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NMPO NOPALOK BUKOPUCTAHHA NILLEH3OBAHOIO NPOIrPAMHOIO
3ABE3NEYEHHA ANA PO3POB/IEHHA MOAE/ENA
KOMM'KOTEPHOI FPA®IK/ B MEAUYHINA OCBITI
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Y po6oTi gocnimkeHo npobsiemMu, NOB'A3aHi 3 BUKOPUCTaHHAM Pi3YHMX Modeneli y MenyHili ocBiTi, NpeAcTaB/ieHo nij-
Xil o po3pobsieHHs NporpaMHoro 3abesnevyeHHs 3 MOXJIMBICTIO IHTEPAKTUBHOIO MOAE/IOBAHHS aHaTOMIYHUX CTPYKTYP.

BUKOpWCTOBYBaHe NporpamHe 3aGe3neyeHHst OpieHTOBAHO Ha MilieH3iliHy AOCTYNHICTb i LUIMPOKE BUKOPUCTAHHSA B Mefuy-
HUX BH3ax.
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ON APPROACH OF THE LICENSED SOFTWARE USE WITH THE PURPOSE OF
COMPUTER GRAPHICS MODELS DEVELOPMENT IN MEDICAL EDUCATION
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The problems dealing with the use of physical models in medical education are investigated. There is presented the
approach for software development with possibility of interactive design of anatomic structures. The used software is
oriented to the licensed availability and deployment in medical universities.
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O NoPAAKE NCNONTb3OBAHUA TMUEH3NPOBAHHOIO NMPOrPAMMHOIO
OBECMEYEHUA C LENBLIO PA3PABOTKU MOAENEN KOMMNBLIOTEPHOW
F’PAOUKN B MEANLUNHCKOM OBPA30OBAHUN
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B pa60Te nccneaoBaHbl I'IpO6erMbI, CBA3aHHble C UCnosib3oBaHnem CIJVI3VI‘~I€CKVIX MO,CI,eerVI B MeANLUMNHCKOM o6pa3OBa-
HUK, N npegcTtaBfiel noaxoa K pa3pa60TKe nporpaMmHoOro obecnevyeHns ¢ BOSMOXHOCTbLIO MHTEPaKTUBHOIO MoaesinpoBa-

HUA aHaTOMUYeCKUX CTPYKTYp. cnonb3yemoe nporpammMHoe obecneyeHne OpPUEeHTMPOBaHO Ha JIMUEH3NOHHYIO AOCTYI-
HOCTb 1 WWNPOKOe NpuMeHeHne B MeUUUHCKNX By3ax.

KnioueBble crioBa: KomnbloTepHas rpachuka, MeauuMHckoe obpasoBaHue, BodyParts3D, Blender, Unity,
3D-MogenuposaHue.
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Beepenue. CoBpeMeHHbIe MOAXO0AbI K MeJWULIUH-
cKoMy 06pa3oBaHUi0 TPeOyIOT aKTHBHOIO MCITOJIb-
30BaHUsl CPe/CTB MHTePAaKTUBHOU KOMITbIOTEPHOMU
rpa¢uka U MyJbTUMeAna. Tak, TpaAgWIMOHHBIE
yueBHble METOJUKH MPU U3y UeHUH MOPGOIOTYe CKUX
JUCLIUMIVIMH KOHLIEHTPUPYIOTCS Ha UCII0/1b30BaHUMU
y4eOHUKOB, MpernaparoB, ByMepHBIX WITKOCTpaIiH,
JMarpaMM 1 MeJUITMHCKUX U300pakeHui. TTpu 5ToM
[POCTPaHCTBEeHHbIE COOTHOLLEHUSI C/I0}KHO UHTePIIpe-
TUpOBaTh Ge3 BU3yaM3al[uu CTPYKTYP B TPEXMEPHOM
rpoctpaHcTBe (3D) ¢ BO3MOMKHOCTBIO MHTEPAKTHB-
HOTO BO3/leficTBYs. Takue MHTePAKTUBHbIE yueOHbIe
Marepuasibl [103BOJISIFOT 3HAUWUTEIBHO YAYUYLIUTh I10-
HUMaHHe TIPO CTPAaHCTBEHHBIX COOTHOIIIEHUH U PHU06-
peteHue 3HaHWH [4, 15]. S. C. Marks [12] yTBepkaaeT,
YTO YesoBeueckoe Tesqo — 3T0 3D-06bekT. Takum
00pasom, M3yueHVe aHATOMUH 0/KHO T10/1arathCst Ha
M3ydJeHre U orieprpoBaHue 3D-rHpopmariueit.

Ienn MccmefoBaHUA: HCCIej0BaHNe MIpobIeM,
CBSI3aHHBIX C UCII0/Ib30BaHKeM (H3MUe CKUX MOJeeit
B MeJMIIMHCKOM 06pa3oBaHWM, U TIpe/CTaBIeHuN
MoAXo/a K pa3paboTke TpOrpaMMHOTO 06e crieueHUs
C BO3MO>KHOCTbIO MHTEPAKTHMBHOIO0 MO/e/IUPOBaHUs
aHaTOMUYe CKUX CTPYKTYP.

TMocneanue paspaboTky B 06/1acTy IPOrpaMMHOTO
obecrieveHus U y/aydllleHre KauecTBa MeUIIMHCKUX
1300paskeHUI MO3BOJIAIOT CO3/laBaTh aHATOMU-
yeCKU TouHble 3D-Moaenu, KoTopble 3aTeM MOTYT
OBITH UCIO/Ib30BaHbl B KaUeCTBe KOMIBIOTEPHBIX
3D-mopeneli anst 00yuenus. KenatenbHo, YTOObI Ta-
Kuie yaebHble MoZiev Ob1 Harboiee 3¢dheKTHBHBIMI
B KOMOUHAI[UM C UTHTEPAKTHUBHBIM KOHTEKCTOM, TAaKUM,
KaK, HarpuMep, UHTepakTHUBHOe obydaroljee TpH-
JIO)KeHUWe, UIU TIpY UCII0/b30BAHUU /I CO3/aHUs
aHUMalii B Kypce aHaToMUU WK ¢usuonoruu [17].

