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OBIIASA XAPAKTEPUCTHUKA PABOTHBI

AKTYaJIbHOCTDb HCCJIEeA0BaHUs. B rajbBaHOTEXHUKE OOHMM M3 Ba)KHEH-
X KAaUYeCTBEHHBIX ITOKa3aTeJey IMOKPHITHS SBIIACTCS €0 HEPaBHOMEPHOCTD.
Jis cHIDKEHHS HepaBHOMEPHOCTHU MIPUMEHSIOTCS Pa3IMIHbBIe METOMBI: MCIIOJb-
30BaHME MHOTOAHOIHBIX CHCTEM, MOIONHUTEIBHBIX KaTOIOB, OWMOISAPHBIX
3IIEKTPOIOB, TOKOHEIPOBOMIAIINX IKpaHoB. [Ipu pemennn 3amadm omTHMHU3a-
UM TI0 KPUTCPHIO HEPABHOMEPHOCTH IOKPBITHS ICTAall B TaJbBaHUYCCKON
BaHHE BKHOW SIBIISCTCSI MHPOPMAITUS O TCOMETPUU U MECTOIOIOKESHUU OTHO-
CUTEIHHO JIPYT JIPyra YYacTBYIOUINX B HAHCCCHUHU MOKPHITHS OOBEKTOB — aHO-
JIOB, KaTONIOB, OWITONSIPHBIX 3JCKTPOJOB, TOKOHEMPOBOIAIIUX SKpaHoB. Jlns
CHCTEMBI pacyera rajbBaHOMOKPHITHI T€OMETPHUYECKHE JaHHBIE O cueHe (co-
BOKYITHOCTh OOBCKTOB, yYaCTBYIOIIUX B HAHCCCHHUU MOKPHITHS M MPUHAJICKA-
MUX 00bEMY BaHHBI) JOJDKHBI YAOBIETBOPATH CICAYIONMM TPEOOBAHUAM: 1a-
BaTh NPEACTABICHHE O MOBEPXHOCTH U pasMepax TPEXMEPHBIX OOBEKTOB, MX
pAacTIONIOKEHHUN B BaHHOHM, POJIM B MpOIECCe HAHECCHHS MOKPHITHS, ONHCAHHE
MOBEPXHOCTH, OOpalleHHoi K aHoay (4acTHbIM cirydait). B pacmopsokeHnu
MOJIH30BaTENs], KaK MPaBIIO, MMEETCS] TONBKO HEIOoJIHAas TeoMeTpHyecKasl WH-
dopMars 0 TakuX OObEKTaX — MAIIHHOCTPOUTENBHBIN uepTex (OyMaskHBIN
HOCHUTEJNb WIN 3CKHU3 ¢ OPTOrOHAILHBIMU MPOCKIIUSIMHE) UITH 3JEKTPOHHBIN dep-
Texk. HeoOxomum mepexo/1 OT HEemoaHON MH(pOpMAIK K TPEXMEPHOMY OITHCAa-
HUIO BCEH CIICHBI. J[J1s1 3TOro HEOOXOAMMO PEIlICHHE CICAYIONIHNX 3a/1au:

— pacro3HaBaHUE I'COMETPUYCCKHX MPUMHUTHBOB YCPTEKA,;

— BOCCO3JJaHHE BEKTOPHOTO MPEACTABICHUS MPOCKIINH;

— HaXOXJIeHHE KOOPIMHAT TOYEK MMOBEPXHOCTH TPEXMEPHOTO 0OBEKTA.

HccnenoBanne moseimenus d¢pdexrnBaoctn CAIIP mytem pacro3HaBa-
HUSI MallTHHO CTPOUTEIIHHBIX YepTekel ObLT0 paccMoTpeHo B padorax JI.B. Hu-
KyJIMHA, pa3paboTke TeOMETPUIECKUX Mojeiel (OpMHPOBAHUS ITOBEPXHOCTEH
JIeTaei CIOKHOM (opMbI TIOCBsIIEeHb paboTel M.A. I'Bupmia. Cpenu 3apydex-
HBIX paboT crouT oTMeTHTh Tpyasl M. Jlacio (CIIIA) o cTpyKTypax reoMeTpu-
YECKUX JAHHBIX M alTOPUTMax UX oOpaboTku. BoccTaHoBIeHHEM OOBEMHOTO
MPEACTaBICHUS MO ICKU3aM OPTOTOHANBHBIX Mpoeknuil 3anumancs Jx. [acc-
aep (UK, Coventry University).Onnako HA B OfHOI paboTe HE MPHBEICHBI
METOJIbI, PEIIAIOIINE BCE BBINICTICPCUNCICHHBIC 3a/1a4ud B KOMIUICKCE. AHAIN3
CYIIECTBYIONINX MAKETOB IS 00paOOTKH PA3IMYHBIX THIIOB HETIONHBIX TAHHBIX
C LENBI0 TOyYeHHS TPEXMEPHON IeOMETPHIECKON MOJENH TTOKa3al CIexyro-
mee: BceM TPeOOBaHWSM, MPEABSIBIIEMBIM B CHCTEMax pacdera rajibBaHOIIO-
KPBITHS, HE YIOBJIETBOPSET HU OIWH MPOTPaMMHBIN MponykT. Ecim ucmons3o-
BaTbh HECKOJIBKO Pa3MYHBIX MPOAYKTOB, TO BO3MOXHO CO3/1aTh CHCTEMY, yIOB-
JIETBOPSIONTYIO TpeOOBaHMIM U 00pabaTHIBAIONIYIO BCE TIpeiaracMble THITBI
HETIOJHBIX UCXOMHBIX MaHHBIX. OHAKO 3TO TOTpedyeT MopabOTKU MPOTrpamMM U
JOOaBICHAUST HEKOTOPHIX (DYHKIMH, YTO MPEACTaBISIET CO00i HETPUBUAIBHYIO
3a/a4y BBHY HECOMOCTaBUMOCTH (popMaTroB maketoB. Kpome TOTo, KOMIUIEKC
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MPOTPAMMHBIX MPOIYKTOB UMEET BBICOKYIO CTOMMOCTh. TakumM oOpasom, pas-
paboTKa MoJeNneil, METOZ0B, AITOPUTMOB U KOMITJIEKCOB MPOrPaMM BOCCTaHOB-
JICHUS] TPEXMEPHOU MOJIENIH 00bEKTa CLIEHbI ralIbBAHUYECKOI BaHHBI, UCXOIS U3
Pa3IMYHBIX TUIIOB HEMOJHON MCXOHON MH(POPMAIINH, aKTyaIbHa.

O0beKTOM HCCIeJ0BAHUS SBISIOTCS MaTEeMAaTHUECKUE MOJIEITH TPeXMep-
HOTO 00BEKTa — raJbBAaHUYECKOW BAaHHEI.

IIpeamerom ucciea0BaHus SIBIseTCS MOAU(UKAINS CYIIECTBYOLICH Ma-
TemaTndeckoi Mozenu (MM), omUCHIBAOIIEH MOBEPXHOCTh TPEXMEPHOTO 00b-
€KTa C TOW IeNblo, YTOOBI OHA COOTBETCTBOBAJA TPEOOBAHUSM AlTOPHUTMOB
CHUCTEMBI pacueTa rajbBaHOIOKPHITHS.

