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AHHoOTanus. B cratee paccMaTpUBaOTCA 0COOCHHOCTH MOAAEPKKH CLIEHApHeB Ha si3bike Python B akTHBHO
pa3BHBaroLIeiicsl cUCTeMe MHTepaKTHBHOH rpaduku. [TomoOHas mognaepikka sBISIeTCS TPYIOEMKOH 3amadei,
KOTOPYIO CJIOKHO aBTOMAaTH3MpPOBATh B 00IIEM ciiyyae. B kadecTBe perieHus 3Toi npobieMsl npeiaracres
MOAXOJ, TO3BOJSIIOIIMKA pa3paboTYMKaM COBMENIaTh CO3JaHHE HOBBIX KOMIIOHEHTOB CHCTEMBI C
OJTHOBPEMCHHBIM BCTPAaMBaHHEM IIOJAEPXKKH CIICHapHeB 0e3 HalHMCaHWs M30BITOYHOTO J00ABOYHOTO KOJA.
PesynmpraromM paboOTBHl SBISETCS IPY)KECTBEHHBIH IOJB30BATEN0 OOBEKTHO-OPHEHTHPOBAaHHBIA API,
ONMCHIBAIOILMI BCE acleKThl B3aUMOJIEHCTBUS CUCTEMBI U clieHapHeB. Vcnonb3yromue 3ToT APl cuenapuun
MOTYT IPUMEHSTHCS A aBTOMATH3ALIH MOJAETHPOBAHHS, a TAKKe IS PACHIUPEHUS] BO3MOXKHOCTEH CHCTEMBI
C TIOMOIIBIO CIIENMATIbHBIX CKPUNTOBHIX KiaccoB. [Tocmeqree 0co60 BakHO, TaK KaK OCTABIAET OOBITHBIM
M0JIb30BATEISIM BO3MOXKHOCTh CAMOCTOSITEIBHO PACIIUPATE CUCTEMBI C 3aKPBITHIM UCXOJHBIM KOJOM.
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Abstract. This article discusses the problems of supporting Python scripts in an actively developing interactive
graphics system. Such support is a time-consuming task, which is difficult to automate in the general case. As
a solution to this problem, we propose an approach that allows developers to combine the creation of new
system components with the simultaneous embedding of scripting support without writing redundant additional
code. The result is a user-friendly object-oriented API that describes all aspects of interaction between the
system and scripts. Scripts using this API can be used to modeling automation as well as to extend the system
with custom extension classes. The latter is especially important as it leaves the ability for ordinary users to
extend closed-source systems on their own.
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1. BeedeHue

BoNBIIMHCTBO COBPEMEHHBIX CHCTEM ONTHYECKOTO MOJICIMPOBAHUS SBIISIOTCS BECbMa CII0KHBIMH
MIPOrpaMMHBIMH IIPOAYKTaMH, COCTOSIIIMMH U3 MHOKECTBAa KOMITOHEHTOB, MOJTYJICH 1 TPUIIOKEHNH,
UCTIONB3YIOMINXCS /ISl PEUICHUs] pa3lIMuHBIX MNpaKkTHYecKuX 3anad. UYToObl MaKCUMAaJbHO
UCIIONIb30BaTh BO3MOXKHOCTH TaKUX CHCTEM, I10JIb30BATEISIM YacTO NPUXOJUTCS ITEPEMENIAaThCs M0
CJIOSM MEHIO ¥ JIUAJOTOBBIX OKOH, HAamlpHMep, [UI1 HAaCTPOMKM pPa3iIMYHBIX IapaMeTpoB
MOJCIUPOBAHUS, CYET KOTOPBIX MOKET HATH HA ACCATKH, a TO U COTHH. B HTOTE HaCTymaeT MOMEHT,
Korma 6a30BBIX BO3MOXKHOCTEH, MPENOCTaBIEMBIX IpaduueckuM HHTEpelcoM IOIb30BaTelNs,
CTAaHOBUTCSA HENOCTATOYHO A APQPEeKTHBHON paboTel ¢ cuctemoil. Hambonee momyssipHbBIM
CII0cO0OM IPEOI0ICHHs TTONOOHON OrpaHWYCHHOCTH SIBISIETCS MCIONb30BaHUe cueHapueB. C ux
MOMOLIBIO MOKHO JTOOUTHCS CIEAYIOIIUX IIPEUMYIIECTB.

e CueHapuM NO3BOJIIIOT aBTOMAaTHU3MPOBATH MPOLECCH MOJICTUPOBAHUS, TaKHE KaK CO3/IaHHUC
MOJENeH, aHaJIM3 WX MOBEICHUs, IPOCMOTP M M3MCHCHHE MapaMeTpOB MOJCNIH U T.O. JTO
MO3BOJIICT COKPaTHTh BpeMs, 3aTpaunBaeMoe Ha pa3paOOTKy U OOHOBJICHHE MOJCNCH, H
CYIIECTBEHHO MOBBICUTH (P PEKTUBHOCTD PAOOTHI C CUCTEMaMU HHTEPAKTUBHOM rpaduku.

e  lcnonp3ys sI3bIKH CLIEHAPUEB BEICOKOTO YPOBHS U COOTBETCTBYIONIYIO CHCTEMHYIO OJAEPKKY,
MOJKHO PACUIMPSATh BO3MOYKHOCTH CHCTEM ONTHYECKOTO MOJCIUPOBAHMSA ITyTEM CO3JaHUS
MIOJIb30BATEIbCKUX IPUIIOXKEHUH, KIJIACCOB, IMOJKIIOYAEMBIX MOIyJeH M HacTpauBaeMbIX
3JIEMEHTOB rpadudeckoro narepdeiica.

Hano oTMeTHTh, YTO BHEIpEHHE U MOCIEAYIONIas MOJIepKKa ClieHaApHEB TPeOyeT CyLIeCTBEHHBIX

YCUIIMHA CO CTOPOHBI pa3pabOTYMKOB CHCTeMBI. [103ToMy BechMa aKTyaJdbHBIM SIBJISIETCS BOIPOC

MIOUCKa CIIOCOOOB, MO3BOJSIOIMIMX MHUHHMH3MPOBATh MOJOOHBIE ycmiaus. B maHHOW pabore

IpeylaraeTcsi ONnpoOOBaHHBI Ha TpPakTHKEe IOAXOJ, OCHOBAHHBIM HA WCIOJIB30BAaHUH

CHENHMATbHOTO OOBEKTHO-OPHEHTUPOBAHHOTO HHTep(delica, KOTOPBIH BCTpaMBaeTCid B LEMNOYKY

0a30BBIX KJIACCOB MPUJIOKEHHUSA M IPEAOCTABISIET BCIO HEOOXOMUMYIO HHQPACTPYKTYpPY I

JTAJIbHEHMIIET0 paCIIUPEHHs CUCTEMBI.

