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AHHOTauuA

B cTaTbe paccMaTpuvBaeTcs pacLuvpeHmne meToga
HaBurayuoHHoro rpaga (HI) pana noucka nyteir B 3D-
npocTpaHcTBE € UCMOMb3oBaHWEM — MHoxectBa  HIM,
COOTBETCTBYIOLLMX KaXAOMY O0OBbEKTY, BMECTO eAMHOro rpada.
MeTo4 M03BOMSET YYWTbIBaTb AMHAMUYECKME OObeKTbl 6e3
NLLHWX BbIYUCANTENbHBIX 3aTPAT B paMKax efVHOr0 anropuTma,
a TaKke CYLeCTBEHHO COKpallaeT Kak 06beM py4qHON paboThl
3apaHua HIM, Tak 1 obuee Bpemsi paboTbl anroputma 6e3 yilepba
[NA afleKBaTHOCTY HaliAeHHOr 0 NyTMW.

Kniouesble cnosa: Mouck nyTeii, AnHaMmuueckue 0GbeKTbl,
HasuraumoHHblii rpad.

1. BBEAEHUVE

Mouck nytm (MM) — 33fava HAXOXAEHUA HaWMyYLLero,
ONTUMA/BHOTO MapLLpyTa MeXay ABYMS TOUKaMy NMPOCTPaHCTBa.
B 3aBMCMMOCTV OT KOHTEKCTa KPUTEPUW OMTUMANLHOCTU MOTYT
ObITb Pa3nyHbIE, HO BO BCEX C/y4asX Ha HaWeHHOM MyTW He
[O/KHO BCTpeYaTbCA MPenaTCTBMA. BaXHbIM [OCTOMHCTBOM
cvictembl MMM sBNSETCA BO3MOXHOCTb YYUTbIBATL AVHAMUYECKME
00beKTbl U KOPPEeKTVMPOBaTb  HalifieHHbI  NyTb  Npw
HeobxoaumocTH. IMHaMUYeCKUM 06LEKTOM B CUCTEME CYUTAETCA
06bEKT, KOTOPbI MOXET U3MEHUTb MO3WLMIO W Yron MoBOpOTa,
NOSIBUTCA WM UCHE3HYTb B /060 MOMEHT BPEMEHMN.

MM - BaxkHas YacTb BUpTYanbHo 3D-cpeapl. MM vcnonb3yetcs
B KOMMbIOTEPHBIX ~ WUrpax, pasfMyHbIX  CUMYATOpax U
TpeHaxepax, 4Tobbl 06ecrnevnBaTb KOPPEKTHOE MepeMeLLeHue
NepcoHaXxei, ynpasnsemMbiX KomnbtoTepom. Kpome Toro MM
NMPUMEHAETCA B BUPTY&IbHbIX MUpax And  YNpaensemoro
Mo/b30BaTENEM NMEPCOHAKA.

2. OB30P CYLLECTBYIOLMX METOOB

Ona M1 cywecTByoT 4 OCHOBHbIX METOZA.

MepBblii M3 HUX NofpasyMeBaeT pa3breHne BCero NpoCTpaHCTBa
Ha KIeTKW OAWHAKOBOW (DOPMbI, A5 K&XA0M M3 KOTOPbIX 3afiaHo,
NPOXoAUMa KNeTKa Uin HET, U MOWUCK MyTU anroputmom A* [6].
MogpasymeBaeTcs, UTO 0O0bekT, fAns koToporo wuget [,
3aHumaeT 1 knetky (Puc.l). MeTog ycnewHo ucnonb3yetcsd B
2D-npocTpaHcTBe, HO NI0X0 NPUMEHUM K 3D-Mupy, T.K. UMeeT B
3TOM Cry4ae Cepbe3Hble HeoCTaTKU:

e 3D-MUp COCTOMT M3 OGBLEKTOB MPOW3BO/IbHOW HOPMBbI,
KOTOpbIE TM/IOXO NIOXATC Ha KIETOUHYIO CTPYKTYpY
NPOCTpPaHCTBa.