Lean u 3aaa4u uccaenoBanus. Llenbio sBiseTCs co3nanne MaTeMaruye-
CKHX MOJICTICH U adropuTMOB (DOPMHUPOBAHUS MAaTEMATHICCKUX MOJEICH Tpex-
MEpHBIX TE€OMETPUYECKUX OOBEKTOB MO HEMOJHBIM HMCXOAHBIM TaHHBIM IS
HCTIONE30BaHUS B 33/Ia4aX pacueTa ralbBAHUYCCKUX MPOLECCOB C LENBIO BBISB-
JICHUSI ONITHUMAJIBHBIX YIPABJSIFOLUIMX BO3ACHUCTBUI AJIsl TOJNydeHUS] HEOOXOIu-
MBIX XapaKTePUCTUK MOKPHITHS. [ TOCTHKCHHUS MMOCTABICHHBIX IIeJIeH HE0O-
XOJIMMO PELINTD CIEIYIONINE 3aJa4H:

— HccienoBath GopMaThl HCXOIHOTO MPEICTABICHHUS F€OMETPHH OOBCK-
TOB W BBIPa0OTaTh METOMUKY IOCTPOCHHUS alropuT™Ma oOpaboTku (opmaros
HETIOJTHBIX MCXOJHBIX JAaHHBIX, 00pa0aTHIBAIOIIETO PA3IMYHBIC KIACCHI MCXOM-
HBIX JaHHBIX, B OTIMYHE OT CYIICCTBYIOIIUX, U 3aMEHSIONIEr0 OO0l cucTemMy
MAKETOB PabOTHI C TEOMETPUEH OOBEKTOB,;

— HCCJENOBaTh CYIIECTBYIOLIME MaTeMaTHYeCKHe MOJCIH W Kiaccugu-
KaIUIO TPEICTABICHHUIA MPOCTPAHCTBEHHBIX 00BEKTOB,;

—  Momu(pHUIHPOBaTh HAMOONEE MOAXOMANLYIO (BBISBICHHYIO B TIPOIECCE
UCCTIE0OBAHUS) MATEMATUYECKYI0 MOJIENb OOBEKTa C TOU IIENb0, YTOOBI OHA
oTBevasia TPeOOBAHUSIM, TMPEIABABISEMbIM K MPEIACTABICHUSM ITOBEPXHOCTH
00BEKTa B CHCTEMAaX pacyeTa HepaBHOMEPHOCTH T'aJlbBAHOTIOKPBITHS;

— paszpaborath coOcTBeHHBIC (POpPMATHI XpaHEHUsT HHOOPMAIIUK O TPEX-
MEpPHOM OOBEKTE, TIO3BOISIFOIINE pad0TaTh ¢ MOAN(PHUIIMPOBAHHON MaTeMaTHue-
ckoit moziesbio (MMM);

— pa3paboTarh YUCICHHBIE METO/bI BOCCO3IaHUSI OOBEMHOTO IMPE/CTaB-
JICHHsT 00BEKTa IO OPTOTOHANBHBIM MPOCKIIHMSM, IPEICTABICHHBIM Ha dYepTe-
Kax W ICKU3aX;

— pa3paboTaTh anropuTMBI O0OpPaOOTKH PACTPOBOTO H300paKEHUS JUIS
MOCJIEAYIONIEro UCIOIb30BaHUs TIPH BOCCTAHOBICHHH MOBEPXHOCTH TPEXMeEp-
HOTO O0OBEKTa — DJICMEHTA CIICHBI TaJIbBAHMYECKOH BaHHBI — C TE€M, YTOOBI OH
oTBeuan TpedboBanusIM MMM

— ONpEACIHTh CTPYKTYPY HPOTPAMMHOIO KOMIDIEKCA BBOAA HCXOIHOM
nHpOpMaIu U 00pabOTKK PAa3TNIHBIX (HOPMATOB MCXOAHBIX JaHHBIX, PEasH-
3VIOIIETO TMpeiaracMble MAaTEeMaTUICCKHE MOJACTH M YHCICHHBIC alTOPUTMEI,
npeiHa3HauYeHHbIC U MCHOJB30BAHHUS B CUCTEMAax pacyueTa rajibBaHOMOKPBI-
THSL.

2



Metons! uccienoBanmusi. B pabore Mcnonp30BaInch METOABI T€OMETPHU-
YECKOTO MOJICITUPOBAHUS M KOMIIBIOTEPHOH IpaMKH, SIEMEHTHI TEOPUH PacIIo-
3HaBaHUS 00Pa30B, MOHITHS WHKCHEPHONW CEMAaHTHKH, AHAIUTHYECKOTO IIO-
CTPOEHHMA MAaTeMaTHYECKOH MOJENH, CTPYKTYPHOTO H OOBEKTHO-OPHEHTH-
POBaHHOTO MTPOTPAMMHPOBAHUSI.

Hay4Hasi HOBH3Ha pe3y/1bTaTOB HCCJIEI0BAHNSA.

1. IlpemnoxeHa Moau(UIMPOBaHHAS MaTeMaTH4eCKasi MOJEIb TPEXMep-
HBIX T€OMETPUUYECKHX OOBEKTOB, OTIIMYAIOMIASICS TEM, YTO ONUCHIBACT LIETHKOM
CIIEHY C YYETOM IIPUCYIINX OCOOCHHOCTEH IEMEHTOB CIICHBI.

2. IlpennoxeHsl pa3paOoTaHHBIE CTPYKTYpPbI 3allMCH JTAaHHBIX B COOTBET-
ctBuu ¢ MMM, ommuaromuecss COOTBETCTBHEM Pa3IMYHBIM THIIAM MPEICTaB-
JICHUSI NCXOIHBIX JAHHBIX W THUIBI (aiiIoB, TO3BOJSIONINX XPaHUTh HH(OpMa-
LU0 B COOTBETCTBMH ¢ MMM.

3. Pazpaboranbl MeToIbl (HOPMHUPOBAHHSA I'€OMETPUUECKHX TPEXMEPHBIX
00BEKTOB, OTIMYAIONIUECS TEM, YTO BOcco3AaroT MMM 00beKTa U3 pa3IMIHbIX
HCXOJHBIX HETIOJIHBIX AaHHBIX O TEOMETPUH OOBEKTA.

4. TlpennoskeHbI METOIBI BOCCTAHOBICHUS TPEXMEPHOTO TEOMETPUIECKO-
ro 00BbEKTa M3 HETIOMHBIX JAHHBIX, MO3BOJISIOIINE PEATN30BBIBATH OIMCAHHBIC
BBILIE AJITOPUTMBI M TIAPAJUIEIIEHYI0 00pabOTKY TaHHBIX.

5. Paspaborana moacucrema BBoAa Tpaduyeckoil MHpopManuu, OTIH-
Yaroulascsl TeM, YTO MO3BOJSIET 00padaThiBaTh pa3iUyHbIE KIACCHl MCXOIHBIX
npeacTapieHui o0bekTa (IByMepHbIC, TPEXMEpPHbIC, BEKTOPHBIE, PacTPOBBIC),
MPEIOCTABIISIET II0JIb30BATENI0 BO3MOXKHOCTh BBIOOpa 0OpabaThiBaeMOM MO-
BEPXHOCTH, Peajn3yeT ONHMCaHHBIC BBIIIE AJITOPUTMBI, U MPEIIOKEHA €€ pean-
3aLusl Ha S3bIKE TIPOrPaMMHUPOBAHHS BBICOKOTO YPOBHS.

IIpakTHYeckasi HeHHOCTb. [IpakTHUECKYI0 3HAYMMOCTH IPEACTABISET
pa3pabOTaHHBIN KOMIUIEKC MPUKJIAAHBIX IPOrpaMM, MO3BONAIOMIMN peann3o-
BaTh IPEATIOKCHHBIE ANTOPUTMBI (POPMUPOBAHHUSA TEOMETPUUECKUX TPEXMEp-
HBIX 00BEKTOB, JAIOMINH BO3MOXKHOCTB ITOJIB30BATEII0 COKPATUTh BPEMS BBOZA
reoMeTpudeckoi nHGopManuu 06 00bEKTax CIICHBI.

Buenpenue. PazpaboranHas cucrema (OpMHUpPOBaHHS TPEXMEPHBIX I'eo-
METPUYECKUX OOBEKTOB YCIEIIHO NPOIIIa ITPOU3BOJICTBEHHbIE HUCIIBITAaHHUS Ha
npeanpustun OO0 «I’panut-M>» (. YBapoBo TamGoBCKoO# 0011.) U TpHHSTA K
UCIIOIb30BAHUIO TIPH MPOEKTUPOBAHHWHU TIEPCHEKTUBHOTO TajbBaHOOOOpPYIOBa-
HUS, KOTOPOE TUIaHUpYETCs BBITYCKaTh Ha Npeanpustuu. [lomydeHHsle B quc-
CEPTALMOHHON paboTe pe3ynbTaThl UCTOIB3YIOTCS B TaMOOBCKOM TocynapcT-
BEHHOM TEXHMYECKOM YHUBEPCHUTETE IUIS MPOBEICHUS YyIEOHBIX 3aHSATHH HpHU
00y4eHHH CTYICHTOB 3 Kypca CIeNHAIBbHOCTH «CHCTEMBbI aBTOMaTH3HPOBAHHO-
IO TPOEKTUPOBAHUS» MO0 TUCHUILIHHAM <« €OMETPHIECKOE MOAEIUPOBAHKE B
CAIIP» u «KoMmmproTepHas rpaduka».