2. AHanu3 cywjecmeyrouux peweHuu

MO>KHO BBIJICIUTH CIIEAYIOIIKE 00IIHe YepTHI, IPUCYIIHE MHOTHM HBIHE CYIIECTBYIOIINM CHCTEMaM

ONTHYECKOT0 MOAEIUPOBAHUs, B KOHTEKCTE MOAJIEPHKKHU CLICHAPUEB.

e BO3MOXHOCTb BBINIOJIHEHUSI ONPEACIEHHBIX NEUCTBUM U3 KOMAHIHON CTPOKH, YTO MOXKET
HCTIOJIB30BaThCS I aBTOMATH3AIMH YaCcTO MOBTOpAOUINXCS 3a1a4. CIieHapuu B 3TOM cliydae
MUIIYTCS Ha si3bIKe KoMauaHoro mpoieccopa CMD, PowerShell B cpeae Windows wnu Bash B
cpeme Linux u comepxaT mMmociienoBaTENbHOCTH KOMAH, JOMOJHEHHbIC HEOOXOJUMBIMH
aprymeHTamMu. MHOXECTBO BCEX BO3MOXHBIX KOMaHJ, KaK NpaBUIIO, OIHUCBIBAETCS B
JOKYMEHTAIMN K KOHKpeTHOH cucteme. [logoOHble ciieHapuy He UMEIOT OOJIBIIOoN rHOKOCTH,
OJIHAKO UX HCIONb30BaHUE SBIAETCA AJI MOJNB30BaTeNs JOCTaTOYHO JIETKOM 3ajadeil, He
TpeOyromel 0T Hero KaKoH-JIM00 CYIIEeCTBEHHONW KBaTH(PHUKAIINN.

e Hanuune mojaaep:XKu OJHOTO WM HECKOJIBKMX YHHBEPCAJIBHBIX SI3BIKOB BBICOKOTO YPOBHS,
Hampumep, Python wmu VBScript. [lannas noanepikka moapasymMeBaeT HaludWe B CHCTEME
CIEMATbHOTO MOIYJS, Ha3bIBAEMOTO MHTEPIPETaTOpoM clieHapueB. OIHOBPEMEHHO C 3THM
HUMEETCsI OTIPeIeEHHBIN porpaMMHbIil uHTepdeiic (API), B pamkax KOTOPOTO MPOUCXOIHUT
B3aMMOJICHICTBHE MEXTy CIIEHApUSIMH U Pa3INYHBIMH KOMIIOHEHTaMH cucTeMbl. ClieHapuH Ha
A3BIKE BBICOKOTO YPOBHS SIBISIOTCS TOpaso 0ojee TMOKMMH, HO MPH 3TOM OT IOJIB30BATENS
TpeOyroTcs, KaK MUHUMYM, 0a30BbI€ 3HAHUS HCIOIB3YIOMIETocs S3bIKa U 3aJeHCTBOBAHHOTO
API.
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e [lpucyrcTBue CHenUaIbHBIX HHCTPYMEHTAIBHBIX CPEACTB A PENAKTHPOBAHMSA M OTIAAKU
CIIEHapHeB. DTO MOXKET OBITh KaK MPOCTOH TEKCTOBBIM PEAKTOP, TaK M MPOABUHYTHIH PEIAKTOP
CIIGHapHeB, MOIJICP)KUBAIOIINNA JONONHUTENbHbIC (YHKINU, HAIPHUMEpP, OTIAAKY BO BpEMs
BBITIOJTHEHHSI, HCIIOJIb30BAHNE TOYEK OCTAHOBA, MOJICBETKY CHHTAKCHCA H T.1.

PaccMoTpuM 0COOCHHOCTH TONAEPKKH CIEHApHEB B HEKOTOPHIX CHCTEMax WHTEPAKTUBHOU

rpaduku 6osee oAPOOHO.

Cucrema Autodesk Maya nMmeeT MOAIEp Ky cpa3y HECKOJIbKHX s3bIKOB ciieHapueB: MEL (Maya

Embedded Language) um Python. Cuenapmm, Hammcansele Ha s3eike MEL, wucmomssyior

nporenypusiii MEL API [1], oGmagatorunit ouenb GoraTbiM ¢yHKIHOHANTOM. Kak mpmmep, Ha

JTAHHOM sI3bIKE€ HamucaHa OoJblias 4acTh OKpYXeHHs Maya M comyTCTBYIONIIMX PACIIUPEHHH.

Hmeercst BO3MOXKHOCTD 3anucH JieiicTBuid B cueHapuii Ha MEL, T.e. co3nanne makpocoB. Cpenu

HEJJOCTaTKOB JIaHHOTO $5I3bIKa MOXXHO OTMETHTh OTCYTCTBHE OOBEKTHOW OpHEHTalUU H

UCIIOJIb30BaHHE COOCTBEHHOT'O CHHTAKCHUCa, YTO TPeOyeT HaJM4Hsl y M0JIb30BaTENs ONpeaeIEHHBIX

HaBbikoB. Maya Python API [2, 3] cBo6oaeH OT BBIICTIEPEUHUCICHHBIX HEOCTATKOB, OHAKO 3TOT

API o4eHb ciiokeH /st OONBIIMHCTBA MPUKIAJAHBIX 337a4 U3-3a CBOEr0 BeCbMa HH3KOTO YPOBHSI.

CreHapuy MOXXHO CO371aBaTh, 3allyCKaTh M COXPaHATh HemocpeacTBeHHO B Autodesk Maya c

MIOMOIIBI0 BCTPOCHHOTO PEAaKTOpa CIIeHapHeB. B paBHOH Mepe MOAnep)KMBAaeTCsl BHITOJHEHHUE

CLIEHApUEB KOMaHJHON CTPOKH.

Becpma momyIsSIpHBIM TAKeT MPOTrpaMM Ui CO3IAaHUs TPEXMEPHOW KOMIBIOTEPHOW TIpaduKH

Blender tarxke mommepkuBaeT aBTOMATH3ALMIO U PACLIIMPEHHE C MOMOIIBIO s3bika Python. [{ns

B3aMMOJCIHCTBHS CLIEHAPHEB U Pa3INYHBIX KOMIIOHEHTOB CHCTeMBI Hcmonb3yercs Blender Python

API [4]. 3amyck crieHapreB MOKHO OCYIIECTBIISTE U3 BCTPOCHHOIO PEAAaKTOpa CIICHAPUEB MM U3

KOMaHIHOH cTpokd. Cpeny HeZOCTaTKOB MOXKHO OTMETUTH TO, YTO JOCTYH K OOBEKTaM MOJEIH

OCYLIECTBIISIETCS Uepe3 HaOOPhl KOJUIEKIMH, YTO, Ha HaIll B3TJISA, SIBISIETCS NAIEKUM OT 0OBEKTHO-

OpHeHTHpOBaHHOTO cTwis. Takxke B Blender orcyrctByer aBTOMarmueckue mpeoGpa3oBaHUs

BHYTPEHHHX CTPYKTYp B HX aHAJOTH, JOCTymHbIe uyepe3 mHTepdeiic Blender Python API, uto

TpeOyeT OT pa3pabOTUMKOB JITOrO IMaKeTa MPOrpamMM SBHOTO NYOJMPOBAHUS YCWIIMH M MOXKET

NPUBOJHUTH K IPONYLICHHOH (YHKIHOHAIBHOCTH [5].

