKCETICH ), COOTBETCTBYFOILMX CTPYK-
TYPHBIM €TUHULIAM B CLICHE HITH OTIPEACIICHHBIM 00BCK-
TaMm. L{enb cocTOUT B TOM, YTOOBI HAHTH TAKHE OOBEKTHI,
KaKHUE MPEACTABIIOT UHTEPEC 10 TEOMETPUH U300pasKe-
HUA, ¥ OTKA3aThCA OT U30BITOMHOM MH(OPMAITHH, T.C. OT
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o0acteld B M300paykKEHUH, HE TPEACTABIISIFOIIMX TAKOTO
nHTEepeca. YacTo 3TO Jaenmaercss B Ka4eCTBE IMEPBOTO
miara, mpeXxae YeM NPUMEHSFOTCS aHATUTHYECKUE aJIro-
PHUTMBI, KOTOPBIC ITO3B OJITIOT H3BJIEKATh Oojiee abCTpak-
THYIO MH()OpMAaLIHIO 13 AAHHBIX U300paskeHNs. DTO OAUH
13 HanOoJiee BAKHBIX IATOB B W3BIIeUeHUH HH(opMa-
UK 13 n300pakeHus. CerMeHTanusa n300pakeHUs sB-
JSIETCSl HU3KOYPOBHEBOI mpoueaypoit, padboTtarouieid Ha
YPOBHE OTIENbHBIX MHKceNel. CyInecTByeT HECKOIBKO
METO/IOB 151 OTIPEACIICHHS IPHHAISKHOCTH IMTAKCENIA K
WHTepecyroImeit 30ae. OTMH 13 Hanboee MPOCTHIX Me-
TOJOB IJISI BBIACICHUSl MPUHAJISKHOCTH MUKCEN K
BBIOPAaHHOMY CETMEHTY B H300paskeHNH —3TO CETMEHTa-
1wist mopora. OHa orpenesieT uana3oH 3HaYeHU i ApKo-
CTH JJISl HCXOMHOTO M300paXKeHUs, TOTJA THKCEIH B
[Ipezienax 3Toro Anana3oHa BEIOUparoTCs, Kak MpUHaI-
nexartie K 00IacTh, MpeACTaBIAIONeH HHTEpeC, BCe
JPYTHE TTMKCENTN OTKJIOHAIOTCS, KaK MPUHAISKAIITHE K
¢ony. [Ipu mcnonp3oBaHuM WHGHPAKPACHOTO CBETA B
ONITHIECKOM CHCTEME CIICKESHUSA MapPKEPhl MOTYT OBITh
JIETKO Pa3AeieHBl MO MmoporaM. MapKepsl H3IydaioT
00 OTpakatoT WH(PAKPACHEIN CBET, MIIydEHUS C
JPYTUMU IJUHAMH BOJH OyIayT OT(MIBTPOBAHBI, TO-
CKONBKY WH(paKpacHbIi (GUIBTP yCTAHOBJIEH B TIepe-
IHEeH yacTh 00bekTHBA. TakuMm obpa3oMm, o0jacTu B
n300pa’keHnH, TIPECTABIAIONINE MapKep, UMEIOT Ha-
MHOro 0onee BBICOKME 3HAYEHHS SIPKOCTHU T10 CpaBHE-
HUIO ¢ hOHOM. Kak TOKazaHo Ha puc. 1.

’ g .

-

:

» g o
-

Puc. 1. Bun 3acBeroxk UK mapkepos

st onpenenieHns MONOKEHUA MapKepa Ha N300 pakeHUH
BBIUMCIISIETCS B3BELIEHHBIN BKJIa I MUKCENEH, MpHUHaIIe-
JKalux K Mapkepy. it cepuueckux MapKepoB 3TO
00BIYHO COOTBETCTBYET IEHTPY MapKepa. Puc. 2 mokasbl-
BaCT KPYIHBIM IJIAHOM B OAHOTO MATHA. BuaHO, uTO
SAPKOCTb MUKCENEH BO3paCcTaET IO HANPABJICHUIO K LICHTPY
natHa. Eciu F(j, k) siBnsiercs ApKOCTBIO MUKCENA B 103U~
IV j,K, TO KOOPAWHATHI TIEHTPA 3aCBETKH ITO TOPH30HTAIA
W BEpTHKaIH (U, V) B TUKCENSAX PACCUUTHIBAIOTCS CICY-
formuM o0pasom [2]:

FONIDINLE I WD J T CD
Yo 2l FGR DI

rre J,K — o0ree KOMMaecTBO MAKCEINEH IO TOPU30HTAIN
Y BEPTUKAJIU COOTBETCTBEHHO.

