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METOL ®OHOBOW CETKU ONA TPUAHIYNAUUN OBYMEPHbIX
OBJIACTEU NPU ®YHKUMOHAIIbHOM MNMOAXOAE

B crathe paccMoTpeHa npobieMa oCTpOeHHst JUCKPETHBIX Mojenell Ha 6a3e TPeyroybHbIX 3J1€MEHTOB [JIsl TEOMETPUYECKHUX obnacreit
croxHOH (opmbl. JIns pencTaBiaeHus reoMeTpHYecKUX obacTell ucnoab3yercs pyHKUMOHANbHBIA moaxon Ha 6a3e Teopun R-GyHkuuii B.
JI. PBaueBa. B ocHOBe (hyHKIIMOHAIBHOIO IOAX0/1A JIGKHUT UCIIOIb30BaHUE HESIBHBIX (DYHKLIMIA 1 TIOTMYECKUX oneparuii Ha HUMU. Mcronb3oBanue
(yHKLMOHAJIBHOIO MOAIX0/1a TPeOYeT yuera ero 0co0eHHOCTE! IPU IIOCTPOEHHE AUCKPETHBIX Mojeneil. [Ipu TakoMm noaxone At onpeneneHus
HMPUHAUIEKHOCTH TOYKH 0071aCTH HEOOXOAMMO BBIYHCIUTH 3HaueHHE QYHKIUM B 3Toil ToukH. [103TOMY HCIONB30BAHUE KIACCHUYECKUX
METO/10B TPUAHTYJISILIUH, OCHOBAHHBIX Ha HCIOJIb30BAHUH MHOXKECTBA OIIOPHBIX y3710B, MeHee d(dexTuBHo. [Ipu ucronp30BaHM METOI0B Ha
OCHOBE ()OHOBOM CETKH IEMEHTBI CTPOSITCSl HEMOCPEACTBEHHO B FeOMETpUUIecKoii obnacti. BHyTpeHHHe aneMeHTs! (JOHOBOM CETKH (pOPMUPYIOT
HAuyallbHYI0 CETKY, 3aTeM IIPOM3BOAUTCS aJanTaunus K rpaHuuam obsactd. IlomydyeHHble ceTKu Imocie CraXuBaHMs OyayT OIM3KMMH K
PaBHOMEPHBIM IIPU HCHOIb30BAHUU CTPYKTYPHUPOBAHHBIX CETOK B KauecTBe (DOHOBBIX.

KunroueBble ci10Ba: JUCKpPETHAs! MOJIENb, CETKA, TPEYTOIbHUK, R-QyHKIMsA, POHOBAs CETKa.

HOMEHKJIATYPA MOXHO TpeHeOpeub) HCIOIB3YIOTCS ABYMEPHBIE AHCKPET-
Hble Moaenu. OTHOM U3 Hambolee PacpoCTpaHEHHBIX (opM
JIByMEPHBIX 3JIEMEHTOB SBJISIOTCS TpeyroyibHUKH. [Ipu 3ToM
JUISL aBTOMaTHYECKOM TeHepaluy JUCKPETHBIX MoJenel He-

) — HexoTopas AByMEpHasl 00lIacTh;

F (x, y) — HesBHas (pyHKIUS, NPECTaBIAIOMAs IByMep-

HYI0 00MIacT; 00XOIMMO NPEACTaBUTh HHGOPMAIHIO O TeOMETPHUECKON
x — abcrmcca TOUKH; CTPYKTYpe 00BbEKTa B IOHSATHOW» KOMIbIOTEPY (opme.
Y — OpImHATA TOYKH; OmHUM W3 PacIpOCTPaHEHHBIX 37ECh SABISETCS (QYHKIHO-
X; — 3HA4CHUE [-i HEABHOM GyHkimn; HAJIBHBIH TOJIXO0J C HCIOJIBb30BAaHHEM HESIBHBIX MaTEMaTH-
¥; — BHYTPCHHHUI pajyc KONIbLEBOH O0IacTy; geckux (yHKIUH u amnmapata TeopHH R-QyHKIUH
7, — BHEIIHMII paauyc KonbLEBOH obnacru; Prauepa B. JI. 114 nornyeckoro KOHCTpYMpOBaHUsA MOJENEH

CIIOKHBIX T€OMETPUUECKHX OOBEKTOB.

OOBEKTOM HCCIIEIOBaHUS SIBISETCS MPOLECC MOCTPOe-

;i = (Pi,O:Pi,l’Pi,Z) — BEpLUMHBI [-I0 TPEYTOJNBHOIO 3MIe-  {yg MOmENeH CIOKHBIX T€OMETPHUCCKHX OOBEKTOB.
MCHTA; [Ipenmer uccienoBaHUs COCTABIISIIOT METOIBI IOCTpOE-
HHSL TUCKPETHBIX MOJICIICH.

enbto manHOM pabOTHI SBISUIACH Pa3padOTKa METO/a, To-
3BOJISIFOILETO CTPOMTH JUCKPETHBIC MOJIECIH ABYMEPHBIX I€O-
ﬁ(e) — OIepaLysl BBIYMCICHHs HOpMaH K pebpy ¢ yde- METPUYECKUX OOBEKTOB, MPEICTABICHHBIX ()YHKIIMOHAIBHO.