dopma aHaTOMHUUYeCKHUX CTPYKTYyp U UX
MPOCTPaHCTBeHHbIE B3aMMOOTHOLLIEHHS JIyYllle BCe-
ro BOCIIPMHMMAIOTCS, KOrAa I0/b30BaTe/lb MOXKeT
B3aMMO/eCTBOBaTh C CO3JaHHbIMU 3D-MoaesiMy,
TaK KaK B HUX 3aj7i0)KeHa BCsl cyTb 3D-cTpykTyp
Y [IPOCTPaHCTBEHHbIE B3aMMOOTHOLLIEHUST; K TOMY JKe
Tpy/lerarllne CTPYKTYPbl CJ0KHO BOCIIPUHHUMATh
JApyrumMu criocobami [4, 15]. Vizyuast aHaTOMUrO Ha ye-
JIOBeUeCKUX TPyIlax, 3TO MOKHO 0CYILeCTB/ISATEL B aHa-
TOMHUe CKOH 1TabopaTtopuu, XoTs /7ist MHOTUX MaTepu-
ayioB (HarprMep, KOCTH) /7Is1 3TOTO CYIIIeCTBYIOT OTpa-
HuueHus. [TpodeccroHansHO c/ie1aHHBIE TIPeTIapaTh
MOT'YT 0Ka3aTbCsl HeMMPaKTUYHBIMU [J151 3alI0MUHAHUS
1 He BCe 06pa3slibl pa3BUBAIOIUXCS TTaTONOTHM MO-
T'yT ObITH JOCTYITHBIMU, UTO 3aCTaB/SET CTYAEHTOB
YUHUTHCS «CyX0» T10 y4eOHUKaM, UCTI0b3Ys TEKCTOBbIe
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onucanus u 2D-usobpaxkenus. MccaeqoBaHus
TT0Ka3bIBaOT, YTO CTYAEHTHI NIPeATI0UATal0T YUUThCH,
WCTIO/Tb3Ysl OJIHOBpeMeHHO Kak 2D-n3obpakeHus,
TaK W WHTepakKTHBHble 3D-Mozenn, a He WCIIO/b-
3ys B oTfenbHOCTH 2D- wmm 3D-uHopmaruro [6].
IlpriMeHeHVe KOMITbIOTepU3UPOBaHHbBIX 3D-Mozeneit
T103BOJISIET U3yYaTb aHaTOMHIO B FOOOM MecTe, a He
TOJIBKO B aHAaTOMHY€eCKOM /1TabopaTopry WA UCIIO b-
3ysl TiperlaprpoBaHHble Marepuassl [13]. Ceroass
JIOCTyIIeH LiesIbli psj aHatomudeckux 3D-atnacos,
pa3paboTaHHBIX B y4eOHBIX LieasX (Harpumep,
AnatomyBrowser, Zygote Body 1 BodyParts3D). Bce
OHU CO37laHbI C WCII0/Ib30BaHMEM JIaHHBIX CHUMKOB,
TMO/Ty4eHHBIX C [IOMOILbI0O MarHUTHO-pe30HaHCHOKN
tomorpacun (MPT) 1160 KOMITEIOTEPHOU TOMOTpa-
¢uu. Hexkotophle, BKitodast AnatomyBrowser, MeroT
BO3MO>KHOCTH XUPYPTHYeCKOro Mo/e/1MpoBaHus [2].

Marepuansl U MeTojbl. Pusuueckue aHamo-
mMuyecKue modenu. Havnyuiieil Mogenbo A/
VCCIeJOBaHUM aHATOMHWM YesioBeKa BcerAa ObLIo
MéptBoe ¢usnueckoe Teso [1, 10]. TTockonbKy pu
3TOM B OOJIBIIMHCTBE C/Ty4YaeB BCe YaCTH TeJla Ipa-
BU/IBHO pacro/io’KeHbl, MOKHO TMPHUKOCHYTBCS KO
BCEM 5/IeMeHTaM, BCe CTPYKTYpPhI (MsArKMe, TBEPAbIE,
r7ajKue, L1epoX0BaTble, CyXUe W BJaXKHbIe) TOUHO
Bocco3gaHbl. C aBHUX BpeMeH K3-3a JIF0OOIbITCTBa
JIIOI MiCC/Ie[J0Ba/T PaHbl M OpraHbl CBOUX MEPTBBIX
copoauueii. OfHaKo cerofHs A0CTYI K MeEPTBOMY (pu-
314YeCKOMY TeJsly JKECTKO pery/IupyeTcsl [IPaBOBbIMY,
(hDMHaHCOBBIMM W COLMA/bHBIMU OTpaHMYeHUsIMHU.
K ToMy ke, Aaxke IIpy HaJIMUMKU MEPTBOTO (pr3Uvec-
KOTO TeJjla, BOSHUKAIOT TIPOO/IeMBI C AeMOHCTpaLieit
Ta30BOM TO/IOCTH U (acuii. VI HaKoHeL], TpobieMbl
[IOHOpCTBa MEPTBLIX (PU3MUECKHX TeJl, UX XpaHeHHe,
WCII0/Ib30BaHWe XMMUYeCKHX BpeJHbIX BellleCTB, Hajl-
JieKalriee 3aXOpOHeHUe TPYITHLIX 00paslioB CO37ar0T
oripe/ie/ieHHbIE TPYAHOCTH J/1sI HEKOTOPBIX YUeOHBIX
3aBe/leHUM.

Jna pelleHUs TaKUX BOMPOCOB HCIIO/IBL3YIOT
npocdeccruoHalbHble aHATOMUYeCKHE MO/JEJH.
JlpeBHMe M COBpeMeHHble MOZe/N CU/IBHO pa3/dya-
FOTCS M3-3a MCII0/Ib3yeMbIX JeTasleid 1 MaTepHasoB.
Korpa-To Ans npeAcTaBieHNsI aHaTOMAYe CKMX CTPYK-
TYP HWCII0/b30Bau 0OBIYHOE [1epeBO M CIOHOBYIO
KOCTh, Tarbe-Marlle Wiy 6oJiee feTaabHbIe MOV U3
T/IacThIPS, Aasee ObIIY peasMCTHYHBIE BOCKOBBIE MO-
nemm Susini, Towne, Ziegler v HakoHe1] COBpeMeHHbIE
ripoe ccrioHaTBHBIE MO/l U3 T1acTvKa [7, 11, 18].
AHaroMy4ecKHe MOJle/T TakKe pas/TM4aroTCsl ¢ TOU-
KM 3peHUs IpYMeHeHWs — MCIT0/Ib30BaHWe BpauaMy
J/1s1 KOHCY/IbTHPOBaHKs MaljUeHTOB JKeHCKOTO 110713,
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Cxaunpanne 3D-Monenn
2AHATOMHUECKOH CTPYKTYPHI

TexcTypuposanue 3D-
MOZIETH aHATOMHYECKOI

(BodyParts3D) cTpykTypH (Blender)

Co3nanHe aHHMaLui

Cozjanne H ynpaeieHne
aHuManuamMa (Mecanim -

Unity)

Hano:xeHue 3ByKa U1
aHmMarui (Audacity)

@ Audacity

0

'DEDICATED SERVERS

(Blender)

PazpaloTka HHTePaKTHBHOI O
npunoxenns (Unity)

Puc. 1. TTopsijiok pa3paboTKu MHTePAKTHUBHBIX yueOHbIX MPUIoKeHHH Ha ocHoBe 3D-Mozeneii