AHanorn4Hele HEJOCTAaTKH NPUCYTCTBYIOT U B CHCTEMe TpexmepHoro monenuposanusi FreeCAD,

nojepxuBaronieit a3k Python. Jlro6oe pacmmpenne BHytpenHero C++ AP| 3ot cuctemsr

TpebyeT py4HOTO CO3MaHMS TPHBA30K K Python, drto ocymiecTBisieTcs ¢ MOMOMIBIO

JIOTIOTHUTENBHBIX 3ar0J0BOYHBIX U XMI-taiinos [6]. [Ipu 3TOM HaIO OTMETHUTH, YTO B HEKOTOPBIX

clydasx JaHHas TnpoOieMa YacTHYHO pemiaercs ¢ TOMOIIBI0 NPUMEHEHHS METOJ0B

aBTOMATHYECKOH reHeparuii MpuBsI30K Mex 1y o0bektamn C++ 1 00beKTaMu TOTO HIIH HHOTO SI3bIKa
cueHapues [7, 8, 9]. OtaensHO MOXKHO BbienuTh oubmuoTeky CLIF [10], mo3Bossitonnyto co31aBaTh
06eptku mnst Python ¢ momornpio cratuyeckoro ananmuza C++ koma, 4to obecrieunBaer Ooliee

cTabuibHy0 1 6e30macHyo paboty ¢ aTum Kojom u3 Python [11].

Cucrema onrtuyeckoro wmonenupoanus Rhinoceros 3D Bkmroyaer B ceOs HPOrpaMMHBII

uHcTpyMeHT Rhinoscript, ocHoBanHsIi Ha TexHONMOrMH COM. DTOT HHCTPYMEHT UCTIONB3YETCS st

CO3JaHMsl W 3alyCcKa CLEHapueB, HAMMCaHHBIX Ha s3bike Microsoft VBScript. Ilonb3oBartento

nocryrned Rhinoscript AP, comepskamuii 6ojiee TSATUCOT Pa3IMYHBIX METOOB, MO3BOJISIOIINAX

JIETKO aBTOMATH3HUPOBaTh OOJBIIMHCTBO MPUKIAMHbIX 3amad [12]. Cpean HemOCTATKOB MOKHO

OTMETHUTh OTCYTCTBUE BO3MOXKHOCTH PACIIUPEHHSI CUCTEMBI C TIOMOIIBIO clieHapueB. VX 3amyck u3

KOMaH/IHOM CTPOKM TaKKe He IMOJJIEPKUBACTCS, YTO MOXKET 3aTPYAHATh aBTOMATH3aLUI0 YaCTH

3aja4. JlOMOMHUTENBHO HYXXHO MoguepkHyTh, 4To COM-pa3paboTka — 3TO JOBOJBHO CIIOKHOE

3aHsTHE, Tpedylollee OT Pa3pabOTUMKOB SIBHOTO BBIIIOJHEHHS MHOYKECTBa PYTHHHBIX 3a/1a4, 4TO

YCIIOXKHSIET TOAJEP>KKY HOBOTO (DYHKIIMOHAA B CLEHAPUSIX MO MEPE Pa3BUTHU CUCTEMBI.

IToanepxka cuenapues B CAIIP CATIA Taxke ocHoBana Ha TexHoJioruu COM. TlognepxuBaercs

3alyCcK CIieHapueB Kak u3 rpaduueckoro uHTepdeiica monb3oBaTens, Tak M u3 uHTepdeiica

KoMaH/HOH cTpoku. Ocobennoctbio 310l CAIIP siBisieTcst TO, 4TO OHa MOXET OBITH OCHAILlCHA
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BHEIITHUM HHTEPIIPETATOPOM CLIEHapHeB. B aToM ciydae amst pa3pabOTKH CLIEHAPHEB MOJIb30BATEIH
MOTYT KCIIOJIb30BaTh JH000H A3bIK, Mo jIepxkuBaromuii rexuonoruto COM, Hanpumep, Python, Java
nmu C#. CAIIP CATIA nocTaBnsieTcs ¢ T0CTaTOYHO (PYHKINOHAIBHBIM PENaKTOPOM CIICHAPHEB H
uMeeT GOJIBIION U XOPOLIO JOKYMEHTHpoBaHHbII Automation API [13]. HenocraTok, cBsi3aHHbI# ¢
BBICOKOH cinoskHOCTEI0 COM pa3paboTku, akTyasieH U ISl TaHHOH CHCTEMBI.

3. OnucaHue nodxo0da

B stom pazaeiie onrMcanbl OCHOBHBIC BO3MOKHOCTHU HAIICTO MOAX0Ja U ACTAJIN €TI0 pCaIu3alnu.

3.1 KoHuenuusa ueneBoro nHtepdenca

PaspabarsiBaeMass HAMH CHCTEMa ONTHYECKOTO MOJCIHPOBAHUS PEaM3yeT CTPOIYIO MOXYJIBHYIO
ApXUTEKTYpy, B KOTOpPOHl BBLAGJAIOTCS MBS TIJIABHBIE TIPYNIbl KOMIIOHCHTOB: MOIYJIH
BBIYMCIHUTENBHOTO siIpa M MOJyTH rpaduueckoro wuHTepdeiica momp3oBarens [14]. BaxHo
OTMETHTH TOT (DAKT, YTO BECh (DYHKIIHOHAT CHCTEMBI COCPENIOTOUCH BO MHOMKECTBE KOMIOHECHTOB
Spa, ¥ 9TO MO3BOJISACT HCIIOIb30BATh €r0 B OTPHIBE OT APYTUX MOAYJIEH. DTa 0COOCHHOCTD JeaeT
BO3MOXHBIM HCIIOJIb30BAHHE PA3HYHBIX KIHEHTCKHX CTOPOH MOJB30BATENBCKOrO HHTEpdeiica
(frontend), mampumep, KOHCONBHBIX HJIM CETEBBIX 0e3 rIyOOKO#l mepenesku Bcel cucteMbl. B
CHJIBHO YIPOMIEHHOM BH/ie HYHKIMOHATBHAS CXEMa CHCTEMBI, HCMOJIb3yeMasi HaMH, TIOKa3aHa Ha
puc.1.

I I'paduyecknii uETEpdeiic NoAb30BATENA

Mogens

Graphical user interface

KommoneT simpa Model

Kernel component i o . .
BTepdefic KoMaBHOH CTPOKH

plp—

Command line interface

Puc. 1. @ynkyuonanvhas cxema cucmemol
Fig. 1. Functional scheme of the system

Jlns B3anMoAeHCTBHS KaK MEX Ly CO00Ii, Tak M ¢ 3arpy>KEHHOH MOJIENbIO (CIIEHO ) BCe KOMITIOHEHTHI
HaIllell CHCTeMBI HCIOJB3YIOT TaK HA3BIBAEMBIH YHHU(UIIMPOBAHHBIA IENIEBOW MHTEpderc. DTOT
unrepdeiic crpourcss wu3 TpeboBaHMH K rpaduueckoMy HWHTepdeicy, T.e. TOJNHOTa,
HETIPOTHBOPEUUBOCTD M JIOCTAaTOYHOCTh. OH pean3yeTcs IByMs Jpy>KeCTBeHHBIMH 0a30BbiMH C++
kinaccamu: Entity m EntityType. [lanHbli uHTepdeiic npenocraBisieT HabOp orepaunui,
TIO3BOJISIOIIUH PaboTaTh ¢ OOBEKTaMH CUCTEMBI B TEPMHUHAX CEOUCING U OelcmEUll.