TOM HaIlpaBJICHUA o6xoz[a; Y3JI0B TPEYTrOJIbHUKA, KOTOPOMY 1 ITOCTAHOBKA 3AI[AIII/I
MIPUHAJICKUT pedpo;

m — KOJINM4YECTBO JJICMCHTOB B I[I/ICKpGTHOﬁ MOACIH,

Pij= (X,-, Vi j) — KOOPMHATBI j-TO y371a i-TO JIEMEHTa;
ey — k-e pebpo, HHUMIEHTHOE Y31y pj;

. [Tycth vicxomHast 00nacTh () NpeCTaBlIcHa HESIBHOW JICH-
h, — mar ¢oHOBOI1 CETKH BIONb OCH abcuucc;

N CTBUTEIBHON (yHKIIHCH F(x,y). [Ipruuem F(x,y)<0 BO
hy, — war $poHOBOI ceTKM BIIONL OCH OPAMHAT;

BHYTPEHHHX TOuKax Q, I (x, y) > (0 BO BHEIIHHX 1A () TOY-
deledge(A,B) — omepanus ymnajJeHHUs U3 CeTKH pebpa,

Kax M, COOTBETCTBEHHO, F(x,y)=( Ha rpanmue o0nacTy.
06pa3oBaHHOro BepmuHaMu A u B; ’ » Flx,y)=0 panuLL

W — [IMPHHA MPAMOYTOTBHOH OGNACTH, 3ajaua cocToMT B paspaboTKe crocoda MOCTPOEHHs MOKPHI-
h — BBICOTa TPSIMOYrOJBbHOW 00IACTH; THS TPEYrOTbHUKAMH 001acTH €.
; — Pagmyc KpyroBoi o0iacTH; 2 OB30P JIUTEPATYPbI

ng — KOIMYECTBO MONOC B MOJCIH 3y0YaTOro Komeca. CerofHs JOCTaTOYHO Pa3BUTHI METOABI IIOCTPOCHHS TPH-

BBE/IEHUE aHrynsauuu JlemoHe Ui MCXOMHOTO MHOXECTBA TOUEK, Jie-
TaJbHBIM aHAJIU3 KOTOPBIX MPOBe/ieH B padorax A. B. CkBop-
noBa [1-2]. DT MeToaBl MOMYIHIIN CBOE MPUMEHEHHUE B 3a-
Jladyax KOMITBIOTEPHO# rpadMku U reoMH(GOPMAaIMOHHBIX
cucremax. OmHAKO UX MPUMEHEHHE NpU (QYHKIMOHAIBHOM
noaxone TpedyeT MOCTPOSHUsI MHOKECTBA OTIOPHBIX TOYEK,
YTO SIBJISIETCSI CAMOCTOSTE/IbHOW CIOKHOM 3amaded.

Taxke pa3paboTaHbl CIOCOObI U METOJBI MTOCTPOCHHUS
TpuaHryisiuu Jlenone 1uis odnactei, NpeacTaBICHHBIX MHO-
rOyroJibHUKaMH WM TUIaHapHbIMU Tpadamu [3—6]. B stoit

BakHol yacThi0 MPOEKTUPOBAHUS CIOXKHBIX HHXKEHEP-
HBIX OOBEKTOB M CHCTEM SIBIISIETCSI MCCIISIOBAaHUE MX IKCILTY-
ATALMOHHBIX XapaKTEPHCTHK (HalpUMep, NPOYHOCTH, YCTOM-
YUBOCTH). JIs1 MCCIIEMOBAHUS CIOKHBIX OOBEKTOB 3a4acTyIO
Ha MPaKTHKE WCIONB3YIOT YUCIEHHBIE METOABI, B OCHOBE
KOTODBIX JISKHUT U Tepexoia OT aHATUTHISCKOH MOIENH K
ee QUCKPETHOMY aHAJIOTy — AMCKpeTHOW momenu. s mo-
JIEIUPOBAHUS] 00BEKTOB IMOCTOSIHHOM TONIIUHBI (0AJIOK, IJIHT,
IJIaTHH — 00BEKTOB, 00beMHBIMU 3 deKTaMi B KOTOPBIX
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TpymIie METOJIOB HAaHOONBIIEEe PAaCIPOCTPAHEHHE MONYUH-
i Moxu(UKanuu Merona Pamnmeprta [5], xoTopsle mo cytu
SIBJISIOTCS CIIOCOOAMH ITTOBBINICHHS KaueCcTBA CETKHU, CTeHe-
PHPOBAHHOH TS MCXORHOH 00IacTH.

Mertozs! moaBIKHOTO (ppoHTa [7—8] OCHOBaHBEI Ha muee
MOCITOWHOTO 3aIIOTHEHUS HCXOJHOH 00IacTH 3JIeMEHTaMH
TpeyroibHoOi (Gopmbl. McxonHoit mHGOpManmend uisi HUX
SBIISIETCA UCKPETHAas MOJENb TPaHHUIbI oOyacTu. [laHHBIE
METOIBI BeChbMa yYHUBEPCAJIBHEI, OJHAKO HEOOXOAMMO OT-
METHTb UX BBICOKYIO PECYPCOEMKOCTh M OTHOCHTEIBHO HU3-
KyIO CKOpPOCTH padoTHl.

Jpyras Tpynna MeToIOB TeHepallH CeTOK 0a3mpyercs
HAa WCIIOIF30BAHNH 0a30BOW WM ()OHOBOH CETKH C aJIalTalH-
eH IPUTPaHNYHBIX Y3710B K TpaHunaM obnactu [9—11]. ®ono-
Basi CETKAa MOXET OBITh OTHOCHUTEIIBHO IIPOCTO CTeHEpPHPOBa-
Ha (HampuMep, CTPYKTypHpOBaHHAs CeTKa), P 3TOM HaKIa-
IBIBaeTCS €IUHCTBEHHOE TpeOOBaHME: pa3Mep sSUeeK Ha
TpaHUIe JOIKEH OBITh MEHBIIE MUHUMAIBHON reOMeTpH-
geckoil ocobeHHOCTH obnacTH. [l HOCTpOEHHsS HEpaBHO-
MepHBIX (POHOBBIX CETOK Hcmonb3yercs Meron Quadtree [12].
Ha srane aganramim 371echk pacIpoCTPaHEHO HCIIONB30BAHUE
IpaHUYHON KOppeKUuH y310B [9]. OCHOBHBIM HEJOCTATKOM
SIBJISIETCS. BO3MOXKHOCTD TOJIYUCHHUSI «IUTOXUX» M BBIPOXK-
JICHHBIX 3JIEMEHTOB OKOJIO TPAHUIIEI OONACTH.