V=

u=
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Puc. 2. KpynHblii mian cBETOBOrO ISITHA 3aCBETKH Mapkepa

CermeHTaIys v OOHAPYKSHHE 3aCBETKH MOTYT OBITh BBI-
TIOJIHEHBI 3a OJIMH MPOXOI, YTO CBOAUTCA K CHUKCHHUIO
TpeOOBaHMIT K MAMSITH H YMEHBITEHHIO KOTAICCTBA HHCT-
PYKIH# [T TPOLIECCOPA, UTO YIIYUIIAECT BEIYUCIUTENb-
HYIO IIPOH3BOAUTEIHBHOCT.

2. UpenTunduxanms MapKepoB U onpeaesieHue ux
KOOPIUHAT

HUnenTudrkanmsa MapKepoB OCYIIECTBIAETCA IO IIEPBO-
MY KX TIOCJICIOBATEbHOMY BKIIOUSHHIO U IAJTbIIIE KOH-
TPOJUPYETCA MO MX WACHTU(DHUKAIMOHHBIM O0JIACTAM

(puc. 3).

Obnacts 3acBeTKH

/ Hnenruduxansonsas obnacTp

Puc. 3. Unentudukannonnsie 06MacTi MapkepoB

Pasmepbl naeHTH()UKAMOHHBIX 00J1aCTeH MAPKEPOB BBI-
OuparoTcs B 6JIOKe CHHXPOHH3AITH CHCTEMBI B 3aBHCH-
MOCTH OT CKOPOCTH JIBUXKCHHS 00BEKTa, YTOOBI KOOPIH-
HATHl HOBBIX TIOJNOKCHHUM MapKepOB HE BBIXOMVIIN 3a
TIpeAeIbl CBOMX obnacteii. [Ipu Bo3MOKHOM EPEKPHITHI
JIBYX O0JIacTel nASHTU(MKALIHSA MApKEPOB OCY IIECTBIIS-
€TCs COTIACHO BEKTOpaM UX IBHOXKCHUA. ECin B kKakoi-To
MOMEHT BPEMEHH HEBO3MOXKHO UACHTU(ULIUPOBATH Map-
KEPBI, YTO MaJIOBEPOSATHO, TO MX KOOPIMHATHI HE IPHHU-
MaroT y4actue B pacuerax 3D koopauHat o0bekTa [3].

[Nocite BKIFOUEHHS, B KAJKIOM CIICAYIOIIEM Kaape, yCT-
poiictBo 00paboTkM MHQOpMAIIUK ONPEACIAET HOBBIC
KOOPAWHATHI IIEHTPOB 3aCBETKH MAaPKEPOB M HACHTH( U~
LUPYET 3aCBETKA MapKEPOB 110 MX HAXOXKICHHIO B COOT-
BETCTBYIOIINX HACHTH(DHUKATTHOHHBIX 00TACTSIX TIPEIBIITY-
IIero Kaapa. 3aTeM OCYIIECTBIIACTCS MIEPEMEIIICHHE ATHX
HACHTH(HKAIMOHHBIX 00aCTel 1S PaCIIOIOMKEHH HX
LIEHTPOB B TOYKAX pPacTpa ¢ HOBBIMH KOOPAHMHATAMH
LICHTPOB 3aCBETOK COOTBETCTBYIOIIMX MAPKEPOB B LIEISIX
MPOBEICHMA AAIbHEHUIITHX OI[EHOK KOOPMHAT MapKepOB.
B pesynbTare onpeaesstoTes TEKY e KOOPAMHATHI [ICH-
TPOB 3aCBETOK BCEX MApKEPOB M OCYINECTBISACTCA WX
AACHTHQOUKALNA. AJTOPHTM HACHTH(HUKAIIAHY IPUBEICH
Ha puc. 4.
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Brur pa3paboTan anropuT™, OCHOBaHHBIH Ha MPeACKasa-
HHH TMOJOKCHUA 3aCBCTOK, UTO MO3BOJIICT YCKOPUTH ITO-
HCK, HA4YaB €TI0 B MECTE HANO0IEE BEPOATHOTO IOSBICHILT
3aCBCTKH, IIPH PA3HBIX OTPAHHYICHHAX, BBIABJICHHBIX 3K~
CIICPUMCHTAJIbHBIM ITY TCM.