L] TpyLHO YyuMTbiBaTb MEPEMELLAIOLLMECH MPenATCTBUA,
TaK KakK npu I'IpOI/ISBOI'IbHOI7I nosnumMn  OHM - MoryT

3aHUMaTb [0 4 KIeToK cpasy (ecnu  pasmep
NpensTCcTBUA 1 KNeTKa).

e [lepemelLeHIe MO KNETKaM BbINIAAUT HEECTECTBEHHO B
TPEXMEPHOM MPOCTPaHCTBE. MeTodbl  CriaXWBaHUs
nyTW cnnaiiHamu MOryT MpUBECTU K MpobneMam ¢
HEMNPOXOAMMOCTbIO OTAE/bHBIX YHACTKOB MyTU.

e  Bonbluoe Bpems MMM npy 601bLLOM KONMMYECTBE KNETOK.

Puc. 1: MpumMep noucka nyTy Ha KNeTOYHOM NPOCTPAHCTBE €
NMOMOLLIbIO anroputma A*.

Metoa HIM npegnonaraet MM Ha rpade, rae BepLUMHbI rpada -
TPeXMepHble TOUKW, pebpa rpada - OTPesku, COeUHSIOLLIME 3TK
TOYKMW, C LiEHOI paBHOW AnuHe oTpeska [2]. Bce pe6pa rpada
ABNAIOTCA NPOXOAMMbIMU (MEPCOHAX MOXET NPONTK NO HUM, He
HaTKHyBLUMCbL Ha npensatcTBue). 3agada M ceogutes K
HaXOXAEHWIO BGAVMKAALLMX BEPLUMH K HayalbHOW U KOHEUHOI
TOuke, a 3aTem K [N Ha rpate Mexagy sTUMK BepLuvHaMun C
UCMO/b30BAHMEM KPUTEPUS MUHMMASILHOTO Beca OOLLEro nyTu
(Puc.2). Metog xopowo nogxogut Ans 3D-MpOCTpaHCTBa,
OfiHAKO MOXHO MPUHATb BO BHMMaHWE 4 OCHOBHbIX HefocTaTka
meToga HI™ [5]:

1. Bonblas TPy#OeMKOCTb 3afaHus rpada, T.K. B
HEKOTOpbIX Cydasx TpebyeTcs 3afaTh upe3MepHoe
uMCcno BEPLUMH rpada.

2. Mepemelyaemble npu nomoly MM 06beKTbI NPOXOAAT
MyCTOe MPOCTPAHCTBO MO HEECTECTBEHHON TPaeKTOpuK,
T.K. CneAyloT no 3ajaHHbIM  pebpam  rpada.
MposBneHve npPobneMbl  MOXHO CMAMYWTL,  €Cu
YBENMUATL  YUCMO BEPLUMH rpada, 4To YyCyryout
HepgoctaTtok Ne 1 (Puc.3).

3. B cuTyauum, Korfa AMHaMUYecKuii oGbekT HaxoguTces
Ha peGpe HIM, HET KOPPEKTHOrO croco6a MocTpouTb
nyTb Yepe3 3To peGpo.

4. HI nnoxo nogxogut gns M gna nepemeLLaroLmxcs
06BbEKTOB pasHbIX pasmMepoB, T.K. MpY pasMeLLleHnu
BepLUMH rpada NpUXoauTLCS OPUEHTUPOBATLCA TO/MbKO
Ha 1 KOHKPETHbI pa3Mep NepcoHaxa.



Pwuc. 2: MNMpumep nomcka nyTy ¢ nomoLLbto HI.

MeToa  couveTaHus 3BpucTuK [3] B 3D-npocTpaHcTBe
npeanonaraeT  MPUMEHEHWe  creuuansHoro  anroputMa
paspeLUeHVsi NPOGMeMHOM cUTyaumu A1s He6OoMbLIOro uucia
pacnpocTpaHeHHbIX cnyvaes HeobxoaMmocTH obxofa
npenaTcTBuA. Mpy ero NOMOLLM NOAHOLEHHBIN M1 opraHn3osaTh
HEBO3MOXHO.