HccnenoBanns B 001aCTH MOCTPOCHUS R-GYHKIMHA TUIst
HPEICTABICHHS CIIOXKHBIX T€OMETPHIECKHX OOBEKTOB IIPO-
BezieHb! akajemukoM B. JI. PBayeBbIM u ero yueHukamu [13—
15]. CymecrtByromee paborsr [16—17] mo pemennro 3agadau
MOCTPOCHHS TPHUAHTYIANNNH TeOMETPUISCKHX OOBEKTOB,
HPEICTaBJICHHBIX (DYHKIOHAIFHO, OCHOBAHBI Ha IOCIIEIO-
BaTEIbHOM IIOCTPOEHUH OIOPHOTO MHOXECTBA TOUEK Ha
rpaHuIe o0NacTH M TpHaHrymsauu JlenoHe Ha Oa3e cymre-
CTBYIOIINX METOJIOB.

3 MATEPHUAJIBI 1 METO/IbI

DyHKIIMOHAIBHBIA MOAXO/A MPEANoiaraeT uCIoiIb30Ba-
HHUE HESBHBIX MaTeMaTH4eCKHX (YHKLHWH ISl MpencTaBie-
HUS TeOMETpUIecKrX 00bekToB. [Ipocreiiiue ¢hopmbl (Tpu-
MUTHBBI) NPEACTABISIOTCS dIEMEHTAPHBIMH (HYHKLIUSMHU.
Hanpumep, ¢yHkims

circle(x, y,r)=r* - x> — y* 0]

COOTBETCTBYET 00JacTH, OTPAaHMYEHHOH OKPYKHOCTBIO pa-
Jyca 7 ¢ LUEHTPOM B Hadajie KOOPIHMHAT.

a

J1J11 IOrM4ecKoro KOHCTPYHPOBAHHS HESBHBIX (PYHKITHI, CO-
OTBETCTBYIOIIUM 00JI€€ CIIOXKHBIM 001aCTSM, UCIIOIB3YIOTCS CHC-
TeMbl R-pynkiuii [13—15]. Haubonee pacrpocTpaHeHHas B IIPaK-
THKE MOJICIMPOBAHHS FEOMETPUUECKUX 00BEKTOB cucTeMa R-pyH-
Kkuwit Ry uMeeT BUx

X =-—X;

X] AXpy =X T Xy —\/x12 +x%;
— 2 2
X1V Xy =x1+x2+ X1 +X2. (2)

Hanpumep, GyHkims
annulal{x, V,Fi\ 1, ) = circle(x, V¥, )/\ ﬁcircle(x, V.1 ) .

COOTBETCTBYET KONbLIEBOM 00nacTH (puc. 1a). AHAIOTMYHO MOJie-
JIMPYIOTCSI TPEXMEPHBIE TEOMETPUIECKUE OOBEKTHI.

HesiBHOE npecTaBieHue JaeT MpaBuiIo JJIs IPOBEPKH MPHU-
HAJUISKHOCTH TOYKH TEITy, HO HE TI03BOJISIET SIBHO NIEPEYHCIIUTD
BHYTPEHHUE U I'paHUYHbIE Y3IIbl. J{J11 OTy4eHHs TpaHUYHBIX Y3-
JIOB, KaK MPaBHUJIO0, CKAHUPYIOT 00JIACTh C HEKOTOPBIM ILIaroM U
3aTeM B SUCHKaX, COJIEPXKAIINX H BHYTPEHHHE U BHEIITHUE TOUKH,
UCTIONB3yeT METO/IbI IIOKCKa KopHel (yHkuuu. ClienoBarelnsHo,
BBIYMCIIUTEILHON TOYKH 3pEHUS EPCIIEKTUBHBIM MPECTABIISCT-
cs1 pa3paboTka MeTo10B Ha 0a3e ()OHOBOI CETKH, YTO NO3BOJIUT
CTPOUTB JIEMEHTHI Y)Ke Ha 3Tare CKaHUPOBaHHsI 00JIaCTH.

Oo1as uaest METoa 3aKIF04AETCs B UCIIOIB30BAHHU HEKOTO-
poit GoHOBOI CETKH, MOIHOCTHIO MTOKPHIBAIOLIEH HCXOAHYIO 00-
nacTb. DOHOBAs CETKA MOXKET OBITh CreHEPHUPOBaHa JI0CTATOYHO
[IPOCTO (HaIpUMep, paBHOMEPHAs CETKa), HO pa3Mep S4eeK J10i1-
>KEeH OBITh MEHBIIIE COOTBETCTBYIOIINX UM F€OMETPHUYECKHIX 0CO-
OeHHOCTEH. 3aTeM Bee BHELITHUE STYEHKY YIAIIIOTCS, a OCTABIIMECS
s4eiiku popMUPYIOT HauaIbHY!O ceTKY (pHc. 16). 3akmounTens-
HBIM 9TAIIOM SIBJIIETCSI IOCTPOSHHUE HJIEMEHTOB B [IPUTPAHUYHOM
croe (aganTanus K rpaHuLaM, puc. 1B). DTOT Jtar sBiseTcs Hau-
Oortee CIOKHBIM. 371eCh C yIeToM 0coOeHHOCTEH (PyHKITMOHATBHO-
IO ITO/IX0/1a K MOJIGTMPOBAHHIO ITEPCIICKTUBHBIM BUIUTCS TEXHUKA
n3omopdusMa, peIokeHHas B padore [18] st moctpoeHwmst
YeTHIPEXYTOIbHUKOB ¥ IIECTUIPAHHUKOB Ha OCHOBE METO/A CY-
TIePIO3ULIHHL.

ITyctb GoHOBAsI ceTKa TPEYrOJIbHBIX DJIEMEHTOB ITPeICTaBIe-
Ha MHOYKECTBOM

B

Pucysok 1 — McxonHas 06:1acth, HavallbHas CeTKa M aganTupoBanHas cerka npu 7; = 0,5 n 7, = 1: a — cxema oGuacry,

0 — HavyanbHas CeTKa, B — TPUAHTYJISALMS
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ITepBeIM mIarom siBIseTcs (OPMUPOBAHME HAYAIBHON
cerkd. Hauganenyto cetky M ;) 0Opa3yloT BHYyTpEHHHE
3JIEMEHTBI:

Mipiiar = F(Pi,,‘)> O,Vj}_

Ha BTOpOM mare ajis KaXXJa0ro y3.Ha HaanBHOﬁ CCTKHN
CTpOI/ITCﬂ HOpMaJIL. HOpMaJIL K y3.Hy Ha‘laﬂbHOﬁ CCTKH OII-
penenumM, Kak cpeinee apupMeTUYecKoe HOpMaied K peo-
pam (puc. 2), HHIMIEHTHEIX B 5TOM y3JI€:

