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v' Pe3ztome
B cospemennoii meouuune 3D-pekoncmpykuus op2aroe u mKaneil A611emca 00Houl u3 Hauboiee

AKMYAIbHBIX U NEPCHEKMUGHBIX MexHOoa02ul. Ona no3zeonsem co30aeamsv mpexmepHple Mooeu
0p2aH08 U MKAHEI C 6bICOKOU MOYHOCMbIO, UMO MOJcem Oblmb NOE3HO O NIAHUPOEAHUS
XUPYP2UUECKUX 6MeUIamenbCme U 00YUeHUs CnyoeHmos MeOUUUHCKUX 6y306.

Knrouegvie cnosa: mpexmepnas neuams (3D), meduyunckoe oopazosanue, anamomusi.
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FOYDALANISH PERSPEKTIKALARI
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v' Rezyume
Zamonaviy tibbiyotda organlar va to'qimalarni 3D rekonstruksiya gilish eng dolzarb va istigbolli

texnologiyalardan biridir. Bu sizga yuqori aniglikdagi organlar va to'gimalarning uch o'lchovli
modellarini yaratishga imkon beradi, bu jarrohlik aralashuvlarni rejalashtirish va tibbiyot
talabalarini tayyorlash uchun foydali bo'lishi mumkin.

Kalit so'zlar: uch o'lchamli chop etish (3D), tibbiy ta'lim, anatomiya.

PROSPECTS FOR USING 3D RECONSTRUCTIONS OF ORGANS IN ANATOMY
TEACHING
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v' Resume
In modern medicine, 3D reconstruction of organs and tissues is one of the most relevant and

promising technologies. It allows you to create three-dimensional models of organs and tissues with
high accuracy, which can be useful for planning surgical interventions and training medical students.
Keywords: three-dimensional printing (3D), medical education, anatomy.
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AKTyaJIbHOCTh
pexmepras (3D) meuaTs (Takke U3BECTHAS KaK aJINTHBHOE IPOU3BOJICTBO) - 3TO MPOIECC, IPH
KoTopoM 3D-KoMIbIOTEpHAS MOAENs Ipeobpasyercss B (usmueckuit 00bekT [1]. C momorrsio
KOMITBIOTEPHOTO YIIPaBJICHUs] ‘“‘TIeYaTHBbIE MaTephaibl” YKJIaAbIBAlOTCSI CIIOM 3a CII0OeM, IIOoKa
¢usngeckuii 00BEKT HE OyJET COOTBETCTBOBATH UepTEXKy Ha Kommbiorepe. OOBIYHO HCIIONB3yeMbIe
MaTtepHabl 1l 3D-1medaTy BKII0YAI0T HEHIIOHOBOE CTEKJIOBOJIOKHO, POYHBIN HEHIIOHOBEIN MaTepHall,
THIICOBBIN MaTepua, aTlOMUHUEBBIH MaTepuall, TATAHOBBIN CILIaB, HEP)KAaBEIOLIYIO CTallb, cepeOpeHne,
MI030JIOTY U PE3MHOBBIE MaTepualbl. TpexMepHas nedaTh UMeeT MUPOKUH CIIEKTP TPUMEHEHHH, B TOM
ylyciae B KOCMHUYECKOH Hayke, TeXHMKe M MeauuuHe. Hampumep, TexXHOIOTHS MOXeET OBITh
UCIIOJIb30BaHa [UIl CKAaHUPOBAHMSI YEJIOBEYECKOI'0 Tela C IIOMOILIbI0 MAarHUTHO-PE30HAHCHOMN
TOMOTpauu ¥ KOMIBIOTEPHOH TOMOTrpadu, a 3aTeM 115l BOCIIPOU3BEACHUS YeJIOBEUECKUX CTPYKTYP C
MIOMOIIBI0 HECKOJIBKUX CJIOEB MOJUMEPHOro MaTtepuaia [2]. MaTtepuan yKiaabpIBaeTcsl CJIOSMH, 4TO B

KOHEYHOM MTOT€ IIPUBOAUT K CO3AaHHIO OOBEMHBIX MOJIENEH.

C 2000 roma TexHojorusi 3D-mewatd OBICTPO pa3BUBAETCS M IIMPOKO HCIONB3YyeTCsS B
oOpabatbiBatoleil MPOMBINIICHHOCTH. TexHomorusi 3D-meuaTn B HacTosimee BpeMsi BHEIpPEHa B
MEIULUHCKYI0 U OMOMEIULIMHCKYIO 00JacTH W HMMEET NMOTEHIHAJIbHYI0 LIEHHOCTh B KJIMHHYECKOH
npaktuke. 3D-mevaTHple MOJENM KOCTEH MHOrooOemamme TOYHBI B MOPQOJIOTHUH, BKIOYAs
Mopdosioruto miepeoMoB kocteil. llena texHomoruum 3D-mieuaTH B HACTOSIICE BPEeMs JOCTHUIIIA
PasyMHOTO YPOBHS 3aTpaT, U €€ BHEAPWJIH JUIS IJIAHUPOBAHHUS ONEpaLUil ¥ MPeTnoAaBaHusl MEIULUHBI
[2, 3, 5].