ITon cBoiicTBaMM TOAPa3yMEBAIOTCS BHYTPEHHHE AaTPHOYTHI OO0BEKTa. DTO MOTYT OBITh Kak
3JIeMEHTapHbIE TUITHI JaHHBIX, HAIPIMEP, CKaJISPhI FITH MAaCCHUBBIL, TaK U CCBUIKH HA JPYTHE OOBEKTHI
cuctembl. LleneBoit naTEpdElic MPEemnoCTaBIIAET CEUAIBHBIN METO JIJIsl ONIpeIeIeHHs CBOWCTBA
00BeKTa, C MOMOIIBI0 KOTOPOTO 3a7aéTcs UMl CBOWCTBA M THUIT €T0 3HaueHWH. JlOMONMHUTENHHO
1eneBoil nHTep(eiic MpeJoCTaBIsIeT BUPTyalbHBIE METOMBI JUIS YTCHUS W YCTAHOBKM 3HA4YEHUS
CBOHCTB SetProperty () m GetProperty ().

[Mox meficTBUSAMH TOJIPa3yMEBAIOTCSl BUPTyalbHble (DYHKIMH (METOABI) Kilacca, KOTOPHIE MOTYT
HMETh MapaMeTpbl W BO3BpallaTh pe3ysbTaT ExecProc () u ExecFunc (). [lapamerpamu u
pe3ynbTaTaMu 3TUX (QYHKINI MOT'YT OBITH Kak IIPOCThIE OOBEKTHI, HAIPUMED, JIEMEHTAPHBIE THIIBI
JIaHHBIX, TaK ¥ CCHUIKH Ha Jr00bIe 00BEKTHI CUCTEMBI, pean3yrolye neneBoil narepdeiic. Tawke
neleBoil  mHTep(eiic MpenocTaBisieT CHCIHANBHBI METOJ s ONpeAcliCHHs JCHCTBUH,
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MO3BOJISIOIIMI 3alaTh MMs AEHCTBHs, THUIBI IIApaMETPOB, TUI pPe3ylbTaTa M METOZ Kiacca,
HENOCPEACTBEHHO UCIIOJHAIOMNN KaX10€ KOHKPETHOE eHCTBHE.

Bce ximaccer mpomn3BoAHbIE OT Entity peamu3yoT (yHKIHOHAT OOBEKTOB CHCTEMBI, a KIJIACCHI
NpOM3BOJHEIE OT EntityType peaau3yroT THI 00beKTa. DK3EMIUIIPOB OOBEKTOB MOXKET OBITH
CKOJIb YTOTHO MHOTO, OJTHAKO Ka)KJIbIil THIT 00BEKTA CYIIECTBYET B CHCTEME B €IMHCTBEHHOM UYHCIIC
U uMeeT riobanbHyI0 TOYKy Bxoma (marrepH Singleton). Kiacchl THIIOB HCTIONB3YIOTCS ISt
CO3JJaHUS HOBBIX 9K3EMIUISIPOB 0OBEKTOB C TOMOIIBI0 MEXaHU3Ma KOHCTPYKTOPOB.

3.2 Bsanmopgencrteue ¢ Python API

Bo3moxkHOCTE pabOTBI CO CBOHCTBAMH W JNEHCTBHAMH CYIIECTBYIOIIMX OOBEKTOB CHCTEMEI
UCKITIOYUTEIBHO Yepe3 uHTepdeiic 6a3oBoro kiacca Entity obecreyuBaeT UX COBMECTHMOCTD
KaK MeXIy cO0OH, Tak U ¢ Oyaymumu (emIé He pa3padoTaHHBIME) 00BEKTaMH U KilaccaMu. [TosTomy
TO/IZIEPKKA CIIEHapHUEB Ha s3bIKE BBHICOKOTO ypoBHs Python Gbima moGaBieHa B Hamry CHCTEMY C
yu€TOM 3TOH KII04YeBO# ocobeHHOCTH. MHTepnperaTop si3bika creHapues Python Obut BcTpoeH B
Hamy cucreMy ¢ nomoineio makera CPython [15], nomonHeHHOro cCHeHAaNIbHBIM MOJIYJIEM,
peann3yonmM YHUGHUIMPOBaHHBIH LeneBoii nHTepdetic. [lo cyTn, nHTEpIpeTaTop ClieHapUEeB CTAT
emé OJHOM KJIIMEHTCKON CTOPOHOW HAalllell CUCTEMBI, II03BOJISAIOLICH BBINOIHATH CLICHAPUM KaK U3
rpaduyeckoro uHTepdeiica Monp30BaTeNsi, TaK W M3 KOMaHIHOHW cTpoku. boiee noapoOHyro
uHdopManuio 00 HHTErpaIi JTAaHHOTO SI3bIKAa MOKHO HaiiTu B [16].
bnarogapst noo0HOH peanu3anuy, IpH PaclIMpeHHH CUCTEMbI HOBBIMH KJlacCaMH pa3paboTdnKam
Oosiee He TpeOyeTcsl MUcaTh KaKOW-INOO0 JOMONHUTENBHBINA KO/ JJIsL AOCTYNa K 3THM KJIaccaM H3
cueHapueB. HoBele kiacchl CTAaHOBSTCS JOCTYNHBIMU U3 CLIEHAPUEB aBTOMATUYECKH IIPU YCIIOBUH,
49TO OHHU OyIyT HaciaenoBaTh YHU(PUIIMPOBAHHBIH 1eIeBOi HHTEp(eiic.
Ha nuctunre 1 npuBenéH mpumep Koja, KOTOPBIM oIpenesseT HOBBIA THUI ILEJIOr0 YHMCIA,
XPaHSIIETO TOJIbKO MOJIOKHUTEIbHBIC 3HAUCHHs (OCHOBHOM s13bIK C++).
PosIntType: :PosIntType ()
EntityType (“PosInt”)
{
Def (new Property(this, "value", &PosInt::m value, TIntVal,
READ ONLY) ) ;
Def (new XAction (this, “Set”, &PosInt::Set,
Arg ("value", TIntval));
}
Jlucmune 1. Ilpumep onpedenenus H08020 muna
Listing 1. An example of a new type definition
Hoggrit Tim HacegyeTcest oT 6a3oBoro EntityType. B ero KoHCTpyKTOpE OnpeaenseTcs CBOHCTBO
value, KoTOpoe OyAeT HCIONb30BaThCS IS YTCHHS 3HAYCHHS, W JACHCTBHE Set AN ero
ycraHoBkH. [l co3maHWs OOBEKTa ITAHHOTO THIA ONpeAessieTcss (YHKIUS KOHCHPYKMOpP
(ocHoOBHOI 51361k C++), nuctuHr 2.
Entity *PosIntType::ConstructObject () const
{
return new PosInt ();
}
Jlucmune 2. ynkyus KOHCMPYKMop
Listing 2. Constructor function
CgoiicTBa 1 IeHUCTBUSI 1IEJIEBOTO HHTEp(elica SBHO MPpeoOpasyroTcsl B KOHCTPYKIHH si3bika Python,
MOATOMY CIICHAPHU MOTYT HCIOJB30BaTh OOBIYHYIO TOYCYHYIO HOTAIMIO JJIS JOCTyIa K Habopam
CBOJCTB U JIGHCTBHIA, KaK MMOKa3aHO Ha JINCTUHTE 3 (OCHOBHOM s13bIK Python):
x = PosInt () # BEIBOB KOHCTPyKTOpa obmvekTa Tuna PosInt
x.Set (10) # ycTaHOBKa HOBOTO 3HAUeHMS Uepes3 BEIBOB IelcTBus Set
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print (x.value) # uTeHue 3HaueHus uepes obpalleHMe K CBOMUCTBY value

Jucmune 3. Toueunas nomayus

Listing 3. Dot notation

Taxo# HoAX0x MO3BOIAET Pa3pabdaThIBaTh CLIEHAPHUH C HCIIOJIb30BAHMEM YCTOSBIIEIOCS CHHTAKCHCa
s3pika Python. B Hamem ciryyae HEeT HEOOXOANMOCTH UCTIONIB30BATh KAaKNUE-THOO JOMONMHEHUS HITH
OTICTbHBIE CHHTaKCHYECKHE KOHCTPYKLIMH I B3aMMOJCHCTBHSA C OOBEKTaMH CHCTEMBL OT
MOJIB30BaTelIs TPeOYIOTCs UMb 0a30BbIe 3HAHUS sA3bIKa Python.