T0/TyYeHVe HaBbIKOB XMPypraMu M, KOHEUHO, M3yyve-
HMe aHatoMud [9, 14].

du3nyecKre aHaTOMUUeCKre Mogenu obagaror
CBOMCTBEHHBIMU OTPaHUYeHMSIMUA TIPU MX MCIIOJIb-
30BaHMM, XpaHeHNH U 00cTyKrBaHUA. CTOMMOCTD
npocdeccroHaAbHBIX MOJesell MOKeT A0CTUraTh
THICSIY [10/171apOB, B 3aBUCHMOCTH OT MaTepuasna,
pasmepa, AeTasieii, TOUHOCTH U MHTEePAaKTUBHOCTU.
K ToMy >ke ripy G0/BIINMX KOHTHHI€HTAaX CTYAEHTOB
Takue (pU3MYeCcKre aHaTOMUYeCKUe MO/le/Ti MOTY T I10-
BPeXXaThCsl ¥ CO BpeMeHeM IIPUX0JUTh B HETOJHOCTb.
CoBpeMeHHBIe TIaCTHYeCKHe 0Opa3slbl TIOKa3aau
cBoto 3¢ deKTUBHOCTE TIpK 06yueHnH [5, 8]. OaHako
GOJIBIIMHCTBO BBIIIEONMCAHHBIX OTPaHUYeHHH TTpH-
CYIL[M TaK)Ke U IJIacTUYeCKUM obpasijaM.

Hucpoesvie 3D-modeau. B nomnonHeHne K ¢u-
3MYeCKUM MOJe/ssM pa3paboTaHbl COBpeMeHHbIe
Lupposele 3D-Br3yanmM3aliy CTPYKTYp U 00pas1ioB
C WCIT0/Tb30BaHWEM MeAMLIMHCKUX 1300pakeHUA
u nudposoro 3D-mogenvpoBanus. Ludpossie
3D-Mopen aHaTOMUYECKHAX CTPYKTYP JOCTYIIHBI Ha
KOMITBIOTE e, TIPH MCII0/Ib30BaHUA MOOHM/IBHBIX TIPU-
JIO’KeHWH WM CaMOCTOSITe/TbHBIX pabourX CTaHLMN
(manpumep, Anatomage, Touch of Life). Hamuuue
3THX MaTeprajioB B aHaTOMUYe CKOH /TabopaTopyy 1 Ha
yueOHBIX KOMITbIOTEPAaX MOYKET CHU3UTB TTOTPeGHOCTh
B (pU3MUeCKHX aHATOMUMECKUX MOJE/SX WM Jaxe
B IeYaTHbBIX arsiacax v [IOMOXKeT IIPeIoflaBaHuIo, TIpeJ-
0CTaBYB yueOHbIe MaTepHraJibl Ha aHAaTOMIYEe CKOM CTO-
sie. OfHaKO CTOMMOCTh TaKoM ClelaIn3vpoBaHHON
VHTepaKTUBHOH cricTeMbl 3D-1300paskeHUM SBIISIETCS
3HaunTesHOU (ripumepHo 100 000 momt. CIIA 3a

cTo1 Anatomage W [OII0/IHUTe/IbHble YCTPONCTBA),
K TOMY e c/lefiyeT YYUTBIBaTh MOTPeOHOCTD I10-
CTOSIHHOTO Tpo¢eCcCHOHANBHOTO COTIPOBOKIEHUS.
Vcrionb3oBaHve ruiaHmeToB iPad ¥ MOOGMIBHBIX
YCTPOMCTB YMeHBIIAeT CTOUMOCTh, HO TpeOyeT pas-
paboTKU CrieL{aIbHBIX TIPUI0XKEHN, KOTOPbIE TOXKe
B/IMSIFOT Ha 00y4eHue.

IpermytectBo 1M poBeix 3D-Mozemeil cocTonUT
B TOM, YTO C HUMHU MOKHO [TOCTOSTHHO MaHWITy/IMpO-
BaThb A/19 AeMOHCTpaLi U3MeHeHNI B CTPYKTYpe U/IN
o6pastie ¢ yuéToM Bo3pacTa 1 CTaivi Pa3BUTHST; POJIA
XUPYPryvecKoii oreparyy mbo BMelIaTeIbCTBa; Me-
XaHM3Ma yHKIMoHUpoBaHys. Livdposse 3D-monenn
CTI0COOHBI TIpe/icTaBUThL Mop¢oreHe3 cepAlLla WU
BHYTpPeHHET0 yXa M TMpOsSICHUTb 3MOpHOHa/IbHbIE
CTPYKTYPBI U TKaHH, SIBJISTFOLIME CS1 Ba)KHBIMU BO BpeMs
VCIeNHbIX cTaAui sMbproreHesa. K Tomy xe, ¢ mo-
MoI1L[bI0 L1poBbIX 3D-Mogeell MOXKHO MPOCIeAUTh
3a 04aroM LMppo3a MevyeHU WK IIporpeCcCUpoBaHreM
Gose3sHn AsbLireiiMepa, HauMHasi ¢ HadalbHOTo (op-
MHPOBaHMs U [I0 CTaAWH NTOTHOTO paspylleHNs TKaHH.
W HakoHell, 3T Mojenu MOTYT AeMOHCTPUPOBaTh
MeXaHUKy (PYHKLMOHMPOBaHMUs CyCTaBOB B Pa3HbIX
TIOIOKEHUSIX Y TIPU Harpy3Kax, M0o e (PU310/I0THIO
(hyHKLIMOHMPOBAHUs CepAevUHON MbILILBL. HarpoTus,
TpebyeTcs psig pr3MUe CKIX Mozie/iel 71t TOT0, UTOObI
TIOTy YT JIF000€e M3 TaKKX TpeACTaB/IeHHH.