Jo cux mop HeW3BECTHO, yiydlnaeT Ju noOasieHue 3D-medaTHBIX Mojnened mpernojaBaHue
MPOCTPAHCTBEHHOW aHATOMHW KOCTEH M MX TIEPEIOMOB CTyACHTaMu OakaiaBpuata. B 3Tom
MCCIICIOBAHUU MBI NPOBEIH PaHAOMH3HUPOBAHHOE KOHTPOJHPYEMOE HCCIIEIOBAHUE, CPaBHUBAIOIIEE
3D-nieyaTHbIe MOJETH C PEHTIeHOTpadUIECKUMH U300paKEHUSIMH TIPH 00yUYEHHUH CTYCHTOB-MEANKOB
10 BOIIpOCaM TepesioMoB Koctei [4, 7].

Hcnonb3oBanue ycmyr 3D-meyatu B aHaTOMHYECKOM OOpPa30BaHMHU MOTEHLIHAIBHO MOXKET OBITh
WCIIOJIB30BaHO IS IIPEOAOJICHHSI OOJBIIOTO Pa3phiBa B OIBITE 3a CUET YIYYIICHHS IIPOCTPAHCTBEHHOTO
MOHUMAaHUsl YHUKAIBHBIX MMAaTOJOTHH W APYTHX CIOKHBIX aHATOMHYECKHX TeM B (hopMmare, KOTOPBIi
MINPOKO JIOCTYNEH sl OOJBIIMHCTBA ayAMTOPHH. XOTS MOAEIH TPYHOB M CpEAbl BUPTYaJbHON
PearbHOCTH TAKXKE paHee HMCIOJb30BAIMCH AJSL OTHX LEJIeH, CTOMMOCTh COAEPXKaHMS J1Iab0paTOpHU
TPYIIOB HepeanbHa JIsl BCEX YUPEKJICHH, a B Cpeiax BUPTyaJIbHOM peanbHOCTH OTCYTCTBYET BaXKHast
TakTUiIbHast nHpopmanus [ 11]. B mocneaane roisl cpeHss CTOMMOCTD yeryT 3D-mevyaru cymecTBeHHO
CHHM3MJIACh U CTaJIa HAMHOTO JIOCTYITHEE, UTO JIEJIAeT UX IPUMEHEHHE B OOJIBILIMHCTBE KJIACCHBIX KOMHAT
ropaso 6osee peanuctudnbM [8-10].

Oobaactu  npuMmeHenusi 3D-meyaTm mocTeneHHO pacuupsorca.  3D-meuyath  ABIsSETCS
NOTEHIHAIBHO MPOPBIBHOW TEXHOJIOTHEW, KOTOPas MOXKET YIIyUIINTh XUPYPrUuecKkoe o0pa3oBaHue u
KITMHUYECKYIO MPakTUKy [3]. 3D-nedats Mozeneit apTepruoBeHO3HBIX MaIb(OpPMAaIIHid TOIOBHOT'O MO3Ta
NoJIe3Ha JUIs IPEoNepAlIOHHON KOHCYIbTAIlUH TAIIMCHTOB, IUTAHUPOBAHUS OTIEpaIluK ¥ 00yueHwMs [4].
3D-neyatHble MOJETH TaKKe MOTYT OOBSICHUTH OOJNE3Hb MALMEHTAa, 00JErYUTh OTHOLICHUS MEXILY
BpayOM M MAalMEHTOM U MOBBICUTH YBEPEHHOCTH MAIlMEHTa B MPOLECCE JEUEHUSI. DTH MOJAEIH TaKKe
NPEJOCTABISIOT MAlMIeHTaM JOMOJHHUTEIFHOE 00pa3oBaHue M MHPOPMHUPYIOT MX O HOPMAJbHBIX U
AHOMAJIBHBIX CTPYKTYpax Teja, YTO CIIOCOOCTBYET YIYYIICHHIO OTHOIICHHH MEXIY BpauyoM |
namueHTom [4].