Puc. 3: YBenueHve uucia BepLUMH rpatha A4/1s ynyuLlieHus
€CTECTBEHHOCTM HalieHHOro NyTw.

MeTog  navigation mesh [4] npegnonaraeT  3ajaHue
nonuroHanbHoii  3D-mogenu  MpOXOAMMOro  MpOCTPaHCTBa
(Puc.4). C nomouwblo 3TOTO MeTofa TPYAHO Y4YUTbIBATb
OMHaMUYeckne OObeKTbl, TaK Kak 310 TpebyeT 6ONbLUMX
BbIYNCIIUTENbHBIX 3aTpaT.

Puc. 4: Mpumep navigation mesh.

3. MOUCK nyTn HA OCHOBE
YCOBEPLUEHCTBOBAHHOIO METOOA HI

Ha ocHoBe cOBGCTBEHHOrO paclumpeHns Metoga HIC 6bina
paspabotaHa cuctema MM gns 3D-mupa. Ona MM ucnonb3yetcs
MHOXeCTBO rpadoB A = {A;, i =1..n} (1), rae Ai={V, R} (2) -
HI opHoro o6bekTa, 3afjaHHbIi MHOXECTBOM BepluMH V 1
mMHoxecTBoM pebep R = {R;, j = 1..m} (3), rae Rj={VjL € V, Vj2
e V, Ta To, j1 #j2} (4), Ta e {0,1} - npusHak

npoxogumocty, Tp - KOHTEKCTHasl
MPOXOAUMOCTY NPOCTPaHCTBA BOKPYT pebpa.

UH(popmauma o

Ha npaktuke HI ansa kaxgoii 3D-Mogenn 3agaetcs BU3yanbHo ¢
MOMOLLBIO CMeLMaibHOr0 MHCTPYMeHTa [8].

MM BbINONHAETCA NO  W3BECTHOMY OTPe3ky nytun S,
COBAMHAIOLLEMY HaYa/lbHYI0 U KOHEYHYH0 TOYKM Py n Py. Tpn
MOUCKE BbINOMHAKOTCA CeAytoLL e Laru:

1. Touck MHOXecTBa Ay AUHAMUYECKUX OOLEKTOB, Yy
KOTOPbIX WM3MEHWAUCL YrOM MOBOPOTA WAM MO3ULWUA.
3ameHa 06beAMHEHHOrO rpaa Ha ero CocTaB/sAoLLMe,
€CNM  HaliieHHbIi OObEKT HaxoAuncs B COCTaBe
06beaMHEHHOT O rpada.

Avsv = {Ai, Takune, uto pi Z pi' wm qi 2 '} (5), rae pi, di
— nosuuMs M yron  MoBopoTa  OObLEKTa,
COOTBETCTBYHOLLETO A, B TEKYLLMIA MOMEHT BpPEMEHY, a
pi', 4i' — B MOMEHT npefplayiero M.

2. Tepecyer  koopauHaT  pebep HI  HaiaeHHbIX
[OVNHaMMYecknx OOLEKTOB B COOTBETCTBUM C HOBOVA
no3vLmeli N yrioMm NoBopoTa.

3. TMouck MHoXecTBa Anep AMHAMUYECKUX 00beKTOB, HIT
KOTOPbIX NEpeceKatoTcs Apyr ¢ Apyrom.

4. O6beanHeHve nepecekatowmxcs HIM gnHammueckmx
00bEKTOB 1 co3aaHue BpemeHHoro HIT,  KoTopblii
yumnTbIBaeTcA npum MM BMECTO NepeceKaroLLMXCs.