OueBUHBIM NIPEMMYILeCTBOM LIM(POBLIX aHATO-
MHUYe cKUX 3D-Mozeneii siBsieTCs TO, YTO TIperiofiaBa-
TeJb WK yueGHOe yupe)kaeHre MOTYT CO3/aTh MX 3a
CPaBHHUTE/IbHO KOPOTKOe BpeMsI (TpeOyeTcs OTIbITHBIN
OrioMe IMLIMHCK MM WO TpaTop). CTOMMOCTb MOYKET
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0Ka3aThCst 0THOCUTE/IbHO HeOoJIbIII0H (paboyast cTaH-
LU C ITPOTPaMMHBIM 00ecTiedeHHeM Open-source).
OpHako 6osee 3¢hpeKTHBHOE TpOrpaMMHOe obecrie-
YyeHUe MOXKeT 6bITh loporuM (1000-5000 gonn. CIITA
B roj), Jaxe 10 akajeMuuecKol uleH3ud. LleHa
JIMLIeH3UU 3aBUCHUT OT criocoba MCII0b30BaHUsA
(mepcoHanbHOe b0 A/ yUpexXAeHHUs), Iepe-
rOBOPOB, THUIIA MCII0/Ib30BaHUsA (K/IMHUYECKOe WIN
yue6Hoe). CosnaHve 6UbIMoTeK TMG0 Pero3UTOpUER
Mo/ie/ieli MO)KeT YMeHBIINUTh MOTpeBHOCTL B HC-
T10/1b30BaHUN OPUTMHA/BHBIX MOJe/ell 1 CHUSUTb UX
CTOMMOCTS [ 3, 16, 19].
Pesy/nbTaThl M MX 00Cy)KAeHHe. [pesiaraeMbiii 1o-
PA0K pa3paboTKu rprIoxke HUY 3D-Mo/e TMpoBaHKs
aHaTOMH4YeCKUX CTPYKTYpP BKJIIOHaeT CreAyIOIIHe
sTansl pabot (puc. 1).
Hcnoavszoeanue 3D-modeneili anamomuuec-
KUX cmpyKknyp, pa3spaGomdaHHbIX 6 npoekme
Anatomography. TTpoext Anatomography 6511 3amny-
e B 2009 roay B TokuiickoMm yHUBepcuUTeTe (0CHO-
Baresib MpoekTa — rnpodeccop Koycaky Oky6o). Basa
JlaHHBIX CeTOYHBIX Mo/le/leli aHaTOMUYe CKUX CTPYKTYP
rosiyursia HasBaHre BodyParts3D. Azapec mpoekra
B nHTepHeT — http://lifesciencedb.jp/bp3d/?Ing=en.
CeTtouHble aaHHble A1 BodyParts3D 6bU1H Moy YeHb!
Ha ocHoBe MPT-u306paskenuit. [Tporiecc moctpoeHus
Mofieneit asist BodyParts3D cocrtosi ©3 Tpex 3Tarios:
1-11 sTamn: npoBoAM/Iack aHaTOMUYeCKasl CerMeHTaLs
Ha ocHoBe MPT-u306paskeHUI B Criel[UaTEHOM
¢opmare TARO;

2-1i3Tal: € TIOMOIIbI0 MeULIMHCKWX W/TFOCTPaToOpOB,
WICTIO/B3YFOLLMX ITporpamMMbl 3D-pejakTHpoBaHys,
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J00aBIAMCE HelOCTAlOIIMe JeTasH, Jeaaich
Gosiee UETKUMU Kpasi;

3-# sTar: cerMeHTaLys ¥ MoAr(UKaLMs AaHHbIX [IPO-
BOJW/IaCh B COTPYHWYE CTBe C KIMHULUCTaMH /10
TeX TI0p, IT0Ka He ObII0 AOCTUTHYTO KOHLIETITY-
asbHOE CXO/CTEO.

Cetounbie Moziesi BodyParts3D pacmipoctpansi-
toTcs B BYle daitos ¢opmara OBJ. st Bepcuu 3.0
TTOJTHBINA pasMep /IaHHBIX cocTasssan 127 MB (ymipo-
eHHas ceTka) U 521 MB (Bbicokoe kauecTso). [Tpu
5TOM KO/IM4YeCTBO aHaTOMHWYeCKUX CTPYKTYP COCTaB-
nsgeT 1523. Ceropns akryanbHas Bepcus — 4.0.

[laHHBIE B BHfle apXuBa MOTYT OBIThH 3arpy’KeHbI
u3 crpanuilsl http://dbarchive.biosciencedbc.jp/en/
bodyparts3d/download.html.

V306pakeHus1, creHeprpoBaHHbIe B Anatomography,
1 ceTouHbIe flaHHbIe B BodyParts3D vMeroT MiieH3uo
Creative Commons license, 3To cfielaHo C 1]e/IBIO
o6ecrieyeHrs1 ITUPOKOTO KCII0/IB30BaHUS U IOCTYII-
HOCTH MeJULIMHCKOTO 00pa3oBaHus.

3aMeTHM, UYTO aHaTOMHUYeCKHe CTPYKTYPBhI
BodyParts3D MoryT 6bITh UHTErpHUpPOBaHbLI B Gosee
CJIOKHYIO MOJie/lb, CO3/laBaeMylo, HallpuMep, B TIpo-
rpaMMHOM 06ecrieuenurt MakeHuman (puc. 2).

Hmnopmupoearnue u o6pabomka 3D-modenu
e Blender. ITporpamma Blender npegsaraeT muvpo-
KU CrieKTp 00beKTOB /15l CO37laHUsl U Ja/TbHeHIIIero
pefaKTHMpoBaHudA: ceTKH, noBepxHocTu NURBS,
KpuBble Beswepa, BekTopHbie mipudTh (TrueType,
PostScript, OpenType).

ViMeeTcs MHCTpYMeHTapHuil A/ Hape3aHUs CeT-
Ku. PeanvsoBaHbl Oy/ieBcKue (PyHKLIMM AJIST CETOK.

Puc. 2. HporpaMMa MakeHuman nosgo/isier CO03JaBaTb CETOUYHbIE MOJE/IM B Pa3HbIX MOJ/IOKEeHUAX
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PesakTripoBaHre CeTOK BO3MOKHO C UCII0/Ib30BaHUEM

BepIIrH, pébep 1 rpaHeil. CyIecTByeT MHOXKeCTBO

(byHKOUIA A7 pefjakKTHpoBaHUst 00bEeKTOB, KOTOPbIe

T103BOJISIIOT TIO/YYHTh OOBEKT ITpaKTUYeCKU JIF0O0ro

BUgA.

C noMoIbI0 CKPUIITOB Ha sA3blKe Python MoxkHO
C03/aBaTb HOBble MHCTPYMEHTHI I10/1b30BaTe/s AJIs
peJaKTHpOBaHHSI.

Blender Bk/touaet B cebsi cuctemy BMesh, KoTopas
T103B0JIsIeT CO3/aBaTh U peJaKTHPOBaTh I'PaHU C OYeHb
CJI0YKHBIM CTPOEHWeM — HallpyMep, COCTOsIIMe U3
J1eCATKOB pébep.

