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BU3YAJIN3ALINU

C nmMosBICHUEM CHUCTEM BHUPTYAJIIbHOM pEaJbHOCTH, B KOTOPBIX
HaOJMIoaTeNlb MOrPYKaeTcsi B MHUP MOJIEJM, BO3HHUKAET MOTPEOHOCTH
BU3YyalIM3allMU CPEJbl, MaKCUMaJIbHO MPUOIMKEHHOM K TOMY, YTO YEJIOBEK
HaOJII0/IaeT B €CTECTBEHHBIX YyCHOBUsAX. Jljisi 3TOro TpeOyroTcs MOIIHBIC
cucteMbl. Bce Oosiee mmpokoe pacnpoCTpaHEHHE MOJTY4YaloT CErOJIHS METObI
BU3yaJIM3alli BHYTPEHHUX CTPYKTYp OOBEKTOB Ha OCHOBE JaHHBIX
TOMOrpayecKUX HUCCIAEAOBaHUI. OTU METOAbl KOMIBIOTEPHOW Tpaduku
HA3bIBAIOTCS  BU3yaju3amue oObema. B Merogax, OCHOBaHHBIX Ha
MpeACTaBICHUN 00BEKTOB MOBEPXHOCTAMH, CHaYajIa CO3/1aeTCsl MPOMEKYTOUHAsI
MOJIeJIb C BBIJICJICHUEM MOBEPXHOCTU 00BEKTa. Jlanee BBIMOIHSICTCS PEeHISPUHT
MOBEPXHOCTEH. J[pyrre MeTOoibl, OCHOBAaHHBIE Ha BOKCEIBHOM IPEICTABICHUH
00BbEMOB, CO3/IaI0T TPEXMEPHbIE M300pakeHUss 00bEKTa HEMOCPEACTBEHHO M3
00bEMHBIX JaHHBIX.

Pennepunr o00BEMOB  peajbHOrO0  BPEMEHHM CTall  HE3aMEHHUMOMU
TEXHOJIOTHEN BU3YyaJIU3alUU JJIsl IIUPOKOTO CIEKTpa MPUIIOKEHUN B HACTOSIIEE
BpeMms. [Ipu 0ObeMHOM peHAEpUHre MPOUCXOIUT 00pabOTKa NaHHBIX B TPEX H
Ooonee m3mepenmsx — Takue gaHHble kak CT wmm MRI manHBIe CKaHEpOB,
CEHCMHMYECKNE JaHHBIE, OINKCHIBAIOIINE MOA3EMHYIO CTPYKTYpY 3€MIIH, WIIU
aTMoc(epHbIC JaHHbIE TMOTOJHBIX YycJIoBHM. TunuyHbie HAOOpPHI JaHHBIX,
OmMMUChIBAKOIINE (U3NUECKUEe OOBEKThl WM SBJICHUS — WHQPOPMAIMOHHO
OTPOMHBI, TIOTOMY-YTO HEOOXOJMMO WMETh JaHHBbIE B KaXKIOH TOYKE
TPEXMEPHOTO MPOCTpaHCTBA. Takue HaHHbIE OTOOpaXkaloTCs B Mpoliecce

peHaepuHra oobema, n300paxasi OObEKT WU SBIICHUE PEATUCTUIHBIM 00pa3oMm,



B TOM YHCJIE M WX BHYTPEHHIOIO CTPYKTYpy. PeHmepuHr o0BEMOB peanbHOTO
BPEMEHHU JIeaeT 3TOT MPOLECC JOCTATOYHO OBICTPBIM, YTOOBI MOJIB30BATEIH MOT
MaHUITYJIMPOBATh M300paKEHUSIMH B WHTEPAKTHBHOM pekmme. [lob3oBaTenb
MOKET BpallaTh U300pa’keHHEe, CMOTPETh CKBO3b IMOIYIPO3PAUYHYIO CTPYKTYPY
MaTepuana, JBUTasiCh CKBO3b HEE U MEHsS OCBeHIeHHOCTh.IIpu mpsimom
peHJepUHTe O0BEMOB, TOJIHAS TPEXMEpHas CTPYKTypa Telna CKaHHPYETCS H
oToOpakaeTcs KaxIwlid Kajp. BooOpakaembie JIydn MNpPOXOISAT CKBO3b KyO
JAHHBIX, B KQXKJIOW TOYKE KOTOPOTO BBEIYHCIIACTCS IBET U MPO3PAYHOCTH. 3aTEM
IIBET KaXJOro BOKcelda oObeMa TpoerupyeTrcs Ha OHKpaH C YISTOM
npo3padyHoCcTH. OObEeMHBIM PEHIEPUHTI — OCHOBHOW METOJ| HMHTEPIpETaIUU
TPOMATHOTO KOJIMYECTBA TPEXMEPHBIX CKASIPHBIX TAHHBIX.