”(Pz ):% Zﬁ (ek,l )

P&Ck )

Ha TperbeM I1are myreM HaXOKACHUS IPOEKLUU HOP-
Majli Ha TPAHUILy O0JIACTH CTPOUTCS MHOXKECTBO H30MOP(-
HBIX TodeK. HeoOXomamMMo oTMeTHTh, 9TO IpH (PYHKIHOHAIB-
HOM IIPE/ICTaBICHUH JUIS HAXOXJCHUS N30MOP(HHBIX TOYEK
MOr'YT MCHOJIb30BaThCSl METOJbl JBOUYHOIO IOUCKA, 30JI0-
TOIO CEYEHHUS U T. IL., OCYLIECTBIISS IOUCK HA OTPE3KE AIMHBI

2 2
N~ +hj, . Ha oTOM dTarie yunThIBAIOTCSA XapaKTePHBIC TOY-

K{: €ClIi Ha pacCTosHUU A oT M30MOp(HHOI HaXOIHUTCS Xa-
pakTepHas TO4Ka, TO B Ka4eCTBE M30MOP(QHOH HCIOIb3YeT-
Csl COOTBETCTBYIOIASI XapaKTepHAsl TOUKA.

UYeTBepTHIM IIarOM SIBIISIETCSI TIOCTPOCHUE AJIEMEHTOB B
MPUTPAHUIHOM clioe. B pesynbrate TpeThero mara Kaxnio-
My y3JIy Ha TpaHHIe HadyaJIbHON CETKH COOTBETCTBYET H30-
MOpQHBIF Ha TpaHHIe 00JACTH, KAKIOMY TPaHUIHOMY
peOpy HauabHOW CETKH COOTBETCTBYET peOpo Ha rpaHUIle
obmactu. CremnoBaTenbHO, IS KaXI0TO TPAHUIHOTo pedpa
Ha4aJIbHOW CETKH MOXKHO IIBYMSI crioco0aMH MOCTPOUTH
9JIEMEHTHI (MEHsIs HaNpaBJICHHE TUAroOHal I, B YEThIPEXy-
TONIBHUKE, KOTOPBIH 00pa3yr0T CMEXKHBIC BEPIIMHBI H H30-
Mop¢HbIe K HUM). V3 ABYX BO3MOXHBIX CIIOCOOOB (pOpMHU-
poBaHMs TPEYroJIbHUKOB (puc. 3) BhIOEpEM TOT, MPH KOTO-
POM B TPEYrOJbHHKAX OTHOIICHHE 3HAYCHUI MHHHMAJIbHOTO
yriia K MaKCUMaJIbHOMY OyleT HauOOIbIIUM.

Ha yerBepTOM IIare MOTYT MOSIBISTHCS BBIPOXKICHHBIC
WIIH «IUTOXHE» 3JIEMEHTHI 00YCIIOBICHHBIC BO3MOXKHOCTBIO

8 C

Pucynok 3 — Crioco0sl pOpMUpPOBAHHS TPEYTOIEHUKOB
B MPUTPAHUYHOM CJIO€

COBIIAJICHUS IUTH ONHM3KOTO (OTHOCHTEIHHO pasMepoB obia-
CTH) pacHONIOKeHUS M30MOP(HBIX y310B. 1 pemeHus 3a-
Jlaud yCTPAaHEHMsl «ILJIOXUX» 3JIEMEHTOB B IPUIPAHUYHOM
CJI0€ JUI COCEHUX Y3II0B A U B ompenenuM onepauuro

join(4, B)= {deledge(4, B), 4= B},

B pesynsrare onepaunu join(A,B) OyIyT ymajieHBl Tpey-
TONBHUKH, JIJISI KOTOPBIX pedpo 4B SABISETCS 00IIM, y3en A
OyeT coBMelleH ¢ y3JoM B (cxema-ipumep Ha puc. 4).

C y4eToM TOro, 4TO BBIPOXKJICHHBIE WIIHM «IJIOXUE» 3IIe-
MEHTBI IIPU TAKOM IOJXO/Ie MOT'YT BO3HUKATh TOJBKO B IIPH-
TPaHUYHOM CJIO€, OIepaLus join(A,B) MOXET MPUMEHSTh-
Csl TOJBKO K 3JIEMEHTaM 3TOrO CJIOs, €CIIM PACCTOSHHUE MEX-
Iy JBYMSI COCEJHHMH Y3JIaMU MeHbIIEe A.

[Tapamerp A Ha TpeTbeM M YETBEPTOM ILArax SIBJISETCS
OrpaHWYEHHEM Ha MHHUMAIBHBIN pa3mep pebpa. JaHHyro
BEJIMYMHY MO)KHO MHTEpPIPETHPOBaTh KaK IapaMeTp Kade-
CTBa CeTKH. B o0meM ciydae ero 3HaueHHEe MOXKET OBITh
MIPOU3BOJIBHON 3aBHCHMOCTBIO OT KOOPAMHAT HJIM pa3Me-
poB coceqHux 3i1eMeHtoB. Hampumep, B ciydae, ecnu B Ka-
gecTBe (DOHOBOW HCIONB30BaHA PaBHOMEpHAas CETKa, TO

MOXXHO TPHHATE A = Sﬂhﬁ +h)2, , T 3HAYCHHE § B 3aBHCH-

MOCTH OT 3aga4du usMmensiercs or 0,2 1o 0,5.

B cnydae, ecnu y3nsl 4 1 B OIHOBPEMEHHO IpUHAMJIE-
KT TPaHUIE, TO OIePAIIHs join(A,B) MOXXET OBITh MOJIH-
¢bumpoBaHa cIemyronmM crocobom: oba y3ma A u B mepe-
HOCATCS B TOUKY IIEPEceueHUs] HOpManu K cepenune AB c

I‘paHHL{eﬁ O6JIaCTI/I, OCYHICCTBJIAA TaKUM 06pa30M MECTHOC
CIrlIa>KMBaHUC.