cosPeosy cosPsiny —sin
=| sinasin Beosy—cosausiny  sin ousin Psin y+cosausiny  sin cteosf |.

sin ousin BeosY+cosoisiny  costisin fsiny—sinosiny  cosycos

Janee HaXOAATCS KOOPAMHATHI MAPKEPOB TI0 3aC-
BETKAM HA CBETOYYBCTBUTEIbHBIX MATPULIAX U3-

MEPHUTEIbHBIX BUACOKAMED TCICBU3HOHHOM cHuCc- | Kavepa 1

TeMblI. J[J113TOro Onpe Ae JISTF0 TCSI MAaTPULIBI B pariie- ot
HUA M IIEPEHOCA, a TAKKE YUUTHIBAKOTCA BHY TPCH- MapKepoB

HHC MApaMCETPBI KAMEPHI, TAKHE Kak (OKyCHOE
paCCTO}IHI/Ie u ueH,Ip KOOp;[HHaT [ BxrroueHue IIEpBOroO Mapkepa 1 ,j [ BxuroueHne n-oro Mapkepa 1 ]

TIpUCBOSHNS HAeHTuduKaropa "1" TIpHCBOEHIS HAeHTudIKaropa "n'

B romoreHusix KOOpAHHATaX MPOCKTUBHOC ITPC-
06paSOBaHI/I6 3aImUChIBACTCA KaK Cosnanne naeHTHGHKAIMOHHOTO Cosnanue NIeHTHQUKAINOHHOTO
HHTEepBajia HHTEepBajaa
m=PM,

_ T _ T CoxpaHeHle KOOpANHAaT CoxpaHeHne KOOpAuHaT
rge m=(u,v,s) , M=(X,Y,Z,5) . B Gydepe }7 -{ B Gyibept

B obmiem Buae MaTpyLia KaTHOPOBKU BHY TPCHHHUX
MAapaMeTPOB M3MEPHTEIBHBIX KAMEP CIEYIOIasy | Ilepexonx crenysomeny xaapy

BUOeopsaaa

Tlepexoxn K cienyromeMy Kaapy
[ 4] BHIEOpAIa
| 1 l
ku kc u'0
TlepenpucBoenue TTepenpucBoeHne
K» — O k v I«IHeHTHlbIIKaHIIOHHOl'O ] L HZ[EHTIIQ)IIK&HIIOHHOFO ]
1 ¥ 0 5 UHTepBaia HHTepBaa
0 0 1

k k CoxpaHeHHe KOOPIHHAT CoxpaHeHHe KOOPIIMHAT
30CCh K, H , BBIPAKAKOT T'OPH30HTAJIBHOC H B Gydepe B Gydepe

BEPTHKATBHOE (POKYCHOE PACCTOAHHE C TOUKH

3peHI/I}I pagMep()B HI/IKCQJI}I; kc — r[apaMeTp, y"II/I‘ [ Co3naHne BEKTOpa JBIKEHIIS ] [ Co3nanne BEKTOpa ABIKEHIIT ]
TBIBAK UK OTKJIOHCHUC INTOCKOCTH MAaTPHUILIBI OT | t
ITOCKOCTH JIMH3, U,, V, — KOOPAHHATHI ()OKaIIb- TIposepKa repecettenms ¢ TIpoBepKa repecedenns ¢

= Al Rt HHTEPBAIOM JPyTOro MapKepa HHTEPBAIIOM IPyroro MapKepa
HOH TOYKH.