OCHOBHBIMU /1€ ACTBUSIMH [IPY UCII0/Ib30BaHUU I1PO-
rpaMMBI ITpU paboTe ¢ aHaTOMUYe CKUMH CTPYKTypaMi
13 6a3bl aHHbIX BodyParts3D siBastoTcs:

*  UMIIOPTUPOBaHKe Mofenu B opmare OBJ-datina
(xomaHzw! File-Import-Wavefront(.obj));

* TipeAcTaB/ieHHe 00BEKTa B pPa3sHBIX TMPOEKLUAX
(BMABI MOYYaAOTCS C TIOMOLbBI0 K/aBULI LiKc-
POBOM K/IaBUATYpbI: AJ1s1 MePEK/IIOUeHUsT MeXKIY
OpPTOTOHA/ILHOW U TepCIIeKTHBHON IpOoeKLMsAMHA
WCTI0/Ib3yeTCs] K/IaBULLA 5, BUJ criepead — 1, BUz,
cripaBa — 3, BUJ, CBepxy — 7/, BWJ CHU3Y — 9,
[I0BOPOT OKHAa BMJA Ha OIpe/e/IéHHbIA yroJ I10-
JlyyaeTcsd TpA HaKaTHMX Ha KiaBulu 2, 8, 4, 6,
[IPOTUBOIIO/IOXKHBIE BU/bI 110/1y4arOTCsl TIPU Ha-
»karoit kiasuie Ctrl);

* TeoMeTpHUecKe TpeoOpa30BaHUs aKTUBHOTO 00b-
eKTa (TiepeMelljeHe — K/IaBWIIa g, 060poTHl —
K/IaBHILIa I, MacIuTabrpoBaHre — KJ/IaBUIIA S);

* T[I0/y4YeHHe CETOUHOIO IpeACTaB/IeHUs MOJeU
(xnaBwua g);

* Tepexo/ B PeXKMM peJakKTUpOBaHUs U ob6parHO
(xnaBwuitia Tab);

* peJaKTHpOBaHMe B peXXMMax BepIlIuH, pédep, rpa-
Hel (K/TaBUIIIA HIDKHETO MEHFO);

* Ha/o)KeHWe MaTeprasa (CO3AaHHOTO Ha OCHOBe
TeKCTYPbl) Ha COOTBETCTBYIOLIME [PaHU).

Cucrema aHuManuu B Blender ocHoBaHa Ha
WICII0/Ib30BaHMU TIPSIMOM ¥ 00paTHOW KVHeMaTHKU.
INopaep>xuBaeTcst aBTOMaTyye CKU CKUHHMHT, UHTe-
PaKkTHBHOE pPUCOBaHMWE paclipefiesieHrsl BeCOB HeIlo-
Cpe/ICTBEHHO Ha 00beKTe, PyyHOe pe/laKTHpOBaHMe
criocoba 06paboTKY KapKaca /i Kak/0l BepIIvHbI,
crcteMa «envelopes».

PeannsoBaH MUKcep HeJlMHeWHOW aHUMaL[UU
C LIMKJ/IOM IepeABIDKeHHS B0/b KpuBoH. Ilpy sTom
BO3MO>KHO aHMMUPOBATh Jja’ke OT/e/IbHbIe BePIIUHEI,
YTO T03BOJIIeT paboTaTh Jake C OUeHb CJIOKHBIMHU
C TOUKH 3peH!s TI0CTPOeHNst 00beKTaMu (TaKUMU, KaK
aHaTOMMYe CKUe CTPYKTYPbI).

IlocTpoeHMe aHMMAalLlMM OCHOBAHO Ha MCIIO/b-
30BaHUM CHUCTeMbl aHUMAaLJMOHHBIX KPHUBBLIX, TaK
HasbiBaeMbIx KpyBbIX [PO. ITonaepskrBaeTcs NpUHLIMIT
«driven-keys», 1Ipu KOTOpoM M3MeHeHHe 3HavueHUsI
0JHOTO TlapameTpa (HarprMep, LIMPHHBI) TIPUBO-
JWT K aBTOMaTH4eCKOMY HM3MeHeHHIO (IIpOIIopLiUo-
Ha/bHOMY WM HeT) 3HaudeHHsl Apyroro (HarpuMep,
BbICOTHI). BO3MO)KHO KOHTpPO/IMPOBAaTh 3HaYeHHs Ta-
paMeTpOB C TIOMOILbIO MaTeMaTH4yeCKUX BbIpakKeHUI
(HarcaHHBIX Ha f3bike Python). Ob6ecrieveHo wc-
T0/1b30BaHKe 3BYKOBBIX (paii/ioB 1 MX pejaKTHPOBaHUE
C LJe/IbI0 COOTBETCTBYIOLel CUHXPOHU3aLUN.

IloapepskrBaeTcsl CUHXpOHM3aLMsl Ha OCHOBE TeX-
Hosiorui Motion capture.

K Tomy >Ke CKpUITHI, HarMcaHHbIe Ha s13biKe Python,
C03/]a0T HOBble aHMMalLMOHHbIe BO3MOXKHOCTH.

YrpaB/ieHWe co3faHWeM aHUMalUKd OCYIlecT-
B/IIeTCS C TIOMOIIBI0 MeXaHW3Ma KJ/Itouell KaHasioB
(peanu3oBaHbI KaHasbl epeMelreHys (Location), 060-
pauvBanus (Rotation), macmtabupoBanus (Scaling)
Y BCeBO3MOKHbIe KoMOMHaLmy KaHanoB (LocRot,
LocScale . 71.). Ha ocHOBe ycTaHOB/IEHHBIX KJTFOUEH
rapaMeTpbl MOJle/TM U3MEHSIIOTCSI BO BCEX 0CTa/IbHBIX
KaJjpax Ha 0CHOBe aBTOMaTHh4eCKH CTeHepUPOBaHHbIX
MHTEePIOJISILMOHHBIX KPUBBIX (aHWMalMOHHbIE
KpHBBIE), KOTOpbIe UMeIOT rpadrvecKyto BU3yaim3a-
uuto (puc. 3). s cospanus annManyy Blender mpu
BK/IFOUEHHOW KHOTIKe 3allCH aHWMalliM yKa3aTeslb
Kajlpa yCTaHaB/IMBaeTCd Ha OIpefe/éHHBIA Kajp.
CoszaHrie K/Tro4a KaHasa 0Cyllje CTB/ISeTCS HaKaTHeM
K/IaBUIIM i ¥ BEIOOPOM COOTBETCTBYIOIL[e KOMaH/bI
KOHTEKCTHOTO MeHIO.

Co3paHHbIe TaKUM 00pa3oM aHUMAaLK MOTYT fjajiee
OBITh MCIT0/TE30BaHBI TP CO3/jaHUM MHTePaKTUBHOT'O
TIPU/IOKEHHUSL.