4 OKCIIEPUMEHTbBI

st TecTUpOBaHMS MPEATIOKEHHOTO METoa pa3paboTaH
COOTBETCTBYIOIIMI MOAYIb B CHCTEME aBTOMAaTH3WPOBaH-
HOTI'O MPOCKTUPOBAaHMs Ha 0a3e QYHKIMOHAIBHOIO IOJIXO1a
(CBHUOeTENnbCTBO O PErUCTpallid ABTOPCKOTO TpaBa Ha Mpo-
u3Benenue Ne 53829 or 24.02.2014). Pa3pabotka BbIoOIHEHA
C HCIOJIB30BaHUEM si3bIKa mporpammupoBanus C++ (kom-
musitop GCC) u 6ubaroTekn Qt A mpOrpamMMUPOBAHUS
unTepdelrica nonp3oBaTens. B TeCTOBBIX puUMepax MPHHATO
3Ha4YeHune mapamerpa meroma § = 0,4.

Jnis aHanm3a pe3yasTaToB pabOThI MPEUIOKEHHOTO MOJI-
X0Jla PaCCMOTPUM CETKH, CT€HEPUPOBAHHBIE JUIA YepTexei
HEKOTOPBIX 00beKTOB. J{JIsl KOMMUECTBEHHOTO aHajIu3a Kade-
CTBa JMCKPETHOM MOJICNIN UCIIONb3yeM JIBE METPUKH: 1) 3Ha-
YeHHe MUHAMAIIBHOTO yIjla 3IeMEHTa; 2) OTHOIIEHUE MH-
HUMAJIBHOTO K MaKCHMaJIbHOMY YTy Ha sneMente. O0e 3Tu
METPUKH B3aHMMOCBS3aHbI: HAJIMUUE OCTPHIX YIIOB (MEHBIIE

Pucynok 4 — I[Ipumep onepauuu jOin(A,B )
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15°) orpunaTenbHO BIMSET HA BBIYMCIHTEIBHBINA IPOIECC B
METO/Ie KOHEYHBIX JJIEMEHTOB; IIPH 3TOM 4YeM OJIKE OTHO-
[ICHHE YIJI0B TPEYTrOJIbHUKA K eIUHUIIe, TeM ONMKe OH K
reOMETPHYECKH MPaBMIBLHON (opme.

1. L-obmactp

Paccmotpum L-o6macth, n300pakeHHYIO Ha pHc. 5a. Ota
00J1acTh MOXKET OBITh TpeNCcTaBiIeHa (YHKIHEH

w a a h
Ishape(x, y,w,h,a)=rect| Xx——,y——,w,a t| X——,y——,a,h
S ape( y ) rec( 2 y 2 Jvrec[ 2 y 2 J

>

rae QyHKums

W2 2 h2 2
rect(x, y,w,h)=| ——x* [A| — -y 3)
4 4
COOTBETCTBYET NPSIMOYrONBHOM 00NacTH, HEHTP Macc KOTo-
POl COBNAAaeT ¢ Ha4aIOM KOOPIHMHAT.

[Ipu wcnonb3oBaHUK B KauecTBe (POHOBOW paBHOMED-
HOM CETKM C KOJIMYECTBOM DJIEMEHTOB 9 x 12 I MPAMOY-
rOJIbHUKA [O;30]>< [0;40] HOJIy4€HO, YTO MUHUMAJIbHBIN yroi
npuHUMaeT 3Ha4eHus1 ot 27,81° 10 45,00° (puc. 56) mpu 3ToM
COOTHOILICHHE YIIOB HaxonuTcs B quana3one ot 0,28 no 0,63
(puc. 5B).

2. KpagpaTHas IUIaCTUHA C TPEYrOJIbHBIM OTBEPCTUEM B
LEHTpe

a

6

KBagpaTHas miacTuHa ¢ TPEYrOIbHBIM OTBEPCTUEM B
neHtpe (puc. 6a) MOXeT OBITH IPEACTaBlICHa (ByHKIEH

qplate(x, y,a, r): rect(x, y,a, a)/\ —-regular(x, Y, r,3) ,

rae GyHKIus

regular(x, ,,n)= [(y = v )0, = x1) = (x=x Xy2 =1 )]
A[(Y-Yz)(x3 —Xz)—(X—Xz)(X3 —Xz)]/\~--/\
A [(y =Y XXn = Xn—1)=(X=X0 X¥n = Yn1 )l

o :%"(H), i=12,..n (@)

Xj = rcos(ai ), Yi = rsin(ai ),
COOTBETCTBYET MPABHIBHOMY N-YrOJBHUKY C LEHTPOM B
Hayajie KOOpIUHAT.

[Ipu ucnonb3oBaHUK B KauecTBe (POHOBOW paBHOMED-
HOM CEeTKH C KOJIMYECTBOM 3JIEMEHTOB 1() x 10 M1 KBajgpara
[— 20;20]><[— 20;20] MOJIY4€HO, YTO MHUHUMAJIbHBIA YToji
MpUHAMAET 3Ha4eHHs oT 26,57° 10 59,62° (puc. 60) npu 3ToM
COOTHOILICHHE YIIOB HaxoauTcs B quana3one ot 0,29 no 0,98
(puc. 6B).

3. Taiika

JBymMepHYyO 00nacTh, MOJOOHYIO Taiike (puc. 7a), Tak-
JK€ MOYKHO IMPEACTABUTH MPH MOMOIIHA (HOPMYIBI (4):

nut(x, Y, 1,0 ) = regulal(x, y.n ,6)/\ —-circle(x, Y, b )

45 0.628799

27.8104 0.284142

Pucynok 5 — L-o6macte: W= 30,h=40, a=10: a — geprex obnactu, 6 — pacrpeieicHue 3HaYCHNI MUHUMAJIBLHOTO YIiia, B — pacrpe-
JIeNICHHE COOTHOIICHMUS YIIIOB

26.5651

al 2

a

6

a. 28935&1201

B

Pucynok 6 — Ksagparnas mmactuma: a = 40, I = 10: a — geprexx obmactn, 6 — pacupeseneHie 3Ha9eHNI MUHIMATBHOTO yITIa, B —
pacrpezelieHle COOTHOLICHUS! YITIOB
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ITpn ncronp30BaHUM B KadecTBe (OHOBOH paBHOMEp-
HOM CETKH C KOJIIMYECTBOM 3JIEMEHTOB 16X 16 11 KBajxpara

[— 40;40]><[— 40;40] MOJIy4€HO, YTO MUHUMAJIBHBINA Yrol

npuarMaeT 3HadeHus ot 30,00° 1o 56,93° (puc. 76) npu ToM
COOTHOILICHHE YIIOB HaxoauTcs B auamna3one ot 0,29 no 0,86
(puc. 7B).