Panee B pacnopsbkeHUM Bpayeid ObUIM JIMIb PEHTIC€HOBCKHUE CHUMKH,
KOTOpbIE JAal0T HEKOTOPOE MPEICTaBICHUE OO0 HCCIEAYyEeMbIX OpraHax B BHUJC
HaJIOKEHUS TCHEW Ha M300paKeHHS M OTIUYAIOTCS IJIOXOH KOHTPACTHOCTHIO H
OTCYTCTBHUEM Kako-muO0 mHpopMaiuu o rryouHe o0bekToB. Mcnonab3oBaHue
KOMITBIOTEPOB  JIaJl0 BO3MOKHOCTh Pa3BUBAThCS HOBBIM  HAMPABICHUSIM
ToMorpaduyecKOr HHTPOCKOMHNH, TAKUM Kak KommbloTepHas ToMorpadus (CT-
computed tomography), MmarauTHasi pe3oHaHcHas Tomorpadus (MRI-magnetic
resonance imaging), MO3UTPOHHAsT dMUccHOHHAs ToMorpadus, (PET - positron
emission tomography) u ap. C mnomormipio ToOMOrpaduueckoil ammapaTypsl
MOXHO TIOJIYYHTh CHHMKH MHOXKECTBA CCUYCHHMH Tejla TAaI[MeHTa, KOTOphIC
XapaKTEPU3YIOT OCOOCHHOCTH €0 aHaTOMUH, MPUYEM C OONBIIIONH YETKOCTHIO U
0e3 HaJIoKEeHHUs] N300paKEHUN OpPraHoB JAPYT Ha JIPyra, 3TO BaKHO I TaKUX
KIMHAYECKUX 3aJa4, TMOAOOHBIX XHUPYPTUYECKOMY TUTAHHPOBAHUIO, TJIC
HeoOxomuMo moHuMath 3D CTPYKTypy BO BCEH €€ CIIOKHOCTH W BHUJCTH
nedexTsl. OmbIT MOKa3aj, 4To "yMO3pUTENbHAS PEKOHCTPYKIHUSA" 0OBEKTOB IO
N300PKCHHUSIM MX CEYCHHUH YpE3BBIYAHO TPY/IHA W CHUJIBHO 3aBUCHUT OT OIIBITA
U BOOOpakeHMs] HaOmogarens. B Takux ciydasx XOTEIOCh OBl MPEICTABHUTH

OopraHbl Tak, KaKk MX YBHJEN Obl XUPYypr WiW aHaTOM. TakpuM oOpazoM, Ieb



BU3yaliu3ali 00beMa - CO3/IaHHE TOYHBIX M PEATHCTHYHBIX BHU3yaJbHBIX
npenacrabiieHuil 3D 00bEKTOB 10 TOMOrpaAPUUECKUM JaHHBIM.

XUpyprudecKue CHUMYJSATOPHI TTO3BOJISIOT MPOBOJIWUTH OIEpaIliyd  Ha
«BUPTYaJIbHOM TMAalUEHTE» [JIsi TPEHUPOBOK XHUPYPrHUYECKOTO MepCcoHaa.
[IpumMepoM MOXKET CIYKUTh Takas 00JIaCThb KaK MUKpOXHpYyprusi riaza. s
TaKOW 3aJja4i HEOOXOIMMO WHTEPAKTUBHO MOIU(DHUITMPOBATH BXOIHbBIC TaHHEIE,
YTOOBI OTCJIEKUBATH PE3YJIbTAThl XUPYPIHUECKOTO BMEIIATEIbCTBA.

Xupyprudeckue IUIAHUPYIOMIHE CHUCTEMBI TO3BOJISTIIOT OCYIECTBISAThH
IUTAHUPOBAHUE XUPYPTUUECKHUX OTEpaIfil ¢ 1EeNbI0 ONpeIeICHHs] CTpaTeTuu ee
MPOBE/ICHHUS.

O0bemHas rpadguka, TOCPEICTBOM HMCIOIb30BAHUS MYJIbTHCEHCOPHOTO
MOJIb30BATENIBCKOTO HHTEp(deiica, - HWHCTPYMEHTA MO3BOJISIONIEIO H3MEHSTH
dbopmy rubkoro maTepuana, a Tak ke ObICTPOTrO pEeHJEPUHTa, UMEET MOTSHIIHAI
JUISL TOTO, YTOOBI OOCCIEYNTh KOHIENTYaJbHO HOBYIO TMapaJUrMy IS
MPWIOKEHUN KOHCTpyupoBaHus - o0beMHubIi CAD.

Bo03MOXHOCTS BU3yalM3aIiiy KaK TBEPABIX, TAaK U aMOP(HBIX OOBEKTOB, a
TakK ke MpOoCToTa UX Jeopmaluu, mo3BOJSIET PACIIUPUTH 00JIaCTh TPUMEHEHUS
CUCTEM OO0BEMHOW BHM3yalu3allid HAa TPWIOKEHUS B 3a7a4ax XHUMHH,
MOJIEKYJISIPpHON OWOJIOTMH, MOJCIUPOBAHUM TIOTOJbI, TaK Kak OOBEeMHas
rpaduika Mo3BOJISIET BU3yaJM3UPOBATh BHYTPEHHIO HH(DOPMAIMOHHYIO CpEy
cinoxHbIX 3D 00BEKTOB.