5. Mouck MHOXecTBa Touek nepeceyeHus (TIT) P oTpeska
nyt ¢ HI o6bekToB. [MepBOHaYanbHO BbINONHSETCA
npoBepka nepeceyveHns otpeska nytu ¢ bounding box
HI obbekta W, TONMbKO €cCAM MpoBepka MpoLunia
yCMeLLHO, BbIMOMHAETCS MOMCK NepeceyeHuii ¢ pebpamu
rpada. 310 AenaeT noaxon He MeHee 3PNEKTUBHbIM,
yem nepapxuyeckve metogbl M [1].

P = {P;, Takue uto P; € S 1 cywlecTBy10T j, k Takue, 4to
Pi € R Rj € A} (6).

6. Ecnm HaiigeHa Bcero 1 TI1, TO MAET NOWUCK CErMeHTOB
HI, nepneHAauKynsap K KOTOPbIM M3 HayasbHOW wiu
KOHEYHOM TOYKM UMeeT pJaMHy < €. M3 uncna
HalileHHbIX ~ CErMeHTOB  BblGMpaeTCa TOT, [A/MHA
nepneHaMKynsapa K KOTOPOMY MeHbLUe Apyrux, u K

MHOXecTBY P pob6asnsetca P1L - T ¢
nepneHAnKynapom, obpasys pacluvpeHHoe MHOXeCTBO
TP

P'=PUP1 (7).

7. PaccuMTbiBaeTCA COPTWMPOBAHHOE MO YAANEHHOCTU OT
HayasibHOM TOUKM NyTWN MHOXecTBO TI P,

Ps = {P;, Takne uto D(P;, Py) < D(Pi + 1, Py) npu i
€l.Np -1} (8),

rae D(A, B) — pacctosHue oT Touku A o Touku B, Np
— KONIMYeCTBO 3/1eMEHTOB MHOXeCTBa P’.

8. MHoxecTBo Tl pa3buBaeTcs Ha HECKO/BbKO YacTeld Py,
B KaX[0l/i M3 KOTOPbIX UAYT MOAPAA TOUYKU OfHOrO W
TOro e rpaca.

Psk = {Pi, Takue uTo P; € Ps, a Takke Pi € Ay, Pis1 €
Acnpu i €1..Np - 1} (9).

9. BHyTpM nonyumBLUMXCA uYacTeil cnucka MM Begetcs
OTAeNbHO, a KpaliHMe TOYKM COCeAHMX YacTeid



COEAMHAIOTCA NpAMbIM  oTpeskoM. [Mpu T BHyTPK
ogHoro HI™ paccmaTtpuBaloTcs BapuaHThl:

e 1 TN — nyrb kacaetca HI n nouck
OMNTUMA/LHOTO NYTU He TpebyeTcs.

e 2 un 6onee TM — sbinonHgetca MM no
KpaiiHum TIT No KPUTEPUIO MUHUMANLHOM
CyMMapHOI [OJWHBI pebep. Pe6pa
YUMTBIBAKOTCA B COOTBETCTBUM C MPU3HAKOM
npoxoaumocTut Ta.

10. KOMMOHOBKa MOMY4EHHbIX OTPE3KOB NyTel B efuHbliA
nyTb. O6beAVHEHVE MPOM3BOAUTCA 3a CYET TOrO, YTO
GepyTcs HalifleHHble MyTU AN KaXgoro rpaga u
KpaiiHue TOUKM 3TUX MNyTell COeAMHAOTCH MPAMON
NVHVENA.
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Puc. 5: MM B MogndmumposaHHoM (cnesa) v 6a30BOM MeTofax
(cnpasa) HI". Cepble NPAMOYrOfbHUKM - 0OLEKTbI, 3eNeHble
AMHUN — HI™ 06BbEKTOB, KPacHbIe MMHUN - HalieHHble MyTH.