4. [Tnanka

Kontyp crenmanbHOi MiaHku (puc. 8a), MoXeT OBITh
mpeAcTaBiIeH (GopMymnoit

2
w3 h h w)l
lanch(x, y,w, b, R, 7)=1|| —— ZH RS x+ 2|2 -
planc (xyw r) (2 X j/\[[z ( 2j(x 2)w:| ‘

—y2 v circle[x —%,y,RJ /\ﬁcircle[x—%,y,r}

ITpn mcmonp30BaHUM B KadecTBe (POHOBOH paBHOMEp-
HOM CETKH C KOJIMYECTBOM DJIEMEHTOB 27 x 15 I psIMOy-

roJbHHKA [— 20;35]x[—15;15] MIOJIYY€HO, YTO MUHHMAJIb-

HBIH yroJ MpUHAMAeT 3HadeHus oT 29,29° no 54,42° (puc. 80)
IIpU 5TOM COOTHOLICHUE YITIOB HAXOAUTCSA B AHAIIA30HE OT
0,26 100,83 (puc. 8B).

5. 3ybuaTtoe Komeco

IMpuMmuTHBHAS MoAens 3y0uaToro komeca (puc. 9), mMo-
JKeT OBITh MPeJCTaBIEHA BBIPAKEHHEM

2 2
gear(x, y, D,d,b,ng) == {Hb“ —(xcosay + ysing, )} v {bj —(xcosa, + ysina, )} \

> ( o ) - DY, irel d
V...V T— xCOSun ySln(lng ACITC x,y,? V CIrc x,y,; -

0,28

Pucynok 7 — laiixa: 1} =40, r, = 20:

a — 4epTexK 06.]'IaCTI/I, (= pacnpeneiicHue 3HAYCHUH MUHHUMAJILHOTO yriia, B — pacrpeaciicHue COOTHOLICHUSI YITIOB

Pucynok 8 — Kontyp cnenuansuoi mnanku npu =20, w=40, R=15ur=7,5
a — yepTex o0nacTu, 6 — pacrpeeieHe 3Ha9eHni MUHUMAJIBHOTO YIVIa, B — paclpe/eieHine COOTHOLICHHUS YITIOB

Pucynok 9 — 3y6uaroe xoneco nmpu D =80, d = 60, b=20u ng =3:
a — uepTex obnactu, 6 — pacrpe/eneHne 3Ha9eHI MUHUMAIBHOTO yIiia, B — paclpe/ieliecHiHe COOTHOIICHHS YIIIOB
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[Ipu ucnonbp3oBaHUM B KauecTBE (OHOBOW paBHOMED-
HOM CeTKH C KOJIWYECTBOM 3JIEMEHTOB 2()x 2() AJIs KBajpara

[— 40;40]><[— 40;40] MOJIy4€HO, YTO MUHUMAJIBHBINA Yrol

npuHIMaeT 3HadeHus ot 21,30° 1o 54,78° (puc. 96) mpu sToM
COOTHOILICHHE YIIOB HaxoauTcs B quamna3one ot 0,20 mo 0,78
(puc. 9B).

6. IIpoxnaaka

Mopuens npoknaaku (puc. 10a) MoxkeT ObITh TIpeacTaBIie-
Ha Ha 6a3ze dopmyn (1) u (3):

layer(x, y)= {circle(x, y,1 )V circle(x, y +hy, 5 )v rect[x, y +h72, wa,hy H A

A ﬁcircle(x, . )/\ ﬁrect(x,y -r,w ,2h1)/\
/\*circle(x—clvx,y—clvy,m A —circlel x*¢2,p)’*¢2,y5"4)/\

A —‘circle(x =03, Y63 01y )/\ —‘circle(x —C4xs Y =Cayily )/\
Iy . .
—rect| x, y+hy 77 216,03 | A ﬁClrcle(x, y+hy, r6)/\ ﬁClrcle(x,y +hy —h3, 15 ),
40 60

80
T mapaMeTpEl ;i = o2 = 40, = 20 =20, 7 =22 =30,
) 275 370

10
7‘4:7:5, 1”5:24, r6:14, W1:14, h1=5, W2:2}"5,

hy =100, A3 =48 COOTBEICTBYIOT pa3MepaM Ha 4epTexe; Ia-

paMeTpEI Clx= r3COS(— n/4), Ly = r3sin(— n/4)’

Cox = r3cos(n/4), Cy = rysin(n/4), 3y = rycos(3n/4),

€3,y = r3sin(37t/4),c4’x = r3cos(5n/4),c4,y = rysin(5m/4)—
HCHTPBI YCThIPEX OTBepCTHﬁ.

[pu ncrosnp30BaHUM B Ka4ecTBE (POHOBOH PaBHOMEPHOH CETKH
C KOJIMYECTBOM DJJIEMEHTOB 49x1(02 Aad NpAMOYTrojJbHHKA
[— 40;40] X [— 124;40] MOTY4EHO, YTO MUHUMAJIBHBIHN Yol TPUHU-
MaeT 3HaueHust oT 23,74° 10 58,75° (puc. 100) npu 5ToM COOTHOLIIE-
HUE YIIIOB HaxoauTces B inanasone ot 0,24 10 0,95 (puc. 10B).