CospaHre MHTe PaKTUBHOTO NIPA/I0’KEHHWS Ha 0CHOBE
3D mopesnelt aHaroMHUYecKrxX cTpykTyp BodyParts3D
HauboJiee 1]e/1ec00OpasHbIM Cero/Hs Ipe/ICTaBIsAeTCs
C UCII0/Ib30BaHreM Urposoro Asuraress Unity. Unity,
couetast B cebe Bce CBOWCTBa COBPEMEHHOU CpebI
3D-pa3paboTKH, UCTI0/IB3YeTCsl Ha 0CHOBAHUH JIAL{EH-
31 Proprietary, KoTopast Mpy UCI0/Ib30BaHUH [/ CO-
3/laHU1s KOMIIbIOTEPHBIX UI'P HaK/la/blBaeT orpaHuye-
HUs Ha OFOZIPKET UT'PbI U KOJTUUECTBO KOHKY PHUPYIOLLIX
urpokos. IIpy sTom mvijeHsus Personal ¢ 6roakeTom
urpsl go 100 000 monn. CIIIA 1 KOIM4eCTBOM KOH-
KypPHUPYIOIUX UrPoKoB A0 20 siByisieTcs GecriaTHOM.
PaspaboTka MHTepaKTUBHBIX YUeOHBIX TIPHIOXKEHUI
BIIOJIHE COOTBETCTBYET TAaKUM OTpaHUUeHUIM.
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Puc. 3. O6paborka B Blender umnoptuposanHoii Mojenu u3 BodyParts3D:
a) ceTouyHas Mozesib; 6) co3maHHe aHUMaL U

VHTepakTHBHBIE TIPWIOKEHUS C WCIIO/Ib30BaHUEM
aHaTOMMYe CKUX CTPYKTYP MOTYT aKkTUBHO OTTUPaThCsl
Ha MCIT0/Ib30BaHKe C/lelyIOLMX cocTabatomuyx Unity.

dusrueckuil ABukoK Unity siB/sieTCs1 0HAM U3 Ha-
rbos1ee BaKHBIX KOMITIOHEHT /711 Co37aHus 3¢heKToB
BUPTYyasbHOM peanbHOCTH. [/t TOTo 4To6b! 06beKT 3D
(B pjaHHOM csjyvyae aHaTOMUUecKas CTPYKTypa)
obpabarkiBasics pU3MUECKUM ABIDKKOM, OH JI0/DKEH
cofiepskath B cebe kKomrioHeHT Rigidbody. B gansHeii-
111eM 3TO T103BOJIsIeT CBA3aTh C AaHHLIM KOMIIOHEHTOM
TaKue CBOWCTBA, KaK Macca (B OTHOCHTe/IbHBIX eJUHU-
LjaXx M3MepeHHsl), YCKOpPeHHe I1epeMelleHNs], YIJI0Boe
YCKOpeHHe, UCI0/Ib30BaHKe I'paBUTaLMM, KMHeMa-
TUYHOCTH; UHTEPII0/IMPOBaTh [TepeMelljeHus, YKa3aThb
TOYHOCTb 0OHApPYKeHHsI CTOJIKHOBEHUM (KO/UTU3UHA).

Co crioco6om oOHapyKeHUs] KO/UIM3UM CBSI3aHO
VICIT0/Tb30BaHVe COOTBETCTBYIOIIUX KOMIIOHEHT (u-
3UUeCKOTO JIBIDKKA, a mMeHHO: BoxCollider cneayet
WICIT0/Th30BaTh B CJ/Iy4Yae OTC/IeKUBAHUS CTOJKHOBE-
HUS1 06LeKTOB KyOuueckol popMbl (MK GIM3KOT0
K 3ToMYy), Sphere Collider — cdepuueckoii, Capsule
Collider — B Buze karicysbi, Mesh Collider — B Buge
ceTkH, Terrain Collider — B Bz ci103kHO hOPMBI TTO-
BepXHOCTH. IIpH 3TOM CTOUT YUUTHIBATh, UTO UCIIOb-
30BaHMe JBYX TOC/TIeJAHUX KOMIIOHEHT 3HaYUTe/HHO
yBe/IMUMBaeT Harpy3Ky Ha rpacude cKui Iporieccop,
4To TpebyeT MX 0CTOPO’KHOTO UCIIOTb30BaHHS.

Crnepyronjas TpyTira KOMIIOHEHT (pr3nveCKoOro
JBIKKa CBs3aHa C WCIIO/b30BaHUEM COeAWHeHUN
¢usnueckux Tesa. IIpu 3TOM IO/ €eP>KUBAIOTCS
TakWe Ba)KHbIe AJIS aHATOMUYECKUX CTPYKTYP
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TUTbI coeAHeHWU: mogBrkHbIe (Hinge Joint),
¢dukcupoBanubie (Fixed Joint), ympy-
rue (Spring Joint) ¥ coeguHeHUs] ¢ TTPOU3BOJILHOM
koH(purypaimeit (Configurable Joint).

BHeIlIHIOI0 MPU/IOKEHHYIO CUTY CefyeT MOJeH-
poBarhk rnocpeAcTBoM KomroHeHTa Constant Force.

Hcnoav3zoeaHue aHUMAYyUOHHOU cucniembl
Mecanim. Unity o6/1ajjaeT U301pEHHON aHUMAILOH-
Hol crctemolt Mecanim. OHa 06ecrieuriBaeT MpoCTOTY
CXeMbl yTIpaB/ieHHs] 1 HaCTPOMKY aHUMaLlMH AJ1s1 BCeX
s1emMeHTOB Unity, BK/TFo4Yasi 00beKThI, UX YacTH 1 CBOM-
CTBa; NMoJ/ep’KKY IMITOPTHPOBaHHbIX aHUMALMOHHBIX
KJIMIIOB M aHWMalul, co3faHHbIX BHYTpH Unity;
TrepeHaLe/IMBaHMe T'YMaHOWAHBIX aHUMallUi — CIIo-
COOHOCTb TIPUMEHSITH aHUMAaLMU W3 OJHOM MOJesu
MepcoHaka Ha JpPYryIo; YIpOIeHHbIN Mpoliecc
BbIpaBHMBAHWSI aHUMAaL[MOHHBIX K/IWTIOB; Y700HBIN
TIpe/iBapUTe/IbHBIA [IPOCMOTP aHUMAaLMOHHBIX KJIU-
0B, Tepexo/bl U B3aMMOAeNCTBUS MeXAy HUMHU.
OT0 T03BO/IAET aHMMaTopaM paboraTh Gosiee Hesa-
BHUCHMO OT IIPOTrPaMMUCTOB, OT/IaKMBaTb aHWMaLU1
elllé 10 Ha/Io)KeH!s] TIPOrpaMMHOTI0 Ko/la; yIIpaB/AaTh
C/I0’KHBIMH B3aMMO/IeUICTBHSIMU Me>Ky aHUMaLlisaAMHY,
WICII0/TB3Y$1 BU3ya/bHOe [IpOrpaMMHOe CPeZICTBO; TaK-
JKe T103B0JIe T aHUMHPOBaHMe pas3/IMYHbIX YacTell Tesla
C pasHOU JIOTMKOM, MHOTOYPOBHEBOCTb.