JlpyraM IpeuMyIiecTBOM JaHHOTO MOAXOAA SBIAETCS TO, YTO MOTYyYUBIIHUICS B HTOre HHTEpdEiic
nporpammupoBanus cieHapueB (Python API) momHOCTRIO coBmamer ¢ yHH(DHUINPOBAHHBIM
IIeJIeBBIM MHTEP(EHCOM CHCTEMBI ¢ TOUKH 3PEHHUS HepapXul 00BEKTOB, UX CBOUCTB U AeiicTBuii. Ha
pHc. 2 TOKa3aH MPUMEpP TaKOH HepapXuH KIIACCOB, ONPEACIAIOMNI Pa3INIHbIC THITE Y3JI0B MOJEIH

(cueHsr).
| Entity I

A

PMode

| Camera [ LightGroup | | LightMade | ‘ heshMode ‘ | ObsererMode

Puc. 2. Hepapxus knaccog y3noe mooenu
Fig. 2. Hierarchy of node classes of the model
OTHe’apHO HY)KHO OTMETHTh OJIMH Ba)KHBIH MOMEHT, CBSI3aHHBIH C TeM, YTO IIeJIeBOi HHTepdeiic n3-
3a MCHOJNb30BaHMUS S3bIKA CLIEHAPUEB TENeph BBIXOAUT HEMOCPEICTBEHHO HAa KOHEYHOI'O
mosp3oBarenss. OT 3toro wuHTepdeiica TpeOyercss ObITh YIOOHBIM [UIS YEIOBEKa, T.e. IO
BO3MOXHOCTH TIOHSTHBIM, €CTECTBEHHBIM W HEMPOTHBOpEeYuBHIM. CloJla MOXHO BKJIIOYHTH
WCTOJIb30BaHNE Pa3pabOTUMKAMU MOHATHBIX UMEH CBOWCTB, NEHUCTBUI M THUIIOB, MCIIOJIb30BAHUE
CBOICTB TaM, IJi¢ 3TO BO3MOXKHO, BMecTO u30biTouHbIX Get/Set meto10B u T.11.

3.3. MNapameTpuyeckme o6bLEKTbI

ABTOMaTI/ISaHI/Iﬂ MOACIUPOBAHNA C TOMOMIBKO CHCHAPUEB, XPAHAMIUXCSI BHE caMou MOJCIIH,
HampuMep, B Bujae (ailyioB Ha TUCKE, MOXKET OBITh 3aTPyJHEHA, TaK KaK U3MEHEHHUE MapaMeTpoB
MOJIeNy 9acTo TpeOyeT M3MEHeHHe caMoro CIeHapus. J[aHHBIM HEZOCTATOK, MPUCYIIHH MHOTHM
JIpyTHM CHCTEMaM HHTEPAaKTUBHOW Tpaduky, ObII peméH HaMH C MOMOINBIO HCIOIB30BAHUS
CHeLHUaIbHBIX TapaMeTPHYeCKuX OOBEKTOB, KOTOPBIE, C OJHOH CTOPOHBI, SBISIFOTCS YaCTAMH
MOJIETIH, a ¢ JPYroil CTOPOHBI, coJiep KaT B cede crieHapuii Ha s3bike Python, npencrasnstomuii n3
cebs KIace pacIIupeHusl.

C TEeXHHMYECKOH TOYKHM 3PEHUsl MapaMeTpUYecKHe OOBEKTHl HHYEM HE OTJIMYAeTCsl OT APYTUX
00BEKTOB CHCTEMBI, PEUTU3YIOIINX YHU(PHUIMPOBAHHBINH eneBoii nHrepdeiic. OnHako monoOHbIe
00BEKTHl IMEIOT CPEJIM CBOMX CBOMCTB CIIEIMAILHOE CKPBITOE I0JIE, COAEpIKallee IporpaMMHbIH
KO Kjacca pacliMpeHHs. B ominune oT OOBIYHBIX CIEHApHeB, SBISIOMINXCS HaOOpOM
MOCIE0BATENBHO BBIIOTHAIOMUXCS MOANPOrpaMM, CHEHAPUM KIACCOB PACHIMPEHUN HE HMEIOT
SIBHOI TOUKHU BXO0J1a, C KOTOPO! HaYMHAETCA UX BBINOJHEHHE. BMecTo 3TOro /Ui B3aUMOAECUCTBHS C
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OCTAJILHOM CHUCTEMOW MCIONB3YIOTCS (QYHKIIMH OOPATHOTO BBI30BA, KOTOPBIE BBI3BIBAIOTCS SIAPOM
KOMILJIEKCa ONTHYECKOTO MoAeiupoBaHusd. Kmaccel pacuimpeHuil mo3BOJISIOT 3a7aBaTh, a 3aTEM
MHOTOKPAaTHO HM3MEHATH ITapaMeTphl CIeHapHOro 0OBeKTa 0e3 M3MEHEHHs Kola caMoro Kiacca
paclupeHus.
Krnaccsl pacmmpeHHil MONHOCTBIO MOJACPKUBAIOT MapagurMy OOBEKTHO-OPHEHTHPOBAHHOTO
MPOTPaMMHUPOBAHHA, T.€. OOBEKTHYIO OPHEHTAIINIO, HACIECAOBAHIE W MTOTUMOP(PHU3M, TEM CAMBIM
TPEJOCTABIASA OIB30BATEII0 yIOOHYI0 BO3MOXHOCTh PACIIMPCHHS KOHCYHOW CHCTEMBI HOBBIM
(hyHKIIMOHAITIOM.
Ha nuctuare 4 npuBenéH mpuMep Koia, KOTOPHIA OMpenenseT HOBBIM KIIacC PaCHIMPEeHHS,
OMUCHIBAIOIINI TUI TEOMETPHUUYECKOr0 00BekTa B (opMe mapasuienenumnena (OCHOBHOHM SI3BIK
Python):
class Box (PMesh) :
# Definition of parameters
org = Param("Origin", VectType (Size))
size = Param("Size", VectType(Size(0.001)), (300, 200, 100))
# Creation method
def Init (self):
# Create parts
self.AddPart ("Side")
# Evaluation method
def Eval (self):
# Calculate box boundaries
x1l, yl1, z1 = self.org
length, width, height = self.size
x1 -= length / 2; yl -= width / 2; zl -= height / 2
x2 = x1 + length; y2 = yl + width; z2 = z1 + height
# Reconstruct box geometry
self.ClearGeometry ()

self.Addverts (0, [[x1, =211, [[yl, y211, [[zl, z2]1])
#...
self.AddvVerts (5, [[x1]], [I[yl, y2]l, [[z1], [z2]])