Ha 3amury BbIHOCATCS:

1. MoandunnpoBanHass MareMaTHdeckas MOJENb OOBEKTa, OIUCHIBAIO-
I11asi TEOMETPUYECKUE XapaKTEPUCTUKH 00BEKTa — raJbBaHMYECKOW BaHHHI.



2. ®opmartsl haityioB MpeACTaBICHUS MOICTH U 0a3a TaHHBIX.

3. MerTobl U aNrOPUTMBI 0OPAOOTKH PACTPOBOTO MPEICTABICHHS, PACIIO-
3HABaHUsI IPUMHUTHBOB OPTOTOHAIBHBIX MPOCKIINiT 0OBEKTOB.

4. Mopaymbs BOCCTaHOBJICHHS 00bEMHOTO 00BEKTa M3 TAHHBIX YePTEeXKa.

5. Anroput™m paboOThI MOACHCTEMBI BBOAA TpaduuecKoil WHGOpPMAIUH,
00pabaThIBAIOIIHNNA pa3IMIHbIe (POPMATHI U TUITHI UCXOAHBIX TAHHBIX.

6. IIporpaMMHBIH KOMILICKC BOCCTAHOBJICHHUS U XpaHeHus MMM o00bek-
Ta U3 HETIOJHBIX UCXOIHBIX TAaHHBIX.

My6smkanuu. OCHOBHBIE MMOJIOKEHHS AUCCEPTALMM OTpakeHbI B 9 1my0-
JUKAIMAX, B TOM YHCIC B 3 CTaThsIX B XKYypHaIax, pekoMeHI0BaHHEIX BAK, a
TaKkxke B nporpamme, 3aperucrpupoBaHHoit B OI'Y OUIIC. JIuunelii Bkiafg
COHWCKATelsl: MOCTAaHOBKA 33Ja4M M aJTOPUTM BBoja rpaduyeckoil madopma-
LMK B CHCTEMY pacyera rajbBaHOMOKPBITHS, METOJJMKA PACIIO3HABAHUS KOHTY-
pa TpOEKIMi Ha YepTexe, aITOPUTM HMOCTPOSHUSI TPEXMEPHOW CETKH 00BheKTa
M €ro HCHOJIb30BaHUE IPU pacyerax, ajJrOPUTM BOCCTAHOBICHUS OOBEMHOIO
MPE/ICTaBICHUST 00BEKTa M3 €ro MPOEKIHi, aarOpuTM CTPYKTYPbI XpaHEeHUs
JIBYMEpHBIX M TPEXMEPHBIX JaHHBIX, AJITOPUTM pacdeTa CTOPOHBI OOBEKTa,
00paIeHHo# K aHOy.

CorracHO MacnopTy CHeMUAJbHOCTH B JUCCEPTAllMOHHOW paboTe pas-
paboTaHbl HOBBIE MaTeMaTHYE€CKUE METOABI MOJCIMPOBAHHS T€OMETPUUYECKUX
00BekTOB (1. 1), MpoBeIeHBI KOMILICKCHBIC UCCIICIOBAHUS Pa3pabOTaHHBIX aj-
TOPUTMOB C TIPUIMEHEHHUEM COBPEMEHHOM TEXHOJIOTHH MaTeMaTHUeCKOTO MOJie-
JMPOBaHMs M BBIYUCIHMTEIBHOTO dKcrepumenTa (. 5), peanusoBanbl pa3pabo-
TaHHbIe A((EKTUBHBIE BHIYMCIMTEIIBLHBIE METOJIbl BOCCTAaHOBICHHUS TpexXMmep-
HBIX OOBEKTOB MO HEMOJHBIM HCXOAHBIM IaHHBIM B BHIE KOMIUIEKCOB MpO-
0JIEMHO-OPHEHTHPOBAHHBIX IIporpamm (i1. 4).

Anpobanusi padoTbl. Pe3ynbTaThl JUCCEpTAIlUU JTOKIAABIBATIUCH U 00-
cyxnpamuch Ha XXI, XXII, XXl  MexayHapogHBIX HAYIHBIX KOH(MEPEHITHIX
«MaremMaTHYeCKHE METOABl B TeXHHMKe M TexHonorusx» (Caparos, 2008;
Ickos, 2009; Caparos, 2010); Ha MeXayHApOIHON HAyYHOM KOH(EPEHIMU
«[TokpeiTHs 1 00paboTka moBepxHocTu» (Mocksa, 2010);Ha VII Beepoccwuii-
CKOW Hay4HOH KOH(epeHLMH <«3alluTHbIE W CHEeNUalbHbIE MOKPBITHS, 00pa-
00TKa MOBEPXHOCTH B MAIIMHOCTPOCHUH U TiprOopocTpoerum» ([Tensa, 2010).

JlocToBepHOCTH M 000CHOBAHHOCTH PE3YJIBTaTOB JANCCEPTALMOHHOTO HC-
CJI/IOBAaHMS OIPEACIAETCS KOPPEKTHBIM HCIIOJB30BAaHUEM anpoOHpOBAaHHOTO
MaTeMaTH4ecKoro armmapara ¥ COIIaCOBAHHOCTHIO JKCIEPHMEHTANbHBIX JaH-
HBIX M JaHHBIX, OJIYYSHHBIX PACUETOM C IPUMEHEHUEM IMPEUIOKEHHON MaTe-
MaTHYECKOH MOJENH TPEXMEPHOTO OObEKTa M BBIYHUCIUTEIBHBIM aJIrOPUTMOM
MOZICUCTEMBI BBOJa rpaduueckoil HPOpMALIUK B TPOrPAMMHOM KOMILICKCE, a
TaKKe YCHEUIHbIM BHEIPEHHEM pPa3pa0OTaHHBIX aJTOPUTMOB M MPOrPAMMHBIX
CpPEACTB.

Ctpykrypa n 00beM padothl. Juccepranus odmmM oosemom 147 ctpa-
HUI] COCTOUT U3 BBEICHUS, YCTHIPEX TJIAB, CITUCKA JIUTEPATYPHI U MPHIOKCHUIA.
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OCHOBHOE COJIEP)KAHUE JIACCEPTAIIMOHHOM PABOTHI

Bo BBegeHuM OOOCHOBAaHA aKTyaJbHOCTh IHCCEPTAIMOHHOW paboOTHI,
chopMyTupoBaHa IeNb U apryMEHTHPOBaHA HAyYHAas HOBU3HA HMCCIEIOBAaHUIH,
MOKa3aHa MPAKTHYECKask 3HAUMMOCTh TIOYYEHHBIX PE3yIIbTaToB, MPEICTABICHBI
BBIHOCHIMEBIC Ha 3aIIUTY HAYYHBIC TTOJIOKEHUS.

B nepBoii rnaBe paccCMOTPEHO COBPEMEHHOE COCTOSHIE BOIPOCOB, CBS-
3aHHBIX C POJIBI0 HH(POPMAIUU 00 OOBEMHOM MPEACTABICHIUH 0OBEKTOB B CHC-
TEeMax pacyeTa TajbBaHOMOKPHITHA. J[aHO MOHITHE TPEXMEPHOTO OOBEKTa KaK
TEOMETPUUYECKOTO MECTa TOYCK MOBEPXHOCTH B MPOCTpaHCTBE. [IpoBeaecHo wc-
CJICZIOBaHKE TaIbBAHHMYCCKUX POOOTH3MPOBAHHBIX CHCTEM B Ka4€CTBE CHCTEM-
notpeburenei rpapuueckoit mHGopMarmu 00 0ObEKTaX.