Kak mpaBuiio, ¢ KaxabiM 3D-06beKTOM CBsizaH
psAJ aHUMal|Mii, CO3[aHHBIX paHee. YIIpaB/eHHe
BBITIOJTHEHNWS TaKMX aHUMAalLlMi ocCyllleCTB/seTCS
C TIOMOIL[BIO CIIe[a/IbHO CO3J,aHHOI0 KOMIIOHeHTa
Animator Controller. [TepexroueHust MeXAY aHUMa-
LIMSIMU TIPOMCXOAAT TIPY HACTYI/IEHWX B [Tporpamme
orpefiesieHHBIX coObITHI. Harmpumep, MoXHO 3a-
MyCTUTh aHUMAaLMio 000pauMBaHMUsI aHATOMUYE CKOM
CTPYKTYpBl, HakaB KjaBUIy I. [laxke eciu cyllle-
CTBYeT TO/bKO OJMH aHWMAaLMOHHBIA K/IWI, OH BCE
PaBHO JI0/TKeH ObITh TIOMEIIEH B KOMITOHeHT Animator
Controller asis ero vcnosk3oBadust B Game Object.

KoHTposnep yrnpas/seT COCTOSHUSMA pasHbIX aHN-
MaL[i 1 TTepexo/jlaMy MesKAY HUMU TaK HasblBaeMOK
MalIIMHON COCTOSIHWM, KOTOPYIO MOXKHO cebe Tipefi-
CTaBUTb KaK OI0K-CXeMy WM TIPOCTYIO IIPOTPaMMmy,
HalMCaHHYI0 Ha BU3yasbHOM sI3bIKe NIPOrpaMMKpoBa-
Hud BHyTpH Unity. CTpyKTypa KoHTpo/isiepa Animator
Controller co3paércs, IpecTaB/aseTcs ¥ U3MeHsIeTCS
B oKHe Animator Window.

Kaxkapriit Animator Controller oripesiesnisier BxogHOe
COCTOsIHMe Toj, Ha3BaHMeM Entry, BeIxogHOe cocTo-
aHre — Exit. [lanee KaXAoOMy KJIWITY, CBSI3aHHOMY
¢ 06bekTOM (KOMMOHeHTHI Animation), oTBevyaet
CBOE COCTOsIHYE (COOTBETCTBEHHO 610K B O/I0K-CXeMe

B 6/0K-cxeMe okHa Animator). TTepexoZbl Mekay
cocTosiHUAMH (O10KaMH, aHUMAaILUSIMH) CO3/ar0TCS
C [TOMOLLIBIO BU3Ya/IbHOI0 UHCTpyMeHTapys Mecanim
Ha GJI0K-CXeMe C ITOMOIIbI0 KOHTEKCTHOTO MeHIO
Make transition.

Kakaplil repexos MexXAy aHUMaLsIMU TpefiCTaB-
JIsieTCsT B KauecTBe 00beKTa, KOTOPBIN HacTpaWBa-
eTCsl B OKHe MHCIeKTopa 00beKToB. IIpy 3TOM A71s
yIIpaBJleHus Ie peXoaMU UCII0/Ib3YIOTCS CIIelia/IbHO
co3flaBaeMble BO BKJajKe Parameters okHa Animator
rapameTphl. Takye rapaMeTphbl MOTYT OBITh UeTBIPEX
tunios: Float, Int, Bool, Trigger. Ilpruém mipu yrio-
TpebneHny GyeBcKoro TlapaMeTpa Tvrma Trigger ero
3Ha4yeHMe KaKAbIA pa3 MepeK/rovaeTcs NP UCIT0/Ib-
30BaHUU ero JJIs [Iepexoja.

Cos/aB rapameTpsl U OIpeje/iMB ¢ UX [TOMOLBIO
yCJI0BUS BBITIOJIHEHUsI [1epeX0/0B MeXK/y aHUMaL|Us-
MU B MHCIIEKTOPe 00BEKTOB /151 [TepeXo/i0B (T1aHe /b
Conditions) fanee co3aaHHBIN MeXaHM3M YTIPABIeHUS
aHMMALUSIMU MOJKeT ObITh UCIT0/Th30BaH B IIPOrpaMM-
HOM Ko/ie Ha si3bIke C#. Hanpumep, Tak o6pabarbisaeTcst
Ha’kaTHe K/IaBUIL K/IaBUaTyPhI A/ BbI30Ba aHUMaLlHIA:
r — ofbopaurBaHus, S — MacIITabHMpoBaHMs:

using UnityEngine;
using System.Collections;

public class Skull3D
{

MonoBehaviour
Animator animator;

// Use this for initialization
volid Start () {
animator =
GetComponent<Animator> () ;

// Update is called once per frame
void Update () {
1f (Input.GetKeyUp (KeyCode.r))
{
animator.
SetInteger (“state”,1l);
// rotation
}
1f (Input.GetKeyUp (KeyCode.s) )
{
animator.
SetInteger (“state”,2);
// scaling
}
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Puc. 4. Co3,an1/1e H ylipaBjieHHe aHUMalUAMH C MOMOLIBHO CUCTEMBI Mecanim

AHI/IMaL[I/IH MOXKeT 6bITb TaK’Ke BbI3BdHa I1pU CTaJI-
KWBaHUU C JPYTUM OTpe/ie/leHHbIM 00bheKTOM (BO3-
HUKHOBeHNle KO]'I]'H/IBI/II/I)Z

void OnCollisionEnter (Collision col)

{
if (col.gameObject.
CompareTag (“wall”))

{

animator.SetTrigger («broken
down») ; -
}
}
orpeeneHHbIM TeroM wall. Co3zaaBasi ¥ MCTIOMb3Ys
Tak1M 0Opa3oM 6/10K-cXeMbl cricTeMbl Mecanim, f10-
CTUraloTCs BeCbMa CJ/I0KHbIe MeXaHW3MbI yTIpaB/IeHHs]
aHUMalsMUY, CBsi3aHHbIMY ¢ 3D-Mopensmu (puc. 4).
Co30aHue uHmMepaAKMUEHOCMU C NOMOWDbIO

mpuzzepoe. Ilof Tpurrepamu, Kak MpaBW/Io, UMeOT
B BUZIy OUYeHb 00I[Me CYLTHOCTU (BO3MOKHBI JaKe
(byHKLMM, TIPOrpaMMHBIM KO U T. [.), C TIOMOLL[bIO
KOTOPBIX 0CYIL[eCTB/AeTCs yIIpaB/ieHKe BbIITO/THEHHs
TIporpaMMEI Uepe3 Kakre-TO B3auMOAeHCTBUs (UHTe-
pPakTUBHOCTH). B cimydae 3D-rpaduku Unity rioHsATHE
TPUITEPOB MCIO/b3YeTCs AJ11 CBOMCTBA KOMITOHEHT
tuna Collider ¢rsnueckoro ABKKa. YCTaHOB/IEHE
JIaHHOTO CBOMCTBA J/11 KOMIIOHEHT I103BOJIIET Jaslee
obpabarbiBaTh COOBITHS, CBsI3aHHBIE C KOHTAKTaMU
C IaHHBIM 0OBEKTOM: TIPY BXOZe (CTOTKHOBEHWH)
B JJaHHBIN 00BEKT, ITPY HaXOXKAEHUN B JaHHOM 00b-
eKTe, TIPU BbIXoZle U3 oObekTa. Takve AeHCTBUS AJIS
obecrieveHst UTHTEPAKTUBHO CTH MOTYT OBITE 06pabo-
TaHbl B COOTBETCTBYIOLMX MeToZax:

void OnTriggerEnter (Collider

collider)