OnucaHHbIA  anroputM, N0 KpaiiHeli Mepe, He YcTynmaeT B
afleKBaTHOCTV HaWigeHHOro myTu 6a3oBOMY MoAxody, a B psae
Cy4aes " NpeBOCXoANT ero. Hanpumep, B
YCOBEPLUEHCTBOBAHHOM MeToge (PMc.5) myTb N0 NPOCTPaHCTBY
CBOBOAHOMY OT MPEnATCTBMWIA 3aBUCUT OT KOOPAWHAT HauaslbHOl
1 KOHEYHOW TOYeK 1 MPOXOAUT 6o/ee eCTECTBEHHO, B OT/IMUME OT
6a30BOro MeTofa, rfe Npu OTHOCUTENLHO HEGO/bBLLOM CMELLEHUN
HaYa/bHON 1 KOHEYHOW TOUeK, NyTb MPOXOANUT MO OAHOMY U TOMY
e pebpy. Takum 06pa3oM, pacLUMpeHHbIA anroputM cBobogeH
OT HefocTaTkoB Ne 2, ynoMAHYTbIX B .2.

MognrumpoBaHHbIA anropuTM Takxe MO3BOSET peann3oBaTb
PS8, BO3MOXHOCTEN [AN1s COKpalLeHWsi obbema PY4HO paboTbl
npwn 3agaHum HIC, 4TO M36aBNsSeT HOBbIA MOAXOA OT HefocTaTKa
meToga HIM Ne 1:

1. T Ans kaxgoro obbekta Mcrmonb3yetcs ceoid HI,
nycToe, rapaHTUPOBAHHO MPOXOAMMOE MPOCTPAHCTBO
He TpebyeT 3anonHeHns nyTamu rpada (Puc.6).

2. [Ana nosTopstowmxca 06bekToB HI MOXET 6bITb
CKOMMPOBaH aBTOMATUYECKN.

3. [Ans o6xogHbIX NyTeid NpoOCTO/i reoMeTPUYECKON
(hopMbl  MOXET ObITb WCMONb30BAHA aBTOreHepaLus
nyTW Ha OCHOBE faHHbIX 0 bounding box obbekTa 1 ero
MONOXEHNM B NMPOCTPAHCTBE.

Puc. 6: HI B 6a3080M (Cnesa) v MogudmLMpoBaHHOM (Crnpasa)
MeToaax

4. YHET AVHAMWYECKNX OB BbEKTOB

[vHamuueckne 06beKTbl YUMTBLIBAKOTCA TakXKe Kak CTaTuyeckue,
3afjaHHble MepeHocoM (Mo3wuLMeit) 1 yrioM NoBopoTa Ha MOMEHT
Hauvana Irl.

PaccMOTpVM  MpUeMbl,  KOTOpble  MO3BOISIOT ~ YUWUTLIBATb
[AMHaMUYeCKIe 0GbEKTLI B paMKax 06LLero anroputma Mrl.

4.1 CTONKHOBEHVE B MOMEHT C/ieloBaHusi No
nyTu

Tak Kak AVHaMUYeCKne 00bEKTbI MOryt WM3MEHUTb CBOKO
nosumMro - 11 yron nosopora, TO HeOGXO,Cl'VIM MeXaHu3M
paspeLleHna Konamsnm B MOMEHT CneaoBaHUA No NyTw. B Takmx
cnydadx npegnaraetca HaxXoAuTb MNyTb 3aHOBO W3  TOYKK
CTONKHOBEHUA U, TaKUM 06pa30M, YUNTbIBaTb HOBOE MOMOXKEHNE
AWHaMMNYeCKoro 06beKTa.

4.2 V13MeHeHne COCTOSHUA NMPOXoAMMOCTU pebpa

Pebpo HI, no KoTopomy WAeT HalAeHHbIA MyTb, MOXET
MOMHOCTBIO 0Ka3aTbCA B HEMPOXOAYMOM MPOCTpaHCcTBe. YTobbl
Y4YecTb 3TOT CAyyaid, B MOMEHT KO/IM3MW pebpo OTMeYaeTcs Kak
HENpOXOoAMYMOe C MOMOLLLIO NPU3HAKa MPOXOAUMOCTU Ta W MpU
HoBoM [N He yuutbiBaetca (Puc.7). Korpa y AMHaMu4eckoro
00beKTa M3MEHAETCA NO3WULMA WX YIron NOBOPOTa, BCe ero pebpa
OTMEYatoTCs Kak NpPOoXoAnMbIe.