[To cpaBHeHHIO ¢ JApPYIrHMH TKAaHEWH)KEHEPHBIMH KapKacaMH U TEXHOJIOTHEH OBICTPOro
nporoTuniupoBanusi 3D-meyath o0siagaeT CcIenyoMUMH NPEUMYIIECTBAMU: BBICOKAas TOYHOCTb,
XOpOIIasi HHTErpaysi, ObICTpasi pEKOHCTPYKLMS M HU3Kast CTOMMOCTE [5]. OHa uCrob3yercst He TOIBKO
uis o0y4deHHs OpIMHATOPOB, HO M Juig OOy4YeHHs aHATOMUHU. TeXHONOTHs IMoKasana OoJblIne
MEPCIIEKTHBEI B KAYECTBE YUEOHOTO MHCTPYMEHTA B TAKHX O0JIACTSX, KAK BCKPBITHE, TIACTU(UKAIIHS,
KOMITBIOTEPHOE MOJCITUPOBAHUE, a TAKKE aHATOMHUYECKHE MOJeNu U u3o0paxenus[6]. B nocieanue
necsatunerust 3D-mewyarth HCMoONB30Bajack B NPENOJaBaHUM AHATOMHUU CTyJEHTaM-MeAuKam[0].
Bo3moxHO HCcTIONBp30BaTh TEXHONOTHIO 3D-euaTu 1t co3aHus BBICOKOTOYHBIX MOJIETEH CEepASYHBIX
aHOMaJIMI. DTH MOJENH TIepeAaroT yJalluMCcs 3HaHUS O CEp/Ile U MOBBIIAIOT X HHTEPEC K O0YIECHHIO
[7].

3D-neyaTHbIE MOJIENIA MOKHO TUPaXKHPOBATh B OOJNBIIMX KOJIMYECTBAX, YTO TTO3BOJISIET YUAIIMMCS
MCIIOJIb30BaTh OOJIbIIe MOJEIEH sl M3ydeHus M OTpabOTKH CBOMX HAaBBIKOB. B 0lHOM mccnenoBaHun
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CO00INANOCh, YTO ydamuecs cowin 3D-meuaTHple Mojenu 0osiee TMOKMMU W JOJITOBEYHBIMH 10
CpaBHEHUIO C OOBIYHBIMHU IUIACTHKOBBIMH MojeiasMu [4]. 3D-medaTth WMeeT OTHOCHTEIIBHO HHU3KHE
MPOUW3BOJICTBEHHBIC 3aTpaThl, CO3[AacT TOYHYIO AaHATOMHYECKYIO CTPYKTYPY U JIEMOHCTPHPYET
HOPMAJIBHBIC WJIH MAaTOJIOTUIECKHUE CTPYKTYPHBIC U3MeHeHHs |8, 9].

B 3apaBooxpaneHnn 3D-NpHHTEPHI HCIONB30BATIKMCH JUIS Pa3pabOTKU MEPEOBBIX MPOTE3HBIX
yCTpOWCTB [ 1], IMITTIAHTATOB AJIS XUPYPTrHIECKOTO BMEIIATeNhCTBA [2], pyKOBOJCTB IO TUNIAHUPOBAHUIO
oneparwmii 3, 4] u moneneii 1 oOpa3oBarenbHbIX menei [S]. PaspaboTka 3D-nieuaTHBIX MOJeNeH s
KOHKPETHOTO TAI[MeHTa WCIOJIb30BAIACH JUIS IJIAHHUPOBAHUS CJIOXHBIX OINEpalid W, B HEKOTOPBIX
CIIyJasx, Ui U3MEHEeHHs pe3yibTrara Bceil omeparum [3]. B Hacrosmee Bpemsi 3D-m3oOpakeHus
VHHUKAJBHBIX XHPYPTUYECKUX CIy4aeB MOTYT OBITh CO3JaHbI C HCIOJIb30BAHHEM OIPEICICHHOrO
MPOrPaMMHOT0 00eCIeUeHu s, HO JJOJDKHBI IIPOCIIUPOBaThCS Ha 2D-3KpaH, 4To UCKIIIOUAET KaKoe-1u00
BOCIpHsATHE TIyOHHBL. Vcnonb3ys 3D-neyath, MOKHO JOCTHYB JIydIIero MOHUMAaHUS WHTEepeCYIomei
aHATOMHYECKOH 00JIaCTH, KOTOPOE BKIIIOYAET B ce0sl KaK BOCIPHATHE TTyOWHBI, TaK U TAKTHIBHYIO
00paTHYIO CBsI3b, KOTOPBIX B HACTOSIIIECE BPEMsI HE XBaTacT B BUPTYaJIbHBIX MPOCKIUAX [6].