Ha npumepe konbueBoil obnactu, n300paxxeHHOH Ha
puc. 1, uccnemyem BIMSHUE TAPaMETPOB CETKU Ha €€ KaueCTBoO.
PaccMmoTpyM BITMSIHUE KOJIMYECTBA HJIEMEHTOB PABHOMEPHOH (o-
HOBOI#i ceTKH (11ara CeTK1 ) Ha pacupe/ielieHue 3Ha9eHNi METPUK,
onucaHHbIX BbiIe. Ha puc. 11a nokasaHo pacripe/ieneHye 3Haue-
HHI MUHHMAJIBHOT'O YIVIa 3JIEMEHTa, COOTBETCTBEHHO Ha puc. 110
TIOKa3aHO pacIpeelieH e 3Ha4eH i cooTHOLIeHnH yriioB. M3 rpa-
(DMKOB BHITHO, YTO 3HAYCHUSI MUHUMAJILHOTO YIVIa JUIsl CETOK KOJb-
LeBOH 001acTH MaJIo 3aBUCAT OT L1ara (TyCTOThI CETKH ) ¥ KoJeo-
mmotcs okosio 30°. AHaJIoruuHasi CUTYalysi Co 3Ha4€HUSIMU METPU-
KH OTHOILICHUSI YIJIOB.

0.240508

£ \'< o": :‘
e 7

b A

B

Pucynok 10 — IIpokragka:
a — yepTex obnactu, 6 — pacrpezeseHne 3Ha9YeHUl MUHUMAJBHOTO yIJIa, B — PACIpe/ielIeHue COOTHOIICHHS YIVIOB

min
e 1K

\dﬁf »&N’yq@'ﬁ? ﬁ @f;@ é“’ﬁ}ﬁ

o o o o o o

12

min

0
P s 4 o Ao o
é,éﬁ# ,\9?7} F g ﬁ gyﬁf '\"-’\?i? \53&&
Q"\’ ‘3"\’ Q o o Q¢ Q?P.
h

6

aspect
(=]
S

Pucynok 11 — 3aBucuMoCTb pacnpeseneHnss METPHUK OT IIara CeTKHU:
a — pacrpezieneHne 3Ha4eHNii MHHUMAJIBHOTO yIiia, O — pacnpe/ielieHHe COOTHOLICHHS yIIIOB
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Teneps paccMOTpUM BIUSIHUA MTApaMeTpa § Ha 3HAYCHUS MET-
puxu. Bapeupyem 3Ha4eHUs §, CUUTAs, UTO UCTIONB3YETCSl PABHO-
MepHasi (poHOBast ceTka 16x 16 JJIEMEHTOB IS KBajpaTa

[— 1; l]x [— 1; 1] . M3 pucynka 12 BuHO, 4To 1pu § = () BO3MOXKHO
TIOSIBIICHHS] BBIPO’K/ICHHBIX JIEMEHTOB, HAMOOJIbIIIEe 3HAYCHHE MU~
HUMAJILHOTO yria ceTku nomydaercs npu 0,4 <6 <0,5, npu
8 > 0,5 Ka4ecTBO CeTKU yXyALaeTcs (pH 3TOM BU3YaJIbHO BBISIB-
JICHBI BBIPOYKIICHHBIE JIEMEHTB).

J171s1 IpyrHX TECTOBBIX IPUMEPOB IOTy4EHbI AHAIOTUYHBIE H300-

paxkeHHBIM Ha puc. 11—-12 3aBUCMMOCTH METPUK OT TapaMETPOB.
70

60

50 ........-..__,,____"_.",.....-.---.--.....,
40
i e [T}
20
10
0
0o 005 01 015 02 025 03 035 04 045 05 055 06
a

PI/ICyHOK 12 — 3aBUCHMOCTH pacupeneiieHus 3HAYECHU MUHUMAJIb-
HOro yrjia OT 3Ha4€HUs IlapaMerpa 8

5 PE3YJIBTATBI

Kax BuiHO u3 puc. 5—10 nosydeHHbIe CeTKH 110 Ka4eCTBY OJIH3-
KH K CeTKaM (HauMeHbllee 3Ha9eHHe MUHUMAJIBHOTO YIVIa B 3Jie-
MEHTE CeTKH npeBbliaer 20 rpaaycoB), CreHepPHPOBAHHBIM aJTr0-
puT™MaMu Ha ocHoBe MeToyia Parmepra. PaspaboranHblit MeTon He
TpeOyeT peABApUTENLHOIO aHAIN3a HCXOJHOM 00JIaCTH U CTPOUT
CETKY HETIOCPE/ICTBEHHO Ha 3TAIe CKAHUPOBAHUSL, UTO ITO3BOJIIET
CHM3UTBH 3aTPaThl BHIUUCIUTEIBHBIX PECYPCOB.

6 OBCY)XJIEHUE

IpeuioKeHHBIH METON B OTJIMYUH OT CYLECTBYIOIIHX paboT
[16—17] s penreHus 3aqa4u MOCTPOSHUS TPUAHTYISIIIUIA T€0-
METPHYECKHX O0BEKTOB, ITPECTABICHHBIX (DYHKIHOHAIBHO, HE
TpeOyeT MOCTPOSHHS OIIOPHOIO MHOXKECTBA TOUYEK Ha TPaHHUIIe
obmnacru.

HenmocTaTkoM NPEAIokKEeHHOTO METOIA SIBJISETCS TeHEePaLHs
CETOK, OJIM3KHX K PABHOMEPHBIM IIPH HCTIONE30BAHUH PaBHOMED-
HBIX (OHOBBIX ceTOK. OIHAKO, IS TeHepallii HepaBHOMEPHBIX
CETOK MOTYT OBITh HCIIOJIb30BaHbI HEPABHOMEPHBIE (DOHOBBIE CET-
KU, CTeHepHpOBaHHbIE Ha ocHOBe MeToa Quadtree [12].

BbIBOJbI

B paGore peltieHa 3a1a4a aBTOMarnyecKoro HOCTPOCHHS [BY-
MEpHBIX AUCKPETHBIX MOJICIICH IJIsl TeOMETPUYECKUX OOBEKTOB,
Mpe/ICTaBICHHBIX (DYHKIIMOHAIBHO.