[ [ 1 I

[Tockompky TpeOyeMOe COOTHOIICHUE CTOPOH STUe- Her [ Eers } [ Hez J
Tepec IIepeCceICHIsL TIepeceIeHN

CUCHIA
ek [13C maTpuu u3meputeTbHbIX BUAcokamep 1:1,
TO MaTpHIa KATHOPOBKH
IlepenpucBoeHue
HlIeHTIIq)I!KalIIIOHHOFO HHTEpBaiIa
I

f 0 uy, [
IlepenpucBoeHne
. I
O 0 l E‘Ipenm{aBaHne cne;:{y}on:[erﬂ E_IPCHCKBBHHHE cnez[y}omer(ﬂ

Ectp
IepeceyeHns

K.=(0 f v HAeHTH(HUKAIIOHHOTO HHTEpBaIa
i 0
TIONIOKEHUS TIOJIOKEHHS

JIms ka)KIou KaMephl TCIACBU3HOHHOM CHCTCMBI
MPOCKTHBHAS MaTpHLA P! mpe AcTaB e TCA MPOU3-

BEIACHUEM CJIEY FOIUX MATPHLL! Puc. 4. Anropurm naeHTH(UKAIINT MApKEPOB
_ 0 -1 C yueroM MaTpuisl mepeHoca T; BRIPaKCHHE MOXKHO
PP=l 1 0 —u K [R T] i i| i
. ; MPEACTaBUTh B BUAC P' = [A b ] rac A TpexkaMep-
—V. u.

1 1 R i
HOH TCICBHU3HOHHOH CHCTCMBI
rae R;, T; — MaTpuIsl BpaleHUs U MEpeHoca, nepaas

MaTpHIIA YYHTHIBACT OIIHOKY TIepenpoeupoBanus; K; - Al=[A, A, AT,
MaTPHLA KATHOPOBKH. 376Ch
Martpuna R; (3 X 3) comepkut KOOpAUHATE OOBCKTA B
CBKJIMIOBOH CHcTeME KOOPAMHAT X Y Z HYTJIbI BPAIICHUS R, (v—-u,)-fR,
o, [3, Y BOKpyT, COOTBETCTBEHHO, OceH X, Y ,Z 10 4acOBOM Ap =Ry + Ry (v —u) |,
CTPEIIKE: R, + R, (v, —w)
1 0 0 |[cosB O —sinP]l cosy —siny 0 Raa(7 -8 )~ 1Ry
. . A, = fR,+R,, (v, —u) s
R,;=|10 coso sino 0 1 0 —siny cosy O|= W(R,, +u,R )~ V(fR,, + v,R,,)
0 —sinot coso||sinff O cosP 0 0 1 =

fRi23+R33(V_uo)
A, = R33(V0 _u)_les ’
_u(fst +u0R33)_ V(V0R33 _les)
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T31 (V —uo)—fT21
T, (v —w)— 1T,
u(T, +u,T,)-v{TL, +v,T,)

b' =

Pexoncrpyxkims 3D Touku M ocymiecTBiaseTcss METOIOM
HAMMEHbINMX KBaapaTos [5]: M=(ATA)'A™b.

[Mocme ompeneneHust BCEX 3aCBETOK HAa H300paKCHUHU
OJHOM KaMEPhI AT KA 0H M3 HUX BBIYHCIIIFOTCS SITUIIO-
JAPHBIC JTMHUW, OTHOCAIUMECA K OPYTUM KaMmepam, U
ONTHMH3HUPYETCA C UX MOMOILBIO MOUCK TOUYCK COOTBET-
cTBus BOM3m 3TUX TuHui. Eciny Hac ects 1Be cooTBeT-
CTBYIOILMC 3aCBCTKH Ha M300PAKCHILIX C ABYX KaMep,
3aCBETKY Ha M300Pa)KCHUH C TPSTHSH HAI0 UCKATh BOTHU3H
TOYKH MIEPECCUCHUSA ABYX STTUIOSPHBIX TUHUH.

BriBoanI

PaspaGoranusiit MeTox uacHTU()UKALIMHN MAPKEPOB TIO-
3BOJISICT HAIG)KHO COOTHECTH PACCH UTaHHbIE KOOPAMHATHI
LICHTPOB 3aCBETOK C OIMPEICTICHHBIM MapKEPOM, 4TO Pac-
MIMPSICT BO3MOKHOCTH TPCKHHTA, TAK KaK TIOSBIIACTCS
BO3MOYKHOCTb HCITONTb30BAHMA OOJIBIIOTO YMCIa MapKe-
poB. OxxuaaeTcs TakKe COKPAILCHUE BPSMCHH pacieTa
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KOOPAWHAT MapKEPOB 3a CYET MPEABAPUTEIBHOTO OITPe-
JEIECHUA BO3MOYKHOTO MMEPEKPBITHA MAPKEPOB U IIPEACKA-
3aHMS UX OYAyLIMX TTOJI0KCHHEA.
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