Hepazpyaromiue aHaJIU3bI 00pasIos, TPEICTABISIONINX
apXeoJIOTHYECKYI0 IIEHHOCTb, TPOBOJATCA C TNPUMEHEHHEM OO0bEeMHOMU
BHU3YyaJIM3aIMH, YTO OYCHBb BAYKHO B aPXCOJIOTHH.

Hpyras oOnacte npuMeHeHUs: oObeMHOW Bu3yanuzanuu 310 Al'Jl-
rpadus. AT'Jl-rpadus - HOBoe HalpaBieHUE BU3YyATH3allMd TEYCHUI B Ta30 - U
THIpOJUHAMUKE. BO3MOXXHOCTH HETMOCPEICTBEHHO «IIOKa3aTh» CTPYKTYpPY
MOTOKa, 0TOOPA3UTh TPEXMEPHBIE HAOOPHI IAHHBIX B IBYMEPHBIC N300paKeHMS,
IPSMO COITOCTAaBUMBIE C M300paKCHUSMH, TTOTYYaeMbIMU IKCIIEPUMEHTATBHBIM

MyT€M, H, HAKOHCIL, BBIACIATL HMWHTCPCCYIOINUC JOC€TAJIM IIpWM IMOMOIIH,



COOTBETCTBYIOIUM 00pa3oM, momobpanHoro ¢uiabTpa, aenarot Al'J[-rpadwuto
NEPCHEKTUBHBIM HHCTPYMEHTOM BHU3yaJlU3al[uy TCUCHUM.

OddexkTnBHO TpUMEHEHHE OO0BEMHOW BH3yalInM3alluu B TeodU3UKe.
JlanHble BUPTYaJbHOM Cpeabl JOJKHBI OOecrneyuBaTh MPSMON JOCTYI JIs
npuwiokeHud oO0beMHON rpaduku. DyHKUMSAMU Takux CTPYKTYp JIaHHBIX
SBJITFOTCSI UX BU3yajbHas 00paboTKa W mHTEpnpeTanus. JlaHHbie BUPTYaIbHOM
Cpellbl BKJIIOYAIOT B c€0S MHOTOUYUCIICHHbIE UICTOYHUKH OT/AEIIbHBIX U3MEPEHUM:
BBICOTHI HaJl MOBEPXHOCTHbIO, MHOTOMEPHbBIC PEKOHCTPYUPOBAHHBIE JAaHHBIE OT
pasiapoB | Ja3epoB, IUPKYIISAIIUOHHBIC MOACIH (BUXPH).

Buszyanuzanuio ceiicMU4ecKuX JaHHBIX TaKXKe Jy4llIe JeaTh C MOMOUIIO
00bEMHOT0 PEHACPUHTA.

[Ipumenenrne 00bEeMHOW BH3yallU3alluud B JE(PEKTOCKONMUU MaTEPHAIIOB
MOJI00HO MEIUIIMHCKONW ToMorpaduu, HO OTHOCUTCS K MPOMBIIIICHHBIM
MPUIIOKCHUSIM.

OObemHasi BuU3yalu3alysl B IIOCJIEIHEE BpeMsl cTalla MPUMEHATHCS B
KUHOWHAYCTPUM, B YACTHOCTH, B BHUPTyaJbHbIX CTaHIUiX. HM300paxkeHue
dboTorpaduyeckoro kadecrBa CO MHOXKECTBOM JIeTaliel, TeOyromeecs Jyis
neKkopanuii  guibMa WIM  BUPTYyaJIbHOW  TEJEBU3MOHHOW CTYIWU JIeTde
BBITIOJTHSIETCS TIPU OOBEMHOM peHiepuHre. B ciyuae 00beMHOr0 peHIepUHTa He
TpeOyeTcss CTPOUTh HUKAKUE MOJIETH TOBEPXHOCTU. TpeXMEpHBbIl OOBEKT
(cuieHa) paccmaTpuBaeTcsl Kak IMOJYNPO3pauyHbli 00beM, B KOTOPOM OIKMCaHA
Ka)k/1asi TOUKa.

OObemMHasi TEXHOJIOTHS BU3yaJIM3allMd PEaTbHOTO BPEMEHH IO3BOJISET
UHTEPIIPETUPOBATh  JaHHbIE IS ObicTpOM  UWACHTU(DUKALINH, u
MPEANOYTUTENbHA 11 OONbIINX 6a3 MaHHBIX U 3()(PEKTUBHOTO TUIAHUPOBAHUS
UCCIIeNOBAaTEeNbCKUX cTpareruii. OHa oOecrednBaeT pe3ysabTaThl BBICOKOTO
KauyecTBa, OOBEKTHBHBIC 3HAHUS W TOHUMAHUE BHYTPEHHUX CTPYKTYp s
TOYHBIX 3aKitoueHui. VccnenoBarenu MOryT MCIOIB30BATh MOAXO/ MOA00HBIM
B HEUpOXHPYpruu Jjisi ObICTPOTO HCCIAEAOBaHUS 00beMa C BBHICOKOI CTENEHBIO

JeTAIN3aLIH.