Puc. 7: HaiigeHHblii nyTb 06X04a AMHaMWUYeCKoro 06bekTa npu
nepBsoii nonbITKe MM (cnesa) 1 BTOPOI NOMbITKe (Cpasa).
UepHbIM LIBETOM BblfieN1eHO pebpo, 0TMEYEHHOE Kak
HEeMpOXOAYMOe MOoC/e NepBOi MOMbITKM.

4.3 Y4yeT gMHaMUNYeCKNX 0O bEKTOB,
pacnonoxeHHbIX Ha pebpe HIM ctatnyeckoro
obbekTa

Ona kaxgoro pebpa ctatuyeckoro HIM 3agaeTcs KOHTEKCTHas
UHtopmMaums Tp — MHAOPMaLMA 0 NPOXOAMMOCTM NPOCTPaHCTBa
BOKpPYr pebpa: pebpo MOXHO 060/TW cneBa, cnpasa, CreBa W
cnpasa, Henb3s 060MTH coBCeM. JTa UHAOPMALMSA UCMONb3YeTCs
[N ydeTa AMHaMUYeckux 06bEKTOB, PACcMONOKEHHbIX Ha pebpe
HI™ cTaTnyeckoro o6bekTa. BO3MOXHbI 2 cnyyas:

e Pebpo Hemb3s o060KTM. OHO NOMEYaeTCs  Kak
\

Henpoxogumoe (Puc.8).
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Puc. 8: MMM ¢ guHammyecknm 06LEKTOM Ha pebpe 6e3 3afaHHOro
npr3Haka NpoxoanMmocTu ctatmueckoro HI™ (cnpasa) v 6e3 Hero
(cnesa).



e Pe6po mMoxHO o6oiTu. Torga B n.10 anropuTMa npw
cbopke MyTWM Y4acTOK MNyTW MO paccMaTpuBaeMomy
pebpy Mexay nepsoil M mocnegHeid  TI ¢
OVHAMUYECKUM  OOBEKTOM  3aMeHSIeTCA  0OXOfHbIM
nyTemM AIMHaMM4ecKoro obbekta. HanpasneHue obxoda
COOTBETCTBYET MHOpMaLmm 0 npoxogumoctu (Puc.9).

\ _ t
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Puc. 9: MM ¢ guHamnueckum 06LeKTOM Ha pebpe € 3a4aHHbIM
MPU3HAKOM NPOXOAMMOCTM cTaTtuyeckoro HI™ (cnpasa) u 6e3
Hero (cnesa).

MyHKTbl 4.2 ¥ 4.3 NO03BONAKOT paclumpeHHoMmy Metogy HIT
136aBMTbLCA OT TPETLErO HefoCTaTKa 6a30B80ro Metoga (n.2).

4.4 CnusiHne HI

Tak Kak AMHaMu4eckme 06beKTbl MOTYT 3aHUMATb MPOV3BO/LHOE
MONOXeHVe B MPOCTPaHCTBE, TO BO3MOXHA CUTyaLus, Korga ux
HI™ nepecekatoTca. MoxeT oka3aTbCs, UTO pebpo ogHoro HIT
[MHaMMYecKoro 06beKTa NPOXoaMT Yepe3 ApYroi AMHaMUYecKuii
00beKT, W 3TO Pebpo BXOAWUT B HaideHHbLIA MNyTb, KOTOPbIA
OK&XXeTCAA HEKOPPEeKTHbIM. YT0o6bl 13bexaTb Takol cuTyauuu,
HeobxoaMmo  cnmsHWMe rpadoB, Takoe, 4TO BCe pebpa
06bearHeHHOT 0 rpada okaxyTcs npoxoaumMbimu (Puc.10).