3HaHHe AHATOMUH CKeJIeTa U IEePEIOMOB KOCTEH sABIsAeTCS (QyHIaMEHTAILHBIM 00Pa30BaTeIbHBIM
KOMITOHCHTOM JUIS KaXJIOTO CTyACHTa-Meauka OakanaBpuata. B TpaguIMOHHOM MEIMIIMHCKOM
oOpa3oBaHuU 00Pa3Ilbl TPYIOB M PEHTICHOrpaduIecKre N300PaKEHUS HCIIONB3YIOTCS ISl O0YUSHUS U
WCCIICIOBAaHNH, a TaKkkKe ISl ayAHOBH3YaIbHBIX pecypcoB. OHaKO oOpa3mbl TPYMOB HCIOIB3YIOTCS
TOJILKO B OOBIYHOM KypCE aHATOMHU CKEIeTa.

B nHacrosmiee Bpems HanboJee IMUPOKO MCTONb3yIoTCsi 3D-peKOHCTpYUPOBaHHBIE H300paKEHHSI B
PowerPoint u PACS (cuctema apxwBHpOBaHHS HW300paXKeHHH W CBS3M) s OOYy4eHUs
MOpP(OJIOrHIECKUM U3MEHEHHSIM, CBSI3aHHBIM C TIEPETIOMOM KOCTH WIIM IpyruMu 3a0osneBanusmu. [lpu
NproOPETEHUH TPYNOB BOSHHUKAIM 3THYECKHE MPOOJIEMBI, 1 BO MHOTUX CTpaHaX YpOBEHb JIOHOPCTBA
OpraHOB HEBEJIHK. JTH 00CTOSTENHCTBA, HAPSAAY C PACXOJaMH, CBSI3aHHBIMHU C XpaHEHHEM 00pa3IoB
TPYIOB, IPUBEIN K OTPaHUYEHHOMY MCIIOJIB30BAHUIO TPYHOB [2, 4, 9].

IIpumeHeHusi B 00y4eHHH BO3PACTHOH aHATOMHM. J[€TCKYyI0 aHATOMHUIO TPYyJIHEE MOHATH, YEM
aHaTOMHIO B3POCIBIX, M, 0COOEHHO Y TAIMEHTOB C BPOXJICHHBIMH 3a00JIeBaHUsIMH. B paMkax 3Toro
o0y4yeHHs] aHATOMHYECKUM CTpyKTypam 3D-mieyath wucCIonb30Bajach pa3iHYHBIMH CIIOCOO0aMH, U
pe3ynbTaThl HMCnojib3oBaHUs 3D-mewatn s o0ydeHHs MPaKTHYECKH BO BCEX aHATOMHYECKHX
CTPYKTypax, TaKMX KakK II€UeHb, JIeTKHEe, TO3BOHOYHHMK, TOJOBHOM MO3T, TOJOBa W Iesi, aKTUBHO
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OCBEINAIKCH B 00J1acTH 00pa3oBaHus. [IpeAnpuHUMATUCH TONMBITKH MPUMEHHUTH 3D-Mevyath He TOJIBKO
K 00pa3oBaHUIO HOPMANBHBIX CTPYKTYp, HO M K 3a00JIEBaHUSM, CIIOKHBIM CTPYKTypaM H Jlaxe
BPOXKICHHBIM aHOMAJTHSIM.

3akiaoueHue

3D-neyath obOecreunBaeT MPEHMYIIECTBA BHICOKOW TOYHOCTH, XOPOIICH WHTErpamuu, ObICTpoi
MEPECTPONKN M HU3KOW CTOMMOCTH. [locTeneHHO TeXHOIOrus MPOHUKIIA B MEAMIMHCKUHN Kiacc. [{ns
MPAKTUYECKUX M YYCOHBIX Iesield OyJIeT OYeHb MOJIE3HO KCIOJB30BaTh TEXHOJIOTHIO 3D-meuaTtu ams
CO3MaHMS aHATOMHYECKOW MOMENH, aJaNnTHPOBAaHHON I TOJHOTO TOHWMAaHHS aHATOMHUYECKOH
B3aMMOCBSI3U MEXTy TTOPAKSHUSIMH U CIIOKHBIMH OKPYKaIOIIUMHU CHCTEMaMH.

Oxwunaercs, uro 3D-nedats OyaeT 0ojee IMUPOKO WHTETPUPOBAHA B IMPEMOJIaBaHUE aHATOMUU B
OakamaBpmaTe, a TakKe B OIEHKY aHATOMHUYECKHX 3HAHWH W TMOATOTOBKY KIMHUYECKHUX HAaBBIKOB.
Coznanne oHmaiiH-0a361 JaHHBIX 3D-Moeneil MOXeT YIPOCTHUTH MPEToAaBaTeN s M CO3IaHue Mozenei
JUTSL KOHKPETHBIX YUEOHBIX IEJICH.
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