HaydHast HOBH3HA PE3yJIBTATOB, MOMYICHHBIX B CTATHE, CO-
CTOMT B TOM, YTO BIIEPBbIC MIPEIJIOKEH METOJL ISl IIOCTPOCHHS
TPHAHTYISILUH IByMEPHBIX OOJIACTEH, IIPEACTaBICHHBIX (DYHKIIH-
OHAJIBHO, HCITOJIB3YI0 HEIIOCPEICTBEHHOE IIOCTPOCHHE SIIEMEHTOB
[IPU CKAHUPOBAHUH UCXOHOM 00JIACTH, YTO ITO3BOJISIET CHU3HUTh
TpeGOBaHKSI K BEIYMCIUTEIBHBIM PECYyPCaM.

IpakTiyeckasi 3HAYUMOCTh IOMYICHHBIX PE3yJIbTAaTOB
3aKJIFOYAeTCs B TOM, YTO pa3paboTaHO MporpaMMHoe oOec-
MeYCHHE, Pealn3yIOIIee MPEIIOKECHHBII METO/, HA OCHOBE
KOTOPOTO PELICHBI 33Ja4H HCCICIOBAHUS YCTOWYUBOCTH
IUIACTHH M TOJIOTUX OOONIOYEK C OTBEPCTHSMH HECTAHAAPT-
HO# (HOpMBI.

[lepciekTHBBI NaNbHEUIINX HCCIIEIOBAHUNA COCTOST B
TOM, YTOOBI ONPEIEeNTUTh OOJiee TOYHO ONPEAETUTh ONTH-
MaJbHbIE 3HAUEHUS MapaMeTpoB MeTosaa. Takxke mepcrek-
TUBOW WCCIIEIOBAHUH SIBIIsIETCS 0000IIEeHHEe PENIOKEHHO-
TO METONa JUIS MOJAEIHUPOBAHUS TPEXMEPHBIX 00BEKTOB.

BJIAI'OJAPHOCTH

Pabora BBITIONHEHA B paMKaxX TocOIOKETHON HaydHO-
HCCIIEN0BATENBCKOM TEMBI 3allOPOKCKOr0 HALMOHAIBLHOIO
yHuBepcurera Ne3/15 «MaTteMaTHdeckoe MOJEINPOBAHUE
KOHCTPYKIMH HEOTHOPOTHOH CTPYKTYpHI Ha 0a3e COBpeMEH-
HBIX MH()OPMAIMOHHBIX TEXHOJOTHID» (HOMEp Toc. perucT-
pauum 0115U000761).
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Kanz. TexH. HayK, JOLEHT KaeIpu MareMaTHYHOTO MOJCIIOBAHHS 3alopi3bKOro HAI[IOHAIBHOTO YHIBEPCHTETY, 3amopiioks, YKpaiHa
METOJI ®OHOBOI CITKH JJIsI TPIAHTYJISIII JBOBUMIPHUX OBJIACTEN MPU ®YHKIIOHAJIBHOMY ITIIXO/I
VY crarTi po3misHyTa mpobneMa HOOYHOBH JHCKPETHHX Mojeneil Ha 06a3i TpHKYTHHX €JIEeMEHTIB A oblacTeil TeOMEeTpHYHHX oOmacTel
cknagHoi Gopmu. s MOJAaHHS FEOMETPUYHUX 00IacTeil BUKOPUCTOBYEThCS (PYyHKLIOHAIBHUN Miaxix Ha 6asi Teopii R-¢yHkuiit B. JI. Padosa.
B ocHOBY ()yHKIIOHAIBHOTO MiAXOAY IOKJIAJCHO 1160 BUKOPUCTAHHS HESBHHUX (YHKIH Ta JIOTIYHMI omepaiiii Hax HUMH. BukopucraHHs
(DYHKLIIOHAIBHOTO MiAXOAY MOTpeOye BpaxyBaHHs HOTo O0COONMBOCTEH NpH MOOYIOBI AHCKpETHHX Moxenel. Ilpu TakoMmy miaxomi uisi BH3HA-
YEeHHsI HAJIC)XHOCTI TOYKM HEOOXimHO 0O4MCIUTH 3Ha4deHHs (QyHKUii y wiit Tourni. ToMy BHKOpHCTaHHS KIAQCHYHUX METOIB TPHAHTYJISLIi,
OCHOBAaHHMX Ha BHKOPHCTAHHI MHOXXHHH ONOPHHX By31iB, MeHII epekTuBHe. [Ipy BUKOpHCTaHHI METOIIB Ha OCHOBI ()OHOBOI CITKH EIEMEHTH
OynytoTbest GesrocepeiHbO B reoMeTpuyHiil obmacti. BHyTpimHi eneMeHTH (OHOBOI CiTKH (OPMYIOTH IOYATKOBY CITKY, HICIIsl 4OrO BigOyBaeTh-
cst 1i amanranist 4o rpaHuip obracti. OTpuMaHi CiTKH ONU3bKI 10 PIBHOMIPHHX — CKIHYCHHI €JIEMEHTH NPUOIM3HO OJHAKOBOTO PO3MIpY.
KutrouoBi ciioBa: quckpeTHa MoOfelnb, CiTKa, TPUKYTHHK, R-QyHKIis, ¢oHOBa ciTKa.

Choporov S. V.

PhD, Associate Professor of Mathematical Modelling Department, Zaporizhzhya National University, Zaporizhzhya, Ukraine

BACKGROUND GRID METHOD FOR PLANE SHAPES TRIANGULATION IN FUNCTIONAL APPROACH

In herein paper is described the problem of triangular mesh generation for complex geometrical domain. Functional approach is used for
a geometrical object representation. Vladimir Rvachev’s R functions are used also. Functional approach is based on implicit functions and
logical operations (negation, conjunction and disjunction) over these functions. Logical operation is a special real-value function that at inner
point is greater than zero and at outer point is less than zero. Thus standard triangulations techniques, which based on predefined boundary
discreet model, is less efficient. During background grid method for triangulation, triangles are built in domain directly. Presented method starts
with a mesh that can be relatively easy generated (e.g. uniform mesh). Next, initial mesh is defined as a set of all inner elements. The last one
generates a layer of elements near boundary (adaptation step). Adaptive method generates meshes that are close to uniform for structured
background grids.

Keywords: discreet model, mesh, triangle, R-function, background grid.
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