# Notification handler
def OnNotify(self, object, reason):
pass

Jlucmune 4. Onpedenenue HO8020 K1ACCA PACULUPEHUSL
Listing 4. Defining a new extension class
CrpykTypa Kjacca paCIIUpEHUs] COCTOUT U3 €r0 UMEHH U MOCIEYIOIUX ONPENEICHUI METOIOB U
napameTposB. IlapameTpsl 3aat0TCs 4epe3 BBI30OB CIENUAIbHOIO MeToja Param (). IMu moryT
OBITH JIOOBIE THITBI, PEATHM3YIOIIHME IeNeBo uHTepdeiic. JOMOTHUTENEHO MapaMeTpy MOXKHO
3a/1aTh 3HA4EHHUE 10 yMom4aHuio. CrenuaibHBIA MeTo Init () HCIOMHIET pOJib KOHCTPYKTOpa U
BBI3BIBACTCA OJHOKPATHO TIPH CO3JaHWM HOBOTO 3K3eMIuiipa oOwekra. Metox Eval ()
ABTOMATHYECKH BBI3BIBAETCS SAPOM CHCTEMBI IPH U3MEHEHUU MapaMeTpoB kiacca. HazHaueHuem
9TOr0 MeToja SBJISICTCS OOHOBJIEHHE IIPEJCTABICHHS OOBEKTa B COOTBETCTBHHM C HOBBIMH
3HAYEHUSIMU IapaMeTPOB.
C Touku 3peHwus 1eneBoro nHrepdeiica, mapamMmerpsl Kjacca paclIupeHHs SBISIOTCS CBOHCTBAMH, a
METO/bI, COOTBETCTBEHHO, SBJISIOTCS ASUCTBUSIMH. DTO 03HAYAET, YTO AOCTYI K HUM BO3MOXKEH U3
M000H YacTH CHCTEMBl, HampuMep, M3 Tpaduueckoro uHTepdeiica WiIM M3 CIEHAPHEB, YTO
JIEMOHCTPHUPYETCSI Ha pucC. 3.
Tak kak nmapameTprueckre 00bEKTHI SBISIOTCS YaCTSIMHU MOZIEIH (CIIEHBI ), 10JDKHA 00eCTIeYMBaThCs
MX KOppEKTHas paboTa Ipy 3arpy3ke MoJIeiIH B 6oJiee CTapyro 1 Oosiee HOBYIO BEPCHIO KOMILIEKCa
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ONTHYECKOTO MOJCIUPOBaHHUA. OTO IOCTHTAcTCA C IMOMOMIIBI0 MEXaHH3Ma IIPOBEPKH BEPCHH,
KOTOPBIIl TapaHTHPYyeT, YTO KOJ KJIacCa PACHIMPEHHUS CMOXET (YHKIMOHHPOBATH JIOJLKHBIM

o0pazom.
Scene Hierarchy x
1
o} NewScene
xR B pox Parameters ? * Command Window n |
_580" Name: |Box Dﬁn )\'Hla::ﬁ ) O @J'
4 445 Trang Script Editor
Parametername  Preview _ .
+ # Box scene = GetScene()
7 e Backgrs wyz Origin (0.5m Om Om) ob3 = scene .GetlNode ("Box") . shape
. y . print (obj .org)
F:I‘ Erwiront | xvz Size (0.3m 0.2m 0.3m) print(obj.size)
| gl Cameras N
? Line: 3
+ e Animation
Output Area
@ Geograph (s00.0, 0.0, 0.0) -
+ g Scene Surf (300.0, Z00.0, 300.0000000000000&)
OK
a Scene Tex] Script Apply Ol Cancel

+ il Scene mel

T
Puc. 3. Paznuunvie cnocobvl docmyna Kk napamempam obvexma
Fig. 3. Different ways of accessing object parameters
BaxHOll 0COOEGHHOCTBIO MapaMeTpUYecKuX OOBEKTOB SBISIETCS BO3MOXKHOCTH peardpoBaHHs Ha
Pa3IMYHbIC COOBITHS, MPOUCXOISIIINE B IPYTUX 00BEKTaX CHCTEMbI, HAIIPUMED, HA U3MEHEHHE MX
COCTOSIHUS. JTa BO3MOXKHOCTh Pealn3yercs Onarojaps CrelralibHOMY MEXaHU3MY YBEIOMIICHUH,
OTHCHIBAEMOMY HIXKE.

3.4. MexaH1U3M cooOLeHUun 06 U3MeHeHUN 00 bLEKTOoB

LleneBoit uHTepdeiic Hameld cucTeMbl MOAEPKUBACT MEXAHWU3M YBEJOMIICHHH 00 M3MEHEHHUSX
COCTOSTHHSI 00BEKTOB. JlaHHBIN MeXaHU3M Oa3upyeTcs Ha CCbLIKax, KOTOPbIe MPEICTABISIOT COO0M
Pa3HOBHUIHOCTh YMHOTO yKa3aTels U MMEIOT OAHY BAXKHYIO JOMOJIHHUTENIBHYIO OCOOCHHOCTh: OHHU
SIBIISIFOTCST IBYXCTOPOHHUMH. TO €CTh XpaHAT yKa3aTelb HE TOJIBKO HA CCBUIAEMBIH O00BEKT, HO H
o0OpaTHBIN yKa3aTesb Ha 00BEKT, coaepKalnui ccouiky [17].

Kax b1t 00beKT CHCTEMBI MOXKET YBEIOMHUTH 00 M3MEHEHHH CBOETO COCTOSHUS C TOMOIIBIO BEI30BA
MeToga Entity: :NotifyChange () ueneBoro unrepderica. PesyapraToM 3TOr0 OYAET BHI30B
BHUPTYyaJbHOTO MeToJia Entity: :OnChange () BO BceX 00BEKTaX CHUCTEMBI, KOTOPBIEC BIA/EIOT
CCBUIKAMH Ha 0OBEKT, YBETOMHUBIINHI 00 N3MEHEHUH.

| Cerlmkn
References
-
Ob6vext B —— O6bexT A
Ohject B Ohbject A
u Brzoe w1
Callbacks
-
onChange () j*- HotifyChange()

Puc. 4. Yeeoomnenue 06 usmenenuu
Fig. 4. Change notification

Peanmzanus meroma OnChange () B 00beKTe BIAACIBIE TOJDKHA MPOAHAIH3HPOBATH NPUIHHY
HM3MEHCHHH, BHIITOHUTH COOTBETCTBYIOIINE JCUCTBU, a 3aTEM COOOIIUTH 3aBepIIcHA JIi 00paboTKa

M3MEHCHHSI WU e€ CleqyeT MPOAOJDKHUTH, T.€. IepenaTh 00pabOTKYy W3MEHECHHS CICIYIOIIEMY
00BEKTY U3 CIIMCKA O0OBEKTOB BIIAACIBIIEB CCHUTKU (pHUC. 4).
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AprymenTamu Bei3oBa NotifyChange () SBISIFOTCS IPpUIMHA YBEOMIICHUS, KOTOpast 3a1aéTCs B
Ka)XJIOM KOHKPETHOM KJlacCeé B BHJC KOHCTAHT MCPEUMCIICHUS, W JIOOBIC JOMOJHUTEIBHEIC
napaMeTpbl, KOTOPBIE MOTYT OBITh TMOJIE3HBI ITPU 00PabOTKE YBeAOMIICHHs B MeToie OnChange ()
00BEKTA BIIAICIbIIA.