JlaHO ompeneneHre HEMONHBIX UCXOMHBIX NTAHHBIX O TPEXMEPHOM OOBEK-
Te. HemomHpIMI MCXOMHBIME JaHHBIMH O TPEXMEPHOM OOBEKTE OyneM CUHTaTh
JaHHBIC, HECyIIrne MHOOPMAINIO O TEOMETPUH 00BEKTa, HO HE MPEICTABIISIIO-
e co00l TpEeXMEpPHBIH FeOMETPUUECKU OOBEKT B TOM BHJE, Kak TOTO Tpe-
OyIOT CHCTEMBI pacdeTa TrajJbBaHOIOKPHITHA. J{JIsI CHCTEMBI pacdyeTa rajJbBaHO-
MOKPBITHI JaHHBIE JOIDKHBI YAOBIETBOPSTH YIOMSHYTHIM BEIIIE TPEOOBAHUSIM.
B kadecTBe THNOB HEMONHBIX MCXOIJHBIX JAHHBIX PACCMOTPEHBI CIETYIOIIHE:
OyMaXXHBIF YepTexk, SICKTPOHHOE PACTPOBOC OIMHCAHUC MPOCKIUN OOBCKTa,
JNIEKTPOHHOE BEKTOPHOE OMHCAHHUE MPOCKIHH 00bheKTa, 00bEMHAsT MOJICITH CHC-
TEMBI TPEXMEPHOTO MOJIETUPOBaHUS (BEKTOPHOE OOBEMHOE OIMHCAHHME OOBEKTA).
CylIecTBYIOIINE METOIBI MEePEeXoia OT UMEIOIIUXCS MPEICTABICHHA 00IaaaroT
HU3KOW YHUBEPCAIBHOCTBIO U, CICAOBATEIEHO, OTPAHHYCHHOCTBIO JIOITYCTHMO-
ToO KJjacca 3ajad, Ui KOTOPOrO TMPUMEHHUMBI 3TH MeToabl. OZHON U3 IIaBHBIX
npoOieM SABISETCS HECOBMECTUMOCTH (DOPMATOB MpEACTaBICHUH HCXOTHBIX
JAHHBIX ¥ HEOOXOOMMOCTH HCIOIB30BAHMS MPOTPAMMHOTO OOECIICYEeHHUs pas-
JMYHBIX KJIACCOB, HY)KJAIOIIETOCs B TOTIOJHUTEIBHON HOpaboTKe, I KOHBEp-
Talnu 3THX (GOPMATOB.

B xome mccrnenoBaHHS CYIMIECTBYIOIIMX MPOTPAMMHBIX KOMIUIEKCOB IS
BBOJIa MH(OopMaIK 00 00BEKTE U BOCCO3aHUs 00BEMHOM MOBEPXHOCTH BEISB-
JICHO OTCYTCTBHE MPOTrpaMM, pabOTAIOIIUX OJHOBPEMEHHO CO BCEMHU THUIIAMH
MPEACTaBICHUS UCXOTHBIX JaHHBIX 00 00BbekTe. KpoMme Toro, n3ydeHHBIE Mpo-
TpaMMBI B pe3ylbTaTte CBOEU pabOThI HE TrapaHTHPYIOT BOCcO3laHue MoauGu-
[IUPOBAHHOW MAaTEeMaTHICCKON MOAETH TPEXMEPHOTO 00BEKTa, TCOMETPUICCKOEC
OMKCAHKNE KOTOPOW Oe3 MOMOTHUTEIBHBIX MAHHUITYISIHHA MOIXOIUIO OBI IS
WCIIOJIF30BAHMS B CHCTEMaX pacueTa TajJbBaHOMOKPHITHH. ClenaH BEIBOJ O He-
00XOAMMOCTH OTKa3a OT HCIIOJIB30BAHUS JAOPOTOCTOSAIMIEH CHCTEMBI Ha OCHOBE
CYIIECTBYIONINX MAKETOB IS MOIYYCHUS HEOOXOAMMBIX JAHHBIX O TEOMETPHUH
JneTainei, BXOOSAIIUX B OIMMCAaHUE CIIEHBI BAHHOM.

O6ocHoBaHa HEOOXOAMMOCTD Pa3paOOTKH TOJCUCTEMBI BOCCTAHOBIICHHS
TPEXMEPHOTO OOBEKTa MO0 HEMOJHBIM HCXOAHBIM TAHHBIM, KOTOpas JOJDKHA
paboTaTh CO CICAYIOIIMMHU BHUAAMU HCXOJHBIX JAHHBIX: OTCKAaHHPOBAHHBIN
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Oymaxubiit yeptex (popmarst JPEG, TIFF, BMP);1BymepHBIil BEeKTOpHBIi
yepresxk (oTkpoiThiii opmar dXf); oObemuas momens (popmar 3ds); maccus
TOYeK MmoBepxHOCTH. [IpuBeeHa MOCTaHOBKA 3a/1auk, KOTOpas COCTOUT B Clie-
nytorieM. Heobxomumo MoAu(UIMPOBATh CYIIECTBYIOLIME MaTeMaTHYECKHE
MOJICJIH C ILIEJBI0 TOJNYYEeHUs] MOJENH, OIUCHIBAIOIICH TPEXMEpPHBII OOBEKT B
COOTBETCTBHH C TPEOOBAaHHUSAMH, TPESABSBIIEMBIMA K HHPOPMALIUK O TPEeXMep-
HOM O0BEKTE B MPOMBIIUICHHOCTH, B YACTHOCTH — CHCTEMax pacyueTa raibBa-
HOTOKPBITHS; Pa3paboTaTh aJrOPUTMbI U METOJBI, MO3BOJSIONIME MONyYaTh
omucaHue OObEKTa IO HEIOJNHBIM KCXOAHBIM JAHHBIM; pPEaln30BaTh MPO-
IPaMMHBIH KOMIUIEKC, MO3BOJSIIOLIMY HCMOJIb30BATh PA3JIMYHBIE HEMOIHBIE
MPE/ICTaBICHUS] 00bEKTA B KAYECTBE MCXOJHBIX JAHHBIX C LENBIO TOCIEYOIIe-
ro mpeoOpa3oBaHKs B COOTBETCTBHU C OMHMCAHHEM MOIU(DUIIMPOBAHHON MaTe-
MaTHYECKOH MOJIENN TPEXMEPHOTO 00bEKTA.

Bropas raBa mnocssleHa HCCIEAOBaHUAM CyIIecTByronux MM, omnu-
CBIBAIOIIMX T€OMETPUIO OOBEMHBIX OOBEKTOB. BBISBIICHO, YTO HAMIYYIINM 00-
pa3oM MOCTaBJIEHHOM 3a/1aue yIOBJIETBOpsIET peuentopHas MM, onuceiBaromias
MHOKECTBO TOUeK mpocTpancTsa (1).

0, ecnui - s TOYKA MPHUHAIICIKHUT OOBEKTY;
f(.¥.2)= )

1, ecani - 1 TOUKA HE TPHHAICKUT OOBEKTY.

OpHAKO 3Ta MOJIEINTb HE OIMCHIBACT PSJ CBOMCTB OOBEKTOB CIICHBI, B CBS3H
¢ 4eM oHa Obl1a MOTU(UITUPOBaHA CIEAYIOMUM 00pa3oM. ITycTs mpocTpaHCTBO
BaHHBI COCTOUT M3 N-TO KOJMYECTBA TOUYEK, TOTHA JUIS I-i TOUYKH BBEIAEM (YHK-
UM

1, ecnu i - s TOUKA TPHHAIIEKHUT HOBEPXHOCTH OOBEKTA;
f(X,Yi,Z) =12, ecan i - 51 TOUKA JICKUT BHYTPU OOBEKTA;

3, eci | - 1 TOUKa He MPHHAIICKHT OOBEKTY;

0, eciv i - 51 TOYKA HE TPUHAIJIEKUT OOBEKTY;

1 ecnui - 1 TOUKA MPUHAMLIEKUT MTOBEPXHOCTH AHOMA;
2,ecan i - s TOUKA NPHHAUIEKUT TOBEPXHOCTH KATOJIa,;
9(%,Vi,z)=1<3,ecnui - 1 TOUKA MPUHAICIKUAT IIOBEPXHOCTH
OUITOJISIPHOTO JJIEKTPOAA;

4, ecnu i - 1 TOUKA IPUHAMJIEKHUT TOBEPXHOCTH

TOKOHETIPOBOISIIEr0 SKPaHa.