{

// mercTBUS NPO BXOOe B TPUTTEP

}
void OnTriggerStay(Collider

collider)

{

// melcTBUS NPY HaAXOXKISHUU B
TpUrrepe

}

void OnTriggerExit (Collider
collider)

{

// meMcTBUS NOCJe BEXOIA U3 TpUITepa

}

BoiBogpl. TakuM 06pa3som, B paboTe IpoBesieHO HC-
csieoBaHMe 1Tpo6sieM, BO3HUKAIOIUX IIPY 00yUYeHUH
CTYZIeHTOB-M€/IMKOB Ha (PM31Ie CKUX MOJIJISIX, U TIPe/i-
JIO’KeH TI0X0/, 71T pa3paboTKX MHTEPAKTUBHOTO TTPO-
rpaMMHOTO 00eCTIeueHusl, MCII0/Tb3YIOI[Er0 KOMITBIO-
TepHYI0 rpaduky 3D B MeJULIMHCKOM 00pa3oBaHMK.

YKa)keM, UTO yKa3aHHBIM TOPS/A0K paspa-
O0TKM OpMeHTHMPOBAH Ha MCIIOJb30BaHUE YXKe
TIPUIOTOB/IEHHBIX 3apaHee MoJieslell aHaTOMUYe CKIX
CTPYKTYpP, CO3JaBaeMbIX, HallpUMep, Ha OCHOBe
MPT-u3o6pakeHUl U TIpe/iCTaBIeHHBIX B pasHbIX
PEro3nTOpHsiX — KaK KOMMepue CKUX, Tak 1 CBOOO/I-
HO pacripocTpaHsieMbix (Harpumep, BodyParts3D).
[arnee mipoLjecc COCTOUT B MCII0/Ib30BaHMH Oecruiar-
HOTO ITPOTPaMMHOT0 00eCTieYeH s, UTo, 10 MHEHHIO
aBTOPOB, Cr1I0co6CcTBOBAMO ObI IIMPOKOU paspaboTke
VHTepaKTUBHBIX 00yYaloIIMX TIPOrpaMM B MeULIH-
CKHX By3aX.

ISSN 1996-1960. MeauyHa iHchopmaTuka Ta iHxkeHepist. 2017, Ne 3 31



MEANYHA IHOOPMATUAKA
TA IHXXEHEPIA

Tabauya 1
Bo03M0)XHOCTH JIMIIeH3UP OBAHUS MPe/I/I0KeHHOTo MPOrPaMMHOT0 ofecreueHust
Hcnonwszyemoe
Jran paboTsl rporpammHoe Kommnanusi-pazpaboTumk Jluuensus
obecreuerue
M crnonb3oBanne 3D-Mopesneli aHaToMmrue-
CKIX CTPYKTYD, pa3paboTaHHBIX B TIPOEKTE BodyParts3D Anatomography Free open-source
IAnatomography
[TosiyueHWe ceTeBbIX MoJeneid yenoBeka
Y A MakeHuman The MakeHuman team AGPL
C BO3MOXKHOCTBIO MOJM(UKALIN
MmrmopTrpoBanme 1 o6paboTka 3D-Momesn, .
o Blender Blender Foundation GNU GPL
Co3jaHue aHUMaLi
Co3paHre MHTEPaKTUBHOIO TIPAJTOXKEHWST . . . . Proprieta
A P P Unity Technologies Unity Technologies P Y
C yrpaB/sieMbIMW aHUMALUSIMU

ABTOpBI CUMTAIOT, UTO HCII0/Ib30BaHKe COBPEMEHHBIX
JIULIEH3MPOBaHHBIX CpeJCTB pa3paboTku (Tabsm. 1),
KOTOpbIe TIO/IyYW/IM CeTOAHs MOIY/SIpHOCTE, B II€p-
BYIO OYepeAb, TIpY pa3paboTKe pa3sBieKaTeTbHBIX
MpOrpaMMHBIX IIPOAYKTOB (KOMIIbIOTEPHBIX WIP),
vMeeT psifi IpeUMYLeCTB IIPY MCII0/Ib30BaHAN AJIs1
pa3paboTKY TPU/IOKeHUH KOMITbIOTEPHOH rpaduKku
B MeJULIMHCKOM 00pa3oBaHMU: BO-TIEPBbIX, HarpaB-
JIEHHOCTb Ha 00paboTKY CJI0KHBIX CETOYHBIX MO/e-
neit, 3D-Br3yanu3aLuio, co3gaHue 3¢ eKToB, UHTe-
pPakTUBHOe YIIpaB/eHHEe aHWMAaLUsIMH; BO-BTOPBIX,

Jlureparypa.

1. Anatomical models: a digital revolution / J. R. Fredieu,
J. Kerbo, M. Herron [et al.] // Med. Sci. Educ. — 2015.
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2. AnatomyBrowser: a novel approach to visualization
and integration of medical information / P. Golland,
R. Kikinis, M. Halle [et al.] // Comput. Aided
Surg. —1999. — Vol. 4, Ne. 3. — P. 129-143.

3. Becker B. W. Digital learning object repositories /
B. W. Becker // Behav. Soc. Sci. Libr. — 2010. —
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4. Carolan J. Using representations for teaching and learning
in science / J. Carolan, V. Prain, B. Waldrip // Teaching
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Association. — 2008. — Vol. 54, Ne. 1. — P. 18-23.

5. Douglass C. Plastination: preservation technology
enhances biology teaching / C. Douglass, R. Glover //
Am. Biol. Teach. (Natl. Assoc. Biol. Teach.). — 2003. —
Vol. 65, Ne. 7. — P. 503-510.

6. Hopkins R. Exploring the changing learning environment
of the gross anatomy lab / R. Hopkins, G. Regehr,
T. D. Wilson// Acad. Med. — 2011. — Vol. 86, Ne. 7. —
P. 883-888.

7. Hopwood N. Model politics / N. Hopwood // Lancet. —
2008. — Vol. 372, Ne. 9654. — P. 1946-1947.

Ha/IM4ye J0CTaTOYHOr0 KOJIMYeCcTBa CIel{UaliCTOB-
MPOTpPaMMHUCTOB, B/afeOlMMUA AaHHBIMUA TeXHO-
JIOTUAMHU; B-TPeTbHUX, A0CTaTOYHas OT/IakKeHHOCTb
JaHHBIX TPOrpaMMHBIX cpef (Ipu paspaboTke
npoektoB Blender, Unity 3azelicTBOBaHO MHOTO
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