JanHas (yHKIMOHATBHOCTD LIENEBOTO MHTep(eiica Obla BOILUIONMIEHA W B KIaccaX PacIIMpeHHH.
Jis 3TOTO B Ka)KIOM HSK3EMIUIIPE MapaMeTPHIEcKOro 0OBEKTa MMEETCsS CIICIHalIbHOe CKPBITOE
MoJIe, XpaHsIIee CIUCOK CCHUTOK Ha OTCJICKHMBAaeMbIe 00bEKThI. J[00aBIcHIE KOHKPETHOTO 00BEKTa
B 3TOT CIIUCOK OCYILECTBIISIETCS ¢ MOMOIIBI0 MeToJa EnableNotify () momydaroiero oObeKT B
KauecTBe apryMmeHTta. Kak mnpaBuio, JaHHBIA METOJ BBI3BIBAETCS B KOHCTPYKTOpE Kiacca
pacIIMpeHys], HO SIBHBIX OIPaHUYEHUN 371ECh HET, MOANUCATHCS HA MPUEM YBEAOMIIEHUM MOXKHO B
000# MOMEHT BpEMEHH U U3 J1I000ro Mecta cueHapusi. O0paboTInK yBEJOMIICHUH pearn3yeTcs B
Merone OnNotify (), KOTOpBIA SBISIETCA HENOCPEACTBEHHONM HAICTPOMKON HaJ METOAOM
OnChange () meneBoro uHTEpdEiica.

Ha mumctuare 5 mpmBenéH mpuMep Koia Kiacca pPacIIMPEeHHs, pealu3yromero oopaboTduk,
OTCJICKUBAIOIINN W3MEHCHHE pACHOJOKECHUS HMHTEPECYEeMOTO Yy3lia CIEHBl (OCHOBHOW S3BIK
Python):
# Notification handler
def OnNotify(self, obj, reason):
# Check the object that issued the notification
s = GetScene ()
if ((s != None) and (obj == s.GetNode ("Box"))):
# Check reason
if ((reason is not None) and (reason ==
NodeNotifyReason.TRANSFORM CHANGED) ) :
# Position of ‘Box’ node was changed, do some stuff
Jlucmune 5. Ilpumep xooa Kracca pacuiupeHrus, peausyioue2o 06pabomuux
Listing 5. Example code for an extension class that implements a handler
ITapameTtpudeckue 00BEKTHI, UCTIOIB3YIONINE MEXaHU3M YBEIOMIICHUH, MO3BOJIIIOT OTKAa3aThCs OT
HEOOXOJJUMOCTH OMPOCa COCTOSIHHSI OTCJEKHMBAEMBIX OOBEKTOB, YTO CYIIECTBEHHO TOBHIIIACT
3((HeKTHBHOCTH MPOIECCOB MOACTHPOBAHUS M SKOHOMHUT CHCTEMHBIE PECYPCHI.

4. Pe3ynbmamabl

OnmcaHHass TEXHOJIOTHS ObUIa YCIIEIIHO BHEIpPEHAa B pa3pabaThlBaeMbli HAMHM INPOTPAMMHBIHA
KOMIUIEKC ONTHYECKOTO MOJICIIMPOBaHMS M PEaJMCTHYHOW KOMIBIOTepHO# rpaduku Lumicept.
OmHUM W3 TIJIaBHBIX IPEUMYIIECTB JAHHOW TEXHOJOTMH CTala BO3MOXKHOCTh PACIIMPEHUS
(hyHKIIMOHATIPHOCTH CHCTEMBI 0€3 HEMOCPEICTBEHHOTO y4acTus pa3pabOT4YHMKOB, T.€. CHIAMHU
KOHEYHBIX [0JIb30BaTENEl, UTO MO3BOJSET BEIIOJIHATh TOUHYIO HACTPOUKY M MOJATOHKY KOMILIEKCA
MO X HY’XIIbI, 0COOEHHO B CiTydae HE0OXOJMMOCTH J100aBJICHNS] MOJETTMPOBAHHMS BEIYMCICHUH TEX
WY UHBIX CTaHAAPTOB U METPUK. DTO BEChMa BaYKHO B CBETE TOT'0, YTO Pa3IMUYHBIE apXUTEKTYPHO-
MPOEKTUPOBOYHBIE MU ONTUKO-IU3aHEPCKUE KOMIIAHUY, KaK MPaBUIIO, UCIIOJIB3YIOT pa3IUdHbIe
CTaHAapThl OCBEUIEHHOCTU WM SPKOCTH, II03TOMY HCIIOJb30BAHHUE CLEHAPUEB U KJIACCOB
pacHmpeHnui pemaeTr cpa3y HECKOIbKO MpodIeM.

e DxoHoMuueckas 3¢pekTuBHOCTb. JlopaboTka KoJa MPOrpaMMHOIO KOMIUIEKCA JUIA KaxJIO0ro
KOHKPETHOTO 3aKa3unka MOXeT OBITb BechMa Joporocrosmiedl. biaromapsi BO3MOXHOCTH
JI00aBJIATh pacyeThl ¢ MOMOIIBIO CLIEHAPHEB, MOJb30BATEIN MOTYT HAaCTpanBaTh KOMIUIEKC B
COOTBETCTBUH CO CBOMMU KOHKPETHBIMU HOTpe6HOCT$[MI/I, HC TpeGyﬂ BHECCHHS M3MCHCHUM B
€ro UCXOIHBINA KOJ. DTO MO3BOJISAET UM COKOHOMUTD KaK BPEMsl, TaK U JICHbI .

e T'mbkocte. Mcnons3oBaHne creHapueB oOecrednBaeT OONBIIYI0 THOKOCTh NMPH JOOABICHUH

HOBBIX (DYHKIHH M BO3MOKHOCTEH. DTO CBA3aHO C TEM, YTO CLEHAPUH MOYKHO JIETKO H3MEHATH
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1 OOHOBIISITH, @ OT MONB30BaTeNeil He TPEOYIOTCA MPOABUHYTHIE HABBIKYM M 3HAHUS B 00/1aCTH
IIPOrpaMMUPOBAHMUSL.

e BesomacHOCTE. M3MeHeHHe KO MPOrPaMMHOT0 KOMILIEKCa JUIS KaJKA0T0 3aKa34hKa He TOIBKO
noporo, Ho u HeOe3omacHO. CyIiecTBYeT BRICOKAs BEPOSTHOCTh BHECEHHUS OMIMOOK, KOTOPBIC
MOTYT BBI3BaTh Cepbe3HbIC MpoOeMbl. ClieHapHH 1 KJIACCHI PaCIINPEHUN 00eceunBaioT Oosee
0e30MacHbIi OAX0/ K HACTPOUKE.

e [IloBeiienHas macitabupyemocts. CreHapuu OO0JEerdaroT HWHTETPALHUI0 MOJIb30BATENbCKUX
00BEKTOB M (YHKIWI B CIICIANIbHBIC OMOIMOTEKH, KOTOPBIE BIOCIEIACTBHHA MOXHO JIETKO
PaCIIUPSATH 1O MEPEe BO3PACTaHUS MOTPEOHOCTEH.