Jis xaxxgoro THma 0OBEKTOB B BAHHOM MPEIYCMOTPEHBI TOPSIIKOBEIE HO-
Mepa:
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0, ecnu i - s TOYKA HE MPUHAIIICKUT AHOLY;
1, ecnui - st TOUKA MPUHAIICKHUT TOBEPXHOCTH

aHoza ¢ HoMepoM 1;

nl(x,Y;,z) =
Na, €ciH i - 1 TOYKa MPUHAIIEKUT OBEPXHOCTH
aHoJla ¢ HOMEPOM N3,
0, ecnu i - s TOUKa He NPUHAICHKUT KATOLY;
1, ecnu i - 1 TOUKA MPUHAJIEKUT TTOBEPXHOCTH
Karoza ¢ HoMepoM 1,
n2(x,Y;,z) =

nk, €CJIM | - 1 TOuKa MPUHAJICIKUT IMMOBEPXHOCTU

KaToza ¢ HomepoMm NK;

0, ecnu i - s TOYKa HE TPUHAUICIKIT

OHITIOJISIPHOMY DJIEKTPOLY;
1 ecnui - st TOYKA MPUHAICIKHT TOBEPXHOCTH
n3(X,Y;,Z) =y OHUIOJISIPHOIO MEKTPO/a C TIOPSAKOBBIM HOMEepoM 1;

nb, ecnu i - s1 TOYKa IPHHAICHKUT TOBEPXHOCTH

OUIOIIPHOTO IEKTPOA C IOPSAKOBBIM HOMepoMm Nb;

0, ecam i - s TOYKA HE MPHHAIJIENKHT

TOKOHEMNPOBOAALLEMY IKPAHY;
1, ecinu i - s TOUKA IPHUHAIIEKHUT TOBEPXHOCTH
N4(X,Y;,Z) =1 TOKOHEIPOBOASIIETO YKPaHa C MOPSAKOBBIM HOMEpOM 1;

nt, eciu i - 1 TOuKa MPUHAIICIKUT MTOBECPXHOCTA

TOKOHEIPOBOSIIET0 PKPaHa ¢ HOPSIIKOBEIM HOMepoMm Nt.

B o0mem cnydyae CBOWCTBA TOUYCK CIICHBI OIMUCHIBAIOTCS KOPTEKEM
Qi = <g;, fi, N1, n2;, n3;, N4;> st i-# TOYKK B IPSMOYTONBHON BaHHE (Xpmin < Xj <
< Xmaxs Ymin < ¥i < Ymax, Zmin < Z < Zmaxy [ TOUKH, IPHHAIEKAIIEH IE€KTPOIIH-
Ty BaHHBI, 3alUCh BHINISANUT cieayronuM obpazom: Q = <3, 0, 0, 0, 0, O>pus
TOYKH TOBepxHOCTH 5-T0 karoma: Q = <1, 2, 0, 5, 0, 0>Kak BunHO U3 mpume-
poB, mipemraraemMasi MMM nocTarouHa Juisi OTIMCAHUS pacCMaTpUBaeMOTO 00b-
eKTa.



TpeTbsl IIaBa MOCBSIICHA METOAAM U aJrOPUTMaM 0OpabOTKHM BXOTHBIX
JIaHHBIX; BOCCO3AHHIO TTOBEPXHOCTH TpeXMepHOTo o0bekTa. Omnmcansl hopma-
THI ¥ CTIIOCOOBI XpaHeHUsT MHPOpMaIui 00 00beKTax, OOIINI aJTOPUTM BBOZIA
rpaduyaeckoil HHGOPMAITUH, TIPUBEICHBI COOCTBEHHBIE (POPMATHI MTOICHUCTEMBI
BBOJIa, UCIIOJIb30BaHKHE (DOPMATOB UCXOJHBIX JaHHBIX, KOHBEpTALUs (HOPMATOB.
AnTOpUTM paboTHI ¢ pa3IuYHBIMH (hopMaTaMu (ailloB Ha BXOAE CHUCTEMBI B
3aBHCHMOCTH OT THIIOB BXOOHBIX NaHHBIX: 1) BEIOOp Imara ceTku; 2) 3ajaHue
MOJIOKEHUsI ICTAIH B 3aJaHHOM cHUcTeMe KoopAuHaT; 3) BBIOOp (opmaTa mc-
XOAHBIX JAHHBIX: OYMaXKHBIH UYEpPTEXK; IJICKTPOHHBIH UYepTeX; OObEMHAas MO-
nenb; Gaiin aBymepnoro ¢opmara g2d; daitn Tpexmeproro ¢opmara g3d;
4) popmupoBanue 00bEMHON CETKH MOJCTH C 3aJaHHBIM IIATOM: €CIIH UCXOA-
Hast MHGbOpMaLHs IpeacTaBiseT coboii ckanuposanusiil ueprex (Tiff, Jpeg),to
HE0OXOIUMO: YIYUIIUTh KaueCTBO HM300paKeHUs; 3aJaTh MacmTad depTexa,
pacrio3Hath rpaduueckue TPUMUTHBBI M IITaMIl; c(HOpMHPOBATH BEKTOPHBIM
¢aiin popmara g2d, 3anmcare B BJ| ueprekeii; chopMUpOBaTh TPEXMEPHBIN
¢aiin popmara g3d; ecim ucxonHas MHGOPMALUS TPEACTABISET COOOM BIeK-
TpoHHbIi yeprex (dXf), To HEOOXOmUMO: Mpou3BeCcTH paszdop dopmara (daiiaa
dxf, mepeBecTn 3eKTpOHHBIN uepTex B (ain ¢popmara g2d; chopmupoBars
TpexMmepHbIil daitn dopmara g3d; ecnu ncxoqHas HHGOPMALHS TPEACTABIACT
coboit 06beMHyI0 Moaeib (3DS),To HeoOXoaUMO TpoHu3BecTH pa3bop Gopmara
¢aiina 3DS, nepeBectu uHbpopManuo o Moxenu B Qaitn dpopmara g3d; ecnu
HCXOAHAs MH(pOpPMaIHs NPEACTaBIseT coboil (aiin aBymepHoro dopmara g2d,
TO HEOOXOIMMO CHOPMHPOBATh TPeXMepHbI (aiin dopmara g3d;ecnu ucxon-
Has MH(OpMAIMs MpPEencTaBIsieT coboit daitn Tpexmeproro ¢opmara g3d, To
HEOOXOAUMO MepeiTH K mmary 5; 5)3amuck B 0a3y JaHHBIX MOJENH, [IPEICTAB-
JICHHO# 00BEMHO CeTKO.

B pasperne, MOCBSIIIEHHOM YIYYIICHUIO KauyecTBa H300payKeHUsl, IpHUBeJie-
HBI QJITOPUTMBI CIIIAKUBAHUS M ylaieHus nryMoB. CpaBHHUBAIOTCSI pa3jiniHbIC
MOJICTIM TIPEICTaBICHHUS BEKTOPHOW WH(pOpPMAITUH, BHIOMpaeTcs 0ojee IMoIxo-
JiIIast Ui OMMCAHHOMN BBIIIE 337aud. PaccMOTpHM alrOpUTM Pacro3HaBaHHS
NIPOCKINI Ha YepTexe Ul MepeBoAa pacTpOBOTO M300paKEHHUs B BEKTOPHOE
TIPE/ICTaBIEHUE U BOCCTAHOBIICHUS IOBEPXHOCTH 00bekTa o HuM. IIpu pacro-
3HABaHWH rpauUeCKUX MPUMUTHBOB Ha YEPTEKE PELIACTCS 3a/1a4a BbIICICHHS
MHOKECTBA TOYEK W ONPE/IEICHHUs aHaJUTHYECKOTO BU/A IPUMHUTHBA, KOTOPO-
My OHH TpHHAIIeKaT. [ peanu3anuy pacno3HaBaHUs MOHOXPOMHOTO H30-
OpaKeHHus MCIONb3yeTCs cieayronuii anroput™: 1) [lepeGuparorcst Bce muKce-
1 n300pakeHHs 0 TEePBOTO YEPHOTO MHKCENsl. DTOT MUKCENIbh CUATACTCS Ha-
YaJbHOM Y3JI0BOM TOUKOM (y3/10Basi TOYKA — TOYKA Hayaja JHHHH, SBISETCS
MECTOM TIepecedeHus JTMHUMA, UX CTHIKOBKH). Ha pucynke 1 oHa o6o3HaveHa
kak (Xo, Yo) 1 orMedeHa «kpecTtrkoM». 2) C HEKOTOPHIM IIArOM HCCIEAYETCS
OKPECTHOCTh ATOW TOYKH, MPH 3TOM YYUTHIBAETCS BOCHMHUCBSII3HOCTH H300pa-
xKeHus. HampapneHue CKaHMpOBAaHHMS OKPECTHOCTH Y3JIOBOW TOYKHM Ha pHC. 2
ykazaHo nuHusaAMH. 3) CKaHUPOBaHUE BENETCsI IO TEX IOp, MOKa He OyneT oOHa-
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pyxeH 3a30p — obnacTb 6enbix Touek (puc. 2). 4)B aToM ciydae TOYKH, Haxo-
JSIIIAECST ClieBa OT 3a30pa, IS MCKOMOW JIMHHH PacCMaTpUBaThCs HE OYIyT.
K HEM MOXHO BEpHYTBCS TMOCIE HAXOXKACHHS JIMHUU CIIpaBa OT 00IacTh 3a-
30pa. HamoMHuM, 9TO TIPHOPUTETHBIM SBISIECTCS HAlpaBlieHHEe 00Xo/a 1Mo va-
COBOIA cTpenke. 5) JIBurasich BIONb JHHUN B BHIOPAHHOM HarmpasieHuu (puc. 2),
Haxonsrcs mapaMerpsl K u b s mocrpoenus ypasHerus npsimoii Y = kx + b mo
toukam (Xo, Yo) m (X, Yi): k = AY/AX; b=Y,. PaccuursiBactcss yron