ANropUTM CANAHUSA:
1.  Mowuck T rpacos.

2. Pebpa, kotopbiM npuHagnexar TI1, genarca TI Ha
4acTW. TU YaCTM paccmaTpuBalOTCA KakK HOBble pebpa
rpaca BMECTO UCXOLHOTO.

3. TpoBepsem Bce pebpa M OTGpacbiBaeM Te, KOTOpble
HaxXOZATCA BHYTPU OfHOTO U3 UCXOAHbIX FPatioB.

Y\ |

Puc. 10: HI guHamMuyeckunx 06beKToB A0 CAMAHWA (CneBa) u
nocne cusHuA (Cnpasa).

5. CMIHXPOHN3ALUWA

Yacto TpeGyETCFI MNoKa3aTb nepemMeLlleHne nepcoHaxa no nyTu He
TONbKO Ha CBOEM KOMNbLIOTEPE, HO U Ha KOMMbKOTEPaX APYrunx
nonb3oBaresneit. Mpy 3TOM y4yeT AUMHAMUYECKMX 00BLEKTOB HE
[0/MKEH YCNOXHUTb CUHXPOHU3ALUMIO.

MyTb CuUMTAeTC TOMbKO A/ CBOEr0 MepcoHaxa. [ns apyrux
nosib3oBaTeneli NepechiNaeTcs Habop KOHTPO/bHBLIX TOUEK MyTU.
3TO CyLLECTBEHHO COKpallaeT 06beM pacyeToB. B xygwem
cryyae n.4.1, nyTb GyAeT CKOPPEKTUPOBaH 1 MOC/aH 3aHOBO, Kak
1 B CUTYaLIM CMEHbI MOMb30BATE/IEM HAMPAB/IEHUS MyTM.

6. BbIBOJbl

Utobbl  monyuutb  npeactaBneHve 06 3(h(PeKTMBHOCTU
Npea/oKeHHOro NofAxoaa, TPebyeTcs OLEHUTb COXHOCTL yueTa
[OVHaMMyeckux 0BbekToB. Y M.l gge uacTu. Y nepBoi 4acTu
cnoxHocTtb O(n)

LLlar OnwcaHve CnoxHoCTb
1 Mouck guHamuyeckmx | O(N), rge N - uwucno
00bEKTOB, Y KOTOPbIX | AMHAMUYECKMX OOBLEKTOB
M3MeHMCA noBopoT
UM No3nums
2. Mepecyet  koopamHaT k
BEPLLMH HI O(Z; len(v;))”
HaliaeHHbIX " .
[AVHAMAYECKIX rge K — uncno HafeHHbIX
06BLEKTOB [OMHAMUYECKUX  OBBLEKTOB,
len — KOMYECTBO 3N1EMEHTOB
MHOXeCTBa
3. Mouck O(k*N)
rnepeceKaroLLmxcs
JOMHAMUYECKUX
00beKTOB

Ta6bn. 1: OueHKa CNOXHOCTU yHeTa AMHAMUYECKUX 06bEKTOB

Wcxopa n3 oueHkn cnoxHocTy (Tabn.1), MOXHO cfienaTb BblBOS,
YTO anropuTM MOAXOAUT NS NPUMEHEHUS B PeasbHOM BPEMEHU.
Mpy 3TOM paclUMpeHHbIA anroputm cBoGofeH oT 3 u3 4
YNOMSAHYTBIX B M.2. HEOCTaTKOB 6a30BOr0 MeTofa, UTO fenaet
ero 6onee NepcnekTUBHbLIM.

Ha ocHose onwucaHHoro anroputMa 6bina  paspaboTaHa
nporpamMmHas cuctema MM 8 3D-npoctpaHcTee. CucteMa 6biia
ycrewHo anpobupoeaHa B 06pasoBaTesnbHoli  3D-cpede
«BupTtyanbHas Akagemus» [7].
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