K HacrosimieMy BpeMeHH [UIs HaIIero KoMIuiekca Obut co3naH Habop u3 ~200 cueHapHBIX

pacmupeHuii, OoJpIIasgs YacTh KOTOPBIX MPEACTABISIET COOOH KIIACCHI OOBEKTOB CIEHBI

MOJIb30BATENILCKUX THIIOB, TAKHX KaK Y3JIbI, [EOMETPHUH, MUKPOTEOMETPUH, a TaKkke (YHKIIHH.

OcTaBmiasics YacTh SABJISACTCS Pa3IHYHBIMU BUJIAMH CUMYJISTOPOB.

4.1. Mpumepbl pacluMpeHUn

OpHUM W3 NPAKTHYECKUX NPHMEPOB PACIIMPEHUS (YHKIMOHAIBHOCTH HAIETO MPOTPAMMHOTO
KOMIUIEKCa SIBJISIETCSl CLEHAPHBIH CHMYJIATOP ONpeNeNieHUs YPOBHS IUCKOM(OPTa, BHIZBAHHOTO
6nukamu oT MctouHMKOB cBera (Glare Rating). aHHBIH CHMYJISATOP MO3BOJSET MOACTHPOBATH
€CTECTBEHHOE OCBEIIIEHHE IPOCTPAHCTBA C UCIOIb30BAHUEM Pa3IUYHBIX TAPaMETPOB, 3a1aBaEMBIX
TIOJTb30BATENIEM, U MOCIEAYIOINM COXPaHEHHEM PE3yNIbTaToB B (hailiioBO cucreme.

Unified Glare Rating: 8.659952
Background luminance: 80.43857 (cd/m2)

1 0.007903849 4.521654 572.0826
2 0.004634725 2.102725 453.6891
3 0.002781498 0.945254 339.8364
4 0.002663621 0.902460 338.8093
5 0.002257292 1.260026 558.2027
Sum: 0.02024098 9.732119 480.8125

Puc. 5. Cumynamop ona ananuza 61uxos
Fig. 5. Simulator for glare rating analysis

OCHOBHBIMH TrmapaMmeTpaMu CUMYJISATOPA SIBIIAIOTCSA: OPUEHTANUA CIICHBI, ITOJIOXKECHNUE Ha6HIOI[aTCH$I,
SAPKOCTb HCTOYHHUKOB OCBELICHUS. MHOXECTBO HOTOJHHUTEIBHBIX mapaMeTpoB IO3BOJISIET
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mozaenupoBanusi. Ipyowr UCIT PAH, Tom 35, Bbim. 2, 2023 ., ctp. 169-180

YIOPaBIATH Pa3IMIHBIMH XapaKTePHCTUKAMHU MOJICIINPOBAHIS, OT BEIOOpa MeTona pacuera — BRT
(Backward Ray Tracing) wim PT (Path Tracing) mo ¢opmara mmeH reHepupyeMmbIX (aiiioB ¢
pe3yIbTaTaMHu.

Pe3ynbTaToM paboTHl CHMYJISATOpA SBISETCS H300pakeHHWe, B KOTOPOM OOJACTH SPKOCTH IS
3apaHee 3aJaHHOTO WHTEPBAja BBHINEISIOTCSA H30JIMHUSMH, a 0o0llce 3HAUYCHHE PEHTHHIra GIIMKOB
(Unified Glare Rating) u neranpuast vHdOpMaIHs Mo Kax a0 061acTu coxpansercs B (aitn otuéra,
KakK 3TO MOKa3aHo Ha pHC. 5.

Jpyroii ipuMep TIpeacTaBisieT co00i ClieHapHOE PaCIIUpEHNE, MO3BOJISAIOIICE 331aTh TCOMETPHIO
B BUJIC KPUBOJIMHEHHOM MOBEPXHOCTH ¢ CHHYCOMIATbHBIM MPOMUIEM B CEUCHHUH, HATTPUMED, €CITH
TpebyeTcss MOJAEIUPOBAHNE TOBEPXHOCTEH ¢ TakuMu (opmamu. J[is TOro 4toObl J00aBHTH
MOA00HBIN OOBEKT B MOJIEIb, MOIB30BATEIIIO JOCTATOYHO MepeTaiuTh ero Meroaom drag and drop
13 GUOITHOTEKH 0OBEKTOB B CLIEHY, 3aT€M HACTPOUTEL HEOOXOAMMEIE TAPaMETPhI, TAKUE KaK PasMephl
TpebyeMOl MOBEPXHOCTH, aMIUTUTYIa W TEPUOJI KPUBOM, IIar pasOHUEHUs TPEYrOJBHON CETKH,
o0paszyrolieil KpUBOJIMHEHHYIO TOBEPXHOCTb, H T.1., ITO JEMOHCTPUPYETCS Ha pHC. 6.

u SinLinearCurve Parameters

Name:  SinLinearCurve

Parametername  Preview

o Size (1010
@ [ 1| o Ampltude 0.0005m
pap——— © Period 0.002n

e © Mesh subdivision (300 2)

< Only positive true

Script Apply

Puc. 6. [lapamempyl cyenaprozo ob6vexma u e2o omoopas;icerue 8 cyere
Fig. 6. Scenario based object parameters and its appearance in the scene

5. 3aknroyeHue

OmnucaHHBIN MOAXOM K MOJJEPKKE CLEHAPHEB LIMPOKO HCIIONB3YeTCs B pa3pabaThiBAEMOM HaMHU
MPOrPaMMHOM ~ KOMIUIEKCE ONTHYECKOro MojeiupoBaHus. OH TO3BONMI  pa3pabOTIUKaM
YMEHBIIUTh KOJHMYECTBO KOJA, HAJ KOTOPHIM BeNETCS COUHOBpEeMEHHas paboTa B paMKax
JKU3HEHHOrO IMKJIa KOMIUIeKca, Ojaronapsi YHU(QHKAIUH BHYTPEHHETO LICJIEBOTO MPOrPaMMHOIO
uHTepdeiica 0OBEKTOB CHCTEMBI C NMPOrpaMMHBIM HHTep(deiicoM cleHapueB. YIaloch CHU3UTh
BEPOSTHOCTh BOHUKHOBCHHUS OIIMOOK M PACXOXKIACHUH (YHKIHOHAIBHOCTH, a TAKXKE YBEIUYUTh
CKOpOCcTh pa3paboTku. [lonp3oBaTenn KOMIIEKCa, B CBOIO OYepellb, HONYYHIN B PacHOPsKEHUE
yIoOHbI HHTEp(EHC CIICHAPHEB, MO3BOJISIONIMKA aBTOMATH3UPOBATh PA3JIHYHBIC MPHKIATHBIC
3aJayM, a TaK)Ke CO3[aBaTh CBOM COOCTBEHHbIC I(P(PEKTUBHBIC PACIIMPEHHS C MHHHUMAaIbHBIMH
3aTpaTaMy BpEMEHH.
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