o =arctgk) 1 ero 3HaYCHHE 3alIOMHHACTCS U KOPPEKTHPYETCS Ha KaXKIOM

MOCJIE/YIOIIEM Iiare JABIKeHUs. HeoOX0MMMO TakKe OTCICKUBATH MIHPHHY
JMHAA U CMOTPETh, YTOOBI OTCiIek)MBaeMas Touka (X, Y;) Jekana Ha OCH JIH-
Huu. JJIs ONpe/ielieHs] IUPHHBI JIMHUK Ha KaKIOM IIare CTPOUTCS TIepHeH-
IMKyIsp K opsmoit Yy =kx +b, ypaBHenune mnepmeHmukyisipa wuMeer
Bux: Y =tg(a + /2)x+b . Brons 3Toro neprneHmukyaspa B 000MX HAIpas-

aerusx ot Touku (X, V) OTCIIEKHUBAETCS IMUPUHA JIMHUH W B MHKCEIAX H
3alOMHUHAETCs U Kaxaoro mara. 6) [losropsem mar 5 mo tex mop, moxa
HE TOSIBUTCS PE3KOE W3MCHEHHE yIia o. DTO M3MEHEHHE JIOJDKHO KacaThCs
HE TOJIBKO TOCJIEIHEr0 HANIEHHOTO (o, HO W BCEW IMOCIEI0BATEILHOCTH.
WsMeHeHne HampaBiieHus1, Kak B Touke (Xo, Y) (puc. 3) CBUIAETEIBCTBYET O
TOM, YTO MBI HAILIUTK CIEAYIOIIYIO Y3JI0BYI0 TouKy (X1, Y1). 7) [Toctpoum aHa-
JUTHYECKH TPpsAMyro Mexay ToukaMu (Xo, Yo) u (Xq, Y1). 8) YuuTeiBas mmpu-
HY JMHHAU W, MOXKHO OTKOPPEKTHPOBATH MOJOXKEHHUE Y3710B0# Touku (Xo', Yo').
9) OTcnexxuBas MOJIOKEHNE HAMIEHHBIX Ha IISATOM IIare To4ek MaccuBoB X[i],
Y[i] u cpaBHHBas uX ¢ momy4eHHOi mpsamoit (Xo, Yo) — (X1, Y1) MOXKHO cenath
BBIBOJl O KpHMBU3HE NIHMHHHU (B Cllydae, €CIIM 3TO Jyra WM CIIOXKHAs KpHBasi,
OymeT HaOmrOAaThCS MUIaBHOE M3MeHeHue yria O (puc. 4)). 10)Ilocne ompe-
JICTICHUSI BU/IA JIMHUK U pacdeTa TOYKH [EHTPa ISl yTH, TaHHbIE 00 Y3JIOBBIX
TOYKax (M TOYKH IIEHTpa IS AyTH) 3alUCHIBAIOTCS B MACCHB TPUMHTHBOB.
Bce npuHamiexaline HafiJeHHON JMHUHA TOYKH, KPOME Y3JIOBBIX, OTOPACHI-
BAIOTCS U3 NalbHEHIIEr0 PACCMOTPEHHMS, a JIMHHUS CYMTAETCS PACIIO3HAHHOM.

Oxpocmmocmu mowu X0 X0,Yo

o6nacme|
3asopa

Puc. 1. CkannpoBanne
OKPeCTHOCTH Puc. 2. IBuxenne Puc. 3. Cmena
y3J10BOii TOUKH 10 HANIPABJIEHUIO HANpaBJIeHUs
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Puc. 4. O6padoTka KpUBBIX JUHUIT
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Puc. 5. [Ipumep BexTOpHOrO (aiiia

11) Jins HaiineHHo# HOBOMW y310BOiT ToukH (X, Y1) MOBTOPSIIOTCS MYHKTHI CO 2
no 11. Eciau HOBBIX BEpILIMH HE HAWIEHO, TO CIEAYeT BEPHYTHCS K TE€M, YTO
OBLIH HAMIEHBI BO BPEMsI OTCIICKUBaHHS 3a30poB. 12)Koraa KoHTYp pacrio3Han
MOJIHOCTBIO U JJaHHBIE 00 3TO# MPOEKIUK TOMEIIEHbI B TaOIHIly TIPUMUTHBOB,
TO Ha BCEM H300paKeHHUH HIIETCS CIeMyIollas YepHas TOYKa, KoTopas Oymer
CUUTAThCS HAYaJoOM KOHTypa HOBOHM MPOEKIMU U JUIS Hee MOBTOPSIOTCS BCE
MyHKTHI agroputma co 21mo 11,

Hanee npuseneno onucanue popmara g2d —dopmara JByMEpHOTO Tpea-
CTaBIICHHUs], alrOPUTM pa3bopa M KOHBepTaluH OTKpbITOro (opmara dxf, rae
nepBasi CTpoKa COIEPKUT MaciuTad oOBEKTa, BTOpas — KOJINYECTBO OTPE3KOB,
Jlanee CIEAyIOT CTPOKU C ILEJIOYHCICHHBIMHM KOOpIMHATaMHU Hayajla M KOHIA
Ka)XJI0ro oTpe3ka. PaccMOTpuM anroputM npeoOpa3oBaHUsI HMEIONIETOCS BEK-
TOPHOTO TIPEACTABICHUS IBYMEPHOTO YepTexka (puc. 5) B MOJHOLCHHYIO TpeX-
MepHyto Monenb. 1) Ha mepBom mrare aaropurma HEOOXOAUMO CIUTATH BEKTOP-
HBIA Qaitn u mpeoOpa3oBaTth HAOOP KOOPJAMHAT BEPIIMH B CIIMCOK OTPE3KOB,
MIPOCIIEKHBASI CBI3ZHOCTh OTPE3KOB MEXKAY co00i. JIjist aToro cTpoutcs Taom. 1,
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TJIe Yhciia COOTBETCTBYIOT HOMEpaM OTpe3KoB. BTopoe umcio B crpoke Tabmu-
bl 03HAYACT KOJMYECTBO OTPE3KOB, UMEIOMINX OOIINE BEPUIMHBI C YKa3aHHBIM
B IepBOM cToJ0I1e 0Tpe3ke. OcTanbHbIE YHCTa — HOMEpa CBA3aHHBIX OTPE3KOB.
Ecnm cTpoka conepKuT HOJb — 3TO O3HAYAET OCOOBIN CITydal, KOTaa OTPE3KH
CBSI3aHBI HE OOIIMMH BEPIIMHAMH, XOTSI U OTHOCSITCSA K OJHO MPOCKINU — CITy-
4aif paccmoTpuM Hike. 2) Ha BTopoM mrare anropurMa OnpesensieM CBI3aHHbIe
00BEKTHI — HA0OPHI CBA3AHHBIX JIMHUHN JUIS oNpeneneHus mpoekmuid. J{ist aToro
NPOXOIMM TIO Tabnuue Ha puc. 6, BHIWIEHSEM OTPE3KH, yXKe OTHECEHHBIE K
rpynne. V3HayaapHO MaccuB 3aroiHeH HymsiMu. B Tabnune 1 nokasaH maccuB
Ha 3Tale paccMOTpeHHs oTpe3ka 3. BO3MOXXHBI pa3iiyHble BapHaHTHI Iepece-
yeHuid (puc. 7). AHATU3HUPYS MONOKEHUE NPSIMOYTONBHHUKOB, OMPEACIISCM MPH-
HaJUIe)KHOCTh 0Tpe3koB — 1010 ko BropoMy o0ObekTy, 1310 oTpeska — TpeTsb-
emMy o0bekTy. Ecii psIMOYTrONIbHUKM HE TIepeceKaroTcs, Kak B IOCIETHEM Ba-
pHaHTe, TO 3TO O3HA4YaeT, YTO OOBEKTHl MPUHAIJICHKAT PA3HBIM MPOEKIUSIM.
3) Ha tpersem mrare anropurma o ONpeneieHHBIM BbILIe 00BbEKTaM MPOCSKIIHI
CTPOUM TPSIMOYTOJIbHUKH, OIMMCBHIBAIOIINE KaXIbII U3 Tpex 00bekToB. [1o Ko-
OpIMHATaM BEPIIUH 3TUX MPOEKLIUH MOXHO CYIHUTh, KAKOH OOBEKT MpHHAMAIC-
JKUT KaKOM MMEHHO NMpOoeKnuu (Kak BUAHO u3 puc. 8). 4)UerBepThlii miar 3a-
KITI0YaeTCs B HAXOXKJICHUH Hadasa KOOPIUHAT TPeX NMPOCSKIUH ISl UCIOJIB30Ba-
HUSI 9TOH TOYKH B JaJIbHEHIIIEM NPH CKJICHKe TpexMepHoi Moaenu. Ha pucyHke 9
MOKa3aHbl TEOMETPHYECKHUE TTOCTPOCHHS, HEOOXOAUMBIC Ul HAXOXKICHUS Ha-
Yajma KoopAauHar. Touka A TpHHAUIEKHUT (POHTANBHON NPOEKIWH, TO4YKa B
COOTBETCTBYET TOUKE A Ha BEPTHKAIBLHON NMPOEKIMH, ToUKa C OTHOCHUTCS TaKXe
K ¢poHTaNBHOM, a D cootBercTByeT Touke C Ha mpoekuu cBepxy. Toukn E u F
sBisiIOTCs 1eHTpamu otpe3koB AB u CD cootBercTBeHHO. [ HaXOKICHHS
Havaja KOOPAMHAT ONPEAEINM TOUKY IEePEeCeueHUs NMEPIEHANKYIIPOB, BOCCTa-
HOBJICHHBIX M3 cepeauH oTpe3koB AB u CD. Ilapamerpuuceckoe ypaBHEHHE
JUHUH, TIPOXOJIATIEeH uepe3 Touku A u B, umeet Bun

X(t) = (Xg = Xa)t + Xa;

_ (2)
y(t) =(Yg = Ya)t + Ya.
AHAJIOTHYHO IS JIMHUH, Ipoxoasiiei uepe3 Touku C u D:
X(t) = (Xp ~ %)t + X a)
y() = (Yo = Ye)t + Ye-
Taoauua 1

Homep otpeskall (2 {3 |4 |5 6| 7| 8 9 10 11 12 13 14 15 16

[Tpusnax
Bxoxmenus |1 (1 (1|00 1| 0| O] O O O] Ol Of O O O
B MPOEKIIHIO
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Puc. 6. Ta6anua c orpe3kamu

0 [ = Oa

Puc. 7. Bo3Mo:kHbIe BAPHAHTBI

y=max x=max

Puc. 8. IIpsamoyroabHukm,
ONHCHIBAIOIIHE MPOEKIUU

nepecevyeHus 00bEKTOB

Puc. 9. Ionck Hauana KoopaAUHAT

3ajavya HaXOXK/ICHHWS TOYKH Hadasla KOOPJMHAT CBOAWUTCS K HAaXOXKICHHIO
TOYKH [IepeCceUeH s IMHUI, onucaHHbIX cucteMamu (2) u (3). YpaBHeHus mep-
NeHUKY/IIpOB B Toukax E u F Oynyt nmets Bux:

12

X(0) = (ya - yp)t + 2278 YRV,
2

y(t):(XB_XA)t"'yA+yB+XA_xB;
2

X(t) = (y - yp)t + &0 " Yo " ¥e.
2

+YD+XC_XD_

Y() = (X = X )t + S



5) Ha msatoMm miare mpoM3BOAMTCS MepepacyeT KOOPIMHAT BEPLIMH OTPE3KOB
OTHOCHTEJIFHO HOBOTO Hayana koopanHatr. Ocoboe MecTo 3aHMMaeT ONMCAaHHe
aJNTOpUTMa BOCCTAHOBJICHUSI TPEXMEPHO MTOBEPXHOCTH YepTexa MO TPEM Mpo-
eKIMsM 00beKTa M pacyera, KOTOpPble MOJKHO Cpasy IiepeliaBaTh B KaUueCTBE UC-
XOIIHBIX JAHHBIX B CHCTEMBI-IIOTPEOUTENN, HAPUMEp, A pacyeTa HepaBHO-
MEpPHOCTH TMOKPBITHS; COKPAIEHO KOIMYECTBO BBIYUCICHUI M, COOTBETCTBEH-
HO, 00bEM MaMsTH, TPeOyeMBbIil JJIsi BEIYUCICHUS M XPAaHCHUS] MOJENH CLEHBI
M0 CPaBHEHHIO C PacyeTOM IreOMETPHUYECKOr0 MECTa BCEX TOUYEK MOBEPXHOCTH
00BeKTa; JAHHBIH METOM yIpoImiaeT padoTy ¢ 00BEKTOM JOCTATOYHO CIOKHON
(hOpMBI U TIPH HAJIMYHU OTBEPCTHIA.

[MpuBeneno omucanue paspaboranHoro aBropom ¢opmara g3d, KoTopbiit
XPaHHT CBE/ICHUS O MECTE TOUKHU y3JI1a CETKH MOJIETH — TPEXMEPHBIE KOOpIHHA-
TBI X, Y, ZTOYKH TOBEPXHOCTH. [IpHBe/ieH alrOpUTM MPpeoOpa30BaHMs IIHUPOKO
pacrpocTpaHEeHHOTO M HCIIOIb3yeMOTo B 00OBEMHOM MOJEIMPOBaHUU (opmara
3ds, B paspaborannblii aBropoM popmar g3d. COBOKYIHOCTb TaHHBIX alrOPUT-
MOB MOJYYeHHs] TOUEK OBEPXHOCTH 00BEKTa B MPOCTPAHCTBE 00NIAIaeT PSIIOM
MPEUMYIIICCTB:

— aBTOMAaTHYECKOE MO3UIMOHHUPOBAHKE YepTeKa U ONpPE/CIICHHE MPOEK-
LI IeTaH 3a CYET ONpeesICHNs] TOYKH [[EHTPa U KOHTYPOB HPOCKIIHIA;

— BO3MOXXHOCTh TO3UIIMOHUPOBaHKS OObEKTa B BAHHOW MyTEeM MPOEIH-
POBaHUS CIICHBI Ha OOBEKT;

— BO3MOXHOCTBH COKpAIIIEHHs BPEMEHH PacyueTa 3a CUeT BBIYUCIICHUS 110-
JIOXKEHUS TOUYEK TOJILKO OOPAIeHHO# K aHOy TTOBEPXHOCTH 00OBEKTa.

Takum 00pa3oM, B TpEThel IIaBe JaHBI OMHUCAHUS Pa3padOTaHHOTO aJro-
pUTMa M TIPOTPaMMHOTO KOMIUIeKca Jsl mmosydeHnss MMM oObeMHOTO TIpe-
CTaBiIeHUS 00BEKTA.

YeTBepTas Ij1aBa MOCBSIICHA PCATU3aI[UH OIMCAHHBIX aJTOPUTMOB.

Mopnyip pacyeTa HEpaBHOMEPHOCTH TaIbBAHUYECKOTO TIOKPBITHS B PO0OO-
THU3UPOBAHHBIX TAJLBAHOTEXHMYECKHX CHUCTEMAaX CTABUT CBOCU LENbI0 YIyd-
IICHHUEC KAa4eCTBEHHOTO MOKA3aTels TMOIyd4aeMoro MoKpbeiTHs. OnucaHa paspa-
6orannas noacuctema Gen3d 1.28Boma rpaduueckoit uH(pOpPMAIMK IS pac-
Yyera HEPaBHOMEPHOCTH TallbBAHHUYECKOTO TOKPBITHS B POOOTH3UPOBAHHBIX
raJIbBAHOTCXHIMUYCCKUX CHCTeMax. [IpUBeCHO OMUCaHWE MpeiaracMou Ioj-
CUCTEMBI BBOJA rpaduueckoil MHPOpPMAIMM U BOCCTAHOBJICHUS OOBCKTA IO
HETIOJTHBIM UCXOJHBIM JaHHBIM, OTIUCAHUE MOJYJIeH, MpUMEPBhI pabOThI MOCKC-
tembl. [lepeunciensl Gyukiuu npempiaracmoro II0 Gen3d 2.0 Converter:

— BbBIOOp opmaTa ucxonueix AaHHbIX (*.dXf, *.3ds, *.jpg);

— 3ajlaHKe pa3MepOB BaHHBI U TMOJIOKEHHS OOBEKTOB B HEl;

— KOHBEpTaIWs HCXOIHBIX JaHHBIX B COOCTBeHHBIE (opmarsl (*.g2d,
*.g3d);

— pacrmo3HaBaHHWE JIMHMH dYepTexka C BO3MOXKHOCTBIO KOPPEKTHPOBKU
OIIepaTopom;
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— BOCCTaHOBJICHHME OOBEMHOTO NPENCTABICHHS OOBEKTa W IOJIydeHHE
MMM cueHsl,

— 3amucsk B b]] electrodeseomerprueckoro Mmecta TOUeK MOJIEIIH;

— cos3nanue (aitna cobctBeHHoro npoekra. Ha pucynke 10 mokasana
KOHBEpTAaLHs W3 PacTPOBOIO IIPEACTABICHHS B BEKTOPHBIA ¢(opmar ¢2d.
Ha pucynke 11 —BoccTaHOBIEHHAs! TOBEPXHOCTH MPH KOHBEPTALUH MPEICTaB-
JICHWS, TIOJYSHHOTO Ha IpenblaymieM mare. TakuM oOpa3oM, YeTBepTas IviaBa
OTpakaeT UCIOJIB30BaHUE Pa3padOTaHHBIX aJrOPHUTMOB, MPOTPAMMHBIX MOJYIeH
U MoJIeNiel B cucTeMax pacyera rajibBaHoOnokpbiTus. Ha pucynke 12 mokasan npu-
Mep CLICHBI — FaJIbBAHWYECKON BaHHBI U IipuMepbl MMM (tabnuua Ha puc. 13) mis
HEKOTOPBIX TOYEK CLEHBI. [loydeHHbIe TeOMeTpHIECKUE JaHHbIE UCTIONIb3YIOTCS
NPY pelIeHnH 3aja4 ONTHMH3ALMH PAaBHOMEPHOCTH TaJIbBAHOIOKPHITUS C HC-
TMIOJIB30BAHUEM MHOTOAHOAHBIX CHCTEM, CHCTEM C TOKOHEIPOBOASIINM 3KPAHOM,
¢ OWITOISIPHBIM 3NEKTPOIOM M MX KOMOMHaIWii. B 3akmiouenun chopmynupona-
HBI OCHOBHBIE PE3YIIBTATHI U BEIBOIBI PAOOTHI.

Puc. 10. KonBepranusi U3 pacTpoBoro Puc. 11. BoccranoB/ieHHast
NpeAcTaBJIeHUs B BEKTOPHBIIi (hopmat TOBEPXHOCTH
Mecromomometae | KoopmEmaTs Qix. 7. z)
T"'@/‘@» e e 2] p| o |t |n2|m| e
TloEepHHOCTE
2% |27 |67 t|oLf LD fDfD
aHoma A1

—
A1 TToBepHHOCTE Slalala
Aa] . 26 | 54|68 | L|102
TIoepHHOCTE | 6 el
| p—— 26 | 7271|103
> I

TloBepiHocTE

12| 5472|120 |01 [0]0

ratoma K1
______ ____d____!"~_ TIoBepHHOCTE
s 93 |20 |31 |t|2|0 2[00
EaToma K2
TIoEepHHOCTE
BHmATTHOTS gr |ar|an | tfan | 0|00
amexTpoma B3
Puc. 12. Cuena c oobexkTamMu Puc. 13. lIipumep MMM
rajJibBaHHYeCKOil BAHHDbI JJIS1 TOYEK CLHeHbI pUC. 12
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OCHOBHBIE PE3YJIBTATHI U BBIBO/IbI

1. MomndunupoBanHas peLENTOpHAs MaTeMaThdecKas MOJAENb TpeX-
MEpPHOTO O0OBEKTa MO3BOIISIET MMOMYYaTh OJHO3HAYHOE ONMCAaHUE OOBEKTa B TOM
BUZIE, B KOTOPOM 3TO HEOOXOIMMO B CHCTEME pacieTa HepaBHOMEPHOCTH Tajlb-
BaHOIOKPBITHS.

2. Paszpaborana moacucTeMa BBOAAa W 00pabOTKH rpaduueckoi uHPOp-
MaIlM¥ M3 HEMOJHBIX MCXOMHBIX JaHHBIX 00 0ObekTe, oOpabarkiBaromas pas-
JIMYHBIC KJIACCHI UCXOMHBIX NAHHBIX, B OTIHYUE OT CYIICCTBYIOIIUX CHCTEMBI H
KOMILIEKCOB MPOTPaMM.

3. Pa3paboTaHbl anrOpUTMBI Paclio3HABAHUSA M BEKTOPU3AIMH PACTPOBO-
TO YepTeka, KOTOPhIC MO3BOJISIIOT, HE MPOCYUTHIBAS BCE TOYKU ITOBEPXHOCTH B
MPOCTPAHCTBE, MOMYYUTh HH(DOpMAIHIO 00 OOpaIlleHHBIX K CICHE (hparMeHTax
00beKTa, YTO B YaCTHOCTH HEOOXOOMMO INPH pacdeTe TONIIWHBI TajbBaHHUYC-
CKOTO TTOKPBITHSI.

4. Pa3paboTaHHBIC AJITOPUTMBI BOCCTAHOBJICHHS TMOBEPXHOCTH OOBEKTa
MO3BOJIAIOT TPOU3BOIUTH PAaCcUeT FEOMETPHUECKOTO MECTa TOUEK IIOBEPXHOCTH,
YTO 3HAYUTEIHBHO COKpAIaeT BpeMs pacdyeTa.

5. TlpemnokeHbl yCOBEPIIEHCTBOBAHHBIE CTPYKTYPHI M (POPMATHI TaHHBIX
B COOTBETCTBUU ¢ MMM, KOTOpBIE MO3BOJSIOT XPaHUTh HHPOPMALUIO 00 00B-
€KTE B YIOOHOM IS TIOJIB30BATENsl BUJC M M30€raTh KOHPPOHTAIIUH PA3IMIHBIX
(hopmaros.

6. HMcnonp3oBaHue MpemiaraeMbIX METOIUK MO3BOJISIET HE TOJIBKO pac-
IIMPUTh KPYT UCXOMHBIX JAHHBIX O MOKPHIBAEMON JIETad, HO W 3HAYUTEIHHO
COKpaTUTh BpeMs BBoJIa MHpopMaIu o Hell. BHenpenue pazpaboTaHHOH mMo-
CHCTEMBI B NPOTPAMMHBII KOMIUIEKC YIpaBICHUS TaJIbBAHHYECKAMH MPOIIEC-
CaM¥ TO3BOJIUT YAYYIIUTHh Ka4eCTBO KOHEYHOH MPOAYKIMH OJaromapst pacuery
HEpaBHOMEPHOCTH MOKPHITH. Kpome Toro, IIpy BHEAPEHUN COKPATATCS 3aTpa-
THI BPEMEHHU ¥ PECYpPCOB Ha HAJIAIKy M 3aITyCK B IIPOU3BOJICTBO HOBBIX HOMEHK-
JaTyp U3IETUi.
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